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npeAHCnOBHe K nepBOMY H3AaHHIO 
..... 

CoBpeMeHHOMY q1-n-areJI10 Henpocro OTBeTHTb Ha Bonpoc, qTo TaKoe 

MeTacPH3HKa. 0,D.Ha 8IIOxa CMeH.HJia ,z:r.pyrym H BHOCHJia CBOH KOppeKTHBbI He 

TOJihKO B CaMO IIOH.HTHe, HO H B OTHOIIIeHHe K HeMy. MbICJIHTeJIM aHTH'fHOCTH 

M eC'l'ecTBOMCilhITa'l'eJrn cpe,z:r.HeBeKOBb.H paccMaTpHBaJIH M€TacPH3HKY KaK 

CHCTeMy npe,z:r.CTaBJieHHH o6 OCHOBax 6bITH.H, 0 nepBH'1HhIX IIOH.HTH.HX H 3aKO

HOMepHOCT.HX MHpO~~,z:r.attlliI, KOTOpbie TpaKTOBa.JllICb B paMKax rrpHH.HTbIX cPH

JIOCOcPcKO-peJIHrH03HblX ylfeHHH. Iloc Jie,D,HHM npH,D,aBaJIOCh nepBOCTeileHHoe 

3HaqeHHe no cpaBHeHMJO c ecTecTBeHHOHayqHbIMH ,D,HC~HilJIHHaMH. llMeHHO 

B 1aKOM KJIIOlfe 6hUia Harnrcatta «Meracl>H3HKa» ApHCTOTeJI.H. 

,Lip HaIIIBX ,n,ttei1 ,ll,OWJIO yTBep)K,11,eHHe .ll. HbIOTOHa: «<l>H31-1Ka, 60.Hcsr 

Me:ra¢M3HKH! » .ll TeM .He Mettee BeJIHKOro yqeHoro cqHTaIOT He ~OJibKO cP.l!l-

3MKOM, HO H MeTa¢>H3HKOM. MHorHe npOH3Be,n,eHH.H r. Jlei16HHU.a, .ll. KattTa 

M ,n,pyrHX H3BeCTHbIX ecTeCTBOHCIIhITareJie:H H cPHJIOCOcPoB Ha3hIBalOI' MeT'd.

cPM3H'1ecKHMH, xorn B 3TOT TepMHH KaK HbJOTOH, TaK H ,npyrHe MbICJIHTeJIH 

BKJia,ru,.IBaJIH p83HbIM CMhICJI. TaK, ,ll,' AnaM6ep, KPIITHKY.H cPHJIOCOcPcKHe 

CMCTeMhI OT ApHCTOTeJI.H ,n,o Jieii6HH~a, 3asrBJI.HJI: «Ha MecTo m ;ei1 TyMatttto.0: 

Me:racPH3HKH MbI ,ll;OJI)f(Hbl 110CTaBHTh Meracl>H~~HKy, rrpHM€H€HHe KOTOpo.H 

MMeer MeCTO B ecTecTBeHHblX ttayKax, H rrpe:.>K,IJ;e Beem, B reoMeTpHM H B p83-

JIWIB~IX o6JiaCT.HX MaTeMaTHKH • .ll6o, CTPQrO roBOp.H, HeT ttayKH, KOTOpasr 

He HMe.Jia 6bl CBoe.0: Me:ra.¢H~~HKH, eCJIH IIO,ll; 3THM IIOHHMaTb BC006ll.J.He rrpHH

~IUThI, Ha KOTOpbIX CTpGHTC5I orrpe,z:i;eJieHHoe yqeHHe H KOTOpbie .HBJI.HJOTC.H 

3ap0,LJ;blIIIaMH BCex HCTHH, co,z:i;ep:>KaI.IJ;HXC.H B 3TOM yqeHHM H H3JiaraeMbIX 

B HeM» [39, C. 368). 
l13BeCI'HO, qT() lOM CKeIITH'-IeCKM OTHOCHJIC.H K B03MO>KHOCTIIM pa3yMa 

OCMbICJIHTh IlOH.HTlli:l CHJibl H ,z:i;e.0:CTBHSI, a OTCIO,LJ;a H KO BCeit MeTacPlf3JIKe KaK 

«pa3pyww1>eJibHoi1 cPHJIOCOcPHM». TeM He Mettee OH nHcaJI: «Mera¢H3HKa 

11 MOpaJib - cyTb Ba)f{HeMIIIMe OTpaCJIH HayKM; MaTeMaTMKa JI ecTeCTBOBe,z:i;e

HHe He MMeIOT " fiOJIOBHHbI TaKoro 3HaqeHM.H» {78, c. 8). 
llMMaHYHJI KaHT H83bIBaJI MeracPJI3HKY «'fMCThIM ¢Hnoco¢cKHM II03Ha

HlieM» H yTBep:.>K,IJ;arr, qTo «npmu.r,HIIhI MeTacPH3HKH ( Ky,z:i;a rrp11tta,z:i;Jie>KaT 

He TOJibKO ee OCHOBHbie IIOJIO.>KeHH.H, HO H OCHOBHbie IIOH.HTH.H) HHKor,z:i;a 
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He ,ll;OJDKHbI 6paTbC51 H3 OilbITa, 1160 OHa ,D;OJDKHa 6bITb Il03HaHlieM He 

cPH31rqeCKUM, a MeTa¢H31I'tI€CKUM, T. e . Jie)KaIUHM 3a npe.n.eJiaMH 0Ilbl1.'a. 

l1TaK, B ee OCHOBam1e He JI.IDKeT HH BHeIIIHH:A. OilbIT, CJiy)Ka.UJ;HH HCTO'-IHHKOM 

co6cTBeHHO ¢113HKH, HH BfIYTpeHHH:A., Ha KOTOpoM OCHOBhIBaeTC51 3MilHPH'tie

CKa.H ncHXonorIDI. MeTa¢11311Ka ecTh, TaKHM o6p830M, l103HaHHe a priori, 

mm K3 q11cToro paccy,n..Ka H tJHCToro pa3yMa» [78, c. 18). l1oJiaraH, qTO 

HaG'T051.UJ;eH Me'I"d.¢H3HKH erue He cm~.n.atto, OH IDICaJI: «Ho TaK KaK, 'I'eM He 

MeHee, 3arrpoc Ha Hee HHKOr,n;a He M0)K€T 11cqe3HYTb, DOTOMY tJTO llHTepec 

o6.m;ero qeJioBeqecKoro pa3yMa CJIJHUKOM TeCHO c H€10 CBK~aH, TO HY)l(HO 

6y,n;er IIpH3HaTb, qTQ HeH36€)KH0 rrpe,ll,CTOHT, KaK 9TOMY HH COIIp0THBJIBHCH, 

IlOJIHa5I pe¢opMa H JIH, JiyqIIIe CKa3aTh, HOBOe po)K,!l;eHHe MeTa¢H3HKH no 

coBepIIIeHHO HeH3BeCTHOMY ,n;o cHX rrop IIJiaHy» [78, c. 6). B « IlpoJieroMe

Hax» KaHTOM 6hma c.n.eJiaHa IIOIIhITKa c¢opMyJIHpoBaTh o6IUHe rrpHHIJ.HIIhI 

6y,nyrn;e:A. MeTa¢H3HKH. 

B XX B. o,n;HH H3 co3,n;aTene:A. ( KorreHrareHcKo:A.) HHTepnpeTart;HH KBaH

TOBo:A MexaHHKn MaKc BopH B JieKrt;HH, nocB.s:i:rqeHHOH 106nJie10 )J,)Koyn.s:i: 

(B C'IB.The «<DH3HKa H MeTacPH3HKa» ), CK838JI: «Il03BOJlhTe rrpoIJ,HTHpOBaTh 

BaM onpe.n.eJieHll.SI Mew..¢H311KH, B3.HTbie y ,lJ.Byx COBpeMeHHhIX ¢HJioco¢oB. 

CorJiacHo BHJih.HMY ,LI.)KeMcy, «MeTa¢113HKa - 3TO Heo6h1qa:A.Ho yrropHoe 

crpeMJieH11e MhICJIHTh .HCHhIM o6pa3oM». BepTpaH Paccen nuIIIeT: «Me:ra

cPH3MKa, HJIH IIOJTbITKa mrnaTHTb MHp KaK 1~eJioe nocpe.n.;CTBOM MbIIIIJieHH.H». 

9TH ¢opMyJmpoBKH no,n;qepKHBalOT )J,Be rJiaBHhie CTOpoHbl MeTa¢H3HKH: 

O,n;Ha - Mero,n; ( o6K~areJihHa» HCHOCTb MbIIIIJieHH.H), .LJ.PyraH - npeJJ;MeT H3Y

qem,rn: (lVrnp KaK u.enoe) •.. .H npe,n;Jiararo ynOTpe6HTh cJioBo «MeTa¢H3HKa» 

B 6onee CKpOMHOM 3Ha'tieHHH - KaK B OTHOIIIeHHH MeTO,n;a, TaK H npe,n;MeTa, -

a HMeHHo KaK "11ccne,n;oBaHHe OOIUHX qepT CTpyKTyphI Mnpa 11 HamHX Me

TO,LI.OB IIpOHHI<HOBeHII.SI B ::rry CTpyKTYpy,,» [12, c. 190). IlocJie o6cy)K,Il,€HH.H 

,n;OCTH)KeliH:A. ¢yH,IJ,aMeHTaJihHO:A. ¢H3HKH II HX BJIH.SIHIDI Ha MHpOB033peHHe 

qeJioaeqecTBa M. BopH 3aKOIPIHJI JieKl\llIO O,ll,HHM 3aMeqatt11eM no noBOAY 

onpe,n;eneHH.SI Me'I'a¢w3HKJ1, ,n;a1umro PacceJIOM: «MeTa¢11311Ka - IIOIIhITKa 

IlOCI'H'tib MHP KaK IJ,eJIOe c IIOMOllJ,blO MbICJIB. l1MeeT JIH KaKoe-um5y,n;h 3Haqe-

1me ,n;JI.H peIIIeHH.H 3To:A. npo6neMhI rHoreonor11:qecKH.ti ypoK, rrpeno,n;aHHbI:A. 

cPH3HKo:A.? .H ,n;yMaro, qTO ,n;a, 116o OH noK83hIBaer, 'tITO ,n;a*e B orpaHHYeIIHhIX 

o6JiaCT.HX OIIHCaHHe Bce:A. CHCTeMbl B e,n;HHCTBeHHO:A. KapTHHe HeB03M0)Kli0. 

CyrueC'rByIOr ,n;orroJIHHTeJlbHbie o6pa3hI, KoTOphie o,n;HoBpeMenHo He MoryT 

rrpHMeH51TbC51, HO KOTOpb1e, TeM He Mettee, ,II,Pyr ,II,Pyry He IIpoTHBOpe'-IaT 

H KOTOpbie TOJlbKO COBMeCTHO 11cqep1Ib1Ba10T rr;enoe. 9To BCChMa TIJIO,ll;OTBOp

HOe yqeHHe, H IIpH npaBHJlbHOM 1IpHM€H€HHH OHO MO)KeT c,rr,eJiaTb H3JIHIIIHHM 

MHOrHe OCTpbie CIIOpbI He TOJlbKO B ¢11JIOCO¢HH, HO H BO acex o6naCT.HX 

)l(lf:~HH» [12, C. 208). 
B ,n;attuo:A. KHHre peqh H,n;eT o6 ocHoBaHH.Hx 6hITIDI c II03Hu;IDi ne ¢11J10-

co¢a a cPH3m<a, If pacCMaTpHBaIOTC5I BOilpocbI, KOT0Pb1€ B np.HMOM CMblCJJe 

ne)KaT «3a ¢u3HKoi1», «Ha.n. ¢113HKOi1» HJIH <<nocne cPH3HKH». Haxo,ll..SICh 
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Ha rpa1nme co6crseHHO TeopeTlPf€CKOR QJH3 HKH, MaTeMaTHKH H $HJIOCO

¢m1 (,n;IDK.e peJUITIDI), )l.aHHa51 o6.rracTb 3HaHJUI 3aHHMaeTCH qm.rroco¢cKHM 

OCMbICJieHHeM ¢M3MK11, )..l.OCTlfflIIHM K KOHit,y xx B. BbICOT, BllJlOTHylO npH-

6JIH3MBillHX ee K TOMy, Y:TO ecTeCTBeHHO Ha3BaTh C'I'aphIM TepMRHOM «Me
T'ctcpM3HKa». «HeKoTOpb1e aBTOpb1, - OTMe"tlaeT C. K. KJIHHH B KHHre «BBe

,n;eHMe B MeTaMaTeMaTHKY», - fl0Jlb3YIOTCH npHCTaBKOH «MeTa» ,JJ,J151 0003Ha

qeHH51 .513bIKa MJIM TeOpMH, B KOTOpo:lt wyroli 513bIK HJIH TeOpH.H )l.eJialOTCH 

npe,n;MeTOM H3yqeHIDI He orpaHHYeHHOro ¢111rn:THblMH M eTO,JJ,aMH» [83, c. 62). 
Ilpe)l.JIO>K€HHoe 3)l.eCb ecTeCTBeHHOHayYHOe OCMbICJieHHe MHpa HBJIB€TCH 

pe3YJibT'd.TOM COTIOC'IaBJieHH.H H€CKOJlbK11X MHpDIIOHHMaHH:li, OTp8.)KaJOI.IJ)IX 

pa3.ffH'i.Hhie TO"t!KH 3peHM.H, on11pa 10I.IJ)leCH H a p83Hbie KOM6HHall.HH B3aHMHO 

,D;OilOJlHfilOIIl;MX .LitPYr ,Lij)yra KaTeropH:li. 

CoBpeMeHHoe cocTO.HHHe Q:m3 HqecKo.ti HayKH MO)KHO c;paBHHTh c CHTy

an;He:li, CJJQ)KHBIUe t\CH B liaYaJie xx B . ' KOr,n.a 6bIJIH C03)l.aHbl TeOpH.H OT

HOCMTeJibHOCTH H KBaHTOBa.s:r MexaH11Ka. H a rroMHHM, 3TH OTKpbITHH 6hIJIH 

OCHOBaHhl Ha CHHTe3e 6o11ee npocThIX KaTer•opH:li B HOBbie «o6o6m;eHHbre»: 

Ha o6rhe,ll.11HeHHH npocrpaHCTBa 11 BpeMeHH B 4-MepHoe npOC'I'pallCTBO-BpeM.H, 

Ha e,n;HHOM OilMCaHMH BOJIHbl M qaCTHIJ;bI B pa.MKaX iBOJlHOBOM MeXaH11KH, 

Ha nepexo,u.e OT rpaBHTall.HOHHOro IlOJlH B IlJIOCKOM npOCTpaHCTBe-BpeMeHM 

K 11CKpHBJieHHOMy npOCTpaHCTBy-BpeMeHH 06u.1,e:tt TOOpHH OTHOCHTeJlbHOCTM. 

H<.,~OMHeHHO, ::.Ta TeH;~efil.\IDI 6y,n.eT p83BHBaThCH Bn.JIOTb /J.O nocTpoeHMH 

-reop1m e,n.HHO:li cPH3H'i.ecKoii Cynt.HOCTH, .rre:>Kau~eli B OCROBaHMM MHpa. B ,n.aH

HO:li KHHre c,n,enaHa IlOTiblTKa npoaHMH3HpOBaTb 3TOT npou;ecc H HaMe'I'MTb 

HOBblii IlO,U.XO)l, K p ewe.tU1IO ,u.aHHOH npo6JieMbI. 

B cPYH,ll.aMeHTaJihHO:li TeopeTH'i.ecKoti cPM3m<e XX s. KJ1IO"tleaoi1 xapaKTep 

rrp11o6pe.rrH Te )Ke KOHIJ;eTITyaJLbHbie BOTipOCbl M npo6JI€Mbl, KOTOpbie Ha npo

TIDKeHHH ll13yx c TIOJIOBHHOH TblCH"t{eJieTWH 6bIJIM R none 3p€HM.H cPMJIOCO<i:>nH 

(11 6oroc.rIOBH51). HCCJie,n.yH umpoKyro o6JJaCTh np11po)J.b1, oxBaTbrna1oru;y10 

3aKOHOMepttocTH pa3JIH"t!HhIX Mac:arra6oB - OT cBoRcTB Bcene11Hoi% B u;enoM 

ll,O CaMblX 3JieMeHTapHbIX Kl1p11H'i.HKOB M11pD3,U.aHIDI B MHKpOMHpe, - ¢H-

3MKa BCKpbIJia qpe3BbJqaittto Ba)Kilbie rrpHHI..J;HilbI, HeKOTOpbie H3 KOTOpbIX 

CKB03HblM o6pa30M npoHH3h1BalOT Bee .c<t>epbl 6bITl1.H OT 3JieMeHTapHbIX 

'IacTl1U, ,JJ.,O ,IlyXOBHOH )K113HH qeJioBeKa. 

<l>H3l1Ka IDvteeT .n.e.rro c 6oJJee IIpoCTbIMH CMCTeMaMH, KOTOpbie IlO,!I,Il,alOTCH 

CTpOf'OMY :f\·taTe.MaTHCJecKOMY OilMCanmo, TI03BOJIHIOmeMY OT)l.e .JIHTb M e Hce 

cyw,ecTBeHHbie <i:>aKTOpbl OT KJIIOqeBbIX, Il03TOMy B paMKax ¢y11,n.aMeHT8.Jlb

HO'ti TeopeTM'i.ecKOn cPH311KH .MO>KHO p83rllil)J,eTh H c ¢opMyJJHpOBaTb o6ru;He 

npMHn;MilbI MeTacPM3HKH, HMerow.we yHHBepcaJibHOe 3Ha1·IeHMe. 

B KH11re no,n.o6Hor'O po,u.a BpSI,n. JIM B03MO)KHO o6oi1'l'HCh 6e3 <t>opMyn. 

B TeKCTe co,n.ep)KHTC51 TaKoe M HHHMa.JihHOe 11x KOJIH'i.eCTBo , YTOObJ ,n.oCTa.

TO'IHO n o;i,rOTOBJleHH blU '(_IliTaTeJlb HMCJ1 B03MO)Kll0CTb y6e.u.MTbC51 B o6ocHo

BallHOCTH C,Lt,eJiaHHhIX yTnep)K,Il;eHRM 11 BblBO)l.OB. 0,IJ,HaKO aBTOp CTpeMHJICH 

K TOMY, 'IT06bJ KHHra 6bIJia ,n;ocTynHOH H HeCIIeII.miJIHCTaM B o6naCTH TeOpe-
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THCJecKoi:l QJH3MKH. IlocJ1e.n.uHe npH •-rreHHlf MoryT orrycKaTb TPY.lI.Hbie Mecre 
c ¢opMyJiaMH 6e3 ym;ep6a ,IT,JUI fiOHIIMaHIUI OCHOBHOro co,rr,ep)KaHH.H KHlffH. 

IlpHCTynaa K H3JIO)KeHHIO MaTepHa.na , aBTOpy XOTeJIOCb 6bI npHcoe,rr,H

HHTbC.51 K CJIOBaM 9pHcra Maxa H3 npe,n,HcJ10B1u1 ero KHIH'l1 «Il03HattHe 

II 3a6.rry)i{,lleHHe»: «Pa6oTa5l B reqettHe 6oJ1ee copoKa JieT B J1a6oparopI1H 

II Ha Ka¢e,n;pe KaK HaIIBHhIM Ha6Juo,n,aTeJTb, He yBJiet.f€HHbI:ti H He OCJienJieH

Hbili HIIKaKoii onpe,n,eneHHOA cPIIJIOCO<i>cKoii CIICTeMO:ti, .H HMeJI B03M0)KH0CTb 

pa3lVI.H,LJ,eTh nyTH, no KOTOphIM pa3BHBaerc.s:i: Harne no3HaH11e. .H c.n.eJiaJI 

nofibrJ'KY on11caTh 3TII nyTII B pa3JIIlqHhIX co-.:111tteH.ltilX. Ho H ro, 'tfTO MHe 

y,n,aJIOC.b li'3yqHTb, He eCT.b HCKJIIOqHTeJibHO MOe ,LJ,OCTO.HHHe. )JJ>yr11e BHHMa

TeJibHhie HCCJie,n;oBaTeJllf Ha6JIIOD;aJIH t.IaCTo TO )Ke caMoe HJIH BeChMa cxo,n;

Hoe . . . 51 Ha.n.erocb, t.ITO Moi1 ·rpy,n, He nporra,n.eT ,n,apoM. 11o*eT 6hITh, ,n;a)Ke 

QlHJIOCOcPbI ycMO'I'p.HT KOr,n,a-HH6y,n,h B MOeM npe,rr,npH.HTHH <l>HJIOCO<i>cKOC 

oqwm;eHHe ecTecTBeHHOHayqHO:ti MeTO,LJ,OJIOrllH H co CBoeii CTOpoHhI npH,IT,yT 

MHe HaBcrpet.Iy. ECJUI :>Ke 3Toro He cJiyt.IHTC.H, 5l Bee :>Ke Ha,rr,e1och, '-ITO 11p11ttecy 

IJOJih3Y ecTeCTBOHCfibIT'dTeJI5lM» l105, c. 33]. 
ABTOp Bhrpa:>Kae1' np11:.~HaTe.1IhHOCTb KOJIJieraM, yqeHHKaM H y1:lacTHHKaM 

ceMHHapoB «reoMeTpllil H ¢H3IIKa» II <«I>ytt,n,aMeHTaJibHaH <l>ir3HKa H ,n;y
XOBHa.a KyJihTypa» ( ¢Il3HqecKIIB ¢aKyJibTeT Mr-Y), rrpIIHHMaBmHM yt.Iacr11e 

. B o6cy)K,ll;eHHH BonpocoB, KOTOpbIM IlOCB~eHa 3~a KHilra. 
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B rrpo:u;ecce pa6oTb1 HaA KHJITO:H aeo,II,HOKpaTHO BhICK83hIBaJIHCh ao)Ke

JiaHnH H83BaTh ee 11Ha'fe, HanpHMep «MeTO,ll,OJlOI'H.H eCTeCTB03HaH.IHI» HJIH 

«0HTOJI0rl-UI c;l:>H3HKH», IlOCKOJihKY TepMHH «M€Ta¢H3HKa» BOCIIpHHHMaeTCH 

MHOl'HMH KaK O)l.H03HbI:H. Ilo,n;o6Hbie peKOMeH,ll,~HH em;e 6oJ1ee y6e)K,ll,aJIH 

aB'I'Opa B Heo6XO,ll,HMOCTH BOCCTaHOBHTb B CBOHX npaBax H caM TepMHH, 

He3aCJiy)KeHHO HCKJIIO"'-!eHHbI:H 113 OT€"'-1€CTBeHHOro ,LJ,HCKypca, H CTOIDlzyJO 3a 

HMM rrpo6JieMaTHKy, KOTOpag OXBaThIBaeT O,ll,HH W3 Ba:>KHeiilllHX pa.3,ll,eJlOB 

MHpoBoii KyJihTypbI. 

KHHra. OK83aJiacb cBoeBpeMeHtto:H, BhI3BaB 3acJiy)KeHHhIM HHTepec K pac

cMaTp.i,.rnaeMhIM B He:H BorrpocaM. A o6pam;eHHe K npHHJ.ViITaM MeTac;l:>H3HKH 

Bee 6onee CWHOBHTCH O,ll,HO:H 113 xapaKTepHblX qePT Hay"l.IHO:H ~HH. ,[(_ocTa

TO"'-IHO H83BaTb «Y1urnepc11TeTcK11e neKIJ;HH no MeTaqm:3HKe» [73) A. B. HBa

HOBa H B. B. MHpottoBa, KHHrH B. ,[(_. 3axapoBa (66, 67), ,n;Ba BhmycKa 

MhMaHaxa «MeraQ:m3HKa. BeK XXI» (M.: I13,n;-no BHHOM. Jla6opaTOpH.H 

3HaHHi1, 2006 r., 2007 r . ) H HeKO'I'Ophie APYI'He H3,ll,anwi. Co,II,ep)KaTeJihHbI:H 

o630p 11cTOpHH pa3BHTH.H MeTac;l:>H3HKH ,L1.aH B pa6oTe A. II. Oryp:u;oBa [117]. 
0 IlOHHMaHHH Me'I'ac;l:>H3HKH KaK KJlIO"'-JeBo:H q acTH ¢11JiocoQ:>HH TIHC8.J1 

B. B. MnpoHoB, onpe,ll,eJIIDI Me'I'8.c;l:>H311Ky KaK «npe,n;eJihHhI:H BH,LI, cpHnoco<P

cKoro 3HaHH.H, CBH3aHHbiii c HaH6onee a6cTpaKTHOH H rJiy60KOM c;l:>opMOM 

pe¢neKCHH (p83MbllllJI€HH.H) 'f€.1IOBeKa Ha,II, npo6JieMaMH JIH"'-!HOI'O H MHpO

BOI'O 6bITH.H. ( ... ) TepMHH «M~a.¢113HKa» OTJIH'-laeTC.H OT noH.HTH.H ¢n

noco¢nu. 9TO KaK 6b1 ee reopeT11"'-!ecKa5l '-laCTb HJIH cep,n;:u;emma - yqeHHe 

o rrepBoocHoBax cym;ero. He CJiyqafiHo ee HHOr,II,a Ha3hIBaIOT TeopeTR"'-!eCKOM 

qnmoco¢ne:H, rrpoTHBonoJiara5f ee npaKTH'feCKHM p~,u,eJ1arv1. ( ... ) 0 cocTaBe 

¢11nocoQ:>cKo:H Mewc;l:>H3HKH, a CJie,ll,OBaTeJihHO, H 0 CTpyKType TeopeTM'-le

CKOM ¢unocoq)HH ,II,O cnx rrop Be,ll,YTC.H crropb1. Han6o~lJee pacnpocrpatteHHOli 

TOT.JKOM 3peHM5l 5.IBJI.HeTC.H TpaKTOBKa Merac;l:>H3HKl1 KaK COCTOHIJJ.€H H3 Tpex 

TecHO ,II,pyr c ,n,pyro.M CB.H3aHHhIX qac'l'€M (ypoBHeH): OHTOJlOrHH (yqeHH.H 

0 6hITHH)' rmx:eoJIOrHH (yqeH.IHI 0 Il03HaHHH) H aKCHOJIOrHH ( Bceo6m;e:H 

TeOpHH Q€HHOCreii) » [110, c . 35-36]. 
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B pa(x)'l'ax A. B. MnattoBa MeTacPH3HKa TpaKTyeTC.H «KaK cep,r:r,u;e ¢11JI0-

co<l>n11»: «MeTacPM3HKa (HJIH «IIepBa5I», HJIH «TeOPe'l'H'9:eCKa5I», HJIH «CHCTe

M8,TW-IeCKaSI» cPHJIOCocPH.H) Bcer,r:r,a .HBJUIJJach, .HBJI.HeTC.H H 6y)l.eT .HBJI.HTbC.H 

HeycTpaHHMhIM cep,r:r,:u.eM, l\eHTpaJThHO:ti COCTaBJI.HIOUI;ea cPHJiococ}>cKoro 3Ha

HHH, n6o HHKaKaa JII060Bh K MY,[l,pOCTH, HHKaKoe u;eJlbHOe MHpOB033peHHe, 

HMKaKa.H rrocne,r:r,oBaTeJihHa.H pe¢JieKc1:1.H HeB03MO:>KHhI 6e3 o6paw;ettHa K Beq

HhIM - co6crBeHHO Mera¢H3HqecKHM - npo6neMaM 6bITHa c HHKor,n.a He MO

ryl.JJ,HMH 3aBepnmTbC5I IlOilbITKaMH HX BCeo6'heMJIIOlllero CHCTeMaTHqecKoro 

pemettH.H» [74, c. 45}. 
Pa3BHBa5I cBoe noHHMaHHe Me'l'8¢H3HKH, A. B. l1BattoB nHmeT: «ECJIH 

cPH3HK BhIXO,LI.HT Ha npo611eMbI 3BOJIIOIJ.HH Bcei1eHHO:ti Hee nepBOCTPYKTyp, TO 

OH HeH36e:>KHo rrpenpam,aeTCH He rrpocTO B <l>Hnoco<l>a, a HMeHHO B MeTaqrn

~~nKa H CTa.11.KHBaCTC.H c HeOOXO,LI.HMOCTblO OCBaHBaTb COOTBCTCTBy1om,ee cPH

JIOCocPCKOe Teopenrc-iecKoe ttacJie,LJ.He. Ecn11 611011or 111111 nc11xo.rror 3a,JJ.aIOTC.H 

BOilpOCaMH o6 11.CTOKax )JUl3.HH H IlCHXW-IeCKOH aKTHBHOCTH, a BepyIOUI;HH 

xpHCTHaHHH Hat.JHHaeT npHBO,LI.HTh paLJ.HOHaJThHb1e ,r:r,oKa3aTeJibCTBa Bo:>1<e

CTBeHHoro npHCYTCTBH.H B MHpe, 1.'0 Bee OHH BbIH,Y)K)l.eHbJ nepexo,r:r,HTh Ha 

HCKOHHhI:ti MeTacPH3H1-IeCKIDi .H3b1K cPKJIOCOcPHH - .H3blK Upe,LI.eJibHblX CMbIC

JIOBbIX KOHCTpyKTOB, Ha3hIBaIOllJ,HXC5I cPHJlococ}>cKHM.H Karerop115.1Ml1 H o6-
na,n;aIOUJ;MMH p.H,LI.OM a6coJIIOTHO yHHKa.JlbHbIX cBo:ticTB. ( ... ) C JlOBOM, Bo 

Bcex Bbi lllenpHBe,r:t;eHHblX npHMepax BCO.JlbIBaer Heo6xqlJ,HMOCTb o6pa.w.eHH.H 

K MerracPH3IP1ecKOMY .H,LI.PY ¢mnoco¢HH, 6e3 KOTOporo He o6peCTH rrpo1UlblX 

OCHOBaHHH 3HaHl1.H, KpHTH11ecK11 rrpo,r:t;yMaHHblX H yKopeHeHHhIX B Tpa,LI.HIJ.HH 

H,LI.eaJioB, :u.eneii n1111ttoro 11 o6ll\ecTBeHHOro 6hITH.H. Hep,apoM KaHT cnpaBe,r:r,

JIHBO H83bIBa.T.I Mera¢H3HKY ''3aBeprneHHeM BCe:l-1 KYJibTYPhl qeJIOBe'lecKOI'O 

p83yMa» (7 4, C. 44). 
TipHMe'laTeJibHO, qTQ Ha KOH<pepeHIJ.H.HX «XpHCTH8JICTBO H HayKa» 

B paMKax e:>1<ero,LI.HhIX Me)K,rr,yuapo,rr.HhIX PmK,n;ecTBeHCKHX o6pa3oBaTeJibHhix 

11TeHH:ti, rrpoBO,LI.HMhIX TiaTpHapx11e:ti PyccKo:l-1 IlpaBOCJiaBtto:l-1 [(epKBH, B :u.eH

Tpe BHHMaHHe 'J'aK)Ke Ha'XO,LI..HTC.H MeTacPH3H'leCKHe npHHIJ.HilhI, Jie)Kam;He 

B OCHOBaHHM KaK 6oroCJIOBH.H, TaK H pa3JIH11HbIX Hay'-IHblX )1.HCIJ.HilJIHH. Tio 

pe3JJibT8:raM 3THX KOHcPepeH.IJ.H:l-1 ITT,LI.aHO 7 c6opHMKOB Tpy,r:r,oB oTeqeCTBeH

HbIX yqe.HbIX H npe,n;CTaBHTeJie:l-1 [(epKBH. 

JifaBec·reH HHTepec K M€TaCPH3H'-IeCKHM npo6neMaM co cwpoHhI BaTH

KaHa, no,r:r, sn1.n.o:H KOToporo .rreTOM 2006 r. cocTO.HJIC.H TpeTHM BceMHpHhIH 

KOHrpecc no MeTa,¢H3HKe, o&be,n,HHHBIIIHM HeCKOJlbKO CO'I' yqacTHHKOB H3 

pa3HhIX c-rpatt MHpa. KaK 1111rnyT upwcyTcTBOBaBnrne tta tteM poccHMCKHe 

cPliJIOCo<l>hI, «3ana,u.Ha51 pe.rrnrH03Ha51 MeTa,¢H3HKa yxo,nHT OT Tpa,LI.HIJ.HOH

HOH, 11CKJIJO'-IHTeJibHO OHTOJIOrH'leCKOM npo6JieMaTHKH, c KOTOpOM Otta 6bIJia 

CB.H3aHa Ha rrpOT5DKeHHH MHOI'l1X BeKOB, H pacrnHp.HeT c¢epy CBOHX npHH

IW.IJOB 3a C'leT BOBJieqeHH.H ,1I,pyrHX o6nacrei1 cPHJIOco¢HH H KY.TlbTYPhI B ~e

JIOM. CoBpeMeHHbi e KaTO.J"IW1ecKHe Me-ra¢H3HKH ,u,e11aroT BhIBO,n; o TOM, 11To 

MeTacPH3HKa c11y:>KJIT MOCTOM Me)f(,,rry peJlHrHett w KYJibTYIJOli. KyJihTypa -
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3TO Beeb apea.TI ,lzyXOBHO:li ,rr,e.HTeJihHOCTH qeJIOBeKa, peJIHrn.H - 3TO qHCTO 

~ettIIOCTHaH opMeH~, a Me:ra.¢11:3HKa - 3TO reop eTw-1ecKo e o6ocHoBaHHe 

CB.H3H npo6JieMaTHKH p€Jllil'lf03HOA 11 CBe'r CKOi b [161, c. 143). 
IlOCJie BbIXO,LJ,a B CBeT rrepBOI'O 113,LJ,aHJUI «Mera.¢>H3HKlU 6bIJIH Hall.HCaHbl 

,ll)3e MOHOrpaqmH: « feoMerpo¢H311:Ka» (34) H « 0 CHOBa HH.H ¢.H3MKH» [36}, 
B KOTOpbIX rro,rr,po6HO paccMaTpHB8JIHCh reoMeTp.HqecKoe H peJ1.snJ)10HHOe 

MHJ)OilOHHMattlffi, a.TlhTepHaTHBHbie ,ll,OMHHHPyIOITWMY TeoperHKO-IlOJ1eBOMY 

110.u;xo,rry. HaKonJieHHhIA B rrpou;ecce HarmcaHH.H aTHX KHJff MarepMa.TI rro3-

BOJIHJI cyw.eCTBeHHO rrepepa6oTaTh « M eTa¢M3HKy» rrp11 IlO)l,I'OTOBKe HaCTO

.HllJ,ero 11:3 .n.aH11:.H. 

B Hac'l'O.Hw,eM 113.n.attHM rrepBaH qac Th rrocB.HW.eHa MeTaQJH3H'-IeCKOMY 

aHa.TIM3y KJlacc11qeCKRX rrpe,rr,CTaBJieHM:li 0 ¢H3H1-IeCKOM MHp03,ll,aHnH, OIIl1-

paJOU\}DCC5I Ha TJ)H KJlIOYeBbie KaTerop.HH: roTOBOro npocTpaHCTBa-BpeMeHH' 

pacrrpoC'rpaH.HIOW.HXCSI no HeMy IIOJieii rrepeHOCqm(QB B3aHMO,lI,eAcTBHA H n o

Meu~eHHblX B npocrpaHCTBO-BpeM.H qacTH~ (TeJI) . Bo BTOpoi1 YaCTH o6-
cy.>K,LJ,a1orc.a rrpHHWfllliaJlbHhie MOMeHThI ,rr,oMHH.HpyrollI,HX HhIHe TeopeTHKo

rroJieBbIX (KBaHTOBOMex~eCKHX) npe,npraBJieHMH 0 CTpyKType MaTepHH. 

B TpeTbe:li qacTH paccMOTpettbI KJuoqeBhle rroJio:>KeHM.H reoMeTpWiecKoro 

MHpoIIOHHMaHH.H, Ha~eJleHHOI'O Ra rrpe,n,CTaBJ1€HMe BCe A ¢.H3HKH B TepMHHax 

CBOHCTB o6o6m.eHHoro npocrpaHCTBa-Bp eMeHM. K HeMy OTHOC.HTC.H, B qacT

HOCTH, o6w.aJI Teopli.H OTHOCMTeJibROCTH 11: M HOI'OMepHhie reoMeTpHqecKHe 

MO,LI,eJIM ¢.H3HqecKMX B3aMMo.n.eucrBi.d~ T 1-ma TeOp u A: Kany~bI H KJiettHa. 

B q eTBepTO:li tiacTM aHaJIH3lfPYIOTC.H B03 MO>KHOCTM Mettee H3BecTHOro peJI.H

u,wOHHoro MHpOilOHHMaHM.H, OCHOBaHHOI'O Ha KOH~en~11.H ,lI,aJlbHO,D,etiCTBH.H. 

Ha3BaHHhie qeThrpe MHpoilOHHMaHM.H npe,ncraBJIBIOT co6oi1: a11,n.ettltll o,rr,ttoii 

11: TOi1 >Ke ¢113,HqecKoa peaJibHOCTM rro,rr, p 83HbIMH yrJiaMH :~pettHH, ,n.HK

Ty1o u \MMH p 83Hbre IlOCTaHOBKM 3a,n,aq, CBOH cne~McPHYeCKHe npHOp.HTeTbI 

J-I lfCI10Jib30BaHHe p83HbIX MaTeMaTM'iecKMX M€TO)J.OB. 

B IIHTO:li qacrH npe,rvraraerc.H noHHMaHMe cym,HOCTH l1 cTpyKTypbI e,n;M

HO/.\ ·r-eopHM cPH3,HqecKoro Mlip03.LI.amm, OO'he)J.lfHsuow.eii B ce6e H,LJ.e.H H ,n,o
CTR>KeHH.H npoaHa.TIH3HpoBaHHbIX MHponoHHMa 1rni1 . HaKotteu;, B 3aKJIIOqH

Te.TibHOA, m ecro:A qacTM paccMaT pMBaeTC.H COOTHOlll€HHe ¢Ji3HKH, ¢HJ10-

coqi1irn H p e.irnrlfH c ll03HIJ,liA MeTacPH3H'l.iecKMX np1nn~HOOB, Bbl.HBJleHHblX 

npH aHairn3e pa3B.HTH.H ¢yu,n,aMeHTMbHoii TeopeT11:'-1ecKoA ¢K31:1K11:. Ka)K)l.asI 

H3 'iacTel% KHlfrH HMeeT CaMOCTO.HTeJlbHbIH xap aKTep, '-ITO ,Ll,aeT q1:1TaTeJI.IO 

B03M0)KHOCTb 3HaKOMJITbC5I c H11MM B 3Ha"\'.U1TeJlbHO.R: CTeil€Hli He3aBJfCHM O, 

HCXOM H3 co6cTBeHHbIX HHTe pec o B l1 npe,n;no"\'.ITeHHA. 

B ~en.HX o6J1crYeHH.H Bocnp.HSITMSI B KHMre coKp a w,eH p.H)J. ¢opMyJI, 

c KOTOpbIMH :>1<eJia10111,He MOI'YT IT03HaKOMHTb CH c IlOMOlllhlO CCbIJIOK Ha 

COOTBeTCTBYIOlll.He MecTa Ii3 Ha3BaHHbI X KHMr. KpoMe TOro, B TeKCT BHeceH 

p.HII; M3MeHeHHii, HcnpaBnett11i1 M ,n,o6asJieH11:A. TaK, B qacTHOCTH, H3MeneHo 

H83Ba.HMe cPM3H'"lecKOT'O MHpOnOHHMaHli.H Ha TeopeTMKO-IlOJie Boe, IlOCKOJibKy, 

Ka K OTMe'-iaJI p.H)l. KOJIJier, BCe TPH MHJ)OOOHMMaHMH, BKJIJOqan reo11.1eTpll' l f'-
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CKoe H pe.IDIIJ.HOHHoe, OlllICbIBaIO'T qm3 11qecey10 KapTHHY MHpa H, CJle,D,OBa

TeJlhHO, .HBJUUCYI'C5I cPH3W -JecKMMH .. 

Tio;J.BO.!~ wror, 1103.BOJrnM ce6e ellI,e p83 no,n;qepKeyTh, "tJTO B03Bpam;eHHe 

Me'I'a¢H3mrn He CJJy'tfaHHO. «KOrAa Hapo,n;, CTpatta, - rOBOpHJI r. TI. lll.eApo

BHIJ,Klili, - ynycKaIOT 113 BH,n;a 3Ha'tJHMOCTh OHTO.JIOrHYeCKOtt pa60Tbl H B CHJIY 

Tex l1Jl.l!I HHblX oOCTO.HTeJlbCTB CBoero HCTopw-iecKoro p83BHTIIB nepeCTaIOT 

em 3aHHMaTbC.H, KaK 3TO 6bIJIO y Hae B ffi,LI,bl 3acTO.H 11 npe,n.wecTBOBaBlIIHe 

HM, TO C'I'paua H Hapo,n; c )K€Jle3HOtt H€00XO,l1;HMOCTbIO CKaTbIBaIOTOI B p83-

p~ flOCJie,n;HHX CTpaH H Hapo,n.oB, n OCKOJlbKY OHH JIHilleHhl B03MO)Kff.0CTH 

upoBO,ll,HTh MbICJIHTe.JlhHyIO pa6oTy. 0HTOJIOL'MM, HJIM MeTacPH3HKH B CMbICJle 

ApHG'TOTeJI.H, .HBJI.HIOTCH OCHOBaHMeM Bcei1 H BC.5lKoi1: MhICJIHTen1>Hoii pa6oThI. 

Oi-rn ,rr,aJOT B03MO)J(HO.CTh rrpoeKTHpoBaT1>1 rrporpaMMlfPOBaTh, nnaHHpoBaTb. 

l1 o6paTHO: ec; rn: Ta.Kott pa60'rhl Her, TO rrpoeKTHpoBaTb, nporpaM.MHpOBaTh, 

JIJJaHHpOBaTh HH'fero HeJib3.H, IlOCKOJlbKY )I,Jl.H 3TOI'O HeT YCJIOBHH H OCHO

BaHHii. ( ... ) Ilo cpaBH€HHIO C OTCyTCTBHeM OHTOJIOr:H'-IecKOH pa60Thl BCe 

OCT8JibHoe - .MeJIO'fH. Ec.nH HeT OHTOJIOI'H--IecKoii pa6arbl, TO COBpe.Mennoro 

MblliIJI€HHH, COBpeMeHHOH )l(Jf3HH, COBpe.MeHHOtt Haa;HH 6bITb He MO)KeT. 

B 3TOM CMhICJie TO, q'l'o npoH30IIIJIO y Hae, ecTh KJiaccni:.1ecKntt cnyYaii, H6o 

Mbl .MO)K€M Ha6JIIO)I,aTb KJiaccu--ieCKHtt CJiyqa:fi p83pyXH HayqHo:tl pa6oTbI H3-

3a orcyrcTBH.H pa60'£bI OHTOJIOI'H'tJeCKOtt. 11 3TO ecTb noyYHTeJlbHbitt OilbIT 

B MacmTa6ax HCTOPHH p83BHTlrn o6w,e'l/,e.tUJ6e'llec?Coii, no,n;YepKHBa10, KYJih

TyphI~ (199, C. 536). 
B 3aKJIIO"tJeHHe xoTeJJOCb 6b1 Bhip83HTh HCKpeHHJOIO npH3HaTeJibHOCTh 

KO.JIJieraM, C,LI,CJiaBllIHM 3aMe--iaHH.H H BblCK83aBIIIHM Il0)K€JJaHH51, KOTOpbie 

aBTOp C'IpeMHJJCH yqeCTb npH IlOAI'OTOBKe BTOporo H3,II,aHHH. 
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8 cPH3HKe up.HH.HTO pa3JIH'-la'I"'b: 1) rrpm<Jia,lJ,HYIO qaCTh, f',11.e BO rJiaBY 

yrna CTaBHTCE <fiuau'l/,eC?CUU EJ'JCcnepUMettrn ( B TeOpeTH.._IeCKOti cPH3 HKe - 3TO 

COOTBeTCTBH e TeopeTHqeCKHX llOCT}X>emm OObITy), 2) .Mame.M.amU'l/,eC'JC'UU 
annapam ( JIOrJP·IeCKyIO, pa:QHOHaJibHYIO cocraBJI.SllOIIzylO TeopHH) H 3) <fiu-
3U'l.fCClqj'IO unmepnpema1"'U?O ( <fi1./,,/l,oco<Jjc'JCoe oCMucJLe'Hue). q acTo BeA}'TC.H 

crropb l 0 TOM, KaKa.H H3 3THX Tpex CTOpoH <}:>H3 HKH Ba>KHee. 

Ha npoT5DKeHHH OOJihllie:H: .._IacTH XX s. nonaraJioch, 'iTO 6c3yCJIOBHhTM 

npHopHTeroM B HaYKe n OJlh3yerc.a npa'JCfflu'ICa, ::nccnepUMettrn, H Ha3Ha'ieHHe 

HayKH BH,UeJIOCb B p e rneHHH rJiaBH.bI M o6p830M IlpHKJia~rx 3a,uaq. Tio-

3TOMy TIO.LJ.aBJI.HIOrrt;a.H q aCTb acc11rH0BaUHH H a cPH3HKY Bbl,lJ,eJIHJiach B CB.H3M 

c noTPe6HOCTHMH BOeHHO-IlpoMhIIIIJieHHoro KOMilJieKca. Mttor11e H cero,n,H.H 

npo,n.oJDKaIOT yTBep)f(,IJ.aTb, 'ITO cPH3HKa - HayKa npe.>KJJ..e Bcero a KcnepHMeH

TaJibHM. 

Co apeMeH atITHqffOCTH 6h1TyeT MHeHHe, qro HayYHOCTh TOH HJIH HHo:lt 

o6JiacTH 3HaHH-5I onpe,u,eJI.HeTC.H CTeIIeHbIO HCIIOJib30BaHHO:li B H eit Mame.Ma-: 
mu'K:u. CoBpeMe.tma.H <}:>H3HKa 6 e3 MaTeMaTHKH tteMhICJIHMa, npH"jeM K KOHUj' 

xx B. B reop eTH"jeCKOH cPH3HKe HCIIOJib30BaJlHCb 6yKB8.JlbHO Bee pa.3,u,eJlhI co

BpeMeHHOH MaTeMaTIIKH. 11Hor,L(a 6hIBaeT TPYAHO pa3JIH"jH'l'h, r,L(e KoHqaeTC.H 

MaTeMaTHKa 11 HaqHHaeTC.H <}:>H3HKa. Tiopoii y sneqett11e ¢H3HKOB-T eopeTH

KOB q11cro:H: MaTeMaTHKo:lt rrpHHHMaJIO KpaHHHe <l>opMbI. TaK, B 60-70-x rr. 

xx B. qpe3BhI'ia MH0 n onyJ!j!pHbIMH 6blJIH H CCJie,n.oaaHH.H no aKCHOMaTHKe 

KBaHTOBO:li TeopMH. TioJiaraJIOCb, '-ITO Bee 6e,lJ,bl c pac,XO,LUIMOCT.HMH ( c IlO.HBJie

HHeM 6ecK0He'1Ho 6oJiblliHX BeJI H'-IMH B <}:>113HKe ) KporoTCH B He,IJ,onoHHMatrnn 

CBOHCTB CHHry.illlpHbIX cPYHKQH:li, B H eperneHHOCTH H eKOTOphlX MaTeMaTH".ie

CKHX rrpo6JieM a.HaJIHTH'ieCKHX cPYHK40:li H T. ,lJ,. B HTOre 3Haq11TeJlhHa.H '-IaCTb 

BH,lJ,HhJX cPW3HKOB-TOOpeTHKOB HaBCer,L(a ymJia H3 cPH3 HKH B MaTe.rvtaTHKy. 

)J,pyro:lt npHMep: HCCJie)l,OBaHJij! KOII:Qa xx B . B o6nacTH KJiacCM'iecKo:lt 

o6m;ett TeOpMH OTHOCHTeJibHOCTH B 3Ha'iHTeJibHOH C'reneHH npeBpaTHJIHCb 

B pa.6arh1 no MaTeMaTM'ieCKOH cPH3HKe, HanpaBJieHHbie Ha IlOHCK HOBbIX 

pememdi CHCTetvlbI R3 H eJIMHefuiblX AH<lxt>epeH:QHaJihHblX ypaBHettlill BTOporo 

rrop51,L1,Ka, KaKOBbIMH .HBJl.HIOTC.H ypaBHeHHH 9iiHII1TeAHa. 3a llO"iTM 90 JleT 



Cyl.ll;eCTBOBarurn o6~eH ·reopHI1 OTHOCHTeJibHOCTH 38.JlO>KeHHhie B ee OCHOBY 

¢:H3WiecKHe npHHIUUJbl OK838Jll1Cb rrpaKTH "iecKH Bbipa6oTaHHbIMH. 

Em,e O,D.HHM npHMepoM MOrYT CJIY:>KHTh cronh MO,D.Hbie HhIHe 11ccne,D.0Ba

HIDI no TeOplili cynepcTpyH H cynep6paH, r,D.e ¢H3HKH- TeOpeT11Kl1 sa6paJIHCb 

B TaKHe MareMaTHqecK11e ,D.e6pH, H3 KOTOpbIX Tpy,u,Ho ycMoTpeTh BhIXO,D. 

K peaJTbHOi:i cPH3l1K€. 

CornacHo TpeTbei:i TOq}(e 3 p eHH.H, ,D.BHJKy~eii CTOpoHoil TeOpHH .HBJI.H

IOTCB cPH3WiecKHe H,D.eH H a,D.eKBaTua.H <fiuau'l.£ec1w,;:i u <fiu.ttoco<fic'JC,a.R unmep
npema11u.R. B 9TOi1 CB.H3H qacro H83bIBaIDTcB p a60Tb1 M. <I>apa,D.e.H, 9. Maxa, 

r. A. raMoBa H ,rq>yrmc, B KOTOpbIX aK11.eHT ,D.CJlaJlC.H Ha ¢H3HqecKyio cyTh 

npo6JieMbI. KaK npaBHJIO, Ha3BaHHbie cP:H3HKH o6xO,Il,HJIHCh ,D.OBOJibHO npo

CThIMH MaTeMaTHqecKHMH cpe,D.CTBaMH, HO TeM He Mettee ,D.OCTHraJU1 n epso

KJiacCHbTX pesyJibTaTOB. 

B u.ettTpe BHHMaHH.H npe,ll.Jlaf""d.eMOA KHHrR Haxo.n.11TC.H TpeTb.H cocraB

nmou~aH ¢113HKH - cPH3HqecKMI HHTepnpeTar.v-m 11 ¢l1Jloco¢cKoe OCMhl CJie

HHe ,D.OCTHrHyTblX pesyJibTaTOB, - KOTOpaSl npuHa,D.Jie:>KUT c¢epe <fiynaa.Metlr 
ma.tt'b'JWU meopernu'ltec'JC,ou <fiU3ux:,u, H3y'fa1om;ea KJIIO'feBb1e noIIBTH.H, npHH

ll;I1IlbI, KO~enu.HH H 3aKOHhI, Jle)l(a,~e B OCHOBaHHH cPH3l1 YecKoi:i KapTHHbl 

MHpa. TipH 3TOM K KOHizy xx B. PH,ll, ee IlOR.HTHil, IIpHHll,HDOB H KOH11.eilll.Hi1 

npmXSpe.11 .HpKo Bb1pa:>KeHHh1i1 Me-ra¢w3w-IecIGdi xapaKrep. 

B cPYH,D.aMeHTa.JlbHOil TeOpeTWiecKoil q1asHKe XX B. 11.euTpaJibHoe MeCTO 

38rolMaJIO pacCMOTpeHHe npHpOJJ.bl H CBOiiCTB Tpex <l>H311qecKHX ( Mera<l>u-

3H"ieCKHX) KaTeropHii, JieJKa~ B OCHOBamrn Bcex pa3BHBaBUUIXC.H TeOpHi1 

H nporpaMM: (IT-B) npocmIJQ,ncmea-epe.Meuu, (q) 'l£acmu11 (Ha KBaHTOBOM 

ypoBue - ¢cpMHOHOB) 11 (IT) no.tteu nepettoc'l{,ux:,oe e3aUMoaeucmeuu ( 6030-

HOB: cPOTOHOB, Z-6o30HOB 1 rJIIOOHOB H ·r. ,D..). 

Mo)Kuo CKa3aTh, ~no B o6rr~enpHH.HToi1 ¢113HKe HsyqaroTC.H Tena ( ~1a

~b1), KOTOpbIC HaxD.D..HTCSI He miaqe KaK B npocTpaHCTBe-BpeMeHH 11 B3a

HMO,n;eACTBYKYI' .ll.PYI' C wyrOM t.Jepe3 IlOJI.H: rpaBHTa~HOHHoe, 3JieKTpOMaI'

H1ITHO€ " HH.ble. 13 yqe6HHKax H 60JlbllIHHCTB€ KHI1l' no cPlr3HKe 3TJ1. KaTe

ropHH B 3HaqiiiTeJlbHOi1 CTeileHH flMeIOT caMOCTO.HT€JlhHbI:ii xapaKTep. ,[(o

nycKaeTC.H H3y'ie1rne CBOi:iCTB npocrpaHCTBa-BpeMeHM 6es MaTepHH, MO)KHO 

TaIOKe paccMaTpHBaTh CBOOo,LJ,Hbie aJieKTpOMarHRTHOe H ,D.pyrne no.rm (6e3 
qacTHI.l;- HCTO'-IHl'IKOB) . 0THeCeM Bee TOOpHH c T8.KHM IlOHHMaHHeM KaTer'O

pHi:i K mpua.1tucmu'llec'JC,ou <fi11a11N,ecx:,nii, ( Mema<fiua1J,'llec1wu) nar>aa'u2.Me. Tio.n. 

napadU2MOU 6y,L1.eM 110lIHMaTb CHCTeMy UOIUITHA, KaTeropHi1 11 np11HIJ,Hl10B, 

OIIpc,D,eJI.HIO~l1X OCHOBaIDIB 11 xapaKTep TOOpHH1). 

1>cornacHo npwrn·roMy onpe.n.enemno, «napa,n.HI'Ma (rpe•:1. pa.radeigma- rrpHMep, 

o6pa.3eu_) (<l:>1rnoc., COIV•IOn.): 1) c:rporo Hay'iH851 TeOpm1. BOllJlOllleIIUa.H B CHC'l'eMe 

IIOHHTH:tt, JJbipa>Ka.IO~HX cyu_\ecTBelIHble qepTbl ,.a.e1kTBHTeJibHOCTl1; 2) ucxo.n.na.H KOil

u_eTITyMbHa.H cxeMa, MO,D.eJlb nOCTaHOBKH npo6neMbl H I-IX perneHHJ!, MCTO)J.OB HCCJ1e,n.o

BaHJ1M , rocno.n.crayrou~x B •re<JeHHe oupe.n.e.neHDoro "1CTOpw1ecKoro n epuo,n.a B Ha)'°'"IHOM 

coo6~ecrne» (211). 



BaeAeHne 19 

B XX B. pa3BHBaJIOCh HeCKOJlbKO npi.uru;mrn:aJibHO pa.3.1Ut'iHbIX qnrn1P-1e

CK11x TeopHtt H nporpaMM, TeCHO CB5l3aHHblX c IlOIIBMaHHeM np11po,ZJ,bl Tpex 

Ha3BaHHhlX ¢H3lfllecKHX KaTerop11'fi. Teopmo OTHOCRTeJlhHOCTU ( cneu;Ra.rrh

tty10 11 o6uzyro) H KBattToay10 Teopmo T-tacTo Ha3brna10T )J,ByMH CTOJIIIaMR 

TeoperH'teCKO'fi ¢lil3HKH XX B . OHM rrocTpoettbI Ha c~ecTBettHO pa311w-1HbIX 

0CHOB8.HIDIX. 

B KBattToaott Teopuu HeT '-laCTH~ B KJiacCR'-leCKOM nx noHRMaHHR, IIeT 

TaIOKe IlOJICtt nepeHOC'iliKOB B3aliMO,D,e:t:iCTBHH KaK ttenpepblBHO pacnpe,n,e

.TieHHOR B npocTpattCTBe-BpeMeHli cy6cTa~lili. BMeCTO HMX HCTIOJib3YCTC5l 

HOBa.H o6o6u~etttta.F£ 'K',arnezopu.F£ no.11,.R, aMn.ttumyou Bepo.F£rrinocmu, onpe,D,eJIH

IO~a.H B03MO:>KHOCTh o6ttapy)f(eHli.51 KBaHTOB IlOJI5l B COOTBe'I'C'l'ByIOI.IJ;HX Me

CTaX npocTpattcTBa-apeMeHH. Iloc;1e,n,ttec :>Ke coxpattHeT C'raTyc n e3aBRCRMott 

¢u3H'iCCK.Ott KaTeropHR, KaK B TPliaJIHCTRqecKo.ti napa..rr.nrMe. 

B o6w.ett TeOpHR OTHOCRTeJihHOCTH oTCyTCTRYeT OT,D,CJibHruI KaTero

pH51 IlJlOCKOro npocTpaHCTBa- BpeMeHli li tteT OT,D,eJihHOro rpaBRTa~OHHOl'O 

IlOJIB - BMeCTO HHX BBO,D,HTCH HOBa..H o6o6~e'H'Ha.F£ mmezopUR UC'KpUBAe'H
nozo ('fJUMa'H.OBa) npocmpa'HCffi6a-6pe.MeHU. rpaBJITaUHOHHoe B3aHMO,lI.efi

CTBlie OfiliChIBae'l'CH reoMeTplflleCKliMH xapaKTepRCTliKaMli liCKpliBJleHHOro 

npocTpattCTBa (MerpRKoti, KPRBli3HOti) . Ilpoqa.& MaTepR.H, B qacTHOCTli 

qacTHU,bI , BHOCHTCH B npocTpaIICTBO-BpcM51 li3BHe li yqliTbIBaeTC5l B BJI)le 

rrpaaoi1 'iacT11 ypaatteHlili 3tittnITetitta. B MHoroMepHhlX reoMeTp11 qecKwx 

MO,ileJI5IX THTia TeopH:ti: T. Ka.Jiyqhr H 0. Knel.ftta ttap.5I,Il.y c rpaBHTd.IJ.HOHHbI M 

IlOJieM re0MeI'pH3yIO'!'CH Il0Jl.5I nepeHOC'iHKOB ,n;pyrmc B3aliMO,D,etiCTBHH: 3JieK

'l'pOMamJ1THOI'O, 3JleKTpoCJia6oro, CHJlbHOro. 

B reqeHRe XX B. 6h1.11li 3a:rpa'-leHbI orpOMHl>Ie ycm1R5l ua nonhITKli o6'b

e,D,11HeHHH 3aKOHOMepHOCTei1 o6w.ett TeopHH OTHOCHTe.JlbHOCTli H KBaHTOBOtt 

TCOpMH, HO OHM 0Ka3aJIHCb Tlll;eTHbJMH H3-3a Toro, ~ITO cl:>R3HKli-TeopeTliKH 

3,ll.ecb liMeJIH ,D,eJIO c Teop.HHMli, IlOCTpoeHHbIMH B paMKax 11pMH1J,HIIHaJibHO 

pa3Jili'-IRhIX Me'I'acPH311 'ieCKIDC napa,lJ,HrM, a aaliTH 60.11ee o6wyro napa,n,HrMy, 

Jl03BOJI51IOII~.YIO B3rJIBHYTh Ha IDC OCHOBaHirn c e,D,liHbfX Il03liqlili, TaK li He 

y~a.JIOCb. 

B JIRTCpaType npe,n;cTaBJieHbl HCCJIC!J;OBaHR.H B paMKax H ,n,pyrmc na

~HrM, B '-lacTHOCTM MO)f(HO Ha3BaTb TcopliIO np.HMOro Me:>K'-laC'rliqHoro 

B3aHMO,lI.eHCTBH.H <I>oKKepa- ·--<I>etiHMaua, onHpaIOIIJ,ylOC.SJ Ha KOHU:enu,RIO ,lI.aJib

HO,UeticTBli5l, aJib'I'e pHaTHBttyIO ,lI.OMliHRpy10rn;ett B xx B. KOHIJ,ena:HH 6JIH3KO

,u,etiCTBH.51 ('reop11H no.115l) . B Hett cpe,n,R n epBMqfiHX IIOH.HTRti ( KaTeropHti) 

aoo6ru.e HeT no11ett ncpeHOC'IHKOB B3aRMo,n;el.f cTBHli. 11x poJih 6epyT Ha ce65l 

KaTeroplili qacTHU, H npoC'rpaH.CTBa-BpcMeHH B cneu;MaJibHOM o6o6ru.eHHOM 

HX IlOHHMaHHH. 

TaK.HM o6pasoM, B ¢H3HKe XX B. oKa3aJIHCh npe,n,C'1aBJiettHbIMli TeopRH 

( nporpaMMbI) H3 pa3HbTX ¢li3li'"JeCKHX (a ·roqttee, Me·1a¢li3li"'IeCKliX) napa

,U,HrM, onHparoru.HxC.H Ha p83Hhie KaTeropHH JI npRH~m l hT. Nlo:>KHO yTBep

)K,[(a'l'h, "'-ITO Ha3BaHHbTe H H eKOTOpbie ,n,pyrHe HCCJie,D;OBa IIHH Q:>aKTH'-leCKli 



npe,n.CTaBJJHJII1 co6o:R IIOIIhITKH onepeTbC.H He Ha TpH, a ua MeHhmee 'tfllCJIO 

113 H83BaHHhIX wur o6o6m;eHHhIX Meraqn.r3 liqecKHX KaTerop1di. EcrecrBeHHo, 

qTo rnaBHblM o6p830M li3Y't!a.JlliCh B03MO.>KHOC'.Cli flOCTpoeHIUI cPli3liqecKo:fi 

KaprMHbf l\ltMpa Ha OCHOBe ,ll,Byx M€'L'acPli3RqecKH.X KaTeropli:fi: o6o6m;eHHO:R, 

OO'he,n.RRmom;ett s ce6e ,II.Be KaTeropn11, R OCTaBllle'ttc.H. TaKHe TeopliR 6y

,n,eM H83hIBaTb aya.flUCffi'U'lteC?CUM'U. IlMe.H TJ)li BapHaHTa OO'be,Il.RHeHRSI ,n;Byx 

KareropHtt H3 TPex, nonyqaeM TPH Tlina ¢11311qecKHX TeopHtt (,rryamrcTli•1e

CKHX napa,ll;IITM) HJIH mpu .MuponottU.MO/HUJl. O,Zl;IiO:fi H TOtt >Ke cPH3HqecKott 

peaJibHOCTH IIO,ll, p83Hb1Mli yrnaMli 3peHli.H. 

BonpoCbl o6 OCHOBaH.IDIX (cPli3liqecKo:R) KapTliHbl Mlipa, 0 "t.fHCJle KJlJO

't!eBhIX cPR3llt.fecKl1X KaTeropRtt, 0 BM,ll,e B03M0)KHbIX napa,D,lffM H RX qRCJle 

cne,rryeT oniecTH K c¢epe MeTaqm3lllili. TaKHM o6pa."3.oM, <fiy'Haa.Me1i rriaA'b?-ta.R 
meope·mu'l/.ec?Ca.R, <jjU3um XX 6. o?Ca3MaC'b Hepa3p'bt8HO ce.RBa?-tHou c .Me
ma<fiuau?COu. 

B MeTaCPM3HKe scer,n.a npHcyTCTBOB8JlH ,ll,Ba no,n;xo,n,a K p eaJibHOCTR: xo

JIR311.11 li pe,zzy~OHH3M. XOAU3.M OCHOBaH Ha TaKOM flOHliMaHlili Mlipa, KOI',D,a 

u,enoe ,n,oMHHHpyeT, npe)WlecTByeT CBORM qae.r.HM. XoJili3MY rrpOTHBOCTOliT 

pei)y?Cu;uott'U3.M, B KOTOpoM e,n,MHoe pacrn;enJI.HeTC.H ua 'iaCTR, IIOHHJviaeMbie 

6onee nepBH'iHbIMli, npe,n,llleCTByrom;m..1R u,enoMy. 06a 3TliX no,z:om,n,a RMeJIH 

Ba)J{Hoe 3HaqCHliC li ,ll.OIIOJilUI.Jlli .rrpyr /'U)yra B npo~ecce Il03HaH.IDI MHp03,D,a

H.IDi. 

P eJ1YKLViOHli3M ,n,oMmnrposa.TI (H npo,n,o.TDKaeT ,n.OMMHlipoBaTb) B p83BR

THH npe,n,cTasne:HHtt o CTPYKTYPe MaTepHH. ,[(ocTaTO'iHO H83BaTb y~CHMe 

o6 aTOMHO-MOJieKyJu1pttot1: CTPYKType sem;ecTBa, DOHllMaHlie aTQMOB s Bli,LI.e 

.H,n,ep, OKpy.>KeHHhIX 3JleK'l'pGHHhTMM o6oJIO't!KaMH, IIpoTOHHO-H€HTpGHHyIO 

MO,lI.eJih H,II,ep, KBapKoByro CTPYKTYPY HYKJIOHOB, rM:noTe3hI o npeKBapKax 

11 T. n . Pe,rryKtWOHH3M upo.HBRJ1ca 11 B Bhr,rr.eJieHRR H83BaHHbIX Bhi llle Kare

roplill: npocTpaHCTBa-BpeMeHli, t.facnru;, none:R nepeHOC'qHKOB B3aHMO,n,ci1-

CTBHtt, KOTOpble B TpliamICTMqeCKOi1 napa,lI.HI'Me liMeIOT C'raTyc caMOC'l'051-

TeJlbHhIX Cym;HOCTett. 9TOH CTOpoHe pe,uyKU,HOHJ:i3Ma B KHMI'e y,n.eneHO oco6oe 

BHHMaHHe. 

XonM3M MO)K!IO ycMOTpeT.h s Tpy,n,ax aHTli'qHhTX MhICJIHTeJieli, B CTPeMJTe

mrnx P. ,Ll,cKapTa, P. H. BowKosw·1a M ,npyrMx ecrecTBOliCnh1TaTeJieli li cPH

nococ}:>os HOBoro BpeMellli rrOCTJ.)()MTb MOHliCT11qecKyro Ka:pTRHY Mlipa. Oco6o 

Ba>KHoe 3Ha"l.JeHHC R,n.eli X0Jlli3Ma RMeJlH B xx B.' '-ITO npo.HBRJIOCh B no

IlbITKax: TeopcTliKOB o6'be)J,HHHTh li3BeCTHbie BM,lJ,bl Q:>M3li'iCCKliX B3aHMO,D,e:fi

CTBHH, IIOCTp0liTb e,n;MHyIO TOOpliIO IlOJl.H HJlH reoMerpM30BaTb BCIO cPli3liKy. 

H83samrb1e Bhillle rnaBHbie cPli3M1 1ecKMe Teopm-1, onpe,n,e.n.HBmMe JIMUO 

(j:>R3HKH xx B., CBM,ll,e'I'eJihCTByIOT 0 TOM, qro ,lJ,OMliHHpyrom;e tt 6bIJia TeH,D,eH

l{liE nepexo,n,a OT TpHa.TIMCTiiqecKott napa,LJ,RI'MbI, c<l:>opMyJIHpOBaHHO:R em;e 

HbIOTOHOM, lfepe3 ,uya.TIHCTli't!ecKlie K MO?-tucmw1,ec'K;oil napaiJu2.Me, on11pa

rom;elicsr Ha C,]J;HHYIO o6o6m,eHHyro KaTerop:mo, T. e . Ha6.mo,n,a.TIOCb CTpeMJIC

HHe OT Kareropli:RHoro peAJKIJ,HOHli3Ma K XOJIH3My. l1MeHHO 3Tii BOnpOCbI, 



Bne,II,eHHe 21 

(II-B) flpocmpa:ncmeo-epe.M.R. 

TeopeTHKo-non eBoe 

MHpon01rnMaHue 

(n) no.II.JI, 

nepenoc•"-U?Coe 
~a·UJ.tooe·ilcrneu:u 

PHc. 1. Ky6 <l>H3H'ieCKOro :r.mpo3,n;attrur, nocTpocnHbTti Ha Tpex MeTacpH3M'ieCKHX 

KaTeropIDOC 

a TalOKe nonbITKli tta.i1TR li on11caTb e~HYJO o606m;e ttHy10 KaTeropmo (nep

BOOCHOBy MHpa) HaXO):VITOI B ~eHTpe BHHMaHlfll .n.aHHOro HCCJle)J;OBaHHil. 

qp<:!3BbP-Iai%HO Ba:>KHbIM Q:>aKTOpoM MeTac}:m3RqeCKOro xapaKTepa HB.nll

eTOI BbI)J.e.JieHHOCTb, KaK B pe,D;yK~OHHCTCKOM, TaK H B XOJIHCTH~IeCKOM 

no,u;xo.n.ax, ~BOH'IHOCTH H TpOH'IHOCTH1). 

B Hac·ro5IJ.U.Cil KHHre attaJili3Rpye'l'C.a H p83BHBaercn TeH,a;eH~H51 K KaTero

pmffioMy XOJlli3MY ( K MOHHCTli'<iecKOtt napa,u.RrMe)' T. e. H83BaHH_.bie KaTero

pm1 npe,rviaraerCSI ClfliTaTb JlHlllb BpeMeHHbTMH, BCilOMoraTeJibHbIMli IlOHH

THHMH, y,uo6H1>IMH /].JUI BocnpliHTH51 MHp03,Il.aHRH. OcHOBHoe BHRMaHRe 6y,n;eT 

cocpe,n.oroqeHO Ha BbI5IBJieHlili B TOOP.IDIX p a3JlHqHhJX rrapa,n.HrM CBOttCTB 

6onee r.ny6oKoli cym;ttOCTH (e~oli o6o6m;eHHOi1 KaTeropHH), ne:>Kam;eil 3a 

HHMR. 

Ha pRc. 1 e/].HHoe ¢113J.1qecKoe :rvm:po3,n:aH11e npe,n.cTaBJieHO B BH,11.e Ky6a, 

nocrpoeHHoro Ha Tpex OC51X, COOTBeTCTByIOIIJ;liX H83BaHHbIM MeTaQ:>H311lfe

CK11M KaTerop1u1M TPRaJIRCT1-P-1ecKo.i1 rrapa,n.RrMhJ. 0.n.Ha H3 Bepunn1 Ky6a 

BbI6paHa B Ka'-lecTBe Ha'ia.rra KOOp,LlliHaTHb.LX ocetl:, OJllill,eTBOpHIOm;HX TpH 

KaTerop.mr: no BepTHKa.TIH - KaTerop1u1. npocTpaHCTBa-BpeMeHR, n o ropH30H

·1'a..1u1 BrrpaBO - KaTeropli.H ] lOJiett- n epeHOCqJ.IKOB B3aHMO,Ll,eilcTBlitt H Bnepe.n. 

HanpaBJieHa OCh, COOTBeTCTByrom;a.H Ka'reropliH qaCTHU. <l>R3J.lqeCKHe TeopHH 

TPMaJIHCT~eCKo:A rrapa)J.HrMbl, MO)KJ-10 CKa.3aTh, UUHCbIBalOT M Mpo3,UaHHe 

~epc3 npoeK~H Ha oc11-pe6pa ey6a. 

l )H,ll,e» 0 TpHe,ll;HHCTBe MHpa HBJISleTC.H O,n;HO~ ll3 HaH6onee yt.'TOWiRBbIX. Ii pacupocrpa

HeHHblX B MHcl><.>JTontH If B peJmrm1 npaKTH'iCCKH acex Hapo..n.oe MHpa. B ,n;aoclf3Me OHa 

nposm.11sreTC.H B Bli,JJ,e ·1·p11rpar-.1M, B HH)J.yH3Me STO e.n.HHCTBO BpaxMb1, lliHBhI If D.1r1llll'.ly, 
m.1eeTC.l'I p.H,!J. npHMepoa 'I 'poH':IHocTlf B aHTH'fHOH KYJihType. TpoR'<IHOC'l'h stpKo Bb1prut<e11a 

B xpHCTliaHCKOM .n;orMaTe o Tpo~e. 



Ha3oBeM ·meopem'u'Ko-no.1te6'bl.M. .Mupono'H:u.Mauue.M BapRaHT ·11eop11"t\' (Me

TacPH31PiOCKHX napa,lJ,11rM), OCHOBaHHbI°tt Ha o6'be)lHHeHHH KaTeroplifi: ~IacTHI.J, 
H nonett. Ha p11cyHKe TeoperrHKo-noneBoe rvrnpo1101urMaHHe coOTBeTCTBYeT 

B3rlliIAY Ha Ky6 cPR3li'·teCKOA pea.JlbHOCTH CHH3y. 9TOT 110/Q{O)l. orrpe)leJIHJI 

rJiaBHoe, MO)KHO CKa3aTh, MarHCTpaJibHOe HanpaBJieHHe pa3BHTHSI cPH3HKH 

B XX B. K Teop11£M 3TOi1 napa,rr,HrMhI oTHOC51TCH KBaHTOBa.s1 MexaHHKa 

H KBawrc>Ba.H T eOpHH IlOJISI, B KOTOpbDC CRMMe'TpH~HbTM o6pa30M paccMarrpH

BaK>TC51 ( 6030Hllble) IIOJISI nepeHocqHKOB B3aHMO)lCMCTBH°tt R ( <1;>epMHOHHbTe) 

TIOJIH qacrHn.. Anorett :Yroro IIO/l.XO)la npo51BHJIC5I B O'rKpbJTbIX BO BTopott 

rIOJJOBHHe xx B. cyrrepcmvnv1erpHqffblX npeo6pa.'30BaH11HX Me)K/T,j· c}:>epMHOH

HblMH li 6o30HHbIMH BOJlHOBbIMH cPYH~IHIMH. 9Ta )Ke JlHHHH npO)lOJDKa€TC.H 

B CTOJih MO,ll.HblX B caMOM KOHI.J,e xx B. HCCJie)lOBamurx cynepCTPYH 11 cynep-

6paH. TeopeTHKO-noncsoe MHpoIIOHHMaffiic paccMOTpeuo BO BTopoi1 YaCTM 

KHHI'H. 

Ha3oBeM 2eo.Mempu'l'i.ec?ru.M .uuponouUMa?"tue.u B3rJl5I)l Ha Ky6 cPR3 Hqe

CKOM peaJibHOCTH co C'l'OpOHbJ ero 3a,D,Hett rpaHH, xapaKTep113yeMOR OpTaMH 

KB.Terop11"t\' npocTpaHCTBa-BpeMeHH 11 nonei1 nepeHOC'tfliKOB B3aHMO)leHCTBlitt. 

l(eH'l'paJlbHOC M€CTO 3)leCb 3aHHMaeT 3iiHllI'reilHOBCKa51 o6m.aH TeOpH51 OTHO

CHT€.TlbHOCTM. K 3TOMY :>Ke KJiaccy Teopnli OTHOC.HTC51 MffOI'OMepHbTe reoMeT

p~ecKHe MO,LJ.eJIH cPH3WieCKHX B3aHMO,II,eRC'rB11Il, Ila3oIBaeMhie HbJHe TeOpH

HMH KanyI.J,br- KneiiHa, r)le KpoMe rpaBwraI~H reoMeTp113y10Tc.H H ~yr11e 

BH,IT;hl cPH3MqecKHX B3aHMO)leRCTBHR, B nepBylO oqepe,LJ,b , 3JieKTpoMar HHT

noe. reoMerpHqeCKOe MHpOIIOHHMaHHe HBJl.Ht'TCSI II.pe,[il,MCTOM paCCMOTpeHIUI 

B TpeTheit qacTH KHHrH. 

B3rJI.H)l Ha ¢11311qecey10 pea.JlbHOCTb c no3MIJ;HR KaTerop11tl: npoC'rpatt

CTB&-BpeMeHH 11 Y.aCTlll~ H830BeM pe.1tRV/U.O'H'H'bt.M MUponouu.uauue.M. K aeMy 

Ilpc)K)le BCero OTHOCHTCR TOOpliSI II.p5IMOro Me:>Kl:.JaCT.H'IHOrO B3a11MO,II,et\cTBHH 

Cl>OKKepa <l>ei1HMaHa, OCHOBaHHa.H Ha KOHI~enu;HH )..l.aJihHO)lCHCTBH.H, 8JibTep

H8.T1"BHOtt 06m.e11plilHSITOH KOHI.J,eII.I.J,HH 6JIH3KO,UeHCTBRH, BOnnoweHHOi1 B Teo

p1-m llOJIH. 

,Il.8JlbHemnee pa3BHTHe 3TOI'O HanpaBJieHIDI IIpOCMaTpHBaeTCH B 6i-rnap

H0°'1 f'eOMC'l'poc}.>M3HKe, r,u.e RMeCTO 0'1',!I.eJJbllbIX KaTeropHR IIpOCTpaHCTBa

BpeMeHM " qacTIU]. BBO,ll,HTC51 HOBaH ( MeTaqm311qecKa.H) KaTeropRH CHCTCM 

OTHomeHM°tt. Pe1mu;1mHHOMY MHpono:HHMaHHIO nocBHm;etta qeTaepTa5l 1.1aCTb 

KHHrH. 

CoaMCCTttoe paccMoTpeHHe cPH311qecKHx TeopHtt (nporpaMM) B paMKax 

p83JIWIHbIX nap~HrM no3Bon11no cQ:>opMyn HpoBaTb P.H.II. Kn1011eBhIX MeTacl>H-

3H'IecKMX npHHIQffiOB, KOTOpbIM B KHHre y)leJi e HO oco6oe BHHMaHHe. 3a6eraH 

Bnepe,JJ., Ha30BeM J1X. 

1. IlpHH~n TPHHHTapHOCTH, npHHHMaiow;Hii BH)J. Tpou•u1ocTH 

B pe~HOHHCTCKOM no,u.xo,n.e H BH)J. TpHe,n.HHCTBa B xonH

CT}fqCCKOU nap~rMe. 
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2. Ilpmu.~HII <i>PaKTaJibllOCTH, COCTO.SIJ.I.OiH B TOM, qTO B Ka)K,LJ,Ott 

BbI,II.CJleHHOM H3 ~eJioro qacTH npO.HBJIBIOTC51 CBO:tiCTBa Bcex ,rwynrx 

'1aC'reti ( CTopott ~eJioro). 
3. IIpHH~Hn OKTeTHOCTH MeTa<i>H3HqecKHX nap~HrM, yTBep)K,ll,a

IOII.J,Iilt Ha.Jll-NHC COBOKynHOCTH H3 BOCbMH K JllO'-leBbIX Meraqnr3H'1e

CKID<: rrapa,LI.ETM: TPHaJIHCTH"tfecKoit, MOHHC'l'JilqeCKOM H 'l'pex nap npo

Me:>KYT0'1HhIX ,rzyaJIHCTH"LfeCKHX nap~HrM ( H83BaHHhIX Bblll.le TpeMR 

Bl1)J.aMH ~rn:ponOHHMaHHM). 

4. IIpHHQHil ~onomiHTeJJbHOCTH, corJiacuo KoropoMy p83JIH''-1Hhle 

,zzyaJIHCTlP-IecKHe MeTacPH3wqeCKHe napa.rr.HrM.bl (MHpoilOHHMaHH.fl) He 

npoTHBOpe'1aT, a ,II.0110JUI5HOT ,[ij)yr ,u.pyra. 9'l'OT npHHI.J:Hil HBJI.fleTC.H 

o6o6IL~eaueM H3BecTHoro npHHWfITa ,LI.OnOJIHMTe.JlhHOCTH H. Bopa, o,z:i;

HaKO Tenepb OH OTHOCHTC.SI He K ,n;ByM, a K TpeM CTOpGHaM peaJJhHOCTH. 

5. IlpHHl_\Hil KOHCOHaHCa (co3By'1H.H) TeOpHH B paMKax Tpex /l,Y8JIH

CTH'-lecKl1X MHp0110HHMaH.l1H. 

6. II pHHQHn ~enocTHOCTH, cocTo.Hm,lrlt B TOM, T.ITO KJIIO"t.feBb1e 3aKo

HoMepttocT11 Teopltii (3aKOHbT, ypaBHeHHH) )J.OJI)KHbI BKJIIO'faTh B ce6.H 

xapaKTepHCTHKH scex Ka·reropHi1 HCilOJih3yeMotl napa,r:r.HrMhI. 

BOJ1ee no,zwo6Ho 3TH npHHUHilhI p acmmppoBaHbI H o6ocHoBaHhI B cooT

BeTCTBy10w,11x rJiasax. 

r naBHOti J~eJibIO cPH3HKOB-'11eGpeTHKOB 51BJl.HeTCH IlOCTpc>eHHC cPH3HTieCKOi1 

KapTI-IHbl MHpa Ha OCHOBe e~HHOH o6o6~eHHOH KaTerop11H, KOTOpoe 

fl0-p83H0MY «Blf,U,HTOl» c Ka)K,ZJ,OH H3 Tpex CTOpOH Ky6a: C)J.HHhIR BaKyyM 

B 'I€0peTHKO-Il0Jl€BOM no.n;xo.n;c, C,D;HHa.H reoMeTpHH B reoMeTpw-1eCKOM Mll

ponofillMaHHH HJIH €,l.J.M.Hasl CHCTCMa OTHOIIIeHHtl ( CTpyKTypa) B pCJI.HI.J,HOHHOM 

MHJ>OIIOHliMaHHH. Ha Ham B3rJI51)1., 3TO pa3Hbi e H83BaHH.SI o,n.ttoro H Toro 

:>Ke cPH3WieCKOro ( MeTaQ:>H3.H"LfCCKOro) nepBOHar.ra.na - Toro, 'l.J"£0 Jle:>K.HT «3a»' 

«Ha,II.» .HJIH « UO,ll.» cPH3.HKOM H COCTaB.Jl.HeT HJJ,po ( XOJIOH) MOHHCT.HqecKOH 

napa.mrr'MhI, up1PfeM pa3JIH'1He o6yCJIOBJieHo npe)l,Bap.HTeJibHhTM, uoKa eII.J,e 

HeTIOJIHhIM ero 3HaHHeM B OT)J.e.JlbHl>IX M.HpGflOHHMaHltllX. 

0,n.Ha .H3 3a)J,a~1 KH.Hrn COCT011T B npeacmaBJte'HUU OC'H06 1t060U <fiU3u-
1•1.ec100u npoepa.MM'bl {napaau2.Mu) - 6uttapttou 2eo.Memp0f/JU3u'l\,u 7W1', npea

zeo..Memptiu, - OCHOBaIIHOR Ha O[\HOH o6o6III,eHHOW Mera<:PH3 M'iecKOM KaTe

ropmt:. Bhlxo,n; Ha 3Ty MOHMCT11qecKy10 napa,IJ.HrMy OKa3aJICH B03MO)KH.bIM 

B pe3YJibTB:re aHaJI.H3a BCex ,n;pyrHx cPH3H'-IeCKI1X (MeTacPH3.H'feCK.HX) na

pa,U,1.ffM, om1pa10II.J,HXC.H Ha KOM6Httau;HH 1'BYX J1 Tpex Ha'tla.JI (KaTeropHti). 

BHHapHa.51 reoMeTpcxp.H3.HKa BTIHTaJia B ce6.H p.a,n. qepT TeOpHii ,lIJ)yr.wx 11apa

)l.HrM, B qaCTHOCTH H)J.CH MttoroMepHl>IX reOM eTp.HqeCKHX Teop.11i1 T. Ka11yI.J,b1 

H 0. Knet:\Ha, TeOp.H.H up.HMOro Me)Kqa c-rHquoro B3a.HMO,D,eMCT.l:H15T <l>OKKcpa

<I>efui.MaHa, R HcnoJ1b3yeT pe3yJibTd.ThI KBanToooA Teop.HH noJ1.fl. B rJI. 14 H 15 
o6cy:>K,LJ.eHhl ee B03M0)KHOC'l'H B mrncaHl".IJ.1 cPH3.HKH MRKpoM.Hpa, B -r.racTHOCT.H 

B pememrn npo6neMhT o6'he,n,HnettHH ¢113 H"LfecK.HX roattrv10,z:i;ewcTB.Hti. 
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,11.JIH OCMbICJieHJ!ill 11 IlOJ1rreHJlll Ha6Jiro,rr.aeMbIX CJie)J.CTBHii H3 TeopeTH

"IecKHX nocT poett:Ktt, co,rr.ep)f<:aJ.IJ,HX o606u .1,eHHbie KaTeroplill, Heo6xo,rr.HMhI 

.tvtemod'bt o6parrmozo 603Bpa~e1t'll,.fl, K IIpHBbPiHbJM IlOH5ITH5IM ( KaTerOpH5IM) 

TJllffiJillCTH"U,,'CKOii napa,D.HI'Mhl, "{{TO OC)'Il\eCTBJI5IeTCH rrocpc,rr.CTBOM CBoeo6-

pa3HblX MeTO)J.OB npoeqHpOBaHl15I HOBbIX Teopuli Ha KJiaCCJtiqecKHe Il0H5ITHH. 

B o6w;e"ti TeopHH OTHOCH'l'eJibHOCTH 3TO ,rr.cnaeTCH c 110Mow;b10 Mero,rr.oB c11-

CT eM o·rc'KTa. B Teop1n1x Ka.JiyIJ,hI H KnettHa Hcnonb3yIOTC5I attanorn .. ut1>1e 

MeTO)J.hl 1+4- l1Jlli 1 + ... + 4-pacIU,enJ1eHH5I, KOTOpblC MO)KHO IIOHHMaTb KaK 

o6o6w.eHHbie CHCTeMbl oTCqera, xapaKTePH3YIOllf.He cPH3JtiqecKyro CHTya1vno. 

B KBaHTOBOH MexaHHKe '3TO peaJ1H3yeTC5I c noMOil\l:>IO 3pMHTOBbIX 0 11epa

TOpoB, o6na,u.alOJ.IJ,HX Bew;ecTBeHHblMH co6CTBeHHblMl1 3Ha"IeHIHlMJi' KOTO

pbte cooTBeTCTByIOT n0Ka3amu1M Mai<ponpH6opoB. I13 BeCTHo, "ITO B. A. <l>oK 

B PoccHH H B. IlaynH Ha 3ana,u.e o6paw;anH BHHMaHHe Ha 3KBI·lBaJieHTHOCTh 

poJ1efi MaKporrpH6opa B KBaHTOBOtt MexaHHKe H CHCTeMbl OTC"{{eTa B TC.'OpHH 

OTHOCHTeJibHOCTH. 

C¢opMyJn1poBaHHb1e Bhillle npHH~HnbI Meraqm3HKH 11po5IBJU110TC5r 

u s ,rr.pyrHX o6naCT51X 3Hamur H c¢epax MHpoBott KYJibTypbL B rroCJie,rr.tteti, 

mecroii qaCTH KHHrM 3TO ,u.eMOHCTpHp yeTC5I Ha npnMepe cPHJIOCocl>cKo-peJIR

rH03Hbl X yqeHHH. 



rnaaa 1 
MeTa<l>H3HKa c ApeaHeHwHx apeMeH 

AO XVIII a . 
..... 

Ilpou;ccc cpopMHpoDaHIUI KJI10qeBbIX MeTac}:>H3H'feCKliX KaTeropldi1) qpe3-

BbI'fattHO HHTepeceH H B KaKOt:i:-TO CTeileHH rrorrHTeJieH ,lI.JIH HCCJie,Il,OBaTeJie:R 

B o6JiaCTH ¢ya.n.aMeHT8.JibHOM TeOpCTW-IeCKOM cPH3HKH, TaK KaK MHOrHe 

npo6neMbI py6e)f(a XX .11 XXI BB. n ep eKJIHKaIOTC5l c ttayqHbIMli HCKaHH-

51MH npornnoro. BoJiee Toro, no CJIOBaM 9. Illpc,n,HHrepa, «C noMOUJ,hIO 

cepbe3HOtt IlOilbITKli B03BpaTHTbC51 B HHTeJIJleKTYaJlhHYIO cpe,n,y aHTHqHbJX 

.MhICJIHTeJieti, ropa.3,D,O MeHhWe 3HaBUIHX TO, 'ITO KacaeTCH .n.e:RCTBHTeJlbHOI'O 

fIOBe,n,eHIUI npHpof-JPI , HO Td,K)l(e 3aqacTyIO 3 Ha'fHTeJlbHO MeHee npe,n,B3HTblX, 

Mbl MO>KCM BHOBb o6peC'l.' J1 y HliX CB06o,n,y JvlbICJlH, XOT.H 6b1, B03MO)f(HO, 

,LVIH TOI'O, qT06b1 HCil0Jlb30BaTb ee c HalUHM JlytlllIHM 3HaHHeM ¢aKTOB ,ll,Jl.H 

ucnpaBJieHHH RX paHHHX OlIIH6oK, KOTOpbre Bee ew,e MOI'YT CTaBHTb Hae 

B TyIIHK» 1198, C. 18). . 
06pan~eHHe K HCTOpHH HayKH y6e,n,IITeJ1bHO CBH,Il,eTeJibCTBYeT 0 TOM, qTo 

Ha.nwrne p83HhIX roqeK 3peHHH cny>KJ1J10 O~HHM H3 Ba)f(ffhIX CTHMYJIOB )J.JlH 

p 83BHTHH ecTecTB03HaH"H B EBpone 11 Y.TO 6b1Jlb1c KoH¢powrau,11:H pron11:q

HbIX lllKOJI H CHCTeM, KaK H cero,n,HH, HOCHJIH M€TacPH3HqecKH11: xapaKTep 

J1 6b1Jll1 o6yCJIOBJICHhl IlOITbITKaMH KaHOHli3HpoBaTb JIIDIIL O,D.HY H3 napa)l.ID'M, 

KOTOphie BflOCJlC,ll,CTBHH, KaK npaBHJlO, OK83bIBaJIHCb He aJlhTepHaTHBHhlMH, 

a JJ.OilOJlHIDO:r.n;HMli .n.pyr ,n,pyra. 

1.1. Mera$ H3HKa ,npeBHero MHpa 

KopttM M€Tac}:>H3HKH npHHHTO :wcKaTb B aHTH'fHo:tt ¢HJIOCocPHH VI- V BB. 

µ,o H. 3. ) o,n,HaKO HMeeI'CH H€M8.JIO ,n,aHHbIX 0 M eTa¢H3li"'leCKHX B033pcHIIBX 

e~e 6onee ,LU)eDHHX KYJihTYP KHTaJI, EmITTa, l1tt.UHH H ,lq)yrHX Hapo,n.oB. 

l)B 4>nnoco¢a<oM nnaHe, npw1eM B TeCHOH CBSl3H c eCTeC'rB03Ha11Ha-1, .uaHHM npo6Jie

MaTJfl<a 3aTJ)OHyTa B MOHOl'pa,¢HSIX Il. fl . raH:,LI.eHKO «l1CTOpHS1 rpe-.IeCKOH qmJIOCcxPHH 
B ee CBSl.311 c HayKoih> [40) H «lfCTopHJI HOBOCBponeHCKOH qmnoco<}:>HR B ee CBSl3H 

C HayKOH» (41). 
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1.1.1. «KHBI'a nepeMee» 

l'faBecTHO, qTQ npHMeptto B 0,ll.HO H TO >Ke BpeMSI c aHTH'LIHOtt ¢unococ}>uett 

B03HHKJil1 ¢HJioccx}:>cKo-penHrH03Hbie y"LJ:eRH~. BocToKa: 6y,n.,n.H3 M H .n,aocH3M. 

B l1X OCHOBe Jie)KaJIO e~e 6011ee ,.upeattcc yqeHHe, npHHa)J)IC)i<aBwee nereH

,n.apttoMy nepsoMy npaBHTeJIIO TioJJ,tte6ccttott My,.uperzy <I>ycu (2852- 2737 r r. 

,n.o H. 3. ). Tor,n,a )KC 6bIJIH c¢opMynMpoBaHhI npHHI~Hnbr «KttHrH nepeMeH» 

( «M IJ;3MH»)' COCTaBHBIIIett Sl,llpO M ettee ,npeBHero KH'I"aHCKOro << TIHTHKHH

)KH5J)) ( «Y U:3HH») XII B . ,ao H . 3. H 3aTeM oTpa>KeHHOtt Jlao-ll;3bI (VI- V BB. 

[1,0 H. 3.) B ero OCHOBOilOJiaffilOW,eM CO'LJ:MHeHMl1 «KHHre 0 ,n.ao H ,ll.3» ( «,Ll,ao 

,ZJ,3 ~3MHe» ). 
B 3THX BhI,n.aIOUJ,HXC5I naMR'l'HHKax ,.upeBttero Ki-ITaH 6bIJIM BbipaJKettbI 

IIpe,n,CTaBJieHHH 0 'HCpa3p'bL6'HO.M e iJu ttcmae .MU'{Ja, KOTOpbie, K CTaTH CK83RT b , 

6b1nu xapaKTepHbJ H ,IJ.JISI ps:r,ll;a aHTHqHbIX MbICJIHTeJieif. CornacHo «KHMre 

nepeMeH», e.n,HHoe TiepBOHaqaJio npo5IBJIReTCH B BM,ll.e iJByx npomuBonoAOi>IC

ttocmeu U'H,'b H .R'H, HJIJIIOCTpHpyeMbIX B BH,Ll;e IIIHpOKO H3BeCTHOro « LlePTe>Ka 

Be.rrHKoro npe,n,ena» ( « Ta.tt IJ;3M T Y») (CM. pMc. 1.1). E,n,Htthrn Kpyr p83,n,eJ1eR 

Ha )1,Be IIOJlOBHHbl' r,n.e qepHB.51 IlOJlOBHHa o603Ha'Iae r U 'H'b, a 6eJia51 - .R,'H. 

06p83 Kpyra HBJ15ICTC51, c 0,ll.HOR CTOpGHhl, CHMBOJIOM HeKOTOpott IJ;e.TIOCTHO

CTH, o6p830BaHHOR ,LJ,BYM51 IlpGTJ.IBOTIOJ10)KHbIMH, HO B3aHMO,ll.OIIOJIH5110III.lilvlH 

APYI' ,n,pyra CTopottaMM (Ha"Ia.naMH), a c .n,pyroii - O'rp8.)Kael' IJ;HKJTH1'.IHOCTb 

HX B3aMM0,1.1.ettCTBHtt. l13rM6 JlHHHH, p83~enmou~e:0 ,ZJ,Be IlOJIODHHhJ Kpyra, 

no,n,qepKHBaeT ,ZJ,HHaMHKY B3aHMO,n,eiiCTBH51 CTOpoH .R'H 11 U'H'b H HX I'OTOBHOCTb 

K nepexo,n,y H3 o,n;imtt B .n,pyryro. Be.naH ToqKa Ha q epttoM ¢om~ H q eptta.51 

TOqKa Ha 6enmvl qxme OJlHIJ;eTBOpIDOT «3apO,LI.hIIIIeBhie» COCT05IHH51 6y,u,y

II~ npeBpaw.eHHtt, BHyTpeHH1010 B3aliMOCB513h, B3aliMOIIPOH11KHOBeHHOCTb 

IlOllilPHOCTett, HBJI5TIOIJ.J,HXC51, no Bhipa)f(eHlUO cyHCKOI'O MbICJlHTe.JI51 lbKoy 

,[lyHbl1 (1017 1073), « KOpIDIM H .n,pyr .n,pyra». Y)Ke H3 H83BaHIDI «KHHni 

I repeMeH» CJie,IJ,yeT HanpaBJieHHOCTb 3TOro y-qelllIB Ra II03Hatt11e H3MeHCIDJ'li 

11 npou;eccoB nepeMeH, B OTJIHqwe OT pH,n,a aHTH~bIX yqeHHtt, o6paw.eHHbIX 

K HeH3MeHHblM He6eCHbIM HCTHHIDA. 

qpe3Bblqa'liHO Ba>KHott oco6e HHOCTbIO i]peBHero KHTa~CKOI'O yqeHH51 51B

JI51eTC51 onopa Ha 1W.M6U'HO,V/U?O a60U'l/,'HOCm'U (iJua.1te'ICmU?CU} 'U. rnpOU'l/,'HOCmU 

( «mpua..rte'IC'ffiV,'K",'W> ). B «KHHrc ncpeMeH» 0 11pe,n,enetto noHHTHc « cepe,D,HHhI» 

( '-I>KYH) MC:>K,lzy ,ZJ,BYM5I npOTHBOIIOJlO>KHOCTSIMH H BBe,D.e1m TPeTbe Ha"LJ:ano 

B cwcTeMe MHponoID:1MaHH5I. TaKHM o6p830M c0Beprna.nc51 n ep exo.n. OT .IJ.B0-

111.V>I K TpoH~e, KOTO)Ja» OObPiHO 1urrepnpeTMpoBa.nacb KaK 3eMJ151, He6o 

H L!eJIOBCK Me:>K,Izy HHMH. Tio3,n,Hee, B «KHHre 0 .n,ao li ,ZJ,'3», 3'ra MbICJib 6bCJia 

Bbipru:KeHa 6o.rree a6cTpaKTno: «,[Lao nopO)K,ll,aeT e,D,liHoe, e,z::i;HHoe nopo)K,ll,aer 

,lJ.BOHtzy, ,LJ,Bmn~a nopo>K,JJ,aeT TpoHizy, a TpOHIJ.a n opmK,Il.aeT BCe MHO)KCCTBO 

Be1n.eii». IlpM 3TOM ,Ll,ao IlOHliMBJIOCb KaK e,n,HIIbiit HeIIOCTH>KMMbiit, nce

OXBaTbIBarow.Htt H TaHHCTBeHHbTtt HCTO'IHliK H npl1HIJ,HO ,ll.BH>KeHHR BCero 

cyrn.ero. 
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Puc. 1.1. C11MBOJibl un'b H Rtt B oKpy}KeH.nH BOChlvm TpHrpaMM 

)I,Jrn KOM6HHall,H11 ,11.BOHqHOCTH H TpoHquocTH 6bIJ1 Hatt,rr.eH ttarJI5l)J.Hbitt 

o6p83 B BH,n,e CHCTeMb( TPHrPaMM, Ka>K,n,ax H3 KOTOpblX H300pruKaCTC.H TpeMH 

rrapa.1I.1le.JlbHblMH 0Tpe3 KaMH ,n,Byx BH,LJpB: npepbIBHCTOI'O, COOTBeTCTByrou~ero 

U'H:b, H CIIJIOIIIHOI'O, OJTHI.J;eTBop.mom;ero .R,'H,. l13 Tpex ~aKHX 0Tpe3KOB B03-

M0)1(H0 nocrpoHTh BoceMb pa.3.JIWIHhIX KOM6HHal\11tt. Ha ~enneM pHc. 1.1 
OHH H306pa:>KCHbl BOKpyr U'H,'b H .R,'H, BHYTPH Iq)yra, OJl~eTBOpRIOlll;eI'O e ,IJ,HH

CTBO MHpa l). 

Kpyr Mor 00o3HaqaTb H HHOC: OT,n,eJieHHe MHpa 3eMHoro OT MHpa He6ec

HOI'O. H a tteKoTOpbrx ,rq>eBHHX pHCyHKax H3o6pa)Kanacb ,n,aottHaR CHCTeMa 

Tp11rpaMM: o,zzym BOCbMepKa T pRrpru...iM noMeru.a.nacb BH YTPH Kpyra, KaK 

Ha puc. 1.1, a ,upyrruI BOCbMepKa - no rrepHMeTpy OKPY)KHOCTII BHe Kpyra. 

BHyrpcHHHc TpHrpaMMh1 xapaKTepH30BaJIH 3eMHoi1' MHp, a Hapy)KlihJe -

He6ecHhlii, a HX coqeT'(i.JIHe ,D,aBaJIO CHCTeMy reKcarpaMM. TipMMe'iaTe.JibHO, 

'ITO Hef>ecHbdi H 3eMHOtt MHpbl xapaKTepH30B8.JIHCb O,D;HHRKOBbIM o6pa30M. 

B Af.>eBHeM K1-1Tae qcpe3 TpMrpaMMhI TpaKTOBaJIHCh aceao3MO)KHhie npo

QecchI B Mlipe, KaK B KOCMoce, TaK l1 B cyJl,h6e q eJIOBCKa: B03HHKHOBeHHe, 

cospesam1e, yracaHHe 11 rr. ,n;., npH'-leM pa3Hhie 3Tallb1 rrpon;ecca BH,D;eJlHCh 

B nepexo,n,e OT O,Il,HOit TpHrpaMMb[ K ,LIJ>yrott, T. e . IlOHHMa.JIHCb KaK H3MeHeHH5.I. 

B Tp11I1:>aMMax OT,n,eJibHhlX COCTaBJIBlOlll;HX. 

B<xmpall\asiCb K MeTacpH3MqecKH?v1 KaTerOpIDIM H KJiaccm:}:>HKa~H COBpe

MeHHbIX cpH3H'iecKHX Teop1.fii, 3aMeTHM, '-lTO TPH oTpe3Ka TpHrpaMM MO:>KHO 

COilOCTaBHTb c 'I])eM.H MeTa¢H3MqccKHMl1 KaTeropH.HMH B Q;>H3 HKe: rrpocTpaH

CTBOM-BpeMeHeM, <;mCTHUaMH H rrOJI.HMH nepeHOC'-lMKOB B3aMMo.n;eikTBMtt. To-

l)Ha pHCyHKe BbI6paH nopB,ZJ,OK pacnoJJmKeHJHl TpHrpaMM, OTJllI"laIOUUiHCH OT Tpa

'A}iD,JIOHHbIX CHCTeM <Dyci-1 mm B sHb-BaHa, HO 6oJiee no.rr.xo,D,smi.Rli ,D,JIH MeTaqrn3HKH. 
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r,n,a 3Bo.mo:u1rn npe,ucTaBneHHfi o MMpc B ecTecTB03HaHlfH npolUJloro H cMeHa 

rrapa,n;HI'M B TeOperHqeCKOH qm3JtKe xx B. T aK)Ke MOryT 6b1Tb COIIOCTaB

neHbI c n epexo,rr.aMH Me)K,ll,y TpHrpaMMaMH ,upcBHero pnc. 1.1. AttarrorH'IHhie 

npou;ecchI npocM a'rpHBaIOTC.H. 11 B HCTOpHH cPH.llOCO<f>cKo- penHrH03HOH MbICJ1H 

3ana,ll)iott Esponhl Ha nparIDKe HHH JQ3yx c n oJIOBHHoR TbTCH'IeneTHR. 

B ,IJJ)eBHeKHTaJicKott c:PHJJoco qmH npo.HBJI.H.JJacb y,u;,HBMTenbHa.H rapMOHHH 

B IlOH"HMaHHH .pa3.11H"l{Hl>IX eropoH p eaJJ.bHOCTH, B "<faCT HOCTH B onpe,ueneHHli 

CyTH MaTeMaTliKH (queen), MaTepHH H ,Il,BIDKYlll.HX CHJI. ,lJ,pcBHeKHTattcKlie 

MY,ll.pell;bI cqw:ra.rnr qncna o;rnott li3 BaJK.Hettw.11X xapaKTepHCTHK 6bI T 1.u1, 

3JieMeHTaMH HCKoero KOCMH'IeCKOro KO)l.a, c fIOMOIIJ,blO KOToporo CTPYKTYPH

pyerc.H " OTIHCbIBae.rc51 MHp. °tlHC.Jla ,ll.eJiaIOT sew,H II03 HaBaeMbIMH , 0)1.HaKO 

BRe s eu .1,ett H n poueccos OHM He cym.ecTBYJOT. B TO .>Ke speM.H KHTa"HU,bl 

BOCIIp11HMMaJIH 'llfC.110 KaK HeKyIO T BOp"<:IecKy10 CHJiy, npHBO,LJ,HLU,.)fIO K pac

q JieReHIDO BC51Kott Hc npepbIBHOCTH. H eqerHb1e '-lliCJia C"l{HTaJIMCb .HHCKHMH , 

a 'llerHh1e - HHhCKHMM. T a KHM o6pa3oM, HaTyp8.TlbHh1R psr)J, 'Ulcen npe,LI,CTaeT 

KaK nocne,n,osaTeJihHoe qepe,n,osaH.He .H.HCKoro H HHbCKoro Ha'IaJI. Han6oJib

IIIHM CMbICJIOM o6na,n,a..rrn rrepBbie "l{RCJla HaTyp8.TlbHOro p~a. 

P a3BHTHe BOCToqtto tt n 3a11a,rr.Holi 1~HBHJIH3au;Hii llIJIO ,n,syMSI p 83JIH'l1Hh1M H 

IIyTSTMM. <l>MJIOCocPcKO-peJJHrH03Ha.H MbICJib BocTOKa scer,n,a 11cxo,n,HJia 113 

He,LI,enliMoro e,IJ,HHCTBa Mlipa, a Ha 3ana.rr,e no3HaHne p a3BHBa.TIOCb no ny TH 

pacqneHeHlf.51 e,U,HHOro tta qaCTH. 9TH ,D,Ba no,n,xo,n,a K cPH3H"l{€CKOR p eaJibHO

CTl1 J IOJlyqHJJli Ha3Ba1rne XO.!l/U3.Ma li peiJyKtV/l.W'HlU3.Ma, nepBbltt xapaKTepeH 

)].JIB BOCTOqHO:tt IJ;liBMJIM3 aD,HH, T Or,n,a KaK BTOpott CT8.Tl ,ll.OM liHHpyIOI.ll,HM 

B MHpoilOHHMaHHH 3an a,II,Hott IJ,HBHJ1li3au;1111, XOTH B yqeHliHX nHc:Paropdlu;es 

li Tina:1'0Ha 6hIJ1H CJfJlb llbl 11,ll.Cli XOJIH3Ma. 

Hpar11sonoJio)KHbIMli y K liTaHIJ;eB u espouettu;es 6bIJili 11 npe,n,cTaBneHH51 

0 B03HHKHOBCHlili MHpa, B KOTOpbIX OTPa3HJ1HCb p 83Hble TO"llKM 3p eHli.H: 

9BOA?O'U/UO'H'Ha.R 11 x:,peav,uott·uc·rncx:,a.R. B Espone Bo3o6J1a,rr,arro Kpeau;MoHHCT

CKoe I IOHHMaH11e: cornaCHO xpliCTHaHCKOMY yqeHHIO, MHp 6bJJ1 COTBOpeH 

BoroM, 'ITO COOTBeTCTByeT cospe:rv1eHHOil cPH3HqecKott KOHIJ;enu;m-i: po)K,,ll.e Hli51 

BceneHHOti B pe3yJihTaTe «BOJihllloro B3p b1Ba». Ha BocToKe YTBep,n,11ncsr 

3BOJIIOt(HOHHbIR no,n,xo,n: K npoHCXmK,.1.J,eHHJO MHpa 113 a6cTPaKTHOI'O )J,ao, -
s KHTattcKoM yqemrn He 6bIJIO aHTPQIIOMop¢ttoro l1epBoHa'i8Jla 11 OTCYT

CTBOB8.Tlli npe,n;CTaBJreHliH 0 COTBopeHHH MHpa HeKHM csepx'beCTeCTBCHHbIM 

cym.ecTBOM. 

H a6nro,n,aeMa5i B cospeMeHHOJ\ <f>Yff,ll.aMew raJibRO°tt T eopcTH't!ecKo:tt c:P11-

3HKe •r eH,lJ,eHT,liSI o6'he,ll,11HeHli51 cPl13H1.J.eCKliX KaTeropHtt B e,n,MHOC Hepa3pbIB

Hoe u;cnoe Il03BOJ1He'I' I'OBOpliTb 0 HeKOTOpoM c6JIIDKeHHH c BOCTO"l{HO:tt KYJib

'I)'pOtt H o nepcneKTHBHOCTH p e.TIHrH03HbIX H c:PHJJoco¢cKHx H,ll.ett B ocTOKa 

,ll,Jl51 OCMbICJleHli.H C03,LI,aBaeMott HOBOH cPli3H1.J.eCKOR KapTHHbl Mlipa. B CB.H.311 

c 3TliM BbI)J,eJiliM HeCKOJlb KO ecTecTBCHHOHay'iRblX acneKTOB B ,upeBHID<. 

yqeHH51X K11·raH, no,n,po6tto p accMOTpeHHhIX B MORorpac:PHH B. E. EpcMeesa 

«CliMBOJibl H l.[HCJ1a ,,KHHI'H n epeMett"» [61]. 
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1. K1uafillp1 rrpe,n.cTaBJUIIDJ ce6e )l{RBOH M11p-opraHH3M o611a.n.a10IIU™ 

npmrn;1nIOM M8.ClUTa6noro caMOTIO,ll.OOH.H ( npmu.i;11rroM cppaKTaJlbHOCTH)' npH 

KOTOJX>M K a.>K,LJ,aH OT,ll.e.TlbHaH BeUf,b COCTOHT H.3 qacTe:U, IlO,D.06IIbfX eli KaK 

IJ;eJIOMy, l1 B TO )l{e BpeM.H ca.Ma 3Ta BeI.l.U> .HBJUH~TC.H 0)1,HO:f.i H3 qacTeH 

IJ;eJIOCTHOf'O MM.pa H no,n.o6Ha eMy CTPYK'IypHo. 9ro ootta"laJIO cxo,n.cTDO 

CBOHCTB B MHKpo- H MaKpOMHpax. 

2. ,Ll;Jur KHTaiiCKOH KapTMHbl MHpa xapaKTepHbl npe.n.cTaBJie HH.H 0 HCrrpe~ 

pbIBHOH aHeprer.H."lecKOH cy6C'raHU,HH, 3anoJIH.HIOI.IJ;eti npocTpaHCTBO (KOC

MOC), H3 KCYrOJX>H M<P¢epeH.L'(HpylOTC.H U?-£'b H R?-£, yqacTByIOI.IJ,He B MHpOBbIX 

Tpauc¢opMa:C.~IDIX H o6pa3yiom.11e Te HJIH HHbie aem.ecTBeHHbie cpopMbl. 11,n.eH 

.>Ke ,£1.HCKpeTHOCTlf ( a'I'OMapHOCTH) MaTepHH B M.HpoilOHHMaHl111 ,upeBHero 

Kwra5I OTCJTCTBOBaJIH. 

Ha coBpeMeHHOM Sl3bIKe MO)f{HO CKa3aTb, q'T() KHTaikKHe My.n.peIJ;hI MhIC

JIHJm B TepMHHax noJieBOH TeopIDt, corJiaCHO KOTOpoi1 HenpepbIBHOe He'C.JTO, 

COOTBeTCTBYIOI.IJ;ee IlOJIIO, pacnpocTpaHSleTC.H 110 BCeli CHCTeMe, a He JIO

Ka.Jll130BaHo B ar.n.e.11bilhJX ee aneMeHTaX. Bonee Toro, OHM HCXO)l)LJIH H3 

y6e)f()J.eHIDl, q'T() He cy~ecTByer a6cOJIIOTIIO aBTOHOMilblX cy6cTaHIJ;HaJibHhlX 

CYll.VfOCTeli, a ecTb TOJibKO crycTKH KOCMH'C.JeCKOro IlOJI.H (attepr.HH). 

3. K1,fTai%cKHe MhICJIHTeJIM nonaraJIH, q'T() no3HaHHIO no,n.Jie)KaT TOJibKO 

CHJlhl B3aHMO,].I,eHCTBH.H Me)l{,].I,y speMeHHO o6pa.30BaIIHblMl1 1.1;eH'I'p8.Mlf cry

ll.J,f>,HHH 3Heprmt ( IIOJUI), T. e. BIIHM8.HHe OblJIO o6pam;eeo n e Ha B3a11MO

,L1,eHCTBYIOI1I.He TeJia, a Ha CHJIOBOe npocTpaHcTBO Me)K,lly HMMH. KocMoc 

upe,n;CTaBJI.HJIC.H e)l.illlblM KOCMH''IecKHM opr8.Hl13MOM, CBS13aHHbIM ~aHMO,D.eH

crsyIOI.IJ;liMH CHJIOBbIMH no.TUIMH. DoHSITH}l «arHoIDeH11e», «CBH3b», «,11,BH)l{e

HHe», «rrepeMeHb1», o6cJiy)KuBa1ouvm npoIJ;eccyaJihHoe on11caHHe ,D.eficTBH

TeJihHOCTH, 6hIJIH 6oJiee 3Ha'iHMbI ,!I.JIB KHTaH:CKOH MblCJrn, qeM KaTerop1111 

<('iaCTH.L'(», «cy6cTaHizylH» . B 3TOM COCTOHT ee rna.BHoe OTJll1"C.JHe OT 3ana)I.ttoro 

MhIIIIJie1urn. 

4. Bc.H BceJieHHaSI upe,n.cTaBJIBJiacb cnJieTeHeofi H3 u.eno"le K nopo)KJI.e

mm H Bceo6m.wx nepeMeH. B aToM oKeaee nepeMeHTilfBOCTH ,LJ.OnyCKaJI.HCb 

H OC'TpOBKl1 UeH3MeHHOCTH, HO TOJibKO Ha HeKOTOpoe BpeM.H, IlOTOM OHH 

'AOmKHhI 6bIJIH cMeH.HTbC.H APYI'HMH BpeMeH:tibIMH HeH3MeHHOCTSIMH. flp11 

~TOM BpeM.H HaXOMf.JIOCb B 3aB.HCHMOCTl1 OT HBJieHHH, 11Me10I.IJ;HX TaKYIO )Ke 

rrpHpo,n;y, TITO 11 « I IepeMeHhI». Donara.rroch, 'C.JTO BpeMH ynpaBJIBeT H e6oM 

l1 3e?.meil, nOCJie,n;HHe ynpaBJIIDOT nepeMeHaMH, a nepeMeHbI ynpanJISIIOT spe

MeHeM, TaK 'iTO HeB03MO.>KHO 6bIJIO yKa3aTb O,II,MH y1111oepcaJI.bHbIM Hc·ro"C.JHHK 

H3MeHelilill - Bee BbICTpaHBaJIOCb B TOTaJibHYIO KpyronepTb nepeMeH. 
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1.1.2. ):WeBHHe KOCMOJ'OJmqeCKBe npeJJiCT<lBJieHIHI 

Bapo.U,OB MHpa 

PaccMarpHM ,rij)eBHe:Bnrn:e <P1111oco<l>cKo-pe.rr1IrH03Hh1e yqett.IDI, 3a MH<Po
II08T11qecKHMH o6p83aMH KOTOpblX CKpblBalOTCSI MeTacp11311qecKHe IIOHSITHSI, 
H)I.€H 11 IIpHHqHIIbl. 

I. KocMoroHHSI )JJleBHero ErunTa. M3BOCTHo, '-ITO co speMeH ,II,pes .. 
Hero I.J;apcTsa B ErmITe cyru;ecTBOBaJIH TPH KOCMOrOHH'llecK.He mKOJibI: 
B renHOIIOJie, repMOilOJie H B 1'1eMcpnce. KocMOI'OHH.li nepBblX ,lJ,BYX IIIKOJI 
6hIJJH ,n.ocraTO'lHO 6JIH3KH ,n,pyr )JJ)yry. CornacHo RX rroMHHaH1110, B caMoM 
Haqane 6hrn xaa1·11qecKHfi rrpaoKeaH HyH, Ta5J~uii B ce6e B03MO)l(HOCTh 
B031mK110BeH.ID1 ncero cyru;ero B MHpe. l'fa aroro upaoKeaHa Bb~eJIHJICSI 6or 
Be'l'.IIIOCTH ATyM, "ITO TpaKTOBaJIOCh KaK oco3HaHHe e,u,liHhIM BoroM caMoro 
ce6R. 3a:reM ATyM cro,ri;an ,[Q3yx 6oron (Illy H Teq>HyTa), KOTOpbie 3aTeM 
c0Tnopw1H e~e IIICCTb 6oron. B HTore K nepnuqHoMy Bory AryMy 6bIJia 
,lJ,OOaBJietm OOJ:KeCTBeHHa5I BOCbMepKa. Ilo repMOIIOJibCKOH KOCMOI'ORl1 'ieCKOH 
BepcIDi, H3 rrepBH'-IHOro rrpaoKeaHa B03MO:>KIIOCTeH cp83y B03HHKJia BOCb .. 

MCpKa 6oroB ( qfil'b1pe napbl «6or - 6orHHSI») . J.1x HMeHa COOTBeTCTBOBaJIH 
CBOtiCTBaM IIpaoKeaHa: 6ecKOHe"{.{HOCTH B npocTpaHCTBe, MpaKy, TafiIIOMY 
Ha'-iaJiy, BO,L(HOH CTHXHH H ,ll,p. 

CornacHo KocMoroHHH ,11,peBHeifweti ernrreTcKofi cT01m1~h1 MeMcpHca, see 
cyu~ee H scex 6oroB COTBOPHJI 6or TITaX cHJioii ToopqecKoti BOJJH H CJIOBa, 
po:>K,lJ,ennoro B ero cep,u,n.e. Tip11 3TOM son ro onKU,erBOpsm 6or Cua, CJIOBO -
6or Xy, a MarH'llecKyro c1·my cnoBa - 6or XeKa. 9To yqe1111e, ronecTHOe 
eranTSIHaM eru;e B III ThicSiqeJieTHH /J,O H. 3., rrepeKJIHKaercSI c aHTHY.HbIM 
yqeHHeM o Cnose-Jloroce - rrepBoo6p83e MHpa, - H c xpncTHaHcKofi KOCMo
I'OHHeti - «B Haqru1e 6h1no Cnono, 11 CJioBo 6hrno y Bora, H Cnoso 6bIJIO 
Eor» (MH. 1.1). 

TaKHM o6p830M, ,upeBtteerm1ercKHe MeTacPH3H'l.JOCKHe rrpe,n;cTaBJieilllSI 
rrepeceKalOTCSI c ,n,orMaTaMI..J xp11cTnaHCTBa H c yqeHHeM .DiPesttero KnTa51. 
BcnoMIIHM CJIOBa: «E,n,HHoe IIOpo:>K,LI.aeT ,D,BOHlJ.Y, ,lJ,BOHu,a nopo:>K,JJ.aeT Tpo
mzy, a Tpom . .J,a nopo:>K,LJ,aer nee MIIO:>KecTBO Be~eii». IlpliMe'llaTe.rrhHhI TaK>Ke 
HeO,lJ,HOKpaTHbie ynOMl1RaHJUI 0 BOCbMepKe. 

II. 3opoacTpuncKrui KOCMorottllll. HeMano OTKpoBeHHH MeTa<};>H3H
""I€CKOT'O xapaKTepa MO:>KHO o6ttapy:>KHTb B peJIHI'H03HbIX npe,n,CTaBJl€11.IDIX 
30poaCTpHfiqeB. HanoMHHM, qTo 3opoacTpa >Kw1 B nocne,lJ,Heif 'leTBepT.H II 
TblCSI"IeJieTIDI ,lJ,0 H. 3., HO HCTOKH ero yqeHJUl yxo)J,SlT B ew;e 6oJiee ,lJ,P€BIIHe 
BpeMeIIa. 

CornacHo 30poacTpHil:CKOii KOHqeIIIJ.HH, BCSI Hc1upHS1 MHpa ,lJ,eJil1TCSI 
Ha "IeTbipe nep110.n.a. B nepBbIH rrepHO,lJ,, - IIpe,1J,cyru;ecTBOBaH11s:i Berqeif 
H H,LI.eH, - Axypa-Ma3.n;a 003,lJ,aeT H,ll.eaJibllblH MHP a6cTpaKTHblX IIOIISITHH. 
YTBeP:>KJI.aeTcSI, qro Ha 3Tofi CTa,lJ,lilf ne6ecHoro TBOpeH.IDI y>Ke npHcyTcTBO
Ba.JIH npcxX5p83bI ncero, qro n03,lJ,Hee 6y,lJ,er cos,n.aHo. 8ro cocTOSIHHe MH.pa 
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Ha3bIBaerrc.a Meno'IC (T. e. «HeBH,JJ;HMbIU» H.Jlll «A)'XOBHhIB» )- Bo DTopoM rrep11-

o,n.e IIpoHCXO)l.HT COTBOpeHHe TBapnoro MffPa, T. e. pea.JihHOI'O, 3pHMOI'O, «Ha
ce.neHHoro TBap.HMH». Axypa-lvla.3,n,a coo,n,aeT ne6o, 3Be3,D,hI, Jlyny H CoJIH.u,e, 

38. c¢epou KOTOporo HaxO,D,HTc.a 061na.mn.n;e caMoro Axypb1-Ma3)J.b1. B 3TOT 

nepHO)J, D MHp BTOpraeTCH BTOpoe, rrpOT.HB06opcTBy10~ee Haqa.JJO .H B CHJIY 
003,n,eecrnH.H ,n,nyx Haqa.11 Bech M11p rrp11xo,D.RT B ,n,BH)KeH11.e. TpeT.He rrepHo,n. 
oXBaTbmaer BpeM}l ,n.o noHBJieHH51 npopoKa 3opoacTpa. B 3aK.rrioqHTeJib

Hhfli, qeTBepTbm nepHo,n, rrpe,u.CKa3bJBaeTcH noHBJieHHe Tpex Crrac.HTeJieu, 

~m.r1HJO~cR ChIHOBbSJMH 3opoacTpbI. I10CJie.rr,n11i1 H3 HHX, Caolllh.HHT pelllHT 
cy,n,b6y MHpa H qe.rroBeT.IecTBa. 

TipHMeqaTeJihHO orrHcaHHe ne6ecHoro OOHTaJIHUI,a AxyphI-Ma.3)1.hI B BH,LJ,e 

~BHeB BOCTOqHOB rrp11.T~.H, KOTopyio paCCKa3a.JIH )J.yXH rrorraBIIIHM Ty,n,a 

crpanHHKaM, YBH)J.eDiu.HM 3Be3,ll.Y B ~eHTpe 0611.TaJIH~a: «BRAH.Te CHIDille 
B IJ,errrpe 3Be3)J.bI? 3,n,ech - HCTOT.IH.ffK 3Hepnrn, KOTOpaH ,u.aeT Bruvr cy~e
CTBOBaHHe. Tio,n,o6no nT11u,e <I>eH11Kc, M11pcmaST 'Ye.rroBeqecKaH ,ll,.ywa Beqtto 

yivrnpaer 11 Beqfto B03po)K,n,aeTc.a B Heyrac11.MOM TIJiaMeHH. Ka>.K,U.b1li MHr otta 

p83,U.eJI.He'rC.H Ha MHpHa)l.bI OT)J,eJibllblX 3Be3)1., rro,n,o6HbIX Bameti, 11. K8.)K,lJ,hIB 
MHI' BOCcoe,D,HHSJeTc.H, He yMeHbJIJa51Cb fill B co,n,ep)KaHHH cBoeM, H.H B o6'beMe. 

<l>opMJ 3Be3,Il,hI MbI np11.,u.aJIH eli nOToMy, qTo, rro,n.o6tto 3Be3.rr,e, BO Mpa.Ke ,u.yx 
,llyxa ,n,yxoB BCer.rr,a OCBeUI,aer MaTep.wro. IIoMHHTe, KaK B oceHHeM 3eMHOM 
He6e ncIIh1x1maJOT rra,u.arom11.e 3Be3,n,hl? Tio,n.o6tto TOMY B MHpe Tsopu,a e)Ke

ceKyH,ll.HO BCITh:ornBaJOT 3BeHh.H u,errH «,Il,ylllH-3Be3,n,h1». OHH pacchrrraJOTC.H na 
OCKOJIKH, KaI< rropBaHIIa.H )K€Mqy>KHajJ HHTb, KaK KaIIJllf )J,O)l(,ll.H, OCKOJIKH-

3Be3).J.hl. na,u.aJOT B MHpe TBOpeHlffi. Ka)K;:zyro ceKyH,u.y Ha BHyTpeJiHeM ne6e 

IIO~JI51eTC.H 3Be3,n.a: 3TO, BOCcoe,IJ,HHHBlllHCh, «,n,ywa-3Be3,Il,a» ITO,ll.liHMaeI'C.H 

K Bory H3 MHpoB cMepTH. B11,II,HTe ,n,sa nOToKa 113 aTHx 3Be3,Il, - HHCXOMJill,Mtt 
H Bocxo,n;gUJ,11.li? BoT HCTJIBHhIB )l.O)K,ll,b Ha)J. HRBOH Be.rr11Koro CewreJ15I. 

B Ka)K,LI.oii 3Be3,n,e ecTb o,u.HH rJiaBHblli ny'-1, no KoropoMy 3BeHb51 sceif u;enn, 
K8.K no MOCTy, npoxo,n;HT Ha)I. 6e3)J,IIOtt. 8To «u.apb )l.Ylll», TOT, KOTOpbIH ITOM

Hl1T 11. nece-r ua ce6e Bee npow.rroe Ka~oli 3Be3,U,bI. C.rzymattrre BHHMaTeJihHO, 

crpaHIIHKH, caMylO rJiaBHyJO T'c1HIIY fopb!: H3 MHJIJIHap,u.oB «n;apee )J.Ylll» 
COC'Td.BJUierc51 o.n;Ho sepxoBHoe C03Be3,n,He. B MHJIJrnap,u.ax «n;apeli )l.Ylll» 
rrpe.>K,LJ.e BeqftOCTH npe6bmaer 0,n,HH ll,apb - li na HeM ynosaHHe scex, BC.H 

6oJib 6eCKoHe"lHoro MHpa . .. » 

III. KocMoroH1u1 HH~YH3Ma npe,u.cTaBJI51eT oco6bm ru1Tepec, no
CKOJihKY B liH,n;HH 6epe)KH0 xpaHHJIH ,lIJ>eBHHe npe,n.aHIIB, He HCKIDKa51 HX 

rrepBOOCHOBy, KaK 3TO 6bIBaJIO B ,lIJ>YrHX perHOHax, a Jllilllb ,Il,OIIOJIHH}l ee 
HOBb]}.lli no,n.po6HOCTSIMH. CorJiacHo ,u,peBHe11H,n,11ecKHM npe,n.crasJieHH.HM, 

BHaqa..ne He 6bIJIO HHqero, KpoMe TbMhI nepBo3,u.aHHoro xaoca. TI pHBe,u.eM 
Ha'-laJlbilhm ¢parMeHT rHMHa H3 PurBe)l.hI (I Thic.aqeJieTHe ;1.,0 H. 3.), B KOTO

poM roBOpHTC.H 0 COTBOpeHHH MHpa: 

«He 6b1JI0 He-cya~ero, R He 6hIJIO cyru;ero TOr,n,a. 

H e 6b1Jlo HH B03)1.YIIIHoro npocTpaHcTBa, HH He6a Ha,n, HHM. 
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LJ:ro ,lJ;Blil'8JIOCb Ty,ll,a 11 CIO,D.a? f.n.e? Ilo,D. qbeil: 3am;11Ton? 

1..JTO 3a BO,Ua 6bIJia - rJiyOOKa.51 6e3,D.Ha? 

He 6b1JI0 HH cMepTM, HH 6eccMepT1u1 Tor,u.a. 

He 6b1JI0 HH npn3HaKa ,n.IDI (HJIH) HO'lH. 

~IUJ8J10, He KOJie6.IDI BOO,nyxa. no CBOOMY 3aKOHY ne~ITO 0,LQfO, 

M He 6b1n o IIH'lero ~yroro, KpoMe Hero» 

(u.wr. ITO (60, c. 31]). l13 nepBOHa'laJibHOro xaoca B03HHKJIH BO,ll,bl (li3Ha

qa.rrhHoe MOpe)' nopO,ll.H.BlliHe OI'OHb, a OI'OHb - .H'tiu,o. l13 .HMu.a fiOHBHJICH 

npapo,ll.HTE>Jih BpaxMa H pa36HJI .HHII.0 HaABOe. lf3 o,n.Hou noJIOBHHhI oH 

c,n,enarr He6o, a 113 ,n,pyroii - 3eMJ110. l\4e.>K,LI.y HHMH BpaxMa noMecnrn B03,nyx, 

C03,ll,aJT crpaHbI cBeTa, nono>KWJ. na''!aJIO apeMeua H cos;~a.J1 ac10 BceneHHyro. 

Tpa,LOilU10HHhlii illi,IIyH3M nonararr, T.ITO BceneHHa5I 6ecKoHeT.IHa H Haxo

,ll.HTC.H B npou.ecce IlOCTOHHHOI'O pO)f(,ll.eHRH H rH6eJIH OT,lJ,eJibHblX MliJX>B. l13-

BeCTHbltt *e qeJioBeKy MHP co BceM CYITQ1M B HeM MhICJIHJICSI KaK HH'ITO)f(HO 

Marroe 3BeHo oo BpeMeHH 6bITMH Bce.ne1111ou. 

06paTHM DIIHMaHHe Ha IlOIDITHe H3Ha'l8JlbHOro xaoca B HH)JYHCTCKOU 

KOCMOI'OHHH, KOTopoe xapaKTepHO TaK*e ,}],.TISI ,l1.p€BHeerHileTCKlfX H aH

TH'IHbIX npe,uC'raB.r1eHHH 0 TBopeHliH MHpa. 06u~HM 1vrn MHpoilOHHMaHHH 

)JJ)eBlillX HBJI}leTCSI H o6pa3 ,ll,Byx "IacTeH HHI..J,a, Me)J(,ny KOTOpblMH TBOpliTC.H 

BceneHHa.H H HaIII MMp. 

IV. KocMOf'OHHSI Mailll HHTepecHa Te~ ... 1: 'ITO B03IIMKJia B perHoHe, 

H30JIHpoBattIIOM OT EBponhl H A3HH. B 3TOR KOCMOroHHH nepaonpH'lHHOA 

SIBJ151€TC.H BpeM.H, KOTOpoe nOHBHJIOCb H HMeJIO HMH' Kor,rr,a ew.e He cyw;e

CTBOBaJIO HM He6a, HH 3eMJIH. ,II.HM po,n,.HJIRCb Ha BocToKe 11 oTnpaBHJUiCb 

B nyTb. ITepnbru ,n,eHb BbITam;irn 113 CBOHX BHyTpeHHOCTeif He6o H 3eMJIIO, 

BTOpo:B ,n,eHb IIOC'l'POHJI JieCTHmzy, no KOTOpou cnycKa.TIC.H ,ll.0)1{,II,h, H T. n. 

3,n.ecb OilHTb ITOBT0p.HIOTC5I ,n.Be npOTliBOilOJIQ)KHOCTH B BH,ll,e He6a 

H 3eMJIH, Me)f(,ll.y KOTOpbtMH B03BO,Ll,HTC.H CHa'lana necTIIH.lJ,a, a 3aTeM H Bee 

OCTaJibHoe. KaK H B Ktt11re Bhrnrn, TBOpeirn:e MHpa pacm.-1cano no ,ll.IDIM c TOR 
pa3HHlJ.eH, qTo OHO rrpc>HCXO,D,HJIO D Te'leHH.e He mecTH, a TPHHaAu.aTH ,n.HeH. 

Nfo)J(Ho cyl.U,eCTBeHHO npo,rr,OJl)f(HTb paccMOTpeHH.e KOCMOI'OHRii ,IlJ)eBHO

C'I'H, O,lJ,HaKO H3JIO)f(eHHOI'O y)Ke ,ll.OCTaTOT.IHO )l,JI.H Toro, 'IT06bI ccpopMyJlH

poBa'I'b p51,ll, rHnOTe3 H B03HHKaIOI.lJ.HX B CB513H c HHM11 BOllpOCOB, KOTOpbie 

B IlOCJie,n.Hee npeM51 3By'la'I' Bee 6onee HaCTOU'IHBO. 

1.1.3. fHDOTe3bl II pa3MLilIIJieHllSI 

CorrocTaBJieHHe ¢nnococpcKo-penHI'H03HbIX yqeHH:B H MHc:l:>oa ttapo,rr,oB 

MHpa ,rr,eMOHCTpHpyer npoHBJleIIH51 O,ll,HHX H Tex )Ke MeTa¢H3R'lecKHX rrpHH

lJ.HilOB, ne*aIJ.J,Hx B octtoBe sc.HKoro pau.1mHaJ1bHOro OCMhICJl.eHR.H B ceneH

HOH. LfiaHHaH Il03JiU.RSI npe,n;C'raBJI5leTC5I ,lI,OCTaTO'lHO BOCOMOtt, 11 Mbl 6y,n,eM 

B03Bparu,aTbC51 K ne'A B ,ll.aTibHe:RmeM. 
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0,n;HaKO HMeeTC51 H HHa}! TO~Ka 3peHIUI: ,zrorne,n;rna.H ,rr,o Hae HHcpop

.MaI.J,IDI o ,.upemmx KY1lbTypax HMee'I' HeKHii e)J)iHbIH lfCT01llIHK. ,11.aHHa5I 

.MbICJib BbICKa3bIBaJi acb MHOI'OKpaTIIO rrpe,n.CTaBHTe.JISIMH p83JIHqHbIX HayK 

H rrpo¢eccHli, cpe)I.l1 KOTOphLX H830BeM H3BecTttoro MaTeMaTHKa BapTe..Jia 

BaH ,IJ,ep Dap,IJ,eHa, npoaIIaJlli3HposaBmero MaTeMaTRqecKHe cBe,n;euusi, Ko·ro

pbIMlf pacnonararrH pa3JIH'tfiibie Hapo.n.ht MHpa (cM. [37, c. 9)) . CornacHo ero 

apryMeHTalJ.HH, B ,npeBIIOCTH (III HaqaJio II 'l'bIC51qeJieTH51 /J.,O H. 3 .) cy~c
C'TBOBaJTa BbICOKOp83BHTa5I MaTeMaTJ.NecKasI Tpa,zr.HU,IDI, CT8.Bllia51 BIIOCJ1e,zr.

CTBHH Q:>yH,LI.aMeHTOM ,lJ,JISI e rHIIeTCKOA, BaBHJIOHCKOH, KHTaHCKO:A', rpeqecKOH 

H HH.)1,HHCKOA MaTeMaTHKH. 

9ra rl11Iare3a cornacyeTc5I c nereH!l,aMH H npe,n;aHIUIMH /J.,peBHeii rpe

UHH, r,u,e ynoMHHaKYrC51 cBe,n.eHH51 o6 ATJ1afIT11,rr,e H ,npyrHX rrorli6tuHX I.J,lf

BIUill3aIJ,IDIX1). EcJrn rHilOTe3a cyI.U,ecTBOBaHJUI Ha 3eMJie BbICOKOp83BHTOi1 

,Lij)€BHei1 ~BliJIH38.U,HH ( HJIH ,rr,a)Ke HecKOJlbKHX IJ.HBHJili3all,liH) BepHa, TO 

OTCIO,IJ,a cne.n.yJOT p51,rr, /J,aJieKO li)l,yI.U,HX BblBO,lJ,OB R BOIIJX>COB, D TOM T.JHCJie 

H Meiacl>H3HT.JecKoro xapaKTepa. 

1) ITpH3Hairne cyw;ecTBOBamrn BbICOKOpa3BHThIX npotuJihIX ~BHJIH3a11,lill 
03Haqaer, "'l'ro B HCTOpHH 3eMJll1 6bIJIR rrepHO/J.,bI, KOr,LI,a Wf8HJIH3a~.H p83-

Bl1BB.n8Cb KaK no BOCXO,LJ;51UJ;eii, TaK H no HHCXO,lI,5II.U,eii JIHHH11. l13BeCTHO, 

qro eBporre~hI, OTKpbIB AMepHKy, o6Hapy>KHJIH TaM nony/J.,MKHe nne

Metta, )KJ..1Byur,ue cpe,IT,H p y liH BeJIHKOnenHblX ApeBIIHX coopy>KeHHH. A oc

HOBaTeJIH <l>WiocoQ:>cKHX lUKOJl aHTHqHOCTH IlmpaI'op, IlJi aTOH H HeKO

TOpbie ,npyrHe 51BJI5IIOTC5I npeeMHHKaMH HH<i>opMa IJ;HH, KOTOpoA BJia,n,eJlH 

erwIIeTCKRe >KpeIJ;bI, IIOJlyqHBllIHe ee OT npe,rr,mecTByIOI.U,HX IlOKOJieHH~-

3ttaT.JHT, MaTep:HaJihHoe H HHTeJIJieKTya.TlhHoe Hacne,ll,He ~BHettrrmx I.J,l1-

BHJIH3a.u;HA npo.n,on>Kano yqacTBOBaTb B p83BHTHH Mliposoii KYJihTYPhI. 

2) MHreprrpera.qID! )JJ>eBHHX MHcpoB, pe.JIHrH03HbTX rraM51THHKOB }f KOCMOro

HH'liecKHX npe,n.CTaDJleHRH, coxpaHHBIIIHX BOCIIOMRHaHlffi 0 6onee ,n;peBHeH 

Ql1BHJIH3a.u;HH, corrpg)f(eHa c H3BeCTIIbIMH TPYAlfOCTI1MH, TaK KaK rrpo113-

BO,LJ,HTCH Ha OCHOBe npe,rr,craBJienaii TOH KyJihTYPhl, KOTOpa5I 3aHHMaeTC5I 

,n.eIIIH¢poBKOii. H eJTb3.H 3&6brnaTb, T.JTO rraMS1THMKH npotunoro ,D;OIII.Tlli ,n.o 

Hae qepe3 MHOme BeKa (H TbICS1't.{~eTH.H) B BR,n.e YCTHbTX npe.n.aHHA, 

l)3HaKOMCTBO c erHIIeTCKHMH m1paMH)J,aMH B rH3e, Me.zzytte, Jlarnype, CaKKape TaK>Ke 

BbI3Ba.JlO y aB'l·opa y6e)f(,ll,CHHOCTb, '<ITO OHH He MOrJllj 6bITb TIOCT))O€Hbl erHilT.HHaMH 

e ~moxy IV )J,HHacnrn, Ka.K Hx ,z:i;aTHpyK>T Hcropmrn. B TO epeM.H ErHneT pacnonaraJY JJHlllb 

6poH30BhlMH opy.n;wn.rn, a B rmpa.l\rn)J,ax 11 OKOJIO HHX MO)f{HO o6ttapy:>KHTb MHO>KecTBO 

CBH)J,e'l'f',JJbCTB (B BH,ZJ,e OTBeparmt, npommoB, IIIJlli¢0BKH H T • .lJ..) o6pa.6oTKH KaMIUI TBep

)l,bIX.nopo.n; (rpa.HHTa H 6838JlbTa) HHCTpyMeHTaMH, conepHH~lalOUJ,RMH c coepeMeHHhIMH, 

a MO:>KeT 6bITb, ..u.a)Ke H npeBOCXO)J..H~MH HX. 

Em.e 6o11ee nop3JKaIOT cse.n;eHH.H o6 ocTaTKax .nJ>eBHHX KYJibTYP Ha TeppHTOPHH Tiepy 

H Bonumm. Co3.D;aeTCH ene"<IaTJieHHe, '<ITO )J,JUI ,ZJ.peBHHX QHBHJJH3a~A He COCTaBJIBJIO 

TJ)y.n;a c BblCOKOH TO'<IHOCTblO Bbipe3aTb MHOrOTOHHbie ¢paI'MeHTbl H3 CK8JI. 
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T. e. OHli nepeCKa3bIB8.JIHCb JIIO,D,bMH, Y'I'paTHBIIll1MJi JiCXO,ll,HblH ypoBeIIb 

KYJibTYPhI. BMeCTe c TeM, yqeHhie npo,n,oJI:>KaIOT o6pamaTbC}I K ,n,peBIIHM 

rraM>TTHHKaM, CTpeM.HCb HaHTH B HHX IIO,ll,TBep:>K)l;€IIIU1 CBOHM li)I.€.HM 

l1 KOHU,eIIIzymM. l13B€CTHO, qTQ r •• Jle:B:6HHIJ. )KlfBO HHTepecoBaJIC.H KYJihTy

poli ,npeBHero K11Ta.H, B q acTHOC'I'M TpHrpaJ..!MaMH. ,z::QK. Y11Jiep, pa3BIIBruI 

I'eOMeTpH'C!ecKyio napa,LJ.IITMY, n eO,LI,HOKpaTHO o6pa~aJIC.H K ,npeaHeHH,ll,HH

CKHM Be,n.aM [165] . B. reibeH6epr 6hIJI npeKpacttbIM 3HaTOKOM aHTH'C!IIOH 

qmJIOCocPHH " D CBOHX Tpy,n,ax neO,LI,HOKpaTHO npOBO,D,HJI aHaJIOrlUl Me)l(,Dy 

conpeMeHHoli KBattTOBOli MexaHHKO:tt H yqeH.11eM A p.11cT0TeJI.H. 

3) B xo,n,e 113yqe11:wSI ,n,peBHe:tt KOCMOI'OHHH cJIOBa o n e pnn•1HoM xaoce, npa

OKeaHe H T. II.' 0 3 KOTOpbIX o6p830Ba.JlCH MHp, TJ)aKTyIOTC.H 6yKBa.JlhHO 

KaK o Ha'C!aJie BceJieHHo:tt BO BpeMeHH. H11qero, KpoMe xaoca HJIH ,n,a*e 

CliMBOJIWiecKOI'O « Hlfqero», He 6hIJIO, a 3aTeM 113 Hero B y)Ke r'OTOBOM 

BpeMeHM HJIH nMecTe c HHM BOSH.HK MHJ). 8TO Ha116onee ecTeCTBeHHoe 

BOCilp}l}ITl1e T€KCTOB. 0,LI,Ha.KO Ha COBpeMeHHOM 3Tarre p 83BHTH.H cpyH,ll,a

M€HTaJibHOH Teoper.11qecKOH cpH3HKH B03Hlf.KJI H rrpHHll;HflHaJibHO HOBbie 

npe,n,cTaBJI€HMSI , a CJie,n,oBa:reJihHO, H B03MO:>KHOCTb 1111o:tt JiIITepnperau,HH. 

ITocne co 3,n,att1u1 KBaHroBott MexaH.HKH cp.11311Ka M CTa.JIO oqeB11,n,Ho, 

q'J'() B OCHOBe namero MHpa Jie:>Ka.T BepO.HTHOCTIIbie 38.KOHOMepHOCTH 

l1 B Ka)l(,lI.bIH MOM€HT HMeeTC.H COBOKYilHOCTb B03MO)KIIOCTeH nepexo,n,a 

MHpa H3 o,n,ttoro COCTO.HHIIB B ,ZIJ>yroe. Ho KaK 113 sepmITHOCTHOro Ha'-!aJia 

oc~ecTBJl.HeTC.H nepexo,n, K Ha6n10,rr.aeMbIM IlOH.HTH.HM OKpy)lffiIOill;€f'O Hae 

MHpa? KaK B03HHKaIDT rro1rnTH.H qacTHIJ., Te.JI, rroneif nepeHocqHKOB B3aH

Mo,n,e.BcTBH:R H ,n,a)l(e IIOH.HTlle caMoro npocTpaHCTBa-BpeMeH11? QqeBHlf,HO, 

OTBeT Ha 3TH BOnpocbI JI€)1(HT 3a npe,n,eJiaMH KOMIIJI€KCa np.HBbiqllbIX 

IlOH.HTH:tt, a 3 IIa'C!MT, .H 3a npe,n,enaM.H KJiaCC.H'C!ecKHX npe,n,cTaBJI€Hl1H. 

(B paMKax H)l,eif COBpeMeHHOH cpH3RKl1 8Ta rrpo6JieMa o6cy)K,Ll.aeTC.H B IISI

TOH qacT n: Klllil'H.) 

. B CB.H3H c 3THM MO:>KHO nocTaBHTh Bonpoc: He .HB.IDIIOTC.H JUI cnosa 

0 nepBnquoM xaoce, npaoKeaHe HT. ,n,. OTrOJIOCKOM IlOCJiaHHH ,n,peBHHX 

~HJIH3all,Hii, y>Ke 3HaKOMbIX KaK c ,n,am ·IOH npo6JieMoti, TaK H co CTa

,lI.H.HM.H ee peUJen1u1? I1pHMeqaTeJihHO, 'C!TO li)I.e51 IlOC'l'OSIIIHOro «TBOpeHH.H 

MMpa~ CO/J,ep:>KHTDl B p.H,n,e peJIJirH03HbIX yqeHHH
1
). 

4) EcJIH rrpHH.HTb r11n0Te3y cymecTBOBaHH.H BbICOKOP83Bl1TblX ,Iij)eBHHX ~H
Bl1JIH3au,Mif , TO BC'raJOT BOilpOCbl 0 Ha3HaqeHHH I111paMU,JJ,

2
) " OCTaTKOB 

,n,pyrHX ,ZIJ>eBHHX coopy>KeRuli, pa36pocaHHblX no 3€MHOMy rnapy. 06w;e

rrpmrnToe o6'hHCHeHHe .HCTOp.HKoB, qTQ IlHJ>aM.H,.llbI CTpOHJIMCb B pwry-

l) .[(aHHruI npo6J1eMa TaIOKe TeCHO CB..ff3a.Ha c nmpOKO o6cy.>KAMMhlMH B HacTOSlll(ee 
BpeMH BorrpocaMH COOTHoweHHSI HayKH H pc.mn'HH. KaK npaBw10, orpa.HW1HBa10TC$1 

paccMoTpemreM coOTHOrnemrn xpHCTHaHcKoro yqeHH.sr H HayKH. Ho ,o.aHHa.H npo6neMa
T HKa 3aTparHB8.eT 6onee nrnpoKH:A Kpyr BODpocOB, IlOCKOJJbKY xpHCTHaHCTBO B03 HHKJJO 

H pa3BHBaJIOCb Ha 6a3e ):ij)eBHHX KyJlbTYP H xapaKTepHbIX ;J.JISI HHX npe,ll,craBJieHH:ti. 
2

>HeKOTOpblM:H a.sropaMH B03pacT nHpaM11,ll. OQeHHBaeTCSI B 10- 12 TblC. neT. 



1.2. Me1acj:m311Ka B y~eHHRX aH1'H'-IHOCTH 35 

aJJbHhIX qeJIBx, cPH3HKOB He y6e)K,n;aeT. CKopee Bcero, rrHpaMH,II.bI 6hIJIH 
IIpHCIIocOOJieHbI ,lJ,Jffi pliTYaJibHbIX U.eJieli IlOCJI€,IIyfOI.lJ,HMH IlOKOJieHHHMH 

er.mr.raH. KaK IIlllller :wccne,n:oBaTeJib ,n:peBHHX KyJihTYP A. IO. CK.IDlpos, 

«B Enmre :w HbIHe coxpaHHJIOCb oqeHb MHoro cBw,n:eTeJibCTB cyw,ecTBo

BaHH.SI B rny6oKott ,np€BHOCTH MOillHOH H BbICOKOpa'3BHTOH IJ,HBHJIH3a

w·m, ypoB€Hb KOTOJX>H no u;eJIOMY pH,rry napaMeTpOB rrpeBOCXO,U.HJI ypo

BeHb COBpeMCHHOrO qeJIQBeqeC'I'Ba. <I>apaOHbl >Ke JIHIIIh peMOHTHpOBaJIH 

11 11CIIOJib30BaJIH tJ.peBH.He coopy>KeH.HH, ,ll.OCTaBIUH€CH HM B HaCJI€,ll.C'I'BO, 

a TaK)K€ IIblTilJI.HCb rrpoH.HKHYTb B «TaHHO€ 3HaHn.e 6oroB», opraHH3Y5I 

ThIC51 q.n ner· Ha3a,u. npoBe,u.eHne apxeoJiorHqecKHX pa6oT B rocy,u.apcTBeH

HhIX MaCIII'I'a6ax» [152). EcJI.H 3TO TaK, TO 3aqeM CTpOMJI.HCb IlH.paMH,ll.bI? 

Bh1cKa3bIBaKYrc£ rHIIOTe3hI, q-ro OHM npe,II.cTaBJUIIOT co6oii KaKHe-ro np:w-

6opb1 H€H3BecTHoro HaM H83HaqeHH5I1) . 

1. 2. M eTa<f>H3H.Ka B yqeHHIDC aHTH'IBOCTH 

Meraqm311Ka BOCTOqHbIX yqeHHii c 6onhIIIHM 3anacoM OTseqa.na Ha 3a

npoch1 >K.H3HM 11, BM)l.MMO, He pacrronarana K aKTHBHOMY qmnoco¢cKOMY 

rro11cKy. Ha 3ana):(e, Y/l,aJleHHOM OT BJIIHIHM5I BocToKa, pa3BMTHe IIIJIO HHbI M 

nyTeM. B ,II.PeBHeii rpel.UlH CJIO>KUJIOCb HeCKOJihKO yqeHHH, onnparomHXCH 

Ha pa3Hbie MeI'acPH3H'tlecK.He napa,l.I,JffMhI (pa3Hbie «MeTacPH3HKH»), qTo, KaK 

::rro HM napa)l,OKCa.JlbHO, Ha n epBbIH B3rJIH,LI., 0Ka3aJIOCJb IIJIO,D,OTBOpHblM ,Il,JI5I 

3apo.>K,n;eHRH HayKH, pa3BHBaBIII€HC5I B 3aIIa,U.HOM perMOHe 6e3 3aMCTHOI'O 

BJIHHHID1 BOCTO'qHOH KYJibTYPhI2). 

Ilpn aHaJIM3e y'l'.leHHM ,np€BHOCTH, KaK 11 IIOCJI€A}'IOW,HX 3IIOX, CJ1e,rryeT 

np11HHMaTb BO BHHMaHHe HX cPHJIOCocpcKO-peJI.HI'H03HYIO C'I'PYKTypHOCTb. 

3,Aecb HMeeTC}1 B BRAY MHpOBOCIIPHHTil.e Ha OCHOBe 0,ll.HOI'O, ,Il,Byx, Tpex (MJIH 

00.JlbIIIero q:wcna) cPaKTOJX>B, npe,n,cTaBJIHIOI.1.UtX Marnepua.l/,'b?-We, uaea.Jl,'b?-We 
(pa'4UO'l-t,Q,./l/b?We) UAU ayX06'1-tOe 'Ha111.a.1ta. 9TO y6e)l,MTeJibHO CBH,ll.E.-'TeJlbCTByeT 

0 MeTacPH3fiqeCKOM xapaKTepe yqeHHH If II03BOJrneT I'OBOPMTb 0 MOHHCTnqe

CKOH MeTa¢113.nqecKoii napa,n;11rMe, o Tp.HaJIHCTI-P-IeCKO:ti napa,n;HrMe, onHpalO

~eik.B Ha TP" HaqaJia, a TaK.>Ke o aecKOJibKMX ,n,ya.n11cT11qecKttx napa,n;.HrMax. 

Jl../l,R, attm'U'll'l-tOCmu mun'U'llett aya.11,ucmU'lleC'ICUU cnoco6 MUp060Cnpu.nmu.n, 
onupa?OW,UUCJl ?-ta uaea.11:bttOe U MamepuM'b'HOC tta'llaAa. 

l)B Ha,LJ,~e HaHTH OTBeT Ha 3TOT BOrrpoc opraIDl3ylOTC5I 3KCile)J,HI UIH, B KOTO

pblX npHHHMaJOT y"<IacTHe y<IeHhie pa3H1>1x cne~RaJibHOCTeii (reo¢H3HKH, MarHHTOJiorn, 

6Ho4>H3HKH H T. )I..). CJie,ayeT Ha.'3BaTb pH)J. aKcne,u.Hini:tt B EnmeT, MeKCHKy, Ilepy, 

BommHIO H B )1.pyrHe perHOHhl MHpa, OpraHH30B3HHblX )]. .. r .. IlaBJJOBhIM, KOTOpbrn 

npHBJleK K pa6ore BblCOKOKB8JJHq>H~HpoBaHHbIX cne~H8JTHCTOB. JiJHTepecHa H BbI,D,BH

HyraH ,IT,. f . IlaBJIOBblM I'Hll0Te3a, COrJJaCHO KOTOpO~ ¢opMa rrnpaMH)J. TecHO CB.H3aHa 

c 3aKOHOMepHOCTHMH cnel.\H<l>W'1ecKoti ¢1rncneposoa reoMeTpHH [121, 122). 
2
)HeKOTOpbi e aBTOpbl ocnapHBaIOT 3'l'O MHemie H npHBO)I.Sl'I ,LJ;OBO)I.bl B TI0Jlb3Y BJIHIDiHSI 

BOCTO'IHOH KYJihTYPhl Ha ¢opMHpOBa1rne y"<IeHHn aHTH'<IHOCTH (cM., Hanp11Mep, [61]). 
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Ka)K)l;oe R3 Ha3BaHHbIX tm.qa.r1 xapaK-repu.3yeTCH o.zi.Ho:fi H3 B03MO>KHhIX 

Mera¢H3Jfq€CKHX napa,rr,HrM, OTJll.P·IalOll.J,11.XCH CBOHMH cnen;HcpHqecKHMH IIO

IDl.THRHhIMH ccpepaMH, IIpHqeM npe,rr,cTaBJieHHH o6 H,lJ,€a.JlbHOM Haqane MOrJIH 

He COBIIa,rr,aTb c napa,a;HrMOH MaTepHa.JibHOf'O HaqaJia, qTO IIO,lJ,TBep:>K,rr,aeTC.H 

MHO:>K€CTBOM npHMepoB. 

OxapaKrep113yeM Be,eyUJ,11e aHTHqHb1e mKOJlbr, o6paru;aSI oco6oe BHHMa

HHe Ha npou;ecc cPoPMHpoBaHHH KJiroqeBbIX cp.11311.qecKHX KaTeroptt.R: qacT~ 
( MaTepHH)' npoerpaHCTBa H apeMeHH, B3aHMO,l1,CHCTBHH. 

1.2.1. llh:ona 11H4>aropa 

0,n;HHM H3 Hpqa.RIIIHX ,lJ,0Ka3a:reJibCTB cPHJIOCOcPcKO-peJIHI'H03HbIX HCTO

KOB HayKH 5IBJI5I€TC.H po)K)l.eHHe MaTeMaTHKH, o6513aHHOH CBOHM II05IBJieHHeM 

Ibnparopy (VI e. /J..O H. s.), ocHoBaBmeMy penHrH03HhIH op,rr,eH, U:eJihIO 

KOTOporo 6bIJlO OY.11ru;eHHe ,lzyllll1 qeJIOBeKa ,JJ;JUl crraceHHH OT KpyroBopoTa 

po:>K,Ll;emrn H CMepTeH. fJiaBHbIM cpe,rr,cTBOM TaKOrO O'lHl.U.€HHH o6'b5IBJI}]JI0Cb 

3aH.HTHe HayKoH, IIpe)K)l.e Bcero MaTeMa:r11KOH. 

L ~ mKOJibI Ilmparopa 6hIJIO xapaKTepHo e,n:HHCTBO cpwmcocpHH, 

peJIHrIDf., MaTeMaTHKH H B KaKOH-TO CTerreHM cpH311KH, II03TOMY yTBep,rr,1rnrny

IOCSI B tteH cPHJIOCocPcKO-peJIHrH03HYIO MeTacPH3HqecKyro napa,II.HrMy CJie,eyeT 

Ha3BaTb Monucmu'l/,ec-x;ou. IlHcparope:ttu.hI oco6oe 3Haqettne npn,rr,aBa.JIH pa

n;HOHa.JibHOMY MbIWJieHHro, B03BbICHB MaTeMaTHKY JJ.O ypoBH51 peJIHrH03HO

MHCT11 T.JeCKOI'O yqeH11si. P accMaTpHBaJrn qHCJia 11 qHCJIOBbie OTHOllleHHH KaK 

KJllOT.J K IlOHHMaHHIO MHp03,lJ,aHH51 H ero 3aKOHOMepHocTeH, IlH¢arop 6hIJI 

y6e:>K,LJ;eH, T.JTO «KHHra npnpo,rr,hI HarmcaHa Ha }13bIKe MaTeMaTHKH~. CnycTII 

no~rrH ,lJ,Ba TbICHqeJI€'rHH 3Ty .>Ke TQqKy 3 peHHH BblCKa3a.JI ra.JIHJI€H. 

B KaqecTBe 6o.>KecTBeHHoro H ecTeCTBeHHoHayqHoro IlepBoHaT.JaJia noHH

Ma.Jiach e,rr,HHHU,a, paccMaTpHBaBrna.Hc.H KaK HaY.aJIO qHCeJI H KaK MaTeMaT.H

qecK.HH npe,rr,cTaBHTeJib MHpC>BOro e,LJ,HHOI'O 11 HeilOCTM.>KHMOI'O: qT06bI CTaTh 

qncnoM, Bee ,n;oJI.>KHO npH061W'1ThC.H K e,JJ;HHHI(e. II11¢arope.Rn;h1 CT.JHTa.JIH, '-ITO 

TO, B qeM He o6Hapy)KHBaeTC51 «IIpHpo,n;a» qncen, He MO)KeT 6hITh npe,rr,MeTOM 

I103HaHIUI. 

2. OqeBH,IJ,HO, qTo B MOHHCTuqecKOR cPHJ10COcPCKO-peJJHrH03HOH napa

,JJ;HrMe MeTO,lJ,OJIOrHqecKa5.I H ecTecTBeHHOHayqHa5l rrapa,n.HrMbI COBrra,rr,aJOT 

(To~eCTBeHHbl) H TaK)Ke 5IBIDUOTC5l MO'H,UCmU'l/,eC-x;U.MU. 0,rr,HaKO, KaK 6y)l,eT 

IIOKa3aHo HH)Ke, IlepBoHaqano B Ta.KOH cpHJIOCocPcKOH CHCTeMe H€H36e>KHO 

,lJ,OJI.>KHO o6na,rr,aTb HeCKOJThKHMH nepa3p'btt3'H,O CB.R3a?-t'tt'bl.MU cmoponaMU. 06 

OTOM, aHaJm3HPYH Meraqm3HKY aHTW-lHOCTH, IlHC8JI B. rei13eH6epr: « ... 
B03HHKaeT y6e.>K,rr.eH11e, T.JTO ,rr,011.>Kett cyru;ecTBoBaTb e)l.HHbIH npnttn;Hn; Ho 

B TO >Ke BpeMH B03HHKaeT Tpy,rr,HOCTb, KaKHM nyTeM BbIBeCTH H3 Hero Bee 

MHOroo6pa311e Beru;e.R. EcTecTB€HHbIH HCXOAifbIB rryHKT: cyru;ecTBYeT MaTepH

a.JlbHaSI nepaonp11T.J11Ha Beru;ei1, Ta.K KaK MHP COCTOHT H3 MaTepHH. 0,n;HaKO 

npH ,LI.0Be,l1,€HUH ,rr,o JlOrnT.JeCKOro KOHI.J,a H,IJ,eH 0 np.11H~HIIH8JibHOM e,JJ;HHCTBe 
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npRXO,LI,5IT K 6ecKOHeqBoMy HeH3MeHtlOMY cy6C'l'8.Hl.Uf.aJibHOMY «6bITH10», KO

TO_IX>e caMo no ce6e He MO:>KeT OO'bSICHHTh Bee 6ecKoHe-.:.moe MHoroo6pa::nte 

aem,eu 6e3oTHOC.HTe.TihHO K TOMY, C'IlfTaeM Mbl aTo 6bITHe MaTepH.8.JlbIIbIM 

HJrn HeT. 0Tcl0,n.a IIOJIBpHOCTb 6blTH.R If CTaHOBJleHlU1 ... » {44, c. 30). 8TOT 

oorrpoc 38.HHMarr BroKIIoe Mecro B yqeHH.HX IlnaTOHa H Ap11cTOTeJUL 

B ¢vmoccxpHH Il:a¢aropa BbI,Il.eJIBJIHCh ,n.ae IIJXYI'HBOnOJJO:>KHOCTH: e,n.HHoe 

H 6ecnpe,n.eJibHOe, T.J.HCJIOBbIMH o6p83aMH KO'I'OpbIX 6hIJIH €,n.HHm ~a H ,ll,BOUKa, 

He CtIRTaBllIHeC)-1 ' ·UICJiaMR. TiepBbJM qHCJIOM 6hIJia Tp00Ka. ,ll,Be npOTIIBOIIO

JlO)KHOCTR OT06pa)KaJUICb BO BCeM '-IHCJJOBOM p}ll(e T.Jepe3 '-IeTHble H He'-lfil'Hbie 

tIHCJia, u o,n.o6110 ,n.peBHeK11TaiicKl.fM HaT.JaJiaM «STH» H «HHh». Mo>KHo yTBep

)K,ll.3.Tb, G:TO B Y'-Ie1nrn IIH<l>aropettu,eB 6bIJIH 3aJIO>K.eHhl OCHOBbl ,Il.l{a.TieKTHKH. 

B COOTBeTCTBHH c MOHHCTIP·IecKoii ¢HJioccxpcKo-penHrHo3tto0 napa,n..Hr

Moiii IIH<l>arope:AnbI 'H,€ omaeJl,JtJl,U 'll.UCM om Be'll.{eil. KaK IIRCaJI II03:>Ke 

Ap11cTOTeJih, «Bo BCRKOM cnyqae, y HHX, IIO-BH,Il.HMOMy, '-IHCJIO npHHHMaeTcsi 

33. H3.T.JaJJO 0 B Ka'-lecrBe MaTepHH ,ll)lSI Bemen, R B Ka'-leCTBe Bbrpa>KeH.HSI 

)].JUI HX COCTOSIHHD H CBODCTB» (1) . r oBopn CODpeMeHHblM H3hIKOM, 11,Il.eaJJb 

HO€ ('IHCJia) 11 M3.TCPHaJlbHOO (rena) noHRMaJIHCb B UIKone TI11cl>aropa KaK 

Hep83,n.eJ1bHoe I.I,enoe. 

3. MaTepHaJibHh IH MRp ( KOCMOJ10rHH) rr11¢aropettI.I,eB TaK>K.e OCIIODbI 

Ba.JIC.51 11a AHaJieKTIP-iecKHx upe,n.cTaBJieHJUix o ABYX rrpO'l'HBOnono)KEOCT.HX: 

npe,u,CJibHOM ( Ha.6.Tiro,naeMOM MHpe) Ii 6ecnpe,n.enhHOM ( rrycTOTe, OKpy:>Ka

lOIII,eii MHp) . ITpe,n.enbHoe KaK 6 b1 «B,Il.hIXaer B ce6H OKp y>Karou:zyro ero 

nyL'TOTy», B Pe3YJlbT8.Te qero B HeM B03HHKaeT MHO)K€CTBeHHOCT~ Be~eli. 

A HanorH'-IHbIM o6pa3oM '-l:HCJIO noHHMa.TIOCh KaK B03HttKarom,ee 113 coe,ll,RHe

mrn npe,n.ena Ii 6ecn pe,n.e.TibHOro. 

B yqettiur TIH¢aropa ,rr,oBOJibHO 6bICTpo BCKpbIJ1C51 psi,n. Tpy,n.HocTeli, 

HaH6onee cy~ecTBeHHblMH H3 KOTOpbIX 6bun1 om?Cp?>Lmue necoua.MepUM'bLX 
om.pe3?WB H npo6.11£.Ma onuc.anUR iJeu:J1CenuR. 

HecOH3MepHMOCTh O'l'pe3KOB rrpooa11nach B H€Dblp 83HMOCTH B I.I,eJibIX qHc

Jiax:- OTIIOmeHH.R AHaf'OIIaJIH K CTOpOHe KBa,n.pam. Tpy)l.HOCTH a11anorH.'-IHOro 

rniatta B03HHKJIH rrpH H3BJie'IeHHH KBa,rr,paTHoro KOpH.H li3 u.eJJbIX T.JHce.rr, 

HanpMMep vf'i,, npH paCCMOTpeHHH OTHOIIIeHIU1 OKpy>KHOCTH K pa,.u,Hycy H 'l'. ,n.. 

TioubrTiill cnpaBHTbC.H c rrpo6neMo0 HecoR3MepHMOCTH rrp11BeJJH EB,lI,OKCa 

(np 116Jr. 408-355 rr. /J,O H . a.) K cPOPMYJJHp OBKe aKCROMhl: KOTopyro IlbIHe 

np11HHTO Ha3hIBaTb aKCHOMoli Apx11Me,rr,a. Tio3>K.e oHa 6bIJ1a BKJllOqeH a D aK

cHoMaTIIKY reoMerpHli EBKJI.H,II.a B Kaqecrae T.JeTBepTOro onpe,n.eneHH.St. 

Tipo6neMbI, B03HHKll.IHe rrpH OIIHCaIIHH ,Il.B:H>KeH H SI Ha OCHOBe u.e.11:0'-IHC

JieHHO:Ci rrp11po,D.bI Mlipa, HallIJIH OTp a)Ke1rne B H3BOC'l'HblX arroplinx 3eHOHa 

(VB. JJ..O H. a.). YTBep)l(,n.aroT, qTo ocero HX 6b1no 45, HO ,lI,O Hae ,Il,Olll.TIO 9: 
«)l,HXOTOMHH», «AXHJIJleC H qeperraxa~, «CTpe.rra», «0Ta,.U,HH» H .npyr:ae. 
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1.2.2. IIIKona IlnaToaa 

IInaTOH ( 427-34 7 rr. 11.0 H. s.) H C03/J,aHHa}{ lil\.i AKa,n.eMHSJ ormpaJllfcb 

Ha yqe1rne rn1cparopeuu.eB, eecKOJihKO ero TPaeccpopMHpoBaB. 

1. Ilpe::>.K,!J,e Bcero cJie,eyeT OTMeTHTb, T.JTO B UJKOJie TIJiaTOHa MOHHCTH"-Ie

CKee cpw10cocl>cKo-pe.1Ilfl'H03Hoe yqeHHe Ilmparopa 6h1JI0 3aMeIIeHo Ha ,Lzya

JrnCTHT.JecKoe, B KOTOpOM p83/J,eJIBJIHCb uaea./l,'b'HOe (pa'LJ,UO'HU.ll/b?tOe) ?-ta'lla./1,01 

HMeIOm;ee /J,eJIO c «rOpirnM» M.HpOM BhICme:B pe8.7IbHOCTH, Ii .Mamepua.tt'b'HOe 
?-ta'lla.ttO, cooTBeTCTByrom;ee «/J,OJlhHeM)'», ¢113HT.JecKoMy MHPY (H1i3metf pe-

8.llhHOCT11). IlpeBbIWe Bcero CTaBHJiacb ¢uJioco¢1Ul (peJI11I'H5I), 'I'eCHO CB.H-

38.HHa51 c MaTeMaTHKOR' a cp.H3.HKa, K aK l:lMerom;rur /J,eJIO c o6'beKT8.MH "-IYB

CTBeHHoro ( MaTep11anhHoro) MHpa, 3aH.HMana no,n;q.HIIeHHoe Mecro. BcJie/J, 

3a nu¢arope~aMB IlJiaToH yBepoBaJI D TO, qTQ MaTeManrqecKoe 3Haime, 

3HaHae 0 "t!HCJiax H COOTHOWeIIH.HX Me::>.K,ey IIHMH, .HBJlSleTCSI e/J,HHCTBeHHO 

/J,OCTOBepHblM B IIpO'l'KBOIIOJTO>KHOCTb MHHMhIM 3HaHH.HM, 'I'. e . . MHelIHSJM, 

KOTOpbie B TO BpeM.H HMeHOBaJIHCb «cp.H3l:lKOH». 11JiaTOH onpe,n;eJI.HJI ,U,Be sa

,u.a"-IH MaTeMaTHKH. Ilepsa5I (rJiaBHasi) cJiy::>.K11na .U.eJIH np1m6m;e1llU1 1:.reJioHeKa 

K 00::>.KecTReHHOMy, He6ecHOMy, K «ropHeMy MHpy», a BTOpa5I IlOHHMaJiaCb 

KaK Cpe/J,C'I'BO ynop5I/J,OYeHH5I H pacqJieHeHIUl HH3UJeH c¢epbl - «/J,OJibHero 

MHpa», TeKyqero, HeyJios.HMoro, MarepHaTibHoro. ITnaToH cq:aTan, qTo qys

CTBeHHbm, MaTep.HaJibHblH MHp He MO>KeT 6bITb npe,n.Me'I'OM HayqHOI'O 3Ha

HH.H, IlOCKOJibKY npe,u.craBJI51eT co6ofi JIHJTib ~apCTBO Tetteii OT BbICUJ€1'0 MHpa 

H)l.eii. 

2. Mera.¢H3HKa MHpa BhIClIIeii peaTI.bHOCTH HMeJia y Il.naTOHa aua
.!leK:'ffl,U'l{,eC'KiUU xapa'K':ffl,ep: MHP paccMaTpHBaJ1csi e;:uurhIM, HMerom;HM ,[I.Be 

IlpOTHDOIIOJIO)f(Hbie, 110 B3aHMO/J,OIIOJIH.HIOlll.Me CTOpOHbl. ,II,onyr:u;eHHe /J,Dyx 

npOTHDOIIOJIO>KHbIX yrBep~eHH.ti ( CTOpOH)' H3 KOTOpbIX BhIBOAHJIHCb Bee 

B03MO)f(Hbie CJie,U,CTBIU1 H qepe3 KOTOpb1e BCSIKoe IlOH51.T.He IIOJiy~aJIO CBoe 

CO)J,ep:>KaHlle, o6ycJIOBHJIO IIpHopwrerHoe BHHMae11e K caMHM CYJ'HOllleHJUIM. 

B I1J1a.ToH0BcKo:tt ,u.118.lleKTHKe, /J,OBe,u,eHHofi ,u.o nor11qecKoro KOH.u.a, npH-

3HaB8JICH JIHlIIb 'll;U'K;J/,U'lteC'X:UU Memoa do-x;aaame.n,'bcme, Kor,u.a HCXO)J,Hhie IIO

JlO>Ke.Hlrn o6ocnOBhIBaIOTCH qepes conocra.B.rreHl:l.H HX c npoTHBOJIOJIO::>.KHhIMH 

c~eH.IDIMH. )J,aHHbI:tt IlO,ll.XO/J, OTJilf'-laJICH OT ./l,U'HeU?£020 ( TOT.{Hee, JTy'l'.feo6-

pa..'3HOro) Jvtemoaa, II03,ll,Hee cxpopMJiennoro B Tpy,u.ax EBKJIH,ll,a, KOTOphrfi 

HCX0/1)1J1 H3 CJICT€Mbl aKCHOM JI IlOCTyJiaTOB. 

B COOTBeTCTBHH c ,n;yanucTHqecKHM xapaKTepoM cBoeii ¢HJioco¢11H, 

IlJiaTOH pe3Ko p83/J,eJTHJI MaTeMaTHKY Ha apH¢MeTHKY H reoMerpl:llO. A pHqr 

MeTHKa 38.HHMaJia y Hero rJiaBeHCTByroru.ee noJio)KeHHe, Ka.K 6oJiee npocTasi, 

/J,OCTOBepHa5I H IIaHOOJiee 6JIH3KaSI K MHpy BbIClUHX H,!l,ett. reoMeTpHIO :>Ke OH 

noHHM8JI KaK HeY.TO cpe,u.Hee Me)K,lly .w,u.e»MH H qyncTBeHHhIM MHpoM, cq.uTa.H, 

t{TO CB.Mii reoMeTpbl H e 3HaIOT, T.f:J:'O TaKoe IIpOC'rpaHCTBO, 11 Bhllly>K/J,eHbI no

cryJIHpoBaTb HCXO,IJ;Hhie IIOJIO>KeHHH csoe:tt ,ll.HCl..\HilJilfHbI KaK He,U,OKa3yeMbie. 
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3. Ko BCeM n ocTpoeHIUiM cPH3HKOB IlJiaToH OTHOCHJIC.SI KaJ<. K 6onee HJIH 

MeHee npaB.n.ono,z:i;o6HbTM MHeHHflM HJlU MR<l>aM, cquTaH TaKOBhIMlf H KOC

MOJlOrHqecKHe npC,ll.CTRBJieHMfl. TeM UC M e Hee OH npe,z:vrO:>K.HJI CBOit MHcP, 

K K<Jl'OpoMy, BnpoqeM, He OTHOCHJIC.H ,Ll,OCTaToqHO cepbe3HO. 9TOT M11¢ 6bJJl 

BbI,LJ,ep:>KaH B np11cym eM IlJiaTOHY ,Tl.HaJieKTH qecKOM µyxe. H8;Zl. BCeM M11poM 

CT'd.BHJICB ero C03,ll.RTe.rih - ,IJ;eM11ypr, KOTOpbIH pac noJiaraJI ,ll,ByMsr Haqa.naMH: 

.Mamepua.11:btt'bl.M- 6ec¢opMeHHblM cy6CTpaTOM, CJIY:>K.HBIIIHM MaTepHaJIOM 

,LI.JUI CTpGl1TeJ1bCTBa, l1 udea.11:b'H/bl.M 00pa3D;OM, «nepBoo6pa30M», B3HpaSi Ha 

KCYTOpb1i% cro,z:i;aTeJib Mor COTBOpHTh M11p. MaTepHIO IInaTOH HMeHoBarr «Boc

up11eMHHJ.\eib, «KOpMHJIHIJ;ett», HHor,.a:.a - MaTepbIO BCero, qTo B03HHKaeT 

a 'iYBCTBeHHOM MHpe. TaKHM o6pa3oM, B KOCMonorH.11 IInaToHa Bh1,.a;e.r1s:r.rrocb 

«TO, "ITO po)K,Ll;aeTCB, TO, BHYTPH qero COBepwaercsr p O)l{,Ll.eHMe, H TO, no 

o6pa3ey 'iero B03pacraer po)K,Ll;aFOmccc.H». BocnpHHHMaromee Haqarro {Ma

Tep1u1) yno,.a:.o6JiflJIOCb MaTep11, o6pa3Cl\ OTtzy, a no.rryqaIOllViitCS B HTOre 

l'vntp - pOOeHKy. 

T aKHM o6pa3oM, B ¢113uqecKOM «,Tl.OJlbHeM MHpe» y I1J1aT0Ha y:>K.e 61>1.rro 

BBe,n.eHO IlOHflTHC .Mamepuu KaK cy6cTpaTa, JIHllleHHOI'O K aKHX-JIH6o Ka'tleCTB, 

B KOTOpblH ,lJ;OJI)l{lIO 6bITb He'tlTO npHBHeCeHO, qTOObl OH npcBpaTMJlCB B 113-

BeCTHbie ¢opMb1 BeII(eCTBa, B Te.rra. K poMe Toro, II.naTOH Bhl,Tl.CJISIJI noHsrT.11.e 

npocmpattcm6a, B KOTOpOM OH BH,ll,eJI Jrnlllh npe)J.IlOCblJlKY cymecTBOBRHHH 

reoMeTpH'tlecKHX OO'heKTOB. 

Bo3BhICHB MaTeMaTHKY HM MaTepHa.rrhHbIM MHpoM, ITnaTOH paccy)K,Ll;a.rr 

0 upaBH..TihHbIX MHOrorpaHHHKax KaK o . cy~HOCTH np.11.pO,.U,HblX 3JleMeHTOB. 

Bo BTOpoii nonoB.11.He XX B. 3TO OKa3MOCh co3ByqHhIM rpynnosoiviy no,n.

XO/JY B cPH3HKe 3JICMeHTapHbIX 'tlRCTHI~, r)'\C cpytt,rr.aMeHTaJlbHbie cPH3H'tleCKHe 

B3al1MO,n;eiiCTBH.H H BH)I,bl 3JieMeHTRpHblX qaC,Tlil.J; CBfl3bIBaIOT c rpynnaM.11 

BHYT})eHHHX CHMMCTPHH. ,Il;aHHOO OOCTO.SiTeJibCTBO Il03BOJIHJJO B . r e it3eH-

6ep ry, C. Bamr6cpry H HeK0Top1>1M ,n,pyrHM yTBep)l{,lI.aTh, qTo ¢H3HKa XX B . 

)lBIDKeTCfl B Han p anJieH11u HACH Il~naToHa. T aK, Ba:AH6epr nHcaJI: « .rv1a repnH, 

TaKHlv1 o6pa30M, TepReT u,eHTpaJTbHYIO pOJih B ¢H3HKe: Bee, 'iTO oc.raeTCH, -

3TO npl1H~Ilbl CHMMe'l'pHM H IlOBe,ll.eH11e BOJJHOBhIX ¢YHKIJ;H:A np11 npeo6pa-

30BaHJUlX CHMMeTPHit~ (18]. 
lfrmii IlOBO,LI. o6paTHTbC.H K B3rJJ.H)J,aM IlJiaTOHa ,z:i;a.rra TCOpHH cPH3Hqe

CK.HX crpyKryp, npe,n.CTaBJIHBllIRB co6ott yHHBepcaJibHYJO a.Jire6paH'iecKy10 

TeOplilO OTHOIDeHHit Me.)l{,lly 3JJeMeHTaMl1 npOl13BOJ1bHOit npHpoAbT. Ee aBTOp 

IO. A. KyJiaKOB npe,z:i;Jiaraer uHTepnpcn q x)BaTb cB010 Teopmo B nnaTOHOB

CKOM /JYXe, T. e. KaK nporpaMMy, n o KOTOpGH 6hIJJ C03AaH MaTepHaJTbHhlH 

MHp (cM. rJJ. 12 li 14). 
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1.2.3. °YqeHH1C MaTepllaJIHCTOB: OT CllaJieca 

/J.O ~eMOKpHTa 

,LI:oapHCTOTe.TleBCKl1H nepHO,ll, npHHHTO xapaKTep1130BaTb KaK BKJIIO'tJa.K>

III,HH ,n;Be BeTBH p03BHTH51 MhICJTH: H,IJ;€8JIHCTH'feCKYIO 11 MaTCpHaJIHCTH'tJe

CKylO. IlepBrui npe,L.1,CTaBJieHa llIKOJiaM11 IlH¢aropa H IlnaTOHa, a BTOpaH -

UIKOJIOtf <I>aneca 11 yqCHH€M ,LI:eMOKpHTa. 06a HanpaBJieHHH p83BHBaJll1Cb 

B paMKax O,LJ,Hoit H TOA )Ke AYaJIHCT11qecKo:R ¢11J10co¢cKo-pe.rn1-r1103HOi1 Me

ra<l>11311"lCCKOi1 nap~HrMhI, onHpa1om;etfc.a ua 11,Jl,ea.JlhHoe 11 MaTepHaJihHoe 

Haqa.na. MmKHo ,n;a)f(c yTBep)K,IIaTh, ~rro MCTo,n,onorHqecKHC napa,n;urMbI 

B 3T11X /1,Byx B€TB5IX 6bIJIH 6Jil13KH ,rrpyr ,n;pyry, O,lJ;HaKO cPH311qecK8.5I ( ecTe

CTBeHHOHay"tJHa51) napa,ll,RrMa y HHX OK03aJiacb p83HOM. HanOMHHM' B UIKOJie 

ITnaToHa MOHHCTHqecKa.H ,D;HaJI€KT11qecKfill napa,n,urMa MHpa BblcUiei1 peaJ1h

HOCT11 IlpHBJieKaJiacb AJIB OilHCairn.H H MaTepl18JlbHOro «,lJ,OJlbH€I'O» MHpa, 

IlOHHMaBUierOC.H JIHIUb KaK TeHb «rOpHeI'O» MHpa, TOr,n;a KaK B MaTepHaJIH

CTHqecKOH B€TBl1 cPM3HqecKlilt MHp np1106pe.i1 caMOCTOHTe.TlblihIA, eCJUI He ,n,o

MHHHpyrom;KH, xapaKTep, CTPOH.TIC.H Ha cBoeii co6cTBeHHOM Me:ra<l>H3HqecKoi1 

napa,Ll,Hf'Me, KOTOpa51 B yqeHHH ,LI:eM0Kp11Ta y)f{e OTJIHqaJiacb OT MOHHCTHqe

CKOH napa,LJ,HrMhl IlnaToHa. H3 )l.Ha.TieKTHqecKoti oHa CTaJia OyQ,J1,Ucmu""1ecr.;ou 
napaau2.Mou, OnU'fXL?OVJ,eUCJl ?-ta aee MemaifJ'U3U'lteC'l\,Ue 'K:ame2opuu: arno.Moe 
(""1acm111~) u nycmo20 npocmpattcmea {u epe.Mettu}. O;:uiaKo ::>TH .L~Be Ka

Terop11H cPH3HKH COOTBeTCTBOBaJIH ,ll,ByM t,"TOpOHaM e,rr.HHOI'O nepBOHaq8Jla 

(,D,Ha.Tl€KTHqecKOM) M€TO,lJ;OJIOn1qeCKO:A napa,n,HrMhI: aTOMbI MO)f{HO 6bIJIO 

TPaKToBaTb KaK 6b1T11e, a nycTOC npocTpattcTBO - KaK ero ,rrna.TieKTHqecKy10 

IlpOTHfiOllOJJO)f(HOCTb, T. e. He6hITMC. 

PaccMoTpHM HeKOTOpb1e ::>Tarlb1 B p83BHTHH MeTacpR3HKH MaTepHa.TihHOro 

( cPH3H'tJ€CKOI'O) MHpa. 

Haqano MaTepmw111cr11qecKoti neTBH <j>Hnoco<}nrn 6wno 3aJIO)KeHo ocHo

BaTeJieM MHJI€TCKOH lUKOJlbl <l>aJJeCOM (VI B. ,ll.O H. 9. ) , YTDCp)K,U.aBI.IIMM, 

"!TO BO)l.a .HBJI.H€TC51 MarepHaJibHOH OCHOBOM Bcex Bem;eti 11 cnoero po,n.a 

ncpBH'tJHOii cy6cranu;Hei1. BH.rr.HMO, ::>TH B3r.TI~ll;h1 6bIJ1H HaBe.HHbI Me-reopo110-

ruqecKMMH Ha6JTJOll,€HH51Ml1, CBH)l.eTMbCTBJfOUJ.MMH 0 TOM, qTQ BO,n,a M0)f(€T 

HaxO,D,HTbC.H B TP€X arperaTHblX COCTO.HHM.HX. KaK no,n,qepKHBa.Jl H:11u;we, 

B y"feHHH <l>a.Tieca HaIIIJIH cBoe OTp&)f(eHRe TPH <}:>HJioco<j>cKHe H,LI,eH. Bo

n epBh1x, 9TO 11,lJ,€.H 0 MaTepH8.11bl10M OCHOBe BCex Bem.eti, fiO-BTOpbIX, 3TO 

Tpe6onaHHe pa~HOHaJibHOrO 110/l;XO,LJ,a 6€3 CCblJIOK Ha MH<}:>hl 11, B-TpeThHX, 

y6e:>K,ZJ;eH11e B B03MO)KH0CTl1 IlOH.S:l.Tb MHp, HCXO)J..H M3 €,LI,11HOI'O HCXO,D,Horo 

np11Hu.11na. 

AHaKCHMa.H,ll.p (OK. 610-546 rr. ,u.o H. 9. ) , yqeuHK <l'>a.Tieca, o606-

m.11J1 B3f'JI51,}J;hl CBoero yqHTeJI.H, OTBeprHyB MblCJib 0 BO)~e HJIH 0 KaKOH

JIH60 HHOM H3BeCTHoti cy6cTattu;HH KaK nepB0MaTep11H. OH noJtara.TI, 'tJTO 

TaKOBO:A .HBJI5UITC.H IIeKas1 a6cTpaKTH8.Sl, 6eCKOHCq11a51, H€H3M€HHa51, BeqHa..H 

H 3aIIOJIHfilOUJ.a51 Bech MHP cy6cTaHJ.Vl.H. Ero <}>Hnoco<PH£ 6b1J1a ,D;ya.TIHCTM"IC-
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CKOii, OCHOBattHOH Ha aHTHTe3e: 6hITHe H CTaHOBJiett11e, r.n.e nepBOMaTep:irn: 
O~eTBOp5IJia 6hTTHe, a H3BeCTHbie BH.U.hl cy6CTaHU,HM npOHBJIBJIHCb 'lepe3 

npou;ecc cranonJu~u11H H3 rrep BoMaTepHH. 

A HaKCHMeH (VI B . )J.O H. 9.), y'feHHK AttaKCHMa.H,LIJ>a, B KaKoi1-TO 

CTerreHM C,[.l,eJiaJI war Ha3a,[.l,, BepHyBIIUICb K MhIC.lJH C.B.SI3aTb nepB0MaTC

p1110 c J.i3BeCTHOi1 cy6crattu;Heil, H npe,ll)TO>KHJI CqJITaTb B Ka"IeCTBe TaKOUOH 

B03,uyx. 11MeHHO eMY npHHa)J.Jie)KHT H,l.l,C.f:l 0 rrpeBparn,eHIDIX n e pBOMaTepHH 

(sm,nyxa) rrocpe,n,cTBOM cryru,ettH.f:l M p a3pe:>K.emrn. 

B y'fem.rn repaKJIHTa (540-480 rr. )J.O H . 9.) 6bIJia rrpe.u.rrpHH.f:lTa lIO

llblTKa npe,LI.CTaBl1Tb rrepBOMaTepmo B J3H)J;e qero-TO OCH3aeMoro H BJlO)l(HTh 

s Hee npH '3TOM He'fTO 6oJihIIIee. B Kao:iecTBe rrepB0MaTcp1111 rrpe,rvrara.rrocb 

C'-lHTaTb Ol'OHb, KOTOphlit 0,[(HOBpeMCHIIO BbI CTyilaJI H KaK ,Ll.BH)l(YIII.a.SI CHJia 

Bcero cyw,ero. flepBOOCHOBa MHpa TIOHHMaJiacb repaKJJHTOM KaK BCeG61IJ,a.H 

6oph6a Me>KAY npOTHBOIIOJIO)KHOCT.f:IMH, COCTaBJIHlOU(HMH C)J,HHoe u;eJioe. 

0.u.HH H3 C03.uarene.H KBaHTOBOit TCOpHM M COBpeMeHnoro cPH3H'lecKoro 

s11,n.emu1 MHpa B. retl3eu6epr IIHCaJI: «Mbl Terrepb MO>KeM CK83aTh, qro 
COBp€MCHHa.sI cPH3HKa .B HCKOTOpoM CMbICJJe 6JIH3KO CJIC,LzyCT yqeHHIO re

paKJUITd. EcJIH 3aMeHH'I'h cnoBo «OrOHh» cnoBOM «3ucprHR», TO n O'lTH 

B TO'lHOCTH BbICK3..'=ihIBaHH5l repaKJIHT'd MO)KHQ C'-IHTaTb BbICKa3bIBaHHRMH 

COBpeMeHHOA HaYKH. <1>aKTH1:1€CKH 3HeprHH - 3TO TO, 113 qero C03,LI.aHhl Bee 

3JleMCHTapHbie qac·1·11ubl, Bee aTOMbI, a IIOTOMY H Boo6w,e Bee B€III.H. 0,II,HO

BpeMeHHO 3HeprH.H .f:IBJJ.f:leT<,'1! ,ll,BH)KylII,HM Ha'laJIOM. 9Hepr115I ecTb cy6CTaH

(\lUI, ee o61IJ,ee KOJTH"iecTBo He MefilleTCH, H, KaK MO>KHO .s11.n.eTb Bo MHO

mx aTOMHhIX 3KCoepHMeHTaX, 3JieMCHTapHhl e -qaCTHIJ;hl C03,U.aIOTC~ 113 3TOi1 

cy6CTaHIJ,11H. 9ueprH~ MQ)KeT npespaw.aTbC51 B ,LI.BH)KeHHe, B TeUJIOTy, CBeT 

11 3JieKTPl1'ieCKoe Harrp~)KeHHe. 9ttepnuo MO.>KHO C'lHTaTb 11epBOUpH'lHHOH 

scex H3Mette1rn.H. B M11pe» l44, c . 301. 
,LI.Mee c.Jie)\YeT ua:.maTb IIapMeHH)J.a ( K OHe u; Vl- V BB. )J.O H . 9.) , 

KCYTOp.bIB BepHyJl Ha HeKOTOpoe BpeMH B rpe'-JeCKYIO c}:>11nocoQ:>HIO noH~T11e 

«e,z~1rnoro», HO JJbICKa3hIBaJICH npoTRB HAeH cTaHOBJTeHH5I H yHH'fTO)f(eHHH 

H O'I'pHIJ;a.Jl cy11~eCT.BOBaHHe nycTOf'O rrpocTpaHCTBa KaK TaKOJ301'0. 

9Mrre,u,OKJJ ( 490- 430 rr. µ,o H. 9.) HCIIOJlb30BaJI npueM, KOTOpbIH 

BnOCJie,LJ,CTBHlil 6y,T.I.e'l' MHOIUKpaTHO upMMeH51.TbC.H B Me'rac}:iH3HKC H <}:>H311Ke: 

OH nepemen OT MOHH.3Ma K CBOC06pa3HOMy IlJIIOpaJU13My, upe,LI.JIO)KHB pac

CMa'I'pHBaTb B KaqecTHe nepB03JieMeHTOB He 0,T.I.HH, a 'feTblpe 3JICMeHTa: 

3eMJllO, BO,rry, B03J\YX 11 Ol'OHb. TaKHM o6pa30M OH CMOI' H36C)KaTb MHOrlfX 

1'PY,lI,HOCTeH npe.n.mec·n~y1ow,11x yqeHHH H .no6HTbDI 11eKOCro KOMilpOMHCCa. 

I103:>Ke 3TOT rrpHeM Hatt,LI,e:r cBoe MeCTO B MeoracPR3HKe A p11CTOTCJIH, KOTOpbIM 

BBe.11 10 KJIIO'leBbIX KaTCL'Op«fi, T. c. 60JihIIIe, "ieM y e 1·0 n pe.U.IIICCTBeHHHKOB. 

B HOBOH cpH3HKe aHa..r1or11 YHhIM o6pa30M rrocTyff11.rr M. HhIOTOH, nepeit~51 
OT MOHHCTHqecKOI 'O yqeH115I ,11.eKapTa K MexaHJiKe c caMOCTORTCJibHbIMH 

1<aTeroprun.r11 npocTpaHc-rsa, TeJI 11 c m1. 
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TaK, co BpeMeH aHTIPrnocTR o,n;Ha 113 ~eHTpaJThHhIX npo6neM ecTeCTB~ 
3HaHM.SI CB.H3aHa c IlOHCKOM €,lI,HHOT'O ucpBOOJieMeHTa, JJe)Kall.J,ero B OCHOBC 

MMpo3,D,att1rn, HJIH H€KOTOporo MHO>KCCTBa '9JI€M€HTOB, COCTaBJI.SIIOllJ,MX MaTe

pHIO MHpa. 9Tm >Ke KOMTIJI€KC BOTipOCOB BCT8JI nepe,n, aTOMHCTaMH nocne 

mKphITH.SI nep11011;HqecKoii Ta6Jilil.U>I M e tt,D,eneesa, BKJIIO"laBmeA MHO)KeCTBO 

3JI€M€HTOB, H OCTaBaJICH aKTyaJibHhIM B npollUIOM B€K€. 

IlpHMeqaTeJibHO, "ITO npeBpara;eHIDI H 3BOJIIO~IO MMpa 9Mfl€,ll.OKJI Oilli

CbIBaJI c noMOlll,blO CBoeo6pa3HOro npoo6pa3a CHJI npHT.Sl>KCHl1.H H OTTaJIKl1-

BaIDm, KaKOBbIMH y Hero 6hIJIH (,zzyxoBIIhJC) IlOH.HTH.Sl JII06DH H Bpa.>K,D,hl. 

AHaKcarop ( 500-428 rr. ll.O H. 9 .) , cospeMeHHHK 9Mne,n;oKJia, HC'iep

na.rr OCTaBllIJIOCH B03MO)KH0CTb B pcllICIIHH 3TOH npo6JieMbI: OH OTKa38JICH 

OT H,Ll,eH IlOCTpoeHH51 J 'i€HR51 Ha OCHOBe 0)1.HOf'O HJIH HeCKOJTbKHX ( "l{eTbipex) 

nepBOOJI€M€HTOB, ,lJ,OnyCTHB, "ITO n epB03JT€M€HTOB ( «C€M5IH» B ero IlOHHMa

HHH) 6eCKOH€'iHO MHOro H Bee BHllllMbl€ cy6cTaHl{HH co.u.ep)KaT HX B ce6e 

B pa3JIH'fHhIX nponopwrax. 

0rMeTHM, 'iTO AHaKcarop npe,a,no'i.CJI pau.110HaJihHhIH no,n;xo,n. ,n.yxosttoMy 

11 3aMeHHJI IlOH.HTH.H JIIo6BH H Bp8.)K,lJ,bI, o&be,n.HH.HlOil.J,HX HJIH pa3,IJ.€JI.HIOIJ.J;l1X 

ncpBOOJieMeHTbl y 9Mne,n.OKJia, Ha IlOH.SITH€ «Hyca», KOTOpoe M0)K€T 6h!Tb 

ncpeB€,ll.€HO KaK «yM». 

Tiott.HTHe MaTep118JThHOf'O aTOMa 6blJIO BB€)J.€HO B y'leHIUOC JleBKHnna 
(V B. lJ.O H. 9.) 11 ,LI;eMOKpUTa ( 460-380 rr. ll.0 H. 9.) ' c¢opM.11poBaBIDHX 

Ka'iecTBeHHo HHoe, no cpaBHeH1uo co rnKoJiaMH TI11¢aropa 11 IlnaToHa, 

M11poB033peHMe. flo CBH,ll.eT€JihCTBJ ,L(11oretta, IlJiaTOH )1.0 TaK01%° CT€Il€Hl1 6hIJI 

He cornacett c y'ieHMeM .LI.eMOKpMTa, 'i"I'O BhICK33bIBa.rr HaMepett11e bKe'ib oce 

ero Tpy,ll.hI. 

ATOMHCTM"lecKoc y'iett11e ,L(eMOKPHTa, npe,n.tta3Ha~eHHoe )J;JI.SI on11cattH}f 

.SlBJiett11it ¢113H"tJCCKoro M11pa, cymecTBeHHO B03BbICHJTO poJih ¢11.3HKM B rpa

,n.~ ~C~lffiJIMH. 

<l>H3H"l€CKa.SI napa)l,HrMa J'i€HH51 ,L(eMOKpHTa .SIBJI.SleTC.H {)ya.t1,ucmU'l/,eC?COU: 
,D,Be IlOJI51PHhle CTOpGHbl MeTO)J.OJTOr11"leCKOH MOHHCTH~eCKOH napa,LI,lffMhl -

«6hITHe» H «Hc6bITHe» - 3aMeHeHbl y Hero flOH.HTM.SIMH aTOMOB H pa3,lJ,€JT.H

IO~eii HX nyCTOTbl. IlO-BH)J.HMOMy, Ha ,ll,eMOKpHTa CRMbIM cyrn.ecTB€HHbIM 

o6pa.30M IIOBJTJi.SIJUI napa,n.OKCbl 3eHOHa H OH IlOilblTaJIC.H pemMTb Bonpoc 

0 B03MO>KHOCTl1 )1.BH)KCHIDI, BB€,ll.51 B q)H3H'ieCKMH MHp HHJIO, 'ieM y llIKOJib l 

IlHQ_)aropa, 11pe,unOCbIJIKy: Cyll.J,eCTBYeT HC TOJihKO 6hITHe, HO l1 tte6hITH€. 

,L(eMOKpM'I' nepepa6oTaJI n11¢aropeAcKoe IlOHSlTl1e e,D,HHHl.J.hl ( MOHa)J.bI), 

HMeBrnee pacIIJTbTB'fRTbIB xapaKTep, npenpaTHB ero B aTOM - MeJib'iaHllIYIO 

MaTepHaJihH}'lO q8.C'I'Hizy, o6na,rr.aromyio O'i€Hh MaJlbIM, HO KOH€"!HhIM p a3Me

poM. TaKHM o6pa.30M 6h1Jia euiJCAena .Memaef>u3u'l/,ec?CaR ?Cam,e2opuR 'l£acmu~, 
nony1.llIBma.s:1 rrpano H a cyll.J,eCTBOBa1me B ¢M3HKe JUIUT'h n XX B . nocJ1c 

M3BeCTHhIX 3KcnepHMCHTOB Pe3ep¢op~a. O ,u.ttonpeMeHHO c 3TMM OTpbIB 

rryCTffi'hI OT Marep11.11 03Ha'iaJl onpe,a,CJ1ctt.He npoc1npancmaa ?Ca?C Bmopou 
ca.MocmoRrrteJt'b'HOU Mema<fiusu'l/,ec?Cou ?Ca1ne2opuu. 

.. 
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c BBe,z:t;eHHeM aTOMOB BCTaJI Bonpoc o6 l1X cu,ermeHHH ( B3aHMO,n;efiCTBHH) 

Ii o6 o6pasoBaHH.11 113 HliX npOT5DK€HHbIX T€JI, o6cy)K)l.eHli.H H BapRaHTbl 

perneHH51 KOTOporo npOHH3bIBaIOT BCIO ,LI,a..JlbH€MlllYIO HCTOplUO <l>H3RKH. 

1.2.4. MeTa<f>u311Ka B yqeHHH ApRCTOTeJl.SI 

ApuCTOTeJih {384-322 rr. /J,O H. s.), no npaBy cqMTa10rrurttc.H co3.n.a

re.rreM CMCTeMaTH'ieCKOH HayKH 0 npMpo,n,e (<l>R3RKR), IlOCTaBRJI BO rJJaBy 

yrna llOH.HTMe ,!I,BIDK€Hl1.H, a He «CTaTnqeCKRe CB.H3H H OTHOllleHM.H», KO

TOpbie 113yqaroTC.H MaTeMaTMKOii. l13BeCTHaa KapTMHa Pa¢83JI.H «A<l>liH

cKa..H mKoJia», r,n,e M3o6pa)KeHbI TI.rraroH, yKashrnarorn;Rli nepcTOM Ha tte6o, 

H ApRcTOTeJJh, npocTHpa10w.11u PYKY K 3eMJ1e, OTpa)Ka,€T cyTh pacxo)l{,ll;eHM51 

HX y"tJ:eHRH. IlepeiiLJ;eM K H3JIO)K€HHIO OCHOBHbIX IlOJJO)K€HHH MeTacPM3MKM 

Ap11CTOTeJI.H. 

1. B CRCTeMe ApMCTOTeJI.H 6bma HHM, ue)KeJIH y IlnaToHa, RepapxR.H 

,ll.HC1.1,11nJIBH. Ha nepBOM MecTe, KaK 11 y TI.rraroHa, 6hma <l:>11Jioco<l>Ra, HO 

Ha s·ropoe MecTO OH craBHJI <l:>11311Ky, np11qeM «MeTa<l:>11311Ka» [ 1] n11carracb 

Ap11cro1'eneM naparrneJihHO c ero «<1>R3RKO:tt» ,LI,JI.H o6ocHOBaHR.H nocne.n.Heti. 

MareMaTHKa *e y Hero 3aHRMarra no,n,qRHeHHOe, npoR3BO,n,Hoe OT cpH3HKH, 

TpeThe Mecro, Il09TOMy MaTeMaTH'l:l€CKRe 06'beKTbl He IlOJ1yq11JIH caMOCTO

HTeJlbHOro CTaTyca B MMpe BbIClllHX H,LI,ett, KaK y IlnaTOHa, a .HBJI.HIOTC51 

J111Wb OT})a)K€HH}"IMl1 COOTBeTCTBJIOIIJ,HX CBOMCTB <l>H3R'leCKHX Te.JI. «I'eo
MeTp, - rrnca.n Ap11cT0TeJTu, --- noMe~aer OT,n,eJlbHO TO, ".!TO B oT,n,eJTuHOCTR 

He ,n.aHO». Y Hero qRcJia xapaKTepM30Ba.JIH He Henocpe.n.crBeHHO o6'beKThI 

MaTepHaJihHOro MRpa, KaK y IlM<l:>aropa M IlnaTOHa, a JIHUJb O'I'HOllleHH51 

Me2K,lly HHMH. B COOTBeTCTBHM c 9THM B Ka"'tfeCTBe e,LJ;HHMIJ,hl MOI'JIH BblCTynaTb 

p83Hble o6beKTbI, B 3aBHCHMOCTH OT Toro, c qeM npott3BO,LJ;HJI0Cb cpaBHeHRe. 

Y ApMCTOTe.JI51 y)Ke MaTCpRaJlbHhIM MMp He 5IBJI.HJIC.H TeHbIO M11pa H.n,ett, KaK 

3TO 6bIJIO y IlnaTOHa. 

MmKHO yTBep)K)l.aTh, qTo yqeHMe ApncTOTeJIH TaK*e on11paeTC51 Ha 

.nya.rr11cT11qecKy10 <l:>RJmco<l>cKo-penMrRo3HJIO napa,n,11rMy, o,rr,ttaKo y Hero 

HMelOTC.SI cyIIJ,ecTBeHHble OTJIHqH5} OT CHCT€MhI IInaToHa B napa,n,MrMax o6eHX 

COCTaBHbIX qacre:R: M,LI,eaJlbHOro 11 MaTepRa.llbHOro HaqaJI. 

2. B MeTO,LJ,O.rror11qecKoti '-IaCTR y'-1eH11.H ApRCTOTe.TI.H nepBOH 11 Ba)KHett

weii HBJrneTOI OTCJTCTBOBaBlIJa5I y IlJiaTOHa «'IWme2opU.R cyw/HOC7nU», KO

TOpruI cpaKTH'iecK11 npe,ll,CTaBJrHe'I' co6oi1 TpeTbIO CTopoHy 6hITMH ( nepBooc

HOBbI MHpa), npeBpa~a51 ero qmnoco<l:>1110 H3 ,Ll;Bye,n;RHOM (,LI,HaJieKTRqecKOH), 

KaKoooii 6hma <l:>a.rroco<l:>H.H IlJiaToHa, B m,pueav:H.y10. 
ApMCTOTeJih JTBep)K)l.M, qTo .n.eiicTBMTeJibHoe 6blTRe npe,n;Mera He MO

*er 6hITh Bbipa)KeHO 0,LJ;HOBpeMeHHOH peanl13a..u;11eti ,ll_BYX npOTHBOilOJlO)KH0-

CTei1, T. e. IlJiaTOHOBCKHe npOTl1BOilOJI0)KH0CTH HJ)KHO onocpe,n;oBaTb 'leM

TO TP€Tbl1M. ,il.JI.H pel.IleHH.H 9TOrO sonpoca OH BBe.JI aea euaa 6u1nu.Ft - aei1-

cm6Ume.t!.'b'HOe u 603.MO:J+C'H.Oe. IlpoTHBOilOJIO)l(Hbie CTOpDHhl (KaK B yqeHHH 
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IlnaTOHa) npHCYIIJ.H npe,LI,MeTY TOJJbKO KaK IlOT@H~JifaJlhHhie B03MO>KHOCTl1., 

·.ror.u.a KaK ,D,CHCTDliTeJibHOCTh CTOl1T Bblllie B03M0)KH0CTl1 "' He HMeeT ee 

,[(Byx CTOpOH. 9-:ro H<.tllOMl1HaeT BBe,n;eH11e TpeThero, npoMe>KyTO'fHOI'O 3BeHa 

MroK,.Uy U'H'b 11 Jt'H, D KHTd.HCKO:A: «KH11re nepeMeH». 

Ap11CTOTeJib OTK83aJIC.H OT rrnaTOHOBCKoro MeTo,n;a ,n.oK83aTeJibCTB «no 

Kpyry», Kor,n.a npoTHBOIIOJIO)KHbie 11aqana onpe,n.eJuuoTC.H .n.pyr qepe3 ,n;py1a. 
OH HaCTaHBaJJ Ha TOM, qTo He Bee n HayKe MO)KeT 6b1Tb ,1:r,oK83yeMhTM. 

,II,o.TOKHbI 6bITb nepBbie, J.iCXO)l.Hbie Hal.J.aJia, KOTOpbie He ,LJ,OKa3bJBaJOTC.sI, 

a npHHHMaIOTC.H Henocpe,l].CTBeHHo. AKcM.0MaTM.'feCK11H MeTO,LI, paccy.>K,JJ;eH11i1, 

COOTBCTCTBYIOIIJ,HR B3rJIH,Jl.aM ApHCTOTeJIH, a He TinaToHa, 6b1JI np11MeHeH 

EBKJIMOM ,!I.JI.ff nocTpoeHHH reoMeTpHM. 11 HBJI.HeTCsi o6nwnpM.H5lTbIM .Ll.O Ha
mHx ,n.nen. 

TpHe,n.HHrul <l>11Jioco<}:>HH ApHCTOTeJm 6h1Jia HaIJ,encHa Ha onpe,n.eJieHHe 

,LI,BIDKeHHH TeJI n <l>H311'iecKoM MHpe. B COOTBeTCTBHH co cBoei1 MeTo,n.ono

rM.'feCKOH napa.n.11rMoii, Ap11cT OTeJib oupe,n.ensieT ,D;BM:>KeH11e KaK «Cpe,n.HIDi 

TepMHH», T. e. KaK «nepexo.n.» OT B03MO>KHOCTl1 K ,n.cncTBHTeJibHOCTH. y Hero 

)J,BH:>Kefme HOpMMpoBaHO ,n.ByM5l npOTHBOIIOJIO:>KHOCT.HMH B B03MO:>KHOCTH -

Ha'faJIOM 11 KOHU,OM - H Bcer,n.a M,Ll,eT «OT» - «K», npe,n.CTd.BJlfill co6oi1 He"!TO 

TpeTbe - ,l].eHCTBHTeJlbHOCTb, CB.H3bma10m,y10 ,LJ,Be CTOpoHbl npOTl1BOnOJIO)K

HOCTl1. TaK ApHCTOTeJib npeo,n.oJICJT 11epa3pemM.MyFO JIJI5l IlJiaTOHa npo

fu1eMy onpe,n.eneHHH )l.BH:>K€HHH .1111illh Ha OCHOBe ,n;Byx npoTHBOIIOJIO)KHbTX 

cropoH. 

0TMeT HM, 'IT~ apHCTOTeJTeBCKlie ,.U.Ba po,n.a 6bITHH - J3 B03M0)KH0CTH 

11 B ,n;eHCTBHT€JibHOCTH - OK83aJIHCb BOCTpe6osaHHblMl1 B TeopetH'IeCKon 

c):>H3HKe xx B. np11 c):>opMyJIHpoBKe KBaHTOBOH l\'1exaHMKH, ua '!TO o6pam.an 

BHHMaHM.e o,rr,11H M3 ce co3,n.aTeJien - B. 1ei1seH6epr. 

3. B Ha1160J1ee KOHIJ;eHTpHpoBanHOM n.11,n.e KOCMOJlOL'M.sI Ap11cTOTCJ15l BhI

I'JI.H,LI,liT CJie,nyrom;HM o6p830M. ~.fM.p Be'feH, T. e. He 11MCeT H'H Ha··:IaJla, HH 

KOIIU,a BO BpeMeHH. (Y/ IHBHTeJibHO, 'ITO 3TOT Te3HC, npoTwBopeqalll)1ii upe,l].

CTaBJieHJUIM xpMCTMa HCTBa, uosBOJIHJI cocylll,ecTBOBaTb c11cTeMe Ap11croTeJI.H 

C )];OKTpl1HOtt I..J;epK1311 Ha npOT.H)KeHHH MHOI'HX BeKOB.) fl npocTpaHCTB€HHOM 

CMbICJie KOCMOC KOHeqeH. B u,eHTpe MM.pa pacnonmKCHa 3eMJrn., BOKpy1· 

Koropofi Bparu.aCTC5I He6o co BCeMM ero cBeTMJiaMH. Bee T~)KCJlbie Tena c·rpe

M.HTC.51 K IIOK0.HU\CMyC5I n;eHTPY 3eMJrn; K IleGy )KC, HanpoTHB, ycTpeMJI.HFOTC.>T 

6onee JierKne no caoett np11po,n,e CT11XJ.1H. 

He6ectth1e TeJTa conepmaroT ( ecTCCTBeH11oe) BC'iHoe KpyroBoe ~BIDKeH11e, 
o npe,nenSieMoe TeM u,eHTpoM, BOKpyr KOTOporo, CTpcM5:1Cb yno,no6a-tTbC.H ero 

Heno~H:>Knocr11, OHM. coBepmaFOT paMHOMepHoe Bpam.e HHe. Hs-3a KoHeq

uocTw KOCMOCa TOJibKO Kpyrosoe ,Il.BJ1)KeHMe M0)K€T 6bITb HenpepbIBHbIM 

JI! 11po~OJI)K8,TbCB 6eCKOH€'fHO: 6ecKOHC'iHaSf np5lMa.H JIHHHH B KOH€'IHOM KOC

MOCe HeB03MO)f(Ha. «I1MeHHO Kpyronoc ,LJ,BM>KeHM.e, - n11mcT ApHCTOTe.nb, 

5£BJI.5IeTC.H €.Ll,HHbIM H HCIIpepbl BHbIM, a He )I,BH)KeHMe no np.HMOM, TaK KaK 

no np5lMo:fi onpe,n;enenhI 11 Ha'iano, H KOHeu,, 11 cepe;~MHa, ( ... ) TaK 'ITO 

l 
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ecTh M€CTO, OTKy,n;a MO:>KeT HaqaTbC.H ,ll,BlDKeHHe H r,ue OKOHqHTbe.H. ( ... ) 

B KpyrosoM )Ke ,n;BJ-OKeHH11 HH'iTO He onpe,n.e.rreHo: noqeMy ra R.TIM HHa.H 

TO'iKa 6y,n.e:r rpatt1ui;eii Ha Kpyronoti JIHH1u1? Bc,ll.b KroK)J.rur ToqKa O,ll.HHaKOBO 

H Ha'faJIO, H eepe)l.HHa, H KOHeu;. ( .•• ) 11o3TOMY map )l.BH:>KeTC.H R B R3BeCTHOM 

OTHOWeHl111 IIOKOHTe.H, TaK KaK OH BCer,LI,a 3aHHMaeT TO :>Ke MeCTO. IlpHT.IHHOtt 

CJIJ.>KHT TO, qTo Bee 3TO BhITeKaeT :113 CBOMCTB u;eHTpa: OH .HBJI.HeTC.H H Ha-

1I8..IIOM, H eepe)lHHOM, M KOHIJ,OM Been BeJJH1:J11HhI, TaK qTO BCJie,n,CTBRe ero 

pacnoJio)KeHMB BHe OKPY:>KHOCTH Her,n;e ,ll.B11:>Ky11r,eMyc.si TeJ1y ycnoKOHThC.H, 

KaK BilOJIHe npome,ll,llleMy; OHO BCe BpeM£. ,ll.BH:>KeTOI BOKpyr cepe.rr.HHhl, a He 

K onpe,n;eneHHOMY KOttrzy. A BCJie,n;CTBHe 3TOro u.enoe Beer ,n.a npe6hrnaeT 

B H3BecTHOI'O po,[1.a IlOKoe H B TO :>Ke BpeMs:I HenpepbIBHO )J;BH:>KeTC.SI» [1, 
<l>H3MKa, VIII, 265a-265b]. 

1.2.5. XapaKTepHhle qepThI <l>n3HKH ApucTOTeJl.SI 

ApMCTOTeJih He eMor on11eaTb cp11311Ky TOJibKO tta oeHOBe Tpex C:.'TO

p<m e,nHHOM cyI.IJ,HoeTH~ 11 eMy IlOHa,n,o611noeb BBeeT11 p.H,rr. )J;OilOJIHl1TeJibHblX 

KaTeropHii, OKa3aBI.UHXC}J Bnoene,ueTBHl1 y.H3Bl1MhIMR. 0cTaHOBHMC5.1 JIRIIlb 

Ha HeKOTOpblX xapaKTepHblX qepTaX ero <l:>H3HKH, eonOe'I'aBHB HX e TpeM.SI 

KJIIO'ieBblMH CpH3H'ieeKl1MH KaTeropH.HMH xx B. 

1. Ap11croTeJib OTp11u;aJI cyru;eeTBOBaHMe nycTOThI, He ,n:onyeKan noHM

Matn1.a MecTa KaK nycTOI'O npoMe:>KyTKa Me)l(,LJJ' TeJiaMH, KaK 3TO ,n;eJiaJIH 

aTOMMCThI. OH ct.I11TaJI, qro MeCTO BCer,n;a 3anoJIHe110 KaKoi1-ro epe,n;oi1, 

ttanp.tt:Mep B03AYXOM. Bc.HKoe nepeMeru;eHHe Ap:11cT0TeJib noHHMaJI KaK o6-
MeH MeCT8MH, 3aHHMaeMbIMH T€JIOM 11 cpe,n.oii:, aH3.JlO{'HqHO TOMy, KaK '3TO 

npoHCXOJI.HT B BO,n;e npn .IJ.BH)KeHMli pbI6hL B 9·roM aonpoce ero B3rJI.H,ll.hI 

6nH3KH IlJlaTOHOBeKHM. c Il03HIJ,HH cero,n;H.HIIIHero ,LJ,H.H 3TO He qTO HHoe, KaK 

cy6cTaHIJ,MaJihHbIM rro,n;xo,n; K npHpo,n,e npocTpaHCTBa. 

2. ,LI.JI.SI onpe,u:e11eHHSI )l.BIDKeHlffi. Heo6xo,D,ttMo noH.HTIIe BpeMeH1L Aptt

CTOTeJib, no,n;qepKHBa51 Tpy.n;HOCTH B onpe,n;eJreHHH '3'roro IlOH}TTIUI, pe3KO 

003pa)Ka.JI npOTHB ero onpe,n;eJ1eH1rn qepe3 Bparu;eHH51 Mttpa HJIH tte6ecHhIX 

c¢ep, KaK 3TO IlbITaJIHCb ,n;eJiaTb ,n;o Hero, HO TeM He Mettee TeCHO CBH3bIB8Jl 

IlOH.HTHe Bp€M€Hl1 c .IlB11:>K€Hl1eM. 

3. Ap11CTOTeJih cq11TaJI, 1.fTO Bee MaTep11aJibHhie cymHOCT11 B no.rr.nyttHOM 

MHpe COCTO.HT 113 qeTbipex '3JieMeHTOB: 3eMn11, BO.IJ.hI, B03,myxa 11 ortt.H. Ha.n.
JIYHHbIH M11p nocTpoeH 113 Il.HToro 9.rreMeHTa - '3Cp11pa, KOTOphIH 3Ha'l11TeJibHO 

TOHhll.le ocex IlO,ll.JlYHHhIX CTHXHM H IIOTOMy CJIY.>KHT MaTepHeM He6eCHbIX 

Te.II. 

4. Ap11CTOTCJib He npM3HaBan eaMO)l.BH:>KeHH51, nonara.H, qTo ,U:JI.H BC51Koro 

(tte€t'TeCTBeHHoro) )J;BH:>KeHlrn ,U:OJJ.>KeH 6bITh ,U:BHIBTeJib. ,.UJI51 6poweHHOI'O 

TeJia T'rt.KMM ,D.BHraTeneM, KaK OH CT.IMTaJI, SIBJI.HeTC.H cpena. Cor.11acHo ApRCTO

Temo, l.JeJIOBeK, 6poealOU.J,l1M npe,n;MeT, np11BO)l,HT B ,ll.BH.>KeHHe He TOJihKO ero, 
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HO H cpe,rry, B KOTopoii npe,ri;Mer ttaxo,u.MTCH. 0TopBaBIIIHCb OT PYKH, npe,LI,MeT 

npo,nO.JUKaeT ,ll;BIUK€HHe ITO,[( ,ri;ettCTBHeM Henocpe,n;CTBeHHO conpHKaca1orn.ei1c.H 

C HMM Cpe,ll;bl. 

5. IlOHHTHe ecrecrBeHHOCTH MeCT 03Haqaer tta,n;e.JieHHe TeJI H MeCT 

HeKHMH )J;HHaMRqecKHMH CBOHCTBaMH. y IlJJaTOHa MaTepIDI .JIHllleHa ,ll;H

HaMRqecKHX cBoiicTB; y ApMCTOTe.JIH Otta ,n;HHaMHqHa H 06.Jia,n;aeT cnoco6-

HOCTbIO K H3MeHeHRIO, MeCTO TaIOKe ,1l.HHaMHqHo H 06J1a,u.aeT HeKOM CH.JIOtt, 

3aCTaBJI5151 rrepeMeI.ll,aTbCH o6"heKThl B «€CT€CTB€HHhie» ,D,JIH HHX MecTa, Ha

npHMep orOHh - BBepx, a BeCOMbie Te..11a - BHH3. 

Bnocne,n;CTBHH MhICJTh o ,ri;nttaMw-1ecK11.x cBoiicTBax Mec'Ta ( rrpocTpaHCTBa

BpeMettn) OKa)J(eTCH B0Il.1JOI.ll,eHHOH B o6rn;ei1 TOOpHH OTHOCHT€JibHOCTH. 

6. ApHCTOTeJih p83JIH'fa.TI '-leTbipe 1:m,n;a ).l,l:HD:KeHHH: 6 omnowettuu cy~
ttocmu - B03HHKHOBeHRe H yttRqTO)KeHRe; e omttowettuu ?Co.1iu·11,ecm,ea -
pocT H yMeHbUiettne; 6 om1HO'W,ettuv, 'IW"lecmea - KaqeCTBeHHbie H3M€H€HHH; 

6 om1-1,owetmu .Mecma - nepeMem.eHHe. flo.11araJiocb, -qTo HR o,n;RH R3 3TllX 

BH,ll.OB ,!l;BH)KeHHH He M0)K€T 6bITb CBe,ri;eH K ,npyroMy 

B XX B . p83.JIR~IHhle apMCTOTeJieBcKHe BH)I;hI .LQ3H)KeHH5I npo.HBHJIHCb npH 

nocTpoettRH KBaHTOBOR TeopHM. TaK, CBOOo,ll.Hbie nepeMemeHHH MRKpoqa

CTHIJ; B npocTpaHCTBe ( B OTHOUieHHH M8CT'd.) OilHCbIBaIOTCH nepBH'lfHO KBaH

TOBaHHOH TeOpMeii, TOr,ri;a KaK .n.pyrHe BH,lJ.bl ,LJ;BH)KeHH.sl ( cyrn;HOCTR, Ka'-leCTBa 

H KO.JIWiecTBa) OilHCbIBaIOTC.H BTOPH'lfHO KBaHTOBaHHOtt TeOpReii IlO.JI.H. 

7. CRcTeMa c}:m3w1ecKHX (Meraqm3R'lfeCKRx) npe,ri;craB.JieHRii ApncTo

Te.JIH npocymecTBOBaJia (He 6e3 HeKOTOpbIX H3MeHeHHH H YTOqHeHRH) noqTH 

,n:Ba Thica-qe.JieTHH - c IV B. ,n;o H. 3. ,n;o XVI B. Ecn11 OTBJ1eqbc.si OT c}:>MJIO

co¢HH, TO 3TO MO)KHO OO"hHCHRTb ee COOTBCTCTBHeM «3,rr,paBoMy CMbICJiy» 

eCTecTBeHHOttayqHbIX npe,u.cTaBnettRii aHTH"IHOCTH R cpe,IIHeBeKOBh.H. Mttoro

qHcneHHbie p83rpattHqeHM.H H 6apbepb1, yBeK0Be11eHHhle c11cTeMott ApHcTo

TeJIB, BhirJ151,ll,eJIH ecrecrBeHHhIMH n He BhI3hIBamm11MR coMHeHRii . Ha3oBeM 

r.JiaBHhie H3 HHX. 

1) Bh1J1 ycrattoBJieH )J<eCTKHH BO,ll.Op83,[I.eJI Me:>K,Liy tte6eCHhIM H 3eMHhIM, 

tta,n,.JiyHHhIM H nO,II,.JIYHHhIM M11parvrn. TipH 3TOM tta,n,.11yHHbiii MHP 6hIJI 

BOilJIOI.I.J;eHHeM Be"IHOrO nopH,rr,Ka 11 HeH3MeHHhlX ,ll.BH)KeHHH, a 00,LJ;.JiyHHbIM 

OT.1JH"fa.JICH HeIIOCTOHHCTBOM H H3MeH"IHBOC'TbIO. 

2) TipHpo,n.a - c}:>I03HC - MhICJlHJiacb 11epe3 npOTHBOilOCTaBJieHHe ee He-npH

po,lJ.HOMy, HCKyccTBeHHOMy, TOMy, qTO HOCH.JIO H83BaHH:e «TeXHe» H 6bIJIO 

npo,nyKTOM qenoBe~1ecKRX pyK. B qacTHOCTH, MexattnKa He npn3HaBaJiacb 

HayKOii, a paccMaTIJHBaJiaCb KaK oco6hIH po,n; MexaHR'lfeCKOrO HCKYCCTBa, 

3aHHMaIOrn,eroc.H C03,ll.aHHeM HHCTpyMeHTOB H MeXaHH3MOB, KOTOpblX H €T 

B npRpo,n;e. 

3) TiocTy.JIHPOBa.JIOCb ,n;Ba BH,n;a p,BH)K€HH.H: eCTecTBeHHoe (KpyroBoe), B€'{

Hoe, He Tpe6y10rn.ee KaKHX- JIHOO HCTO':IHHKOB, H HaCH.JlhCTBeHHOe, COBep

rnaeMoe BCJie,[(CTBRe KaKHX-JIOOO np11q11H (P.BHraTeJUIMH). 



-

~ 

1.3. flpeo.n,oJTeHHe ~3.n,pa.Boro CMbICJia» 8,HTHCIHOCTH 4 7 

4) BbI.IJ.eJUIJTOCb IIBTb BHlJ,OB CTHXlfA, COCTaBJUUOIIJ,HX cyrn,HOCTH KaK IlOAJiyH

HOro, TaK H Ha,rr..11yHHOro MllpoB. 

5) Onpe,lJ,eJIHJIOCh 'l€Tb1pe BH,ll,a np11q11H: c}:>opMaJibHasI, :a;eneBa5l, ,ll,eticTBy10 -

rn;rui H MaTepHa.11bHa51 . 3a,n,a'ia <PH3HKH CBO,IJ.HJiaCb K TOMy, qT06bl Jl.aTb 

OTBeT Ha BOnpoc « IlO'ieMy?», YK83aB Ha O,LI.HY H3 H83BaHHblX 'l€Tbipex 

np11qira ( HJIH HX KOM6HHaW'f IO). 

1.3. Ilpeo,upJieHHe «3;:q>asoro C:MLICJia» 
aJITH'tffiOCTH 

B nepexo,LI.Hbllt nepRO,ll, OT aHTHqHOCTH K HOBOMy BpeMeHH, OTCTO.HlIJ,eMy 

OT Hee Ha IIOJITOpa TbIC.H'leJieTH.H, npOH301llJU1 1-Ipe3Bbl 'iaAHo cepbe3Hble H3-

MeHemrn B qrnnoco¢cKO-peJIHI'H03HOM c¢epe. ,LlyaJIHCT11'iCCKa.H n a p a) l,11.rMa 

aHTif'-IHOCT11, on11pa1orn,a5Ic.H Ha H.ll€8JlbHoe 11 MaTep118JlbHoe Ha'lana, npe

repnena cyrn,ecTBeHHbie H3MeHeHH.H: H,Jl.CaJibHoe Ha'iaJIO B Hett ycTyn11no 

MecTO Ha'la.JIY ,11,)'XOBHOMy . 9To Bbl3BaJIO rJ1y60KHe Jt3M€H€HH.H B C03H aHHll -

Heo6xo,n11MO 6bIJIO COIIp.H'lb B HOBOH ¢1moco<l:>cKo-peJIHrH03HOH napa,rr.HI'MC 

OT,LI.€JlbHbie MeTa<}>H3J1qecKHe n apa)VfI'MbT ,11,)'XOBHOro 11 MaTepHaJibHOI'O Ha

t,18.IJ. 9TOT npo:a;ecc paCT.HHy.JJC.H H a HCCKOJlbKO BeKOB " IIOTpeOOBaJI orpOMHbIX 

ycmmii. 

Ho O,ll,HOBpeMeHHO men 11 ,u.pyroi1 npo:a;ecc. IIocKOJibKY 6onee paHH11e 

aHTWIHbie r-ieHHH ,rr.oCT11rJTH OOJThWHX ycn exoB B OO'b.HCHeHHH SIBJTeHH°A 

MaTepRa.JlbHOro MHpa, Heo6xo~o 6bIJ10 .KaK-TO cornacoBaTb H.X c HOBbIM 

~rnpoB033peHHeM. B pe3yJibTaTe OCTpbrx ,rr.McKyccHtt, r ,n.e o6cy)f{,rr.aJIC.H Bonpoc 

0 np11op11Te'I'e H/~ea.JlbHOf'O (p83yMHOf'O) 11Jil1 ,llyXOBHOI'O Ha"la.JT, 6bTJT HaM.n,eH 

neKHii KOMIIpOMHCCHhm Bap11aHT: yqeH11e «.H3hiqHHKa» A p11cTOTeJI.H 6b1JI0 

COBMern;eHO c xp11CTJ·faHCKOM n apa,IJ,HTMOH 11 KaHOHl13HpOBano 3ana)J.HOH xp11-

CTltaHCKO:li Q epKOBhFO, tteCMOTp5l Ha p.H,ll, pacxo:>K,l(ett11i1 B 1111x. Bo3MO)KJIOCTb 

TaKOrO KOMIIpoMHcca MO)l(HO o6'b5ICHHTb, Bo-nepBblX, TeM, 'iTO )J,)'aJIHCTl1':1& 

cKa.H CTPYKTypa (napa,n.11rMa) x p 11cT11aHcKoro y'-leHHH (Bor 11 TBapHbIM MHp) 

COOTBeTCTBOBa.na apHCTOTeJieBCKOMY pa3,n.eJieliliIO MHpa ua «Ha,IT,JIYHHbIM» 

H «llO)l,JlYHHhIM» , a BO-BTOpbIX, TeM, 't:ITO TpH.e,rr.H.HbJii xapaKTep ¢11.Jioco<l:>RH 

Ap11CTOTeJIH, CCJIH ee OTHeCTH K «Ha,rr.11yHHOMy» (60:>1<.eCTBeHHOMY) MHpy, 

¢aKTw-1ecK11 6b1JT co3By'leH xp11cTRaHCKOMy ,n.orMaTy CB.HToii Tpo11rt;b1 . .5l3bI

tiecTBo >Ke A pHCTOTeJI.H, npo.HBJI.HBllJeec.H B ero noHHMaHH.H no,n.JiyHHoro MHpa 

co M HO}KecTDOM KaTeropHR H p33rpaHH"l€HH.R , He 6ecnoKOl1JIO I.J.epKOBb. 

3arv1eTHM, l.ITQ B Te'ieHHe noJiyropa TbTCSl'-l JieT HeO,ll,HOKpaTHO CTaBHJIC}J 

oonpoc: KaKoe .rrnH11e a HTH'IHOCTH IlnaroHa HJTH Ap11croTeJTH - 6J111:>1<.e 

xp.HCTHaHCKOH H,Ll;€0JIOrHH? y IlJiaTOHa, K aK H. B xp11CTMaIICTBe, npH.OpHTeT 

OT,ll,aBaJICSI « r OpHeMy» MHpy (MHPY DhICillett peaJibHOCTH), HO H.CilOJTh30-

B8.Jiacb )J.H8.JI€KTH.Ka, TOf'Aa KaK ap11CTOTeJieBCKa.H Tp11e,lll1Ha.H ¢11noco¢1u 1 

coorreTCTBoBana ,ll,Of'MaTy CBHTOM TpoHI.J,bI, HO OTJiw-IaJiach ,n.pyr11.M cooT-
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HomeHHeM MaTCp1.m.TibHOro H Bbicmero MHpoB. ApHcTOTeneno yqett11e c TpH

e,n.HHCTBOM MeTO,LJ,OJJorw1ecKon napa,LJ,lil'MbI O,lI,ep)Ka.JIO Bepx. CooTHOUieHHC 

BbICUlero H HH3lIJCro MHpOB 0Ka38JIOCb MeHee Ba)KHbIM. 

Ilapa.TIJieJlbHO 3aMeTHM, qTo HMeHHO yHH3Ka ecTeCTBeHHOHayqHh1x noHH

nrn (KaTerOpJif.i) C c}>HJIOCO<}>CKO-peJUirH03HbIMH Ilpe,lI,CTaBJieHHHMH 0 « BbIC

illHX» 11 «HH3llIHX» MHpax 6hIJia HaHOOJJee y»3BHMOH: Ha'{,IHHa.s:I c xv B. ' 

OTKpbITH5l B ecTeCTB03HaJlllll CTa.JIH BeCOMO CBH,ZJ.eTeJibCTBOBaTb 0 e)J.HIICTBC 

38.KOHOMepHOC'TeH B «Ha)J,JiyHHOM» H « IlO,lI,JIJHHOM» MHpa.x, qTO 3aCTaBMJIO 

nepecMOTpeTb llOJIO)KeHH.H apucTOTeJTeBCKOro y-qeHHH. 

I. Tiepexon OT cpe,uHeBeKoBott K HOBoenponeikKow cPHJiococ}>1111 6h!JI 0311a

MCHOBaH ,lI,e.HTeJihHOCTbIO HHKOJia.H Ky3aHcKoro (1401- 1464) [88), KOTO

pblli, CTpeM.HCb npeO)-J,OJleTb ,D,Ba naqaJia B ,lJ,HaJieKTHKe IlnaTOHa (HeOnJiaTO

HHKOB)' BbJ,U.BHHyJI c}>11noco<}:>cKy10 ¢opMyJiy «TO)l{,Ll;eCTBa npoTHHOilOJIO)l(HO

CTeti», H3 KOTOpoti CJie)J,OBa.TIO, 't.ITO «C,ll.HHOMY HRqTO He npoTHBOilOJIO)l(HO», 

T. e. «e)l;HHoe eCTb Bee». <l>ttnoco¢cKo-pe.rm:rno3Ha.s:I Mera¢tt3w1ecKas1 napa

,n.11:rMa, B IlOJIHOH Mepe OTBeqamm.a.H 3TO:tt c}>opMyJie, MO)KeT 6bITb JIIUIJb MO

HHCTHqecKOH, T. e . MHP BblCUJe:H pea.Jl bIIOCTH H3 yqeHHH aHTHqHOCTH ,lI,OJI)KCH 

6bITh OTO)K)l;eCTBJieH c MaTepH8.JlhHhlM (D,OJihHHM) MHpoM. TaK B03HHKJIO 

naHTeHCTHqeCKOe yqeHHe, IlOJ1y•nmlllee ,ll,8JlbHettruee p83DHTHC y ,Il;)f(Op,lJ,aHO 

BpyHo. QqeBH)J,HO, q TO 3TOT IIO,lJ,XO,IJ, npoTHBopeqHJI Tpa,LJ,H~HOHHOH cpe,lJ,He

aeKOBOfi XpHCTHaHCKOH TeOJJOrlfM, KOTOpa.s:I HCXO)lHJia H3 npHHUHUH8JlbHOil 

w,n.eH p83JIHqCHH51 TnOpeHH.H u Taopu,a. 

Ila.HTeHCTHqecKHe H,D,eH K y3aHcKoro rrpliBe.TIH K nco6h!qHbIM .IlJIH roro 

BpeMeHH BhIBO,ll.aM. IlocKOJibKY e,ll,HHoe (H3 yqeHH.Sl a n THqHOCTH) OTO)f(,lI,eCTB

:JUJJIOCb c 6ecnpe,lI,eJibHhIM, TO Ca.MO CTaHOBHJIOCb 6eCKOHe'-IHbIM, T. e. MaTe

pHaJJbHaSI BCe.JieHHaH IIOJiar8.JlaCb 6ecKOHe"'IHOM, a, CJIC,lJ,OHaTe,JlbHO, B HCH HC 

)J,0JI)KH0 6bITb HH Ha'IaJia, HH n;eHTpa, HH KOHIJ;a. 9THM BhIBO)J;OM c}>aKTHqCCKH 

6bIJIH C03,Ll,aHbT ¢11.nococ}>cKHe npe)],IlOCblJTKH ,lJ,JIH senHKHX OTKPhITHH a acT

poHOMHM 11 n cPl13HKe, KOTOpb1e 6y,nyT c)J.enaHhI H11KonaeM KonepH11KoM. 

II. Bru10Tb AO cpe,IJ,HHX seKon ecTeCTBeHHOHRY'-fHhre npe.n,cTaBJ1euID1 

o MHpe on11pa.n:11.cb Ha reoMeTp11IO EBKJIH)I.a, acTpOHOMHT1ecKym CHCTeMY 

IlToneMe.H H c}>H3HKY ApHCTOTeJrn. KaK H3BCCTHO, acTpOHOMH'ICCKa5I c11-

CTeMa IlTOJieMeH, COOTBeTCTBOBaBJua51 KOCMOJIOrHH ApHCTOTeJIH, OIIHCbIBa.Jia 

Dp~CHH.H He6eCHbIX TeJI BOKpyr e,n.HHOro u;e1ITpa - 3eMJIH - no KpyrOBhlM 

op6HTaM ( WiKJiaM). IlocKOJlbKY KpyrOBbie op6HTbl He COOTBeTCTBOBaJIH pe

aJibHbIM Ha6mo.n,eHHHM, OHH no.11.npa BJJ5JJIHCb )lOIIOJIHHTe.TlbHbI MH: KpyrOBbJM H 

op6HTaMH - 3IlH~HKJTaM H - /l.O IlOJly\.leHHH COOTBeTCTBHSl c aCTpOHOMW-Je

CKHMH Ha6JIIO)J,CHH5lMH. 

B3aMCH rcoueHTpttt:iecKo:H CJ1CTeM b1 IlToneMeH HuKoJiaii KonepHHK 
(1473-1543) Bhl,lI,BHHYJI H)J;efO r eJIHOU,ettTPH:qecKOH CHCTCMbl ME.pa. B «fv1a

JIOM KOMMenTapRH OTHOCHTeJibHO ycTaHOBJieHHhlX f'Hl10TC3 0 He6eCHblX ,lI,BH

:>KCfll15lX» KonepHHK c¢opMyn11.poBan ceMh n ocTyJiaTon c ueJlbIO «Ha1ITH Ka-
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KOO-HH6y,up 6onee paW'JOHa.JlbHOe cnqeTaH11e KpyroB, KOTOpblM MO:>KHO 6bIJIO 

6b1 OO'h51.CHl1Tb Bee BHJI.MMhte HepaBHOMepttocT11» B ,LI.BM*eHHM He6ecHhIX TeJI , 

OOb51CH51.eMble Tor,n,a c CTOMOIIJ;hlO Cl1CTeMbI 3Irnl.J;HKJIOB. 

Cpe,ll.H nocTynaToB KorrepH11Ka 6hIJIH YTBCp)K,LI.ettrur, cornacHo KOTOpbIM 

3eMJI51. stRJisteTC51. 11,eHTpoM .rr1m1b JIYHHOH op6wrb1, a Cru1Hll,e - o;eHTpOM 

3eMHOH op6MTbI M op611T ,rr.pyrHX nJiaHe'l', 11,eH'rp .>Ke MHpa HaXO)l,HTC.H B03Jie 

Conttqa. 0,rr,HaKo B HHX coxparumucb npe.n.C'raanettH.H o tte6ectto:H TBep,rr,11 

(rpaH11t~e M11pa), np11qeM YKa3bIBaJIOCh, '-JTO pacc'J'051HHe ·oT Co;urn,a )1.0 Hee 

3HaqJ1TeJihHO 60J1bme paccTo51.HH.H oT 3eMJIH ,rr,o Contt1.i;a. TiocTynaThI Korrep

IIHKa OKa3C:WlHCb B Borrmorn;eM npoTHJ::mpeTIHH He TOJihKO c acTpOHOMHqecKOH 

cncreMo~ TIToJieMe.H, Ho H c9 aceii CHCTeMon ¢11311K11 Ap11cT0TeJ1H. 

Bo-nepBblX, c11c·reMa KouepHHKa npoTHBope1'.u1Jia aHTHqHOMY pa3iJeAe
nu10 Mupa ua «naiJ.1iy'l-t1ty10» u «noiJ.tiytttty10» 'tlacm'l1. 3eMJI.H c ee no,n,J1yttIIhIM 

MMpoM OKa3bU:i&11aCb B 0)1,HOM p.H)Jy c ,rr,pyrMMH IIJiaHCTaMM « Ha)l.JIYHHOL'O» 

MHpa. 

Bo-1:nOpbIX, CTaBMJIOCh IIO)l, COMH€HMe apHCTOTeJICDCKOe pa3iJe.tiettue Ha 

ecmecmee1t1we u ttaCU.!L'bcmeettttoe iJeID1CettuJt. 
8-Tpe'l'bHX, IlO)J..Bepramrcb COMHeHHJO apHCTOTeJieBCKHe npeiJcmae.tie'H'U.R, 

0 nRmU CmUXUJtX, B "'Wcmttocmu O B'btOe.tie'ltUU 3{/jupttou cmuxuu. Ilo 

ApMCTOTeJuo, Kpyroable, T. e. ecrecTBeHHbie, )J,BM)Kett1u.1 COHeprnaroT TOJibKO 

tte6ecttble Tena, HB.Ju110UJ)1ec.sr 3Q:>11pHbIMH. HeJib3.H )Ke 6h1JI0 ,rr.onycTMTh 

aqnrpttyJO np11poAY 3eMJ111. O tta, no onpe.IJ,eJieHMJO, cor.ToJIT 113 .n.pyrMX 

"leTblpeX CT11X.1:1H. 

B-'ieTBepTbIX, cMcTeMa MHpa Kon eptt11Ka p a3pywaJia apHcTo·~neBcKoe 

( aIITHqHoe) pa32pattu'tlettue nottRrnufi, a6co.1uorm w20 no'JCOR ( ecTeCTBCHHoro 

COCTQ.HHH.H) u aauatee'HUR, 9:TO HlHf.1'10Ch qpe3 Bhl''fai1'.HO Ba)KHblM OOCTOHTeJib

CTBOM AJUI ,ua.nbnettrnero pa3BHTIDi ¢H3HKM. IIo cyTM ,n;eJia, yqeHlieM Konep

IIHKa 6hIJIM 3aJIO)KeHhl npe)I,IIOCbIJlKH )];JUI 6y,l\YUJ;€H Teop11H OTHOCHTeJlhHOCTli 

B cPH3HKe. Ka.K li3BeCTHO, ra.1111.JieM' SIB.Tr51Blli11HC51 aBTOpoM 0)1,HOHMeHHOro 

np1-m1.i;1111a OTHOCli'l'€JlbHOCT11 B Mexatt11Ke IlblOTOHa, cyu~eCTBeHHO 011HpaJIC.H 

Ha Tpy,LJ,bl Koueptt11Ka. 

Ila np01J.'li80nOCTaBJiett11e reou.eHTpMqecKo:H: c11creMbI Mlipa ApMcT<r 

Te.rm-I1'roj t eMe.H 11 reJIHOI.J;eHTpWieCKOR CHCTCMbI KonepttHKa MO)KHQ CMOT

})elb KaK Ha RbI6op O,LJ,HOtt H3 ,rr,Byx (HCl1HCPlV1C:Wl bHblX) CliCTeM OTCT.JeTa, CBSI-

3aHHblX c 3eMneit 11 c CoJIHu.eM. CoBpeMcu11rui cPH3HKa ;~ouycKaeT HCrroJib3<r 

satt11e KaK aT11x, TaK 11 MHO)KeCTBa .n.pyrHX c 11cTeM OTCYeTa. O u ucaHH>i scex 

RBJieHHH C€H'-IaC MO)KHQ rrepecqHTaTb H3 O)I,llO:ti CHCTeMbl OTCT.JeTa B ;rpyryro. 

Ho so speMeHa Kon epHHKa, B<rnepBbIX, ue 6brno Teop1rn: c11cTeM OTC'IeTa 

H, BO-BTOpbrx, pe'Ih uma o cooTttomen.1111 seM.troli 11 ue6ec1wu cucm,e.Mu 

omc'tiema, cBSI3aHHo"H c Conttll,eM. 

Ci1cTeMa. M11pa Kon eptt11Ka c:raB1111a rro11. y.n.ap 11 p51.,Lf, )I,pynrx n o .Jio)Kett11i1 

B ¢11311Ke ApHcToTeJI5l. Bee 3TO Tpe60BaJ10 uepecMoTpa 11 caMoii ¢11J1occr 

cpHH (Mera<PM3HKH) Ap11c1'0TeJI5l, TO'-Juee, Bttecett11.H KoppeKTMB a c11cTeMy 
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Ka:rerop:ttli MaTepHaJibHoro M:ttpa. Ho K nepecMoTpy <tmJloco¢cKoli CHCTCMbI 
KonepHHK 6hIJI eme He roTOB. B cBoeM Tpy.rr,e oH rrhITanc.a np11M11p11Tb 

c¢opMyJittpOBaHHbie a1<c110MhI c rroJio:>KeHH.HMH c11cTCMbI Ap11CTOTeJIH, Ho 

rrpe,LI,JIO:>KeHHbie .rr,OBO.rr,hl BbirJIH,LI,eJIH JilCKYCCTBeHHblMH 11 Hey6e,ll,HTeJibHbIMl1. 

.II.JI.SI coBpeMeHH:HKoB. Sho o,rr.Ha H3 np11q11H, 06ycJ10BHBUJaH HenpHHTHe ren.110-

~eHTpttqec1<0Il: c.11cTeMbI KonepHHKa 60.JihlllHHCTBOM y-c.ieHbIX, B TOM q.11cne 

H TaKHM Bhl.rr,a1o~MMCH, KaKHM 6hIJI, Hanp11Mep, Tuxo Bpare. 

flI06onhITHYIO TpaKTOBKy 9Toro H3BeCTHOro ¢aKTa rrpC,Il;JIO:>KUJl BhI,l),a

IO~HC.H yqetthifi-np111<na.rr.HHK B. B. Payrnett6ax: «BOJihIIIMHCTBo yqett1>1x 

eBponeHCKHX, He rrpoTeCTaHTOB B TOM q11cJie, cqHTaJIH, qTo reJIHO~eHTpH

qecKaH CHCTCMa - 6pe,LJ; H epytt.rr.a, qro 9Toro He MO::>KeT 6bITb. 11 OHM oc

HOBblBaJlMCh Ha oqeHb npaBHJibHOM no.TIO:>K€HHH, Ha TOM, 'tlTO npaKTHKa -

KpMrep11tt HCTMHhl. Kor.rr.a cpaBHHBaTIH pe3yJihTaThI pacqeToB ,IJ.BH:>KeHHH 

CBeTHJI no IlToJleMeIO 11 rro KorrepHHKy, TO y KonepH11Ka onrn61<11 B ,n;Ba-TpH 

pa3a 6on1:>me no aen1P111He. IlonoMy yqeHbie npooosrnac11n11: npaKTHKa 

KpH'rep11Il: MCTHHhI, MhI 11.rr,eM 3a npaKTHKofi, T. e. 3a IlToJieMeeM, a Konep

HHK - oqeHh Kpac11Ba5J MaTeMaTHT.IeCKa.H C.HCTCMa, He MMeIOma.st OTHOIIICHHH 

K ,n;e.iry. 

KaK MhI cefiqac rroH11MaeM, no Koneptt111<y, rrJiaHeTbI ,n;BM.:>KYTCH no Kpy

raM, a Ha caMOM .rr,ene, KaK nOKa38JI KenJ1ep, OHM .rr,BH.:>KYTC.H no 9JIJu1ncaM. 

KaK TOJihKO KenJ1ep o6'h.SIBHJI, qw He6ecttbre Tena .rr,BH.:>KYTCH no 9JIJIHncaM, 

,llaJI COOTBeTCTBy10m11e <l)()PMYJlbI, Bbipa:>KeHH.H, l::SCe nepemJIH Ha ero CHCTeMy 

pacqeToB. YqeHbIM Be,l),b Bee paBHo, Ba:>KHo, qTo6br xoporno nonyqa.Jioch. 

AcTPOHOMlUI 6hma Tor)l.a ttayKa npaKT11qec1<aH, Ha Hei1: 311.:>K,ll,HJiach acTpo.Tio

r11H, Bee Tpe60BaJI11 ropoc1<orrh1 - KH.H3h.H, 6ora.Thie 11 ,.rn;a">Ke He6oraTbie n10.rr.11, 

M caM Kerrnep cocTaBJIBJI ropocKoIIhI ,11.JI.H oqeHh KpYIJHhIX 3a1<a3q.111<0B, 3TO 

6bIJIO B Te BpeMeHa IIPHH.SITO. ~JIH IIO,Il.OOHOH paOOThI, KotteqHo, Ha)],O 6bIJIO 

3HaTh ,ll,BH:>K€Hlie CBeTHJI, 3TO 6hDJO rrpaKTHqeCK.H HY.:>KHhlM .rr,e.JIOM, H IIOKa 

IlTOJieMeii 6bIJI TQqHee reJIMOL\eHTp11qecKott CHCT€MbI, IIOJib30B8JIBCb ero 

MeTO)J,OM, a Kor.rr.a CTa.na TQqHee reJIHOIJ;€IITp11qecKaH, CTaJIH IIOJib30BaTbC5l 

€10» [138). 
<l>.HJioco¢cKHe B3r Jls:J,JJ,bI H11KoJ1ag Ky3aHcKoro 11 ecTecTBeHHottayqHbie 

H.UeH HHKoJia.H KorrepHHKa 6h1Ju1 o6'be,I1)1HeHhI B c11cTeMe rrpe,rr.cTaBneHHH 

,[VKop,z:r;a.Ho BpyHo ( 1548-1600). 

III. Ilepexo,rr. oT ¢M3HKH H ¢11Jioco¢11H ApttcroTe.JIB K HOBo"H ¢H3HKe 

11 ¢11Jioco¢1111 o6ecneq11n11 Tpy,u,hI ~enoti nne.H,LI,bl y"L1eHhix 9rrox11 Bo3pO>K.rr,e

HHH 11 HoBoro BpeMeHH: JieoHap,z:r;o ,z:r;a B11H~u1 (1452-1519), Hora.Hua 
KenJiepa (1571-1630), raJIHJieo raJIHJieSI (1564-1642) M ,rr.pyr11x. 

Cpe,ll,H HHX oco6oe M€CTO npHHa,LI,Jie:>KHT ra.JIHJ1eIO' KOTopoMy y ,rr.a.nOCb ycTpa

HHTb l\€JlblH p51,Jl 3a6Jiy)K)leH.HH B ecTeCTB€HHOHayqHblX rrpe,JJ,CTaBJieH.H.HX 

attTHqHoro MHpa 11, B qacrHOCTH, B yqeHHH ApMcT0Tens:1. TaK, oH rroKa-

3aJI Ba)KHOCTb 9KcrrepttMeHTa B 4)11."~HKe, CH.HJl npHHIJ;HIJHaJlbHOe pa3JJHqHe 
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Me>K,IIy ¢11311Koti ( ttayKoli) 11 MexaHUKoti ( 11cKyccTBOM - n o A p11c T0Temo), 

cnoco6cTBOBa.JJ 6onee T€CHOMY c6JIH)f(eHl110 MaT eMaTl1iKl1 11 <}:>11311Kl1. 

Pacc MoTpHM BKJia,u r8JJ11JI€SI B <}:>opM11posaHHC Tpex K.nJOqeBbIX qrn.311qe

CKHX KaTerop11ii H CB.H3aHHhlX c IIHMl1 IIOHJITMR. 

rarnrneti ~€Jl<l.11 't.fPe3BbPiatiHo Ba)KHbl:ti m ar B ¢opMHpnBaHHH IIOHH

TH5I Mamepuu, IlOKa3aB, qTO Otta MO)f(eT 6bITb otrncaHa MaTeMaT11qeCKl1Ml1 

cpe,n.crsaM11: «TaK KaK SI rrpe,LI.IIOJlararo, 'l!TO MaTepH51 H€H3M€H.HeMa, T. e. 

nOCTOHHHO OCTaeTCST O,ll,HHaKOBOH, TO .HCHO, qTo TaKoe BeqHoe 11 HeOOXO)J.HMOe 

CBOitCTBO M0)K€T 6hITb OCHOBOH ,JlJI51 qJfCTO MaTeM a:ruqecKlfX paccy1K,ll.eHHti» 

(l\HT. no [41, c. 103)). 
B3JK.Hoe 3HaqeHl1€ ,JlJI.H M€XaHlfKl1 MMeJio OIIpOB€p)f(€Hl1€ r anHJieeM a p11-

CTOTeJI€BCl<OI'O IIOJIO.>K€HH51 0 IIp11~11Il11aJibHOM pa3JI11qHH M€)1(,[zy COCTO.H

H1IBMl1 TTOKO.H H p aBHOMepttoro IIp.HMOJll1HeAnoro ,ll,Bl1)1(€ ffl1.R MaTepHa.JJbHblX 

TeJI. HanoMHl1M, qTo B <}:>11311Ke Ap11croTCJISI ).1,BinKettHe HMeeT a6co nIOTHblfii 

xapaKTep OTHOC.HT€JibHO, KaK cettqac CJie,uyeT CK83aTb, €,Ll.11.HOM M11poBOR 

CHCTeMbl OTCqeTa, B KOTOpoH p83 H H aBcer,ua ycTaHOBJieHo, "t.JTO TaKoe «BePX», 

«Hl135> 11 «eCTeCTBeHHOe» noJIO)f(€HHe o6'heKTa. Y D :w111Jie.H )Ke IIOJIO)KCHHe 

TeJI ,n;erepMl1H11poBaHo OTHOCHTeJibHO ,upy1·11x OKpy.l'KalOlU,HX T e.JI, TaK )1(€ 

onpe,n,eJIBercSI 11 ,JlBH>KeH11e. Mo>KHo yTBep1K,ll.aTb, qTo Th.n11J1eii BIIJiarttyro 

IlO,D.OllieJI K 0TKpbITl110 3aKOHa HHepu,HH. 

IJpHM€"'-I8.'I'€JJbHhl Upe,JlCT8.BJI€HH.H r a.11.11.Jle.H 0 IIpl.PIHHax, CB.H3bIBaIOUJ)1X 

OT,ll.eJibHbi e q acr11u,h1 B Teno. TaK, B «Bece,uax o MaTeMaTH"t.JecKHX /T,O

Ka3aTeJibCTBax» np11BO,lJ,.HTC5I TaK11e paccy~eHIUI: « ITO M0€MY MH€HHJO, 

CBH3HOCTb MO)Ke'I' 6b1Tb CBe)J.eIIa K ).1,BYM OCHOBaHIUJM: O,JlHO - 3TO rrpe

CJIOByTaSJ 60.H3Hh nycTOTbl y npMpo)l,hI; B KaqecTBe ,n,pyroro (He cqHTa.H 

AOCTaTOqHott 6oH3Hb nycToT1:>1) np11xo,ll.11TC5I ,uorryc -r11Tb q To-Jrn:6o CBSJ3yro

ll\ee, Bpo)le KJ1€51, 'iTO TTJIOT HO CO€)J.HH.HeT qacr111~bl, 113 KOTOpbIX COCTaB

neHo n:>.Jio.( ... ) TaK KaK K a.>K1.1,oe )J.€HCTB11e .n.on.>KHO HMeTb TOJlbKO O)J.HY 

HCTHHHYIO H SJCHYIO 11p111:-{11Hy, SJ )1(€ He n axo.>1<.y ,lij)yroro CB.H3YIOUlero cpe,u

CTBa, TO He Y,JJ,OBJieTBOpHThCSJ JlM HaM O,JlHOfi ,JJ,e:ti:cTsy10w.e:ti: npH'C.JHHOH -

nyCTOT010, npH3HaB ee ,]lOCTa:ro'tffio:R?)> [41 , c . 66J. 113 ,uaHHOI'O BblCKa3bl

BaHHH BH)l.HO, qTQ ra.1111Jl€R 6blJI H aCTOJibKO ,JJ,aJI€K OT rrpH3H a Hl151 HOBOR 

cPH3H'ieCKO:ti: KaTerop1111 Cl1Jlbl ( IlOJI.H rrepeHOC"'--111Ka B38.l:IM0)1;€RCTB11H)' 't-ITO 

H3 ,n;syx H83BaHHbIX B03MO)f(H0CTeR Bb16pan apHCTOTeJI€BCKl1H rrpHHW·m 

~IIpHpOAa 6oHTC5J rrycTOTbI» . BH)l.HMo, 11cxo,ll,H 11:3 CTJ)eMJJeHH.H orrepeTbCSI Ha 

MeHbmee "t.J11CJIO IIOHSJT HM, rarrnJieR IIOilbJTaTIC51 OIIHcaTh B3al1MO)J.€tiCTBl1.R, 

OI'paHl:It{.H.BlirHCb IIOHSJT11.HM 11 rrpocTpaHCTBa, 3 aIIOJIHeHHoro MaTep11:ett, H nyc

TOTbI. 

0rMeTHM 'IBJOKC ero IIO,]lXO)J. K rrpou,e,nype COCTaBJI€HH51 KOHeqHQI'O TeJl a 

H3 6eCKOH€"t.JHOro MH0)1(€CTBa H€,]l€JIHMblX qaCTeH, He 11M€IOI.IJ,HX p a3Mepa. 

3~eCb r 8JIBJI€H Oilpe,]l€JUleT TIOH.RTl1€ p 83Mepa 113 CYMM11poBa HHSI 6eCKO

HeqHOI'O tJl1CJia TO'i€tffibl:X ofrbeKTOB, T. e . BblBO,JlHT KOH e "t.JHOCTb 11:3 csoeii 

np<>TIIBOIIOJIO)f{HOCTH - - 6ecKoHe"t.JHOCTH. H a 3ToT He,uocTaToK a npe,u.cmane-
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Hl151X y '-1e tt01·0 o6pam;airn BH11MaHHe MHorn:e 11ccJie,n;osaTeJn1 ero ttayqtto r o 

H acne)l)'IB. 

1. 4. MeTa<}>II31:PieCKHe nap3)J)frl\1h1 XVII B. 

B MeTacpM3MKe c}:>H3MKM XVII B. cne,uyer Bb1,n;eJIMTb qeTbipe OCHOBH bre 

lliKOJlbl: P. ,ll,eKapTa, r. Jie:H6mru.a, x. rronrettca M IL HblOTOIIa, TIOJIO)KJ1B

m He Haqa.110 11ccne,n;01~aHIDIM B paMKax qeTbrpex pa3JI11qHbIX MeTac}:>H3H

qecKHX napa~rM (p83HblX Bl1,1l;OB «MeTacpH3HKH» ): MOHl1CT11qecKott (,ll,e

KapTa ) , ,LJ,BYX ,n:yaJil1CTH-.:1eCKHX (Jie ii6HHIJ;a H rrotirettca) H TpHaJ111CTHqecKOR 

(Hh10T011a) . Tp11 nepBbie cooTBCTCTBYJOT n pe,n;cTasJieHHbIM Bo Bse,n;eHHM 

TpeM MHpDilOHMMaHIDIM: MeTaqn13 MKa ,lJ,eKapTa - reoMeTp11'1I€CKOMY MHpo

IlOHHMaHHJO, ,n:yaJIHCTHqeCK851 MeTacpH3HKa r. J1eif6Hm~a - pelliUJ,110HHOMY 

MHp0IlOHl1MaHHJO, TOr,n;a KaK M€T8,¢H3HKa X . rronreHCa 38J10>Kl1Jla OCHOBbT 

TeopeTHKO-IIoJieBoro MHpOilOHHMaHM5I. MeTacPH3HKa :>Ke H b 10Totta nocTpo

etta Ha TPMaJIHCTHTiecKoti napa;t.11rMe, BilHTaBmeiI B c e65J )1.0CTM>KeHlffi Tpex 

,rr,pyrHX q>M311'-I€CKHX lllKOJl XVII B. 

1.4.1. Ilpupo,n;a KaK npoT1DKeHHa.SI cy6cTaHI~lfSI 

(no ,ll;eKapTy) 

PeHe ,LI;eKapT (1596-1650) c¢opMyn11poBaJI B paMKax MexaHHCTH

q ecKHX npe,D,C'raBJle1111tt IJ;eJIOCTHYIO MOHl1CT11qecKy10 CHCTeMy ecTeCTB03Ha

HH.H, OilHPaJOutYlOC.H Ha OJJ.HY KaTerOpMIO, OT'"laCTH COOTBeTCTBy1om.y10 MO

HOTeH3MY XpHCTHaHCKOI'O .nyxoBHoro HaLiaJra. I(eHTpa.TlbHblM I IOJJO>KeHHeM 

HaTyp¢11.nocoqrnH ,l.J.e1<apTa .HBJl51'€TC5J npOH3Be,n;eHHoe MM OTO)J(,[1;€CTBJieHHe 

MaTep111111 npoCTpaHCTBa. « IlpocTpaHCTBO HJIH BHyTpeHHee M€CTO, - TIHl.UeT 

OH .B «Haqanax ¢11noco¢m1», - ( .•• ) pa3Hl1TC5J OT TeJieCHOtt cy6CTaHIJ,11H, 

3aKJ11Ql.1€HHOM B 3TOM npDCTpattCTBe, Jll1Illb B Hau.IeM Mbl lllJleHl111. l1,n;ettcTBR

TeJibHO, rrpOT51'>K€IIl1€ B )l;JlMHy, uu1.pm1y M rJiy611Hy, COCTaB.i'I.HJOmec npocTpaH

CTBO. coc·1'aBJrnc'T 11 Teno. ( ... ) PaccMaTp1rna51 ( ... ) KaMeHb, MhJ o6ttapy:>KHM, 

qTo MCTHHHa51 H)l,e.H, KaKyro MbI 0 H€M 11Me€M, COCTOHT B O)l.HOM TOM, qTO 

Mbl arq€'J.'JU1BO Bl1,IDIM B HeM cy6cnu-1u,HJO, npoT.H>KeHHyIO B )l,JIHHy, lliHPMHY 

u rny611Hy; TO )Ke caMoe co)J.ep)KHTC51 11 B H arnett H)J,ee o npocTpaHCTBe, np11-

T.IeM He TOJlbKO 0 n pocTpaHCTBe, 38.IJOJIHeHIIOM TeJiaMH, HO 11 0 npOCTpaHCTBe, 

KOTOpoe HMeHyeTC.H ,,nycTbIM")> [41, c. 124). 
PaccM0Tp11M, KaK BhirJIB,D,eJ111 B y '-reHHH ,IJ,cKapTa TPH MeTaqm311qecK11e 

KaTeropHM xx B. 

Ilaq11ttasi c ,11.eKapra, Mamepu.ti M3 6 ecc}:>op MCHHoro cy6cTpaTa CTa.11a 

TeJlOM. 9To 6bIJI cyrn,ecTB€HHblti BKJia,n; B ¢ opMMpoBaHH€ KaTerop1111 q acTHI.J., 

XOT.H Ma:repM51 uo-npe:>KHeMy OTO:>K)l,eCTl>JIBJi aCb y Hero c npocTpaHCTBOM 

H npHpO,D,Ott. <.<TI01~ 11p11po,D,o.H, - IlMCaJI ,11.eKapT, - 51' OTHlO,n;h He no,n,pa.3y

MeBaIO KaKo.R-ttH6y,LI,h 6or11H11 HJIH Ka.Ko:H-HH6y,n;h ,D,Pyrott ooo6p a>KaeMo.H 
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CHJibl, a IIOJib3YIOCb 3THM CJIOBOM ,ilJUi 00o3HaqeHH.H caMOH MaTepHH:S> [41, 
c. 126- 128]. 

,ll.eKapT ¢aKTMqecKH c¢opMyJI11posan 3aKOH l1Hepq11H ( nepBblM 3aKOH 

HhJOTOHa): «BcaKaH seu~b ( ... ) npo,n;oJDKae-r no B03MO)KHOCTH rrpe6brnaTb 

B O)J.HOM H TOM :>Ke COCTO.HHHH H l13MCH.HCT ero He l1Ha-cie, KaK OT BCTpeq11 

c ~yrm.111. 0Tc10,n;a 'AOJI:>KHO 3aKJIIOqHTh, '-ITO TeJIO, pa3 HaqaB ,Ll;BH1'3:l'bC51, 

npo,u.oJDKaeT 3TO 'ABH:>KeHHe H HHKOr'Aa caMa co6010 He OCTaHaBJIHBaeTCB» 

(41, c. 129). 
0,IJ.HaKo y ,ILeKapTa ocTaJIHCh ern.e PYAHMeHThI cTapbIX rrpe)J,CTaBJiett11.H 

0 pa3JIHq1111 COCTO.HHHH IIOKO.H H ,Ll;BH)KeHH.H TeJI. 9To BH,n;HO H3 Toro, '-ITO OH 

cqn'IBJI Heo6xo)J,HMblM c IIOMOW.LIO CBoero BToporo 3aKOHa npHpO)J,bI ( 0 np.H

MOJUIHeRHOCTH )J,BH)KeHH.H no HHePLWH) BBeCTl1 cnen;MaJibHbie rapaHT IUi Ta

KOro ,ll.BM)KCH1u1: «l1p11qmia 3Toro 3aKoHa Ta >Ke, qTo H upe,Lf,.bIAYrn.ero. Otta 

3aKJIJoqaerc.H s TOM, '-lTO Bor ae3b16neM H qTo OH npocTeiiIIIHM ,n;eiicTB11eM 

coxparurnT ,n;BH)Kettlie MaTep.H.11: Ott coxpatt.HeT ero TO'l{HO TaKMM, KaKoBo 

OHO B ,ll.aHHbIH MOMeHT, 6e30THOCHTeJihHO K ToMy, KaKHM OHO MOr.rro 6bITb 

HeCKOJlbKO paHee» (41, c. 129). 
,11.eKapT BBeJI .n,se npocTpaHCTBeHHhie cy6cTaHn;HH: MaTepm~JibHYIO H rzy

XOBHyIO. Ilepsa51 113 tt11x .HBJmnacb nponDKeHttoii, T. e. To:M, KoTopyro, co6-

CTBeHHO roBopsi, M npMH5JTO noHMMaTb KaK TeJio. Ho y Hero 6hIJia 11 BTopaH 

cy6craHu,lf.H - )J,yXOBHaSI' KOTOpa51 OTBeTCTBeHHa 3a nepeMern.eHHe nepsoli 

cy6cTaHJ.UIJ1 - TeJl. TaKHM o6pa30M, y ,IJ.eKapTa, KaK 11 y ran11Jle.H, HeT 

OT,ll,eJibHOR KaTeropMH Cl1JibI KaK rrpoo6pa3a KaTeropHH IIOJle:M- nepeHOC'IHKOB 

B38.Ji1-10,ll.ei1CTBHM. Bee ¢n311qecKHe IIOH.HTH.H: npocrpaHCTBa, Te.rra· H rrpn

qHHbI H3MeHeHH.H IIOJIO:>KeHH.H Te.JI - ,ILcKapT Ilb1Ta.JIC5J ofrb.HCHMTb npM HO

MO~ Jlfilllh 0,Ll;HOH KaTeropMH, o,JJ,HaKo pa3)J,CJI€IIHOii Ha ,n;Be qacTM. 

,11.eKapT IIOHHMaJI MaTeMaTHKY KaK cyry6o HIITeJIJieKTYa.JibHYIO .n;ncu;11-

nmmy, JIHlllCIIIIYIO KaKoii-JIH6o caMOCTO.HTeJibHOH pea.JibHOCTH, H rrpeBblille 

BCero OH ~eHHJI a nre6py, KOTOpoH OH CTp€MHJIC.H yrro,n;OOHTb apH¢MeTHKY 

H reOMe'l'pl1IO. 

MottucT11qecKa.a nporpaMMa ,IJ.eKapTa oKa3ana 6o.rrhllloe BJI11.HHHe Ha 

nOCJie,nyroru;ee pa3Bl1Tl1e cPH3liKH, B qaC'rHOCT11 HM€HHO B ee pycJie 6bIJia 

C03Aatta 06u1,aH Teop1rn OTHOCHTeJihHOCTIL Anh6epT 9HHIIITeiiH, atta.JIH3H

pyx )l,OBO,LJ,bl H B3rJl5J)J,hl ,IT,eKapTa, rrp111IIe.JI K BbIBO)J,y, qro «o6w.a.a TeopH.H 

OTHOCMTeJlbHOC'l'l1 UO,Ll;TBep>K,n;aer see )Ke KOHn;errn;HIO ,ll.eKapTa, XOT.H H ,npy

I'HM nyreM. ,ll,eKapTa npHBe.no K ero y,n;HBHTeJibHO rrpHBJieKaTeJibHOH ToqKe 

3pemrn: C03HaHMe Toro, ~lTO 6e3 HacTO~TeJJhHOM Heo6xo,n;11MOCTH He C.IIC,IzyCT 

npHrr11cb1BaTb pea.nbHOCTh se~aM, IIOAOOHhIM rrpocTpaHCTBy, KOTOpb1e He 

~onycKa:l.OT ,,rrp5'1MOR npoaepKH Ha OIIhITe"» (203, c . 7 45]. 
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1.4.2. MeTa<}>ll3HKa Jieii6mID;a 

(J}HJiococp:mI roTQ:>p:u,z:i;a B:nJihreJILMa .Jleii6H:uu;a (1646- 1716), 
npe,n;c-raBJUllOIIJ;ruI co6oii: CBoeo6pa3Hhltt C11RTe3 11.n.ett aHTl.P.IHOCTl1, rJiaBHbIM 

o6pa3oM c11creMhI Ap11c TOTeJIR 11 ecTeCTBettttottayqHhIX rrpe.n.cTaanett11'M ero 

BpeMeHH, c ¢opM11poaa.i1ach B rroneM11Ke c no311u.11ei1 P. ,Ll;eKap:.ra 11 ero coBpe

MeHHHKa 11. HhI-OTOHa. B OTJIH~111e oT HHx, Jleii6tt11u; ou11chrnan ¢113w-iecKy10 

peaJTbHOCTb Ha OCHOBe ,UBYX KaTerop.11i1 (Haqan), H3 KOTOpbIX o,uHa .HBJ15leTC5l 

caoeo6p83HbIM o6'he,LI,HHeHHeM Ka:rerop11:H qaC'nn..i; ( MaTep11.11) 11 upocTpaH

c-raa-apeMeH11 ( rrpocTpattcTBa H BpeMeH11), a ,JJJ>yraH - o6'be.n.11ttett11eM KaT e

ropHu qacTHU. c KaTerop11e'M noneii nepettocq11KoB B3al1Mo.n.e'McT.Fnrfl. B XX B. 

3TOM rrapa,LI,HrMe 6y.n.eT COO'I'BeTCTBOBaTb Teop115I np.HMoro Me.JK'IaCTHqttoro 

B3aHMO,ll,eMCTBH5f (J>oKKepa- <l>e:HHMaHa. 

PaccMOTpHM KJII-Ol:feBble ¢11311qecKHe KaTerop11H B c11cTeMe B3rJI.H,LI,OB 

J1eii6ttMIJ:a. 

Mamepu.R (Tena, BerqM), cornacHo MeTa¢.1131p1ecKHM rrpe,LI,craBJieHH.HM 

J1eii6H.11rra, HMeeT ,LI,BoiicrBeHHYI-O 11p.11po.n.y: naccueny10 .11 m~mueny10. IIac

CHBHa.H 11p.11po.n.a MO)KeT 6b1Tb cooTHecetta c o6o6ru;ettHott KaTerop.11eii, o6'b

e,LI,MID110meii qacTHUbl H rrpocTpaHCTBO ( H BpeM.H)' a aKTHBHa.H rrpHpo.n.a 

c o6o6ru;eHHoii Karerop11eii, o6'be,LI,HH.HJO:w;e:M: qacT.11u;b1 H rroJI.H nepeHocq.11KoB 

B3aHMO,LI,ettcTBHH. 

0 rracCHBttoii rrpHpo.n.e MaTep11H Jleii6HHIJ, ITHCan: «MaTep11.n, B3}-l'l'a51 

B ce6e, T. e . rona.H, o6p83yeTC.H qepe3 aHTHTHn.1110 H rrpoT.H>KeHHOCTh. Att

THTH11.11ett .H Ha3b1Ba10 TOT aTp.116yT, qepe3 KOTOpblfi MaTcpu~ HaXO)J,.HTC.H 

B npocTpattCTBe, T. e. Henpepb!BHO€ pac11pocTpatteHH€ 110 MeCTy. l1 BOT, Kor.n.a 

aHTMTHJJ.H51 HerrpephlBHO paCXO)l,HTC5J 11JIH paCT.Hrl1BaeTC51 no MecTy H HH'-lero 

)~pyroro He npe.n.no.naraeTC.H, B03HHKaeT MaTepH.H caMa no ce6e, 11Jn1 ro;1a.H. 

Mo.n.HcPHKar~RH: 11;111 113Mett51eMOCTh attTHTHrrH11 cocToHT B H3Mett5JeMOCTl1 

MeCTa. l\10.n.11¢11Kau;11.H npOT.H)KeHHOCTH COCTOHT B H3M€HHeMOCTH Be.n11q11Hbl 

11 cPHryphl. 0TCIO,Ua oqeBH)l,HO, T.JTO MaTepH.H eCTb HeqTO qlfCTO rracCHBHOe, 

1160 ee aTpn6yTbl H Jil'X BH,Tf.OH3MeHeHH5J He co.n.ep:>KaT B ce6e HHKaKoro 

.n.ettcTBH.H. l1 JJOCKOJlbKY B ,Il,BliDKeHHH Mbl paCCMaTp.1-rnaeM TOJibKO rrepeMeHy 

MeCTa, Mbl He ycMaTpHBaeM B HeM HWiero, KpOMe l:Jl1Cl'O naCCHBHOT'O» [97' 
c. 383). 

Ilpocmpancmeo u epe..M.R J1eti6HHu; He cqHTaJI caMOCTO.HTeJThHbIMH KaTe

ropH.5IMH, He 3aBHC.HIIJ;HMH OT MaTep.1111, KaK 3TO 6b1JI0 y HbIOTOHa. Ott 110.rra

ran, l:ITO 6e3 TeJI He 6b1JI0 6b1 H rrpocTpaHCTBa, H BpeMeHH. Ero noHHMaHHe 

HX cymttoCTH oTpa)Ketto B rroneMHKe c C. K.rrapKoM: « ... CcbIJiaI-OTC~ Ha rrpH

Mcp, KOTOphifi BCTpeqaeTC~ KaK p83 B O,LI,HOM H3 MOHX )l,OK83aTeJlbCTB npoTHB 

pea.11/bno20 a6co.11.101nno20 npocmpaHcm1ea, 3Toro n,rr,ona HeKoTopbIX coBpe

MCHHhix attrJm"t:mH (3.D,€Ch, B qacTHOCTH, rro.n.pa3yMeBaeTc~ M. HhJOToH, -

10. B.) . .5I roBopro 3,LI,eCh o6 11).1,oJie He B 6oroCJioBCKOM, a B cp11noco¢cKoM 

CMhICJie. ( ... ) .5I HCo,LI,HoKpaTtto no.n.qepK11Ba.n, qTo cq11Ta10 npocmpancm,eo, 
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'f8.K :>Ke KaK H BpeM.H, qeM-TO qHCTO OTHOCHTeJlbHhIM: npocTpaHCTBO - no

pRihcO.M cocyw,ecmeoeanuR, a BpeMH nop.Rihw.M noc.;ieiJoearne.11,'bttocmeu. ( ... ) 

)J,Jrn onpoaep)l{eHM.H MH€Hl1.H TeX, K<Yl'OpbJe CT.IJfTalOT npocTpaHCTBO cy6cTaH-

1.V'leH HJI.H ITO KpaiiHeH Mepe KaKOH-TO a6COJIJOTHOH cy~OCThlO, y MeHSl 

HMeerC51HecKOJibKO 1'0K83aT€JlbCTB » [97, c. 441) . Ile 6y)l,eM 3,LI,eCb ocTaHaBJIH

BaTbC51 Ha mo6onbITHbIX ,rr,oBO,rr,ax Jlet1:6HH11,a, KOTOpbre HecyT Ha ce6e n eqaTh 

rott 3noxu. B ,n,pyroM MecTe OH n11cB.J1 Ha 3TY )l{e TeMy: «r-H Hb10TOH KpoMe 

MaTepMM ,n,onycKaer nycToe npocTpaHCTBO, 11, n o ero MtteHHJO, MaTepIDI 

3aHMMaeT JIHUJb MaJiyro qacTb rrpocTpaHCTBa. 01'HaKo ,LI:eMOKpMT 11 9n11Kyp 

}'TBep.:>K,ll;aJIH TO .>Ke caMoe, HeMHOrJfM oTJI11qaHch np113TOM OT r - Ha HbJOTOtta, 

n, no HX MH€HMJO, IlO)l{aJiy:H, MaTep1111 B MMpe 60Jibllle, ""IeM no I-lblOTOHy. ( ... ) 

Hap.H,Zzy c ,upyr11M11 coo6pa)l{eHM51Ml1 .H npM,LI.ep)l{HBaIOCb ·roro MHeH.HX, T.JTO 

nycroro COBCeM HeT» [97, c. 434]. 
B CBH3H c noHHMaH11eM Jleii6HHI~eM cyT11 upocTpaHCTBa cne,uyeT CK8.3aTb 

Ho e1'0 OTHOilleHH11 K reoMeTp1111, oco6ett tto K aKCHOMaT11Ke reoMeTp1111. Ott 

He 6bur y,n.oBJieTBopeH aKCHoMaTMKOR EBKJI11)l.a, c qMTa5J c¢opMyn11poBaHHh1e 

HM aKCMOMbl BTOPM""IHblMl1 H3-3a Toro, 'qTO OHM OnHpaIOTCJl He TOJibKO Ha 

pa3yM, HO 11 Ha B006pa)Kett11e: «.H ,ll,aBHO y)l{e 3a5IBJI51JI, 'ITO 6hIJIO 6bJ Ba)l{HO 

~OK833.Tb see HaillM BTOp11'liHhie aKCMOMhI, KOTOpblMM o6biqHO TT0Jlb3YIOTCH, 

CBe,IVI J.fX K nepeU'lttt'bl.M,, MJil1 Henocpe,LI,CTB€HHhIM, M He,ll,O.Ka3Y€MbIM aKCMO

MaM, npe,n,cTa.BJIHIOI.qH.M TO, q To 51 ( ... ) H33BaJI mo:J1CiJecmeetttt'bt.MU IlOJIO)Ke

HHHJ.\ill1. ( ... ) .H y6e)K,ll.eH, 't.J'I'O ,D;JIH ycoBeprneH CTBOBaHIDI HayK ,ll,a)f(e Heo6-

XO,ll,HMO ,ll,OKa.3bIBaTb HeKOTOphie npeJlrl!O)l{€Hl1.H, H8.3bIBaeMhie aKC110MaMH» 

(~T. HO (41, C. 265)). 
Oco6o cne,L1,yer Bhl,ZJ,eJIMTh OTHomeH11e Jlett6HHIJ.a K nHTOMY nocTyJiaTy 

EBKm1,n,a o rrapa.1u1eJihHhIX JIHHH.Hx: «EBKJIM,LI, OTHec K qffcny aKcHOM nono

:>1<em1e, qTQ ,II.Be rrp51Mhle MoryT u epeceqhC51 JIHIIIb o,n;11tt p33. Boo6prut<ett11e, 

OIDipaIOID,eecsl Ha qyscTB€HHblH OflbIT, n e Il03BOJIBeT HaM npe,ll,CTaBJ.1Tb 6onee 

O,!J,HOro nepece(t€Hl1.H ,ll,BYX npHMbIX; no HC Ha 3TOM c11e.nyeT CTp011Tb ttayKy, 

H ecJrn KTO-mIDy)l.b AYMaeT, {,ITO B006pa)KeH11e ,Ll,aeT CB.H3b 0T'q€TJIMBbIX 11,n;eii, 

TO 3TO IlOKa3hIBaeT, q'J'0 OH He,n;ocTaToqno OCB€,lJ,OMJI€H OTIIOCHTeJibHO HC

TO'IHI1Ka HCTMH, 11 M HO)f(eCTBO Ilpe,ll,J10 )1(€H11H, ,..TJ,OK83hIBaeMbJX uocpe,ll,CTBOM 

AJ>yn1x, npe,LI,II.IeCTBYJO~x MM npe,n,Jio.>KeHMH, ,LI,OJI)l{HhI 11M cqwraTbC51 neno

cpe,n.t'TBeHHbIMM~ [41, c. 265). 9TH CJiosa OKa3aJIMCb npopoqecKHMM. CnycTx 

cro c JI11UIHHM neT B. P11Ma HoM 6bma o T KphITa c¢ep11qecKaH re0Merp1151 

(reoMeT{).H51 ITOCT051HHOH noJIO)K}ITeJibHOH KpHBM3HbI), B KOTOpofi )J.B€ KpaT

'laitnrne Jr.1IB1ur o6R3aTeJlbHO nepeccKaJOTCJl .naa)l{,ll,bI. 

Bsau.MoiJeilcmeUR (a?Cmuett(],.f(, npupoaa Marnepuu). KaK rr11caJI Jle:R6H111~, 
«HeOOXO,IJ)1MO ,nonycTHTb HeqTo IIOMHMO MaTepHH, 'ITO 6bTJlO 6bI HaqaJIOM 

KaK BOCnpmlTMH, T. e. )J.eHCTBl151 BHyTpeHHero, TaK 11 ,lIBM.>K€HH5I , T. e. ,n,ei1:

CTBH51 BHeillHero. TaKoe HaqaJio MhI H83brnaeM cy6cTaHI.J)'laJihtthIM, TaK)l{e 

nepBHlIHOii CM.iloii. rrepBott 3H'reJieXJ.fei!, O)l.Hl1M CJIOBOM, ,llylllOR (anima). 

~ Ha't_IaJIO, 6y,ll.y'il1 aKTMBHblM, B coqeTaHMM c naCCHBHbIM COCTaBJIHeT 



rrOJitty10 cy6cTam.vuo. Qqesl1,ll,Ho, TITO o H o Ha·qaJio Henpo·r5DKeHHoe, 1111a-q e 

OHO CO,lI,ep.>Ka.JlO 6hL B ce6e MaTepHaJibHOCTh npoTl1B H awero rrpe,n.nOJiillK€HHH, 

116o MbI Il0K838Jil1, l.JTO OHO rrp e)J,CTaBJis:JeT co6oii HeqTo np11Bxo,n,m.u.ee B /J..O

IIOJIHeH11e K MaTep1111. lh'aK, ,n.yrua - 3To H eY:TO cy6cTa~HaJihHoe M rrpocroe, 

He HMCJOru;ee 't.faCTeH, BHeIJOJIO.>KeHHbfX O)I.Ha )1,pYI'OH» (97, c. 384). 
Jieu6ttm\ uonar a11, qTo )J,Be np11po.n.br MaTep11n Bcer,n;a np11cyrcTsy10·.r 

CJmTHo: <~ ... ,L1,,ym11 B OT)l.€JihHOCTH ar Ten B rrp11po)J,e tte cyu~eCTBYIOT; TaK 

KaK OHM nepBOHa"iaJibHhie 3HT€J1€XH11 , T. e. 'tiHCTO aKTHBHhI, ·ro Hy.>K/I,aIOTCH 

B HeKOTOpoM naCCHBHOM HaTiaJie, KOTopoe 61>1 M.X ,D,OilOJIHHJIO» (97, c. 385). 
B To poe ( aKTHBHoe) HaTiaJTO B ecrecTBeHHOHay't.rno:H Kap T HHe Mwpa 

Jieii6H11u;a Hrpa..rro l.Jp€3BhP·laHHO Ba)KHYIO pOJih: «XOT.Si T.H.>K€CTb 11 CH Jla 

ynpyrocT11 MoryT 11 )J,OJI)KHhl OO'b.HCH.HThC.H R::J ,LJ;BlUKett11.H 3¢11pa, OJI.HaKO no
cne,uH.H.H IlPHTIHHa (rati o) /J.BH)KeHH.H MaTep1111 eCTb CHJia, npH)J,aHHa.H e:H: up11 

caMOM ce co3,n,att1111, KOTOpa.H np11cyw.a Ka.>K)l,OMY ·.re.n:y, HO orpaHHT.JHBaeTC.H 

11 c,n;ep)KJ1Ba€TC5J B np11po,n;e caMbIMH p 83H006p83H blMH CTOJIKHOBeHH5IMl1 TeJI 

Me*AY co6ott. I1 si yTsep>K,n;a10, T.JTo a Ta crroco6HoCTh ,u,ei1cTs oaaTh rrpttcyrn;a 

BC5JKOM cy6 cTaHilHM M. 113 Hee RCe1.,n;a rropmK,n,aerc.H KaKoe-TO ,D,BH.>KeHHC» 

(l~HT. ITO r41, C. 246)). 
Ba)KtthIM MOMeHTOM B ¢11noco¢1111 Jieu6tt11u;a .HBJI5ieTC.H ero TpaKTOBKa 

IIOH.HTHM ( caMHX K aTer o p11ii) D ,z:i;yxe p e,n;yKu;MoHH3Ma, T. e. qepe3 H€KOTO

pbie KOH CTpyKr\1111, cocTaBJ1eHHbie 1u 6onee 3J1eMeHTaptthIX 1IOH.HTHA. 9ro, 
llp€)I(Jl,€ sccro, OTHOCHJI OCh K IlOHHMaHl110 Jiei16Hl11..t;CM reoMeTpllH, HU B 3H a 

qwreJibHO:ti C'l'errettH 11 K onp e,n;eJ1€HHIO tta6JIIO).J,aeMo :H MaTepHM. 3,u,ecb MO.>KHO 

YCMOTpeTb Ha•~iaJIO TaK H 83brnaeMoro HbIHe MaKpOCKOIJHT.{€CKOI'O Il0)1,XO/\a 

K rrpMpo,n,e KJiacCJ1"t.1€CKOro rrpocrpaHCTBa-Bp€MCIHI. H Bce:H KJJaccnqeCKOH 

¢H3HKH. 3a6er ruI srrcpe,n., 3a.M€Tl1M, ~ITo, c I103Hl\l1H MaKpOCKOflHTieC1<.oro 

IIQD.XO,lla, HpHBhlY:Hhie TIOH.HTHSI reoMeTp11H 11 ¢11311.KH B03HHKaIOT 113 HaJIO

)f{€HHSI orp OMHOI'O q11cna H€KHX c:PaKTOpoB, rrp11cy J.u;HX ¢11311Ke MHKpOMHpa. 

Cornac no Jie:H6H wcy, Bee Tena cocTo.HT 113 Motta,n:. CaM11 )f{e MOHa,Ll.hI , 

B OTJlHT.{He OT TeJI, o6na.n.a10T CBOHCTB8MI1, rrpHHIJ;HIJH8.Ji h HO OTJlHT.JIIblMH OT 

Mexatt11"t.1ecKHx. KaK nHllIC.'T Jle:A:6tt11u;, OHM « 1U:.o63.RC'HU.M/b£ npu'tluna.M?J, .Me

xa'Hu'l1.eC'JC'U.MU, T. e. c noMOUJ.hlO ¢ttryp 11 .LJ.BH)f{eH.11.:ti». II01~po6Hb1:ti nepeqcnh 

l1X CBOMCTB .n.aH B ero «MOHa)1,0.i"IOI'Hl1» l97J. 
Yqett11e .1'1eif6ttHll,a o Mona,n:ax no,n;tt11Maer MHo.>KeCTBO upMtt:u;111n:r.ai1LHO 

tla)KffbIX BOilpOCOB, KOTOpbie C03BYT.{HbI K0Hll,eUTY8JlbHbIM upo6JJeMaM, o6-
cy)f{,D,a.l:Hill1MC$I B xx B. D paMKax MaKpocKOilM'-leCKOro rro,n,xo.n.a K u p11po,D,e 

1<nacctt<J€CKOro rrpoC'rpattcTRa- apeMett11: KaKOBbI cso:ttcTBa nepBHT.JHhIX ¢ aK

Topon MHKpoM11pa? KaKHM o6pa30M n ep B 11T.JIIb 1e ¢aKTOpbI ( MOHC\11,ht) cK.na

Jl.hIBaIO'rcrr? KaK11M o6pa30M 113 cRoifcTB u eps11qHhIX ¢aKTopoa B03HHKaroT 

o6ru;enpttHSITble IIOH5ITH.H KJ1acc11qecKot1 cPl13HKH 11 I'€OMCTp1111? 0 '-leBH)l;IIO, 

lf'I'O B paMKax ecreCTBeHHOHayqHhl X Ilp€)J,CTaBJieH11:H TOI'O Bp€MCHl1 H eB03-

.MO)KH0 6bIJIO 0TBeTI1Th ua 3TH BOTipOCbl HcqepITbIBaIOUll1M o6p830M, II03TOMY 

paccy)K,ll.emrn JleH:6ttHl\8 HOC.HT rropoi1 rrpoT11BOpeT.Jl1BbIH xapaKTep , l.JTO OT-

, 
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MeT.JaJIOCb MHor11M11 HCCJie)J,oBaTeJI.HMM ero Hac.ne)l;lrn. HanpMM~p, Bbl3hIBaJio 

H~oyMeHHe TIOJJO:>KeHHe 0 B03HMKHOBeHHH CBOt.iCTB HenpepbrBHOCTH y Ma

Tepl18JlbHbIX Te.JI, ec.,"IH o6pa3y10w;11e HX MOHa)J,bl COCTaBJI SHOT .LJ.HCKpeTHOe 

MHO:>Ke(,TBo. 0,u,HaKO caM ¢aKT nocTaHoBKH yKa3aHH hix npo6JieM secbMa 

npHMeT.JaTeJieH. 

1.4.3. HaTyp<f>11noco<f>IDI froiirenca 

B ¢yn,u,aM€HT YTieHHSI XpHCTHaHa rroureHca (1629-1696) 6bIJla no

JIO>Ketta ,npyraH napa MeTaqm311qecKHX KaTerop11i1:: rrpocrpa HcTBO (11 apeMH) 

11 aTOMbI (qacr11~1 ), T. e. e1·0 B3r.JI.H)J,bl 6bIJ1H 6Jll13Klf aHTifqHOH KOH~enn;HH 
aTOMMCTOB. 

B aI'JJl1T.JHe OT illKOJibl ,neKapTa r10fileHC H e OTroK,D,eCTBJifill MaTepHIO 

lI npocrpa HCTBO. Mamepu.n ('l(,(J,cmuu,'bt), no r10AreHcy, COCTOHT 113 Hep83py

lllMMhIX, 6ecKoHeT.JHO Taep,u,r,1x aToMOB. B CBoeM nHCbMe Jleif6Hmzy OH c.rre

.llYIOIWIM o6pa30M nOHCHHJI CBOlO Il0311l~MIO: «0CHOBaHHe, no6y,u,HBIIIee M€HH 

npe,zI.I10Jl0)KJ1Tb He p a3pynIHMbie aTOMbI, COCTOHT B TOM, qTo SI, KaK H Bbl, 

l'OCilO,II,illI Jlei1:6HH1~, He Mory cor.rraCHTbC.Sl c KaPTe3Ha HCKHM IlpHHilllIIOM~ "'"ITO 

cyu.r_nOCTb Te.JI COCTOHT TOJibKO B npOTR>KeH.1111. ,n.rr.H Toro qTOObl Te.rra MOI'JIH 

coxpamlTb CBOIO ¢opMy H npH )J,BH:>Ke Hl1H OKa3hIBaTb .npyr )JJ>yry conpoTHB-

11eHHe, SI CKOpee C'IlITalO Heo6XO,IJ,HMblM IIpHIIHCaTb MM mmpoHHt~aeMOCTb 

H conpcr.r11BJieH11e mo6oMy p a3,n,eJieHHIO HX qacTe:tt. Cne,n.yeT ,.lJ.OnycTHTb, qTo 

31'0 conpoTHBJ1€HMe 6ecKOH€TIHO BeJIHKQ)> (u;MT. no (41, c. 191)). 
On·ucanue npupoa'bt caema (e3aUMoaeucmeuJt) B ttaTyp¢11J1oco¢1111 (Me

Ta.<P113111<e) r10fil'eHCa npe,u,craBJIHeT OC06hI:ti l1HTepec. roaop.H 0 pacnpO

CTpaHeHMH CBeTa c T.JHCTO aTOMHCT11qecK11x fl03Hl~HH, OH CT.{HTaJI, qTo HMe

IOTC51 aTOMhI Jl.BYX copTOB. Hap.HA)' c 6onee MaccHBHhIMli aT0MaM11, COCTaB

JIIDOI.I.U1M" Tena H APYryro ocsr3aeMyJO Marep1110, HMeIOTC.H 60.rree TOHKHe 

aTOMbI, COCTaBJI.HlOUV1e 3¢11p - cpe,izy, 3anoJIHHlO:azyJO rrpocTpaHCTBO Me)J()l;y 

reJ1aM11. B03)1.eikTBH.H oT aTOMOB TeJI nepe,n.aIOTC.H aToMaM 3¢11pa, Ko.rre6a

mu1 KCYI'OpbIX pacnpOCTpaH.HIOTC.H OT O)J,Horo Tena K )JJ>yroMy 11 BocnpHHH

MalOTCSi rJia30M "tleJIOBeKa KaK CBeTOBhie HBJieHltll. «.nsH)f{eH11e, coo6u~aeMoe 
cy~ecwy ( .•• ) , p acnpocTp a tt.HeTC.H TaK :>Ke, KaK H rrp11 3ByKe, c¢ep11qe

CKRMM )J,BH)KeHHHMM 11 BOJIHaMH: .H Ha3hIBalO 3TH noBepXHOCTH OOJIHaMH 

no CXO)l;CTBY c BOJIHaMl1, KOTOpbie MQ)KHO Ha6.rrro,u,aTb na ao,n.e, B KOTOpylO 

6pomeH KaMeHb, 11 KOTOpble H306pa)KaIOT co6o:tt YKa3aHHoe TIOCTeneHRoe 

pacnpocrpaHeH11e KpyraMH, XOTH OHO 11 npo11CXO)J,HT no ,n.pyro:.n npH"tIHHe 

H B nnocKoH: nonepxHOCTH» [41, c. 197). KaK OTMeT.JaJIOCb BO Bae,u,eHl111, TaKoii 

IlOIQCO,IJ. COOTBeTCTByeT HMeHHO TeOpeTHKO-no.rreBOMY MHpollOHHMaHMIO. 

8 QTJIMqHe OT HbJOTOHa rro.HreHC H e npH3HaB8JI a6coJIIOTHoe npocTpaH

CTBO, a cq11T8JI ero q11cTo OTHOCHTeJibHbIM. 9 TO ero y6e)K)J,eHHe OTIHpaJIOCb 

Ha Ilpt;!J.C'I'aBJieHHe 0 6ec KOHeqHoM upoCTpaHCTBe, T.{TO, no ero MHeHHIO, 

IlpOTHBOpe'tfilJIO ~onyrn;ett11l0 0 ero a6coJIIOTHOCTH: «B 6ecKOH€T.JHOM npo

crpaHCTBe HM 0 KaKOM TeJie HeJlb351 CKa3aTb, T.{TQ OHO ,.ll.Bl1)f{CTC.H HJIM T.{TO OHO 
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noK011Tc.H. I1TaK, ,n:BH>KeHHe 11 noKoii TOJlhKO OTHOCHTeJibHbI» (41, c. 194). Ott 
ne np113HaBan HblO'I'OHOBCKOii KOHu;enu;irn ,LJ,aJibHO.rr,eiiCTBH)l, BOilJIOIJJ,€HHOii 

B 3aKORe BC€MHpHoro T.fil'OTeRHSI. 

IIa:rypq>HJIOCcxPHH r10T1reRCa 01111pa.Jiacb Ha rrpoqHbin ¢ytt,rr,aMeHT ero 

¢113W1€CKMX p a3pa6oTOK, rnaBHblM o6pa30M, Ha ero TeopeT11qecK11e HCCJie

)J,OBamm rrpou;eccoB coy,rr,apeHMH TBep,Il,bIX TeJr. Ott OTMe~ra.a, qTo «Bonb

IIIHHCTBO IIHCaBlllHX no BOrrpocaM, Kaca101.IJ,HMCH p83HbIX OT)J,€JIOB OilTHKH, 

.rr,oBOJibCTBOBaJIJd.Cb TeM, qTo npocro rrp111111MaTI11 3TH MCTMHbl 3apattee. Ho 

HeKaropb1e, 6onee JII06o3HaTeJibHhie, cTpeMHJIMCb e'btJicttum-o npoucxoa1cae
n·ue ·u npu'ltU'lt'bL :J7nux ucmun, paccMa-rp11BaH 11x caMMX KaK 3aMeqaTeJib

Hhie npo.SIBJiemu1 npHpo,n:hI» [41, c. 196]. OH 6bIJI y6e:>K,IJ,eH, qTo OO'hHCHHTb 

«np011CXO>K,LJ,€HHe 11 IlpHqHHbT 3THX MCTMH» OTITHKM MO:>KHO TOJlbKO Ha 6a3e 

¢0Jioco¢1111. TaK B cBOe:H: KHHre «TpaKTaT o CBeTe» OH n11ca11: « 51 nocTa

paIOCb B 3TOH KHMI'e c ITOMOI.W>FO npMHIJ,HTIOB, rrpmrnThIX B COBpeM€HHOii 

¢0noco¢1111, ,rr,aTb 6onee HCHhie 11 6oJiee npaB,n.orro,rr,o6Hbre OO'h5ICHen11.H, 

BO-nepBbIX, CBO'iiCTBaM rrp.HMO pacrrpocTpaH5IIOm;eroc5I CBeTa, BO-BTOPbIX, 

csoncTaaM CBeTa, OTpIDKarom;eroc5I np11 BcTpeqe c ,n.pyr11M11 TenaMH» (TaM 

>Ke, c. 196]. flp11 3TOM OH TIOJTaI'aTI, t!TO JiICTl1HHaH ¢11noco<}:>11.H 3TO Ta, 

«B K<YrOpoH npHl.{MHY BCeX ecreCTBeHHhlX .HBJieHll:H: IlOCTMraroT rrp11 IIOMom;H 

coo6pa>KeHMH MexaH11qecKOI'O xapaKTepa. Ilo MoeMy MHeHMIO, TaK H cne

,rr,yeT rrocrynaTb, B IlpoTIIBHOM cnyqae npMXO,LJ,HTC.Sl OTKa3aTbC.H OT BC.HKoii 

Ha,r:I,e>K,LJ,bl Kor,n,a-n1160 11 qTO-HH6yJJ,h IIOIIBTb B <}:>H311Ke» [TaM :>Ke, c. 196). 
B XVII B. npoqHo MO>KHo 6b1no onepeThCH JIHIIIb Ha MeXaHHKy. 

1.4.4. «MaTeMaTH'IeCKHe Ha'IaJia HaTypa.JibHOH 
<!luJioco$HH» 

3HaMeHHTb1ii Tpy,rr, HcaaKa HLJOTOHa {1643-1727), Bh1me,rr,lll11ii 

B CBeT B 1687 I'. [1161 , <}:>aKT11qecKH onpe,rr,eJIHJI p83BHTHe ¢H3MKH Ha Ilp<Yr51-

)K€HHH 6onee ,ll.Byx aeKoB. H eKOTophie ,rr,a)f(e yTsep.>K,II.aIOT, qTo ttarr11caH11e 

«MaTeMaTH'tleCKHX Haqa.J} HaTypaJibHOH ¢11.nocoqmH» 6hIJTO o6ycJIOBJieHO 

ero cTpeMJieHHeM pau,110HaTibHbIMH MeTo,rr,aMM )J.OKa3aTb 6bIT11e Bora. Bo BC5I

KOM cnyqae, IlOITblTKa CB5i3aTb HayKy 11 peJIHTHFO (TeOJiomro) ecTeCTBeHHa 

,l).JUI 11:..{eJIOBeKa, KO'l'OphIH 6bIJI He TOJibKO BeJil1KHM yqeHbIM' HO 11 Bl1)~HblM 

TeOJmroM csoero BpeMeHH. Bae,n:.H noH.HTHe a6coJIJOTHoro npocrpaHCTBa KaK 

«qyacTBHJIIDll;a Bora», KoTopoe CBSI3hIBaeT ace TeJia MMpa B e,rr,HHhIH yH11-

BepcyM, HbroTOH pa3pymH.ll HeBH,LJ,HMhIH 6apbep, cym;ecTBOBaBilI11H Me)f(,Liy 

BoroM 11 COTBOpeHHbIM HM MHpoM. 

B CB.H3H c 3THM CJI€'.A)'eT HanoMHHTh BbfCKa3hIBatt11e HbIOToHa o n oHHMa

tt1111 HM a6coJIIOTHOI'O npocrpaHCTBa: «He TaM JIH "[,IYBCTBHJIMm;e >K11BOTHbIX, 

r,rr,e HaxO,LU1TCH qyBCTBl1T€JlbHaH cy6cTaHn;H.H, K KOTOpo'it qepes ttepBbl 11 M03I' 

IlO~BO,l.J,51TCSI OuzyTHMble o6pa3bl Ilpe,LJ,MeTOB TaK, qro OHR MOI'YT 6hITb 3aMe

qeHhl BCJie,LJ,CTB11e H€Il0Cpe)l,CTB€HHOH 6JIH30CTH K 3TOH cy6cTaHII;HH? l1 eCJIH 



;n'H BeIIJ,M CTOJIL rrpaBRJibHO ycTpOeHbl ' He CTaliOBHTCTl JIM HCllblM 113 HBJl€HHtt, 

~1To ecrb 6eC're.necHoe cyru,ecToo, )l(HBOe, pa3yMHOC, BCeMorym,ce, ?Comopoe 

e 6ec100tte'ltttO.M npocmpancmee, ?Ca?C 6u e ceoe.M """yecmeu.1iuv.~e, BH)J.HT Bee 

Bem,H B6JIH3H, upo3peBae:r HX HaCKB03 h H 110HHMaeT H X Bl10JIHe 6Jiaro,n,ap.H 

HX H€110Cp€,LJ,CTBeHHOfi 6JI.H30(,'TM K HeMy» [41, c . 233). 
Hblo Tou BH)J,eJI KaK B npocrpaHCTBe (11 BpeMeHtt), TaK 11 B CHJiax rpaBHTa

~HOHHoro B3aHMo,n,ettcrBH.H HeqTo, He yKJia,11,brna10m,eec.H B paM KH MexaHH'ie

cKHX ( <l>11311qecKHX) B033peHHH ero BpeMeHH H , 6y)l.Y1ill u e B COC'TO.HHHH ,D,aTb 

OTBeT Ha MyqaBIIIHe ero BOnpOCbl , CKJIOH.SIJIC.H K MHCTH'-iCCKHM peJIHI'H03HblM 

pemenIDIM, a Ha caMOM ,n;eJie - K Mera,¢H3H'i€CKOMY peIIIeHHlO, o6'h.SIBHB 

npocrpaHC-'TBO (-BpeM.SI) H CHJibl ( B.'3aHMO,D,ettcTBH.SI) caMOCTOSITeJibHhlMH Ka

Tel'OpH.SIMH. (8TH )Ke BOTipOCbl M~JIH H MHOI'MX ,IJ;pyr11x HCCJie,D,oBaTeJiett 

Ha Ilpo'I'.H)KeHHH noc.rre,nyro!WiX B€KOB BllJlOTb ,n;o HaIIIHX )1.Hett.) 

<DaKTl1"IecKH l1. H1>10TOH noBTop11JI xo,n, 9Mne,n,0KJ1a, Ho He B Bh16ope 

1D1CJia nepBC:)Jl€MeUTOB MaTepHH, a B KOJIH'ieCTBe KJIIOtieBblX ¢113nqeCKHX 

KaTeropIDi. tvfO)KHO CKa3aTh, '-ITO B ecTeCTB03HaHl1Jif xpHCTHaIICKMH 6oroCJIOB 

HblOTOH c,n,eJian umr H83a,rr. OT xp11cr11aHcKoro 1v10HM3Ma ~eKapTa K .SI3bl'1e

CK0My rIOJIHTeH3My. J1cTOpHSI TIOKa3a.11a, 'qTO /J,JI.H Toro BpeMeHH 3TOT mar 

OK83a.TIC51 o:.1pe3Bbiqaj;fHO IlJIO,LJ,OTBOpHbIM. 

I1caaI< H1>10ToH OTOpBaJJ KareropHH npOCTpaHCTBa H BpeMeHH oT KaTero

pHH .Mamepuu, o6'hSIBl1B HX cyrn;ecTBOBaHHe «6 e30TIIOCHTeJihll0 K l:feMy 6bJ TO 

IlH 6hIJIO BHeIIIHeMy», O,II.HaKO npH 3TOM on ¢aKTH"llCCKH y,D,BOl1JJ 3Tl1 KaTef'O

pwH, npH3HaBaSI 3KBHB8JICHTHOCTb OTIIOCHTeJibllhIX npocTpaHCTB, CB.H3aHHblX 

c HHepn;HaJibHblMH Cl1CTCMaMH OTC1ieTaMH, HO TeM He Mettee HaCTaHBasI Ha 

cy~eCTBOBamrn em,e H a6coJTIOTHOI'O npoCTpaHCTBa ( H BpeMeHH). 

IlocJie,n,nee npoTHBope"'lHJio B3r:rrn,n,aM P. ,II,eKapTa. C HhIOTOHOM 6bIJIH 

He COrJiacHbl X. r10ttreHC H r. Jlefl6Hl1IJ,, pe3KO B03pa:>KaBlllH€ npoTHB 3KC

nepHMeHT8.1IbHO He IlO.ll,TBep)K,LI.aeMhIX a6cOJilOTHOro npocrpa HCTBa H a6co

JllOTHOro ,LJ;BH)l(eHH.H. H a noHCKH ,D,Bl1)KeHHSI OTHOCHTCJlhIIO a6coJTIOTHoro 

npocrpaHCTBa 6bIJIO 3aTpa"'le HO MHOrO ycHJIHM cPH3HKOB BO BTOpott IlOJIOBHUe 

XIX B. KaK 113BecTuo, OHR 3aKoH'-IHJIHCb 6e3pe3YJibTaTHO. 

Ha py6e)Ke XIX 11 XX BB. uLIOToHoBy MexattHKy KPHTl1KOBa.TI 8puCT 

Max, npH3hIBas:I nepecMOTpeTb ee ocuoBHbie noJio>KeHH.SI. TcM He MeHee OH 

CliHTaJI, 1iTO npe,n,npHHSITaH HbIOTouoM «pHcKoBairnag nonhITKa OTHecT11 

BClO ,D,HHaMHKY K a6coJilOTHOMy BpeMeuH (H npocTpaHCTBy)» ..HBJllIJiacb Tor,n,a 

«6e3Bpe,n,tto:H». Max, o6pa m,ag BHHMaHHe Ha TO, qTo «3TO B T€1ieHHe JIOJiroro 

epeMeH11 y~KOJib3a.TIO OT cepbe3IIOtt KPHTHKH» ( HMeJIC.H B BH)J.y XIX B.), 

nprobIBaJI nepecMOTpeTb 3TH 11 APyr11e o cHoBaHHH HblOTOHoBOtt MexaHHKH. 

OuM B noHHMaim11 HhIDTOHa eCTh TO, qro H3MeHSieT xapaKTep np.H

MOJIHI1e:MHoro paBHOMepHOI'O ,LJ,BH>K€lll1.SI MaTCpHaJlbHhIX TeJI. M.cTOKH no

IDIT1151 CHJibI MO)KHO o6Hapy)KHTh )')Ke B Tpy,n,ax KenJiepa H ,IJ,pyr11x ero 

npew.uecTBCHHHKOB, HO KaK caMOCTO.SITeJihHOe OOH.HTHe cPH311KH OHO BOlllJlO 

c Tpy,.uaMH H hlOTOHa. 
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OC':raHOBHMCH Ha IIOHHMauHH Karerop11n CHJibI B CBH3H c rpaBHTan:110H

HbIM B3anMo,LI.etkTBHeM, HaM6oJiee xopowo .113BeCTHbIM B To speM51. HL10TOH 

TIHCaJI: «5! H3'bHCHliJI He6eCHble HBJieHHSl H npHJIHBbl HaIIlHX Mope"t\ Ha 

OCHOBaHHH CHJibl rnrOTeHHH, HO 51 He YKa3hIBaJI nplPUUlbl caMoro T51rOTeHH51. 

9Ta CHJia npOHCXO,Ll,HT OT HeKOTopott npHt.JHHbl, KOTOpaSI npOHHKaeT /1,0 

I..\eHTpa CoJIHIJ;a 11 nJiamrr 6e3 yMeHhl.IleHH5l cBOefi cnoco6ttocT.11 H KoTopaSI 

,LI.ei1crnyer He nponopn;HOHaJibHO BeJIH'liHHe n oaepXHOCTH qaCTHU., Ha KOTO

pb1e OHa ,.ueikTByer (KaK 3TO 06bIKHOBeHHO l1MeeT MeCTO /1,JlSl MexaHH'lieCKHX 

np11q11H), HO nponopn:1mHaJibllO KOJIH'lleCTBY TBePAOro Bem;eCTBa, np111.1eM ee 

,n;eiiCTBHe p acupOCTpaH51eTC5l lIOBCIO,Liy Ha orpOMHbie paCCT051HH.H, y61>IBaH 

nponopn;HOHaJlbHO KBa,Lij)aTaM pacCT051llHH. ( ... ) IlpH'llHHy )Ke 3THX CBOtkTB 

CHJibl rnroTeHHH 51 AO CHX nop He Mor BblBeCTH H3 51BJieIIHR, nmOTe3 )Ke 51 He 

H3MbllllJlHIO» (41, C. 220). 
3a IIOCJle,D,Heii cppa30M « l'HllOTe3 )Ke 51 ue H3MbIIllJUilO» KpOIOTCSl MHO

roJJerHHe pacc~eHH51 HhlOTOHa, a TaK)Ke MHoroqHcnettHbie y npeKH B ero 

a.Lij)ec co cropoHhI coBpeMeHHHKOB H 110TOMKOB. B Te BpeMeHa noJiaranocb, 

1.ITO B03,n;ettCTBH51 0,Ll.UMX TeJI Ha ,npyrHe MOrYT 6bITb o6'h.HCIIeHbl Mexa

HHqecKHMH coy/J,ape11H5IMH 1.1aCT11u,. CaM HhIOTOH ,LI.OJiroe BpeMH IlbITaJIC51 

o6'h51CUHTb T51rDT€H11e <...'"TOJlKHOBeHM51MH c OC06bIMH 1.iacTHn;aMH 3Q:>Hpa, HO 

HHqero xopol.Ilero H3 3TOro He nonyt.JHJIOCb. B KoHn:e KOHUOB OH npHIDeJI 

K Ba)f{HOMY MeTacPH3H'lleCKOMy BbIBO,rry, 1.ITO T51rQTeHHe H ,LI.pyrHe B3aHMO

,LI.eHCTBH51 o6ycJIOBJleHbl npH1.iHHaMH npHHn;HllH8JlbHO HHOH npHpO,lJ,bl. llcaaK 

HbIOTOH B 1704 r. B «0nTHKe» nttcarr: « Men1>1.1afilllHe 1.1acTHU:bI MaTepHH MO

ryT cu.el1JlHThC5l nocpe/J,CTBoM c11n1>Hettnutx npHTSDKeHHtt, cocraeJIHH 6on1>

IllHe 'tJaCTHIJ,bI , HO 6on ee cna61>1e; MHOl'Me H3 HHX MoryT TaK)Ke cuen.nHTbC.51 

H cocraBJISITb ern.e 6oJibl.IIHe qaCTHI~hI c ern.e 6onee CJ1a6ott c 11noii - .11 TaK 

B p51.n.e nocne.n,oBaTeJibHOCTeli, noKa uporpeccirn He 3aKOHqi{TCH CaMblMH 

60Jiblll11MH qaCT~aMH, OT KOTOpbIX 3aBliC.HT XHMH'lleCKHe ,n.ettcTBHH l1 U:BeTa 

npHpO,IJ.HblX TeJI; rrpH cuernxeHHH T'c:LKHX 1:.JacTHI.J, COcTaBJI5llOTC51 T eJJa 3aMeT

HOH BeJIH1:.rnHb1. TaJ<HM o6pa3oM, B np11po,rr.e cyl.I.J,ecTBYIOT areHTbI, c noco6Hb1e 

CJKHMaTb BMeCTe qacTHL~bl TeJI BeCbMa CHJJbHbIMH rrpHT51)Ke.HH51MH. 06513aH

HOCT b 3KCnepHMeHTa.JlbHOH cPHJIOCOcpHH l1X pa3blCKaTb» (I.J,HT. 110 [47, c. 8)). 
ToJibKO B XX B. 6hIJIH BBeAeHbI npeACKa3aHHhie HbIOTOHOM areHTbt 

B CB513H c p acCMO'l'peHHeM "leTbipex BH)lOB <PY Il,ll,aMeH'IaJlbHhIX cpH3H"t.feCKHX 

B3aHMO,LI.ei1:c-raliti: rpaBJITau,HOllIIOro, 3.JteKTpOMaI'HHTHOf'O, cna6oro H CliJib

Horo. 

C no311.~Hii cero,n.Hsmmero ~H, coBepmeHHoe HbIOTOHOM cne,rryer noH.11-

MaTL KaK BHe,LI.eHHe HOBOH MeTa¢H3H'lleCKOM KaTeropHH. B Te BpeMeHa OHa 

TPaKTOBanacb KaK cHJia. 3aTeM 6hrno noH.HTO, q To AJJ51 rpaBHTau,HOHHoii 

H pH,ll.a ,n,pyn1x cHJI MO)KHO BBeCTH noH51THe noTeHD,Hana, onpe,n;eJieHHoro 

B Ka)f()l.oii ToqKe npocTpaHCTBa, a 3TO y)Kc IIOH51THe noJI.51 nepeHocqHKOB 

B3a.HMOAeiiCTBlitt - caMOCTOSIT eJibHa51 KaTeropHH, 0 KOTOpott rOBOpHJIOCb HO 

B:oo,neHHH. 
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TaKMM o6pa30M, HbIOTOH nocrpoHJI ¢n3HKy Ha ocHoBe aoao:ii ,LI.JIH Toro 

BpCMCHH « Mera,¢H3 HKH», on11pa10m;ei1:C.H Ha T pH Mera¢11311qecKHe KaTero

pHH. « I103)1,H€Hllil1€ cPHJIOCoq>hI, - fiHcaJI OH B 1706 r., - H"3ruaJm B033p€HIDJ 

0 Ta.KOH npnqnHe H3 HaTypa.TlbHOH qm:.rroco¢HH, H3MbllliJISISI l 'IDIOT€3bl ,ll.JISI 

MexaH11'iecKoro ofrhHCHeHHSI BCeX sem;e ti H OTHeCSI ,npyrne npHqHHhl B Me

·ra¢113HKy. tvle)K,llJ' TeM rJiaBHaH o6H3aHIIOCTb HaTy pa.rrbHOH ¢nnoco¢HH -

)l.eJiaTh 3aKJilO'i€HIIB 113 SIBJJeHHH, He W-3MbllllJISISI rHilOTe3, H BbIBO,lI,HTb 

npH'lllfHbl H3 .n,eiiCTBHii .no TeX nop, IlOKa Mbl He np11,lI.eM K cru.10u n epBOH 

np11qnHe, KOH€'iHO, He MCXaHHqecKOH» l41, c. 222]. 
HhIOTOH 6bIJI M eTd.¢H3HKOM, HecMoTpSI Ha npHIIHChIBaeMhie eMY cJioBa: 

<«1>t-i:3HKa, 6ottCH M eTa,¢H3HKH! » «KaK p€JIHrH03Hblll MHC'l'MK, - cnpaBe,D,

JlHBO 3aMerHn B. ,[(. 3axapoB, - OH HHCKOJibKO He 60HJICS1 MeTacpH3HKH, -

H TOJlbKO 6Jiaro,u,ap.si Mera¢n311Ke ero MeXaJIHKa HMeer H no ceif ,rr.eub no3Ha

BaTeJibHoe 3HaqeHHe. .t-.tlerac:P113HKa no3BOJTHJia HhIOTotty npeo.n.oJieTb npH

MOH ¢eHOMeHOJIOrH3M KaK IlO,ll.lfHH€HHe HCTHHC Ha6JI10,LI.aeMoro ¢aKTa. ( . . . ) 

0'-IeBH)I.HO, KJiacCH'i€CKaH M€XaHHKa MO)KeT cq11T a T bCH CHHTeTH'ieCKOii Hay 

KOH TOJihKO 6Jiaro,n.apSI CBOHM MeraQ:>H3 H'iCCKHM ocHoBaM. ToJJbKO 6JJaro.u.apSI 

HM OHa MOrJia npOSIBHTb CTOJJb n0Tp.sica10nzyro a¢<l>eKTHBHOCT b -- npHB€CTH 

K OTKpbITHID ,,tta K011q11Kc nepa" rmaHeThJ H enTytt, K npe,z::i;cKa38.HHIO no.siB

neHHSI B 1910 r . KOMeTbJ fa.rrJieSI» (64). 

1.5. MeTa<l>H3HKa XVIII B. 

B XVIII B. noCJie ,ll;OCTH)KeHHii BbI,LI.aIOI.IJ,HXCH MhlCJIHTe.nea. npe,n.hI,HyI.IJ,ero 

seKa, CJlaBHbIM o6p830M ,UeKapTa, J l ett6HHIJ,a, f rol1reHca 11 HbroToHa, cn eKTP 

MHpOITOHMMallliii 6hJJJ BbJSIBJJeH H B03MO:>KHbl€ B TO BpeMSI OTIIOllieHIDJ K T p eM 

KJTlO'lieBbIM KaTer opIDIM ¢H3HKH 6hmM onpe,z::i;eJJeHbJ. B u;e uTpe BHMMaHHH 

OK838JIHCb sonpoCbl p a3BHTH SI Q:>H3HKH B paMKax Ha3BaHHbIX 11a p a,[U1rM. 

1.5.1. Y11eHHe BoDIKoB1111a 

l1cKJIIOqett11.e cocTas11n11 Tpy,D,b1 xopBaTCKoro yqenoro Py;vKepa 
lfocHrra BornKOBHG:a {1711- 1787) , KOTOphlli nonbITaJ tCa noCTpo

RTb MOHHCT11qecKoe y'1e tt11.e , OTJJnqttoe o-r )J,eKaPToBa. B ,.o;aHuo:H: BhIIlle 

KJiaccmpHKaW'iM ero c n e,n,yeT OTH€CTM K yqe1U110, JJe:>K~eMy Ha CTbIKe 

p~HOHHOI'O Ji TeOpeTHKO-IlOJJeBOro MHpOllOUHMaHRH. 

BoIIIKOBR~ pa3BHBaJI amoMucmu"""eC'lf:lJIO npo2·pa.M.M,y, r,n.e 'iacTHUhI ( n ep

B03neMeIJ.TbI npHpO,D,bl) TpaK.TOBaJIHCb KaK n enpOTSI}K€HHbie TO'iKH, SIBJJSI

IOIIJ,ReCSI ueHTpaMM CMJI. Ott He H8,,neJJ.HJI 11.X CBOiiCTBaMR TBep,D,OCTH H JJH 

ncnpmmuaeMOCTH, KaK 3TO 6bIJJO y p.si,n,a ero npe.u.wecTBe HHHKOB . 

BomKOBl{q B OTJJM'iMe OT MHOrMX µpyrMX He OTHOCJ1J1 npocmpm·tcrneo 
K caMOCTOaTeJihHOH KaTeropHH H onpe,z::i;eJI.HJI ero qepe3 TIOUSITHe 603MO{)IC
?i.Olmu, Tor,n.a KaK B deilcma·urne.11/bttocmu cymecTByIO'I' JJMlllb u euTpbI CMJI. 
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Ott nncaJI: «5I He npll3Ha10 IIBKaKoro cocyru,ecT.Byro~ero KOIITHHyyMa. ( .. . ) 

l16o npocrpaHCTBO ,LJ;JJSI MeH.H He eCTb KaKOH-JIH60 pearrhUbI:ti KOHTHHyyM, 110 

TO.ITbKO Boo6pa)f(aeMbIM». B ,zwyroM MeCTe OH pacur11¢pOBbIBaeT CBOIO 1103H

IJ.HIO: «B aeiJ,cm6Uffie.tL'b'1-lOCffiU BCer,rr.a cy~ecTBYeI' ZpaH'U'4a H OIIpe,LI,eJieHuOe 

l{HCJIO TO't!eK H HllTepBa.noB; HanpOTHB, 6 603.MO:JIC'J-W.M UHI',11,e HeT KOHJJ;a. 

Ilo3TOMy a6cTpaKTHOe pacCMOTpeuHe B03 MO)f(HOCTeH KaK pa.3 H nop~aer 

B Hae 11,1..1,ero HenpepblBHOCTH li 6ecK011equ OCT:H HeKOH ooo6pa)f(aeMo:tt JIHHHH. 

Ho TaK KaK caMa 3Ta B03MO)KHOCTh ecTh HeqTo Be'lHOe a Heo6xo,rr.MMoe -

R6o OT BeKa 11 Heo6xo.n,MMo .HBJI.HeTcSI ncTHtto:tt, 'ITO Moryr cyIJ.J.e<.."TBOBaTb 3TH 

TO'lKH co BCeMH HX CBOHCTBarvrn H MO.rzycaMH, - TO H eoo6pa{HCae.Moe, Henpe

pbIBHoe M 6e3rpaHH'lHOe npocTpaHCTBO eCTh HeYTO Be ... rHoe I1 Heo6xo,II.HMOC; 

o,n;ttaKo oHo ttc ecm'b He'llmo cy~ecmey·10~ee, a ecTh rrpocToe Heonpe.n,eJieH

Hoe npe)J.noJIO)KeHHe qero-To, .Mo2y~e20 cymecrBoBaTh» (41, c. 208]. TaKHM 

o6pa3oM BolilKOBHq n pe.n,.rrara.rr ycrpattMTb H3 cPI1.3HKH KOHTWttyyM. 

BaaUMoaeocmeUR BomKoBH'l TaK)Ke He OTHOcMJI K caMocTO.HTeJihHOi1 

KaTeropI1H, cq11Tasr lifX BttyTpeHHHM CBO:tiCTBOM aToMOB-~eHTPOB CHJI. Cyru,e

CTBeHHbIM MOMeUTOM ero B033peHH:tt 6bIJIO IIOJIO)KeHMe 06 0,IJ,HOBpeMeHHOM 

npHCYTCTBHlif CHJI npUT51)KeHIDJ R OTTaJIKHBaHH.H, 3aBHC5l~J1X OT pacCTO.H

HIDi Me)K)ly roqKaMn -u.ettTpaMM cnJI. Ha MaJibIX paccTO.HHH.HX npeo6J1a,rr.aro

~MH 0Ka3bIBaJIHCb Cl1Jlbl OTTMKHBaHH.H, 6eCKOHe'l{H0 B03pacTaIOI.IJ)1e np11 

yMeHbmeHH.11 paccTO.Hlil1H, lfTO He n o3BOJIHJIO TO"<J.KaM CJIHTbC5L Ha 6oJl bWHX 

paccTO.HHI1SIX CHJibI OTTaJIKIIBaHH5i CMeH.HJIHCb CHJiaM.11 npHT.H:>KeHH.H, y6b1Ba

IO~HMH o6paTHO rrpo11opu,110HaJlhllO KBa.n,paTy p accTO£HI1.H, KaK 3TO .l1MeeT 

MeCTO B HblOTOHOBCKOM 3aKOHe BCeMMpHoro T.HrOTeHHR. 

llcropmrn cPH3MKH O'l'MeqaroT, 'ITO B XVIII B. pa6oThI BollIKOB11't!a xOT$1 

H Bbl3hIBaJIH BOCXMru;eHMe, HO .llOCJie,lI,OBaTeJie:tt npaKTH't!eCKH He HMeJIH. 

Mo:>KHo CKa3aTh, OHM oKa3a.rrMCh npe)K,,LI,eBpeMeHHbIMH. 3Haq11TeJibHO 60Jib

u1nl1 pe3oHaHc ero H,11,eM HMeJIH H XIX B. 

1.5.2. Mem<l>B3BK.a u pa3BHT:ee <l>B3HKB 

P.H,rr, MeracPH3MqecKMX npo6JieM B03HHK B CB.H3H c pa3BHTMeM aHaJIHTH

..:iecKoii Mexa HHKH B Tpy,n;ax lKatta BaTHCTa ,[(a.JiaM6epa ( 1 71 7- 1783), 
Ilbepa Jly11 Mopo 11.e MonepTIOH {1698- 1759), C8MJ09JUI KeH11ra 
{1712-1757), )K. JI. Jlarpmu1<a {1736-1813) 11 ,rr.pymx, npeBpaTMB

llIHX B XVIII B. M exaHnKy B aHa.rmTli'IecKyK> ,n;11cwinnHHy. Oco6o CJie,rryeT 

OTMeTHTb cPoPMHpoBaHHe npHHIJ.Hila HaHMeHbIIIero ,n.e:ttCTBH.H, Bbl3BaBmero 

O:>KHBJieHIIhie )J,HCKYCCHH 0 KOHe'l{HOM npMqHHe )J,BH)KeHH.H, 0 npo51BJie HHH 

qepe3 3TOT npHH~Hll «60.)Kec:I'BeHHbJX HaqaJI» B MexaHHKe H .zwyrne. 

B «TpaKTaTe no ,n;HHaMHKe» ( 17 43 r.) ,UaJiaM6epa ¢opMyJinpoBa.11ach 

nporpaMMa n epecTpo:ttKM MexaHHKH ua 11e60JibllIOM qHCJIC o6~x npmn~H

nos MeTa4>H3H'l{ecKoro xapaKTepa. Ilpe.n,naraJioCb M3n ·IaTh 113 ocHoBaHH:tt 

MexaHHKR « cPH3lPleCKHe IlpHHizylllbI H rHTIOTe3bI», a B « AHa.ITHTH't!eCKO:tt 
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MexaITTU<.e» (1788 r.) )£(_ JlarpaIDKa H3 Mexamurn H3f'OH,SIJHfCh KaKHe-n116o 

CChIJIKH na reoMerp11~1eCKHe npe,n.craBJieHHH: «B 3TOtt pa6oTe Bbl He Ha~eTe 

pHCyHKOB. l ·fanaraeMbie MH010 MeTO,lJ.bl ue Hy)K,JJ;aIOTC,51 lill B uocrpoeHIDIX, HH 

B paccy~eHHHX reoMeTpH'ieCKOro HJIH MexaHH'ieCKOro xapaKTepa, a JllUllb 

B 8..Tire6pa.H'ieCKHX onepau;H.HX, 110,Ll.'iHIIBIOIII,lfX.C.H crporHM H o~oo6pa3HbIM 

npaBHJiaM. ToT, KTO mo6nT MareMa:l'H'ieCKHH attaJIR3, c y,n.oBOJibCTBReM 

YB~HT, 'ITO MexaHRKa CTa:HOBHTC.H HOBbIM pa3,D,€JIOM aHaJIH3a, H 6y.neT MH€ 

6naro,n.apeH 3a Ta.Koe pacllllipeHHe o6J1acTR ero np11MeHe1U1.H» (I.J;HT. no (103, 
c. 157]). 8TO 6bIJIO npo,n;OJI>KeHHeM JIHHHM ,lleKapTa no anre6paM3aI.J;HH 

cPl13HKH. 

,llpyroi1 Kpyr MeTacPH3R'IeCKHX npo6JieM 6bIJI CB.H3aH c OTIRCaHReM Tel1-

JIOBhJX ,D;BH>KeHHit B XVIII B. B3rJIBJih• Ha npHpo.n.y TeilJIOTbI pa3,n.enRJIRCb. 

EcJIH B n epoott TIOJlOBHHe BeKa ,D,OMHHHpyromHMH 6h1JIH 11pe,n.craBJieHH.H 

0 T€11JIOTC KaK HeKoeM ,LI.J3H)K€1illH MaJibJX 'IaCTMI.J; TeJia, 'ITO OTCTaRBa

JIOCh B Tpy,n.ax Po6epTa BoAilll {1627-1691) 11 Jleouap~a 9iinepa 

( 1707- 1783), TO BO BTopo:H noJIOBHHe XVIII B. Bepx o,n.ep)KaJIH B3r JIB,Ll,hl 

o cy6cTd.H~RaJlbHOii np11po,n;e TenJIOTbl. Pa3BRB8JlaCh Teop11si T ennopo,n.a, 

cooTBeTcrByroma.H KaPTe:3RaHCKoii HaTyp¢Hnoco¢1111. f2€ pa3,D;eJI.HJIH BnsK, 

MapaT ( craBurntt BnoCJie,n.cTBHH H3BeCTHbIM peoon10u;11ouepoM) H ,l1J)yr11e. 

B 3TOM >Ke ,nyxe pa3BRBaJiaCL XHMH'ieCKa.H TeopH.H «Q.>norHCToHa», npe,n.no

>KeHHa.H f. 8. llJTa.fl€M. 

Boo6u~e B TO BpeM.H 6hIJJH ,n.oBOJJbHO pacnpocTpatteHhI n,n;e11 o nanH".lRH 

oco6blX cy6cra~ntt, OTBeT(,~Be.HHhlX 3a npO.HBJieHHH MHOrnx cPH3H'iCCKHX 

aaneHlitt. PacnpocrpaHeHHe cBeTa o&b.HCruIJJOCh oco6o"H 3qmpttott cpe,n,ott, 

Cl1Jlhl rpaBwrann01n10ro B3aHMo,n.eiiCTBHH CB.H3bJBa.HHCb c rpaBHTanHOHHblM 

ajmpoM, n epe,n,aqa TerrJIOThl - c nepeTeKaHHeM Tennopo,n,a H T. ~-
,lLnst pa3BHTH,SI HayKn B PoccHH 6hrJin BIDKHhI Mera¢n311.qecKMe no311~H11 

MHxaHJia Bac11JlbeB11qa JloMoHocoBa (1711- 1765). J13BeCTHO, 'iTO 

OHM cJIO)KHJIHCh no,n; BJIH.HlilleM XpHCTRaHa Bonh¢a, yqeuHKa Jlett6HHU.a. Bo 

B3rJUI,n.ax JloMoHocoBa o6'b€,nHHHJJHCh rrpe,n.craHJJeHnsi o nett6Hnu;eBCKHX MO

HMax ( «PacnoJJO>K€HH€ cPH3H'IeCKHX MOua,n. €CTL Mecro, B KOTOpOM mo6rui 

MOHa.n,a npe6brnaeT IlO OTHOI1I€HHIO K ,l]J)yI'Ott») C B033p€HH.HMH rrottreHCa 

o npHpo,n,e CBeTa. B neHTpe MHponoHHMaiiHH JloMoHocoBa 6b1Jra KaTeropH.H 

1IaCTIUJ, (MOH~)' Ha OCHOBe KOTOpoH )l.aBaJIOCb oupe,n.eneHHe MaTepHH: «11a

TePHH eCTb rrpoTH)f(eHHoe u enpoanu;aeMoe, ,D;eJTHMoe Ha H€'i)'BCTBHTe.TlbHbl€ 

11acrH» [101, T. 1, c. 107). YqeHbitt nblTaJICH iWKa3aTh, 'ITO «c~ecTByIOT 
He)l.eJIBMhie KOpnycKyJJbJ». 

JloMO.HOCOB roaopHJI 0 KOpnycKyJJax ,n;Byx BH)l.OB: onHCbIBaIOII.J,HX H3BeCT

H)'IO MaTepHIO H 6onee 'l'OHKHX KOpnyc1<ynax oco6oii 3¢HpHOH MaTepRH. 

c TIO.MOIII,bIO 3¢npHbJX KOpnycKyJI JloMOHOCOB o6'bHCHHJI p.H,11. llOHHTHH H .HB

ne1udi cPH3H'I€CKoro Mnpa: 

«9¢11.p- npHq}1Ha cnenJieHRH, TaK KaK, 6y.n.yqH npRBe)l.€H B ,ll,BH>KeHne, 

ym111TO>Kaer cne11nettHe» (101, T. 1, c. 153). 
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«ECJJH 6bI 3¢11p He ObI.n BecoM, OH He BXO,!J,HJl 6bl B KOJlOKOJI (B03,!J,YillHOro 

uacoca] » (TaM :>Ke, c. 123]. 
«KoJle6aHIDI 3QJHpa ,n,aeT CBeT, a u e 3ByK: KOJie6aHHe B03,rzyxa ,LJ.8eT 3BYK, 

a He cBeT» [TaM :>Ke , c. 157]. 
« Heo6xo,rr,HMO npH3HaTb, l::ITO cyUT,eCTByeT HeKa.H MaTepHH, CBOHM ,LIBH

>K€Hl1€M TOJlJ<aIOllJ,a.H TSirOTeIO~e Tena K ~eHTPY 3eMJIH» [101, T. 2, c. 197). 
JIOMOHOCOB: npe,rr,Jiara.H MexaHH3Mbl OIUICaHIDI B3aMMO,rr,etiCTBHH H cu.en

JieHHH KopuycKyJl, HCIThITbIB8JI onpe)l.eJleHHhie 3aTpy,rr,HeHH.sr: « B TpaKTa·re 

0 MaTepHH Ha,LI,O JIHillb l10Ka3aTb, q To cu.enJieHHe 3aBHCHT TOJlbKO OT BeJ111-

"IllHbI KOpnycKyJl, a o6bHCHeHHe OTJlO:>KHTb Ha 6y,rr,ym,ee» [101, 'I'. 1, c. 113]. 
Bli,lI.HMo, 9TO 'l'e )Ke COMHeHHH, qTo HCilbIThIBa.n H HbroTou npH ¢opMy.n11-

poBKe 3aKOHa BCeMHpHoro THrO'l'€HIDI. 

1.5.3. IlpHpO,l¥1 11 Kareropmt: B BaTyp«l>uJioc<><l>mI II. Ka.Hm 

Or,rr,eJibHO CJ1€AYeT OCTaHOBHTbC.H Ha HaTyp¢HJ10COcPHH llMaJIYHJia 

Ka.HTa ( 1724- 1804). rJlaBHblM ee OTJlf! ToIHeM OT ¢11.11oco¢i.-m ero npe,Tl.Ille

CTBeHHHKOB 6bI.na llOCTaHOBKa BO rrrany yrJla He MHpa, KaK TaKOBOro, a rro-

3Ha10:w;ero ero cy6beKTa, B KOTOpOM CJleA)'eT pa~mnqaTb HH,ll,HBHAYaJlbIIYIO 

H Tpattcu;e,rr,cH':ra.nbu yro CTopottbI. 06-he KTHBHOCTb 3HaHHH, rro KattTy, o6ecne

l.nrnaeTC5I Tpair~e,n;eHTaJlbHOR, T. e . BpO)K,ll.eHHOH, CHCTeMOH npe,rr,CTaBJieHHli 

n 3aKoHoB. OTCIO.na CJJe,nyer H ,rr,attHoe KaHTOM Ha3Battne - TpaHu,e,rr,ettTaJlb

HaH cPHJ10co¢IDI (H,lI.€aJ1H3Ma). 

B ¢1u10coQ:mn KattTa BbI,rr,enetth1 mpu 'J\,./l'IO'l{e6'blX ?ta'l{Ma · cy6rbeKTa: 

-qyBCTBeHHOe BOCllpHHTHe ( o:w;y:w;eHM.51) ) paccy,rr,oK ( oprai1M.3aU.HH 'lfYBCTBeH

IlblX BOC11pH.SiTHi1)' Pa3YM ( U,e.Jlb, ,D;BH)KyllJ,Rti CTHMyJl ,D;Jl.H paccy,rr,Ka). JlerKO 

3 aMeTJiJTb, qTo 3TH Ha'tfaJia COOTBeTCTBYIOT 'I'peM HaqaJiaM cPHJIOCOcPCKO

pe.nnrH03HbIX yqemdi: MaTepH8JlblIOMy, 11,ll,€aJibHOMY 11 ,D;yXOBHOMJ. 

,[LnH orrHca HHH ¢11311qecK011: pea.nhHOCTH B CMCTeMe KaHTa HaH6oJihlllHH 

HHTepec rrpe)l.CTaBJIHeT BTOpoe M.3 H a3BaHHblX HaqaJI - p accy):I,OK, KOTOpblH 

KOttcrpyHpyer MHp Ha OCHOBe q eTbrpex rpynn KaTeropnit: KOJlM.qecTBa ( BCe

OOllJ,HOCTh, MHO>KeCTBO, e,rr,HHR''iHOCTb), Ka'IeCTBa (peaJthuocTb, oTpnu;aHne, 

orpaHM.qeHne)) OTHOUle.HHH ( CyOCTaHIJ,Jil.H, npHqHHHOCTb, B3aHMO,LI,e~CTBHe), 
MO,D;€JlbHOCTH (B03M0)KH0C.'Tb, ~etiCTBH'f8JlbHOCTb, Heo6xO,LV1MOCTb). 11pHMe

'lfaTeJibHO, 'lfTO oce TPJil Bbl,lJ.eJleHHhie MeTa¢H3nqecKt·te KaTeropHH cPH3HKR 

xx B. cPaKTH'lfeCKH rrona,rr,aIOT B rpyrrny KaHTOBCKliX Ka:re1·op11ti OTHOllieHH.H. 

OcraHoBHMC51 OT,D;eJihtto Ha 3THX K aTerop:Hjix. 

Mamepuw (B Hamett TepMHHOJlor11H - qaCTHIJ;bI) KattT He OTO:>KAeCTBJI.HJJ 

c npOCTpaHCTBOM, KaK 3TO ,rr,eJi aJI ,II,eKaPT, a pa3,!J,€Jl51Jl B 3TOM Bonpoce 

no3HIJ,IDO HhIOTOHa. OH nncan: «MaTepHH eCTb cy6'heKT Bcero Toro, 'tfTO 

MO>KeT 6bJTb OTHeceHO K cy:w;eCTBOBaUHIO Be~eti B npocTpaHCTBe; B€,LJ,b BHe 

ee He.Jib3H n oMblCJlHTh HHKaKofi ,lij)y roti cyfrheKT, KpOMe caMoro rrpoCTpau

CTBa; HO npocT pa.IICTBO ecrb noHHTHe, e .w.e He co,rr,ep:>Kamee B ce6e HHt.iero 
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cym,eCTByro~ero1 a co,n,ep*aw,ee JUUllh ueo6xo,uHMbie ycJIOBHSI BHemttero 

cooru ome.HHSI Me)KAY B03M0)f(HblMH upe,JJ.MeTaMH BHeIIIHHX qyBCTB» [41, 
c. 354). TaKHM o6p830M 1 KaHT oupe,JJ.eJISieT Marrepnro KaK « npe,JJ.MeT BHeIU

IIMX 'tJYBCTB», B npOTI1BOIIOJIO>KHOCTb npocTpaHCTBY H BpeMCUH, KOTOpbie 

RBIDUOTCSI JIHillb cpopMOM' KY ,ua IIOMell.I,aeTCSI MaTepHSI. 

Oco6o CJie,nye:r OTMeTHTh, qTo MaTepnro KaHT OTHOCHJI K KaTeropnn 

OTHOille.HHtt, T. e. C'iHT8Jl, qTo MaTeplffi npe,JJ.CTaBJUfeT co6oA Jllllllb SIBJiettne, 

a He BeIIJ;b B ce6e, 11pnqeM MaTepHSI, B ero TIOHH.MatiHH, 60Jibllle COOTBeI'

CTBOBaJia HMeHHO -repMn1ry «cy6cTattu,11H», a u e KareropHH qaCTHIJ;. B 3TOM 

BOnpoc.e OH 6bIJI 6Jil'.OK.e K B3I'JlSIIJ.aM ,UeKaJY.ra n He corJiaIIIaJICSI c MOHa,}J,OJIO

n-1eit JleA6.t1nu;a. 

llpocm'JX},Hc1neo u epe.M.R 3aHHMaK>T oco6oe Mecro B ,uc.HTeJibIIOCTH pac

cy,rI.I<a. Om;ym.ettHSI, 'iYBCTBeHHbie BOCIIpMSITHH qeJIOBeKa pa.ccy,JJ.KOM ynopsr

~O'illBaIOTC.SI n yKJia.II,bIBaIOTCSI KaK 6bl B I'OTOBbJe ¢opMbI, KaKOBblMH SIBJTSI

KYrC.H npocrpaHCTBo n BpeMSI. I1o KaHTy, npocrpattCTBo - 3TO anpnopHaSI 

c}:>opM.a «BHeIIIHero qYBCTBa» (HJIH BH€IIIHero C03epu;attHSI), a BpeMSI - anpH

opHaH <PopMa « BHyTpeHHero co3epn,rumsr». B ecreCTBeHH011ayqIJoM nJiaHe, 

KOr.D,a paccy.n;oK y:>Ke ynop.si,rr,oqHJI .HBJTCUHSI H cy6cTaHIJ;HIO B rrpocTpaHCTBeH

llblX H BpeMeHHbIX OTHOIIIeHMHX, nOHSITHe npoCTpaHCTBa ( MaTepHaJihHOI'O) 

y KaHTa MMeeT OTHOCHTeJibHbIM xapaKTep H CB.H3bJBaeTC.H c .HBJT€HHSIMH 

" c ,ll.BIDKyII1;eltCSI cy6C':raH~11eii, T. e. SIBJ15teTC.sr rro~1DKH1>IM. OH OTBeprae"J· 

HblOTOHOOCKoe a6coJIIOTHoe npOCTpaHCTBO H npH3Haer JIHIIlb OTHOCHTeJibHOe, 

yrsep.>K,.Qa.sr, qrro «aOCOJilOTHOe 11POCTp8llCTBO CJJ,MO no ce6e eCTL HHq'TO H He 

ec,~rh OO'beKT». 

KaHT cyll.I,eCrBeHHO pacxo,JJ.HTCH c HblOTOIIOM B onpe,ueneHHH cu.11..'bt ( B ea

ruc:t:i TepMHHOJiorHH - nonett nepeHocqHKOB roanMo,ue:HCTBHti.). EcJIH Hhro

TOH cl>aKTHqecKH OTHOCHJI CHJibl K oco6ott KaTeropHH, TO KaHT CBSI3blBaJI HX 

c MaTepweii 11 co CBOACTBaMH npocTpaHCTBa ( c reoMeTpHei1). OH BBO,D,HJI ~a 
m:na ci.m: CHJlbl OTT8JIKHBaHIIB, 3aMeHSilOIIJ.He CBOHCTBa HenpoHHu;aeMOCTH 

MaTepi.rn B yqeeHH aTOMHCTOB, H CHJihJ rrpHTSI)Kett1u1. KattT cqHTaJI, qTo 

1IeJIOBeK CBOHMH opraHa MH qyBCTB Henocpe,uCTBeHHO .MO)l{eT BOCllpHHHMaTb 

TOJlbKO CMJlbI OT'l'aJlKHBall:U:SI, TOr,JJ.a KaK CHJibl IIPMTSI)KeHl'.lSI 1tpOSIBJISilOTCSI 

onocpe,JJ.OBaHHO. 

C II03Hu;HM cPH3 HKH cero,JJ.HHIUHero ,JJ.IDI, B3I'JISI,JJ,hI KaHTa B 3TOM oorrpoce 

6JIIDKe ocero COOTBeTCTByIDT reoMerrpHqecKOMY BH,JJ.eHHlO MHpa, Harne,u

IIIeMy CBO€ BOTIJIOIIJ.euHe B 3MHillTeHHOBCKOM o6m.eA TeopHH OTHOCHTeJibHOCTH 

(cM. 3-10 qacTb ,JJ.aHI10A KHHI'H). 

HaKOHeu;, CJ1€,lzyeT OCTaHOBHTbCSI Ha IIOHHMaHHH KaHTOM aua.ae?CmU'K:U. 
OH C'IHTaJI ,n:Ha.11eKTHqecKoe npoTHBopeqHe CBH)l,eTeJibCTBOM He3aKOHHoro 

npttMeHeH.1H1 Hanrnx no3naBaTeJih.HhIX B03MO>K.HOCTett. CaMo no1IBTHe ,JJ.Ha

JieKTHKH xapaKTePH3yeTC.H, TaKHM o6p830M ornpu'4ame.ll/bUO. c KaHTOBCKHM 

IlOHHMaHMeM ,D,HaJieKTHKH CBH3aHbl ero H3BeCTllbie aHTHHOMHlil ( npOTHBOpe

'll}IB ). CornacHo KaHTy, npe,JJ.MeT, K<YI'OpoMy upnnHCbJBaroTCH B3aHMOHCKJIIO-



66 rna.sa 1. Mera<jJH3HKa c ,a,peBHeJ!umx BpeMeH ,l{O XVIII B. 

qarom.Me onpe,n;eJieHJIB, Heno3HasaeM . 9THM OH ¢aKTHqecKH ycraHaBJIHBae:r 

rpaHHI..V>I Il03IIa Hlffi. 

1.6. YpoKH MeTa<f>u3mrn u uaTyp<f>uJioco<f>HH 
npomJioro 

<l>H3HKa, KaK .H Bee ecreCTB03HaHHe , HMeeT cPHJIOCo¢CKO-peJIHI'H031Ibie 

HCTOKH; OHa BblpOCJia H3 cPHJIOCo¢cKo-pen11r1103HblX yqeHlfli nporuJioro 

11 tteceT B ce6e 11x qepThI. Ho caMoe rJiasttoe 3 aK.mo qaeTCH B TOM, "'ITO 

B ¢11311qecKHX H B ¢11Jioco¢cKO-peJIHrl103 HblX yqeHH.sIX npo.sIBJIS1lOTC5I O)J,HH 

H Te >Ke MeTa¢H3JiqecKHe 3aKOHOMepHOCTH. 

I. MeTa<l>H3HKa <l>HJIOco<l>cKo-peJIHI'H03HbIX yqeHHii 

1. B cl>HJioco<}:>cKo-pe.rr11r1103HbIX yqett11mc npe,n;cranJJCHhI KaK xonHCTH

qecKH:fii, TaK H pa3JIH-.:iHble BM,Il,bl pe,IzyKIJ.HOHHCTCKOro no,u.xo,n;a K MHp0-

3)1.aHIUO. XoJIHCTJiqecKH:fii no,n,xo.n, 6hIJI xapaKrepeH )1.JI5I ,npeBHHX yqeHH:fii 

BocroKa 11 ,n;.n.sI mKOJibI I111¢aropa. B 6bIJihie BpeMeHa c a M xoJicT11qecK11tt 

IlO,lI.XO,lJ, H p83UblC BH)l.bl qnetteHH:fii e,n;11Horo ( BCero MHp03,lJ,aHIUl HJIM ero 

qacrett) acco.uHHpoaa.r111cb c p a3JilP'..fHhIMH Me:ra¢113HKaM11, KOTOpb1e 3,D,eci, 

npe,n;narae:rcH Ha3BaT h MeTa¢u311qecKHMH napa.n,HrMaMH. MMeIOTc5I MOHH

cr11-.:iecKa5l ( XOJIHCTH'1€CKa5I)' ,D;yaJIH CTHqecKHe ( 'lf.JleHeHH5I Ha ,)J,B€ l.f.aCTH) 

H TPHaJIHCTHqecKasI MeTa¢11311qecK11e rrap~rMbl' COCTaBJISIIOUI,He OCIIOBbl 

Meia.<l>H3HKH. 

2. AttTHqHhie y-.:ieHH5I IlnaTona, aTOMHCTOB 11 Ap11cT OTeJI.sI ·crpoHJIHCb 

B paMKax ,D;yaJJHCTRqecKo:tt rrapa.LJ,lirMbI, orr11parome'lics:i: Ha H,[(€aJJhHoe 11 Ma

rep11aJrbnoe Haqa.rra. 

3. B xo,n.e p a3BHTIDI ¢Rnoco<}:>cKo-pen11rH03HbIX yqe1rn:fii BbrnBHJIHCb TpH 

KJilOqeBblX ttaqa.rra: MaTepHa.JlbHO€, H,D,eaJibHOO H ,llyXOBUoe, Ha 683e KOTOpblX 

CTp05ITC.SI KOHKpeTHbre ¢11noco<l>cKHe H peJIHrH03Hb1€ CHCT€Mbl. 

4. B paMKax Ka)l{)J;oro H3 cl>Hnoco¢cKO-peJilll'H03HbIX Haqa.rr npo.sIBJrn:

JIHCb Te HJIH HIIbIC M e-1a.<l>H311qecKHe napa,rr.I.ffMbI, B q e M ycMaTpHBaIOTC5I 

HCTOKH rrpHIII.J;Hna ¢paKTaJlhHOCT H, c¢opMyn11poBaHHoro BO Boo,n,eHHH. 

5. Ha H enoJIHOTY ,ll.Bye,n,:HHOfi Mou11cT11qecKo:tt napa,n,11rMhI 06paT11JI BIIH

MaHHe ApHCTOTeJib, noK83aBU1H:fii neo6xo,II,HMOCTh BBe,n;eHH.H TpeTbe:fii (,'TO

poHbr, CB513hIBarom.e:fii ,ll.Be npoTHBOilOJIO)KHOCTH. 9TO 6bIJIO ocym.eCTBJieHO 

qepe3 IIOH.HTH.H B03MO)KHOCTH H ,n;e:fiiCTBHTMhHOCTH. IlpOTHBOilOJlO)KllO(,'TH 

cym.eCTByK>T JIHIIlb B B03MO.>KUOCTH, ror,n;a KaK ,n;e:fiiCTBHTeJibHOCTb e,IJ.Hu a . 

BC51Koe ,II,BIDK€HH€ COCTOHT B n epexo,n;e OT B03MO>KHOCTH K ,n.ettCTBHT€JlbHO

CTH. 

II. MeTa<l>H3HKa MaTepHaJibHoro Ha'laJia 

Ilapa~rMbl MaTepHaJJbHOro Ha'18Jla npoUlJIOro .IIOCJIY:>KHJI1111pOo6pa30M 

¢H3HqecKHX (MeTacPH311'1eCKHX) napa,.zI,HrM xx B., p acCMOTpeHHIO KOTOpbIX 
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H nocBHn\eHa ,n;attHa.SI KIIHra. Cne,n;yCT BhI,D,eJutTb pa3pa6oTaHHbie B XVII B. 

qeTbipe ¢H3H'-leCKHe (Mera¢H3HqeCKHe) CHCTeMbJ: ,II,eKapra, Jle:A6HHu;a, 

f ioH:reHca H HnIOTOHa. 

1. CHc:reMa ,II,eKa~ SJBHJiach MOHHCTWiecKoti, orrHpaIOUJ,e:Ac.H Ha O)I.HY 

o6o6meHHyro KaTerop1no MaTepHH, oTO)K,Ll;eCTBJiennoti c npocTpaHCTBOM. 

Otta nocny:>KHJia npoo6pa30M napa)I,HrMbI reoMeTp11qecKoro MHpo11.oHHMa

. mm. 1.Vrnpa, o qeM noTOM CBH)I,ereJibCTBOBaJI A. 9ttttlllTettH. 

2. ,lJyaJrncrHqecKaH CHCTeMa Jie:tt6HMna onHpa.nacb Ha ,n;Be o6o6UJ,eHHhre 

KareropHH: MaTepMH ( qacrHn;)' o&be,D.HIIeHHOH c KaTeropHett llPOCTPaHCTBa 

(naccHBHOii MaTepMH), H MaTepHH, o6'be)I,HH€HHOtt c llQJUlMH nepeHOC'iHKOB 

B3aHMO,D;e:iicTBHtt ( aKTHBuon MaTepHH). Ee MO)l(HO lla3BaTb npoo6pa30M 

TOOpHH Op.SIMOro Me)l('tlacTlI'·llIOro B3aHMo,n,eikTBUH <1>0KKepa- <l>e1il1MaHa H3 

pe~OHHOI'O MHpOilOHHMamI.SI. 

3. ,lJyaJlHCTlPieCKa.SI CHC.'TeMa I'rottreHCa Oilllpallach Ha KaTerOpHIO npo
. crpattCTBa (-BpeMeHH) H Ka'reropHro MaTepHH, OO'befl.HH.SIIOUJ,ett B ce6e KaTe

ropnH qacnrn; H noJieti 11epeHOC'iHKOB B3aHMo,n,eliCTBHti. Ee MO*HO cq11TaTh 

rrpoo6pa30M TeOpeTHKO-IlOJieooro MHpOilOHMMaHJIB. 

4. TpHarrnCTHqecKoe yqeHHe Hb10Tona noJJO:>KHJIO naqano TeOpHSIM TpM

aJu1cr11qec1<0tt napa)I,HI'MbI XX B. B HeM 6LIJIM npe,n.cTasneHbI TPH KJIIOqeBbie 

¢M311qecKHe KaTeropMH: Be~eCTBO (Tena), IIpOCTp8HCTBO (H BpeMH), CHJlbl 

( KaK npoo6pa3 KawropHH 110J1eli n epettocqHKoB B3aMMo,rr,e:HCTBHii). CooT

BeTCTByroUJ,He HM TpH xapaKTepMCTHKH npHCYTCTBYIOT BO BTOpOM 3aKOHe 

HbIOToaa. 

CJie,n;yer HanOMHHTh, 'tiTO cpe,n;H npe)I,craswrenen 3ana)I,HOtt KYJILTyp1>1 

roro BpeMeuH 6bIJIO HeMaJIO MbICJIHTenea, pe3KO B03pa>KaBIIIHX nparHB pac

t.J:JleHeHH.SI e,n,HHo:H npHpo,D.bI ua OT)I,eJibHble KareropHH. Cne,n;yeT ynoMHHYTh 

Il0311~ M. reTe, BH€Clll€I'O orpOMilbl'tt BKJia)I, B MHPOBYIO KYJibTYPY KaK 

no3T. Mru10 KoMy OH M3BeCTeH Ka.I< ecrecrooHcnb1TaTeJID. CBoH B3rJIH,IJ,hI Ha 

npHJX),n.y OH 0To6pa3uJ1 BO MHornx CBOHX npoH3oo~eHHIDC. TaK, B CTHXOTBO

pemm «IlpoqHoe B ceMe1rn.x~ OH nHcaJI: 

«06p83, .IT.HBHO pacqJieHeHHblit, 

Ilpona,IJ,aeT HaBCer)I,a». 

MHoro BhICK83hrnam,rtt no 3TOMY oonpocy MO.>KHO nattTH B ero « <l>aycTe», 

o,n;HaKo tta TOT H<.,'TOp11qecKHH MOMeHT npaBOTa oKa3anacb 3a HhlOTOHOM. 

5. BoJihlliHe npo6JICMbI B03HHK.TIH npH cornaconattHM yqeHHti aHTHqHo

CTH, onMp8.lOIIJ,HXCSI Ha H,n;eaJlhHoe H Ma·repHaJlhHOe n aqa.ira, H xpHCTHaH

CTBa, om-rpalOUJ,erOCSI Ha ,rzyxoBHoe H MarepMaJibHoe Haqa.ira. ,[LocTHrHJTbrH 

KOMIIpOMHCC Me)f(,.uy y~eHHeM ApHCTO'I'eJI.SI H xpHCTHaHCKHM 6oroCJIOBMeM, 

npocyrn,ecTBOBaBillMH n onTopa ThIC5I'tJeJieTHH, MO)l(HO OO'b5ICIIHTb, BO-nep

BbIX, O,n;HHaKOBbIM ,.uya.1mcTHqecKHM xapaKTepoM liX napa,rr,HrM H, BO-BTO

pblX, 6.rrn30CTbIO TpHe,D,Hucrsa H)I,eaJibHoro Ha'tlaJla B yqeHHH ApH~TOTeJI.SI 

H xpHCTHaHCKoro ,n,orMaTa CB.SITOit TpoHllbI. 
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Atta.rmrHlfHbie npo6neM noTOM B03HHKJIH B XX B. B nonbITKax o6'b
e,rvmHTb KBaHTOBYIO TeopHIO H o6nzy10 T eOpHIO OTHOCHTeJibHOCTH, TalOKe 

npe,n;cTaBJIBIOIII;He )zya.JTHC'l'Hl:.IeCKHe nap8J],HI'Mbl , HO OCHOBaHIIbie Ha pa3HbIX 

Q:>H3HlieCKHX KaTeropHIDC. 

6. Co3,LI.aTeJIH qe:rh1pex rJTaBHhIX cpH3HqecKHX c11cTeM 6bIJIH ecreCTHO

MCnhITaTellilMH, Bblll}')K,D,eHHbIMH (,'TaTb O,D,HOBpeMeHHO H Bb.l)l.aIOII.J,HMHCH 

cp1u10co¢aMH (Mel'a¢H3HK8.MH). IlocreneHHO $H3HKa BbllllJia 113 pa.MOK <l:>n

JIOCoQ:>cKo-penHm03HbIX yqeHHtt, H ee TBOpI.J,bl pa3BHBa.JlJil CBOH TeOpHH, 

onHpa.HCb Ha HOBhle MeTacPH3HT.IeCKHe napa,LJ.HrMhI ( HOBble «Me'I'acPH3HKH» ) 

MaTepHaJibHOro uaqana. ,Il,JI.H COOTBCTCTByIOII.J,ero ypoBHH ecTeCTBeHHOHayq

HblX npe,n,CTaBJieIIHD OK83aJICH IIJIO,LI.OTBOpHblM pe,nyKU:HOIIHCTCKHtt no,n;xo,LI.. 

7. Ycnexn ecTeCTB03HaHHH XVII-XVIII BB., oco6ettHO B .MexaHHKe, 3a

JIO)f{HJIH OCHOBbl .D;JIH IlOCJie,LI.yIOII.J,ero pa3phma ¢H3HKli u e TOJibKO c <Pn

JIOCO¢Hei1 aHTH'iHOCTH, HO n c pen11r11eii, HeCMOTpH Ha TO qTo P. ,Ll,eKap-.r, 

r. J1ett6unn:, x. rro:ttrCHC H 11. HhIOTOH 6hIJIH rny6oKO BepyIOII.J,HMH xpHCTHa

HaMH. Me:r<:Lcp11311qec KHe napa;nirMhI ¢n3HKH ace 6onee H 6oJiee oTJIJiT.JaJIHCb 

OT napa,LJ.HI'Mbl H,D,€aTlbHOro Haqana H pe.rr1irH03 IIOtt napa,LI.HrMbl (,lJ.YXOBHOro 

Haqana). J\.1o)KHO yTBep)K)l;aTI>, qTo pacxo::HCdettue .1vte::Hedy ttay1wu u pe
Au2ucu 6buio o6ycAOBAe'rw cyw,ecmeetttt'btMU paaAu"tUR.MU ucnoA'b3Ye.M""'x 
n,apadu2.1vt, m . e. oa.11.'bneuwee npomuRocmoRttue nay'lf:U u pe.11.'u2uu UMMO 
.tvtemcufiusu"tec'l(;'Ue ?(;Op? 1,'u. 

8. AHarrn3 eCTeCTBeHHOHayi:rnbIX Teopntt Ii nporpaMM npornnoro BbIHB

JIHeT Te.H,D,e~:mo liCnOJih30BaTb MHHliMaJihHoe 1'.fHCJIO $H31'P·IeCKHX (MeTa

cPH3H'ieCKliX) KaTeropntt H «B npe)J,eJie» npnttTM K e,D,HHOMy H8.qaJiy, T. e. 

06Hapy>1<1IBaeTCH cmpe.M.1tettue ?(; MO?-t,iJ,Cffl'U"teC'l(;OU <f>usu"teC'l(;OU napaiJu2.tvte. 
TaKliM o6pa3oM, B n cpcneKTliBe MO)KHO Ha,n,cHTI>CSI Ha O,I.I,HOTliIIHOCTI> cpH3H

qecKoii H MOHHCTMqecKHX napa,n.HrM H,D,eaJibHOr'O Ii ,LI.yXOBUOro Haqan, 1'.JTO 

Il03BOJIHT no,LI. HOBbIM yrno.M 3pe1IHH IlOCMOTpeTb Ha COOTHOIIIeHJie HaYKli 

(cPH3HKH), cpHJIOCOcPHH H peJIHrHH. 

9. Ilo ocex pact,~OTpeHHbIX yqeHHHX Ba)KHOO MeCTO 3aHHMaJI Ha6JIIO,D;a

TeJib, BOCilpHHHMaIOH.V1H OKpy)KaIOII.J,HH MHp. 9To HaillJIO OTpa)KeHHe B Tpy
,n:ax rarmJie51, n ett6unn;a H HLIOTOHa. Oco6oe 3HaqeHHe B paMKaX cnen:li

<PnqecKott ¢Hnoco¢HH H,LI.ea.JIB3Ma 6hIJIO y,LI.eneuo tta6JIIO,LI.aTeJIIO ( cy6'beKTy) 

B Tpy ,LI,ax KattTa. 
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"lacTb I 

KnaccH~ecKHe npeAcTaaneHHR o MHpe 

K naqa.rry XX B. CJIO)f(HJiacb Q:>1131rqecKaH KapTMHa MHpa, ocaoBaflflaH 

Ha TpeX KJI10qesbrx ¢lJ3HqecK.wx KaTeropHHX: 4-Mepuoro KJiacc11qecKoro 

npoC'rpaHCTBa-BpeMeHM, noneii nepeaocq11KOB B3aHMO,LI,C:ACTBH:A H '-lacTMl.J,. 

B XIX B. npe,u,crasneHHH o MHpe 6bIJIH cyrn.ecTsenHo HHbIMH. TaK, B HaT1arre 

H B KOHIJ;e XIX B. ,n.oMHHHpYIOI.lVIMH 6bIJIH npe,ll,CTaB.rreHHH o HaJIHqHH 3cpupa 

.KaK MaTepHaJibHO:A cpe,ll,bI, OTBeTCTBeIIHOtt 3a nepe,u,aqy B3aHMo,n.e:ACTBl1:A. 

TeJia ( qaCTHUbI) H HOCHTe.mt B38.HMo,L1,ettcTBHtt ( BH,11,bI 3Q)Hpa) noHHMaJIHCb 

KaK p83HOBH,Il.HOCTH MaTepHaJibHO:A cy6cTa.HQHH co CBO:ACTBaMH Bem;ecrBa. 

Ha py6e)Ke XIX 11 XX BB. B3aMeH 3Q:>Hpa 6b1JIH BBe,n;eHbI no.1I51 nepeHOCT.IHKOB 

B3aHMo,u,eiicTBHH, IlOJIY"iHBIDMe CTaTyc caMOCT051T€JlhHO:A cpH3H'leCKO:ti KaTe

ropIDl. 0,ll,HOBpeMeHHO c 3THM npOCTpaHCTBO, OT.IHIIJ;eHHOO OT 3Q:>Hpa, 6hIJIO 

o&be,D.HHeHo co BpeMeHeM H COCTaBHJIO e,n.HHYIO KaTerop1110 npocTpaHCTBa

BpeMeHH. ToJihKO B Ha'-laJie XX B . KaTeropHH TJaCTHU. 6bma oKoHiiaTe.nhHO 

rrpR3Hana MHpoBbIM coo6m;ecTBOM B KaqecTse <l>n3H"ieCKo:ti. C.rro)f(HBlllaHCH 

qn1311qecKa5i KapTHHa MHpa, COOTBeTCTBYlOIUa51 TPHaJIHCTHqecKott (Mera¢n-

3WI€CKo:A) napa,n;HrMe, Har.IDl,ll,HO noHcHeHa Ha p11c. 1, r,ll,e TPH oprorouarrh

HbIX OPTa COOTBeTCTBYJOT TpeM cpH3H"'iecKHM KaTeropH51M, qepe3 KOTOpbie 

OIIHCbIBaerC51 peaJibHbIH Mllp, npe,ll,CTaBJJemn,Itt B B~e nyHKTHpHoro Ky6a. 

(Il-B) flpocmpattemao-apeM.R. 
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Puc. 1.1. TpHBJJHCT.H'IecKaH napa,u.rrrMa 
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B )1.aHHOH '4'8.CTH o6cjT)K.ll.eHbI npe,u.C'I'aBJie1rn:51 XX B. o Tpex IIa3BaJIHbIX ¢n-

3w-1ecKHX KareropHIDC B rJI. 2 paCCMOTpeHa KaTeropH.H rrpocTpaHCTBa-spe

MeHM, B ('J[. 3 - KaTeropttH n oJie:tt nepeHocq11KOB B3aHMO,n.eiiCTBMtt, a B rJI. 4 -
Kareropm:i qac'I'HU. 



' 

rnaaa l 

npocTpaHCTBO-apeMJI 
• 

PaccMoTJ)eHHe cP.H3H'1eCKHX KaTeropHtt Ha"CJ:HHaeTC5I c KaTeropHH npo

CTpaHCTBa- apeMeHH, Bo-nepBbIX, IlOTOMY, '1TO OHa B ¢ytt,r.r,aMeHT8JlhHOtt TeO

pe'l'W-IeCKOtt cP.H3HKe 3aHHMaer QeIITparrbHoe MeCTO. Be3 npeyBe.rrH"CJ:eHHH 

MO)KHO CKa3aTh, 'iTO Bee rnaBHbie OTKpb!TIUl B cPH3HKe xx B. Q)aKT.H''JeCKH 

6hIJIH CBH3aHbI c nepeCMO'l'pOM npC)J.C':I'aBJieHH:A 0 npocrpaHCTBe H BpeMeHH. 

Bo-BTOphIX, caMa KaTeropHH npocrpaHCTBa- BpeMeHH .HB.ruleTCH o6o6~eHHott, 
ao6paaruett B ce6H ,UBe 6oJiee npOCTble KaTerop.HH: OT)J.€JlhHO npOCTpaHCTBa 

li OT)J.eJlbHO BpeMeHM, paccMaTp.HBaBIIIHeCH ,Il,O xx 8 . BMecTe, HO KaK He3a

Bl1CHMbie. B-TpeTh.HX, npH nepexo)J.e K 4-MepHoMy npocTJ)aHCTBy-speMeHH 

Ilp<)5IB.TrneTC.H p.SI,IJ, OOcTO.SITeJihCTB, KO'I'Ophie 6yAYT B03H.HKaTb Ha IlpOT.SJ)Ke

HHH 3TOA KH.HrH BC.HK.Hit p83, Kor,ua 6y,n,eT ocymeCTBJI.SIThCSI uepexo,r.r, OT napbl 

KaTerOpH:A ( IlpOCThIX HJIH o6o6ru;eHHblX) K HOBOii o6o6ru;eHHOtt. . 

B 9Toi1 rnaoo paccMaTp.HBaeTCH coBoKynttoCTh ¢Hnoco<lx:KHX ( MeTacPH-

3Hl.fecKHX)' 9KCnepHMeII'l'8.JlbHblX H MaTeMaTH'IecKHX Q:>aKTOpoB, o6yCJIOBHB

JllHX n e pexo)J. K KaTerop.HH €)J.l1HOro npoCTpaHCTBa-BpeMeHH. 3aTeM ,n.aJOTC.H 

Heo6XO)J,HMbJe Il051CHeHIUl K MaTeMaTH'1ecKoMy annapazy Cil€1\MaJibHO:tt Teo

pim OTHOCMTeJlhHOCTR, D '18.CTHOCTH aH8JIB3HpyeTC.H o6paTHhill nepexo,r.r, OT 

o6o6m;eHHoi1 KaTerOpHH K rrpoCTbIM HCXO,ll,HbIM, r,ue KJII0'1eByIO pOJib HrpaeT 

noHHTHe CHCTeMbI O'I'C'1e'J.'a. Bo scex n ocJieAYIOIIJ,HX rnaBax TaIOKe 6y)J,YT 

IlpHC)'TCTBOBaTb HeKHe aliaJIOrH KJI8.CCHTiecKH.X CHCTeM O'l'C"tfeTa. 3,IJ,eCh )Ke 

l.Ipe)lJIO)KeH MeTacPH3H'IeCKH.:tt aHaJl.H3 aKCHOMaTHKH I'OOMe'I'pHH ( IlpOCTpaH

CTBa-BpeMeHH). 

2.1. OT npocTpaHCTBa JI epeMeHH 

K IIpOCTpaHCTBy-BpeMeHH 

repMaH MHHKOBCKH:tt, BbICTyna.H 8 1908 r. Ha 80-M co6paH.HH HeMeQKHX 

ecTeCTBOMCilbITaTe.rreii H spaqe:Ci B KenbHe, 38SIBHJI: «MHJIOCTHBhJe rocno,r.r,a! 

Bo33peHIIB Ha npOCTpaHCTBO H BpeM.H, KO'l'Opble .H HaMepeH rrepe)J. BaMH pa3-

BHTb, 803.HHKJIH Ha 9Kcn epMMeHTa.11bHO-QjH3H'1ecKot:i: OCHOBe. B 9TOM HX CHJia. 

Mx TeHJJ.eHU,H.51 pBiJ.l.HKaJibHa. 0THbme IIpOCTpaHCTso caMo no ce6e H speMH 

l 
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Ca.MO 110 ce6e ,U.OJI.>Kllbl o6paTIIThCS-l B cPHKI.J,MH JI Jll1I1Jh HeKOTOphlH 811,U. 

coe,iv·memur o6oHx ,n;oJDKeH coxpaHHTh caMOCTOHTeJihHOCTh» (111, c. 167]. 
B 3TOM 3aHBJieHHH r. MHHKOBCKOro MO)f(HO YB11,D.eTb BCe TpJI COCTaBHhle qa

CTJI BCHKOA Teop11H: 3KCrrepJIMeHT, MaTeMaTJl"tfecKHli a nrrapaT H cPJ1311qecKoe 

( cPHJIOCo¢cKoe) OCMbIC.TieHJIC. 

Tip11cryna.a K pacCMOTpenmo 3KCIIepJIMeHT8.JibHO:t1 6a3hI 'reOpHM, HarroM

HHM, qTo ,n;onroe speMH aayKa He 3 Ha.rra 6onee ¢yn,rr,aMeHTaJihHhlX yp8B

HeH1-1t1, qe.M ypaBHeHHH MexaHHKM Hh10T0Ha. l1 BOT eo B'l'Opoii uoJJOBJIHe 

XIX B. ~ei1MC MaKCBeJIJI, ou11paHCh aa pe3yJibraTb1 MaiiKJra <l>apa,rr,eH, 

ccpopMyJIRpoBa.n CHCTe.My ypaBHeHH:t:i, OIIl1Cb1Ba10iqHX 9.11€K'rpoMarHJITHOe 

rro.ae, rro,rr, KOTOpbIM TOf',lJ,a IIOHMMaJIOCh HeKoe Harrp.sDKeHHOe COCTO.HHJle 

a<f:mpa. C"t.JJITaJIOCb ca1.m co6o:H: p83yMeIOIUHMC5.I, 'C.ITO ypaBI-IeHMH MaKCBeJI.Tia 

,}J,OJI)f(HbJ HMCTh MeC'rO JUfillh B o,n,ao:tt npHBJl.11erJ1pOBaHHOH JIHepuHailhHO:t:i 

CHCTeMe oTCqera, )f(eCTKO CB.H3aHHO:tt c a6coJIIOTHO IIOKO.Hill,MMCH 9cpJlpoM. 

B CBH3H c 9'I'MM B KOHQe XIX B. 6hIJI nocraBJieH p.SI,n; 9KCrrepHMeHTOB c :Qe

JihIO o6aapy)f(eHJil.H ,lI.BJl)KeHMH 3eMJ1JI OTHOCJITeJihHO aeIIO,l1,BJ.f>KHOro a¢upa. 

B 3~aqy 3TOi1 KHHrJI He BXO.UMT oIIHcaaJ1e 1i13seCTHhIX OIIbITOB Ma:ttKeJibCoHa 

H <l>M30. ,ll;rn Hae 3,rr,ech IIp1-IH1~11IlHa.JihHO JUUllb TO, 'ITO c MX TIOMOIII,blO H e 

y,n,a.rrocb o6aap)')KHTb a6co.TIIOTHoe ,l1,BH)f(eH11e 3eMJIJI. KaK y.>1<e oTMe'laJIOCh, 

9TO 3acTaBHJIO CHaqa.na BHOCl1Th KOppeKTHBbl B IlOHJIMaHHe 3¢Hpa, a 3aTeM 

BOBCe OTKa3aThC.H H OT aero, H OT rrpe,l1,CTaI3Jiemllt 0 rrpeHMyJ.I.\eCTBeHHOH 

HHep~Jla.JihHOH CJICTeMe OTCTlt...>Ta. 0TKpblJICH upocTop ,ll,JUI rrepexo,z:r.a K .HOBhlM 

npe,rr,cTaBnea11~M o rrp11p0,n;e npocTpattcTaa 11 BpeMeHH. 

Illar 3a maroM cPH3HKM rrpOOJIH)f(aJU-lCh K J1CTJ1He. Y)f(e · B 1892 r. 
,11.)l{Op,ll)K <l>J1TI.VJ,)Kep8Jlh)l. BbICK83aJI rJ1noTe3y o coKpaw,eHHH .D;JIHH. MHoroe 

6bIJIO c,n,enaHo XeH,np11KoM JlopeH:QeM, KoTOpb1ti: B 1904 r. HameJI rrpeo6-

pa30Bamu1, qepe3 ro.n; no,n,TBep)K,ll.eHHhie AHpM IlyanKape, OTHOCJITeJibHO 

KOTOphIX ypaBttea11..a MaKCBenna JIHBapHaHTHbI. J1106orrhITHO ynoMHHYTh, 

qTo 3TH npeo6pa30BaJmH, H3B€CTHhie KaK npeo6p830BaHH.H J1opeau;a, 6bIJll1 

38.nHCaHhI e~e B 1887 r. B pa6ore B. <I>oxTa. Ho, BJl,z:r.HMO, Tor,n,a 3TO OTKpbI

THe 6blJIO npe)J()leBpeMeHHhlM. 

BoT KaK O,u;HH Jl3 c03,n.aTene.i1 pe.n.srTHBJICTCKoli KBaHTosoH: TeopH11 

II. A. M. ,11.HpaK onHca.11 ,n.oCTJl)f(e.HIDI X. JlopeHu;a: «Ka)f(.,JJ,h1l1, 113yqaBurnH: 

TeopMIO OTHOCHTeJihHOCTJI, HeCoMfieflHO y,ll.HBJIBJIC.H, IIO"leMy Jlopeau;, KO

TOpoMy y,z:r.aJIOCh npaBMJihHO IIOCTpoHTh see OCHOBHbie ypaBHeHH.H, Heo6-

XO).J;HMbie ,lJ,llil ycTaHOBJleHJIH OTHOCHTeJlhHOCTH npocTpaHCTBa JI BpeMeHH, 

OKa:.JaJIC.H ae B COCTO.HHMJI c.n;eJiaTb nocne,n.HH11 mar, <t)aKTH"·IeCKH ycraHaB

JIHBa1o~Wi OTHOCH're.TihHOCTh. Oa rrpo,n,ena.11 BCIO T.H)f(eJiyro pa6oTy - Bee 

,z:r.eHCTBHTeJibHO Heo6XO,lJ,MMbie MaTeMaTR"lecKHe paC"tfeThI, HO OK83aJIC.H He 

B COCTO.HHH11 no:tiTJI ,ll.8.JihIIIe, 11 Bbl cnpOCJITe: ~rroqeMy?». 5I AYMaIO, "ITO 

ero y,u,ep)f(aJIH crpax.H, csoero po.n;a aepemJ1TeJibHOCTh. B caMoM ,n,ene, oH 

no6o.srncri BCTYIIHTb B coBepmeHHo aoayro o6JiacTh, nocTaBJITh no,n. Bonpoc 

o6u\errpmrnT1>ie c ae3aIIaM.HTHhIX speMeH n,z:r.e11. Ott rrpe,rr,rro'1eJ1 ocTaThC5! Ha 



2.1. Or npocTpaHCTBa n npeMe1m K npocrpancrny-npeMeHH 73 

TBep)J.Oti D0'1Be C.6011X MaTeMaTI·PfeCKHX pacT.JeTOB. IloKa OH Ha Heit OCTa

BaJICH, ero fI03HIJ,HH 6hIJia Hey.S13BHMa; ec.n:u 6hI OH IIOIIIeJI ,lI,aJibllie, HeH3-

BOCTHO, KaKYIO Kp11TllKY 3TO BbI3BaJIO 6hI. 51 .nyMam, 'iTO y Hero IlOOe,[(HJIO 

)Ke.llaHHe ocTaBaThC.H Ha cosepmettHo 6e3onacHoit llO'iBe. 

qT06hl C')J;e.TiaTh Heo6XO,ll,11MbJH ll!ar Bnepe,u, H CKa3aTh, qTO BpeMH H npo

crpaHCTBO CBH3aHbl Me)KAY co6oii, IlOHa)J.OOHJlOCb em,e MHOro Jle'r H CMe.TIOCTb 

9timme.Htta. Teneph 3TOT war KaJKeTCH oT.JeHb MaJieHhKHM waroM srrepe,u., 

Ho B re ,LI.HM C,LI,eJiaTh ero 6bIJIO oT.Je.Hh TPYJl.HO. To, T.JTO H c,e:f:tqac CKa"3aJI, 

KOHe"t{HO, TOJlbKO rrpe,nrroJIO)KeHHe, HO a ,LJ,yMaIO, t.fTO OHO ,1J,OJDKHO ,[(OBOJlhHO 

TO'IHO COOTBe'rCTBOBaTb ¢aKTaM. .H He BH:>Ky HHOro o6'hHCHeHHH TOMy, KaK 

MO)KHO IlO)lOHTH CTOJlh 6JJH3KO K Be.TIHKOMY OTKpbITHIO H see .>Ke B KOHQe He 

cy:rvrerb CJl.eJJaTb IIOCJie/~HHH HOOOJi hllIOti Illar » [57, c. 69] . 
Tpe6osaH:ue HHBap11attTttoer11 scex 3aKoHoB np:upo,n;hI OTHOCHTeJihHO 

npeo6pa30BaHHH Jlopettua BIIepBbie BhICKa3aJI ( CKopee, KaK B03MO:>KHOCTh) 

AttpH IlyaHKape. HaKotten,, B 1905 r. 9itttllITeiiHoM 6b1J10 noK83aHo, '1To 

H8JIHT.Jl-fe 3Tl1X npeo6pa3oBaHHii ( CHMMeTpHii) CO,LI,ep:>KHT B ce6e 3HaT.JHTeJibHO 

6oJihlllee, T.JeM <f:>opMaJibHoe MaTeMaT11qecKoe cBoiicTBo ypaBHeHHit, - oHH co

OTBeTCTBYIOT CBOHCTBaM e,n,11Horo 4-MepHoro npoCTPaHCTBenno-BpeMeHHoro 

Mttoroo6pa311.sr. l1MeHHo c 3T oro MOMeHTa o6hPIHo oTCT.JHTbIBaeTCH co3,n;aH:ue 

crre1.vrn..r1bHOii (HJIH T.JaCTHoit) TeopHH OTHOCHTeJihHOCTH. 

,LL.JIB OKOHT.JaTeJihHOro OC03HaHHR npHHU,HilOB CIIeQHaJibHOit TeopHH OT

HOCHTeJihHOCTH 6bIJI Ba.>KeH reoMeTpH'·IeCKHM BKJI8.,U, repMaHa f\1HHKOBCKoro, 

3aIIHCaBmero B CHMMfil'pM~IHOM BM,rr.e KBa,LlJ)aT HHTepBana Me:>K)J.y ,1J,ByMH 

cOObITMHMM B 4-MepHOM npocTpaHCTBe-speMeHH. 9To OTKpbITHe npHBJieKJIO 

BHHMaHHe MaTeMaTHKOB H crroco6cTBOBa.JlO nepeHeCeHHIO MX pa3pa6oTOK Ha 

cp113HKy. 

OcttoBbI cneQMaJihHoit reopu:u oTHoc11re11bttocTH ceiiqac H3BeCTHbI sceM 

BbmyCKHHKaM cpe,n;neii llIKOJlbI, 0,1J,HaKo, K CO:>K8.Jiettmo, 3TO H e TI03BOJIHeT ro

B0p11Tb o6 ycBOOHHM MMH ( H ,rr.a)Ke MHOrHMH CTy,n;eHTaMM BY30B) nplUil~HIIOB 
aT,otr Te0p1n1. He.n.ocTaToqHo 3ayT.JHTh orrpe,neneHHH H <f:>opMyJihI, HeOOXO/J.HMo 

Ii3M€Hl1T b x a paKTeP Q:>H3uqecKoro MhlllIJICIIHH If, OTTOJIKHYBllIHCh OT rrpn

BbNHbIX npe,JJ.CT.aBJleHHii, IlO,lI,HHTbC.H Ha 6oJiee BbICOKyID CTyrreHh MMpOIIO

Hl1Ma.HHR. Ka)f(,LI,OMY np:uxo,nHTC51 npoitTH TH)f(KHit nyTh rrpeo,n;oJieHHH pH,n;a 

«napa,n;OKCOB» TeOpHH OTHOCHT€JihHOCTH H TOJihKO IIOCJie MHOroKpaTHOro RX 

p3.3pemeHl15l ,LI,OCTlP-lb y6e)K)J,eHHOCTH B cc cnpase,1J,JIHBOCTH. 

TaKaH Kap1'11Ha tta6;1ro.rr.anacb H B <f:>H3HKe rrepsott TpeTH XX B. KaK 

nmueT K. 3e.rrnr, «,n,a)i( e H1M ihC Bop, np:utta,LI,JIC)J{al.ll,HH:, KaK H IlJiaHK, K «OT

~8.M aTOMHOH Teopl1H», )J.OJII'oe BpeMH CKeIITHT.JeCKH OTHOCHJIC.H K TeopMH 

OTHOCHTeJihHOC'l.'H. B11JlbreJihM PenTreH TO)Ke qecTHO npH3Ha.i~rn B IIHChMe: 

«Y Metta ew,e tt11KaK B ronone ne yKJia)J.bIBaeTCH, 1:.ITO Ha,n,o npHMeH£Th 

Ta.Irne coseptueHHo a6cTpaKTHbre pacc~,rr.eHHH 11 noHHTH£ ,rr.nH OO'hHCHe

HH.H 51BJieHHii npHpO~I». . . HoByw Teopm:o BhICMe:usan:u IOMOpHCTHqecKHe 

>KypH8JlhI H 3CTpa,u,tthre KYilJlfil'MC'I'hI» [68, c. 69). Teop:u.sr oTHOCHTeJibHOCTH 
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O:>KH:BJieHno o6cy)K)l.a.nacb B 1911 r . Ha CoJibBeeBCKOM KOHrpecce, r,ae npHcy~ 

CTBOBaJUI 8. P e3ep¢op,rr;, 1\11. CKJIO,ZJ;OBCKa.sr- KiopH, n. JirunKeBeH, 1\1. IlJiaHK, 
B. <I>. r. HepHCT H ,rr;pyrHe H3BeCTHbie cPH3HKH. B KHRre B. r. K)'3Heu;oaa o6 
A. 8:thnuTeillfe MO)f(HO ttaiITH TaKHe CJiosa: «8AHwTei1H B nHCbMe B 11;10pHX 

K CBoeMy ,rr;pyry ,rr;oKTopy reepmcy l\aH:repy roBOpHJI ( noCJie CoJibBeeBCKoro 

KOHrpecca. - IO. B.), 'tfl'O C)~HOCTb TeopHH OTHOCHTeJlhHOCTH He 6hIJia no

H.Sfffi» [89, C. 200). 
Cronh )Ke BbICOKHX cryneHeK, p83,rr;eJimoI.IJ,Hx ypoBHH rroHHMaHIUl Q:>H3H

qecKHX rrpHH:QHTIOB, HeMHoro. CpaBHHTbC.H c HHMH MO)l{eT, Ha ttarn B3r.lll,lJ,, 

JIHIIIb 00031-JaHHe rrpHHI.J;HilOB KBaHTOBOt.1 MeXaHHKH H OT'lacTl1 nepexo,rr; OT 

cue:QHaJlhHOH TeOpHH OTHOCHTeJibHOCTH K o6~e:tt, KOTOpbIH, KaK npaBHJIO, 

,IJ,aeTC.H 3Ha't.fHTeJibHO Jierqe. 

B Poccirn cPH3HKH cpaBHH'l'eJihHO 6bICTpO socupHHHJIH H,rr;eH cne:QH

anhHo:tt TeOpH11 OTHOCHTeJihHOCTH. CTopoHHHKaMH Hoao:tt reopHH CTaJ~H 

H. A. YMOB, n. H. Jie6e,rr;eB, rr. c. 8nmreAH B l\tloc KBe, o. ,LI.. XBOJibCOH , 

B. C. YlrHaTOBCKMA B Ilerep6ypre, A. B. B acHJlheB B K a3aHH, B. <I>. Koratt 

B O,rr;ecce 11,rr;pyrHe. O ,n,ttaKo MexaHHKH oK83aJ1HCh 6oJiee KOHcepBaTHBHhIM1t : 

HeraTHBH}'IO TI03Hu;HIO no OTHOllleHHIO K cn eQHaJibfIO:tt reopHH OTHOCHTeJlhHO

CTH 38IDIJll{ H . E. )KyKOBCKHA, 51. M. rop,rr;m1a, K. 8. UHoJIKOBCKHH H HeKO

TOphie ,rr;pyrHe y-r.IeHhie. ,ll.onroe speM.SI cpe,D,H cPH3HKOB se.n:aCb /J.HCKyCCH.H 

no aonpocy, KaK noHHMaTb npeo6pa30BaHH.sr JlopeHu;a: TOJibKO JJHllih KaK 

CBOACTBO ypaBHeHIDi 9JieKTpoMarHHTHOro IlOJI..H HJIH KaK sceo6I.IJ,HA 3aKOH 

npHpo,D,bl. VfaBecTHo, 1ITO p~ cPH3HKOB 11 eCTCCTBOHCIIbITaTeJieH OTHOCHJIH 

npeo6pa30Bairn}l Jlopettu;a JIHIIIb K TeopHH 9JieKTpOMarHeTM3Ma. 3aMeTHM, 

"ITO ,n,o CHX nop BO MHorHX BY30BCKMX yqe6HMKax cPH3HKH cne1~HaJlhHYIO TeO

pmo OTHOCHTCJlbHOCTH H3JlaraIOT B pa3,rr;eJie 9JieKTpO,rr;HHaMHKH, qTo Hepe,rr;Ko 

npHBO,D;HT K He,LJ.OO:QeHKe rJIOOaJihHOro 3Ha't.JeHH.H T eOpHH OTHOCHTe.JihHOCTH 

B CHCTeMe cPH3H't.JeCKOro MHp03,D;aHJ·l.H. 

2.2. IlpocTpaHcTBo-BpeMR MHHKoBcKoro 

Ilonara.sr, 1ITO nyTh OT HhlOTOHOBOR TeopHH K pen.srTHBHC"I'CKO:ti 'tlHTaTeJih 

TaK HJIH HHaTJe npomen) ttanoMHHM OCHOBHbie IJOJIO)l{eHH.SI TeopHH 4-MepHoro 

npocTpaHCTBa-BpeMeHl1 MHHKOBCKoro, a B CJie)lylOlIJ,HX p83,LI,e Jiax OIIHIIIeM 

o6paTHblH nyTh K npocTpaHCTBy H BpeMelm HhlOTOHa raJIHJie..sr. 

B crreu,11ru1htto:ti TOOpHH oTHOCHTe.1IhHOCTH ·rrocpe,rr;crBoM npocTpaHCTBa

BpeMeI-m MHHKOBCKoro, CTporo roaop.sr, OTIHCbIBaIOTC.H co6b1TH.H H COOTHOllie

Hli..H Me:>K.n,y Ill1MH. Ka)K)l.oe co6hITHe xapaKTepH3yeTC.H ToqKoti B 4 - MepHoM 

npocTpaIICTBe-BpeMeHH, T. e. eMy c:raBHTC.H B COOTBeTCTBMe 'ie'rBepKa qHCeJl 

xi", r,LI,e 1111,l.l,eKC µ upo6eraer 4 3Ha'tleHH.H: 0, 1, 2, 3. KooprornaT'd c HII,ll,eKCOM 

0 OObNHO CB.H3bIBa.eTC.sr co BpeMeHeM ( x0 = xt), a ocTaBwHeC.H Tp11 - c npo

CTpaHCTBeHHhIMH M3MepeHH.HMH (CM. pHc. 2.1). Hepe,rr;Ko noJ1araeTc.H, qTo 

DpocTpaHCTBeHHbie KOOp,IJ,HHaTbl .HBJl.HIOTC.H ,rr;eKapTOBhIMH, XOT.SI 9TO COBep-
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memm tteofo13areJlhao. Oau MoryT 6bITh c¢ep11qecKMMH, I.\U.JIHH,Lij)UqecKuMu 

HJII1 mo6hlMI1 HHhIMH. 

CoBpeMeHHB.51 ¢U3HKa BIIJlOTHyIO 110,lJ,OlllJia K OTBeTy aa MeTacPH3U"CJe

CKHH BOIIpoc, nocTanneaHblli e:w;e B pa6ow.x 8. Maxa: «IloqeMy npocTpaa

croo TpexMeptto?» 0.D,HaKO cerO)J,H.H 3TOT Bonpoc ,[(O.JI:»<:eH 6b1Tb IIOCTaBJieH 

HHaqe: nocieMy npocrpattCTBo-BpeMB ~mTbrpexMepno? B r.TI. 10, nocB.suu;eH

HOH MHOI'OMepHblM reoMeTpH"l::lecKUM reopH.HM, Mbl BepHeMCSJ K 3TO:t1: npo-

6neMe . 

.J1I06on nape COOhITUR' rrpoucmeronux B TO'fKax xr u x~' COOTBeTCTByeT 

BemeCTBeHHOe 'qlfCJIO ---- 100ai}pam uttmep6Ma Me)K,!Iy 3TUMH co6hITHSIMH, 

onpe,n,eJI.HeMhitt qepe3 pa3HOCTU Koop,u.uHaT co6hITU.ii: 

/:ls2 = (x~ - x~)2 - (x~ - x1}2 
- (x~ - x~)2 - (x~ - x~)2 -

_ (~x0)2 - ~l2 _ 'f/µv~Xµ~Xv, (2.2.1) 

r~e K03¢cPHIJ,HeHTbl T/µv B IlOCJie)J,HeM BblproKeHHU crrpaBa H83hIBaIOTCSI 

?CO.Mnoueuma.Mu .Mempu'ltec~ozo mettsopa rrpocTpaHCTBa-BpeMeau MuHKOB

cKoro. 3,n;ech u B ,U.aJihnettmeM rrpoH3BO,lJ,HTC5I cyMMuposaaue OT 0 ,no 3 no 

IlOBTOp.HlOI.I.J.HMC5I csepxy 11 CHH3y rpe'ieCKH.M HH)J,eKcaM. 

MerpuKa - BeI.I.J.ecTBeHHoe "-UICJio, .HBllilIOI.I.J.eec.H uaTepBaJIOM B cnen;11ar1b

Hoii TeopuH OTHOCUTeJihHOCTH UJIU )J,JIHHOR B reoMeTpUU, urpaeT qpe3Bbl

qaifHO Ba)l{Hyro, OCJIJJ ne CKa3a'l'b orrpe,n,eJI5UOllJ.YIO, pOJih BO BCeH CHCTeMe 

¢n3uqecKoro MHpo3,n;aHu.H. EI.I.J.e s cepe,u.Hae XIX B. MaTeMaTHKOM B. PHMa

HOM {143] 6hIJI nocraBJieH MeT'cl.¢H3HqecKHtt sonpoc 0 npHl-IHHe B03HHKHOBe

HH.H MeTpWiecKHX OTHOIIIeHufi H c,u.e.JiaH BbIBO,lI, 0 ¢H3uqeCKHX HCTOKax 3TOro 

reoMffi'PH'fecKoro IIOH.HTUB. 

B ,u.eKaPTQHhIX Koop,n,uaaTax KOMnoHeHThI MeTpHqecKoro TeH3opa npe,n;

CTaBJI5IIOTC.H B Bu,n;e 4 x 4-MaTPHI.I,bI: 

T/µv = 

+l 0 0 0 
0 -1 0 0 
0 0 -1 0 
0 0 0 -1 

(2.2.2) 

"Y.liC.JIO IlJIIOCOB u MHHYCOB aa rJiammtt ,n;uaroaa.rru .HBJI.HeTC.H Ba)KHbIM 

llHBapuaHTHhlM CBORC'TBOM MHoroo6pa311.H' o6biqHo H83hIBaeMbIM cuzu,amy
pou. B <f:>u3uqecKoM npOCTpaHCTBe-BpeMeHH l\/l11HKOBCKoro o,n;ua 3HaK n.Jiroc 

JiI Tpu 3HaKa MHHYC (HJIH MO)KHO BbI6paTb Hao6opoT). qam.e Bcero CHrHaTypy 

o6o3HaqaIOT Bbrpa)KeHHeM ( + - - - ) . B curttaType IIpocTPaHcTBa-BpeMeHu 

MO)KHO yCMOTpeTb npo.HBJieHue Me'.raQ:>U3HqeCKHX ,lI,BOHqHOCTH ( B BH,[(e ,lI,Byx 
3HaKOB + If - , T. e. BpeMeHH-IIO,lJ,OOHOC'rH u rrpOCTpaHCTBeHHO-IIO,U.OOHOCTH) 

M TpOH'llHOCTH (B BH,U.e Tpex IlpoCTPaIIC'TBeHHblX H3MepeHHH). 

EcJIJJ o,z:Qm 113 co6hITH:li Haxo,u.uTc.sr s Ha~rn.ne Koop,u.utta:r, TO, oqeBH,11.HO, 

KBa,n,paT 1urrepBa.na (2.2.1) 3anuchIBaeTc.H npoI.I.J.e 

82 = (xo)2 _ (xl )2 _ (x2)2 _ (x3)2 = (xo)2 _ l2. (2.2_3) 



Mo)K}!o CKa3aTh, 'lTO 3To Bb1pa)KeH11e npe,JJ,cTaB1151e·r co6o.H ne qTo HHoe 

KaK o6o6:rn;ettHe Ha 4-Meptthl:H CJiyqai1: o6I.QeH3BeCTHoii reopeMhJ Ilmparopa, 

npas,o.a, c yqeTOM CHrHarypbI. 8 COBpeMeHHOM TeopeTH'lecKoii cPH3HKe 06-
cy.>K,LI.aeTCH BOIIpoc 0 npH'lHHax HMeHHO TaKoii CHrHaTypbl tta6Jno,n,aeMoro 

npocrpaHCTBa-BpeMeHH. 

KaK 6bIJIO CKa3aHo Bhnne, ,D.JIH co3.n;aHHH TeopHH oTHOCHTe.TihHOCTH sa)K

noe 3Ha't!eHHe HMeJio OTKpblTHe npeo6p830BaHl1ii' npH KOTOpblX OC'l'aIOTCH 

HHBapnaHTHhIMH ypaBHeHHH MaKcBeJIJia. Ba)KHOCTh 3THX npeo6p83oBaHHii 

COCTOHT B TOM, 'lTO OTHOCHTeJibHO HID{ OKa3hJBaIOTCH HHBapHaHTHbIMH BCe 

cPY:H,IJ,aMeHTa.TihHble ypaBHeHHH Iii Bhipa)KeHHH' B TOM 'lHCJie H KBa,rr,paTbl HH

TepBaJIOB (2.2.1) H (2.2.8). 9To JIHHeiiHhie npeo6pa-=JOBaHJAH, npe,o.C'raBHMbie 

B cPoPM€ 

(2.2.4) 

Ha K03cPcPH~HeHTbI ct' xapaKTepH3YIOIIJ;He 3TH npeo6pa3oBaHH.H, HaJIO)KeH 

J»l)J, ycJIOBHH. Ilo,rr.cTaBJIHH 3TH npeo6pa30BaHIDI, HanpHMep, B (2.2.8), JierKO 

HaHTH 9TH yCJIOBHH: 

Cµcv - J:µ 
V Q - Va• (2.2.5) 

8ro 10 ycJIOBHH Ha 16 K09cPcPHIJ,H€HToB, T. e. tte3aBHCHMhIMH HBJIHIOTCH 

TOJlhKO 6. CosoKynHoCTh T'cl.KHX npeo6p83oBaHHit o6p83yeT rpy:nny, Ha3hI

BaeMyro rpynnoii JlopeHU;a. 0Ha o603HaqaeTCH CHMBOJIOM 0(1, 8), 0Tpa)Ka

IOII1,HM CHrI<IaTypy npoc,'TpaHCTBa-BpeM€HH. 

CKopOCTh JII06oii TO'lKH xapaKrepH3YeTCSI "1€TbiphM£ KOMTIOHeHTaM:H 

BH,IJ,a 
dxµ 

U
µ __ _ 

- ' ds 
(2.2.6) 

r,rr.e BM€CTO npHBbl'lHOro .n;11¢Q:>epeHIQ1aJia Bp€M€Hli CT011'1' ,JJ,Rq>¢epeHIJ,HaJI 

pe.llHTHBHCTCKoro liHTepBana ds. 1'13 onpe.n;eJieHHH HHTepBaJia CJie,n,yeT li3-

BecTHOO CBOMCTBO 4 - cKopocrett: 

µ v -1 'T/µvU U - , (2.2.7) 

03Haqaro:rn;ee, 'ITO KBa,rr,paT cKopOCTH .l1I06oro ( MacCHBHoro) o6'heKTa paaeH 

e,n,HHHIJ,e. 

Jlro6a.H qaCTHIJ,a xapaKT€pH3yeTCH csoett MHpOBOit JIHHHett, H €(',JIH oaa 

,JJ,BH)f(€TCH paBHOMepno H npHMOJIHHettno, TO ee MlipoBa.H JIHHHH H3o6pa)J{a

eTCH npHMott, naKJIOHettaott K OCH BpeMeaH. Ha pRc. 2.1 H3o6pa)KeHa o.n;aa 

Ta.Ka£ MHpoBa£ .J1HHH5I, npoxo,rr,HIII;a.H -.:1epe3 aaqaJIO KOOp,IzyIHaT. 

YMHo)J{aH 4-CKOpoC'l'h Ha Macey IlOKOH qaCTHIJ,bl mo H CKOPOCTb CBeTa c, 

no.rryqaeM 4-HMny JlhC qaCTH~hJ 

pl1' =, m 0 C'LJP. (2.2.8) 

KoMnotteHTa p0 HMeeT CMhICJI KHHeTuqecKo:H 9HeprHH qacTRIJ,hI. 
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B rrp<:>C'rpaIICTB&BpeMeHH MHHKOBCKoro oco6oe 3Ha'(.1eH11e npHo6peTaIOT 

co6bITIDI HJlH CMem;eu1u1, xapaKTepH3yeMbie HyneBbIMH 3HaqeHHSJMM HHTep

BaJia. Ecnu Bbl)I,e.flliTb To~y-co6bITHe B Haqa.i-ie KOOp,D.HHaT, TO ace co6h IT:ruI, 

xapaKTepH3yeMble OTHOCHTeJlhHO Ha"l(Wla HYJieBblMH 3HaqeHHSJMH HHTep

BaJia, ne*aT Ha Kottycax 6y,nymero H npollI.Tioro (cM. pHc. 2.1) . 

0).1.HOBpeMetfHbie 
COObITIU1 

0,ll,HOBpeMeHHbie 
co6hITIU1 

---

Koeyc 6y;:rym;ero 

--- -- -- ---- -- -
Kmcyc npomJTot 'O 

Puc. 2.1. Co6b1TIDI B npocrpaHCTBe-BpeMeH11 1'1HHKOBCKoro 

Cser pacn)X>cTpaHj!eTCSJ OT o,n.ttoi1 "lacT HI.J,bI K ~yroii n o cBeToBoMy 

KOJIYCY, HJlH no uaompon'l-t'bl.M .MUp08'bL.M .n.uttuJVvt.. Bee MHpOBbie JUIRMH 

MacCHBHhIX T.f8.CTHIJ;, npoxo,z:r..Hm;He qepe3 Ha'iaJio Koop,z:r.MHaT, o6H3aTeJibHO 

Jie>KaT BHYfpH CBeTOBbIX KOHYCOB. 

B caMoM o6m;eM c.nyqac ypaBHeHHe ,LJ,BIDKeHHSI "lacTH~hr s npoC'rpattCTBe

HpeMeHH MHHKOBCKoro o rrHCbIBaeTc.H peJIHTHBHCTCKH HHBapHa HTHb.lM ypaB-

duµ _ Fµ 
mo-- - ' 

ds 
(2.2.9) 

eCTeCTBeHHhIM o6p8.30M o6o6~aIOLU;HM H3BeCTHbiti B'I'opoi1 3aKOH HhroToHa. 

3,n:ecb CJieBa CTOHT pe.IDITHBHCTCKoe ycKopeHHe, a cnpa.Ba - peJij!TlfBlf(,'TCKaH 

CHJia pµ., xapaKTepH3yeMas1 '-IeThlph:M51 KOMIJOHeH'r aMH. 

Bh1me 6b1Jia ,n:atta CBO)J.Ka K JIIO'·IeBhlX cooTHOllleH1dt a npOC:TpaHCTBe

BpeMefill MHHKOBCKOro. 3aMerHM, "ITO IIOKa He 6bIJJO CKa:::mHO Hlf CJIOBa 

0 IlOH.SITMH CMCTeMbJ OTCTJeTa HJIH o6 OTIIOCHTeJibHOCTH H see p accy)K,n:eirn51 

Be.JlHCh crporo B TepMHIIax 4-MepHOE TeOp1111.. 
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2.3. CucreMhl oTcqeTa (1+3-pac~enJiem1e) 

IlocJie rrepexo,u,a K o6o6:r.n;ettnoii 1<aTerop1ur 4-MepHoro rrpOCTpattcrsa

BpeMean H IIOCTJ)OeIUUI TeopHH B HOBbIX TepMHHax Heo6xo,n.HMO BCIIOMHHTh, 

qTO Mbl caMH paCC)')K)J.aeM H BOCIIpHHHMaeM MHP ( ero Ha6JIIO,U,aeM) B TepMH

Hax HM€HHO C'rapbIX IIOH.HTHM 3-MepHOI'O npocTpa.IiCTBa H OT)J.€JlhHO BpeMeHH. 

9KCIIepHMeHTaTop MO)f(€T H3M€p.HTb ITO CBOHM qacaM BpeM.H HJIH JIHHe:tt

KOM paccro.HHH.H. 9To 3acTaBJI.HeT pa3BHTh o6paTHyIO npoa;e,n.ypy nepexo,n;a 

OT o6o6:r.n;eHHOM TeOpHH H ee crrea;mpuqecKlfX IIOH.HTHM K npHcym;HM HaM 

( 9KCIIepHM€HTaTopy) npe,u,cTaBJI€HH.HM, q'}'Q ocym;eCTBJI.HeTC.H nocpe,u,CTBOM 

sae,u,eHH.H noH.HTH.H cucrneM'bl ornc'llerna. 0Ka3bIBaeTC.H, qTO B KJiaccHqecKoii 

o6JiacrH pe3YJihTaThI H3MepeHHi1: ,u,Byx Ha6Jiro,u,aTeJie:H cym;ecTBeHHO 3aBHC5.IT 

OT OTHOCHTeJihHOii CKOpOCTH HX ,U,BH)l(€HH.H. 

I10~1epKHeM, qTo B crreI~HaJibHO:tt TeOpHH OTHOCHTeJihHOCTH, KaK H B TeO

pHH HhIDTOHa, paccMaTpHBaeTC.H KJiacc rrpHBHJiernposaHHhIX, TaK Ha3bI

saeMbIX unepu/U{J,J/,'b'H'blX cucme.M omc'llema. B HhIOTOHoBoti MexanHKe HX 

cym;ec:TBosatt.He rrocTyJIHpyeTcH nepBhIM 3aKoHoM Hb!oTona. 

Ilpe)f{)J,e acero, Heo6xo,n:HMO IlOK83<'1Th, KaK OT o6o6meHHblX 4-MepHbIX 

IIOH.HTH:tt B IIpOCTpaHCTBe-BpeMeHH 11HHKOBCKoro rrepe:ttTH K npHBbiqHblM 

3-MepHbIM BeJIHqHHaM HhIOTOHoBo:H TeopuH. HaqneM c no:tI.HT1u1 4-Mepnoro 

HHTepBa.na. B mo6o:tt CHC:TeMe OTC'ieTa HHTepBaJI ,U,JI.H cMeu~eHH.H npoH3BOJih

HOM qacrHIJ,bl MO)l(HO npe.n:craBHTh B BH,11.e 

ds = J(dx0)2 - dl2 = dx0J1 - (dl/dx0) 2 = dx0J1 - (v/c)2, (2.3.1) 

r,n,e BBe)J.eHa HepeJl.HTIIBHCTCKaR ( HbJOTOHOBa) 3-MepHa.H CKOpOCTb B paccMaT

p11BaeMo:tt CHCTeMe OTCqeTa 

. dxi 
v"'= -· 

dt ' 

dl 
V= - . 

di, 
(2.3.2) 

I1cnoJih3y.H (2.3.1)' JierKO nepe:ttTH OT 4-CKOpOCTH uµ B (2.2.6) K KOMITO

H€HTaM 3-MepHhlX CKopocTe:tt ,n,aHHoti CHC!T€Mhl OTcqeTa: 

uo = 1 
Jl - (v/c) 2 

(2.3.3) 

3,u,eCb 11 B ,U,a.JlbHeii:weM JiaTHHCKHe HH)J.€KCbl npo6eraIOT TpH 3HaqeHH.H: 

I, 2, 3. 
Ilo'HJ£mue cucme.M/bt omc'llema npun1{unua.J1,'btto orn.riu'llaemcR om nouR

muR 1wopiJunamnou cucme.M'b£. B paMKax o,L(.Hoii 11 TOH )Ke CHCTeMbl oTcqeTa 

MO)KHO BbI6HpaTb pC13JIHqHbie Koop,n;HHaTHhie CHCTeMhL B qacrttocTH, H3 

JllfH€HHblX 4-MepHblX npeo6pC13oBaHHH (2.2.4) Bbl,ll,€Jl.HIOTC.H 3-MepHbie Koop

,llHHaTHbie npeo6pa30BaHH~ 

fi . k x = Ckx , x'° =XO (2.3.4) 



-
2.3. CHcTeMDI OTC'ieTa (I+ 3-pacmemreHHe) 79 

C yCJIOBH.HMH CkCJ = 6j Ha KOoq:><l;>Hn;HeHTbl C JiaTHHCKHMH (3-MepttbIM11) 

HH,ll,eKCaMH, COOTBerCTnyIOI.IJ,He pa3JIHqHbIM BbIDopaM HanpaBJI€HHH KOOp

,rvrnaTHhlX oceii. QqeBH)I.HO, np11 TaKHX npeo6pa3onamrnx ,ll,JIHH1>1 OTpe3-

KOB (~l) He Memn<Yrc.a. KpoMe Toro, nee noKO.SII.IJ,Hec.a Tena, H3o6pa)f{ae

Mhie B HHCpU,H8..i1bHOH CHCTeMe OTCqeTa nepTHKaJlbHbIMH MHpoBbIMH JIHHH

.HMH, OCT8.l0TC.SI HCflO,ll.BH.>KHbIMH, T. e. xapaKTCpH3YIOTC.SI Tervrn .>KC JlHHH.SIMH 

(cM. p11c. 2.2). 
0,n;HaKO Cpe,Ll,li (2.2.4) HMCIOTC.H npeo6p830BaHH.SI, nepeMCIIIHBalOIIJ,HC 

npocrpaHCTBCHHhie ( c 3-MepHbIMH JiaTHHCKHMH HH)J;CKCaMH) H npeMeHHylO 

KOOP~HaTbi. flerKo BH,Ll,eTb, lfl'O npH TaKHX npeo6pa'3onaHH5IX ceMeiiCTBO 

sepTHKaJTbHbIX JIHHMii M3MCHHT cnoe ttarrpanJiett11e. Ecn11 noJiaraTb, "t.!TO 

IlOJiy-tIHBIIIMCC.H JIHHHH no-npe.>KHeMy OI111CbIBalOT MHpoBbie JII1HI111 tta6JIIO)J,a

TeJiclt, TO ,Ll,attHoe npeo6pa3onatt11e 03tta-.:iaeT nepexo.n. K 11ttoii 11ttepu;11anbHOii 

CHCTeMe OTC'qCTa (co IIITpMXOBaHHb™H KOOp,Ll,HHaTaMH), B KOTopott rrpe.>KHHe 

HeITO,lJ,BH.>KHbIC Ha6Jno,n;aTCJIH CTaHOB.SITC.SI IlO,ll;BlUKHbIMH, a HCilO)J,BH.>KHbie 

Hafouo,n;areJIH 0TH0CHTCJibHO HOBOH CHCTCMbl OTCl.JCTa xapaKT€pH3YIOTC.SI HO

BhIMH BCPTHKaJThHI>IMH JIHHH.SIMH. Ha pHC. 2.2 H3o6pa.>KeHbI ,rr,Be CHCTCMbl 

MHpGBbIX JlHHHH tta6.TIIO)J,aTeJiett, yroJI MC:>K,I:cy' KOTOpbIMH onpC,ll,eJI.SICTC.SI OT

HOCIITCJibHOH CKOpoCTblO HX ,Il,BH.>KCHH.SI 8 = arcctg(l.Jc). 

PHc. 2.2. Cpaettett11e tta6n10,n.areneii H JIHHilii o,n.ttoBpeMettHOC'l'.H B ,Il.Byx HHep~-
8.JibHbIX CHCTeMax OTC"'lera 

~.H CHCTCMbI Heno,n;BH:>KHhIX tta6JI10,L1,arenett o,rr,ttoapeMeHH1>1e co61>1T11.SI 

Jie.>KaT Ha rOp1130HT8JlhHbIX JIHHM.SIX, T. e. xapaKTepH3YlOTC.SI O,lI,HHMH H TCMH 

.>Ke ::maqeHH.SIMH Koop,ll,HHaThI x'0 = Const. ,D.n.a no,rr,BH.>KHOro na6.n10,l],aTe J1.S1 

o.n,ttonpeMCHHhie co6hITH.SI OK83bIBaIOTC.H HHhIMH. Mx nerKo naiiTH, TaK KaK 
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B 06e11x c11CTeMax OTC'liera cBeTOBhie KoHychI OK83hIBaJOTC.SI 'l'eMH .>Ke. TaK, 

O)J;HOBpe.1.VteHHhIMM cne,n:yer c'llHTaTb co6bITH.H, cooTBeTCTBYIOUI,He TOY{](aM 

rrepece'"-IeHH5I CHMMerpH'llHbIX OTHOClITeJJhHO Ha'"-IaJia KOOp,lI,HHaT HaKJJOHHbIX 

JIHHMH co CBeTOBhIM KOHJCOM. Coe,LUIH5151 nx Me)K,LJ,,y co6ott, rrpnxo,n,nM K ce

MeticTBY HaKJIOHHbIX JIHHHH, xapaKTepH3YIOUI,HX 0,n;HOBpeMeHHbie co6bITH.H 

,u;moKytl.J,elicSI cncTeMhI OTC'lleTa. Mx OTJill'llHe OT ceMelicTBa ropH30HTaJihHhIX 

JIHHHti O,Ll,HOBpeMeHHOCTH OTpa)KaeT CBOHCTBO OTIIOCHTeJibHOCTH flOH51TH5l 

0,IJ,HOBpeMeHHOCTH OT COCT05IHH5l ,ll,BH.>KeHH5l tta6.nro.naTe.ne:i1:. 

IlpH rrepexo.n,e OT O,ll,HOH CHCTeMhl OTC'lleTa K ,npyroii KBa,I:qlaThI HH

TepBaJia Me:>I<AY napoli co6h1THH B HMX ocTaIOTC.H O)I.HHaKOBbIMH, TOr).J,a 

KaK npoMe.>KyTKH BpeMeHH H 3-MepHbie lLJIHHbl (paccTO.HHH.H) B ¢opMyJie 

(2.2.1) H3MeH.HIOTC.H. ,1I..r.rn 'IaCTHOl'O CJIY'lla.H, KOl').J,a O,LI,Ha CHCTeMa OTC'lleTa 

,lJ,BM)KeTC51 B,lI,OJib KaKOH- JIHOO H3 oceli, Hanp11Mep OCH x
1

, co CKOpOCTblO v, 
npeo6pa30BaHH.H npoMe.:>KyTKOB BpeMeHH H ,ll,JIHH OilHCbIBa:fOTC.H H3BeCTHblMH 

¢opMyJJaMH rrpeo6pa30BaHHH JiopeHU,a 

~x'o - ~xo - (l.Jc)~xl . 
- J1 - CV;'c)2 ' 

~xn = ~xl - (\1c)~xo 
JI - (lJc)2 

(2.3.5) 

Ha 3THX ¢opMynax ocHoBaHhI paccy)l(,LI;eH11B o coKparu.ettHBX ).J.JlHH H o ,n,py
l'HX CJie,JJ;CTBHBX cneu,HaJibHO:tt TeopHH OTHOCHTeJibHOCTH. JierKO BH).J,C'I'b, ~TO 

npH MaJibIX CKOpOCT.HX OTHOCHTeJibHOI'O ,n;BH.:>KeHH.H ,JJ;Byx CHCTeM OTC'lleTa 

(npH lJc << 1) cooTHOllleHH.H (2.3.5) nepexo,lI,5.IT B q)OPMYJJhI ,11,JI.H npeo6-

proonatt11:H: raJIHJle.H B HhlOTOHOBOH MexaHHKe 

~x11 = .6.x1 
- V .6.t. (2.3.6) 

MMe.H ¢oPMYJIY )J)I.H npeo6p830BaHH:i1: JiopeHu,a, MO.:>KHO nony'lrnTh ¢op

MYJ1Y CJIO)KeHH.H cKopocTeli. Ilonara.H, 'llTO ,n;Ba co6hITH.H cooTBeTCTBYIOT 

).J,BYM IlOJIO)KeHH.HM rreKOTOpOH TQ'lJKH, TaK 'llTO B nellITpHXOBaHHOH CHCTeMe 

OTC'lleTa v = .6.x 1 / ~t1 , a B llITpnxonaHHOH - attanorH'llHO v' = .6.x'1 / .6.t'1 , 

M ,n,eJrn: O,ll,Hy ~aCTb ¢opMy.11bI (2.3.5} Ha )J,pyryio M YMHO.:>Ka51 Ha c, HMeeM 

I V - V V
1 + V 

V= -+v= . 
1 - vWc2 1 + v'l.Jc2 (2.3.7) 

Orcio,IJ,a CJie,IJ,yeT, qTo CJIO.:>Ke1me ,IJ,Byx CKOpOCTeii v' H v' He npeBbUUalOUI,HX 

CKOpOCTb CBCTa, npHBO,ll,.HT K CK0p0CTH, TaK.:>Ke MCHbIUCH c. 

QqeBH,lI,HO, 'llTO ,11,Jl.H OTKpbITH.H cne1~HaJlbHOH TeOpHH OTHOCHTCJibHOCTH 

H noJiy'liellH51 ee CJie,JJ;CTBHH KaK ¢113H'ieCKOro, TaK H MCTO,UOJIOrH'llCCKOI'O 

xapaKrepa, Heo6xo,lI,HMO 6bIJIO H3Y'llHTh .HBJieHH.H, CB.H3aHHhie c OOJibllIHMH 

CKOpOCT.HMH ,lI,BH)KeHH.H, cpaBHHMbIMH co cKopocTbIO cBeTa. Bo BpeMeHa 

ranHJie.H H HblOTOHa, He I'OBOp.H 06 aHTH'llHOCTH, '3TO, ecTeCTBeHHO, 6hIJIO 

HeB03MO)KllbIM, 'iTO e~e pro ,lI,OK83hlBat-'T 3aBHCHMOCTh MHpoilOHHMaHH.H 

(H ,ll,a)Ke BOCrrpH.HTH.H MenupH3HKH) OT ypoBH.H p83BHTH.H cpH3HKH. 
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CJie,nyer uo11qepKHyrb, qTo nOIIBTHe c11cTeMb1 OTc~1cTa B MexaHHKe 11MeeT 

11,lJ.ea.im311poBaHHh1tt, KaK 6b1 TBep,n.0TeJibHb1if, xapaKrep. IToJiaraeTCH, qTo 

BO Bcex TO'-lKax npOCTpa.HCTBa onpe,JJ,eJieH CBOH Ha6JIIO,JJ,aTeJib HJIH HeKasJ 

ll3Mep11'reJibHruI c11cTeMa, cnoco6Hrui co611paTh :mnpopMaIJ,HIO o co6bITHBX 

B COOTBeTCTBYJOll.t;HX TO"l.IKaX npOCTpaHCTBa-BpeMCIIH. 11aep:qHaJibHa51 CM

creMa OTcqeTa xapaKTepH3yerc51, KaK roBOpHT B re0Merp1111, KOHrpy3HI.~11eH 

napan.neJibHhIX npRMhix MHpOBhIX JIHHHH. P acCMOTpeHHe ) l,Byx (u 6onee) 

CHCTCM OTCt.JeTa 03HaY.aer HaJil1q11e n K~Ott TQtc~Ke ,LI.Byx (1urn CKOJibKHX 

yro,LJ.Ho) 11,LJ.eaJibHhIX Ha6mo,n.aTeJieM, H11KaK He BJI115Il0~ ,DJ>yr tta ,lij>yra. 

2.4. Ilp11po,n;a npocTpaBCTBa-BpeMemt 

Ilepe:H.n.eM K QJHJIOCOQJCKOMY OCMbICJICHHIO KaTeropl1l1 npocTpauCTBa

BpeMeHH. B nHrep aType MO.}KHO BCTpeTHTb ynoM11HaH11H o ~yx B3f'JIH)J,ax 

Ha 11p11po,ny upoc'IpaHCTBa-npeMeHH: cy6crnaH:4ua.11/b'HO.M u Pe.l/,Jl,1"'UO'H.HO.M, 
o,n;ttaKo, MMeSI s BHAY Ha3DaHtthle Bhirne TPM MMponon11MaHHH H cooT

BeTCTBy10rq11e HM Mera¢113l1'-lCCKHe napa,Il.Hl'Mbl, MO.>KHO YTBep)K)J;aTb, l:lTO 

HX 6onbrne - rroqTH CTOJibKO )Ke, CKOJibKO HMeeTCH napa)l.MI'M. IlpH '3TOM, 

CTporo I'OBOp.SI, O'l',UeJibHOe p aCCMOTpeHHe Ka:reropl1H npoc'l:paHCTBa-Bpe.MeHM 

,u,onyCTMMO JIHIDb B 'Ipl18..iTiiCTl1"lleCKOif n apa,n,MrMe l1 B ,uya.ii:11cT11qecKOif napa

)Uil'MC TeOpeI'HKo-noncBoro MHpono1rnMaHl1.SI. Bo Bcex ,npyrMx napa,LJ.lirMax 

MO)KHO f'OBOpHTb JIHlllb 0 HeKOTOpbIX o6o6rqe HHhIX Kareroplil51X, BKJIIOl:lalO

III,liX n ce6.s:r KareropMIO npocTpaHcTna-BpeMeH:H. MMe HHO TaKMe o6o6~eHHhie 

KaTerop11l1 <l:>aKT11qecK11 HMelOT B BH/ty, KOI',L.1,a I'OBOp..HT 0 cy6cTIUI:ql1aJibHO:tt 

HJIH pe.rnI:qHOHHOif np11po,n.e npocTpaHCTBa-BpeMeHH. 

TpHa.JIHCTHqecKaSI H ~aJIHCTHqecKa.H Te<>peTHKo-noneea.B na

p~HrMhI aBTOMaTH'JeCKH 03HaqalOT pe,rzyKI~OHHCTCKHH no,n.xo,n: K MHp0-

3).1.aH HIO, cor.naCHO KOTOpo.My npocTpa HCTBO-DpeMSI HMeeT OHTOJior11qecKMH 

xapaKTep, T. e. 6oJiee nepBH"t!HO, 'l,IeM MHp B :qeJIOM, OflHChIBaeMbl A qepe3 

3TY M ,n.pyr11e KaTeropHH. 9TOT no,n.xo,n. <l:>aKTMt.JeCKH 6b1.n 3a.TIO.>KeH B yqeH11l1 

)l.eMoKpMra 11 6hlJI rrpe,n:craHJICH B Tpy,n:ax I-lb IOTOHa. B HCM npocT paHCTBO

BpeM5I o&bcKTHBHO cyw;eCTBYe'l' KaK QJOH, KaK cu;eHa, Ha KOTopo:R, IlO,Jl,o6Ho 

cneK'raKmo, p a3b1rpbrnae:rc51 11cT op1rn ¢M3Ht.JecKoro MHp03,Ll,aHl1.SI. MHorue 

cPH3HKl1 C03HaT€JThHO HJ1l1 6ecco3Ha:reJibHO up.11,u.ep>K.HBalOTC . .H MMeHHO 3TOI'O 

IIOHHMaH.11.Sl np11pO,L.1,bl IT}X>CTpaHCTBa-BpeMeHH. ,[[,.rm p a3Bl1'1'IDI COBpe.MeH

HO°A TeOpl1H IlOJI.SI Heo6xO)J,l1M npOCTpaHCTBeHHO-Bpe.rvteHHOH <l:>oH, - 6e3 Hero 

HeB03MO>KHO HM onpe,n:emmue, HH 01111c attHe p acnpocT p a HeHHH none.M:. 

38.MeTHM, qTQ KOf',ll,a B nony.ns:ipHoti, a TO H B Hay'l,IHOH .n11repaType 

IrnlliY'l' 0 B03MO.>KHOCT11 C03,n:aHH.Sl «MaurnHhI BpeMeHM» , TO 3a 3Tl1M KpOlOTCs:I: 

rrpe.n:CTaBJieHIDI 0 p ea.nbHOM Cyll..\eCTBODaHHH npocTpaHCTBa-BpeMeHM. 

O,u,ttaKo ec;rn B,nyMaThCSi n cyrb ,n:aHHoro no,n;xo,n.a, TO Hel136e.>KHO B03Hl1-

KaeT pH,D, BOilpOCOB. B. rei13eH6epr IlHCan: «C TQqKH 3 peHMs:I: COBpeMCHHOH 
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HayKH, Mbl 6bI CKa3aJil1, qTo nycTOe rrpocTpaHCTBO Me.>K,rry aTOM8.MH ,ll,eMo

KpHTa - 3TO He Hl14TO; OHO .HBJrneTC51 HOCHTeJJeM reOMeTpHH H KHHeMaTl1KH 

H ,n.enaer B0'3.MO.>KHbIM nopg,u,OK H ,IJ,Bl{)KeH11e aTOMOB. ,ll,o CHX rrop B03M0)f(

HOCTb nycToro npocTpattcrna ocTanach HepemeHHoii rrpo6neMoih [43, c. 32J. 
Cy6cTa.HIJ,HaJibHbIH noAXO/l, K upHpo.n,e npocTpaRCTBa-npeMeHH HH11u;11-

11pyeT llOCTaHOBKY pH.n,a npl1Hll,J111H8JlbHblX 3a,na~1 qrn:Jiococl>cKOI'O 3Byqa

HH.H, T8.KHX KaK IlOJiyqeH11e 113 naKyyMa H3BeCTHbIX BH,ll.OB MaTepHH (no

Jieii) 11, KaK cJie/l,crn11e, 113BJie'lleH11e H3 BaeyyMa 3Hepr1111. M,ne.s:i HOBoro 

3¢Hpa- ¢w311qecKoro BaKyyMa - Hamna 6naro~THylO no~y BO MHOrHx 

yMax. B pe3yJibTare B HeKO'rOpb1X Hay't{Ho-11cc.rre,r~oBaTeJlhCKHX 11HCTHTyTax 

no;~ u porpaMMy HCCJie)J,OBaHHH BaKyyMa H 113DJieqeHl1.H 113 Hero 3HeprHH 

BbJAeJUIJIHCb 3Ha4HTeJlbHbie cpe.n,CTBa, Opra.Hl130BbIBaJil1Cb crrerurn.JibHbie OT

,rr.eJibl co 3Ha'lliTCJibHbIMH IIITaTaMl1. 0T.MCTHM, ~o cepbe3HblX CBC/l,eHIDi 

0 IlOJ10)fUITCJibHhlX pe3y.1IhTaTax T8.Kl1X pa6oT He IlOCTynano. 

B reoMeTJJH'leCKOM MHponOHHMaHHH TaK>Ke HMeeTc.s:i HCCKO.HhKO 

napa,n11rM, )J,11KTYIO~HX p83.Jil1't{HblH B3rJIB,rt, Ha IIpHpo,rr.y rrpocTpaHCTBa-spe

MeHH. TaK, B A,VaJIHCTHqecKoii rrapa,rr,1ffMe, K KOTOpoii np11Ha)l.JIC)f(H'r OOJ..[(a.H 

TeOpH.H OTHOCHTeJibHOCTH, BBO,nHTC51 06o6w.e1u1a.s:i KaTerop11.H, o6'be,lJ,HlUUO

ll(a.H npocTpaHCTBO-npeM.H c KareropHeii none.ii nepeHoc~KOB .B3aH.MO.n,eii

cTBHii (HO He qaCTHI.J.)' a B 3KCTJ)CM8JlbH OH reO.MeTp11qecKOH napa,n,HrMe (MO

Hl1CTHqecKOii) Oil.HTb npHXO)J,HM K cy6c-raHIJ;HaJlbHOj.\ npHpo;~e 11pocTpaHCTBa

BpeMeH11, KOr ,a.a reo.MeTµJ.-PleCKHM ( rrpocTpaHCTBeHHO-BpeMeHHblM) o6pa30M 

Omt:CblBaeTCSJ H KareropH.H 'iaCTHIJ.. 

PeJUIIJ,HOlillbrlt IlOAJ(O)J, K np11po,i~e npocTµaHCTBa-BpeMeHH cooTBeTCTnyeT 

Pe.JUIQHOHHOMY MHpOilOHHMaHHIO, KOTOpoe 6y,n,eT npoaHaJIH311pOB8.HO 

B qeTnepTOD qaCTl1 KHHrH. 3.n,ecb JIHIIIb OTMeTHM, qTO B HeM npOCTpaHCTBO

BpeM51 paccMaTp11Bae'l'C51 JlHIIIb KaK crroco6 OilHCaHH.H OTHOIJJCHHM Me)!(,.lly 

co6bn'li.5lMH MarepHaJibHOro MHpa. IlpH OTCyrCTBHH ~acTHl( 11 COObITHH npo

crpaHCTBO-Bp eMH Tep51eT BC51KHH CMbICJI. HanOMHHM, qro ,rr.aHHbie B3rJI5!,Ll,bI 

6hIJIH xapaKTepHbI ,ll.JI51 Jleii6H11u.a. B XX n. 3TOT rro,rr.xo.n, pa3BHD8JIC5i 

B Tpy.n,ax .H. 11. <DpeHKeJI51, cI>. Xoifna, ,ll)f(. Hap.nHKapa H pH,a.a ;~pyrHx 

aBTOpOB. 

Pe.JI.HIJ.HOHHhIH rrOAXOA K rrp11po,LI,e npocTpaHCTBa-BpeMett11 6hrn npe,rr.

craBJieH B Tpy,i-.,ax 9. Maxa, A. IlyaHKape H pg,u,a ~pyrmc aBTOpoB. TaK, 

ttanpHMep, 8. Max B cBoeii «MexaHHKe» o6pa~an BHHMaHHe Ha TO, qro 

MHOrHM yM03pi1TeJibllbIM IIOH.HTHHM «60JlbUlHHCTBOM ecTeCTBOHCTibITaTeJICH 

npHITl1ChIBaeTc51 p eanhHOCTh, BbIXO,lJ.5HIJ.a51 3a npe,rr.eJibI Mhilll.JieHIUL .. MbI He 

,ll.OJDKHbl CqHTaTb OCHOBaMH )l.eiiCTBHTCJlbHOro .MHpa Te HHTeJlJleKTYaJibHbie 

BCITOMOra:renhHbie cpe,a:CTBa, KOTOpbI!vlH .Mbl IIOJlb3YCMC.H ,ll.JIH IIOCTaHOBKl1 

MHpa Ha c1J,eHe ttamero Mb1IllJieHH5l~ (106] . MMeHHO 3TO rrpoHCXO,IJ,HJIO B npo

IllJ10M, Kor.n,a BBO)_J,11.JIH TeilJIOpo;~, ¢.rrorHCTOH, :9<l>HP H n potme cy6cTaHIJ.HH. 

H eMano no,rr.o6tthIX yMo3p11TCJihHhIX nOH5fTHH coxpattHJIOCb H B coBpeMeu

HOii ¢H3HKe. c Il03HIJ.HH XOJIH3Ma 3TO B IlOJIHOii Mepe OTHOCHTC51 H K no-
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IUITHIO IlpOC':rpaHCTBa-npeMeHH, - OHO upe;~cTaBJrn:eT co6ott JIHllJb y,n;o6eyro 

a6cTpa~.mo, qepe3 KOTopyio ~ieJioBeK co3,rr.aeT ce6e rrpe.rr,cT"cl.BJieHIDl 06 oKpy

>KaIOID,eM ero MHpe. 

2.5. AKcHoMaTBKa reoMeTpHH 

B HaH6onee C'rporoM BH)J.e MaTeMaTwcmcKHe rrpe.rr,craBJJeHH.H o KaTeropHH 

npocrpaHcTBa-BpeMeHH npHH.HTO ¢opMYnHpoBaTh B BH,n.e a-x:cuo.Mamu?Cu reo

MeTpHH. Cne.rr,yeT OTMeTHTh, "tfTO y)Ke caM a-x;cuo.Marnu'tteC'K:'lltL noaxoa UMeem 
Mema<fni:3u'ttec-x:uu xapa'K.mep, - 3To 3a,n;a1rn:e 11cxO,L1,Hh1x, He,n,oKa3yeMhIX HH

'ieM ITOJIO)KeHHH, KpoMe KaK HerrpOTHBOpeq11BOCTblO H rrpHeMJie.MOCTblO rro

CTpoeliliOM Ha HX OCHOBe reoMeTpHH. 

06bI'lHO pO.>K,ll.eHHe aKCHOMaTH"tfeCKOI'O IlO,UXO)l,a K reo.MeTpHH ,lI.aTHpy

e'I'CS1 c ~Ha"tfaJI» EsKJIH,rr.a (III B. /J..O H. 3.), O,lJ,HaKo OH o6cy.>K)l.anc.H eme 

s Tpy~ax IlnaTOHa H ApHCTOTeJI.H. KaK y)Ke OTMeqa.rrocb, TinaTOH B03pa)KaJI 

ITJXYI'HB aKCHOMaTHqecKOI'O MeTO,ll,a paccy)K,ll,eHHH, HaCTaHB8JI Ha c noco6e 

pacCy)K,D.eHHH « ITO KpyI'y» (Ha Orrpe,ll,eJieHJilH ONlliX IlOH.HTHH qepC3 IlpOTH

BOIIOJlOJKH.hie HM), Tor.rr,a KaK ApHCTOTe.Jih 6h1JI CTOpoHHHKOM paccy)K,ll.eH11li 

«IIO nyqy», KOI',ll,a BepllIHHOH nyqa CJJy)KHT Ha6op aKCHOM, a caM nyq npe,ll,

CTaBJI.HeT co6o:B qe110"4Ky H3 Jie.M.M H TeOpeM, B03BO,lJ..HmHx 3,lI.aHHe reOMeTpHH. 

Ha MHome BeKa ,llOMflHHpy10m11M cTa.rr no,rr.xo,n_ Ap11cTOTeJI.H ( aKc110MaT11"tfe

CKH:ti). llb1pOKO H3BeCTHa 6onee qeM ,ll.ByxThIC.HqeneTH.H.H HCTOpIDl c lUITbIM 

nocrynaTo.M EBKJIH,LI.a (CM. § 8.1). 
H11Kona:H Ky3aHCKHif onpe,n.e1111n aKCHOMaTH"tfeCKHH no,rr.xo,rr. BhIPaJKaio

III.HM OCHOBHoii npHHu,1111 paccy,n;Ka- «3ailpeT npoT HBOpeq1u1». KaK nHllleT 

n. rr. ra.H,ll,eHKO, «COI'JiaCHO KJ3aHizy, aKCHOMhT, TaK :>Ke KaK H 6a3Hpy10-

Il.J)1ecH Ha HHX /J..0Ka3aTeJlb CTBa, .HBJI.HIOTC.H TeM «3a6opOM», c llOMOUJ.blO 

KOTOporo paccy,n.oK 3aOOTJIHBO OTI'OpO,D;liJI CBOlO 1'epp11rop11IO OT Tex rrpOTH

BOpe'-lHH, KOTOpbie MOI'JIH 6bI B30pBaTb Bee B03BO)J,HM0e HM 3,rr.amrn HayKH» 

(40, c. 29J. 
AH.pH Ilya.HKape nHca.rr, '-ITO « 2e0Mempu'ttec-x:ue a-x:cuo.M'bl He .R6.ltJt?OmCR 

nu CU'H.mernu'ttec-x:u.Mu anpuop'l-l'bl.MU cya+cae'H.U.RMU, 'H.U on'blm'H.'ot.MU <fia-x:
ma.Mu. OttH cyTh ycA06'1-l'bte noAoa+ce'H.'U.R ( cor JTallleH11.H): np11 Bhr6ope Me)K,lly 

sceMfl B03MO.>KHhlMH cor.narneHH..HMH MhI py-x:oeoacrneye.tvtc..n onbITHbIMH Q:>aK

·c·a.MH, HO CaMblH BbIDop OCTaeTC.H ceo6o01H/bt.M H orpaHH"tfeH JIHUib Heo6xo

)1.11MOCTblO 1136eraTb BC..HKOro npOTHBOpe"tlR.H. Ilo8TO.My-TO IlOCTyJiaTbl MO

ryT OCTaBaTbC.H cmpo20 BepttbIMH, J];ruKe Kor,n;a OIIbITHbie 3aKOHbl, KOTOpbie 

orrpe,n_eJI.HJIH HX BbI6op, 0Ka3hIBaJOTCH JIHllib rrpH6JIIDK€1Illbl.MH. ,llpyrHMH 

CJIOBaMJI, a-x:cUOM'bl 2eo.Me1npuu (.H He I'OBOplO o6 aKCHO.Max apH¢MeTJilKH) 

cym'h He 60.11.ee 'lle.tvt aa.Mac-x:upoea:H'H.'bte onpeae.rie'H.wi» [135, c. 40). B cBoeM 

npoH3Be,n;eHRH «HayKa H I'HnOTe3a» OH HOO,lI.HOKpaTHO B03BpamaeTC.H K 8TOH 

MbICJIH, no,n;•mpKHBruI, « 't!TO B CH.JIY ecTeCTB€IiliOI'O ar6opa Halli yM rrpH

crroco6RJIOI K ycJIOBHHM BHellIHero MHpa, 'llTO OH yCBOHJI ce6e reOMeTp:uro, 
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HaH6oJiee BhirO,n,HylO ,ll/UI BH)l,a, HJIH, ,n,pyrHM H CJIOB8.rvll1, Ha116onee y,u.o6Hyl0. 

Ho 3TO COOTBeTCTByeT HaIUHM IlbIBO)l.aM 0 TOM, qTo f'OOMCTpH.SI He HCTHHHa, 

a TOJihKO BhII'O)l,Ha» [135, c . 62}. 
KaK l13 BecTHO, Bcm<a.SI aKCHOMaTHKa on11paeTC.SI Ha c11cTeMy npUMumu-

606 - 11cxo)l,HbIX ( ,n,arree tte onpe,u.en.SieMhix) 3JieMeH'rapHbIX noH..SITHii, no)J,qH

HIDOll(Hx c.sr JIHIUb ,n,aHHOH c11cTeMe aKc110M. H anpHMep, B H3BeCTHhIX aKcH

OMaTHKax eBKJlH)J,OBO.tt reoMCTpHH rw1b6cpra, KocrHHa H ,npynlX aBTOpoB 

B Ka'leCTBe npHMl1Tl1BOB BbI6HpaIOTC.SI TO'-iKl1, np.HMbre, IIJIOCKOCTl1, HO B03MO

.>KeH H HHOH BbIDop. J13 HHX n o onpe,LJ,e.JICHHbIM npaBHJiaM CTpO.SITC.51 reopeMbl. 

l1MeeTC.sI 60JiblllOH npOH3BOJI B IlbIOOpe KaK caMHX npHMl1Tl1BOB, TaK H aK

CHOM. Hanp11Mep, TO, 'tJTO B o,n,Hoi1 aKc110MaT11Ke .SIBJIBeTc.SI TeopeMo:H, B APY

rott aKCHOMaT11Ke MO:>KeT 6bITb aKCl10MOH, TOr,LJ,a HCKOTOpblC aKCHOMbl n ep

BOH aKc110MaTifK11 CTaHOB..SITC51 TeOpeMaMH. KoHKpeT113au,IDI aKCHOMaTHKH, 

B KOHe'lHOM c'Ie're, onpe,n,eJI.SIJiach ueJibIO, 3a'leM OHa CTPOHJiach. B JII06oii 

a KCHOMaTHKe Hel136e:>KHO 3a.JI0)KCHO TO HJlH l1HOC MHp0110HHMaH11e ( o~a 113 

B03MO)KHhIX MCTa¢113H't.JeCKHX n a pa,n,HrM). B 6o.r1hlllHHCTBe rrpe,n,naraBIUHXC.SI 

aKCHOMaTl1K OTpA.m:aJIOCb HMCHHO TOOpeTHKO-IlOJleBOe HJIH TpHaJIHCTH't.JCCKOe 

MHponOHHMamrn. B HHX reoMeTp11'IeCKHe n oH.HTH.SI ¢opMaJihHO He CB.SI3hIBa

JIHCb c ,n,pyrHMH ¢ 11311qeCKHMl1 KaTeropHHMH, IlOHHMaJIHCb caMOCT OSITe.Tlb

Hb1Ml1. 

0K83bIBaeTc.SI, Aa:>Ke eBKJIH,n,ona reoMeTpH.SI npe,n,C':raBJI.HeT co6oi1: ;~o
BOJlbHO CJIO)KHbili KOMilJ1€KC H3 npHMHTHBOB l1 aKCHOM, q]1CJIO IIOCJIC)l,HHX 

napbMpyeTC.SI B HCKOTOpbIX npe,n,enax, o,n;HaKO, KaK Ilpa.Bl1JIO, npeBbIIUaeT 

,n,na )l.eC.SITKa. EcrecTBeHno, a KCHOMa THKH 3-MepHo:H eBKJIH)J,OBoii f'eoMeTp1111 

OTpa.>KaJJH npe;~cTaBJICHH.SI 0 npocTpaHCTDe B HblOTOHOBOn ¢113.HKe. Ilocne 

OTKpbITH.SI cueu,11a.nhHO'A Teop1111 OTHOcHTeJibHOCTH ( CTO) 6hIJIH p 83pa6o

TaHhI aKCHOMaTHKH 4-MepHoro npocTpaHCTBa-BpeMeH11 n p a6oTax A . Po66a, 

A.~· A n eKcatt,npoua H p~a ,n,pyrHx. By,n,eM On:HpaTbC.H H a aKCHOMaTHKY 

npocTPaHcTBa-BpeMeHH M11HKOBCKoro. 

AHaJIH3 rrpe,ucranne.HHhIX B n wrepaType aKCHOMaTHK TaKoro po;J,a no

K83hIBaeT, '-ITO n HHX .MUHUMa.11:bHoe u ycmou'llU6o noemopR:Km~eec.R 'llUC.fl,O 
npUMumu6o6 pa6'HO mpe.M. K aK npan11JI0, B KaqecTBe up11MHTHBOB reoMeT

p11H BbI611paIOTCH: TQqKH, MeTpHKa (paccTO}IHH}I}' MHO*eCTBa. IlpH 

9TOM 1'€0MeTp11~1eCKHe TO"iKH TpaKTYIOTC.SI KaK cPl13HqecKHe TOqKH-COObil'H.H, 

a BMeCTO p aCCTOHH11li BbICTyrraIOT HHTepBaJi bl (MeTpHKa). Ilp11Me'laTeJibHO 

TaK>Ke, qro B rrpe,n,naranlll11xc.H aKc110MaTHKax a'K:CUO.M'bl paa6uoa10mc.R 'Ha 

mpu ocH06'1-l'hle zpynn'hl: a'K:CUO.M'hl nop.Ra'K:a, .Mernpu'tlec?Cue u mono.1W2u'tlec?Cue 
a'K'.CUO.M'hl, IlpH't{eM 3TH rpyIITihI aKCHOM TCCHO J lpHB.SI3aHbl K H83BaHHbIM Bblllle 

'I'pCM npHMHTHBaM. 

KpaTKO oxapaKTep113yeM H83BaHHhie rpy11Ilh1 aKc110M. 

1. AKCHOMhl TIOP}IAKa, KaK npaBHJIO, BbID11paTIHCb HCXO)l.HhIM 11 BO 

.MHOrHX aKc110MaTHKax. B 't.JaCTHOCT11, 6bIJIO noK33aHO, qro n epexo,n, OT 



2.5. AKcHoMaTHKa reOMeTPHH 85 

eBKJIH)J,OBOH 3-MepHOH reoMeTJl.HH H aOCoJIIOTHOI'O Bpe.MeHH K 4-MepHOMY 

IIpocTpaHCTBy-Bpe.MeHH MO)KHO IlOHHMaTb KaK H3MeHeHHe aKC.HO.M nopH)J,Ka. 

A?CcUaM'tn J/,UHeilttou ynop.11,ao"'tenHocrnu 3aMeHHIOTC.SI. Ha a?CC7LOM'tn "'tacmu"'t
HOu ynop.11,do"'teHHocmu. 

HanoMHHM, a6coJIIOTHOCTh BpeMeH.w B )J,Ope.llHTHBHCTCKHX npe)J.CTa.BJie

mrnx: .MO)f(}IO 'I'paKTOBaTb KaK CBOHCTBO JUIHe:HHo:H ynop51)J,O'-ieHHOCTH ToqeK

COObITHH. 0Ho 0 3uaqae-1; qro .n,nH JUOOhIX .IJ.nyx co6hITMR a H b 11.Meer MeCTO 

O,D)iO J!l3 TpeX OTHOIIIeHIIB: JIH6o b' CJie,nyeT 3a a (b' > a), JIHOO a CJle,izyeT 

3a b" (b" < a), JIH6o a H b'" O)J,HOBpeMeHHhI (a = b111
). CnoikTBO JmHeiiHoR 

ynop5I)J,OqeHHOCT.H cP.H3.HqeCKH 03Ha"IaeT H8JU1qHe CHI'HaJIOB c 6ecKOHe't.!HOH 

CKOpoCTblO pacnpOCTpaI:IeHH}1. IlpMH51THe IlOCTyJiaTa cue~HaJibHO.tt TOOpHH 

OTHOCHTeJJbHOCTH ( CTO) o npe)l.eJJhHOii CKOpOCTH ( cneTa) npm~eno K 3aMeHe 

CBOHCTBa JIHHet\Hoii ynop51)l,OqeHHOCT.H CBOHCTBOM qaCT.ffqHOH ynop.Sl.)l.oqeH

HOCT.H. Ilocne,D;Hee 03Ha~aCT (c.M. p.HC. 2.3), qTQ )l,IDI mo6bIX ll;BYX p8.3JIH't.!HblX 

TO'-leK a .H b HMeeT .MeCTO O)l,HO .H3 Tpex OTHOllleHHR: JIOOO b' CJie,nyCT 3a a 
(b' > a), JI.HOO a CJieA,YeT 38. b" ( b" < a), nH6o a 11 b111 

He cne,ny10T ,rr,pyr 

38. ~yro.M (b111 +-+ a), T. e. OHH He ynop.HAO"IeHhI. Ilepnhle )J,Ba OTHomeHRH 

o3Ha'-18JOT npeMeH11-no)J,06ttocTh p accMaTp11naeMbIX co6bITHR, nocne)J,Hee -

npOCTpaHCTBeHHO-llO)l,06HOCTb. 

AKc.HOMbI qaCT11~ttoH: ynopH)J.OqeHHOCTH ¢opMHpyJOT c11creMy ynopH)J.o

qeHHoCTH )1.JI.H TpeX ToqeK. Hanp.uMep, 11.MeeTCH aKCHOMa TpaH3IITHDHOCTH, 

yTBep:>K)l.arow;rui: eCJIH b cJie,nyeT 3a a, a c cJie,nyCT 38. b, TOH c cne,nye-r 3a a. 
B OOJibIIIHHCTne aKCHOMaTHK CTO aKCHOMbI qacTHqttoM: ynop.H)J.oqeH

HOCTH paCClviaTpHilatOTC.H KaK KJilO'ieBhie, c KOTOpbIX Ha'-rnHaeTC5f IlOCTJlO

eHHe aKcHoMaTHKH. Ha HHX HaHH3bIBaKYrcSI nee OCTaJihHbie rpynllhI aKcHOM. 

11MeHHO OTHOIIIeHHH ynopH,II,OqeHHOCTH o6ycJIOBJIHBaIOT Il0HHTH€ np.Hq.HHHO

CTH B ¢H311Ke. 

2. MeTplPieCKHe aKCHOMhl cocTaBJIHKn' cneA,VIOI.I.Qrlt BruK.Hb1M: KJiacc 

aKCHOM npocT}laHCTna-Bpe.MeHH MHHKOBcKoro. Hx cyTb COCTOHT n TOM, "'(ITO 

,ll)l5l nl06oii napbI TO'!eK-C06bITHH 3a,naerc.H Be~ecTBeHHoe qHCJIO, Ha3bIBae

Moe KBa,D;paTOM MHTepnana Me)f{)Jy co6hITIDIMH ( .6.s2). HttTepBBJJ ~s o6o6-

:m;aer IlOHRTHe ,ll,Jil1HbI ~l Me*AY ,JJ;BYMH TOqKaMM 1) B eBKJIH,II,OBO:ti reO.MeTp.HH 

wu:1 uoHHTHe npo.Me)f(yTKa a6conIOTHoro epeMeHH ~t Me:>K.ny )1.BYM.H co6b1-

THRMH. NleTp11~ecKHe aKCHOMbI rrp11nH3aHbI K aKCHOMaM qacrH l.fHO:ti yno

p.H,lJ.O'-IeHHocTH. B '-lacTHOCTH, KBa,LIJ>aT 11ttrepB8.Jla .Me)f{).ly ,u.nyrvrn TO"IKa.MH 

nrum>KH.TeJieH (~s2 > 0), ec.n11 TQqKH-C06bITH..H ynopH,lJ,OqeHbl (npeMeHH-ITO

)J,OOHbl), 11 OTpH~aTeJieH (.6.s2 < 0), ec.rrH TOqKH-C06bITHH npocTpaHCTBeHHO

IIO,lI.OOHbl. 0TIIOCHT€JlhHO nro6oi1: TO'iKH-C06hITH£ Ba)l{HyIO COBOKYilHOCTb 06-

l)0rMeTJ.1M, 'i'l'O HMeJOTCSI TaK H83bllkWMblC MHOI'OTO'ie'iHble reoMCTpHH, r,LJ;e MerpHKa 

('IHCJio) 3a)l.aeTCSJ He A-JUI ,qayx, a AJISI Tpex, 'leTbrpex H T. ,n;. TO"leK. TaKHe reoMeTpHH 

BCCJie)lOBaJIHCb B. 51. CKopo6oraTbKO [1531. 
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CmYronoii: KOHYC 6y,nym;ero 

\ 
I 
I 
I 
I --- -----,------
' b' 
~ 

CBC'rOBOtt Kmzyc npomnoro 

PHc. 2.3. l.JacTH'·IHasr ynopH,LI.O'-IeHHOCTb a npocTpaHCTBe MHHKOBCKoro 

pa.3yJOT T04KH Ha CBeTOBOM KOHyce - Ha rpaHH~e Me)f(,LIJ' npocTpaHCTBeHHO

IlO,ll.OOHhLMH H spe MeHH-no,n,o6HhIMM co6bITH.HMM (p11c. 2.3). 
B HeKOTOphix aKCH0MaT11Kax H3 MeTPH'·IeCKHX aKCHOM oT,n,eJibHO BbI,n,eJ1.H

eTC.H ru<:cHoMa ApxnMe.u,a, yTsep)K)J,aIOI.U;a.H, 'ITO ecJIH ,n,aHhl ,D,Ba OTpc3Ka 

(q11cJia), TO, CKJla!l.bIBruI MeHbll.IMa 0TPe30K ('-111cJio) HeKOTOpoe q11cno pa.3, 

Bcer,n,a MO)KHO npen30iITH 6oJibll.IHH OTpe30K ( lilfCJIO). 

IlpHH~aJlbHO Ba)KHO OTMeTHTb, qTO B onpe,D,eJieHHH MeTpH1lCCKHX 

OTHomeH11a co,n,ep)f(aTC.SI npe,n,cTaBJICHH..SI o Bem.ecTBeHHbIX lf11cJ1ax. B CB.H3H 

c 9THM rrpHIDITO l'OBOpHTh, 'ITO HCIIOJ1h3yeTCH eI.U;e CHCTeMa He..SIBHO 3a,n,aH

HblX aKcHoM apm}:>MeTHKH. B "t.IacTHOCT11, 3TO HMeJI B BHJIY A. IlyaHKape, 

roBOp..SI 0 CKpbITbIX aKCHOMax: « .5IBJI..SIKYI'C.SI JIJI aKCHOMbI, ..SIBHO ¢opMyJIH

pyeMhie B pyKOBO,ll,CTBax, e,n,HHCTBeHHhIMH OCHOBaHIDIMH I 'eOMeTPHH? Mb1 

MO:>KeM y6e,u.HThC.SI B Ilp0THBHOM, 3aMelJa.H, l..{T0 ,D,a)Ke eCJIH 0,IJ,HY 3a ,rrpyrott 

OTBeprttyTb 3TH aKCHO~lhI, BCe-TaKH eI.U;e OCT3.HYTC51 HeTpottyThl.MH He KOTO

pbie npe,11,11o:>KeHH.H, o6u:r;He ·reopH..SIM EBKJIH,n,a, J1o6aqeBcKoro H PHMa.Ha. 8TH 

npe,n,JIO:>KeHH..SI /~OJI)f(}Ibl OilHpaTbC.H Ha HeKOTOpbie rrpe,n,nOCbIJIKH, KOTOpbie 

r eOMeTpbI ,n,orryCKaK>T B CKpbITOtt ¢opMe~ [135, c. 36}. 

3. TonoJioruqecKHe aKCHOMhI ¢opMHpyIOT IIOHilTHe HerrpepbIBHO

CTH. 3,u.ecb He 6y,n,eM yrny6JI51TbC.SI B o6cy)l(,ll,eHHe OT,l],€JJbHbIX TOilOJiomqe-
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CKHX aKCMOM (Xayc,L~oP<l>a): aKCMOM OKpecTHOCTH, p83)1.en MMOCTM, o6'be,n:M

tteHH.H H ,DJ>yrMX. 

113 TOilOJIOrM~IeCKHX aKCHOM qaCTO BbI)J.eJUieTCH oco6o aKCHOMa pa'3Mep

HOCTH. IlocryJIMpyeTCH, "ITO npocTpaHCTBO-Bpe.MH MMHKOBCKOro 4-Meptto 

(pa3MepHOL"l'h n = 4)1>. 
KaK npaBIDIO, K 3THM TpeM rpynnaM aKCHOM ,n:o6aBJIHIOTC.H e~e cneIµf

aJihHhle 8.KCHOMbI, npH3BaHHb1e yTO'tfllliTb HX npHBH3KY .ri_pyr K ,llJ)yry. 

B CBH3H c H3JIO)f{eHHblM CJie,n:yer H83DaTb pa60TbI P . M. IlHMettona no 

aKCMOMaTHKe reOMeTpuH, npnqeM 6oJiee o6rn;e.H, He)f{eJIH reoMeTPHH npo

CTpaHCTBa-BpeMeHH MMHKOBCKOro, H ,n;a:>K.e 6oJiee o6rn;ett, '1eM reoMeTpHH 

a°AHIIITeitHoBcKo.ii o6u.i;e:A TOOPHH OTHOCHTeJihHOCTH. B MOHorpa¢HM «llpo

cTpattcTna KHHCMaTH'ieCKOro TIHia ( MaTeMaTM'ieCKa51 reopH51 npocTpaHCTBa

BpeMeHM) » [131] aKCHO.MaTH'ieCKH HCCJ1€,JJ.ylOTCH reo.rvieTPHH, Ha'IMHasI c HaM

OOJiee o6mmc (KHHeMaTHK), ocHOBaHHhIX Ha 3a,r(aHHH MHO)f{eCTBa TO"leK

co6hlnrn H aKCHOM '1acTH'IliOH ynopH,D;O"-ieHHOCTH, H ,D;aJiee c IlOCJle,[~OBaTeJib

HbIM ~o6aBJieHHeM ,DJ>YI'HX r pynn aKCMOM: TOilOJIOI'H'IeCKHX, MeTpH"IecKHX 

aKCHOM H Ha KOHe"IHOH CTa)l;HH - yqera MaTepHH, 'ITO npMB0,ll,J1.T y)f{e K ~ 

m.eli TOOpMH OTHOCMTeJibHOCTH. IlpMMepHO TaKaJI :>K.e cxe.Ma paccy)f{,ll;CHHil 

HCUOJih30BaHa B pa6ow.x MoyJt)J.a M HeKOTOphtx ,LI.Pyrnx aBTOpon. Bo Bcex 

3THX aKCHOMaTMKax OIIHTb npMcyTCTBYIOT TpH npHMHTHBa H TPH H a3BaHHbie 

rpyHilbl aKCMOM. 

2.6. feoMeTpHH C H3MeHeHBOH aKCHOMaTH.KOH 

PaccMOTpMM HeKOTOpbre napMaHThI reoMerpM.H c H3MeHeHHo.i1 ( HeTpa,n;M

w10HHO:i1) aKCHO!viaTHKOH. 

1. B reoMeTpM"IeCKOM H peIDIIVIOHHOM MHponoHMMaHH.HX MO>KHO cTpo

HTh aKCHOMaTMKY ·reopHM, OIIMpasICb He Ha aKCHOMbl IIOpH,z:u<a, a Ha MeT

p~IeCK.He 8.KCHOMbI. IlpH 3TOM OTKpbIBaerCH MHO)f{eCTBO HOBhIX I'eOMeT

pHif, KOTOpbie 6y,nyT p aCCMOTpeHhl B TpeTbeH H '1eTBepTOH "-lacTax aTO.ii 

KHMrM. 3,n:ecb )Ke OCTa.HOBH.MCH Ha B03.M0)f{H0CTl1 nocTpoeHIUI reoMeTpHH, 

onHpaIOrn;HXC.H Ha ap11¢>MeTHKY c H3MeHeHHLIMH CBOHCTBaMH. Ha ::>To 

o6paru;aJI BHHMaHHe n. K. PameBCKMM: «HaTypaJibHhlH p.H)J. H ce.H~mc .HBJl.H

eTCH e,LJ.HHCTBeHHOH MB:"l"eMaTHqecKOM H)J,e8JIH3a~He.i1 npo~eCCOB peaJihHOro 

cqera. 9TO MOHOilOJibHOO fIOJIO:>K:eHHe oceH.HeT ero OpeoJIOM HeKOM HCTHHbl 

B nOCJie,n;HeH MHCTaHIµfH, a6COJIIOTHOH, e,L1,HHCTDe1nm B03MO:>K:HOH, o6parn;e

Hlm K KOTOpoH HeH36C)f{HO BO BCex ceyqa51x, Kor,n;a MaTeMaT MK paOOraeT 

c nepecqeroM cBOH.X ©beKTOB. BoJiee TOro, TaK KaK ¢M3HK Mcnonh3yer 

mIUib TCYI' annapaT, KOTOpblH n pe.n,JlaraeT eMY MaTeMaTHKa, TO a6cOJI10THaJI 

1
>Ha110MHHM, 'lTO ¢H3HKH-TOOJ>€THKH, Ha'iHHaH c 9. Maxa, <..'TaBHJIH aonpoc: no'ieMy 

npoCTpaHCTBO 3-MepHo? CTpe,n,npmrnMa.JIHCb nonbITKH )l.aTh ¢H3H'IecKoe o6ocHoBamre 

reoMeTPH'iCCKOti aKCHOMbI 3-MepHOC"l'H npocTJ)aHCTBa ( 4-MepHOCTH npocTpaHCTBa-Bpe-

1-·>· 
. 
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BJiaCTh uaTypaJibHOro PMa pacnpocTparureTC.R l1 Ha ¢11311Ky 11 - "4epe3 

nocpe,uCTBO 't.{HCJIOBOii npHMOtt - npe,n;onpe,n;e.rrHeT B 3Ha~wreJlbHOH C'1'€IleHH 

B03MO)f(f{OCTH Q:>11311qecKmc TeopHii .•. BhITh MO)KeT, no.rro)Kett11e c ttaTyp anh

HhIM P.H/l.OM B ttacrom:qee Bpe:rvrn 11MeeT CMhIC.n cpaBHHBaTb c nono)KeHHeM 

enKJrn,n;oBoE: re0Merp1111 B XVIII B., KOr)t,a Otta 6hma e)J.HHCTBeHtto:H reo

MeTpH"(,IeCKo:H TeOpHeH, a IlOTOMy C'iWl'aJiaCb HeKOii a6COJ1IOTHOH HCTHHOH, 

o,n;11HaKoBO o6.si3aTeJibHOH 11 )I.JUI MareMaTHKOB, H .U.JI.H cPH3HKOB. C't{HTa.rrocb 

caMO co6on IlOIDITHhlM, 4TO <P1i3WieCKOe npocTpaHCTBO ,LJ;OJI)KHO 11,n;eaJibHO 

TO'IHO no;_,'t{HH.RTbC51 eBKJIH,LJ;OBOtt reoMeTpHH (a q eMy )Ke ern;e?). Ilo,a;o6Ho 

3TOMY MbI c qHTaeM cei%qac, 'tiTO nepecqeThI KaK yro,n;Ho OOJibillHX pacCTOHHHH 

B ¢11311qecKOM npocTpaHCTBe H T. n. /~OJ1.>KHbl no,n;qHH51TbCH cyw;ecTBYlOIII;HM 

cxeMaM HaTypa.rrbHOro p}l,ll;a H qHCJIOBO:ii np.HMOii (a 'ieMy .>Ke ern;e?)» [140). 
rr. K. ParneBCKHH IlOCTaBHJI p.H,LJ; BOilpoCOB H BbICKa38JI r11nOTe3bl OTHOCH

Te.JibHO o6oorn;eHHM KOOp,l];HHaTHOf'O npocTpaHCTBa, nOCTpoemmro Ha OCHOBe 

HHOH aKCHOMaTHKH apmpMeTHKH, a B pa6oTax B. JI. PBa'if>..Ba (CM. [141]) 
6blJIO nOK83atto, ~o ua.Mettettu.R. e npeiJcrnaeJtettu.R.X o ceoucmeax na-
1nypa.a'b'HOZ0 p.RiJa y{)fCe eon.11.oWsett'bl. e if>uaux;e e eiLae aax;ono.Mepttocmeu 
cne~uaJt'b'H.Ou meO'pUU omxocumeJt'bttocmu. OcHOBHb1e pe3ynhTaTbI ero pa60'r 

KaCalOI'C.51 He KOOp,ll.HHaTHOI'O npocTpa.HC'l'Da, a npocTµaHCTBa CKOpOCTeH 

( HJlH HMilY.flbCHOI'O npocTµaHCTBa) . 

KaK H3BeCTHO, B J.YIHO)KeCTBe oou~ecTneHHbIX '-mce.rr onpe,n;eneHbI ,n;Be 

rpynnOBbie onepan;HH: CJIO)KeHl·rn (H o6paTHOii - BbJlfHTaHHH) H yMIIO.>KCHH.8 

(11 o6pa:.rttoii -- ,n;eneH11.s:1) . Ilp11 OObI'iHOM noH11Matt1111 ::>T11x onepa~ii HX MHo

roKpa:rHoe npHMCHeHHC llpHBO,l];HT K IlOHBJieHHIO HeorpaHliqeHl{O 60.JiblIIHX 

quce.rr. 0Ka3bIBaeTC5:1, MO.>KHO TaK H3MeHHTb onpeAeJieHH.R rpynnORblX oue

pa~HH, <fi'O Il 11p11Hq11ne He CMoryT IlOHBHTbC5! q11cJia, 60.JiblllMC HCKOTOporo 

upe,L1.eJ1bHOro 1.111c J.1a c. 
B. JI. PBaqeB pa3pa6oTan apmpMeTHKY c TaKHMH CBOHCTBa?vrn. Ilp11 ::>TOM 

np111I1JIOCb nepeonpe/.l.eJIHTh onepaIJ,HH c.no..>KeHI1.H w YMHO)KeHH.H. Hona~ orre

~H.H CJIO.>Ke1rn.H EB (BbNHTaHHH e ) ,D,BYX 't.{HC€JI x Hy onpe,a;e.n.aeTC~ 'iepe3 

np11nhPiHb1e onepa~HH cJlo:>KeHH~ 11 yMHO.>KeHJIB cne,n,yro~HM o6p830M 

x+y 
x EB y= ---

1 + a.2xy 

x-y 
x e y = ----

1 - a.2xy' 
(2.6.1) 

r,n;e a = 1 / c. B ::>TOH onepa~HM cp83y )Ke MO>KHO ycMoTpeTb npoHB.neH11e 

pe.rrHTHBHCTCKOro 3aKOHa CJIO)KeHHs.I CKOpoc·reri ( 2.3. 7). Ilo 3TOH npHq}iHe 

onepawrH ( 2.6.1) 6h1na H83Bana peJt.Rmueucmc?C'U.M cJto{)fCettueM ( eu'tluma

H:ue.M). Otta y,n;oB.rreTBOp.Her aceM npHBhP-IHbIM rpynnoBhIM cBo:HcTBaM, T. e. 

onpeJJ,eJieHHbIC B (2.6.1) onepau,HH HBJIHIOTC.H o6paTHbIMH H y,n;OB.nCTBOp.SlOT 

cnoiicTBaM KOMMyTaTHBHOCTH ( x EB y = y EB x), acc01:r,11aTHBHOCT11, AJ1.H 

HliX HMeeTCH u ynh c o6h1qHbuvrn cno'ACTBaMH, HO, rJiaBHoe, B pe3yJ1hTaTe 

peJUlTHBHCTCKHx CJIO)KeHHtt He noHB.IDDOTCH .. rncna, 6oJihIDHe c = a - 1 . 
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B cneu,ttaJibHOH TeopHH OTHOCHTeJihHOCT.11 cpaKT11qecK11 orpaHHqJ-t B8.IOTC.H 

O,llHOii onepa:u;11ett p eJISITHBHCTCKOro CJIO:>KeHlUI, 'I'Or,n;a .KaK B HOBO.i1 apn¢

MeTHKe orrpe,n.eneHa H BToprui onep8.1~1u1 - pe.tlJlmuBucmc'ICoe y.Mno::>teenue 

{ae.1tenue), - KOTOpruI RBJI.Sl€TC5I KOMMyTaTHBHOH, o6na,rr,aeT CBOitCTBOM acco

~aTJIBHOCTH, ,n.JI5I nee onpe,n;eJieHa o6paTII8.5I onepa~HH l1 HM€€TC5l e,U.HHHIJ.a 

c o6b1'ilibIMH caoiicTaaMH. 

B paMKax peJIB'I'HBHCTCKo:tt apn¢MeTHKH [ 141) 6bIJIH onpe.n.eJieHbI H3BeCT

Hble cpyHK.U.HH: C'reue11HaH, 3KCIIOH€11Thl, JTorapHcPMbI, TpMrOIIOMeTpli'I€CKHe 

H ~yrue. Eonee Toro, B TeOpHH, OIUlpaI01qe:ttca Ha pe.TIBTHBHCTCKYIO ap:mp

MeTMKy, BBO,lI,fITC.H cnel.1)1qm:qecK11e pe.tiJimU6Ucmc11,ue npou3eoih-lue u unme

epa.tiu, 06na.n.a10m;11e CBOiiCTBaMH COOTBeTCTByIOm;HX onepa'W'f:t\ B 0011 \enpH

HRTOM MaTeMaTHqecKOM aH8JIH3€. 

0TMe'l'YIM, qTo B COBpeMeHHOii cPH3HKe IIOKa He HaIIIJia rrpnMeHeHHe 

s nOJIHoM o6'beMe pa3BH'l'a5I PsaqeBbIM peJIBTHBHCTCKa.H apnQ:>MeT11Ka. B o3-

MO:>KHo, 3TO 6y.n.er c.n.enaHO B 6y,n,yw;eM. Arm cPH3HKH ( TO'tlHee, )l.JlH MeTa

qm311KH) Ba)Kl-10€ 3Ha'l€HHe HMeeT caM cpaKT cym;eCTBOBaHH.H peJIHTHBHCT

CKOH apHQ:>MeTHKH. « KnaccnqecKoMy cnyqaro, - OTMeqaeT B. JI. PBaqea, -

COOTBeTCTsyeT 3Ha'i€HHe Q = 0, H. TOJlbKO B 3TOM cnyqae B03HHKaeT 

B MaTeMa:r11Ke 6ecKOH€'IlIOCTb. BbrXO,n;HT, ~o no~rnJieHlUO 3To:tt (noTeHLQ1aJib

Hot:i) 6ecKOHeqHocT11 MaTeMaTHKa o6H3aHa HMeHHO « pyKaM 'tle110aeqecKHM», 

RJU1 ToqHee, - IlaJlbIJ,aM, c IIOMOI.QbIO KOTOphIX mo.n.H HayqHJIHCb Cq}ITaTb. 

B npttHWiile :>Ke, KaK 3TO cne,nyeT H3 npnae,n.eHHbIX pe3yJihTaTOB, .n.n.H 
IlOCTpoeHH5I MaTeMaTHKH ( Bilp0'1€M' Mbl srrpaBe roaopHTb TOJlbKO 0 rrpn

KJ18./J,HOH MaTeMaTuKe) .n.orrycTHMhl, KaK Mbt BH,Il,HM, n .n.pyrwe IIYTH, 6€3 

6ecKOHeqHOCTH c nopo)K)J.aeMbIMH e10 napa,n.OKCaMH H pa3JUfqHoro po,n.a 

MORCTpaMH. Ilpan 6h1n IT. K. ParnescKllii, Kor.n.a BbICTyIIaJI npOTHB .n.orMaTH

qecKoro B3rJIH,n;a Ha HaTypaJibHhI:ti p.s:JA. qTo >Ke KacaeTC£ oTae·ra tta BOrrpoc, 

K KaKHM nOCJI€)l;CTBllllM ,r(JIR cpH3H"leCKHX Teopnn MO>KeT npHBeCTH pa3py

meHHe «MOHOOOJlbHOro IlOJlO:>KeHH.H HaTypaJibHOro pH,n;a», TO ero ,r(OJDKHbl 

AB.Tb ¢lf3HK.H» (141) . 
B IIOCJie;vrnx pa6oTaX B. JI. Psaqeaa 6hma npe.n.npHHHTa rrorrbtTKa IIpH

MeHHTb HOByJO apHcl>MeTHKY- K KOOp,LI.HHaTHOMY rrpocrrpaHCTBY H Ha 3TOi:t 

OCHOBe ,rr.aTb HttylO HHTepnpera:qmo H3BeCTHbI X Ha6mo,n;eHHH no KOCMOJIOrH-

11ecKOMy KpaCHOMY CMem;eHHIO B crreKTpax H3Jlyqemur OT ,r(aJI€KHX acTpo

¢ H3HqecKHX o6'heKTOB. 

1 
2. B TeopeTHKo-rroJieaoM H peJll:W.HOHHOM MnponomiMaHIDIX 00 rnaBy 

F yrna. C'IaB51TC51 He Be~eCTBeHHbie, a KOMOJieKCHble 'UfCJia, T. e. cyw;e

CTBeHHO Me1rneTC5I xapaKTep MeTpH'tleCKHX aKcHOM. T aKoe H3MeHenHe aK

CHoMaTHKH 03Haqaer OTKa.3 OT aKCHOMhl Apxmv1e.n.a ( o cpaaHeHHH OTpe3-

! KOB), IlOCKOJlbKY B none KOMIIJI€KCIIbIX ~Hee.TI TepSICTC5I IIOH5:1.THe 60JlbIIJe-

l MeHhme. KoMnJieKCHa.H MerpHKa ncnoJih3yeTC.H B 6HHapHo:tt r eoMeTpo<P1:1.-

' 3HKe (cM. qacTh 5). 
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3. B reoMeTpMqecKOM MMponon11MaIDn1 KpoMe TononorHH npocTpaH

CTBa-BpeMeH11 MHHKOBCKOrO HCil0Jlb3Y.fOTCH TOilOJIOrHH c<J.:>epbI, TOpa, ~H
Jiltll,Upa. B TeoplUIX Karr~h1-Kne.Ana H3MeHHeTCH aKCHOMa p83MepnocTH. 

(TaKHe reoMeI'pHH 6y,nyT paCCMOTpenhI B TpeTbett 'laCTH KmirH.) 

4. B JIHTepaType nrnpoKo o6cy)K,ll.arrHCh .w,n,eH ,n;ucKpeTHoro npo
cTpaHcTua-BpeMeHH (cM. [39)), CBH3 aIDlbie c OTK830M OT TOilOJIOHl'l€CKHX 

aKCHOM KOHTHttyaJihIIOCTH. 0TMeJ'HM' 'ITO B Bonpoce 0 ,U,eJilIMOCTH npocTpaH

CTBa-BpeMeHH HM€IO'I'CH TpH TO'lKH 3pennsL 

1) fipocmpattCmBO U Bpf,.M.X ( 6.Mecme UJl.U pa3aeJL'bttO) ae.ti.RmcR ao 6eC'KO
'Hett.tttocmU. 9Ta Il03HUHH Jie)KHT B OCHOBe npe,u,cTaBJleHH.A 0 HenpepbIBHOM 

npoC'rpaHCTBe-BpeMeHH H IllHp0KO HCilOJib3yeMoro B cPH3HKe MaTeMaTH

'lecKoro annapam ).l;H<lxl:>epe~aJihHoro H mrrerpanbHOro HC'lHCJieIDIB. 

2) H.Meemc.R npeaeJL aeJLU.MOcmu npocmpancrnBa-BpeMe'HU. OTcio,u,a CJieJl.YlOT 

H)J.eH 0 )J,RCKpeTHOCTH H.TIH 0 KBaHTOBaHHH IIpOCTpaHCTBa-BpeMeIIH. 06-
Cy)K,ll.aJlOCb H€CKOJibKO BapHaHTOB Teop11.A TaKOro THna: 

a) cPH3M'leCKHe TeopHH B paMKax H'l€HCToro npOCTpaHCTBa ( HJIM npo

CTpaHCTBa- BpeMeHH); 

6) TeOpHH npocTpaHCTBa ( BpeMeHH) c MHHHMaITbIIOA ,U,JlHHOii ( ¢mH'le

CKHe TeOpHH c MaKCHM8JibHhlM HMnyJihCOM); 

s) TeOplrn KBaHToBaHHOT'O npocTpaHCTBa-BpeMeHH, r,u,e KOOPAJ1.HaThl 3a

M€HSIJOTCH oneparopaMH ( nanpHMep, TeOpIDI Cna~epa). 

3) Ma'KpocmnuttteC'K',U'/1, noaxoa 'K', npupoae npocmpattcmea-epe.Me'HU, co

rnacHO KOTOPOMY noID1THe KJiaCCM'iecKoro rrpocTpaHCTBa-BpeMeHH Te

pHeT CMbICJI B MHKpoMHpe, r,u,e HMelOT MecTO rrpHHIJ.HflH8JibHO HHb1€ 

3aKOHOMepHOCTH, 113 KO'rOpbIX npHBbl'lHbie npocTpaHCTBeIIHO-BpeMeHHbie 

npe,u,craBJieHHH B03 HHKa10T JIHIIlb np11 n epexo,u,e K ,lI,OCTaTO'tJHO MacCHB

HbIM (KJiacCH'i€CKHM) o6'beKTaM. 

B 6HHapnott reoMerpo<J.:>H3HKe (CM. 'l. 5) HcnoJib30Batta HMeHHO TpeTbH 

TO'iKa 3peHH.H Ha npMpo,z:zy KJiaccH'leCKOro upocTpaHCTBa-apeMeHH. 

OnHpaHCh Ha H3JlO.>KeHHoe, MO.>KHO rosopHTb o pe,n:yKU.HOHHCTCKOM no.n;

xo,u,e K KaTeropHH npoC'rpaHCTBa-BpeMeHH no HeCKOJihKHM Il03~115IM. IlpH

,u,ep:>KHBlliICb TepMHHoJiorHH ApHcToTeJIH, BbJAem1M pe,z:zy~HOHH3M no cym.

HOCT11, no Ka'lecTBY H no KOJIH'leCTBy. PeiJy?C'4UOttU3.M no cy'1.4ttOcmu COOT

BeTCTByeT paccMOTpeIIHOMY BbIIlle Bbl/~eneHH.fO ll3 Ka:reropHH npoC'rpaHCTBa

BpeMerrn npHMHTMBOB H 6noKoB aKCHOM. K peiJ~uottu3MY no m tttecmBy 
MO:>KJfO OTHeCTH p83,U,eJieHHe r eOMeTpHii npocrpaHCTBa-BpeMeHH no p83Hh1M 

BH,1.1.aM: eBKJIH)l.OBa reOMe'rpHSI, reoMeTpH.SI Jio6a'leBCKOro, pHMaHOBa reoMer

pH.SI H T. ,u,. 9TOT BOnpoc 6onee no,npo6no pacCMOTpeH BO BTOpo:U: 'lacTH. 

H aKOHeu;, pedy'K'U,UO'HU3.M no ?Co.aull{ecmBy cooTBeTCTBYeT ,u,enenmo scero 

npocTpaHCTBa- BpeMeHH Ha o6JiaCTH, no,n:o6JiacTH, OKpeCTHOCTH. 0'leBH.,ll;HO, 

npe,u,CTaBJiemuI 0 '18.CTHbIX Bl-1,ll.aX reoMerplitt H 0 xapaKTepe ,u,enllfMOCTH 

3aJIO.>KeHbt B HCilOJlb3yeMOH aKCHOMaTHKe. 
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2. 7. ApXHTeKTypa MaTeMaTHKB 

IlocKOJibKY reoMeTpJUI npe,.u,cTaBJIBeTC.H 0,lJ.HHM lI3 pa3,.ll.€JIOB Ma:reMa

T11Kli, 3,Ll;€Cb ecTecTBeIIHO T8K>K€ 3aTpOHYTb Bonpoc 0 MeTac}:JH3HKe MaTe

MaT:MKH. B CBH3H c 3THM 3aMeTmvt, '-!TO MO:>KHO 6bmo 6b1 Han11caTh «Me

Taqnt3JU<y», orrttpasich H e Ha cPH3HKy, a Ha MaTeMaTHKy, rrp11qeM aTa KHHra, 

B031'.'10>KIIO, HMeJia 6h1 aHaJIOrHqeyIO cTpyKTYPY· IlocKOJihKY 3TO ,.ll.OJDKHO 

BXO/J,MTb B KOMileTeHIUHO npo<PeccHOHaJibHbIX MaTeMaTIIKOB, orpaHWIHMCH 

3,n,ech nHIJ1h KpaTKHMH 3aMeqaHHHMH, onHpa.HCh Ha H3BeCTHbii\ TPYll. ¢>paH

Izy3CKHX aBTopoB, pa6oTa.Bnmx rro)J.. HMeHeM Hm<onh1 Byp6aKH 11 CTaBHBIIIHX 

nepe,u, co6o:tf ~eJih M3JIO:>KHTh no,n. e,rr.HHhIM yrnoM 3 peHIDI Ma:reMaTHKY cepe

,ll,IDlhI XX B. 

IlO)J..OfoiaH KHHI'a ,.ll.OJDKIIa 61:>1J1a 6bI TaK)K.€ Ha'fHHaTbCH c rnasbI, OOCBH

~eHHo:tf 3apo~eHmo MaTeMaTHKH B aHTH'lJHOCTH H p83BHTlUO KJIJOqeBhIX 

MaTeMaTHqecKHX KaTerop:m:i c ,LIJ>€BHOCTH )J..O HOBoro BpeMeHH. H. Byp6aKH 

npe,rum,n.e.rm B03MO:>KHOCTb TaKOf'O HCCJI€)J..OBaH1UI, O,.ll.HaKO yc'rpaHHJIHCb OT 

yrJiy6neHH.H B MeTa¢H3HKJ: « Mbl 6hI 38.UJJlH CJIHIJJKOM .n,aneKo, ecJIH 6hI OT 

Hae IlOTpeOOBaJIH npOCJie,LJ.HTb Te npespaTHOCTH ey,.ll.b6b1, KOTOpbIM IlO,LJ.Bepra

nach YHHTapHa.H KOHlleII~H.H MaTeMaTHKH OT 11mparope:HIWB )J..O HaIIIHX )J..Hett. 

KpoMe Toro, aro - p a6oTa, K KOTOpo:tf 60;1ee no,n.roToBJieH Q:>HnocoQ:>, qeM 

MaTeMaTMK, 'l'aK KaK o6~eft qepTOH Bcex llOilhlTOK o&be)J..HHHTb B €,.ll.HHOe 

l.\eJIOO MaTeMaTIIqOCKHe .LI.HC~Hbl - BCe paBHO, H)J.€T JIM peqb 0 IlnaTOHe, 

o ~eKapre HJIH Jlett6n~e, o6 ap11¢MeT113aU,HH HJIH JIOI'HCTHKe XIX s., -
.HBJIBeTCH TO, qTO OHM )J..€Jla.JlHCb B CB.H3H c KaKofi-JIHOO 6onee HJIH ~eHee 

npeTeHI.\H03HOfi cPHJIOCOcPCKOtt CHCTeMott, npHqeM HCXO)J..HhlM IIYIIKTOM )J,JIH 

HHX ocer)J..a CJIY:>KHJIH anpHOpllbie B033peHH51 Ha OTHOIII€HH.H Me:>K,LJ,y MaTe

MaTMKOH H ,.ll.BO:iiHOH .n.e:ttcTBHTeJibHOCTblO BHeDTHero MHpa H MHpa MbICJlH» 

(16, c. 246J. 3.u.ecb ¢aKTnqecKH npM3HaHo, qTo ,II.JI.H p83BHTHH o6I.IJ,HX npe.u.

CTaBJie1um 0 MHpe KaK B npOillJlOM) TaK H B nacro~eM, KaK co CTOpOHbl 

qmnoco¢MH, TaK H co CTOpoHbl MaTeMaTHKH HJlH $M3HKH HeOOXO.LI.HM CHHTe3 

BCeX H83BaHHhlX ( H H €Ha3BaHHbIX) ).1,HCU,HIIJIHII. 

Byp6aKH nornJIH rro nyTH aBTOHOMHoro o6cy~eHH.H MaTeMaTMKH 6e3 

yqeTa cpHJIOCOcPHH HJIH cpH3HKH, HO TeM He MeHee o6Hapy:>KHJ1H B OCHO

BaHHHX MaTervmTHKH (a «ap:x11TeKTYpe MaTeMaTHKH») npO.HBJ1€HHe Bee TOfi 

>Ke TpOH'l:IHOCTH. 0HH HBIIO Bbl,[l.eJIHJIH TpH THila MaTeMaTHqecKHX CTpyKTYP 

(TpH BH,II.a OTHOll1€IIHtt), H83BaHHbIX nopo)K)J..alO~HMH CTpyKTypaMH (les 

structures-meres): 

1. «To arHoIIIeHHe, KOTOpoe <l>MrYPHPYeT B rpynnosbIX CTPYKTYpax, Ha-

3bIBBJOT «3aKOHOM KOMil03Hl.Ulli»; 3TO Ta.Koe OTHOill€HHe M€)K)J..y Tp€M.H 

3JI€M€HTfil..1H, KOTOpoe orrpe)J..e.rrner O)J..II03IlaqHo TpeTHti 3JI€M€HT KaK 

cpyaK~IO ,n,Byx uepBbIX. Kor)J..a OTHomeIIHB B onpe)J..ene1rnH CTpYKTyphI 

.HBJliUO'l'C.H «38.KOHaMH KOMII03~», COOTB€TCTByIDUJ,a51 CTpyK'rypa 

H83bIBaeTCH (J,.fl,2e6pau'l{eC'IOOU cmpy?CmypoU» [16, c. 252]. 
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2. «,lq>yroi1: BaJKHblH TIUI npe.n.C'ra.BJIJUOT co6ott C'I'pYKTYPhl , onpe.n.eneH

Hhie omttowettue.M nopJ£iJ""a; na 3TOT p83 3TO - OTIIOllleHHe M e>K,IIy 

.U.BYM.H 3JieMeHT8.MH x, y, KOTopoe '-laJ.I.I;e Bcero Mhl BhlpruKaeM CJIOBaMH 

«X M €Hbille HJIH paBHO y». ( .. . ) 3.n.ech 6o.Jlbme He npe,rr.nonaraerc.H, 

qro 3'1'0 OTHOLUeHHe O)J,H03HaqHo onpe.u.eillleT O)J.HH 113 3JieMeHTOB x, y 

Ka.K cPYHKIJ.HIO ,DJ>yroro» (16, c. 252J . 
3. K TpeTbeMy THny C1J>YKTYP OTHeceHI>1 mono.1w2u'llec""ue crrq>y'K.

mypu (HJIH TOilOJIOnrn.). «B HHX HaxO)l.51T a6crpaKTHYlO MareMaTHqe

CKylO ¢opMyJIHpOBKY HIITYHTHBHbie noHBTH.H OKpeCTHOCTH, npe,rr.ena 

H He upephIBHOCTH, K KOTOphIM Hae npHBO)l.HT Harne npe)J.CTaBJie irne 

0 npocTpaHCTBe» [16, c. 253]. 

MaTeMaTHqecKuit MHP B u;enoM npe.rr.n araerc.H CTpOHTh tta ocHose KOH

~enu;MH H epapxHH II83BaHHbIX CTPYKTyp, H,D,51 OT npocToro .H,DJ>a H3 nopo.>K,n;a

IOJ.I.I;HX crpyKTYP K CJlO)KHOMy. «3a npe,n;enaMH 3TOI'O nepBOHa't.Ia.JlbHOI'O B,DJ>a 

TIC'mBJISUOTC.H CTpyKTypbl, KOTOpbie MO:>KHO 6blJ10 6hI Ha3BaT b C.IUXJIC?i'blMU 
(multiples) H B KOTOpbie BX0,1J,51T 0,ll.HOBpeMeHHO O)l.Ha HIDI HeCKOJibKO no

po)K,l.J;aIOJ.I.I;HX C'I'J>YKTyp, HO He npocTo coBMeJ.I.I;eHHbie ,DJ>yr c ,n.pyroM ( qTo He 

,n;aJIO 6bl HH'ierq HOBOI'O ), a opraH:wieCKH C'K.O.M6uttupo6a?i'H/bte npH IIOMO~ 
o,IJ.Hoi1: H.:ru 1 necKOJibKHX CBR3 bIBaIOIIJ,HX me aKCHOM» [16, c. 255] . H83hIBa IOTC.H 

OT)l.eJihHhie p83,ll.eJibl MaTeMaTmrn. c YK83aHHeM nopo.>K.AaJOJ.I.I;HX me cTpyK

Typ; HanpHMep, rono.:rmrHqecKas:i a.Jire6pa H a.Jire6paHqecKaH rononorHH 

B03HHKa}()T H3 coe)l.JIBeHH5I TOIIOJIOI'H"ieCKOi1: H 8JII'e6paH"i€CKOH CTpyKTyp. 

«Coe.n;m-1eHHe CTpYKTyphI nopsr,n;Ka H a.Jire6pa nqec Kott CTPYKTYPhI TOqfiO 

T'd.K :>Ke 11300HJJyeT pe3yJibTaT8.MH, IIpHBO)l.R, c O!I;HO:ti CTOpOHbl' K TeOPHH 

)l.€JIHMOCTH H)l.eaJIOB, a C /IJ)YI'OH CTOpOHbl - K TeOpHH HH'l'erpHpoB8.HK5I 

H K cnewrpa.JlbHOH TOOPHH onepaTOpOB, r .u.e TOqffO TaK :>:Ke TOllOJIOI'IDi HI'paeT 

CBOIO poJlb. ( ... ) 11MeHHO TaKHM o6pa30M n o.rrrial<Yl' TeOpHH KJiaCCHqeCKOH 

MaTeMaTHKH: aH8.JIH3 cPYHKI.J,H:ti ,n;eikTBHTeJihHO:ti H KOMilJieKCHOH nepeMeH

HhIX, ,D;R¢¢epem.~HaJihHY10 reoMeTpmo, a.Jire6pa11qecKy10 reoMeTpHIO, T€0-

pmo qHcen. Ho OHH rep.SlIOT CBOIO 6hmYJO aBTOHOMIIOCTb H .SlBJI.HlOTC51 reneph 

nepeKpeCTKaMH, Ha KOTOpbIX CT8Jl.KHBaIOT C51 H B3aHMO)l.€HCTBYIOT MHOI'OqHC

JleHHhle MaTeMaTnqeCKHe CTpyKrypbI, HMelOIIV1€ 6onee 06m;1di. xapaKTep» 

(16, c. 256j. 
Mo:>KHO 6hIJIO 6b1 no.SlCHHTh CK83aHHoe T'c:UOKe c IIOMO~blO HeKoero 

( Te11€pb MaTeMa'l'HqecKoro) Ky6a, n ocrpoeHHOl'O Ha Tpex OC.HX, COOTBeT

CTBYIOJ.I.I;HX uopo:>K,.ZJ;aIOI.qHM MaTeMaTHqecKHM cTpyKTypaM, MO:>KHO KnaccH

qm~HpOBaTh pa3,D;€Jlbl MaTeMaTHKH no 11X np1uia,rr..rre:>:KHOCTH K O)J.IIOH 113 

BOCbMM MeTaqni3HqecKHX napa,n.HI'M H BBeCTH, KaK H npe~e, TPH BH,ZJ.eHHR 

MaTeMaTIIqecKoro MHpa. 

Mo:>:KHO YTBep~aTh, 'iTO D MaTeMaTHKe npo.SlBJUieTca o,IJ.Ha H Ta )Ke 

MeTacPH3HKa, qTo H B cPH3HKe. IlpIDII.I,lill ¢paKTa.JlbHOCTH Il03 BOJ1HeT ycTa

IIOBHTb COOTBeTCTBHe MaTeMaTHqecKHX nopo~alO~mc CTPYKT YP c <j>H3 H-
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tiecKHMH K aTerop1u1M11: CTPYKTYPY oTHomeHIDi cJie,uyeT cooTHeCTH c KaTe

ropHeli 'lacTHIJ,, aJJre6paH'lecKyro CTPJ'KTYPY - c Karerop11e-n noJie:tt nepe

HOC'l{ID(OB B38MMO)J.€HCTBntt, a TOilOJlOI'HqecKylO CTPYKTypy - c KaTeropu.eu 

npocTpaHCTBa-BpeMeHH. 

Byp6aKH npHlllJIH K 6nH3KOMy BbIBo,u,y: «AKc110MaT11qecKHi1 MeTo,n. no

Ka3aJI, 'ITO HCTHHhI, H3 KOTOpblX XOTeJIH c,n.enaTh c p e,nOTO"'Ilie MaTeMaTHKH, 

.HBJifilO'ICH JIHDJh BecbMa 'lacTHbIM acneKTOM o6:rn;.ux KOHu,e~, KOTOphie oT

HIO):U> He orpruurrn.BaIOT csoe npHMeHeHHe aTHM q acTHhIM cny'laeM. B KOHu,e 

KOHIWB, aTO HlITHMHOe B38.HMOilp0HHKHOBeHHe, rapMOHH'lecKO"tt Heo6xo,n.HMO

CTbIO KOTOporo Mhl TOJibKO 'ITO BOCXHID;aJIHCb, npe,n.CTaBJIH€TCH He 6onee <i€M 

cJirmHHbIM KOH'l'aKTOM HayK, CBH3H Me::>K,Uy KOTOpblM11 HBJIHIOTC.H ropa3,Il.O 

6onee CKpblThIMH, 'l€M ~TO Ka3a.JI0Cb a priori» [16, c. 258). 
l1Ho.U no,n,xo,n. K OCIIOBaHlUIM MaTeMaTHKH H Q:>opMaJibHbIX JIOrH'l€CKHX 

c11cTeM np~crrasJieH B KHH:re C. K. KJIHHH «Bse,n.eHHe s MeTaMaTeMa

THKY» [83J, r,n.e MaTeMaTHKa «O'l'phrnaeTCH» OT Q:>H3HKH H KaKoro-JIH6o 

MaTepHa.JibHoro HOCHTenH. KaK nHllleT aBTOp: «M eTa.MaTeMaTHKa )J.OJDKHa 

H3y'iaTh Q:>opMaJI.bHyIO CHCTeMy KaK CHCTeMY CHMBOJIOB H T. n., KOTOpbie 

paccMaTpJ.IBaIOTOI COBepme.HHO o6'beKTHBHO. ch'O 03Jia'laeT IlOilpOC':ry, 'ITO 

CHM.BOJlhl HT. n . He )J.OJI)J(HbI J.1CilOJib30BaTbCH )J.JIH o6o3Ha'l€HHH qero-nH6o 

OTJIWIHOI'O OT HHX Ca.MHX. MeraMaTeMaTHKa CMOTpHT Ha HHX, a n e qepe3 

HHX, H He na TO, 'ITO 3a HHMH; TaI<HM o6pa30M, OHH HBJIHIOTCH npe,n.MeTaMH 

6e:3 HHTepnperraWfi'I HJIH 3Ha'-I€HH~l» [83, c. 62). 
Xapa.Krepno, 'ITO MeTaMaTeMaTm<a KJIHHH TaIOKe o rmpaercsr Ha CHCTeMY 

H3 Tpex K areropldi. Ilepsy10 Kareropruo o6pa3yIOT ¢op.Ma.t1/btt'b£e cu.Meo.11/bl 

(:J, 3, V, &, = , ... ), BTOPyIO KaTerop1uo cocTaBJIHIOT ({Jop.MM'btt'ble eupa:Jtee

HM (KoHel.J:Hbie nOCJie,.z:r,oBa '1'€JlbHOCTH Q:>opMaJibHhIX CHMBOJIOB), a TpeTblO -· 

KOHe'lffib i e nocne,.z:r,oBaTeJI.blIOCTH Q:>opMaJibHbIX Bblpam:e HIDi. 

06~He MeTaq>11.3H'iOCKHe np.Himliilbl, Jie.>Kall.(He B OCHOBaHHIDC KaK ¢11-

3HKH, TaK H MaTeMaTHKH, B TOtt HJI.H HHO:A Mepe npOHBHJlHCh B )J.liCKyCCHfil( 

M8.TeZ....faTHKOB 0 npe)J.MeTe HX )J.€HT€JlbHOCTH 11 0 COOTHOID€HHH MaTeMaTHKH 

H ¢113HKH. B Ka'leCTBe upnMepa MO.>KHO Ha3BaTh CTaThIO B. M. ApnoJih,n.a 

c xapaKTepHblM Ha3BaHH€M «MaTeMaTHKa If Q:>H3HKa: pO,Il.HTeJib H )J.HT.H rum 
cecrpb1?» 14). Elf(e paHhllie o6 o6I.IJ,HX KOpHHX ¢H3HKH H MaTeMaTHKH (reo

Merp1rn) rrncan B. PHMatt B MeMJape «0 rHnOTe3ax, Jie:>Kam,Hx B OCHOBaHHH 

reoMeTpHH» (143). 
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nong nepeHOC~HKOB ...,. 

Ha py6e)l(e XIX H XX BB. Ka.TeropIDI npocTpaHCTBa ( Toqiiee, npocTpaH

CTBa-speMe1rn) 6hIJia O"tfl1ID;eHa OT IlOH51.TH513cpHpa KaK oco6ott MaTepHaJibHOtt 
cpe,n.h1, 3ano.TIHmO~ett ero H nepe,n.ruom;ei1: B3aHMO).l,ettcTBIDI OT OAflHX ren 
K ,rr.pyrHM. 0,n.HaKO npH 3TOM 6hIJia BBe,n.eHa HOBrui KaTerop.m:c - nonen 
nepeHOCqHKOB B3a:mvm,n.ei1:CTBHH, pacnpocTpamUOlll,HXC.H no npocrpaHCTBY 
( B npoerpaHCTBe-BpeMeHH). 

B 30-e ro,11,bl 51. M. <l>peHKeJib on11can npo.u.ecc cnaqana Bse,n.eHH.H, a no
TOM nocTeneHuoro ocso6mK,n.e1urn cpH3HKH B XIX a. OT MHO)l(€CTBa 6oroB
~HpOB H 3aMeIIbI HX K KOHIJ,.)' BeKa Ha e,n.HHOro Q:>H3HqecKoro 6ora-a¢11pa. 
B XX a. )')Ke Ha nosott ocHose ¢aKTJ.f':lecKH nosTopHnacb KB83HpeJIHrH03Ha.a 

HCTOpH.a, TOJibKO Tenepb B ,n.onoJIHeHHe K 3JI€KTpoMarIIHTHOMy H rpaBH
TaIJ;HOHHOMY nOJIBM BMecTO MH0)K€CTBa 6oroB-a¢HpoB BBO).l,HJIHCb HOBble 
noJUI CJia6hrx (Z-6o30HHhie, W -6o30HHhie noIDI) 11 CHnbHhIX (r Juoonnhie 

noJUI) B3aHMo,n.eitcTBHi1:. B XX a. Ha6n10,n.arrc.a npo~ecc nx cnn .a1111.H, KaK 
O>KH)I.8.JlOCb, B none e,n.m10i1: TeopHH c}:>H311qecKHX B3aHMo,n.ettcTBHi1:. <l>H3HKH
TOOpe:rm<H Tpy,n.HJIHCh H~ C03,lI,aHHeM TeopHH BeJIHKOro o&be).l,HH€II.IDi -
HOBoro «cPH311qecKoro 6ora» noneaott npHp O,lJ,bI. 

3 .1. KoH~en~SI 6Jlll3KO,n;eiicTBmI 

K ottt1sent1suJt 6.au3100aP-ucmeuJt npe,n.uoJiaraeT ttan11q11e Henpep'bt6Hoeo npo
CTpaHCTBa-BpeMeHH 11 03Ha'-Ia€'1; qTO B3aHMO,ll.eiicTDHe Me)l{,ll.y qacTH~aMH 
( TeJiaMH) ocy~ecTBJI51eTC.H JIHOO qepe3 Henocpe,n.CTBeIIIIbrti KOHTaKT, JIH6o, 
ecJrn. OHM p83neceHhl B npocrpaHCTBe, nepeHOCHTC51 IlOJI51MH-I10Cpe,n.HHKaMH 
OT O).l,HO:tt qacTHJ.:(hl K ,n.pyroil: qepe3 Bee npoMe)KyTOq111>1e TOqKH. 

Ko11a.e~H5I 6n113KO,n.eficTB.IDi B paMKax Tp11aJIHCT11qecKoii MeTa¢11311qe
CKO:ti napa,II,liTMbl 6bIJia ,lI,OCTaTOqHO qeTKO BblpruKena B pB,n.e KHHr H y-c.1e6-

HHKOB nepoott 1..J.e'l'BepTH xx B., Kor,n.a e~e B Hayey ue BOIIIJUI H,n.eH H npHH
~HilbI KBattrosott MexaHHKH. TaK 0. ,LI,. XBonbcou B naqa.rre 20-x rr. nu
can: «CoBpeMeHHa.a HayKa npoTHBH'rC.H MbICJIH 0 ).l,aJlbIIO,lI.eiicTBHH; Cl.fWrae:r 

HeB03MO)KHbllvf, qTo6bI KaKoe-n116o TeJIO ,n.ei1:CTBOBaJIO TaM, r,n.e OHO caMO ne 
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naxO,UHTaI, H 3aMeHHJia ,Il,8.JibHO,ZJgticTBHe 6JIH3KO,n,efiCTBHeM, rrpH KOTOpoM 

BC.HKoe ,n,e:HCTBHe MO)J(e'I' 6bITh npoH3Be,n,eHO TOJibKO B 6nIDKafimeM coce,rr,CTBe 

c HCTOqHHKOM 3TOrO ,rr,efiCTBH51. Ilepe,rr,aBruICb B npocTpaHCTBe OT 'l'()qK}l 

K TO'l!Ke, OHO MO)Ke'I' o6napy2KHTbC.H H Ha nro6oM pacCT051HHH OT csoero 

nepBOHCTOqHHKa» (185, c . 160). 
B ,D,a.HHOM MHpOIIOURMaHHH 06.HsaTeJibHO npHcyTCTByroT Bee TPH cl.>11-

311.qecKHe KaTerop1111: « IlpocTpaHCTBo, o.Kpy)J(arow;ee TeJio M, Ha3bIBaeTCsi 

3JieKTpw-recKHM noneM, H Mbl rosop:mv1, ~ITO B K~Ofi ero TOqKe ¢aKTHq€CKH 

(peaJibHO) cym;ecTByeT onpe,rr,eJieHHOe «HanpIDKetrne IIOJIH», KOTOpoe H eCTb 

nenocpe,n,crBeHHa.H npH'nm:a B03HHKHOBeHHR ,LI,BH)KyIT(efi CHJihr, ,n,encTBy10-

m;eA Ha 3ap51)1., noMeIT(eIIIIblfi: B ,rr,aHHOfi TO'l!Ke» (185, c . 161). 
~pyrHMH CJIOBaMH, Tena, 51BJI5110rqMeC.H HCTOqHHKaMH nonefi, B036y)K

)1,aIOT me s cBoefi nenocpe,rr,cTBeHHo"fi OKpecTHOCTH. PacrrpocTpairn51ch OT 

O,l(Hot\ qacTIITQ>I K ,npyroti, noJI.H nOCJie,rr,oaaTeJibHO npoxo~T see TOqKH npo

c:rpattcr.sa M€.>K)JY HHMH. 't.JacTH.W>l socnpmIHMalOT B03,n,efiCTBHe co CTOpoHbl 

fij)Yf'HX qac~ qepe3 non.H, ,n,ocTHralOIT(He 11x OKpecTHOCTH. Ta.KMM o6pa30M, 

KOHu,err:u,IDI MH3Ko,n,eficTBH.H MO)KeT 6bITb npe,n,cTa.BJieHa cne,i..1yror:u.ett npHH-

1~1111118.JihHoli 6JIOK-CXeMofi: 

(Il-B) HenpepbmHoe npocrpaHCTBO-BpeM51 

('t.JacTHI.J,a) --+ (IloJie) --+ ('t.JacTHu,a) 
(3.1.1) 

Tp.11 KJnoqeBhie ¢H3H'leCKHe KaTeropHH TPHaJIBCTHqecKoii napa,rr,Hf'MDI, o6o-

3HaY.eHHhre B 9TOfi 6noK-CXeMe, n onaraJOTC.H B 3HaqHTeJibHOfi CTeneHH He3a

BHCHMhIMH. Bo BC.HKOM ceyqae, MO)KHO paccMaTpHBa:rh nycToe npocTpaH

CTBO-BpeM.H, ,rr,onyCTHMO paccMOTpeHHe IlOJie.M KaK He3aRHCHMOH cym;HOCTH 

( B upOC'rpaHCTBe-BpeMeHH) H OT,ll,eJihHO CBOOo,lI,HbIX ( HeB3aHMO,rr,eticTBylO

IIJ>IX) qaCTHIJ.. 

Ha py6e)Ke 20-x - 30-x rr. B Hame:n C'rpane cocT051JIC.H pSl)J. ,rr,11cnyToB rro 

BOnpocy BhI.6opa Me>K,LJ,y KOHJJ,€1lIJ,.H.m .. u1 6JIH3KO,n,e.HCTBH.H H ,LI,aJibHO,rr,efiCTBH.H. 

3HaqHTeJibHOO qJACJIO Be~HX ¢H3HKOB-yqacTHHKOB ~crryTa BbICTYilaJIH 

3a KOHIJ,en1.\mo MH3Ko,n,eficTBHH. TaK, o,n,Hn H.3 ocHOBHbIX ee cTopoHHH

KOB B. Cl?. M HTKeBH"i yTBep)f(,JJ;an: «EcTb KaKo:tt-To ¢11311qecKHit nocpe,n,HHK 

Me:>K,Dy ,n,BYM51 B3aHMO,n,efiCTByIOiqMMH ¢H3H"leCKHMH I~eHTpaMli! 0Tpm.i;aTb 

H8JIWilie ¢ff3:nqecKoro nocpe,n,HHKa MO.>KeT TOJihKO MaTeMaTHK, OH HMeer Ha 

3TO IlOJIHoe rrpaRO, M'O eMy HHOr,rr,a y,rr,o6Ho, ¢H3HK )Ke He HMee:r npasa 9TO 

JI.eJiaTh, pacc~a.H 0 TOM, qTQ npOHCXO,ll.HT B ,n.e:ttCTBHTeJibHOCTH. .H y)J(e 

rosoprur, 'ITO ec;m TaK rrocrynaer <j:>H3HK, TO IIPHXO~TCH, K COJKaJie

muo, KOHCWTHpOBaTb, 'ITO OH 1IpH 9TOM np:n6eraeT K KaKHM-TO HetjJU3U-

4'eC?CUM ¢aKTOpaM» [180, c . 139). K a.HanorffqHbIM B3rJI.H)J;aM CKJIOH.HJIC.H 

A. <I>. l1o¢¢e: «B CJty"!ae 3JieKTpOMarHHTHhIX .HBJieHHfi ropa3.IJ.O y,n,o6Hee 

HCX01'1"1'b H3 rrepB:nqHoro MarHHTHOro BOTOKa H MaJIO HHTepecoBaTbC.H TeM, l K8K aTOT IlOTOK 6bIJI 003,ll,aH 9THMH 3apSl)J.aMH HOHOB H 3JieKTPOIIOB. 3,rr,ecb 
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BCero y,n,o6n ce f'OBOPHT.b 0 none, IlOTOMY 'ITO OHO eCTb aKTliBHOe H Bbl3 bl

BaIOm;ee Bee .ll.aJibHettrnee» (180, c. 35). Bm13KyJO 11031u1,H10 BhICK83bIBaJIH 

~- A. Po:>KaHCKJiltt (180, c. 95) H B . K. Jle6e.n11HCKHH riso, c. 32). 
0.n.HaKo CTOpOHHHKH .n.aHHOf'O MHpOilOHHMaHH.H n e M OryT 1'1rHOpnpoBaTb 

3aKOHHbl:ti Borrpoc, KOTOpblli 6ecnoKOl1Jl HCCJie,D,OBaTeJie:M: Ha npOT.H.>KeHHH 

HecKOJibKHX CTOJie'I'li:H. EC.JIB .n.onycTHTh «IIe'l.uo pea.i1hHoe, cyrn,ecTBy10m;ee 

B ,n.aHHO:ti TO"t:IKe npoCTpaHCTBa, ( . .. ) TO SIBJISICTC.H BTOpOH BOnpoc, Ha KO

TOpbIH RaJKa IlOKa em;e 6ecCHJihHa ,n,aTb SICilbI:it H HC'l.IepilblBaIOUJ.HH OTBeT: 

'l.JTO )K€ npe,n.C'raBJlH€T 113 cefui Ranp.H:>K€HHe IIOJlSI, Bbl3BaHHoe HaJIHqHo

CTbfO aneKTpOHOB (noKOSIUJ;HXC.H HJIH ,lI,BH:>KYil~HXC5I), HMeJOm;ee B KaJK,LJ.OR 

TO'-IKe 11poc rpattCTBa onpe.n.eneHHyro BeJIHqHHy H onpe.n.eneHHoe HaupaBne

HHe, J:1 OKa3hIBalOm,eec.H Henocpe.n.cTBeHHOtt npH'l.!HHO~ B03HHKHOB€HHH )l;BM

:>KYJ.Wl.X c11rn, KOI:U,a B 3TY TOqKy noMeCTHTb COOTBeTCTBy10m;11.i1 o&beK'l; T. e. 

3apSl,ll,, MarHHT 11nu sneKTpuqecKH.H TOK'? KaKHe H3MeHeHH.H 6hmH BhI3BaHhl 

B npocrpaHCTBe HaJIH"l.JHOCTbIO IlOKO.Hm;HXC.H HJIH )J;BH:>KyrqHXC.H 9Jl€KTpo

HOB? Bhrpa>Kasrch npo~e: B ttte.M aa7',.//,?0ttten .Mexanus.M B03ttwx:.noeenu;i 

ttanpR:>tCettUR noMiL, HJIH, ell.J,e npom;e, 'ITO TaKoe Hanp.H:>KeHHe non~? Ha 

aTO'I' oonpoc noKa OTBeTa HeT. H a.nH'l.JIIOCTb Hanp.H:>KeHH.H noJIB ecTb Q:>aKT, 

KOTOpblit Heonposep)KMMO )l;OKa3bIBaeTC.H B03HHKHOB€HHeM ,ll.BH)KymHX CHJI 

npH TOJibKO "tITO ynoMHHYThIX YCJIOBHSIX, eCJll-i, KOHeqno, Mbl OTK83hIBaeMCH 

,rr.onycnrrb B03MO.>KHOCTb )l,8JlbHO,ll,ei1cTBH5i» (180, c. 162]. ITocne,n;HH5i ¢p83a 

AJU1 n ae OcOOeHHO BIDKHa, eCJlH HM€'J'b B BIUJ,y KOHll€IlllHIO )l8JlbHO,lJ,€HCTBHH, 

p accMa:rpHBaeMyro B t.JacT11 JV 91.'0H KHHrH. 

B Te~eHHe )J;JIHTeJlbHoro BpeMeHH IIhITaJIHCh na:tiTH OTBeT Ha nocTaBJieH

HbI:t\' Bonpoc Ha OCHOBe nmOTe3bI sqmpa. 

3. 2. « MBcTHKa MHponoro 3<}>upa» 

OQ:>opMJieHmo ¢H311~1ecKmc npe,n;cTaB.neHHn o MHpe Ha ocHOBe Tpex 

cPH3H'-:l.eCKHX KaTeropH:ti ( rrpocTpaHCTBa-speMenH, qac·~ H none~ nepe

HOC'l.{HKOB B3aHMO,lJ,€HCTBHH) npe,n,rueCTBOBaJI npou,ecc H36aBJI€HH.H OT MH

Q:>HqecKott KaTerOpHH a¢Hpa. Jlro6ollbITHbl€ coo6pa.>KeHH.H o6 STOM npo

u,ecce MeTacPH3H"t:l€CKOI'O xapaKTepa MO:>KHO HaHTH B CTaThe O,ll.HOf'O H3 

Kpyrrnettun1x OTeqecTB€HHblX cPH3HKOB-TeopeTHKOB nepBott noJlOBHHbl xx B. 

51. H. <I>penKeIDI «MHCTHKa MHpOBOro a¢Hpa»: «MHCTH~H3M, T. e. sepa 

B CBepX'b€CTOCTBeHHoe, HaHMeHee JMeCTeH, Ka38JIOCb 6hI, B ecTeCTB€HHbIX 

HayKax. B ,ll,eAcTBH'l'eJihHOCTH, O,ll,HaKo, He TOJibKO 6HonorH.H, Ho H cPH3HKa He 

BilOJIHe cso6o.n.Hh1 OT MHC'rH":lecKHX aneMeHTOR B o6naCTH cPH3HqecKHX Hayi<. 

oqaroM, J{JIH Cpe)l,OTO'l.JHeM, Ml1CTl11.J,H3Ma .H.BJIBeTC.H, no HameMy MHeHHJO, 

IlOHHTHe MHpoBOI'O sQ:>upa. 9'.l'O 110HHTl1e )l,O CHX nop MIIOI'HMH yqeHbIMH 

paCCMaTPHBB.eTC.H KaK OCHOBaHHe cPH3W I€CKOI'O CTpoeHH.H MHpa. B STOM 

CMhICJie ponh sqmpa BnonHe cpaBHl-IMa c ponhJO 6o:>KecTBa B peJIHrn03HOM 

noHHMaHHH BcenenHoA. Mo:>KHO 6e3 npeysenHqeHH.H CKa3aTh, qro ~JISI cl>H-
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3HKOB H Harypqm.rrOCcXpOB CTapOit WKOJlbI ~Hp HBllile'fQI TeM )Ke, "CJeM 

6o:>Kecrao ,n;1u1 aepy IOII.J,llx. CpaBHeHHe pa3BHTH.H 3BOJII011,H.H 3THX nOH.HTitfi 

Bbl.HBJl.H€T rropa:.~HTe.TibHOe CXO,II,CTBO M e)K)J,,y HHMH -- CXO)lCTBO, ,II,OXO)l.HID;ee 

nopoti JJ.O TO)K,n€CTBa» [179, c. 136}. 
B caoeit pa.6oTe <l>peHKeJib HarrOMHHJI, qro c ,n;asnHX speMeH qe.rro

Be'ieCKOMY Pa3YMY 6bIJIO CBOHCTB€HHO C03,ll.aBaTb a6cTpaKJJ)lli H3 CBOHCTB 

n pHpo,lI.HbIX .HBJieHHit H OTHOilleHHH M €)1(,LJJ' JDO)I.bMH, OT,II,eJI.HTb RX OT 3THX 

RBJieHHii H 38.TeM nepcOHHcPlUJ,HpOBaTb RX B BH,II,e CBepX'becTeCTBeHHbIX cy-

11.\ecTB. I1MeHHO 'ffiK B03HHKJIH npe,n;C'raBJI€HH.H 0 .H3brqecKHX 6orax, ,II,€HCTBH

SIMl1 KOTOpbIX 'ieJIOBeK 06'b.HCH.HJI .HBJI€HH.H OKpy>KaIO:u:i;ero MHpa. Ilo Mepe 

11HTenneKTyanhnoro p a3BHTH.H o6r~ecTna ~n1cno 6oroa yMe11brua.rroch, n Ha 

onpe.,.ueneHHOM arran e H3bP-I€CKMI p eJIHnrn c M eIIMnach sepoti B e,u.mmro Bora. 

H cqTo aHa.rrorH'IBOO npoHCXO,II,HJIO H B cPH3 HKe. cDpeHKeJib upocne,II,HJI 

aHaJIOrHIO M€)K)Jy 3BOJIIOWieit peJIHI'Hii: H p a3BHTH€M npe,n:CTaBJieHHti cPH3H

KOB 06 3¢Mpe. B eCTeCTB03HaHHH rrponmoro p 03JIHqa.rrocb HeCKOJibKO BH,II,OB 

acPHpa. 0,II,HHM 3cPHpOM o6'h.HCfilIJIOCb p acnpocTpaHeHHe CBeTOBbIX BOJIH 

( CBeTOBOii: aQ:>np)' ,n,pyrHM a¢HpoM - nepe,z:i;aqa 3JI€K'll>OCTaTHqecKHX B3aH

MO,D,eikTBHit Me)K)J,,y 3ap 5DK€HHhIMH TeJiaMH, TpeThHM acPHPOM OilHChIBaJIHCb 

MarHHTHble B3aHMO,n:eACTBH.H. «Bee 3TH oco6eHHhie BeI.IJ;eCTBa OTHOCHJIHCb 

K o6brqttbIM npHMepHo TaK *e, KaK nepso6bITHb1e 6orH K OObIKHOBeHHhIM 

JIIOµ.HM. Ho, no,n:o6Ho TOMy, KaK no Mep e p a3BHTH.H aHHMHcTHqecKoro MHpO

B033peHH.H Bee 3TH 6orH 6h1Jlll BhIHy>K)l.eHbI ycrynaTb M €CTO e,II,HHOMY Bory, 

IlOrJIOTHBilleMy HJIH IlO).J,qHHHBille:rvty HX Bcex, TO"iHO TaK )1(€, BO Mepe pa3BH

THSI ¢H3H"iecKoii KOHu.em.J)'IH MHpa, p 83JIHqHr,re «6o.>1<ecTseHHb1e Be~ecTBa» 
6bIJl.H ()TqacTH BhIT€CIIeIIh1, O'l"qacTH norJIOlJW Hbl 0,[1,HHM H3 HHX - CB€TOBblM 

ajmpoM I'K>fileHca» [179, c. 137). 
Cne,rryeT OTMeTHTh, 'iTO B p.H,n,e BY30BCKHX yqe6HHKOB no ( o6u"'eii) ¢n-

3HKe n pe,n,craBJieHH.H I'10itreHca o cseroooM 3¢npe Haqa.rra XVIII B. lJ.O 

CHX nop xapaKTepH3yIOTC.H KaK O,II,HO H3 BaJKHeiimmc ,II,OCTIDKeHHit B HayKe. 

,ll.OC'raTOqHO BCnOMHJITh, Ka.I< H3JiaraJO'rCH 3aKOHbI OTproKeHHSI H npe.rroMJie

HlfB cBeW HJIH KaK OO'h.HCH.HIOTCSI 3aKOHbI ,II,H¢paKIJ,HH H HHTe p¢epeHI.J,HH 

CBeTOBblX BOJIH Ha p emeTKax, 'iTOObI yBH,IJ.€Tb, qTo OHM onHpaIOTCH Ha 

CBeTOBOH acPHP I'K>itreHca, OCHOBaHIIhiti Ha a Ha.rrOrFrn.X M€)1(,Lly· CBeTOBblMH 

H 3ByKOBbIMH .HBJieHH.HMH. «Hosoe 6o)KeCTBeHHOe Be~eCTBO, OTKphlTOO HJIH, 

BepHee, .113o6peTeHHoe I'10itreHCOM, oTnHqaJI.och OT OObIKHOBeHHbIX ynpyrHX 

TeJI JIHlllh CBoeit HeBH)I.HMOCThK> H HeBeCOMOC'l'bK>, a TaK>Ke H 6onee TOHKHM 

CTpoeHHeM, IT03BOJI.HBillHM qacTHIJ,aM 3<}:mpa BHe,rrp.HTbC.H B npoMe>KYTKH 

Me>f<A)' qacr~aMH necoMoii MaTepHH» [179, c. 138). BOJiblllOit BKJI8.,ll, B p03-

BHTHe TeOpHH a¢npa f10iireHca BHec B n epBoit qerBepTH XIX B. ¢paH

Izy3CK11tt yqeHhiii OrIOCTeH :/Katt <I>pen eJih. ,lla2Ke mKOJibHHKaM H3BecTHbI 

c)>opMyJibl Ii 30Hhl <l>peHeJI.H. 

«0,D,HaKO p 83DHTHe H,ll.€H 3¢npa He OCTaIIOBllJIOCb Ha 3TOM «CB€TOBOM» 

mne. 113 Ma.rroro 6ora, cseToBoro MepKypHSI cPH3HqecKoro 0JIHMna, eMy 
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cy.)K,ll;eHo 6bIJIO rrpeapaTHThC.H B BeJIHKoro " e,rr,Hlloro Bora, He TOJihKO 

HaIIOJIH.filOllJ,ero, HO H cocraBJI.HIOm;ero co6o.H MaTepna.rrbHyIO BceJieHHY.fO» 

[179, c. 139). 9To npoH30IIIJIO BO BTOpott no110snHe XIX s., rJiaBHhIM o6pa-

30M 6Jiaro,rr,ap.H pa6oTa.M Cl>apa,rr,e.H H MaKcBeJIJia. Cl>"3HKH OTK33aJIHCh OT 

'IB.HHCTBeHHhrx Q:>moH,npa Kynona, OTBeTCTBeHHbIX 3a nepe,n:aqy 3JieKTPH

qecKHX B3aHMO,rr,ettcTBHii, OTKa.38.JIHCb TaIOKe OT 6o)f(ecTBennott MarHHTHOii 

cy6C'ran1Qm, nepe,n.a10w;ett MarHHTHoe B3aH:tvm,rr,ettCTBHe. BbIJIO ycraaoaJieHo 

po,rr,CTBO 3JleKTpHqeeKHx H MarIIHTIIhJX B3aMMO,rr,etteTBHii H ,rr,a.rree e~HCTBO 

3JleKTpOMarHHTHbIX H CBeTOBbIX .HBJieH:filt. Cl>apa,rr,e:it rrp1uueJI K BbIBO,ny, '-ITO 

3JieKTpoMarHHTHbie B3aHMOJJ,eiicTBH.H rrepe,uaK>TCH qepe3 eBeTOBOH 3Q:>Hp. 

C'1'8.JIO .HcHo, "'ITO cBeT rrpe,rr,eTaBJIHeT eo6o:R 3JieKTpoMarHHTHbre BOJIHhI. 

KaqecTBeHHhie eoo6pa)f(eHH.H <llapa,ll.eH 6hIJIH rrepepa6oTa.HhI MaKcaenJioM 

B CTpottffyJO TeOpHIO 3JleKTpOMarHHTIIOl'O ITOJI.H. 

Ila 3TOMY nooo,ny Cl>peHKeJib flHcaJI: «TaK HJill HHaqe, rrpeBpaTHBUJHeb 

Jf3 n epe,UaT"tfilKa CBeTOBbIX .HBJieH:mt B cpe,n;OTO"ilie 51BJieHHit 3JI€KTpOMarHHT

IlbIX, norJIOTHB 3JI€KTpHqecKHe H MarHHTHbte cy6cTa~HH, a BCJie,ll. 3a HHMH 

" OOhIKHOBeHnyJO MaTepHIO, 3¢np C'raHOBHTC.H TeM caMhIM e,IJ,HHCTBeHHott 

MaTepHa.rrhnott ocHosott BceneHHo:tt. «IlpocTpaHCTBOM 6ecKoHeqHhiit, Te

'leHbeM BpeMeIIH npe,rr,Be"'IHbIH» MHpGBOtt aqrnp IlOJiy"'IHJI see aTpH6yTbl 

e,n.HHoro Bora, KOTOpbdi «Bee eo6o10 sanoJIHHeT, o6'heMJieT, 3~eT, 
COCTa.BJI.HeT» H KOTOporo, KCTaTH eK33aTh, «HHKTO IIOCTH'i.b He MOr» l). 

M6o, KaJ< MhI eett"iac yBH,Il,HM, HOBhie esoikTBa 3C}:mpa, BhITeKaJOrn.ue H3 

ero 3JI€KTpoMarHHTHbIX cPYHK~, COBepIIIeHHO He no,rr,.n.aBaJIHeb noene

,rr,osaTeJibHOtt Me:xattw-1ecKott m-1Tepnperau;HH. YC'ra.HOBHB KYJibT MHposoro 

· a<i>Hpa KaK MaTepna.nhHoro aee,n;ep)KHTeJIH, cPH3HKa rrpeBpaTHJiacb s yqenHe 

o6 sqmpe, B CBOero poJJ,a TeOJIOrnK>, KOTOpruI o6pa:rHJia Bee CBOH ycHJIH.Si 

K cornacoBaHHK> H B3aHMHOMY npHMHpeHIIlO p33JIHqIIbIX eBotteTB 3TOrO 

oco6oro 6o)f(ecTBa» [ 1 79, e. 141). 
I'JiaBHhIM IIpoTHBopeqHeM B TeOpHH acPHpa <llapa,rr,e.H- MaKCBeJIJia SIB

JI.HJiacb HOCOBMeCTillvtOeTb ero MeXaHH"iecKHX esott~TB c p.H,Il,OM Tpe6oBaHHtt, 

Heo6xo,n;HMbIX ,!I.Jl.H onHcaHIDi aneKTpoMarHHTHbrx HBJieHHit. TaK, HanpHMep, 

,1J;JIB OnHcaHH.H uonepe'IHOrO xapaKTepa 3JI€KTpOMarHHTHbIX BOJIH 3cPHP CJI& 

,Il,OBaJIO Ha)J,eJIHTb TBep,n;OTeJihlihIMH esottcrBaMH . c .n;pyro:tt cropOHhI, ,n:JI.H 

OITHCaHH.H BHXpeDbIX ,Il,BH)KeH:filt a<Pnpa, H~HhIX ,Il,JJ.H o6'b.HCH€HH.H MarHe

'I'H3Ma, 3cPHP CJie,n,onMo Ha,IJ,eJJHTb eBottcTsaMH )KH,Il,KOCTH. MMeJIHcb H ,n;py

rHe Tpy,Il,HOCTH, Bee IIOilbITKH npeo,uoneHIDI KOTOpbIX IIOTepile.TIH Hey,rr,aqy, 

B Ko~e rrpoIIIJioro seKa BhIXO,ll. Jf3 3Toro rrpoTHBope'-IIDI npe,n;C'raBJIBJICs:J 

B rrpmraTHH HOBO:tt TeOpHH - TeOpHH acPHpa JiopeHu;a, B KOTopott IIOH.HTHe 

a<i>Hpa O"'IHm;aJIOCb OT JIHIIIHHX M€X8.lilP-JecKHX csotteTB. Cf>aKTHqeCKH IIO

CTyJIHpoBaJICH eBoeo6p83Hbitt «IlpHHI.J;Hil neBMeUJaTeJibeTBa» MeXaHHqeCKHX 

eBottcTB 3¢:upa B aJieKTpo?1-tarHHTHb1e .HBJreHH5l. Ha ,rr,BH)f(eHHe 3ap.H)f(eHHhIX 
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.r-.mrepHaJlbHhIX o6'beKTOB 3¢np HHKaK He BJIIDIJI. OH 11011ararra1 tteno,n,B1nK

HhlM H BblilOJIH5IJI JIHIIIh po.11.h 11ocpe,[(HHKa B 011HCaHHH B3allMO,LJ;eHCTBHH 

Me)f(,11.y 3ap5DKeHHbIMH '1aCTHIJ,aMH. 

Ilo 3TOMY nooo.ny .H. 11. <I>peHKeJib ITHcaJI: «11 110,n,06HO npocBew,eHHblM 

areHCTaM uamero BpeMeHH, OTBeprHYBIIIHM :>KHBOro 6ora CBOHX npe,ll.KOB 

H norp}')KeHlJbIM B MHCTH't{eCKoe C03epIJ,aHHe HOBoro «HeHTpaJihHOrO» 6ora, 

KOTOpOMY ,n,o HHX HeT HHKaKOro ,n,e.rra H )J.O KOToporo, B cy~OCTH rooop.H, 

HM TalOKe HeT HHKaKOl'U ,n,ena, COBpeMeHHble ¢H3HKH 3aMeHHJIH KOHKpeTHhlH 

H BellJ,ecTBCHHblH 3¢Hp MH¢H'1eCKOH TyMaHHOCThIO, HH't:leM no cym;ecTBy 

tte OTJUNa10w,diC51 OT 'HenoiJeu:>1Ctto20 nycmo20 npocmpattcmea, -x;omop'bLM 
B ceoe epe.MJ£ onepupoeaJ1, H'bwm011'- (KypcHB JO. B.)» (179, c. 144). 06-
paTHM oco6oe BHHMaHHe Ha BhlBO,JJ,, corJiaCHO KOTOpoMy 3¢Hp Jlopeuu,a -

CBOeoOp83HhlH 6or B ¢H3HKe - OKa3aJICH TO)K,LJ.CCTBeHHbIM c ¢H3H'10CKOH 

KareropHe.H ( HblOTOHOBa) upocTpaHCTBa. 

Ho npe,n,CTaBJieHH.H JiopeHu,a 06 3¢11pe uc,n,onro npo,n,ep)KaJTHCh B Ha
yKe, TaK KaK ,D;OBOJibHO 6bICTpo BCKpbIJIBCb HX npoTHBOpequ51 c 3aKouaMH 

npHpo,rJ;bI. TaK, Ba)l{HeHillmt cooliCTBOM 3¢Hpa JiopeHl.(a 6hIJia era tte110-

,ll,BIDKHOCTh, H3 KOTopo.H CJie,ZI,OBaJIO, '1TO, H3Meplill CKOpoCTb CBeTa, pacrrpo

crparuno~erOC.H O'rHOCHTeJibHO 3¢.11pa B pa3JIHqH.hlX HanpaBJiett.rurx, MO:>KHO 

naDTH a6COJIIOTHYJO CKOpocTh )l;BH:>KeHIDI 3eMJIH OTHOCHTeJihHO 3¢npa. 0 ,n,

HaKO Ollbl'l'hI MatiKeJihCOHa, a 3aTeM n ,rq>yrHe 3KC11epHMeHThl ,n;an11 oT

p~aTCJibHhl.H pe3YJihTaT. CBeT pac11pocrpaH.HeTCH 110 BCeM HanpaBJieHH.HM 

c O,rQIOH " TOM )KC CKOpOCThlO, T. e. Ha Ha6JI10,n;aeMylO CKOpOCTb He BJIH-

8eT HH ,lJ,BH)KeHHe 3eMJili BOKpyr CoJIHIJ;a, HH ,n;BH:>KettHe caMoro Conttu,a 

BMecre c nJiaHeraMH B MHpoBOM 11pOCTpaHCTBe. «IlpH TaKHX ycJIOBH.HX 

Heno,n;BH:>KHhlH 3qmp Jlopettu,a COBepIIIeHHO yTpaqHBaCT BC.HKHH ¢H3H't{eCKHH 

CMbICJI li BMCCTe c TeM BC.HKOe npaoo Ha )J;aJibHCiilllCC cy.i.qeCTBOBaHHe. 113 

«BCero», qeM OH 11pe,n;craBJI.HJICH B 3noxy pacu,Bera TeopHH MaKcBeJIJia, oH 

Ka:racrpo<l>HqecJ<HM o6pa30M H BMeCTe c TeM IlO't{TH He3aMeTHO, 6naro,n;ap.H 

HeH3MeHHOCTli cooero H83BaHIDI, npenpaTHJICH B «HH'iTO~, B CU'HO'HUM ny
cmow npocm'f)attcmea ( KypcHB JO. B.). . . 9¢Hp OKa3aJICH He ¢yH.n.aMeHTOM 

BeJIH'iec'I'BeHliOI'O 3,D;aHIDI COBpeMeHHOro 3JieKTpOMexaHHqecKOro MHp0B03-

spemrn, a TeMH «JiecaMH», KOTOpble 6blJTH tteo6XO,lJ,HMhl rrpH ero B03Be,n,emm 

H KOTOphle y6HpaJOTC.H ,n,onoli 110 OKOH'tJaHHH nocTpoliKH~ [179, c. 146]. OT

CIO,D.a <l>peHKeJib c,n;eJiaJI BbIBO,D;, '1TO HacTyffiiJia 3pa ¢H3 H't{CCKoro aTeH3Ma. 

0,lUiaKO 3BOJIIOI..J.li.H rrpe,n;craBJieHilli o6 3¢Hpe H npocrpaHCTBe-Bpel\..feHH 

Ha 9TOM He 3aKOH't{lfJiach. P83BHTHe Teop1111 OTHOCH'l 'eJibHOCTH B xx B. 

ll03BOJI.HeT yTBep)K,LJ.aTb, 't:ITO pOJib 3¢Hpa ¢aKTH't{CCKH B3.HJIO Ha ce6.H rrpo
crpaHCTBO-BpeM.H, O't:IH.llJ,eHHOO OT Bcex HacJIOOIIHH 3¢Hpa 11polIIJiblX JieT, 

HO npH 3TOM caMOCTO.HTeJihHhlii xapaKTep IIOJiy"!HJia 1IOBa51 ¢H3H'1ecKa.H 

KaTeropli.51 ITOJI.H l ICpCHOC'tilfKOB B3aHMO,n,eliCTBHii Ha cPOHe HerrpepbIBHOro 

npocrpaHCTBar npcMeHH. 
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3 . 3. Knacc:uqecKHe nonSI 

Ilo)J. KJiaccu~mcKHMH IlOIDJMH 6y)J.eM nOHHMaTh H3)J.aBHa H3BeCTHble 3JICK

TpOMaI'HHTHoe H rpaBHTal..QiOHHoe no.rm, Me)J.JleHHO y6DIBalO~He c pacCT051-

Hl1eM B OTJilPille OT noJieH nepeHocqHKoB B3aHMO,D,eHCTBHH B <PH3HKe M11Kpo

MHpa, 11MeIOlll,HX KopoTKo,1J.elicrBy1olll,Hli xapaKTep. 

3.3.1. 9JieKTpOMarHBTHOe UOJie 

9JieKTpOMaI'Hl1THOe B3aHMO)J.eHCTBHe Jie)IUf.T B OCHOBe 6oJibIIIHHCTBa npo

u,eccoB OKpy:>Ka1ou~cro Hae MHpa -- OT MaCIIITaOOB HaIIIe:t\ IlJiaHCTbl )J.O aTOMOB 

11 MOJICKyJI. 11MeHHO 6Jiaro,u.ap51 CMy MaTepH51 CB.sl3aHa B Be~eCTBO 11 Tena. 

BR)J,nMo, He 6y,1J.eT npeyBe.rrlfCieHHeM JTBep:>K.,D,aTh, qTo KJiacclfCieCKHe rrpo

cTpaHCTBeHHo-BpeMeHH.h1e rrpe)J.CTaBJieHH51 CaMbIM Henocpe)J.CTBeHHDIM o6pa-

30M o6yCJIOBJieHbl 3nCKTpoMarHHTHbIM B3al1M0,1J.CHCTBHeM. 

TeopH51 3JieK'rpOMarHHTHbIX B3aHMO)J.elicTBHH npe)J.CTaBJI.f.leT co6oH: o6-b
e,n;HHCHHy10 B XIX B. reop1110 ~JieKTp11qecKHX H MarH11THbIX B3aHMO)J.eli

CTBHli. ,Ll;:>K. MaKCBeJIJI B cnoe BpeM.H Mor 6b1 CK83aTh B ,.uyxe H3Becrnoro 

38JIBJieHH51 r. MHHKOBCKOro: « MHJIOCTHBble rocno,u.a! Bo33p€HH51 Ha 3JICK

TpocTaTlf<IecKHe 11 MaI'HHTHDie B3aHM0,1J.eHCTB1151, KOTOpble .H HaMepeH ne

pe,u. BaMH p83Bl1Th, B03HHKJIH Ha 3Kcnep11MCHTaJihHO-cpH3HqecKOH OCHOBe. 

B 3TOM HX cuJia. 11x TeH)J.eH~.H pa,rr,nKaJihHa. 0THbIHe 3JJeKTpocTaT11qecKoe 

B3aHMo,rr.elicraue ca:rvm no ce6e H MarHHTHoe B3a11.r ... 10,u.encra11e caMo no cc6e 

)J.OJI:>KHDI o6paTl1ThC51 B ¢~, H JIHlllh HeKOTOphlH BH)J. coe~~Hl151 06011.X 

,rr.OJDKeH coxpaHHTh caMOC'r051TeJihHOCTh». CJie,n.yeT no,n;qe pKHYTh, 4 'I'O 3a-

51BJie H:ue r. MHHKOBCKoro o6 o6'be)J.HHeHl1H npocrpaHCTBa 11 BpeMeHH CTaJIO 

B03M0)KHbl.M TOJThKO rrocne CJIH51Hl151 ,lJ,BYX B3al1MO,n;eik'TBHM, K83aBIIIHXC51 

He3aBHCHMbIMH, B e,rr.HHOe 3JieKTPOMarHHTHOe B3aHMO,U.eHCTBl1e. 9TO npo

H30WJIO BO BTOpotl IlOJIOBHHe XIX B., Kor,rr.a B pa6oTaX r. fepu,a H ,n,py

rHX yqeHhlX 6bma )J.OKa.38.Ha 3JieKTpoMarHHTHa51 npnpo)J.a creTa, a 3aTeM 

6Jiaro,n;apH HCCJIC)J.OBaHHHM M. <l>apa,rr,eSI H ,lJ;:>K. MaKcBeJIJia 61:>1JI11 oTKphIThI 

ypaBHeHH.H 3JieKTPOMarHHTHOro nOJIH, HOC51~e B HaCTO.HII~Ce BpeM51 HM51 

MaKCBcnna. 

<l>yH.LI.arvteHTaJibHDie ypaaHeH11.H cpH3HKH, TaKHe KaK ypaBHeHH51 MaKc

BeJma, He BbIBO)J.51TC5l , a OTKpbIBaIOTC51 H CTaHOB.HTC51 IlOCTyJiaTa!\.m TeopHn. 

«Mb1 oTKpbIJTH TCKCT, HaIIHCaHHhltf pyKoli Bora! ~ - TaK Bblp83HJI caoc OT

HOIIICHHe K 3THM ypaBHeHH.HM f epn;. 

YpaBHeHH51 MaKcBe.11JTa aceM xopoIIIo H3BecTHhl 11 MoryT 6DI'I'h npe,u.cTa B

neHhl B p83JIH'tflibIX cpopMax. 

1. B HaH6o.rrec npoCToM BHAe, no,n;qepK11Ba10~eM HX BOJIHOBoli xapaKTcp, 

OHH 3 an11cDIBaIOTC5l ,U.JI51 4-MepHoro BeKTopHoro noTeHIJ;HaJia Aa: 

(3.3.1) 
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r,D.e 7}µv - MeTPW:leCKldi TeH30P npoCTpaHCTBa-BpeMeHH MHHKOBCKoro ( B )J,e

KapTOBbIX KOOpll,HHaTax), ia - IlJIOTHOCTb 4-MepHoro TOKa (qacnu~) HC

TO"t.JJrnKOB noJI51. KoM110HeHThl aJieKTpoMarHHTHoro BeKTopttoro noTeHu,H

arra onpe)J,eJieHbl HOO)J,H03Ha't!HO, Ha HUX HaKJia,JJ,hIBalO'rC.H )J,OilOJIHHTeJibHbie 

yCJIOBJUJ Jlopettu,a, COOTBeTCTBYIO~He nonepeqHOCTH 9JieKTPOMarHHTHoro 

B3Jl}"-ICHIDI: 
8A0 

- = 0. axa: (3.3.2) 

3aMeTRM, 't!TO BeKTOpHhlH xapaKTep 9JICKTpoMarJ-THTHoro llOTeHU,HaJia 

B cneu,mp11qccKOM BH/1,e OTpa)J(aeT 4 - MepHOCTb npocTpaHCTBa-Bpe.tv1eH11. OT

MeTHM TaIOKe, qTo B caMOM o6m;eM BH,LJ;e peJIBTliBHCTCKli HHBapHaHTHhle 

BOJIHOBble ypaBHeffli51 )J,JI51 ,rq>yrnx IIOJie:H, OilliCbIBaeMbIX nOTeHlVtaJlaMl! 

BM, r)J,e M - o6o6rn,cHHhlR RH)J,CKC, xapaKTep113y10uJ,11:H KOMilOHeHThI noJI..H, 

npe,ll.C'I'aBJiffiOTCH B aHaJIOrR't!HOM BR,l.l.C 

,,.J..tll 82 BM _ 47r J 
'I 8xµaxv - -;; M, (3.3.3) 

r.u.e JM - HCT0'1HHK COOTBeTCTByrom;ero llOJI..H. Ilpom;c Bcero 3'1'0 ypaBHeHHe 

3aIIHCblBaeTC.H )J,JI51 CKaJI.HpHbIX IlOJieli ( 6e3 Htt,n:eKCOB). 

2. YpaBtteHH51 aJICKTpoMarHHTHoro noJI.H (3.3.1) qame npc)J,CTaBJIBIOTC51 

B HHOH ¢x:>pMe - B BR,n:e CHCTeMbl /1,H<l>¢epeHIJ,H8JibHblX ypaBHCHHH nepooro 

IIOp.HAJ<a )J,JI.Sl HanpH>KCHHOCTeli 3JICKTpoMarHRTHOro IIOJIJI 

F. _ tJA,,, BAµ 
µv - axµ - axv (3.3.4) 

B TeH30pHoli ¢opMe CRCTeMa ypaBHeHHJ:i MaKcBCJIJia 3 aII11cbIBae'l'C..H 

B B.H,ll.e 
8Fµ,v BF,,,).. BF>..µ, _ O· 
ax>- + Bxµ, + axv - ' (3.3.5) 

8Fµ,v 47r . 
--=-]µ 
8x11 c 

(3.3.6) 

&ro uepBa.H H BTOpaJI napb1 ypaBHeHRH" MaKCBeJIJia. Jlerao y6e)J,HThCH, '-ITO 

nepna.H napa (6e3 HCTOqHHKOB) BbIITOJlll5leTCH TO:>K)J,eCTBeHHO, eCJIH B (3.3.5) 

IlO,D,C'J.'aBRTb orrpe)J,CJICHHC HaIIp51)KCHHOCTCR qepe3 BCKTOpHble ITOTeHIJ,HaJibl 

comactto (3.3.4) . BToprui: napa (3.3.6) npH yqeTe (3.3.2) coBna,u.aeT c (3.3.1). 

3. BOJiee lllHpoKo li3BecTHO orrncattHe 9JICKTpoMarHRTHoro noJI.H qepe3 

3-MepHbie HaIIp.H)KeHHOCTR 9JieKTpH'1CCKoro E H MarHHTHOI'O ii none:H. 

YpasHeHH51 MaKCBeJIJia B 3-Meptto:H ¢opMe npe)J,cTaBJI.HJOTC.H B BH)J,e ,n:Byx 

nap ypasHeHH:li: BeKTOpHoro R CKaJI.HpHoro. IlepBru1 napa ypaBHeHHli MaKc-

BeJIJia 3arrnCblBaeTC51 B BH)J,C: 

- 1 aii rotE =- --· 
c 8t ' 

divii = 0, (3.3.7) 
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a BTOpa.sI napa ypaBac.HH.tt Ma.KcBe.n:Jia npe,n.craBJIBeTCR B aaan:orWiuo:H 

cPOpMC: 
- 1 aft 47T-: 

rotH = - - + -J; 
c &t c 

div.E = 4trp. (3.3.8) 

B p}l)J,e c1nya~ii MmKHO BbropaTb TaKyIO c 11CTeMy OTC'U~Ta, B KOTOJX>.li 

6y,nyT QT.Jll{qffbJ OT Hy.rm TOJlbKO KOMilOHCHThl HanpH>KeHHOCTH 3JieKTpHl:Je

CKOro BO.JUL Ilepexo,n; B ,LI.B.IDKyIIzyIOCH CHCTeMY OTcqera npHBO)l.HT K IlO.SlB

JICHHIO aanp.s:r)KeHHOCT.11 MarHHTHoro noJI.s:r . B '3TOM CMbICJie mmr,n.a roBO

p.s:rT, tlT() MarH.HTHoe IlOJie npc,n;CTaBJI.HeT co6oH: p eJI.SlTHBHCTCKHe nonpaBKH 

K 3JieKTp.w:IeCKOMY IlOJIIO. 

4. JierKO y6e,n;HThCSI , '"ITO KOMilOHeHTbI TeH30pa Fµv MO>KHO npe,n;cTaBHTh 

B BH.,llC 4 x 4-MaTJ)HIJ;bl H3 KOMilOHCHT 3-MepHblX Hanp.Sl)KCHHOCTeii: 

0 E1 E2 Ea 

Fµv = 
- E1 0 Ha -H2 (3.3.9) 
- E2 -Ha 0 H1 
- Ea H2 -H1 0 

r,n;e Ek = Fok - 3-Mepahlii BCKTop aanp.H)KCHHOCT H 3JieKTpHqccKoro noJI.H 

:e H1 = F23, H2 = F31 , Ha = F12 KOMnoHCHThI aanp.ST)KeHHOCT.11 Mara11Taoro 

IlOJI.H. 

"'tfa~e TeopH.H 3JICKTpOMarHHTHhIX B3aHMO,D;eHCTBHH H 3JiaI'aeTC.Sl B o6paT

HOM nop~e, T. e . Hal:f.HHaIOT c Hepe.JI.HT.HB.HCTCKHX Bbrpa)l{eHHH H nOCTeneHHO 

BOCXO,[J.HT K peJIHTHBHCTCK.HM K.aK K HCKOeMy Beau;y, KaK 6bI ynporu;aio

ru;eMy 38.IIHCh Bcex cooTaomett.H.M. M3.1IaraeMhIH 3,n;ech no,n.xo,n; COOTBeTCTByer 

IlOHHMaHHIO npocTpaIICTBa-BpeMeHH KaK e,n,HHOH KaTerop.1111, 'ITO ,LJ,HKTyeT 

HCilOJlb30BaUH.e pelliITHBHCTCKH JilHBapHaHTHbIX HCXO,ZI,flbIX Bbipa>KeH.HH H, 

B CJiyqae Ha,LJ,OOHOCT.11, cnycK OT HHX K 3-MepHbIM flOH.HT.11.SlM B TOH HJIH HHOH 

CHCTeMe OTCl:JeTa. 

3.3.2. fpaBll~OBBOe UOJie 

Bo BBC,n;e1nrn pi<:e H83hIBaJiaCb aya.//,UCmU'l/,eC?CaR napaiJuzMa 2e0Mern

pu'l/,€C'IC020 MUp<JTW'HUMa'HUJt, r,n;e K.aTel'OpHH ( IlJIOCKOro) npocrpa HCTBa-Bpe

M eHH 11 IlOJieH nepeHOC'IHKOB B3aHMO,D.eiicTBHH o6'be,D,HH.HIOTCH B paMK.aX 

o6o6~eHHOH KaTeropHH - 11CKpHBJICHHOro npocrpaHCTBa-BpeMCHl1. Tie pBbIM 

npHMepoM Teop1111 TaKoro p0Aa .SlBHJiaCb o6ru.a.s:r Teop11.H OTHOCHTeJihHOCTH 

9:liHurreHHa, I'A€ 6hIJIO I'OOMe'Tpll30BaHO rpaBHT8.I.,uiOHHOe IlOJie. reoMeTpH

'ICCKHe TeOpllH o6cy~eHhl B 'I'pe'I'heH qaCT.11 KHHr.H, 0,lJ.HaKO HMeeTC.H B03-

MO}l{HOCTb OilHCbIBaTb rpaBHTal.QiOHHOe IlOJie H B pa~rn:ax /lPYrHx napa,rr,HrM, 

B 'laCTHOCTH 'l'pHaJIHCT11qecKoii. Ilp.11 3TOM BC51KHH p8.3 npo.SlBJlfilOTCH oco6ea

HOCTH rpaBHTaIJ.HOHHOl'O B3aHMOAeliCTBHSJ, BbIAeJI.SlIOI.IJ;11e ero H 3 p.H,n;a ,n.pyrmc 

Bl1,LI,OB B3a:HMO,n;ei%CTB11H, npH'leM OKa3hIBaeTCH, 'ITO 3 a OT,lJ.CJibHbIMH MaTeMa

TlfqeCKH~m oco6eHHOCT.SlMH: q11CJIOM KOMilOHeHT llOJIB, HCJl.HHeHHOCThlO, -
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KpOIO'I'CR KO~enTyaJibHbie npo6neMbI MeTacPH3J.rqecKoro xapaKrepa. Pac

CMOTJ)HM OTIHCaHHe rpaBHTaizyIOHHOro IlOJl.H B paMKax TPHaJIHCTHqecKOH 

napa,Ll,HI'MhI. 

rpaBHTRU,HOHfJOe B3aHMO~eHCTBHe - «CHJla, qTo ,!I,BIDKeT MHpaMJU> - ,!I,0-

MHHHpyer B yrrpaBJieHIU.f noBe/].eHHeM MaCCHBHblX o6'beKTOB, KOI',!I,a OK83bI

BalOTC.H ypaBHOBeIIIeHHblMH 3JieKTpHqecKHe H ,lIJ)yrHe CBOHCTBa OT,!I,MhllbIX 

'tfacTHIJ.. B qaCTHOCTH, OHO rocno,!I,CTBYeT B acrpoHOMHqecKHx Macnr:ra6ax: 

OT IIJiaHeT CoJ1He't.JHOii CHCTeMbI H BhIIIIe - BnJIOTb /l.O ynpaBneHH.H 3BOJIIO

~e:tt Been BceJieHHOii. B MHKpoMHpe BKJla.,rr, rpaBHTaJ.ViH CJIHIIIKOM MaJI no 

cpaBHeHHIO c ,lIJ)ymMH TpeM.H BH,!I,aMH B3RHMO,!I,eHCTBHH. 

KaK IDBeCTHo, 3aKOH BceMHpHoro T.HI'OTeHH.H HbIOToHa MC)l{)zy ,!I,ByM.a 

TeJiaMH c MaCC,8.1\.fii m 1 H m2 

(3.3.10) 

MO.>KHO BbIBecTH c UOMOUU>IO ypaBHeHH.H Jlarrnaca ,ll,JlR CKamipHoro rpaBHTa

~HOHHOI'O IIO'l'eHl'.J;HaJia c HCTOqfflfKOM 

. . a2,/) 2 
7]i 3 . ..,., . - V" (/'J = 41TGp 

8x:''8xJ ...,., ' 
(3.3.11) 

rp..,e p - IlJIOTHOCTh MaTepHH, 'T/ij - - Me'rpH'iecKHH TeH3op 3-MepHoro eBKJIH

P..,OBa npocrpattcTBa, G = 6, 67 · 10-8 cM3 • r -
1 • c- 2 - HbIOTOHOBa rpaBHTaizyI

OHHaJI IIOCTO.HHHB.51. ,11.aHHoe ypaBHeHHe cosna,.u,aeT c ypaBHeHHeM (3.3.3) ,!I,JI.H 

CJiy'lla.H CKa.Jl.HpHOI'O IlOJl.H cp, He 33.BHC.H.rn;ero OT BpeMeHH (,LI,JI.H CTaTH'i€CKOI'O 

nomr). 
0TMeTHM, 'llTO 3aKOH /].JI.ff 3JieKTpoCTaTH'IeCKHX B3aHMO,n;ettCTBHH /J.BYX 

3aP5J~OB Ql H Q2 
F. - Q1Q2 

el - T2 (3.3.12) 

6b1JI 38.IIHcaH Ill. 0. KynoHOM no o6p83y H no,!I,06H10 HhJOTOHOBa 3aKoHa 

BceMHpHoro rnraremur (3.3.10). Ilo3)Ke HCTOPH51 cPH3HKH pa.'3BHBaJiach B o6-
paTHOM HanpaBJieHHH: CHa'iaJia TeOpH.H IlOJI.H 6bIJia p83BHTa ,D;JIR 3JieK

TpoMarHHTHOI'O B3aH.Mo,n;eiicTBHR H JIHIIIh 3aTeM 6bIJia nocTpoeHa TOOP.HR 

rpaB11TalJ,HOHHOI'O IlOJI.H ( B p83HblX BapHaHTax). 

Cp83y :>Ke noCJie C03,!I,aHHSJ cnen;HaJibHO:tt TeopHH OTHOCHTeJihHOCTH 

A. IlyaHKape 33.IlHcaJI peJI.HTHBHCTCKoe o6o611J,ettHe ypaBHeHH.H (3.3.11) ,!I,JI.H 

CKamipttoro noJI.H, Karopoe HMeeT BH,!J, (3.3.3). B /].aJII:,HeiimeM atta.Jlll3 no

KaJaJI, 'l{TQ TOOpHH rpaBHTaW.fH' OITHChIBaeMB.51 0,ll.HHM CKa.JIHpHhl.M IlOTeHizyI

aJIOM <p, flpoTHBopeqHT tta6JIJO,!I,ae.Mbl.M /].aHHbIM - ,!I,aeT HeBepHhle 3Ha'ieHIDI 

,wrn yr'Jla OTKJIOHeHHH JIY'IeH caeTa, npoXO,ll..H~Hx OOJIH3H ConHn;a, H ,!I,JIR 

cMeru;eHHR nepHreJIH.H MepKypH.H. 

Bo3HHKIIIaJI B 1913- 1916 rr. o611J,M TeopHsr OTHOCHTeJihHOCTH a,!I,eKBaTHO 

Oirncarra H83BaHHble 3cPcP€KThl, O,n;HaKo 6bIJ1a IlOCTpoetta Ha npHHlJ,HffiiaJlbHO 
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HHhIX OCHOBax - B paMKax r eoMeTpHqecKoro BH,n;eH11.s:r MHpa. Ha npoTIDKe

HHH 1101ITH Bcero xx B. B
0 

cp.H311Ke HMeJia MecTO HeKOTOprul ,ll,BOHCTBeHHOCTh: 

rpanw:ra[(HOHHOe B3aHMO,ll,eHCTBHe cPoPMYJUtpOBaJIOCb B paMKax I'OOMe'I'p.H

'iecKOH napa,rr,MrMhl, Tor,n;a KaK 3JieKTpOMarHHTHoe H ,rrpyI'HC BH,11,bl B3aH

MO,n,eliCTBHH OllHChlBaJll1Cb B paMKax TeopeTHKO-noJieBoro M11poilOHHMaH.IUI. 

,naHHoe OOcTOHTeJibCTBO CTaJIO HCT0"'4:HHKOM MHOI'HX npOOJieM B TeOpeT.11-

qecKOtt cpH3HKe, rJiaBHbIM o6pa3oM, tta rrym OOhe,u,HHeHHH cpH3HlleCKHX 

B3aHMO,IJ,eliCTBHH. 

06be,n;HHCHHe TeOpHH Bcex B3aHMo,n;eHCTBHH B03 MO>KHO TOJlhKO npH 

yCJIOBHH H X c,n.HHoro OCHoBaHHH. HMeIOTCH TPH nyTH pe8.TIH3au,11H npo

rpaMMhl o6rhe,n,HHeHHH rpaBHTa[(HH c ,n.pyrHMH B3a:HMO,n,ettCTBHHMH: JIH6o 

Teopmo rpaBHTaWIB nepe¢opMyJIHpoBaTh B Tpa,n,M[(J10HHOM !JYXe TCOpHH 

rroJIH (tta cpoHe nJiocKoro npocTpaHCTBa-speMeH11), Jrn6o, Hao6opoT, reop.HH 

3JieKTpocJia6bIX H CHJlbHbIX B3aHMO,n;eHCTBHH upe,n;CTaBHTb B reoMeTpH30BaH

HOM BH,n;e (CM. q. 3), JIH6o UOilbITaTbCH HaHTJ1 HOBylO OCHOBy, OT KOTopoii 

MO>KHO 6hIJIO 6h! nepeiiTH H K noJiesoii, l1 K reOMeTPJi't{CCKOH cpopMy

JI.HpOBKalv1 ( 3TOT nyT b paccl\o10TP€H B ITHTOH qacTH) . HeKoTOph!e cpH3HKH

TeOpeTHKH, BOCITHTaHHhJe B pycJie Tpa~OHHOii TeOpHH IlOJI.sl, I10lliJlJ1 no 

nepBOMy nyTH. 

TaKoBhIM RBHJIOCh co3,n;aHHe A. A. JlorYffOBhIM 11 ero coTpy,n,H.HKaMH 

B HaqaJJe 80-x IT. xx B. TaK Ha3hlBaeMOH peJIHTHBHCTCKOH TeopHH rpaBH

Ta[(HH (PTr), 6a'3HpyJOw;etfc51 Ha CJIC,LiylOl[(HX npHHll,Hilax: 

«1) IlpoCTpaHCTBO MHHKOBCKoro (nceB,n.oeBKJIH,I(oBa reoMeTp.11.sl ppocTpaH

crsa-BpcMeH11) e CTh Q:>yH,ll,aMeHTaJihHOe npocTpaHCTBO, o6rn,ee JJ.JIH Bcex 

Q:>H3.H'-leCKHX IlOJieH, B TOM 't{HCJie H ,l1,JI51 rpaBHTaWIOHHOro. ( ... ) 

2) rpaBHTa[(HOHHOO IlOJie OilHChlBaeTC.sl CHMMeTpH>:IHhlM T eH30pGM BTO

poro paHra q,µv .11 HBJT.HeTC51 peaJibHbIM cp113H"'4:ecK11M noJieM, o6Jia,rr,aro

llJ,HM llJIOTHOCThlO 3HeprHH-HMilYJibCa, HyJieBOH Ma.cco.H IlOK0.51, CflHHO

BbIMH cocTo.s:rHH.5IMH 2 H 0. 9To nono.>Kc1111e s Koptte oTJIHqaeT PTr oT 

OTO. ( ... ) 
3) IlpHHl~Hil reoMeTpH3a~H, cyTb KOToporo 3aKJJIOqaeTC51 B TOM, 't{TO 

B3aHMO,ZJ.eliCTBHe rpaBHTaIJ,HOHHOI'O IlOJIH c sern,ecTBOM' B CHJIY ero 

yttHBepcaJTbHOCTH, ocy~eCTMHeTC51 nyTeM «IlO)J.KJIIO"CfeHH51 » rpaBHTa

~HOHHOro noJIH q,µv K MeTpH'ieCKOMy TeH3opy 7Jµv npocTPaHCTBa MHH

KOBCKoro B flJIOTHOCTH JiarpaIDKJ1aHa no rrpaBHJIY 

(3.3.13) 

( . •• ) MeTpH'iCCKMii TeH30p 7Jµv npocrpa.HCTBa MHHKOBCKoro H TeH-

30p rpaBHTa[(HOHHOro IlOJI51 iplW B 3TOM npocTpaHCTBe HBJ1HIOTC51 

nepBH'ilibIMH IlOH.sITH.HMH, a pHMaHOBO rrpocTpaHCTBO H ero MeTpl1Ka 

gl1'l/ - BTOpH'tlHbIMH, o6.sl38.HHblMJi CBOHM npoHCXO)K,ll,eHHeM rpaBHTali,H

OHHOMY TIOJIIO 11 ero YHHBepcaJibHOMY ~elicTBHIO Ha Beu~ecTBO <PA. ( ... ) 
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4) CI<aJDfpHruI IIJIOTttOCTh JiarpaIDKJiatta rpaB11Ta~110HHoro rro.1u1 .SIBJIB

erc.si .Klia,n.paTl.PffiOH Q:>opMOH IlP.pBbIX KOBap11aHTHbIX np0113BO)J,HblX 

Dpgµv no MeTp11Ke MHHKOBCKoro. B OTO B 11pHHIJ,Hnc HeJib3.SI no

CTJX>HTh CKaJI.SipHyIO ITJIOTHOCTb .rrarpafDKHaHa TaKOI'O po.n;a~ (100, 
c. 10- 13). 

TaKHM o6pa30M, tl 3TOH Te0p1u1 HaJili~o ace Tp11 KJ110~1ea1:>1e KaTero

pIDi: npocrpaHCTBO-BpeM.SI M11ttKOBcKoro, TeHsopHoe no.rre BToporo paHra, 

OilHChIBaJO~ee rpaB11Tau,H10, H qaCTHlJ.hI B BM)I,e MaTepHaJibHbIX 11CT01iHHKOB 

<I> A aroro rpaBHTall,liOHHOI'O ITOJIB. 0TMCTHM, qTo B IlOCJieJJ;HeM nyHKTC 

yno.1\.urnyTa n JioTHOC'"l'h narpa1·uK11aHa - noH.SITHe, B03HHKa10~ce a pa:MKax 

aHaJil1TH'-.lecKoli MexaHHKH, a saTe.M pacnpocTpatteHHOC Ha on11caHHe noneit. 

Mcxo,rr.R H3 BH,LI,a JJa1 ·paH:>KHaHa, no rrpasH.rraM att aJIMTHqecKoli Mexatt11KH 

MO.>KHO IlO.rryq:HTh KaK ypaBHCHH.SI, TaK H BCIO HHyJO HH¢opM~HIO 0 paccMaT

pHBaeMOM no.rrc. OcttOBHM sa,n;aqa, pemeHHruI aaTopoM 3Toii TeopHH, cocro

.swa B Q:>opMyJJHpoBKe TaKHX yCJIOBHH na nJIOTHOCTb JJarpaH>KHaHa (n. 4)' 
'ITOObl B liTOI'C nOJI)"IHJiach TeOpH5i, np11BO)J,.SIU~a51 K T e.M >Ke 3<P¢eKTaM, tITO 

11 3liHillTe.HttoncKa.H OTO. 

B coo6ll.J,ecTae oTeqecrneHHbIX cpH3HKoa-rpaBHTaIJ.HOH11CTOB p83rope.rracb 

~HcKyccH.H no noao,n,y pe.ruITHBHCTCKoli TeopHH rpaa11Ta~HH JloryHoaa, 

tl xo.n;e KOTOpo:H OTMeqaJIHCb p83JIH'1Hble qacTHble He.n;ocTaTKH ( CKopee, 

He.IJ,opa6oTKM) 3TOH TeOpHH: B03HHKHOBeHHe .a;ayx CBeTOBbIX KOHycoB, uenoJI

HOT'd. 11c110Jlbsye.Mh1x Koop.n;HHaTHhIX KapT MT . .a;. O.n;ttaKo rnaBHbIH 11cToqHHK 

B03pa:>KCHHli COCTO.HJI He B TexHW1eCKHX rrpo6JieMax, - l1X Hec.JIO>KHO npeo,n;o

JleTh, - a B upM3hIBe aBTopoa 3aMeHHTb 3HHillTe HHOBCKyIO OOIIIJ'lO reopHIO 

OTHOCHTCJibHOCT'H reop11e:H J loryHOBa, TaK KaK OHa «H3MeH.SieT CJIO.>KHBillHeC.H 

no.IJ, BJI.IDTHHeM OTO upe.n;CTaBJieHIDI o npocTpaHcTae-apeMeHH, BhIBO,l.l.HT Hae 

1'13 ,u,e6peii pHMRHOBOH reoMeTpHH H no µ,yxy COOTBeTCTBYeT COBpeMeHHhIM 

TeopID11v1 B ¢113HKe 3JieMeHTapHhlX qacTH~» [100, c. 13). Ha 3TOM octtona

HHH JloryttoB npH3bIBaJI «OTKa3aThC.H OT OTO, oT.a;aB eu ,11,0IDKHoe Ka.K 

onpe,n;eneHHOMY 3Tany B pa3BHTHH HRillHX npe.n.cTaBJieHHH 0 rpaBHTa~l111» 

[100, c. 9). 
CyTb .JJ.MCKyccHH HMena HBHo MITTacPH3H"CJecKuli xapaKTep. PTr Jlory

Hosa 6bIJia eCTeCTBetttto:H B pa.MKax. TPHaJJHCT11qccKOR napa.n;HI'MbI, H, eCJI11 

CTporo CJ1e,n:oBaTh JJOr11Ke 3TOH MCTacpH3H"qecKOH rrapa,n,HrMbl, TOOplUI rpa

BHTal.J,HOHHOrO IlOJI.H ,U,OJI:>KHa 6b1Tb npe)J,CTaBJieHa HMCIIHO TaKHM o6p830M. 

0,D.HaKO ,z.~aHHruI KOH~errqH.H IlpoTHBOpe'IHJia CTparer11qecKOH TeH/leH~H 
pa3BHTH51 cPH3HKH, Bb1pa)K8.JO~eHC.H B CTpeMJJeHHli rrcpe HTH K MeHhllieMy 

'lllCJIY KaTeropHli, 11 Il03TOMY pac~eHHBaJiaCh KaK mar Ha3a,LJ; - OT )J,BYX 

KaTeropHli 3liHmTetiHOBCKOH Teop1111 rpaBHTaqu.11 K TPCM KaTerop1u1M TpH-

8.JIBCTHqCCKOf:t napa,z:rµrMhI. PTf .noryttoBa, K aK HaM npe.n;cTaBJJ51CTC.H, He 

Bbl3Ba.Tla 6hI MHOI'HX Boopa)J(CHHH, ecJIH 61>1 TpaKTOBa.JiaCb KaK HCCJJe,n;oBaH11e 

T€0p1111 rpaBHTau.HM no.a; HHhIM yrJIO.M 3peHH51, a He KaK npH3bIB OTK83aTbCR 



106 fJiaBa 3. lloJI5I rrepeHOC'CfHKOB B3aHMOAetiCTBHH 

OT reoMe'I'p:u-.:1ecKoro MllpoTIOHHMalnrn:, npe,rr.CTaBJieHHoro B 3HHillT CHHOB

CKOH OTO. 
CJie,nyer OTMe'THTh, -.::iTo B paMKax TeoperHKo-noJieBoro MHponoHHMaHH.SI 

11Me10Tca 11 ~yr11e Bap11aHThl Teop11n rpaBHTa~oHHoro IIOJIH. B qacTHOCT11, 

K Hl1M npHMhlKae:r Ka.JIH6poBO"t:fHblli no,rr.xo,rr. K 01rncaH1110 rpan11re:u;1111, r;.:i;e 

B OCHOBaHH.SI TeopHH TaK)f(e IlOJIO)f(eHO npocTpaHCTBO-BpeMH MHHKOBCKOro. 

3.4. KaTerop1u1 noneii nepeHOC'IllKOB 
B3aHMO,n;eiicTBHH B MllKpOMHpe 

CorJiaCHo coBpeMeHHhIM npe,rr.cTaBJieHUBM, cpyH,IT.aMeHTaJibHhle cpn3n-.::ie

cKHe B38.l1MO,lI.CHCTBH5I B MHKpoMHpe - 3JieKTpoCJia6hle H CHJihHhle - nepeHO

C51TC5I IIOJI5IMll npoMe)f(yTO"tlffhlX BeKTOPHhlX 0030HOB. 

3.4.1. Cl>y~aMeHT<lJibHl>Ie cl>mll'IecKHe B3aHMO;:.t;eitCTBHSI 

&,JIB HCTOpH.SI npe,n;cTaBJieHHli 0 rpaBHTa:u;110HHOM 11 3JICKTPOMarHHTHOM 

B3aHMO,lI.eHCTBH.SIX YXO,lI.HT BrJiy6b CTOJieTHH, TO nepBhle CBe,n;eHH.SI 0 CJia-

6hlX H CHJibHblX B3aHMO,lI.eHCTBH.SIX Il0.SIBHJil1Ch Jil1Illh IIOCJie OTKPhlTH5I pa

,lI.l10aKTHBHOCTl1 Ha py6e)f(e XIX 11 XX BB. Ha 11snecTHOH HJIJIIOCTpa:u;HH 

(cM. pHC. 3.3), np11BO,lI.HMOH BO MHOI'HX yqe6HHKaX no o6u~eii H aTOMHOii 

PHc. 3 .1. TpH BH)l,a .rry-.:.ie:H, 11cnycKaeMhIX pa,LI.HoaKTJIBHhIMR Bell.(eCTBaM.a 

¢113HKe, no.HCH.HIO~eii OTKpb1T11e pa,rr;HoaKTHBHoro 113 Jiy-.::ieH.IDI, cpaKT11-.::iecKH 

IlOK83aHhl npo.SIBJieHH.H Tpex Q:>yH,n;aMeHTaJihHhlX ¢11311-.::iecK11X B3 aHMO,ll,eii

CTBl1ii: 'Y-H3JiyqeHHe B03HHKaeT B pe3yJibTaTe 3JieKTpoMarHl1THoro B3aH

Mo,n;eiiCTBH.SI, ,8-H3Jly-.::ieHHe (3JieKTPOHhl) o6yCJIOBJieHo CJia6hlM B3aHMO,n;eii

CTB11eM, a a-H3Jiy-.::ieHHe-cHJihHbIM. KpaTKo oxapaKTep113yeM cJia6hle (3JieK

TJX)CJia6b1e) H CHJihHhle B3aHMO,lI.eHCTBH.H H CB.H3aIIHhle c Hl1Ml1 IlOJIH. 

CJia6oe B3a:UMOAe.if cTBue Ha HecKOJihKO rrop.SI,lI.KOB cJia6ee 3JieKTpo

MarHHTHOro H CHJibHOro B3aHMO,n;e:i1CTB11R, HO 3Ha~IHT€JlbHO CHJibHee rpaBH

TaIJ;lfOHHOl'O. 0Ho 11Mee:r }'Hl1Bepcan:bHhiii xapaKTep, T. e. c Jia6hlM o6pa30M 
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B3aHMO,lJ,€HCTBYJOT Bee qaCTHU,bI, 3a HCKJIIOqeHHeM cPOTOHa (Ji[ ['Ji[fl0TeTJ1qe

CKOro rpaBm'OHa). 

ITcpBbIH npou,ecc, o6yCJIOBJieHHhlH cJia6hlM B3aHMo)J,eiicTBHeM, - pa,11,HO

aKTHBHbI.H /3-pacna)J, »,D,ep - 6hlJI o6Hap_y)KeH A. A. BeKKepe.neM B 1896 r. 
0)J,HaKO Q:>aKT HaJIJi[qJ1.Sl oco6oro BH,LI,a CJia6oro B3aHMO)J.eHCTBID:r 6bIJI OC03HaH 

3Ha"IH'reJibHO II03~ee. B nepooii rroJioBHHe 30-x rr. 9. <l>epMH 003,U.aJI nep

Bhll% BapHaHT Teop1u1 CJia6blX B3a.Hlv10,U.elicTBHH, KOTOpblH OIIHChlBaJI npou.ecc 

pacIIa,LI.a Heihpc>Ha Ha Ilp<>TOH' 3JieKTpOH H 3JieKTp<>HHOe aHTmiei1Tp11HO: 

n----* p+ + e- +fie. B OTJI11q11e OT rpaa11TaU,HOHHoro H 3JieKTpoMarHHTHoro, 

c.rra6oe B3aHMO)J,€HCTBHe Ha 3Ha~nneJibHblX paCCTO.HHID1X He npO.SIBJI.HeTC.H. 

CorJI8CHO MO)J.eJIH <l>epMM, CJia6oe B3aHMO)J,eHCTBHe npe,u.CTaBJI.SIJIOCb qeThl

pex¢epMMOHHbIM (Bee qeTbipe qaCTHU,bl. Jil'MeIOT CilHH 1/2) H rrpo11cxo,rµu.IJ,HM 

B O,ll.HOH TOqKe (KOHTaKTHoe B3aHMO,U.eHCTB11e). 

BpeM.SI :>KH3HR pacna.n.arom;u.xC.SI CJia6b1M o6pa30M "tJ:acT~ KoJie6JieTC.SI OT 

MHHYT (speM.SI )KH3HH tte:HTpoHa nop.H)J,Ka 1000 c) .n.o io- 10c (BpeM)l .>KFI3HH 

rnncpoHOB). Otto 3Hal:.JHTeJibHO no cpaBHettu.10 c xapaKTepnbIM BpeMeHeM 

pacIIa,rr.a qaCTHU, B CHJibHblX B3aHMO)J,e:BCT B115IX 11 .HBJI.HeTC.SI xapaKTepHbIM 

npH3HaKOM CJia6bIX B3aHMO)J,eHCTBHH. 

CJia6oe B3aHMO)J,elicTBHe u.rpaeT KJI10qesy10 poJib B npou,cccax 3Hepro

Bb1,n;e.rreHH)l CoJlHU,a .11, cne,u.oaaTeJibHO, B o6ecrre'(.IeHHH >KH3HH Ha 3eMJie. 

Bnaro,n,ap.SI CJia6hlM B3au.Mo,u.eiiCTBHRM Ha CoJIHu,e npo11cxo,uHT peaKu.1rn 

o6pa30Ba.Hli.H .H)J,pa ,rr.e~TepH51 (d) U.3 ~yx IIpoTOHOB (p+p -7 d+e+ +ve)· Ilpu. 

3TOM O,lJ,HH H3 IlpOTOHOB npeBparn;aeTC51 B HeiiTpOH c HCnyCKaH1'leM Il03HTpOHa 

(e+) 11 3.neKTpoHHoro HCHTpHHo (ve)· Ec.nH 6bI MO>KHO 6bIJIO «BbIKJIIO~IHTb» 
CJiaooe B3aHMo,u.eiicTBHe, To noraCJI.11 6hl KaK Harne CoJIHu,e, TaK 11 ,u.pyr11e 

3Be3)1.bl. 

Cne)lylOilJ,MH Ba>KHhitt mar B pa3BHTHH Te0p1111 cJia6oro B3aMMo,u.e:HcTBH.SI 

6b1Jl C/T,eJiaH B 1957- 1958 rr. He3aBHCHMO P. <l>eHHMaHOM 11 M. re.nn-Mae

HOM, c O.D,HOH CTOpoHbI, 11 P. MapmaKoM u. 9. Cy)J,aprnaeoM - c ,u.pyroii. 

l1l\rn 6bIJia rrpe)J.JlmKeHa TeOpH.SI, corJiacHO KOTOpoH CJia6oe B3aHMO,D,ei%CTBHe 

OllllCbIBaeTCR npoH3Be)J,eHMeM ,rr;Byx TOKOB B3aHMO,U.ettCTByIOu~u.x qaCTJir1' ( T. e. 

Bbipa:>KeHH5TMlf BH)l.a J (1 )ai~)): Ka.:>K)J.blH H3 KOTOpbIX .SIBJIHeTC51 KOM611ttall,11eii 

aeK'fOpttoi% (V) .11 uccn,D,oBcKTOpHoli (A) qacTeli (V - A - n 3aMMo,u.e.Hcrs11e). 

9THM pa.60'.raM npe.n.rncCTBOBaJIO OTKpblTHe HapymeHl:IH 3epKaJibHOR Ji[ ,u.py

rmc ,ll.HCKpeTHbIX CHMMCTpHH B CJia6bIX B3a.HMO,U.eiiCTBl1.SIX. 

133aHMO)J,CHCTBHe qaCTHU, qepe3 TOKH HaBeJIO Ha MbICJib o6 aHa.JIO

fHH c 3JieKTpoMarHHTHbIM B3al:IMO)J,CHCTBHeM, r.n.e Me)f(,IIJ' TOKaMH HMeeTC51 

DOJle - rrepeHoc~rnK B3aHMO)J.eHCTBID1. cho nOCTaBHJlO IlO)J. BOIIpOC npe.>KHl:le 

llpeACTaBJiemrn <l>epMH 0 KOHTaKTHOM xapaKTCpe crra6blX B3aHMO)J,eHCTBHH, 

KOTOpb1e )l.OJDK.HbI nepeHOCHTbC.SI BeKTOpHblMH MaCCHBHblMJ1 qacTHI.J,aMH, rro

CKOJlbKy cJia6hle B3aMMo.n.e:HCTBH.SI OOJia)J,alQT o'lfeHh Ma.JibIM pa)J,uycoM ,u.e:H

CTBmI, nopMKa io- 15 CM. TaK KaK p8.,lJ.Hyc 011pe,n;eJI.HeTC» KOMITTOHoBcKo:H 

)J,JIHHOH BOJIHbl npoMe)f(yToqHbIX qaCTHI.J, (h/Mc), TO HX M acca 6bIJia ou,e-
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tteHa BeJI.WHi HOH Mc2 
rv 100 n~B . 9TH qacTH~hl (sap.suI<eHHble w±- 0030Hhl 

11. tteiiTpaJihHhIH Z-6o30H) 6b!JIH npc,n;cKa3aHhI B 1967-- 68 IT. A. CaJiaMOM 

11 C. Baiitt6eproM, H TOJibKO B 80-x rr. OHH 6hIJIH 3Kcnep11.MeHTaJihHo o6Ha

py)l(eHhr. 

TeopIDI cna6hlx Bs a:0rv10,n;elicTBHH, ccpopM11poBaBIIIa5Ic.S1 Ha ocHoBe yKa-

38.HHbIX nmOTe3 H OTKphlTHH, OKa3aJiaCb Hep83phIBHO CB.sI3aHHOH c Teop11eii 

3JieKTpOMarHHTHbIX B3aHMo,n,eiiCTBHH. TaKHM o6p83oM, BO BTopoii noJIOBHHe 

XX B. 6hlJIO c,n;eJiaHo OT KpbJTHe , cpaBHRMoe c o6'he,rr,11.tte tt11eM 3JieKTp11.-.:1e

CKHX H MarHHTHhIX B3 aHMO,n;eHCTBHH B TeopHIO 3JieKTpoMarHHTHbIX B3aH

Mo,n;eHCTBHH, - 6hIJla nocrpoeHa T eopH.H 3JieKTpoCJia6bIX B3aHMO,n;eHCTBHH. 

ABTophl 3TOl'O OTKPhITH.sI Ill. rJI3IIIOY' C . BaliH6epr H A. CaJiaM, IlOJIY"t.JHB

nme sa Hero B 1979 r. Ho6e.rreBCKYIO npeM1110, MorJlH 6h1 TaK)l(e, BCJieJJ, 3a 

MHHKOBCKHM, 3a.HBHTb: «MHJIOCTHBhi e rocno,u,a! 0Ttthrne 3JieKTpoMarHHTHOe 

B3aHMO,n;eliCTBHe caMo no ce6e 11 CJia6oe B3aHMo,n;eliCTBHe caMo no ce6e 

,ll;OJI)l(Hbl o6paTHTbC.SI B q>H~HH H JIHIIIh HeKOTOpbI"Cl BH,n; coe,lJ.HHeHHH o6o11x 

,n;oJJ)l(eH coxpaHHTh caMOCTO.HTeJibHOCTb». Ho 11x BhICK83b!BaHHH 6hIJIH 3Ha

-.:1HTeJlbHO cKpoMHee. TaK, C. Ba:tttt6epr n11ca.rr: « B npo~ecce pa6oTLI H o6aa

py)l(HJI, xorn BHaqa.rre TaKOH J-meH y MeIIB He 6hIJ1o, qTo noJiyqeHa He TOJibKO 

TeopIDI c n a6oi1: CHJlbl, IlOCTpoeHHaH no aHaJIOrHH c 3JieKTPOMarHeTH3MOM, - -

OK83aJIOCh, qTo 3TO e)l,HH8.51 TeopHH CJiaOOH H 3JieKTpoMarHHTHOH CHJI, KO

TOpble OHa pacc:rvtaTpHBaeT KaK ,n;Ba ccmeprneHHO pa3HhIX a crreKTa TOl'O, "t.JTO 

BnOCJie,n;cTBHH 6LIJIO H83BaHo 3JieKTpocna6oii CHJIOH» [17]. Toqttee, 3TOT BH,n; 

coe,n;HHeHH.sI nony"t.JHJI H83BaHHe .MoiJe.1i'b 3.n,e-x,mpoc.1ta6ux esaUMoiJeucrneuu 
Ba·un6ep2a-Ca.1ta.Ma-I' Mwoy. 

CnJihHOe B3aHMOAeifcTBue oTBeTCTBeHHo 3a rrpo-.:1tty10 CB.SJ3h HYKJIO

HOB ( npoTOHOB M HeHTpoHOB) B H,rr,pax 3JieMeHTOB ( c pe,n;mrn. 3HeprHH CB.Sl3H na 

0)..1,HH H}'KJIOH HMeeT rrop.SI,n;OK 8 M3B). n PH CTOJIKHOBeHH.SIX qaCTH~ BhICOKHX 

3Hepr"'ff11 CMJibHoe B3aH:rvm,n;e11CTBHe np1rno,uHT K pa3JIHl:IHhIM npeBpa~eHH.sIM 

3JI€MeHTapHbIX qacTH~ a,n;poHOB (6apHOHOB H Me30HOB) - - K H,n;epHblM peaK

~HHM. B -.:1acTHOCTH, sa C"t.JeT cHJihHoro B3aHMo,n,di:CTBHH BhI,n;enHeTCH OOJih

IIIaH ~1acTh rerma BHYTPH CoJIH~a, Kor,ua B03HHKIIIHe B pe3yJihTaTe cna6oro 

B3aH:rv10,uelicTBHH .Sl,lI.pa ,n;eiiTepH.H o6pa3yIOT BMeCTe c IIpOTOHaM M .Sl,lI.pa reJIH.sI . 

C11JibHoe B3aHMo,n,eiiCTBHe HBJIHeTC.H KOpoTKo,n;elicrBy10m;HM c pa,n;11ycoM rro

P.HftKa 10-13 CM, 11 pacna,n,bI qaCTH~, o6ycJIOBJieHHble CHJibHbIM B3aHMo,rr,eii

CTBHeM, xapaKTepH3yIOTCH oqenb MaJibIM BpeMeHeM 10-23 - 10-24c. 

Ba)KHeliIIIHMH BexaMH B pa3BHTHH Teop:uM CHJihHoro B3aHMo,n;elicTBHH, 

Hap.Sim c o6ttapy)l(ettHeM pa,n;11.oaKTHBHOCTH BeKKepeJieM, CTaJIH oTKph1T11e 

B 1911 r. aTOMHoro .si,n;pa 9. P€3epcpop,n;oM 11 ycrattoBJieHHe B 1932 r . npo

T OHHo-HeHTpoHHoro CTpoeHH.SI .H)JJ>a (,IT.. ,IT.. 11BaHeHKO H B. reii3ett6epr). 

Ba)l(HyIO poJih B pa3BHTHH rrpe,rr,cTaBJieHHH o C:UJihHOM B3a11.Mo,n;eiicTBHH 

Cb!rpaJia BhICKa3aHHa5I B 1935 r. H,n;eH x. lOKaBbl 0 TOM, qTo nepeHocqHKOM 

.sI,n;epHbIX CHJI SIBJIHIOTC.SI HeKOTOphle rrpoMe)l(yToqHble CKaJJHpHLie (6ecCITHHO

Bbie) noJI.sI c HeHyJieBoii Maccoii rroKo.SJ M. 10 KaBCKHH rroTeH~HaJI e-Mer I f;, / r 
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6blcTpo y6hrnaeT c paccTO.HHlleM r Me)Key B3aHM0)1,eiicrsy10UVfMH qacTH-

1.1,aMH. Pa)J,l1yc ,u,eiiCTBHH CHJI orrpe)l,en.s:reTc.s:r KOMilTOHOBCKOi1 )l,JlHHOH BOJIHbI 

qaCTHIJ,bl ro rv n/ Mc. nocne OTKpbl'l'H.H B caMOM KOHIJ,e 40-x rr. 7r-Me30HOB 

( Tp:mIJieTa H3 O)J.HOH Hei1:rpaJibHOi1 H ,ll.Byx 3apIDKeHHblX qaCTJUJ, c MacCaMH 

rv 135 - -140 M3B) CT8JIH C'iHTaTh, q 'l 'O IOKaBCKHMH rrpoMe)KyToqHbIMH 

I IOJUrMH ( qacTHIJ,aMH) HBJifilOTCH 7r-Me30Ilbl. 

B 1964 r. He3aBHCHMO M. renn-MaHHOM Hr. UseiiroM 6bIJia BbICK83aHa 

rHIICYI'e3a 0 KBapKOBOH
1) CTpYKTYJ>e a,n.pouoB ( CHJlbHO B3aHMO,r:r.ettCTBYIOIIzyIX 

'-1acTHIJ,). IlocTerreuHo npe,u,cTaBneHH.H o KBapKax 3asoesanH npH3HaHHe. 

K py6e:>Ky 70-x -· 80-x rr. 6hIJIH 3aJIO)l(eHbI ocHOBhI TeOpHH CHJihHhIX B3aHMO

.n.ei1.crs11i1, H83BaHHOi1 xpoMO,ll,HHaMHKoii. Cornactto 3Tou TeopHH, KsapKH MO

ryr 6bITb Tpex I.J,BeTOBbIX 3apH,ll,OB, - OTClOJJ,a H Ha3BaHHe TCOPHH - xpoMO

)l,HHaMHKa, a B3aHMO,LJ,eHCTBH.H Me>K,Ll..Y KBapKaMH ocym;eC'rBJlffiOTCH rrocpe)l,

CTBOM npoMe:>KyTO'iHblX seKTOpHblX 0030HOB - rJIIOOHHbIX noneti BOChMH 

THIIOB. 

3.4.2. Ilp~ MeTa<f>H3HKB B CBOHCTBaX IlOJieu 

nepeHOC-.:mKOB B3aHMo,n;euCTBllA 

Teopm1 rroneii rrepettocqHKoB B3a11Mo,u,ei1cTBHH pa.3BHTa B paMKaX KaJIH6-

poBO'IBOi1 TeOpHH ¢H3WieCKHX B3aHMO,U,eHCTBHH TeoperHKO-IlOJieBoro MHpo

nOHHMaHH.H. 06 3TOM peqb rroll,zI,eT B cne,r:r.yroru;ei1 'iaCTH KHliTH. 3,u,ech )Ke, 

38.fierasr srrepe)J,, OTMeTHM pH)l, MeTacPH3H'-IeCKl1X acrreKTOB nonyqeHHbIX pe-
3JJibTaTOB, rnaBHblM o6pa30M, - npOHBJieHHH Me'racPH3HtiCCKOro np11H1.1,Hna 

TpHHHTapHOCTH. 

1. Ilpe)K)J,e scero, llp0HBJieHIDI npHHUHila TpHIUITapHOC'l'l1 M0)l(II0 ycMOT

peTb y)Ke B Ha.JlH'iHH Tpex BH)l,OB B3aHMO,U,eHCTBHH - CHJibHbIX, CJia6bIX 

H 9JICK'I'pOMarHl1THbIX, HrpaIO~ BruKflYIO pOJih B ¢H3HKe MHKp0MHpa. 

2. Ho tta:11.6onee pen he¢tto rrpHHIJ,Hrr TpHHHTapttocTH (H ,[(BOHqttOCTH) 

IlpoHBJllleTCH B Ha6ope rJJIOOHHblX rrone:a, nepeHOC~ CHJibHhie B3aHMO

)-lCHC'l'BIUL Cornactto KaJIH6poaO'iHOH Teop11H CHJihHhIX B3aHMo,u,ei1cTBHH -

xp0MO,ll,l·iHaMH.Ke, - HMCeTC.H 8 BeKTOpIIbIX rnJOOHHhlX noneii, COOTBeTCTByIO

~HX 8 napaMeTpaM JIOKa.JIH3yeMoi1: KaJIH6poBoY:uoi1 rpynnhI SU(3). 11.3 aTHX 

BeKTOpHbIX rroneii ,u,Ba rnrooHHbIX rron.s:r Aµ H Bµ HBJIHJOTCH tte:HTpaJihHhIMH 

H TPH napbl BeKTOpHbIX rronei1: x::' yµ± H z; HBJISIIOTC.H ( xpoMaTH'tfeCKH) 

3apIDKeHHhIMH. 

9Tw BOCeMb r JllOOHHblX IIOJiei1:, nepeHOCHIII.11.X B3aHMO)J.et\:CTBID1 Me:>K,Izy 

KBapKa~m Tpex 1.1,BeTOBbIX 3apH)l,OB, MO>KUO COIIOCTaBHTb c BOCbMepKOH 

AJ>€BHI1X lillTRRCKHX 'l'pHrpaMM (cM. pHC. 3.2). IlpH 3TOM TpH napbl (xpoMa

TH'IOCKH) 3apH)KeHHblX rJIIOOHOB x;, yµ± Hz; COOTBeTCTBYJO'l' TpeM napaM 

l)TepMHH «KBapK» TI03aHMC'.l'BOBall H3 poMa.Ha HpJiaH~CKOI'O rmcaTeJI.Sl ~· ~oika 
•IlOt.fHHKH no «>uHHeraJJy» » 03Ha<IaeT He~l'l'O Heonpe~eJieHHoe, MHCTH~eCKOe. 
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PHc. 3.2. CooTB€TCTBHe BOChMH rmooHoB KHTaf:tcKott CHCTeMe TpHrpa:M?vI 

CMelllaHHblX TpHrpaMM, CO,JJ.ep:>Ka~ KaK CllJIOIIIHbie, TaK H rrpepbIBHCTbie 

O'IJ>e3KH, Tor,n:a KaK )J,Ba HeiiTpaJibHbIX rJIJOOHa Aµ H Bµ MO)KHo conocTaB11Tb 

c ,JJ.BYMg TpHrpaMMaMH, CO).l,ep:>Kam;HMH O,II,HHaKOBhie 0Tpe3KH. 

3. Ka.Jn16posoqiia51 MO).l,e.Tlb ~meKTpocna6hIX 838.HMO,JJ.eiicTBH~ BaiiH-

6epra-Ca.11aMa-I'Jl3moy onHpaeTC51 Ha KOM6HHaI.J,HIO l-napa.MeTpH11eCKOH 

rpy1111b1 U(l) H 3-napaMeTpH'IecKoti rpyrrrrhI SU(2), 'ITO COOTBeTCTByeT qeT

BepKe Ka.TIB6pOBO'IHblX aeKTOpHblX rroneti. J1Io6orrbITHO OTMeTHTb, '1TO B 3TOH 

TeopHH HMeer MecTo amworHt.fHoe pacu~errneHHe 'leThipex KaJIOOPoBOtlHhIX 

rroneti Ha ,JJ.Ba HeliTpaJibHhIX noJ1.s B 1J,, A(3)µ H Ha ,JJ.Ba 3apIDKeHHbIX aeK

TOpHbrx rronsr, orrHChrnaeMbtx rroTeu~HaJiaMH A(l)µ H A(2)µ.- J.13 nocJie)J.HHX 

,JJ.Byx noJiei1 CTpOHTC.H napa 3neKTpH'IeCKH 3ap.H:>KeHHbIX B€KTOpHbIX 0030HOB w:' KO'l'Opbie MO:>KHO IlOC'l'aBHTb B COOTBeTCTBHe c 0).1,HOM H3 T})eX nap 

xpoMaTH'1eCKH 3apIDK.eHHbIX BeKTOpllbIX r JIIOOHOB. 

B TeOpeTHKo-noneaoM no,n,xo).l,e rJnoottIIbie nonsr CHJihHbIX B3aHMO).l,eii

c'TBHti H 6o3oHHhie non.H aneKTpocna6bIX B3aHMO)J.eRCTBHM paccMaTpHBalOTC51 

COBepmeIIHO He3aBHCHMblMl1 ,JJ.pyr OT ,npyra. 0,LI,HaKO YKa3aHHoe 3,II,eCb COOT

BeTCTBHe Il03BOnsreT I1pe)J.ITOJT0)KHTb, 'ITO 3JieKTpoCJia6hie B3aHMO).l,eHCTBH5I 

MOryT OKa3aTbC51 pe3ynhTaTOM caoeo6pa3uoro yceqeHHsr CHJlbHblX B3aHMO

,JJ.eMC'l'BKH. 8Ta rHIIOTe3a HaXO).l,HT caoe sonnou~euHe B onHcamm B3a:liMO,II,eil

C'l'B~ B paMKa.x reoMeTpH'feCKOro, a Ta.JOKe peJI51~HOHUOro MHponoHHMaHHH, 

0 'leM 6y,ner li,lJ,TH pe'-Ib B '.rpeTbeH H "leTBeP'I'OH 'facTsrX KHHrH. 

4. J ... fa ,D,Dyx Hei1TpaJibHhIX BeKTopHbIX none:tt Bµ H A(3)µ CTPOsrTCH /J.BC 

KOM6HHau;HH BeKTOpHhix noneif: 6e..'=lMaccosoe none Aµ, HHTepnpeTHpyeMoe 

Ka.K 9JleKTpOMarHHTHOe noJie, H MaccHBHoe u eiiTpaJihHoe none Z - 6o30HOB. 

Ta.K11M o6pa30M B MO,JJ.e.rrn: 3neKTpocna6b1x B3aHMO,JJ.e0CTBHH BaH:H6epra- Ca

JtaMH- I'm:nnoy oc~eCTBJI.HeTC.H o6he,IJ,HHeHHe aneKTpoMarHHTHOro H CJia-

6oro B3aMMO,IJ,eHCTBIDi. 
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OTMeTHM, 'li'TO B MO,IJ,enH aJTeKTpocJJa6hlx B3aHMO,IJ,elicTBHli TaIUKe MO)KHO 

ycMOTpeTb rrpoHBJieHH.B ,IJ,BOHqHOCTH H TJX)HqHOCTH. TaK, ,IJ,BoHqHOCTh rrpo

.srnmreTC.H B 2-MepHOCTH BttyTpeHHero H30TOrrnqecKoro rrpocT})aHCTBa 9JieK

TJX>C.Tia6bIX B3aHMo,IJ,eikTBHH., a TpoHqHOCTb B TOM, qTo rpyrrrra SU (2) COOT

BeTCTBye:r Bpam;eHH.HM B TpeXMepHOM rrpocTpaHCTBe. 

5. HttTepectto TaK)Ke OTMeTHTh cpaKT coxpaHeHHH Mera¢11311qecKoro 

npHH.u;Hna TpoHqHOCTH B J<a)K,lJPM H3 BbI,IJ,eJieHHhIX B3aHMO,IJ,eikTBHH. Ilo

CKOJTbKY Bee IIOJI.H rrepeHOCqHKOB B3aHMO,IJ,eiicTBHH .HBJI.HIOTC.H BeKTOpHbIMH, 

TO OHM Hecyr Ha ce6e Me:racpH3HqecKHe CBOHCTBa npocT})aHCTBa-BpeMeHH 

MHHKOBCKOro, B Me:rpHKe KOTOp0f'O 3aJIO)KeHa ,!I.BOHqHOCTb B BH,IJ,e CHrHa

TypbI H Tp0H'lIHOCTh - qepe3 pa3MepHOCTb npoCTpaHCTBa. 9TH )Ke CBOHCTBa 

OTp~eHhI "B BeKTOPHOM xapaK'I'epe TIOJTeH nepeHOC'IHKOB B3aHMO,IJ,elicTBHH. 

Bo3Bparu;aHCb K ,.[ij)eBHeM KHTaHCKOH CHCTeMe TpHrpaMM, OTMeTHM, qTo 

rneC'I'b KOMTIOHeHT ,IJ,BYX 3-MepHbIX Hanp.H)KeHHOCTeH 3JieKTpnqeCKOro H Mar

HHTIIOro noneii MO)KHO COIIOCTaBHTh c mecThIO KHTaikKHMH T})HrpaMMaMH co 

CMelllaHHhIMH 0Tpe..;.'3KaMH. ~JT.H 3TOro ,11,0CTaTOqHo nepeHyMepoBaTh 0Tpe3KH 

TpHrpaMM ~HcppaMH: 1, 2, 3 H COOTHeCTH HX c TpeM.H npOCTpaHCTBeHHbIMH 

HaIIpaBJieHH.HMH: x , y H z. IlycTh CllJIOIBHbie OT})e3KH 03HaqaIOT COOTBeT

CTByIO:rn;He npocTpaHCTBeHHbie KOMIIOHeHTbI, a rryHKTiipHbie 03Haqa10T JIHOO 

O'I'CyTCTBHe COOTBeTCTBYIO~e:li KOMilOHeHTbI ( B CJiyqae 0)1.HOM TaKOH JlHHMH 

B T{>Hr paMMe), JIHOO BpeMeHH-llO,IJ,06ttyIO KOMllOHeHTy, KOr,rr,a HX ,rr,Be B TpH

rpaMMe. Tor,IJ,a cneea 6yAYT pacn onaraThC.H Hanp.H)KeHHOCTH MarHHTHOro 

non.SI, a cnpaaa -· 9JTeKTJ)11qecKoro noJTH (CM. pHc. 3.3). B ,Il.Byx noJ110cax 

CMCTeMhI TpHrpaMM CJieA)'eT rroMeCTHTh HYJTH. 

0 

Ez ---

Hy-- ---Ev 

Ha: E:l! 

0 

Puc. 3.3. CooTBeTCTBHe KOMTIOHeHT Hanp.H>KeHHOCT.H sJieKTpoMarH.HTHoro non.SI 

KIITaitCKOit CHCTeMe 'I'pHrpaMM 
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BonHOBhie ypaBHemrn: MmKHO BocrrpHHHMaTh KaK t-IeKHe ycJIOBHH BJTO)KC

HIDI KaTeropHH IlOJieii B KJiaCCJ.l'Y.eCKoe rrpocTpaHCTBO-BpeMH. JlJ06orrbI'l'HO 

OTMeTHTb, "t.[TQ ,LI,JIH BeKTOpHblX IlOJiell HMeeT MeCTO HMeHHO BOCbMepKa 

BOJIHOBhIX ypaBHeHHH. ,ll.eiiCTBHTeJibHO, ,LI,Jl51 3JieKTpOMarHH'l'HOrO IIOJISI 3TH 

ypaaHettll51 B Tett3opttoM BR,LI,e 3anncaHhI B (3.3.5) H (3.3.6). YpaBHettll51 

c poTopaMH MO)KHO COilOCTaBHTb c TpHrpaMMaMH, CO,LI,ep)Karn;nMH 0Tpe3KH 

,LI,Byx BH,Ll,OB, a ,LI.Ba OCTaBlllHXC5I CKaJI5IpHbIX ypaBHemur c ,Ll,HBepreHn;.IDIMH -

c ,U.ByMSl TpnrpaMMaMH B IlOJIIOcax pHC. 3.3. 

3.4.3. He,n;ocTaTKH TeopHH DOJlll 
B Tp:HaJIHCTJJqecKoii nap~Me 

Ilepe":IHCJUIM rJiaBHhie He,LI,OCTaTKH TeOpHH rroneii nepeHOC":IHKOB B3aHMO

,LI,eHCTBHH B paMKax TpHaJIHCTRqeCKOM napa,LI,HrMbl. 

1. HanOMHHM, "ITO H3JIO>KeHHhIH B rrpe,u..h1,u.yw;eM p83,LI,ene MaTepHaJI oc

HOBhIBaJIC5I Ha Pe3YJibTa:rax, IlOJIY'leHHhIX B paMKax HHOM (,u.yaJIHCTHqecKott 

TeopeTHKO-noneBoii) napa,LI,nrMhI. B paMKax paccMaTpHaaeMoii B 3Toii 1:1acTH 

TpHarmcTu'iecKOH napa,ll.MrMhl HeT ,LI,OCTaToqHo aecKHX KOHCTPYKTHBHhIX 

coo6pa)KeH:lID, Il03BOJIHBiilllX 6bI BBeCTH BeCb KOMIIJI€KC IlOJieM, rrepeHOC.H

UI,HX CHJlbHbie H 3JieKTpocJia6bie B3aHMO,rr,ei1cTBHSI. ,l];ns::r TpHaJIHCTH'(IecKOm 

IIO,ll,XO,LI,a xapaKTepHa MeTO,LI,HKa cpeHOMeHOJiorn1:1eCKoro BBe,LI,eHH5I Heo6XO,LI,H

MhIX IIOHHTHH " nonett Henocpe,LI,CTBeHHO B COOTBeTCTByrow;ne ypaBH€HH5I. 

B ,LI,atIHOM cnyq ae /J,JI5I onHcaHM.H .HBJieHHii B cpn3HKe MRKpOMnpa cJie,LI,OBaJIO 

6bl BBO,Ll,HTb Ha3BaHHbie IIOJI.H BOJieBbIM o6p830M MeTO,Ll,OM npo6 H OIIIH6oK 

MJIH orrepe:rbC5l Cp83y :>Ke Ha MeTacPH3H1.feCKHe coo6pa>KeHH.SI, npHBe,LI,eHHhie 

BbIIIJe. 0,LI,HaKO ew;e p83 no,rr,qepKHeM, "ITO H83Ha1.feHHe Meraqm3HKH COCTOHT 

He B ,Ll,OK83aTeJlbCTBax, a B MHTepnpeTall)fH nony1:1eHHbIX pe3ynbTaTOB H B HC

IlOJib30BaHHH ee npn BbIOOpe HanpaaneHHH HCCJie,LI,OBaHHH. 

2. ,11.pyrotr 1:1pe3BbI1.fa:Htto cyw;ecTBeHHbIH He,LI,OCTa:l'OK reopHR IlOJI5I B TpH

aJIRCTnqecKOM napa,lJ;IiJTMe npO£BJI.SieTCSl rrpH OIIHCaHHH KBaHTOBaHHhlX npo

u;eccoB H3JiyqeHH.SI n norJ1ow;ettn£ noneli. B paMKax lJ,aHHoii rrapa,LI,lffMhI none 
TpaKTyeTC5I B BH,LI,e IlOJieBOH MaTepHH, pacrrpe,LI,eJieHHOH B npocTpaHCTBe. 

H3JiyqettHa.SI BOJIHa o6p83yeT cppoHT, c TeqeHHeM apeMettH npHHHMaioruHii 

ace OOJihlllHe pa3MepbI. B ,LI,attttoii n apa,n,HrMe rrpou;ecc rrorJ1ow;ettH5I KBaHTa 

IlOJISI 03Ha1:1aeT, qro BeCb cppOHT BOJIHbI ,Ll,OJDKeH Mf'HOBeHHO CXJIOilbIBaTbC51 

B rrpHeMHHKe H3JlyqeHH.H. Ho 3TO BcTynaeT B rrpoTHBOpe-YHe c TeopHeii OTHo

CHTeJihHOCTH, corJiaCHO KOTOpoi1 HeB03M0)KHbl ,D;BH:>KeHH51 co caepxcaeToBOM 

CKOp0CTblO. 9TOT napa,n;OKC H3BeCTeH KaK npo6JieMa «pe.Dj'KU,11H BOJIHOBOro 

rraKeTa». 

8'l'OT napa,n;OKC CHHMaeTC.H B ,lI.yaJIHCTH":leCKOH napa).I)irMe TeopeTHKO

IlOJieBoro MHponottHMaHH51 a TaK)Ke B peJI£IJ;HOHHOM no,n,xo,LI,e. 

3. Henb3s::r 3a6hrna·rb, qTo Ha6JIIO,LI,aIOTC5I He TpH, a c.1eTblpe BH,11,a cpytt

)..1.aMeHTaJihHbIX cpH3H'ieCKHX B3aHMo,rr,eikTBHH, -· HMeeTC51 ew;e rpaBHTal~H-
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OHHOC B3al1MO,LI,ei1cTBI1e. B MHHyBmeM CTOJieTIUI O)lHOH H3 1IpHHW'flIH8JlbHO 

Ba:>KHblX 3a,n;aq reopeTH'iecKott cpH3HKH C'iHTaJIOCb KBaHTOBaHHe rpaBHTaU:H

OHHOl'O IlOJIB. c II03HD;l1H ,n,aHHOH napa,J.J.Hr.MhI perneHHe ,n,auHOH npo6neMbl 

nOHHMa.TIOCb KaK BBe,n,eHHe KBaHTOB rpaBHTaIJ,HOHHOf'O IIOJI.H ( rpaBHTOHOB), 

KOTOpble, no,np6HO KBaHTaM 3.JieKTpoMaI'HWl'HOl'O IIOJIB (cporouaM) (cM. [25)), 
T'd.JOKC .W3JiyqaroTCH, IlOI'JIOW.aIOTC.H H npeapaw.aIOTC.H B /JJ>YI'He 'iacTHIJ;hl. 0 ,n,

HaKO H3.CT0HqJ{Bhie IIOilhITKH pelllelirur 3TOH npo6neMhI B O)l(l{,.ZI.aeMOM BH,n:e 

K ycnexy He IIpHB€JIH. CTonara.nOCb, qTQ np€II.H".l'CTBIDI HM€JOT TexHHqecKKH 

xapaKTep H, B qaCTHOCTH, o6yc.JIOBJI€Hhl HeJIHHeHHOCTbJO rpaBHTal.J,HOHHOro 

uomr. PaccMOTpeHHe ,n,aHHOi1 npo6JieMaTHKH c II03HU:HH HIIbIX uapa,a;HrM 

CBHfteTe.TlbCTByer 0 TOM, 'i'l'O Hey.n,aqff HMelOT 6onee rny6oKHe KOpHH M€

TacPH3H'IecKoro xapaKTcpa. 

4. AH8JIH3 .n,ocTIDKeHHH: cp113HKH 3.JieMeHTapttbIX qacT1u.i; nOKa3hIBaer, 

'ITO 6011,ee nepau'lt?-t.'bb.MU CJtedyem C'~umam'b mpu auiJa ifjy?taa.Me'Hm(J,/l,'b'H'bl.X 

BJau.lw.oaeocmouu: 311,e?Cmpo.Ma2Hum?toe, c.tta6oe u CU.tt'b?toe, KOTOph1e, co

rJlacHo KaJu16poaoqHhIM MO,J.J.e.JI~M, nepeHOC.SITC.SI BeKTOPHhIMH npoMe:>KyTO".J

Hbil\11" non.SIMH. I'paBHTal.VfOHHOe B3aHMO,LI,ei1CTBHe 3aHHMaeT oco6oe IIOJlO>Ke

RWe - ecTb ,Ll,OCTaToqHO BeCKHe OCHOBaHH.H cqHTaTb, qT() rpamnau;IUI HMeeT 

HH)lyl.UIPOBaHHhIM xapaKTep, T. e. o6ycnOBJieHa /1J>YI'HMl1 BH,LI,aMH B3aHMO,LI,eH

CTBIDi. B paMKax Tp11airn.cT11"'lecKoii: rrap8)1;HI'MhI He BM,ll,HO nyTe:H perneHH51 

:¥roro oonpoca, TOr,n,a KaK B ,LI,yaJIHCTHf.J:eCKIDC napa,n,HrMax OTKphIBalOTC51 
6oJlee IIIHpOKHe B03MO)KJIOCTH )I.JUI OCMbICJieHrur 3TOli rrpo6neMhI. 



rnaea 4 
KaTeropM~ ~acTMQ H npHHqHn 

<l>paKTanbHOCTH ,,.. 

,llo xx B. npaBHJihHee 6bIJIO 6bI roBOPHTb 0 KaTeropHH BeIIJ,eCTBa, 

He:>KeJTH 0 KaTerOpHH 'iacTHIJ;, IlOCKOJlbKY qacTHl~hI no1rnMaJIHCb KaK KOM

naKTHble cryG'TKH aem;ecTBa B npocTpaHCTBe H apeMeu11. B npe,II.b1,.zzyu~11e 

CTOJleTJUI H ,II,a)Ke B caMOM HR't!aJie npOillJIOro BeKa 6hIJTM CHJlbHbl II03HD;HH 

ecreCTBOHCilbITaTenett, OTpHIJ;aBIIIHX cym.ecTBOBaHHe aTOMOB, a cne,n,oaa

TeJibHO, H B03MO>KIIOCTh paccMOTpeHHSI "tJaCTHIJ, K aK ¢H3 H'ieCKOH KaTeropHH. 

IlpH3Hairne HX pea.7IbHOCTII IIpOH30IIIJ10 HMeHHO B xx B.' KOr,LI,a, 'iRCTHl~bl 
IIpHo6peJJH O,ll,HOBpeMeHHO C'raTyc KaK MeTaqm3H't!eCKOH, TaK H ¢1:13H'ieCKOH 

KaTeropHH B TPHaJIHCTH"tJecKoii napa,.n;11rMe. 

B ,IJ.aHuo.H rJiase, so-nepBhIX, paccMoTpeHbI MeTaqn13HqecK11e acneKTbI 

onHcaHIDI TeJI (qacTHu;) B KJiaCCH'ieCKOii cPH3HKe. Bo-BTOpbix, 3,IJ.ech KJ1ac

c11q ecKa.H reopIDI npoaHaJIH.3Hpoaaua Ha ocH oBe MeTacPH311qecKoro npm1-

1µma ¢paKTa.JlbHOCTH, COCTOfil..l,ero B TOM, qTQ B CBOHCTBax Ka)K,ll,OH H3 

BbI,ll,eJieHHbIX KaTeropHH n posrnJIBIOTCH qepTbl ,ll,Byx OCTaBIIIHXCSi KaTeropH.H. 

B-TpeTbHX, B 3TOH rnaae o6cy)f(,ll,eH BOIIpoc 0 ,II,eJIHMOCTH Ma'repHH Ha qaCTH 

H 0 npHMeHHMOCTH npe,IJ.CTaBJle HHH TpH8JlHCTH'ieCKOtt napa,LI,HrMhl B cPH3HKe 

MHKPOMHpa. 

4.1. M eTa<J;>1131r1ecKoe co;:i;ep)J(aime BToporo 
33KOH3 fuIOTOHa 

B KJiacc11qecKoii MexaHHKe IIO.LJ. KaTeropHeli qacTHI.J. noHHMalOTCH TeJia, 

KOTOpb1e xapaKTepH3yioTCH IIOJlO:>KeHHS£MH B npocTpaHCTBe ( H BpeMeHH)' 

3HaqeHHS£MH CKOpOCTH, a TaK:>Ke BHyTpeHHHMM xapaKTepHCTHKaMH, onpe

,z:r,eJT.HlOIIJ,liMH HX B3aHMO)J.eHC'I'Bff.5£ ;~pyr c ,rrpyroM, KaKOBbIMH S£BJIS£JOTC~ HX 

MaCCbI, 3JTeKTpH'iecKHe H HHbie 3apSI/'V>l. 
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4.1.1. BTopoii. 3aKOH HLroToua 

1. OcuoBHOH 3a,U,al.feH Mexatt1uu1 sl.BJISieTCSI onHca1rne JJ.BIDKeHHSI ren. 

B ttepe.ll5iTHBHCTCKo'fi Mexa.HHKe 9Ta 3a.n,aqa pemae'I'CH Ha OCHOBe BToporo 

38.KOHa HbJOTOHa ... 
ma=F. (4.1.1) 

9TOT 3aKOH, KaK H /JJ)Yf'He KJIIOl.feBbie 3aKOHhl cpH3HKH, He BhIBO,lJ,HTCSI, 

a SIBJU!el'C.H HCXO)J,HbIM IlOCTyJlaTOM KJiaCCM'·ieCKOH MexaHHKM. 

B ,n.aHHOM 3aKoHe HaIIIJIH sonno.rn;eHHe H33BaHIIbie BO Bae,u,eHHH MeracpH-

311"1eCKHe npHHUHilhI ~eJibHOCTH H TpoHl.!HOCTH. TaK, 3a npHcyTcT sy10rn;HMH 

B HeM CHMBOJlaMH CTOSIT BCe TPH KaTeropHH .naHHOH ( TPHaJIHCTWleCKOH) 

napa,U.Hr'MbJ: CHMBOJl ii, = cf2xjdt2 (ycKOpeHHe) COOTBeTCTByeT KaTeropHH 

npocrpaHcrsa-speMeHH, CHMBOJl m ( Macca) o:rrncbrnaeT xapaKTepHcTHKy 

qacTHIJ., a CHMBOJl F ( cHJia) - KaTeropHIO none:H n e peHOClfHKOB B3aHMo,u,e:H

CTBIDi. 

0K83bIBac'I'CSI, noHSITHSI, BXOA£ll\He so BTopo:H 3aKOH HbIOTOHa, HMeIOT 

CMbICJT Jll1Wb B HCpa3pbIBHOM e,.u.HHCTBe, IlO,ll.OOHO TOMy, KaK e,.U.HHhIU MHp 

pacm,eTIJ15IeTCSI p33yMOM Ha TpH cpH3H'IOCKHe KaTeropH:H. B CBSI3H c 3THM no3-

BOJIIIlvt ce6e uanoMHHTb o npo,.u.on)Ka10rn;e i1cSI co BpeMeH Hb10TOHa )l.HCKyccHH, 

IlOCBSI~eHHOH Bbl5ICH€HHIO cyTH cpHrypHpyro.rn;Hx B ero 3aKOHax Il0H5ITHM H, 

npe.>Kne BCero, CHJlhI H MacChI. 

2. Ilo noBo,.u.y ocMh1cneHHSI noIDITHSI c11Jlb1 M. Jiay9 :rrncan: «TIOH.SITHe 

CHJibI 6bIJIO 9KCnepHMeHT8.JrbHO o6ocHOBaHO, H MO)J{HO 6hJJIO )l.yMaTb, tfTO 

ouo ocso6o.>K)I.etto OT BC.SIKOA 'l'B.HHCTBeHHocTH. Ho TaK noc.rre.z:i;oaaTe.hhHo He 

,DyMaJIH HH B XVII, HH B XVIII cToneTHSIX. CaMo 3Ha~1ett11:e cnosa «CHna» He 

6hlJIO BilOJIHe y~raHOBJieHO, H HarpoMO)K)l.aJIHCb 3a6ny>K)l,eHHe 3a 3a611y>K)l,e

HHeM. IlocKOJTbKY Ka)l(,U,OMY C03HaTeJibHOMy npHMeHe HHIO "Ie.TIODeKOM CHJlbl 

npe,l.I.Ill€C'rsyeT BOJieBott aKT, T O Il03a)J,H cPH3Hl:feCKOI'O IlOIIBT.IDI CHJlbl HCKaJJH 

He'ITO 6oJiee rny6oKoe, MeTa¢H3HlfecKoe, KaKOe-TO npHcyrn;ee TeJiaM CTpeM

JieHHe; B cnyqae, HanpHMep, CHJibI T51)1(eCTH - CTpeMJieHHe coe,u,HHHTbC.SI 

c ce6e no.z:i;o6uhrM. HaM T enepb Tpy)J.110 noHSITb 9TY TO"IKY 3peHHSI. Ha

CKOJihKO Otta 6hma TOr,u,a pacnpocTpaHetta )J,a)l(e Cpe)l.H BbI,U,alOll(HXC.SI yMOB, 

IlOKa3bIBaeT cnop Me>K)l.y KapTe3H~aMH, c O)J,HOH CTOpoHbI, 0 «Mepe CHJihI, 

COOTBeTCTBy10~eA np11:po,n,e». O,rµrn C'-IHTaJlH TaKOit Mepoli KOnHlfeCTBO )J,BH-

• :>KeHHSI, Il0p0)K,.U.eHHoe C.HJIOH B onpe,LJ,eJleHHblR MOMeHT BpeMeIIH, )TJ)yrHe -· 

TO, t{'l'O Terrepb H33bIBalOT KHHeT11qecKOH 9HeprHei1, a paHbllie Ha3hlBaJIH 

C>KHBOH CHJIOH». HhJOTOII ne CMOr B 9TOM BOnpoce 38.IISITb HCHOR Il03HQHH. 

Y:>Ke ,l:(aJ1aM6ep ( 1717 1783) oxapaKTepH30BaJI 6ecKoHeqeyro ,lI,HCKycc11:10, 

t KOTOpa51 Be.nach no 3TOMY noBo,.u.y, KaK cnoaecHbd-1: cnop. Ho noHSITHe CHJihl 

,Il)IH MHOrMX OC"ffiBaJIOCb MHCTHtf€CKHM ... » (95, C. 22). 
3. 3Ha'-lH'I'eJihHO n03)Ke A. TiyaHKape npe,.u.Jiaran paccMaTpHBaTb BTopo:H 

· 38.KOH HblOTOHa KaK onpe,.u.eJieHHe CHJibI, HO npH 9TOM 3a.M€lfaJI, l.!To TaKoro 

· onpe,u.eneHrur «eme ne,u.ocTaTO':IHO, TaK KaK MbI He 3HaeM, qTo TaKoe Macca; . 
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y uac ner i-moro BbIXO,LJ,a, KpoMe cJie,rzy10m;ero orrpe.rr.eneHrur, KOTopoe HBJIH

erc.H np113ttam1eM Hawero 6eccHJIJUI: Macchi cyTh K03¢qml.J)feHThI, KOTOphie 

y,LJ,OOHO BBOCTM B BbPIHCJieHHst» (135). 
,ll.aHtta.s:r npo6neMa BOJIHOB8Jla H 9. Maxa, K0Topb1t1 rr11carr: « 0THOCH

TeJ1hHO IlOHHTHH MacCbI Mbl Ilpe)l(,IJ,e Bcero 38.MeTHM, t.JTO ¢opMynHpOBKa 

ero, ,IJ,aHHa.s:r HhlOTOHOM, a HMeu tto, t.JTO Macca ecTb KOJIMt.JeCTBO MaTe

pHH Tena, onpe,lI,eJIHIOIIJ,eeCH npo113ae,IJ,eHHeM ero OO'beMa 1:1a nnoTHOCTh, 

Hey,IJ,a'!Ha» [106, c. 165). 
4. ,ll.11cKyccHH o CMbICJie OT,u.enhHhIX cJiaraeMhIX so sropoM 3aKOHe Hhlo

TOHa He HC"'Iepna.rr11 ce6.s:r H B Hawe apeMH. B. ,ll,. 3axapoB o6'b.s:rCH.s:reT cJIO)l(HB

myroc.H CHryaI.J,FUO TeM, qTo H Macca, 11 CHJia HBJIHIOTCH MeTacPH3H"ieCKHMH 

IlOHHTIDIMH: «B03bM.l1Te OCHOBHoe ypasHeHHe HblOTOHOBOM ,lJ.HHaMHKl1: Macca 

'l'eJla, YMffO)l(e1IHaH Ha ero ycKopeHHe, p anna ,n.eikT syrom.e.H c11ne. B 3TOM 

«3aKotte» see HenottHTHO, 116o HHqro B HeM ne onpe,IJ,eneHo. He113BeCTHO, 

OTHOCJ-ITenhHO q ero 113Mep.s:r10TCSI ycKopeHHH ( ue roaop.s:r y.>1< o cnoco6e H3Me

peHHH «a6coJI JOTHOro» apeMeHR) . He onpe,IJ,eJieHo noHHTHe Macchr: He 3 H a .s:r, 

K aK onpe,n.eJIHTh CBOHCTBO HHepTHOCTH, MbJ He MO)l(eM 3HaTh, 'lJTO TaKOe eCTb 

Mepa HHepTHOCTM .•. A 'ITO TaKoe c11na·! H e 3HaeM. HH HhJOTOH, HH KTO

JIB6o HHOH nocne Hero He OO'bHCHHJIH ttaM 3Toro. Onpe,IJ,enstTh c11ny KaK 

npH"llilfY H3MeHeHHH ,lI,BlUKeHHst Tena - 3Ha":l:HT He onpe,LI,eJIHTb ee HHKaK. 

9To onpe,LJ,enemAe 6ecnJio,IJ,Ho: OHO He ;.:i;aeT B03MO>KHOCTR HH BhI":l:HCJIHTh cHJiy 

(tte3aBHCHMO OT MacChI H ycKopeHrur), HH M3MepHTb ee» (64]. 
5. I'JIH)I.H H a BTopof.i 3aKOH HhlOTOHa ( 4.1.1), MO)l{HO c¢opivrynHpoBaTh 

11 PM ,IJ,pyrHX sonpocoa MeTa¢113H":l:ecKoro xapaKTepa. H a np11Mep, noqeMY 

3'l'OT H p.H,LI, .ll.PYl'HX KJllO":l:eBbIX 3aKOHOB cpH3HKH 3 alll1ChIBaeTC.Si "Iepe3 n 11¢¢e

peHUHaJihHbie ypaBH€HJ1st H.MeHHO BTOJX>I'O nopSI,n.Ka? 3a6cra.51 snepe,IJ,, OTMe

THM, qTo OTBeT Ha 3TOT Bonpoc TeCHO CBst3aH c K Ba,n,paTH":l:IlbIM xapaKTepoM 

Mepooupe,IJ,eJieHH.Si B reoMeTp1111 H. B reopHH OTHOCHTeJibHOCTH. 

6. Cym.ecTseIIHbIM ..HBnsieTC.H TaK)l(e cJie~CTBHe, BhITeKaJOII.J,ee H3 BTO

poro 3aKOHa H hJOTOHa: pernetnrn ypaBHeHHH ( 4.1.1) 3aBRCHT OT Haq8JlhHhix 

,IJ,aHHbIX, KaKORbIMR HBJIHIOTCSI KaK IlOJlO)l(eHHH Ten, TaK H 3Ha'ieHH.Si HX 

CKOpocreil. 

4.1.2. IloHSITHSI CWll>I H MaCCbl 

9. !V:Jax, 6y,J.J.y ":l:H CTOpOHHHKOM peJ15IJJ,11.0IIIIOrO IlO,lI,XO,IJ,a, C ll03HU.HH CBoeH 

napa,LI,RI'MhI yTBep)l(,IJ.arr, 'iTO B MexaHHKe onpe,IJ,e.JU110nzyro ponh 11rpaJOT He 

MaCCbl H CHJThI, a ycKOpeHrur Te.n: «!V:1bl B.11,11.RM, "ITO KaK Te MaCCbl, KOTOpbie, 

COrJiaCHO 06bI'iHOMY Bbipa)KeIIHJO, ,n.eHCTBYJOT ,ll,pyr Ha .ll.PYT'a, TaK J.1 Te, KO

TOpbre ,IJ,pyr Ha ,n.pyra He ,IJ,ei1CTBYJOT, Haxo~TCSI B cosepmeHHO 0,lI,HOpO,ll,HbIX 

.ll.PYl' K ,IJ,pyry O'I'HOllleHH.HX ycKopeHHH, H HMeHHO MO*IIO C'iHTaTh, '-ITO Bee 

MacCbI HaxO,ll,ID'C.H B CB.H3R ,lij)yr c ,zwyroM. To, ":l:TO s OTHomeHlllix Mace 
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ycKopeHH.SI ID{ HI'paIOT BhI,D,a10n:ry10c5I pOJlb, Mbl ,ll,OJDKHbl IlpIDIBTb KaK ¢aKT 

Oilbl'IB» (106, C. 200). 
<DaKTHqecKM JIMeHHo 9TY MhICJih Maxa o Kn10qeaoM xapaKTepe ycKope

HIDI so BTopoM 3aKoHe HhlO'roHa IO. ll. KynaKoB ,n;oae.n ,Ll,O non1qecKoro 3a

oopmeHHH, O,lI,HOBpeMeHHO npHJJ,aB HblOTOHOBCKOf.t ,u,HHaMHKe peJistll;HOHHYIO 

cpopMy f90, 92). ,II.JI.SI 9TOI'O OH npe,u,JlO)KHJl paccMaTpHBaTh ,LJ,Ba MIIO)KeCTBa 

3JleMeHTOB. ITepsoe - cocTaBJ1stlO'I' T ena (HX 6y.71eM eyMeposaTh JiaTRHCKHMH 

6yKBaMR), a BTOpoe-06pa3y10T Bee B03MO>KHbie CHJlhI F0 , ycKOpHIO~He 
re.rra (liX 6y,neM eyMepoBaTh rpe qecKHMH 11H,u.eKcaMH). IlocTynHpyeTCH, qro 
M€)1(,lIJ' Jiro6bIM TeJIOM i H nJ06bIM ycKop11TeneM a eCTb OTHOJlleHHe, HMeIOI.IJ,ee 

cp113JilqecKHH CMhICn ycKopcmrn aia. 

0Ka3hIBae:rc.H, o6I.IJ,eH3BecTHoe BbiproKeHHe BToporo 3aKotta HbIOTOHa 
(4.1.l) MO)f(HO 38.IlHCa'Th B HilOH, penstUl10HHOH ¢opMe, CO,LI.ep)Ka:ur.e:H J1Hlllb 

OTHOIJ1eHH51 Me)K)Jy TenaMH J.f ycKOpHTeJI.HMH. )l.JIH 9TOro orpaHH~HMC5.I o,u,
HOMepHbIM cnyqaeM H 3an11meM ( 4.1. l) B CKaJI.HpHOH ¢opMe JJ)l.H HeKOTOporo 

TeJia c HOMepoM i, ycKop.HIOrn.erocH no~ ,u,ei1:CTBHeM KOHKpeTHO:H CHJihI F0 : 

(4.1.2) 

Bb16ep eM ,n.ae rrpoH3BOJ1bHhie MaccbI mi H mk H ,LI.Be rrpoH3BOJibHbie CIDibI Fo. 
H Ff3 11 3allllil.leM 4 ypasHeHH.H HIOToHa ,ll.llil acex KoM6HHa u,Hii H3 9THX ,LI.Byx 

Mace 11 CHJI: 
m i a ia = Fa; 

m iai/3 = F fJ ; 

mkaka = Fo.; 

mkakf3 = F13. (4.1.3) 

BbI'-IHT'dJI B Ka)K,D,OH CTpOKC O,ll,HO ypaBIJeHHe H3 ,LI.Pyroro H 3aTeM HCKJllO"{·Ia.H 

MaOCbl H3 OCTaBIIIHXC5.I ,ll,BYX Bblpa)KeHHH, rrpHXO,ll,HM K HCKOMOMY Bbipa.>Ke-

mno: 
aio. a.;,13 
aka ak{3 

-0 - . (4.1.4) 

Ilonyqe1-rnoe cooTHoweuHe crrpase,u,Jr.HBo ,u.rur JIJ06oro Ha6opa H3 ,n,ayx 

Mace mi 11 mk H nro6oro u a 6opa 113 ,LI.Byx ycKOpHTeJJe:H ( CHJI) F0: u F f3, 

T. e. o6na,n.aer csoeo6pa.3HOH ¢yH,n,aMeHTaJibHot1 CHMMeTpHei1. K aK 6y.n;eT 

IlOKa3aHO B IlOCJie,LI.ylOI.IJ,11X I'JlaBax, COOTHOllleHRe ( 4.1.4) CJie,LI.yeT IlOHHMa'l'b 

xaK aa?C<YH. 6uttapttou cmpy?Cmypu, BBe)l.eHHott IO. ll. KyJYaKOBhIM (90J. 
JlerKO y6e,ll,11TbC5.I, qTO BTOpoi1 3aKOH HbIOTOHa B p eJJSIIzylOHHOH Q:>opMe 

(4.1.4) 6y,u,eT TO.>K,LI.eCTBeHHO BbinOnHstTbCSI, CCJIH napHOe OTHOIIIeHHe aio. 
npe,n.cTaBnTh B BH,LI.e npOM3Be,LJ,eHHH ,ll.Byx cnaraeMh1x: 

aia = 'lf;( i)</>( a), (4.1.5) 

r11.e 'If;( i) - HeKOTOpa5.1 xapaKTepHCTil.Ka ( napaMeTp)' COilOCTaBJlCHHasI c Ka)K

Af>n.1 SJieMeHToM 11epooro MHO.>KecTBa ( TenaM 11) , a ¢(a) napaMeTp, cono

CTaBJJJ1eM1:>m c Ka)K/l.bIM 9J1eMeHTOM BTOporo MHO)KeCTBa ( CHJiaMR). ,II.a.nee 
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OCTaeTC.H TOJibKO nepeo6o3Ha-qn:Tb 3TH napaMeTpbl qepe3 rrpHBbl~hie BeJIH-

qHHbI: 

¢(a)= F.,) (4.1.6) 

T. e., HCXO)J,5l H3 pe.mn~HOHHOH 3aIIHCH ( 4.1.4) KaK n epBH":IIIOro 3aKOHa, MO)KHO 

npMiiTH K H3BecTHOi1 cpopMe BTOporo 3aKoHa HhJOTOHa (4.1.2). 
l13JlO)KeHHbdt 3,D,ech rro,n,xo,n, II03BOJisteT npOJIHTb CBeT Ha cyTb ,[Q{CKYCCHH 

0 CMbICJle rroIDITH.n MacCbl H CHJibl B TP8i1J.MI.~HOHHOM no,n,xo.ne K KJiaccHqeCKOH 

MeXaHMKe. c /J,aHHon TOqKJi 3peIIHSf, MaCChI H CHJlbl HMelOT xapaKTep JIHLUb 

napa.Merpoa ( caoeo6pa3HhIX KOOP,lJ.HHaT) 3JieMeHTOB )J.Byx MHO)KecTa1). 

0TMeTHM TaK*e, qTo npe11.cTasJreHHa.H 3,nech ¢opMa ( 4.1.4) BToporo 

3aKOHa HhJOTOHa noJie3Ha ,n,n.sr .HIITeprrpeTaI..Qlll KJiaccuqecKHX rroHBTHn, 

o,n,ttaKo He 3¢cPeKTHBHa NIB pemeHH5t KOHKPeTHbIX MexaHHqecKHX 3a)J,a':I. 

4.1.3. OT 3ax0Ha HLIOTOHa K «30JIOToii nponopJVIH» 

l. YcKopeHHe, .HBJT.sno~eec}I KJIIO'IeBhIM nOH.HTHeM ao BTopoM 3aKoue 

Hb10T0Ha, npe;~cTaBJT.sreT co6ott BTopy10 npOH3BO)J.HYIO OT cMell\eHH.sr no 

BpeMeHM, qTo SfBJI.Sl€TCSf xapaKTCpHbl M (yHJIBepCaJibUblM) CBOHCTBOM Bcex 

OCHOBHhIX ypaa:t1emrn Teoperw-1ecKon cPH3HKH. T aK, yprurnettMsr: MaKc

BeJIJia, Knel-111a- <I>0Ka, 8nttnrrei1tta H PM )J.pyrHX HMeJOT xapaKTep AH¢
¢epeHIJ,1-rn.TihHhIX ypaaHeHHi1 BToporo nOp.Sl)J.Ka. Y)Ke Ha ypoatte KJiaccH

qecKoi1 ¢H3HKl1 y MeCTHO 38JlaTbC.SI BOIIpOCOM, TeCHO CB.sr3aHHblM c p.H

,JJ,OM ,npyrHX Ra>KHblX OCOOeHHOCTen ¢H3HqecKoro MHpa: '-IeM >Ke o6ycn oB

neHa BhI.SIBJieHHa.H 3aKOHOMepHOCTh? Ilpe>K,n.e BCero, BTOpOH nop.sr,D.OK .n.11Q:>

¢epeHUHa.JibHbIX ypaBHeHHH ¢H3HKH CB.sr3aH c KBa)J.j)aTH"IHblM xapaKTe

pOM MCpoonpe)J.e.TieHH.sI, T. e. c TeM, qro, Harrpmviep, KBa,n,paT HHTepaa.rra 

B Teop11u OTHOCJilTeJTbHOCTH 3afIHChIDaeTCsr B BH,Ue KBaJ:(paTH'IHOH KOM6H

Ha~ D.s2 = 7Jµi,f~.xµ ~xv, r,n.e 7Jµv KOMIIOHeHThI MeTpHqecKoro Ten-

30pa npocTpaHCTBa- speMeHH MHHKOBCKoro, a ~x"' - cMeu~emrn B rrpo

cTpaHcTae H apeMeH11, BXO,D.5JU~e B 3TO Bbipa>Ke11ne KBa)J,paTH":IHO. 9TOT 

¢aKT TaK)Ke TeCHO CB5J3aH c TeOpeMOH IlH¢aropa ~l2 = ~x2 + ~y2 

B reoMerpHH. BoJ1ee Toro, KaK 6y,ll,eT noKa3aHO HH)Ke, IIa3BaHHbie cBo'li

CTBa Henocpe,nCTBeHHO caSf3aHhI c pa3MepHOCThIO KJiacc11 t.i:ecKoro npocr

pattcTHa. 

2. O ,n,HaKo 3,ll.ecb o6paTHM BHHMaHMe Ha ,n,pyroe o6cro.srrenhcTao: JU1¢
¢epeHIJ.HaJib11oe ypaBHeHHe s·roporo nopsr,z:v<a 03Haqaer, <fTO ero p emeHHe 

1
>TaK mm. npJ-tMepHo TaK IO. 11. K ynaKOBhIM 6hin OTKpbIT nepBbil:\: npHMep 6irnap11ott 

Q:>R3Jiqec KOii C'l'PYKTypbl (90]' D03BOJISIIOW.eii onepeTbCH Ha xa.p aKTepHC'l'HKY O)l.HOii 

KaTeropHH (npOCTpaHCTBa-BpeMeHM), O)l.H8KO npH paccMOTpCH HJ-f )l.BYX nap aJieMeHTOB: 

0)1.HOA napbr, COCYl'BeTCTBy10w.en .IJ.BYM Te./J8M (npe)l.C'l'l:l.BHTe.nsrM Ka·reropn:H qaCTH~), 
H BTOpoft napbl TeJJ, SlBJlSUO~»XCH HCTOqHHKaMH CHJI (npe)l.CT8BJfTeJJC"i-% KaTeI'Opl-IH IlOJieft). 
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38.BHCHT OT fIOJIO:>KeHJU1 CHCTeMbl B Ha"l8Jib.HbIH MOMeHT H OT CKOpoCTeH. 

KpoMe "roro, CHJia, cTo.snn;as1 B rrpasoli qacTH BToporo 3aKoHa HblOTOHa, 

B caMOM o6I.I.J,eM c.rryqae 3aBHCHT KaK OT KOOp,LI,HHaT, TIU< H OT CKOpocTeH 

paccMaTpHBaeMo:B CHCTeMbI. 

HanoMHHM, qTo CKopocTb orrpe,IT,eJIHeTCH ,n;ByMSJ MoMeHTa.MH BpeMeHH, 

TQqHee, 5:!BJ15leTCH OTHOI.IIeHHeM CMeI.I.J,eHHH Me:>K,rry ,LI,BYMSI ( 6JIH3KHMH) IlOJIO

:>KeHH5:!MH K npoMe:>KYTKY apeMeH.H. YcKopettue *e, HBJISIHCb cKopOCTblO CKO

poc:r11, orrpe.n.e.ID1eTC5:! t.tepe3 ,n,aa c.MeI.I.J,eH~. TaKHM o6paaoM, ao BTopoM 3a

KOHe fulOTOHa OKa3bIBalOTC.Si 3aBSl3aHHbIMH fIOJIO)K€HH5:! ( xapaKTepHCTHKH) 

CHCTeMbI B rnp'U .MO.Me'Hma epe.Mettu, B t.teM OilHTb HeTpy,11,HO ycMoTpeTb 

npoHBnett11e MeTa<f>H3H1·IecKoro npHHI~Rna TpHHHTapHOCTll. Mo.:>KHo cK83aTh, 

qTo BTOpO:ti 38.KOH HblOTOHa OITHCbIBaeT HeKH:B rrpor~ecc, B KOTOpOM xapaK

TepHCTHKH CHCTeMbl B TpeTHH MOMeHT BpeMeHH 3aBHC.HT OT xapaKTepHCTMK 

CHCTer..lhI B /(,Ba npe.n.meCTByIOI.I.J,HX .MO.MeHTa BpeMeHH. 

CBOHCTBO TpHHHTapHOCTH opraHw-1Ho snMca.nocb B MaTeMaTuKy. TaK, 

OHO Ilpo51BJIHeTCH y)Ke B caMOH anre6paHqeCKOH CTPYKType, OCHOBaHHOH Ha 

corrocrasneHHH )J.BYM aJieMeH1m1 HeKoro TpeTbero, Hanp11Mep s onpe.nerreH.HH 

orreparum cJIO)KeHH51: a + b = c. B Ka"lecTse ,LIJ)yroro rrpuMepa HaaoseM 

CJIO>KHhlli BepoHTHOCTHhlH rrpou;ecc MapKOBa, orrHcb1aa10u1,11:B 3BOJIIO~IO CH

cTeMhI, B 3aBHCHMOCTH He OT O,Il)ioro, a OT ,IJ,Byx npe,LI,IIleCTByI Olll,HX MOMeHTOB 

apeMeHH. 

3. B KaqecrBe eI.I.J,e o,n.Horo MaTeMaTuqecKoro np11Mepa1 OTpa)Karom;ero 

Mera¢H3HqecKHi1 IlpHH.ll,Hil TpHH.HTapHOCTH, Ha30B€M npou,ecc IIOCTpOeHHH 

p.H.qa <1>116oHaqqH, HanoMHHM, PMOM <l>H6oaaqqH Ha3b1Baerc5:1 pH,lJ, u;enb1x 

'IHcen, ttaquHarom;HXCH c HYJIH H e)J.HHIHl,hI H o6JIMaIOI.I.J,HX TeM caoticTBOM, 

'ITO nro6oe noc1ie,ny10rn.ee q11CJI0 p51,l.J,a 'Pn paBHO cyMMe )J.Byx rrpe,LI.bI,LI,yI.IJ.HX, 

T. e. Bhlp8.)f{aeTCH cpopMyno:B: 

'Pn = 'Pn-1 + 'Pn-2• ( 4.1. 7) 

Y"lliTblBa£, qro B KaqecTse nepBbIX qHce.rr Bh16paHbl HyJ1h H e,n,HHHu;a, .uMeeM 

p5l)l. '-iIHCeJI <I>116oHaqq11: 

<{Jn : 0, 1, 1, 2, 3, 5, 8, 13, 21, ... (4.1.8) 

EcJm: a Kaqecrrse nepBbIX q11ce.rr Bb16paTb He HYJlh H e,LI,HHHQY, a e,fl,HH:tuzy 

H TJXJID<y, TO nonyqHM aHaJIOl'HqffbIH pR,n; JlroKa. 

4. PH,LI, quce.rr <l>w60Haqq11 06J13iI1,acT qpe3Bb1qai1:Ho HHTepecHbIM cso:B

CTBOM: B HeM OTHOIIIeHHSI ,D,Byx IlOCJie,LI.OBaTeJibHbIX q11ce; 1 CTpeMSITCH K onpe

.u,e.neHHOMY npe,11.e.rry, Ha3HaHHOMy «3 0JIOThlM t.{HCJIOM » HJIH «30JIOTOH rrpo

rropu.11ei1» . YTo6b1 3TO noK83aTb, paa,n.eJIHM ( 4.1. 7) ua 'Pn- 1 · 06o3HaqaH 

OTHOIIIeHHe ,11.Byx IlOCJ1€,llylOIII;HX qHceJI qepe3 x = 'Pnl 'Pn- 1, npHX0,11.HM 

K ypaaHeHHIO: 

.5:!!:_ = 1 + 'Pn-2 ~ x2 - x - 1 = 0. ( 4.1.9) 
'Pn-1 'Pn-1 
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«30JIOTbie YlilCJla» .HBJI.HIOTCH pemeHH.HMH 3TOI'O ypaBHeH1rn: 

1+J5 l-J5 
XI = = 1, 61803390 ... j X2 = = - 0, 61803390... ( 4.1.10) 

2 2 
Ilp.HMe'iaT€JThHO, "ITO CyMMa «30JIOThIX cu1CeJI» COBIIa,LI,a€T C MO,rryJTeM HX 

npcm3ae,u.eu1u1. 

5. K «30JIOThIM qMCJiaM», mm K «30JIOTOH rrponop!.U1H», Mo:>KHO npHHTH 

Ha OCHOBe HHhIX coo6pa)KeJ-l1i1~. qa~e «30JIOTbie 'UfCJia», HJIH «30JTOTylO 

nponopu;HIO», orrpe,u.e.JIRIOT qepe3 cner\ffaJihHbIH B~ .zi.eneHH.H OTpe3K.a Ha 

,LI.Be HepaBHb1e qaCTH, npw KOTOpOM u;enoe ( 0Tpe30K) OTHOCHTC.H K 6oJihllle:H 

"IaCT.H TaK .>Ke, KaK 6oJibIJia.H "IaCTh K MeHbllleli . IIycTb OTprooK ,llJI.HHhl z + y 
pa3,n;eJieH Ha ,n;se qaCTH c /l,JIHHaMH z H y .H IIyCTb /l)I.H onpe,LI,eJTeHHOCTlil 

z < y, TOr~a «30JIOTB.51 nponopI\H.H», HJIH «30JTOTOe ceq enue», HaXO,LI,HTC.H H3 

COOTHOllleHH.H: 
z+y y 
--= - ( 4.1.11) 

y z 

"{_ITO COOTB€TC'l'Byer (4.1.9) H peme111110 (4.1.10) IIp.H y/z = x. 
6. JifaseCTHO, qTo «30JIOThie qJ.iCJJa» o6Hapy.>KHBaIOTC.H B CBOHCTBax MHO

nrx npupo,LI,HbIX o6'beKTOB, a TaK>Ke B npo113Be,LI,eu1.u1x ucKyccTsa. «30JIO

roe ceqeHHe» rrpo.HBJI.HeTc.H B c-rpoettuu qenoseqecKoro Tena, s reHer11Ke, 

B nponopu,umc erHneTCK.HX m1paMH,]I., aHT1'P·IHhIX xpaMOB " M HOrHX ,npyrux 

coopy)KeHHii. Ilo 3TOMY ao11pocy HMeeTC.H o6mupHasr JIHTepaTypa. B qacr

HOCTH, co,u.ep)KaTeJlhHhie 0030pbl 11. opHrHHa.TlbHhlC p e3yJlhTaThI H3yqeHH.H 

CBOHCTB «30JIOTblX qJ.ICeJI» MO.>KHO HaHTH B pa6oTax lif. ill. Illesenesa l 194J, 

A. II. CTaXOBa ri58, 159), B. B. QqJ.IHCKOro [120], c. B. IIeTyxosa [130), 
A. C . XapHTOHOBa 1184] H ,u.p. 

«3oJIOTbJe 'iHCJia» H HX 3aMeqaTeJTbHbie CBOHCTBa H3BeCTHbl c rJiy60KOH 

,lIJJCBHOCT.H. I1.rra:I'OH Ha3bIBaJI 3TH quCJia KJIIOqQM K IlOHHMaHHIO QlH3 HKH 

KOCMOCa. lif x Ba)f<HOCTb B MaTeMaTHKe H B MHpOycTpo:HcTBe OTMeqaJIH 

MHOrHe H3BecTHb1e MaTeMaTHIGI H ecTecTBOHCITblTaTeJIU. B 1509 r . awmno 

coquHeHHe JlyKH Ila'iHOJIH «Divina Propoprtione», B KOTOpOM CBOHCTBa 

«30JtOTofi npo11opn;HH» cpaBHUsaIOTC.H co cso:HcTBaMH CaMoro Bora, a caMa 

nponopu,u5l Ha3hrnaeTC.H «60)KeCTsenHo:H». Morau Ken.rrep Ha3BaJ1 «30JIOToe 

ceqeHMe» 0,11.HHM H3 COKpOBHIIJ, reoMeTp1rn, IlOCTaBHB ero B p51)1. c TeopeMofi 

lliI<Paropa. 

7. 0,LI,HaKO B xx B . «30JI0Tbie qucJia» OCTaBa.JIHCb BHe c<Pepbl TeopeTH

"ieCKOH QlH3HKH H B nmpoKO H3BOCTHOM 10-TOMHHKC TeopernqecKOH QlH3 HKH 

JI. ,II,. JlaH,LI,ay " E. M. JlHQlIII1ni.a o HHX He CKa3aIIO HH CJiosa. TeM He Mettee 

ecTb ocHosanH.H no.rraraTb, "ITO «30JIOTM rrponop:u;1U1» npo.HBJI.HeTC.H /J,a.>Ke 

B QlH3HKe MHKPOMHpa, YTO 6y,LI,eT OTMeqeHO H.H:>Ke. 

8. CJie,rryeT 110,u;qepKHyTh, 'I'I'O H3JIO.>KeftHbIH Bhillle nepexo,ll. OT 3aKonon 

HhlOTOHa K «30JIOTo:H nporrop:u;HH» octtoBaH Ha paccy~eHIUIX MeTaQlH3M

qecKoro xapaKTe pa. KaK y.>Ke OTMe'IaJioch, Mer-a<Pu3HKa He npu3saHa 'ITO-
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TO ,II.OK33bIBaTb. 0,LJ.HaKO o6ttapy)Kelme 001.qIDC Mera¢H3WIOCKKX rrp.HHqHITOB 

B HBJICHIUIX pa3JDfqHOH rrpHpo,lJ,bI MO)f(eT cnoco6CTBOBaTb Jm6o ycTaHOB

JieHHIO HX Henocpe,n,CTBeHHO:tl: CB.H3H, JIHOO IJOHCKy 6oJiee rny6oKHX Ha'-l8JI, 

OT.BeTCTBeHHblX 3a rrpmrnJieHM.fi 3aKOHOMepHOCTeii, K83aJIOCb 6h1, p83JIHqff0H 

npHpO,IJ.hI. 

4.2. MeTa<l>113wiecKBe acneKThl 
a.HaRBTH~eCKOH MeXaHHKH 

B 11cTopH1:1 ¢113 HKH tteMano npHMepoa nepeIIHchrnamu1 y)Ke OTKph1Toro 

3aKOHa B HHOR, Ha rrepBblX B3r.1lll,n,, COBCeM HenoXO)KeM ¢opMe 11JIH ,n,a)Ke 

nepeoTKphITIUI 3aKOHa B l1HOM s11,n,e c IlOCJie,n,yroru.HM 1'0K83aTeJihCTBOM 

COOTBeTCTBHH c ero rrepBOHallaJlbHQj:f cf>opMOH. 9TO aHaJIOrHllHO TOMy, KaK 

aKCHOMaTHKy reoMeTPHH MO)KIIO c¢opMyJI1:1posaTb B pa3HhIX BH,n,ax. To, llTO 

B o~oA aKCHOMaTHKe 6bIJIO TeOpeMOH ( CJie)l,C'l'Bl-Je.M ee aKCHOM)' B ,z:rpyroii 

aKCHOMaTHKe OKa)KeTC5f TeopeMOH, Tor,n,a KaK aKCHOMbJ rrepsoj:f CTaHyT TeO

j>eiaMH BO BTOpoH aKC110MaT.HKe. TaK CJiyqHJIOCh H co BTOphIM 3aKOHOM 

HhlOTOHa B XVIII B., Kor,n,a B o cttoBaHIDi att:aJIHTW-IecKo:tt MexaHHK.H 6bIJI 

IlOJIO>KeH He ,n,aHHhIH 3aKOH, a npHHI.Viil HaHMeHhlliero ( 3KCTpeM8.7TbIIOro) 

AeiicrBIDI. 

4.2.1. Ilpe a 1'e11 BaHMeHbmero ( 3KCTJ>eMam,uoro) ,u;eiicTBIDI 

1. IlpH ITOCTpoeH.HH aHaJIHT.ffllOCKOH MexaIIHKH CTaB.HJiaCh 3a,L~a'-Ia ccf>op

MyJIHpoBaTh e,1J,11HhIH npHHI.J;Jm ee OilllC&UUI, BKJllOllaIDIIJ..HH B ce6.H KaK 

CTaTHKy, Tai< H )~HHaMHKY MexaHHll:eCKHX C.HCTeM. <I>op.Mynupy.H .naHHyIO 

~aqy, JlarpaH)K. nucan: « .51 fIOCTaB.HJI ce6e ~eJihIO CBecTH TOOpHIO MexaHHKH 

H MeTO/J,bl p emeHH.fi CB.H3aH.HbIX c ue.H 3a,n,aq K o6ll.J,li(M cpopMyJraM, npocToe 

pa.3BHTHe KOTOpbIX ,n,ae-r Bee ypasHefilrn , HeOOxO,lI,HMbie ,D;JI.H pemeHH.H KaJK

,ll.Oii 38.,n,aqH» (~HT no [128, c. l 71]). 
IlIDI HaXO)f(,D;eH.H.H IIOJIO.>KeH.Hit paBHOBOCHH CTaT.HlleCK.HX CHCTeM 6bIJI 

c4><>PM)'JlllPOBaH cmamu-tteC'K",UU nputtv./un B'Upmya.11/b'H'btX nepeMew,ettu'u: 
! ~HeOOXO,IJ.JfMbIM H ,lI.OCTaTOllHbIM yCJIOBHeM paBHOBOC.H.H C.HCTeMbl MaTepHl 8JlbHblX TOlleK H TeJI c H,LJ.eaJTbHhIM.H C'Ia~OHapHhIM.H CBSi3.HMH HBJijieTCH 

l paBeHCT.BO HYJIIO BHpTyaJI.btto:tl: pa6oThI scex aKTHBHhIX CHJI» [128, c . 186]. 
HanoM.HHM, llTO 3,D;eCb pellb H,LI.eT ne o pea7TbHOH, a o M bICJIHMOH pa6oTe np.H 

: BBpTyaJibHOM, T. e. B03M0.)Kli0M nepeMell.J,eH.HH. 

i 3areM 3TOT npHHU.Hn rro)J, H83BauueM nputt'4Una Jf.aJ1,aM6epa- Jla2pa'H:>ICa 
,6wJ rrepeHeCeH Ha ,lJ,l:IHaMHqecKHe C.HCT€Mbl: «ITYCTb CHCTeMa MaTepH8JlbHblX 

. T01IeK H TeJI c .H)J,eaJihHhIMH CB.H3.H.MH ,ll.BH)KeTC.H no,n, ,n,e.HCTBHeM aKT.HBHblX 

·CH.JI. Tor,IJ.a s Ka)K)Jplit MOMeHT BpeMeHH o6pa1IJ,aeTCR B HYJib cyMMa BHp

TJMblihIX pa6oT aKTHBHhIX C.HJI M CHJI ,LI:a.rraM6epa» [128, c. 195]. 8TMM 

' esottCTBOM OTJIHllaeTC.H HCTHHIIOe ,D;BH)KeHHe CHCTe.M OT scex B03.MO.>KHbIX 
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MbICJIBMhIX. 3)1,ecb IIO)J. CHJiaMH ,ll,a.naM6epa IIOHHMaIO'I'C.H CHJibl BIIePU.HH, 

paBHble co 3IIaKOM MHttyc nporoBe,n.eHJuo Macchi TeJI Ha ycKopettne. 

2. B paMKax aHaJIHTHqecKo~ MexaHHKH 6hma Haii)J.eHa 3aMe'IaTeJihHa.H 

BeJIH'iHHa - ,L~eHCTBJile s MexaHJilqecKOR CliCTeMbl, xapaKTeplil3YIOrn;ee 3BOJIKr 

qHIO )1.IIHaMJilqecKOii CHCTeMhl Me:>K,lJ;y )1.ByM5I MOMeHTaMH BpetvleHH ti H t2. 

,ll,ettCTBHe 3aIIJilCbIBaeTC.H qepe3 JilHTerparr IIO speMeHM B)J.OJib nyTH, COe):l,JilH.H

IO~ero ,LI.Ba noJimKeHHji 'iacTHUhI, OT cPYHKU.HH Jlarpan>Ka L(q8 , q8 , t), »BJIB

rorn;eiic.5I cPYHKn;HeJi OT o6o61IJ,eHHhIX KOOp):l,HHaT qs, CKOpOCTeH i/s = dqs/ dt 
CHCTeMbl H BpeMeHH: 

(4.2.1) 

Pa3MepttOCTh )J.eiicrBH» paBtta npm·t:3Be)J.eumo p83MepHOCTeii 3HeprHu H spe

MeHH. ,ILrc51 Hepe.JI5ITHBHCTCKHX MexaHHqeCKHX CHCTeM cPYH~JiljJ JlarpaIDKa 

onpe,n;e.nHe:rC.H pa3HOCThlO KHHe:r11qecKoii T 1-1 noTeHU,H&TlbHOii U 3HeprH:tt 

CHCTeMhI: 

L=T-U. (4.2.2) 

3. l-lpe3BhILiaHHa51 Ba)KHOCTb ,n.eiiCTBHH COCTOHT B TOM, qTo OHO HMeeT 

3KCTpeM8JlbHOe 3Ha11e1rne Bll,OJih HCTHHHbIX TpaeKTOpHH )J.BH>.KeHH5I CHCTeMbI. 

CorJiacHo npw-1,v,uny I'a.Mu.11/bmona, 3TO 03HaqaeT paseHCTBO HyJiro sapHau,HH 

)J.€HCTBH.H B,LI.OJih HCTHHHblX TPa€KTOpHH: 

( 4.2.3) 

vfa 3TOrO IlpHHl.{Hila HaXO)J.5ITCH ypaBHeHH5I 9ttJiepa-JlarpaH:>Ka B BH,Il,€ 

(4.2.4) 

0TMeTliM npHMoe COOTBeTCTBlie Me.>K):l,Y, c O,Il.JIO:tt CTOpoHbl, cnaraeMbIMH 

B yIIOlVffiHyTOM BhIIIIe ,D;liHaMHqecKOM npHHIJ;Hile BlipTyaJibHhIX rrepeMe~e

HHH (npliHIJ,Hile ,ll,aJiaM6epa- JlarpaII>Ka) H, c )JJ)yroii CTOpOHbI, CJiarae

MbIMH B onpe)J.eJieiilDI cPYHKl~HH .ITarpaH>Ka ( 4.2.2) H B ypaBHeHIDIX 9tt

.rrepa-JlarpaIDKa (4.2.4). TaK, BKJia,LI. BHpTyaJihHOH pa60Th1 aKTHBHbIX CHJI 

COOTBeTCTBye:r rroTeuU.H&TibHOH 3HeprHli u B (4.2.2) H rrepBOMy CJiaraeMOMY 

B ypaBHeHIU:IX ( 4.2.4), a BKJia,zI, CHJI HHepU.HH COOI'BeTCTBye:r KHHe'I'HqecKoA 

~rneprHH T B onpe!{eJieHHH cPYHKIJ.HH Jlarpa tt)Ka H BTopoMy cJiaraeMoMy 

B (4.2.4). 
4. B cospeMeH.HhIX y'ie6H11Kax no TeOpeTHqecKOH MexaHHKe (CM., Ha

npHMep, {128]) IlOH5ITHe .n,eHCTBH5I Ii IlpHHIJ,HII raMHJibTOHa IIOAJ>06HO Bbl

BO,LJ,.HTC.H, HCXO)J.51 H3 ypaBHeHHH BTOporo 3aKOHa HblOTOHa, O,r:r.HaKO, KOr)J.a 

IIpHHUHII I'af\.UIJihTOHa (3KCTpeMaJibHOrO ,n.eHCTBH5I) y.>Ke no.rryqeH, B03IIHKaeT 

p.H)J. rrpo6JieM aero OCMbICJieHHH. KaK nHcaJI 11. Jiay3, «Kor;~a TaKoro po.u,a 
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npHHUHilhI BhUJ,BHra.JIHCh B XVIII CTOJieTHH, To OHM rrpoH3BO,Ll.HJIH OOJihllIYIO 

ceHcaIJ,HIO. B caMoM ,n.eJie, )J.HcP<l:>epe~aJibHhie ypaBHeH1u1 )J.BH)KeHrur orrpe

AemnOT 51BJieHHe B orrpe,n.e.rreHHhrH MOMeHT BpeMeHH H3 tterrocpe,JJ,CTBeHHO 

npe,Ll.lllecTBOBaBUiero )J,BH.>KeHH51, K8.K 3TO COOTBeTCTByeT npH"IHHHOMY B03-

3peHHIO Ha np11po)J,)'. B 3THX rrpHHU.Hnax, ttanpoTHB, Bee )J,BH::>KeH11e 3a 

KOHeqHhlR npOMH»<yTOK BpeMeHH paccMaTpJ.rnaeTCH TaK, KaK 6y,n.To 6y~ee 

onpe,n;e.rnrer HacTo~ee. Ka3aJIOCh, 'iTO B cPH3HKY oome.rr TeJieonorHqecKHH 

MOMeHT, H Me'-f'raTeJibHhre YMhI AYM8JIH ,rr.a)Ke, qTo OHH cMoryT y3peTb 

3,lI,OCh TBOpu;a c ero MHp0BhIM n.rranoM, corJiaCHO KOTOpoMy ¢nryp11py10ru;11e 

B 3THX npHHI.J;HIIax BeJIH'tfHHbl )J,OJJ.>KHbI HMeTb MHHHMaJibHOe 3HaqeHHe. 11,n;eH 

Jleli6HHU,a 0 «flyqllleM H3 acex B03MO::>KHbIX MHpOB» B HeKOTOpott Mepe 

cornaOOBbIBaJiaCh c 3TOH ¢airm3HeR» {95, c. 26J . 
Ocrpbre ,JJ,HCKyccHH no ,rr.aIIHOMY sonpocy ttaqaJIHCb eru;e pa.tthUie, tta'iH

HruI c XVII B., B CB.SI3H c pa.6<YraMH II1>epa <I>epMa, c¢opMynwposasUiero 

«OpHHl.l,Hll 3KOHOMIDI B npHpo.n.e», KOTOpbIR 6i>1JI npHMeHeH B OilTMKe )J,JUI 

BhfBO)J.a 3aKOHOB npeJIOMJieHlrn H OTpa)KeHH51 CBeTa. 9TOT np.HHU.MII lllH

poKO 11cnoJih30BaJI I'ro.HreHc, Ha3hIBaBII1HR ero « <PettoMeHOM <I>epMa>.>. Ho 

y sirott TeopHH 6hIJIO H MHoro npoTHBH.HKOB. B XVIII B. cnopbI BCIIhIXHyJIH 

c HOBO.ii cHJioii B CB513H c pa6oraMH Ilbepa .J1y11 Mopo JJ,e MonepTIOH, 

pacnpoCTpaHHBUiero npHHU,Hil <I>epMa Ha MexaHHK)' H Ha BCIO npHpo,ny. 

06o6~eIIHhIM np11ttu;11n, Ha3BaHHblR no3)Ke npHHI.J,liIIOM MonePTIOH, rnac.nJI: 

ecJIH B npnpo,ll.e IlpoHCX0,11,liT KaKOO-HH6y,lJ,b l13MeHeHHe, TO HeOOXOll,HMoe )J,JISJ 

3TOro KOJIHqecTBO ,rr.eHCTBlffi Bcer,rr.a HMeeT B03MO::>KHO MeHhllIYIO Be.JIJ.f'UIHy. 

Ilqn. KOJIH'i~l'BOM ,rr.eHCTBH5I 1vfonePTIOH IIOHHMaJI npOH3Be,n.eIDJe HMIIyJlhCa 

Ha npoi%,rr.eHHhlR nyTb. 

MonePTIOH HCTOJIKOBhlBaJI 3TOT rrpHH~rr B MHCTlil'l.JecKOM ,nyxe. KaK 

mnneT M. Jlw~w, «3a npoBo3rnameHHeM 3TOro npHHu,Hna rrocne,rr.oaa.rra 

110Jie1vrnKa, B KOTOpOH IIO,ll)IHMaJIHCb He CTOJibKO ¢H3H'-leCKHe, CKOJlbKO Me

nuPH3HqecKHe nonpoc hr ( KOIIe'iHa.H npH'l-IHHa, cym.ecTBOBaHHe 6ora). Ha'iaTa 

OHa6htna CaMy3JieM KeID1rOM (1712- 1757), B He:H npHHlil'MaJIH yqaCTHe (KaK 

IIpO'TIIBHHKH MonepTioH) BoJihTep, M8.Jib6paHUI, BoJibcp 11 ,rrpyrHe>.> [103, 

. c. 155]. 
5. 0TMeTHM, 'iTO npHHI\Hil .HaMMeHhUiero ,D,eHCTBM.H If celiqac BOCilpHHH-

Mael'C.H He IlpoCTO, 0 qeM CBH)J,eTeJibCTByeT ero OTCyTCTBHe B llIKOJlbHbIX rrpo

' rpaMJvtax H B Kypcax o6~eit cPM3HKH )J1IB BY30B, uecMOTPH Ha TO, qTQ COBpe-

t
i MeHHa.H q>H3MKa OITHpaeTCH, rJiaBHhlM o6pasoM, Ha Jiarpatt)KeB ¢opM8JIH3M. 

OrMeTHM, qTO a 3HaMe HMTOM 10-TOMHlil'Ke JI. ,n. Jla.H,n.ay 11 E. M. JlHcPWHua 

1 no reopeT11'l-lecKOH cPH3HKe pH,n. pas,D,e.rroB H3JIO)KeH Ha ocHoBe HMeHHO npHH-

'®Ila Ha11MeHh1IIero (3KCTpeM8JlbHOI'O) ,rr.eHCTBHSJ (cM. [93, 94)). 
B CB.H3M c 3Tlil'M xOTeJIOCh 6b1 no,n.eJIMTbCH aocnOMHHaHHHMH. B 50-e 

• roJJ,bl J1. LI.. Jla1-I,L1.ay quTaJI JieKu.1111 Ha <}:>H3H'iecKoM ¢aKyJibTeTe MrY HM. 

l 
M. B. J1oMOHocosa. Ha nepaoif )Ke .rreKqHH no TOOpeTH'iecKoif MexaIDIKe 

,!VI.SI CTY.LJ.eHTOB 2-ro Kypca OH BhIIIHca.rr Ha ,n.ocKe <}:>yHKI.~HIO .narpaIDKa ,D;Jl.H 
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rrpocTe:lhueH. MexaHHt.{ecKOH CHCT€Mbl. 3aTeM 6bIJIH 3aJTHCaHbI ypaBHeHHH 

JlarpaH)f(a, H Beeb ,ll.aJlbHeiilllHH MaTepirn.JT H 3JiaraJIC.H Ha HX OCHOBe. y MHO

T'HX CTy,n.eHTOB, t.{TQ Ha3hIBaeTC.H, « noexana Kpbrma»: cPH3 HKa npe,n.CTa.rra 

B KaKOM-To MHCTIPieCKOM BH,ZI;e. H e Hy)f(HO Haq11HaTh c HaIIHcaHH.H ypaa

HeHHi:1 HhIOTOHa, MYT.JHThC.H c onpe,n.eJiett11eM CHJI, peaKLI,Mi1 onop, cooTHOIIIe

H11eM CB.H3eli H T. )I,.' - )I,OCTaTO"t{HO JIHlllb no orrpe,n.eneHHblM Q:>opM8JlbHhIM 

rrpaBHJiaM 3aJIHCaTh cl:>yHK~HIO Jlarpa H>Ka, 11 H3 Hee, KaK «qepTHK H3 Ta6a

KepKH», BhICKaKHBaC'r Bal Heo6.xO,Ll,lf!.1a.H HHQ:>opMaI.UI.H 0 CHCTeMe: ypaBHeHIHI 

,ll.BH)KeHH.H, 3 aKOHbI coxpatteHHsi H ace npoY.ee. CHJihHhie cTy,ll,eHTbI Bhl,ll.ep

>KaJTH, HO 3TH .rreKI~HH 'CfHT8JlHCh He ,ll.JIB TeopeTHKOB, a ,ll.Jl.H ecero eypca. 

B HTore TeopeTMqecKyro MexaHHKy HallleMy Kypcy ( BH,ll.HMO, e)I,HHCTBeHHol\cy 

3a BCIO HCTOPHIO <l>H3lPiecKoro <l>aKyJlbTeTa !vlrY) npHlliJIOCb nepe'Il!ThI

BaTh BTOPH"t{HO: Ha 3TOT pa3 3TO 6bU10 nopyqetto OTibITHOMy npeno,n.aBa

TeJIIO B. B. n eTKes11qy, aBTopy BilOCJie,ll,CTBHH HaUHCaIIHOro OOCTO.HTeJil>HOro 

eypca «TeoperuqeCKa.H MeXaHHKa» [128). 
6. Pa3.rrn"t{Hbre <l>opMy.rmpoBKH o,r:r,HHX 11 Tex *e lfCTHH, KaK Heo,D.

HOKpaTHo no,n.qepKHBaJI P. <l>e:ltHMaH, MOryT oKa3aT hC.H 3KBHBaJieHTIIbIMH 

B npuMeHeHHH K onpe,n.eJieHHOMy KPyry .HBJieHHi1, 0,11,u:aKo MoryT He 6l~ITh 

'IaKOBblMH npH BbI6ope nyTeii BbIXO,ll.a 3a npe,ll.eJibl ycT05JBIIIerOC.H Kpyra 

51BJieHH:ti. To *e caMoe MO)KHO CK.a3aTh H o ,n.aHHOM n pHHIQine, KOTOphIH 

0Ka38JIC5I IlJIO,ll.OTBOpHblM B paMKaX TeoperHKO-IlOJieBoro MHpOnOHHMaHH51. 

Ho qro oco6eHHO Ba)f(HO no,n.qepKHyTh, npHHTJ.Hn 3KCTpeMaJibHoro ,n.ettcTBH.H 

OKB3aJIC.H Kpaii.He Heo6xo,n.uMbIM ,LI.JUI noerpoeHH.H Teop1rn rrpsiMoro Me)K

qacTHqHoro B3aHMo,n.eiicTBH.H B paMKax peJI.HIQimrnoro MHponoHHMaHH51. 

A nocKOJihKY 3'l'OT no,n.xo,n. onHpaeTc.H Ha KOHI.\en1.1;1uo ,U,8JlbHO)I,ettcTBH.H, ecTh 

OCHOBaH.H5i IlOJ1araTh, qTo TpaKTOBKa 3TOro npllH~Hila B TeJieonorHqeCKOM 

JJYXe B Ka.KOH-TO CTeneHH MOrJia COOTBe'ICTBOBaTb KOHuen~Hll ,ll.8JlhHO)J,ett

CTB.fill B qm3HKe. 

4.2.2. Omtcaime B3aHMOAeiicTeuii 

l. flpHHll,Hil HaHMeHhlllero ,n;eHCTBJ.151 (npHH~Il raMHJibTOHa) OK838JICH 

BIDKHbIM He TOJihKO ,ll.Jl.H OilHCaHH.H MexaHHqecKH:x CHCT€M, HO li )J,JlH ueMe

XaHHt.{ecKHX CHCTeM, B '-lacTHOCTH )J.Jl.H onucaIIHH KaTeropHH noneli nepeHOC

'tffiKOB B3aHMO)J,eHCTBH:t1:. 9ro Il03BOJI51eT onpe,ll,eJIHTb flOJIHOe ,n;eiiCTBHe )J.JI.H 

CJiCTeMbl J.f3 qaCTHL\ ( TeJI) H nonei1, c KOTOpbIMH OHH B38J1MO)J.eHCTBylOT. 

IlplllUJ)iilHaJihHa.H 6JIOK-CXeMa (3 .1.1) ,ll.Jl.H ,n.syx B3aHMO,ll.eHCTBylO~ 
qaCTH~, OTMeqae.MblX HH,n.eKCaMu 1 H 2 COOTBeTCTBeHHO, npe,n.cTaBJI.HeTC.H 

qepe3 O'l',LI.eJibHbie CJlaraeMbie TIOJIHOro )J.eHCTBH.H CHCTe:tvlbl c.rre,z.zyro~M o6-

pa30M : 

S12 = [So(l) +Sinn] + (Sp) + [Sint2 + So(2)], (4.2.5) 

r )J.e So(l) H So(2) ,n.etiCTBHH ,ll,JIH ,ll.Byx cso6o)J.Hb1x qacTu~, Sp - ,L1,eiicTBHe 

,ll.JI.H nonH, nepeHocg~er<? B3aHMo,n;ettcTBHH, S intl H S int2 c.rraraeMhie ,n.e:t\:-
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CTBIDI, Olll1ChlBaIOIW1e COOTBeTCTBeHHO B3aHMO,U,eiiCTBH51 c no.rreM nepBO:ti: 

H BTOpoH qacrm.1,. IlocKOJibKY ,n.eiiCTBHe rrpe)lCT'd.B.TrneTOI B BH,n.e HHTerpa.rrOB 

m: <l>YH~11H JlarpaH.*a, To MO)KHO ttanucaTh ana.rrorHqHh1e Bbipa)f(eH.wsr, r,u,e 

BMecTO ,n;eiiCTBH5f s Be3,n;e CTO.HT COOTBeTCTBYIOlI.J,He cPYHKIJ,lU1 .ITarpaIDKa. 

Co6upaH HMeCTe cnaraeMbie rom ,n.syx cso6o)J.HbIX qacTJu~ 

(So= 801 + 802) H CJiaraeMbie, OilHCbIBaIO~He 11.X B3aHMo,n,eti:CTBIDI c IIOJieM 

(Sint = Sintl + Sint2), IIp.11xo.UHM K HHO:ti: 3al1HCH Bhrpa*eHH51 (4.2.5) : 

(4.2.6) 

Iloc.Jie,U,H.H.H "tfaCTb HaHOOJiec Cyl.U,eCTBeHHaH, IlOCKOJibKY 0 CaMHX 'YaCTin~ax 

H IIOJI5JX MO:>KHO cy,LI,HTh JIHWb no p e3yJihTa'IaM HX B3aHMO,TT,eHCTBH.H. 

2. PeAYKIJ,HOHHCTCKaJI TpHaJIHCTHqecK rur IIap~rMa xapaKTepHa TeM, 

'ITO B Heit OT)J,eJib Hhie KaTeI'OpHH MOryT paccMaTpHBaTbCH He3aBHCHMO ,u,p yr 

OT )IJ)yra. Ta.K, s rJI. 2 p accMaTp11aanacb K aTerop1151 npocrpaHCTBa-ape

M€HH cPaKTHqecKH He3aBHCHMO O'J' np11cyTCTBH.H B HeM qacTHIJ, H IlOJieti:. 

B npe,np~eti: rJiaBe paccMaTpHsa.nach KaTeropHH n oJI51 He3aBHCHMo OT 

HCTO'IHHKOB. B ,n.aUHOM CJiyqae 3TO 03HaqaeT, 'ITO npHH~Hll r aMRJihTOH a 

MO:>i<eT 6bITb npHMeHeH OT,!I,eJibHO K KaTeropHH n oneti. IIepeHocqHKOB B3aHMO

,qeikTBH:ti:. I10CKOJihKY 110JI51 HeIIpephlBHO pacIIpe,u,e.rreHbl B npocTpaHCTBe, TO 

,qeitCTBHe .n;J1s:r noJieH cJie,n,yer onpe)J,eJI,HTb He B BM)l,e HHTerpaJia n o speMeHH 

OT <l>YHKJ~HH .ITarpaH)Ka L, a s BH,ne o6'beM ttoro 4-Mepttoro HHTerpaJTa OT 

IlJIOTHOC'Tl1 cPYHKizyl.H .ITarpatt>K:a: 

(4.2.7) 

r,n,e IIJIOTHOCTb cPYHKIVIH .narpaH)Ka £ 3aBMCHT OT KOM ilOHeHT IlOT€HlJ,118Jla 

paccMaTpHBaeMhJX IIOJieii B s " HX n epBhIX rrpOH3 B0,1J.H.bIX BB s I axµ 110 rrpo

CTpaHCJ'BeHHo-BpeMeHHblM Koop,n,11HaraM. B 3aBH CHMOCTH OT paccMaTpMBa

eMhrx CJlyqaeB B KaqecrBe n oTeHIJ,H8JlOB Bs MO>K:eT BbICTyrraTh J111.6o o,n.Ha 

<l>YHKWH J rp(x) CKaJI5JpHoro IlO.JI,H, JIJiOO qeTbrpe KOMIIOHeHTbl BeK"rOpHOI'O 

IIOTe~HaJia A µ 3JieKTpoMarHHTHOro noJI51, JIH6o 16 KOMTIOHeHT 'Pµv r paBH

raq1.JOHHoro IlOJrn M T. )l,. 

J.fa npm·~Mlla raMMJibTOHa CJie,!J,.YIOT ypaBHeHH.H 8itJiepa- flarpaH)Ka ,Ll,JUi 

IIOJieit B BH,11.e 

(4.2.8) 

3a.Memuo~eM ypaaHeH11e ( 4.2.4) ,LI.JISI qacTM~. 
3. B pe.ruiT.MBHCTCKoit reopHH n JIOTHOCTh <l>YI~ .ITarpaH)Ka ,ll.OJI)KHa 

YAOBJieTBOpHTh PHAY ecTeCTBeHHhlX yc.rroBnii. Bo-nepBh1x, oHa crpo11Tc,H 113 

Il0Te~H8JIOB n oneti: H HX nepBbIX rrpOH3BO,ll.HbIX. ,ll.aHHOe ycJIOBl:le o6ec

neqHBaeT BTOpoti: rro pH)J.OK ,Lr,HcPQ:>epeHWf aJibHbIX ypaBHeHM:ti: ,LI.JISJ COOTBeT

CTBJIOIII.HX noneti:. B~BTOphIX, ,n,.rr£ IIoJiyqeHHjJ J1HHeiiHh1x ypaBHe1ml1: n oJI.H 
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Heo6xo,z:~HMO, 'ITOObl ¢yHKIJ;H.H JiarpaH)l(8. HMeJia KBa,z:u>aTH'-IHhIH xapaKTep 

no rrOTeHIJ;HaJiaM H HX nepsbIM npo113sqn,HhIM. B-TpeThHX, nJIOTHOCTh cPYHK

I.I)IH JiarpaH:>Ka ,LI,OJDKHa 6bITb CKa.TI.HpOM OTHOCHTeJibHO npeo6pa30BaHHH Jlo
p ettu,a. KpoMe roro, MOryT 6bITh ,lI,OnonHwreJihHbie Tpe6osaHHfl HHBapHaHT

HOCTH IlJIOTHOCTU JiarpafDKHaHa OTHOCHTeJihHO HeKOTOpbIX ·raK Ra3bIBaeMhIX 

BHYTJ>€HllHX CHMMeipHH, COOTBeTCTBYIO~HX cneII,H8JlbHbIM BH,LI,aM 0030HHbIX 

none it 
4. ,lI..n.H cnyqa51 3JieKTpOMarHHTHOro nOJI51 BCeM 3THM ycJIOBH.HM y,n,osne

TBOP51eT nJIOTHOCTh narpan>KHaHa 

r - IF.Fµv 
J..; F - - - - µv , 

161r 
(4.2.9) 

r,u,e TeH30p HaI!p.sI)KeHHOCTH 3JieKTpoMarHHTHoro non.sI Fµv 3aIIHChIBaeTC.H 

t.iepe3 KOMIIOHeHTbl B€KTOpHoro IIOTe~H8Jla, cornacHO (3.3.4). 
BBe,lI,H 3TO Bhipa:>Ke Hue B (4.2.8), MO)KHO rronyqHTh pa.uee 3anHcaHHhre 

ypaBtteirn.sr cao6o,n.Horo 3JleKTpoMarHHTHoro nonH, 3aIIHCaHHb1e B p 83nHq

HbIX ¢opMax a rrpe,ll,ht~e:li rnaae. 

5. IlO,lI,CTaBJrn:51 B ( 4.2.8) IlJIOTHOCTb .rrarpaH.>KHaHa ,IJ,JI.H TeH30pHoro IlOJI.H 

'Pµv, nerKO IIOJiyqHTb y paBH€H.H51 ,lI,JI.H JIHHeapH30BaHHOro rpaBHTau;uoHHoro 

IIOJJH. A ecnu s IIJIOTHOCTb narpaIDKHaHa BKJIIOqHTh cnaraeMb1e 6onee BhICO

KHX CTeileHeH IIO nareHU,Ha.JiaM " HX rrepBbIM rrpOU3 B0)1.HbIM, KaK 3TO ,lI,eJia

eTCSI B peIDITHBHCTCKOH TeOPHH rpaBHTal(HH JioryHOBa, TO MO.>KHO nony1.1HTb 

ypaBHeH11JI ,LJ,JI5f He.rrntte:liHoro rpasHTau;wOHHoro rroJr.H. 

6. n PH BbIBe,IJ,eHHH ypaBHeHHH n OJieH, B3aHMO,U,eHCTBy101u.mc c 3ap51-

:>K€HHblMH 1'eJtaMH (qacTHU.aMH), Heo6xO,lI,WMO y'-IHTbIBaTb cnaraeMhi e L int , 

OIIHCbIBaIOHV1e B3aHMO,lI,eHCTBH51. ,Ll.JI51 cnyqa51 3JieK'I'OpMarII.HTHhIX B3aHMO

/J,eiiCTBHH TaKOBhIMH 51BJI51IOTC51 Bhipa:>KeHH51 BH)l,a: 

(4.2.10) 

I'Ae jµ - IlJIOTHOCTh TOKa 3JI€KTpHqecKH 3apH.>KeHHO:ii MaTepHH. 

IlpOH3DO,Il,H sapbHpoBaHUe cyMrviapHoro ,11,e:HCTBIDi no xapaKTepHCTHKaM 

Y:aCTHU., IlOJIY'laeM ypaBHeHIDi ,JJ)HI)Keli:U5J B3aHMO,LI,eHCTByIO~HX q acr11u., 

a sapbHpy.sr IIO IIO'l'e Hl(HaJiaM IIOJI.sI, Ilpl1XO,lI,HM K ypaBH€HW5JM IIOJI.H c HC

TQq~KaMW, 3aIIHCaHHhIM paHee He3aB11CHMO OT npHHIJ;Hlla raMH:JlbTOHa. 

7. B 3TO:ii CB.H3H rrpe,II.cTaBJI.HeTC.H yMecTHbIM npusecTH cnosa P. cl>e:li

HMaHa H3 ero Ho6e.JieBcKoH. neKt~HH: «To, qTo 3JieKTp0,11,HHaMHKY MO.>KHO 

rrocrrpoHTb CTOJihKMMH pa3JIHqllblMH cnoco6aMH, - na OCHOBe )l,H¢cpepeI~H

aJihHhIX ypaBHeH.HH ~1aKCBeJIJia, Ha OCHOBe pa3JIHqHhIX npHHD;HITOB IIaH

MeHbruero ,LI,e:iiCTBHH c no.TimvtH, Ha OCHOBe pa3JIHqHhIX rrpwHU.HTIOB HaH

MeHbrnero )1,eHCTBH51 6e.3 IIOJieH., BCeMH pa3JIHqHbIMH crroco6aMH) - 06 ~TOM 

51 3HaJI, HO HHKOr,lI,a He IlOHHMaJT 3TOI'O ,lI,O KOHJ:~a. MHe Bcer)J,a Ka3aJIOCb 

CTPaHHhIM, qTo CaMbie ¢YHAaMeHTaJibHhie 3aKOHhI ¢H3HKw noCJie roro, KaK 

OHH Y*e OTKpblThI, BC&TaKH ~orrycKaIOT TaKoe HeBep051THoe MHOroOOpa3He 



<l>opMyJIHpoBOK, no nepBoMy BITe'iaTJieIUUO He3KBHBaJieHTHbIX, H Bee )Ke 

TaKHX, "iTO noc.rre orrpe,n.enettHI>IX MaTeMaTw1ecI<H.X Matt.Hnyn.su~Hl1 Me)l()zy 

IIllMH BCer,n.a y,n.aeTc.sI Ha.f:iTH B3aHMOCBIDb. . . 5I He 3Ha.IO, 'ITO ,U.OJI:>KHO 

03HaqaTb 3TO :>KeJiaHHe npupo~I Bb16.upa'l'b TaKHe JIK>6orrhlTHble <l>oPMhI, 

Ho, MO>Ker 6h1Th, s 3TOM H cocTOHT orrpe,n.enettue npocTOThI. Mo:>Ker 6hITh, 

Bell\h npoCTa TOJihKO Tor,n.a, KOr,n.a ee MO:>KHO HC"llepITbIBalOID;HM o6pa30M 

oxapaKTepH30BaTb HecKOJlbKHMH pa3JIH"iHhIMH cnoco6aMH, em;e He 3HaH, 

1rI'O Ha CaMOM ,n.ene Thi rosopHIIIh o6 O,Il,HOM H TOM JKe» (169, c. 207J . 
3,u,ech HMeJIHCb B BHAY em;e " ~yr:He cnoco6h1 onucaHHH 3JieKTpoMarHe

TH3Ma, KOTOpbre 6YAYT paccMOTJleHhI HH>Ke B paMJ<ax HHbIX MHponoHHMa

HHtt. 

4.2.3. KaHomRecK.He ypaeHeBHx faMlfJILTOHa 

B attaJIHTH'lecKoii MexaHuKe llIHPOKO npe,u.cTaBJietta utta.H ( OTJmqHa.SI 

OT narpaH:>KeBOH) cf>opMa OllHCaHH.H MexaHH~IeCKHX CHCTeM, H3BecTHaH KaK 

raMHJibTOHOB cf>opM8JIH3M. B Meracf>113HqecKOM rrnaHe OH HHTepeceH reM, 

lfl'O B HeM CHMMeTpHqHbIM o6pa30M OKa3hIBaIOTCH npe,n.cTaB.TieHHbIMH KaK 

(o6o6iqeHHble) KOOp~HaTbl MeXaHH"iecKHX CHCTeM, TaK H COOTBeTCTBYIOIII.He 

HM HMrryJibChI, TITO 3aC'raBJI..SleT 3a)J.yMaTbC.Sl HM COOTHOllleHl:IeM IlOH.SITHH 

Koop,u,m1aT u HMrryJibCOB. B KBaHTOBO:i1: MexattuKe (B TeOpeTHKO-nOJieBOM 

MlijXlllOHHMaH.HH) OHO IlpHOOperaeT npHH.qHITHaJibHO Ba)KHblH xapaKTep, OT

pruKaeMbli1 coa:rttome1rn.H.M:u tteorrpe.rr.eneHHOCTe:H. He Mettee 3Ha"iHMa ;a.aHHaH 

npo6neMa H B pe.mu:~HOHHOM MlipOilOHHMaHHH, o,rr,u aKo ee liC'l'OKH y:>Ke SIBHO 

IIp<IBBJI.HIOTC5l B ffiMHJibTOHOBOH cf>opMe KJiaCCH'ieCKOH MexaHHKH. 

l. B KJiaccHqecKO:H cPH3HKe npuH.s:tTO u cxo.rr.HTD H3 KOOp,n.HHaTHoro npo
crpaHcTBa, a HMnyJibChI, B ynporn.eHHOM BMe onpe,n.enSieMble qepe3 rrpo
H3Be,U,eHH.H CKOJ>OCTH Ha Macey Terra, nonyqaTh 'lepe3 CMem;eHIDI BO spe

MeHH B KOOp~HaTHOM npocTpaHCTBe. 9To 03HaqaeT, "iTO ,1.1.JISI onpe.rr.eneHH..SI 

CKOpocTH HJIH H~ffiyJibca HeOOX0,1.1.HMO paccrviaTpHBaTb COCTOS':IHHH MexaHH"ie

CKOH CHCI'eMbl B ,1.1.Byx 6 JJH3KlfX no BpeMellli npOCTpaHCTBeHHblX Ce'ieHH..SIX 

npocrpaHCTBeHHO-BpeMeHHOro MHOro00pa3HSI. EcJIU :>Ke Mb! XOTHM OITHCbl

BaTb COCTO.SllIBe CHCTeMhI B O,ll.HH MOMeHT BpeMe HH ( Ha O)J.HOM ceqeHHH), 

TO Heo6xo,n.11Mo K 3Ha"ieHH..SIM KOOPi~HHaT ,u,o6aBHTh 3 Ha""IeHHSI cKopocTe:H 

(HMIIYJibCOD), "iTO 03Haqaer 3MaHHe B Ka)K,11.0M ITOJIO)KeHMli qS,CTl.f~bI em;e 

3Ha'lemrn ee CKOpOCTH. 9TOT cf>aKT rrpHHHTO TpaKTOBaTb KaK liCITOJTb30BaHHe 

pacc.n.oett'H.OZO npocmpaHCrnea, cocmo.R.~ezo ua 6aa'bl u c.tUJ.R.. B K a'-recTBe 6a3hI 

BblCryIIaeT KOOp,ll.HHaTHoe 11poCTpaHCTBO, a B Ka"iecTBe CJIOSI - npoCTpaHCTBO 

CKOp<>C'I'eH ( HJIH HMHYJibCHoe npocrpaHCTBO). 

IlocKO.TlhKY BTopo:H 3 aKOH HhlOTOHa Bbrpa:>KaeTc.H qepe3 ,n.HcP<l.>epeH~H-
8JlhHbie ypaBHeHlijJ BTOporo nopSI,n.Ka, TO HX perneHH..SI 3aBHC.SlT OT Ha"iaJibHhlX 

)'CJ10Blffi KaK B 6a3e ( KOOp,n.uaaT), TaK u B cnoe ( CKOpOCTeii). HanoMHHM 
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TaJoKe, qTo cPYHKU)1 . .H .Jiarpan)Ka onpe,n.e.TIBeTC.H KaK qepe3 o6o6nr,eHHh1e 

KOOp,LI.HHaThl, TaK If qepe3 o6o6nr,eHHbie CKOpOCTlf. 

2. B aHaJlHTlfqecKoii MexaHuKe uMnyJihChI onpe)l,e.IDIIOTC.H qepe3 Q:>yHK

~mo JlarpaH)Ka c.rre,rryIOill,lfM o6pa.30M 

8L 
Ps = OQs · (4.2.11) 

Y'IliThIBa.H orrpe,n.erreirne cPYHKu,111-1 JiarpaIDKa ( 4.2.2), JierKo BH,IJ.eTh, "ITO 

)J.JlH ar,n.eJibHblX 'lacTlfll. 3TO BblpaJKeHue paBHO rrpOH3Be,LI.eIDIIO CKOpocTll Ha 

Macey qacr11uh1. 

<l>yHKII.lf.H raMHJib'l'OHa cPOPM8JlbHO OIIpe,n.eJIHeTC.H COOTHOIIIeHlfeM 

l 

H (qs,Ps) = L tlsPs - f, (4.2.12) 
s= l 

r,n.e l 03Ha'laer 'IMCJIO creneHe:R CBOOo,lI,bI CHCTeMhI, BOJIHa ( THJih,lI.a) Ha/~ L 
03HaqaeT, 'ITO B L ace o6o6w,ettabie CKopocT.H Bbrpa)KeHhI 'lepe3 HMnyJihCbl, 

tta.H,ueHHhie 113 (4.2.11). 
IlocKOJibKY <l>YHKU.H.H JiarpaJDKa onpe,n.eJI.HeTCH qepe3 p83HOCTb KHHe

THqeCKO:H 11 IIOTeHU.H8JlhHOH 3Hepridi ( 4.2.2), a <l>YHKLI.IHI raMHJihTOHa -

corJiacHo (4.2.12), To H npe,n.cTaB.IDie T co6o:A: cyMMy KlfHeTHl'..fecKoii 11 110-

'l'eHWJa.JlhHOR 3Hepru:R ( H = T + U), T. e. 51B.IDieTC5i noJittoii 3Heprl1eii 

MexaimqecKOR CHCTeMbI. 

3. B raMHJihTOHOBOM ¢opMaJIH3 M e ypasHeHH.HM sroporo 3aKOHa Hh10-

TOHa HJIH ypaBHeHHHM 9:RJiepa- JiarpalDKa COOTBeTCTBYJOT KaHpHHqecKHe 

ypaBHeHlfX raMHJlbTOHa: 

dqs 8H 
dt = &ps ; 

dps = _ 8H 
dt Oq8 

(4.2.13) 

KaK oTCro,n.a BH,IJ.HO, o6o6w;eHHb1e KOOp,r~uttaTbI u HMilYJihChI npHcyTCTByIOT 

B 3THX ypasHeHHSJX CHMMeTPlft.fHblM o6p830M. 9Ta )Ke CHMMeTpll51 HMeeI' 

MecTO H B l\PYI'HX Bbrpa)Kemrn:x, 3 aIIMCbIBaeMblX B ffiMl-IJihTOHOBOR cpopMe . 

B qacrHOCT.H, oHa rrpoHBJIHeTC.H s HanHcaHHH KJiacCH'lecKHX cKo6oK Ilyac

coHa, KO'rOpble B KBaHTOBOH TeopHll COOTBeTCTByIOT nepecTaHOBOt.f.HbIM co

O'rHOllieHH.HM. 

4. BoJiblllHHCTBo MexaHH'!eCKHX 3 a,LJ,aq MO)KHO pernaTb, HCIIOJih3y51 .mo-

6oii 113 y)Ke ynoM.HHYThlX MeTo,n.oB: Ha ocHoee ypaBHeH:uii HbroToHa, 

narpaIDKeBa ¢opMaJIH3Ma (tta ocHoBe ypaBtteHHA 9flnepa-JiarpaH)Ka), 

raMHJibTOHOBa ¢opM8JIH3Ma (KaHQHJiqecKHX ypaBHeHwn), a TaK)Ke HeKO

TOpbIX ,n.pyrux. 3,n.ech eur,e He ynoMHH8JTCB MeTO/' raMHJJbTOHa-.5JKo6H, 

T'd.K)Ke noJie3HhIR rrpu rrepexo,IJ,e K KBaHToBoli TeopH:u. Ha 3aH51THHX no 

Teoperu'IecKoi1 MexaHuKe B MrY cry,.u.eHTaM npe,n,J1araeTcB nposo,n.HTb 

cpaBHHTeJibHblR aHaJIH3 peIIIeHHH O,ll.llHX H Tex >Ke 3 aJ);a'i pa3JIHl'..fHblMR 

MeTO,LI.aMlf. l1p11 3'l'OM OKa3bIBaeTC.H, qTo ,!1,.Jl51 perneHHH O,[(HI1X 3 aJ];a'I 

(uJIH npo6JieM) HaJ.16oJiee IIO,Il;XOMJ:ID;llM .HBJ.l.He:I'C51 O)l,HH H3 3TlfX MeTO,ll.OB, 
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a ,LI,JlH ,rq>yrHx - - ,npyrott. B 9TOH CB.H3H on.BTb CJie,izyer BcnoM Hl1Tb Bhl

CKa3bIBaH11e <I>etiHMaHa o 3ara..n.oqHott npHpo,n.e roro Q:>aK'ra, qTO o,n.tta 

Jil Ta )Ke l1(,'1:'11Ha MO)i(eT 6b1Tb on11catta MHO)i(eCTBOM 9KBHB8JlCHTHbIX cno

co6oB. 

4.3. IIp11a1~011 cPPaKTa.JlbHOCTH 

B TJ>Ba.JIHCTJf'IeCKOB nap~Me 

IIpoattaJIH3HpycM co,rr.ep*aHHe Teoplffi: D paMKax TpHaJIHCTH~ecKOH na

pa,uarMhI c n0311~Htt M8'1'8.cPl13.H'ieCKOro npHHIJ;HDa cppaKT8JibHOCTH1)' 

corJiaCHO KOTOpoMy B petzyKIJ;HOHHCTCKOM no~o,n;e K8)K,ZJ;~ Bhl,ZJ;e

neHHruI KaTerOplUI coxpa1u1eT CBOHCTBa n;e.rroro H B HeA HeH36e~o 
nposlBJl.SllOTCa ece ,n;pyrHe KaTeropHH. T aK, B paMKaX T PHaJIHCTlPie

CKOH nap~rMhI onpe,n.eJTeHHe Ka~oii 113 Tpex KJIJO'-leBhIX cPH3H'-IOCKHX 

KaTeropHtt - npocTpattcrsa-BpeMeHH, noneii 11 qacT11~ co,n.ep:>KHT B ce6e 

HHcpOpMa~HIO o ,n.Byx .z:wyrax KaTeropnmc. 

B TPHa.JIHCTH'-leCKOii napa.n,HrMe npe,n;na1'aeTC5I pa3JTl1'IaTh TPH BH,n;a ( CTO-

poH1.>1) ¢paKTaJibHOCTH: 

1) ¢ p aKT8JlbHOCTh no cy~HOC'l'l1, 
2) ¢paK'ffiJlhHOCTb no Ka'-leCTBy 11 

3) ¢paKT8.JThHOCTb no KOJIH'-lecTBy, 

KOTOpbre B KaKOM-TO CMbICJie COOTBeTCTByJOT TpeM K JIIO'-leBbIM cPH3H'-1€CKHM 

KareropH.HM. 

B nro6oM B~e Q:>paKTaJibH0(,'1:'11 cn e,izyeT pa3nH'-1aTb ,rr.sa no,u,.xo.rr,a K TpeM 

CJlar'c:leMbIM Ka~oa H3 KaTerop11ii (Tpex CTOn6~0B B Ta6JIH~ax): XOJIHCTH

. qecKIDi H peA)TKWIOHHCTCKHtt . Ilp11 XOJll1CTH'-1€CKOM IlO,U,.XO)l.€ COCTaBJIBJO~e 

1 npe,n,cTaI<.Yr KaK TPH cropoHbl e,n;HHoi1 K aTeI'OpHH, TOr.rr,a KaK npH pe,izyK~

OHHCTCKOM no,n.xo,n;c OHH p acCMaTpHBa IOTOI KaK caMOCTOHTeJlbHhie '-laCTH, 

COCTaBIDllO~e KaTcr op:aro. B p5:1,lJ.e cJiyqaeB Ha H6oJiee eCTeCTBCHHbIM npe,n;

CTaBJmeTcH XOJIBCTH'·leCKHtt no,n.xo)l., B ,n,,pyr11x - ,n.onycKaJOTC.H o6a n o,n.xo.na, 

a nopoif ,UOl\iflfHHpy1om.HM smn.HeTC51 pe,nyK LJ;HOHl1CTCKHH rro,n;xo,n,. 

4.3.1. fPpaKTaJILBOCTh no cyn::i;liocm 

IlpoAeMOHCTp11pyeM npHH~ ¢paKTaTihHOCT11 no CY.W.HOCTH B TPHaJlH

crH'lecKoa napa,ll,HrMe c n OMOIIU>IO 3 x 3-Ta6n. {4.3.1), B KOTOpoH KaK no 

l)TepMHH «¢paK'l'aJI» 6b1JI BBe)J,eH B 1975 r. Beeya MaH,JJ,eJlh6p<rroM B ero KHHre 
cThe Fractal Geometry of Nature~ ,n;rui: o6o31mqemrn tteperyllilpHbIX, HO caMono,n;o6HhIX 

crpyxryp. <PpaK'ra.JIOM, no onpe,n;eneinuo B. Ma'ff)J,eJJb6pooa, Ha.3hmaeTcsr CTpyKrypa, 
CXlCT<»ln:taH 11:3 q ac:re.tt, KOTOPbie B KaKOM-TO CMbTCJJe TIO)J,OOHbI ~eJIOMy. 
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rop.H30HTaJrn, TaK H no Bep'I'l1K8JIH o6o3Ha'lfeHhl TpH K JllO'"IeBbie cp113WieCKHe 

KaTeroplUI ,n,atttto:H n apa,n,Hl'MbI. 

TpHaJIHCTHqecKruI nap~rMa: <l>PaKTaJibHOCTb no c~HOCTH 

II IlpocTpaHCTBO-Bpewr II IloJUI II qaCTmtf>J 

I rr~:CTBa-11 4-06JiacTH I MerpHKa (pac- To'iKa-co6hITne, 

( OKpecTHOCTH) MHpoBaH JlHHlili CTOHH1U1,11HTepBa.rr) 

KaTeropm1 06nacrb o npe,n.e- qHCJIOBOe 3Ha- ApryMeHT 
IlOJTH JieHJUI QlYHKIJ.HH qe1rne QlYHKWfl'J QlYHKIJ.HH - TOtfKa 

I 
KaTeroprur 

I 
0Kpy:>KalOIIJ,Hii MHp TeJTo OTC'ieTa P accMaTJ)HBaeMbJe 

q~ {Bce.nettHaJI) ( MaKJXmpH6op) Y.aCTHIJ.bI ( Te.rra) 

(4.3.1) 

06ocHyeM COOTBeTCTBMC qJieHelill.H no BepTHKaJIH IlOCTpO'"IHO, T. e. OT

,ue,JlbHO ,l.l,JUi KaJ.l<,U.Oii H3 Tpex KJIIO'IeBbIX cpH3H'-JeCKHX KaTerop11u. 

KaTeropH.H npocTpaHCTBa- epeMeHH 

<I>paKTaJlbHOC'l'b KaTeropHH npOCTpaHCTBa-upeMeHH IIO cyllJ,HOCTH T eCHO 

CBH3atta c a?Ccuo.Mamu?Coil zeo.Mempuu. KaK y:>Ke fibIJIO OTMet.ieHo, aHaJIB3 

npe,n,cTaBJieHHbIX B JIHTepazype aKCHOMaTHK reoMeTpHH (npocTpaHt1'Ba-Bpe

MeH11) noKa3hmaer, t.f.T o B HHX MU'H!UM(},.fl.'b?·we u ycmoiJ.11.(,Ueo noemopa1o~eeCJt 

11.(,UC.ll.O np'U.MUTnU606 pae?-lO mpe.M ( MeTacpH3H'"IeCKHH npHH~Il T p011'-IHOCTI1). 

KaK rrpas11no, a· Ka"'leCTBC npHMHT HBOB reoMeTp1111 Bb1611paIOTC5J: ToqKu, 
MeTpHKa (paccTO.HHH.H), o6nacTH HenpepbIBHbIX MHO>KeCTB. B Teo

p1111 OTHOCHTeJi bHOCTH rOOMCTpH'-IecKHe TQqKJ1 TpaKzyIOTCH KaK cpH3Ht.iecKHe 

T()t{KH-COObITH.SI , a BMecTO paccrO.HHHti BbICTyn aroT l1HTepBa.11hT (MerpHKa) . 

H a3BaHHbIC npHMHTHBbI reoMeTpHH ( aKcHoMaTHKH npocrpaHCTBa-Bpe

MeHH) COOTBCTCTBYIOT ·rpeM cpH3H"leCKHM KaTerop.H51M: 1) TO"'IKa ( TO'-IKa

cOOhITI1e) - KareropHH '-lacTiru;; 2) mrrepBa.Jl {MeTpHKa) - - KareropHH n o

nett rrepeHOC"'f.JHKOB B3aHMO,D,eHCTBHH; 3) o6JiaCTH HenpepblBHOro MHO:>Kc~ 

c~ - Ka:rerop1111 npocrpaHCTBa-npeMeHH. 

Ilepnoe H3 Ha3BattHbIX COOTBeTCTBH:A He Bb13bIBaeT COMH eHHii, IIOCKOJlhKY 

TCOpH.SI OTHOCHTeJibHOCTH 11Meer ,a.eJio H:Me HHO c co6bITHRMH, B KOTOphIX 

o&13aTeJibHO yqacT.eyer KaKaH-JIH6o '-lacT11~a. BTOpoe, - - MeHee O'-ICBH,D.Hoe 

B paMKax cneT~HaJlbHO:li reop1111 OTHOCH'l'eJlbHOCTH, - CTaHOBHTC5i IlOHHTHbIM, 

ecJI.l1 HMeTh B BH)Jy o6:uzyio TeOpHIO OTHOCHTeJibHOCTH, r,n,e qepc3 KOM

n OH€HTbI Merpw:ieCKOI'O TeH30pa ( MeTp11Kl1) OIIHChl.Bae1'C5i rpaBHTalQ10HHoe 

B3aHMo,1..1,etiCTBue. B MHOf'OMCpHbIX Teop11.SIX KaJly~h1-KnettHa MeTp11Ka o T

BCTCTBeHHa H 3a IlORBJleHHe 3.lJeKTp OMal'HHTHOI'O H ,n,pyrmc ¢H3H'-1€CKHX 

nonett. Co0Taerrcrn11e o6nacTett caMou KaTeropHH npocTpaHCTBa- BpeMeHH 

TaK:>Ke BbTC'JI.SI).I.HT .rr.ocTaTO'-IHO ecTeCTBeHHO . . 

CoaoKynHOCTb aKc110M reoMerp1111 ( npocrrpa HCTBa-BpeMeH11) pa36H.Ba

eTCH Ha mpu OC'H.061-t'bLe 2pynn'bi: ax:cuoM'bL nopao?Ca, Mempu 'ltec-x;ue u monoJto-

J 
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2u'lteC-x;ue a-x;cuoMu, KOTOpb1e <}JaKTHY€CKH onpe,rr,cJUUOT Tp11 H83BaHHhie Ka

reroplrn: 1) aKCHOMbI rropHAI<a xapaKTep113)'1o·r ynopH,rr,oqeHHOCTb TO'-leK 

D reC>MeTPHH H COOTBeTCTBYIOT coottcray npHqJiHHOCTH B cPH3HKe; 2) MeT

pH1I€CKHe aKCHOMbl onpc~eJ15:1JOT coottcraa HHTepBaJlOB (,rr,JIHH)' 3a,LI,aBaeMbIX 

l'JlOOaJibHO HJIH HHqH1HH'l'€3HMaJihHO; 3) TOIIOJIOrHqecKHe aKClfOMbl Q>op

MHpyroT IlOH5:lTHe HenpcpblliHOCTH ( CBOttCTBa OKpeCTHOCTeii). 

KaTeropllll noJ1eH. 
B caMott ,LJ,ecPHHHII,HH noJISI npoHBJIHJOTCH coottcraa ¢paKTa.JlbHOCTH, TaK 

KaK OHa o·.rpa:>KaeT Bee TPH KJI101:.:1ea1:.1c KaTeropHH. Bo-nepahlx, a•ro 06.n,acm'b 

onpeae.ae'HUJi ¢YH~l1, - OHa 3a)J,aHa Ha HenpepblBHOM npocTpaHCTBeHHO

BpeMeHHOM MHOro00p831fH (HJIH Ha HeKoTOpoli ero o6JiaCTH), B t.i:CM MO:>KHO 

ycMarperrb npoHBJieHHe Ka·reropHH rrpocrpaHCTBa-BpeMeHH. Bo-aTOph1x, aro 
llLUCJW6aR cPYHK~, KOTOpy10, KaK H MeTpHey, 6y,LJ,eM OTHOCHTb K nposrnJie

HH.HM caMoii Karerop1111 ncpeHoc1:.:111KoB B3aHMo,n,ei%cTBHii. B-TpeTMtx, apzy

MettmoM rfiy'H'K'4UU JU3Jt.R,emc.R mo'lt'Ka, oJI11n;eTBOp5:IJOm;a.H co6ott K.aTerop1110 

qacnm,. 

KaTeropHll qacTn~ 
KaTeropHH '-lacTHIJ; BO <}:>paKTaJibHOCTH no cym;uocTH npe,ucTaeT B BH,n,e 

Tpex C()(,""faBJlHIOIIJ.HX: l) pacCMampueaeM?ne 'llacmU'4'bt u.;iu meJta, KOTOphie 

Henocpe,n,CTBeHHO COOTBeTCTByJO'T KaTeropHH qacT11u;; 2) meJto omc'llerna, 

OTHOCHTe.JlbHO KOTOporo onpe,n.eJUllOTCH Bee IlOHSITMH, B TOM 'IHCJie H KOM

IlOHeJITbJ nonett; 3) ece npo'l.(,ue 'l.(,acmu-qu (rne.tia} o-x;py~a1ow,ezo Mupa 

(Bce.,1ieHHoii}. MHO)KecTBO npo'-l11x 'facTHu; oKpy)KaJOm;ero MHpa n HbJOTo

Hooo:M: KJiaCCH'-IecKoii MexaHHKe c}:>opMaJihHO He yqHTbIBaeTC.SI, o,u,HaKo, KaK 

IlOK8.3aHO B rurroli qaCTH KHHrH, OHO HeOOXO,ll,HMO ,LI,JIH pa3BepTKH ( '-Iepe3 

npHHIQm Maxa) oTHomeHHtt B npocrpaHCTBeHHO-BpeMeHHoe MHoroo6p83He. 

4.3.2. ct>paxTaJibHOCT.b no Ka'JeCTBY 

9ToMy BHAY ¢paKT8.JlhHOCTH COOTBeTCTByer Ta6J1. ( 4.3.2). 

TpuaJIHcTuqecKruI napa,u,HrMa: <PPBKTaJibHOCTb no Ka'"lecTBY 

II IlpocTJ)aHCTBO-BpeMH II IloJJH II. °l.J.acTHIJ,bI 

IlpocrpaHCTBO- IlpocTpaHCTBo-BpeM.s M11HKOBCKOro IlpoCTpaHCTBO 

Bpe~UI (6a3a) CKOpOCTeH ( CJIOH) 

KaTeropM.Sl rpaBHTa.l\HOHHOe 

I 
'1>B3Ht.IecKHe 

II 
IlOJI.H CHJI 

IlOJIH none IlOJISl. HHepIJ,HH 

KaTeropm1 

I 
Koop,D,HHaTbI 

I 
3apSI'AbI qacrm.1, CKopocTH 

'Ia CT~ '-laCTH~ (Ten) (HMilYJlbCbl) TeJI 

I 

(4.3.2) 
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Ilo.HCHHM cyTb cppaKTaJibHOCTH no Kat.feCTBY IIOCJI€,l1,0BaTeJihHO ,ll;JUl Ka)f(

,n;ott H3 Ka:reropllli. 

KaTeropH~ npocTpaHCTBa-BpeMeHH 
B TPH8.JIHC'I'w-IecKofl rrapa,n;HrMe, KaK npaBHJIO, nocTy.n11pyeTC£ 1u1ocKoe 

4-MepHoe npoCTpaHCTBO-BpCM.H 1'1HHKOBCKOro, Ha ¢otte KOTOporo 3a,IJ.a10TC.H 

KaK rpaBHTa~OHHOe, TaK H BCe HHbie IIOJIH, KOTOpbie 6y,l1,CM H83bIBaTb 

cpH3 H'-IecKHMH. (B Ta6JI. (4.3.2) 3'1'0 OTpa)f(eHO c+i,BOeHHOH n epBoti: H'-IeliKOti:.) 

B Ka-:reropmo npoCTpaHCTBa-BpeMeHH KpOMe KOOp,lI.HHaTHoro BKJIIO'-leHo 

eme 11 rrpocTpaHCTBO cKopocTeii a KaqeCT.ae ee rro,n;KaTerop1111. KaK y:>Ke 

O'I'MC'-laJIOCh, TaKoe npoCTpaHCTBO rrpMH.51TO HMeHoBaTh pacc.1Loe'H/H'b£.M. B HeM 

6a3y o6pa3yeT KOOp)J)fHaTHoe rrpOCTpaHCTBO, a CJWU COCTaBlliUOT B03MO):f(Hble 

3Ha'l:.ICHH.H CKOpocTei-t B COOT.BeTCTBylOll.J,HX TOqKax. (B Ta6JI. ( 4.3.2) CJIOlO 

COO'l'Be'ICTBYeT upaBa51 .H'lleliKa rrepBO"tt CTpOKH.) 

B HCTOPHH pa3BHTHH npe,n;CTaBJicmdi o HeeBKJIH,lJ,OBbIX reoMeTpH.51X B8.)K

ttyJO pGJlh Cblrparro rrocne,n,oBaTeJibHC>e OTKpbITHe Tpex BH,ll,OB npocTpaHCTB 

c CHMMeTpH51MH: EBKJIH,D,a, Jlo6a'-le BcKoro H PHMa na ( npo<..~paHCTBa rro

CTOHHHOH IlOJlO)f(HTeJihHOli Kpl1BH3Hbl) . 0Ka3aJIOCb, 't.fTO 3TH :>Ke Tpli BH,ll,a 

npOC'TpaHCTB onpe,D,eJI.HIOT BH)l;bl o,rumpo,n;HbIX H30'I'p011HbIX KOCMOJIOI'H'-le

CKHX MO,IJ,eJIC"tt B o6rqett TeopHH OTHOCHTeJlbHOCTH. Ho 3THM me pOJJb He 

11cqeprrbIBaeTC.H. IlpocTpaHCTBO CKOpoCTeH, COOTBeTCTByIO~ce KaTeI'OpHH 

qacTHIJ;, B peJI51THBMCTCKO:tt TOOpHH OIIHCbIBaeTC.H reoMeTpHeH Jlo6aqeBCKOro. 

B cpH3HKe MHKpoMHpa Heo,LJ.HoKpaTHO B03HHKae'r npocTpaHCTBo PHMatta. 

KaTeropHSI noneii 
,U; rn Ka:reropHH 110Jien cppaKTaJibHOCTh no KaqecT~Y 11pO.HBJI.HeTC.H 

B HX pa3,lJ,CJICHHH Ha rpamna~OHHoe, Q:m3 H'-leCKHe H Il0JI51 CHJI HHepu,1111. 

(B Ta6Jl. ( 4.3.2) HM COOTBeTCTByIOT Tp11 R'-IC:AKH BTOpOH CTpoKH.) 

0TMeTMM, 1'.rro K8.)f~a51 TaKaSI IlO,D,Ka:reropH.H TaK):f<e MO:>KeT 6bl'l'h llO,Il.

p a3,IJ,eJieHa. TaK, Hanp11Mep, cp113.l-[qecKHe noJIH ,n.eJIBTC.H no KaqecTBY Ha 

3JlCKTpOMaI'HHTHoe H Ha IlOJur, rrepeHOC.51IIQ1C CJia6h1e 11 CHJibHhie B3aHMO

,n,e:HcTBH.H. Hpo.HBJI51CTC.51 cppaKTaJihHOCTh i-i B ,D,pyrnx 110,IJ,KaTeropH.HX, (.ITO 

6oJ1ee CTporo OIIHCbtBaerca B HHhIX uapa,rr.11rMax. 

KaTeropH11 qacTHIJ; 
<I>paKTaJibHOCTh 110 Ka~1ecTBy B KaTeropHH qacTH~ cooTBeTCTByeT p83,D,e

JieHHIO '-laCTHn H.lJH TeJI IIO TaKHM 11p11Cyn::QiM HM CBOHCTBaM, KaK MeCTOil<r 

JlO.>KeHHe, p83JJH't.fl1IO no 3apa,n,aM, qepe3 KOTOpbie OilHCbIBafOTC.51 B3aHJ.vtO,n,e:ti

CTBlffi c cpH3H'-feCKHMH IlOJISIMH, HJIH 110 CKOpOCT51M. (H83BaHHbl e xapaKTe

pHCTHKH COOTBeTCTByIOT TpeM .Hqe:ffKaM TJ)CTbCH CTpGKH B Ta6JI. (4.3.2).) 
B cpH3HKe aneMcHTapHhIX qacT11n XX B. 6oJihllIOe BH11MaH11e y,neJI.HJIOCh 

rrpHHIJ,HIIHaJibHO 88.)KHOMy Bo11pocy: cym,ecTBYeT 0,1...1,HH BH,ll, nepBOqacrm~, 

o6pa3yIO~ BCe OCTaJibHbie, HJIH pe't.lh ,ll,OJI):f(Ha 11,J...l,TH 0 H a6opax H3 ,D,Byx, 

·rpex HJIH 60Jihllle 1'0 '-IHCJia 3JI€MCHTapHblX l.JaCT~, COCT3BJIHfOlqHX BCIO 
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OCT8.JihHYIO MaTepHIO. TaK, nocne pa6oT Pe3ep¢op,n;a BhICK83bIB8Jlacb H,D;e.H 

0 ,IJ.BOH~rnon CHCTeMe MHp03,lI,aHMH: TIOJiaraJIOCb, 1;fT0 aTOMHbie .H~a H Bee 

OcraJihHoe MU)KHO IIOCTpOIITb HCKJT10~u1TeJihHO H3 IlOJIO)KHTeJibHO 3ap.H)f(eH

HhIX np:yroHoB H <Yrp~aTeJibHO 3ap.H)f(eHHbIX 3JieKTpOHOB. Ho, nocKOJibKY 

3JieK'l'p0HbI He MOrJIB YMCCTHTbC.H B .H)JJ)e, 3TO np.HBeJIO cpa3y )Ke TIOCJie OT

KpbITH.H HciiTpoHOB K 6h1CTpoMy npH3HaHJUO rrpoTOHHO-He:ih'pOHHO:it CTPYK

TJPbI .H,IWa. KpoMe roro, rrpHMepHo B 3TO )KC apeM.H 6b1Jrn o6Hapy)f(eHhl 

Il0311T}X>Hb1 - IlOJIO.>KHTeJlbHO 3apH)f(eHHbJe ,IJ.BO:AHHKH 3JieKTpOHOB. 

CorJ1acHo coapeMeHHhIM npe,.u,craBJICtrn:HM, sneMeHTapHbie q acTIU.I,bI ,n.e

JI.HTCH (no KaqecTBY) Ha nerrTOHbl, 6apli0Hbl, KBapKH pa3JIH"'C.!HbIX apoMaTOB 

Ii ~'OB Jt T. ,u. B caMOM KOHIJ,e XX B. B xpoMO,n:iiHaMHKe npoHBHJiaCh 

'I'pOHYHOCTb nepBOMaTepHH B BR,lJ,e KBapKOB. 

4.3.3. <llpaKTaJibHOCTL no KOJIIAeCTBY 

0 c}:>paKTaJlbHOCTH no KOJIH"C.J.ecTBY ,n,aer rrpe,n;CTaB.lle HHe Ta6JI. (4.3.3). 

Tpua.J1HcTH'lecKa11 nap~Ma: <l>Pa.KTaJibHOCTb no Konu~ecTey 

II IlpocrpaHCTBO-Bpel\IB II Ilo1rn: II Y:acTlUJ.bI 

IlpocrpaHCTBO- 06mi.crn ,ilHCKpeTHbl:A. OT,u.eJI1>HaH 

BpeMH npocrpaHCTBa-BpeMeHH Ha6op TO"leK TO':IKa ( JIJIHHSJ) 

Karrerop1u1 

I 
K.rraccJPiecKoe 

I 
CoBoKyrrHocTb 

I 
KBa.HT 

I IlOJUI IlOJle KBaHTOB IlOJIB 

Ka:reropi-tH 

I Bem;ecrno I 
CoBmcynHOCTb OT,n.eJihHa.SI 

<IaCTlU..J, ':lacT11~ (Te.JI) qac'TH~a HJIH reno 

(4.3.3) 

C,n,c.rraeM Heo6xo,Il:J1Mbre noHcHeH11H: B STO:it Ta.6Jm:u,e rrpaBa.51 KOJIOHKa 

COOTBeTCTByeT e,L.1,HHW·IHbl M IIOH.HTH51M ( O,ll,Ha 'I'01;fKa, O,ll,HH KBaHT IlOJlil., o,zum 

'lacTlU.~a), B'ropaH cnpasa O.JlliCbIBae:r ,ll,Ba HJIH HeCKOJlbKO (KOHe'IHOe qHCJIO 

HJJH ,z:t;HCKpeTHoe MHO)KeCTBO) SJieMeH'I'OB, a B TpeThJO cnpasa BKJIIOqeHhI 

OObeKThl KOHTHHYaJihHOro xapaKTepa. 

PaccMOTPHM ¢paKTaJihHOCTh no Ko.nHqecTBY OT,n.eJibHO ,ll.JI..H Ka)K,11.on 113 

Tpex KJilOqeBhIX ¢113Jil qecKHX Ka·reropMi%. 

KareropHSI npocrrpaHCTBa-epeMeHH 
Knacc11qecKoe rrpoCTpaHCTBO-BpeM.H HBJI.HeTC51 H,lI,eaJIR3HpoBaHHOH KaTe-

ropneft, o6o3Ha'-IaIOrqeH HenpepbIBHYIO COBOKYIIHOCTb (KOHTHHYYM) ToqeK. 

; XapaK·repHbIMH qacnIMM :3'1.'0tl KaTeropMH BbICTynalO'l' IIO,lI,MHO)f(ecTBa ( n-o6-

inacTH, n - H"C.J.eiiKH) HCXO,ll,HOH HJIM MeHbllIHX P83MepHOC.,'Tett (06J1acTH H HX 

\
~bl). 

KaK oTMe'UWIOCh, rrpH onRcaHHH TeopHH O'l'Hoc:wreJibHOC'rH ,lI,OCTaTOqHo 

ICXOAlfTb H3 ,lJ,HCKpei.'HblX (,ll,a)KC KOHe~rnhIX) COBOK}'IlHOCTeii reoMeTp11qe-
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cKHX roqeK, coOTBe'I'CTBy'10II01x peaJihHO ocym;ecTBHBillHMC.H co6hlTHSIM. Cy

~CTBeHHo JlHillb TO, qT() OHH BJIO)KHMbI B 4-MepHoe HenpepbIBHoe npocTpa H

C"I'BO-BpeM.H. B Ta6n. ( 4.3.3) aTOT cpaKT COOTHOCHT<JI co BTopott aqe:tl:Ko:ti 

cnpaaa. Cne;zye-r no,n,qepKHyTh, 1..1To noIDITHe Merp1urn: ( HHTepna.na) Hepa3-

pbIBHo CBH3aHO, :_ KaK MHHHMYM, - c ,U.BYMH 'I'QqKaMH. 

0T,U.e..lJbHa.H reoMeTpffqecKa.H TO'-JKa COO'l'BCTCTByeT e,n;HHJP-fHOMY ¢H3Hqe

CKO:MY co6b1T1110 (n 4-MepHOM MHpe) 11n11 o,n;HHO:qHOMY l1,LI.eaJIH311ponaHH0My 

MaTepH8.1ThHOMY OObeKTY (B 3-MepHOM npocTpaHCTBeHHOM Ce'-IeHHH). 

KaTeropHSI noneii 
<I>paKT8JThHOCTb no KOJlH'-IeCTBY npHMeIIHTeJlbHO K KaTCl 'OpHH IlOJla 03Ha

'-Iaer p83,LI,eJICHHe IIOJleH Ha Hel.fTO e,LI,HHH'-IHOC ( KBaHTbT)' Ha KaKHe-TO KO

HeqHbJC TIO,U.MHO:>KecTBa ( COBOKYflHOCTH KBaHTOB) H Ha cym;HOCTH KOHTH

ttyaJihHOro xapaKrepa. K e,n;HHHqHo:My cne.nyCT OTHeCTH KBaHThl COOTReT

crsy10m;HX (pa3JIH'IaeMhlx no Kaqecrny) rro;1cA. KoHe'-!Hhie no,n;MHO)l(CCTBa 

11cnym;eHHblX IUIB npHHHTbIX KBaHTOB xapaKTepH3YIOTCSI Bem;eCTBeHIIbIMH 

( HaTypaJibHhIMH) t.{HCJiaMH. fvlo:>KHO TaIOKe yTnep~aTb, "-ITO IlOHaTHe MeT

pm<JJ H MeTp11qecKHX OTHOilleHKli CBIDaHO co C'-IeTOM ocym;eCTBHBWHXCSI 

C00b1TH:A'., KOTOpbre, B l.faCTHOCTH, o6yCJioBJieHbl qHCJlOM nornom;eHHblX HJlH 

Hcrrym;eHHbIX KBaHTOB, rJiaBHblM o6pa30M, 3JICKTpOMarHHTHOI'O IlOJHL 

KnaccHqecKoe noJie xapaKTep1mye-rc.s1 HeupepbIBHhIMH (H,Uea.n11311poaaH

HbJMH) 3HaqeH:HaMH HanpSDKeHHOCTH H JIH aMilJlHTY)l;hI BOJlHbl COOTB€'l'CTBy

lOU(ero no.JUI. 

KaTeropu:si qacTH~ 
<I>paKTaJihHOCTb no KOJIHqecTBY csolicrBeHHa 11 KaTerop1111 '-IaCTHIJ;. E,ll.li

HffqHoe B aTOH KaTerop.HH COOTBeTC.'TByeT CYI~€JlbHO:A q acrm ~e ( H.lJH KBaHzy 

IlOJISI qaCTHIJ)>I)) KOHeqffhie IlO,LJ,MIIO)f{eCTBa - MOJieKyJIBpHbJM HJIH KpHCTaJI

JIHl.fecKHM CTpYKTYPaM 113 aTOMOB, a KOHTHHYaJibHoe - noHHTHIO aew,ecraa, 

IlOHHMaeMoro KaK HenpephIBHoe pacnpe,n,eneHHe MaTepHH c H€KOTOpoii IlJIOT

HOCTblO. 

4 .4 . KaTeropIDI qacT:mi_ B MHKpoMBpe 

,Ilp CHX nop IIO)I, 'laCTHqaM.H IlOHHMaJIHCb H,D..€aJIH3.HpoaaHHbie KJiaCCH

qecKHe Tena CTOJ!h MaJiblX P83MepoB, t.ITO HX MO)l(HO 6hIJIO paccMaTpHBaTh 

roqe'IllbIMH. 0,n;HaKo npH nepexo,u.e K 0'-IeHh MaJibIM p83MepaM '-laC'I'Hll; (K qm-
3HKe MHKpoMHpa) BCKpbrnaeT<JI p51,ll. HOBbIX CBO:tiCTB KaTeropHH t.iaCTHIJ;. 

4.4.1. Ko~eITr(Hsi a'toMH3Ma 

MbICJlb o npe,u.ene ,u.e.rr11MOCTH sem;ecTBa H o cym;ecTnoBaHHH aTOMOB KaK 

MeJlb'-:la:til.I.rnx He,U,eJIHMhlX l.facTHII; B03HHKJ1a CU(C B aHTHqHOCTH. 06hI'-IHO 3'ry 
H)l.elO CBS13hJBaIOT c liM€H€M ,[(eMoKpHTa, llOCTaBHBmero BOnpoc: CKOJlhKO 

p83 Hy)l(HO .ue.iu1Th H6JioKo 11 ero qacTH nonoJiaM, "tJT06b1 ,u.oc·r11qn npe,n,CJ1a 

' 

I 
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B B11).l.e OT,LJ,eJibHOro aToMa? B Te npeMeHa ::r:ra rrpo6neMa MMe.na cyry6o 

Me'l'aQ>H3l{qecKHM:, u e OCHOBhIBaBIIIURCH Ha 8KCrrepHM€HTa.TlbHblX ¢aKTax xa

paKTep. ,llpeBH.H.H H,LI.e.H IIOJIY1.J:H.Jla TBep,LJ,oe OIIblTHoe IIO,Il.TBep>K,n.e1rne JIHIIIb 

B upOIIIJIOM CTOJleTHH, rrpM"tJeM Bbl51BHJIOCb HeCKOJlhKO ypoBae:A )1,HCKper

HblX COCTOHHHH BellI,CC'rDa ( qac-r~) ' COCTaBJUUOllJ,HX 11epapxmo MeJlb~Jaiflnl.fx 
«KMpllH'iHKOB MHp03,LJ,aHH5I~: 

1) MOJieKyJihl -t l ,.._., 10- 8 CM; 

2) aTOMbl -t l ,.._., 10- 8 CM; 

3) aTOMHhie 51,npa -+ l ,.._., 10-13 CM; 

4) HYJ<JIOHbl -t l r-v 10- 13 CM; 

5) KBapKH, JieJITOHbl -+ l f'J 10- 16 CM; 

6) ? (rrpaKBapKH ?). 

3,n.ecb crrpasa yKa:JaHbI p a3Mepb1 COOTBeTCTBy10UI,HX «KHpIIH"tJHKOB MHpo3,n.a

HHH~. 

C,LI,eJiaeM HeoOXO,ll.HMbie rro.HcHeHH.H. 

1. Ilpe,LJ,C'I'aBJieHH5I o6 aTOMHO- MOJieKyJI11pHOH CTpyKType Bern;e

CTBa B cPH3HKe HOBOrO apeivte!fM cPoPMHp013aJll1Cb B CB513H c yqeHHeM 

0 npupo,LJ,e TefIJIOThT. IlpHMe~·mTeJlbHO, 'tJTO B ee OCMbICJieHHH, BCJie,II. 3a 

aHTWllihllvrn MhICJIHTeJI5IMH, rrpo,LJ,OJI)KaJIH KOHKyp11ponaTh .naa no)..IXo,ua: cy6-

CTaHl.J,HaJlhHhIH, cornacHo KOTOpoMy TerrnOTa - 3TO oco6b1I% po,LJ, Be llI,eCTBa, 

H KHHeTHqecKHii, OCHOB8.HHbIH Ha TpaKTOBKe Ten.rm K a K ,ll.BH>KeHHH MOJieeyJI 

aern.ecrsa. IIocne,nHHii, T. e . rrpe,z:r.cTasneHHe o MoneKyJrnpnoii (..'TpyKType 

BeJ..U.ecTBa, 6bm ,n,oM11a11py1orqHM B XVII H B rrepBo:H rroJIOBHHC XVIII B. Ero 

np~ep>KHBaJIHCh M. B. JioMOHOCOB 11 JI. 9-ttnep, HO BO BTopoli nonoB11He 

XVIII B. Bepx o.n,cp)Ka.ir cy6CTaHI.J,HaJihHbI:A no,11.Xo,n,. 

B XIX B . 6hIJIO C,LJ,eJiaao MHO>Kecroo OTKpbITHii, CBH,D,eTeJibCTBoBaBIIlliX 

o MOJieKynHpHo:A crpyK'Iype sew.eCTBa. 3,nech cne.zzyer Ha3BaT-h pa60TbI 

A. ABOf1}/ij)O, P. Knay311yca, ,[QR. M a KCBeJina, JI. BonbIJ)A.aHa 11 MHOrHX 

.nJ>YrHX, TeM He MeHee aa py6e)Ke XIX H XX BB. rro-npe.>KHeMY ,lJ,OMHHH

poBaJT cyfuraHU.HaJibHblii rro,n,xo,n,, C'l'OpOHHHK8MH KCYI'Oporo 5IBJl5IJIHCb TaKHe 

H3BeCTHbre ecTeCTBOHCilhITaTeJIH (MeTacPH3MK11), KaK 9. Max H B. 0CTBa.Jlb,LJ,. 

K 1-mcny .i:i;paMaTM'-IHhrx 11 ,LI,a)f(e Tpar11qHbIX cpaKTOB H3 11cTop1111 cPH3HKH 

TOro BpeMeHH OTHOCHTC.H HerrpHSITHC uayqaou o6rqeC'I'BeHHOCTb10 II03HIJ,HH 

JI. BoJihU,MaHa. OT'-IaHBIIIHCh y6e,LI,HTh KOJIJier B cBoeli npaBOTe , yqeH1>Iii 

IIHC8JT TOr,LI,a B CBOHX «IlpHHlJ,HIIaX MCXaIIllKH»: «51 SJBJlSl10Cb IlOCJie'AHHM, 

KTO ,nyMaeT OTp11u.aTh B03MO.>KHOCTh rrocrpoe HHSI HHOH, He.>KeJIH aTOMliCTH'tJe

CKOH, KapTHHhI rrp11po,ll,b1 ~ (10, c. 243}. 3a OTO ero B3rJisr,lJ,hl 6b1JI11 OO'h.HBJI€HhI 

aHTHHay"tJHhIMH, a caMoro BonhII.MaHa Ha3hIBaJIH yqeHbIM «C'rapott lllKOJThI». 

B OAffOM H3 HeMeJJ,KHX :>KypHaJIOB IIHCaJIOCb no IIOBO,lIY BbIIIIC)J.U IHX B 1898 I'. 
ero «JleKIJ,HH no TeOpliH ra30B~: «TeopH.H KHHeTHl.JeCKasr, KaK l13.t3€CTHO, TaK 

>Ke onm6oqaa, KaK 11 pa3Hhie MexaH11qecKHe TeopHH TpaBMTa~1111; B '-laCTH0-

1'.'I'H, oHa OIIIHOOYHO rroHHMae'J' npHHI.\HII coxpaHelillH 3HeprHH; ecJ111, O)J.HaKo, 
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KTO-JIH6o 38.XO'ieT c He:H · no3HaKOMl1'l'hCSI, nyCTb B03bMeT B pyKH Kimry 

BoJihIJ,MaHa~ [10, c. 244]. KpHTHKa no311u;1111 ~eHoro nocny)KHJia o,n,uo:H 113 

rrpuq11H pac TpOHCTBa ero HepBHOM CJfCTeMbI, a 3aTeM 11 TparH':leCKOH r116eJIH 

B 1906 r. 
2. CoapeMeHRbJM rrpe,u,craaJieHHHM o6 aTOMax, cocTaBJI5HOI.IUIX MOJie

KYJihI, npe,u,1uecTBOBaJIO MHO:>KCCTBO pa6oT, KOCBeHHO CBH,II.eTeJibCTBOBaBllll1X 

06 HX cy:u:i;eC"I'BOBaHHH. 3,n,ecb, rrpe)K,D;e BCero, CJie,uyeT Ha3BaTh OTT<Ph1Tl1e 

B 1868 r . ~- ll. M eH,LJ,eJieeBhIM nep110,n;wmcKo'R Ta6 .. 11uu;h1 sneMeHTOB, Bh1-

3BaBinee O>KHBJieHey10 ,LJ,HCKyccuro. K KOHII.Y XIX B. nJIO,LJ,OTBOpHOCTh Ta6-

JIHIJ,hI MeH;i_eneeBa 6bIJia np113HaHa IlO'lJTH BCeM11 XHMHKaMH, O,LJ,HaKO OHa 

BOCnp11Hl1MaJiaCb JIHIIIh KaK OIThlTHbIM ¢aKT, KO'l'OPOMY He 6hI JIO na:etµeHo 

,u,ocraTOt.iHO y6e.n;iITeJihHO TeopeTHqecKoro o6ocHOBaHIDI. Ben11-q11e 3Toro oT

KpbJTHH 6b1JIO OC03HaHO Jll1IDb cnyCTII 6onee 40 c JIHlllHHM JleT 6naro,u,apH 

H3BeCTHblM SKcnep11MeHTaM 9. Pe3ep¢op,n,a. 

3. 11ccne,;a.0Ba1nrn pa)J.110aKTHBHOCT11 11 OilhITbI 9 . Pe3ep¢op,n,a He TOJihKO 

Il03BO.Jlll1IH ,LI.OK a3aTb cym,ecTBOBaHHe aTOMOB, 0 KOTOpbIX rOBOpHJI cme 

~CM0Kpl1T, HO H 3aCTaBHJ1H c,u,enaTh CJIC,LJ,yIOlil,HH mar BrJiy6b ,ll,HCKpeTHOH 

crpYK'J'YPhl Bern.ecTBa. B 1911 r. Pe3ep<l:>op,noM 6b1na npe,n,JIO:>KeHa MO,lJ,CJib 

aTOMa, cornacHO KOTOpoti B u;eHTpe aTOMa HaXO)..l.HTC.H IlOJIO:>KHTeJihHO 3a

pIDKeHHoe IlJIOTHoe ~po, OKpy)KeHHOe pbIXJIOR 3JieKTp0HHOii OOoJIOl.fKOH. 

B pa60Tax r. Mo3JIH 11 ,npyrnx aBTOpoB 6hIJ10 IlOKa3aHo, qTQ MeCTO 3JieMeH

TOB B ra6JIHI.J;e MeH,u,~,.HeeBa orrpe,n,eIDieTCSI q11cnoM aneMeHTapHhIX 3aps:r,u,oa 

B,ZIJ>a. I1 HaKoHe~, H. Bopy npl1H~e:>KHT 3acnyra o6ocHoBanIDI uepHO,lJ,11'-l

HOCTH Ta6JlIDJ,hI MeH,n,e.lleeBa Ha OCHOBe ero nepooro Bap11aHTa i<aaHTOBOH 

MC:xaHHKH. 

8neKTpoHbI, COCTaBJIBIOI..qHe aTOMHhIC 000.lJQl:.IKH, 6binH OTKpbITbl 3Ha'-IH

TeJlbHO paHbme, BO BTopoR noJioBatte XIX BeKa. 

4. B cocTaB aTOMHhIX .H,D,ep BXO,ll,5IT nono:>KHTe.llhHO 3apa:>KeHHhie npo

TOHhI, - .H,LIJ>a ner-qattrnero sncMeHTa BO)..l.Opo,u,a. Ilocne,n,HHe 11 paHee Ha6JI10-

,u,an11ch B 3Kcrrep11MeHTax c 3JICKTpH'lleCKHMl1 p83ps:r,n,aMH " ra3ax. B 19:i2 r . 

l.J. ~)K. l.!3,ll,Bl1K OTKpbIJI He iiTpOH, 11 cpa3y, B TOM :>Ke ro,u,y, ~- ~· llaaHCHKO 

H r.1yrb Il03:>Ke B. re:i1:3eH6epr DbICKa3aJIH H,lJ,€lO 0 IlpOTOHHO-HeiiTpOHHOH 

cTpyKType aTOMHblX .SIAep. B Hawy 3a.zr.aq y nc Bxo,n,.11T no,upo6Hoe l13-

JIO:>Kett11e 11crop1111 OTKpbITHH n o6nacr11 ¢H3HKH sneMewrapHhIX tcracTH~, 

Il03TOMY Mbl orpaH.WUIMC.SI JlJIIIlb KpaTKOH crrpaBKOH. 

B Hacromn;ee BpeM.SI H3BecTtto MHO:>KCCTBO a,n,poHoB - qacT11u;, y-qacmy

IO~Hx B CHJlhHblX B38.JfMO,D,eMCTBH5IX, KOTOpbie Pa3,LJ,eJI.SllOTCSJ Ha 6apUO'H,'bl

TH:>KeJible "tfaCTHI.J;bI : n pOTOHbl, HeiiTpoHbI, MHO)KeCTBO rHnepoHOB H pe30-

HaHCOB, H .Me30'H'bl - ~IacTffnhl, 3aH11Marom11e npoMe)Kyr'O'-IHoe ITOJIO:>Kelllle 

Me:>K)ly JieilTOHaMH (n .:.iacTHOCT.H, 8.lJeKTpOHaMH) H 6ap110HaM11. ,[(JI.SI 8THX 

~1acnm, .H nenTOHOB 6hIJIH 8KcnepHMeHT8.JlhHO o6Hapy:>KeHbl ,U,BO"tl:HJIKH -

a HTWiacTHW>I, OTJIH'!aIOIIJ,HeCSI OT HHX 3JieKTpHqecKHM H )lj)yrHM.H 3apg

,u,aMH. 
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B pe3YJibTaTe B ¢H3HKe CJIO)KHJiach CHTyaI.J,HH, HanoMIDiaIOUJ,aH HCTO

pmo c uep110,D,RLiecKoii Ta6n11u,c:t\' 3JieMeHTOB MeH,n;enecsa, - 6hu10 OTKphITO 

6oJ1hwoe KO.i"llP-IecTBO 3JICMeHTapHbJX -.:iacr11u, ,[I.JIB KOTOpb1x rrpe,[1.JtararrHcb 

p 83JTI,P-IHbie BH,U,bI K JiaccmjmKau,1111, HO He 6blJ10 IlOCTpoeHo ,U,OCTaTOLIHO o6oc

HO.BaHHOR Teop1111. IlaKOilJleHHbie CBe,D,eHHH HMelO'r ¢eHOMeHOJIOr11'iecKHiI 

xapaKTep. 

5. l1HOH OK83aJiaCb cy,D,b6a 0,ll,HOH H3 HaHOOJiee 3ara,JJ.O'-llibIX qacrm.~, - -

3JICK'IpOHHoro tteiiTp1rnu, - 6e3Maccoso.H qacTHlJ,bJ nonyueJJoro cnHHa, KOTo

pa.H 6b1JJa reopeT11qecK11 npe,u,cKa:3aHa B. Ilayn11 B 1930 r. l13 BeCTHhI cnoBa, 

KOTOpbie npH 3TOM OH npo113Hec: «5.I cerO,D,HH. C,U,eJiaJJ '-ITO-TO y)f(acHoe. 

<l>H3HKy-TeoperHKY H11Kor,rr,a He cne,eyeT ,u,eJiaTh 1aKoro. To, LITO H npe,LJ.riOJIO

>KH.11, HHKOr,rr,a HeJlb3H 6y,n,cr npo aep11Tb 3KCIIep11MeHTaJibHO». ,II.JIB. onpoaep

:>KCHH.H 3THX CJIOB 3KCnepHMeHTaTOpaM IlOTpe60BaJIOCb 6once ,rr,ayx .n,eCHTKOB 

ne1; H cero,n;HH He li'I'pHHO Ha.rr.e:>KHO tta6nro,n.aKY.l'CH HMH. Eonee TOro, y)f(e 

,,OKa3aHO, q TO KpOMe 3JieK'rpOHHoro He HT pHHO cym,eCTBYIOT eUJ,e ,n,Ba HX 

BH,LI.a (noKOJleHHH), - MlOOHHoe 11 Tay- nerrroHHoe, - -c1pe3BbI LiaHHO IIOXO:>KHe 

no CBOHM CBQ:t\'(,'TBaM Ha 3JieK'l])OHHoe HeHTPHHO, HO npOHBJIHJOI.I.I,HeCH B l1HblX 

n11,u,ax peaKuµit C e".H .. iac aKTHBHo o6cy:>K,.TJ;aeTCH TaK Ha3hIBaeMoe srnne H.He 

OCU,HJIJifill,Hl1 ueiiTpHHO, T. e . rrpo1~eCCbl HX B3aHMHbIX npe.Bpau~eHHii. 

B 1964 r . 6hma BhICKa3atta rnrroTC3a o KBapKoBo.H CTPJKType a;.x.po
HOB, IIOCJIY)Klf BIIIa.H OCHOBOtt ,[(.TISI TeOpllli Cl1JlbHbIX B3aHMo,rr,eiiCTBl1H KOHua 

XX B. - xpoMO,[(HHaMHKl1. 

Cornactto yCTOsrnmHMCH npe,u,cTaaJieHHHM, ace acm,ecroo cnaraeTc.H 113 

JieUTOHOB H KBapKOB, y~iacTBYlOLU,HX B 3JieK'I'pOCJJa6bIX B3aHMO,D,eiiCTBHH.X. 

KaK n errTOHhI, TaK 11 KBapKH cocTaBJJSllO'r mpu nor.-,o.n,e?-tUJt 'llacmuq, Ka)K)J;oe 

H3 KOTOpblX o6pa30BaHO uapo.H 'iacTHU , - np.HHHTO 0 HHX roaopHTb KaK 

o mecTH «apoMaTaX» qacTIDJ.. TaK, neIITOHbI n epaoro noKOJieHHH coc TaB

m110T rrapy: ~meKTPOH 11 ~meKTpOHHoe HettTpHHO. Attanor11"lfHO, n e pBOe noKo

neHHe KBapKOB, H3 KOTOpbIX n ocrpoeHbI npOTOHbl l1 H e°ttTpOHbl, o6pa30BaHO 

aepxHHM KBapKoM u H HH:>KHHM KBapKoM d. B CYI'Jll1'-I.He OT nenTOHOB, KBapKH 

o6n~alOT ,u,po6HhlMH 3JleKTPl1'-lecKliM11 3apH,n.aMH, COOTBeTCT.BeHHO + 2/ 3 
H - 1/3. 

KBapKH, KpoMe Toro, Y'-JaCTBYIO'r B c11J1hHbIX B3a11Mo,n.eiiCTBHHX. Cne,uyeT 

oco6o no,n,qepKH)'Th, lfTO, cor.rracHO xpoMO,[J,HHaMHKC, B CHJlbHhIX B3al1MO

Aeitc.."'TBIDIX Te pHIOT CHJiy MHOrHe IlOHHTHH. MO,D,eJili ~meKTpocna6bIX B3aHMO

~eHCTBHR: 3JI€KTPH'-1€CKH.H 3ap.H,LI., Be pXHHe H IIll:>KHl1e KBapKH, TIOKOJieHHH. 

KBapKoB 1:1 ,u,pyrne. BMecTo H11x BhICTJIIaIOT ~Be-roBhie l1 cneuuaJihHhie 

HeitTPaJihHhie 3ap.H,LI,bl. 

KsapKH o611a,n.a10T caoiiCTBOM acUMnmornu'l£ecr.-,oil, ceo6oa11t Ha MaJihI X 

paccro.HHHHX l1 ri,Otufx1:i1'ttMettma Ha 6onhllll1X, T. e . B c.B06o.uHoM coCTOS1H1111 

OHM He tta6JIIO,rr,aeMbl. Bee ¢11311qecKH Ha6Juo,rr,aeMbie '-IaCTHlJ,hI ( uanpHMe p, 

6apHOHbJ H Me30Hbl) npe,lJ,CTaBJIHlOT co6ott TaK Ha3bIB~Mhie «6eC~.BeTHbie» 
KOM6HHaWfH H3 KBapKOB. 
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4.4.2. HeoKnaccuqecKue HBTepnpeTaT'1fB 
KBfillTOBO:ft MexaBHKB 

,[(JrsI Oil.HCaHH5i IIOBe,LJ,eHlUI 'lacTH~ yKa3aHHblX ypOBlieA ,D,HCKpeTHOCTH, 

IIO'rpeOOBaJIOCh BBeCTH npHHnmIHaJlhHO HOBhie IIOH..HTIUJ H IlOCTpOHTh COOT

BeI'CTByIDIIJ;He TeOpHH. l:.!T06bI oxapaKTep113 0BaTh t..taCTH~ ,ll,Byx BepXHHX 

ypoBHe:A ( MOJieKyJI H aTOMOB)' npHIDJIOCb nepdiTH K KBaHTOBOH MexaHHKe. 

3a6eraH anepe,LJ,, OTMeI'Hr.11, qTo KBaHTOBruI MC:xaH11Ka He IlpOCTO npHBeJia 

K HCilOJib30BaHHIO HOBbIX Il0H51'1'HH B paMKaX npHBhPIHbIX KJiaCCHl.IeCKHX 

npe,LI,C'l'8.BJieHHH. Ee O'l'KpbITHe 03HaMeHOBaJ10 nepexo,n, OT TpHaJIHCTHl.Ie

CKOH (Hb!OTOHOBOH) MeTa<J:>113l1'-1€CKOtl u apa,LJ.lirMhl K HOBO:tt, ,D,yaJIHCTH'le

CKOH rrapAAlfI'Me, 01111pa1o~eHC.H Ha HOBYIO o6o6~eHHY10 KaTerop1110 IIOJJH 

aMI1J1RTy,LI,bI aepoHTHOCTH. A BHe,JJJ>e1111e HOBhIX KaTerop11ii, KaK H3BeCTHO, 

ocer,n,a conponO)K,Ll,aeTCH cepbe3HhIM11 TPY,LJ,HOCT51M11. ,l]pcTa'l'0'-1Ho BCIIOMHHTb 

MHOl'O~C.IICHHhle CJIO)K}IOCTH, KOTOpbie B03HHK.IIH B rrpo~ecce OCMbJCJleHHH 

o6o6l.IJ,CHHOH KaTerop:IDI €,IJ,HHOI'O 4-MepHoro npocTpaHCTBa-BpeMeHM l1 TeO

PHH OTHOCHTf',JlbHOCTH. TonbKO B pe3yJlhTaTe MYl.IHTeJlhHOro npeo,n.oneHHH 

MH0)1(0CTBa Ka:>Kyru,HXCH napa,D,OKCOB, 6JiaronoJiyq}{O CHHMaBWHXCH B HOBOH 

napa)J.HrMe, e,IJ,HHoe 4-MepHoe npoCTpaHCTBO-BpeMH 3alliIJIO CBOe KJnoqeBOe 

MCC'I'O B CHCTeMe ¢H3HqecKOI'O MHp03,LI,aHHH. 

H e q'l'() aHaJiorHl:fttoe npoHCXO,ll.HJIO 11 np11 ncpcxo,LI,e K KBaHTOBOii TeopHH. 

Ilpe,D,npHHHMaJIHCh MHOI'Ol:fHCJieHHbie IlOUbITKH on11CaHHH 3aKOHOMepHOCTei1: 

KBaHTOBOI'O MHpa Ha OCHOBe npHBbP-IRblX KJTaCCHTJeCKHX npe,n.cTaBJieHHii. 

IlpH 3TOM l.faCTHW>I no-upe)KHeMy paccMaTpHBaJlHCh KaK TOqe-qH~Ie B KJiac

C.Wi eCKOM npoerpaHCTBe-BpeMeHH, a BbIBBJlCHHbIC 3KCnep11MCHTOM Q:>aKTbI HX 

Heo6bI1IHOro noBe,n;eHH.5J cTapanHcb OO'hHCHHTb HCKHMH noKa HenoHHThIMli 

CKphlT.blMli rrapaMeTpaMH. no11aranoch, ""l'l'O pano HJI.H Il03,IJ.IIO OHM 6y.rryT 

OCMbICJieHbl R TCM caMhIM OTrr~er Heo6XO,Il.HMOCTh nepcxo,LI,a K HOBO.ii napa

,Ll,HI'MC. 

Hau6oncc nocJie,n.oBaTeJihHa.H npHBep*eHHOCTh TPHaJIHCTH"'-!ecKoi1: napa

,D,HrMe KJiaccwciecKo:ti MexaHHKH cooRCTBeHHa ,[(. Bor.fY. Ero pa60ThI, KaK OH 

caM Illican, Ha:u;e.rreHhI Ha nOCTpoeHHe HHoii (He KoneHrareHCKoii) «HHTep

nperau,HH KBaHTOBOti: TOOPHH B TepMHHax noKa «CKphIThIX»- napaMerpoa, 

KOTOphle 6hI B npHHl.J,HIIe TQqffO 0Ilpe,Ll,€JI.SIJIH IlOBe,Il.eHHe HHAHBH,lzyaJibHblX 

CHC'reM; H3MCpeHlIB, KOTOpbie MO)KHO npaKTH"f.JeCKH ocyru.ecr1mTh B HaCTOH

u~ee BpcMSI, ,Il.OJI)KH.bl BKJIIO"'-IaTh B ce6.H npou;ecchI ycpc,D,HeHHH uo 3THM napa

Merr paM. ( ... ) B OTJIHl:fHe ar OObflillOH TOTIKH 3pcHHH, 3Ta HOBa5.I HHTepnpe

Ta:U:IDI Il03BOJISleT paCCMaTpHBaTb KaJK,L.lyJO HH,ll11.BH,D,yaJTbHYJO CHCTeMy KaK 

Haxo,.n;.~111zy10C.H B HeKOTOpoM TO"f.JHO onpe,L1,eJ1.HCMOM COCTOHHlili, H3MeHeHHe 

KOTOporo co BpeMeHeM 3a,ll.aerc5:1 T0'-1HbIM l1. 3aK0HaM11, TIOXO)KHMH Ha KJiac

cw1ecK11e ypaBHeHIDI ,Ll,BH:>KeHHH (Ho He 11,.Ll.CHTH'-IHbi e c HIUviR). Ilpe,LI,CTaBJie

HHe 0 KBaHTOBOMexaHH"f.JeCKHX aepoHTIIOCTHX paccMa1·puBaeTCH ( aHaJIOrH'-IHO 

KJiacCH'·ICCKO.ii CTaTHCTHt.i.eCKOH MexaHHKe) KaK Bhl3BaHHOO npaKTH'-leCKOil 
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Heo6XO/J)1MOCThIO, a OTHlO,ll.b He KaK npo~rnne1rne BHyTpeHHeii HeilOJIHOTbI 

orrncamffi CBOHCTB MaTepHH B KBaHTOBOii o6nacTH. <l>.H3.H'ieCKHe pe3YJlhTaThl, 

K KOTOpblM IlpHBO,LI.HT npe,LI.JiaraeMa.H HaMH HOB8.5I HHTepnpera1zyu1, TO"l.fHO 

c0Bna,n.a10T c OOhI'i'.HbIMH, KOJih cKopo coxpattHeTCH ypa1me1rne llipe,LI.Httrepa 

Bero COHpeMeHHOti o6rn;eti cpopMe» [11 , c. 34- 351. 
MuTepupera.u,1-u:J Ha ocHoBe cKpbl'J'blX napaMeTp<>B aamna HeMa.110 cTo-

poHHHKOB. c HX Il03H~MH MO.:>KHO 03HaKOMHTbCH no npe,n.HCJIOBHIO 

.H. II. TepJien;Koro H CTaTbHM pH)l.a aBTopoB ()K. BR>t<be, P. ,I(Iora, 11. <l>e

Hhenra, Ii JlP.) B c6opHHKe «BonpoCbI npHqHHHOCTH B KBaHTOBOH MexaHHKe» 

(cM. (11)) . IlOIIbITKH pa3pa6oTKH HHTepnpeTaW'lii KBaHTOBOii MexaHHKH Ha 

OCHOBe rHflOTe3bI 0 CKpbITbTX napaMeTpax npo,n,oJI.:>KaIOTaI ,ll,O H8.CTOHI.IJ.ero 

BpeMelrn. Bee ape,LI.JIO.:>KeHHH TaKOI'O po,LJ.a npmui:To OTHOCHTb K tteoK.naccH~Ie

CKHM HHTepllpeT'c:l.WffiM KBaHTOBOH MexaHHKH. 3,LI.eCb H e rrpecne,LI.yeTC51 l\eJib 

no,i:wo6HOI'O p836opa fl03Hl\HH 3THX aBTOpOB, IlOCKOJibKy, Ha uarn B3rJIH,lI,, 3TM 

IlOIIbITKl1 He OTBe~IaIOT OCHOBHOM TeH,LJ,eHU,HH p83BHTHH cpytt,LI.aMeHTaJihHOH 

TeOperH'leCKOH cpH3HKH, KOTOpa.51 y6e,n,HTeJlbHO CBH,LI.eTeJlbCTBYeT 0 npou.ecce 

nOCJie,n.oaaTeJihttoro nepexo,n,a cpH3HKlif OT TPlifaJIHCT.HqecKoii rrap~rMhI -qe

pe3 TPH BH.,lI,a ,LI.y8JUICTJif'1€CKHX MHp0110HHMaHl:Iti K TeopMM B paMKax e,ll,HHOM 

MOHHCTH~IecKOfi napa,n;HrMbl. 

B CBH3.H c 3THM XOTeJIOCb 61>1 npHBecTH BbICK83.bIBaHHe rr. A. M. ,lI.HpaKa, 

O,lV:IOro H3 OCHOBaTeneii KBaHTOBOH TeOPHH, KOTOpbIH nnca.11: «P83yMeeTCH, 

B03Bpara K ,n,eTepMl1HH3MY KJ1accH~1eCKOH cpM3HKJif YJKe He 6y,n;eT; 9BOJIIOTI;HH 

He noii,n;eT BClliITb. Haeepn.J1:1w no.R.e.R.rnc.R. coeepwe'H'HO 'Heo6?>t'4,'H'bt,e npeacmae
.nenwi, o ?W'mO'fJ'btX .M'b/, n()'K,a da:>tee 'He iJ02aiJ?>teae.Mc.R.. O'Hu yeei)yrn 'Hae ev{e 
OM'bwe om 'JCIW,CCU'tteC?CUX 632.1/,Jl,doe If noJJHOCTbIO H3MeH.HT coBpeMeHHhIM 

BIJ)J; COOTIIOIIIeHHtt Heorrp e,LJ.eJieHHOCTH» [56, c. 24]. 

4.4.3. EcTh JIB npeµ;en µ;eJIHMocm? 

B 11p11Be,n;eHHOM BhIIIIe n epeqHe ypoatteii ,n;eJIHM6cT11 MaTep1111 HH.:>KHH.ii 

ypoBeHb u e KOHKpeTH3HPYeT0! B CHny OTCyrcTBHH y HCCJie,n,oBaTeJiett e,Il,IDIOH 
TO'IKR 3peHHH. Bbl,lI,eJIHM TpH OCHOBHhie 1103HU.HH OTHOCHTeJlbHO npe,n;ena 

,D.eJIHMOCTH MaTepHH Ha "CfacTH. 

l. Mamepu.R 'Henpep'bt6'H,O, u ae.11.u.Ma iJo 6ec?W'H£fl(,'J-£0Crnu. 9Ta Il03HIJ;H51 

JJ,O?vl11H1.fPOBaJia B KJ1acc11~1eCKOi\ cpH3JifKe. 

2. MamepUJl auc'K,pernna. 9Ta Il03Hll)UI COOTBeTCTByeT KOHnenU,HH aTO

.MM3Ma, H .HMeHHO B ee paMKax npaBOMepHO I'OBOpHTb 0 KaTeruplifH ~lacTH~. 

l1MefOTC.H Tpl1 TO"f.JKH 3peHHH 110 BOnpocy cyrn;eCTBOBaHJifH Ha116oJ1ee sne

MeHTapHbIX « KMpill{'t{J{KOB MHpo3,ll,3JfiU1». 

A. Cornactto rrepBofi H3 tt11x, amcymcmeyem npeiJe.tL iJe.11/a.MOcmu MaTepHH, 

T. e. MO)KHO rOBOpHTb JIHIIIb 0 rnarax no 6eCKOHe'IHO ,U.JIHHHOtt Ji eCTHHIJ;e 

OTKpb1T11i1 Bee 6onee H 6oJlee aneMeHTapttbLX ~1acTH~. B rrplifBe,LJ,eHHOfi 

BhlUie l\eOO"IKe 00o3Ha"f.JeHO CJie,LI.yIOm;ee rrocne KBapKOB 3BeHO, ,II.JIB KO-
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Toporo ,ll,a)Ke npe,LI,Jiara1arc.H Ha3BaHH.H: npaKBapKH, npeoHbI H ,npyrHe. 

B ttacTo.H1.u;ee BpeM.H o6cy~ae'l'C.H B03MO)KHOCTb 06Hap}')Kett1u1 TaKwx 

't.IacTHll,. 0.>KM,ZI,aerc.H, "t.ITO npon;ecc OTKpbITl:Uf 6oJiee 3JieMeHTapttbJX qa-

(,'TMU: 6y,n,er npo,n,OJDKaTbC.H M ,LI,aJibIIIe. . 

Ha Ka:>K,ll,OM HOBOM 3Tane nepexo,n,a K 6o.nee 3JieMeHTapHhIM qacTH

u,aM npHXOIJ.MJIOCb CTaJIKHBaTbC.H co cneKTp0M 3THX "tfacTHn;, H BC.HKHfi 

P83 BilJIOTb ,ll,O HaCTO.SII.IJ;ero BpeMeirn B03HHKaJI eCTeCTBeHHhifi BOnpoc 

o e,n,IDIOM npHHD;Hne, no3BOJI.HIOIJJ;eM OO'h.HCHHTh cneKTp '-IaCTHU: ,ll,o

CTHrHyroro ypoBH.H 3JieMeHTapHOCTH. Ilo,n,o6Hbie npo6JieMbI cne,nyeT 

0)KM,ll,aTb Ji B 6y,uyw.eM. 

B. BTopa.51 TO't.JKa 3pe1rn.H ocuoBaua Ha y6e)K,lI,eHHOCTn B cy~ecmeoea'J-luu 

npeae.11,a ae.t/,'iJ,.MOCfflU MaTepHH, T. e. B03MO:>KHOCTH HafiTH CaMbie npoCTbie 

cocraBHbie TiaCTH BeIJJ;ecTBa --- 3JteMeHTapHbre '-IaCTHU.bI B no,ll,JrnHHOM 

CMbICJie 3Toro TepMHHa. 

Ilo MHeHHIO p.H,LI,a HCCJTe,LI,OBaTeJTefi, Ilpc,LI,eJI aTOMH3Ma B BH,LI,e CH

CTeMbJ JieTITOHOB Ji KBapKOB Y°)Ke ,ll,OCTHrHyT K KOlllzy xx B. B. rett-

3eH6epr, KCTaTH, OTpHn;aTeJibHO OTHOCHBIIIHfiC.H K lf)I.ee KBapKOB, CJie

,LI,ylOIJJ;llM o6pa30M ITOHHMaJI npe,n,eJI 3JieMCHTB:PHOCTH qacTHn;: «Mm·KHO 

npHBeCT11 coo6pa)KeH11e, Kaca10meec.H Borrpoca, qacTo 3a,n,aBaeMoro ,n;.11-
nemHTaMH OTHOCHTeJibHO IlOH.HTH.H 3JieMeHTapHOM qacTMD;hl B COBpe

MeHHOH cpH3HKe. IloqeMy cp113HKM I'OBOp.HT 0 TOM, '1TO 3JleMeHTapHble 

"tfacTHIJ,bI ue MOI'YT 6bJTb p83JIO)f(eHbl Ha MeHbIIIHe '-IaCTHIJ,hl. 0TBeT 

Ha 3TOT BOnpoc OT'leTJIHBO TIOKa3bIBaeT, HaCKOJlbKO COBpeMeHHoe ecTe

CTB03HaHHe a6cTpaKTHee rpeqecKoit cp11Jiococp11H. Harne coo6pa)Kett11e 

Ha 3TOT C'-IeT npHMeptto TaKoe: KaK MO>KHO p83 .JlO)KHTb 3JleMeHTapHbie 

'-IaCTHn;b1? E,ll,HHCTBettttb1e cpe,n,CTBa 3KcnepHMeHTa, HMelOII\HeC.H s Ha

IIIeM pacnopa)f(e1rn11, -3TO ,n;pyrne 3J1eMeHTapHbie '"I8CTHD;bl. Tio3TOMY 

CTOJIKHOBeHH5l' ,ll,BYX 3JleMeHTapHblX qacTJU],, 06.Jia)l,aIOrn;HX qpe3BbI'1aHHO 

60JibillOti 9Heprtte:fi ,11,BH>KeHHH, .HB.JlHIOTC.H e,LI,HHCTBeHHhIMH npon;eccaMH, 

B KOTOpbIX T'aKHe ':laCTHn:hI, nO)f(aJiytt, MoryT 6bITb pa3JIO)f(HMbI. OHH 
pacna,n:a10TCH npM TaKMX npm~eccax MHor,n.a ,n.ruKe Ha MHoro p83JIM'lf
HhIX ~acTei1. 0,ll,H8;K0 caMH COCTaBHble '-I8CTM - CHOBa 9J~eMeHTapHble 

':laCTlUJ,hI, a He KaKtte-H116y,lI,b M8.JTeHbKHe qaCTH nx, H HX MaCCbI o6-
P83YIOTC.H H3 9tteprHH ,LI,Bn>KeHH.51 CTOJIKHyB111uxc.H qacTHn;. ,IJJ>yrHMH 

CJIOBaMH: 6naro,ll,ap5I npeBpa111;eHIDO 3HeprHH B MaTepMIO COCTaBHbie 

':lacTM 3Jl eMeHTapHblX ':18CTHU: - CHOBa 9JieMelITapHbie qacTHD;bl Toro )1(€ 

.tsH,ll.a» [43, c. 38). 
rnnoTe3a KBapKOB BHOCHT KOppeKTHBbJ B )J,aHHOe pacCy)K,[[,eHHe, 

O)l,HaKO He MeH.HeT cy111;eCTBa ,LI,OBO,LI,OB re:tt3ett6epra. CorJiacHo npHHD;Hny 

KOHq)aHHMettTa, KBapKH HeB03M0)f(H0 BbI,LI,e.JIHTh B CBOOO,D;HOM COCTO.H

HIU1, a CJle,ll,OBaTe.nbHO, 3aTpy)l,IlliT€JibHO CTaBHTb BOnpoc o6 liX '-IaC'T.SIX. 

B. Tperllit, npHHD;HilHaJibHO HHon IlYTh peIIIeHH.H npo6neMhI ,ll,eJIHMOCTI1 

MaTepHH OTCTaHBa.JI M.A. MapKoB, C':lnTaBIIIlili1, ':ITO 1-la 1-le?\,omopo.M 
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.9mane :-uie.Me1-lmap1-1,ocmu, .Ma.n.oe ( 'ltacmuv>a) iJo.1i~no omo~aecrne

.ILJl,m'b<!H c Ma?OC'U.Ma.n.'b'HO 60.n.'bwU.M, T. e. c nOJT}'3aMKHYTbIM MHpoM. OH 

npe,n;nOJIO.>KHJI, qro IlO,ll.OOHbie qacT HI.J,bI, Ha3BaHHhi e HM cPPH,ll.MOHaMM, 

HMeIOT pa3Mep IlJlaHKOBCKOH )J;JllUibI. 9Ta I'HilOT€3a, BhI,n;ep)KaHHruJ 

B lJYX.e paccy)J(,n.eHHil TinaTotta 110 Kpyry, pacCMOTp eHa B TpeTbe~ qacTH 

KHHI'l-1, IIOCB}.(~eHHOH I'eOMeTpH'-IecKOMY BH,n;eniuo MHpa. 

0,n;HaKO IlOCKOJibKY Me)K,ll.J p a3M epaMH KBapKOB l ,...., 10- 17 CM H nJiaH

KOBCKOH ,ll.JIHHOH [pt, rv 10- 33 CM Jie)KHT ,n;OCTaTOqJIQ o6nnipHrut 06JiacTb , 

TO, cor nac110 no,z:i;xo.rzy MapKoaa, Bnei:}e,n;H e~e MO)KHO O:>KH,ll,aTh HOBbix 

OTKpblTHH ypoBttett ,ll.HCKpeTHOCTH 't.IaCTHIJ;, IlOKa He 6y,n.er ,lI.OC'J'HrHyra 

n.nattKOBCKa.H )J}Illtta. 

3. MamepuJi ('t/,(},cmu~a) nede.n.U.Ma. 9Ta no3~H.H, COOTBeTCTBYJO~a.H 
XOJIHCTlfCiecKOMY no,uxo,rzy, 6bIJia BbICK83aHa ~- y HJtepo.M. « 0 ,n.Ha)J(,ll.hl, -

BCnoMRHa.rr B caoe:H Ho6e; iencKOH neKizyIH P. <l>e ttHMaJI , - B acnHpa HTYPY 

a TipHHcroue MHe n o3non11; 1 npo¢eccop YHJiep 11 CKa3arr: <«I>eiiHMaH! 

51 3HaIO, IlO't.feMy y Bcex 9Ji eKTpoHOB 0,ll;HHaKOBhIH 3apH)J, H 0,lI.HHaKO

BaJI MacCa», - « IloqeMy :>Ke?» - « TIOTOMY 't.ITO Bee STO 0,n;HH H TOT )Ke 

3JieKTpOH ». M 3aTeM OH TYT )Ke n o rene¢ouy OO'b.HCHMJT: ,,Tipe,n.CTaBhTe 

ce6e, q To ace MHpoB.ble Jll1Hl1H, KOTOp.bie MbJ c BaMH o6hI"t!HO paccMaT

PHBBJill paHhtue B 't.feTbipexMepHOM ( npocTpattcTBe-apeMeHH) npocTpaH

CTBe ( BMOCTO TOI'O '·IT06bl CJie,lJ.lITb JlJifWh 3 a p a3BllTHeM TpaeKTOpHtt BO 

apeMeHH) , 3anymHhr a HeaepoSITHbI.ii y3en. P a3p e)KeM 3TOT y:3eJI llJIOC

KOCTblO, COOTBe'I'CTBYIOUJ,eH HeKOTOpoMy cPHKCHpoBaHHOMY MOMeHTY Bpe

MeHH. T or,n;a MhI yBlif/~HM MHO)f{ecTBo MHpoBblX JJHHHtt, H OHH 6y,n;yT 

COOTBe'l'CTBOBaTb MHO)f{ecTny 3JieKTpD1IOB, npaB,LJ.a 3a 0,ll,HOti oroaopKott. 

Ecn11 o,Iun1 oTpe30K TaKott J111HHI1 6y,n;eT COOTBeT CTBOBaTh OOhI't.IHOMY sneK

Tpotty, TO Ha ,n,pyroM 0Tpe3Ke, no KOTOpoMy OH Il.SlTHTC.H Ha3a,n., no KO

TOPOMY ott B03Bpaw,aeTCSI 113 6y~ero, 6y,n.eT o6paTHhill 3HaK co6cTseH

Hor o BpeMeHH - co6CTBeHHOi1 ':leTbrpexMepHOM CKOpDCTl1, a 3TO 3KBHBa

JieHTHO l1::JMe11e111110 3HaKa 3ap.H,n;a. )Ipy1'l1MH CJTOBaMlif, 9Ta qaCTb TpaeKTO

pHH 6y,n.eT OilHChIBaTh IlOBe,LI.eHHe Tl0311Tpoua". - « Ho, npo ¢ecc u p, I'OBOpK> 

a, - Il0311Tp0HOB Be.IQ> He CTOJlbKO, CKOJJbKO 9Jl€KTpOHOB». - « H y, MO)f{eT, 

OHH cnp51TaHbl B IlpoTOHax HJIH ew.e r~e-HH6y,n;h», - I'OBOpwr OH » {169, 
c. 207). 

Be3yc11onHo, Ha3BaH11bre BH,ll.bI p e,.1J,YKHHOHH3Ma COOTHOCHMhI c 3 aKono

MepHOCT51MH o6~ero ,z:i;ene111rn Ha KaTeropHH H napa,D.HI'Mhl. B qaC'rHOCTH, 

y)Ke caM <PaKT cyw,eCTBOBa.HIDI HeCKOJlbKHX ypoBHett aTOMH3Ma (,ll.11CKpe'I'HO

CTH) BeIJJ,ecraa c.ne.rzyeT CB513aTb c Ha3BaHHbIMH BbIIIIe OOIIViMH napa.LJ,llrMaMJif 

Meraqnl3HKH. B epxn11e ,n;Ba 3BeH a ,n;HCKpeTHOCTH B § 4.1 - aTOMhI H MOJTe

KYJThI - OilllCbIBaIOTC.Sl KBa UTOBOH MexaHIIKOM, T. e. HX OTKpbITHe 'Hepa3p1>l61-l0 
ceMano c nepexoiJoM orn mpua.n.ucrriu·ltec1wu ( 1-l'b1omo1-t0eou) napaaueM'bt 
?(; oya.11.ucmu'l/,eC?COU napaiht2.Me meopemu?W-no.n.eeozo euiJenUJi .MUpa. M cxo,ll,.SI 
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H3 3TOI'O, JIOI'ff'IlIO IlOCTaBHTb oonpoc: KaKOH H3 Me'I'acPH3HqecK:Hx napa,n.nrM 

o6ycJJoBneHhr wyrHe ypoBHH aTOMH3Ma B KaTeropHH qacTnu;? 

Attarcn3 CJIO)KHBIIIHXC£ B reopeTHqecKoii Q:>H3HKe napa,uHrM no3BOJJ.HeT 

cxPoPMYJJHpoBaTb npHH~Hil npe,n;eJibHOro MOHH3Ma: TCOpH.H MOHHCTH-

1'.JecKott nap~urMbl ( XOJIH3M) B03HHKaeT Ha npe,n;ene ,n;eJIHMOCTH 

(pe.qyK~HOHH3Ma) KaTeropuu qacTH~. BoJ1ee Toro, ecm'b onioea1-lu.R 
no.1w2am'b, 'ttmo 11: 'K<YH:u,y XX e. iJocmuznym npede.1t de.11,u.Mocrnu ·wcrnu'u, 
{eew,ecrrwa) e euiJe y~e 01n11:p'blmou cucme.M'bt .1ten1nonoe u ?Cea1nwe. 
IlpHH~Hil npe,ueJihHOI'O MOHH3Ma 03Haqaer npHH.HTHe BTOpo:n TO'lKH 3peHli5l 

Ha ,ue.Jt:HMOCTh Bem;eCTBa, 0,UHaKo B HeM OKa3.bIBaeTC.H OTpa)KeHHOH H TpeTb51 

TO':IKa 3pettn.H. B OTJIH"t:n1e OT no311u;n11: A. M. MapKOBa, B )J,aHHOM npHHI.U1ne 

npe,ueJI aTOMH3Ma npo.HBJI.HeTC5£ He B OTO)K,UecTBJieHHH llpe)..l.eJihHO MaJIOro 

c npe,ue.JihHO OOJihIIIHM, a B o6ttapY*eHHH B rrpe,ueJihHO Ma.JIOM e,n;11tto:H MeTa

¢H3HqecKott nepBOOCHOBhI, COCTaB.JI.HIOm;e:H cym;HOCTb Bcero Ha6JIIO,UaeMoro 

MHpa. 

Vfa IlpHHIVfIIa IIpe,UeJibHOI'O MOHH3Ma BhITeKaeT p.SI,U Ba)KHhlX CJie,ll.CTBHH, 

K KOTOpbrM, npe:>K,D:.e Bcero, OTHeceM no1-l'lJ,.Mlltt'lJ,e cucme.M/bt U3 .1ienmonoe 
u ?Ceap?Coe ?Ca?C npoR6.1tenuu pa3tt'btX c1nopo1-l edu'l-imJ, cyw,twcm.u. BhI.SIBJieH

Hhie CBO:il:CTBa 3THX 3JteMe11':rapHhIX 'lacT~ cne,uyer IlO.JIO)J(HTh B cPYH,LI,aMeHT 

HCKOMO°ii TeOpHH MOHHCTH'-JeCKOii: rrapa,rI,HrMhI, onnpaIOru;eiiC.5! Ha e,unttylO 

o6o6m;eHHYJO KareropHIO, B06paBillYIO B ce6.SI BCe TPH KJIIO'-JeBbie ¢H3J.P-Ie

CKHe KaTerop11H. ,[(pyrHM CJie,UCTBHeM .5!.BJI.SieTC.H cyw,ecmeoea1-lue ed'u1-lou 
rneopu·u ::J.1ie'K:1npocJta6'blX u CUJt'btt'btX e3au.Mode'lJ,cmeu'l'J.. B KaqecTBe Tpe

Tbero CJJe,[l.CTBH.SI MO.>KHO Ha3BaTb 603.MO:JIC'H,OCm'b 6'bt60da ?C.!tacCU"-let;.?CUX npo
cmpancmeenno-epe..Me'H'H'blX omnO?..Lte1-luil U3 edunoil o6o6u~e1-l1-lOil ?Cam.ezopuu 
MO'l-iucm.u·ttec?Cou napaduz.M'bt. 9TH H PM ,upyrnx cJie,ll.CTBHfi o6cy:>K,D:.aIOTC.H 

B qe'J'BepTOH H Il.HTOH '-IaCT.HX KHHI'H. 

4.4.4. 4l>H31NeCKHe KOBCTaHTbl H COOTBOmeBlle Teopuii 

Heo,JJ;HOKpa:rtto npe,ll.npHHMMaJIHCh nonhITKH ttaiiTH Te H,ll,eH, KOTOpbre 

Il03BOJI.5IT OCMhICJIHTh nyTH ,uanhneiiIIIero pa3BHTH.H cPH3HKH. B paMKax TpH

aJIHCTHT.{ecKo:il: napa~rMbl B KaqecTBe TaKOBhIX, HanpHMep, Bbl)l.BHI'aJIHCb co
o6pa)KeHH.H, CBH3aHHbie c cPYH,ll,aMeHTaJibHhlMH ¢n311qeCKHMH KOHCTaHTaMH. 

IlocKOJlbKY Ha IlpD'I'.IDKeJIHH BCeii KHHI'H paccMaTpHBaeMbIH MaTe

pna.rr HJIJIIOC'I'pHpyeTC.H nocpe,[1,CTBOM Ky6a cPH3H'leCKOH pea.TlbHOCTH, 3,ll.ecb 

yMeCTHo BcnoMHHTh em;e o6 O,ll,HOM Ky6e - Ky6e 3eJihMaHOBa, BepmHHhI 

Koroporo COOTHeCeHbl c qac:rHbIMH BH)J,aMH ¢H3HqeCKHX TeopHii ( HMelO

II.J,HXC5£ H HCKOMOH), ,ueMOHCTpnpy5I HX COOTHOIIIeHHe ,upyr c ,upyf'OM. 9TOT 

ey6 CTpDHTC5£ Ha Tpex OC.HX, COOTBe'I'CTByIOI.UµX TpeM cPYH,ll,aMeHT'dJihHhIM 

¢1'13H':leCKHM KOHCTaHTaM: CKOpocTH CBeTa c, rpaBHTa~OHHOH IlOCTO.HHHOH 

G H IlOCTO.SIHHOH ITJJaHKa n. Ha pnc. 4.1 Ky6 3eJibMaHOBa npe,ucTaBJieH 

TaKHM o6pa3oM, '-IT061>1 ttanpaBJieHH.H ero oceii 6brJIH conocTaBHMbI c KY-
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6oM cp113nqecKoii peaJib HOCTH. (Qq eBHp,Ho, uarrp anneune «BBepx» OCH c co
OI'BeICTByeT cpH3 H1:.JeCKOH K.aTeropHH n pocTpaHCTBa-BpeMeHH, HanpaBJleHHe 

«BnpaBO» OCH G - KaTeropllH noJieii ( B ).1.aHIIOM cnyq ae - rpaBHTa4HOUHOMY 

nomo)) a nanpaB.TieHHe OCH Ii «Bnepe,n;» - KaTerOpHH '-JaCTHIJ;, P,Jl.SI KOTOpbIX 

crpoHTc.s:i: KBaHToBa» Mexa nHKa.) BepWHHa Ky6a B uaqane Koop,u.HHaT H3o6-

paJKaeT Hbl 0TOHOl3y MeXaHHKy, KaK li3B€CTHO, He co,n,ep)Kall.l;yIO HH 0,lJ.HOH 1-13 

H83BaHHhix KOHCTaHT. B epurntta Ky6a na ocn G C'..ooTBeTCTByeT HbIOTOHoBoli 

MexaHHKe B HbIOTOHOBOM rpaBHTaqHOHHpM 11one. Bepun·rna Ky6a Ha OCH 

Ii 11306pa>KaeT HepeJUITHBHCTCKylO KBa HTOBylO M exaHHKy, a BepwHHa Ky6a 

Ha OCH c COOTBeTCTByer peJI51THBHCTCKOii MexaHnKe, HJlH' nHa'tle roaop.H, 

cneu,HaJibHOii reopw11 OTHOCHTeJibHOCTH ( CTO). BepllIHHa Ky6a B IIJJOCKOCTH 

ocett c H 1i ,ll,OJI.>.KHa 6bITb COilOCTaBJleHa c peJI.HTHBHCTCKO:tt KBa UTOBO:tt 

TeOpueit n oJIB. B epllllitta ey6a s rrJIOCKOCTH oceii c H G OJI~eTBOp.Sier rreopHIO 

rpaBH'I'aWJH ( o61cyIO TeOpHIO OTHOCHTeJlbHOCTH) ' a BepllIHHa B IIJTOCKOCTH 

Ii H G )l.OJI>KHa no1rn:MaTbCR K a K HepeJUlTHBHCTCKa.s:i: KBaHToBa.H MexaHHKa 

R npHcyTCTB.KH HblOTOHOBa rpaBHTa~HOHHOro n OJI.SI. OcTaBllla.Sicsr BOCbMa.H 

Bepnnrna Ky6a B IlpoTHBOilOJIO)KHOM KOH~e r.rranno:tt ,lJ.HarOHaJJH' HCXO,lJ..Sl

~eH ID Haqa.rra KOOp,ll;HHaT, COOTBeTCTByeT HCKOMO:tt T eopHH, COBMelll.aIOm;eii 

B ce6e KBaHTOBYIO T OOpHIO no.rur H TeOpHIO rpaBHTaW!H ( 9HHIIITeHHOBCKYIO 

o6uzy10 reopHIO OTHOCHTeJlbHOCTH). 

PeJIHTHBHC'l'CKaSJ. 
xea11meaH TeopmT noJrn 

Hepem1THBHCTC1<a~ 
KBaHTOBaH Mexan HKa 

c 

( CTO) Cne~H8Jlbttas1 TOOpHs:r 
OTHOCMTe.llbHOCTH 

...,.-------- (OTO) 06m.a» TeopMR 
HCKoMa» e.u,uu a 

Teopu.S1 n o.na 

H epeJiaTHBHCTCKru.£ 

KBf\HTOBa51 rpamnau.Hs:r 

O'l'HOCHTeJibMOCTH 

HblOTOHOBa 
rpaBHTaIJ,WI 

G 

PHc. 4.1. 3eJJbMRHOBCKHti J<y6 COOTHOllleHJHl ¢H3 HqeCKHX TCOp11ii 

Ilpep,cTaBJtem1a.H 3,D,ecb cxeMa OKa3aJiaCb nes¢cpeKT HBHoii no PHAY npH

tIHH. 

1. 3a KOHCTaHTOH CKOpOCTH CBeTa c CT011T nnwb cpaKT OO'he,D,HHeHH.H 

Tpa,n:lill,MOHHblX KaTeropHH ( ,n.o xx B.) npOCTpaHCTBa H BpeMeHH B C,z:i;.HHYIO 

KaTeropHIO npocTpaHCTBa-BpeMeHH, 1:.JTO y.>Ke csepIIIHJJOCb B Ha'-1aJie xx B . 

B HaC'I'0511U,HM MOMeHT 9Ta KOHCTaHTa arpa.>KaeT JIHWb CB.Sl3b He3aBHCHMO 
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~aHHbIX e)J,HIDI~ 113MepeH1U1 BpeMeHH ( ceKyil,lI.bI) H ,nJIHHbl ( caHTHMeTpa)' 

He 6onee roro. B ca1-me nocrre,nHee spe M51. npe,nJ1araeTC.H soo6ll1,e OTKa3aTbC.H 

OT He3aBHCHMOrO 3a,naHJIB 3TaJIOHa ,nJUlHbl B BH,LI,e, ttanpHMep, MeTpoBoro 

CTep)KH.H H orrnpaTbC.H Jllillib Ha a'raJIOH npeMe1rn, 3a,naBaeMbIB aTOMHbIMH 

CTaH,n.apTaMH, H O,LJ.HH pa3 Iii HaBce r .na ¢HKCJIJ)OBaIIHOO 3Ha'leHHe CKOpoCTH 

cse:ra. )1.,,'IHHY CJle,nye:r orrpe,n;eJUITb B e,n;HHH~ax BpeMeHH, nepecqHTaHHbI X 

B caHTHMeTpbI 'Iepe3 CKOpDCTb CBe'l'a. 

2. 0THOC.H.TeJihHO KOHCTaHT.bI G CJ1e,nye:r CKa3aTb CJ1e,nyrom,ee. H a py-

6e:>Ke XX H XIX BB. noMhICJihI ¢H3HKOB 6hr.rrn HaupaB11eHb1 Ha p emeHHe 

elll,e 6onee rpa11,ll,H03HOH 3~aq11 - · Ha noCTpomrne o6'he,n11tteHHoii Teop1111, 

BKJUOl-JaJOlll,e'li TeopHH aJ1eKTpocna6h1x ( Mo,n;enh Ba~H6epra-Ca.naMa-rm~
rnoy) H CHJlbHbIX B3aHMO,LJ;e'licTBH'li ( x pOMO)l,HHaMHKy). q TOObl HarJI5l,ll.HO 

npe,r~CTaBHTb ,n;aHHYIO CHTYaWflO, narpe6oBaJICSI 6bl n epexo.n OT Ky6a 3eJib

MaHOBa B Tpex H3MepeHIUIX K rHilepKy6y B IlpOCTpaHCTBe rOpa3,l].O 60Jib

lllero 'Il1CJi a H3MepeHHit ( c Y'JeTOM KOJIH"I0CTBa KOHCTaHT, xapaKTepH3yIO

I.IJ,l1X 3JteKTpocJla6h 1e H CHJl.bHbie B3aHMO,neHCTBH.H) , HJIH, HHa'tle rOBOp.H, - Ha 

ropH30HTaJihHOi1 ocH G cne,n;oBano 6.bI H3o6pa3HTh cpa3y ace KOHCTaHThI, 

xapaKTepH3YIOUJ,He qeThipe ¢H3 H'1eCKHX B3aHMO~ettCTBIDI. 

3. 0 ,IJ.HaKO caMoe cyrn.eCTI~eHHoe COCTOHT B TOM, l-JTO rnaBH.bIMH B pa3BH

THH ¢YH,D,aMeHTaJihHO'li TeoperH'IeCKO'li cpH3 HKH xx B. 0Ka38JIHCh He coo6-

pa)f(eHH.H, HaBe5IHH.bie KOHCTat£TaMH, a nocTpoett11e Teop11A Ha 6a3e o6'be,ll.H 

HeHH.H KJIIO'tleBblX ¢H3H't!eCKHX KaTerOpH'li, TO't!Hee, - 11epexo.n;b1 K o6o6ru.eH

HblM cPH;31fl-IeCKHM KaTeropH.HM' TaK HJUI HHaqe BKJTIO'IaJOllIHM B ce6.H Tp.11 

Karerop.11.H: npoCTpaHCTBa-BpeMeHH, t.IacTJU~ H nonett nepeHOC'l'..IMKOB B3aH

MO,D.e'liCTBHtt. 9ToT nyTh o6cy)f(,Il,eH B c.11e,ny10I.Izy1x "IaCT.HX KHHrH. Bonpocb1 

KOJIH'l'..leC'rBa KOHCTaHT B TaKRx reopfl.HX 11pHo6peJIH IIO,D;"IHHeHHhIB xapaKTep. 

Bonee Toro, B TeOpHH cynepcTpyH ce:if '-1ac CTaBHTC51 Bonpoc 0 IlOCTpoeHID1 

TeOpHH Ha OCHOBe JlHlllb O,D;HO:if KOHCTaHTbl, H3 KOTOpo'li Q)f(H,ll;aeTCH TIOJIY'-Ie

HHe ucex OCTaJibHhix. 



"lacT11 II 

TeopeTHKo-noneaoe MHponoHMMaHMe 

IlpeBp~eHHC qacTHIJ; H3 Merra¢H311~1eCKOH KaTef'OpHH TalOKe H B cPli-

3 '1'-leCKYtO npHBeJIO K C03,lJ,aHHtO KBaHTOBOH TeopHH 11 o6yCJIOBHJlO nepexo,rr, 

K HOBOii, ,Lzy8J1HCTHqecKOH napa)J,HrMe TeOpeTHKO-IlOJieBoro MHpoilOHHMa

HIDI, on11pa10u~eiicH He ua TPH, a Ha ,rr,Be ¢113H':lecKHe KaTeropHH. Ilpu 

STOM CJie,zzyeT p83JlHqaTh ,JJ,Ba BH)J,a ,ll,yaITliCTW1ecKHx napa,I(HrM ,rr,aHHOl'O 

MI1poIIOHHMaHH51, OTJIH qarom;HecH xapaKTepDM HCIIOJib3YeM blX KaTeropmf. 

Tipocreii.Illmi BHJ.l, napa,LJ;HI'Mbl 3T0f'O MHpollOHHMaHH.H onHpaeTC.H Ha 

o6rhe,ll.MHeI-IHC ,JJ,Byx nptDKHHX KaTerop11tt qacTHIJ; H none.ii (nepeHOCqJtKOB 

B3aHMO,rr,ettCTBHH) B O,ll.Hy HOBYIO 06o6:m;c1rny10 KaTeropi-no IlOJt.H aMilJtHTY,lJ.hI 

sepO.HTHOCTH npH coxpaHeHliH HeH3MCHHOi1. npe)J:(Heif KareropHH 4-MepHOI'O 

npoc.'TpaHCTBa-BpeMeH1L B Teopli.51X sroii napa,u.HrMhI none aMILJlliTY,ll,hI se

powrnocTH BKJla)J,blBaeTCH B anpHOpHO 3a,LJ,aHHOe 4 - Mepttoe KJtacCH':lecKoe 

npocrpa.HCTBO-BpeMH- I1pe,LJ,CTaBHTeJI.SIMl1 TaKHX Teoplill 5IBJUIIOTC.a KBaH

TOBM MexaHHKa, peJI.HTHBHCTCKa.sI KBaHTOBa.SJ TeOpH.SI nOJI51 H KBaHTOBa.SJ 

sJieKTpo,LJ.HuaM11Ka. Hp11Hr~11nHarrhHbre MOMeHThr aT11x Teopnii paccMOTpett1:>1 

B rJT. 5. 
,[(pyroj;i T HTI )JY8Jll1CTH'iCCKOii napa,LI,l.ffMhI TOOpeTHKO-nOJICBOf'O Mlipono

HHMaHM TaK.)f(e OCHOBau na ,ll,Byx cPH3H""IecKHX KaTerOp.IDIX, o,n.uaKO o6e OHH 

no.i1araIOTCH o6o6:m;ettHhIMH, npH~IeM KaTeropHH 'iaCTHIJ; H none.ii n o-npe:>K

HeMy o6pa3yIOT HOByro o6o6:m;eHHYIO KaTeropJUO, a upe)f(H.HH KaTeropHSI rrpo

crpaHCTBa-BpeM eHH TaK HJIH 1IBa"l:1e BH,l],0113MCH.HeTCH (TaK)l(e- o6o6w.aeTC.H). 

3~eCb cne,rzyeT pa3.1IH'IaTb HeCKOJlhKO TIDlOB reopntt. 0,U.HH Ji3 l:H1X rrpe,u.craB

neH TaK Ha3bll3aeMhIMH Ka..TIH6poBO':IHblMH TeOpH.HMH IlOJIH, B KOTOpbIX KaTe

ropmI KJlacCJ:fqecKoro npocTpaHCTBa-BpeMeHH ,lJ,OilOJlHeHa upe,u.CTaBJieHIIBMH 

~ rrpocTpaIICTBax BHyTpeHHHX Cl1MMe·rpHii. 9TOT BH,ll, TeOpRli pacCMOTpeH 

B rJT. 6. )J,pyroi1 THII npe,rr,cTaBJteH TeOpH.HMH c cynepCliMMe'l'PHRMH, r,rr,e 

BMecTO KJiacC11"t:JeCKOf'O 4-MepHoro npOCTpattCTB&-BpeMCHl1 paccMaTpHBaeTCH 

cynepnpocTpaHCTBO, CO,II,ep)Kruu;ee HapHAY c KJiacCM'IeCKliM11 KOOp,rr,HHaTa.MH 

TaK)l(e tteKJiacc:HqecKHe rpaccMaHOBbI nepeMeHHbie. 

0TMeTHM, ':l'l'O atta.rrorH"l:rnoe y,rr,Boe1me ,Jzy'aJIHCTH~JeCKHX napa,LQirM HMeeT 

Mec'l'O H B ,rr,Byx ,i::q>ymx MHpoilOHHMaHIIBX: f'OOMeTPH':l.ecKOM H peJI.HIJ;HOH

HOM. 
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B ,IJ,.YaJIRCTl'PieCKoii napa,LI,HrMe TeopeTHKo-rroneaoro MHporroHHMaHH51 "t.Ja
CTm.J.bI on11chrna10TC5I oco6hIMH ¢cpMHOHHhlM11 noJrnMH , TOr,LI,a Ka.I< nOJT51 

n epeHOC'iliKOB B3aHMO,LI,eiicTBHii xapaKTepH 3yJOTC51 6roottHbIMH IIOID1MH, 0,LJ,

HaKO 11 Te, 11 ,rq>yrue paccMaTpHaamTC.H Ha paBHoit Hore. B npe,LJ,cTaBne1I115JX 

0 HOBOH o6o6iqeHHOii KaTeropHM llOJTSI HMeeT M ecTO UpH.1111,HII ¢paKTaJlbHO

CTl1, B03HMKaeT nott.HTHe CnHHopa 11 PM ,LJ,pyrnx He06b1"t.JHb1x cBoiicTB. 



~~~~~~~~- rnaaa s 
KaaHToaag TeopH9 .... 

Co3,n,aHHe KBaHTOBOit TOOpHH CbII'p8JIO BaJKHylO poJlb B p a3BHTHH Me

ra¢H3HKH ( ¢113mrn:). BhIJia BhI.SrnJietta tte;i;o cT aTO'IHOCTh TpHaJIHCTnqecKoit 

{MeXaHMCTM'-ICCKOH) napa,D,HI'MhI, H 6bIJla c¢opMyJIHpOBaHa <}>H3H1-:leCKa.H 

rreop.w.H B pa.MKaX nepBOf'O BM)J,a .rryaJIHCTH':l eCKOf.i napa.n,Hf'Mbl T eOpeTHKO

noneooro MuponoHHMairn.H. Bo3Bpall.I,a.Hcb K BBe,rr.eHHOMY paHee o6pa3y Ky6a, 

,D.yaJIHCTH'ICCKYIO napa,LJ.HrMy reoperHKO-IlOJieBoro MMpOnOH11MaUH5I MO:>KHO 

npe,n;CTaBMTb KaK B3I'JI51,ll. ua MHp co C'l'Opollbl HIDKHeu rpaHH Ky6a, onpe,rr.e

JIHeMOU )J,BYMSI o:pra.MH (pe6paMH)' COOTBe'I'CTBY!OU.1,HMH KareropH.HM '-JacTH~ 
11 non eii n epeHOC'-IHKOB B3a.HMo,n.e:tkTBmi (cM. p1-1c. 5.1). H a pHCYHKe aTa 

rpattb 3auJTpHX.osa tta. P e6po npocTpaHCTBa-BpeMeIDI opTOf'OHaJibHO BbI,n;e

JieHHOit rpaHH. 

(II-B) IlPOCTPAHCTBO-BPEMSI 

'fl'litJ,tli'l)I.:..-"'~~~ 
(tl) qac + + + 

Teope-rHKo-rroJieeoe 
MHPOilOHRMaHHe 

(Il) llo.11Jt 
nepet-toc"tttte<Je 
eaau.1\·toae-acmo1t1'L 

Puc. 5.1. Teoperm<o-rroneaoe BH,n.e.IDie Ky6a ¢113wreCKOr o MHp03,LI.aHmr 

0TMeTHM, qTo HMeeTC51 p.H,rr. HHTepnperall,H&i 3 aKOHOMepHOCTeit, BCKpbI

TblX KBaHTOBOit TeopHett. OHH ttepa3phrn110 CB.S13 aHhI c B1>16opoM Tott HJIH 

HHOU MeT'd.<l;>H3H'IeCKOH napa,n;HI'Mbl. ,llyaJIHCT.wqeCKO~ napa!l;HI'Me Teope

THKO-TIOJ IeBOro MRpoilOHJilMaHH51 HaH6oJiee a,JJ.eKBaTHO COOTBeTCTByer KoneH

rar eHCKaH HHTepnperra.~51 KBaH'l'OBOH MexaHJtKH. 



148 rnaBa 5. KDB.Ii'l'OBa.H TeopHH 

5 .1. CTaIIOBJieffile KBaIITOBoii Mexa.mnrn 

1. B cPH3HKe KOii u;a XIX B. OCTaBaJIC51 p51,1J. nepemeHHbIX npo6JieM, CBH-

38.HHhIX c OO'h51CHeHHeM cneKTpaJibHOro pacnpe,n,eJieHHSI 'l'eILJJOBoro lil3Jiy11e

HIDI 'IepHoro TeJia, y,n,eJibHOfi TCflJIOCMKOCTH TBep,D.blX uew,eCTB npH HH3KOfi 

TeMnepaType H 11eKOTOph1x ,n,pynuc. K83aJIOCb, ,n,JIB HX pemeHH51 ,n,ocTaTO"IHO 

He60JiblIIHX yCHJlHfi 11 IlO'-:ITlil 3ancpmeHHoe 3,ll,aHHe K JiacCH'-:leCKOH cP11311KH 

6y,n.eT IIOCTpoellO. 9'.ra HJllli03JUl pacceHJiacb B 1900 r. , KOr,n.a tvlaKC IlJiaIIK 

o6'h51CHHJI c n eKTP H3Jty'-:leHH51 qepHOI'O Te.Jla Ha OCHOBe IlOCTYJiaTa 0 ,ll,HC

KperHOCTHOM xapaKTepe ( 0 KHaHTax) HCnycKaHH.H H norJIOI.I.J,eHH.H 9JleKTpo

MarHHTHOI'O 113.Tly't{eHH.H. 911epnu1 KU8J-ITOB 6hIJia 3an11caHa qepe3 "IacTOTY 

v = w/27f B BH,11,e 

E = hv = liw 
' 

(5.Ll) 

r,n,e n = h/27r = 1, 05459 · 10- 27 
spr · C IlOCT051HHB.51 IlJiaHKa, p83M€pHOCTH 

KJiacCHqeCKOro,n,eiiCTBH.H. 

2. C Jie,n,y101.IJ,Hii mar no pacuiaThIBa HHID 3,n,aHH51 KJiacC1.P1ecKoii cPli3HKH 

6b1JI C,LJ.eJiaH A. 9iiHlll'l'efiHoM B 1905 r. Ha OCHOBe KBaHTOBhIX rrpe,n,cTaB

ne1111ii OH OO'b.HCIIH.Jl 5.lBJ1em1e ¢OTos¢¢eKTa - Bb16i-rna1rn51 sJieKTpoHOB H3 

BeI.I.J,eCTBa no,LJ. ,LI,eiiCTBHeM CBCTa. BhIJIO noKa3aHO, qTo 3Hep r n51 Ee <t>oro

sJieKTp<>HOB onpe,LJ.eJISieTC51 Q:>opMyJiofi 

Ee = liw - W, (5.1.2) 

r,u.e W - pa6oTa no rrpeo,n,one1rn10 CHJl, y,n,ep)KHBarom,Hx s neKTpoH B aeu~e

CTBe. I1Meuuo 3a wy pa6oTy (a He 3a reop1110 OTHOCHTeJlhHOCTfl) A. 9iiH

IJJTeihry 6b1Jia rrpHCy)K,LJ.ena Ho6enescKasi npeM115I. 

3. 3areM cne,n,yeT H83BaTb pa6c>Ty A. 8HHlllTefiHa 1907 r. no OO'h.HCHe

tt1110 y,LJ.eJ1bHOii T c nnocMKOCTli. KaK nHmerr IlJiaHK, «nepshrn mar B sTott 

o6nacT11 6blJI c,n,eJiau A. 9fiHmrefiHOM, KOTOpb1:li, c O,Ll,ttOw CTopoHbI, yK83an 

H a TO, '-JTO /l,Jl51 p51)1.a 3aMe'-:laTe.JlbHbfX Ha6mo)l,eH11H Ha.,LI, ,D.eHCTBH.HMH CBera, 

TaKHMH Ka.K HBJTeHHe CTOKca, 11crrycKaHHe aneKTPOHOB, HOHH3a~ r83oB, 

no-BHJT.HMOMy, MO)KHO nony"IHTh npocToe OO'h5ICHett11e, ec1n1 HBeCTli o6ycJIOB

JIHBaeMb1e KBallTOM ,LI,eiiCTBlil51 KBaHTbI 9HeprHH. c ~yroH C'rOpOHbl, OT0)1(

,ll,ecTBJI5151 Bbipa)KeHHSI 3HeprHH CHCTeMbI pe30HaTopOB c 3Hepr11eM. TBep/J,01'0 

TeJia, OH TIOJIY'-:111JI cPOPMYJIY ,ll,JIH TenJioeMKOCTH TBep,LJ,OI'O ' l"eJia, ,n,alOil.I,.)'10 

s OOU\eM npaBHJlhlloe npe,ucTaBJieHHe o6 H3MeHeHHHX renJ1oeMKOCT11, oco-
6eHHo o6 ee yMeHbllleHHli npH n a,D.eHIIH TeMIIepaTyphI» l133, c. 146). 

4. )J,aJiee HY>KHO H83Ba'I'h 3Kcn ep11MeHTbI 1911 r . 9 . Pe3ep¢op,I.J,a, u o3oo

JIHBIDHe C03,n,aTb MO.Ll,eJlb aTOMa B BH,ll,e .H,II,Pa, OKpy)KeHHOro 3Ji eKTpoHHOii 

o6onoTIKOif, 11 nocJie,LJ,oaaam1:1e 3a STHM pa6oTbT H . Bopa 1913 r., npliMe

mrnrnero K MO,IJ.em1 Pe3ep¢Op)l,a R.n.em TI11aHKa o KBaHTOBaHuH. BceM i.t3-

BecTHbT KBaH'l'OBhie nocTyJiaThI Bopa. CorJiacHo n epBOMY nocTyJiaTy, aTOM

HruI CMCTeMa ttaxO)l,HTCH B oco6bIX CTaqHOHapHbIX COCT051H11SIX, xapa.KTe-
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pH3yeMbIX )J,MCKpeTIIbIMH 3Ha'feHIDiMH 3Hepruu. CorJiacHo BTOpoMy nocry

naTy, aTOM np:u nepexo,n,c H3 0,[1.HOro COCTOSIIIM.H B ,upyroc H3JlY'iaeT HJIH 

norno~aer KBaHT 9HeprHH, paBHhIH p83HOCTH 9Hepr:ITT1 COOTB€TCTBYIOllJ;I.fX 

COCTOHH.lrli E 8 : 

(5.1.3) 

H. Bop npe,n.JimK11n npocTOe npaBRJIO ,n,JIH onpe,n.eneH101 KpyroBbIX op6:uT 

9JieKTJ)OHOB, cOCYraeTcrByrom,:ux CTa~oHaptthIM COCT051HIHIM aToMa. Co

rnactto 3TO:rviy npaBIUIY, MOMeHT RMflYJlbCa 3J1€KTpoHOB ,JJ,OJDKeH paBHHTbCSI 

~eJioMy q:uc.ny, YMHO)Ke IIHOMY tta Ii. 3areM 6hIJIH pa6oTbI A. 30MMep¢eJI1>,n,a, 

o6o61IJ,HBJJ1He npaBHJia KBanrosaH:ua Bopa ,n,Jrn KpyroBhrx op6:uT Ha CJIY'iaH 

9JIJ111IlTHY.ecKHX op6HT. Bee 9To no3BOJIHJIO OO'hSICHHTb 3KCnepHM€HTa.JlbHO 

Ha.li,n.eHIIbie cneKTpbI M3JIYqeHH.H aTOMOB. 

06paTRM BHRMaHHe Ha ro, "!TO B IIOCTyJiaTax Bopa roBopHTC51 o napax 

COCTOfilUlii aTOMOB ,n,o H nocJie H3JIY'ieHttSI (norJiom,eHH.H), - HO HH\.lero 

He CK83aHO 0 CaMOM npou.ecce nepexo,n,a Me)i(,ey COCTO.HHHHMH. 9TOT Q:>aKT 

.u,ocrasm1.TJ 3Ha'iHTeJibHbie 3aTpy,n,tteHH51 B ROCilpHSITHH IIOCTy.JiaTOB, o,n,HaKO 

B HeM BOilJJOTIUIOCb Ba)KHoe CBOHCTBO KBaHTOBOH MexaHHKH, OTKa3aBweiiCSI 

OT paccMOTpeHM51 no,n,o6IIhIX l(J.Iacc11~1.eCKl1X llOHSITHfi. 

5. Teop1151 KBa.IITOB noJ1y11:u11a no,n,Kpennett:ue B 9Q:>Q:>eKTe pacce51HH51 

<}xrrotta Ha 9JieKTpoHe, o6napy2KeHHOM A. X. KoMnTOHOM B 1923 r. BhIJIO 

fiOKa3aHO, \.J.TO npH p acceSIHHH CBeTa JJ.OCTaTOl!HO MaJIOfi ,lI,.TIBHbl BOJIHbl, 

T. e. cpaBHHMOii (RJIJA MeIIbllleli) c TaK H83bIBaeMOfi KOMIITOIIOBCKOR ,11,JIHHOH 

BOJIHbI 3JieKTpoHa 

Ae = !!:.__ = 3, 9 · 10-11 
CM, 

1nc 
(5.1.4) 

CBeT u 3JieKTpoH Be)l;)'T ce6.SI KaK B aKTe coy11;apett1-rs1 ABYX rnap:uKOB B KJ1ac

CH11ecKofi MexaHHKe, Kor,n,a BhIIIOJIHHIOTCH JA3BeCTHbie 3aKOilbJ coxpaHeHH.H 

3Hepnm :u HMITyJlhca. 

6. Ha OCHOBe HaKon neH1101'0 aKcrrepHMeIIT8.JlhHOro Marep:uana B 1923 r. 
flyH JJ.e BpofiJlb BhI,LJ.DHnyn 11,n.ero o ,LJ.BOiiCTBeHHOH np:upo,n,e 'iaCT'H~ ( aceii 

M8.Tepmi), COI'Jiac uo KOTOpofi Jiro6aSI 'iacTHIJ.a c HMilYJihCOM p o6na,z:r,aeT 

,IJ,IUUlOfi BOJIHbl .x, onpe!I.€JI.H€MOH COOTHOID€HH€M 

h 
.X = - . 

p 
(5.1.5) 

BCKope nocne 3Toro, B 1927 r. , K . ,LI;. ,il;3BHCCOH H JI. X. ,LI;)KepMep H He3a

BHCHMO OT HHX, HO Ha ro~ Il03)Ke ,il;. Il. T OMCOH HaOJIIO/laJIH ,r:v1Q:>pa KI1,HlO 

3JieKTpOHOB Ha KpHCTaJIJiax. 

7. 1tl02KHO CK83aTb, "'ITO B 1925- 1926 rr. 6blJla B OCHOBHbIX '1€ JYrn.X co-

3)1.aHa KBaJ·lTOBa51 MexaR MKa H npaKTH1i€CKI1 O,lJ,HOBpeMeHHO 6bIJIH npe,n,no

>KeHbl J1.B€ ee cPoPMYJlMpoBKH: o,n,Ha - 9 . lilpe,n,HHrepoM B BH,LI,e )1,HcPcl:>epeH

IJ,HMbHOl'O BO.nHoBOro ypaBHeHHSI, a ,!IJ>yT8Sf - B. ren3eH6eproM B MaTpH'-l

HOM B.H,I~e. 
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Kotteu; 20-x rr. XX B. ll33bIBaJOT «repm1qec1u1M BpeMeHeM» KBaHTOBOii 

MexaHMKH. 9TO 6bIJI nepJ:IO,IJ. 6ypnoro ee p a3BHTIUI K aK B MaTeMaTil1leCKOM 

nnaHe, TaK H B pa.'3pa6oTKe ee HIITepnpe:rau,HH. 

8. OT;~eJibHO cJTe,IJ.yeT BbI,IJ.eJIHTb OTKpbITHe p eJIHTHBHcrcKoro BOJIHOBoro 

ypaBHeHHR (Kneiitta <l>oKa), c,u.eJiaHHOe B 1926 r. He3aBHCHMO ,DJ>yr OT ,DJ>yra 

0. KneWlioM , B. A. <l>oKOM l1 B. rop).l,OHOM. 9TO OTKpbITHe 6bIJIO c,u.enano 

)l;OBOJlbHO He06hI'-lHhIM o6pa3oM: Ha OCHOBe 5 - Mepnoro o6o6m;eHH.SJ KJiaCCH

qecKoro npocTpaHCTBar BpeMeHH. 

9. H aKoueu,, OTMeTHM, qro B pa60're 1928 r. TI. ,Ilµpa.K ony6.rrnKoBan CBOe 

3Hal.rleHH'T'Qe y paBHCIIHe, KO'ropoe OilHCbIBaeT peaJibllbJe qacTMI.J,hl, o6na,n.a10-

lll;He nonyu;eJibllVI CilHIIOM. 

B cnen;-JilaJibHbIX HCCJie).l.OBaU1151.X OIIHChIBaeJ.'C51 HCTOpHH 'H ,npyrHX Ba)K

HWX OTKpbITJ.1H B o6nacTit KJ3aIITOBOH MexaHHKH : CIIHHa 3JI€M€IITa pHblX 

~1acTHU,, CTaTMCTHKH <l>epMH H MHOrHx ,DJ>yr HX. 

10. 0606m;a51 H3JIO)KeHHbie BbIUie pc3y11hTaTb1, MO)KHO yTBepJK,LI.aTb, qro 

,Ll,.TlH co3.rr,aH1u1 KBauTouo:H Me,XaIIMKH noTpe6oBaJIOCb TPH ¢yH,LJ.aMeHTaJibIIhie 

11.LI.eH: 

A. 11.rr,ea M. IlnattKa o KBaIITOBaHHOCTH cPH3M'IecKHx BCJIH'IHH, TO'inee 

0 TOM, qTQ 3JieMeHTapHbie cPH3.Jill-IeCKHe rrpou;eCCbl ( H3JI~eHH.SJ 11 norno

m;emu 1) xapaKTepH3YIOTCR ,IJ,HCKpeTHblMH 3HaqeHHRMJ'1 ,r.i;etkTBHH, KpaT

HblMH IIJiaHKOBCKOH IlOCTOaHHOH ft. 
B. 11.n.es:r J1. 11.€ BpoiiJISI o ,r.t;BOHCTBeuuoi1: rrp11po,r.i;e qac THI.J, - BOJIHOBOii 

H KOpnycKynHpHOH, - aHaJIOrH'iHOH )J.BOHCTB€HHOi1' npHpo,r.i;e noneii ne
peHOC'IJ:IKOB B3aHM0,1J.€HCTBHH. 9To o6ycJIOBHJIO Bepos:rTHOCTHblH xapaK

Tep KBaHTOBOH MexaHHKH. 

13. TpeThH H,II,eH cocTosrna B cBoeo6pa.'3HOM « H3BJie"IeH1u1 Ksa,npaTHOro 

KOpHH» H3 p.H,rr.a KJiaCCH\.leCKHx seJIH11HH. B 1 tepe.;i;imu6ucmC'~oil ?C6a'l-l

mo6oil .MeXa'l-lU?Ce .u.ocraTO"iIIO rosopHTh o6 « H3BJieqeHlUI KBa,DpaTHOro 

KOpHH» 113 KJiaccHqecKOH JIJ10THOCTl1 Bepo51THOCTH 11 BBe,n,eHHl1 aMilJIH

Ty,n:hI BepoSITHOCTH rrpe6bIBaIIH.H qaCTllI.J, B COOTB€TCTBy1om;Hx ToqKax 

KJiaCCH'ieCKOro npocTpaHCTBa- BpeMeHH ( B KOOp,n:HHaTHOM npe.rr,cTaBJie

HHH). 

5. 2. IloneBoe onucrum:e HOBO ii KaTerop1111 

B KBaHTOBOii MeXaHHKe HOBaH o6o6uwnna .H KaTc ropHH npe,r.i;cTaBJIHeT co-
6o:H He pea.J lbHO cyru,eCTByronzyro, pacrrpe,r.t;eJieHHYIO B npocTpaHCTBe- BpeMeHH 

cy6CTaHu;HIO, a .HBJI.HeTC5J aMTIJIHTy,r.i;oii sepoHTHOCTH o6Hapy*eH11H o6'beKTOB 

B p33nHqHbIX MecTax npocTpaHCTBa ( H BpeMeHH). Ilo,ll. OO'beKTa&IH Teneph 

IlOHID..faJOTCH KaK q aCTHI.J,bI, TaK H KBaHTbl IIOJICH n epeHOC"iHKOB B38.HMO

,u.e:HCTBllR TpMaJIHCTH'IecKoli napa,n.HrMhI. Hosyro KaTeropHIO neso3MO)KHO 

npe,n,CTaBHT b B HarJI.H,IJ.HhIX o6pa3ax, O,IJ.HaKO MO)KIIO OIIHC8:1'b c nOMOlll;hIO 

noneBhIX ypaaHeH11ii. B ,IJ..Ya.Til:ICTH"lecKoii TeOpeTHKO-noneBoii nap~Me 
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ypaBHeHlUI IIOJJSI (,n;JIB a:rvmJUITY,Il,hI BepOSITHOCTH) rrpe,LJ,CTaBJIRIOT co6o:~ CBOe

o6pa3Hbie yc.ttoeu.R 6.//,o:Jteettu.R o6o6~ennou 'X:amezopuu e 'X:Jiaccu'lf.ec'X:oe 
( npumt"tnoe) npocmpancmeo-f3Pe.M,.R,. 

5.2.1. YpaBHeHHSI KneiiHa-fl>oKa H llipeAUBrepa 

IlocKOJJbKY B ,n;aHHOR napa,n,HrMe O,lI,HOR ll3 KaTeropttit .srnJISieTCSI 4-Mep

HOO npocTpaiiCTBO-BpeMs:r, TO aaqueM c pacCMOTpeHH5l peJlSlTllBHCTCKOro 

BOJIHOBoro ypaBHeHHSJ K.neiiHa- <l>oKa 1) ,JJ;JISJ cBo6o,II.HbIX MaCCHBHbIX qacTHIJ. 

(5.2.1) 

r.n.e q> - peJISITHBHCTCKaa BOJIHOBaSJ cPYHKU,HSJ, m - Macca IlOKOSJ qaCTHIJ.hl. 

O"IeBH,ll,HO, q_TO OHO COOTBeTCTByeT peJISJTIIBHCTCKOMY COOTHOllleHHIO Me)f(,Uy 

3HeprHeii, MMIIYJlhCOM H Maccoit -Y:aCTHIJ.bI ( 'T}µv PµPv - m 2 
c

2 = 0) B cneIJ.RaJih

HOH Teopim OTHOCHTeJibHOCTH, ecJrn npoll3B€CTH 3aMeHy 

( Po = E = iii 
8~ ; 
8.7: 

·t; a~) Pk= in~ . 
8x 

(5.2.2) 

IIpH nocTpoeHHH KBaHTOBoii MexaHHKH HCCJie,n;oBaTeJIH pyKoBo,n.cTBO

BaJIHCb He CTOJihKO MeTac};>H3H'Y:eCKHMH coo6pa)KeHHSJMH, CKOJibKO JIOI'HKOH 

pemeHHSJ BHJTpeHHHX npo6JieM HayKH. 0Ka3aJIOCh, 'ITO ypaBHeHHe KJieiiHa-· 

«lloKa, e~e p aHhllle 3anHcaHttoe llipe,JJ;HHrepoM, npHBO)l.HT K pSJ,II,y He,it.o

p83yMeHHi1 KaK B 3KCnepHMeHTa.JThHOM, TaK H B KOHUeilTJaJibHOM JlJiattax. 

TI. A. M. ,Ll,HpaK o6 3TOM nHcan: «B ocHoBe ero (IIIpe/..r,HHrepa. - 10. B.) 
}l,l\e.11 ne~a y ,n;HB.HT€JlbHa.H CBSJ3b .Me.>K,LI,y BOJIHaMl1 H "IaCTllll,a!vIH, KOTO

PYIO HeCKOJThKO paHbwe OTKpb1.11 ,JJ,e BpoiiJih; 3Ta CBSJ3b, ycTaHoB.neHHa51 

µ,e BpoitJieM, 6h1J1a BeJIHKOJierrHo ,LJ,OKa3aHa MaTeMaTH-Y:ecKH H corJiaCOBhI

BaJiach c TeOpHeii OTHOCHTeJlhHOCTH. 0Ha Ka3aJiaCb BeChMa TaHHCTBeHHO:tt, 

HO ee MaTeMaTH'Y:eCKOe BeJIHKOJleIIHe roBOpHJIO 0 TOM, 'Y:TO Me)f(,Uy BOJIHaMH 

H qaCTHIJ,aMH )1.0.Jl)f(Ha cy~eCTBOBaTh KaKaSJ-TO r J1y6oKa5I CB5l3h, HJIJIIOCTpH

poBaHHa5I MaTeMaTH-Y:eCKHM cnoco6oM. M,n;eH ,LI,e BpoitJISJ 6hIJIH npHMeHHMhI 

TOJihKO K cB06o,lI,HhIM 3JieKTpoHaM ( ... ) . Pa3yMeeTc5I, 6b1JI0 tteo6xo,Il.H!vIO npo

eepHTh, IIpHI'O)l;IIO JlH OHO Ha npaKT.l1Ke. lllpe,LI,HHrep npHMeHHJI ero B 3a,n.aqe, 

CBR3aHHOH c 3JieKTpoHOM B aroMe BO,lI,Opo)J.a, H IIOJIYqHJI cneKTp Bo,n.opo,n.a. 

lEro pe3JJibTaT He coBnaJI c 3KcnepHMeHTOM. lllpe,ll.Httrep HCilbITaJI OOJibllloe 

pa30~1apoBaHHe. 9ro 6blJI rrpHMep Toro, KaK HCCJie,LI,oBaTeJib, HaXO,lI,5I~HHOl 

l)qaCTo B JlliTeparype ~o ypaBHeHHe Ha3b1Ba10T ypaaHeHHeM Kne~Ha-rop.n.oaa, 
OAHa.KO 113BecTHo, qTO nocJie)l.I~ noJty"UfJl 3TOT p e3yJII:.'l'aT II03)Ke B. A. «l>oKa [173). 
ilo 3TOti npwnme B pa6oTax ps:rJJ.a poccm:fcKMX anTopoB npe)J.JlaraeTC51 HcnpaBHTh 

W>nYu~eHHYIO B Ha3BaHHli HeKoppeKTHOCTb. 
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HaKaJiYHe OTKphITIUI, y6e~aerc51, qTo· ace ero xy).l.tuHe onace:EnIB onpaB

/J.a.TIHCb: TaKruI npeKpacHa.51 H TaK MIIOI'O o6ell\aBilla.51 Teoprur OKa3aJiaCb 

HenpHro,UIIO:A Ha npaKTHKe. 

KaK :>Ke nocTyfIHJI Illpe,u11Hrep? OH 6hIJI oqeHb orop':leH H, KaK MHe 

p accK83bIBaJI, H a tteCKOJlbKO MeC51'~eB Bee 6pocHJI. 3aTeM, HeMHOrO 0 11pa1:mB

IllltCb OT o r o pT.JeHHSl) OH BePHYJICH K 9TOH pafure, npHT.JeM 3aMeTH JI, qro eCJTH 

OH np11M€II5:lCT CBOH M€TO,ll. c M eHbllleH TQqHOCTbl O, He npHH HMa.H B pac~IeT 

peJISITHBHCTCKIDC 3cP<l)eKTOB, TO npH TaKOH CTeneHH TO'iHOCTH e ro TeOpHSI 

COBna).l.aeT c Ha6Jiro,ueHHeM. Tor,n.a OH ony6JIHKOBaJI CBOIO pa60Ty { ... ) . 

Illpe)J,Hnrep npo.HBHJI H3JIHllIHIOIO po6oCTh , OTK83aBllIHCb OT CBoero n ep

BOI'O peJI5ITHBHCTCKOI'O ypaBHCHH.H' He COBna,rr,aBillero c Ha6n10,n.eHH.5Th:tH BO)J.0-

po,uHoro c n eKTpa. H ecKOJlbKO n o3)l,Hee aro ypaBHeHHe 6h1JI0 BHOBb OTKphITO 

KJieii:H OM H rop,n:.OHOM, KOTOpbie o n y6JIHKOBaJIH CBOIO p a6oTy, HeCMOTp.SI 

H a p acxo)l()J,eHH.SI c Ha6JI10,n.ettHeM ( .. . ) . E,ll,HHCTBeHHOit 3acJiyroii KJie:AHa 

H rop,UOHa 3,n.ecb 6bIJIO TO, qTo OHll OK838JlHCb )l,OCTaTOT.JHO OTBa:>K.HbIMH H HX 

He CMYTH.TIO OTCYTCTBHe COBna,rr,eHIDI Me)l{,ZJy ypaBIIeHHeM H Ha6JilO,ll.€11HeM. 

B KOHffl!HOM pe3yJlhTaTe ypasHeHHe 9TO M3 BeCTHO Tenepb KaK ypaBneIIHe 

K.rremra - f'op,.u;oHa, n eCMCYI'p.H Ha TO, tfTO T'O,l].OM HJIH ,l.l,BYM.H paHhllle OHO 6bIJIO 

OTKpbITO lllpe,n.HHrepoM» (57]. 
YpaBIIe HHe Illpe,D.HHrepa COOTBeTCTByeT HepeJIHTHBllCTCKOMY COOTIIOIIIe

HHlO Me)f(,lzy 3HeprHeit H HMilYJibCOM £ = p2 /2m. qTOObl K HeMy nepeiiTH or 

ypaBHeHHSI Knefil1a- <l>0Ka, nocne,n:.Hee cne,uyeT 3arrncaTh K a K ,n.11¢¢epeH

I.J.HaJihHoe ypaBH€HHe nepBoro nop.SI,D.Ka no BpeMe HHOH npOH3BO,ll,liOH. 8TO 
s cer,ua MO:>KHO c,n,cJiaTh, nepeliM K CMCTeMe H3 ,ll.Byx ypaBHeHKH n e pooro 

nop~a OTIIOCHTeJibHO ,II.Byx 11€ H3BeCTHbIX: 

in oil! 
cp= cl>+ - -- · 

me ax0 ' 

in ail! 
x = cI> -- --. 

me ax0 
(5.2.3) 

3aMCTH?vl, 'tJTQ B rJI . 3 aHaJIOI'H'lfHasI npou,e,D.ypa cPaKTH'ieCKH 6bIJi a npH

MeHeHa npn nepexo,n;e OT BOJlHOBblX ypaBtteHHH ,U,Jrn 3JI€KTPOMaI'Hl1TIIOI'O 

BeKTop Horo nOTeHll,.Ha.n:a Aµ (3.3.1) K ypaBH eHIDlM n epBoro nop51AKa ,u,Ju1 

KOMilOHeIIT Ha rrpsi:>KeHHOCTeit aneKTpoMarHHTHoro noJIH Fµv (3.3.5)- (3.3.6). 
Y 'iHThIBruI, q T o ,LI,JUI HepeJJSITHBMCTCKHX q acTMU. B 1zyJieBOM 11p116nH:>Ke

HHM MO)KHO TIOJlO:>KHTh 3HeprMIO paBHO:f:i mc2 ' T. e. 

(5.2.4) 

rrpHXO,ll.HM K ypaBHeHHIO lllpe,D.Httrepa OTHOCHTeJibHO JIHUJb 0)1,HOii HeH3B€CT

HOit cp: 
in av; = - n2 v 2cp 

{}t, 2m ' 
(5.2.5) 

r,u,e, HalIOMHHM, x 0 = ct, a onep aTop V'2 03Hat-IaeT CYMMY npocT p aHCTBeIIllbIX 

n poH3BO,ll,HbJX BTOporo nOp.H/~Ka. 
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B ntpCJLRrnooucrric1w.M npu6Jiu~enuu 60.llttoeaJt <fiyn~u.R. 'l.tacmu'U/bt 
cp(x) .,.;eadpa,mu'litt'btM o6paao.M onpede.1uiem n.rwm?-tOCm'b eepoJtmnocmu p(x) 

npe6ueanUJt 'liaemU'4'bl e coom.eemcmey10~ux mo'tt'K:aX npocmpancmea-epe
Me'H.U 

p(x) = cp"'(x)cp(x), (5.2.6) 

r ,u.e c.p* ( X) - KOMnJieKCHO COripSDKeHHrui BOJIHOBrul <l>YHKU,HSI qaCTHIJ,bl. C~ 
rJiacHO 3TOMY Bbipa)KeHHIO, BOJIHOBrul cPYHKIJ,IUf qacTHl.J,hl npe,n.cTaeT KaK 

Cl30e06p83Hhli1'. «KBa,rq>aTHbli% KOpeHh» H3 KJiaCCH'ieCKOi% Bepo.HTHOCTH. 

YMHO)KaJI ypaBHeHHe Wpe)J.HHrepa CJieBa Ha cp* H Bhlt.jHT'cL.SI H3 aero 

KOl\ffiJieKCHO conp.H:>KeHHoe ypaBHeHHe, npH yqeTe (5.2.6) npHXO,Ll,HM K ypaB-

Hemno HenpepblBHOCT11 

8p d' 7 0 -+ ?.VJ = 
&t ' 

(5.2.7) 

r,n;e IlJlOTHOCTb TOKa :m.-1eeT BH,11, 

- iii * - ..... * j= - - (cp Vcp-cpV<p ). 
2m 

(5.2.8) 

Ilp11 IlOilblTKe ,u,aTb a naJiorH'tffiyio 11HTepnpeTaIJ,HIO peJJ.HTHBHCTCKOR BOJI

HOBOi% cp)'HKU,1111 <I> B03IIHKaIOT Tpy,n.HOCTH KOHU,eilTYaJibHOI'O xapaKrrepa. 

,[(eH:crB11TeJihHO, ocym;ecTBHB no,n.o6Hy10 npou,e,nypy nepexo,n.a OT penHTM

BHCTCKoro ypaBHeHH5J Kne:iitta-<l>oKa (5.2.1) K ypaBHe HHIO HenpepbIBHOCT R 

(5.2. 7)) npmro,D.HM K BbI BO,Izy', qTo ,ll.Jl.H IlJIOTHOCTH BepO.HTHOCTli p H006XO,ll.HMO 

nOJIO}Kl{Tb BM€CTO (5.2.6) 

P = iii 2 ( <t>* a~ - 8~* <t>) . (5.2.9) 
2rnc &t 8t 

Ho 3TO Bbipa)KeHHe H3-3a npoH3BO,n;HbTX no t MO:>KeT npHIIHMaTb KaK noJIO)l{H

fCJlhHhie, TaK H arpm . ..r,aTeJibllbie 3Ha'tfeH11Sf l qro He,D.onycTHMO ,ll..IDI IlJIOTHOCTH 

iiepo.HTHOCT11. KaK n11caJI ,ll.HpaK, «Kor,n.a npo6oaru111 pa6oTaTh c peJISITH

DHCTCKHM ypaBHeHHeM, IIOCHIIJ,11M Ha.'3BaHHe ypaBH€HH~ KJie°liHa rop,II,OHa, 

003HliKaJIO He TOJibKO paCXO)K,LI,eHHe c Ha6JIIO,U.eHHeM, HO H pacxo~eHHe c JI~ 

l'H"ttecKoi:\ HHTeprrpenu1,11eii y paBHeHH.a. Ec1rn npmv1eHHTb OOhNHbie npaBHJia, 

YCT'dJIOBJieHHbie ,LI.JI.fl KBaHTOBOtt MeXaH11KH, TO ypaBHeHHe KnettHa- rop,noHa, 

00-BJmHMOMY, np11BeJIO 6bI nae K OTpRu,aTeJlhH.bTM BepOSITHOCTHM, KOTOpbie, 

KOHewo, conepweHHo a6cyp,n,HhI» [57]. 

5.2.2. YpaBHeHHSI ,L(upaxa 

qTOOhI npeo)J.OJieTh KOH~enTyaJibHy10 TPY)l;HOCTb c onpe,n.eneHHeM Be~ 

RTHOCTH HaXmK.ZJ,eHHSI ~1aCTHJ ~ B OT,Il,e.JlbllbIX TO'iKaX npOCTpaHCTBa-BpeMeHH 

MHHKOBcKoro, npH.IIIJIOCb nepetiTH K 6o11bIIIeMy qucny KOMnoHeHT BOJIHOBOH 

~YHKIJ,JUI '-IaCTlW, <f>aKniqecKH no paHee y)Ke HCilOJib30BaHHOMY pe~enTy npH 
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rronY'ieIIHH ypaBHeHHH .Illpc)l.HHrepa 1·m11 rrpu rrony"tleHH51 ypaBHeHH~ MaKc

senna ,ll.MI 11arrpS1:>KeHHOCTeii 3J1eKTpoMarHHTHOro Il0J1H, - nepBM"t!HbIMH KOM

TIOHeHTaMH sonHOBOR cPYHKI.J,HH T.JaCTHU. 6brnH OO'bHBJieHhI KOM6HHaI.J,MH, co

,LJ.ep.>Ka.UJ,He nepBbre npoH3BO,Il,IIhie OT Koop,n;HHaT. AsTop 3TOI'O p e3yJ1bTaTa 

IL A. M . .iliHPaK nuca.JI: «'YpasHeHHe Kneii:Ha- fop,n;oHa HY)f()J;aJiocb B Ka

Koii-ro MO,ll,H<l>HKalJ.HIL B Te"tle1111e H eKOToporo speMeHH OHO rrpHBO,Ll,HJio 

MeIDI B He,n,oyMeHHe, a 3aTeM H IlOJJ;YMaJI 0 .upyroM ypaBHeHHH, KOTOpoe 

npeo,n;OJ1eno 6br norw-iecK11e TPY~OCTH O'Tpl-'II.J.aTeJihHbIX sep051THOCTe1b [57]. 
TioSICHH!vl cyTb ypaBHeIIHH, OTKpbITbIX ~HpaKOM. TipH rrepexo.n.e OT 

ypasHeHH~ Krreii:Ha <l>oKa (5.2.1) K He peJ151THBHCTCKOMY ypaBH€HHIO Ilipe

)J;UHI'epa, npOH3Be,n,eHHOMY c IlOMO~bIO ¢opMyJ1 (5.2.3), 6b1J1a ttapymetta 

CHMiv1eTpHS1 BpeMeHHOi1 H npocTpa HCTBeIIHblX KOOPJJ.HHaT. Heo6xo.nuMo 6b1no 

Haj\TH ypaBHeHHSI) KOT0pb1€ co.n.ep:>Ka.JlH 6bI TOJibKO nepBb Je npOH3BO,Il,Hhie 

H no BpeMeI-IHO-ii, H no npocrpaHCTBeHHbTM KOOp,ll,HHaTaM. 113 OilbITa nepe

xo,n;a K ypaBHeHHIO Ilipe)J.Hurepa HCHO, "\ITO B TaKOM CJly"\lae 0)1,Ha cPYHKI.J,1UI 

~ ,ll,OJl:>KHa 3aMeIU1.TbCSI HaoopoM H3 HeCKOJlhKHX cPYHKIJ.Hii, KOTOpbie o6o-
3HaT.fHM '-1€pe3 1/J(a), r,n;e CHMBOJI a npo6eraeT H€KOTOpoe "l,IHCJIO n 3Hat.J:eHHH. 

B caMOM o6~eM CJiyqae cHCTeMa peJI.aTHBHCTCKH HHBapHaHTHbIX ypasHeHHR 

nepooro rrop~a, CHMMeTpH'iHO co,n;ep:>Ka~ Bech Ha6op cPYHKI.J,H:A:, HMeeT 

BH)J; 

_ in µ &i/J(b) 
1/J(a} - - - ')'(ab)~> 

me ux 
(5.2.10) 

r ,n,e T'(ab) - COBOKYillIOCTb KooepcpHI.J,HeIITOB, CTO.JlI.IJ,HX npH n epBbfX .npoH3 BO,l1.

HbIX. Ilepe,n, cnaraeMbIMH cnpaaa ase,n,e H Koocp¢11u.11ettT p 83MepHOCTH caHTH

MeTpa, noC'rpoeHHw:ii H3 HMeIOI.IJ,HXC.H <l>y11.n.aMeHTa.JlbHbIX KOIICTaHT, MIU1MaSI 

e,n;HHHI.J,a Bhr6patta H3 coo6pa:>KeHHR YJl.OOCTBa. Ilo HH,JJ,eKcy b npoH3BO,l1.HTCH 

Cj'?vlMHp<ma mrn no BCeM ero B03MO:>KHbIM 3HaT.feIIl1HM. . 

IlocKOJlbKY HI.l,ll.CKCbl a Ji[ b upH KO~cpHI.J,H€HTax 'Y(ab) npo6eraK>T O,ll,H

HaKOBy10 COBOKJUHOCTb 3Ha'IeHHii, TO Ko3¢cp11I.J,HeHThl y,n..o6Ho 3ailHCbIBaTb 

B BH)J;e KBa,rq>aTHblX n x n MaTpHu,. 9TO ~HKTYeT u,eJiecoo6p83HOCTb npe.n.

CTaBJieHH}l Ha6opa cPYHKIJ.H:ti 1/J(a) (KOMilOHeHT aMIIJIHTY,ll,bl Bep051THOCT H) 

B BH,Il.e n-CTOn6u,a, a cy:rvnvmposaHHe rro b B (5.2.10) Tpa KTOBaTh 11epe3 

rrpaBHJla JMHO:>K€IIHH KBa.rrpa'l'HOH MaT pHI.J,bl Ha CTOJ16eu. TipH TaKHX o6o-

3 HaLl€HHSIX COOTHOllieHHH (5.2.10) MO.}KHO nepenHCaTb B MaTpH"tIHOM BH,n,e 

. µ 01./; me ··'· 0 'lf' - + - 'cp = . 
oxµ Ii 

(5.2.11) 

l.JT06bl OKOH'IaTeJibHO p e lUHTb IlOCTaBJie.unyl-0 3atIT,a-..1y H nOJIY'iHTb 

ypaBHeHHH ,Il;HpaKa, HYJKHO onpe,n,enHTh Bl1,!l, MaTpHt.IHhIX KO~HI.J,HeH
TOB ')'µ. Hx coottcTBa ttaxo,n;HTCH H3 ycnomu1, "\ITO Ka)K,Il.aH 113 <l>YIIKlJ.Hii 

CTOJI6I.J,a 'ljJ )J,OJDKHa y,n,OBJ1€TBOpHTb p eJISITHBHCTCKOMY BOJ1HOBOMY ypaBHe

JUfiO Krre:A:Ha-Cl>oKa (5.2.1), - yCJIOBHIO BJIO:>KH!vlO<..~H B npocTpaHCTBO-Bpe:rvUI 
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MmiKoBCKOro. 9TO HeCJIO)l(HQ C)l,eJiaTb, np11 'ieM pa..'3JlH\iHhlM11 cnoco6aMH. 
Ilpo~e Bcero aw )l.OCTHraeTC51 ~lHO.>KeHHeM (5.2.11) CJleBa Ha HeKOTOpoe BbI

proKelille Toro .>Ke CO}Y.ra H OTQ)K,[leCTBJieHHeM pe3yJibTaTa c COBOKYilHOCTblO 

ypaBHemffi: KJieii:Ha- <l>oKa ,n.;n1 scex KO.M11011eHT aMil.Tll1TYiJ.bI Bepo.aTHOCTH: 

(-ie/ ..!!._ + me) ( i1µ &lj; . + me 'l/J) = Ln ['T]µv 821/; + (me) 2] ¢ = 0, 
axv Ii axµ Ii axµ axv Ii 

(5.2.12) 
r/J.,e In - KBa.LQ)aTHruI e,n.HHH'lliruI n x n-MaTpHIJ,a. J1erKO BH,D.eTh, qTo ,n.aHHoe 

OTO>K,IJ;€CTBJieHHe B03MO)f(H0 JlHillb B TOM cnyqae, ecrm COBOKYilHOCTb 113 

lieThipex 1'-MaTpHI.J, y)l,OBJie'l'Bop.aeT yCJJOBHSIM: 

(5.2.13) 

KO'l'Opble He fl03BOJUIIOT O,ll.H03Ha'IHO ycTaHOBHTb BH,D. MaTpHIJ,, O,IJ.HaKO BO 

MHOfHX cnyqamc aTOI'O 3HaTh H He Ha;i;o. 

lfa 3THX ycJJOBl·IB CJie,n.yeT, ~ITO .MU'HU.AW.Jl,'b'H,OC n, i).11,.R, ?Comopoeo .M<X>fC'H,O 
· rw0o6pam'b 1ttemupe .Mampuu,'bt /µ c ?CO.Mn.tte?CC'H'bt.M.U 3Ae.Mettma.Mu, paetto 

'. "Wn~'Pe.M (n = 4}. TaKHe MaTpH~I H83hIBalOTC51 MaTpMuaMH ,llHpaKa. 

i Cne,n.oaaTeJibHO, eo.n,ttoea.R <fiytt?C'U,U.fl, onuc'blea?O'~a.R ?Cameeopuw 't/,[].cmu'4, 
· ~ ?CO.Mn.tterx:cttou 4-"lf,O.Mnonettmnou. B coOTBeTCTBHH c aTMM, co

OTHomeH11.a (5.2.11), H83bIBaeMbie ypaBHeHHSIMH ,11,HpaKa, npe,n.cTaBJI51lOT 

oo6o0: cwcTeMy H3 qeTbrpex KOMIIJieKCHhIX ypaBHemd-1. TaKHe n0Ju1 npHHHTO 

Ba3hIBaTb <l>epMHOIIHbIMH. 

3aMeTHM, 'iTO McnOJib30Ba1nryro s (5.2.12) npou.e,n.ypy, Kor,n.a CJieBa cToHT 

~an1~a.a KOM6HIIaIJ,H5I 113 Bbipa)Kemdi, COOTBeTCTBYlOI.IJ.HX ypaBHeHHHM 

AlipaKa, MO)f(HO Tj)aKTOBaTb KaK «CBoeOOp 83noe H3BJie'i€Hl1e KBaApaTHOI'O 

KOpH.H», HO Tenepb y)Ke He 113 IlJJOTHOCTH BepOSITHOCTH, a H3 ypaBHeHJUI 

. KneDna- <l>oKa. 

YpaB11e1m:.a ,UllpaKa (5.2.11) ,II.JIH CBOOO,ll.HbIX qacTHIJ, MO:>KHO noJiy'-IHTh 

BapHaWIOIIIIbll\11 MeTO,ll.OM H3 IlJIOTHOCTH JiarpaH)K}laHa BH,U,a 

r _ ilic ( "'' µ &lj; 81/J µ ,,,, imr. ,,,,,,, ) L.-O - - 'f'/ - - - 1 'f' + - 'f' •P · 
2 8xP UJ;µ Ii 

(5.2.14) 

On.teT.HM, 'iTO B aTOM Bbipa)KeHHl1 CO)l.ep)K}ITCSI Maccosoe CJiaraeMoe, BBO

,ltln.iOe BOJteBbIM o6p830M. 

YMHO)Ka£ ypaBHeHH51 ,LI;11paKa (5.2.11) CJiesa Ha ¢t H BbNHTaH H3 Hero 

IOMilJieKCHO conp5DKeIIHOe Bbrpa.>Ketrne, npHXO)J;HM K ypaBHeHHlO HenpepbIB

BOCTH 
8(-:/fi"Yl!'?/J ) = 0 

axµ 
ap d. 7 o 

0 + 'lVJ = ' ax 

r,l\e ~ = ~) t , 0 , 3ailHCblBaeMoe B BH,D.e CTpOKH' 11 

y1 = 'lj;'f-¢ --+ (P = ¢lo¢ = ¢t ¢; J-+ jk = 1/J/k'l/J) 

(5.2.15) 

(5.2.16) 
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- llJlOTIIOCTb BepO.HTHOCTH M frJIOTHOCTb TOKa, npe,n,cTaBJieHHhie KaK BpeMeH

HruI M npocrpaIICTBeHHbie KOMTrOHeHThl e,II.HHOro 4-Mepttoro BeKTOpa. 9ro 
H eCTb pe.TIBT HBHCTCKoe o6o6:w.e 1me IlJIOTHOCTH BepmITIIOCTH p H ypaBH€HIDI 

HenpepbIBHOCTII. 

JierKO IlOK83aTh, 'iTO ypamreHHSI ,Ll,MpaKa ,IJ;JI5.1 CBo6o,IJ;HblX qacTMU. .n:onyc

KalOT pemenHe B BH.n:e IlJIOCKOM BOJIHbl BH,n,a 

(5.2.17) 

r~e 4-KOMilOHeHTHa5:I. cPYHK~51 'l/J rrpe.n.cTaBJTeHa B BM)J,e ,IJ;BYX "-IacTeii : KOOp

,IJ;lillaTIIOfi (aKCilOHe H'I'bl), x a p aKTepH3yrow,ci1 BOJIHOBOtt xapaKTep p emeHH5.I, 

H CllHHOpHofi qacTM u(P), 3aBHC5Illl,efi T OJibKO OT KOMilOHeHT HMTIYJibCa ~ 
9TOfi 't.l~bl. 

MMeIOTcH pemeHllil ypastteHH5.I ,[l,MpaKa KaK c rroJIO:>KHTeJJhHOfi, TaK 

11: c OTp11:u.aTeJibHott 3Hepn1S1MH E =±Jr+ rri2 • 0HH HHTepnpeTHPYEOTC51 

KaK COOTBeTCTByro:w.Me qaCTHU.e (3JieKTpotty) H aHTH'iaCTHI.J.e (rr03HTpony). 

IlooHT poHbl 6hurn: o6ttappKeHbl 3KCnepHMeHT8Ji bHO BCKOpe IlOCJTe OTKpblTHSJ 

y p asHeHIDI ,Ll,HpaKa. 

B ttepemrTIIBHCTCKOM CJiyq ae ,n;se Ko:r..moneHTbI 'l/J H3 'ieThipex HMetoT 

nop5:I,Ll.OK v/c << 1, T. e. HMH MO>KHO rrpeHe6peqb no cpaBHeHHIO c ,Ll,BYM51 

OCTaBllIHMHC5J. I3cnOMHHM, 'iTO TaKas:r )Ke CHTya~SI 6bIJia npH u epexo,n;e 

OT y paBHeHHSJ K neiiHa-cI>oKa K ypaBHeHHIO Illpe,IT.HHrepa, Kor.n.a o,IJ;Ha H3 

)l.Byx ¢YHKI.J.Hfi OK83a.rrach MaTIOi-i . YpaBHeHHSI Illpe,n;HHrep a TOr,n.~ p accMaT

p1ma.JIHch OTHOCHTeJibHO o.n.no:i1 OCTaBIIIeiicH ¢YH~HH. B ,n,attHOM c.ny-Y:ae 

OCTaKYl'CSl )J.Be cyrn;ecTB€HHbie KOMilOHeHTbl cPYHKU,HH 1/J, KOTOpbie HHTep n pe

™ PYIOTCSl KaK )XBe B03M0)Kllble npoeKizyIH CIIHHa qac THI.J.bl: TIJIIOC H MHIIyc 

IlOJIOBHHa ( JieBasr H rrpaBllil no.JUipH3alzylH). 

5.3. KaTeropIDI noJuI aMIIJillTY~I BepoSITHOCTH 

rJiaBHhie TPY,D,HOCTH B OCMhICJieHHH K DaHTOBOii MeXaHHKH CBH3aHbI 

c neo6XO,ll;liMOCTbIO nepexo,n,a K HOBOH o6o6m.eHHO:H KareropHH - TIOJUI aM

IlJIHTY,Il.bI BepO>lTHOCTH, - He 5.IBJUUOI.I.T,e:Aca IIH 'iacTl1Ueii, HH TIOJICM B KJiac
CH'ieCKOM IIOHHMaIIHH 3THX n epBH'iHblX KaTerOpHH. 

5.3.1. HenpHBbNHhie qepTLI KaTeropuu 110JUI 
aMIIJUITY,ll;t>I BepOBTHOCTll 

Oxa paKTep H30BaHHa51 BbIUJe, KBaHTOBa51 TeopHSJ, KaK Hepe.JUITHBHTCKa51, 

TaK H oco6eHHO p eJT5.ITHBHCTCKaH MMeeT P5:IA H eOObl'iHbIX CBOfiCTB, H e BCTpe

'ia BIIIHXCSl B KJiacc H'iecKoi1 cPH3 HKe. KpaTKO rrepe'iHCJIHM rJiaBHhie H3 H11x. 

1. ECJIH K JTaCCH'ieCKa51 cPH3HKa CTpOHTC51 H a 683e Be:w.ecTBeHHbIX "Y:Hce.rr, 
TO KBaHTOBasJ TeopH5I H Boo6me cPH311Ka MliKpo:r..irnpa OIIHpaeTCSI Ha none 
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KOMIJJieKCHhlX 1.JMCeJI, 'ITO Bhl3hIBaCT He,n:.oyMeHMH y Bcex npHcTyIIaIO~HX 

K R3y'iemno KBaHTOBOH. MexaHHKH. llHor.JJ,a 3TO IlbITaIOTC.H OO'hSJCHHTh Tex

IllPiOCKJatrn coo6pruKettHSIIVlli Y.Ll.OOCTBa Bhl'iHCJieHHA H 3anHcH KJIIO'ieBhIX 

Bhipa*eHHA. 0,ll,HaKo na Ca.MOM ,ll,eJie rrpH-q:HIIa 3Toro 3Ha'iHTeJibHO rny6}f(e: 

HCTIOJlb30BaHHe KOMnJTeKCHhIX qHceJI 0Tp8.)Kae'r TOT cpaKT, 'iTO B cpH3HKe 

MHKJX>M.Hpa Tepsier CHJIY aKCHOMa ApxHMe,n:a o B03MO)KHOCTH cpa.BHeHIDI 

mo6b1x ,uByx noHSITRti, KaKoe H3 HHX OOJihllle, a Ka.Koe MeHhme. 

2. Cne.n:y10:w;ruI oco6eHHOCTh aMIIJIRTY,[(bI Bepo}1THOCTH COCTOHT B TOM, 

qTQ Olia rrpe,n:craBJUieT co6oA CBoeo6p83HbIA «KopeHh KBa,lij)aTHbrH» H3 KJiac

CWJeCKOA Bepo.HTHOCTH. 

3. 0co6hrn Kpyr BOIIpOCOB BbI3bIBaeT HeOOXO,[(HMOCTb OilHCaHH.H qacTHI.J; 

qepe.3 cmmopHbie BOJIHOBble ¢YHKIJ.HH. B CB.SI3H c 3THM HanoMHHM, 'iTO crrH

HOpbI KaK MaTeIVIaTH'i.eCKHA o&beKT 6hIJIH OTKpbIThI 9. KapTaIIOM B 20-x rr. 

xx B., - HMCIIHO B TOT MOMCIIT, Kor,n:a B03HHKJia II0Tpe6noCTh HX B cPH-

3HKe. ,lloBOJihHO 6bICTpo 6bIJIO OC03HaHo, 'iTO ypaBHeHH~ ,Ll;HpaKa MO)KHQ 

IlOHHMaTh KaK ypaBHeHH~ H.MeHHO .LJ:JUI CilHHOpHbIX BOJIHOBbIX cPYHKIJ;llA. 

8TOT ¢aKT MO>KHO rro.HCIIHTh c.rre,ll,yIO~HM o6pa..'30M. MaTplilJ,br ,Ll;HpaKa 

B ypasHeHH.IDC (5.2.11) OOhRHO Bbro.11paioT nocro.s:i:HHbIMH, pa.3 nancer,n;a 

~aHHbIMH1) ' ror,n;a KOMilOHCHTbl 'l/; H 'l/; ,[(OJI:>KHhT npeo6pa.30BblBaTbC.SI rrpH 

KOOPMffiaTIIhIX rrpeo6pa30Ba1rnax HeKHM cne.u;HaJihIIhIM o6pa3oM, a HMeHHO 

TaK, 'iT06hI KOlVillOHeHTbl jµ B (5.2.16) rrpeo6pa30BbIB8JIHCh no BeKTOPHOM}' 

38.KOHy. B 3TOM cnyqae 'l/; cJieAyer IIOHHMaTb KaK «nOJIYBeKTOp» HJIH on.HTh 

Ka.K «CBoeo6p83HbrH KBa,z:q>aTIIbIM KOpeHb», HO y.>Ke H3 BeKTOpa jµ. l1MeHHO 

TaKHe BeJIH~HHbl B MaTeMaTHKe npHH~TO H83bIBaTh cnuttOpaMU (c.M. (145)). 
HecMoTpsi Ha ,n;aHnoe Bhllile MaTeMaTH'iecKoe ,n;oKa3aTeJihCTBO tteo6xo.n:H

MOCTH nepeXO,ll,a K CUHHOpHhIM BOJIHOBhIM cpyHK~H.SIM) 3a 3THM Q:>opMaJihHbIM 

Q>aKTOM XO'ie'I'C.SI ysH,ll,eTb HeKyio 6oJiee rJiyOOKYIO cpH3HqecKy10 ( HJIJ.I ,n.ruKe 

MCTa,¢H3H'ieCKyIO) IlO,ll.OilJieKy. Bu,n;nMO, HMeHHO 3TO HMeJIH B BH)Jy K. roTT

Q>pH~ H B. BaAcKoncp, Kor,na, aHaJIM3upysi cocroHHHe cpH3HKH 3JieMeHTap

m,rx qacTHl\ BO BTOpoA UOJIOBHHe xx B., 3a.HBHJIH: « TOT Y,LI.HBHTeJihHbIR 

Q>aKT, lfTO BCe ¢yn,n:aMeHTaJib.Hbie ¢epMHOHbl B cPH3HKe 3.TJeMeHTapnbIX 

qacnu.~ (3JieKTp0HbT, neiiTpHIIO, KBapKH H T. n.) 0611a,n:aroT CIIHHOM s = 1/2, 
!J.O CHX rrop He rronyqHJI OO'hHC.HeHHa» [47, c. 58). 

4. Ho HaHOOJibUJee 'iHCJIO oorrpocoB H CJie,11,CTBHA Bbl3brnaeT aepo.HTHOCT

Hhitt xapaKTep KBaHTOBOR Teopirn. 

5. 11Horo npo6.rreM B IlOIIHMaHHH cyll.I,HOCTH KBaHTOBOit TeOpHH Bbl3bI

BaeT cpaKT o,n;ttoBpeMeHHoii tteHa6nro,n;aeMOCTH KOOP.Ll.HHaT H HMnyJihca -

TOro, l.JTO rrpHIIHTO Ha3hIBaTb JipHHIJ,HIIOM HeOnpe,n.eJieHHOCTCli reu3eH6epra. 

l)J.1MeeTC5.I ,lij)yl'a5f B03MO.IKiiOCTb: "<IeTbipe MaTJ)HIJ;bl 'Yµ MO)t{HO paCCMaTpl!:BaTb KaK 

KOMilOHeHTbI 4-Mepnoro BeKTOpa (1!:Me10w;id~CSl npoJOBOJT B HX Oilpe,Il.eJlCHlilli n03BOJUieT 

91'0 CAeJiaTb), TOl')l.a pe.!UITHBHCTCKa.H HHBapHaHTHOCTb ypaeHe~ ,LI,11paKa O''i€BHAtta 

He3aBHCUMO OT 3aKoHa npeo6p830BalUi.H KOMTIOHeHT ,µ. 
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9T11 H PM ,npyrnx o6eTOSITe.TihCTB OKa3aJIHCb npM1IllHO.A TOI'O, 'iTO JJ.O 

e11x nop MHOrHe e~u1Ta10T, 'lITO B KBaHTOBOR MexaIIHKe ( TeopHH) eO)J.ep:>KHTeSI 

HetITO TallHCTBeHIIoe, ,!J,O CHX nop Hep83ra,n,aHHoe, npll'l.IeM TaK JJ..YMa.IOT He 

TOJihKO ,LJ,HJieTaHThI, HO TaK e'iHTaJill H KJiace11KH TeopeTl-fl-IeeKo.A cPll3HKH, 

BHeeI.IIBe 3IIa'fHTeJibHbIR BKJla,Il, B CTaHOBJleHHe KBaHTOBO.A Q:>H3HKll. IlpMBe

}J.eM PH~ BbTeKa3hIBairn.A no 3TOMY sonpocy . 

.nyu ae BpoU.!L'b: « qTO KaCaeTeSI MeII51, TO H Hattan 3aHHMaTbC51 KBaHTaMH, 

KOr,n;a Mlle 6bIJIO OKOJIO .z::u~a.n.1~aTH JieT, H npo,LI.OJDK8Jl 113yqaTb HX B Te'-leHHe 

'-leTBepTH BeKa. l1 Bee :>Ke 51 )l.OJDKeH 'ieeTHO npli3HaTbCH' t{TO ecJIH 3a see 

sro BpeMR si 11 ,ri;o611nc.s1 HeeKOJihKO 6oJiee rJiy6oKoro noHHMaHMsr HeKOTOphIX 

eTOpoH 3TOf'O BOnpoca, TO SI He Mory e.n:i;e c IIOJIHO:f;f ysepeHHOCThlO CK83aTh, 

t{TO TaHTeSI no,n; MacKoit, CKphIBaIO.n:i;e.A IlO}J.JIHHHOe JJHIJ,0 KBaHTOB» [13, c. 7]. 
M. Jlaya: «KsaHTOBa51 MexaH11Ka MaTeMaT11tteeKH rrpm.i1eH.s1eTc£ e 6onh

ll.IHM MacTepCTBO~, HO ee cPH3Ht{eeKoe CO}J.ep:>KaHHe, no MOeMy MHeHHIO, }J.0 

CHX nop He BIIOJTHe SICHO. ( ••. ) ~a.TlbHe.Arnee pa.'3BHTHe KBaIITOBO.A TeOpHH, 

HailpHMep BOilpoc 0 COBMeCTHMOCTH BOJIIIOBOrO H KOprrycKy.7I5lpHOI'O npe,n;

CTaBJieHl!ltt, B H8CTOHI.qee Bpe.MJJ He SIBJU i eTC.H e~e HeTOpll'ieeKll 3peJibIM» r95, 
e. 162). 

M. ll.tiatt'K. o M. Jlay::J: « OH He Mor He 3aIDITh onpe)J.eJieHHott TO't.JKH 

3pemrn H B OTHOllleHlill B8.)l{He.Awero oonpoca o np11'-111HHOCTH. B Hacrosriqee 

BpeM5r 9TOT Bonpoc, TIO-BH,!J,HMOMy, pa.'3)1.eJI.SieT cpH3HKOB Ha ,rma npOTHBOTIO

JlQ.)KHbIX Jiarepa B 3aDHCHMOCTH OT TOT'O, KaK OHH pace~iaTp.HBaIOT JJ..Y8.11H3M 

KopnycKyJI.HpHO-BOIDIOBOR MexaHHKH B ero eoBpeMeHHOH ¢opMyJillpDBKe, 

CY1'Bepra10rqett np:w-nnrnoe OO'bHeIIeHHe OT,ll.e.JihHbIX RBJieHHit B aTOMH.bIX npo

u.eccax. HeKOTOph1e q>H3HKH paccMaTpHBaIDT 3TY ¢oPMYJIHpDBKY KaK OKOH

ttaTeJihHbitt HeH3MeHHhitt npHHD,Hn, JJ.PYrMe - ?Ca?c epeMettttoe no.fl,o::HCettue 
8 meopuu, tty~aa1o~eec.R. 6 aa.tl/b'HeUWeM o6~RC'He'HUU. Y Jlay3 HHKOr,n,a 

ne 6b£Jl0 COMHeHlftt B TOM, 'iTO OH rrpHHa,n;Jie)KHT KO BTOpott rpyune ¢H3ll

KOB. Ho on nocro51HHO no}J.qepK11saer, ~1To OH tte .R6.fl,R,emc.R npomuettU1Co..M 
UCC.Jl,.eaoea'HUR cmamucmU'lteC'ICUX 3a?CO'H,OMep1wcmeu, KOTOpbie CTaHOBSITC.Si 

IlOHSITHbIMH TOJihKO 6naro}J.apH COBpeMeHHhIM MeTO,ll.aM H BO ~montx: c.rry
'C.Ja.HX HHTepeCHhI }J.JI.H aKenepMMeHTaTopa. Ho Bee .>Ke, no MHeHHIO Jlay3, 

He ene,uyeT 6poeaTb Ha IlpDH3BOJI ey}J.Wbl fI03HaBaTeJibIIO-TeopeTH'-leCK1'1i1 

IlOCTyJiaT IIpHt{.HHHOCTH, KOTOpoMY B KOllIJ,e KOHI.J;OB 6y)l.eT rrpHHa,II,Jie:>KaTb 

IlOCJie}J.nee CJIOBO B KBaHTOBOH TeopHH» (133, e. 205J. 
A. 9uttwmeun: « HeT coMHeH11si, ~-1ro s KBaHTOBo:H MexaHMKe HMeerc.st 

3lla'C.JHTeJibHhJM 9.JieMelIT HCTHHbl H '-ITO OHa CTaIICT npo6HhlM KaMHeM ,LJ,mI 

mo6o.A 6y~e.A TeopeTH"t.JeeKoti OCHOBhI, H3 KOTOpo.A OHa }J.OJI:>KHa 6y,ll.er 

6bITh BbIBe}J.eHa KaK qaeTHhlM c.rryqa.A, no.n,o6no TO~fY, KB.K 3.JieKTpocTa

THKa BhIBO,D,HTCa H3 ypaBHeHH:H MaKcBeJIJia }J.Jisr SJieKTpOMarnHTHoro IIOJUI 

HJIH TepMO)J,HHaMMKa H3 Knacc11qeeKoA MexaHHKH. 0 ,n;HaKo sr He AYMaID, 
'l.f.TO KBaHTOBaSI MeXaHHKa SIBJI51eTCH ucxoihwu mO'll'ICOU IlOHCKOB TaKOA oc
HOBbl. . . » [206, C. 56]. 
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P. (/)eu'H.Ma'l-t: « H o, MHe Ka)KeraJ, SI CMeJIO Mory CKa.3aTh, T.fTO KBaHTOBOH 

MexaHHKH HHKTO He uoH11MaeT» [169, c. 139). B cBoett Ho6eJieBcKol'.i J1eKtv111 

OH TaK*e 3aMeI'11JI: «.51 xoqy CKa.38.Tb, 't.lTO, no-MoeMy, ceiiqac y Hae HeT 

Y,ll,OBJieTBOpwreJihHOH KBaHTOBOH 3JieKTp0~11HaMHK11, XOTSI SI H H e yBepeH 

B 3TOM P..O caMoro KOHI.J,a» (169, c. 227]. 
A o,LJ,HH 113 cp.113MKOB ~aJKe 3fillBHJI: « OcnoBauIDI KBaHTOBoli Mexatt111<.11 -

3TO TO, Ha qeM 6y.ner Beq:ttO IlOKOHTbC.H ee npax». 

H ecMoTp.H Ha Bee TPY~HOCTH B ocMb1c11eHu11 cyT11 KBaHTOBOR reop1111, 

CJie,nyer KOHCTaTMpOBaTb, TITO B03Bpara K KJiaccuqecKMM npe~CTaBJICHl1.HM 

y)Ke He 6y~err. KaK Il11caJI B. A. (/)o'K,, «HepaBe HC'l'Ba rei1:3ett6epra ( ..• ) YKa-

3blB8.JOT npe~enhl npHMeHHMOCTM KJiacc11qecKoro cnoco6a on11catt11.H. Ho OHM 

OTHIO,Tl,b He eras.HT KaK11x-nu.6o rpatt11n; ,LJ.JISI 6onee coBepmeHHbIX c noco6oB 

ormcaHH.H cpH3J1q€CKl1X SIIlJleHHH H ~ 6onee IIOJIHOT'O II03 HaHUSI CBOHCTB 

$H3H1·leCKHX OtTheKTOB» [177, C. 10j. 

5.3.2. HuTepnpeT~ KBaHTOBoii Mexamnrn 
B MeTa<J?B3HKa 

Ilo npo6JieMe IIBTepnpeTa~UH KBaHTOBOW M eXaHMKH B xx B. COCTOSIJIOCb 

MHO)KeCTBO ,lI,HCKycc11:H, B KOTOphIX cpaKTHT.JeCKH peTib IIIJia 0 npeo~OJlCHHH 

88.CJie;T,IDI KJiacCH'iecKoti ( HblOTOHOBOH) cPH3HlUI, OIIHChIBarorn,e:H ~eTepMH
HHpOBaHHbie MaKponpon;ecchI. KaK B rrepooii rnaBe roBopHJIOCh o nepHo~e 

npeo,n;oneHH.H B ecTeCTB03nattn.11 (B Tpy~ax H. Ky3aHcKoro, H. KonepHHKa, 

f. f aJIHJie.H H W·) npewaccy,rt;KOB aHT~qHhlX npe~CTaBJieHMti, Td.K CJTe,llyeT 

I'OBOpHTb 0 xx B. K a K 0 BpeMeHH rrpeo~oneHMSI npe~accy,n.KOB KJiacCH"Cfe

CKOtt cPl1311KH. 9TOT npon;ecc npoHCXO~HJl ( 11 npOHCXO.nHT) qpe3BhITiaHHO 

; TPY.D;HO. CaM 9:HHIIITe t\H roBopun, T.JTO OH «He MO)KeT npe~cTaBHTh ce6e 

~. Bora, Hrpa10m.ero B KOCTM». 

Ilonpo6yeM B3rJISittyTh Ha TPY~HOCTH HHTepnpera~HH ( OC03HaHHSI) KBaH

rooott Mexamnrn: c rro311IJ,H:li Mera¢H3 m<H. B 60JihIIIHHCTBe np11Be~eHHh1X 

llbl.llie BbICK83hIBaHll1t K JiacCHKOB TeopeTJ1q€CKOH ¢H3HKH ycMaTpMBalOTC51 

Il01I.bITK11 ee OCMbICJil1Tb B paMKax npHBbPilIOtt TpHaJIHCTMT.JeCKOH MeTaQ:>M-

3lilfOCKOii n apa,n,11t.rMhI, a B ttacrcmrn,ee BpeMSI B JIHTepaTJpe o6cy)K,ll,aeTc51 

OKOJIO ,n.eC.HTKa HHTepnpeTaquii: KBaHTOBOtt MexaHHKH ( KOileHf'al'e HCKM, HeO

•ltJlaCCH'ieCKHe, craT11CT MT.JeCKM, MHOrOM11pOBasJ., reOMeTpWiecKa.H B paMKax 

yS.omHKH, ¢ewHMa HOBCKM H ,npyr11e)' p a3Bl1BaeMhIX B paMKax p a3JI'l1qHblX 

've1'a4>113Ht.J.€CKHX napa,n.wrM. p~ 113 HID( 6y~er pacCMOTpeH B cne~IOIIJ,HX 
'8CnlX KHill'M, r~e o6cy.>K,LJ;alOTC.H reoMerpHT.JeCKOO If peJISIIJ;HOHHOe MHpono

IHMaIIIDI. 3,necb )Ke KpaTKO OCTaHOBl1MC51 Ha Jil'HTepnperan;HSIX, p a3pa6aThl 

llae.MbIX B paMKax TeOpeTHKO-IlOJieBoro M11pOIIOHHMaHHSI." 

1. KoneHrareucKrui HHTepnpeTan;nSI SIBJJSieTc.H HaH6onee o6w;enp11-

Fr<>ii (MO*HO CK83aTh, opTO,n;OKCaJihHott). Ona 6hrna npe.n,no.>KeHa B pa

'&Yrax. H. Bopa, M. Boptta 11 HeKOTOphrx ~yr11x aBTOpoB. 0 cyTH 3TOH 
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Puc. 5.2. Har.TIB,LVIaH .HJIJUOCTpaJ..VUI KopnyCKy;rn:pHO-BOJIHoBoro ,llyaJTli3Ma 

HHTe pnpeTaI.T)UI MaKc BopH nHca.rr: «Co BpeMeH oTKpbITH.H 9irnurreliHOM 

ypaBHeHH.H ,lI,JI.H ¢nyKTYa1vrli CTaHOBHTC51 Bee 6oJiee H 6onee 0'i€Blil,l1,HblM, 

qro npnpo,n,a He MO)KeT 6hITh onncaHa c IlOMOllJ.hlO qacTlilIJ. HJUI BOJIH B OT

,11,enbHOCTH, a TOJibKO c IlOMOIIJ,blO 6onee CJIO)KHOM MaTeMaTHqeCKOH TOOpHH. 

9Toii TeOpHeH .HBJU1eTC51 KBaHTOBasI MexaHHKa, KOTOpasr 3aMew.aer co6o~ o6e 
3TH M0,11,~H H TOJibKO c onpe,n,eJieHHhIMH orpatt11qeHH.HMH npe,n,cTaBnsreT TY 
HJlH ,npyry10 H3 HHX» [12, C. 195). 

Y)Ke Ha npHMepe 4-MepHoro npocTpattcTBa-BpeMe1rn: 6b1no npo,n,eMOH

CTpHpoBatto, KaKlle Tpy,n,HOCTH B03HMKaJOT BC.HKHH pa.3, Kor,n,a ocy~ecrrB

JJlleTC.H nepexo,n, K o6o6I.IJ;eHHott ¢ro1,rc-1ecKoli KaTeropHH. B ,ll.aHHOM CJlY'Iae 
BBO/~HTC.H HOBa.H Ka'rerop11sr IlOJI.H aMilJJHTY,11,bl sepo.HTHOCTH' 3aMeH5110Tt~a5[ 

npe)KHHe KaTeropHH qacTHIJ; H nonett, qTo npo.s:rBJ151€TC.H B H€B03M0)KH0CT11 

O,D.IIOBpeMeHHoro H3MepeHu.s:r Koop,n,HHaT H HMIIYJibCoB qacT~. B KoneHra

reHCKOH HHTepnperaIJ.HH KBaHTOBOtt MexaHHKH aKI.J,eHTnpyeTC.H HMeHHO 3'1'0T 

ac11eKT. 

B HayqHo-nonyJ1srpHoM <}:>WibMe1> «KBaHTbI rrpOTHB HbJOTOHa» 6hJJia 

sn.eJiana nOIIhITKa HaI'JISI,D,Ho n osrcHHTh B lJYXe ¢Hnoco¢HH IT.naToHa, qTO 

'ffiKoe qac~a B KOileHrareHCKOtt HHTepnperaq.1111 KBaHTOBOH MexaHHKH. 

3pHTeJ110 npe,LI.nara.rroch H306pa)KeH11e paG"ryI.IJ;ero Ha 6epery 03epa ,n,epeBa, 

KOTOpoe OTpa)KaCTCSl B BO,ll.e H OT KOTOporo D COJJHeqHblH ,D,€Hb Ha rrpH6pe.>K

HbJH necoK na,n,aer TeHh. EcTeCTBeHHo, s neTpeHyio rroro,rr.y oTpa)KeHHe Ha 

nosepxHOCTH B0,11,bI HCKa)l(aercsr psr6hIO. H11 y Koro He B03HHKaeT coMHeHIDI, 

qro HH T€Hh, HH 0Tp8JK€HH€ HeJib3.H OTO)l(,II.eCTBn.HTb c ,[(epeBOM. ,Il.Hl<TOpcKJ.rlt 

TeKCT Il05ICH.HJI, qTO TO )Ke IlpOHCXO,ll,HT H B KBaHTOBOM MeXal'IHKe: qacr~a 

He .HBn.HeTCH HH KOpnycKynoii, HH BOJIHOii:, a eCTb H€'iTO TpeThe, ,ll,JI.H q ero 

y Hae HeT Har.illi,ll.HOI'O o6pa3a. 

1>u,ewrpttari;¢HJlbM, 1969 r. Pc>KHCCep B. B. Mmm HoTH. Hay'IHhrn KOHcynbTa.HT 
IO. c. B.na,n.HMHpoB. 
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B Kone1-irareHcKoii HHTepnpera~HH KBaH'l'OBOii MexaHnKH o6pa:u.:i;aerc.H 

BHHMaH11e Ha npMHlJ,MCTMaJibHYJO orpaHHqeHHOCTb KJiaccHqecKRX npe,n:cTaB

Jiemdi H npe,n:naraerc.H MaTeMaT11-qecKHH annapaT, rro3BOJIBIOI.I.J,Hii npeo,n:o

JieTh KopnycKyJI.HpHO-BOJIHOOOH ,D,yaJIM3M H OilHCa'I'b BCKpbITble 3aKOIIOMep

HOCTH Ha QX>He anpuopHo 3a,n;aHHOf'O KJiacc11qecKOI 'O npocTpaHCTBa-BJ>& 

MeHH. Ilo,D.aBJ1mour.ee 6onhlllHHCTBO cpn311KOB cornacnnoch c BepoHTHOCTHhIM 

xapaKTepoM KBaHTOBOft M€XaHHKH H npHH.SIJIO KaK ee MaTeMaTH'l€CKl1ii an

napaT, TaK 11 KoneHrareHcKyIO MHreprrpeT~. 

,D.aHHa.SI napa,n:nrMa npHBOW1T K pa,n;MKa.TlbHOMY H3MeHeHHJO xapaKTepa 

npe:>KHeH KaTerop1rn nomr n epeHOC'lHKOB a 3anMo,n:eftcTB11ii. M3 cy6cTaH1..v·n1, 

HenpepbIBHhIM o6p830M pacnpe,n:eJieHHOH B npocTpaHeTBe (-BpeMeH11), IlOJie 

rrpeBpaTnJIOCh B aMilJIBTYA.Y nepo.HTHOCTl1 HaXO)K,ll,eHilii ,n:neKpeTHblX « qa

CTHU,» B 'I'OM MJU1 MHOM M€CTe npocTpaHCTB8r-BpeMeHH. 9To HeMe,n:neHHO 

H3MeHHJIO Bee MnponoHHMaHHe: nplUUI,J:i:Il a6coJIIOTHOro· ,n;er.repMHHl13Ma, roc

IIQD.CIBOBaBIIDlii B HbIOTOHOBeKOH clm3 MKe, np11mJIOCb 3aMeHHTh Ha npnHU,HII 

CJiyqatiHOCTH B OCHOBaHM.HX MHp03,n:aHH.H. 

HanoMH.11M, qro paHbllle ecTecTBOJICilhrTaTen11 6h1JI1-1 y6e)K).l;e HhI, qro aee 

B MHp e }')Ke npe,n:onpe,n:eneHO " eCJin 'lTQ-TO B 6y,n:yur.eM TyMaHHO, TO 3TO 

JUUTib IlOTOMy, 'ITO Mhl He,II.OCTaTOqIIO 3HaeM Bee ¢aKTOphl, BJIHHJOiqMe Ha 

rrpou,eccbl. Oro11T RX Il03HaTh, H MO)l(IIO 6y,n,eT TOqHo BO Bcex ,D,eTaJI.KX npe,n;

CKa3aTh 6y,nyll.I,ee . 3aMeTHM, qTO TaKaB yBepeHHOCTh y cpH3 11KOB cyllI,ecTBo

BaJia BOilpeKH OllbITY Bceii UOBCC,n:HeBHOH .>Kl13HH, BOnpeK11 peJJHrH03HblM 

rrpe.LJ,CT'BBJieHHSIM, yTnep)K,n:am.unM pa3Hhie Bo3MO)l(HOCTH B B11,n:e nposianeHuit 

BOJIB Bo)l(b€ii. Ho B Haqane XX B. ¢113nKa ,n,opocna ,n:o npn3Hamm nepo.HT

HOCTHbIX SIBJleHMii, np11qeM Jie)KaW,HX B CaMbIX OCHOBaHH.SIX cpH3HqecKoro 

MHpo3,n:aHH51 - B BH,LJ,e KBaHTOBOH MeXaHHKH. 9To n e peBepHyno IIOHHMaHHe 

COOTHorneHH.H ,n:erepMHHH3Ma H .HH,ll,e'repMHHH3Ma, Heo6xo,n,HMOCTH H c.rry

l!aAHOCTH. EcJIH CTOpOHHHKn IIeOKJI8CCHqeCKOH MHTepnpeTa~HH KflaHTOBOit 

McxaHmcH cTpeMHTCSI OO'hSICHHTh BepoHTHOCTHbIH xapaKrep cp113HKH B MHK

poMRpe, 11cxo,rr.a H3 IlPIDflVIIla a6coJIIOTHOro ,n:e-repMnHH3Ma, TO B KOileH

rareHCKOH I-JHTepnpeTaLJ.HH KBaHTOBOH MexaHKKH BCTaer o6paTHa.H 38iLJ.aqa: 

HCXO)I,SI 113 n epBHqHbIX BepoHTHOeTHblX 3aKOHOMepHOCTeii, o6'hSICH11Th, KaK 

B KJlacc.HqecKOH ¢H3 HKe B03HHKaer 1'1JIJJ103H51 BC006ll.I,ero ,n:eTe pMHHM3Ma. 

B KonettrareHcKoli 11Hrepnpera.u,n11 KBaHTOBOii MexaHHKn rrpocrpa HCTBo

BpeMR TpaK'l)'eTC51 B ,n:yxe «IlPOMe)KyTO'lHOI'O pe,rryKizylOH"3Ma», T. e. OHO 

HMeeT caMOCTOHTeJihHbIH, MO)KHO CK83aTb, anpn~pHblli xapaKrep. KBaHTD

BOMexaH11qecKHe 3aKOHOMepIIOCTH BKJI~JDaIO'l.'C.H B "3BeCTIIble K JiaecHqe

CKHe npocrpallCTBeHHO-BpeMeHHble npe,n:cTaBJJeHHSI. 

2. B cTaTHCTH"lecKoii HHTepnpeTaQHH KBaHroBo:H MeXaHHKn u,enH

KOM nplilUIMaerCH y:>Ke eno>KHBI.IIHHeH MaTeMaTH'leCKHH annapaT H CJ1e,n:

CTBHSI 113 Hero, o,n:HaKO C'l.'aBHTC51 Bonpoc 0 ne'JC.!LacCU'l/;eC?<;UX ucmo'/00,X CTaTH

CTH'ieCKOI'O xapaKTepa KBaHTOBOit MexaHHKH. 0W1H "3 CTOpOHHHKOD 3Toro 
1eanpasJieHIDI ,ll.. 11. B JJoXHHu,eB IIHcan: «06'beKTOM npnMeHeHnSI KBauToooii 
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MeXaHHKlf SiBJUieTC.H KBaHTOBbIH aHCaM6Jlb. Ilo,n;OOIIO ancaM6JIIO rH66ca, 

KBaH'I'OBhIR aHcaM6Jib o6pa30BaH HCOrpa1u1qeHHbIM IIOBTOpeHHeM Clil'l'}'aI.J,HH, 

cocrom1J,Ji1X lil3 onpe,n.eneHHoit MaKpOCKOnHqecKOR o6cTaHoBKH M 11 norpy

:>KeHHOii B 3TY o6CTaHOBKy MHKpoCKOIIJiqecKOH CJilCT€MbI µ. ( ... ) 0K83bIBa 

eTCH, qTo cy~ecTDYCT u,eJiaSI ClilMcPOHJiJSi HOBbIX CTaTHCTHqecKmc 3aKOHOMep

HOC'reH, ynpaBJIHIO~ ,lI,BIDKeHHeM MHKpoqacTJil~ " B TOM cnyqae, KOr,u.a 

MaKpocKoIIHqeCKHe Tena, ,LI,HI<TYIOU\He ycnoBlil.H .UBH)KeIIIDI MHKpoqacrHu,aM, 

HaxO,lI,SITCH np11 T€Mnepazype a6comoTHoro HYJISI. 8Ta. c 11M¢0HlilSI H ecTb 

KBaHTOBa.H MeXaHm<a» [6, c. 28). 
8Jrn3KHe B3r;u1,u.h1 MO)KHO ycMOTpeTb B pSI,ue BhICKa3hIBattHH A. 8fi:H

ll1TeiiHa: « <l>yHKliH.SI ( r..p) HJil B KoeM CJ1yqae He OIIHCbIBaer COCTOSIHRe, CBO:lt

CTBeHHoe O,lI,HOH e,LI,HHCTBeHHOR ClilCTeMe; OHa OTHOCIIT'CH CKOpee K HeCKOJlh

KHM CJiJCTeMaM, T. e. K «aHcaM6JIIO CMCTeM», B CMbICJie CTaTHCTJiqecKOM Mexa

HHKH. Ec.nH, HCKJIIO'lJaSI HeKOTOpble OcOOble cnyqa11, cPYH~H.H ,u.aer TOJlbKO 

C'l'aTHCTH"tleCKHe ,u.aHHhie o6 H3MeplilMblX BeJIHqHHax, TO IIPI:rIHHa COCTOMT He 

TOJihKO B TOM, 'iTO onepa~u.R, U3MepettUR BHOCHT HeH3BeCTHbie 3JieMeHThI, 

KOTOpbie MO.>KHO YJIOBHTb JIJilUJb CTaTHCTHqecKlf, a B caMOM ¢aKTe, T.JTO 

ePYHKU,HH r..p HH B KOOM CMbICJie He OIIHCbIBaeT COCTOSIHli'Si oa'HoU OT,U.eJibHOA 

c RcTeMhI. ( ... ) ToT cl>aKT, 'lJTO KBaHTOBaH MexaHRKa n03 BOJISieT CTOJib rrpocTo 

IlOJIY'iHTb BbJBOlf.hI, KaCaJOI.qHeCH npepblBHbIX nepeXO,Ll.OB (Ka:~KY~HXCH) H3 

O,L(HOI'O o6m.ero COCTOHHJiJSI B ,n,pyroe, He ,u.aBaSI ¢aKTit:qeCKR rrpe,n,cTaBneHH.SI 

o6 OT,LI,eJihHblX rrpou,eccax, CBSI3aH c ,u.pymM ¢aKTOM, a H MeHHO, qTQ Teopm1 

B ,u.eliCTBHTeJlbHOCTlr onepupyeT H e c OT,U.eJibHOH CHCTeMOj:f, a c aHCaM6JieM 

CHC'reM» (206, C. 55). 
Ha Ham B3rnH,u., B 3TOM no,n,xo,u.e o6pauJ,aercSI BHHMaHHe ua "CJpe3Bhiqaiffio 

Ba)Kffoe ,ll,JISi IlOHHMaHH..SI KBaHTOBOM MexaHHKH o6cTO.HT€JlbCTBO - Ha KBaH

TOBblH aHCaM6.llb, o6ycnoBJI€HHbit\: MaKporrp116opoM. 

3. KoneHrareHCKOH HHTepnperalJ,lrlil npoTHBOCTOHT TaK Ha3bIBaeMa51 

HOOKJiaCCH'ieCK<UI HHTepnperaQHH KBB.HTOBOH MeXa.HHKH, p acCMOT

peHHaH B npe~m,e.M rnaBe. HanOMHlilM, cornacHo e:A, MHKpoqacTJillJ.hI 

crporo Il0.U'1HHSllOTC51 KJiacCH"'ieCKlrM npocrpaHCTBeHHO-BpeMeHHhJM 3aKO

HOMepHOCT.SIM, a nepoSITHOCTHbdt xapaKTep Rx nose,u.eHH.H IIhITaIOTCH OOb
.HCHRTb HeH3DeCTHbIMH IlOKa B03,1J,eiiCTBHHMH Ha MUKpoqacrHril>I - HeKHMH 

CKpbITblMH rrapaMeTpaMR, - npHBO,ll,.HIIJ,lilMH K CTaT11CTH"'ieCKOMY ( np116J111-

)KeHHOMJ) OilHCaHHIO noae,n,eHJilSI, HO 8TO npe,LVIaraerCH cqirTaTb BpeMeHHhlM 

COCTOSIHHeM TOOP""· 9ToT rro,u.xo,u. pa3BHBaeTC.SI B paMKax Tp11aJIHCTHqecKo:A 

Mera¢H3WieCKOH napa,u.HrMbI, T. e. B pa6oTax 3TOro HanpaBJleHHH npe,LVIara

eTC51 BepttyTbC}J Ha3~ K KJiacCJil"'iecKOM cPM3HKe, K CTporoMy ,u.erepMHHH3My. 

~aHHaH UHTepnperaIJ,H.H pa3pa6aThrna.rracb B pa6oTax ~- BoMa, 

M. )I?KaMMepa, <I>. Benutt¢attTe, ux yqeHHKOB H pH,u.a ,LIJ>yrux aaTopoa. 

~OCTaTO'IlIO BeCKYIO KP11THKY nOilbITOK BePHYTbCH H 83a,n. ,n;an B. na
yJIH: «ECJIH :>Ke, HeCMOTp.H Ha norirqecKyJO 3aMKHJTOCTb H MaTeMaTR'iecKoe 

"3.HIIJ,ecTBO KBaHTOBO:it MexaHHKH, HeKO'l'Opble cPH3Hlrn: Bee em,e IlHTalOT 118r 



5.3. KareropHH rro;m. aMI1JIHTYAbI BepoR1'HOC'l'H 163 

lJ.e)f{/zy, qTQ on11caHHa5l BbJille TeOpeTHKO-Il03Ha.BaT€JlbHa.51 CHT)'a~ MO:>KeT 

OK83aTbCSI HOOKOH"CJaTeJlbHOH, TO 3TO, IlO-MoeM)', o6ycJIOBJ1€HO CMJIOH np11-

Bbl\.JKH H Tpa,II;Hll)IOHHhlMH Q::>opMaMH MblUJJJeHJUI, KOTOpbie H3BeCTHb1 no,n. 

Ha3BamreM «OHTOJTOrt-m:» HJIH «peaJIH3Ma». Ho Q::>H3HKM, He np111q11CJI5U0-

1Wfe c:e6.H O)l.HOCTOpoHHe K «C€HCYaJiliCT8M», lUlH «3Mn11.pHKaM», ,ll,OJI:>KHbI 

IIOC'IaBliTb oonpoc, B03MO)KHbIH BCJ1€,l.l.CTBMe TOro, 'CJTO 3TH Tpa,n.m.~HOHHble 

<PoPMbl M.blllIJI€HliH HOC.HT xapaKTep nocTynara, H H€H36e:>KHhIH BCJ1€,Il.CTBMe 

cym,ecTBOBaHllil KBaHTOBOM MexaHMKH, HBJlHIOTCH JIH 3Tli cpopMbl MbIIDJ1€Hli.H 

Heo6XO/J.HMbIMH yCJiosnHMH ,n,JIH caMoii B03MO:>KHOCTH cpH3 MKH ooo6n:r.e MJIH 

)Ke HM MO:>KHO Ilp<Yl'liBOTIOCTaBHTb .n,pynte, 6onee o6~He Q::>opMbl MblllIJie

mrn. AttaJin3 TeopeTM"CJecKMX ocHOB BOJIHOBott, 111n11 KBaHTOBot:\, MexaHHKH 

rroK838JI, qTo npaBnJ1btta BTopas1 aJihTepHaTHBa» (124, c. 49]. B 3TOM :>Ke 

KJIIO"t.Je BbICKa:.3hIBaJI11cb II. ,[(11paK, B. A. cl>oK " MHOrHe ;rpyrHe KJiaccHKli 

KBaHTOBOH TeOpHM. 

4. K HOOKJiaccu':leCKMM nH'repnpeTaUH.HM npRMbIKaer MHoroMHpoeaa: 
HHTepnpeTa~JUI KBaHTOBOH MexaHHKM, npe,n.no:>KeHHruI B 1957 r. r. 9Be

peTTOM " no,lJ)J.ep)f(aHa.H B. ,ll.eBHTToM H p.H,lJ,OM )JJ)yrnx 11ccne.n,osaTeJ1eii.. 

0Ha OCHOBaHa Ha TpaKTOBKe BOJIHOBOH cPYHK~lili qacTn.u; KaK COBeprueHHO 

peaJibHoro cPH3H'1ecKoro OO'beKTa, 3BOJIIOI.J,HOHRpy10nr,ero BO speMeHH, co
rnacHo ypaBH€HHIO lllpe.n,HHrepa. IlpH 3TOM H€H36e)KH0 BCTaeT npo6JleMa 

pe,nyKrvrn. ( CXJionbJBaH11H B TOY.KY) BOJIHOBoro ~aKera B aKTe o6ttapy)J(eHHH 

3Toi\ qacTM.u;bI B KaKOM-TO MecTe. B ,naHHOM no,n,xo.n,e npe.n.JiaraeTCH saMeHMTb 

npo6.neMy pe.DYKU.HH Ha HBJieHMe BeTBJieHnH (pacmeTIJieHHH) MM pa B TOG'KaX

Ilpol.\ecCax. IlonaraeTCH, 'CJTO B MHpe peaJlH3YIOTCH see B03MO)J(HbJe npo.u;eCCbl 

(B03HHKaeT MHO:>KeCTBO KOilliH MHpa), HO Ha6JI10,naTeJTb Bli.n,HT JIHllib o,ntty li3 

B03MO)KHOCTe:tt1) . 

! 

Ilo CYTH .n;ena, B MHOI'OMHpoBO:tt HHTepnperaIJ,HH KBaHTOBOH MeXaHHKli 

DpHMe1meTCH npHeM, ,n,aBHO JfCilOJih3YIOllUIHC5I B TeOpHH npocTpaHCTBa 

H BpeMeffif. K TOqKaM-C06bITHHM, r.n.e npoH30I.IJJIH co6bJTH.H, .n.06aB11.HeTC5I 

t;Ott.munyy.M AUW'HUX m()'lle'K, COC'raBJIHIOllI,HX npocTpaHCTBeHHO-BpeMeHHOe 

MHoroo6pa3He. Toqtto TaK *e B .n,aHHoii HHTepnperaIJ,Hw K peaJibHO ocyrqe

CTBRBWeMYC.H Bap11aHT)' npo.u;ecca .n.o6aBJIHeTCH MHO:>KOCTBO ( MO:>KeT 6bITb, 

KOBTHHJYM) Bcex .n.pyrnx B03MO:>KHblX BapHaHTOB, HO He ocyui;eCTBIIBWHXC51. 

Kai<. HaM rrpe,ncTaBJlHeTCH, pH,n npo6JieM s COBpeMeHHoi1 TeopHH nonH CBH3au 

HMeHHo c BBe,neHMeM JlHllIHHX ToqeK npocrpaHCTBeUHO-BpeMeHHOro KOHTH

syyMa. 
B cru.mM KOHIJ;e XX B. o6cy>K,lJ.aJIHCb ern,e TaK Ha3hIBaeMrui 6p10ccenb

ICK.a.S1 H p.HJJ, .n,pyrnx nHTepnperaIJ,Hii. KBaHTOBoii. MexaHHKH. 

l )CornacHo MHOroMHpoeoii HHTepnperal.\HH KBaHTOBOH MeXaHHKH, 'l€JIOBeK, nonaa

- DOJI aBTOM06HJ!L, HO e~e coxpaHHBlliHH 11po6necKH C03HaHWI, He ,non)f(eH 3THM 

~'iaTbC51, a coxpaH.H'I'b yBepemtOCTb, '1TO OH nona.n B KaTa.CTpcxpy JIHWb B Op,HOi\ 

Is! KOIIHH MHJX>B, a B ~yrHx OH ee H36e)f{8.J[ H npo~OJJ>KaeT >KHTb. 



164 CriaBa 5. KBaHTOBasI reop1,rn 

5.4. fl>opMaJThHhle OCHOB3HllSI KBaHTOBOH Mexamnrn 

B KOHIJ,e 50-x - Haqarre 70-x I T. XX B. 3Ha'lliTeJibHbie yc11JI11.H ¢11311-

KOB-'reoperHKOB 6bIJUI Hau;eJiellbI Ha pa3pa6oTKY aKCHOMaT.HKH KBaHTOBOH 

TeOpHH. Ilpe,n;rrp:mrnMaJIHCb IlOilblTKR Ha CTporoi1: MaTeMaT.HqecKOH OCIIOBe 

pa306paTbC5I B TOM, KaK.He IlP"~Hilbl H IlOIDITH.H 3aJIO:>KeHbl B cPYH,U,aMeHT 

KBaHTOBOH Teop1111 non.H (KBaHTOBOH MexaH.HKH ). Ha ocHoBe 3Toro aHaJilf3a 

H~e.HJIHCh noH.HTb HCTOqHHK Tpy,n,HocTeii KBaHTOBOH TOOPHH KaK KOH~enTy

aJlhHoro, TaK 11 TeXHWieCKOI'O xapaKTepa, B qacrHOCTH npO.HCHHTb np11q11Hbl 

B03H.HKHOBeHHSI pacXO,ll,HMOCTeH. IlpHMeqaTeJibHO, qTQ 3a HCXO,ll,Hble CTpe

MHJIJICb BbI6paTb He Te IlOJIO:>KeHHSI, KOTOpbie Henocpe,n,CTBeHHO CB513aHbl co 

CBOMCTBaMM KJJacc11qecKOI'O npocTpaHCTBa-BpeMeHH, a H€KOTOpble a6cTpaKT

Hhle IlPHHIJ."1lb l : cynepno3111zyur, npHqHHHOCTH, CHMMeTp1111, aHaJIHTHqHOCTH 

H~yr11e. 

5.4.1. AKmoMaTHKa KBaBTOBOii MexaB.BKH 

CJie,uyer HanOMHHTb, qro, Bo-nepBbIX, pa3pa6oTKa aKc110MaTHKH npe~

CTaBJrneT co6o:H Me-mQ:>113HqecKy10 3a,ll;a'1y. Bo-BTOpb1x, n pH nocTpoeHHH 

aKCHOMaTMKH BOJlbHO HJIH HeBOJihHO 3aKJia,D,hIBaeTCSI Ta HJIH HHa.H MeTa

cPH3HqeCK a.H napa,n,HrMa. B-TpeTbHX, BC.HKruI aKcHoMa:rHKa JIHWb yToq1-rner 

" ClfCTeMaTM3 HpyeT CJIO.>KHBW.HeC.H npe,n,cTaBJieHH.H, a B ,n.aHHOM C.Tiyqae 3'1'0 

6hIJia KBaHTOBruI TeOpHSI B KOileHrareIICKOH HHTepnpeTaUHH, T. e. B H eH TaK 

11.JIH HHa'Ie 6bIJil1 npe,n,CTaBJieHbl CDOHCTBa KJiaccHqec KOI'O npocTpaHCTBa

BpeMeHH . T eM He MeHee attaJIH311pySI c 11CTeMY npHMHTHBOB R aKCHOM, cocTaB

JT.H1ouzy10 cPYHAaMeHT KBaHTOBOH Teop1111, y,n.aeTCSI BbI,ll;eJIHTb pa,n K JilOqeBbIX 

nonmKeHHtt (nottSITHtt H 3aKoHoMepHOCTeii), o6rn,11x KaK ).l.JISI ,rryan11cTlfqe

CKoii, TaK H MOHHCTH'1eCKOtt n apa,n,11rMbl B BH,l.I.e 611HapHott reoMeTpocPli3"1<11, 

o6cy)K,l.I.aeMOit B IlHTOH qacTH. 

IlpHIDITO p 83JI11qaTh KBaHTOBYIO M exaHHKY H KBa IITOBYJO Teop1110 IlOJI.H, 

r,n,e 11cnonh3y10TCH MeTO,D,bI BTOPH'1Iioro KBaHrosa1urn. Cuaqana o6cy,n,HM aK

CHOMaTHKY KBa.HTOBOH MeXa.HHKH ' rrplf,n,ep.}l<lfBa5J.Cb ee ll3JlO:}l(eHHSI B KH.HI'e 

rr. A. M. ~paKa « IlpHHl.J,Hilhl KBaHTOBOH MexaHHKlf», B KOTOpoii aBTOP 

Q:>aKT11qeCKH CTpeMHJICSI BhIHTH Ha MOHHCTHqecKyJO n apa,n,HrM)' HJIH, no 

KpailtteH Mepe, o6paTHThC51 K MaKponoH.HTH.HM KaK MO)KHO n03)1{e. B Ka

qecTBe KJIIOqeebIX IlOH.HTlitt (npHMl.fTlfBOB aKCHOMaTMKH) .lli11paK BbI6pa.rr 

cocmo.R'H'Ue CHCTeMbl ( ll3 qacTHIJ, " rrepeHOCqHKOB B3aHMO,D;ettCTBMH) H dU'J-la
MU'l/£C'l{;Ue nepe.Me'H!H/bt e. OH nHcan: «Co cTOHHlffi H ).l.HHaMMTieCKHe nepeMeH

Hbie ,ll,OJDKHbl xapaKTepH3oBaThC51 MaTeMaTHqeCKHMH BeJIH'IHHaMH ,a.pyroii 
np11po,n,h1, qeM Te, KOTOpb1e o6hIT.JHO 11cnonh3YIOTC51 B cPl13HKe. HoBa5l cxeMa 

CTaHeT TOqHOH cp11311qecKOH TOOplfett, ecJIH 6y,n.yT nepe'IHCJieHhl Bee aKCHOMbl 

" npaBHJia ,n,eHCTBH.H ,LVC.H MaTeMa:rH't.JeCKHX BeJIH't.JHH H eCJIH, KpoMe TOl'O, 

6y,n.yT ycTaHOBJTeHbl H€KOTOphie 3aKOHhI, CBSI3bIBa10m11e cplf3lfqeCKHe Q:>aKThl 

c MaTeMaTHqecKHM annapaTOM» [55, c. 31). 
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AKc110MaT11Ka KBanTOBOH MexaHMKM ,[(upaKa, KaK 11 aKc110MaTMKa reo

Merpirn:, COCTOMT 113 HeCKOJlbKHX 6JTOKOB, npnqeM MO:>KHO ycTaUOBIITb COOT

BeTCTBHe 3THX 6JTOKOB aKCHOM c TpeMH 6noKaMH B aKCMOMaTm<:e reoMerpHM 

npoc'Ipatt.CTBa-BpeMeHH, orrn:caHHott B rn. 2. Ilpe)K,ll.e qeM aTO c,n;enaTh, ne

pe'·rn:CJIHM 6noKH aKCHOM Z'UJi'b6epmoea npocmpo:ttcmea. 

I. AKcHOMLI BeKTopttoro npocTpa.HCTBa. B KaqecTBe Hcxo,n;Horo 

MO.MeHTa ~ pa.3Bepn<H aKCHOMaTHKM BhI6paH npU'H'4Un cynepno3U'4UU 
)J,JlR CQCTO.HHMH KBaHTOBOMexaH11qecKHX CHCTeM, KOTOpblH MO:>KHO ycMOT

peTb )')Ke B BOJIHOBbIX ypasHeHH.HX KBaIITOBOH MexaHMKH. TiocKOJibKY OHR 

.rnmeHHbI, TO o6na,LI.aIO'r TeM CBOti:CTBOM, qTQ CYMMa µ,nyx peweHHH T8.K:>Ke 

SIBfilleTC.H pemeHHeM, a Ka)K).I.oe perneHHe TpaKryeTCH KaK COCTO.HHHe. 9TOT 

npHHJJ,Bn He HMeer TipSlMOI'O KJiacCffq€CKOro aHaJiora. «B KJiacCffqeCKOM 

CMbICJie CJIOBa HeJib3.H npe,np:raBHTb ce6e, 'tJTO CJilCTeMa HaXO,[I;HTC51 qacTH'tJHO 

B 0,n;HOM COCTOHHHll, a "t.JaCTHT,IHO B ,z:i;pyroM, H 'tJTO 3TO 3KBRBaJieHTHO TOMy, 

t{TO CHCTeMa D;eJIHKOM HaxO,LI.HTCSi B HeKOTOpoM TPCTbeM COCT05IIIMM. 3,n;ecb 

BBOMTC51 COBepmeHHO IIOBasI H,LI.e.H, K KOTOpGM HY:>KHO npHBblKIIYTb 11 Ha 

OCHOBe KOTOpoH cne;zyer ,z:i;anee crpOMTb TO'tJH}'IO MaTeMaT11qecKyJO TeOpRlO, 

ee MMeH npM 3TOM ,lleJ'aJibHOH ¢11311qeCKOH Kap'l'JilHbI» (55, c. 29). 
MareMaTM"tJecKaH peruIR3a1..1.u.SI aroH. H,LJ.eH ,z:i;ocT11raercS1 B paMKax noHH

rnfl Be'Kmopoe, TO"'IHee, 3Jl€M€HTOB JIHHeHHOf'O BeKTOpnoro npocTpaHCTBa. 

KaK H3BecTHO H3 re0Merp1111, cyMMa ,z:i;Byx BeKTOpoB TaK:>Ke .HBnHeTC.H BeK

TOpoM. 0T.TIWrne OT IIPHBbiqHblX BeKTOpOB 3aKJIJ0qae:rc51 B TOM, 'tJTO o6bI'tJHO 

HMeIOT lJ.eJIO c BeKTOpaMR B npocTpaHCTBax KOHe'IHOro q11CJia M3 Mepett11ii, 

a B ,u.aHHOM cnyqae npocTpaHCTBa MoryT 6hITb 6eCKOIIeT,IHOM€pHblMH. ,[(HpaK 

p83pa6oTan cne~11¢11'JecKy10 CMCTeMY 0003Ha"'feHlftt, B KOTOpofi seKTop A 
H306pa)K8.e'I'C51 B o6paMJieHHH copHeHTHpoBaHHOtt CK06KH (KeT) BH,na IA). 
H83BaHHoe B1.:>rme CBOHCTBO cynepno31n.Q-1H 03Haqaer, qTo mo6bIM µ,nyM BeK

TOpaM IA) u IB) H3 ,n;attHoro JIHHemroro BeKTOpHoro rrpocTpaHCTBa O,lJ;H0-

3H&.qHo COTIOCTaBJTeH TpeTHH 3JI€M€HT 3 'l'Oro :>Ke BeKTOpHoro npocTpaHCTBa, 

~TO B 0003HaqeHHHX ,[(HpaKa 3arr11CbIBaeTC.SI CJl€,ll;ylOI.I.J;HM o6pa.30M 

IA)+ IB) = IC). (5.4.1) 

Orrpe,u.eneHHa.H B JIHHef!HOM BeKropttoM npocTpauCTBe onepa~usi CJIO:>Ke-

;.HIDI BeKTOpoB o6na,z:i;aeT OObI'IHhIMH cno:licTBaM11: 

a) KOMMyTaTMBHOCTM IA) + IB) = IB) + IA); 
6) acco~11aT11BHOCTH (IA)+ IB)) +IC) = IA)+ (IB) +IC)) . 
KpoMe roro, rrocryJIHpyerc.sI cym;ecTBOBaHHe ttyneBOro cocTOHHH}f (ttyne

i lKlro BeKropa) IO > TaKoro, "tJTO IA) + IO) = IA). 
9n1 CBOHCI'Ba 03Ha'tJaIOT, 'lTO COCTOHHHH ( BeKTOpbl) o6p8.3yl0'1' a6e.tieey 

i2pynny. . 
)J,ml 3JieMeHTOB JlHH€HHOI'O BeKTOpHOI'O npocTpaHCTBa TaK)Ke onpe,z:i;e

fooiia onepa~51 YMHO:>KeHHSI Ha KOMilJ1eKCHhie qncna, o6na,rr.arou~a51 cao:u-
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CTBOM ,!J,HCTp116)'T11BHOCT11. HanoMH11M, 3TO 0 3 Ha"IaeT? '-ITO ecJIH a, b E C, 
r,ue c - IlOJie KOMTIJ1€KCHbIX q11ceJJ' TO H M€IOT MeCTO COOTHOI11€HH.H: 

a) a(IA) + IB)) = alA) + alB); 
6) . (a+ b)IA) = alA) + blA); 
B) 0. IA) = IO). 
IlpHHUl1II cyrrepn03HUMl1 H CB£3aHHoe c HMM JnrneiiHoe B€KTOpHoe upo

crpaHCTBO COCTaBJlIDOT ycroiNHBOe .H,lJJX> MHOl'HX aKCHOMaTHK KBaHTOBOl1 

MexaHHKu (TeopHH) . 

IlepeqHCJI€HHhie CBOMCTBa B COBOKYIIHOCTH o npe,neJUIIOT ./l,Utteunoe 
Be'lcrTWp-iwe npocmpancm6o. JierKO rrpoBepHTb BbIIIOJIHHMOCTb Bcex 3THX 

CBOHCTB ,nJIB pemeHHli JIHHeiittbIX BOJTIIOBbIX ypaBH€ HHH, 3al1HCaHHbIX pattee. 

3aMeTHM TIUOKe, ~o 3TH CBOHCTBa, KaK npaBHJJO, HapylllaIOTC£ B CJIY'LJae 

HeJlliH€HHbIX ypaBH€HHH. 8ro n OCJIY.>KHJJO O,n;HOH H3 OCHODHhIX np11qHH 

ttey,na'i npH pa3pa6oTK€ nporpaMM IIOCTp0€H11£ €,UHHOfi H€JIMH€HHOH TOOPHH 

IlOJISI. 

II. AKcHOMLI cKa.ru1pHoro npoHaee.n.eH1u1. B n1111eIDioM B€KTOPHOM 

npocTp ancTBe HeT n OHSITH£ ,nJIHHbI. CTPoro r o s o p.H, ,nsa BeKTopa, OTJlH

qa10:rn;11eCH KOMilJ1€KCHblM MHO.>KHT€JleM, CJ1€A)'eT CT.JHTaTb 3a O,ll)1H " TOT 

:>Ke B€KTOp, T. e. CBOi:\CTB JIHH€HHOro BeKTOpHOI'O rrpocTpaHCTBa H€,ll;OCTa

TOqHO ,ll;J1£ nocTpoeHH£ KB8HTODOl1 Te0p1ll1. ,Il,n£ onpe,n;eJieHH£ aMnJIHTYD;bI 

Bep0£THOCTH npoueccoB Heo6xo,nHMO BBecTH B B€KTOpHoe npocTpaHCTBO 

one,pa'LJ,U?O C?W,./l,.Jt,pttoeo npoua6eaenUJt 6e'K:mopoe, 03Haqa10uzy10, 'iTO Ka:>K,noii 

n ape sneMeHTOB IA), IB) JmHeiiHoro BeKTOpHoro rrpocTpaHCTBa nocTaBJieHo 

B COOTBeI'CTBHe KOMIIJJ€KCH0€ qucno, - CBoeo6pa3HaH MeTpHKa. 0TMeTHM, 

~o TIOHSITHe Mfil'PHKH COCTaBJI.HeT co6ott ,npyro:tt IIpHMHTHB aKCJfOMaTHKH. 

Ba)KHO OTMeTHTh, qTO ,nnSI onpe,neneHHSI onep~HH CKaJI£pHoro npOH3Be

,nettH.SI ,I.l;upaKy H ,IJJ>YI'HM TIOTp€00BaJIOCh BBeCTH npocTpaHCTBO CO-BeKTOpoB, 

C'Ip0£ll~eec£ H3 9JieMeHTOB rrpoc TpaHCTBa BeKTOpon: Ka:>K,noMy BeKTOPY IB) 
COOTBeTCTBYeT CO-BeKTOp (Bl, l1306pa)KaeMbIA° R HHaY.e opHe HTHpOBaHHbIX 

o6KJia,LI,Kax (6p3K). CKa.JrnpHoe npoH3Be,nettHe D€KTopa IB) Ha IA) H306-

paJKae'l'C51 B BH,ne CHMBona yrrop,g,u,oqeHHoro (BIA), r,ne BMecro n epsoro 

B€KTOpa 6eperc51 CO-BeKTOp, a BepTHKaJlbHbie JlHHHli ,n,syx COCTaBHbIX q acTCH 

coBMe:rn;aJOTC51 ,zwyr c ,zwyroM. TaKHM o6pa3oM, B o6osHa'ieHnH cKan£pttoro 

IIpOH3Be,n;eHH.SI ,D,Ba BeKTOpa OKa3bIBaJOTC51 3aKJIIOTieHHhlMJf B CBoeo6pa3Hbie 

CKOOKH. (llo-aHrJIMf;\:CKH bracket ( cKo6Ka) cocTOHT 113 ,n;Byx cnoroB: brae 

(6p3K) H k e t (Ker) .) 

CKansrpHbie npolf3B€,1.l.€HH£ o6na,n;aIOT cne,nyIO~MH caoA°cTBaMH: 

a) (BIA) = (AIB), r ,ne q eJ>Ta csepxy 0 3Ha"'-IaeT KOMIIJTeKCHoe corrpR>Ke

H:ne, T. e. n ep ecTaHOBKa MeCTaMI-1 ,nByx BeKTOpoB rrpnBO,nHT K KOM

IlJi eKCHO conpIDKeHHOMY p e3ynhTaTy; 

6) (aAjB) = a(AIB) - MHO.>KRTeJib (C-q11cno) BhIHOCHTC.H 3a 3HaK 

CK06Kll; 
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B) ((Al+ (Bl)IC) = (AIC) +(BIG); 
r) (AIA) > 0, OCJIH IA) f= IO). B ~OM BblproKeHIUI BBe,ll.eHa a.11,una 

{ttop.Ma) 6€'1'-mopa, KOTOpaa xapaKT€pH3YeTC51 Be~eCTBeHHhlM IlOJIO

)KHTe.JlbHbIM qJ.fCJIOM. 

Ilepe't.IHCJ1€HHbie ~a 6J10Ka CBOHCTB 0Ilp€,ll.€JI5UOT TaK Ha3bIBaeMoe yn·u.
mapttoe run1 npeiJet1,.11:b6epmoeo npocTpauCTBO. 

9ToT 6noK aKCHOM KBaHTOBOH MeXaHHKH 11Meer rJiy6oKoe Merac);>H3H"I& 

CKoe CO,IIep)K8.HHe, OCOOeHHO Ba)l{HQe ,ll.J1SI HHTepnperan;mr KBaHTOBOti M& 

xaHHKH B MOHHCTWieCKOH napa,n,MrMe. Bo-nepBbIX, onpe,ll.e.nen11e BeKTOPOB 

" CO-BeK'.I'OPOB COCTO.SIHUH MQ)KfIO IlOHllMaTh KaK npo.SIBJiettHe ,ll.BYX npoTH

BOilOJ10)KHOCTe:H nnaTOHOBCKOH )J,Ha.Jl€KTllKH - ,ll.Byx CTOPOH e,ll.HHOro (,ll.By

e,LViHOro) rrepaoHaqana. Bo-BTOpbIX, B .n:attHoM 6noKe aKCHOM onpe,ll.eJietto 

CKa.rrnpttoe IIPOM3B€,ll.€HHe B€KTOJX>B, OIIHCbIBalO~ naqaJibHOe Ii KOH€"-l

Hoe COCTOHH11.SI cncTeMbI. KoMnJieKcHoe "-IHcJio, KoTOpbIM xapaKTepll3yeTC.H 

CKa.JI.HpHoe IIJX>H3Be,ll.eHMe, Oill:ICbIBaeT aMilJIHTYAY Bepo.HTHOCTH nepeXO,ll.a 

Me)K,lly 3TiiMH COCTOS'IHH.HMH - TpeThe MeracPH3HqecKoe Haqano KBaHTOBOH 

MexattHKH, COOTBeTCTBYIOIIJ,ee apHCTOTeJieBcKoti cyIIJ,HOCTH. TaKHM o6p83oM, 

B ::n'OM 6JIOKe aKCHOM 3aJIO)KeHa KaK ,ll.BOH~OCTb, TaK H TpOH"-IHOCTb MeTa

cPH3H"-1€CKOH CHCTeMbl ( MOII.HCTH"-lecJWit napa,n,HrMbl). 

III. runb6epTOBO npocTpaHCTBO. B KBaHTOBOH TeOPHH HCilOJib3y

e'I'C51 BeKTOpHoe IIJX>CTpaHCTBO c ycnoB115IMH HenpepbIDHOCTll (nonttOTbI) . He 

6y,n;eM DblIIHCbIBaTb Bee H006XO,ll.HMbie ,ll.Jl.H 3Toro IIOHHTH51 H onpe,JJ,eJieljUH, 

nonaraHCb Ha HHTYHJ.J,HIO qJi'I'aTeJIH, 3Ha10IIJ,ero XOTSl 6h1 B OOIIzylX qepTax, KaK 

' B MaTeMaTHKe onpe)l.e.TI.HeTC.51 HenpepbIBHOCTb. 0TMe'l'UM, qro ~HpaK TalOKe 

t YXO,II,J.fT OT .Ue'raJieii, 3a51BJIS'ISI: «IlpoCTpaHCTBO BeKTOpOB H CO-BeKTOpoB, HM& 

IOI.IJ)iX KOH€"-IHYIO ,ll,JIHHY H KOHeqHoe CKaJISipttoe npOU3Be,ll.€HHe, Ha3b1Bae'l'C51 

'iaTeMaTHKaMH npocmpattcm60.M I'UJl,'b6epma» [55, c. 65). 
0)1,HaKO CJTeAYeT 3aMeTHTb, qTo B KBaHTOBOH reopHH <PaKTH"-1€CKH l:IC

llOJib3y1arc.H 6onee 06IIJ,He IIpocTpaHCTBa, "-1€M IlpocTpaHCTBO r11JTb6epTa, 

T8.K KaK BO MHOrHX CJiyqas:rx BCTpe"IaIOTC}I B€KT0pb! c 6ecKoHeqHOH ,ll.JIHHOH. 

9ro IlO,ll.CK83bIBae'l', "-ITO B ,ll.aHHOM 6JIOKe aKCHOM CO,lJ.€p)KaTC51 HeKOTOpbie 

H36hITO"-IHhie ycnoBH.SI Ha i<BaHTODOMexaHH"-lecKne CHCTeMhI. BnpoqeM, 3TO 

xapai<reptto u ,ll.JIH aKCHOMaTHKH reoMeTpHH npocTpaHCTBa-BpeMeHll, r,ll.e 

KpOMe ToqeK c peaJibHbIMH "-laCTHlJ,aMH paccMaTpHBalO'l'OI 11 BCe npoMe)Ky

TQqffbJe (nycTh1e) TO"-IKH. 

YcTaHOBliM cne,nyiom;He napanneJIH Me)f(,ll,y npHMHTHBaMH aKc110MaT11KH 

rHJih6epTOBa npocTpaHCTBa, aKCHOM reoMeTpl:ll:I H KJIJOqeDbIMH qm311qe

CKEMH KaTerOpHSIMH: 

1) COCTO.HIIHe Cl1CT€Mbl -- reOMeTpHqecKaSI TO"-IKa - KaTeropH.H qaCTHIJ,; 

2) CKaJI.HpHoe rrpoH3Be,ll.eHlie - MeTpHKa - KaTeropHH uepeHocqHKOB B3a

HMO,ll.€HCTBHit; 

3) HenpepblBHble MH0)1{€CTBa KaTeropUSI npocTpaHCTBa-BpeMeHH. 
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B 3TOM CJIYqae a.KCHo~anu<a seKTOPHhIX npocTpaHCTB B KaKoif-To Mepe 

3aMeH51er aKCl:IOMbl nopB~a B f'eOMe'l'pHH, aKCHOMhl CKaJUlpHOI'O rrpo1:13-

Be,n;eHl1SI BeKTOpoB COOTBeTCTBYIOT MeTp1:1qecKHM aKCl:IOMaM B re0Merp1:11:1, 

a TIOHSITHe HenpephIBHOCTl:I ( IIOJIHOThl) B npocTpaHCTBe I'HJih6ePTa - TOilO

JTOrwieCKHM aKCHOMaM B reoMerpHH. 

Ilo~epKHeM, qTQ 3,necb pe"l:.Jh H,IJ;e'I' He 0 IlOJIHOM COOTBeTCTBl1H, a JIHlllh 

o nrapruIJieJIBx B ,nsyx aKc1:10MaT1:1Kax. 

5.4.2. Ilpe,n;cTcmnemm H ,ZJ;HHaMH'leCKHe nepeMeHHble 

AKcHOM r1:1J1b6epToaa npocTpattcTBa tte~ocTaT0'1HO ,ll,JIB nocTpoeHHB 

KBaHTOooii TeopHH, - Heo6xo,n;uMo HX ,norroJIH.HTh PSJAOM ,npyn1x 110JIO)KeHm1:. 

,ll;a1uzy10 CHryaruuo CJTeAYeT yno,no6HTb IlOJIO)KeIImo, B KOTOpoM B CBOe 

apeIVrn OKa.3aJIC51 Ap11croTeJih. C¢opMy;rnpoBaB ¢11Jioco¢1110 TpHe,nuHCTBa, 

OH 6hIJI He B COCTOSIHHH JIHillh Ha ee OCHOBe p83BepHyTh TeopHIO ¢11311qe

CKOro MMpa, rrpmnJIOCh BBO,IJ;HTb MHO)KeCTBO .rrpyrnx KaTeropHii 11 aKCHOM, 

KOTopbie n03BOJI11JlH cHcTeMy Ap11cTOTeJIH H83BaTh ¢1:131:1qecKOH Teopueti. 

B Ta.KOH >Ke c.HTya~u OK83aJICB ,ll;11paK 11 ,IJ;pyn1e ¢n31:1KH-TeOpeT11KM, pa3-

pa6aThJBaaum:e aKCHOManJKy KDaHTOBO:ti Teop11u. B pa3HhIX aKcHoMaTHKax 

( JleMatta, CRMan31:1Ka, 11,HMMepMatta H ,IJ;pyr11x aaropoa) aso,nunach coao

eynttOCTh ,llOTIOJIH.HTeJihHblX aKCHOM, cpe~ KOTOpblX TaK MJI11 l:IHaqe 6bIJIH 

Ilp€,ll,CTaBJieHhl aKCl:IOMhl ( CBOHCTDa) KJiaCCH'1€CKoro npocTpaHCTBa-BpeMeHR: 

'1acT.H'1Hoii yrropH,ZI.oqeHHoCTH ( CBOHCTHa np1:1q1:1HHOCTH), pe.r1SITHBHCTCKOH 

.HHBap1:1aHTHOCTH H ,npyme. 

B aKCHOMaTHKe KBaHTOBOH MexaHMl<H ,L1;11paKa ,n,orroJIHHTeJihHhJe nono
:>KeHHH 6bIJIH npe,ncTaBneHhl CJie,D,ylOI.IJ,HMH ,21.BYMH 6JioKaMH aKCHOM, Tl:IIllllT.J

Hl>IMlf ,ll,.1IH )zyaJIHCTl:l''-IecKOR napa,rr.urMhI ( KOileHrareHCKOH HHTepnpeTaIJ;11H): 

I. Ilpe,lJ.CTaBJieHHB. B y:>Ke paccMOTpeHHhIX rroJJo)KeHH51X KBauroao'ft 

MeXaHHKJI ( Teoplrn:) ¢11ryp1:1poB8.JIH BOJlHOBbie ¢YIIKUHl1. 11 ypaBH.eHHSI IlOJIB, 

'1TO ¢aKTH'IecK11. 03IIa<ia.rrO ucnonh3oBattue TaK Ha3b1BaeMoro KOOP,ll.l:IHaT

Horo npe,n.CTaBJieHJUl ( q-rrpe,D,CTaBJieH.llH) , Kor,n,a COCTO.HHllH OnHChlBaJil:ICb 

pe1UeH11.gMH BOJIHOBblX ypaBIIeHHH - HeKOTOphIMH '1.HCJIOBhlM.W ¢YHKIJ,ffgMJ{ 

OT Koop,n.HHaT 'ljJ(x). TaKoe 011ucatt1:1e BeKTopoa cocToBHHH MO)KHO C'1HTa.Th 

COOTBeTCTBYIOII~Ji:M ¢i-woco¢cKOA" Cl:ICTeMe IlnaTOHa, - -ciHCJia ( HJIH COBOKyn

H.OCTh q11cen) cBW.3bIBaJIHCh c MaTep1:1aJibHbIM OO'heKTOM. 0,nHaKo aKCROMa

THKa rHJJb6epTOBa npocTpaHCTRa 60JJhille COOTBeTCTBYeT ¢1:1J1oco¢cKOH CM

CTeMe ApHCTO'l'eJia, 'IaK KaK COCTOBH.Ha, oxapaKTepH30BaHHbie c1:1CTeMOH aK

c1:10M BeKTOpHoro npocTpaHCTBa, e1.qe He" ormchIBaIOTCB qHCJlaMH. l..JHCJIOBhle 

xapaKTepMCTHKl:I IlOHBJTHIOTCSI Jll:llllh nocne BBe,D,eHl:IH ,n,pyroro npHMHTMBa -

CKaJI.HpHoro rrpo1:13Be,D,€Hl'ISI BeKTOpa Ha co-BeKTOp ( MeTpl'IKH), T. e. 6Jiaro,n,aps 

TpeThe"H CTOpoHe e,n.utto:H CyI.qHOCTH. B o6o3HaqeHH.HX L(1-1paKa 3TO 03Ha'1aeT 

'ljJ (x) ~ (qi A), (5.4.2) 
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r~e cKruuipttoe upoH3Be,n;eHHe B€KTOpa IA) Ha oco6'ot/U co-ee-x:mop (qi npeBpa

m ;aer B€KTOP COCTOSIHH51 B KOMIIJieKCHOe '-ll1CJIO, TpaKT)'€MOe KaK 3Ha'1eHHe 

cpyH.KWIB ( aMnnHry,IJ,bI BCpoSITHOCTH npe6bIBaHHSI) B H eKOTopott KOOp,lI.HHaTe 

q = x. 
Koopau1-1.amnoe npedcmae.tLenue 03?-UL"i.aem nocmy.tLupoem-tue ue-x:oe20 

oco6020 -x:Aacca co-ee'K;mopoe, KOTOpb1tt, KaK 6y,rr.eT CY.rMe•:.ieHo HH)Ke, Tecttett

nmM o6pa.10M CB.H3a H c fl0HSITH€M K JiaCcHqeCKOI'O MaKponpH6opa. 

0,n;HaKo HMeeTCS:l 11 ,DJ>yroe n pe,rr.cTaBJieH11e - HMnynhCHOe (p-npe,rr.CTaB

JieHHe), 'ffiK)Ke CBSI3aHHoe c MaKponpH6opaM.H, O,llHaKO HHOI'O ycTpOiiCTBa. 

Koop,IJ;HHaTHoe H HMilYJibCHOe rrpe,rr.cTaBneHHSI ( ,n;Jrn o,rr.tto.H cTeneHH CBOOO,lJ.bI) 

CB.~13aHbI /JPYI' c ,rr.pyroM '-1epe3 H3B€CTHble npeo6pa.1osaHHSI <Dypbe: 

(plA) = .;,. r: e- iwl"(qlA)dq -t ,P(p), (5.4.3) 

(qlA) = ~ J+oo e- iqpfh(plA)dp -+ 'lf; (x) . 
vh - oo 

(5.4.4) 

TaKHM o6pa30M, Ka:>f<A~ti 113 npe,rr.cTaBH Tenett c T oqHoCThIO )J,O MHO)l(HTeJI11 

SIBillleTC51 cPYPbe-OOp830M ,1..IJ)yroro. 

qpe3BbI'i.a.ttHO Ba)KH0e 3Ha'ieIDie HMeeT 3KCilOH€HU.HaJibHbIM MHQ)KHTeJib 

exp(iqp/h), KOTOpbltt B KOHll,C KOH~OB OTB€ TCTBeHeH 3a IlO~BJ1€H.He IIp.HHUHila 

Heonpe,rr.eJICIIIIOCTeii r e i1.3eH6epra 

(5.4.5) 

KnaccH'i.ecKa5l Bepo11THOCTb p n epexo,LI,a KBaHTOBott CHCTeMbI H3 o.n.Horo 

COCTOHHHSI B ~yroe HaxO,n;HTC51 KaK rrpOH3Be,LI,eHHe aMIIJIHTY,lJ.bl BCpOSITHOCTM 

npon.ecca Ha KOMilJieKCHO conpSI)l(eHHOe Bbipa*eHHe. Bb1ll!e STO 61>wo Ha-

3BaHO cooeo6pa."IBbIM «H3BJ1eq eHHeM KB8y1J,paTHOro KOPIUI>.'> H3 K JiaCCH'i.eCKOH 

aepmITHOCTH. 

Cne,nyer o6paTHTh BHHMamrn na o6paTHb1tt x o,n. p~cy.>K,n.enHtt B ,n;aHHott 

aKCHOMaTHKe no cpaBH€Hl110 c HaH6oJI~ pacnpoc·.rpaHeHHblMH H3J10)1(€HHSIMH 

KBaHTOBOH MCXaHHKH. qaCTO 11CX0,11.HT 0 3 KOOp,ll,l:IHaTHOrO npe,lJ.CTaBJieHHSI, 

T. e. H3 noHHTH.tt, Henocpe,ll.CTB€HHO CBSI3aHHbIX c K JiacCH'ieCKHM npocTpaH

CTBOM-BpcMeHeM, H 3aTeM Ha 11X OCHOBe I'OBOpSIT 0 CBOMCTBax cynepn03HI.J,HR, 

uopMb1 H T. )'T,. B ,n;aHHOM H3Jlo >KeHHH nanpoTHB .HCXO,n;tthIMM BBJISIIOTCH 

llpHHlJ,lill cynepn03H~ H ,npyrHe aKCHOMbl rHJIWepTOBa upocTpaHCTBa, 

a BCe KJ18.CCH'l€CKHe IIOHHTHSl npOSIBJISIIOTC}I qepe3 npe,n:cTaBJICHHSI H orre

p&TOPbl ,D,HHaMHqecKHX rrepeMeHHblX. 

0 p<>JIH KOOp,IT.HHaTHOro npe,n:CTaBJieHHSI B KBaHTOBOtt T eop11H ,LI,OCTaTO'<IHO 

lleTKO CK83aHO B KHHre x. fp11tta, flOCBSI~eHHOtt MaTpH'iHOH ( rett3eH6ep

l'OBCKOH) cPoPMYJIHpGBKe KBaHTOBO:ti: MeXaHHKH: «B 60JiblllHHCTBe KHHr ITO 

KBaHTOBO:ii M eXaHHKe OCHOBHO:ii ynop ,n;eJiaeTC}I Ha ee BOJIHOBOH acneKT, 

:803MO:>KHO, H3-3a Toro, 'i.TO OH C"C{HT8.eI'C.SI 6oJiee ,ll,OCTYilHbIM ,.ll.JISI Tex, KTO 

\)')Ke B ,ll.OCTaTO'IHO:ti: Mepe 3 HaKOM c ,LJ,HcP<l>epe~HaJibHbIMH ypaBHCHHSIMH. 



170 r.rraBa 5. KBaHTOBIDI TeOpHH 

0,ll.HaKo ,ll.O T ex n op flOK a '!Wl'aTeJib HC OC03HaeT, q TQ BOJIHOBM MexaHHKa 

eCTh JIHIIlb o co6bI:ii cnoco6 KBaHTOBOMexaH.H"ll€CKOI'O OIIMCaHIDI (Koop,n,HHaT

HOe npe,u,craBJieHHC)' OH ncer,n;a 6y,n,eT CKJIOHeH no,rr,nac ·rb IlO)J, BJIHHIIHe 

Tex )!(€ H,n;e:ii 0 Ba)KHOCTJ.f KOOp~HHaTHOro npe,u,CTaBJi eH.H.H H qm3.HqeCKOA 

3Ha"t{HMOCTH BOJIHOBOA cPYHKU,nH, KOTOpbIC BB€JIH B 3a6Jly)l{,LI,CHHe HeKOTOpbIX 

BeJIHqafilIIHx cPH3HKOB HaUJero Bp CMCUH. I\tlo)KHO 3HaqHTCJibHO BhIHrpaTb 

B IlOH.HMa HHJ'I cPH3HqecKO:ii C~HOCTH KBaHTOBOA MexaHHKH, 3HaKOMHCh 

c tteli B TOM BH,n;e, B KaKOM oHa 6b1Jia BnepBbie H3JIO)Ketta BopHoM .H Plop

,ll.aHoM» (52, c. 17]. ,[(o6aB.HM K 9TOMY e m e KHMry ,il,HpaKa, HCilOJih30BaHHYJO 

npH H3JIO)K€HHH ,ll.aIIHOro MaTep.HaJia. 

II. AKcHOMhJ JIHHeHHhlX onepaTopoB. K aK y)Ke OTMeqaJIOCh, JI10-

6aH HH¢opMal V.fSI 0 MHKpOC.JilCTeMe MO)KCT 6 bITb n onyqeHa Ha H3bIKe Ha6mo

,n;aTe.rnI, onepHpy10 J.I\Cro JIJilll.lb c KJiacCH'-1€CKHMH Il0HSI'£IDIMH. 8TO 03Ha'iae'r, 

qTQ B TeopHH ,LI.OJDK CH npHCYTCTBOBaTb HCKHH 6noK .H3 MaTeMaTI{"t{CCKJ.iX 

BeJJHClHH H npHeMOB, Il03BOJI5Il0~ H3BJieKaTh H3 COC'l'O.SUllllf KBaHTOBhlX 

CHCTeM ,ll.aHHbTe, noHHTHhie H a6mo,ll.aTeJiro, T. e . Heo6XO)J.HMO yMeTb o6paTHO 

B03Bpa~aTbCH OT o6o6J.I\eHHhIX KaTeropHH K noHHTIUIM TpHaJI.HCTH'ieCKOii 

napa,n.1-rrMh1. 

Bo Bcex yqe6HHKax no KBaHTOBo:ii MexaHHKe no,u,qepKHBaeTC.H, 'iTO )1.Jl.H 

noJiylfeHHH KJiacc:wqecKHX xapaKTepH CTHK MHKpO'iaCT~ Hco6xo)J,JilMhI cPH3.H

q ecK11e o6'beKThI, KOTOpbie caMH oITHCbIBaIOTCH K Jiacc.H'ieCKHMH nOHgTHBMH, 

T. e. tty)KHbl MaKp006'beKTbl. Ilpouecc H3MepeHH.H CBO)J,JilTCH K B3aHMO,LJ.€:ii

CTBHlO MHKpoqaCTHUbl c MaKp<X>6'bCKTOM, COCTOSIHHe KOTOporo H3MeH.HeTCH. 

8To H3MeHe HHC CJIY:>KHT KOJIHqecTB€HHO:ii xapaKTep.HCTHKOH Tex UJIH HHbIX 

CBO:ii:CTB MRKpoqacrHu. MaTeMaT.H'-IeCKH 3TO Bbipa)KaeTC.H c noMOIIO>IO one

paTopoB ( JIHH€AHhlX oneparopoB)' ,rr.eiiCTBylOIIU.fX H a BOJIHOBYIO cPYH~HIO 
qacT.HU· B KBaHTOBO:ii MexaHHKe onepaTopbr COC>TBeTCTBYIO'l' HeK.HM R,lI,eaJIH-

3HpoBaHHhIM MaKponp1:16opaM. P 83JI.Hq aroT MaKponp.JiI6opb1, KOTOpb1e cny
)KaT ,a;llil H3Mep eHHSI KOOP,ll,HHaT qaCTHIJ, H JIH ,ll.JISI H3MepeHHH .HX HMnyJibCOB. 

8'1·0 ,n;Ba npe,u,e.nbHbIX cJiyqa.H. 

Hu'Heu'H'ble onepamop'bl B caMOM o6J.I\eM c.nyqae npe,LJ.cTaBJISllOT co6o:H 

cPYHKUHH, craBSIIJJ.He B cooTBeTCTB.He O,ll.HOMY cocTOSIH1110 IA) HeKOTopoe 

,IIJ>yroc cocTOS1HHe IF), TaK Y.JTO 

&IA) = IF), (5.4.6) 

r,n.e CHMBOJIOM & o603ttaqeH JIHHeAHbtti onepaTop. 

JI1-me:ii:HhJC onep aTOpbI, KOTOpbIC 6y,n;eM o6o3HaqaTb rpeqecKHMH 6yK

BaMH co UJJlSIIIKO:ii, o6Jia,llalOT pSl,ll.OM npHBbI'IHbIX CBOiiCTB, a uanorHqHbJX 

CBOHCTBaM BCK'ropoB COCTOOHAA: 

a) &(IA)+ IB)) = &IA) + &IB); 
6) &(clA)) = c&l·A); 
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B) (& + /3) IA) =&IA)+ filA); 
r) (&/1)1A) = a(/11A) ). 

IlpH 3TOM CJie,zzyeT oco6o IlO,ll,'-IepKHYTh, ~ITO B o6m;eM c.rryqae onepaTOpbI 

He o6Jia,!l,alOT CBOiiCTBOM KOMMYTaTHBHOCTH, T. e. pe3yJibTaT HX ,u,eiiCTBH5I 

3aBHCHT OT HX nopH,U,Ka. 

KaK nHrner.r ,U11paK, « AU?-teu·1t:bte onepamop'bt coomeemcmeywm dU'H,(),.M,U

'ltecx:UM nepe.Men?-t'bt.M 6 mom :Jtee MOMe?-tm epe.Me'Hu. IIo,u, ,II,HttaMHqecKHMH 

nepeMeHHbIMH cne,n.yeT IlOHHMaTb Ta.Kif€ BeJIHqlfHbI, KaK KOOp,II,HHaTbI, KOM

IlOHeHTbI CKOJX>CTH, HMilYJlhCa HJlH MOMeHTa KOJIHqeCTBa )J,BH)KeHHH qacruu;, 

a TaK)Ke cPYHKIJ;HH OT 9THX BeJIHqHH, T. e. Bee Te nepeMeHHbie BeJIHqlfHbI, KO

TOpble HCilOJib3YlOTC5l npH IlOCTpoeHHH KJiaccHqecKoii MeXaHHKH. 113 HOBOI'O 

npe,nnoJIO)KeHHH CJie,zzyeT, qTo 3TH BCJIHqHHhl ,!l,OJDKHbl BcrpeqaTbCH TaK)Ke 

H B KBaHTOBOH MexaH11Ke, O,II,HaKo xapaKTepHOH oco6eHHOCTb10 HBJIHeTCH 

To, qTO menepb amu eeJiu'ltu-rtu nod'tiutt.R:10mC.R a.11,2e6pe, e 'K:omopou ne 

8'blno.11,nRernc.f£ 'K:OM.Mymamuenu·u 3mwn YM'HO:Jtee'lt'U.fl,» (55, c. 45]. 9TO Ba)K

Hoe YTBep)K,ll.eHHe ( BMeCTe co CBOMCTBaMH npe,!l,CTaBJieHHM) CBH3hIBaeT aKCH

OMbI rHJih6ePTOBa npocTpaHCTBa c KJiaCCM'-IeCKHM npocTpaHCTBOM-BpeMeHeM 

Ii BCeMH couyTC'TBYlOIJJ;HMH eMy IlOHHT:HHMH, COCTaBJI515l MaTeMaTHqecirn:ii 

arrnapaT KBaHTOBOM TeOpHH. 

Ba)KHoe MecTo 3aHHMaioT u oHHTHH co6cTBettttbIX BeKTopoB H co6cTBeH

HhIX 3Haqett11ii onepaTopoB. HanoMHHM, qTQ ecnH ,ll.JIH tteKoroporo orrepa

ropa a H HeKOToporo BeKTOpa IA) HJ.\.1eeT MeCTo COOTHOIIIeHHe 

&IA) = al A), (5.4. 7) 
r.rr.e a-HeKoTOpoe qHcJio, TO BeKTop IA) H8.3hIBaeTCH co6cmeeun'bw ee'K:mo

poM, a qHcJio a - co6cmee?-t?-t'bt.M aua'l{,euue.M ,II,aHHoro oneparopa &. Oco6oe 

3HaqeHHe HMeIO'I onepaTophI, 06Jia,D,a1om;ue Bem;ecTBeHHhIMH co6CTBeHHhIMH 

3HaqeHH5IMH, Ha.~bIBaeMbie :>pMUffiOB'bt.MU onepamopa.MU. 11Me HHO qepe..'3 ap

MW.OOBbl onepaTOpbl B TeOpHIO BBO,ll,HTCH tta6mo,u,aeMbie BeJilfqHHbl. 

TaK, B KOOp,II,HttaTHOM npe,!l,CTaBJ1emrn: onepaTophl HMnyJlbca H KOOp,!l,H-

HaTbI HMelOT B.11,ll.: 
~ ·t; a 

Pµ =in &.rP; (5.4.8) 

a B HMnyJihCHOM npe.UCTaBJieHHH 

Pµ, = Pµ; 
~µ ·t;. a 
X =in--. 

&p,J 
(5.4.9) 

OnepaTOpbI 11MnyJibCOB B KOOpµHHaTHOM npe,D,cTaBJieHHH y)Ke 11cno11h30Ba

JIHCh paaee npH 3aIIllCH BOJlHOBbIX ypa.BHettlfii . 

B KBaHTOBOii Mexatt.11Ke tteB03MO)KHO o,n.uoBpeMettttoe H3MepeHHe nono

)Kem·u:1 qacTHI.J;bl If ee HMilYJlhCa. 9TO Bbipa)KaeTCH nocpe,u,cTBOM HeKOMMy

'IaTHBHOCTH HX onepa:ropoB If COOTBeTCTBYlOIIl,ero HM npHHI..V'.lfla Heonpe,D,e

JieHHOCTH. 

E~e pa.~ no~~1epKHeM, qro aToT 6JioK aKcHoM cOOTBeTCTByeT HMeHHo 

,uyanHCTHqeCKOH napa,II,HrMe cPH3HqecKOl'O MHpoITOHHMaHH.H. 
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5.4.3. MaxponpB6op B IIPBH:IUffi cynepno3HD;HH 

0THOCHTeJihHO H3JIO)f(eHHOA Bhil.Ile KOHCTJ)YKUHH ( aKCHOMaTHKH) KBaH

TOBOA MexaHHKH 6bIJl BbICK83aII pSI)J. KpHTWJeCKHX 3aMeqaHHM KOHUenTy

a.JlbHOrO xapaKTepa. Cpe,n;H HHX oco6oro BHHMaHHSI 3aCJIY)KHBaIOT 3aMe

qaHHSI H3B€CTHbIX aBTOpOB 06 oT06pa)f(eHHH poJIH .Ma?Cponpu6opa B aKCH

oMaTHKe KBaHTOBOA TeopHH, npHqeM ~TO KaCaeTCSI KaK aKCHOM rHJib6ep

TOBa npocTpa.HcTBa, TaK 11 .llOIIOJIHHTeJibHhIX 110Jio)Kemrn. TaK, B. A. <DoK 

KaK pe,n;aKTOp nepeBO)J.a Ha pycCKHA SI3blK QHTHpoBaHHOM BbIIIIe KHHI'H 

rr. A. M. ,I(HpaKa Bblp83HJI Hecornac11e c TpaK'l'OBKOA B HCli IIOHHTHH co

CTOSIHHSI: «CaMo llOHSITHe COCTOSIHH5l TpaKTyeTCSI no Bcett KHHre TaK, KaK 

ecnH 61>1 OHO npMHBJVTe:>Ka.rro aTOMHOMY OO'bCKTy caMoMy n o ce6e, B OT

pbrne OT cpe,n;CTB Ha6n10,n;eHl.f}l. TaKruI a6coJIIOTH3a~ IIOlillT HH «KBaHTO

Boe COCTO.SIHHe» npMBOJzyJT, KaK H3B€CTHO, K napa)J.OKCaM. 9TM nap8.)J,OKChl 

6h1JI11 pa.TuHCHeHbI HHJibCOM BopoM Ha ocHOBe npe.n.cTaBJieHMH o TOM, 'Il'O 

He06XO)J.HMbIM rrocpe)J.HHKOM npH 113YT.J€HHH aTOMHbIX o6beKTOB HBJISIIOTCSI 

cpe)J.CTBa Ha6n10,n;eHHB ( npH6opbl), KO'.r0pbie .U,OJl)KHbI OilHCbIBaTbCSI KJiaCCH

qeCKH» (55, C. 9). 
9ra MhICJlb p83BHBa.e:roI B . A. <l>oKOM Bero J<HHre «Ha'iaJia KBaHTOBOi1 

Me:xaHHKH»: « IlOJIO)KHB B OCHOBY HUBOro cnoco6a OIIHCaHH5l pe3yJibTaThI B3a

HMO,lI.CACTBHH MHKp000'beKTa c npH6opoM, Mb! TeM caMbIM BBO,ll,HM Ba)KHUC 

nottsrTHe om?tocumM'b1wcmu ?C cpeacmea.M u,a6.moae?tuR, 06o6m.a10m.ee ,n;astto 

H3BeCTHOC IlOHSITHe OTHOCHTeJlhlIOCTH K CHCTCMC OTCqera. Ta1<0A crroco6 

onHca1nm OTHIO)J.h H e 03Hal.faeT, ~ITO MbI npHnHChrnaeM o6'heKzy MeHblllYfO 

CTeII€Hb peaJibHOCTH, qeM up116opy, HJIH qro MbI CBO,IJ,HM CBOACTBa o6'heKTa 

K CBOACTBaM npH6opa. HanpoTHB, 0£IHCaHHe Ha OCHOBe IIOH.f!TH.SI OTHOCHTeJih

HOCTH K cpe,n;CTBaM Ha6JI10neH.H5I ,ll.aeT rop83.ll0 60J1ee r.rry6oKy10 11 '.r0HKy10 

o6'beKTHBtty10 xapaKTepHcT11Ky MHKpoo6'beKTa, '-leM 3TO 6hrno B03MO>KHO Ha 

ocHoBe u,n;eaJIH3aLUIA KJiaccH"leCKOA ¢H3HKH. TaKa5I xapaKTepHcTIIBa Tpe-

6yeT 11 6onee p 83BHToro MaTeMaTH'iecKoro annapaTa - TeopHH JI.Httei1Hb1X 

onepaTopos, me co6c·rseHHhIX 3Ha'-leHHA H co6CTBCHHbIX ¢YHKl(HA, Teopm1 

rpynn H ,n;pyrMX MaTeMaT11qeCKHX nOHHTHA» [176, c . 15]. 
,ll,pyr1-n .. m CJIOBaMH, 6 'K:J1,?0"'1eeo.M npUMumu6e 'K:eau,moeou meopuu co-

cmo.R.?tuu .MU?Cpoo6~e?Cmo6 He.ftetto npucymcmeyem no?t..R,mue .Ma?Cponp'11.6opa 

( cpe)J.CTB Ha6JI10.n,emu1)' He,n;ocTaTOqHo OTpa)f(eHttoe B aKC:HOMaT11Ke ,UHpaKa 

(H B ps:i,n,e ,n;pyrHX aKCHOMa'l'liK KBaHTOBOH TOOpwH). 

Oco6o cne,n;yeT ocTaHOBUThCli Ha a HaJIOrHt-r Me)K,ZJY po11HM11 MaKponp11-

6opa B KBaHTOBOA MeXaiiHKe H CHCTeMbI OTCl.fCTa B Te0pl11'1 OTHOC.HTeJIJ:r 

HOCTH. TaK B. A . <l>oK nHcaJI: « IlOHHTHe OTHOCHTeJibHOCTM K cpe,n;cTBaM 

Ha6JI10,ll.eHM.SI ( B KBaHTOBOM MexaHHKe. - JO. B.) CCTb B H3BeCTHOM CMbICJie 

o6o6~eHHe IlOHSTHSI OTHOCHT€JlbHOC'I'H K CHCTCMC OTC•1era. 06a TIOHHTHH Mr

paroT B COOTB€TCTBYIO~HX TeopH.HX attaJTOrH~HYIO pOJih. H o B 'l'O BpeMg Ka.K 

TOOpHB OTHOCHTeJJbHOCTH, KOTOpaH Oillrpaercg Ha TIOHSITHe OTHOCHTeJibHOCTH 
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K CHCTeMC OTC~IeTa, yqn:TbIBaeT JIHWb ,lI,BH)KeHHe Cp€/J,CTB Ha6JllO,U.eHIUI KaK 

~eJioro, B KBaHTOBOH MexaHHKe Heo6xo,l1,HMO yqHTbIB&Th 11 6oJlee r.rry6oKHe 

CBO:f.iCTBa cpe,n;cTB Ha6JIIO,lI,eHIDI» [177, c . 73]. 
AHaJionrqHb1e MbICJIH BbICK8..'3bIBa.TI B. TiayJIH, upe,n.naraBruHtt ,n,roKe Ha-

3hlBaTb KBaHTOBYlO TCOpmo «TeOpHett ,11,0IIOJlHHTeJlbHOCTH» IIO aHaJIOrID:l 

c H83BaHH€M «TeOPHSI OTHOCHTeJibHOCTH»: «CTporo orrpe.n.eJI€HllbIC, IIO)J.~ac 
KOMIIJI€MCH'I."c:1pH.bie ycJIOBl151. 3KCnepHMCHTa B KB&HTOBOA MexanHKe HrpalO'I' 

po.rrb CTporo onpe)J.eJI€HHbIX COCTORHl1j;\ )l;BH)KeHlUI Ha6JIIO)J.&TeJI..fl B 9HHUITCH

HOBCKOH TeopHH OTHOCHTeJibHOCTH. Kotte"IUaH BCJUPiHHa KBaHTa ,LJ,eii.CTBHSI, 

CTaB.Hw;a.a rpaHHu,y HenpepbIBHOCTH 5iBJICHHA Ha aTOMHOM ypOBHe, Hrpaer 

J>Oflb IIpe,LI.€JlbHOtt CKOpOCTH pacnpO<:TpaHeHH.H CHrHaJia B 9HHwTeAHOBCKOA 

CileI.J,HaJibHOH TOOpHH OTHOCHTeJlbHOCTM. rpyrrna yttHT&pHblX npeo6p830Ba

HMH, OXBaTbrsa10ma.H Bee B03MO)KHO ,rr,onycTHMbie aapHaHTbI ycnoBHH 9Kcne

pHMeHTa, B KBaHTOBO:f.i MCXaHHKe HrpaeT J?UJlh C'pyrmbI npeo6pa.'30Bamdi KO

Op,LJ,HHaT, CBH3bIBamw;ett B o6w;ett TeOpHH OTHOCHTCJlhHOCTH BCC B03MO)Kffbie 

COCTOSIHH51 ,LJ,BJ1)KCHH.SI Ha6JIIO)J.a'I'eJI.fl 11 COOTBeTCTBYIOIIUie 3THM COCTO.HHHSIM 

pe3YJibT&Tbl llp0H3BC)J.eHHblX HM H3MepeHHH» (124, c. 192). 
11HTepectto conoCTaBHTb ,11,&HHbie BbICKa3bma1111S1 B. A. <l>oKa H B. TiayJrn 

c y)Ke ynoMHH&BIIHfMHc..a BbIIIJe coo6pa)KeHIDIMH ,LI.. 11. BnoxnHn;eBa o CTa

TMCTHqecKoti nplipo,lI,e KB&HTOBO:f.i MexaHHKH. Ott nHmeT: «By,n,cT npaBHJih

HblM CK8..'3aTb, ':ITO KBaHTOB&.fl MexaHHKa H3y-c1aeT MHKpoMHp B ero OTHOIIIe

HMH K Ma.KpoMHpy. MaKpocKon~ecKHe ( KJlacc11qecKne) npH6opbI .HBJIS110Tc~ 
TeMH CHCTeMaMH OTCYeTa, no OTHOIIIeHmo K KOTOpbIM B KBaHTOBO:f.i TeopHl1 

onpe.u.eJIBeTCH cocTO.HHHe MHKpocHcTeM» (6, c. 84J. B ,n,pymM MecTe y Bno

XHttn;esa CKa3aHo: «BOJIHOBC:lSI cPYHKD;H..fl He eCTb BeJIH'lHHa, onpe,u.eJI..fllOII.J,aH 

CTaTHCTHKY KaKoro-TO cne~aJibHOro H3MepeH115i; OHa SlBJIHeTC..fl B€JlHqH

HOM, onpe,11,eJI.SUOrrzyIO CT&THCTHKY KBaHTOBOT'O aHCaM6.IDI, ~ e. CTaTHCTHKY 

mo6oro K'.;JMepeRliffi, COBMeCTHMOT'O c rrpHpo,11,0:f.i MHKpOCHCTeMbI µ Jil TOH 

MaKpocKOilH'ieCKOti o6cTaHOBKH f\11, KOTOpa.H ,ll.HKTyeT ycJIOBrul ,11,BH)KeHIDI 

,IC.JI.SI MliKpOCHCTCMbl µ» (6, C. 35). 
I-fa COIIOCTaBJieHH.H BCex '9THX coo6pa)KeHHii ecTeCTBeHHO BCTaeT oonpoc 

o <l>H3wiecKoli no.uonneKe npHH~na cynepn ooHL\HH, cocT&BJI.HIOw;ero nep

Bb1i1 6noK aKcHoM I'Wlb6eproBa npo<..."TpaHCTBa {KaaHTOBOii MexaHHKH). ECJl,u 
B M'l<J'l(,eaoM npUMumuee a-x;cuoM<lrnu-x;u 'Keanmoeou meopuu - cocmoR
ttuu - MU'Kpoo67'>e'Km u .Ma-x;ponpu6op 'Hepa3JeJi'bno ceMa'H/bt, mo cnpawu
eaemc.R: 'K 'lie.MY U3 nux e 60.11,'bweu Mepe CJ1,eiJyem omnecmu ?ta.11,u"iue 

npun4una cynepno3u4uu? 
Ilo3HHHIO Bnox1nn~e.Ba M02KRO noHMM&Tb TaK, YTO 3TOT npHHn;Hll CJie,LI.yeT 

OTHeCTH K CBOHCTBaM KBaHTOBOI'O CTaTHCTH'lfCCKOI'O aHcaM6JI.a, npucy.rn.ero 

Ma.Kponp116opy. 0.LIHaKO ror.u.a B03HHKaeT ,rq>yrott Bonpoc: KaKOBbl <PaKTOpbl 

3TOI'O aHCaM6JISI? (KoHeT.IHO, 3,LI.eCb Re MO.>KeT H,.ll,TH peqb 0 CKpbITblX na

pa.Merpax, )1.eHCTByIOw;HX B paMKax KJiaCCH-qecKoro npocTpaHCTBa-BpeMeHl1, 

npe,ll,JlaraBIIIHXCH B pa6oTax MHOrHX aDTOpoB, B03BpaTa K KJiacc~eCKHM 
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npe,n;crasJTeH11UIM 6b1Tb He MO)KeT.) B paMKax KorreHrareHcKoA HHTCpnpe

TaU.HH KBaHTOBOA MexaHHKH OKa.38.JIOCb ,ll,OBOJlbHO Tpy,n;HO IIpO.HCHHTb 3TOI' 

BOIIpoc, O,LI.HaKO OH ,I.I.OBOJihHO ecTeCTBeHHO p83pemaerc.H B paMKax peJI.H

IJ.HOHHoro B~eHH.H MHpa, H3Jl0}1(€HHOI'O B qe'J'BepTOii "({aCTH 9TOA KHHn1. 

3a6era51 Bnepe,n;, OTMeTHM, q To pemeHHe KpOe'I'CH B MeMeHTapHhIX CHCTe

Max OTHOIIIeHlltt, COCTaBJllilOlll;WX: MaKporrp116op H .HBJ15ll0lll;HXC51 upoo6pa.10M 

KJlaccwiecKHX CHCTeM OTcqera B MHKpOM11pe. 

Koae1:JHO, noH.HT11e M aKpoIIpH6opa 11rpaeT Ba)l{ayro poJlh 11 B onpe,n;ene

HHH Ilpe,ll,CTaBJieHH.H ( KaK KOOp,LI.H.HaTHOro, TaK H HMilYJibCHOro)' 11 B aKCHO

Max JIHHeiiHhTX orrepaTopos. Ho oHo TaK)Ke CB.5133.no 11 c TpeTbHM 6JIOKO.M 

aKCHOM ( IlOJIHOTbl) I'HJib6epTOBa IIpocTpaHCTBa, TOqHee, ero o6o6m;eHIDi 

,.u.o rrpH3 HaHH.51 B03 M0)1{H0CTH BeKTOpoB COCTO.HHH.H c 6ecKOHeqHOH ,LI.JIBHOH. 

K aK H3BeCTHO, Ta.Koe npo.HBJ15leTC51 npu onHcaHHM cnJIOIIIHbIX crreKTpoB 

co6cTBeHHbTX 3 Ha'-1eH11li. K TaKOBhIM cJie.n.yeT OTHecT11 3HaqeH1u1 KOOp,ll,HHaT 

HJI11 HMilYJlhCOB HeCBSI3aHHbIX 1:IaCTHJJ;. Ilo 9TOMY IlOBO,LI.y ,IJµpaK llliCaJI: 

«COOcTBeHHoe COCTOSIHHe, OTHOCSilll;eern K COOCTBeHHOMY 3HaqeHH10 B CllJlOill

HOM cneKTpe, .HBJl.fleTC.H MaTeMaTHqecKott H,ll,e8.JIH3aIJ.HeA ·roro, '-ITO MO)KeT 

61>1Tb ,n;ocTETHJTO npaKTJrieCKH. (. , . ) B ooMO}KHO, qTo 6ecKoHeqnaSJ ,LJ,JIIIBa 

co6cTBeHHblX BeKTOpoB, COOTBeTCTBYIOIIJ.HX 3THM co6cTBeHHblM COCTOHHHHM, 

CB513aHa c HX tteocymecTBHMOCTblO, H qTQ BCeM ocym;ecTBHMhIM COCTO.HHH.f!M 

COOTBeTCTBYlOT Ta KHe BeKTOpbI, KO'l'Ophle MOrYT 6bITh HOpM11poBaHbl Jil o6-
p 83yroT r11J1b6epTOBO npocTpaHCTBO» (55, c. 76] . 

8To MO}KHO BOCnp11HHMaTb KaK YJ<&.'"iaHHe Ha TO, qTo B annapaTe KBa HTO

BOA TeOPHH 3aJIO)KeHo He 1:.JTO JIHIIIHee - npe,n;craBJieHH.51 o ¢H3HqecKH Hepe

aJIH3yeMhIX M aKponpH6opax. 

5. 5. MeTacPB3WiecKBii aHaJIB3 

TeopeTHKO-IIOJieBoro MHpOIIOHHMaHIDI 

I1poa HaJIH3HpyeM 113JlO)Ke HHOe B 3TOtt rnase c IT03 HIJ)IH MeTa¢H3H K H. 

1. TI pe)f()J.e Bcero, cJTe.ayeT OTMeTHTh, qTo B KBaHTOBott T eop11n npO.HB

JUleTCSI MeTa¢H3M~eCKH:l1 npH~n u.enhHOCTl1. KJIIO"t.IeBhTM H noJio >KeH.IDIMB 

TeOpHH SIBJI.HIOTC.H BOJlHOBbie ypaBHeHH.H, B KOTOpblX n pe,n;CTaBJI€HbJ o6e 

H CilOJib3yeMbI€ B T e opHH KaTeropim: OHH n pe,n;CTaBJI.HlOT co6ott Bb1pa)l{e1urn, 

B KOTOPhIX BOJlHOBaH ¢YH.KIJ.H.H, npell.CTaBJI51IOlll;a .H K a Teropmo IIOJI.H aMTIJIH

T Y,LJ.bl BepoHTHOCTH, ,n;11¢¢epeHu;11pyeTC.H no KOOp,n;HHaTaM, COOTBeTCTBYJO

UUIM KaTeropHH npocTpaHCTBa-BpeMeHl1. 

2. B )J,Byx K JiroqeBhIX KaTeropHHx ,n;aHHoJ;f )J.yaJIHCTH1:.feCKoii napa,n;:arMbJ 

,ll,OBOJibHO OT'leTJIHBO npoHBJllieTC.H M eTa,¢H3.WJeCKHR npHHQ.HII ¢paK'.ra.TibHO

CTH . IlpoHJIJIJOCTpHpyeM ero B BM,n;e 3 x 3-Ta6JllU.(, np1rne,n;eHHbIX B rJI. 4 npH 

a Ha.rur.:Je TPHaJIHCTHqecKoA MeTa,¢H3HqecKoA n apa)J.HrMhI. IlocKOJlhKY reo
peTHKo-noJieBa51 ,LI.yaJIHCTH'leCKaH n a pa,n;HrMa orrnpaeTc.s: Ha ,n.Be Kawropim: 

.. 
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o6o6m;ettHyro KaTerop.mo IlOJUI aMilJI.MTY,ll.bl BepOHTHOCTJf' 006pamny10 B ce6H 

KaTeI'OpHH qacTHIJ; H IlOJie:li nepeHoCqHKOB B3al1MO,rr.elfCTBHlf, H Ha KaTerOpHIO 

npocTpaHCTBa-BpeMeHH, TO B Ta6JIJU~ax, HJ1JIIOCTp.11py10:m;Hx ¢paKTaJJbHOCTb 

B ,rr.aHHOM napa,LI.HrMe, 3TOT ¢aKT OTo6pa)KaeTC.H nycro:li HIDKHeii CTpOKOii, 

COOTBeTCTBy1o:m;eii KaTeropHH .:1aCT~, a HarrpaBJieHHbie BBepx CTpeJIKH 03Ha

qaJOT, qTO pOJib 3TOlf KaTeropHH 6epeT Ha ce6a KaTerOpHB I10Jl5I aMI1JIHTY,ll.bI 

Bep05ITHOCTl1. 

3. <l>paKTa.JibHOCTb 

n;en ( ( 5.5. 1 )). 

no cyI..I.I;HOCTH 

TeopeTHKo-noneBag nap~HrMa: cl>paKTaJibHOCTb no CYI.IJ.HOCTH 

II IlpocTpattCTBO-BpeM.H II Ilo1rn: I l.JacTH~hI 
TipocTpaHCTBO-

I 06J1aCTH 

I 
1f1eTpHKa (pacCT05I- ToqKH ( MHpoBbie 

Bp€fv151 HHe, HHTepBaJI) JUIIDrH) 

Kareropn:5I 
CBOHCTBa 

CKa.JISipHbie BeKTOpbI 

a:rvmJIHTY,lI.bI npoH3Be,z:r.eHHSl COCTOSlHHSl 
IlOJIHOThI 

.!. .!. nepoHTHOCTH B€KTOpGB 

c:;reropHB 
acnu~ I t t II t t I i i I 

(5.5.1) 

KaTeropHSI npocrpaHCTBa-BpeMeHH 3,rr.ecb ocTaBJieHa TOR )J(e, qTo H B TpH

aJIHCTHqecKolf napa,rr.HrMe, ,ll.OCTaTO'iHO. IlOJIHO oxapaKTep.M3oBaHHOlf B BH,ll.e 

aKCHOMaTHKH reoMeTpHH, r,rr.e B KaqeCTBe Tpex COCTaBJI.HIO:m;HX BblCT)'IlaIOT 

4-o6JiacTH, MeTpHKa H TOqKH. 

B oco6oM rro.HcHeHHH ey)l{,l);aerc.a KaTeropH.H noJI.H aMnJIHTY,Ll,bI BepoHTHo

CTH (elf COOTBeTCTByeT BTOpa.H CTpoKa Ta6n. (5.5.1)) . KaK y:>Ke OTMeqaJIQCb, 

CBOMCTBa 3TOM o6o6m;e.HHOlf KaTeropHH onpe,rr.CJlHIOTCH TpeMH rpynnaM.M 

aKCHOM rIU1b6epTOBa npocTpaHCTBa (HM COOTBeTCTBYIOT TPH S:I'ielfKH BTOpolf 

crpoKH): 1) a-x;c·uo.M'bt AUtteU'H,020 6e-x;moptto20 npocmpattcm6a; 2) a-x;cu

O.M/bt c-x;o,.11,.Rp'H,020 npouaeeaeuu.R; 3) a-x;cuo.M'bt (yc.1io6u.R) no.1t?-Wm'bt u11,u 

'H,enpep?Jtettocm u, ,rr.onoJitt51IO:m;He yHHTapttoe ( npe,rr.rHJib6epmBo) rrpocrpaH

CTBO c ,ll.B)'MH Bbillle Ha.~BaHHbIMH 6JIOKaMH aKCHOM ,rr.o I'HJIWepTOBa npo

CTpaHCTBa. 

JlerKo npocMaTpHBaIOTC.H rrapa.rIJieJIH Me)K)zy npHMMTHBaMM H aKCHO

lvlaM.11reoMerpHH11 f'HJih6ePTQBa npocTpaHCTBa. Ilp11 3TOM aKCHOMbI CKaTISlp

HOf'O npOH3Be,rr.eHM.H BeKTOpoB COOTB€TCTBYIOT B reoMeTpMH MeTp11.:1ecKHM 

aKCHOMaM, a IIOH5ITHe HerrpepbIBHOCTH (HOJIHOTbI) B npoCTpaHCTBe r11Jlb-

6epr_ra - TOIIOJIOr:w-1eCKl1M aKCHOMaM B reoMeTpHH. 

4. <I>paKTa.JihHOCTb no KaqecTBY 6onee no.rr.po6Ho 6y,L1,er oxapaKTep113o

BaHa B cne,ny10rn;elf I'JiaBe, r,IJ,e paccMaTpHBaIOTC5J B3a.HMO,Il.€MCTBM.H Me:>K,Dy 

IIOJUIMH. 3)].eCb )Ke orpaHHqHMCs:I 6onee npOCTOlf 3 x 2-Ta6n11n;elf (5.5.2), 
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He 38.Tparirnarom;e:it pa..'3~CJieHIUi nonett no cne1.µ1¢1P·ieCKHM CBOHCTBaM, pac

CMOTpeHHblM B CJie,uyrom;ett rJiaBe. 

TeopeTHKo-noneBrui nap8,.lJ.HrMa: cl>paKTa.J11>HOcTb no Ka"lecTBy 

II IlpocTpaRCTBO-BpeM.a II IloJI.a H ~mCTHUhI 

Ilpoc-rpaHCTBO-
IlpocTpaHCTBO- IlpocTpaHCTBO 

Bpe.MSI CKOpocTe'A 
BpeMSI 

M11:HKOBCKOI'O ( RMIJYJibCOB) 

KaTer opnsr 

I 
Bo30HHblC 

I 
<t>epM110HHLie 

aMIIJIHTY,LJ,bl 
IlOJISI IlOJISI 

BepoSITHOCTR 

.__ __ K_:Te_acr_ro_:_uruJ. __ __.Jl~ _______ t __ t ______ ~ll~ _______ t __ t ______ ~ 
(5.5.2) 

Ha 3'.I'OM ypoBHe p83BHTIHI ~aHHOtt napa)Ull'MbI ¢paKTaJihHOCTb no KaqecTBy 

COOTBC'l'CTByeT pa..'3,.a,eJieHHIO IIOJiett no Tpattc¢opMaIJ)10HHbIM CBO:iiCTBaM: Ha 

TP.H30pHbie ( CK8JUipHb1e, BeKTOPHhie, TeH30PHbie BTOporo paHra H T. ,.u,.) ITOJIB 

R Ha ¢epMHOHHbJe nOJI.H ( lJOJiyu;eJioro CIIHHa). 

5. Oco6oc 3HaqeHHe np11o6peTaeT ¢epMHOHHb1tt xapaKTep noJiei:i. KaK 
6bIJIO )'K83aHO, IlOIUITHe CilHHOpa B03HHKJIO H3 >KeJiaHH51 nepei.fT H OT IIO

Jl€BhIX ~¢¢epeH~HaJibHbIX ypaBHeHJUI BTOporo nop.H,IT,Ka K ypasHeH.HSIM 

nepBOro nopH,n,Ka, ~TO 03Haqano, "t!TO HOBbie c nHHOpHbie KOMilOHeHThI IlOJIB 

npRH.HJIH Ha ce6H poJib rrepBbIX npOR3BO,.D.HbIX OT RCXO,ll,HbIX ( CKaTISipHbIX) 

rroJieBhIX ¢yttKUHtt. B 11rore nonyq.11noch TaK, qTo Be.JIH"llHHhI, nponopu.110-

HaJibHbie CKOpOCTJf (KOMllOHeHTbl 4-TOKa, 4-UMII)'JihCa HJIH npocTO 4-cKOpo

crett, B 38.BHCMMOCTU OT TOro, Ha "llTO HOpMRpyeTCH cn.MHOpHa.H BOJIHOBa.s 

<l>YHKI.Vrn), onpe,n,e.TU110TCH a .rrre6paw-1ecKHMH Bbipa)KeHH.HMM B~a 'l/J'Y11.'lf;. c ~yroif CTOpoHhI, B KBaHTOBOH TCOpHH onepa-rop HMilYJlhCa ( B KOOp

,Jl..HHaTHOM npe,n,cTaBJieHHH) onpe,n,eJIBeTC.H qepe3 ,.u,H¢¢ epettu;HposaHHe no 

KOOp,ll,.HHaIBM (5.4.8). 9To 03Ha'IaeT, qTo np.11 omicaHRH CilHHOpHbIX nonei1 

HMelOTC.H ,LJ,Ba BH,II,a BeJUPUffi, npoIIOPIU10HaJlbHhlX CKOpoCT.M: anre6paHqecKoe 

H ,11,H<l:><PepeHURa.JlbHOC. 9TOT ¢a.KT OTo6pa>KeH B HaIIBcaHHH narpaIDK.HaHa 

cn.11uopHoro noJI.SJ (5.2.14), r,n,e nepsoe cnaraeMoe cnpaBa c TO~HOCThID ,n,o 

K09¢cl:>HIU1eHTa COOTBeTCTBYeT KBCVJ.PaTy 4-CKOpDC"l'H B peJIHTHBHCTCKOM co

OTHOllleHHH uµu/J, = 1, a BTOpoe CJiaraeMoe, OilHTh TaKH c TO'llfOCTblO ,ll,O KO

a¢¢m.i;HeHTa, COOTB€TCTByeT €,ll,MHHIJ;e. 11HBapHaHT 'lj;'lj; C0,11,Cp:>KHT B ce6e BH,U. 

HOpMHpOBKH BOJIHOBO:i.f <l>YHKI.VlH Ha 3ap.H,JJ. 11Jll:I Macey, Tor,.ua KaK 3HaqeHHe 

MaCCbl IIOKO.H m c ,n,pyrHMH Ko3<}:>¢Hll)i€HT8.MH COOTBeTCTByeT orrpe,n,eJieHmO 

qepe3 oneparop ,n,11¢¢epeHrvrpoBaHH.S1 RMeHHO HMrryJihca. 1bT )Ke caMhlli 

CMbICJI 3aKJllOqeH H B ypaBH€HHSIX ,il;HpaKa, nonyqaeMbIX H3 JiarpaH)KHaHa 

Bapuau;HOHbIM Me'l'O,lJ,OM. 
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6. <l>paKTaJibHOCTb IIO KOJnReCTBY B ,n.aHHOii napa,n.i-ffMe Tep.HeT CMbICJI 

BCJie,Ll.CTBHe crreu;mpHKH KBaHTOBOii Teop11H. ,LI,e.rro B TOM, qro IIOH.HTHe BeK

TOpOB COCT()gHH:tt M aKCHOM hI rHJIW€ PTOBa npocTpaHCTBa OTHOC.HTC.H K OIIH

camno MHKpOMHpa, T. e. , CTporo rOBOpH, K 9JI€MeHTapHblM ( 0,lJ.HHOqHbIM) 

3BeHb.HM MHKporrpou.eccoB, ror,n.a KaK KJiaccJ.NecKa.51 ¢11311Ka ( reopH.H OTHO

CHTCJibHocr:u) OITHCbIBae'I cooTH01neHH5t Me.>K,JJy ocyrn;ecTBHBIIIHMHCH co6h1-

TIU1MH B orpoMHOM HX MHO)K€CTBe. KJiaccuqecK:ue IlOHHTH.H B03HHKatOT H3 

cpaBHeHHH o,n.Horo OOJibIIIoro qHcna cOOhITHii c KaKHM-To q11c.rroM APYrHX 

3'.1'8JIOHHhIX cOOhITHii. M cnon b3yeMa.a B KBaHTOBOii MexaHHKe KaTeropH:H 

npocTpaHCTBa-BpeMeHH IIpHcyrn;a HMCHHO MaKpOMHPY. 

7. Tpy,n.HOCTH. B oco3HaHHH cy~HOCTH K BaHTOBoii MexaHHK11 H B ee in1-

repnpeTau.HIDC o6yCJIOBJICHhI .HM€HHO o6o6~eHHhIM xapaKTepoM KJUoqeooa: 

Karerop.HH II0Jl51 aMIIJIHTY,lJ,bI Bep051THOCTH. 9Ta KaTeropHR H e CBO,Ll,HTCH 

Im K 0,ll,HO:tt H3 KJiacc:u~eCKHX KaTeropHii: HM K qacTH1~aM, Hl1 K IlOJIHM 

B KJiaCcHqecKOM HX IIOHHMa ttHH ' ·ror,n.a KaK pa,n. Jmu; )KeJiaeT. 3TY KaTeropHlO 

npom1TepnpeTHpOBaTh HMCHHO B KJiacCWieCKOM ,n.yxe. 

9TOT acrreKT ,n.aHHO:tt o6o6rn;eHIIOii KaTeropHM M0)£(H0 COOTHecr11 c Tp aK

TOBKOii TiepBoHaqaJia (Bora) B x p:ucruaHc.rBe. 0Ho npe,n.cTann.HeT co6oa: 

e)J.IUiyIO ( o6o6rn;eHHYIO) KaTerop1110 - nepB011croqHHK acero cy1qero. B no

l1hITKax OXBaTHTb P 83YMOM 3Ty cyrn;HOCTh HCIIOJib3yerCH a no¢aTHKa H Ka

TB.¢aTHKa. Arro¢aTJ.NeCKHe yTBep)K,IJ;€HHH KacaioTcsi TOro, 'iCM He HBJIHeTCH 

paccMaTp:usaeMhI:tt o6theKT. B ,n.aHHOM cn~ae none aMnJIHTY,lJ,hl Bepo5tTHOCTH 

He HBJIHeTCH HH qacr11u;ea:, HH IlOJieM B KJJ8.CCH'l..feCKOM ero DOHHMaHHH. 

K aTa¢aTw.1ecKHe yTBep.>K,n.eHHH OTHOCTITCH K noJIO)KHTeJihHbIM cse,n.eH .IDIM 

o6 o6rbeKTe . B ,n.aHHoM cJ1yqae TaKOBhIMH .sJBJUilOTCH .noneBbTe ypaBHeHHH, 

KOTOpblM y,n.oBJieTBOp.HeT IIOJle aMII.ITffTY,ll.hl BepoHTHOCTH. 

3a6era.H BIIepe,n., OTMCTHM, qro B IIOCJie,D.Heti -qacTH ,n.aHHOM KHHrH npoBO
,ll,.H'I'CH a HaJIOrHH M€)f(,ll,y BU,ll,aMH H co.n.ep2KaHHeM ¢11Jioco¢cKO-pe.TIHrH03llbIX 

}'1"IeHH:tt 11 TpeMff BH,n.aMH ¢u311qecK:ux MHponOHHMaHHli. TaM noK83hmaercsi, 

CITO TeopeTHKO- IIOJieBoe MHpOIIOHHMaHHe HMeeT MHOro o6ru;Hx MOM€HTOB 

c peJIHrH03HbIMH npe)J,CTaBJieHH.ffMH. 9To 6bIJIO 3aMet.ICHO KJiacCHKaMH KBa H

TOBOH TeopHH: H. BopoM, B. I1ay.rr11, B. r e ili3eH6eproM H .n.pyrHMH, KOTOphre 

OTM€'1aJIH, 'C{TO c C03,[J,aHHeM KBaHTOBOH TOOpHH COOTHOllI€!1He HayKH H pe
Jllll'HH npe,n.cTae".r B HOBOM CBere. 
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KanH6poao11Ha11 TeopHSI <l>H3H'leCKHX 

..., -B3aMMOAeMCTBHM 
..... 

B 1.'COpeTHKo-noneBoM MHpOIIOHHMamrn: nona '-laCTIU~ 11 11epettoc-qn:KoB 

B3al1MO,LI,CMCTBHM paccMaTpHBaIOTCa Ha paBHO:A: Hore, O,II,HaKO Me>K.uy HHMH 

HMeeTc.H c~ecTBeHHoe p83Jlwine, npo5IBJu 110ru;eecH B TOM, qTo qacTHI..J)>I 

OilHCbIBaJOTC.H ¢epMHOHHblMH IIOJIHMH, a nepeHOC'-lHK.11 B3aHMO)l.eiicTBiili, 

TaK>Ke K.BaHTyeMbie li B 3TOM CMhICJie TO}Ke flOHHMaeMbie KaK qaCTHIJ;hI, 

xapaKTep.K3yIOTc.H 6030HHhIMH IIOJI.HMH. B T eopHH noJI.H 6N11 HaH,LI.eH cnoco6 

BBe)J.eHHa 003oHHbIX IIOJieli He BOJieBhIM o6p830M, a rrocpe)l.CTBOM IIOCTYJIH

poaamrn HeKHX BHyTpeHHHX CHMMeTplili y ¢epMHOHHbIX IIOJie:A: ( qacTHQ)' 

TQ't{Hee, rrocpe)l.CTBOM BBe)l.eHrul 11pocTpaHCTBa H X BHyTpeHHHX CHMMeTpll:A:. 

B TaKOM rro,rr.xo,rr.e 0030HHhie rro1u 1 nepeHOCl.JHKOB B3a11Mo,rr.elicTBli:A:, H83BaH

Hbie KaJIH6poqoHblMH IIOJlHMH, BblCTynaIOT KaK rrpOHBJieHHH npocTpaHCTB 

BHyTpeHHHX CHMMeTpHii. IlpH 3TOM npHHQHilHaJibHO Ba>KHo, 'tiTO npocTpaH

CTBO BeyTpeHHHX CHMMe'.rpHH CBH3aHo c KOOp,IJ.HHaTIIbIM IIpOCTpaHCTBOM. 

9TO o6c:ro.sneJihCTBO MO:>KHO TpaKTOBaTh KaK CBOC06pa.'3Hoe o6o6ru;eHHe 

K.JJacc11qeCKoro 4-Mepttoro npocTpaHCTBa-BpeMeIIM' B KOTOpoe BK.JJa)l.bIBa

IOTC.H ¢epMHOHHbIC IlOJl.8. flo 3TOM rrp11q11He K JiaCC K3.JIH6poBOqHblX Teoplilf 

{Il-B) flpocm'JXl,>-ccmeo-epeMA 

06o6~em1ru1 KaTeropH.SI 
npoCTpfillCTBa-BpeMeim 

( KJJaCCH'ieCKOe+ Bll)" rpeHHee) 

(D) floA.R. 

nepe1 tOC"tu11:oe 
e..1auAW<Je1k-meuil 

06o6~eHHrul KaTerOpHSI IlOJJSI 

aMilJJHTYAbl eepoSITHOCTH 

Puc. 6.1. BTopoit BH,z:r, ,n,yaJrn:CTH-qecKo:H napa,n;HI'MbI TCOpL'THKo-noneBoro MHpono-
HHMRHH5T 
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MO:>KHO OTHeCTH K l\.YMHCT11qecKotl: TeoperHKO-IIOJieBO:tl napa.JJ.JfrMe BTOporo 

THna, r,n,e 11c..:noJ1h3yeTc51 o6o6:m;eHHaH KaTeropu.H npocTpaucTaa-apeMeH11. 

ch .'OT THI! 'I'eOpHti IlpGHJIJIIOCTpHpOBaH puc. 6.1, Ha KOTOpGM o6o6:m;eHHaH 

KaTerOpHH npocTpaHCTBa-BpeMeHH H306pa:>KeHa B BH,11.C BTOpott ( Bep:>rnetl:) 

3aruTpHXoBaHHoii rpaH11 Ky6a, napaJIJieJ!bHOA H1u1<.11eii rpatt11 p11c. 5. L 9ni. 
rpatth Bhlpa)f{aer TOT ¢aKT, qTo ,[(auua.H o6o6:m;eHHaH KaTerop11H BMe:m;aer 

B ce.00 KaK KaTerop1110 qacTtru;, TaK H IlOJieti nepeHOeT.{MKOB B3aHMOJI,eMCTBHti. 

6 .1. CHMMeTpIDI 11 Ka.rr116poBo-cmblii no~o,u; 
K OilllCa.HIIIO B3811MQLt;eHCTBHH 

Do3MO:>KHO, ucropuKH cPH3HKH H830Byr XX B., oco6eHHO ero BTopyro no

noBHHy, anoxoA CHMMeTpHit ,IT,etiCTBHTeJlbHO, IlOIDITHe eHMMeTpHH cPH3Hqe

CKHX CHCTeM, eTporo OilHCbIBaeMOe Ha 513bIKe TeOplill rpynn, 6yKB8JlbHO npo

HH3hJBaer Bee eo,[(ep)i(anue reoper11qecK0Jii: cPH3HKH Ha py6e.>Ke XX u XXI BB. 

HaI.l OMHHM, qTo 3aKOHhI coxpaHeH11H OCHOBHhix ;1:i1HaM11<1ecKHX BeJIHT.JHH 

OOhPIHO BBO,[(HTCH B eB.H3H co cBoticTBaMH c11MMerp11u u pocTpaHcTsa-Bpe

MeHH 1tfHHKOBeKoro. TaK, 3aKOH coxpaue1nm aHeprHH o6yCJIOBJieH csoticTBOM 

O,[(HOpo,[(HOCTH BpeMeHH, 3aKoH coxpatteultil HMHYJibea o6H3au o.n.ttopo.u.ttoeTH 

rrpoCTpaHCTBa, 3aKOH coxpaHen1rn MOMeHT'd. HMilYJihea - CBOt\'CTBy H30TPOn

HOCT11 npocrpaHCTBa (T. e. paBHOnpaBH.SI BCex HanpaBJieHHtl: B npocrpaH

CTBe). Bee aTO cnpaBe,[(JIHBO KaK B . KJJacc11qecKoii, TaK 11 B KBaHTOBoti 

MCXaIIBKC, npHT.IeM B KBaHTOBOR MexaHMKe M B TeOpHH aJieMeHTapHblX qaCTHI..J, 

IlOH.HTHe CHMMeTpMM MMeeT e.w.e 60Jlhlllee 3HaqeHHe, He:>KeJIM B KJiaccMqecKott 

MeXaHHKe. I1MCHHO Tpe6oBaHHH CHMMeTpHH HrpalOT KmoqeByro pOJib np11 

H8.IIMCamrn ,[(e:tleTH1151 11JIJ1 IlJIOTHOCTH JiarpaH..>KHaHa cPH3HqecKoil eHCTeMbI, 

B3aHMO,[(€HCTBYIOIIJ.et\ TeM 11JlH HHbIM o6pa30M. 

EcJIH B MexaHHKe paccMaTpirnaerCH cucreMa cso60,[(H1>1X qacT11u; (He B3a

.HMO,[(ei1.eTByroll.I,Hx JlpY r c ,[(pyroM 11 c OKpy)KalOIIUfMH o6'beKTarvrn)' TO ,l.I.JlH 

Hee BbJilOJJH.HIOTC5J 3aKOHhl coxpaHeHHH MexaH11qeeKOH auepnm, 11MHYJibCa, 

MOMeHTa 11MnyJihca. YqeT (Bse,[(eHHe) B3aHMo,LI.eii:eTBH.H qacT11~ c oKpyX<aio

m;n:Mu TeJiaMM B o6n~eM CJiyqae HapymaeT 3aKOHbI coxpaHeHH.H HX ,[(MHaMH

qecKMx xapaKTepHCTHK, "ITO MO:>KHO IIOHHMaTh KaK HapymeHUe COOTBeTCTBy

IOm;HX eHMMeTp11tI. )l,Jrn "18.CTHIJ; OKa3bIHalOTC.H He3KBHBaJieHTHb1MH IIOJIO.>Ke

HIDI B npocrpaHCTBe 11JIH HeKoTOpbie HanpaBJieHHH. Ho 3aKOHb1 coxpam",H11.H 

H Cl1MMeTpHH MO:>KHO BOCCTaHOBHTh, eCJIH BBeCTH IlOTeHI..J,HaJihHYIO 3Heprmo 

qacr·11u,, '!'. e. IlOJl.H, qepf'.3 KOTOpbie oeyru;eCTBJIRIOTC.H HX B3a11MO,LI.e:H:CTBH.H 

c OKpy.>KalOI..IJ.RMH TeJJaMH, 11 ,o;aJiee paCCMaTpHBaTb no.rrnyro C.HCTeMy H3 

COBOKyrmoeTM t.JaCTIUI, ( TeJI) 11 noJieti. ,ll,JI.H IlOJIHOfi CMeTeMhl y:>Ke 6y;1yr 

BbIIlOJIH.HThC5i 3aKOHbl coxpaHeHHH. 

,nauJlblti npocTO:H: npMeM H JJe:>KHT B OCHOBe npMH.Sl'l'OrO B paMKax Teope

THKO-IlOJJeBoro BH,IJ;eHH.H Mupa Ka.JIH6poBoqHoro IlO,[(XO,[(a K OilHCaHHIO cPYH-



180 rnaBa 6. KBJIH6poBO"lHaH TCOPHH cJ>H3H"l€CKHX B3aHM0AeitCTBHH 

,n,aMe1rra.JibHb1X ¢113H'lecKHX B3aHMo,n,et.%cTBHH. CBoeo6pa311e cocTOHT s TOM, 

\,JTO B ,lJ,OIIOJIHCHl1e K H3BeCTHbIM CHMMe'L'pH.HM IlJJOCKOro 4-MepHoro npo
CTpaHCTBa-BpeMeH11 BBO,ll,51TCH 'l'aK H83blBaeMbJe enympennue CU.M.Mempuu 
~lJleMeH'I'apHblX t.IacTlU.~. 9T11M Cl1MMeTpHRM COOTBeTCTBytOT HOBbie coxpa

H51IOI.I.µleC.H BeJIHqHHbl H HOBbie Il0Jl51, Il03BOJI.HIDIJ.V1e r01mp11Tb 0 3aKOHax 

coxpatteHHH ,ll,JIH cyMMapHbIX Cl1CTeM 113 qaeri-m H 3THX IlOJiett. 

B CBH311 c 3THM np11se,n.eM BbICKa3blBaHHe B. ret%3eH6epra Me:raqm.3H

qecKOro :xapaKTepa: «Cyn~eCTBYtOllJ,He 3KCnepuMeHT8.TlbHble ,IJ.OKa3aTe.TlbCTBa 

,ll,OBOJibHO OCHOBaTeJihHO CBH,l.J,eTe,JibCTBYIOT B Il0Jlb3Y H/I,eH' qTo MO)KHO I'O

BOPHTb 0 ¢ytt,n,aMeHTa.JibHhlX CHMMeTpHHX. 3a.KOH npMpO,UbJ' JJe:>Kalll,Htt B oc

HOBe cneKTpa "IaCTHu;, HX B3aHMO,n,eiiCTBH"i%~ CTpOeHHH H HCTOp.Hli KOCMOCa, 

onpe,n.eJIHeTCH, Rep051THO, HeKOTOpblMJ1 ¢yn,n,aMeHT8JibHbIMH CHMMeTp1151Ml1, 

HanpHMep HHBap11aHTHOCTbJO npH upeo6pa30Ba.HIUIX JiopeHJJ;a, Bpaw;eHIDIX 

B H30Ilp OcTµaHCTBe, H3MeHeHHHX MacWT'd6a 11 T. ,n,. Ilo3TOMY MO:>KHO CKa3aTb, 

qTo cospeMeHHOe pa3BHTHe cPH3HKH nosepHyJIOCh OT ¢HJIOCOcPHJ1 L(eMO

KpHTa K ¢11Jioco¢1111 IInaTOHa. B ca.MOM ,n.eJie, 11MeHHO s coarseTCTBHH 

c y6e)K,ll,elil.l.HM11 IlJiaTOHa, eCJIH MhI 6y,n.eM pa3,n.eJI.HTb MaTepHJO see ,ll,aJlbllJC 

11 )J,8JThWe, Mbl B KOHeqH()M cqere np~eM He K MeJib1'.Ia11IIIHM 'iacTHIJ,aM, 

a K MaTeMaTH'ieCKHM o6'heKTaM, onpe,n,eJrn:eMhlM c IIOMOW,bJO HX CHMMeTpHH, 

nJiaTOHOBCKHM TeJiaM H Jie:>Ka :W,11M B HX OCHOBe TpeyroJibHUKaM. qacTHIJ;bl .>Ke 

B COBpeMeHHOii cPM311Ke npe,IJ,CTaBJUllOT co6oti MaTe.MaTuqecKHe a6CTpaKu;HH 

¢ytt,n,aMeHT8JlbHhlX CHMMeTpHH» [44, c. 88]. 
PaccMaTpuBaeMhIH B 3TO"i% rnaae Ka.JIH6posoqttb1i1 no,nxo,n, onupaeTC.SI 

u a ,ll,Ba KJIJOT-IeBhIX IlOJIOJKeHHH: BO-nepBbIX, Ha y6e)K,.Ll,e1me, qTo B OCHOBY 

cPH3HKH ,U.OJI)KHbI 6bITb IIOJIO)KeHbl Cl1MMe'rpHH, TO'-!Hee, Cl1MMe'TPHH, OilHChJ

BaCMble rpynnaMH J1H, H, BO-BTOpbIX, ua H,ll,eIO 0 JlOK8Jll13aIJ,H11 (3aBHCHMOCT J1 

OT KOOp,ll,HHaT) napaMeTpOB rpynn. IloJI.H nepeHocq11KOB B3aHMO,ll,eHCTBH'f% 

npe,n,JiaraC'l'C~ BBO,UHTb KaK ¢aKTOpb1, Il03BOJ1.HJO:W,Me KOMneHCHPOBaTh Ha

p yrneH11e COOTBeTCTBYIOIIV1X CMMMeTPHt.% cpepMHOHHhlX IlOJiett ( qacTHu;) np11 

JIOKaJIH3all.HH rpynn. 

6.2. 9JieKTpOMarHHTHOe B3aHMO,zI;eAcTBHe 

HaqHeM paccMOTpeHHe KaJIH6pOB0'-1Horo no,LJ,Xo,n,a c npocTelirnero C..'1}"'-IaJI 

aJieKTPOMar HHTHoro B3aHM0)1.eticTBH51. Ho c Haqa.rra HanoMHHM ocHOBHbie 

TIOJIO:>KeH.IDI 3Ji eKTpO,ll,HHaMHKH, He OID1pa1oiu;uec.H Ha KaJrn6pOBOqHb.rli Mero.LI,. 

6.2.1. '1>opMa.1ThHOe BBe)J;eHHe 
3HeKTPOMaI'HHTHOrO B33.HMO)J;eBCTBlill 

3an11cattHb1e OhIIIIe ypasHeHH51 K .Het%tta- <l>oKa , lllpe,n,11Hrepa. HJIH ~11-
paKa Il03BOJI5UOT 011pe,n.eJl5ITb aMIIJJHTYAY BepoHTHOCTl1 o6ua.py:>KeHHH nep

BHqH() KBaHTOBaHHOH '-laCTH~bl ~ea.JIH3HpOBaHHhlM npH6opoM B COOTBeT-
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C'I'BYfOIJJ;eM MecTe npocTpaHCTBa-BpeMeHH, a ,LJ,.IDI OIIBCaHHH 3.neKTpOMarHHT

HOI'O B3aHMo,n.e:tiCTBH5I 3J1eKTpHqecKH 3ap.~DKeHHhlX uone:H, paHee HCIIOJib3(}

BaJiaCb MeTO,D;HKa, COCTOIDII;a51B3aMeHe qacTHbIX upOH3BO,lJ;HbIX OT BOJIHOBblX 

cPYHKI.Vfii 3ap.~DKeHHblX qacTHII, Ha TaK Ha3bIBaeMbte «Y,Il.JIHH€HHbie npOH3BO,Il.-

Hhie»: 

a+-. 8 iq A --+-µ &P c1i µ, 
(6.2.1) 

r,ll.e q - 3JJeKTpnqecKHH 3apH)l. qacTHW>I, c - CKOpOCTb CBeTa, a h- IIOCT051H

Ha5l lIJraHKa. 

8Ty npou,e,n,ypy MO:>KHO npOBO,Il.HTb KaK IIpH Hanuca.HHH IIJIOTHOCTH 

cPYHKJJ..HH .narpaH:>Ka B3aMMO,l1,eMCTBYIOIJJ;HX no.ne:ti, TaK H uenocpe,IJ,CTBeHHO 

B ypaBHeHM.HX noneii. B rrepBOM cnyqae n.noTHOCTh cpynKII,HH .narpaH:>Ka 

CTJ)OMTC51 HO o6w,eMy npaBMJIY KOHu;en:u;HH 6JIM3KO)l,eHCTBHSl, T. e. 3arIHCbl

B8.e'l'C51 cyMMa .narpaH:>KMaHOB 3JleKTpoMarHHTHOro IlOJlB £,A B BM,D.e ( 4.2.6) 
H narpaH:>KHaHa 3ap51:>KeHHOI'O IIOJl.st' KOTOpblM rrp11 HCnOJib30Ba.HHH Y,Ll.JIM

HeHHbIX npOM3BO,IJ,HblX (6.2.1) pacna,rr,aeTC51 Ha .ll,Be qacTH: Jrarpatt:>KMaH 

cB06o,l1,HOf'O 3apH:>KeHHoro IIOJI.H £..o 11 .na.rpaIDKMaH B3aHMO,l1,€HCTBHSl £.int 
3ap.st:>KeHHOI'O 110J1.H c 3JleKTpoMarHHTHbIM: 

£.. = £..o +Lint+ LA, (6.2.2) 

r,11,e narpaH:>KMaH B3aHMO,l1,eMCTBHSl ,D;JI.H CJiyqa51 CIIHHOpHoro IIOJIB HMeeT BH)I,: 

(6.2.3) 

B pa6oTax no KBaHTOBOM Teop1111 IIOJIB np11Hu,HnH8JlbHa.H 6noK-cxeMa 

KOHu;en!V1H 6JIH3KO,Il.€RCTBHSl (3.1.1) HJIJIIOCTpHpyeTC.H c IIOMO~IO )J.HarpaMM 

cl:>eliHMaHOHCKoro Tuna (cM . p11c. 6.2). Ha np11Be,rr.eHHO:ti ,n;uarpaMMe upH-

So(l) 5'o(2) 

Puc. 6.2. IIpoC'reH.rnaR µ,ByxBeplllllliHaa ,rzyrarpaf..iMa <l>etittMatta 

Mbie ( cpepMMOHIIbie) JIMHHM H3o6pa:>KaIOT ,II.Be qaCTHll,bl (OHM OnMCbIBaIOTCB 

CJiaraeMbIMH B ,n.eliCTBHM So), BOJIHHCTa.51 J1HHM.H cooTBeTCTByeT rronro rrepe

HOCqnKOB B3aHMO)l.eHCTBlfW ( onpe,o;eJIBeTCB c.naraeMhIM s F), a Bhl,l1,eJJeHHbie 

TQqKH - BepI.I.IHHHbie "t.iaC'TH - - o6o3aaqaJOT CJJaraeMbl€7 KOTOpblC npe,rr.CTaB

JieHbI Bb1pa:>KeHHHMH Sint· libr116b1 cnJJOlllHbIX ¢epMHOHHhIX JJHHM°ti OJIM

lleTBop.moT ¢aKT B3aHMO)J.eHCTBH5!, B pe3yJibTaTe KOTOporo H3MeH.stJOTC.H 

rpaeKTOpMM qaCTM.lJ.. 
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B 3JieKTPOAHHa.M11Ke B Ka>K,J..I,oti BepmMHHOti qacni cxo,rr,.HTC51 ,rr,Ba np.H

MhIX 0Tpe3Ka, COO'l'BeTCTBY10m;11x BOJIHOBhlM cpyHK1..V1.HM ,ll,Byx <f>epMMOHOB: 

'ljJ ,lI,O B3aHMO,n:ettcTBH}] 11 'lj; IlOCJle B3aHMO,lI,etiCTBM51, H o.n.na BOJIHHCTO..B 

JIHHH.H noTeHWfaJia AN 6030HHoro nOJI.H - nepettocq11Ka B3a:HMo,n.e ticrBMii. 

,Ll,.1151 CJiy"la5:1 ,n:pyr11x BH)l.OB B3aMMO.n;eiicT Bl1H )l.l1arpaMMbl HMelOT TOT )Ke 

Ilpl1HU,lIIlHa.JlbHbIM BH,lI,, 0 ,D,HaKO BepIIIHHHbie qacTH MoryT OTJI11qaThC5I. 

th (6.2.2) Bap11au,110HHblM MeTO,lI,OM MO:»<HO IlOJiyqHTb ypaBHeHJ:I51 ~H
paKa )I.JUI 3JieKTPOMarHl1THO B3al1MO)l.eHCTBYIOW.HX qaCT11u; B BH)l.e 

( 
. 8 e me) 

-?:"fµ -r - + -. Aµ'Yµ + - 'ljJ = 0. 
chP en ;,, (6.2.4) 

K 3TOMY :>Ke ypaBHCHHJO MO:>KHO np11tIT11 ttenocpe,lI,CTBeHHO H3 ypaBHeHMSI 

)];1:1paKa ( 5. 2 .11) ,ll,JI.H cB06o,lI,HbIX qacT11u,, 3aMeHMB B HeM qaCTHYIO npoM3-

BO,lI,lfYIO Ha y,II.JIHHCHHyro, corJiaCHo ¢opMyJie ( 6. 2.1) . 
Ha ocHose peme H11tl cttcTeMhI ypaBHeH11:H ,rr_JI51 3JieKTpoHa B c¢ep11qe

CKH CHMMe'rpM'lHOM 3JICKTp11qecKOM none 5l,lJ,pa aTOMa CTpOHTC51 TeOpHSI 

aTOMOB KaK BO)l.opo.n:ono,II.o6HhIX, TaK 11 6oJiee cno:»<HhIX. TaKHM o6pa..10M 

o&b5tcH.HeTc.H cTpoeH11e tta6JI10,rraeMoi:o nem;ecTBa. B CB513H c 3THM BCITOMHHM 

MeTacpH3MqecKHii Bonpoc, o6cy)K,ZI,aBIIIJ:IHC51 Ha npOTIDKeHl1H MHOrHX BeKOB. 

HeKOTOph1e MhICJIHTf'.Jrn aHT11qHOCTM 11 HOBOl' O BpeMeHJ:I cq11T8Jll:t, -ciTo aTOMLI 

51BJI51JOTC.H TOTieT.{HhIMH, 11 611JIMCb Ha.n; npo6JieMoii, KaK M3 roqeqHhIX aTOMOB 

MO::>KHo COCTaBHTh 3-Meptthie Knacc11qecK11e TeJia KotteqHbIX pa3Mepos. Ha 
3TOT ,rr_peBHHti BOrrpoc Il03BOJIMJia OTBeTl1Tb KBaHTOBa.H MexaHMKa., B paMKax 

KOTOpotI 6hIJIO Il0Ka3aHo, KaK M3 pe1ueHM5l BOJIHOBhlX ypaBHeHH~ ( np11 y~ere 
3JieKTpoMarHHTHOf'O B3aMMO)l.ettCTBM.H .H,rr,pa H 3JieKTpottoa) nonyqaeTC.H o6'h
eMHhlli aTOM. 

Ilo)l.qepKHeM, qTo oxapaKTepH30BaHHa5J 3)1.eCh Me:rO,lJ.MKa onucaHM.H B3aR

Mo,rr_ettcTBHti on11paeTC.H Ha cpeHOMeHOJIOrHqeCKOe BBe,n:eHHe 3JieKTpOMarHwr

HOf'O Il0JI51. 

6.2.2. KaJIH6poBOqJIOe onncanue 3JieKTpOMarHeTH3Ma 

B ttacT051W,ee BpeM.H 6oJiee npe,rmoqTHTeJibHhIM BhirJI.H,IT,HT KaJIM6poBo'i

Hhlli lIO)l.XO,LI_ K BBe,rr_eHHIO 3Jie KTpOMarHHTHOro OOJI.H, npeTeH,D,ylOW.MH Ha qm-
311qecKoe o6octtOBattue HaJll:t'll:l.H 3JieKTpoMarHHTHoro rroJIH 11 caMoro 3roro 

BM,LI,a B3aHMO,lI,e:HcTBHH. 

ITpo,LI,eMOHCTpupyeM, KaK KaJI116poBoqHa~ Mero.z:r.11Ka peaJI113yeTC.H npH 
u u K OilHCaHMH 3JieKTpOMarHUTHblX B3aUMO,LI,eUCTBUU. aK H3BeCTHO, 

B KBaHTOBOM Teop1111 IlOJI.H tta6mo,II.a€Mhle BeJI11qHHbl - Bepo.HTIIOCTb o6Hapy

:>KeHH.H qaCT MI\, 3Ha'leHM51 HMilYJihCa, MOMeHTa MMilYJibCa 11 'l'. A· - CTpO.HTC.H 

M3 KBa.Llj)aTH'IllhlX KOM6HH~HH BH,rr_a 

(6.2.5) 
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r,IJ.e 'l/;- KOMnJieKcHa.H BOJIHOBruI ¢yttK~H51, D - coOTBe'l'CTByJOlll,HH onepa

Top Ha6nro,II,aeMott BeJniqHHbI. ,ll;n.H Bcex TaKHX KBa.n.paT11qubD( KOM611Hall,Hi1 

HMeeT MeCTO CUMMffi'pH5l OTHOCHTeJibHO upeo6pa.30BaH11tt BOJIHOBOtt cPYHK-

1.UiH 
* * * 'l/J-t'l/J' ='l/J e-io:e/(hc), (6.2.6) 

r,n.e e CJie,II,yeT IlOHHMaTb KaK 3JieKTPl·P1eCKHH 3ap.H,ll qacTMll,bI, KOM6irua~ 

KOHCTaHT lie BBe,lleIIa B COOTBeTCTBUH c np11H.HTOH Tpa,D,H~Hett QqeBM,llHO, 

q'f() B KBa.n.paTHqHbIX anre6pa11q eCKl1X KOM6llli~.HX BH.n;a (6.2.5) 3KCilO

HeHThl COKpa~aIOTC.H. IlocKOJihKY MO:>KHO onpe,II,eJIHTb pC3YJibTa1' ,llByx T&

Kl1X npeo6pa30BaHlUiX, BBeCTH e,llHHH'-lHOe H o6paTHOe rrpeo6pa30BaHH.H, TO 

MO:>K.Ho yTBep)K,ll.aTb, qTo 3TH rrpeo6pa3oBaHIDI o6pa3yIOT rpynny, xapaK

rep113yeMyro O,llHHM napaMeTpoM a. 8ra, rpynna .HBJIBeTC.H 1~11KJI11qecKott 
rpynnott mrn rpynnoii U(l). 11HBapuaHTHOCTb (6.2.5) upu npeo6pa30BaIDIBx 

(6.2.6) c nocmo.R/rt'H:bt.MU a 03Ha't-laeT HaJIHque 2J1,06a.tt'bttoi1. U (1 )-cmvfMeTpHH. 

Ilo.HBJJeHHe B3aHMO,n;ettCTBH.H B ,llaHHOM n o,n.xo,n;e accou,11HpyeTC.H c Ha

pyrneHHeM rno6ar1buoii rpynnoBott CHMMeTp11u. IlpHMeH51eTC5I np11eM1 Ha-

3hIBaeMhrll J1,0'JOO.ll,U3a~ueu epynn'bt, COCTO.HllJ,11H B TOM, l:(TO napaMeTp a 
nonaraerc.H 3aBHC.Hlll,HM OT KOop,nHHaT 4-MepHoro npocTpanCTBa-BpeMeHH. 

8To OKa3bIBaeTC.H np11H~nn1:1a.TihHO Ba)KHbIM, ecnH oneparop D B (6.2.5) 
CO,llep)KHT B ce6e ,lll1¢<PepeHI:.\HpoBamte no KOOp,llHHaT"d.M. 

Ilo.HCHHM 3TO Ha np11Mepe onepaTopa HMnynbca, KOr,lla D l"V 8/8xµ. 
Tor,n.a npn npeo6pa3oBaIDl.HX (6.2.6) HMeeM 

* &l/J *I &l/J1 * (h/; ie 80: * 
'ljJ &xµ -H/; oxµ ='l/J Bxµ + lie &P 'l/; 'l/J, (6·2·7) 

r,II,e ,n;onOJIHM're.rrhHOe CJJaraeMOe B03HMKJIO 113 .n.1:1¢¢epeH~HPOBaHH.H 3KCilO

HeHTbl. 0Ho aapyrnaer HHsapnaHTHOCTb ( 6.2. 7) OTHOCHTeJJbHO npeo6pa3o

Baulill (6.2.6). 
,ll;JI5I BOCCTaHOBJJeUIUI HHBapJ.·faHTHOCTH npe,II,nara.eTca, BO-nepBblX' 113Me

Hl1Th oneparop ,n;11¢<PepeHWJPOBaHIDI, cornacHO ( 6. 2.1) 11, BO-BTOpbIX, n o

crynHpOBaTb, qro np11 npeo6pa30BaHH51X (6.2.6) BBe,lleHH Oe 3,lleCh BeKTOpHoe 

none Aµ l13MeH.Hffi'C51 rro 3aKotty 

A' A 80: Aµ-t µ = µ+-. 
Dxµ 

(6.2.8) 

01:1eB11,n;1m, '-ITO KOM6mmn.iu1 (6.2.5) c onepaTopoM D BH,IJ.a (6.2.1) oc'IaCTCS1 

HHBap11aHTHOif OTHOCHTeJJhHO npeo6pa3oaaHHi1 (6.2.6). B 3Tott KOM611Hau.1111 

~JU11IIHee» cnaraeMoe B (6.2.7) KOMlleHCHpyeTC.H ,lI.OilOJIHHTeJibllbTM ~eHOM 
D (6.2.1). H a 3TOM OCHOBaUHH B 60-x rr., Kor,na ,LI.aHHblii UO,LI,XO,ll BXO)J;MJI 

n MOAY, ,ll;. ,ll;. l1Bane11Ko rrpc,n:;naran er o Ha.3BaTb «KOMIIeHc11pyt0Ill,HM». 

11MeHHO TaK cettqac npMH.HTO BBO,lzylTb 3.JieKTpoMar1111THOe B3aHMO,lleti:

CTBHC B Ka.TI116poBoqHo:t1: ¢opMynnposKe 3JieKTpO,llHHa.MMKH. B CTa.H,ll,apTHoi1 
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3JieKTp0,llHHaMHKe Bblpa)KeH11e (6.2.8) .HBllileTC.SI )J.aBHO U3BeCTHbIM KaJill6-
poBOTiHbIM npeo6pa30BaH1:1eM BeKTOpHoro IlOTeHWfaJia. 0lfeB.H,ll,HO, qTQ npH 

TI1K11X npeo6pa30B8.IUUIX He M3Me1rnIOTC5I KOMilOHeHTbl TeH30pa 3JieK'I'pO

Mal'HMTHOro IlOJT.51 (3.3.4)' a coxpa1u11onwttc$1 BeJTHTiMHOH, COOTBeTCTByJO~ett 
U(l)-CHMMerp1111, 51BJI51eTCH 3JieKTp11qecKHtt 3ap$I,IJ. CHCTeMbI. 

J1arpaIDK11aH ~meKTpOMarHHTHOro . IlOJIB B ,u.aHHOM BO,LJ,Xo.n.e Oil.HTb-TaKH 

,u.o6aBJI.Sie'rC$1, O,LI,HaKO )')Ke Ha 3aKOillibIX OCHOBaIDUlX, IlOCKOJihKY KaJIH6po

BOqHblH no,n.xo,u, o60CHOBaJI Heo6xo,llHMOCTb BBe,U.eHH.H 3JieKTpOMarHHTHOfO 

non.st Aw OT_IeBH,llHO TaK)Ke, 'ITO Bech xo,ll npose,u,eHHhJX paccy:>K,II.emtli 

caMblM C~CCTBeHHbJM o6pa30M 01111paeTC.SI Ha arrp11opHO 3a;J,aHHoe 4-MepHoe 

rrpocTpattCTBeHHO-BpeMeHHoe MHOl'006pa3He. 

OuucaHHbiil 3,ll,eCh KaJI116poB0<:.1HbIH no.n.xo.n. K on11can1110 3JieKTpoManrwr

HbIX B3a11Mo,n;c'ACTBHii 3aC'I'aBJI51ffi' em;e pa3 BCIIOMH11Tb CJIOBa P. <I>eHHMaHa 

0 TOM, 'ITO «CaMbJe <PYH.n.aMeHTa.TibHhle 3aKOHbI cpu3HKH IlOCJie roro, KaK 

OHM y)Ke OTKPbl 'l'bl, BCe-IB.KH .n.onycKatOT TaKOe HeBepO.HTHoe MHOroo6pa311C 

cpopMyJIHpOBOK, no nepsoMy BneqaTJTeHHlO He3KBl1BaJieHTHhIX, 1:1 ace )Ke 
TI1KHX, qTo IlOCJTe onpe,u.e.rceHHbIX MaHHnyJI.Hu;ld\ Me)K,LIJ' HHMH scer,u.a y.n,aeTC5I 

HaiiTH B3aHMOCB.H3b~. B CJieJl.YEOlll,HX r;1aBax 6y,nyT rrpuse.n.em.1 11 ,n,pyrne 

crroco6hl BBe,u,eHHR 3JieKTpOMartt11Tn01 ·o B3a11Mo,u,elicTBH.H. 

6. 3 . KamIDpoBo'IBruI TeopIDI 3JieKTpOCJia61>ix 
B3aJIMo,n;eiicTBBii 

B cepe,u.11He 50-x rr. 5IHr H MHJIJIC npe.n;Jio:>KMJTH p acnpOCTpaHMTb Ka

Ju-16poBoqHb1tt no,LJ,Xo,u. Ha ,upynie rpym1b1. BhrnCHHJIOCh, '{.{TO OH 11Meer yHH

sepcaJi h Hbiii xapaKTep l1 IlpHMeHHM npaKTHqeCKH K Jiro6oli 113 H3BeCTHbIX 

rpynn J111. Ka)K)l.ott H3 HHX COOTBeTCTBYeT 3aKOH coxpaHeHH5l HeKOTOporo 

3ap.s:r,u.a H npucyll(a5I ett COBOKynHOCTb B03MO)KJ{bIX IlOJie:tt nepeHOC'il1KOB B3a

HMO,ZJ;ettCTBMH. Cettqac rrpHH.HTO Ha3bIBaTb TaKHe Il0Jl$1 no.ll.R,.MU 5h-tea- Mu.t1r 
.n,ca. Ho 3To, KOHeqHo, He 03HaqaeT, qTo ace OHM peaJIH3YIOTCH B cpH3HKe 

3JTeMeHTapHhIX <:.JaCTHu;. K poMe paccMoTpeHHoii rpyrrnbr U ( 1), B ¢11311Ke 

MHKpoM11pa OK83aJil1Ch Hy)KHhtMH rpynnhI SU(2) 11 SU(3): rrepBa.SI ~.rm 
orrucaHH..s:I 3JTeKTpDCJia6bIX B3aMMO,ZJ;et\cTBHH, a BTOpa51 -- ,Il,Jl.H IlOCTpOCHIDI 

xpOMO,ll,HliaMHKH. 

6.3.1. Bo30HH1>1e no.JUI B Mo,n;eJIH 
3neKT}JOCna6bIX B3allMO,l.J;eHCTBHH 

KpaTKO no.HCHHM KJIIOqeebre noJIO)KeHH$1 MO,n;enu 3JieKTpocJia6hlX B3a

HMo,u.eiicTB11t\, ocHoBaHHo:tt Ha J10KaJIH3all,H.H rpynnhI SU(2) x U(l). KaK 

113BeCTHo, rpynna SU(2) o n pe,u.eJieHa u KOMnJieKcHoM npocTpaHCTBe 2-KOM

noHeHTHbIX CilMHOpOB 11 COOTBeTCTBYeT rpynne 3-MepH.bIX Bpa~eHMH. Ilo
CKOJlbKY MO)KHO ocym;eCTBJI51Tb IlOBOpOTbl BOKpyr TpeX B3aHMHO nepneH-



6.3. 9JieKTpOCJia6bre B3rufMOAel.fCTBHH 185 

,JJ,m<yJrnpHbix oce:H, TO rosop.SIT, 'fi'O aTa rpynrra xapaKTep113yeTc.SI TpeM.SI 

He3aBHCJ1MblM11 napaMeTpaM11, T. e . .SIBJI.SieTC.SI 3-napaMe'I'plf'-lecKoti, B OT

JlJ1'-lJ1e OT o,D.Horo rrapaMeTpa rpynnb1 U(l). l1cnoJib30BaH11e 3TOti rpyrrIThI 

CJ1MMeTpHH 03HaqaeT BBe~eHHe BHyTpeHHero (H30TOTil1\.J.eCKOI'O) 2-MepHoro 

KOMIIJleKCHOro npocTpatiCTBa, B KOTOpOM 3JieMeHTapHble qacTMIJ,bl xapaKTe

PH3YIOTC.SI ,ll,BYM51 CDHHOpHbIMH KOMilOHeHTaMH, KOTOpbie He cne,nyeT nyra'I'b 

co" CIIHHOpHbIMl1 KOMIIOHeHTa.MH BHenIHero, T. e. KJiaCCM'leCKOl'O 4-Mep110ro 

rrpocrpaHCTBa-BpeMeHH. 

CorJiacno H3JIO)KeHHOMY Bh1me, 11cnoJib3oBauue SU(2) x U(l)-caMM~ 
PHH 03Haqaer sse,n.eH11e B TeOpHJO qeTb1pex - no t.tMCJ1y napaMeTpoB 3THX 

rpyrrn - BeKTOpHhlX n oJie:H: TPH seKTOpHhix noJrn A(l)µ, A(2)µ, A(3)µ coOT

Be'l'CTBYJOT 3-napaMerpH'IecKoti rpynne SU(2) 11 o,n.uo sei<TopHoe noJie Bµ -
l-napaMeTpw-1ecKo.H rpynne U ( 1). Ilo~epKHeM, qro cOBOKYilHOCTb ,n,syx 

rpynn 11 IlOJieti B 3TOtt TeOpuu He 03Ha'-laeT npHMOro COOTBeTCTBHS'i u ( 1) 

3.TieKTpoMarH11THOMY nOJIIO, a SU(2) -- nepettocqMKaM cJia6b1x B3aHMo,.u,ett

crs11it, KaK MOrJIO 6h1 noKa3aTbC.SI Ha nepBhIM B3rJI.H,LI.. c'I>oTOHbI 11 wyrHe 

BeKTOpHb1e nOJI51. onpe,n.eJI51.IOTC.SI q epe3 Ha3BaJIHbie rrepBHqHbie non.SI 6oJiee 

CJIO)l(HblM o6pa30M: '-Iept'.3 HeKOTOpbie KOM6HHaI.J,liH 113 HMX. 

83aHMo,n.eitcTBHe 'IaCTm.J, c aeKTOpHhIM noneM B µ xapaKTep113yerC.SI 

caoeit KOHC'ffiHTOM B3aHMO,II,eitCTBHS'i 91 H cneu,HaJibHhIM 3ap.H,LI.OM y' Ha3bJBae

MhIM iunepaap.niJo.M, KOTOpblli MO)KeT npm .. mMaTb u,eJI01'.JHCJ1eHHhle 3HaqeHH51.: 

0, ±1, ±2, • . • aHa.JIOrWIHO 3JieKTp11qecKOMY 3ap5i.,ny Q B e,n.HH11u,ax 3ap.SI,II,a 

3JleKTpoua e. 
B3aHMo,n.e:HcTBHe c Tp111v1eroM seKTOPHhIX rrone:H A(k)µ, f',n.c k= 1, 

2, 3, xapaKTep113yeTCS'i ,n.pyroit KOHCTaHTott B3aMMO.n;etiCTBH51. 92 H CBOMMH 

3Ha'feHH.SIMH 3ap.SI,n.a, poJib KOTOpbIX BhIITOJIH.He'I' npoeKIJ,IDI cn11ua T3 so BHYT

peHHeM M30TonuqecKOM rrpocTpaHCTBe; T3 MO)KeT rrpHHHMaTh KaK u,eJih1e, 

Ta.K 11 no.rryu,eJThie 3Haqettl15i: 0, ±1/2, ± 1, ... B 3as11CHMOCTH OT 3HaqeH.M.SI 

T, rooop.SIT, T.JTO qaCT11IJ,b1 }IBJI51.IOTC.SI H30CKaJIBpoM (T = 0), 113ocnHHopoM 

(T = 1/2), BeKTOpOM (T = 1 ) B ll30TOill11-IeCKOM npocTpaHCTBe. 

11.TTOTHOCTh Jiarpatt)KHaHa Mo.n;eJI11 l3aiiH6epra-CaJ1aMa-rm~moy npe,n.

CTa.BJIBeTCS'i B BH,II,e He Tpex, KaK B (6.2.2), a qeTbipex COCTaBHbl X qacre:H": 

L = Lo + L p + Lint + Lm, (6.3.1) 

r.n.e nepBbie -rp11 CJiaraeMbIX 11Me10T upe)KHHM CMbICJI, a Lm t.IaCTb nJIOTHO

CTH JiarpaIDK11aHa, OllHCblBaIOIJ.J,a.H BKJia,Il.bI B MacCbl '-IacTUIJ, {MacCOBbiit CeK

rop ). ,[(eJio B TOM, 'lTO B SU(2) x U(l)-CHMMeTPH"-IHOH reop11H KaK qacTHI.J,bI, 

TaK 11 IIOJI.SI nepettocq11KOB B3aHMO,n.e:ttcTBHM OKa3blBaIOTC.H 6e3MaCCOBbIMH. 

L(JI5I Toro "-rro61:>1 B03H11KJIH OTJIM'illble OT ttyJI.SI MacCbl IIOKO.SI, 11CilOJib3yeTC.SI 

cneu,11a.rrbHbI"tt MaTeMaTHqecKHH np11eM, npe,n.Jio>KeHHhIM XurrcoM B 1964 r. 

OH ocuoBan n a sse,n.eHH11 ,ny6JieT'ct XMrrcoBCKHX cKa.JI.SipHhIX noneti, B3aH.M0-

,1J,eiicrsyio~x c BeKTOpllbTMH H CilHHOpHhIMH nOJlllM11, np11qeM TaK, qTo6bI 



coxparumacb SU(2) x U(l)-c11MMerp11H. 3aTeM Ha CKaJIHpttoe noJie HaJiara

IOTCH crreIJ,HaJihHhle ycJIOBHH TaKHM o6pa3oM, qTo6b1 6oJiee BhII'O,UHhIM 6bmo 

HeKoe HeHyJieBoe 3Haqen11e ( saKyyMttoe cpe,n,Hee) CKaJIHpttoro rroJIH, 1'.JTO 

coOTBeTCTByeT Hapyrnett1110 113Haqa.JlbHoii SU ( 2) x U ( 1 )-c11MMfil'PHl1. Hetty.rre

ooe 3HaqeHHe CKaJIHpHoro IlOJIH OTBeTCTBeHHO 3a B03HMKHOBeHHe Mace IlOKO.H 

3JieMeHTapHbIX qacTnu;. Ta.Koe HBJieHHe Ha3Batto cnottTa1u1b1M HapymeHHeM 

c11MMeTp1111, a caM npueM Bse,neHIDi Mace - .tvtexanU3.MO.tvt X u22ca. TaKHM 

o6pa3oM, B Lm BXOA HT IlJIOTHOCTb narpaH>KMaHa x11rrcoBCKHX CKMHpHbIX 

noJieii B qJieHbI, Oill1ChIBaIOI.IJ,1:1e MX a=m.11Mo,n,eticTB11e c )q)yrHMH IIOJTHMH. 

Bee 3Tl1 cocTaBHhle qacT.11 Tectto CBH3aHbI ,n;pyr c )q)yroM. He yr.rry6n.srHch 

B ,nerarm 3T oti. Teop1111, Bh1nurneM Jll1llih tta1160Jiee x apaKTepHhie ee cne,n,

CTBHH. TaK, B3a11Mo,n,eticTB11e JieuTottoB c BeKToptthIMH KaJIH6poooqHhIMR 

IlOJTHMM orrpe.n;eJIHeTCH CJie.D..YJOm;eii «y ,LI,JlHHeHHOH npOl13B0)1.HOii»: 

a++ = J. ~ - igi y J. B - ig2 T(k)A(k) 
µ 2 &P lie 2 2 µ lie µ> (6.3.2) 

o6o6m;arom;ei\: 3JieKTpoMarHHTHYIO «Y.IJ.JIMHeHeyro IIpOH3BO,ll,HyIO» (6.2.1). 
3).1.ecb Y - r11rrep3ap.H)I., T( s) - MaTpHqHaH BeJI11q11Ha, Bhipa,)l(aeMaH qepe3 

2 x 2-MaTpHIJ.hI Ilayn11, 12 - e.n11tt11qHbre 2 x 2-MaTPRIJ;bI. Bse,n.ettue MaTP~ 
o6ycJIOBJieHO TeM' ~o 3arr11caHHhlii orrepaTop ,n,etiCTByeT Ha 2-KOMilOHeHT

HYJO cn11ttopttyro cPYHKIJ;HIO B H30TonuqecKOM npocTpaHCTBe. 

<I>H3Hl'.leCK11M IlOJIHM - '3JieKTpOMarHHTHOMY H ):ij)yrHM - COOTBeTCTBylOT 

KOJ\.ro11Hau;1111 113 nepBH'·lHbIX BeKTOpHbIX IlOJieH, KOTOpbie onpe,n.eJIHIOTCH, 

B qacTHOCTH, TeM, KaKHe 113 HHX B3a11Mo,n,eikTBYIOT co CKaJl.HpHbIMH IlOJUIMJI 

u, cJie,n.osaTeJibHO, npuo6peraroT B pe3yJibTaTe MacChI noKO.H, a KaKMe - Her. 

0Ka3hIBaeTCH, JIHHeihia51. KOM6uttan.11.H 

Aµ= BµcosOw + A(3)µsin8w (6.3.3) 

He B3a11Mo,n,etiC'rsyeT co CKaJIHpHb1M11 noJIHM11 H ocraeTC.H 6e3MaccoBoti. Otta 
OTO>K)l.eCTBJI.HeTCH c BeK'l'OpHbIM IlOTeHIJ.HaJIOM 3Jl€KTPOMaf'HHTHOro IlOJIH. 

3,n.ecb Bw - TaK Ha3hIBaeMbIH yzo.n, Battn6epza, orrpe.ne.rI.HeMhIB KOHCTaHTaMH 

B3aHMo,n.etiCTBHti 91 11 92: 

sin Bw = --;:=g=1== - gi Jgr + g~ g (6.3.4} 

C J1e,n.yeT oco6o no,n,qepKHYTh, tITO 3HaqeHaH KOHCTaHT, a cJie.nosaTeJihHO, 

11 yron Ba:titt6epra Bw B MO,lJ,eJIH Ba:HH6epra- Ca.rraMa.- rn3rnoy He ¢11K

c11pyIOTc.a. YroJI Ba:nH6epra ttaxo.n11TC.H 113 9KcnepMMeHTaJibHbIX ,n.aHHhIX 

8w rv 28, 4°. 
BTopaB KOM611ttau;1111 113 ,n.syx nepBnqHhlX noJieli, oprorottaJihHaH nepoott 

B (6.3.3) , 
Zµ = - Bµsin8w + A(3)µcos8w (6.3.5) 
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onpe,rr.eJuier none Heli'rpa.Jlhttoro aeKTOpHoro Z-6o30Ha, o6JJa,n:a10m,ero Mac

co:H llOKO.H. 

IloeKoJJbKY npoMe)KYTO'-lHhie aeKTOpHb1e noJrn Aµ u Zµ .HBJI.HIO'I'C.H co

CTaB11bIMH, TO 11 KOHcrraHTbl HX B3a11Mo,n:e:HCTBHH e qacT11u.aM11 onpe,n:eJJ5UOTC51 

Tiepe3 KOM611tta~H11 nepauqHhrx KOHCTaHT 91 11 92. TaK, Be.JIHqj1Ha 3JICKTp11qe

CKoro 3ap51,ll.a e 11 KOHC'ffiI-l'ra 9 B3aHMo,n:eHCTBl1SI c Z-6030HOM COOTBeTCTBeHHO 

38.nl!IChIBaIOTC.H B BH,n:e 

e = 919'2 . 
Jgy + g~) 

(6.3.6) 

J13 OCTanIIIHXC.H ,n:ayx nepBnqHbIX aeKTOpHhIX none:tt A(l)µ 11 A(2)µ 
CTpO.HTe.H noJI51 ,n:Byx 3ap.H)KeHHbIX BeKTOpHbIX 6o30HOB (rroJJO)KliTe.TlbHOrO 

H O'rpm.1,aTeJihHOro 3apS1,n:on): 

w; = ~ [A(l)µ =i= iA(2)µ], (6.3.7) 

TaK)Ke 06JJa,n:a10nzync MaceaMn noKo.H. 

B paMKax 3TO:lt TeopHH 6hIJJH upe,n,eK83aHbl 3 HaqeHH.H Mace Z- H w±-6o-
30HOB. 0K83a.JIOCh, qro OTHOWeHHe Mace Z- 11 W- 6o3ottoB onpe,n:eJI.He'I'C.H 

KOCHnyeoM yr11a Battu6epra, qTo 3aTeM 6bIJIO no,n:TBep)K,JJ,eHo 3KCnep.HMeH

TaJibHO. 

Bee T'dKHM o6pa3oM noH11MaeMhie BeKTopHb1e 6o30HHb1e noJIH .HBJJ.SlfOTCSI 

nepeHoe 'iMKaMH B3aHMo,n:eii:cTBMi1 Me)f{,!ly napoii: <PepMMOHHhIX qacTHu.. Co-

3,II.aime ,n:aHHOi-1 M0,.1l.eJIJ1 BO Bropoii: ll0JJOBl1He xx B. 03HaMeHOBa.JIO Ba)KHOe 

OTKphIT11e, cpaBHHMoe c OTKphITHeM XIX a., eoCTO.HBruero B o6'he,lJ.HHeHHH 

9JteKTp11qecKoro 11 MarHHTHoro llOJiett B paMKax e,n:MHOl'O 3JieKTpOMarHHT

uoro nOJJSI. Teneph y)Ke MO)KHO yTBep)K)I.aTb, Y:TO HeT OT,n:eJibHO 3J1eKTpo-

11mrHMTttoro B3aHMo,n:eiieTB11S1 n OT,.U.eJibtto c Jia6oro, a ecTb e,n:1111oe 3JieKTpo

CJia6oe B3aHMo,n:eii:cTBHe. 

6.3.2. 9neKTJ>OCna6Lie B3aHMo,n;eiicmIDI nenTOHOB 

B CTaBweii y)Ke KJlaccuqecKo:tt Mo,n:eJI11 3JieKTpocna6b1x B3aHMo,n:e:0:cTB11ii: 

Balhroepra-Cru1a.Ma- rJI3woy (eM. [17, 189J) 06bitH10 no)JJ)83yMeBaeTc.H 

napa qacTHQ nepBoro noKOJieHJUI: 3JieKTpoH ( e) H 3JieKTpoHHoe ttettTpHHO 

(vc)· JiarprunK11aH HX B3aHMO,n:ei1cTBH.H c nOJJ.HMH npoMe.>KyroqHbIX BeKTOp

HbIX 6o30HOB HaxO,.U.HTC.51 no paaee e¢opMyJIHpOBaIDioMy npaBHJiy: B lIJIOT

HOCTl1 Jiarpatt)KlfaHa ,n:JI.H cBo6o~HhIX 't.lacTH~ cne,rr,yeT 3aMeHHTh qacTHhie 

npo113BO,.U.Hble Ha y)J,JIHHeHHbie, o,n:uaKO Tenepb TaKOBbIM11 SIBJIHIOTC.H (6.3.2). 
B HHX axo,n:wr 3ttaqeHH.H runep3apS1,n,a Y 11 H30TOrrnqeeKH:H cnutt qacT11~ 

T( s), qepe3 KOTOphie onpe,n:eJI.HIOTC.H 3JieKTp11qecK11ii 3ap.H,n, ~1acT11~ Q (a e,rr.11-

~ax e) 11 3ap.H,n: B3a.HMO,n:eilc"TBH.H e Heii:TpaJibHhIM Z-6o30HOM 9z: 

Q = ~ Y + T3; 9z = T3 - Qsin2 Bw. (6.3.8) 
2 
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qpe3Bbl'·m.i1tto Ba>KHbIM o6cTO.HTCJlbeTsoM B Teop1111 3JieKTpOCJia6hrx B3a-

11Mo,z:i;eiicTBHil HBJlfle'I'C.H 'l'OT cpaKT, qTo, BCHlepBbIX, Bee 3JieMeHTapHble 

qacTHLJ,hl, Oil11CbIBaeMbie 4-KOMilOHeHTHbIMli (6ucn11HOpHblMI1) BOJIHOBbIMll 

cpytt~l1.HMH, o6J1a,llaK>T ,LI.ByM5t KOMilOHettraMu: JJeBott, noMeqaeMo:tt IIH,l1,CK

COM L, II npaoott, uoMeqaeMott HH,lleKCOM R . Ee.ru1 o6o3Haq11Tb BOJIHOByIO 

cPYHK.WflO 3JJeKTpOHa eHMBOJJOM 7/Je = e, a .D,Jifl HettTpMHO 7/Jv - v' TO J-0( 

CJie;:i;yeT rrpe)l.CTaBIITb B BH,II.e cyMMhl 113 JieBOM H npaBott T_IaCTett: 

v = VL + vn. (6.3.9) 

Bo-nropb1x, JJeBh1e 11 npaah1e KOMnotte nThI qacTHl~ no-p83HOMY B3aHMO,IJ,en

CTByIOT c npoMe)l{yToqHblMH BeKTOpHblMH IlOJI.HMH, qTQ OTpa)l{aeTC.H RX 

pa3JillqHblMl1 3Haqemu1 MJ1 ninep3ap.H,lla 11 npoeKI.J,HH H30TOTIHqecKOI'O Cil11Ha. 

flesbre KOMTIOHeHThI 3JieKTpoHa (eL) H tte"ttTpllliO (vL) OO'h.HBJI.HIOTCfl ,11,ByMH 

npoeKIUf.HMH 0,llHOro 11 TOro )Ke CilHHOpa B .H30TOilHqeeKOM npocrpaHCTBe, 

T. e. ,lJ,JI.H HHX cooTBeTCTBeHHO HMeeM T3 = - 1 /2 H T3 = + 1 /2. B Mo,n,eJrn 

BattH6epra- Ca.naMa rJI3IllOY aTH )J,Be JieBhie KOMilOHeHTbl Ofl.HCblBalOTCH 

B BH,ll;e ,llBYXKOMilOHeHTHOro eToJI61~a. IlpaBble >Ke KOMilOHeHTbl cqMTaIOTCfl 

H30CKaJI.HpaMH, T. e. ,llJifl HIIX T3 = . 0, H oHH on11chrna10TC.H o;:i;HoKoMno

HeHTHhIMH BeJIH""IHHaMH. y Ka3aHHoe p83JIJ1qHe COOTBCTCTByCT H3Be<.-'THOMY 

CBOtlCTBY CJia6bIX B3aMMO,lleMCTBJill - HapyrneHHIO 3epKaJibHOtt CHMMeTpMH, 

T. e . He3KBHBaJJeHTHOCTH JieBO- H npaBO-IlOJISlpH30BaHHbIX qacTHLJ,. 

IIpoeKIJ,HH H30TonHqecKoro en11tta T3, xapaKrep113yJOmero B38H~m;:i;eli

CTBH.H e TpHnJJcTOM Be KTOpHbIX no;iett A(s)µ, H 3HaqeHIDI rHnep3ap~a Y , 
xapaKTepH3YIO~cro B3aHMO,llettcTB1151 qaCTHLJ, e npOMC)KyTOqllbIM BeKTOp

HhlM noJieM Bµ, ,IJ;JI.H acex KOMnoHeHT qacTHIJ. BhrnHcanb1 B Ta6n. (6.3.10). 
TaM )Ke YKa3aiibI 3JieKTp11qecKHfi Q 11 9 z -3apH)J,hI qacT.11u;. 

KaaHTOBoe II VeL I II VeR I qJICJIQ 
eL en 

y 

II 11~ I - 1 

II 

0 

I 
-2 

T3 -1/2 0 0 (6.3.10) 

Q = (1/2)Y + T3 

I 1~2 I 
- 1 

II 
0 

I sin2 ~w I 9z = T3 - Q~in2Bw - 1/2 + sin2 Bw 0 

B Ta6JIHI.J,e Q:>opMaJihHO Bb1n11caHhl' 3ap.H,z:i;hI 11 ,llll.H npaabIX KoMnOHeHT He-H

TPI-fHO. IIocKOJlbKY ace ero 3apsr,lJ,b1 paBHbl eymo, TO OH He Y'"lacrsye:r 

BO B3aHMO,lleMeTBH5IX. Ilo 3TOtl H H eKOTOpbIM ;:i;pyr11M npuq11HaM npHHm'O 

c qHTaTb, qro ey~eCTBYIOT JlHllib JieBbie KOMITOHeHTbl HeiiTp11HO. 

Ha BnOJIHe eeTeCTBeHHhie sonpocb1 o nptt'-IHHax n O)J,06ttoro Bb16opa 3a

p.H,llOB, BBe,lleHl1.H JJe.BbLX H npaBbIX KOMilOHeH'l' qacTRI.J; II T. n.' B paMKaX 

TOOpeTHKO-noJieBoro MHpOilOHHMaHH.H IlOKa ;:i;aeTC.Sl OTBeT: 3TH 3HaqeHHH 

HMelOT ¢eHOM€HOJIOI'M'-IeeKHii xapaKTep, T. e. cne;:i;yJOT H3 COBOKyITHOCTII 
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9KcnepMMeHTaJihHhIX ,rr.aHHhIX. B cne,LI.ylOUI,IDC ,n,syx qacTHx KHHrH 9TOT Ma

TepttaJI 6y,n.er npoaHaJIH3HpoBaH no,n; HHhIMH yrJiaMH 3peHHSI. 

CornacHo 9KCnepHMeHTdJlhHh1M ,D,aHHhIM, B 9JTeKTpocJ1a6hIX B3aHMo,n;eH:

CTBHSIX npOSIBJISIIOTCSI rneCTb BH,ZI.OB JieilTOHOB ( T. e . JllMelOTC51 nenTOHbI meCTH 

apoMamoe), o6pa3y10m;IDC mpu no-x;o.rienu.n- no ~e qacTIDJ.hI B Ka:>K,Ll;OM: 

Bee nenrotthI o6na,rr,aK)T cnMHOM 1/2. BepxHHe nenTOHbI 9JieKTpuqeCKH 

HeH'll>a.JlbHbl H 6e3MaCCOBhI, a HH)KHHe JieilTOHbl o6na,rr.aIOT e,n;HHHqHblM 

OTplil.l,aTeJibHhlM 9JieKTpMqeCKHM 3apSI,ll;OM H cym;eCTBeHHO pa3JIH'<-IaIOTC51 

MaccaM11 IIOKOSI. KaK y)Ke OTMe"t:laJIOCb, B HacTO.sirn;ee BpeM5I B paMKax 9TOH 

napa,rr,HrMhI tteT o6rn;enpH3HaHHoro TeopeTHqecKoro o6oc110Batt11.si cyw.ecTBO

BaH111SI JllMeHHO Tpex IlOKOJieHJIH. 06bP-IHO OTMeqaeTC.sI HeSICHOCTh poneH: 9THX 

noKoJieHHH B o6w.eli CTPYKTYpe Mllpa. 

B3allMO,rr.elicTBHe JieIITOHOB pa3HblX IIOKOJieHHH c npoMeX<yTOqHblM neu
mpa.;i'b'H'bl.M ee-x;moptt'bl.M Z -6oaono.M ocymeC'l'BJrneTC.sI qepe3 He:tiTprurhHhie 

TOKH. CorJiacHo coBpeMeHHhlM ,u,aHHhIM, HMeeTc.si 6 JienTOHHbIX tteliTpaJih

HhIX TOKOB, o6p830BaHHhIX 0,!J,HHaKOBbIMH BXO,ll;Slill,HMH " BhlXO,!J,RlU,HMH qa

CTIUJ,aMl'.l (Tllna Ve'"'faPe, e'"'fae JI T.,JJ;.). XapaKTepHO, q'T() B TeOpHH He ,ll;OJI.)KHbl 

B03HHKaTb HeHTpa.JlbHbie TOKH, B KOTOphlX nepeMelllMBaIOTCZI. 1.f.aCTHIJ;bl 113 

pa3HbIX IIOKOJieHHH (T. e. THIIa €'"'fcxµ, Ve'"'fo:Vµ H 'I'. ,n;.). 8'l'OT Q:>aKT CJie,rr.yer 

Ha3bIBa'l'b rrpaBHJIOM 3anpeTc1 ,U,JUI He:ATpaJibHblX TOKOB. 

3ap.sI,n;bI 9L H 9R, xapaKTepH3ylOm;He B3aHMO,U,eHCTBHSI JieIITOHOB BTOporo 

H T})eThero noKoJieHHH c Z-6o3oHaMM, HMeIOT Te )Ke caMbie 3HaqeHH5f, qro 

H YK83aHHbie B Ta6JI. (6.3.10) 3ap.H,LI;bl COOTBeTCTBYIOllI,HX JieflTOHOB rrepBoro 

IIOKOJieHH.H. 

B3aHMo,n.ettc'l'BHe nerrTOHOB pa3HhIX noKOJieHntt c rrpoMe.)KyTO"t:IHhIMH aa

pR:>1Cennu.Mu ee-x;moptt'bl.MU W -6oaoM.Mu orrnchrnaercsi qepe3 3ap.si)KeHHb1e 

TOKH, rrpHqeM 3apH)KeHHbie TOKlf o6pa3yIOTC.H TOJibKO JieBbIMH KOMilOHeH

Talv!H qacTMu;. CorJiactto 9KcrrepHMeHTaJihHhIM ,rr,attHhIM, )J.JTSI JieIITOHOB HMe

€TCSI JIHllib TpH 3apSI.)KeHHhlX TOKa, B KOTOpbie BXO,U.SIT KOMilOHeHTbl nap 

JienTOHOB TOJihKO .H3 o,n;Horo noKoJieHHSI. OTcyTCTBHe TOKOB, co,n;ep)Karn;Hx 

KOMIIOHeHTbl qacTHIJ; H3 pa3HhlX IlOKOJieHHH, 03Haqaer rrpaBHJIO 3arrpera )J,JTSI 

3aPSJ)KeHHbIX JieflTOHHhIX TOKOB. 

,il;JISI Mace ¢epMHOHOB npe,u.CKa3aHHB Teop11n OK838.JIMCh MeHee orrpe,ue

JieHHbIMH. ll3 TeOpH11 CJie,u.osa.na JIHlllb caMa B03M0)KH0CTb HX BBe,n;eHH.H 

qepe3 MexaHH3M XHrrca, o,u.HaKo KOHKpeTHhie 3HaqeHHSI 3a,rr,a10TcSI c rro

MOUJ.hlO ,ll;OilOJIHMTe.TlhHblX KOHCTaH'l', KOTOphie TeopHeA He cPHKCHpyIOTCSI, 

a HaxO,Il.SI'l'CSI H3 9KCIIepHMeHTa .. 
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6.3.3. 3JieKTpOCJia6Lie B3allMO)J.eiicTBIDI KBapKOB 

9neKTPOCJia6bie B3aMMo,n;etiCTBHSI KBapKOB OilHCbIBalOTCH TeMH :>Ke cPoP
MynaMH, qTo H JieilTOH bl. 0TJIHqH.sr COCTOSIT B 3 Haqe HHSIX y H pe3YJlbTHpyio

UViX 3apS1,n;oB Kl:JapKOB. BMecro H el1TpHHo 11 3Ji eKTpoHa rene pb Bb1crynaJOT 

eepxttui1 u 1-lU:JIC?-l'UU KBapKH, KOTOpbie ,ll:,JIH nepsoro IlOKOJieH1UI JilMettylOTCg 

COOTBeTCTBeHHO U- KBapKOM H d - KBapKOM. 

3tta'C.reHHH Y, T3 H 3ap.a,u.0B KaapKoB n epooro noKoJieHHH BO BHYTPeHHeM 

npoc 1'paHCTBe BblilMC8.Iibl B Ta6J1. (6.3.11): 

Cl) 
0 
j:Q 
0 

dL dR E-< 0 UL UR 
~ 5 llO = :::G :r 

+2/3 - 1/3 +2/3 - 1/3 
+ 1/ 2-(2/ 3) sin2 8w - 1/2+ (1/3)sin28w - (2/3) sin2 Bw +(1/3) sin2 8w 

(6.3.11) 

06paT HM BHHMaHHe Ha TO, 'ITO sepxtt11ii KBapK o6Jia,n;aer ,n,po6IlbIM 3JieK1'pH

q eCKJilM 3apSJAOM Q = + 2/3, a HH:>KH11ti -- TaK)l(e ~OOHblM 3JieKTpHqecKHM 

38.pH).l.OM Q = - 1/3. JierKO BH,11.eTb, t.fTO 38.pSl,n;bl BepXHHX H HJ.f)l(HHX KBapKOD 

OTJIH'Ia10TCS1 ,rq>yr OT ~yra Ha e,n,Htt1nzy, qro x a paKTeptto TaK*e H AJUi 
JieilTOHOB. 

AHanorHqtto J1enTOHaM B aneKTpocJia6b1x B3aHMo,n;etiCTBHSIX CJie,z:zyer 

rosopHTb 0 KBapKax meCTH apoMa:roB, KOTOpbie TaK)l(e COC'l'a.BJIBIOT mpu 
nO'l\,O.ti€1-lU.R: 

Bee KBapKH o6na).l.aIOT cnHHOM 1/2 B npocTpattcTBe-speMeHH MHHKOB

CKoro H 0,JJ;HHaKOBbIMH BO BCex IlOKOJJeHHSIX KOMilJieKTaMH KBaIITOBbIX qHce.n. 

( 3aps:i:,n;os) BO BHyTpeHtteM npocrpaHCTB e . 

BsaHMo,n,eitCTBHe KsapKOB pa3HbIX noKoJieHHit c npoMe)f(yTOqfihJM ?-£eu
mpa.11:bttUM 6€1\,mOp?-l'bl.M. z -60301-lO.M, ocym;eCTBJl.HeTCSI qepe3 Hei:t1'paJibHbl€ 

TOKH. CornacHo cospeMeHHhIM ,n;aHHhIM, HMeeTCH 6 KBapKOBbIX H e tiTpaJ.Ib

HhIX TOKOB (THIIa U'Yo:U, d'Yad, ... ). KaK H B CJIY'Iae JienTOHOB, B ·reopHH 

He ,Zl;OJI)f(Hbl B03HHKa'.rb HeATpaJibHble TOKH, B KOTOpbIX n epeMeillHBaIOTOI 

KBapKH H3 pa.3HbIX IlOKOJieHHil (T. e . THila U'!'o:C HT. ,n;.). 9TOT cPaKT CJie,z:zyer 

Ha3BaTb npaBHJIOM 3anpera )1,JI.H n e tiTpaJibHblX TOKOB. 

B O'l'JIH"(.IHe OT 11enT0HoB, ,n;JISI KaapKoB HMeeTcsi 9 3apS1)f(eHHbIX TOKOB, TaK 

'ITO Ka:>K,n;bIA KBapK MO:>KeT o6pa30BbIBaTb 3apS1:>KeHHblti TOK c napTttepoM 

KaK H3 csoero, TaK M H 3 ,n;pyrHX IlOKOJiettlilt. lIMeer MeCTO n ep eMelllMBaHHe 
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KBapKOB B 3ap.H)l{€HHblX TOKaX, KOTOpofl OilHCbIBaeTC.H c IlOMOlll.blO rrpex 

yrJIOB 9ttJiepa () 1, 62' ()3 H cpa30BOrO MHO)l{HTeJT.H ei0 . 113 9KCnepHMeHTaJibH.bl.X 

,u.aHHbIX H3BeCTHo, qTo Bee yrJibI (Ji Ma.JlhL HaH6oJiee cyw.ecTBeHHbIB yroJI 

01 , Ha3bIBaeMb1lf y2.1w.M K a66u6o, onHCbIBaeT nepeMellIIIBaHHe KBapKoB H3 

nepaoro H BTOporo noKOJieindt. 

MHo)i{ecTBO pa3JIHqffbIX BH)J.OB a,LIJX)IIOB - npoTOH, He:t!TpoH, nmepoHbI, 

Me30HbI - HMeeT CMhICJI HMeHHo npH aJieKTJX>CJia6bIX B3aHMo,n;e:tlcTBHRX. Co

rJiacHo (,'OBpeMeHHbIM B033peHHSIM, 6apHOHbl COCTOHT H3 TpoeK KBapKOB 

H pa3JUNa10TCS1 o6pa3yIOiqHMH HX KBapKaMH. TaK, nporoH (p) COCTOHT 

113 ,n;ayx U-KBapKOB H O.!J,HOro d-KBapKa (p=uud), HeliTpoH (n) - H3 ,n;Byx 

d-KBapKOB M O,n;HOro U-KBapKa (n= ddu), T. e. B coCTaB o6eHX 'iacTHIJ,, o6pa-

3YIOl.IUIX .H,LIJ>a Ha6JI10,n;aeMolt MaTepHH, BXO,n;.H'l' KBapKH JlHillb uepsoro IlOKO

JJeHH.H. JlerKO y6e,n;HTLC.H, 1'..}TO 9JTeKTpHqecKHe 3ap.H,ll.hl npoTOHa ll IICtiTpoHa 

Haxo,n;.HTCSI H3 Ilp.HMO:ti cyMMbl o6pa3yl0lll.HX HX KBapKOB. 

PH,n; ttecTa6HJihHhIX rRnepoHOB B03HHKaer no TOMy :>Ke npHH~ny, o,n;HaKo 

c yqacrHeM KBa pKOB BToporo H TPeThero noKOJTeIIH'R. TaK, TpHnJieT B-rHne

poHOB cTpoHTC.H H3 KOM6HHawrtt: E- = dds, E+ = uus, E 0 = { ud}s. 3,n;ecb 

B IlOCJie,rr.HeM Bb1pa)l{e1IHJil Q:>HrypIIbJe CKOOKH 03Hal:.JalOT CHMMeTpH"t.JHYIO KOM-

6HHau,1110 )J,Byx KBapKOB nepsoro IlOKOJTCIIH.H. ,1J.y6JJ.er 3-rHnepOHOB CTpOHTCH 

c y"t.faC.rHeM ,n;syx KBapKoB BToporo noKOJTeH1u1: :=:- = ssd, 2° = ssu. AHaJIO

I'Ht.{HbIM o6p830M MO)KHO onpe,n;eJTHTh ,n;pyrHe l'HnepoHbl H TaK Ha3bIBaeMbie 

pe30HaHCbl. ,IJ:JI.H pa.3JJHqeHH.H KBapKOB pa3HblX IlOKOJieHH:ti BBe,n;eHO HOBoe 

KBaHTOBoe qJiICJIO cmpa'H/HOCm'b. Tipe,n;noJiaraIOT, qTQ Ha3BaHHbie 6apHOHbl 

co,n;ep:>KaT CTpaHHble KBapKH. (9Tl1 H ,[(pyrHe BOilpoCbl cPH3HKH 3JICMeHTap

HblX '-faCTHIJ, 6onee no,n;po6tto H3JIO.>KeHhI s [118, 119, 189}.) 
y IlOM.HHeM, qTQ K a,n;poIIaM KpOMe 6apHOHOB, COCTOHII.J,HX H3 Tpex KBap

KOB, OTHOC.HTC.H H Me30Hhl, TalOKe CTpO.HJl_~MeCH no npaBHJiaM ,Ll;eTCKOro KOH

CTpyKTOpa H3 KBapKa H aH'l' HKBapKa p 83JlH'-IHbIX IlOKOJTeHHlt 

Ilo,n;qepKHeM, GTO H3JIO:>KeHHa.H HHcPOpMaIJ,ii.H o6 3JieKTPQCJia6hIX B3aH

MOJJ,e:tkTBH.HX KBapKOB 11 JICilTOHOB HMeeT Q:>eIIOMeHOJIOrHqecKHM xapaKTep 

Iii BbI3bIBaeT MHO.>KeCTBO oorrpocos. TaK, B 'i8.CTIIOCTH, B KHHre K. roTTQ:>p~a 
H B. BattcKon<Pa BhI,LJ.eJieHbI cJie,ny10I.IJ,He sonpocb1: 

«KsapKH H JieilTOHhl - 6ecCTPYKTYPHbie 1:.JacTHU.bl co CilHHOM 1/2, HMe

JOIIVie O~HHaKo.BOe 9JI€KTPQCJia6oe B3aHMO,n,e:tf CTBHe H o,n;HHaKOBhIM o6pa30M 

nooBJI.HIOI.IJ.HeCH Bo Bcex noKoJieHH.HX. Mo)f(_HO JIM cqHTaTL, qTo nenTOilbI 

:u KBapK11 KaK-'I'O CBH3aHhl ,n;pyr c ,n,pyroM? ( .•. ) 

IloqcMy ¢epMHOilbI B03HHKaIOT B p 83JTl1q}ibJX IlOKOJieHHHX, KOTOpbie, no

BH,ll.HMOMy, .HBJIHIO'l'C51 TO.>K)J,CCTBeHHbIMH KOilHHMH .zwyr ,n;pyl""'a?» (47, c. 2051. 
PemeHHe aT11x npo6JieM CJie,n;yeT O)l{H~aTh Ha ocHoBe cyMMapHott HHcpop

MaII;HH, noJiyqcHHOti B paMKax Bcex Tpex MHpOilOHHMaHH'R. 
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6.3.4. AcBMMeTpllll neBoro H npaBoro 

B paM Kax Ka.JIH6pooo._1Holt Mo,n.eJIH ~meKTpOCJia6b1x B3aRMo,n.ettCTBillt 

BaiiH6epra- CaJiaMa- r ; 1amoy .BCKpb1Ta qpe3BhNaliHo Ba)f(Ha.H 3aKOHOMep

HOCTh cPl13 w-IeCKOH p ea.nbHOCTH: acmvrMeTpHH JieBOro H npasoro, T. e. Ha

pymeHRe 3epKaJibHOtt CMMMeTpMM. 9TO CBOHCTBO p earrbHOI'O MHpa HMeeT 

MeCTO ( c HeKOTOpbIMH Bl1/J,OH3MeHeHRHMH) B HB.Tie HMHX pa3HbIX Mac mra6oa . 

.ITI06onbITHO npOCJie,LJ,HTb :n:enO"IKY rrpo.SIBJieHHH 3epKa.JihHOtt aClfMMe'l'pIDI 

OT CBO:ttCTB OT,n.eJJhHOH 3.TieMeHTapHOH t..JacTH~bl (HanpHMep, 3JieKTPOHa) ,n.o 

HB.TieHRH aCTPOcPH3HqecKRX MaCllITaOOB. 

1. KaK Bbm1e 6b1JI0 noK83aHo, Jiesa.H H npasa.H KOMnoHeHTbI, cocraB.TI~

IOIIJ,Re 3JieKTPOH, se,n.yT ce6H no-pa3HOM)' B CJla6bIX B3aHMO,n.e:ttCTBHHX: JieBrui 

KOMilOHeHTa 3JleKTpotta €£, HBJIHSICh KOMilOHeH'l'O:H H30TOnHqecKOI'O CllH

HOpa, roa.wMo,n.eii:CTsyeT c 3ap.IDKeHIIbIMH W,7- 6o3oHaMH, TOr/1,a KaK npa.Brui 

KOMnotteHTa aJieKTpoHa e R He a.'"3aHMqz::i;clicTsyeT c W -6o3ottaMH, nocKOJThKY 

HBJrneTCH M30TOnR"t.JecKHM c.KB.Jffipo.M. KpoMe roro, 3TH ,a,se KOMnotteHThI 

3JieKTPOHa HMeJOT pa3Hble 3ap.SI)J;bl, xapaKTepH3YIO~He B3aRMo,a,ei1C."l'BRSI 

c He:ttTpaJTbHblMH z µ-6030HaM11. Ilo,n.o6Hoe o6cTOHTeJibCTBO HMeeT MeCTO 

H B CJJa6bIX B3aHMO,n.e:ttcTBHHX KBapKOB - npe,n.CTaBHTeJJeH 6apuOHOB fl cPYH

,n.aMeHTaJlbHbJX B3aHMO,n.e.HCTBIUIX. 

Ha B03MO}KHOCTb 3epK8JlhHo:H acHMMeTpH11 s cJia6h1x s3auMo,n.eHCTBIDix 

6blJio yKa3aHo B pa6oTe U . .ITH H "l..I. .5IHra s 1956 r . BcKope ee npoBBJiemre 

6bI.TIO ,ll,OK83aHO 3KCnepHMeHTaJlhHO rpynnoii cPH3HKOB no,n. pyKOBO,ll,CTBOM 

U. By. Ottu Ha6JIIO,n.aJIH rrpou:ecc p acna,n.a .H,n.pa KOOaJThTa- 60, npH KOTopoM 

ero HeliTpOH npesparqaJICSI B npOTOH c HcnycKaHReM 3JieKTpOHa H aHTHIIeH

TPHHO. B HTore B03HHKarro .H.LJ.PO HHKeJJH- 60. Pacna,n. ocy~eC'rBJJ.SIJICH s Mar

HHTHOM none, qTQ Il03BOJI.SIJIO onpe,n.eJJHTb B.11,ll, KOMilOHeIITbl BhlJieTalO~ero 

3JieKTpoHa. 9KcnepHMeHT IlOK83aJI, qTQ HanpaBJieHHe BbIJieTa 3JieKTp0HOB 

coCTaBJIHe'l' JieBbiii BHHT c HanpaBJICHHeM ero TOKa. 3cpKaJlhHO CHMMeTpHq

HblH CJJyqatt He Ha6JIIO,l),a.TIC.SI. 9TO HBJJeHHe 6bIJIO H83BaHO HecoxpaHeHHeM 

'ieTHOCTH B C"'"'1a6bIX B3aHMO,n.eHC.'TBH.SIX. 

9ro O'l'KPhITHe npOH3BeJio CHJTbHOe BneqaTJieIIHe Ha cPH3HKOB, KOTOpbI€ 

,n.o TOI'O BpeMeHH IlOJiaI'aJIH, qT() B cPH3 HKC MHKpDMHpa BblilOJIHHeTCH 3ep

Ka.TibHa.H CHMMeTPHH. IlpHlliJIOCh nepecMorpeTh pH,r:i; acneKTOB npOCTpatt

CTBeHIIO-speMeHHhIX npe,n.cTaBneH11ti B M11KpoM11pe. BCKope P. <I>eltHMaHoM 

H PMOM ,n.pyrHX aBTOpoB 6b1Jia p83pa60'r8.Ha n epsrui reoperH1"IecKa5f Mo,n.cJlb, 

OO'b.SICH.HIOUJ,a.H HBJJeHHH TaKoro po.a.a. 06'b.HCHeHHe COCTO.HJJO B TOM, qT() 

B3aHMo,n.etiCTBHe qac·rwu: xapa.KTepH3yeTC.5I KOM6HHaIU1e:tt RX BeKTOpllbD< (V) 
H ncea,n.oseKTOpHbIX (A) TOKOB (V - A)(V - A). Ilpu 3TOM (V - A)-TOK 
CBH3att c 3ap.ff)KeHHbIM W-6o3oHoM, OTB<ITCTBeHHhIM 3a pa3JIHq11e B cna6bIX 

B3aHMOJJ,etiCTBHHX JlCBOtt H npaBO:H KOMilOHeHT 9JICKTpoHa. 

B ,n.a.nhtteiin1eM 6bIJT OTKphlT 3aKOH coxpaHeH 11.s:1 CPT- cHMMerpHH B CJia-

6bIX B3aHMo,n.e.HCTBHHX, 03HaqaIO~Htt' qro coxpaHHeTC.51 KOM6HHau:HH H3 TpeX 
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CHMMeTpHH, TOr.n,a KaK Ka:>K.n,ru:I H3 IIHX: 3apH,IT.OBruI CHMMeTpIDI C, CHMMeT

pru1 3CpKaJibHOI'O OTpa)l(CHH.SI P H oTpa:>KeHH.SI BpeMeHH T B oT,n:eJibHOCTH He 

coxpaHSJIOTc.H. 

2. Ha MOJieK)'JI.SipHoM ypostte HaJIHqHC )..l.Byx 3epKaJihHO Ilp<Yl'HBOno

JIO)KHbIX BH,lI,OB aeru;ecTB 6bIJJO o6Hapy)l(eHo ern.e s XIX B. JlyH TiacrepoM 

(1822- 1895). 9TO OTKpbITHe Il0Jl0)1(11JIO Haqarro pa3BHTH10 HOBO:tt BeTBM 

XHMHH - crepeoxMMMM. 5IBJieHHe 3CpKaJibHbIX .n,BOtiHMKOB cpe,D,H MOJieKyJT 

XYIMHKM Ha3BaJU[ TepMMIIOM «XHpaJibHOCTb», npoHCXO)J..SIIU;HM OT rpeqecKOI'O 

CJIOBa «PY.Ka>>. ,LI.Ba BM.n,a MOJieeyJI MO)KHO yno,n:o6HTb pa3JIH"UIJO KHC'reM 

neoon M npaBO:tt pyK. 3aMeTHM, lJTO Q:>H3HKH HaJIHtrne JieBblX H npaBbIX 

KOMilOHeHT qac·.rm:i; HMenylOT ·repM11HOM «KHpaJibHOCTb». 

Mo)Kffo npHBCCTH MHO)KeCTBO npHMepoB 3epKaJibHblX H30MepoB. Ha

npHMep, BCeM H3BOCTHru:I rn10K03a C6H1206 npe,n:C'raBJrneT co6o:tt cMecb 

113 ,LJ,llYX Q:>paKI.I,Htt D-rJIIOK03bI H L-rJIIOK03bI, 3epKaJibHO OTJIH1.1a10rn.HxC.SI 

,ru>yr OT ,n:pyra. D- H L-BH,ll.bI Mo11eKyJ1 HMelOTCSJ H y ,n:pyrHX. se.w;ecTB. OHM 

p83rurqaK>TC.SI tteKoTOphIMH Q:>H3H"ICCKl1MR cBO:ttcTsaMH. TaK, IlacTcp H3yqarr 

.n,sa BH,n:a KPHCT8JIJIOB BHHHO:tt KHCJIOTbl 11 IlOKa3aJI, TITO pacTBOp 0,IJ;HHX 

KpHCraJIJIOB BpaI.I.J;aJI IlOJrnpH30B8.HHblti CBeT BJieBO, a ,n,pyrHX KpHCTaJIJIOB --

BnpaBO. llttTepeCHO, l.ITO H eCTecTBeHHOM B~C o6e KOMilOHeHTbl MOJieKyJI 

np11cyTCTBy10T paBHOnpaBHO, O,lI,H8.KO eCTb cnoco6bI HX pa.3,ri;enettH.SI. TiacTe

poM 6hlJIO o6napy)l(eHo, qTo MHKpoopraHH3MhI nJiece1rn pa3JiaI""c:tlOT npaBylO 

¢paKU,HIO MOJieKyJI BHHHO:tt KHCJIO'l'hl, He Tpora.H nesy10, T'dK qTo B 1\eJTOM 

OOTHl.leCKH Heti'I'paJibHhltt HCXO,lJ;Hblti pacTBOp BHHHOti: KHCJlOTbI no Mepe 

.n,eRTCJlbHOCTH MHKpoopraHH3MOB npHo6peTaCT SipKO Bbipa)l(eHHbie CBOHCTBa 

IlOJI.SIPH30BbIB8.Tb npOXO,Ll,Jlll~HH CBeT. 

3. B octtoBe Bcero )l(HBOro Jie)KHT acHMMC'l'pH.SI 11esoro H npaooro. TipH 
IlOCTpOeHHH .>KHBblX K Jle'OOK HCilOJib3YIOTC.SI L-¢paKIJ,HH opraHH'iCCKHX Be

I.U;ecTB. TaK, ynoM.SittyTasr BbIIlle r n IOK03a, npHcyTCTBy10.w;asr B KpOBlil H BO 

BCex TKaH.HX qenoaeKa, r,o,n.ep)l(HT JIHlllh o,ri;tty JTeBy10 Q:>paKWfJO. To )Ke ca.Moe 

MO:>KHO CKa3aTb npo 8.lVIMHOKHCJIOTbI, caxapa, HYKJieHHOBbie KHCJIOTbl - Bee 

OHH BCTpet.IaIOTC.H B opra.HH3Me B BH)l,e O)l.HOti Q:>paKJ..\HH. 

OpraHHqecK11e sem;eC'.rBa, KO'I'Opb1e MO)l(HO CHHTe3HposaTh ~cKyccTsen

HhIM nyTeM, KaK npaBHJTO, co,ii;ep)KaT npHMepHO nopOBHY neBble H rrpaBbIC 

¢paK1,11H. ,[(JIB nHTaHH.SI :>K.e tteo6xo,n:HMa JTHillh O,ll,Ha M3 HMX. Bropasr, 

eenpuro,n:ttrur ,II.JIB noc·rpoeHH.H KJieTOK <l>PaKU.HH B nyqm:eM CJ1yqae tte 6y,n.eT 

}'3H8.B8.'.tbC.H opra.HH3MOM, a MO)KeT H Bbl3B8.Tb cym;ecTBeHHO Hera:rHBHbie 

nocne,n,cTBHSJ ,11.JI.SI opraHH3Ma. BoT no~1eMy Ha,n,e)K,ll,bI na nony'mmrn npOAYK

TOB nHTcl.HH.H HCKyCCTBeHHblM rryTCM 0Ka3aJIHCb TUI,eTHbIMH. ,Il,JIB IlH'IB.HHSJ 

HeOOXO,lI,HMO HCilOJib30BaTb JIHilib npO,DyKTbl' nporue,n:ll.IHe qepe3 :>KHBhie op

I'aH113MbI, T. e. pacTHTeJTbHOro HJIH )l(HBOTHOro n:pOHCXO)K)I,eHHfl. 0TMeTHM 

Ta.K>Ke, qTO B YMeprneM opra.HH3Me ,noBOJTb.HO 6hICTpo npoHcxo,n:HT npou.ecc 

caMOTlpOH3BOJTbHOtt pa~eMH38.~ID1, T. e. BbI,II.eJieHHruI Q:>paKil;IDJ. XHMHqecKHX 

Belll;ecTB npeBpa~aeTC.H B CMeCb o6eHX. <PpaKIJ,Htt. 
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4. AcHMMeTp1u1 Jieaoro H npasoro y lKHBbIX opraHH3MOB i rpo~rnJrn:eTCSI 

H Ha MaKpoypoBHe. H anoMHHM, qro y J1ro,n,ett cep ,n,u,c pacnono:>KeHo cneBa, 

a ne-cieHb cnpaBa. M03r 'ieJioBeKa COCTOHT H3 .n.syx 110nymapHii, npH 3TOM 

y rro,n,aBJUIIO~ett 'iacTH .mo,n;e :A Ji eBOe no.rrymap.He OTBCTCTBeHHO 3a JIOrl·Ple

CK)'IO ,n,eHTeJihHOC'l'h, ror,n,a KaK npasoe noJiymapHe - 3a 3MOII.HOHaJI1:>ey10 

c¢epy. 

0TMeTHM TaIOKe Ype3Bb1~rawHo nro6orrbITHoe o6cTOHTeJlbC'rso: see pa
KYUIKH (KaK MOp CKHe, Ta.K H YJlHTKH) HMCIOT naHn;Hpb, 3aKpyqeHHbIB B O,ll,HY 

H Ty * e cropoey. 

5. lif3secTHO, 'CJTO 3CMllil .HMeeT rpymeo6pa3HYJ0 ¢opMy: co CTOpOHbl 

CcsepHoro noJ110ca HMeeTCH cnJI10ceyTOCTb1 cooTBeTCTBy10m;rui CesepHOMY 

.Jie,n;OBHTOMy OKeaHy: a co CTOpOHbl lO)l(HOI'O IlOJJIOCa - Hao6opoT - BblT51-

ttyTOCTb s BH,ll,e MaTepHKa - AarapKTH,ll,hI. Ha 3TO o6cTOHTeJihCTBo o6parn.M 

BIIHMaHHe pH,ll; HCCJie,n,osareJieit. B -ciacTHOCTH, acTpoHOM Ko3hipes CBH3blBa.11 

3TOT ¢aKT c HanpasneHHeM sparn.eHIDI 3 eMJIH. O'ieBH)l.HO, eCJUt CMOTpeTh Ha 

3eMJIIO co cTopoHbI Cesepttoro noJI10ca, TO ee spaw,eHHe npoHCXO,llHT i 1poTHB 

qacosott CTPeJIKH, a ecJIH co CTOpoHbI JO)KHoro non10ca, TO 3eMJIH aparn.a

eTCH no qacosott CTpem<e. 9ro CBH,D,eTeJJbCTBYeT 0 npoHBJieHHH acHMMeTpHH 

nesoro H npa soro a nJiaHeTapttoM MacmTa6e. 

6. KaK CoJIH~e, TaK 11 see nnatteTbI Contte'qlioit CHCTeMbl spaI.I.J,aKY.I'CSI 

8 O)J;HOM HanpaBJJeHHH, npHqeM 3'1'0 HMeeT MeCTO KaK )J;JI.H HX co6crseHHOro, 

TaK H op6HTaJihHOI'O sparu:eHH.H, 'iTO MO:>KHO p accMaTpHBaTb KaK IIpOHBJlemm 

acHMMeTpHH R Macnrra6e CoJineqaott cHCTeMhJ. 

7. B p51.ne ny6JIHKau,Hli acrpo¢H3HKOB MO.}l(HO HattTH JJ,aHHI>Ie s no.Jlli3y 

r11nore3bI o spameHHH sce::A Bcene1-1Ho::A, npHqeM aro sparn.eHHe He HBJUr.eTC.H 

TBep,n;OTeJihHhlM, 'iTO He npOTHBOpe'iHT npHHlQ:IIIaM TOOpHH OTHOCMTe.Tih

HOCTH. HacKOJihKO npuso,n,HMI>Ie ,n;attHbTe ,n,eiiCTBHTCJibHO OTpa.>KaIOT p eaJib

HOCTh eIIJ,e n pe,n,cTOHT BbT.HCHHTh. 

Ilp11se,n;e1111b1e H pH,n, ,npyr.11x cPaKTOpos acMMMeTpMH .rreBOro H npaBoro 

CBH,n;eTeJihCTBYIOT 0 I'JlOOaJihHOM, MO>KHO ,n;a:>Ke CKa3aT h - MeTacPH3HqeCKOM, 

xapaKTepe BCKpbIThlX B TeOpHH 3JI€KTJ)OCJia6blx B3aHMO,ll,CHCTBHH 38.KOHO

MepHOC'reA, npoHH3hIBalOm;IDC Bee Macnrra6hJ cPH3H'i€CKOI'O MHpo3~aHH.H. 

6.4. Karm6poBoqurui TeopDSI CHJThHLIX 

B33BMO,ZJ;eHCTBuB 

T eopHH CHJihHhIX B3aHMO;~c::AcTBHii KOHIJ;a XX B., HMeHyeMaH xpoMoiJu
naMu'Kou, TaIOKe CTpoHTCH B paMKax KaJIU6poBOqHQI'O no,n;x:o,n,a, o,n,HaKO IlpH 

3TOM HCilOJih3yeTC5! rpynna BHyTpeHHHX CMMMeTpMA SU(3) (cM. (118, 119, 
189)). lifcnoJib30BaHHe aroA rpynnbI 03Ha'iaeT BBe,n;eHHe HHoro any.rpeHHero 

H30TOn.HqecKoro npoC'rpaHCTBa, KOTOpoe Tenepb 5tBJIHeTC51 3-MepHblM KOM

nJieKCHhIM npocTpaHCTBOM CBOeOOpa3HhIX cPHHCJiepoBblX CilHHOpoB. 



6.4. KaJm6ponoqHaH TeopnH CHJTbHblx B3BHM0,l{ei!c1·n.H.H 195 

6.4.1. r JIIOOBHbi e D OJISI B X pOMO,ll.HHaMUKe 

TiocKOJlhKY rpyrrna SU(3) HBJIBeTCH 8-napaMeTp11qecKoii, TO upH no

Ka.JI.H3a.D;HM 3TOH rpyllilbJ B03HMKaIOT 8 BeKTOpHbIX DOJieii v::, KOTOpb1e 

HMeHylOTC51 2.!l?OO'Ha.tvtU; 3,LJ.eCb H~eKc a npHHHMaeT 3HaqeHIDI: 1, 2, .•• , 

8. CorJiaCHO ;:i;attHotf K8JIH6pooo~rnott MO,LJ.eJrn, CHJlhHhie ssa11Mo,IJ,eiicTBHH 

uepeHOC.SITCH rJIJOOHaMH. 

B 3TOtf TeopMH nonaraeTcH, q'J'O CHJlhHO B3aMMo,neAcTBYIOm.He t.iacTHQ.hI 

(6ap11oub1) Ccx:TOHT .H3 Tpex KBapKos. HaMMeHosaH11e TeopMH - «xpoMo

,D,HttaMMKa» - o6yCJ10BJleHO T peMH KBaHTOBblMM COCT051HJUIM KBapKOB, Ha-

3BaHHbIMM UBeTOBbJMH TepMHHaMJ1. rooopH'l~ 'CITO KBapKH OOJia,IJ,aIOT mpe.M.n 
'4eerna.lvtu (UBeTO:t:sbIMM 3apH,IJ,aMM), 'l'. e. o6p83yIOT U.BeTOBOA TPHilJleT 

Q(j) = ( ~~~~ ) ( :: ) => ( ~=== ) (6.4. 1) 
Q(3) QG 3eJTeHblM 

3aMeTMM, qTO 3T H U,BeTOBbie sapH~bl He HMefOT HH~Iero o6m.ero C U,BeTILMH 

na6JIIO~aeMoro HaMH MHpa, KpOMC '!'Oro qTQ see BOCilpHHJ1Ma€Mbie rJI830M 

u,oe.ra MO)KHO o6p830BaTb H3 Pa3JIH'CJHbIX KOM6Hllau,HA Tpex ll83BaHHblX 

U,BeTOB. ~aHHaH TepMHHOJIOrHH BbI6paHa 113 )KeJTaHHH cPH3HKOB KaK-TO 

O>K11BHTb, T. e. «PaCKpaCH'l'b» XOT51 6bI HCUOJ1b3yeMbie flOHSITMSI cyxo:ti a6-
CTpaKTHOtf TOOpeTH~IeCKOtt KOliCTPYKIJ.HH. 

Jla2pa'H~Ua'H X'pOMOdu'HGwWU'KU B KaHOHJ1qeCKOM BH,IJ,e 3aflHCblBaeTCSI Ta

K'1M :>Ke o6p830M, q•.ro H ,IT.JJSJ 3JleK·rpoMarHHTHbIX H 3JieKTpOCJia6bIX B3aHMO

)J,€fiCTBHtt, c TOH p83HHu.ea, qTO B tteM npHCYTCTBYIOT .rrpyr.ue IlOJISI H HHOH 

B~ «y,lJ,JIHHeHHOii JIJ)OH3BO~HOM»: 

a ~ a+++ = l38 + i 90 .A va = 
&P µ µ 2hc a µ 

= I _.!!._ + I igo Q A + I igo Q B + igo .A vn 3 oxlJ. 3 lie a µ 3 lie b µ 2hc n µ , 

(6.4.2) 

r,ll.e g0 - Ka.JIH6poB0'-1Ha51 KoHcrair:ra CBH3H no rpyrme SU(3) ( 3 ap51,n; CHJibHbIX 

B3aHMO,lJ,ei1CTBHii:). cho Bblpa )KeHHe 3 aOHCaHO qepe3 3 X 3 -MaTpHQ,hI , TaK qTO 

Ha caMoM ,n;ene 3,u,ecb TPH Bbipa)KeHHSI n o qHcny u,se·.rosbrx 3aps:1,n;oB KBapKos; 

a '4acTHOCTH, 13 - e,IJ,HHHqnasi 3 x 3-MaTpHu,a, Aa - BOCeMh 3 x 3-MaTpHu 

f enn-MattRa, 3aMeH£IOI.I.I,MX 2 X 2-MaTpHU,bl flayJIH B Mo,u,eJIH 3JieKTpOCJia6bIX 

B38JIMO,lJ,eii:CTBH:ef. 

,nse MaTpHUbl r eJ1JI-MaHHa - C 11~eKCaMH 3 H 8 - HMelOT ,lJ,HaroHaJib~ 

Hbrli BH,ll.. ,lIJI.SJ COOTBeTCTBylOIIJ;HX HM ,n;syx KaJIH6pOBOT.fHbIX noneii, H83bIBa

eMbIX HeATpaJil:>HbJM H (s CMblCJTe IJ,BeTOBbIX 3apH,n;oB), BBe~eHhl cneJI,HaJibHbie 

o6ooaaqeHH.H: 

VJ = A µ; V,? = Bµ . (6.4.3) 

POJlb 3THX n.syx KOMnotteHT - He :ATpaJihHhIX rJIIOOIIOB - aHa.rrorHt.tIIa poJIH l JIBYX '""eK'rpH<recKlf neliTpllJlbHblX npoMe>KJTO'IHhlX BeKTOpHblX 6o3oHOB 



A(3)µ H Bµ (rum KoM6Httau,Hii H3 HMx: ¢oTOHOB H Z-603oHoB) B KaJIH6posolj

Hoii Mo,n;eJm 9JieKTpocna6hIX B3aHMo,rr.e:itcTBldt BaliH6epra- - CaJiaMa-IJ.ra-

moy. 

,IL.1u1 OCTaBillllXCSI 6 BeKTOpHblX r JU OOHHblX IlOJieH, Ha3hIBaeMbIX 3apIDKeH-

HbIMH ( B 1\BeTOBOM CMbICJie )' BBOf~}f'l"'CS:l cne,uyIO~He napHbJC KOM6HH~lUI: 

X + - i (v1 ·v2)· x- - i (vi ·v2)· 
/L - V2 µ +i µ l µ - V2 µ - '/, µ l 

Y + i (V4 ·v s) y - I (V4 ·v5) 
µ = v12 µ+iµ; JL=v12 µ -'lµ; (6.4.4) 

Z + - i (V6 ·v1). z- - i (V6 ·v1) µ-V2 µ+iµ, µ-'12 µ-iµ, 

aHaJIOrHqHbie Bblpa)KeHHIO (6.3.7) ,ll.JISI 3apSI)KeHHbIX (y)Ke B 9J1eKTpoMarHHT

HOM CMbICJie) Wj=-6030HOB a Mo,rr.eJTH 9JTeKTpoCJia6bIX B3aHMo,rr.eitCTBMit 

TaKHM o6pa30M onpe,n.eneHIIbie He~TpaJibHhie M 3ap.IDKe HHhie rmoomlb1e 

IlOJISI HMCIOT npocryro ¢M3M'\'.leCKYIO MHTepnpera1~mo: HeiiTpaJibHbie r.JIJ()()Ubl 

He H3MeH.HIOT, a 3aps:i)KeHHble H3MeHSIIOT IJ,BeTOBbie 3ap.H,rr.hl COOTBeTCTByID

~HX KBapKOB, T. e. rettepHp yroT n epexo,rr.bl KBapKOB Me:>K.JJ,.Y COCTOSIHIDIMH, 

IlO.HCHeHHblMll Ha sepIIIHHHhIX )J,l-f arpaMMaX pMC. 6.3. 

'l'OT :m.e ~Be'T 3CJieHbin 

(1,2,3) L 
A,, 

1 
13,, 

(1,2,3) 

(2)L (3)L (3) L 

x + y+ 

(!) 1 " (!) 1 " (2) 1 
JTJOOO~ l{Be'l' KpacHbil% 

P11c. 6.3. KsapK-rJIIOOHHbie B3a11.Mo.n;e:f%cTB1u1 

6.4.2. KBapKH B CHJILHbIX B3ruIMO'AeiicTBIDIX 

z+ µ. 

Ilpe,n;CTaBMTeJUIMH a,IIJ>OHOB B CMJlhHbIX B3aMMO.UeHCTBHSIX HB.IUIIOTCH 

KBapKH. ,Ll,JISI HMX narpaH)K}laH (xpoMO)l,HHaMHKH) B KaHOHMqeCKOM BffAe 

3ailHCbJBaeTC.H TaKHM )Ke o6pa30M, qTO H ,D;Jrn 9JleKTpoMarHMTHbIX M 9JI€K

TpOCJia6hIX B3aHMO,D;eMCTBMH, T. e . MMeIOT BM,n;: 

£ F = ihdjryµ O~Q + ( 9pMHTOBO COIIpSI)KeIIHoe Bblpa)KeHIIe) (6.4.5) 

c TOii pa3HJilIJ,eH, '\'.ITO B HeM npHCYTCTBYlOT ,n;pyrHe IlOJI5! M HHOW BR,IJ, y,ll.JIH

HeHHOii npoH3BO,UHOH (6.4.2). 
CJ1e,uyeT o6paTHTh BH11MattHe Ha TOT ¢aKT, 'tfTD s (6.4.5) BeJIHqm1a q 

npe,n;CTaBJI.HeT co6o:A CTOJJ6el.\ H3 3 x 4 KOMilOIIeHT, r .n,e 3 onpe,LI.eJIReTCH 
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qJICJIOM I ~BeTOBhIX 3apSl,ll,OB B XpoMOAHHaMHKe, a 4 - KOJn 1qecTBOM KOMilO

lleHT 611c1mHopa BO BHeIIIHeM npocTpattC'rse-speMeHH MHHKOBCKoro. Tpoii.Ka 

lJ.BeTOBhIX 3apH,ll,OB o6ycnoBJIHBaeT MaTp1rqHbiii 3 x 3 BH,JJ; y,IJ.JIHHeHnoit npo

M3BO,IIHOi1: xpoMO)I.HHaMHKH (6.4.2) , r,ll,e npHcyTCTBYeT e).l.HHH"Cffirul 3 x 3-MaT

pm.J;a J3, a BLlpa)KeH.1151 Aa - 3 x 3-MaTpHIJ,bl r eJm-MaHHa, 3aMeH51JOI.I..I,He 

13 xpoMO,ll,MHaMMKe pattee 3arIHCaHHbie MaT pHl.J,bl IlayJm. 

B Ha.tt6onee q acro HCIIOJib3yeMOM npe,UCT"dBJTeIIHH MaTPIB.I,bl renn- MaHHa 

HMelOT BH,LI, 

( 
~ ~i ~) ; 
0 0 0 

( ~ ~ ~) 
1 0 0 

~6 = ( ~ ~ 
1 ( ~l .As = y'3 

(6.4.6) 

9rn Ma'I'pHI..J,bl HrpaK>T K JllO'·JeBYlO pOJib B xpoMO,LI,MHaMHKe, cpaKTW-IeCKH 

onpe,LJ.eJI.H51 MaTeMaTHKY TpoliqHOCTH. 

C MaTpHIJ,aIVrn ..X3 u .As ,n.Haroml.JlhHOro BH,ll,a conocms1rneTc.H ,ll,Ba cne

LJ,HaJihHhI X 1.I,Be'I'OBbIX 3apH,lJ,a KBapKOB: Qb - rHn epu,BeTOBOH 3ap.H,lJ, H Qa -
I.J.BeTOBOH H30'1"0IlHqecKMH 3ap.H,ll,, COOTBeTCTBYIOlll,He rHnep3aps:l,LJ,Y y 11 npo

eKWIB H30TOnHqecKOro T3 B MO,ll,eJIH 9JieKTpocna6brx B3aHMo,ll,e"AcTBHii BaiiH-

6epra-CaJiaMa-rm~rnoy. 3uaqe H1u1 c;neu.HruibHbIX 3apSI,LI.OB ( B e,D,HHHII,ax 90) 
,ll.Jl.Si rrpex U,BeTOB KBapKOB npuBe,D,eHbl B Ta6JI. (6.4.7): 

KeaHTonoe I Q(l) = QR I Q(2) = qy I Q(3) = QG I <rncno 

EE 1/(2V3) 1/ (2J3) - 1/V3 
1/2 - 1/2 0 a 

(6.4.7) 

IloCKOJibKY B K8J1H6poBOqttOif M0,1.J.eJIH CHJib~blX B3a1'1MO,ll,eUC'l'BUR KBapKH 

OllliChIBalOTC.H 3-KOMilOHeHTHblMH CTOJI6u;aMH BO BIIyrr.peHHeM I..J,BeTOBOM 

(xpoMaTHqecKOM) npoCTpaHCTBe aHaJIOTill'.JHO 2-KOMilOHeHTHbIM CTOJI6U,aM 

( cmrnopaM) B MO,ll,eJIH 9JieKTPOCJTa6bIX B3aMMO,D,eficTBH:ti., B pa6o·rax p.H,[(a 

qJH3HKOB 3-KOMDOHeHTHbie BeJTH'l{Hllbl 6bIJIJll Ha3BaHbl 3-?W.MnOttettm'H'bt.M/lJ, 

cnuttO]XL.M:u- Heo6b1-.:.rnhIM 'l.'epMHHOM, eCJIH HMeTb B BH,Jl,.Y aJire6phI Knmp
<ix>PAa Ha,D; IJOJieM sern.ecTBeHHblX l'.JHCeJl . 



B CB51311 c 3THM OTMeTHM, qTO HMeeTCSI ,n;pyroi1 KaHaJI o6o6~euHSI ·reopHH 

2-KOMilOHeHTHbTX CilHHOpos, B KOTOpOM B03MO.>KHhJ cnmIOpbI c npoH3BOJih

HblM quCJioM KOMnoueHT. B HauniX: pa6oTax 3T H cnHHOphI 6hIJIH Ha3BaHb1 

cpHHCJiepOBbIMH (154]. 9TOT BOnpoc 6oJJee no,n;po6Ho 3 aTpoH)'T B IlHTO~ 'faCTH 

KIIHI'H np11 H3JlO)Ke Hl1H 611ttapHOH r eoMeTpo¢H3 '1KH. 

6.5. KamIDpoB~'IHhm no~o,n; 
K OIIllCaHHIO rp8.BBTaI.\ffH 

B CBH3H co crpel\weHHeM o6'he,LI,HHHTh see 113 sec'THb1e BH,II,hl B3aHMo,n;e:H

CTBHif) BKJIJO'-la5l rpaBH'l.'aizyJOIIHOe, npe,n;npHHHM8.JIHCh yc1uura ( B Ka'lJeCTBe 

npeA13apHTeJibHoro rnara) nocTaBHTh Teop1110 rpaBHTaW'JH Ha Ty .>Ke npHH!.V'

nHa.JlhHYJO OCHOBy, "ITO 11 ,u,pyrHe B3 aHMO)l.di:CTBMH, T. c. T8.K)Ke npe,n.cTaBHTb 

B KaJn16poBO'-IHOM BH,n;e . Pa60ThI no p83BH'I'l1IO 'Ka.11/1.Jfipoeo'ttttou meopuu 2pa
uuma'4UU 6blJIH Hat:.raThl y)Ke B 60-x rr .. ,LI.JUI 3TO.ti u;eJm 6bIJJH HCilOJlb30BaHbl 

He BH)'Tpen1rne CHMMeI'pHH, KaK B npe,n;bI,IJ,)'I.I.J.IDC CJiy1:.1amc, a rpynna CHMMeT

PHH KJiaccJt1qecKoro 4-MepHoro npoCTpaHcT sa- speMe H11 M11HKOHCKOro. KaK 

y.>Ke OTMeqaJJOCh, IlJJOCKoe npocrpattCTBO-BpeMs:I O,ZI;HOp0,D)fO, 'lJTO 03Hal.faeT 

Ha.JIH'lJHC B HeM 4-napaMeTpHt:.IeCKOtt rpyIIITbI TpaHCJJRI~.ti ( C)l.BHroB) 

(6.5.1) 

r.n.e NJ. - qeTBepKa rrapaMeTµOB 3TOti rpynnh1. KpoMe TOro B npo c'TpaHCTB& 

speMeHH M11HKOBC1<oro 11MeeT Mecro 6-napaMeTp1P-1ecKaH rpymra Jlopettu;a 

(6.5 .2) 

r)l.e Ct - aHTHCHMMeTpMt:.IHa.H 4 X 4-MaTpHU,a H3 6 He3aBHCHMblX napaMeT

poB rpynnb1. HanoMHHM, am rpynna pac rra,rr.aerCH Ha 3 - napaMeTpMt:.IecKyro 

no,n;rpynny noBOpOTOB B 3-MepHOM npOCTpaHCTBe H 3-napaMeTpH'lleCKYIO 

uo,n;rpynny npeo6pa30BaHHii CHCTeMbI 0Tc1:.1em. CoooeynuoCTb ,n;syx rpynn 

(6.5.1) 11 (6.5.2) o6p83yeT lO-napaMerp11qecKy10 rpyrrny IlyattKape. 

IlpH flOCTpoeHHH K8JlH6poBOt:.IIIOH T eOpHH rpaBHTaIJ.11H HeKOTOpbie aB

TOpbl orpaEllll.fHBaJIHCb 6-napaMeTpMqecKott rpynnott Jlopettu.a, .n.pyrHe BhI-

6Hprum ooJiec w11p0Ky10 lO-napaMeTpw1ccKy10 rpynny IlyaHKape. ,Il,a.Jiee 
xo,u. pac<,y:>K,U.eHHH 6hIJJ npH~HllliaJibHO 'I'OT :>Ke, 4TO H B pacCMOTpeHHblX 

BbIWe CJiyl:.las:IX. IlpOH3BO)l.HJiaCh JIOK8JIH3aU,H.SI rpynnhI, T. e . llOJiaraJIOCb, t.ITO 

napaMeTphl Aµ H ct 3aBHCHT OT KOOP,D;HH8.T, 3aTeM BBO,D;HJIHCb )l.OilOJIHIITeJib

Hhie ( KaJ.m6poooqHhie) IlOJIH )l.JIH KOMileHCaq.HH B03HMKal01u;HX OTKJlOHeHH.ti 

OT CHMMerpHti, KOTOpbie 'ffi.K WIH m1a-.:.1e onpe,n.eJJH.JTH KOMilOHeHTbl rpaB:wra

T~HOHHOro IlOJIH. 

IlpM pea.7IH38JJ;HH 3TOti nporpa!vlMbI B03HJ1KaJIO MHOI'O cneu;mpw-IeCKHX 

11po6; 1eM TeXHlifqecKoro xapaKTepa, f'JlaBHhIM o6pa30M, CBSI3 aHHhl.X. c OTO>K

,n;eC.'TBJTeHHeM KaJIH6poBO'l!HbIX IlOJie ti c reoMeTpMt:.IeCKHMH IlOHSfT.1151.MH o6~eii 



6.6. Meralj>Jf3HKa B3aHMO,ll.e.i1CTBHi.f 199 

Teop1111 oT11oc11TeJlhHOcTH. B proyJibTaTe 6b1Jia npo,rr,eMoucTpHpOBaHa B03-

MO)KHOCTb IlOCTpoemrn K8JIH6pOBO"<iHOH aepcllli reopHH rpaBHT~HH, Il03-

BOJhnom.e:A B3I'JUIHYTb Ha Hee KaK HR c.rre,LJ,CTBHe HapyrneHHH CHMMeTpH:A 

npocrpaHCTBa-BpeMeHH MHffKOBCKoro. 3aMeTHM, 'tJTO rrp11 11cno.nb30BaHHH 

rpynnbl fiyaHKape Ha caMOM .n.ene nonyqaeTc.H er.qe 6o.nee o6r.qaH Teo

pH.H [183), OITMCbIBaIOlll,a.H He TO.ITb KO rpaBHTau;1110, HOH cnerw¢HqeCKOe none 

KpyqeHHH, OTBeTCTBeHttOe 3a ttapyrneHHe npaa1U1a rrapan.11e.norpaMMa npH 

cno)f{eHHH aeKTOpOB. 

<DH3HK-rpan11T8J.J,l10HHCT H. B. MHu;Keaw -1 TaK oxapaKTepl130B8JI cyTb 

3T0f'O HarrpaBJieHJUI l1CCJie)J,OBaH11:A: 

113MeH.H.H O'tJeHb JlOBKO 

11 JlOKa.JlbHO KaJIH6pOBKy, 

11br TIOJIY'tJJifM 3JieKTpo-

Mar-
He

TH3M. 

Ta )Ke KoMneHc~i-u1 

,ll.acT HRM rpaBHT'd.IJ;HIO, 

EcJm T'd.K)Ke Jlopettu;a 

HC-

Ka-. 

3HM. 

Ha Ha w. B3r.n.H,rr,, K arrn6poao'tJHhri1 no,z:oco.n. K reopllli rpaattT'd.D;HM HMeeT 

JUUIIb a~eMH'tJeCKHH HHTepec. ,LI.esrre.nbHOCTb B 3TOH o6JiacT11 CTMMY.ITHpO

BaJiacb TaK H He orrpaa,n,aam11M11csr Ha,LI,e:>K.,D.af...rn Ha rroc.ne,n,yror.qee o6'he,rr,Hne

HMe B paMKax 3TOI'O np,LI,Xo,rr,a rpaBHTaUHH c ,rr,pyrHMH BU)J;aMH B3aHMOJW:A

CTBHH. 

6. 6 . MeTa<l:>1131p1ecKne acneKTbI one:ca11:n.SI 
B3aHMO,ll;eiicTBHB 

Ilp11 OilHCaHHH cPH3H'riecKl1X B3aHMo.n,e:ACTB11H rrpo.HBJJ5feTC.H p}])l, MeTa¢11-

3lil'..IecKHX acneKTOB. 9To OTHOC11TC.H KaK K rrepBil"IHO KBaHTOBaHHOH TeOPHH 

TIOJIH, TaK 11 BTOpH'tIHO KBaHTOBaHHOH, KOr,LI,a BOJIHOBhie cPYHKUHH qacT H[\ 

38MeH.HIOTCSi Ha onepaTOpbr. 

6.6.1. Brop~oe KBaHToeaime B BB,ZJ;bl )J)JIDKeHHSI 

no ApucTOTemo 

113.ITO){(eHHOO BblIIIe B 3Ha'tJHTeJibHOH t.JacTH OTHOCHTC.H K nep6U'l/,?-l0 ?C6a?-l
moea?-£?-loU meopuu. B ee OCHoae Jie)KHT nepexo.n OT KOprrycKy.n ( qacTHu;) 

K BO.flHOBblM HOJI.HM - aMil.ITHTy).l.aM Bepo.HTHOCTH rrpe6bIBaHH.H qacT~ B pa3-

JIHtllibIX COCTOmIIDIX. 9BO.ITJ01I;H5f, OITHCbIBaCMrul BOJIHOBbIMH ypaaHeffl15fMH, 

no cyrH ,n.e.na Bbrpa:>KaeT B.ITO)KeHHe COCTOHHHH ( aepo.HTHOCTHblX IIOHHTHH) 

a KJiacCHl.1ecKoe rrpocTpattcTBO-BpeMsr, otta ocyI.IJ,eCTB.IT.HeTc.H 6e3 yl'..1acTH.H 

,n.aHHoii qac TttU,bI a pea.JlhHhlX rrpou;eccax. 

Ho KBaHTOBaH TeOpH.H OilHCbIBaeT H ~yr11e BH)J.bl ,LUJH)KeHH.H, COOTBeT

CTBy10m;11e ,LI,pyrHM apHC'l'OTeJieBCKHM )l,BH)KeHJ1.HM: B OTHOUleHHli cyu~HO-
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cT11 - B03H11KHOBeHHe 11 yHHTI'TO)KeHHe 3JJeMeHTapHhIX qacrm.r,, B OTHomeHllli 

KOJrnqeCTBa - yaeJ111qeHHe 1'1JIH yMeHbllleHHe HeKHX xapaKTepHCTHK qaCTHIJ,, 

B OTHOIDeHHM KaT.JecTBa - KaT.JeCTBeHH'bie H3MeHeHJUI B BH,n;e B3aHMHbIX rrpe

apaw;enHii TJaCTIU . .c.. ,LLJJ51 OIIHCaHIUl 3THX B1'1,Jl,OB ,[(B11)KeHH.SI B KBaHTOBOit 

TeOp1'1H 6bIJI pa3BHT MeTO,n. BTOp11qHoro KBaHTOBaIDl.SI, a KBaHTOBM TeOpIDI 

Td.KHX np01wccoa 6b1JJa ua3aana emopufjl'Ho ?Wa'Hmoean1-wi1. 

Bae,n;eH11e a KBaHTOByro TeOpHIO ,D.B1'f)KeH1UI, coOTBeTCTByIOI.Qero apMCTO

re;1eacKOMY U3M€'J-{,€'J-lU'JO cyw,'Hocmu, 6hIJIO TeCHO CB513aHO c o6ttapyfK.eHHeM 

,LLttpaKOM pemeHHif ero ypaBHeHHii c OTpHIJ,aTeJJbHbIM11 3 HaT.JeHl151MH 3Hep

rm1, KOTOpbre 6hIJIH HHTepnpeT11poaaHbI KaJ< Oill1CbIBafOID;He anT.WiaCT111..J,bl. 

BcKope 6hw11 3KcrrepHMenTaJihHO o6ttapy)Kettbl rro311TpOHb1, a 3areM - rrpo-

1.c.ecchr pO)K,D.eHH.SI H YHH'[ITO)K€1Ilffi (rrpeapameHl151 B KBaHThT IIOJie.ii IIepettoc

qHKOB B3aHMO,D.e:HCTBHt1) nap 3.TieMeHTapHhlX qacTHIJ, ( H3 qacTHIJ,bl }If anT11T.Ja

CTHW>I). KaK IIHC8Jl B. I'eli3eH6epr, « OTKpbITHe aHTHMaTepHH np1rneno K pa

,ll,HKaJJbHhI M H3MeHeIDl.SIM B Q:>ytt,z:i;aMeHT8JlhHbIX IIOH.SITH.SIX aTOMHOtt cPH3HKH, 

H MOJKHO CllOpHTb 0 TOM, T.JTO 0Ka38JIO 60.Tiblllee B03,n.eHCTBHe Ha C03 IIaHJfe, 

IIO cyn~CCTBy, HOBOif cPH3 HT.JeCKOi1 KapTHHhl B HarneM CTOJJCTHH - OTKpbITMe 

JIH IlJiaHKOM KBaHTa ,n;e:AcTBH.SI HJIB )K~ OTKpbITHe ,[(11paKOM aHTl1MaTepHH. 

( .• • ) IIpou;ecc IIOpo)i{,.ll,eH11.a nap IIOKa3bIBaeT, T.JTO '[rncJJo qac THQ ne .srn.rm:eTCSI 

6oJlee y,n;osJieTBopH're.JibIIhI M KBattTOBbIM T.JHCJIOM, 116o 3TO qHcno OKa3aJIOCh 

ttecoxpaH.SIIOI.Qeiic.SI BeJJHT.JHHO.ii» [43, c. 85]. 
ApHCTOTeJieBCKOMY ,D.BH)KeHHIO U3.tvte'l-le'l-lUR -x:a11tecmea B KBaHTOao.i1 TeO

pHH COOTBeTCTBY.fOT npou;ecCbl pac rraAa 3JieMeHTapHbIX qacTH~. <l>aKTl-P-1€

CKH OHH 6brJI11 o6napy)KeHhl Ha rpaH1'1u,e XIX- XX BB. s y)f(e ynoMHHaB

lllHxca 3KcrrepttMeH'.rax BcKKepen.SI c pa,Il.HOaKTHBHhIM11 3.neMeHTaMH. B XX B. 

6bIJIO OTKpblTO H l1CCJI€,ll,0BaHO MH0)1(€CTBO pa3JIHT.JHbIX npoueccou B3aHMHOro 

IIpeBpam.ett11a 3JieMeHTapHbIX \.l aCTHU, OITl1CbIBaeMbIX c IIOMOI.QblO MeTOµOB 

BTOp11qHoro KBaHTOBaHH.SI. IlpHH.HTO TaKYIO T€0pHIO Ha3bIBaTb ?C6a'J-lmo60U 
meopueu noAJt u.1tu meopueu ?CBa'l-lmoBa'H'H'blX no.1teil, B oTJJHT.JHe OT KBaHTOBOfl 

MexaHHKH ( rrepBH'[lHO KBaHTOBaHHOA Teop.1111). 

Teoptt.H KBanTosaHIIbIX rroneii .SIBJJ.ReTC.SI ecrecTseHHhIM o6o6I.QettMeM 

KBaHTOBOH MexaHl1KH, - B Helf B€KTOpbI COCTO.HH11i1" (BOJIHOBhie cPYIIKUHH) 

qacTHl.C. o&bRBJI.HfOT C.SI orreparopaMH ( 'lj; ~ q), o6Jia)J.a10IQ11MH HeKoTOphlMH 

crreu;HaJJbHblMH CUOHCTBaMH. IlocKOJlbKY onepaTOpbl B MaTeMaT11Ke acer~a 

,ll,OJI)f(Hbl ,n,eikTBOBaTh Ha T.JTO-TO, TO B KBaHTOBOA TeOpHH BB0,11.HTC.SI CIIeIJ,H

aJlbHOe 6a?cyJyM'l-We cocmo.R'HUe ~o, COOTBeTCTBYJOI.Qee OTCyTCTBHIO TJaCT111.~ 

( 11 flOJie.ii). qacT~I orrpe,z:i;eJIHlOTC.SI KaK pe3yJlbTaT ,D.eHCTB115J COOTBeT~IBy-
10IIJ.11X HM oIIepaTopoB Ha aaKyyMttoe coCTO.SIHHe qq>o). OnepaTOpbI o6na~aroT 
p51,[1,0M caoACTB, KOTOpbie TaK)K€ MO.>KHO nepeqHCJIHTb aKCHOMaT11T.JecKH, 

B 'iacTHOCTH, OHl1 y,n;OBJ1€TBOpIDOT crreQHaJibHblM rrepeCTaHOBOT.JHblM C()()'IL 

HOmeHH.SIM. 

OIIepaTOpbI BB0,[1,}l'l'C.SI KaK ,LI.JI.SI Q:>epMHOHIIhrx, TaK 11 ,n:JJ.SI 6o3oIIHhIX 

IlOJieii, T. e. 3,D.eCb 011.SITb npOSIBJ15JeTC.H CHMM€TpH.H T.JacTHU H TIOJieif ne-
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peHOC'Y:HKOB B3aHMO,II.eHCTBHH. 0 ).l.HaKO, KaK H pa.Hee, HMeeTC.H pa3mPrne, 

CBH3aHHoe c Tpattccl>opMa~OHHbIMH CBOHCTBaMH COOTBeTCTBYJOllI,HX IIOJieH. 

OrrepaTop1:>1 ¢epMHOIIIIhIX rrone:H Q.if) rron;qHtt.suo·rca attTHKOMMYTaI.J;HOHHbIM 

( anTHCHMMeTp11"1IlblM) COOTHOmeHH.5lM 

(6.6.1) 

a orrepaTOpbl 6roOHHblX IlOJieii '1ib} - KOMM)'TaI.J;HOHHhlM (cHMMeI'pHqffbIM) 

COOTHOIIleHH.HM 

(6.6.2) 

rµ,e HH)KHHe CHMBOJibl npH orreparopax HMeIOT co6HpaTeJibHOe 3 Haqett11e, 

a npaBhie qacTH , o6rou a q eHHble CHMBOJiaMH fl. .. , HBJI})JOTC5J C-"t.JHCJiaMM (He 

orreparopaM11) , Bl1.)J. KOTOpbIX 38.BHCHT OT npe,n,cTaBJieHIHI o n epaTOpoB (KO

Op,ll.HHa TRoro 11.rrli HMnynhCttoro). 

KsaHTOBa.a TeopHH IIOJI}) rrpH3 s aHa o n11caTh aepo.aTHOCTH ( ToqHee, aM

nJIHTy,n,h1 s epmITHOCTH) pa3JIHl:fHbrx rrpou;eccoa rrpespan~eHHH qacTHI.J;. H a 

IIOMHHM, aMIIJIHTy)~a sep05ITHOCTH npe,rr.cTaBJI})eT co6o:A IIeKOTOpoe KOM

IlJieKCHoe "-IHCJio ( c-q Hcno). 0Ho ttaxoJ(HTc.a 110 HeKoTophIM c n eu11¢11qecK11M 

rrpaBHJiaM, 01ie Hb 6JIH3Kl1M K rrpHBbl'iHOH MeTO,IJ.HKe KBaHTOBOH MexaHl1Kl1. 

B CHMso1111qecKOM a11,rr.e 3TO q11c.rro MO)KHO npe,rr.cTaa11Tb cne,rr.yroIIJ.HM o6pa-

30M 

(6.6.3) 

r1~e cnpaBa 3arrHcaHhI onepaTOpbI scex 110.rre:H B HaqaJibHOM cocrom11111 1 

,n.e:HCTBYIOlll,He Ha aaKyyMHOe COCT05fHl1€ <l>o, a CJieBa YKa3aHbl onepa'I·Opbl 

Y.aCTH~ B KOHe'tJHOM COCTO.HHHH, TalOKe npe,rr.CTaBJieHHbie B BH,D;e rrp0113 Be

/~eHIDI COOTBeTCTBYIOI.IJ,HX orrepaTOpOB, ,rr.ettCTHYIO~HX Ha BaKyyM B KOHe"-I

HOM cocTo.s::rH1111. B cepe,LI,HHe 3aII11caHo tteKOTOpoe onepaTopHoe ab1pa:>KeH11e, 

co,n.ep>Ka~ee ¢epMHOHHbie H 6030HHb1e onepaTOphr. 0Ho II03BOJIHeT H aiiT11 

MeMe~ThI S-MaTpHI.J;bI c rroMOIQbJO cneu;HarthHOii MeTo,r1;11K11 pa6oTbl c orrepa

ropHbIMM Bblpa)KettH.HMH. Heo6xo,rr.HMO 1136aBHThCH OT scex oneparopoB raK, 

l.JTOOhl OTCTaJIHCh TOJihKO c-q11cJ1a. 9TO JT,OCTRraeTC51 uepeC'raHOBKOH orrepa

TOpoB BJieBO 11 BnpaBO ,n,o COCTOHHHH aaKyyMa, "-ITOObl OHM, no,rr.eHCTBOBaB 

Ha rrpOTHBOilOJIO)KHble CBO€MY COCTOilHl15I aaKyyMa, yH11 qTO:>KHJil1Ch, OCTaBMB 

Jilflilb rrpaBbie qaCTl1 KOMMYTaI.J;HOHHbIX COOTHOIJ1€ H11H ( (,._'iHCJia) B (6.6.2) 
HJIH (6.6.3) . IIonyq11aIIIa.H01 KOM611tta.u,ru1 c -q11ce.rr H onpe,rr.eJI.HeT aMilJIHTYAY 

B€p05JTHOCTH COOTBeTCTBYIOlll.ero rrpou;ecca. 

3,rr.ech c.rre.rr_yeT oco6o OTMeTHTh, qTo ,rr.attHa51 npo1.1,e.u_yp a He BKJiroqaer 

B ce6.a 3BOJIIOI.(11IO, OITHCbIBaeMyro BOJIHOBhlMl1 ypaBH€HJUJMH. 9TO 0 3 HaqaeT, 

'llTO onepaTopHb1e cPYHKU,HH, KaK roaop51T, 3 anHChIBaJOTCSI B HMIIYJibCHOM 

upe,IJ,CTaB.TieHHH, T. e . 3aBHCHT OT KOMIIOIIe HT HMIIYJibCOB qacT111.1,, l1X CIIHHOB 

H 3ap5J)J.OB. 
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06bfT-JHO 3Ty Cl1Tya~mo TIO.HCH}110T TaK, q'TQ paccMaTpl1BalOT CH Ha'laJihHOe 

COCTO.HHHe CHCTeMhl Ha «MMHyc-6ecKOHe'fHOCTl1.» H KOH€'1HOe COCTO.SJHHe ua 

«IlJIIOC-6eCKOHe'fHOCTH», r,n;e qacT~bl y.>Ke nepeC'raIOT B3aMMO,n;eikTBOBaTb 

,LU>yr c APYI'OM, H HHTepecylOTC}l JIHUih p e3yJibTaTOM wx B3aHMo,n;eikTsl1it. 

fJ1aBHoe B s·roii MeTO,n;HKe COCTOl1T B Han11caHJ.Uf oueparopHOI'O Bbipa:>Ke

HH.H ,LJ;JI.H s ( q)' 'fTO ,n;eJiaeTC.s:r c nOMO~blO JtarpaH.)KHaHa B3aHMo,n;etkTBYI0~ 
qacT11~ (cM., HarrpHMep, (9}). Oco6ettHo ,n;eTaJihHO 3TOT sorrpoc rrpopa6owtt 

,LJ;JI.H KBaHTOBOH SJieKTpO,JJ,H.HaMHKH. 0Ka.3bIBaeTCH, ,LJ;Jl.H MHOI'HX npor~eCCOB 
yKa3aHHaH npo~e,n;ypa CBO,l(J1TC}l K paCCMOTpeHHIO ,LJ;OBOJibHO npOCTbIX 8JI

re6pa11'feCKHX COOTHOll!eHIIB, nOCTpOeHHhlX no CTporo 3a,n;aHHblM rrpaDHJiaM 

<l>eiiHMaHa. 

IlpH orr11caHJill1 3JieKTpOMarRHTHbIX B3aHMO,D,ettcTBJ1ii 3JieKTpoHOB, Il0311-

TpOHOB 11 cPoTOHOB cpe littMaHOBCKHe ,LI,J1arpa.MMhl co,n;ep.>KaT acero HeCKOJlbKO 

cpaKTOpoa, KOTOpbIM COOTBeTCTBYIOT SJieMeHThl ,n;11arpaMMhl 11 Bblpa:>Kelfilll: 

aepmHHHhie qacT11, arpe3Kl1 np.HMbIX M BOJIHHCThIX JIHHlfii c OTKphITblM c o,u.
HOM CTOpOHhJ KOH~OM HJil1 orpau11qeHHhlMH BeplllHHHblMH qacT.HMH c ,n;syx 

CTOpoH. 

6.6.2. MeTa<l>H31PiecKHi: auaJIH3 
OilHCamill B3aJIMO~eiicTBHii 

1. B reopeTMKo-110J1eaoM 1:v111porrott11Matt1111 0030HHb1e 11 ¢epM11om1hle 

J10JI}l OTIHChIBalOTC.a e/I,HHOOOpa3HO KaK pa3IIOBH,LJ;HOCTH BHyTpH O,n;HOM Ka

Terop1-rn, p33.Jlll11arorq11ec51 rrpe,n;cTaaJ1e tt11}1Ml1 rpyrrnhr J1opeH~a: c1rattopHoe, 

aeKTOpttoe, TeH30pttoe sroporo paHra 11 T. ,n;. rro.n}l. O,n;ttaKo K a.Jrn6poaoqHhlii 

no,n;xo,n; K OIIHCaHHIO Q:>1-:t3H1-IeCKJ1X B3aHMO,UeHCTBH:A ¢aKT11qecKM ttapywacT 

paattonpaane 0030HHbIX 11 ¢epMHOHHhIX IIOJieH. IlOUhITKa HcnpaBHTh 3TO 

BOJIO)f(emre rrpe,LI,IlpHH.HTa B paMKax cyn epcHMMeTpH't.lHbIX Teopun, paCCMOT

peHHhlX B CJie,ll,,yrom.e:tt r.naae. 

2. 0 To6pa3HM cppaKTaJi hHOCTh 110 Ka'feCTBY B K aJ1.116poaoqHOM 110,n;xo,n.e 

B BH)J.e 3 x 3-Ta6JI. (6.6.4), aHaJIOrH~HOH Ta6JIH~aM B rn. 1 M 5. 

Ka;u16poeo':IHbie TeOpHH noJU1: <f>paKTaJibHOCTL no Ka~1eCTBY (I) 
II IlpocTpaHCTBO-Bpe~ JI IloJT.H I qacnrn,b1 

0606.w.eHHOe IlpocTpattCTBO-BpeM51 IIpocTpaHCTBo BHYI'- IlpocTpaHCTBO 
npocTpaIICTHO M.11liKOBCKoro ( 6a3a) peHlil1X CliMMeTpID\ CKopocreii ( CJIOM) 

Kareropw:I non.a Ka.Tll16poBO'llia51 Ka;ur6poBOqHbie 
<l>epMHOHHhie 

8MIIJiliTy)J,ht Tt!OplilH ( 6o30HHb1e) Aµ 
IlOJIH 

BCJXlHTHOCTH rpaBMTaIJ,Hli IlOJISI 

KaTeropnH 

I t t I t t t t 
~racnru, 

(6.6.4) 

l . 
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B 3TOM rro.uxo,n,e KaTerop11SJ npocTpa.HCTBa-speMe1rn: TaK>Ke OKa3bIBaerca 

o6o6IJJ,eHHOH: Otta ,ll,OIIOJIHSJeTCH TaK Ha3bmaeMbIM <3'1-f,ympettttU.M npocmpan

cmeo.M 3JieMe1ITaptthrx qacTHIJ;, s KOTopoM orrpe,n,eJietthr SU(3)-, SU(2)- HJIH 

u ( 1 )-cH:rv1MeTpHH. 

3. PerneH11e rrpo6JieMbI 06'be,n,11ttett11£ ¢11311'lecK11x B3aHMO,JJ,e:HcTBHH 

O>Klf,l(aeTC5I Ha IIYTH o6o6ll(eHHSJ HCTIOJib3yeMbIX rpynu CHMMeTpHM, BKJIIO~Ia

IO~X B ce6£ Ha3BaHHbie U(l), SU(2) 11 SU(3). 8T1111ccJie,n,osaa11.a Bbl3BaITH 

y B. re:H3ett6epra attan:orHH c yqeHH.HMH aHTHT.IHblX MbICJ1l1TeJ1eii:: «Cxo,n,

CTBO B033pettlf:H COBpeMeHHO:ti cPH3HKH c B033peHl1SJMH Il.narotta 11 ntt¢aro

pe:HI1,eB IlpOCTHpae'l'CH ell(C ,ll,aJibme. 8JieMeHTapHhie ~aCTHil,bI, 0 KOTOpbIX 

roBOpHTC.H B )J,HaJIOrC Il.naTOHa ,,T11Mei1:"' Be,[I,b 9TO B KOHil,e KOHil,OB He 

MaTepH.H, a MaTeMaTH'leCKMe cPoPMbl. «Bee sew,11 cyTh q11cJia» - TIOJIO:>KeHHe, 

np11n11cbmaeMoc Il11¢aropy. E,n.11HCTBeHHhIMH. MaTeMaT11~1ecKHMH Qx>pMaMH, 

H3BeCTHbIMH B TO BpeMSJ' SJBJlSJJIHCb reoMeTpw1ecKRe H CTepeoMeTp11qecKHe 

cPoPMhI, IlO,ll,OOHbie npaBHJlbHblM TeJiaM H T peyro.nhHl1KaM, 113 KOTOphIX o6pa-

30BaHa HX TIOBepXHOCTh. B COBpeMeHHOH KBaHTOBO:ti TeOpHH e,n,Ba JIH MO)KHO 

COMHeBaThCSJ B TOM, qro 3JieMell'I'apHbie ~1aCTHllhl B KOHe~IHOM cqere cyTh 

MaTeMaTHqecKne c}:>opMhI, TOJihKO ropa3,11.0 6oJiee CJIO>KHOH 11 a6cTpaKTHOH 

I!pMpO,JJ,hI» (43, C. 36}. 
KaK ttaM upe,LI,cTaB.nSJeTCH, rron.o6tthre BhICKa3hIBaHH.H cJie,izyeT nott11MaTh 

B !lJ'Xe cTpeMJieHtt5J K .MOttucmu'tlecr.;ou napaau2.tvte, r,n,e Karerop1111 npocTpatt

craa-speMett11, Y:aCTHII, H IlOJieil nepeHOCTIHKOB B3aHMO,n,e:tiCTBH:ti CJIHBalOTC£ 

B e,L1,HHoe u;eJioe 11 cU.M.tvtempuu pacc.Mampuea10mcR tte ca.Mu no ce6e, a 'K:a'K: 

C6oucmea UC'KO.MOU 1Iep600C'J-f,06'bl, KOTOpyIO HMeJI B BH,lzy IlJiaTOH. 

4. KaJI116poBoqttb1:H noJI.xo,n, (111111 rrpnH11,11rr) K orrncattHIO B3aHMo,n,e:H

CTBHH H COOTB€TCTBYI0ll.J,HH eMy crroco6 BBe,n,eHHSJ 6030HHhIX IIOJie:H' no 

onpe,n,eneHRIO, npucy'W, U.M€'1-f,'J-f,O aya.!/,UCTnU'tl€C'KOU napaau2.Me rneopemU'KO

n0.1/,€6020 .tvtupono'l-tU.MU'H,U.R,. 8TOT ¢aKT CJIC,lzyeT HMeTb BBH,lzy rrpH paCCMOT

peHHH reopnii 113 ,n,pyrHX MeTa¢113 nqecKHX napa,n,11rM, r,n,e HMeIOT MecTo 

cso11 «rrpaBHJia 11rphI» 11 np11cyrn;Me TOJihKO HM npHHU.Hnbr. HaupMMep, 

npHHil,MII 1'1axa crrpaBe,LVIHB JIHlllh B peJI.HqHOHHOM M11pOilOHHMaHMli. 

5. Ilp11 IIOCTpOeHHH KaJIH6posoqHhlX MO,ll,eJie:ti ¢113 11qeCKHX B3al1MO,LI,ei1-

CTBHH ucno.!/,'b3o6a'H/bl aa,J1.e-x;o tte ece uaeecmtt'bte 2pynn'bt Jlu. Bo3 HHKaIOT 

ecTCCTBCHHble BOnpOCbI, HarrpHMep: IlO'leMy ,Ll,JIB llOCTpOeHMSJ MO,LI,eJIM 3JieK

TpOCJia6bIX B3aHMO,ll,€HCTBHH OKa3aJJliCh Heo6XO).J,11Mh1MH. 11MeHHO rpynnhI 

SU(2) 11 U(l) 11 B TaKOM CO'leTa.HHH 11 110~1eMy )-I.JI£ onncaHIDI xpoMO,ll,H

HaMHKH noTpe6osaJiach 11MeHHo rpynna SU ( 3)? B paMKax cym;ecTBYIOU(eii 

Ka.JIH6posoqtto:ti TeopHH He ,JJ,aeTC5I OTBera Ha 3Tl1 BOilpOCbl. 8TO CBJ1AeTeJlb

CTBY(,'T 0 TOM, qro OTBeTbl c11e,izyer 11CKaTb Ha OCHO.Be COBMeC'rHOI'O paCCMOT

peHH.51 TeOpHH .113 pa3Hb1X Me'1.'a¢113li"-IeCKl1X uapa,1.1,11rM, T. e. Ha 9Tl1 BOilpOChl 

ffY.>KHO nonbITaThCH B3rJI.HHYTh c HeKOTOphIX 6oJ1ee o61lI,Hx no311q11ii. 

B qacTHOCTH, MO)KHO n epe6pocJITh M OCTMK Me)l()l.y Karr116posoqHhIM rro,n.

XO/l,OM B paMKax TeopeTHKo-no.nesoli napa,n,11rMh1 11 BBe,n,ettHeM none:H 'lepe3 
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,D.OilOJIHwreJihHbie p a3MepHOCTH B MHOroMepHhIX reoMeTpHqecKHX MO,LJ.e.JIBX 

cPH3w:iecKHX B3aHMOf1.e:HcTBHii THrra TeopHH KaJiyIJ.bI B HHOli ,nya.JIHCTH'le

cKo:ti rrapa,n,HrMe - B paMKax 2e0Mempu'tlec?r.020 MuponoHuMaHUJi. KaK 6y

!1,eT TIOKa3aHO B TpeThe:ti qacTH KHHI'H, « BHY'rpeHHHe» H «BHemttee» npo
CTp aHCTBa KaJIH6poao-.:.rHbIX Teoplf:ti OO'be,l.l.HHBIOTCH a paMKax M HOroMepHor'O 

rrpocTpaHCTBa- apeMettu Teop11:H Karryu.1>r- Kne:Htta. 

BcKphITbre 3aKOHOMepHOCTH B Ka.JIH6poao11Ho:H TeopuH 3JieKTpoc.rra6hIX 

If CHJibHhIX B3 aHM0!1,eACTBHi1 ( B xpoMO,ll.l1HaMHKe) 11 3aTeM flOBTOpHIOIQMeC.SI 

B reoMeTp11qecKOM H pensu~HOHHOM MHpOnOHHMaH.11.sJX Il03BOJI.HIOT rronaraTh, 

qTQ 3a HHMH KpolOT~ npo.sJBJieHH.H O)l,llMX H TeX )Ke M era¢H3H'IeCK11X 3aKO

HOMepHOCTe:a. 

6. B KBaHTOsott Teop1111 B3auMo,n.e:ticTByIOIUHX no; 1e:ti HMe roTc.st cepbe3-

Hbie TPYA HOCT.11, c asi3aHHhie c rrosisne HHeM 6ecKOHeqHo 6oJihIIIHX 3 Ha11eHH:ti1) 

(paCXO)J.11MOCTe:ti) HeKOTOpblX ¢H31111eCKHX Be.nH"C.IHH (Mace, 3ap .H,ll.OB 11 W ·)· 
B KBaHTOBo:ti aneKTpO!l,HHaM11Ke MO)f{HO Ha3BaTh TPH THrra p acxo.zr.11Mocref;t : 

1) pacxo~OCTH npH Ma.nbIX HMilYJibCax (HHcPpaKpacHa51 KaTaCTpo¢a); 

2) pacxo,n;HMOCT11 rrpH 60.11blllHX HMilYJibCax (YJibTpaqmOJJeTOBbie paCXO,Il)1-

MOCT11). 

3) pacxo,D,HMOCTH, o6yc.noBJieHHhie coarra.rr.ett11eM nonrocos no.zr.11ttTerpa.n1>

Hh1X Bbipa)KeHH:ti. 

Atta.nH3 rro K a3bISaeT, 11ro Bee 3TH pac:xo,n;11MOCTH B KBa HToao:H 3JieKTpo

,D,HHaMHKe MO)KHO HCKJTIO'iHTb, sse,n;51 B Teo p1110 ,LI.Be 6eCKOIIewo 60.nbIIIHe 

aenw:iHHbI c ,n,pyruM 3HaKoM, HX KOMTieHc11pyroruMe. O .zr.ttaKo TaKMe npou.e

,nypbt, H83bIBaeMhie rrep eHopMHpOBKaM11, o6Jia,n;aIOT psi,n,oM Hefl.OCTaTKOB, tte 

Il03 B0.11.sJIOLQ11X c q11Ta:rb ,UaHHYIO npo6neMy pemeHHO:ti. 

)l..n}I npo1~eCCOB, OllHCblBaeMblX ,rrpyrHMH B3aHMO,LJ.e:tiCTB11.sJMH, .11,l·Ia

rpaMMhl cyIQeCTBeHIIO ycJIO)K}ffilOTCH 113-3a Toro, qro B IIHX B03HHKaIOT HHble 

aepIIIHHHble q aCTI-t. 9To 0 3HaqaeT BBe,n.en11e ,npyrHX npaBHJI ¢ei%HMaHOB

CKOI 'O T MTia. 

Ilp11HSITO p a3JIH1:.JaTb rrepeHOpM11pyeMbie H HerrepeHOpM11pye Mbie Teopl1H. 

Tiep eHopMHpyeMblMH, K KOTOpbIM OT HOCHTCSI 3Jie KTPO.zr.HHaMMT<a, H83bIBa

IOTC.Sl TaKHe, B KOTOpbIX Bee paCXO,ll,HMOCTI1 MO)KHO ycTpaHHTb BBe,n.eHHeM 

1
) Cne1zyer OTMCTHTX., "<ITO noSJBJie ttHe pacxo)l.stUI,HXC.51 BeJIH"UiH B KBaHTOROH 3 JJeK

Tpo,u;nttaM HKe H e stBJuteTCst CBottCI'BOM n 111Ub KHa.HTooott TeopHH. B K JlacCH<IecKoii 

3JteKTJX>,ZJ;HHaMHKe H Mee't'C.SI Hx attanor . TaK, np11 Bhf "l11CJleHHH co6cTRettHoA :::meprHH, 

11.onyCTHM, 3JJeKTpoHa, o6yCJtOBJieHnott ero an eKTpoMarnHT HbIM n oneM, CJie,n;yer B3.HTh 

HHTerpaJI CYl' fI.flOTROCTl1 3 Hepr.ltl:I no BceMy IlpoC'T'pa.H<-"l'By. JlcrKO IlOKa3aTb, 'ITO 3TO'I' 

HHTerpan p aCXO,D.HTCSI np11 HH'l'€rp11poBallHH OT IJYJJ5I ( .z:vu1 'l 'O ... I e "t HO°A "<I8.CTlfl\hl) I 'ITO 

B HMnynhCHOM npe,n;CTMJiettHH COOTBeTCTBeT yJTbTpacPHOne-1·0BbI M pacxo)l.11MOCT.HM. Tipe,u,

.naraJIHCb p a3.1111"iHblC MeTO)J,HKH nepeXO,LI.a <Yr •ro-qe <JHbIX "<IacTHl\ K •1a<.:THIJ,aM KOHe"<IHbIX 

p83MePoB - CBoe00pa3HbJe KJlaCCH"IeCKHe nepeHOpMHpOBKH, o,n,HaKO 3 ,D,eCb B03HHKaJOT 

npo6Ji eMbI c coxpaHeHHeM pe!l .Sl'l'HBHCTCKO'A HHBapHaHTHOC'J'H H ,z:wymx no.nO:>K.eHHH 

'1'€0pHH. 
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B reopmo KOHeqHoro qHcJia KOMil€HCHpy10m;Hx HX 6ecKOH€Y:HhlX KOHCTaHT. 

11x HeMHoro. B HenepeHOpM11pyeMhIX reoptt.HX B03HHKaeT 6ecKoHeY:HO 6o.flb
moe qHCJlO BH,LJ,OB pacXO,D,.HU~HXC.H Be.JUP-IMH, T. e. cwryal(H.H c pacXO,LJ,HMOCT.HMH 

OCJIO)KH.HeTC.H BO MHOI'O pa.3. 

HaJI11qHe pacxo,D,11Mocreii B KBaHTOBoii reop11H non.H, KOTophre He y,n;aeTc.H 

ycrpaHHTh y,D,OBJieTBOpMTeJihHhIM o6pa'30M, .HBJJ.HeTCH CBHn,eTeJlhCTBOM ee 

He6narono.nyqu.H . Be3 npeysenw:-ieHH.H MO)KHO yrBep>K;.:i;aTh, qro peUie1111e 

npo6neMbl ycTpatteHH.H paCXO)J,llMOCTeii cq11TaJIOCb O,Il,HOH H3 sa:>KHei1IllHX 

3a,rr.aq s TeopeTH'l-leCKOFI ¢113HKe BTopo:H rroJ10B11Hh1 XX B. HanoMHHM: qTo 

6ecKOHeqffhle 3HaqeHH.H HeKOTOphIX BeJ111qHH B03HHKa:fOT B H€KOTOphIX CIITy

aIJ,H.HX H B ,D,PyrHX pa.3,n;enax T€0peTM'-1€CKOM cPH3HKH' B qacTHOCTH B o6m,ei1 

TOOPHH OTHOCHTe.TihHOCTH. AttaJIH3 TaKHX CHTyau,11:H n03BOJI.HeT yTsep>K,n;aTh, 

-cr1'0 ec.R/1we no.Re.11,ettue pacxodu.Mocmu c.11,eiJyem nm-£UMam'b -x:a-x: 380'1-lO'X:, 

npeiJynpe;)ICda?O'i4UU, 'l.(,mo e coomeemcmey?O'i4UX cumya11u.Rx meopu.R cma

'1-loeumC.R Henpu.MeHu.Mou, -x:a-x: <fia-x:mop, ceudemM'bcmey?O'i4UU o mo.M, 'l/,mo 

11,a-x:ue-mo ee nOM;)ICeHUJi mepR?Om cUAy. Toqtto TaK )Ke tty)KHO OTHOCHTbC.H 

Ii K pacXO,IJ.11MOCTSIM B KBaHTOBOH reopHH 110JI5J. 0,D,HaKO 3)1,eCh CHTyaIJ,IUI ycy

ry6JI.HeTC.H TeM, qTQ pacxO,II,HMOCTH B03HHKaIOT He B KaKHX-TO 3K30TH"'tfeCK.HX 

CHTyau11.ax, a npH BhlqJicJieHHHX OCHOBOilOJiaraIOm;Hx B€JJJiqHH B npo~eccoa. 
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"" KBBHTOBOH MexaHHKH 

TeopHH cynepcTpyH 
..... 

Bo aropoii noJIOBHHe XX B. Ha MarucTpa.JlbHOM nanpasJ1eHH11 p a3RMT1rn 
¢1131.fKH (B paMKax Teop eTMKO-TIOJiesoro M11pOH11Matt1Hr) Ha,rr.e)K)J,bI B03Jia

ra.JTMCb n oc.ne.n,osaTeJlbHO Ha HeCKOJihKO KJIIO"..JeBblX 11.n,eR l1 IlpHHIVIUOB. 

B 50-x rr. s u;eH'r pe BH11MaHH» 6bIJIH ,n,11arpaMMhl <l>eiiHMaHa, 38.TeM 11.o

M11 H11py10IQ11M11 CT8JI11 11CCJie,D,OBaH11.ff no <l.KCMOMaTHKe KBaHTOBO:tt TeOplili. 

B 60-x rr. yctt.n11.s:r 11cc.ne,[(osareJ1e:tt 6h1Jrn cocpe,n,0ToT1eHb1 Ha MeTo,n.e S-MaT

Plil.\hI , T<>qHee, Ha csoikTsax atta.Jil:f.TM'-lHOCTH S-MaTp11r~b1. B 70-x 11 u aqa.11e 

80-x rr. ynop .n,eJ1a.JIC.H Ha rpynnOBbie MeTO.n,bI 11. Kan116posoqttyro 'l'eopmo 

qm311qecK11x B3aMMO,n.e:HcTa11i1. Bo aropoii rro110Bune 80-x - Haqa.rre 90-x rr. 
tta,n.e)K,Il.hr B03JlaraJI11.Cb Ha cyuepc11MMeTp11.qHble TOOpHM, a B caMOM KOffl.\e 
XX s. - - Ha Teop1n1 cynepcTpytt 11 n-6pan. 

Ha3BaHHbre 11cc;1e.n,osaHIDI tsh1noJIH.HJIMCh B paMKax .z:zyan11cT11qecKoii Teo

p eT11Ko-noneso:tt rrapa)J,11rMbl c COUTBeTCTBYIOIIJ;eH eii KOileHrarettCKOH 11HTep

npeTau11eii KBaHTOBO:tt TeopHH, T. e. Ha OCHOBe KOttu;erru;m11 6JIH3KO,rr.eiiCTBIDI 

npu coxpatterrnu a npocTOM HJIH o6o6u:.i;ettHOM au,u.e Karerop1111 npocTpaH

CTsa-apeMeHu. 0Hl:f. 6b11111 ttau;e;1eHhr, so-rrepBhIX, Ha rrocTpoeHue e,rr.HHOR 

TeOpMM qn.nuqecKHX B3aHMO,[(ei1CTBMtt, BO-BTOpbIX, Ha ycTpatteHMe p aCXO)J,M

MOCTC:tt B KBaI-ITO.BO:tt Teopu11 u , B-TpeThMX, Ha 6onee Tecttoe OO'be,L.1,11HeH11c 

Q:>epMHOHHhIX H 0030HHblX none:tt. 

HaJI11'ilie µByx BMJJ;OB rro11eii ¢epM110HHhIX H 6o30HHhIX, 11pH'-JeM co.n,ep-

:>K.arn.nx p}l,ll, p83HOB11,JJ,HOCTeii, - MHOl'HM c}:>H3MKaM cnpaBe,Ll,JIHBO npefJ,CTaB

.IDlJIOCb He,11,ocTaTKOM Teop11H. BhIJIM rrpe,n,rrpHH.HTbI rronhlTKH rrocTpoemrn 

C,lJ,HHOii reop11H non.H, orruparoIIJ,e:ttc.H aa ,.z:r,Bc 6onee '-feTKO onpe,ueneHH1>1e 

Karerop1111: e.n,HHOf'O no.n£ H HeKoro o6o6IIJ,CHHoro npocTpaHCTBeHHO-Bpe
MeHHOro MHoroo6pa31UI. B ettu.oM 3T1-1x 11cc11e,.z:r,oaan11il .HBHJ1l:f.Cb ·.reop11J11 c cy

n epcHMMeTpM.SIMH, a qacTHOCTH reop1111 cyrrepcTpytt Jil 6patt. Bo.nburnttcTBo 

COBpeMeHHbIX cPH3l1KOB-TeOpeTMKOB B03Jiaraer Ha.n,e)J{,11,hl MMeHHO Ha 3TU 

·1"eop:11H. B cynep c 1-1MMeTpHqH1>1x Teopiurx KJiacc11Y:ecKoe 4-MepHoe npocTpaH

CTBO-speM.H o6o6u~aeTc.H .n,o cynepnpocTpaHcT1:m, xapa.KTepH3yeMoro Hap.HAY 
c 4 KJ1acc11-c1ecKMMM KOOp)J.MHaTaMM em,e COBOKyITHOCTblO r p accMaHOBblX ne

peMeHHbIX. 
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0,n,HaKo npe)K,l.I,e qeM o6cy2K,u,aTb reop1111 c cynepcHMMeTpH$iMH, cJie,nyeT 

HallOMHMTb 0 IIpe,IJ,BapHTeJibHbIX IIOTiblTKax IIOCTpOOHH}l e,LI)1HOH TeOpHH 

IlOJIB, B "tJaCTHOCTH Ha 6a3e Jll1Wb 0)1,1101'0 0030HHOro HJil1 cPePMHOHHOro IIOJISJ. 

7 .1. Hemme:iiBb1e Teopm1 noilll 

IlepBhie ,n;na 3TaIIa IIOHCKa e).I,l1HOi1 TeopHH IIOJUI COCTaBHJil1 IIOIIhITKl1 

on11caHHSJ KaTeropHH (MacC:l1BHbIX) liaCTHU, B Bl1)J,e caoeo6pa3HbIX crycTKOB 

nOJI.H, TITO 02KMJJ.aJTOCb ocyiu;ecTBHTb Ha 6a3e tteJI11tte:HHb1x o6o6n.~ett11it ypa.B

HettH:H 6e3MacCOBblX no.ne:H. 

7.1.1. rHilOTe3a e)J;HIIOii 
BeJIHBeii:Boii 6o3oHHoA TeopHH IlOJUI 

Y2Ke B XIX B. 6h1J1M HaqaThI nonhITKM nocTpoeH11.H sce:H Q:m3HKll Ha 

OCHOBe O)lHOro BeKTOpHoro IIOJI51, KaKOBblM BH)leJIOCh 3JieKTPOMarHHTHOe 

none. BbIJia Bhl,D;BHHyTa uporpaMMa oIIMcaHH..H 11acT11u, KaK tteK11x c1 ·ycTKOB 

o6o6m;eHHOro ( HeJTHHetittoro) 0030HHOro IIOIDI B ( IIJIOCKOM) npocTpaHCTBe

BpeMeHH. QqeBM,ll;HO, '-ITO ,n,aHHa51 nporpaMMa HMeJia MeTacPH3H qecKMit xa

paKTep, TaK KaK 38.'rparHBaJia BOIIpoc 0 'lHC.ne KJllO'leBhIX KareropH:H cPH-

311Kl1 - 6bIJia HaIJ,eJleHa Ha nepexo,n, OT Tpex Karerop11:H ( TpHaJTHCTHqecKOi-1 

nap8ilJ.HrMbI) HblOTOHOBOH cPl1311KH K ..zzyaJIHCTH'leCKOH n apa,n.11rMe, OilHpaIO

II.J,eHC..H Ha KaTeropMH npoCTpaHCTBa- speMeIIH 11 6030HHOI'O IlO.IDl. 

qT06bl pelllHTb TTOCTaBJieHHYJO 3a,U,a'iy, 11eo6xo.r1;11MO HCIIOJlb30BaTb HeJil1-

H€HHble ypaBHeHll..H 0030HHOI'O IIOJI.H, co.n:ep2KaI.I~He KBa,II,paTH1IHbie H CJia

raeMhie 60.nee BhICOKHX crerreHe:H 113 UOTeHU,MaJIOB IIOJI.H, OIIHChlBRfOlIJ,Me 

ero B03,n,eiicTBHR Ha caMoro ce651. BJ1aro,n,ap51 HM no.ne KaK 6b1 ,u,ep2KHT 

ca.Moro ce651 B BH,ll;e HeKOTOporo cryCTKa B rrpOCTpaHCTBe-speMeHH, 'ITO 

rrpe,lJ,JiaraeTCSI T p aKTOBaTb KaK qacTIHzy. 9ro HanpaBJieHHe HCCJie,n;osaHlli-1 

uat.1ano ¢opMHpoaaThC..H em;e B XIX B. Ha octtoBe 11)J.e11 o6 aJieKTpoMarttMTHO~ 
np11po,n;e Mareptt11 H l1MMO MHO>KeCTBO cTopoHHHKOB B XX a . Ha30BeM 

HeCKOJihKO HaH6oJiee 113BeCTHbIX BapHaHTOB IIO,lI,OOHblX TeOpH:H. 

1. IlpMMepHO B 1912 r. I'. !vfu 6b1J1a C03,IJ,aHa He.n11Hei1Ha.H TeOpH.H, CO

rJJacHO KOTOpo:H 311epr1151 BeUJ,eCTBa, caMH 3ap.H,ll,bl H HX CBOiiCTBa HMelOT 

3JieKTpoMarHHTHoe npo11cxo)K,ll,eH11e. Mcxo,ll,}l 113 3Toro, reop1151 erpo.H..nacb 

Ha OCHOBC IIJIOTHOCTH JiarpaH)KHaHa 

1 £ = - - Fµ,v F + f (A) 
l67r µv ' 

(7.1.1) 

r,IJ,e f (A) - tteKoTOpa51 ¢y1ua~11.a 11Haap11attTa OT ~JieKTpoMarHMTHoro seK

ropHoro noTeHt(HaJia A = ±J AµAµ . CpasH11sa.H (3.3.l) c (7.1.1), JICrKo 

BH.,Ll.eTh, -ccro noc.ne,LJ.ttee cJiaraeMoe crrpasa npH3sano 3aMeHHTh Jiarpa10K11a11 
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qaCTHJJ;. J13 (7.1.1) CTaH,u,ap'l'HhIMll MeTO,U,aMH IIOJiyqaeTCB HeJIHHeHHOe o6o6-
m.eane ypastteHn:ti MaKcaeJIJia. 

2. HecKOJihKO rro3.n,ttee, B 30-x rr., !v1. BopHOM H J1. 11H¢e.rrb.JJ:OM 6hIJI 

npe,LI,JIO>KeH ,n:pyroii , 6onee COBepweHHblH sapHaHT HeJUIHeiiHOH 3JieKTpO,LI,H

HaM HKH. B qacTHOCTH, s tteM tteKa.rrn6posOq:HO HHsapnaHTHhIB qJieH c BeK

roptthlM IIOTeHD;HaJIOM 6hIJI 3aMeHeH Ha HeJIHHeiittoe Bbi pa)KeHHe H3 Hanpa

)KeHHOCTeii sneKTpoMarHHTHoro noJIB. IInoTHOCTb narpaH>KHaHa ( a npo

CTpattcTBe-apeMeHH MHHKOBCKOI'O) 6bIJia BbI6paHa B BH,U,e 

(7.1.2) 

r,n:e F o6o3Haqaer onpe,n:enn:TeJih (.n;erepMHHaHT) , TI0CTp0€HHhlH H3 KOMIIO-

tteHT TeH3opa b'T/µv + Fµv : 
b F01 Fo2 Fo3 

F= 
Fm -b F12 F13 (7. 1.3) 
F20 F21 -b F23 
F30 Fa1 F32 - b 

a 7} - o n pe,n:eJIHTeJib, TIOCTpoeHHhlH H3 KOMilOHeHT 'T/µv --- MeTpHKH npocTpaH

CTBa-speMeHH MHHKOBCKOr O. 3,n:ech b- HeKM pa3M€pHM KOHCTaHTa. 8ToT 
BapHaHT T €0pHH ,LI,O CHX nop o6cy)K,JJ.aeTC.sl pa,n,oM HCCJie,n:oBa'reJie:ti . 

3. B nn:repaType H3 aecreH TaKMe pH,n: y rrpom.eH H1>1x H)l;eaJIH3Hposan

HhIX Bapn:aHTOB, Kor,u,a BM€CT O MHOI'OKOMilOHeHTHoro 3Jl€KTpOMarHHTHOI'O 

ll0Jl5J paccMaTpHBaJlOCb He.llHHeiiHoe CKaJIBpttoe ITO.Tie, T. e . HeJIHHeiiHoe 

o6o6rn:ettttoe ypaBHett11.e KneiiHa- <I>oKa. Ha 3TH Teopnn: MO.>KHO CMOTpeTb 

KaK Ha rrpe,n:sapHTeJihHbie, Mo,n:eJibHhie, Ha KOTOpbIX B MaKCHM8.llbHO ynpo

U..J.€HHOM BH,U,e IlbITa.JIHCb 0Tpa6oTaTb n p HHlt;HTIHaJihHble MOMeHThl ,n:aHHOH 

nporpaMMbl. B HaCTOHllJ,ee BpeMH n o,u,o6Hble HCCJie.rr.oaa1m.H TCCHO CB.H3aHbl 

c IlOHCKOM TaK Ha3hIBaeMhIX CO.TIHTOHHbIX pemeHH:tt IIo 3TO:ti TeMe HMeeiaI 

.rr.osoJihHo o6IIIHpttaa JIHTepaTypa (cM., HarrpnMep, (711) . Bo BTOpo:ti n ono

BHHe XX B. B paMKax sToro rro,n:xo,u,a npoao,LI,HJiacb pa6oTa B rpyrrnax psi,u.a 

oTeqecTBeHHhIX n:ccne,n:osarene:ti: ..H. II. TepJxe1woro, K . II. CTaH JOKOBH"Ya1 

B. H . 1:1e.rrhHHKOBa [157) H J.J.Pyrn:x. 

4. B XX a . 3 Haq11TeJih HOe s1nr:rviaH11e y,n:eJI.HJIOCh HeJIHHeiitthlM CKMHp

HhIM H 3JieKTpOMarHHTHhIM ypaBHeHHBM B HCKpHBJieHHOM n pOCTpaHCTBe

BpeMeHH. B 3TOM cnyqae K HeJIHHeHHhIM ypaBHett1u1M ¢n311qecKHX rroJieii 

,n:o6aBJI.HlOTC.H ypaBHeHH.H 9:tiHIIITe:tiHa, T8.K):f(e He.m1tteiiHhle. IlOCKOJJbKY HC

XO,U,HblC IIOJIH BXO)l.5JT B ypaBHeHH.H 9iiHrnTeillia H TeM CaMhIM HCKpHBJISIIOT 

rrpocTpaHCTBO-BpeMa, TO s<PQ:>eK'l' bI HeJIHHeHHOCTH yCHJIHBalOTC.H. IIonara

JIOCh, qTo no,u,o6Hhie nporpaMMhI n:MeIOT 3Haqn:TeJihHO 6onhrne maHCOB tta 

ycnex. 0TMeTHM, qTO B 3THX pa6oTaX HCilOJih 3YIOTC.H IlOH.HTM.H H3 p83HhlX 

BH,lJ,€HH:ti MHpa: t.IacTb IIOJieii 6epeTC5J reoMeTpH30BaHHhIMH (reoMeTp11qecKoe 

an:,n:eHn:e), a ,n,pyrrut qacTb HMee1· c aMOCT O.HTe.11hHhiii xapaKTep. HeKoTOphie 
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cpH3HKH co:-ma:reJihHO H~T Ha HCIIOJib30BaHHe TaKO-ii ,ll,BOHC'I'BeHHOH np11-

lX>,LJ,bl noJieti, paccMaTp1-1BaSI 110,n.o6Hh1e KOHCTPYKU.HH KaK npe,n.BapttaTeJ1h

Hhle, BCIIOMOraTeJibHhie MO,ll.eJIH HCKOMOH Teop1111. 

Teoptt11 (roqHee, nporpaMMhI) ,n.aHHOti napa,n.11rMh1 BCTpeTHJIHCh c pH,ll,OM 

cyw,eG'TBeHHblX Tpy,n;HOCTeH, rJiaBHaSI H3 KOTOpbIX CB5I3aHa c Heycrottq11BO

CThIO, T. e. c paCIIJibIBaHtteM BO BpeMeHH COJIHTOHHhIX pemeHHtt - IIOJieBhTX 

crycTKOB, MO,ll.e.TI11py10u1,11x 3JieMeHTapHhie qacTIUJ,bl. ,II.a)Ke eCJIH 6bI y,n;aJIOCb 

peIIIHTh npo6neMY ycroiiqRBOCTtt, TO ,rr.anee npMIIIJIOCh 6h1 npeo,n.oJieBaTh 

,rwyrtte, He MeHee cepbe3Hhie npo6neMhI. Ilpe)K,ll;e Bcero. cJie~eT Ha3BaTh 

npo6JieMy KBaH'I'OBaHHH HeJIHHeHHOH TeOpHH, - B Hett ttapymaeTCH np11H1.vm 

cynepno3~1111. MMelOTCH TaK)Ke Tpy,ll;HOCTH c OIIHCaHHeM CIIMHOpHhlX T.Ja

CTHU., c ¢oPMYJIHpOBKo:H np11Hu.11na npttqHHHOCTH H ,rrpyrne. TeM He MeHee 

CTOpOHHHKH 3TO.il napa,n.11rMbl, 3aBOpO)KeHHhie 60JihIIIHMH B03M0)KHOCT5IMH 

He.TIMHei:iHhIX ypaBHeHM-ii IIOJIB, cqHTaIOT Tpy.n.HocTH BpeMeHHbIMH 11 He Te

pHIOT Ha,n;e)K,ll;y, T.JTO HX y,n;acTCH npeo,rr.oJieTh. 

7.1.2. fBIIOTe3a e~oii HeJIBHeHHOH CIIHHOpHoii 

TOOpHH IIOJlll 

HropaSI CTa,D)iH HCCJ1e,n;oBaH11tt B pycJie nporpaMMbI nocTpoeHRH e,n,HHO.li 

TeOpHH IIOJIH, HMeBUiaSI IIHK nony.TIHpHOCTH B 50-x - 60-x IT. xx B., OCHO

BbIBaJiaCb Ha Teopnn HeJIMHeiilihIX cpepMHOHHhIX noJiefi. TaK, O,ll,J1H H3 ee 

rops:1qux CTOpoHHHKOB ,II.. ,II.. 11BaHeHKO B Te ro,n;bI IIHCaJI: «IlO-Bl1,ll,HMOMy, 

HeJ111HC.i1Ha51 CIIBHOpHaSI TeOpHH HBJIHeTCH HaH60Jiee OOOCHOBaHHOH, eCJil1 

He e,n.HHCTB€HHOU Ha.n.e)K,ll;Oil COBpeMeHHOii cpH3HKH B CMblCJie IIOCTpoeHH5I 

OO'b€,ll,HHeHttoro onttcaHHH Bceti MaTepHH» (71, c. 37]. 
y HCTOKOB aroro HanpaBJieHH5l HCCJie,ll,OBaHHti CTOSIJI J1. .rr.e BpotiJib. 

0cHOBHa5I li,lleH 6bma npe)KHHH, O).I.HaKO Tenepb npe,IT.JiaraJIOCb HCXO,Ll;HTh He 

H3 HeJIHHeliHbIX ypaBHeHH:H 6o30HHhIX TlOJie:H, a H3 HeJ'IHHe-i\:HhIX o6o6IIJ,CHHH 

cnttttopHbIX ypaBHeHH-ii ,IJ.11paKa. TeM CaMhIM c caMoro Haqana HCKJIIOT.Ja

nach cyIIJ,ecrBeHHaH TPYAHOCTh nepBOM cTa,ll,HH, CBH3aHHaH c onwcaHHeM 

CTIHHOpHhIX CBOMCTB T.JaCT l1lJ,, a 6030HHble OOJ1H npe,ll,JlaraJIOCh C'I'pOHTb 113 

cpepMHOHHblX TIOJieM nocpe,u,CTBOM f'HIIOTe3hI CJIH.HHHH. 113BeCTHO, qro H3 

CIIHHOPOB MO)KHO o6pa30BaTb BeKTOpbI H TeH30pbI, HO He Hao6opoT. 

KaK nHcaJI ,LJ.. ,II.. 11BatteHKO, «cn11ttoptth1ii xapaKTep cpytt,ll,aMeHTaJihHOro 

rroJIH BhITeKaeT H3 apryMeHTOB ,ne BpoliJIH 11 Mo,n;eJIH cJIO)KHhIX T.JaCTHIJ.. Ee.nu 
CTOSITh Ha TOqKe 3peHlUI e,D;MHOti TeopRH H BBOJJ;HTh JIHIIIh U,l.J,HU nu;1e, TO 3TO 

none MO.)KeT B3aHMO,D;eiiCTBOBaTh TOJibKO c CaMHM co6oro; a OHO ,IT.OJI)KHO 

c qeM- TO B3aHMO,rr,eiiCTBOBaTb, 'q'TOOhI ~aBaTh B036y)K,ll,eHHhie COCTOHHHH 

B BH,IT.e pa.3JIHqHhIX qacTHIJ.. C.ne,u,oBaTeJihHo, ypaBHeH11H cn11HopHoli MaTe

pHH JJ;OJI)KHhI 6hITh HeJIHHe:AHhIMH. TaKHM o6pa30M, oTnpaBHhIM uyHKTOM 

,ll,OJDKHO HBHTbC5I ypaBHeHHe, o6o6m:arom:ee CilHHOpHoe ypaBHeHHe ,LJ.HpaKa 

'lJleHOM THIIa ¢ 3 ' npe,IT.JIO:>KeHHoe HaMH B 1938 r. 11 aHaJIH31ipOBaBrneecH BIIO-
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crre,rr.CTB1n:r B Haun:rx pa6oTax c Bpo,n;cKHM, rpynnott <l>uHKeJihCTeifHa u ,rr.py

rHMH. . . Bo3HHKaeT Borrpoc OTHOCHTeJihHO ycTaHOBJieHIUI Bcex B03MO)KHbIX 

HeJIHHeHHbIX JJ.06aBOK K CilHHOpHOMY ypaBHeHHIO HJIH COOTBeTCTBYIOlWIX 

HHBapHaHTOB THna 'l/;4 » (71 , c . 15). 
I1cCJ1e,rr.OBaJIHCb pa3JIHqHble BapHaHThl HeJIHHeHHbIX o6o6rn,eHUH ypaBHe

HHH ,L(HpaKa: 

(7.1.4) 

r,rr.e A = l 2 - - KBa,rr.paT cpyH,rr.aMeHTaJihHOH ,lI.JlliHbl. 

3HaqHTeJibHbIH HMilYJihC HCCJielJ.OBaHH51M TaKOro po,rr.a IlPH,LI.aJIH paOOrbl 

B. reii3eH6epra KOHt\a 50-x rr., KOTOpbIH CJieAYIOIIJ,HM o6pa.'30M oxapaK're

PH30BaJJ cyTh ,n;aHHOH nporpaMMbI: «B npo6JieMe OCHOBHOro ypaBHemrn 

peqb 11,rr.er 0 HeJIMHeliHOM BOJIHOBOM ypaBHeHMM ,JJ;JI51 onepaTOpoB OOJI51. 

8To ypaBHeHHe paccMaTpHBaeTC51 KaK MaTeMaT111-IecKoe npe,n.cTaBJieHHe BCeH 

MaTepHH, a He KaKOro-Jrn6o onpe,n.eJleHHOI'O BHlJ.a 3JleMeHTapHblX t.facTHll, 

MJIM IlOJieM. 8TO l:SUJIHUBoe ypaBHeHHe MaTeMaTM'leCKM 3KBMBaJJeHTHU CJIO>K

HOH CMCTeMe MHTerpaJibHblX ypaBHeHMii, KOTOpbie, KaK I'OB0p.5IT MaTeMa

THKH, 00.Jia,rr,aIOT co6cTBeHHbIMM 3Ha'leHH5IMH H co6CTBeHHbIMM pemeHH5IMH. 

Co6CTBeHHhre perueHM51 npe,n.cTaBJI51IOT 3.JieMeHTapHhre qaCTHI.\bl. C.Jie,n.oBa

TeJihHO, OHH cyTh MaTeMaTHqecKne cpopMbl, KOTOpbie 3aMeH51IOT npaBHJibHbie 

TeJia n11cparopettu;eB» (43, c. 37]. 
3aMeTHM, 'lTO u,n;e.11 3TOI'O HanpaB.JICH.1151 HCcrre,rr,oBaHHH 6hIJIH eCTe

CTBeHHbl .JJ..7I51 50-x - 60-x rr. [142], KOr,rr.a ern,e He Bbl.U,BHHY.JIC51 Ha nepBbIH 

1maH npHHD;HIIMaJihHO pa.3.JIHqHblH xapaKTeP CIIHHOpHbIX H 6030HHbIX (Ka

JIM6pOBO'lHbIX) noJieu. B TaKHX reop.11.si:x 11MeIOTc.si: n ,rr.pyme Tpy,rr.nOCTu 

He.JI11HeiiHhIX TOOPHM, Ha3BaHHbie rrp.11 o6cy)K,ll.eHHu e,rr.HHOM 6o3oHHOM reop1111 

IIOJUI. IlocTeneHHO HHTepec K 3TMM HCCJI €,Il,OBaHM5IM yrac, XOT51 sepa B 3TY 

H,LI.€10 cpe,n,u qaCTM cp113MKOB OKOH"lfaTeJibHO He nponaJJa. 

7.1.3. IlpoCTpaIICTBO-BpeMSI B HCKOMOH e'AHHOH 

TOOpllR IIOJISI 

KaK y)Ke no,rr.qepKMBaJIOCh, Teop1u1 noJUI, B TOM q11crre 11 MCKOMaH e,ll.HHM 

TeOpH~ UOJrn, CaMblM cyw.eCTBeHHblM o6pa30M 01rnpaeTC5I Ha ,L~OllyIJJ,eH.tte 06 
aup11opHOM cyw,ecTBOBaHHH He11pepblBHOl'O upoc'TpaHCTBeHHO-BpeMeHHOro 

MHOroo6pa31151. BoJ1ee TOI'O, upM llOCTpoeHMM e,LI.MHOii: TeopHH uona , KaK npa

BMJIO, MCIIOJlh3yeTC51 'lpe3BhI'laMHO Ba)KHoe .n.onyrn,eHHe MeTacpH3MTiecKoro 

xapaKTepa: BCilOMOraTe.JibHblH MaTeMaTMTleCKHH ofrheKT - HyJieBOe COCTOH

HHe BaKyyMa, BBe,rr,eHHoe BO BTOp1rqHo KBaHTOBaHHOH TeopMH TIO.JIH, OBe

IIJ,CCTBJI51eTC51 H TecHO CB513bIBaeTC51 c KaTerop11ett o6o6rn,eHHOI'O npocrpaH

CTBa-BpeMeHH. B TaKOM BH.LI.e BaKYYM np1106peraeT CTaTyc o6o6rn,eHHoii 
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cPl13H'iCeKOH KaTerop1111, ¢aKTH'ieeKl1 npeTeH,DJ'IOlll,e:M Ha pOJib nepBOOCHOBbl 

Becro MHp03,II.aHl151. 

TaK, 11.)K. Y11Jiep e coaBTopaM11 nHcan: «IlycToe npocTpaHCTBO BOBCe 

ne 51BJI51eTC.H nycTbIM - OHO npe,rr.cTaBJI51eT co6oti BMecTHJIH.lll.e caMbIX 6yp

HblX cPH311'ieCK11x npou;eccoB. 9JieKTPOMarH11THoe 11011e cPJIYKTy11pyeT. TaM 

HenpepbIBHO poJKAaIOTC51 H aHH11rnJI11py10T BHPTYaJihHhre napbI 3.JieKTPOHOB 

11 Il0311TpOHOB, napbl MIO-Me30HOB, napbl 6apHOHOB H napbl ,n:pyrHX 'iacT11u;. 

Bee aT11 Q:>nyKTyau;n11 cyur.ecTBYIOT HapH,ny c KBaHTOBbIMH cPJIYKryau;115IM11 

f'OOMeTPHH H TOllOJlOf'HH npOCTpaH(,'TBa» [109, c. 469). 
AHaJIOf'H'iHYlO ll03MIJ,Hl0 3aHHMaeT A. A. rpn6, pa60TalOII.J,Hi1 B o6JiaCTH 

KBaHTOBOti Teopuw fIOJI51 H rpaBHTa:qHH : « I1po6JieMa MaTepHH HJil1 «TBep,rr.11», 

Ha KOTOpott CT011T MHp, c ,IJ.peBHero BpeMeHH BOJIHOBaJia qeJIOBeqeCTBO. 

0,It,HaKO KaKOBO 6bIJ10 6hI y,U,HBJieH11e ,IJ.peBHHX MblCJIHTMett, ee.nn 6hI OHM 

)'3Ha.TIH, 'iTO, cornaCHO npe,rr.cTaBJieHH51M cPH3HKOB xx B., TaKOH OCHOBOH 

:rvrnpa 5IBJI5IeTCH ... BaKyyM! B eaMOM ,rr.eJie, B036y)K,Il.eH11SIMH 11MeHHO BaKyyM

HOro COCT05IHl151 5IBJI5IIOTC.a Bee 3JieMeHTdpHblC T.JaCTl11..J,hI, H3 KOTOpbIX, B eBOIO 

o'tiepe,IU>, CJIO)KeH Bech OKpy)KaIOII.J,Htt M11p. IIoaroMy 113yqett11e BaKyyMa 

11 ero CBOHCTB npeBpaIII,aeTC51 B 0,II.Hy 113 Ha1160;1ee cPYH,II.aMeHTaJlbHblX 3~aq 
TeopeTwiecKott cPH3HKH. IIocrapacMCH npHCT8JibHee BCMOTpeThCH B TO, "l.ITO 

)Ke co6on npe,rr.cTaBJISICT saKyyM. IIpe.iKll,e Bcero 3aMeT11M, 'iTO OT cTapoi1, 

BTIOJIHe pa:qHOHaJibHO cPoPMYJIHpyeMOii KOHu;enu;11H «He6bITH51» Mano "l.JTO 

OCTdJIOCh. ( ... ) H e6h1T11e KaK oTCyTCTBl1e 11 '-lacT11u., 11 noJrn HeHo3MO:>KHO. 

BcMaTpHBaHCb B BaKyyM, Mbl BH,II.11M He TeMHOTy, a O'l',LI.eJlhHbie Mepu;a10rn,11e 

ocnhIIllKH - cPJIYKTyau;H11 BaKyyMa, 11JI11 ayneBoe none BaKyyMa. ( ... ) TeM 

caMbl M B cP113MKe 3JieMeHTapHbIX qacTJH~ B03Hl1Kael' napHy!J,OKCa.JlhHa.H CHTya

I.J,IDI, KOl',l.l,a B OCHOBe 0)1,HOH ll3 HaH6onee paI~l10H8JihHhIX o6naCTeH 3HaHH51 -

reopenP-IecKOH Q:>tt3HKl1 - Jie.>KHT COBepmeHHO Hppau;110HaJibHOe npe,rr.CTaB

JleHHe. Mo)l(HO 6hIJIO 6b1 np11A,YMaTh MHO)KeeTBO nosT11T.JecKHX H83BaH11tt 

,ZJ;JIH BaKyyMa cPH3HKH 3.JieMeHTapHblX 'iacTHU, - 3TO «MHp» rei\3ett6epra, 

H «6e3,D.Ha», 11 MeOH ,n:peBHJIX rpeKOB HT. fl. 0,rr.HaKO 6ecKoHeT.JHOC'Th n .nOTHO

CTl1 3HeprHl1 H TIOJIHOH 3HeprHJJ BaKyyMa - 3TO eII.J,e He Bee ero HC06hI'iHbie 

CBOHCTBa» (50, C. 3). 
0,II.HaKO TaKOH BaKyyM ern,e He.Jib351 H83BaTb B IlOJIHOM CMbICJie e.uu

HhIM nepBOHa'iaJIOM, IlOCKOJibKY OH eII.J,e Ha,rr.eJICH MHOf'HMH aTpw6yTaMM 

KaTerop11ti .rr..yaJJHCTHqecKoii napa,rr.HrMbI. HanpttMep, B npOIJ.HTHpoBaHHOM 

BhlCKa3hIBaHHH rpw6a rOBOpHTCH 0 «6eCKOHeqHOH IIJIOTHOCTH 3HeprHH», 

qTo npe.LI.nonaraeT npQCTPaHeTBeHHo-BpeMeHHhie nOH5ITH.H. B BbICKa3hIBaHHH 

Y11.nepa c eoaBTOpaMH roBop11Te.H o «nyeToM npocTpaHCTBe» KaK «BMecTH

.rmrn,e eaMhIX 6ypHhIX cPH3HqeeK11x npou.eccoB». Bee aTo 3acTaBJ15leT Ha3BaTh 

<fyu3u1ttecxui1 eaxyyM xax epeMe'l"tHoe ( npo.Me~cyrno'l.{,HOe) npeacrnaeJie'H,ue 

o edv,'l"tOM nepeo'Ha111,aJte c noau?~uu meopemuxo-no.1ieeo20 Mupono'H,U.Ma'H,U.R. 
0,rr.HaKO B pa6oTax KJiaceHKOB ¢ytt,n;aMeHTaJihHOi1 TeOpeT11qecKOM cPH-

3HKH 6bIJia npe,rr.eTaBJieHa H HHa.H TQqKa 3peHH.H OTHOCH'I'eJihHO KaTeropm1 
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npOCTpaHCTBa-BpeMeHll B 6y;:zymefi TeOpHH. Otta o6cy>KAeHa B -.:.iemeproii 

u UHTOH 'YaCTHX KHHrH B paMKax peJUil\ffOHHOI'O 110,n,xo,n,a K ¢H3HKe. 3,n,ecb 

Jllilllb OTMeTHM, '(_ITO B 60-x rr. xx B. B ncp110,n, paCD;BeTa HCCJie,n,oBaHHtt no 

aKcHOMaTHKe KBaHTOBott Teop11H H Teop1111 S-:rvtaTpHI\hI npe,u,npHHHMaJIHCb 

OOilhlTKH IIOCTpOOHHH ¢w3HKH MHKpOMHpa, He OnHpa51Cb Ha anpwopHO 3a

,n,aHHhlM npocTpaHCTBeHHO-BpeMeBHOH ¢ott. 3,n,ecb WMeIOTOI B BH,LJ,.Y pa6oTbI 

E. UwMMepMaHa [190), ,lJ,)IC °C.JbIO [192], ,nattcoHa [53) H ,n,pyrnx aBTOpoB. 

EcTecTBeHHO IlOJIO)KHTh, -.:.iTO HCKOMa.H reop:ru1 c o6o6meHHOH KaTero

pHeii, 3aMeHmome:A KTiaccu-.:.iecKoe npocrpaHCTBo-BpeMH, 6y,n.eT nocTpoeHa 

B paMKax HOBOtt, MOHHCTH-.:.iecKO'A uapa,n.HrMbI. MO)KHQ na,n.CHTbOI, -.:.iTO co
BpeMeHHble HCCJlC,ll.OBaHIUI B paMKax /I,yaJIHCTH-.:.iecKofi TeopeTHKO-IIOJieBOii 

napa,n.HrMhl TaK HJIH HHaqe Hae I1ptt6JUUKalOT K OC03HaHHIO npHHl\HTIOB 

TeopHH, OCHOBaHHOH Ha MOHMCTJi'YeCKOM napa,IUlrMe, a IlOHHTHe 6ypJIHr.qero 

¢H3H-.:.iecKoro BaKyyMa SlBJUUOTC51 HH "IeM HHbIM, KaK IIOKa OT,}J,aJieHHbIM 

npe,n.cTaBJleHHeM 0 cyTH HCKOMOI'O nepBOHa-.:.iaJia HCKOMO'A MOHHCTH-.:.iecKoii 

TCOPMH, KaK OHO BH,LViTCH co CTOpOHhI TOOpeTHKO-IlOJieBoro 110,n,xo.ua. 

3aMeTHM, t.fTO MOHHCTM-.:.iecKa51 11apa,n.HrMa He 03Ha"IaeI' OTKa3a OT KJiac

c11qecKoro npocTpaHCTBa-BpeMeHH B 6yKBaJihHOM CMbICJie 3TOrO CJIOBa, 

a JIHlllh npe,r~noJiaraeT 11epexo,n. K eme 6oJiee o6o6~enHou e,n,HHOii H ttepa3-

,n,eJihHOli c:}:>H3WqecKO'A KaTerOpHH, BKJIIO't.Ja1or.qei1: B ce6s:r KaTeropHIO npo

CTpattCTBa-BpeMeHH, rro,n,06HO TOl\fY, KaK B KBaHTOBOH TOOpHH 6bIJIH o6'be,LI,H

HeHbI BOJIHOBhie H KOpnycKyJISipHble CBOHCTBa qacrwu; HJIH KaK B 4-MepHOM 

npOCTpaHCTBe-BpcMeHH o&bC):UllIHJIHCb OT,LT.eJibHbie IlOHHTHH npoCTpaHC'l'Ba 

H BpeMeHH. 

7.2. fHTIOTe3a o6~e~eBBH noneA Ha OCHOBe 
cynepCHMMeTpllB 

TpeT hlO CTa,LJ,HIO o6'be,LT.HHeHM5I 6o30HHbIX H cpepMHOHHbfX noneit cocra
BHJIH HCCJie,UOBaHH5I TaK Ha3bIBaeMbIX cynepCHMMe'I'pHqffblX TeopHii, OCHO

BaHHhlX RC na BKJilO'(_IeHHH 0,]J,HOM pa.~HOBH,ll.HOCTH nOJIH B ,npyry10, a Ha RX 

rrpc,n,craBJie HHH B HM,LT.e npo.nsnett11i1 HeKoero e,n,Httoro cynepnon~ - cynep

MYJihTHilJieTa. 

7.2.1. CyrrepcHMMe'l'pmI II cyneprrone 

IIporpaMMa uOCTpoeHHH reopHti TaKoro po,n.a B03H11KJia 6 ; 1aro,n.aps:r OT

KphITMlO 3aKOHa COBMeCTHOI'O npco6pa30BaHHJI cpepM HOHHblX H 6030HHbIX 

seJIIPH-IH. GuMMeTpHH OTHOCHTCJihIIO TaKnx upeo6pa3oBaHHii 6b1Jia Ha3BaHa 

cynepcu.MMempueil. 
B TeopnHx TaKoro po.n.a o,n,11o'A H3 ,LI,.Byx Q:>11311'(_1ecKux K aTeroputi SIB

JT5IeTCH cneu;11cpuqccKoe o6o6fi\eHHC KJTaCCH'IeCKOI'O npocrpaHCTBa- BpeMeHU 

,n.o TaK Ha3hIBaeMOI'O cynepnpocrnpa?-tcmaa KOTOpoe MO)KHO IlOHHMaTb KaK 
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cooeo6p83HOe MHOroMepHoe npocrpauCTBO-BpeM.SI. 0,II.HaKO eCJIB B TeOpH.SIX 

KaJIYI.1,bI~Knettna, KOTOpbie 6y)l,yT o6cy>K,LI.aTbC.5I lil'.DKe, OHO BBO.[~MTC51 ,II,JUI 

I'€OMerp11Y.eCKOrO OilHCaHH.5! 6030HHbIX IlOJte.ii, TO B cynepCHMMeTpHqHhlX 

·reopM.SIX OHO npe,Il.IIa..'3HaqeHo ,LI,JI51 OilHCaHH51 MMeHHO CilllHOpHblX IlOJieiL 

MmKHO cK83aTh, qro :?TOT no.u,xo,n. cocTaBJUieT BepIIIHHY ,rzya.JJ11cr11qecKoro 

'l.'OOPeTMKo-noJieBoro MHpOTIOHllMaHIUI. 

Y >Ke s TOOPH.SIX KanylJ,b1-KnettHa ,a;ononHHTeJibHhie p a3MepttOCTH (Ko

op;:urHaTbr) HMelOT cy~ecrBeHHO HHOli xapaKTep 110 cpasHeHMIO c KJiaC

CHqecKHMH: OHM KOMIIaKTIHpHIJ;MpOBaHbl (3aMKH-yTbl). IlpH onpe,a;e.11eHH.H 

cynepnpocrpaHCTBa Ha6JIIO,ll;aeTC.5I erue 6oJibilIHH OTXO~ OT np.HBbl""IHOf'O no

HHMaHM51 KOOp,lJ;MHaTbl KaK Be~eCTBeHHOro ""HICJTa, - -- )J,OllOJIHMTeJibHbie opTbl 

OTIHChIBaIOTC51 3J1CMeHTaMH anre6pbl fpaCCMaHa. 

HanoMHHM, qro noH.SITHe BeIUeCTBeHHoro •-n1CJia MHOroKpaTHo o6o6-

ll\aJIOCh, npnqeM no pa3HhIM ttanpaBJICHH.SIM. OT,a;e.flbttb1e BCII.J;eCTBCHHhie 

'll1CJ"Ia - CKaJI.Hpbl 6bIJIH o6o6~eHbl pp BeKTOpHblX M TeH30pHblX BeJlMqMH. 

Ilo ,upyroMy npH3HaKy 6bIJTO c,rr.eJiaHO o6o6IIIeHHe B CTOpoHy KOMilJleKCHbIX 

~mceJI.. BhIJIH BBC,ll.CHbI c1nrttopb1 pa::JJIHqHoro paHra, 6ucnMHOpb1. B iviaTe

MaTHKe IIIHpOKO npe,n.cTaBJieHhI " APyr11e BeJI1P-IHHh1, tta11puMep H3BecTHhI 

ap11¢MeTHKH c KOHeqHblM •1HCJIOM 3JleMeHTOB M T. ,a;. 

,lJ,pyroe 0606~eH11e IlOH.SITH.SI qffCJla CB513aHO c OTKa30M OT H3BeCTHoro 

npaBHJia: OT nepeMCHbl MeCT COMHO)KMTeJieil ( CJiaraeMbIX) npOH3Be,Jl,eHMe u e 

MeH£eTc.SI_ B MaTeMaTHKe ecTh Teop11111 r,LI,e oHo MO)KeT M3Mett11TbC.SI. 3ro 
pea.11royerc.si B TeopHH KBaTepHHOHOB (CM. 162, 79]), a anre6pax K n mp¢op,LI,a, 

fpaCCMaHa H ,LI,pyr11x, xapaKTepM3YIOl LI,HXCH KOHeqHbIM qJ1CJIOM o6pa3yI0-

1.IJ,HX, ti/I.SI Koropb1x 11Me10T MeCTO cnen;HaJihHbie npas11na yMIIO)KeHH51. TaK, 

orrncaHHe Cill1HOpHhlX BeJIHqHH 3aCTaBHJIO HCnOJib30BaTb (-MaTpHUhl ,Il,H

paKa, KOT0ph1e .SIBJ15UOTC51 o6p83yIOIII,HMH COOTBeTCTBy10~ci1. arrre6pb1 KJI11¢
<}:>op,n.a. ,IJ.Jrn HHX cnpaBe,D,Jl11Bhl panec BbIIlHCaHHhie COOTHOIIIeHMSl (5.2.13). 
Bee 4 x 4-MaTpm~r c KOMnneKCHhIM11 3JieMettTaMH MO)f(HO uocrpoHTh 113 

-y-MaTPHII; H HX npOH3Be,a;eHMR. 

B anre6pe fpaccMatta c ~eTbipbM.SI o6pa3yIOII.J;HMH B0 (a = 1, 2, 3, 4) 

HMeIOT MCCTO npaBHJia (aHTHKOMMyTau.11u) c HyJ1eBo:A npaBoli Y.aCThlO 

(7.2.1) 

;vu1: JuOOhIX 3HaqeHHii n H /3. B npocTOM cynepnpocrpattcrBe TO""IKH xapaK

repH3YIOTC.SI BOChMblO o6o6~eHHbUvtM KOOp,n.HHaTaMH: qfil'blpbM5i KJTacCM~e

CKl1IVIH 1'µ " qeTblpbM.SI HOBhIMH npH o6pa3yJO~HX a.rrre6pbl fpaccMaHa. 

KaK H3BecTHo, B rrpocT paHCTBe- BpeMeHM MHHKOBCKOro HMeeTC£ lO-napa

Merp111-1ecKa.H rpyrrna KOOp,a;11HaTHhIX npeo6pa30Ba1mtt Ilya ttKape u3 npeo6-

pa3oBamfii Jlopen:u;a 11 TpattcJinu.11li CJ~B11roB. B npOG'TOM cy11epnpocTpaH

C'rBe aHarror11qnhIM o6pa30M onpe;J,f?..J1.HeTC5J pacIIIHpeHHa.5! 14-napaMe-rp11t.ie

t'KaJ1 rpyrrna IIyaHKape H3 cynepTpaHCJI£I..1,11i1 H nosopOToB. CynepTPattc.iui

~HM nepenyThillaJOT KJ1acc11qecKHe Koop,n.11HaTht H rpaccMaHOBhI nepeMeH-
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Hhre. Ilpw o6h1qHh1x npeo6pa30BaH1u:rx JlopeHU;a rpaccMaHOBhI nepeMeHHhie 

upeo6pa3yIOTC.H KaK KOMilOHeH'I'bl CillilHOpa. 

l..feTBepKa µonoJIHMTeJihHhIX a.H'I'lilKOMMYTHpyIOUJ,HX BeJiflqJiH Ba xapaK

Tep113yeT Ml1HMM8JlbHO€ o6o6r.u;eHtte KJiaCCH'-:lecKoro npocTpaHCTBa-BpeMeHR, 

T. e . onpe,ll.eJrn:eT npocroe cynepnpocTpattcTBo, COOTBeTCTBy10r.u;ee KaK 6h1 

5-Mepttoi1 Teop11fl Ka.rryn.h1- Kne:M:Ha. Atta.norWiHO nepexo,rry K 6, 7 " 6oJib
meMy 1.111.cJly fl3MepeHflH B Teopusix Ka.nyu.hr · KnettHa, B cynepcHMMe'.Ipfl~

HhIX TeOpflSIX MO:>KHO 6paTh HeCKOJihKO T.J€TBepoK aHTHKOMMYTflPYIOII.UIX 

BeJIM'·IMH B0 b, CHa6,ZJ,HB flX MH,ZJ,eKCOM b,r.n;e b = 1, 2, · · · , N. B 3aBHCHl'v10CTH 

OT q11cna N rosopSIT o pacrrmpeHHoii N-cynepcHMMeTpHfl. 

B cynepcm~.-rMeTpR0:1Hott TeopflH Ha cpoHe cynepnpocTpaHCTBa onpe.n.e

Ju1eTCSI o6o6r.u;eHHOO none ( BTOpa.H cpH3HT.J€CKaSI KaTeropM.H) - 'l'aK Ha3bIBa

eMoe cynepno./l,e 4>(x, B), 3aBMC.HI.U;ee OT 8 0006I..IJ;eHHblX KOOp,1l.MHaT B CJiy

qa,e npocrott cynepcHMMeTpHH HJIH OT 4+ 4N KOOp,1l.HHaT B CJ1yqae N-pac
rrrnpeHHOH cynepCHMMeTp1ur. ,[La.nee npe.n;noJiaraeTC.H, qro cynepcpyHKQIDO 

4>(x, B) MO:>KHO pacKJia,D.bIBaTh B P.H.ll.hI no nepeMeHHbIM Bab· 3,n.ech B03HHKaeT 

qpe3BbiqafiHO JII060IIbITHa.H CflTyau,HSI, npHHlJ.HIHfaJihHO OTJIM'-1a10r.u;a5ICR OT 

MMeror.u;ettcsi B TeOpMM cpyHKL~11tt o6hI"l'.,{JlhIX nepeMeHHhrx. BMecTO 6ecKOHe'-:l

Horo pSina noJ1yqaer c51 KOHe'-IlfOe q1-fCJIO qJieHOB pa3JIO)KeHR51. 9To CB5I3aHO 

CO CBOMCTBaMfl aJII'e6pbI rpaCCMaHa, B KOTOpo:fi MO:>KHO (,"J'pORTb npOM3Be

)J.€HHSI 113 KOJUfl-IeC'rBa cnaraeMhIX, He npeBh1ma1:0m.ero q11cno o6pa3yIO~lix 
ai1re6pb1. KaK TOJlhKO noSIBSITCSI .a.Be O/J,MHaKOBhie o6pa.'3y10ur.He, nyTeM rurru

KOl'v1MyTall,MOHHhIX COOTHOllleHHM (7.2.1) MX M0)KH0 IlOCTaBMTb pSI,1l.OM, a RX 

KB~aT paBeH tty.TIIO. B o6ru;eM cJiy-i:iae np11 Ka)K)J;OM cJiaraeMOM pa3JIO:>KeHID1 

llO CTeIIeH.HM B 6y,ZJ,eT CT05ITh HeKOTOpaH TeH30pHaSJ HJllil CHHHOpHaH cpyHKQIUI 

B 3aBHCflMOCTfl OT TOI'O, rrpu "G:eTHOH HJlli HeT.JeTHOH CTeileHM 8 OHa CTOHT. 

C ne.n.oBaTeJlhHO, cynepnone <I>(x, e) xapaKTepH3yeTC51 Ha6opOM cpyHKll;I1H

K03cPcPl1l~l1eHTOB pa.."'3JIO:>KeHH51 ( cynepMyJihTHnJierroM)' r.u.e CilHHOpHbie 11 TeH-

30pHbie cpyHK$fH BXO,ZJ,SIT CHMMeTpHqHblM o6pa30M. 

J1arpaH.>K.MaH cynepCMMM€TpM"<1HOM TeOpIDI C'I'p0HTC51 H3 MHBap11aHTHhIX 

Bb1pa)Kett11ii, co.u.ep)Kar.u;ux cynepnoJie u nepBhie npo113B0,1l.Hbie OT Hero no 

KOOP.U.HHaTaM, KaK KJiacc11qeCKMM, TaK If eo:b· Pa3pa6oTaHa TOOpR.H, COOT

BeTCTBYIOI.I.J;a.H HHTerpaJibHOMY If ,ZJ,McpcpcpcHI.J,HaJibHOMY Hcq11cnen1110 c Be

JIJiqHHaMH H3 aJire6pbl rpaCCMaHa, KOTOpa.H HMeeT MHOro H006bPilIOro TIO 

cpaBHeHHIO c IIpHBblqHhIM MaTCMaTHT.JeCKHM auaJIH30M, O,D.HaKO B Heli oce 

onepau;11u T.JeTKO onpe.n;eJieHbI M ,ZJ,OBOJihHO npocTbI. Cynep.n;eiiCTBRe B cynep

CMMMeTpuqttoii Teoptt11 onpe.a.en.HeTc51, KaK 06b1qtto, B BH,IJ.e 11Hrerpana no 

BCCM nepeMeHHbIM. Ilocne 11Hrerp11poBaHH£ no rpaccMaHOBbIM nepeMeHHbIM 

nonyqaeTc.a 4-Mepttoe .n;etiCTBHe, Bhrpama10ru.eeCSI TOJibKO qepe3 4-MepHhie 

cm111op11b1e II 6030HHbie cPYHKl.J.1111 (pattee YIIOMSIHYTbJe K03cP(PMqMeHT hl p83-

JlO:>KeHli51) B 4-MepHOM npOCTpaHC'rBe-BpeMeHH. 

rpacCMaHOBbl nepeMeHHbie B HTOrOBblX Bbipa)KeHli.HX He BCTpeqaIOTC.sI. 

OHM BhIIIOJIHHJi fl cso10 ponh, onpe,n.eJIHB OKOHT.JaTeJJhHbie KOM6HHa1.J.1111 H3 



l 

7.2. I'ImoTe3a o6':beAHJieHH.H nanett Ha OCHOBe cynepcHMMe'I'pHH 215 

cJ>epMHOHHhIX 11 0030HHhlX rroJie:H. B 11Tore B03H11Kae.r neKa5I CHMMe'I'pH5I 

Me)K)I,y COBOKyIIHOCT5IMJI cpepMHOHHbTX " 6o30HHhTX IIOJie'A, qro rropo,n;HJIO 

Ha)1.e)K,ll,h1 Ha pemeHHC pH)la npo6Ji eM. 

Bo-rrepBbIX, ¢113HKli O}t<l'I)I.MH, qTo cyrrepcHMMeTp11qHbIC Teop1111 np1rne

/JYT K HeKoeMy cPYHJlaMeHTaJihHOMY Ha6opy H3 6030HHhTX 11 cpepM110HHhIX 

non eu, KOTOphIM 6bI HBHJICH TOOpeTHqecKHM o60CHOBaHl1eM Ha6mo,n;aeMOI'O 

Ha OTihl'I'e Ha6opa 'IaCTHl~ 11 IIOJie:H, H T'd.KJiM o6p830M y,n;acTCSI rrpe,n;cKa3aTh 

IIOBb1e qacr11n.h1. Ho 3T O O.>KH)J.aH11e HC orrpaB)laJIOCh. C pocmM N q11cJio 

TIOJieA 6bICTpo y s eJIHqHBaeTCH, H KaK HMM pacrropH,n;HTbC5T' He 113BecTHO. 

Bo-BTOph1x, rrpe,n.noJiaIBJioch CKOM6HHHpOBaTh 113 MHO:»<ecTBa rronyqa-

1orqHxCH nOJ1eit cyrrepMyJlhTHII.TJeTa KOM6HHaIJ,HH: cooTBe'rc·1·sy101.I.T,He o6'b

€/J)fiieHHo'A TeOpHH 3JieKTpOCJia6hIX H CHJlbHblX 1na11Mo,n;eiiCTBHA. ,11.pyrHMH 

CJIOBaMl1, tta.n,eHJIHCb c IIOMOIIJ,hlO 3TOA Teop1111 TIOCTPOHTh TeOpHIO BeJIHKOro 

o6oe,n;1,rneHHH, O)l.HaKO H 3TH na,n;e)K)I.bl H e orrpaB,LJ;a.TUICh. 

B-TpeThHX, 0.>Kli)l.aJIOCh, qTQ Ha OCIIOBe cynepCMMMeTplUI y,LI.acTCH no

C'IpoHTb KBaHTOBYIO reopHIO no.JIB, cso6o,LI.Hy 10 OT pacxo,LI.HMOCTCii. AHcwTH3 

TIOKa3aJI, qro 0,LJ;HH pacxO,ll,l1MOCTH o6ycJIOB.lleHhl 6030HHhlMH IIOJIHMH, a .u.PY

n1e cpepMHOHHhIMH, npH'IeM B pH,Il.e CJIYTJa€B paCXO,ll.HMOCT H B03Hl1KaIOT 

c pa3HblMH 3HaKaMl1. IlpH HaJll1'1Hl1 CMMMeTp~rn M€)£{,IJ,y TeMH 11 .u.pyr11Ml1 

TIOJI51MH BO MHOrHX CJIY"IaHX paCXO,ll,HMOCT H y,ll.aeTCH B3aHMHO rroracl1T b. 

B CBH3H c aTHM P. IleHpoy3 mun eT: « IIp11THraTeJihHOCTh 11,n.cli cyuepcwM

MeTpHH CBH3aJia c HX MaTeMaTH'ICecKHM H3HIIJ,eCTBOM H c HCCOMHCHHOH 

p0Jlbl0 cyrrepcHMMeTpH11 B ycrpaHeHHH 60JibillOt\ rpylIIlhI 6eCKOHCl-lHOCTeM 

B MO,ll.eJDIX KBaHTOBOii T OOpHH TIOJIH' KOTOphie IIOHBHJll1Cb 6 11aro,n;apH e:R. 

Ilpe.u.C':raBHM, "l..JTO Bbl ¢H3H.K, CTp€M5flIJ,H°ttCH IIOCTpOHTh KBaHTOBYIO TeO

pmo noJIH, cBo60,n;tty.t0 OT HeKOHTIX>JIHpyeMbIX 6ecKoHeqHOCTeii . 'Ibr,n;a sawa 

38.,LJ,aqa OKa.>KBTC51 HeH3 MepHMO rrporn.e, ecJil1 Bbl C).J,eJiaeTe sawy TeOpHIO 

cynepcHMMeTpH'IHOtb (127, c. 727) . 0.u.HaKO l'J106aJihHOro p erue HIDI ,LI.aHHOH 

npo6neMhl 3,LI.eCh TalOKe He 6blJIO TIOJIY'iCHO. 

Teop11H cynepc11MMCTp1-rn B 80-x rr. o6n~aJ1a HaCTOJihKO 60Jihmo0. rrp11-

T:m:'a.TCJ1hHOH CHJiott, qTQ ,LI.a.>Ke OTCYTCT HHe 3KCnep11MeHT8JlbHhlX IIO,LI.TBep

)K!'eHlifii He oqeHb CMyru;a.Tio ee CTOfJOHHMKOB. MHOrHe 113 HHX BCpHJIH (H npo

).1.0JI.>KaIOT BepHTb)' "ITO 38.IIO.>KeHHbie B OCHOBy TeOpHH rrpHHqHIIhl Ha(,"TOJibKO 

«KpaCHBhI», qTO HC MOryT He peaJI1130BbIBaThC5I B rrp11po,LJ,c. H~e)K,ll,hl e~e 

6o.rree OKpeIIJil1 IIOCJie o6'he)lwHeH115I H,n.ej;)' cyrrcpCHMMeTpHH c 11,ll.C5IMl1 Te0p1111 

crpytt. 

7.2.2. MeTa«l>IDH'lecKBii aHaJIH3 Teopllii 
c cynepCBMMeTpHeH 

0TMeqeHHaH BhIIUe aCl1MMeTpJIH 6o3 0HHhIX H <i>ePMHOIIHblX noJre:H B paM

Kax ,ll.ya.TIHCTH'lecKOM ¢H3H'Y.€CKOH nap~HrMhl ycrpaH.HCTC5I B cynepc11MMeT

pR'1HhlX Te0p115IX, OilHpa.t0m;11xcH Ha npHHqHn cyrrepC11.MM€Tp11"H 3THX none:ti. 

Mo..>Kno CKa3aT h , 'ITO B a ·roM IIO.JlXOJJ.e ,ll.OCTHraeTc.a arrore ii /zyaJu1C'r 11•1ecKoti 
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qm:3I-PieCKOH 11,rr.eOJIOrHH ( rrap3)1,HrMbl). <I>paKTaJibHOCTb ITO Ka"t.JeCTBY 3TOii 

BeTBH ¢H3H1:.JeCKOro MHpOIIOHHMaHH.H npOHJIJIIOCTpHpOBaH Ta6n. (7.2.2). 

TeopHH c cynepcHMMeTpHeii: <f>paKTaJihHOCTb no .KaqeCTBY 

II IlpocTpaHCTBO-BpeMSI II Ilo.rur I qacnr1~1>1 

Ka:.reropMa 4-MepHOe 
rpaCCMaHOBhl nepervteHHh!e 

cyrreprrpocrpaHCTBa rrpocTpaHCTBO-BpeMSI 

KaTeropru1 rpaBHTa~HOHHoe Bo30HHbie cl>epMROHHhle 

cynepMyJihTHIIJI€Ta rrOJie ~ COCTaBJI51IO~e COCT8.BJI51IOI.IJ,1ie 

KaTeropHH tt tt tt Y.aCTHI.J; 

(7.2.2) 

KaK 6h1JI0 noKa3atto, ,n;aHHAA pa3HOBH)1,HOCTh ,uya.imcTuqecKoi% T eope

THKO- IIOJieBOH rrap3)J.1irMhl orr11paeTC.H Ha o6o6IlI,eHHe KaTeropMH KJiacc11qe

CKOro 4-MepHoro npocT paHCTBa-BpeMeHH ,rr.o cyrreprrpocT pattcTBa ,u.o6aBJie

HHeM K 4 KJiacc11qecKHM KOOp,u.11ttaTaM rpaccMattOBhIX nepeMeHHhIX. TaKHM 

o6pa30M, 3,JJ.eCb TaIOKe HCTI0Jlb3Ye'!'C}1 CBoeo6pa3Hoe MHOI'OMepue, 0,LI,HaKO 

ecJI11 B TeOpH.HX KaJiyu;b1- K 11e:HHa ,rr.onoJIHHTe.rrhHhie pa3MepHOCTH BBO,lJ,H

JIHCb ,ll,JIB reOMeTpH3al.UfH 0030HHbIX IIOJieH, TO B cynepCHMMeTpM"t.JHbIX TeO

pHIDC OHO rrpe,LI,Ha3HaqeHO ,ll,JI51 e,rr.HHoo6pa3HOro 0IlHCaHH51 6030HHbIX H cPeP
MHOHHbIX IIOJleH. 

B KaTerop1111 cynepnpocTpaHCTBa TaK)Ke np05IBJI.HeTC.H npHHIJ,HII ¢paK

TaJihHOCT11: K.llaCCH11€CKMe KOOp,u.MHaTbl Henocpe,n,cTBeHHO COOTBeTCTByKYr 

npe)KHeif KaTeropMH npOCTpaHCTBa-BpeMeHH, a 3JieMeHThl rpac cMaHOBOii 

a.rrre6pbl - BTOpoM o6o6IlI,eHHOH KaTeropHH ITOJI.H aMnJIHTY).1.bI BepO.HTHOCTH. 

B cBoIO oqe pe,n.h, B Kareropuu cyne pMyJlhTnnneT a TaK>Ke npo51BJI51erc.H 

¢paKTaJibHOCT b B m:1,u.e ,U.BOJlqHOCT H, - 6o30HHhie COCTaBJI51IOilI,He COOTBe'l.'

CTBYIOT KaTeropttHM npocTpaHCTBa-HpeMett11 11 110J1eii, a ¢epMMOHHhie co

craBJIHIOilI,He ·-- - KaTerOpHH qaCTMlJ,. rpam1Ta1J,HOHHoe IIOJie 51BJIHeTC.H O,U.HOii 

H3 6o30HHbIX COCTaBJI5IIOIII,HX c ynepMyJJh T HIIJieTa. H a rrOMHHM, '-ITO quCJJ.o 

N = 8 onpe,n;eJI51€TC51 ycJIOBHeM, T.J'l'06h1 cpe,n;u 6o30HHhIX coC':raBJIHIO~x 

MYJihTI:IIlJleTa 6bIJIO JIIUIJb O,Ll,HO T€H30pHoe IlOJie BTOporo pattra, KOTOpoe 

IIHTepnpeTHPYeTC51 KaK rpaBH'ra~HOHHoe IlOJie. 

7 .3. fe:rroTe3a cyrrepcTpyHHbIX OCHOBaIIHH 
<f>H311Kll 

"l..J:eTBepT blH 3Tarr B nocTpoeHMM AYMHCTH"'-leCKoro TeOpeTHKO-IIOJieBOro 

MHpOIIOHHMaHH.SI COCTaBJI51IOT MCCJI€,UOBaHH51 cynepcTpyH, B KOTOpblX MO.>KHO 

BbI,IT.eJIIITb fm,ll, CTa,LI,HH pa3BIITH51: Te0pli51 CTpyH, TOOPIIH 6patt ( cyrrep6paH 

111111 D - 6patt), cyneprpaBMTaJJ;MH, M - reopMH. 
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IlocKOJlhKY HCCJie,ll,OBaHIUI B 3TO:ti: o6JiaCTH HaXO~TC51 Ha nepe,n;neM Kpae 

pa3BMTIUI COBpeMeHHOii reoperwqeCKOH cPH3HKH H TaK KaK B HHX HCIIOJih-

3YIOTCSI '1pe3Bbl'fa'iiHO MOl.I.l,Hhle MeTO,ll;bl npaKTH'l.J:eCK.11 J.13 acero apceHana 

cospeMeHHOif MaTCMa:r11K11, TO Bp.H,ll, JIH B03MO:>KHO B orpaHH'1€HHOM o6'beMe 

)J,OC'ffiTO'fHO IlOJIHO orrucaTb CO,ll,ep>KaHHe H ,l..l,OCTIDKeHHSI 3THX HCCJie)J.OBaHHH. 

ABTOp Herrocpe,ll,CTBeHHO He pafuraer a 3TOi1: o6nacT11 H3-3a cKerrTH"lecKoro 

OTHOIUeHHSI K ,ll,aHHOM rrporpaMMe, OOOCHOBaHHOf'O HH)l(e. Ilo COBOKYilHO

CTH H83BaHHbIX npH"lHH orpaHH'Il1MCSI Ka''IeCTBeHHhIM OTIHCaHHeM 3TOH npo

I'pa.MMhl H ec rrepcneKTHB, KaK OHH BH)J.SITC51 ee CTOpOHHHKaM. IloCJie 3TOI'O 

npOH3Be,n;eM am1Jllf3 )J.OCTH)l(eHIIit B 8TOH OOJiaCTH Ha OCHOBC MHeHHM KaK 

Henocpe)J.CTBeHHblX pa3paOOT"lHKOB nporpaMMbl, TaK H p.s:,n.a KOMIJeTeHTHblX 

ee KPHTHKOB. I1 Jlttlllb IIOCJie 3TOro 6y,eyT npHBe,l\eHhl Mera¢H3ffC{€CKHe 

,.U,OBO)J.bI rrpOTHB uporpaMMhI cynepcrpyH. 

7 .3.1. TeopIDI cynepcTpyu 

B 80-e ro)l.bI qeHTp TSJ)l(ecTtt pa6oT no o6'be)J.HHemno ¢ytt).J.aMeHT8JlhHhIX 

.B38.l:Iltt10,ll,et%CTBHH IlOCTeileHHO CTaJI nepeMellI,aTbCSI Ha HOBOC HanpaBJieHHe -

Ha Hccne)J.OBaHHfl B03MO)l(HOCTei1 Teop1111 cyrrepcTpyH. B ocHosaHHH aron. 
TOOpHH Jie)l(aT TpH H,rr.e11: 1) R,rr.eSJ o HeJIOKaJJhHOCTH (HeTO"fe"lHOCTH) o6'b

eKTOB - HOCHTeJJett ¢yH,lJ.aMeH'IBJibHblX B3aMMO)l.et\cTBHA, 2) Ha coo6pa 

)KeHH.H 0 cynepCHMMeTpHH Me):l{,rry 6o30IIaMM H cpepMHOHaMH H 3) ua 

H,.u,e10 KaJIYI\f>I o MHoroMep1111 ¢H311"lecKoro upocTpaHCTBa-BpeMeH11. TaKHM 

o6p830M, MO)l(HO CK83aT h , '-ITO TeOpHSI cynepcTpyH BfrnTaJia B ce6S1 OCHOBHhle 

,llOCTH)KeHH51 rrpe,rr.llleCTBYlOilJ,HX 3TanoB pa3BHTH.H TCOpeTH"'IecKott cPH3HKH. 

I1)1.eSI HCil0Jlb30BaHHSI CTPYHhl KaK MO)J.€JIH ,n;Jl5J OIIHCaHIUI 'facTH[( B03-

1IHKJia B 8.)JJ)OHHOt\ cPH3HKe. Ilptt H 3y"leHHH KBapKOBOH CTpyKTYPhl <Vij)OHOB 

(Me30HOB H 6apHOHOB) BhUICHHJIOCb JII06orrhITHOe CBOMCTBO CHJlbHhlX B3aH

MO,lI,eifcTBHii.. OKa.38.JIOCh, qTo Ha paccroSIHH.HX nopH,n,Ka 10-13 CM 1'J1IOOHHbie 

IlOJJSI, CBSl3b1Bal011I,He KBapKH, cocpep;OTO''-IeHhI He paBHOMepHO B llpDCTPaH

(,'TBe, a B.LJ,OJlb JlMUHli, coe,n,HH51I011V1X KBapKH. 9To rrpHBeJIO K rrpe,lI,C'l'aB.Tie

HIUO, HanpHMep, 0 Me30Hax KaK 0 HeJIOKaJibHblX o6'beKTax- O,ll,HOMepHblX 

CTPYHaX, Ha KOHqax KOTOpblX pacnOJJO)f(eHbI KBapKH H aHTHKBapKM. I1pe,1J.

CTd.BJl€HHSI 0 "laCTHI.J,ax KaK peJISITMBHCTCKHX crpyHax IIOK838.Jil1Ch 6onee 

IIpOCTblMH, He.>K.eJIH xpoMO)J.HHaMH'lieCKHe KBaHTOBOilOJleBbie MO,lI,eJIH "laCTH[(; 

6onee Toro, 6blJlO IIOK33aHO, 'fTO c HX IlOMOllI,hIO MO.>K.HO rronyqHTh MHOI'Me 

npe,1J.CK83aHH51: )J.asaeMbIC Teop11e:A nona. HanpHMep, Ha ocHose TeOPHH 

CTpytt y)J.anaJioch OO'bSICHHTh poCT nOTeHW1aJia B3aHMO)J.e:ti:CTBHSI Me):l{,rry 

KBapKarvrn c ysenw1eHHeM pacCT051HHSJ (6oJihme 10- 13 cM), T. e. o6ocHoBaTh 

HeB03MO)l(HOCTh tta6JllO)J.eHIUI KBapKOB B CBOOO)l,HOM COCTOSIHHH. 

0,ll,HaKo TaKHe npocreii11111e sapHaHThI Teop1111 CTPYH He Bhr,uep)KaJitt 

npooopKH BpeMeHeM. BcKphIJIOCh MHO)KeCTBo we He)J.OCTaTKOB. Ta.I<, s crreK

Tpe npe,lI,CK83bIBaeMblX Teopwe:H T,IacTH[( 0Ka38JU1Cb TaXHOHbl ( "laCTM~I, pac-
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npoC'rpaH5I10rn;1:1ec.H co CKOpOCTblO, 60Jibllleii CKOpOCT.11 CBeTa)' 6 e3MaCC0Bhie 

qacTIUJ,bI cn11Ha 2 11 APyr1:1e, OT KOTOpbIX Heo6xo,.u.1:1MO 6brJio 1-136aBJI5ITbCSI 

B a,upottHott cp11311Ke . BhIHCHHJIOCh 'IRK)Ke, qTo ,LI,JI.H nocrpoeHH51 KBaHTO

BO.i1 Teop1111 B3 aHMO,lI,ettCTBylOIIzyIX qacr1:1:u;, COOTBeTCTBYIOrn:ett tta6JIIO,lI,aeMhIM 

npo:u;eccaM, Heo6xo,u11Mo noMemaTh CTPYHY B ripocTpaHCTBO-BpeMH c pa3Mep

HOCThIO n = 10. 

B KOHu;e 70- x rr. ,.IT,)K. IllepK 11 ,IJ.)K. lllBap:u; ,uora,n,anMch, 1'..iTO tteo6xo

,lI,HMOCTh BbICOKMX pa3MepHocreli npocTpaHCTBa-BpeMeH11 B Teop11u CTPYH 

MO:>K.eT 6hlT h He He,lI,OCTaTKOM, a ee ,lI,OCTOHHCTBOM, eCJIH ee MCilOJih30BaTh 

,lJ.J151 o6'be)J)fHeHM51 Bcex cpyHnaMeHT aJihHbIX B3a:HMO,LI.ei1CTBHH, 6'K',.//,W'llll.R 2'jXL

eurna~uw, a ,.u.onontt11Te.11hHb1e pa3Mepttocr11 noHHMaTh B ,uyxe 11,ne:H Ka11yI.J;br 

11 KnettHa. Ilp11 3TOM «np11ro,.u.11JIHCh» 6yKBaJihHO Bee OCHOBHhie ,lI,OCTM)KeHMH 

npe,Il,IlleCTBYIOI.1.J,HX MCCJie,ll,OBaHMH: «Jil:IIIIHHe» 6e3MaCCOBhle COCTOHHHH B reo
p1111 CTpyH MO.>KHO 11w.repnpe'TilpOBaTh KaK K8Jllf6poBOt.fHhie Il0JI5l 51Hra

Iv11:1JIJ1ca, a BBe,.u.e1-me np11H:u;11na cynepCMMMeTplm IlOMOI'JIO M36aBHThC.H CYI' 

TaX.lfOHOB. 

B HaCTo.Hrn;MH MOMeHT cynepC'rpyHbt noH11Ma10Tc.H KaK peJI51THBMCTcKMe 

O/J.HOMepHhie ofrbeKThI (1- MepHbie B npocrpaHCTBeHHOM CMhICJie, c Y"feTOM 

BpeMeHH OHM 2- MepHbre) c xapaKTepHOR ,ll,JIHHOR nOp51,lI,.Ka nJiaHKOBCKOil: 

(l ~ 10-33 CM), UOMern;eHHhie B 10-MepHoe npocTpaHCTBeHHO-BpeMeHHOe 

MHOroo6pa3He. llleCTb ,ll,OilOJIHHTeJihHblX pa3MepHOCTeii KOMIIaKTH¢111.1,11po

BaHbl (TonoJior11qecK11 3aMKHYTbI). Tono.JIOrl1T.{eCKMe CBOHCTBa Mttoroo6pa-

3HH orrpe,n;eJI.HIOT OCHOBHble qepTbl ,lI,MHaMHKM cynepcrpyH B Hl:l3K03Hepren1-

qecKOM, T. e. Ha6.JI10,n;aeMOM npe,.u.eJie. MacIIITa6 Mace T.JaCTHI.J; onpe,n;eJT.HeTCR 

HaT51:>K.€HHeM T cynepcTpytthI, IlpHT.JeM VT~ Mpt,c2 ~ 1019 r::rn. 
Ba)l{HOe OTJI1:1q1:1e Teop111:1 cynepcTpyH OT JIOKa.TihHOi1 Teop1111 no.AA co

CT011T B T OM, T.JTO B H eft CB06o,n,Ha.H cynepcrpyHa xapaKrep113yerc51 6ecKOHe11-

HhIM T.{HCJIOM cynepMyJihTHilJieI'OB, COOTBeTCTBYIOIII,MX HOpMa.TihHhIM MO~aM 

ee KOJie6aH1:1tt, TOI'Jla KaK B JIOKaJlhHOH Teop11M Ka.>K,lI,oe IlOJie OTIHCbIBaer 

"t.faCTHJJ;hI ( KBaHThI) TOJihKO o,.u.Horo copTa. CynepcrpyHhr HMeIOT O,lI,HHaKoBoe 

Y.IICJIO KaK ¢epMHOHHhIX, TaK II 6030HHblX CTeneHeH CB060,lI,bI, qTo CJie.n;ye'I' 

113 rrp11H11na cyuepc11MMeTPHH. Be3MaccoBoe COCTO.HHHe Clllitta 2 B HH3K0-

3Heprer11qecKOM npe,.u.eJie npe,n,JTaraeTc.H HHTepnpeTttpoBaTh KaK rpaBHTOH. 

Ha 3TOM OCHOBaHHH np11H5ITO cqHTaTh~ qTo TeOpHH cynepcrpyH CO).J,ep)Kl:IT 

TaK.>Ke Teop.1110 rpaB11'raJ_~111:1. 

CynepcrpyttHhie reop1111 ,.u.eJI51TC5I Ha ,.u.Ba OCHOBHhlX T ttna: Tttn I onttchI

BaeT OTKpbtTbi e crpytthI 11 3M1KHyTb1e Heop11eHT11poBaHHhie cTpyHhI, a THn 

II -- TaK Ha3hrnaeMh1e opHeHT ttpoBaHHhie crpyHhI. 

Ho6eJieBcK11ii JiaypeaT C. Ba:HH6epr CJie .. uy roIIJ,RM o6pa3oM o6'b5ICIDierr 

cyTh TeOpHM cynepCTpytt: «CTpyHhl MO:>KHO npe,n,C'I'aBHTh ce6e KaK KpoxoT

Hhie O,lI,HOMepHbre pa3pe3hI Ha rJia,rr,Koii TKau11 npcx:TpaHCTBa. CTpyHhI MOf'YT 

6hITh OTKphIThrM11, c )1,BYMH cBo6o,n,HhIMH KOH:u;aMH, 11n1:1 3a:MKHJTbIMM~ KaK 

p e3HHOBrur neHTa. Ilpo;1eTa5I B npocTpattcTBe, CTpyttbl B116pHpyroT. Ka)K,ll.a.H 
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.H3 CTpyH MO)KeT HaXO,ll,HTbCH B moOOM H3 6eCKOHe'CiHOrO t-.UICJia B03MO)l(Hb1X 

COCTOHHl-IM ( M0,11,) Kone6aHMH, IlOXO:>KHX Ha o6epTOHhl, B03HHKa.IO~Me np11 

Km1c6attHHX KaMepTOHa 11n11 CKpHil11lfHOH CTPJHhI. Co speMeHeM KOJie6aH1u1 

CKp.Mill1'llIOR CTPYHhI 3aTyxaIOT, TaK KaK aHepr11.H 9THX KOJienaHuli nepex0.11,HT 

B aueprmo CJIJ'iali:Horo ).l,BH)K€HH5.I. aTOMOB, 113 KOTOpbIX CKp11Il11'll!rul CTpyna 

COCT'OMT, T. e. B 3tteprmo Tennoaoro ,n.s.IDKenIDI. HanpoT1-1s, cTpJHhI, o KO

TOpb1x celil.faC H)l,eT pe'ih, IIOHCTHHC ¢yH,ll,aMeHT&ilblihie COCTaBHbl e '-laCTH 

MaTepnM, H MoryT npo,n:OJI)KaTb KO.ne6aTbC5I 6eCKOHeqHo ,ll,OJiro. 0H.H He 

COCTOHT H3 aTOMOB 11Jl 11qero-ToB3TOM po,n,e , Il03TOMY 3HeprHl1 HX KOJie6alilln 

nc so ~1ro nepexo,L1,11T b. Ilpe,ll,IlonaraeTC.H, qTo CTpy11b1 oqenb MaJihI, TaK '-ITO 

eCJrn pa3rJI5I,D.bIBaTb RX c ,ll,OCTa:rOTJHO 60.JibllIHX paccTOHIH:t:li, OHH K.a>KJTCH 

TOTI€'-IHbIMH qacT11n;aMu. T a K KaK CTpyHa MO)KeT ttaxo,ll,HThC5I a J1I06oti H3 

6ecKOH€'iIIO 60JibUJOro q11cJia B03M0)KHbIX MO,ll, KO.JJe6aHRit, OHa BbU'JIB,ll,11T 

KaK qacT11n;a, KOTOpa.H MO)Ke'T npHH8ill.Jle.>K.aTh K 0,11,HOMY H3 6ecKOHeTJHO 6o.nb

rno ro 'il-ICJia B03M0)KHbIX copTOB, COOTBeTC'.l'BYIO~X onpe,lJ,eJieHHOti MO,ll,€ 

KOJie6aHHH CTpJHbl» [18, C. 167}. 
B. rpuH B csoen 9 MOLl,HOH8Jlbll0 Han11caHHOM KHHI'C «ch1eraHTHrul Bce

JI€HHa5I. Cyuep c TpyHhI, cKpbITbte pa3MepHocT11 11 noR cKH OKOH'f.JaTeJihHO:fi 

TeOpHH» n11meT: « ECJIH Bbl pa.3,n:eJI~eTe Bepy B TO, qTQ 3aKOHbl c}:m31'1K.M 

He ,lI,OJI)KIIbl ,D,eJil1TbC5I ua 3aKOHhI , ynpaBJUUOm;He MaKpOMHpOM: 1'I 3 aKOHbI, 

,11.MKTJIOll.J,Me npaBHJia ,ll,Jl.H MMKPOM.Hpa, a TaK.>K.e sep.11Te, qro Mbl He ,ll,O.lDKllbl 

ocra11aBJI11BaThCH, noKa y Hae He 6y,ll,eT TeopH.H c 11eorpa1nP·I€HHOii o6JiaCThIO 

np.11MeHHMOCTH, 'I'Of',D,a TeOp1'1H CTpyH - Bama e,n,11HCTBCIIHa H H8.)J,e)K,ll.a» (51, 
c. 144). B ,LWyroM MeCTe MO>KHO naliTR ero >Ke Bh1cKa3b1BaH11e: «Kor,ll,a Bbl 

3HaKOMHTeCh c Teop11ett CTpyH R OC03Ha.eTe, qTO IlO'iTH see OCHOBHble ,ll,OC1'11-

:>K€H.HS1 ¢113 11Kl1 IlOCJ1e,L1,He ro CTOJI€TH5I MO)KHO IlOJIJlfHTh, H npHTOM B€ChMa 

K3Sll.lVLblM o6pa30M, 113 CTOJib npocTOli OTilpaBHOti TO'-IKH, - Bbl IlOIIHMaere, 

t.f'l'O nepe,lJ, BaMH n esep05ITIIO M OUJ;HaH Teopirn, e,ll,11HCTBeHIIa5I B CBOeM po,ll,e» 

(l(MT. no [51, c . 738]). 
9. BHTTeH, Be,ll,yrn,Hi1 cneu;ftaJI1'1CT B aTott o6JiacT11, CKa3aJI: « KaK 6hmo 

3aMe'-IeHo (,llaHHeJieM AMaTH), Teop11s:i cTpyH- 3TO ¢H311Ka ,ll,Ba,L1,U.aTh nep

ooro CTOJieTH5I, CJiyqaifHO nonaBllla.51 B ,ll,Ba~u;aThIH BeK» (IJ;RT. no [51, c. 738)). 
Ho6eJieBCK11i1 JiaypeaT C. BaAH6epr s cnoeti KHHre «MeT.JTbI o6 OKOHlfa

TeJlbHoli TC0p1111» Han11can: «C 3TOtt TO'iKH 3 peHIDI KBaHTOBaR Teop11B IIOJIB 

T.Hrra CT'd.H~apTHOH MO,ll,€JJ1'1 npe,n,cTaDJISleT co6oii BH3K09HepreTHqeCKOe np11-

6nH>K€HHe K ¢ytt,n;aMeHTaJibHOH TOOp1111, KOTOpaSl .HBJI5IeTC5I cosceM He TOO

pHei1 rroJie ii, a Teop11ett cTpyH. Ce.Mqac MhI nonai·aeM, 'ITO KBaHToshle TeopR.H 

nOJie:H pa.60'.ra IOT CTOJih y c IICllIHO npH anepr.H.HX, ,ll,OCTynIIblX COBpeMeHHblM 

ycKOpHTeJISIM, COBCeM He IlOTOMy, qTo OKOII'iaTeJibHoe OilRCaH11e npRpO,l.I,bl 

B03MO>KHO na B3b1Ke KBaIITOBOH TeopRH IIOJIB, a IlOTOMy, qTo JI.I06~ TeO

pIDI, y,n.oBJieTBOps-.110ru;a5I Tpe6oBaHJ1SlM KBaHTOBOR MexaH11KH 11 c u en;Ha.Jlb

UOH TOOpHH OTHOC11Te.JlbHOCTH, np11 Jl:OCTaTOlfHO M aJJbIX :3Hepr11ax Bbir.ill:l,lJ,RT 

KaK KBaHTOBa5I Teop1-m no.ruL M1>1 Bee 6oJibllle u 6onhllle BocnpH1111MaCM 
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CTatt,n,apTttyJO MO,lJ.eJib KaK 3</xfie?r,mum-tyw ~eanmoeyw meopuw, rrp11.qeM 

rrpruiara:reJibHOO «a4>¢eKTHBHaJI» CJiy>KHT ,ll.JUI HaIIOMHHaH.ltll, TfTO Bee TaKHe 

Teop11.H cyTh J111mh HH3K03HepreTH~eCKHe np11.6n11>KeHH.H K coBepmeHHO WY

rott Teop11.11., B03MO>KHo, TeopHH cTpyH. CTa.H,n,apTHaJI MO,ll.eJih - cep,n,:u:eaHHa 

COBpeMeHHO~i cPl13HKH, HO TaKoe 11.3MeHeH11e OTHOIII€IIH.H K KBaHTOBOtt Teopuu 

IIOJI.H MO>KeT 0 3 Ha qaTb HaqaJio HOBOtt 3pbl ITOCTMU,D,epna» (18, c. 168]. 
0,D,HaKo 11Me10Tc.H H HHhie TOq-({11 3peHJu1. CKenTH1..J.€CKoe OTHOIIIHHHe 

K Teop1111 cynepcTpyH BhICKa.3hIBaeT P. CTettpoy3: «.H OTHIO,D,h He y6e~€H 
B BhICOKOH cPl1311"-IeCKOtt u:eHHOCTH cxeMbl cynepcHMMeTp11H, ITO Kpailtte:H Mepe 

B Tott cpopMe, B KOTOpott OHa npHM€H51e'I'C.H cero)l,H.H B cPH3HKe 3JieMeHTa.pHblX 

'IaCTMU: 11 Teop.~rnx, .ne>Kall.J,HX B ee ocHoae» (127, c. 727] . ,l(aJiee OH m 1111rn·l': 

« KaK >Ke Bhl,n,ep>Ka.J111 HCIIhITa1u1e apeMeHe:M 3T11. 3aMe1..J.aTeJihHhie 11cxo,n.Hble 

M)J,eH cnycTH 6oJiee qeM 30 JieT nocJie me IIO.HBJieHH.H? Ilo,IJ,TBep,rr.HJTH JIH 

IIOCJie,ll,YIOJIV1e H3hlCKaHU.H B 3TOii: o6JiaCTl1 B03JlaraBIIIMeC5I Ha HHX H a.,rr.e)f(,llpT? 

H a 3TH Bonpocb1 pa.31Ib1e JIJO,D,M MOryT JJ.aTh coaepIIIeIIHO p83JIHqffbie OT.BeTbI. 

T eopH.H cTpyH uttor,n,a OKa.3hIBaeTc51 3MOI(MOHaJihHO oKpaweHHott B ,D,OBOJihHO 

CIDihHOH cTerreH11. ,l(.n51 ee 6ecK0MrrpoM11ccHhIX npirnep>KeHr~eB TeopH.H CTPYH 
( c 6o.nee no3HMMM yTOT-IHeHMHMH) - aTo no.n.n11.tt.Ha.H ¢113HKa XXI a., otta 

rrpe,n,cTaBJI.HeT co6on peBOJIIOt~Hl6 B ¢H3H'IeCKOM MhlIDJieUHH, cpaBHHMYIO 

( eCJIH He npeBOCXO,D,HteylO 11x) c TeMM, KOTOpble COBeplllliJIH B CBOO BpeMH 

o6~a.H T€0pH51 OTHOC1"TeJihHOCTl1 JA'. KBaIITOBaa MeXaHHKa. ,IL.rm ee Kpa furnx 

rrpoTMBHHKOB OHa ,D,O CHX rrop n e )J.OCTHI'Jia, B cPH3HqecKOM orHoOJeHHl'I, 

a6COJI10THO H11qero, H OHa H MeeT Ma.JIO IIIaHCOB CbirpaTb CKOJibKO-HH6y,lI.b 

cyll.J,eCTBeHHYIO poJib B ¢11.3HKe 6y,n,y~ero» [127, c. 738). 
0TMeTHM, "ITO B I10CJI€,ll.Hee BpeM.H Ha6JI10,lI.aeTC5I y.ueJ1J1qeH11e "IllCJia 

KpflTHqeCKHX 3aMe'IaHHH JA'. HeraT .H.UllbIX OI(€HOK nepcneKTMBHOCTH cynei:r 

CTpyHHOro IIO~XO,D,a. 

7.3.2. <l>H31r1ecKlrli aHaJIH3 nporpaMMhl cynepC'.rpyn 

IlocTapaeMCH p83o6paThC.H B TOM, q ero y.n.arroch pearrbIIO .n.ocTM'ih a paM

KaX TOOpI-m cyrrepcTpyH, a TfTO OCTaJIOCb Ha ypoBHe Ha,rr.e>K.,11. 11 ,n,eKnaparzydt 

1. rnaBHa.51' 1\€.Tlb l1CCJI€,lI.OBaH1'1tt B o6JiaCTH TeOp11H cyrrcpCTpyH COC'I'O.HJia 

B H36aBJieH1111 KBaHTOBOtt Te0plill1 OT 6ecKoHe'iHOCTeit 

KaK H3aecTHo, s KBattTooon Teop1111 noJUI B03IIHKaIOT pacxo,n:11.MOC'TM 

HecKOJibKHX BH,n:os. HaH6onee cepbe3HhIMH cq11.Ta10TcS1 Ta.K H83hIBaeMhie 

ynbTpa¢Ji10JieTOBh1e pacxo,ll,lil\.10cT11, cBH3aHHhie c Heo6xo,IJ;I1MOCTbIO yqera 

6ecKOHe'IHO 00Jlblli11X o6MeHHblX ru.1rryJihCOB npli 11.ony~eHHH 0 B03MO)f(

IIOCTH HeorpattH'-IeHHoro c6nH>K.eIIH51 To'ie"IHhlX qacTIDJ.. B crpyHHott >Ke 

MO,D,eJIH ¢aKTWieCKH TOT-Ie"!HblC T-IaC'rHl\hI KBaHToBOtt TeopHH IIOJIH 3aMeHH

lOTC5I KOHeqffbIMH o6'beKTaMH ( CTpyHaMH)' qTo CJlY)f(HT ,D,OC'raToqHo BeCKllM 

OCHOBaHHeM ,D,Jl.H Ha,n:e.>K,n: Ha ycTpaHeHHe YJibTpa¢110JieTOBbIX pacxO,lI.11MO

CTen. (HarrOMHHM, qTO TaKHe pacxo,D,HMOCTH B03HHKaIOT H B KJiacc11qecKolt 
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::>JieKTpo,LJ,.HIIaMHKe np11 y'ieTe attepr:HH nollil B 6ecKoneqHo 6n113KO:t1: o6J1acTH 

OT ~eHTpa TO'l.Je"iHblX qacTH~.) 
KoHKpeTHbie Bbl'Il1CJ1€HIHI Ha OCHOBe CTpyHHOM MO,ll;eJIH B 3Il&"il-1TeJibHOn 

CTeneHl1 onpaB,ll;bIBaIOT 9Tl1 Ha,n;e~I, qTQ np11BeJIO K MHoroqHCJlP.IIHhlM 3a

ID3.fieH11.HM CTOpOHHHKOB -reop1111 cynepcTpyH, lfi'O 3Ta Teop:H.H OKOH~-IaTeJJbHO 

pernaeT npo6neMy pacxo,n;11MocTen. TaK Jut aTo Ha caMoM ,n;eJie? 

y IleHpoy3a MO)J(HO Ha:ti:TH Ta.Koe BblCK83bIJ3aIIHe: «XOT.H HeKOTOpbie 

cropoHIIHK11 TeOpHH CTpyu MOrJIH npH3HaTh, no,u; ,LJ,aBJieHHeM apryMeHTOB, 

"'ITO He Bee 3asIBJieHH.H 0 KOHellHO:ti: TeOpIUI OOJIHOCThlO OOOCHOBaIIbl, 3TOMY He 

npw,n;aBaJIOCb 6oJihllJ.Oro 3IIaqeHH.H. KaK 3aMeTHJI o,n;MH Bh1,u,aro1rv-1i1C.H qrn3HK

TeopeTMK 113 qHCJia Ta'KliX CTOpOHHHKOB: ,,KoHe'tfHbI:ti: xapaKTep TeopHH crpyH 

HaCTOJibKO oqes11,u,eH, ~ITO, ecJIH 6bI KTO-TO ony6JIHKOBa.rI ,lJ;OK83aTeJJbCTBa 

3'I'Oro, H ne CTa.rI 6bI ero 'l.JHTaTb"» f127, c. 741]. 
,aanee Tiettpoy3 n1nue:r: «HecMOTp.H Ha IlOBTOp.H10Ill,11€C.H 3aBepeHH.H, HH

KaKoro MaTeMaTI-PieCKoro o60CHOBaH11.H ,n;eKJiap11pyeMoi1 KOHeqHOCTH IlOKa 

npe,u;ocTaBJieHo He 6hlJIO. YTBep)l(,ll,eH11.H OTHOCHT€JibHO KOHel.JHOCTH OTHO

C.HTC.H JIHWb K y.a'bmpa<fiuo.11£mOBUM pacxO)J;HMOCT.HM ( COOTBeTCTBYlO~ 
OOJlliIIIm1 HMnyJibcaM H Ma.rihIM paccTO.HHH.HM), KOTOpb1e C"iHTaJOTC.H HaH-

6oJiee onacHhlMH B KBaIITOBOH TeopHU IlOJl.H, HO ,D,a)l(e TaKHe pacxo,u;mm

CTH noKa 6h1.1111 ycTpaHeHbI JIHlllb Ha ,u;syxrrerJieBOM ypoBirn. KpoMe Toro, 

IlOKa, IIO-BH/\HMOMy, He 6bIJIO 33JIBJieH11:t1: o6 ycTpatteHHH U'H<jJpa?CpaCH'blX 
pacxo,D,HMOCTe:ti: (npH MaJihIX HMnynbCax H 6oJibIIIHX pacCTO.HHHID<:). XO'T.H 

rrOCJie,D,HHe C'lllITaIOTC.H MeIIee cephe3HblMH, qeM yJibTpa<t>noJieTOBhie pacxo

.z1;i-1MocT11, 11x onpe,u;eneHHO HeJJb3.H HrHopHpoBaTb H IIeo6xo,n;11Mo y'r.JHTbrnaTb 

TeM 11J1.H 11HhlM crroco6oM B nOilhITKax o6ocHoBaTh KOHeqHOCTb. 9To ocTaB

JIBeT Hae B HeKOTopon nconpe,u;eJieHHOCTH OTHOCHT€J1hHO seen nporpaMMbl 

B ~eJIOM, IIOCKOJibKY KOHeqHOCTh SIBJl.HeTCR KpaeyrOJibHhlM KaMHeM Bee~ 

TeOpHlf CTPyH» f 127, c. 755). 
2. CaMhIM cy~ecrseIIIIblx He,n;ocTaTKOB TeopH11crpyH11 aoo6iqe Teopaiii: 

c cynepCHMMeTpH.HMH SIRn.steTC.H OTCyTC'TBHe KaKHX-JIHOO ee ~Kcnep.m.1eH

TaJlhHhIX IlO/J,TBep:>K,U,eH11ii. 

KaK nHrueT P. TieHpoy3, «rJiaBHaH Tpy,ll.HOCTh TeopH11 cynepcHMMeTp1111 

(n ee HbIHe111HeM BH,rr,e) 3aKJ110qaeTcsr B ee TpefxmaIIm1, 'lTOOhl Ka)K,.ZJ,a.H 113 

~mel\1eHTapHbIX qacTHU., CyllJ,eCTBYIOIIQ-iX B npHpO,n;e, MMeJia TaK H83hIBaeMoro 

«CyrrepnapTHepa», y KOToporo CIIHH OTJIH"iaTIC.H 6bl OT CilHIIa HCXO,ll;HO:ti: 

t.Ia.CT11IJ,hl Ha '1,/2. 9To Tpe6yeT cyUJ,€CTBOBaHHe «3JI€KTpoHa» co CTIHIIOM 0 KaK 

napTHepa 3J1€KTpoHa, «CKBapKa» co CilHHOM 0 ,11.JI.H Ka)f(,Jl.OM p83HOB~OCTH 

KBapKOB, «cPoTRHO» co CilHHOM 1/2 KaK napTHepa cPoTOIIa, napTHepoB 

«BHHO» 11 «3RHO» co cn11110M 1/2 cooTBeTCTBeHHO ,n;JI.H W- 11 Z-6oooHoa 

HT. ,u;. HT. n. Be,u;a B TOM, qTQ Hl1 O,ll;HH H3 TaKHX «Cyn epnapTHepoB» TIOKa 

He o6Hapy)l(ett. 0$HQHaJihHoe OO'b.HCHenHe aToro o6cTO.HTeJJbCTBa cocTOHT 

B TOM, 't-JTO H3-3a HaTI.11q1u1 HeKOToporo MexaHH3Ma «HapyIIIeH.l1.H cynepCHM

Me'I'plfH» (npHpo,u;a KOToporo HHKOr,D,a ne 6bIJia OilHCaHa ,ll;OJDKllblM o6p830M) 
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3 '1'11 n pe,rr,noJ1araeMh1e cynepuapTHepbI ,n,oJDKHbI HMeTh HaMHoro 6oJ1hruyro 
Macey, HC)l(eJIH COOTB€TCTByIOuzy1e l1M 3JieMeHTapHbie qac~bL IlocTyJili

pyeTC5l, qTo Macca 3THX ttena6JIIO,n,aBII111xCH -qacT1u1. ,l.l,OJI)l(Ha rrpeBbJlliaTh 

M acey npoTOtta B ThICSPiY .11 6oJiee pa3. ,IJ,oJI)l(eH CKa3aTb, "CJTO }I oTIIIO,lJ.h 

He 0,1J,HHOK, C"iITT'aJI, 'l:JTO see 3TO BbirJI.H,l.l,HT HOCKOJlbKO Ha,LiyMaHHhIM» [ 127, 
c. 720). ( flcf'KO IlOH51Th Il051BJieHI1e cynepnapTHepoB H3 OCHOBHOI'O IJOCTyJiaTa 

cynepc11MMeTp1111, npe,n.Ha3Ha'l:fe HHOro ).l,JUI BBe,n,eHIUI IlOJlHOR CMMMeTpliH 

M e:>K.lJ.Y 0030HHblMH H Q:>epM110HHbIMH IJOJUIMH.) 

AHa.nor 11'-IHa.H rrpo6neMa B03HHKaeT 11 c o6HapylKeH11eM npe,JJ,CK 83bIBae

Mhix Teop11ei1. CTpyH "i&CTl1l.J. c HeOOhl'iHbIMJf 3ap.H,L1,aM11. TaK, B . rpHH IllillleT: 

«Teop.H51 CTpyH ,uonycKaeT cyrn;ecTBOBaH11e MO,ll, pe3 0HaHCHbIX KOJie6amm:, 

KOTOpbIM COOTBeTCTBYIOT qaCTI1l.J.bl c cyiqeCTBeHHO HHblM 3JieKTp11qecKHM 

3ap.H,D,OM. HanpHMep, aJ1eKTpH'ieCK11i1 3 ap.H,l.J, 'IacTHq MO)l(eT npMHm1aTh ps:I.lJ. 

3K30TH'i0CKHX ,IT,pOOHbIX 3 Ha'ICllHM, 1aK11X K a K 1/5, 1/11, 1/13 HJIH 1/53. 
( ... ) KaK H B CJiyqae c cyrrepnapTHepaMH, 'iacTHl.J. c TaKRM 3K30TW-IecKH.rv1 

3JieKTpWieCKHM :Japs:I,D,OM IIOKa IIHKOMY He y,n,a.rIOCb na6mo,n,aTb, a COBpeMeH

HbIA ypoBeilh p a3BMT11H Teop1111 CTpytt He no3BOJrneT C)J.eJ1aT h onpe,n,enc1mh1e 

BbIB0,1J,hI 0 Macce , KOTopyro MoryT HMeTb 3Tl1 -qaCTl1l.J.bl~ eCJIH B CHJIY CBO:tiCTB 

.n.orroJIHHTCJibHhIX l13Mepe1111fl OHH ,n.eAcTBHTeJlbHO cyrn;ecTHYJOT. Ofrhs:ICIIeHHe 

TOro, qTQ OHH ,n,o CHX nop He OTKpbIThI, OHHTb )Ke COCT011T B TOM, 'ITO 

ecnu OHM cyIII,eCTBYIOT, HX MaCChl HaXO,ll.51TC51 3a npe,n,eJiaMH COBp€M€HHhIX 

Tex1111qeCKHX B03MO)l(HOCTeH OOHapy)f(eH11H» r51, C. 151). 
n. Y acT, aBTOp KHHrH «Bae,n.eHHe B cynepCHMM€Tp11t0 J.:I cyrreprpaBHTa

~HlO» IIHlllCT: «IlOCJie CTOJlhKHX JieT yCHJIHH, HaIIpaBJieHHbIX na 003,lJ.aH.He 

e,n.HHOH Teopirn, npo51JJJI€HMe c ynep c 11MMeTpHH B 3 KCnepHMeHTax secbMa 

)KeJ1aTeJihHO» [167, c. 10]. 
3. ,lLns:I o6o.HCtteHH51 ,n.JI11TeJ!bHoro OTCYTCTBIIB 3 KcnepttMeHTaJibHhlX rro,n.

TBep)l()J.eHHM Bbl BO,ll.OB T eop1-u1 c ynepcTpyH ee CTOp0HH11KH c cpop.MyJu 1p.oBaJIB 

CBoeo6pa3yIO MeTO,ll,OJIOrHqecKyIO ycTaHOBKY o6 3 BOJIIOI\l1H COOTHOIU€ HH.sl 

TeopeTH'iecKHX H 3 KCnepHMeIITaJibHbIX HCCJI€,ll.OBaHHH. ,IJ.3BI1,ll. I'pocc ,n,aeT 

CJie,uyrorn;ee o6pa:moe IlOHCHeH11e CJIO)KHBII1C:A:C51 CHTyau.1111: «06bl'iHO, Kor,n.a 

Mhl Kapa6KaJUICh Ha r opy np11pO)J.bl, npoKJia,IT,bIBa HHeM nyTH 3 aHHM8JIBCb 

3Kcnep11MettTaTOpbI. Mb1, JieH11Bb1e TeopeTHKH, n 11eJ111Ch r ,n.e-ro c3a,n.11. BpeM.51 

OT BpeMeIIB OHH c6paCblBaJIH BHH3 3 KcnepHMeHTaJibHbii1 KaMeHh, KOTOpbIA' 

pHKomeT11Jr OT Hann1x roJio B. Co BpeMeIIe M MhI Haxo,n.H.TIH o6'hHCHeH11e 

M MOrJIH npo,n:OJDKHTh Ham nyTb, KOTOphIA naM n epeKpbIJIH 3KCnep11MeHTa

TOpbl. ,Iloraas Hamnx ,n,py3eii, 1'.1bI OO'hs:ICHs:IJIH H M , c t.ieM OHH CTOJIKHYJIHCb, 

H KaK OHH T y,n.a IlOilaJIH. TaKOB 6bIJl CTapbIA 11 JI€f'KJ1i1. (no Kpa.iineii Mepe, ,ll.JISi 

TeOpeTHKOB) cnoco6 BOCXO)K,l..l,eHlffi n a ropbl. HaM BCeM XOTeJIOCb 6bI, q T OObl 

3TH ,ll.HH c ttoBa BepHyJIHCh. Ho Tenepb MhI, TeopeT11KH, ,ll.OJI)KHbI soornaBHTb 

KOJIOHHy. 8TO 6y,n.eT rop83,Il0 6oJiee 0,IJ:HHOKMH IlyTh» (l~HT. n o r51 , C. 145)). 
B. rpHH rrpO)l,OJI)KHJI 3 TO o6p83HOO nosecTBOBaHHe : «TeopeTHKM, 3aHH

MaJOw;HeC5I CTpyHaMH, Ile XOTHT COB€plliaTb O,ll.HIIO"CJHoe BOCX0)K,ll.€HHe Ha ca-

1 
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Mble BblCOKHe BepIIIHHbl np11pO,LQ>I; 0Hl1 npe,IJ,no~u 6bl pa3)1.e.JI11Tb Tpy,11,IIOCTH 

H pa,D,OCTH co cao11M11 Ko.rr.rreraM11-aKcnep11MeHTa:ropaMH. CerO.[(HfilllH.RSI c11-

Tyawra Bbl3BaHa OTCTaBaHHeM TeXHOJIOrHH, HCTOp.wqecKHM pa3pblBOM: TeO

pel~IeCKHe KaHaTbl 11 KplO"t.lbSf ,IJ,Jl.SI nocne,n,Hero lllTypMa BepllIHilbl roTOBbl 

(no Kpa:Ancli Mepe qacTH''IIIO ), a aKcnep11MeHTaJibHh1e ern.e He cyu~eCTBYIOT. 
Ho aTo sosce «He 03Haqaer», T.J:TO Teop11SI CTPYH OKOIIT.J:aTe.TihIIO paccTarrach 

c 3KcnepttMeHTOM. HanpoTHB, TeopeTHKH nonHb1 tta)J.e)K,IJ; «cn11xttyTh BH113 

reopeTwieCKHii KaMeHh» c sepmHH yJibTpaBhICOKo:A aHeprHH na ronosbl 

3KCIIep11Me1rra:ropos, pa6oTalOJ.WiX B 6830BOM .rrarepe. 9To OCIIOBHruI u.e.rrh 

COBpeMeIIIIbIX HCCJI€,II.OBaHH:f:i: B Teopu11 CTpyH. IloKa n e y,n,a.rroch OTOpBaTh 

KaMH5I OT seplllHHbI , (.ITOObI 3ailYCTl1Tb ero BHlif3 ... » (51, c. 145). 
4. 0,IJ,IJO.H 113 3aAaq cospeMeHHO:f:i: ¢113MKl1 .SIBJISieTCH TCOpeTHqecKoe o&b

SICHeJIHe COOTIIOIDeHH.SI KOHCTaHT Ha6JIJO)J.a€MbIX B11,LI,OB B3aHMO,LI,eHCTBHR. 

TaK, C. Ba:An6epr n11meT: «Ha,D,eIOCh, qro TeopHH CTpya cTauer pearrhHo:A 

OCHOBO:f:i: OKOH"iaTe.JibHO:f:i: Teopmi, H "iTO TeopH.s:J CTpyH 6y,n;eT o6Jia,n;a:rb 

,LJ,OC'l'aTO"iHO npe).l;CKa3aTeJibHOH CHJIO:ti:, qTOObI onpe,II.~,,JlHTb 3HaT.JeHHH scex 

KOHCTaHT IIpHpO)J,hI, BKJIJOqaJI 11 KOCMOJIOruqecKyIO IIOCTOSIHHyJO. CTO)Kl1-

BeM - YBl1,1J)1M» (18, c. 179]. I1p11 3TOM OH OTMeT.J:aeT: «Ilo.rryT.J:eHO H€CKOJlbKO 

B,n;oxHOBJJ.SIIOJlV1X pe3y.rrbTaTos. Hanp11Mep, OKa38.JIOCb, 'i.TO B paMKaX Teo

p.H11 CTPYH ecTecTBeHHO nonyqaeTCH paseHCTBo KOHCTaHT B3aHMO).l;eiicTBHH 

Cl1JlbHhIX " 3JieKTpoCJia6blX B3al1MO)J,e:f:i:CTBM:A npH O"i€Ilb 60JibllIHX 3Hepnrnx, 

orrpe,u.eAAeMhIX qepe3 IIaT.IDKeH11e CTPYHhI, XOTSI H IleT OT).l;e.TlbHOH CHMMeT

p.HH, o6oe)J,l1fl.H10m;e.R: aTH B3a11Mo,n;ei1cTs1u1. TeM He MeHee, JJ.O c1-1x nop He 

y.naeTCSI no.nyT.J:l1Tb )J,eTaJibHhl€ KOJI11qecTBeHHhie Ilpe)J,CKa3aH11s1, 1103BOJI.HI0-

~11e OCyIIl,eCTBHTb pelllaIOIIt,ylO nposepKy TeOpHH CTpylt» (18, c. 170) . 
OrttOCHTeJibHO aTHX yTBep)l(,11,eH11:A P. IleHpoy3 n11.llleT CJie,rr,yrorn.ee: 

«B 3THX ~e.SIX, npeTeHA,YJOUJ,liX Ha IIOMep)l(Ky cynepcHMMeTp1111 Ha6JIIO,IJ,& 

HH.SIMH, 3aKJil()qaIOTCS1 ruraHTCKHe :3KCTpaIIOJ1.SIIJ;HH. 0,D.Ho.H 113 TaKHX .SIBJl.Sl

eTCSI ,n;orryrn.enne, qTQ He B03H11Ka€T II11qero cyrn.eCTBeHHO HOBOro B orpoMHO:f:i: 

~~en11 aHepru.R: (11JI11 TeMnepaTyp) Me)l(,lly 1028 K H np116.r1113wre.r1hHO 1014 K, 

qTQ ,II.OCTYIIHO ,ll..TIB COBpeMeHHbIX YCKOpBTeJie:f:i:. 8To caMo no ce6e npe,n;cTaB

JIB€TCH H€pa3yMHOi1 3 KCTpaIIOJI.HWfe:A, H .H He nOII11Ma IO, KaK MO)f(HO pac

CMaTpHBaTb IlO,IJ,o6Hble coo6pIDK€Hl1.SI B Ka"ieCTBe CKOJibKO-HH6y)J,h 3IIa"tJHMO:f:i: 

,AOTIOJIHl1TeJJhHOi1 nOMep)KKl1 cynepCHMMeTp1111» (127, c. 729). 
5. KaK rr11llleT Tienpoy3, «Teop11.s:r CTPYH npMRO/J.HT K csoeo6pa3Hoi1: 

TeopBH Be.JIHKoro OO'he,n;11tteHHH. Otta rrpe,IJ,ITonaraeT o6'he,n.11H11Th Bee ane

MeHTapHhie qacTHIJ.hl B e,IJ,HHyIO cxeMy. Bo3H11Ka10rn.11e np11 aTOM rpynnbI 

CHMMeTpHH OKa3hIBaIOTC.H ropa3JJ.O 6onee o6UJ11pHbIM11, qeM TaKOBhie B cTaH

,AapTim:A Mo,n.eJIH, O,IJ,HaKo, KaK H B )JJ)yrux Teop11.Hx BenHKoro o6'he,n;m-1eHH.Sl, 

rrpe.rr.nonaraeTC.Sl Hapyme1me c11MMe-rp11H, rrp11Bo,n..SIIII,ee K ee noHK>KeHl110 ,n;o 

CHMMeTp11u, HMe10m.eti 6onee HenocpeJJ,CTBeHHoe OTHOUieH11e K CT8.H,n;apTHOtt 

MO,LI,emt:, - XOT.H ara nporpaMMa IlOKa He BbIIlOJIHeua B ,ll.OJDKHO:A Mepe» {127, 
c. 756]. (TipHMeT.J:aTeJlbHO, qTQ on.SITh 3t~eCb HOO)J,HOKpaTHO HCIIOJib3yeTC5l 
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TepMHH « npe,n.nonaraeTcR» 11 see 3asepmaeTc.H CJiosaMH, '-ITO «nporpaMMa 

He BbITIOJIHeHa B )1.0JI):l(HO°tt Mepe».) 

6. B Teop1111 CTPYH RMeeTc.H p.H,ll, Heo,1.1,Ho3Haqttocrett:, CB.SJ3aHHbIX c Bbl-

6opoM CBOliCTB ,lJ,OilOJIHHTeJibHbIX ( m eCTM CKpbITbIX, BIIyTpeHHHX) pa3Mep

HOCTett: s 10-MepIIOM rrpocTpaHcTse, 11cnoJlb3yeMoM B TeopRH CTpyH. Ha 

3TR CKpbITbie pa3MepIIOCTH B T eOp11H cynepcTpyH Hanara.e:rc51 p.H,lJ, ,lJ,OBOJibHO 

:>KecTKHx Tpe6osaHMii. KaK nRIIIeT P. Ile ttpoy3, «HaJiaraeMhi e « :>KeCTKHe Tpe

OOBaHH.51» np11seJI.H K 6-MHoroo6pa3.HS1M, nonyqHBlliHM H a3BaHne «npocTpaH

CTBa KaJJa6n- .Hy». 8TH npocTpaHCTBa, npe,1J.cTaBJIJI10I11,11e 3 ttaqnTeJibHhrn 

RHTepec c TOY.Kl1 3peHH51 "'"IHCTOA MaTeMaTRKl1, R3Y'18JIMCb /1,JI51 3THX u.eJieM 

8y.rr.)f(eHHO Kana611 11 lliHH-Ty .Hy. 8To npHMep TaK Ha3hIBaeMhrx M'HOCW

o6pa3'll/l'j, Ke.tie-pa, o6J1a,1J.aIOI11,11x o,n,11oapeMeimo BeIIJ,eCTBeHHoii p11MaHoBOtt: 

MeTpHKott: 11 KOMnJieKcHo.il CTPYKTypo:n ( TaK 't!TO ax MO)KHO CT.JRTaTb KOM

TIJieKcHbIMu 3-MHoroo6pa3H51MH), 11 3TH ,n,Be c-rpyKTYPhl COBMeCTHMbl B TOM 

CMbICJie, qTO MeTpM'i€CKa51 CB513HOCTb coxpaH51eT KOMTIJieKCHYIO crpyKTypy, 

OTKy,n,a CJie.nyeT, "'"ITO OHM SIBJI.HIOTC51 TaIOKe C'UMn.tLe'lf,171,U'l£eC?CU.MU MHOroo6-

pa3H5IMR. TipocTpaHCTBa Kana6tt- .Hy o6n3i.D,aIOT ,n,ononHHTeJihHhIMH cooii

CTBaMu, KOTOpble cqHT(l.J0TC51: cyIIJ,eCTBeHHblMH ,ll,JI51 CTpy1111ott: MO,ll.CJIH: OIDI 

o6Jia,n.aIOT MeTp11Koi1 c ttyJieBbIM TeH3opoM P11qq11 l1 Ha,LI,eJ1eHbI cnu'HopH'bl.MU 

nOA.R.M.U, IIOCT051:HHbTh1H no OTHOlU€HMJ0 K MeTpH"leCKOii CB513 110CTH» [127, 

c. 756). 
JI.a.nee D eHpoy3 IlHIIIeT: «KaK oOCTOHT ,n,eJIO C npo6JieMOtt: O,D,H03Ha"l

HOCTH? K co:>K.ane1rn10, cyIIJ,eCTBYIOT ,D,eCSITKH Tb1c51-q KJiaccos KaqecTseHHo 

p a3JIM'iHhlX B03MO)f(llb1x Bap11aHTOB ,Il,Jl51 npocTpaHCTB KaJ1a611- .Hy, TaK "lTO 

onwcaHHa51 cxeMa J1.aTI€Ka OT O,lJ,II03IIa•rnocTH. <l>aKTM'ieCKH B paMKax 3a

,LI;aHHOro KJiacca npocTpattCTBa Ka.rra6i1 --5Iy cyIIJ,ecTsyeT 6ecKoneqHo MHoro 

Bap11aHTOB, OTJIIPialOUUIXC.H ,n,pyr OT ,n,pyra 3HaqeHJUI MH HeKOTOphlx napa

MeTpoB, HMeHyeMhI X MO.lIYJI51MR». 

«Cyrn,eCTBYIOT, 0,ll.IIaKo, H ,n,pyrne HCTO"'"IHHK11 HOO,nH03 IIaqJIOCTH, KOTO

pbie noHaqany OCTaBJI51IOT Bne'-laTJieHRe ,n,a)f(e 6onee cep b€3IIhIX 3aTpy,n,He-

1mtt:, He:>KeJI11 Heo,n,H03HaqHocTb, CB£ 3annaH c npocTpaHCTBaMH Kana6u- .Hy. 

0Ka3bIBaeTcr1, TITO cym,ecTByeT u.eJibIX n.HTh cosepIIIeHHo p83nnqHhIX B03-

MO)f(HbIX cxeM CB.SI3M' ycTaHaBJIHBaeMbIX cynepcm~.1MeTp.HeR Me)K)J.y «0030H

HblM11» 11 «<PepMHOHIIbIMH» Mo,n;aMH Kone6attMtt: CTPYHhI. CooTBeTCTB€HHO 

HMe€TC51 IDITb p 83J111 'illbIX BapHaHTOB TeOpHH CTpyH, rronyqHBLllHX Ha3Ba

IIH51: Teop1u1 CTPYH T11na J, Teop11£ cTpy11 TRTia !IA, Teop1u1 CTPYH Troia 

JIB , T€0p1151 reTepO,lJ,M'IeCKHX CTpyn 0(32) H TeopH51 reTepoT11qecKHX CTpYH 

Es x Es. ( ... ) T aKoe pa3MHO):l(eHne cTpyIIHbIX l\m,n,eJie'R Bh1Hy,D,RJ10 MHorHX 

TOOpeTHKOB ycoMH11TbC5I B CBOOH cnoco6nocT11 npo,n,OJI:>KaTb 3aHHMaTbCH 

3TlfM ,n,anbrne» [127, c . 757). 

qT06bI y 'iHTaTeJI51 He C03,lJ,8JIOCb sneqaTJieH11£, "tJTO 3,LI;eCb IJ.HTRPYIOTC.H 

J111Illb KpHTHKH T€0pHH CTpyH, rrpHBe,1J,€M TaIOKe BbICKa3blBaHHe ee rop51't.Iero 

CTOpOHHHKa B. fp1111a: «Ilpo6JieMa COCTOHT B TOM, 'iTO B HaCT051IIJ,ee Bp€M51 

, 
! 
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HHKTO He 3Hae:r, KaK onpe,rr.eJU1Th 113 ypaBHeHillt TeOpHH CTp yH, KaKoe l13 

:MHoroo6pa3.wii KaJia611-.5Iy onpe,rr.eJI.HeT BH,D, ,n.onoJIIDtTeJibHhIX npocTpan

G'TBeHHhIX H3MepettHH. EcJm 6b1 MhI CMOrJIH HafiTB npl1Hu.11n, KOTOpbI:ti 

no3BOJI.HeT BbI6paTb o,n.Ho 113 Mnoroo6pa3Bli K aJia611- 5Iy 113 orpoMHoro 

q}lCJla B03M0)f(HblX BapllfaHTOB, TOr,D,a )J.eHCTB11T€JlhHO, KaMeHb c sepllIHHbl 

3arpoMbIXaJI 6bI no CKJIOHY B CTOpOIIy narep.SI 3KCnepHMeHTaTOpOB» (51, 
c. 1471. 

Ba:tttt6epr nHIIIeT e~e 6onee n eccBM11CT11'ltlo: «)],eJia o6cTo.HT e~e xy)f(e. 

,ll;a.>Ke ecJIM 6bI MbI 3 HaJIH, KaK MaTeMaT.H'-I€CKM o6pa~aTbC.H c TOOpH.SIMH 

c-rpyn, l1 CMorJI11 6hI HattT11 KaKyIO-TO O,IJ,HY 11.3 3THX TeOpHH, COO'.fl:~eTCTBYIO

IIJ,.)'lO Ha6JI10,rr.aeMbIM B np11po,rr.e .HBJICIIH.HM, Bee pam-10 y n ae HeT cero;vu1 KpM

repH.H Toro, u oqeMy uMeHHO ama TeopH.H CTPYH npnMCIIHMa K pea.JlbHOMY 

MHpy. 5I CHOBa IIOBTOpmo u.eJih cPH3BKH Ha ee CaMOM ¢yH,n;aMeHTaJihHOM 

yposHe 3aKJI10qaeTc.H He TOJihKO B TOM, 'iT06bI onHcaTh M11.p, HOM OOh.HCHBTh, 

noqeMy OH TaKOB, KaKOB 011 eCTb» f127, c. 171). 
7. K em;e O,ll)iOMY ,JJ.OCTOHHCTBY Teop.w.w cnepcTpyH OTHOC.HT .HKo6b1 o6'b

€.lJ.HH€HBe Ha ee OCHOBe KBaHTOBOR TeopHH H o6m;eA TeopHB OTHOCHTe.Tib

HOCTH. ABTop ne corJiaceH c TaKHMR yTBep)K,LI,eH1u1M.H. 8TOT aonpoc 6 y,n.eT 

60J1ee no,rr.po6t10 paCCMOTpeH B rJI. 11, IlOCB.HllietltlOH o6cy~eH1110 IlOIIblTOK 

nepexo,n,a K e,n.HHOM TeOpMH ( B paMKa.X MOHHCT11qeCKOH n apa,n.tlr.Mbl) co 

cropoIIbl r eoMeTp.H"qecKoro MHpOilOHHMaHB.H. 

8. Teop11H cyn epcTpyH onHpaeTc.H Ha ;J,OCTaTO'-IHO MO~Hhie MaTeMaTH'-IC

CKBe MeTO,!J.bl. c 0,l.l,HOfi CTOpoHbI, aTO MO)f(eT paccMaTpHBa:rhC.H KaK )J.OCTOHII

CTBO ;~aHHOro HanpaBJJ€HH.SI .HCCJI€)J.OBaHiffi'., OJJ;IIaKo, c ,rr.pyro:A CTOpoHbI, 3TO 

.SIBJISJeTc.H B MBHycoM TeopBB. CropottHHKH )J.aHHo:tt nporpaMMhI ace 6oJ1ee 

H 6oJiee norpy)f(aIOTC.H B llfCCJie,rr.osaH1u1 cyry6o MaTeMa'l'J-t'IecKoro xapaKTepa, 

<l>aKT11qecKH yxo~1 B3 c<l>epbI ¢H3HKl1. 8Ty MhICJih P. IleHpoy3 Bhlpa3HJI 

c.ne,ny10~11M o6pa3oM: «B HaCTo.H~ee speM.H cyneprpyn1lh1 npe)J.CTaBJI.HlOT 

BnoJine pecneKTa6eJihHYJO o6JiaCTb ~cTo:R MaTeMaTHKR. BoJiee Toro, 11,rr.e.H 

cyrrepCMMMeTpHH MoryT npHM€H.HThCH Henocpe,u,CTBeHHO B MaTeMa:rw:.ieCKHX 

paccy.>K,lI.eHH.Hx )J.JI.SI n oJiyl.JeHH.H pe3yJihTaTOB, KOTOpbie t1enerao 6bIJIO 6b1 

nonyqMTb ,n.pyrnM cnoco6oM. 8To, 0)],HaKO, OTHIOJJ;b He 03Ha"tfa€T, '-ITO cy

n epCUMMeTpH.H D TOM s11,u,e, B KaKO.M OHa npBMeH.He'I'C.H, 11MCCT KaKoe-TO 

Henocpe,rr.cTBeHHoe OTHOUleH.He K ¢ 11311Ke» (127' c. 728). 
Bee 3TO B COBOKYTIHOCTH Il03BOJI.H€T ycoMH11TbC5l B TOM, '-ITO B JIH~e TeO

pi-111. cynep CTPyH Mbl UMeeM ,rr.eJIO c ,Ll,OCTaTOqHQ CJIO:>KJ1B11IeAc.SI <l;>B3H'-IeCKOi1 

TeOpHeif, a n e c HeKoA a6erpaKTHOtt MaTCMaTB'-IeCKOR KOHCTpyK~en, OT 

KOTOpo:H IlhITaIOTCH nepettTH K ¢H3HKe u ocpe,u,CTBOM MHO.>KecTBa rHilOTe3 

n npe,n.noJio)f(eIIHA. 

rnarnoy KaK-TO ,n.a:>Ke 3a5IBBJI: « Teop115I CTpyH CTOJih aM6111.J;H03Ha, 'l.JTO 

otta MO.>KeT 6bJTh n 116o u,eJIHKOM BCT.HIIna, JIH6o u;eJirn<OM JIO)f(Ha. E,D,HHCTsen

Ha.H npo6neMa COCTOHT B TOM, '-ITO ee MaTeMaT1-1Ka H aCTOJibKO HOBa H CJIQ)f(Ha, 
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qro HeH3BeCTHO, CKOJibKO ,neC.HTHJieTHii IlOTpe6yeTC.H Ha ee OKOINaTeJibH)'JO 

pa3pa60TKY» {51, C. 144). 
Ilo,no6Ha.H CHTyaqIDI y)Ke B03HMKaJia B TOOpeTl'rqecKOii Q:>H3HKe 60-x -

70-x rr.' Kor,n;a Q:>H3lfKH yrny6rurncb B IlOCTpoeHHe aKCHOMaTHKH KBaHTOBOtl: 

TeopHH no.JIH. Tor"a Ka3aJIOCh, ~o Bee npo6JieMh1 B KBattTosoa Teop11H 

TIOJIS'I ID.'.lelOT cyry6o .MaTeMaT.WfeCKHit xapaKTep, - CTOlfT TOJibKO KaK CJie
,n;yeT pa306paTbOI B CBOtl:CTBaX r11Jib6epTOBbIX npocTpaHCTB 11 o6o6m;eHHbJX 

Q:>yHK~:nR, TaK rJiaDI-Ihle npo6JJeMbl KBaHTOBOii TeOpH11 TIOJI.H y,n;acTCH npeo,n;o

JJeTb. ABTop 6bIJI ca11,n;eTe.rreM 3HTY3Ha3Ma H orpoMHhix na,rr.e~ ¢113HKOB

TeOpeTHKOB, pa3pa6aThIBaBillHX aKCH0MaT11Ky KBattToooa TeopHH. Tor,n;a, 

KaK H IlbIHe, ,n;eJiaJIOCb M1IO)K€CTBO 3ruJ.BJieiud %: 0 TOM, qTQ CTOHT npHJIO:>KIITb 

JIRLUh c m;e HeMHoro ycH.JIHii 11 npo6JieMbI 6y,n;yT perneHhI. B 11Tore 3Ha

qHTeJihHa5I qacTb Ta.Jia:HTJIHBbIX Q:>H3HKOB-TOOp€Tl1KOB ,n;py)KHblMlf p.H,II.aMH 

ylll.Jia H3 Q:>H3HKH B 't:ffiCTylO MaTe.MaTHKy. IlpouIJIO Bpe1vm, H Hbllle 11CTOpID1 

IIOBTOp.HeTC.H. 

9. 11MeeTC.H p.a:,n; ,n,pyrmc KpHTJ.iq€CKHX 3a.MeqaHlftl: K TIJX>rpaMMe TOOp11H 

cynepcTpytt KaK Q:>H3HqecKoro, TaK H MaTeMaTH'tfecKOI'O IIJiatta. TiplfqeM 

Olli OTHOC.HTOI KaK K pa6oTaM nepBOH «cynepcTp yHHOit peBOJIIO~», TaK 

lf BTOpoii. 9To )1(€ OTHOCHTC.H lf K pa6oTa.M: B o6JiacTlf 6paH ( cyn ep6paH, 

n-6pau HJIH D-6patt), a TaIOKe K mvI.e~aM Ha M-Teopmo, em;e MeHee 

o¢opMJI€HHyIO. 

10. IlpH paccMoTpeHIDI pa6oT ,n;attHoro HanpaBJieH:ruI 6poca10TC.a: B rJia3a 

.MnoroqlfcJieIIHbie RbICKa3hIB8.HIDI THna: O)KH,n;aeTc.H, npe,n;nonarae:rc.a:, HMe

IOTC.H H8.Ae~I J.i T. )1,. B CBSI3H c 3TlfM HeBOJibHO BCTIOMl1Haerc.H ,n;pyras1 
Kpa.iiHOCTh, rrpoaB11Billa.HcH B pa6oTax K. faycca, KOTOpbitl: ae ny61rnK0BaJI 

P.HA CBOHX Q:>yH,n;aMeHTaJibHhlX p a6oT, nocKOJJhKY OHH ne y,n;oBJieTBOp.HJn1 

KPHTep1110 HJlH ero «KpaeyroJibHoMy Ka?vuno»: «Nil actum reputans si quid 
superesset agendum». ( «IloKa He Bee c~PJiaHo, cqHTatt, 't.JTO H11qero He 

c.n,enatto» ( .ttam.).) 

7.3.3. MeTa<l>u3H~ecKBii auaJill3 nporpaMMbl cynepcTpyu 

113.Jio>KeIIHbie coo6pC1)KeHH.H o xapaKTepe n onyqeIIIIbIX ,n;ocTlflKeHHii B o6-
JJaCTlf TeopHH cynepcTpyH 3aCTaBJI.HIOT HacTO}X>)KlfTbC.H H o6paTlfTb C.H K M& 

'.ra¢H3H':l€CKOMY 8.HaJIH3Y OCHOBaHuii )l,aHHOH rrporpaMMbI. JlHil!HHii p 83 

H anoMIIID.f, 'iTO M eTaQ:>H3HKa. He npe,n;tt8.3Haqeua ,l(JIH ,IJ.OKa3a.TeJibCTD, qeM 

3aHHM8.lOTC.H MaTeMaTHKa H ¢H3HKa, - ee H8.3IIaqeHHe COCTOHT B OCMbICJI& 

H11H IIOJiy'tfeIIHbIX pe3yJibTaTOB H 13 o~eHKe HaH6oJiee rro,n.xo~m;Hx nyTett 

HCCJie,n;osaHHii. l\tl eTa,¢113lf'tfOCKlfH aHaJIH3 Il03BOJI.HeT Bbl)l,BlfttyTb TpH ,IlOBo,n;a 

npoTHB nporpaMMhI cyrrepcTpyH. 

1. IlepBbIH ,l(OBO)l, CB.H3a:E-I c TeM, 'tfTO T OOpIDI cyrrep cTpyH OTHOCHTC.H 

K TOH )Ke ,ZJ;yaJIH CTHqecKoit napa,n;.HrMe, qTo H KBaHTOBruJ. TeopH5i llOJI.H. 

PH,n; <}:>H3HKon-TeopeTHKOB cq11TaeT 3TOT Q:>aKT o,n;11HM H3 cy~ccTBeHHbIX 
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,ll,OCTOHHCTB TeOpflH cynepcTpyH, npo,n.OJI)KaIOllJ,en y)Ke CJIO:>KHBmHeCH TeO

peTIIB.0-noneHbie Tpa,.!J,11u.1111. C'IliTa.IOT, 'iTO y ,n,acTC5I npeo,n.o.11eTh TPY.ll.HOCT11, 

B03HHKlllHe Ha ee nyTH. 8To H€H3M€HHO 110,n;qepK11Ba€TC.SI ee CTOpoIIIIHI<aMH. 

TaK, B. rpHll IlHIIIeT: «KOJlb CKOpo Mbl OC03H8JIJ1, 'iTO B ceJieHHOH ynpaB

JI.SIIOT KBaHTOBOMexaHH'i€CKHe npHHIJ;HIIbI, Halllfl Teop1111 ,II.OJDKHbl .HBJUITbC.H 

KBaHTOBOMexaHu.qecKflMH c caMoro Haqa.na» (51 , c. 245]. AnanonPn10 nfl

mer r.rrarnoy: «l'v1bI, HCCJie,II.OBaTeJIH, pa60Tbl KOTOpblX He CB.Sl3aHbI C T€0-

pue:0 CTpyH, He ,n.0611JIHCh CKOJibKO-HH6y,n.b cyt~eCTB€1IHOro nporpecca 3a 

IIOCJie,n,uee ,D,ecHTHJTeTHe. Ilo3TOMY apryMeHT, qTo TeopIUI CTpyH SIBJI.aeTC.H 

e,n.HHCTl3€HHblM 11rpOKOM Ha 3TOM none, HMeeT IIO)l. co6oil oqeHb cepb e3HOe 

OCHOBaHfle. EcTb BOnpOCbl, Ha KOTOPbie B paMKax Tpa,.!1,fW,HOITHOn KBaHTOHOii 

TeOpHH IlOJISI IleJlh351 IlOJIY'-il1Tb OTBeTbl. 8To ,Ll,OJDKHO 6bITb SICHO. 0TB€Tbl 

Ha HJilX MO)K€T ,n.aTb KTO-TO ,JJJ>yroii, H e,u,HHCTB€HHbln «,n;pyron», KOTOpo1·0 

g 3Ha10 - 3TO Teopltll CTpyHS> ( ll.HT. 110 [51, c . 145)). 
Teop11SI cyrrepcTpyH, KaK fl Teopfl.a non.a, 11MeeT ,nyaJI11CTH'l.f.eCKfln xa

paKTep, TIOCKOJibKY B Heii HOBaH o6o6m.eHHa.H KaTeropH.a cynepcTpyH ATIB 
CBoero onpe,D,P,JI€Hl1SI Hy)f()I.aeTC.H B HCIIOJib30BaHHH BTopon ¢11311'i€CKon Ka

Terop1111 - TaK HJIR HHaqe 3a,n.aHHOro npocTpaHCTBeHIIO-BpeMeHHoro MHoro

o6pa31Ul. f'pHH H€0)J.IIOKpaTHO nO)J,'iepIGrnae:r, 'iTO «COBpeMeHHa.a Q:>opMyJIH

poBKa TeopH11 crpyH 3apauee npe,n,nonaraeT cymecTBOBaHHe npocTpattcTna 

n speMeH11, n KoropoM CTPYHhI (tt ,l].pyr11e o6'beKThI M-TeopHH) ,II.BIDKYTCSI 

M Blf6pJttpyIOT» (51, C. 244]. 
0TcIO,n.a cne,nyerr, "iTO BCJie)I.CTBHe CBOero ~aJIHCTUqecKOl'O xapaK

Tepa TeOplUI cynepcTpyH He MO>KeT npeTeH,ll.OBaTb Ha «TeOpHIO 

BCero» (uJiu Ha «OKOHqaTeJibHYJO TeopuIO» ). 
B arott CB513H 3aKOHHO nocTaBHTh Bonpoc: sepHOCTh npHII.SIToii (,n;yaJI11-

CTWiecKon) napa~Me SIBJIHeTCSI ,ll;OCTOflHCTBOM 11JTH He)l.OCTaTKOM TeopJttH 

cTpytt? ECJIH 3Ta Teopn.H npeTeH,nyeT Ha pecuHTeJihHoe H3MeHeH11e npe,n.cTaB

JieHMi1. 0 ¢H311qecKOM MHp03,D;aHH11, TO IIO't.JeMy 3TO H e ,.!J,OJDKHO CB513hIBaTbCSI 

c H3MeHeHHeM napa)zylrMhl? Be,n;h ,n.o cHX nop cym.ecTBeHIIbie lf3MetteH11.S1 

B c:l:>11311Ke Tana OTKpbITIUI o6~ei1 Teop1111 OTHOCHT€JlbHOCTH HJIH KBaHTOBOH 

reop11n 3HaMeHosa.nn co6on nepexo,n; K noBoi1 Mera¢11311qecKo.tt napa,n,nrMe. 

2. BTopoit ,n.oBo,n. CB.H3aH c cooTHOllleHueM ,IJyaJIHCTuqecKux Teo
peTHKo-noneBoii H reoMe'l'puqecKoit napa,u.urM. CTupoHHHK.11 Teop11H 

CTJ)YH YTBep>K,rr,aIOT, qTQ TOOplUI crpyn Il03BOJI.Sie'r pellIHTb npo6neMy COB

Me~eHH.H npHHl\HilOB K.BaHTOBOit Teop1111 fl o6m.en TeOpHH OTHOCHTeJibHOCTH 

H.111'1, HHhIMH cnoBaMH, npo6neMy KBaHTOBaHH.SI rpas11nu.HH. AaTop, KaK 

H P. IleHpoy3, pelllHTeJihHO H e cornacen c TaKoR TO"iKoR 3pe1m.a. HaM 

npe,n.cTaBJI.SieTC51, 'iTO ,n.aHHa.si 3a,rr,aqa MO>KeT 6 hITh peruetta JIHIIIb B paM

Kax MOHHCTH't.feCKOH napa)l,HrMbI, B KOTOpoii IIOBa.H o6o6m.cHHa.SI KaTeropH.SI 

6y,n.er co,n;ep:>KaTb B ce6e RCTOKH KaTeropH:il, Ila KOTOpbie OIIHpaIOTCSI KaK 

TeOpeTHKO-IlOJieBaSI' TaK H reOMeTp:WieCKa51 napa~IJ,lirMa. 
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Kp11T.HqecK11e 3aMe11.J.aH11.H OTHocnTeJibHO npereH3utt Ha o6'he,LJ,HHe1rne 

B TeopHM cynepcTpyH rpaBHTa:U.HH H KBaHTOBO:lt TeopHlll 6onee no,DJ>06Ho 

paccMOTpeHbl B rn. 11, r~e o6cy~aerCH TeopR.H cyneprpaB11TaW'f11. 

3. TpeTHit, ocHoBHoif, MeTaQ>H3HqecKHii ,n.oBo,n. npoTHB npo

rpaMMbI cynepcTpyH OCHOBaH Ha Ha.JUfqHH TpeTbero .ZJ.YaJIHCTHqe

CKOro MHpoDOHHMaHH.H - peJUU.J,HOHHOro, paccMOTpeHHoro B q eTBep

TO:lt H Il51TOM qacr.Hx aTOM KH.lil'H. KaK TaM yKa3aHo, aTa ,D,ya.TIHCT11qecKaS1 

napa.n.11rMa OKa3aJiacb H a o6o'IHHe Mar11cTpaJibHhIX nyTe:lt pa3B11THH ¢H311KH 

xx B.' O)l;liaKO OHa HMeeT H e MeHee r.ny6oK11e KOpHH, 11€)i(eJil1 TeopeT11KO

IlOJI€BaH napa,n:HrMa. Pe.mn.~11011HaJI napa)J.HrMa TecHo CB.H3atta c K0Hqcnu.11efi 

,lJ,a.TiblIO)J.ei1cTBH.H, aJibTepHaTHBHOM. KOHqenuiut 6JIH3KO,LJ,e:ltcTBlll.H, Jie)Kaw.eti 

B OCHOBe T€0peTHKO-IIOJl€BOro IlO,LJ,XO,D,a. 3a6eraH Bnepe,u,, OTMeTMM, ~o KOH

qe~HSI ,LJ,aJibHO)J.eikTB.H.H pa3BHBaJiaCb r. Jlei16H11qeM, K. raycc,oM, 9. Ma

XOM, a B XX s. A. ,LI,. <I>oKKepoM: P. <I>e:ltuMaHOM n p.H,ll.OM AJ)yr:ax Q:>11311KoB. 

B Ha116onee 1nnpoKo H3BeCTHOM BapHaHTe pe.TI.HJ..\MOHHoro ?-.rnponoHH

MaHH51, HMeHyeMOM TeOpHe:lt npSIMOro M€)i(11aCTH'fHOro B3aHMO,LJ,ei1CTBfill, 

a TaK)f(e B Teop1111, p a3BHBaeMoi1 B 5-:A qaCTH KHHrl-1, BOo6me OTCyTCTBYJOT 

rroIDI rrepeHOC'UtKOB B3aHMO,Jl.e:ltcTBH:lt. B3a11Mo,u,e:ltcTBHS1 Me)K,LJ,y qacT11uaMH 

OnHChIBaIOTC.H uenocpe,U,CTB€HHO qepe3 ID( xapaKTepHCT11KH, TOqRee, qepro 

OTHOIIIeHIUJ M€)l()Iy HHMlll. A ecJIH HMCIO'l'C51 Bap11aHTbl TeopHH, CIIOcOOHbie 

OnHCaTb B3aHMO,LJ,e:ltcTBH.H M€)K)J.y 'faCTHqaM11 6c3 npoMe>KyTOqHblX 0030H

HblX IlOJICH, TO crrpalll11BaeTC5I: 3aqeM B OCHOBY TeOpH.11 KJiacTb Tpe6oBaHMe 

CMMMeTpHH ( cynepcHMMeTp11111) Me)K)J.y cpepMHOHHbIMH ( IlOJIHMH T.IaCT111l) 

H 0030HHbIMl1 IlOJI.HM11? c 003H.QHH peJt.HIJ.HOHHOro no,n.xo,n.a OCHOBaIUUI 

nporpaMMbl cynepCHMMeTpHqffblX TeopHii Boo6w;e " TeOpHH cy

nepcTpyH, B qacTHOCTH, noBHCaeT B eo3,eyxe. B peJI.HWfOHIIoii Teopim 

11M€IOTC5J l1Hble KaHa.Tihl CB.H3H cnmIOpHbIX H 6030HHbIX BeJIH'IllH, HliKaK He 

CB.H3anuwe c ycnoBneM cynepCHMMeTp11111. 

KaK ttaM npe,n.cTaBJI51€TCH, sae,n.eH111 e CTPYH 6bIJIO o6ycnosJ1etto ,LJ,BYMH 

rJJaBHblMH o6CTO.HTeJibCTBa?-.fH: BO-nepBbIX, )KCJiaHH€M 1136aBHTbC51 OT pacxo

,LJ,HMOCTeH B TeOpHH H, BO-BTOpbIX, Heo6xo,n.HMOCTblO BB€CTH IIOBble CTeneHM 

CBoOO)I.bI ,ll.Jl.H onncaHHH pa3Jilllll.J.IlbIX BH)l.OB ¢11311qecK11X B3aJ1MO,LJ,e:ltcrBHM, 

qTQ ,ll,HKTyeT cnoco6bl BB€)l.€HH51 :r...rno>KeCTBa 3ap.HJlOB H .n.PYI'HX xapaKTe

pHCTHK 3JieMeIITapHwx qacTHU.. B Teop111H cTpyH ::.To ,n;eJJaeTc£ c noMOIQhIO 

KOJie6aT€JlbHhlX MO)J. cynepCTPYHbl. 0,TVfaKO 3THX a;eJie:lt MO:>KIIO ,[J,OCTWib 

w B paMKax ,LJ,pyr11x napa,LJ,11rM. B reoMeTp11qecKo:A napa;1.1irMe aro )l.eJiaeTOI 

'llepe3 ,nonoJIHHTeJibHhle KOMilOIICHTbI HMIJYJlbCOB qacTHJ_\ B MHOrOMepuoM 

npOCTpaHCTBe 11 pa33I11'llltll pOJICH OT,LJ,e.TibHblX pa3MepHOCTei1. 3Ha~IBTe.TlbHhie 
HOBble B03MO:>KHOCTH OTKphIBaIOTCH B paMKax pelliIWfOHHOro no.n;xo.n.a, TO'::l

ttee, - B Teop1111 6HHapHbIX CHCTeM KOMITJieKCIIbTX OTIIOIIIeHHii paHra {6,6), 
paccMoTpeHHoi1 B n.HTO:lt qacT11 KH11r11. TaM noKa3atto, '-ITO 6e3 npe,LJ,nOJIO)Ke

H1151 0 11a.rr11q11H roTOBOro npOCTpaHCTBa-apeMeHH BBO)J.HTC51 3 x 3-MaTp11u.a 
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KOMllJieKCHblX '\UfCeJI, l13 KOTOpOH rrpe,D.JiaraeTC51 TIOJJy"'IaTb H3BecTHble 3a

P51,Ll,hI 3JreMe1rrap11bix qacr11u;. 

]} CBSI3H c lla3BaHHbIM TpeTbHM ,D;OBO~OM CJie,Djle'I" yHOMSIHYTh OTHOIIIeHHe 

P. <l>e.HttMaHa K Teop1111 crpyH. K aK 113BecTHO, <l>eli11Ma11 6bIJI cropoHHH

KOM peJUil..l,110HUOH rrapa,LI,HrMbI. KaK IlHIIIeT B. rp11H, «P111Ia p ,n; <I>eiiHMaH 

He3~0JH'O /l,O CBOeii CMepTH ,[1,a.Jl SICHO IlOIUITb, 'ITO OH He BepHT B TO, 'ITO 

reopIDI CTPYH .stBJI.ste'l'ca e,L1,11HCTBeHHblM cpe,n;cTBOM )].JUI p eIIIeHH.st rrpo6neM, 

B 'iaCTHOCT.11, KaTaC'rpo<P111IecKHX 6ecKOHeTJHOCTe:f.i, nperr.HTCTByIOII1,11X rap

MOH11'-JIJOMy o6'he~HeHHIO rpaBH'ffilV1H H KBairrOBOH MexaHHKH: ,,no MOHM 

0.lll.YU~eHlUIM - XOTSI .SI Mory OIIIH6aThC51 - cy~eC'l'B.YeT u e O)J,HH crroco6 pe
llleHlUI 3TOH 3a)l.a'IH . .5l He ,Dj!MaIO, "ITO eCTb TOJlbKO O)l.HII crroco6, KOTOpbIM 

MbI MO)l(eM 1136as11ThC5I OT 6ecKoHeqHocTe.H. ToT ¢aKT, qTo ·reop11.SI rr03 BO

JI.HeT H36aBHTbC5I OT 6ecKOHeT.JHOCTeti' He SIRJI51eTC5J )l.Jl51 MeH.H ,D;OC'l'aTOqHblM 

OCilOBaHHeM, "'ITOObl IlOBepHTb B ee yHHKaTlbHOCTb"» (51, c. 144]. 
c TI03H~MH peJI.SIIJ;HOHHoro MHpOrrOHHMaHH51 c-raHOBSITC.51 TIOH.SITHbIMH 

11 BllOJJHe o6ocn oBaHHbIM H KpHTHT{ecKHe BbICKa3bIB8JUISI p.sl)l.a aBTOpOB, 

B qacTHOCTH y)Ke 1.1;11T11poBaBUJeroc51 P. 11eHpoy3a, C'\fHTaIO~ero, -cr:ro Teop11.si 

CTpyH «ll.0 CHX rrop He ,[1,0CTH rJJa, B ¢H3 H"'IOCKOM OTHOIIIeIIHH, a6COJ1IOTHO 

HHqero, H OH a HMee'I' MaJIO rnaHCOB Chi rpaTb CKOJJLKO-HM6y,D;b cy~ecrBeHHyIO 

p0Jlb B cPH3HKe 6y,Dj!u.r.ero». 

CoMHeHH.SI B rrp11MeHHMOCT11 TOOpl1H cyn epcTpyn s ¢11311Ke BbICKa3hI

BaJIH ,n;a)Ke 11e rrocpe,n;crBeHHb1e ee 11ccne,LI,OBaTeJJH . TaK TI. Y3cT n11IIIer: «,ll;o 

HaCTO.SII.IJ.ero BpeMeHH HeT Ha)J,e)l(HbIX ,Ll,OKaJaTeJibCTB Toro, qTo cyrrepcHM

Me'rpH.SI pea.JI1myercsi B rrp11po,n;e. H eT TaK)Ke np11q11H, .BhIHY.>K/J..a10I.IJ.HX Hae 

BepHTb, qrro cyrrepCHMMeTp11.SI He06X0,[1,HMa )l.JI.Sl peUieHIUI KaKoro- JIH6o H3 

napa)l.OKCOB COBpeMeHHblX ¢11311qecKHX TeOpHii.» (167, c. 13). 
11MeIOTC5I H 6onee pe3KHe BhICKa3blBH.HHSI 110 TCOpH.11 cyrrepcTpyH. 

B. rp11H yrrOMHHaeT 0 TOM, T{TO rn3moy «)l.a)f(e 3a,LJ.aBaJIC.H BOilpOCOM, 

,llOJDKHbl JIH cneu;HaJIHC'rhl no ·reop1111 CTpy11 TIOJJy'iaTh 3apn JJaTy OT ¢H3M

qccKHX ¢aKyJih're'roB, H TI03BOJJHT€JlbHO JUI HM COBpam:a:rh YMbI BneT.JaTJJH

TeJibHblX cry,n;eHTOB, rrpe,nyrrpe~a51, qTo TeopH.SI crpyH IlO,Lij)bIBae'I' OCHOB.bl 

u ayKH, BO MHOrOM TaK, KaK 3TO ,rreJiaJia ·reoJionrn B cpe)J.HHe BeKa» 151, 
c. 114]. 

7.3.4. KaTeropWI npocTpa.HCTBa-BpeMeIDI B Teop1111 cTpyu 

Cne,Djler oco6o oc·raHOBHThC.SI Ha Borrpoce o K a:rerop1111 rrpoC'rpaHC'rBa

BpeMeH11 B ·rcopHH c rpyH. 9TOMY Borrpocy B KIIHl'e fpHHa «9JieraHTHa.H 

B ceJieHHa.H» rrocssi~eH crreIJ;HaJibHhIR p a3)l.eJJ c xapaK'repHhIM Ha3BaH11eM 

«"CfTO €CTb npoC'rpaHCTBO H BpeMSl Ha caMOM ,n;ene, 11 M0)K€M JJH Mbl 6e3 

HHX o6oi1THCb?». Bh1,n;en11M ttecKOJibKO rrpHHJJ;HITHaJibHO B~Hhix acneKTOB, 

3a'TpOHyTLI X aBTOpOM. 
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1. Ilpe>K,LJ.e Bcero, CJie,n.yeT o6paTHTb BHHMaHMe Ha TO, ~no CTOpOHHMKH 

cyrrepcrpyHHOH rrporpaMMbl OT,n;aroT ce6e OTqeir B TOM, qTO HCilOJib3ye1'.1biti 

B Teop1111 rrona 11 cTpyH cy6C'ratt1.i;i-m.JihHhI1i uo,rr.xo,LI, K rrp11po,a;e npocrpaHCTBa

BpeMeHM co,n;ep:>KHT B ce6e cylll,OCTBeHHYIO rrpo6JieMy AITH cPM3JifKH. rpMH 

IlHUie'r: «0,n;HaKO MO.>KHO crrpOCHTb, .HBJUH::ITCH JIM reoMerp11qecKa.H MO,ll;e.Jlh 

npoC'rpaHCTBa-apeMeHH, 11rpa10lll,a5l neIITpallhttyro poJib a o6ll(e1i TeopMH· 

CYI'HOCH're.JlbHOCTM H TeopHM CTpyH, BCero JIHIIIb y,rr.o6Hott ¢opMy.1llipOBKOH 

,l.J,lliI OilHCaHH.H npoC'rpattCTBeHHhlX M BpeMCHHblX OTHOllleHHH Me>K,n;y pa3-

JlHqabIMH co6hITHHMH, 11.JIH tteo6xo,n;11Mo c~rn·raTb, qTo MbI Ha caMoM ;~eJie 

rrorpy.>KeHbl BO '"1mo-mo, KOr,n;a rOBOpHM 0 HameM HaxO)i(JJ,eHHH BHY'rpH TKalrn 

npOCTpaHCTBa-BpeMe1111'?» [51, c. 243]. ~arree OH paccy>K,LJ.aeT 0 TOM, '1'ro 

co6oti rrpe,n;CTaBJ151e'T 3Ta TKaHb, 11 Moryr JTH CTpyHhl HrpaTb pOJib HHreH, 

o6pa3y101~mc npoerpattc.,'TBO-BpeMH, aHa.Jior11qHo ToMy, KaK H3 OObiqHhIX 

HH'reH TK€'TC.H IlOJIOTHO TKaHH. 

2. rpHH 11 p~ ,upyrHX aBTOpOB IIpH3HaJO'r He06XO,lI,HMOCTh H Ba>KHOC'Th 

O'rKa3a OT arrpHOpHoro 3a,n;aH11.H IlpOC'rpaHCTBCHHO-apeMeHnoro cPC>Ha H Bbl

BO,n;a ero 113 KaKHX-TO cPl13HqecKHX coo6pa>KeHHfi. fpHH IlHllleT: «Mbl He 

/T.OJI)l(Hbl orpaH11qHBaTb TOOpHIO, 3acTaBJI5151 ee ,n;etiCTBOBa'J'b B y.>Ke cyw;e-

CTBylO~ paMKax npoc'rpaHCTBa.:.apeMeHH. BMecTo 3roro, TaK >Ke, KaK 

Mbl )J;OJI)l(Hhl Il03BOJIHTh HallleH xy,a;o>KHHUe pa6CYI'aTb c q11cToro JJHC'ra, 

Mbl ,n;OJDKHbI Il03BOJTHTb TeopHH CTpj'H C030a6am'b ee C06C'rBeuHyIO IIpo

CTpaHC'TB€HHO-BpeMeHHyIO apeHy, 11aq11Ha5I c KOHtj)HrypaJJ;HH, B KOTOpoti 

npocTpaHCTBO 11 Bpel\rn O'I'CY'TCTBye'r» [51 , c . 244]. 
3. IlpH3HaeTc.H, qTo pemeHHe 9Toro Bonpoca npe,n;crraaJI.Her co6ofl qpe3-

Bb1qa1itto Tpy,u,uyro 3a,n;aqy, ~etiCTBHT€JlbHO, roBOp51 0 TOM, qTO TeopH.51 CTpyH 

,ZJ;OJI>KHa «CO~aBaTh co6crae1myro npOC'rpattCTBeHHO-BpeMeHHyIO apetty», 

·rpy,LJ,HO IlOH5:1Tb, KaK KaTerop1151 c·rpyHbl, 6ecCMbICJieHHa5l 6e3 rO'rOBOro rrpo
CTpaHC'TBa-BpeMeH11, MO)f(e'T ero C03,a;aTb? flo 9'TOMy IlOBOAY rpHH IlMlli€T: 

«Ilpe,rr.C'raBJI€HMe TaKoro 6eccTpyKTypttoro HCXO)J,HOro COCT051HH5l, B KOTO

poM Heir IIOHHT11.H rrpocTpattcraa H apeMeHH B o6h1qHOM CMhICJie, Tpe6yeT 

npe)l.eJibHOrO HaIIp.H)f(eHH.H yMa y 60JlhlliHHCTBa JIIO,a;ett (BO BC51KOM CJiyqae 

y Meira)» [51, c. 243]. BH,D.HMO, rpHHy, l'OBOp.H 0 ,LI,aHHOH 38.,n;aqe, He Hy)KliO 

6bIJIO yrrOMHHa'Tb IIOH5ITHe C'rpyHbI, a MM€Th B BHAY RCilOJib30BaHUH KaKHX

TO HHhIX HCXO,ll.HbIX cPH3HqecKHX ¢aKTOpOB. 

4. 06paTHM BllHMaHHe Ha TOT BeCLMa rrp11Meqa'.I'€JlbHhlH cPaKT, 'tIT'() 

B 3TOM pa3,n,eJie rp11H ¢aKTl1qOCKH yrrOMHHaeT HaJIWil1e pe.1I.HUl10HHOI'O 

no,n.xo,n;a, pa3BHBaBIUCl'OC.SI r. Jle.H6mu.t.eM H 9. MaxoM, 11 ,rr.a)f(e cornarua

e'rC.H c TeM, "t!TO «KOH~e~M.H Jle:tt6H11~a, pa3BHTa.SI aBC'TpHRCKHM cPH3HKOM 

9pHCTOM MaxoM, rop83,lJ.O 6n11>Ke K coapeMeHHOt:t KapTHHe» [51, c. 243]. 
Ilo3BOJTHM ce6e }'TOqHHTb, qTo peJI.H~HoHna.a Kottu;enn11.H JleR6mui.a 11 Maxa 

,n;e1iCTBl1TeJibHO 6JIH.>Ke peaJIHC'r:w<1ecK01i KapTHHe MHpa, 0/J,IIaKo HH.KaK He 

)J.OMHHHpy10w;eR B COBpeMeHHO:R cPH311K€ napa,a;1-irMe, Ha KOTOpyro orr11paerc.s 

·reop11.H nOJTH H, B qacTHOC'rH, ·reopuH crpyH. 
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Oco6eHHO npHMeqa:reJTuHO:ti .HBJUierc51 ¢p83a: «Ka.K B wy·rae C·nrnena 

PaR·.ra o cl>oTorpacl>e, o,nep)K11MOM ~eefi nony'lllTh CHHMOK ropH30HTa 

c 6JIH3KOro p acCTO.HHH.H, Mhl BhIUy)K,II.eHhI 6opOTbC51 co C'I'OJlKHOBeHHeM na

PMMI'M, KOI',II.a nbITaeMC51 npe.n.C'raBHTh ce6e BceneIIBy10, KO'ropa.H ecm'b, HO 

B KaropoR KaKHM-TO o6p830M ue HCilOJib3YIOTC.H IlOH.HTl1SI npoC'rpaHC'rBa 

11 BpeMeH11. TeM He MeHee, Bepo.HTHO, "iTO HaM npH,LJ;eTC.51 npHBhIKHYTh 

K 'ffiK11M CTOfffiTl151M 11 OC03Ha'I'b 11X CMbIC.IT e~e /1,0 Toro, KaK MLI CMO)K€M 

noJIHOC,'TLIO ou;eHWrh Teop1110 c·rpytt» [51, c. 244]. IlocJie Ta.KID<: 38.MeqaHH.H 

Jior11'tffio 6bmo 6h1 paccMoTperb peJrnu110HHhifi no,n;xo,n; Jle:ti6tt11u,a, Maxa 

H .DJ)yr11x aBTopoB, o,n;HaKo '3Toro fp11H He ,n;enaer, a n po,n;oJDKaer BeCTH p83-

roBop J111illb BOKpyr Teop11H c·rpyH. 8TOT npo6en cPaKTH"ieCKH BOCilOJIH51eTC.H 

B qer.sevroR 11 fi.s:ITO:ti lfacT.HX MHHOH KHl1rn. 

5. rp11II ynOMHHaer 06 O,II.HO:ti 113 nporpaMM, Ha~eJI€HHblX Ha p eme

Hl1e 3a,na'lffi. BblBO)J..a npoC'rpaHCTBa-BpeMeH11: «HeKoTopoe npe,LJ.C'raBne1111e 

o MHpe 6e3 npocrrpaHCTBa H BpeMeHH MO)KeT ,LI.a:rL He'i:'ro, 113Bec•rttoe no,n; 

II83BaH11eM ?-ty.n,'b-6pa?-t. ( ... ) l1cCJie,LI.0BaH115I c 3THM11 HYJib-6paHaM11 rroKa3bI

naroT, lfTO o6bl'1.II8.5I reoMerpH.H 38MeH5le'£C51 HOBbIM annapaTOM, 113BeCTHbIM 

no~ H 83BaHHeM ?-teKo.MMymamue?WJi re0Merp11.SI - OOJlOC'ThlO MaTeMaTHKH, 

ocHoBhI KOTopo:tt 6bm11 p83pa6oTaHhl ¢paiuzy3CKHM MaTeMa:rHI<OM AnanoM 

KoHHOM» [51, c. 244). 0,7J..HaKo, BH,U.HMO, 11 3TO HanpaBJie1rne u ccne,u.oBaIIH:ti 

HaXO,[(HTC.H B rrpe,n;BapH'reJlhHOit cP83e. 

6. Ew.e 06 O/T.HOii H,n,ee H36aBl1TbC51 B Teop1111 c·rpyu OT KJiacCHlfeCKoro 

npoC'rpaHCTBa-BpeMeH11 nHIIIer P. IleHpoy3: «0,n;Ha 113 sepclifi «CTpyuuoR 

cPHJIOCocPHH», 0 KOTOpo:ti MHe ,n;OBe.ITOCb CJihIWa'Tb, COCTOl1T B TOM, qTo Mhl 

~OJl)KHhl paCCMaTpHBa'Th cPH3HKY KaK «Pea.JibHYIO» Oey.Mep'l-ty?O KBaHTOByIO 

TeOpHIO fJOJlH, npH 3TOM reoMCTpHqecKoe lIOH.HTHe 10-MepHOl'O npocrrpaH

crna-BpeMeHH 0Ka3hIBaeTC5l BTOpH"iHblM no OTHOmeHHIO K 6onee npHMHTl1B

HOH «peaJihHOCTH» caMoro MyMepHoro cTpyHHoro MHpoBoro JIHCTa. Bee 

c.rre,nyer OTIHCbIBa'Tb B Tep~nmax «B036y)K,Ll.eHHii c·rpyH», KOTOpbie ua,LJ.JI€)KHT 

pacc~rn:rpHBa:rb rrpocTO KaK ¢yHK~l111 O'r ,n;Byx KOOp,ll,HIIa:r, onpe.n,eJieHHble Ha 

MHp0BOM JI11CTe. 8'r11 B036y)K,Il.eHll.H «Olll.Y~alOT» ,n;eC51Tb npoC'rpaHCTBeHIIO

DpeMeHHblX l13Mepellllii, O)J..HaKO BCe Bhll'JIH,n;HT KaK HeKOTOpoe ,,IIOJle Ha 

2-MepHOM JIHC're"» [127, c. 7441. 
0,n;HaKo ,II.aHH8.5I nporpaMMa 11Meer p.H,n; )J..ecPeKTOB. Bo-nepBh1x, no,u.o6Ha.H 

TeOpIDI no-npe)KHeMy 51BJ1.HeTC51 ,II.yaJIHC'rHqecKOH, flOCKOJibKY B Heil <l:>aKTl1-

qecKH coxpaH..Herc51 Ka:reropHH npocTpaiiCTBa-BpeMeHH, JiliUIJb c HOCKOJlhKO 

HHhIM11 cBo:HcTBaM11. Bo-BTOph1x, B 3TOR nporpaMMe B03HHKaer p.51,n; npo-

6J1eM, B "IaCTHOCTH, o6ocHOBaHl1H Bh~eJieHHOCTH HMeHHO qerbipeX KJiaC

CHqecKHX npocTpancTBeHHO-BpeMeHHhIX H3MepeuH:ti. Mo)Kffo yTBep)K)I,aTh, 

~ITO B 3TOil nporpaMMe <PaKT11qecK11 )J..e.rraercH fiOilbITKa 3aMel ll1Tb O,IJ;HH 

npo6JieMbI Ha 111Ib1e, He 6oJiee. 



"laCTb Ill 

reoMeTpH~eCKOe MHponOHHM8HHe 

11)J.eOJIOI'lPl€C.Kl1e npe)J.IIOCblJlKB reoMe'rp11qecKoro MHp0f10HlfMaHl151 6blJJH 

3a.no)KeHb1 B Tpy,lI,ax P. ,11,eKapTa 11 11. KaaTa, a ¢11311qecK11e (3Kcrrep11MeH

TaJihHhie) - - CJI0.>KliJl11Ch IlOCJle OilhfTOB r_ ran11Jie5J no rra)J,eHIHO TCJI C fl113aH

CKO:ti 6all1Hlf. 0,n;HaKO p83pa60TKe co,u.ep:>KaTeJibHOti Teop1111:, COOTBe'l'CTB}'lO

u~eti 3TOMY M11ponoH11MaH1110, rrperr.HTCTBOBa.1111 yKopeHHBlIIl1eoi npeACTaB

Jiem-rn. 0 CBOMC'TBax npocrpaHCTBa 11 BpeMeHH, corJiacHO KOTOpbIM npocTpaH

CTBO CTUITaJIOCh O,JJ.HOp0,1l.HblM ( O)J.11118.KOBbIM BO ncex TO't.JKax) 11 H30TpOTI.HbIM 

( O)J,11HaKOBbIM no BCeM HanpaBJieHH51M); BpeM.Si TaK>Ke fIOJiaraJJOCb O,n;HOp0).1,

llhIM. 9To npe)J.CTaBJI.HJIOCb HaCTOJlbKO O'ieBH)l.HbIM, qTO He BH,U.eJJOCb )l.a)l(e 

rrpe,1l.MeTa o6cy~ettHti. A KaK *e MOI'JIO 6hITb m1aqe?! OcTaBaJIOCh 'l 'OJibKO 

rrpHHJiMaTb npocTpaiiCTBO 11 BpeM.Si arrp11opHO 3a)l,aHHbIMH HMeHHO c TaKMMli 

CBO:ttCTBaM11, q·ro 11 npo.stBMJIOCh B <f>11Jioco¢1111 KaHTa. Ilotta,1l.o611.JI11cb BeKa 

( eCJI11 He TbIC.SiTleJie'TH.Si)' qTOObI OC03HaTh B03MO>KHOCTh cyIU,eCTBOBalUtlI 

6oJiee o6UJ,11x rrpocTpaHCTBeHHO-BpeMeHHhIX MHoroo6pa311ti, nooBoJUDO~ 

BKJIIO't.Jl1Th B ce651 Ka·rerop1110 IlOJieii rrepeHOC'UfKOB B3aHMO,UeHCTBl1M. 

reoMeTp11qecKoe MHPOITOHl1Mfilll1€ OfIHpae'I'C51 Ila liIHYIO rrapy Ka:reropffii, 

no cpaBHeHHIO c TeopeT11KO-IIOJieBbIM M11poIIOHHMaHHeM: Ha o6o6UJ,eHHyJO 

KaTeropHIO 11CKpHBJieHHOro rrpocTpaHCTBa-npeMeHH, BKJIIOTia!OllJYIO B ce6.H 

rrpe)KHHe KaTeropHH npOCTpaHCTBa-BpeMeHl1 (Il-B) M fIOJie.M rrepeuOClJM

KOB B3aHM0,1l.€MCTBH:ti (Il)' II ua OT,Jl.eJibllYIO KaTerop1110 qaCTHJ~ (q)' KOTO

pa51 BKJia,1l.bIBae'l'C51 B HCKpl1BJTeHHOe npOCTpaIICTBO-BpeM51. reoMe'rp11qecKoe 

M11ponoH11Matt11e COOTBeTCTBYCT B3I'JI.H,II,y Ha Ky6 qm311qecKOii peaJJbHOCTH 

« C3a,LUI» qepe3 rpattb, o6p830BaHHylo OCRM11 Ka'reropH:ti IIpOC'rpaHCTBa -Bpe

MCHM (Il-B) 11 TIOJIC:ii (TI) (cM. p11:c. 111.1). 
reoMCTp11qecKH.M B3f'JIR)J, Ha MHP cyUJ,eCTBeHHO MeH.ste'r xapaKTep TeOpMM, 

TaK KaK, BO-nepBbIX, 11p11 TaKOM IlO,D,XO)J,e pacUJ,eTIJIReTC51 o6ma51 (n paMKax 

TeOpe'rHKO-IlOJieBOI'O MHporroH11MaH11R) KareropH.H fIOJI51 aMITJUITY,D,bl neposrr

ll0CTl1 Ha reoMeTp113yeMbie 6o30HHbie TIOJIH ( rrepeHOC'lfHKH B3aHM0,1l.CMCTBllI) 

H Ha cPePMl10HHhlC IIOJIH ( qacTHlU>I)' KOTOpbie BKJTa,1l.hIB8JOTCH B I 'eOMer

PHIO H3BHe. Bo-BTophrx, pa,IJ,11Karrhuo MeH.suoTC.H rrp11op.HTerh1 11 BOCL Kpyr 

paCCMaTpHBaeMhIX rrpo6JieM. rJiaBHbIMl1 CTaHOB51TCH 3a)l.aY.H BbI,LJ.eJTeHH.H J13 

reoMerp11qecKHX nOIDITHM (M3 MeTpHK11, CB~3HOCTeti, KPHBl13Hbl 11 T. ,rd 

1 
l 
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Puc. III. I . reOM€TJmqecKoe MHpOIIOHHMaHHe qm3 H"l:.{€CKOH peaJibHOCTH 

Bbq:>roKe1udi, COOTBe'TCTByIOIJJ;liX xapaKTepHCTHKaM <PH311't{€CKIDC ( 6o30HHhlX) 

rrone:H. B-TpeThHX, MHor11e ,r:r,ocT11)KeHH5J KBaHTOBo:H Teop1111 (B TeopeTMKO-no

JieBOM 1'vrnponott11MaH1111) 0Ka3arr11ch Tpy,r:r,Ho cornacyeMh1M11 c re0Merp11eii, -

B reqett11e XX B . ·raK 11 tte HalIJJia CBoero pemett115I npo6JieMa COBMem,ett115I 

np.m1u.11rron o6rn;e:H TCOp1111 OTHOC.11'reJihHOCTl1 11 KBaHTOBOfi Teop1111. 
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OT EaKnMAa AO 3MHWTeMHa .... 

11cTOKl1 M,D;€H o6 HCKpHBJieHHOC'fH rrpocTpaHCTBa ( TQqHee, rrpocTpatt

CrBa-BpeMeHH) TaJOKe 6bIJIH 3aJIO.>Keu b1 elll,e B aHTHqHOCTH. Bee Haqa.rrocb 

c H3BecTHOii HCTOpHH c IIHTbIM IlOCTyJiaTOM EBKJIH.,IJ.a, Ha rrepBbIH B3rJIH,LI,, 

He HMeIOlll,eii HHKaKOI'O OTHOllleHIUI I( cPH3HKe H TeM 6onee K OITHcaHHIO 

IlOJTeii rrepeHOC"-IHKOB ¢11311qecKHX B3aH:MOTJ;€HCTBHi:t. llcXO)J.HhIM MOMeHTOM 

C'raJI 8H8.JIH3 JIOr11qecKHx OCHOB eBKJIU)J,OBOii reoMeTpHH, npeTJ;CTaBJISrnIIIeiic5f 

e)J;'HHCTBeHHO B03MO>KHOii, anpHOpHO 3a,Il.aIIHOU, HO B l'.ITOre B03H.l'.IKJili ee 

a.JlhTepHaTHBHbie BapHaHThl. 

B npou;ecce ¢opMHpOBaHHH npe,u,nochIJIOK o6lll,eR reop1111 OTHOCHTeJib

HOCTH HpKO npOHBHJTaCh B3aH:MHa51 o6ycJTOBJieHHOCTb BCex Tpex KJIIOqe

BbIX ¢aKTOpOB TeOPHH: MaTeMaTH'leCKOro a nnapaTa (JIOl'HqecKOM CTOpOHbI) , 

¢H3H"t.£eCKOI'O (ToqHee, <l>HJIOCOQ:>CKOl'O) OCMbICJie:n1u1 l1 9KCrrepHM€HTa ( 3a

npoCOB npaKTHKH H OIIhITttOro no,r~TBep>K)I.eHHH). B ,rr,aHHOM CJiyqae Be,ny

lll,HM OKa3aJICH JIOrHqecKHii (pau;HOHaJlbllbill) Q:>aKTOp, 3aTeM IlOCJlC)l.OBano 

¢HJTOco¢cKoe OCMhI CJieHHe H TOJihKO IlO'fOM .BCTYITHJI B CHJTY 3KcnepHMeH

'.raJibHbIH ¢aKTOp. B TIU<OM rropH,n;Ke H H3JIO:>KeH MaTepua.rr ,11aHHoi1 rnaBhL 

IlOCJlC aHa.T.IH3a HCTOPHH O'rKpbITHH ueeBKJII1,LI,0BblX re01v1eTpHii pacCMOTpeHbl 

n epBble 11,lJ.eH o6 HX B03MO:>KHOM ¢H3H'[IeCKOM CMbICJie. 3,n.ech KJIIO'-IeBylO 

pOJih chrrpa.TIH pa6oThI B. Kn11¢¢op,u.a, 9. J\.1axa H A. IlyattKape. HaKOHeu;, 

B 38.J.<JTIOqHTeJibHOM naparpa¢e 3TOM rJiaBbl ,U,OCTH>KeHH51 Ma'reMaTHKH (reo
MCTpHH) H ee OCMbICJieime CBH3bIBaIOTCH c n ocJie,lI.HH M ¢aKTOpoM - UllbITOM) 

rro3BOJIHB11IHM npeBpaT11Tb reoMeTpHro, KaK .. 1acTh MaTeMaTHKH, B pa3)J.€JI 

·reoperH'i€CKOH Q:>H3HKH. 

J11060rrhITHO TaK:>Ke OTMeTHTh, "CJTO C03!J;aHH10 3HHWTeMHOBCKOH o6mctt 

TeopHH OTHOCHT€JibHOCTH 11pe,.u,mecTBOBa.T.Ia liCTOpH51, p83BepuyBIIIa.51CH BO

Kpyr mpex eapum-tmoe ?C.11,acc'U'~ec?CU.'I 2eo.Mempv.u ( c CHMMeTpH51MH). Bno

CJ1e;~cTBHH 3TH BapHaHTLI OK83aJIHCb B OCHOBe ·rpex OAHOpO,lI,HbIX H .H30Tpon

HbIX KOCMOJIOr11qeCI<HX MO,U,eJTe:tt <l>pH,lI.MaH.a, CJleJJYIOll{HX H3 o6meii ·reopHH 

OTHOCH'reJibHOCTH. 
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8 .1. Ilwn.Iit nocTyJiaT EBKJIH,l1;a 

B naqSJie III B. /J.O H. 3. EBKJIH)J.OM (OK. 356 r. - OK. 300 r. µ,o H. 3.) 6bu10 

COCTaBJleHO o6untpHoe CO"lJHHeHHC B 13 TOMax, IA3BeCTHOe no.a; Ha3BaHHeM 

«Haqa.JI», KOTopoe no rny611He H IIIHpO're OXBaTa, no JTOf'lf'-:leCKOR C'rpORHOCTH 

He HMeJio ce6e paBHhIX B 11cTop1111 MaTeMaTHKH. YTBep>K.na10T, "ITO «HaqaJia» 

6hl.JI.l1 HeKor.a;a caMotl' pacnpocrpaneHHoli Kinu·oR nOCJie BH6JIHH. B 3TOM 

Tpy,u,e B COOTBeTCTBHH c norw·tecKo:ti cxeMoJ1 paccy:>K,IJ,e1n1R ApHcrOTeJI~ 

6bIJI H3JIO>KeH OCHOBIIOtl' MaTepmw1 aHTH'-:IHO:ti reoMeTpHH. COC'.raBJLHBIIIHR 

rrpa1<T11qecK11 /J.O XIX B. octtoBy reoMeTpHqecKHX 3HaHHif. Bee co,a;ep.>KaH.11e 

reoMeTpHH EBKJJM,n. H::3JIO)l(HJI aKCHOMaTHqeCK11 KaK u;enh TeopeM, BhIBO.a;H

MhIX 113 ue60JiblliOrO 'l{HCJTa OCHOBHbIX (npHHHMaeMblX 6e3 ,D;OKa3aTeJibCTB) 

nono>Kett11.ii. KaK y)Ke OTMeqaJJ.OCb, B coBpeMeHHbIX aKc110Ma:r111<ax reoMeT

pHR, KaK npa.BHJIO, co.a;ep.>K.l1TCH 6onee .a;syx ,rr,ec.HTKOB aKCHOM. IlpHMepHO 

'IBKoe .>Ke 'l{HCJIO OCHOBHblX rrOJIO>KeHH:ti (rwIIOTe3, KaK HX Ha3blBaJI Ilna:ron) 

co,u,ep>KHTC.H 11 B a1<c110MaTHKe EBKJIH,n;a, pa'3JJH'-:laBmero aKCHOMhI, onpe,n;enc

HH» H noC'ry.rra:rhI. K aKCHOMaM EBKJTH)I. OTHec 11cxo,rr,ttb1e no.rro>Kemrn, o6mHe 

KaK ,LI.JJH reoMeTpHH, TaK 11 ,ll,JUI ap11cpMeTHKH 1) : 

1. PasHbie o.n.ttoMy 11 TOMy >Ke paaHhI Me)l(,Lzy co6oif. 

2. 11 eCJIH K paBHblM npH6aBJJ~IOT paBHbie, TO 11 u;eJlbie 6y,rryT paBHbl. 

3. M ecJIH O'r paDBbIX OTHHMaIOTCSI paBHbie, TO ocTaTK.11 6y,nY'r paBHhI. 

4. M ecnH K HepaB1IhIM np.116aBJIHIOTc.s1 paBHbie, TO 1~eJ1h1e 6y,rryT He 

p8.BHbl. 

5. M y,IJ,BoeHHhie o,D,Horo .11 Toro ')Ke paBHhI Me:>K,Lzy co6on. 

6. 11 nOJTOBHHbl 0,D;HOro H TOI'O .>Ke paBHbl Me)l(.uy co6oiL 

7. 11 coBMel.II,aIOl.II,Hec.H .npyr c ,n,pyroM paBBhJ Me:>K,Lzy co6oii.. 

8. 11 u,e.rroe 6onbme 'IacT11. 

9. M ,n;Be npHMh1e He co,rr,ep.>KaT npoC'rpattcrBa. 

Onpe/J,eJieH1U:IMH Ba3BaHbI reoMeTp.11qec1<11e nono>KeHH.H, xapaKTep.113y10-

IWIC HCXO,n;Hble nOH.HTH.H. B Kaqecrae npHMepa np11Beµ,eM ttec1<0.11hKO 113 HHx: 

1) ToqKa ecTb TO, '-ITO He HMeeT qac'I'e:ti. 

2) JI1n11u:r >Ke ,ll,JIHHa 6e3 m11p11Hb1. 

3) K OHIJ;bI >Ke JlHHHH -TO'llKH. 

4) flps.IMa.H JIMHHH eCTh Ta, KOTOPMI paBHO pacuoJIO)KeIIa OTHOCHTeJibllO 

TO'l{KH Ha Heli. 

5) IloBepXHOCTb eCTb TO, 'l{TO HMeeT TOJibKO ,D;JIMHy li lli.11p1IBy. 

6) Konu;hr )Ke nooopxHOCTH - JIHHHH. 

Jlerao Bli)J,eTb, 'ITO KaK B aKCHOMax' TaK 11 B onpe,n;eJieHHHX, HHqero He 

rOBOpHTC.H 0 cyw.ecTBOBaHHH IlOHHTH:ti, 0 KOTOpbIX H/J.eT p eqb, 9Ta 3a,n;aqa 

l)flpHBO):VU,{hle aKCHOMbI 11 onpe,n.enetrJUI 83SITbJ 113 KHUl'li fl. fl . raii,n.eHKO (40, C. 143-
144). 
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pemaerc.H B TpeThe'ti rpynne 11cxo,lI,l1bIX noJio)f(eIIB'ti, H83BaHHbIX EnKJIH/l,OM 

nocTy Jia:rai-..rn:: 

« 1. q '.roObl OT KaJK,n,O'ti TOT.JKH K K8.)K,ll.O'ti TOT.JKC MQ)f(llO 6bIJlO IlpGBOCTl1 

IIp.HMyIO JIHHMIO. 

2. 11 qTOObl orpatt11qettny10 np.HMyIO MO)f(HO 6bmO HerrpephIBHO npo

AOJDKMTb /1,0 np.HMOH. 

3. M qToobI M3 JI106oro I.I,eHTpa JTOOhIM pa~ycoM MO:>KIIO 6bIJIO on:wcaTb 

OKpy)f(HOCTb. 

4. 11 '4T06h1 see np.HMbie yrJibI 6bIJIM ,Lij>yr JJ.pyry pasHhI. 

5. 11 qTOObl BC.HKMH pa3, KaK np51Ma5I, nepeceKaH )l,Be IIp.HMbie, o6-
p83yeT c HHMH BHyT p eHHMe 0,71,HOCTOpOHHMe yrJibl , COC'raBJI5UOllV1€ 

BMOCTe MeHbllle )..l,BYX np.HMbIX, 3TH np51Mble np11 u corpan:wqeHHOM 

npo,TT,OJI)f(eHHH nepeceKaJIHCb c TO'ti CTOpOHbl, c KOTOpoii 3T.H yrJlhI 

COCTaBJI5IIOT MeHbme /1.BYX IIp.HMblX» [99, c. 23]. 

Y*e 6erJToro B3r.n.H,LJ,a AOCTaToqHo, qToohI 3aMeTHTb, 'l.fTO n o ypoBIDO 

HarJI.HAffOCTM co,u,ep)f(aHMe Il.HTOI'O IIOCTyJiaTa p e3KO OTJI11qaeT(!jl OT co,n;ep

)f(aHH.H nepBbIX qeTblpex. Mttor11M Ma:1--eMaT11KaM Ha uporn)f(eHMH 6oJiee qeM 

/1.BYX TbIC.HqeJierutt npe,DpraBJI5InOCb, qTo 3TOT noC'ryJTaT Ha caMOM AeJie 

5IBJT.HeTC5l TeOpeMoii, T. e. JIOrHqecKHM nyTeM MO)f(eT 6hITb ,U,OK83aH Ha OCHOBe 

OCTaJlbHbIX aKc110M. Cyrn,ecTsyerr MHeirne, qTo H caM EBKJTMJJ. 11cnhIThman 

KOJTe6att11.H, oTu ec51 n.H·roe yTBep)K,11,eHHe B p 83p51,IJ, noc-rynaTOB. HHatie, t.zeM 

OO'h.HCHMTh, tITO Ma:rep11a.rr B «Haq8Jlax» cocro:wT KaK 6b1 M3 ,n;syx qacreli: 

TOOpeM, KOTOpbie /~0Ka3blBRtOTC51 6e3 HCIIOJib30BaIIB.H II51TOI'O IIOCTyJiaTa ( a6-

COJTIOTHa51 reoMeTpM.H)' H p.H)l.a TeopeM, OITHpalOl.l.I,HXC5I ua ILHTblH nocryJia:r 

(co6cTBeHHO eBKJTM,LI,OBa re0Merrp11.H)? B:w,n;:wMo, caM EaKJIH/1 noI.UeJT Ha 3TO'r 

mar, narepneB n ey)l,aqy B IIOIILITKax JJ.0Ka3aTeJihCTBa Il.S-ITOI'O IIOC'ry.naTa. 

TaK HJIH HHa'ie, HO a TeY.eHHe )J.Byx TbIC.HqeJieT:wtt 6brJio npe,u.npatt.HTO 

M JlO)f(ecTBO IlOllb lTOK ,TJ;OK83aTh IlllTbI:l:i nocrynaT. 113 HCTOpHM MaTeMaTHKH 

113 BOCTHO, qTo p83JIMqHbie BapMaHTbl JJ.0K83a'reJibCTB 11pe,n.; 1araJIH (99, c. 10) : 
Tioc H,U,OHHH (I a. ,no n . a .) , IlToJieMe.M (II a. H. 3 .) , I1poKn (410-485), H acH

pa)l.ll.MH (1201 1274), Ba.rrnHC (1616- 1703), CaKI<ep11 (1667 1733), .ilaM6ep:r 

(1728- 1777), Jle:>KaH)JJJ (1752- 1833), ~apKarn Bo.HM (1775- 1856) M MHOn1e 

JJ.Pyr:we. IlpM BHl1Ma:reJJbHOM paCCMOTpeHMM npe.u.rro)f(eHHbl X JJ.OK83aTeJibCTB 

Bhl5ICH.HJIOCb, t.{'J'O JIH6o B HHX JJ.OII}'CI<anHCh nor11~~ecKMe ourn6KM, Jrn6o IIO 

xo,rzy ,n.ena npe.n.rroJTaranoch KaK oqea11,JJ,ttoe tte~1To TaKoe, q·ro 6h1JI0 pan

HOCHJTbHO yTBep)l(,n;eH1110 nHToro n ocTyJ1aTa. Hanp11Mep, Bb111ierrp:wne,Ll,ettttoJ.i 

ero <f>opMyn11pOBKC 3KBMBaneHTHbI CJ1e,.zzy10uQ-1e yTsep)K,Ll.CHM.H (cM. p11c . 8.1): 
« Llepe3 TO'tlKY C, ;1e:>1<auzy10 BHe /1,aIIHOH np5IMOH AB, npoxO.LJ.HT TOJibKO 

O,l~Ha napa.rrJie.ilbHa.H eli np.HMa.H», T. e. rtp5iMa5l, Jle:>KaUJ,a.H B O)J.HOit IIJIOCKOCTM 

c ;~aHHOH np.HMO'ti H HC rrepeceKaIOlll,a.H ee. 

«CyMMa yrnou ;1t06oro IIJIOCKoro TpeyroJihHMKa pasna ;~uyM npHMbIM 

yrJiaM, 11n11 180° » .11 T. ,JJ,. ]\ifo)f(HO np:wnecT:w OOJibllioe 1111CJI0 no.rr.o6m:i1x 

pasttoc11J1bHblx yTsep)f(,II.eH11i1. 
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PHc. 8.1. EBKJI11,Ll.oaa reoMerpm1 

B 11erop1111 'Y.eJIOBet.ieCTBa aacq1f'rhIBaeTc.S1 He TaK MHOro npo6JieM, Ha pe

meH11e KOTOpbIX 6blJ10 3a'rpaqeHO CTOJibKO .>Ke ycHJIMH, CKOJibKO na ITOITblTKM 

)],OKa3aTb rrHThIH nocTyJ1a'r EBK.r111.n,a. Bo3MO>KHO, cpaRHHTbC>1 c 3'r11M MoryT 

JIHIIIb nOMCKM B cpe,n:.tt11e BeKa <«PHJIOCO<l>cKoro KaMHH» HJIH 6ecqJfCJICHHbi e 

IIOIIbITKH C03,u.aHH.SI «BeqHoro ~MraTeJIH». Ilo,n,qac 3Tl1 yCHJIJfH npH.HMMaJIH 

,DJ>aMaT11qecK11:ti xapaKTep. B KaqeC'rBe rrp11Mepa MO.>KHO rrp11BecT11 1111CbMO 

<l>apKarna BoHM ChIHY 5IHOII1H, yttac.ne/l,OBasmeMy OT OTU,a 3aHHTHe 3TOM npo-

6Jie.Moii:. «Thi He /l,OJI:>KeH lThITaThC51 O/l,OJJeTb TeOpMIO rrapaJIJieJlhHblX JlMHHH; 

}J 3Ha.IO 3'TOT uyTb, }I rrpo.u.eJiaJI ero ..u.o KOHU,a, .SI npO.>KHJI 3TY OeCKOHeqHyIO 

HO%, 11 BeCb CBeT, BCIO pa,LI.OCTh MOel:i )Klf3HH H 'IBM rroxopOHHJI . .tv10JIIO Te6H, 

OC'raBb B IIOKoe yqeHHe 0 napa.JIJTeJibHblX JIMHMHX; TbI )l.OJI.>KeH C'I'paunIThCH 

ero, KaK qyBCTB€HHhIX yBneqeffld1:; OHO JUIIDHT Te6H 3)l.Op0BhH, ,n,ocyra, 

IIOKOH, OHO rrory6HT cqacThe TRoeii ).f(}l3Illl. 8ToT rny6oKM:ti, W)l.OHHblH 

MpaK MO.>KeT rror.no·r11Tb ThICHqy TaKMX rHraIITOB, KaK HhIO'rou; HHKor,n:.a Ha 

3€MJle He 6y,n,er CBeTa, 11 HHKor.u.a 6e,ll,Hbl:ti po,n, qe.,'lOBeqecK11ti He ,ll;OCTHrHeT 

COBepmeHHOH HCTHHbI, He ,ll;OCT11rner ee B reOMeTpm1; 3TO y.>KaCHa.SI BeqHa.H 

pa.Ha B MOeii ,izym e; /~a xpaHHT Te6.SI Bor OT 3TOrO YB.ll €"'1€HM.SI, KOTOpoe 'ffiK 

cw1hHO oBna,n.e.no ro6oit 0Ho JIHIIIHT Te6.SI pa,II.OCTH He TOJibKO B reoMerpHH, 

HO H BO Bce:ti 3€MHOH )Kl13Hl1. 5I roTOB 6bIJI CJl.eJiaTbCH MyqeHHKOM 3TOR 

HCTHHhI, qTOObI TOJlbl<O no,n:.apHTb qe.noBcqecTBY reoMCTpHIO, 0'111I.I.J,€HHyIO 

OT 3TOro ITH'rHa; H rrpo ... 1e.n8JI l'HIB.HTCKYIO, T.Sl)KeJietimyro pa6oTy; 5J ).l.OCTHI' 

rop83.Il,0 60Jibmero, '1€M TO, '-ITO 6hIJIO IJOJiyqeHO ,n;o M€HH, HO coBepmeHHOI'O 

y,rr,oBJICTBOpeHIDI .SI He no.nytJHJI. 

Yq11ch Ha MOOM 11p11.Mepe; Ji13-3a ·1u1'0, "lrro H xoTeJI rrocTH'"ih Teop1110 

rrapa.n:JieJibllbIX Jll1Hl1R, 51 OCTaTJCH 6e3ll€C'l'HhlM. 9To OTHHJIO y M€H51 BCIO 

MOIO KpOBb, BCC Moe llpeMH. 3/l:ech 3apblT KopeHb BCCX MOHX noc.ne,ny10n~HX 
0Wli6oK. EcJll1 6bI 51 Mor OTKpblTb 3ara,L.1,1<y napaJIJieJlbHhIX JIHHHM, nycTh o6 
3TOM HHKTO 6bI He }'3H aJI, 51 CTaJI 6bI aureJIOM ... 

HenOCT H)KHMO, qTO B reoMeTpHH cyrn.eC'raye-r 3Ta ttcrro6e)l{)l.eHHru:I TeM

HOTa, 3TOT BeqHbl:tt MpaK, Tyqa, IlHTHO Ha ).l,eBCTBeHHO:ti, HeTPOHyro:tt MC

THHe ... ,11.aJibme rcpKy.neCOBhl CTOJinbr; HM rnary )J;aJibllIC, HJIM Thi norH6-

H€UJb!» [99, C. 20]. 
HecoMttettHO, npo6JieMa rrapaJine.nhHhix J111HJ1.i1 HMeeT MeTa¢11311qecKIDI 

xapaKTep. 



238 rnaaa 8. Or EBKJ1HJI,a ,D,0 9RRlllTClfHa 

8. 2. HeeBKJIB)I;OBa reoMeTpB.SI Jio6a-cieBcKoro 

PerneH.ne npo6neMbI, cTo.s:mruett n epe,n; T1enoBe-c.1ecTBOM 6oJiee ,n;Byx ThICH

'feJieTHii, Bbrxo,n; 3a «repKyJiecoBa CTOJinhr», y,LJ..aJIOCh 11aii•r11 JIMIIIh B nepoott 

Tpe'J'M XIX B. 8TOT BruKHhiii mar B .11cTopirn: MhICJIM 6b1J1 CBH3aH c HMeHal'vm 

H.11KOJlruI 11BaHOBM'ia Jio6aqeBCKOrO, 5IHOIIla Bm111 M KapJia raycca. 

IlpM HeK<YropoM P83JT11'-Ilf.11 HCIIOJlb30BaHHblX Me'rO,nµK, rny6.11HhI M 001>
eMa p8.3pa6oTKH npo6neMh1 C}'Th c,n:enaHHoro OTKpbIT.HH 6h1Jia o,LJ.Ha, ,n.a 

11 xo;~ paccy>K,11,e1mtt 6hIJI 6Jitt3KMM. CTaB.11ncH Bonpoc: 't{TO 6y,LJ..eT, ecnn 
OTK8.3aThCH OT IIHToro noC'ryJiaTa, T. e. npe,ll.nOJIO)KHTb npOT.11BHOe~ - nyCTb 

-c.repe3 o,LQiy TOT-IKy C , Jie)l(8.[l\yIO BHe ,ll.aHHoii np.HMOii AB, npoxO,ll.MT He O,ll.Ha, 

a ,LJ..Be (a cJie,ll.OBa·reJtbHO, 11 6ecKotteqHo MHOro) n apaJIJteJihHhIX en: np.Hl\.fb1x? 

,I1,8.Jlblll€ 3a)J.8.'t{a COCTOHJia B IlOCTpOeHHM re0Me:rp1111. c HOBO:li aKCMOMOii. 

Pac'feT 6hIJT Ha TO, 't{TO ecJrn nHThr:li nocTyJiaT npe,LI.CTaBJIHJI co6oii Teope~ry, 

TO B reOMe'rpMM c M3M€H€HHbIM y ·.rnep>K,11,eHMeM paHO HJIM Il03,!Vf0 ,ll.OJDKIIO 

BC'rpeTMTbal npOTMBOpe'-llle, \'.fro H 6y,LI.eT 03Ha'faTh JlO:>KHOCT b c,n:eJiammro 

,ll.OIIYIIJ;€HM5L chO 11 6hIJIO 6bI )J;OK8.3aT€JlbCTBOM IlHTOrO IlOCTyJiaTa. 

O~IaKo, p83B.11BruI TaKyIO reoMeTpmo, aBTOphI He TOJJhKO He o6ttapy

:>KUJrn KaKHX-,nH6o npO'THBOpeq1fii, HO, uao6opoT, ,ll.OBOJibHO 6hICTpO y6e,n_H
JIMCb, 'fTO nepe,LI. H.11MH p8.3BOpaqMBaeTC~ CTpOiiHruI HOBa5I reoMeTp.1151 c p5I

,l.l.OM MHTepeCHblX CBoeo6pa3HblX q epT. 0Ka38JI0Ch, qTQ B IIOBO:li reOMeTpMH 

cyl\.1Ma yrJTOB TpeyrOJibHHKOB ,ll.OJI:>KHa 6bITb M€HhlIJ€ 180°; 6oJiee Toro, 3Ta Be

JIM'fMHa cyw;ecTBe11110 38.BHCHT OT Jnn1e ii11b1x p8.3MepoB TpeyroJihHHKa. B Teo

pMM B03HMKaer HeKH:li napaMeTp c p 8.3MepHOCThIO ,ll.JIHHhI M reoMerrpuc.recKBe 

CBO:tkTBa CMC'TeM 3aBMCHT OT OTHOI.UeHM.H K HeMy MX pa3 MepoB, 't{TO npMBO~, 

B TiaCTHOCTM, K OTCyTCTB.1110 no,u.o6HbIX qmryp. B oqeHb Ma.JibIX o6.nacrnx (no 

cpaBHeHMIO c 3TMM napaMeTpOM) HOBruI r eoMeTpH.H npaKTIPiecKM COBIIa)l,aeT 

c reoMerpHeli EBKJJM,LJ..a, HO B OOJibllTMX - OHM cyw;ecTBenuo OTJI.11qaJOTCH. 

TaK, HanpMMep, TpeyrOJihlfilK ,n.ocTa:ro'Illo 6oJihmMx p a3Mepos MO:>KeT MMerb 

CKOJib yro,n.HO MaJIOe 3 Ha'feHMe cyMMbI Tpex yrJIOB. Jio6aqeBCKH:li Ha3B8JI 

CBOIO reoMeTp.1110 «BOo6pa:>KaeMO:li» (HJIH « IIaJireoMerp:neii» ) ; «3Be3)1,HO:li» 

:n.rrn. «acTpaJihHOi1», Ha3B8JI ee IIIse:liKap'r. Ho ,n.enu He B Ha3BaHM.11, a B ee 
o·rJI.11'Il1.11 OT reoMeTpMH EBKJT.11,LI.a. 

BruKHO O'TMeTMTh, 'iTO .Do6aqeBCKHii M raycc He orpaUM'l.£MJIHCb Ma:re

MaTM'iecKO:li CTOpottoii c,LJ..eJiaHHoro o·rapbrrH.H. Ou11 nocTaBHJIM Bonpoc o6 
OTHOllleHHM HOBO.ti reOMeTpHH K <l:>M3 .11"iCCKOH peaJlbHOCTM, M IIblTaJIHCh Bbl.HC

HMTh, KaKOH reoMerpMeM OIIMCbIBaeTCB peMbHDe npocTpaHCTBO: eBKJIM,ll.OBOM 

11Jrn HOBo:li? OHM ,n_eti:CTBOBaJI.11 no npMHU.MIIY - KpwrepMeM MCTHHbI &1wgerCSJ 

OllblT, "iTO B ,n.aHHOM CJiyqae 03Ha't{8.JJO npM3 HaHMe npocTpaHCTBa caMOCTO

gTeJibHOH cPM3.11.._IecKOH (Mera¢M3H.._IeCKOi%) Ka:rerop.11en. ,Il;Jig perueHHH 3Tott 

3a,LI,a":IM raycc H3Me p51JI cyMMy yrJIOB TpeyrOJThHHKa, o6p830BaHHOro TP€M.H 

ropHbIMU B€plliMHaMH, a Jio6aqeBCK.11'tt Bbr6pan 3Ha"iMTeJibHO 60JlbUJ.11.i1 Tpe

yrOJJhHHK - OH npe,n_npMH.HJI aerpouOM.11T{ecKMe H3Mepe1rn.H, .11CIIOJib3yg ,LI.Ba 
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nonmKeHH.H 3eMJUI Ha op6HTe H ,n;MeKy10 3B€'3,n;y, H3Mep.Hn naparwaKChI 

3Be3,lI,. 0 ,lI,HaKO HH H3MepeHHR faycca, HH aCTpoHOMHqeCKlfe Ha6JIIO,lI,€Hlf5I 

.Jio6aqeBCKOrO He ,D,aJilf H, KaK HaM Tenepb xoporno H3B€CTHO, He MOrJIB TOr,n;a 

,D,aTb OTBeT Ha 110CTaBJI€HHblit Bonpoc. 

B n1-1TepaType HeO,ll,HOKpaTHO ocBen:i;anacb HCTop1-1£ 1-1 CMbICJI c,rr.enaHHOro 

HMl-I OTKpbITM.H, TIOn'OMY orpaHHqH.MC.SI HeKOTOpblMH 3aMeqaHM.HMM. 

Bo-nepBhIX, HOBM reoMeTpH.H npe,n;cTaBJIHeT co6ott KJiaccu~1ecKHi1 npH

Mep OTKpblTH51, C,D,eJiaHHOro lfMeHHO ·ror,n;a, KOr,D,a ,D,JI.H Hero C03peJIB Heo6-

XO,D,HMhie yCJioBHH. KaK npaBHJio, K co3pearnett H,D,ee npMxO,D,MT no'ITH o,n;Ho

BpeMeHHO H He3aBHCHMO Cpa3y HeCKOJibKO 'leJIOBeK. Tiopa3HTeJihHO 6JIM3KH 

,n;aThI pellleHH.H npo6J1eMhI TpeM.H Ha3BaHHhIMM MaTeMaTHKaMH. H. 11. J1o-

6aqeacKMii c,rr.eJI8JI CBOH 3HaMeHWI'hIH ,lJ;OKJia,n, «0 Ha"IaJiax reoMeTpHH» Ha 

3ace,n;aHMH YqeHoro coBeTa Q:>H3HKO-MaTeMaTHqecKoro Q:>aKyJibTera Ka.3aH

cKoro ymrnepcHTeTa 23 Q:>eBpanH 1826 r. 11 ony6.JIJ1KOB8.Jl ero B 1829 r. 

5I. Bo.HH nocJ1e IlHTlf JieT pa60TbI Hane'iaTa.Jl caoii: Tpy,D, B BM,D;e npHJJo:>KeHMH 

( «Annett,D,HKC») K o6oeMHCTOMY TOMY co-.1HH€HHii cBoero oTu;a, H3,lJ,aHHOMY 

B 1832 r. J13 COXpaHHBllieitC51 nepenHCKH raycca H3BeCTHO, qrQ OH IlpHllieJI 

K pH,ny TIOJlO)KeHHH HOBOH reoMeTpHH TaK)f(e npHMepHO B 20-e rO,LI.hI HJIH 

t.JYTb paHbUJe. Ho 1-1 3TO He Bee. K H,D,e.HM HeeBKJIM,ll.OBoii reoMeTpMM npH

men IOpHcT no o6pa30BaHHIO npoQ:>eccop <I>. K. IllBeii:KapT, npeno,n;aaaBIIIHi1 

npaBo B XaphKOBCKOM yttHBepcwreTe c 1812 no 1816 r. H B 1817 r. nepe

exaBruHii B repMaHHIO, r,n;e H OOC}')K,IT,aJI CBOH H,II,eH c rayccoM. B 1824 r. 

IlO,lJ,06Hbie H,D,eH B CBOeM TIHCbMe K rayccy H3JlO)KHJI TIJieM.HHHHK lliB€HKapra, 

TO)Ke IOpHCT <l>paHu; TaypHeyc. Mo)KHO Ha3BaTb H ,n;pyrHe HMeHa: BaxTepa, 

,n;e THJinH (99, c. 39]. 

Bo-BTOphrx, npH BCeM pa3JIHqHH noJio)KeHHit B o6n:i;ecTBe M cTpaH, r,n;e 

6blJIO c,n;enaHo CTOJih BeJIMKOe OTKpbITHe, 3THX yqeHhIX poMHT O,ll,HO - noqTH 

IlOJIHOe HenOHHMaHHe, ,II,a)Ke Bpa)K).J,e6Hoe OTHOllieHHe co CTOpOHbl KOJIJier 

H OKpy)KaIOrn;ero HX o6n~ecTBa. l13BeCTHO, 'ITO 3aHH'I'He J1o6a'leBCKOI'O HeeB

KJIH,lI.OBOH reoMerpHeii B PoccHH socnpHHHMaJJOCh B nyqrueM cnyqae KaK 

6oJie3HeHHOe qy,n,a'leCTBO, HO 6bJJla H OCKOp6HTeJlbHO HeBe)KeCTBeHHa5I CTa

Th51 B )KypHa.Jle «CbIH O'l'e'IecTBa», 6b1JIH H MH0f'03Ha'-HITeJlbHbie HaCM€lflKM 

)l;a*e co cTopoHhI HMeHHThIX Konner. OT J1o6aqeBcKoro OTBepHyJIHCh ,n.a)Ke 

yqeHHKH, a Ha ero noxopoHax, Kor,n;a npHHHTO roBopHTh 06 ycorrrueM TOJibKO 

xopornee, He 6hIJ10 CK8..~HO HH 0,D,HOI'O CJIOBa 0 I'JlaBHOM B ero .>KM3HH - · 06 

OTKpblTHH nepBOH H€€BK.Tll:l,lJ,OBOH reoMeTpRJif. 

l13BeCTHO TaKJKe, CKOJibKO CTpa.n.aHHii H rOpbKHX MHHYT HCllbl'l'a.Jl 51.HOIIJ 

BoHH, IIhITaHcb ,n;o6HThC5J nOHHMaHMH H npM3HaHHH co cTopoHhI KOJiner. 

C6bIJIHCb npopoqecTBa ero OT~a, He BCTpeTHB noHHMaHHH, OH Ha.n.opBan 

CBOIO TICHXHKY H CKOffq8.JlC5J B 1860 r. «Tiorpe6eHHe ero TIOXO,IJ,HJIO Ha pwryan 

3a6aeHHSI. Jlttrnh Tp1-1 qenoBeKa npoao.n.11n1-1 ocTaHKR K 6e3hIMHHHOii o6n:i;ett 

MOI'HJie, a K 3aTIHCH B peQ:>opMaTOpcKott u;epKBH KTO-TO npHIIHCaJI ,,Ero 

)Kl13Hb rrpoIIIJia 6e30 BC5IKOtt IlOJib3bI"» [99, c. 109]. 



K. raycc, KOpOJlb MaTeMaTHKH nepBOtt IlOJIOBHHbl XIX B., TaK H He pc
ITIHJIC.SI ny6JIM'ffiO 3a.HBHTb o CBOeM OTKpbITHH H B nHCbMe Beccen10 1829 r . 

npH~HaJIC.H: «BCpO.H'rHo, .H cme He CKOpO CMOry o6pa60T8.Tb CBOH npOC'rpaH

Hble HCCJie,LI,OBaHJil.SI no 3TOMY BOnpocy, '-{T06bl HX MO)KHO 6bJJ10 o ny6JIHKO

BaTb. Bo3M0)KII0 ,LI,a)Ke~ qTQ .SI He pelllyCh Ha 9•ro BO BCIO CBOIO :>Kl13Hb, IlOTOMY 

'1TO 6o10cb KpHKa 6eoTIIBI.J.eB, KoTOpbt'tt no,LI,HHMeTC.H, Kor,n;a .s BbICKa*Y CBOH 

B033peHH.SI U.eJIHKOM» f 99, c. 64]. B ~yroM Mecre, B IlHCbMe repJIHHry, raycc 

nHcaJT: «5! oqeHb p a ,n,, '-{TO Bh1 11Meere MJ)l(eCTBo BbICK83aTbC.H TaK, KaK 

6y,n,ro Bh1 npH3HaeTe B03MO)KHhIM, qTO Hallla TeOpHH napaJJneJihHbIX JIHHHH, 
a cne,n,oBaTeJibHO, 11 BCSJ Hallla reoMeTPH.H JIO)KHbI. Ho ocbI, rHe3,LI,O KOTOpbtx 

Bb1 p83pyn1aeTe, no,z:.i;b1MyTCSJ tta,n, Barnett ronoBO'tt» (99, c. 63). 
Cy,Il,h6hl Bh1,n;a10mHxC.H y'-leHLix BCCbMa noyqHTeJibHbl. TipHMep 5IHOUIH 

Bo~rn rroK83hIBaer, l-JTO )K,ll,e'I' '-leJIOBeKa, pelllHBUieroC5J H,D;TH ;n.o KOHIJ,a 

B norrbITKax y6e;n.nTb Bcex B csoett npaaore. ,[(pyro-A npHMep npeno,u.aJJ 

H. l1. J1o6aqeBCKMR, cMeJJo H oTKpb1TO 3a.HBHBurntt o c,rr.CJJaHHOM oTKpbITHH, 

ue H3MeHHBIIIll'tt CBOe"A TO"C!KM 3peHJilH, H€CM0Tp.Sl Ha HerrpH.SITHe OTKpbITHH ero 

OKpy)KeirneM, HO cyMeBlllH'tt napaJIJJeJihHO 3aHHMaTbCR ,ll,pyrnMH Ba)KHblMH 

sonpocaMH: OH 6hIJI peKTOpoM K83aHcKoro yHHBepcHTCTa H MHOro c.rr.enaJJ 

,JJ,JISi ero p83BJilTHSJ, BblTIOJlHHJl "p.H/J, HCCJJe,n;oBaHHtt B ,rrpyrHX p83,LI,enax MaTe

MaTHKH, C03,LI.8JI 3HaMeHHTy10 6H6JIHOTeKY K83attcKoro yirnaepcwrera H T. ,JJ,. 

K Jiaccu'IeCKMH npHMep 2KHTel\cKoro 6naropa3yMHSJ HBJJ.HeT co6o.M cy,LI,b6a 

KpynHeihnero MaTeMaTHKa EBpOilbl Toro BpeMeHH K. raycca. TipeKpaCHO 

OC03HaBa51 BCIO r n y6HHY nepesopoTa B HaYKe (He TOJibKO B l 'eOMe'I'pJ.·UI), rrpo

H3Be,ueHHoro OTKpbITHeM HeeBKJTH,LI,OBOtt reoMerpHH, H npe;n,BHJJ,51 OTHOllleIUie 

CBOHX KOJJJier H COBpeMeHHHKOB KaK K caMOMY OTKpbITHIO, TaK H K TOMy, KTO 

OCMeJIHTCSI BbICTYilHTb B ero no,.u.n:cp:>KKy, OH He orry6JIHKOB8JI nonyt..IeHHhle 

pe3yJibTaTbI, HO HHKOr~a He H3MCHMJJ CBOHM HayqHbIM HAe.SIM. 

HecMOTp.H Ha yBepeHHOCTb B csoett rrpaBoTe, J1o6aqeBCKOMy, .Httomy 

Bo.siH H :n.pyrHM He y ,LI,aJIOCh HaiiTH OKOH'laTeJibHoro .llOK83aTeJJhCTBa nor:u

t.1ecKott HerrpOTHBOpeqHBOCTR IlOCTpoeHHOR reoMe:I'pHH. 0,n;Ho ,z:.i;eno - OTC)'T

CTBHe npOTHBOpet.11-1:A B reOMeTpHl-l€CKl1X IlOCTpOeHM.HX, ,n.a>Ke npo,n;BHHY'fbTX 

,ll,OCTaTOt.{HO ,ll;8JlCKO, I-IX JIOrH'lecKa.H CTpO'RHOCTb, HO COBeplllellHO ,rrpyroe -

,ll;OK83aTeJibCTBO, 't{'ro 3THX npO'I'J-IBOpe'-IHH He B03Hl1KHeT B HOBOi%: TeOpHH 

aoo6me. 0KOH''IaTeJJhHOe IlO,Jl,TBep>t<j~eHMe ttenpOTHBOpeqHBOCTH reoMe'rpHH 

J1o6aqescKoro 6bIJIO ,.a;aHo JJHlllh B 70-x t'l'. XIX B . HTaJib.HHCKHM reoMeTpoM 

9y,ll,)KeHHO BenbTpaMH H HeMeI,KMM MaTeMaTMKOM 4>CJIHKCOM KnettHoM. 

OcHoBnaH M,LI,eSJ ,U,OK83aTeJibCTBa COCTOMT B TOM, qT06b1 csecrH HeesKJIH

,n;osy reoMeTpl-llO, BnepBbie IIOCTpOeHHYJO KaK TIJJaHMMerpH.SI, K reOMeTpHH 

Ha TpexMepHoR rHnepIIOBepXHOCTJil TIOCTOSJHHOH OTpHI~aTeJJbHOR KPHBH3Hbl 

(Ha rrpexMepHOM rHnep6onoH.lle) B qeTbipexMepttoR reoMeTpHH EBKJIH,na. 

Tipu 3TOM HY.>KHO 'I'OJihKO 3aMeHwrh noH.HTHH npHMbIX ( Kpa-rqai1IIIHX JIHHHH 

B MHpe EBKJIH)I.a) Ha reo,LI,e3HqeCKHC JIHHMH (3KCTpeMaJibHbie KpHBbie) Ha rH

nepnosepxttOCTH. Tor)la ace yTBep)f(,11,eHH.SI oTHOCHTeJJbHO npHMbIX B reoMer-
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PHH Jio6a'(1eBcKoro rrepefi,nyT B cooTBeTCTBYIOI.lJ,He yTBep)K,ll,eHHH o cBo:ttcTBax 

TaKHX JIHHH:tt Ha nmep6ono11,n;e. TiocKOJihKY HeB03MO:>KHO HarJI.H,LI.HO npen;

C'IBBRTb ce6e r11nep60JIH'l€CKH RCKplrnJleHHblH TpeXMepHblH MRp, 3TO MO)l(HO 

npoHJinJOCTpRpOBaTh c IlOMOUI,blO JlHHHH - r1111ep6on Ha )J.ByxMepHOM r11nep-

6ono11,II.e. TaK, Ha p11c. 8.2 noHcHeHo 06061.lJ,eHHe 1ur1'0ro rrocTyJiaTa EBKJIH,II.a. 

qepe3 TOqKy C, tte ne)Ka:r.n;y10 Ha BhropaHHo:tt r11rrep60J1e AB, rrpoxo)J.HT ,II.Be 

mnep6onh1, KOTOpbre He nepeceKaIOTCH c AB. Cne,II.oBaTeJihHO, Bee .rr.pyr11e 

rHnep6oJlb1, 06o311aqeHHh1e nyHKTilpHbJMH JIHHH.HMR, He 6y,nyT nepeceKaTh 

AB. Ha p11c. 8.2 R3o6pa:>KeH TpeyronhHRK, o6p83oaaHHbJH nepeceqett11eM 

Tpex rHnep6on. JlerKo nOIDITh, qTo cyMMa ero yrnoa a + f3 + ry < 180°. 

Puc. 8 .2 . f.1·mep60JT11'-fecKa.a reoMeTp115! Jlo6a'-feBcKoro 

Ilo yKa3aHHbIM HpHqHHaM uepBylO HeeBKJIH,LJ,OBy reoMe-rpHIO ( reOMeTpHIO 

Jlo6aqeBcKoro) B n11repaType .. 1acTo H83bIBalOT r11rrep60JIH':.iecKo:tt. Co,z:i;ep)Ka

~HMCH B reoMeTpHR Jlo6a'I€BCKOI'O napaMeTp p83MepHOCTR ,U,JIHHbl MMeeT 

reoMeTpHqecKRH CMbICJT KpRBR3HhI TpexMepHoro r11nep60J1011,n,a. Tenepb 

nerKO IlOH.HTb 3aBH:CH:MOCTb CBOHCTB reOMCTpH:qecKIDC cp11ryp OT lfX p83Mepa. 

8.3. HeeBKJIH)l.OBa reoMeTpHSI PnMaua 

Cne,rryJOUI,RH cyUI,ecTBeHHbIH 1uar (,II.roKe HeCKOJThKO waroB) B uenu 11,II.eii 

o reoMeTp1ur rrpoC'rpaHCTBa 6brJI c,n:enaH HeMeUKHM MaTeMaTHKOM Beptt

rap,II.oM PuMattoM B 1854 r. Tipe)K,ll,e Bcero, cneA_y e-r H83BaTb OTKpbIThifi 

HM BTOpofi Bap11aHT tteeBKJIH,II.OBofi reOMeTpHH H.ITH «reoMeTpHH PmvraHa» 

B Y3KOM CMbICJie. Cl>aKTHqeCKH 3'.ffi reoMeTpR.H OCHOBaHa Ha TpeThefi JlOI'M-

1.fecKOH B03M0)1(H0CTH rrpH cpopMyJIMpOBKe IIHTOI'O IlOCTyJiaTa If nocTyJiaTa 

B reoMeTpHH: J1o6aqeBCKOI'O, KOTOpyio He 3aMeTHJIH HR Jlo6aqeBCKHfi, HR 

raycc, Hlf Bo.HR. Otta COCTOHT B npe,II.IIOJIO)l(eHH:H, qTo qepe3 TQqKy c' He 

ne:>KaI..IJYIO Ha 3a,z:i;attHO:tt rrpHMo:tt ( reo,II.e3H:'IecKo:tt JIHHRH) AB, HeJih3.H rrpo

BecTM HM 0,11,HOH npHMOH ( reo,z:i;e3H:•ieCKOH JlllHlllf)' He rrepeceKaIOlU,eli JlllHHIO 

AB. 9roT napRaHT tteeBKJill,LJ,OBOH reoMeTp1111 coarseTC'rByerr reoMeTpHR Ha 
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TpexMepHo:tt nmepccpepe B 4-MepHOM eBKJIR,ll;OBOM npocTpaHCTBe. CaMhIM 

cyrn;eCTB€HHblM CBO:HCTBOM TaKOI'O TpeXMepHOl'O npOCTpaHCTBa .HBJI.He'l'C.H KO

He"'IHOCTb ero ofrbeMa, TaK 'ITO, ,ll;BHra.HCb Bee BpeM.H B 0,n,HOM HanpaBJielilUI, 

B KOH~e KOH~OB MO)KHO BepHyTbC.51 B nepBOHa'-laJlbHYJO TO'IKy. BMeCTO np5I

MbIX JJHHHii eBKJJ11,n;oBa npoC'rpattcTBa B ccpepH'-lecKou reoMeTpHH PHMaHa 

BbJcTynaJOT reo,n;e3WieCKHe JIHHHH - A)'I'H 6oJJhIUOro pa.n,Hyca (CM. pHc. 8.3). 

D 

113 ~yMepHOH aHaJIOI'HH --- reoMerpHH Ha ccpepe - BH,.l.l,HO, (.{'l'O IlOH.HTHe na

pa.rrJJeJibHblX n11H11i1, co.n,ep)Karn;eec.H B n.HTOM nocTyJJaTe EBKJIH,l.I,a, B c¢ep11-

qecKoii reoMeTpRR Roo6m,e Tep.HeT BC.HKH:tt CMhICJI, H6o mo6a.H AYIB 6oJihlllOro 

Kpyra, npoxo,n;.Hrn;a.H t.1epe3 roqKy C, Jie)Kam,y10 BHe KpyroBoii JJJ1HHU AB, 
o6~13a•reJihHO nepeceKaer AB, npHTOM B ,n,Byx TOqKax. 113 pHc. 8.3 raIOKe 

BH)I.HO, qTo cyMMa yrJJOB TpeyroJibHHKa ABD, o6pa3oBaHHoro nepece..:.1eHHeM 

Tpex ,rI,yr 6oJihIIIOro Kpyra, Bcer,n;a OOJihUJe 180° . 
K 9TOMY cnc;zyer TaK)Ke ,n;o6aaHTh, qro B c<PepH"'IeCKo:H reoMeTpHH PM

Matta Tep.HeT CHJIY nepBhI:tt nocTynaT EsKJIH,lJ,a - aKCHOMa o TOM, •i'I'O qepe3 

,ll;BC TO"'-IKH MO)KHO nponeCTH JlHlllb O,ll;HY reo,n;e3uqecKyJO ( B eBKJI~OBOH reo

Me'rpMH - np.SIMYJO) . .nerKO BH,ll,e'rb, qTO qepe3 nro6h1e ,n;Be IlpoTHBOilOJJO>KHO 

pac110JIO)Kem1bJC TO"'IKH Ha ccpepe, ttanp11Mep qepe3 ,n;Ba IlOJJJOCa, MO:>KHO 

npoBeCTH 6ecK011eq110 Mnoro pa3JJHqHh1x A.YI' ( OKpy:>KHocTcii) 6oJ1hu10ro 

pa)I.Hyca . 

.ITJ06onbITHO, qT() OTKpblTHe TOr,n;a ern;e COBCeM MOJJO,n;oro MaTCMa

THKa HOBOI'O nOKOJieHH.SI, npHwe)J.Illero BCJie.n. 3a OOKOJleHHeM .ITo6aqeBCKOl'O 

11 5I. Bosn1, 6hl710 C)I.€JiaHO B CBSJ3H c HMeHeM K. raycca. ,L.l;JUJ. UOJiyt.ieHH.51. 

)J,OJI)KHOC'TM npHBaT-,ll,OU,eHTa B reTTHHI'€HCKOM YHHBepcH'reTe PttMaH ).I.OJI

:>KeH 6b1JJ npo'(IHTaTh npo6HyJO ne~HIO. CorJiactto ycTaHOBJieHHbIM TOr,JJ,a 

rrpaBMJJaM, OH npe,n;cTaBHJJ TpH TeMbl Ha Bbr6op KOJIJieI'H:H cpaKyJibTeTa. 

IlepBbie ,n;Be TeMhl COOTBeTCTBOBaJlH npo6JieMaM, o6cy)K)J,aB1UHMC.SI B TO 
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BpeMH MaTeMaTHKaMH, a T})eTbH, He BXO/V.fBUiaff B liX T.rncno 11 MCHCC 

IlQZJ.f'OTOBJieHHaH B TOT MOMeHT PuMaHOM, 6hlJia llOCBSlU~eHa OCHOBaHliSIM 

reoMerp11n. PRM8JI He .zzyMarr, ~1To Bh16op na,LI,er Ha 3TY TeMy. Ho, KaK 

n11caJI Bnocne,LI,CTBlili HeMeu,KHii Ma'l'eMaTm< B . Be6ep, «raycc He 6e3 YMhICJia 

BbI6paJI HMeHHo )1,aHHy10 TeMy 113 Tpex, npe,LI,JIO)f(eHHhIX PuMaHOM. Ott caM 

rrprouancH, TITO eMy cTpacTHO xoTe.nocb ycJJbIUia·rb, KaK TaKoii MOJIO,LI,Oi1 

'-ICJIOBeK cyMee:r uatiTli BhIXO,LI, 113 CTOJib ·rpy,n.Ho:A liI'phI» [99, c. 148]. 11 PH

MaH npo'l.lM'J'a11 JTeKIJ,liIO, li3JIO)f(eHHYJO 3aTeM B ero 3HaMeHHTOM MeMyape 

«0 r11nOTe3ax, 11e)f(a~ B OCH OBaHHli reoMeTpRli» [ 143). Bh1ryeT MHeHHe, 

'fTO JieKIJ,HH 6bIJ1a COC'l'8.BJJeHa PRMaHOM B paC'-leTe tta O)J,HOI'O raycca. 11 OH 

,l~OCTJ.tr CBOO:A 1~€JUL flo OKonqaHHH JJeKil,HH raycc MOJI'-la Il0,LI,H.HJ1C£ 11 TRXO 

no6pen K Bblxo;zy. «KaK paccKa3hIBaJI Bc6cp, ,,JieKU.11.H npeB30llIJia BCe O:>KM

,n.aa11H rayccau. 0Ha npliBeJla CI'O ,,B COCTO.HHl1e HaHBblClllero R3YMJ1eHlrn", 

H, B03Bparn;aHCb c 3ace,n.aH11H Q:>aKyJib'rera, OH OT03BaJIC5J 0 Hett c ,,BbI CUiett 

nOXBaJIO'A'~ Ii ,,c pe,n.qatiUIHM ,LI,JJ.H Hero BOO,LI,yllleBJieHHCM"» (99, c . 153). 
"l!TO )f(e MOI'JlO TaK BOO,[(yWeBRTb raycca? ,UeJIO 6hIJIO ,U,a)Ke He CTOJibKO 

B TOM, t.1TO P11MaH npe,n.n o.>KRJT BTOpo" BM,11, tteeBKJJI!f.LI.OBo:A reoMcTpHH, H,LI,.H 

K tte:A cosceM c ,rrpyroii CTOpOHbl no cpanuc1nno c npemnecTBeHHHKaMH. 

Cy,rm no sceMy, PllMatt ,ll.a)f(e Hu'l.lero He 3H8JI HR o Jlo6aqeBCKOM, HH 

0 5!. BOHM Ii, BepO.SiTHO, JlHIUb CMYTHO npe,n.C':raBJJHn ce6e HHTepec r aycca 

K ,LI,aHHOMY npe.n;MeTy. CaMoe rnaBHoe cocTOliT B TOM, "ITO OH noUieJJ 3Ha

qHTeJibHO ,LI,aJibUie. PHMaH cyMeJI a caoeM liCCne,n;oaaHMH o6'he,LI,HHHTb ,LI,Be 

qpe3Bb1'Ia:AHo nno,LI,OTBOpHbie H,LI,eH. Bo-nepBhIX, OH HCHOJib30B8JI pa.3BliThrn 

fayCCOM MaTeMaTH'{.IeCKHfi ann apa•r OilMCaHHH reOM&rpH11 ,lJ,ByMepHbl X KpH

BblX llOBepxHOCTeti Ii, BO- BTOp b IX, BBeJI IlOH.HTHe MHOI'OMepHblX MHoroo6pa-

3HH ( «MHoroKpaTHO npoTSI.>KeHHbIX aeJIH'lHH»). Tor,ua, ecJlM n osepxHOCTh 

,IJ,Byi<paTHO npOTil)f(eHHaH BeJili"IliHa, TO npOCTpanCTBO - TpexKpaTHO npo

T51:>KeH.Ha51, M TOJlhKO B 3TOM pa3HHu,a. Bee nOH.HTHH H MeTO,lI.bI onHCaHHH 

,IJ,ByMepHbIX lIOBepxHOCTeti Hen ocpe,LI,CTBeHHO nepeHOC.SITCH Ha TpexMepHble 

HCJ<PHBJieHHbie rrpocTpaHCTBa. A cpeAM 9Tnx noH~Tlitf Ba.>KHetilllee - 3TO 

MeTpHKa - KBa,lij)aTH"IHa.H ¢opMa OT pa3HOCTett KOOp,LI,miaT, xapaKTepH3y

IOll1,aH JJ;JIHHY flYTH Me.>K,Izy ,lJ.BYMH 6 Jtl13KHMR TO'-IKaMH B UCKpHBJlCHHOM 

MHOroo6pa3WH. 3HaH Kpyr MHTepeCOB raycca, MO:>KIIO TOJlbKO He,LI,OyMeBaTh, 

not.1eMY OH caM He ,n;ora,rr.a.rrcH c,n;e.rraTb 9TO ,LJ,O P1-1MaHa. 

TaKo:A CHHTe3 H,ZJ.e:A no3son11n PHMaHy ,LI,aJJeKo marIIYTh B nocTpoeH11H 

KaK 1 1aCTHbl X CJJy'-laeB HeeBKJIH,D;OBbIX npocTpaHCTB, T8.K Ii TeOpRli npoli3-

BOJTbHO liCKpHBJieHHhIX npocrpattcTB. Ho npe,noc'1'8.Bl1M CJIOBO 9:AHUITeiiHy, 

KOTOpbI:A IIHCarr: «3acJiyra PllMaHa B pa3BHTHH H,n.eU 0 COOTHOUieHl1ll Me)K,lIJ' 

reoMeTpHetf H Q:>H3HKo:A ,lJ,BOHKa. Bo-nepBbI X, OH OTKpbIJI cc}:>epHqecKyIO ( 9JJ

JIHilTH'(IecKyIO) teoMeT})HIO, KOTOpaH .HBJIHeTC.H aHTH'l'e30fi l 'Mnep6oJIH1.JecKoti 

reoMCTPHH Jlo6a"-IeBcKoro. TaKHM o6pa.3oM, OH BuepBbie yKi:i.:jaJl Ha B03MO:>K.

HOC'l'h reoMerpHt.1eCKOI'O IlpOCTp aHCTBa KOHe'-IHOti npOT5'i)f(eHHOCTH. 9n 11,n;e.s:i 

cp83y 6bIJ1a BOCilpHHHTa Ii np1rneJia K noCTaHOBKe BOnpoca 0 KOHeqHOCTR 
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cPH3JrqecKoro rrpocTpaHCTBa. Bo-BTOphrx, PnMaH HMeJI CMeJIOCTb C03).1.aTb 

reoMeTPHH HecpaBHCHHO 60J1ee o6I.I1)1e, qeM reoMerpH.H EnKJIH).J.a MJIM tteeB

KJIH,D;OBhI reoMeTpHH B 6onee y3KOM CMhICJie» [143, c. 17). 
Ho H 9TO tte Bee. KaK uucan 8tb1IIITettH, «PHMaH npHIIIeJI K cMeJioii 

MbICJIH, qro reOMeTpHqecKHe 0THOUJ€HH51 TeJI MOI'YT 6bITh o6yCJIOBJieHbI cPM-

3HqecKMMH rrpHqHHaMH, T. e. cnJiaMH. TaKHM o6pa3oM, nyTeM qHCTO MaTeMa

THqecKHx pacCy)K)I.eHHH 011 npHIIIeJI K MhICJIH 0 HeoT,neJIMMOCTH reoMeTpHH 

OT cPH3MKH: 9 'IB MblCJib HaIIIJia cnoe ¢aKTHqecKoe ocyw,ecTBJleHHe ceMh)J,€C51T 

JleT crrycrsi B o6~e:n: reopHH OTHOCHTeJibHOCTH, KOTOpaa C0e,Ll,HHHJia B 0,ll;HO 

~enoe r e oMeTpHRJ H TeOpmo T 51I'OT€HH51» (~HT. no [27, c. 26)). IlpH).1,51 K '1'8.KHM 

coo6pa)Kett1u1M, PHMaH eu~e 1-1e Mor pa3rJI.H).I.e'rh, KaK11e MMeHHO ¢113w-1ecKMe 

CHJibl .IJ;OJDKHbl 6hITb CB513aHhl c HeeBKJll1,Ll.OBOCTbRJ reoMeTpMH. I1HTepeCHO, 

qTo OH y)Ke pa3MbillIJI5IJI 0 11p11po,n;e T.Hl'OTeHH.H l144, c. 34), HO He rrpHBJleK 

,Ll/ IB aroro CBOH reoMe'l'p11qecKMe 11,ne11. 

B MeMyape PMMatta «0 r11rro·re3ax, Jie:>Karu;Hx B ocHoBaHHH reoMeTpHH» 

BbICKa3aH p.H,LI, .n;pyr:ux HHTepeCHbIX coo6pa)KeHHH 0 rrpocTpaHCTBe, KOTOpbie 

He IlOTepBJIH CBoero 3 HaqeHH51 .n;o HalllHX ,nttei1 H IlOCJIYJKHJlH HCTOKOM HOBhlX 

ttarrpaBJieHHH MhICJIH. K HHM OTHOCHTCB, B •iacTHOCTH, nonoJKettne, corJiactto 

KO'l'OpOMy «M€TpH•-1ecKHe OTIIOIIIeHH.H npoCTpaHCTBa B 6eCKOHeqHO MaJIOM He 

OTBe'iaIO'l' I'COMCTpH'!eCKHM ,.a,orry~eIIHHM», a '1'8.IOKe MbICJIH 0 ,n;HCKperHOCTH 

npocTpaHCTBa, () c}:nl3l:PieCKO:tt no,n,onJJeKe MeTp11qeCKHX OTHOllleHllM, 0 MHO

roMepIIbIX MHOroo6pa3H51X M ,np. 

8.4. 11,n;e}): KJI11c);>c);>op,n;a o Bceo6m;eii 
reoMeTpll3fil\UH cPll3HKH 

Cynr,ecTBeHHhI:tt BKJia,LJ. B pa3BHTHe :u,n;e:u o CB.H3H cPH3MqecKnx cBO:ttcTB 

MaTepHH co CBOHCTBaMH HCKpHBJieHHOI'O npocTpaHCTBa c,n;eJIBJI aHrJlHHCKHH 

MareMaTHK BHJihHM Kn11Q:>Q:>op,n;. I1MeHHO KJinqxpop,uy npHtta,n,neJKHT nep

Bbrn rrepeBo,n; tta attrJIHiiCKHii .H3hIK yJKe yrroM.fillyToro MeMyapa P11Matta. 

B BhIIIIe)lIIIe:tt nocMepTHO non pe.llaKUMe:tt K. TI:upcoHa KHHre Kn:uc}:xl>op.n;a 

«3,npaBbI:tt CMbICJI ro··-1HhIX HayK» (1885) [85] '-IeTKO IIOCTaBJieH BOnpoc 

0 TOM, B KaKOM npocTpaHCTBe Mhl )KMBeM: B 6ccKOHC'IHOM CBKJIH).1.0BOM 

HJIH B 3aMKHYTOM (Kotte'llioM) c<l>cpH'ieCKOM rrpoC'rpancTBe PHMaua? MM 

npoaHaJIH3HPOBaHhl Heo6h1qHbIC 3aKOHOMepHOCTH 3aMKIIY'roro MHpa H eMy 

JKe npMHa).1,Jie2Kl1T H3BeCTHhlH upu.Mep c llOJI3aRJUJ,HM no c¢epe JKYKOM, 

HJI.HIOCTpHpyIO~HM CBOi1CTBa 3aMKHYT0l'O MI1pa. 

Ott, B ~racTHOCTlil, 1mca.;1: «CupOClilM >Ke ce6B, He MO.>KeM JIM Mhl no,LI,o6HhIM 

JKe o6pa30M paccMaTpHBaTb KaK H3MeHeHM51 cPH3H .. IeCKOI'O xapaKTepa Te 

,n;eiiCTBH.H, KOTOpbie Ha caMOM ,rr,ene o6.H3aHhl CBOHM npOHCXO)K,11,eHHeM H3Me

HeHH5JM B KpHBl13He Haruero npocTpaHCTBa. He oKa>KeTCH JIH, qro ace HJIH 
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HeKOTOphie H3 IlplPIHH, KOTOpbJe Mbl H83hIBaeM ¢u3H'-leCKHMl1, caoe Ha'-la.J!O 

:se,n,yT OT reoMeTJH-1'-leCK01·0 CTpoettH51 tta rnero npocTpaHCTBa» . OH BhICKa-

38.11 npe;~110JIO.>KeHHe, 'ITO TaKHMH <ln·l3H'-leCKHMH npH'-IHHaMH MOI'YT 6hITb 

renncrra, CBCT, 3JieKTPH''IeCKOe IlOJie. 3aMeTHM, "ITO HCTIIBHaH ¢113H"leCKaH 

IlpH'IHHa HCKpHBJieHHOCTH - rpaBHTall,HH (KaK CT8JTO HCHO nocne pa6oT 9wH

IIITetiHa) HM eru;e He 1183Batia. 0,LI,HaKO BbICK83aHa rHTIOTe3a 0 B03MO.>KHO:A 

CBSl3H 3JieKTpOMarHHTHOrO flOJlH H reoMeTplUi rrpocTpaHCTBa, TaK ' ITO, no

BH,LJ,HMOMy, J.fMeHHO l V ni¢¢op,n:a CJie,nyeT CqHTaTb pO)J.OHa"l8JTbHHKOM li)l.eH 

reoMeTpH3aIJ,HH 3JieKTpOMaI'HH'l'HOI'O llOJISI . 

B Tpy.n:ax B. K JmQ>4>op.n:a KaqecTBeHHO npe,T1,aocx1u1.i;eHhI ocHOBHhie npo

HB.Jietrna saKOHOMepuocreti cos.n:atttto:A 3Ha'-lwre;lbuo rr03.>Ke o6m;e:A Teop1111 

OTHOCHT€>Ji b HOCTH. Ott nlicaJI: « BOT TPH po,n.a 113MetteHJIH KpliBli3 HhI B npo

crpaHCTBe~ KOTOpble Mb! )lOJI)KHbI npH3HaTb Jie)f(aJ.IJ;HMH B npe,n:cJJax B03MO.>K

HOr o: 

I. JlpOCTpaHCTBO Harne, 6bITb MO)f(eT, ,n,e:AC'I'BH'I'eJibHO 06.Jra)J.aeT KpHBH3-

HOii, Menmom;e:ttcH rrpH nepexo,r_1,e OT 0,D;HO:A TO"IKH K ,n;pyruw' - KpHBH3HO:tt, 

KOTOpyro HaM He y,D,aeTCSl o npe,L1,eJIHTh 11JIH TIOTOMy, qTQ Mbl 3H aKOMbl JIHillb 

c HeOOJiblllO:A qacTblO npOC'TPaHCTBa, 11JIH IIOTOMy, '-lTO M b! CMelllHBaeM 11e3Ha

'HITe.ll bHbie IlpOHCXO,ll.5IJ.IJ;He B HeM li3MeHeHlfH c nepeMeHaMM B ycJIOBHHX 

Hamero cPH3H'ICCKOI'O cym;eCTBOBaHHH, IIOCJI€iJ,HHe :>Ke Mbl H e CBH3hIBaeM 

c nepeMe HaMH B HarueM TIOJIO.>K€Hl1M. ( ... ) 

II. H arne npocTpaHCTBO M O:>Ke'I' 6h1Th ,n,eikTBJ.ITeJihHO TO)f()l.eC'rBeHHO ao 

acex CBOl1X qacTSIX ( HMeeT 0,lJ,HHaKOBY10 KPliBH3Hy), HO BeJUf'IHHa ero Kpli

BH3Hhl MO*eT H3MCIDIThCH K a K u,enoe BO BpeMenli. B TaKoM CJiy'-lae Harua reo
Merpnfl, OCHOBaHHa}I Ha 'I'O:>K)J,CCTBCHHOCTH rrpOCTpaHCTBa, coxpaHHT CBOJO 

CRJIY ,II,JIH Bcex '-lacTeH npocTpaHC'l'Ba, HO nepeMCHhl B KpHBH3He MOry·r 

npoH3BeCTH B npoCTp a u CTBe PM rroc.rre,IJ,OBaT eJJhHhIX Bli,ll.MMhIX li3MetteHJIH. 

III. Mb1 MO.>KeM MhICJll1Th H arne npocrpattCTBO KaK 11Me10m;ee rroscro,ny 

npH6JIH~H'I'eJlbHO O,LCHOpO,IJ,.HylO KPHB113Hy, HO JterKlie H3MeHeH1'1Sl KpHBH3Hbl 

MoryT cym;cCTBOBaTh npM nepexo,n;e OT O,ll,HO°A TO'-lKH K .IJ.pyro:A, B CBOIO 

0'-Jepe)J.b H3MCHHHCb BO BpeMeH11 . 9Tli li3MCHeHliH Kpl-IBM3Hbl BO BpeMeHli 

Moryr HpOH3BecTli HBJieHlfH, KOTOpbl e Mbl He TaK y:>K HeeCTeCTBeHHO IIpli

TIHCbJBB.eM Q>H3H"leCKliM npM'IMHa:M, He 38.BHC51IIJ.HM OT reoMeTp1111 Harnero 

npocTpaHCTBa~ [85, c . 46). 
KaK HM,ZJ;HO n3 rrpHBe,D,ettHoro OTpbIBKa, Knu¢¢op,n. 3Ha'111TeJibHo 6onee 

orrpe,n;eJJCHHO, He:>KeJili PJ.IMaH, CTaBl-fJI ao11poc o B03MO:>KHOM cPH31i'-IeCKOM 

npoBBJieH1n111cKp11BJICHHOCTH npocTpattCTBa. K aK oKa38JlOCh anocJie)l.CTBHH, 

BCe OTMe'-IeHHble MM TpH T HTia H3MeHeHJ.fH Kp11Bl13111>I H a lllJIH ec:recrBettHoe 

BOrrnow,eHue B o6I.IJ,ei1: ·reopHH oTHocwreJibHOCTM. TaK, K n cpBoMy Tuny 

OI'HOCliTCH, Hanp11Mep, H CKpHBJieHHe npoC'rpaHCTBa (H BpCMCHH) BOKpyr 

rpaswrupyK>w,MX TeJ1, B '-IacTHOCTli BOKpyr Co; m1..r,a H 3eMJIH. l1MeHHO 9T11M 

HCKpHBJieHHeM o6hHCHHeTCH llbJOTOHOBCKHii 3aKOH scervmpttoro TIII'OTeHHH. 

BTopo:tt mn n o K JnicPcPOPAf - M3Mettettlie no speMeHM u poc-rpaHCTBeHttoa 



KPl1BM3HhI, 0)1,HHaKOBOti BO acex TQqKax, - Hallie.JI CBOIO pea.n:H3aQHJO B KOC

MOJTOrW-IeCKMX MO,Jl,eJJHX <l>p11,D.MaHa. TpeTHi1 TMn R3 MeHeHHH KPRBll3Hhl 

B BM,ll,e pH6R Ha npaKTR't.{€CKH IDlOCKOM c}:>oHe MO)l(.eT 6hITb COITOC'ffiBJJeH 

c pacnpoC'rpaHeHHeM rpaBHTaIJ,HOHHbIX BOJJH, 3KCnepwMeH'raJlbHhlii TIOHCK 

KOTOpbIX npO,ll,0Jl)K8JICH B reqeHHe IlOCJle,ll,Heif TpeTH xx B. 113 BOCilOMJma

HRA COBpeMeHHHKOB 9ttHUJTeHHa J.f CBe,n,eHHH ero 6Rorpa¢oa H3BeCTHO, 1-J'ro 

9ttHIIITettH 6htJI 3HaKOM c pa6oTaMR K .rmQ:>Q:>op,n,a eru;e B 6cpHcKHii nepHo~ 

CBOeH )l(.R3HR ( 1902- 1909). 
113 Bcero CKa:JauHoro CJTe.nyer, '-JTO HMeHHO KJI11Q:>Q:>op)T.a cne.nyeT C1-JH

T8.Th OCHOBaTeJieM reoMeTpMqeCKOl '0 BH,ll,eHH5! MHpa, npHl:J.eM B ero 3KC

TpeMaJibHO 3aKOH'1Ie11HOH cl>opMe, npe·reH)JyJOru;e:tt Ha MOHHCTWiecKylO napa

,n;HI'My. On nRca.n:: « . . . H3MeHeHHe KpHBH3HhI npocTpattCTBa - 3TO ro, -qTo 

B ,ll,CHCTBH'reJibHOCTR npoRCXO,ll,RT npH TOM HBJieHHH, KOTOpoe Mbl Ha3bIBaeM 

,LI,BH)l(.eHMeM MaTepRR, KaK BeCOMO:A, T8.K H 3¢ttpa; '-lTO B ¢11311qecKOM 

MHpe He RMeeT MeCTa HH'-iero' KpOMe 3TOI'O H3MeHeHM.H, Il0,ll,'t.{HHfilOru;eroc51 

( B03M0)1(.H0) 3aKoHy HenpepbIBHOCTR» [84, c. 36]. 9TO He 't.{TO HHOe, KaK 

BhJ,ll,BH)l(.eH11e nporpaMMbl IlOJIHOii r eoMeTpH3a,IJ,HH BCe:A MaTepHH. 11MeIIIIO 

B pycJ1e 11.n;eti' K.rm¢¢op.n;a pa6ara.rrn aMepMKaHcKRtt Q:>R3RK-TeopeTRK ,l:QKoH 

y HJiep H ero illKOJia, npOB03I'Jiaci-rntnRe nporpaMMY IIOCTpOeHJUI «MaCChl 6e3 
MacChI», «3apH,II,a 6e3 3ap5I,ll,a» H T. ,ll,. , T. e. JTOJIY'tJeHRH BCex xapaKTepHCTMK 

MaTepRH 113 CBOHCTB «IlYCTOro» npOC'rpaHCTBa (u BpeMeHu). 

0TMeTHM, '-ITO B. K.r1HQ:>¢op.ny npMHa.n;Jie)l(.HT MHoro H 3BecTHblX pe3yJih

T8.TOB B 1'.•1aTeMaTRKC. TaK, .n;1u1 R 3yqeHH5I rpynn ,D,BH)l(.eHJd1 B reoMer

pRR OH npRMeHMJI KBaTepHHOHbI CJie.nyroui;ee noCJie KOMIIJJeKCHblX TJ:HCeJI 

o6o6ru;ettRe BeIJJ,eCTBeHHhIX TJRcen. B MaTeMa:r11Ke 11 ¢11s11Ke XX B. rnRpoKo 

HCilOJJb30B8.71HCb TaK H83hIBaeMble 8Jlrc6phl l<JIH¢¢op,u,a. Han.OMHHM, tITO 

cnmIOphl H MX o6o6~eHH.H B npocTpaHCTBeHHO-BpeMeHHbIX MHOI'006pa3115IX 

npOH3BOJlbHOi% p83MepHOCTH H CHI'HaTypbI BBO)l.51TC.Si c IlOMOll.l,blO 8.Jll'e6p 
KnH¢¢op.n.a. 

8.5. 9pucT Max 11 reoMeTpHR 

11,n;eH HeeBKJJM,ll,OBblX reoMeTpRM ,ll,a)Ke B Haqa.ne xx B. npe,n;CTd.BJUI

JIHCb '3K30THqeCKHMR R 6hUill MaJIOH3BeCTHbIMH B coo6ru;ccTBe <l:>R311KOB. 

I'OClIO)l.CTBOBa.Tia yBepeHHOCTb B eBKJIH,LI.OBOM xapaKTepc I'COMC'l'PHH pe8.Jlh

HOI'O MRpa R B He3bI6JieMOCTH 3aKOHOMepHOCTeH HbJOTOHOBOH MexaHHKH. 

,Il,JIH cpopMRpOBaIIR.H reOMeTpRTiecKoro MHpoilOHHMaHHH He06XO,lJ,H!VJ0 6bIJJO 

p 83Beffl:{aTh '3TH yKopeHHBrnHeCH npeJl.CTaB.JieHH.H. Cnm1<ttBmy10cH CHTya

I\RIO M0)1(.H0 6hIJl0 cpaBHHTb c npeo,n;oJieHHeM .n;orM aHTM'-lHhIX B033peHHit 

11 cPH3HKH ApHCTOTeJI.H, ocyrqecTBJieHHOM Tpy,n;aMH KoncpHuKa, KenJiepa, 

I'8JTRJieSI R wyr11x Bhl,r:i;a10ru;11xcSI ecTecTBORCilbITa·reneM: XV- XVII BB., no,n;

roTOBRBUJRX rroqBy ,ll,JIH C03,n:aHHH llblO'l'OHOBOH MexaHHKH. 
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Ha 3TOT p 83 n0Ha,JJ,0611noch 3Ha'IHTeJihHO MeHhrne BpeMeHR. BoJihllIYIO 

poJib B peIIIeHHH 3TO:A 3a,n;aqJil " B IlOJJ,rO'l'OBKe ycJIOBH:A ,IJ.JIH C0 3,J..I.aHHH o6ru;ett 

TOOPHH OTHOCHTe.TlbHOCTH ChirpaJI cPH3HK, ecrecTBOHCl1bl'IB'I'eJib H cPHJJOCOcP 

9pncr Max. CaM 9:AHIIITe:AH OTMe'laJI, 'ITO «Max HCHO ITOHHM8JI cna6b1e 

CTOpOHbl KJiacCR'leCKO:A MeXaHHKH Iii 6bIJ] ue,n;aJieK OT TOro, 'llTOObI npHihH 

K o6w.ei1 TeOplilH OTHOCHTeJJhHOcTH. M 3TO 3a noJIBeKa ,IJ.O ee co3n,amu1! 

B echMa BepoHTHo, 'iTO Max CYMeJJ 6h1 co3,n;aTh o6rn,y10 reop1110 OTHOCHTeJib

HOCTH, ec.JJH 6bI B 'l'O BpeMSI, KOI')l.a OH ern;e 6bIJJ MOJIO)l. )lj'XOM, cPH3HKOB 

BOJllIOB8JI Bonpoc 0 TOM, KaK CJJeAY€'1' IlOHHMaTb CKOpoCTb CBe'IB» (208, c. 29). 
BoJ1ee roro, ponh Maxa 'lpe3BbP-IaAHo BeJmKa B CTaHOBJieHHH Bceli cPYH

,n:aMeH'IaJibtto:H T (,'OpeTnqecKo:tt <}:>H3HKH xx B. - KaK TeopwH OTHOCHTeJibHO

CTH, TaK H KBaHTOBO:A Teop1111. MmKHO 6e3 npeyBeJIH'leHIDI. CKa3aTh , qTo OH 

CTOSIJI y KOJibI6eJm Tpex o6cy)K,n.aeMblX 3,IJ.eCh MHPOilOHHMaHHM H npOH3BeJI 

rJiy6o:KHii KpHTil'leCKHH a HaJIID HblOTOHOBOM cPH3 HKH ( MexaHHKH) ' o6paTHB 

BHHMaHHe Ha ee CJia6h1e CTOpOHbl H TeM CaMhIM no,n;roroBJilB nOqBy )l.JUI 

HCCJie,n;oBamrA BO Bcex Tpex HanpaBJJeH11ax. 

B CBoe:H KHlilre «MexaHMKa (MC'I'OPHKO-KpHTH'llecKMtt oqepK ee p83Bl1-

TH51) » 8 . Max n11CaJI: «MMeHHO npocre:ArnRe c BffAY npHHJ.UIIlbI MexaHHKH 

O'leHb CJ10)1(HbI; OHH OCHOBaHbl Ha He3aBeprneHHblX Iii ,n;a>Ke He,n;ocTyilHbIX 

IlOJIHOMY 3aBepmeHHIO ,JJ.aHHblX OnbITa; npaKTH'lleCKH OHH, npaB,JJ.a, )J.OCTa

TO'iHO npcrnepeHbJ )J.JIH Toro, qTOObl, rrpMHHMaa BO BHHMaHHe )J.OCTaTOqHyJO 

ycTo:A-rnBOCTb OKpy)KaJOw.e:tt Hae cpe)J,bl, CJiy)KJiTb OCHOBO:tt ,LI.JIB MaTe?vla'l'H

"ICCKO:ii ,n;e,rr.y~Hlil, HO car..,m OHH BOBCe He MOI'Y'l' paccMaTpRBaTbC5:1 KaK M aTe

MaTHqecKHe HCTHHbI, a OHH )J.OJI)l(Hbl paccMaTplilBaThCSI, ttanpoTHB TOI'O, KaK 

IlpHHJ.Viilbl, He TOJibKO c...:rroco6HbJe IlO)I.Ll.aRaTbCH HenpepbIBHOMy KOHTpoJIJO 

Oilbl'ffi, HO ).~a)Ke Hy)f(,ll,aIOrn;HeC.H B He M » [106, c . 201). 
Max 11o)JJ>u6uo, mar 3a maroM, npoaHa.im3RpOB8JI MeTacl>u3 11qecK11e oc

HOBalilffi KJiacc11t.iecKoi1 MexaHHKH H hJOTOHa H npo,n;eMOHCTpH pOBaJI ycnoB

HbI:A (w,rr.e8JIH3HpOBaHHblM) xapaKTep ee KJJJO'lleBblX IlOHSITH:A, TaKJilX KaK 

Macca, a6con10THb1e npocTpaHCTBo, BpeM}J, 1i1Hepu.11si, cHJia u ,n;pyr11e. H a 

no:MHHM HecKOJibKO BblCKa3bTBaHHR Maxa Ha 3TOT cqeT: 

«Mhl He BH)J.HM B «KOJIJilLfeCTBe MaTepHH» rrpe,n;cTaBJieHH.H, KOTOpoe 6hIJIO 

6bI crroco6HO ofrh.HCHl1Tb H HJIJIIOCTPlilPOBC:l.Tb flOH.HTHe MaCChI, 1160 OHO caMO 

He o6na,rr.aer )l.OCTaTO'IHOR SICHOCTbJO» [106, c. 184) . 
«06 a6coJIIOTHOM npocrpaHCTBe H a6coJIIOTHOM apeMeHJil HJilKTO HHqero 

CKa3aTb He MO)KeT; 3TO 'IHC'l'O a6cTpaKTlibie Be~, KOTOpbie Ha OilbJTe 

o6nap}')KeHbl 6bITb He MOI'yT» [106, c. 1951. 
«H eT HH'lero HeB03MO)KHOrO B TOM, 'iTO Ha MeCTO :J,fl,eMe'Hmap'HU X 3a

?CO'H08, COCTaBJJ.SilOill,HX co,n.ep)KaHHe COBpeMeUHOH MexaHJilKH, KOr,n;a-H116y,rr.h 

33.HMYT (ynoTpe6JISISJ Bh1pa:>KeH11e K. H eilMaHa) 3aKOHhI HHTerpaJihHbre, 'ITO 

Mbl Henocpe)l.CTBCHHO 6y,n;eM Il03HaBaTb B3aHMHYIO 3aBl1CHMOCTb no.fLO:JICe'H'lJ.'l'J, 

Te.J I. B 3·roM cnyqae nott;imue CUA'bt CTaJIO 6bl H3JJHIIIHHM» (106, c. 222]. 
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11cxo~ H3 npoBe)l,eHttoro a.HaJnI3a, 8. Max c)l,e.naJJ BhlBO)l,hl: 

1. «Bee HalllH OCHOBHhie np1nrn,11nbl MexaHHK.11 npe)l,CI'aBJIHIOT co6o10, 

KaK 3TO 6bIJIO yme rro,rrpo6HO IlOKa:JaHo, AaHHble OllhITa 06 OTHOCH

Te.JlbHbIX nonoJKeH1urx H ,n;mnKeHH.HX ren. He CJJe,u.yer H HeB03MOJKHo 

npliHHMaTb HX 6e3 npoBepKH B o6nacTHX, B KO'I'OpbrX MX B Hac'I'Offi.I.I;ee 

BpeMH rrp113HaIOT npaBHJihHhIMH. HHKTO He Bnpaae pacm11pwrb c<Pep1:i1 

)l.encTBHH 9THx ocHOBHhix npHHU.HTIOB 3a npe)l,eJihr onhITa. TaKoe pac-

11111peHHe )1,a)Ke 6eccMh1c.ne11Ho, 116o HHKTO He cyMeJI 6b1 Ha:ATH eMy 

npHMeHeHHC» [106, c. 194). 
2. «Ilpou,ecCbl 'iHCTO MexaHH'IeCKHe npe)l,CTaBJUTIQT co6oi1: a6C'rpaKU,HH, 

HaMepeHHO HJIH no HeOOXO)l,HMOCTH rrpe;~npHHHMaeMble B u.e1rnx 6o
J1ee .nerKoro 0630pa. To JKe caMoe MO)KIIO CK83aTh 11 o6 OC'.raJib

HhlX K.naccax cPH31i'IeCKHx ~rnnettH:A. Ka)K,Il,hI:A npou.ecc - cTporo ro
BOP.H - npl1Ha,Ll.Jle)KHT KO BCeM 06.nacT.HM cPH3HKH, H rpaHM, pa3-

)l,eJI.HIOII~He '3TH IlOCJie)l,HHe, o6oHCH.HIO'I'C.SI OT'laCTH ycTaHOBHBmetiCH 

Tpa)lH qHe"A, OT'lacTH cPH3HOJIOI'J.i'IeCKHMH 11 OT'laCTH HCTOpH'lecKHMH 

npH'-IHHaMH» [106, c. 422). 
3. « B033pCHHC, '-ITO MeXaHHKY CJJeAyeT paccMaTp1-1BaTb, KaK OCHOBY Bcex 

OCT8JlbHbI X OTpaCJie:ti cPH3HKH, H 'ITO Bee cPH3H'leCKMe npou,ecCbI cne

)JJ'fil OO'h.HCHHTh Mexanu'll,eC'lf,U, eCTb, Ha MO:A B3r.n.H)l,, npe.n;paccy.noK. 

( .. . ) Ilo MCpe TOrO, K8J<. CTaHOBHTC}] li3BeCTHbIM Ii ynop.H,ll;O'leHHblM 

Bee 60Jih1IIee H 6oJib111ee KOJIH'leCTBO Q:>aKTOB, MoryT ycTattaBJIBBaTbC.H 

H coBepmeHHO HOBhie PYKOBO)l,.HIIUie B033peHHH. B HacTOHill,ee Bpe~rn 

Mbl )1,a)J<e 3HaTb He MO)f{eM, KaKHe 113 q>H3H'le<.:Kl1X 5:1BJleHH"A H)JJ'T ece20 
e.11.y6atee, He CJie)JJ'CT JIH C'IHT8.Tb .HBJleHHH MexaHJil"<.JeCKlie HMeHHO HaH-

60.nec IlOBCpXHOC'l'HblMH HJUI .ne)KaT JJH OHli Bee paeuo 2.1Ly60'K,O» [106, 
c. 422). 

4. «BbIJJO 6hr OTUH60'IHO )JJ'MaTh, 'ITO BeJiliKHM H umpOKHi1 B3I'Jl.H)I, 6hlJ1 

BHeceH B eCTeC'TB03HaHHe TOJibKO Mexa1rnqeCKHM H033pemieM Ha npH

po,ey. HCT, Ta.Ko-A B3rJI.H,l..I. 6brn ,LJ,OCTO.HHHeM nepBbIX 11cc.ne,IJ,OBaTe.nea 

BCex BPCMCH H CO,LI,eiiCTBORaJI yJKe IlOCTpoeHHIO Mexaumrn H, c.neAOBa

TeJibHO, He MOr B03HHKHYTb Jllilllb 'ltepe3 9Ty IlOCJie~HIOIO. ra.1rnJieH 

H rronreHC IlOCTORHHO nepeXO)l,HJIH OT pacCMOTJ)eHH}{ e)l,IDU11·IHOrO 

K pacCMO'rpeHHIO BCJlHKOro u.enoro H o6paTH0 H npHI.ll.TIH K CBOHM 

BeJIHKHM pe3yJihT8.TaM B CBOeM crpeMJieHHH K TO'-IKe 3peHH}1 IlpOCTOit 

H cso60,n;110A OT upOTHBOpeqJin» [106, c. 425). 
5. «Cpe.ucrBaM MbIUJJieHH.H cPH3HKH, llOII.H'rH.HM MacCbl: CHJibl, aTOMa, 

BC.SI 3a,LI,a'Ia KOTOpblX 3aK.nJOqaerc.SJ TOJlbKO B TOM 7 'IT06hI rro6y)l,HTh 

B HallleM npe.n,eraBJieHHH '3KOHOMHO ynop.s.n,oqeHHbI"A OilbIT, 6oJiblllHH

CTBOM ecTeCTBOHCUbIT8.TeJiefi npHilHCblB8.eTC5I peaJibHOCTb, BblXO,IJ,51-

~aa 3a npe)l,eJibI Mb1111neHH.H. Bonee ·roro, 11onara.10T, '-ITO 9'l'H cHJihr 

R MacCbl rrpe)l,CTaBJI.HIOT TO HaCTOHI.u;ee, q•ro rro,n;ne)f(HT HCC.ne,n;oBaHHIO, 

H ec.nH 6hl OHH C'.raJIII II3Bec'l'Hbl, Bee OCTaJlbHOe noJIY'fHJIOCb 6hr 
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caMO co6010 H3 paBHOB€Clir51 Tir )J,BH)KeHlUI 3THX Mace. ( ... ) I'vlbI He 

,Il,OJDKHbl C'tlTifrd.Tb OC'H06a.MU ,rr,e:RCTB11TeJibHOro Mupa TC MHTeJIJieKzy-

8.JlbHbie BCilOMOraTe.Jll>Hbie cpe,rr,CTBa, KOTOpblMH MbI IlOJib3yeMCH ,JJ,JUl 

nocma'HOe?Cu MHpa 'HlL c·~ette ttawe20 M'btWJtettU..R.» [106, c. 432]. 

Ceifqac 3TH CJIOBa Maxa MO)KHO c IIOJIHbIM OCHOBaHMeM OTHeCTH KO MHO

r11M ,l.IJ)yrlfll..t noH.HTHSIM, HMeIOIIVfM KJuoqcaoli :xapaKTep KaK a reoMerpl-{qe

CKOM, Til.K u a TeopeTuKo-noneBoM MHponottuMaHHSIX. TaKOBbIMH .srn11mOTC5l, 

HanpHMep, IlOH51THSI BOJIHOBO:R cpyttKIJ,H11 l1 aMIIJIHTY,11.bI BepOSITHOCTH, apo

MaT11"1eCKUe H xpoMaTH~ecKHe BHyTpeHHHe npocTpaHCTBa 3JieMeHTapHbIX 

Y.a.CTHU, H T. ,IT,. 

B none 3peHu.sr 9. Ivl axa naxo,L1,11Jll1Cb u u,neu o B03MO.>KHOM HeeBKJIH

,ll,OBOM xap aKTepe cp113H .. 'iCCKOrO npocTpaHCTBa. y :>Ke B 1903 r.' B caMOM 

npeMBepHH C03,IT,aIIHSI reop11H OTHOCRTeJlbHOCTH, B CBOeH CTaTbe «Ilpo

CTpaHCTBO H reorvieTpMSI c TOY.KR 3pCH11Sl ecTeCTB03HaHH51» OH Lla.JI rny6oKHH 

aHaJIH3 .MaTeMaTW '"1€CKHX l1 cp113uqecKl1X acneKTOB p 83BlITH51 npe,rr,cTaBJieHHH 

o reoMerpnu npocTpaHCTBa, no,T.IJ)o6Ho H o6cTO.HTeJihHO oxapaKrep1130Bru1 

/T.OCTR:>KeHH.H Jlo6a~eBCKOro, .5I. Boau, PuMaHa, raycca 11. ,upyr11x. Ilpu 3TOM 

OH 11.CXO,Il,MJI H3 TOI'O, qTo «reoMeTpHSI eCTb npHMeHeHue tvtaTeMaTHKH K OilbITY 

OTHOCHTeJibHO npocTpaHCTBa». 3,rr,eCb OH HaIIHCaJI npopo•-IeCKRe CJIOBa: «Bee 

p83BHTHe, IlpHBe,rr,wee K nepeaopOTy B IlOHHMaHHH reoMerp1111, CJie,rr,yeT npH-

3HaTh 3a 3,rr,opoaoe 11 CHJlbHOe ,11.BH:>K.eHHe. Ilo)J.I'O'l'aBJIHBaeMoe CTOJleTH.HM H , 

3Hal.JHTeJibHO yc.11.Jll1BllleecH B HallJH ,Il,HR, OHO UHKOHM o6p830M He MO:>KeT 

C'i:H'rdTbCH y:>K.e 3aKOHqeHHhIM. HanpOTRB, c ;1e,rryeT O:>K.H/T.aTh, l:JTO ,rr,mn1<e

H11e 3'1'0 IlpHHeCeT cme 6oraTeHllIHe IlJIO)J.hl - H TirM€HHO B CMhICJi e TeOpHH 

Il03HaH11.H - He TOJlbKO ,ll,Jl.H MaTeMaTHI<H l1 reoMeTpl-Uf, HO H ,Il,JISI ,l.IJ)yrHX 

ttayK. Ey,Ll,Y"'-IH ofo13aHO, npaB,n;a, MOIIVIbIM ToJiqKaM HeKOTOpbrx OT,IT,eJihHhrx 

Bbl/ I,alOllJHXC.H mo,rr,e:n, OHO, 0,ll,HaKo, B03HHKJIO He H3 HH,LJ.HBH,IT,y8JibHbIX, HO 

o6rr.r;mc IlOTpe6Hocre:n! 9To BR,JJ,HO y)Ke H3 0,11.HOro pa3Hoo6pa3RH npocpecCHH 

JilO/(eii, KOTOphie upm1.HJ111 yqacT11e B ,JJ,BR:>KeHuu. H e TOJihKO MaTeMaT11K11, 

HO H cpH.1IOCOcphI, H ,ll.lf,D;aKT11Kl1 BHCCJIH CBOIO ,JJ,OJllO B 3TM MCCJie.n.oaaHM51. 

l1 nyTH, npoJio)KeHHbie p83JIH"'iHb1Mu uccne,rr,oBaTeJISIMH, 6nH3KO conpuKaca

IOTCH» (105, C. 419). 
3HaMeHaTeJibHO, 'f./TO 9.MH111TeiiH Ha caMOM aKTHBHOM 3Tane CBOeTO Hayq

Horo TBopqecTBa Hax:O,IT,HJICH rro,rr, 6oJibllIMM BJlHHHHeM H,.!J,e:R Ivl axa. Co3,rr,aBa51 

o6m,yio Te0p1uo OTHOCMTeJibHOCTH, OH 6bIJI B IIOJ1HO:R )'BepeHHOCTH, "'-ITO 

paOOraeT Ha,n. pca.1IH3all,Heii H,ll,eii Iv1axa. l13BeCTHO TalOKe, qTO 9ihrnITeHH 

Marro Koro ~MTHpoaan, a CCbIJIKH Ha l\tlaxa co,rr,ep:>K.aTCH B OOJibIDHHCTBe ero 

pa6oT roro nepno,n,a. 

Cne,zzyeT HecKOJihKO CJIOB CKa3aTb o cy,n,b6e caMoro Maxa 11 ero Tpy,n,oB. 

B 1898 r. y Hero cJ1y':l1u1ca HHCYJihT, H OKOJ10 20 nocne,IT,HHX JieT OH 'IBO

p1m HaTIOJlOBHHY napaJIH30BaHHbIM. B TaKOM COCTOHHHM OH HanHC8JI CBOH 

M3BeCTHhie KHHrR «Il03HaHHe H 3a6Jiy:>K.,rr,eHH.H» H «0IlTHKa». 
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B nhlny 6opb6b1 co CBOHMH noJIHTHqecKHMH npOTHBHHKaMH, CHMnaT11-

3HpoBaBlllHMH HJI.e.HM Maxa, B. I1. JlcHHH B cBoeii KHHre «Ma·repHaJIH3M 

H 3MnHpHoKpHTHI.J,R3M» (98) o6pylllHJIOI Ha ITT( aBTOpa, 'tJTO TIOCJIY>KHJIO 

cepbe3HblM OCHOBaHReM ,rvrn: rotteHHH B ttaine:A CTpaHC ua BCex npHBep>KeH

u,eB Tpy,rr.oB fvlaxa Ha npoTIDKett1111 OOJibllleii qacTH XX B.1) fvlttorHe TPY,ll,bl 

yqettoro B crpattax co~8JIHCTH"l.ecKOro narep.H 6bIJIH yttHqTO>KeHhI , B cae:r 

BbIXOJI.HJIH JIHII.Ib ny6JIHKaI.J,HH o fvlaxe KPHTHqecKoro xapaKTepa. 

"C.JTo >Ke Kacaerca KPHTRKH B3rJIH)I.OB caMoro Maxa Ha cyTh npocTpaH

CTBa, BpeMeHH, Ha pa3MepHOCTb npocTpaHCTBa, MaTepHIO H na ;JJ)yn1e 

KJJIOqeBbie 3JieMeHThI KapTHHbl MHpa, TO BpeM.H y>Ke MHOroe paCCTaBHJIO 

no CBOHM MecTaM. H o JIY'-lllle BCero CKa3aT1 no attanorHqHOMY IlOBO,ITy caM 

Max: «Ho qTo HaM CKa3aTb o TOH cypoao:A npH~'tJHBo.H KPHTHKe, KOTOpoit 

no,rr.aeprJIHCb MbICJIH raycca, PHMaHa H HX TOBap1un;e:A co CTOp0Hbl JIIO)I.eit, 

3aHHMaronwx Bbl,lJ,aro~cec.H noJ10>1<eHHC B ttayKe? Hey>1<en11 HM tta ce6e caMHx 

He npHllIJIOCh HHKor.n.a HCilbITaTb TOro, qTo HCCJie,u.oBaTeJib Ha KpaRHHX rpa
HHu,ax 3 HaHH.H HaXO)I.HT qacTO TO, qTQ He MO>KeT 6bITb rJia,n;KO H IIeMe)l.JieliHO 

ycBoeHO Ka)f()l;blM YMOM H qTo TeM HC Mettee .n.aneKO He 6ecCMbICJieHHo? 

K0Heq110, H TaKHe HCCJie,rr.oBaTeJIH MoryT Bn~aTh B OllIH6KH. Ho oum6KH 

HHbIX JIIO,U.eii 6bIBalOT Hepe)I.KO 110 CBOHM IlOCJ1e,rr.cTBH.HM IlJIO)I.OTBOpHee, qeM 

OTKpbITH.H ,rr.pyr.HX~ (105, C. 418). 
3acnyrH 9. J\tlaxa He HC'iepnbIBaIOTCH no,rr.roTOBKO:tt noqBbI ,Lf,JI.H C03.n,a

HH.H TeopHH OTHOCHTf'JihHOCTH u KBaIITOBOH TeOpHH. Ott, KaK H B. PHMaH, 

u B. Kn11¢¢op,rr., BhICKa3aJI p.H/~ H,rr.e:A, cnoco6cTBOBaBlllHX Pa3BHTHIO ,rwyrmc 
HOBhIX ttanpaBJ1eHH.H B ¢yH,D,aMeHTaJibHoii TeoperHqecKo:tt ¢H3HKe. H e1<0-

Topb1e H3 HHX He rrorepanH aKTYaJibHOCTH " no ce:tt: ,rr.ettb. 0 ero BKJ1a,LJ,e 

B HCCJie)I.oBaHJUI. MHOrOMepHbIX reOMeTPHqecKHX MO,rr.ene:H ¢H3M'-leCKHX B3a

HMO,rr.e :ACTBHH, a TaIOKe B pa3BHTHe reopHR np.HMOro Me)K"({acTli"({HOro B38.H

MO,U.e:ttcTBH.H (peJI.HlJ,HOHHOf'O BH,LI.eHH.H MHpa) 6y,rr.er CKa3aHO B nocne,nylOIIJ.HX 

rJ1aaax. 

l)Bo BpeMSI no.n:1·0TOBKH B -qeXOCJlOB8.KHH np83,1J.HOBaHHSI 150-JieTMSI co )],HSI po)K,Ll,e.HIDI. 

9. Maxa BhlsrCHwmc1> .mo6onbITRbIC o6cTosiTeJJbCTBa, CBSl38HHbIC c naMHnmA ,11.ocKoA Ha 

,u.oMe B npuropQD.e BpHO (HbIHe -qcx H.s1), r,u.e OH po)I.HJICH. 9ra ,u.ocKa 6b1Jia noMe~eHa 
Ha <t>aca.n:e ,u.oMa B 1938 r. B CBSl3H c np83,D;H0Ball1"CM 100-JJeI'Heli f'O.LJ:OBILµiHbl ro 
.LJ:HSI po:>t<,zi;CHHSI sem1Koro }"ICHoro. Bo apeMR oKKynau,1rn -qeXOCJlOBaKm-r <t>amuCTc1<0ii 

repMaHHeA BbISICHHJIOCb, 'lTO HOBbIM BJiaCTSIM lla.MSITb 0 Maxc 6bIJia Heyro,ll,Ha. ,[(ocKa 

6h1JJa CHSITa H ao.n:py.>KeHa Ha MecTO JlHIDb a 1945 r. Ho nOCJle nposror11amem1si s C'I'paHe 

CO~Ha..Tllf3Ma npoKOMM}'HMCTJf'l€CKHC BJiaCTH OllSITh npHKa3a.JlH y6paTb MeMop:ua.TILHYJO 

AOCKy, It H€KOT0poe BpeM.SI cnycni ec BH)J.e.Jm B K}"le MyCOpa He,D.arre.Ko OT ,U.OMa. IlOTOM 

oHa HC'le3Jla. Bee no11cKH ,D.OCKH a KaH)'H npa3,ll,HOBaHJu1 150-JleTIDI co ,ll.H.H po)K,ll.eHJtSI 

Maxa He rrpusem~ K ycnexy, :u 6bma H3rOTOBJieua H ycnumBJJena HOBa.H MeMopHaJTbHaH 

,lJ.OCKa. Boosp~aJl.Cb K BOnpocy COOTHOllieHHSI ¢>H3HKH (Hay1rn) "' IIOJlllTHKH, mOOOTibITHO 

OTMeTHTb, ~To Hayqtfbie H)J.eH Maxa OKa38JIHCb Heyro.UHbIMH K a K <l>anrnCTCKHM, TaK 

H CO~HaJlllCTH~eCKHM pe)KHMaM. 



8.6. l(oHBe~oHaJIH3M A. IlyaHKape 251 

8. 6. KoHBelll.J)IOB3.JIH3M A. Ilya11Kape 

HeK11M ,!J,HCCOHaHCOM K B3r.ru1,n.aM H. H. Jlo6aYeBCKoro, K. I'aycca 

11 B. K.rrH¢¢op,n.a Ha HeeBKJJH,n;oBhI reoMerpHH npo3By\.fa.rrn coo6pa)KeHH.H, 

BhlCK83aHHbie ¢paHUJ'3CKllM MaTeMaTHKOM, ¢H3HKOM H ¢ru10co¢oM AttpH 

Ilyrun<ape. Ec.TIH nepBbie CTaBHJIH BOnpoc, KaKOH I'OOMeTpHe:A OilHCbIBaeTC.H 

peaJ.IbHbIB MHp, TO TiyaHKape 38.51BHJI, 'i.TO HeB~O, KaKYIO I'OOMeTpHIO .HC

IlOJib30BaTh ,D,JI.H OflHCaHll.H MUpa, - Bb16op reoMeTpHH onpc,n.eJUleTC5:1 JIHlllb 

coo6pa)KeHH.HMH y,n.o6cTBa. B cBoe:A pa6oTe «HayKa H rnnOTe3a» (1902 r.) 
OH IlHCaJI: «ECJIH Mbl renepb o6paTHMC51 K Bonpocy, .HBJI.HeTC.H JIH eBKJIH,Ll;DBa 

reOMeTpH.H HCTHHHO:A, TO HaM,lJ,eM, "!TO OH He HMeeT CMhICJia. 9To 6bIJIO 6hI 

BCe paBHO, "!TO cnpaumBaT b, KaKa>l CHCTeMa· HCTHHHa - M<..'TpH'ieCKru:I HJIH 

:>Ke CHCTeMa co crapHHHbIMH MepaMH, HJill KaKHe KOOp,n.HHaTbl nepttee 

~eKaPTQBbI HJIH >Ke nonsrpHbie. HHKaKa.H reoMeTpH.H He MO>Ker 6bTTb 60J1ee 

HCTHHHa, qeM ,n.pyraJ1; Ta HJlH HHaJI reoMerpH.H MO>KeT 6bITh TOJibKO 60.n,ee 
yiJom-wil. M BOT, eBKJIH,IJ,OBa reoMeTpH5:1 ecTb H ncer,ll,a 6y,ll,er Ha116onee 

y~o6ttofi no cne;zyIOJ..I.ViM npHY.HHaM: 

1. Otta nporue ,npyn1x; np11ToM OHa BBJI5:1eTC.H TaKoBo:A He TOJThKO BcJ1e,n.

CTBHe HaillHX yMCTBeHHblX npHBbP·:t:eK, He BCJie)J.CTBHC KaKOM-TO, 51 He 

3HaIO, Hen ocpe,n.cTBeHHOH RHTYlf~H, KOTOpa51 HaM CBOHCTBeHHa no 

OTHOI..lleHHIO K eBKJIH,Il.OBY npocTpaIICTBy; OHa HaH6onee npocTa Ii caMa 

no ce6e, no,n.o6Ho TOMY KaK MHoroqJieH nepno:A creneHH n pow.e MHO

roqJieHa BTopot\ C'reneHH; ¢oPMYJibl c¢epHqecKOH Tp11rOHOMeTpHH 

CJIO>KHee ¢opMyJI np.HMOJIHHe:Atto:A TpHI'OHOMeTpHH, H OHH Il0Ka3a

JIHCh 6hI ernc 6onee CJIO>KHbIMH ,Il.J15J auan.HTHKa, KOTOpbI:A He 6bIJI 6bT 

3 HaKOM c reOMeTPH"IeCKHMH 0003Ha'iCHH5lMH. 

2. Otta B ,n.ocmTOqHo.H creneHH cornacyerc.a co cso1icTBaM11 peaJThtthlx 

TBep~IX TeJI, K KOTOpblM npH6.TIH:>Ka.K>TC.H qacTH HaI..llero oprattH3Ma 

H Ham I'Jla3 H Ha CBO:ACTBe KOTOpblX Mbl CTpOHM Hanrn H3MepHTeJibHbie 

npH6ophI» 1135, C. 41). 

Tio3HWf.H IlyanKape onpe,n,eJU1Jiach TeM, qTO OH B CBOIDC paccy)K)J.eHH.HX 

OIIHpaJIC.H I'JiaBHbIM o6pa30M .//,UW'b 'Ha aee U3 mpeX 'ICJl,'IO'l.£e6'btX ifjU3U'l.£eC'ICUX 
mme2opui1: 'llacmu'4 u npocmJXl'HCmea-6pCMenu. TaK, OH cq11TaJI, "ITO «ec.TIH 

6hl He 6bIJIO TBep,JJ,blX Te.TI B npHpO,!I,e, He 6hIJlO 6bI Ii f'OOMeTpHH» [135, 
c. 48J. ,II;a)Ke Kor,n.a OH paccMaTpHB8JT CBeT, TO HMeJI B BH,IJ.y JIHlllb ero 

KopnycKy.TI51pHbie CBOHCTBa - BOCilplHIHMaJI ero KaK MaTep118JibHbie HCTOKH 

npe,n.craBJieHH.H o np.HMhlX JJHHH51X. 

Ott nq~qepKHBaJI, 'iTO npocmJXl'Hcmeo u 2eo.1vtempUR Jl6.!/,Jl,?Omoi uiJe
M'b'HUMU 'ICO'Hcmpy'IC'l.J,U.RMU, COBOKynHOCThIO y,n.o6ttbIX corJiaI..lleH11:A, nopo>K

~eHHbDC onhITOM H ¢opMoii MhllUJ1CHH.H. Ott nHca.n: «IvlbI BH,Il.HM, qTo 

OilblT HrpaeT HeOOXO,llHMYIO po.Tlb B npOHCXO>KAeHlfH r eoMeTpHH; HO 6hIJIO 

6hl OlIIH6Ko:A 3aKJIIOYHTh, qTO reOMeTpH.H - XOTII 6bI ()TqacTH 51BJI.HeTC.H 

3KCnepH!v!eHTaJlbHOH HayKOH. EcJIH 6bI OHa 6bIJTa 3KCnepHMeHT8JlhHOit Hay-
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KOH, OHa HMCJia 6bI TOJibKO BpeMeHHoe, npH6.JUDKeHHoe - - l1 BechMa rpy6o 

np116Jm.>.KeHHoe! - 3Haqeirn:e. Otta 6hu1a 6hI TOJibKO Ha)'Koii o ,IJ,BIDKeHl1l1 

TBep,ll,bIX ren. Ho Ha caMoM JJ,ene otta He 3aHHMaerc.H pea.rrhHhIMH TBep,D,hIM11 

Te.JlaMR; OHa Htvieer CBOHM IlpeJJ.Me'TOM HeKHe H)J,eaJibHbIC Tena, a6coJUOTHO 

Hel13MeHHhie, KOTOpbie BBJI.HIOTCH TOJibKO ynpomeHHbIM M oqcHh y,n,a.11eHHbIM 

OT06pa.>.Kem1eM pea.Tlbtthrx ren. IloilliTHe o6 sTHX HJJ,eaJibHhIX T e.i1ax :u;enm<oM 

H3BJ1eqeHo HaMH H3 He,n,p Hamero ,uyxa, H OTihIT npe)J,CTaBJI.HeT TOJlbKO IlOBO)l,, 

no6y~aIOI.I.T,llit Hae ero HCTIOJib30BaTb. Ilpe,u.Mer reoMerpHH COCTaBJrneT H3Y

qett11e JIHI.l.lh qaC'rno:A «rpyrrlThI» n epeMeI.I.T,eHR:A, HO o6ru,ee noH.HTHe rpyrlllbr 

cyI.I.T,eCTByeT paHbllle B HallleM yMe ( dans notre esprit), no Kpafitte:H Mepe 

B BR,1J.e B03MO>KHOCT11. Otto np11cy1.I.T,e HaM He KaK ¢opMa Harncro BocrrpH.HTH.H, 

a KaK Q:>opMa Hamett crroco6ttocT11 cy:>K,LJ.CHH:ii» (135, c. 53]. 
IlyattKape HaC'I'aHBaJI Ha TOM, q 'ro «OllhITbI OTHOC5ITC5I He K upocTpaH

CTBy, a K TeJiaM» [135, 133, c. 601 . O ·r c10,n,a CJie,n;oaarro, 'ITO .mo6ott onhlT 

MO>KHO lifHTeprrperHpoBaTh ~05IKO: JTH6o qepe3 npO.HBJICHH.H CBOMCTB npo

CTpaHCTBa, ;1116o 'Ie pe3 oco6b1e 3aKOHoMepttocTH rr0Be,n,ett11.H Ten . OTCro,n;a 

OH ,n;enarr BhIBO,n;: « IlOCKOJibKY HeB03MO.>KHO yKa3aTh KOHKPeTHbIH OilbIT, 

KOTOpbIH MOr 6bT 6bITb HCTOJIKOBaH B CBKJIH,ll,OBO:ii CHCTeMe 11 He Mor 6bI 

6bITb HCTOJIKOBaH .B ClifCTeMe Jio6aqeBCKOro, TO .H Mory 3aKJIIOqHTb: HlifKOr)J,a 

HHKaKOH OilbIT HC OKaJK.eTC.H B IlpOTHBOpeq1111 c IlOCTyJiaTOM EBKJIH,LI.a , HO 

3aTO H HHKaKott OilhIT He 6y,n;er HHKOr,n,a B llpoTHBOpeq11H c IlOCTYJi aTOM 

Jio6aqeBCKOro» [135, c. 55). 
Totitto TaK >Ke OH TpaKTOBa.n npoeKTbI acTpOHOM11qecKHX 3Kcrrep11-

MeHTOB, npe,L~J iaraBWHXC.H JI06at1eBCKJ.1M H ,n;pyrurvrn: «EcJIM c npaBe,ll,JIHBa 

r eoMeTp:w}l Jio6aqcBcKoro, TO rraparr.naKc oqeHb y.n;arreHHOH 3.Be3,ll,bI 6y,n;eT 

KotteqHhIM; eCJIR cnpaae,n;nirna reoMerpM.H P11Matta, TO OH 6yAer OTpHD;a

TeJThHblM. 9Tl'I pe3yJibT'dThI, TIO-BH,LI,HMOMy, ,n;onycKaIOT Oilbl'l'HYIO npoaepKy: 

MQ)KHO 6bIJIO Ha,n:e51ThC.H, qTo acTpOHOMli'ieCK11e Ha.6.mo,n;eHRSI MoryT peuJHTb 

Bh16op Me)K,Lcy TpeM.H reoMeTpHSIMR. Ho TO, qTo a acTpoHOMHH H83bIBae'l'C.H 

!JPBMoti JIHHJ1efi, eCTb npocTO TpaeKTopu.H CBeTOBoro nyqa. EcJIH, cne,n,o

aareJibHO, caepx O:>KH,n;aHH.H, y ,ll.aJIOCb 6hI OTKphITh OTpHu,a:re.TlbHhie napaJI

JiaKcbf HJIH ,n,oKa3aTh, qro Bee rrapruu1aKch1 6onhllle H3BecTHoro rrpe,ll.ena, 

TO rrpe,n,cTaBJIBJIC51 6br BhT6op Me~ ,ll,BYM.H 3aKJTIO'ieHH5lMH: Mbl MOrJIM 

6hT HJIH OTK83aTbC51 OT eBKJIH,LI,OBOtt r eoMe'rpHH, lifJI11 l13MeH11Th 3aKOHbT 

OfITlifKH H ,n,onyCTHTh, qTQ CBeT pacrrpocTpaHHeTC.B He B TO'iHOCTH no rrp.HMOH 

JIHHHH. BccnoJie3HO ,n,o6aBJUITh, qro DC5IKHtt cqeJI 6h1 aTopoe pemeHHe 6onee 

y,n,o6nhIM. TaKHM o6pa30M, emu n1,n.oaott reoMeTPHH Heqero onacaThCH HOBhIX 

OliblTOB» (135, C. 54). 
0TMeTHM, qTQ BCKope acTpOHOMbl o6Hapy>KHJIH OTpHr.1,aTeJibHbie rrapaJI

JlaKCbI pB,n;a 3Be3JI,, HO Bee OK838JIOCb CJIO>KHee. Vf3 ,IJ,Byx arrb'repHaTHB, 

YK83aHHhix J1ya1IKape, ¢u3HKH H36parr11 He caMyro npocT y10 eBKJIH,n;OBY 

r eOMeTpHIO, a BapHaHT ,IJ,BH.>KeHIUI CBeT'd B,ll,OJib reo,n;e3RqecKHX JIHHHH B ern,e 

6onee o6ru;ett pHMattoaott reoMeTp1111. 
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Oc?"lOB'J-WU HeiJocmamo?C e 'f><lCCY{)!CaeuuRx llyau?Cape cocmoJl.11, e uztto

pupooanuu UM mpem'beu ?C.11,10'll.eeou <fnJ,3U'll.ec?Cou ?Came2opuu noAe'li nepe

uoc'll.u?COe eaaUMoaeucme'l;,u, a mo'll.ttee - 2paeum,a'U,u0Hno20 no.fl,Jl, a HMeHHO 

B 3TOM, BO BKJIIOqeHHH cpH3HqeCKHX none:A B reoMeTpHIO rrpocrpaHCTBa-Bpe

MeHH cocTOHT f'JiaBHoe B reoMeTpHqecKOM MHponoHMMaHHH. K co)f{aJ1eHHIO, 

A. IlyanKape He ,rr,o>KHJI ,rr,o OTKpbITH51 o6m;e:A TeopMH OTHOCIITeJibHoCTH, xoni 

11 co,n,e:HCTBOBaJI 3TOMy, Bo-rrepBbIX, B BH,ll,e BKJia)J.a B C03,ll,aHHe cneu;HaJibHO:A 

Teopi-m. OTHOCl1'1'€J1bHOCTl1 11, BO-BTOpbIX, B ero 6oJiee II03,IJ,HHX pa60'I'ax y>Ke 

6bIJia paccMOTpetta TeopH51 rpaBMTaU,HOHHoro nona B npocTpaHCTBe-BpeMeHH 

M1rnKOBCKoro. rpaBHTaqH51 H TeopH51 OTHOCHTeJlhHOCTH (noKa JlHUJb cneu;H-

8JlbHa5I) y>Ke 6bIJIH nocTaBJieHbI p51,IJ,OM. 

B ¢11.J1oco¢cKOH nurepaTJpc B3rJI51,ll,bJ IlyaHKape o npHHD;HllHaJibHOH 

paBHOU,eHHOCTl1 eBKJIH,ll,OBOH H HeeBKJIH,ll,OBbIX reOMeTpHH H 0 BbI6ope 01J.HO:t1 

113 HHX no coo6pa>KeHH5IM y)J.OOcTBa Ha3bIBaIOT KOHBeHI.J.HOil8JlliCTCKHMH. 0T

M€THM, qro IlO)J.OOHbIM o6pa30M MO>KHO 6bIJIO 6bI OT HOCHTbC51 H K TpeM MHp0-

TIOHl1MaHJ1SIM: TOOpeTHKO-IlOJieBOMy, reoMeTpHqCCKOMY H peJI51U,HOHHOMY, -

C'C.ffi'l'aTb, qTO BbIOOP Toro 11.JIH HHOro H3 HHX SIBJI5JeTC5I ,IJ,eJIOM BKyca HJIH 

y,n;o6cTBa HCCJle,D,OBaTeJ15!. 0,n,HaKO B HallleM IlO)J.XO)J,e npe,rr,naraerca HHoe 

11x 110HHMaHHe - qepe3 )J.OTIOJIHHTeJibHOCTh. Pa3Hhie MHponoH11MaH115J rro3-

BOJI5IIOT pa3rJISI,lJ,eTb ,ll,OllOJIIIBIOlll,He ,rr,pyr ,rr,pyra 3aKOHOMepHOCTH ( CTOpoHhl) 

e,ll,HHoro MHpo3,n,aHHH M Ha 3TOH ocHoBe UJarHyTb .11.aJibIIIe. Mo>KHO Bb16npaTb 

npoMe.>KyTOqHblH nyTh B3 coo6pa:>KeHMH y,n,o6CTBa HJIH JIHqttoro 11p11CTpa

CTIDI MCCJle)l,OBaTeJI51, HO He CJie)lj'eT 3a6bIBaTb o6 o6m;eii: HaU,eJieHHOCTH Bcex 

rry:reif Ha IIOCTpoeHJie e,u11tto:A MOHHCTH-Y:eCKOH napa,n.11rMbl. 

8. 7. IlpBH1'Jfll 3KBHBaJieHTHOCTH H reoMeT})IDI 

,ll,o CHX nop peqb IIIJia o reoMeTp11qecKMX H,ll,eax, o nor11qecKHX oc

HOBaHl15Ix, np11Be,rr,IIIHX K co3,uaHMIO o6m;e:A TeopH11 OTHOCHTeJibHOCTH. Ho, 

OK83bIBaeTC51, c ,rr,aBHHX BpeMeH HMeJlHCb )J,OCTdTOqHO cepbe3Hble OIThITHbie 

,n;aHHbie, ,D,llil OCMb1CJleHH51 KOTOpbIX KaK pa3 H He XBaTaJIO H,ll,eH o6 HC

KpHBJieHHOCTH npocTpaHCTBa (-BpeMeH11). TaK, y:>Ke 11ocne 3KcnepuMeHTOB 

fa.TIHJie5J c na,n;arom;HMH TeJlaMH c J1H3aHCKO:A 6aIIIHH CT8JIO 113BeCTHO, 'ITO 

Bee TeJia B noJie T5J>KeCTH 3eMJIH rra)J.aIOT 0,JlHHaKOBO He3aBHCHMO OT MX 

MH,IDIBH)J,YaJibHbIX CBOWCTB ( MaCCbl. Belli;ecTBa, ¢opMbI H T. ,rr,.). 3a1'eM 3TO 

uaumo CBoe Bo111101JJ,ettue n 3aKottax Mexatt11KH HbIOTOHa M 3aKOHa BCeMHp

Horo THro:reHM5J. Ha110MHHM, H3 BToporo 3aKoHa HhIOTOHa ,11.JISI rra,n;aIOm;HX 

TeJI B rpaBlfTaD;HOHHOM IlOJie 3eMJil1 CJie)JyeT 

mM M 
grn=G---+g=G-

R2 R2' 
(8.7.1) 

r,n;e m -- Macca Tena, M -- Macca 3eMJIH, R - paccroaHHe .rr.o u e HTpa 3eM.rr11. 

Cne,rr,oBaTeJihHO, y:>Ke Tor,rr,a HarrpaIII11Ba.r1c.si llhrnb.rr., -Y:T O rrpHo6pcracMoe re-
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JiaMM YCKOpeHHe g 3aBHCHT JIHIIIb OT TO:A TOqKH rrpocT paHCTBa ( CYT pacCT0-

5f HWSl R), r,n:e OHW OKa38JIHCh. Y:>Ke MO:>KHO 6b1JI0 rrocTaBWT h sonpoc: tteJib3H 

JIH xapaKTepHCTHK.Y npHT}DKeHH.H (noJiyqaeMoe TeJiaMH ycKopett11e) cmI3aTb 

HC c ca.MH.Mll TeJia.MH, a c COOTBeTCTHYIOl.U,HM MeCTOM npoCTPaHCTBa, r )J.e OHl1 

Haxo,n:.HTC.H? 3aMeTIIM, qro 3Ta M,ll.e.H 6b1J1a C03ByqHa em.e He 3a6hIThIM TOr,LI,a 

B3rJIB,n:aM ApuCTOTeJIH, Ha,n:enamncro ue TOJlhKO re.na, HO H MecTa HeKHMH 

,n:HHaMHqecKHMH csoi1cTaaMH. HarroMHHM ero CJioBa: « IlcpeMem.eHH.H upo

CThIX ¢H3HqecKHX TeJI, ttarrpHMep, orH.H, 3eMJill H rro,n:o6HbIX HM, IIOK33hlBaeT, 

'fTO MecTO eCTb He TOJibKO He'iTO, HO 'iTO OHO HMeeT H KaKYIO-TO CHJiy». 

Ho KaK MO:>KHO 6hIJIO pe8JIIDOBaTh 3TY 11,n:e10 B paMKax rrpe,n:cTaBneHHH 

o6 eBKJlH,n:oaoM npocTpattcTae? Be,n:h eBKJIH,11.0Bo npocTpaHCTBO H ,n,a:>Ke 

IlJIOCKoe rrpocrpaHCTBO-BpeM5l l\tlHHKOBCKOro l:lpe3Bbiqa:AHO 6e)lHbl no CBOHM 

CBO:ACTBaM. IlpocT paHCTBO 0,II,HOpo,II,HO, T. e . O,n:HHaKOBO BO Bcex TO'iKaX, 

H H30Tp0IlHO - O,ll,HHaKOBO IIO BCe.M HarrpaBJi e HIDIM. J1HI11h IIOCJie OCBoeHIDl 

¢H311K.aMH M,ll.eH o6 HCKpuBJieHHOCTH npocTpaHCTBa ( H BpeMeHH), KOr~a 
IlO.HBHJIHCb npe,n:C'raBJICllJUi 0 npocTpaHCTBe, IIO-pa3HOMY HCKpHBJieHHOl'vty 

B pa3JIHl'.fllbIX MeCTaX, B03HHKJia B03MO:>KHOCTh OTBeTHTb Ha ,n,aHHbIR BO

rrpoc. YcKopeHHe MO:>KHo CB.H3aTb c xapaKTepHCTHKaMH HCKpHBJ1eHHOCTH 

upocT paHCTBa, a JIHHHR, no KO'FOpbIM ,ll,BIUKYTC.H TeJia, np1m6peTalOT xa

paKTep YHHBepcaJihHbIX KpHBhix B npocTpaHCTBe (-BpeMeH1-1). IlocJie,n;HHe 

MO}KHO OTO}K,LleCTBHTh c aKcTpeM8JlbHbIMH JIHHHHMH - reo,n,e31i1~1ecKHMH. Ha
rroMHHM' qTO B eBKJIH,Ll;OBO:A f'OOMeTPHH 3TO IIp.HMhie JIHHHH, B reOMeTpHH J1o-

6a'feBCKOro - r11nep6oJibI, B c¢epH'iCCKo:A reoMeTpHR PHMaHa - ,LI,yrH 6oJib

moro p~yca, a B npoH3BOJlbHO HCKpHBJT€HHOM MHpe 3TO 60J1ee CJIO>KHbl e 

KpHBbJe JIHHHH. 9Ta H,L~e5I H 6bIJia pe8JIH30BaHa B o6m.et% TOOpH11 OTHOCH

Te.TibHOCTH 8:AHlll'I'Ci1Ha. 

CJie.n;,yeT ocTaHOBHThC.H Ha aorrpoce o CMbICJie MaCChI TeJia, coKpaw,eHHO:A 

B (8. 7.1). c o.n;tto.0 CTOp0Hhl, Macey MO:>KHO onpe.n;eJIHTh, H3Mepmr CHJiy 

IIpHT5J.>KeHH51 /].aHHoro TeJi a K HeKOTOpoMy 3Ta.JIOHH OMY. IloJ1yqeHHa5I TaK11M 

o6pa30M BeJIHt.IHHa xapaKTepl13yeT rpaBH~OHHhl:A 3ap.H)l, Te.Tia - ero CllO

COOH OCTb rrpMTSirusaTbC5i K ,llJ>yroMy T eny. 9Ta TaK Ha3hIBaeMa.H zpa6umav1u
O'H/Ha.f£ {mJW1CeAaR) Macca mgr 3arrHCaHa B rrpaaoH: qaCTH ypaaHeHH.H (8.7.1) . 
C ,T.IJ)yroH: cropoHbI, Macey MO}KHO onpe.n;eJ1HTh H3 BTOporo 3aKoHa HhIOTOHa, 

H3.Mep5IH ycKopeHHe, KOTOpoe npHo6peTaeT TeJIO no,n )l,€:ACTBHeM 3a,naHHOH 

3TaTIOHHOH CHJibl. IloJiyqaeMa51 TaKHM o6pa30M BeJTHtfHHa xapaKTepH3yer 

HHepTHbie CBO:ACTBa TeJia - crroco6HOCTb TeJia coxpaH.HTb CBOIO CKOpocTb. 

9Ty BeJIH'il1tty, CTOHLizyIO B JieBOH qacTH (8.7.1), Ha3blBaIOT unepm'IW'ii. 
.MaCCOU ffiin· 9TH ,n:Be Macchi COKpam.eHbl cneaa H crrpaBa <l:>aKTH'feCKH Ha 

ocHoBaHHH nocTynaTa 06 HX paBeHCTBe. Doo6m.e roaop5I, ,n:ocTaTO'fHO <l:>aKTa 

nponop:u;HOH8JlbHOCTH Mace c HeKHM .YHHBepC8JlbHhl.M K03<l:><l:>HIJ,HeHTOM rrpo

nopU,MOHaJihHOCTH. 0.n;HaKO 3TOT K03cPcPHIJ;HeHT MO.>KHO BKJIIOqH'Th B orrpe

,n;eJietme rpaaHm:u;noHno:A rrocT051HHO:A G H a )1;8.JlhHe:HmeM y.>Ke roBopHTh 

0 paBeHCTBe )J,Byx THIIOB Mace. 



8.7. llpHHIJ,HU 3KBHB8.!1eHTHOCTH H reOMe'I'pHH 255 

<l>aKT paBeHCTBa Mace 6hIJ1 Ha3BaH 9HHlllTeHHOM npU'H'U,UnoM 91'C6U6a

M'Hm'Hocmu. Ce:fiqac ero npHH.HTO H83bIBaTb cM6'btM rrpHHU,HIIOM 3KBHBa

nettTHOCTH. TaKHM o6p83oM, rrepBbie 3KcrrepHMeHTbI no npHHU.HITY 3KBH

BCWieHTHOCTH 6bIJIH IIpOH3Be,z:i;eHbI raJillJieeM. KpoMe Toro, KaK pacCKa3bI

BaIOT, OH :>Ke o6paTHJI BHHMaHHe Ha CB.H3b 3aKOHOMepHocre:tt c KOJie6aHH5IMH 

JU()(,'Tp B co6ope H O)J.HHaKOBblM na,z:i;eHHeM TeJI pa3HOro COCT'cl.Ba. Ilepna.H 

KrumqecrBeHHa.H np<mepKa 3TOro npiltt~na 6b1Jia npoBe,z:i;etta HhIOTOHOM, 

KOTOpbIH cpaBHHBarr npo.u;eccbI KoJie6aHHli )J.Byx Ma.HTHHKOB. Hx rpy3hI, c,z:i;e

nattHbie H3 p a3HhIX BeI.IJ,eCTB, HO o6Jia)J.aBlllHe pa3HhlM BeCOM, IIOMeI.IJ,8JIHCb 

B u,eHTpbl TII:>KeCTH O)J.HHaKOBbIX )J.epeB.HHHbIX .HI.IJ,HqKoB ( ~ITo6bI ypaBH.HTb 

83po)J.HHaMHqecKHe CBOHCTBa o6oHX Ma.HTHHKOB)' H BeJIOCh tta6JI10,JJ,eHHe 3a 

KOJie6attH.HMH 3THX cHc'TeM. HhroTOH )J.OKa3arr, ~o nepHO)J.hI KOJie6attHti 

Ma.HTHHKOB He 3aBHC.HT OT 3HaqeHHH Mace H MaTepHarra. I1MeHHO Ha oc

HOBaHHH 3THX 3KCIIepHMCHTOB H OilhITOB rarmJie.H HbIO'I'OH OTO)K)J.ecTBHJI 

rpaBHTaU.HOHHyro H HHepTHyro MaCChI. CJieAYeT OTMeTHTb, qTo ToqHoCTh 

3KcnepHMeHTOB I'aJIHJiea H HhIOTOHa 6b1Jia He3HaqttreJibHOH. 

B ,n;a.nhHetillleM 3KcnepHMeHThI no npo:sepKe rrpHHU,Hna 3KBHBarreHTHOCTH 

aeo,n;HoKpaTHO noBTOp.HJIHCh H coBepllleHcTBOBaJIHCb. CJie,nyeT oco6o OTMe

THTb 3KcnepHMeHTbI rpynnhI PoJiaH)J.a 9TBellla, npoBO.JJ.HBIIJHec.H c 1886 no 

1908 r. B HHX 6b1JI0 ycTattoBJieHo paBeHCTBo HHepTHofi H 'B!rorerom;en Mace 

c OTHOCHTeJihHO:tt TOqHoCTblO 10-8 . YToqHeHHe 3Toro pe3yJihTaTa rrpo,z:i;oJI:>K.a

JIOCh H B IIOCJie)J.,YIOI.UHe rO)J.bI. 3,z:i;ech Hy.:>KHO Ha3BaTh 3KCIIepHMeHTbl 1964 r. 
P. ,ll;m<Ke, )J.OCTHrIIJero To'(IHOCTIJ 3 · io-11 , R 3KcnepuMeHTbI B. E. EparHH

cKoro 1971 r. Ha <l:m3HqecKoM ¢aKyJibTeTe MfY, yJiyqIIIHBIIIHe pe3yJihTaT )l,O 

0,9·10- 12 • 

IlpHH.HTO p83JIHqaTb . cna6bIH, o6cy)f()l,eHHbIH Bbillle, 11 CHJihHbIH npHH

~HilbI 3KBHB8JieHTHOCTH. Cu.n,'btt'btU nputt'u,un 91'C6U6a.Jlettmttocmu Y'I'Bep

)1(,Zl_aeT, 'ITO B CBo6o,n;Ho rra,rr.a10m;e:tt Jia6opaTopMH rrpM npoBe)J.eHHH JioKarrb

HbIX 3KCIIepHMeHTOB ¢H3uqecKHe 3aKOHbI, BKJIIO'lla.H Bee qHcJieHHbie pe3yJib

'I"d.TbI, npo.HBJI.HIOTC.H O~HH&KOBO He3aBHCHMO OT MecTa HX rrpoBe)J.eHH.H. 3)J.eCb 

He 6y,n;eM yrJiy6JI.HTbC.H B Macey TOHKocren,. CBH3aHHhIX c IlO)J.TBep)f()l,eHHeM 

KaK c.rra6oro, TaK H CHJihHoro rrp11HU,HIIOB 3KBHB8JieHTHOCTH. 0TMeTHM JIHIIIb, 

qT() IIOKa He 6bIJIO Haii.rr.eHO OTKJIOHenun OT 3THX npHH~HIIOB. 
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HAeH H BblBOAbl 06111ieJi TeopHH 

OTHOCHTenbHOCTH 

• 

0TKpbITHe o6w,eii ·reop'IDI OTIIOCHTeJlbHOCT H B ttaqa.ne xx B. 03HaqaJio 

UOSiBJieHHC HOBOit MeTaqm311qecKOH napa,IJ)iTMbl, B KOTOpott noJIH nepeHoc

qHKOB H3aHMO)J,eHCTBHH y>Ke He caMOCT05ITeJibHble ITOH.SITIUl (Karerop1111), 

BHOCHMble H3 BHe B anpHOpHoe npocTpaHCTBO-BpeMH, a npo.HBJieHHSi reoMeT

p11qecK.Hx CBOHCTB HCKpHBJieHlIOro ( 3aKpy'IeHHOro, MHOroMepHoro H T. )J,.) 
IIpOCTpaHCTBa-BpeMeHH. reoMerpHqeCKoe MHpoilOHHMaHHe npe)J,CTaJIO KaK 

8.JlbTepHaTl1BHblit IlO)l.XO)J. K orrn:c aHHIO <l:>H3HqeCKOH pea..rlbHOCTH co CBOHMH 

MeTO)J,aMH, cneu.11<l:>HY.eCKHMH 3a,rr.aTiaMH H npo6JICMaMH. fpaBHTa!zyfOHHoe 

B3aHMO,Ll,CHC'l'J:me 0Ka38JI0Cb nepHblM, KOTOpoe YJl.8.JTOCb CB.SI3aTb c reoMe'l'

pHeH ( c MCTp11KOH)' H BCJie)J, 3a Hl1M HacTYfillJia O'Iepe)J,b reo.MeTpH3a.IJ;lUI 

)JJ)yrHX B3aHMO)J,eHCTBHH. BMecre c TeM 6hIJia OTl<pblTa HOBa.H 3pa B HCTOpm..i 

yqeHH.H 0 npocTpaHCT Be-BpeMeHH H np:upO)J,e ¢H3HqeCKliX B3aHiv1011elicTB~. 

c C03)J,aHHeM o6m.ett TeOpHH OTHOCH'l'eJibHOCTH HeKOTOpwe <l:>HJIOCo<l:>

CKHe H peJIHrl-l03HbTe ( roqHec, 6oroCJ10BCKHe) npo6JieMbT CTaJIH llpe)J,MeTOM 

lf3yqeHH.H ¢H311KH. Cpe,21.H HHX cJie)J.YeT H83BaTb Bonpocb1 KOHe qttocTH HJu1 

6ecKoHeqHOCTH MHpa, ero Haqa.na H I<otta.a w MHOrHe )J,pyr11e. KaqecTBeHHO 

113.MCHHJIOCb MecTO c}:>H::Jl1KH cpe)J,11 }J,PyrHX p a3)J,eJIOB ttayK11 M KYJibTYPbI: 

<l:>Hnoco¢11H, MaTeMa:rHKH, peJIHrHH. 

9 .1. Cym;HocTb o6m;eii Teopm1 omocBTeJThHOCTH 

B p e3yJibTaTe n ccJTe)J,oBaHntt HeeBKJIH)J,OBbIX (pHMaHOBbl}() t'eOMeTplitt 

p.H)l.OM BbI..UalOil.J,liXC.H rcoMerpOB 6bIJI no,n,roTOBJieH MaTeMaTH'4CCKl1H anna

pa:r )J,JUI C03)J,aHH.SI 06I.IJ.CH TeopHH OTHOCHTeJibHOCTH. He XBa'.IBJl.O )J,Byx <l:>aK

TOpoB. Tipc)K,lJ,e BCero, HeOOXO)J,HMO 6bIJIO o&be,LI,HHl1Tb 3-MepHoe npocTPaH

CTBO l1 1-Mepttoe Bpe.M5J B e)l)1HOC 4 -Mepttoe npoC'rpaHCTBeHHO-BpeMeHHOC 

MHOroo6pa:n1e, qTO 6bIJIO C)J,eJiaHO B caMOM Haqa..r1e xx B. B cneu,HaJlbHOt\ 

Teop1111 OTHOCHTeJibHOCTH. 9TOT BOnpoc paccMOTpeH BO BTOpoii rJiaBe. 

Bo-BTOpb1x, ueo6xo)J,HMO 6hIJTO nOCTaBRTb p.H,TJ,OM rpaB11.TaI.J,R10 H H)J,elO o6 
HCKpHBJl eHHOCTH npocTpaHCTBa-BpeMeHH, l:JTO 6bIJIO C,lJ.eJiaHo BCKOpe flOCJi e 
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cos,n;aHHH cneu;ua.Jibtto:H reopHH OTHOCHTeJihHOCTH. TaK, a CTaThe A. Ilyatt

Kape 1906 r. «0 ,LI,HHaMHKe 3JieKTpoHa» [1341 y:>Ke HapH,n;y c 3JieKTpOMarHHT

HbIM 6bIJIO npoaH8.JTH3HpoBaHO H rpaBHTalI.HOHHOe B3aHMO,Ll.eiiCTBHe B paMKaX 

cne:qBaJibHO:tt TOOPUH OTHOCHTeJibHOCTH, T. e. rpaBHTaWf5:1 6bma IlOCTaBJieHa 

pH,n.oM co cao:ttcTBaMH npoerpattcTBa.-apeMettu. BcKope K o6cy)l{,ll;eHHIO 3TOro 

aonpoca npHCOe,n;RHHJial H Arrh6epT 9ii:HlllTe:tiH, ony6JIHKOBaBIDHM B 1907 r. 
C'l'aThlO «0 IlPHHU.Hile OTHOCHTeJihHOCTH H ero CJie)J;CTBHHX», r,n.e, BO-nepBbIX, 

THI'OTeHHe p acc.MaTpHBalIOCh c yqeTOM npHHIJ,Hila OTHOCHTeJibHOCTH 11, BO

BTOpbIX, OTMe":l.8.JTacb CB.Sl3b rpaBHTaU.Hltl c CHJU:l.IVIB Httepu.l'IH B ycKOpeHHblX 

CMC,'TeMaX OTCqera, T. e. yqRThIBa.JIC5:1 npHHlI.Hil 3KBHBaJieHTHOCTH. 

3aTeM noc11e.n:oa8.JT nepuo)l MY":l.HTeJibHoro ¢opM11poaaH111.H <:a.MOH o6m.e:tt 

reoplil1 OTllOCHT€JibHOCTH. Ha 3TOM nyTH tipe3BhPia:tttto Ba)KHbTM rnaroM 

HBHJIC51 ahrxo.n: B 1913 r. coaMecTHO.ti c·r-a.TbH A. 9ii:ttrnTe:tttta c 113aecTtthIM 

MaTe.MaTHKOM :rvtapceneM I'pocc.MaHOM «IlpoeKT o6o6m;enno:tt TeOpHH OTHO

CH'l'€.JlhHOCTH H TeOPHH Tfil'OTeHH5:1» (201J, r.n:e 6bI.JIO CK83aHO caMoe Ba)KHOe: 

l'paBwra~ROHHOe B3aHMo,n:e:ttCTBHe o6ycJIOBJieHO HCKplfBJieHHOCTblO 4-Mep

HOro npocTpa11cTBa-apeMeHH. J13 3TO:tt craTbH oqeBH,LI,Ho, 'tJTO A. 9:Httwrei1H 

HCKaJI MaTeMaTH":l.eCKH:tt anrrapaT, II03BOJI5IIDIIJ;ni1 CB.Sl3aTb rpaBHTaU.HIO c reo

MeTpHeH, HO B TOT MOMeHT OH em.e He pacnonaraJI HY:>KHblMH 3HaHH5IMH 

B o6nacTH y)Ke p a3BHTO:tt K TOMY BpeMeHH pHMaHoao:A reoMCTpHH. OcaOHTb 

HJ:>KHYJO MaTeMaTHKy eMy IlOMOr M. rpoccMaH, c KOTOpbIM OH APY:>KH.JI 

co cry,n:eHqecKHX JieT. O:raTbSI cocwm1a H3 ,ll,Byx q acre:tt: rreparui, ¢H3H

'iecKrui, 6b111a HaIJucatta A. 9ii:Hlllre:AttoM, TOr,n,a KaK BTOpa5:1, MaTeMaTH"tJe

CKM, nputta,n:.Jie)K8.Jla n epy I'poccMaHa, KoTOpb1:tt no,rrpo6110 H3JiaraJI OCHOBhI 

armapaTa ,n:H¢¢epCHU.H8.JThHOH reOMeTpHH, BBO,ll,HJI MerpHKy·H p83b.SICH.Sl.JI 

,llJ)yrHe reoMeTpHqecKHe IlOH.SITH.SI, HCilOJib30BaHHhie 9.HttlllTCtiHOM B rrepao:tt 

'iacTH. Iloc11e BbIXO,ll,a B CBeT 3TO:A CTaThH ca:rv10e r JiaBHOe 6hIJIO c,n:enaHo, BCe 

OCTaJihHoe, MO)KHO CKa3aTb, rrpe,n;CTaBJI.HJIO co6o:H TeXHH":l.ecKyio (MaTeMaTH

qecKyro) '\'.facTh ,n:opa60TKH TeopHH, 3aBepmeHHYro Ha py6e:>Ke 1915 11 1916 rr., 

Kor,n:a noqTU O,ll,HOBpeMeHHo A. 9:AttlllTetiHOM H ,I(aBH,n:oM fHJib6eµTOM 6hIJIH 

3aIIBcatlbI ypaBHem:t5:1 (9HHII1TeHHa) ,n:JI5:1 rpaBHTaU.HOHHOro Il0Jl51. 

CyTh 3THX ypaBHeHH:tt COCTOHT B yc·ranouneHHu CB513H xapaKTepHCTlfK 

HCKPHBJieHHOro npocTpaHCTBa-BpeMeHH ( reoMeTpHH) co CBOtiCTBaMH Haxo

,z:vu.u;eii:aI B HeM MaTepHH. KoHeqHo, aTO 6bIJio em.e ,n:aJieKo tte ace. TI pe,n:cTo

HJIO HayqHTbC.SI pemaTb oqeHb C.JIO:>KHYIO CHCTeMY H3 10 HeJIUHe:tiHbIX ,n,11<P¢e

peIII..VlaJihflblX ypaaHeHH.R BToporo nopH)l.Ka, Haqaa c OT,n:eJibHhIX pewettH:A: 

,D,JIB Ha.H6onee HHTepecHbIX qacTHhIX CJiy"tJaeB. Hy:>Ktto 6bIJIO OCMhICJIHTb lfX 

H H3Y'tJHTb B03MO:>KllbTe ¢H31fqecKHe 3 <l>¢eKTbI, nOJI:TBep)K,ll.aron.J,He OOII.lJ'IO 

reopHIO OTHOCHTCJihIIOCTH. PellleHHeM 3 THX H pH,ll.a ,Lij)yrux npo6neM ¢n:-

3HKH-TeopeTHKH H MaTeMaTHKH 3aIIHM8.JTHCb B Te"'IeHHe Bcero xx B. 

HanOMHHM, Kai< IIOHHM8JJ o6my10 reop11ro OTHOCHTeJib HOCTR CaM ee 

coo,n:aTeJib A. 9:.ttttmTe:A:H. B CBoe:A CTaTbe 1919 r. «IlpHHI.µiTIH8.JTbHOe co

,n,ep:>KaHHe o6m.e:tt TeOpHH OTHOCHTeJlb HOCTH» OH IlHC8.JT: « TeopH.SI, KaK MHe 
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KaJKeTC51 cero,LI,HSI, IlOKOHTCSI Ha ·rpex OCllOBHhlX IlOJlO:>Ke HIUIX, KOTOpbie HH 

B KaKo:H creneHH He 3aBHCSIT .n.pyr OT ~yra. HH)Ke OHH 6y)zyT KOPOTKO 

c¢oPMYJIHpoBaHbI, a B ,D,8.JlbHe:AmeM OCBem;eHbl c HeKOTOpbIX CTOpoH. 

A. llpU'H'~Un omuocumeA'b?·wcmu: 3aKoHbI np.upo,IJ,bl SIBJISilOTCSI Jilllllb 

BbICKa3bIBaHHSJMJI 0 npocTpaHCTBe HHO-BpeMeHHbIX COBn a,n;eHHSIX; no-

3TOMY OHH HaXO,ll.5IT CBOe ecTecTBeHHoe Bbipa)KeHHe B o6.u.r.eKOBapHaH'I'

HblX ypaBHeHIUiX. 

B. llpuuv,un 3'x:euea..n.eumnocmu: HHepn;HSI H TH:>KecTh To.>K,n.ecTBeHHhI; OT

ClO,D,a H H3 p e3yJih'IaTOB crren;HaJibHO:ti TOOPHl1 OTHOCHTeJlbHOCTH HeH3-

6e)KH0 cne,rryeT, qTo CHMMeTpHqHbIH <«PYH,D,aMeHT8JtbHhI:ti TeH30p» 

(9µv) onpe.n.en.aeT MeTpH"IeCKHe CBOikTBa rrpocTpaHCTBa, ,Ll,BH)KeHHe 

Te.JI no Httepu,HH B HeM, a TaK)Ke H ~e:tiCTBwe rpanw'Ian.1u1. On.uchrnae

Moe <l>YH.LI.aMeIITaJihHbIM TeH30poM COCTOSIHHe rrpocrpaHCTBa Mb! 6y,D,eM 

o6o3tta'iaTh KaK ,,G-no11e". 

n. flpuuv,un Maxa: G-rroJie no.1mocm'bW onpe,ne.T.IeHO MaCCaMH TeJI» [202, 
c. 613). 

Bnocne,nCTBHH npeM.a BHecno KoppeKTHBbI B rroHHMaHHe cym;HocTH o6-
u~en TeOpHH OTHOCHTeJibHOCTH. ll3MeHH.Til1Cb B3rJI.H)l.bI H caMoro 9:AHillTe:tiHa, 

B qaCTHOCTH, BCKope OH cran CM.oTpeTb HHat-J.e Ha ponh rrpHttu,mra Maxa. 
0TMeTiirM TaK:>Ke, qTo c<l>opMynnpoaaHHbie Tor.n.a rrpHHI.J,HilhI B 3 Ha'iHTe.7IbHO:ti 

creneHH OTP~aJIH nyTh, no KOTOpoMy OH men, co3,n,aBru1 reop.u10. Kor.n.a 

)Ke Teop:B.H 6b1Jla nocTpoeaa, tta ee co,n,ep:>KaHHe y)Ke Mo.>KHo 61>1JI0 cMOTpeTb 

H IIO.JJ. HHbIMH yrJiaMH 3peHH.H. Ilpou,ecc OCMbICJieHHH o6~en TeOpHH OTHOCH

TeJibHOCTH, BCecTopoHHH:ti aHaJIH3 ee OCHOBaHHH npo~OJDKaJICSI B reqeHHe 

Bcero XX e. TaK, B cepe,n;1me XX B. H3BeCTHhiii c}:m3 HK- rpaBHTaU,HOHHCT 

,U)K. CHHr, Bh1CTy11aa Ha Me)K,ll.yHapo,nHo:ti rpaBH'IaI.J,HOHHOH KOHcpepeHIJ,HH, 

3a51mt:n: «CKOJibKO JllO,D,eH 3aHHMaeTCSI o6m;en TeOp.uen OTHOCHTeJihHOCTH, 

CTOJibKO HMeeTCSI Hee IIOHHMaHHH». 

9 .2. KmoqeBbie nomrTmI o6~eii: TeopHH 

OTBOCHTeJThHOCTII 

B1>I)J.aIOIII.H:tiCB poccHiicK.u:H ¢H3HK-Teop eTHK B. A. <l>oK HeCKOJibKO HHaqe 

CMOTpen Ha cyTb o6.u.r.ci1 TOOpHH OTHOCHTeJibHOCTH: «I1CTHHHOH noru'ieCKO:ti 

OCHOBOH TOOpHH TSII'OTeHH.5.l 9:HHIIITC:tina 5JBJI5Je'J'C.SI He H,Il.C5l OOIII.en OTHOCH

Tf'..JibHOCTH l1 He npHHLJ,HII 3KBH!3a.neHTIIOCTH, a ,D,PyrHe ,D,Be H)l.eH, HMeHHO: 

H,D,eB o6'he,D,HHeHu£ npocTpaHCTBa H BpeMeHH B e,D,Httoe xpottoreoMeTp.uqe

cKoe MHoroo6pas11e c HH,D,e¢HHHTHO:ti Me'I'pHKO:ti ( 3Ta H~eSI 6hIJia ocy.u.r.ecTB

neHa 9:tiHIIITe:tiHOM y:>Ke B ero TeOpHH 1905 r. -B «qacTHOH» TeopHH OTHO

CHTeJihHOCTH) H OTKa.3 OT «:>KeCTKOCTH» MeTPHKH, Il03BOJIHBUIHH CBH3aTb ee 

c .SIBJieHHeM n1roTeHH.H, a TeM CaMbIM H c BeCOMOH MaTepHe:A (ypaBHeHHSI 

TSirOTeHHSI 9:AnUITCHHa) . ~eH :>Ke o6lll,ei1 KOBapHaHTHOCTH ypaBHeHH:ti (mK 

H83bIBaeMa51 o6.u.r.a51 OTHOCHTeJibHOCTb) H KHHeMaTHqecKoro TOJlKOBaHH.H nl-

_.... 
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rOTeHH5I ( TaK Ua3bIBaeMa.Sl 3KBJ.fB8JleHTHOCTh) CbirpaJI11 J1Hllih 3Bp11CTH~ie

CKyIO pC>J1h» [175]. no cnpaBe,U.JIHBOMy MIIeHHIO B. A. <DoKa, 3Tl1 ,lI,Ba npHH-

1\Hfla IlOCJIY:>KHJIH CBOOI'O po,a.a «CTp<>HTeJlhHhIMH necaMH» HJIH « IlOBHBaJib

HOH 6a6KOH» npH C03,lI,aHHH o6nr,eli TeOpHH OTHOCHTC.i'IhHOCTH. Ilonpo6yeM 

c MHHHMaJlhHbJM HCilOJ1.h30BaHHeM MaTeMaTHKH pacm11¢poBaTh CKa:3aHHoe 

B. A. <DoKOM H o,1..1.i10BpeMeHHO o6cy.nHTh OCHOBHbie no11.HT11JI 11 ypaBtteHHH 

o6m,eu TOOpHH OT JIOCHTeJihHOCTH. 

KoMnotteHTbl MeTpnqecKoro TeH3opa. CaMhIM rnaBHhIM noHHTHeM 

B o6nr,eli Te0pu11 OTHOCHTeJihHOCTH Ji BO BCeH cPH3HKC .HBJI.He'I'C.H .Mempu?Ca, 
T. e. aenr,ecTBeuuoe 'tJHCJIO, KOTOpoe conocraBJ15leTC.H c ,LJ,BYM.H TO'tJKaMH (co-

6bITJ15IMH). B reoMeTpHH EBKJI11.na 3TO KBa,a.paT paccTOHIIH.H Me:>K,a.y T0'1-

KaM11, B TOOPHH OTHOCl1Te.JlhHOCTl1 - 3TO KBapJ>aT HHTepaa.n:a Me:>K,Izy ,Z1;BYM5I 

co6b1THJIMH. KaK 9TO HH crpaHHO, Ha nepBbIH B3r.TLH,n;, HO Ha cyTh o6nr,e"li 

T€0pHH OTHOCHTCJlhHOCTH H BCeH r eoMeTpH'-JecKOH KapTHHhI MHpa MO:>KUO 

IlOCMOTpeTh KaK Ha o6o6m,eHJUI TeopeMhl Il11.Q:>aropa, npH'tJeM no ,D;BYM Ka

tta.n:aM: a) y:senwqeH11IO p 83MepHOCTH H 6) n epexo.ny K HCKpHBJieHHhIM 

MIIOI'006pa3H.HM. 

la. HaqtteM c TeopeMbI Il11Q:>aropa ua rIJIOCKOCTH (B 2 - MepHOM nnocKOM 

IlPOCTPaHCTBe) 
(9.2.1) 

r,n;e x 1 H x2 - ,ll,JTHltbl ,a.ayx KaTeTOB, HJIH, 'tJTO O,lJ;HO J.f TO :>Ke, p a3HOCTH 

,n;eKapTOBbIX KOOp,D;HHaT ,D,Byx paCCMaTpHBaeMbIX roqeK. 

16. B npe,n;b1;zynr,eli rnaBe y:>Ke y noMHHaJioch, qTo ew.e B nepaoii 110-

JIOBHHe XIX B. K. rayccoM 6bIJla pa3pa6oTaHa TeopH.H 2-MepHbIX 11CKp11B

JielllfbIX IlOBepXHOCTe"li, Ha KOTOpbJX y)Ke HeB03MO)KH0 onpe,n;eJJHTh npnMO

Jll1HeHHbie ,n;eKapTOBbr KOOp,n;HttaThI. CyTh Teop1111 f'aycca cocro.Hna B TOM, 

'1TO, BO-nepBhIX, T eneph pacCT05IHH51 HY)KHO 3a,.a.aaaTh MC:>K,Jl.Y ,D,By1\u1 6J1,ru3-

?CUMU T0'1KaM11 Ha no:sepXHOCTII (CM. pHC. 9. l) H, BO-BTOpbJX, B onpe,a.eJieHHe 

KBa,LqJaTa paCCTO.HHH51 Hy)KHO BBecTH KOppeKTHBhI, TaK qTo Q:>opMyJia (9.2.1) 
npHHHMaeT BH,n; 

(9.2.2) 

r.u.e KoaQ:>Q:>11u11eHTbl 9f,.17 ( x) cPYHKUHH KpHBOJ1HHeHHbIX KOOp,n,11HaT Ha J.fC

KpHBJieHHOH 2-MepHoii rrosepxttocrH. PaccT05IHHe Me:>K,a.y npoH3BOJ1hHbIMH 

,ll.ByM.H TQqKaMH CJieJzyeT onpe,n:eJJHTh B Bl1)J.e HHTerparra B,lJ;OJih KpaT'1a:HrneR 

HJIH B,lJ;OJ1h KaKOR-To ,LqJyrol-1 Kp11BOR, coe,n;HH.HIOID,eli ,11,BC T0'1KH. 

2a. B 3-MepHOM eBKJI~OBOM npoC'rpaHCTBe KBa,npaT pacCTO.HHH.H Me)K)zy 

.n,By:M.H T()qKaMH onpe,D,eJI.HeTC5I uocpe.u,cTBOM yBeJIHqeHH.H Ha O,D;Hy KOOp,n:H

HaTy cPoPMYJ1bl (TeopeMbI IlHQ:>aropa) (9.2.1): 

z2 = (xl )2 + (x2)2 + (x3)2. (9.2.3) 

Tpy,n;tto CKa:3aTb, KeM BrrepBhie 3TO 6bIJ10 c,a.enauo. l13seCTHO J1Hlllh TO, qro 

Ta.Ka.H Q:>opMyna n11caJiacb ,Il.eKapTOM. 
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PHc. 9.1. C.Me.UWHHSJ Ha 2-Mepttoli HCKpnnneHHOH noBepxHOCTH, r,n:e 3a,n,aHbI 

KpHBOJIJ·IHeHHbie KOOp,n,1rnaTbJ 

26. 06o6u~eHHe cPoPMYJibI (9.2.3) Ha CJiyqatt HCKpHBJieHHblX 3-MepHblX 

npocTpattCTB 6hmo C,IJ;eJiauo B. PHMa.HOM B neKl.J,HH, CTOJib B00,1J;yrnea11arnett 

raycca. KaK Y*e OTMe'tJaJIOch, MOJIO,IJ;OH Y'-IeHbrH HCilOJlb30BaJI pa3Bl1TbIB 

I'ayCCOM MaTeMaTH'-:IOCKIDl arrnapaT OnHcaHIUI re0MeTpH11 2-MepHbIX KpHBbIX 

noBepXHOCTe:A H BBeJl IlOH.HTHe «MHOroKpaTHO npOTH)f(eHHhIX BeJIH'tJHH», 

03Haqa10~ee, 'tJTO rrpocTpaHCTBO - BCero Jllfllib TpeXKpaTHO npoT.H)f(eHHruI 

BeJIH'tJHHa, ,IJ;JT.H KOTOpoH IlO)l,XO,IJ;.HT MeTO,ll,bI on11camrn 2-KpaTHO npOT.H)KeU

HbIX BeJilP:IHll, T. e. KBa,DJ>aT ,U.JUUibI Me.>K,IIy ,IJ;BYM.H 6 .JIH3KHMH TOl.JKaMH 

B lfCKpHBJieHHOM npoCTPaHCTBe )J;OJI)f(eH HM€Tb BlfA, aHaJIOrH'tJHbIH (9.2.2): 

3 3 

dl2 = L L9ikdxidxk = 9ikdxidxk, (9.2.4) 
i=l k = l 

r)J,e 9ik ( x) OilSlTh Ko9¢¢uu;11eHTbl - KOMIIOHeHTbl MeTpHKH, 3aBHC51~e OT 

Tpex KOOp,IJ;HHaT. 3,IJ;ech H B ,IJ;a.JlbHet\:rneM 3HaK cyMMHpoBaHlUI IllfcaTb He 

6y,1J;eM, TaK KaK np11H.HTO HCIIOJlb30BaTh npaBHJIO: no ,IJ;BYM 0,IJ;HHaKOBbJM 

HH,IJ;eKCaM ( csepxy H CHH3y) Il0,IJ;pa3yMeBaCTCH cyMMHpOBaHHe, - B )J,aHHOM 

cnyqae OT 1 ,IJ;O 3. 
3a. Corn actto cneu;Ha.JlbHO:A TeopHH OTHOCHTeJibHOCTH, npo~TpattcTBo 

H BpeM.H o6pa3yIOT e)J,HHoe 4-Mepttoe MHoroo6pa3H.e. Terreph KmoqeBbIM 

Bbip3,)KettHeM HBJu1e:rc51 KBa,ITJ>aT HHTepBaJia s2 Me)f{,lzy ABYM.H co6bITH.HMH, 

KOTOphill npe.n.CTaBJI.HeT co6ott o6o6me1111e TeopeMbI Il11¢aropa e~e na o,D,Ho 

H3Mepett11e H nceB,LI,oeBKJIH)J,OBY CHrHaTypy: 

(9.2.5) 

r,ZJ,e t = x 0 / c - pa3HOCTh apeMeH Me)K,lly ,n.syM.H co6hITH.HMH, OC'Ta.IIbHbie 

o6o3ttaqeHIDI npe)f(HHe. 

36. B ynOMSUiyTOH Bbillie pa6ore 9ttHlliTet\:Ha H rpoccMaHa 6bIJia 3a

IlHCaIIa ¢op Myna )J.JUl KBa,ITJ>aTa HHTepBaJia B 4-MepHOM HCKPlfBJieHHOM 

npocTpaHCTBe-BpeMeHH 

(9.2.6) 
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3,}J,ech 11 ,n:anee rpeqecK11e 11H,n:eKChI upo6eraIOT 'tfeTbipe 3Ha'tfeHH.si: 0, 1, 2, 3, 
no .KOTOpbIM IIO,[q)a3yMeBaeTCH cyMM11pOBaH11e. QqeBH/f,110, qTQ 3Ta cPoP
MyJia o6o6ru;aeT MeTpHKY (9.2.5) B cneIJ,11aJihHOH Teop1111 OTHOCl1TeJibHOCTl1. 

Kn10qeByIO poJib B o6m;eii Teop1111 OTHOCHTeJihHOCTH 11rpaIOT Ko3¢qmIJ,11eHTbI 

9µ;v - KOMIIOHeHTb J 4-MepHoro MeTp1111ecKoro TeH30pa. QqeBJ.fAHO, qTO H3-3a 

CHMMe'I'pl111 HH,n:eKCOB 9µv = 9vµ P a3JIJ.fqllbJX KOMOOHeHT 6y,n;er TOJlhKO 10. 
BbrnHIIIeM ax B a11.n.e KBa,upaTHOH 4 x 4-MaTpHU,hI (CJieBa) 

900 901 902 903 +1 0 0 
910 911 912 913 0 - 1 0 

-+ T/1w = 
920 921 922 923 0 
930 931 932 933 0 

0 
0 

-1 
0 

0 
0 
0 
-1 

. (9.2.7) 

B caMOM o6w.eM ci1y 1-me pa3Jil1'tfHhIMH CJie,rr,yeT c~wraTh 4 ;1,1·mroHa.JlhHbIX 

c.rraraeMbIX 11 6 c.naraeMbIX, pacnoJIO)J(eHIIblX Ha,n; .D:Haf'OllaJlblO. llieCTb KOM

IlOHeHT no,n: ,D.lfarOHa.JlbIO COBna,n;aIOT c COOTBeTCTByJOI.U;11Ml1 KOMilOHeHTaMl1 

Ha,n: )J.MaroHaJihIO. B npaaoi1 qacr11 3 arr11caHhI KOMrroHeHThI 4-MepHoii MeT

pHK11 (9.2.5) B rrpocrpaHcTBe-BpeMeHH M11HKOBCKoro (B ,n:eKapTOBbIX Koop

,rr,HHaTax). 

0,n:HOMy CKaJlHPIIOMy UOTeHIJ,11aJIY 'P HblOTOHOBOii Te0p11H rpaBHTaU,IDl 

B 3IDUIITeHHOBCKOR TeOpHl1 COOTBe'I'CTBYIOT 10 KOMIIOHeHT 9µv - CBoeo6pa3-

HbIX rpaBl1':rau,110HHblX '110TeHIJ,11aJIOB, KOTOpbie o6pa3yJOT OCHOBHOH CTp011-

TeJihHbJH MaTCp11aJI o6m;eR Teop1111 OTHOCHTeJihHOCTII. 

YpanHeHHB reo~e3H'IecKHx JIHHHH H CHMBOJI&I KpucTo<l:><l>eJI.H. 

B o6m;eii Teop1111 OT HOC11TeJihHOCT11 Ba>K:HYIO poJih wrpa10T ypaBHeH11.H reo
)J,€311qecK11x (T. e. 3KCTpeMa.JlhHbIX) J111IIl1ii, 0 KOTOpbTX rOBOpHJIOCb B npe,z:t;hl

,1J,Y1I1;eR rJia.Be. B eBKJIH,n;osoi1 reoMeTpIDl 11M11 HBJI.sIIOTC.H np.HMbie JI11H1111, 

a reoMerp1111 .ITo6aqeacKoro - aro rnnep6oJibI, 113o6p~eHHhie Ha p11c. 8.2, 
a s reoMerrp1111 P11Mana ( rrocTOHHHOti noJIO)J(HTeJihHOii Kp11B113Hbl) - aro ,rr,yrn 

6oJibIIIliX KpyroB u a p1-1c. 8.3. 3arr11rne~ ypaBHemrn aT11x JIHH11ii B caMOM 

o 6w,e M BH,LI,e 

(9.2.8) 

r,LJ.e CJieBa CT011T peJISITl1Bl1CTCKoe yCKOpeH11e TeJia ( BMeCTO BpeMeHH Bbl

crynaeT illITepBaJI) , a crrpaBa BXO,n;.HT KBa,upaTH'qHo 4-MCpHbie CK0p0CTJ1 

11 Koa¢qmLJ,He HTbl r~/3 - TaK Ha3bIBaCMbTe ?C<X:J<JxfiU~Uettm'bL C6.R.3'HOC?nU, HJIH 

cUJvt.eOJt'bL KpucmoifxfieJl.Jl, npe,n:craBJUIIO~Me co6ott KOM6HHa l1,11H 113 nepBbIX 

npoH3BO,LJ.HbIX OT MeTp11qecKoro T eH3op a l). B Teop1111 nOKa3bIBaeTCH, "CITO Bee 

1>B pHMaHoBoa reoMeTpHH CHMBOJib1 KpHcTO<j><peJm CJJeAY.IO~M o6pa.3oM 3anHcb1-

BaIOTC.H 'iepe3 KOMTIOHe HTbl MeTplNOCKOro ·reH30pa: 
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TeJia B OTCyTC."I'Blm BHeIIIHHx CHJI ,nBH)KyTcH no reo,z:i;e311qecKHM JIHHH.HM. B co

rJiaCHH c npHHWfnOM 3KBJ.fB8JieHTHOCTH B 3TR ypaBHeHH.H He BXO,LVIT .MaCCbJ 

TeJI, T. e. BCe TeJia ,ll,BH::>KYTCH 0,ll,HHaKOBhl.M o6pa30M, KaK 3TO H Ha6.mo.naJI 

raJIHJieH B OilbITaX no HX na,.ueHHIO C fl113aHCKOt:l: 6aWHH. 

Tett3op KPHBH3Hbl 11 ypaBHeHH.H 9iiHJ.IITeiitta. Ba)f(H)'JO pOJih B TCO

p1111 11rpaIOT BTOphie npOH3BO,Z:VlbJe OT KOMIIOUeUT MeTpH1IecKoro TeH30pa 

no Koop,n,HHaTfil.-1. TaK y)K ycrpoeH HaIII MHp, 'ITO OCHOBHhie ypaBHeu.u.n 

cPH311Kl1 .sIBJUIIOTC.H .D.HQ:>Q:.>epeHizyiaJlbUhIMH ypaBHeHH.HMH BTOporo nop.si.n.Ka. 

B reo.MeTp1111 PuMa.Ha 11MeerCH xapaK~pHa.51 KOM611HaWfSI J.f3 BTOpb1x npoH3-

BO,ZJ;HbIX OT MeTp11qecKoro TeH30pa, Ha3hJBaeMa.H me'ii3opo.M ?CpU6U3'H'bt, HJIH 

meuaopo.M 'l\,puevBtt'bt PUMaxa- Kpv,cmqifxjje.tLJi R':vo.f3· Kp11BH3Ha xapaKTe

PH3YeT J.f3MeHeHHe KOMilOHeHT BeKTOpoB H TeH30poa np11 HX napaJIJie.TihHOM 

nepeHoce no 3aMKHyTOMy KOHTYPY· 

Ypae'He'HUR 9uxwmeu'Ha 3anucb1Ba10TCS1 '-1epe3 KOMnoueHThI TeH3opa 

KpHBH3UhI ( TOqHee, TeH3opa KpHBH3HhI P111-1~rn Rµv = ~cw) H xapaKTepH-

3y10T 3aBHCHMOCTb KpHB113HhJ OT pacnpe,z:i;e11eHH.sI B npocTpaliCTBe-BpeMeHH 

MaTepHH. He BHHKa.H B MaTeMaT11qecK11e TOHKOCTH, BhIIIHIIICM 11.X B o6~e

np:mUITOM BH,D;e 

(9.2.9) 

--t [IcoMeTp1u1] == re[(])11:3HqecKa5:l MarepuH], 

r.ne R = Rµvgµv TaK Ha3bJBaeMa.H C'l\,a.tt.Rp?£a.R 'l\,pueuana, a BeJll1qJ{Ha 

crrpana Tµv -TeH3op 3HeprMH-HMnyJibCa acett HereoMeTpH30Batrno:H MaTe

p1111. Koa¢¢11u,tteHT re = 87rG / c 4 - 3HHI11Tet:l:HOBCKaa rpaaMrau,110HHaa no

CTO.HHHa.H, Bh1pa)Ketttta5I qepe3 G, Uht0TOHOBCKy10 rpaB11T~110HHYJO nocTo

.HHHyJO, 11 CKOpGCTb caera c - CBH3hIBaeT Me)K,lly co6oli reOMeTp11'-I€CKl1C 

H cPH3HqecK11e Be.JTH'l.fHHhJ pa3HOH (¢11311qecKot:t) pa3MepHOCTH. 

Bo BTopott CTpoKe (9.2.9) npHne,n,eHa CHMBOJIH1·IecKas1 3aIIHCh ypaBHe

HHH 9t:l:ttmTei1Ha, 0Tpa)Ka10~a.S1 CMhICJI 3THX ypaattett11t:l:, CBSJ.3h o6o6m;e11-

HoR KaTerop1111 HCKpHBJieHHOro upocrpaHCTBa-Bpc.MeHH (nonyqeHHOR CJIH.Sl

HHeM ,u,nyx KaTeropHR nJIOCKOI'O upocTpaHCTBa-BpCMeHH 11 rpaBHTa~OHHOro 

IIOJI.SI) c OCTaBIIIetic.H TpeTbeH cPl13H'1ecKOR KaTerop11e:H 'l.faCTHll, ( c HereOMeT

pH30BaHHOR MaTep11eR). 

Bo3Bp~aacb K KOHBeHIWOHaJIHCTCKHM B3rJI.st,LI.aM Ha reoMffl'pHIO A. Ily

aHKape, cJ1e,uyeT CKa:3aTh, qro B o6m;eM cJiyqae coxpaHaeTcr1 npaao a1>J6opa 

Me)K)J.Y 1) OOHCaHHeM ,Ll.Bl1)K€UH.H TeJI c nOMO~IO H€KHX ycJIO.:>KHeHHblX 

( no,z:i;npaBJieHHbIX) ypaattett11tt HhIOTOHa B nJIOCKOM npocrpaHCTBe-BpeMeHH, 

'i.TO COOTBeTCTBYeT TpHaJIHCTHqecKOR napa)l,J1I'Me, H 2) on11ca11He.M no

cpe,u,CTBOM ypaBHe1n1t:t reo,z:i;e3H~IecKHX JIHHHR (9.2.8)' HO B 11CKp11BJieHHOM 

npocTpaHCTBe-BpeMeHH, '-ITO COOTBeTCTBYeT reoMeTpH1-I€CKOMy MHpGIIOHH

MaHHJO. IlyaHKape nonaran:, qTo BC51Kut:t cqen 6b1 6onee y,z:i;o6HbIM nepBbit:l: 

BapHaHT, o,nttaKO KOr,n;a np11I11Jl0Ch BbJ6HpaTh He M€):K,lzy eBKJIH)l.OBOH H ,ll,BYMSI 

Bll,ll.aMH HeeBKJill,lf.OBhIX reoMeTp~' a Me)K)J.Y 4-MepHOH rrceB,nOCBKJlH,Ll.OBOU 
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H npOH3BOJibHOH pHMaHOBOR reoMe:rpueR, npHqeM B CB.R311 c OnHcaHHeM 

rpaBHTaIJ,HM, «OOJiee y,ll,OOHbIM» (TO'-IHee, -6once a,z:r.eKBaTHbI M cPH311'-lecKOA 

peanbHOCTH) OKaJaJICH BTopoR aapHBHT. OH on11p aeTcH H a MeHh IIIee '-IHCJIO 

UCXO,ll.HbTX npHHI.\.HilOB, 11 Ha ero OCHOBe y,n,aJIOCb o6uapy)f(HTb 3aKOHOMepuo 

CTH, K KOTOpbIM Tpy,n,Ho 6 bIJIO n p11HT.H B paMKaX TeopeTHKO- IlOJieBOro MU

ponOHHMaHH 51. 0 ,n,HaKO CTOpDHHHKH «peJUITlIBHCTCKO:H TOOPHH rpaBHTal.J)fH» 

JioryHoBa npe,n,nO"IHT8.IOT HaC'I'aHBaTb Ha nepBOM BapHaHTe IlyaHKape. 

9.3. CucTeMhl oTcqeTa B Teop1111 rpanHT~ 

MHoroJieTHl1H aHaJIH3 OCHOB o6~eA Teop11.H OTHOCHTeJibllOCTl1 Il0Ka3aJI, 

'ITO K Ha3BaHHhI M <I>oKoM ABYM H,Ll,e.HM cne,u,ye:r ,n,o6aBHTh eru,e O)l,HH 6noK 

H,n,eA, BbI .HB.JllllOUJ,HM poJib CMCTeM OTC'lleTa B TeDpHH rpaBHTa~HH. TOJibKO 

nOCJie 3TOro o6m;a.H TeOpH.H OTUOCHTeJibHOCTH, B IlOJIHOH Mepe COOTBeT

CI'By.R CBoeMy H83Batt.Hl0, U03BOJI.HeT OilHCbIBaTb .HBJie1uu1 B IlpOH3BOJibHbIX 

( HeHt1ep1J,H8JlhHhIX ) CHCTeMax oTcqera. Be3 Hero TeopH.H n e noJIHa u npH

BO)I.HJia K P.HAY He..u,opa3yMeHHA. TaK, 9tittmTeHH u p51,ll, ,LWyr:mc ¢113 HKOB 

q ac-ro nyTarrn Ta.Kue pa3JIHqHbie IlOH.HT:IDI, KaK KOOp,ZJ,HHaTHa.H CHCTeMa 

H cHCTeMa OTC'llera. B 3TOA CB.H3H HanoMH11M BhICKaJbIBaHHe B. A. <l>oKa: 

«IlOHHT11e cPH3W:leCKOH 'Cl1CTeMhI OTC'lleTa ( na6opaTOPHH) He p aBHOCHJihllO, 

B o6~eM CJiyqae, IlOIUITHIO CHCT0Mbl KOOp,Ll,HHaT, ,ZJ,8.)Ke ecJIH OTBJieqbC.H OT 

BC.ex CBOHCTB na.6opaTOpHH, KpoMe ee ,ll,BH:>KeHH.H KaK uenoro» [175, c. 5). 
1-l e:rop,hl OIUIC8.Hl1.H CHCTeM QTCqeTa B o6rn.eli TOOpHH OTHOCHTeJlbHOCTl1 6bUI.H 

p a3pa6oTaHbI B 50-x - 70-x rr. XX B. B . pa6oTax, rnaBHhIM o6paJOM, OTe

qecrBeHHhIX aBropos: A. JI. 3enhMaHosa, H.B. M11u;KeBHqa, 0. C. 11saHH~
KoA, B. 11. Po,D,Hqeaa 11 wyr:mc, B TOM ~rncne " aBTOpa ,n,alilloA KHHI'H [26] . 

KaK H3BecTHO, c11cTeMa oTCqeTa H CB.H3attHbie c Heli n oHHTH.H Heo6xo

,lI,HMhI M.R KOppeKTHOro OnHCatt.H.H p€3y.JlbraTOB H3Mepett11R ( Ha6mo,ll,eHlilt 

cPH3H'llecKHX .RBJieHHtt)' TaK KaK OU H cyur,ecTBeHHO 3aBHCHT OT T oro, KaK 

,!I,BH:>KeTC.H Ha61nop,aTeJi h co CBOHMH npH6opaM11. B rn. 2 3TOT Bonpoc y)f(e 

paccMaTpMBaJICTi B paMKax crre~ua.TlbHOH TeOpH11 OTHOCHTeJihHOCTH. Bb1J10 

no,n,q epKH }'TO, 'llTO OCJI11 C03,Ll,aHHe H nepBbie 3T8.Ilbl pa3BHT.H.H TCOpHH OTHOCH

TeJibHOCTl1 npoHCXO,ll,HJIH B HanpaBJieHU.H o&be,n,11HeHH.H npocTpaHCTBa H Bpe

MeHH B e,n,J.JHoe MHoroo6pa3He, TO MeTO,ll,hl on11CaHH.H CHCTeM OTC'lleTa BbJilOJI

H~IlOT npSMO IlpoT.HBOllOJIO)KHYIO cPYHKUHlO, - ouu, HanpoTHB, pacm;errJIIDOT 

4-MepHbie IlOHJlTU51 u a n pHBblqHbie BeJIH"tfllHbI, O'l'HeCeHHbie K cPH3HqecKOM)' 

BpeMeHH H cPlf3H'-lecKOMY (Ha6mo,z:r.aeMOMY) npoerpaHCTBY 11CilOJib3yeMOH 

CHCTeMbl OTC'-leTa. 

HaH6on ee y..u,o6HhIM Mero,n,oM on11caHH.H CHCTeM oTcqera B o6m;eA Teop11H 

OTHOCH'I'e.JlbHOCTH .HBJI.HeTC.H TaK Ha3bIBaeMbIA .M01 taa'H,'btU .MemoiJ, KOTOpbIR 

orrnpaCTC51 Ha npe,n,noJIO:>KeHHe, 'llTO BO BCex TO"IKaX npoCTpaHCTBa HaxO

,Ll,.HTCH CBOH Ha6n 10..u,aTen11, COCTaBJl.RIOITQ1e KOHTHnyyM. K a)K,ll.bTH Ha6Jll0-

p,aTeJib cosepmaeT H3 MepeHIDI B CBoeA TOqKe H, 3BOJIIO~OHHpy.R, OilUCbI-
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a aer B npocrpaHCTBe-BpeMeHH CBOJO npeMeHH-IIO,ll.06HyJO MHpoByIO JIIDIHIO. 

Ilpll 9TOM IIOCTyJIHpyercg, qTo B Ka~oli TO'-IKe MO:>KeT H axO,LI,MT hC.SI 0,llHH 

11 'IOJihKO 0,1.1.HH Ha6JIIO,lI,aTeJih , T. e. '-ITO HX MHpoBhie J1HH1111 He n epeceKaIOTC.SI 

u o6p83y10T 1w?-tzpy::nt,'4U?O epe.Menu-noao6tt'blX .Mupoe'btX .JLu?-tuil. Ha.Ko Heu., 

noJia raercsi' qTO Ha6n10,n;aTeJ1H filJJISIJOTCSl H,lI.eaJibHbIMH B T OM CMbICJie , 'tfTO 

HX Macca npeHe6pe)KHMO Marra 11 u e BJIHR€'l' Ha MeTp11Ky npocTpaHCTBa

BpeMeHH. 

,LI;a.rree 3TH H,UeH o6pa6aThIBaIOTC.SI MaTeMaT11qecKH. ThK, B Ka>K,lI,OH TO'IKe 

MO)KHO IIOC'I'po11Tb e,n,HHH'-IHb~ KacaTeJihHbtli BeKTOp K COOTBeTCTBy1ow;eii 

BpeMeHH-IIO,lI,OOHOW MHpoBOH JIHHHH, KOTOpbIH HMeeT ¢113 11qecKmt CMbICJl 

4-Mepttott c KopOCT11 tta6J110.narenH. B HTore B Ka>K,n;oii ToqKe ( cM. pHc. 9.2) 
3~aeTC.SI 0,lI.HH 4-MepHblH BeKTOp - MOHa,a;a T µ l OTKy.na 11 IIOIIIJIO H 83BaHJ.1.e 

MOHa,u,ttoro MeTo.rr,a. 3 TOT BeKTOp II03BOJI5H ... 'T H3 1Ipol13BOJlhHOI'O TeH30pa 

(B TOM q11CJie 11 BeKTOpa CMew;eHHSI) BbJ,lI.eJlHTh BpCMBHH- IlO,lI.OOHbJe KOMno

HeHThl nyTe M npoen;upoBaHH.SI Ha BeKTOp T µ . ,LI;a.rree MeTJ)H'tfecKHii Teu30p 

npe,n,CT8.BJJSieTC.SI B BH,ll.e 

(9.3.1) 

r .n.e hµ.v HMeeT CMbICJI MeTpH'-IecKoro 'I'BH30pa 3-Mepuoro npocTp8.IICTBeHHoro 

ceqeHHSI, OpTOI'OHa.nhHOr'O MOHa,rr.e ( MHp0BhIM JIHHHSIM CHCTeMbl OTc qeTa). 

c ero IIOMOUJ,blO Hax.O,ll.SIT CH rrpocTpaHCTBeHHO-no,n;o6Hble KOMllOHeHTbl Jll0-

6oro TeH3opa. 

PHc. 9.2. Kottrpy3~ MHpoablX i IHHHH Ha6mo,LJ;arem1, MOHa,u,a H JIOKaJlbnoe 

3-Mepttoe npocrpaHcTBO Ha6moJI.are.rrn 

He 6 y.rr,eM norpyLK.aThCH B MaTeMaT11qecK11Ji annapaT MOH3.)IHOro Mero.u,a. 

0 TMeTUM JIHllih, 'i'I'O ero MO)KHO npe,n;craBHTb H3 cne,n;y10~x q eTblpeX 

q acreii: 1) arrre6pb1 Motta)l,Horo Mero,n;a, 2) onpe,n;eneHHH MOH~HhIX 
¢H3HKO-reoMeTp11qecKHX TeH30poB, 3) 3~&Hl15l MOHa,D.HbIX o rreparopoB 

,n,11¢¢epeHuHpoBaHH5l H 4) 3an11cu Bcex y pasHe HH°li ¢H311KH B MOH~HOM 
BH,n;e, T. e. OTHOCHTeJihHO HCilOJih3yeMOH CHCTeMbI OTCqeTa. 3aMeTHM, 'ITO 

B MOHa)J.HOM BH,LJ;e ypaBHeHHR OKa3bIBaJOTC.SI IIOXQ)KJ.1.MH Ha npHBbiqHbie 
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ypaBHeHHSI B cneu;HaJihHOH Teop1111 OTHOCHTeJibHOCTH, 110 ,lJ,OTIOJIHHTeJihHO 

)''-IHTbIBaIOT CHJlhI 11Hepu1111. 

IlpH 3TOM CJIC,lI,yeT o6paTl1Th oco6oe BHHMaHHC Ha q>H.3HKO-reoMerp111-1e

CKHe TeH30pbJ, T. e. TeH30phI, 3an11cbrnacMbJe 't.Jepe3 nepBhie npoH3BO,lJ,Hhie 

OT COCTaBJlSIIOU~ MeTp11qecKoro TeH30pa (cnpaBa B (9.3.1)). 0Ka3bIBaeTC51, 

TaKHX BeJIH~HH Tpu 11 TOJihKO TpH. 0HH SIBJI.HIOTCSI Ba)l(HbIMM xapaKTep11-

cr111<aMJJ c11cTeMbI OTC'-leTa - 3TO ee?Cmop yC'wpettUR, yuioeaa c?Wpocm'b 
epaw,e?-tUR u xapa?Cmepucmu?Ca aeif>op.Ma~uu cucme.M'bl, omc-ttema. Kor,n.a 

paHee rOBOpHJIOCb 0 np11Hu;11ne 3KBl1B8JieHTHOCTl11 KaK npaBHJIO, HMP,Jiach 

B BH,Uy ycKopeuHaH CHCTeMa OTcqera, r,z:r,e COOTBeTCTB)'IOll~ru:I CHJia 11Hepu,11H 

3KBHBaJieHTHa rpaBHTau;11on11ott CHJie. 

IlpH KOppeKTHOM HCTIOJib30BaHHH MeTO,lJ,OB on11ca1111S1 CHCTCM OTC't.Iera 

O'ITia,lI,aIOT MHor11e He,n.opa.3yMeH11S1, BCTPe'-laBIIIHec.H B J111repaTYJ>€. TaK 
B HeKoTOpb1x pa6oTaX ymep)K)J.aJIOCh, qTo 3RHIIITetiHOBCKaH o6~rui TOOPHSI 

OTHOCHTeJihHOCTH HeKoppeKTHa H.3-3a Toro, qTQ BCe 11CilOJlb3)'eMbie B HeR 

BeJIH'-IHHhI 3aBHCHT or Bh16opa KOOp~HaTHhIX c11cTeM. M 3MeHHH Koop,zn1-

uaTHy10 CHCTeMy, npe,z:r,CTaBJIS110uzy10 co6oR JIHIIIb cnoco6 H)'Mepau,1111 TO'tleK, 

MO:>KHO BeJIH'-IHHbl J.f3MeHHTb B 1IIHPOK11X npe,z:r,eJiax. IlpH 3TOM 3a,z:r,aBaJm: 

BOilp0ChI, '-ITO .>Ke TOr,z:r,a H3Mep.HeT Ha6JIIO,lI,aTeJib B CBOOH na6opaTop1111? 

TBK BOT, B Momv:r,HOM Mero.n.e Ha6n10,z:r,aeMbie ( H3Mep.HeMhle ua6n10,z:r,aTeJieM) 

BeJl11'-111HbJ MOryT 6b1Tb TOJlhKO CKaJIHpaMH, T. e. OHH HHKaK ue 3aBHCHT OT 

BhI6opa KOOp,z:r,UHaTHhIX CHCTeM. 

IlOIDITHe CHCT€MhI OTCqeTa B o6~eH. TeopHH OTHOCHTeJihHOCTH 3acTaB

JIHeT c,n.eJiaTh pS1,z:r, ua:>KHhIX BhIBO)J;OB. 

Bo-nepBbIX, CHCTeMhl OTcqeTa B Teop11n L'paB11T~HH ,z:r,eMoHcTpHpylO'T 

TOT cl;:>aKT, 'iTO nepexo.n. OT ,D.BYX nepBH'IHhlX ( o6~enp11HSITbJX) cl;:>11311qecKHX 

Kareropl1i1 K HeKoeR HOBOtt KaTeropu11 ,ll.11KTyeT npHMeHeHHe MeTO)].OB npo

euHPOBaHHH HOBblX 110H5ITJJH Ha Ha6JI10,n;aTeJIS1, 11CIIOJih3YIO~ero npHBbiqHhie 

noHHTHH. Bro TaKoro Mero,z:r,a npoeuHpOBaHHH HeJih3.H OCMbICJIHTh co.n.ep)Ka-

1111.e HOBOH Te0p11H. 

Bo-~TOphtx, BhI/leJieHHhie B. A. <l>oKOM ,z:r,aa npHHIJ,Hna B ocHose o6ru.ett 

Teop1111 OTHOCHTeJihllOCTJ.1 HJIIOC 6JIOK CHCTeMbl OTC'-leTa U03BOJUIIOT no

CMOTpeTb Ha aT11 Tp11 HaY:aTia noJT. noBbIM yrnoM 3pett1u1. To"t.JKaMH 4-Mep

uoro npocTpaHCTBeHHO-BpeMeHHOro MHOroo6p83HH (nepBOe Ha'-laJl.O y <l>oKa) 

onHchIBruOTCH co6hrr11.si c y'-lacT11eM paccMaTpHBaeMhIX o6rheKTOB, rH6Ka.H 

Merp11Ka ( «He)f(ecTK8.51» no <l>oKy) B KOUIJ,e KOHIJ.OB .n.enaeT B03MO.>KHhIM 

y'fecTh BJIH5IHHe Ha paccMaTPHBaeMbll\: o&beKT co CTOpGUbl Bcex .n.pyrHX 

OKpy.>KaIOIIViX Te.TI BceneHHOif (np11Hu;Hn Maxa y 9JiHrUTei1Ha) u, HaKoHen, 

caMa CHCTeMa ( TeJIO) QTCqera - 3TO np11CyTCTBHe caMoro Ha6JIIO,D.aTeJI.H. 

~pyrHMH CJIOBaM11, Tenepb Tpol1'tlHOCTb BbICTynaeT B cne,u,ym~eM BH,z:r,C: 

Ha6n10,z:r,aTeJih - o6'beKT - 0Kpy:>Ka10I.UHe Tena. 
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9.4. IlpocTpaHCTBO-Bpe~ 
B6Jill311 ~eHTpaJibHOro HCTO-cnmKa 

B 1916 r., cpa3y )l(e nocJie OTKpbrTH.H ypaBHeHHii 9HIIIIITetffia, KapJIOM 

lliBapu,IIIHJlh,lJ,OM 6bTJIO Ha:li,n,eHO caMoe Ba)f(HOe ,U,JI.H qm3HKH TO'tffioe perne

HHe 9THX ypaBHeHHt\: - IlOJiy'-IeHa MeTp.HKa npocTpaHCTBa-BpeMeHH BOKpyr 

c<l>epH'-IecK11 CHMMeTpH't!Horo MaTepHaJlhHoro HCToqHHKa. B qacTHOCTH, Ta

KOBbJM11 11cToqHHKaM11 .HBJI51I:OTC51 Conttu,e, 3eMJI51 H MHor11e ,LIJ)yrHe acrpo
¢"311'-IecKHe o&beKTbI. Bhun1111eM 9TO pemeHue B c¢epw-1ecKHx KOOIJ,D,HHaTax 

ds2 = (1 - 2GM) (dxo)2 - d1·2 - r2(dfi2 + sin2 Od1.p2), 
c2r I - 2GM/c2r 

(9.4.1) 

r ,n;e r - pa,n,HaJihHaH KOOp,unHaTa, () H <.p- ,n;Ba yrJia OT HeKoett OCH H OT 

38y[J.aHHoro ttanpaBJieHM.H B BKBaTOpHaJibHOH n JJOCKOCTM, M - Macca u,eu 

TpaJibHoro o6'beKTa, MeTpHKa (9.4.1) HMeeT ,LJ,HaroHaJihtthm B11,n;, npH'-IeM 

nepe,n; 0,!I.UHM CJiaraeMbIM (BpeMeHH-IlO,D,OOHOtt '-laCTbIO) CTOHT 3HaK nJIIOC, 

a nepe,n; OCT8JihHbIMH ( TpeMH IIpOCTpaHCTBeHHO-IlO,D,OOHhIMH) - 3HaK MH

HyC. 9To o6cTO.HTe.1IhCTBO COOTBeTCTByeT c11rHaT ype npocrpaHcTBa-BpeMeHH 

(+ - - -). 
PaccMoTpHM HeKoTOpbie npHHQl1IlH8JlhHhie MOMeHThI Me'I'pl1KH IllaapQ

llIHJih,D,a. flhI,D,eJIHM npocTpaHCTBeHHO-no,n:o6Hy10 qacTh, T. e. noJIO)l(HM 

dx0 = 0, Tor,n;a .MO:>KHO IlHCaTh - ds2 = d12 . 3a¢HKCnpyeM pa)J.MaJlhHyJO 

KOOp,lJ.HHaTy r ' ITOJIO:>KHB dr = 0, 11 pacCMOTPl1.M CMeIJJ,eHMe no 0Kpy)l(H0CTH 

B 3KBaTOp11aJibHOtt IlJlOCKOCTH, T. e. nyCTh () = 90° H H3MeH.sIT hCH MO)KeT 

JIHIUh yroJI <.p B 9KBarop11aJihttott nJIOCKOCTH OT HYJI.51 )J.,O 27r. B 9TOM CJiyqae 

H3 (9.4.1) HMeeM Bhipa)J(CHH.H )J.,JIH CMe~eHH.sI 11 IlOJIH)'lO ,D,JIHHY OKpy)l(HOCTH: 

dl = rd<.p --+ l = 27rr. (9.4.2) 

9TO 0'-IeB"AHhIH pe3yJihTaT, rnacsu.11,111\: , qTO ,D,JIHHa OKpy)J(HOCTJ.:1, KaK H B eB

KJIH,l-\ODOM npOCTpaHCTBe, BhipruKaeTOl B BH,D,e npoH3Be,D,eHH.H 27r Ha pa,rr11yc. 

O,wiaKo B )J,aHHOM cnyqae r }lBJIHeTC.H JIMllib pa,!I.118.JihHOH Koop,n;11ttaTott, 

KOTOpaH npH ,n;pyroM BbJOOpe KOOp,ll.HHaT Morna 6bI BXO,D;l1Tb B ,D,JIHHY 

OKpy.>KHOCTH HHbIM o6pa30M. Ilo 3TOi1 npH't!HHe qacro l'OBOpHT, ~o MCT

pHKa IllsapIJ,llIHJlb,D,a B BH,D,e ( 9 .4 .1) 3 anHCaHa B CilCIJ,H3.JlhHbIX 'KOOp<lu1-wmax 

'KpU6U3'H. 

Teueph B03hMeM CMen~ei-111e H)J,OJih pa,rr,HaJihHOtt KOOp,LI,HHa'T'hI OT KaKoro

TO naqa.JlbHOrO 3Ha'-le HH.H 7'1 .no KOHe'l.IHOrO r2 npH () = 90° H rrpM IlOCTO.HHIIOM 

3Ha'-IeH1111 yr JI a <.p. B 9TOM CJJ)rqae 113 ( 9 .4.1) 11MeeM 

d1· Jr2 dr dl = --+ l = > ( r2 - r1), J1 - 2GM/C'2r .,..1 J1 - 2GA1jc2r 
'I. 

(9.4.3) 

T. e. pacCT05lHHe OT 11CTO'-llmKa ,£1.,0 OK py:»<HOCTH ,D,Jll1HOM 27rr2 0Ka3bIBaeTC51 

60Jibill€ 3Ha~1eHH.H pa3110CTH pa)J,HaJibHbIX KOOp,n;11tta:I'. 9TOT ¢a.KT cne,n;yeT 
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Puc. 9.3. BopoHKa, illIJDOCTp1ipyron~a51 HCKpuBJTCHue upocTpattcTBa BOKpyr c<Pe
pHqecKH-CHMMeTPM':IHOro MaTepl18.TlhHOI'O HCTO'tIHlfKa 

TJ)aKTOBaTb KaK rrporn6attHe IIpOC'I'pa.HCTBa no,n; MaTepl18JlhHbIM 11CTOqHl1-

KOM. Tip011JTJllOCTpHpyeM TaKOe 11CKp11BJieH11e rrpocTpanCTBa c IlOMO~IO 

,ll,OCTYIIHOM HallleMy BOo6pa)KeHHIO 2-MepHoa a.Hanor1111 B Bl111,e BOpoHKH Ha 

p11c:. 9.3. 
PacCMOTpHM MeTpHKY lliaap:u;mHJlb,n;a rrp11 oqeHh ManbIX 3tta•-1ett11HX 

napaMeTpa r. 113 (9.4.1) BH,lI,HO, qro rrp11 3uaqett1111 paAH:anhHOti Koop,n;11ttaTbI 

ro = 
2G!vf 

C2 
(9.4.4) 

KOMilOIIeIITa Me'l'pHKH goo o6pall.J,aeTC5t B HyJib, a KOMilOHeHTa Yll CTpe

Ml1TC.H K 6eCKOHe't.{HQCTH. 9TO 3Haqeu11e ro Ha3hIB8.eTC51 zpaeumav,UO'l-f,'H/U.M 
'{KliJuyco.M. ,ilJ1.H Co11tt11.a OH paBeH np116n11311rrenhno 3 KHJJOMeTpaM, a ,u,JI.H 
3eMJIH - MHJIJIHMeTpy. Ilp11 eine MeHbUll1X 3Ha't.JeHH.HX r < ro KOMilOHeH'l'a 

!JOO CTaHOBl1TC.H OTp11:u;aTeJihHO'H, a KOMUOHe11Ta 911 - IIOJIO)Kl1TeJihHOi1. &ro 

OOHaqaeT, qTo KOOp,ZJ;HHaTbl x0 11 x
1 = r MeH.HlOT CBOil xapaKTep: KOOp,n;HHaTa 

x° CTaliOBHTCH IlPOCTPaHCTBeHHO-no,n;o6HOH, a KOOp,n;11HaT8. r - BpeMeHH

IIO,lJ;OOHOH. 

,Ll;n.H pea.TlbilblX OObeKTOB c reoMerp11 'iecKMMl1 pa3MepaMH, 3Haql1TeJihHO 

npeBblllla 10 1.l.J,HM H rpaB11Ta:u;11ottHhia P 8ill.11yc, ro HMeeT c 11MBOJI11qecKoe 3Ha

qeH11e - 03Ha"<JaeT nepeBO,U 3HaqeHHa Mace B pa3MepHOC..'Tb )I.JUIHbI. 

Ha OCHOBe 3arr11cattHbIX ¢opMyn 6b1Jia BhICKa3aHa eunomeaa 'llep?-t'blX i>btp, 
11Me10m,M M uornx cTopoHHHKOB. Cornactto 3·.roi\. n1rr0Te3e, MOryT cyll.J,ecTBO

BaTb OObCKTbI c reoMeTp1-1qecKHM pa,z\MycoM, MeHbIIIHM rpaBHTaI.J;HOHHoro. 

Tor,n;a B6J1113u TaK11x o&beKTOB cne,z::iye-r Q)Klf,ZJ;aTh MHO)KeCTBo HeOObPIHhIX 

£BJieH11li. HaupHMep, pacqeTh1 noK83bIBaIOT, qTo 113-rro,n; rpasHTaui-mttttoro 

pa,n;11yca HH't.{TO He MQ)KeT BbIHT11: - H11 y CBeTa, HH y ,.u,pyr11x TeJI rrpocTO He 

XBaTl1T 3HeprHM. npeo,n;OJieTb· rrp11T5l)KeH11e qepHblX ,D;blp. Ilo 3TOa IIpH't.{HHe 

0Hl1 ,ZJ;OJDKHbl 6bITb HeBH,n;HMbIMH, qepHbIMl1, qTQ o6yCJIOB11JIO ux H83BaH11e. 
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O,n;uaKo tta ~1epHb1e ,D;biph1 MoryT rra,n;aTh (rrcpeceKaTh rpaB1-1Ta~HOHHb1i1 

pa,ll,Hyc) ,n,pyrHe o&beKTbJ, np11qeM ,~.TLH CTOpouuero Ha6JUO,D;aTeJ151 CKOpocTb 

rra,n;aIO~HX Ha qepHyIO ,lJ;hipy o&beKTOB ,D;O.TDKJi a CTpeMHTbC:Sl K CKOpOCTH 

CBeTa, npH 3TOM l1X Macca ,lJ;OJl.>KJia HOOrpaH11qeHHO paCTH, a CaM rrpou,ecc 

na,n,eHH51 ,D;OJl.>KeH npo,n;oJI.>KaTbC51 6eCKOHeqHO ,D;OJII'O. JIJ06onhITHO OTMeTl1Tb, 

qTo B c11CTeMe oTcqeTa na,D.alOut;HX o6'heK'IOB BpeMH ,D;OCTH)KeHHH HMU rpa

BHTaIJ,HOHHoro pa,zrnyca OKa3bIBaeTCfr KOHeqHbIM. 

B c 11ny oTCyTCTBltiI y qepHbix )l;bip l1X co6C'rBeHHoro H3.Jl)'qettlffi, npeµ

npHHHMaJU1.Ch IJOilbJTKH HX o6Hapy)KeHH5I B KOCMOCe no KOCBeHHbIM * 
cpeKTaM. IlocKOJihKy rra,D;aJOll~Me o6·beKThI p a3rOHHIOTCSI ,n;o OKOJJOCBeTOBbIX 

CKOpoCTeM, TO npu. HX CTOJIKHOBeHH.HX MO)KHO O)KH,LI,a'Tb )KeCTKOC pettTre

HOBCKoe H3JiyqeHHe. Ilpe,LI,naraJIOCb HCKaTh '-ICpHble ,D;blpbl KaK HCBH,ll,11Mble 

B OilTHlJecKOM ,D;HaII830He 11CTOqHl1KJ1 MOIWfOI'O peHTreHOBCKOro H3JlyqeHJUI. 

B KOCMOce 6b1JI0 o6ttapy)Ketto HecKO.,'lbKO npeTeH,D;eHTOB Ha qcp11h1e ,D.biphl 

(CM. (191)) . 
c 60-x - 70-x rr. B JIHTepaType, B TOM 'il1CJ1e nonyn.HpHOH, I.IIHpoKO 

o6Cy)J(,lJ;aeTCH rHIIOTe3a qepHblX ,D;blp, HO BbJCK83bIBaJiach H HHa.B Il03H~Sl, 

COOTBeTCTBYIOID;aSI y1rnBepcaJibHOMY npaBl1JlY 8 cp113HKe: ecJil1 B TeopHH B Ka

KHX-TO o6naCTID{ RJIH .HBJieHH5IX ao311MKaIOT 6ecKOHeqtto OOJlbIIIHe BeJIHqHHhI, 

TO 3TO tty.>KHO tsOCilpHHHMaTh KaK c11rHaJI Toro, qTo TaM BbIBO,IJ,bl TOOpH.11 

TepSIIOT CHJiy. Ilo MHeHmo, BhICKa3aHHoMy B. A. <lloKOM 11 psr/l;OM ,z:wyrHX 
cp113HKOB- r p aBHTalJ,11'0HJ1.CTOB, 6ecKOHe1..JHOCTR Ha rpa.BHTa.t.J,l1.0HHOM pa,u,11yce 

CBH,n,eTe.TibCTByIO'T 0 rpaliln~e npnMeHH MOCTH 3aKOHOMepHOCTe~ 3nHI.IITetf

HOBCKOtt Teop11'R rpaBHT~HH. 

Ilo,D;TBCp)K,D;eHHe o6n1,ett TeOpR11 OTHOCHTeJihHOCTl1 nonyy:eHO B rrpe,D;enax 

ConIIeq11oii cHCTeMbJ 11, B qacTHOCTM, 3eMJI11. Ta.I<, rpaBMTaI~HOHHoe npHT.H

.>KeHHe o6h.s:cHSieTC51 ,n,B11)f(eHHeM Ten no reo,n,e3utICCKHM ;111:1u1.HM. Harrp11Mep, 

,[{BH)Ke1111e nnaHeT CoJIHet.IHoli c11cTeM1>1 no 11x op6MTaM MO)KHO npo11n

n10cTp11poBaTb npH IlOMOIII,11 2-MepHOH aHaJIOrHH peaJihHOro HCKp11BJiei-urn 

npocTPaHCTBa BOKpyr CoJ1H11,a (CM. p11c. 9.3). 'lJaCTb BOpoHKH, ,D;MeKaSI O'T 

rpaBHTa.IzylOHHoro pa,D;Hyca, MO)Ke'T' 6hITh yno,n,o6netta tterny6oKOii qarne, no 

Kpa10 KOTOpoii 3acTaBHJIM KaTH'T'bC51 I.IIapHK (attaJior anaueTbI). ITottSI'T'HO, 

qTo STOT IIIap11K 6y~CT KpyTHTbC5J no IIOBepXHOCTl1, OIIHChIBa.51 HeKyIO Kp:11-

ByIO TpaCKTOpmo. 5Ic HO TaK.>Ke, qTQ 3Ta TpaCK'T'OpH.H B o6llI,eM CJiy'-lae 

.HBJISie'T'Cs:J He3aMKHYTOH . PacqeThI nOKa3bIBa10T, qTo 3TO 6y,D;eT HeKoTo p aB 

po3eTKa, B KOTOpott ,n,Ba coce,D;HHX BHTKa 6Jil1.3KH ,n,pyr OT ,D;Pyra. 9ra 
po3eTKa, H300pa>KCHHa5I Ha p11c. 9.4, KaK 6hJ npe~C':raBJI51eT B~ CBepxy Ha 

TJ)aeKTOpHIO, OflMChIBaeMylO m a p11KOM B qaI.IIe-BOpOHKe (cM. p11c. 9.3). 
,Ll;JI.H ,uaneKHX n n a HeT Cont1eqtto:i1 c11CTeMbI pa3JIH1I11e ,n,Ryx: coce,n,1rnx 

B11TKOB qpC3BhJqaifHO MaJIO: 11 B HeKOTO~M npu6nIDKeHJ111 11X MO)l(HO cqu

TaTb COBII8J);al0ut;HMH, ''ITO COOTBeTCTByer ).l;BR)KeHHIO IIJJaHf!' l 'bl no 3aMKIIy

TOt:l: op611Te HblOTOHOBOtt TOOpHH rpaBHTau,HH n o 3JlJl.11IICy, B cpoeyce KOTO

poro p acnoJIO)KeHo CoJIHI.J,e. ,lJ,J'l.H 6JT11)KHett n nai1er1>1 CoJIBeq11ott c11cTeMhl 
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Puc. 9.4. l.fJI.mocTpau;115J 3¢¢eKTa cMeru.eHHH nepnre.nM.H MepKypHSI 

oTKJioHeHMe coce,n,tt11x BMTKOB 6o~JJee cym.ecTBeHHo, 11 ::.TOT 3¢¢eKT ( CMe

m;eH 11e nep11re.inu1 MepKypH.H) 6bIJI o6Hapy:>KeH acTpoHoMaMM J)Ke B KOHlJ.e 

XIX B., XOT.H HeK<Yropoe BpeMH ,lI,JI.H He ro He MOrJ1H HatiT11 cooTBeTCTBy10m.ero 

OOb5lCttett11.H. Otto 6bmo no.nyqeHo cpa.3y >Ke noc.11e co3,n.att115J o6m.e:R Teop1111 

OTHOC11TeJlbHOCTM 11 .HB11JIOCh nepBbIM IlO,ll,TBep.)f()J;eHMeM 3iiHWTeUHOBCKOM 

reop1111 r paawrau.MM. 

)4Jyroe no,n.TBe p:>K)l.€HHe o6m.e:H TeOpMM OTHOCMTeJibHOCTH 6hIJIO nony

'tl€HO B 1919 r. Bo apeM.H tta6n10,n.eH11.H COJIHe'tlttoro 3aTMeHM.H. Bbmo noKa-

3ano, 'tlTO ny-qn OT ,n.arreKMX 3Be3,n., npoxo,n.}1m.11e a6Jm311 )l,MCKa ConHu.a, 

MCKpHDJI.HIOTC51, IIpHqeM yroJl MX OTKJ10H€Hl151 OKa.3aJ1C.H B )l.Ba pa3a 60J1bIIIe, 

'tleM 3TO npe,ll,CKa.3hlBaJ10Cb Hbl<YI'OHOBOH Teop11ei1: rpaB11Tau1111. (,II,aHHhiii 

3 KCnepMM€HT, pa.3JMCeTCfl, MO:>KHO npoBO~HTh Jil1Wh BO BpeM.H" COJIHe'tlHOro 

3aTMe1111}1, Kor,u,a Ha tte6e BH)I,HbI 3Be3,IT,bI.) Bnocne,n.cTa1111 3TOT a¢¢eKT 6hIJI 

nqu;1·Bep*,LI,ett 11 B APYI'HX 3KcnepnMe HTax, CDfl3aHHhIX c pa;r.11on0Kau11ew 

llJJaHeT COJlHe 'tlIIOH CHCTeMbI, c Ha6J1IO)l,eHM.HMH OTKJIOH€Hl1~ pa,11,HOClffHaJlOB 

OT KDa.3apon, c o6HapJ:>KeHHCM OTPHIJ.aTeJlbHbIX n a p anJiaKCOB /T,aneKMX 3 Be3)l. 

11 T. ,Jl. 

B 3a,n.aqy ,n,attttui1: KH11r11 He BXO)l,MT IlOil.POOHhIH aHarrM3 3Kcnep11MeH

T8.llhHhIX IlO)l.TBep)K)J,eHMii o6m.ew Teop1111 OTHOCHT€JlbHOCTM. (8TOT BOITpOC 

Il01\P06HO pacCMOTpeH, HanpHMep, B naIIICM KH11re « reoMeTpOcPH3 11Ka» [34J.) 
XOTeJIOCb 6b1 TOJlbKo eu.r,e pa.3 HanoMHHTb, 'tlTO B o6m.ew TeopH11 OTHoc11Tenb

nocr11, KaK 11 RO BC.HKOti cPM3 11'tl€CKOM Teop1111, np11cyTCTBJIOT Bee TpH COCTil.B

JiflIOII.J.Me: MaTeMaT11qecK11:R aunapaT, 3KCnep11MeHT H ¢n311qecKoe ( ¢11noco¢

cKoe) ocMb1cnett11e. HeKOTOpb1x oropqacT cpantt11TeJihHO He6onbIIIOe q11c.TI0 

3KCnepMMeHT8JlbHbJX IIO,ll,TBep:>K,11,eHMH l1 npMJlO:>KCHUA 3TOH Teop1111 np11 u.rn

pOKO p a3BMTOM MaTeMaTli"1€CKOM auuapaTe, O,ll,HaKO 9TO KOMilCHCMpyerrca 

3Ha'tlMTeJihHhIM q11CJIOM CJie,11.CTBM" M11pOH033peH'-10CKOro xapaKTepa. 
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9. 5. BceneBBrui B n;enoM. 
KocMonor:eR 

06IJJ,a.H TeopH.H aTHOCMT€JlbHOCTl1 fl03BOJil1Jla cPH3MKe BbIHTl1 Ha Kaqe

CTB€HHO HOBblH ypoBeHb B IlOHMMaHMM cP.1131.PiecKOro MMpa - B ee paMKaX 

MO)KHO B npHH~Mne CTaBHTb 11 pemaTb aaiJa'lly onucanUR Bce.aennou 11:mc 

~e.n,oao. Kotteqtto, tteJib3.H 3a6brnaTh, qTo rrp11 3TOM rrpo113BO,lJ,11TC.H 3KCTpa

no1un.i;IDl Hall111X Ilpe,lJ,CT'd.BJieHMH 0 M11pe MaKCMMaJlbHO ,ll.aJI€KO 3a npe)I,eJibl 

113yqeHHOii o6nac TH BceneHHOi1, uparMB q ero npe,rrynpe)f(,D,an 9 . Max. TeM 

He Mettee o6cy)f(,D,eHHe no,LI.o6HbIX 3f\U.aq Hco6xo,II.11Mo, nocKOJihKY 3TO MO)Ke'I' 

IlOMOl.Jb OTBeTMTb ua BOnpoc, /1,0 KaKMX npe)J.eJIOB 3KCTpanOJI.H~H.H npaBO

MepHa, Kor.a.a H KaKHM o6pa30M cne,rryeT 113M€H11Tb HallJH npe,D,C-TaBJieHH.H 

o rrp11po,II.e M11po3,n:au11.H. 

B MaTeMaT11qecKoM nnatte on11caHMe Bcenettttoii KaK 1..1,eJ1oro octtoBaHo Ha 

peII1€HHJil ypaa11ett11i1 9iiHII1T€HHa (9.2.9), B npaayio q aCTb KOTOpbIX HpKHO 

Il0/1,CTaBHTh TeH30p 3HeprMH-11MnyJlbca Bce:H: MaTepMM MHpa: nnatte:r, 3Be3/1,, 

Me)K3Be3,n:Ho:A cpe,n:bI M Bcero npo -qero. B c 11ny Toro qTo Bee 3TO TOqHo y"tlecrb 

H eB03MO)KHO, paccMaTpMBaerc.H ynporn.eHHa.H Mo,n:enb. 

Bo-rrepBbJX, IIpe,11,rro11araeTc.H, qTo nc10 MaTep1uo M11pa MO)KHO rrpe,LJ,c:ra

Bl1Tb B BH;.:t;e CI1JIOII1HO:A cpe,ll,bl Hano,ll.o611e flblJIM, Kor;.:i;a B KaqecTBe OT/1,€Jlb

HblX IlblJlMHOK BhICTynaIOT He OT~CJibHbTe 3Be3,IJ.hl Iii ~a)Ke He OT.IJ.BJlhHhie 

ranaKT11Kl1, a CKOI1JI€HM.H ranaKTl1K. 

Bo-BTOphrx, nonaraeTc.H, q To, 11pette6pera.H p.H;.:t;OM 11H.,LI,11Blf)lyaJibHbIX 

(rreKyJI.HpHhlX) /1,Dl1)KCHHH IlblJIMHOK, MO>KHO BbropaTb con yTCTBYIOll.IJ'lO Ma

Tep1111 ( CKOIIJI€Hl1.HM ranaKTMK) CHCTeMy QTCqe'I'a, T. e. TaKyIO, B KOTopo.H 

11p116op1>1 CMCTeMbI OTCqeTa ,ll,Bl1)KYTCS.i DM€CTe c MaTepMeH. 

B-TpeThHX, npe,n:noJ1ard.eTcH, '·!TO conyTCTBy101n,a.H CHCTeMa OTCtfeTa HB-

1rnerc.H HOpMaJibHo:A, T. e . He aparu.aeTC.H. H a notvrH11M, qTo IIO,ll.OOHhie CMCTeMhT 

aTCl.JeTa .HBJl.HlOTC.H npeHMYIJJ,ecTBeHHbIM.11 B o6rn.eii TOOpMM OTHOC.HTeJibHO

CTH 11 npe,[I,CTaBJUIIOT co6o:H CBoeo6pa3HblH aHaJIOr MHepu,M.aJihHblX CHCTeM 

OTcqeTa B HblOTOHooo:H MexattuKe. Ba)KHe:HmHM CBOHCTBOM ttopMaJibHhIX 

Cl1CTeM QTCqeTa 51BJlileTC.H rJI008JlbHOC pacrn.enJieHJile J3 Ill1X 4-MepHoro HC

KpMBJieHHoro npocTpaucTBa-BpeMeHH Ha 3-MepHoe npoc-rpaHCTBO 11 OPTOro

HaJI1>Hoe eMy npeM.H (µaHHoii c11cTeMhI OTCqerra). B conyTCTBy10rn.eH c11CTeMe 

OTcqe:ra np116opbl BMecTe co cpe,n:ou KaK 6bI «BMOpO)KeHbl» B npocTpaHCTBO. 

I1x /1,BH)Kett11e MO)KeT on11CbIBaThC.H JIMillb 3BOJIK>~eH: caMoro npocTpaHcTBa. 

B-qerBcpTbIX, Ko11~a y:>Ke onpe,n:eneHo rno6anhttoe 3-MepHoe npocTJ)aII

cTBo, nonaraerc51, q-ro B HeM pacrrpe,n:enettm~ 1vtaTepHM - IlbIJIHHOK o,LI.Ho

po,D,Ho H 1130Tp0I1HO, T. e. MaTepH51 pacnpe,n:e;1eHa p aBHOMepHO B,JJ;OJII> Ka)K

~oro 11anpaB.1I€HJil.H 11 O,ll,11HaKOBO no BC€M HanpaBJieHH.HM. QqeB.11,lI,HO, qTo 3'1'11 

ycnoBlill He BblrroJIHmoTc.H B MacmTa6ax Contte'-rttotf c11cTeMb1, aT,IJ,eJibHott 

raJiaKTHKl1 11J111 /1,aJKe KOHKpeTHOro JilX CKOI1JI€Hl1H, O,IT.HaKO n o Mepe yBeJIH-
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qeHHSJ MacmTa6a pacnpe,rr,eJieHHe MaTepHH see 6onee CTaHOBHTCH 6.TIH3KHM 

K 0)1,HOpO)I,HOMY H H30TJX>IIHOMy. 

PeweH1u1 ypaBHeHHtt 8ttHIIITeti:Ha (6c3 KOCMOJior11qecKoro qnetta) np1-1 

BbIIlOJIH€HHH Bcex 9THX yCJIOBHtt BIIepBhie HaweJI B 1921 I'. Halli COOTeqe

CTBeHHHK A. A. <I>p11,L.1,MaH. B ttacTO.Hll.l,ee BpeM.H TaK H a3bIDaeMh1e oihtopoa
n'ble uaomponttue 1wCMo.tio2u'tlec?Cue pewettu.R <Ppua.Matta, COCTaBJI.HIOU\He 

OCHOBY KOCMOJIOI'HH, HMelOT CJ1€)lyl01.IJ,Htt BH)J.: 

ds2 = dr2 
- dl2 = a2(x0

) { (dx0
)

2 
- [(dx1

)
2 + b2 (x1 )(d02 + sin2 6dcp2

)]}, 

(9.5.l) 

r,n;e a(x0 )-Q:>yttKl.J,H.H OT BpeMeHH-IIO,D;o6Hoi1 KOOp)I,HHaTbl x0 , OIIHCbIBalO.llJ,a51 

9 BOJUOLQUO MHpa, a b( x 1) - cPYH.Ku,H.H OT O)I,HOtt npoCTPaHCTB€HHO-IlO)I,OOHOM 

KOOp)I,HHaTbl x
1

) xapaKTep113yro~a.H 3-Mepttoe ITpOCTPaHCTBO COnyTCTByIO

~ei1 c11CTeMb1 OTCqeTa. 8Ta cpym<L\HJI MO:>KeT HMe-rb TPH 11 TOJihKO TPH BH,JJ,a, 

B KaJl<AOM 113 KOTOpbIX IIOJiyqaeTC.H CBOH BH)I, cPYHKIJ,HH a(x0 ). 0Ka3bIBaeTCR, 

9TH T PH CJly-Ya.H COOTBeTCTBYIOT T p eM Bn,rr,aM r.eoMeTpHH, CbII'paBlliHM Ba:>K

HYIO pOJib B CT'd.HODJI € Htt1-1 o6IlJ,ett Teop1111 OTHOCHTeJihHOCTH: 

1) b(x 1) = x
1 = r---+ a(x0 ) = ao(x0 )2, qTo cooTBeTCTByeT pacmHp.Hro

llI.eMycE 3-MepHoMy npocTpaHCTBY EBKJIB,rr,a c MeTp111<oi1:, 3arrncaHHott 

B c¢epttqecKMX KOOp,IJ,IDlaTax 

dl2 = a 2 
( x0

) {dr2 + r 2 
( dfP + sin2 Bdcp2

)] ; (9.5.2) 

2) b(x1 ) = shx1 ---+ a(x0 ) = a 0 (chx0· - l), r,n;e au - KOHCTaIITa, - B sTOM 

CJJyqae pe1 Ib H,n;eT o6 OTKpbITOH MO,LI,€JIH <:Dpw,J~MaHa c 3-MepiiblM 

rrpOC'rpaHCTDOM Jio6aqeBCKOI'O 

(9.5.3) 

3) b(x
1

) = sin x 1 ---+ a(x0) = a 0 ( 1 -cosx0), r)J,e ao - - KOHCTaHT'a.,-3,n;ecb 

.Mb! MMeeM 38KpbITYIO MO,ll,€Jlb <l>pH,n;Maua c 3-MepHbIM IIpOCTpaHCTBOM 

P11MaHa ( rrocTO.HHHo:H noJJO)KMTeJibHOH KPHBH3HbI) 

(9.5.4) 

06paTMM BlIHMattHe Ha OCHOBHbie cne,n;CTBM>I 113 llOJI Y\.IeHHbIX pemeHHH. 

1. XapaKTe pttbIM CBORCTBOM 9THX TpeX Mo,o;enei1: .HDJI.HeTC51 Ha.Jn1q11e 

«HaqaJibHblX» MOM€11TOB 3BOJIIOU.MH nptt x 0 = 0, o6blY.HO TpaKzyeMbIX KaK 

«po)K,U.ett11e B cei1eHHOH » BCJie,n;cTsHe B3pbrna. 

2. Bee Tptt p erneH1u1 xapaKTep H3ylOTCst T eM, "ITO np1-1 x0 = 0 IlJIOTHOCTb 

MaTepHH o6pam;aeTC51 B 6ecKone-YHOCTb. B coOTBeTCTBHH c oOlll.HM npaBMJIOM 

·rpaKTOBKM 6ecKOHe~JHOCTe.i1 B cPl-13 MKe, 9TO 03HaTiaeT, t.fTO B OKpecTHOCTH 

Hy.rm, « Ha1raJibHOl'O MOM€HTa» 9BOJIIOUM J.1 , 3c'1KOHOMepHOCTH o6rn.ei1: Teop111-1 

OTHOCHT€JibHOCTH TepstlOT CJ.1JIY 11 eIO MO:>KHO IIOJlb30BaTbC5l, JIJ1illb Ha'il1Ha.H 

c KaKOrO-TO MOM€HTa x0 > 0. 
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a(x0) / IlpoC'1'J)8.HCT80 Jlo6a'le8CKOI'O 

IlpocrpaHcTBO EBKJJ.H)I,a 

IlpOCTpaucTBo Pm.iaHa 

0 

PHc. 9.5. 9BOJIJOll,M.H Tpex O)I,HOpo)I,HblX H30Tpomn.1x KOCMOJIOrHqecKHX Mo,u;ene:H 

<l>pHAMaHa 

3. Dee 3-MepHbie MerpHKH co,u.epJKaT KoH¢opMHbIH ¢aKT Op a(x0), co

OTBeTCTBy101I1,Hl1 H3MeHeHHIO BO. BpeMe Hl1 npOCTpaHCTBeHHOro MacUJTa6a. 

IlpH x0 > 0 n epBhJe ,rr,Be MO,lI,eJIH MOHOTOHHO pacll111pHIOTC.H, Tor,n,a KaK 

3aKpbTTaH MO,ll,CJlb <l>ptt,n,MaHa CHa"t.JaJia pa.cnrn:p5teTC.H ,rr,o MaKCMMaJlhHOro 

pa,n,11yca ao 11 3aTeM Ha"'-Il1Ha€T C)KHMaTbC.H. 3aBl1Cl1MOCTl1 MaclllTa6on a(x0 ) 

OT ¢113R"'-IecKoro BpeMeH11 r(x0 ) np11Be,rr,eHhI Ha rpa¢11Kax p11c. 9.5. ITepBhie 

,n,Be MO,ll,eJIH Mttpa 3BOJIIOIJ,HOHJIPYIO'r OT Ha't!aJlbHOrO rop.Hqero COCTO.HHl151 ,Il,0 

XOJIO,lI,HOro COCT0£Hl1H np11 OCJeHb 6oJiblllHX 3Ha't!eHl1£X T . 3aKpbITa.H MO,.UeJih 

<Ppn,rr,MaHa COOTBeTCTnyer Pa3BHTHIO OT rop.siqero COCT05IHH.H K HeKOTOPOIVry 

OX.lla)l(,ll,eHHIO H Oil.SJTb pa3orpe ay ,ll,O rop.Hqero COCTO.SJHH.H. 

4. B Kottu,e 20-x rr. XX n . 9 . Xa66JioM 6bmo o6Hapy)KeHo KpacHoe 

CMeIIJ,eH11e B CHCKTpax ,rr,a.rreKHX 3Be3,rr,, np11'tleM OHO OKa3aJIOCh 3aBl1C.HIIJ,HM 

OT paccTOHHH.H - 'tleM ~8Jlblll€ 3Be3,rr,a, TeM OHO 6oJibllle. 0THOCHT€JlbHoe 

KpacHoe cMern.eHHe xapa.KTep113yerca ¢opMynoi1 ~v / v = - Hi, r,ll,e l -
paCCTOHH11e ,.UO HCTO't!HHKa, H = a/ a 2 - IlOCTO.HHHa.H Xa66J1a, OIJ.eH11BaeMa.H 

HbIHe BeJIH"t.JHHOH rv 6, 5 · 1Q- 18c-l. 8TO CMelI.J,eHHe TpaKTye'rC.H KaK p83-

6eraHHe raJiaKTHK ( TO't!Hee, IlblJI11HOK - CKOilJieHHH ra.rra.KT11K), np11qeM 3TO 

He 03Ha~1aeT, 't!To OHM y~a.irnIOTC.H OT O)lHOl'O r~eHTpa. TaKasr 3aKOHOMepHOCTh 

HMeeT MeCTo OTHOCHTe.TlhHO mo6oro HaMIO,ll,aTeJI51 conyTCTBYIOHWH Cl1CT€Mhl 

OTC't!e'ra. y '-IHTbJBa.H 3TOT ¢aKT, Ha rpaqmKe H306pruKeHbl TOJibKO pellleHH~, 

OilHCbIBalOlI.1,11€ pacw11peHHe XOT.fl 6bI Ha KaKOM-TO 3Tane ano.moqH11. ( 0T-
6porneHbr aHaJior11qHb1e pellleH.H.sI, OilJICbIBalOIIJ,Me npOTHBOnOJIO)KHhie cue-

Hap1111 C)KaT11.H M11pa B Cl1HI'YJI51pHoe COCTO.HHMe.) 

5. BroHHKaeT ecTecTBeHHhIH no11poc: KaKoli 113 3THX Tpex MO.II.enei1 

<l>pH,ll,MaHa OilHCbIBaeTC.H Harn M11p? 113 ypaBH€HJIH 8HHlI1Tetttta c.rremeT, 

qTO OTBeT Ha Hero 3aBHCl1T oT cpe,n.ttei1 nJIOTHOcT11 MaTepHH BO BceneHHoi1. 
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J.1.Meerca 1<.pMTM"tfecKaH IlJIOTHOCTh BeII.J,ecTaa BO BceJieHttoA 

Po= 3H2 /rec2 ~ 10-29
r /cM

3
. (9.5.5) 

EcJlli oKa)l{eTCH, "t!TO nJIOTHOCTh p > p0 , To Ham MHp on11cbrnaeTC.H 3aKphTTOH 

KOCMOJIOrH"tfeCKOH MO,lI,eJJhlO <l>p~MaHa, ecJIH p < Po , TO cne,rryeT 11CilOJih-

30BaTb OTKpblTYJO KOCMOJIOrH"tfecKyro MO,lI,eJTh ( c 3-MepIIbIM npocTpaHCT130M 

Jlc6aqeBCKoro) ; 11, ecn11 p = Po, To MbI )KHBeM B npocTpaHCTBe Emurn.z:i;a. 

Cpe.u.HIDI n JIOTHOCTb u a6nro,z:i;aeMhIX J3 ttacTOSIU\ee BpeMSI BH,z:t;OB MaTepHH 

Ol\eHJ1BaeTC.H 3Ha"tfeHMeM p ~ io- 31 r/ cM
3

. 9KCTparroJI11py.H 9Tl1 ,z:i;aHilbie 

Ha BCIO BceJieH11y10, npHXO,LJ,MM K BhIBOAY o6 HX COOTBeTCTBMH OTKphITOM 

MO,il.eJIH <l>p11,z:t;Matta, r .z:i;e rrpocrpaHCTBO OilHCblBaeTCH r eoMeTpHett Jlo6a"tfeB

CKOro. 0,lI,HaKO, CKOp ee BCero, u p1-1 ou;enKC p yl_rnThTBaeTC.H He BC51 MaTepHK 

Heo,z:t;HOKpaTHO BhI CK83bil3aJIHCh r11noTe3bI o cyu\ecTBonaHH11 HOBhIX BHJJ.OB 

Marep1111 (-qepHbIX )lbip, n eliTpHHO c ttepaBHOM HyJIIO MaCCOM nOKO.H H ~y
rnx), II03TOIVI)' no Mepe HX OTKpbITH.H ou;ettKa c p e.uttelf ITJIOTHOCTH 6y,lI,eT 

IIpH6JIIDKaTbC.H K KpHTH"tfecKoit 0KOH"tfaTeJibHbI.i1 BblBO,JJ. ,JJ,eJiaTb patto, HO 

pSI,z:t; acrpo¢H3H"tf0CKHX ,n;aHHhIX CBH,LI.e'l'eJibCTByeT B IlOJib3Y cpe,lI,Heti HJ10T

HOCTH, paBHOH Kp11TH"tfecKOH, CJie)l;OBaTeJihHO, Ham l\tlHP B conyTCTBYIOll~eH 

c11c:reM e 0TC1-JeTa B cpe,lJ,HeM IlJIOCKHH. ,11,Jrn corJiacoBaHH.H Ha6JIIO,lI,aTeJibHblX 

,lI,aHHhIX .11 o6m;ett Teop1111 OTHOCHT€JlbHOCTH npHXO,l.l.HTC.H IlOCTyJrnpoRaTh 

118..JTii"tfHe BO BceneHHOH 3ara,lI,O"tfHOfi «"lepttoti 3HeprHH>.>, nJIOTHoe:rh KOTopoii 

rrpmv1epHo Ha ,lI,Ba nop.H,lI,Ka 6oJihUie rrJIOTHOCTH tta6JIIO,lJ,aeMofi MaTepn11. 

BBO,LI,51TC51 u ,n.pyr11e rHITOTe3hT T 11na cy1ueCTBOBaHH.H B raJiaKTHKax tte Mettee 

3ara,lJ,01-IHOH « 1-lepHOH MaTepHH >.>. 

6. 3Ha.H xapaKTep 3130JIIO~H MMpa, MO)KHO C,lI,eJiaTb neKOTOpbre BbIBO,lI,hl 

o B03p acTe B ceJieHHow. Ecn11 6 b1 otta Bcer,lI,a pacump.HJiach B tta6JI10,lI,aeMoM 

TeMne, TO ,lI,JI.H pacUI11peHM.H ,lI,O COBpeMeHHOr o COCT05IHH.H B conyTCTByromei1 

c 11cTeMe OTC'tJ:eTa notta,D.0611Jioch 6h1 T1 ~ 1/ H ~ 1010 J1err. Ha caMOM 

,n.Me, KaK B11,JJ,HO 113 rpa¢11KOB Ha pHC. 9.5, B paHHHe 3'l'8.Ilhl p acmttpeHHe 

,il.OJI)KHO 6hIJIO 6bTTh 6oJiee 6bICTpbIM' IlOOTOMy CJie,rzyerr 6paTb 3 Ha"tfeHHe 

T2 r-v (2/3)T1 . 9To tte60Jihlllo:tt B03pacT, cpaBHH.MhIH c 01~eHKaMH B03 p acra 

3eMttofi KophI , ,lI,anaeMoro reonoraM11. BhIXO,lJ, H3 aToro npoT11Bope'tl11.a MO)KeT 

6hITb HaH,ll,eH Ha OCHOBe 6onee CJIO)KHhIX KOCMOJIOrH"tfecKHX MO,lJ,eJiefi 11 Y'-le:Ia 

tte.KHx )l;OUOJIHHTeJihHhIX o6cTO.HTeJibCTB. 

IlepHoe KOCMOJIOrH"tfecKoe peI.lleHHe 6bTJIO Hafi,n,eHO caM.11M 9fiHIIITei1HOM, 

0,U.HaKO eMY I10Ka3aJIOCh, qTQ OHO B03M0)f(H0 JIHmh 11p11 ,lI,OOaBJieHHH 13 ero 

y paBHe H11.a cneII.HaJihHoro KOCMOJior11"tfeCKoro qJieHa Agµ,,, 

(9.5.6) 

r,n;e BeJl.11'-IHHa A rrOJIY'<-IHJia Ha3BaH11e 'KOc.MOJ1,02U'tiecKou oocmo.R'H/HOU. Tio
Jiy"tfettttoe HM p emett11e OI1HChIBaeT craTH"tfeCKHH M HP c 3-MepHhIM npocTpatt

CTBeHHhIM ce"tfeH11eM, xapaKTepn3yeMhIM reoMeTpHeli P11Matta ( c noc,rosnrnott 
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noJI0>K11TeJibHOi\: Kpi·mtt3Hoii:). Y3ttan o p erneHH.Hx <I>pH,n,Matta, 8fiHll.lTei1H 

ony6JIHKOB8JI 3aMeTKY c yTBep)K)l.eHHeM, qTo <I>pw,I~MaH o I.IIH6c.H. B naro,n,apsi 

yc11Jrn.HM pocc11ficKHX KOJlJier, y6e,n.11BLU11x 8:H:HIIITeiiHa 11eperrp0Bep11Tb a1>1-

q11c; 1ett 11.H, 6bIJia ouy6n11K0Batta ,upyra.H 3aMeTKa c npu3HaHHeM upaBOThI 

A. A. <I>p11.n,Matta. 

KocMOJ1or11qecKa.H 110CTOHHHa.H MO:>KeT rrputtnMaTb Tp11 BH,n,a 3Haqemru:: 

IlOJIO:>Kl1T€JibHOO, HyJieBoe H 0TpHl.J,aT€JlhHQe. 11oJIO:>KHT€.11bHhl€ 3 Ha"leHHSI KOC

MOJlOr11"1:.J:ecKOH IIOCTOHHHOH COOTBeTCTBYIOT CBoeOOpa3HUMY KOCMH"l:.J:€CKOMY 

OTT8JIKHBaHHIO, a OTpHu,aTeJibHbie 3Haqef1H.H - KOCMW-f€CKOMY rrpwrR>Kemno. 

Y q11TDIBaH Tp11 BH,!I.a B03 MO:>Klil>IX npocTpaHCTBeirnbIX ceq e HHH ( eBKJIH,LI.OBO, 

r11nep6011uqecKoe H c¢epH'feCKOe), HMeeM 9 Bap11aHTOB O,LI,HOpO,Il,HblX H30-

TPODHbIX KOCMOJJOrHqecKHX MO,LI,eJieti: BceneHHo:H:, rronyqaJOIIJ,HXC.H 1'13 peIIIe

tt11i1: ypaBH€HHH 9i1HIIITeilHa (9.5.6). 
fiocKOJlbKY KOCMOJIOrH'tiecKa51 IIOCTOHHHa.H ,ll,OJI:>K.Ha 6hI Tb qpe3BbI'tiai1HO 

M8JIOH no MO,LI,yJllO, 'lTOObl He npOTHBOpe'tIRTb Ha6JIIO,LI,€HIDIM, TO ee, KaK 

noJiaraJI11 ,LI,OCTaTO'fHO ,n,onroe speM.H, MO:>KHO Boo6~e HCKJUO'-lHTh H3 pac

CMOTpettH.H. O,n,ttaKo B Kom..:i;e XX a_ 6bIJI c,n,enaH BhIBO,n, o tteo6xo,n,11MOCTH 

yqew aToro cnaraeMoro B ypaaHeHHSlX 8i\:HnITeihia. 

B MeTaqm311qccKOM r IJiaHe oco6hii1 HHTepec npoRBJIHeTC.H K Ha'tiaJihHbIM 

MoMeHTaM aao1no l.Qfl1 BceJ1ettuo:H: B KOCMonorHqecK11x peIIIeHlffiX ypaBHeHHw 

8i1nIIITeiiHa- HeKOTOpbie ;..1.a)Ke yTBe p)K,11,aIOT, "t:ITO o6~a5.I Teop11.51 OTHOCH

TeJihHOCTH no,n;raep)J,H11a TBopett11e MMpa BoroM 11 BH6JIHJO. Ilo 3TOM}' noao,ny 

c,n,enaeM cJie,n,y10~11e 3aMe'tiatt11.H: 

Bo-nepBbIX, KOCMOJIOruqecK11e pellleHH.H IIOJIY"l€Hbl Ha OCHOBe 3KCTpano

JI.Hl.J,l1H ,n.aHHhIX, BH)l.H~lhIX c 3eMJIH, Ha BceneHHYIO a u,enoM, "lTO MO:>KeT 

0Ka3aTbCSI HenpaBOMepHbIM. 

Bo-BTOph1x, KOCMOJiorw:1ecK11e peIIIeH11s:t a oKpecTHucTSlX «Ha~1ruia>.> 

11MelOT CHHry.m1pHOCTb, "l:.J:TO CH.11,LI,eTeJibCTDYeT Jllillib 0 TOM, "l:.J:TO B 3TOii: 

o6JiaCTH 3HHIIITefiHOBCKa.H o6rn;a51 TeOpHSl: OTHOCl1TeJibHOCTH Tep.HeT C11JlY-

B-TpE'TbH:X, HeJib3.H HCKJIIO'tiaTh D03MO:>KHOCTb pa,rr.HKaJibttoro H3MeHeHH.H 

npe,n,CTaBJieH11H 0 11p11HL\MHax OilHCaJJH51 ¢11311'-feCKOH pea.TihH(X~Tl1, KaK 3TO 

Heo,n,HoKpaTno 6brnaJio s upoIIIJIOM. B "lacTHocr11, n epexo,n, K MOHHcTHqecKoi1 

napa.n.11rMe MO:>KeT cyUJ,eCTBCHHO flOBJlH.HTb Ha IlOHl1MaHHe MMpa B IJ;CJIOM. 

9. 6. fpaBBTan;HOHHbie BOJIHbl 

c 60-x 1·r.. xx B. Hay"IHaSl o6~eCTB€HHOCTb c 60JlbIIIHM HHTepecoM CJie

}1,11Jia 3a 3KCIIep11MeHTaJibHhJM Il011CKOM rpaBHTaIJ.110HH01'U H3JIY'f€Hl1H BHe-

3eMHOI'O npOHCXO:>K,IJ,eHl1SI. 0TMeTHM, 'iTO eru.e /1,0 p0*,11.€HHR 8HHU1T€Hlla 

B. KrrH¢¢op11 1111caJI o B03MO)f(HOCT l1 reoMerp11qecKoi% pS1611 , 6ery1u;ei1 no 

no1.1TH ITJIOCKOMY upoCTPaHCTBy. B paMKax o6rn;ei% Teop«H OT HOCHTeJibHOCTH 

HCCJl€,11,0BaHHe TaKOl'O SlBJI€Hl1SI, Ha3BaHHOI'O 2paeuma~UO?i?i,'bl.MU 80.fl,'Ha.MU, 

6hmo ttaqaTo caM11M 8fiHIIITel-1HOM B 1918 r. B Te"leHHe XX a_ 6hIJIO BhITIOJI-
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Heno orpOMHOe 'iHCJIO pa6ar no TOOpeTM'iecKOMY attaJIB3Y npe,n;noJiaraeMOI'O 

SIBJI€HIUI, B qaCTHOCTM, 6hTJIO npe,n;CK83aHo, qTQ rpaBHTaU,HOHHbie BOJIHbl, 

KaK H 3JleKTpOMarHHTHhi e, ,U,OJDKHbI MMeTb ,LJ.Be IlOJI51pH3aqHH, Il051CHeH

Hbie Ha pHc. 9.6. EcJIH B IlJIOCKOCTH BOJIHOBOro ¢pott·ra Il0M€CT l1Tb Kpyr, 

TO c.rre,nyeT Q)J(~aTb, l..fTO B03,LJ;eiicTBHe rpaBHTaI.J.HOHHOH BOJIHbJ npHae,n;eT 

K BOJIHoo6pa3HOMy C:>Ka.THIO TO'i€K Kpyra B,U,OJlb JJeKoeH OCH, Hanp11Mep x 1 

li O,LJ;HOBpeMeHHOMY pacurnpeHHIO B,LJ;OJib nepneH)U1KYJI51pHOii OCM x 2 ' 3aTeM 

BOCCTaHOBJieHHIO ero Q:>opMbI, a IlOTOM K pacmnpe 1rn10 B,Ll;OJlb OCH x 1 HK C:>Ka

THIO B,LJ;OJib x 2 H Ta.K ,ll.aJiee. ,lI.JLH ,u,pyro:A IlOJISlpM3au.HH CJ1€,lzyeT O)KH,llaTb 

TO )l{e caMoe, HO OTHOCMTeJibHO oceii: noaepttyTblX K nepBbJM uo,n; yrJJOM 

45 rpa,eycoa. 

0 

PHc. 9.6. Bo3JI.eRCTBHC rpaBHTa!.Q10HHoii BOJ1J1h1 tta Kpyr B 1mucKocT11 BOJIHOBom 

<PpottTa 

IlepHhTe )Ke OU.€HKH Il0Ka38JIM, qT() peaJibHoe rpaBHTaJJ,HOHHoe M3Jlyqett.11e 

,ll0Jl)KH0 6bITb ~lpe3BbP-Jamm c.rra6bIM. ,Il;oJTI'oe DpCM.H cnpaBe,LJ;JIHDO C'-IHTa

JIOCh, l:ITO ero o6uapy)l{€Hltfe Jie)l{MT ,U,a.TI€KO 3a npe,u,e.aaMM B03MO)J(HOCTe M 

3KCnepHMeHTa 11 'iTO 3To ,n;eno OTAaJieHttoro 6y,nyru;ero_ Ho B Ha'iane 60-x rr. 

aMep11KattcK11:H cPH3HK ,n)f(. Be6ep ofrh51BHJI o nocTaHOBKe 3Kcnep11Meuroa 

no ,LJ;eTeKTHpOBaHMJO rpaBHTaI.J.HOHHbJX BOJlH BHe3eMHOro rrpOHCXO)K,Il,€HH.H. 

Ha 3-i1 Me:>K,UyHapo,n;tto:H rpaBHTdL~HOHHOii KOHQ:>epeHII.MH B Bapmaae (1962) 

OH paccK83aJI o napaMeTpax co3,n;aaaeMoro HM ,n;erreKTopa. 3aTeM q epc3 

TpH ro,n;a ua c.rre,nyioru;eii Kott<}:>epettu.11H n Jlott,uotte Be6ep BbirJI51/f,eJI O'iCHh 

yCTaBillHM, TaK KaK CTpeMHJIC.H K Haqany KOHQ:>epeHIJ.HH o6ttapy:>KHTb rpaBH

T8JJ;MOHHbie BOJlHhI. KaK Bhmctt11.11oc1>, ero ycTaHOBKa 6bma CTOJih '-IYBCTDM

TeJibttoii, 'iTO pearHpoaana Ha ,LJ;BH)l{eHMe TPaHcnopTa 11 11tt,n;ycTpHaJihHh1e 

lliJMbI, nOOTOMy eMy npHXO,ll,HJIOCb pa6oTaTb no HO'iaM. K 1965 r. Be6ep He 

o6ttapy)KMJ1 BOJIHhI, HO ero 3KCnepMMeHT Bbl3BaJI )J(MBO:li l1HTepec: D pH,n;e J1a-

6opaTOpHH MHpa Ha'ia.JIH IlO,D;yMbJDaTb 0 C03,n;aHMH attanorWIHhlX yCTaHOBOK. 

HaKoHeu., B 1969 r . ,.lJ;)lc B e6ep 06'hmm11 o6 OTKphITHH rpaBHTaII.HOHHOJ'O 

H3Jiy'ieHH.SI. Hay'"!HhIB .rvmp 6hIJI B3BOJ1IIOBaH, a OT Be6epa nocTyrra.rrn Bee 

HOBbie H HOBhie coo6ru;e HH.Sl, H3 KOTOpblX CJle,LJ;OBaJIO, 'iTO rpaBHTaII.HOHHhie 

CHrHaJlbJ npHHHMalOTC.SI HM BCe qau~e H qaru;e: pa3 B Mee.SIU., ,n;Ba pa3a 

B Mee.Hu; ... Y*e YK83bIBaJIOCh HanpaBJiett:we, OTKy,na npMxo,n:HT R3JIY'iett11e 

(U.CHTp Hameif ranaKT11KH), Ii npH.BO,LJ;HJIMCb CBe,LJ;eHH.H 0 Cro IIOJI.HpH3aJJ,Mltf . 

KaK yTnep)K,IJ,anoch, c11rHaJihI rrpHttmvranHcb o~HoapeMetttto ttecKOJ1hKHMH 

ycraHOBKaMH, a ,LJ;JIH pacwmppOBKM ,n;aHHhIX npMMe H.S:IJIHCb KOMilblOTepbl. 
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9To Y*e 6b1Jia cettca1~1u1, KOTopa.H nona.na B ra3eThI, pa,LI.Honcpe

,n;a"tIH 11 Hay"t!HO-IlODyJI.HpHble *YPHaJibI, OOb.HBHBllHe 06 OTKpbITHH HODOT'O 

BH)..I.a MaTep1111, OilMChIBaeMoii xapaKTepMCTHKaMH npoCTPaHCTBa-Bpe.MeHH 

(¢op.Mbl cy~ecTBOBaHIDI MaTep1111). 0TKpbITH€ , HeCOMHf?HHO, MMe.TIO ¢m10-

co¢cKOf! 3ByqaHHc, HO OHO Bbl3bIBaJTO lif npaKT11qecKl1H 11HTepec: OTKpbIB8.

JUICb m11poK11e ncpcnCKTl1Bbl, BO-rrepBbIX, ,IJ;JUI IlOJ1yqeH11.H ,rr,onOJIHl1TeJibHOD 

HHQ:>opMatv,rn H3 KOC.MOCa 11, 80-DTOpbIX, MO)KUO 6bJJIO CTaB11Th Bonpoc 0 HO

BOM KaHa.ne CB.H311, ,UJI.H KOTOporo npaKTilqecKH He 6bIJIO nperp~. 

KaK >Ke OTHeCJIMCh K 3TOMY ¢H311KH- peJI.HT11B11CTb1? Ilo-pa3HO.My. 

B 1971 r. Ha 6-w Me)f(,Il,YHapo,z:i;Hoi-i KOHQ:>epeHIJ,HH no o6m;e:if Teop1u1 oTHo

CHTf'.JihHOCT H 11 rpaBl1TaIJ,HM B KonettrareHe MHOrHe 110B€p11JIH B OTKpblTMe, 

11 Be6ep qysCTBOBaJT ce6.H repoeM. Ho B03Hl1Ka.TI p.H)l. cephe3HbIX BonpocoB 

o6 11cTOqHHKax CTOJib MOI.qHOro rpaBH'I'aU)10HHOro H3Jiyqe HHH 11 0 np11"tiHHaX 

113JI)'q eHH.H B ,LV1an830He qacTOT, Ha KOTOpb1€ 6hIJ1a HaCTpoeHa ycraHODKa 

Be6epa. T e oper11K11 np11cTyn11JIH K aHaJIH3y B03MO)KHhIX acrpo¢H311qecK11x 

rrpo1~eccoB, B€CbMa 3K30'l'H'-IHbIX, MOryIIJ,HX rrp11BO,.IT,11Tb K TaKHM BCilJiecKaM 

113JlyqeHH.H. B Kal.JecTBe TaKOBhIX Ha3blBaJIHCh CTOJIKHOBeHH.H q epHh1x )J.blp, 

n 8)J.eH11.H Ha HHX ranaKTMK 11 npo1.1ee. TaK11M o6pa30M, Be6ep rrpereH,II,OBaJI Ha 

JJ-BOMHC>e OTKpbIT11e: BO-nepBbIX, caMHX rpaBlifTal.J,MOHHbIX BOJIH H , BO-BTOpbIX, 

rrpHH1.J;lifil11a.JlbHO HOBbIX .HBJ1€Hl1W B KOC.Moce. 

Ho H€Jlb3.H 3a6hrnaTb, 1.1To BC.HKoe OTKpbITMe Heo6xo;v1Mo noBTOPMTb 

B )JJ)yrnx na6opaTOp11.HX 11 TOJlbKO llOCJJe ero IlO,l1,TBep~eHH51 p.H)J;OM 11C

CJ1€,Il,ODaT eJiei1 OTKpb1T 11e MO)KHO cq11TaTh cocTO.HBIIIHMC.sr. Bo MHOrHX na-

6oparop11.Hx M11pa IlhITaJil1Ch noDTOP.HTh 3Kcnep11MeHT Be6epa, HO c,rr_enaTb 

3TO OKa38JIOCb He.nerKo: Tpe60BaJTOCb C03,.IT,aTL arrnapaTypy, no qyBCTBl1-

T€JlbHOCTH npeBbT111a10m;y10 Bee c,n.e.naHHoe 1< TOMY BpeMeH11 '-IeJIOBeKOM. 

B 1972 r. rrepBbIMM Ha Heo6xo,LV1Mhii-i ypoBe Hh "-I}'BCTBl1TeJihHOCT11 BblllJIH 

B MrY, B na6opaTOpH11 B. B. Bpar11HcKoro, HO pe3YJlbTaTbI aKcnep11MeHTOB 

0Ka38JllifCb OTp11II,aTeJibHblMH. 3aTCM CT8.Jil1 n OCTynaTb CBe,.IT,CHH.H 113 na6opa

·rop11i1 ClllA, Attrn1111, HTa..111111 11 )JJ>yrHx CTPaH, r.rr,e ,ri;aHHhIC 3Kcnep11MeHTOB 

Be6epa TaK)Ke He HamJm cBoero no,UTBep)K,ll.CH115l. 

0 ,rr,HOBpe.MeHHO npoBOA MJICB reopeTl11.l€CK11ti attaJIH3 rMI10Te3bl rpaB11-

TaU,HOHUbIX BOJIH. TaK, B Mottorpa<}:>MH B . ,U. 3axapoBa Ha 3TY TeMy [63] 
6hJJil1 pacc.MoTPeHhI pa3JTlf"t.tHhle nO,LI,XO,UhI K onpe,rr,eneHJUO rpanwrau,110HHblX 

BOJIH : Ha OCIIOBe a.nre6pal'.l l'..IOCKOn KJiacc11¢11Kau,l1l'.1 TierrpoBa npOCTPaHCTB 

9iiHIJITe i1Ha, pc¢epeHU,110HHbfMl1 MeTO,.IT,aMl1 ( 11Cfi0Jlb3YH llOH51Tl1.H CMCTeM 

oTCl.leTa) , B n11Heap113oBaHHoi1 Teop1111 11 )JJ>. AHan113 noKa3aJI, qTo npo-

6neMa orrpe)l,eJieHHH rpaBl1TalJ,MOIIHblX BOJJH Hepa3pbIBHO CB.H3aHa c e~e 

.IJ.BYM.H np11HU,1111JiaJibHbIMH rrpo6JieMaMl1 o6iuea: Teop1111 OTHOCWreJibHOCTlif: 

onpe)l.eJieH11eM auepr1111 rpaa11rau,HOHHOro 110J1.H (pe1IIeH11e npo611eMbI 3aKo

HOB coxpaHeHR.H) l1 npo6JICMOti KBaHTOBaHllil rpaB11Tau,110HHOrO IlOJUl. 9TM 

rrpo6JieMhI, TaK 11 He pemeHIIhie D xx B. , OTHOCBTCH K napa,ll,11Th18JlbHblM 
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npo6neMaM' IIOCKOJibKY 3a:rpan1aaK>T IIOIUITH.H 113 ,LQ3yx pa3.TI111Uil>IX M11po

IlOHl1MaHHi1: TeGpeTHKO-noneBoro H rOOMeTPH'tlecKoro. 

ilHTeprrpeTalI)il1 3KCnep11MeHTOD c rpaBl1Ta~HOHHbTMM BOnHaM11 on11pa

IOTOI Ha IIOCbinKy 0 TOM, {,ITO OHH attanorl1'1.1Hhl ,n:aBHO OCBoeHHOMY 3JieKTpo

MarHHTHOMY H3JiyqeHl1IO. lIOCJie,lJ.Hee OIIHCblBaeTCH BOnHOBbIMl1 ypaBH€Hl1-

RMH B IIJlOCKOM npocTpaHCTBe-BpeMeHH MHIIKOBCKOf'O, BOJlHODbIC perneHM.H 

KOTOpbIX Hax:O,.U,.HTCH B DH,n:e ¢YHK~11U OT t - r/ c, l',lle c --- CKOpOCTb CBeTa. 

)],.rra CJly'tla.H rpaBHTa~HM neo6xo,n:HMO BbT,LI;enMTb BOJlHODhie perneHH.SI MMeHHO 

ypasHeHHii 9wHwTei:Itta, np11 3TOM em;e tty)KHO yK83aTh o6m;eKonapHaHT

Hbii1: HnH pe¢epeH~l10HHbIH Kp11Tep11i:I ero BOJIHOBoro xapaKTepa. BbIJJo 

npe,ll,nOJI<eHO MHOrO KpHTep11eB, Kai<. anre6pa11qecKttX (06m.eKOBap11aHTHbIX), 

TaK H pe¢epeHJ~l10HHbIX, CB.H3aHHblX c onpe,n:CJieHMeM CMCTeMbl OTC'tlera, HO 

Hl1 0,n:HH 113 HMX He 6bIJI np113 HaH y,n:OBJleTBOpHT enbHbIM. Ilporue l'OBOp.H, 

cPH3HKH )J.0 CMX nop He yMeJOT ,u,ruKe KOppeKTHO IlOCTaBHTb 3a,LI,aqy: KaI<.oe 

HCKpHBJieHHoe npocrpaHCTBO-BpeM.H cne,zzyeT H83BaTb IIOJieM rpaBHTall)10H

HOW BOn Hb1? 

Ha 4-tf Bceco103ttoti rpaBMTaIJ,HOHIIOH Kott¢epett1vm B M11ttcKe (1975.) 
co6pa.IIHCb npe,u;cTaB11TenH BeJJYlll,HX rpaBttTa~MOHHbJX Jia6opa:ropHii MHpa, 

paCCK83aBIIUlX 0 CBOMX 11ccne,u;oBairnaX B 3TOW o6JiacTH. lIOCJJe KOHcj)epeH

~ 6bIJl0 3aKnIO'tleHO myTJIHBoe napH Ha HaH6oJiee TO'tlHOe npe,n:CK83att11e 

BpcMeH11 o6ttapyJI<eH11.sr rpaB11TaIJ,HOH11h1x BOJIH. KaK paccK83bIBan rrpocj)<:,'C

cop M. <I>. llI11poKOB, pe¢ep11 aToro napn, H83hTBan11cb p83Hbie cpoK11: TPH 

ro,u,a~ )l.eC.SITb H 6onee neT. A ¢113HK-TeopeT 11K II. B eprMaH, a cBoe BpeMH 

COTpy,n:Irnqanru11w c A . 9jtHIIITei1HOM, CKa3aJJ: « H11Kor,n:a! » 

C Tex rrop npomno y)Ke 6onee TP11,n:IJ,aTH JieT. BbTJrn p83HbIC 3a.HBJ1ett11.H. 

(Be6ep rrpo,n;oJDKa..r1 yrropcTBOBaTb Ha OTKpbITHH «HeK11x» 3¢¢eKTOB.) B 'l'OM 

1-mcne 6b1J10 OO'h.SIBnetto o KOCBe HHOM rro,n;TBep~ett1111 cym.ecTsonattH.H rpa
BWIBQMOHHoro 113JIY'tl€HHjl OT KpaT HhIX acTpocj)11311qecK11X o&beKTOB, o,n:ttaKO 

np.SIMOrO o6ttapy)KeHH.5I rpaBHTalJ,l10HHbIX BOJIH ,llO Cl/IX nop HeT, H€CM<Ylp.8 Ha 

6oJibIIIHe 3aTpaThI tta 3TH 3Kcnep11MeHThI. B Hay~1HhIX Kpyrax xo;~11na IIIyTKa: 

« rocrro,u;.11H Be6ep rpaB.11Tau,110HHhIX BOJIH He OTKpb1n, HO 3aTo OTKpb1.n 

HCT0'1.IHl1KJ1 ¢.11ttattc11poBaH115J HX HCCJie,n:oBaHHM». 

9. 7. 06o6m;eHIDI pHMaHOBOH reoMeTpHH 

KaK 9iiHIIITei1:tty, TaK 11 ,LqJyr11M ncc.ne,u;oBaTen.HM 6h1J10 .HCHO, 'tlTO o6u\ru1 

TeOp.1151 OTHOC.HTeJibHOCTl1 He IIOJIHa B TOM CMhICJie, "C.JTO n ee paMKax y,n:anOCh 

reoMeTpH30BaTb JIHlllh rpaB11Ta~Hott11oe B3a.11Mo,n;e wcTB11e. O cTpo OI.IJ..Yma

nacb ueo6X0,11)1MOCT b l'eGM€TPH3a Q1111 , 110 Kpawtteii M epe, en~e 0,LI;HOrO B3a.HMO

,n,etiCTBl1.H, Me,ll,JICiiHO y6hIBaJOlll,ero c paCCT05THMeM, - 3JI€KTpoMarHMTHOro. 

1. llonbJTKH repMana BeiiJI5I peIII11Tb 3Ty rrpo6Jie My yBeH'tlanl1Cb Ba.>K

HblM MaTeMaT11qecKHM p €3yJlhTaTOM, cpaBHHMbJM c OTKpbITHeM n epBOH tteeB

KJUl,.U,OBOH re0Merp1111 B nepnow TpeT11 XIX B., - .Y*e B 1918 r. OH OTKpbIJI 
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n epByro HepHMaHo By r eoMe:rpmo ( r eOMeTplUO c HeMerpH~:lHOCTblO HJUI c cez
.Me'Hmap?Wii 1Cpueu..~uoii.}. CyTh 3TOR r e0Merp1rn: COCTOHT D TOM, "'C{TO B HCii, 

a cYrJI11q11e OT p11Ma Hosoii reoMeTpHH, BeKTOpbI ( TeH30phI) np11 napaJIJie.Tlb

HOM nepe.tioce MeHHJOT CBOIO ,n.JIHtty. B e ttJrh nonbITaJICR CB.H38.Th sro cBolicTBo 

r eoMerpH11 c H8.JUPiMeM 3JieKTpOMarHHTHoro IlOJIH. IloJiy'-lliJia.Cb ,ll,OCTcl.TO'iHO 

JIIo6oilbITHa51 TeopH51, B paMKax KOTOpow 6bJJIH BBe.n;eHbI Ji[ ,l..IJ)yr11e BaJKHhIC 

,UJ!H cPR3HKl1 llOH.HTHH, TaKHe KaK KOHcPOPMHhie npeo6p a30BaH1151, TeH30p 

B e:HJI.H 11 wyr11e. O ,n.ttaKo aHaJIH3 aroii TOOpHH noKa.3a.Jl ee He np11ro,n,HOCTb 

,1I.Jl51 u.e.nel-i r eoM eTpH3aI.J,HH 3JieKTpoMartteTH3Ma. 

CJie.nyeT OTMeTMTh, qTo BeliJib H CnOJib30BaJJ '(.1acTHb1A, T aK Ha3bIBaeMhii1 

<J'btpo::>1eaeH'1t'bti1 cny'-ta:li r eoMe:rp1111 c n e Me TpH"'C{HOCTbIO, Kor,n.a o6o6ru.ettnaa 

KOBapHaHTHa.H npOH3BO,rJ,Ha.H OT MCTpHqecKOI'O TeH30pa npe,n,C'raBJI5leTC51 

B BH,n,e npOH3B€/ J,€ HMSI ;wyx TeH30pOB '\7 u9µv = Au9µ 11 , r ,n,e Aµ c ToqHOCTbIO 

,n,o K03cPcPHI.J,HeHTa OTO)l(,ll,ec'I'BJ151J10Cb c BeKTOpHbIM noTeHUHaJIOM 3JI€KTpO

M arHMTHOro non51. BcKope A . C. 9,ll,Ll,J1HITOHOM 6h1no n OKa3aHo, -qro ,rvrn 
,u.attHOH u,eJIH MO)KHO HCilOJib30BaTb 06m,11ii CJiyqa:i1 reOMeTpHH c cerMeHTap

HOH KpHBH3 HOR. 

2. B 1922 r. MaTeMaT11K 8 Ju1 KapmH c,n,enan ,Lij)yroc Ba.>KHoe OTKpb1T11e 

B reoM eTpHH, cpaBHHMOe c OTKpblTMeM BTOpoti HeeBKJ1H,l.I,OBOH reoMeTpHH 

PHMaHOM, - 6hma u6napy)KeHa BTopa.H Hep11MaH0Ba rcoMerpHH c 'IC'py'tle
'li?Le.M. 0Ha xapaKTep113yeTCSi aHTHCMMMe'l'plfT-IHOM qaCTblO K03cPcPMu,HeHTOB 

CBSl3HOCTH, T. e. K CHMBOJlaM Kp11CTo¢cPeruI B (9.2.8) ,n,o6aDJIBeTC51 aHT HCHM

MeTpH"'C{HhlH no .HIDK HMM 1111,n,eKCaM TeH3op KpyTJe tt1u1. B Ta.KOH reoMe:rp1111 

HapylliaeTCSI BCeM H3BecTHOe H3 IIIKOJl hHOM nporpaMMbT npaBHJIO uapaJIJ1e

JIOrpaMMa npH CJIO>KeHHH BeKTOPOD. 

BbI,rJ,e.TIHM HeCKOJtbKO HHTepecHbIX cnyqaes reoMcTp1111 c Kpy-.:.ieHHeM, 

np11MeHHBlllHXC5:I ,Zl,JISI 11ocTJ)oeHH.H o6o6ru.eHHbIX TOOPHH rpas11·rau,1rn 6oJiee 

IlO,ll,pOOHO CM. [183]) . 
A . n p51,JJ,€ p a6oT cPH3HKOB-rpaBHTaIJ.llOHHCTO.B, B TOM q11CJIC H 9ttH

IIITe iiHa, llCCJ1C)J.0B8JJl1Cb reoMe'I'pHH c a6C0.11,'IOfi'li'btM napa.ti.1te.ttu..~

.MO.M. OHH np111v1e qaTeJibHbI TeM, "ITO B HHX KPHBH3Ha Ko.JYme HCH

pyeTC.H Kpy"IeHHCM, Ta.K '-.ITO p e3yJih'l'HpyJOU(Mt%' T€H30p KpHBH3Hbl 

paseH HYJIIO, KaK B IlJIOCKOM npoerpaHcTne-BpeMeHH. 

B. H3secT110, q To 9iiHIIITeRH n epenpo6osaJI MHO>KecTBO napHaHTOB 

e,L1,11HbIX Teop11w rpaBHTaI.J,11H H 3JieKTpoMar HeTH3Ma. B nocJie,rJ,HHe 

ro,n,bI >Kl13HH c 3TOH IJ,e.TlblO OH HCCJte,n,OBaJT reoMeTPHIO c HeCHMMe'l'

pM'iHOR MeTPHKOH, Kor,n,a o6o6ru.eHHbIH MeTp1111eCK1"H TeH30p npe,n,

craBJrneTCH B RM)l;e CHMMe'I'pH'l!HOH H aHTHC11MMeTpHqHQH qacreti 

(9.7.1) 

r)J,e Fµv - T € H30p Hanp.H)K€HHOCTH aneKTpoMarHHTHoro nOJI.H, C -
HeKMli p a3M epttbIH Kos¢¢11u,He HT. TaKyIO TeopHIO MO>KHO nou11MaTb 

KaK c n e u,HaJlbHbIR cnyqa:i1: rCOMeTpMl1 c Kpyqe HHeM. 
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B. l1Me.JIBCb pa6oTbI, B KOTOphIX HccJie,n:osaJrnCb reoMerpHH c Kpy"le

HHeM BHe CB.H3H c npo6neMOR reOMeTpH38J.Uill ~meKTpoMarHeTH3Ma. 

TaK 6b1Jia pa3BHTa TeOpH.H 8:BHllITeti:Ha- KaprraHa, B KOTopo:B s Ka

-c.iecrBe HCTOqHHKa KpyqeHH.H BbICTynaer MOl.'v1eHT KQJIHqecrsa ,n:BH

)J(eHH.H. ,lI,Jrn OT)J.eJibHblX qacTHU. 3TO HX CilHH. 

3. B 1-1aqane 30-x rr. .51. A. CxoyTen, npoaHaJIH3Hposan pe3yJibTaThI 

CBOHX npe,Il,IIIeCTBeHlillKOB no HepvrMaHOBbIM reoMerpH.HM, c¢opMyJIHpOBaJI 

c 11creMY caMhIX OOll.QiX Tpe6oaaHJifH, npe,11.'h.HB1rneMhIX K ,D.mp¢epeHW-faJib

HbIM I'OOMeTPH5IM, H Il0K838.Jl, YTO Bee TaKHe B03MO)J(Hhie reoMerpHH MO)KJIO 

oxapaKTepH30BaTh mpe..M.R ·u mo.11/b?W mpe.M.R mett3op'H'btMU Be.11.U"LU'l-W.MU -

cxoymetta.Mu: cerMeHTapHo:B KPMBM3HO:B (TeH3opoM HeMCTpHqHOCTH BeilnH) : 

TeH30poM Kpyt.ieHH.H H p83HOCTbJO K03cPcPHUHeHTOB CB.H3 HOCTH ,Il,JUI napan

JleJibHOro 11epe1mca KO- H KOHTpaBapHaHTHblX BeJIHqJ.IH. 

Jiro6onhITHO OTMeTIITb, l:fTO H 3,n:ecb 011.HTh npo.HBJrneTCH TpoHt.I.HOCTh 

KJIIOqeBbIX BeJIHqffH. IlocKOJibKY Ka)K,ll,bltt H3 cxoyreHOB M O)f{eT 6blTb Tpex 

BH)l.OB: HyJieBblM, BhlpO)f{)I.eHHblM HJill npoH3BOJibHblM, TO B03M0)f{Hbl 33 = 27 
THilOB ,1.1,HcP¢epeHll.J.faJibHbIX l'eQMCTpHH, H3 KOTOpbIX pHMaHoBa reOMe'I'pH51, 

11CilOJib30BaHHa.H ,n:JIH noc-rpoeHH.H 3RHlUTeiiHoBCKOtt o6w.ett TeopHH OTHO

CHTellbHOCTH, .HBJI.HeTC.H upocrettwe:B, TaK KaK xapaKTepH3YeTCH HyneBblMlf 

3Ha'-f.eH.IUIMH Bcex Tpex cxoyTeHOB. 

4. Cne,rryeT OTMel'HTb, qro cPH3HKH HCC11e,D.0Ban0 TaK)f{e ,zwyroii KaHan 

o6o6m;eHH51 pHMaHOBOR reoMeTpHH - TaK Ua3bIBaeMbie ¢uttc.n,epo6'bt 2e0.Mem

puu. 0HH OllHpaIOTC.H Ha 6onee 06m;11e, He)f{eJIH KBa,n.paTHqHbie B PHMaHO

BOR reoMeTPHH (9.2.6), CflOCOObl 3anHCH MeTpliKM {KopeHb KBaj]J>aTHbitt 113 

KBa,LIJ>aTHqffOM ¢opMb1). Haqru10 3TOMY HanpaaneHHIO 11ccne,n:osaH11tt 6h1JT0 

no.JIO)f{eHo caMHM P11MaHoM B ero 3HaMeHMTOM MeMyape «0 rnnOT€3ax, 
Jie)f{allJ,l1X H OCHOBaHHH reOMeTPHH», r,D.e OH IlHCaJI, qro 3JieMeHTOM ,11.JIHHhl 

MOr 6hl CJIY1KHTb lf KOpeHb t..JeTBePTOH CTeneIIH H3 ¢opMbl qeTBepToro 

nopa,rr;Ka, XOT51 COOTBeTCTHy10m;a.H rcoMeTpH.H H 6bIJia 6bI 6onee CJIO)f(JIO~ . 

B 1918 r . cne,nyIOIJ.J;Hti Ra)l(HhI°tt mar B p83BHTIDf TaK11x re0Merp11i1 6bl11 

c,n,enaH TiayneM <DHHc11epoM. XOT.H cei1qac HeT BCCKHX 3KcnepHMCHTaJihHhIX 

OCIIOBaHMH ,lJ.JIH n epexo,D.a OT pHMaHOBOH reoMCTpHli K cPHHCJICpOBOH, TeM 

He Mettee a KTJ1BIIO Be,n.yUI.a5IC51 pa3paOOrKa cPHHCJiepoRa o6o6ru,eHH51 TeOpHH 

rpamnaI\HH .HBJI5IeTCH HHTepeCIIbIM ttanpaBJICHHeM 11CCJie,n:oBaH11 H. 3,D.eCb 

CJie,uyer OCOOo OTMeTHTb HCCJI€,1].0BattH51 Jl:. r. IlaBJIOBa (CM. (121 , 122j) cne

U,Ha.Jl bHOI'O BH,D.a ¢111:1CJiepoBbIX reoMeTpHtt Bepsa.;Ib)l.a Moopa, H KOTopoli 

nocrynHpyeTc.a Mepoonpe,D.eneHHe B BH,LJ.e Kop1rn '-IeTaeprott cTeneHM H3 csoc

o6p33Hott ¢opMbI qeraeproro nopI£,rt;Ka. Ilepexo,LJ, K TeOpHH no,LI.o6Horo BH,LI,a 

MO)KeT OK83aTbC51 onpas,n;aHIIhIM, eCJIH 6y,D.eT o6Hapy)l(eHa aHH30TponIDI 

CBO.t\:CTB IIpocTpaHCTRa B 6o.JihllIHX MaCIIITa6ax. 

5. l1MceTC51 cepH.H pa6oT no HCCJie,n:osaHlHO TaK H83bIBa€MbIX 6UMern
pv,'l(,eC'l{;UX ·meopuu 2JX16Um,awuu, B KOTOpbIX .11CllOJlb3yeTC51 He 0/ .. 1,Ha MeT-
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p:m<a, KaK BO scex pattee ynoMHHasmmcc.a reoMeTpH5'1X, a )J,Be, T. e. ,u.aa 

MCTp11qecKHX TeH3opa 9µv H gµt/ · Ha:a6onee H3BecrHa 6:m.ieTpw:mcKa.H Teopmi: 

H. Po3eHa, r.n.e BTopa51 MerpHKa BBO,IJ.HTC.H nocTynaTHBHO. OTnw-UITe.nbHM 

oco6eHHOCTb no~o6HblX TOOpHH 3aKJllOqaeTC.H B TOM, ~ITO pa3HOCTb CJil.MRO

noB KpHcro¢¢enH, o6pa30BaHHhIX H3 co0Taercrayt0Jl.J,RX MerpHK, 51BJI51eTC51 

TeH30pHo:A BeJIH'iHHOM, KOTopyro npc)J,naraeTC51 HCflOJJb30BaTb ,LI.Jl51 OIUiC8.Hl151 

rpaBHT~lfil. 

Cepbe3Hble B03pa)KeHH51 npCYrHl3 TaKHX TeopH:A CBR3aHbl c tteRCHO

CTblO cPH3HqecKOro CMblCJia 11 c npo6ne.Mo:A Ha6mo,n,aeMOCTH BTOpoli MeT

pHKH. Yno}.rnIIeM 3,nech TaK>Ke aapHaHT TeopHH rpaBwrauFm, pa3BnsaeMoii 

H. A . qepHHKOBbIM, KOTOpblii OCHOBaH He Ha ,n,Byx MeTpHKax, a Ha .n,Byx 

BH)J,ax K03cPcPH~HeHTOB CB5'13HOCTH. 

6. B 70-x rr. XX B. ,n,oBOJThHO nonyJIRpttbIMH 6b1nH TaK Ha3bIBaeMbte 

C?00.11.Rptto-me1£3opn'bte meopuu 2paeumm.ruu, s KCYrOpbIX K MeI'p11qecKOMy 

TeH30PY 9µv .n.o6aBJICHO em,e CKa.JTflpttoe flOJle cp, '-ITO H onpe.u.em1.110 HX 

H83B8.HHe. HaY.ano 3 TOMY ttanpaBJTeHHIO nonmKHJrn HCCJie,n,oBaHH51 5-MepttbtX 

reoMerpHqecKux reopnli KaJiy~bl· - Kne:AHa. 3aTeM nRTHMcp11e 6hl.JTO OT6po
me1m, a CKa.Jl51pHoe none CTaJIO paccMaTpHBaTbC.fl KaK caMOCTORTeJibHOe. 8T11 

HCCJie)l.OBaHHR 6hIJ111 Ha..:.iaTbl B 40-x rr. B pa6<Yrax rr. l1op)J,aHa, ,II.)K. T11pp11 

H )J,pyrHX aBropoB. Bonee no)J,po6Hhiti BapHaHT TeOpHH 6b1JI pa3Bwr K. BpaH

COM H P. ,ll;HKKe B Ha'-Ja.lle 60-x rr., nmTOMy HaHponee pacnpoCTpatteHHbllt 
sapHaHT TaKHX Teop.Hi1: Ha3bIB8.CTC5I. TeopHeii Hop,naHa- BpaHca-,LbrKKe . 

B CKaJIBpHO-TeH30pHhIX reopHHx rpaBHTan;HH np051BJISleTCH pH,n, 111-1repec

HhIX oco6e1-1Hocreii. HanpHMep, rpaBHTa~HOHHa51. nOCTOHHHa.Sl npHCYTCTByer 

B KOM6HHa~H.HX co CKaJI5rpHbIM llOJleM, ~ITO II03BOJ151eT peaJIH30BaTb I'HnOTe3Y 

,Il.HpaKa o nepeMeHHOCTM rpa1:u1Ta~HOIIHoit KOHCTaHThI. KpoMe Toro, B TaKo:A 

TeOpHH B03HHKaeT ;:,¢¢eKTHBHa.H ( qepe3 CKaJI.HpHoe none) 3aBHCHMOCTb Maoc 

qaCTHU, OT MeCTa HX pacnonmKeHH51.. 

7. <l>H3HYeCKHe TeopHH B JilCKpHBJieHHbIX (o6o6w.eHHbIX) npocTpaH

CTBeHHO-BpeMeHHhIX MHoroo6pa3HRX MO>KHO CTpOHTb no o6pa3y H no,n,o6HIO 

TOOplilii Teoper:HKO-IlOJieBoro BH,[(eHHSl MHpa, T. e. Ha OCHOBe BapHan;HOHHOro 

npHHI.U·U1a, TeM JilJTJil HHblM cnoco6o.M 3a,LI.aBa.H narpaH:>.KHaH rpaBHTaIJ;HOlIHOrO 

110.IT.H. ,Il.Jrn DOJlY'"JeHHR 3tiHilITeiiHOBCKOM TeOPHH rpaBHT'cU.~MH H p.a.n.a ee 

o6o6n~eHH:ti B KaqecTBe Jiarpatt>KHaHa BbI6HpaeTCR CKaJIRpHa51 KpHBJil3Ha 

(R = Rµvgµv). 0,ll.HaKo HMeerc.a p.a,n, pa6oT, r)J,e HCCJie~OBaJIHCb sapHaHTbr 

Teop11n, nOC'rpoeHHhie Ha OCHOBe ?C6uiJpam·uttttt'b£X .11,azpatt:>feuatt06 H3 TeH30pa 

KpHBH3Hbl. B 'iaCTHOCTH, TaKOH sapHaHT o6o6w,eHHH rpaB~HH o6cy)f(

,IJ.aJICH s pa6oTax A. )I,. CaxapoBa. 

3.n.ecb Ha3BauhI ,IJ.aJieKo tte s ee HCCJie)J,oBaBnrn:eC51 sap.11aHThI o6o6~eHHii 

;:,:AHIBTeiiHOBCKOM reopHH rpaBHTaU,HH. HanpHMep, o6cy)K)J.aJIHCb MHOf'Ot.{HC

neHtthie KOM6HHaJ~:HH H3 Ha3BaBHhIX Bblllle o6o6in;ettHii, B Y8.CTHOCTH' TeOpHH 

c HeMCTpHt.{HQ(,'TblO Jil Kpy~1eHMeM, KBa)J.paTHt.{Hbie TCOpHH c KpyqeHHeM, 

c HeMeTpHqHOCTblO H T. ,n.. 
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J1CCJie,LI,OBaHH51 M?l020.Meptt'blX 2eo.MempU'l/,eC'K,'U:C .MOOe./l.eU e~HIIOH reopHH 

rpruu1Ta.IJ,H11 H APYrRX cPH3wiecKHX D3am.10,n,e.liCTB11i1 6y,uyT paccMOTpeHbl 

B rn. 10. 

9. 8 . HeKOTop1>1e BLIBO,l(bI H 3aMeqaHHSI 

On11p8.5!Cb Ha li3JIO)f(€HHh1M MaTep11ru1, no)lBe.l(eM HeKoTOpb1e HTOrH wc
CJie;1psa1mA B p aMKax o6ru.eli TOOPHH OTHOCHTeJTbHOCTH H, t.JTO oco6eHHO 

BaJKHO, OTMeTHM PSIJl MeTacPH3HqecKHX acneKTOB 3TO:H TeOpHH. 

9.8.1. BLIBo)l.bl H3 11cCJie,n;oBamrli 
o6~eA TeopHH OTHOCllTeJILHOCTll 

1. B ocHoBaHHe o6~eA TeopHH OTHOCHTeJihHOCTH noJIO)l(e H bl TPH 6.rroKa 

11,U,eii: 

1) OilHCaHHC cOObITHA ( OtTheKTOB paCCMO'l'pe HH51 TCOPHH) B paMKaX 

4-Mepttoro npocTpaHCTBeHHO-BpeMeHHOro MHOroo6pa3IDi; 

2) p HMaHoB (He)l(eCTKHii) x a p aKTep MeTpHKH, no3 BOJIBIOI.IzyI:i1 YYHTbIBaTb 

B111u1H11e Ha coo·rHom eHH.H Me.>:J<Ay co6hITH.HMH (Ha MeTpHKY) co cTo

potth1 OKPY*a10:rn;ero MHpa. B 1:1a~1a.nhHOM noHHMaHHH 8.ti:HmTeAHoM 

cyui,uocTH ero TeopHH BTO 6b1110 Ha3BaHo npHHu;Hn oM Maxa; 

3) KJIIOqeBa}l po11h CHCTeM OTcqeTal fl03BOJUUOll.l;HX HHTepnpeTHpoBaTh 

fJOlffiTH.H H cne~CTBH51 TeOpHH OTHOCHT€JlhHO KOHKpeT HOI'O Ha6mo.ua

TeJ151. 

2. O c HOBHbre ,n,HcKycc1111 B o6m,et\ TeopHH OTHOCHTeJihHOCTH aenHCh BO

Kpyr Tpex rpyrrrr CJie,LI,CTBHH H3 pemeHHH ypaBtte HHii 8.Hnmrefilla, TeCHO 

CB513aHHbIX c Tpe:MSI KJilO'-IeBbIMH cPH3HYeCKHMH KaTerOplIBMH: 

C 'Kame2opueu 'l/,acmu'4 cne.rzyeT coarHeCTH rrpo6neMy oco6eHHOCTeli 

B qaCTHI.J,CITO,D.OOHbIX p emeHH.HX (JJ,Jl.H MeTpHK, C03,LI,aBaeMbIX KOMilaKTHhlMH 

MaTepH8.1IbHh1MH HCTO't.JHHKaMH) , B qacTHO(,'TH, npo6neMy c CHHryn.HpHOCTbIO 

(c rpaBHTaIJ;HOHHbl M p a.r:r.MycoM) B MeTpHKe Illaapu.mwu.,,n,a. 0 TMeTRM, qTO 

caMhlli OOI.Izyiii cnyqatt "t.JaCTHu;eno.l(o6HbIX p erneHHii xapaKTepl"3yerCE ceMbIO 

KOHCTaHTaMH: Maccoii m ( rpas1·1TaIJ;HOHHhIM pa,LI,HycoM ro = 2mG / c2 ) , 

3JieKTpH'iecKHM 3ap.H~OM q, MarHHTHhIM 3ap.Hll;OM g, napaMeTpoM K eppa 

a, xapaKTepH3yIOll.l;HM Bpa~eHH€ HCTOqHHKa, ycKopeimeM b, napaMeTpoM 

H YT (HbIOMetta, 'YHTH, TaM6yp11Ho) n (MHHMOii Maccott?), KOCMOJIOrHqe

CKoii n oCTO.HHHOil A_ Y q er H ecKOJibKHX KOHCTaHT CKa3hIBae'I'C.H Ha xap aKrepe 

OCOOeHHOCTe li peweHHii. 

3. C 'X:am,eeopueu npocmpaxcm,eu-epe.MeHu, ToqHee, c ee r .rro6aJihHbIMH 

CBOiiCTBaMH' CB.H3aH BblOOp O,D.HOR H3 B03MO}f{Hh1X KOCMOJ10r11 YeCKHX MO

,ll,eJieli. IlpHMe"t.JaTeJibIIO, \ITO ,Ll,Jl.H O).J.HOpo).J.HblX li30TpoIIHblX KOCMOJIOI'Hqe

CKHX MO,LI,eneli H MeIOTCS:l T PH B03MO:>KHOCTH) COOTBeTCTBYlOIIJ,He TpeM KJJac-
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cirr-mcKHM reoMerpH.HM: EBKJIH,[(a, Jlo6aqeBCKoro H PHMaHa ( npocrpaHcrsa 

nOCTO.HHHOH llOJIO)KHTeJibHOH KpHBH3HbI). 

4. C.ne;zyeT 6onee no,[(po6Ho ocTaHoBHThCSJ Ha npo6JTeMe rpaswrau,H

OHHhIX BO.JIH . 06ttapy)KeHHe rpaBH'I'8.I.J.HOHHbIX BOJIH npe,n,nonaraer ~mepre
TlfqeCKOe B03~etiCTBHe HX Ha npH6op, HO B xx B. He 6wno npe,D,JIO>KeHO 

y,[(OBJieTBOpHTeJibHOL'O Bbipa.>KeHH.H )J.JUI ~meprHH «rpaBH':I'all,HOHHOro IlOJlH», 

IlOCKOJibKY 3aKOHbl coxpatteHH.H B HCKpHBJieHHOM npocTpaHCTBe-spe1vt:eHH 

y,[(aerc5I BBeCTH JIHlllh Ha ocHoBe n ces,n,oT e H30pHoro nqn.xo,n.a, Kor,n,a 3HeprHH 

.H HMilYJibC «rpaBHT'd.11,HOHHOro IlOJl.H» n e OilHChIBa.JOTCSt T€H30pHbIMH BeJIH

't{HHaMH. Ilocpe)~CTBOM qHCTO MaTeMaTHqecKOH npou;e,n,ypbl npeo6p830BaHl1M 

KOOp,rI,HHaT 3HeprHIO «rpaBHTaIJ;HOHHOI'O IlOJI.H» ( BOJIHbl) MO)KHO M€H5ITb 

s lllHpoKHX npe,[(enax. Bo3HHKaCT sorrpoc: qTo :>Ke TOr,[(a MO)KeT H3MepHTb 

3KcnepHMeH'ra:rop? 

5. 0TMeTHM, ~no OTCYTCTBHe 3aKOHOB coxpaHeHH.H 3Heprlfl.i H Hl'vmynbCa 

B o6rn;eii TeOpHH OTHOCHTe.JlbHOCTII He 03Haqaer HX HapyllleHHH, - - /JP CHX 

nop He 6bIJIO yK83aHO HH 0,[(HOl'O ,n,a)f(e MbICJieHHOro 3KcnepHMeHTa, CBH,[(€

TeJibCTBOBaBlllero 6b1 o TaKOM ttapyllleHHH. K aJibTepHaTHse: coxpa1merc5J 

3HepruH HJIB He coxpaH.HeTCH, - B o6rn;en TeOPHH OTHOCHTeJibHOCTH ,11,o6aB

JT,SleTC5I TpeTbe pellleHHe - 3aKOHbl coxpaHeHH,SI 3HeprHH H HMilYJihCa Tep.HIOT 

CMbICJI. Hx cyu~ecTBOBaHHe CB.H3aHO c CHMMCTpH.HMH npocrpaHCTBa H Bpe

MeHH, a B npOH3BOJTbHO HCKpHBJieHHOM npocTpaHCTBe-BpeMe HH HX HeT. ,lJ,a 

3aKOHhI coxpatteHHj{ H He HY)KHbI ,n,.ru:1 pemeHH.H KoppeKTIIO nOCTaBJieHHhIX 

3a,[(aq B paMKax o6rn;eli reopHH OTHOCHTeJibHOCTH. Ilpo6neMa c 3aKOHaM11 

coxpaHeHH.H B03HHK8R,T JlHlllb npH IlOilbITKax paCCMOTpeHH.H HeKoppeKTHO 

IlO(,'TaBJI€HHblX 3a,[(at.J B 9HHUIT€HHOBCKOil: TeOpHH rpaBHTal~HH, KaK TO -

OITHC8.HH.H rpaBHTaUHOHHblX BOJIH HJIH KBaHTOBaHJUI rpaBHTall,HH. 

6. 0,[(HHM li3 Ba)KHeIDuHX pe3yJibTaTOB o6rn;eii T€0pHH OTHOCHTeJibHOCTH 

.HBJIHeTC.H OTKp1:>1THe A. 3. IlerposbIM aJire6pa11'1ecKoli KJTaccH¢HKaIJ,HH rrpo
·crpaHCTB 8iiHlllTeiiHa, cornacHo KOTopo:M ece eo3.MO:JfC'H:bte pe11Le'H:wi ypam-te

xuu 9uxwmeuxa ae.tl,Jf,mC.R 'HU mpu 'K"JLacca {murw,). IlpH 3TOM nepBbIH KJTaCC 

(T1) o6p830BaH TpeM.H IlO,LI.THilaMH, BTOpoA (T2) - ,LI.BYM.H, a TpeTMH (T3) -
0,rI,HHM. B pa60Tax P. Ilet1poy3a KJiaccH¢HKaJJ,HH IleTposa 6bma npH,n;atta 

HarnH,LI.Han HJIJIIOCTpau,H.H B BlfAe ,n.HarpaMMhI Ilerposa- TieHp0)'3a, H3o6pa

)f(eHHo:M tta pHc. 9. 7. CTpenKaMH o6o3Hat.JeHhI nepexO/I,bI Me.>KAf no,[(THnaMH. 

C¢epHqecKH CHMMerpHqHbie ( qacTH~e110,n.06Hbie) perneHHH llisapIJ).IIllJib,[(a 

H I1Hbie, a TaK>Ke O~HOpO,lI.Hbie H30TpoilHbie KOCMOJIOrH'-IOCKHe MO,[(eJIH c'.DpH,ll

MaHa npHH3tLI,Ji e.>KaT no,n.nrrry D n epsoro THITa (KJTacca). B MHOrO't{HCJieHHbIX 

pa6oTaX 60-x - 70-x rr. ,ll,HCKYTHpOB8JIC.H Bonpoc, K KaKOMY no,11,Timy OT

HSC'I'H BOJIHOBble perueHH.H ypasHeHHH 8mn11Teif.Ha. 0,a.H03HaT-JHOro OTBeTa 

He 6bIJio ,[(aHo, HO OOJihIIIHHCTBO anre6pa1-P-1ecKHx KpHTepHes yK83bIBaJIO na 

IlO,LJ,THfI N. 
He B,[(aBaSICb B MaTeMaTH~OCKHe TOHKOCTH aJII'e6paH'.JOCKOiri KJiaccH¢H

KaU,HM Ilerposa, OTMeTHM, 't{TO OHa OCHOBaHa Ha B03M0)KH0CTH npe,LJ.CTaBJie-
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Puc. 9 . 7. ,ll.Harpa.rv1Ma IleTpoea-IleHpoy3a, noS1cmuou~ru1 aJire6pa11~ccKyro KJlac
cHqnncau,HIO npocrpaHCTB 9:llHIIITeihra 

HH51 Bcex KOMnotteHT TeH3opa KpirnH3HhI (TeH3opa P11Matta-Kp11CTO¢¢en.H 

R{Jµv 11Jm TeH3opa Beii.IDI) B s11,n,e KOMrrneKcttoli 3 x 3-MaTplUJ,bT u Ha aHaJIH3e 

ro6cTBeHIIblX BeKTOpoB H co6CTBeHHblX 3Hal.JeHHil 3TOH lvtaTp~bJ. 

7. B Te~JeHHe XX s. npHHI.J,Hilhl KJlaccuqecKoii TeopHu rpaBHTaI.I,HH Hee 

B03MO)KHOCTH ( B c¢epe KOppeKTHO IIOCTaBJieHHblX B He'ft 3a,IJ.a'-i) IlO,JJ.BeprJJHCb 

~ocraTOYHO cepbe3HOMy H TllJ,aTeJibHOMy aHa.nH3y. Mo)KHO yTBep)K)J.aTh, 

l:fTO B KOHu;errTyaJlbHOM rmatte K KOHizy xx li. 3IlH1UTeiiHOBCKa.H Teopun 

rpaswraI.I,H.H IlOTep.sma CBO:li ¢yH,II.aMe H'ffiJihHbIH CTaTyc H HCCJle,II.OBaHIDI Bee 

paMKax llpHo6penH xapaKTep perneHIDI Tpy,u.oeMKHX 3a,rr.aq MaTeMaTH'tleCKOH 

<}:>H3HKH: pemeHHil CHCTeM HeJIHHeliHbIX- ,rr.H¢¢epeHI.Vi8.TlbHblX ypaBHeHlffi 

c (.18(,'THblMH rrpoH3BO,II.HbIMH 11 H3yqeHHIO 11X CBOHCTB. IJ;eHTP T.H)KeCTl1 

HCCJle,IJ.OBaHH:li rrepeMeCTHJlC.H K rrpo6neMaM penR'l'HBHCTCKOit aCTpo¢H3HKl1 

( B paMKaX HCKPHBJleHHoro npocTpaHCTBa-speMeuH)' K BOrrpocaM COBMCUJ,e

Hilll IlpHHI.J,HilOB o6w.en TeOpHH OTHOCHTeJihHOCTH H cPH3HKH MHKpoMHpa, 

a T8.K>Ke K H3yqeHHIO B03MO)f(R0CTeH IIa3BaHHblX Bbl llle o6o6IIJ,euHH KJI8.CCH

'lecKOB 3BIIIIlTCHHOBCKOH TeOpHH rpaBHTa~HH. 

8. TeopeTwiecKuii aHaJIH3 B03MO)KHhIX o6o6m;eHHii 3HHill'l'eHHOBCKO:tl 

TOOPHH rroK838JI, '-ITO, KaK rrpaBHJTO, see OHH co,rr.ep)KaT o6w.ee yCTOliTrnBoe 

.H,DJ>O 3aKOHOMepHOCTeH B BH,II.e o6IIJ,ei1 TOOPHH OTHOCHTCJlhHOCTJ1' 'ITO CB~e

TeJibCTByeT 0 cPYH,ll,aMeHTa.JlbHO:M xapaKTepe MeTpH'tICCKHX OTHOIIlCHHil. 

9.8.2. 3aMeqamu1 MeTa$H3uqecKoro xapaKTepa 

J13 HCCJie,noBaHHB o6IIJ,e:tl TeopHH OTHOCHTe.TThHOCTH B reqeHHe xx B. 

MO)KHO c,rr.enaTh cne,rr.yrow;11e BbIBO,rr.h1 MeTa¢11311qecKoro xapaKTepa. 

1. 06IIJ,a.H reopH.H OTHOCHTeJ1bll9CTH nocTpoeHa B paMKax ,Il.yaJlliCTHqe

CKOH MeTa..c}:ni3H'tlecKoii napa,nurMb r, r,u.e KaTeropuH npocrpaHCTsa-BpeMeHu 

H rpaBMTa~HOHHOro rron.H OO'be,Il.HHeHbl s o6o6w,eHHyro Kareropu10 HCKpHB

nettHoro (pm1aHOBa) 4-MepHOI'O rrpocrpaHCTB8,-apeMeHM, TOI' ,LI,a KaK TpeTb.H 
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KaTeropirn qacTH~ OCTaeTCH CaMOCTOHTeJibHOtt 11 yC{J{TbIBaeTC.H B BlfAe npa

BOH qaCTII ypaaHeHHH 9liHIIITeliHa. 9Ta napa.n,1rrMa rrpe,a.cranmieT co6on 

rrepBbitt (yrrpomeHHbl M) BH)J. re0Merp11 q ecKoro MHpGI10HllMaHH.H) KOTOpbltt 

rrporur1nOCTpHpoBaH Ha p11cym<e III, r .n,e o,u.tta (3a,LI,HHH) 3auITpH.XOBaHHaH 

rpaHb Ky6a OJIHI~eTBOp.HeT o6o6w.ettuy10 KaTerOpHlO HCKPHBJieHHOI'O (4-Mep

HOro) rrpocTpaHCTBa- apeMeHlf, a Hanpaa;1e11HasI Ha Hae KOOp)J.HHaTHaH OCh 

COOTBeTCTByer KaTeropHH -qacTHu;. 

2. AHarror11q1:10 To:rviy KaK B TeOpeTHKO-rroneBOM MHponoHHMaHHH 06o6-

m;e1-rnaH KaTeropHH IlOJIH aMn.nHTY,LI,bl aepOHTHOCTH OKa38JlaCb Tpy,U.HOH )I,llil 

BOCnpH.H'rH.H, ·raK H s reoMeTp1P-1ecKoM MHporroIIHMaHHH B03HHKaIOT Tpy,u.tto

CTH B Har.TUl,lI.HOM rrpe.n,CTaBJietnrn 06o6u~e1IJ-IOH KaTeropHH HCKpHBJJ€HHOro 

npocTpaHCTBa-BpeMeHH .. Ee MO)KHO KaK-TO npe,rr,cTaBHTb, JlHillb HCI10Jlb3Y.H 

anarrorn11 c HCKp11BJleHHbIMJ1 2-MepHbIMH llOBepxuOCT.HMH B rrpOCTpaHCTBe 

Tpex H3MepettHtt. KaK B KBaHTOBOH MexatrnKe BOJIHOBbie ypaBtteHHH 11 ,rr,py

rHc npaBHJla I103BOJIHJ1H pa60'raTh c HOBOH 3ara,LI,O'IHOH KareropHeH, TaK 

H B CJlyqae o6w.en reopHH OTHOCHTeJTbHOCTH 3TO ,llOCTHraeTC.H c IlOMOI.I.J,blO 

ypasHeirnH 9HHII1Tetttta. 

3. B rrc pHo,u., Kor.n,a rocno.n,cTBy10ru,ei1 6bma H,l(eononu1 ,u.HarreKTHqecKoro 

MaTep11aJIH3Ma, Tpy,IJ,Ho 6bIJJO BTHCHyTb co,n;ep.x<.aHHe o6m;eli TeOpHH OTHOCH

TeJlbHOCTH B rrpoKpyCTOBO JlO)Ke ee I10H.HTHH. c qeM HMeeT .n,e110 TOOpH.H 

rpaswrau,uu: c HOBblM BH,lJ.OM (rpaBHTaU,J.IOHHOti) MaTepHH HJIH c ¢op.MOM 

ee cym;eCTBOBaHHH? c O.ZJ.HOH CTOpOHbI, rpaBHTaI.QUI MHOrHMH TpaKTyeTC.H 

KaK uone, 3Ha~JHT .HBJI.HeTCH MaTepuett, a c ,rr,py1·ott CTOpOHbl, HeT I10Jl.H 

KaK OT,U.eJibHOH cym;HOCTH, BJlO)KeHHOH B rrpocTpaHCTBO-BpeM.H: IlOCKOJlbKY 

rpaBHTa~1rn OI1HCbIBaeTC.H xapaKTepHCTHKaMH ¢opMbl cym;eCTHOBaHHH Ma

TepHH. B ¢Hnoco¢Hu .n,11arreKT11qecKoro M8.Tep11aJ1M3Ma TpeTwro 6b1110 He 

TC.atto .. 

n 1964 r . B KHeBe Ha BceCOI03HOM CJ.IMI103HyMe «¢11noco¢cK11e npo-

6neMbl TeOp.1111 THI'OTeHH5i 9HHill'l'eHlia H peJJHTHBHCTCKOH KOCMOJIOrHH» 

p a3Bepuynach xapaKTepHa5l ,n;JIH Toro BpeMeHH )1.HCKyccHH Me)K)I,y Be)zy

m;HMH Tor.a.a COBeTCKHMH rpaswra~OHHCTaMH, KOTOpbie IlblTaJIHCb paccy)K

.n,aTb B paMKax rocrro.n,CTayiow.ett H,II.eonor1111. TaK, rrpo¢eccop A. 3. TieTpoB 

yTBeP.>f<i~aJI: «Ilone rpaBwrau;:HH - 3TO oco6bIH BH,II. MaTepH11 11 noToMy oHa, 

KaK TaKOBaH, rrpoSIBJ15Ie'r ce6H B ,lI.BH)f(eHHH H He MO)KeT )I,BHffiTbCH 1-rnaqe, 

KaK B npocrpattCTBe-BpeMeHH» (129]. Ilpo¢eccop M. CD. liIHpOKOB eMY 003-

pa):Ka.11: «C cPHJlOCocPCKOH TO"'JJ(H 3peHH5l IlOJT.H T.HI'OTem,rn II HHepu;HH, KaK 

npoHBJleHH5l reoMerpHqeCKHX CBOHCTB npocTpa ncrsa H BpeMeHH, CJle)..Jj'er 

C'lWraTb ¢opMa}..rn cyru,ecTBOBaHHH MaTep1111, a He MaTepnett» (196). A npo

¢eccop ,.U. ,.U. MaaHeHKO 3a.HBHJT, q'J'Q rpan11TaJ.J,H.S1 qac,'T11qHo HOBbIH BH,D; 

MaTepm-r, a l.JacTH'-IHO-¢opMa cymecTBOBaHH.SI MaTepHH (72). 
Bee 6bl B(,'TaJio Ha CBOH Mecra, ec11H 6b1 ,n;orrycTRJIH cyrn;ecraoaaHne He 

,U.Byx KaTeropHH (Ma-repHli H ¢opMbl ee cyu~eCTBOBaHH.SI), a Tpex Hal.:JaJI, 
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,ll,Ba H3 KOTOpb1x B o6r.u;eii Teopmr OTHOCHT€JlbHOCTM o6'he)J.HHeHbI B HOBYIO 

Kareropmo HCKPHBJieHHoro rrpocT p aHCTBa-BpeMeHH. 

4. 06m.a.51 TeOpIDI OTHOCHTeJibHOCTJil npe.n.cTaBJIBeT co6oii JlHillb rrepBblii 

mar Ha nyTH peaJIH38.IJ;i1H KJilJCPcPoP,LI,OBCKO:ti nporpaMMhl f'OOMeTpH3a~H 
Bceii cPH3HKH. B Hett reoMerpH3ouaHo Jrn:Illb rpaaMTau;noimoe none, Tor.n.a 

KaK oce rrpoqne non.SI 11 qaCTH~bI 11pe.n.craBJU110T co6ott HereoMeTpH3yeMy10 

MaTepHIO, yqHTbIBaeMyIO rrpaBOH qaCTblO ypaaHeHHH 9tiHUITeHHa. 8TOT 

He)J,OCTaTOK OC03HaBaJIC.H KaK caMJilM 9liHIBTeHHOM, TaK .H ,rr,pyrHMJil HCCJie)J.O

BaTeJISIMH, CTpeMHBillHMJilC.SI ero rrpeo1'0JleTb Ha nyTM l 'OOMeTµH3a.qmr 3JieK

TpoMarHHTHOro H ,npyrMx nonei1. 9TOT Borrpoc 6onee n o,upo6Ho paccMarpett 

B CJie).J.yIOIIJ,ett rnaBe. 

5. IlocKOJibKY B cPH3HKe xx B. BeJIHCb HCCJie,ll.OBaHJUJ KaK B paMKax 

TeoperHKO-IlOJieBOH, TaK M I'eOMeTplf"CJeCKOH rrapa.n.HrM, TO HeJi136e)f(H0 803-

HliKaJIH rrepeMeIDHBaHH.H IlOH.HTHii H3 ·reopnl1 p a3HblX rrapa,rr,HrM. c O)J.HOii 

CTOpoHbI, B TeOpe'l'JilKO-UOJieBOM rro,rr,xo.n.e CTp€MJilJ1Ji1Cb paccMaTpHBaTb TaKMe 

H rpaBHTa~HOHHOe B3a11Mo.n.eiiCTBHe. c ,rr,pyro.H CTOpoHbI, B paMKax 061.qeii 

TeOpHH OTHOCHTeJibHOCTH ,rr,pyrHe BH,LIPI B3rulMO).I.eiiCTBHH BKJllOqaJIHCb B rrpa

ByID qacrh ypaatteHHii 8AttIIITelitta. Bee 3TO npHaeno K nO.HBJTe HHIO TaK 

H8.3hIBacMblX rrapa,rr,HrMaJlbHhlX rrpo6neM, COCTO.Hlll,MX B TOM, qTQ ITOH.HTIDI 

O,ll,HOii rrapa,rr,HrMbl He BIIHCblBaJIHCb B Kpyr IlOH5ITJilit ,npyrott rrapa)J.HrMhJ. 

K Tc1KHM napa).J.MrMa.JibHbThi rrpo6neMaM cne,uyeT OTHeCTH npo6neMy c 3aKO

HaMH coxpatteHM51, orrpe.n.eneHH.H rpaBH~MOHHhIX BOJJH, a TaK>Ke rrpo6neMy 

KBaHTOBaHIDI rpaa:wra.qmr. Ha,n, pemeHMeM 3THX npo6neM 6MJIHCh B reqettHe 

Bcero xx B.' O,ll.HaKO OHH TaK H H e 6b1Jllf pemeHhJ B paMKax Tpa,ll.H~HOHHO 
paccMaTpHBaeMbIX TOOpeTHKO-IlOJiesott H reoMeTplilt.IOCKOH rrapa)J.I1TM. 
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MHoroMepHOCTb <l>H3H'lecKoro MHpa 
T' 

06w;a51 ·rco pM.H OTHOCMTeJibHOCTH He B IlOJIHOtt Mepe pernae:r 3a,JJ.aqy 

reOMeTpH3al.UiH B3aHMO)J.ei1.CTBHli: B Hett &TO /1,eJiacTC.H J1111llb ,ll;Jl.H O,D,Horo 113 

M3BeCTHhIX ¢:11311'l.leCKHX B3a:KM:o,n;ettCTBHtt - rpaBHT~OHHoro. Ho M,ll;eOJIO

rHH reoMerp:11-yecKoro MHpon oHHMa1nrn )l;MKTyeT pacnpoCT'paHeHHe ee npIDI

UHilOB Iii Ha ,n;pyr:11e B~I B3~H1'..10,n;eiiCTB:11.i1. B XX B. pemeHH10 ::ITott npo-
6JieMbI y,n,eJIHJIOCb 3 HatffiTeJibHGe BHHMaHHe, np:11qeM HHTepec K Heit TO 

B03pacT8JT H Otta CTaHOBRJiaCb B u.eHTJ)e BHHMaIIHH, TO 3aTyxarr. ITopoe 

,JJ.aJKe OTpHn;a.Jiach npasoMepHOCTb nocrd.HOBKH 3Tott 3a,n,a~. K KOHizy XX B. 

~)Ta npo6JieMa BHOBb 3atIBJia ,!J,OCTOHHoe MeCTO B MJ.lj)OBblX HCCJie)J,OBaHIDIX, 

H B HaC'.I'OHIIJ.ee Bpe~rn eCTb Bee OCHOBaHH5l IlOJiaraTb, qTO B npRH~HIIM8JTbHOM 

(Il-B) llpocrn:pa?tcmeo-epeM.Ft 

n=8 
rpaBR-CIDThHhie B3aJfMO,a.ei%CTBH>l 

n- 7 
rpa1m-aneKTpo-CJia6bie 

n- 6 
B3aHMO)l.€HCTBHji 

TeopIDI KarryL\.b1- Kne0Ha 
n=5 

TeopHH Ka.Jlyl\bl 
n=4 

9 :fbIII.ITeHHOBCKruI 

OOIJ,\8.SI 
TeoPH.H 

OTHOCHTeJihHOCTH 

9µv 

(Il) llo.11.x 
nepetwc"f.u?OOo 
oaa'u.MoiJeilc.meuu 

P:uc. 10.1. P03MepHOCTh IIpocTpaHCTaa-apeMeHH H reoMerpH3au;m1 cpH3H"'-lecKHX 

D3aHMO)l.e:tiCTBl1:ti 
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nJiaHe 3Ta rrpo6neMa y.>Ke peruetta. B ,l(aHIIOH rnaBe paccMaTplilBaJOTC5I KOH

~erITyaJibHbie BOHpocbl MHOrOMepHbIX reOMeTplilqCCKHX MO,IJ;eJieii (TeopHti) 

11~.0eCI'IIbIX BH,II.OB cPH3UtJeCKMX B3alilMO,l(CHCTBHH. 

06paTHMC.H K Ky6y cPH3HqecKOH pe8JlbHOCTH Iii paCCMOTpHM ero co CTO

poHbT 3a,n,HeH rpaHH, OJilUI,eTBOp.HIOlll.eH f'OOMeTpnqecKoe MHPOIIOHHMaHHe. 

0TJIO:>KHM B,Il;OJib BepTHK8.JlbHOH OCH, COOTBeTCTByK>m;e:tt KaTeT'OpHH rrpo

crpaHCTBa-BpeMeHH, p83MepHOCTH reoMerpRqecKoii TeopHH (Mo,n,eJI.H), a Ha 

ropl130HTaJibHOH OCH, COOTBerCTByIOw,e:H KaTeropHH IIOJieli nepeHOC'"fHKOB 

B38.H:Mo,ne:Hc,'TBlilH, OTMeTHM rOOMeTpH3yeMble IIOJIB: 3JieKTpoMarHHTHoe Aµ, 
IlOJl.H CJia6hIX roaHMO,cr.e:ttcTBHH Zµ, w;' nepeHocqHKH CHJTbHblX B3aHMO

,ueikTBHH -- nuoOIIIIbie IIOJUI AN. Tor;J.a 3a,LI,HJOJO rpaHh Ky6a MO.>KHO IIpe,JJ,

craBHTb pa36HTOH Ha HeCKOJibKO BJIO~IIHblX ,cr.pyr B )l,pyra. p83HOB€JlHKMX 

~aTOB (cM. pHC. 10.1). l\lla.JibIB KBa.n.paT COOTBeTCTByeT 4-MepHOH o6w;en 

reopHH OTHOCHTeJibHOCTH, reOMeTPlil3YIOII1,eH rpaB:wran;HIO; cne,n.yrom.H:H 3a 

HHM KBa.n.paT - 5-MepHOH reOMeTpJrqeCKOH MO,l(eJIH rpaBlilTan;HOHHbIX H 3JieK

TpOMarHHTHbIX B3aHMO,l(e.HCTBHli Karryl1,b1; H, ttaKotte~, IIOCJie,n;HHH KBa,n;

paT - reOMeTpH~JeCKHM Mo,n,eJI.aM rpaBlil-3JieKTpocJia6bIX H rpaBH-CHJibHblX 

838.HMO,l(e:ttcrBu:tt em.e OOJThUIMX p83MepttoCTe.H, KOTOphre paccMaTp11sa10TC5I 

a ,II.aHHOii rnase. 

10.1. CTaBOBJieHHe B,ZJ;e:o o MHoroMepHocT:n npOCTJlaBCTBa 

IlooBJieHHe rrpe,cr.CTanJieHHH 0 MHOroMepHOCTH IIpoCTpaH(,'TBa ilBJI5IeTC5I 

Ba)KHQH Bexoti B p83BHTHH y~1eHHi1 0 nplilpo)"l.e cPH3HqecKoro npocTpaHCTBa

BpeMeHH, CTOilIII,e:tt B O,Il,HOM p51,rzy c OTKpbITHeM HeeBKJIH,l(OBblX reoMeTplilH. 

Po:>K)J.eHHe MHoroMepHoro rro,LI,Xo.n;a t.taCTo CBil3hIBaIOT c rry6JIHKaII,Heti CTaTbM 

T. l<a.rryIJ,bI 1921 r. (77], o,u.HaKo BbICK83aHHb1e B Heli H,n,eH 6bJ.JIH IIO,ll,roTOB

.neHb1 Tpy,n,aMH MHOrnx upe,n;IllecTseHIIHKOB. 

1. Tpy,u.Ho CKa3aTb, KOMY 3,rr.ech npHHa,Ll,Jie.>KHT np1-mp11TeT. P83Mhiwne

mrn: o np11po,n,e p83MepHOCTH MO>KHO HaHTH y M. KaHTa, KOTOpb1li BhICKa3an 

H,II.eIO 0 TCCHOtt CB.H3H Tpex~tepHOCTH npocTpaHCTBa c xapaKTepoM 3aBHCJilMO

CTH cPH3HqecKHX ClilJT (rpaBH'l'8lI,HOHHbIX H 3JieKTpoCTa:rH"CfeCKlilX) OT pacCTo

.H.HWI Me)f(,lzy B3alilMO)"l.eHCTByIO~Hl\.lli TeJiaMH - o6paTHO 11ponopJJ,HOHaJibHO 

KBEVij)aTy pacCTOilHH.SI. KpoMe Toro, OH ~onycKa.rr B03MO.>KHOCTb cyru,ecTBO

samrn MHOrOMepHbIX npocTpaHCTB: «ECJTH B03MO.>KHO, qTo6bI cym,eCTBOBaJIH 

np<nIDKeHHil c ,rrpyrnMH H3MepeHHilMH, TO secbMa BepoHTHo, ~o Bor r,n,e

TO ex .n;e:ttCTBHTeJlbHO p83MecTHJI». 

2. BnonHe OTtJeTJTHBO 11,Il,eH MHoroMepHOCTH 6bIJIH c¢opMyJI11poBaHb1 

B pa6arax MaTeMaTHKOB XVIII-XIX BB. TaK, o B03MO)f(IIOCTH paccMOT

pettRH BpeMeHH KaK qeTseµTOro H3MepeHH.SI rrHcaJI )K. ,ll.8JlaM6ep. Mttoro

MepHbie KOHc}:>HrypaI\HOHHbie npocrpaHCTBa o6o6III,eHHbIX KOOp,l(HHaT BBO

~HJI B CBOHX pa60Tax )K_ .IT. JiarpaH)K. ,ll.8Jlee cne,rryeT Ha3BaTb Tpy)JPI 
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B. PHMaHa, r. rpaccMaHa, A. KaJrn H MHOrnX ,l.\pyrmc. Ho JIOrnKa pa.3-

BHTlUi MaTeMaTIIKH TaKosa, qTo BCSIKaSI KpaCMBaSl MaTeMaTJil"JeCKa.51 1-f)le.H 

JilJlH CTpyKTypa paHO JiLTlli II03,II.HO «IlplilMepSieTCSI» K 51BJieHH.HM pa3JIH"IHb!X 

o6J1acTett ecrecroo3I-IaHruI. 

3. Oco6o CJie,zzyer IIO)J.'IepKH)'Th poJlb B. PHMaHa, KOTOphIR BBeJI s CBOeM 

3HaMeHHTOM MeMyape «0 rnnore3ax, Jie)Ka~HX B OCHOBaHHH reoMeTpMH» 

110HSITHe «n-KpaTHO IlpD'l'.IDKefIHOM seJIHt{Hllbl» : «5i TIOCTaBHJI nepe)J. co-

6oi1 3a,rr.a"t,iy, - IIHCaJI OH, - HCXO,ll,51 H3 o6~ero IIOH51TJilSI 0 BeJIJilqJtlHe, CKOH

CTpyHpOBaTb noHSITI1e MHoroKpaTHO nporn)KeHHott BeJIH'iHHbI. Mb1 npM,n,eM 

K 3aKJIIO"l.Je1rn10, qTQ B MHOrOKpaTHo npoT.H)KeHHOtt BeJUl'iHHe B03MO:>KHhl 

pa3J1HqHhie Mepoonpe,n,eneHHSI, H qTO npocTpaHCTBO ecTb He "l.JTO HHoe, KaK 

Y.aCTHhIM CJ1yt.1att TpH>K,IJ,bl flpoTSl>KeHHOif BeJIHqHilbl» (143, c. 18). 
9TOT MeMyap IlOCB.HUJ.eH o6cy)K,ll,eHHIO MeTp11qecKHX CBO:liCTB n-KpaTHO 

npoT.H.>KeHHbIX BeJIWiHH, H B HeM Mbl em,e u e HaXO)J.HM RBHOro YK83aHH51 Ha 

B03MO:>KHOCTb cKpbI ThIX p8311,.tepHOCTeli peaJibHOro npocrpaHCTsa. O~aKo 

3,n.ecb npo.HBJISieTCH xapaKTepHoe ,l(JllI PHMaHa CTpeMJieHMe cB513aTb reoMeT

p11qecKHe CBO:liCTBa npocTpaHCTBa c 3MfllilPlil'ieCKHMH )l,aHHbIMH, CiaBHTC.SI 

sonpoc 0 B03 MO)KHOCTH H3~IeHeHH.H IlpHBbl'-iHblX npe,D.CTaBJieHIDi 0 tteM: «l1x 
npaB)l,OIIO,D.OOHe ( KOTOpoe, KaK 6bI TO HH 6bIJIO, O'-ieHb 3Haqj1.TeJ1bHO B flpe)l,e

Jiax Ha6JIIO,LI,elllilSI) Ha,n,ne)KHT IlO)J.BeprHyTb lilCCJie,D.OBaHHIO Ii 3aTeM cy,LI,HTb 

0 TOM, MOryT nu OHR 6b1Tb pacnpoc'TpaHeHbl 38. npe,n,eJibl tta6JIIO).\eHH.H 

KaK B CTOpOH.Y HeH3MepHMO 60J1blllero, TaK R B cropoey He:H3MepHMO Ma

JIOI'O» [143, c. 19). XOT.H y PHMaHa peYb H,L.1,eT s OCHOBHOM o MerpH'leCKHx OT

ttorneHHIDc, T a Koii B3rJlH.ll Ha reoMeTpHIO B COBOKyuHOCTH c coce,rr.CTBYIOllU1M 

IlOH.51THeM «n- KpaTHO IlpoT51)KeHHhIX BeJIJil"l.JlilH» HeBOJlbHO HaBO,ll.l1T ua MbICJib 

0 pacnpocTpaHeHHH ero H Ha CBORCTBO p83MepHOCTH npOCTPaHCTBa B MaJIOM. 

4. 9Ta H)I.e.H Il03,l.\Hee 6b1Jia pa3BHTa 9. MaxoM, KOTOphrtt B cooeii KHill'e 

«Il03HaHHe H 3a6Jiy.>K,LI,eHHe» IlliCaJI: «HO ecJIH Mbl onepHpyeM c a6crpaKT

HhIMR se~aMH, KaK-TO aTOMaMH H MOJieKyJlaMH, KOTOphie no caMott CBOeH 

npHpo)..l,e CBoe:lf tte .Mozym f5um'b aatt'bt ttaWU.M ~YBCmBa.M, Mbl He l1Me€M 

6onee xwx:a~zo npasa OOSI3aTeJlbHO MhICJiliTb 3Tlil Be IIJ.H s OTHOlllemrnx, 

B OTHOCHTeJibHblX IIOJIO:>KeHHRX, COOTBe'l'CTsy10UJ.HX es~osy 1J>eXMepHOMy 

npocTpa HCTBY Hamero qyBCTBeHHOro OilhITa. ( ... ) Haxo,n,Hch em,e no,rr. 

BJrnSIHJ.JeM aTOMHCTH'IeCKOH TOOpHH, .51 IlOilhITaJIC.sJ O)J.Ha>K,D.bl OOrb.HCHJITb 

ClleKTPaJihHble JIHHJilJil ra30B KOJie6aHH.HMH ,n.pyr OTHOCHTeJibHO ,n,pyra 

aTOMOB, BX0,11,BIIJ.HX B _COCTaB MOJieKyJibl ra.30B. 3aTpy).\HeHH51, Ha KOTOpble 

SI HaTK:HyJICR rrpH 3TOM, H aBeJIH ~tel-ISi B 1863 I'. Ha MbICJlb, l.fTO xe~lyBcmeett

'H,'bt.e Bellzyl He ).\OJI)l(Hbl 6bITb o6SI3aTeJibHO npe,n.craBJIReMhl B HarneM ~ye

cmeexxo.M npocrpaHCTBe Tpex H3MepeHH. TaKHM nyreM S1 npm.uen K MhICJrn 

o6 aHaJIOrax npocTpaH(,'TBa pa3JIH'-IHOf'O qlfCJia H3MepeHH:li» [105, c. 417). 
J3 ,l.\pyrOM MeCTe, OOCy>K,D,aR pa6oTbl rep6apTa, l\tlax HaIIHCaJI npopo

"t.JeCKH€ cnosa: «OrpaH11"l.Je:t111e y Hero Ko:t1crpyKI.J,Hlil npocTpaHCTBa TpeMH 

H3MepellruIMH COBepm ei-mo JlHllleHO OCHOBaIIR51, R HMeHHO Ha 3TOT IIYHKT 



10.1. CTaHOBJieHHe H,l(eH o MHoroMepHH 289 

CJie,n;OBaJIO 6hI o6paTMTb npeHMyru;eCTB€HHOe BHHMaHHe. Ilo HCTeqeHHII 

~Moro CTOJTeTM.H MMeHHO TaKMe BOilpocbl MOrJIH 6bI IlOJiyqHTb COBep

IIIeHHO HOBYIO cPH3MOHOM1uo» (105, c. 446). 8To BeCbMa npHMeqaTe.Tlhttoe 

BbICKa3bIBaHMe, eCJIM MM€Tb B BHA)' COBpeMeHHbie HCCJT€,D,OBaHIDl no 

MttoroMepHbIM e,n;HtthIM TeopHHM cPH3HqecKHx B3aHMo,n;elicTBHli. KoaeqHu, 

ce'A'lac tteo6xo,D;HMO yqHThIBaTb pa3HHey B ypoBHe 3Hatt11li XIX B. M py6e)Ka 

XX M XXI BB. H BHOCHTh nonpaBKH B yTBepJK)J.ettlIB o Hetta6Juo,n;aeMOCTiil 

aTOMOB H MOJieKyJT. Coo6pa)KeIIH5I Maxa o MHoroMepHOM cnoco6e onHCaHH.H 

aTOMOB Tenepb MO)KHO pacnpoC'rpaHHTb H Ha 9Jl€M€HTapHbie '-IaC'l'HUhI. 

5. CneA)Ter OTMeTHTh, qTo 8. Max KaK HcCJie.n.oBaTeJih cpop~rnpoBaJica 

IIO)J. BJIH5IHH€M HeMeIJ,KOH cPH3HqecKOH llIKOJlbl, ,Ll.OMHHHpoBaBIUetl: B MHpoBOH 

<l>H3HKe cepe,11.HHhI XIX B. Ilo.n.o6Hbie B3I'JUI,Ll.bI tta pa3MepHOCTb npocTpaH

CTBa BbICKa3h1BaJIHCh Tor,n.a p.SI,D,OM npe,n.CTaBHTeJieii 3TOii IllKOJTbI, K KOTOpoii 

rrpliMhIK8JIII B. PHMaH II K. raycc. TaK, K. CD. L(e.JIJibHep B CBOeM coqHHeHHH 

«9JTeKTpo,11.HHMv1H'1ecKa.a TeOpH.H MaTepMH» Bbl,11.BHHYJI rHil0Te3y, «COrJiaCHO 

KOTOpoii MHOrHe .HBJICHH.H, ,ll;.Jl.H KOTOpbIX lpH3HKa eru;e He Ham.Jia a,n,eKBaTHOro 

o&bacHeHH.H, Ha caMOM .n.ene npOHCXOLI..HT B qeThipeXMepHOM MHpe. IlpH '3TOM 

Halim opraHbI qyBCTB cPMKCHPYIOT CBOero po,n;a npOOKUHIO «qeTblpexMepHbIX 

rrpo~eCCOB Ha TpexMepHhiii MHp»» (uHT. no (15, c. 244]). ~eJJJihHep CCbIJiaJIC.H 

Ha pa60Tb1 Pmviatta H K qeTb1pexMepHbIM npoueccaM OTHOCHJI He TOJlbKO 

rpaBHT'd.UHOHHbIC H 9Jl€KTpHqecKRe B3aHM0,11.€HCTBH.H, HO H CilHpHTH'1€CKHe 

.HBJJf',Jlli.H. 

6. B Tpy,n.ax CDeJmKca KJieiiHa 90-x rr. XIX B . 6bIJia BbICKa3aHa HJI.e.H, 

KOTOpa.a Haii,n;eT CBOe BOilJIOIIJ;€HHe B ·pa6orax p.H,D,a cPH3HKOB xx B.: 

«Ka)f(,LI,a51 MexaHHqeCKa51 3a,ZJ,aqa 0 )J,BH)KCHHH MaTepHaJihHOH TO'lKH 

c IlOMOUV>IO npOCTpaHCTBa BhICIIIero 'lHC.Jia H3MepeHHii MO)KeT 6bITb cBe,n.eHa 

K onpe.n.eJieHHIO nyTH CBeTOBOro Jiyqa, npOX0,11.Hru;ero B COOTBeTCTByioru;eli 

cpe,n;e» (uHT. no [146, c. 11]) . KaK nHCaJI IO. B. PYMep, «B np11MeqaHHH 

Kneful YKa3bIBaeT, '1TO B JieKU,lUIX, qlfTaHHbJX B 1891 ['. B rerTHHreHe, OH 

BbI.BeJI BCIO TeOpHIO raMHJibTOHa-.5IK06H H3 CHCT€Mhl KBa3HOOTHqecKHX 

npe)J;CTdBJl€HHll B npocTpaHCTBe BbICillero 'llfCJia H3MepeHHH. ~€C51Tb JieT 

crryCT.H OH c rope"'Cf.bIO OTMeqaer, qTQ '3Tl1 H,11.CH, Iil3JIO:>K€HHbl€ Ha C'b€3,11.e 

eCTeCTBOHCilhITaTeJJeH B ranne ,,He BCTpeTHJIH TOrO o6w.ero npH3HaHH.H, Ha 

KOTOpoe a paCC'lHThrnaJI''» (146]. CnycT.H nojIC'roneTH_51 Ha H,IJ;eH CD. KJieiiHa 

onMpa.rrc51 IO. B. PyMep. 

7. 11,n,e.H MHOroMepIDI OKa3aJiaCh H€00X0,11.HMOii .LJ.JUI C03)J,aHH.H cne

I.µ18.JibHOll TeOpHH OTHOCHTeJibHOCTM, HO He B .z.zyxe yBeJIH'1€HH.H 'lHCJia 

npocTpaHCTBCHHhIX H3MepeHHii, KaK 9TO MhtCJlHJIOCh B XIX B., a B BH,11.e 

o&be,n,HHeHH.H Tpex npocTpaHCTBCHHhlX H O,n;HOro BpeMeHHOI'O H3MepeHH.H 

B paMKax 0,11.HOro 4-MepHOf'O MHOroo6pa.3H.H. 

8. Mo)KHO noJiaraTb, qTo ,IJ,JI51 pa3BHTH5l M)J,eli o MHOroMepHOCTH npo

crpattcTBa-BpeMeHH OKa.3aJiaCb BaX<HOii IlOilbITKa r. Hop,n.CTpeMa B 1914 r. 
IIOCTpDHTh C,11.H_HYIO 5-MepHyro TeopHIO rpaBHTfilJ,HH H 9JI€KTpOMarmITH3Ma 
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B IlJIOCKOM npocTpaHCTBe-BpeMeHH cne~MaJibHOH TeOpHH OTHOCHTeJibHOCTJf. 

8Ta TeOpIUI 0Ka3aJiaCb HecOCTO.HT€JibHOH li3-3a Toro, "-ITO c ee IIOMOI.IJ,hlO 

He y,r:r,aJIOCh OO'h.SICHMTh 3¢cPeKT OTKJIOHeHIDI CBera, npoxo~ero ooJIH3H 

Con~a. 0,JJ,HaKo Hey,n;at:uf B TeopeTH"-leCKHX nocTpoe1nrnx Ta.Koro po,n,a 

HeJib3.SI cy,lJ.HTh CJIHWKOM CTporo. IlycTh TeOpHSI Hop,n.cTpeMa OK83aJiach 

oIIIH60t.JHO:H, HO co,r:r,ep)Kam.aHcSI B Heit H,n,e.H nepexoft.a K 5-MepHoMy npo
crpattCTBy-BpeMeHH 6b1Jia nno,n;oTBopHo:H. Bo3MO)f{HO, MMeIIHO 3Ta pa60'I'a 

noCJiy:>KHJia 3BeHoM Me:>K,Lzy M,11,eSIMH Maxa H KJiaccHqecKoit pa6oToit KaJJ~hI. 

10.2. CyTb 5-Mepuoii TeopIDI Ka~1 
H ee «qy,n;eca» 

B 1919 r . cpa3y * e noc11e co3,n;a1rn.SI o6rn;eit TeOpHH OTHOC11Te.TihHO

cTH T eo,r:r,op KaJiyua npe,ri;JIO)f(HJI r eoMeTpH3oBaTh sJieKTpoMarHwrttoe noJJe 

B lJYX.e siiHIIITeilHOBCKO:l:t reopuH T.HroTeHHSI n ocp e,n,CTBOM yBerrH"-leHH.H B Heit 

"Cfif'CJia npocTpattCTBeHHhIX KOOp,lI.IIllaT Ha e..u..111unzy. Ilo CyTH ,JJ,f'Jia 6h1JI c,rr.eJJaH 

c;1e.ny101u,H::l:t mar no cTyneH.HM p83MepHOCTH OT reopeMhI I1H¢aropa H ee 
o6o6rn;eHM:l:t, o KOTOpbIX roBOpHJIOCh B p83,rr.. 9.2. B yno:~ .. urnyroit pa6are 

Hop,rr.crp eMa 6h1Jia yBeJIHqeHa pa3MepHOCTh Ha e,LJ.HHHey (,n,o IDlTM) nnocKor o 

npoC'rpaHCTBa-BpeMeHH, a B pa6oTe KaJiyQhr, ony6nHKOBaHHoli B 1921 r. 1}, 

OHO 6bIJIO HCKpHBJieHO. 

OcHOBHa.H H,JJ,e.SI Kanyu,hI COCTO.SIJia B nepexo,n.e OT 4-MepHoii pHMattoooit 

reoMe:rpirn K 5-MepHoit, Kor.n.a KBa,n;paT HHTepBa.na npe,r:r,cTaBJI.SieTC.H B BH,n,e 

ds2 -+ dl2 = G AedxAdxn (A, B = 0, 1, 2, 3, 5), {10.2.1) 

r ,r:r,e GAB - 5-MepHbr:H MeTpHl:fecKHii TeH30p, HMe10rn;:mt renepb Y*e 15 KOM

noHeHT. ,[I:eC.HTh KOMilOHeHT c 4-MepHbIMH l1H)l,€KCaMH COOTB€TCTBYIOT MeT

pHqecKOMY TeH3opy 9µ,v 3ilIIIIIT€1iHOBCKOii TeOpHH rpaBHTaU,HH, a qerbipe ,n;o
IlOJIHHTeJihHbte KOMnoue11ThI Gsa Ka.nyua npe,n,no:>KHJI OTO)f(,Ll,€CTBHTh c KOM

noHeHTaMH 3JJ€KTp0MarHHTHoro BeKTOpHoro IJOTe~Ha.Jla 
c2 

Aa = 
2
./G Gsa· (10.2.2) 

3,n.ecb c - CKOpocTb CBeTa, G - HhlOTOHOBCKaa rpaBHTaJV-IOHHrul n OCTO.HH

Ha.H, rpeqeCKHe HH)I.eKChI, KaK H paHee npo6eraIOT qeThlpe 3aHaqeHHH: 0, 

l)l-faeecnm, 'iTO n epahtlt sapHaHT CTaTbH T. KaJIY10>1 6i.1JJ npHCJiaH n a OT3hJB 

A. 9AHmTeitHy B Ha":laJIC 1919 r. 9iiHillTeRH a cBoeM IlHCbMe Kan:yu,e nn:caJI 21 anpeJTst 
1919 r.: «CaMa ~esi:, 'ITO BeJlH'lllHbl aneKTpR'leCKOI'O IlOJUI B3aHMOCBR3aH.bl ( . . • } 

Ta.K)Ke 'lacTO " H eH3MCHHO 38.HHMaJIH MeHSI. 0)1.HaKO MhICJib, 'i'ro a-ro MO>Ker 6h1Tb 

)J.OCTHI'IIYTO noc pe.u,CTBOM BBe)J.CHHSI 5 -Mepnoro LJ.HJUIH.LIJ>H'IeCKOI'O MHpa, Hm<OI')l,8. n e 

npwco)J.1111a MHe a ronoey n Ka)KeTCH coeepmeHIIO HOBOit Bawa H)l.e.H MHe cpaay O":leHb 

IlOHpasenacb •• • » (u,HT. no [30, c. 65}}. 0)1.HaKO y 9 AHWTeUHa 6b1Jlll 3aMe":laliH.H 11 BOrrpOChl 

no pa6are (KOTOpbIC, KCTaTlf CKa.38.Tb, CTOHJJH nepe,ll. cPH3 J:JKaMH B Te"ieHHc HOCKOJibKHX 

rrOCJie,rzyJO~HX )J.ec51THJiemii). 9itHIUTei%H )},a.JI )J.o6po Ha ny6JIHKaumo CTS.ThH KaJIYQbI 

llHWb cnycrn )J.BS. c nonoa1moa ro)J.a. Ona 6bma ony6JIRKOB8Ha a KO~e 1921 r. [77j. 
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1, 2, 3. TaKHM o6pa30M, o,rr.Hoti H roi1 .>Ke TeH30pHoli neJIMqHHo.H GAB 

OIIBCblBaJIOCh KaK 3HHIIIT€MHOBCKoe rpaBHT3.1.V10HHOe, TaK H MaKCBeJIJIOBCKOe 

3JieKTPOM8l'HHTHOe B3aHMO,n.e:HcrBlffi, T. e . noJiaraJIOCh 

Goo G01 Go2 Goa Gos 
G10 Gu Gi2 G13 G15 

--+ ( Yall Aa )· GAB= G20 G21 G22 G23 G2s (10.2.3) 

G3o G31 G32 Gaa Gas A13 Gss 

Gso Gs1 Gs2 Gs3 Gss 
E~e o,LI.Ha, 15-.a KOMIIOHeHTa Gss = -<.p2 MO)K€T cooTBeTCTBOBaTh ,rr.onoJTHM

TeJib110My reoMerpH'leCKOMy CKaJIHpHOMY IlOJIIO. 

H o 06'b.HBHTh 0 ,n.aHHOH cPH3HqecKOH MHTepnp€Ta.U:HH KOMIIOHeHT M€T

pm<11 Mano, - 3TO em;e HY)KHO o6ocHOBaTh, qTo lI 6brJio c,n.eJiaHO nocpe,n:cTBOM 

o6o6m;eHH£ ypaBHeHM.H 8:HHill'l'€HHa (9.2.9) Ha CJiyqatt 5-MepHOro npocTpaH

CT.Ba-BpeMeHlI . AttaJIH3 noKa3aJI, qTo npe)IJIO)f(eHHa51 Kanyu:eu 5 - MepHa5.J 

TOOpH51 On1Ipa€TC51 Ha TpH OCHOBHblX nOJlO)f(eHH.H. Bo-nepBbIX, 3TO y)Ke OTMe

l.J€HHbI:ti: <PaKT yBeJuPteH1u1 pa3MepHocTH OT qeThlpex ,n.o IDJTH. Bo-BTOpbIX, 

HJ)KHO 6bIJIO ,n.onyCTHTb, '-ITO IUlToe M3MepeHHe cyuJ,eCTB€HHO OTJIMqaeTC.H OT 

'l€Tb1pex KJiaccHqecK11x. B qacTHOCTM, 3TO 3aKJIIOl.raeTc.a B tte3aBHCHMOCTH 

BCex KorvmotteHT 5-MepHOM MeTpHKM GAB OT n.aToli Koop,n:MHaTbI. 8ro TaK 

Ha3hlBaeMoe yc.1w6ue ·u,U.Jtu'HdpU'll?-tocmu no x 5 . B - Tp€ThHx, OK83aJIOCh Heo6-

XO,Il,HMbIM pa3pa6oTaTh c n e.a:HaJibHbJe Me'I'O,lJ,bl n poe_u:HpoBaHH.H 5 - MepHbIX 

Be.l'JHqHH H COOTH OIIIeHHM Ha KJlaCCl:J'-IecKoe 4-Mepttoe npocrpaHCTBO-BpeM.a, 

amWIOf'J:lqHO TOMy, KaK ,ll.JI.H cPlI31IqecKo:ti: lIHTepnpeTa.U:lili o6m;eti TeOpHH 

OTHOCHTeJihHOCTH HY)KHO 6bIJIO HCIIOJih30BaTb MeTO,lI,bl 38)1.aHlffi CHCTeMbl 

oTcqeTa, T. e. npoeu:HpoBaHH.a Ha 3-MepHoe npocTp aHcTBo. Y KaJIYU:hI e~e He 

6bIJIO TiiKOH KoppeKTHO pa3pa60T"d.HHOM Me'l'O,Il.HKH, OH a IlO.HBHJiaCb Il03)Ke. 

A Tor,n.a 3Ta 3a,ll,aqa 6b1Jia pemeHa, ec.rrH MillKHO TaK CK83aTh, B nepBoM 

rrpH6JilI)KeH MH. Ho, TeM He Mettee, Kanyu:e:tt 6hIJIH n oJiyqeHhI qpe3Bh1qatitto 

Ba.>KHbie pe3yJihTaThI, KOTOp bie B JIHTep aTyp e qaCTO HMeHylOT «qy,n.ecaMH 

KarryW>I»: 

1) 0Ka3aJIOCb, qTO Il.H'l'Ha,n.u,aTh 5-Mepttb[X ypaBHeHHM 8:HHlll'l'eHHa pac

n8)1.alOTC£ H a CHCTeMY H3 ,n,ec£TlI o6bJqHbIX 4-MepHbIX ypaBH€HHM 

8iiHlllTeHHa, Ha qeThipe ypantteHH.H MaKcBeJIJia ( M3 BTopo:fi naph1 

ypaBHeHH:tt) H ocraerc.a ern;e O)IHO ( «JIHIIIHee») ypaBH€HHe ,ll,Jl.H CKa

JI.HpHoro non.a. 

2) B ,n.ee.HTH 4 - MepHbIX ypaBHeHH.Hx 8:HHlllTe:Htta, 3anHCaHHbIX ,ll.JISi 

5-Mepttoro BaKyyMa (3J1eKTpOBaKyyMa), aBTOMa'l'RqecKH B03HHKaeT 

TCH30 p 3HeprHH - HMilYJibCa 3JieKTpoMarHHTHoro IIOJI.H, KOTOpblH 

B TeopHH 8fiHlllTeHHa npHXO,Il}IJIOCb BBO,lI,HTh B n paByIO qaC'l'h BOJTe

Bbl M o6pa30M. IlpH 3TOM H3 npHH~11na COOTBeTCTBHSi co CTaH,n.apTHOH 

Teop11ett CJie,n.OBaTI BblBO,ll,, qTO KOOP,D,HHa:ra x 5 o6.a3aTeJibHO ,lJ,OJI)KHa 

6hITh n poC'rpaHCTBeHHo-no,n.o6tto:H. T aKHM o6pa30M, B TeopMH Ka-
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JIYD;bl pet.lb IIIJia 0 ~MepHOM upoC'rpaHCTBe, cym;eCTBOBaHHe KOTOporo 

npopo qecKH npe,LJ,CK83bJBaJIOCh pil,.ll,OM aBTOpOB B XIX B. 

3) qeTblpe H3 Il.HTH 5-MepHblX ypaBHeHH:i1 r€0/f,€:3WlCCKOH (9KCTpeMaJib

HOH) JIBHHH (Henocpe,n.CTBeHHOrO o6o6m;eHIDI ypaBHemrtt (9.2.8)) COB

na,n;aIOT c H3BeCTHblMH 4-MepHbIMH ypaBHeHH.HMH ,ll,BH>KeHH51 3ap.H

>KeHHOM qacTHU.bl B rpaBHTaU.HOHHOM H 3.ITeKTPOMarHHTHOM no.n.Hx, 

ecJIH npe,u,no.nO.>KHTh, qTO II.HTa.H KOMflOHeHTa 5-MepHotf CKOpC>CTH 

HMee1' CMbICJr OTHOIIIeHH.H 3JI€KTJ)HqecKoro 3ap.H,ll.a q qaCTHil;bl K ee 
Macce m dx5 2 q 

ds = - ..JG m , (10.2.4) 

a IIRTa5I KOMilOHCHTa HMIJYJihCa c TO'IBOCTblO ,ll.O K03Q)(pH~HeHTa npn
o6peraeT CMbICJI 3.neKTpH-Y:CCKOrO 3api1,1J,a p5 = md:I:5 /ds = -(2JG)q. 
Il.HToe ypaBHeHHe reO,LJ,f'3H'ieCKOH JIHHHH Tor,u,a 03HaqaeT IlOCTOSIHCTBO 

OTHOllleHHH q/rn. 
4) l13BeCTHOe B 3JleKTpO,ll.HHaMHKe Ka.nH6pOBO'iHOe npeo6p830BaHHe 

3JieKTpOMaI'HHTHOrO IIOTe~H8Jla 

A' -t A + of 
a a axa 

0Ka3hIBae rc.H o6ycJIOBJieHHblM ,u,onyCTlU'VlhlMH npeo6pa30BaHlffiMH Il51-

TO:A KOOp,[1)1HaThI: 
x's = x5 + .f ( xo' xl' x2' x3). (10.2.5) 

TaKHM o6pa30M, HCTOpHR npeno,11,Hec.na Q:>H3HK8.Iv1 .nro6onbrTHhm ypoK. 

BoJihlliHHCTBO npemneCTByIOm;Hx MhICJIHTeJreii nonara.nH, qTo cHaqaJia 

y,ll.aCTC.H o6Hapy>KHTh npO.HBJieHHe ,ll.OilOJIHHTe.nhHO:A pa3MepHOCTH ttenocpe,rr.

CTBeHHO qepe3 Koop,n;nHaTy x5 . 9 . Max 11 ,u,pynre pa3Mbrlll.n.H.nH o ee B03MO>K

HOM Q:>H311qecKoM CMhICJie. Ho OKa3aJJOch, 'iTO n.srTOe H3MepeHHe npo.HBHJIOCb 

He qepes Koop,u,HHaTy, a qepe3 ,LJ,OIIOJIHH'l.'eJibHhl€ KOMIIOH€HTb1 5-Mepttoro 

MeTpHqecKoro TeH3opa Gsµ -t Aµ- IloToM 6b1JI oco3Hatt cPH3H'iecKHi1 CMhICJI 

TI.HTOH KO~mOH€HTbI PS -7 q HMIIyJlhca, H TOJibKO 3aTeM CTaJIH ,.U.f'JiaTb 

BhIBOAhl 0 npHpo,n.e TISITO:A KOOp,ll,HHaThl . 

0K83aJIOCh, "-11' 0 B .nononHeHHe K yCJIOBHIO n;HJUiHAPHl.IHOCTH MeTpHKH 

no x5 CJie.nyer n OCTYJIHJX>BaTb 3aMKH}'TOCTh MHpa no n.HTOH pa3M€pHOCTH 

c O'i€Hh MaJiblM n e pHO,ll,OM ~/§ 

T = 2na- 1 = 471" n.; ~ ~ 10- 31cM. (10.2.6) 
c e 

JIHII.Ih Ha nop.H,ll,OK (Ha MHO)KHTf',Jib - KOpeHh H3 IlOCTOSIHHOH TOHKOH CTpJK

TYPhI)' OTJrnqa10~HHC.H OT IlJTaHKOBCKOii ,[l.JfHHhl lpt = J liG I c3. roBOPHT, 'ITO 

MUp 'KOMna'Kmutfiuu,upoea'H- no nRmou 'K:OopOu'H-ame. 9To npoHBJIHeTC.H B TOM, 

"CITO Bee cPH3HqeCKHe IlOJI.H "W' OilHCbIBaIOin;He 3ap.H)KeHHble 'iacTHil;bI, CJieAYeT 



10.3. Heo6bl'IHOCTb ,a,onoJIHHTeJibHLIX KOOp/.I,HHaT 293 

iioJiaraTb IJ;l1KJ1lJqecKH 3aBHCHI.IJ;HMH OT x 5 ' T. e . B BM,LJ,e 

. 5 ( i ec r.:) W rv exp( iac:5x ) = exp h 
2
VG csx0 

, (10.2. 7) 

f').1,€ e - 3Jl€KTpHqeCKHiI 38.PHA 3JieKTpOHa, €5 - n;e.rroqHCJieHH3.51 rapMOHHKa, 

onpe,.o;eJIHIO~ruI 3ap.H)I. qacTHIJ;hI q B e,ll.HHHn;ax e: q = £5e. IIo 3TOH npuquHe 

BO BCex H3BeCTHblX ypaBI-IeHHHX HC npO.HBJl.HCTC.H 3aBHCHMOCTh OT nHTOM 

KOOp,rr,HHaTbl, - no Heil npoHCX0,[1,HT ycpe,n.HeHHe. 

10. 3. Heo6LPIHOCTL ,n;onoJIH11TeJILHLIX KOOP'AHHaT, 

llJUI IlO'leMY KJiaccHqecKoe npocTpa.HCTBO-Bpe~ 

qeTLipeXMepHO? 

Cne,uyer 60J1ee noJIPo6Ho ocTetHOBHThC5I Ha rrpmu.vrne Bhl)J.eneHHOCTH 

(tteo6bPIHOCTH) 5-u KOOp,l(MHaTbl x 5 (1urn: BOo6ui;e BC€X ,ll.OilOJIHHTeJibHblX 

KOOp,11.HHaT). ,[f_JI.H 3Toro o6paTHM BHHMaHue Ha H3BeCTHblM ¢aKT: Bee 

KJiaccnqecKue ¢113nqeCKHe UOJUI - HblOTOHOBCKoe rpaBHTan;HOHHoe, Kyno
HOHCKoe 3JI€KTpH'qecKoe, MarHHTHOe, npOH3BO,lI.MMOe MarHHTHbIM 3ap}]J.J;OM, 

B3aHMo)1.eiicTBH5.I npoB0,11.HMKOB c TOKOM B 3aKoHe BHo-CaBapa- .Jlannaca - -

065.138.TCJihHO y6hIBaIQT o6paTHO nponop4110HaJibHO KBa)lJ>aTy paCCT0.5.IHM.H. 

CnpalllHBaeTcH, noqeMy TaKHe pa3Hb1e CHJibI Be,n:yT ce6.H O,ll.HHaKOBO? Ha 3TO 

o6pa'l'HJ1 BHHMaHHe e~e H. KaHT, KOTOphiiI npaBMJihHO CBH3a.JI 3TO o6cTOH

TeJihCTBO c 3-MepttocThIO KJiacc11qecKoro npocTpaHCTBa. OH )Ke OTMeTHJI, 

eCJIH 6bI Hallie npocTpaHCTBO 6bIJIO n - MepHbIM, TO Cl1Jlbl H HX IIOTeHI~HaJibl 

y6bIBaJI11 6bI no 38.KOHaM: 1 1 
F--v rn-1; <prv rn-2 . (10.3.1) 

B CBH3H c 3THM cpa3y )Ke B03HHKaeT Bonpoc o cornacosaHHH 11,n.en 

o MHoroMepHOCTH npoC'rpaHCTBa c )J.aHHbIM yTBep)K)];eHHe.M H. KattTa. HeT 

JJH 3,11.€Cb rrpOTHBOpe'Tii.H? IlpoTHBOpe"tUle HeCOivIHeHHO 6bIJIO 6bI, €CJI11 6bI 

B 5-MepHoii TeOpllli Kan}'W>1 HJIH B TeopHHX 6onbllleil pa3.MepHOCTH ,.o;unon

HHTeJibHbie KOOp,.o;HHaTbl 6bIJIH 6bI COBCpIIIeHHO paBHOnpaBHbIMH c qeTblpbMH 

KJJaccnqecKHMR, '-ITO HCKJI10qae:rc.H a priori. B reop1:u1 Kanyu.LI 3TO cooTBeT

t.'TByeT ycJIOBHIO lJ;HJIHH,DpH'-IHOCTH KO.MilOHeHT MeTpH'll€CKOro T€H30pa no Il.SI

TOit KOop,n;uHaTe (tte3aBHCHMOCTl1 OT x 5 ). IlpH ,ri;attHOM ycJIOBHM KO.MfIOHeHTbl 

MeTpH'-leCKOI'O TeII30pa, B HeKOTOPOM CMbICJie HBJIHIO~HeC.H nOTeHD;HaJiaMH 

¢H3H'leCKHX noneti' y6bl BalOT o6paTHO nponopr~HOHaJibHO nepBOH creneHH 

OT paCCTOBHHH, '-ITO H Ha6JI10,n;aeTCH B HamcM MHpe. 

Ho TOr,LI,a B03HHKaeT JIPyroiI ecTeCTBeHHbIH (BrrOJIHe 3aKOHHb1il) Bonpoc: 

no'l.le.My KJiaccuqecKHx KOOp,11.HHaT TOJibKO '-leTbipe HJIH no'l.le.My KJiaCCH'Ie

CKOe npocTpaHCTBO 3-MepHO, a BpeM.H 0,11.HOMepHO? 3aMerMM, 'llTO MHOrue 

C'Ilf'IaIOT, '-ITO ¢H3HKa He npH3BaHa .u.aBaTb OTBeTbl Ha no.u.06Hb1e BOilpOCbl 

H BIIpaBe OTBe'IaTb JIHlllb Ha BOilpocbl THna: KaK npOHCX0,11.HT HBJI€HH.H? 

BonpochI )Ke - noqeMy MHP ycTpoeH TaK. a He 11Haqe? - 6bIJIO npHH.5.ITO oT

HOCHTh K c¢epe peJIHrHH HJIH MeTa¢H3HKH. HanoMHHM, qTo B coBpeMeHHOiI 
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<P113HqecKoti KapTIIHe MHpa Q:>aKT 4-MepHOCTH tta6Jn o,n.aeMoro KnaccHqecKoro 

npoCTpattcTBa- BpeMe H11 OObI~HO nocryJrnpyeror. O,u.naKo renepb, nocKOJibK)' 

<}:>yH)I,aMeHTaJibHa.5! TeopeTHqecKaH cPH3HKa BIIJIOTHYIO npH6JU13 HJiaCh K Me

Ta,¢H3HKe, Ha no,n.o6ttbie BOnpOCbl npH3BaHa OTBe'tlaTb lfMeHHO cPH3HKa. 

Ha)l aonpocoM -- no'tleMy npocrpaHCTBO TpexMeptto, a Bpeivrn O,II.IIO

M epHo? - B XVIII B . pa3MbIIIIJIHJIH If. KattT H )I(. JI. Jlarpa.IDK, B XIX B. 

ero o6cy)K,ll.8Jll1 B. PHMaH, 8. Max, r. rpaCCMaH. Y.>Ke B xx CTOJieTHH 6bIJIO 

3a:rpaqeHo MHoro ycHJIHH Ha ero pem ett11e A. 8iiHIIIT€HHOM, IT. 8pett¢ecTOM, 

A. 9,lI,ll,HHI'TOHOM H MHOrHMH .npyrHMH. AKcHoMa 4 -MepHOCTM reoMeTpim 

Hamero ivrnpa npe,n.cTaBJIHJiacb 0,11.HHM 113 HaHOOJiee y,n.HBHTeJiblibIX 11 3ar 

ra,np'tlHhIX cBoiicTB MHpo3,n.attH5l, H ee nb1Tah1:1cb OO'bHCHHTb Q:>1131:1qecKHMH 

<}:>aKTOpaMH. 

<l>aKTHqeCKH TaKHe HCCJ1€,ll.OBaHHH CBCJIHCb K H3yqeHHIO oco6eHHOCTeii: 

4-MepHOH cPH3H'tleCKOM TeOpHH no cpaBH€HHIO c MbI CJIHMbIMH TeOp1151MJil 

B KJiac cnqecKHx MHoroo6pa311.SIX HHOii pa3M€pHOCTH. 3a,II.a't.!a CTaBHJiaCb 

CJie,DyIOII.I,J{M o6pa30M: BbI6HpaJICH TOT H JIH HHOii <l:>aKTOp (HJlli 3aKOH), 

KOTOpblH, no M HeHHIO aBTOpoB, MOr B KaKOH-TO CTeneHH IlpeTf'.H)J,OBaTb Ha 

cPYH)1.aM€HTaJibHOCTb, H HCCJ1e)1.0DaJJOCb, 3aBHCHT JIM OH OT pa3MepHOCTH 

Mttoroo6pa3H.H. IlpH 3TOM BbI,ll.€JIHJIHCb Te <PaKTOphI, KOT0pb1€ HMeIOT Mecro 

JIHIIlb B npOCTpaHCTBe-BpeM€Hl1 qerbrpex H3Mepen11tl HJIH, no Kpa:A"tteii Mepe, 

/1.Jl.sI KO'l"OpLlX pa3MepHOCTb «4» - rpattHqHaJI, HaqHIIaJi HJIH KOH"tfrui KO'l 'Opo:H 

3TH <PaKTOpbI ( HJIH 3 aKOHhI) cnpaBe,II.JIHBbI. B w:rore no,II.06HL1x Hccne,n,oBa

uHii BbIHBHJiach qpe3Bb1qamm J1io6011hITHasT KapTHHa yttHKaJJbHOCTH Ramero 

( KJiaccH~ecKoro) 4-MepHoro MHpa. 

1. KaK B nnocKHx, Ta.K 11 B HCKpHBJieHHbIX l\.ilipax 'K,py2oe'bte op6um,'bt me.11, 
e v,ettmpa.tt'b'HOM 2paeuma·4uott'HoM no.n,e ( ttanpuMep, op6urn'bt nAattem R co.11,
tte'ltttou cucme.Me) ?-teycmoi1'llU6'bt 6 Mtto2006pa3u.Rx c n ~ 5 u ycmoi1'1.tU8'bt 
npu n ~ 4, r ,n,e n - p a3MepHOCTb npoCTpa IICTBa-BpeMeHH. 8TO 03Ha'-!aer, 'tlTO 

np11 n > 4 H€ B03MO.>KHhl ,n,onro :>KHByru;11e nJiaHeTapHbie CHCT€Mbl: He60JiblliJile 

B03Myru;e1nrn B HHX npHBe,II.yT K Il8ilJ,€HHIO IlJlaHer Ha :qeHTpaJJbH0€ TC.TIO 

(B qacrHOCTH, Ha CoJI.H:qe) HJIH K yxo,uy c op6HT a 6ecKOHfflJHOCTh. 

2. T o.11:b'K,O e npocrnpattcmee-epe.Mettu 'ltem'btpex U3Mepettui1 {u Mett'bwe) 
y cmo·t°l'llUB'bt amOM'bt. B MHoroo6pa311Six OOJihmero 'tlHCJJa H3Mepettlffi JIH6o 

BOBCe MO.>KeT He 0Ka3aTbCH ypOBHeii 3HeprHl1 (tteT CBH3aHHbl X COCTOHHilli), 

JIJ.160 OTpHI.J.aTeJibHb1€ ypoBHH npoc,'THpaIOT CH )1.0 3H a t.JeHH.H, paBHOro MHH)'C 

6ecKotteqHOCTH. IloCJie)J.Hee 0 3 ttat.Jaer, t.JTO )1.llil JIJ06oro ypoBIDI eCTb er~e 

6onee HH3KH:tt. 8JieKTpOHbI B TaKHX aTOMax, H3JIY'tla5l, 6y,uyT 6eCKOHCt..IHO 

n epecKaKMBaTb BHH3, T. e. He 6y,u.eT CTa6HJibHhIX cocTO.HHHfi a e ur,ecTBa. B Ta

KHX MHpax He MOrJIH 6bl cyru;eCTBOBaTb HH nJiaHeTbI, HH TeJia, HH JIIO.ll,H. 

3. llputtv,un I'wu2e'H,C(], cnpaeed.n,u6 .n,uw'b e npocmpattcrneax tte'ltemttou 
pa3Mepttocmu (T. e . 'tleTHO:H pa3MepHOCTH npocTpaHCTBa-BpeMeHH). 8TOT 

npHHlVIn, nepBOHa'tlaJibHO CcPoPMYJIHPOBaHHhffi ,ll.JISI nocTpoeHH.H Q:>poHTa 

CBe'TOBOH BOJIHhI, B Hacrro.srru;ee BpeMH HMe eT HOCKOJibKO Q:>opMyJIHpoBOK. 

B MaTeMaTH'tleCKOM nnaHe ott 03Haqaer, 'iTO peIIIeHHe 38ilJ.aqlf Ko1II11 ,n,JIH 



10.4. MeTo~ 1 +4-pacrqermeHHR 295 

BOJIHOBOro ypaBHeIDI.H 38.BHCHT TOJlbKO OT Haqa.JlbHhIX 3HaqeHHH cPYHKUHH 

1-1 ee npoH3BO,[(HblX Ha rpaIDiue OCHOBaHH.H r = x0 xapaKTepHCTW:leCKOro 

KOHyca, a He OT HaqaJibHblX 3HaqeHJiti BlfYTPH 3TOro OCHOBaHH.H. l1MeHHO 

BblilOJIIDIMOCTb npHHII;Hila r10H:reHca II03BOJl.HeT IlpHHHMaTb l..JeTKHe CBeTO

Bble H pa,1.Q10CHI'HaJihI. 

0TMeTHM, qTQ HMeIOTCH OCOOelIHOCTH, Bbl,ll,eJI.HIOl.IJ.lie 3-Mepuoe npocTpaH

c1:BO H3 BCeX ,DJ)yrHX MhlCJIHMbIX npocTpaHCTB C HeqeTHOH pa3MepHUCTblO. 

4. Pas.MepMCm'b 4 - HaUMe'H'bWa.R, 'HU'ltU'Ha.R c ""omopou o6~a.R meo
pu.R orn'HOCUme.l/,'b'HOCmU 9U'HWmei1'Ha 6 6a'l\,yyMe COOep:>tearne.ti'b'HU. 9TO 

03Ha':laeT, 'ITO B MHOroo6pa3HHX TpeX HJIH ,11,BYX H3MepeHH:ti ypaBH€HH.H 

8tiHllITetlHa THna R11,,,. = 0 ( B BaKyyMe) y.>Ke ,ll.HKTYIOT nnocKHti xapaK'rep 

MllOroo6p83MSJ. 

5. Pas.Mep?iOCm'b 'ltemupe Jt6.ltRemcJt eau'Hcmee'H'HO'U, npu 1\.0rnopoil ypae
'He?-1,U.R Ma?r.cee.1i.1ia e ea'KyyMe JtBA.momcR ?WH<;fiop.M'HO u'Heapua?im'HU.MU, T. e. 
He 38.BHC.Hll.J,HMM OT MaCnITa6a )J,JIHH. 

6. Kea'Hrnoea.R .9.tte?r.rnpoOu'Ha.tvtuKa nepe?iOp.MUpye.Ma moA'bKO 6 npo
cm'{Xl'Hcmee- epe.Me'Hu c 'fXL3.Mep?iOCm.R,,M,U n ~ 4. HanoMHHM, qTQ B Hene

peHoplVmpyeMbIX TOOpHIDC B03HHKaeT 6ecKoHeqHo 6oJiblll0€ 'tlHCJIO 6ecKOHeq

HblX Bbipa)f(€HHti B OTJllfqlfe OT nepeHopMMpyeMblX TeOpHti, r )J.e 6ecKOHe'tlHhlX 

Bblpa)f(eHH:it HeCKOJibKO H HX MO)f(HO CKOMil€HCHpOBaTb, nepeonpe,n,eJIHB co

OTBeTCTBYIOUJ,He KO'iCTaHTbl. 

8TOT C11HCOK OcOOelI.HOCTeli 4-Mep1rn MO>KHO cyu~ecTBeHHO npo,ll.O.IDKllTb. 

Bonee nowo6Ho Mo>K.Ho 03HaKOI\.UIThC.H c cocTO.HHHeM '3Toro HarrpaBJieHH.H 

llCCJie)J,OBairn:it B cneUHaJihHblX 0030pax JI KHH f'aX (cM. f29, 30, 46, 112)). 
Ilepe'tlHcneHHbie oco6eHHOCTH n03BOJI.HIOT noqyBCTBOBaTh YAHBHTeJibttyro 

YHMKa.JlbHOCTh Harnero ( KJiaCC1fq€CKOro) MHpa. 0 /f.HaKO :QeJJh .n.aHHblX HCCJie

)1.0BaHHti COCTO.RJia He C'l'OJlbKO B YAOBJieTBOpeHHH JII06onbITCTBa, CKOJibKO 

s nonbITKe HaH:TH cPH3HtiecKHe Q:>aKTOphI, KOTOphle Morn11 6h1 3aMeHHTh 

npocTyio reoMerp11'IecKy10 aKcHoMy n = 4. CJre.u.yeT npH3HaTh, qTo HH 

Tpe6oBaHHe ycTOti'tlHBOCTH IIJiaHeTHblX op6RT, HH ycTOHqlfBOCTb aTOMOB, 

fill crrpaBe):\.JIHBOCTh npMHJJ,HIIa f JOHreHca He MoryT rrpeTeH,ll,OBa'rb Ha pGJib 

6onee Q:>yu,n,aMeIITa.JlhHoti aKCHOMhI (MeTacPH3HqecKoro xapaKTepa). B paM

Kax TeOpeTHKO-IlOJieBoro H reoMerpH'tlecKoro Bll)l.eHHti lVUtpa IIOKa He BH,ll,HO 

OTBeTa Ha 3TOT BOnpoc, HO OCTb B03MO.>KHOCTb Ha Hero OTBeTHTb B 6HHapHotl 

r eOMeTpo¢H3HK.e, r.n.e yqTeHbl ,l1,0CTIDKeHIDI peJI.RIJ,HOHHOrO BH,II,eml..H MHpa 

(cM. rn. 16). 

10.4. 06o6m;eHHruI «CDCTeMa OTC'IeTa» 
( Mero,n; 1 +4-pacm;eIIJieHH.SI) 

qT06hI )~OCTaTOqHo flOJIHO H C'rporo pa3o6paThC51 " c):>H3 H'-'IeCKOM co

.n.ep.>KaHHH TeopMM KaJiyIJ,hI, Heo6xo,n.HMo HCIIOJib30Ba:rh Ma·reMa:rHqecKHti 

annapaT npoeu;HpOBaHH.R IIOH.HTHH 5-Mepnoii reOMeTpHH Ha y)f(e CT8JUIIee 

npHBbl'iHblM 4-MepHoe npoc,'TpattcTBo-BpeM.H. Ilocne,LI,Hee ocym;ecTBJI.HeTC.H 
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c llOMOII{hlO TOro )Ke MOHa,lJ,HOro MeTO)J.a, t.JTO H B o6m;ett TeOpHH OTHOCHTe.Jih

HOCTH, TOJihKO Tenepb 3TO Me:I'O,LI. l + 4-pacm;enJieHJUI. IlocKOJibKY B npP,,ll,bl

,rrym;e:H rnaBe OH np11MeH.HJIC.H ,Il)IH onwcaHH.H CHCTeM OTC"CfeTa, 'l'O B )l.aHHOM 

CJiyt.fae MO)KHO rOBOpliTh 0 3a,.O:aHHH 3THM Me'I'O)J,OM o6o6ru;eHHOM «CHCTeMbl 

(Yl'C"CfeTa »' COOTBeTCTByroru;eii onpe,[J,e.neHHIO <«PH3H'1eCKOH CHTyau:Hn». 

B pa6oTe KanyU:hI eu~e He UhIJIO TaKoro M(.->To,n,a, nosToMy ero Teop1rn BhI

rJISI!f.HT He;J.OCTaTO'IHO CTporo. P83pafurKa MOH8)J,HOI'O Mero)J.a 61>1na Ha"la'la 

B pa6oTax A. 9nHmTei1Ha 11 rr. BeprMaHa 30-x rr. (204) HMeHHO c U:€Jlb10 

ycoBepIIIeHCTBOBaHH}l 5-MepHOH reopirn:. 3aT€l\<J 31.'0T MeTO,ll, 6h1JI Q:>aKTH'l!e

CKH nepeJI0)K€H Ha 4-MepHe (1urn 6bIJl «IIepeOTKPhIT» B paMKax 4-Mep11s:r KaK 
M€TO)J, 1+3-pac~enJieHH.H) )l.Jl51 OllHCaHMSJ CHC'l'eM OTCt.JeTa B o6u~etl TOOPHM 

OTHOCHTf>.JlbHOCTl1. 3.n.ecb )KC OH 6bI JI yconepIIIeHCTBOBa.H H TOJlbKO naroM 

y)Ke 6brn CHOBa npHMP.HeH ,D,JI.H OflHCaHH.H MHOrOM€pHblX TeOpH'it 

B MeTa¢113u11ecKOM nnaHe MOHa)J,HbIH MeTO,D, on51Th BhllIOJIH.SieT poJib 

o6paTHOrO nepexo)J.a OT O,D,HOH o6o6ru;eauotl KaTeropHH ( B ,l),aHHOM CJiyqae 

HCKpHBJieHHoro 5-Mepaoro npocT pa.HCTBa - Bper-.teHH), o6oe,11.11H5i10llI,en npo
CTpaHCTBO-n pel\irn 11 TIOJl.H nepeHocqHKOB B3aHMO)T,€HCTBHH' K npe)KHJ.:IM /l.BYM 
Karerop11.HM: 4-MepHoro (11cKpHBJI~HHOl'O) npocTpaHCTBa-Bp€M€Hl1 H BJIO

)KeHHOl'O B Hero 3JI€KTpoMarHHTHOro fJOJIH. 

KaK 11 s 4-MepHH, MOHa,LI,H1>1n MeTO)J. MO)KHO npe,n:CTaBHTh B Bl1,ll,e t.ieTblpex 

COCTaBHhlX qacretl: 1) a.nre6pbl, 2) onpe,n.eJieHHH MOHa,LJ,HblX cPH3HKO

reoMeTpH'i€CKHX BCJIH~um ('I'€H30p0B), 3) 38.,ll,a.HH.H MOHa)I.HblX onepaTOpGB 

,ll.11¢Q:>epeHu:MpOBaHH.H H 4) 38.UHCH scex ypaBHeHHn B MOHa;I.HOM BH,ll,e. 

PaccMoTpHM 3TH t.JacT 11 B OT,D.€J1hHOCTH. 

1. Anre6pa. 11cxo,LJ.HhIM rrOJJO)KeH11eM reopHH HBJI5ieTC.H npeACTaBJie

HHe KOMilOHeHT 5-MepHOI'O MerpHt.JecKoro TeH3opa B BH)J.e 

(10.4.l} 

r.n.e 9 AB - MerpuqecKHjf T€H30p 4-MepHOf'O IIJ>OCTpa.HCTBa-BpeMeHH ( 06ll\eH 

T eopHH OTHOCHTeJThIIOCT11) , a AA - 5-MepHblH BeKTop- MOHa/1.a B 5-Mep

HOM npocTpaHCTB(.'-BpeMeH11. B .u.anHo:H reopHH npe,nnaraeTc.s .11cnonh30BaTh 

JIHIIIb BeJIWIHHhI, c 11poeuHPOBaIIHb1e n1160 Ha aanpanneHHe MOHa)J,hI AA, 
JIH6o Ha 4-MepHoe llJ:>OCTpaHCTBeHHO-BpeMeHHOe ceqeHHe, OpTOrOHaJJhHoe 

Hanpa:B.rreHMJO MOHa,.IJ;h1 ( nSJT OMY ttarrparu1eHH10). OnycKasi HP,KOTOphie Mare

MaT1111ecKHe )1.eTaJIH, OTMeTHM, qTO B 1.'aKOH Teop11H 4 - MepHbJtt MeTpH'1eCKHH 

'1'eH30p H 3JI€KTpoMarHHTHbIB B€KTOpHblH IlOT€HUHaJI npe,n,CTaBJI.SIIOTOI B 6o
JICC COBepmeuHOM BH,n:e, He)f(eJrn B (10.2.2) H (10.2.3) : 

(10.4.2) 

r,D,e rpeqecKHe HH,n:eKChr, K8.K H paHee B OTO, npo6eraJOT 4 3HaqelilUI: 

0, l, 2, 3. 
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3aJ.VteTHM, q T o B T eop.1111 K~bI o6bl'UIO nonaraIOT G55 = -1, Tor.rr.a 

¢opMyJihl J]JIH BeKT Op.HblX flOTeHIVIa.JlOB B (10.2 .2) H (10.4.2) COBna,LI,aIO'I'. 

2. MoHa,LI.Hhi e <f>H3HKo-reoMeTpH'iecKHe ee.Till'IHHhI ( 'reH3opb1), 

KaK H B 06u.1,eli TeOpHH OTHOCHTeJihHOCTH, CTPmITCH H3 rrepBbIX npOl13-

BO,lI,HblX OT COCTaBJI.HIOUJ,HX MeTpw:iecKoro 'l'eH30pa B (10.4.1), ·npH 3TOM 

MO)KHO noerpOHTb TPH H TOJlbKO Tp11 TaKHe T€H30pHbie BeJll.PIHHhl' KOTOpbie 

COOTB€TCTBYJOT yCKOpeHMIO o6o6rn,eHHOR « CHCTeMbl oTCqeTa» , ee «yrJIOBOll 

CKOpoCTH Bparn,eHH.H» H <91,e<l>OpMa~HH». 0Ka3hIBaeTCH, npH yCJIOBIUIX, HaJI0-

)1{€HHh1X Ha xapaKTep ,11.0ilOJIHHTeJibHOH pa3MepHOCTH (ycJIOBHe I.J;HJIHH)IJ)Hq

HOCT H H G55 = - 1), o6o6m;eHHhie «ycKopeHHe» 11 « .n.e<];>opMaI.J;H.H» o6pa

"'aJ:OTC.H B HyJib H OCT aeTC.H JlHllib 0,lJ,HH cPl13l:IKO-reOMeTpttqecKMll T €H30p, 

COOTBe rC'r ByIOm;Hti o6o6UJ,eHHOR «yrJIOBOH CKOpGCTH Bparn,eHH.H» 5-MepHO'ti: 

«CMCT€Mhl OTCt.IeTd»: 

n - VG F - JG ( aAv - aAp) µv- 2 µv- 2 f:l/L av' 
C C UJ; X 

(10.4.3) 

KOT OpbIM c TO'-J.HOC'I'blO ,11.0 pa3MepHoro K03cPcPHI.J;H€HTa HMeeT cPH3Ht:j€CKHH 

CMbICJl T€H30pa Hanp5DK€HHOCTH 3J1€KTpOMarHHTHOro IlOJI.H. 

3. OnepaTOphl MOHa,LI.Horo ,n;H<f><f>epeHn;HpOBa.HHH BBo.n,.sr.rcH KaK 

TaKMe KOM6HHaU,HH H3 qacT IIbIX npoH3B0,11.HbIX 11 COCTaBJIHK>UJ,MX Me'I'PH'Ie

CKOro TeH30pa, KOTOpbre OCTaIOTC.H HHBapHaHTHhlMH ( H€H3MeHHbl MH) npH 

rrpoH3 BOJlbHblX npeo6pa30BaHHHX OHTOM KOOp,D,MHaTbI H H3M€HHIOTCH no 

o6blt:jHOMY T€H30pHOMY 3aKOffy np11 4-MepHbIX npeo6pa30BaHHHX o6m;ett 

TeopHH OTHOCHTeJibHOCTH. 4 - lVlepHblM ouepaTOpaM qaCTHOro ,lI,H¢cpepe~H-

poBaH.lUl COOT BeTCTByIOT MOHa,II,Hbie orrepaTOpbI BH,11.a 

a at _ a Gsµ a _ a 2vc A a 
---t - - ----- - - + -- --
axµ µ 8xµ Gss 8;i;5 8xµ cl- µ fu5 . 

(10.4.4) 

KaK y)Ke OTMe'l!aJIOch, B 5-MepHoii reopHH BOJIHOBb1e cPYHKlJ;HH 3JieKTpH-

qecKM ~apH)KeHHbIX IlOJJeli 3aBHCHT OT TI.HTOll KOOp,11.HHaThl, np11qeM ll,HKJJH

qecKMM o6pa30M, cornaCHO ( 10.2. 7). Ilo,n;cTaBJl.H.H (10.2. 7) B (10.4.4), aBTO

MaTH'IeCKH npH.XO,[(.HM K y,n;JIHHeHHblM npOH3BO,!J;HblM (6.2.1) KaJm6pOB0t:jHOM 

TeopHH aneKTpo,n.11HaMHK11 B TeopeTHKo-noJICBoM BM)l,CUHH MHpa. TI pu '3T OM 

rapMOHHKa €5 B 3KilOHeHD;Ha.JlbHOR 3aBHCHMOCT H BOJIHOBbIX cPYHKl~M OT x
5 

liMeeT CMblCJl 3JICKTpHqecKoro 3ap5I,!J;a IlOJIR Q B e).l.RHHU,aX aneMeHTapHOf'O 

3ap.H,D;a 3J1€KTpOHa e: 

€5 = Q ~ €5e = Qe - q. (10.4.5) 

TaKHM o6pa30M, 6 2eo.Mempu"leC'K:O.M .MUpono'Hu.Ma?-tuu 3.11,e'K:mpo.1vta2?-tum

?-£0e no.11,e eeodumc,11, ua npu?-t~unua.11.'b'HO UH'btx coo6pa:>tee'Hui1, tte~eJtu npu 

'lba.l/,U6poeo'tl'lto.M noiJxooe meopemu'K",o-no.11,eeo20 .Mupon<YH,U.Mattu.Fl, oihta'K:O 

Uffl0206'bte 6'btpa:>tCe'HU.Fl coenaaawrn i}pyz C dpy20.M. 

4 . 3anHCb COOTHOllleHHii 5 - MepHOH TeopHH B MOHa,LI.HOM BH,n;e. 

liIMeHHO B TaKOR ¢opMe IlBTHa,II,u;aTb 5-M€pHblX ypaBHeHHll 8liHIIITeRHa 
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pa36lfB8JOTCH Ha ,n;ec.HTb 4-MepHblX T eH30pHbIX ypaBHeHHii: 8i1HlllTettHa, 

'l!eTbipe BeKTOpHbIX 4-MepHbIX ypaBHeHH.H l'vlaKCBeJIJla H eru;e 0,1],HO CKaJI.HpHOC 

ypaBHeHHe TMna Knetttta- <l>oKa, o qeM rosopHJIOCh B nepBOM 113 «qy,n;ec» 

KaJJy~br. 

Cne,L.1.yeT no,n;qepKHYTb, t.JTO B paMKax T€OpH11 KaJJyIJ,hl HMeeT Mecro 

np11HIJ,Hil o6meu KOBapHaHTHOC'l'H OTHOCHTeJibHO npeo6p830BaHHH c.ieTbipe,x 

K J1acc11qecKHX KOOp,ll)iHaT, 0 KOTOpoM I'OBOpHJI 8ttHIIITettH npH o6cy)K)J.eHHH 

OCHOBaHHtt CBOeH TeopHH. BcH )f(e TeOpHH 0Ka3hIBaerc.H HHBapHaHTHOH OT

HOCHTeJlbHO rrpeo6pa30BaHHH: n.SITOH KOOp,ll)IHaTbI . Cel\•1ettcrso oCTaBmHXC.H 

npeo6p83osaHHtt q eThipex K J1acc11qecKHx KOOp/t.HHaT c yqacT11eM rurrott 

03HaqaKYr nepexo,n; K HHOH o6o6m.eHHOtt «CHCTeMe OTcqeTa», T. e. 113MeH.HIOT 

xapaKTep ¢11311qecKOi% CHTYRUHH. 

Ilo.HCHHM 3TO Ha upuMepe. B TeOpHH KaJJ~hI Hatt,rr.eHo c¢ep1RecKH

CHMMeTpH'lIHoe pemeHHe 5-MepHblX ypaBHeHHH 9nHIIITeHHa, llOXO)f(ee Ha o6-
Cy)K,D;eHHoe pattee pel.lleHHe lllsapU).llHJih,n;a (9.4.1). B HeM HeT 9JieKTpOMar

HHTHoro IlOJIH, a IJ,€HTpaJJbHblii HCTOliHHK He HMeeT 3JieKTPHlieCKOI'O 3ap..H,LI,a. 

CTOHT TOJibKO npoH3secTH H83BaHHoe rrpeo6p830BaHHe K Jiacc11qecKHX Koop

,JJ.HHaT c yqaCTHeM 5-if KOOp,n;HHaThI, KaK Ha3BaHHOe pemeHHe H 3M€H.HeTC.H: 

n.eHTpaJibHbIH HCTOqJIBK B HeM rrp11o6peraer 3JieKTp11qecKHtt 3ap.H,n; H BOKpyr 

Hero B03HHKaeT p~HaTihHoe KyJIOHOBCKoe 3Jiei<TpoMarnHTHOe none. Ta.Kott 

nepexo/t. K HHo:H cPH3H'lJecKo:H CHTyau,HH MO)f(HO yno,n.o6IITb s 4-MepHoE. o6meti 
TeopHH OTHOCHTeJibHOCTH nepexo,z:zy BO Bparu:aiOI.IJ.YIOC.H CHCTeMy OTcqera. 

3 aMeTHM' qTO aHaJJOrHqJJa.H, 'lJpe3Bbiqai!HO Ba.>KHasl pOJib o6o6I~eHHOH 

«CHCTeMbJ oTCqeTa» ( HJIH MeTO,lJ.a 4 + 1 + ... - p acm,enJieHH.H) npmIBJI5Ie'I'C.Sl 

H B MHOrOMepHbIX TeOpH.HX 6oJiblllHX p83MepHOC'l'€H. 

10. 5. Pa3BHTHe 5-Mepeoit Teopm1 

PaccMoTpHM, KaK pa.."3BHBa.nacb 11,1J.es:r o 5-MepHH MHpa nocne pa60TbI 

Ka.nya;hl. 

B cepe/t.HHe 20-x rr. K H)J.e.HM, 6JTH3Kl1M TeopHH Ka.rry~hl, He3aBHCHMO 

npHmeJI pOCCHliCKl11i cpM3HK-TeopeTHK H3 Tierporpa.n.a r. A. MaH,LI.eJih. B OT

JIH'lJHe OT KaJJylJ,hI , OH Cl-IHTaJI, 'lITO MHp Hpe/\CTaBJI.HeT co6ott nJTOCKOe 5-Mcp

HOe l\-IHOroo6pa3He, B KOTOpoe BJIO)KeH tta6Ju o,naeMhrn MHJJ B BM,ne HCKpHB

JieHHOM (pHMaHOBoii) 4-MepHoli r11nep110BepxHOCTH. MM 6h1Jn1 3an11caHh1 

ypaBH€HH.H ,ll,BH.>K€HMSl 3ap.H)KeHHblX 'iaCTHI~ B BH,D;e 4-MepHOM r1aCTH 5-Mep

HblX ypasHeIIHH reO)'I.e311qecKOH JlHHH11 H YK83aHO, "'ITO lUITaH KOMilOHeirra 

5-MepHOM CKOPOCTH HMeeT ¢11311qecKHti CMbICJI O'I'HOmeHHH 3JieKTpH'i€CKOro 

sap.H,LI,a 'i8.C'l'HIJ,h1 K ee Macce. B ero Tpy.n.ax MO)f(HO ycMoTpeTh p.H,LJ, 3JieMettTOB 

MOHa,Ll.IIOro MeTO,lJ.a 1+ 4-pacru;enJieHMH. 

3aMeTHM, qTO H,JJ.elO 0 5-Mepirn: cpH3H"'C!eCKOrO Mnpa pOCCHiiCKHe cP113l1KM

TeOpeTMKH, B TOM q11cne 11 B. A. <PoK, BocnpHH5IJUt OT 1'1aH,II.eJTH 11 cpa3y )Ke 

np11crynH.1ll1 K ee p a3BHT1110. Tax, c BecHhI 1926 ,n;o secHbI 1927 r. ll051BHJIOCh 
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cpa3y H€CKOJ1bKO pa60'1' no B03MO:>KHOtt CBR311 fl51.TMM€pHH c KBa.HTOBOH Me

xaHHKOM, HanHCaHHblX r. A. Matt,n,eJieM, B . A. <I>oKOM, r. A. raMOBbIM COB

M€C'l'H0 c ,[(. ,[(. l1BaHeHKo, B. K. <I>pe,n,ep11KCOM. 

B 20-x rr. 5-MepHyfO e,n;MHYIO Teop.1110 rpaBH'l'al.J,HH H aJieKTpoMarHeTH3Ma 

pa3BHBaJIH BCJ1e,n, 3a KaJiy.u,ett J1. )le BpoiiJih, A. 9i1HUITei1n u pR,n, ,rwyrux 

11ccne,n;0Bareneit. TaK, B CTaThe J1. ,n,e Bpoi1JIR oficy)f()J,aJlCR oonpoc o6 oTo:>K

,n,eCTBneHuH KOMnonenTht MeTpHKH Gsµ c aJieKTPOMarHHTHbtM seKTOpHbIM 

n<)'r€HQHaJIOM npH OTJIH':IHOii OT MHHJC €,ll,11HUI..(bl 15-li KOMilOH€HThI MeTpHKU 

Gss- Pa6oThl A. 9ttHUITeilHa 3TOro rrep110,n,a oTpa)KaJOT ero MJ':IHTeJibHhie 

KOJle6aHHR B BhI6ope nyTH I'€0MeTpu 3aU.Hl:1 9JI€KTpoMarHUTU3Ma JIHOO BCJre,n, 

3a r. BettneM B paMKaX 00061.l.J,eHHoH (HepHMaHOBOR) 4-MepHott reoMeTpHH, 

n1:16o BCJTe,n, 3a KaJiyIJ,ett Ha ocHOBe 5-MepHoii pwMaHooo.0 reoMeTpHH. 

Oco6o cJie,rzyer ocTaHOBHThCR Ha pa60'l'ax 1926 r., BhinOJIHeHHbIX OcKa

poM KJieilHoM [82) H B. A. <I>oKOM (173). B HHX H,lJ,eH 5-MepHR 6hIJTH rrpHMe
HeHbI ,lI.JI5l OilHCaHHR ,rwyroro cp113nqecKoro acneKTa. 0HH o6o61.l.J,HJIU pe.TISITU

BHCTCKoe BOJIHOBoe ypaBH€HHe ,[J,.TIB MaCCHBHOH c..iaCTH~I na cnyqaif 5-MepHOH 

reopu.w, npe,l1.JIO:>KHB BBO,l1.HTb Macey IIOKOH qacTH.Q, nocpe,l1.C'l'BOM ,LJ.HcpcpepeH

u;.wpoBaHHSI ee oonHoBott cpyHKU,Hn no 5-tt Koop,n,HHaTe. TaK 6htJio BnepBhre 

IlOJiyqeHo BOJIHOBOe ypaBHea11e ,il/ IR CKaJIRpHhIX qaC'J.'HIJ,, 06b1qHo HM€HY€Moe 

KaK ypaBHeHne KJ1ei111a-rop)l.OHa. KaK y.>Ke OTMe'iaJIOCh, npaBHJlhHee ero 

Ha3hIBaTh ypasHe1rneM Kneiilia- <I>oKa unn KJietrna-<l>oKa- rop,n,oHa. 

H83BaHHhIMH asropaMH 6hmo npe,n.no>KeHo noH11MaTb ypaBHeHHe ,u/ rsr 

(cKaJIRpHott) BOJTHOBOH cpyHK.Q,HU ~(xA) t.JaCTHI..( KaK ypaBHeHHe 5-MepHOH 

OIITHKH 8 8 
GAB~ ~-0 

OXA &;B - ' 
(A,B = 0, 1,2,3,4) ( 10 .5 .1) 

r,n,e nocTyJUipOBaJiaCb CJI€AYJOIIJ.aH 3aI3HCHMOCTh 5-MepHOM BOJIHOBOB cPYHK

ll,ID1 OT )1,0IIOJIHHTeJlbHOtf KOOp,UHHaTbl x4 : 

<I>(x0
, x1

, x2
, x3

, x4
) = <p(x0

, x1, x2, x3
) exp C"':'4

) - <p(x") exp(i/Jx4
). 

(10.5.2) 

3,n,ech cp(xt1.) - cmtt,n;apTHa.H 4-MepHa}l Bo.n1-10Ba.H cpyHKIJ,JIR 'faCTHIJ,. B ypaB

nen1111 (10.5.1) MCTpHKa QAB MO.>K€T 6bITb KaK HCKpMBJI€1IUOH, TaK JI IlJIOC

KOit. B noc;1e)l.HCM CJ1yqae e>TO ypam1enuc npeBpal.l.J,aerrc.s B o61l(eH3BecrrHoe 

pCJI.HTHBJI<.,"TCKoe ypasHeHHe KJieiilia <I>oKa ( 5. 2.1): 

[ O + ( ";;) 
2

] <p(x") = 0. (10.5.3) 

B (10.5.2) orrHTb BBe,n,eHa ~HKJiw1ecKa.H 3aBHCMMOCTb OT ,n,ono11HJIT€JlhHoii 

KOOp,n:HHaThI, O,l1.IIaKO Olla OTJIH~IaeTCR OT 3aBHCJIMOCTH (10.2.7) B 5-Mep

HOtt TeOPHJI Ka.nyl..(hI. n o 3TOM np11t.t11He Jl,OllOJIHH'l'eJibHa.51 KOOp,l1.IDlaTa Te

nepb Ha3BaHa x4 . TaKHM o6p83oM, MO.>KHO yrrBep)f()J.aTb, qro cepMR p a6oT 

0. KJieillia, B. A. <l>oKa JI p.s,n;a ,u,pyrHX aBTOpoB npe,n;CTaBJI}leT co6oi1. utty10 
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eeme-o .MH02o.Mep'H/otx ·ucc.tieaoeaHuu, Ha'4e.n.eHtt'btX He Ha o6'r>eau?-£e?-£ue <jiu.. 
3U'l/,ec?Cux e3aU.Moaeucmeui1, a, uiaeH'bt.M o6pa3o.M, M onucattue Mace nmooR 

'l/.acm,U'4. ,ll.aIUJbttt ¢ a K·r ey>KHO HMeTb B BlfAY, nocKOJlhKY ceH.(.1ac B JUITepa

Type MHOI'OM€pHbl€ reoM€TJHP-l€CKHe MO)~€Jlll ¢113.11qec KHX B3aMMO,n,ei1CTBHli 

HMeeyroTCH TeopIDIMH KaJiyIJ,bI- K J1ettHa. 

B HaqaJie 3 0 - x rr. o,n,Hoii K.3 Ba>KHeihIIHX npo6neM TeopernqecKoi1 c:Pw-

3 HKH ccu.:rTaJiaI no11cK e,n,11Hoii Teo p1111 rpaBHTatvrn 11 aJ1eKTpOMartter113Ma. 

H a p51)Jy c reoMerp11qecKHMH BapHaHTaMw B paMKax 4-Mep11.H (TeOpHH 

r. Beiifill, A. 9,ll,Il,HIIrTOHa H ,n,p.) n o,n,po6HO aHa.HH3HpOBaJiaCb 5-MepHa.H TOO

pH.H. Tipe,n,npHHHMaJIHCb HacTOH'l.fl1Bbte 110 nbITKH npeO,ll,OJieTb n e,n,ocTaTKli ee 
n epBblX BapHaH'l.'OB, B c.iaCTHOCTH, CTapaJil1Cb Bbl5ICHHTb ¢.113 11qecKHH CMhlCJI 

5-:R: KOOp,ll,HHaTbl HJIH o6ocHOBaTb upW·IHHhl ee OTCYTCTBH.H B HCITOJ1b3Y€MhlX 

ypaBH€HIUIX. 

Cpe,n,w Ha116onee HH'l'epecHhIX pe3yJibTaTOB cne,n:yeT Bbl,ll,€JIHTh ,LJ,Ba. f lep
BbIH 6b1JI nonyq e H B pa6ow.x A . 9ttHlllTe:R:Ha 11 TI. BeprMaHa [204] 11 A . 9:R:H

IIITe :HHa, B . BapI'MaHa 11 TI. B eprMa Ha. OH cocTOHT B oc11a6J1eHHH ycnoBIDI 

11,HJIH~H't.lHOCTH (ne3aB11cHMocT11) MeTpHKH no nHTOH Koop,n,11uaTe. BMecro 

Hero 6bIJIO npe.u;JIO>K€110 y>Ke ynOM.HHJ'TOO BhIIIIe yCJIOBHe n epHO,ll,HqHOCTH 

(11,HKJlHqHOCT H) 110 x5 . l1MeHHO OT aTHX pa6oT B03HHKJIH npe,n,cTaBJI€HH.H 

0 3aMKHYTOCT.11 (KOMilaKT11¢wu,HpOBaIIIIOCTH) MHpa no 5-ii KOOp,ll,HHaTe 

c o q eHb MaJiblM nepHO,lJ,OM n o c p aan e IIHIO c MaKpOCKOllHt.reCKHl\U1 MacIIITar 

6aMH. 

Bropo-H pe3YJi hTaT TaIOKe cBmaH c no11cKoM 06oc1-1osaH11.H tteHa6JI10,n,ae

MOCTH 5-il KOOp,lJ,HHaTbl. OH COCTOHT B n ocTpOeHHH upoeKTHBHOro BapHaHTa 

5-MepnH 11 Ha'-l.aJI p a3BHBaTbC.H c p a6oT o. Be6.rreHa fl B. nx:PMaHa. BhIJIO 

npe,n,no>KeHO OTIMChIBaTb 4-MepHO€ MHOroo6pa3H€ uocpe,n,CTROM IIHTH o,n,Ho

po,n,Hbl X KOOPll.HHaT. Ha ocHose noH.HT H.H np0€KTOpa ,II.. saH ):(aHI..J,HroM 6hma 

C03/J,aHa npoeKTHBHa.H ,ll,HcP<PcpeH11,H8JlbHa.H r eoMeTpH.SI. 3a·reM 11. Cxoynm 

H Batt ,ll.aHQHf' npHMe HHJIH 3TOT MaT€MaTH q eCKHH annap aT /Vl.H nOCTp ue1urn 

npoeKmuettou meopuu 2paeumau,u·u ·u 3AeKmpo.MazHemua.Ma. HeKOTOphIM 

npoMe)KyTOqHhlM HTOroM .HBHJIH Cb pa6oTbl n o npoeKTHBlIOMy ¢opMa.11H3MY 

B. TiayJn1, B KOTOpbtX Bse,n,eH p.H,n, yupon~eHu.fi H c,ueJtana nonbITKa y':fera 

CTIHHOpHblX IlOJ1€ ti . 

flocne 9THX p a6oT cno:>KHJIHCb rnp·u oemeu pa38Umu.R 5-.MepH'btX meopuV:. 

n epBaH BCJie,n, 3a Kanyn,e:H - 6b1Jia tta u;enetta Ha o6'he/J,1111c1111c rpaa1rralJ)111 

H 9Jl€KTpOMarH€TH3Ma ( c yCJIOBHeM U,liJIJIH,lJ,pff(.{HOCTH HJUI 11,11IO ll1 'iHOCT l1 n o 

5-ti KOOplUIHare), BTOpa.H npo).l.OJI >Ka.JTa pa6oTht <I>. Kne:R:Ha, 0 . K neHHa 

H B . A . <l>oKa 110 reoMeTpM3all,HH Macchi, 110 3a;.rpotty.rra 11 npo6neMy 

o6rhe,n,HrieHH.SI ,n,syx H a3BaHHblX B3aHMO,ll,€H CTBHH H Tpel'b.H - npoeKTHBHblti 

BapHaHT 5-MepH.H. B µaJihHeihueM B . TiayJ111 noKa3a.n, LJTO MC>KAY n epoo:it 

( c ycJIOBH€M I..J,HJIHH/1JH1qHOCT li no x 5) H TpCTb€H Bel'BS1Ml1 5-MepH.H MO>KHO 

ycTa:HOBJ.fTb B3a11M HO O,lJ,H03HaqHoe COOTB€TC'l'l:rne. Il03:>K€ Bbl.HCHHJIOCb, '-I.TO 
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nepBa5I BeTBb npe,ll,OCTaBJl.HeT 6oJibllle B03MO)KJJOCTeH ,ll;JJSI TIOCJ1€,ll,j'l0ru;Hx 

o6o6w.eHHH TeOpHH. 

B 20-x -·- 30-x rr. B03Jiara.rru.cb cJrntuKOM 6onbmHe Ha,L1,e:>1<,~hI Ha HCCJie

~OBaHHSI B paMKax reoMeTpu.qecKoro M HponoHHMattw.sr. O)f(lif,.ll,aJIOCh, 'ITO 

B~BOT 6y.uer IIOCTpoeHa €)lHHa5I reoMerpu.qecKa5I reopirn rpaBHT'd.lJ,HH 

H aJieKTpOMarHeTM3Ma, KOTOpasi pa~aJibHO H3M€HHT npe,lJ,CTaBJI€HH5! o6 

OKpy)KalOIIJ.€M ~mpe. 0,ll,lfaKO BpeM5I llIJIO, a O)KH)].aeMhIX pe3yJibTaTOB He 

6bIJIO, npHqeM F>TO npOMCXO.D,HJIO Ha cpoHe 6ypno pa3BIIBaIOru;ettc.H KBaHTOBOH 

reopIDI 11 cp.H3HKH MHKpoMwpa. Bo BTopott noJioBHHe 30-x rr. 3i\:Q:>op11.sr 

f€0MeTpH3aU,lU1 CMCIUiJiaCb pe3KHM OTrOp>KeHHeM Bcero aroro HanpasneHlUI 

HCCJie,ll,OBaHHii. 

JibBeCTHhIH .HIIOIICK11i1. Q:>u.311K-TeopeTHK P. Y TH.HMa raK onHcan aTMO

c<l:>epy, CJIO)f(HBWYlOC.H BOKpyr HCCJie,ll,OBaHHtt reoMeTp11'-1€CKHX €)1,HHbIX Teo

pHtt IlOJI.H: «Bee cPH311KH MHp a, oco6enHO IOHbie reHHH H TaJJaHTJIHBruJ 

MOJTO,ll,€)f(b, CTaBHBWHe CBoeH D;eJibIO C03,ll,aHHe H p83BWTH€ UOBOH HayKH, 

cocpe,n;oTOqHJIH BH HMaHHe Ha npo6JieMaX KBaHTOBOH cPH3HKH. l..JHCJIO HHTe

]:lt!CYIOI.I..J;HXC.H €)l,l1IlbIMlif Te0pH5IMH IlOJISI Bee ua,ll,aJIO, a B KOHu;e KOHD;OB OCTa

JIHCb scero .Jl.B€-TpH Hayt.IHhie llIKOJihI, 3aHHMaBIIIl1€C5I npo6;1eMaMH o6ru;eii 

TeopHM OTHOCHTeJihHOCTH H eMHOH reop11ei1. no;rn. E10 3aHHMaJIHCh nepe

BaJIHBllIHe H a BTOpyIO TIOJIOBHHy )f(H3HH CTapHKH' a HHTepecyIO~HXC.H 3TOH 

TeMOil MOJIO)l,hIX JIIO)I.ett «cPH3H'1€CKO€» o6~eCTB€HHO€ MH€HH€ TpeTHpOBaJIO 

KaK OpHrl1HaJJOB co CTpaHHOCT.HMH, Jll0,ll,€H ue OT MHpa cero ... 't.!TO 6bI HH 

rooopHJIH BOKpyr, a B rny611He ,LzyllIH 5I C'1H'l.'8.Jl ce6.H TaJiaHTJIHBbIM, Il0:3TOMy, 

pa3yMeeTc.H, TO)f(e cnen,HaJIH3Hposanc.H Ha KBaHToBOli cp113 11Ke. H o (KaKoe 

H€C'1aCTbe!) H HMeJI eru;e WHTepec K T eOpHH OTHOCHT€JlbHOCTH H €,lJ;HHOi\: 

Teop1111 noJI.H, H acTOJibKO CHJlhHbI:li, "{.fTO He Mor 6pocHTh aTH 3aHSITH5I. Ko
He'-1110, 3aHHiviaThC.H 3THMH Bem;aM.B OTKpbl TO, ocPHD;HaJibHO 03IIa'1aJIO caMOMy 

ce6e HaKJieHTh .HpJTbIK qenoBeKa <<C npHBeTOM», CTpaHHOro opHrHttaJJa. B To 

Bp€JVUI SI 6b1JI XOJIOCT, H no,u.o6Hajl penyTa~H.H O'i€Hb 3aTPY ,lJ;HH .Jia 6br MHe 

BCTyIUieHHe B 6paK. B TaKHX o6cTO.SITeJihCTBaX HeB03MO)f(HO 6bIJIO H e xpa

HHTh B rny6oKOH TaMH€ CBOe yBJie-qeHHe €,ll,HHOH TeOpHeii fIOJIB» (166, c . 110). 

CJ1e,i:zy10w,Hii IlO,lJ,'beM MHTepeca K 5-Mep1110 u a6mo.IJ.aJ1C.51 B KOHI~e 40-x -
nepBoi1 noJIOBHHe 50-x rr. u. 6bIJI CBSI3an c HHbIMH o6cTO.HTeJibCTBaMH. Ha 

~.roT n ep110.n. np11Xo,1.1..HTC.H pa6oTb1 II. Hop.IJ.aHa, .KOTOpbiti 11p~J10)KHJI oT

Ka3aTbC.H CYr ycnosH.H B 5-Mep1111 Gss = - 1. 13 11rore no.rryt.111.rracb Teo

pIDi c ,11.0DOJlHHTeJibllbIM CKaJISipHbIM IlOJieM, KOTOpoe H3Y"i8JIOCb B pa6oTax 

11. T11pu., K. lOcTa, r. JlJO,n.BHra H )I.pyru.x aBTOpoB, np11qeM HCCJie,[I.OBaffirn 

BCJIHCh B ,n;syx aeTB.HX 5-MepH.H: B n epooli 11 Tperbe:H. Bhmo paccMo'I'peHo 

133aHMO,ll,elicTBHe cKa.rrnpnoro noJl5I c OOhI"{.fHhIMM Bli,ll,arvrn MaTep1111 11 6bLJU1 

HaH/I,eHbl nepBbte c¢ep11qeCKH-CHMMeTp.B~IHbI€ 11 KOCMOJJOI'W-IeCKHe perne

Hlf}l cKa.n.HpHO-TeH3opuott reop1111 rpaa11TaU,HH. Tor,n;a >Ke rrpe,n.npHHHMaJiacb 

HOTihITKa o6ocHoBaTb nocpe.IJ.CTBOM CKaJI51pHOr'o no.rrs:r r11no·1'€3y II. ,II;HpaKa 

0 B03MO)f(HOC'l'H H3MCHeilH.H rpaBHTan,HOHHOH IlOCT05IHHOtt. 
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KaK y.>Ke OTMe'1aJIOCh, HeCKOJlhKO rro3>Ke K. Bpanc 11 P. ~HKKe, OTTOJIK

HyBIIIHCb OT 5-MepH.H, CTaJUi p 83BHBaTh 4-MepHylO Teopmo co CKa.JUlpHblM 

Il0Jl€M, H3BeCTHYJO B Jll1TepaType no.n IUt3BaHH€M CKaJI5IpHO-TeH30pHa5I Tff>

pH.H rpam-1Tan.1111 Mop,rr.aHa-BpaHca-~HKKe. 
,lI..ruI p 83BHTH.H H)l,eii MHoroMepH.H B Pocc.HH OOJihIIIoe 3 Ha qeHHe HMeJI 

I.J.HKJI pa601r 50-x rr. IO. B. PyMepa, o¢opMneHHbitt 3aTeM B BH,rr.e MOHO

rpa¢11u «I1ccne,rr.oBaHH.H no 5-on'l.'HKe» {146}, B KO'l'opoil p 83pa6aTbtBaJIC51 

BapHaHT 5 - MepH.H, cooTBeTCTBYJO~Htt ~ee <l>. KneilHa Ko~a XIX B., H, 

B qaCTHOCTH, - BTOpa.H BeTBh 5-Mepwsr, HaqaTa.H B p a6oTaX 0. KJ1ettHa 

H B. A. <I>oKa. CornacHo a'I'Oi% TeopHH, MaccuaH1>1e qacT~hI B 4-MepHOM 

MHpe paccMaTplIBaIOTCR KaK 6e3MaCCOBbl€ B 5 -MepHH, T. e. )l.BH>KY~HeC.H 

n o 5-MepHbIM H30'I'pOIIHhIM M11pOBhIM JIHHRHM. XapaKTepHott qeprott pa6ar 

PyMepa RBJI.HeTCR TaK)Ke nonhITKa CB.H3aTh 11,rr.eJO 9:Hm.rrTe:HHa-BeprMaHa 

0 3al\IIKHYTOCTH MHpa no 5-tt KOOP,D.HHaTe c 3aKOHOM€pHOC'l'.HMH KBaIITO

BOtt MexanuKH. l13BeCTHo, qTo 9:HHIIIrettH u B eprMaH caMH He CB.H3aJIH 

3aMKHYTOCTh M.Hpa no x 5 c KaI<IntIH-Jil160 orrpe.neneHHblMl1 ¢H311qeCKHMH 

o6CTo.HTeJihCTBaMH. PyMep rrpe,rr.JIO)KHJI HHTeprrpeTHpoaaTh 5-10 Koop,rr.m1aTy 

KaK K .J1acc11qecKoe ,rr.e.'1.CTBJ.1€, TOr,LI.a BOJIHOBhie CBOiiCTBa MaTepHH (11 BCIO 

KBaHTOBYJO MexaHHKY), cornacHo PyMepy, cne,rr.yer 1101mMaTh K a K rrpo.HBJle

HHe KOMIIaKT11cj:>HI.J,HpoBaHHOro rrnTOro H3MepeHRH. 

Ilocne p.H,rr.a HHTpHrylO~.HX ooo6pa)f{€HHe pe3yJibTaTOB 9TO nanpaBJ1€HH€ 

HCCJI€)1.0BaHH~ BCTpeTHJIOCb c p.H,IT.OM npo6JieM, KOTOpbie aBTopy npeo,rr.OJIEnb 

He y,Ll.aJIOCb. 

B KOHI.J.€ 5 0-x H B 60-x rr. HCCJ1€,Il.OBaHJ.iSl MHOf'OMepHbJX TeopHH Oil.HTb 

OKa3aJIHCb H a 3a,Ll.II€M IIJiaHe, XOT51 OKQIIqaTeJibHO H He npeKpa~aJIHCb. 

3aMerttoe BHHMaHHe 3TOH npo6JieMe y,rr.eJISIJIOCb BO <l>paHI.J,HJ.i B rpynnax 

A. JlmcHepoBHqa, M. ToHHeJUI H ,rr.pyrmc Oco6o cne,nyer Bbt,rr.eJIHTh paOOry 

l'.I. CypbO, r,LI.e paccMaTpHBarracb 3aBHCHMOCTb OT x 5 Bcex KOMIIOHeHT MeT

p11K11 H BOJIHOBhIX cpyHKI.J.Hii q aCTHIJ;. P.H/I. Hccne,n.oBaHHii 6htJl BbmonHeH 

B iepMaHHH (B r,UP) 9. IIIMyTn.epoM (B npoeKTHBIIOM BapHaH'I'e). l1nre

pecHO OTMeT11Tb, '-ITO HeKoTOpbre aBTOpbI (vI. Ilo,rr.onaHcKHtt, H. KanHU.MH) 

y)Ke 113yqaJIH B03M0)f(H0CTH ¢H3H'-I€CKHX npHJIO>KeHHH MHOI'OM€pHhIX Teo

pHH lll€CTH H 60JihlU€ f'O qHcJia H3Mepe11111i. 

B PoccHH ( B CCCP) cepHH pa6oT rro 5-Mepmo 6hIJil1 BbllIOJIHCHhI 

IO. n. IlbITbeBbIM (136) B MrY H B. I1. P o)J.H-.:reBbIM, KOTOPbI'f% rrpe,rr.JIO)KHJI 

onHChIBaTh 3JieKTpoMarHerH3M 5-MepHhIM T€H30pOM KpyqeHH.H. B 11ccne,L1.o

BaHHHX B. r. Ka,r:r,bIIII€BCKOro {75) H3Y't.fa.JIHCb 5 -MepHbl€ HMny.1TbCHb1€ npo

CTpaHCTBa c I.J.€JiblO yCTpaHeHHH pacxo,rr.MMOC'I'eii B KBaHTOBO'f% '1'€0pHH IIOJ151. 

Cne,nyer OTMeTHTh e~e o,rr.Ho HanpaaneHHe, 61rn3Koe K KJiacc11qecKOH 

JIHHHH KaJIYI.J.hI, HO B rrpocTpaHCTBax 6 H3MepeHHH. 3,LI.eCb 11MeIOTC.H B Bw,ny 

p a6oThI M. IlaBIIIH'-Ia [123] H P. Jl. I1HrpaxeMa BTopo:H nonOBHHhI 70-x rr., 
OCHOBaHHbie ua o6o6:m,eHHH rpyrnibl KOHQ:>opMHhlX npeo6pa30BaHHii. y )Ke 

JJ:0.BHO o6paJ.IJ,aJIOCh BHl1MaH11e Ha TO, 't.JTO ypaBH€HH.H ,]);JISI 6e3MaCCOBh1X noneii 

.... 
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B 4-MepHOM IlJIOCKOM rrpOCTpaHCTBe-speM€H11 HHBap11aHTilbl OTHOCHTeJibHO 

6onee urn.poKoii rpyililbI npeo6p83oBamdt, 11e:>KeJ10 lO-napaMeTp11qecKa.H 

rpynna IIyaHKape. 9ro l5-napaMerp11qecKa.a rpyrrna KOHcPOPMIIb1x rrpeo6-

pa30samtii, H30M0p¢11asr' T. e . 3KBHB8JI€HTHa51' rpynne spam;eHHH 6-MepHOI'O 

MHOroo6p83H.H c ,lJ,ByM.H BpeMeHH- IIO,lJ,OOHbIMH KOOp,lJ,HHaTaMH H qeThlpbMil 

npocTpaHcTB€HHO-IIO,lJ,OOIIhIMH ( c c11rHaTypoit ( + - - - - + ) ) . Ilepexo)l, 

K 6-Mep.mo n ero 06o6ur,e1111e, attarror~Hoe rrepexo,ny OT rpynnhI Jlope.HIJ.a 

B CileIJ,Ha.JlhHoit Teopuu O'rHOCHTeJibHOCTH K rpyrrne ,LI.onycTHMhIX KOOp,lJ,11HaT

HhIX npeo6p830BaHHH B o6~e:H T€0pH11 O'l'HOCHT€JlhHOCTH, Jie:>K.aT B OCHOBe 

ynoM.HHYThIX BhIIIIe pa6oT. 

B pa6oTax A. II. E¢peMoBa [62] nccJie,lJ,OBarrc.H HHOii Bap11aHT 6-MepHbIX 

TeopH:H c CHrHaTypoA ( + + + - - - ) ' OCHOBaHHblH Ha H,LJ.ee CHMMel'pHH 

Bp€M€HH- H rrpoCTpaHCTB€IiHO-IlO,lJ,OOHbIX H3MepeHHH. 

10.6. Au3.JIH3 KJlHTll'IeCKHX 3aMe~amdt 

no Teopim Ka.rryD;hl 
KaK y:>Ke OTMec.1anocb, HeCMOTpH Ha cso11 ,n;ocTOHIICTBa u yK83aHHhie 

BhIIIIe « c.iy.n,eca» Kanyu;h1, 5--MepHaH Teopu H ,lJ,OJiroe speM.H He HMeJTa sce

o6:w;ero rrpH3HaIIHH H He 6hIJia pa6oqHM RHCTpyMeHTOM cPl13HKOB. ):(o CHX 

nop CBe,lJ,€HHSI 0 5-MepHOH TeOpHH He BKJIIO'IaIOTC.H B yc.ie6HHKH, KaK rrpa

BJ.iJIO, 0 Heu He roBOp.HT He TOJibKO IIIKOJlbHHK&M, HO H CTy,n.eHTaM BY30B. 

AHaJIH3 oorrpoca noK83hIBaer, qro ,n.JI.H aToro 6hrn p.H)l, octtoBalillH, r.rraBHhIM 

o6p830M, IICHXOJIOL~11qecKoro xapaKTepa. Ilepet.fl1CJIHM rnaBHble rrpeTeH3HR 

K 5- MepHon Teop110, Bb1,n.nuraBIII11ec.H A. 9iiHIIITeiiHo M H ):ij>yrHMH se,n.ym;11MH 

TeOpeTHKaMH, a TaK)Ke OTB€ThI Ha HHX c rro311u;11:H cpH3HKH naqarra XXI B. 

1. He 6uA Rcett <jJU3U'l/£C'K:UU c.M'b£G./I, 5-'u 'K:oopiJuuam'bt. MHorue Teope

TID<H, HaqnHa.51 c 9. Maxa (105), rroHHMaJIH ,lJ,OITOJIHHTeJihHYIO p83MepHOCTh 

KaK o6na,n.a10w.y10 'l'eIVm :>Ke CBOHCTBaMH , 'ITO H qerblpe KJiacCH'IeCKHe, 

H IlblT8JIJ1Cb IlO)J,o6paTb cPH3H'1€CKYIO HHTeprrperau.mo HMeHIIO no,n. TaKHe 

IIp€,lJ,CTaBJI€HH.H. 

- Hayc.ittoe o6w,ecTBeHHoe MHeH11e ocTaHOBHJIOCh Ha TOt.iKe 3pett11SJ, co

rJTactto KOTOpoit JJ:OTIOJIHHTeJibHa.H pa3MepHOCTb KOMilaKTl'.lcPJU.~HpoBaHa, T. e . 

3aMKH)'Ta c oc.ieHb MaJibIM rrepHO,IJ.OM. I1 Meuuo ll03TOMY 5-.H KOOp,nHHaTa 

(11 .n,pyrHe) He Ha6JlIO,lJ,aerc.H. 

0TM€THM, qT() B IlOCJie,lJ,Hee BpeM.H B0306HOBJ1JIC.H aH8.Jll13 B03MO:>KHOC'I€H 

MHOI'OMepHhIX T€0pl1H c H€KOMIIaKTHcPIUJ)1poBaHHhfMl1 )l,OilOJIHHTe.TlbHbIMH 

p83MepHOCTSJMH. B 1111x rrpe,LI,JTarae:rc.H orrHChIBaTh MHP B BH,lJ,e neKOTOporo 

CJIO.H ToqeK BOKpyr 4-MepHott rHIIeprroBepxHOCTM, BJIO:>KeHHOtt B 5-MepHoe 

rqx>CTpaHCTBeHHo-BpeMeHHoe MHor'006p83l1e [86]. Bbl,n.JmraroTC.H rnrrOT€3hI, 

npH3BaHHhie OO'h.HCIIHTb OTKJI0HeH11H OT 4-Mepttoit r1meprrosepxHOCTH rum, 

Hao6opoT: CTp€MJI€HH€ MHpa cocpe,lJ,O'J'Ol'..JHTbC.H Ha 4-MepHOH rHrrepnoBepx

HOCTH. 0,lJ,HaKO IIO)l,06IIbl€ l1CCJ1€)J;OBaHH.H HMefOT IIOHCKOBhlH xapaKTCp. 
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2. Co.M?-£e?-£UR 6'btB'bt6a.!lo yCJ1,oaue '4U.!lU?-£iJpU'lJ,Hocmu 1w.Mriottettm 5-.Mep

tto'u .Memp·u?Cu no 5-u ?Coopauuame. 9AHnrre:l%H nHcaJI: « Ycnos11e I..J,H.JntH

,lIJ>Ht.fII(}(,'TH He .HBJUieTC.H ecrecTBeHHhIM ,D,a)f(e Q:>opMaJibHO» (203, c. 367). 
- 0Ka.3aJIOCb, 3aBHCHMOCTb IlOJieH OT 5-1% KOop,nHHaTbl 03H8.'iaer R8.J"IH

~nm y Hill( BJieKTpHl.lecKoro 3ap51,na. Y cnoBHe >Ke u,11JIHH,DJ)H'tfHOCT11 KOMno

He11·r 5-Mepr1o:R MeTp.lilKH GAB no 5-u Koop,n11Hare coOTBeTCTByeT oTCyT

CTBHIO aneKTp.11qecKoro 3ap.H,ZI,a y nonyqaeMbrx 113 Hee n oJ1e li. 0"leBH,nHo, qTo 

KaK rpaB11Ta11,HOHHOe n one (Merp11Ka 9µv) , TaK H aJieKTpoMarHHTHoe none 

( CMelllaHHbl€ KOM ilOHeHTbI 5-MepHOH Mel'pHKH) .HBJI.HlOTC.H aJieKTp11qecrrn 

He°ATpaJibHblMH. 

3. KaK IT.lilC8JI 9ttIIlIITeRH, « ue yiJaemc.R if>U3U'l/£C'X:U ucmo.11,?Coeam'b ?Co..M,

nomnmy G55» [203, c. 367). 
- ,[(e:ttCTBHTeJibHO, B 5-MepHotl Teop1111 KaJIYI..\hI ¢11311qecKoe HCTOJ1-

KOBaH11e KOMITOIIeIITbI MerpHKH G55 npe,n,craBJI.Her cepbe3HYJO npo6J1cMy. 

Ilpe,n.nara.JIHCb cne,ny10IJ.V1e nyT11 ee pellleHH.H: 

1) B pH,u.e pa6o·r nocryn11p0Banocb, 'tfTO G55 = - 1, 11 ,nanee pa3BHBanacb 

TeOpHH c IIOMOll.I;blO BapHa ll,HOHHOI'O rrpHIIU,Hna; 

2) M Hor11e anropbI rrpe,u.nara.rrn cqwraTb KOMnoHeHTy G55 38.BHC.H~eA or 
'I€Tblpex KJiacCH'tfeCKHX KOOp,U..lilHaT 11 HHTepnpeT11pOBaTb ee KaK IlOKa 

11e o6Hapy>KeHHoe ,norroJUIH'l.'€.JJbHoe ( 6€3Maccoooe) cKa.rrn:pHoe 110 1re 

reoMeTpwqeCKOI'O IlpoHCX0)J(,lI.€HH.H; 

3) rrpe,n.npHHHM8JIHCb nonhITKH c IIOMOIJ~hJO KOMilOIIeHThI G55 reoMeTpH-

3 0BaTh 3JI€KTpH'ieCKH 3apg.>KeHHylO MaTepmo, KOT0py10 B CTaH/~apT

HOR TeOpHH rrpHH.HTO BIIOCHTb BOJieBbIM o6pa30M B npaay10 T..Ia CTb 

ypaBHeHH:l% 8itH UIT€tiHa; 

4) npH rrpHMeHeIIHli M HOI'OMepu oii 'I'eOpHH K OITHcamno 3Jl€KTPOC.lla6bIX 

B3aHMo,u.eiicrBliH npe,n,n a ra11och orrHCbIBaTb q epe3 KOMilOHeHTY G55 

XJITrcoBcKoe cKa.rmpHoe none, oTBeTCTB€HHoe B MO,U.€JIH BaHH6epra

Ca.r1aMa· D1allloy 3a B03HHKHOBeHHe Mace 3JieMeHTapHhIX qacTH~-

4. n.Rmttaa~amoe ypaenenue 9uttuJ,m,euHa ?ta.!la2a.!lo ~ecm'l\,oe yCJwe·ue 

ce.R3u .Me~ay 4-.Mepnou c?Ca.JLJipHou ?CpueU3nou R u uueapuaumo.M 3Ae'l\,
mpo.Ma2Humno20 noJ1,.R, F µvpµv . 

- PemeH11e npo6JieMbJ 1 5-ro ypaBHeH11.H 9ttHIIITeliHa 3aB11c11T OT Bbr6opa 

O,U.HOI'O 113 rrep'tfHCJieHHblX B npe,u.hl,rry~eM ITylIKTe BapwaHTOB HHTepnpern.-

1..1,1111 G55, a HMeHHo: 

1) np11 rrepoott HHTepnperau,11H 15-e ypaBHeH11e 9tiHIIITetiHa OTCYT

CTByer, TaK KaK BapHau;HOHHbiti rrpl1HU,Hll rrpHMeH.HeTC.H K narp aH)KH

aey, CO,LJ,ep.>Ka~eMy JIHlllb 14 He3aBHCHMbIX BeJIH YHII; 

2) IlpH B'l'Opott HH'l'epnpeTaW1H 15-e ypaBH€HHe 9tiHlIITe:l%Ha .HBJI5Ie'l'C}l 

ypaBH€HH€M /VI51 reoMeTPHt.f€CKOro 6e3 MaCCOBOro CKaJI.HpHOI'O IlOJI.H. 

B aTOM cnyqae oTcyTCTByeT *eCTKa.H CBH3b Me)K,!'.J.y CKaJI.HpHott Kpw

BH3Hott H HHBapHaHTOM 3JI€KTpoMarHHTHOro IlOJI.H. 

1 
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B BapHaHTa.x 3) H 4) KOMIIOHeHTa G55 orrpe,nen 51er KompopMHbiti ¢a1<Top. 

BMecTo 15-ro ypaBHeHJUI 9:trnlllTe:ltHa Bap.11au;uoHHhIM npHHIJ;HHOM BhIBo

,LUf'I'C.H ypaBH€HHe ll:JUI COOTB€TCTBYJO~ero MaCCHBHOro CKa.TIHpHoro IIOJUl. 

5. B 20-x rr. 9:HHIIITetfH C'-1.wra.rr cywecTB€HHhIM He,nocTaTKOM TeopHH 

Ka.rryup1 neo6xoiJ'U.Mocm'b oo.tte6'blM o6paao.M B6oiJum-o e npa6y10 'l/,Q,Cm-o .9Ae1C
mpo.Ma2uum?-£'btX ypae?-£e?-£nu n.n,om?-£ocmu .9Ae1Cmpu'tlec1Co20 m01ca 6?-£ewneu 
Mamepuu. 

- Ilpe-reH3HH K Ha.TIH"llUO IIpaBOH "laCTH y 5-MepHbIX ypaBH€HHit B paB

HOH CTeil€HH OTIIOCHTCH H K 4-MepHbIM ypaBH€HIUIM 9HIIIIITeHHa. cho o6~ee 

CBOHCTBO Teop.11.M, npuHa,n;JTe>Kaur,HX ,nya.rrucr.11qecKOH napa,II.HrMe I'€0MeTpH

qecKoro BH)l;eHH.H IVrnpa. Bnpo'IeM, 9iiHmTe:HHa He y,noBJTeTBOp5IJI 8'1.'0T ¢aKT 

H B 4-MepHOH T€0pHl1. 

6. KoHcTaT.11poBa.rrocb, qro B Teopuu nonyqeno JIHIIIh ¢opMa.TibIIOC e,nHH

CTBO o6~eii TOOPHH OTHOCH'l.'€.TibHOCTH H aJieKTpOMarIIC'l'H3Ma MaKCBeJIJia. 

8ttmnTcitH nHcaJ1: « lI;e.rrh Ka.rryIIhI, HecoMHeHHo, 3aKJJIOqaJiach B TOM, q•1'06b1 

IIplffiTH K HOBOMY ¢H3H'I€CKOMY H3rJ151A)' Ha rpaBHTaql1:IO H ~meKTpHqecTBO 

nyTeM BBe,L1,emu1 e,n;.11Hoii CTPYKTYPhI npocTpattcTBa. 0,nHaKo 3Ta u;eJib He 

6bma ,n;ocTHrHyTa» (204, c. 4971. B tiacTHOCTH, ueo,n;HoKpaTHO OTMeYaJIOcb, 

qro 5-.Mep?-£a.R meopu.R ne ila.tia 1w1Cux-.n,u60 nof:J'btX .91CCnepU.Me?-£ma.ti'b?-£'btX 
npeiJC1CMa?-£UU. IlOJiy'Ia.TIOCb TOJlbKO TO, 't:ITO 6bIJIO H3B€CTHO H 6e3 5-MepHOil: 

TOOpHH. 

- Bonpoc o IIpe,n;cK.83aHHH HOBbIX ~¢eKTOB B paMKax 5-MepHo:A reo

pM11 Oil51Tb recHo CB513aH c noHHMaHueM cKan.HpHoro nOJI5I. B uepsoM H3 

npHBe,n;e1IHhIX Bhlllle no,n.xo,ll,OB K KOMnoHeHTe G55 BhICKa3aHHoe 3aMe't:laHHe 

ocrraeTC.H B CHJie. B p aMKax >Ke amporo nqz:oco,n;a MO)KeT 6bITh npe,ncKa3aH 

p5I,JJ, B03MO>KHhIX ~cpeKTOB, HanpHMep, Ce30HHhie BapHall,lfH 3Ha't:leHHH ¢u-

311qecKHX KOHCTaHT tta 3ew1e l29, c. 80). B TpeTheM BapHa.HTe BO rJiaBy yrJia 

CTaBHTCH npMHIJ;HHHa.JibHbiit BOnpoc 0 reoMeTpH3a~11 BCe:ii MaTepHH, T. e. 

peqb H)l,€T 0 nepexo)l,e K 9KC'l'peM8JlbHO:ti K Jm¢¢op,nOBCKOH r€0MeTp.H'1€CKOtt' 

napa)l,HI'Me ( K MOHHCTH'I€CKOH MeTacPH3HqecKoi11 rrap~HrMe co CTOpDHbI 

reGMeTpH't:l€CKOI'O BH11€HH.H MHpa). 'C..JeTBepTbIH BapHaHT OKa3hIBaeTC£ 'l'eCHO 

CBH3allllbIM c ,ll,aJihHeHlUHM yBeJIH qeHHH p 83MepHOCTH H c reOMel.'PH3aUH€W 

MO)l,€JTH Batttt6epra- -Ca.rraMa-· rmrnoy. 

7. Oµ,uoBpeMeHHO c pa6oTaMH 20-x - 30-x rr. no no11cKy reoMeTpu~re
CKHX e,nHHhI X TeOpHH IlOJI.H HHTeHCHBIIO pa3BHBaJiaCb KBaHTOBa.sr TeOpH.H. 

Omy~aJiacb ecrecrneHHaH noTpe6HOCTh nepe6poc11Tb MOCTHK Me>KA)' aTHMH 

,ll,ByMa uanparu1eHM5IMH 11cc.r1eµ,0Batt11:A. O,nnaKo 2.n,y601Cou ce.Mu .Me{)l(;i)y 
2eo.Mempuaa'4ueil nMeu u 1Ceanmoeou meopueu e mo epe.M..R ne 6'bt.1w 
ycrnanoe.11,e?-£0. 

- CJ1e,nye'1' 3aMeTHTh, YTO pa6oTbI no 5-MepHlO B. A. <I>oKa 11 0. Kneth1a 

6bIJlH CB513aHbI c nan11CaHH€M BOJlHOBOro ( II€pBl1 (.IHO KBaIITOBaIIllOro) ypaB

HeHHH Kne:HHa- <l>oKa, T. e. KaKa.H-TO CB.H3b c KBaHTOBOH MexaHHKO:A 6bma, 

o,nHaKO O>KH)l;aJIOCb 3HaqHTeJlbHO 6oJibIIIee. 
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8. 11.Me.riuc'b (1,./1,'bmepnamuett'bte eapuanm'bt eiJuno·u meopuu nO.Jl,Jl,1 onu

pa'JOtLlsUeCJi na 0606-w,enu.R pU.Manoeou 2eo.Mernpuu e 'JXlM?Cax 4-Meptto20 npo
cmpancmea-epeMettu. Cpe,n,H HMX 11a 116onee BH,n,uoe MeCTO 3aIIHMaJia reop.IDI 

B e:HJUI. 9 :HHIIITe i1H n11can: «,LI.o cHX rro p 6hI.TIH c,n,eJiaIII>I ,ll.Be Hau6o.rree npo

CThie H €CT€CTB€HHbl€ IlOilbITKH CB5I3aTb rpaBHTall,HIO H a.rreKTpOMarH €TH3M 

c noMOllI.hlO e,LI,HHOH TeOpH11 noJI.H: o,n,tta - BeliJieM, APYIB5I Ka.nyu.eih [204, 

c. 4921. H e 6bIJIO .HCHO, KaKo:R 113 3THX n yrei1 cne,nyer npe,ll.IlOt.JeCTb. 

- Ilpo6neMa Bb16opa Me.>K,JJ,,Y 4-MepHoii Teopuett Be:HJu1 w Teop11ett Ka

nyll,h1 co BpeMeneM 6bma p emeHa B rroJih3Y Teopuu Kanyu.hr. B Teop.mt: Be:ttn51 

BCTpeTHJIC5l PM TPY.LI.HOCTett, KOTOpbie npwmnoch yc·r paH.HTb .ttccKyccTBeH

uhIMH MeI'O,L1,aM11. 

9. B rrocJie,ny10~11e ro,n.bI 6hIJIH p a3BHTbI Teop1111 c.rra6h1x 11 CHJibHbIX 

B3aHMo;~e.iicTBHtt. Ora.r111 rooopHTb o t.J€Tbtpex BH,lJ.aX ¢11311qecK11x B3aHMO

,n.ettcTBHtt. 5-M epna.R meopu.R npemenaoea.1ia tta 2e0.Mempusau,u10 .n,uw'b 
2paeumaquu u 3.n,e?Cmpo.Ma2nemU:J.Ma u tte sampa2uea.n,a C.1ta6'bte u CU.ll,'btt'bte 

63au.Modeucmou.R. 9-ro p aCCMaTp.ttBaJIOCb KaK cy~eCTB€Hllbitt H€,ll.OC'1'3.TOK 

5-MepHOH TeopH11. H e BH,LI,H nyTeii npeo,n.oJ1eHliIB a-rou Tpy,D.HocT11, s cepe,D,HHe 

70-x rr. CTaJl Tep..HTb Bepy B MHOf'OMep.11e ,LJ,a)Ke TaKOA ero CTOttKHH npi-rnep

)1{€Heu., KaK IO. B. P yMep. ByKB8.JlbHO 38. HeCKOJlbKO neT )l..O B03p0)K)J,€11115I 

H.,lleH MllOrOMepHB OH H aIIBcaJI: «0,ll.HaKO TaKOro po,ll.a IIOilblTKH (nocTpO

eHH.H 5-Mep1·1ott rreopi.ni. - JO. B.) He ,IT,aJIH HHKaKmc cy~ecTBeHHO HOBhIX 

p e3yJJbTaTOB. 8TOT nyTb 00h €,l].HH€HH5I HMe.TI 6bI H eKOTOpbIH CMbICJI B TOT 

,rr,aBHO y)Ke rrpolll€,l].11JlllH nepRO,ll. cl>H311KH, KOr,n.a 113 ceMeiicTBa 3ap..H,ll.OB 6bIJI 

H3BecreH Jil1Ulb aJieKTp11qecKHtt 3ap.HJJ.. H o B CB513 H c oTKpbITHeM B rrocne)l.1111e 

I'O,ll.bl IIOBblX 3ap.H,ll.OBbIX Be Jill'iHH 11 COOTBeTCTBYlO~ 9Tl1M BeJlH'IHHaM 

3aKOHOB coxpaHeHH51 ua)l,e)K,ll.a Ha pa3BH'TH€ 5-MepHblX TOOpHH ,UOJI)Klla 6bITb 

ocTaBJieHa. H a 3TOM rryT11 B nyqllleM CJ1yqae MO)KHO npHih'H K ' -rncro BHelll

neMy, MeXaHHt.JeCK OMy 00b€)J.HH€11Ht0 3J1€KTPOMRI'H€'ni3Ma H TBOO'l'811H.H, HO 

H€T .Ha,.n;e)l{,IJ,bl llOJIY'lHTb opra.HH'leCKoe 00b€,LI,HH€H.tte, .n;a101..U,ee B03MO)KHOCTb 

npe,n.CKa3hIBaTh KaKHe-JlH60 H0Bbl€ H a6.Tit0).l,a€Mbie 3JI€KTporpaBH'I'aIJ,HOHHbl8 

~ct><PeKTbI» (147, C. 1181. 

- B 8 0-x rr. 6blno OC03Hatto, 'ITO MHOl'OMepHbie MO)l,eJIR THrra reop1111 

Ka.rryIJ,bI rrp.HrO.ll.HhI ,UJrn Oill1CaHH.5I u e TO.TibKO a.rreKTPOMarHHTHOro, HO w APY

r11x B3aHMO,ll.eiicTBl1it, HarrpnMep, 3JI€KTp0CJi a6oro. ,Un£ 3TOI'O H€00XO,l].HMO 

yBeJIHqfiTb pa3M€pHOCTb npOCTPaHCTBa-BpeMeHH, KaK Ml1HHMYM, ,rr,o lll€CTH. 

9TO CHWlO B CHO, IIOCJI€ Toro KaK B paMKax Ka.Jrn6poBO'-IHOI'O IlO)J,XO)J,a ( TeO

p eTHKO-IIOJieBOro Bl1,ll.€lDUI MRpa) 6blJ10 n OKa3aHo, 'ITO ,n,pyr11e ¢113Ht.J€CKJ1C 

B3aMMO,Ll,CHCTBH51 nepeHOC.HTC.SI npoMe~TO'lHbIMJif Be KTOpHblMH 6o3oHaMM. 

10. B 6onee no3,IT,H11x BapuaH'rax 5-MepHo:tt TeopHH K anya;b1 61>IJia BBe

,n.eHa ll,HKJIHqecKaB 3aBHCHMOCTb 3ap.H)K€HHbIX IIOJl€ M OT 5-:it KOOp,IT,HHa'l'bI. 

IlpH 3TOM HCilOJlh30B8JUICb J~HUJb HH3lliHC rapMOH11KH TaKO"i% 3aHHCMMOCTH. 

Bo3Hl1K8JIH oonpoch1, no-ne pBbIX, o6octtoeattuJi ·4urwiu'tlec?Coi1 3aBl-iCHMOCT.w 

11, so-BTOphIX, uumepnpemau,uu 'tlacmuu, c 60.ttee B'btCO'IC'U.MU 2ap.Mottu1ca.Mu. 
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- 9TO 38.Meqa1-rne 0 ~HKJIJ1tt€CKOM xapaKTepe 3aBHCHMOCTH 3ap5DK€HHhlX 

noJ1ctt OT ,n,onoJIHRTeJ1hHhTX KOOp,n.HHaT B M HoroMepHbIX T€0pIDix Kanyl\hI 

H Kne liHa OOhI"£IHO CB.H3hIBaerc.SI c mnonorHeA KOMTiaKT11Q>Hl\HpOBaHHhIX 

p a3M€pHOCT€tl. 

11. B TeopHH Kanyu.hr ecTec"l'BeHHhIM o6p83oM no.SIBJl.SIKYl'C.SI 3Ha"'-IeHIDI 

Mace, nop.SI,ZI.Ka IlJiaIIKOBCKO:ii MaCCbI. IlpH )f{€JiaHHl1 Oil.MCbIBaTb peaJJbHbI€ 

9JieMeH'rapHbie qaCTHI.\hI ecmaem npo6.rie.Ma nepeHop.Mupo6'KU n.ria'tt'IWRC'KUX 

.MOCC ao 3KCnepU.M€Hma.tl/b?-£0 U36ecm?-£'bl.'X 3?-£a'4-€'1-£UU. 

- 9TOT BOIIpOC 11M€eT reoMeTputtecKoe peIIIeHHe B paMKax reoMerpH'Ie

CKOI'O rro,u.xo,u.a, HanpHMep, Ilp.M HCil0Jlb30BaH.MH crre l..(HaJihHblX BH,IJ,OB MHOro

MepHott f'OOMeTpHH c Kpytte IIHeM . 

.rvto)f{HO H83BaTb H H€KOTOpb1€ ,DJ)yrHe BOilpoCbl K 5-MepHOH Teop.MH 

H np.MBeCTli COOTBeTCTBYJOI.l..(He p83'h.SICH€.HH.H. 

TaKHM o6p830M, npaKmU'4-eC'K.U oce n epe'4-uc.rie'H/H'bte euwe npeme?-£3UU 

K 5-.MepHou rneopuu Ka.1t~'bt ( e nepeou eemeu pa36umu.R .M'H.020.Mepu.R) 

WCU.!tU .riu6o ncuxo.rio2u'l/,eC'K'l1/u xapa'Kmep, ceJi3a?-£?-£uu c mpydtiocm.R.M.U npu

aua?-£U.R H08'btx 1x1a.MepHocmei1. u c.;ieacmeuu us HUX, .riu6o 6'bt.1tu o6paw_e?-£'bt 

U.Me?-£Ho K meoptt,Jl.M n.Rmu us.Mepettuu, a tty;J1Ctto 6u.1to iJa.11/bwe wa2?-£ym'b 

no cmyneH.R.M pa3.MepHocrnu. Ilp.M em;e 60.Jlbll1€M yae n11tte 111111 p83MepHOCTH 

H€KOTOpbl€ H3 Ha3BaII.HblX rrpeTeH3H:ii aB'l.'OMaTfl'4'.€CKli CHHM8JIHCb liJIH 6€3 
-rpy,u.a npeo,u.011ea an11c h . 

Ho see ~no CTaJIO rrOH.SITHhIM 3.Ha..:.iwreJihHO II03)f{€, a B ycnoBH.HX 30- x -

60-x rr. , .B OTCYTCTBlie npe,Ll,CK83aIUl :ii HOBhlX 3 ¢cpeKTOB, KOr,u.a rrapaJIJieJihHO 

p83BHBaJIHCb KBaHTOBa5I reop1u:r, .H,U,epHa5I ¢113HKa, Tpy,n.HO 6bIJIO 3aJ1.VUIJ;aTh 

'.l"'OOpino 5-MepH.SI . Ee HeMHOroq.ncJieHHhie CTOpOHHHKH BhH'JIB,ZI.eJIH nopoli 

BOHCT11HJ KaK M)'tte1n1KH BepbI. TaK 6hIJIO Ha 3ana,n;e, HO oco6eHHO Tpy,rr.Ho 

HM 6bIJIO B Hamett CTpaHe. «IlHTO:it Horott~ 003hIBM H O,Ll,Horo H3 nepBblX 

areqecTBeHHhIX :3HTJ311acTOB 5-MepH.H r. MaH,U.eJlSI. MHoro HaCMeIIIeK rre

pettec caMhitt CTOiiKHti B Hameii c."l'paHe cropottHHK 5-MepnSI IO. B . PyMep. 

Ilo CBH)I.€TeJibCTBY ero KOJIJier, Bepa B 5-MCpHe ITOMOrJJa eMy npOHTH q epe3 

CT8Jil1HCK.Me narep .SI .M IIIapaIIIKl1. ,ll,pyroli OT€qeCTBeHHhIH ¢H3HK- T eOpeTHK 

B. 11.. Po,ZI.HttCB 6naron;ap.s Bepe B .n,rr.e.M MHoroMepw.SI n epe.>KHJI ¢alllHCTCKHe 

KOH~narep.SI. M.1-1on1M H3BeCTHO, Ka.K Tpy,n.tto 6h1110 11y6n11KoBaTb pa6oThI n o 

5-MepHJO B 60-x - 70-x rr. ,na)Ke B KOHI.\€ 70-x rr., KOr,n.a r OTOBHJIOCb H3-

)l.aH.He io6HJie iiHoro c6opHHKa, IlOCB.H:UJ.€.HHOrO 100-JJeTHJO co ,ZI.H.SI po.>K,rr.eHH.SI 

A. 9ttnm T€.i1Ha, HeKOTOpb1e a HTOpwre:rnbie oreqeCTB€HHhie cpH3.MK11-Teope

THKH B03pruKaJn 1 rrpoTRB BKJIJOtteHH.SI B .1-1ero nepeoo,u.a cTaThH T. Kanyl\hI 

no 5-Mepmo1). 

l ) As'l.'op sro:tt KHm"li 6bi.n pe)l.aKTOpoM-COCTaBHTeJICM 106HJTeRHoro c6opmu<a «A.nb6epT 

9Am.llTeiiH H TCOp1rn rpaBHTaU.HH» (M.: M11p . 1979 r.). HecMOTpR Ha ao3pa)f(eHJrn, C'l'a'H .. R 

Ka.n:yU,hI 6h1JJa BKJIIO'-IeHa B c6opHHK. A a caMOM Ha~uuce 80-x rr. )l.O aarneit crpaHbI 
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10. 7. MHoroMepBLie MO)l;eJill c pa3MepBOCThlO, 

60JI1>meii IISITH 

Bo3po.>K,lJ,eHRe RHTepeca K MHoroMepHbIM reoMeTpR'-IeCKHM Mo.n,e.JIBM 

6b1JlO CB.H3aHO c 11ccne.n,osaH11.HMH cnoco6os OilllcaHH.H cJia6bIX ( aneKTpocJia-

6b1x) H CH.JibllhIX B3aHMO)leikTBMH, 'ITO 0Ka38Jl0Cb B03MO:>KHbIM B paMKax 

MHOroMepHbIX reoMe'l'PH'ICCKliX MO.LI,ene:H c pa3MepHOCTbIO, 6o.JibIUe:H II.HTR. 

10. 7 .1. Bo3po~eu11e KOHI.\em.~1u1 MHoroMepu.SI 

I1CTOpH.H HCC.Jie.LI,OBaHHE B o6naCTH MHoroMepH.H CT8.Jla TIOY'1HT€JibHbIM 

CBM)le'Te.JibCTBOM Toro, KaK pa.'3pa60TKa IIp1:1HW1TIHaJibHO Ba.>KHOro HanpaB

JI€HH.H (s .n,aHHOM cnyqae B paMKax MeTaQ)H3H't.:leCKOH rrapa,LJ,Hf'Mbl reOMeT

pH'I€CKoro MHpOIIOHHMaHH.H) Ha .LI,OJiroe BpeM.H 6hI.Jia npaKTH'1€CKH npHOC'ra

HOBJleHa. Hu.>Ke MhI ocTaHOBHMC.H Ha aHaJIOrM'-IHOH cy.LI,b6e 11cC.Jie.n,0BaH11fi 

B paMKax .n.pyroit MCTa¢113Hc.1eCKOH napa,n,HrMhI, HO y)f(e peJI.HlQ-iOHHOf'O 

MHp0IlOHl:1MaHH.H. 

B nocne.n,He:H 'Ie:t'BepTH XX B. 11.n,e.H o MHoroMepHOCTH ¢1:1311qecKoro 

npocTpaHCTBa-BpeMeHH Oil.HTh 0Ka3aJiaCb B n;eHTpe BHHMaHH.H ¢H3HKOB

TeopeTHKOB scero MHpa (cM. 2 HanpHMep, [182]). 9ToMy cnoco6cTBOBaJI pan, 

o6cTO.HTeJihC'rB. Ilepe'IHC.Jll1M rJraBHhie H3 tt.11x. 

l. B 70-x rr. 6b1.nn noJ1y11eHhI 'HOB'ble pesy.11:omam'bt o npupooe c.na-
6'btX 83au.Mooeucmauu. ,ll.o aToro noJ1araJiocb, '-ITO OHM He 3aTpanrnaIOTC.H 

5-MepHofi reopHefi H HM€IOT KOHTaKTHbIH xapaKTep (npoHCXO,lJ,5IT B O,lJ,HOi1 

T0'1Ke) B OTJlH'-IHe OT 3Jl€KTpoMarHHTHOro B3aHMO,lJ,€HCTBH5I, n epeHOCHMOf'O 

BeK'l'OpHhIM IIOJieM Aµ- KaK y>Ke OTM€'1aJIOcb, B KOHn;e 50-x IT. 6bma Bhl,Il,BH

HyTa n,n,e.s:r, C.JTO cna6bie B3aHMO)J,€HCTBH.H OTIHCblBalOTC51 upOli3Be.n,eHHeM ,D,Byx 
TOKOB ( H3 seKTOpHo:H u rrces,n,oseKTOpHoti qacreli). 838.HMo,n.eitCTBHe qacTIUJ. 

qepe3 TOKH HaBe.JIO Ha MbICJih o6 aHaJIOf'HH c a.neK'I'POMarHMTHblM B3aHMO,IJ,ei1-

C"l'BHeM, I'll,€ MC.)l{)zy TOKaMH HM€€TC.H rro.rre - B€KTOpHbIH nepeHOC'lHK B3aH

MO,II,eHCTBH.H. B 11oseCTKY ,rr,1rn 6htJl rrocTaB.rreH sonpoc o no11cKe crreIJ,MaJibHhIX 

B€KTOp11bIX IlOJICH, nepeHOC.5IIIJ,HX C.Jia6oe B3aHMO,lI,€HC"l'BHe Me:>K,rr,y 'l'OKaM'fl. 

BcKope F>TR nona - IIeliTpa.rihHbIC Z-6o30HhI H 3ap.H>KeHHhie W-6o30HhI --

6hJJIH Ha:H,ll,eHbl. 

AHa.norHa c 3JieKTpoMarnHTHbIM B3aHMo,n,e:HCTBHeM 3acraBH.Jia scnoM

HHTb onhIT nocTpoe11.ru1 5 - MepHoli reoMeTpttqecKott TeOpHH KaJIYUhI, r,rr,e HO

Baa pa3M€pHOCTb II03BOJI.5IJia BBeCTH B reop1110 .LI,Oil0JlHHT€JibHOe B€KTOpHoe 

IIO.Jie. 9To IIpHBeno K MhICJIH 0 nepcneKTHBHOCTH OilHCaHH.H reoMeTpHqecKHM 

cnoco6oM l1 3JI€KTf>OCJia6hIX 83&1.MO~eticTBHll:, TOJlbKO renepb, IIOCKOJ1bKY 

IIpOMe.>KyTO'-IHbIX BeKTOpHbIX IIOJieli 60Jiblll€, Hy.>KHO 6hIJIO HCilOJ1b30BaTb 

11pocTpaHc-rao-speM5I 60Jih1nei1 pa3MepttOCTH. Tor,L1,a MHOrOMepttbIH MeTpH-

,ll.0&'1TID1CSI 6yM MHpoDbIX HCCJJC,ll;OBaHliH no MHOro11.1ep11no, ll >KypmWlbl 3aneC'rpe.n11 
paoormvr11 no Tcop1111 Kany:u,h1- KJ1e:iitta. 
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qecirnii TCH30p GMN 6y,rr,eT 11MeTh 6oJ1bmee "(u1cno KOMnoHeHT, KOTOphIMH 

(me CMernaHHbIMl1 KOMIIOHCHTaMH Aa, O"cx. , ... ) no amw1on111 c (10.2.3) MO)KHO 

om1caTb 1:3CKTOpHbie IlOTC~liaJibl nepeHOC'lliKOB COOTBeTCTBylOID;11X B3aHMO

,n;eikTBHH: 

Gaf3 Ga.5 Ga6 . . . ' I 
.Qo.{3 Aa O"a ... 

GMN= 
Gsf'J Gss G56 . . . 
G513 G5s G66 . . . 

)..{3 Gss Gs6 ... 

O"f3 G6s G66 . .. . (10.7.1) 

. . . . . . . . . . . . . . . . .. . . . . .. 

cho OCHOBHa.H H,U.€.H MHOI'OMepHbIX I'€0MCTpHqecKHX MO,ll.€Jiei% cPH3H"ICCK11X 

B3aHMo,u.eH.cTB11tt Tttrra reopHH. KaJiy~hI. O,rr,ttaKo BbI51CHH.JIOCb, qTo H.MeeTc51 

p51/J. B03MmKHOCTCtt rrpaKT11qecKott peaJIH.3 aI.J.11.M 3TOH .H.,LI.e11. Bh16op pa3HbIX 

HyTe:ff pa3BHT~ TeOp1111 3 8.BHCHT OT M11pOB033pCHH51 HCCJie,ZJ.oBaTeJieli, OT 

DOC'Ta.BJI€HHhIX HMM lJ.€JieH. 

2. IlpHMepHo B 9To )Ke BpeM51 U3.Meuu.riuC'v npeacmae.rieuu.R u o cu.ri'btt'bix 

B3aU.Moaeucmeu.Fix. Ha cMeHy H,n.e11 lOKaBbI o n epeHoce cHJibHhrx B3a11Mo

,n;eiicTBHH. CKa.JUipHb(Mli Me30HHblMH IIOJISIMM npHlllJIH H)l.eH xpOMO,lI.11HaMHKH., 

corm~,CHO KOTOpblM CHJibHbie B3aMMO,LJ.ei1cTBH51 rrepeHOC.HTC51 HeKTOpHh.IMM 

IlOJI.Hlvlli - I'JIIOOHa:rvrn. 8To 03Haq8..J"JO, l.J'l'O MeTO,!J.bI nocrpoeHH51 MHOf'OMep

HbIX reOMCTp:HqecKHX MOlleJieii MO~HO np11MeHH.Tb H K OilH.CaHMI{) C.H.JibHhlX 

B3aMMO,ll.CHCTBHH. 

3. B 70-x i·r. uttmepec ?C .M?to20.Mepuw eoauux ma?C:J1Ce 6 ce.R3U c paa
eumue.M meopuu ?Ca.riu6poeo"'1tt'blX no.rieu, rrpenJio)KeHuoli 5IttroM H Mm1n

coM. ,Il;oaoJibHO 6hrCTpo 6bIJIO oco3ttatto, TITO MHOroMeptthre reop1111 THrra 

Kariy1~b1-KJieIDia MO)KHO rroHMMaTh KaK reo.MeTpM3au,HJO KaJrn6poRoqHbIX 

nOJlCH, T. e. "ITO B p.H,Il;e OTHOllieHHii 3'1'11 ,!I.Ba BH,lI.a TeopHH rrpe,LI.CTaBJI5IIOT 

co6o.i1 ,ll,Ba p a"3Hhix 513hIKa , on11chrna10II(HX O,ll.HY H TY >Ke cPH3HqecKyro pe

aJlbHOCTh. 

Ho 11MeeTcs1 11 cyrn;ecTBeHHOe pa3.JIHqf{e - reo:r.·teTpttqecKHe rrpe,Lt,cTaB

JieHu51 Bcer')l,a paccMaTpHBaJI11Cb KaK 6o.nee ¢ytt,u.aMeHTa.JlbHhie, Hem.eJIH 

o6b1qHo HCIIOJih3ye:r...!h1e ¢.11.s HKaMH rrp11CMhI 11 KOHCTpy~11H. MaTeMaTHKY 

MaHHHY rrp11TIHChIBaIO'l'C5I CJioBa: «reoMeTpIDI - aTo KOHcepBaHT cKoponop

TIDIJ.HXC51 ¢H3 11qecK11x M.nett» . HaqaJIHCb 11ccne,n,0Batt1u1 cnoco6oH rcoMeT

p113au;H11 Ka.JIH6po80qHbrX reop11i1 c p a3JJM't.lliblMM rpyrrrraMH BHyT peHHHX 

CHMMCTpMii. 3,Lt,eCb 6bIJI 6h1CTpo npeo,n.oJieH 6apbep 01 ·paHM'i€H.H.J:i n5CTbIO 

H3MepeHH5CMM. IllupoKO CTaJIM HCl10Ji b 3 0BaTbC5C MHOroo6p83H51 6o.nhllIOf'O 

tJHCJia 113MCJ)eH.H.ti c p83.nH.'tJHbIM11 TOI 10.norM.HMH. 

4. CJieAYIOrn;ett rrp11q11ttoii HHTepeca K 11,LJ.e5IM MHoroMepH.51 5tB11.1111ch 

uce.tteaoaattUJ(, cynepcU.M.Mempu-tttt'blX meopuu u m eapuu cynep2paeuma

'4UU. B octtoae sToro ttanpanneHl1}I Jie>KttT tta:B:,n.eHHaa K TOMY BpeMCHH. 

rpyrrrra cy11epCHMMeTp11qHbIX rrpeo6p830BaHHH, nepeMelllH.B8JOII(a.s:r KOMIIO

IICHTbl Q:>epMMOHHhix H 6o30HHbIX rronett. KaK y>Ke OTMeqaJioch B rn. 6, 
B Ta.KOH TeopHH HCI10Jlb3 Yl{)TC}I B€JIH''JHHbI, 3aBMC.HW,He KaK OT 'iCTbipex 
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KJiacc:~PleCKHX KOOp,ll.MHaT, TaK 11. OT ,n,onOJIHHTeJihHbIX nepeMeHHbIX, HBJlli

lOI.lJ,HXC.H 9.JieMeHTa.Mll anre6pbl rpaccMaHa. CTaJIO HCHO, qTo ,n,aHHhIH npIICM 

B HeKOTOpOM CMbICJie paBHOCHJieH YBeJIHqeHl-llO p83MepHOCTH HCIIOJih3yeMOI'O 

MHOroo6p83H5l, r,n,c ,ll,OilOJillHTeJibHhlC p83MepttOCTM HMeJOT HeKJiaccHqecKIIH 

xapaKTcp. Bo.rree Toro, 6bIJio noK83aHo, t.JTO peweH11e p51,n,a sonpocoB reopIIH 

cyneprpaBHTalI,HH MO)KeT 6bITb 06.rrerqeHO 11.CilOJib30BaHHe.l\•1 reoMeTpHqeclillX 

MeTO,ll,OB H MHoroo6pa311ii p83MepHoCTH n > 4 . B "t.laCTHOCTH, Ta.KHM o6p830M 

p83pa6aTblBaJIC5I BapHaHT TaK H83bIBaeMOH MaKCHMaJTbHO pacurnpeHHOti 

cyneprpaBHTa:u;HH ( N = 8). 0Ka38.JIOCb, '-ITO MaKCHMaJibttoe t.IHCJIO H3Me

peH11.ii MHoroo6p83H5l, H3 KOTOporo noc.rre p83MepHott pe,LI,yKIJ,1111 ( nepeXOAa 

K 4-Mep1110) no.rryt.IaeTC5l p 83yMHa5l c TOt.IK11 3pett11.5l cpeHoMeHonorHH TeopH.H, 

paBHO 11. 
5. lIMe.rrc.H H PRA BHyTpettHHX npHt.IHH. K 80-M ro,u,aM sna'llume.ll'tmo 603-

poc ypoBe'H'b Jvtame.Mamu'lleC'ICUX cpedcma, 11cnoJib3yeMbIX B Hcc.rre,n,oBam.rnx 

u o MHOroMepH10. CT8JIH rnHpoKo rrpHMeH51TbC5l rpynnoBhie MeTO,D,bI pacm.eu

.rrettHti' MHOroMepHbIX TeOpHtt H HX p e,n,yK:u;Hii Ha 4-Mep.He, HCI10Jlb30BaJIHCb 

6onee coBeprueHHhi e MeTO,IT,hI nonyqeHH51 pewenn~ ypaBHeHHil 8mnuremrn. 

Bo3 HHKJIO eC'reCTBeHHoe )KeJiaHHe rrpHMeHHTb MeTO,ll,hI 4-MepHoi1 o6lll,e'ti Teo

pHH OTHOCHTeJibHOCTH ,IJ,JISI ·pemeH.IDI MHOroMepttblX o6o6i:u;eHHtt ypaBHemIH 

8ttHWTe~a. 
3HaMettaTeJibHO, qTo H3 H83BaHHb1X o6cr051TeJibCTB nepBbie qeTbipe B03-

HHK.JIH B He,n,pax 11cc.rre,u,osatt11-ti Teoper.HKo-no.rreBoro MHporroHHMamrn, HO 

HHH~H11poBaJil1 11HTepec K aJ lbTepHaTHBHOMY reoMeTpHqeCKOMY MHpoIIOHII

MaHHIO. 

10.7.2. 7-MepHall: reoMeTpH'IeCKa.sI MO,D;eJib 
rpaBH-aJieKTpOCJI36bIX B3aHMo,u;eiicTBHii 

Yse.i1Ht.IHBa5l p83MepHOCTb HCKpHB.JieHHoro npocTpattcrsa-BpeMett11., 

MO>KHO n oCTpOHTh reoMeTp11qecKy10 MO,U,eJih, o6'he,IJ,HHIDOI:u;.YIO siiHlllTeii

HOBCKYIO o6w.y10 Teopmo OTHOCHTeJibHOCTH c MO,IJ,e.JiblO 3JieKTpOCJia6bIX roa

HMO,n,eHCTBHH BaiiH6epra- - CanaMa- r.rr9moy. OxapaKTepH3yeM ee HaH6onee 

cy~ecTBeHHble qepThI. 

1. ,Il..JI}I pemeHH5l ,rr,aHHott 38.,U,aqH OKa3aJIOCb HeOOXO,ll,liMblM yBeJIH'l.JHTb 

p83MepttOCTb rrpocTpaHcTBa-BpeMe1m Ha TPH C,ll,l1HH~I, T. e . MU'HUJvLa.llt>'HaJi 

paaMep'Hocmt>, [',IJ,e 9TO B03MO)KH0 c,rr,eJiaTb, CeM'b (29, 341. 8TO ,ll,HKTyeTCSi 

).J.BYM51 ¢aKTOpaMH. 

Bo-nepBhrx, tty)KHO 6h1J10 orrHcaTh ,J..I,Ba THna 3ap51,nos, xapaKTepH3y10m;11:x 

sneKTpocna61>1e B3aHMo,rr,eiicTBIHI B Mo,u,enH BatiH6epra--CanaMa- rnsmoy. 

HanoMH11.M, t.ITO TaKOBhIMH 51BJIHJOTC5l rHnep3ap51,u, Y H npoeKIJ;H51 H30'roIIBqe

CKOro CilHHa ~i . 113 liHX rronyqa IOTC}l 3.JieKTPIP'.JeCKHe 3ap51,D,bl Q B e,IJ,HHHII,aX 

e. ,L(ByM 3ap51,IJ,aM COOTBCTCTBYIOT ,LI,Be KOHCTaHTbl B3a.HMO,lI,eHCTBHH 91 H 92, 
H3 KOTOphIX no.rryqaIOTC5l 3HaqeHHe e " ,u,pyrHe 3apSI,ll,bI. Y)Ke 5-MepHa.H 
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Teop1ur KaJiy~I IIOK33aJia, 'ITO B MHOroMepHoii TeopHH 3ap.H,LI,bl c TOqHOCTblO 

JJ.O K03¢qm~HeHTa HMelOT CMblCJl 11:r.myJibCOB no ,LI.OIIOJIHHTeJlbHbIM KOOp,ll.11-

HaTaM. !::ho ,fl.MKTYeT HCilOJ1b30BaHHe ,LI,Byx ,LI.OIIOJIH11TeJ1bHhIX pa3MepHOCTeii. 

06ooHa'tfMM COOTB€TC'l'BYIOII.J,He 11M ,ll.Be KOOp,ll,HHaTbl nocpe,n.CTBOM x 5 H x6 . 

Bo-BTOpb1x, Heo6XO,lJ.HMo on11caTh Macchi '-lacT1n.~. Macca BbICTynaeT KaK 

e~e o,n;HH - rpaBHTaI.J;HOHHbIH - 3ap.H,u.. Ee npe,n.JiaraeTC.H BBOCTH TaK, KaK 

M'O ,u.ena.itoch s 5-MepHoii TeopHH B sap11aHTe Kneiiua-<l>oKa. lh'Oro1 nony

lffi.IOTCB 3 ,.0:0IIOJTHl1T€JibHbie pa3MepHOCTH. 

2. B 7-MepHoii reoMeTpw-1ecKoii Mo)J.eJIH B Kaqecrse HCXO,LJ.HbIX BbipIDKe

mm BhI611palOTC5I He MHOl'OM€pHbI€ ypaBH€Hl·Ul 9RHIIIT€HHa, a TaK Ha3bIBa

eMa51 2unepn.1tom1 wcm'b .aaepa'H:JICuaua 

l = VGfiY [- _!_ nC7> + i(lic)wrMv M\J! + (h.c.)] , 
2 rec 

(10.7.2) 

COC'raBJieHHa.H H3 I'€0M€'1'p11'-leCKOH '-laCTH (nJIOTHOCTH 7-MepHOR CKaJl.HpHOH 

KpIIBH3HbI R(7)) H BKJia,ll,a BHelllHeii cn11ttopHoii Marep1111 ( ¢H3HqecKoii 

'ffiCTH - OT CIIHHOpHbIX qacTHI.J;, OIIMCbIBaeMbIX o6o6w,eHHbIMH BO.ITHOBbIMH 

¢YHJ<I.1,H51MH '11). 3,n.ecb BMecro qacTHbIX 11n11 y,LJ.JI11tteHHbIX rrpoH3BO,LI.HbIX, 

CTO~HX B atta.norH"'lHblX ¢opMYJiax TeoperHKO-IlOJiesoro BH,LI,eHH51 !vrnpa, 

CTOHT I'OOM€TpHqecKa.a ( KOBapHaHTHa51) npOH3BO,LI.Ha.a, 0003HaqeHHaa CHM

BOJIOM tta6na. KpoMe roro, 3,n.ecb BMecTo 4-MepHhIX ( 4-KoMnottettTHhIX) 

MaTpHI.J; ,IL11paKa /µ. BBe,n:eHbl 7-MepHbie (8-KO.MIIOlleHTHhie) MaTpm,b I rAf. 
Ilo,D, KOpHeM CTOHT onpe,n.eJIHTeJTb 7-MepHoro MeTpHqecKoro TeH30pa cC7). 

3. ,I.ljrn IIp€Bpau.1,eH115I MHOI'OMepHbIX reoMeTJ)H'\:leCKHX BeJilf'.UJH l1 Bbipa

)l{e1mii, BXO,ll,51lll.HX B ( 10 .7.2) l1 R npoq11e COOTHOIUeHl151, Heo6xo,n.HMO ne

peHTH K np11BbiqHbl M 4-MepIIbThtl IIOH5ITH.HM 00lll.€H TeopHH OTHOCHT€.ITbHOCTH 

H cTatt'AapTHoii Mo,n,enH BaiiH6epra- CaJiruv1a-r113IIIoy. ,11.Jrn 3TOro tty:>Ktto 

l1.CilOJib30BaTb Me'l'O,LI.HKY orrncaHM51 o6o6u~eHHbIX «CHCTeM QTCq€'l'a», II03-

BOJI5llOIIzylO ocymeC'rBHTb npou;eA}'py 1+ 1 t-1 +4-pac~eru1eHH5I HCXO,LI.HOI'O 

7- Mepttoro Mttor<X>6p83IDI, "ITO ,n:e.naeTC51 c IIOMOJro>IO y)i<.e He MOHa,[.\HOl'O, 

a mpuad?-toeo .Memoaa, npe,u.craBJI5110u::i;ero co6oii ·1·pexKpaTHoe npHMeHett11e 

MOH~Oro MeTO)l,a. Ilp11 3TOM KOMilOHeHThI 7-Mepnoro M€Tp11qecKoro 'l'eH-

30pa npe,ll,CTaBIDIIOTC51 B B11,ll.e, o6o6maJOil(eM ( 10.4.2): 

(10.7.3) 

r,n,e TpH 7-MepHbIX BeKTOpa TpHa,ll,bI eM, AM' <:T]vf xapaKTepH3YIOT Tp11 ,ll,0-

llOJIHHTeJibHbi e npOCTpaHCrBCHH0-110,LI.OOHLie HanpaBJTeHIIB, opTorottaJlhlibie 

KJJacc11qecKOMY 4-MepHOMY rrpOCTpaHCTBeHHO-BpeMeHHOMY C€"'l€HIUO c :Me.r
p11qecKHM T€H30p0M 9µv· 

B T'clKOii Teop1111, KaK 11 B CJ1yqae Motta,u.Horo Me·ro,L~a B 5-MepHH, 11c

noJ1h3yIOTC51 JIHlllh BeJIH"C.JHHbI, cnpoeIJ,HposaHHb1e Ha tta n pasJieHH.51 Tp11a,Il,.bI 

HJIM Ha 4-MepHoe npocTpaHCTBO-BpcM51. 7-MepH8.5l CKaJTfl'pHa.H Kpl1HH3Ha 
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B (10.7.2) pacw;enJI5le'l'C.SI Ha 4-Mepttyro CKB.Jut:pttyro Kp11B113n y, onHCbIBa- ' 

10uzy10 rpaBHTau;.1110, H Ha )l.OHOJIHHTeJihHhie CJiaraeMhie, co,n:ep:»<a~He TPM 

7-Mepttbie BeKTopa TpHa,IIPI 113 (10.7.3), KOTOpbie COOTBeTCTBYlOT narpaH

)f(.HaHy BeKTopHbIX nonei% nepettocq11KoB B3aHMo,n,eiiCTBHii s MO,LJ,CJIH Ban:tt-

6epra- CanaMa- fJI3IIIoy. 

4. B 7-.Mepttoii reopHH B03HHKaeT npHH~HTIHaJihHO HOBbiii :rvmMeHT no 

cpaRHeHMIO c o6w;eli Teop11.e:tt OTHOCHTeJibIIOCTH 11 5-Mepttoii T€0p11.e:tt Ka
nyupt, HeOOXO,LJ,HMO BBeCTH 3at::U1.CliMOCTb KOMilOHeHT 7 - 1\·IepHOH Merp11KH 

OT ,LJ,OilOJlfi.11.TeJibHblX KOOp)I,HHaT ( ttapyIIIeHHe ycJIOBHii IJ;HJIBH,n:pHqHOCTH) 

11. ,n:onycTHTb KOMIIJieKCHOCTb HeKOTOpblX KOMTIOH€HT MeTpHKH. Ilocne,n:ttee 

o6ycJIOBJI€HO TeM, 'tJTO B 3TO:i% TeopH11. qepe3 ,ll,OIIOJIHMT~bHbie KOMTIOH€UTLI 

MeTpHKH OIIHCb1BalO'l 'al TaK)K€ 3apSDKeHHhl e BeKTOpHble w±-0030Hhl (11 3a

pSDKeHHbie x11r1·coBcKHe cKa.TISipttbie Oo30HhI) . CMemaHHbJe KoMn ottettThI 

MeTpHKH, TO'!Hec, HeKTOpbl TpHa,ll,hl B (10.7.3), OIIHChIBaio~e 3TH TIOJI.H, 

corJiaCHO o6w;eMy 11paB11Jiy MHOI'OMepHSI, ,JJ.OJI.>KH.bl 3aBHCeTb OT )I,OilOJIHM

TeJlbHLIX Koop,n.11ttaT. HanoMHHM, 'CITO B cTaH,n.apTHoii KBaHTOBoli Mexatt11Ke 

3apSI)KeHHbie IIOJ1SI TaK)Ke OilHChIBaIOTC.H KOMilJTeKCHbIMH BOJIHOBblMl1 cPYHK

U,H51M11. HHqero no,n:o6H01'0 He 6bIJIO HM B o6u~e:tt Teop11.11 OTHOCHTeJibHOCTM, 

HM B 5-MeptthIX TeopHSIX Kanyu,hI 11 Kneii:tta, TaK KaK B HHX B3attMo,n:eiiCTBHe 

nepett0CHTC5I neiiTpa.7IbHb IMl1 6030Hal\1H. 

5. ,ll,01 IOJlHHTCJILHbie pa3MepHOCTH tteo6xo,n,HMO TIOJIO)Kl-ITb cyw;ecrseuHO 

OTJI.H"IaIOrn;HMl1.CSI OT KJiaccwiecKHX, TaK KaK, B COOTBeTCTBHH c npe,n:craBJie

Hl1.SIMl1. MHOI'OMepnLIX reoMe'lp11.'l'.fecKMX Teop11:H, OH.11 )l,OJI)f(Hbl 6.blTb ?W.Mna'IC

mu<fiuv,upoeatt?t.U.MU, T. e. 3aMKHJTbl Ml1. c o"tJeHb MaJihIM uep.110.u,oM. B o6-
cy)K,TT,aeMoii 3,Ll,ecb 7-Mepttoii MO,JJ.eJI11 11.CTI0Jlb3yeTC5f npOCTeiillla.H TOTIOJ10-

I'l151 3 - TOpa. Ha npaKTHKe 3TO 03HaqaeT .I.J,HKJ1H"t.JecK y10 ( 3Kc11otteHW1aJibHy10 

c MHHMbIM TIOKa3aTeJieM) 3aBHCHMOCTb BeJI11q11II OT ,ll,OTIOJIHHTeJlbHblX KOOP

,n:1111aT B BH,n.e, 06o6~a10m,eM ¢opMyJThI ( 1 0.2.7) 11. ( 1 0.5.2): 

W = 'lj;(xµ) exp[i/3x
4 + io:(c 5x

5 + E6;r
6)L (10.7.4) 

r,n.e 'l/J(xµ) -<PyHKIJ,HH KaK ['eQMel'PH'ICCKHX, TaK H BB0/~11.MblX B reOMeTpHIO 

11.3BHe IlOJieii, 3aBMC~He Jll1.Ulh OT KJiacc11qecKHX KOOp,lJ,HHaT, Q' H f3 - MaTibie 

rrapa.Merpbl pa3MepHOCTH (cM- 1 J, xapaKTepH3 Y10lllHe nepMO,ll.bl KOMIIaKT11.¢11.

KaIJ;HH no ,lJ.OTIOJillliTeJibHbI M pa3MepttOCTSIM ( OHH COBrra,n,alOT co 3HaqeHHSIMM: 

np11.Be)l.eHHhIMH B ¢opMyJiax (10.2. 7) M (10.5.2) ), E5, £5 6e3pa3MCpHbie 

rrapaMeTpb1, o npe,n:cJmIOw;He ,n:sa Ksa.wrosattuwx 3ap}l,lJ.a. 

6. Atta.JIH3 noKa3aJI, "C.JTO 5-10 KOOP,IJ.l1HaTy MO)KHO CBSI3aTh co B3aHMO)l.eii

cTBHeM c noneM Bµ B MO,ll,eJIH Batttt6epra -Ca.11aMa-fnsIIIoy, Tor,n:a HY*HO 

E5 OTO:>K,U.eCTBl1.Tb c r11nep3apS1,ll,OM y' a 6-ro KOOp,n,11ttaTy MO)KHQ CBH3aTh co 

B3aHMo,n:ettcTBHeM c Tp11.TIJieTOM noJieii A( o:) µ, TOI',ll,a BTopo:tt 6e3pa3MepHbIH 

n apaMeTp E6 ,n.oJI)KeFI 6bITh O'l'O)K)l.ecTBJieH c y)l,BOettHott npoeK~Heii H3aro-

Illl'CICCKOI'O cn11.tta: 

E5 = Y; (10.7.5) 
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B 3TOM cny-c;ae RMeeT MeCTO npoC'1a.a cpopMyJia ,n,Ju1 3uaqeHHA sJieKTptt'-1e

cKoro 3apa,.1..1.a Q a e,LJ,HHHnax e 

1 1 
Q = - Y + T3 = - (c:5 + Et1 )· 

2 2 
(10.7.6) 

9Ta ¢opMyJia o6o6u~aeT (10.4.5) B 5-MepHOii T€0PHH K a.rryllbI 11 COOTBe'l'

CTHyerl' ¢opMyJie (6.3.8) B MO,D,CJIM BaiiH6epra- Ca11a.Ma- r.mm10y. 

7. IIocKOJihKY B KnaccHqecKoi1 MO)I,e.JIH BaiiH6epra- Ca.rraMa- rmmmy 

a~'leKTpocJ1a6b1e roanMO)I,eiiCTB.IUI nepeHOC51TC5I qe:rbrpbMR npo.Me:>KyTOq

HhI.MH BeKTOpHbIMl1 no.JI~MH: Bµ 11 TpHIIJieTOM A(8)µ, r,IJ.e s = 1, 2, 3, TO, 

~etlCTBy5I no 06~11M npaBHJiaM BBe,IJ.eHH51 I'OO.MerpH'Y:6CKl1X nonett B Te0p1111 

KaJiyllbI ( qepe3 cro.JI6W>I )I,OnoJIHMTeJibHhIX KOMnoHettT Merp11K11) , CJie)I,o

BaJIO 6hI O.>KH)I,aTb HeOOXO,IJ,MMOCTb He Tpex, a qeTbipex ,ll,OIIOJIHMT€.l'lhIIbIX 

pa3MepHOCTett. 0 )J,HaKO B ,ll,aHHOM CJiyqae MO:>KHO o6owrHCb H83BaHHhIMM 

TpeM51 p 83MepHOC'NIMM ( eCJU1. 6bI He peuiaTh npo6neMy on11caH11R Mace, ro 
XBaTHJIO 6hI 11 )I,BYX )I,OilOJIHHTeJibHbIX p83Mepttocrett). 

IloHM>K€HH€ p 83MepHOCTl1 ,1J,OCTl1TaeTC51 TeM, qTO KOl\ffiOHeHTbI Tpcx BeK

TOPOB TpHa,LJ,bI B (10.7.3) ¢aKTw-1eCKM pa3JiaraJOTC51 no rapMOHHKaM 3aB11c11-

MOCTe :i1 OT ,ll,OilOJIHHT€JlbHbIX KOOp,lI,MHaT, npn KOTOpbIX B KaqecTBe Kos¢¢11-

~ettTOB BhIC'rynaroT cPH3Ht.iecKHe BeKTopHbi e IIOJI5I MO,IJ,eJ1M BaiiH6epra-Ca

Jia:Ma- rns woy, Hanp11Mep, 

Aµ= b5Bµ + a5A(3)µ + wtw: exp[2iax
6J + w5 w; exp[-2iax

6
], (10.7.7) 

r,ne 11pMCYTC'rBy10m;11e 3,ll,€Cb If ,npyn1e KOHCTaHThl 

H3 yCJioBMii cooTBeTCTBJUI reoMer1·pHqecKott TeopHH 

Batttt6epra Ca.rraMa- fJ13moy. 

bs, as, w"t- ~axo,n,HTCR 
C 113BecTHO:H MO,D,€Jlbl0 

8. HMeerca CBR3b Me)f{,lzy p 83MepHOCTbIO 11 cHrHaTypo:H npocTpaH

CTHeHHO-BpeMettHoro MHOI'Oo6p83llil, c O)I,HOH CTOpOHhI, If xapaKTepoM If l.J.MC

JIOM KOMTIOH€HT Cil11HOpOB ( B Tpa,L1,Hl.Vi0HHOM HX fJOHMMaHHH c Il03MUHU 

a.i'lre6p Kn11<l>¢op,IJ,a Ha,LJ. rro.neM aeru;ecrBeHHhIX TIMcen), unpe,lI,eJTReMbIX 

B 3'TOM Mnoroo6pa3MM, c ,rq>yroii. B TJac-ruocrH, B 7 - MepHOM upocTpaHCTBe 

C pacCMaTpHBaeMOJi CHrHaTypott CnU'HOp'bt aOJl:JIC'H'bt U.Mem?.J 8 KO.Mn.ll,e'IOC'H'blX 

1w.1vtnonettm . B o6cy}K.,ll.aeMoii: 3,n,ecb Teop1111 3TOT 8-KoMnotteHTHbl H cnnttop 

pac~errJI5IeTCR Ha napy o6u~enpMH51TbIX 4-KOMIIOHeHTHbIX Cil11HOpoB, OilHCbI

Barom,HX 3JieKTpOHbl H HeiiTpHHO. 

9. B3aMMO,IJ,eiiCTBHe cpepM HOHHbIX no.neii: c 6o30HHhIMM (¢11311qecKHMM) 

OOJIHM11. B reoMerpuqecKoii MO)I,€Jl11 noJiy'iaeTC51 113 KOBap11aHTHbIX npoM3-

BO~HbIX B ( 10. 7.2) . B TpHa,D,HOM MeTO,IJ,e pac~en.neHIDI H3 HMX Bbl)l;eJIRIOTC.H 

TaK Ha3bIBaeMbl€ TpMa)I,Hbie 4-MepHbie npo113BO.UHhi e (Tp11a,Ll,Hbl.R onepaTop 

,D;l1cP<l:>epe~HpOBaJiHR) Bl1)1.a 

att - N a - a c4 a A A 5 a ti a 
µ - gµ 8N - OTµ+~µ':. ox4 + µ ox5 + GµCT ox6 ' (10.7.8) 
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COOTBeTCTBYIO~He y,rr.JIHHeHHbIM npOH3BO,Il,HbIM (6.3.2) B MO,IT.eJJH 3JleKTpO

c.rra6bIX B3aHMo,rr.eiic"TBHif Ba:HH6epra-CaJiaMa-rn3rnoy. H anoMHHM, qTo 

aHaJIOrH"qnbIM o6pa3oM B 5-Mepno:H TeopHH KaJiyU.hI BhI,rr.e.rr.HJiaCb y,rr.JIHHeH

Ha.H npOH3BO,LIHa.a (10.4.4). 
10. ,[(aHHhie 0 3aBHCHMOCT.HX OT x 5 H x6 Bcex BBe,rr.eHHbIX Bbime IIO

JI€H ( cPH3H"tieCKHX <i>epMH OHHhIX H reoMerpHqeCKHX 0030HHbl X ) CBe,rr.eHbl 

B Ta6.rr. ( 10. 7.9). 

Ilo.rrn II £5 y II Cij 

lf30,n:y6ner 

8d~ + l +1/2 
- 1 - 1 - 1 - 1/2 

G l:ilir JI€Tbl 

VR 0 0 0 0 
eR -2 - 2 0 0 
Aµ 0 0 0 0 (10.7.9) 

l'faarpHTIJieT 

w+ µ, 0 0 +2 +1 
w-µ, 0 0 -2 -1 
zu 

µ, 0 0 0 0 

l-fao,izy6neT 

w~ - 1 - 1/2 
+1 +1 +1 + 1/2 

B 9TY ra6.1'1Hll.Y BKJI10-r.1eHbI T'dK)Ke aHanorH x11:rrcoBcKHx CKaJI.HpHhIX 6o30HOB, 

BBO,rr.MMblX B 7-.Mepttoii reoMeTpHq eCKOH Mo,rr.eJIH qepe3 KOHcPOpMHbI H cl>aKTOp 

TeopHH' qTo Il03BOJI.SleT BB €CTH MaCCbl Il0K05! npoMe)KyTO't.JHbIX BeKTOpHhIX 

0030HOB. 

rapMOHHKH cPepMMOHOB M 0030HOB M3 3TOH Ta6.rrMU,bI rpacp11qecK H npo

H.ITJllOCTpHpoBaHbI Ha p11c. 10.2. H a 3TOM r p acPHKe no BepTHKaJihtto:H ocH 

o T.rro )KetthI rap.MoHHKM E6, a no ropH30HTa.Jihtto:tt oc11-rapMOHHKH E5. KaK 

BH,U,HO H3 pHCYHKa, ocymeCTBJIBe'TC.Sl TIJlOTHaa y n aKOBKa TIOJi e:H ( qaCTHU.) no 

rapMOHMKaM B6J1H3H HX ttaqaJia KOop,rr.uttaT. 

11. 0KOH"t.JaTeJlbHOe Bbipa)KeHHe ,lI.JI.Sl nJIOTHOCTH 4 - Mep ttoro narpaH)KH

atta rpaBM-3JieKTpoc.na6hrx B3aHMo,rr.eifcrm1:H no.nyqaerc.SI 113 7-MepHoii rw

nepnJIOTHOCTH narpaH)KHaHa (10.7.2) n ocpe,rr.cTBOM ycpe,rr.He111rn no MaJihI M 

nep11:0,rr.aM 3aBHCHMOCTeH OT ,rr.onOJlHHT€JlbHblX KOOp,LJ.HHaT, HCnOJib30BaHHOI'O 

y:>Ke B TeopH.SIX Kany.u;h1 11 Kne:Htta. TiocJie HH'I'erp11poBaHM.Sl rHuepnno THO

CTH narpaIDKHaHa no dx4 ' dx5 " dx6 
BCe 3KCnoHeHI-"HaJibHhlC CJiaraeMhie, 

He COKp aTHBlllHec.SI npH YMHO)KeHHH COCTaBJI5IIOlllHX CJiaraeMbIX, HC'I€3alOT 

" no.ny-r.iaeTC.SI Bblpa)f(€HHe, 3am1C.Siw.ee JlHlllb OT 4 KJJaCCH"t.J€CKHX KOOp,lI.HHaT, 

KOTOpoe H cpaBHHBaeTC.H c COOTBeTCTBYIO~HMH IlJlOTHOCT5IMH, n oJiy-tieHHbIMH 
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C£ 

zO +l e5 

eR 

eL V£ 

-2 
w-

Puc. 10.2. rapMOHHKJ.I <l:>epMIWHOB H 6o30HOD D 7 -MepHOR reOMe'I'pH'i€CKOt:i MO,II.eJJH 

B M0,11,eJIH BaliH6epra-Ca.JiaMa-rrr.:lruoy. 9ToT npHeM COOTBeTCTByeT orrepa

~1151M HHTerpHpoBaHH51 no rpaccMaHOBbIM nepeMeHHbIM B cynepCHMMfil'plPI

HbLX T€0pHIDC T€0peTHKO-noneooro BHJJ,€HH51 M Hpa. 

0TO)J(,lI.€Cl.'BJI€HHe reoMeTPHqOCKHX 11 ¢113HqeCKl1X Bbipa)K€HHii Il03BO

JISle'r KOHKpeTH3 HpOBaTb 3 HaqeHH51 KOO¢<l>~H€HTOB, BBe,n;eHH.bIX B {10.7.7). 
Ha OCHOBe H3JIO)KeHHbix BbIIIIe 11 HeKOTOpbIX ,n,pyrux, 6o.nee qacTU.bIX, H,n;eii 

M npHeMOB y,lI.aeTC51 ,U.OCTH1:Jb cor.nacH51 l'OOMerp11qecKoro H 'l'eOp€'l'l1K0-TIO.ne

BOl'O IT0,11.XO,U.OB K OIIHCaHHIO 3JleKTJ)OCJia6bIX B3a1nv10,u.e 'ACTBHH 3JI€M€HTapHbIX 

qacTHI.J,. TipH 3TOM reOMffi'p.MqecKylO HHTepnpeTaU,HlO nonyqaJOT TaKHe H3-

B€CTHhie cBo.H.c TBa MO,LJ.eJIH BaillI6epra- CanaMa-rrr.:lruoy, K aK H ea6enesOCTb 

Ka.rr116posoqHLIX rroneii, Hen11HeHHhie c naraeMbie 11 ,a;pyrHe. Kotteqtto, B Ta.

KOH TeopHH aBToManPi eCKM co,LI.ep)KHTC5i OOUJ,asI TeopH51 oTHOCHTeJibHOC'l'H. 

10. 7 .3. 8-MepHruI MO'AeJIL rpaBH-CHJlhllhIX 

H aJieKTpocna6hIX B3aHMO,ZJ;eHCTBHii 

0T,LI.eJibHO paCCMOTpHM ,LI.Ba oonpoca: BO-rrepBhIX, reoMeTpH3aI.J,HIO CHJib

HhlX B3RHMO,D.eikTswii H , BO-BTOpbrx, o6'bC,LJ.HHettHe CHJibHhIX 11 3J1€KTpocna-

6hlX B3aJ-:IMO,D.€H<.,"TBHH B MHOI'OMepHOM reoMeTpHqecKOH MO,U.€J1H. 

I . 8 - MepHas reoMeTpH'lecKcw Mo,u,eJJb rpaBH-CHJJbHbIX B3aHMO

,D.eiiCTBHH ( 34) 
3a,u,aq11, pemaeMbie npH IIOCTJ)OeHHH reoMeTpHqecKOH MO,D.eJIH rpaB'1-

CM.llbH.bIX B3RHMO,LI.eHCTBl1ii, aHa.JiorHqHbI Te.M, qTQ B03HHKaIOT B 7 - Meptton 

Mo)J,e,Jrn rpaBH-3neKTpoc.na6hrx B3RHMO,D.eikTBHti. TeM He Mettee OTMeTHM 

.Ba)f(HeiiwHe H3 HHX. 

A. H eo6xo,u.11Mo reoMeT pHqecKHMH MeTO)I.aMH onMcaTh Tp11 THrra ~ 

TOBbIX sap51,LI.OB xpoMO,lI.HHaMHKH. 
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B. TiocKOJihKY B xpoMO,LJ.HHaMHKe c11nhHhie B3aHMo,n.e:A:cm11H nepetto

C51TC.H 8 THilaMli r JUOOHOB, HeOOXO,ll,liMO HaiiTH reoMeTp11qecKHi1 o6-
pa3 3THX qm::UPi€CKliX B€KTOpHblX none:A: B !vlHOroMepHOH reOMeTpll

"ICCKO:A: MO,l.I,eJll1. 

B. KaJIH6poBO"-IHaH rpynna SU(3) npHBO,LJ.HT K cym;ecraeHHo He..TIB

ne:A:HhIM BbTpa>K€HIDIM B 0030HHOM CeKTOpe JiarpaH>KHaHa TeOpHH. 

CJie,LI,oBaJio uoK83aTh, qTO Bee 9'1'11 tteJIHHe:A:IIhie cJiaraeMhie MO.>KHO ' 

OilHCaTb B paMKax MHOroMept-fO:A: f'OOM(,'TJ).HqecKo:A: MO,LI.eJIH Tlffia 

reopHH Ka.nyl.J,b1-KJie:A:Ha. 

r. CJie,D,OBaJIO npo,II,eMOHCTpHpoaaTb, qTQ B 8-MepHO"A MO,IJ.€.Jlli MO.>KHO 

on11caTb R3al1.MO,LI.eiiCTBHe ¢epMHOHOB c rJUOOHaMH B cornac.HH 

c ¢ep1·vrnOHHblM ceKTOpOM XpOMO)I,HHaMHKH. 

,[LJUI peIIJeHl1H nepe'iHC.11€HHbIX 38.,.1\aq 6hIJIH HCOO.Jlb30BaHhl CJI€,D,)'10UJ,He 

11,IJ.CH H MeTO.IJ.bl. 

l. Attrun13 noK83a.n, q'ro p83MepttOCTl1 7 He,n.ocTaToqHo ,II,JIH peIIIett1HI 

,n,allHbIX 38.,II.aq. Heo6xo,LJ,HMo 11cnonh30BaTb 8-Mepttyro reoMerp11qecKyIO MO

,IJ.enh c CHrtfaTypo:U. ( + - - - I - - - - ) . rnaBHblM ,Il.OBO,ll,OM B Il0.Jlh3Y 

Tpex ,ZI.OTIO.JlHHT€.JlbllhIX p a3MepHOCTeti ( K qeTbipeM KJiacc11.qecKHM IIJUOC KO

op,n.HHaTa x4 ) HBH.JlaCb H€00XO,lI.11MOCTb onwcaHlffi Tpex IJ,Bel'OBbIX 3ap.H,L1,0B 

(/lJIH pcmeIIHH nepBOR H3 n epeqHCJTe HHhIX 3a,n.aq). l13BeCTHO, qT() B Teo

pHHX Ka.JTYI.J.bI- Kneillia 3apH,IJ.bI cooTB(,-'TCTBYIOT ,n.onoJitt11TeJibHbTh1 KOMno

tteHTaM 11Mnynhcos. TpH 3 apH,n.a - TpH HOBhIX p83Mep1IocT11 (H~mynbca). 
06o3naqHM HOH bl e ,l.I,OIIOJIHHTe.JlbHbie KOOp,LJ.11HaTbJ 11H,LJ.€KCaMH x 7 ' x 8 , x 9, 

HMeH BB11,LI.y, qTo see upe,II,bI,n,yII~He HOMepa y.>Ke 6hIJIH 3aHHTbl ,ll.JIH OilHCa

HH5.l KJiaccHqecKoro 4-MepHOI'O npocTpaHCTBa-BpeMeHH, MacCOBOI'O BKJTa,IJ.a 

11 9JI€KTpOCJia6bIX B3amvm.n.e:A:CTBHH. 

2. B cornacHH c o6llJ,HM rrpaBHJTOM, ,LJ.ononnHTeJihHbte p83Mepttocrn rro

naraIOTC.H 1<0MnaKTH¢11n.nposaHHbIMH. OrrnTb npe,IJ.JiaraeTC.~·l HCnoJih30BaTh 

·1·onoJiorH10 4-TOpa. 9ro 03HaqaeT, TITO ace rron.H, 06na,n,a10rn,J:Ie I.Q3eTOBbLMH 

3 ap5!,II,aMH, ,UOJT.>KHbl Il,HKJ111T.JOCKHM o6pa30M 3aBHCeTh OT ,lI.000.JlHHTenbHhJX 

KOOp,LI.HHaT. ,Ll.JlSl orrncaHHH Tpex JJ,BeTOBblX COCTOH'.Hlfii KBapKOB q(j) npeJJ,

.naraeTC51 HCIIOJ1b30Ba.Th CJie,ny10w,y10 11X 3 aBHCHMOCTb OT ,Il,OlIOJIHHTeJibHblX 

KOOp.IJ.HHaT: 

(10.7.10) 

r.n.e I - H€Ka~ HOBa.H KOHCTaH'I'a, Oilp€,IJ.€J15ITOIJJ;aH: n epHO,ll. KOMTiaKTH<i:>HKaII,HH 

)l,OTIOJIHHTenbHbl X pa3M€pHOCTeit, xapaKTepH3yIOlll,HX CHJlbHbI€ B3aH.MO,IJ.eii

CTBH.H. l13-3 a CHMMeTJJHM B xpOMO,ll.HIIaMHKe BCeX Tpex U.B€TOBbIX 3apSI,LI,OB 

pa,n,wychI KOMilaKT Hcl:>HKaI.J,H11 Tpex 113MepeHHn B3HThl O,ll,MHaKOBhIMM. 

3. At1a.JIH3 noKa3a.rr, qTo ceMM H3Mepemm tte,IJ.ocTaTo"IHo ,LI.JIB nocrpoe

HHH O,ll,HOBpeMeHHO KaK 6oooHHOro, TaK 11 ¢ epMHOHHoro ceKTOpOB T€0p1111: 

COOTBeTCTBYTOII(HX xpoMO,lI.HHaMHKe. BocbMoe M3MepeHHe ( c KOOp,IJ.HHaTO:H 
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x4 KJTeHHOBCKOI'O TIUia) 01<838.l'lOCb He06XO,ll,HMhIM He TOJlbKO ,IJ;Jrn 01rn:caHHs:i 

MaCCOBbIX CJiaraeMbIX ¢ep1vlHOHHblX rro.neli, HOH ,IJ;JUl corJiaCOBaJ-tMH cPeP.l\Ul

OHHoro M 0030HH01'0 ceKTopoB MO,IJ;€J1M. 9TO HOBhlfi 3J1€M€HT T€Op1111, He npo

.HBJUIBlllMHC51 B 7-MepHofi M0.!1;€1111 rpa.Bl1-3JieKTpOCJia6bIX B3aMMO,IJ;eHC'l'BMfi. 

4. Bcx:elvlb I'JllOOHOB OIIHCbIBaIOTC51 KOMIIOH€H'Ta.MH MHOI'OMCpttofi MeT

pmrn: aH8.1'10rwlHO TOMy, KaK 3TO )I.€JI8Jl0Cb B 7-MepHOH M0,11,eJUI 1·pae11-a.neK

T}X>CJla6bIX B3aHMo,n:eficTBHfi. HarroMHMM, l.JTO H3 8 rJIIOOHOB ,.a;aa 5IB.nSUOTCH 

HeilTpaJibtthIMH no UBeTOBbUvl 3ap}I,IJ;aM, a mecTh - 3ap5DK€HHbl.MM. B corna

cn11 conpe,n:eJieHHOfi B (10.7.10) 3aBHCl1MOCTblO KBapKOB OT ,IJ;OIIOJIHl1.TeJlbHbIX 

KoOp,ll,HHaT, TPM rrapbI 3apH:>Ketttth1x (nBeTOBbIM o6p8.3oM) rJTIOOHOH ,n:oJDKHbI 

HMeTb CJI€,ITylOIJJ;11e 3aBl1CHMOCTM: 

x; rv exp[:+i7(x
7 

- x 8 )]; yµ± rv exp(:+i7(x
7 - x

9
) ] ; 

z; rv exp[+i1(x
8 

- x
9
)]. (10.7.11) 

KaK y:>Ke OTMel.JaJIOCb B r.n. 3, BOCeMb rJTIOOHOB MO:>KHO CBH3aTh c BOCbMepKo:H 

KHTatkKHX TpHrpaMM, r,n;e TpH napbI 3ap51:>K€HHhIX I'JllOOIIOB COOTBeTCTBYIOT 

IllecTH TpHrpaMMaM, co,n:ep>1<aw;nM oTpe3KH ,n,ayx Bli,!J.OB, a ,n.aa Hefl'rpa.nb

HhIX I'JIIOOHa MO:>KHO COTIOCTaBMTh c ,ll,BYMH TpHrpaMMaMH H3 O,ll,HHaKOBbIX 

OTpe3KOB. Ha p11c. 3.2 OHM 113o6pa)f(eHb1 CBepxy H CHH3y. 

5. B C'IaH,D,apTHOM noHHMaH11H cnHHOpoB (Ha octtose arrre6p K.nn<l:>

cl>oMa Ha,.a; rro.neM B€IJJ.€CTBeHHhIX l.JHCeJI) HMeeTai :>KCCTKMI CB513b lv1€>K,Ily 

pa3MepHOCTblO, CHI'ltaTYpofi :MHoroo6p8311st 11 "t.fHCJIOM KOMTIOH€HT CTIMHOpoB. 

,[(.mi p83MepttoCTefi 4 H 5 CU.liHOpbl .sIBJISHOTCS 4-KOMIIOH€HTHbIMI1, ,LI,Jl .sI p83-

MepHOCTeii 6 " 7 - Cill1HOpbI 8-KOMIIOH€HTilhie, a )l.JI.sI p83M€ pHOCTH 8 OHM 

OKa3bIBaJOTC.sI 1 6-KOMTIOH€HTHhIMM. 

6. B corJiac1u1 c ,rryxoM o6w.eii reop11H OTHOCHTCJibHOCTH 11 MHoroMep

HhIX TeopHii KaJiyqh1- KneliHa B KaqecrBe KJIIOl.JeBoro ( 683oBoro) Bb1pa>1<e

HH.H Mo,.a;e.n11 Bhr6HpaeTC51 8-.MepttaJt 2unepn.n,orn?--wcm'b .!W2pa?-£:>1euatta B:H)I.a 

(10.7.2), cnara10rqaSIC5I H3 I'OOMeTpl1"t.f€CKOi% qaCTH (rrJIOTHOCTH CKaJistpHOH 

KpHBM3HhI R(8)) 11 BHemuei% K reoMeTpHH crrnttopno:M MaTep1111. 

7. KaK 11 B npe,.a;bI,lJYIJJ;HX MHoroMepHbIX reoMerrpnl'.JeCKHX Mo,n,enSix <lm-
3H'ieCKHX B3amv10,rr.ei%CTBHi%, B ,rr.aHHOM CJiyqae HCIIOJib3Y€TC51 o6o6IJJ;eHne MO

Ha,D,HOI'O Mero,n:a pe,rryKI.QIH Ha 4-MepHe. Tenepb 9TO 6y,n,eT TeTpa,n,Hbl:H MeTO)I. 

l 1- l + l -r1 +4- pacu\enJieHHH. 

8. ~JIB rronyqeHl151 OKOH"t.faTeJibHbIX ¢opMyJI HCIIOJib3Y€TCSI MeTO)I. ycpe,n;

HeHHS {nHrerp11poBaHHSI) HCXO,n:HbIX 8-MepHblX Bblpa>Ke~i% no ,11,0IIOJIHH-

1'allbHbIM Koop,u.HHaTaM. B nrore orrstTb OCTalOTCH JIHIDh BeJIHl.JHHbI , 3aBH

cm1J,He OT qeTbi peX K.nacc11qeCKHX KOOp,11.HHaT. 

IloKa3aHO, 'iTO B paMKax 8-Mepnott M0,11.€JIH IIOJiyqaeTCSI CTporoe COOT

B(..YJ.'CTBne reoMeTpHl.J€CKHX Bbipa:>KeliHH c TCMH, KOTOpbie BBO,ll.SITCH Ha OCHOBe 

Ka.JIH6poaol.1Horo no,n;xo,n,a K CHJibHhIM B3aHMO,n:eficTBMSM B Teope·1'nKo-rronc

BOM Bl1,LI.eHI111 M11pa. 
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II. 06'be)I.HHeHue cun&HbIX H 3J1eKTpocna6&1x B3a.HMO)I.eiicTBHif 

,IT,ru1ee B paMKax reoMeTpHqecKoro no,D;xo,rr,a, KaK 3TO 6h1JI0 11 B 'I'eope

TMKO-ITOJieBOM MMponOHH.rviaHHM, BCTaeT 3a,rI.aqa IlOCTpo€HM.H e,rr,MHOH TeOpMH 

rpas11-:3.rreKTpoCJ1a6bIX M CHJibHbIX B3aHMo,rr,e:HcrBMit CaMbIH oqeBH)J.HhIB sa

pMaHT cocroHT B o6'he)J.MHettHH oxapaKTep1130BaHHhIX Bhillle 7- H · 8-MepHbIX 

Mo,n:ene:H B paMKax 10-.Mepuo:H f'OOMeTpffqeCKOH TOOpHM, r.u.e 4 KOOp,IJ,MHaTbl 

KJiacc11"ieCKMe, 1 KOOp)J.HHaTa MacCOBa5I {KJieHHOBCKOro TMna), 2 KOOp,IJ,MttaTbl 

MCII0Jlb3.YIDTCSI )1.Jl5I OilMCaHH5I 3ap5I,DPB 3JieKTpoCJia6bIX B3aHMO)J.CHCTBMH 

M 3 KOOp,LI,llfHaTbl - ,l.I,JI5I onucaHIUI Tpex u;BeTOBbIX 3ap5I)J.OB xpoMO)J.Mtta.1vmKH 

(4-r1+2+3= 10). B TaKOM BapHaHTe o6'he,n:MtteHH5I 10-Mepttoe McKpMs.neHHoe 

npocTpaHCTB€HH0-BpeMeHHOe MHoroo6p83He npH )J.OJDKHOM cnoco6e pacrn;en

JieHM5I o6ecneq.11T HY .>KHbie cnaraeMbie ,II.JUI Bcex qeTblp€X <Pynn;aMettTaTI.bHbIX 

B3a11MO)J.€HCTBHH. 

0,D;HaKO 3TO'l' sapHaHT CHHTe3a MMeeT xapaKTep npocToro MexaHM~:Ie

CKOro o6'be)J.MHeHM5I, He rrpHB0,1J.5Im;ero K BCKpbITMIO 6onee rJIJOOKHX CBOHCTB 

Q:>ytt,rr,aMeHTdJibHbIX B3aMMo,rr.eficrBHii. TaKa.si ·reop.115!, MO>KHO CK33aTh, co

OTReTCTByeT AYXY nToJieMeeBCKOro onMcaHH5I )J.BM>KeHIUI rrJiaHeT M 3 Be3,1I,, 

TO.nhKO Tenepb BMec·ro IJ;MKJIOB BbICTynaIOT reoMeTpM'leCKHe p83MepHOCTH. 

Bonee MHTepecHhIM npe,rr,craBJrneTc~1 Htto:H nyTh, OCHOBaHHhiii Ha pac

CMOTpettHM e.II,MHoro OO'heKTa B paMKax .MeHbIIIero 'tJHc.na M3MepettHii, KOTO

phIH npH p83HhIX YCJIOBH.HX MO:>KeT np05IBJI5ITbC5I B BH,n:e IIOJie:H, OnHCbIBaIO

llJ,MX JIM6o CHJibHhie, JIM6o 3JTeKTpocna6b1e B3aM.Mo.ne:HCTBH5I. Torna p83nHq

Hbie BH,1I,bl B3aHMo,n:eiiCTBHH 3.ne.MeHTapHbIX "1.aCTHIJ; MO)f(}JO paccMaTpHBaTb 

KaK np05IBJICHH5I e,rr,HHOH cym;HOCTM J3 p83HbIX <Pop.Max. 

B KaqecTBe TaKoii e,n:Htto:H cywttocTH, npe,n;craBJI5IIOm;e:H npoo6pa3 Bcex 

H3BecTHbIX B3a11Mo,n;e:HcTBHii, npe,L1,J1araerc.si paccMa:rp11aa:rb 8-MepHoe pw:Ma

HOBo M Horoo6p83Me c cHrttaTypoti ( + - - - I - - - - ) , no,rr,Beprtty'l'oe 

rrpou;e.rr.ype TeTpa,n;ttoro 4 + 1 + 1 + 1 + 1-pacrn;eIIJieHM.H. Ha Hcxo,rr,HOM 3'ffine 

qeTblpe BCKTopa Terpa,ll,bl 5IBJI5IIOTC.H qeM-TO 06m,11M, He HHTepnpeTHpyeMbI.lVI 

HH qepe3 r.JIIOOHbI, Hff qepe3 npoMe*J'l'OqHbie BeKTOpHble 0030Hbl MO,D:e.JIM 

Ba:ttH6epra-Ca.rraMa-rJI9IIIoy. Ho 3aTeM 3TM BeKTOpbI TeTpa,rI.bI npH onpe

,rr,eJieHHhIX yCJIOBH51X 0Ka3bIBaIOTC5I npe,n;cTaBHI'vlbIMH qepe3 rJIIOOHHbie Il0JI51 

xpoMO,II,HHaMHKM MJIM B BM,lle npo.rvie*JTOqttbIX BeKTOpHbIX IIOJie:H MO.!I.eJIH 

9JieKTpocna6h1x B3aM.Mo,rr,e:HCTBHfi Ba:H:tt6epra- Ca.JiaMa- rnsIIIoy. 

Ilpou;e.rrypa no.rryqeffif.H CHJlbHbIX B3aHMO)J.eHC'rBHH B 8-MepHOH MO)J.e.nH 

OilHCaHa BbIIIIe, a nepeXO)J. OT 8-MepHOH reoMeTp11qeCKOH MO)J.e.JIH K 3.JieKTpO

cna6bThil B3aMMO)J.€HCTBll5IM B )1.a.HHOM rro,rr,xo.rr.e ocym;eCTBJI51€TC.H IIJTCM no

HM)K.eHM5I p83MepttOCTM MHoroo6p83M.SI ,n;o ceMH. B ttarnHx pa6oTax (CM. [34]) 

IIOKa3aHO, qTo TaKMM nyTeM no.nyqaeTC5:1 7-MepHa.SI Te0pH5I rpaBH-3.JieKTPO

CJia6bIX B3aMMO).I,eHCTBHH KBapKOB. IlOCKOJibKY IIOHIDK€HMe p83MepHOCTM 

,n:o ce.MH MO>KHO c,n:eJiaTb Tpe.rvrn cnoco6aMH ( KOOp,1I,MHaTa x4 npH 3TOJVI He 

3aTpar11.BaeTC.SI, KaK OilHChIBaIO~a.SI MaCCOBhie BKJia,II,bI)' TO 9TH B03M0)K.H0-
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CTH rrpe.rv1araeTCg HHTepnperMpOBaTh KaK npo.Re.n.e'H:u.R mpex no'Ko.n.enuu 
3Ae.M.e1imaptt'blX "Wcmu'4. 

TaKHM o6pa3oM, ,n.aHHbIH no,n.xo,n. B p aMKax reoMeTpR'-i€CKMX Mo,n.e.rreii 

(MeTacpH31.PI€CKH Bb.l,Ll,€JI€HHbIX) BOCbMH H3MepeHHli Il03BOJUl€'1' He TO.TlbKO 

)'K83aTb rJiy6MHHYIO CB5f3b 8JI€KTpoc.rra6blX H CHJibHhIX B3RHMO)l.€HCTBHH, RO 

H o6ocHoBaTb HaJIWIHe HM€HHO Tpex JTOKO.TieHHii aneMeHTapHblX l.faCTiru;. 

10.8. BLIBo~ 11 Mem<l>H3WiecKHii: aHaJIH3 
MHoroMepHbIX reoMeTpWiec.KHX Mo~eneA 

C.rre,u,y.H o6I.I..I,eMy 11paanny npe)l.hIA)'I.I..I,HX qac-wreif KHHl'M, c.n,e.rraeM r.rraBHbie 

BbIBO,D.hI 113 HCCJI€,U,OBaHHii A)'aJU1CTH 4 €CKOl'O reoMeTp11qeCKOI'O MHporroHHMa

HH.H H npoH3Be,rr,e.M ero MeTacpH3 .l.fl-I€CKHH aHaJil£3. 

10.8.1. OcHOBHhle BhIBO~I m uccne,n;osaHDii 
MHoroMepm1 

J13 H3JI0)K€HHOro B aro'A rnaBe MO)KIIO C,U,eJia:rb CJI€A)'IOilI;H.€ OCHOBHbl€ 

BbIBO,ll,bl. 

l. Mttor0Mepttb1e reoMerpgqecKHe MO/I.e.TIH T m1a Teopni1 Ka.ny~hI 

R K.rrei1Ha, rroKa3hIBaIOT, qTo <frynoaMeuma.n.'buue if>usuttre.c'IC'Ue e3aUMooeu

cmau.R., uc'KA?O'l/,O,.R, 2paeuma'4UO'H.ttoe, MO[)IC'H.O nottUMam'b 100-x: npo.R.e.n.ettu.R 
001io.n.'H.umM'b'H 'bl.X paa.Mep1 iocme1J, uc-x:pu8.l/,ett'H.oeo <fn;,3u 'l{,ec10020 npocmpatt
cmea-6pe.MeHu. KoHKpeTHbie sapnaHTbI MHoroMepHbIX reoMerpWieCKHX MO

,ll.CJtei1., 00'b€,ll,llH.HIOilI;li€ o6u:r,yro T eopHIO OTHOCHT€.JlbHOCTH c TeopH.stMH ,n.py

rnx D3aHMO,ll,€HCTBHH, IIOKa3bIBaIOT, qT{) 

1) ,ll,JI.H o rr11caHH.Sl 3JI€KTPOMaI'HHTHOf'O B3a:H.Mo,ne'HCTBH.H Heo6xo,rur.Mo 

yt.tecTb O,ll,RO .LI.0IlO.TIHHTe.JlbHO€ npocrpaHCT BeHHo-no,rr,o6Hoe H3Mepe

H 11e; aro ~eJlaerc.H B paMKax 5-MepHoii TeopHM Kany~1 HJIH, rrpw 

reoMeTpH4€CKOM c rroco6e om1caHJUI Mace) B paM:Kax 6-MepHOH TeopRH 

Kany~1-Kne:AHa; 

2) 3JI€KTpoc.rra6bie B3amvm,rr,eifcTBIUl Oill1CbIBaIOTC}] c IlOMOID;blO ,nByx ,u,o
IlOJIHM1.' €.TlbliblX npOCT})aHCTB€HHO-IlO,U,OOHbIX KOOp,1zy1HaT, a reoM€Tp11-

YeCKHH cnoco6 BBe,nemrn Mace cPePMMOHOB ,U,MKTyeT HCil0.Tlb30BaHHe 

em;e O,U,HOH KOOp.LI.HHaThI , q To <l>oPMY.TIHPYeTC.H B p aMK.a:x 7-MepHOH 

€)1.HHOH reop1m rpaBl1-8JI€KTpocJia6bIX B3aHMO,n;eiicTBHH, COBM€Iqaio

n~ei1: 3aKOHOM€pHOCTH 8HHilIT€HHOBCKOH o6m;ei1. TeopHH OTHOCHTe.Jib

HOCTH u Mo,rr,e.rrH aneKTpocna6bIX B3a11Mo,n;elicTBHit Ba:.AH6cpra- Ca

JiaMa- rmnuoy; 

3) ,LJ,JUT onncattH}] CHJihHhIX B3aHMo,nei1cTBHi1 Heo6xo,n;HMO yqecTb TPM 

,Il;OilO.TIHHT€.JlbHbI€ npocTpaHCTBeHH0-UO)J.06HbI€ pa3MepHOCTH B ,u,yxe 

reopmr Kany~hI H o,.a.Hy pa3MepHOCTh B p.yxe TeOPHH Krre.M.tta, -
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B HTore 11011yt.J.aerc.H 8-MepHrui reo.M€TpH"-1eCKMI .Mo,n;eJTu, o6'he,D;HIDJ-

10rn.a.H o6uzyro T€0plfl0 OTIIOCHT€J1bHOCTl1 11 KJ1aCCli'I€CKYJO xpo.MO,D;H

HaMHKy. 

Ha3saHHbie reoMeTp11t.J.ecK11e .MO,D;€Jil:I npe.r:r,cntBJIHIOT co6oii nyrh OT 'l'eo

pe.MbI IlHcparopa no J1€CTHHU€ pa3.MepHOCT€H ¢113 H'-1€CKOI'O npocrpaHCTBa

BpeMeHH. 

2. ,ll,onoJIHHTeJlbHa.51 pa3.MepHOCTb x 4 , BBO,D;H.Ma.51 ,ll;Jl.Sl f'€0M€'l'J)Wl€CKOI'O 

OIIHCaHH.H Mace IlOKOH 3JI€.M€HTapHhrx 'iaCTl1U,, Ka'-leCTBeHHO OT.Jll{qaeTC.H OT 

,npyrHX ,ll.OllOJlHHTeJibHbIX pa3.M€PHOCT€H, OUMCbIBalOl.I.J,11X l13B€CTHbI€ BH,ll.bl 

¢yH,LJ,aMP.H'J'8JlhHbIX ¢113Hli€CKHX B3aH.M0,1J;€HCTBHM. 11.MeHHO HCnOJib30Bairne 

9TOH p83MepHOCTH Il03BOJIH€T c IIOJIHhlM OCHOBaHMeM H83BaTb ,u;aHHbie .MO

,n;e1n1 meo'{J'luiMu Ka.tiyv,?>i-K.rieuua. 
3. B 2eQM,empu'l.(,ec%QM, 6Udeuuu Mupa om'X:p'blBaemc.R npuu'4unua.ti'btto 

ttoBuu nym'b o6'r>eauueuUJl ctL.11.'b?t'blX u 9Ae'ICmpoc.rta6'blX 63aUMoaeucrri6uil, 

HCXO,D;H H3 reOMe'rpl1'-1€CKOM TeOpHH 8 113.Mepemm, r,u;e Cl1JlbHbl€ B3aMMO

,u;eiiCTBMH MO)KHO IIOHHMaTb KaK np05IBJI€HHe 't18CTHOI'O CJiyqa.a 8-MepHOH 

TeOpMH, ror.zx.a KaK 3JI€KTpoCJi a6br.e B3al1MO,Il.€HCTBHH IIOJlytialOTCH H3 11CXO,LJ,

HOii MO)J,€J1H npH Il0Hli:>K€HMH p~.MepHOCTM nyTeM CKJI €MKH nap 113 Tpex 

)1,0nOJ1H MT€JlhHbIX KOOp ,n;HHaT. 

4. B paMKax MHoroMepHoro reoMeTp~ecKoro no,u,xo,n;a pelllae'l'CSl npo-

6ne.Ma TeOpeTJA '-lecKoro OOOcHOBaHH.H Tpex IIOKOJ1€HHH 3JI€MeHTapHbIX 'ia

CTl'fU. Tpu nO'f\,OAettu.R 'tf.acmu'4 o6yc.rwB.rieuu mpe.MJi pa3'H'blMU cnoco6a.Mu 

nD'HU~e'HUJt pa3.Me'fJ'H.OCmU C BOC'bMU ao Ce.MU U3.MepettUU nyme.M C'l\,./l,eU%U 
d6yX U3 mpeX donOAHUme.rt'b'H'blX pa3.Mepuocmeu. 

3aM€TMM, l.JTO npM 3TOM n epexo,n.e OT CHJlbHhlX K 3J1eKTpoCJla6bIM B3a

MMO,J].€HCTBHHM rrpo11cxo,rvn CBoeo6pa3Ha51 3aMeHa BOCbMepKH rJIJOOHOB Ha 

KHTitHCKOM Cl1CT€M€ TpHrpaMM Ha p11c. 3.2 (s CHJlbHblX B3aHMO,n;eiicrmrnx) 

Ha CMCT€MY Il0KOJI€HHH 3JI€M€HTapHbIX 'i8.CTHU, B 3JJeKTpocJia6bIX B3aHMO

,n.e:HCTBlUIX. 

5. B MHOrOMepHblX reoMeTpM'-IecKHX rvm,n;eJIHX 3ap51)1.b1 ( 3J1€KTPM'tleCKHii 

M ,npynre) HM€10T C.MbICJI ,u;on OJIHHT€JJbHblX KOMilOHeHT 11rvmy.1IhCOB qacrm.i;. 

,ll,onoJlHH'l~bHbie KOOp,Ll;HHaTbl MCKJIIO'ialOTCR l-13 T€0pHH ycpe,n.HeHHHMM 

(:nttrerp11poBaHHHMH) no n ep110,n;aM KOMnaKTH$HKal\IiM 3THX p83MepHocTeii. 

11cxo)I,5l 113 3TOro, .MO.>KHO BblCKa3aTb r:nnOTe3y, qTo .M1tO~O.M€'fYHOCm'b u co

ornBemcm8y'KYU.J,Ue .MH020.Meptt'ble cu.M.Mempuu UMewrn Mecmo .11,uw'b d.rt.Jt 
UMnyA'bc?-£020, 'HO ue %OopiJuuamH020 npocmpa?-tCmea. KmvmaKTHcpMK~HlO 
~OIIOJIHHTeJlbHbIX pa3M€pHOCTeii MO)KHO IlOHll.MaTb KaK .MaTeMaTH'-1€CK~ 

np:ne.M, Il03BOJ151101.U,Hii IIOCTpOMTb TeOpHJO c ,u;pyroro KOHUa, MCXO~ 113 

( nepBH'-IHO 3a)laHHOro) MHOI'OMepHoro KOOp,Ll;HHaTHOro (a He HMny.TibCHOro) 

npocTpaHCTBa. 

6. OnhIT nocTpoeHHR MHoroMepHbIX reoMerp11 t.J.ecK11x Teop11i1 CBH,D,e

TeJibCTByer o 6ecnepcne?Cmueuocrnu non1>Lmo% o6octto6a1£'UR %O.Mna%mu<fm-
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?W~UU iJon0.11/l-£7L'fTieJl'b'H'btX pa3.Mep'HOCrneu 8 pa.M'IWX 1'wWCCU-iteC'IW20 eeo.Mem

'jJU'lleC'J0020 noaxoaa ( BM)J,€HIUI MHpa). B HCCJI€,LJ,OHaHl1.HX IIO)J,06Horo po,n,a HC

XO,UHT H3 HH"C.JeM He onpaB,LJ,aHHOH IlOChlJIKH 0 nepBIP-IHOC'l'H H€KOl'vUiaKTH¢H

IzyfpOBaHHhlX KOOp,[J,IIHaTHhIX pa3MepHOCT€H H IlhITaIOTCH 06'bs1CHHTh HX KOM

naKTHcPHKaIJ,HlO, ror,n,a KaK npe,n,no~ITHT€JihH€H ,n,pyroii XO)J, paccy.>K)..l.eHHH -

HCXO,Il,.H H3 HMIIYJibCHOro rrpe,n,cTaBJI€HHH '1'€0pHH (nepBM1-IHO KOMIIaKTl1¢H-

1zy1poBaHHhIX KOOP.LI.HHaTHhIX pa3MepHOCTei1), IIhITaThC.E o6ocHOBaTb noHB

JieHHe '-1€'l'bipex KJiaCCHqeCKHX H€KOMIIRKTH¢uu;HpoBaHHbIX KOOp.LI.HHaTHhIX 

p83Mepnocreii. 

7. C TO"C.JKH 3peHilll H3JIO:>KeHttoro 3,n,ecb no.n.xo,n,a, c.tteayem yco.M?iUm'bC.R 
6 ifju3u-itec1wu o6ocHo6attttocmu Bapuau,uotttt'btX nputtu,unoB B Mttoeo.MepHux 
zeD.Mempu'l.leC-x;'U,X .MOiJeJlJ£X iJo npo6eiJe'H'U.R. npou,eaypu 4-.Mep'HOU peiJy'KilJ,U?L, 
a CJI€,[l,OBaTCJihHO, H B npaBOMepHOCTH HCilOJlb30BaHHH MHOrOMepHbIX ypaB

Hemili 9i1:HJJ1Tei1:Ha. CTporo roBop.H, Bap11au,noHHb1e MeTO,ll.hI MO:>KHO rrpH

MeID:lTh, Kor,n,a BBe,n,eHO KJiaccn-c.iecKoe KOOp.LJ.HHaTHOe npoerpaHCTBO-Bp€M.H. 

A KaK noKa.3aHo Bblllle, ,ll,JUI ,n,orroJIHHTeJihHhIX pa3MepHocrei1 HMeIOT CMbICJI 

Jlllli.Ih KOMDOHeHTbl HMilYJ'IhCOB H HeT attanora KOOP.LI.HHaTHOro rrpoCTpaH

CTBa-BpeMeHH. IlocJie,n,Hee MO:>KHO BB€CTH TOJihKO ,LI.JI.ff ~1eTblp€X KJI8.CCH~1e

CKl1X Pa3M€pHOC'l'€H. 

10.8.2. MeTacl>H3JAecKmi aHaJlll3 .nya.JlllCTJAecKoro 
reoMeT}>IPlecKoro MHpoIIOHBMamuc 

1. B MHoroMepHbIX reoMeTp11'-IeCKHX MO,Il,€JIHX qm3H'-1€CKHX B3aHMO.LJ.€'l\'

CTBHH HCil0.Jib3Y€TC8 o6o6~€HHa.H KaTeropHH qacTHIJ,, BOJIH0Bhl€ ¢YHKIJ,HH 

KOTOpbIX 3aBHCHT He TOJihKO OT KJiaCCH'-i€CKHX 4-MepHbIX KOOP.LI.HHaT, HO 

T8.K.)K€ H OT .LI.0IlOJIHHT€JlhHhlX p a3M€pHOCT€M. 9To cy~eCTB€HHOe OT.JIH"C.JHe 

OT OOII.J.eii Teopnn OTHOCHTeJihHOCTH, r,n,e KaTeropRSI qacTHIJ, (MaTepHH) xa

paKTepH3ye1'CH 3aBHCHMOCThIO JIH.lllh OT KJiaccw1ecK11x KOOP.LI.HHaT. Ha 3TOM 

OCHOBaHHH OTO CJieAYeT OTHeCTH K rrepBoMy THrry ,nyaJIHCTWtecKoH: reoMeT

pH-c.iecKoi1: napa,n,HrMbI, on11paIOIIJ,€HCH Ha 0.LI.HY o6o6~eHHyIO H O.LI.HY npocTyIO 

KaTerop1110 ( -c.iaCTHIJ,), a MHOroMepHhie reoMerpnqecKne Mo,n,eJIH c.rre,n,yer 

TpaKTOBaTb KaK TeOpHH H3 BTOporo THila ,IJ,yaJIHCTHqecKo:l\' reoMerpw:·l€CKOi1 

napa,IJ,HI'MhI, orr11pa10IIJ,eiic.H Ha .LI.Ba BM.LI.a o6o6~eHHhIX Ka:reropuii. Ilep

BbIB THII Teopnit (OTO) HJIJIIOCTp11pyeTCH pnc. 8.1, a BTOpoii THn Teop11ii, 

pacCMOTp€HHhlX B 3TOH rJiaBe HJIJIIOCTpHpyeTCH Ky6oM, H306pa.>KeHHhIM Ha 

pttc. 10.3, B KOTOpoM 3aIIITpnxoBaHbI ,n,Be rpattn Ky6a: 3a,z:r,1ur.H ( KaK H B OTO) 
H nepe,II,H.HH, OJIHIJ,eTBOpmom.a.a o6o61.I.J,€HHYIO Ka·reropHIO '-laCTH~. 

2. B ,IJ,yaJIHCTH-c.iecKoil r eoMeTpH'-ieCKoii rrapa,II,HrMe, KaK H B T€OpeTHKO

rrnrreooi1:, HMeeT M€CTO npHHI.I,IDI ¢paKT8.JibHOCTH, rrpn<-ieM 0115.rTh C.11€,LJ,YeT 

pa.3JIH'-i8:1'h npnttu;Hrr ¢paKTaTihHOCTH rro cyIIJ,HOCTH H no Kal.feC'IBy. OnHTh, 

KaK H B npe,n,bI)J,y~HX rJiaBax, IlO.HCHHM npMHIJ.Hil cppaKTaTibHOCTH c IlOMO

mhIO 3 x 3-MaTpHIJ,. IlocKOJihKY B )J,yaTIHCTH'-1€CKOM reo.rv1€TPH"C.J€CKOM napa-
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(II-B) Ilpocmpa:ncmeo-epe.MJL 

06o6~eHHrul KaTerOpHH 

MHOroMepHoro HCKpHBneHHOro 
npocTpaHCTBa- BpeMeHH 

~/ 
(fl) llo.11..R, 

nepe'H.OC'ltutcoe 
eaatl.MoOeiicmeuu 

PHc. 10.3. liJI.TIIOC'rpaD,IDI ,nya.nncrINecKott nap~rMb1 MHoroMepHbIX reoMeTJJH
qecKHX MO)l.CJiett 

,U.HrMe HCn0.1lli3yIOTCH )l.Be KaTeropHH: o6o6nr.eHHa.H KaTeropHH HCKPHBJieH

Horo rrpoC'rpaHCTBa-BpeMeHH 11 o6o6nr.eHHruI KaTerop1u1 ''·laCTHIJ., TO B co

OTB€TCTBYIO~HX ::rrott nap~rMe Ta6JIHIJ,ax 3Ha'tUIMbllvlH 6y,rryT Jllilllb )l.Be 

cTpoKH ( CTpoKa KaTeropHH rrOJie:H OKa3bIBaeTCSI nycTo:R). BorrpeKH o)KM)l.a

eMo:H attanonm, no sepnnrn.rrn no-npe::>KHe:rviy npHXO)l.HTCSl BhI,U.eJIHTh TPH 

cTon6u;a. B ·1'a6nmI.ax ,U.JI.H 3'.rott napa,rr,HrMhI ,n,aoi1HbIMH .1IHHHHMH pa3rpaHH

"IeH bI CTpOKH H CTOJI6IJ,bl, COOTBeTCTBYIO~He pa3HblM KaTerOpHHM. 

3. ,lLJIH reoMeTpli"IeCKOI'O MHponOHHMaHHH ¢paKTaJibHOCTb no C~OCTH 

xapaKTepH3yeTCH Ta6JI. (10.8.1). 

r eoMeTpH'leCKOe MHJ>ODOHHMa HHe: <l>paKTaJibHOCTb DO C~HOCTH 

II rr~::fl~ I Ilonfl II 'IaCT1<Ilbl 

06.TiaCTH 
Me-rp11Ka (pac-

To'iKa-Co6bITMe, 
l1cKp11BJie1rnoe croruurn, JIBTepBaJI) 

( OKpeCTHOCTH) 
IlpocTpaHCTBO- -1- -1-

M.Hp0Ba51 JIHHIDI 

speM.H 06.TiaCTb onpe- qHCJIOBble 3HaqeHHH ApryMeHT -

)l.€.TieHHH 9 µv 9µv TO'IKa 

KaTeropKH 

I t t I t t II t t I IlOJIH 

06o6~eHHa.H 
OKpy.>KaIO~Htt MHp CHcreMa PaccMaTpHBaeMble 

KareropMH 
(Bce.rreHHa.H) OTC'leTa ( TeJia) 'laCTifIJ,bl 

qacnm, 

(10.8.1) 

To, qTo B Ta6n~ax TpHaTIHCTlf'tlecKot:t nap~rMhI rrncanocb BO BTopo:A 

CTpoKe ,lJ.JIH HCXO)l.HOM KaTerOpHM noJI.H, Tenepb 6y)l.eT OTHOCHThC51 K MeT-
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plfKe ( K KOMilOHeHTaM MerpHt.IeCKoro T€H30pa) , npe,n.cTaBJI5IIOilT,€U no,n.KaTe

ropmo KaTeropirn HCKpHBJI€HHOI'O npocrpaHCTBa-BpeM€HH. (B Ta6JI. (10.8.1) 
3'l'O IlOKa3aHO Hanpas.Jie HHbIMH BHH3 CTpe.7IK 8.MH BO BTOpo:H .H'-1€UKe nep

BOI:\ crpoKH.) B CBIDH c 3THM BHYTPH KaTeropHH npocTpaHCTBa Bhl)l;e.JieHa 

crpoKa, COOTB€TCTBYJOIIJ;a.H 3TOH TTO)l,KaTeropHH. B CHMBO.JIH'-IHO OCTaBJI€HHb l X 

CTpOKax, COOTBeTCTByIOilT,HX HCKJIJOqeHHOM K8.'l'eroplill IlOJI.H, B€3;J,e npoC'raB

neHbI c TpeJIKH BBepx, 03Haqa10m;1rn nepe,n.aqy ¢YHKIJ,HM Karerop11H non5I 

K IlO,D.KaTeropHH MeTpHKH (MeTp:M'-lecKoro TeH30pa), H3o6pa)KeHHOH crpoKOM 

BhIIIIe. 

4. <I>paKTaJibHOCTb no Ka'-1€Cl'BY xapaKTep113yeTC.H Ta6JI. (10.8.2). 

reoMeTpH'lecKasI 08p3AJfi'Ma: <l>paKTaJlbHOCTb DO Ka'leCTBy 

II Il1~:,~ I Ilom1 II 'lacrnl(ld 

4-.MepHoe 
CKphIThle 

IlpOCTpaHCTBO 

l1cKp1rnnemme npoCTpaHCTBO--
p83MepHOCTR { x 8

} 
CKOpOCTeii 

IlJXJCTpaHCTBO-- Bpe.M51 { xµ} {uA} 
BpeM.Sl rp8.BRTaI.J,HOHHoe <I>roJNecirn:e nons:r Ilone CHCTeMbl 

«TTOJie$> 9µv KOMTTOHeHThI 0 8 µ OTC'ieTa Tµ 

KaTeropHH 

I t t I t t II t t I nOJieii: 

06o6~eHHa51 Koop~aThl 
3apH)I,.b1 4-CKOpoCTlf 

KaTeropH~ ( IlOJIO:>KeHR51) 
qacnn~ ( TCJI) (Ten) 

qacnn:i. qacTHIJ, 

(10.8.2) 

Ha116onee CyllT,eCTBeHHbIM OTJ1Ht.I11eM Ta6n. (10.8.2) OT cny•1a.H TpHanH

CTHt.IecKoit napa,LUU'MbI, KpOMe y)f{e yrroMHffYTOI'O BbIIIIe, .HBJl.HeTC5I TO, 

'ITO rro,u.KaTeropH1I rrpocT p aHCTBa-speMeHH MnHKOBCKoro B nepBoii CTpOKe 

Tdi6JI. (10.8.2) 3aMeH5IeTCH Ha (B o6uJ,eM c.rryqae) 8-Mepttoe HCKpHBJI€HHoe 

npocTPaHCTBO-Bp€M5I, KOTOpoe cpaKTH'lecKH pac:w.en.IDieTC.H Ha KJiacCH1-J.€CKO€ 

4-MepHoe npoc'rpaHCTBO-BpeIVrn H 4-rvtepHoe IIPOCTPaIICTBO CKpbITbIX pa3Mep

'ffOCTeii. 

Tp11 BbI,ZJ,eJieHHbie <-.1aCTH ( cTopotthI) KaTerop1111 npocTpaHCTBa-BpeMeHH 

TaK HJIH HHaqe rrp11cyTCTBYIOT H B .Jl.PYl'HX rrap~1trMax. 

5. Or,n.eJibHO paccMOTpHM KOMIIOHeHTbl Me'rPH'-I€CKOI'O TeH3opa. Tipe,n.

CTaBJ1€HH8Sl B Ta6JI. (10.8.2) ¢paKTaJibHOCTb no K a"-ICCTBy KaTerOplrn qacrm, 

,nHKTyeT CBOeOOpa3ttylO ¢>paKTaJibHOCTb no KaqecTBY KOMTTOH€HT MHOI'OMep

HOI'O MeTpWieCKOro TeH30pa, HHTepnpeTHpyeMbIX 'Iepe3 ¢>11311'-leCKHe IlOJUI. 

IlpH TaKOM OIIHCaHHH IIOJU:l TaK)K€ c.rre,rryeT pa3JIHqa:rb TPH COCTaBHble qacTM: 

1) epaeumau,uonnoe no.11.e OK83hIBaeTC.H BbI,LJ;eneHHbIM H3 acex ,.npyr11x 

rroneit cornacHO o6m;ea TOOpHH CYl'HOCHTeJlbHOCTH, OHO OilHCbIBaeTC1I 

KO?vlilOHeHTaMH 4-MepHoro MeTPHqecKoro 'reH30pa 9µ:v; 
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2) efjU3U"t€C'K',Ue nOJIJf, - nepeHOC'fHKl1 3JieKTpOCJia.6bIX H Cl'lJibHblX B.':Ja

HMO,n.ei1C'l'BHA OIIlfChIBaIOTC.H CMewaHHbIMH KOMIIOHeH'IBMH MeTp11qe

CKoro TeH30pa Gsµ - - RX CJie.nyeT COOTHeCTH co BTOpoli COCTaBJimo~eii 
KaTer opHH IIOJI.H; 

3) IIOJT.H CHJI HHep~HH OfUICbIBalOTC51 KOMITOHeHTaMH no.tt.R, .M1JnaiJ'bl cu
cme.M'bl omc'l.(,ema rµ. 

6. TipHMet.taTeJihHO, '-ITO TPOH'fHOCTh MO.>KHO ycMOTpeTb H B rrpe,ll.CTaB

JI€HIDIX o Ka)l()lOH H3 T p ex Ha3BaHHhIX cocTaB.ruuo~Hx. TaK reoMeT})H

'ieCKHc CTeITeIIH CB06o,n.hI, OIIHCbIBaeMbie KOMIIOH€HT8MH h ik> Hep83phlBHO 

cB.H3aHhI c TpeXMepHhIM npocTpaHCTBoM. K aK H3BeCTHo, cpH3H'1€CKHe IIOJ'UI 

p as,LJ,eJUllOTC51 Ha TPH BH)la: 3JICKTPOMarHHTHhLe, CJia6hre ( ITOJI.H BeKTOpHbIX 

rrpoMe)f(yTO'fHhlX Zµ- lf w;-6o30HOB) lf CHJibHbie ( BeKTOpHbie IIOJI.H rmoo

HOB). C HcTeMh• oTC'-IeTa xapaKTep113y10Tc.H TpeM.H w TOJihKO TpeM.H cpH3HKO

reoMeTpH'-IeCKHMH TeH3opaM11: ycKOpeHH.H ai, yrJTOBO'Jt CKOpocTH Bpa~eHlUI 

Wik H CKO{>OCTeH ,n.ecl>opMau;Hit d i k. 

7. Oco6o CJle.uyer no,n.qepKHYTh MeTacPH311 t.IecKHii xapaKTep •1pe3BbI

'-1aiiHo JiroOOIIbITHOit CHMMeTpHH ~e)f(.lzy l.feTblpbM51 KJiacCHqecKHMH H qe

ThlpbMH ,ll,OIIOJIHHTeJibHbIMH pa3MepHOCDIMH. 9m CHMMeTpl1Sl K aCaerc51 He 

TOJThKO pase HCl'Ba 'iHCeJI 4 KJiaccH"..JecKHX 11 4 cKphIThrx p83MepHocrei1, 

HO H B bl,ll,eJieHHOCTH B KBJK)J.OM H3 9THX Ha60poB n o Qll,Hoa p a3MepHOCTH. 

B KJiacc11"..JecKHX Koop,u,11ttaTax 9TO BpeMeHH-rro,n.o6tta£ Pa3MepHOCTh x0 , 

a B ,ll.0IlOJIH11'1'€.JlbHbIX - 3TO KJieHHOBCKa.H KOOp,1.1.HHaTa :r4 . )J,aHHaJI CHMMeT

pHH rrpocTHpaeTC.H ,n.a.>Ke ,u,o IIOH.HTH5f c1-1rH aTyphI. XoTSI HCXO)J.HaJI KOOp

.II.HHaTa x
4 

rrpocTpaucTH€HHO-IIO,ll.OOHa, HO 3a C"l'.IeT KOHcPOPM HOro cpaKTopa 

B p.H,n.e acneKTOB 3Ta KOOp,1.1.HHa:ra npo51BJJ.H€'1'CH KaK Bpe.MeHH-no.n.o6ua.a. 

H 83sa.HHa.H CH MMeTpH.H KJiaccwi ecKHX H CKphIThI X pa3MepHocTe it MO

LKeT 6bJTh IlpGHJIJllOCTpHpoBaHa cuc·reMOit H3 DOCbMM KwraikKHX TpHrpaMM 

(CM. p11c. 10.4) ' r,n.e Bbl ,ll.eJ1€HHble KOop,n;HHaTbl x0 
11 x 4 COilOCTaBJieHbt c O,ll.HO

pG,Ll,HbIMH TpHrp aMMaMH, TOr,n.a KaK OCTaBIDHeC51 ,ll.B€ TpoHKH KOOp.llHHaT -

co CMemaHHbIMH TpHrpaMMaMH. 

8. EcTh OCHOBaH1u1 rro.naraTb, '-ITO HCTOpH.s pa3 BHTllll TeopHH <Pu-

3H'IecKHX B3aHMo,n;eticTBHii Morna 61>1 OKa3aTLCH uaoii H <l>H3HKa 

MOrJia 61>1 DOHTH no nyTH MHOrOMepHblX reoMeTpH'IecKHX MO~e

Jieti THna TeopHti KaJiyIJ,LI H Knetina B t.IaCTHOCTH, 06 3TOM c BH

,n.ereJihCTByeT B03pO.>K,1J.€HHe HHTepeca K KOH~€TIU.HH M HOrOM€pH51 c KOHqa 

70-x r r., He 3aTHXaIOrqero /JP HaCTO.Hmero BpeMeHH. llHOHepCKHe pa6arh1 

20-x - 30-x rr., BH,rr,HMo, oKa3aJIHCb rrpe):K,Il.eBpeMeHHbJMH. B HKX ,n.oBOJTl>HO 

6bICTpo BCKPhIJilfCb rrpo6neMhI, KOTOpbie He MOr JIH 6bITh HeM€)1.Jl€HHO p e

III€Hbl m ... 1e10u.1,HMHCH Ha TOT MOMeHT cpe,ncTBaMH. KpoMe roro, K8.)K,ll.oe 

yBeJIHt.IeH11e reoMeTpHt.IeCKOH p83MepHOCTH Bcer,n.a 0 3 Ha".fano .JJ.JI.H nccne,n.oBa

TeJieii npeo,n.oJieHHe BhlcoKoro n cHXoJior11q ecKoro 6apbepa. KanH6poBO'IHhrn 

LK.e 110/,XO)l,, Bo-nepBbIX, B03HHK Il03:>Ke, Kor,n.a 6bIJI HaKonJieH 3Haqlf.TC.TibHO 



x5 ---

x2-- ---x6 

Puc. 10.4. CooT Bel'C'I'BHe Koop.n,1maT 8-MepHotf reoMeTpH'i€CKoi% MO,ll,eJIH cHCTe Me 

KHTafiCKHX TpHrpaMM 

fu.nhnrni1 3KCnep11MeH'l~bHbIH MaTep11arr, li, BO-B'J'OpbIX, npe,Jl.CT8.BJI.HJICH 

MeHee rrpo6neMaT11qHb1M u rro3BOJI5IJI o6oiiTH ,l.J,OIIOJIHHTeJlhHbie Borrpocb1 

MeTacPH3HqecKoro xapaKTepa. 

B paMKax MHoroMepn51 MO)KHO onHcaTh Bee rJiaBHhie c.rre,n;CTBHH ,n:oMH

HHpoBaBinero B XX B. KaJIH6poBoqttoro no.u.xo,n;a K ormcaHHIO cPH3HqecKHX 

B38.HMO,ll,€HCTBHH, O,U.HaKO B reoMeTpHqecKOM BH,LJ;€HHH MHpa COBeprneHHO 

nHbie 6830Bbie noHHTH51, npHHI.J.liITbI, cnoco6br paccy)f(,n;ettHfl 11 npHopwreTbI. 

9. MHoroMepHbie reoMeTpnqecKne Mo,n;e.rrn THrra Teopun Kanyu.b1-

KJie:IDia, H€COMH€HHO, OTpa)KalOT CBOHCTBa peaJibHOro MHpa, HO HCCJI€,lI,0-

BaTeJ1eii, K a K rrpaBu110, He rrOKH,rI.aeT Mb1C.rrh, qTo 3mu .Moae.1tu npeacmae
M?Om co6ou AUW'b 6epwuuy auc6epza. Ero IIO,ll,BO,D;Ha.H qaCTb 0Ka3bIBaeTCH 

CKpblTOH ,ll,JIH BCex, KTO orpaHHqHBaeTCH paMKaMH JlHIIIb reoMeTpnqeCKoro 

no~o,n;a. 

B CBH3H c 3THM xoTeJIOCh 6bI npHBeCTH CJIOBa, KOTOpbnvIH 3aKaH't{HBaJiacb 

)')Ke cTaBIIIa.H KJiacCH"I€CKoi1 craThH T. K ar1yu.h1: «IIonHOCThJO y'-IHTbrna.H 

BCe cPH3liqecKHe H TeOpeTHKO-Il03HaBaTeJibHbie Tpy,u.HOCTH, rpoM03~ecH 

Ha HailleM rryTH npH H3JIO:>K€HHOM no~o,u.e, Bee )KC HeJierKO npHMHPHThCH 

c MhlCJThlO, qTQ BCe :3TH COOTHOlll€HHH, KOTOpblC BPH,IJ, JIH MO)KHO npeB30HTH 

no ,lI,OCTHrHyTofl B HHX crneneu,u <f>op.MaJt'bHozo edu?tcmea, - Bcero JlHIIIb 

KarrpH3Ha71 Hrpa o6rvtaH't{HBOii cnyqaiiHOCTH. Ho CCJIH y,n;acTC71 noKa3aTh, 

'ITO 3a rrpe.u.noJiaraeMhIMH B3aHMOCB.st3HMH CTOHT He'-ITO OOJihUiee, He)Ke.rrH 

nycToii ¢opMaJIH3M, TO 3'1'0 6y.u.eT HOBbIM TPliYMcPOM o6tu,eu meopuu ornuo
cumeJt'bttocmu 9uuwmeuua, o norw-1ecKoM npUMeueuuu 'Komopou 'K c.Jl,y'ltll10 
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n.RmUMepiw~o Mupa 3,n.ech IllJia pe~Ib» [77, c. 534}. Tiocne)J;Hee yTBep)K)J;eHHc 
crre,nyeT o6o6~HTh Ha MHp OOJihmeR p83MepttoCTH. 

KaK ttaM rrpe,n;cTa:s.1rnercH, B paMKax pe.1uru.HoHHoro BH)J;eHIDI MRpa 

(B 611HapHotl reoM€'.l'pocpH311Ke [33, 36) , - CM. r.rr. 16) BCKpbIBaIOTCH 6o.rree 

r.rry6oKHe IIOHHTHH H 3aKOHOMepHOCTH, OTBeTCTBeHHbie 3a rrpo.HBJJeHHe MHO

roMepHOCTH MH:pa. 11x MO)l{HO IlOHHMaTh KaK IlO)J;BO)J;HJlO 'iacTh aif.c6epra 

MHOrOMepHOii reoMeTpHH. 



-
rnaaa 11 

EAMHBJI reoMeTpMSI MMpa: 
npo6neMbl H rMnoTe31t1 

T 

,ll;aIIHa.51 r.rraBa TIOCB.SU.I.J;eHa aHamr3y IIOilblTOK rrepexo,n;a K MOHHCTl·rqecKOH 

nap~Me co CTOpOHbl r.eOMeTpl.P-IeCKoro MHpGIIOHHMaHHH. 9Ta nporpaM:Ma 

HB~erc51 6o.rree rpaH,JJ,ll03HO:i1, qeM reoMerpH3au,1u1. H o6-he,n.HHeHHe rro.rreA 

nepe110cqHKOB B3aMMo,n;ei1cTBHif. Ilpe)K,11.e scero, oHa Ha~enena Ha reo:MeTpH-

38JJ,lilO e:me H KaTerop:mr qacTHIJ. - HCTO'-IHHKOB 6o30HHblX no.rrei:t, KOTOpbie 

B o6:mea TOOpHH OTHOCHTeJibHOCTH H B Teop1u1x Kany~bI-KJieHHa BBO,D;H

JlliCb BOJieBbIM o6pa30M. 

B XX B. 3Ta 3a,z:r.aqa ys.rreKaJia MHorHx HCCJie/J;oBaTe.rreit Mo.>KHo CKa3aTb, 

'ITO B Heit. Ha ypOBHe rrpe,n;cTaBJieHHH xx B. B03po>K,LI.aJIHCb B3I'JIB)I.bl ,ne
Ka{YI'a, O'l'O)K,ll.eCTBJISl.Blliero rrpocTpaHCTBO c cy6cTaHU,Hei1, 0 qeM 9:HHIIJTeHH 

IIHCaJI: «LlieKaPT 6bIJI ne TaK ,n;a.neK OT HCTHHhI, KOr,n;a IIOJiaran, qTo cy

IIJ;ecTBOBaHHe nyCTOI'O npocTpaHCTBa )J;OJDKHO 6bITb HCKJIJOqeHO. 9Ta TOqKa 

3peH~ ,u.eitCTBHTeJibHO Ka3aJiaCb a6cyp,n;HOH ,TJ,0 Tex nop, IlOKa cpH3nqeCKYJO 

peaJibHOCTb BM,Ll,e.TIH HCKJIIO'-IHTeJibHO B BeCOMblX Te.rrax. IloTpe6osanaCb H,TJ,e.H 

IIOJIH, 'IT06hI IlOKa3aTb HCTHHHYIO C~HOCTb M,ZJ;el'.f ,l(eKapra: He cy:meCTBYeT 

npocrrpaHCTBO, ,,CBOOo,TJ,Hoe OT no.rut'~ [205, c. 758]. 
M,zr,esr o sceo6:me:H reoMeT})H3a~H ¢H3HKH 6hlna BblCKa3aHa B. K.rrM¢

<i>op,n,oM, npe,TJ,JIO>KHBmHM B cepe,ll.lllle XIX B. «paccMaTpHBa:rh KaK R3MeHe

Hffjl cpM3HqecKoro xapaKTepa Te ,n;eit.CTB~, KOTOpb1e Ha caMOM ,n,.eJie o6S1.-
3aHhI CBOHM npoHCXO)K,11.eHHe.M H3.MetteHJ.lj{.M KpHBU3Hbl Hamero npocrpaH

CTBa~. A. 9AHmTeiiH, rro3HaKOMHBIIIH.it.C51 c pa6oTaMH KJIH<t>Q:>op,n;a en.i;e 

/J.O C03,U.aHHH o6n.i;ea Teop:mr OTHOCHTeJibHOCTH B 6epHCKHH rrepHO,ll,. .>KH3mt 

(1902-1909), IlOCBHTHJI 11)1.ee reo.MeTpH3aIJ;JIH CBOH nocne,n,.HHe Tp~aTb JieT. 

HaH6oJihmy10 TPY/l..HOCTh ,n,.rrH seJIHKoro yqeHoro npe,n;craBJisu1a npo6JieMa 

reoMe:rpH3~HH M8CCHBHO:H MaTepHH ( qacTnu,). HarroMHHM, qTo 9iittmTeiitt 

C'IHTaJI npasyro qaCTh ypasttettHii .n:ecPeKTOM csoei\ TeopHM. OH nHca.n: 

«IlpaBa.H qaCTh (ypaBHeHHii 9:HHmre:HHa, JO. B.) BKJIJO'-Iae'l' B ce6S1. see TO, 

11To He MO:>Ke:r 6bITh rroKa o6'be,D;HHeHo B e,n,.HHOH 'reopHH rroJI.H. KoHe'-IHo, .H HH 

O)J)IOH ?vllIBYTbl He COMHeBaJIC.H B TOM, qTQ 'ffiKa.sJ ¢opMy.TIHpoBKa eCTb TOJibKO 

BpeMeHHbIH BblXO,ll,. H3 IlOJIO:>KeHH.H, npe,n,.ripHHHTblit c u.e.rrhIO .n:a:rb o6n.i;eMy 
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rrpHH~rry OTUOCHTeJibHOCTli KaKoe-TO 39.MKIIyToe Bbipa meHH€. 9ra ¢opMy

Jillp0BKa 6b1Jia B€)1,h no cyu~ecTBy ue 6o.1iee qeM Teop11e:H uoJIH rnrOTeHMSI, 

H€CKOJlbKO HCKyCCTB€HHO OTOpBaBHOI'O OT €p;HHOro IIOJIH en~e H€H3BecTHOH 

cTpy1<Typb1» (210, c. 286]. 9:HHlllT€HH Bc.w.1ecK11 H36eran Be3,n;e, r)l,e aro 6hmo 
B03MO)KHO, Hanucatt1m T€H3opa atteprHH-HMnynbca T µv B npaso:H ':lacTH 

CBOHX ypaBH€HHH. OH ronopHJI, 'ITO ero T€0pH51 IIOKOHTCH Ha )1,BYX HOrax: 

0)1,HOA «MOHOJlMTHOH» (neHOH, reoMeTpHqecKOH Y:acTM ypaBH€HHii) H ,npyrou 

«l'JIMHHHOH» (npaBOR, <l>H3H'i€CKOH ~1acTH ypaBHeHldl). 

)l,aHHM napa,!J,lfrMa l1M€€T )1,Ba ypo:BHH: KJlaccw1eCKHH H KBaHTOBbIH. 

TiepBbI€ naparpa<l>bI 3TOH rJiaBbl IIOCBH11.J,€Hhl KJiaCCJf'-IeCKHM acneKTaM, 

a CJ1€,nyJO~He - KBaHTOBbJM. l13BCCTHO, qTQ caM 9HHIIIT€HH r JiaBHOO BHMMa

HH€ y;J;eJIHJI KJiaccH'-IecKHM acneKTaM, 11onara51, Y:TO rrpHu1v1rrbl KBaH·roaaH1rn 

c.rre,nyeT HCKaTb Ha nyrH p8.3BHTl1H 1'€0M€TPHH. 

Har.JUIAHO IIOHCHHM cyTh 3KCTpeMaJlhHO:tt, K.rrn<l>¢op~OBCKoit. rrporpaMMbI 

I'€0MeTpH3a~HH Bce:ti <l>113HKH. Am~ 3TOI'O cpaBim.M cPH3HqecKHe Kap THHbl 

rvmpa B paMKax p 8.3JIHqHbIX ero BH)1,€HHH: 1) B TpHaJIHCTM'-lecKOH napa

,D;HI'Me, OIIHpaIOl.I.J,eiiC}I Ha TpH cPH3H'-ICCKH€ KareropHH , 2) B ,L(yaJIMCTHqe

CKOti (reoperHKO-IlOJ1€BOH) napa)l,HI'M€, OCHOBaHHOH Ha )1,Byx KaTeropHHX: 

rrpocTpaHCTBa- Bp€M€HH H H€Koero €)1,KHOro IIOJIH, 3) B ,rryanHCTWl€CKO.ii 

nap~MrMe reoMeTpHqecKoro MHpOI10HMMaHl1H' p accMOTp€HHOrO B rrpe,D,bl 

,rry~x rJiaBax 3TOH 'IacTH, H 4) B 3KCTp€M8.JibHO reQMe'I'pHqecKOH rrapa

,ll.HI'Me ( B MOHHCTH'-le<":KOH napa,nHrMe, KaK OHa rrpe,n;C'ra.BJIH€TC51 co CTOpoHhI 

reoMe-rpw1eCKOI'O MHpoIIOHHMaHHSI) . 0HH npoHJIJIJOCTpHpoBaIIhI c noMOllI,blO 

pHc. 11.1, 11.2, 11.3 H 11.4, r)l,e TPH cPH3H'-leCKHe KareropHH H306pruKa10TCa 

p8.3JIH'-1HhIM o6p8.30M: KareropHH qacTH~ - B a1:1.n.e mapoa qepHoro u,aera, 

KaTeropHH rro11eii - CHJIOBbIMH JIHHli.HMli H KaTeropHH npocTpaHCTBa- Bpe

M€HH - 6e.rrb1M JIMCTOM c Kpynttoti ( KOOPlJ.MHaTHo:ti) CeTKoit.. 

1. TpuaJIHCTHqecKa.H napa,u,urMa rrpoHJI.rrIOCTpHpoaatta Ha pHC. 11.1, 
r,n;e Ha IIJIOCKOCTH' OJilU\€TBOp.SIJOU\€H IIJIOCKOe rrpocrpaHCTBO-BpeM.H' H3o6pa

)}(€Hhl )1,Be .npyrHe c:f:>R31rqec1<He Karerop1111. KaK y)Ke O'l'Me"-IaJIOCh, B XX B. 

<l>H3HKli IIOHHM8.JI11, t.ITO Tpex KaTeropHH CJIMIIIKOM MHoro, H TibIT'dJIHCh 

orpattH'-IHThC.H l1X M€HbIDHM '-IHCJIOM. 

2. TeopeTHKo-noneBaB napa.n.urMa, ocHOBaHHa.H na nnocKOM 
npOCTpaHCTBe-BpeMeHH H e,n;HHOM none) IIpOHJIJIJOC'rpHpOBaHa Ha 

pwc. 11.2. B Hett OTCYTCTuyeT KaTeropHH qacTHU, (He'I' qepHbIX IIIap11KoB). 

B Mecro HHX tta n.rrocKOCTM (tta <l>oHe nJIOCKoro npocTp aHCTBa- apeMett11) 

H306pa)KettbI ,LJ,Ba crycTKa noJiett, rrpe~CTaBJI.HIOUJ.HX )1,Be '(_iacr~I. B 3'I'OH 

rrapa,n;HrMe, 11p11Ha,II;JI€)J(aru,e}1 TeoperHKO-IIOJI€BOMy MHponOHHMaIIH.H, p0Jlh 

KaTeropHH '-IacTH~ 6epeT tta ce6.H o6o6~eHHa£ KaTeropHH 110.rreli nepeHoc

'l{HKOB B3aHMo,n;elicTBHH. HarroMHMM, rrpH p 8.3BHTHH TeopH11 B paMKax ,n;aH-

1 
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Puc. 11.1. Tp11 KJIIO'-leBbie qm:311-.:.i:ecK11e KaTerop1rn: npocTpaHCTBa-apeMeH11. 1'..fa

CTmJ, Ji noJie~ nepeHOCl:.J:HKOB B3aUMO,ZJ,e~cTBH~ 

Puc. 11.2. llac KaTerop1rn <}:>113H'l'..fCCKoro M11ponomu.\1att11si: e,rr,11Hoe noJie 11 npo

CTpaHCTBO-Bpe1'.rn 

HOH napa,ll;llrMhI, oxapaKTep1130BaHHOH B rJl. 7. BCKpbIJHiCh cyru;ecTBelllible 

Tpy,rr,HOCTH B OilHCaHHH cm.umpHbIX CBOHCTB YaCTH.U. ( cPePMMOHHbIX IlOJleti) 

II B KBaHTOBaHHH TeOpHH. 

3. reoMeTpuqecKOe MUponOHUMaIIUe Ha OCHOBe ~BYX KaTero

puu: UCKpUBJieHHOro npOCTpaHCTBa-BpeMeHU If qacTUIJ; IlO.HCHeHO Ha 

pHC. 11.3, r.rr.e 'lepHbie rnapMKH. npe,u,CTaBJl.HIOILJ,He 1.J.acTHl~bl , .H3o6pa1KeHbI 

Ha npo,u,aBJleHHOU HMM nJleHKe, OJlHLJ,erBOpSIIOllI,eii MCKpHBJleHHoe npocTpaH

CTBO-BpeMSI . Ha 3TOM pucynKe OTCyTCTByer KaTeropusi nonefi (Her CHJlOBhIX 

JIIIHHH), <l>YHKl.I,HH KOTOpoii B3.HJ10 Ha ce6.H HCKpHBJI€HHOe (o6o6m;eHHoe) 

npocTpancTao-apeMsi. Hano.MnHM, K TeopMSIM TaKoro poJI,a OTHOCSITC51 o6ll.l,rui 

reop.HSI OTHOCMTe.rihHOCTH M MHoroMepnbie Teop.ttn KanyuhI - KJleiina. 

4. 9KCTpeM8.JibHO reoMeTpHqecKa.SI napa,u,urMa, OCHOBaIIHasI Ha 

o606rn;e11Hou KaTeropuu e,u.uHou reoMeTpuu Mupa, o6cy)K,ll,aeMrui 

s 3TO:tl n1aae. nosictteHa Ha p.ttc. 11.4. Ha neM HeT HM 1'..zepHhIX rnap.HKOB 

(1'..1acTttLJ,), HM CHJlOBhIX JlHHHU (noJlelt). KaK 1:.JaCTttLJ,hI, TaK u nonsi npe.rr.

CT'dBJISIIOTC5:1 B B.H.rr.e MCKp.HBJleHnlt (3aKpy'-IeHHOCT.H, HeMeTpM'IHOCTH M T. ,rr,. ) 

o6o6m;eHHOro npocTpaHCTBa-BpeMeHH. 
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Puc. 11.3. )l,Be KaTerop1m reor-.1erpHt:.J:ecKoro .MHponOHHMaHH.H: HcKpHBJ1eHHoe 
npocrpaHCTBo-Bpe~rn H qacTIU .. \bl 

Puc. 11.4. E)J.HHaSI re0Merp1u1 MHpa, ao6pa.Bwa.si B ce6S1 ace TPH cPH3H'ieCKHe 
KaTeropHH 

Ha3oaeM '-IeTbipe nporpaMMhI, npereHJJ.OBaanrue B XX B. tta pewe1me 

3a,n.aq11 nepexo)J.a K MOH11cr11-qecKoif napa,n.11rMe co cropotthl reoMerp11-

'-IecKoro M11ponoHuMaH1u1: 1) reoMeTpo,LJ,11naMHKa Y1-1J1epa, cTpo.su.qruies1 

a paMKax 4-Mepuoro npocTpaHCTBa-BpeMe1m, 2) nporpaMMa onuca111u1 

qacT.lH..J. t:.J:epe3 cPPM.D;MOHhI MapKotJa, 3) MI-IOroMepHble reoMeTpH"qecKMe 

MO)J.eJIH, OOOOI.I..J,aK>l.U,He Teop11n Ka.riy1.1,h1- KneAHa, 11 4) Teop11.H cyncp

rpaBJ1Ta1.1,11J1. 9TJI nporpaMMhI pa3.JIHqaJIJicb cnocooaMH reoMeTpw-1ecKoro 

OnJICaHHSI HerpaBMTall,HOHHblX IIOJieH H MaCCHBHOA MaTepHH (qacTHI..J,). 

11. 2. feoMeTpo,ll)'IHaMHKa Y :unepa 

CaMhIM BH,ll.HhIM H uocne.n;osaTeJihHhIM cTopottttMKOM KJIH<f><Pop,u.oscKOH 

H)l.eH Bceo6meA I'eOMeTpH3al..J,HJI MaTepnH ( MOllHCTH'-IecKoti napa)..l)'lrMbl B reo
Me'rpHJI) BO BTOpot\ OOJIOBHHe xx B. SIBJISIJ]CSJ ~- y JIJiep, p33BJIBaBWHI\ 

B paMKax 3Toro no.nxo.D.a cBoeo6p33HYIO Teopmo, Ha3BaH11yro 2e0Mem,poau
?-ta.Mu1wu. B ero cosMOCTHOH cTaThe c l..f. M11311epoM «KnacCJPiecKaSI q>1-f.3J1Ka 

KaK rOOMeTpHSI» 11a116onee '-IeTKO c¢opMyJ1Hp0BaHbl B3rJ1SI,lJ,hl ero lllKOJlbI: 
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«KJiaCCHl'.J€CKruI cPH3HKa KaK COBOKynHOCTh TeopHH rpaBHTalJ,HH, 3JieKTPO

MarHeTH3Ma, HP.KBattTOBaHttoro 3apH,IJ,a H Macchi. Bee 3TH qeThipe nOHHTHH 

0Til1CbIBaIOTC51 c TIOMOIII,bIO nyCTOro HCKpHBJieHHOro npocTpaHCTBa 6€3 Ka

K11X-Jil1.60 ,IJ,06aBJieHHH K npHH.HTofi TeopHH» (165, c. 218]. OcttOBHhie qepThl 

3TOH TeopHH xapaKTepH3YIOTC.H YHnepoM cne,rry10I.QHM onpa30M: «1) Ilpo

crpaHCTBO-BpeM.H He eCTb apena ,IJ,JISI <f.>H3HKH, 3TO 6C.H, 'X:.ltaCCU'lleC'IOO,.R ifrn-
3U'IW. 2) H e cy.I.QecrsyeT Hy.>K,II.aIOIII,MXCH B oo'bHCHeHHl'I «MHpOBhIX KOH

craHT»: HH c, HH G . . . . 3) He cyrn,ecTByeT «KOHCTaHT CBH3H», KaK HeT 

H He3aBHCHMO cy.I.QecTByIOilJ,MX TIOJieH, B3aHMO,IJ,eHCTBYIOIII,HX ,rrpyr c ,IJ,pyroM. 

8neKTpoMarHHTHOe none He HBJI.HeTCH oco6brM o6·b€KTOM» [165, c. 334). 
«HacTO.HI.Qa.51 xoporno ycraHOBJ1eHHa51 HCKOHHO e,lJ,HHaSI KJJaCCHl'.JeCKaSI TeopH.H 

(reoMerpo,un11aMHKa. - JO. B.) no3BOJIHeT onHCbIBaTh c noMOI.QhIO nyeroro 

HcKpHsneHHoro npocTPaHcTna 

1) rpaBHT"d.UHIO 6€3 rpamrrau,HH, 

2) 3JieKTpOMaI'HeTH3M 6e3 3JieKTpOMarHeTH3Ma, 

3) 3apSI,IJ, 6e3 3apSI,IJ,a, 

4) Macey 6e3 Macchi» (165, c. 229]. 
<l>ytt,IJ,aMeHTOM Teopnn YHnepa .HBJI.HeTCH 4-Mepttoe HCKpHsne11ttoe npo

cTpattcTso-speMsr. KaK H3BecTHo, ypas11e11H.s 9ttnll.ITeifHa ,IJ,OnycKaIOT pell.Ie

HHH 11 B OTCYTCTBHe npaBOH qacTH, T. e. 6e3 MaTepHH. ,ll.JI.H OTIHCaHHH «3JI€K

TpoMaf'l-leTH3Ma 6e3 3JieKTpOMarHeTH3Ma» 6bIJ1H npHBJiel'.JeHbI pe3YJibTaTbl 

r. PaHHHl'.Ja, TIOJiyl'.JeHHble e.I.Qe B 20-x rr. Pali:HH\'.f 3aMCTHJI, l'.JTO ITT ypaBHeHHil 

8flHllITeHHa (9.2.9) B 3J1€KTpOBaKyyMe 

R = - 2G (F. F.·a - 9µv F. po./3) 
. 'µV C4 µa V 4 o.{3 {11.2.1) 

MO:>KHO arrre6paHl'.JecKH Bblpa3HTh KOMTIOHeHTbl TeH3opa 3JieKTpOMarHHTHoro 

nonH Fa/3 qepe3 KOMnoHeHThl TeH3opa Pnql'.JH (KpHBH3HbI Rµv ). B HHTepnpe

TaWJH YHJiepa 3To 03Haqaer B03MO:>KHOCTh noHHMaTb 3JieKTpoMarHHTHoe 

none KaK csoeo6pa3HbI€ 3JleKTpoMarHHTHhie «CJle,lJ,bl» Ha HCKpHBJJeHHOM 

npocrpaHCTBe-BpeMeHH. 

«Macey 6e3 MacchI », T. e . qacrin.~bI, Y11nep npe,n,n araer BBO,IJ,HTh, Hc

TIOJ1h3YH 6o11ee CJIO)KHYIO TOIIOJIOrHIO npOCTpaHCTBa-BpeMeHH. Ilo3BOJ1HM 

ce6e HaTIOMHHTb, l'.JTO TOTIOJIOnrn H3yqaeT 06m11e reOMeTpHqecKHe CBOHCTBa 

o6'heKTOB H MHoroo6pa3.nif, He 3as11cS1rn,He OT HX Me'I'pHKH. B ,IJ,aHHOM CJiyqae 

peqb H,IJ,eT 0 TaKHX CBOHCTBax rrosepxHOCTeH ( rHnepnosepXHOCTe:ii)' KOTOpbie 

OTJJH'1aIOT, ,I.I.OUYCTHM, IlJIOCKOCTh OT c<f.>epb1. TaK, o,IJ,HononocTHhlH r11nep6o

no11,rr. HMeeT O,LJ.HHaKOBYIO TOIJOJ10['Hf0 c l1JIOCKOCThlO, TOr,IJ,a KaK TOllOJIOrH.H; 

c<Pephr HHa51. Mo:>KHO yKa3aTb ,rrpyrHe rononorHH, aanpHMep, y Topa (6y6-

JJHKa). YHnep 11cnoJih30BaJJ TOnoJ10r1110, KOTopy10 MO)KHO yno,IJ,o6HTh pyqKaM 

Ha IIOBepxHOCTH (cM. pHC. 11.5). 
H11KaKHMH ,IJ,e<f.>opMa.u,H.sMH nosepxttocTH ( H3MeHeHH.HMH ec MCTpHKH) 

HeB03M0)KH0 H36aBHTbC.H OT PY'l:IeK, He pa3pbIB8Jl H He CKJieHBaJI TO"'leK 
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Puc. 11.5. 3apH~hI s reoMerpo,D,MHa~rnKe Y1mepa 

noBepxHocT11. B reoMerpoinrna~UlfKe npe.LI.JimKeHo TpaKTOBaTh qacTin.J,bI KaK 

yCTbSI 3TMX pyqeK, T. e. KaK BXO,lI,bl H BbIXO,lI,bl CBoeo6pa3HblX «KpOTOBbIX 

HOp». 'l.facTHU, ~moro, OTCJO,lI,a CJieAfer, qTo B reoMeTpO,D.HHaMHKe pea.nhllbIH 

MHP ,Ll,OJI.>KeH paccMaTpHBaTbNI KaK MHOrQCBSl3HbIH c 6oJihllIHM KOJlnqecTBOM 

py 1I€K. 

«3ap.SI,lI.bI 6e3 3apS1.IJ.OB» npe)J.naraeTC51 onHChIBaTb sse,n.e1meM B reoMer

pmo 3JJeKTpoMarHHTHhIX CHJIOBhIX JIHHHii, KOTOpble u poHn3bIBaIOT py'iKM. 

Tor,n.a ycThe, Ky.LI.a BXOtvIT CHJIOBhie .. 1HHH.H, MO.>KHO TPaKTOBaTh KaK 3ap.SI

.>KeHHh1e 'faCTMU,bl O.IlHOro THna 3ap.SI)J,a ( OTpMu,aTeJibHOJ'O) ' a yCTh.SI, OTKy,n.a 

BbIXO)J,511 JIHHHH, - KaK 3ap.SI,[J.bl ,rrpyroro 3HaKa (noJIO.>KIITMhHOro). 

B Teop11n Y H.rrepa HMeeTCSI MHOro nJ06onbITHhIX coo6pa.>KeHHH o M~

pH"IPCKHx H TOilOJIOrHYecKHX CBOHCTBax npocrpaHCTBa-BpeMeHH 11 o6 HX 

HHTepnperau,nH. feoMerpo~HaMMKa Ynnepa HalllJia r...moro cropottHHKOB 

KaK 3a py6e.>KOM, TaK " y Hae B CTpaHe. 

Hy.>Kno OTMeTHTb, 'iTO y.>Ke Ha KJiacc11.qecKOM ypoaHe reoMerpo,n;uttaMMKa 

Y11nepa ttaTOJIKHynacb tta cym,ecTBeHHbie Tpy,ll,HOCTn. 9To 3acTaBm10 ero 

H ero COTpy,n.ttHKOB BpeMeHHO 3 an.SITbCSI HCCJie"OBaHHSIMM MO,ll,eJieH upoMe

.>KYTO'iHOro xapaKTepa. B ~iacTHOcTn, K TaKOBhIM OTHOCHJIC.SI noHCK qa

crHu,eno;.i;o6Hb1x pemettHii COBMecTHbIX CHCTeM H3 ypaBneHHfi 9tiHIIJTPtiua. 

l\1ru<caenna 11 ,n.pyrHx noneii. 

113 Ha116o.;iee cepbe:JHhIX Tpy,z:r,nocTe.ll reoMerpo,u11HaMHKH caM ,L(.>K. Y11-

nep Ha3hrnaeT cne,z:r,yJOI.ll,He: «0Ha ttu'4.e20 Henocpe,n.cTaentto He ,n.aer Ha11.1 

,LI,JISI IlOIJMMaHHSI cmrna 6€3 C11H1ia, 3JieMenTapttbIX LfacTHU, 6€3 3JieMeHTap

llblX l.JaCTIIU, M KaKMX-Jin6o ,lJ,pyr11x }!BJleHMti KBaHTOBOti cPH3HKM» [165, 
c. 229). 113 3THX Tpy,ll,HOCTeil, Ha Harn B3rJI.SI)J,, 11aM60Jiee npltHIV1fll18.nhHhill 

xapaKTep HMeeT BOnpoc 06 OIUICaHnn CilHIIOpttblX qacTHI.J. (Q:>epMHOHOB). 

Yunep noHHMaJI Ba)KHOCTh 3Toro aonpoca. Ilo 3TOMY noRo,z:r,y OH nI1:can: 

«3aTpo11yB BOnpOChI 0 nopSl,LJ.Kax BeJTHl-JHJI Mace qacTMU, 11 0 Sl,D.epHblX CHJiax, 
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Mbl npHXO,LJ,HM K IlOCJie)J.HeMy H pemaJOmeMy sonpocy - K npo6neMe CilHHa. 

KaKHM o6pa30M KJiacCH"lecKas1 Teop11S1, paccMaTp1rsaJO~aS1 nonS1 c u.enhIMH 

3Ha'lieHH.HMH CilHHa, cnoco6na noc.rre KBaHTOBaHH.H npHBeCTH K Clll-IHY 1 /2, 
KaK 3TO Tpe6yeTcS1 ,LI..1151 OO'hSICHeHHSI csoticTs HeJ1Tp1n10, 3.rreKTpotta 11,npyr.nx 

<i>ePl\.IBOHos? ... EcJIH 3TO He 6y,LJ,er HMeTh Mecra, TO 11/.,UCmM x:6attrnoBM 2eo
.Mempodutta.Mux:a dO.fl:)IC'Ha pacc.Mampueam'bc.R x:ax: cxe.Ma, 'Heaocmamo'tlttM 

iJM nocmpoe'HUJi octtoe'bt <fiusux:u 3.!Le.Me'Hrnap'H'blX 'tlacmu'l..(. Ilo3TOMY Bonpoc 

0 npoHCXO:>K,IT.eHIUi cnnHa .HBJISleTCSI pellialOJ..U.MM npH ou,eHKe B03M0)KHOCT€H 

KBaHTOBOR reoMerpO,LI.HHaMHKM» [165, c . 347]. 
B paMKax reoMeTpo,LI.MHaMHKM TaK .n He y,LI.a.JIOCb pemHTb 3TY npo6JieMy, 

'l!TO IlOCJIY.>KHJIO O,llHHM M3 OCHOBa1nrn )J.JISI nepexo.ua y HJiepa H ero CTOpOH

HHKOB K .HCCJ1€,LI.OBalllUIM TeopHH cyneprpaBMTalV-iH-

11.3. <I>p~oHhl MapKOBa 

B pa6owx M.A. MapKosa npe,LJ.JIO.>Ke H ,LJ.pyroii: nyTb reoMCTpH'llecKoro 

npe,n.CTaBJI€HHSI qaCT.l1ll,, TaK)Ke OCHOBaHHblt:\' Ha TOllOJIOrHH H T8.K.>Ke HMeJO

J.l.V'IJi Mera¢H3H'll€CKHR xapaKTep. 

MapKos cpasn11sa.J1 npou,ecc yToqHeHHH aKc110MaTHKH reoMeTpHH c no

HcKoM nepsoMaTepHH s cPH3HKe. KaK y.>Ke OTMeqaJiocb npH cpasHeHHH 

cnoco6oa paccy>K,ne1mU 11.rraTotta H ApHcToTeJrn, aKcHoMaT.nKa ocHosaHa 

Ha cnoco6e MbllliJleH.HH no nyqy: OT HCXO)J.HhlX He)l.OKa3YeMblX IlOJIO.>KeHHU 

(npHMHTHBOB reoMeTPHH) no 3a,n_ru1HbIM npaBMJiaM paccy.>K,U.€HHH )J.0Ka3h1Ba

IOTCSI TeopeMbl lf CTpOHTC51 3)1.aHHe reoMeTPHH. Ilp.H 3'TOM BCTaer sonpoc: KaK 

O'l'IIOC.HTbCH K aKCHOMaM? 0HH SIBJISllOTCH 11CTHHaMM B IlOCJie,LI.neU HHCTaHI.J,H.H, 

lf ror.n.a reoMeTpHSI Ha .HX OCHOBe a6cOJilOTira? V!JI.H MO)KHO rrepexo,n.HTb 

K c~e 6on ee 3JieMeHTapHbIM aKC.HOMaM, KOr)J.a BepIIUIHY HanpaBJICHHOro 

snpaso nyqa MO.>KHO c,u.s.HraTh BJieBo 11 CTpO.HTb see 6onee coscprneHHbie 

f'eOMeTplrn Ha OCHOBC c~e 6onee 3JieMenTapHbIX aKC.HOM? 11Meer JIH 3TOT 

npo~ecc rpaH.Hey (npe.n.eJ1) WJI.H OH 6€3rpa1111'lleH? B nepsoM cny'l1ae cTaBHTCSI 

rrpe,D,eJI pa3B.HT.HJO re0Merp1111, a BO BTOpOM - <PaKTH'lleCKM yTsep)K,!~aeTCSI 

Hen03HaBaeMOCTb OCH OB reoMeTp.HH. 

B rn. 4 6b1Jia paccMOTpeHa no,n;o6Hasi aJlhTCpHaT.HBa B cPH3HKe 3Jle

MeHT""d,PHhIX 'liacTRI.r Ha3bIRaJiaCb JI.HHHH ,[(cMOKp.HTa, OTCTaHBaBrnero .H)J.eIO 

nepBOMaTepi-m s B11)1,e tte,lT.eJIMMhIX aTOMOB, " JlHHMSI AttaKcaropa1>, roso

pnsmero o 6ecKOHe~1Ho 6oJibIIJOM "i.HCJ1e BH,U.OB nepB03JieMewros. MapKOB 

npe,ZI,JIO)K1'1Jl TpeTHt:\' nyTh perneH.HSI .UaHHOH npo6JI€MbI: «OT ,npeaH e ftnmx 

BpeMeH ,u.o HO.CTOSlllJ,€I'O BpeMeHH cymecTByJOT ,n,se a.JlbTepu aTURHbie KOHUerr

U.IIB 0 np11po.n,e MaTepHH. 0,LI.Ha H3 HI-IX CBSl3aHa c Bepoii: B c yw;ecTBOBa

HHe 6ecKotte'llHOi1 i;repapx.H.H q)OpM MaTepHH. CTop01·1HttK11 3'roi1 KOH1..1,en1..1,Hn, 

I'OBOpH Sl3blKOM JlyKpe~.H51, «H.HKor,n,a H.HKa KOM rpaHHJ~hl ,rrpo6JieHHIO He 

l)B pa6oTax M.A. MapKOBa 3Ta li.lJ.€5l CB5l3bIBaJiacb c HMetteM 9MncµOKJ1a . 
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cTaBSIT». A ,z:q>yra51 KOH:u;enn,HSI CBH3aHa c Bepoti B cym.ecTBOBaHHe npe,rr.ena 

«,z:q>06JieHH.H» B BH,ll.€ a6conJOTHblX aTOMOB HJIH c 6onee 00.IIJ.HM yTBep:>K,II,e

HHeM o B03MO)KHOM cymecrrsoaaHHH HeKoti nepsoMaTepHH. Teneph y,rr.aeTcH 

c¢opMynupOBaTb cosepmeHHO HOBYIO, TpeTblO KOHII,€Illl,HIO, He CBO,Z:VII.I.I..)'IOCH 

HH K 0,1.1.HOR H3 ,rr.syx. KaK H rrpe,rr.bl,1.1..Y.I.IJ,He, TpeTb.H KOHn,enn,HSI Jie)KHT TO:me 

B o6J1acTH seph1 ( rHnOTe3hI), Ho oHa TaK )Ke JIOTIP-IeCKH .nonycTHMa, KaK 

H Te ,rr.Be. IlpeHMym,ecTBO BTOpo:ti H TpeTbeii: KOHn,enII,H:ti rrepe,rr. rrepooii 

3aKJIJOqaeTCSI B B03MO)KH0CTH ( B KOHn,e KOHlJ,OB) HX 3KCnepHMeHT8JibHOit 

rrposepKH» (104, c. 449). 
,Il;nSI o6ocHoBaHHSI TpeThero nyTn: MapKOB npHB0,1.1.l-IT ,rr.sa coo6pa)KeHH51, 

BbITeKalOllJ,HX H3 8.HaJ1H3a cPH3HKH 3JieMeHTapHbIX ' -IaCTHlJ, BTOpoti IlOJIOBHHbl 

XXB. 
flepeoe coo6p<KJtC,e?iue. KaK nn:meT MapKoB, «B nocne,rr.HHe ,rr.ec.HTHJleTH51 

B03HHKna npHHlJ,l-IOHaJlbHO HOBaSI H,IJ,e.H, ,rr.aJOm,a.R B03M0)KH0CTh CBOeo6pa3-

HbIM nyreM npo,rr.OJI)KHTh nn:Hmo 9Mne,rr.oKJia. Ho B OTJlHqne OT Tpa,lI,HII,H

oHHo:ti H ,11,eH o CTPYKType MaTepH11, corJ1actto KOTopo:ti ofrheKTbI crpOHJlHCh 

H3 qacTHlJ, BCe .Me'H'bWUX u .Me'H'bWUX .Mace, B03HHKJia n:,rr.e.H CTpOl-ITh qa

CTHlJ,hl ,rr.aHHbIX Mace H3 6onee cpyH,rr.aMeHTaJlbHhIX qac"THlJ,, o6na,rr.aIOIII.HX 

60Jt'bWU.Mu .Macca.Mu ( ?r,ypcue KJ. B:). YMeHhllleHHe Macchi pe3ynhTHpyrow.eti 

CHCTeMbl B03HHKaeT 3a C"l.JeT CHJibHOro B3aHMO,UeRCTBH.H T.H)KeJihIX 'iacTHIJ,, 

COCTaBJIHIOllJ,HX CHCTeMy. B proyJibTaTe 3TOro CHJlhHOro B3aHMO,rr.e:ttCTBH.H 

qaG'Tb o6m,eti MaCCbl IlOKH,1.1.aeT CHCTeMy B BH.L(e pa3.1IH'IHOro po,rr.a H3JlyqeHHH. 

( ... ) CnpalllHBaeTcSI: KBapKOBaSI cpopMa MaTepHH ( eCJIH 3Ta rHnOTe3a no,rr.

TBep,IJ.HTCSI) - ::JTO nepBOMaTepu.H? l1nH KBaPKH ,1.1.0IDKHbl COCTO.HTb 113 6onee 

¢yu,n.aMeHT8JibHbIX qaG'THlJ,, If 3TOT rrpou,ecc C03,ll.aHHSI l:faCTHlJ, Jie)KHT Ha 

JIHHHH pa3BHTHSI H,rr.e11 9Mrre,n.oKJia? Ho n HHH.H 9Mne,n;oKJia B TaKOM Bapn

aHTe npusena 6b1 K cym,ecTBOBaHHIO ¢yH,1.1.aMeHTaJibHblX qacTHIJ; 6ecKOHeqHo 

OOJihlllHX Mace . .. » (104, c. 443). 
Bmopoe coo6pa;>tCettue. « B nocneA)'JOm,He ro,l1.bI B03HHKJia 11,n.e.H, KOTO

paa, npaB.na, OTHOCHTCSI IIOKa K Kpyry npo6neM, CB.H3aHHhIX c CHJlbHbIMH 

B3aMM0,1.1.e:ticTBH.HMH. I1 3T8 H,LI.e.H HemKH,1.1.aHHblM o6pa30M ,n;aeT B03MO)KHOCTh 

llOH.HTb, "l.JTO peUieH11e npo6JieMbl MO)KeT COBCeM He HaxO,rr.HTbC5f HH B c¢epe 

H,n.e:ti 9Mne.noKna, HH B ccpepe H,LI.e:ti ,Il;eMoKpHTa. Peqh H)l.eT o TaK Ha3hl

BaeMo:ti SI,rr.epttoit .neMoKpaTHH. B3aHMHrul rrpespaw,aeMOCTb H3BeCTHbIX 3Jie

MeHTapHbIX qaCTl-llJ,, B03MO)KHOCTb po)K,l1.eHH.H H HC"l.Je3HOBeHH.H HX B OTJIHqHe 

OT npe)KHero ( HanpHMep, HblOTOHOBCKOro) aTOMH3Ma - cosepweHHO HOBa$1 

H ¢yH,1.1.aMeHTaJihHaSI qep·n1 aTOMH3Ma COBpeMeHHOro. 0Ha Be,rr.eT K cyru;e

CTBeHHOH B3aHMHOM 06yc.110BJieHHOCTH CBOHCTB pa3JIH"l.JHbIX ~JleMeHTapHbIX 

qacTHlJ,, KOTOprul B llOCJI€,1.1.HHe ro,ll.bl o6Hapy)KHBaeTC.H cpH311KaMH see qam;e 

H qam,e. ( ... ) 11,rr.e.H, 'ITO «Bee» COCTOJilT H3 «Bcero», CTaJia "l.JYTb JIM He 

TpHBHaJihHOCT blO. Ho cne.LzyeT 3aMeTH'I'b, "l.JTO a,n.eKBaTHoro 3THM n:,rr.e..HM 

MaTeMaTH"l.J€CKOI'O annapaTa IlOKa He IJOCTpoeHO» [104, c. 444). 
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MapKoB npe,n;Jiaraer reoMerp1.P-1ecKyro Mo,n.enh, peaJI113yronzy10 ,u.attHyJO 

H,ll;eIO H <f:>aKTH't{ecKH OTKpbIBaJOuzyro TpeTHii nyTb, OTJIH't{Hbdl: OT ,u.eMO

KplITOBCKOI'O Ii OT aHaKcaropoBCKOro ( 3Mile,ll.OKJIOBCKOro). l1M Bbl,ll.BHHyTa 

1100.)KH,[f.aHHa.H H,ll.e.H npe.n,cTaBHTb 3JieMeHTapHbie qa(,"THlJ.hl B BH,LJ,e «00'-ITH 

3aMKffYThIX» BCeJ1eHHhIX <l>PH,ll,MaHOBCKoro T1111a - ¢p11,ll,MOHOB. OH cne.,IJy

IO~HM o6p8.3oM o6ocHOBbIBaeT 3Ty H,n.e10: «KaK H3BecTHo, H3-3a OOJih

moro rpaBUTa~OHHoro ,n.e<l>eKTa Mace nonHa.H Macca 3aMKH)'TOI\ BceneHHO:A 

paBHa Hynio. Ecn11 paccMaTpHBaTh Bap11aHT BceneHHoii., tte nomrocTblO 3a

MKttyroi1., «DO't{TH» 38.MKHYTOH, TO B 3aBHCHMOCTH OT 3TOro «110'-ITH» IIOJIHa51 

Macca TaKoA Bce;1ettttoH. MO:>KeT 6bITh KaK yro,u.tto MaJio.H, B 'r.IaCTHOCTH, 

ttanp11Mep, MHKpOCKOilJ.P·I eCKHX p83MepoB. Bonee Toro, c TO't{KH 3peHH.H 

BHemHero Ha6JIID,LJ,aTemI TaKa.H Ma.TiaH Macca 3aKJJIO't{eHa «BHYTPH» cq:>epbl 

TaJOKe MHKpOCKOnH'-lecKHX p83MepoB. ( ... ) EcTh ocHOBaHH.H ,nyMaTh, qTo 

KOHe'-IHoe 3HaqeHHe 3ap.H,LJ,a MO.>KeT 6bITb 6JIH3KO K 3ap.H,ny 3JleMeHTapttoii 

':lacTHI..J,ht. TaKyIO c11creMy Bee KOHeqttoM COCTO.HHHH 6y,n.eM H83bIBaTh ¢p11,n.

MOHOM. <l>pH,LJ,MOH c ero y,LJ,HBHTeJJbHblMH CBOHCTBaMH He 5.IBJJ.HeTC.H, o,n.HaKo, 

nopo.>K,LI.eH11eM 1103TH'-lecKOH ¢aHT83HH - 6ro BC.HKHX ,n.onOJIHHTeJibHbIX rH

IlOTe3 CHCTeMa ypaBHeHHH 9HHIIITeHHa- MaKCBeJIJia co,u.ep.>KHT cPPH.u,MOH

Hbl e pellleHH.H. ( .•. ) Mbr BH,ll,HM, 't{TO cospeMeHHa.H cj.)H3HKa ,n.aer B03MO.>K

uOCTh COBepu1eHHO IlO-HOBOMy TpaKTOBaTb co,n,ep.>KaHHe llOH.HTH.H «COCTOHT 

ID ... ». BceJ1ettHa.H B u,eJioM MO.>KeT OK83aThC.H MHKPOCKonnqecKoii. ~1acTHI..J,e:A:. 

M11KpocKOilH'fecKaH qacTHI..J,a MO.>KeT co,n,ep.>KaTb B ce6e u,enyro BceJieHHyK>. 

Ca.Ma B03MO.>KIIOCTh TaKoro o6'be,n;HHeHH.H n poTHBOilOJIO.>KHbIX caol1cTB -

cBo:Acrs ynhTpa6onhrnoro 11 ynhTpaMMoro o6'beKTa, yJihTpaMaKpocKon11qe

cKoro 11 ynhTpaMHKpOCKonw-1ecKoro - npe,u.cTaBJIHeTc.si He MeHee y,LI,HBHTeJih

Ho:f.i, qeM OO'be~urneHHe B OllHOM o6oeKTe CBOHCTB KopnycKyJihI 11 BOJJHhI. 

( ..• ) rpaBHT&J,l10HHhIH ,n:aj:>eKT Mace ,LJ,eJiaeT B IlpHHI..J,Hne B03MO.>Kllh1M cy

~eCTBOBaHl1e TaKoii MO,LI,eJIH BceJieHHOii a ~enoM. B TaKo:H KOH[(tmn,1111 HeT 

nepBOMaTep1111 l1 HepapxH.H 6ecKOHe~1HO p83HOOOp83HbIX cPoPM MaTepHH KaK 

6hl 3aMhlKaeTc51 Ha ce6.H» (104, c. 446-448). 
3,n.ech ¢aKT11qecK11 MapKoB Ha ttosoi1 ocHOBe B03Bpa~aeTc.H K cnopy 

Me)K)IY IlnaTOHOM 11 Ap11croTe.TieM o xapaKTepe paccy.>K,llett11:R - no Kpyry 

(KaK y IlnaToHa) HJIH no nyqy (KaK y Ap11cT0TenH) - 11 npHBO,U.HT apry

MeHThI 11 KOHKpeTHblH npHMep reoMeTp11qecKOH MO,n.e.rrn B Il0Jlh3Y x apaKTepa 

paccy.>K,D,eHHH Ii ,LI,OKa3aTeJibCTB IlJiaTona. 

Ilo,u.o6tta.H 11,n,e.H 6b1Jia Bhipa.>KeHa a n03TH't{ecKo.H ¢opMe ern,e patthllle 

B. BpJOCOBhIM Bero CTHXOT BOpettHH «MHp 3JieKTpoHa», ttaae.HHHbIM ,n.pyrHM 

qm311qecK11M OTKpblTHeM pacm:mf>poBKOH CTpOeHH.H aTOMa: 

«BbITb MO:>KeT, 3Tl1 3JieKTpOHbl -

M11ph1, r.a.e rrnTh MaTep11Koa, 

11cKyCCTBO, 3HaHbSI, BOttHbI, TpoHbl 

11 naMWrb copoKa aeKoa! 

Ew,e, 6bITb MO>KeT, Ka>K)J,b1tt aToM 

BceJJeHHruI, r,u,e cro nJiaHeT; 

TaM Bee, 'ITO 3,n;ech a o&beMe c>KaToM, 

Ho TaK>Ke TO, ~1ero 3,D,ech HeT~. 
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l1,n.eH MapKOBa 11Meer CJia6oe MecTO, 3aKJiroqaro~eec.H B orrpe.nenemrn 

no11.s:rr11.H «OO"ITH 3al\IIKHyTa.H» BceneHHaH, H OCTaeTC.H oTI<pbITbIM aonpoc, 

KaK MaTeMaTH'lleCKH on11caTh 3TO IlOHHTHe H BB€CTl1 B3aHMo,n.eHCTBH}I TaKfilC 

«IlO'lJTH 3al\IIKH}'ThIX» BceJieHHhIX. 

11.4. IIMHT~ MaccHBBoii MaTepun 
reoMeTPWieCKHMH <l>aKTOpaMH 

Ecn11 s reoMeTpo,n.11HaM11Ke Y MJiepa 11. B pa6oTax MapKoaa npe,nJiaraJioch 

BBO,D.HTh MaTepMIO ( KaTeropHIO qaCTHU) q epe3 TOOOJIOr11qecK11e OCOOeHHOCTII 

4-MepHoro HCKpHBJI€HHOro npocTpaHCTBa-speMeHH, TO B pa6oTax p.H,ll.a ,LIJ>y

r11x aBTOpos 11ccJrn,n.osanMCh MHbie cnoco6b1. H83oBeM HeK0Topb1e H3 HHX. 

1. MMHT~H.H MaTepuu qepes Kon<l>opMHbIA <l>aKTop. 9ToT cno

co6 OCHOBaH H a HCilOJih30Bffiilll1 'IW'l·Uf>op.M'H/bLX npeo6paaoeau,ui1. TioHCHHM 

3TO nOH.HTMe. KoH¢opMHble MJIM MacmTa6Hhie npeo6pa3osaHM}I coCTo.s1T 

B H3MeHeHHH MaCIIITa6a ).I,JlHH B npocrpaHCTBe (-BpeMeHH). c 3THMH npe
o6pa30BaHJIBMH 3HaKOMbI ).l.a)Ke ,lI.eTH no H3BecTHOti CKa3Ke Campra «Ily

TeIIIecTBHH ryn.rnrnepa». Ilo C}'TH ,IJ.eJia, TI)'TCIIIeCTBHH ryJ1J1HBepa B CTpaHbl 

J1HJIHnyTOB H BeJ1MKaHOB OCHOBaHbl Ha KOHcPOPMHblX npeo6paJOBaH1-rnx ,lI.JlHH 

( B npocTpat1cTae1 Ho tte BO speMeHH). B Jh1nnnyTHH Macnrra6 6b1n coKpaw;eH 

).I,JIB Bcex ee )KHTeJJeti, HO He AJIB ryJ1J1HBCpa, a B BennKaHHH Macrrrra.6 6hTJI 

yBeJ1H'IeH fl;JT}I )KJ.iTMeH, a ,lI.JIB ryJIJ!HBepa OH 01151Tb OCT'c:WlC.H HeM3MeHHblM. 

9Ta H,U.e51 HMeeT CTporyro MaTeMaT11qecKyIO o6pa60TKy, rrpnqeM B ,lI.BYX 

::JKBHBaJieHTHhIX ¢opMax. Mo)f{HO roaopHTb o6 M3MetteHH51X MacwTa6a KOOp

,D.HHaT, nonaraH, '-ITO MerpnqecKHH TeH30p OCTaeTCH HeH3MeHHbIM, a MO)KHO, 

11ao6opoT, C'iHTaTb KOOp,lI.HHaTbI HeH3MeIIHbIMH H npeo6pa30BhlBaTh KOM110-

H€HTbl MITTpHKM. IlocKOJ1hKY B reoMe'I'PHB ,lI.JIHHbl (HJIM MHTepBaJibI) 3a,II.a

JOTC.H Q:>opMyJiaMM THna ds2 
7 91wdxµdx11

' TO 3TH ,JJ.Ba cnoco6a 0Ka3bIBaIOTCH 

::JKBHBaJieHTHhlMH, HO B p11MaHOBOH reoMeTpHH BTopon cnoco6 npe)IIIO'lJTH

TeJieH. Tioti,n.eM no BTOpoMy nyTH. 

IlycTh 3a,.z:r.atta MHoroMepHaH Merp11Ka di2 = G ABdxAdxB, TOr,LJ,a KOH

¢opMHoe npeo6pa30BaII11e onpe,n.eJIBerCH cJie,rr,yro~M o6pa30M 

- 2 -
GAB = x (x)GAB - exp[2a(x)]GAB --t d/ = x(x)dl, (11.4.1) 

r,n.e X(X) = exp(a(x)] - 'IW'tUflOp.M'H'!!"U <f>a/x;mop - HCKOTOpa.H CKaJIHpHa~ 
cPYHKI.Vrn: Koop,D.HttaT. ,[(Be Me'I'pWKH GAB H GAB, onpe,n.eJieHHbie tta O,ll.HOM 

H TOM )Ke KOOp,Jl.HHaTHOM MHOroo6pa3HH, Ha3bIBaJOTC.H 'IW'Hef>Op.M'HO coomeem
cm6y'IOUJ,UMU wyr wyry. B CK83Ke CsnQ:>Ta <PaKT.IPfeCKH HCil0Jlb30BaITOCb 

npeo6pa3oBaHHe (1 L.4.1) ,lJ.JI51 3-MepHOH MeTpHKH (GAB --t hik), npH 3TOM 

Me'l'pHKa C THJlb,fl.OH 6hIJia npMBblqHa ry11.n HBepy, a MerpHKa 6e3 THJih)J,bl 

cooTsercTBOBaJia MMpy, Ky,LJ,a oH nona,rr.an. B ,LI.Byx MHpax KoH¢opMHbiti 

cPaKTOP 6bIJ1 pa3Hhlti: B 0,D.HOM - MeHhIIIe e,LJ.HHHl~bl , a B µ,pyroM - 60JihIIIe. 
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Cne,rryer OTMe'I'HTh, 1'.ITO Kon¢opMHbie rrpeo6p830Bamu1 cne,nyer non11-

Ma'l'b KaK ew;e 0,ll.11H Bii.LI, npeo6pa30Ba.Hlfi1 B cPH3JlqecKOH TOOpllH' ,n.ononHH

TeJibHblM K KOOp,lJ..MHaTHbIM npeo6pa30BaHH.SlM. 3aMeTJIM, qTo Ba)KHe:itmJie 

ypa.BHCHH.Sl ¢113.MKH ,LI,JJ.Sl 6e3MacCOBhIX ~racTllQ (ypaaneHH.H MaKCBeJIJia 6e3 
HCTO"-IHHKO.B, KJ1ei1ua· <l>oKa, ,11..n:paKa) lfHBap.n:aHTHbI (tte113Mennhl) omo

cJ1TeJ1bHO Kon¢opMHbIX npeo6paaosan.n:ii. Ho KaK TOJihKO BBO.UHTC.Sl Macca 

noKosr qacTHQ, Kon¢opMtta51 MHsap.n:aHTHOCTh napymaerc.H. Han0M u11M, 'fTO 

HCXO.ll,Hhie nonsr a M0,11,e.TIH 311eKTpocna6b1x B3aHMO)J.e .HcTBHH Ba.1bI6epra

Ca.JiaMa- r11amoy 6b1n.n: 6e3MaccoBbIMH H Macca noKosr B03HHKaJia TOJibKO 

B f>e3YJlbTaTe B3aHMO,rt;eiicTBl1.Sl co cneQ.MaJibHO BBO,LJ,HMblM )J.JI.H 3TOH QeJIH 

CKaJIBPHhIM noneM XHrrca. 

YpasHeHHSI 9iiHmTei1Ha He o6na,n,aroT CBOHCTBOM KOHcPOPMHOH HHBa

pH3HTHOCTH. Ec~TIB noJiaraTb , qTo ypaBHeHJf.51 9iinnITetiHa 3ailJICbIBalOTC.Sl 

~JJ.Sl 4-Mepttoti MerpHKH <: TJIJih,.U,OH ( B BaKyYMe)) TO Jf3-3a ,11,HQxPepeHIJ,H

poaaHH.Sl npoH3Be,u.eHH.Sl MeTpHKH 6e3 THJlb,ll.bI 11a KOHQ:>opMIIbIH cPaKTOp 

X(X) = exp[u(x)] B ypaBHeHM.HX B03HJIKaIOT )J,OilOJJHHTeJibHhie CJiaraeMbie: 

- l _ - ( 1 ) Rµv - 2 9µvR = Rµv - 2 gµvR + f (X) = 0, ( 11.4.2) 

r,n;e f (x,) ·- HeKoTopasr ¢YHKQHSI, co,rr.ep:>Karn;asr Koncf>opMHhiii cl:>aKTOp, nep

Bb1e H BTOpbie npon3BO,ZJ.Hhie OT Hero no KOOp,ll.HHaTaM. 11epe6paCbIBaH CJia

raeMoe c KOH<f>opMHhIM ¢ aKTOpoM B npaByIO qaCTb ypaBHeHIDt 9iiuwrei1Ha, 

ITpl1X:O)J,HM K ¢opMaJJbHOH 3an.MCH 4-MepHblX (HJIH 11-MepHblX) ypaBHeHHR 

9:itHI.IITeiiHa c npasoi1 q aCTbIO. Iloc.rre;IHIOIO MO)KHO HHTeprrpeTHpoHa'I'b KaK 

BKJia,n, OT TeH3opa 3Hepr1111-HMnynhca Tµv Macc.n:Bnoii MaTepHH, ecnn .n;oJI)K

HhIM o6pa30M nepeiiTH OT KOH<f>OpMHOl'O ¢aKTOpa K xapaKTepllCTHKaM Ma

TepHH. 

0cHOBHa51 npo6.rreMa 3,ZJ.eCh COCTOHT B OIIpe)J,eJieHHH «,LJ.OJI.>KHOro» nepe

xo,u.a K xapaKTep.11cT11KaM MaccHBHOR MaTep1-n-1. B 4-Mepttoif reopHH np.n: 

Bem;e.cTBeHHbIX 3Ha"lfeHHSIX KOHcpopMHor o q)aKTopa B03HBKaIOT TPYAHOCTH 

co 3HaKOM Ten3opa 3HeprHJf-JfMIIYJibCa KOH¢opMnoro CKaJI.HpHoro IlOJI.Sl, 

O,rt;HaKO B MHOrOMepHblX reoMeTpH'ieCKHX MO,ZJ.e.Tl.HX B MeJOTC.Sl B03MO)KHOCTH 

npeo,u.one:rb ,u.aHHYIO Tpy).VIOCTh, nOCKOJibKY B HJ.IX HCXO)l,H&.H MHOf'OMeptta5l 

MeTpHKa H BCe OCTa.Tlbllbie reOMeTpH"leCKHe BeJIH'IHHhl He 00.H3aHbl 6bITb 

Bem;eCTBeHHbIMJf, - rJiaBnoe, qTo6hI llOCJlC npoQe,IJ:ypbI pe~KQHH Ha 4-Me

pue ocTaBaJIHCb JIHmh seUJ,ecTBeHHhle BenH'iH.HhI. Ha 3TOM rryTn y ,ll,aerCSI 

nOCTpoHTh y.rroBJieTBopnTeJibHbie KJiaccHqecKHe Mo,u.eJT11 (CM. (34)) c reoMeT

pH30BaHHOi1 MaCCJIBHO~ MaTep.n:ei1. 

2. OnucanHe. MaTepHu qepe3 ,u.onoJIHHTeJibHbie KOMilOHeHTbI 

MHoroMepHou MeTpHKH. B pa6oTax HeKOTOphIX aBTopos npe.n,11ara.rroch 

reoMerpH30BaTb MaccnsHyIO MaTep.n:IO H e qepe3 KOHcPOPMIIhlti <f>aKTOP: 

a qepe3 )l,OilOJ'"IHJITeJibHbie CKaJISipHbie nOJI.H, B03HHKalOm;.He B MHOroMepHblX 
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reoMeTJlH'-leCKHX MO,ll.ensix. B rn. 10 y.>Ke roaopHJIOCb o ,ll.OilOJIHMTeJibHOM 

CKaJISipHOM none <p, OilHCbIBaeMOM ,lJ.HarOHaJlbHOR KOMilOHeHTOM 5-MepHoro 

2 
G55 = -<p . (11.4.3) 

B reoMeTpuqecKnx MO)l.eJUix 6onee BhICOKHX p83MepHOCTe:tt no)J,OOHhIX cKa

JIBPHhIX none:n: 6onbwe. TaKHM o6p83oM, OTKphrnaeTcB B03MO)KHOCTh onu

CbIBaTb MMlf p83JIMqHbie BM)J,bl MaCCMBHhIX none:H ( qacTnu;). 

3. KoM6uuupoBaHHhiii cnoco6 on11canu.s MaTepH:H. HaKoHet~, HMe

eTCSI B03 MO.>KHOCTb COBMecTHTb H 83BaHHbie ,ll.Ba aapuaHTa BBe,l].eHH.51 MaCCMB

HbIX -c.racTnu;. TaK, B 5 - MepHo:H reoMeTpHl:IecKo:H MO)J,e JIH MO.>KHo BhI6paTb 

KOHQ:>opMHblM ¢aKTOp, cosna,l].aIOw;tt:H c )1,0ilOJIHMTe JlhHOH KOMilOHeHTO~ )J,Ha-

I'OHa.JibHOM MeTpUKH: 
2 - 2 X (x) = -G55 = <p (x), (11.4.4) 

TOr,ll.a IlOCJie KOHcPOPMHOro npeo6p830BaHMB ( 11. 4.1) IlOJiy'-laeTC51 5-MepHa51 

reoMeTpHSI c l:fac To ucnoJih30BaBillMM C51 ycJiosneM G 55 = -1, a CKaJI51pHoe 

none, nepeneceHHoe B npaayro qac rb, reoMeTpuqecKu HMMTHpyt.vr ¢u3uqe

cKoe none , paccMaTp1rnaeMoe B cTaH)J,apTHo:H o6meii Teopttu oTHOCHTe...Jib

HOCTM KaK HereOMeTpH'-lecKoe. rnaBHoe B Ta.KOH Teopuu COCTOMT B cnoco6e 

npe)J,CTaBJieHU.H BeJrn'-IMH X(X) MJlM <p(X) qepe3 Q)H3uqecKHe IlOJIH Ii BbIOOp 

HX 3aBHCHMOCTH OT KOOp)J,HHaT, KaK KJiaCCHl:fecKHX, TaK H )J,OIIOJIHHTeJibHbIX. 

4. IlS1TuMepua.S1 Teopu.H Beccoua [22) OCHOBaHa na ucnoJih30Ba1m11 

Heu;uKJIM'-1€CKOM 3aBHCHMOCTM BeJIM'-IHH OT ,ll.OilOJIHUTeJibHOM KOOp,lJ.HHaTbl. 

ITpe)J,naraerc.51 sapnaHT 5-MepHoti reopnn, r,ne 3aBHCHMOCTh OT 5-i1 Koop

)1.MHaTbI xapaKTepu3yeT pacnpe)l.eJ1eHue MaTepuu B npocTpaHCTBe-speMeHu. 

B n nTepaType o6cy.>K)l.aJIHCh H tteKOTOphie ,rrpyrne reoMeTpnqecKne cno

co6hr OilHCaHH.H M aCCMBHOH MaTepuH. 

0TMeTuM, l.ITO Ha ~TOM nyT11 BCTpe-c.1aeTCsi Ta .>Ke TPY,ll.HOCTb c onucaHueM 

CnHHOpHo:H MaTepnn, qTo n B reoMeTpO)l.HHaMHKe Ynn epa. Boo6rn,e .>Ke, 

3TO HanpaBJleHne MCCJie)l.OBaHUM MO)KHO yno,rr,06 11Th pa6oTaM no flOMCKY 

e.u.HHOH HeJIUHeMHOH Teopun Ha OCHOBe 6030HHblX none.M, paCCMOTpeHHbIM 

B pa.3.ll. 7 .1, r .u,e ew,e B03HHKaIOT TPY,ll.HOCTH B nocTpoeHHH ycro:tt'-IHBhIX 

o6p830BaHu.H, COOTBe TCTBYIOW.HX MaTepua.JihHblM qacTMU,aM. 

11.5. IIpo6neMa KBaHTOBaHHSI B reoMeTpHqecKoM 

l\filPOilOHHMaHllll 

Ha nyTn nocTpoettuSI aKcTpeMa.JihHOH {MoHHCTH'IecKoii) reoMeTptt-c.1ecKo.M 

Teopnn BCTa.Jia qpe3BbI'-laHHO Ba)J(Ha.H npo6JieMa onucaHUSI KBaHTOBOMexaHU

qecKRX 3aKOHoMepHocTeit. l13aecTHo, "ITO A . 9iiHwTeiiH Bb1pa.>KaJI tta ).l.e)l<,ny 

Ha ee p erueHue B paMKax r e oMeTpuqecKoro MuponoHuMaHH.H. On nuca.rr: 

«MOH yCHJIHB IIOilOJIHHTb o6uzyro Teopnro OTHOCHTeJlhHOCTH nyTeM o6o6w.c-
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llliSI ypaBHe1um rpaB11Ta1zyur 6bIJIH rrpe~pHIIHThl QTliaCTH B CBSl3H c npe,n:rro

JJO)f{eHHCM 0 TOM, l{TO, IIO-BH,ll,l1MOMy, pa3yMHaH o6rn;aH peJIHTHBHCTCKa.H 'Ie()

pi.-rn noJrn, B03MO:>KHO: MOrJia 6hI ,n,aTb K JUOl{ K 6oJJee CO.BepweHHOH KBallWBOM 

Teopl1R. 9To - CKPOMHa}l H~e:>K,u.a, HO HHKaK He y6eJK,ueHHe» [207, c. 626). 

feoMeTpWleCKHM B3rJISI,ll, Ha KBaHTOBaHHC llhITaJIHCb Bhlpa6oTaTb B paM

KaX 4-MepHOM Teopi.-rn:, 0)1.HaKO 3TY npo6JieMy CJle,I.zyeT IIOHHMaTb mHpe 

Yl.filTbIBaTb, l{TO o6rn;a51 Teop1u1 OTIIOCHTeJibHOCTH npeACT8.BJI51eT co6oii JIHllib 

qacTb reoMerp11'iecKoro BM,ll,eHlffi MHpa. A 3,ll,CCh BCKp:o1saJO·.rc51 qpe3Bb1qa:iii.Ho 

13a)KHhie o6crosrre.TILCTBa: so-nepBhlX, KBaHTOBOMexaHHqecKHe 3aKOHOMep

HCX..°'TH H~e.m.Ho Ha6JIJO,ll,aIOTCSI JlHUJb B rrpou,eccax, r.n:e IIpGSIBlliHOTC51 ,ll,OIIOJ1-

Hl1TeJibHhie ( CKphIThie) pa3MepHOCTH ( T. e. B HerpaBHTaIHIOHHhIX B3aHMO,n.ei1-

CTBH51X), Bo-BTOpbIX, B MHOI'OMepHH y:>Ke HCTIOJib30BaJiacb ,lI,OIIOJIHHTe.TibHaH 

p83McpHOC'fb x4 ( B sapHaHTe 5-Mep1u1 KJieli.Ha- <l>oKa) ,ll,JJH on11caHIDI Mace 

TIOKOH 3JieMeHTapHhIX qacTHlI,. 

B 40-x- 50-x rr. IO. B. PyMep rrpe,n.JIO:>KHJJ 11cnoJib30HaTb 5-MepHyJO 

reopMJO ,II,JJH OObSICHeHMSI 3aKOHOMepHocTeii KBaHTOBOM MexaHHKH. Ero rro,n,

xo,rr. rrponcreKaJl 113 5-MepHo:R TeOpHM sapna1ITa 0. Kne:Htta 11 B. A . <l>oKa 

KOHu,a 20-x rr. Oco6oe 3Hat..IeHwe ,ll,JIH ero pa3BHTHH HMena H3Bf'£THa51 pa6oTa 

A. 8iiH11ITe if11a H II. BeprMaHa (204), B KOTOpoi1 o6cy>1<,u,a.rrc51 sorrpoc o so3-

MO>KHOM rrp11'f11He HeHa6JI10,n:aeMocT11 5-:ti KOop,n;11ttaThl. B Ha3BaHHO:A' pa60Tc 

6bIJia BhICKa3aHa MbICJlb, lfTO Il51TOC H3MepeH11e 38.MKHYTO c HeKOTOpblM 

3JJeMCHTapHblM rrepwo,n.oM b ( KOMIIaKTmpHlI,HposaHo) . KaK y:>Ke OTMe'faJIOCb 

B rn. 10, 3Ta M,ll,eSI 6bl.Tia HCIIOJib30BaHa B MHOI'OMCpHbIX reoMeTpH'-lecKHX 

MO,ll,CJl51X ¢11311qecKHX B3a:HMO,LJ;eif cTsltii B sapna1rrc MHOroMepH51 Kanyu,b1. 

3aMKIIYTOCTb ,lI,OilOJJIIHTeJibHbIX H3MepeHH:ii: CB5!3hIBa.JiaCb c KBaHTOBaHHO

CTblO a;1eKTpnqecKoro H ,npyrax 3apH,lI,OB. 

IO. B. PyMep .>Ke B3rJISIIIYJI Ha 11,ll,eIO A. 9i1HlllTeiiHa H II. BeprMaHa 

0 IJ,HKJJHl{eCKOM 3aBHCHMOC'fH OT ,lI,OIIOJIHHTe.TlbHOH KOOp,lI,HHaThl flO,LJ. HHhIM 

yrnoM 3peHH51. OH npe,n;JIO:>KHJI css13aTh lI,HKJIHl{HOCTb c BOJJHOBhIM xapaK

·repoM KBaHTOBOH MexaHHKH: «MO:>KHO, o,n,naKO, npMMTH K rrpe,n,cTaBJleHl1JO 

0 TOllOJIOrlPJeCKH 3aMKHYTOM 5-MepHOM rrpOCTpaHCTBe COBepmeHHO c «,npy
roro KOHU,a», He3aBJ1CHMO OT II011b1TOK IIOCTpoeHHSl e,n;HHOtt TeopHl1 TSH'O

Tel!H51 H 3.TieKTPl11..fecTBa. 9TOT nyTb se,u,eT K o6ttapy:>KeHHJO B03MO:>KHOCTH 

np1rnm:a T b II51TOM KOOp,ll,11HaTe s cPH3H'-1€CKidi CMhIC'Ji ,n;eiiCTBHSI, ee nepHO,l.IJ' 

b '·IHCJieHHYIO seJIHl{HHY IIOCTOHHHOM IlnaHKa Ii 11 rrpHBO,ll,HT K rny6oKOMY 

CHIITe3y reoMeTpH1..JeCKHX H,LJ.ett, 3aJIO.>KeHHbIX B o6~e:ii: Teop1111 OTHOCHTeJib

HOCTM, c H)I.e.SIMM KBaHTOBOH reopHH. IlpHBbl'lHOe B COBpeMeHHOM cPM3HKe 

pa3.n;eJieHHe na «MaKpOCKOIIl1Ky» M «MHKpOCKOIIMKY>>, CBH3auHoe (: BeJIH1..JH

HOH IIOCTOSIHHOH IlnaHKa h, HaXO)J.HT CBoe reoMeTpnqecKoe o ·.ro6pa:>KeHMe 

B IIOHHTIDIX ,,t..Ierbrp.exMepH51'' H ,,UHTl1MepKH''» [146, c. 8). 
9Ty HJJ:eIO OH p83BHJI B sn,n,e TaK Ha3hIBacMo:H 5-onTHKH. XapaKTepn3yH 

ee cyTb, OH rrnca.rr: « BblJIO 6hl, 0,11.HaKO, HesepHhIM paccMaTpHBaTb IT51TH

MepeyJO OIITHKY TOJlbKO K aK O,lI,HII 113 BapHaHTOB e,n;HHOH TCOpHH fIOJJ.Hj 
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ee OCHOBHoe C0,!1,ep.>KaHHe 3aKJIIO'-IaeTC£ CKOpee B reoMeTpH3aU.HH OCHOBHhlX 

nOH.HTl1H KBaHTOBOii cPH311KH: noCKOJ1bKY B Heil KBaHTOBaHHe o6Hapy.>K11-

BaeTCH KaK npOHBJ1eHHe nepHO,LJ,H'-IeCKOii 3aBHCHMOCTH Bcex cPH3H'-IeCKHX 

noneii OT flHTOii KOOp,LJ,HHaTbl ,n,eiicTBHH. IloCKOJibKY caMO «IlHTHMep11e» 

0Ka3bIBae'I'C.H KBaHTOBbI M 3¢cpeKTOM, C'TaHOB£TCSl fIOHHTHhIMl1 Hey,n,a'-IH BCex 

npe,!l,lllel."'TBYIOllJ,HX fIOilbITOK IlOCTPOeHllil IlHTHMepHbIX e,!1,HHblX TOOpHii flOJI.H 

Ha 6a3e 0,!1,HHX JIHlllb KJiaccHqeCKHX rrpe,rr,cTaBJieHUH 6e3 cyll.l,eCTBeHHOI'O 

np11BJie'-IelUI.H KBaHTOBbIX IlOHHTl1H» [146, c. 9]. 
Pe3IOMHpyH p e3yJihTaThI CBOHX HCCJie,!1,0BaHHfi no 5-onTHKe, IO. B. Py

Mep, B qaCTHOCTH, BbI,11,eJIHeT cne,ny10m,11e IIOJIO)KeHH.H: 

« 1. IlHTa.H KOOp.D.HHa:ra KOHqrnrypall,I1.0HHOf'O npocTpaHCTBa IlOJJyqaeT 

O'P·IeTJIHBhIM cPH3l.PleCKHH CMhICJI ,rr,eiicTBH.H. B OTHOrueHHH nHTOii 

KOOp,!1,HHaTbl KOH<)>Hrypa:u;HOHHoe 5-npOCTpaHCTBO TOilOJIOr111:1ecK11 

3aMKHYTO. 

2. BMeCTO ycnoBH.H IJ;HJIHH)JJ)H'-IHOCTH ,llJI5I MeTpH'-IeCKHX noreHu;11a.rron 

H ycJIOBHH IJ;HKJIH"IHOCTH ,II.JIH BOJIHOBhIX cPYHKIJ,lfii Bee ¢113lf'-IecK11e 

BeJJ.M'-Il1Hhl y,rr,oBJieTBOpHKYI' e,r~11HOMY ycJTOBHIO rrepaO,II,lf'-IHOCTlf B 5-f:i 
KOOP.UHHaTe ,rr,ei1cTBH..H. 

3. 06ttapy:>Kl1Baerc5I, qTo nejmo,rr, fl}ITOH KOOp,LJ,HHaTbl HMeeT yHHBep

CaJihHYIO BeJIH"lHHY IlOCTOHHHOii IlJiaHKa, KOTOpaH nonyqaeT OT'-IeT

JIHBhIB reoMeTp11qeCKHM CMbICJI. 

4. KBaHTOBaH11e ,!l,BlDKeHHH MaTep1rn.JibHoii TOqK11 eCTb npoHBJiemie 

ncpHO,LJ,H'-I(.'CKOH 3aBHCHMOCTH ¢H3H'-IeCKHX BeJll1 '-IHH OT KOOp,LJ,HHaTbl 

,LI,eHCTBlU:l. 

5. Bo BCHKoii nocJ1e,!1,0BaTeJibHOii KJiacc11qecKoii reop1111 MhI o6H3aHhI 

noJiaraTb h -+ 0, T . e. npeHe6peraTb nepHU,LJ,11'-IecKUH 3aBl1Cl1MU

CTbJO ¢11311l.1ecKHX BeJ1H"Il1H OT KOOp,II,HHaTbI ,n,eiicTBHH. Bo BC~IKOH 

nocne)l,OBaTeJihHOH KBaHTOBOH reop1111 MhI OOH3aHhI Y'IHThIBaTh ne

pHo,rr,11qeCKYIO 3aBHCHMUCTb ¢11:311qecKHX BeJJl1ll.MH OT KOOp,rr,11ttaThl 

/I,eMCTBl15I. Il03TOMy, c TO'IKH 3peHHH 5-0ilTHKH, HBJIHeTCH HenOCJie,rr,~ 

BaTeJihHhIM npeHe6peraTh, KaK 3TO ,rr,cnac"T COBpeMennaH KBaHTOBa51 

MexaHHKa, rrepHO,LJ,lPieCKOtt 3am1Cl1.MOCThlO COCTaBJIHJOllJ,11X RHeTnttero 

fIOJUI OT KOOp,LJ,11HaTbI ,rr,eMC:TBHH» [146, c. 150 ~151]. 

Ilp11 p83Bl1Tl1H 9TOH '-lpe3RbP-raifHO 11HTepecttoif «,LJ,eH PyMep CTO.rrKHy.nc.si 

c Pa.AOM Tpy,LJ,HOCTeii, H ,LJ,aHHOe HCCJie,LJ,OBaHHe OCT8.JIOCh He3aBepllleHHblM. 

c Il03111J,RH cero,n;tt.HlllHero ,D,HH MO)KJiO rrepe'-IHCJIHTh rnaBHbie H3 B03HHKlIJHX 

npen.HTCTBHii: 

1. H ecMOTp.H Ha nposo3rnarueHHy10 u,e.r1h OOocHOBaHHH KBaHTosoii Me

xaHHKI-I, PyMep He y,rr,ep)l<a,JICH UT BKJIIO"IeHIDI .B csuro uporpaMM.Y 

11 3a,n.a'IH reoMeTpH3a:u;1111 3JieKTpoMarHHTHOro B3a11:Mo,rr,e:HC'TBHH. KaK 

ceii'-Iac .HCHO: ,n.n.si 3TOii :u;entt HY:>KHO 6b1JI0 yBen11q11Th pa3MepuoCTh ew,e 

Ha e,LJ,«HMIJ,y, a PyMep ubrra.11c}1 oc-raTbOI B paMKax fl5ITH 113MepeH111t. 
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2. 8J1eKTpOMartt11THoe noJ1c PyMep cTa.n on11cbrnaTh, KaK H s Bap11aHTe 

KaJiy~hI , cMernaHHhIMl1 KOMIIOHeH'I"aMM Merp1-P-IeCKoro Tett3opa G41" , 

0,11,HaKO B Ta.KOH TeOpHH HeoTey.LJ,a 6b1Jl0 00SlBHTbC5I 3JleKTPH'LfeCKOMY 

3ap.HlIY 'LfaCTH~ H OH BBeJT 3ap.H,II, B 3TH KOMIIOHeHTbl MeTp11qecKoro TeH-

30pa. fl HTOl'e Hapyllll1J1C.H IIpUH~Hil o6w,eii TeOpH11 OTIIOCHTeJlhHOCTH 

11 Te0p1111 Karryup1, - npocTpa11cTBO-BpeM.H norep.Hno yHHBepcarrhHbl'H 

xapaKTep H npeBpaTHJlOCb B KOH¢:urypau110HHOe rrpocTpaHCTBO, T. e. 

ero CBOHCTBa (Merp11Ka) CT3JIH 3aBl1Cel'b OT xapaKTepHCTHK {3ap.H,1J,OB) 

paccMaTpHBaeMbIX '-IaCTHI.J.. 10. B. PyMep IIbtTaJIC.H pa3BHTb ueKyro 

HOBYIO u ,n;eonorHJO Ha 683e 3TOI'O CBOHCTBa CBOCH reop1111, HO CBecTM 

KOHll;bJ c KOH~aM11 eMy TaK H He y,n,aJIOCh. 

3. PyMep pa3BHBaJI CBOIO reop1110 B paMKaX y>Ke c¢opM11poHaHttoro 

rrpocTpaHCTBeHHO-BpeMeHHOro MIIOroo6pa3MSl 11 rronara.n:, .. ITO ,ll,Jl.H OIIH

caH11Sl K BaHTOBOH MexaHl1KH ,11,0CTaTO'"IHO orpaHl1'lfJIThC51 ycTpeMJie:trneM 

B HYJlb KOHCTaHThl b (rroCTO.HHHOH IlJlaHKa). 0,n;HaKO 3TOro 6bIJ10 .HBHO 

11e,n;ocTaTO'LfHO. 

B CBS13H c i~11KJIH'LfeCKOii 3aBHCHMOCThlO B 5-01Tr11Ke PyMepa se.n11'-!11H 

OT KOOp,]J;I1HaTbI x4 ' HMeJO~e:H CMhlCJl ).l,€HCTBH.H, xare.TJOCb 6b1 o6paTl1Tb 

BH11MaHMe Ha 3aMe'LfaHH.H ,Il)K. Y11Jiepa o poJm ¢a3w - MHHMOro rrOKa3aTeJI5I 

s 3KCIIOHeHTe B rrocrpoeH11:u reoMC'rp111I MHpa. On n11caJI: «Cym;ecTBOBa

mm B OCHOBIIblX 3aKOHax KJiaCCM'-!eCKOro rrpOC'IpaHCTBa-sp eMeHl1 BeJUl'LJHHbI 

TaKOI'O TMITa KaK OTHOCMTeJihHaH «¢a3a» ,n;Byx OT)J,€JlhHhIX TOqeK IlpHBO

,ll,l1T 11CCJie,n;oBaTeJieH, Htrzyll\11X q11c·ro reoMeTpHt.JeCKoe OIIHCa IIHe up11po).l,bl 

K 3aKJ1J0q e1uuo, qTo nott.HT1'1e «cpa3hI» ew,e He HallIJlo cBoero nan6onee 

y,n,acmoro r eOMCTp11-.1ecKoro cpc,r~cTBa Rhipa)KeH11.H. ( • . . ) O,ro:1aKo Ilp11po.n;a 

yMeeT «BeCTl1 Y'\feT» pa3.TIH'-111.H «cpa.3». 3tta--111T, ecJlll Ilp11po.n;a CBO).l,HTCSl 

K r eoMeTpHH, « Q:>83a» TaK>Ke )J,OJl:>Klia 6bITb CB0~11Ma K reOMeTp1111» 1165, 
c. 61). B ,n,pyroM MecTe OH 3a)J.a.BaJ1cSI BorrpocoM: «MoryT J111 11,n;e11 p11Ma110-

so'tt reoMeTpMM H I'COM€TpO)J,11HaMHKH 6hITb rrepe¢opMyn11pOBaHhI B TaKOM 

fillAC, 'l'T06bt KOH~eUJJ,JUI OTIIOCHTe.llbHOM «Q:>a3hI» nB) 'X y.n;arreHHbIX TO'LfeK 

np1106pena npOCTOM CMbICJl'!» [165, c. 207]. 
IloJrn.raeM, -q:To 5-onTIIKa PyMcpa ¢aKT11qecK11 rrpe.n;craaJl.He:r co6oii 

He38.BepruenHyIO llOIThlTKY pearrH30BaTb 38.MhICf'JI y 11Jiepa c IlOMOIJJ,hlO q11K

m1qecKOH 3aB11Cl1MOCTl1 BeJ1J1lll1H OT ,II,OIIOJlHHTeJlbUOH KOOp,IDIHaTbl .JJ.eH

CTBl1.H. 

11.6. Cyneprpcm11Ta1~H 11 rpaBHTaI{lfSI B Teop1m CTPYH 

Kat< 11 B c.rryqae Teop11ii c yCJIOBHeM cynepcmv1Merp1111, CJieAfe'l' pa3JIM

'laTb uepBbIH 3Tan OJl.HCaHH.H rpaBH'l'aI~l1H B HX paMKax, rrpe,n;cTaBJJeHHblH 

Teop11e'H cyncprpasIITa~1111 , 11 BTopoit 3Tan, octtosauHhrn Ha rreop1111 cyrrep

crpyH. 
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11.6.1. TeopH.H cyneprpaBHT~ 

B TeopCT1rqecKoi1 cpH311Ke rrocJie,rr,HHx ,n,syx ,u.ecHTHJieTHti XX s. HHTeH

CHBHO 11ccJie,rr.osa.rracb TaK Ha3wsaeMa.H meopu.Ft cynep2paeuma4uu (CM., 

Hanp11Mep, [51, 167]), OIIHpaio~a5IC51 Ha o6o6~eHttyJO Karerop1110 «HCKpHB

JieHHOrO» cyrreprrpocTpattcTBa. 8Ta TeopH..H B03HHKJia B cepe,rr,H.He 70-x n; 
B pa60Tax fl. saH HbJOBeHxeii3eHa, C. <I>eppaphr, ,U. <l>pH,ll,MaHa, a TaIOKe 

C. ,Ue3epa 11 B. 3yMHHO. Mttoro C,LI,eJia.rrH ,LJ,JI.H pa3Bl1TH..H ,rr,attttoi1 nporpaMMhI 

B. 11. Oraese:u,KHH, M. ,Ua¢¢, P. E. Ka.rrJionr 11 ,rr,pyrae asTOpbI. 

Mo*HO cKa3aTh, "ITO B BTOM HanpaBJ1eH11H 11cc; 1e.n,osaHHM 6b1JIH B03pom

,n,eHhI 11,rr,e11 KJI11¢¢op,n,a H Y11J1epa o6 on11caH1111 11cKpHBJ1eHHhIM npocTpaH

CTBOM scex 811)1.0B Ma'rep1111, HO npe,n,naraJIOCh 3TO ,ll,eJIH.Th c Y'l..feTOM np11H-

1~11rra cyrrepC11MMeTp1111 Me:>f<AY 0030HHbIM11 11 ¢epM110HHhIMl1 IIOJl5IMl1. <l>aK

TM'YOCKH Bhl,LJ,B11f'8.JlaCh M,IT.e.SI 11CITOJlh30BaTb MHOrOMepHyJO Teop1110, 0,LI,HaKo 

c ,ll,OIIOJIHHTeJibHbIMl1 He KJiaccHqecKl1Ml1, a rpaccMaHOBbIMl1 Koop,n,11HaTILMl1, 

T. e . BO rJlaBy yrna CTaBl1JIOCb BBe.n;eHHe HMeHHO CIIHHOpHbIX 'laCTHIJ,. 

Ilp11Be,n,eM BbICKa3hIBaHIDI tteKOTOpbIX se~MX TeOpeTHKOB B 3TOH o6-
JiaCTH 0 cyT11 11 3a,n,aqax ,n,aHHOH nporpaMMbl. 

A. Ca.Jta.M (1981 r.): «IlocTpoeHHe pacm11peHHhIX Teop11ii cyneprpaBHTa

u;1111 (N = 2, 3, ... '8) rropo,n,w10 Ha,n,e)!(,I\)' Ha TO, 'YTO qacTHIJ.hI co CIIHHOM 1 
H 2, IIOCpe,ll.HHKH scex qeTbipex ¢yn,ll,aMeHTaJibHhlX B3aRMO,l1,eHCTBl1H (s TOM 

q11c;1e 11 rpas11Tau;1111), rrnroc x11rrcoshr 'IacTHIJ,hI, a TaK)Ke Marep118JihH1>re 

«HC'l'O'lHliKM.» ( qacTHIJ;hl c rronyu;eJibIMH cn11HaM11) y,n,aC'J'C51 o6'be,ll,HII11Tb 

B o,n,11tt cyrrepMyJihTHnJieT pac11111peHHOii Teop1111 cyrreprpaB11Tau,.1111., o6'h
e,n,11tt11B TeM caMblM «MpaivlOp» rpaswrau;HH c «KapKaCOM» MaTepHH - KaK 

Me'IT8.JI 8iiHillTeiiH>.'> [149, c. 16J. 
P. 9. Ka..11,.;wm (1985 r .): «IlO"<IeMy )f(e Teop1111 cynepc11MMeTp1111 11 cy

neprpas11Tau,1111 HCCJie,n,yJOTC.SI CTOJ1b HHTeHCHBHO yme BTOpoe ,n,ec5lTHJieT11e, 

XOT.H ,n,o CMX rrop HeT 3KCIIep11MeHT8.JlhHhIX Il0,ll,TBep)K,ll,eHl1H Toro, 't.JTO 3Tll 

TeOpHH npaBHJJhHO OIIHChIBaJOT np11po,n,y? I10-BH).J.11MOMy, ycnex11 €,ll,HHOTI 

Teop11H cna6bIX, 3JleKTpOMarHHTHbIX 11 Cl1JlbHbIX B3al1MO,ll,eHCTBl1H B03PO,ll,11.JIH 

Ha,n:e.>K,ny IIOCTp011Tb e.u11HyJO T00p1110 scex ¢yH.JJ:aMeHTaJihHhlX B3al1MO,LI,eii

CTBHH, BKJIJO'l..fa.H rpaBHTaU,HOHHhie» [76, c. 6]. 
CyTh cynepc11MMeT11ii y:»<:e paccMaTp11sa.rracb s rn. 7. Teop115I cyneprpa

s11Tau,HH B03HHKaeT B pe3yJibTaTe CJil15IHl1.5i ,ll,BYX H,ll,eii: 1) cyrrepc11MMeT

p1111 H 2) KaJIH6poBO'YHOro no,n,xo,n,a K OIIHCaHHJO rpaBHTaIJ;HH. 

KaK 11 so BC5IKOii cyrrepc11MMeTp11qHoii Teop1111, cJie,n,yeT pa3J111qaTb sa

p11aHTh1 Teop1111 cyncprpaB11TauH11 c pa.3.TIH'YHhIMH N. Ilp11 N = 1 11MeeM 

upocTyJO cyneprpas11Tau,1110, B KOTOpoH B e,n,HHbIH M)'JlbTHIIJJeT nona¥J;aeT 

JIOJie c1urna 2 (rpaBHTOH) c 0.LJ;HHM MatfopaHOBCKHM CIIHHOpOM - 't.JaCTHU.eil 

CUl'.IHa 3/2, Ha3BaHHOti rpaB.HTHHO. 8Ta TeOpHs:i .HMeeT Jil1llib aKa,rr,eMH":lecKHH 

llHTepec " He MO)f(eT upeTeH,Lf,0138,Th Ha pe8.!l.HCTl1'leCKYJO MO,ll,eJib, o6oe,IJ..HH51-

JOuryJO r p as11Ta.un:10 c H3BeCTHOii MaTep11eii. Bonee 6oraT bie B03MO)KHOCT11 
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co,n;ep:>KaTC5J B pacurn:peHHbIX TeopHsix cyrreprpaBHTaIJ;HH c N > 1, r,n;e rraprr

Hepa.MH rpaBHTOHa BbicTyrraJOT N rpaBHTHHO, (1/2)N(N - 1) BeKTopHbIX 

nonet.i, (1/6)N(N - l)(N - 2) noneii cnHHa 1/ 2 H p 51)1. cKarrHpHhrx nonet.i. 

B cyrrepcHMMeTpH~HhIX reop11ruc rpaBHTaIJ,H51 yqHThrnaerc.SJ y:>Ke TeM 

cpaKTOM, t.JTO B Heii ne MO:>KeT 6bITb 6onee 0,D,HOI'O rrOJJ.SI CIIHHa 2, COOT

Be'l'CTByrom,ero rpaBH'raIJ,HOHHOMY B3aHMO,n,eiiCTBHJO. 0TCIO,LJ.a cne,u,yer, qTo 

N He MO)f(eT 6bITb 6oJ1hrue BOCbMH. MaKCHMaJibIIO pacrn11peHtta}l N = 8 
TeOpHH cyrreprpaBHTaIJ,HH B 0)1,HOM cyrrepMyJJhTHrrJieTe o6~e,n,HHSleT 0,ll,HO 

IlOJJe CIIHHa 2, BOCeMb rroneii co CITHHOM 3/2, 28 IIOJieH co CJfHHOM 1, 
56 rrOJieH co CIIHHOM 1/2 H 70 CKamipHblX rrone.H (co CIIHHOM 0) . 9TOT 

sap11auT npe,n;cTaBJUICTCH mm6onee n epcneKTHBHhIM ,n;nsi OO'be,ll,HHeHHSI scex 

H3BeCI'HhIX 0030HHbIX 11 ¢epMHOHHbrx rroneii. 0,D,HaKo B03HHKJIH TPY,lI,liOCTH 

c arm:1<,n,ecTBJieH:HeM MHmKecTBa B03MO:>KHbIX none.H c 113BeCTHbIM11 ¢H3H~e

CKUMH rroJI51MH. EhrJIH BhI,ll,BHIIYTbI p83JIH'-lIIhie npe,n,rrOJJO)f(eHHSl o xapaKTepe 

B03HHKaJOm;Hx IIOJieH, B t.JH.CTHOCTH npe,n;.nara.rroch H X TpaKTOBaTh KaK HeKHe 

npenoJrn HJIH npeqaCTHIJ,bl (npeOHbI), H3 KOTOPhIX npe,n,CTOH'l' B mr,n;e KaKHx

TO CBH38.HHbIX KOM6i-rnan;Hii o6pa30BaTb H3BeCTHhie naM JieIITOHhl, KBapKR 

H ,n;pyn1e '-lacTlil.J,bI. 

B nHTepaType KOHIJ,a XX s. 6b1JI0 npe,n,cTaBJieHo e~e o,n,tto HarrpaBJ1eH11e 

HCC.Jl€,lI,OBaHH.H cyneprpaBHTaIJ,HH, 6onee COOTBeTCTByrow;ee ,u,yxy MIIOI'OMep

HblX reoI>.urrp11~ecKHX Mo,n,eneli THila TeopHH Karryu,hr- Kne .HHa. 9ro Teop1151 

cyneprpaBHTal.J,HM B npocTpaHC'TBe-BpeMeHH n > 4 H3M epeHHH, T. e . Kor,n,a 

cynepnpocTpa HCTBO co,n,ep)KHT ,D,OIIOJIHHTeJibHhle H KJiaccw:reCKHe Koop,n,H

HaTbl (KaK B TeopH.Hx K arryu,bI KneiiHa ) , H ¢epMHOHHbre KOOp,n;HttaTb1 

H3 COOTBeTCTByrom.e.H p83MepHOCTH n a.rrre6phl rpaccMaHa . TaK11e TOOpHH 

nOJiy 'IHJIH H83BaHHe meopuu cynepzpaeumav,uu KaAyV,'bt- K JLeiina. 
B 1978 r . 6hIJIO ycTaHOBJieHo, q To CTpyKTypa cynepCHMMeTpM'tfHhIX a.TI

re6p BMecre c orpaHH'leHH.S:IMH Ha CTIHHhl IIOJIY'-lal0lll,HXC51 IIOJie.H ycTattaB

mmaer sepxHHt.i npe,n,eJI ,ll,JIH pa3MCpHOCTH n rrpocTpaHCTBa-BpeMeIIH, B KU

TOpo.M ¢opM}'mrpyerC}I TeOpHH cyrreprpaBHTalJ,HH. 0Ka3aJIOCb, 'lfTO pa3Mep

HOCTb n He MO)KeT npCBhilllaTb O,LJ,11 HHa,n,uaTH. 

Oco6hrt1 HHTepec npe,n,cTaBJUieT npocTasi cyrreprpaBHTa IJ,HS1 ( N = 1) 

B o,n;mrna~aTH l13MepeHH51X. B '-IHCJie ocHOBHhIX ,n,oeo,n,oB B rrOJJh3Y TaKoro 

sap11aHTa cyneprpaBHTaUHM Karryn.h1- Knei1Ha Ha3hrnaroT cne,ny10m;He. Bo
nepBbIX, ccbIJiruICh Ha E. Bwrr etta, yTBep)f(AaIOT, 'ITO O).J,HHHa,rr,u,aTb -- 3TO 

MHilliMaJibHOe '-lHCJIO H3MepcHM1i, Heo6xo,n,11Moe ,ll,Jl.SI BBe,u,eHH51 KaJIH6posoq 

HOt1 rpynrrhl SU(3) x SU(2) x U(I) B paMKax o6~eup11IDIToro no,u,xo,n,a 

K o6he,D,HHeHHIO B3aHMO,n,e.HcTB11fi. B~BTOpbIX, 3TO MaKCHMaJibHoe '-IHCJIO 

H3MepeHHH, COBMeCTHMOC c OTMe'-leIIHbIMH Bblllle YCJIOBHfl.MH IIOCTJ)GeHHSl 

cyrrepCHMMCTpH'1HOt1 TeopHH. 

11-MepHa.H TeopMH cyneprpaswraW1H HCCJie,n,oBarracb B pa.6oTax T. KpeM

Mepa, ,ll)K. IllepKa H .n.pyrHX aBTOpoB. EcTecTBeHHO, ace ,n,onOJJHH're.Jilr 

Hbie KOOp,n,11HaThI Bh1611pa.JrnCb npocTpaHcTseHu~no,n,o6HbIMH. TaKa5I Teo-
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plUI OK83bIBaCTCH ,lJ,OBOn bHO )f(eCTKOH, ecJnl, KOHe 'IHO, nOTpeOOBaTb, qT06bl 

ypasnenwI 6bIJIH BTOporo rropH,l1,Ka H 'iTOObI OHa CO,LI,ep)KaJia TOJihKO 0,11,llfH 

CBoOO,ll.Hbiii aapaMeTp - rpas11TaIJ,llfOHHYIO nocronHHyro. Bee IIOilhITKH KaK

JIH6o MO,ll,HcPHu;11poBaTh reopMro OK0Hq1umcb ttey,u,a'-1eii. Bonee Toro, B He~ 

ycJYOBHHMH cynepCHMMeTpHH 3aIIperu,eHO B3aHMO,U,eiiCTBHe c BHenu1eii MaTe

p11eii (He BX0,11,.HlU,eii B cynepMyJihTHTIJieT IlOJie ii, IIOJIY'ieHHbIB KaJIH6pOBOLf

HbIM o6pa30M). TaKHe o6p830M, aTa TeopHH He TCPIIHT nonus:miqaroc,'T11: 

n116o aro ·reoplffi scero, n116o oHa Heseptta. 

Bee MaKCHMaJJhHhie TOOpHH cyneprpasHTaUHH c MeHhillHM '-IHCJIOM H3'

Mepe1mt1 ( n < 11) MOryT 6bITb rrony1:reHbl H3 TCOpHH cyIIeprpa.HHTaIJ;HH c 
n = 11 11 N = 1 c JIOMOI..I.J;bJO npou;e,nyphr p83Mepttoii pe.IJYKIJ.HH, T. e. MeTo,npM 

IIOHl{)KCHIU.l p83MepHOC'fH /J..O Hy)KHOH, KaK 3TO ,u,enaffl'CH 13 o6bPiHOH TOOplrn 

Ka.rryu;hr- K;1eiftta. 

HecMOTp.H Ha OTCYTCTBHe Herrocpe,.l.1,CTBeHHhIX 3KCnep11MeHTIWibHhIX ,LI,aH

Hhix, uo6y)K,ll,aIOI.lJ,HX pa60Ty Ha,L'( 3TOH nporpaMMOt.i:, TOOpeTHKll 3aHl1M8JIHCb 

HCCJl€,.l.1,0BaHHeM 3TOH IIpo6neMbI c orpoMHbIM 3HTY3H83MOM, 6y,uy'-IH r.try6oKO 

y6e)f(,UeHHbIMH B TOM, qT() ocy~ecTBJIHIO'r )\aBHJOIO Me'-ITy 9iiHIIITeHHa 06 
HCTHHHOM OObe,ll,HHeHHH rpaBHTau;1rn H Ma:-repHH. 

Co speMeHeM ou,ettKl1 nepcneKTHB TeopHM cyn eprpasHTau;HH CTaJIH 6unee 

ocropmKIIbIMH. UettTp nDKecTH 11ccne,LI,osaH11~ nepeMeC'THJICH s o6nacTb 

HCCJie,l1,0BaHHH n-6paH, BKJIIO'-IaJO~}fX B ce6.SI H)l.eH cyneprpaBHTaIJ.HH ( cyIIep

CTPYH), no 3aMeH.}I JOI.lJ,Me npocTpaHCTBeHHo 1-MepHbie CTpYHhI Ha 2-Mepttb1e 

MeM6paHbI HJIH Il-MepHbie n-6paHhl. 

11.6.2. rpaBHTall;H51 B reopHH cynepcTpyB 

Y aH'ropa HMero·rc5J cepbe3Hhre B03pa)KeHH.SI MeTa¢H3H'-Ie<..:Koro xapaK

Tepa KO sceii nporpaMMe TOOpHH c YCJIOBHSIMH cyuepC11MMeTpHH, KOTOpbre 

6bI.ITH 1'f3JJO)KeHbl B rn. 7. 9TR )KC B03pa)KeHl1.H OTHOCHTC51 JI K Tec>pllSIM 

1'pas11.TaU,HH s paMKax ,LI,aHHoro rro,u,xo..ua. TeM He Mettee oxapaKTepM3yeM 

CHTya1~lfIO, CJIO)KHBmyIOCH B ,UaHHOH IIbIHC ,11,0C'raTO"iHO MOAHO:ti o6nacTH HC

c.ne,n,osaHHM. 3,u,ecb OIISITb 6y,n,eM OIIHpaTbCH Ha BhICK83b1BaHHSI KaK ropH'-IllfX 

CTOp0HlIHKOB 3TOM rrporpaMMhI, TaK H KBaJrn¢m.i.11posaHHhIX OIITIOHeHTOB, 

ocTaBJJ.H.H 3a qHTareneM IIpaso npHHJJMaTb TY HJIH HHYJO CTopoey. 

1. B KHHre B. rpHHa «9.nerd.HTHa51 Bcen.eHHaH» MO>KHO HaRTH TaKHe 

cJiosa: « 9 ~sap,u, BHTTeH c rop,u,ocThJO o6'b}IBHJI, "ITO T eOplffi CTpyH y)Ke c,n:e

na.rra BIIe'-IaTJI.SUOlU,ee H II0,11,TBep»<.,D,eHHoe 8KCHepHMeHTaJibHO npe,u,cKa3aHHe: 

«TeopH.H CTpy11 o6na,n,aeT 3aMeqaTeJibHhIM CBOHCTBOM: OHa npedc'K:a3'bl8aem 

rpas11TaU.HJO». 9THM BHTTeH x<YreJI CKa3aTh, '-ITO HhJOTOH H 9iiHIIITeih1 pa3-

pa6oTaJIH CBOH TeopnH rpaB11TaIJ,Hl1, TaK KaK Ha6JIJO,U,eHH51 HCHO IIOKa3hIB8Jlli 

HM, qTo rpaBHTaIJ,llf.51 cyru.ecTByeT H II08TOMY Tpe6yeT TO~IHOf'O II{ neIIpGTllfBO

peqHBOI'O OO'hHCHeHHH. HarrpoTuB, /~a)Ke ecJIH 6bI ¢H311KH, 3aHHMaromnecH 

113ytieHHeM TeOpMH CTpyH, coseprneHHO HHqero HC 3118JJH o6 o6ru.ew TeOpHH 
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OTHOCHTeJ'lhHOCTH, OHH HeH36e2KHO npHUfJIH 6bI K ueii B paMKax TeOpHH 

crpya. Bnaro,.uap.s1 cyll(eCTBOBaiuuo MO,ll.hI Kone6aHHli, cOOTBeTCTBy1011~e"ti 

6e3MaCCOBOMy rpaBHTOJIY co CIUIHOM 2, rpaBHTal{H}l 51BJIHeTCH HeOT'beM

JI€l'v1blM 3JJeMeHTOM STOH r.reopHH. KaK IlHil.leT BH·rreH: «ThT cpaK'I', 1ITO 

rpaB11TaIQUI HBJUieTCH c.rre)I;CTBHeM TeopHH CTpyH, HBJIHeTCH BeJIH~1a:Hil.lHM 

T€0peTIPieCKHM ,n:ocTJ.OKeHHeM B HCTOpHH». ( . .• ) K aK851-trn6y,ll.b ,LIJ)yr'BJI Bhr

coKop83BHTaH I.J,l1.BHJil13au;iu1 BO BccneHHOii, ¢aHTa311pyeT BH-rrett, sno.rrHc 

MOr.rra 6br CHa'1aJJa OTKpblTh TeOpHIO CTpyn, a y:>Ke noCJie, B KaqecTBe 

OllieJIOMJlHIOU~ero CJie,LI,CTBH.SI, - TOOpHIO rpaBHTaIJ;HH» (51, c. 143]. 
,Ll.aJI.ee B. I'pHH n11rueT: «11 eCJrn B o6J..U;eti TCOpHH OTHOCl1TCJ1hHOCTH 

nocTyJIBpyeTCH, '-ITO CBOHCTBa HCKpHBJiettnoro npoCTpaHCTBa BceneHHOH 

onHCbIBaIOTCsr reoMeTpHeii PHMaHa, TO B TCOpHH cTpyH yTBep2K,llael'CH, '-ITO 

,n,aHttbr.H nocrynaT crrpase,n:JIHB JHUJJh B cny1 iae, Kor,n.a CTpyKTypa BceJieHHo:H 

paccMaTpHBa.eTC51 Ha ,n.ocTaTO'-lHO 6onbun1x MacnITa6ax. Ha )J,JIHHax nop51,ui<a 

IlJiaHKOBCKOH ,ll.OJDKHa BCTyuaTb B Hrpy HOBa.H reOMCTpHH, cornacy10J..U;a5ICH 

c HOBOH <PH3HKOH TeOpHH CTpyn. 9Ty HOByJO reoMe:rpHIO H83bIBaIOT 1wax
moeoil 2e0Mempue1i» (51, c. 155]. 

2. rp11H yrsep~aer, '-ITO Ha OCHOBe TeOpHH CTpyH CT pOHTC51 KBaIITOBa~ 

Teop11.s1 rpaBHTaD;HH. Oe.ropo:>KHhrii orrTHMl13M no 3TOMY sonpocy MO:>KHO 

ycMOTpeTh B BhICK83hrnamrnx C. Ba:Htt6epra: « B03MO:>KHo, Mhl 6JIH3KH K ue

peMeHaM. 3a nocne,n.Hee .n,ec51:THJ1eTHe 6ypHO p83BHBaJICH pa,n:HKaJJblIO HOBhIH 

IlO)J,XO,ll. K KBaHTOBOH TeOpliH rpaBHTan;:i-rn, a MO:>KeT 6bITh, H KO BCeMy 

OCTa.JlhHOMY, - TeOplffi CTpyH. 9Ta TeOpIDl HBJl.HeTC.51 nepBbIM npHeMJieMhlM 

Ka~aTOM Ha OKOHl{aTeJihHYJO Teop1110» (18, c. 166). 
TI. Y3cT nHrueT a11anorH11Ho: «MO.>KHO tta,neHThC5I, 1ITO na HeKOTOpoM 

MacruTa6e 3HeprH.H cynepCHMMeTPll'IHbie TeOpHH ,l].UJDKHbl o6ecne'-111Tb co
rnacoBal-rnoe KBaHTOBaHHe r paBHTaI.J)1H H B TO )Ke Bp€MH OObe,Ll.MHHTh 

THrore1:rne co BceM11 ,rrpyrHMH CHJiaMH npHpo,ll.bI. HaH6once o6em.a10J..U;11e 

KaII,.lzyl,.l..l,aThI ,ll;JI51 )I;OCTH:>KeHIDI 3TOI'O ,l].OJII'O~aHHOI'O pe3yJ1bTaTa rreopHH 

cyrrepcTpyH» [167, c . 14). 
0 no,n:o6HhIX npeTeH3HHX -reopHH CTPYH Ha pcrueHHC cTOJih sa.>KHo:H 

npo6neMhI rrnrueT 11 P. Ilenpoy3 : «TeopeTHKR, 3aHHMaIOJ..U;HecSJ ·reopHe:H 

c-rpYH, nhITaJIHCh rrpe,n,cTaBHTh CTPYHHYJO TeOpHIO KBaHTOBOii rpaBHTaD;MH 

KaK e,n;Ba JIH He e,r~MHCTBeHnoe, qeM CTOHT 3 aHHMaTbCSI; IIpHMepoM MO>KeT 

CJIY:>KHTh BbICKa3bIBaHHe ,I:t;:>Kose¢a IlOJI'IHHCKOI'O OTHOCHTe¥1JbHO IlO,ll.XO,ll.OB 

K KBaHTOBOH rpaBHTal.l,HH, OTJIHl{HhIX OT TeOpHH CTpYJi: «3,n.ech HeT aJibTCp

HaTHBbl ... Bee xopomHe H,IJ;CH - 3TO "laCTh TeopHH CTpyH» . .H no,rr,o3peBaro, 

qro H:MeHHO y~arou~utt xapaKTep paHHHX 3a5IBJ1€HHH OTHOCHTeJihHO KO

He'-IHOI'O xapaKrepa reopHH nocny .>KMJI ,ll.BH:>Kym.e:ii1 CHno:H TeopHH. B CaMOM 

~e.ne, eCJIH 6br npoB03rnamae Moe OTepbITHe - «KB8.HTOBa5I rpaBHTaIJ;H51», 

ycraHaBJIHBa10m.a.s1 CBH3b Me>K,lly ,Ll.Bj'M5l BeJIHKHMl1 peBOJIIOD;HHMH B cj)H3HKe 

xx B., -- ,n:e:HcTBHTeJihHO IlO,ll.TBep,l].HJIOCb, 3TO c,n.eJiano 6hJ ·reopHIO CTpyH He 
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TOJlbKO rnaBHblM HHTeJLJieKTY8JibHbIM ,LJ;OCTIOKeHHeM CTOJleI'HH, HO H OCHOBOtt 

6y,u.yrn;ero nporpecca ¢yH,n;aMeHT8JibHOii cPH3RKH» [127, c . 742]. 
3. ABrop CKenT11qecKH OTHOCHTC.H K no~o6HbIM YTBep)K,n;eHH.HM 11 co

rnaceH c no3HIJ,Heti P. Ilettpoy3a: «KaKHM 6bIJIO Moe OTHOilleH11e K 3TMM 

3afil3JieHHHM? Bmocb, qTo BeCbMa OTp11u.aTeJibHhIM, KaK 11 y 6onblllllH

cTBa MOHX 6JU13KHX KOJIJier. HecoMHeHHo, qTo rrp11qm1a TaKOro OTHOilleHIDI 

B 3Ha".{HTeJibHOH Mepe 6hma o6yCJlosneHa pa3.lllPIHbIM KYJibTYPHbIM ¢ottoM 

y MeH.H H MOHX KOJIJier, 'lbH B3rJUl,U,bl c<l>opMHp0B8JIHCb Ha OCHOBe r.rry6o

KOro HHTepeca K o6m.eti TeopHH OTHOCHTe.TlbHOCTH 9iimUTeiiHa, H y TeX, 

KTO np1111IeJI CO CTOpoHbl KBaHTOBOM TOOplili nOJUI. rnaBHblM cJie,n;CTBHeM 

3TOH pa3HHIJ,bl BO B3rJIH,ll,aX 6hIJIO TO, qTQ MbI COBepmeHHO ncrpa3HOMY 

noHHMaJIH Te u;ettTp8JibHbre npo6neMb1, KOTophrc uco6xo)J)iMo pemHTh ,n;Jrn 

o6'be,LI.HHeHHH KBaHTOBOH TeOpHH c 'l'eOpne:H rpaBH'ra.~. IlpHllleAIDHe H3 

KBaHTOBOH T€0plili IlOJI.H B~eJIH rJiaBHYJO IJ,eJib B nepeIIOPMliPYeMOCTH (11JIH, 

TOqJiee, 'K:Otte""nocmu TeOpHH. lvlbI )Ke, npHllleAIDHe co CTOPOH~I TeOpllfH 

OTHOCHTe.TlbHOCTH, TaKOH npo6JieMOH C'-IHT8JIH rJIYOOKHH KOHQeIITy8JibHblf:1 

KOH<l:>JlHKT Me:>K,Uy npHHII,HnaMH KBaHTOBOH MeXa.HliKH H o6~e:H TeOpIDf 

OTHOCHTeJibHOCTH, H HMeHHO B Cf'O pa3pellleHHH Mbl BH)l;e.TIH IIyTb K HOBOti 

¢H3HKe 6y,ny~ero. Harna ucraTHBHaH peaKJJ.H.H Ha Tor,n;alllHHe rpOMKHe 

3aHBJieHH.H CTOPOHHHKOB TOOpHH CTPYH B03HHK8Jia He H3-3a KaKHX-TO KOH

KpeTHbIX ,n,eraneii HJlH o6~ero HeBepH.H (xoT.H 6b1JIO, KOIIe'-IHO, H 3TO), a H3-

3a TOro, 'ITO caMH npo6JieMbl, KOTOpbie Mbl C'IHT8.JTH II,eHTpaJibHblMH BO 

scett np06JleMe KBaHTOBO:i'i rpaBHTaI..J.HH, Ka38JIOCb, BOBce He 3aMeqaJIHCb 

TeopeTHKaMH, 3liliHMaJOUJ,HMHCH CTpyHaMH! ( ... ) 3,IJ,CCb, sepo.HTHO, Hrpaer 

Ba)KttyJO pOJIL TepMHHonorH.H. Cneu,11an11cThI no cTpyHaM 3a.HBJI.HJOT, '-ITO 

y HHX eCTb «KBaIITOBa.H TeOpH51 rpaBHTaIJ;HH», a HC KBaHTOBa.H o6~a.H TOOpH.~ 

OTHOCHTeJlbIIOCTH HJlH KBaHTOBbIH aHaJIOf' TeOpHH 9HIIUJT€HHa» [127, c. 742]. 
AHaJIOrH'IHaH cnzyau,H.H B03IIH.KaJia s reopeT11qecKoii ¢H3HKe HOO,lI,IIO

KpaTHO BCHKHf.i pa3, KOr,n;a HMeJIH ,IJ,eJIO c nOIIhlTKaMH perueHH.H ¢y~aMeH

TaJihHOH npo6JieMbl, HCXO,ll;.H H3 pa3JIH'CJHblX Me'Ta<j)H3HqecKHX B033peHHH. 

HanpHMep, TaK 6bIJIO B Harnei\ crpaae B ,IzyJceyccH.HX no pe.T.LHTHBHCTcKoti 

Teoptt11 rpaBHTau;HH JloryHOBa H 0 ee COOTHOmeHHH c o6~eti TOOpHe:H OTHO

CHTeJlbHOCTH 9iiHruTeliHa. HeKOTOpbie TOr.na ITbITaJIHCb ,IJ,HCKyT11posaTh no 

OT,D,eJibHhlM ,LJ,eTaJI.HM rrpo6JieMbl, TOr,n;a KaK B OCHOBe Jie)KaJia MeTacPH3HKa, 

TO'!Hee, BhI6op Me)K.n;y TPHaJIHCTH'qecKOH HJIH re0MeTpH'-1eCKOH ,n;yaJIHcTHqe

CKOH napain.1·1rMaM11. CTopOHHHKH o6~eii TeOpnn OTHOCHTeJlbHOCTH rrpoTIIBO

cTO.HJIH KOJlJiewnrny <j)H3HKOB, rJIH,IJ,51~HX Ha TeOpHIO rpaBHTal..J.HH c n03Hl.T)lii 

KBaHTOBOH TeOpHH IlOJIH. 

4. IleHpoy3 aHaJIH3HpyeT p83JIH"l:iHe CTPYHHoii «KBaHTOBOH TeopHH rpa

BHTaIJ.HH» 11 reoMeTpH'-1€CKOH TeOpHH 9HHIIlTe:AHa H o6parn;aeT BHHMaHHe Ha 

p.H,11. cyrn,€CTBeHHhIX HepemettHbIX npo6JieM s cTpyHHOH TeopnH. B qacTIIOCTH, 

OH nHlllei-: « MHc TPYAHO nousiTb TeopHI-O, KOTOpaH npe,n,.naraer onncbI

BaTb rpasnTalJ.HIO, npe,n,nonarasI u anwme ,LJ,HHaM11qecK11x cTeneHeii cso6o,Ll.bI 
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y rCOMe'I'pHH npocTpaHCTBa-BpeMeHH» [127, c. 7451. 3,n;ecb TaIOKe 3aTpO

HYT oonpoc MeTacpH3HqecKoro xapaKTepa. 11MeeTC.H p.HJJ. sonpocoB Bh16opa 

11 o6ocH0Ba11ru1 Ha6mo,n,aeMo:H 1 +3-MepHOCTH HT. ,n;. Bonee rny6oKHli atta.nH3 

6bIJI 6hI yMeCTeH, eCJlH 6bI IIpe,D,IIOJiara.JIOCb peaJibHOe HCl10J1h30BaH11e npH 

,lJ,8.1IbHefuneM H3JIO:>K€HHH MaTepHaJia nony'le HHbIX Ha 3TOM IlJTH pe3JJibTa

TOB. 

5. HaKOHeu;, OTMCTHM, q'l'O HMceTc5I HeMa.no BbICKa3bIBaHIDi KpHTHqe

cKoro xapaKTepa OTHOCHTeJibHO B03MO:>KHOCTH KBaHTOBaHIUI rpaBHTaLViH Ha 

OCHOBe reopHH cynepCTpyH. TaK, TI. Y3cT nHIIIerr: « HecMOTP.H Ha TO, 'ITO 

cynepcHMM€TpH5I BC,ll,eT K HeTpHBHaJlbHOMY o6o6~eHIUO TeOpH11 rpaBHTau;HH 

8fururreliHa, Bp5I,ll, Jlli Ha 3TOM II,YTH 6y,n;c-r pellleHa yIIOMSIHy·ra.SI Bhlllle 

npo6JieMa KBaHTOBaHH.SI rpaBHTau;HH» [167, c. 9). 11 /l,aJiee Y3CT 3aMe'iaeT: 

«Ho B 3TO:i% CB5I3H CJieAYeT HanOMHHTb, 'ITO rpaBHTaI.J,H5I MO:>KeT 0Ka3aThC}l 

He cPYH,LI,aMeHT8JibHOH CHJIOH, a 6bITb o6yCJIOBJieHHOH ,ll,HHaMH'leCKHM Mexa

HH3MOM» [167, C. 141. 

11. 7. He,n;ocTaTKH nporpaMMhl Bceo6~eii 
reoMeTpH3~ 

B 3TOH rnaBe 6h1JI npo,n;eMOHC'IpHpOBaH lllHpOKHH cneKTp noucKOBbIX 

HCCJie,ll,OBa.HHH xx B.' He npHBe,ll,IlIHX K IIOCTpoe HHIO e,ll,HHOH reOMe'I'pH'lecKOM 

KapTHHbI MHpa, HeCMOTp.SI Ha orpoMHbre 3aTpa'leHHbie yc1um:.H. O,n;tta Ko 3TOT 

nyTh HeOOXO,ll,HMO 6bIJIO npOHTH, qTo6bI y6e,LJ,HTbC.SI B 11.JlJII030pHOCTH p5I,i~a 
H~C)f(A H npHBJieKaTeJibHblX H)l.eH. IlpoBe,D,CIIHhie HCCJl€,ll,OBaHH5I IIpo,D,eMOH

CTpHp0B8JIH 'iTO 3Ta npo6neMa HMeeT 6onee rnyOOKHH xapaKTep, ~1eM 31'0 

O)K.H,ll,a.JIOcb. O~oBpeMettno B paMKax 9THX Hccne,n:osaHIIB 6hIJIH BCKphIThI 

~OllOJIHHTeJibHhie upHHIJ.HilbI, HeOOXO,lJ,HMhie AJI.H IlOCTpoeHHH HCKOMOH e,uH

HO:A TeOpHH MHpo3,IJ.aHH5I. 

Cne,izyCT Bhl,ll;eJIHTh ,n,Be rnaBHhre npH~IHHbI Heyjlalfli nporpaMMbr reoMeT
PH3aIJ,HH ¢H3HKH. 

Bo-nepBblX, 3TO HCil0Jlb30BaHHe HCKJUO'fHTeJibHO KJiacCH"'ieCKHX reoMeT

p:H'IeCKIDC cpe,r:i;cTB ( TeH30pHhIX BeJIHqHH) ,ll,JIB OilHCaHH.H K aTeropHH qacTim;, 
q'TO 6bICTpO IIpoHBMJIOCb B Tpy,D,HOCT5IX BBC,IJ,CHH.H CilHHa 3JICMeHTapHbIX '-la

c~. 9Ta TPY AfIOCTb cK83arracb H B nonhITKax nocTpoeHH5I e,LI,HHOH 6o30HHOi%. 

TOOpHH IlOJUI B TOOpeTHKO-IlOJieBOM no,n;xo,n:e. 

TiporpaMMa IlOCTpoeHH.H TOOpHH cyneprpaBHTa~H, r,LJ,C BO rnaBy yrJia 

CTaBHTC.H 38/1,aqa OilHCaHHe ¢epMHOHHhlX 'laCTH.I.J,, He npHBeJia K Om:H,n;aeMbIM 

Pe:JYJibTaTaM, 'ITO, BH,IJ,HMO, CBH,ll,eTeJibCTByeT 0 He,n:ocTaTOlffiO ¢YIIJJ.aMeH

T8.JlbHOM xapaKTepe npHHD;HOa cynepcHMMe'I'pHH. 

Bo-BTOpbIX, HJIJIJ030pHb1MH OKa38JIHCh Ha,r:i;e~1 9iiHilJTeHHa H JlJ>Y
mx TeOpeTHKOB Ha B03MO:>KHOCTb reOMeTpH'ieCKOro OOoCHOBaHH.H KBaH

TOBOH TeOpHH. 06 3TOM B. re:H3ett6epr IIHCaJI: « 0,n;HaKO OH (A. 91%.H-
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lllTeiiH. - JO. B.) rrepeou;effHJJ B03MO)KHOCTH reoMeTpw:recKoii T Ol:IK__H 3pemi.H. 

rpaHyJIHpHa.H CTpyKrypa MaTepHH HBJIBeTCH CJie,D;CTBHeM KBaHTOBOH '1'00-

pHH, a He reoMerpHH; KBaHTOBaH )1(€ Teop1u1 KacaeTCH oqeHb ¢yH.D;aMeH

T8.JibHOro CBOHCTBa Haruero OnHCaHIUI Ilp11pO)J;hI, KOTOpoe He co,n,ep)KaJIOCb 

B 3HHll1TeHHOBCKOH reoMeI'pH3alV1ll Cl1JIOBbIX none.ii» f44, c. 87]. 
K 3TOMY ,n,o6aBHM ·ro, '-I'l'O KJiacc11qecK11i1 reoMeTpw-1ecK11.ii no,rrxo,n, He noo

BOJIHeT o6ocHoBaTb p.si,L~ KJIJ0'4eBhIX csoi1cTB KJiacc11l:1ecKoro npocTpaHCTBa

BpeMeHH, TaK11X KaK pa3MepHOCTb, CMI'HaTypa, KBa)JJ>aTHqHblH xapaKTep 

MeTp11K11 11 T. ,n,. B aro:ii napa,LI,lffMe 3Tl1 cBo:iicTBa nocTyJIHpyIOTcH BMecr.re 

c arrpHOpHhIM xapawrepoM caMoro upocTpaHCTBa-BpeMeH11. BttyTpH reoMer

pHliecKott rrapa,l(HrMhI no,II;OOHbie BOIIpOChl BPHA Jl.0 B03M0)KH0 peIDHTb. 

Ha3BaHHhie H pH.rt. ,n;pyr11x cPaKTopoB 3acTaBHJil1 11cKa'l'b rryTb K e,n,HHOii 

Teop1111 Ha OCHOBe HeK11X 6onee a6cTpaKTHbIX reoMeTp11lieCKl1X KOHCTpy~. 

,il)K. YHJiep .IJ.JI51 H11x npe,n,JIO)KHJI Ha3Batt11e rrpen;reoMeTp1111. TaK, ¢H3aK

TeopeT11K X. Tepe3asa n11ca.rr: «MHe Ka)f(eTCH, lfTO BO BC.HKOM cnyl:.iae rrpe,IJ,

reoMeTp1151 HBJI51eTCH MHoroo6eI.U;aJOll.I,eii Te0p11e.ii, HOBblM HanpaBJieH11eM 

B ¢113HKe ( 11Jil1 B ¢HJioco¢H11' HO He MeTa¢11311Ke)' B KOTOpO.ii HeKOTOpbie oc-

1msononaraJOI.IJ,l1e «CBRII~eHHbre» ,n,orMhI reoperHqecKo:ii ¢113HK11, TaK11e KaK 

4-MepHOCTb npocrpaHCTBa-BpeMeHH, 11HsapHaHTHOCTh np11 o6mHX npeo6pa-

30BaHl151X KOOp,lI,MHaT, Ml1KponpHlfHHHOCTb, npHHT\11IT cynepn03MI..J,1111 l1 T. rr., 

He nocTyJIHPYJOTC51, a MOryT 6bITb BbIBe.rr,eHbl 11 o6oCHOBaHbl» (u;11T. no (150, 
c. 193)). 0,n,HaKO ynoM51HYTbie asTOphl noKa He npe,n:,JIO)KHJIH .rr,ocTaTOlfHO 

np11eMJieMoro BapHaHTa npe,n,reoMeTp1111. 

Bonee Toro, p51,ll,OM aBTOpOB 6b1Jia BhICKa3aHa MbICJih. '-ITO rpasw1au,11-

ouHoe B3al1MO,UeiicTBHe, no o6pa3y 11 ITOilOOHJO KOTOporo IlbITaJil1Cb CTp011Tb 

TeOp11JO HHbIX B3aHMO,n,e.iiCTBl1H, He 51BJIHeTC51 caMOCT051TeJibHbIM BH,LJ,OM B3aH

MO,D,eHCTBHH, a 11MeeT 11H)J.yll,11pOBaHHYJO np11po,uy, o6ycJIOBJleHHYJO ,rr.pyrHMl1 

B3al1MO,l];CHCTBH.s!MM.. 

K 3TO:ii rro311~HH cne,uyeT 6oJ1ee BHHMaTeJibHO o·rHecT11Cb. flp11se,n,eM p.H,n, 

BhICKa3hIBaHHH no 3TOMY BOnpocy. TaK, C . .n. A,n;nep rrocTaBHJI Borrpoc: « . .. 

HBJIHeTC.51 Jili 3HHIDTeHHOBCKaH TeopH.s! ¢yH.rr,aMeHTaJibHOH HJIH oHa Bcero 

JIHillb HeKa.51 3¢¢eKT11BHa}] TeOp11H llOJIH, Oill1CbIBaIOI.IJ,a51 ,ll,JlHHHOBOJTHOBbIH 

npe.neJ1 ( T. e. o6nacTb Hl13Kl1x 3Hepr11:H) 6onee o6ru;e:ii 'l'eOpHH, BhrrJrn,!I,.Hll.I,ei1 

cosepmeHttO 11Ha'4e B MaJlhIX MacwTa6ax? ( ... ) B 11ttrepecHoii CTaThe, ony6-

JIHKOBaHHOH B 1967 ['. (,n,o TOro, KaK 6bIJia nOHHTa cyTh B3al1MO,n,eiiCTBIDl 

<l>epMH), Afl/l;pe:ii CaxapoB BhICKa3aJI rrpe,z:i;rronm1<ett11e o TOM, lfTO rpaB11'l'a

I..J,HOHHoe B3aM.MO,LI,eHCTBlle He 51BJI.sleTC51 ¢yH,n,aMeH'TaJibHbIM, 11 yKa3aJI crro

co6 rronyqeHMH ,n,eHCTBH.sI 9iiHUJTei1Ha- rHJib6epTa B HH3K03HepreTH'4ecKOM 

rrpe,n,ene. On Hcxo,n;HJI H3 Toro, qTo cyTb rpaB11Tau,1111 He B cyI.IJ,eCTBOBaH11H 

Kp11BH3HhI IIpOCTpaHcTBa-BpeMeHH, a B HaJil1lI1111 6onhrno:H ,,M:eTp11l1ecKo~ 

yrrpyrocT.1.f'' llpoT11BO,LI,eficTBYIOII.l,e:H CHJibHOMY HCKpMBJieH11JO npOCTpaHCTBa

BpeMeHl1, 3a HCKJIJOqenHeM MecT, r.rr,e CKOHI..J,eHTPHPOBaHO MHOro Be~eCTBa» 

(u,HT. no (150, c. 187J). 
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CaM A . )].. CaxapoB 1rncan: «Ilo Moeii M/I,ee ¢yH,ri;aMeHTaJihHhitt BH,U 

ypaBHeHKit TeOpHH T5ll 'O'reHHR (T. e. o6nr,ett TeOpWH OTHOCHTeJJhHOCTH), 

a '13.lOKe 'tf.HCJl€HHruJ Be.TIJ.f'ill.Ha rpaB~HOHHOtt IIOCTOfiliHOH - ,D;OJDKHbl 

CJie,ri;oBaTh H3 TOOpllli 3JT€M€HTapHbIX 1:-facTill~ «CaMli co6oi1», 6e3 KaKHX

JJHOO cne:qHaJibHblX rHnOT€3. 3eJih)I,OBJ.P-i BCTpeTHJI MOIO H,D;eJO c BOCTOproM 

"BCKope CaM HanHC8JI pa6oTy, eIO HHMLl,HM.pOBaHHYIO . ..H H83B8Jl CBOJO TeOpHIO 

«TOOpHeil uyJ1eBoro narpaH)f(HaHa». 9To Ha3BaH11e CBH3aHo c TeM, 'tlTO Teope
THKaM qacro y,ri;o6HO HM€Tb ,ri;eJIO He c SHeprHeii H .II,aBJ1€HHeM, a co CBR3aHHOH 

c HHM:H ;::wyroii .BeJililqlfHOtt - TaK H83hlBa€MOH cPYHKU,Heif JlarpaII)Ka; STO 

p83HOCTb KHHeTH't,IeCKOH w IIOTeHU,H8JlbHOH 9Hepr11tt (Ha KBaHTOBOM .R3bIKe -

c narpaIDKHaHOM). B qacTH CBOHX pa6oT .R noJib30BaJIC.R 9THM annapaToM. 

,llJIR HarJIR,D;IIOro H306p8JK€HHR caoe~ H,ri;€W R npH)J,.)'MaJI o6pa3Hhl :ti TepMHH -

«Merp11qecKa.sr y npyrocTb Bai<y)'Ma». ( .•. ) IloTOM R y3HaJI, qTo y MeIUI 6hlJIH 

npe,n,IIIecTBeHHl1KH B 9Toro po.n,a 11,n,eRX (y MeHR HeT no,n pyKoif cCbIJIOK, - Ka

)l(eJ'C.a O,D;I1H H3 HHX - IlapKep)' a TaK)Ke 6bIJIH aBTopbI, KOTOpbie He3aBHCHMO 

npullIJIH K 6JIH3KHM H,D;eRM ( cpe,u.H HMX - 0. KnettH). . . )l.8.JlhHettlllee p83BJ.f

Tee H,IJ.eH «MH,ll.yu,HpOBaHIIo:ti rpaawra:qHM.» nony"t.mJiu B pa6oT'clX XMeI..J.YMH 

Tupa3aaa 11, B nocne,IT.Hee BpeM£, B pa6CYra.X CTMBeHa A~nepa w ,LI.. AMaT.w 

11 r. BeHHI.I,HaHO . .H TaK)Ke He p 83 B03Bpam.a.rrc.H K HI1M» [150, c. 180- 181). 
IlpHoo,n,eM BhICK83hIBaHH.H ,ri;pyrHx aBTOpoB. Ha·::maHHhitt A. ,LI.. Caxa

poBbIM X. Tep83aBa nHcarr: « B 1967 r. Caxapoa Bhl)l.BHHYJI 1-1,n,ero, RBHB

my1oc.H HOBhIM CJIOBOM B ·reopHH rpaBwTau,11H. CJTe,n.y.R YHnepy, H830BeM 

3TOT no,n,xo,n, «npe,n,reoMeTpHeli». B npe,n,reoMeTpHI1 rpaBHTalI,HR B03HHKaeT 

B pe3yJihTaTe KBaHTOBaIUfR IlOJieH MaTepHH, ror.n.a KaK o6II.J,a5l TeopHR OT

HOCMTeJihHOCTH 9RHlllTettHa SlRJIReTC51 s¢¢eKTHBHOH Teop11eit B )J,JIHHHOROJI

HOBOM npe~e..Jie. ( • . . ) M c-.rHHHOe 3Ha'-leH11e npe,.u,1-eoMeTpHH B03MO)KHO ,n,a*e 

rny6>Ke, "t.feM nepBOHaTiaJihHO npe,n,cTa.BJIHJI Caxapos. B KaKOM-TO CMbI CJie 

Ha Ba)KHOCTb TaKoro po,n,a KOHIJ.em.J,HH YK83hIBaJI em,e YHnep B cepe)u1He 

llle<:TH,lI,€CRTblX I'O.[(OB» [150, C. 191- 193). 
BR,II.HMO, Tep83aaa wMe.JI B BHAY cne,u,y10nQm BbICK83hIBaH1u1 ,[()K. Y11:

nepa: «Hoaaa n epcneKTRBa, OTKpb1Ba10.ur.a.Rc~ rrepe,.!J, apc,n,reoMeTpHetf, c a.si-

38.Ha c HOBblM IlO,ll.XO,llOM K ou,eHKe o6II.J,eH TeOPHH OTHOCHTeJihHOCTW. ( . .. ) 

B ,l].Byx CJIOBax aTo o3Ha'-laeT, qro rpaB1t1TaI.J,HR ,n,n.si ¢H3HKJ.f 3JTeMeHTapHhrx 

'iacTHU, - TO )!(€, qTQ ynpyrOCTh - ,lI,JIR aTOMHOH ¢i-t3JIKH . 8HeprH.H ynpyroi1 

,n.$pMa~HH eCTh He 'ITO HHoe, K aK aueprwR, 3anaceHHaR B CBR3RX M€)!()Jy 

aTOMaMH npH )J,e¢op MaI.J,ffH. 9HeprHR, 3aTpa'UlBaeMa.H Ha HCKpHBJieHHe npo

CTpaHCTBa, eCTh He '-ITO HHoe, KaK B03MY.W.€HH€ BaKYYMHOR 3HeprHH noJieR 

R qacTHQ, BbI3bIBaeMOe STO.ti KpHB~3HO°t%» [109, c. 474). 
UJ.iTHpOBaHHe BbICK83bIBaHflH no,n,o6n oro po,n,a MQ)KHO 6bIJIO 6hI npO,.!J,OJI

)l(JiTh H ,n,a.rree. M x OCHOHUa5J MblCJlh B TOM, "Y:TO rpaBYITa~HR HMeeT HH,LlYU,H

poBaHHhIH, 11po113BO,lI,HbI:A xapaKrep, a He .RBJTReTCR n epBHT.filO:H CY.W.HOCThIO, 

KaK 3TO nOCTYJIHPYeTCR B OOUJ,eii Te0p1u1 OTROCHTeJihHOCTM 9i-inwTe:tiHa. 
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0,n,HaKO B Il03KIJµRX 11p0I.J.HTHpoBaHHblX aBTOpoB HMeIOTC5l cy~ocrBeH- ' 

Hhie pa3JIH'nu1 s nyr.srx pea.1IH3~1u1 ,rr,auHOH l!f)l.e11. YHnep H scne,n, 3a HMM 

Tepa3aBa npe,rr,naraKYr pa3BHBaTh npe,n,reoMerp:mo. KaK cqwraer Tepa38.Ba, 

3TOT no,u.xo.n IlpHBO.[.(HT K COCTaBHOH MO,ll.CJJH, «B KOTOpow He TOJihKO KBapKli 

H nerrTOHhl, HO H 'l'alOKe XHrrcOBCKHe CK8JIHpbl, KaJIH6poBOqHhle 6o3oHhl 

H ,n,a:>Ke rpaBHTOH COCTO.SIT H3 60.Tiee cPY H,.ll,aMeHTaJibHhIX qaCTHI.J. - cy6K

BapKOB». Y CaxapoBa H A,rr.Jiepa rpaBHTaU.HH o6ycJ10BJ1eHa cPJIYKTyal:(lUIMH 

BaK y yMa sneMeHTapHhIX qacTHI.J. ( ¢epMHOHOB). MMelOTC.H H ,rr.pyrHe npe,rr..rro-

>KeHHH no peATIH3aI.J.HH BhICKa3aHHOH CaxaponhIM H,LJ.eH. 

B 6HHapHoi1 reoMeTpocPH3HKe, paccMaTpHBaeMoil B nHTOR qacTH, npe,n.

JiaraeTc.H HHOR nyTb OCMblCJleHIUI COOTHOlUeHR.H rpaBHTaI.J.HH H' KBaHTOBOit 

Teop1-m, O,LJ.HaKO y:>Ke He B paMKax paCCMOTp eHHbIX TeOpeTRKO-IlOJieBOro 

H reoMeTpHqecKoro MHp0110HHMaHHii, a Ha OCHOBe TpeTbero, peJI51U.HOHHOro 

MHponOHHMamu1. C11e,n,yeT cpa3y >Ke 110,rr,':re pKHYTh, qTO B nocne,rr,HeM no,u.

xo,rr.e rpaBRTaI.J.Irn TaK)Ke HMeeT HHAYU.HposaHHhIA xapaKTep, o,rr,HaKo 3TO 

peaJIR3yeTC51 rrpHHIJ.HillilaJlbHO liHblM o6p830M. 

IlpH 110CTpoeH1111 6Jt1HapHOH reoMeTpocPH311KH caMhIM cy~eCTBeHHbIM 
o6p830M RCilOJ1b3YIOTCH ,LJ.OCTH:>KeHH51 Teopu'A reoMerpHqecKoro MllpoilOHH

MaRH.H. rnaaHoe H3 HllX COCTOHT. B TOM, qTQ TeOpHR 6y,n,y.u.r.ero ,IJ,OJDKHa 

OilHpaTbCH Ha 11,rr.e11 MHOroMepH.H. 8To no,rr,KpenJJHeTC51 T'cUOKe HCCJ1e,rr,ona

Hli.HMH B paMKax TeOpeTHKO-IIOJienoro MHpOilOilliMaHH51, r,n,e HCilOJ1b3YIOTC5l 

3KBHB8JI€HTHbie rrpHeMhl B BH,n,e npocTpaHCTB BHyTpeHHHX CHMMeTpHH HJUI 

,LJ.0110JIHl1TeJibHblX rpaccMaHOBhIX p 83MepHOCTeA. 



-

"lacT1a IV 

Peng~HOHHoe MHponoHMMaHHe 

PeJlfilI,HOHHoe MHporroHHMaHHe orrHpaeTcH ea KOHu.eru.1,1uo ,n,a.rrhHo,n,ell

CTBIDI H npe,n,CTaBJIHeT co6oi1: TpeTHtt B3I'JIH,1I, Ha MHp - c o CTOpDHbl OCTaB

meiiCR rrapeott KOM6wHalJ,Hl1 Me:ra¢H3Ji1'1:€CKHX KaTeropH.H: npOCTpaHCTBa

npeMeHH H qaCTHIJ.. 

KaK y:>Ke Heo~oKpaTIIO OTMeqaJiocb, B Ka)K).l.OM H3 Tpex ,nyarrHCTH

"lecKllX MHpOIIOHHMaHHtt p83JlHqaIOTCH ,11,Be MeTa¢H3J-lqecKHe rrapa,n,HI'Mbl. 

TiepBaH OCHOBaua Ha 3aMeHe ,ll,Byx H3 Tpex HCXqlJ,HblX KaTeI'Oplltt Ha 0,11,HY 

o6o6rn;eHHYIO ( rrpn coxpaHeHHH Hell3MeHHOM TPeTbett)' a BTOpaH OCHOBaHa 

Ha nepexo,n,e K ,n,ayM o6o6meHHbIM KaTeropu.HM. B )l;Byx npe,n,h1,rr,yu:i;ux ,ny

aJIHCTM"YecKwx MHPOIIOHHMaHHSIX ( TeOpeTHKO-IIOJleBOM ll I'eOMeTpHt.IeCKOM) 

p83BHTHe TOOp~rn: npoHCXO,LJ,HJJO OT rrepnott H3 H83BaHHbIX MeTa¢Km:qecKHX 

aapa,r:i;1uM Ko BTOpoli, 6oJJee conepmeHHott. B paMKax peJIHIJ,HOHHoro MM

ponoHHMaHHH cp83y CTaJJ.a CTpoHThCH ,Ily8JIHCTH'lecKaSI napa,n,HI'Ma BTO

poro THna, rrpe,n,CTaBJleHHruI T eOpH.HMH npRMOrO Me:>KqacTH'l:HOI'O B..'3aHMO

.JJ.€:ACTBIDI <l>oKKepa-<l>eiiHMaHa. 

B pe.TIBIJ.HOHHOM MHponoHHMamn1 ocy~eCTBJl.HeTCH n epexo,n, K .LI.BYM o6o6-
U\€HHhIM KaTeropHHM: K llpocTpaHCTBeHHO-BpeMeHHblM OTHOIB€HIUf.M, KOTO

pbie 3aMeHHJOT nepBw'l:Hhie KaTeropnn npocTpaHCTBa-BpeMeHM H t..IaCT~, 

MK KaTeropHH TOKOBblX OTHOIIIeHHll, KOTopa.H 'l'aK>Ke OIIHpaeTC51 Ha ,n,Be Ha-

3BaHHbie rrepBHTIHbie KaTerop:m1 H 3aMeHRJOT KaTerop1110 rroneil nepeHOCqff

KOB B3aHMo,n,ettCTBwll. IIocKOJibKY o6e o6o6m,eHHbie KaTerop11w ¢a.KTH'lOCKH 

o&be,n,mrnroT B ce6e KJiaCCH'IeCKHe KaTerOpHH npocTpa llCTBa- BpeMeHH H qa

CTHU,, paccMaTpHBaeMaH B 3TO:ti qacTlf ,liyaJIHCTJiqecKMI peJl.HU,MOHHaH napa

/\HI'Ma MO>KeT 6bITb noRcHeHa c IIOMOIIJ,hJO pnc. IV.l. C,n,e11aeM Heo6xo,n,HMbie 

IlOHCH€HllH. Jleaag 3amTpHXOBaHHM rpaHb Ky6a COOTBeTCTBYeT IlpocTpaH

CTBeHHO-BpeMeHHbIM OTHOIIIeIDliiM Me.>K,I.Iy 'lacTHIJ.aMH, TOI',11,a l<aK npaBaH 

33.illTpHXOBaHHaH rpaHb OTHomeHHHM Me)f(,lly '-:lacTHll,aMJi B npoCTpaHCTBe 

CKOPOCTett ( TOKOB). II pH 3TOM CMeIIJ,eHHOCTb BTOpott rpaHH BrrpaBO 03Ha"IaeT 

onpe,n,eJTHIO~ti xapaKTep 3THX OTHOIIIeHHtt B OIIHCaJUIH B3aHMO,n,ei1CTBHH, 

KOTOpble (B o6merrp11HRTOM no,n,xo,rr.e) ocyrn;ecTBJUUOTC51 qepe3 TIOJIH. 

Ko~e~wR ,IJ.8JlhHO,rr.ettcTBHR MMeeT rny6oKHe KOpHH B 11cTop1111 cPH3HKH 

H HaTYP¢w1oco¢uu, o~aKO B rrpomJlOM .BeKe ett cy~eHO 6hIJIO OCTaBaTbCH 



352 '-IacTb IV. Pe.1rnu,uoHHoe M.11ponoHuMairne 

(Il-B) flpocmpaHCmeo-epe.M.Jt 

Pensui.n o HHaSI Tp aJ<TOBKa 
n poCTp a HCTBa CKOpc>CTeH ( TOJ<OB) 

nepe'H.oc"tu?(oe 
63a'U.Moaeilr11ieut'l. 

Puc. IV .1. ,l1,.va.n1-1cnP-IecKoe pensm,HOHHOO ~rnponottHMaHHe 

s cropotte OT Man1cTpaJI.hHhIX HanpaBJieHwii reopCTW·ieCKOH cpH3HKH. H eKo

TOpbie ~a>Ke onp0Me'I'q11Bo nonararrn, qTo ycnex11 Teop11H noJIR (K0Hu.e11-

u;in1 6JIW'3KO,.U.€HCTBlIB) ,Ll.0Ka3a.JJH HecOCTORTeJlbHt)('Tb KOHIJ.€Ill.J,HH )J,a.TlbHO)J,CH

CTBWH. 0,l.1.HaKO HCCJie)J,OBaHMH B paMKax KOHu.enu.1-u1 ,.J.aJibHO,IT,etiCTBlifl npo

)J,0JI)K8JUICh 11 B xx B . • np11qeM Ha 3TOM nyTw 6bIJrn noJiyqeHbl 1:.Ipe3Bhl'·IatlHO 

IUlTCpeCHbie pe3y.!IhTaTbl npl1Hl.l,l1IIHaJlhHOI'O xapaKTepa. 

PacCMOTpeHHe TOOpf>THqecKwx nono>1<ea11tl acex Tpex B11,rr,eHHH MHpa, 

BKJIJOqag He,a,ocTaTOl:.IHO yq11Thrnam11eecH ,rr,o cHx nop peJIHIJ.llOHHoe MMpo

nott11MaH11e, ll03ROJIHeT BbIHBHTh OCHOBbl HOBOH TCOpMM, KUTOpaH COO'l'BeT

CTsyeT HCKOMO.A MOHHCTH"''l€CKOM napa,rr,HrMe (CM. 1:.J. 5). 



nH<?arop (IV e. AO H . 3.) nnaTOH (427- 347 r . AO H. 3. ) 

AeMOKpm (460-380 r. AO H. 3.) ApMCTOTellb (384-322 r. AO H. 3.) 



P. Ae1<apr ( 1596-1650) "1. HblOTOH ( 1643-1727) 

X. rt0i1reHC ( 1629-1696) r. B. Jlei16HH4 ( 1646-17 t 6) 



K. raycc (1777- 1855) 6. PMMaH (1826- 1866) 

H. "1. Jlo6a~eecKMM (1792-1856) 8 . K11M<P¢oPA ( 1845-1879) 



A>+<. lv\aKcsenn (1831-1879) A. nyaHKape ( 1854-191 2) 

X. <P. JlopeH4 (1853- 1928) T. Kany4a (1885-1954) 



cCpeACTBaM MblWJleHMR cpM3Ml<M, nOHRTMRM MaCCbl, CMJlbl, aTOMa ( ••• ) 6 0JlbWMHCTBOM ecTe CTBOMC

nblTaTe.nei:i npMnMCblBaeTCR peallbHOCTb, BblXOARll.l.aR 3a npeAeJlbl MblWJleHMR. 6011ee TOrO, nonaralOT, 

'lTO 3TM CMJlbl M MaCCbl M npeACTaBnRIOT TO HaCTORll.l.ee, YTO nOAJ1e>t<MT MCCJl~OBaHMIO, M eCJlM 

6bl OHM CTaJlM M3BecTHbl, ece OCTaJlbHOe no11yYMJlOCb 6b1 caMO co6010 M3 paBHOBecMR M ABM>t<eHMR 

3TMX Mace. Ecm1 6bt t<T0- 111-160 3Han MMP TOilbt<O no TeaTpy M pa3 nona11 3 a 1<ynMCb1, OH Mor 6bl 

noAyMaTb, YTO AeMCTB11Te11bHblM MMP HY>+<AaeTcR e 1<ym-1cax M YTO ece 6bmo 6b1 M3yYeHo, ec11M 6b1 

6bmM M3y"leHbl 3TM t<YJlMCbl . BOT Tat< M Mbl He AOJl>t<Hbl C"lMTaTb OCHOBdMH AeMCTBMTeJlbHOrO MHpa 

Te MHTe11ne1<TyanbHble BCnOMOraTenbHble cpeACTBa, t<OTOpblMM Mbl nOI1b3yeMCR AI1R nocTaHOBKH 

Mi.-tpa Ha c1.4eHe Hawero Mt.twneHH.R». 

PHc. 1. 3. Max e ceoeM pa6o"!eM 1<a6MHeTe. 

(113 c/JOTOapXHBa dBTOpa.) 

3 . Max 



«Co epeMeH11 3aeepweH11R Teop1111 rpaeKrau1111 Tenepb npowno y>+<e copoK 11eT. OHM no'lTM 

MCK1110'iMTe11bHO 6bl11M noceRW.eHbl yc111111RM BblBeCTM nyTeM 0606w.eH11R 113 TeopMM rpaeKrauMOHHoro 

no11R ep,MHYIO TeOpMIO nonR, KOTOpaR Morna 6bl o6pa30BaTb OCHOBY AJlR eCeH Q:>M3MKM. ( •• • ) 

Ho nocneAHMe AecRTb 11eT npMee1111, HaKOHe4, K Teop1111, KOTopaR 1<a>+<eTcR MHe ecTecTBeHHoM 

M o6HaAe>+<11BaK>w.ei1. Sl He B COCTORHMM CKa3aTb, Mory llM R C'iMTaTb :ny reopMIO Q:>M311YeCKM nonHO

ueHHOH; 3TO o6bRCHReTCR noKa ew.e HenpeoAOllMMblMM MaTeMaTM'ieCKl1MM TPYAHOCTRMM; enpoYeM, 

TaKMe >+<e TPYAHOCTM npeACTae11ReT np11MeHeHMe 11t06oi1 He1111HeHHOH TeopMM nonsi. KpoMe Toro, 

eoo6w.e Ka>+<eTCR COMHMTellbHblM, MO>+<eT 1111 Tat<aR Te0p11R o6bRCHMTb aTOMMCTI1'iecKylO CTpyt<TYPY 

eew.ecTea 11 M311Y'ieHMR, a Tat<>+<e KBaHTOBble RBJ1eHl1R. 6ollbWMHCTBO Ql113MKOB, HecOMHeHHO, OTBeTRT 

y6e>+<AeHHblM «HeT>>, 1160 OHM C'iMTalOT, 'iTO KBaHTOBaR npo611eMa A011>+<Ha pewaTbCR npMH41-imtaJ1bHO 

MHblM nyTeM». A. 3i1HWTeHH 

• 

Puc. 2. A. 3i:1HwTei1H (1928 r.). 
("'fa apXHBCJ CJBTOpa.) 



cB 06~ecp1111ococpcKoM acneKTe 3HaMeHaTellbHO 3AeCb TO, l.tTO B OTHOWeHMM aHa11M3a M CHHTe3a 
B APYrMX 0611aCTS1X 3HaHMSI Mbl BCTpe1.taeMCS1 c CMTya4MS1MM, HanoMMHatolll,"1MH c11Tya411to e KBaHToeoi:1 
¢M3MKe. TaK, 4e11bHOCTb >+<MBblX opraHH3MOB H xapaKTepHCTHKH lltoAeH, 0611aAatolll,HX C03HaHHeM, 
a Ta1<>t<e M 1.te11oee1.tecKHX t<y11bryp npeACTae11sitoT 1.tepTbl 4e110CTHOCTM, OT06pa>t<eH11e KOTOpblx 
Tpe6yeT TMnHLtHO AOnOllHHTellbHOrO CnOC06a onMCaHHSI. nepeAaLta OnblTHblX cpaKTOB B 3TMX o6WHpHblX 
o6nacTS1X Tpe6yeT 6oraToro c11oeapS1. ( .• • ) Ho nocTeneHHOe pa3BMTHe TepM11Ho11orMH, np11roAHOH 
AnR on11CaHHS1 6011ee npocToH CHTYa4HH a 0611acT1.1 cpH3HKM, noKa3b1eaeT, 1.tTo Mbl HMeeM 3AeCb 
AeflO He c 6011ee HllH MeHee TyMaHHblMH aHa11orHSIMH, a c OTLteTllHBblMH npHMepaMH 110rM1.teCKHX 
C8R3eH, KOTOpbte B pa3Hb1X KOHTeKCTaX BCTpe1.tatoTCSI B 6011ee WHpOt<HX 0611aCTSIX 3HaHHSI» . 

H. 6op 

PHc. l. H . llop Ha Ka¢>eApe TeopeT111.tect<oi:1 cp113MKH cp113H1.teci<oro cpaKy11bTeTa MrY. 
('13 apx11sa asropa.) 

«Contraria non contradictoria sad complimenta sunt. Nuls Bohr. May, 8, 1961 » . («npoT11eono11o>t<HOCTM 
He npoT11eope1.taT, a AOno11HS110T APYr Apyra. H. 6op. Mai:1, 8, 1961 »), - cnoea, HanHcaHHble H1111bCOM 

6opoM Ha CTeHe t<a¢>eApbt. 



«He c11eAyeT CllMWKOM YA"1B11SITbCst, ec1111 nonblTKM onMCaHMSI np111p0Ab• npMBeAyT Hae e KOHL.le 1<0H4oe 
K 11or111<e, 3TOMY «B03AYWH0MY 3aMKY» B CaMOM l.leHTpe MaTeMaT"1KM. EC11M, 1<a1< Cl4MTalOT, ICA 

MaTeMaTMKa CBOAHTCSI I( MaTeMaTMl4ecKOM 110n1Ke, a BCSI cpH3MKa - I( MaTeMaTHKe, TO pa3ee He 
eAll!HCTBeHHOM B03MO>t<HOCTblO SIBllSleTCSI TO, l4TO cp"13HKa CBOAHTCSI I( MaTeMaTHl4eCl(OH 11or11Ke?>> 

l./. MH3Hep, K. TopH, /l>K. YHnep 

PHc. 4. A>+<. YHnep n111weT Ha cTeHe 1<a¢eApb1 TeopeTHl4ec1<oi:1 ¢11131111<111 MrY: «No theory of particles 
which deals only with particles will ever explain particles - A student of N. Bohr. 15 June 1971. 
J. Wheeler.» («He MO>t<eT 6b1Tb TeOpHH, o6'bSICHSllO~eH 311eMeHTapHble l4aCTMl.lbl, KOTOpast HMeeT 
AellO llHWb c l4aCTHl.laMH. CTyAeHT H . 6opa. 15 HIOHSI 1971. A>t< . YH11ep.») (<POTO asTopa.) npH 

3TOM OH HMe11 e BMAY Heo6xoA1o1MOCTb yl4eTa ecero 01<py>t<ato~ero MHpa. 

«We will first understand 

How simple the universe is 

When we recognize 

How strange it is.» 

). Wheeler. 

Jena, 7-Vll, 1986. 

( «"1 11HWb no3Hae, 

Kat< cTpaHeH MHp, 

noMMeM Mbl, 

'-fro OH npOCT.)) 

,aw_. Y Hllep. 

11eHa, 7-Vll, 1986.) 

Cr11xoTsopHb1i1 asrorpacp, ocrasneHHbtH ,[VK. YHnepoM 
Ma 3K3eMnn11pe c6opHHKB, nOCBRU4eHHOro 1DO·ner1110 A. 3i1HwreifH<t. 



«COOTHOUJeHMe HeonpeAeneHHOCTM B ero coepeMeHHOM cpopMe He 6yAeT cpHrypHpoeaTb B cpH3MKe 
3aeTPawHero AHSI. Pa3yMeeTCSI, eo3epaTa K AeTepMMHH3MY KnaCCML4eCKOM cpH3MKH y>+<e He 6yAeT; 
380n<>l.l,HR He noi:iAeT ecnsiTb. HaeepHSIKa nosiesiTCA coeepweHHO He06b1L4Hb1e npeACTaeneHHSI, 
o KOTOpblX Mbl noKa Aa>t<e He AOraAbleaeMCA. 0HH yeeAyT Hae e~e Aanhwe OT KnaCCHL4eCKMX 
B3mRAOB .... nonHOCTblO M3MeHAT coepeMeHHblH BMA COOTHOWeHMM HeonpeAeneHHOCTM». 

n. A. M. ,llHpat< 

PNC. S. «B ocHoee MMpa ne>KaT ABa Ha'4ana: cn11Hop 11 TeTPaAa», - cnoea JJ. . JJ.. "1eaHeHt<O 113 6eceAbl 
c n. A. M. AMpat<OM BO epeMSI 3-ii Me>t<AyHapOAHOM rpaBHTall,MOHHOH KOHQ>epeHl.l,HH B Bapwaee 

(25-31 11tom1 1962 r.). (ct>oro asropa.) 

«Physical law should have mathematical beauty. P.A. M. Dirac. 3 Oct. 1956.» («ct>H3HL4eCKMM 3aKoH 
p,on>t<eH MMeTb MaTeMaTML(eCKOe 113Sl~ecTBO. n. A. M. A11pat<. 3 OKT. 1956.»), - cnosa, Han11caHHble 
n. A. M. AMpaKOM Ha CTeHe t<a¢eApb1 TeopeTML4eCKOM cpH3MKM cp11311L4eCKoro cpaKyilbTeTa BO epeMH 

noce~eH11S1 MfY. 



«KotAa OKOH4aTenbHO OTKa>t<yTCSI OT noHSITHSI 3neMeHTapHOH l.facn14b1, BCTaHeT eonpoc, Kat<Me noHRTMSI 

MO>t<HO 6b1110 6b1 cesi3aTb c 3nMTeToM «cpyHp,aMeHTanbHblH». KoHe4HO, He t<at<11e-To oco6ble BMAbl 

l.faCT11U., 1111H c11n, 111111 noneH, HllM teoMeTpHH. ct>yHAaMeHT peanbHOCTH, K CO>t<aneH11to, tOpaJAO 

6onee a6cTpaKTeH. Cy1J-4eCTBYtoU4He 3KCnepHMeHTallbHb1e AoKa3aTenbCTea AOBonbHO ocHoea-re.n11Ho 

CBH,O,eTellbCTBytoT B nonb3Y H,O,e11, l.fTO MO>t<HO toeopHTb 0 cpyHAaMeHTanbHblX Cl1MMeTp11SIX. 3aKOH 

np11pOAbl, ne>+<aU411H B OCHoee cnet<Tpa 1.faCn11.", HX B3al1MOAeHCTBMH, CTpOeHMSI .... HCTOpHM KOCMOCa, 

onpeAenReTCR, eepORTHO, HeKOTOpblMM cpyHp,aMeHTallbHblMM CMMMeTpMRMM. ( ••• ) no3TOMY MO>t<HO 

Ct<a3aTb, 'fTO coepeMeHHoe pa3BMTHe cp1-13Mt<M noeepHynocb OT cpMnococpMM AeMOKPMTa t< cpHnococp1111 

nnaTOHa». B. re1beH6epr 

PHC. 6. B. rea:t3eH6ept Ha OAHOM "13 Me>t<AyHapOAHblX t<OHrpeccoe (nei:1m4Mt, 60-e tOAbf). 

(l13 cJ:>oroapxusa asropa.) 



KMHe BCerAa Ka3aJ10Cb CTpaHHblM, 11.lTO CaMble <PYHAaMeHTaJlbHble 3aKOHbl cpH3HKH noc11e Toro, KaK OHH 

y>+<e OTKpblTbl, ece- TaKH AOnycKatOT TaKoe HeeepORTHOe MHOroo6pa3He cpopMy11HpOBOK, no nepeoMy 

Bne'la'T.neHHtO He3KBHBaJ1eHTHblX, HO ece >Ke TaKHX, '1TO noc11e onpeAeJleHHblX MaTeMaTH"leCKHX 

MaH11ny11A1.V1H Me>KAY HHMH ecerAa YAaeTCR HaHTH B3aHMOCBR3b. ( ••• ) SI He 3Hat0, '1To AOil>t<Ho 

03Ha'iaTb 3TO >t<e11aHHe npHpOAbl Bbl6HpaTb TaKHe 11t060nblTHble cpopMbl, HO, MO>KeT 6b1Tb, B 3TOM 

H COCTOHT onpeAelleHHe npOCTOTbl. Mo>t<eT 6b1Tb, eew.b npocya TOJlbKO TOrAa, KOrAa ee MO>KHO 

HC'iepnbleatOW.HM o6pa30M oxapaKTepH30BaTb HecKOJlbKHMH pa3J1H"lHblMH c noco6aMH, ew.e He 3HaR, 

'ITO Ha CaMOM AeJle Tbl roeopHWb 06 OAHOM H TOM >Ke» . 

PHc. 7. P. ct>eHHMaH Ha 3-i1 Me>t<AyHapOAHOH rpaBHTa4HOHHOH KoHcpepeH4HH e Bapwaee, rAe OH Bbl

cryna11 c AOKJlaAOM «KBaHTOBaR TeopHR rpaeHTa4HOHHOro no11R» (30 HtOJlR 1962 r. ). (<Poro asropa.) 

«nOAXOA K 3JleKTPOMarHeTH3MY Ha OCHOBe KOH4en41;11;1 npRMOrO Me>t<"laCTH"lHOro B3aHMO

AeikTBHR no3eo11ReT onHcaTb ece KJlaCCHll.leCKMe RBJleHHA c 3apR>+<eHHblMH "laCTHU.aMH, 

no KpaHHeH Mepe, TaK >Ke xopowo, KaK 3TO Ae11aeTCR B MaKCBeJlJlOBCKOH TeopHH 

no11R, H 3TO HHTepeCHblM o6pa30M CBR3aHO c KOCMOJ10rHei1. 8b16op 3ana3AblBatOW.HX 

noTeHU.Ha11oe ocyll!.eCTBJlReTCA He eo11eeb1M o6pa3oM, a AHKTyeTCR ece11eHHOH. ( ••• ) 

KeaHTOBaA TeopHA npRMOro Me>t<'iaCTH'iHOro B3aHMOAei1CTBHR 3KBl1ea11eHTHa KBaHToeoi:i 

TeopHH MaKCBeJlJlOBCKOro noJlR». 

PHc. 8. ct>. Xoi'.111 Ha ceMH

Hape npocpeccopa A. A. J.1ea

HeHKO B MrY (1964 r.). (<Poro 

asropa.) 

cp. Xoi:in, ,ll>K. HapnHKap 



«Mbl AOn>KHbl OTKa3aTbCA OT onHCaHMSI aTOMHblX sieneHMH KaK sieneHMH B npOCTpaHCTBe 

M epeMeH"1, Mbl AOn>t<Hbl e~e Aanbwe OTCTynHTb OT CTaporo MeXaHHCT"1~ecKoro 

B033peHHSI». JI. 11HcpenbA, A. 3i1HwTei1H 

«HepaeeHCTBa reH3eH6epra yKa3blBatOT npeAenbl npHMeH"1MOCT"1 KnaCCM~eCKoro cnoco6a 
on1o1caHHS1. Ho OHH OTHtOAb He CTaBAT KaKMx-n1o160 rpaHHl..I, AflA 6onee coeepllleHHblx 

cnoco6oe onHCaHHSI ¢11311~ecK11x S1Bnet1HH H AflSI 6onee nonHOro no3HaH1>1S1 ceoHc:T& 
¢"13H~eCKHX o6DeKTOB». B. A. Cl>OK 

«CKonbKO nt0AeH 3aH"1MalOTCSI o6~eH Teop1>1eH OTHOCHTenbHOCTH, CTOnbKO "1MeeTCSI ee 
nOH"1MaHHH». 

«MO>t<HO BBeCT"1 nOHSITHe eeKnHAOBa npOCTpaHCTBa, "1CXOAfl H3 npeAena eepoATHOCTM 
B3a"1MOAeHCTBHSI 6onbWOH ceTH ~aCTHl..I,, KBa3HCTaTH~eCKH o6MeHHBatO~MXCSI cn11HaMHlO, 

PIHC. 9 . 11. "1H¢enbA, B. A . CboK, A>+<. C11Hr, A>+<. AHAepCOH, (?), P. neH
poy3, 6. r o¢¢MaH Ha 3-M Me>+<AYHapOAHOH rpaBHTa41>10HHOH KOH¢epeHl..l,MH 

(Bapwaea, 25-31 Ht0nsi 1962 r.). (<Poro asropa.) 

P. neHpoy3 



«SI AYMato, OAHaKO, YTO Mbl A011>KHbl CYHTaTb cpyHAaMeHTanbHOM pe
anbHOCTbto He none, HO MaTepHto, T. e . ABM>t<eHHe H B3aHMOAeHCTBHe 
Marep1o1anbHblX -.acr1o1u,, a 3neKrpoMarHKTHoe none paCCMarp1o1eaTb KaK 

ecnoMorarenbHYto KOHcrpyKLI,Mto, cny>t<aU4yto AllR 6onee YA06Horo 
onHcaHMR 3Toro e3aMMOAeHCTBHR. HaK0He1.4, R nonarato, -.ro OHO 
npeACTaBnReT co6oM AanbHOAeMCTeHe, Koropoe Mbl HHKOHM o6pa30M 
He AOn>t<Hbl CBOAHTb K KaKOMY-TO AeMCTBHto 11 6nH3KOAeHCTBHto, 

ocyw.ecrem1toU4eMyCR -.epe3 Kat<yto-111160 npoMe>t<yroYHyto MarepH
anbHyto CpeAy 1111H np11 noMOW.11 MarepHal1H30BaHHblX CHl10Bb1X 11HHMH». 

Sl. "1. tPpeHKent. 

PHC. to. St 111. d:>peHKellb Ha neKU,.HH B nom1reXHH-.eCKOM MHCTMTyre. 
JleHHHrpaA, 1949 r. (<Poro H3 KHMrH «JI. '1. <PpeHKen&. BocnOMH

HdHHR, nHC&Ma, ,qoKyMeHTbl». 17.: Hay1<a, 1986. ) 



« nOHATHe OTHOCHTeJ"lbHOCTH K cpep,CTBaM Ha6moAeHHA eCTb B H3BecTHOM CMblClle 

o6o61!4eHHe nOHATHA OTHOCHTellbHOCTH K CHCTeMe OTCl.teTa . 06a 3TH n OHATHA 

HrpatoT B COOTBeTCTBYIOU411X Teop11six aHallOrHl.tHYIO pOllb». 

«nOHRTMe cpM3Ml.teCKOM CMCTeMbl OTCl.teTa (11a6oparopMM) He paBHOCHllbHO, B O~eM 

«BCA coepeMeHHaA cpH3HKa ABHO HllH HeABHO nOllb3yeTCA MeTpH1.teCKOM reOMeTpHeH. 

( ••• ) Mo>t<HO npep,no110>t<HTb, 1.tTO 6yAy1!4aA cpH3H1.teCKaA Teo pH A 6yAeT aMeT

pH1.tecKoi:1 HllH no11HMeTpH1.teCKOM, noCKOllbKY OHa 6yAeT AOnycKaTb MHO>t<eCTBO 

pa311HLiHblX MeTpHK, H TOrAa Ha 6yAyU4eM :nane pa3BHTHA cpH3HKH Ha CMeHy Hp,eH 

OTHOCHTellbHOCTH ABHTCA HP,eA COOTHOCHTellbHOCTH». 
A . .fl. 3ent.MaHos 

B. A. 4>0K 

PHC. t1. B. A. ¢>oK KOMMeHTHpyeT AOK11ap, A. Jl. 3e11bMaHoea, noceAU4eHHblM onHcaHHto CHCTeM 

OTCl.teTa MeTOAOM xpOHOMeTpH1.teCKHX HHBapHaHTOB, Ha 3- i1 Me>+<AYHapOAHOH rpasMTalj.HOHHOH 

KoHcpepeHL1.HH (Bapwaea, 25-31 HtollA 1962 r.). (<Poro asropa.) 

«KsaHTOBaA MeXaHHKa H3y1.taeT MHKPOMHp B ero OTHOWeHHH K MaKpOMHPY· MaKpOCKO

nH1.teCKHe (K11aCCH1.teCKHe) npH6opb1 ABllAIOTCA TeMH CHCTeMaMH OTCl.teTa, no OTHOWeHHIO 

K KOTOpblM B KBaHTOBOH TeOpHH onpeAellAeTCA COCTOAHHe MHKpOCHCTeM». 

« EC11H B 30-x roAaX ecex 3a60TH110 BllHAHHe npH6opa Ha COCTOAHl1e 1.taCTHL1.b!, TO 

Tenepb nopa 8038paTHTbCA K 6011ee TpaAHl1.HOHHOH nocTaHOBKe eonpoca - 0 BllHAHHH 

MHKpoo6i.eKTa Ha COCTOAHHe MaKpOCHCTeMbl. 3TO He TOllbKO TeOpHA H3MepeHHH, 

PHc. 12. A.~ - 611oxHH4ee Ha Bcecoto3HOH 11eTHei1 

rpasHTa4HOHHoi1 wK011e e Tapry, rAe OH BblCTynan 

c AOKllaAOM «0 npHl.tHHHOCTH B coepeMeHHOH Teop1o11o1 

nOllA» (27 MIOHA 1963 r . ) . (<POTO asropa.) 



«Mbl SHAHM, YTO coepeMeHHaA cpH3HKa AaeT S03MO>t<HOCTb coeepweHHO no
HOSOMY Tpa1<ToeaTb noHRTHe «COCTOHT H3». Bce11eHHaR e 4e110M MO>t<eT 01<a3aTbCA 
MHKpOCKOnHYeCKOH YaCTH4eM. M1o11<poc1<onHYec1<aA YaCTH4a MO>KeT COAep>t<aTb 
a ce6e 4e11yto Bce11eHHYto». 

«BblXOAHJT, 311eMeHTapHaA YaCTHU.a - He YTO HHOe, Kai< ceoeo6pa3HaA «AMa», rAe 
OOKORTCA KeapKH, YTO, e CSOIO OYepeAb, 03HaYaeT npeAeil AeilHMOCTH MaTepHH». 

A A .floryHoB 

M . A MapKOB 

«EJ:J.HHCTSO ecTeCTSeHHOHayYHOM KapTHHbl MHpa HeAOCTH)t(HMO e paMKaX y)t(e 
H3SeCTHblX TeopHH». 

B. A. AM6apt.iYMRH, B. B. Ka3IOTHHCKHH 

PMC. 11. M.A. Map1<oe, B. A. AM6apu,yMRH, A . A. JloryHoe, H. H. 6oro11to6oe , SI . 6 . 3e11bAOBHY, 
X. Xp1o1cyoe, B. 6. 6parnHCKHH Ha 0Tt<pb1THH 5-ii CoeeTCKOH rpae1o1Ta41o10HHOH 1<0HcpepeH4HH (Moc1<ea, 

MrY, 1 1o1to11R 1981 r.). (<Poro asropa.) 

«no MOeH HAee cpyHKU.HOHailbHblH SHA ypaeHeHHM TeOpHH TArOTeHHA (T. e . 06U,1,eH TeOpHH 0THO
Cl1TellbHOCTH), a TaK>t<e YHCileHHaA eeilHYHHa rpaSHTaU,HOHHOH noCTOSlHHOH - AOil>KHbl CileAOBaTb H3 
TeopHH 311eMeHTapHblX YaCTHU. «CaMH co60H», 6e3 t<at<HX-11H60 cneu.HailbHblX rHnOTe3». 

PMc. 14. A. A. Caxapoe Ha 5-J:t Me>t<
AYHapOAHOM rpaei.1TaLJ.HOHHOH KOHcpe
peHl.4HH e T61o111HCH, rAe OH SblCTy
nan c AOKilaAOM «KeaHToeaR np1o1p0Aa 
MeTpHYeCKOH ynpyroCTH npocTpaH
CTBa H 311eMeHTapHaA AilHHa» ( 11 ceH-

TA6pAI 1968 r.). (<Poro asTOpa.) 

A. ,a. Caxapos 



cB paMKax TeOpHH cpH3M-.eCKHX CTPYKTYP no-HOBoMy OCMblCllHeaeTOI npo611eMa ep,HHCTea MHpa, -
y coepeMeHHblX y-.eHblX eU4e CH11eH HCKyc peweHMSI 3TOM npo611eMbl e cy6cTaH~MaJ'IMCTH-.eCKOM 
Ayxe. OAHaKO He 1-1c-.epna11 111-1 ce6S1 3TOT nOAXOA? C TO-.KM 3peHHSI Teop1-11-1 cpH31-1-.eCKHX CTpyKryp 

6011ee ne pcneKn1BHO HCKaTb He HCXOIJ.HYtO «nepeoMaTepHtOl>, a MCXOAHble «nepeOCTPYKTYpbl», -
Tat<aR nepecpopMy111-1poeKa npo611eMb1 eAHHCTea MMpa npeACTae11S1eTCS1 HaM HecpaeHeHHO 6onee 

npe1-1Myl.4ecTBeHHOM "' e 11or1.1'4eCKOM, 1-1 e ecTeCTeeHHO-Hay-.HoM OTHOWeHMM». ·~ E T 
YI • • aMM 

l>Hc. U. Ill. E. TaMM. 1963 r. 
(<POTO H3 l<HlirH «JI. '1. ct>peHt<ent •• 
BocnOM"1HdHMR, n"1CbMa, AOKy

MeHTbl». n.: Hayt<a. 1986.) 

«Me>t<Ay TeM TPYAHO COMHesaTbCSI s TOM, l4TO MaKpocKon1.1-.ecKHe noHRTHSI, e TOM l4HClle 
M Haw1.1 npocTpaHCTeeHHo-epeMeHHble npep,cTae11eHHS1, Ha caMOM Aene yxoASIT ceoHMM 

KOpHSIMM e MMKPOMMp. KorAa-H1.16yAb OHM AOll>t<Hbl 6b1Tb pact<pblTbl KaK HeKoTOpt>IH 
CTaTMCTH-.eCKHH MTor. BblTeKat01.4HH "13 3aKOHOMepHOCTeM 3TOrO MHpa - AalleKo e~e 
He pa3raAaHHblX - npH cyMMapHoM tta6moAe HMM orpoMHoro -.1-1c11a MMKpoS1e11eHMM». 

PHC. 16. n. K. PaweBCKHM ( 1907-1985) 
('13 apxHBa MexMaTa MfY.) 

n. f<. PaweaCKHH 



- -------------- - . rnaaa 12 
Pen~~HOHHa~ KOH~en~H~ 
npocTpaHCTBa-apeMeHH 

..... 

J.13.TJO)KeHHe peJI.5I~OHHOro MHpOilOHHMaHM.H, KaK 11 B CJIY'Ia.51X TpHa

JIHCTH'iecKOH HJIH reoMe'I'pH'iOCKOB napa,n,.11TM, OTKpbIBaeTC.5I HHTepnpeTa

~Heli npocTpaHCTBa .11 BpeMett.11 B 3TOM no,rr.xo.ue. Teneph 3TO o6o6rn;etttta.5I 

KaTerop.11.5I npocTpattCTBeHHO-BpeMeHHbIX OTHOllJ€HHH, KOTOpa.51 o&be,r.QUI51eT 

KaTerop11M npocTpaHCTBa-BpeMett.1111 qacTl1IJ,. B 3TOM ee rJiaBttoe, np111u~Hn11-

a.Jlhttoe OTJIM'iMe KaK OT 6e3JIHKOI'O IlJIOCKOro npocTpaHCTBeHHO-BpeMeHHOro 

¢otta ( B TpHaTIHC'l'M'IecKOR IU l H TeOpeTHKO-TIOJieBOB napa,n;HrMax)' TaK 11 OT 

¢oHa, s6Hpa10w.ero B ce6s:1 no.nsi .11 nponroa10rn;eroc.5I no,n; snecettttoli B ttero 

Ma:rep.11.e::H (s reoMeTPH'-IecKo::H napa,lJ.HrMe). B peJI.5II.I,HOHHOM no,rr.xo,n;e HeT 

anpHoptto 3a,n;attHoro <p<ma, a OCTh JIHUJh OTHOUJett115I Me)'f(,lJ.y co6h1T11s:1M11, 

npoMCXO)lSilll;HM.11 c MaTepMaJlbHbIM.11 00b€KTaMH ( qacTHll,aMH). 

B octtoBe peJISIIJ,Honno:H KOHII,en~H npocTpattcrBa-BpeMeHH Jie)KaT npHH-

1.WIThI cneU,HaJibHOH TeOpHH OTHOCHTeJibHOCTH. M 9TO He cJiyqaif110: CTaHOBJIC

Hlle T00p11H OTHOCl1Te.JlbHOCTl1 npoHCXO)l;MJIO B pycne J1MeHHO pe.JI51ll,l10HHOI'O 

no,rr.xo,n.a. ,IT,a)Ke C03,D;aBa5! o6I.I.J..YIO TeOpHlO OTHOCHTeJibHOCTH, 9HHllITeHH, 

BCJie,n; 3a MaxoM, MhICJIHJI B ,n;yxe 3TOro )Ke p eJIHIJ,HOHHOro no,n;xo,n;a, 'ieMy 

HMeeJ'CSI MHO)KeCTBO OJ1CbMeHHblX CBl1,ll,eTeJibC'I'B. 

)J,rr5I OKOHqaTe.llbHOro Q:>opMHpoBaHlUI KaTeropHH npocTpaHCTBeHHO-Bpe

M8HHbIX OTHOI11€HHH H )J,JI5! IlOCTpOeHRH cPH3H'ieCKOB Teop1111 B paMKax 

peJISu~HOHHoro MHpono1111MaH11.:H OKa3aJIC5! no,n;xo,n;~HM MaTeMaTH'iecKHw 

annapaT TeopHH ¢H3H':lecKHX CTPYKTYP (c11creM OTHOIIIettHii) IO. M. KyJia

KoBa [90, 91, 92], ,n;o CHX nop MaJIO H3BeCTHbIB cPl1311KaM . . 

12 .1. HcTOKH peJI~onnoii KOH1'e:IIIJ)m 
npocTpaIICTBa-BpeMeHJI 

P acKp1>1THe cyTH ¢M3H'iecKoro npocTpattcTBa-BpeMeH11 OTHOCHTC.H 

K lJHC.ny Kap,n;MHaJibHbIX BOIIpOCOB cPYH,JJ,aMeHTa.TlbHOB <Ptt3l1Kl1 l1 scero 

ecrecTE03HaHH.5I B u,eJiuM. Bo3HMKHYB B Tpy,n;ax aHTH'iHhIX MhICJIHTe.rreii, 9Ta 

npo6JieMa y)Ke B He CTOJib OT,D;aJleHHOe BpeM.51 3aHHMaJla u,eHTpaJibHoe MecTO 
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B MHpoBo33peHIIH 9. Maxa. B KH11re «Il03HattHe 11 3a6ny>K,LI,ett11e» OH IDJ.ca.n: 

«KTO XO'\ie'r nony\iMTb npe,n;C'raBneHHe 0 TOM, c KaKHM Tpy,npM pa:3BHJiaCb 

a6cTpaKIJ,H.H «npocTpaHCTBO», Jiyqwe Bcero c,n;e.lJaeT, o6paTHB111HCh K H3Y"t.Ie

HHIO qeTBepToii KHHrH <l>.J13HKH ApHcTOTens1. Bonpoc o TOM, cy~ecmeyem 
npocTpaHCTBO ( MecTO) HJIH He cy'l.4ecmeyem, ?W'K: OHO cy~eCTBYeT li 'llmO 
otto TaKoe, npH"lfHH.HIOT eMy Mttoro 3aTpy,n,HeHHH. Ott He MO.>KeT CMOTpeTh Ha 

npocTpattcTBO KaK Ha Teno, HOO TOrJJ.a o,n,Ho Teno ttaxo,ll,l1JIOCb 6h1 B ,llJ>yroM. 

Ho, c ,llJ>yroii CTOp0HhI, OH H n e MO)Ke'r ar,n,enHTh npocTpattcTBO OT M11pa 

Ten, HOO MecTo Te.lJa ecrb ,n,na Hero TO, "t.JTO 3To Teno OKpy)Kaer, o6HHMaeT. 

ApHcTOTenh BbI,Ll.BHrae1· MhICJib, "lfTO MbI He cnpaIUHBaJn1 6br o npocTpaHcTse, 

ecnH 6h1 He cy~ecTBOBaJio HHKaKoro JJ.BH)J(eHIDI. Ceru'b npe,n;CTaBJJettRSI 

npocTpaHCTBa c npe,[1,CTaB.neHHeM TeJia ecTecrBeHHO npl1BO,D.HT K H,n,ee 

ne.M/btC.!LUMOcrnu nycrnom'bl, - H,n;ee, 3aIJJ,H~aeMoi1: ApHCTOTeJ1eM H MHorHMH 

,npyrHMH MhICJIHTeJiaMH ,n;peBHOCTH. MhICJIHren11, ,n,orrycKaB111He nycTO'l)', 

KaK JleBKHil, ,IT,eMOKpHT, 9InlKYP l1 ,ll,p.' l1Me.1n1, CJie)l,OBa:reJihHO, npe)l,CTaB

JieHHe 0 npocTpaHCTBe, 6onee 6JI.J13KOe K HallleMy. IlpocTpaHCTBO 6hIJ10 )J,JI.H 

HHX "t.JeM-TO B po,D,e cocy,D,a, KOTOphIH MO)J(eT l1 He 6hITb HallOJIHeH. M K TaK0?..1}' 

npe)l.CTaBJleHIDO ,n;eiiCTBHT€JlbHO )1,0Jl)KHa 6hIJia BecTH ['€0MeTpH.H, KOTOpa.H 

ycTpaHaeT Bee Tenecttb1e cBoiicTBa, KpoMe onpe.n;eneHHhIX rpaH~» (105, 
c. 417]. 

,il,aJiee Max OTMe"lfaeT: «MO)KHO, no:>Ka.nytt, cKa3a:10, "lfTO rJiaBHhIM o6-
pa:30M HMeHHO co BpeMeHH HhlOTOHa BpeM.H H npocrpaHCTBO CTaJIH TeMH 

ca.Mocmo.RmeA'b'H/bt.MU H O,D,HaKo 6ecmeAeC'H'bl.MU cy~HOCTSlMH, KOTOphIMM OHH 

C"lfHTalOTC.H no HacTORU.J.ee BpeM.H. . . ,IT,na HhlOTOHa BpeM5I 11 npoc'l'paHcTBO 

npe,n,cTaBJJ.HIOT ueqTo ceepxif>uau'llecKoe; OHM cyTh nepBU'll'H'ble, He3aBHCHM.hle 

nepe.Me'H'H'bte, Henocpe,n;cTBeHHO tte,n;ocTynHhie, no Kpa.Hue.H Mepe, TO"lfHO He 

onpe)J.eJIHMhie, ttanpaBJISIIOil.Vfe 11 perynttpylO~He Bee a M11pe. KaK npocrrpaH

CTBO onpe)J.eJISieT ,ll.BH)KeHHe OT,LI.a.T.IeHHeii111nx nnaHeT BOKpyr ConH~a, TaK 

BpeM.H ,uenaeT C02AaC'H'bt.MU OT)J.aJieHHeiiw11e He6eCHbie ,D,BJUK.e.HH.H c tte3Ha

"lfl1TeJibHeiillll1Ml1 npou,eccaMH 3)1.ecb Ha 3eMJie. IlpH TaKOM B3rJI5.l)J,e MHP 

CTaHOBHTC.H op2a'HU3MOM, HJIH - e(',JIH npe)J,ITO"lfHTalOT 3'.I'O Bhipa)KeHHe - Ma

wu'HOi1, Bee qacrH KOTopo.H cornac.Ho npHMem.110Tca K ,ll,BH)KeHHIO oottou 
qacrH, pyKOBOJJ.CTBYIOTca .n;o H3BecTHoii cTeneHH o<h-t,oiJ, e,LI.Huoii Boneii, H ttaM 

OCTaerca TOJihKO Hel13BecTHOH ~e//,'b 3Toro ,ll.BH)KeHH.H. 9ToT B3rJI.H,ll, Jie)J(HT, 

KaK HacJie,LI.He HblOTOHa, B OCHOBe H COBpeMeHHOH <l:>H3HKI1, XOTSI, MO>KeT 

6hITh, qyBCTB.YeTC.H HeKoTopoe tte)KeJ1aHHe OTKPhITo 3TO nptt3HaTh» (105, 
c. 421]. C,n;eJiaHHoe 3aMeqattHe He yTpaTHJio cBoe.H aKTYaJihHOCTH H B Harn11 

)l,HH. 

B3rna,n,h1 Ha cyTh npocrpaHCTBa H BpeMeHH, BbICKa3hIBas111Heca, c 0,11,uo:tt 

CTOpOHhI, ApHCTOTeJieM, r. Jieli6H~eM, 9. MaxoM, 11, c ,n,pyroli CTOpoHbI, 

,IT,eMoKpHTOM, M. HhlOTOHOM H 6o.llh111HHCTBOM coBpeMeHHhIX <l:>11311KOB, oT

pa)KaJOT ,11.Ba IlO)J,XO.na B ero Il0Hl1MaHHl1: pe.n.H~HOHHbIH H cy6cTaH~aJib

HbIH. Ilocne,n,HHM ,l(OCTaTO"lfHO xopowo l13BeCTeH, IlOCKOJlbKY ero npH,n,ep>KH-

1 
l 
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saeTCS! rro,n.a.BJIS1101.qee 6onhnm:HCTBO eCTecTBOHCJibITaTeJieiL Pe.mm,HOHHblH 

.>Ke no,n.xo,n;, KOTOpoMy OOCB51I.qeHa 3Ta rnasa, Hy>K)l,aeTCS1 B IIOS1.CHemrn. 

HanoMHHM DbICK83hIBaJIIDI BH,ll,HbIX cTOpoHHHKon pe.TI51IJ,JllOHHoro no,n;

xoµ,a. TaK, r. Jleii6HHU, B IIHChMax K c. KnapKy (a ¢ru<T11t.iecKH KM. HhlO

TOtty) IIHCaJI: « .H HOOfT,HOKpaTHO TIO,D,"ie pKHBaJI, t.fTO C"iHTaJO npor.mpaucmeo, 
TaK ~ KaK Ji BpcMS1., q eM-TO q11cro OTHOCHTeJibHhIM: npocTpaHCTBO - no
p.Ra'l'COM cy~ecmeoeauUJt, a speMS1. nop.R<hcoM noc.1teiJoeame.;i?Jttocmeii. . . ,z:::t:.nsi 
onpoBep )KeHIUi MHeHIUi Tex, KOTOpbi e cqJ1T(:l.10'I' upocTpaHCTBO cy6cTaHIJ;Heti 

JI.JIM, 110 Kpanttc"tt MCpc, KaKOH-TO a6cOJIIOTHOH cyllJ,HOCTbJO, y MCHS1 HMeeTC5:1 

HecKOJihKO ,lJ.OK83aTeJihCTB» [97, c. 441). 
Ilo3HIJ,HS1. .ITeii6H1111,a p83,D,eJI51Jiach 3. MaxoM, C"rHTaBmlfM KaTeropHn a6-

comorttoro npocTpaHCTBa 11 BpeMeHH « 6 eccMhicneHHbIMH» . .ITci1.6n11u, n Max 

no.rrara.rr11, qTo B OTCYTCTBHe TeJI He cy:r.qeCTBye r HH n poCTpaHCTBO, HH 

BpeM51. Ho qro npe,n.nara.noch B3aMeH 11,n.e11 a6conJOTHoro npoCTpaHCTBa

speMe ttH? 0TneT MO>KliO pa3rJIS1.,n.eTh B BhICK83hIDaHHS1.X 3 . Maxa: « BpeMSI 

H II}X>CT'paHCTBO CyrIJ,eCTBYIOT B orrpe,n;eneHHblX OTHOlUCH.1-UIX <PH3 H'lecKHX 

o&beKTOB, H STH OTHOWe HHS1. He TOJlhKO BHOCS1TCS1 Ha MJ-t, a cy:r.qecTByJOT 

B CBS13H 11 BO D3aHMHOH 3aBH CHMOCTH SIBJieHI1A» [105, c . 372]. «l'vlbI MO)l(eM 

CKa3aTh, qTQ eo epeMettHoii aaeucUMocmu eupa~a?Omc.R npocmeilwue neno

cpeiJcmeett'H/bte ifjuau"-teC'K,'Ue orm-wwettUJi» [ 105, c. 4171. « B npocmpa'J-tcmee'J-t

H'blX O'ITL'J-toweHU.RX HaxoiJum ceoe eupa~ettue nocpeiJr.meexna.R ifru.3'lL'l/,eC?Ca.R 

3a6UCUMOCm'b» [105, c. 4171. 
0THOWeHHe - DOT TO KJlJO'ieBoe IlOHS1THe, KOTOpoe " y J1ett6HHU,a, 

H y Maxa 38.MCH.HCT H)l;eJO a6coJuoTnoro npocTpaHCTBa 11 BpeMeHH. ,lJ;aHuoe 

flOHS1THe IIOCJI.Y>KMJIO B Ka'ieCTBe HCX0,11.HOro OCHOllaHHS1. np1.1 0003H a"ie.HHH 

peJ151U,HOHHoro ( aHr.11. r e l ation, naT. relativus OTHOCHTeJihHhI:H) rro,n;xo)J,a. 

Ilony'I'HO 3aMCTJitM, q 'I 'O T e pMHHhl «pe.rn:IU,llOHHbl:H» H « peJIS1.THBHCTCKHM» 

HMelOT p83JIH1IHoe 3 Ha'-1e ttHe. KpoMe Toro, ue cne,z:zyCT noHHMaTh « OTHO

meHne» B a11rc6p a 1itt.ieCKOM CMbICJie KaK p e3yJihTaT ,ll,eJieHHS1 O)l,HOii BeJIR-

1.fJ-JHbJ H a )\pyryro. °YTBe p,n;IIBill11iiCS1. T epMHH 6JIH>Ke no cnoe My 3 Hat.ie HHJO 

K OOIIl.eilpHHS1.TOMY IIOHHMaHHJO OTHOllleHHli Me>K)J.y JJJO.llhMH, S1.B.J1S1.S1.Cb KaK 

6hI 't!HCJ1000H xapaKTepHC'l'HKOH IIJIOXHX ( OTp~aTeJihHbIX) HJIH xopomHX 

( TIOJIO)Kl1'l'eJlhHhIX) OTHOmeHI11t. 

0THOll1e HMe B reOMeTpHH - 3TO He '-ITO HHoe, KaK Mempu'K:a ( paccmo.R

}{,U.R). 0,n;HaKo B conpeMeHHOM H3JJO)Ke HHH r eOMeTpHH, KaK rrpaDHJIO, HCXO)J,51T 

H3 KOOP,11.HHaTHOlt CHCTeMhl B MHOroo6p83HH TOA HJIH 11HOH p83MepHOCTH, 

a 3aTeM qepes p83HOCTH KOOp,n.HHaT ,lJ,ByX ToqcK 3~alOTCS1. paCCTOSIHillJ 

(MeTpHKa ) . Ho no3MO)KeH H ,n;pyroii X0,11. paccy>K,ll,eH11ii: M())KHO Ha'iHHaTb 

c pacCTOS1HMii, - napHhIX OTHOllieHHH Me.:>K,n.y TOqKa.M.H, - a 3aT eM y)Ke H3 

HHX nony't1aTh KOop)l,HHaThI H Bee ,n;pyrHe noHSITHSI. YnoMHHaHHe o TaKOM 

no,n.xo)J.e K reoMeTpHH MbI Haxo,n.HM y)Ke y 9. M axa, KOTOphiii n11c8Jl: «l1H

repecuyro IlOilhlTKY o6ocHOBaTh eBKJIH)l;OBy H HeellKJl H,ll,OBY reoMeTpHlO Ha 

o)l,HOM noHS1.THH pacCTO.HHH.H MbI HaX0,11.HM y )K. ,.ne T11JIJI11 (1880 r.)» [105, 
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c. 380]. 9neMeHThl p€Jifill,HOHHOrO IlO,l.V{O,D;a K reoMeTpHH npocJIC)Kl1BaIQ'IOI 

Tcl.K*e B pa6o'Iax <I>. KJieiiHa (1849- 1925). 3ttaq11Te.TibHO no3,n;ttee B 3TOM 

)Ke ,rr,yxe 6hma ttarrttcaHa KHHra K. M. BJnoMeHTaJISI «Teopltll H np11MeHeHHe 

reoMeTJ)HH paccTOSIIUIB » ( 1953) [ 8]. 
B cneWiaJihHo:n 11 o6:r.n;eii Teop11Hx OTHOCI1TeJlbHOCTI1 KJIJOqeBbIM rrom1-

T11eM TaK)Ke HB.ru:IeTC51 OTHOlUeH11e, TOJlbKO Tenepb p accMaTpHBaIOTC.H OT

HOIIIeHH5I Me)K,ll,y rrapaMH co6umuu H OHH Ha3hIBaJOTC.H unmepea.tiaMU Sik 
M e::>K,rr,y co6bITH5.IMH i 11 k. 

12. 2. Ilepe<l>opMyJI11ponKa reoMerp1111 
~epe3 paCCTORHHB 

1. c HeKOTOphIMH ¢parMeHTaMH rrepe¢opMyJ1HpGBKH reOMeTpID1 B Tep

Ml!Hax paccTOHHHii BCTpe·l.faeTc.a Ka)KllblH rnKOJihHIIK. M 3BecTHO onpe.n;e

neHHe nno1u,a,n;11 TpeyroJihHHKa '-Jepe3 nonosney npo113se,n;emu1 OCHOBaHHSI 

Ha BhicCTy. Ho MO)KHO onpe,ri:enHTh ero n.r10ma,rrp HCKJIJO'IBTe.rihHO l.!epe3 

paCCTO.HHHH ( OTHOlUeHIDI) Me)K,ZI,y ero Bepm11HaMH. IlyCTh ero BepIIIIIHbl 

0003Ha't.laKYl'C5I 6yKBaMM i, j, k, a paccTOSIHI1Sl Me:>K,U.y HI1MI1 (,n;.mIBhl CTOJX>H) 

ecTb lik, lij, ljk· Tor,ri:a KBa,npaT n.Jm:r.n:a.llH TpeyrOJibHHKa s;jk HaXO,LJ;HTCSl no 

¢opMyJie f epotta 

s&k = ~ (lik +lij +lk1)(lik + lij - lkj)(lik -lij + lkj)(-lik +lij +lkj)- (12.2.1) 
16 

IloJiyqeHHoe Bh1pa)Kett11e MO)KHO nepen11caTh c noMo:r.n;hJO onpeae.11,ume.ttR 
K3.11,u-Men2epa ,rr,.nH Tpex TO'ieK (BepllIMH TpeyronhHMKa), 

0 1 1 1 

16S~k ·= 
1 0 z;k l~. 

(12.2.2) 7-J 
i J 1 l~i 0 l~j 

1 lJi lJk 0 

2. Atta.rrorMqHhIM o6pa30M qepe3 onpe,n;eJ111Te.nh K3n11-Menrepa Ha qe
Tb1pex TO'iKax ttaxo,ri:11Tca KBa,n;paT 3-Mepttoro o&beMa 

0 1 1 1 1 
1 o z:k z~. l~ 

~ iJ in 

288\ti~jn = 1 l~i 0 l~j l~n (12.2.3) 

1 l~i l~k 0 lJn 
1 lni lnk l~j 0 

0~1eBH,z:r,tto, ~1To 06pa:r.n;ett11e B HYJih onpe)J,eJlMTeJI51 (12.2.3) 03Haqaer, qTO 

'CfeTblpe paccMaT pMBaeMbie TO'i.Kl'I .ne)f(a:r B 0,D;HOli nnocKOCTl'I. 

3. Bhm11cannb1e ¢opMyJihI ,n;JISI nJiom.a,LJ;eii 11 3-MepHhIX o6'heMOB MO)f(HO 

o6o6n\HTh Ha o6-beMbr 6onbUJeu p83MepttocT11 B MHOroMeptthlX eBKJill,ll;OBhIX 

1 
I 
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npocTpattcrrBax. B 'iaCTHOCTH, B 3-MepnoM eBK.nHAOBOM upOC'I'pattcrBe onpe-

.n,eJrnTenh K3.n11-Mettrepa )J,JIB KBa.rrpaTOB paccTOHHl1M Me)K,Ll,Y 5 npo113BOJ1b-

HhiMR TQ't.JKaMn: i, k, rn, n, p, TO)f()J,eCTBeHHO o6paw.aeTCH B ttyJib: 

0 1 1 1 1 1 
1 0 l;k zrm lrn z;p 
1 l~i 0 l2 l~n l~p km = 0, (12.2.4) 
1 l?'n.i l?n_k 0 l';nn l?'n,p 
1 l~i l~k l~m 0 l~p 
1 lin l;k l~m l2 

pn 0 

qTo retta":laer paBeHCTBo HYJIIO 4 - Mepnoro o6'beMa cnMnJieKca, o6pa30BaH

ttoro 3THMH TQ't.JKaMM. 

4. l.Jepe3 pacCT051Hl151 Me)K)l,y TO'-IKaMl1 MO)f(HO Bblpa3l1Tb llpl1BbJqHbie 

npocmpaHCmeett'H:ble 'K:oopi1uttam'bt reoMeTpM"IecKMX TO'ieK. ,lJ,Jrn 3Toro c1-ia

qaJia HY)KHO onpe)J,eJrnTh Tp11 3maAO'liH'bte mo'lt'K:U a, b H c, 3a,LJ,aro~11e 

HCnO.nh3yeMylO CMCTeMy KOOp,rv ·rna:T. IloJTO)f(lfM, '4TO TO'-IKa a Jie)KHT B Ha'-la.Jie 

KOOP,n;MHaT, IlOJJO)KeHJ1e OCH x 1 onpe,u,eJIHM B)J,OJib BeKTOpa ab, a OCh x
2 

3a,LI,a

,ll,HM TaK, qT06bI TO":lKa c JieJKC:Uia B n.JIOCKOCTM (x1x 2). Tor,n;a 3a,LJ.a":la HaXO)K

,n;eHnH npocTpaHCTB€HHbIX KOOp)J,HHaT npOH3BOJibHOH TO"IKH i' B 3-MepHOM 

npocrrpaHCTBe no ee paccTO.HHl151M )J.O 3TaJIOHHbIX TO":leK He npe,u,CT8.BJ1HeT 

Tpy)J,a ,ll,JI.H IllKOJlbHl1KOB CTaplllHX KJiaCCOB. 

qTOObI 3an11caTh OTBCT B Han6onee KOMilaKTHOM Bl1)J.e, BBe.n.eM 0606-
'U-'J€'H,'H,'btU onpeae.11,'umeA'b K3A'u-Mettiepa,. K0Toph1ii 3an11ch1BaeTCH ,ll,JI51 )J.Byx 

flO,!l.MHO)KecTB 3J1eMeHTOB i, k, rn, . . . 11 a, b, c, . .. ' co,n.epJKallJ,11.X O)J.HHa

KOBbie KOJIH":lecTBa 3JieMeHTOB, KOTOpbie MOl'YT COBUalJ,aTh, KaK npn 3anncn 

OOhflIHoro onpe,n;eJil1TeJI.H K3n11-l\iettrepa, a Mory·1· H pa3Jil1'iaTbCH. B caMOM 

o6~eM cJty"lae TaKne onpe)J,eJll1'1'eJIB 11.MelOT BM)J. 

0 1 1 1 

1 aia aib aic 

Dikm··· ·abc··· = 1 aka akb akc (12.2.5) 
' 

1 ama llmb a.,nc 

OnycKa5I Bee upoMe)KyTo't.1Hbie BhIKJia)J,KH, Bb1n11UJeM KOOp)J,HHaThI TO"IKl1 

i' ":lepe3 o6o6~eHHbie oupe,LJ,eJI HTe.JIH K3Jin-- Menrepa: 

I Dai' ·ab ' . 2 D abi' ·abc 
X· =- ' . 

i J - 2DabDabc' 
x~ = Dabci';abcd , (12.2.6) 

. .J-2DabcDalx.d 

r,n:e B nepBoii <PopMy.ne HCilOJib30BaHo o6ootta":lettne onpe)J.eJI11TeJI5l 

0 1 
1 0 

= -1 

,II,mI npH)J,aHH.H CHMMeTpMH aceii COBOKynHOCTH cPoPMYJI. 
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5. JlerKO y6e,n;HTbCH, l'.fTO COOTHOWeHHe (12.2.4) TO)K,n;ecTBeHHO BblilOJl

HSleTCSI, ecJUI napHbIC OTHOIJTeHHe l'fk (paccTOHHH5I) Bhlp83HTb q epe3 H aH,n.ett

Hhie onHcaHHbIM o6p83oM )J.eKaPTQBhI KOOPJI.MHaTbI 

l2 ( 1 1 ) 2 ( 2 2 ) 2 ( 3 3 )2 ik = xi - xk + xi - xk + xi - xk · (12.2.7) 

9TO 3 HaKOMoe Bbipa)KeHHe KBa)JJ)aTa ,D;Jll1Hbl qepe3 KBalij)aThl pa'3HOCTett 

KOOp,Ll.1'1HaT. 

0TMeTHM, qTo COOTHOllle H11e (12.2.4) 6y,D,eT Bblll0.JIH51ThCH TalQKe B n ceB

)1.GeBKJTl-1)1.0BOR reoMCTp1111 c Me'l'pl'.IKoii 8H,ZJ;a: 

(12.2.8) 

6. Ilp11Be)1.e M ew.c <l:>oPMYJIY )J.JTII KBa,LlJ)aTa 3-MepHOI'O o&beMa (12.2.3) 
qepe3 ~eKapTOBbl KOOp)J.HHaTbl 4 TO'l.Je K: 

0 1 ] 1 1 2 

1 0 z;k 
(?- . lrn 

1 1 1 1 
t.J x~ xl x~ xl 

Dikjn = 288Vi%jn = 1 l~ 0 l~j z2 i k 
x~ 

n 
kn x~ 2 x2 

1 l~ . l}k 0 lJn 
'L xk 

x~ 
n 

x~ 3 3 Ji xk Xn 
1 l~i l~k 0 i J l~j 

(12.2.9) 
r.ue Xi 1 xk, xj, x~ - KOOp)J.HHaTbJ qeTbipex BbI6paHHhlX TOqeK (s = 1, 2, 3). 

7. Llepe3 o6o6w.cHHbie onpe,n;eJ111TeJ1H K3JI11-Mettrepa 3aru1chIBaeTCH 

pH)J. ,npyr11x reoMeTp11qecKHX Bb1pa)Kettllli, HanpHMep, yrJihI Me)K,lly )J.ByMH 

.rryqaMH, HCXO)J.H~HMH H3 0)1.IIOI% TOqKH , 3HaqeHH.H )1.ByrpaHHhIX H TeJiecHbIX 

ynros 11 T. ,n:. TaK11M o6p83oM, BCIO eBKJin,rr,ouy ( H nceB,n;oeBKJIH,LI.OBY) reoMeT

puro MO.>KHO nepe1u1caTh qepe3 paccro£HHSI. 

8. M3MeHIDI Ha6op ::rra.rroHHbIX ToqeK a, b, c B 3-MepHOM npocTpaHcrne, 

110JIY'll'1M HOBbie 3 HaqeHHSI ,n,eKapTOBhIX KOOPJI.HHaT T0"1KH i, a T8..K)Ke 3 Haqe

HHSI K00p)J.HH8:1' ,LIJ>yro.M rrpOH3JJOJlbHOH TOqKH k. IlpH 3TOM, O~HaKO, KBa,Lij)aT 

paccTOHHHSI qk = aik He 113MeHl1TCH. Bee B03MO){(Hh1e 113MCHeHHH 3T8JIOHHbIX 

3JleMe HTOB B paMKax Bbl)I,eJieHHOro npoc·1·panCTBeHHOro ceqeff11SI reHCpH

pylO'r rpyrrrry KOOp)J.HHaTHbIX npco6p830BaH:ifi:i: B 3-MepHOM npocrpaHCTBe, 

OCTa.BJIHIOIIzylO HHBap11aHTHOH KBa,n,paTH'tfHYIO cpopMy z;k = Const. 

12.3. TeopmI npocTpancTBeHHo-BpeMeHHhIX 
oTHomemm 

l. B cne1..Q18JlbHOH H o6w.e.M TOOpH51X OTHOCHTeJlbHOCTH B KaqecTJJe OTHO

II.IeHJ.dt BMeCTO p aCCTO.HHMH BbICTynalOT HHTepBaJibl Sik Me)K,llj' rrapaMH co~ 

6h1T11i1 i H k . K aK 113BeCTHO, KBa,n,paT HHTe pBaJ1a, SIBJIHSICh xapaKTepHCTHKott 

e)1.MHOi1 KaTerOpHH rrpOCTpaHCTBeHHO-speMeHHbIX OTHOllieHH.ii) onpe)J.eJlSieTC£ 

p 83HOCTblO KBa,n,paTOB rrpoMe)l(yTKOB BpeMeHH H paccTOSIHI1ii Me)K)zy rrapa:rvm 
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co6hlnm. Or,1.1,e.r1btto 110HS1T1u1 pacCTo.HHH.H H BpeMeH11 HMeJOT ycJIOBtth1it 

xapaKTep, llbl,Ll.CJUleMbIH H3 nepBH"IHOrO nOH.HTH.H HHTepBaJia. c 1-1.PYffiii 
C'I'OpGHhl, 8 rum.R,mUU Uttmepea.aa .Me:>teay co6umu.R..MU tte.R6tt0 noapaay.Me

eaemCR mmeZO'pUR "WCrnu~, c wmopu.Mu npouaow.ttu pacCMampueae.1vt/bte 
cofYbtmUR. Bes .Mamepua.tl/b'H'btX o6Be'Kmoe {tttacmu~) cma'H.Of1.Rmc.R, 6ecc.M'blc

.1te'H:J-£'bl.M/U nott.RmUR unmepea.1we u eoo6~e npocmpancmeett'H,0-Bpe.Menn'ble 
om'HowenU.R. 

2. B pe.rrsnJ,HOHHOM nO.LJ,XO,LJ.e BMeCTo anpHOpHo 3CVJ,attttoro npocTpattcrBa-

speMeHH TJ)HaJIHCTWiecKOH HJlH TeOpeTHKO-IlOJieBOH rrapa,n;MrM BhICTynaeT 

CC>BOKYilHOCTb OTHomett11i1 Me.>K,Uy napaMH co6bITHH KOTopyJO MO.>KHO npe)J.-

CTaBHTb B su,n;e n1raHTCKOH MHpoBoif MaTpHQhl 

a b c i J k l m 
a aaa aab aac aai aaj aak aai aam 
b aba abb abc abi llbj abk abl a1mi 
c aca acb ace aci acj ack acl acm 

Mworld = 
i aia aib a· Gii aij aik ail aim ic 

J aja ajb ajc aji a·· ajk ajl ajm JJ 
k aka~ akb akc aki akj akk akl akm 
l ala alb azc ali alj atk au alm 

m llma llmb llmc ami amj llmk amt llmm 
. .. 

(12.3.1) 

B ttci1 no ropH30HTaJIM 11 uepTHKaJIH o6o3tta'!eHhI co6h1Tl1.H, a 3J1eMCHTaMu 

MaTpHI.µ>1 .HBJI.HIOTC.H KBa)JJ>aTbI HHTepBaJJOB. Pa6araTh c Ta.KO-ti MaTpHI.J,e:H 

~1pe3Bb1~aittto TPY)l.Ho. 

3. C<i.acTJil1BhIM o6cTOS1TCJihCTBOM MMpoBoro ycTpottcrBa }]BHJIOCh TO, 

tfI'() .LJ,JI.H 3JieMeHTOB MHpa - co6bITHH - HMelOT MecTO CHMMeTpHM, Il03BOJUl

lOIIJ,He HMeTb ,ll.CJ10 He co BCe.H rJiraHTCKOM MaTpi-rn;eit, a co CBOHCTDaMl1 OTHO

llieH«H Me.>K,Uy HeKHM KOHe"IBbIM 'iHCJIOM 3JieMeHTOU (co6hITHi1), npJPieM 3TH 

CBOfiCTBa OK83bIBaJOTCSI cnpaBe.LJ,JIHBbIMH J.1 )J,JI.H Bcex ,zq>yrHX attaJIOT'J1'-JHhIX 

Ha6opoB 3JI€MeUTOB. 

Kmo'ieBoe cao:HcrBo oTHorueHHli Me)f(,.ITJ' co6hITH.HMH Herpy,IJ)io p83rJIS1-

/..l.€Tb B y)f{e l13JIO)f{eHHOH Bblllle pe.71.S1IJ,HOHHOH CpopMyJIHpOBKe eBKJ1H,Z1;QBOH 

I'eOMeI'pHH. 3,n,cch HMeeTC}] B BH,lzy cuotiCTBO tta6opa paccTOS1Hl1H Me.>K,Uy 

5 TO"!KaMH (12.2.4), 03Ha'-rarou~ee npHHa,D,Jie.>KHOCTb HX 3-MepHOMY (nJIOC

KOMy) npocrpaHCTBy. ,lJ,JJSI 4-MepttbIX npocTpaHCTBeHHO- speMeHHblX OTHO

meHH.H COOTHOllleHHe (12.2.4) o6o6UJ,aeTC.H Ha CJI}"lfafi y>Ke 6 TO"ieK-COObITHH. 

Bhl6epeM npoM3BOJibHhie roqKH-co6hlT11.H i, k, a, b, c, d, TOr ,n.a KB~aThI HH-
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TepBaJIOB Me*A}' HHMl1 y.n.oBJieTBOpH10T ycJioB1uo 

0 1 1 1 1 1 1 

1 0 2 s? 2 2 2 
sik w Sib ,c;ic Sid 

1 2 
8 ki 0 2 

ska 
2 

skb 
2 8 kc 

2 
skd 

cl>(6) - Dikabcd = 1 2 2 0 2 2 s2 (12.3.2) 8 ai Sak sab Sac -o ad - , 

1 2 2 s2 0 2 s2 8 bi 8 bk l?ci sbc bd 

1 2 2 s2 s2 0 2 
sci 8 ck ca cb scd 

1 2 s2 2 2 2 0 8 di dk sda. sdb 8 dc 

03Haqaio~eMy, '-ITO 5-MepHhIR o6'heM o6pa3oBaHHoro HMM cHMrrJieKca paseH 

HYJIIO. 

Ha3oBeM 3TO COOTH0111ett11e 3aKOHOM KJiaccuqecKHX npocTpau

CTBeHHO-BpeMeHHhIX OTHOIIIeHHii H 6y,rr.eM ero paccMaTpHBaTb B Ka
qecTBe nepBoro KJ110l.JeBoro nocTyJiaTa, xapaKTep113y10~ero pensu._\HOUHhlii 

rro.n.xo~ K <}:>tt3HKe. Ott onpe.n.enHeT cBolicTsa KaTerop1111 rrpocTpaHCTBeHHO

BpeMeHHbIX OTHOUieH11:H, o6o3Ha'IeHHOli Ha p11c. IV .1 B BR,ll.e neBoi% 3anrrpH-

xoBaHHOii rpa1rn Ky6a. . 

4. Ha OCHOBe 3aKoHa (12.3.2) , T. c. II3 3JieMeHTOB 11 MHHOpoB onpe,n:em1-

TeJIH K3JIH- MeHrepa cTpoHTCB BC.H Teop11H rrpocrpattCTBeHHO- BpeMeHHhIX 

OTHOWe HHH. H83oBeM KJlJOqeBbie IIOHHTH.H. 

PaHroM 3aK0Ha (12.3.2) Ha30BeM qnc.no ToqeK-COOhITHii r = 6, .JJ.JISI 

KOTOpblX OH 3an11caH. QqeBH)J,HO, '-ITO paHr CBH3aH c o6:rn;eup1urnThlM reo

Me'I'pHqeCKHM IlOH.HTl1eM pa3MepHOCTH n COOTIIOllieHHeM 

n = T - 2 -+ 4 = 6 - 2. (12.3.3) 

Cl>yH,D;aMeHTaJlhHOH CHMMeTpueii npocTpaHCTBeHHO- BpeMeHHhlX OT

HOl11€H.MH Ha30BeM CBORCTBO Jtio6hlX 6 TOqeK-COOhlT.MH y,u,oBJieTBOpHTh 38.

KOHY (12.3.2). B peJIHIJ,HOHHOM 110)1,Xo,rr.e <}:>ytt)l,aMeHTaJTbHa.sr cHMMerpHH 3a

MeH.HeT o6:rn;enpHH.HThie CHMMeTplUl npoCI'paHCTBa-BpeMeHl1 MHHKOBCKOI'O, 

onHchmaeMbie 10-napaMeTpl:NeCKOH rpynuo.B I1yattKape. 

Ba3uc npocTpaHCTBeHHO-BpeMeHHblX OTHou1eH11ii 3a,.a;aeTc5I 4 3Ta

JlOHHhlMH TOqKa:MH-C06hITHHMH, OTHOCHTeJlbHO KOTOpbIX MO:>KHO onpe,u,eJIHTb 

KOOp)J,.MHaTbl Bcex ToqeK-COObITHH, BXO,.!J;51Il1,l1X B Ml1POBYIO MaTpHizy (12.3.1). 
,[LJIH H36paHHOrO 6a3HCa 113 qcrb1pex MeMeHTOB napHble OTHOIIJeH11SI nonara

IOTCH pa.3 HaBcer.n.a 3a,D;aHHhlMH. Ba3HC CHCTeMhI OTHOllleHHii COOTBeTCTByer 

IlOH.HTHJO TeJia OTC<-ieTa B TeopHH OTHOCl1TeJibHOCTH. 

qeTB€pKy KOOp,ZJ;HHaT TO'-leK-COOhlTHM MO>KHO IlOHHMaTb KaK <}:>yHK

IJ,HIO napHbIX OTHOUieHHM 3TOro COOhITHSI OTHOCl1T€JlhHO 4 ToqeK-COOhITHit 

6a3Hca. B 3'TOM 11erKo y6e,rr.wI'hCH, paccMaTp.MBaSI 3aKoH (12.3.2) KaK ypas

HeH11e ,1J,Jll1 napttoro OTH0111eHIIH s;k, nonaraSI OCT'd.llhHbie 4 3JieMeHTa a, b, 
c , d 3TaJIOHHhIMH. Tor)l.a Bh1.n.eneHHoe napttoe CYI'HOilleH11e 6y.n.e-r H.Blli1ThC.5I 
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tPYHKLV1ei\ 4 napHbIX OTHOIJ.Ie111nt 3JICMeHTa i OTHOCHTeJlhHO 4 6a".Jl1CHblX 

9neMeHTOli, 4 napHbIX o:rnollieHHH 3.,11eMeHTa k OTHOCHTenhHO 683HCa H pa3 

HaBcer).J.a 3a,rr.aHHbIX napHbIX OTHOIJ.ICH11:t\: MC)K).l,y 68311CHbJMl1 3.JleMeH'TaMH. 

TaK11M o6pa30M, noH.HTHSI Koop,m1HaT He BBOMTC.H, a onpeJI.eJHlf<YI'C51 JA3 3a

KOHa CHCTeMbI orttomcH11l1. KaK 11 s cny't1ae 3-MepHoro eBKn11µoaa npocTpatt

CTBa, nx MO)f(HO Bb1pa3l1Th "!epe3 Ml1HOpb1 o npe,JJ,e.TIHTeJIB K3n11- Mettrepa 

B 3aKOHe (12.3.2). 

5 .. HerKO y6e,n,11TbCst, '-:!TO napHbJe OTHOllleHHSI B 3aKOHC (12.3.2) MO)f(HO 

npe,D.CTaBHTh 'tJepe3 fl apaM.eTphl (µ,eKap·rOBbT KOOp)J.HHa'l'bl) T0'1eK-C06bITHH 

CJIC)J.ylOIJVJM o6pa30M 

3 
2 ( o 0)2 ~( l l )2 _ 2 z2 

sik = xi - x k - ~ xi - xk = Tik - ik· (12.3.4) 

l= l 

0"leB1'I,IJ,HO, 3aKOH (12.3.2) BblflOflHSie'.I'CSI TO:>t<,n.ecTBBHHO npH IlO)J.CTaHOBKe 

s ttero (12.3.4). 

0TMe'l'HM, 'iTO 3aKOH (12.3.2) He ll03BOJI.Her O)J.HU3Ha'iHO cPH1<C11pOBaTh 

CHriiaTypy 4-Mepttoro MHOroo6pa3JA.H. ,Uo11yCKa.10TCSI CHrnaTypbI: ( + + + +), 
( +- - - ) ' ( + +-- ) l1 3KBHBaJieHTHbie Cl11 'Ha:rypb1 c 3aMeHo:A 3HaKOB IlfllOC Ha 

MHHYCht 11 Hao6opoT. CJ1c,n.oaaTenhHO, Heo6xo,1I.11MbI ,JJ,OilOJIIIHTeJihHbi e aKc11-

0MhI, BbI)J.enSIJOI.l.I,11€ CHrHaTypy ( + - - - ) . 9TH aKCHOMbl COOTBCTCTBYIOT y)f(e 

ynoMMHa BIIICMYCSI 6noKy aKCHOM 'tJacTM'iHOH ynop.HAO'iCHHOCTH, KOTOpbie 

l.facTO 3a)J,alOT paHbllIC Me'l'PJ1'tlecKl1X aKCMOM. Iloc.rre,rr.H11e cornaCOBbIBalOTC.H 

c y11op.SIAO'lfeHHOCTblO co6bITHii. BpeMeH11- no).l,OOHb1e co6bITHSI 11Me10T s 2 > 0, 
a 11pocTpattcTsetttto-no,n.o6Hb1e xapaKTepH3YlOTC51 s2 < 0. To'1K11-co6hITHH 

c paBIIhIM HYJIIO HHTepua.TioM npHHa,II.Jie)f(aT H3oTpoIIHOMY Kouycy ).\aHHOro 

6a311ca. 

6. C n0Mou~10 MHHopoB onpe,JJ.eJ1HTe.rr51 K3ntt-Mettrepa H3 (12.3.2) 

H pa3).J,eJleHH51 TO'l:feK-COOblT.11.i1. ua npocrpaHCTBeHHO- H BpeMeHH-IlO).l.OOHhie 

MO.>KHO BbT)J.e¥TJHTh 3-MepHble npOCTJ>aHCTBeHHO-IlO)J,OOHble ce~1euH.H 

H TeM CaMhlM onpc;~CJll1Th cucme.Mu omc'ltema na6.rrro,n.aTeJ1ctt TaK, Ha

np11Mep, ec.rrn c Ha6n10,L1.aTe.neM npu113omno co6h1THe a, To, l JT06b1 3a,Lr.aTh 

rrpocrpaHcTBeHttoe ce,1eHtte, co,n;ep)f(all..l;OO a, )J.OCTaTO'iHO Bh16paTh eu(e -rp11 

(9T'dJIOHHbie) npocTpa H CTBeHHO-IIO,UOOHbie K a TO'l:fKH-COOhITIDl: b, c , d, ,Lf,JISI 

KOTOpbIX Dabc.d. i= 0, a ~1erb1pe COObITHSI a, b, c, d MO:>KHO OO'h.HBHTh on;ttospe

MeHHbIMl1. 3a,rr.aBaeMOMY ce'tlBHIUO npMHa,rr.Jie.>KaT Bee npocTpaHCTDeHHO-no

~OOHbie K Bh1,n.eneHHhIM '-leTb1peM TO'IKH-co6h1TH.H p, ,n;rn KOTOphIX D abcdp = 0 
(CM. (12.2.4)). TaKHM o6p83oM sw,neJI51CTCst 3-MepHas:r. eBKJ111,uoaa reoMeI'

pIDI, peJrnIT,HOHHaSI cPoPMYJIHPOBKa KOTOpoti pacCMOTpena J3 npe).J.bl,llyTI~eM 

pa3).J.eJie. 

7. Ilepexo~bl Me)f(,ll;,Y CHCTeMaMH OTC'iCTa, Bbipa)f(aeMbie B CTaH)J.ap'I'HOH 

'l'€Opl111 OTHOCHTe.HbHOCTl1 npeo6pa30BaHIDIMl1 Jiope HI.J,a, n peJ151~110HHOM 

n o,n,xo,n,e cooTBCTCTBYIOT nepexoµ,aM OT oµ,uoro 6a3Hca K ,zq>yroMy, T. e. 

K HHoMy tta6opy 3TaJIOHHhIX 3neMeHTOB. 
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8. MO)f(HO 6brJio 6h1 n po,n.OJI)f(MTh 113JIO)J(eHH e Teop1111 npocrpaHcrnetttto

BpeMeHHhIX OTHOIII€HHH B cyry6o peJism;HOtIIIOM no,n,xo,L.J.e. 0,n.HaKo orpa

Ill1':1HMC51 BhIBO,LJ.OM, KOTOpl>tii HMeeT npHHIJ,HIIJrlaJlhHO Da)J{HOe 3H a':leHlle 

,nrui )J.aJihHeihuero 113 JIO.>KeH1u1: Bee 2e0Mernpu'llec?Cue nDHJtrnUR npocrnpa'H

cmBett7-W-6pe.Meu'Hux om'H,OULeHuii. Mo2ym 6um'b eupa:>tee'Hu 'tlepea MU'HOpbi 

U3 onpeae.11,ume.ll,Jf, K:J.11,u-Meu2epa B 3a?C()'H,e (12.3.2). H o6parn'Ho, ece 

MU'Hop'bt amwua Mo2ym 6'blm'b HaiJe.11,e'H'bl 'He?Comop'bt.M 2eo.Mernpu'lleC?CU.M 
CM'btC.11,0M. 

12.4. BpeMeHHb1e OTHomemu1 

1. P accMoTp HM BpeMeHHhie OTHOllie HH.H, T. e . 0Tttomett1rn Me*A}' co6b1T11-

SIM.1r1, npoHCXO,II,HllJ,11M11 ( c TO'-IKH 3peHl1SI ua6JIJOAaTeJISI) B O.DJiOM If TOM :>Ke Me

CTe. TaKonb1M11 HBJI51JOTCSI co6b1T115I H a O,JJ,HO.ii M11ponoi1 JIHHHH tta6.mo,n.aTeJrn. 

CoBOKynHOCTh TaK11x TO'feK-co6h1THii MO)KiiO onpe,ne.JlHTb, 11cnoJ1b3YH cOOT

BeTCTBy10rn.11e M11HOpbI 113 onpe,z:r.eJIHTe..llSI K3JIH- Mettrepa B (12.3.2). ,II:Jm 
3TOro, npe:>K,IJ,e BCero, ffY:>KHO 3a,n:.aTh )J,Be TO':lKJlf-COObITH.H a H b, 3aBe,n:OMO 

Jie :>Karn.11e tta M11pouoi1 JII1Hl1H tta6JI10,na:ren5L ,I(JIH HHX Sab > 0. Bee apeMett11-

rro,n.o6ttb1e K a 11 b TO'-IKH-C06bITH.H i, y,n.OBJle'rBOpsuo~e ycJIOBHIO panCHCTBa 

ttyn10 onpe)J,e..TII1Te.n.H K3J111- MCHrepa H a Tpex TOqKax 

0 1 1 1 
1 0 s? 2 

D iab = w. 8ib = 0, (12.4.1) 
1 2 0 s2 8ai ab 
1 2 82 0 8 bi ba 

npHHa)J,JTe>KaT MHpGBOH JIHHl111 Ha6n10,uaTeJISI. 3ro Ji erKO OCMbICJll1Tb, Oill1pa

.HCb Ha cPoPMYJIY r epoHa (12.2.2), COrJTacHO KOTOpoii IlJlOill,a)J.h Tpeyro.nhHm<a 

n a 3THX Tpex T0~1Kax paBHa tty.nro, T. e. OHH Jie>KaT Ha 0,LI.HOH IlpSIMO:A. 

2. lJcpermIIIeM Bbipa>KCHHe (12.4.]) ':lepe3 cPopMy.ny repotta (12.2.1) 
np11 paBttoti ttymo nJIOJJJ,a)J;H TpeyroJihHHKa. O're BM)J.HO, '-ITO paBCHCT'BO 

ttymo HMeeT Mecro rrpn o6pamett1111 B HYJih O)J.HOti 113 cKo6oK BH,n.a 

Sab + Sbi - sia = p - 2sia, r,n.e p - rrepHMerp TpeyroJibH11Ka. KroK,II..Yro 
113 TaKHX CKoOOK M0.)KH0 npe,ucTaBUTb B HHOM BH_.lJ,e. ,I(Jis:I e>Toro n cpeii

AeM OT CllfMMerpH'-IHhIX ,L.J.JHIH K HanpaB.nettHbIM arp e3KaM, np11H11Ma10I.Izy1M 

IlOJl())KHTCJlhHoe 3Ha'feHHe, e<'.JIH rropSI,ll.OK HH,n.eKCOB COOTilC'I'CTBYeT l1X tta 

npaBJl eHHOCTH, 11 11MCIOI.U,l1M OTpHll,aTCJibHble 3 Ha •1CHl1H, ec.n11 MH,n:eKCbl CT051'1' 

s o6paTHOM nopR,LJ,Ke. TaK, np11 uarrpaBne H11.11 OT a K i HMeeM Sai = T~i > 0. 
H anparu1ettHD1e HHTCpsa.rr1>1 BpcMeH11 o6.na,n:aJOT cBoticTBOM attTHCHMMeI'p1-111 

Tai = -Tia. (12.4.2) 

IlyCTh yc.noBHC ( 12.4.1) 03tta~iaer, .. ,To TPH TO'-IK11-co6hrr1151 a, b 11 i JI©KaT 

Ha o,n,Hoii npSJMOM, npH'-IeM B yKa3aHHOM rropx,1.1,Kc, TOr,n;a, 3aMeHfilI ,U.Jil1HbI 
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0Tpe3KOB Ha HanpaBJieHHbie HHTepBaJTbl BpeM€Hl1 Tai, COOTB€TCTBYJOIIzylO 

CKOOKY B cpopMyJie repoHa M02KHO 3anwcaTb B Bl1)1.e: 

p - 2Ta.i =Tab+ Tbi, +Tia= Q. (12.4.3) 

3aMeTl1M, "lfTO ~Be ,npyrwe CKOOKW (p - 2Tik) w (p - 2Ta.i) Mornu 6b1 cooT

BeTCTBOBaTh BhIIlOJIHeHmo yCJlOBJASJ (12.4.1) 11p11 )1.pyro:A ynop.H)l.OqeHHOCTli 

roqeK-COObITHii Ha MHpoaott Jllimnf Ha6n10,rr,aTeJIH. 

3. YCJioBHe {12.4.1) )1.JIH opueHTwposaHHOti np.HMott, T. e. )1.Jrn aHTHCHM

MeTpH"lfHWX napHblX OTHOllleJUiH Tai, M02K€T 6bITb nep€IlliCaHO B BU)].€ 

0 1 1 1 
-1 0 Tab Tai 

=(Tab+ Tbi + Tia)
2 

= 0. (12.4.4) 
- 1 'Tba 0 Tbi, 

-1 Tia Tib 0 

QqeBH,rr,Ho, 3TO y<'.JlOBHe cno2KeH1U1 npoMe::>KyTKOB apeMeHH Ha MHpooot\ 

JI11HMH Ha6nio,rr,a TeJI.H 

Tal:J + 7bi =Tai· {12.4.5) 

Bb1proK.eHue (12.4.4) MO)f(HO paccMaTpnsaTh KaK 3a?WH d.l/,.R, co6'btmuil Ha 

MUp060U ./1,U'ltUU na6.11,10da1ne.11,Jt. 
4. PaccMoTpHM CMhICn MHHopoa B ycJIOBMU (12.4.4). JlerKo y6e,n,HTbC5I, 

qTQ Bee MRHOpbl onpe,n,eJIHTeJl.H 143 (12.4.4) Ha €,LUIHJAI.zy M€Hhmero nop.H,IJ,1<8. 

o6paJ..l\alO'l'C.H B ffYJlh B C11JIY CBOtiCTBa aRTl1CHMMeTpirn uapHoro OTHOID€HJUI. 

ll3 MHHOpOB B'l'Oporo nop.H,D,Ka H €Tp11Bl18.7IbHbIM CMblCJIOM o6na)l.aIOT )1.Ba 

Ti-ma: 

- T2 - 82. - ab - ab> 
0 Tai 

'Tba Tbi 
(12.4.6) 

IlepBbI:A Jil3 HHX CB.H3hIBaeT CYIMM€TpHqHoe uapHoe OTHOIII€HH€ c aHTHCJifM

Me'l'pUl:.IHbIM, a BTOpoli JI€2KWT B OCHOB€ xpoaoreoMeTpHU. 

12.5. XpoaoreoMfil'pIDI 

,II:JUI pe.rrSI~liOHHOrO 110,n;xo,rr,a K npupo,ue npOCTpaHCTBa-BpeM€Hl1 xa

paKTepeH cneu.m:P111:.I€CKUi:i crroco6 3a,rr.aHR.H CHCTeM OTCl:.IeTa - nocpe,rr,CTBOM 

xpoH01'€0MeTpHw. OH octtOBaJi He H a 3a)l.a1nrn KOHTHHyyMa Ha6JI10)l;aTeJieti , 

3ailOJ1H51IOI.qHX BCe npoCTpaHCTBO, a Ha 0Hpe,[(€J1€HHH Tai< H83hIBaeMOro oau
'HO"i'H020 na6.11,10aameJ1,R,, xapaKTep113yeMoro co6hITIDIMH Ha o,nHo:A M.w.posoit 

.JIH.Hl111 (JitJI11 Ha ,n,Byx R 60J1ee 6JI.W.3KRX Jll1HlffiX ). qTOObl Ha6JI10n;a·reJib MOf' 

nonyqaTh uucpopMaI..l,HIO o co61>1T11IDc Btte ero MHpOBott JIMHHJif, ero tty::>KHO 

CHa6,nMTb COO'l'B€TCTBYIOI.I.1,€ti annapaTypott H M€TO.znn<ott aHaJIH3a. 
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B xpoHOI'€0M€'l'Plflf UCUOJib3yeTC5l MeTO,II,HKa, UOJJO)KeHHa5I B OCHOBy pa

,Ll;UOJIOKau,11u, T. e. crroco6 rroJJyqeHIDI 11HcpopMau,J.rn 06 0Kpy)Ka10uwtt o6c'l'a

HOBKe M€TO,IJ,OM IlOCbIJJKU 3JI€KTpoMaI'Hl1THblX curHaJlOB 11 n p11eMa OTpa):KeH

HhlX CJU'HaJlOB. B Ma'l'eMaTH'-leCKOM unatte 3Ta MeTO,LJ;UKa orr11paerc51 Ha cnr

HaTypy ( + - - -) rrpocTpaHCTBeHHO-BpeMeHHhIX OT HoIIIeHuti. Otta noos0Ju1er 

corrocTaBHTh co6b1T11e M BHe Muposoti J111tt1111 tta6n ro,LJ;aTeo11:.5I c napo:ii co6b1-

THH Ha Ml1poBOH Jll1Hl1l1 Ha6JIIO,LJ;aTeJJ.5I: c co6hITlif.eM ( MOMeHTOM) l13JIY''.1€HH.H 

CMrHaJia 11 C06hIT:H€M ( MOMeHTOM) ero rrpneMa. Il y CTb Co6bI'l':H€ a Ha MHpoBOM 

S T =XO 

Ta k k 

0 a l 

Puc. 12.1. 3a.n.attHe ,LJ,Byx Koop,n.i-rnaT co61>1THa A1 MeTO;J.OM xpoHoreoMerpHH 

JIHHHH Ha6.mo,n.aTeJI.5I 03Haqae'l' HaqaJlO OTCl'.Ie'l'a ero co6CTB€HHOro BpeMeH.M, 

co6bI'l'He i - COOTBeTCTByeT M3 JIYl'.1€HIDO CUI'HaJla, a co6hITlif.e k - rrp11eMy 

OTpa:>KeHHOrO ClirHaJia (cM. puc. 12.1), TOr,LJ;a BTOPOM H3 Ml1HOpOl~ B (12.4.6) 
( np11 3 aMeHaX b ~ i, i ~ k) rrpuo6peTaeT CMhICJI KB8.AJ)aTa 11HTepBa.rra 

M€)K,l..l,y TO'-IKO:f:i Hal'.IaJia OTcqeTa Bp€M€IIU a Ha6JllOJI.aTeJI.H u co6bITHeM .NJ, 
B KOTOpoM rrpol130llIJIO OTproK€Hlif.C curnaJia: 

2 2 12 
Tai lak = SaM = TaM - a M ' (12.5.l) 

r,LJ;e pa3nocm'b epe.1vte'l-l'H/btX -x;oopouuam ,Ll,Byx co6hITH:f:i a H M onpe,rr,enetta 

qepe3 nonyc yMMY aHTHCMMMeTplif.qHblX napHbIX O'l'H0lll€HUH Ha MUpoBOH 

JIHHHH tta6Jno,n.aTeJI.5I ( HIIT€pBa.llOB .BpeMeHH) 

1 
TaM - - (Tai+ Tak), 

2 
(12.5.2) 
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a paccmo.Rttue ( npocTpaHCTBeHHhr:tt HHTeps8Jl) laM Me)K)l..y 3THMR co6h1T11-

RMM - qepe3 IIOJiyp83HOCTb TeX )K€ OTHOUJemdi: 

1 
laM = - (Tak - Tai)· 

2 
(12.5.3) 

,z::i:aHHbie paccy:>K,LI,eHJUJ cnpaBe,Il,JUiBhI 11 B TOM CJiyqae, KOr,n:a O,n:HO 11JI11 

o6a co6bITl1.SI i u k npe,u,mecTBYIOT co6b1Tli110 a. B cny'"lae, HarrpHMep, Kor,n:a 

COObITHe i rrpe,n;wecTBYeT COOhITIDO a, q11cJ10 Tai cTaHOBHTC51 oTpm~aTCJih
HhIM, H, corJiactto onpe,n.e.neHIDO (12.4.2), co6bITH51 a H M CTaHOBwrc.a 

rrpocTpan CTB€HHO-rro,n:o6HbIMU ( s~M < 0). 
l13.J10)K€HHa51 rrpHHI~MflliaJlbHa.H cxeMa BB€,ll,€Hli.H ,n.syx KOOp,n.IUiaT co-

6hITl'lil BHe MlilpoBOA JIWHWH Ha6n10,n:aTeJrn (MaKporrp116opa) MHOroKpaTHO 

o6cy)K,ll,8Jlach B pa6oTax cpH3HKOB [7), reoMeTPOB 11 ,n:a)Ke B Tpy,n.ax no 

cPWJJococpH11 ecTeCTB03HaHH..H. B qacTHOCTH, 3Ta cxeMa rroJIO)KeHa B OCHosy 

crreI.J,Ha.JlhHOH cpopMynwpoBKH o6m;ett TeopHH OTHOCl1T€.J1hHOCTl1 KaK xpo
H02CO.Mempuu (2, 151], KOr,n,a H3M€p€HH€ KOOp,lI,HHaT u ,npyr11x IlOHSITMii 

Teoplflt OTHOCUT€JlhHOCTH ocym;ecTBJI51eTCs:I JIHlllb c IIOMOm;hlO IlOK83aHHM 

qacos Ha6Jno,n.aTCJIB ( HJlll pH,n.a tta6n10,n.aTeJJe.H) . TaK, 113secTHhii1: cpH311K

rpaswra1-V10H11CT ,z::i:)K. Cuttr n11can: «.z::i:JIH Hae e,n:HHCTB€HHOH ocHoe'HOii. Me
pou RG.fl.Rernc.n epe.M.R. ,z::i:n11Ha ( 11Jlli pacCT05IHHe)' IlOCKOJibKY B03HHKaeT 

tteo6XO,IJ.HMOCTh HJIH )K€JiaTeJlhHOCTh 11X BBe,n.eHH51, 6y,n,eT paccMa:.rp11BaTbC..H 

KaK CTporo rrp0H3BO,n:Hoe nOH5ITH'e. ( ... ) <DaKTffq€CKH Mhl HM€€M ,lI.eJIO 

c p11MaHosofi xpoHoreoMeTp11.et%, a He 2c0Mempueu, cnooo zeoMem'fYU.R,, Btty

marom;ee orracettue, qTo HaM, qero ,n,o6poro, rrp11,JJ,e'l'C}I B03HThC..H c 113Me

peH11eM ,l.J,JlUH c llOMOll\blO MC1npoeou JtU1 GCU?CU, MO)KHO 6bIJIO 6bI B 3TOlf 

CBSI3H IlOJlHOCTblO MCKJJIO't.rWTh H3 ynOTpe6JI€H1151, eCJIH 6bI rpy6oe 6yKBaJlh

HO€ 3 H aqeHlfe IlOHSITU51 reoMeTpHH He npwo6peno r.ny6oKOH CBSJ3W c a6-
crpaKTHhIMlf MaTeMaTH~IeCKHMH orrpe,ll,€J1€Hltl!MW «npocTpaHCTBa», «MeT

PHK» HT. ,n:.» (151 , c. lOlj. 
Ilp:u H3JIO>K€HJ.IJI TeoPIIll 1-M€pHOI'O npocTpaHCTBa-Bp€M€Hli Ha OCHOBe 

MO,l.J,eJIM xpoHoreoMeTpHH npuxo.n;ttTC.H BBO,ll,HTh ,LI,OilOJIHHT€JlhHble lIOH.HTl151 

wm ycJIO)KH.HTh onucaHHYlO M€TO,D,H.Ky1). 

l) O,lI,IDi ro c u oco6oa npeo,u.onenirn M'Oii TPY)l,HOCTH COCTO»T a » Cn oJih30BaHJfJ.1 ttecKOJlb

Kmc tta6mo,u.aTeJie:n:. 0Ka3hrnae-rcs., yrnoah1e KOOP.D,HttaTbI co6b1·1·11S1 M MO:>KHO o npe,ae.nliTh, 

eCJU1 ero H3MepSITb KaK MJ1HH MYM TpCMH ua6JIIO.llaTeJISIMH. Tip11 M'OM, KORC"'IHO, nona

rae'l'CSI, qTo Ha6JIIO.llaTeJUl 00MCHJ.1Bal0'1'CSI Me.>K,izy co6o:A ClU'HaJiaMH, orrpe,n,eJUiSl 'I'aKHM 

o6pa30M B3a11MHbIC paccro.mu1si. TaKo.H cnoco6 Ht1TepeceR TeM, "ITO He on11paercsi Ha 

KaqecTae1rno 'HHble Me'l'O)l.bl nony'leHJtSI JfH<PopM81.\HH 11 np11Po,u.eH He TOJJbKO B TIJIOCKOM, 

HO H B H CKPHBJieHHOM npOCTpaHCTBe-apeMeliH o6rn;en Te0p11H OTHOCHTeJ"lbHOCTH. 
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12.6. Teopm1 ynapBLIX <l>B31PiecK11X CTPYKTYP 
B paMKax HHhlX w,ueonoru't.1ecKmc npe,n;nochIJIOK IO. 11. KynaKOBhIM [90, 

92), r. r. Mwxa ttJIHqeHKO (cM. [90]) H B. x. J1bBOM (96) pa3pa6a.ThIBa.Jiach 

HCCJI€)1.0B8JIUCb B03M0)1(Hbl€ BH):U>I 38.KOHOB ,ll,JlSI napHblX OTHOW€HUH Me)f(AY r 
3J1€M€HT3.MJ1 llpGli3BOJ1bHOE npHpo,lI.hI, .HCXOM H3 CBOHCTB cpyH,11.aMeHTaJTbHOA 

CHMM€TpI-rH M€>K,JJ,y 3 J1€M€HT3.MVI. 

3a,rr.a't.Ia C'l'aBHJl aCb CJI€A}'IO~liM o6pa30M. IloC'l)'JIBJX>BalIOCb cy~eCTBO
BaHH€ H€KHX 3aKOHOB B BH)J.€ paBeHCTBa ttyJTlO H €KOTOpow a.rrre6pa11qecKoii 

cpyHKlJ,HH <I>(r ) OT r(r - 1)/ 2 B€~€CTB€HHbIX napHbIX OTHOllleHHM THila aik: 

(12.6.1) 

YCJ10BRe p aaHorrpaBHOCTH ( cpyH,l.I.aMeHTaJibHO:li CHMMerpHH) scex 3JleMeHTOB, 

a TaJOKe n pe,n.nOJI0)1(€HHe 0 HeupepbIBHOCTH MHO:>KeCTBa 3J1€M€HTO:B Il03BO

J1HJIH 33Jll1CaTb CHCTeM}' cpy~OHaJTbHO-,.ll,11cpcpepeH~W8JlhHhIX ypaBHemm, 

113 peweHutt KOTO:pbIX HaXO,lI.11JIH Cb B03M0.)f(Hbl€ BH.,D.bl 3aKOHOB <I>(r) = 0 
u Bb1pa)Ke H1u1 ,LJ.JI.H napttblX OTHOilleHHli aik- Oco6oe BHHMam,1.e y,D.eJumocb 

BblHBJleHIUO Bcex B03MO)KHbIX p e1µeHJrli H ,ll.OKa3a:reJibCTBy OTCyTCTBH.H Ka

KHX-JIH6o HHhIX HX BH,D.OB. IloJ1yqeHHa5I TaKHM o6pa30M COBOK}'OHOCTb 

pe:3y.TlhTaTOB COCTaBHJia M 8.'1'€MaTH't.I€CKY10 qacTh TaK Ha3bIBa€MOM TOOPHH 

(yttaptthIX) cpu3H't.IecKHX CTPYKTYP (Ha o,n;ttoM M HO)KeCTBe 3JI€M€HTOB) . 

Teop1110 cpU3w-1ecKmc cTpyKTYP (cucTeM OTHOille ttH1%) Ha O,lI.HOM MHO

)f(€CTB€ 3JI€MeHTOB M O.)KHO npOH.JJJIIOCTpHpOBaT h c llOMO~lO pHC. 12.2, r,n.e 

B MHO.)K€CTBe M paBttonpaBHbIX 3J1€M€HTOB BhI,lI.eJieHo r 3J1€M€HTOB, o6se

,n,eHHhIX p aMKOtf' ,ll,JlH KOTOpbIX HH~eTC.H 3aKOH. 9TOT tta6op MO)KeT 6b1Tb 

3 aM€H€H Ha JlI06oi1 ,n,pymJi Ha6op H3 r 3JleM€HTOB. 

r 3JieMeHTOB 
1----------- - -
I k 
I 
I 

: aik 

M 

- ----..J 

PHc. 12.2. YttapttM reopu.s1 OTHomeHJffi: (TeopuH CTPYKTYP Ha o,z.I,HOM rvmO)J(ecTBe 

3JieMeHTOB) 



12.6. TeopHH .fHapHbIX cj)H3HTSecKHX CTIJYKTYP 367 

B pa6oTa.X f'. r. MwcaHJIH'CieHK01) " B. x. flhBa 6bmH Hali,.zJ.eHbl see B03-

MO)KHhie 3aKOHhI ( npH sern.ecTBeHHbIX napHbIX 0THOI1I€HIDIX) ,II.JUI CHCTeM 

OTHOIUett11n: (cpll3HT.1ecKMX cTpyKTYP Ha o,n.HOM MHO:>KeCTBe sJieMeHTos) paH

ros r = 3, 4, 5. C yaeJiuqeHueM paHra cyw:ecTBeHHO soopacTaeT TPYAHOCTh 

HaXO)K,JJ,€HIUI 3aKOHOB. ,II.nsr Ka)t(,ll;oro paHra r MMeeTC.H HeCKOJibKO pellleHl'ill, 

KOTOphre, Ka.K OKa3aJ10cb, COOTBeTCTBYIOT J.-13BecTHbIM reoMeTpIDIM: EBKJIR,ll.a, 

.Tio6aT.I€BCKoro, PRMaHa ( npocTpaHCTB nocTOHHHO:ti nOJIO>KMTeJibHOt:\' Kp11-

Bl13HbI) Jil H€KOTOpbIM )JJ)yruM. 

,II.JIB yHapHbIX l:MCTeM OTHOllleHU:ti ( reoMeTpJ.1ii B peJI.HIJ;HOHHOH cpopMe) 

no-npe)KH€MY BbIIlOJIH.HeTC.H COOTHOill€HMe n = r - 2, r,LJ,e r - paHr 3aKOHa, 

an - pa3MepHOCTb reoMeTpuH. B cune ocTaeTCSJ u ccpopMynuposaHHOe Bhllll.e 

CTOHSJTJfe 3JICM€HTapHoro 683HCa (Ha6opa 3T8JIOHHbIX 3JieMeHTOB), a Ta10Ke 

CBOiiCTBO BblproKaeMOCTII KOOp,rornaT ( napaMeTpoB) 3J1€MeHTOB T.-J€pe3 HX 

OTHOIII€HIDI K 083MCHhIM 3JI€M€HTaM. 

B p 83susaeMo:tt 3!J,€Cb pensui.uottHO:ti KOHu;enl~HH reoMerpuw H cpH3 MKH 

Y'-ITeHhI p C3yJihTaThI H83BaHHhlX uccne,n.osaHu:f.i:. Ho, Kor,n.a pemeHHR cpyHK

u;uottaJihHo-~cpcpepeH~HaTlhHhIX ypaBH€H:a.li IlOJJY'-JeHbI, MO)KHO oT6poCHTb 

ycnoBH51 ttenpepbIBHOCTH H 11.cnOJib3 0BaTb HaH,IJ.etrnb1e 3aKOHbI ).I.JUI 6oJiee 

o6~HX MHO>KeCTB 3JI€M€HTOB, B TOM T.JHCJie u ,ll;JU'f HX ,ll.UCKpeTHbIX Ha6o

poB. B npe,l(bJ.AYl~Hx pa.3,D,eJiax 3TOH r.rraBbI sanuchlsa.rrucb 3aKOHhI B su,n,e 

paBeHCTBa ttyJIIO onpe,n,eJI.11.TeJ1ee KsJI11- MeHrepa Ha 6, 5 w 3 ro·cJKax ( ::>Jie

MeHTax ) , COOTBeTCTBYIOU~ue O.llHOMy H3 BH,LI,OB 3aKOHOB, Hat:\',D,eHHbIX H3 pe1ue

rudi cPYHK~OH8JlbHO-,ll,HcpcpepeHu;H8JlbHbIX ypaBHeHHli B TeOpMli (yHapHblX) 

cPH.3lf'r.-l€CKHX CTPYKTyp. 

He OCTaHaBnHBa51Ch Ha ,n,oBOJibHO rpoM03,U.KO:H MeTo,n.HKe pemeHHH 

C.liCTeM cpyHK~HOHaJlbHO-,ll,HcpcpepeHIJ;H8.JlbHbIX ypaBH€HHH, OTMeTHM, qTo 

CJIO.>KHOCTh VI rpoM0311,KOCTh pemeHWt;\' 6bICTpO BOOpacraeT c pOCTOM p aHra r . 
B c aMOM o6rn.eM s11;~e rrocTaBJJeHeyIO 3a,n,aqy y~a.JIOCb peumTb .nJu 1 pattros 

r = 3, 4, 5. ,UJUJ pa.Hra r = 5 1'1M€€TC51 10 1'I TOJlbKO 10 p 83J(llqHhIX pellleHHt;\', 

KOTOpbie COOTB€TCTBYIOT 10 BH.llaM H3 BeCTHbIX (yHapHbIX) reoMeTpw:n:. ,U.1u1 

pattrOB 4 H 3 HX M €HbIII€. 

BbunuueM 6es ~oK83aTenhCTB ttaA,n;eHHbie BH,ll,hI 3aKOHOB YCBO ,n,nsr 

H83BaHHblX pattros, pa36MB RX Ha 4 Krracca, H 6y,J~eM HCXO,ll.HTh H3 3aKOHOB 

paHra (5). 
1. Knacc TaK H a3hrnaeMhIX eupo{)ICaeun'btX cmpy1Cmyp (yHapHbIX cwcTeM 

sern,ecTBeHHbIX O'l'HOlIIeHHH (YCBO))' pattr r -= 5 KOTOpbIX 6y!I,eM o603Ha

qa.Tb CUMBOJIOM (5; a) , xapaKT€pH3yeTC.H 3aKOHOM B BH)J:e paneHCTBa HyJIIO 

OKaHMJ1€HHOro Oilpe,ll,CJlwreJISl (K3Jiu- Menrepa ) Jif3 CID\llM€TpH'l{Hb1X n apHbIX 

CYI'HOIII€HH:ti Me:>K.,ll.y 5 3.TieMeHTal\fl.f (TOT.IKaMM), T. e. B BJ.l,ll,€ (12.2.4}. 9TOT 

l)MI-IOrQ'iH CJieHJU:>Ie [>C."JYJibTaTbl MCC.."Ie)J.OBaHH~ r. r. MHxaitJIH'iettKO B o6nacr.11 TeOpHH 

C'rpyKTyp H3JIO:»<em:.1 B ero MOHOrpacl>ru1x, npc;~Ra~ma'ieHHhIX )J.JISI Cll€ U,lfa.JIHC'l'OB (CM. 

HarJpMMep , (114, 115)) 
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3aKOH TO~eCTBeHHO BbffiOJIH51eTC.H ,11,.JUI ,n,syx Blil,lJ,OB 11apHblX OTHOill€IDlj:\:, 

BbIITHCaHHhlX B (12.2.7) H (12.2.8), T. e. ,11,JI51 ,n,Byx cwrHaTyp. 
0'tJ€B.H,II,HO, q•.ro 3aKOH (12.3.2) O'rHOCHTCH HM€HHO K 3TOMY KJiaccy Bhl

po)l{,D.eUHblX YCBO paHra (6;a), a ycn oBIDI (12.2.4), Bbl,D,eJt.HIOUI,He 3-MepHb1e 
npocTpaHCTBeHHbl€ ce'-!eH.H.H, B TepMRHOJIOl'HH Teopwu ¢w3H'tJ€CK.HX CTpyK

TYP HBJUrIOTCH 3aKOHOM YCBO pattra (5;a). 
2. Bropoi\ KJiacc YCBO, paHr KOTOpbIX o6o3Haqae'rC5I CHMBOJIOM (r;6), 

OflJ1ChlBaeTC.H aHT.HCHMM€TpWIHbIM.H uapHbIMlf OTHOIIJ€Hli.s1Ml1 aik = - aki. 

,UIDI Hero JifMe€'l'C.H cymecTBeHHOe OTJU1'-rne Y.eTHhlX H H€'tJ€THbIX paHroB. 

A. 3aKoH YCBO He"I€THOI'O pattra (5;6) 3an11c1>1BaeTc.H B BMAe paseH
CTBa Hy.mo aHTHCRMMe'rpw:IHOl'O OKa:iiMJ1€HHOrO onpe,n,e.rrHTeJUI Ha 5 
3JieM€HTax: 

0 1 1 1 1 1 

- 1 0 a i k aim ain aip 

<I>(s;b) (ai k, aim,···) = 
- 1 aki 0 akm a1cn akp 

- 1 ami llmk 0 llmn amp 
=0. 

-1 ani ank anm 0 O,,,ip 

- 1 a · apk apm apn 0 pl 

(12.6.2) 
9ToT 3aKOH YJJ.OBJieTsop.s1e·rcs:1 ,II,JI.H napHoro OTHOilleHRH 

(12.6.3) 

COOTB€TCTByIOUI,ero M€TpHKe CBOeo6pa.3HOW 3-MepHOM C11MilJ1€KTJ1TIC

CKO:ti reoMeTpHH (reoMeTpJi(Ji( Ha 3-Mepnon rHneplIJIOCKOCTH, BJIO:>KeH
HOtf B 4-Mepuoe C.HMilJI€KTW-1ecKoe npocTpaHCTBO). 

,L(;ut YCBO paHra (3;6) 3aKoH npHHHMaeT s11n, BhIDMcaHnbm 
B (12.4.4) KaK ycJIOB1'1€ Bbl,LI.€JI€IDUJ TOqeK-COObITil:ti Ha opH€HTHpo

B8.HHOi1 MHpOBO:ti mmHH Ha6JIIO)J,aTeJI.sl. 

B. 3aKoH YCBO qeTHoro paHra ( 4;6) aroro KJiacca 3aITHChrnaerc.si 
qepe3 HeOKaHMJI€HHbiit onpe,n,eJIH'l'eJlb 

0 aik aim ain 

<I>(4;b) = 
-aik 0 akm akn 

{12.6.4) - 0 
0 

- . 
-airn -a1cm a mn 

- a in - a kn -amn 0 

9Ta YCBO cooTse.rcTByeT 2-Mepttoli CHMnJieKTH'tiecKoii reoMeTpuw 

c M€Tp1'1KOti ( napHbIM OTHOIIJeHHeM) : 

4a(3) - a · - x·y x y -ik - - ki - 't k - k i - (12.6.5) 
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3. TpeTHfi KJiacc TaK H831>1BaeMb1x ttee'btpo::HCoett'H/btX YCBO ( cTpyKTyp) 

6y,I.I.eM xapaKTeptt30.BaTh paHrOM (r) 6c3 ,LI,OllOJIHJ1f'l'eJlbHbIX 6yKB. 3aKOH 

YCBO pattra (5) (reoMeTpl-ru:) 3Toro KJiacca 3anHcbrnaeTC5I B Bl1,J ~e paaeHCTBa 

ttyJIIO H€OKafiMJ1€HHOro 011pe,n.en11TeJ1SI 113 CHMM€Tp1;rqHbIX napHbIX OTHOWe

IDtR aik = aki M€)f(,Ily 5 3JleMeHTaMl1 (TO".{KaMU): 

1 llik aim llin aip 

aki 1 a1cm a1cn a1cp 

4>(5) (aik> aim,···) = ami amk 1 amn amp -0 - . (12.6.6) 
ani ank amn 1 anp 

api apk apm apn 1 

IlOKa3aHo, qTQ 3TOT 3aKOH TO)l(,D,€CTB€HHO BbIIlOJIH51€TC51 ,I.I.JUI 'tJe'.rbipex 

BH,LJ.OB napHbIX OTHOilleHHi1, OTJTli"iafOIT\HXC51 curnaTypo:H. 3,n.ecb, npe)f()l.e 

ocero, (.'.Jl€,LiyCT Ha3BaTb pu.MaHOBy reoMerpu.10 ( IIOCTOHHHOR IIOJIO)f(W'reJibHOH 

Kpl1Bll3Hbl), xapaKTepu3yeMylO napHbIMlf. 0Tll0ill€HM5JMM M€)f(,Ily TQ'tU(aMH Ha 

3-Mepttoii rnnepc¢epe: 

5 (4) 1 1 2 2 3 3 
aik = xixk + xixk + xixk + 

+ J[1 - (xl)2 - (x;)2 - (x~)2] [1 - (xl)2 - (x~)2 - (x2)2], (12.6.7) 

rfl,e x 1 , x 2 , x3 no Tpu napaMeTpa ( Koop.nllttaTbI): xapaKTepH3y10:urne 3Jie

M€HT hI (TO'tH<H). 

,ll,aHHbIM 3aKOHOM OIIHCblBaeTC51 TaK:>Ke reoMeTp:W.H Jlo6aqeBCKOro ( f'H

nep60JIH'-I€CKa.H reoM€'l'PlUJ IIOCT05JHHOti 0Tpwu.aT€J1bHOR Kp11BW3Hbl), xapaK

Tep1'13yeMa51 napHblMR O'l'HOIII€1IB5JMH Me:>K)I.Y 'fO'tIKaMH Ha 3-MepHOM runep-

6o.noH,n.e: 

5a~5) = -x~x1k - x'?x2k - x~x3k + ik i i i 

+ V[l + (x} )2 + (x[}2 + (xV2] [1 + (xl)2 + (x~)2 + (x~)2]. (12.6.8) 

KpoMe roro, HM€10TCS1 eu~e ,D.Ba perneHl15J, COOTBeTCTBy10w.11e 1'€0M€'l'PH5IM 

Ha 3 - MepHblX l'HIIepc¢epax, BJI0)1(€HHhlX B 4-MepHbie nceB,I.J.0€BKJIH,D;OBbl npcr 

crpaHCTsa. 

4. qeTBepTb11% K Jiacc cocTaBJimoT Ta.K H a3blBaeMhre 3K30T11qecKue YCBO 

paHra ( r;s)' . xapaKT€PM.3YIOIU11€CSI 3aKOHa~m, KOTOpbie He upe,n.C'.raBHMbl 

s 5JBHOM m·v~e- )J,mI YCBO paHra (5;B) 3Toro KJiacca 6b1Ju1 ttai1)J.eHb1 

napHbl€ OTHOilleHHSI B Tpex BH.nax. 0HH COOTBeTCTBylOT HeKWM 3-MepHbIM 

«3K30Tlif't.JeCKHM» reoMeTp115IM. CttaqB.Tia nonaranoch, 'lfTO 3TH 11apttb1e oT

HOIDeH1u1 onpe,n.enmOT HOBbIC, pattee Hel13BeC'.fHbie (yttapHbl€) l'OOM€TpHll, 

O.Il,HaKO snoc.rre)lCTBlili 6buIW o6Hapy)KeHbI 3 a6hITbie Tpy,II,bI reoMeTpoB c Y*e 

OIDlcaHHhTMH reoMeTp:Hs-tMM. IlocKOJihKY 3K30Tllt.1€CKY1€ CMCT€Mbl OTHOIIIeHJ.ii.t 
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B 6llllapHOR reoMerpocpH3HKe He ucnOJlh3YIOTC.SI, COOTB€TCTBy10mHe HM MeT

pHKH 3).\eCb He IIpMBO)J.SITC.H. 

n UTOre 6bIJIH Hali,n.eHbl ,IJ.€C.HTb YCBO (3-MepHbIX reoMeTPHli} p aHra (5), 
,n;eB.SITh YCBO (2-MepHhIX reoMeTp:IDi) paHra (4) 11 qeThipe YCBO (1-Mep

HhTX reoMeTputi:) pattra (3). ,UJI.S1 YCBO 6onee BbICOKux p a HroB SJCett BH,II. 

ecTecTBeHHbIX o6o6meIDili yKa3aHHbIX reoMeTp1iu1. Ha 6oJihIIDie p a3MepHOCTII, 

HO H e AOKa3aHa reopeMa OTCYTC1.'Bl151 11HbIX reoMe.rplrli. 

12. 7. B1>moµp1 11 3aMe~aHHSI no pe1un~oHHoii 
KO~en~H rrpocTpaBCTBa-BpeMeffil 

1. ,Uu c KyCCIDI no npo6J1eMe Bb16opa peJI.SIIJ,HOHHOrO HJIH cy6cTaHlJ,H8Jlb

HOro no,n.xo/I,a K cy~OCTu npoC'.rpaHCTBa-ap eMeHW cetiqac o60C'rpunach 

B CBW.jU c TPY ,ll,HOCTSJMH, B03HHKIIDfM11 B nporpaMMe cynepcTpyH. CTO

po11H11K11 3TOH nporpaMJMbI, IlpOAYMhlBa.SI OCHOBaJrnfl c ooeti T eOpM.li, y)Ke 

BbIHy)f(,Ll.eHhl o6panJ,aTb BHMMaHMe H a 8Jlb 'I'€pHaTMBHhIR B3I'Jl51,ll, B BH.ll;e p€Jlfl

li,l-IOHHOH KOHU,emJ,UH. TaK, B . rpwH B 3aKJ1JOqWTeJlhHOtt 't,IaCTH CBOeii KHl11'H, 

IlOCBmJJ,eHHOR TeOpHH cyn epcTpyH , nmneT: « roTcppH,lJ. Jlei16HHU. H ,lq)yrne 

rnyM HO CIIOpH.rrn, npoB03rJiaII1aS1, qTo upocrpaHCTBO 11 BpeMfl - Bcero JUUllb 

perucrpaII,UOHHbie npu6opb1 ,ll;llil y,n,o6Holt 3arrncM COOTHOIU€Hllf Me)K,11.y o6'b
eK'.faMM w co6b1TH.S1Mu BO B ccncH11ott. fioJIO:>KettMe o6'beKTa B npocTPaHC'.fBe 

H BO Bp€M€HH HM€€T CMbICJl TOJlbKO B cparme HWM c ,npyr11M o6'heKTOM. Ilpo
CTpaHCTBO M BpeMSJ CCTb JIHIIIh CJIOBapb ,LI.JIB pa3I'OBOpa 06 3THX OTH0lll€Hl151X, 

HMl:Jero 60.Jiee. H ecMOTPSJ n a TO, 't,ITO TOY:Ka 3peHH51 I l hIOTOHa, rro,ll)I.ep:>Ka HHaJI 

ero TpeMSJ 3KCn e p :mvteHTa.JibllO npoaepeHHbIMH 3aKOHaMH ,ll,BlDKeHJUI, roc110,n,

CTBOBarra B 'l'eqCHMe 60.Jiee ,n,ayx COTeH JleT, KOHI\€IIIJ,H51 Jleli6HHU,a, p a3BHTa.SI 

aacTputtcKMM cpM3HKOM 9pttCTOM MaxoM, ropa3,n;o 6.Jiu:>Ke K c oapeMettttoi1 

KapTHH€» [51, C. 242) . 

2. B '3TOH 1·J1aBe npoJI.eMOHcTpHpoBaHa pen.HIJ.MOHHaJI cpopMy.JIHpOBKa 

rrpocTpaHCTB€HHO-lip€M€HHbIX OTHOllleHJdi B Cil€li,liaJibHOii T OOpMU OTH0Cl1-

'l'CJILIIOCTH u., B qacTHOCTM, 3-MepHbIX rrpocrpa:HCTB€HHblX OTHOllleIIHli, COOT

BeTCTBYIOI.IJ.11X reOMeTPMU EaKnM,n.a. Ta.KUM o6pa30M, 3,n,ech ,ll,aHO pernett1i1e 

38JJ.a~rn , ccpopMyJrnposaHHOH eme s cepe,n.MHe XIX s. a pa6oTax ,n.e T11.JIJI11 

" 9. Maxa. ITp11 rroC'.rpoeHHH reoMeTPMU B pe.ru1IJ,u011110i1 cpopMe Ba)f(HYJO 

poJib 11rpaK>T MmIOpbI onpe.rr,enwTeneli, qepe3 KOTOphie 3 airnCbmal:Ol'C5I 3a

KOHbI re0Merp1u1. 

3. B pa6oTax p.H.)J,a asropoa 6hJJlR 11pe~npMID1Tb1 nonb1TKH n oc-.rpoeHH.H 

aKCffOMaTJifKH TeOpMH (yHapHbIX) cpW3 W'tJeCKHX CTpyKTyp, T. e . reoMerpirli 

A peJI5U.1,~0HHOR cpopMe. Qqe BH,11.HO, ~ITO TaKaR a KCHOMaTKKa cymecTB€HHO 

O'fJU1'18.eTCSI OT o6men3B€CTHbIX aKCMOMaTl1K eBKJlM,UOBOH reoMeTpHH H.Jlli 

c u eu,118JibHOii TeOpKW OTIIOCHTeJibHOCTM, 01u1paJOII~UXC5I Ha TpMaJlHCTHqecKoe 

11.Jiw TeopeTHKo-nonesoe MJ.IPOIIOH11Matt1i1R. Bo nraBy yrJ1a peJUlli,HOHHhIX aK-
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C.MOMaTHK C'I'al35ITC£ M€'I'pli''IeCKH€ aKCMOMhI, a BC€ OCT8JlbHoe np11B.H3bIBaeTCSl 

K CBOtiCTBaM M€TpJilKl1. 

4. Pen£I.J,MOHHYIO ¢opMyJu1poBKY npocTpaHCTB€HHO-HpeM€HHbIX oT110-

weH1rti MO)KHO IlOiICHHTb c IlOMOIIJ.bIO paHee UCl10Jlb30BaHHOro Ky6a ¢11311qe

CI<Ot1 p€8JlhHOCTM c 0,lJ,HOti 3awTpMXOBaHHOii (neaoii) rpaHblO (cM. puc. 12.3). 
B .u.aHHOM no.n.xo.n.e np11ttI.J,11nll8JlhHO BaJKHoe 3HaqemtJe npuo6peraer TOT 

(Il-B) llpocmpa:ncmeo-epe..M.A 

(Il) n o./IJI. 

nepetwc'£utcoe 
B;Jat1...M,0cJeilcrn.cuu 

Puc. 12.3. IlpocrpaHCTBeHHO-BpeMe1mb1e OTHOWeHirn KaK KaTeropus1 pE'JISIUHOH

HOro .l\1Hp0IlOHMMaHHSi 

cPaKT, 'l{TO B H€M OTCYTCTByer anpnopHO 3a,TI,aHHhlii cPOH B BU,U,e IlpOCTpaH

CTBa-Bp€.MeH.11. 9To IlOH.51'1'11€ B03HHKaeT JlUWh M€)K,II,)' co6bITHSl.Mli c y~1a

c·n1eM MaTepMM, qro TpaKTyeTCH 1<aK nepexo,rr. OT ,n.ayx KaTerop11i1 Tpw

a.rrucrnqecKoi1 rrapa,IJ,lirMbI (npoc-rpaHCTBa-speMeH11 tt MaTep1rn) K HOBO:ti 

o6o6rn;eHHOH KaTerop1-m npocTpaHC'l'B€llHO-HpeM€HHbIX OTHOllleHHii. 

5. Bo sropoti nonoBHHe 60-x rr. XX B . peJl.51I.J.HOHHbii1 IIO,u,xo,u nonyqun 

;~ocTaTO'lHO seceyIO ouopy He TOJihKO B H,LJ,eononi qeCKOM, HO M B MaTeMaT11-

11€CKOM nnattc, 6Jiaro,u,apsi pa3pa60Tatttto:H. IO. VI. KynaKOBhtM Teop1111 cptt3l1-

q ecKMX CTPYKTYP (·reopnn cncreM OTHowettttii), 11pe·reHAYI011.I,ei1 Ha o6JJJ.e¢11-

noco¢cKoe 3syqattne. Co3,uattue 3TOt1 Teop1111 BbICOKo ou;eHHJI Ho6eneacKHi1 

naypeaT, aKa,D,eMttK VI. E. TaMM: «B paMKax Teop11H cPH3U:'"leCKUX erpyKTYP 

rrO-HOBOMY OCMbICJJHBaeTC£ npo6neMa €,ll.IUiCTBa MHpa, - y COBpeMeHHbIX 

y~IeHblX ern;e CMJleH UCKyc peweH.MSl 3TOf.t npo6neMhl B cy6cTaHIJ)'laTIMCTH

t.{€CKOM ;zyxe. 0)1.HaKO ne uc~1epna.n JUI ce6H 3TOT no,uxo,u,? c TQqKM 3peH11H 

Teopl1.H cPH3ll~leCKHX CTpyK'ryp, fx>Jiee n epcneKTl1BHO HCKaTb He JK''XOl.I;HyJO 

« nepBOMaTepmo» , a UCXO/J)ibl€ « nepBOCTPYKTYPhI» , - raKa51 nepe<}JOPMYJil1-

posKa npo6JI€Mhl e,u.nHCTBa Mnpa npe,ucTaBJl.51€TC5J HaM HecpaBIIf'HHO 6o.nef' 

npe:uMy111,eCTB€HHO:ti H B JIOrHqeCKOM, u B eCT€CTB€HlIO-HayqHOM OTHOWf'HMH» 

(CM. B [91 , c. JI]). 
6. IlocKOJib:Ky BhIOOp M€)K,II,)' cy6cTaHUU:aflhHblM " PeJ]}{f.I,MOHHblM no,u

xo,rr.a.MU K npOCTpaHCTBy- BpeM€HM 3aTparuBaer M€TacPH3U:Y.eCKl1e UCHOBaHH£ 



372 rnaB8. 12. PenHUHOHHa.H KOHl.{en~HH npOCTpaHCTBa-BpeMeHH 

cpl13HKH, onpe,ll.eneHHblfi HCTOPHKO-Hayqtthlfi HHTepec Ilp€,ll.CTaBJ15IeT IlOHH

MaHHe 11x c no3mi:1n1 )1.MaJI€KTHqecKoro Ma:rf'p11a.rru3Ma. TaK, B O)l,HOM n3 

Ha"6<mee KBaJJHcpHIJ)1pOBaHHhIX yqefiHhIX Il()('OOHH no cp11nococpID:T eCT€CTB0-

3Hamrn ,J.J,aBanacb cne,rryioll.J,asi xapaK'l'€f>HCTHKa o6oux IlO)l,XO,ll,OB1): ~Mcrro
p11~1ecK11 CJlO:>KHJJOCh ,nBa IlO,ll.XO,Ua K npocTpaHCTBY " Bp€M€HH. TiepBblD 

MO:>K€T 6bITh Ha3BaH cy6cTa111i:11anbHOt% KOHu,enu;ttefi. TipoCTpaHCTBO H Bpe:rvrn 

IlOHHMa:EOTC.H 3)1,eCh KaK Hf->1.ITO caMOCTO.HTeJlhHO cyll.J,eCTBYIDll.J,ee Hapsi,rry c Ma

Tepuefi, KaK ee nyCThie BMeCT11Jnnua. ( ... ) BTopoti rro)l,XO)l MO:>KHO H8.3BaTh 

pen5u.i:110HHOH Kottu,enl.J)1efi npocTpattC'l'Ba u speMetttt. HaMeTI<H ee MO:>KHO 

o6uapy.>KHTh ell.J,e y ApncToTen.H, Ho BnepBhie co Bcefi qeTKOCThID otta ccpop

MYJIMposatta r .. Tlefl6HHU,€M. ( ... ) C TOqKH 3peHHH pe.ITHIUiOHHOM KOHU,€Ill.V111 

npocTpaHCTBO " BpeMSI He oco6b1e cy6cTaHI.l;lla.JlbHhl€ cylli,HOCTH, a cpopMbI 

cyu\eCTBOBaHM.H MaTep11a.JlbHhlX o6'b€KTOB. IlpoCTpaHCTBO Bbipa)f(a€T cocy

ll.J,eCTBOBaHJ.U' OO'h€KTOB, a Bp€M.H - uocJie,ll,oBaTeJihHOC'l'h ux cocTO.HHttfi. Pe
Jrnu;11otttta.H KOHU,€Ill.l,J1SI B cp11noco¢cKOM nnaH€ 6bIJia BOCilpHHSITa 11 p8.3BWI'"a 

; v1aJieKTHqecKMM MaTepM8JlJ13MOM, B €CT€CTBeHHOHayqHOM nJiaHe - peJIH'l'H

BHCTCKOfi cpH3HKufi " B HaCTO>H.~ee llpt'MH HaM60J1ee IlUJIHU OTBe'-:1.aeT YJX.>l:UilO 

p83BHTI1.H ecT€CTB03HaHH.H» [172, c. 137 -139). ThKHM o6pa30M, B )l,H8JI€KTH

qecKOM MaTep11anu3Me o6o6metttta.H Karerop11si npocTpattcTBeHHO-Bp€Mett

HhIX OTH0lll€HHM TpaKTOBaJiaCh KaK cpopMa cym.ecTBOBaHHH MaTepuu. 

,ll,a.nee aaTop ;J,eJ1aeT yTo1..ftteHne: ~Cy6c·.raHu.11ai11hHaH 11 pe.rrHu.11ottttru1 

KOHI..t,enu,iiu He CB.H3aHhl O)l,H03HaqHO c MaTepttaJJH3MOM ll H)J.€aJlH3MOM. 3)1,ech 

B03MO:>KHhl JII06bI€ coqeTaHHSI» [ 172, c. 139]. 9ro 3aMeqatt11e 3aTyIIIellhIBaer 

MeTacp11311qecKHll xapaKTep HCil0Jlb3Y€MOM cp11nococpcKOM CHCTeMhI 1:1 )l,e.rraer 

ee 6e3Jil.fKOH B CTOJih Ba)KHOM aonpoce ,ll.JISI cpH3HKH. Atta.Jrn.3 noK8.3hIBaeT, 

q'J'O HCTliHHOMY ,Ll,11a.J1€KTH1..f€CKOMY MaT€pliMH3MY )l,OJI)f(Hbl 6bIJlH 6bI CO

OTB€TCTBOBaTb B3rJISI.IJ.bl .Tiefi6HRUa l1 iv1axa Ha rrpocTpaHCTBO " Bpe.M.H, 

o,nHaKo cpHJIOCocphI 6b1Jm cKoBaHbI KpHTHKO:fi H)J.efi Maxa B H3BeCTHOfi Ktt11re 

B. 11. Jlett1u:i.a «Ma'rep11M113M u 3Mrr11pnoKpHTHIJ;K13M» [98), npe).J,onpe,lJ.e.Til1B

mej;j IT03HIJ;li:EO ( MapKCHCTCKO-JJeHUHCKOro) )l,Ha...'1€I<THqecKOro MaTepMa.JIH3Ma 

B OCHOBOIIOJlaf'a!OlI.I,eM Bonpoce Bcero €CT€CTB03HaHHSI. 

7. l13J10)KCHHblII Bblllle MaTepua.n no p€Jl5:1.l..l,liOHHOfi Ilf'pecpopMyJJH}JOBKf' 

I'€0M€'.rpHH li TOOpliH OTHOCHTeJihHOCTH COBepIIIeHHO Hf' ofaI3aT€JieH )J.JIH 

peIIIeHHH OOJiblllHHC'l'Ba 3a.n.aq s Y*e CJIO)f(_J:1I3III11xcH p83)l,eJiax reoMeTp1rn 

.H KJiaccul:recKoii cpH3HKH. BoJJee roro, ,nattnb1ti rro.n.xo,ll. MaJioHHTepeceH ,ll,JI.st 

UCCJIC,ll.OBaTeJI<.~..n, npl1,lI.ep:>KII"lia10~liXCSI TPHaJJHCTHl:IeCKOI'O HJIH T€0peTliKO

I10Jl€BOI'O MHponOHKIMaHHH, IlOCKOJihKY HM Heo6xo,z:i;HM npocTpaHCTBeHHO

BpeMeimoti cpoH. Ha KOTopoM BBO,ll,.HTCSI rrOJI5:1.. EUie Mettee 11i-rrepecett H3-

JIO)KCUHhitt BbIIII€ Ma:reMaT11qecKHti anrrapaT p€JI5Il~HOHHOI'O Il0,11,XO)J,a ,ll,JJ.H 

CTOpOI·IHHKOll reoMeTp11qecKOI'O M11pOrrOHHMaHH5I, l10CKOJibKY Ha ero OCHOBe 

MO)f(HO nenocpe/WTBCHHO npnHTli JIMUTh K reOM€Tp1i1Sil\l c MaKCHMaJlhHbll\1.H 

1)9-rOT pa3.n,e.n 61>1JJ nam1caH J1. B. B8.)Kt>HOHhIM. 
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CHMM€TpH.HMH THna reoMeTputi EBKJIH,LI.a, MHHKOBCKoro, J1o6aqeBcKoro 1urn 

c¢ep11qecKoif reoMeTpHH PnMatta. Bonee ooll.zy1e reoMeTpHH PnMaHa ( c Kp11-

BH3HO:ti)' HCilOJlb3Y€Mbl€ ,LJ;Jl.SI nocTpOeHH.H o6~eH 'l'OOpMM OTHOCl1TeJlbHOCTH, 

H3 )1.8.HHhIX paccy)K)J,eHH:ti He BbIBO,D;.HTC.H. ,11,JI.H HX IIOJiy't.leHMSI Hff.>6XO,D;MMO 

HCIIOJib30BaTh BTOpy10 KaTeropHIO peJum;HOHHOro IIO,ll,XO,LJ;a, IIpM't.leM B TeCHOH 

CBH3M c KaTeropneii npocTpaIICTBeHHO-BpeMeHHhIX OTH0lli€HHH, l.JTO 6y,neT 

110Ka3aHO B CJ1e,uy10~eii rJTaBe. 

8. rJ~aBHa}l me 3a,n;aqa p€J1Sfl.11HOHHOH nepecpopMyJIHpOBKH rOOMeTpHH 

3aKJ'IIO"CJae'I'CSI B IIO,LI.roTOBKe BblXO,LI.a 3 a npe,LI.€Jlbl KJiaccnqecKOil reoMe'.rpHH 

H cp113MKH, TQl.JHee, - B 110,Ll,I'OTOBKe BCKpbITIUI MaKpOCKOilH't{CCKOti npnpo,LI,bI 

KJiacCH't{eCKIDC rrpocTpaHCTB€HHO-BpeMeHHbIX OTHOllie HHH 11 p.H,n,a Ba)KHbIX 

noHSJTHn cpH3HKJL 0TMeTHM, qTo MO,Ll,HM HhIHe TeopnSI cynepcTpytt TaK)Ke 

Ha~eneHa Ha perneHMe 3TOH 3a,O.a't.IH, O,LI,HaKO ,LI.pyrHMH cpe,LI.CTBaMH, B IlJlO

,LI,OTBOpHOCTH KOTOpbIX ecTb OCHOBaHMSI COMHeBaTbCSJ. TeM He Mettee co

rnacHMC.H co CJIOBaMH B. rpHHa: «B TaKOM IIO,LI.XO,LI.e, ecJIM ero y ,LI,acTC.H 

peanH30BaTb, npocTpaHCTBO, BpeM.H H, COOTBeTCTBeHHO, Pa3MepHOCTb He 

SJBJUIJIHCb 6h1 oIIpe,LI.CJI.HIOllJ.HMH ::.JieMeHTaMH BceneHHO:ti. Ottn 6h!JIH 6br JTMIIIh 

y,u.o6HbIMH IlOH.HTH.HMH, BhITeKaIOllJ.HMH H3 cy~eCTBOBaHHSJ 6o.rree cpyH,LI.aMeH

Ta.llbHOro nepBHqHoro COCTO.HHH.H» [51, c. 244). 
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AanbHOAeMCTBMSI 
..... 

B ¢11311Ke ¢aKTH-Y:eCKM B03HHKJia c11Tyau,1-rn:, aHanoruqJiag CJIO)KlfBlllefia1 

B reoMeTpHH, r,n:e YTBep,n:HJIHCh ,n:Ba IIO)J,Xo,n:a K cymttocTH IIpocrpaHCTBa 

If BpeMeHlf . 3,n:ecb TaK)Ke npe,n:C'IBBJieHbl ,n:se KOHlI,€IllJ,lfH B3aHMO,n:efiCTBHH: 

6JJH3Ko,n;eiicTBHe u ,n;aJJbHo,n;eiicTBHe. Kottu,eIIu,115.1 6JIH3Ko,n:eiicTBlll co
rJiacyeTCsr c cy6CTaHII,lfaJibHbIM no,n:xo,n:OM, T. e. c MO,ll;CJihlO npocTpaHCI'Ba

BpeMeHlf KaK cocy,n:a, BMeCTHJIHrn,a acero cyrn,ero. C 3¢11poM HJIH 6€3 Hero 

OHa OTBeqaeT Ha BOIIpoc, KaK aKT B3alfMO,n:eiicTBHH IIpeo,n:oJ~eBaeT IIpo

CTpaHCTBeHHO-BpeMeHHYIO p83HeceHHOCTh o&beKTOB H co6h1Tlffi. Kottu:eIIl.{IDI 

)1(€ ,n:aJibHo,n:eliCTBHSf COOTBeTCTByeT pe.1ISflI,lfOHHOMY no,n.xo,rry K cyllJ)iOCTif 

IIpOCTpaHCTBa-BpeMeHlf If 11,n:eT Bp83pe3 c ,ll;OMlfHHpy1orn,e.Il HhIHe TeOpeTHKO

IIOJI€BOH cPoPMYJilfp0BKOfi cPH3lfKH. 

)];JI.SI ,n:anbttelimero H3JIO)KeHH.SI BHeceM tteo6xo,n:HMhie y'ro'1HeHH.SI TepMH

HOJIOrHqecKoro xapaKTepa, IIOCKOJibKY TepMHH aaA'b'liOaeucmeue TpaKTye'ICR 

IIO-p83HOMy. Bo-nepsbIX, ,n:attHoe IIOH5ITHe MO)KeT 03HaT.JaTh B3aHMo,n:efiCTBHe 

Me.>K,rry ,n:ByM.SI o6'beKTaMH, IIepe,n:arom eec.Sl Ha paCCTO.HHlfH 6e3 nocpe,n:HHKOB. 

B 3TOM CMhlCJie TepMHH aaA'b'Hoae'l'lcmeue npOTliBOIIOJIO:>Ke H IIOH.SlTlflO 6AU3-
'X;Oaeilcrneue, Kor,n:a B3a11Mo,n:eficTB11e IIepe,n:ae'rC.Sl c noMOIII.hIO HeKofi cpe,n:I>I 

If.JIM IIocpe,n:HHKa. Bo-BTOpb1x, 3TOT TepMMH qacro accou,1111pyeTc.SI c IIepe,n:a

qefi B03,n:eiiCTBlfSI 0,II,HOro o6'beKTa Ha .rrpyro:H c 6eCKOH€'llHOH CKOpOCTblO 6e3-
0'rHOCWre.rrbHO K HaJIH'lllflO IIocpe,n:HMKa. B-TpeTbMX, ,n:aHHbIH T€pMHH lfHOr)I,a 

CB.Sl3bIBaIOT c TeM, KaK 6bICTPO y6h1Ba10T c paCCTO.HHHeM COOTBeTCTByIOlD,He 

CHJihI If.JIM IIO'reHU,HaJihI. HaIIp11Mep, rpaBHTau,ttoHHoe 11 3JieKTpOMarHMTHoe 

B3aHMO,n:eiiCTBlf.Sl B 3TOH TpaKTOBK€ OTHOC5IT K ,ll;aJibHO,LJ.€HCTBYIOI.I.J.HM' TOr)I,a 

KaK CJia6oe w1H CHJibHOe ( 51,n:epHoe) - K 6JIH3KO,LJ.elkTBYIDl.l.I)1M. Cp83y .>Ke 

IIo,n:qepKH€M, 'l{'I'O 3,n:ech B TepMMH BKJi a,LI,bIBaeTC.Sl MM€HHO nepBblH CMblCJI -

nepeda'l/,a eoaaeilcmeuil 6e3 nocpeanu?Ca. 
B XX B . KOHr~em~1u1 )laJihtto,n:e.ficTBM5l B Ha116oJiee p83BHTOM BH,n:e 6hma 

rrpe,n,cTaBJTeHa Teopueu rrpsrMoro Me}l(T.JacT1.P1Horo B3aHMo..n:e.ficTBHsr (action

at- a-distance) <l>oKKepa- <l>e:HttMaHa. B cOOTBeTCTBlflf c np11Be..n:eHHhlM IIOHH

MaHHeM ,ll.aJihHO,lleHCTBlf5l B 3TOH Teop1111 KaTeropHH IIOJie.fi ( IIepeHOC11lfKOB 

&'3aHMO,D,€HCTBH.f:i) HCKJIIO-Y:aeTC.Sl 113 qlfcJia lfCXO,lJ,HhlX IIOH.SlTH.f:i: IIOJISf BBO

~TC5I Ha H€KOTOpoM 3Tan e p83BlfTlfSI Teop1111, HO Jllflllh KaK BT0pll1Illble 

-



13.1. lfCTOKH KO~eIII.{lffl /J;aJibHOAeHCTBHH 375 

scnoMora:reJihHhie rroH.SITlUl , CTpO.SirqHecsi H3 xapaKTCpHCTHK qacTHIJ.. Mo:>KHO 

CKa.3aTh, 'ITO B TOOpHH rrp.SIMOI'O Me>K't.JaCT.w-IHOro B3al1MO)l.€HCTBH.SI KaTero

pMM npocTpaHCTBa-speMeHH M 't.JaCTHIJ,, xapaKTepHbl€ ,11.JUI ,n;aHHOro BH)l.€Hlill 

MHpa, 6epyT Ha ce6.si cPYHKU,HH OCTaBlllettc.SI KaTeropHH flOJieH rrepeHOC"IHKOB 

n3aHMO)l.e:tkTBH1i. HarJI5i)l.HO cyTh HoBott o6o6IU,etttto~ KaTeropHH HJIJIIDCTpH

pyeTc.SI npaBon 3auITp11xoBaHHott Ha p11c. IV.I rpaHbIO. 

B rrpolllJIOM seKe TeopH.SI np.siMoro Me>KqacTH"l{Horo B3aHMo,n;e:i1CTBH.SI 

COCTaBJI.SIJia OOKOByio BeTBb TBOpeTH't-JCCKOH cPM3HKl1, Il03TOMY OHa He BXO

,D.HJia s BY30BCKHe rIJX>rpaMMhI 11, cJie)l.OBaTeJihHO, He nony'"ll:HJia )l.OJDKHOro 

OCBe~eHHSI . 

13.1. llcTOKll Komi;eroiHH ,ll;a.JThHO,D;eiicTBHSI 

06hI 'lHO KOH~eIIIJ,H5I )l.aJihHO)l.€ HCTBH5I B ecTeCTB03HaHMlif CB.SI3bIBaeTCH 

c HMe.HeM HLIOTOHa, O,lJ.HaKo OH caM tte 6hIJI nocJie,lJ.OBaTe.rrhtthIM ee cTopott

lillKOM H B rrHCbMe K BeHTJIM, B qacTIIOCTH, 1111ca.n: «He.rrb3.SI npe)l.CTaBHTb 

ce6e, KaKHM o6p330M HeQ)Jylll€BJI€HHoe rpy6oe BerqeCTBO MOrJio 6hI 6€3 no

Cpe)l.CTBa qerO-JIHOO n ocTOpoHHero, KOTOpoe H€MaTepHaJihHO, ,lJ.ettcTBOBaTb 

Ha ,n,pyroe Bem ccTBO HHa't.1e, KaK np.M R3 aHMHOM np11KOCHOB€IIHH. A TaK 

,Il.0.IT>KHO 6bIJIO 6bITh, eCJUl 6hJ Tiir0'1'€HHe 6hIJIO, B CMblCJie 9rrHKypa, npHcyrqe 

MaTepHH. BoT noqeMy 5i )Ke.JiaJI 6h1, qTo6bl Bhl He rrpHnHChlB8JIH MHe 

y11eHH5I 0 T.SI>KeCTH, npHpo)K)l.eHHOt\ MaTepID1. ,IJ.ouycTHTb, qTO rnroTeHHe 

13po>K)I,eHHO MaTep.MH, rrpHCy~e et\, TaK 'ITO O,ll,HO 'l'BJIO )l.OJDKHO )l.€1iCTBOBaTb 

Ha paccTO.SIHH11 l..f€pe3 nycTOTy Ha ,n,pyroe 6e3 rrocpe)l.CTBa qero-JI1160 nocTo

poHHero, nOM0.11.Q:>IO KOTOporo )l.€RCTBl1€ 11 CHJia OT O,ll,HOro 'reJi a Il}X>BO)l.HTC.5! 

K )l.pyroMy, eCTh )l.JISI M€H.SI TaKa.H HeJiellOCTh, "ITO, IIOJ1ara10, B Hee HC BIIa,LI,aeT 

HH O)J;HH 'le.JIOBeK, crroco6ttl>dt K MhIWJreHiu o o cPHJIOCOcPCKHx sem,ax. T.aro
TettHe )l.OJDKHO Bhl3hIBaTbC.H H€KOTOpblM ¢aKTOpOM, )l.eHCTBYIO~HM cor.rracHO 

onpe,n;eJieHHbIM 3aKOHaM» (II.HT. IIO [89, c. 1551). 
CwpoHHHKM KOHUem:t;MH 6.ruI3KO,ll,e:AcTBM.SI ~acTo np11Bo,n:HT 3TY IJ;HTaTy 

,LI.Jill rro11;Tsep)K,ll,eHH.5I roro, •-1To Hb10Tott 0TsepIBJ1 KOHu,enu,1uo )l.aJihHO)l.eii

CTBH.H. 0,JJ,HaKO npH 3TOM onycKaeTCH npo,n;o.JI>KeHHe 3Tot\ a;MTaThl'. « K aKot\ 

3TO cPaKTOp, MaTepHaJihHblH 11 H €MaTepHa.JihHblR, - .H npe)l.CTaBJIHIO p33-

MbllllJieHH10 MOHX qHTaTeJieii:». B csoHx pa6oTax HnJOTOH TO BBO,ll,HJ1 a¢Hp, 
TO HCK.nioqa.n cro. BH)l.HMO, OH qyscrrROBan Bero rJTy61rny 3TOH npo6J1eMbI, 

MHOro 0 Hett p33MhllllJl5iJI, HO He CMOr C)l.eJlaTb OKOH'faTeJihHOro BbI6opa1) . 

l)Cy,Wl no }'(pyr HM ero BbICKa3bIBaHHSIM, TIHCbMaM H CBH)J.e'reJibCTBaM er o coapeMeH

HHt<OB, HbIOTOH CKJIOHHJICH K MRCTHKO-peJIHrH03HoMy pernmuno noro aorrpoca. TaK, 
D 3an11CKax ero COBpeMeHIIHKa rperopH rODOPHTCsr: «°Y Hero 6LIJIH COMileHHSl1 MWKEH' 

Jrn Olf Bbipa:JHTh nocne)J.HHii aorrpoc TaK: ':ICM HanoJIHeHo rrpocrpaHCTBO, cao6o;.ume OT 

TC.1.'t TIOJIHaH HCT11Ha B TOM, 1.f'I'O OH sepwr D BC3.n,ecy~ee Bo)f(ecTBO K oyt<BaJJbHOM 

CMbICJie. TaK, KaK Mbl qyBCTayeM npe)J.MeTbI, Kor;.i.a H306pa:>KeHH.SJ HX .n.oxo.n,>tT 11.0 Moora, 

TaK H Bor .n.onmett qynCTBODa'I'b acsn<yJO aen\b, acer ,u.a npucy:rcrBy5i npn HCH. OH 
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Ta.K, ttat.1HHaH c pa6oT HhIOTOHa, B ¢H3m<e B03HHKJ1a ,rr,11neMMa: Ka.KaJI 

KOH~eru~H5I )lOJDKHa JT€)KaTb B OCHOBC cPH3HqecKoli KapTHHhI MHpa -- ,[\aJibHO

):\elicTBHC HJIH 6.11H3KO,[\eiiicTBHe? B ,n:arrbHcAmeM npc,u,noqTeHMe O'I',n:asaJIOCb. 

TO O.r\HOtt l13 Hux, TO wyroit Ta.K, B Haqane l1 s cepe.uHHe XIX s. fl.O

M.HHHpoBarra KOH1~€III.I,HB ,LI,aJibHO,D:elicTBH.H. rJTaBHbIMH CTOpoHHHKaMM 3TOit 

KOHIJ,eIIIJ,l1l1 BblCTynaJJH Be,r:ryll.J,He rrpe,n:cTaBHT€JJl1 HCMC~KOA cPH3HqecKOli 

IDKOJ1bI: B. Be6ep, JI. JlopeHt~, <l>pafil\ H eAMaH, K a p.TI HettMaH, r. T. <I>ex

Hep, K. CI>. U e.rrJibIIep H HeKOTOpb1e ,ru:>yrMe (cM. (15)). K HHM rrpHMhIKaJIH 

TaKHe H3BeCTHb1€ MaTeMaTHKH, KaK B . PHMaII H K. raycc. HarrOMJiHM, HX 

HMerra CB.H3aHhl c OTKpbITHeM HCeBKJIU,IJ,OBblX reoMeTpHti, rrpHB€,ll.lllliX K co-

3):\aHHIO o6mett 'I'eOpHH OTROC11TeJ1bHOCTl1. 

l13B€CTHO, qTO B 1845 f'. B. B e6ep OTIIpaBH.TI Ha OT3hIB rayccy CBOIO 

pa6ary «0 ncco6rneM saKOHe 3JieK'rpw-1eCKOl'O ):\€HCTBH5I~, B KOTOpott H3JI3r 

ra.rmch ero rorJI.SI,f\bI s pycne KOH~enI.I,HH 3arr83,n:I>IBalOll.J.ero ,n,arrhtto,n,eAcTBH.SI, 

T. e. nepe,.o.aiorr,erocsi OT O,n:Horo 3ap.s:r.n.a K JI.PYroMy c KOHe-c.rHOH CKOpoCTblO. 

B OTBeTHOM UHCbMe K. raycc c 0).1.o6peHHeM OT03B8JJCSJ 0 em pa6oTe l1 yno

MSJHYJI 0 CB0l1X p83Mblll.IJI€HH.HX Ha,11, 3TOtt IIpOOJieMott, )J.o6am:IB: «£ 6hI, 6e3 
COMHeHMSJ, ).l.aBHO orry6.rrHKOBaJI pesy.rrhTaThl MOHX HCCJTe):\OBaHHH, eCJIH 6LI 

B TO BpeM.H He 3a6pOCHJ1 HX, lloCKOJibKY MHe He y,n:aJIOCh HaliTH TO, lJ'J'O 

5l cqMTaJI KpaeyroJihHhIM KaMHeM: Nil actum reputans s i quid superesset 

agendum (TioKa He see c,n;enaHo, cqMTaH, qro Hnt.Iero tte c,n:eJTaHo (naT.)L 

a HMeHHO BblBO,n: ,n:o6aaoqHhIX Cl1JJ, ,n:OIIOJIH5llOnzylX B3aHMO,n:ettcTBl1e TIOKO.H

lll,l1XC.H 3J1€KTPWJeCKHX 3apsi,n;oB, KOl'JJ.a OHH o6a HaxO.LUITC.H B ,n:BIDKeHMM, -

113 ,n:ettCTBH.SI, KOTOpoe pacnpocTpaH5IeTCSI He MI'HOBeHHO, HO c Te'1€HHeM 

BpeMeHH, KaK B CJiyqae CBeTa~ I 113, c. 5061. l13BCCTHO, '-ITO ,n:o6aBO'-l.Hhle 

CMJihl ( CMJihI JlopeHu;a) 3aTeM 6hIJIH o6octtosatth1 B paMKax MaKcseJTJIOBCKOit 

Teop11l1 3JieKTpoMarHHTHOro nOJIR' KOTOpaR tta).1.0Jiro 3aTMliJia KOHIJ,CIIl~liIO 

)l,8JTbHO,LI,eHCTBl1.SI. 

CT pe,ll,CTalil1TeJlSIMl1 HeM€J.U(Oli cPH3H~IeCKOfI lIIKOJlbl 6hIJJO BbICK83aHO 

MHOro c:oo6pruK€Hl1H, 3Ha'-ll1TC.ITbHO onepe;::r,HBlilllX CBoe apeM.SI H npc,n:noc

XHTHBlTJHX MHOl'Oe H3 Toro, '-ITO 6blJIO IIOJfYTieHO .nu6o 3 Ha'-lHT€JibHO II03>Ke, 

JlliOO npoR1:U1JI0Cb B paMKax pe.rr.H~MOHHOI'O BH,U.eHH.H MHpa, P83Bl1BaCMOro 

B 3TOA T.JaCTH KH11r11. OnMpa.Hcb Ha HCCJJe,n:oBaHMs:r no HCTop1111 cPH3HKli [15], 
nepeqHCJIMM IIeKOTOpbl€ 113 IIHX. 

1. B pa6orax B. Be6epa, K. <I>. U eJIJibHepa u ,n,pyr11x )1,aJibHO~eiicTRHe 

IIOHHMaJIOCb KaK nepe)J,a10w,eecs:r c HCKOA KOHeqHOA CKOpoCThlO, T. e. 6bIJIO 

oTopsatto O'I' T P aJlHlJ,HOHHoro B na'-1ane XIX s . npe,n.cTaBnem.u1 o 6 ecKOHe'l1-

HOA CKOpocTH pacrrpocTpaHe HHSI /\8JlbHO)J,€HCTBYIO~ero B3aHMOJJ.ettcTBl1~. 

rronarae-r, .. no Sor up11cy'I'CTBye.r B npocTJ)aIICTDe KaK B cno6o/~HOM OT Te.JI, TaK :u TaM1 

r;\e TeJia npncyrc-ray10T» (89, c. 152). B «0nTHKe» HbJOTOH Ha:JbTBaeT rrpocTpaHCTBO 
« tJyBCTBHJrnllleM (Sensorium) Bora». 
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2. D pa6CYraX K. H etiMatta 11 )l.pyrmc OTBepr8.JJOCb pacnpocTpatte tt11e 

3JieKTpH'~1eCKOI'O B3aHMO)l.eticTBH.H BHe 3 aBHCHMOCTH OT cyru.ecTBOBaHMSl «H3-

Jly11aTeJL5f » u « npHe MHHKa». Ilpe)l.nOJiara.noch o6.sraaTe.rrhHoe HaJJH<iHe KaK 

MC'I'O'fHHKa, T'(LK J1 norJTOTHTCJIB, T. e. IIpHHU,HIIHaJlbHO OTBepraJIOCb H3Jlyqe

HMe HCTO'lHMKOM B rrycroTy (B HHKy,ll,a). 

3. D ps:r,ne pa.6oT B. Be6epa ,n,e11aJICH BhIBo,n;, 'iTO «nenocpe,n;cTse ttttoe B3a

MMO,ll,ei-icTBHe /J.BYX 3.TI€KTpHqe<.:KIDC Mace 38.BHCHT He TOJibKO OT 3THX Mace, 

HO 'ffiK)Ke OT npMCYTCTBH.H TpeTbero Te.rta» (cM. 115, c. 225]) , H IIpoBO,ll.HJlach 

aHa.riorH.H c BBe,n;eHHbIM Bepu,enMycoM noH.HTHeM « Ka'raJIHTH'iecKoti cHJihI ». 

TeM caMhIM ,n;enaJ1cst eu \e oµ,11tt mar OT Tpa)l.HIJ.MOHHOro ,n;aJihHO,ll,eticTBH.H, 

r,n.e IlOJiaraJIOCb, 'l:ITO CIDia 3aBMCHT TOJlbKO OT paCCTO.HHHH Me)K)l.y a6y.M.R 
TeJiaMH. 

B J1aro,n;apE 3TOMY ':f Pe3Bb1qaf:itto Ba)KHOMY npe,n;BH,D;eHMIO ycTaHaBJIH

BaJnicb CB513H c ¢IDiococ}:>cK.MMH HarrpaBJI€HJ1}JM.M, yrBep)K,ll,aBUJHMM, 'iTO 

nose,n;eHHe OT)l.€.TTbllbIX 3.neMeHTOB CHCT€MbI He MO)KeT 6bITb OilHCaHO 6e3 
y'iera CBOi-iCTB CHCTeMbI B U,e.JIOM. BJIM3 KHe 11,n;eM MO)KHO HaHTH B cPHJIOcocPHH 

r . JloTC.\e, BO B3 r.JI.H,n;ax. BMTaJIMCTOB M )l.pyr11x. B )l.aJl bH€HW€M B ¢H3 HKC 3TM 

H,n;eH 6hIJIO npHH51TO CB.H3hIBaTb c npHHI(JUIOM Max.a. 
4. O .co6o cne.rr,yeT BhI.neJIHTh pa6oTh1 K. <I>. UenJibtte p a, B KOTOphIX 6h1.1~a 

Bbl,lJ,BHHYTa BIDKHrul rHIIOTe3a: «1Y1HorHe HBJ1€HH.H, ~JUI KOTOpbIX ¢H3HKa 

e~e He HalllJia a)l.eKBaTI-IOI'O OOb.HCHeHHH, Ha caMOM ,LI.eJie upOHCXO,ll,.HT B '-:IC

T.bipexMepHOM M.Hpe. IlpH 3TOM HalllH opraHbl 'l.fYBCTB ¢11KcHpy10T CBoero 

po)l.a npocKu;mo ,,'ieTb1peXMepHhIX npou,eccoa Ha TpexMepHhti1 MHp"» [15, 
c. 244). IlpHMeqaTeJJbHO, 'ITO K 4-MepHhIM npou,eccaM UeJ1Jlhttep OTHO<.:HJI He 

TOJlhKO rpaBH'IBl..I,J10HHoe, HO H 3Jl€KTpH1:ieCKOC naaHMo,n;eticTBHe. KoHeqtto, 

'ieTRCPToe H3MepeHHe no,n;pa3yMeBaJIOCb npocTpaHCTB€HHhIM, a He speMeHM

no,n,o6HblM, KaK B c n eu,HaribHOH TCOpHH OTHOCHT€JibHOCTH. <l>aKT.M'-:IeCKJ1 

3.JJ.ech npe,n;oocx11ma.n11cb M,.u.eH 5-MepHhix T eop:rut Ka.nyu;h1 H K.rretitta. 

5. UeJIJibHep Home .TT ..u.a11bme TeopHH B3aHMO.JJ.ettcra11tt. B op611Ty ero 

pa3MbIII.IJleH11i1 nonaJIH H Bou pochl o cyJIV:IOCTl1 caMoro npocTpattcTBa. 

~e.TTJibHep OTBepra.n HblOTOHOBO a6cOJllOTHoe npocrpaHCTBO H CB.H3hIBaTI no

lffiT.W.e npocrpru.1cTBa c B3aHMo,n.eikTB1UIMH o&beKTOB: « IlpoCTpaHCTBO 'I'peX 

H3MepeHHH onpe)I.eJISl€1.'C}I 38.KOHOM, llO KOTOpoMy B3a1tMO,n;ettcTBHe Te.JI MO

)f(eJ' M€H.HTbCSI 6e3 H3MeHeHM.H CaM.MX Te.JI» [15). 
6. Bb1CKa3bJBaJIHCb 11 µ,pyrne H)l.eH, B qacTIIOCTH, y)Ke B 70-e ro.rr..h1 XIX 

CTOJieTHSl UeJIJihHep npo.HBJI HJI MHTepec K pa60T'a.M H. 11. Jio6aqeBcKoro, 

51. Bo~rn, B. PHMaHa no tteeBKJIM,LI,OBhIM reoMeTpIDIM. 

Bo RTOpoi1 no.TTOBHHe XIX B. · B pal-·IKax KOHuenuHH ,n;aJ1hHO)l.eiicTBH51 

HaKOITHJIOCb CJIHillKOM MHOI'O flp00Jl€M, Ha KOT0ph1€ ¢H3 HKa TOro BpeMeHM 

em;e He Morna ,.u.a:.rb OTBeT. Ha3oBeM rJiaBnhIC H3 HHX. 

A. KoHu,enu,HH ,LJ.aJibHO,ll,e:HcTBIDI ormpa.i1acb Ha aTOMapHy10 CTPYKTYPY Ma

TepHH, KOTOpa5I. B TOT nepHO)l. He n pe,LI,CTaBJl.HJJaCh O'i€BH)I.HOA. 



378 fJiana 13. KoH~erw;uR ,l{a.JlbHO,l{eitcTBHH 

B. B paMKax KOHIJ,en°'1u1 ,D,8JlbHO)J;ei:tcTs1u1 ec·recTBeHHhIMH 6hIJIH npe.zi;cras

neHH.H o6 3JJeMeHTapHhIX HOCHTeJTIDC 3.JJeKTpHqecKOI'O 3ap.H)J;a. 9 JieK

TpOIIhl H /lJ)yrHe 3J~eMeHTapHbie qacT~l e~e Ile 6hl.Jill OTKphlTbI. 

B. roaop.H 0 3 alla3)J;hIBaIOllJ,eM )1;8JlhHO)J;ei:tCTBHH, ero CTOpoHHHKH ern,e He 

MOrJIH onepeTbCH Ha yttHBe pCaJibHYJO ponb CKOpDCTH CBeTa, KOTOpa.H 

6bI.JJa OC03HaHa JIHillb nocne OTKpbITH.H crrell,.H8JlhHOtt TeOpHH OTHOCH

T€JibHOCTH. 

r. BbIJIH H€KOTOpb1e pa3JIH't.JH.H Me>K,Lzy ¢opMyJTa~m, OilHChIBalOUJ.HMH 3J1€K

TpoMarnHTHbie B3aHMO)J;ei:tCTBH.H qacTHI.J, B paMKaX .zi;syx KOHU,€ UU,MH. 

B Teop1111 nonH OHH OKa3aJ1Hcb 6onee coaepIIIeHHLIMH. 

~. PerneH11e .n;m,P¢epettIJ.M8JlhHhIX ypanHeHMi:t R paMKax Teop1111 non5I ,LI.a

DaJIO p.H)J; T €XHH'f€CKHX npeHMyrn,ecTB IIO cpaBHeHHIO c 6onee rpoM03)1,

KHMH paccy.>K,D,eHHSIMH B paMKax KOHI.J,e~HH ,D;aJibHO)J;ei:tcTBH.Sl. 

Bhl.JJH lf ,DJ>yrne c.PaKTOPhI, KaK o6'beKTHBHOro, TaK 11 cy&beKTMBHoro 

( IlCHXOJ10rl-1'"1€CKOro) xapaKTepa. c KOHI.J,€IJII,Heii ,D,aJ1bHO)J;eHCTBH.H npoH30-

lIIJia npHMepHO Ta >Ke HCTOpH5I, qTo H c H,D,eett 0 f\.1HOr0MepHH <PH3W-Ie

CKOro MHpa (c 5-MepHott Teop11eii Ka.11y u.h1). M ,n;eu 11 BhIBO)J;hI HeMeUKOH 

¢11311qecKoii rnKOJibI cepe,LI.HHbI XIX B. HaMHoro onepe.n;HJJH csoe BpeMH. B o 

aropoi1 nonoBHHe XIX B. n ocne pa6oT 11. <l>ap~e5I 11 ~. K. fvlaKcaenna, 

yseH't.faBIDHXC5I OTKpbITHeM ypaBHe111dt 3 JTeKTp0MaI'HMTHOI'O IlOJI.H, CTaJIO Ka-

3aT.bC5I, '-ITO B paMKaX TeOpHH IlOJI5I y.n;aeTC5I H36e>KaTh Tpy,D,HOCTH np5Ir..•1oro 

Me>K"t.JaCTHt.JHOro ssaHMo.n;eiicTBH5I. KoHuenII,HH 6JTH3KO,D,ettcTB1rn Tor.zi;a npe,n.

CTaBJIHJiach o6.rr~ruo~eii pH)J;OM HeocnopHMblX npe11My~ecTB. B rrocJ1e.n;Heii 

.. ,e TBCPTH XIX B. HeMe11,KaH Q:>11sHqecKa.a rnKoJia, on11pa10ru.a.HC.H Ha KOH

t~em~1110 ,n;aJihHOJJ,eiicTBH.H, ycTyilllna n eps eH CTRO attr.n:ui1cKoi1 ¢11311qecKoii 

illKO.n:e; H OOJTee qeM Ha CTOJI€TH€ TeOpH5I Il0Jl5I CT8Jla )J;OMMHHpyroru.eii. 

B HTOT'e MHorue H,D,eH H pe3yJihTaThI HeMeu,Koii ¢11s11"t.JecKoi1 lliKOJihI 

cep e.n;HHhI npo rnnoro a eKa OKa3aJIMCb sa61>1ThIMH. B yqe6HHKax no ¢11-

SHKe nepoott IJOJTOBHHhl xx B. Hep e,n.KO YTB€P.>K,D,aJIOCh, l.JTO pa3BMTMe ¢11-

3HKH rrpo,LJ,eMOHCTp11posaJ10 omHooqHocTb KOHl..lenuHH ,n;anhHo.n;ei1cTBH5I. TaK, 

o. ~. X BOJib COH ( 1852- 1934) B CBOe.M l.llllpoKO H3BeCTHOM B 20-e - 30-e ro~I 
«Kypce cPH3l1KM» Il0CB5ITIDJ cneI.J,MaJibHhlii naparpa¢ K pliTHKe KOHDi€Jll.Vffi 

,n;aJihHO)J;eliCTBH5I. Ott HaqHHaJicH cnoaaMM: «TepMHHOM «acti o in distans», 

T. e . «,n;eHCTBHe Ha paccTOHHHH» o6o3Ha't.JaeTCH 0,D,HO H3 HaH6oJiee Bpe~

Hb1X yqeHHii, KOr.n;a-JJM6o rocuO)J;CTBOBa BIJlHX B cPH3HKe H TOpM03 UBIIJlilX 

ee pa3BHTHe: 3TO - yqeHHe, .zi;onycKaBrnee B03M0)K.H0CTh He nocpe.n;CTBeHHOrO 

.zi;eiiCTBH51 -qerO-JJH6o (A) Ha q ero-JIHOO (B), HaXO,ll,Rl~eec5I OT Hero Ha onpe

,D,€JI€HHOM H cTOJih OOJihlIIOM paccroHHRM, '-LTO conpMKOCHOBeHHe Me*AY 

A H B npoHCXO)J;HTb He MO>KeT. ( •.• ) n HaCT05IIIJ.€€ Bp eMH ycn eno c.zi;e.rraT hC.H 

o6II.J,HM ,LJ,OCTO.HHMeM y6e.>K,D,eHMe, "t.JTO actio in dis t a n s ne )l.OJT>KHa 6bITh .zi;onycr 

KaeMa HM B o.zi;aott o6JJaCTM cPH3M"t.JecKMX .anJieHHA. ( •.. ) Coepe.Me?t?ta..R nay'ICa 
11pOTMRMTCH MhICJIH 0 )J;a.TihHO)J;€HCTBHHj C'"tUmaem ?te603.MO~?·l'bl.M, "'tmo6u 
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'1Ca'/Coe-.1tu60 ?neJW aeucm606a.IW maM, ziJe O'tlO ?te ?taxoiJumc.n, II 3aMeHWia 

,D,aJihHO.D;eficTBlle 6Jlll3KO,D;eHCTBlleM, np11 KOTOpoM BC.HKoe ,n;e.f:icTBlle MO>KeT 

6bITh 11po113se,n;eHO TOJihKO B 6JI11.>1<:amneM coce,n;cTBe c llCToqHllKOM 3TOro 

,n;eikTBHB» [186, c. 181-183]. B 3B-BepnreH1111 rraparpa<Pa aBTop npe,rryrrpe

>K)l.aeT «IOHblX l.JHTaTe.rre:H He B,LJ.aBaThC.H B 3TY o6.rraCTb ¢aHTa31iH» ( liMeer.rcsr 

B Slf,rry yqeHlle 0 ,n;aJibHO,n;eiicTSllll) . 

13. 2. AJI1>TepHaT11Ba: 
6nH3KO)l;eHCTBHe HRH ,n;aJibHO)l;eHCTBHe 

0,n;HaKO 11.n;e11 KOHI~enu,1111 ,D;aJlbHO,LJ.e i1cTBll.SI He 6bIJIH OKOIP·IaTeJibHO yre

f>51Hhl H rro.rryqlf.Jill CBOe pa3BllTlle B pa6oTax 8. 1 1faxa, SOCI111TaHHOI'O B cpe.n;e 

HeMeI.Q<oli ¢:u311'{.1ecKo:H lIIKOJThI cepe,n;11Hhl XIX B. <I>11311Ka MHor11M eMy o6.SI-

3aHa, H rJiaBHblM o6pa30M ero rJiy6oKoMy KPllTllqecKOMY aHaJI113Y OCHOBa

HHli HhIOTOHOBOH MexaHllKll, rrpe.n;craBJieHllit o6 a6coJIIOTHbIX rrpocTpaHCTBe 

11 speMeHJI. TaK, paccMaTpJIBaB B cBoeli KHJire « fl03HaHne :u 3a6J1y:>K,IT,eHJie» 

COOTHOlll€Hlle KOHu,enu,11:H ,LJ.aJlhHO,LI.eitcTBll5l II 6JIH3KO,n;eHCTSll.SI, OH IlJICaJI: 

«Mh1Cnh HhroToHa o c11.rrax, ,n;elicTByrom;11x Ha paccTo.SIH1111, 6h1.rra BeJ,llKllM 

JMCTBeHHhlM COObITJieM, KOTOpoe fl03BOJIHJIO B rreqeHJie 0,D;HOI'O CTOJieTJI.SI 

nocrpoHTh o.n;ttopo,n;Hyro MaTeMarr11qecKy10 4:>H3HKy. B 3TOH MhICJill Bbipa3H

Jiach HeKaropag .rzyxoBHa51 ;:J;aJihH030pKOCTh. OH BH)J.eJI ¢aKT ycKopeH11it Ha 

paCCTO~HJIJI JI npJI3HaJI ero Ba>KHoe 3Ha'tfeHHe; nocpe,LI.HJIKJI, 11epe.n;a10rn.11e 

:::rrn ycr<:opett:irn, K33aJillCb e.My He5lCHblMll, II OH ,LJ.O BpeMeHll OCTaBJI.HJI n:x 6e3 

BHllMaHH51» 1105, C. 441). 
CooTHollleHJie ,n;Byx KOHr~enu;JI.H o6cy)K,IJ,aJI 'I"c1K.>Ke A. IlyaHKape B «I10-

c.11e,n;HHx MhICJl.HX»: «HaM rrpe.n;cTaBJI.He TC.SI, qTo .Mbl Jiyqme IlOHJIMaeM rrepe

,n;aqy .n;ei%CTBll5l nyTeM conpHKOCHOBeHH.H, He>KeJill .n;elicTBlle Ha paCCT051HHH. 

9ro nocJie,LI.Hee co.n;ep.>KJIT B ce6e He ':l.TO TaHHCTSeHHOe, ecTeCTBeHHO HaBO,IT,51-

~ee Ha MbICJih 0 HeKOTOpoM S.Mellla'reJibCTBe B Ham MllP 113BHe II llMeHHO 

IT03TOMY .5I rooopro ceiiqac, -qTo MexaHlillJ;M3M 11poHM3aH MaTepHaJilil3MOM. 

IlpJI3BaHJie yqettbIX COCTOHT s TOM, qTOObl ycTpaHBTb see 'IBHHCTSeHHOe 

M TeM caMhIM scer.n;a npo.n;s11raThC.H xoT51 6h1 HeMHoro BIIepe.n;. ( ... ) H Kor.n;a 

r,n;e- H116y,n;h 06Hapy>K11BaIOT .n;e:HCTBHe Ha pa<.:CT05IHHJI, CTpeMSITC5l npe,n;c"Ta

BHTh ce6e JI npoMe.>KyTO'lHYIO cpe,n,y, KOTOpaB o6J1a,n,ae-r CSOHCTBOM n epe.n;a

BaTb 3'£0 ,n;e itcTBlle OT TOqKll K 6JIH>Kawmeii TQqKe. 0.n;ttaKO Ha 3TOM OY'l'H 

npo,n;BHHYJIHCb He CJIHillKOM-TO ,n;aneKo, 116o ec.rrJI 3Ta cpe,n;a HenpephIBHa, TO 

9TO He ,n;aer HJIKaKoro y,lI,OBJ1€TBOpeHl1.H HallleH rrpl1S513aHHOCTH K IlpOCTOTe, 

T. e. Harnett 110Tpe6HOCTll see IIOHllMaTh. ECJill >Ke OHa COCTOllT 113 aTOMOB, 

TO aTOMbl He MoryT HaxO,LJ.llThC.H B IIOCTO.HHHOM conpllKOCHOBeHHll, XOT.SI OHR 

Ii paCIIOJIO)K€Hbl Ha O"'leHb MaJiblX pacCTO.SIHJI.5IX ,n,pyr OT ,n.pyra, paBHhIX, 

no BCe fi BH,U.11Mocr11, o.n;Ho.i1 MllJIJIHap.n;tto:H MHJIJillMeTpa. Ho 3TO BCe-T'd.KM 

KOHeqHoe paccTO.SIHHe, JI ero 3Hal.Jetme TaKoro .>Ke xapaKTepa, KaK JI KJIJIO

MeTpa,, - ,n;JI.SI ¢Jinoco¢a 3TO B npHHu,n:ne o,n;Ho n: TO >Ke. Be,n;b Heo6xo.n;nMo, 
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qTOObl ,n;eiiCTBl1e n e pe,u,asaJIOCh OT O,lJ,HOI'O aTOMa K ,n,pyroMy - TOJibKO TaK 

OHO CTaHOBl1TCSi ,n:eiicTBl1eM Ha paCCT05llll1l1» [135, c. 490). 
l1,n;e11 ,D;aJlhHO,n:eiicTBl1.H 6bLJil1 B03pO)K,D,€HbI B 20-x IT. xx B. B pa6o

TaX K. llisapl(ml1Jlh,JJ.a, r. T~Tpo,u,e H A. ~- <l>OKKepa, 6Jiaro.n.ap.H KOTOpbIM 

KOHu,enu,1rn np5IMOI'O Me:>K"t.£aCTl1"t.IHOro B3aHMO,n;ettCTB.IDi IIOJTyqHJia ~nITK}'IO 

MaTeMaTJP1ecKy10 ¢opMyJTHposKy. Bhmo noKa3aHo, 'ITO reop.IDi 3JieKTJ7.:>

MarHeTu 3 Ma, nocTpoeHHa.H Ha ee ocHose, corJiacyeTc.s:r c 'l'eop11e:A tvlaKCsemia 

/J.JIH CTa:.ruqecKHX 11 C'rau,11ottapttb1x 3.TTCKTpaMaI'HHTHhIX .Hs.rreHHii . Tor,n:a )Ke 

6hI.TTJ.f BbUIBJieHbl H OCHOBHbie Tpy,ZI.HOCTH, npen.HTCTBOBaBml1e p83Bl1Tl110 3TO:tt 

TeOpHl'1. n1asHa£ H3 HHX COC'I'O.HJia B paBHOIIpaBHOCTH 3aII83,rt:hIBalO~HX 
H onepe:>KaIOlll,HX B3aHMO)l;€HCTBl1:A. 

fl Hame :ff CTpaHe KOHU,€III.J,l1.H )1.a.JlbHO,Ue:ACTDH.H aKTl1BHO OTCTaHBa.Tiach 

.H. 11. <l>peHKe.rreM [179, 181), 0 q eM CBH,n:eTeJibCTBYIOT coxpaHHBllll1€C5l cre

HOrpaMMbl )l;HCTIYTOB, npOBO,rt:l1Bllil1XC.Sl B Jl€lll11II'pa,LJ.CKOM floJIHTeXHHqecKOM 

HHCTl1TyTe B ,n:eKa6pe 1929 r. H B HHBape H MapTe 1930 r. H a 3Tl1X ,n:11cny

Tax <l>pe ttKeJih yTsep)K,Il;aJI: «£ AYMaro, O)J,HaKo, "t.ITO Mbl ,n;oJI:>KHhI cqwraTh 

cPYH,II,aM€HT8JlbHOH peaJibHOCTblO He none, HO MaTepHJO, T. e. ,D;BH:>KeIDle 

H B3aHMO,ne:AcTBHe MaTepHaJihHblX qacTHLJ,, a 3J1€KTpOMarHl1THoe noJie pac

CMaTpHBaTb K aK scnoMOraTe.Jiheyio KOHCTpyK1 ~1110, cJiy)KaIIJ.YIO ,n;JI.H 60.Jiee 

y,n;o6ttoro orrHcaHH.H 3TOm B3auMOJJ.ei1cTB.IDi. HaKoHeu,, .H nonararo, 't!TO OHO 

npe,n;CTaBJI.HeT co6ott .U,8JJbHO,n:e:HcTBHe, KOTOpoe Mbl HHKOHM o6p830M He 

,ll;OJI)KHbl CBO)l;HTb K KaKOMY-TO ,n;e:AcTBl110 H 6JIH3KO,n;e:ACTBIDO, ocym;ecTBJIHlO

~eMyC.H qepe3 K a KyJO-JIMOO npoMe>i<yTOqHyIO MaTepHaJibHYlO CpeAY l1Jil1 rrpu 

rr0Mom;11 MaTepHaJIH30BaHHhlX c11110Bh1x JTHHl1:A. ( ... ) ITo3sOJihTe npe:>K,IT.e 

Bcero ,D;OK83aTh BaM, qTo cPH3H't.{€CKHM a6cyp,n;oM .HB.11.HeTC51 l1MeHHO npe,n

CTaBJI€HH€ 0 6JIJ!l3KO,D;eHCTBIH:I, a qm311qecKott peaJibHOCThIO, ¢11311~1eCKM 

o6ocHoBaHIIbIM HBJIHeTC.H 11pe,L1,cTaB.rreH11e o ,D;aJihHo,n;ettcTsH11. KaK HaM Hu 

Tpy,n;Ho npe,n;cTaBHTb c e6e 3TO ,n;aJihHO,n;ettc'rBHe: ,n;a e~e 3ana.~,rt:bIBaIOIIJ.ee, 

see .>Ke HaM H006XO,D;MMO C)J.€.ilaTb COOTBeTCTsy1o m;ee ycl1.11He ,D;JI.H Toro, tIT06bl 

OCBof>o,D;HTbCH OT Tex npHBbl'-:1€K, KOTOphle CJIO:>KHJIHCb y Hae B 3JIOxy, KOr,n;a 

Hailll1 1103Hamui 6bIJIH He,n.OCTaTO'lHhI» [180 , c. 25) . « P 83peUil1Te MH€ c eiiqac 

npoaHaJIH3HpOBaTb IlOH.HTHe 6JTH3 KO,n;ettcTBH.H TaK, K a K OHO ¢11ryp11pye:r 

H TeOpHH <I>apa,n,e5l, TaK, KaK em npe,ncTaBJUUI ce6e ivlaKCBeJIJT, H ITOKa3aTb 

saM, l-JTO 3TO 6.IT.l13Ko,n:ei1cTBl1e, ,n:ettcTBy1omee qepe3 npoMe>i<yToqHyro cpe,ny, 

npe,n;cTaBJIHeT co6oii TOJihKO HJTmD3 HIO, TOJibKO 3aMaCKHposaHHoe )l;8JlhHO

JJ.€HCTB11e. H e ,UaJibHO,n:e:HcTs11e oKashrnaeTc.s:r Heo6XO)lHMbIM CBOJJ.HTh K 6Jll13-

KOµ;e:A<:TBHIO, a, Hao6opoT, 6 JUl3 K0)1.e:AcTBl1€ K )l;a.JlbHO,D;ettcTBHIO» [180, c. 73]. 
B 3all.Q·fTY cBOe.ti no3 HU,Hl1 <l>pe HKC.rrh np11:so,n;11n Tp11 OCHOBHhIX ,Ti;oso,n.a. 

ITep.Bhili (OH Ha3h1BaJI e m «aHTponoMop¢>HhIM») ,n;oBo,n: cocT011T s TOM , ':ITO 

y Hae yKopeHMJH1Cb npe,n,CTaBJieHH.H 0 soo,n;ettCTBHH Ha npe,rt:MeTbl -qepe3 H€IJO

cpe.LJ.C'rBe1rnoe conpHKOCHOBeH11e . BTopoii .n:oao.n; KpoeTCSi s npHBhiqKe 011e

p11poBaTb ,n:mp¢epeHL\J1aJihHhIMH ypaBHeHH.HMH, o6b1qHo accou;1,mpyeMhtM11 

co c n nomttott cpe,n,oii. TpeT11i1 ,n;oso.n: 6JIH30K K co,n:ep)KasmeMycH B y)Ke 
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ynoMHHYTOM BhlCKa3hIBaH1n1 A. IlyaHKape. <l>peHKeJih roBopun: «EcJrn: qa

CTllUhl, 113 KOTOpbIX COCTOHT paccMaTpIIBaeMoe TeJIO, OT,ll.eJleHhl ,l..ij)yr OT 

,npyra nyCThlMl1 npoMC>KYTKaMH, TO KaKHM o6pa30M OHM ,ne:tiCTBYIOT ,npyr 

Ha lij)yra? Bh1 MO>KeTe CK83aTb, qTo Kor,na o,ntto Teno TOJIKaer ,npyroe, TO 

O,UHH 1:J8.CTHW>I Ha)l(llMaIOT Ha coce,n,HHe l{ TaKllM o6pa30M ocyw.ecTBJIBeTCH 

nenocpe,n,cTseHHoe corrpHKOCHOBeHue. Hy a eCJI11 Dbl Teno pacrnr11Baere, KaK 

ror,na ,n,eitcTsyroT coce,n1111e l.faCTlllJ,bI ero ,n,pyr Ha ,n,pyra?» 1180, c. 76) OH 

yraep)l()l.aJI, l:{TO BBe,n,eHHe HOBOit Me>Kl\.tOJleKyJIHPHOit cpe,i::Q>I «HllCKOJlbKO He 

pclliaeT oonpoca 0 CRe,neHHH ,ll,aJlhHO,l(e:ticTBll.SI K 6JJH3KO,D,e:tiCTRllIO, a Jllllllh 

CBO,l(HT ,ll,a.JibHO,D,eHCTBHe Ha oqeHb MaJlblX paCCTO.HHIUIX K ,ll,aJibHO,l(e:tiCTBHIO 

Ha en~e M€HbllIHX paCCTOSIH11HX». 

,lJ,o6aBHM K 3TOMY TJeTBepTbI:ti ,n,oBO)J,. K0Hu,enu,1u1 6Jrn3 KO,n,e.ticTBllH onu

paeTCSI, no cym;ecTBy, Ha HepeJJSITHBJ1CTCKOe nOHSITHe KOHTaKTa, 03Haqa-

10m,ee, 'tlTO B3aHMo,ne:AcTBlle ocymecTBJISieTCH, KOr).J.a paccTO.HHHe Me)K)Jy 

'-1acTllu,fil..1H i 11 j paauo uy.1110 (rij = 0). LJacTHu,a B3aHI\.t0,n,eitcTByeT c noneM, 

Haxo~M~ B 3TO:ti >Ke TO'lKe, 3aTeM noJ1e rrocne,n,osare.JlhHO nepe.n.aeT 

B03)~eiicTBHe ar O,ll,HO:H T01:JKH npocTpaHCTBa K ,J.J.pyroii, 6ecKOHe'tlHO 6JIH3KO:H, 

no u;enO'tlKe, IIOKa ae ,n;ocTllrHer nono)l(eHHH B'l'Opoii 'tlaC'rHI..f,hI. B pe.rr.SITHBHcT

CKOH Teop11H, Kai< H 3secTHO, Bpe~ H npocTpaHcTso o6'he,D,HH.HIOTc.H B O,ll.HO 

4-MepHoe MHOroo6pa3He. Pe.n.HTHBHCTCKH He11HBapHaHTHoe n oH.HTHe pac

CTO.HHH.H Tij cne,n,y€T 3aMCHHTb Ha penSITHBl1CTCKH H.H.BapHaHTIIoe nOHSITHe 

JIBTepBaJia Sij = J c2tlj - ri. Tor)J,a peJI.HT l1BHCTCKoe IIOIISITHe KOHTaK'ra 

0 3Ha'iaeT Sij = 0, qTo COOTBeTCTByeT B3aHMO)~eikTBlflO (KOHTaKTY) qacTHU 

Ha H30TpOnHhlX KOHycax c sepllIHHaMH B MecTax pacnoJIO>KCHU.H '(_IaCTHlJ,. 

B 3TOM CMblCJie MO~?/,() C'l/,Uma?n'b ?neopuw aanasitotea10w,e20 aa.//,'b'J-Waeu

CrTWUR 6oJtee COO?nee1ncmey10w,eu pe.1t;imuaucrncx;oiJ, uaeoJt02UU (meopuu 
om1wcume.1t'b1Wcmu}, ne~eJtu 06w,enpu'HJ£my10 meopu10 noJtJi. 

Yno~HYTbie ,D,HcnyThl, HaqaBUJHe~ c o6cy)f(,ll;eH.IDI ¢H3HT.1ecK11x npo-

6neM, nepepOCJlll B ,JzylCKYCCHIO 0 BbI6ope 0,ll,HOH H3 ,JJ.BYX KOHl~enu.Hi1:-

6JIH3KO,l(e.iicTBHSI HJJH ,rr;a.rrhHO,n,e:HcTBW.SI, npHl:.JeM y'tlacTHMKH ,n11cnyTOB TaK 

11 He npHlllJIH K OKOH'faTeJihHOMY BhIBO)J.y. OcnoBHhIM ,n,OKJia,z:r;qHKOM, OTCTa

HBaBilIHM KOHu,enu,mo 6JIH3KO,D,eHCTBH.H, 6bLIT npo¢eccop nOJIHT€XHH'feCKOf'O 

HHCTHTy'ra B. <l>. 11w.rKeBH'I. Ha nepab1:A 11.JiaH ,n,11cKycc1111 BhI,J.J.BHHYJICs:r no

craBJieHHhlH HM BOnpoc: EcJrn B3.HTb ,l(Ba npocTpaHCTBeHHO pa."3,LI.eJl e HHbIX 

TeJia H OKPY)KHTb O/f,HO Ji13 HID<. c¢epott pa.n.Hyca, MeHhmero HX B38J11\.rnoro 

pl'JCCTO.HHll.H, TO npM HX B3aHMO,n,eitCTBMll n epeceKaeT J,H He'tlTO pa.3)1,e.Jrn

IOIDYIO Hx c<l>epy? B 3aBHCHMOCTH OT OTBeTa «,n,a » HJIH « HCT» y~aCTHHKH 

,lUICnyTa ,n,e.JIHJll1Cb Ha CTOpoHHHKOB 6JIH3KO,D,e:ticTBHSI HJIH )J,aJlbHO)~eiicTBH.H 

COOTBe TCTBeHHo. CaM 1i1HTKeBH'tl rooop11.n pemHTeJihHoe «,n,a». <I>pettKeJih, 

SiB.IDiBll111RCSI rJia.BHbIM onnOHCHTOM, 3aH.HJI IIpOTllBOnOJIO>KHylO Il03HI.J,HIO: 

~c MOeii T01:.JKl1 3pettlls:r - OTBeT OTpHU,a'reJihHbI:H: HHKaKOH npoMe>KyTO'tlHOH 

cpe,nbI, c KOTOpoii 3TO none 6hlJ,O 6hl CB£3aHo, HHKaKoro MaTepllaJibHOro 
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HOCH'reJI£ IIOJI£ He cyI.U;eCTByeT. :rv1w 11MeeM nycTOe rrpocTpaHCTBO, B KOTOpoe 

BKpallJI€Hbl OT,LI,eJihHbie 3JleKTp0Hhl, ,n;e:ticTByIOIIJ;lie ,n;pyr Ha ,n;pyra Ha pac

CTO£HIUI» [1561. :tv1Hett1u1 yqacTHMKOR pa.'3,n;e.rr11JI11ch. Ha cwpotte <I>peHKeJrn 

6bIJill A. <l>. IIo<l>¢e, II. E. TaMM, c. II. BaBHJIOB, r. A. raMOB II P.HA ,n;pyr11x 

BM,lI,HhJX <l>M3MKOB, TOrn.a KaK B. <1>. :tvlHTKeBnqa rro.n,nep)KMBaJI p.H,n; yqeHhlX, 

llMeHa KOTOpbIX y:>Ke Ma.JIO "ITO l'OR0p£T COBpeMeHHbIM ~'ffiT€JISIM. rnaBHblH 

llTOr ,LI,HcnyTOB COCTO£JI B KOHCTaTa~llH HaJIHq.IDI ,n,Byx B3al1MHO llCKmOqaJO

IIJ,llX II03HIVl'it. 

AHaJIOrH"l-lHbie ,n,11cKycc1111 npo!l,OJDKaJIMCh Ha p£,n;e ceccui1: aKa,rt.eMMM 

HayK: B HO.fl6pe 1931 r., ¢espar1e 11 OKT£6pe 1933 r., B anpe.ne 1934 r. 
H B MapTe 1936 r . XapaKTep npoxo,n,11BIDMX ,n;11cKyccHtt aro6pa:>KeH B CTaThe 

A. C. CoHHHa [156], crreu,MaJibHO nocB.f!I.1..J;eHHOtt 3TOMY aonpocy. KaK rmme.r 

CoHHH, 6hmll H3'bHHhI B rroo11u,11.Hx o6eux cTopoH, 11p11'tleM npHBO,lV1Mhle 

aBTOpoM ou,eHKH CBH,lJ,€T€JlbCTB}'IOT o6 aKTYaJihHOCTH 6hlJibIX ,LI,MCKycc11ti 

H B Hanrn ,LJ,Hll: «C I103MU,Htt cero)I)UlmHero ,ll,HH IIPMHI.J,HJTHaJihHrul I103H

lJ,ltll B. <1>. :tv111TKes111:ia HB.rrneTc£ cPH3Hl.IeCKM o6octtosattttott. B f\.rn:pe )l,eit

CTBMTeJihHO I'OCilO,LI,CTBYeT 6Jlll3KO,LI,eitcTBHe H 3.TieKTpoMarHHTHoe IlOJie €CTb 

He scrroMoraTe.nhHaa yMo3pwreJILHa.a KOHCTPYKU,M.H. Ho 3.neKTpoMarHMTHoe 

noJie He Hy)K,ll,aeTC£ B cneu;MaJibHOM HOCMTeJie Tlllla 3qmpa, a caMO £BJl£eTC.SI 

¢11311..,1ecKoit peaJILHOCThIO, oco6h1M BH,ll,OM MaTepHM. Bo3HMKaeT Borrpoc: rro

'tleMy <I>peHKeJib, rny6oKMit TOOpeTMK, pa6oTaIOI.1..J;HR B caMbIX COBp€M€HllbIX 

p83,n,enax cPM3MKM, B Te ro,ll,br paa,n;e.JI.HJI H,JJ.e10 actio in distans? Tio-s11,ll,ll

MOMy, 3,LI,eCh ,LI,e.ticTBOBaJIH ,LI,Be rrpM'iHH.bI. Bo-nepBhIX, r11nH03 coBpeMeHHbIX 

MaTeMaTll"l€CKllX MeTO,lI,OB, KOTopbre xopomo OIIMCblBalOT B3aHMO,D,€liCTDlle 

3aps:I,LI,OB 6€3 yqem npoMe)KyTo'iHOH CJ.>eAhL Bo-BTOphIX, Henp11£T11e 3¢11pa, 

M3ffiaHHOro 113 ¢M3HKH Teopnett 0THOCMT€JlbHOCTll, KOTOpbiii: IlblTaJIC.H pe

aHHMllpOBaTh MMTKeBH'i~ r156, c. 279). 
Tip11MeqaTeJihHa TaIOKe Bhl.HBJieHttaa CoHMHhIM 3BOJIIOlJ,ll£ II03HIJ.mt rJia.B

Hhlx y'1aCTHMKOB 3THX )J.MCKyCCllH. Tio3MU,M£ :tv1HTK€BMl.Ja OCTa.rracb Hel1'.3M€H

HOR, wr,n,a KaK <l>peHKe.iTu coo11 B3rJISI,LI,hI rrocTenentto MeHIDI. KaK IlllilleT 

CoHMH, «BHa"laJie OH C'1HTaJI, qTo 3JTeKTpoMarHMTHoe noJie - 3TO npocro 

y,IJ,o6Hh1it np11eM ,IJ,JI.H orr11caH11sr B3a11Mo,n;ettcTBMH 3ap51,rr.0B, a Ha caMoM ,I:(e.nc 

B3allMO,ll,€liCTBlle ocymecTBJI£eTC.H 'tlepe3 rrycroTy, HO c KOHe~HOit CKOp0CThlO. 

3aTeM OH np113HaJI pea.TlbHOCTb 3JI€KTpoMarHllTHOl'O I10JI£, HO He C'ieJI B03-

M0)KHbIM OTH€CTM ero K MaTepllU, 110/1, KOTOpOH OH IIOHMMaJI TOJI.bKO 3JieKTPM

'i€CKlle 3ap.H,D,hl. II B KOHu;e KOHu,os cornacHJIC£ cq11TaTb 3JTeKTpoMarH11T11oe 

IIOJie oco6bIM BH)J.OM MaTepHH. TipaB,LI,a, np113TOM OH OTKa3aJI eMY B HaTlll'iMll 

npOCTpaHCTBeHH.bJX rrepeMelI(eHU~» [156, c . 288J. 
9TH CJIOBa B KaKott-TO cTe11eH11 rro,n;TBep)K,ll,aIOTC..SI CTaTheii .5I. M. <I>pen

Ken.s [1811, orry6.JIMKOBaHHOH y:>Ke rrocJTe ero KOH"IUHhI ChIHOM. KaK npe)l,

cTaBJI.HeTC.H aBTopy, 3Ta 3BOJIIOIJ,ll.H B3 rJ1.H,lJ.OB <I>peHKeJI£ 6hIJia o6ycJIOBJI€Ha 

TeM, 'ITO OH, ronop.H o peJI.f!U,MOHHOM nowo,n;e K OIIHCaHHIO B3ruIMo,n,ei1c·rsM.tt 

( 0 KOHU,€IllJ,11M ,LI,aJihHO,LJ,€RCTBM£), He yqHTbIBaJI ,LI,OJT)K}Jbl.M o6p830M peJI.H-
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11,HOHHblH )Ke no,n,x:o,n. K npnpo,n.e rrpocrpaHCTBe HHO-Bpel\.'leHHbIX OTHOllleHHi1. 

B ero paccy)l{,11.eHHRX ¢a1<.T11qecKH npHcyTCTBOBaJI arrpHoptto 3~attttb1H: 

npoc·.r paHCTBeHHO-BpeMeHHOH cPOH ( «rrycToe rrpocTpaH<:.'TBO» ). 3a6era.H BIIe

pe,n,, O'l'MeTHM, 'ITO am1.norHqHbIH ,n,e¢e1cr IIOTOM BbIBBHJIC.H H B II0311{\HH 

P. <I>e:HttMaHa rrpH peJUIIJ,HOHHoii nepe¢opMynnponKe KBaHToBOA MexaHHKH 

(tta OCHOBe cyMl\lrnpoBaHH.H no TpaeKTop11.HM). 

Bo3Bparu;a.HCb K sorrpocy, KOTOpb1i1 B . <I>. MHTKeBnq cTaBHJI n xo,II,e ,rr,wc

nyToB, OTMeTHM, qTO npe,u.CTaBJieHHR 0 n epettoce CBeTa cPOTOHaMH, pac

npOCTpaH.HIO~HMHCSl OT HCTOqffHKa qepe3 Bee rrpoMe)KyToqIIbie TQqKif ,II,O 

npHeMHHKa (,II,o Hawero r.rra.~a) rny6oKo y1<opeHHJIHCb. A KaK )Ke HHaqe? 

YTBep)l{,11.aeTC.H, qw o6 3TOM RKOOhI CBH,n.ereJJhCTByeT orpoMHoe KOJJHqe

crno 3KCIIepHMeHTOB. 0,II,HaKO CTOHT 3a,u.yMaTbCSl, ,II,eHCTBHTeJibIIO JIH 3TH 

3KCnepHMeHTbl ,II,OKa3bIBalOT, qTQ l<a)K)l,bIH H3 cPOTOHOB Henocpe.llCTBeHHO 

npoxo,n.HT qepe3 ece np0Me~ymo'1.1:H/bte m<J'lt?ru npocmpa?-£cmea OT HcroqttHKa 

,n,o rna3a? Bo3hMeM KOHKpe'l'Hhiii ¢oTOH H rronhITaeMCSl ero o611apy)KHTb r,II,e

TO Me)K.Lly HCTOqHHKOM H I'Jla30M. KaK TOJibKO Mbl ero 3acPHKCHpyeM, OH y)Ke 

n ttaw rna3 He norra)leT. IIonacTh MoryT TOJihKO ,II,pyrHe cl:>oTOHht, o Ka:>K,II,OM 

113 KOO'OpbIX MO:>KHO CKa3aTh TO >Ke caMoe. TaKHM o6p83oM, 3KcnepHMeHTbI 

He ,llOK83bIBalOT npoxo)l{,11.eHH.H l<a)K,Ll.01'0 OT,II,eJibHO B3RTOI'O ¢oT011a qepe3 

nee rrpoMe.>KyTOqttble TOqKH rrpocrpaHcrBa O'l' H CTOqHHKa ,II,O I'Jia3a. 

13.3. IIpHHI~ <l>oKKepa B 3JieKTJ>O~aMBKe 

1. l13JIO:>KHM cyTb T eOpHH np.HMOI'O Me:>K'18CTHqHoro 3JieKTpOMaf'HHTHOf'O 

n 3aHMO,II,eiiCTBH.H <J>oKKepa <I>eiittMatta. B ueii cyl.l.T,eCTBeHHO 113MeH.HeTC.H 

rrpHH~HIIHaJibHaH 6noK-cxeMa TOOpeTHqec1<.o:H KOHCTPYKIJ.HH. BMecro 6noK

cxeMhI ( 3.1. l) KOHu.enu.HH 6nH3Ko.rr.eiicTBH.H ( TPHaJIMCTffqeCKOil: rrapaJIHrMbl 

H.llH TeopeTHKo-nonenon napa,n.MI'MbI) 11c nonb3yeTCH cxeMa: 

CosoKynHOCTh napHhlX upocrpaHcTBeHHO-BpeMeHHhIX OTHOilleHHii 

ConoKynttOCTb rrapttbIX TOKOilbIX OTHollleHHii 

(13.3.l) 

B aro1i Ta6~e OTcyrcTnyroT OT,II,eJibHbie KaTeropHH npocrpaHcTna-BpeMeHH 

v.; qacTHu,. BMecTo HHX BBe)leHbI ,II.Be o6o6m;etttth1e KaTeropHH: npocTpatt

CTBeH HO-BpeMeHHbie OTHOllleHH.H, pacCMOTpeHHbie B rrpe,IJ,bl,Lzyl.l.J,eii rJiaBe, 

11 TOKOBbie OTHOllle HH.H, orrpe,II,eJieHHbie HH)Ke. KpoMe TOJ'O, 3,II,eCb OTCyT

CTBYeT KareropH.H noJ1.H, .HilJI.HBilla.STC.H npoMe>KyTo'1HhIM 3BeHoM Me)K,1.1.Y B3a

HMO,II,eiicTByrom;HMH qacTHU,aMH B 6JIOK-CXeMe KOHu,erru,HH 6JIH3KO,II,eHCTBH.H 

(3.1.1). BMecTo KaTeropHH non.H 3,II,ech ncno~b3YeTCH o6o6m;ettttas:r KaTero

pH.H TOKOBbIX OTHOilleHHM. 
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Oco6o CJieAYCT no~epKHYTb7 qTo B 6JIOK-cxeMe (13.3.1) YK83aHbI co
BOKynHoCTH naptth1x OTHOIIJeHHii Me:>K,zzy BCeM.H co6bJTH.HMH ( qacr1u.i;aMH, 

yqacTByIOID;HMH BO B3aMMO,LI,e:.0:cTBH.HX) . 

2. TeopH.H np.HMoro Me>K'1acTHqHoro 9Ae'lf/mpo.AtaZ'H:umttozo e3au.MoiJeu

cmeUJt <l>oKKepa .HB.J1.SieTC51 yrrpou~eHHbIM BapHaHTOM peJI.Hl.f.HOHHOM TeOpIUI, 

B KOTOpoi1 H3 Bcero M.Hpa BhIJl;eJUleTC.H napa B3aHMO,l(eiicTBYIOI.qHX qaCT.a.fQ. 

KJiroqeBbIM IIOH.HT.He.M 3TOM TeOpHH, o6be.n,HH.HIOI.I1,HM B ce6e xapaKTepH

CTHKH ,LJ.BYX o6o6rn;ettHhlX KaTeropHH, .HBJI.HeTC.H KJiacCHT_IecKoe ,uei1CTBHe s. 
YpanHeHIDI ,nBH>Keim..H qacr.Hu., KaK .H B npe)KHHX napa,LJ,HI'Max, ttaxo,rv1Tcg 

nocpe,.a.CTBOM BapHau;HOHHOro npHHU.HIIa bS = 0, KOTOpbIH B TepMHHaX 

pen.HI.J.HOHHoit nap8/l,MI'MhI H83hIDaeTC.H nputt·~unOM '1>o'K'Kepa. 

06o3ttaqHM ,LI,Be Bbl)l,eJieHHhie qacT.Hll,hl CIDvlBOJia.MH 1 H 2. ,ll.JI.H HHX 

KJiaccHqecKoe ,LI,ei1CTBHe 81 ,2 npe,.a.CTaBJI.HeTC.H B BHLI.e 

81 ,2 = So(l) + Sint(L 2) + So{2) =So+ Sint(l, 2), (13.3.2) 

r,LI,e 80 (1), 80 (2) 11 So= S0 (l)+So(2) ,nei1cTBH.H !(JI5J «cBo6o,LI,HhIX» Bb1.n;eJ1e11-

Hb1x qacTM~ (R o6m;enpMH.HTOi1 TepM11Honor.11H). Cp83y )Ke no.n.qep1<HeM, -.:.1To 

B pen.HIJ..HOHHOi1 KOHI.f.CIIU.HH B npHHI.J.Hne Her cBOOO,lI,IIhIX qacTHIJ,. KaK 6y.n.er 

fl0Ka3aHO HH>Ke, B )J.alHIOM noµxo.n;e 3TH CJiaraeMbie HMeIOT C.MbICJl cyMM 

OTHOIIIeHHR BbI,n,eJieHHbIX 'i8CTMU. co BCeMH 'IaCTHI.J.aMH OKpy)Kruomero rvrnpa, 

KpoMe napttoro OTHOIIIeHH.H Me)K,Lly caM.HM.H 3T.HMH qaCTHI.f.aMH, KOTOpoe 

3anHcatto OT,ll.eJlhno B BH)J.e CJiaraeMoro Sint. 
3. B np11ttu..wne <l>oKKepa )l.Jm CJiyqa.H 9Ae'KffipoMaZ'H'urTl:Hozo e3auMoiJeu

cmeu.R S~~ ( 1, 2) HMeeT BH,LJ, 

(13.3.3) 

r,rr,e e1 H e2 - ane1{TpH'-ieCKHe 3 ap.H/J,hI ,IJ,Byx qacTHU., j(i) = ei dxi / ds1 -
seKTOp 4-TOKa 'iaCTHll,bl c HOMepoM 1; ds1' ds2 - CMeID;eHH51 B.Ll.OJlb MH

poBbIX JlHH:Hii 'iaCT.HII;; 7]µ1/ - MeTpuqecK.H:.0: TeH30p npoc·rpaHCTBa-BpeMeHH 

MttHKOBCKoro. HnrerpHpOBaHHe 11po113so,rr,11TC.H B.Ll.OJih MHpOBhIX JJHHHi1 DhI

)J.eJieHHhIX 'iaCTHlJ,. IIocKOJJhKY n 1<.i1accH'iecKoit TeopHH uonaraerC.H, 'iTO 

Ka:>K,ll,a.H qacrHIJ,a yqacTayeT B orpoMHOM KOJIHqeCTne co6bJTHR, TO ee y,rr,o6Ho 

arm:pOKCHMHpoDaTh B BH,rr,e HenpepbIBHOM MHpOBOM Jl.HHHH. 

IIo.n. 3 HaKOM HHTerpru1a B (13.3.3) CTO.HT ,naa HHBapHaHTHhIX napHhIX 

OTHOllieHIUI, COOTBeTCTBYIO~He ,ll.BYM o6o6rn;eHHhJM lffiTeropH.HM B (13.3.1). 
CnaraeMoe j(. )j(2)µ - CKaJJ.HpHoe npOH3Be.n.eu.we TOKOB Jl,Byx B3aHMo.n.ett

CTBy10m.11x 'iaCTHI.l, - xapaKTepH3YeT TOKOBoe napHoe OTHOIIIeHHe. Bb1pa)Ke

HHe s 2 (1, 2) BO BTOpOM c n araeMOM no.n. HHTeI'paJIOM - KDa,IlJ)aT HHTepBaJia 

Me.:>K,lly TO'iKaMH Ha MHpOBhIX JIHHHHX Jl,.Byx 'iacTHu. - xapaKTep113yeT npo

CTpaHCTDeHHO-BpeMeHHOe OTHOllieHHe, a ,LJ,eJlhTa-cPYHKl.(HH <YT Hee npe,LJ,C'l'a.& 
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Afle'I'C.H B BH,II,el): 

r,II,e ti2 H r12 - npoMe)KyTOK BpeMeHH H paCCT O.HHHe Me)K)ly IIOJJO)KeHH.HMH 

B38.MMO,II,eHCTBYJOllU'IX 'iacTHU.. 

4. Ilpe,II,CTaBJiem1e <5-Q:>yttKIJ,IDI B BH)J,e ,n,syx 'iacTeii cnpaBa B (13.3.4) 
03Ha'iaeT, 'iTO np11 cPHKCHpOBaHHOM IIOJlO>Ke HHl1 'iaCTHJ.{bl c HOMepoM 1 
B HeKOTOpbIM MOMeHT BpeMeHH to (Ha ee rvrnpoBOH JlHHHH) B3aHMO,II,eHCTBHe 

Me.)l(,lly 'iacTHIJ.aMH npOHCX0,11,HT npH ,II,Byx IIOJlO:>KeHIHlX BTOpoii qaCTHIJ.bI: 

B npe,u.mecTBYIOIUHH MOMeHT t' H B 6y.zzymHii MOMeHT t"' COOTDCTCTBYIOIUHX 

,ll,DYM nepece'ieHIUIM KOHYCOB IIJ)OlliJIOT'O H 6y,z:ryu~ero ( c BepIIIHHOH Ha MHpO

BOii: JlHHHH nepBOM 'iaCTHIJ.bI B MOMeHT to) c MHPOBO'tt JTHHHeii DTOpoH 'ia

CTHll,hl (cM. pHC. 13.2). c 'I'O'iKH 3peHIUi nepBOH 'iaCTHIJ.bI, B3aHMO,II,eiicTBHe, 

t 1 

t" 
,__ _ _ _ Onepe>Ka10D..J.,ee 

B3fil!MO)l.eACTBHe 

l 

3an83,.m:.1aa10mee 
t' B3aHMO)l.eACTBHe 

----- ---- -
1 

PHc. 13.1. Onepe)Ka1ow;ee H 3aII83,D.hIBa10w;ee B3aHMo,II,ettcTBH~ ,D,Byx "lacnu~ 

Onpe,II,e.ID1erv10e IIOJlO)KeHHeM BTOpOH 'tJaCTHIJ.hl B MOMeHT t'' II83bIBaeTC.H 

aanaaauemow;u.M, a IlOJlO:>KeHHeM B MOMeIIT t" - onepe[)ICa?OW/U.M. TaKMM 

00p830M, COrJiacHO np1HIIJ,lUIY <l>oKKepa, 3aIIa3,II,blBaIOIIJ;ee H OIIepe)KaIOIIJ;ee 

~HMO,IJ,elicTBH.H npHcyTCTBYIOT CHrvnv1eTpH'lHbIM o6pa30M. B 20-x - 30-x rr. 

9'00 npe,II,CTaBnarro ocHOBHYIO T py,n,ttOCTh reopHH np.HMoro Me:>K'iOC'TH'iHOro 

1338.HMO,II,eticTBH.H. Mo:>KHO 6b1no roBopHT.b o coBrra,II,eHHH 9TOii reopHH c 06-

11J,enpH1IBTOR TeopHeii: IIOJl.H JlHIIIh ,II,JI.H CTaTH'ieCKHX H. CTaIJ.H.OHapHbIX 9JieK

TpOMarIIHTHbIX .~IBJleHHR . 

l )Co CBOli(,'TBRMH )l.eJibTa-<l>yma.um MO)f(HO no/ij)06110 03HaKOMHTbC5l B [70, c. 11-37). 
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IIo.rrHoe ,rr,e.f:icTBHe )J.JI.H CHCTeMhI B3aHMo,rr,eiicTBy10u~Hx a11eKTpnqecKnx 

38.pi!).I.OB B KJiaCCH'ieCKOi1 TeOpHH IIpHMOro Me)KqaCTl·ftIHOrO 3JieKTpoMar

HHTHOro B3aHMo,n.el1CTB.IDI 3aIIHCbIBaeTC.H n BH)J.e {13.3.2), r,rr,e B So nxo~ 
«CBoOO,lJ,Hbie» ,rr,ei1CTBH.H Bcex 'iacT11~, a B Sint - Bee B03MO~Ie napHbie 

D3aHMO,IJ,ei1.CTBH.H. 

5. Ilo.HCHHM, KaK B TeOpHH np.HMOI'O Me>KqaCTH'IllOro B3allMO)J.eMCTBHH 

MO)KHO BBeCTH BTOpHqHbie ( BCIIOMOraTeJibHble) IIOHHTIUI, COOTBeTCTBYIO~He 
IIO'l'eHIVla.TiaM 11 Hanp.HLKeHHOCT.HM 3JieKTpoMarHHTHOl'O IIOJI.H. ,ll;JIH 3TOro H3 

o6o6~eHH.Sl (13.3.1) Ha CHCTeMY H3 BCex 3ap.H)KeHHhIX 'tJaCTHI..J. .MHpa CJieµyeT 

BbI,UeJIHTb O,utty qacTinzy, ttanp11Mep, c HOMepoM i = 1 H 3a1111caTb )J.JIH Hee 

,rr,eiiCTBHe B 6onee npHBbI'iHOit ¢opMe 

s~e) = -m1 c J ds1 - ~ L J i(i)Aµ(l, k)ds1' 
c k:/:-1 

r,rr,e BBe.n.eHo 00o3Ha'tJeHHe ,[I.JUI OT,IJ,e.1lhHOT'O DKJia,LJ;a 

A,,(1, k) = J J(k)µO(s2(1, k))dsk, 

{13.3.5) 

(13.3.6) 

KOTOpbIM HHTepilpeTHpyeTC.H KaK BeKTOpHhI1f 3JieKTPOMarHHTHhlM nOTeH

~HaJI, C03)J.aBaeMbl'R 38.p.H,II,OM ek B TOM Mecre, r,rr,e HaXO,LI,MTCH 38.PH,LJ; e1 . 
QqeBH,IJ,HO, B onpe,LI,eJieHMe 3JieKTpoMarHHTIIOro IlOT€Hl.J;HaJia BXO,ll,SIT npo

CTpaHCTBeHHO-BpeMeHHbie IIOJIO:>KeHl1.H qaCT~ ( B BH,ll.e ,LJ,e.TlhTa-<PyHKI..J.llH) 

11 xapaKTepHCTHKH qacr~ ( MX CKOpOCTH H 3 apH)J.bl). 

06'he,LJ,HH.H.H DKJICVJ.b.I acex 3apH:>KeHHhI.X qaCTHI..J., nonyqaeM cyMMapHbri1 

sneKTpoMarHHTHhiit noreHu,Han Aµ(I) = Lk:/:-l Aµ(l , k) B MeCTe Haxo>K,IJ.e

HH.H 38.pHn;a c HOMepoM 1 l1 .n.etiCTBHe )J.JJ.H BbI.Ll,eJieHHOH qaCTHl~bI: 

s~•) = -m1c J ds, - ~ J J(i.)A,,(l)dsi, (13.3.7) 

¢opMaJibHO COBIIa)J.aJO~ee c o6~enp:HH.HTbIM Bbipa)KeHHeM B 3JieKTpO,.a.HHa

MHKe Ma1<cBeJIJia- JiopeHu.a. 0,rr,HaKo cne,zzyeT no,rr,-qepKHYTh, 'tJTO e meo
puu npRM020 Me~'lla.cmu'llnozo eBau.Moae·ucmeUR 6ecc.M'blc.aen?-£o eoeopum'b 
0 nomett'l.'1ua.ll,€ 6 mO'll?WX npocmpattcmea-epe.Me'H.U, zae omcymcmeywm 
a.11.eKmpu'tlecKue aap.R.a'bl. 

6. I-fa ,rr,ei1CTDHH {13.3. 7) c IIOMO~blO npHH~llIIa H8.HMeHbIIIero .n.e:HCTBH.Sl 

nerKO nonyqHTb ypaBHeHHe ,lI,Dll)KeHli.H BbI,LJ;eJleHHOH 3ap.H)KeHHOit qaCTHI..J.bI, 

KOTOpoe HMeeT 3HaKOMblH BH)J. 

<flx'l _ e1 dxt 
m17Jµv -d 2 - _?. Fµv(l) -d , 

s1 c- s1 
(13.3.8) 

r,rr,e DBe,LJ,eH T€H30p 3JieKTpOMar HHTHOro B3aHMO)J.eHCTBIDJ B TOqKe HaXO>K,II.e

HH.H 3ap~a c HOMepoM 1. Mo>KHO noKa3aTh, 'iTO OH mo~aecmeetttto yaoe.rie
meop.R.em coom?towettu.R,.M,, anaJWZU'll'H.'bl.M ypaettettuR.M Ma'ICC6e.tl..lta. JlerKo 



13.4. <PeiiHMaHOBCKaR TeopHH norJIOTWI'eJIR 387 

y6e,l.1,HTbCH, CJTO orrpe.n;eJieHHbIH, corJiacHO (13.3.6), BeKTOpHbitt IIOTeHIJ,H8JI 

aBTOMaTH"'C{eCKH y,n.oBJICTDOp.Sler yCJJOBHIO K8JIH6pOBKH JlopeH1 . .1.a 

(13.3.9) 

7. TaKHM o6pa30M, rrpHXO,D,HM K BbIBOAY, qTo B TeopHH npRMoro ai1eK

TpoMa rHHTHoro B3aHMO)l.ei1cTBH.SI THna <l>oI<Kepa- <l>e:HHMaHa. 

1) 'Hem nome?tu/uaJioo no.fl,.R, e mo'lt?Cax npocmpa?tcmea-epe.Me'l-m, 2ae om

cymcmeywm 'llacm:u?J/bt, a CJ1,edoeame.11:b'HO, u 'Hem no.n,eeux Y'JXU3'H.e'H.uu 

M a'K:ct1e.f/,.f/,a; 

2) nome'H?.J,'Ua.tL'bl 3.tte'K:mp0Ma2?tum?to20 esa'U.ModeucmeuJt MoalC'HO aeecmu 

6 Mecmax '{Xl,CnOAO::HC€'HU.R 3ap.Ra!C€'H'H.'btX 'llacmuq U d.l/,.R, 'HUX 6'blno./l,'H.R-

70'rnC.R mo::Heaecmea, coomeemcmey~ue ypae'H.e'H.'UJt.M Ma?OCee..J1,.Jta. 

0TMeTHM, qTO eCJIH ,n.orrycTHTb cy~ecTDODaHHe BeKTOpHbIX IIOTeHU,H8JIOB 

DO ncex TOqJ(aX HerrpepbIBHOro rrpOCTpaHCTDa-BpeMeHH, TO 6 .Mame.Mam·u

'\ieC?WM nJLa'H.e .LI.Be TeOpHH nOJI.SI H rrpHMoro Me:>K.qacTHqIIOI'O D3aHivlO)l.eH

CTBH.H - oKa)KyTCH 9KBHBBJiettTHbIMH. Ottu OTJIHqaroTC51 HCXO.ll.HhIMH rrono

)KeHH.SIMH. B TeopHH rroIDI HCXO)l..HT H3 ,n.H<l)(pepeHIJ.HaTibHhIX ypaBHeHHii, H3 

KCY£0pbIX MO)KHO Ha°A'.TH cPYHKIJ.HIO rpHHa H 3filil1.caTb pemcuu.e D 111ITeI'paJlb

HOM BH,11,e. B reopHH np.HM oro Me)KqacTHqttoro B3a11Mo.n;ettcrB11S1 .ucxO)l.HhIM 

.HBJISleTCH 3a)J.aHHe cPYH~HH rpHHa, KOTOpa5! OUpe,LI.e.JijieTCR qepe3 )l.eJibTa

cPYffKl.J,HIO B (13.3.4). 3Ha51 ee, MO)KHO BOCCTaHOBHTb COOTBeTCTDyro~ee e:B 

,n.w¢<l:>epeHUHaJlbHOe ypaBIIeHHe. O,n.ttaKO a.fl,.R, <f;usU'K:'U ,n.orryrn,eHHe 0 pac

npocTpaHeHHH 3HaqeHHii. IIOTeHQHaJIOB Ha Bee TOqKH npOCTpaHCTBa-BpeMeHH 

HMeeT cyrn,ecTBeHHOO 3 HaqeHHe. 

13.4. <I>eABMai10BcK<UI reopm1 nornomreJlll 

1. B 'I'eop1ut np.HMOro Me)KqacTH'iHoro B3aHMo,n.eii.CTBHSI ¢0K1<epoBCKoro 

TH.Ila, no onpe,n.eJieHHIO, B3aHMO,LI.ei1CTBHe Me>K,ny Jiro6hIMH ,D.BYM.SI 3J1€KTpM

qecKHMH 3apH)l.aMH (HJIH MaccaM.B) RBJI.SleTC~I HallOJIOBllliY 3an a3,D.hIBalOllJ,HM 

H HarIOJIOBHHY onepe)KalOI..I.U1:M, rrpH'(ieM HCKJIIOqHTb tte11a61110,n.aeMhie Ha 

OIIbITe orrepe)Ka1o:u.vre D3aHMO,U.ei1CTBH51 BOJieBbIM o6pa30M, KaK 3TO cPaKTH

'iecKH ,n.enaeTC.H B reopHH rroIDI, He rrpe,u.cTaDJIRJ10cb B03MO.>KHbIM. B HTOre 

nonyqHJIOCb TaK, qTO Q:>oKKepoBCKaJI TeOpHSI 6b1J1a 3KBHBaJieHTHa TeOpHH 

IIOJIB !Vf aKCBeJIJia-JlopeIIu,a JIHIIIb npH OIIHCaHHH CTaTH'i6CKHX H CT8.IJ.HO

HapHbIX 3JieKTpOMarHHTHbIX SIBJieHHH. 

11 TOJlbKO B 1945 r. P. <l>eiiHMaH 11 ~>K. Y11nep IIOKa3aJIH [164), qTO aTy 

Tpy,LI.HOCTb B TeOpHH 9JieKTpOMal'HHTHOI'O B3aHMO,ll.eHCTBIUI MO)KHO npeo,n.o

JteTb, eCJIH C,D.eJiaTb CJie.n;yro:u.vrtt mar K u,eJIOCTHOMY Bocnp.H.SITHIO MHpa, T. e . 

eCJIH yqeCTb BKJI8yll.bJ DO D3aHMO,LI.eHCTBH.SI Me>K.zzy JII06b1MH ,ll.BYM}l 3ap.H,D.aMH 

co C'TOpOHbI scex ,IJJ>yrux 38.pH,U.OB B ceJieIIHoil, - csoeo6p8.3Hhlii «OT KJIHK 



388 rnaBa 13. KoHT{eITIJ,HH ,ll,a.JibHO,II,eifcTBH$1 

BceneHHOH» Ha rrpou;ecc «H3Jl)"<feHIDI~ (tta aKT B3aHMO,u.eliCTBIDI). MeroAHKa 

KoppeKTHoro yqeTa OTKJIHKa BceJieHHoi1 cOCTaBHJia Ba}Kttyro qaCTb sceit 

TCOpHH np.HMOro Me}KqacTJiqHoro D3aHMO,IT,eHCTBH.H, IIa3DaHHOH <l>eHHMaHOM 

H YHJiepoM meopueu no2.1iomume.a.R,. 0Ha ocHoBaHa Ha Tpex nocryJiamx1): 

1) ycKopeHHblA 3ap.H,rr, B nyCTOM npocTpaHCTBe «He H3Jlyqaer» ; 

2) CHJibI, ,u.eilcTByrorwm Ha n106yro qacTmzy, cJiara10TCa H 3 BKJia,rr,os B3aH

~m,rr,ei1cTBHil co nceMH ,rr,pyr~rn qacTHIJ,aMH BceJieHtto:A; 

3) 3TH B3aHMO,rr,ellcTBH.H .HBJI.SllOTC.H HanoJIOBHHy onepe)J<alO~lllvIH H HaIIOJIO

BHHY 3aI18.3,Il,bIBalOI..l.UIMH, 3KBHBaJieHTHhlMH COOTDeTCTBYIOII.J;HM IlOJIOBH

HaM peIIIeIIHil JI11ettapa-BHxepTa ypanHeHu:ti MaKCBeJIJia. 

B ynoM.HIIYTOH pa6oTe 1945 r. 6hIJIO noK83atto, qTo ecJIH BO BceJieHHoii 

uMeeTc.SI ,rr,oCTaToqIIo 6oJihIIIOe TIHCJIO 3ap.H}KeHHhIX qacTHIJ,, To cyMMapttoe 

B03,rr,e:M:CTBHe HX Ha 'iacTm:zy-npHeMIIHK 113JIY'ieHH.H IlOJIHOCTblO KOMIIeHCH

pyer onepe)J<aIO~ee B3aHMo.ueficTBHe OT HCTO'iHID<a. KpoMe roro, onepIDKa

rom;a.SI qaCTh Toro >Ke cy1v1Mapttoro B03,L1.ei1CTB1rn, cyMMHpy.Hch c 3an83AbIBa

lOI..qHM B03,IT,e i1cTDH.eM HCTO'iHHKa Ha npHeMHHK, npHBO,.U,HT K Ha6JilO,Il,aeMOMY 

Ha OilblTe 3ana3Af>IBa10m;eMy B3aHMO,D,eHCTBHlO. 

2. Ilo.SICHHM aTo c noMOIIJ;hlO .PHC. 13.2. IIycTb Ha MHpOBO:ti JIHHHH 3a

p..SI}KeHHOw ".JaCTHIJ,bl (tta30BeM ee npOCTO 3ap.H,rr,OM) i B HeKOTOpbIH MOMeHT 

BpeMeHH t = 0 I1pOH30IIIJIO co6bITHe ( aKT B3aHMO,[(eiiCTDH£, T. e. «H3Jiy11eHHe» 

CHrHaJia). Bh16epeM HaqaJio Koop,u.HHaT B TO"t.JKe, r,n,e npoH3 0IIIJTO co6h1THe. 

0Kpy}K3J()m;Jiii 3TY 'iacTmzy MHp CMO,D,eJIHpyeM ,rr,oCTaTO".JIIO TOJlCTbIM rnapo

BblM cJioeM 3ap.H,n,on c stiyTPeHHHM paA.HycoM R. Ha pHc. 13.2 BHYTPeHH~fl 
IlOBepXHOCTb 3TOrO CJIO.H B Ce'ieHHH 0003Ha'ieHa MHpOBbIMH JIHHH.HMH 11aCTHI.\ 

k HS. 

PaccMoTpHM DJIH.SIHHe npoHcrne,n,rnero B ToqKe 0 B MOMeHT t = 0 
co6hITH.SI tta BTopoa npo6tthIH 3ap.Sl,Ll. j, pacnoJIO)KeHHbiii. tta paccTOflHHH lij 

OT MHpoBOH JIHHHH 3ap.H,rr,a i. B MOMeHT BpeMeHH R/ c H3 TO".JeK c+ 11 n+ 
(a em;e II03)Ke H OT ncex APYrID{ 3ap..SI,rr,OB norJIOTHTeJI.H Ha Kottyce 6y~ero) 
Ha.3a,D, BO BpeMeHH Ha'i.ttyT « pacnpOCTpaIDITbC.SI» B TO'iKY 0 onepe)KatOIIJ;He 

c1trHaJih1, qT06b1 «COMTHCh» B 0 B MOMeHT t = O. K npo6HOMY 3ap..SJ,llY j 
B MOMeHT t = -lij /c (T. e . B TO'iKY B - ) «IIpH,eyT» onepe)KB,JOiqHe ClU'HaJibI 

H3 TO'ilill D+ C.110.H ( H OT BCex )..IJ)yrHX ToqeK B CJIOe Ha KOHyCe) H H3 TO'tlKH 

0. BhI'iHCJieHHH c cyMMHpoBaHHeM no BCeM qaCTHJJ,aM cnoH noK83hIBaIOT, 

'-ITO B roqKe B- CTporo BhIITOJIH.HeTCH cooTHOIIIelille 

F;1-v(j, L k) + F'fj!..v(j, i) = 0, (13.4.1) 

r ,[l.e F;!..v (j, i) - onepe}KaIOu~ee B03,D,eMCTBHe ( cooTBeTCTByrom;ee ttanp..Sl)KeH

HocTH aJieKTpOMarHHTHOro IlOJI..SI) Ha 3 apH,ll. .i 00 CTOpOHhl H3JiyqaTeJIB-

3ap.H,D,a i; F;/! .. v (j, E k) - onepe:>Ka10m;ee B03,L1.e:M:cTB11.e Ha 3ap..SI,rr, j co cropoHbI 

Bcex 3ap.H,lI,OB (Ek) H3 IIOl'JIOTHTeJI.H - OKpy)KaIOm;ero CJIO.H. 

l)<I>opMa.JlbHO OHH OTHOCHTCH H K rpaBHTal.VfOHHOMy, 11 K HHOMY B3aHMO,ll,eitcTBHIO. 
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AHaJior1P:-1Ho, B TO'iKY B+ Ha MHpoooii Jmtt1111 rrpo6Horo 3apH,rr,a j B MO

MeHT BpeMeHH t = lij / c « npn:,rr,yT» onepe)K8.10u~11e c11rttaJibI F.Biv (j, L s) 
OT 3apH,U.OD s B mapoBOM cnoe nornoTHTeJl.H 11 3aIIa3,ll.bIBaIOm;HH CHrHaJI 

FBe_t. (j, i) OT 3ap.H,rr,a i. BbPiHCJieHH.H IIOKa3hIBBJOT, 'iTO 3TH BK.na)l.bI HMeIOT 

0,lJ,HHaKOBbitt 3HaK H paDHbl no BeJUNHHe 

F adv( · ~ ) pret( · ·) 2Fret ( · ') B+ J, L....,; s + B+ J, i = B+ J, i ' (13.4.2) 

T. e. npOHCXOlI.HT y,n,BOeHHe HCXO,Il,HOf'O 3 alla3)J.b1Ba10mero napnoro B3aHMO

,n,eliCTBIUI. 

3. Ha aTOT pe3yJibTaT MO}KHO B3rJIHHYTb MHaqe. Ha 11cToqHMK i «rra,rr,aeT» 

COBOKyIIHOCTb npaKTH'ieCKH IIJIOCKHX onepe::>KaIOI.I.J,HX «BOJIH» ( D TepMHHax 

TeOpHH IIOJIH) OT Bcex 3apH,LI,OB rrorJIOTHTeJUI ( onepe::>KaIOm;ee B03,LI,ei1:cTBHe). 

B MOMeHT ycKopeHHH qacr1111,h1-HCTO''iHHKa CXOff,.H~aHCH «BOJIHa» Konnan

CHpyeT, l1 D cne,n,y10w;11H. MOMeHT BpeM€HH OHa «pacxo,D.HTC51» OT HCTO'll

HHKa BMecTe c ero co6cTDeHHhIM H3JIJ'i€HHeM (n:x aMIIJIHTY,LI,hI o.n.11naKOBb1). 

IlpoH3BOJlbHbIH 3ap.H,rr,-npHeMHHK j He MO)KeT pa3Jil1'il1Tb 3TH ,D.Be «BOJIHbl» 

( B03,U.eHCTBHH) pa3Horo n pOHCXO:>K,U.eHHH l1 pean1pyeT Ha HHX KaK Ha e,u.HJJoe 

l.\eJIOe, T. e. KaK Ha y,ll,BOeHHoe 3aIIa3,LI,bIBaIOIII,ee B03,LI,eikTBHe. 

PHc. 13.2. BmumHe <t>eRHMaHOBCKOro norJTOTHTe.TIB tta roa11Mo,u.e:DCTBHe ,D.Byx 
3ap.H,LJ.OB 
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4. flpH rrony~eHHH ,n,aHIIblX pe.3yJJbTaTOD 6bIJl c,n,eJlaH p£;J; ynporu;aIOII.UiX 

,n,onyru;eHHH, KaK TO: npe,11.IIOJIO>KeHHe 0 Ma.JlOH IIJIOTHOCTH 38.p.H,n,OB B IIO

rJIOTHTeJie, ,n,onylI.J,eH:we o pannoMepHocT:w me pacrrpe,n,eJieHKH; C"lffiTaJIOCh, 

"LJTO 3TH 3ap.H.lJ.bI CBo60,n,1:1bie :w T. ,n,. Bo3HMKaeT ecTeCTBeHHhiif Borrpoc: a He 

H3MeH.HTC.H JIH pe3yJihTaTbl B
0 

6onee o6n~HX CJIY'iasIX? <I>eitHMaH no,rqx>6Ho 

rrpoaH8JIH3HpOBa.JI 3~T- Borrpoc 11 flOK83aJI , '-ITO noJiy"LJeHHhle pe3.YJlbTaTbl 

He 3aBHC.HT OT IIO,ll,OOHblX o6o6ru;eHHH, - cyru;eCTBeHHO JIHIIIb Ilpe%10JJO::>Ke.IDle 

o ,n,ocTaTO'tJHO 6oJ1hmOM KOJIH''IecTBe 3ap.s:r~oB D uorJIOTHTeJie, T. e. «a6comoT

HOCTh» norJIOTHTeJI.H. 

5. ~yroA npHHUHDHaJibtto Ba::>KHbIH p e3yJihTaT, CJie,n,yJOII.1,HH 113 yqe:ra 
IIOI'JIOTHTe.illl, COC"'TOHT B TOM, 'LJTO caM «H3Jiyqaroru;llli » HCTO'LJHl1K i IlOJIY'faeT 

,ll.OilOJIHHTeJlbHoe B03,II;ei1CTBHe B B.H,D;e CHJibl 

f = 2e; dai 
3c3 dt . 

(13.4.3) 

B HTore ypaRHeHHe ,n,BH::>KeHH.fl «H3Jiyqaroru;el1» qacTHIJ;hI i HMeeT a~ 

dv _. e _. - 2e2 d2v 
m dt = eE + ~ [vH] + 3c3 dt2 ' (13.4.4) 

r,n,e E 11 ii - BHeIIIHHe Hanp.H::>KelllIOCTH 3JieKTp11qec1<oro 11 MarHHTHoro B03-

,n,e:ticTBHH. TaKHM o6p~"'30M, e meopu'U np.R,.~wao Me:JtC'IJ.acmu'lt'H.020 :J.1te'K:mpo
.Ma2HumH020 esaU.MoiJeilcmeUJi aemoMam.u'ltec-x;u eos'H.U'K",aem cu.11,a paitua

'4UO'H.'Ho20 mpe'HUJi, 'K,omopa;i O'K,a8'bli3aemc.R. o6yCJ1,06Ae'H'HOU eoaiJeilcmeue.M 
'Ha «Us.riy'lta?OW,Y?O» 'ltacmu'4y co r.rnopo'Hu ecex 'ltacmu'4 o'>Cpy:JtCa?OUJ,ei1 
B ce.rie'H.'Hou. 

CneAYeT BCnOMHHTh, CKOJihKO ycHJIHif 6b1JI0 3aTµaqeHo Ha o61b.HCHeHHe 

ClfJibl p~HaIJ.HOHHO['Q T[:>eHH.SJ D paMKax Tpa,n,MrzyIOHHOH TeOpHH IlOJI.H ( B TeO

peTHKO-TIOJieDOM BH,n,eHHH MHpa), IIpH"leM TaM ,n,o CHX nop He yCTpaHeHbl BCe 

Tpy,D.HOCTH. 

6. 3aMeTHM, npHBe,n.eHHhie paccy>K,II,eHH.H n e o,n.H03Ha"LJHbI. He.HBHo 6b111 

HCilOJlb30BaH cyru;eCTBeHHbIA noCTyJiaT, '-ITO nro6oe B03,n,ei1CTBHe (H3Jiy"LJeH11e) 

OT HCTO"LJHHKa 6y,n,eT uorno~eHo OKpy::>KaIOru;ett MaTep11eii BceJieHHoii , a B03-

,n.eficTDHe Ha 3ap.SJ.D. .i co CTOpOHbl HCTO'LJHHKOB H3 npOIIIJIOI'O npaKTH"IOCKH 

pasHo Hynro. Bero H3JIO>Kettttyro cxeMy paccy)K,11.eHIDi MO)KHO rrepeBepHyTh. 

,z::i:JI.H 3TOro ,n,ocTaTO"LJHO nocTyJIHpoBaTh, qro a 6yAYII.1,eM OTCYTCTBYIOT B03-

MO>KHbie IlOI'JIOTHTeJIH, TOr,n,a KaK B npoUIJJOM HMeeTC.H ,n,OCTaTO'LJHO MHOI'O 

HCTO'tlHHKOB ( rrocTyJiaT «a6coJIIOTHoro H3Jiy1'.faTeJUI»). B 3TOM cJ1yqae cyM

MapHoe 3ana3)l.hIBa10ru;ee B03,n,e:tiCTBHe OT i Ha j ( c yqeroM OTKJim<a BceneH

Hoi1) o6pa~aeTC51 B HY.Jlh, a onepe)K,arou:i;ee Bo3.n.eiicTBHe y,n,saHBaeTC.SJ. Cne
,n,oBaTeJihHo, ,ll,JI.SJ BhI6opa O,ll,HOH H3 ymt3aHIIblX cxeM paccy)K,11.eHHH tteo6xo

,ZJ,1Uvlbl ,lI.OIIOJIHHTeJibHhie coo6pruKeHH.H. <I>aKTH'iecKH 3,ll,eCh BCTae'I' npo6.tte.Ma 

o6oc'H06a'HU.R. 'H.anpa6Ae'H.u.R « cm,pe.ri'bt epe.Me'H.'U» (no o6pa3HOMY BbipIDKeHHIO 

, 
! 
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A. 8MHHrrOHa), T. e. HanpaBJieHHOCTH sce:f:i 3BOJIIOU,HH Q:>H3wiecKoro MHpa 

B 6y~ee. B pa6oTax cI>e:f:ittMaHa H Y HJiepa 6b1JI11: 11:cnoJib30BaHhI TepMo

,D,HHaM11'"'iecKHe coo6pa)J(eHH.H, O,lI,HaKO p.H,ll.OM aBTopoB ,Il,JI.H 3TOtt u.enH CTa.Jrn 

IlpllBJieKaTbCH CBO:l1CTBa KOC.IVIOJIOrH':lecKMX MO,U.eJieit 

13.5. IlpHHI~ Maxa 
B KO~errqBSI )J;a.JlbHO,n;e:ACTBBB 

<I>ei1HMaHOBCKa.H TeopH.H norJIOTHTeJI.H, T. e. yqeT D3aHMo,u.ettcTBIUI 

c qaCTHIJ,aMH BCeA OKpy:>KaIOrn;eii BceJieHHOH, COOTBeTCTByeT IIpHHll,HilY 

Maxa H B3rJI.H)J.aM HeMeu,KoA cPH3WiecKoi1 UJKOJihI cepe,u.HHbI XIX B., 

COl'JJaCHO KOTOpbIM cPH3WiecKlilt MHp npe,u.cTaBJI.HeT co6oi1 Hepa3pbIBHoe 

u.enoe, TaK ':ITO CDOii'CTBa ero OT,lJ,eJibHblX qacre:f:i:, o6b1qHQ IIOHHM:aeMhie 

KaK JIOKaJibHbie (npHCyl..I.Uie OT,lI,eJibHO B3.HTbIM CHCTeMaM), Ha Ca.MOM ,U.eJie 

o6yc.noBJieHbl pacnpe.n,eJieHHeM BCeH MaTepHH .rvrnpa, HJlH rJTOOaJibHbIMH 

cooncTBaMH B ceneHuoit Max nHca.n:: «,neJio HMeHtto B TOM, ':ITO np11po,u.a 

He HaqHHaeT c 3JieMeHTOB, KaK Mbl BbIHy:>K.n,eHbl Ha':IHHaTb. )1,JI.H Hae BO 

BC.HKOM CJiy':lae C':la(,"The TO, ':ITO Mbl B COCTO.HHHH BpeMeHaMH OTBJieqb Harn 

B30p OT orpo.rvrnoro u,enoro H cocpe,u.oTO':IHThC.H Ha OT)l.eJibHbIX ':lacT.HX ero. 

I Io MbI He ,n.oJDKHbr ynycKaTh H3 BH,II.y, ':ITO Heo6xo,.ll,l1Mo anocne,u.CTBHH 

)J,OIIOJIHHTb H ucrrpaBHTb )1,aJibHeHrirHMH HCCJie,U.OBaHH.HMH TO, ':ITO Mbl 

BpeMeHHO OCTaBHJIH 6e3 BHHMaHHH» (106, c. 199). 
Y>Ke B cepe.n,HHe XX B. Cl>. XoAJI ~ ,n)K. B. H apJTHKap D .izyxe rrpHHu,Hna 

Maxa IIHCaJIH: «Bo MHorux rrpo6neMax B03MO)KHO «OT)J,eJIHTb» aQ:>Q:>eKT Bce

neHHO:f:i B TOM CMbICJie, ':ITO B.r11UIH11e BceJ1eHHoA ocraeTC.H 3Q:>Q:>eKTHBHO no
CTO.HHHbIM BHYTpH paccMaTpHBae.rv1oro npoCTpaHCTBeHHO- speMeHHoro o&b
eMa, K KOTOpOMY OTHOC.HTC.H 3TH npo6JieMhl. ( .. . ) EcJJH ':IHTaTeJih ,n;orry

CTHT Ha MrHOBeHHe, 'iTO TaKa..H TO':ll<a 3PeIIH.H BepHa, TO eMy CTaHeT .HCHO, 

1.1ro, Bepo.HTHO, 6onee nerKH HMeHHO Te npo6neMhI, B KOTOpb1x BceneHHaH 

npo.HBJUieTCH B BH,D,e IlOCTO.HHHOf'O BJIHSIHIDI OKpy)KaIO~eA cpe,D,hl , He.>Ke.TIH 

Te, B KOTOpbIX 9TO BJIHHHHe rrepeMettno. CaMbIMH 3#eKTHBHbIMH rrpeHiv1y

Il\eCTBaMH o6na,n;aIOT TRKHe rrpo6JieMbI, r)J,e IIOCTO.HHHoe DJIH.HHHe BceJieH

HOA MO)KeT 6bITb 3aMeHeHO 3MOHpH':leCKH Ha:f:i.n,eHHhlMH 3Ha':leHH.HMH, KaK, 

·HaIIpHMep, 3Ha':leHH.H Mace. 06bI':IHO npaKTHKa 6JiarOpa3yMHOro cPH3HKa 

KOIII.J.eHTpHpyeTCH Ha TeX rrpo6neMax, r)J,e MO)KeT 6bITb ,U,OCTHrttyT nporpecc, 

nooTOMY B03HHKaeT nono.>1<ett11e, npu KOTOPOM Bee pemeHHbie rrpo6JieMhI 

npe,n;cra:srunoT CJiyqaH TaKo:f:i: pa3B.H3KH OT IlJIH1iHIDI BceneHHoih> (188, c. 2) . 
Tio,n;o6tt~ no3HlJ.H.H pacnpOCTpaH.HJiach MaxoM 6yKBaJihIIO Ha Bee 06-

cy)K,rr.aeMbie Bero npeM.H qm:3Rr.recKHe noH.HTH.H H .HBJieHH.H. Btt,lI,HMo, oTcro,u.a 

H B03HHKJio MHO)KeCTBO rroHHMaHRH: npHHI\Rna Maxa. HaM npe,n.cTaBJI.HeTC.H, 

qTo 6 ca.MOM wupO'IWM CM'btC.lte noa npU'H'4UnOM Maxa C./l,eoyem n01-1.UMam'b 

uaew 06 06yc.;weJ1,e'H'HOCmU AO'K(J,.fl,'b'l-f.'blX C80Ucme 'ltaCmU'4 3a'KO'H.OMep'HO

CmJtMU u pacnpeoe.rie'Hue.M eceu Mamepu'u M'upa, m. e. z.n,o6a.ti'b'H/btMu ceoil-
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cmBaMU Bce.1ie'H:1to'u. 8To OTHOCHTC.H K o6cy)KJWHHOMY BhIIIIe OTcyTCTmno 

onepe)KalOllJ,HX B3aHMO.n,eHCTBIDi, K nmrn.n:eHlflO CHJI paMaIJ;HOHHOro TpefillSI, 

K 3HaqeHH.HM Mace 'iacTHIJ; H KO MHOI'HM .n;pyrHM CBO:ACTBaM MaTeplili. 

c npHHI.QUlOM Maxa T8JOKe MO)J{HO CB.H3aTh 2unome3y n. A. M. JI.upatr,a 

0 CB.H3H ¢ytt,n;aMeHT8.TlbHhIX cPH3l·P-IeCKHX KOHCTaIIT H 0 COBMeCTHOM HX 

H3MeHeHHH. 3,r:r,ecb HMeeTC51 B BH,r:r,y 3aMeqeHHfill ,n.wpa.KOM CB.H3b Me)K,LIJ' 

Q:>y~aMeHTaJibllbIMH KOHCTaH':ra.MH, xap8.KTepH3YIO~MH, c O,U,HO:A CTOp0HbI, 

3JieMeHTapHbie '1aCTHI~bI , H, c ,DJ>yrOR CTOpoHbI, I'JIOOaJlhHhie CBOHCTBa 

Bcenettno:H (ee p83Mep, CKOpOCTh pacinHpettIDI). P.H,n; TaKHX JnoOOilhITHbIX 

COOTHomeHHM yKa3hIBaJIC5J 11 aHaJIH3HpoBa.n:CSI B pa6oTax A. 9,n.zv1Hr
TOHa [200), r . A. r aMOBa, K. II. CTaH~KOBl!lqa, B. H. MeJibHHKOBa [157} 
H ~yrHX aBTOpoB. 

Bo npeM51 npue3,IJ,a B HaIIIy CTpatty B 1971 r . ,n)K. A. YuJiep B 6ece,n,e 

c TeOperHKaMH MrY no.LQi.HJI Bonpoc: noqeMy Bee 3JieKTpOHhI MHpa o6-
.n:a,r:r,a10T 0,Lf.HHaKOBbIMH 3JieKTPH'ieCKHMH 3apH,n;aMH He3aBHCHMO OT .MecTa 

11 cnoco6a Ha6JIIO,r:r,eHH5J? Ott caM *e H ,n,a.n: OTBeT Ha 3TOT nonpoc, Ha rmcaB Ha 

CTeHe 1<a¢e,n;ph1 reopeT.wqecKo'H cPH3HKH Ha.n. y)Ke yno.MHHaame:Ac5J Q:>pa30:tt 

H11nbCa Bopa cnoBa: «He .MO)KeT 6hITh cPH311KH 3Jie.MeHTapHhIX qacrm~, 

11.Merorqe.tt ,IJ,eJJO JIHIIIh c 'facTHu;aMH». M pacrrnca.n:c51: « Y'feHHK H. Bopa». lfa 
3TOH ¢pa3hI H H3 co,D,ep)KaHH.H 6ece,r:r,h1 c.rre,r:r,oBa.n:o, 'fTO Y.wnep HMeJI B BH,ny 

BJI.11.HHHe Bcex 'iacTHIJ, .MHpa Ha OT,IJ,eJJhHhie B3a.H.MO,IJ,eHCTBYIOll.J,He q aCTHu;.bl. 

HaH6onee qacro npHHIQ111 Maxa nottuMaeTCSJ KaK o6ycnoBJieHHOCTb 

u'ltepm'H'btX Mace pac npe,r:r,eneHHe.M ace'H MaTepHH BceJ1etttto:A. TaK, ,n)K. Hap

JIWKap IDfCaJI: « HhlOTOHOBCKa.H KOHu;eill.~.H.H HHepu;HH H ee H3MepeHHe B e.n,H

Hlill.aX .MaCChI 6b1JIH ,Lf.JI.H Hero 11ey.n.oBJieTBop11reJihHhIMH. Ec.Jllil .Macca 

KOJIH'fecTBo MaTepHH B TeJte, TO KaK noHHMaTh ee H3.MepeHHe? ,D:J1.H Maxa 
Macca H HHepu;.H5I 6hIJIH He BHyTpeHHHMH CBO:AcTBaMH Tena, a CJie,IJ.CTBIDIMH 

c~ecTBOBaHH.H Bo BceneHHoii, co.n.ep)Kall.J,e:A ,n;pyryro MaTep1110. ,l],JI.5I Toro, 

qTOObl H3.MepHTb .Macey, Heo6xo,IJ,HMo 11CTIOJlh30BaTh COOTHOII.IeHHe F = ma, 

T. e . H3Mep11Tb CHJIY 11 no,IJ,eJIHTb ee Ha npoH3DO,IJ.H.Moe e10 yc1<ope1rne. Ho 
2-li 38.KOH Hh10T0Ha caM 3aBHCHT OT 11:cnoJib30BaHH.5I a6con10Tttoro npo

CTpaHCTBa, KOTOpoe Tenepb H,r:r,eHTHcPH~Hpyerc51 c cPOHOBbl.M npocrpaHCTBOM 

,n.8.TleKo:A .MaTepHH. TaKH.M o6pa30.M, cornacHo H,llee Maxa, .Macca KaK-TO 

onpe,r:r,eJI.HerC5J .n.a.n:eKoA .Marep11e:A» [113, c. 500]. 
,11,.11si pea.n:H3au;HH npHHll,Hna Maxa B TaKoii ero Q:>op.MynHpOBKe <l>. XoHJ1 

11 ,[QK. H apn111<ap B 6onhIIIOH cep11H pa6oT (1964- 1979) pa3BHJ1H cne~HaJih
ttyro TeOpHIO ( C.M. [188)), H83BaHHYIO 11rvm TeOpHeM np.H.MOI'O .Me)K'fac'I'H'-f

HOI'O rpaBHTaIJ;HOHHOI'O B3allMO,U,eHCTBH.H, O,IJ,HaKO ee npaBHJlhHee 6bIJIO 6hI 

H83BaTh cneI.ViaJihHbl.M BapHaHTOM TeopHH Ilp.HM OI'O .Me)KqaCTl{qHQro cx:a
.ruip1-weo B3aM.MO,IJ.eHCTBH.5I Ha Q:>oHe HCKpl:lBJieHHOI'O npocrpaHCTBa- Bpe.MeHH 

o6llI,e:H TeopHH omoCHTeJJhIIOCTH. Ilon y'1eHHb1e XoiinoM H HapJIHKapo.M pe-
3YJihTaThI .n.eMOHC,"TpHpylOT ,IJ,pyroA BapHaHT TOOpHH Q:>oKKepOBCKOI'O Tlffia -

meopu10 np.ft.Moeo Me::>tCWJ,cmu~'Hozo c""a.1uip1-w20 esaUMoaeucmeUJ£. 
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13. 6. IIp.sMoe Me:>K"'IacTwmoe rpaBHT~oHHoe ... 
B3IDIMO,I:lie:HCTBlle 

l1,rr.e11 Maxa ( HeMeI.I,KOH ¢11311qecKoii lllKOJlbI XIX B.) 6b1JI11 B03Be,rr.eHhI 

B paHr np11Hn;Mna A. 9tiHmreID!oM B 1919 r.: «Ilp11Hn;i-u1 Maxa: G-IIOJie 

(MerpHqecKoe IIoJie. - JO. B.) 110JIH0Crh10 oIIpen;eJieHo MaccaM11 TeJ1. Macca 

H 3Hepr:IDI, corJiaCHO CJI€,l.I.CTBl15IM CIIeD;MaJlhHOii Teop1111 OTHOC11Te.,1IhHOC'I'M, 

IIpe,Il,CTaBJI5IJOT co6o.H O,Il,HO 11 TO :>Ke; ¢opMaJibHO 3HeprHSI OIIHChIBaeTC5I CMM

MeTpHqttblM TeH3opoM 3HeprH11: 3TO o3Haqaei; '(,rro G-rro;1e o6ycJIOBJI11BaeTc.H 

H oIIpe,rr.eJIBeTc5I TeH3opoM ::.HeprMH MaTep11H» (202, c. 613] . B rrpMMeqaH1111 

9H:HmTe:tiH p83'b.HCHsreT: «H83BaHMe «npMHrzyin Maxa» Bh16paHo IIOTOMy, 

qro 3TOT rrpHHll,11II .HBJIBeTC5I o6o6meHHeM Tpe6oBaHH5I Maxa, qro 11Hepn;11.H 

,ll,OJDKHa CBO,lJ,HThC5I K B3aHMO,l.I.etic,'TBHIO TeJI». 

KaK y:>Ke ynoMMHaJIOCb, co3,rr.aBa.s:r o6uzy10 Teop1110 OTHOCMTeJihHOCTM, 

9:tiHIIITe:tiH 6b1JI ysepeH, qTo peaJI113yeT 11:,rr.e11 Ma:xa. 9ro npoHBMJIOCh, ttaIIpH

Mep, B IIHCbMe 9H:HmTeHHa K Maxy OT 25 11lOH.Sl 1913 r. : «B 6y)lyI.IJ;€M roAY 
BO BpeM5I COJIH€'tlHOro 3aTMeHH5I 6y,rr,eT rrpoBepeHo, 113r116a10TC.Sl JIM CBeTOBhle 

.rry'tlH CoJIHn;eM HJIH, ,rr.pyr11M11 CJIOBaM11, sepHo ; u1 ocHOBHOe ¢yH,ll,aMeHT8.Jih

Hoe npe,n;noJIO:>K€Hl1€ o6 3KBHB8JI€HTHOCTl1 ycKopeHHOti CMCT€Mbl 11 rpaB.11Ta

IJ.HOHHOro IIOJI.H. ECJI11 ::.ro TaK, TO Bam11 B,Il,OXHOBJIB10m;ue 11cCJie,npnaHM.H o6 
OCHOBax MexaH11KH - BOIIpeKH HeCIIpase,rr.JIHBOH KpMTMKe IlJiaHKa - IlOJJYT.Ia'I' 

6.rrecTIImee no,rr.TBep)K,Il:eH11e. Tor,rr.a HeH36e)KHhIM 6y,rr.eT TO, qro 11Hepu,11.H 

rrpO.HBJI.HeTC.H KaK csoero po,rr.a B3aMMO,Il,eH:cTBHe TeJI, n nontte B ;.zyxe Bame.ti 

KpHTHKM HhlOTOHOBCKOro 3KCIIepHM€HTa c BpamalO~MC.Sl cocy,rr.OM» (187' 
c. 2621. 

O,rr,ttaKO BCKOpe IlOCJle C03,l.I.aHH.Sl o6me.ti TOOpHH OTHOCHTeJlbHOCTM CT8JIO 

.HCHO, qTo B Heii IIPHHIUIII Maxa BhIIIOJIH.HeTCsr B 3Ha't.111TeJTuHO 6o.rree Y3KOM 

CMhICJie. Ero BblilOJIHMMOC'Th MO)KHO yCMOTpeTb B TOM, q'I'Q MeTPHKa cra

HOBMTCSl cpyHKIJ,.Heli K00p,ll)1Ha'I' H 3aBl1CHT OT pacrrpe,rr.eJieHl1.Sl OKpy)KalOI.I\€H 

Marep11H. 0Ha HaxO,Il,MTC5I H3 ypaBne1111:tt 9:tiHlIITeH:Ha, co,rr.ep:>Kam;11x crrpasa 

·reH3op 3Heprl1M-l1MI1YJibCa MaTepHH. 0,IT,HaKO ypaBHeHH.H 8:tiHlIITe:tiHa ,Il,OIIyc

KaIOT H Ba1<yyMH b1e pemeH11£, T. e. B OTCYTCTBHe MaTep1111. 

9tiHmTe:HH O:>KM)l.aJI 6oJibIIIero. To JIM H3-3a oco3HaHM5I 3Toro <j)aKTa, 

TO JIH no,rr. BJUl£Hl1€M cpaJibCM<j}Mu,HpoBaHHOrO, .HKOObl OTpHn;aTeJibHOro OT

HOlll€HM5I (y)f(e npecrapeJioro) Maxa K o6meti TeopHH OTHOCHTeJibHO(,'TH, 

HO cnyCTIJ HeKOTOpoe BpeM.H OH H3M€HMJI CBOe OTHOllleHHe K H)J.€.HM Maxa. 

Ott rmca;1: « Ilo MHeH1110 Maxa, B ,rr.e.HcTB11TeJihHO pan;HOHaJihHO:ti Teopirn: 

HHepTHOCTb )lOJI)KHa, no,uo6tto .n.pyr11M HbIOTOHOBCKl1M Cl1JiaM, 11po11cXO)l.HTb 

ar B3allMO,IT,eifcTBM.Sl Mace. 9TO MHeHHe .H B rrpHHu;Hrre C'tlJ1T8.JI rrpaBl1JlbHhlM. 

Otto He.HBHhIM o6p830M npe;.r.noJiaraeT, O,Il,HaKO, qro TeopH.H, Ha Koropo:tt see 

OCHO.BaHO, ,UOJI)f(Ha IIp11Ha,l.l,Jle)KaTb TOMY :>Ke o6meMy TMny, KaK 11 HhlOTO

HOBa MexaHMKa: OCHOBHhlMH IIOH.HTH.HMH B Heii )J.OJI)f(Hbl CJIY:>KHTh MaCChl 

H B3aHMO,l.I.ei1cTBl1.H M€.>.K,JJ...Y HMMH. Me.>K,LI,y TeM He Tpy,11.HO BH,Il,eTb, 'tlTO TaKa.H 



nollbITKa He B5DKCTCH c AYXOM TeopHH no.lll» (210, c. 268]. CKopee scero 

HMeHHO B 3TOM COCTO.HJIO rnaBHOC: 3:ti:Hll.ITeiiHOBCKa.H o61~aR TeopH5.1 OTHO

CHTeJibHOCTii OKa3aJTaCb IlOL'TpoeHHO:tt B ,n;yxe Tpa)_~J1TV10HHOii TeopHH no.rm 

(KoHu;enu,HM 6JIH3Ko,rr.eAcTBH5.1), Tor,rr.a KaK 9. Max MbICJIHJI ~ ,u,yxe KOHu,enu,MM 

,LI,aJlhHO,LI,e:ft CTBH.H. 

B ,rr.an:hHei1meM 6hIJIO nOKa3a.HO, qTo TeopH51 rpanHTal.Qill TaK :>Ke, Ka.K 

FI TeopH.H 3JICKTPOMarHeTll3Ma, MO:>KeT 6hITb ccpopMy.1lllpOBaHa B paMKax 

Teopllll np.HMOro Me:>KqacTHT.lHOro B3aHMO,LI,e:ftCTBRSI. 9TO 6bIJIO c,n.eJiafIO B pa-

6oTax ~- H . rpaHOBCKOro H A. A . IlaHTIOIIIllHa (481 H ,rr.a.nee HCCJie,LI,OBaJiacb 

MHOrHMH ,r:r,pyrHMH aBTOpaMH (cM. (28)) . ,ll.JI.H OilHCaHM5.I rpamrrau..110HHblX 

B3a:HMO,LI,eACTDHli HY:>KHO BH,LI,0113 M eHHTb BH,LI, ,rr.eliCTBH.H (13.3.3) B. npHHu,lffie 

<l>oKKepa ,LI,JI.H CJiy"l.Ja51 3JieKTpoMarHeTH3Ma, BB€)l,SJ BMCC'l'O TOKOB B3aHMO,n.e:ft

CTBYIOIW'fX qacrMU, HX TeH30pbI 3Hepnrn:-HMnyJibCa, T. e. npo113Be,LI,eHFI.H Mace 

mi Ha KBaAPaTbl MX CKopocTe:tt uµ: 

S (g)(l 2)- Gm1m2 JJ µ u ( ' , ) int , - c u(l) u(l) l/µo:l/v(3 + 'IJµ(3'1Jvo. - T/µr/'70:(3 x 

x u(2)uf2)'5(s2(1, 2))ds1ds2. (13.6.1) 

,UeiiCTBHe ,LI,JJ51 CHCTeMbI rpaBHTau;HOHHO B3aHMO,LI,e:ftcTBYIOIIJ,HX '-JaCTFIIJ; Ha 

cpoHe IlJIOCKOro npOCTpaHCTBa-BpeMCHH 3ailMCbIBaeTC.R B BH,LI,e (13.3.2), ey,na 

BXO)l,.HT ace B3aHMO,ZJ.€UCTBylOIIJ,He qacrHu;bI M HX n apHb1e KOM6HHaU.HH . 

BhI,LI,e.illl.51 O.ll.Hy qacT11cy c HOMepoM i, nerKo y6e,lI.l1TbCH, qro ee .u.eiiCTBHe 

rrpe,u,C'raBJI.HeTC.R B Q:>opMe 

(13.6.2) 

r.u.e HCilOJib30BaHo 00o3HaqeH11e ,LI.JUI IIOTeHu;HaJIOB rpaBHTaU,MOHHoro B03,U,e:ft

CTBH.H Ha T.faCTHcy i co CTOpOHbl T.JacTHIJ;hl j 

0 
( · ') - mj J 8( 2 ( · "))( ' ) a f3 d · (13 6 3) hµv 'l, J -

2
c2 S 'l, J 'IJµo:7/u{3 + T}µ(3'1Jvo. - 'IJµv'IJa{3 U(j ) U(j} SJ , .. 

0 0 
a TaK)J(e Bbipa*eHMe )~JI5.I cyMMapHoro DKJia,n;a hµ.,,, ( i) = Ef;ii hµv ( i, j) OT 

BCex qacTHU, B MCCTe uaxo~eHH.H qacTHlJ,bI i. 
H3 ,u.eticTBH.H (13.6.2) craH,Tl,apTHbIMH MCTO,ZJ.aMH MO>KHO rrony't.IHTb ypas

HeHH.H ,LI,BH:>K€HH5.1 T.JacTHU,bl i, KOTOpble MO:>KHO Ilpe,LI,CT'd.BHTb B rfiop.Me ypaone-

1-tUR ~eoiJe.3u'll.ec?Cou .au'Huu a cne~ua.11:btto nodo6pa'H'HOu Mempu?Ce pu.Ma'Hoea 

npocrri-pattcmea-epe.Mettu ( B nepaoM nop.H,n,Ke ITO G). Mo:>KHo TaIOKe no.Ka-

3aTh, T.JTO B uepaoM nop51,l!Ke no G mo::>tedecmoett'HO B'btno.au,JL10rrtc.R coom'Ho

we'HUR, coorriaemcmay10'LJ1ue .auHeapusoaaHtt'tJl.M y1JaettettUR.M 9uttwmeu'Ha. 

CneAYeT rro,n,t.repKHYTb, qro np.HMoe o6o6IIJ,eHHe npHHU.Hrra <l>oKKepa Ha 

cnyqaf:l rpaB11Tarv1rn npHB0,!1.HT K np116JI11>KeHHO:ft 3:ftHllITe:ttHOBCKOH T€0pH11 
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rpaBH'IRll,HH - B n epBOM nop}l)J,Ke pa3JIO)KeHH51 B p.H,l:t;bI n o rpaBJ,iTalJ,HOHH OH 

KOHCTaHTe G. Ho H 3Toro OKa38JlOCb ,n;ocTaTO"t.fHbIM A.JUI attaJIH3a n p H6J1H

)KeHHhIX ypaBHeH HH ,11.Bli)KeHlHI CJIO:>KHbIX CHCTeM rpaBHTHPYIOIIQ1X qacTHIJ,, 

GTO 6hIJIO BhIIlOJIHeHo B rpynn e K. A. TIHparaca 11 B. 11. )J(,n;attoaa (132]. 
,.lXJIB rmnyqeHH.H Teopirn np5iMOl'O Me)KqacT.HqHoro r p aBHTaU.HOHHOro 

B3aHMO)J,eticrBH.H, COOTBe'.l'CTBYIOI.Il;eH: 3HH1IITe:ltHOBCKO:lt o61.I1;e:lt Teop.HH OT

HOCHT€JlbHOCTH, HeOOXO,l:t;HMO BB€CTH B npHHU.Hil ,ue:ltCTBHH <I>oKKepa CJia

raeMbi e 6oJiee BhICOKHX nopH,lJ,KOB no G (cM. (28]) , T. e. K ,nByXTO'feq HhIM 

Bblp8!.)J(eHHBM ( OTH0lli€HHHM) TOOpHH <l>OKKepa CJieAYeT .n.o6aBHTb TpeXTO

qeqHbie, qerhrpexTOqeqtthre HT. A· (Mttor0To~reqtt1:>1e) cnaraeMbie (B AYXe 

MttoroToqeqHofi reoMeTpHH B. 5£. CKop o6oraThKO (153]) . TaKHM o6p a30M, 

BO 2-.H rrOJIOBRHe xx B. (,'TaJlO HCHO, ~rTO MO:>KHO 6hIJIO n p.H:ltTH K o61.I1;e:lt 

TeOpHH OTH OCHTe.nhHOCTH 11 B paMKax KOHu.enu;HH ,U.aJihHO,LI.e:ltCTBHH, T. e. 

A. 9:RttrnTetiH H arrpactto n oroponHJICH OTpeq hcH a 1919 r . OT M)l,eti 9 . Maxa. 

CoBepmettHO Heo6rua:renbHO Teopn si )l,OJI:>KHa «B.sI3aTbC.H c AYXOM TeopHH 

n OJIB». 

13. 7 . 06'he'AlfHe H1Ie rpaBllTaqHB 

H 3IleKT{>OMarHeTH3Ma 

H a Teopmo npHMoro Me)K~racTHqHoro 3JieKTpoMarHHTHoro H rpaBRTd

U.HOHHOro B3aH MO)l,elicTBHH (BMecTe c npHHU.HilOM Maxa) MO:>KHO B3rJIHttyTh 

c II03Hll,Hfi 001.Il;HX rrp.HH IJ,HlIOB peJI.Sill,HOHHOro n OAXO,LI.a, KOTOpbre n 03B0JlHIOT 

BCKpbITh BttyTpeHHee e.n,HH CTBO rpaBHTau,1111 H 3JI€KTpoMarHeTH3Ma. 

13.7.1. 3JieKTp OMam:eTH 3M 

1. "'lf TOObI IlOKa3aTh CBH3h rpaBHTaIJ,HH H 3JI€KTp0MarHeTH3Ma, CHaqa.rra 

n OCTp OHM ynpo~eHHyJO MO,U.eJih 3Jl€KTpOMarHHTHhIX B3aHMO,LI.e:ltcTBHH 3ap.H

)KeHHbIX MaKpoTeJI. IloJIO)KHM, qTo Tena COCTOHT H3 H,LI.ea.JIH3HPOBaHHbIX 

MHKpoq aCTHU. c O,IJ)1HaKOBblMH no MO)J,yJIIO 3apH,n;aM.H. IlocTyJ1.HpyeM, '-ITO 

,IJ_JI.H co6bITHH c .H,U.e8Jl.H3.HpOBaHHbIMH MHKpoqaCTHlJ,a.MH KpOMe 3aKOH a npo

CTpaHCTBeHHO-BpeMeHHbIX OTHOilleHHH (12.3.2) HMeeT MeCTO BTOpoR 3aKOH 

BM,U.a 
-2 e Uik Uij Uis Uu 

UJci 
-2 e Ukj Uks Ukl 

q>(5) = Uji Ujk 
-2 

Ujs Ujl (13.7.1) e -0 - . 
-2 

Usi Usk Usj e Usl 

U ti U tk Utj U ls e2 

Or ~Oro Bbipa)KeHHH MO:>KHO nepeiiTH K o n pe)l,eJI.HTeJIIO c e,n;HHHlJ.aMH Ha 

rJiaBH OH ,LI.HaroHaJIH nocpe,n,CTBOM KOHcPoPMHOro n peo6pa30BaHH.H acex n a

paMerpoB 3JieMeHTOB. B TaKOM cJ1y~1ae 3aKOH (13.7.1) coan a,n;aer c (12.6.6), 
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T. e. onpe,LI,eJI.HeT 3-MepHyro reOMeTpI-110 Jlo6aqeBcKoro, <PH3H'C.f€CKH HHTep

IlpeTHpyeMyro KaK npocrpaHCTBO CKOpocTe.tt. 

TiapHbI€ OTHOmeHH.H B (13.7.1), cornacHO (12.6.8), npe,LI,CTaBllillOTCH 

B BH)J.€ CKaJI.HpHoro npOH3Be,n.eHH.H 4-MepHhIX BeKTOpoB, HOprvrnpoaaIIHblX 

Ha YHHBepca.JihHyIO KOHCTaHT)': ufi)u(i )/-t = efi)" 3aKOH (13.7.1) MO)KHO 

TpaKTOBaTh KaK paBeHCTBO HYJIIO onpe,n.eJIHTeJI.H rpaMa ,ll,.11.H 5 3JI€M€HTOB, 

OilHChIBaeMhIX paBHbIMH no ,ll,J1HHe 4-MepHbIMH B€KTOpaMH. 3aMeTHM, qTO 

B CKaJI.HpHOM npOH3Be,lI,€HHH CJie,rryer B3SITb CHrHaT)'py, COOTBeTCTByrouzyro 

CHrHaT)'pe npocTpaHCTB€HHO-Bp€M€HHhIX OTHOID€HHH (12.3.4). 
2. KoH<PopMHbie <PaKTOpbI pa3HbIX 3JieMeHTOB e(i) B (13.7.1) MOrYT 

OTJIHqaTbCSI ,n,pyr OT ,u.pyra JlHlllb 3HaKOM. Tipe,n,.11araeTCH HX HHTepnpeT .HpO

BaTb ( c TO"l.fHOCThlO ,n.o pa3M€pHoro MHO)KHTeJIH) KaK 3JieKTpHqecKHe 3ap.H.LU>I 

3Jl€M€HTapHbIX M HKpoqacTHU., Tor,n.a 

(13.7.2) 

TaKHM o6pa30M, reneph napHoe OTHomeHHe 1'4,k y)J(e np11H11MaeT He KHHe

MaT11qecK11li, a ,II,HHaMH"l.f€CKHA xapaKTep. 

JierKO BH,LI.eTh, qTo napHOe O'.l'H0ll1€HHe ~k BXO,ll,MT B IlO,IJ,hIHTerpanb

HOe Bbipa)KeH11e (13.3.3) ,LI.Jl.H napHoro 3JieKTpoMarHHTHOrO B3aHMO,n.e.ttCTBH>I 

,LI,BYX qacTHIJ;, Ilp€,LI,CTaBJ15f5f BKJia,n. OT BTOpott o6o6ll.J,eHHOi1 <P11311qcCKO:B 

KaTeropHH p€JI.Hll,HOHHOro no,n,xo,u,a. 0,u,HaKO HMeeTC.H cy~ccraeHHoe OTJIHt.IHe 

n 3HaqeHH.HX 3ap.H,LI,OB B3a11Mo,n.eAcTsy10rn.Hx qacTHIJ,. Bbrpa)KeHHe a (13.3.3) 
3anHcaHo ,LI,JI.H KJiaccHqecKHx qacrHu; c npOH3BOJlhHbIMH 3ap51,LI,aMH Qi, Tor,n.a 

KaK B (13.7.-2) BXO,L1;5fT O,ll.HHaKOBhle no MO,LI,yJllO 3apSI,LI,hl ~ H)J.eaJIH3HpoBaH

HbIX MHKpoqacTHI.J.. 

3. qT06bI IlOJIY"l.fHTb B KJiaccw-ieCKOM npHHI.J.Hfle Cl>OKKCp a npoH3BOJlhHhl€ 

3ap.H,lI.hl MaKpOTe.JI, nepeii,n,eM OT OTHOlll€HHi1 Me}K,lly OT,LI,eJihHhIMH Ml1Kpo

t.iacT11u.aMH K cyMMaM napHblX OTHOIII€HH.tt 3JieMeHTapHbIX qacTHIJ;, COCTaB

Jl5flO~HX ,n;aa MaKpoo6'heKTa A 11 B . IlocKOJihKY ,n;ocTaTOqHo pa3HeceHHh1e 

MaKpoo&beKTbI np116JmmeHHO MO.>KHO C'qHTaTh TQqeqHblMH (a KJiacc11qecKOM 

CMbICJie), TO ace COCTaBlliIIO.JWle HX H)J.€aJJll3 11poB a.HHhl€ MHKpO"l.facTHU,bl no

JtaraJOTCH HM€lOIU,HMH 0,ll,HHaKOBhie CKOp0CTH H Ofl.liHa.KOBble napHble npo
crpaHCTBeHHO-BpeMeHHbie OTHOmeHH.H. 9TO 3 Ha"l.fHT, qTo npH cyMMHpoB8.lil111 

MO)J(HO BbIHecTH 3a cKo6K11 cKan.spHhie npo113se,LI,eH11.H cKopocreu qaCT11n, 

11 ,n.enhm-<PyHKu,1110, wr,n;a npo1~c,rrypa nepexo,n;a K MaKpoo&beKTaM c.uo,LI,MTCH 

K CYMMHpOBaHl15fM no 3ap.H,LI,aM MHKpoqacnu~, COCTaBJI.HlOlWfX 3'1'11 <.X>'b€KThl. 

Ta.I< rrp11xo,n.11M K 3ap.H.,l(arvt ,u,Byx MaKpoo6'beKToa: 

iiA = L ei; 
(iCA) 

(13.7.3) 

flcpeXO,ll,5f OT 6e3pa3MepHbIX 3ap8,LI,OB e K mmeCTHblM 3Jl€MeHTapHb!M 38.

p.H,LI,aM 3JieKTpoHa e = vtnClel q epe3 pa3MepHb1e yHHaepcaJihHbie KOHcraHThI, 
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nony't.laeM pa.Hee 3arurcaHHoe BbipruKeHHe ,IJ,IDI ,rr,e:ttcTs1n1 3J1eKTpoMarHHTHoro 

&.~HMO,IJ,eikTBl-Ul ,IJ,Byx KJiacc:w-1ecKHx 3ap5DKeHHbIX 't.lacTHIJ;. 

13. 7 .2. rpaBHTan;H.SI Ka.K cne'ACTBHe aneKTpOMarHe'J'll3M3 

1. Mcxo,rr.£ H3 3aKOHa (13.7.1), MO:>KHo nony't.IJITb H rpaBHTaJ .. ~HOHHoe 

B3aHMO,IJ,eMCTBHe, pa.Hee npe,IJ,CTaBJieHHoe ,IJ,eti:CTBHeM ( 13.6.1). ,1],JIB 3TOro 

CJie,uyeT BOCilOJib30BaTbC51 rrpMHQMilOM, c¢opMyn11pOBaHHbIM B paMKax npo

CTpaH(,'TB€HHO-BpeMeHHbIX OTHOWeHHR, cornaCHO KOTOpOMY o6na,n;a10T ¢11-

:-mqecKMM CMhICJlOM see MMHOpbl 113 onpe,rr,eJIMTe.IDI, qepe3 KOTOpbI:ii ccpop

MYJIMPOBaH 3aKOH CMCTeMbI OTHOIIIeH11:lt B ,IJ,aHHOM cny-c.rae 3TO 6y,rr,eT onpe

,n.eJnITe.nb H3 3aKOHa TOKOBbIX OTHOrueHH:tt (13.7.1). KaK TOJlhKO 't.ITO 6hIJIO 

IlOKa3aHO, MMHOpbl MHHHMaJibHOro nop.5I,IJ,Ka xapaKTepH3yroT napHbie 3JieK

T_POMarHHTHhie B3aHMo.uetic,'TBH£. PaccMOTpHM cPH3H"iecKHA CMhICJI MHHOpoB 

6onee BhICOKoro nop5l)l;Ka. 

J1HHeapH30BaHHoe rpaBHTall,HOHHOe B3aHMO,IJ,eti:CTBMe o6ycJIOBJI€HO yqe

TOM iJua2o'HaJl'b'H'btX MHHOpoB CJI€,IJ,ylOI.D;ero, BToporo nOp51,IJ,Ka B onpe,rr,eJIHTeJie 

3aKOHa (13.7.1). TaK, ,IJ,IDI ,IJ,Byx 't.lacTHu;, onHchIBaeMbIX 3JieMeHTaMM i H k, 
MO.>KHO orrpe,IJ,eJIHTb rrapHOe OTHOmeHHe: 

-2 
(2) e ?1-k 4 

Dik = _ ~ = e. (I - uikuki) = 
Uk;i e 

-4 
- e /.L v ( + 2 ) a f3 - - 2 u(i) u(i) 'T}µa'T}v[3 'T}µ[3'T}va - 'T}µv'T}a[3 u(k}u(k)' (13.7.4) 

r,IJ,e 'f}µv - on£Tb MeTpHqecKH:tt TeH3op npocTpaHCTBa MHHKOBCKoro. JierKo 

BH)l.eTb, 't.ITO (13.7.4) (c HeKOTOpbIMH oroBOpKaMH) rrpe,IJ,CTaBJI51CT co6o:tt 

napHoe OTHOIIIeHHe ,n;ayx rpaBHTaI.J,HOHHO B3aHMO,IJ,e:ttCTBYIO.I.D;HX qa(,'THIJ; B no

,UHHTerpaJihHOM BblpruKeHHM (13.6.1). 
ITocKOJibKY 3,n;ecb rro-rrpe)f(HeMy paccMaTp11aa10Tc5I rrapHhie OTHOmeHH.5! 

,n.syx 3JieMeHTOB, TO B Bhipa)KeHHH ,IJ,JI51 rpaBHTall,HOHHOro B3aHMO~eiicTBHB 

CJie,uyeT O:>K~aTb rrpe)f(Hee Bblpa)KeHHe ,IJ,JIB KOOp,n;HHaTHOI'O napHoro OTHO

meHHB B BH,n;e ,D;eJibTa-cPYHKIJ,llli (13.3.4). 
2. TiocKOJlhKY Tenepb KOHcPopMHbIH cPaKTOP ( 3JleKTpuqecKHM 3apB,n,) 

,ll,aeT KBaAPaTH"iHbI:tt BKJia,n; B MH0)f(J1T€JIM nepe,n; CKaJI51pHblMH llp0113Be~eHH-

51MH CKOpocTeii, TO 3TH MHO.:>KHTeJIM MOryT np11.Hl1MaTb JlHIIIb IlOJlO:>KHTeJlb

Hbie 3Ha't.leHH51, B OTJlH""!He OT 3JleKT p11qeCKJ1X 3apB,ll.OB B MHHopax rrepBoro 

nopH,IJ;Ka. QqeBH,IJ,HO, OHH MOryT COOTBerC-I'BOBaTh JIHIIIh 3HaqeHMHM Mace 

H,D;eaJIM3Mp0BaHHbIX MHKpoqaCTifIJ;. 

Bbipa3HM 3HaqeHHe Macchi qacT11u; qepe3 6e3p83MepHyro KOHCTaHTY C2, 
HMeionzyro xapaKTep BecOBOI'O COOTHOIIIeHIHI MHHOpOB nepaoro M BTOporo 

nopH,IJ,KOB B ,n;eilCTBHH, H p83M€pHbI€ cpytt,LI,aMeHTaJibHbie KOHCTaHTbI. flo

CKOJlhKY npoo6p83 rpaBHTall,HOHHOro ,rr,eilCTBHB ,IJ,OJI)f(eH 6bITb nponopu;11-

0HaJibHbIM npOH3Be,rr,eHHIO Mace 11 HblOTOHOBOll rpaBHTaIJ;MOHHOM ITOCT0-

51HHOH G, TO np11 c,LI.eJiaHHOM BhIBO,rr,e o CB513H 3ap51,IJ;OB H Mace HMeeM 
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G ( m1 m2) / c = C2e4 / ( ru?). IloJiaraR MacCbI H,ll,e8JIH3MpOBaHHhIX MMKpoqa

CTH~ 0,IJ,MHaKOBbIMM, OTCJO,IJ,a Hax:O,IJ,MM 

(13.7.5) 

r,rr.e ffiPt. ~ 10- 5 r - ITJiaHKOBCKa.51 Macca, 'Yo - IIOCTO.HHHa5I TOHKOH CTpyK

Typb!. 

TaKHM o6p830M, B ,LI,aHHOM no,rr.xo,rr.e Macca l.f,ll,eaJIM3MpOBaHHhIX MHKpot.ia

cr11~ orrpe,rr.e.rrnerc.H npOH3Be,rr.eHMeM nocTO.HHHOi1 TOHKoti CTPYKTyphI, nJiaH

KOBCKoii MacCbI 11 KBa,u.paTHOro KOPH.H H3 6e3p83Mepttoro BeCOBOro BKJla,Il,a 

C2. Bh16opoM 3Ha'tfeHM.H BecOBoro Ko3¢¢11u;11ettra MO)f(HO ,rr,o6HThCR JIJ06om 

3HaqeHM.H MaCCbJ H,IJ,€aJIM3Hp0BaHHOM MMKpoqaCTHf~bI. ,[(JI.SI cJiyqa51 HyKJIOHa 

cJie,rzyer noJIO:>KHTh C2 ~ 10-36. Cne,rr,oBaTeJihHO, oocoBo~ Ko3¢<l>HWfeHT 

C2 Hrpaer ponh rrepeHopMHpy10~ero cpaKTOpa, rrepeBO,IJ,R~ero 3HaqeHMe 

ITJiaHKOBCKOH MacCbI B Ha6n10,rr.aervme 3Ha'tfeHHe. 8To aHaJIOrHqHO rrpou,e,rr,ype 

rrepeHOpMHp0BKM ITJiaHKOBCKMX Mace B MHOrOMepHbIX r eOMeTPM'tfeCKHX MO

,u,e.llilx cpH3HqecKHX B3aMMo,rr.eiiCTBMH TMrra TeopHH Kany:a;hI. 

Macca MaKpoTeJia ,rr.oJI)KHa p~cMaTpHBaThCR KaK cyMMa Mace cocTaB

.llillO~X TeJIO MHKpoqacTHU: ( 3JieMeHTOB)' T. e.' KaK H B CJiy'lae 3JieKTpoMar

HMTHOro B3aMMO,ll,CHCTBM.H, MMeeM 

ffiA= 0" L er v (i& (iCA) 

(13.7.6) 

CyMMa KB8)IJ)aToB, KaK M3BeCTHO, cy~ecTBeHHo OTJIMqaerc.H OT KBa,u,pam 

cyMMhI cnaraeMbix, T. e. Macca MaKpOTena acer,rr,a rrono:>KHTeJibHa H OTJIH'tlHa 

OT HYJI.H ~aJKe B cnyqae 3JieKTpnqecKM ttetiTpaJihHbIX TeJI. B MTore MMeeM 

npoo6p83 rpaBHTan;HOHHoro ,rr,etiCTBH.H (13.6.1). 
3. 06paTHMC.H K CJiaraeMhIM s<0>(i) B (13.3.2), OilHChIBaJO~ ,rr.eiiCTBHe 

«CBOOo,IT,HhIX» ..:.1acT11u;. B ,rr.aHHOM 110,u,xo,rr,e OHM 110Jiy..:.ra10TcR M3 cnaraeMhIX 

B MHHOpax BTOporo nop.H,l1,Ka, co,u,ep.>Ka.IIJ;HX KBa,IJ,paThI CKOpOCTeti Ka.>K,IJ,OH 

qacTHD;bI. «CBo6o,rr,HOC» ,rr,eiiCTBHC 0,IJ,HOit M3 'tfaCTH:a; MO.>KHO IlOJIYt.IHTb M3 

TaKHX cnaraeMbIX cyMMHpOBaHMeM 110 BCeM BTOpbIM qa(,'TMD;aM OKpy:IKaIO

~ero MHpa. TaK, B3.HB H3 (13.7.4) rronoBHHy 11oc.ne,rr.Hero c;1araeMoro (6e3 
CKOpOCTett)' MO:IKHO 3aITHCaTb 

s<0>(i) = cmi J dsi = - Gmi L mk J J <5(s2 (i, k))dsidsk, 
c k=f=i 

(13.7.7) 

T. e. 110Jiy'tfaeTCR TaK, qTQ cyMMa BKJia,IT,OB acex Mace ..:.racTMU: OKpy.>Ka10m;ero 

MMpa onpe11e.n:ReT rpaBMTaUMOHHYJO KQH(,'TaHTy: 

(13.7.8) 
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y qi.JTbIBfill, qTo B orrpe,n:,eJieHHe 8-¢yHKIJ;HH He.HBHO BXO,D;HT paccTOH

HHe Me.>K,JJy Bh~eJleHHOii H paccMaTpJIBaeMOtt qa(,'THUaMH, 3TO BhlpaJK€HHe 

MO)KHO pacc.MaTpHBaTb KaK o6o6llJ,eHHe H3B€CTHOro COOTHOIIIeHIDI Me.>K,JJy 

3HaqeH:ne.M .MacCbI M n rpaBHTan,nottHhIM pa,n:,nyco.M BceJieHHOA R9 B o6m,eA 

TOOpHJI OTHOCHTeJihHOCTJI 

J 2lvf c2 2lvf G Lmk 8(s2 (i,k))dsk = - = - --t R = --
k::fii Rg G g c2 

(13.7.9) 

,ll;aHHOe COOTHOmeHHe B pe.JUIIJ;HOHHOM 110.n.xo.rr.e CJie,rryeT TpaKTOBaTh KaK 

o6ycnoBJieHHOCTh .rrarpaH)KHaHa «CBo6o,r:i;HhIX» qacTHlJ, HX B3aMMO,ll,eiiCTBHeM 

co BC€.MH qacTHlJ,a.MH OKpy)KaIO:m,ero MHpa (BceJieHHOH) B ,rryxe rrpHHil;HIIa 

l\!Iaxa. B pe.n.sI.J,HOHHOM rro.n.xo.n.e HeT n He MO)KeT 6bITh cao6o,n.HhIX qaCTHlJ, no 

orrpe,n;eJieHHJO. «CBo6o,D,Ha.SI» qacTb B ,n,eiicTBHH rrpe,r:i;cTaBJI.seT co6o:H JIHillh 

3aayannpoaattttoe cyMMnpoaaHHeM B3aHMo,n,eiicTane Bhr,n.e.neHHOA qacTHlJ,hI 

CO BC€M OKpy)KaIOllJ,HM MHpOM. 

B1>1pa:1KeH11e ( 13. 7. 7) o6ocHOBhIBaeT He TOJibKO rro.sBJieHne ,n,elicTBIDI 

«cBo6o,D,HhIX» 'l'..JaCT11.u;, HO n o6'h.HCH5ieT OTJinqne a Ko3¢¢nu:neHTax rrepe.n:. 

IlOCJ1€,ll,HMMH CJiaraeMhIMH B (13.6.1) 11 (13.7.4). 
4. ,il,aHHhie paccy)l(,11,eHIDI KaCaIOTC.SI HeKOU ynpo:m,eHHOH ( H,lJ,€aJIH3Hpo

BaHHOii) MO)J,eJIH, KOTOpa.8 MO:>KeT IlpeT€H,lI,OBaTh JIHIIIb Ha BCKpbITHe 3a

KOHOM€pHOCT€H KaqecTBeHHOro xapaKTepa. B paMKax 3TOH MO,ll,e.1111 BCC 

3Jl€M€HTapHbie qaCTHIJ,bI HM€lOT O,r:i;HHa~OBbie .MacChI, :>K€CTKO CB.83aHHbie 

co 3HaqeHJI€.M 3JI€MeHTapHOI'O 3JI€KTpHqecKOT'O 3ap.8,ll,a ( 3Jl€KTp0Ha). 9TO 

.n:.onycTHMO rrpH pacc.MOTpeHHH KJiaCCH'l€CKOi1 1'€0pHJI, r.rr.e Hecym,eCTBeHHhI 

,D:,eTaJibHhie CBOiiCTBa COCTaBJI5ilOiqHX HX MMKpoqacTeii, o,r:i;ttaKO ,ll,Jl.H IlOCTpoe

mrn peaJIMCTlf'I€CKOM T€0pl111 3JieMeHT'd.pHbIX qacTIJU, HeOOXO,ll,HMO o6o6u~HTb 

TOOpHlO Ha cnyqfilt, BO-nepBbIX, KOMIIJieKCHbIX OTHOIII€HH:tt H, BO-BTOpbIX, Ha 

cnyqai! 6HHapHbIX CHCTeM OTHOIIIeHHH, qTQ o6cy)l(,I];eHO B CJie,rry10m,e::tt rJiaBe. 

13. 7.3. Ilpmn.zym Maxa 11 npXMble MHoro-.:iacTWIHbie 

B3allMO,lJ;eiicTBIDI 

IloKa 6bIJIH 3a,r:i;eiicTBOBaHbI JIHIIIb ,ll,Ba npocTeHIIIJIX BH,ll,a .MHHOpoB nep

BOrO H BTOporo rrop}fAKOB. PaccMOTpHM OCTaBIIIHec.H MHHOphI 6oJiee BhICo

Koro rropRn,Ka. 

1.. J13 orrpe,lJ,eJIHTeJI.SI B 3aKOHe ( 13. 7 .1) MO)KHO IIOCTp0HTb HCCKOJlbKO 

BM,D:,OB MMHOpoB: TpM BH)l.a MHHOpoB BTOporo nop..H)J.Ka, TpH BM,LI,a MHHOp0B 

TpeTbero rrop.Sl",LI,Ka 11 ,r:i;Ba MllHOpa 'l'..JCTBepToro nop.Sl",LI,Ka, KOTOpbIC, KaK OKa-

3blBOOTC.SI, H.MeIOT qcrKyJO QJH3H'l'..{€CKyIO HHTeprrperau;mo H nrpaIOT Ba:>KHYJO 

pOJib B OIIHCaHHH KJiaccnqeCKl1X 3JI€KTpoMarHMTHbIX H rpaB11Tal..Uf OHHbIX 

B3aHMO,ll,€MCTBH:it. 
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BhmHllleM B al1,ll;e Ta611Hu;h1 ace H83BaHHbie MHHOphr, Ha'l.fHHaR c nepooro 

nop.SI,n;Ka: 

rpaBHTa:a;w:r I 9neKTpOMarHeTK3M I IlpHHIJ.HrI Maxa 

e2 = e2 /(he) = Const Uik 0 

vi~>= 
-2 

Uik (2) 'Uki Uk · (2) Uij Uis e -t 
- 2 D .k . = -~ Dikjs = 

Uki e k t ,J u ·· ej Ukj Uk;s Ji 

t?- Uik Uij uik u_~ Uis 'Uij 1."is 'Uil 
(3) -

t (3) (3) --2 uk· uld Dikj - Uki ek Dik,Js = Ujk ei 'Ujs D .k . , - 'Ukj Uks )j - 2 
t JB, -2 

'U-ji 'Ujk e - Usk 'Usj e s U[j Uts e l J 

-2 'Uik Uij Uis Uik 'lt_~ 'Uis 'Ui[ e . 
t 

(4) - UJci 
-2 u k · U ks (4) - Ujk Ujs Ujl ek e. 

D .k . - -~ D .k · i - J 0 
Ujk Usk 

-2 t JS Uji ej Ujs t ,JB Usj es Usl 
- 2 -2 

Usi Usk Usj es Ulk Utj U[s e l 
13.7.10 ( ) 

3 ,n,eCb BepXHH:ti CJieBa 3JleMeHT e2 
BblJUICaH )l.JI.H IlOJIHOTbl Ilp€,LJ.C'.I'aBJI € HHbIX 

3,n;ecb MHHOpOB. 

2. ,il,aa MHu opa Uik H D~z> s JieaoM sepxtteM yrJir Ta6.mr;u;h1 onHchrnaiOT 

,lI,BYX'l.facTH'iHble B3aHMO)l.eH~TBH.SI . ,l],sa MHHOpa: D iZ,j H Di!J, p acTIOJIO:>KeH

Hbie HaHCKOCb npa Bee H HlDKe .n.syx H 83BaHHhIX, OIIHCbIBalOT TpeX'lacTH'iHbie 
_ T D (2) (3) (4) 

B3aHMO)l,e11CTBl1.H. pH MHHOpa ikjs' D ik,sj H D ik js' pacnoJIO)KeHHbie no 1"11a-

roHrurn:, onHCb!BaIOT 'ieThipex'iaCTH'l.fHbre B3aMMo,n;eiicTBH.SI. HaKOHeu;, ,n.Ba 

OCTaBlllHXC5l MHHOpa D~~~l,j H v;:)jsl B npaBOM HH)KH€M yrny OilHCbIBalO'r n.SI

TWiacTffl-1.Hhie B3aMMO,n;eAcTBH.H. :B 0003Ha'iett11.ax 'iacTHIJ; 3an.HTa.H OT.JJ;eJI.HeT 

3JleKTpoMarHMTHO B3aMMO)l,€HCTBy1ow,11e qac·r.11IJ,hl OT qacrHu;, 0Ka3hIB3,JO~HX 

Ha HHX rpaBl11'alV10 HHOe B03)l,e ii:CTBHe. 

3. B Bhrn11caHHoi1 Ta6nHu;e csep xy .n.aHa ¢113H'iec1<aR HHTepn~ 

Tpex CTOJI6u;os MHHopoa. I1epah1:H CTO.rr6e~ xapaKrepH3yeT rpaBHTa qHOHHoe 

B3aHMo,n;e.i1cTBMe .n.ayx, Tpex 11 qeTbrpex 'iaCTHIJ.. M11HOph1 sroporo CTOJI6i~a 
OilHCbIBalOT 3.TieKTpOMarHHT Hoe B3aMMO,ll,eH(,'TBHe ,n.ayx qacTM~ H l'paBH~M

OHHoe BJlH.SIHMe Ha 3.TieKTpoMarHHTHOC B3aMMO)l.eMCTBMe ,ll.Byx qaCTHII, co CTO

pOHbI )JJ)yrHX ('rpeTbMX M 'ieTsepTbix) 'iaCTHlJ,. MHttOpb1 TpeTbero croJI6u,a 

OilHCbIBaKYI' 3JI€KTpoMarHHTHoe ( H qaCTH"LIHO rpaBMTaIJ;HOHHOe) BJlH.HHHe Ha 

3JI€KTpOMarHJITHO B3aMMO)l,eHCTBy10w,y10 n apy ( H q ersepey) 'iacTHII,. 

0TJ1H'iMe 3 Ji e KTpoMarHMTHbIX OT rpaBHTaJ~.HOHHblX B3am...10,neACTBHi1 

<t>aKTHqecKH onpe)l,eJI.HeTC.SI qffCJlOM )l.HaroH aJibHhIX 3JieM e HTOB BI1)J,a e2 ' BXO

,lI..HIIJ,HX B COOTBeTCTBylO:rn;He MH.tIOpbl . EcnH 'iHCJ10 ,ll,HaroHa.JibHblX 3JleMCHTOB 

COBna~aeT c qHCJIOM 3JieMeHTOB, npe)l,CTaBJleHHhlX B MHHOpe, TO ,n;aHHbli1 

MHHOp OilHCbIBaeT BKJia)J.bJ TOJi bKO B rpaBHTaII,HOHHOe B3a11Mo,u;ei1CTBHe. 9To 

HMeeT MeCTO ,n;JI.H MHHopoa n epnoro CTOJ16u;a . B MHHopax Uik 11 D~k2~5 Ha-
• i J 

3BaHHbie ,ll.HarOH8.11hHbre 3neMe HTbI 0TcyTcTay10T, CJie,n.oaaTeJibHO, .n.aHHbie 
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MHHOpbr orrHCbIBaIOT 'iHC'IO aneKTpoMarHHT Hhie B3a11Mo,n;eiicrnH.H. Bo acex 

ocra.JlhHbJX MHHOpax rrpell,CTaBJieHbl KaK 3JI€KTpoMarHHTHhie, TaK "' rpanH

TaI.Q10HHbI€ B3aHMO,n;eitCTBH.H. 

BJIH.HHHe TpeTbHX qacr HII. tta B3aHMo,n;elicTa11e paccMaTpHaaeMoii rraphr 

tJacTH.u; B JIHTepaType rrpHH.HTO TpaKTOBaTb KaK rrpO.HBJI€HHH npHHll,HIIa 

Maxa. CTporo roaop.H, npuH~Hrry Maxa cooTBeTCTBYlOT ace Tpex-, t.IeThipex-

11 II.HTHqacTWiHhle l33aHMO.lletiCTBH5!, 0,LI,UaKO 3Hal.JHTeJibHaR Y.acTb rrpo.HBJie

HJl:ti rrp11Hx.vma Maxa MacKHpyerC.H tten11tteitHOCTbIO rpaawra.1zy1ottHoro B3aH

MO,n;eAcraIDI ( B o6~ett TeopHH OTHOCHTeJibHOCTH). Ilo 3TOH npHY.HHe J!Hlllb 

MHHOpbl TpeTbero CTOJ16u;a OTHecenhI K fIBHOMY Ilp0.HBJ1€HHIO rrpHH~rra 
Maxa. 

4. I1 poo6p83 .neitCTBH.H MHOroqacruqHhIX B3aHMO)..l.eUCTBHi1, KaK 

H npe)K,IJ,e, crpOHTCSI B B11,n;e npoH3Be,n;eHH.H BKJia)lOB OT MHHOpOB H3 

npocTpaHCTBa TOKOB ( CKOpocTei1:) H H3 rrpoC'rpaHCTBeHHO-BpeMeHHbIX 

0THOll1€HHit. I1ocJI€)lHHe /{OJI)KHbJ HM€Th xapaKTep COOTBeTCTBYlOID;HX 

n-TOqeqttbIX OTHOurettHi1. TaK, pattee ,lJ,JI.H orr11CaHH.H ,n;ayxqacT:WIHbIX B3aH

M0,11,eiicTB11i1 HCIIOJTb30BaJIHCb rrapHbie OTHOUI€HHSI 113 ,.U,BYX npocrpaHCTB, qTQ 

03Haqano O,ZJ;l1HaKOBbie Bblp8.}l(eHHSI B BM)],€ .UeJibTa.- ¢yHKizyll1 np11 p83HbIX 

IIOp.H,ZI.Kax MHHOpoB 113 TOKOBOI'O npocTpaHCTBa. )I,JISI OIIHCaHHH Tpex- H 6oJiee 

qaCT.Ht.fHbIX roaHMO,UeitcTBHA tteo6xo,n;HMO HCIIOJlb30BaTh COOTBeTCTBYlO

~e MHOI'OTOt.reqHbJe xapa.KTepHCTHI<H 113 rrpocrpa HCTBeHHO-BpeMeHHbIX 

OTHOIII€HH"ti' KO'l'Opbie OK83bIBaIOTC.H B rrapax c MHHOpaMH p83HbIX panroa. 

KpoMe Toro, Heo6xo.u.11Mo yTot.ftteHHe Ko3¢<P:mJ.HeHTOB nepe,u, yKa:JaHIIhIMlf 

MHHOpaMH np11 IIOCTpoeHHH TIOJIHO['O ,n;e:ACTBH.H (CM. (36)). 

13.8. AnaJill3 u cpaBHeHHe pen~oHHoro 
H l:IHhIX MHpOilOHHMamdi: 

l13JI0}1(€HHOe B '3TOH I'Jiaae IIOK83bIBaeT, 'iTO B paMKax Teop1111 np.H

Moro M€)Kt.IacT11qHOro B3aHMO,n;etiCTBE'SI ( B HHOtt MC'l'a¢E'3E'tJ€CKOM napa

~Hl'Me) MO)f(HO Ha ,lIJ)yroM 513hIKe H3JIO}KHTh OCHOBHbie pc3yJlb'l'8.TbI, IIO

nyqeHHbie B patv1Kax p auee paccMOTpeHHhIX M11ponoHHMaH11lt Bo11ee roro, 

MO:>KHO yTBep)K,IJ,aTh, 'iTO Teop11.s1 rrpSIMOro M€)f(':.racT11tJHoro roaHMO/\CHCTBJUI 

6onbme OTHeqaeT ;:zyxy crre~HaJihHOit reop1111 OTHO~HTeJibHOCT11, tte)f(eJIH 

KOHil(eIIUH.H 6JIH3KO,D.€HCTBH.H. BaaHMO,ZJ;CHCTBHe Ha CBCTOBOM KOttyce COOTBeT

CTByer HYJI€B<?MY 11HTePB8JTy, T. e. Herrocpe,n;CTB€HHOMy KOHTaKTY B pe.IDITH

BHC'l.'CKOM CMbICJie. 

13.8.1. Tpe: BH,IJ;a COOTHOmeHDH rpa.BHT~ 
B aJieKTpoMarueTB3Ma 

1. B TeopHRX Tpex ,nyan11CTHlfecK11x M11porroHmvtaH11:H ( rrapa.n;11rM) co

OTHom eHHe rpaBRTall;lflf H 3JI€KTpoMarHCTH3Ma HMeeT npHHlJ,lilIIHaJTbHO p83-
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Jll1qHblit xapaKTep. B TeOpeTHKO-rroneooM no,o;xo,o;e rpaaH'IB.u;HoHHoe H ::.neK

TJX>MarHHTHoe IIOJI5l H€3aBHCHMhI H BhlC'ryrralOT Ha pa.BHOH Hore, OTJIH~a51.Cb 

JI11mb TeH3opnbIM paiiroM rroTeHI.I;HaJIOa n0Ju1. B reoMeTp11qecKOM no,n,xo,o;e 

(a 5-MepHo:et TeopHH K a.rryqi,1) ::..rreKTpOMarHeTH3M a03HHKaer B pe3yJihTaTe 

o6o6~emrn ::.ttHIIITeHHoBcKo:tt TeopHH rpaa11Tau;1111 Ha c.rryqafi 5-MepIDI. B pe
JIHQHOHHOM rro,u,xo,o;e HMeeT MecTO TpeTH:A aapHaHT - rpaawraIQ-I51 B03HHKaeT 

B B~e KBa,lij)aTa 3Jl€KTpoMarHHTHOro B38.HMO,rr.eACTBIDi, T. e. rrp1m6pera.eT 

HH/IYU,WpoBaHHhlH xapaKTep. 

2 . BJIH3KHe rrpe,n;nono::>KeHHH H rHIIOTe3bJ o xapaKTepe rpaa11TaizyIH BbI

CK83hIB8J1HCb p.si,n;OM 113BeCTHbIX aBTOpOB, HCXO,[VI H3 COBCeM HHblX coo6pa )Ke

HHt:i'. TaK, a 1967 r. A. ,ll. Caxapoa BhICKa3aJl 11,L.1.ero o BTOpH-.:.IHoM, npo113ao.n

HOM xapaKTepe HCKpRBJieHHOCTH rrpocrpaHCTBa-apeMeHH , o6 o6ycnOBJJ€HHO

CTM rpaa11Tau;1111 cBo:t:icTBaM11 KBaHTOBaHHbIX ( ¢epM110HHbIX) no.rrett. OH n11-

CaJI: «Ilo MOeii 11,rr.ee cpytt,n;aMeHTaJlbHbI:ei BH,D; ypanHeHHtt T€0pHI1 T.HI'OTeHH.SI 

(T. e. o6m;e.A TOOPHH OTHOCHT€JlhHOCTH), a Ta K::>Ke 'IliCJieHHa.H aenHGlfHa rpa

BHTaIJ;HOHHOM n ocTO.HHHOH - ,JJ;OJDKHbI CJi e,o;oaaTb H3 T OOpHH 3JieMeHTapHbIX 

qaCTHIJ, « caMH co6oib, 6€3 KaKHX-JrnOO c n en;HaJihHbIX rHnOTe3» [150, c. 1 8 0 ) . 

AHaJior11qHa.H rHIIOT€3a BbICKa3bIBaJiach n. Y3CTOM B CB.H3H c o6cy::>K

,o;eHHeM B03MO::>KHOCTH cyrrepcHMMeTp11qHhIX Teop11R «o6'b€,n;JUIHTh THI'OTe

HHe co BCeMR ,rr.pynrMR c11.rraMH npHpo,ll,hl» : « Ho B 3TO:t:i CB.H3H c.rre,rr.yeT 

HaIIOMHHTb, 1:.fTO rpaBHTall,IDI MO>KeT 0Ka38.TbC5I He cpyH,II,aMeHTaJihHOH CHJIO:t:i, 

a 6bITb o6ycnoBJieHHoli ,[(HHa.r·.tlfqeCKHM M exaH113MOM» (167, c. 14) . Mo::>KHo 

H ,n;aJiee rrpo,o;omKHTh IJ;HTHpoaatt11e no,n;o6Hhrx BbICK83h1BaHHJ:t C. JI. A ,n;.rrepa 

H ,rr.pyrHX aaTOpOB, COOTBeTCTBYJOll.J,HX H3JIO::>K€HHOMY 3,o;eCb BblBO,rr.y o6 HH

,n.yn;HpoBaHHOM xapaKTepe rpaBHTaU,HH. 

3. Cne,o;1>1 CB.H3H rpaa11Tau;un 11 3JleKTpoMartteTH~Ma, BCKphITOli B pe.rr.si

IzyIOHHOM no,n;xo,o;e, MO::>KHO ycMOTpeTh y ::>Kc a 5-MepHoit TeopHH KaJiyll,b1, 

r;~e '"lerbrpc cMernaHHbie KOMIIOHeHTbI MeTpH-.:.1ecKoro TeH3opa G µ 5 OTo>K

,n,ecTBJI.HJOTC.Si c KOMIIOHeHT8.MH aeKTOpHoro TIOT€ HU,118Jla 3.TieKTpoMarHHT

HOl'O TJOJI51 Aµ COOTIIOIIICHHeM (10.2.2). a Q:>H31-1qecK.11 HHTeprrper11pyeMblMH 

KOMIIOH€HTaMH 4-MCpHOli MeTpMKH .HBJIJil:OTC.SI He npocTO 4 -M€plibl€ qaCTH 

5-Mepttoro MCTp11qccKoro T€H3opa G11.v, a cneu,11aJTbHb 1e KOM6Httau,H11 113 HHX 

11 CM€JUaHH blX KOMIIOHeHT: 

_ Gµ5Gvs 
9µv - G µv - --=---

G 55 
(13.8.l) 

BBO,D.11.1\.1.bl e Ha OCHOBe MOHa)I.HOI'O MeTo,n;a B crreu,HaJibHOA Ka.rrn:6poaKe. B 3TO 

Bbipa>KeHHe BXO,.T.1.HT KBa,npaTH'-IHO 3JlCKTpoMaI'HHTHbitt seKTOpHbl.H IIOTeH-

11,liaJI' "ITO q acruqHO COOTBeTCI'BYeT ,JJ;OilOJIHMTCJibHbIM KBa).JJ>aTH~bIM c.rra

raeMbIM 110 CKOPOCT.SiM B onpe,n,eneHHH KOMIIOH€HT 4 - MepHOli MeTpHKM B pe

JI.HUHOHHOM no,n.xo,n.e, COI'JI8.CHO (13.6. 1) 11 (13. 7.4). 

0.n.HaKO a 5-MepHou 1'eopuH Kai1yu;h1rpaa11Ta U,HOHHoe H3Jl€KTpoMarHHT

Hoe B3aMMO,.T.I.eHCTBH.H TpaKTYlOTCH He3aBJ1CJ1MbIMH BCJI€,D;CTBMe c.rraraervmro 



13.8. AHaJIH3 pe.!IKL{HOHHOro rrOAXUAa 403 

Gµv B (13.8.1). PeJTHIJ;HOIIIIbIH )Ke no,n.xo,n. no3BOn5IeT ycTpattHTh He3aBHCH

MOCTh, pacKpbIBaH cPH3H'tleCKHH eMblCJl 3 'TOI'O enarae~mro: B HeM KOMilO

HeHTbl G µv TPaK'JYlOTC5I K aK KO:M611H8JI,HH H3 MeTpHKH MHHKOBCKoro 'f/p.v 

H cnaraeMbIX, o6ycnonneIIIIbIX TeM, qTO KBa,rq>aT eyMMbI BKJia,n.OB OT p83HhIX 

qacn·II.J; B ~:WeKTpo:MarHHTHbiii IlOTeHI~a.n He paneH eyMMe KBa,JJJ>a'J'OB 3THX 

BKJla,Ll.OB, o6yenaBJTHBalO~HX rpaBHTal\HOHHOe B3aHMO,n.eilCTBHe B peJI.SIIJ;HOH

llOM no,n,xo,n.e. 

4. B 5-Mepnoii TeopHH Kanyn,1>1 nn.sr 011HeaHHH 3apH)KeHHbIX noneii W 
11CilOJTb3yeTeH npHHW'IIl 3aBl1Cl1MOCTH BOJIHOBbIX cPYHKU.11R 3THX none:li OT 

5- ii KOOPMHa'I'hI, npHlleM .IJ;HKJIH-.:i:ecKHM o6p83oM, eonraetto (10.2.7). KaK 

y)Ke OTMe'tla.JIOCb! 3TO onpe,LI.eJieH.He 3apH,n.a aBTOMa:l'H'-IeCKH npRBO)l.HT K rro

HBJleHHIO y '-laCTIUJ; n naHKOBCKRX 3Ha'tleHHii Mace 3JJeMeHTapHhIX 'tlaCTHIJ,, 

T. e. Macca qacrm:.1; OKa3bIBaerC5l )KecTKO CB.SI3aHHOH c .HX 3JieKTpH'IecKHM 

3apH,LI,OM: m = e/(2VG), np1.P:1eM nHtte:Rno, n OTJIH'llfe OT onpe,n.eneIIHH Mace 

Ksa,n.paTH'tlHO, cornactto (13.7.5), B pen5IU.HOHHoii Teop1111. B 'I'eOpHH Kanyu,hr 

tteo6xo,n.HMbJ MeI'O,ll,hl n e p eHOpMHpGBKH nnaHKOBeKoii MacCbI /1,0 Ha6nro,n.ae

Mb1X 3Hallen11ii Mace qacrH:u;. Sho ,n;oeTHraeTe.SI npH aoMO:IIQ-I Kon¢opMHhIX 

<PaKTOpoB B MerpHKe. 

B pen.SIIJ,HOHHOM no)J.xo.ne, HeeMOTp.SI Ha HHoi1., KI:S~aTl·PiHbiii xapaKTep 

eOOTHOIIIeIIH.SI Mace H 3ap.SI,rr,OB, cl>aKTlfqeeKH B03HHKaeT Ta >Ke npo6neMa ne

peHOpMHpGBKH. nnaHKOBCKJilX Mace, KOTopa.H peIUae'l'CSI BBe)l;eHHeM B (13. 7.5) 
KOHcTaHTbI C2, eBH3hrnaro~eii Me)K,,ll,y co6o:li Ml1HOpb1 rrepBoro H BToporo 

rropH,ll,Ka npH 3al1HCH cyMMapHOI'O ,n;e:lieTBlffi. 

5. ,ll,pyroii BbIBO/I, n p HIIJ.J,HilHaJibHOI'O xapaKTepa eoeTORT B TOM, 'ITO 

KaK 8JieKTpoMarHHTHbie, TaK H rpaBHTa• l,110HHbie B 38.HMO)J.eiieTDH.SI onpe,u.e

JI.SIIOTC5I KOile'-IHbIM qHCJIOM MHHOpoB H3 onpe,n;eJJHTeJIH B 3aKoHe 'J'OKOBOI'O 

npocTpaHeTBa (13.7.1). B ee 3TH CJiaraeMbie H MeJOT lleTKYJO cPH3 HlleeKyIO 

HHTepnpemu.1110. ,Il.aHHblli BbJB0).1; H)l)K,Ll,aeTeH B conoeTaBJieHHH c pa.Hee 110-

nyqeHHhIM pe3yJThTaTOM [4], l:JTO o6~a5I TOOpH.SI OTHOCHTeJlbHOeTH MO)KeT 

6bITb uepe¢o pMyJ1HpOBa n a B BH,n;e reopHH np5.1MOrO Me:>K'IaeTHl.IHOro B3a

HMO,[l.eikTBl1SI e o6o6~eHHbJM npHHJ ~HilOM <l>OKKepa, B KOTOPOM yqwrhIBa

IOTCH He TOJibKO napHbie B3aHMO)..l,eHeTBH.SI, npHBOMD.J;He K JI11Heap1130BaH

HOi1 Teop11H, no H cnara.CMbie, orrnebIBaIOru;ue TpGHIIble, qeTBepHbie H T. ,n,. 

B3a11Mo,n.e:RcTBH.SI. Bb1no nOK83aHo, qTo OTO MO)KeT 6 bITh npe/l,CTaanetta 

B n11,n,e 6eeKotte'IHoro p.SI,11,a pa3JIO)Kettiu1 no rpaBHT~OHHOli KOHc·raare G. 
B ,D,aHHOM >Ke o6ll.l,eM pen.SI.:u;HOHHOM no;J,xo,n.e rpaBHTaIJ,HOHHoe B3aHMo,z:i;eii

CTBHe OnHCbIBaereH KOHe l:JHbJM q11CJIOM enaraeMbIX ( lleTbipbM.H M HHOpaMH 

B Ta6n. (13.7.10)). I1cxo,LJ.H H3 3TOI'O, MO>KHO O)KH,ll;aTb, l:JTO ene,11,C'I'BM.SI (B TOM 

"tfliCJie 11 3KCnepHMeHTaJibHble) npe,n,naraeMOR Teop.HH 6y)J.YT OTJiw.IaTbCH <Yr 

BblBO)l;OB 3HHIII1:€HHOBeKoii o6rn.eii Teop1111 OTHOeHTeJibllOCTH. 
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13.8.2. Me-ra<l>H3WiecKHii aeamI3 pe~oHBoii nap3)J.Hl'Mbl 

1. Pensm;noHHoe MHponoHHMa1111e on11paeTCSI Ha ,UBe o6o6m.eHH1:>1e KaTe

rop1111: TOKOBbIX H npOCTPaHCTBeHHO-BpeMeHHblX OTHOIIIemitt, KO'I'Opbie ,lI,BO

.HKHM o6p830M o6'be,n;HH.HIOT B ce6e npe)KHHe KaTeropHH upocT paHCTBa-Bp& 

MeHH 11 'IaCTHU. CTporo rosopH, B T eop1111 aron napa,IJ,HI'M bI HeT HH anp11opHo 

3a,D,aHHOro KJlaCCH"-IeCKOro rrpOCT paHCTBa-BpeMeHH, HH rronen nepeHOCYHKOB 

B3aHMO,n,ettCTBHtt. IlocJie,n;HHe CT8.HOBSITC£ 6eCCMblCJieIIIIblMH BBlfAY OTC}'T

CTBHSI ¢oHa, Ha KOTOpGM OH.11 ,n;OJDKHbl orrpe,n;eJISITbCSI. Ilo ~non npHqi.fHe 

6y,LI,eM C'IHTaTb, 'ITO 3TO MHpOIIOHHMaHHe xapaKTep113YeTCSI OTCYTCTBHeM 

Hl\ileHHO KaTeropHH npocTpaHCTBa-npeMeHH. 

06o9IIJ,eHIIbltt xapaKTep ,n,Byx KaTerop11i1 peJJ51IJ;l10HHOro MHpOIIOHHMaHHSI 

o6ycJJOBHJI Tpy,n;HOCTH HX OCMhICJieIIH.H. AttaJior11qH hIM o6p83oM o6CTO.HJIO 

,ri;eno c o6o6m,eHHOtt KaT erop11en IlOllil aMilJlHTY,11,bl BeposrTHOCTH (B TOO})& 

T HKO-IIOJleBOM M HpoilOHHM aHHl1) H c o6o6rn.eHHOi1 Karerop11en HCKpHBJieH

HOro DpoCT paHCTBa-BpeMeHH (a reGMeTp~leCKOM MHpGTIOIIHMaHHH). ,llpcra
T OqHo HaITOMUHTb ,UHCKYCCHH, CB513a11Hb le c BbI60poM KOHu.emJ,HH ,lI,a.JlhIIO

,n;ettcTBIUf. 

2. ,ll.n.H AYaJIHCTHqecKoii penS11~11onHott napa,rr,MrMhI ¢paKTaJibHOCTb no 

cy~OCTH (KOJIH "-IeCTBY) npe,LI,CTa BJieHa Ta6.11. (13.8.2). 

Pe.nSIQHOHHOe MHponoHHMaHHe: <}>paKTa.TILHOCTL no cy1.qHOCTH 

11 IlpocrpaHCTBO-Bpe~ 11 IloJIB 11 "lfacTln~bI 
IlpocTpaHCTBO-

I i -l- II .i -l- II -l- -!- I BpeM.H 

KaTerop1u1 CosoKyITHOCTb 0THOI.IleHl'le KaK ApryMeHT -

TOKOBhlX scex napttbIX BCI.Q€CTBeHHoe uapa aneMeHTOB 

OTHOIIJeffITT% OTHOIIJCJrntt ':IHCJIO YCBO paHra (5) 

IlpocTpaHCTBeHHO- CoBOI<yrmocTb 0THOmeHHe KaK ApryMeHT -

BpeMeHHbie Bcex n apHb1x BeI.QecTBeHHoe n ap a 3JieMeHTOB 

OTHOilleHltll OTHOIIJCHHit ':IHCJIO YCBO pa1rra (6,a) 

(13.8.2) 

IlepBOC cyn.J,eCTBe:trnoe OTJIH'·ll1e np.11.Be,D,eHHOR Ta6JIH1l.bl OT aHaJIOrHqHhlX 

(B T eopeTHKO-IIOJieBOR If reoMerpH '-leCKOR napa,n;HrM) COCTOHT B T OM, "-ITO 

B Heil nyCTOtt HBJISle'I'C.H rrepsa.H CTpOKa, COOTBeTCTByIOllJ,a.H HCXO,D,HOtt KaT& 

roplili npoCTpaIICTBa-BpeMeHH, K<Yrop asi renepb BKJIIO'IeHa B o6o6rn,eHHhie 

KaTeropHH TOKOBbIX H rrpocTpancTBeHHO-BpeMeHHbIX OTIIOIIIeHHR, 38.HHMalO

I.IJ;HX BTopyIO H TpeTblO CTpoKH Ta6nm~r. 
BTopa51 BaJKIIaSI oco6eHHOCTb ,n,aHHOR Ta6JnfIJ;bl COCTOHT B TOM, '-iTO 

)I.Be o6o6llJ,eHHbie KareropHH ,n.annoro MRponOHflMa Hltil OK83I>IBaIOTC.H 0,1J;H

HaKOBbIMfl no CBoe:tt cyrn,HOCTH, T. e. e)J.HHoOOp83HO OTIHCblBa.I<YrC51 napIIbIMH 

Bern,ecTBeHHblMH OTHOllleHHRM11 H a O,LI,HOM MHO)KeCTBe 3JieMeHTOB. IlpH 3TOM 



13.8. AHa.tm3 pe.1uru,HOHHOro 110..qxo,l{a 405 

cym;ecrBeHeH y'leT OTHOweHHH He TOJihKO 1n6pa1IHOH napbl 3JieM€HTOB, 

HO E c 9JieMeHTaMH ncero OKpy)KaIOw.ero MHpa. P83JIH'qHe COCTOHT JUllllb 

B p83HOM panre: HeBblpO:>K)l;etIHOlv! panre ( 5) ,lJ.JlH TOKOBblX OTHOIIIefillif 

ff BblpO)f()J.eIIllbIR pattr (6;a) )];JIB IlpOCTpaHCTBeHHO-BpeMeHHbIX OTHOIIIeHHii. 

B 9TOM CMhI CJie ¢paKTaJihHOCTh no cy1..1.1,HOCTH B )J.aHHOM c.rry'lac MO)!(HO 

H83BaTb ¢paKTaJlbHOCThlO no KOJIH'lOCTBy. 

3. <l>paKTaJibHOCTb no Ka'lecTBY B )J,aHHOH n apa,II,lil'Me MO)KeT 6hITb 

npe)J.CTaBJieHa Ta6n. (13.8.3). 

Pen.su~HOHHoe MnponoenMaHue: <l>paKTaJILHOCTL 110 KaqecTBy 

II IlpocTpaHCTBo-BpeM5! II Ilons:r 11 'l!acnrn,bl 

Ilpocrpaucrno-1 
BpeMH 

.t. .J, II .t. -1- II .ii 
I 

Karerop1u1 
rpaB.HTalViOHH<>e 8JieKTpoMarHHTHoe llp1-rnrzym 

TOKOBbIX 
roa111v10,.a;eDcTBHe R3aHMO,LJ;e°l%C'I'BHe Maxa 

OTHOIDeHliD 

Kareropllil Bb1po~ettHa5I XpottoreoMeTPIDI HeBhlpo.>K,D,eHHM 

napHbix YCBO KaK YCBO YCBO 
OTHOllleHH°l% paHra (6;a) panra (3;a) pattra (4) 

(13.8.3) 

B )J.aHHo11 Ta6mru;e TaIOKe OTCY':rCTByer nepsa.si CTpoKa, cooTBeTCTBy-

10m;8.5l. KaTeropuu arrpuoptto 3a,II,aHHoro KnaccuqecKoro npocTpaHCTBa-Bpe

MeHH. 

Bo BTopott cTpoKe yKa3a111:>1 Tpu uH,D;a npoHBJiettu:li no B3aHMO,lJ.eiicTs1u1x, 

OIIHChIBaeMbIX TOKOBbIMH OTHOIIIeHH.HMH: 3.JieKTpoMaf'HHTHbie, rpaBHT8.1V10H

Hbie H BJIIDJIIIDI co CTOpOHbl OKpy)f(aJOw.ero MHpa, TpaKTyClv!ble KaK npHH~HII 

Maxa. 3aMEn'HM, qTO rrop51)l,OK Tpex gqeeK ycnoBeH. TpH .si'lefiKH o6o3Ha'-IeHH 

Ta.K )Ke, KaK H B Ta6JIH~ax rJI. 4, npH'-IeM B HHX YK83aH CMbJCJT MJ!IIIOpoB p83-

JIH'lHbIX rropH,Ll,KOB, o6p830BaHHbIX H3 onpe,n;eJIHTeJIH B 3aKOHe TOKOBbIX OT

IIOIIIeHH:fi. 5I qeii:Ku, COOTBeTCTBYIOI.U,He rpaBH~OIIIIOMY B3aHMO)J,eHCTBHJO 

H rrpHHu,uuy Maxa, MO)KHO 6bIJIO 6h1 rrepecTaBHTh ,LTJ>yr c ,LTJ>yroM, nocKo.rrbey, 

CTporo rosop.s, B pe.ll.HII,HOHIIOM uoJJ,XO,lJ.e rrpHHUHIT Maxa oXBaThIBaer H rpa

BHTa:u,110HHb1e B3aHMO,D,e:licTBHSl. 

B Tperheii CTpOKe H83BaHa KaK YCBO paara (6;a), xapaKTepH3yrorn.a£ 

rrpocTp aHCTBeHHo-BpeMeHIIbie OTHomeHHH, TaK H )J,Be YCBO paaros (3;a) 

u (4), 113 KOTOpbIX MO)KIIO CKOMlIOHOBaTh HTorosym YCBO pBHra (6;a). Bo 

BTopott ~Ieii:Ke, cooTBe'I'CTBy10w.eii KOJIOHKe IlOJiji, yK83aHa YCBO paHra 

(3;a), qepe3 K0'1·opy10 onHCbmaercH xpoaoreoMerpu.H. KaK HeO)J.HOKpaTHO 

OTMeqaJIOCb, xpoHor eOMe'I'PHH ormpaeTCH Ha nepe)J,aqy 3.JieKTPOMarHHTHbIX 

B3aHMO,lJ.e:licTBH:A B,lJ.OJih H30T{)OITHbIX Kottycos. B TpeTbei-1 SIYeiiKe yK83aHa 

YCBO pa.Hra ( 4), orrnCb1Ba10rn,a51 yrnoBbie KOOp,LI,HttaTbI, KOTOphie ,n,onon-
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IDllOT xpOHOI'eOMeI'Pl·P-IeCKOO 3a,II.aHHe .nsyx KOOp):nrHaT lJ.O Ha6JIIO,L~aeMoro 

4-MepIDI. 

4. I1pHH~l1IlHaJibHO BaJKHblM MOMeHTOM TeopHH <l>oKKepa-<l>eiiHMaHa 

.HBJI.He'l'C51 HCKJIIO'ieIIHe 113 '-Ul.CJia rrepBHqHbIX ITOII51Tim' KaTerop11H nonen 

nepeHOC'il1KOB B3aHMop;eliCTB11ii. Mx poJib 6epyT Ha ce651 npocTpai1CTBo

npeMH H xapaKTepHCTHKl1 'tfaCTH~. 9TO OTHOCHTC.sJ KaK K K.JlaCCJ.f'-leCKHM, 'IaK 

H K KBaIITOBhIM acrreKTaM TOOPHH. B parv1Kax 3·roii. napa,n,HrMhl ?CarnezopuR 

n().11,.R, npuHUMaem ma?Cou ~e ¢u""m'U8tt'btU xapa?Cmep, ?Ca?C <fi.11,oeucmau, 

menAopod U.ll.U :><fiup e 6u.11/bte epe.Metta. 
5. B -reoplili npHMoro Me:>K'ia<...~H'iHoro B3aMMo,n.eii.cTBH.H 0'1'pa:>KaeTc.s: 

up;esi o -~e.1wcm:ttocmu MUpa u eceo6~e·u C6.R3'U ecex R6.f/£'tt'uu e tteM, qTo 

upl1H51TO Ha3hIBaTb rrpH~noM Maxa. MttorHe noH5ITHSI, TpaK'cyeMhie B Teo

pttH IlOJISI KaK BHyTpeHHHe xapaKTepHCTHKH ( CBOHCTBa) qaCTlfll., B ~aHHott 
napa,n,HrMe OO'hHCH.HIOTC.H qepe3 rno6aJibHbie cooficTBa Bce.rreHHoii.. 

Oco6o cneAYeT no)l.qepKHYTb, '-ITO B TeopHM <l>oKKepa- <l>eii.HMaHa npuu

'l~tJ,nua.11/b'HO orncymcmeyern no'H.Rmue ea?CyyMa xpycTaJtbIIOii .MeqThI H 3a

BeTHOii. ~eJIH HCCJie).l.OBaHHH MHOrnx C'rOpOHHHKOB reopeTHKO-IIOJTeBOI'O MJil

ponOHHMaHH.H. BMeC'ro BaKyyMa H CB513aHHhIX c HHM JIOKa.JibHhIX <}:>JIYK'IY

au,ati no.rr.H BbICTynaeT BJIH.HIIHe sceii. 0Kpy:>Ka1ow.eii. MarepHH BceJieHHoti. 

B sToM. CB.H3H xOTenocb 6b1 o6paTHTb BHHJvtaHHe Ha pa6oTbI C. 9 . illttoJIB, 

B KOTOpbIX OTMeqaC'rC.sJ BJIHHHHe KOCM11qeCKHX <i>aKTOpoB Ha JIOKaJlbHble 

.HBJT€HflSI B BH,D.e pa,n,MOaKTHBIIbIX pacna,IJ,OH HJIH XHMHTieCKMX peaKIJ,Hi-1: (197}. 
B CB.H3H c lJ.HCKyccHeii. o BhIITOJlIUIMOCTH npMIIIJ,Hrra Maxa B OTO HJT11 

B Teopw11 rroJIH cne,rzyeT OTMeTHTh, qTo npHH~11rr Maxa npwcym, HMeIIHO pe
JISJ~HOHHOMY MHpOnOHHMaimIO, T0'1HO TaK :>Ke KaK Ka.JIH6poBoqHbIH np11HIJ;Hll 

COOTReTCTByeT JIHIUh TeopeTHKO-none BO.MY rro,n;xo,ny. 

13.8.3. BLIBO,lIPI H3 cpaBHemra ,nyarrBCTWieCKBX 

MeTa<l>B31PieCKHX napa,n;.urM 

CorroC'1aBn5IH on11cattfl.H B38.HMop;eii.CTBHH a pa3HhIX Mera¢H3H'ieCKHX 

napa,LI.HrMax, c¢opMyJI11pyeM p.H)I, IlpHHU,HITHaJibHbIX cnep;CTBHii, HeKOTOpbre 

H3 KOTOpblX MO:>KHO B03BeCTH B paHr npHHU,11IlOB. 

1 . I1pe>K,D,e acero, c.rre,nye·r ,L1.0rroJIH11Tb JJ,e<}:>mtH~HIO npHHQHna <PpaK
Ta.JihHOCTH, BKJIIO'iHB B Hee llOJIO:>KeHHe 0 npo.HBJiefIHH Tp01'fC-IHOCTH (TPH

e,L.1,HHC'.rsa) B npelJ.CTaB.rreHlUIX He TOJibKO 0 npOCTbJX (HCXO)J;Hhlx), HOH B o6o6-
m,eHHbIX KaTeropH.sIX, IlOCKO.JlhKY B Ka)K,.ll,OH W3 IUf.X MO:>KHO BbilJ.eJIHTb Tp11 

COCTaB.Jl.sJIOlD;He ( CTOpOHbJ), COOTBeI'CTBYIOII.V-Ie OCHOBOITOJiararom11M Karero

pHHM TpHaJIHCTHqecKOH napa;Ulr.Mbl. 

MeTa¢n3flqecK11ii. npHHI ~Hn TpHHHTapHOCTH npo.HBJI.HeTC.H He TOJibKO 

B KOJIH'ieCTBe flCXO,LI,HbTX Kareropaiii HJIH AYaJIHCTHqeCKHX rrapa,n,HrM, pac

CMOTpeHHbIX B KHHre, HO H B Tpex BH,n;aX peAYKIJ,HOHH3.Ma: no cym,HOCTH, no 

Ka'1eCTBY H no KOJIB'YeCTBy, 'i'I 'O Il03BOJISleT rosopHTb 0 HeKOH CBB3H BJ.1,.1J,OB 
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pe~oHH3Ma c 'IHCJIOM HCXO,lJ.HhIX KaTerop1dt TaK, H,LJ,eSI nocTpoeHHSI reo

plill reOMeTpH~iecKoro MHpOilOHHMaHH51 ( reoMerpocpH3HKH) B03HHKJia B paM

Kax pe;zyKIJ,UOHHCTCKoro no,n,xo,n;a no Ka'IeCTBY npH nonhITKe reoMe'l'pH3aLQrn 

BCJie,n, 3a rpaBHTaqHOHHbIM Bcex ,n;pyrnx qm3w-:1.ecK11x noneA. PeJISIU.HOHHoe 

MHpoilOHHMaHHe OilHpaeTC51 na cqeT H COilOCTaBJie1n1e KOJIH'IeCTB Co6bITHR, 

T. e. MO.>KHO CKa3aTb, qTQ peJISII.T,HOimoe .MHpoilOHHMaHHe ua116onee TeCHO 

CB.H3aHO c pe.LJYKU,HOII:H3MO.M no KOJIHqecTBy. 

2. IlpHH:QHil KOHCOHa.HCa ,lzyaJJHCTH'~eCKHX napa,u.HrM. IlpH cpaB

tteHJfH MeTacpH3H'IeCKHX napa,IJ,J.ffM Ha OCHOBe npHHII,Hna c}:>paKTaJibHOCTH 

npo.HBJUieTC.H HX y,n,11BHTeJihHoe co3By'il1.e. B Ka>K,n;on H:::J Tpex npe,rr,craB

JieHHbIX JzyaJIHCTH'IeCKHX napa,a11rM 0Ka3bIBaerc.H HCKJIIO'IeHHOii no O,Il,HOit 

113 Karerop11:H.. (B np11Be,n,eHHbIX Ta6n11u.ax i}ya.tiucmu'l/,eC?Coil rneopem·u?Co
noJieeoil napaiJui.M/bt uyCTbIMH OCTaIOTC51 TpeTbH CTpoKH, COOTBeTCTByrorqHe 

KaTerOpHH qaCTHJ.~. B WJIHr~ax aya.tiucmu111,ec?COU 2eo.MemputtteC?CO'U napa
itu2.M/bt nyCTbIMH OKa3bIBalOTC51 BTOpbie C'rpOKH, COOTHOC11Mbl€ c ITOTep.HB

weii caMOCTmITeJJhHhIH CTaT}'C KaTeropHH (6o30HHbrx) noneli nepenocqHKOB 

B3aHMo,n;eitcTBHA. B Ta6JIHu,ax i}ya.tiucmu'll£c'K,Oi1 pe.11J1/u,uonnoi1 napaitu&M'bl 
(13.8.1) JI (13.8.3) ne 3aIIOJIHeHbl nepBhie CTpoKH, KOTOpble COOTBeTCTBylOT 

KaTeropHH npoC'I'paHCTBa-Bpe.MeHH.) 

IlpHMe'IaTeJlbHO, 'ITO BO BCex Ta6JIHU,aX, HJIJIIOCTpHpyrom;.HX cppaKTaJib

HOCTb no CYlllHOCTH H Ka'IeCTBy, BbT,ll,eJI.H:JIC.H 0,D;HH H3 CTOJI6U,OB, COOTBe'l'

CTBYIOI.qHH KaTeropH.HM, KOTOpbre 11cKJiroqan11cb B 3THX napai:x11rMax. TaK, 

B A)'8JIHCTIP-IeCKO:ti 2eo.1v1,ernpUlltCC'K,OU napaauuvte OK838Jlacb BbI)l.eJieHHOH 

Mffi'PHKa (MeTpuqecKHn TeH3op), <l>aKTHqecKH BhIIlOJlH~nom;a.H B Hett pOJib 

ITOJieH nepeHOC"-IHKOB B3aHMO,U,ei1CTBH:ti, a B )J,yaJIHCTHqecKOH meopernu?Co
no.rie60U napaau2.Me - no,[~KaTeropH.H ¢ep.MHOUubIX noneii:, cooTBe:rCTBYJO

rn.a.H RCKJllOqeHHOH KaTerop1111 qacTHU,. qTO >Ke KaCaeTC.H ,IT,yaJIHCTl1"·leCKOH 

pe.t1,.R,'lJ,UO'H.'HOU na'j)aOUZM'bl, TO B Heil ,D;OMHHHpyro.u.i;yro pGJib HrpalOT SPiei1KH 

nepBoro CTOJI6na, K<YI'Opbie B ,IT,aHHOH napa,n,11:rMe COOTIIOC.HTC..H c f>OJihlO 

KaTeropHH npocTpaHCTBa-ape.MeHH. B HTore OKa38J1HCb nocJJe,n.oBaTeJihHO 

Bbl,lJ,eJieHHblMH COCTaBJI51J0llll'fe, COOTBeTCTBYIOU~He ace:M Tpe.M HCXO,ll,HbIM Ka

Tel'OpM.RM ( cron6naM). 

CJTe,uyer TaIOKe OTMeTIITh TO o6cTO.HTeJibCTBO, qTo Me)J<.LJ,,Y "-IMCJIOBhIMH 

xapaKTepHCTHKaMH BO Bcex Tpex ,D;y8Jil1CTJ1qeCKIDC napa,!.1,J1T.Max Ha6JIIO,n;&

erc.H COOTBeTCTBHe. B 2eo.1v1,emp'U'l/,CC'K,OU riapadu2.Me qHCJIOBOH xapa:KTepHCTH

Koit HBJl51eTC.H pa3MepHOCTb n HCnOJib3ye~mro .MIIOrOMCpHoro .MHoroo6p83H.H. 

B rneopemu?Co-no.1ieeoi1 napaau2.1v1,e TaKOBoii .HBJI.HeTc.s=r ;m6o p33MepttoCTb 

s rpynnb1 BHYTpeHHHX CHMMeTpH'R SU ( s), JIH6o N, onpe,u,enmo~ee "IHCJio 

KOMTIJieKTOB rpaCCMaHOBbIX n epeMeHHbIX, a B pe.A.R'4UO'H'HOU na'j)aiJuZ.Me 3TY 
ponb BbIDOJIH51eT paHr r HCilOJib3yeMblX CHCTeM OTHOIIIeHMH. 

3. IlpHH~Il ).\OilOJIHHTeJibHOCTH MeTacl>H3H'-:leCKHX napa,u.urM 

¢>aKTH'IecKH o6o6ll.\aeT H3BeCTHhili npMHII,1111 ,n;onoJIHwre,JJbHOCTH H. Bopa, 

KOTOpbIH 6bIJI c¢opMyJIHPOBaH ,LI.JISI l1HTeprrpe·1aI.J,HH KBaHTOBO:ti MeXaHMKl1, 
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a 3aTeM B03Be,n;eH B paHr o6D.I,e¢nnoco¢cKoro npnm.1,nrra. B KOHTeKcre 

paCCMaTpHBaeMOH npo6neMaTMKH 3TO 03Ha'tlaeT, 'tlTO MeTa<l>H3HqecKHe 

napa,n.HrMbI ue npoTHBopeqaT, a .n;onoJIHHIOT .n;pyr .n;pyra, npe,rr,

cTaBJijflOT co6o:H BH,n;e1u1e o,n;Ho:H H Toii JKe <l>H3HqecKoii pea.TibHOCTM 

IIO,ll. pa3Hb1MH yrnaMH 3peHHH. I1 IIO,lI,06Ho TOMy, KaK B 3-MepHOM npo

CTpaHCTBe uonHoe npe.a;craBJieHne 06 ofrheMHOM o6'beKTe ,u,ocTnraerc.SI 6Jia

ro)1.ap.SI M3o6pa)KeHMJO ero npoeKIJ,HH na TpH B3a:HMHO nepneH)J.MKYJI.HpHhie 

TIJJOCKOCTH, ,ll,OCTaTO'tlHO IlOJIHoe npe,r:i;cTaBJieHHe 0 ¢113H'tleCKOn peaJlbHOCTH 

npno6peraeTC51 .J1Hlllb Ha OCHOBe COBOKynHOCTl1 Teopnii M3 Tpex pa3HbIX 

Mera¢n31ilqecK11x napaAltrM. 

CorrOCTaBHTe.JlhHhIH aHa.HM3 ¢n3nqecKoro MMpa B pac CMOTpeHHh1x na

pa,[1.HrMax IlOK83bIBaeT, HaCKOJTbKO p83JIHqHbl MHpoBOCIIpM.SITM.SI B paMKax 

Ka)l(,ll,oli 113 HHX. To, qTo xopolllo npocMaTpnnaeTC.H n Heo6xo.unMo s pycne 

O,lI,HOH H3 HHX' MO>KeT OKa3aTbC.SI He 3aMeqeHHbIM B TeOpM.SIX MHon napa

,lI,Ml'Mbl. HanpHMep, np11m1,11n Maxa He HaweJT no,u,o6aioD.I,ero BOII.JlOD.I,eHH.SI 

B paMKax reoMeTpH-r.IeCKOH 11.Jlli TeopeTHKO-llOJieBOH napa,[1.HI'M, HO Hrpaer 

na*HYIO ponb B Teop11.Hx pe.ll.SIIJ,HOHHoii napa)J.HI'MbI. Cym;ecTBOBattne CITH

HOpHbIX qacTMIJ, HMKaK He c.rre,rzyeT H3 H3BeCTHblX TOOpHH reoMeTpHqecKon 

HJIH (yHapHon) peJI.SIIJ;HOHHOH napa,[I.MrM, HO OKa3bIBaeTC5I ecTeCT.BeHHbIM 

B paMKax TCopeTHKO-IlOJieBOH napa,[1.HrMbl. 

Bee TPM MMponoHHMaHM.H ChirpaJIH cnoro HenosTopuMyro poJib B co3,r:i;a

HHH COBpeMeHHOH cpH3HqecKOH KapTMHbl MMpa. 

4. IlplUII.~Hil :u;eJIOCTHOCTH COCTOHT B TOM, t.ITO HU oatto ymeep:>tedeuue 

{uAU <f;op.My.11,a) 6 rneopuu pedy""-ifuo'Hucm,c'X:ali. napadu2.Mu ue MO:>teem 

npemettaoeam'b 'Ha <f;u3U'l/,ec?Cy10 3'Ha'l/,U.Mocm'b, ec,.11,u e tte.M. ue npeacrna6.f/,e.'H'bt 

6Ce '1fA.Lrne2opuu 'UCnOA'b3Ye.M.OU napai}U2.M.'bt. 9To OTpa)i(eHO B KJIIO~eBbIX 

npHHIJ,Mnax MJIM ypaBHeHM.SIX cpn3H'tleCKHX Teopnii. pa3pa6oTaHHhIX B pyCJ1e 

pa3HbIX uapa,rr,HrM. B peJI.SI~OHHOM no,rr,xo,r:i;e 3TO npMHIJ,HIT <l>oKKepa, B reo

MeTpw-1ecKOM MHpoilOHl1MaHHM 9TO ypaBHeHH.SI 9iiHllITenHa, a B TeopeTHKO

noJieBOM 3TO .BOJIHOBble ypaBIIeHM.SI. 

5. ConoCTaBHTe.JlhHhIH aHaJIM3 cpH3nqecKHX Teopnii n nporpa.MM npuso

.I~HT K 38KJUOqeHHIO, 'tlTO OCHOBHOH TeH,n;eHD;HeH pa3BHTHjf <l>yH,n;aMeH

Ta.TlbHOH TeopeTHqecKOH <l>H3HKH SIBJISieTC.SI COKpa~eHHe qHcJia Ka

Teropu:H, T. e. CTpeMJieHHe nepeHTH OT ,lI.ya.TIHCTHqeCKHX napa,LJ.Hl'M 

K MOHHCTHqecKoii. Oco6oro n1111MaHH5J, Ha Halli B3rJI.SI,LI,, 3acny)KHBaeT 

H,D;e5I nepexo,r:i;a K MOHMCTMqecKOH napa)J,MrMe co CTOpoHbl pe.11.SIIJ,HOHHOf'O 

M11p0110Hl1MaHH.SI. 

HecMOTp51 tta TO, qTo K0Hu,euu,1H1 ,n;ru1hHO,D,eiicTBH5J (pen.H:u;ttoHHoe rvm
ponoHHMaHRe) ,n,onroe BpeM.SI OCTaBa.nacb B CTOpOHe OT MarMCTpaJibHOro 

ttanpaBJieHH.SI cpmn1K1i1, ee BJJH5JHHe Ha ttayKy oqeBH,ll,HO. Bhillle y>Ke OTMeqa

nocb, q To A. 9iiHmTentt, co3,n;aBaH o6:r:u;yro Teop11ro OTHocwreJrbHOCTH, MbIC

JIIDI B pycJie KOHII,eilUMH )J.aJibHO,D;encTBH51. ,11,pyroii UpHMep npe,D,C'I'aBJI.SIIOT 
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pe3YJibTaTbT P. <I>eiinMaHa no KBaHTOnoa 3JieKTpo,rr.1u1aM11Ke, 3a KOTOpb1e e.My 

B 1965 r. 6bIJia np11cy.>.K,rr.eHa Ho6eJieBcKa.H npeMH.H. 

Cne,nyH norHKe paccyLK,n.eHH.R, c,rr.enaeM Bhrno,rr.: Q>H3HKa XX n. MorJia 

6bl pa3BHBaThCSI Ha OCHOBe KOHn;enn;HH npSIMOro Me>1<...iacTH'IHOro 

B38.HMOAeiicTBHSI. HarroMHHM, lfTO 3TO y.>.Ke TpeTHii B03MO)l(HhI:ti nyTh, 

€CJlH .HMeTb B BH,ny pea.JibHO ocy~eCTBWBUIH:tiC.H IIYTh B paMKax TCOpeTHKO

IIOJICBOro MHPOIIOHHMaHH5I H paHee o6cy.>.K,rr.aBmyK>CH B03MIDKHOCTh Ha oc
HOBe MHOrOMepHbIX reoMerpH'ieCKHX MO.neneii ( B paMKax reGMeTpH'leCKOrO 

MHpOnOHJfMaHlUI). 

9Toro He CJiy'IHJIOCb H3-3a p.H,rr.a o6cTO.HTeJlbCTB KaK cy6'beKTHBHoro, "raK 

H o6'heKTHBHoro xapaKTepa. BH,II.HMO, I'JlaBHhIM 6hIJI ncHXonorHqecKHii cl:>aK

Top. Hccne,rr.oBaTeJI.HM OK83a.JIC.H 6oJiee rrpHBbJqHhIM H ecTeCTBeHHDIM c uoco6 

paccyLK,rr.eHHii Ha OCIIOBe KOHU;eilII,HH 6JIH3KO)le:ttcTBH5.I, a cpaKTOphI, KO'l'Opbie 

MOrJIH 6hI 3aCTaBHTb HX nepeCMOTpeTh yCTO.HBIIIHeC.H npe,LJ,CTa.BJie HH5l, He 

OK838JIHCb B ueHTpe IlHHMaHH.H. 

Bo BTOpoii nonoBHHe XX B. 11ccne,rr.0BaHH.H a paMKax Ko~err~H ,L~aJib

tto,n.elicTBHH 3aMe,LT.JIHJIHCb H3-3a oTCyTCTBH.SI, KaK OTMeqa.JIH CTOpGHHHKH 

3TOI'O no,n.xo,rr.a, HOBbIX H,II.ea: KaK MaTeMaTH'leCKOI'O, TaK H cpw.:u1qecKor o 

IlJiaHa. )1.aJibHeiimee p83BHTHe pen.HIJ;HOHHoro MHpollOHHMaHHH Hep83pbIBHO 

CB.H3aHO c TeOpHeli CHC"l'eM OTHOllleHHR. 



rnaaa 14 
AanbHOAeHCTBHe H KBaHToaa~ 

MexaHMKa ,,... 

,II.o CHX n op o6cy)K,U,a.JIC.H pe.11.HIJ,HOHHbIR no,u,xo,u, K reoMEIT'PHH " K KJI8C

CH'leCKOM cpH3HKe. 0,u,HaKO ).I)I.H TOro, 'lTOObl rosopHTb 0 perun:~HOHHOM 

MHpGilOHHMaHHH B ,ITOCTaTO'IHO nOJIHOM o6'beMe, HeOOXO,IJ,HMO ero pacnpo

CTpaHHTb TaIOKe na KBaHTOBOMexaHH"'iflCKHe 3aKOHOMepHOCTH " Boo6:m;e 

H a smneHH.H cpH3HKH MHKpoM11pa. BaJKIIbitt mar B sTOM HanpaimeHHH 

6bIJI c)I.enatt P. <DeiiHMaHOM, npe,n.JJO)KHBIIIHM cneII,Ha.JihIJYIO ¢opM}'.1IHpoBKY 

KBaHTOBOH MexauHKH, ..HBIIBnryIOC.H TpeTbeR n o C'leTy, nocne 6onee lllHpGKO 

H3BeCTHbIX IIIpe/J.HHrepoBCKOR H rett3eH6eproBcKott ¢opMyJu1poBoK. B CBoeli 

OCHOllOllOJiararoru;ett CTaTbe na 3TY TeMy OH IIHCaJI: «TeopHIO SJieKTpoMarH& 

TH3Ma, p83BHryIO Y11nepoM " <De:iiHMaHOM, ( . . • ) MO)KfIO c¢opMy.r:rnponaTh 

B BH,LI.e npHHizy1na u a1nv1eHb1IIero ,u,eRcTBH..H, co.uep)Kau~ero TOJihKO KOOp,II,H

HaTLI 'laCTHl.f,. M MeHHO nollhITKa npoKBaH'l'OBaTh aTy T OOpHIO, He o6paru;a.HCh 

K npe,u,cTaBJielIHIO 0 none,_ H np11se.rra K H3JIO.>KeHHOH 3,U,eCb ¢oPMYJIHpoBKe 

KBaHTOBOH MexauHKHj,> [168, c . 202). 
B nacTo.Hw,ee BpeM.H ¢eiinMa HoBCKa5l cpopMyJIHpoBKa H3BeCTHa K aK M& 

TO,U, KOHTHHya.JlbHOI'O HHTerpHpoBaHIUI HJIH KaK .Me'I'O,U, KBaHTOBaHH..H nocpe,u,

CTBOM CyMMHpoBaHH.51 no HCTOpH.HM ( TpaeKTOPH.HM)' npH'(_IeM OHa HCilOJib3y 

eTC..H He..3aBHCHMO OT peJ1..Hr~110IIHbIX npe,u,cTaBJieHHii. B aTon rnaae H3JIO>K.eHhI 

OCHOBHbie lf)J,eH " npHHI.\Hilbl cpe iiHMaHOBCKoro MeTo,rra KBaHTOBaHH..H, yKa-

3ail bI ero ,Il.OCTOHHCTBa, a TaJOKe Ha3BaHbl npH'IHHbJ Toro, qTo 3TOT Mfil'O,U, 

He npHBeJI K yKopeHeamo pe~HOHHOI'O no,u,xo,rr.a B cpH3HKe MHKpOMHpa. 

,[(pyroii XO/], MhICJIH B p a3BHTHH KBaIITOBOR TeopHH, TaK)Ke COOT.Be'l'

C'rByIO~R nepexo,n:y K KOHI.\eilU.HH ,ll,a.JlbHO/~eRCTBHH, 6bJJI CB.H3aH c MeTO,U,OM 

8 -Ma:l'pHI.\hL ~e..H 8-MaTpH'lIIOro no,rr,xo,rr.a 6b1.11a Bh1,ru rn:nyTa )J,)K. Y11nepoM 

"B. r ett3eH6eprOM, 11 3aTeM B 60- x r r . H a ee OCHOBe 6bIJia p 83BHTa TeOpH.H 

8-MaTµHI.J,hI , Ha KOTopyro B TO speM£ B03J1aranH Ch 6oJibnme Ha,u,e>J<,LI,hi. 

B 3TOH rnaae oxapaKrepH30Baua cyTb aToro no)l)Co)J,a " r.11aBHhi e IIPH'HfHbI 

HeocymecTBJieIIHOCTli 6bIJlblX 0)KH,1J,8.IU1.H. 

KpoMe Toro, B aTo:R rnaBe yKa3aHhI H)J.eH, Ha nepBhIH B3rJI.H,LJ, HHKaK He 

CB.H3aHHbie c KBaHTOBOH MexaIIJ1.KOR, HO TeM He Mettee, KaK BbJ.HCHHJIOCb 

BnOCJie,LI,CTBHH, 0 0,11.XO,U,HJU;He ,LI.JI..H nepe¢opMyJIHpOBKH cpH3HKH MHKpGMMpa 
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a pe,JUiW'IOHIIOM ;zyxe. 3,n,ecb 11MeeTC.H B BH,n:y Teop1151 611.Haptthrx CTPYKTYP 
liJIH TeOpH.SI 6uHapIIbIX CHCTeM ( KOMllJieKCH bl x) CYrHOIIIeHHR, .SIBJI.SIIOlll,aac.SI 

rrp.SIMblM o6o6I.IJ;eHMeM yHapnhrx CHCTeM Bern.ecTBeHHbIX OTHOllleHHR, HCllOJlb-

30BaHHbIX B 11pe,n,hI,1zyUJ,1iX ,LJ,BYX rnaBax. 

14.1. 06ocHoBamie npDBIJll1na f10:Drenca 
B OTCYTCTBHe noneA 

ECJIH rroII51T lie non.SI HCKJllOq}fTh H3 Teop11.11, TO cpa3y .>Ke B03HHKaeT 

Bonpoc, KaKHM o6p830M TOr,D,a o&b.SICHHTb 51BJleHHSI ,n.HcppaK~HH H HHTep

¢epeHIJ,HH, ,D,OCTaBHBIIIHe B CBoe BpeMH cpH3HKaM CTOJibKO npo6JieM H 3a

CTaBl1BllIHe n epeRTH K BOJJHOBOMY onHcaHHIO '-IaCTHI.J,? IIpe)K,Ll,e BCero, aTOT 

oonpoc B03HHKaeT B CBSI3H c HCKJIIO't.JeIIHeM H3 't.JHCJTa nepBHqHbIX IIOH.HTHR 

3JieKTpoMarHJilTHOro IlOJlll KaK nepeHocqHKa B3aHMO,D,eHCTBHH. 

B pa60Tax <I>e:ttHMaHa )..f,aH ,D,OCTaTO't.JHO y6e,LJ.HTeJibHhIH OTBeT Ha 3TOT 

BOnpoc. KaK l13BeCTIIO, cornaCHO upHH~ny rroiirenca, )..l.l1cPPaKUHOHHa.H 

KapTHHa, B03HHKaro:w.aa npH npoxmK,D,eHHH CBeTa q epe3 OTBepCTH.H B Henpo-

3pa't.IHOM 3KpaHe, HaXO,D,HTC)'.l H3 CJlO)KeHH51 BKJla)J,OB cpHKTRBHbIX HCTO't.J

HHKOB cnera, pacrrpe/1,eneHHhIX s JJ.blpKax 3KpaHa.. KaK nHCaJI <De:ttHMaH, 

«,D,HcpparHpoBaHHaa BOJIHa BbJrJJ.SI)J.HT TaK, KaK 6y,D,TO HCTO't.IIIHKOM CJlyLKHT 

.JJ;blpKa B 3KpaHe. I\.1bI ,D,OJI.>KHbl BbI51CHHTb IIpH't.IH.Hy 3Toro 51BJieHHSI, Be,11,b 

Ha CaMOM )..f,e.Jle HMeIIIIO B )'J,blpKe 'Hern HCTO'"iHHKOB, ?-tern HHKaKHX 3apH,llOB, 

,ll.BH)Kyll1,HXC51 c ycKOpeHHeM» 1171, c. 98). 
Cne,n:ys:r <«I>eillIMattoBCKHM neKI.(IUIM no cpH3HKe» [171], o6cy.llHM HBJieH11e 

)J,HcppaKI.J,HH cseTa a1· HCTO't.JHHKa S na Henpo3pa"t.JHOM 3KpaHe R c OTBepCTH

H:MH K (cM. pHc. 14.1) c n03HI.J.HH TeopHH nps:rrvmro MeLK"t.JaCTHqHoro B38J1MO

,D,eiicTmu1. By,LJ,eM H83bIBaTh aneKTpoMarHHTHoe B03,D,eiicTBHe HCTO't.JIIHKa Ha 

B03MOIKHhlR norm:rrHTeJJh, KaK 3TO npHH51TO, TeprvmuOM «TIOJle», HO TOJibKO 

6y,n,eM ero 3aKJIIO't.JaTb B KaBbPIK.H1)' KOTOpbie ,D,OJl.>KHhl H a llOMHHaTb, 'iTO 

0 «IlOJleS> MO.>KHO rOBOpl1Th TOJThKO B Tex MeCTax, r ,n;e HMeeTC51 B03MO:m.HbIB 

npHeMHHK, Hero Her1· B TO"t.JKax nycToro npocTpaHCTBa. PaccMOTpHM «none» 

B TO'iKe p B ,ll,BYX cwryau.115IX: KOr,D,a OTBepcTH51 B 3KpaHe 3aKpbITbI KpbillI

KaMH, TaK qTo 3Kpau Herrpo3paqeH ,D,JI51 CBeTa, H Kor,n.a KpblllIKH y6paHbl. 

1. OT:aepcTHSI B 3KpaHe 3aKpLITLI KPLIWKaM:u. Cor.nacHo Teop11H 

np.HMOI'O MeLK~IacTH't.JHOro B3aHMO,D,e:ACTBH.SI, «IlOJle» B TO'iKe p cnara

eTC.H, Bo-uepBbrx, 113 «IlOJIB» Fs, C03,D,aBaeMoro 11cToqHHKOM S, c HeKo

TOpbIM 3ana3,D,bIBaHHeM no cp83e, H, BO-BTOphrx, H3 uepeH3Jly~IeHHbIX 
«noneii» FR H FK OT acex 3ap.H..IJ.OB n 3Kpatte R H B KpbirnKax K. 
DocKOJTbKY 3KpaH C KpbilllKaMH IIerrp03pa't.leH ,LJ;Jl.H CBera, TO, O't.JeBH,II.HO, 

1) P. <I>eiiHMau B ceoelt Ho6eneBcKoH: JieKIUiH Ha3bIBaJI 3TO «rroJie» noneM <I>peHKemr. 
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Puc. 14.1. ,ll.mppaKIQrn cBeTa, npoxo,lI,5llllero 'Iepe3 ~eJlll B 3KpaHe 

«none» Fp paBHO eynro: 

Fp = Fs + Fn + FK = 0, (14.1.1) 

T. e. «noJTe» HCTOqHHKa e mO'l/,'HOcmu ?WMnettc·upyemcJt nepe113J1y'ieH

HbIM11 «IlOJUIMH» OT BCex aTOMOB, COC'raB.IDIIOm;HX 3KpaH H KpblllIKH. 

2. Kp1>1IIIKH y6paH1>1, T. e. HMeer .MeCTO o6bI"tJHoe .srnneHHe ;1,HcppaKIJ,HH 

CBera Ha 3Kpatte c OTBepcTHSJMH. B 3TOM cnyqae «none» F.f> B TO'tJKe 

P OTJIH"tJIIO OT HYJIR H, cornacHo o6I.J1,HM np11H11,11naM TeopH11 npRMoro 

Me:>K"tJaCTH"tJHoro R.'3aHMo,n,ettcTBHSJ, cJTaraeTc.s1 H3 «TIOJISJ» Fs HCTO']HHKa 

"' nepeH3nyqeHHbIX «noJTett» FR_ aTOMaMH 3KpaHa {MaKponp116opa), 

T. e. HMeeM 

(14.1.2) 

EcnH 0Tsepcr11SJ ,n,oCTaTO'iHO seJIHKH, TO .MO:>KHO nono.>KHTb, qTo nepeH3-

nyqeuHhie «IlOJIR» OT 3Kpana B OOoHX CJiy~a.5IX 0)1,HHaKOBbI: 

(14.1.3) 

. BhPIBTa5I H3 (14.1.2) COOTHOIIIeHHe (14.l.1) npH yqeTe (1'1.1.3), HMeeM 

(1'1.1.4) 

<l>eAIIMaH CJie}:zylOlJ..J,HM o6pa30M HHTepnpeTHpyer 3TO COOTHOl.IleHHe: «MbI 
IIpHXO)J.HM K BbIBO,D,y, 'tJTO «IlOJie» B TQqKe p npu om1Cp'bl.m'btX om6epcmu.RX 

( cnyqatt 6) paBHO ( c TO'tJHOCTblO ,D,O 3HaKa) « IlOJIIO», C03/J,aBae.MOMY rrwU 
'lwcrn'b?O cnJTollIHOro 3KpaHa, KOTopaR ttaxoiJurncJt ua Meeme omeepcm·uu! 
(3HaK H ae He H.HTepecyeT, IlOCKOJlbKY o6bI'tJHO HMeKYT ,n,eno c HHTeHCHB

HOCTblO, nponopI.J,HOHaJibHO:tt KB~aTy noJIH.) 9TOT pesy.1IhTaT He TOJlhKO 

cnpaBe,z:I;JIHB (B npH6JIH:>KeHHH He O'ieHh MaJlbIX OTBepcTHli), HO H Ba)KeH; 

KpoMe BCero npoqero, OH flO,Ll.TBep:>K)I.aeT cnpaBe,IJ/IHBOCTb o6hJqHoH TeOp11H 

,rr,mppaKl.Ulll» [171, c. 100). 
'I'aKHM o6pa30M, o6m;enpHIIBToe o6'b.s1CHeH11e ,.q11.¢paK~HH cBera Ha oc

HOBe IlpHH~a rroii:reHCa B TeOpHH IlOJIH COOTHOCHTCB C OITHCaiflleM 3TOI'O 
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SIBJieHHH B paMKax Teop1rn Ilp.HMOI'O Me.>K't.IaCTWIHOI'O B3aHMO,U,eikTBHH KaK 

He2amue coomHocumc.R c noaumueo.M e <f>omo2patfiuu. 
3aMeTHM, '"ITO B Teoplili Ilp.HMOrO MC.>K'"laCTJPIHOI'O B3aHMO,[(eitcTBHH cl>oK

Kepa-cl>ei%HMaHa 't.!aCTHI.'(bl (,n,HcpparHpylOIIJ,He 3JieKTpoHbl) rrpHHQHillfaJibHO 

O'l'JIJPlaIOTC.H OT ,l1,Hcppar11py10m.mc «IlOJiett» nepeHOC't.!HKOB B3aHMO,[(CitCTBH:ii 

(cpoTOHOB), O)J:HaKO Hlf't.{TO He MelUaeT 3aMeHHTb «IIOJIH» Ha IlOHHTHH om
'H,OUJ,e'HUU Me.>K,Uy paccMa'TpHB8.eMhIM 3JieKTpoHOM (qacTlUJ,eit) H BC€MH ,[(py

rRMH qacTIUJ.aMH, COCTaUJIBlOl.IJ,HMH 3KpaH, KpbllllKH B OTBepcTHIDC H qacTH

u.ctt (,u,ereKTopoM), noMem.eHHo:H B ToqKy P. ECJI.R 3TO c,u.eJiaTh, TO BKJla)l,bI 

nyTe~ 3JI€KTpoHa qepe3 OTBepcTH51 ( npH CHHThlX KpbIWKaX)' onpe,[(eJIHIOilI,11€ 

aMnJUITYAY B€pDHTHOCTll ero npOXO>K,ll;€HllH 113 s B p' corJiaCHO cpeif.HMaHOB

CKOMY Me'l'O,llY cyMMHpOBaHH.5i 110 HCTOpllHM, MO.>KHO ynO,[(OOllTb BKJia,u.aM 

I'lll10T€Tll'IecKHX llCTO'qHHKOB CBeTa B OTB€pCTH.5iX 3Kpatta rrpH IlO/T.C't.{eTaX 

Ha OCHOB€ rrpHHI.l)Ula rlOitreHca. OnHTb npHM€H51SI aHa.i-10r1110 «HeraTHB

Il03HTHB» a cpOTorpacpllll, MO>KHO yTBep.>K,n;aTh, qTo aMrrnllTJ,[(a sepo.HTHOCTH 

nona,LJ.aHH.5i 3JI€KTpoHa 113 TO'IKH s B 'IO'qKY p OIIpe,[(eJIH€TCH OTHOW€HH

SIMH 3JI€KTpOHa co BCeMll 't.{acTiln aMH 3Kpatta ( c OTKpbIThIMll OTBepCTHHMM) 

H c ,[(eT€KTopoM B 'ID't.!Ke P. Ho 3Kpaa 11,ll,eTeKTOp COCTaBJIHIOT MaKponp"6op. 

C .ne.u.oBaTeJihHO, a.MnAumyaa eepo.Rmttocmu aa'H'H,020 npm..1secca onpeae.a.Ft
emoi omHoweHUJi.MU 3Ae?Cmpo?-ta co ece.Mu 'ltacmu'4a.MU .Ma'l\,ponpu6opa. 

14. 2. <J>eitHMaHOBCKruI <l>opMJmq>OBKa 

KBaHTOBOH MeXaHHKD. 

Pe.rr.Hn110HHbIH rro,n,xo/T. K KBaHToaott McxaHllKH OOhI'"IHO accou.H11pyercst 

c pa60TaM11 P. cl>eliHMatta, B KOTophIX 11po113Be)J.eHo coBM€ll.I,€HHe o6m.enpu

HSITOH KBaHTOBOH MexaHllKJil c TeOpHett rrpHMOI'O Me>K'IacTHl.fHOrO B3aHMO

)I,€HCTBIDI. 

14.2.1. HcTOKH <f>eiiHMaHOBCKoii <}>opMynupoBK:e 
KBaHTOBOH MeXaBHKH 

P. <l>ettHMaH B c a oet:i Ho6eneBCKott JieKIJ)ili TaK onHca.n: RCXO)J.Hbie H,LI.eH 

CBOHX HCCJI€,[(OBaHHH: « lf3 KHllr H IIOIIHJI, 't.ITO Bee 3aTpy,1J,H€HRH Teoplltt 

KBatt'.l'OBOi% sneKTpo,LI,HHaMHKH npo11cTeKa.rrH H3 ,[(Byx o6cTOHTeJibCTB. Bo

nepBbIX, H3 6ecKOH €'t.{HOtt 3HeprHR B3aHMO,ll;€HCTBHH 3JI€KTpOHa c CaMHM 

co6ott. 9TOT HCTO't.IHID< TPY,1J,HOCTett cyUJ,CCTBOBaJI ,[(a)Ke B Knacc11qecKoA 

3JI€KTPO,LJ,HHaMMKe. B o-BTOpbIX, Jil3 6ecKOHeqHocrett, o6ycnoaJieHHhlX 6ecKo

HC'"lHb IM "'{.IHCJIOM crerreHei% CBo6o,[(bI non.st. ( •.. ) Mtte K83aJIOCb coacprneHHO 

Ol.f€BH,LJ,HbIM, '"ITO npe,LI.CTaBJI€HH€ o6 3JICKTpoH e, B3aHMO,[(e:iicTBylOUJ,€M c ca

MHM co6ol%, 0 TOM, 't.{'IO 3JI€KTPH'"l€CKHe CHJibl ,n,e:iiCTBYK>T Ha TY >Ke caMylO 

l.facTiit.zy, KOTOpaH llX Bhl3bIBaeT, H3JIHIIIHe, 't.ITO _OHO ,aa.>Ke rJiynoe. Ilo3'IOMY 

,ll.JISI ce6.st g peilllln, '"ITO 3JI€KTpoH He MO>K€T B3aHMO/T.ettcTBOBaTb c caMHM 
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co6ott, a MO>KeT B3aHMo,u,eitcTBOBaTb TOJihKO c )lJ)yrHMH 3neKTpoHaM11. Ho 
3TO 3HaqHT, qTo HHKaKoro non.si HeT. ( ... ) Mo:A o6ru.Hit n na11 cocro.sin B TOM, 

'ITOOhI cHa'Iana penm.Th Knacc11qeCKYJO 3a,n.aqy, ocBo6o,u,HThC5I ar 6ecKo

ttei:..1ttoit cOOCTBeHHOit 3HeprHH B KJiac<:11'1eCKOti 3Jl eKTp0,lJ,11HaM:HKe, a 3aTeM, 

nocne roro KaK SI Ha 3TOH OCHOBe IIOCTpolO KBaHTOBYIO T€0plil0, BCe ,ll,OJI>KHO 

6b1.110 ycrpoHThC.sI caMbIM qy,rr,ecHhIM o6p830M ... 

Bar TaK Bee H Haqa.noch. Mo.si n,u,eSJ K83a.itacb MHe HaCTOJlhKO norn'Illoti 

H HaCTOnhKO H3HUVIOH, "'ITO .si BmOOHJICH s ttee 6e3 naM51TH. A BJIJ06HTbC.H 6e3 
IIaM.sITH B )KeHl.lJ,RHY MO>KHO 'I'OJlbKO TOT',J1.a, Kor,rr,a Thi ee el.l.I,e MaJIO 3Haelllb, 

a naroMy He BH,ll,IUllh Bcex ee tte,u,ocTaTKOB. Hc,rr,oc1aTKH ThI YBH,LI,Hlllh no3)Ke, 

HO nro6oBb y>Ke ,u,oeraToqHo CHnbHa, qT06h1 y,n;ep)KaTb Te6H. TaK H H, 6naro

ll,apH CBOeMy JOHOI.lleCKOMY 3HTY3«83My, HCB311paH HH Ha KaKHe TPY,ll,HOCTH, 

OC'TaBaJIC5I BepeH Moeti TeopHH» {169, c. 194-197). 
liT'd.K, cne,U,OBaJIO IlOC'l'poHTb KBaHTOBylO Teopmo, COOTBeTCTBYIOIIzyIO 

KJiaCCJ{l..fCCKOH reopHH npHMoro Me)KqacTHqHoro B3aHM0,1J,eHCTB.IDI, r,u,e KJIIO

'-Iesyro ponh nrpaeT npHHQHII <l>oKKcpa c ,u,etiCTBHeM BH,ll,a (13.3.3). Ho KaK 

aTO c,n;enaTh? KaK IIHIIIeT <l>eiiHMatt, «YHMBepcanbHoro cnoco6a npeo6p830-

Battru1 KJiace1-1qecKOii MexaHHKH B KBaHTOBYlO TeopHlO He cyw,eCTByeT, XOTH 

OOJibllIHHCTBO yqe6HHKOB H IIhITaeTCH y6e,u,HTh Bae B 3'l'OM. B yqe6HHKax BaM 

roBOpHT, qro tty)KHO HaHTH o6o61.lJ,eHHbie nepeMeHHbie, HMIIYJibCbl, H 3aMe

HHTh RX ouepaTOpoM (n/i)(8/8x). Ho MHe-TO tter,11,e 6bIJ10 B3HTb HMnyJihCOB) 

HX y MeHH upocTO He 6bIJIO~ {169, c. 209) . QqeBH,lJ,HO, B yqe6HHKax MM€eTCSI 

B BH.lIJ' o61.l.I,enp11HHTfill reopeTHKO-noneBa.si napa,n.HrMa, a B ,u,aHHOM cnyqae 

HeOOXO/(,HMbI HHbJe MeTO,ll,bl paccy)K,IJ;CHHH. 

KaK 113:secTHo, npHHI.J.HII <l>oKKepa 3anHChIBaeTCH B BH,rr,e paBeHCTBa Hynro 

Bapnau;HH OT KJ1acCH'tl:ecKoro ,u,eliCTBHH. B CBH3R c 3TRM <DetiHMaH HCKaJI 

«MCTO/T, KBaHTOBaH.IDI, OTnpaBJI.sIIOl.l.I,HtiC.H OT ,ll,CtiCTBHH - KOr,n;a B KBaHTOBOti 

MexaHHKe HCIIOJib3Y€TC5I HHTerpan ll,Ci%CTBHH» (169, c. 210). 11,n;e.si TaKOI'O 

MCTO;:c.a 6hIJia HaH,n.eHa B O,ll,HOi1 H3 CTaTeti ,II,npaKa, r.u.e 6bIJ10 IIOK83aHo, 'tiTO 

«B KBaHTOBOit MexaHRKe HMeeTCH HCKJIIO'IHTeJlbHO Ba>KHaH Be.Jlw-IHHa, ocy

l.lJ,eCTBJIHIOI.IJ.a5l npeo6pa30BaHRe BOJIHOBOtt cpy1u<1~HH, orrpe.rr.eneHHOH B 0,D.HH 

MOMeHT BpeMeHH, B BOJIHOBYIO cpyHKl.I,HlO, onpe,n;eneHttyJO B ,z:rpyrott MO

MeHT BpeMeHR, He npH flOMOl.l.I,H ,ll,HcpcpepeHI.J,HaJibHOl'O ypaBH€HHH' a ,rrpy

rHM 3KBHBaJieHTHblM o6p~OM, 't{TO-TO Bpoll,e HHTerpaJibHOI'O H,lij)a, KOTOpoc 

MbI MO>KeM o6o3HaqaTb qepe3 K ( x', x) H KOTopoe npeo6p83yeT BOJIHOBYIO 

<PYHKI.J.HIO 1/J(x), H3B€CTHYIO B MOM€HT BpeMeHH t, B BOJIHOBYIO cpyHKIJ.illO 

'lf;(x'), oupe,u,eneHHYIO B MOMeHT s pcMe.Hll t+E» (169, c. 211). ,lI,HpaKOM 6bIJIO 

IlOK83aHo, 't{TO 3Ta 3aMeqaTeJibHa.sI cpyHKQH5l 11MeCT BlUl 

K(x',x) ~exp [ieL ( x' ; x ,x)] , (14.2.1) 

r.u.c L - <PYHKI.J.HH .JiarpainKa Knaccu"'IecKo.H qacTHI.ihI, 3aBHCHl.l.I,a.H OT Koop
,ll,HttaT x H cKopocTH qaCTHI.J,bI ( x' - x) / E. 
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If cnoJib3Y.SI 3TY ~e10 ,lLHpaKa, <DettHMaHy HY*HO 6b1no TOJihKO 3aMeHMTh 

B <PopMyJie {14.2.1) 3HaK npouopu,HOHa.TlbHOCTM Ha 3HaK paBeHCTBa c HeKHM 

Ko3¢cp11QHeHTOM A. B HTOre y Hero non~HJic.SI pe3yJihTaT: 

{14.2.2) 

,lLa.Tibllle HeOOXO,l],HMO 6bIJIO HCilOJih30BaTb pa3JIO)f(eHHe BXO~~x CIO,LI.a Be

.JlliqHH B psr):(hl Teiinopa no Ma.TihIM cMem.eHHSIM no KOOp,LI.HHaTaM 11 HHTep

Ba.TIY BpeMeHH € H B3.SITb I'ayccOBhl HHTerpa.TibI, '-ITO npMBO,[(HJIO K ypaBH€HH10 

Ill peAHHrepa. 

TaK no.SIBHJiach HOBa.SI, TpeTh.SI no C"t.JeTY {nocnc rnpe,rr,HHf'epoBCKoii 

11 reibeH6eprOBCKOH), Q:>e1iHMaHOBCKa.SI <t>opMyJIHpoBKa KBaHTOBOtt Mexa

HBKH, HhIHe H3BeCTHa.SI Ka.K MeTo,u, KOHTHHYa.TibHoro .HHTerpHpoBaHH.SI. OH 

JUHPOKO npHMeH.SleTC.SI B KBaHTOBOtt TeopHH, npM'-JeM, KaK rrpaBHJIO, BHe 

CB.Sl3II c pen.SILT,HOHHbIMH HCTOKaMH 3TOro MeTo,rr,a. Dec TpH cpopMyJIHpOBKH 

OKa3aJu1cb 3KBHBa.TieHTHbIMH B Tpa,rr.:m.~HOHHOH o6nacT11 npMMeHCHIDI KBaH

TOBO:R TOOpHH, O,LUiaKO 11opo:>K,ZI,alOT P a3HbIH xo,rr, MbICJIB npH nonbITKaX 

o6o6m.eHHtt reopHH H npH BbIXO,II,e 3a npe/T,eJibI npHBbll:.JHblX npe,TJ,CTaBJieHHit, 

qTo Hae 3,rr,ecb OOJibllle Bcero HHTepecye'l'. 

14.2.2. We:lhIMaHoBcKa» <}>opMymq>oBKa 
KBaHTOBOB MeXaHHKB 

I10.S1CHHM, KaK <l>ettttMaH TpaKTOBa.TI cyTb KBaHTOBott MexaHHKH. OH 

cpaBHHBa.JI 011pc,u;eneHH.SI BCpO.SITHOCTe1i npou;eccoB B K.ITaCCH'-IeCKOA TeOpMH 

Bepo.SITHOCTett 11 B KBaHTOBott MexaHHKe. TaK, nycrh B K.rraccH"t.JecKoii reopHH 

Bepo~ITHOCTett onpe,LI.eJieHbl Bepo.SITHOCTH w ab co6bITHtt b, ecJIH paHee npoH30-

lliJIO co6brrHC a 11 Bepo.SITHOCTH Wbc cOObITH.SI c, ecJIH npoH301IIJlO co6bITHe b. 
Tor,rr,a KJiacCH'lecKa.SI BeposrTHOCTb W 0,c co6bITH.SI c np.11 H3BeCTHOM co6bITHH 

a onpe,rr,eJI.HeTC.H KJiaCCH'lfeCKOtt Q:>opM)'JIOtt 

(14.2.3) 

r,ue cyMMHpOBaHMe npoH3B0,1J,HTC.SI no BceM B03MO:>KHhIM co6bITIUIM b. KaK 

IIHIIIeT P. <l>ciiHMaH, B KBaHTOBo1i MexauHKe HMeeTcsr cJie,rr,y10m.11.tt «3aMeqa

TCJibHbm 3aKOH»: cyw.ecTBYIOT KOMHJieKCHble 1:.JHCJia <pab, <pbc, 'Pac, TaKHe, 

'tfTO 

KOTOpble 3aMeH.SIJOT KJlacCH"t.JeCKOe COOTHOIIIeHMe {14.2.3) Ha 

<pa,c = L <pab'Pbc· 
b 

{14.2.4) 

{14.2.5) 
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JlerKO BH,ll.CTb, ecJIH COOTHOllieHHe (14.2.5) BbIIlOJIH.HeTC.H, TO B o6rn,eM 

cnyqae KJI8CCHqecKoe COOTHomettHe (14.2.3) CTaHOBHTOI HeBepHbIM. 

KmoqeBhlM noHHTHeM B cpeirnMaHOBCKOM no,ll.Xo)J,e .HBJI.HeTC.H npon02amop 
K ( x', x), m. e. a.Mn.11,umyoa eepoRm'liocmu nepexooa 'ltacmu'q'bt U3 oimoo 
mo'll?CU npocmpa'licmea-epe.Me'liu e i)py2y10. Otta 3a,LJ.aeTOI c noMOJ:W:>IO ,Il,Byx 
nocryJiaTOB, cpaKTHqeCKH 3aMeHSnommc aKCHOMbl CKaJIBpHoro npOH3Be,n,eIDrn 

( MCTpHl-1.CCKMe) B rHJIWepTOBOM npocTpall(,'TBC. 

Ilepeb1ii nocTyJiaT ¢opMyJIMpyerc.n TaK. AMnJIHTy)J,a Bepow.rHOCTH 

K ( B, A) ucpexo,n;a ( '-.lacnu~hI, CHCTeMhI) H3 noJio:>KeHH.H A B no.no)KettHe B 
paBua cyMMc KOMnJieKCHbIX cJiaraeMhIX K(r) - no o,n;HoMy Jl.JUI Ka)K,LI,o:0 

KJiaCCH1leCKOtt BpeMeHH-IlO)J,OOHOii TpaeKTOpllH r ( B' A)' C0€)1,HH.HlOllJ,€H 3TH 

IIOJlO)J(eHMH. TiocKOJibKY Ha caMOM )J,eJie B03MO>KHblC KJiaccnqecKHe TpaeK

·rop.MH ( IIYTH) COCTaBJIHIOT KOHTHHyyM, cyMMHpOBaHHe 03Hal.J.aeT IIBTerpH-

K(B, A) = J K(r(B, A))Dr, (14.2.6) 

I ')J,e Dr - cneIJ,HcpH'IeCKa.H Mepa. 

Cnoco6 BhI'IHCJieHIDI (14.2.6) no.srcHHM Ha npnMcpe o,n;Hoi% HepeJI.HTH

BHCTCKott qacTIUJ,bL Tiycrb Ha'-JaJibHDe IlOJIO>KCHHC qaCT'~bl xapaKTepW3Y

eTC.H MOMeHTOM BpeMeHJil x~ Iii KOOP,JJ;HHaTaMH ~1' a KOHeqHoe - COOTBel'

CTBeHHO xi, x-18 . IlpoMe:>KyToK BpeMeIDI x'k - x A p83o6beM Ha 6oJlb111oe 

'IHCJIO n paBHhIX HHTepBaJIOB E = ( x°tJ - x~) / n H paccMOTpHM coBo

KYilHOCTh npocrpaHCTBeHHbIX ceqeHHii B MOMeHTbl BpeMeIDI: X~o) = X~i 
x~l) = x~ + E . . . x~n) = x~ + nE. IlOCTpoHM rryTh, COC'lRBJieHHbIH 

H3 np.HMbIX 0Tpe3KOB, KOTOpbre coe,n.HHIDOT npOH3BOJlbHbie TQ'llKH H3 no

cne,n.oBaTe.TlbHOCTH npocTpattcrseHHhIX ce'-1eHHii (cM. pHc. 14.2). B3HB see 

X~ + T t---t----.,~---=,,._-

X~ 1------~------
A 

0 

Puc. 14.2. <l>eihJMaHoBcKoe cy~fMHpoBa1rne no ncTop1u1M 

B03MO:>KHbie TO'-IKH Ha '3THX ceqeHHHX H BCe B03MO:>KHbie llX KOM6HHa~H, 

IlOJIY'i:.IHM MHO>K€CTBO B03MO:>KHbIX nyTeii r Me:>K,JJ;Y TO'IKaMH A H B' COOT

BeTCTBYIOI.I.J.HX ,n.aHHOMY n (p836ne:muo BpcMCHHOro. J1IITepBaJia). 0~3Ha'-JRM 

BKJia,n. Ka)K,JJ.Oro O':rpe3Ka Me:>K,JJ;Y roqKaMH (x~8), x(8 )) H (x~s+l), xCs+l)) KaK 
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K ( s + 1, s) H IlOCTYJIHpyeM Ba)KlIOe CBOiiCTBO 3THX BKJia,ll,OB B.lIOJib nyTH r' 
COOTBeTCBYIOIJJ;ee IIOCTyJiaTy KBaHTOBO:tt MexaHHKH (14.2.5): 

Kr(s, r) = Kr(s, k)Kr(k, r), (14.2.7) 

r,rr.e B,lI.OJib nyTH r : 0 ~ r < k < s ~ n. Tor,rr.a, nepexo,IJ;51 K npc,rr.eJiy n ~ oo, 
MO:>KHO Bblp83HTb aMnJIHTYAY nepexo,n,a (14.2.6) qepe3 MHOI'OKpaTHblii HH

Tel'pa.JI no BCeM B03MO:>KHblM nepexo,rr.aM Me.>K,D.y TOt.JKaMH Ha COBOKynHOCTH 

3-MepHbIX ceqeHHH . 0HH o6p83yJOT cyMMY no BCeM B03MO:>KHblM nyrnM. 

BTopoii nocTyJiaT no3BOJI»eT 3armcaTh s .SIBHOM B.11,ll.e 3JieMeHTapHhle 

BKJI~bI K ( s + 1, s). OH BbITeKaeT H3 H,D.eu ,[IHpaKa 11 cocroHT B cne,nyrom.eM: 

«Bee TpaeKTOpHH BHOC51T BKJia.rr,, O,ll.H.HaKOBblii no a6COJIIOTHO:tt BeJTHqHtte; 

¢83a Ka:>J<Aoro BKJia.rr,a IIp€,ll.C':ra.BJ15IeT co6oii ( Bblpa)K€HHO€ B €,ll,HHHQaX Ii) 
KJiaCCHqecKoe ,LI.eHC'l'BHe, T. e . B3.SITblii B,ll.OJib TpaeKTOPHH HHTCrpan <YI' <l>YHK

~HH JiarpaIDKa no apeMeHH» [168, c. 175]. 9TO 03Haqaer, qTo 

K( 1 ) 1 [iS(s + l ,s) ] s + , s =-exp , c Ii 
(14.2.8) 

r.rr.e S(s ~ 1, s)- KJiaccH'c.iecKoe .rr,eiicTBHe Me:>K,lly coce,rr.H11MH TO"<.JKaMH 

(x?s+l)' XCs+l)) H (x?s), x?s)); C - HeKHii aecoao"H MHO)KHTeJih. MynhTHITJIH

KaTHBHoe CBOHCTBO (14.2.7) ,LI..illl BKJia,ll,OB K(s, r) B)l.OJib nyTH r COOTBeT

CTBYeT a)l,lJ,liTHBHOCTM KJiaccHqecKoro .rr.eiiCTBIDI B,ll.OJib r: 

Sr(s, r) = Sr(s, k) + Sr(k, r), (14.2.9) 

r.rr.e Oru.ITb 0 ~ r < k < s ~ n. O co6o cne,z.ryer rio,n,qepKHYTh, "<.ITO nyTM 

MC>K,IIJ' coce):UIHMH ro·t.J:KaMH no.rraralO'l.'CH np.SIMhIMH. 

C¢opMyJIHpc>BaHHbie nocrynaThI no3BOJI.SIIOT onpe,rr.eJIHTb pa.Hee BBe,n,eH

Hoe B T€0pe'I'HKO-flOJI€BOM BH,II.eHHH MHpa IlOH.SITHe aMIIJIHT)')J,bl COCTO.SIHIDI 

'lf;(xµ)' JL"IH BOJIHOBOii cpyHI<I(HH qaenu.Jpl B npoH3BOJibHblH MOMeHT BpeMeHH 

x0 . 9To ,n,ocTHraeTC.H o6o6u1,emreM rrponaraTopa - aMnJIHTJ,lJ.bI nepexo,rr.a H3 

q>HKCHpoBaHHOH HaqaJibHOtt T01.IK~ ( x~' x{) - Ha cnyqa"H npoH3BOJibHOro Ha

'-.laJibllOro pacrrpe,rr.eneHMSI 'l/J ( x~' x{) B MOM€HT BpeMeHH x~: 

'lfJ(x0 ,xi) = J K(x0,xi;x~,x{)'lfJ(x~,x{)d3x{. _ (14.2.10) 

KaK y:>Ke Bhillle 6bIJIO CYI'MeqeHo, Tai< onpe,rr.eneHHaH :BonHoBa.sI cpyHKc.~H.SI 
y,n.OBJleTBOp.SleT ( ttepeJ.IBTHBHCTCKOMY) ypaBHeHHIO II.Ipe,LI.H.HI'epa ,[(JI.SI CBoOOJ~
HOii '-IaCT'RU:hI. B3a111Mo,n;eiicTBHe BBO,ll,HTCH qcpe3 noTeHt\HaJibHYIO 3tteprHIO 

Henocpe,rr.CTB€HHO B ,1l.CRCTBHe B 3KCnoHeHTe, qepe3 KOTOpylO 3allHCblBaeTC.SI 

K(x', x), cor'JlacHo (14.2.8) . 
,.na.rree BbICTpaHBacTC~ 3,II.aHHe o6~enpHH.SITOH rnpe,ll.HHrepOBCKO:A KBaH

TOBOtt Mexa.HHKH Ha .Sl3bIKe ¢e"HH MaHOBCKOro IIOJJ.XO)l,a. 
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14.2.3. Pa3BHTHe 

<}>eii:HMaHOBCKOro MeTo,n;a KBaHTOBaHBH 

1. B paOO:rax p.svr.a aBTopoB l10Ka3aHo, Ka.I< c noMon~hlO <PclittMaHOBCKoii 

MeTO,IT,RKH nepeHTl1 OT ypaBH€HIDl Illpe,JJ.HHI'Cpa K pc.JIBTHBHCTCKOMY ypaB

HeHHIO Knetb1a-<l>0Ka. 3.n.ech OCHOBH8.H npo6neMa COCTOHT B BhIDOpe napa

MeTpa 3BOJIIOIJ,H11.. 3aMeHa a6COJIIO'l'HOI'O BpeMeHH t Ha BpeMeHH- 110,LI.OOHYIO 

KOOP,LI.HHaTy x 0 AJUI '3TO:it ~enH He no,n.xo,n.H'I; nocKOJihKY ¢ettttMaHOBCKHfi 

MeTO,ll. npHBO,lI,HT K ,z:r.H¢cl>epelII.µ1aJibHOMY ypaBHeHJUO nepBoro nop.H,11.Ka no 

llapaMeTpy '3BOJllOI~HH H BTOporo 110p.H,LI.Ka IIO npocTpaHC'l'BeHHO-IlO/t.OOHbIM 

KOOP.LJ.HHaTaM, T. e. HapymaeTC,H npocTpaHCTB€HHO-BpeMeHHaSJ CHMMeTpH51. 

)1.;u1 npeo,n.oneHIDi 3TOH TPYll.HOCTH 6bIJIO np€,LI,JIO}KeHo HCilOJ1b30BaTb ,n.onon

HRTeJibHhIA napaMeTp '3BOJ1IOI(HH, ¢aKTH":leCKM COOTBeTCTBYIOUJ.HH HOBOMY 

BpeMeH11-no,u.06ttoMy H3MepeHmo. Ero MO}KHO TpaKTOBaTh KaK ITHTyro KO

op,JJ.HHaTy 5-MepHoli rcoMeTpnqecKoii Mo,rr.en11 THna reopHH Kne:HHa (HO tte 

KaJiy:QhI). Tip11 3TOM Bee ":ICTI>Ipe KJiacc11qecK11e llpocrpaHCTBeHHo-BpeMeH

Hhie KOOp,JJ.HHaTbI x'"' ( c cHrHaTypott npOCTpancTBa- BpeMeHR Mm1KOBCKOro) 

rronaralOTCH paBHonpaBHhIMn. 

Tiocne '1'01'0 KaK IlOJIY<JHTC.sI 5-MCpHoe ypaBH€HJ.1€ Illpe,LJ.HHI'eJX>BCKOro 

BH,U,a, nocTyn11pyeTCSJ cneIJ,HaJibHbIH BJ.l)J, 3aBRCRMOC'l'H BOJIHOBOH ¢YHKWfH 

OT .n.onoJIHHTeJibHOro napaMeTpa '3BOJIIOD;RH, cooTBeTCTBYJOIUHA ycnoBHIO 

KOMnaKTH¢RKaI.J,HH B 5-Meptto.H reopHH 0 . KneliHa. 

2. CJIO}KHec OOC'l'OHT .n.eno c ttenocpe.uCTBCHHbIM llepeXO/t.OM K ypaBHe

Hl110 )1.HpaKa, ecJIH H e l10Jlb30BaTbCH OKOJihHblM nyTeM «H3BJieqeHH.H KBa,n.

paTHOro KOPH.SI» H3 ypaBHeHH51 Knetttta- <l>oKa. KaK OTMe~1aJI caM <l>eAHMaH, 

«ecJIH IlOilhITaTbC5! llOCTpOHTb MeTO)l,OM HHTCrpHpoBaHHH no TpaeKTOpHSIM 

peJI.SITHBHCTCKYIO KBaHTOBYIO MexaHHKy, TO OK83hIBaeTc.H, 1'.JTO ypaBHeHHe 

Kne:Htta- I'op.n.oHa (KJ1eHHa- <l>oKa. - IO. B.) ycraHaB.mrnaeTCH nerKo, HO 

ypaBHeHHe )1.11paKa Herrocpc/t.CTBeHHO nony":IRTh 0~1eHh TPY!-l.HO» [1681. Ilo 

3TOH 11pHqHHe <l>ettHMaH Ha'lfRHaJI nOC'I'poettHe reopHH c 6onee n03,D.Hero 

'3Tana, T. e. He c HHTerpaJIOB raycCOBCKOro BH)J,a, a npHMO c IIOC'I'YJIHPO

BaHHSI nponaraTopa Ko(2, 1), onHchrna10w.ero cB06o.n.ttoe pacnpocTpatteIDie 

CilMHOpHOH q acTHIJ,bl H3 TO'l.JKH 1 B TO'l.JKY 2, KOTOpbrH y,n.OBJI€TBOpHeT HOO,lI.

HOpo/t.HOMY ypaBH€HRIO ,11.HpaKa. 

3. Ba:JKHy10 'iaCTh cpe:ttHMaHOBCKOH cpopMynRpoBKR KtlaHTooott TCOpHU 

3aHHMaeT OIIHCaime B3aHMO,ll€HCTBHH. )1..n.sr 3TOA IJ,€JTH <l>eilHMaH pa3pa6ararr 

,D.Ra1·paMMHYIO TeXHHKY 110/t.CqeTa 3¢¢eKTOB B KBaHTOBOH 3JI€KTpo,n;HHa

MHK€. ,llHarpaMMHaH TCXHHKa npe,lI.CTaBJISleT co6ott Har.JIB,n;Hoe rpa¢H'-1CCKOO 

npe,n;cTaBJieHHe MeTO~a nOCJie,lI.OBaTeJlbHhIX IIpOOJIJOKeHHtt c ~IeTKHMH npaBH

JiaMH 110CTp0€HHSI ~RarpaMM, COOTBeTCTBYJOIIJ,HX TeM H.ITR RIIbIM npou,ecc~M, 

Ii 3aITHCl1 no '3THM ,z:r.HarpaMMaM MaTpRqHhIX '3JieMeHTOB 11pou,ecCOB. 

)1.11arpaMMbl COCTaBJIHIOTCH H3 CilJIOIDHblX cpepMROHHbIX 11 BOJIHHCThIX 

¢o'l'OHHblX JIHHHH, KO'l'Opbre coe,n.MH.SllOTCH A.PYr' c .n.pyroM B BCpl.llHHax, COOT-

1 
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BeI'CTBYIOllI.IIX npou.eccy '3.TieKTpoMarHRTHoro B3aHMO,LI,€HCTBlHI ¢epMMOHHhlX 

"t.JaCTID.J;. JlnHl1H MoryT 6hJTb Jrn6o BHY'l'PCHHHMH, T. e. orpaHH'"l€HHhIMli Bep

IIIHHaMH c ,LI,Byx CTOpDH, JTH6o BH€lllHHMH, T. e. Ha'lfHHaIOlll,HMHCSI B aepun1He 

H yxo,LJ;Hlll,HMH B «6ecKoHeqHocTb». KaK ,LI,JUI BepIIIHH, raK H /T,JU1 Ka):K,Il,Oro 

THna cpepMHOHHblX H cpoTOHHhIX JIHHHA HMelOTCH CBOR aHaJIHTH'tleCKHe Bbl

pa)l{€HHH, COCTaBJIIDOI.lQie MaTpR"'llHhIB '3JieM€HT npou.ecca. IlpRMepoM M0-

}1(€T 6hITh ,LI,HarpaMMa, HsOOpa}l(eHH~ Ha pHC. 6.1, COOTBeTCTBYIOUJ,~ npo

cremneMy IlOpH,ll,K)' '3Jl€KTpOMarHRTHOro B3aHMO,LJ,eiiCTBHH ,11,BYX '3JI€KTpoHOB. 

B sHa"tJHTeJihHo.H CTCne1m HMeHHo 3a 9TH pa60Thl <l>e:HHMaHy B 1965 r. 6blna 

npncy)f(,.!J,eHa Ho6eneBCKB.H upeMHH. 

4. KaK R3BeCTHO, peweHRH ypaBHeHH~ ,11.npaKa orrHCbIBaIOT COCTOHHHH 

KaK c IlOJIO>KHTeJibRblMH, TaK R c OTpHI.J,aTeJihHbIMR 9HeprRHMH. QqeBH,IT.HO, 

t.fTO TeOPRH ,[I,blp<>K ,11.HpaKa qy)f(,.!J,a µyxy TeopHH npHMOI'O MC)l{T.faCTH"t.JHOro 

B3aHMO,LI,€HCTBRH' TaK KaK B 110CJI€,lJ,H€H ttem no'H.RmUR. 8a'/f,yy.Ma. Ilo9TOMY 

cI>ettHMaH IIJ)e,IJ,JIO:>KHJI HHYJO HHTepnpeTa~HIO COCTOHHHH c OTpHI.J,aTeJihHOit 

9Hepr11e:tt- attrnu'ltacmu~'bt mpa~ywrnc.R 1\:a'/f, '1.1.acmu~'bt, aeu:>ICYUJ,UeC.R B 06-
pamtto.M ttanpaeJ1,ettuu epeMe'Hu. 

,L(aHHaf! HHTepupeTa~H B03HRKJia H3 rnrrOTe3hI y H.nepa 0 TOM, 't.JTO BC.51 

MaTCpHH MRpa onpe,LI,€Jl.5I€TCH JIHillh O,LI,HHM '3.TieKTpDHOM, MHpoB~ JtlillHH 

KOTOporo o6p83yer rHraHTCKHH sanyTaHHbrR: KJIYOOK. To, 'tfTO ttaMH Ha6mo

,n.aeTCH, npe,IJ,CTaBJlHeT co6oii ceqeHHe 9TOro €)1.HHOl'O KJIY6Ka. IlpH 9TOM 
' Te TO'tfKH ceqeHMH, r.n.e JIHHHH ttanpaBJI€Ha B 6yAYlll,€€, BOCnpHHHMaK>TCH 

KaK pa3JIH'lfHbI€ '3JleKTpOHbI, a r,LI,e B npolliJloe - KaK aHTH'tiacTHI.:Q>I ( HJIH 

KaK qacTHI.J,hl IlpoTHBOilOJIO::>KHOro 3apH.na). <l>eiiHMaH rr.wca.11: «,11.0JI:>KeH npH-

3HaThCB, K ero H)I,€€ 0 TOM, 'lfTO BCe '3JICKTp0Hbl '3TO Bcero 0,11.HH '3JJeKTPOH, 

H OTH€CCH M€Hee ccpbe3HO, H€)1{€JIH Kero H,n,ee 0 TOM, qTo Il03HTpOH MO:>KHO 

npe,LI,CTaBHTb ce6e npOCTO-HanpocTO KaK '3JI€K'l'p0H, B03Bpam.aIOlll,HHC.5I H3 

6yµyru:ero a npoIIJnoe no o6paTHbIM yqacTKaM MHpoBbIX JIHHHii. 9Ty, BTopyro 

H,ll,€IO H IlpOCTO yKpan!» (169, C. 207). 
0TMeTHM, q'l'() 3Ta H)le.H upHBO,II.HT K cyll(eCTB€HHOMy ycJIO>KH€HHIO KBatt

TOBOti TOOpHH B cpeitHMaHOBCKOH HHTcpnpcTaIQUi. EcnH B KJiaCCH'qecKOM 

BapHaHTe TOOpHH <l>c:ttuMaHa 110,ITPa3YMCBaJIHCb JIHlllb Bp€M€HH-Il0,ll,00Hbl€ 

'JPaeKTOPHH, HanpaBJieHtthie B c,~'opoHy aospacTaHHH BpeMeHH, TO B peJI.HTH

BHCTCKoi1 KBaIITOBOH TeOPHR HeOOXO,LJ,HMO paccMaTpRBaTb TaIOKe TpaeK'l'O

pHH B o6paTHOM HanpaBJieHHH BpeMeHH, T. e . B03HJn<:alOT ll,Ba TH~a uyrett1>: 
r + H r - , r )l.e 3HaqKH CHH3Y o003Ha'tfaIOT HanpaBJI€HH€ BO BpeMCHH. 

5. HaKoHeI.J. OTMeTRM, "t.JTO B pH,rr,e pa6<Yr Xo:H.rra {188), ,l1.3BHca {58, 59], 
Ilerra H .n.pyrHX attaJIW.3HpOB8JIJICb 9¢¢eKTbl H 38.,IJ,a'lfM, KOTOphle B CTaH,LI,apT

lIOH KBaHTOBO:li reopHH noJIH OOhPllIO TpaKTYK>TCH nocpe,n,cTBOM rroHHTH.SI 

1>a parorax r. B. P513aHOBa [148) .D,Da T.Hila uy·1-en HHTepilpeTHp)'lOTCSI KaK )J,Ba Tllila 

npH'UiHHOC"TH H 6bIJIO llpe)J,Jl0)K0HO o6o6m,eHHe TeOplUt <l>eRHMaHa Ha CJiyqan qe'J'blpeX 

'l'HllOB 11pHqHHHOCTH. 



420 rnaBa 14. ,lJ,8JibHO,II.eitCTBH€ H KBaHTOBB.R M€XaH.MKa 

BaKyyMa H ero tj:>JiyKTyaIJ,Mii. Bb1JI0 rroK83aHo, l.lTO no,}],OOHbie 3tj:>cpeKTbI, 

B qacTHOCTH Jl3MOOBCKHH C,Il,BHr, 3cpcpcKT K83RMHpa H ,Il,Pynre, ycnemHo 

MoryT 6bITb n epecpopMyJIHPOBaHbl B TepMHHax TeopHH n pRMOrO B3aHMOlJ,€M

CTBHR t.Jepe3 BJllIBHHe co CTOpOHhI B03 MO)KHbIX nornOTHTeJiett BceJieHHoit. 

14.2.4. IIpe,n;eJibl B03MO:>KHOCTei 

<}>efiHMaBOBCKOro MeTo,n;a KBaHTOB3HBSJ 

<l>ettHMaHOBCKHM MeTO,Il, KBaHTOBaHJUi OK83aJIC.H npllI'O,}],HblM ,ll.JISI peme

HH.H secbMa orpaHuqeHHoro Kpyra 3a,D,al.l. 06 3TOM IIHCaJI n caM <I>ett11MaH: 

« "'C.JTO KaCae'.I'C.H npHM€H€Hlffi K KBaHTOBOtt MexaHHKe, TO MeTO.llJ' HHTeI'pa.TIOB 

no TpaeK'I'OpHSIM rrpucy~R, K CO:>KaJICHHIO, C'..Cpbe3Hbl€ H€,lI,OCTaTKH» [170, 
c. 377). IlepeqHCJIHM rJiaBHbl€ R3 HIDC CJIOBaMH caMOI'O <I>e ttHMaHa. 

l. « 0'!€Hb cepbe3HblM orpaHHl.l€HH€M SIBJIHeTCH TO, "-ITO nony~eJibitt 

CllHH 3J1€KTpoHOB He HM€€T npocroro H HCHoro IIPC,Il,C'IaBJICHHR B HallleM 

MeTO,lJ,e. Cmrtt aneKTpoHa MO)f(HO BBCCTH, ecnn aMnJIHTY,D,hl BepOHTHOCTE 

H BCC BeJ!HqHHbl paccMaTpHBaTb KaK KBa'l'epHHOHhl, a He KaK 00bl11Hbl€ 

KOMIIJI€KCHbIC 'IHCJia; o,n.ttaKO B03HHKarom,aH rrpH 3TOM H€KOMMyTa:rHBHOCTb 

TaKIDC 1'.{I{ceJI - - cepbe3 Hoe OCJIO)KH€HRC» [170, c. 377]. H anOMHHM, TITO 3Ta 

Tpy,n.HOCTb OCJIO>KHH.Jla HJIB ,LI,a)f(e OCTaHOBRJia p83BHTHe p.H,}],a ,rq>yrHX Teop:Htt 

H nporpaMM (uanpHMep, yR.TiepoBCKYIO reoMerpO,LUfHaMHKy, 1'€0M€TJ)l13ar.vuo 

o6b1qlfb1x BHAOB MaTepHH B KJiaccH':.iecKott reoMeTpo¢H3HKe, nocTpOeHHe 

€,lJ,HHOtt H€JIHHettHOH TCOPHH IlOJI.H Ha 683e 6030HHbIX nonett H T. ,n..) . 

2. « <l>aKTH'-1€CKH HHTerpHpoBaHH€ ITO TpaeKTOpHHM HR ror.n.a, HM BII0-

CJI€,LJ;CTBHH H e CTaJIO y,Il,OBJleTBOpHTeJibHhIM cnoco6oM ycrpatteHHR pacxo

,n.HMOCTeif KBaHTOBott 3neKTpon;HttaMRKH» (170, c. 12] . HarroMHHM, 't.ITO rro

flhITKa pemeHWR 3TOtt 3a,LI,a"-IH RBHJiaCb 0,IT,HHM H3 rnaBHbIX MOTHBOB Bcett 

nporpaMMhl nOCTpoeHHH ¢ ettHMaHOBCKOH ¢opMyJIRpoBKH KBaHTOBOH Mexa

HHKJL B Ho6eJieBcKott JieKII,HH <I>eifHMaH CKa3a..rr: «.51 JIH"-IHO Cl.lHTaIO, 'ITO 

TOOPHSI rrepeHOpMHpOBKH - 3TO npocTO O,Il,HH H3 cuoco6oB 3 aM€TaTb flO)J. 

KoBep TPYAHOCT11 3JieKTpO,llHHaMHKH, CBH3alIHhie c pacxoA:HMOCTblO. Ho, 

KOH€'t.JHO, y MCHH H€T B 3TOM a.6COJIIOTHOH yBepeHHOC"l'H» f1 69, c. 228). 
3. «MbICJib 0 TOM, l.lTO 38.p.H,IT,bl He /T,€HCTBYIOT Ha ca:MHX ce6si, npHIIIJIOCh 

OCTaBHTh» [169, c. 228]. 9TO OKa3aJIOCb CBH3aHHblM c TCMt -qTo rrpH OflHCaHHH 

cPePMHOHHblX IIOJI€H (Ha OCHOB€ ,IT.OIIOJIHHTeJibHblX IlOCTynaTOB 0 ¢epMHOH

HbIX nponaraTopax) npHlllJIOCb BBO,llHTh JIHHRH B o6paTHOM HarrpaBJleHRH 

BpeMeHE, COOTBeTCTBYIOIIJ,He aHTHl.lacTm1aM (n03HTpoHaM). A :fl'H JIHHHH 

COBM€CTHO C 3JI€KTpOHHhIMH JIHHHHM H OOp830BhIBaJIH 3aMKHYThl€ Ile'I'JIH, 

OTB€TCTB€HHbl€ 3a caMO,Il,€RCTBH€. B HTOre OIISITb B03HHKalOT 6ecKOH€1iliOC'TH, 

T. e. rrpoHBJUJIOTC.H npe)KH11e TPYAHOCTH KBaHTOBOtt TOOPHH nollii, o,n.HaKo Ha 

HHOM B3blK€. 
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4. KaK n1rcaJI <l>eiiHMaH, He .SIBRJiach Heo6xo~oli MbICJih o «n03RTpotte, 

KaK o IIBT.SII.ll,eMc.sr 3JieKTpotte. TaKoe npe,II.CTaBJic1me 6b1JI0 o'ieHb y,rr.o6HhIM, 

Ho, crporo c·oBOpH, .a 6e3 Hero Mo.>K.Ho 6brJio o6oliTHcb, Hoo OHO np1IBO,n.HT 

K TeM )Ke caMhIM pe3yJihTantM, 'iTO H TeopH.H ,ll.bipoK B Mope OTPJu~aTeJibHhIX 

3HeprHH» [169, c. 2281. 
5. B KaT..1ecTBe Tpy,rr.Hocrett B cBoett ¢opMyJIHposKe KBaHTOBOtt MexaHHKH 

<l>eAHMaH H83blBaJI TO, 1:.JTO «pe3yJihTaTbl He IIOJiyqaJOTCH YHHTapHblMH, T. e . 

,ll.IDI HHX cyMMa Bepo.SITHOC'Tett ocex aJlbTepHaTHBHblX BapHaHTOB OKa3bIBa

erc.H MeHhllle e,rr,HHJU.\bl. ( ... ) .H ,rr.yMalO, qTo y Hae HeT cosepmeHHo y,LJ,o

BJieTBopnxenbHOM MO,LJ,eJI:w peJIHTHBliCTCKOH KBaHTOBOii MexaHHKH, KOTOpaH 

cornacoBaJiach 6bl ec:Jm He c HBJieHRHMH npRp0,11,hI, TO no KpattHeli Mepe 

c 3JieMeHntpHott JIOrHKOH, Tpe6y10UJ.eH, qTOObl cyMMa Bepo.HTHOC"TeH BCex 

8JibTepHaTHB COC'rRBJIBJia 100 rrpo~CHTOB» (169, c. 228). 
6. CTporo roBOp.sr, np11 pa3pa6oTKe ,rr,»arpaMMHo:H TeXHJU<H <l>eHHMaH 

B p5I,LJ,e M eCT OTOUieJI OT KOH~enruu1 ,ll.aJibHO,rr,eJiCTBR.SI. B T..IacTHOCTH, B pe

JIHlf.ROHHOtt T eOpHH He MO>KeT 6bITb H3JIYT..IeHH5I B 6eCKOHeT..fHOCTb, T . e . ¢0-

TOHHbie JIRHRR He MOf'YT 6bITb cBo60,rr.nb1M1L Mo.>K.Ho ,n:IDKe CKa3aTb 6onee 

onpe,LJ,eJieHHO: KOH~elll.l,R.SI ,ll,8{lbHO,LJ,eHCTBM.SI He 6b1Jla Heo6XOAJ1MOtt, a JIHillb 

nocny>KHna «noBRBaJibHOtt 6a6KoA» npu p113pa60TKe <l>eiiHMaHOM KBaH

ToBott 3J1€KTPO,ll.HHaMHKH . . 9Ty CHTya 1v110 MO>KHO cpaBHHTb c npon;eccoM 

C03,D;RHH5I 9:HHlllTeHHOM o6ru.eli TeOpHR OTHOCHTeJibHOCTH, KOI')l,a npRHD;HII 

Maxa ( Kona;eml,lffi ,ll.aJihHO,II.ettcrBnH) IIOCJIY)KHJJ o,rr.aoH: H 3 Be,n,yrn.HX 11.nett, 

HO, KOr,rr,a ·reopHH 6bIJla IIOCTpoeHa, npHHIJ;I1II Maxa OK83aJICH H3JIHlllHHM. 

lfcxo,ll.H H3 9'roro, MO>KHO rrOH.SITh 3RKJUOt.IHTeJibHhie cnosa Ho6e.neBCKOH 

JieKD;HH <l>eHHMaHa: «A T..fTO >Ke CTaJIO co crapoii TeopHett, B KO'I'Opy10 

H BJiroHJI.c}i erne 10Howett? Ona Tcrrepb craJia noT..1TeHnott cTapo~ .n.aMoli, 

IIO'iTH COBCeM norep.SIBllleH 6bmy10 npRBJieKaTeJibHOCTb. Cep,LJ,J\C IOHOIDH y>K 

He 3afibeTC.SI yqam;eHHO npH Bli)J.e ee. Ho o Hett M O)KJIO CKa3aTb caMoe Jiy'illlee, 

qTQ MO>KHO CKa3aTb 0 IIO)KHJIOH :>KCHlll.HHe: 1:.JTO OHa OT..JeHb xopoma.sr MRTb 

H y Hee oqeHh xopomue ,n;ern. l1 51 6naro,rr.apeH illBe,IJ;CKOH AKa,n;e MHH HayK 

38, BblCOKYIO on;eHKY O,ll.HOJ'O H3 HHX» (169, c. 231]. 
Pa6oThI <De~HMaHa 6hmn c,LJ,enaHhI B caMoi1. cepe,LJ,HHe XX B., H ce:Hqac 

Ha HHX MO>KHO B3rnHHYTh c 6onee OOlll.MX rro3HD;Hii p e.TI.SID;HOHHoro nowo.n,a, 

CYJ'Ky,LJ,a Bl1,.!J,eH rnaBHblli ,rr.ecpeKT ¢ eliHMaHOBCKOH ¢opMyJIHpoBKH KBaHTO

BOtt MexaHHKH: OHa He SIBHJiaCb IIOCJIC,11,0BaTeJibHOii pe:fI.SID;HOHHOt% TOOpHett, 

a 3aHHMaeT npoMe:»<yT01 .1Hoe IIOJlO)KeHHe Me)K,n,y 00lll.€IIPHH51TbIM TeOpeTHKO

noJleBblM no,rr;xo.n,oM 11 T..tHCTO peJI.SIIJ.HOHHott T eopHdL OT peJIHD;HOHHoro MH

ponoHHMaHHH B3 .SIT OTKa3 OT KRTel'OpHH TIOJie:H n epeHOC'iliKOB . B38.HMO,LJ,ett

CTBHH, a OT TOOpeTHKO-IIOJieBOI'O IIO,l(XO,LJ,a OCTaJIOCb HCIIOJlb30BaHHe CRMO

CTOSITeJibHOH KaTeropHH KJiaccnqecKoro npocTpaHCTBa-BpeMeHH. <l>eiiHMa

HOBCKaH ¢opMyJIHpOBKa KBRHTOBOH MCXaHHKH, KaK HepeJIHTHBHCTCKOH, TaK 

H peJIHTHBHCTCKOH, CTpoHTC.SI Ha ¢oHe y>Ke 3a.n,ai:IHOC'O TIJIOCKOro rrpocrpaH

CTBa-BpeMeHH. 9To OTpa)f(eHo )J,a)Ke B H83BaHHHX pa60T <l>eHHMa Ha no 3TOMY 
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oorrpocy. TaK, ero Ho6e.rreBCKa.H neKWfjl Ha3bIBaJiaCb; « P a3pa60TKa KBaH

Tooott 3J1€KTpo~MHaMHKl1 B rrpocTpaHCTB€HHO-BpeMeHHOM acrreKTC» (169). 
0cHOBOilOJiara10m.rur pa6ora no cpcAHMaHOBCKOH ¢opMyJ1HpOBKe KBaHTOBOH 

MexaHHKH Ha3bIBaJiacb: «flpocTpaHCTBCHHO-Bp eM€HHO.tt no,n.xo,n. K uepeJLSl

T l1BHCTCKOii KBaHTOBO.tt Mexamu<e» (168]. Ho B r J1. 12 H 13 noKa3aHO, ~ 

peJI SU\MOHHOMY M HpoIIOHHMfilfHJO COOTB€T(,'TBYeT peJI~H..J,MOHHhltt )Ke B3rJI~ 

Ha npHpOAY KJ18CCJiqecKoro npocTpaHCTBa-BpCMeHH. 

Cne,rr,ycT no,n.qepKHYTh, qTO 11cnonb30BattHe anpHopHo 3a)\8.HHoro npo
c rpaHcTBa- BpeMeHH Jle)J{HT B caMOM OCHOBaH~ npa K THqecKH Bcex H3BeCT

HblX cpopMynHpOBOK H HHTeprrpeTau;J-J.H KBattToBOii MexaHHKH. MMeHtto Ha 

3TOM ¢oHe onpe,n.eJI.SIJOTC.H cneu,ncpHqecKHe IlOH.HTIUI R BBOMTC5l nocryJiaTbI 

KBaHTOBO.tt TeOpHH. YcnemHoe npHMeHCHlie TaK nocrpoeHHo.H reopHH ,D.llil 

OilliCaHIDI MHOrHX .HBJieHJ-J.H MHKpOMHpa ,D.acT OCHOBaHHe noJiaraTb, ~ 

B MacuITa6ax KBaHTOBOH MeXatll1KH (l f'V 10- 1 CM) KJiaccwrecKHe npocTpalI

CTBeHHO-BpeMeHHbie OTHOIIICHH.H coxpaIDllOT CHJiy. 

0)1..HaKO HMeeTCSI H IUia.H TO'll<a 3peHlIB, COCTOSilll,aSI B TOM, t..fTO BBO,n;H

Mble ,D.OUOJIHHTeJibHblC UOHSITHSJ CBH,D.eTCJlbCTBYIOT 0 Heo6XO,D.HMOCTH 3aMeHhI 

KJiaccuqecKHX IIpocTpaHCTBeHHO-BpeMeHHhTX npe,n.cTaBJTe1m.H H a He l.fTO HHoe, 

1 ITO speMeHHO y ;,aeTC.H HMHT HpoBa1.'b .rr,onOJIHHTeJlhHblMH coo6p8.)J{CHHSIMH 

o6m.enpmrnTOtt KB8.HTOBOii TeOpHH. 9Ty M bICJib BbICK 83aJI 0,l].HH H3 C03,n.a

TeJiett KBaHTOBO~ MexaHHKH .J1yH ,n.e BpoiiJib, KOTOpb1.tt nHcar.r: «IloHSJTHSJ 

rrpocTpaHCTBa H BpeMeHH B3SITbl H3 ttaruero nOBC€,D.H € BHOI'O OilblTa H cnpa

Be,LJ,JIHBbl JIHmh ,ll)ISJ sraneHH.tt 6oJiblllOl'O Maclllra6a. Hy}KHO 6hlJIO 6b1 3aMe

HHTh HX ,n.pyrHMH IIOHSJTHSJMH, HrpaIOIU.HMH cpyH)J.aMeHTa.JlbHYIO poJib B MID<

ponpou;eccax, KOTOphie 6b1 acRMil'l'OTHqecKH nepexo~HJUf np:u rrepexo,n.e OT 

3JieMeH'rapHbIX npou;eccoa K Ha6n10,n.aeMhIM stBJieHHSIM OOhP-IHOro MaClllTa6a 

B npHBbI'q}JbJe uottstTHH npoCTp a Hcrsa H BpeMeHH. CTOHT .rrH rooopHTh, qw 
3TO oqeHb Tpy,n.Hrur sa,n.aqa? BhIJIO 6b1 y,u,HBHTe.JlhHO, CCJIH 6hl OKa3aJIOCb 

B03M0}KHbIM KOI',IJ;a-HH6y,D.h HCKJIIO'l.f.HTb H3 ¢H3nqecKott reopHH IlOIDITIIB, 

rrpe,n.cTaBJistlO~He caMyJO OCHOBY ttaIIIe tt noBce)J,HeBHo~ )J{H3 HH. IlpaB.n.a, 

ncropH.H ttayKn noKrobrnaer y,D.HBHT eJihHYJO nno,n.oToopHOCTh qe.rroBeqecKoa 

MbICJIB H He CTOHT rep.HTb Ha,n.e.>K,LlbI. 0 ,n.HaKO IlOKa Mbl He ,l].OOHJIHCh ycnexa 

B p acnpocrpaHeHHH Harn:ax npe,n.crasnemm: B yKroaHHOM HanpaBJieumr, Mbl 

,ll.OJI)J{Hbl c OOJihIIIHMH IDIH M€HblllHMH Tpy,n.HOCTSJMR BTHCHYTb MHKpOCKO

I111qecKHe SIBJI€HHSJ B paMKH IlOHSJT:uJi npocrpaHCTBa H BpeMeHH, XOTSJ Hae 

BCe BpeMSJ 6y,n.e:r 6ecnoKORTb l'.{YBC"I'BO, l:.}TQ Mb! IlblTa eMC..H BTHCHyTb a.JIM83 

B orrpaBy, KOTOpa.H e M y He no~O,LJ,HT» (13, c. 187). 
Ilo,n.o6Hb1A BOnpoc craBHJI A. 9.ttHIIITeHH, 3 aMC't.Jast, qTo «BBe.n.ettH.e npo

c rpaHCTBeHHo-BpcMeHHoro KOHTHHYYMa MO>KeT Cq}ITaThC.H rrpoTHBOeCTe

CTBeHHhIM, CCJIH HMeTb B BH)Iy MOJieKyJIHPIIYIO CTPYK'l'YPY BCero npoRCXO

,n.mner o B MHKpoMnpe»' HO B TO )Ke BpeMH IIOJTaraJI, qTQ OTKa.3 OT npo

CTpaHCTBeHHO-BpeMeHHOrO KOHTHHy yMa «CMaXHBaeT Ha IlOilhITKY ,D.billlaTb 

B 6 e3B03,IJ...YIDHOM rrpocTpaHC"I'Be». ,lI.ett<.,'TBHTeJibHO, npH paccMoo:·peRHH, Ha-
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npHMep, CTpOeHl1H aTOMa y)Ke HeB03M0)f{H0 )'TBep)K)J.a'l.'b, '4:TO . 3JieKTpOH 

HaX0,11,.HTC51 B KaKOii-TO onpe,Ll.eJieHHOii T()qKe, a np11xo.n.HTC5I roBOp11Tb 0 HeKo

TOpoM CTaII;HOHapHOM COC'TOHHHH, KOTOpoe M0)f(H0 BJIO)KHTb B K JiacCHqecKoe 

rrpocTpa uCTBO-BpeMH B BH,LJ.e HeKoToporo o6JiaKa B03MO>KHhfX nOJIO>KeH:Hti 

(aMIIJTHTY)J.hl BepOHTHOCT11) BOKpyr R.n.pa. ToqHo TaK >Ke HeB03MO)f(HO onH

ChIBaTb n epexO,D,bl Me>K,n;y COCTOHH11HMH aneKTpoHa B BH,ll,e KaKMX-TO K JiacCH

qeCKHX TpaeKTOpHii n pH 11cnycKaHHHX H nornom.eHHHX 3JieKTJ)OMarHl1THOrO 

H3JIYqeHHH. 

0 ;J,Hl1M 113 HaH6onee cyu.I.eCTBeuHhIX aTp1'16yToB KJlaccaqecKoro npo

CTpaHCTBa-apeMeHH HBJIHeTCH ero nenpepbIBHOC"'Th, Ha KOTOpoH OCHOBaHa 

BC.51 KOHI.(enu,IDI 6JlH3Ko.n.e:AC'rBltll H, cne,uoBaTeJihHO, .n.oMHHHpy10~a51 HbIHe 

B cp113RKe reopRH noJIR. Ho, KaK 3TO HH napa,n;oKcarrhHO, KBaHToBaH ¢n311Ka, 

IIOCTJX)euuaH B paMKax 'reop11~ fIOJIH, 0,n;HOBpeMeHHO CTaBHT no.n. BOnpoc 

cooiicTBO ttenpepbIBHOCTH. 06 3TOM Heo,n.HoKpaTHO IlHCaJI H caM P. <l>eliH

MaH: « TeopH51, corJiacHO KOTOpoii rrpocTpaHCTBO HenpepbIBHO, MHe Ka)Ke'I'C51 

HeBepHoii, n OTOMY qro OHa rrpHBO)l,HT K 6ecKOHe-.:.rHO 60JlbllIBM BeJll1'{.IHHaM 

H .n.pyrHM TPY,D,HOCT.HM» [ 169). 

Tpy;J,Ho OTKa3aTbC.H OT OCHOBOilOJiarvctIOIIViX ITOHH'l.'11H TeOpHH, HCXO)J,51 113 

3To:H >Ke reopHH, O,llllaKO rrocne,n,oaaTeJlbHbIH pe.rrnu,110HHbiii rro,n.xo,n. no3BO

JI.HeT B3rJI.HHYT b ua 3TOT BOnpoc Ka.K 6bI H3BHe, Ha OCHOBe 6onee o6w.11:x 
II0311~11ii. 

14.3. MeTo~ S-MaTP~ B KBaHTOBoii Teopim 

HaHBhicma£ CTa)l,H.H B pa3Bl1THH peJI5fU.HOHHoro no.n.xo,n.a K KBaHTOBOH 

reopllii CB.H3aHa c BBe,UeHReM MeTo.n.a 8-MaTpHU.hT. KaK y>Ke OTMeqarrocb, 

H,n;eH S-MaTp11'IHOro no,n.xo.n.a 6bIJia BbI,LI.BHHyTa ,ll.>K. YHJTepoM H B. reH3eH-

6eproM H p83BH'ffi B TeopHIO S-Ma:rpl1U,bl B 60-x rr. B Tpy.n.ax pH,LI.a aBTOpoB. 

llMeHHO B To BpeMH 6onhwoe BH.HMaHRe y,u;en.s:rnocb aHaJIH3Y ocnoBaH11tt 

KBaIITOBOH TOOpHH. 

14.3.1. CyTL MeToµ;a S-MaTP~I 

1. qpe3Bbyqa~HO Ba>KHblH ,LI.JLH l1HTepllpeTaU.HH KBaHTOBOii TOOpHH 

B paMKax MOHHC'rH'lieCKOH n a pa.JlHI'Mbl acneKT, co,nep>KHTC5i BO BTOpoM 6JIOKe 

aKCl10M rRJibOOpTOBa npoCTpaHCTBa B aKC110Max CKaJIBpHoro np0113Be,n.e

HH.H. OH cocT011T B TOM, 't.ITO Hap.HAY c npocTpaHCTBOM BeKTopoa cocTo.srnHt:i 

BBO,}J,H'I'OI npocrpaHCTBO co-BeKTOpOB COCTORHHii, H MeTpHKa ( CKa.TI.HpHoe 

npOH3Be,n.eHHe) onpe,n.eJI.HeTC51 ,LI.JIH napbl 3JieMeHTOB (aeKTOpa H CO-BeKTopa) 

113 ,ll,BYX p83HbIX npocTpaHCTB. 

HanoMHRM, IIOH5IT11e cocTOHllli51 11 aMnJI11Ty,JJ,bI aepOHTHOCTH ttaH6oJiee 

crporo <l:>oPMYJIHP}'IOTCH B aKC110MaTHKaX KBaHTOBOii MeXaHHKH. 0)1.Ha 113 

nepBhIX 6h1Jia pa3BHTa II. A. M. ,lJ.HpaKoM (55). B Heli 6b1JIH ncnonh3oBaHhT 
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IlOH.SJTH.H H MeTO/.l.bl 'l'eopHH rJ.tJih6eptI'OBa npOCTpaHCTBa Ii er·o o6o6~eHHR. 

KJI10qeaoi1 xapaKTep HMeIDT aKCHOMbI BeK'I'OpHbrx npocTpaHCTB, xapaKTe

p113y10m,11e CBO:ffCTBa COCT051Hl'.IM KBaHTOBhIX CHCTeM, H aKCHOMbl CKaJI.HpHbIX 

npoH3Be,n;eHH:H, - CBoeo6pa3HaH Me'l.'pHKa, xapaKTepH3yrorn;aH CBO'ii:CTBa OT

HOI.IJeHHii, - aMIIJIHTY,ll BCp0.SJTHOCTeit. 

9TOT ¢aKTOp flOCJlyJKHJI OCHOBOH Jl.JI5I IlOCTpoemrn CHa'lla.na reit3eH6ep

I'OBCKOH MaTpH'-lHOli ¢opMyJ11ipoBKH KBaHTOBO:tt MeXaHHKM, OIIHparo.w;eAc'51 

Ha IIOH5ITHe MaTp~bl 3JieMeH'l'OB, xapaKTepH3 YJOmJfX aMnJTRTY,llbl BepO.HTHO

CTH nepeXO)lOB Me)K,Lly BCeMH B03M0)f{HbIMH napaMH BeKTOpoB (ttal'..!aJibHbLX 

COCTO.HHH:tt) l1 co-BeKTOpoB (KoHeqHhJX COC'l'O.fIHH:tt) KBaHTOBOii CHCTeMhI, 

a 3aTeM Jl.JI.H nocrpoeHH51 TaK H83hIBaeMo:H meopuu S-.Mampu'4u B KBaH

rosoa Teopllli nollii. B nocneJT.Heit TaJOKe oupe,n;emnoTC.H Ha'llaJihHbie cocro

HHH.H 4> ( s )-oo (Ha MHHyc-6ecKOHeqHOCTH) H KOHel'.Iffbie COCTO.HHH.H CHCT€Mbl 

4,> ( r) +oo (Ha IlJIIOC-6cCKOHel'.mocTH) H' HI'HOpHpy5I ,n;a)f{e IlOCTaHOBKY BOilpoca 

0 npoMe:>KyroqHbIX COCT05IHH.HX, H3 caMbIX o6~HX npHHI.\HilOB IlbITaK>TC51 

BbIBeCTH aMIIJIHTYJl.hl Bepo.HTHOCTH nepeXOJl.a s ( s' r) Me)K,ll,y napaMl1 B03MO)f{

HblX COCTQj{HHA, xapaK'repH3yeMDIX HeKHMH o6o6.rn;eHHbIMH napaMerpaMM s 
11 r. 01'.IeBll)I.HO, qTo 3JJeMeIITbl 8-MaTpHI.J;hl npe,n;CTaBJUUOT co6o:tt Me'l'pHKY 

(cKa.mrpHbie up0113Be,n;eHHH) Me)l:(,ny 3JieMeHTaMH (BeKTOpaMH) Jl.BYX MHO

)f{eCTB. 

2. B 6o.n:bI.illlHCTBe pa6oT S-MaTp11~a BBO,lJ,HJiacb KaK B'l'Op11'l.1Hoe nOH51-

THe, HCXOJl.51 H3 ,u,eiiCTBHH 11JI11 JiarpaH:>KHaHOB TeopH11 noJI.51. O,r~HaKO p.H.IJ.OM 

HCCJie)'T.OBaTeJie:tt 6hIJI H36paH mIOii IIYTb - npe,Jl,Jlal'aJIOCb T"dK uepe¢0PMY

JU1pOBaTb KBaHTOBylO Te0p1110, qTOObl CTOJib ecTeCTBeHHoe ,llJI.H peJIIDJ,HOH

HOro MHponoH11MaHHR nOHRT11e S-MaTp11IJ.bI cTaJio 11cxo,D,HhIM, TOr,LI,a KaK 6o
nee npHBbl'liHbie IlOH51TH.H - BOJJHOBbie ¢YHKIJ.HH, ypaBHeHH.H, narpaH:>KHaHbI 

H ,z:q>yrHe - OKa3aJUICb BTOpHl:IHbIMH, BCilOMOI'aTeJibHbIMH. 

Bbnue y:>Ke OTMe'-IaJIOCh, 'ITO npaKTHl'.JeCKM BcerJl.a OJl.HY aKclioMaTHKY 

MO)f{HO 3aMeHHTb Ha HHYIO TaK, '-ITO HeKoTOpbie 'IWpeMbl rrepaoli: CTaHOB5I'IC51 

aKcHOMaMH BTOpoii. TorJl.a aKCHOMhI nepBo:tt craHyT reopeMa.MH Bropo:tt, 

0,lJ,HaKO B ,D;aHHOM CJIY'-Iae pel'.Ib lliJla He 0 npocTOM nepeonpe,rr,eJieHHH nep

BH'l.JHhIX 11 BTOplil'.JHhIX rroH.HTHti, a npeJl.JiaraJIOCh 3HaqnTeJTbuO 6oJibwee. 

3. Kax y)f(e OT Me1'.IaJIOCh, B o6.w;enpHH.HTOli KBaHroBoii TOOpHH npH

xo,u,HTC.H BbIXO,TUITb 3a npe,lJ,eJihI rHJib6epTOBa npOC'rpaHCTBa, - )1,JI5I p.H)l,a 

npoQeccoB HeKoTophte 3JieMeHThI S-MaTpHW>I nonyqa10TC5I 6ecK0He'-1Ho OOJib

UIHMH. B 8-MaTpHqffOM *e no~o)l.e npe,rr..rraraTIOCb HCXO,JJ;HTh H3 Bhipa>KeHHil 

JIHI.llb c 'K01·£e''{'H/bt.MU 31ta'l.£eUU.R,MU MaTpH''.!HbIX 3JieMeHTOB, Henocpe,u,CTBeHHO 

CB513 aHHbIMH c l13Mep.HeMblM}f BeJIHqHHaMH. 9TOT XO,il. MbJCJIH 3acraBJlH.ll 

nepeCMOTpeTb pH)l, IlOJIO)Keu11:tt cymeCTBYJOIIJ,e:tt TOOpHH. 

4. <l>opMyJIHpOBKa KBaHTOBOi1 TeopHH Ha OCHOBe 8-MaTpHqHoro 110)1,XO,ll,a 

e~e 6onee 1IpH6JJ.H3HJiacb K apHCTOTeJieBCKHM npHHI.J,HnaM TpHe,n;HHCTBa nep

BOHal'.faJia, T. e. K MOHHCTH'lleCKO:tt nap~HrMe. 0,n;HaKO 0Il51Th BCTa.BaJia 38r 

,n;al'.1a, c KO'I·opo:tt CTOJIKHyJic51 Ap11CTOTeJih, - Heo6x01'1iMO 6h1J10 cnyc1·11TbC.fI 
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OT o6m,Hx npHnu,1u10B TpHe,IT,MHCTBa K KOHKpeTHhIM noHHTM.HM H 3aKoHo

MepHOCT.HM qnn1PrncKoro MHpa. ~.ru:1 3Toro. HY:>KHO 6hlJIO ern,e onepeTbC.H Ha 

KaKHe-TO npHHIJ,Hilbl, Il03BOJUU011..Vle pa3BepHyTh CO,l.l,8p)KaTeJrhHYIO TOOpHIO, 

COOTBeTcrBy10uzy10 H3BeCTHO:A: qm3HKe. B 60-x rr. ,LI,JIH 3TOM u,eJIM a TeopMM 

S-MaTpHU,hI 6bIJIH HCITOJib30BaHhI np11Hu,Hnh1 JlopeHu,eBCKOii HHBa,p11attTHO

cTH, attaJIHTII'TIIOCTH, rrpMl.JHHHOG'TH M )]J>yrMe. Ol.reBH,ll,HO, q'ro 3'ro 03Hal.IaJIO 

BKJIIOl.IeHHe ,ll;OITOJIHHTeJihHhIX aKCHOM, COOTBeTCTBYJOU:t;HX 4-MepHIO <i:>H3H'-Ie

CKOro Ml:lpa, ero c11rHaType u ,LI,pyr11x. 

5. rJlaBHbie tta,rr,e:>K)lbl B03JiaraJU1Cb Ha C60UCmea a'ttaJl,UffiU'lt,'IWCffiU 

S-MaTpHU,bJ. Ilpe,Jl.narw10Ch nepeii'rlf K KOMITJTeKCHbIM 3HaqeHJHIM 3Heprnn:, 

TOr,JJ;a HHTerpl:lpoBaHH.H npOH3BO,ll;HJ1HCb B KOMIIJieKCHOH IlJIOCKOCTH H Ba)K

HYIO poJlb npno6pera.rrn: MeTO,n;hI aHaJIH3a KOMnJieKCHhIX nepeMeHHhIX c BhI

qeTaMM, rrpanHJiaMH o6xo,n;a 110.rrlOCOB 11 T. JJ.. B 3TOM no):O{o,n;e qacTHU,hI 11 11x 

xapaKTepHCTHKH onHChIBaJIHCh non10caMM B KOMilJieKctto:H IIJIOCKOCTH. TaK, 

B nepBOH IlOJIOBHHe 60-x rr. <l>. qblO IlHCaJI: «C HOBOH TQqKM 3peHH.H, S-MaT

pMu,a rrpe,n;C'l'8.BJI.HeTC.H H,ll,e8.TlbHO no.rvcO,n;HllI,HM HHCTpyMeHTOM )J,JU:I OTblCKa

HMH KJTIOl.Ia K MHKpoM11py. Bonee Toro, no Bcei1 BH,n;HMOCTH, 3TOT KJIIO'f 

y:>Ke Haif,n.eH - OH. co;.r,ep)Klf'l'C.H B aHaJIH'rHl.IHOCTH 3JleMeHTOB S-MaTpHU,hI KaK 

<}:>yHKU,HH HMTTYJlbCOB BXO,n;.HID;HX H BbIXO,n;.HI.l\HX l.JacTHII.~ (192}. 

14.3.2. 8-MaTp:nn;a II KJiacc:uqeCKOe npocTpaHCTBO-BpeM.sI 

HeKoropble 11ccJie,n;oBa:reJIH S-MaTp11qttoro no,n;xo,JJ;a rrpHIIIJIH K PHAY 
KOHQeITTyaJibHblX BhlBO,ll;OB, l.Jpe3BbJl.JaHHO Ba)f(HhIX )J,.JUI scero peJI.HU,HOHHOrO 

MHpc>IIOHHMaHH.H. 113 HHX Bb.l,ll.eJIHM ,n;Ba: o6 OTHOllleHHJ:l K KJiaCClfl.l8CKOMY 

npocTpaHCTBa-BpeMeHH B <i:>H3HKe MHKPOMMpa H 0 pOJIH MHKponp116opa. 

1. <l>. qblO - aKTHBHbIR HCCJie,n;oBaTeJib KBaHTOBOH TeOpHH IlOJI.8 cepe

,il,liHbl xx B. - H CBueii pa6o're c xapaKTepHblM Ha'3BaHHeM «COMHMTeJTbHaH 

poJlb upocTpaHCTBeHHO-BpeMeHHOro KOHTHHyyMa B MHKpOCKOfiHqeCKOH <i:>H-

311Ke~ IlHCaJI: «KaK 'I'OJibKO attaJIH'l'J1l.IHOCTb nonaraercB 683HCHbIM npHH

U,HHOM, H3 Hee BbITeKaer neBepoSITHoe ~111cno CJie,n;cTBHii. Ora.nn noK83a.TI, 

l.JTO see o6uvrn CHMMt.,YJ'pHH, JJ.0 3TOro CJieJJ,OBaBllll:le H3 TeOpHH IlOJIH, MO

ryT 6bITh BhIBeµ,eHhI w:3 aHaJIH'l'Hl.IHOC'I'H. Bo11ee 'roro, npe,n;nHCaHHH, KO'ro

pbre COCTaBJI.HIOT KBaHTOBYJO 3JTeKTpo,n;HHaMHKy, TaK:>Ke MOrYT 6bITb BblBe

Jl.eHbl. <l>aKTHqecKH, ece npe.n;CKa3aTeJibHbie B03MO:>KHOCTH, ,n;aBaeMbie Teo

pHe:ii non.H, MOfYT 6bITh BocnpoH3Be,n;eHhI aHa.rrMTH'{IecKo:H S-MaTpHu,e:H 6e3 
KaKoro-JIH6o ynoMHHaHHB npocTpaHCTBa-npeMeHH HJIM rroJie:H. Sho noJio:>Ke

Hl:le 6blJIO BnepBbJe BhICKa3aHO reJIJI-MaHHOM B 1956 r. If IlpOBepeHO 60Jib

IIIOH cepue:R IlOCJie,ll;)'IOl.QHX HCCJ1e,n;oBaHnlt, rrpoBe,D,eHHhIX TaKHMH aBTopaMH, 

KaK roJI,n;6eprep, J ioy, MaH,JJ;eJihCTaM, HHllIHJJ.:>KHMa, JlaH,II.ay, KyTKOBCKHH, 

<l>po:HccaT, CTann, IloJIKHHrOpH H ryncoH. 11 3TO ,ll;OCTH)KeHHe .HBJI.HeTCB 

TOJlbKO Ha'-IaJIOM~ [193, C. 535). 
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B 3TOI1 CTaThe ¢aKT1111ecKH n o,ll,II.H'l' "lpe3Bb1qai1:tto BmKHbIH Ko~en

Tya.TihHb1a BOilpoc 0 npHop1rrere KOOp,n.HHaTHOI'O HJIH HMilYJlbCHOf'O rrpo

CTpaHCTB B cPH3HKe MHKpoMHpa. I13BeCTHO, 'tlTO y)Ke B paMKax KJiacCH

~1ecKoi1 aHa.rrnTHqeCKOH MCXaHHKH npo.HBHJIHCb uop83HTeJThHble aHanOrHH 

Me)K,ny KOOp)J;HHaTHbIM H HMIIyJibCHblM OilHCaHHeM. Hanp11Mep, 3TO HMeeT 

M€CTO B KaHOHH'lleCKHX ypaBHeHH.s:rx raMHJTbTOHa, B K J1acCH"l€CKHX CKOOKax 

TiyaccoHa H B ,lq)yrHx noJIO)KCHH.Hx KJiaccw:.iecKoa MexaHHKH. E~e 6oJibWa£ 

aHa.TIOrI-1.H H CHMMeTpH.H KOOp,n.HHaT H HMIIYJihCOB npo.srnHJiaCb B KBaHTOBoa 

MexaHHKe H B KBaHTOBO'H Teop:mr IlOJI.H: B COOTllOUleHHIDC Heonpe,n:eJJeHHO

crea, B nepeCTaHOBO'illbIX COOTHOIIICHH.HX, B 3KBHBaJJeHTHOCTH KOOp,U.11HaT

HOrO H HMIIYJlbCIIOrO rrpe,n:CTaBJieHHit H T. ,n:. 9TOT cpaKT ,11,a)Ke 38CT8.BHJl 

HeKOTOpbIX BH,U.HhIX cPH3HKOB-TeopeTHKOB UOCTanHTb BOnpoc 0 TOM, ~ITO 

B cPH3HKe cne;zyeT CqHTa,Tb 6oJiee ¢y11,n:aMeHTa.TlbHbl M ( rrepBliNHblM): KOOp

,n:HH8:l'bl (Koop,n:HHaTHOe npocrpaHCTBO- BpeM.sr) H.ITJ.1 HMfiYJibCbl (HMilYJibCHoe 

IlpoCT})aHCTBO)? 

l'.fa CTaTbH qbJO CJie,n:yeT, qro Ofl BblCTyrraeT 3a n ep s HqHbIH xapaKTep 

HMilyJibCHOI'O IlpOCT})aHCTBa B cPH3HKe MHKpDMHpa, o nHCbIBaeMOH Ha OCHOBe 

S-MaTpH~rnoro rro,n:xo,n:a. 0.H npHIIIeJI K BhIBOAY, t.iTO «KO~erru,rur rrpocrpaH

CTBa H BpeMeHH HrpaeT B COBpeMeHttoa cPH3HKe MHKpOMHpa pon h , aHaJIO

m'tffi}'"IO ro:A, ~ITO Hrpan a¢11p B MaKpocK01rnqecKoi:t cPH3HKe XIX B.~ [193, 
c. 529). 

2. ,ll.pyroti aKTHBHhI:A np11Bep:>KeHen: reop HH S-MaTpHn;bI <I>. ,Ll.aticoH, o6-
cy:>K.Ua£ Tpy,LI,HOCTH c pacxo,n:HM()(,'T.HMH B MaTeMaTHqeCKOM a nnapaTe KBaH

TOBoa TOOPHH IlOJI.sr, Il11CaJI: «11o)f(HO HCTOJIKOBbIBaTb p 83JIH"C{HC MC)f(AY 

co,n:ep:>Ka~HM pacxo,n:11MOCTH raMHJibTOHOBbIM cPOPM8.JIH3MOM .11 cpopMaJIH3-

MOM c KOHe~IHOH S-MaTpnn;eii KaK p83JIH'IHe M C:>I<JJY ,n:ByM.H KapT MHaMH 

MHpa, paccMaTJ.>HBaeMoro ,II.BYM5I Ha6Juo,n:aTeJI.HMH, KOTOpbIC HMCIOT B CBOOM 

pacnop.HmeHHH p 83JIHl'.{Hhie H3MepHTeJibIIhie np116opw. TiepByIO KapTMHy, 

npe,n,cTaBJl.HIOIJl..YIO co6oif Ha6op KBaHTOBaHIIbIX IIOJieH c JJ0Ka.TIM30BaHHbIMH 

B3aHMO,n:ei1CTBIDIMH , BH,.U.HT Boo6pa)K8.eMbJj.t Ha6JJtq~aTe.rrb, annapaTbI KO

roporo He HMeIOT aTOMHoa CTPYKTypbl H TOqn OC'l'h liI3MepeHJifR KOTOporo 

orpaHHqJiBaeTC.sr TOJibKO cym,eC.'TBOBaHHeM cPYIIilaMeHT8JlbHhIX IIOCTOIDIHbIX 

c 11 h. TaKo:H Ha6JIIO,rr.aTeJ1h 6y,u;eT Ha3hIBaThC.H B n ocne,n,yIOI..U,eM «H,ll.e8Jlb

Hh1M» . BropYJO KaPTHHY, npe,z:i:cTaBnmonzyJO co6ott H a6op Ha6JI10,n:aeMbIX 

BeJIH "'UllI (no TepMH.HOJIOrHH re:A3ett6ep ra), Bl1)~J.1T pea.TihHbIM tta6mo,z:i:aTeJih, 

annapaTbl KOTOporo COCTO.HT H3 aTOMOB .11 3Ji eMeHTapHhrx TtaCTHll. H TO'tffiOCTh 

H3MepeHHit KOTOporo orpaHHq11aaeTC.sr He 'l'OJThKO TIOCTO.HHHbIMH c H h, HO 

TaK)Ke Ta.KHM H nocTO.srHHhIMH, KaK a u m. Pea.JihIIwit Ha6n10,n:areJih BbI

u oJIH£eT CIICKTpoCKOnH"leCKHe tta6JIIO,ll.€HH.H H npoH3BO,z:i:HT 3 KcrrepHMeHTbl, 

BKJIIO'"laIOU~C 6oM6ap,rr.HpOBKY a:rOM.HbIX CHCTeM p83JJHqHbIMH THna1vm B3aH

MO,n:ettcTBy10m,11x c y6aTOMHbIX CHaps:r,rr,oB, o ,n:naKO OH, H 8CKOJibKO m:tM ce:Hqac 

M3BeC'l'.HO, IIMKaK He MO)KeT H3MepMTb Ha np.H)KeHHOCTea OT,II.eJl b HOrO flOJT.H, He 

D03MYI..U,CIIHOI'O H pe3yJibTaTe B3aHMO/J,eliCTBli.H 3TOT'O IlOJI.H c ,n:pyraM IlOJleM. 
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11,n:eaJibHblH Ha6mo,n:aTeJTb, HCllOJib3Y.H CBOH annapaTbI T'ctK, KaK 3TO 6bIJIO 

onHcatto npH aHaJIH3e raMHJihTOHOBa ¢opMarrH3Ma BopoM H Po3eH¢enh,IJ,OM, 

1IpoH3BO,n:HT, Hao6opoT, 113Mepe1-m.H KaK P83 IIOCJie,n;Hero po,n:a, H HMeHHO 

B CBH3H c '1'3.KHMH H3MepeHH.HMH HHTepIIpeTH'.py10TC.H rrepccTaHOBOqffbJe co

OTHOllleHH.H ,ll;Jl.H IlOJielt. . . Ilapa,n:OKC 38.KJIJOqaeTC51 B ,n:e:i1CTBHTeJibHOCT11 

B TOM, 'ITO B HacTO~ei:f CTaTbe (a CTaThe ,[(attcoHa-/0. B.) npH Bhrno,n.e 

KOHeqm,rx Bbipame1nra npHXO,n:HTCH HCXO,n:HTb H3 6ecK0Heq11bIX Bblp3.)f(e

HH:i1. CooTBeTcrBeHHO 3TOMy CJie,n:ye:r O:>KH,n:aTh, qro 6y)J.yn~a.H TeOpH.H 6y,n:er 

rrpe~CTaBJl.HTb co6o:i1 He CTOJlbKO H3MeHeHHe HacTOHm;eti TeOpHH B cropoHy 

3aMeHbl Bcex 6eCKOHe"tIHbIX BeJIHqJfH Ha KOHeqHbie, CKOJlhKO TaKylO rrepe

CTaHOBKY OT,n:eJibHblX 'laC'ren TeopHH, IIOCJie KOTOpOH KOIIe'tiHhie BeJIH'IHHbl 

CTaHJT rrepBHqHbIMH, a 6eCKOHeqHhie BTOpHqllbIMH. ( ... ) raMHJTbTOHOB 

¢opMaJIH3M ,il,OJT>KeII BhICrynaTh KaK npe,lleJibHa.H ¢opMa OTIHCaHH.H MHpa, 

paccMaTPHBaeMoro Ha6n10,n:aTeJieM onpe,z:r,eJieIIHOI'O THIIa; npH 3TOM ,n:aHHhIB 

IIpe,LJ.eJI ,il,OCTHraeTC5J TOI'Aa, Kor,z:r,a ,z:r,onycTHMaH ,D.JIH Ha6JIIO,n:aTeJT.H TQqj-IQCTb 

H3Mepe1mti CTpeMHTCH K 6ecKOHe"tJHOCTH» [53, c. 237). 
9ro BhICK83hIBaHHe ,[(a:ttcoHa 3acTaBJT.HeT 3a,LlyMaTbC.H o6 ormcaHHH MaK

poup116opa B 6y,n:yw;ea TeOpHH. 

l1CXO,l.I,.H (,{3 pH,rra upe.zJ.BapHTeJibHbIX ycnexoB TCOPHH 8-MaTpHI.U>I, qblO 

3a,D.aeTCH BOilpOCOM: «IlO'ieMy )Ke TOr,z:r,a He HaOJIIO,ll,aeTC51 naHH'leCKOI'O 6e~ 

C'l'Ba c;l:>H3HKOB OT TeOpHH llOJIH H rrpoCTpaHCTBa-BpeMeHH B pacnpoC'repTbJe 

OO'h.HTHH attaJIHTHqecKolt reopHH S-MaTpHUb1?~ qhlO OO'h.HCH&TI aTo KOH-. 

cepBaTH3MOM cpH3.HKOB H IlpHBblqKOH OIIHCbIBaTb )l.HHaMHKY rrocpe,n:CTBOM 

ypaBHeHHii IIOJIH, Bbipa)Ka.H yBepeHHOCTb B TOM, ~l'I'o 3TO BpeMeHHOe .HBJieHHe: 

«<l>H3HKa ,n,na,n,u.aroro CTOJieTHH y)Ke HCilbJTaJia ,n:se )KlfBHTeJibHhie peBOJIIO

I..l,HH - B BH,D.e TeOpHH OTHOCHTeJTbHOCTH 11 KBaHTOBO:i1 MexaHHKH. Ce11qac MhI 

CTOHM Ha nopore TpeTbeH» r193, C. 539). 
,[(aHHaH CTaTbSl 6bIJia ttarrHcaRa B cepe,n:mre xx B.' HO ¢H3HKa B )l.BaAAa

TOM cTOJieTHH T'c:1K 11 He nepecTyIIHJia nopor TpeThe:H peBOJIIOJ.\HH. BpeMH 

noKa3aJIO, 'ITO npHHI.J,11n aHaJIHTWIHOCTII S-MaTpHIJ;bI OKa3a.11cH He CTOJlb 

cpyH~aMeHTaJibHhIM, q'J'06bI ITO)l.HHTb ¢H3HKY Ha rrpHH~HITHaJibHO HOBblM 

ypoBeHb - uepeHTl:I K MOHHCTWieCKOH napa,n:HI'Me. 0,ll.HaKO 3TO He YMaJI.HCT 

pOJTb S-MaTpH~hI B KBaHTOBolt ¢~3HKe. IlpaBHJlbHee 6hJJIO 6b1 cqH'TaTh, 

qro CJie)J.yer HCKaTb HHb1e Kn10~1eBhm caoi1craa S-MaTpH~hI, ,z:r,eltcTBHTeJibHO 

HMe10uv1e cl>.YHAaMeHTaJihHhiii xapaKTep. 

14.4. BimapHhle c:ecTeMhl oTHomemm 

I3peMeHHO OTCTyilHM OT o6cy)K,IJ.eHHB cyw;eCTBCHHblX ,D.JI.H peJI.H~HOHHOI'O 
110,rr,xo,n,a H,lI,eit, Bhl,rv3HHYThJX B paMKax HCCJie,n,oBaHHH KBaHTOBOM TeOpHH 

m:~Jrn, H yKa>KeM H~eH: ccpopMyJIHpoBaHHbie B coBepmeHHO HIIOli o6nac-rH -

B paMKax KJiacCH'tleCKOit cpH3HKl:I. KaK HX aB'l'OPhI , TaK H HX KOJIJierH He 

ycMaTpHB8.JIH Henocpe,n:CTBeHHOH CB.H3H 3THX H,lI,eH RH c TeOpHeH npBMOI'O 
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Me:>K'l'.1acT111:.n10ro B3a1:1Mo,n;e:AcTB1u1, HM c KBaHTOBOH Teop1:1en n0Ju1. OH1:1 6blJIH 

BhI,lJ.BHHYThI TaK:>Ke B 60-x rr. 1:1, KaK OK83aJIOCh anoCJie,n;c TBHH, y,n;HBHTeJihHO 

no,n;xO,ll,5IT ,ll.Jl.H nepe¢opMyJIHpC>BKH KBaHTOBOit MeXaHHKH B ,Ayxe 8-MaTpHq

Horo rro,n;xo,n;a. 

B CB.H3H c 3THM eme p83 ttanoMHHM 'l'.ipe3BbI'l.Iai1Ho Ba)f(Hoe o6c To.HTeJib

cTBO, c¢opMy.rrlip0BaHHOe B aKCHOMaTHKe ,il.HpaKa KBaHTOBOit TeopHH, OT

CYTCTBOBaB111ee B peJI.H~HOHHbIX npe,n;CT8.BJie1nurx 0 npocrpaHCTBe- BpeMelrn 

H B nepBbIX BapHaH?d.X KBaHTOBOH TeOpHII, - BBe,n;eHbl ,n;Ba BH)1.a BeKTOpHbIX 

npocTpaHCTB, OITHCbIBaIOl.IlHX HaqaJibHbie Ii KOHC'l'.!Hbie COCTO.HHH.H CHCTeM. 

AMn.rr1:1Ty,n;h1 aepo.HTHOCTH 3a,n;a10Tc.H Me)K)JJ' BeKropaMH ( 3JieMeH'IaMH) ,n;ayx 

npoTHBonoJ10:>KHh1x MHO:>KeCTB. KaK 6y,n;eT noK83aHo HH:>Ke, 31.'0 ¢aKT11qe

CKH 03Haqa.JIQ OCHOBaHHe HOBOro BH)1.a peJI.HU,liOHHbIX TeOpliii - 6HHapHbIX 

(TOO pl.Iii 6.HHapHbIX CHCTeM OTHomeHHit)' KOTOpbie 1:1rpa10T KJIJO'l'.IeBylO poJih 

B o6cy)K,ll.aeMOH Hli:>Ke 6.HHapHOii reoMeTpo¢H3HKe. 

14.4.1. Ilp~ 6HHapHOH reoMeTpHH 

B xo,u;e aHaJIH3a np1:1H~1:1noa HhIOTOHOBOH MexaHHKH 1:1 t,'.>€ B03MO)f(HbIX 

o6o6iqettttli IO. ll. KyJiaKOB noK83aJI [90, 92], q T o , ,n;elicTBy.sr 'ro'l'.IHO no TeM 

:>Ke apamrnaM, KaK H B 'reopnn yttapttbIX cPH3HqecKHx cTpyKTYP (Ha O.LIHOM 

MHO:>KCCTBC 3JieMeHTOB)' MO:>KHO TIOCTpOHTb co,n:,ep)J(aTeJibHYJO TeOpHIO Ha 

,n;ayx MHO:>KeCTBax s.rreMeHTOB. KpaTKO no.srcttHM ocHOBHhie noH.HTH.H H npHH

U.HilhI TeopHH 6HHapHbIX CIIC'reM OTHOIIICHHH B HaH6o.rree o6iqeM BH,n:,e. 

1. Ilocry111:1pyeTC.H, T.fTO HMeeTC.H He 0/1,HO, KaK B CJiyqae yttapHbIX CIICTeM 

OTHOIIIeHIIH, a ,LI.Ba MHO:>KeCTBa HeKIIX 3JieMeH'l 'OB. 06o3Haq11a nepBoe MHO

:>KeCTBO CHMBOJIOM M , a aropoe - N, 6y,n;eM xapaKTepH30BaTb aneMeHTbI 

rrepBoro MHO)f(eCTBa JiaTHHCKHMH 6yKBaMM ( i, j, k, ... ) ' a 3JieMeHThI BTOporo 

MHO:>KeCTBa - rpeqeCKMMM (a, {3, /, ... ) . 
2. Me)f()JJ' 11l06oii napo.H aneMeHTOB 113 pa'3HhIX MHO:>KeCTB 3a,rr,aerc.H 

napttoe OTHOIIIel'me - neKOTOpoe semeCTBeHHoe IIJllI KOMnJieKCHOe 'IIICJIO Uio. 

(CM. pHC. 14.3). . 
3. KaK 11 B c Jiyqae yttapHbrx crpyKTyp, nonaraeTc.sr, qTo HMeeTc.H tteKHH 

M2e6pau"'leC'JCUU 3a?Wtt, CB.H3bIBalOUI,Mii ace B03MO:>KHbie OTHOIIIeHH.H M€)1().f.y 

JII06blMH r 311eMeHTaM11 MHo:>KeC'rBa M 11 s 3neMeHTaM11 MHO:>KeCTBa N: 

cI>(r,s) ( Uio:, Ui{3 1 • •. , u1c--y) = 0. (14.4.1) 

I.:(enbie q11cJm r H s xapaKTepH3ylOT paHr ( r, s) 61:1ttapHoi1 CTPYKTYPhI 

(cHCTeMbI .arttomeHMR) . O'l'.JeBH,n;Ho, qTo cPYHKU:H.H 4>(r,s) B (14.4.1) renepb 

3aBMCHT OT r x s apryMeHTOB. 

4. 0Il5!Th, KaK 11. B cnyqae yttapHbIX CHCTeM OTHOlllCHHfi, HCITOJlb3YeTC51 

npuuv,un <fiyuiJa.MettmM'b?-lou cu.M.Mempuu, T. e. noJiaraeTC.51, qTo 3aKOH 

(14.4.1) 6y;:r.eT cnpaBe,IT,JIHB npH 3aMeHe 3JieMeHTOB i,j, .. . M a,{3, . .. Ha 

Jiio6hte )J.Pyrtte 3.TieMeHTbl COOTBeTC"TBYJOUI,HX MHO:>KeCTB. 
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s 3JieMeHTOB 

• l 

r 3JleMeHTOB Ba3HC BCKO 

PHc. 14.3. B HHapHasi CHCTeMa OTHomemd:\ (cTpyKTypa) paHra (r. s) 

5. ECJIH npe,rt;IIOJTO)lUITb, qTO aea .M,'HOO/Cecmea :J.!te.Me,,.tmoe ,R,6./1,Jl?Offic.R, 

'Henpep'bU3'H,'btMU, TO HaJIHl.fHe Q:>yH,LJ,aMeHT8JibHO:f:t CHMMeTpH11 II03BOJUieT 3a

IIHCaTb <i>YHKll,liOHaJlbH O-)l.H#epeHUHaJibHbie ypaBHeJrn.Sl H J.13 HHX H a HTH 

BH,lI, KaK n apHbIX OTHOllleHHH Uia, TaK H Ca~ty ci>YIIKW1IO cp(r,s) ( Uia, ... ) . 

B noCTpOOHHoii Ha 3THX npnHu,nrrax TeopHH B03HHKalOT attarrorn rroH.SI

T H:H KOOp,lI,HHaT B reoMeTpHH HJIH KOMilOHeHT BeK1'0POB, KO'l'Opble HMelOT 

TOT LKe xapaKTep, qTO H B TeOpHH yHapHbrx CMC'l'eM OTHOUJeHMA. "lfTOObl 

K HHM IlpHATM, OillITb B 3aKOH e (14.4.1) Hy.>KHO IlOJIO.>KHTb r - 1 3JleMeHTOB 

MHOLKeCTBa 9J1 H s - 1 aneMeHTOB MHO.>KeCTBa SJ1 :Jma.1ioH'H/btMU. Tor ,rr.a Ha 

aTOT 3aKOH MO)KHO CMOTpeTb KaK Ha COOTHOI.IIeHHe , orrpe,LI,eJI.HIO~ee napHoe 

O'l'HOllieHHe M e)K,n,y ,ll,BYMH OCTaBllJHMHC.SI He3TaJIOHHbIMH 3JieMeHTaMH ( rryCTb 

3TO 6y,n,yT a.neMeHTbI i H a) qepe3 HX OTHOllieHH.Sl K 3'raTIOHHbIM 3JleMeHTaM. 

0THOllleHli.H .>Ke Me)K,ll,y caMHMH 31'8.TIOHHblMH 3JieMeHTaMH MO.>:KHO C"lHTaTb 

p 83 H mwcer,LJ,a 3a,n;aHH hIMH. Tor,LJ,a OK83bIBaeTC.SI, qTO napttoe OTHOIIIeHHe 

Uia xapaKTepH3yeTC.H s - 1 rrapaMeTpaMH ( KOOp,lJ,.HHa:raMH) sJieMeHTa i ( ero 

OTHOIIIellll.SIMH K s - 1 3TaJIOHHblM 9JleMeHTaM MHO.>:KeCTBa 91) 11 r - 1 
rrapa:rvie:rpaMH aJieMeHTa a. 

6. 0Ka3aTIOCb , qT() 3aKOHbI 6nttapHblX CHCTeM OT HOUleHUA 3an.HCbIBa

IOTCK B BH,LJ,e paBeHCT B uyJIIO onpe,LJ,eJTUTeJieA .H3 u apHblX OTHOIIIeHH'ti. 0IDITb, 
KaK H B cnyqae yttapHbIX CHCTeM OTHOU1€HHM, B U OCTpoeHUH TOOpH.H H ee 

HHTepnpeTa~H.11 KJllO"t.JeByJO p0Jlb HrpaIOT MHHOpbI onpe,n;eJIHTeJI.fl, qepe3 

KOTOpbm 3anucatt 3aKOH 611HapHoa CH CTeM OTHOwen11a. 

7. CyIJJ,eCTBeHHO n o,rr.qepKttyTh, 1-ITO p 83BHBaeMaH TaKHM o6pa30M reo

PH.H OilHpae'l'C.SI H CKJTJO'iUTeJThHO Ha CUCTeMy BttyTpeHUHX IlOH.SITH~, T. e. He 

HY)K,Il.aeTC.Sl B npHBJie"tJeHHH nocropoHIIHX ci>aKTopoa, HanpHMep K JiaccM1-1e

CKax. npoCT paHCTBeHHO-BpeMeHHblX 11 p e1'CTaBJieHHtt. 
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14.4.2. BH,ZJP1 B03MOlKHLIX 6m1apHLIX cucreM OTHomemdi 

IO. M. KynaKOBbIM 6b1Jia nocTaBJieHa 3~aqa uaxo)K,ll,eHHH Bcex B03-

MO)f(HblX 61U1apHbIX CTJJYKTYP ( 6ID1apHblX CHC'l'eM OTHOUJeHJdi)' HCXO,ll,H 113 

Haii)~euuoro HM rrpoc-reitUJero np11Mepa - 61111apHoit CTPYKTYPhI paHra ( 2 .2), 
B TepMMHax KOTOpoit B rJI. 4 6hIJI 3an11caH 2-ti 3aKOH HhloToHa. ,Il,.rnI cnyt.JaH 

ee~ecmeett'H/blX om1ww.eHuu 3Ta 3a)J,aqa B caMOM o6w,eM B~)J,e 6b1Jla perneHa 

ero y"tieH11KOM r . f . iV!HXaHJIHqeHKO (CM. (90)). 0TBJieKruICh OT BCeX MaTe

MB:l'H4 eCKRX )J,e'I'aJI.eti, oxapaKTepH3yeM IIOJiyqeHHhiti pe3YJib'ffiT. 0Ka38JIOCh, 

c~eCTBYIOT 611HapHbie CHCTeMbI BeuwcTBeIIHbIX OTHOmeHHH (BCBO) He 

Bcex MbIC.ITHMbIX paHrOB ( r, s)' a TOJibKO 1.'pex THIIOB paHr'OB, H3o6pa)l(eH

HbJX ua pHC. 14.4. r,n;e no BepTHKaJlbHOH OCH O'T'JJO:>KeHbl 3HaqeHH.H s , a 110 

s 

6 

5 

4 

3 

2 

1 2 3 4 5 6 r 

PHc. 14.4. Cym,ecTBy1011.~11e 6HHapHbie CHCTeMbl BeDJ,ecTBeHHbD< oTHomeimtt 

rop113011TaJihHOil oc.11 - r. K aK BH)J,HO H3 p11cyHKa, cy~eCTBYJOT CJieAYIOIUHe 

BCBO: 

1) H a rJiaBHOH ,IJ.HaI'OHMH BCBO paHrOB ( r, r), r,n;e r ~ 2; 
2) Ha ,n;Byx no6o"-1HbIX )1,llarottrurnx BCBO paHrOB (r ± 1, r); 
3) H CKJll04wreJibHaJI BCBO pattra (4,2) R 3KBHB 8JieHTHa5I ei1 BCBO 

paHra (2,4). 

r. r. MHXaHJIHqeHKO HallieJI BCe B03MO>KHhie BH)1,bI 38.KOHOB )l,JI.H CHCTCM 

OTHOllleHHti Ila3BaHHbIX paHrOB. Tio,n;qepKHeM, l'.JTO, B OTJIH"-lHe OT c.nyqa}l 

yHapHbIX cTpyKTYP )l,JI.H 6HHapHbIX c11cTeM OTHOIIIeHHH, 3Ta 3a,L1,at.Ja pellia

eTCH B o6~eM BH,ue. B l'.faCTHOCTH, 6bIJIO IlOKa3aHO, q'I'() )1,.IT.H CHCTeM OTHOille

HHH CHMMeTpHqffbIX paHI'OB HMeeTOI ,n;Ba H TOJibKO )1,Ba BH)1,a perneHliH. ,ll,n.s:r 
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0)1,HOro BH,LI,a 3aKOH npe,LI,CTaBJI51eTCa B BH,LI,e 

Uio Uif3 

UJca Ukf3 

u_ja Ujf3 uh 

r,LI,e rrapttoe OTHOllleHHe npe,LI,CTil.BJlSieTC51 B ¢opMe 

r - 1 

uik = Lilci. 
l= l 

= 0, (14.4.2) 

(14.4.3) 

3 . ·l ·2 -r-1 1 . · 1 2 r-1 ,LI,eCb i , i , · · · , i - · r - napaMerpos 3JieMeHra i, a a , a , · · · , a -
r-1 napaMeTpDB 3JieMeIITa Q . chOT CJiy"(1atf MO:>KHO C'CJ:HTaTb OOII.zyIM; OC'ffiBHM 

,LI,JIH Hero npe>1<1iee o6o3HaqeHHe paHra ( r, r). 
Bropoe pemeHHe COOTBer<."l'Byer 3aKOHy 

0 1 1 1 
1 aia O.if3 

1 a1ca akf3 

1 aja ajf3 ah 

r,n;e napttoe OTHomeHHe ~k npe,LI,cTann.sieTCH B ¢opMe 

r-2 

aik = L ilal + i'·-1 + ar- 1 _ 

l=l 

(14.4.4) 

(14.4.5) 

3,n,ecb on.HTb npHcyTCTBYIOT no r - 1 napru.1erpoB Ka)K,LI,Oro H3 ,LI,Byx 3JTeMett

TOB, O,n;HaKO no O,IT,HOMY 113 napaMeTpOB OK83bIBaIOTC51 Bbl,n;e.neHHhlMlL ,Il,JT51 

3TOro CJiyqaH paHr 6y,n;eM o6o3HaqaTb CI-t MBOJIOM ( r ,r;a). 

B pa6oTax B. X. JlbBa [96) , ~eHHKa IO. M. KynaKoBa, 6h1JT0 nOKa3aHo, 

qTQ 6HHapHbie CHCTeMbl OTHOilleHHa p attra (r,r;a) MO)KHO IlOHHMaT h KaK 

CBOero po)..l,a eupo:>teik'H'H,'bte 61111apHbte CHCTeMhI OTHOIIIeHHa 6onee BhICOKOro 

panra. 

He 6y.n,eM Bh1nHcb1na-rb 3aKOHhI H naptthm OTHOIIIettnH Ha TioOOq}JhIX 

JTHHHHX pHcyHKa H MSI ,LI,Dyx l:lCKJIIO'U1'l'eJlhHhIX 6HHapIIbIX CHCTeM OTHome

uID1 paHroB ( 4,2) H (2,4), IlOCKOJlbKY OHM 3,D;eCb ue 6yAYT 11CTIOJTb30BaTbC5J 

(CM. (32, 92)). 

14.4.3. Cne.n;cTBH.H OTKpl:dTH.H 6H1IapuL1x reoMeTpHii 

0TKpb!Tl:le 611HapHbCX CHCTCM OTHOwe1111i% npMBO,UHT K p.H)zy ,LI,aJTeKO H/I,,y

IIJ,HX CJie,LI,CTBI-111, Ba)KffhIX ,[1.JIH I10CTp0€HH5I peJISIU,HOHHOI'O MHpoilOHHMaIDUL 

H83oBeM rJ1aBHhle H3 HMX. 

1. TeoplUl 6nHapttb1x CHCTeM O'rHoureHHH crrpOMTC5I no o6p83y 11 110,n;o611IO 

TeOpMH yHapHblX CHCTeM OTHOilleHHR, COO'I'BeTCTBYJOll.J,MX, KaK 3TO 6bIJIO no

Ka3aHO R rn. 12, o6merrp11H5IThIM reoMeTpMRM. Cnc,IIOBaTeJlhHO, ttai\):(eHHhm 
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B rpynne KyJiaKoBa 611HapHbie ¢1nw-1ecKHe CTPYKTypI>1 ( 6HHapHbie c11cTeMbI 

OTHOilleHHR) MO:>KHO TpaKTOBaTb KaK HOBblH KJiacc 6uuap'H'blX zeo.Me7npuu, 
B KOTOpbIX MQ)KHO BBeCTH aHaJlOrH MHOrHX H3BeCTHblX reoMe:rpnt.JeCKHX 

rrOH.SITHii, HarrpHMep o6'beMoB, nJiom;a,n.ett 11 T. ,rr.. 

2. B HCCJie,rr.oaaHH.SIX rpynrrhI Kynaxoaa 6b1JI0 .UOKa3aHo, 'ITO omcym
cmeywm·uempueuaAt>uue codep~ameA'btt'ble meopuu mepuaptt'bl.T, mempad
'H'blX u m. a. cucme.M 6eW;CCm6e'H/H'blX omuow,euuu. Cne,r:i;oBaTeJibHO, np.lipQII.a 

orpaHHqlfJiaCb CJiyt.Ja.SIMH 61111apHhlX H yHapHblX CHCTeM OTHorneHH:A, npHt.JeM 

TOOpH51 6HHapHblX CHCTeM OTHOilleHH:A OKa3aJiacb 3Hal.JHTCJibHO nporr~e TeO

pHH yHapHbIX CTPYKTYP· 8To yme OTHOCHTCSI K c¢epe MeTa,¢H3HKH. 

3. Yuapu'ble cucme.M'bt omuoweuuil, Mo~uo noAyatum'b ua 6uuapu'bl,x cu
cmeM 07nuoweuuu cne~HaJibHOM «CKJieMKOM» 3JieMeHTOB H3 ,IT,Byx MHO.>KeCTB 

B HOBbie 3JieMeHTbl y)Ke 0,IT,HOI'O MHO)KeCTBa, rrpMqeM OTHOilleHH.Sl Me)K.n..y 

HHMH CTpo.SITC51 H3 nepBlfl'.IHbIX 61-mapHblX OTHOilleHt-ri%. 8·ro IlO.SlCHeHO Ha 

pHC. 14.5. 

N 

M 

M' YCBO(s) 

PHc. 14.5 . Ile pexo,n. OT 6HHapHblX CMCTe M OTHOIIIeHlm K yHapHbIM CMCTellvtaM 

OTHOIIIeHHf.i 

Cne,rr.oBaTeJibHO, eCTb ace ocHoBaHM.SI nonaraTh, qro 6unapu'bl.e cucme..Mu 
omuoweuuu mecno ceR3an'bl c Mema<fru..3u1wu, onuc'bleawm 6oAee zAy6o?CUe 

oc'H.06'bl Mupo3Jawu.R, ue:JteeAU o6W;enp·u'HJtm'ble ( Y'Hapu'ble) zeoMempuu. 
4. B Teoptt.six r eoMer pw-1ecKoro M11ponOHHMaH11.si CTaBHTC.SI 3a,n.aqa reo

Merp113a1i.1111 OCHOBHbIX noa£THii cpH3HKH 11 pa3pa6oTKH o6ne,rr.HHeHHhIX MO

.u.ene.H cpM311qecKMx B3aMMo,rr.e:AcTali:A Ha ocHoae o6b1qHo:A, T . e . yHapttoii reo

MerpHH. B Teope.r11Ko- rroneBoM no.nxo.lle cpH3HKa CTpOHTC51 Ha cpc>He yHapttoli 

reoMerpHH. 0.llHaKO TTOCKO.HhKY cym;ecrBylOT 6onee 3JieMeHTapHbie 6Httap

Hbie reoMerpH"l'.JeCKMe KOHCTpyK~HH, TO, ecTeCTBeHHO, B03HHKaeT MbICJib -

nOAO~Um'b 6 OC'HOBY np02paMM'bl zeoMem,pU3Q,V,UU <f>u3U'ICTJ, UMC'H'HO 6u-
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'Hap'H'bte cucme.M'bt om'Howeu1d1. TaK Fl npe,rr,JiaraeT<~}r 1~e.naTh B 6RHapHoii 

I'OOMeTpOcPH3FIKe. 

5. B rroJib3y nepexo)l.a K 61'rnapttoii reoMeTp:mi rosopHT H c.rre,rr,yroll.J,ee 

00cT05£TeJTbCTBO. 'Y )Ke H€0,II,HOKpaTHO OThfe'tJaJIOCb CBoeo6pa3HOe F13BJieqeHHe 

«KBa,npaTHbIX KOpHeii» H3 upllBbP:·IHbIX KJiaCCH1..:i€CKl!IX BeJTFll..:iHH Fl COOTHOille

H HA. Ilpe)K,II,e Bcero, c.rre,rr,yeT Ha3BaTb CilHHOpbJ KaK «KBa,rrpaTIIble KOpHH 

H3 BeKTopoB». A:nanorHqHbIM npHMepoM HBJUieTC5r aae,u.e:nRe aMlIJIFITYll. se

po£THOCTff B KBaHTOBOt-1 M€XaHHKe «KaK KBa,Lij)aTilhIX KOpHeH H3 KJiacCH

TIOCKOii BepoRTHOCTH ». B o6m.eii TeopRH OTHOCHTeJibHOCTH npH onucaHHH 

CilFIHOpH blX qacTfll.{ Ba)f(Hy10 po.rrb HrparoT Te'I'pa,lJ.bI, KOTOpbie TaK)Ke MO)KHO 

paccMaTpHBaTb KaK CBoeo6pa3HhIC «KBU./IPa'I'Hhie KOpHFI 113 KOMJlOHeHT MeT

p111..:iecKoro Ten3opa». IlpFIMeqaTeJibIIO, ~o Bee Ha3aai1ub1e 11pF1Mepb1 TaK 

HJ!FI HHal..:ie CBH3aHbJ c KBaHTOBOii TeopHeii. 0TKpbITHe 6H:napHblX reoMeTpHii 

CJI€AYeT nocTaBHTb B O,I:J;l.1.H p.H,LI, c Ha3BaHHhll\.lli npFIMepaMH, T. e. 6u'Hap'Hy10 
zeo.Mempuw MOafC'HO 'Ha36am'b «'IWp'He.M ~6ai}pam'H'bt,.M ua 06u11.tnou ynapHm'J, 
zeo.tvtempuu», B TOM CMbICJIC, qTO, «CK.1T€HBa£» )I.Ba MHO)KeCTBa 3JICM€HTOB 

611HapHOii c11.c-reMhl OTHOilleHFIH, n o.rry•iae.M O,lI,HO MH0)K€CTBO ToqeK 06b1qHOE 

I'OOMe'TpHH. 

14.5. BhIBO~I H 38Me-qaIIHSI 

llcxo)l.£ H3 Fl3JIO)KeHHoro B 3TOH r.rrane, .MO)KHO c,u.e.rraTb pH,II, BbIBO,lI,OB. 

1. <I>eiiIIMaIIOBCKYIO Q:>opMyJIHpOBKY KBaHTOBOii MexaHHKH, HOCMOTp.H Ha 

HCXOAHJIO peJI.Hl.l,HOHHYIO MOTHBHpoBKY: . H€Jlb351 O'rHeCTFI K noc.rre,n.oaaTeJib

HOii TeopHH pc.7UIU.HOHHoro MHPOno11HMa1msr. .AttaJIFl3 nOK83hrnae1~ qro OHa 

3aHHMaeT npoMe)KyTOqHOC Il0JT0.}K€11Fle Me:>K,rr.,y TeOpeTFIKO-IIOJieBbIM H pe
JIHl.l,HOHHhIM no,n,xo)l.aMH. B tteii OT reoperHKo-rroJiesoro MMponott11Ma1IB.H 

B3HTO anpHOpHO 3a,lI.aHHoe KJlacCHl..:iecKoe IIpoCTpaHCTBO-BpeMH, a OT pe.71.Sl

~HOIIHOro MHpoITOHHMamrn - ,D;a.JlbHO,ll,eiicTByIOIII,Hfi xapaKTep cPFl3Hl..:iOCKHX 

B3aHMO,JJ,eiiCTBHii. 

Mo)KHO CKa3aTh, qTo <l>eiiHMaH ocTaHOBH.TIC}l Ha no.nrryTH. O nHcaB pe
JISIIJ,HOHHbI M o6pa30M cPH3Fl'iecKJfe B3aHMO,n,eikTBH5J' OH He 3aTpoHyJI CJTH 

KJiacCH1..:i€CKOro npocTpaHCTBa-BpeMeHFI, - OHO OCTartOCb npe)KillIM. 0,n;HaKO 

caM c:t>aKT OTKa3a OT rro.tre.H nepe:nocqHKOB B3aHMO/~eiiCTBHfi CBH,IJ,eTeJlbCTByei· 

0 IIOTepe npocTpaHCTBOM-BpeMeHeM o,n,noro H3 rJiaBHbfX CBOHX Ha3Hal..:ie

HHH - 6bITb ¢onoM, Ha K01'0poM orrpe,rr,e.rrenhI H pac npocTpaHHroTC.s:r noJrn 

B K0Hll,€1TIJ,HH 6JIH3KO.D,ei1CTBFIH. 9TO OTMel..:iaJIOCh MHOI'HMH HCCJTe/~OBaTeJIBMH 

KOHIJ,€Illl,RH /~aJibHO)l.€ECTB11.H, npHXO,IJ,HBIIIHMH K BhIBO,II,y 0 tteo6xoitu.Mocmu 
ucno.J1:baoeaHUJi pe.ti.R~UO'H'HOU ~O'H'4en'4UU ca.Mozo npocmpa'Hcmea-epe.Me'Hu, 

0,LJ,HaKO 3TO ·Ta.K H He 6bIJIO BHeceHO B ¢ei1HMaHOBCKYIO cPoPMYJIHpC>BKY 

KBaHTOBOii MCXaHHKH. 

,LI;.rnI rrepexo.u.a K ,LJ.ettCTBHTeJlbHO peJUIU,HOHHOfi cPoPMYJTHpC>BKe KBaH

TOBon TeOpHH Heo6XO,ll,HMO rrepeHHTepnpeTHpOBaTb Q;>efiHMaHOBCKHE «npo-
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CTpaHCTBeHHO-BpeMeHHO:it acneKT» B pe.illII.ViOHHOM .u..yxe, '"ITO HaH6oJiee eCTe

CTBeHHO c,n;e.rraTb c IIOMOmbIO 6m-1apHbfX CRCTeM OTHOIIIeHRii. 

2. B paMKax KBaHTOBOit Te0pRR, p83BHBaeMOit Ha OCHOBe MeTO,II,a KOH

THHYaJihHOro HHTerp1rpoBatt1u1, He y,rr,aJIOCb npeo/l,OJieTb Tpy,n;ttocre:it c pac

XO,IT,HMOCT.HMR KBaHTOBO:it TeopHH no.lll, Ha qTo TaK Ha)l.eHJIC.H P. <l>e:itHMaH. 

B Heli npo.HBHJIRCh npe:>KHHe Tpy,n,HOCTH, HO Ha RHOM H3hIKe. 

3. S-MaTpHqHbI:it MeTO,rr, B KBa.HTOBO:it Teop1111, ¢aKTnqecKR COOTBeTCTBy

IOUJ,Hli H,LI,e0JIOrltH KOHu;enu;HH ,lJ,aJihHO.D;eitcTBHH, He 6bIJI CBH3aH c BeTBbJO 

HCCJI€/l,OBaHHR B paMKax Te0PRH npHMOro Me:>KqacTHqHoro B3a:liMO,n;eitCTBlliI. 

fv!eTo,rr, S-MaTpHIJ;hI onHpaJIC.H Ha aHaJIH3 .rroKa.JlhHhIX cBo:itcTB M11Kpoc11CTeM 

BHe CBH3H c 3aKOHOMepHOCTHMR OKpy:>Karomero MMpa, T. e. Toro, qro np111-IBTO 

T paKTOBaTh B BH/l,e np11nu;nna Maxa. 

4. CTopoHHHKH peJIBIJ;HOHHoro no,LI,xo,rr,a OTMeqaJIH, qro ,LI,llil ,n;aJihHeit

rnero p83BHTH.S:l 3Toro aanpaBJ1€HH5I HeOOXO,l.l.RMO npHBJieqeHHe HOBbIX H,LI,eit 

11 MeTO/l,OB KaK MaTeMaT11qecKoro, T8.K 11 cPM3H'lecKoro xapaKTepa, O,LI,HaKO 

KOr,rr,a TaKOBbie IIOHBHJ1HCb B BH.JJ;e Teop11H cPl13111ieCKl1X CTPYKTyp, Ha HHX 

ne o6paTHJIH ,rr,oJI)KHOro BH11MaHH5I . Mo:>KHO npe.n.noJIO>KHTh, '"ITO 3TO 6bmo 

CBH3aHO c /l,BYMH o6cT OHTe.ITbCTBaMIL 

TiepBOC 113 HHX HMeeT CaMoe nen.ocpe,n.CTBeHHDe OTHOwett11e K MeTaqm-

3HKe H K ee POJIH B cPH3HqecKHX HCCJI€/l,0BafIHHX. 0TC}'TC'TBHe HHTepeca 

y npo¢ecc110HaJibHbIX cPH3HKOB-TeOpeTHKOB K TeOpHH cPH3HqecKHX CTpJK

TYP ( K TeopHH cHcreM OTHOUien11it) MO)KHO o&bHCHHTb nenp11eMJieMoit ,LI,JT.SI 

HHX cPHJIOC0<PHeit HeollJiaTOHOBCKOro BH,LI,a, B naKeTe c KOTOpo:it aBTOpoM 

¢opMyJI11poBarrncb npHHu;HIIbI TeopHH ¢11311qecKRx C'TPYKTYP· H ,n;eoJIOrmI 

TIJ1aTOHa, npoBo3rJiarneHHM IO. H. KyJiaKOBhIM, npenHTCTBOBaJia HHaqe m1-

TepupeTHp0BaTh cyTh TeopHH ¢113nqecKHX CTpJKTyp, B qacTHOCTH c no3H

U.Hi1 y'ieHM51 ApHCTOTeJIH, 6oJiee np116Jui:>Keuuoro K peanbHOMY MHPY· Ha

IIOMHHM, 'ITO feH.3eH6epr HOO,LI,HOKpaTHO no,rr,qepKHBaJI COOTBeTCTBHe npHH

IJ;IUIOB KBaH'roaoli Teopu1111,)..1,eoJmnui Ap1:1CTOTeJ15I, '"ITO B ,rr,aHHOM CJiyqae KaK 

H€Jlh3H KCTaTR. 

BTopoe o6cTO.HTeJihC'TBO CBH3atto c Kpy1'0M sa)..l.a'i, pernaaIIIHXC.H B rpynrre 

KyJiaKoBa Ha ocHose Teop1111 ¢113HqecKHX CTPYKTyp. TaKOBhIMH 6bIJJH 3a

,n;aqH KJiaCCH'lfeCKO:ti cPH3HK11 T11Ila nepeHHTepnpe:rau;HH BTOporo 3aKOHa 

Hb10Totta, 3aKOHOB 0Ma ,LI,JISJ 3JieKTpHqecKHX qeneii, saKOHOB TOJICThIX JIHH3 

H TOMY no,rr,o6Hble, KOTOpbie HaxOMJTC.H B rJiyOOKOM TbJJIY cPH3HKH 0 CY.M

Ta}{)TCJJ ,LI,aJieKHMH OT ¢poHTa coBpeMeHHhIX HCCJie,LI,OBamrti. CaM aarop 

Teop1111 CTpyKTYP He npo/l,eMOHCTp11p0BaJI ee 3¢<PeKTl1BHOC'Tb )l.JJ51 pernemrn 

aKTYa.JlbllblX npo6JICM, qTQ He cnoco6CTBOB8JIO 11HTepecy K 3TO.tv1y Kpyry 

H,LI,e:il:. 



'"laCTb V 

Ha nyTH K eAHHOH TeopHH 
<l>H3H~eCKOr6 MHp03ABHH~ 

• 

PaccMOTpeHHhie Bbuue TpH MlfPOIIOHHMa1rn.H rro3BOJI.HIOT p83rJ1H,LI.eTb 6o
.nee 3.neMeHTapHbre nonRT H.H 11 3aK0Ho.Mepttocr11, onpe/I,e.mnow,He CTPYKTYPY 

¢113H'f.ecKoro MHpo3;~aHHR, - ym1,rr.eTh TpHe,n;HHYIO nepBoocnoBy MHpa, o Ko

Topon llIJia peqh B cPHJ1oco¢cKo:i1: c11creMe ApHcTOTeJI.H, 11 HMT11 ;J.JUI Hee 

a)l;eKBaTHoe MaTe.MaTH'-ieCKOe OIIHCaHHe . (B npe,n;JIO.>KeHHOH Cl1CTeMe HJIJIIO

CTpauutt BbIXO,.U Ha MOHHCTHqecKyro napa.rr,1U'MY COOTBeTCTByeT npoHlilKHOBe

IIRIO BHYTPh Ky6a cPH3H'-lecKott peaJihHOCTH Ha p11c. V .1.) 
TcopIDI MOHHCTH'lecKOtt napa,II.HrMhI, KaK y)Ke UTMeqaJIQCb, MO)i(eT 6hITb 

pa3pa60TaHa HCXO~ H3 pCJUIIJ.HOHHOro . .MlfPOIIOHl1MaHH.H (tta p11.cy11Ke 3TO 

aro6p8.)J(etto HeCKOJibKHMR cTpenKaMH). CHMBOJIOM Rµ (µ) 060311aqeaa 611-

HapttaH reoMeTpo¢H3HKa, KOTOpyro MO)KHO 'Jl)aKTOBaTh TaK)Ke KaK rrpe,ll,I't.'0-

MeTp:mo, o tteo6XO,ll.HMOCTH KOTopoii r0Bop11Ju1 ,.[l)K. Y11nep H ~yr11e aaTOphI. 

(Il-B) llpocmpattcm6o-ape.MJt 

I 
Rµ(µ) 

TeopeTHKo-noneaoe 
MHponOHMMaHHe 

reoMerpH'IeCKoe 
/ MHpono1rn:Manne 

(fl) fluAA 

nP.pettoC•tU'ICQe 
63<lUMoiJeitcrneuu 

Puc. V .1. B1mapuaH reoMeTpocPH3HKa KaK npe,n.reoMerpHH 
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B Ha•1arrbttoit rJiase 3TOit qacTH H 3JIO)KeHbI T})e60BattH.a, npe,rr.'hHBJIBel\1hie 

K HCKOMOit TOOpHH, H paCCM OTpHM OCHOBHhie IlOIIBTMH 6HHapHOH reOMeTpo

cPH3HKH H c.rre/ J,CTBHH, HMelOIW'le npHHll,HilHaJlbHhiit xapaKTep. 

TiocKOJibKY 6HttapttM reoMeTpoqm3 MKa onnpaeTC5I Ha caMOCTOHTeJlb

Hyro CHCTeMy IlOHBTHit H npHHll,HilOB, TO B CJie..zzyroru.eit rJiaBe 3TOit 'iaCT.H 

pacKpbrnaeTCH cnoco6 n e pexo,ua OT ,U,aHHOit TOOpHH MOHHCTHqecKoro THIIa 

K HCilOJib 3yeMbIM HbIHe TeOpMHM B paMKax KaK Tpex ,lzyaJIHCTH'iCCKllX napa

/ 1,lffM ( MHpGIIOHMMaHHit), TaK H K KJiaccH-.:ieCKOit TCOpHH TPHaJIHCTHqecKOH 

napa,u,HrM bl, OilHCaHHhlM B npe,U,bl,IIyII.I,HX qaCTHX KHHrH. 



rnaaa 15 

npeAreoMeTpHSI 
T 

,Ll;JI.H nocTpoCHH}l cPl13l1'i.CCKOii Teop1ur B paMKax MOHMCTlfqecKott napa

) J,llrMhI, 0Tp8.)Ka1o~eit apHC.'TOTeJieBCKoe Tpl1€,Ll.11HCTBO, OKa3aJIC.H tteo6xO)I.111-

MblM MaTeMaTH'i€CKHH annapaT 6HttapHblX Cl'ICTeM OTHOllleHlili co cne,uy

IOI.U,Cii HHTepnperra.n,Hett: ,II.Ba M HO:>KeCTBa 3JI€MeHTOB 611HapHOH reoMeTpHll 

COOTBeTCTBYJOT ,n;ayM cropouaM B03MO.>KHOCT11 y ApHCTOTeJI.H, a OTttomettH.SI 

Me>K,lfjl 3JleMeII'TaMl1 ABYX MHO)K€CTB - Tperbe:i1 CTOpoHe, CB.H3bIBalOIIJ,€H ,TI.Be 

. npoTHBODOJJO.>KHOCTH B B03MO:>KIIOCTH H, CJ1€)1,0BaTe.JlbHO, onpe)l.eJIBIOIII.eii 

nepexo,rr. K ,rr.eticrs11TeJibHOCTH. KaK y)Ke yK83hIBaJIOCh, qepTI>I TaKoi1 TOOplil1 

Bblpl'ICOBbIBatOTC.H y)Ke B paMKax cym.ecrsyroI.U,ett KBaH.TOBOtt reop1u1, O,l1,H8.KO 

tte,TJ,OCTaBaJIO tty:>KHhix npHHU,Hnos, HaJiai:'aeMhIX Ha aJieMeH'rbl S-MaTp~I. 

B 6Httapttott rcoMeTpo¢M3 HKe TaKOBhIMH .HBJI.HIOTC51 np11n~Hnh1 6HttapnhIX 

CHCTeM OTHOIIIen.Hi1, 3aMeHl1BU1He npe)KIIl'Ie yCJIOBH.H pe.11.HTHB.HCTCKO:tt HHBa

p11aUTHOCTH, npIP'IHIIHOCTH, aHaJI.HTllqHOCTH HAP· 

P83BWl'He 6HHaptto.t1 reoMe'rpocPH3.HKH, npe)l)ia3Ha'{Wttttoii ,D,JI.H onHcaHH51 

3aKottoMepttocreii MHKPOMHpa, n0Tpe6osa.110 o6o6ll.J,eHH.H MaTeMaTH'i€CKoro 

annapaTa 6ttHapttbIX <l:H'.13H~eCKHX CTpyKTyp no ,Il,ByM HanpaBJieHM.HM. 9To, 

BO-nepBblX, uepexO,LJ, O'r BeI.U,eCTBeHHblX K KOMilJleKCHbIM OTHOIII€HH.SIM' rro

CKOJTbKY 3aKOHOMepHOCTH MHKpoMHpa OllHCblBaJOTC.H KOl\filJI€KCHhJMH Be.TIH

qHH8Jv1H. A BO-BTOphrx, cJie,u.osarro n epepa6oTaTh MareMaTH11ecK11.H annapaT 

B AYXe Cl1CTe.M OTCqeTa B Teo.PHH OTHOCl1TeJibHOCTH. Tipeo6pa30BaHHbie Ta.

KHM o6pa30M 611.ttapttb1e CTPYKTYPbI 6b1J111 Ha3BaHhI 611ttapHhIMH CHCTeMaMH 

KOMIIJl eKCHblX OTHOmeHHii. 

B .npe,u,JTO)KeHHOM no,u.xo.n,e OTcyrcTsyer anpHopno sa.n;aHHoe KJTaCCH

q ecKoe rrpocrpattcrso, tteT TaK>Ke noJiei1, - HM B npH.HIJ.J.me He no qeMy 

pacnpOCTpaH..HT bC.H. Ilo :n'OM npMq.HHe npH IlOCTpoeHMH TOOpHH MO)KHO 6bIJIO 

onepe'1.'hC.H JlHIIlh Ha peJI.HIJ;MOHHhiit ITO,ll,XO)~, T. e . .Ha KOH:u;enI..I,HJO ,ll,aJlbHO,TJ,eii

CTBJUI. IloH.HTH.Sl )Ke KJiaCCHl:.fOCKOro npocTpaHCTBa-BpeMeHH BblCTYIIalOT KaK 

RTOpH'1Hhie, B03HHKa1ull.J,He npH nepexo)~C K /J,OCTaTOqHo OOJihIIIHM c11CTe .rvmM 

H3 3JieMeHTa.pHhlX qaCTHl.I, ( K MaKp oo6'beKTaM). 
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15.1. CTJ>YKTYJ>a 6HHapHoit reoMeTpO<)?IDmrn 
Ka.K npe~eoMeTJ>IDI 

OxapaKTepl13yeM c caMbIX o6I.IJ,Hx n03HUHit CTpyKTYPY HCKOMOli Teop11n1 

MHKpoMHpa ( 6HnapHOH reOMeTp0cPH3HKH KaK npe,11,reOMeTPHli) H ee COOTHO

rueHHe c HMefOII..J.HMHCH cPH311qecKHMH Te0pl1.HMl1. ,ll..rrn: 3TOro, npe~c BCero, 

OTMeTHM, 'ITO B .mo6oil cPH3 HqecKo.i1 TeopHH e,ll,Hilbiit MHP pacm,enn11erCH Ha 

TPl1 B3HMOCB.H3an1lh1e q acTH: paccMaTpHBaeMhie o6'beKThI, cy6'heKT, OTHOCH

TeJihHO KOToporo paccMaTpHBaIOTC.SI o6'heKTb1, H aech OCTaJibttoit oKpy>Karo

II..J.HH MHp. 

1. PaCCMaTpuBaeMbie s TeopHH o6l5e-x;mu MOryT 6hITh KaK OT,LJ,e.TihIIhIMH 

3JieMeHTapHbIMH 'iaCTHIJ,aMH, TaK H ,lI,OCTaToqHQ CJ10>KHhIM 11 MaKpo

OO'heKTaMH. By,n.eM HCXO,II,HTb 113 nono>KeHru1, 'iTO ttaH6onee rny6oKHe 

CBOitCTBa Ml1pG3.UaHl1H n pmrn.TI.SIIOTC.SI npH paCCMQTPeHMJi B3aHMO,lI,eH

CTBHH npocreitrnHx 3JieMenTapHbIX qacTHu,. 

2. B Kaqecrae cy6~e'K,ma B cPFf3HqecKHX TOOpl1.ruc BhicTynaeT reno OT

cqera, na 6a3e Koroporo onpe,n,en.sreTCH CHCTeMa QTCq eTa.. 

3. O'l\,pya1cmo'U1>UU .MUp ne.HBHO BXO,LI,HT B Juo6y10 reopHro, O,lI,HaKo rnRpOKO 

p acnpoC'l'paHeHa HJIJII03HH; qTO MO:>KHO OT Hero OTBJi e'ibCH Fl paccMaT

pHBaTb HB.neHHSl .TIOKa.JlbHO, Y'tflITbIBaH JIHlllb o6craHOBKY B H enocpe.n:.

CTBeHHOtl 6.rrn30CTH. M,n,e .s:i yqeTa scero OKpy>Karow.ero :rvrnpa OOhNHO 

accou HHpyeTc.SI c npHHI.J,HnoM Maxa. 

P83,n,enh1 cPM3l1KH ( TeOpHH) npHHHTO pa3JIH'laTh B 3aBl1CHMOCTH OT Mac

ruTa6a (cJIO)KHOCTH) paCCMaTpHBaeMbIX B HHX ofrbeKTOB: B KJiaCCHqecKoit 

cPH3HKe ( MCXaHHKe ) pacc.MaTpHBaIOTCH .Ma-x;poo6-oe'K,rn?:>t, a B KBaHTOBOit Mexa

HHKe M cPM3HKe MMKpOMlipa OIIHCbIBaeTCH IIOBe,n,e1rne .M'll.'l\,p0"WCmU'4· l1CXO)l51 

l13 3Toro, ace TOOpHH MO)KHO pa3,n,e.rrnTb Ha ,n,Ba KJiacca - na HMeromHe ,n,eno 

c MaKpoo6'beKTaMH ( o003Ha'iHM HX JiaTHHCKOit 6yKBOR m) H na OilHChIBa

IO~e MHKp006'beKTbI (o6o3H a'il1M HX rpe'lecKOit 6yKBoli µ) . <I>H3H'ieCKllM 

Teopl1.HM npl1CBOHM KOpeHHo:H: CHMBOJI R, TOr/l,a ,ll,Ba Ha3BaHHhIX Knacca 

TOOp Hit MO)KIIO o6o3tta'iaTb CHMBOJiaMH R( m) 11 R(µ). 
06a KJiacca TeOpMH CyUJ,CCTBeIIHO 0TJil1'1aJOTC.H .n:.pyr OT .n:.pyra, no HX 

po,n,HHT o6mec, - - B HHX l.Jpe3BbJ '"!aliuo Ba.1Kny10 p OJib lirpaeT IlOHHTHe cu
cme.MU omc'l.1,ema. B HepeJI.HTHBHCTCKOti MexairnKe HMeeT MecTo npHHI.J.Hil 

OTHOCl1TeJibHOCTH r aJilUie.H, OCHOUY peJI.HTHBliCTCKOit MeXaHHKH COCTaBJIBeT 

cnet\HaJihHa.H reop111.H OTHOCHTeJibHOCTH. B o6meit TeopnH OTHOCHTeJihHOCTM 

OKa3aJIOCb Heo6XO,ll,HMhIM pa3BHTb cneI.J,HaJibHhie MeTO,ll,bI OIIHCaHH.H CHCTeM 

OTC'ieTa. CoapeMeHHM KBaHTOBM ·reopru:1 CcPoPMYJIHpoBaHa B peIDIT11a1:1cr

c KH HHBapl1aHTHOM BH,n,e. B Heit, KaK y)Ke OTMe'ia.JlOCb, IlOH.HTHe CHCTeMbl 

OTC'leTa c neo6XO,LlHMOCTbJO BKJilOlf aeT neqTO 6 oJibIIIee. l1MeeTC.H T€CHa.H amt

.TIOrH.H Me)f(,Ll,y CHCTeMaMH OTC'leTa B Te0pl1H OTHOCHTeJibHOCTH H MaKponp11-

6opoM B KBaIITOBoli MexaHl1Ke. B coapeMeHHOit KBaHTOBOH. MexaHHKe H cPH-

3 HKe MHKpo:rvmpa BCer.n:.a IlO,ll,p83yMeBaeTC.H, l{T() OilllCaHHe MJi1KpG06'beKTOB 



IIpOH3BO,LI,HTC.Sl OTHOCHTeJibHO MaKponpH6opa. ,ll,a:>Ke TOr;~a, KOr,u,a B KBaH

TOBOH TeOPHH OIIHCbIBaeTC51 B3aHMO,UeitCTBHe MMKp<:r<J:aCTH~ ,u,pyr c ,LJpyroM' 

ocer,n,a HO,IJ,pa3yMeBacTc.H cyllI,ecTBOB8.HMC MaKpoo6'beKTOB, - MHKpoo6'beKTbl 

OIIBCbJl3a10TC51 TepMH11a:rvu1 OTHOUJeHHit MHKpoOO'beKTOB K MaKpoo6'beKTaM. 

IIo,n.qepKHeM 9TO o6cTo.HTeJibCTBO, 3anHcaB CHITTY CHMBOJI MaKpoo6'beKTa 

rn BO BBe.n.eHHOM BbrUJe CHMBOJIH"<J:ecKoM o6o3HaqeHHH reopHn. Tor)J,a K.nac

cw1ecKoit cPH3HKe ( rrepBblH KJTacc TOOpHit) 6y,LleT COOTBeTCTBOBaTb CHMBOJI 

Rm ( m)' a BTOpoMy KJTaccy TeopHit, OilHCbIBalOUJ.HX MHKpo"<J:aC'THll,bl, - CHM

BOJI ftm(µ). 
B p8.3BnBae:rvmit reopHH MHKpoM11pa, 01111pruou\eitc.SJ na caMOCT051Te.ITb

Hy10 CHCTeMy IlOII.HTlifH 11 npc,Jl,CTaBJieHHit, npOTHBoecTeCTBCHHO ocranJI.HTb 

'fy)K).1.oe eit noH.HTHe MaKponpH6opa. B paMKax .n.aHHOi% TeopHH M HKpo

OO'hBKThI ,11,0JT)KHLI paccMaTpHBaThC.H OTHOCHTe.nbHO TaK:>Ke MHKp oo6'b€KTOB . 

CJie,LI.OBaTeJihHO, s 6.HHapHoit rcoMeTpOqm.3.HKe ,JJ,OJT:>KCH 6hJTb MMKpoaHanor 

IlOH.HTIUI KJTaCcliqecKoit CHCTeMbI OTC'ieTa, a caMa reop1151 ,lI.OJI:>KHa 0003Ha

~raTbC.SJ CHMBOJIOM Rµ(µ) (cM. pHc. V.l). 
,II.JIB IlOJiy'leHJUl M3 6HnapHoit I'eOMe'l'pGcPH3HKH TeOpHM, COOTBeTCTBy10-

llI,HX TpeM MHpGIIOHHMaHH.HM' H006XO,JJ,HMO Y<J:MTbIBaTb H€Cb OKpy:>KaIOUJ.H:H 

MHp. M 36pas ,ll.JJ.Sl OOo3HaqeHH.Sl 0Kpy:>K.a10m.ero MHpa CHMBOJI M, BBe,n.cM ero 

crrpaBa CBepxy Ha.n. CHMBOJIOM COOTBeTCTBYIOllI.eit Teop11n R. Tor.n.a KBaH

TOBaH Te0p.1u1 MO:>K.eT 6hITh OOo3Ha"leHa CHMBOJIOM R~ (µ) , a KJiaccH'iCCKaB 

MeXaHHKa - CHMBOJTOM ~ ( m). 
CooTHOJ..?eHu.e Ha3BaHHbIX reopn.H no.HcHeHo Ha 6.noK-cxeMe pHc. 15.1. Ha 

I Rµ(JJ,) I 
IJpm~HIT 

Ma.xa I R{:' (JJ,) I 
Ilepexc i;J. K M8Kpon pu6opy 

I R~(m) I 
MaKpo-

I R~(µ) I OObeKT 

Puc. 15.1. BJioK-cxeMa 6HHapuoii reoMeTpo<l:>li3HKR 

npe/l,CTaBJTCHHOit 6JIOK-CXeMe CTpe.IIKaMH o6o3Ha"<J:eHhl nepexO/I.hI OT caMoro 

3JTeMeHTapHoro ypoBH51 onHcaHH51. cPl13HKH MHKpo:rvmpa ( B paMKax 6HHap

HOit reoMeTpoQ:>H3HKH Rµ (µ)) K KBaHToao:tt reopHn 11 KJJaCCH"<J:ecKoit Mexa

HHKe. B ucKoTOpOM CMhic.rre 9TH nepexo,11,b1 MO>KHO TpaKTOBaTh KaK a-ranhT 

csoeo6pa3HOro «TBOpeHIIB» npHBbP:JHbIX IlOH.HTHif OKpy)KaIOm.ero :rvrnpa Jf3 

6cmee nepBRq}lblX CymHOCTeif' KOTOpbie y:>K.e He o6.na,n.aIOT HarJT51./I.HhlMl1 

CBOMCTBaMH OKpy:>K.a!OllI,Cti Hae MaTepHH. 

B nepBOH r.rrane ynoMHHaJIHCb KOCMOI'OHH"<J:eCKHe rrpe,u,craBJieIIH£ )J,peB

RHX KYJibTyp, ,lI.Ollle.nJllHe )1.0 Hae B MHcPoU09'1'H'iecKO:i1 o6pa6oTK€ DOCJie

,n.y1om.HX nOKOJieHHit. KaK npaBHJIO, B 3THX KOCMOI'OHH.HX paccKa3hrnaeTC.Sl 
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0 HeKOM rrepBl.P.{HOM xaoce MJIM rrpe,n,oKeaHe B03M0)f(H0CTeH M 0 noc.Jie,ny10I..l.J)1X 

9Tanax B03HMKHOBeHM.H .rv1Mpa H3 nepBH'{_1Horo xaoca. ,llome,n;nn-te ;r.o Hae 

IVrn:¢hI npe.n.cTaBn.HIOT co6o:A IIOBeCTBoBaHH5I 0 TBOpeHMM MMpa B KaKOli-TO 

MCXO/l,HbIE'. MOMettT BpeMettM. O.n.ttaKo, cJie,uy.H JiorMKe rrpe,Il,DleCTBy101~ero H3-

JIO}KeHM.H, eCTecTBe.HHO c¢opMyJIHPOBaTh HHYIO r11n0Te3y: HCXO,JJ;Hbie yqetllSI 

onHpaJIHCh Ha 60.rree r.rry6oKoe IlOHHMaHHe TBOpeHH.s:I KaK IIpOMCXO,ll.5Irn;ero 

H3 nepBOOCHOBbl BCer.n.a 11 ITOCTO.HHHO. l'vfo)KeT 6bITb, 9Tallbl TBOpeHIUI MMpa, 

0 KOTOpbIX rOBOPHTC.s:I B MH¢ax H pe.rrHrH03HhIX y'1eHHIDC, TaK}l(e MO}l(HO 

TpaKTOBaTb KaK CHMBOJlH'1€CKoe o6o3Ha"-leHHe ynOM.HHYThIX 3,n;ecb nepeXO,ll;OB 

OT nepBH'1HOH npe.n.rcoMeTpHH K Ha6JI10.n:aeMOE'. cPH3HKe? 

YKa38.HHhie Ha 6.rroK-CX:eMe nepexo,n;bI 6YAYT 60.rree IIO):ij)06.Ho oxapaKTe

pH30BaHhI B CJie,u.y10m.etI r.rr. 16. 3/1,eCb }Ke orpaHH"-IHMC.s:I o6cy)!{,1J,eHHeM Jllllllh 

caMoro 9.neMeHTapHoro ypoBH.H Rµ (µ). 

15.2. IIJIJII03HH, OT KOTOpbIX CJie,n;:yeT OTKa3aTbCSI 

XapaKTep 3JieMeHTapHoro ypoBH.H 6MHapttoii reoMcTpocPH3HKH, npH3BaH-. 
HOro OITHCbIBaTb MHKpo'1aCTHI.J;bI OTHOCHTe.ITbHO MHKpo'1aCTMI.J;, ,Il,MKTyeT OT-

K83 OT MHOrHx YKOpeHMBlliMXC.s:I npe.n.cTaBJleHHH M HJ1Jll03HB KaK KJlacCH'1e

CKOfi, TaK H KBaHTOBOM cPtt3HKM. 

1. Heo6xoiJu.Mo om?'LMam'bCR om y'l'Lopenuewe20CR 6 co3nanuu 60.11,rb
wuncmea y6e::>1cae7i'UJt o ca.MocmoameJ/,'bttOM cy~ecm6o6a?i'U'U 'X',,/l,UC

cu"lec?'Lo20 npocmpancmea-6pe,.M,enu ?'Lll'l'L <fiona, cu;eHhI, Ha KOTOpoii 

pa3BOpa"-IHBaeTC5I crreKTaKJlb OKpy)KaIOIUefi Hae }l(H3HH. llMeHHO Ha 

9TOH y6e)f(AeHHOCTH IlOKO.HTC.s:I MHOI'O"-IHCJlCHHbie cpaHT83HH, rnnOTe.TuI 

M )1,a)Ke cPH3H"-JeCKHe «TeOpHH» OTllOCHTenbHO TaK Ha3blBaeMOH «Ma

lllMHbl BpeMeHH». 

K.naccH"-JecKa.s:I reoMe-rpM.s:I 11 coOTBt-'TCTByIDrn;tte eli B pe.rr.Hll,HOtt

HOM ITO/l,XO/~e (yHapttbie) upocTpaHCTBeHHO-BpeMeHHble OTH0lll€HH.H no 

CBOei1: cyTM CTaTJfT-!Hbl: B HHX OTCyTCTByeT H,D,e51 pa3BHTH.H. BBe,ne

HHe BpeMeHM-rro,n;o6ttoit KOOp,Il,MHaTbl He M€H5IeT cyTH, llOCKOJlhKY 3TO 

Jll1lllh H3MeHSie'I' CMf'HaTypy, - npocro KRa)JJ)aT O.UHO:W M3 KOOp,U,11HaT 

(KOMilOHeHT) IIMllieTC.s:I c o6paTHbIM 3HaKOM. 11,n,e.s:I 9BOJIIOU,11M BOO

)J,MTC.s:I JJ.OilO.ITHHTeJlbHbIM ITOCTyJiaTOM IlOCJI€,JJ;OBaTeJibHOro paCC?v10Tpe

HH.H COCTO.HHHM CHCTeMbl Ha 3-MepHblX npOC'I'paHC'I'ReHHO-JTO,llOOHblX 

Ce"-JeHH.HX B)J.OJlb KOOp,Il,MHaThl BpeMeHJL 

ll/I,e51 CaMOCT051Te.ITbHOCTl1 Kareropntt rrpocTpaHCTBa-BpeMeHM KaK 

<Pana .HBJl.HeTC.H npo,u.yKTOM MbIC.ITHTeJibHOH .n.e}ITe.TlbHOCTH "-JeJIOBeKa, 

OCHOBaHHOH Ha IIaM.HTJf o6 y)Ke ocym.ecTBHBllIHXC.H .HBJle:EUf.ill{ ( npo

u.cccax), KOT0pb1e P83YMOM npo.n:.rreBaJOTC.H B 6y.uyrn;ee. K.rraccH"-lecKrui 

cPH3HKa H OTpa)KaJOIIJ.a51 ee reoMeTPH.H HMeIOT ,n,e.rro c OTHOlileHH.HMH 

M€)K,Il,y y}l(e ocyrn.ecTBHBllIHMHC.51 ( HJlH MhICJlHMbIMH B 6y,uyrn;eM) co-

6hITM5IM11: B Ka)!<,ll,hIR KOHKpeTHblR MO.?vleHT BpeMeHH MHp KaK 6hI 
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po)K)J.ae'I'C.H 38.lIOBO. I1 B 3TOM OTIIOmeHJIIH CJlOBa 1'13BecTHO:ti neCHH 

naIIOJIHeHbI rny6oKJIIM cPHJIOCoQ:>CKHM CO)~ep)KaHHeM: 

«EcTb TOJibKO MJIII' Me)K,.lly npOlllJiblM 0 6y,uyIJ~HM, 

l1MeIIHO OH H83bIBaeTCB )KH3Ilh». 

<l>H3HKa .MHKPOME:pa TO)Ke OIIJIICblBaeT He OTHOllleHJiI.H Me)K,lly y)l{e 

CBepllIJiIBlllJIIMHC.H C06hITH.HMH, a 3JleMeHTapHbie 3BeHh.H npou;eccoB 

TBOpelUI.H HOBhIX COObITHH, KOTOpbie, B npHHl~JIIne, .HBJI.HIOTC.H Bepo

.HTIIOCTIIhIJ\.1}1. B 3TOM cocT011T CMhICJI KBattrouoti MexaHHKH - - B Heii 

OKa3a.JIHCh ocPoPMJieHHhIMH H p83BHThTMJII Te H,ll,en, KOTOphie BhlCK83bI

.BaJIJIICb erqe MhJCJIJIITeJIHMH ,ITJ>eBHOCT H. TaK, ApHCTOTeJib, p83MhII..lLJUIH 

0 cyTH ,lI.BH)KeHHH TeJI, rn1ca.n, "ITO ·reno ne MO)KeT Cp83y npe6bIBaTb 

B ,n.BYX COCTOHHJiIHX, - B npOllIJIOM JiI B 6y,n.yrqeM, - ll,OJDKHO 6hITb 

HCqTo TpeTbC - B03M0)i{IIOCTb, CB513hIBaIOrqa51 3TH COCT051HH.H. 

11)1.eH 3BOJilO~H )J.OJDKHa 6bITb 3 aJIO)i{eIIa y)Ke B caMOM OCHOBaHJUI 

HCKO.MOH TeopHH (npe.n,reo.MeTp.1111), KOTOpaH npH3BaHa OffilChIBaTb 

Ka~ll «MJIIr» nepexo11.a «Me*AY npoIIlJlblM H 6y,uym;HM» - - 3JICMeH

TapHoe 3BeHO JII06bIX npou;ecCOB B M:Hpe. 

2. fl01t.Rmue ttenpep'bienoil 3BOJL?Q'4U'l1 npuMeHumeA'b'HO ?C omiJe.1t'bH'bl.M 

::>Jte.M£ttmapn'bl..M 't/,a,Cm'll.'4a.M HDJl.HeTOI HeKoppeKTHblM' nOCKOJTbKY OHO 

TeCHO CBH3aHo c naM.HTbIO, KOTOpa.H B03IIHKaeT y i~OCTaTO'iHO CJIO)K

HbIX CMCTeM. ,ll.n11 OT,D.eJibHblX 3JTeMeHTapHbIX qacTHU: MO)KHO ,n,ony

CT~b JIHllib B03MO:>KHOCTh ,ll,HCKpe'l'IlhIX ucpexo,n,oB Me)K,Izy' COCTOHHH

.HMH. B caMOM npocTOM aapHanre 9w tteKaJI rrapa cocTo.HHHii. Tio.n;o6-
naH CHTyau;Hfl B031UIKJia y)l{e B 6opOBCKO:tt MO)~CJIH aTOMa, r,n,e nocTy

JIHpOBa.JI.JiICh nepexO,lI,hl 3JleKTpoHOB Me)K,n,y aTOMHhIMJII ypoBHSIMH, HO 

IUPiero tte roaopH.rrOch o npoMe)l{yTO"IIIhIX 3Tanax 3THX nepexo,rr.oa. 

BnoCJie,n,cTBJIIJ1 3Ta H,lI.e.H ttamna cBoe aonJT01.1J,eHHe B TeopHH 8 - MaT

pHli,hI. 

3. B ocnoeanuu uc100Moil rneopuu tte iJo.n,01Cuo 6um'b 1wttmuttyy.Ma mo't/ie?C 

( 3Jte.Mettrno6). y )Ke TeopH5I OTHOCHTe.TibHOCTH ITOK83aJia, qTo BCflKaSI 

cPH3HqecKasI TeopHH 0IlJ1CbIBaeT JUUIIb COOTHOllleHlifl Me)K,ll,y co6hITH

HMJII, npoHCXO,lI..Htu;HMH c MaTepHa.TihHhIMH OObCKTilMH, a 11cnOJih30Ba

HHe KOHTHHyyMa 03Ha"laeT ,rr.o6aBJieHHe K pea.JlhHO ocyrqecTBHBlllHMCH 

co6hITJIIflM Henpepbrnttoro MIIO)l{eCTBa JTHlllHHX ToqeK ( co6h1TH:tt). 

« T eopl-151., cornacno KOTOpott npocTpaHC..'TBO HenpepbIBHO, - IlHca.T.l 

P. <l>e:ttn.MaH, - MHe KaJKeI'c.H neaeptto:tt, noToMy '-ITO oHa npHBO,ll,lIT 

K 6ecKOHeqHo 6oJibUJHM BeJIH'illHaM JiI ,n;pyrHM Tpy,ll,HOC'TH.M» (169, 
c. 184]. BcuoMHHa5l CJIOBa 9:ttHlllTe:ttHa o TOM, 'iTO OTK83 OT npocrpatt

CTBeHHo-BpeMeHHOro KOHTHHYY Ma «CMaXHBaer Ha IIOilblTKY ,ll,billlaTb 

B 6P.3B03,n.yllIHOM npocirpaHCTBe», H3JTaraer..-JOe 11.a.nee .B 3TOE'. rnaac 

c.rre,nyCT TpaKTOBaTh HMeHHO KaK TaKyIO IlOilhITKY «/1,hllliaTh B 6e3-
B03,LI,}'lllHO.M npocTJ)aHCTBe». ,.llpyrHr..-m CJIOBaMH, 3)1.ecb npe,n,naraeTCB 
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3aMeHHTb KJiacc11qecKoe npocrpaucrso-spe~m 6onee aJieMCHTapHhIMH 

IlOH5ITJifs:!M l1 - KO.MilJieKCHbIMH OTIIOIDeIIH51MH. 

Bo3MO:>KHOCTb n ocrpoeHIDI )1.HCKpeTHbIX M0/1,eneii npocrpaHCI'Ba

BpeMeHH Heo)l.HOKpaTHO paccMaTpHBa.Jiacb <l>H3HKaMH. 0 /1,HaKO no

IlblTKH MCilOJib30BaHH5l .>KeCTKHX )1.HCKpeI'HbJX peilleTOK ycnexa He 

MMe.n11, nocKO.nhKY B H11x uocTyJ111poarun-Icb n1nuHMe y3JihI. A B pe
aJihHOM M Hpe HM He COOTBeTCTByIOT KaKH&JIHOO C06bITIDL 

4. CTp11 OTKa3e OT KOHTHHyyMa upoMe.>KyTO'l.filhIX TOqeK cpa3y *e JlHUJa

er-cH caoero OCHOBaHHH KOIIIJ,effil;HH 6JIH3KO,n.eitCT'BJ.1£ c H)l.eeit none:f.\: ne

p eHOCqHKOB B3aHM0/I,C:f.\:cTBHH OT o,n,nott qacTHr~I K ).l,pyrott. 9JieKrrpo

MaI'HHTHOMY H )1.pyrHM nO.ITHM npocro ne no q eMy pac npoC'rpaIIBTbC51. 

0TCIO,II.a CJie)l.yeT, qTQ B HCKOMOit TeopHH (a npe,n,t'eOMeTpIDI) Cpe.lJ.H 

nepBHqHb1X IlOHHTHit tte MO.>KeT 6b1Tb nep e HOC-qlfKOB B3aH.rv10)1.e:f.\:cTBHii. 

Ilpu nocmpoenuu uc1w.Mou meopuu tte ocmaemc.R tt'lL't/£20 utto20, 1Ca?C 

onepem'bC.R tta '1W'li'4en'4U?O aaA'bttOaeucm6U.R. 

5. IlpHHI~Jifil tteonpe,n.eJICHHOCTeM I'eit3e116epra roBOpHT 0 ,lJ,OflOIDiHTeJib

IIOCTH r eoMerrp11qecKHX 11 )1.HHa.MnqecKHX cao:f.\:cra MaTepHH. Cne)l.O

BaTe.TlbHO, 6 OC1t 06attue 6U'tt,aptt0U 2F.O.Mempcx;fn13U?CU aoA:JIC1lO 6'blm'b 

3a.IW:>tee'HO tte"imo 1npem'be, U3 'tte20 6037tU'X:a?Om 'X:a?C aU1ia.MU"ieC?CUe, 

ma?C u. npocmpattcmaenno-epe.MettHue ( 1wopaunarnn'bte) nO?-£xmu.R. 

Ilp11qeM HH<YrKy)l.a He cne.nyeT, qTQ lJOCJie,D,HHe ,D,OJl..>KHbl TIOHBJl5l'l'bCH 

pattbUJe ,LJ,HHaMMqecKHX xapaKTe pHCTHK, Ka.K '3TO npHH51TO uonara'I'b 

B o6~enpmUITbIX TeopHHX. 

6. IlpHHI.J,Hil np11qHHHOCTH, Tpa,D,J.U~HOHHO 3aHHMaIO~Hit Ba)J(Hoe Me

CTO, HeR3MeHHO npHCYTC.'TBYeT B aKCHOMaTHKaX KaK reoMeI'pHH, TaK 

11 KBaHTOBOtf TeOpH11. B reoMeI'pHH '3TOT npHHI.J,Hrr yB£3bIBaJICH c aKCH

O:MaMH qacTl-fqHOH ynopH,D,eqeHHOCTH, B KBaHTOBOA TeOpHH - co cne

l\JifaJibHblMH ycnoa11HM11, HaKna,LlbIBaeMhlMH Ha ~Marrpmzy. B npe.n.

r eOMerrPHH HeT B03MO>KIIOCTH ,ll.Jl5J ero cPoPMYJIHPOBKH, rIOCKOJlbKY 

B Heli eI.IJ.e HeT tteo6xO)l.HMbIX ,II.JIH 3TOro nOHHTHA. B.Mecrno nputt

·~una npu"iUtt'H.ocmu 6 6uttapttou zeoMempoef3·U3u-x;e nocmyAupyemCR, 

eceo6w,a.R C(3.flB'b .Me:>teay 6Ce.MU 603.MO:>IC'li'bl,MU .R6Ae'Hu.R..MU. IlpH 

9'I'OM yMecTHO ttanoM HHTh saMeqaHHe 9 . Maxa: «3aKOH npHql-IHHO

CTH BhIPa.>KaeT B3aHM Hy10 3aBHCHMCX:Tb Me)KAf £BJieHH51MH. Oco6oe 
ynOMHHaHHe 0 rrpocrrpaIICTBe H BpeMeHH B Bhipa>KeHHH 3aKOHa np11-

qHHHOCTH He tty>KHO, 116o ace OTHOllleHHH npocrrpattcraa H BpeMeHH 

CHOBa CBO/J,HTCH KO B3aHMHOit 3aBHCHMOCT11 Me.>K,n.y .HBJieHH51MH» [106, 
c. 428]. 

7. B HCKOMott reopHH cpeau nep6U"i'H'bf,X non.Rmuu tte M0::>1cem 6'bt,m'b npu-

6'bl"tH'btX co6cmeetttt'btX xa:fXL?Cmepucmu-x; "illcmu'4, ma?Cux -x;a-x; .Macca, 

a.11,e-x;1nputt1,ec?\,'UU 'U.ltU uttou aap.Ra, nocKOJihKY OHH 11Me10T CMhICJI JIHlllh 

npH HanJifqHH KJIOCCHqecKHX IlOHHTHit H xapaKTep1i3yIOT flOBC)I,eHHe 

qacr~ B npocTpaHCTBC-BpeMeHH. B ,n.anhHeillueM 6y,n.err noKa3aHo, 
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'-ITO 3TH COOCTB€HHbI€ xapaKT€pHCTHKH "laCTHU. HM€JOT OTHOCHTeJlb

HblH xapaKTep, T. e . crpOHTC51 H3 OTHOUieHHR, cy~eCTBYIOUJ,HX M€:>K/1J' 

9JI€M€HTa:rvm (qaCTH1.T,aM11). 

B npou.ecce nocTpoeHHH 611HapHoA reoMeTpcxptt3HKH caMoro 3JieMeHTap

Horo ypoDH51 Rti(µ) 6y,nyT Ha3BaHhI H ,npyr11e HJIJII03HH H npe,n,cTaBJI€HHH, 

OT KOTOphlX rrpHXO.UHTCH H36aBJI51TbCH. 

HaKoHeu., OTMeTHM, '-ITO npHHIJ.HTI cynepno3 HIJ.HH, c KOTOporo HaqHHac.,'TcH 

aKCHOMaTliKa rHJib6epTOBa npOCTpaHCTBa, TaK)K€ H€00XO,Ll,l1M /{.JIH IlOCTpoe

HH51 fornapHOH reoMerpoqm3HKH, O.LI.HaKO, OH 6y,n.eT 11Cil0Jlb30BaTbCH Ha 3Tane 

nepexo.n.a K MaKponp116opy. 

15.3. Hcxo~1e IIOHSITIDI MaTeMaTH"CJ:ecKoro 
annapaTa 6mrapHoii reoMeTpocPH3BKH 

Tiepe:A,rr.eM K paccMOTp€HHIO II0311THBHblX OCHOBaHH:tt npe,n,reoMeTpH11, 

HJIH, B Haweit TepM11HOJIOmH, 6HHapHOH reOMeTpcxpH3HKlf. 

1. BHHapHa51 reOMeTpocpH3HKa, npe,n,tta3HaqeHHruI ,LJ.JI51 onncru1H5I 3.Tie

MeHTapHoro 3B€Ha ( «MHra») nepexo.n.a CHC'.l'€Mbl H3 0,LI,HOI'O B .n.pyroe COC.'T0-

5IHH€, CTPOMTCH Ha ,II.Byx MHO>KecTBax aJieMeHTOB M 11 N, xapaKTepn-

3YK>~HX COOTBeTCTB€HHO Hat{aJlbHoe M KOHeqHoe COCT05IHH51 CIK'TeMbl. YCJio

BMMC51 o6o3ttaqaTb 3.TieMeHTbI rrepBoro M HO)K€CTBa M JiaT11HCKHMH 6yKBaMtt, 

a 3.TieMeHThl Broporo MHO)l(€C.'TBa N - rpe'-cecKHMH 6yKBaMH. 

B pa3BHBaeMoii reop1111 J\Ba MHO:>KecTBa 3JieMeaTOB Bh1cryna1ar pantto

npaeHo, qT() COOTB€TCTBY€T o6paTMMOCTH npoo6p83a BpeMeHH Ha ca.MOM 

3Jl€M€HTapHOM ypOBHe. 

2: P eJ.lfilV'IOHHoe on11caH11e 3.TieMeHTapHoro 3BeHa npou.ecca 03Haqaer 

3a,n;airne n1raHTCKOH MHpOBOH MaTpH~I (15.3.1), o6o6~am~eli yHapHbie 

MHpOBhie MaTpHIJ,bl, np1-rne,n,eHHbl€ B rJI. 8 H 9: 

µ v p Q {3 'Y 8 a 
a Uaµ Uav Uap Uaa Uaf:J Ua-y Uao Uaa 

b Ubµ Ubv Ubp Uba Ubf3 u1ry UM Uba 

c Ucµ Ucv Ucp Uca Ucf3 Uc'Y Uc0 Uccr 

Mworld = i Uiµ Uiv Uip Uicx Uif3 Ui'l Ui.5 Uicr 

J Ujµ Ujv Ujp Ujcx Ujf:J Uj"Y Uj.5 Ujcr 

k Ukµ Ukv Ukp Ukcx U k f3 Ukf Uk6 Ukcr 

l Ulµ Utv Utp Ulo: Utf3 Ut-y UM Utcr 

m Umµ Urnv Ump Uma Umf3 Urn-y UrruS Urnq 

(15.3.1) 
r ,n.e Uio: - napHbie oTuomeHH.H - ~111cJia, 3a,LI.aHHhie ,11,Jlfl nap 3Jie.MeHTOB H3 

)J.BYX pa3HblX MH0)K€CTB. 
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Ol.maw,rr,tto, 'fTO .pa6ora.Tb c TaKoii MaTp1:11~eH: qpe3Bb1t.iaiit10 Tpy,n.Ho. 

3. KaK M B CJiyqae yttapHOl'O OilMCalflUl MMpa, MbJ MCXO,D,MM H3 IlOJIO:>Ke

HHH, corJiacHO KOTOpoMy 6MHaptta>I MHPOBfill MaTpHu;a o6na,n.aer HyJI€BbIM 

,uerepMMHaHTOM. 0,n,HaKo MMeercH. Bhll~e.neHHoe qlfCJIO (nops,n.oK) - paHI' 

r' HaqMHaH c KOToporo 11 Bbl1IJ€ MHHOpbl paBHbl HYJIIO. IlOCKOJibKY pac

CMaTpi-IBaIOTCH. '3Jie:M€HTbl ,ll.Byx MHO)K€CTB, TO paHr 6y,l.l,€M x apaKT€pH30BaTb 

,ll.BYMH. l.fHC.!laMH, COOTB€TCTBYIOll.J;l1.MH l.JHCJiaM '3JI€M€HTOB B Ka)K)J.O.M H3 ,ll.Byx 

.MHO:>KeCTB. B 6HHapHoii reoMerpo¢H3HKe o6a MHO)KeCTBa H.BJIIDOTCH 3KBHBa

JieHT HbJMH, CJie,n.oBaTeJibHO, 6y,a,yT HCilOJlb30BaTbCH. JIHlllb CHMMeTpHqHble
1> 

p aHrn (r, r). 
3a6era51 Bnep~,u., yKa:>KeM, qTo 6HHapHaH. reOM€TpocPH3HKa CTJXH1TCSJ Ha 

OCHOBe paHra (6,6), 0,LI,HaKO D Heii pacc M aTp1rnat0TCR H CJiy'iaM M€HbllJJ{X 

p aHroB KaK H €KHC ynpom,eHHbl€ HJIH H,ll.€a.TIH3HpoBaHHbl€ BapHaHTbl. 

4. PaBeHCTBO HyJI10 MHHOpoB .LI,aHHoro KpMTH"leCKoro nop.H,ll.Ka r H830-

B€M 3aKOHOM 6uHapHoro MHpa HJJH 6uHapHblX CHCTeM OTHOWeHHH. 

CorJiacHo M3JIO:>K€ HHOMy, )l.JIH. paara ( r, r) 3aKoH 3anMchmaeTca B BM,n;e pa

BeHc'rna HYJJIO onpe,u.en11Te,JIH. 1 o6pa3oBaHHoro BceMH B03MO:>KHhIM11 n apHhI.MM 

oTttorneHHH.MH Me)l()zy rrpo113DOJJbHhIM H r 3JieMeHTatvrn MHO)KeCTBa M 11 11po

H3BOJihHhIM11 r 3JieMCHTaM H M HO>t<eCTBa N: 

Ui,a U,i{:J 'Ui"Y 

<P(r,r) ( Uia, Uif3, · · • ) = Uka: Ukf3 Uk-y = 0. (15.3.2) 

Uj0: Ujf3 Uj"Y 

0TMeTHM, "ITO 3TOT 3aKOH COOTBeTCTByeT 0,D,HOMY H3 BapMaHTOB µ,.11a

rOH8.JlbHblX 611ttapHbIX CTPYKTYP (14.4.2) ) Hati,n,eHHblX r. r. lv1HxaiiJIM'I€HKO. 

0TC1B}la CJie.zzyeT, qTQ napHbie OTHOIIl€HJUI Ufo npe,u.CTaBJI5IIOTC51 B BH,11,e 

(14.4.3). 
5. Oco6o no,n.qepKHeM, l.fTO 3aKOH (15.3.2) co,r~ep.>KareneH JIHlllh npH 

nocrynHpoBaHMH <l>YH~aMeHTaJibHOH CHMMeTpHH 3Jie M€HTOB D Ka)K,[J,OM 

113 ,D,BYX MHO:>K€CTB, '"ITO 03Hal..JaeT, l.fTO 3TOT 3aKOH He 1'13 M €HMTC51 npH llOJIHOH 

11JIM l..JacTH~OH 3aM€He Bbl,LI,€JI€HHbIX H a6opoB 113 r 3Jl€M€HTOB H a JnOOble 

).JJ)yrHe r 3JI€M€HTOB. 

6. ):LnH TIOC.'TPOOHM51 6HHapHOA reo.MeTpo¢H3HKH 0Ka38J10Cb Heo6xo,n;M

MbIM o6o6:rn;HTh reop1uo 6nttapHbIX ¢11:-:iMt.iecKnx cTpyKTYP IO. H . KynaKoBa 

c B€llI,€CTB€HHbIM H napHblMH. OTHOJJ1€Hl1}1MH Ha cnyqai\: 611ttapttbJX CHCT€M 

KOMilJJeKCHblX OTHOW€HHA' KOr~a napHb1€ <YI'HOIIIeHHH H napaMeT()bl 

3J1€ M €HTOB OTIHCbIBaJOTC51 KOMilJI€KCHbIMM qJ1CJ}8u"vlH. JierKO y6e,n;wrbCH, qT() 

B KOMilJI€KCHqrn~poBaHHOA TeOpMH 3aKOHbl H napHbl€ OTHOU1€HH51 H M€IOT 

l) U np~ne, B03MQ)f{Hbl o6o6ll,\eHJrn TeoplUi H a HeCHMMeTplP-IHI.Ie CHCTeMbl OTHO

rueHJ.d\:, 0,LI.HaKO n oKa TaKlie 06o6ll,\emrn H e paCCMCLTpHBaJmCb . 
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TOr :>Ke CaMbIA BH/,1>. B xo,LJ,e )..l.aJibHemnero H3JIO:>KeHH51 HcnoJ1b3yeTCH Tep

MHH 6uttaptt'bte cucme.u-ot ?W.Mn.ae-x:ctt'bt.X omttowettuu, HJIH coKpaw;ettHo -

(BCKO). 

B aKCHOMaTHKe reoMe'I'pHH, KaK 113BeCTHO, Bcer,n,a rro,up83yMeeaerCH 6JioK 

H€51BHO 3a.n,aHHhIX aKCHOM ap:H<pM€THKH. llMeHHO TaM 38JIO:>KeHO llOH51THe 

Be~ecrBeHHbIX qHceJI. B '-lH.<:'l'HOCTH, BeI.LJ,eCTBeHHb1e qHCJia recuo CBH3aHhI 

c aKcHOMO.i1 Apx11Me,n.a, II03BOJIIDOll.J,eA cpaBHRBaTb ,IT.Ba OTpe3Ka, BBO,Il.HTb 

noHHTlffi «OOJibUJe» HJIR «MeHbUJe». KBaHTOBa51 MexaHRKa 11 Boo6~e 3a

KOHOMepHOCTH MHKpoM11pa OITHCbIBaIOTCH Ha OCHOBe KOMITJieKCHblX qlfCCJI, 

IlOCKOJibKY JJ,JI51 KOMilJI€KCHhlX q11ceJI H€Jib351 CK83aTh, KaKoe 113 HRX 60JihIIIe 

llJlll M€HbIIIe. 

B aroi1: cBmH HanoMttH:M no3H~IO P. TieHpoy3a. I1p11 o6cy)K,Ll,€HHH oc

HOBattHit <l>H3HKJI H CBoeA TeOpHll TBHCTOpoB OH roBopHJI 0 « Marl1H KOM

IlJI€KCHbIX qHC€JI»: «0co6a.H MarH.H 3Tl1X q11ce.JI npo51BJl51eTC51 He TOJihKO 

B MaTeMaTHKe, HO H caMa IlpHpo/J,a llCJJOJib3Y€T 9TY MarHID B yCTpOACTBe 

B ceJieHHoA Ha caMbIX r.ny6oKHX ypoBH.stx.. Mo:>KHo 3a,n.aTbCH Bonpoco:rvt: ,n.ett

CTBHTeJJbHO JIH 3TO HBJI51eTC51 oco6eHHOCTh10 Ramero MHpa, HJIJI rrpOC'TO 9Tll 

'-IHCJia HaCTOJibKO IlOJI€3Hb1 B MaTeMaTHqeCKOM OTHOIIIeIJHH, qTo HaxO,Il.51T 

IIIHpoKoe npHMeHeHHe B cPH3H'-IecKoA reopHH. Mttor11c cPH3HKH, sr rmnararo, 

CKJIOIDIIOTCH KO DTOpoMy BapHaHTy. Ho Tor,n.a HM npH,D,eTC.H OO'b51CHHTh, 

noqeMy OK83bIBaeTCH C'l'OJlb YHHB€pCaJibHOM poJib 9THX q11ceJI B KBaHTOBOA 

TeOpHH, r,u,e OHM JIC)KaT B OCHOB€ cpyH,LI.aMeHTaJihHOro IIPHIW.HIIa KBaIITOBOA 

cynepnoam.J,HH H B HecKOJibKO 11HOM o6nHKe B ocHOBe ypaBH€HHA Illpe

,IJ.HHrepa, yCJIOBH51 IIOJIO:>KHTeJibH011 "llaCT<YI'bl H 6ecK011eqHOM€pttoiii «KOM

ITJI€KCHOA crpyKTYPhI », KOTopa51 no.HBJiaeTc.H D KBairroBoA reop1111 no.JIH. 

TaKHM cpH3HKaM B€ll.J,€CTBeHHb1e tIBCJia Ka)KyTc.H «ecTeC'l'BeHIIbIMH», a KOM

rmeKCHbie - «TaWHCTBeHHbIMH». O,n,ttaKo c qHcTO :r-.taTeMaTH'iecKo11 ToqKH 

3µ€HHSI B€ll.I,€CTB€HHbie qHCJia HMt{YTb He «ecrecTBeHHee» KOMilJJ€KCHbIX. 

YlfHTbIBa51 ttecKOJihKO MarnqeCKHH MaTeMaTHqecKHM cTaTyc KOMHJi eKCHbIX 

'-IHCeJI, BIIOJIHe MO:>KHO 3aH5lTb npoTMBOilOJIO)KHYID Il0311~H10 H cqHTaTh 11X 

6onee «eCTecrBeHHhIMH» (11n11, ecn11 yro,D,Ho, «,n,aHHhfMH BoroM» ), tte:>KenH 

Be~eCTBeHHbie 'il1CJia» (127, c. 855]. 
B ,upyroM MeCTe Ilettpoy3 nHilleT: «KoMnJieKCHhie 1:rncJia n pe,n,CTaBJIH

lOTC51 (no Kpaib-1e1\ Mepe Ha HarneM C0Bp€M€HHOM ypoette IlOHHMaHHH) BeCbMa 

tl~HhIM coeraBHhIM 3JieMeHTOM CTPYKTYPhI cPH3HY.eCKHX 3aKoHoB. Teop1151 

TBH(,'TOpoB pacnpoCTpatt.aeT 3TOT Te3MC ,n.aJiee, Bh1JJ.l:mra51 npe,n.noJIO)KeHHe 

0 B03MO)KHOH TeCHOH CBH3H KOMilJieKCHblX lfHC€JI c oupe,t~€JI€HH€M npHpo,11.bl 

caMoro npocTpaHCTBa-BpeMeHH» [163, c. 134]. 
7. I1poo6p3.30M KJTaCCH'-1€CKoro T€Jia OTCqera B 611HapHOM reoMeTpo¢H-

3HK€ BblCTynaeT CHCTeMa 9TaJIOHHbIX SJieMeHTOB MJm' HHaqe roBopH, 

l)O,.qHaKo TeIIepb, CTporo rooopR, CJJe,LJ.ODa.110 61>1 3aHOBO ,U.0Ka.3a.Tb TOOpeMbJ ~H
CTBeIJHOCTH HCIIOJJb3YCMbIX 3aKOHOB. 
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SJJeMeHTapHbii% 6a3Hc BCKO. KaK y:>Ke OTMe'IaJlOCh B pa.3,n,eJie 14.4.1, 
113 OTHOllleHMH 9JI€M€HTOB K Ha6opy 3TaTIOllllblX 3Jl€M eHTOB onpe,n,eJIHIOTC.H 

napa.Memp'bt 3Ae.Mettmoe, .R.6.ti.R.10U{uec.R. attaAOea.Mu ?Wtt.R.muu 'l\,Oopauxam 

e o6bt"'tttoi1 zeo.Mempuu. -qTo6h1 K HRM npHiiTH, B 3aKoHe (15.3.2) ey:>KHo 
BhI,IJ,e.TIMTb r - 1 9JieMeHTOB MHO:>KeCTBa M 11 r - 1 3JieMeHTOB MHO:>KOC'TBa 

NH CllHTaTh 11.x 6a3uctt'bt.MU u.n.u 3ma.11,otttt'bl.MU (cM. pnc . 14.3). 0THomeHIDI 

M€)f(AY 3T8JlOHHbIMl1 3Jl€MeHTaMl1 .M0)KH0 C"iH'l'aTb pa.3 H HaBcer,u.a 3a,ll,3H

HblMH. 

T a KHM o6p830M ocyI.IJ;eCTBJ15leTcR 3aMeHa noHHTH.H MaKponp116opa rn 

B 00o3Ha'I€HHH KBaHTOBOH TeOpHH Rm(µ) ua e 1 'O aHaJlOr - 3Jl€M€HTapHbll1 

6 83HC µ B CHMBOJie 6HHapHofl reoMeTpo(l_:)H3MKH R1L (µ) . 
8. B 6HHapHoii reoMeTpo¢113HK€ KJIJO'IeByJO poJib nrparoT MHHOpbr MaK

CMMaJlbHOro nop.H,n;Ka B 3aKoHe BCKO (15.3.2) , T. e. B o6I.IJ;eM CJJY'Iae OT

JIHtffihie OT eyJIH o npe.neJI11TeJn1 nop51fI;Ka ( r - 1). 0HH H83BaHbI <JlyH,u;a

MeHTa.TibHbI MH ( r - l) x ( r - l )-OTHOWeHHSIMH 11 ,n;ur HHX npHIUITO 

cne~l1aJlbHoe 0003Haqemrn B B~e ,ll.BYX 3Ta2Keii H3 CMMBOJIOB ,Il;BYX rpynn 
3JieMeHTOB n e pBoro H BTOporo MH0)K€(."I'B, 3aKJIIO'lfeHHbIX B KBa,JJ;paTHblC 

CKOOKH . M o:>KHO noK83aTh, "iTO B BCKO npo113BOJihHOro pa.era (r ,r) (l_:)yH,II.a

MeHTaJJbHbie O'I'H01IJ€HH51 o6na.n;aroT 3aMeqaTe.TTbHhlM CBOilCTBOM: 

[~ f3 .. •] = 
i k ... x 

(15.3.3) 

T. e . 38.TIHChIDalOTC51 qepe3 npoH3Be,n;eHHH 113 onpe,LJ,€JIHT€Jl€H, COCTaBJI€HHbIX 

113 n a paMerpoB o,n,aoro copra. 3a6erruI Bnepe,n,, OTMeTHM, 'ITO cne~uaA'bttue 
'l\,<JM6u·Ha'u.uu us ifjy'HiJa.MettmaA'btt'btX omttO'lllettwl1 onpeOe.Jl,Jl,10m, npoo6paa 
aeuC'ITl6UJl ( .11,a2patt3tCUa'H,(J,) nap'bl 63aUMoaeucmey'JCnJJ,UX 11.wcmu~. 

JlerKo B.li,I.l,eTb, q T o 3.JieMeHTapHbIH 683HC xap aKTeproyeTe.H H MeHHO <PY1I
,LJ,aMeIITaJibllb lM (r - 1) x (r - 1)- oTHOIIIeHMeM. KaK H B Knaccw-iecKofl 

(1_:)1i13MKe, B 6MHapttOH rOOMeTpo<l:>H3HKe HCilOJib3YIOTCH npmmJierHpoBaHHbie 

3.JieMeHTaptthre 683HChI, T. e. y,n,oBJieTBop.H10m;11e c n en;HaTihHblM yCJioBHHM. 

9. Mo)KHO noK83aT h , q To e 6uttapttoi1 2eo.1vtemp<><fiU3U'l\,e nepexoau om 

oa'H.020 :JAe.Mettmaptt020 6asuca 'I\, itpy20My onUc'btearomc.R. AU'HeUtt'btMU npe
o6'pa3oeatt'U.R..M.U napaMempo6 9.rieMettmoe aeyx .M'HO~lcecme: 

(15.3.4) 

* 
r ,n,e c: H c : -. K03c:l:>c:l:>Hu,HeHThI, onpe,L1,e.TT5il0ll~l1e KJiacc HCTIOJlb3Y€MblX 

6HHapHbIX CHCTeM OTHOilleHMH ( 3TaJIOHHbIX 3JieMeHTOB) . Cne,nyeT orpaHH

'IMTbCH CJiyqaeM, Kor,rr,a 3JI€M€HTbl /~Byx MHO:>K€(,'TB npeo6pa3ylOTC51 npH 

nOMOU ~H KOMilJI€ KCHO con p.5DK€HHhIX Koac:t><Pm.~H€H'l'OB. 
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KaK 11 B cnea;H8JJhHOii TeopHH oTHOC11TeJihHOCTH, B 611HapHoii reoMerpo

cPH3HKe Bhl,D,€JTH€TC.SI KJiacc JIHHeHHblX rrpeo6p830BaHHH, COOTBeTCTByJOru;HH 

nepeXO,Ll,aM Me2K,lzy np1rnwJierHpoBaHHblMld 9JT€M€HTapHblMH 6a3HCaMH. 0HH 

xapaKTepH3yroTCH ycJIOBlffiMH, 'ITO up11 3THX npeo6p83oBaHH5IX ocTaJOTC.SI 

H€H3M€HHbIMH ( HHBapHaiiTHbIMH) Ka)J(,ll,hIH H3 onpe,n.eJrnTeJieH. cnpaBa B cPYH

,LI,aMeHTaJlbHOM (r - 1) x (r - 1) OTHOIII€HHH (15.3.3) . .JierKo IJOKa.3aTb, '-ITO 

TaKHe npeo6p33oBaHH.SI cocraBJrnJOT 2r(r - 2)-napaMerp11qecKyt0 rpyuny 

SL(r- I,C). 
10. BoJiee rro,npo6Ho OC'TaHOBHMCH Ha Bb16ope Heo6xo,D,HMoro palil'a 

BCKO. EerecTBeHHO O*H,.ll.aTb, "'ITO rJiaBHYJO poJih B Teop1111 :wrpaIOT BCKO 

MHHHMaJJbHblX panroB: (2, 2), (3, 3), (4, 4), .. .. Ilo:wcK H€00XO,LI,HMOI'O ,LI.JUI 

OilHCaHH51 ¢m3HKH paHra ocyru;ecTBJIHJICH MeTO/J,OM HH,.ll.JKIVIH, T. e. noCJie

,npBaTeJihHO H3Y'claJ1HCb B03M0)KH0CTH MO,LI,€JICM 6HHapHOH reoMerpoQ:>H3HKH 

Ha octtoBe BCKO, Ha~HHa.SI c paHroB (2,2) H (3,3) H ,n.anee 6oJiee DhICOKHX 

pa.HrOB (4.4), (5,5), (6,6). 
C IIOMO.ll..l;hJO BCKO paHroB (2,2) H (3,3) cTpo11TC5l H,IJ.€aJIH3HpoBatttta.SI 

MO,LJ,e.Tih, OITHChIBaIOll.J,a.H CBOOO,LI,Hbl€ ( H€B3aHMO/J,€iiCTByt0ru;He) npoCT€HUIHe 

9Jl€M€HTapHbl€ 1.racT~hl - JI€UTOHbl. 9Ta MO,LJ,eJih COCTaBJIHeT OCHODy ,Ll,.TI.SI 

noe:rpoeHHH rrpoo6p838. KJiacc111.1ecKoro npocTpaHCTBa-BpeMeHH. ,lLn.a 0 1mca

HHH s3a11Mo,n;eikTByt0ru;HX 1.1acT11a; tteo6xo.n:.HMo HcnoJih30BaTb BCKO 6oJiee 

BhICOKHX pattroB ( 4,4) HJIW (6,6). IlpH 9TOM OKa.38.JlOCb, 1.1To BCKO pattra 

( 4,4) rrpe,LJ,CTaBJI51eT co6oli npocrelirnyJO MO)J,€Jib, rro3BOJIHJOIIzyIO onucaTb 

9JI€KTpoMarHHTHbI € B3aHMO/J,€iiCTBHM JI€IlTOHOB. 9m MO,Ll,€Jlb HBJIH€TC.SI rrp.SI
MbIM aHaJIOf'OM 5-MepHOH (yHapHOH) reOM€TpH"l_J€CKOH MO,D,€JIH T.a.-ma ~reOpHH 
KaJJ.yUbI. 

,il;JUI IlOJIHOI'O OilHCaHJUI H3BeCTHbIX 3aKOHOMepHOCTeii <l>H311KH 

Heo6xo)J,HMO HCilOJJb30BaTb BCKO paHra (6,6). CJie,n;yeT OTM~.rHTh, 
qTO 6'btae.tte'H/HOe 11tUC.lto 6 6?C.ll.1011{aem 6 ce6.n aeou11t'l-WCm'b U mpoU11t'H,OCm,'b, 

XU'jXJ/K,mep'H:bte a.1ut .Mem,a<fi'U3'lJ,'K,U. Ha OCHOBe BCKO paHra (6,6) OK338JJOCb 

B03M0)KHbIM OIIHCaTb KaK npoo6pa3 CHJibHbIX B3a11MO,II.eil:CTBHH a,DJ)OHOB, TaK 

H 9JieK'l 'poCJia6bI€ B3aHMO,n,ettCTBH51 JieUTOHOB H ~OHOB B o6ru;eM BH,ZI.e. 

11. Ka)K).J;bitt 9Jte.MeHT BCKO paHra ( 6,6) xapaKTepH3yeTcH r - 1 = 5 
napaMeTpaMH. AHan:w3 IIOK83aJI, "lJTO /VI51 orrHCfilfHH cPH311qecKoi1 pear1b

HOCTH H€00XO,D,HMO rrpOH3B€CTH 5 = 2 + 3-pacru;errJie1rne napaMeTpoB Ha 

,LI,Be qa{,~H, r,n,e u epBbl€ )J,Ba napaMeTpa ( c HH,Ll,€KCaMH 1 H 2), H83DaHHhIC 

ene'llt'H,UMU, CJI€A)'€T HCIIOJib30BaTb )1/151 OIIHCaHH£ KOMIJOH€HT 4-MepHoro 

HMrryJihCa (cKopocrH) '-IacTHU,, a TPH OCTaBllJH€C£ (c HHJJ.€KCaMH 3, 4 H 5), 
Ha3BaHHbie 6'1-£yrnpe'l-£'1-£'U.MU, /1,0.IDKHhl onpe,LI,eJIHTb, KaK H B MHOroMepHbJX 

r€0MeTPH~eCKHX M0,1J,€JT.HX, 3apH,II.bl 3JI€M€HTapHblX llaC'rHIJ,. 9TO p83,LJ,€JI€HH€ 

COOTB€TCTByeT npou,e,rrypaM n = 4+ 1+1 +· . . -pacru.errJICHHIO B M.HOrOM€pHbIX 

reoMeTpH'-i€CKHX MO,IWJIHX cpH3HqecKHX B3aHMO,Ll,eHCTBH:it. 

H 33BaHHoe p83,LJ,e.TieHHe Q:>aKTHli€CKH 03_Hat1aeT p acll.J,enJieHHe Hcxo.n:.Hoii 

BCKO paHra (6,6) Ha ,LI,Be no,LJ,CHCT€MbI: BCKO paura (3,3) ( c /~BYM.H 
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uapaMeTpaMH) 11 BCKO paHra (4,4) (c TpeMfl napaMerpaMH). B p€3yJibTaTe 
pacw,enJI€Hli5I ttcxo;J,Ha51 rpynna npeo6pa30BaHI1tt 8L(5, C) B BCKO pa.Bra 

(6,6) cy)KaeTC51 ,l.I,O npo113Be,n,ett1:1H ,U,Byx no,n,rpyun: 8£(2, C) - )J.JUI BHenurnx 

napaMeTpoB H 8L(3, C) (II.TIM 6oJiee y3Kott rpynnhI SU(3)) -MH BHyTpeH

HHX napaMeTpoB. 

ITepel.IIICJI€HHbl€ IlOH51Tllll II cpaKTOpbl Jie)KaT B OCHOB€ Teop1:1I1, IIOCJI€,Il~ 

BaTeJibHO p83mrnaioIJJ,e:H npttHI.J;MIIbI apHCTOT€JI€BCKoro TpHe,11.IIHCTBa (MoHH

CTHqecKott uapa,n,1IrMb1). B CJI€,l1YIOII.J,HX p83,n,eJiax 3Tott rJiaBbI IIOKa3aHO, KaK 

Ha CaMOM 9JI€M€HTapHOM ypoBHe 6MHapHOM reoMeTJXXPH3IIKM IIpo5IBJI5IIOTCH 

IICTOKl1 CBOHCTB Tpex KJIIOlf€BbIX cp113lfqt.,><_:Kl1X KaTeropHH TPHaJIHCTlfqecKOH 

napa,n,ttr:MbI: KJiacc11qecKoro npocTpaHCTBa-BpeMett11, qacT11n; 11 noJiefi nepe

HOCqHKOB B3aMMO,I\€HCTBHtt. 

15.4. HcToKB 4-MepHOCTH H c11rHaTypb1 
KJiacc11qecKoro npocTpaHCTBa-BpeMeHH 

lloHHTl:IH BCKO HM3lllHX pattrOB <t>aKT11qeCKH y)f(e .n.aBHO HCTIOJib3YfOTC51 

B TeOpeTM'"I€CKOii qm3nKe. B qacTHOCTH, nou.Rm,ue cnu·tta ::JAe.Me'Hmaptt'btX 

'l(,acmu1~ u meopu.x 2-?WMno?-lettm?-l'btX cnu?-lopoe, O?W.3'bteaemc.R, 603ttU'IWWTn 

6 pa.M?OOX BCKO MU'HU.Ma.11/o'H020 ·tte6'btpo::>1cde'H.?-lo20 patt2a (3, 3 ). IToHCHHM 

sTo yTBep)f(.Ll.€HHe. CorJ'IaCHO o6m;eii reopHH 6ttuapHbIX CHCTeM oTHoweHHii, 

3aKOH BCKO paHra (3,3) MMeeT BH,II; 

Ui.o Uif3 Ui'Y 

~= Uk,a Ukf3 Uk-y = 0, (15.4.1) 
Ujo. Ujf3 Uj'Y 

r,n.e napHbl€ OTH0lli€HM51 
Uia = i101 + i2o2 (15.4.2) 

OIIp€,ll.€JI5IIOTC51 ,ll.BYM51 napaMH KOMIIJI€KCHbIX uapaMeTpoB i 1 ' i 2 ( HaqaJibHoe 

COCTOKHII€) II a 1 , a 2 ( KOHeqHoe COCT05IHII€). 

Bo3bM€M cpyH,II.aMeHTaJibHOe 2 x 2-oTHollleH11e, KoTOpoe, corJiactto 

(15.3.3)' npe,lI.CTaBJI51€TC51 B Bll,!\€ 

,; l kl 1 131 [ {3 ] Uia Ui[.3 ., a = ~k . 
Uko. Uk[.3 i2 k2 X a2 {32 ., (15.4.3) 

OrpaHHqIIMC51 paccMoTpettHeM JIIUIIh TaKHx 9JI€M€HTapHbix 683MCOB> Ko

TOpb1e CB.513aHbl JIMHCtiHblMM npeo6p830BaHil5IMH ( 15.3.4)' OCTaBJI5110lll,HM:W 

HHBapHaHTHbIMII ( H€Il3M€HHbIMII) Ka)K,lI.blH W3 OIIpe,lI.eJIIITeJiett cnpaBa 

B (15.4.3), 'I'. e. 

-1 
i 
·2 
'l 

a 1 {32 - a 2 {31 = Inv. (15.4.4) 
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8T:w Bbipa)KeHIUI MO:>KHO IIOH11MaTb KaK aHTHCHMMeTpHt.IHbl€ Mfil'PHKH 

B Ka.>K,LJ;OM H3 ,n,Byx MHO)K€CTD (npocrpattcrB) BCKO pa.Hra (3,3). Ho eCJIH 

BCITOMHHTb OIIp€1~€JI€HH€ 2-KOMIIOH€HTllbIX CIIHHOpoB KaK 2-MepHblX KOM

IIJI€KCHblX B€KTOpoB, ,II.JUI KOTOpbIX onpe,n;eJieHa HUBapHaHTHaJI aHTHCHMM€T

pHt.IHaJI KBa)lJ)aTHt.IHa.SI Q:>op.Ma (MeTpHKa), TO CTatteT 51CHO, ~ITO 3JI€.M€HTbl 

BCKO paHra (3,3) c ycJIOl:3H€M (15.4.4) orutCbIBalO'l'CH 2-KoMnotteHTHbI MH 

CIIHHOpa.MH. 

06paTl1.M BHHMaHHe Ha TOT Q:>aKT, '"ITO B HCXO,lI,HbIX IIOJIO)J(€HH51X 6HHa~ 
HOH reoMeTPcxPH3HKH 0ITp€A€Jl€Hbl OTHOIII€HH51 - - rrpoo6pa3 CBoeo6pa3HOH 

M€TJn1K1:1 - JIHUJh .Me:>K,Lzy 3JI€MeHTa.MH /l.BYX p83JIHqHh1x MHO)J(eCTB M H N 
H He 6hIJ10 OTHOIII€Hl:IH BHYTPl:l Ka)K)J;Oro H3 MH0)J(€CTB. 0,n;HaKO B (15.4.4) 
B03HHK.TIH aHTHCHMMeTplillHbie Mfil'PHKH BHYTPH Ka)K)J;oro H::J MHO>KecTB, 

MOJKHO CKa3aTb, «HaBe,n,eHHbI€» OTHOIII€HH51MH c 3JI€M€HTaMH npoTHBOIIO

JIOJKHOI'O MHO)J(€CTBa. TaKHM o6p830M, MO)f{HO yTBep)f{,n;aTb, t.ITO reop1u:r 

2-Ko:rvmoHeHTHhIX cn11HopoB HBJI51eTc.si CJJe,LJ,CTBHeM BCKO paHra (3,3) . 
Ko3¢Q:>H1.zy1eHTbI JIHHeiiiHhix rrpeo6pa30BaH11tt (15.3.3), ocTaBJI5IIOI.l.J)iX HH

oop11aIITHhIMH aHTHCHMM€TpHllHbie Q:>op.Mbl (15.4.4), y,n,oBJieTBOpHIOT ycJIO

BHIO Cf Ci - c~ Cf = L Cne,n.oBaT€JibHO, Ha '"1€Tbipe KOMilJl€KCHblX K03<l:>Q:>H

I.J,H€HTa c: HaJIO)J(€HO ,n;Ba B€JU€CTB€HHbIX yCJIOBHH. 8TH apeo6pa30BaHHH, 

CB513bIBaIOil.J,H€ Bbl,D,€JI€HHblM KJiacc 683HCHbIX 3JI€M€HTOB, o6pa3yIOT ~rrapa

MeI'pH~IecKylO rpyuny SL(2, C), COO'l'DeI'CTBy10nzy10 rpynrre JiopeHn;a. 

Tipeo6p830BaHH.SI (15.3.3), O,Il.HOBpeMeHHO coxpaHHIOll.J,H€ HHBap11aHT

HblMH KaK aHTHCH.MMEr.rpI-NHbie Q:>opMbl (15.4.4), TaK H napHb1€ OTHOIII€HIDl 

Uia B (15.4.2), o6pa3ylOT 3-napa.MerpHllecKyro rpyrrrry SU(2), cooTDeTCTBy

romyro Bpa~€H.H5IM B 3-MepHOM npocTpaHCTBe. 

H anOMHHM, qTQ B o6menpHHHTOtt 'T'OOpHH K CIIHHOpaM IIpl:IXO,ll,HT, HCXO,ll,51 

H3 nnocKoro 4-MepHOI'O rrpocTpatt{,'TBa-Bp€M€HH c COOTDeTCTBYIOil.J,€H €MY 

rpyrrnoH: .ITopeHn;a, a Ha ocHone anre6p KnHQ:><Pop,n,a Ha,n, rroneM Bew,ecTBeH

HhIX qwceJI MO>KHO OIIp€,ll€JIHTb CIIHHOphl B rrpocrpaHCTBax JI106ott pa3.Mep110-

CTH H c11rHaTypbI. Ho .MO)KHO paccy)K,ll;aTb 1:1 B o6paTHOM HarrpaBnenHH: ec1rn 

3a,rr.att BH,ll CIIHHOpOB, TO cpa3y .>Ke MO)J(HO CK83aTb 0 p83M€pHOCTH H CHTHa

Type MHoroo6p83HH, B KOTopoM onpe,rr.eJieabI 3TH crr1:1ttoph1. YqHTbIBaH, q'J'() 

B HaIIIeM CJiyqae MaCCHBHhl€ t.taCTHIJ.bl OIIHCbIBaIOTC51 napott 2-KOMIIOH€IITHbIX 

CIIHHOpOB, np:RXO,ll,HM K BblBOAY, ~ITO TaKHM o6pa30M y:>Ke 3aJIO)K€Hbl OCHOBhl 

4-MepHOCTl:l T€0pHH c CHrHaTypoA ( + - - - ) . )J.pyrHMH CJIOBU.1H, M0)KH0 

yTBep.>K,D,aTb, llTO pa3MepHOCTb ( 4-MepHOCTb) II CHrHaTypa KJiaCCH
qecKoro npocTpaHcTea-epeMeH11 06ycJIOBJiett1>1 611uapuo:H cuCTe

Moii KOMnJieKCHbIX OTHOllleH1di MHHHMaJlbHOro HeBbipo>K,n:euuoro 
paHra (3,3). 

B CB5I3H c ,rr.alilibIM BhIBO~OM c,n,eJiaeM 11,Ba 3aMeqaHH51. 

l. B 6JIH3Koii no rrpeCJie,rzyeMbIM n;eJIHM TDHCTOpHoii nporpaMMe TieH

poy3a 4-MepHe H CHI'HaTypa rrpocrpaHCTBa-BpeM€IIH aBTOMaTH\.I€CKH 
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CJie,nyIOT H3 OCHOBHOro nocTyJiaTa TeopHH - H3 onpe,II.eJieHHH TBH

CTOpa. B 611HapHo:ti reoMeTPcxPH3HKe cnHHOpHOCTh nonyqaeTCSI KaK 

CJI€,D,CTBH€ np11 pacCMOTpeHHH ynpollJ,€HHOii ( H,II.€8.J1H3MpOBaHHOH) MO

,!I,€JIH Ha ocHose BCKO paHra (3,3). B HaUieM uo,n.xo.n.e upe,n.JiaraeTC51 

paccMaTpMBaTb BCKO H 6onee BhICOKoro paHra, B KOTOphIX B03HH

KaIOT o6o6llJ,€HHbie ( cpHHC.rrepOBbl) crrnHOpbI. 

2. B H3BeCTHo:tt MOHorpa¢H11 q_ M113Hepa, K. TopHa H ,ll,)K. YnJ1epa 

«rpaB11TaI~MH» CTaBHJIC.H «BOIIpoc 0 TOM, MO)KHO JIH IlOCTpoHTh reo

M€TpHIO c IlOMOlll,blO KBaHTOBOro IIPHHu;Hna H3 OCHOBHblX '3JI€M€H

TOB, KOT0pb1e ca:rvm no ce6e He o6Jia,D,aIOT KaKott-JIH6o onpe.n.eJieHHoit 

pa3MepHOCThlO. B u;eHTpe BHHMaHHH ,n,11cKycc1111, KoTopax npoxo,LI,Hna 

B 1964 r., 6hIJia «Pa3MepHOCTb 6e3 pa3MepHOCTM». 0.n.HaKo ocHOBHhIMH 

npHq11HaM11, 3aCTaBJIHIOlll,MMM pa3MblllIJIHTb 0 npe,n,reoMeTpHH, 6hIJIM 

H OCTaIOTC.H ,II.Be xapaKTepHbl€ oco6eHHOCTM npnpo,U.bl: CIIHH 1 /2 11 3a

p.H,II., rOBOP.Hlll,He CaMH 3a ce6.H BO Beeb ro.rroc B Jiio6ott o6JiaCTH cpH3MKM 

3JI€M€HTapHhIX 'iacTM~» [109, c . 474]. 

B 6MHapHott reoMeTpocpH3HKe ¢aKT.w:iecKH pernaeTcH nocTaBJI€HHbI:ti 

Bbllll€ BOnpoc. Pa3MepHOCTb BBO,ZJ,HTCSI He KaK TODOJIOrHtteCKOe 

CBOUCTBO HenpepbIBHOro MHOroo6pa3H.H, a aJire6paHtteCKH - ttepe3 

pattr 3aKoHa BCKO, T. e. pa3MepHOCTh onpe,II.eJIHeTC.H -c.iHCJiaMH 3.TieMeH

TOB, CBH3aHHhIX B 3aKOH€. 

0,u.HaKo OT a.n:re6paHqecKnx nOHHTH:tt BCKO paHra (3,3) ,II.o · 4-MepHoro 

KOOp,D,HHaTHOro upocrpaHCTBa-BpeMeHH nyTb He 6JIH3KHH. 9TOT oonpoc 

6onee no,rrpo6HO paCCMOTP€H B CJieAYIOllJ,€H r.rraBe. 3,!I,eCb )Ke OTM€THM, t:.ITO 

OT BCKO paara (3,3) MO)KHO nepefiTM K yHapHhIM cHe,'Te:rvtaM BemecTBeHHhIX 

OTHOill€HHR, COOTBeTCTBYIOlll,HM o6u.:r,enpHHSIThIM reoMeTpHHM, H€CKOJibKHMH 

cnoco6a:rvnf. TiepeXO,!I, K npoo6pa3y npocTpaIR'TBeHHO-BpeM€HlibIX OTHOille

HHH ocylll,€CTBJU1€TC.H CKJI€HKOR nap 3JI€M€HTOB (no 0,D,HOMY H3 Ka)K,D,oro 

MHO)KeCTBa) TaK, KaK 3TO II05ICHeao Ha p11c. 14.5. ,LIJ>yro:tt cnoco6 nepexo,rr.a 

K yHapHbIM CMCTeMaM Bem;eCTB€HHhIX OTH0lll€HMH OCHOBaH Ha cunrnKe ,!I,BYX 

nap 3JI€M€HTOB (no ,D,Ba 3JI€M€HTa B KaJK.LI,OM H3 MHQ)l(€CTB) TaK, KaK 3TO 

H3o6paJKeHo Ha pHc. 15.2. OH COOTBeTCTByer uepexo,uy K yHapHo:A reo

MeTpHH .ITo6at:.1€BCKOro, cpH3Hl.f€CKH HHTepnpeTMpyeMOH KaK npocrpaHCTBO 

CKOpocTeil qaCTH~. 

B BepxHe:A qacrlf pHCYHKa H3o6pa)K€Hbl qeTBepKH conpH)K€HHh1x 3Jie

M€HTOB H3 ,rr.Byx M HO)l(€CTB BCKO paHra (3,3), a B fill)Ktteil qacT11- cono

craBJieHHhie c HHMH 3.TieMeHThI o,rr.Horo HOBoro MHO)K€CTBa M'. 
113 uapaMeTpoB nap 3JI€M€HTOB ·-- ,D,Byx 2-KOMilOH€HTHbIX CIIMHOpoB - IIO 

o6biqHblM npaBHJiaM CTpOHTC.H 4-MepHbie B€KTOpbI, q>H3HqecKJ'I lfHTepnpe

THpyeMbie KaK CKOPOCTH (HJIH HMnyJibca) MaCCHBHblX "C.JaCTM~. TaK, KOMIIO

H€HTbl 4-CKOpOCTH qacTHU:hl, onHCbIBaeMO:tt 3Jl€M€HTaMM i 11 k B HaqaJibHOM 

COCTOHHMH H a H /3 B KOHeqHoM COCTO.HHHH, 3anHCbIBal:OTC51 CJI€AYIOIJJ;HM 
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N 

M 

PHc. 15.2. Ilepexo,u. OT BCKO paHra {3,3) K YCBO paHTa (5) 

06pa30M: 
uo = ~( i1a1 + i2a2 +kl {31 + k2 {32); 

ul = 4(i1a2 + i2al +kl {32 + k2{31 ); 

u2 = ~(i1a2 _ i2al .+ k1{32 _ k2{31); 

u3 = 4(i1a1 _ i2a2 + k1{31 _ k2{32). 

BCKO 
pattra (3,3) 

YCBO 

paara (5) 

(15.4.5) 

Ot.ieBH.ll.1m, KOMilOHeHThI BeKTOpa B (15.4.5) .HBJI.HIOTC51 BeI.I.J,eCTB€HHhIMH, 

eCJIM napaMerphI 3JI€M€HTOB a H {3 KOMilJie KCHO conpn>K€Hbl napaMeTpaM 

3JieM€HTOB i 11 k. llM€HHO KOMilOHeHTbI uµ Q:>J13HqeCKM MHTepnpeTMpylOTC.H. 

BJIH3KHe no CMbICJIY npo6JieMbI .HMeJOTC51 KaK B o6IIJ;enpHH.HTOii KBaHTO

BOii TeopHH, TaK H B 06IIJ;eH reopHI1 OTHOCHTeJibHOCTH. HanOMHMM, B KBaHTO

BOH T€0PHH nepexO,LJ, OT KOMilJl€KCHbIX BOJIHOBhIX Q:>yHKIJ;M~ K Ha6nro,rr,aeMblM 

B€J111 "IHHaM ( HMilYJibCaM. KOOp,rr,HHaTaM H T. ,ll,.) ocyw.ecTBJI.HeTC.H c IlOMOIJ..J,hIO 

apMHTOBhIX onepaTOJX>B, MM€JOI.IJ,HX BeI.U;eCTB€HHhie co6CTBeHHbl€ 3 HaqeHM.H. 

B o6.I.I.J,eii rreop1ni OTHOCHTeJibHOCTH nepexo/J, OT Tett30pHhIX B€JJMY:HH, 38.BH

C.HIIJ;Hx OT npOH3BOJia B Bb16ope KOOp~aTHOii CHCT€MbI, K Ha6JIIO.ZI,aeMbIM 

Be.rrH"IHHaM npoH3BOAHTC51 nocpe,ll,CTBOM npoeu;HpOBaHH.H Ha HanpaBJI€HH.H 

HCilOJib3yeMhIX c11creM OTC"leTa. (B OTO HCTHHHo Ha6nro,L1,aeMhlMH .HBJIB

lOTCSI JIHllih CKa.JI.HpbI.) B cny~1ae BCKO pattra (3,3) aHanoroM YKa3aHHhIX 

npou,e,n.yp .HBJI.HeTC51 nepexoa om BCKO 'JC YCBO nyTeM COOTBeTCTByio

I.U;eii «CUIMBKH» 3J1€M€HTOB ,rr,Byx MHO:>KeCTB B o6'b€KTbl (aneMeHTbl) O.ZI,Horo 

copra. TaKMM o6pa3oM, B 6HttapHoii reoMeTpoc}:>H3HKe no.HBn.HIOTca H YCBO, 

O,D.HaKO OHH HM€JOT BTOpl-NHblH xapaKTep. 
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B nonyqeHHOii onHcaHHbIM cnoco6oM YCBO napHhie OTHoweH115l Me>KA,Y 

CKJleeHHhIMM '-IeTBepKaM11 3JieMeHTOB onpe,r:r.en5l10Tc.si B BH,n,e OObI-cittoro cKa

JI51pttoro npoH3Be,n,ettiur ,n,Byx 4-MepHhIX B€KTOPOB. TaK, nycTh 0,1J,11H BeKTOp 

u(
1
) onpe,n,eJIHeTCH 3Jl€M€HTaMH i, k, a, {3 BCKO pattra (3,3), a BTOpoii BeK

Top u(~) Oilp€lJ,€Jl.HeTCH 3J1€M€HTaMH j, s, , , fl, TOr,rr.a Jlef'KO IlOKa3aTb, qTO me 
npo113Be,lleH11e (napttoe OTHOIIIeH11e YCBO pattra (5)) c;1e,rr.y10IIJ,ID.1 o6pa30M 

3aIIHCblBaeTCH qepe3 cyMMY t.IeTbipex ¢yH,n.aM€HTaJlhHbIX 2 x 2-0THOUJemrn 

11cxo,r:r.Holi BCKO pattra (3,3): 

/J. _ 1 ([a'] [afJ ] [fh] [{3fJ]) 
'LJ,(I) u(2)µ - 2 ij + is + kj + ks · (15.4.6) 

B 3TOM pa3,rr.ene yno.MHHYThI JIHIIIh caMhie cyrn,ecTBeHHhie nonmKeHH.SI 

BCKO pattra (3,3), B paMKax KOTopoli onHchIBal()'I'cH uiJeaAu3upoea'H'H:bte, 

'Hee3aUMooeucmeyw'~ue "'tacmu'l~'bt. 

15.5. 9neMeHTapHhle qacTH~I 

B 6Httapttott reOMeTpoqm311Ke 63au.MOoeucmey10,~ue "'tacmu'U/bt onHChIBa

lOTC.H BCKO pattra (6,6), a cocTOHHHjf aJieMeHTapHbIX qacTHI~ (JienTo

HOB H KBapKOB) xapaKTepH3YIOTCSI TpoiiKaMH SJieMeHTOB B KCUK,LJ;OM 

H3 ABYX MHo:>KeCTB M 11 N BCKO. (9TH TpoliKH ~JieMeHTOB ,1J,JIH cnyqaJI 

6apHOHOB cneu.113.JlbHblM o6p8.30M MOry'l' 6hITb IlOCTaBJI€Hhl B COOTBeTCTBHe 

c o6m.enpHHHTbIMl1 KBapKaMH.) IlocKOJibKY Ka:>K,ll.blll 3J1€M€HT xapaKTep11-

3yeTCH 5 KOMnOH€tlTaM11, TO, corJiaCHO ,n;aHHOMY onpe,n,enettHlO, COCTOHHH5l 

KruK,n,ott qacTl1l.J,bI on11cbrnaeTC5I np.HMoyroJlhHoil: 3 x 5-MaTp11~e.M. TaK, eCJI11 

~1acT11u,a B B HaqaJJbHOM cocTOHHHH orr11chrnaeTcH TpoliKoti 3JieMeHTOB i, k, 
.i' TO eii COOTB€TCTBY€T MaTPH~a: 

·l 
'l kl ·l 

J 
·2 

i k2 ·2 
J 

B(ikj) --7 ·3 
i k3 ·3 

J (15.5.1) 
·4 

i k4 ·4 
J 

·5 
i k5 ·5 

J 

YnoM.HHyToe BhIUJe 2+ 3-pacrn,ellJlett11e napaMeTpOB 3JieMeHTOB BCKO pattra 

(6,6) Ha BH€UJHH€ H BHyTp€HHHe OTo6pa)K€HO ropH30HTaJlbHOH JlHI-IHett, 

p83,n,eJIHJOIIJ,eH HCX0,!1.HYIO 3 x 5-MaTpHu,y Ha IIpHMOyrOJlbHYJO 3 x 2-MaTPHI.\Y 

H3 BH€IIIHHX napaMeTpoB H KBa,upaTHYIO 3 x 3-MaTp11u,y 113 BHY'1'P€HH11X 

( 3apH,ll;OBhIX) rrapaMeTpoB. 

B 611ttapttoli reoMeTpoc}::>113HKe nenTOHbI H 6apHOHbI e,n.11ttoo6p8.3HO orm

CbIBaIOTC.SI -rpo:AKaMH 3JleMeHTOB. BapHOHbI xapaKTep113yFOTC.SI o6rn,11M CJIY

qaeM (15.5.1), Kor,n.a see 'l'PH 2-CTOJI6:u;a M3 BH€IllHMX rrapaMeTpoB co,n,ep:>KaT 

, 
i 



HeHyJieBbie KOMilOHeHTbI, a )l.JUi MacC11BHblX JienTOHOB ( 3JieKTJ)OHOB ( e)) MaT

p 1u.r.a HMeeT TOT :>Ke BH,LI. (15.5.1), 0)1,HaKO O,ll.MH H3 aepXHHX 2-KOMilOHeHTHhIX 

CTOJI6:a;oa COCTOHT H3 HyJieBhlX BHeIIIHMX rrapaMeTpoB. IlyCTb 3TO 6y)J.eT 

TJ)eTHR CTOJI6e:a;: 

·l 
i kl 0 0 0 ·l 

J 
·2 

'/, k2 0 0 0 ·2 
J 

(e) ==> 3 3 3 (v) => 3 3 3 (15.5.2) ci1) ci2) ci3} cil) c~2) ci3} 

CP> c~2) c~3) c~l) c~2) c~3) 
;J 

c(2) " c(l} c(3) c(1) c(2) c(3) 

I')l,e, KaK l1 paHee, sepxHHe )l.Be CTpOKH COO'rBeTCTBylOT BHeUIHHM 2-KOMTIO

HeHTHbIM CIUIHOpaM, a OCTaBUIHeCH TpH CTpOKM - )l.OTIOJIHH'J'eJlbHhIM rrapa

MeTpaM (3-KOMIIOHeHTHbIM ¢HHCJiepoBbIM CITHHOpaM), J(Jl.R KOTOpbIX BBe

,IJ.eHbI HOBble 0003Ha .. 1eHHH. ,ll,JIH H€HTPHHO ( v)' TaIOKe OilHCbIBaeMOI'O 

3 x 5-MaTpHIJ,eH, )l.Ba 2-cron6:a;a H3 BHelIIHHX napMeTpoB RBJ15UOTC5l HyJie

DbIMH. IlyCTh 3TO 6y,rr,yT nepBbie )J.Ba CTOJ16u.a, KaK 3TO 3ailHCaHO B (15.5.2). 
0TMeI'HM, tfTO '(,rncno HyJieBblX CTOJ16IJ,OD H3 BHelIIHHX n apaMeTpOD 5lBJI5leTCH 

11HBap11aHTHbJM CBOikTBOM 'laCTHIJ, OTHOCJITeJlhHO BhI)l.eJieHHbIX rpyrrn npe
o6pa.30Balil1H napaMeTpOB. 

JierKO BHJ(eTh, '(ITO HM€IOTCH TPH B03MO>KHOCTH (no 'IBCJJY 2-KOMilOHeHT

HhIX CTOJ16IJ,OB H3 BHelIIHHX napaMeTpoB) )l.Jl~ onpe,IJ.eJJeHH.R MaCCHBHbIX Jierr

TOHOB 11 aHaJJOrU .. ·JHbie HM TpH BCX3M0)KII0CTl1 ,LJ;JIB onpe,IJ.eJieHH5l HeliTp:mm. 

fl 6HHapHO.tt reoMeTpo¢H3HKe 3'1'11 mpu 603.MO~'HOCfflU UHrnepnpernupy· 

?OmCJt, ""a"" mpu no'lf,0.11,e'HUR .11,enmoxoe. 

Mttor11e rrono:>KeHHH 6uttapttott reoMCTpocPH3HKH COOTBeTCTByioT np11-

HHTbIM B CTaH,llapTHbIX K8Jnt6poBO'-lHhIX MO,LJ;eJIHX ¢ff3nqecKHX B3aHMO

)J,e:liCTBl1H. B paMKax 6HHapttoli reoMeTpo¢U3HKH orrpe)J,eJrnlOTCH 6ap110HhI, 

KBapKH, JI€TITOHbl H T. )l.. (CM. (36)). 
OrpaHHqHMc.R CJiyqaeM MaccHBHhIX nenToHoB. B o6I.UcrrpH1.IBTOi1 TeopHH 

OHR on11cb1BaJOTCH JIHIIlb sttemHHMll napaMerpaMH. BKna,ll,bI BHyTpeHHHx 

( HR>KHHX) napaMerpoa y'lHThIBalOTCH Yepe3 sse,IJ.ettne 3ap.H,IJ.OB qacrH.LJ,. 

TiycTb 3J1€KTpOH ( e) OITHCbIBaeTCH )l.BYM.R napaMH 3JI€M€HTOB: i, k ll a, (3' 
TOr)J,a ero MO:>KHO oxapaKTepH30BaTb B TepMHHax, 6JIH3KllX o6~enpHH5IThIM 

B KBaHTOBOM T€0pHH, T. e. 4-KOMTIOHeHTHbIMH CTOJI6~0M 11 CTJ>OKOM BH,U;a: 

·l 
i 
·2 
i 

132 
-/31 

(15.5.3) 

l')l.€ B€JIH'lliHbI c HH,IJ.eKCOM CHH3Y 0003Ha"falOT KOBapHaHTHbie KOMJIOH€HTbf 

CI111HOpOB. 
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Onpe,n,en_.HH MaTp1nzy T'5 , MO)KHO no o6h1qHbIM npaB11JiaM BBeCTH neBhie 

11 npaBhie KOMUOH€HThI 3JieKTPOHa, ror,n,a napott '3JI€M€HTOB i, Q: Oill1ChIBa

eTC5I JieBa.H KOMTIOHeHTa '3JieKTpoHa, a napoii k, (3 --- npaBa.H KOMIIOHeHTa. 

,Il,JJ.H H€HTp11HO, 0'-1€Bl1,ll,HO, 11MeeTC5I Jil1Illb O,l1,Ha KOMTIOHeHTa. 

B CTaH,n.apTHott K BaH'l'OBO:A Teop1111 B3a:HMO,l1,ettcTBYIOID,11e qaCT11U.hl Td.IOKe 

0Ill1CbIBaIOTC.H 4-KOMTIOH€HTHbIMl1 CTOJI6U,aMl1 11Jil1 CTpoKaM11, a BMeCTO ,l1,0-

TIOJIHl1T€JlhHblX napaMeTpoB 611HapHOH reoMerpo¢11311KH ¢eH0MeHOJior11qe

CKl1 BBO)l.5ITC.Si 3ap5I,ll.bl. 

0'-IeBH)I.HO, He BCHKaH napa '3Jie M e HTOB BCKO pattra (3,3) Mo:>KeT cq11-

TaTbC.H on11chIBaJOID,eii O/J.HY 11 TY :>Ke 11,r:i;ea.rr113 lipoBaHHyIO qacr11u.y. Ha BHelll

H11e napaMeTpbl '3JieMeHTOB, xapaKTep113YIOID,11X 0,ll.11H JI€IlTOHbT' HaJIO:>K€Hhl 

yCJIOBl15I CBH311 «TIO rOp1130HT8.JJl1» ( B 0,D;HOM MHO:>K€CTBe 3JieMeIITOB) H «TIO 

aepTMKaJil1» (B ,n.Byx MHo:>KeCTBax). TaK, ,lI,JIS ceo6oih-t'btX nenTOHOB ycnOBH.Si 

CB5I311 no BepT11Ka.Jil1 03HaqaJOT, qTQ napaMeTpbI ,l1,BYX nap 3Jl€MeHTOB B Jl.BYX 

MHO:>KeCTBax KOMIIJieKCHO conp.H:>KeHbI ,!U)yr ,!U)yry, B corJiacHH c npaBMJiaMH 

KBaHTOBOH MeXaH11Kl1. ,[(.r.rn: '3JieKTpOHa B (15.5.2) 3TO 03HaqaeT 

* * is - a:s 
- ' k s =/35

, r ,l1,e s = 1, 2. (15.5.4) 

Ycn os11s:r cs.a3 11 « no rop1130HTMl1» BhrreKaioT 113 ,n,ayx Tpe6oBaHa:H (36] . 
Ilepooe COCT011T B TOM, qTo Ka:>K,l1,blti 113 onpe,l1,€J111TeJieti cupaBa B cPYH)l.aMeH

TaJibHOM 2 x 2-0THOIII€Hl1H (15.4.3) xapaKTep113yeTCH H€KJ1M HHBap11aHTHbIM 

Belll,€CTB€HHhIM 3 HaqeHl1eM, KOTopoe 6e3 yID,ep6a ,l1,JI5I OOI.U,HOCTl1 MO:>KHO 

TIOJIO:>KHTb paBHhIM e,n,11H11l.l,e: 

(15.5.5) 

,ll.ae B03MO:>KHOCTl1 B BbI6ope 3HaKa €CTeCTB€HHO CBH3aTb c ¢aKTOM 

cyID,eCTBOBaH11.H qacTHU, 11 aHT11qacT11U,. Ilycrb ,l1,Jl51 qacTMU, ( 3J1€KTpoHOB) 

3HaK 6y)l.eT IIOJlO:>KWl'eJihHhIM, ror.n.a KaK ,l1,JI5I aHTl1t.IaCTJUJ; (n03HTpOHOB) -

OTp11l.l,aTeJibHhIM. 

Brop0e Tpe6oaaH11e CBH3aHO c nOHSiTHeM co6crneennoii C'ucme.tvtu om
nowenuu, p0,l1,CTBeHHhIM KJiacCH'iecKOMY HOHHTl1JO COOCTB€HHO'll C11CTeMhJ 

oTCqera. Ha3oBeM co6cTBeHttoi1. cucreMott OTHOIIIeH11.H 3JieKTpoHa CJiyqaii 

TaKOI'O BhI6opa '3JI€M€HTapHOI'O 6a3HCa ( CHCTeMbl 3TaJIOHHhIX '3JI€M€HTOB)' 

npH KOTOpoM y,l1,0BJ1€TBOp5IIOTCH COOTHOIIIeHH.H: 

'IJ,io: = 'Ukf3 = 1; Uif3 = Uko: = 0, (15.5.6) 

T. e. 0THOUJ€HH5£ M€:>K)zy '3Jl€M eHTaMH, CB.H3aHHhIMl1 no BepTl1KaJIH, cornacHo 

(15.5.4), paBHbl e,l1,HHl1U,e, a Me:>K,l1,y H€CB5I3aHHbIMl1 paBHbI HyJIIO. 

TepM11H co6cTBeHHa.H c11cTeMa OTHOIIIeH11i1 onpaB.D,hIBaeTCR TeM, '-ITO 113 

(15.5.4)- (15.5.6) ,JJ;JIH KOMIIOHeHT 4-CKOpOCTl1 qacTHU,bl (15.4.5) nonyqaIOTCH 

Uo -1· 
(c ) - ' (15.5.7) 
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I')l.e CHMBOJIOM (c) CHH3y OTMeqeHO 3HaqeHHe BeJIHqHH B COOCTBeHHOfi CH

CTeMe OTHOmeHHfi. 

• 113 COOTHOilleHMH (15.5.5) " (15.5.6) CJieAfIOT ycJIOBIDI CBH3H napaMeTpoB 

)l.Byx 3n eMeHTOB «IlO I'OpH30HTa.TIH» 

( 
·1 ) ( k*2 ) _ 'l c) _ (c) _ 

'efJ(c)l = i~ - -k*l = 1f; (c)2' 
(c) (c) 

(15.5.8) 

COOTBeTCTBYJOW,He ypaBHeHHHM ,lJ;HpaKa B MMilYJihCHOM npoCTpaHC'rBe B co6-
CTBeHHOH CHCTeMe OTHOmeHHfi. 

IlepexO)l.H H3 co6c TBeHHOif cHCTeMhI OTHOIDeHHR B ,npyryro nocpe)l.CTBOM 

npeo6pa.30BaHHH 113 6-napaMeTpHqecKOH rpy1111b1 SL(2, C) H 3aMeH.HH napa

MeTpbr npeo6pa.30BaHHiI qepe3 CKopocTH ,[I.BH)K€HH.H Uµ 0,ll,HOI'O 3JieM eHTap

HOro 6 a3HCa OTHOCHTeJibHO )l.pyroro ( qTQ 3KBHBaJieHTHO BBe)l.eHHJO CKOpOCTli 

,ll,BlUKeHHH paccMaTpHBaeMOH qaCTHII.bl)' MO.:tKHO IlOKa.3aTb, '(.ITO B npOH3BOflh

HOH CHCTeMe OTHOmeHHfi ycJIOBHH CBH3H napaMerpOB qacTHIJ,.bI no r OpH30H

T8JIH (15.5.8) 3ailHChIBa IOTC5.l B BH.Ue 4-KOMITOHeHT HOI'O Bblpa)KeHH.H 

(15.5.9) 

COOTBe·rc-rsyiom;ero ypaatteHHJO ,lJ;HpaKa B HMIIYJibCHOM IIpOCTpaHCTBe. 3.n.ech 
BBe)l.eH noKa rrpon3BOJlbHbIH K03¢<l>HII,H€HT mo, COOTBeTCTBYJOUJ,MH Macce 

rroKo.H qacTHJ..VlL KpoMe TOro, HcnoJib30Batto o6o3Ha'leHHe Pµ = uµmoc. 
TaKHM o6pa.3oM, ew,e )l.O rro.HBJieHHH KOop,LI,HHaTHOI'O IIpoCTpaHCTBa-ape

MeHH H CBH3aHHblX c HHM .n11¢¢epeHII.Ha.JlbHblX ypaBHCHHH y.:tKe B03 MO)KHO, 

011HpaHCb Ha H3JlO.:tKeHHbIH Ma:repHaJI, BBeCTH COOTHOllICHMH, .HBJIHIOII.J;HecH 

IIpoOOpa30M ypaBHeHHH )J;HpaKa B HMnyJibCHOM npoCTpaHCTBe . 

.J1erKo y6e,ll.HTbCH, qTo ,n;JIH 4 - MepHbIX cKopocTeii cso6o.n;ttoli qacT11~1. 

orrpe,rr.eneHHbIX Bbipa)KeHH.HMH ( 15.4.5)' RMeeM 

_ [ n' /3 ] _ µ v _ 
= i k - 9µvU U - 1. (15.5.10) 

YMHO.:tKaH 3TO Bhrpa)KettHe Ha rn~c2 , nonyqaeM H3BeCTHhre c<X>THoweHna ,rr.JUI 

4-MepHblX HMilYJibCOB. 

Bae,rr.H aropyio qacTmzy e2 , onHCbrBaeMyro IIapaMeTpaMH: j, s, ')', o, 
MO>KHO y6e.z:r.HTbCH, qTQ CKaJIHpHoe Ilp0H3Be,rr.e ttue CKOpOCTeH ( HMnynbCOB) 

,rr.ayx l.JaCTHIJ; (15.4.6) npe,rr.c'TaBJIHeTCH B o611I,errp11IDITOfi ¢opMe: 

(15.5.11) 
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15.6. B1mapHhm o6'heM KaI( npoo6pa3 
<l>1131JqeCKoro .nieiiCTBHSI 

,ll;JUI nocTpOeHIUI CO/J.ep)KaTeJibHO:ti TeopHH ¢1131{qeCKHX B3aHMO,LI.eRCTBHH 

He,LI.OCTaToqno YKa3aTb JlHillh CTJ>OHTeJibHbiti MaTepllaJI - HeOOXO)J..HMO B03-

BeCTH caMo «3,LI.attue reoplili» c HeKHM Hecyin.wM «KapKacoM». B paMKax 

TeOpeTllKO-IIOJieBoro MUpoilOHHMaHHH, KaK npasiuro, pOJib «KapKaca» Bbl

TIOJIH5feT <l:m3H"fecKoe ,LI.eHCTBHe s H.IIH BXO)J.SJlIJ,HH B ero onpe,LI.eJieHHe narpaH

)KllaH (raMHJibTOH11aH) paccMaTJ>HBa1orn,eiic51 cwcTeMbI. B crrcIJ,HQJH"fecKo:i1: 

cPoPMYJIHpoBKe KBaHTOBOti MexaIUIKH 'ffiKOBbIM «KapKaCOM» CJIY)Kl1T S-Ma'l'

pHu,a, npll I'OOMeTpl1'-J€CKOM no,n;xqn,e 0IlH.paJOTC£ Ha MeTpllKy 11 CKa!UlpHyIO 

KpHBH3Hy. B 6unapuott reoMeTpoc}>H3HKe B _ Ka-.:iecTBe npoo6pa3a 

Tpex pOACTBeHHbIX noHHTHii c}>H3HKH: S-MaTPH~hI, AeiicTBH.H (uJIH 

JiarpaH.>KHaHa) B3cUIMOAeHCTBU.H ,ll,BYX 3JleMeHTapHblX -.:iaCTH~, MHO

roMepuoii MeTpHKU - BbICzynaeT TaK Ha3bIBaeMoe 6a30Boe 6 x 6-0T

HOWeHHe, CHMMeTpll~IHhIM o6pa30M co,n;ep)f(B.inee napaMeTpbI 3 + 3 = 6 
3JieMeHTOB ,n;ayx '-JaCTHU, B HaqaJibHOM COCTOSIHHH H 3+3 = 6 3JI€MeHTOB ,D.BYX 

qacTHu, B KOHe'-IHOM COCTOHHHH. 0Ho 3a1rnchrnaercs:r cJie)IylOI.IJ,MM o6pa30M 

0 1 1 1 1 1 1 
1 Uio: Uif3 Ui-y 'UUj Ui).. Uip 

{':. .B'YO Ap} = 1 Uka 'Ukf3 Uk/ 'lLJca Uk).. Ukp 

l Ujo: u · u· U '6 Uj).. Ujp 
i kjslr n 

1 Usa Usf3 Us'Y Us6 Us).. Usp 

1 Uta Ul f3 Uz'Y Ut6 Ut).. Utp 

1 Ura Urf3 UT')' Ur6 'llr).. 'Urp 

·l kl jl Isl z1 rl at (31 ,,1 81 .xi pl i 
-2 k2 j2 82 z2 r2 Q2 (32 ....,2 82 A2 p2 i 

·3 k3 ·3 s3 z3 r3 Q3 (33 ')'3 83 A3 3 i J x p (15.6.1) 
i4 k4 ·4 s4 z4 r4 Q4 f34 ')'4 84 A4 p4 J 
·5 
i ~ k5 ·5 

.1 s5 [5 r5 0'5 (35 ....,s 85 A5 p5 

1 1 1 1 1 1 1 1 1 1 l l 

r.n.e BepTHKa.TlhHb1€ JIHHHH Il())l.qepKHBalOT TOT ¢aKT, qTo nepaa.H ":laCTHU,a 

OilHCbIBaeTCSI 3J1€M€HT3.MH i, k, j' Q' f3' !', a BTOpa.H "laCTHU,a - 3JleMeHTaMH 

s, l , r, 8, A, p. 8TO Bbipa)f(eHHe HHBapHaHTHO OTHOCHTeJihHO rrpeo6pa30BaHHti 

rrapaMerpoa H3 rpynnhI SL(5, C) :u, c.11e,n.0BaTeJihHO, HHBapHaHTHO OTHOCM

TeJibHO ee no.n;rpynnbI SL(2, C) x SL(3, C). 
<1>H311~ecKa.H HHTepnpeTaIJ,H.H 6a30BOI'O 6 x 6-0THOilleHHSI npoHJIJIIOCTpH

poBa Ha ,n,11arpaMMaM11 pHC. 15.3, f')l.e CJleBa H306pa)KeHa 12- XBOCTKa 6HHap

HO:ti reoMerpoQ:>H3HKH. ,UBe Tpoti1<11 HH)KHHX JI:HHHR OilHCbIBaIO'r Ha'laJibHbie 

COCTOSifilIB Jl.BYX q acTHU,, a )l.Be BepXHHe TpotiKH - HX KOH€"!Hble COCTOSIHIDI. 

B cepeJJ.HHe npe,n;CTaBJ1eHo o6o6u~eHHe )l}'larpaMMhI ¢eiiHMaHOBCKoro THna, 



15.6. 1Ipoo6p83 <PH3HlleCKOI'O ,11,eiicTBHH 457 

Puc. 15.3. <DH3WieCKaJI HJIJIIOCTpaIJ,H.H 683oBoro 6 x 6-0THomeHHR 

a cnpaBa ,n,aHa CTaH)l.apTHa5I )l.11arpaMMa pacceHHIUI Of\HOii t.JacTlUJ;bl Ha 

,Lij)yroit 

C)l.e.rraeM HecKOJibKO 3aMe"faH11ii OTHOCl1TCJTbHO 6a3oooro 6 x 6-0THome

HJIB. 

1. llpoo6pa3 oeucmeu,.x 63aU.Modeucm6u.Ji, 06YX 3.!tC.Me'Hmap'H'btX 'ltaem'U'l~ 

npeocmaeJ/,Jl,em co6ou ceoeo6pa3'H'bt'il, o6'l:>e.M e 6uHapHou zeo.Mempuu pa'Hza 
{6,6), amuior11qHbI"A' Dbipa:>KeHH5IM o&beMa '-Iepe3 onpe)l.eJIHTeJil1 (12.2.3) 

11 {12.2.9) B yHapHo:t:i: re0Merpu11. 

2. B npoo6pa3e oeucm6u.x, ?Ca?C u 60 eceu meopuu, cpeou nep6U'l(,'H'btX 

no'HJtmuu nem npo.Me~ymO'l(,tt'bt.r 6o30'HOB ( 2.1t10ottoe, 6o3o'Hoo ). B 3a11MO)l.e"H

cr1:u1e OIIl1CbIBaerai Henocpe)l.CTBeHHO 'l€pe3 xapaKTepHCT11Kl1 ( rrapaMeTpbl) 

qaCTHL~ B ,n,yxe TCopH11 rrpHMOro M€:>K"IaCTffl fHOro B3aHM0,1l.€iiGI'BH5I Cl>oK

Kepa . Cl>e:ihiMaHa. Tip11 )l(eJiaHl111 npOM€)1(JT0'{Hbie 6030Hbl MO:>KHO BB€CT11 

KaK BTOpH~1Hbie BCIIOMOraTeJJbHbIC IIOH51Tl151. 

3. ,ll..rtR R.3aU.Mooe11cmey'K>Ul;tlX 'ltacmu'4 y~e He B'btno.1t?tR'IO'fnc.F£ yc.1to6u.J1, 

?COMnAe?Ccttozo conp.Ff,:>fCe'H·u.11. napa.Mempoe 3.rte.Me'Hmoa iJeyx .MHO~ecme (Ha

pywaioTCH yCJJOBHH CB.Sl3 M «no Be})Tl1KaJil1» {15.5.4)). Bso)l..R /T,JI5l 3~TieMeHTOB 
qacTIU.J. B Ha"iaTibHbIX 11 KOHel.fHblX COCTOHHIUIX KOMilJ1€KCHO c onpSI:>K€ HHble 

BeJIH'IllHhI 11 CTPOH H3 HHX 110 «3BeCTHhTM Q:>opMynaM 4-cKopocT11 (HM

rry.JII>CbT), (15.6.1) MO:>KHO np11secT11 K T11rr11qH0My )l.JI51 S-MaTp1-u.i;h1 Bli,ITY, 

co,n.ep:>Kani;eMy xapaKTep.11cTMKl1 ( 11Mn yJibCb1) qacTl11.J. )l.O 11 rrocJJe B3a11Mo,n.eii

CTDHSI. 

~JI.SI rrepexo1~a OT 6830BOI'O 6 x 6-0THOU1€Hl15l K rrpoo6pa3y )l.€HCTBlUI 

( J1arpaH:>K11ana) ,D,Byx q acTHI.J, Heo6xo1~11Mo, npe )K,LI,e ocero, 6a3oooe 6 x 6-m'\.. 
HOWeH11e npe)l.CTaBl1Tb B p e)l.YrvrpoBaHHOM Ha «4-MepHe» BH,LI,e, KOr,n.a BbI

,Lf.eJl eHbl napaMeTphI c l1H)l.eKcaM11 1 H 2 11 i.1TOroBoe Bbipa:>KeH11e HMeeT 

J10peHIJ;-11HBap11aHTHbr:t:i: (SL(2, C)-uttsap11aHTHb1ii) BH,LI,. 9ro ,L~OCTHraercSI 
p 83.!lO.>KeH11eM onpc1~e.rr11Teneii crrpaBa B (15.6.1) no n epBbIM ,11,BJM crpoKaM. 

IlepeM HO:>Ka.SI HX, rrp11XO).T,11M K COBOKYTIHOCTH 113 225 Bbipa:>KeHl1H Bl1)l.a 

{15.6.2) 
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15.6. BHHapHbm o6'heM Ka.K npoo6pa3 
<l>H3WieCKOro tiieiicTBIDI 

,ll,JIH nocrpoemrn co,n.ep)l<aTeJibHOH TOOplUI cPH3H Y.eCKllX B3aHMO)J.eHCTBHH 

He,n.OCTaT()qHo jfKa3aTb JIJUllb CTpOHTeJihHbiii' MaTepllaJl - HeOOXO)J.llMO 1303-

secru caMo «3,n.aime reopH.H» c HeKHM Hecyu~HM «KapKacoM». B paMKax 

reopeTMKO-IlOJieBOro MMponOHMMaHM.H, KaK upaBMJTO, pOJTb «KapKaca» Bbl

IIOJIH51€T ¢ll3uqecKoe 11.eticrsu e S MJIH BXO,JJ.5I IIVi ti' s ero onpe,n.eJieHMe narpaH

:>KHaH ( raMHJibTOHHaH) paccMaTpMBaIOIIJ,eti'cSI cHcreMhI. B cneu,11Q:>H Y.ecKott 

cPoPMYJIMpoBKe KBaHTOBO"l1' MexaHMKll TaKOBblM «KapKaCOM» CJIY)!O:l.T S-Ma'I'

pvu~a, npu reoMeTpw1ecKOM no,rr.xo,rr.e onMpaFOTc~ Ha MeTpMKy 11 CKaJUipHy10 

KPHBH3Hy. B 6nuapuott reoMeTpcxPH3HKe B . KaqecTBe npoo6pa3a 

Tpex po~CTBeHHbIX noHHTHH <f>H3HKH: S - MaTJ>HQLI, ~ettcTBMH (nJIH 

JJarpafDKHatta) B3aHMo~eiicTBH.H ~yx 3JleMeHTapHblX -.:iaCTH~, MHO

roMepuoii MeTpHKH - Bbi crynaeT TaK Ha3bIBaeMoe 6a3oBoe 6 x 6-oT

Howeuue, CllMMeTpMY.HhIM o6pa30M CO/J.ep:>Kau~ee napaMeTpbI 3 + 3 = 6 
3neMeHTOB .z:x.syx '-!aCT~ B Ha':laJibHOM cocrroHHHH 11 3+3 = 6 311eMeH'I'OB ,n.ayx 

'-1acT11~ B KOHeqHoM cocroHHMH. 0Ho 38.JmChIBaerc.H cJie,rryiow,HM o6pa3oM 

0 1 1 1 1 1 1 
1 Uio: Uif3 Ui'Y Uio Ui), Uip 

{':.{3 -yOAp} = l u1ca 'llkf3 Uk/ Uko Uk). Ukp 

1 Ujo: Ujf3 Uj')' Ujo 'Uj>, Ujp 
i kjslr 

1 Uso: Usf3 'Us')' Us6 Us). Usp 

1 Uta: ~lt(3 Ut')' Ul6 'U[). Utp 

1 Ura Urf3 urry Ur6 'llr>. Urp 

·l 
i kl · l 

J sl z1 rl al 131 ,...,1 81 _xl pl 
·2 
i k2 ·2 

J 82 z2 r2 a2 132 ,...,2 82 )..2 p2 
·3 k3 ·3 83 z3 r3 a3 /33 'Y3 83 )..3 3 i J x p (15.6.1) ·4 k4 ·4 ,')4 z4 r4 0:4 /34 -y4 84 )..4 p4 i J 
·5 
i k5 ·5 

J s5 z5 r5 0'5 (35 ')'5 o5 _x5 p5 
1 I 1 1 1 1 1 1 1 1 1 1 

r.n.e BepTllKaJibHbie JlMHMM no,n.qepKllBaIOT TOT ¢aKT, '-iTO rrepaaH 'iaCTH~a 

OIIMCbIBaeTc.a 3JI€MCHT8.Mll i, k, j, 0:, /3, ,, a BTOpruI qacTM~a -3neMeHTaMM 

s, l, r) 8, ).., p. 9TO BblpruKeHHe llI-IDapuaHTHO OTHOCMTeJlhHO npeo6pa30BaHH~ 

napaMeTpOB M3 rpynnbt SL(5 , C) 11, CJie,rr.oaa·renbHO, MHBapMaHTHO OTHOCH

TeJibHO ee IIo,rr.rpYJinbI SL(2, C) x SL(3, C). 
<l>M3M~ecKa51 HHTepnper~M.H 6a30BOf'O 6 x 6-0THOIIIeHll51 npOHJIJIJOCTPH

poaaea ,n:uarpaMMaMM pMc. 15.3, r11.e CJieBa ll3o6paJK.eHa 12-xBOCTKa 6uHap

ttotl: reoMeTpo¢H3HKll. ,Uae Tpoii'KM HllJK.HllX JIMHIIli OIIHCbIBaIOT HaqaJibHble 

COCT05I:HJ.1H ,n.syx qacTM~, a .rr.ae BepXHHe TpotiKH. - HX KOH€ <iHbie COCTOBHllH. 

B cepe)J,MHe npe,n.CTaBJieHo o6o6w,eHHe ,lI,Harpa.MMhI ¢e.HttMattoBcKoro Tuna, 
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Puc. 15.3. 'l>M3HqecKaH HJIJI10CTpau;1n1 6a30BOI'O 6 x 6-0THoweHHst 

a cnpasa JJ.a.Ha cTaH,LJ,apTHa.H )..l.11arpaMMa pacceHHHst o,n;Hoti qacTirqbT Ha 

..u.pyrott. 

C,n,eJiaeM HecKOJibKO 3a.Me"ia.ID1it O'rHocw.renhno 6a3oooro 6 x 6-0THome

HHH. 

1. IJpoo6paa de1.'lCm6'UJi 63aU.MOOeUcm6UR oeyx 3.!ie.M.ettmaptt'btX 'l(,(J,CTn'l,L'l{ 

npedcmae.1t.H£m co6ou ceoeo6pa3tt'btu o6l>e.M e 6-uxapnou 2e0Mempuu '{Xltt2a 
(6,6), aHanorHqHhIA Dhipa:>KeHHstM o6·heMa qepe3 onpe,n,eJ1HTeJu1 (12.2.3) 
11 (12.2.9) B YJiapHott reo.MeTpHH. 

2. B npoo6paae deucme'LJ,.R,, ?Ca?C u eo eceu meopuu, cpedu nepeu-tttt'bLX 
no'H.Rmuu xem npo.Me~1cyrno'lt'H'btx 6osoHoe (2.1iwoxoe, 6oaoxoe). B 3aHMo,n,eti

c·ro11e on11cbrnaercH Henocpe,LJ,CTBeHHO q epe3 xapaKTep11CTRK11 (napaMerpb1) 

~lacTHIJ; B ,nyxe Teop1111 npH.Moro M€:>K'C{acTH~IHOI'O B3aMMO)J,€RCTBllH <l>oK

Kepa- <I>efiHMaHa. Ilp11 .>KeJtaHllll npoMC:>KYTO'C{Hbie 0030Hb1 MO:>KHO BBeCTll 

KaK BTOp~PIHbie RCIIOMOl'aTeJJbHble IlOHHT115l. 

3. ,l/,.11,.H, B3au.MOrJe'i1crney'IO'Ul;ux 'ltacmu'4 y'JfCe He B'btnO.ttH.R/>OmcR yc.tto6U.Ji 
?CO.Mn.tte?CC'HOeo conp.R:>tCe'H/U.H. napa.Mempoa 3.ttCMettmoe deyx .M'HO'JfCecme ( tta

pywaioTC.H ycnos11si CBH3H «no BepTHKaJIH» (15.5.4)). B so;v1 /l,JTst 3JieMettTOB 

'C{8CTiiU: B Ha'C{aJibHblX H KOHe qHhlX COCTOIDIHHX KOMTIJ1€KCHO conps:r:>Ke HH bl€ 

BCJIH'C{JIHbl H C'I'pOSi H3 HHX no l13BeCTHbIM ¢opMyJia.M 4-CKOpOCTli (HM

nyJibCbI), ( 15. 6.1) MO:>KHO npHBecTH K TirnHqttoMy ..u..11si S-MaTpRIJ;bI Bl1,ll.Y, 

CO,£\ep:>KaIIJ;eMy xapaKTepHCTHKH ( HMTlYJlbChl) qac THU: ,D,O H noc.11e B3aHMO.JJ:eti

CTl:U1st. 

,ll.J1st nepexo,n,a OT 6a30BOrO 6 x 6 -0'l'HOllleH.HH K npoo6pa3y ,n,e:HCTBHH 

(1iarpaH:>KHaHa) ,D,Byx qacTirn. tteo6XO)J.HMO, npe:>K,LJ,e scero, 6a3oa oe 6 x 6-ar
HOllleHMe npe,z:i;CTaBllTb B p e,nyrvrpoBaHHOM Ha «4-Meplle» BH,LI.e, KOr,l],a Rhl

,ll.eJI:eHbl uapaMeTpbl c HH,l],eKCaMll 1 Jll 2 ltl HTOI'OBoe Bblpa:>KeHHe H.MeeT 

JIOpeHu,-11ttsa pM.attT11b1fi (SL(2, C)- uHsap11aHTHh1i1) Bl1,ll.. 9ro ,lJ,OCTHraeTCH 

p83.l10:>KeH11eM onpe,n:eJTllTCJiefi cnpaBa B (15.6.1) no nepBblM ,ll,BYM CTpOKaM. 

IlepeMHO:>Kast HX, npHXO)J,HM K COBOKYTIHOCTIJ H3 225 Bblpa)l<eHll~ Bl1,ll.a 

(15.6.2) 
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rJl.e KBa,Lij)aTHhIMlif cKo6KaMH OTMe"lfeHbI ¢YHAaMeHTaJibHhre 2 x 2-oTHom<:T 
HJIB7 nocrpoeHHbie 113 napaMeTpoB c llH.UeKcaMll l 11 2, a KpyrJibIMll cKo6KaM11 
OTMeqeHbl KOM611H8JJ,HH 113 BHj'TpeHHHX napaMerpOB BH,II.a 

k3 j 3 l3 r3 {33 "Y3 A3 P3 
k4 .i4 z4 r4 [34 ,,4 A 4 p4 

x k5 j 5 zs r 5 /35 "Ys A5 Ps (
{3 "YA p) = 
k j l r 

(15.6.3) 

l 1 1 1 l 1 1 l 

Cy:MMy « 3 225 cJiar'aeMbIX s11,rr,a (15.6.2) cneµyeT pa3611Tb Ha 9 no~Ho

)KecTB (6J10KOB), KOTOphie y,rr,o6Ho H300pa311Tb B Bll,U,e 6JlOKOB 15 x l5-MaT
p11~1, BbI,ll,eJieHHhIX rop.M30HTaJlhHhIMH .l1 BepTHKa.TlbHhlMll JlliHJiI5IMM: 

* * * 
* * * 
* * * 

* * * 
* * * 
* * * 

* 
* * 

* * 
·* * 

* 
* * 

* * 
* * 

* 

* * * 
* * * 
* * * 

* * * 
* * * 
* * * 

( 

M(4, 0) +M(3, 1) +M[(2)(2))+ ) 

- _ +_M_(3_, 1_)--+-_+_M_ (_2,_2_) +--+_M_ (l_, 3_)+_ , 

+M[(2), (2)) +M(l, 3) +M(O, 4) 
(15.6.4) 

I'.LJ.€ OT/l,eJ1bHbl€ CJlaraeMbI€ o6o3HaqeHhl TOl:.IKaMH 11.,'lH 3B€3.LJ.OqKaM11. flo

CJl€,Ll,HMMl1 OTMeqeHbl CJiaraeMbTe, npe,.L1.CTaBJ1ID0UJ,11e HaMOOJThlllHH llHTepec 

B .LJ.aHHOH TOOpllll ( npH cne~118JlbHOM 1 IOPH,JJ.Ke cnaraeMbIX). 
5 JIOKH pa3JIH1'1aIOTC5l xapaKTCpOM cPYH,ll.aMeHTaJlbHhIX 2 x 2-0THOilleHJ.fti. 

Cpe.n.tt11i1 9 x 9-6noK co.uep.>K11T cnaraeMbie Bll,ll.a [ : I : J , I'/l.C BepTRKaJibHaH 

•1epTa p a.:3)1.eJrner n apaMCTphI, xapa1<rep113yroru;He )1.8€ qacTHQbI. TaKue CJia

raeMhie OilHChlBalOT BeKTOP-B€KTOpHb1e B3aHMO,ll€HCTBllH ,ll.Byx "lacI'lU~, KO~ 
pbie COOTBeTCTBylOT B3aMMO,I.~ettcTBll.HM qepe.3 npoMe)KyTO"IHbie B€KTOpHble 
6o30HbI (rJIIOOHbI, ¢oTOHhI, Z- 11Ju1 W-6o30HhI) R Ka.rr116poao•1ttoi1' reopHll. 

J1esbtti H.M)KHJdl 11 npaBhIH aepxH:IDI 3 x 3-6JIOKH M[(2), (2)) COCTOHT 113 
CJiaraeMhIX s11.n.a [ ;..; ] , r,u,e ropH30HTaJlhHa.51 q epTa pa3,U,eJUieT napaMeTpbJ, 
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xapaKTep113y10m;11e /J,Be t.IacTl1I.J.hI. TaK11e CJ1araeMble onvrchrnaIOT cKa.JrnpHbie 

B3aHMo,n.ettCTBl15I .LJ.BYX YaCTHU,. OHM cooTBeTCTBYIOT XMrrcoBCKMM CKa.JlHp

HhIM 6o30HaM B MO,ll.eJIB 3JieKTpOCJia6hrx B3a11Mo,n.ettcTa11il Bai%H6epra- Ca

JiaMa-f mmoy. 9TJlf 6JIOKl1 CJie,rryer H83BaTh MaCCOBbIMl1. ,ll.MarOH8.JibHble 

JI€Bblli aepxH11tt M{4, 0) " npasb1'ti Hl1)f(Hl1tt 6JIOKl1 M{O, 4) COCTOHT 113 

cJiaraeMhIX, co/J,ep:>Ka~ BHeIIIH:ae n apaMerpbI Jil1Illb o,n.Holi 113 '-laCT11U,. Ott11 

COOTBeI'CTBYIOT «CB060MfbIM» qacr11u,aM B o6w,enpHHHTO'ti Teop11H ( 6onee 
noAJ)06HO CM. B (36]). 

B OCTa.Bll111xc.H q erh1pex KpaiiHMX 3 x 9- H 9 x 3-6JioKax ttaxo,r~RTC.H cna

raeMhie, col'ep:>Karu,ne no Tp11 napaMerpa o,n,Hott qacTJrr~bI H o,z.,11H uapaMerrp 

;~yro.H 'facTl11.J,hI. liMelOTC5I KPHTepHH, Il03BOJIHIOI.u,He H.CKJIJ0'-111Tb BKJia,ll,bI 

TaKw:x cnaraeMb1x. 

TiocKOJlhKY Bee cJiaraeMbie 6 830BOI'O 6 x 6-0THOUT€HliH 3aIIHCbIBaJOTC£ 

qepe3 onpe,n.eJIHTeJil1 BH,n.a {15.4.3) H (15.6.3), KOTOpbie o6pam;a10TCH B HYJib 

npH O,ll.liHaKOBhIX CTOJI6u;ax, TO oqeBH,LJ,HO, qTO OTJIH~IHhie OT Hy.Tm BbI

pa)f(€HH5J nonyqa10TC.H JIHlllb B CJIY't.Iruf:X, ecJIH n 3aHMO,D,e'ticTBYIOm;He qa

CTHI.J,hl xapaKTepa3yroTCSI p83Hbll\Ui 3Ua'-le HH5IMH napaMeTpOB. 9TO IIpHBO,llHT 

K Heo6xqr.r.11MOCTH nocryJiaTa o6 o6MeHHOM xapa.K.Tepe cl>H3H'leCKHX 

B3aHMOAeHCTBHH 3J1€M€HTapHbIX ~TaCTlU.~. 9TO OTHOCHTCH KaK K BH€ll1HHM, 

TI1K M oco6eHHO K BHyT peHHHM napaMeTpaM, IlOCKOJibKY H3 HHX CTpOHTC.H 

.LJ.HCKperHhie 3 HaYeHH5J 3ap5I,IT,0B B3aHMo,n.etlcTBYIOl.l.UiX qacTuu;. H a3aaHHhitt 

nOCTyJiaT 03HaqaeT, qro no 3 Ha'-1€HJUIM BffYTP€HHl1X napaMerpoB t.tacT~bl 

MoryT HaxO/J,11T hCH s ,rr.Byx BH.Uax cocroattHii: a U-coCTOmtHH ( «HOpMa.Jlb

HOM») HJil1 B O,LI.HOM 113 V-c OCTORHM:tl ( «B036y}K,ll.eHHhIX»). Tipou,ecc B3aH

Mo)l.eiicTBJUJ 't.JacTMU,, B 'faCTHOC'Tli, COCTOHT B o6MeHe qacT11u;aM11 CBOHMH 

BHyTpeHHW.111 COCTOHHH5IMl1. 

0TMCTl1M, Y.TO nocryJiaT o6 o6MeHHOM xapaKTepe B3al1MO,LI.e'ttCTBvrH 

snoJ1He COOTBeTCTayer o61Il.enpHH5JTbIM npe,n:CTaBJieH115IM B TOOpH11 noJISI, 

r,rr,e B3alfMO~ettcray101.IJ,Ue qacT111~1 o6MeHHBa10Tcsi npoMe)f(yroqHbIMH 6o-
30HaM11, ~TO OTpa)KaeTC5I )J,RarpaMMaM:B ¢eii:HMaHOBCKOl'O Tl1na. OqeBMHO 

TaK>Ke, t.tTO aTOMbI, HaxO)J,5IIII.H€C5i B 0)..1.HOM 11 TOM )Ke KBaHTOBOM COCTOHHMH, 

He 6y.LJ.YT o6MeHMBaThCR ¢o'l'oHaMH. B 6oJiee rno6aJtbHOM cMhICJie o no,n,o6-

HOM o6MeHHOM MexaHM3Me lliican 11 P. IleHpoY3 B paMKax csoett TBHCTOpttoA 

nporpaMMhI , TOJihKO TaM 11MeJICH B BHAY o6MeH cnHHaMH qaCTHU,. 
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15. 7. HcToKH KaTerop1m noneii 
IIpOMe)J{yTO'IllhlX 6030HOB 

1. KaK y)f(e OTMeq8Jloch, B ,u.aHHOM no,u.xo,n;e, cOOTBeTCTByromeM KOH~en

II,HH ,ll.aJl bHOfl.eficTBlUl ( «l>OKKepa-<I>e:HttMaHa) ' cpe,u.11 rrepBHqHbIX JTOHSlTlltt 

HeT npoM€)f(yTOqHblX nepeHocqHKOB B3aMMO,U.ettCTBHtt ( BeKTOpHbIX 0030HOB). 

B pe1rnr~H.OHHOM no,rrxo,u.e HM MOI'JT cOOTBeTCTBOBaTb JIHmh xapaKrepHCTHKll 

B3aHMO/J,e:HcTny10mMx qacT.M~. B ,n:attttoM cnyqae TaKOBbTMH MoryT 6hITh 

TOJibKO napaMerphI 3JTeMeHTOB, orrpe,u.eJIHJOmHX qacTu~bI. Bonee roro, rro

CKOJihKY B paMKaX KaJIH6ponoqHOR TeOpllll noJTH y.>Ke ycraHOBneH BJTOJIHe 

orrpe,n;eneHHblll Ha6op npoMe.>K)'TOqHbIX B€KTOpHhlX 0030HOB, rrepeHOC.filI.UiX 

B3aHMO)J.eliCTBH.H, TO n )1.aHHOM peJI5i~JfOHHOM IIO)J.XOfl.€ eMy )J.OJT.>KeH 6bITb co
IIOCTaBJI€H JJ.HCKpeTHhitt Ha6op BHyTpeHHHX rrapaMeTPOB, xapaKTepH3YIOIII,HX 

COCTOSIHH..H 3JT€M€HTapHbIX qacTH~. 

2. EcTeCTBeHHO rrpe,n;rroJIO.>KHTb, '-ITO qacTH~bI no BHyTpeHHHM napaMer-

paM MoryT Haxo,u.MThCH a ,LI,Byx s11,uax cocrosrHHii: B U-COCTOHHllH («Hop

M8JlbHOM») HJIH B O.LJ.HOM H3 V-cocTOHHH.R ( «B036pK,II,eHHhIX»). Tipo~ecc 
B3aHMO)l.€HCTBIDI ,uayx qacTH~ )1.0JI)f(€H conpoBO>K)J.aTbC51 o6MeHOM l1X COCTO

SlHH.HMH no nttyTPeHHHM rrapaMeTPaM. IloJTO)f(HM, qro U-cocro.aHHe tteKHM 

o6p830M BhI,LJ.eJieHO 11 HBJrn:eTc.SI e,u.HHt.""TBeHHhIM, TOr!f.a KaK V-cOCTOHHHH 

MO.>KeT 6hITb H€CKOJlbKO, IIpll'-1€M HX KOJUPl€CTBO )J.011.>KHO COOTBeTCTBOBaTh 

H3BeCTHOMJ Ha6opy (113 TeOPHH IIOJIH) rrpoMe)f(yTOqllhIX BeKTOpHblX 6o30-
HOB. Cne,uoBa'reJibHO, tteo6xo,u.11Mo ttailTH tteK11e HHBap11aHTHh1e KpHrepun 

onpe,n;eJieHIDI COCTOHHHH, KOTOpbie MO.>KHO 6bIJIO 6hI COITOCTaBHTb 8 I'JilOO

HaM, «nep eHOCHIII,HM» CHJibHble B3aHMo,n;eRCTBHH (TpeM napaM 3apsDK€HHbIX 

I'JIIOOHOB x;' yµ±' z;- H ,UBYM HefiTpaJlbHbI A- H B-rJllOOHaM) H 4 npoMe)f(y

TO'fHbIM 6030HaM, « rrepeHOCH~HM» 3JI€KTpOCJia6bI€ B3RllMO)J.€ttCTBl1H ( O,n;HOti 

nape 3apH.>K€HHbIX wt=-6o30HOB H JJ.BYM He:tiTPaJibHblM 6o3ottaM: ¢orotty Aµ 
H Z1_c0030Hy). 

3. Ilpe.>K)J.€ qeM oxapaKT€pH30BaTb BHyTpeHHHe napaMCTpbl, COOTBCT

CTBYIOllJ,He Ha3BaHHbIM 12 BM,D.aM npOMe.>KyroqHblX BeKTOpHbIX 6o3oHOB, 

OTMeTllM, ~ITO B 611Haptto:H reoMerpo¢H3HKe HCTIOJlb3YeTC.H cyu.i.ecTDeHHO 

llHO:ti B3I'JIH/J. Ha COOTHOlli€HHC CHJlhHbl X 11 3JI€KTpoc.na6bIX B3aHMO,U.ejicTBHH. 

B o6u.1,enpHHHTO.i1 KaJUi6poaoqtto:R TeopHH noJUI ,ll.JIH orr11caHIDI B3aHMO

,n:ei1CTI:sllil ¢aKTJlqeCKJf HCnOJib3YlOTC5l Tpll BH)l,a npocTpaHCTB: 1) BH€Ill

Hee, COOTBeTCTB)'IOIIJ.€€ KJiaCcHqecKOMY 4-MepHOMY rrpocrpaHCTBy-npeMemr 

c rpyunotl rrpeo6p83oDaHHtt JiopeHI~a ( c rpyrmoii SL(2, C) ), 2) BHyTpeH

ttee I 1pocTpanCTBO 3JieKTpoCJta6bIX B3aHMO,LJ,€fiCTBHfi, n KO'I'OpoM llMee'l' MeCTO 

rpynna SU(2) x U(l) 11 3) BHyTpeuHee (xpoMaT11qecKoe) rrpOCTpaHCTBO 

CHJihHbix B3aMMO,n;e:HcTBHH c rpyrrnoii SU(3). TeopHH CTpOHTC5l uo npHH

~11ny KOMII03H~llH 3THX npocTpaHCTB, KOTOpbI:ti MO)f(HO H83BaTb nputtu,uno.M 
« ?C!}6U1W8». 
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B 6nHapHoli reoMeTpoQ;>n3nKe npe,n.naraeTCSl 6oJ1ee 3KottoMttbIH rro,u,xo,11., 

OCHOBaHHhIH Ha IlOHHMaHHH 3JieKTpoCJia6bIX H CHJibHblX B3aHMO.D,eHC'l'BHH 

KaK p8.3HblX qaCTHbIX cnyqaeB e,11.HHoro o6o6~eHHOro B3al1MO,LI,e:lkTBHH. 

Ilepexo.n. K ~rneKTJX)CJia6bIM B3aHMO,ll.eHCTBHHM ocy~eerBJISle'TC51 113 o6u.1,ero 

cny-.:ian <l>HKCHpoBaHHeM O,ll,HOH H3 CTpOK BHyTpeHHHX napaMeTpOB B (15.5.1) 
(rrycTh 3TO 6y,ll.eT cTpoKa napaMeTpoB c HH,n,eKCOM 5), KOr,11.a rpyrrna SL(3, C) 
( HJIH SU ( 3)) ,norryCTHl\illiIX rrpeo6p8.3oBa HHH BHyTpeHHHX rrapaMeTpoB cy>Ka

ercn ,11.0 II0.urpy1111b1 SL(2, C) (HJIH SU(2)) BHyrpeHHHX napaMeTpoB c nH

,n.eKcaMn 3 n 4. 
4. TiocKOJibKY BHyTpeHHHe napaMeTpb1 COCTaBJIJllOT HH.:>KHHe 3 x 3-MaT

p11U,bl B orrpe,neJieHHH qacTIUJ, (15.5.1), TO Heo6xo,rr,HMbie KpMTepH11 COCTOHHl1H 

cne,nyer 11CKaTb B CBOHCTBax 3THX MaTplfll, B u,enoM. 

TaK, «HOpMaJihHoe» HJil1 U - cocronH11e 6y,ll.eM xapaKTepH30BaTb oTJIH':l

HhIM OT HY.ID1 3 x 3-orrpe,neJIHTeneM H3 BHyTpeHHHX rrapaMeTpoB. 

V-coc"l'OSIHHSI CJie,n.yeT p8.3611Tb Ha ,IJ,Ba KJ1acca: Ha tteBh1po.>1<,ll.eHHb1e 

Vc- COCTOBHJIB, xapaKTep113yeMh1e OTJIWIHhIMH OT ttynn orrpe,lJ.eJIHTeJrnrv1.11 

3 x 3-MaTpHu, 113 BttyTpeHHHX rrapaMeTpoB, H Ha Bhipo>K,ll,eHHhJe VN-cocron

HHH, ,ll.JJ.SI KOTOpblX orrpe,n.eJIHTeJIH H3 BHyTpeHHHX rrapaMeTpOB pa.BHbl HYJIJO. 

AHaJIH3 noK8.3aJI (cM. [33, 36)), ':ITO B03MO>KHhie VN-COCTOHHHH KaK B c11nh

Hh1x, TaK H B 3JieKTpOCJia6bIX B3aHMo,n.eliCTBHBX MO)KHO BBeCTli Ha OCHOBe 

aJire6paHqecKOH K.TiacCHci>H:l<aU.HJ'.I 3 x 3-MaTp11u. 113 BHyrpeHHHX rrapa:rvrerpoB, 

COOTBeTCTBYIOI.I:(e:A' aJire6pa.aqeCKOH KJiacc11<l>11KaIJ,HH TieTpoBa npocTpaHCTB 

9HHlllTeHHa B o6~eli TOOPHH OTHOCHTeJibHOCTH. 

5. Vc-CocToBHHH (3apn)KeHHh1e) M:o:>KHO orrpe,11.eJIHTh 113MetteHHHMH 

3HaKa o)J.Horo 113 Tpex CTOJI6u,oB 113 BHyTpeHHHX rrapaMerpoB U-cocTOHHHH. 

Bcel'o mvieercH TpH TaKHe B03MO)KHOCTH ( TPH KaHaJia), KOTOpb1e B coOTBeT

CTBHH c HOMepoM cTon6u.a c H3MetteHHhIM 3HaKOM H8.30BeM Vx-, Vy- 11 Vz-co
CTOHHHSIMH. Mo.:>Ktto rroK8.3aTh, '-ITO ,11.JIH 3THX Vc-cocTOBHHH oTJIH':IHhIMH 

OT eynn OKa3bIBaIOTCH TOJihKO TPH rrapb1 cnaraeMhIX B M(2, 2)-MaTpm:..1,e, 

paCIIOJIO)KeHHbIX B ee 3 x 3-6JIOKax aHaJIOrH'"IHO OTJJW:IHbIM OT HyJIH ane

rvieHTaM B 6 He,ll.11arOHaJibHbIX MaTp11u,ax reJIJI-MaHHa An. TaKHe cnarae:Mbie 

COOTBeTCTByIOT B Ka.JIH6poooqHOH TeopHH IIOJI.H B3aurvm,n.elicTBl1HM 'lepe3 

3ap.H)KeHHbl€ BeKTOpHbie 0030Hbl. 

6. VN-COCTOSIHMH (ttellTpa.rrbHbre) MO)KHO oxapaKTep1130BaTh TeM, '-ITO 

B HHX rrapa HJIH Bee TPH CTOJI6u,a H3 BHyTpeHHHX napaMeTpOB KOJIJUiHeapHbl. 

B rrpocTelirneM cJiyqae MO)KHO rroJIO)Kl1Tb, '-ITO Bee Tp11 BeKTopa ( croJ16u,a) 

~s)' r,n.e s = 1,2,:-3, KOJIJIHHeapHhI, T. e. rrpe,11.cTaBHM hl B Bl1,ll.e CCs) = C~i!, r,lJ.e 

C - -- H€KOTOpbIH 3-BeKTOp, H C~ - TpH K03ci>ci>HIJ.11eHTa. 

Mo*HO rrOKa3aTh, '-ITO B ,11.HaroHaJibHhIX cJiaraeMhIX II0,11.MaTp~bJ 
M(2, 2) K03qxpMIJ,HeHTbl c~ BXO)l.HT TOJJbKO B BH,LI.e p8.3HOCTeH, T. e. He3a

Bl1CHMbIMH HBJI.HIOTCH JIHlllb ,Il.Be KOM6HHaI.J.HH 113 HHX. B 1<a11ecTBe TaKOBhIX 
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MO)f(HO Bbr6paTb cne,zzy10rn;He ,ll,Be: 

C' = ! (C~ +c~ - 2C~); 
2 

(15.7.1) 

,ll,Ba '"lacTHh1x CJiyqas:r: A) C' i= O; C' = O; H B) C' = O; C' i= 0 
onpe,n,eJUilOT ,D,Ba Katta.na: A-Kattan c COOTBeTCTByIOiqHM VA-COCTOHHHeM 

H B -Katta.rr c cooTBeTCTByIO~HM Vn-cocToS11u1eM, KOTOphle c;1e,uyeT couocm

BHTh c ,U,B~l.H KaHa.naMH B38HMO,U,e:ttcTBUA 'fepe3 He:ttTpaJibHbie BeKTOpHbie 

6o30Hhl B KaJIH6pOBO'iHO:tt TeopHH. ,ll,Be KOM6HHa~HH H3 Koaqxlmn:neHTOB 

B (15.7.1) COOTBeTCTBYIOT ,U,BYM ,u,11arOH8JibHblM MaTpHIJ.aM reJIJI-MaHHa: A3 
H Ag D CTaH,u,apTHOM npe,u,CTaBJieHIU1. 

Ilp1rne,u,eHHI>1e paccy.>K,u,eHHSI x apaKTepH3)'IOT CYTb nSITH KaHaJIOB ( Tpex 

3ap.H.>KeHHhIX H ,U,Byx Hell:TpaJibHblX) B H3BeCTHblX Bl1,U,ax ¢ H3H'feCKHX B3aH

Mo,u,e:ttCTBH:tt. 

7. JilMee Tcsi TPH B03MO.>KHOCTH yceqeH11H o6w.e.A Te0p1111 Ha c.rryqa:tt 
3JieKTpocJia6bIX B3aHMo,n,e:HCTBH:tt, KOTOpbie COOTBeTCTByIOT HaJUl'iHIO Tpex 

noKoJ1eHH:tt a.neMeHTapHbIX qaC'rm.~. Omt3hmaercsi, B yceqeHHO:H Teopna co

xpaHHIOT CHJIY H3JIO.>KeHHh1e BhI IDe_ coo6p rut<eHHSI 0 ,u,Byx THilax B3aHMO,IJ,eii

CTBHH - atta.rrorax B3aHMO,u,e:ttcTBli:tt q epe3 3apSI.>KeHHb1e H He:ttTpaJibHhie BeK

TOpHbJe 6030Hbl , c TO:tt pa3HHI~ell:, qTo ,l.I.Jl.SI O,[I,HOro IIOKOJieHHSJ ':laCTHU 113 TpeX 

KaHaJJOB Ve BhDKHBaeT TOJibKO o.mrn, cooTBeTCTBy10u.1,11ii B3aHMo,n,encTBHHM 

JlHllib qepe3 O,ll,Hy n apy 3apsi.>KeHHblX BeKTOpHbIX 0030HOB. 

13 HTOre npHXO,U,HM K COOTBeTCTBHlO KaHaJIOB ( «IIOJJeH npoMe)f(yTOqHblX 

0030HOB») B CHJibHbIX 11 aneKTpoc.na6blX B3aH~IO,U,eHCTBHHX. 9.ae-x:mpo.Maz

'HUffl'H/bte esau.Moae·llcmeu.n uaxoa.nmc.n e Herx;omopo.M coomeemc1neuu c cu.11:b

'H'bl.MU e3au.Moaeucmeu.n.M'u "-tepes He·ilmpa.!l'b'Hue A -z.tiwoHu, C/l,a6'ble e3au

.Moaeucmeu.n "-tepe3 ueurripa.!l'b'H/bte eerx;mopu'ble Z-6osou'bl coomeemcmeywm 

CU.ti'b'H'bt.M e:Ja?.LMoae~'lcm6U.RM ~pes ueumpa.!l'b'H'ble B- i.ti?OO'll'bl,, a 3.fterx;mpo

c.tta6'ble 83au.Moae~'Jcmeu.n "-tepe3 3ap.n:>1eetttt'ble eerx;rrwptt'bte w ± -603()'H,'bl, -

cu.ti'b?£'bl.M e3au.MoaeUcmeURM t1.1,epe3 oimy us nap 3ap.n:>1eetttt'btX ee?Crnopu'blX 

Z.ti?OO'H.06 (nyCTb TaKODbIMH 6yAYT x±-rJIIOOHbI). 

0 TMeTHM, 'fTO He'ITO aHaJIOrH"-lHoe MO:>KHO ycMOTpeTb H B MHOI'OMepHblX 

reoMeTpnqecKHX ~IO,U,eJIHX ¢1-13 11qeCKHX B3aHMo,n,eliCTBlrli. Tip11 o6c~eHHJ1 

8-Meptto:tt reOMeTpHqecKo.A MO,LI,eJJH rpaBH-CHJibHbIX roamvm,u,e:ttcTBHH 6bIJIO 

IlOKa3aHo, 'iTO H3 o6o6ll.J,eHHOH 8-MepHo:tt MO,U,eJIH MO.>KHO IlOJIY'iHTb KaK 

cHJibHbie, TaK i-1 aneKTpocna6hle B3a.BMo,n,e:HcTBHH KBapKOB. B noc.nen;HeM 

cnyqac Heo6xo,n;HMO 6bIJIO 1IpoH3BeCTH pe,uyK~mo, T. e. IlOHH>KeHHe pa.3-

MepHOCTH ,n;o ceMH. TaKHM o6pa3oM, HMeJOTcsi ,n,a.neKo HAY~He aHanorHH 

s OO'he,l.I.HHeH11H ¢113HY.ecK11x B3a~10,u,elicTDH:H B paMKax reoMeTpn'fecKoro 

H peJI.Hq11011Horo rro,n;xo,u,oB. 

8. KpaTKo oxapaKTepH30BaHHbie Dblllle npou,eJJ;ypbI H rrpRHJJ.Hilbr no3BO

JmIOT e,ll,HHoo6pa3HO 3arrncaTb npoo6pa3b1 ,D.e:HcTBH.H (.narpaH)f(HaHa) B3aH

Mo,u.eitcTBH.H K a K CHJibHOro, TaK H aJieKTpoc.na6oro ,TI,JJ51 6apHOHOB, a TaK>Ke 
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H 3JleKTpOCJia6or.o B3aHM0,11,eikTBIDI nenTOHOB, KaK MaCCHBHbIX, T8.K H Heli

'l'pHHO, ,n;pyr c J_lJ)yroM H c 6apHOHaMH ( KBapKaMH). 9TH npoo6p83bl CTJ)OSl'l'C.H 

B BH)J.e KOM6HHamrH: H3 npoH3Be,l1.eHHii 4-cKopocTeti ( H3 BHellIHHX rrapa

MeTpoB) KOMTIOHeHT 'faCTHll, ( KBapKOB) c COOTBeTCTBYIOll.l,HMH KOacPcPHI.(HeH

T8MJ1 H3 BHyTpeHHHX rrapaMeTPOB, HMeIOm;HMH ¢H3H'·IeCKHH CMblCJJ 3ap.H.LJ.OB 

B CHJihHbIX H ~meKTPOCJ1a6bIX B3aHMO,LJ,eiiCTBIUIX. 

9. 0,LI,HaKO npu OIIHCaHHH B3alUvt0,n;ettCTBHH OCTaJOTCSI Heonpe,n;eneHHblMH 

KOJllfqeCTsa H 3Ha'feHHSI He3aBHCHMblX KOHCTaHT H 3apSI,LI,OB B COOTDeTCTBY

fOm;HX B3aHMO,LJ,eHCTBHSIX. 9TOT npo6eJI ycTpauSieTC51 yl.feTOM cneI.J,HaJlbHOro 

npHHI.J,HUa CliMMeTJ)HH KaHaJIOB qm3Ht.feCK11X B3aHMO,l1,eti:CTBHH (CM. [33, 36]). 
c TIOMOI.qblO 3'I'Oro rrpHHI.J,Hila IlOK83bIBaeTCSI, t.fTO CMJibHbie B3aUMO,l1,eiicTBH51 

xapaKTepH3yJOTaI TOJihKO 0)1.HOH KOHCTaHTOi-1, COOTDeTCTByJOw.ett KOHCTaHTe 

90 B xpoMO,l],HHaMHKC, a 3JTeKTpocna6bie B3aHMO,ll,eHCTBH.H - ,n,ayivrn KOHCTaH

Taf\.1H, cooTBeTCTBYIOll.l,HMM H3BeCTHbIM 3ap.H,n;aM 91 H 92 B Mo,n;enw BaH:H-

6epra- CaJiaMa- rn::nuoy. Bonee no,n;po6Ho 3TOT Borrpoc paccMoTpeH B (36) . 
10. IlpHMel.faTeJlbHblM CBOHCTBOM 6MHapHOH reoMerpo¢H3HKH SIBJI.HeTaI 

TO, 'ITO 3ap51).J,hl qacTHIJ. npHHHMa10T KDa,n;paTH'iHhlii xapaKTCp, KaK 11 BCe 

,npyrne KJiaccHqecK11e BhipruKeHtts:I, T. e. 6onee nepDM'iHbIMH OKa3I>IBaIOTc» 

KOp.Hli KBa,n;paTHbie OT 3JTeKTp11qecKoro H ,npyrHX 3ap.H,UOB. 9TOT ¢aKT 

Il03BOJI.HeT BbICK83a'I'b rnnoTe3y, LITO 3 uaqeH1rn, ttanpmv1ep, c.na6.wx (aneK

TpOCJJa6bIX) 3ap51,11.0B TeCHO CB.H3aHbl c ' ·fHCJJaMH p»,n.a <I>n6oHaqqJi 1iJ c «30-

JlOThlMH 'iHCJiaMH» [35) . 

15. 8. MeTa<l>IDJNecKuii auaJIH3 rrpe,iveoMeTpHD 

IIpoaHarrH3HpyeM on11caHHyJO B 3Tott r.1IaBe npe,n;re0Merp1110 (6nttapnyro 

reoMeTpo<}:>H3HKY) c Il03HI.J,HH MeTa¢H3HKH. 

15.8.1. MoBHcnrqecKHii xapaxrep 611Bapuoii reoMeTJlO<l>H3HKH 

L EuHapHM reoMerrpoqm3HKa CTpOMTCs:I B paMKax MOHHCTH'lecKoii 

MeTa<l>H3H"leCKOH napa,n;HrMbl Ha OCHOBe COOCTBeHHOii CHCreMbl Il0H51Tl1H 

H 3aKOHOMepHOCTett, He tty)K,LI.aIOIIJ,eticg B npHBJTe'-leHHJf HHOpO,aHbIX nOIIB

THi% H3 o6ru.e npHH.HTOH ¢H3uKH 11 reoMcTpttM. H a n OMH11M, MOHHCTH'l.JecKa.H 

napa;urrMa 03.Haqaer xoJ1HCTH'clecKHH no,rr;xo,n; K ¢1f3w-recKo~iy ~rnpo3,n.attmo, 
T. e. fl Hett HCXO,fl;HT H3 eauttozo U ?teaC//,UMOZO Ha 'l.tacrnu nepBOHa'l£(},.//,a. 

B 611HapHoi1' reoMerrpo<}:>H3uKe TaKOBhIM s:IBJis:Ierc» 611ttapHa5! cucTeMa KOM

ruieKCHblX OTHOUieHHH. O'ieBH/l,tto, onpe,n,eJ1en11e BCKO rep.HeT CMbICJI np11 

JfCKJIIOTieHlli1 0,LI.HOl'O 113 ,D,Byx ee MHO)f(CCTB HJill OTHOllieHJrl:i Me)K,lly 11X 

::meMeHTaMH. 

KaK rro,LI.L1epKMBaJI.OCb eIIJ,e B aHTH'iHOCTH, e,n.11noe 11aY:ru10 He MO)l(eT 6bITb 

6e3JJHKHM, - COrJiaCHO r-1eHHIO Ap11CTOT€JI.H OHO npO.HBJLHeTC51 B BH,LI,e Tpex 

CTOpoH. l1.3 HHX ,LI.Be CTOpoHbI cooTBeTCTBy10T B03 MO)f(HOCT11. B aneMeH

rapnoM 3BeHe nro6oro upoll,ecca ,n;oJDKHbl 6bITh 3aJIO)KeHbl rrpe,TI.CTa.BJieHHs:I 
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0 ,LJ.BYX KpattHHX nOJIO)f(eHH~IX CHCTe.MbI - 0 Ha'ia.JibHOM II KOHeqHOM COCTO.Sl

HHHX, Me)K,zzy KOTOpbrMH ocyu~eCTBJIHeTC.H nepexo,rr,. 

B 6HHapHoii reoMeTpcxPH3m<e 3T11 .n;Be cropOHhl OIIHChIBaJOTC51 c n0Mo

m;b10 ,rr,syx MHO.>KeCTB 3Jie.MCHTOB co cne,rr,yrow,eH: .HHTepnpeTau;11eii: 0)1.HO MHO

.>KeCTBO 3Jie MeHTOB M onHCbIBaeT Ha'f8JibHble COCT051HIIB CHCTeMhI, a BTOpoe 

MHO)f(ecTBO a neMeHTOB N - KoHe'fHh1e COCTOHHJUI c ncTeMhI. 

CornacHo ApHCTOTeJI10, ,u.Byx cropoH e,u.11ttoro B B03MO.>KHOCTII He,rr,oc:ra

TO'IHO, - )J.OJI)f(Ha 6hITb 3a,rr,aHa TpeTb51 CTOpOHa, RX CDH3hIBaro~a.H H B KOHU,e 

KoHu;oB no3BOJIIDOll.J,~ nepe iiTH OT B03MO)f(HOCTH K ;J,eiicTBHTeJTbHOCTH. B 611-

HapHo:tt r eoMeTpoQ:>H3.HKe n Ka'ieCTBe TpeTb€ii CTOpOHbl e,rr,11Horo BhlCTynaIOT 

OTHOlllCHIDI' KOMIIJTeKCHhie 't..l.HCJra, 3a,rr,aBaeMhte )I.JUI KaJK,IT,Oli naphl 3JieMeH

T OB H3 ,11,BYX npOTHBOnOJIO)f(HhlX MHO)f(eCTD. 11MeHHO H3 3T.HX Y.HCeJI Ha 

HeKOTOpOM 3Tane pa3BHTIUI TOOP.HM nony't.!ae'I'CH TO .HJIH HHOe K.TiaCC.H':l€CKO€ 

HJIH KBaH'J'OBoe noH.HTHe, xapaKTep113y101uee nepexo,rr,. 

2. Attarror.H'1HO TOMy, KaK 3TO ,rr,e.rraJIOCb BO acex npe,u.hI,lIJ'llV1X "laCTHX 

KIHII'H' oxapaKTepH3yeM npeJJ,reOMeTpHIO qepe3 3 x 3-Ta6.rrRt~bl. IlOCKOJibKY 

MOHHCTH'1€CKoe MHponOH.HMa HHe OII.HpaeTC51 JI.Hlllb Ha 011,Hy o6o6UJ,eHHyIO 

KaTeropHJO 6HHapHbIX C.HCTeM KDMIIJJeKCHblX OTHOUieHHii paHra (6,6), TO 

Terrepb B03HHKaeT tteonpe,rr,eJieHHOCTh B BhI6ope MeCTa, Ky,LJ.a ee noMeCT.HTh 

B ·1a6JI.Hu;e. TaK KaK oHa co,LJ.ep)f(HT B ce6c HCTOKH Bcex Tpex Q:>R3 HY.ecKHx 

KaTeropHH TpHaJTRCTH'feCKO:li uapa,rr,HrMhl , T O pac nOJIO:>KIDvl ee no rnaBHOH 

,LI,Haf'OHaJIH Ta6JIHU,bl, B KOTOpoH: s ee JIHH.HH Teneph HBJI.HJOTC.H o,rr,HHO':IHbIMH. 

(Hano:MHHM, 'ITO ,rr,BOiiHhie Jl.HHHH OT)J.€JUIJIM ,DJ1yr OT ,r.q>yra pa3JI.H"ilibie 

KaTeropHw. ) TaKyJO Ta6J1n1zy MO:>KHO npe,n,cTaBHTh B BH,D.e (15.8.1). 

MoHHCTH"'iecKoe MnponoHHMa.HHe 

II IlpOCTpaHCTBO-BpeMst l Ilons:r 

IlpocTpaHCTBO- CoaoKynHOCTb Bcex 
---7 t ---7 i BpcMSI BCKO 

KoMilJieKCnhle 
Ilon s:r ..!. +- napttI>Te ---7 t 

O'l'HOJIIel IHB 

l-JaCTMl.J,bl .J. +- ..!. +-
9neMeHTbT M3 

,n.nyx MHO>KecTB 

(15.8.1) 

TaK KaK noH.HTwe •·.LaCTH~ HaH6oJ1ee TecHo CB51.3aHo c ~JieMeHrarvrn, TO 

,II,Ba MHO:>KeCTBa 3.r1eMeHTOB noMe1neHhI B HH)KHJ()IO npaBy10 SI'ieHKy. A no

CKOJihKY nOH5lTHe IIOJl.H B03HHKaeT HenocpC,ll,CTBeHHO .H3 napHblX OTHOllleHHil, 

TO 6HHapHbie OTHOIUeHH~ llOMew.eHbl B u,eH'rpaJibHYJO '-IaCTb ,n;Harotta..rrn, 

COOTBeTCTByronzyJO nomo KaK no BepTHKaJIH, TaK .H no ropH30H'I'8.JIH. 

3. CJie,n.yer oco6o no,u,qepKttyTb, ""ITO MOHHCTH'1ecKHii (xonHCT.Hqec:iarn) 

xapaKTeP 6.HHapHOH reoMeTpoQ:>W..3HKH .HMeeT CMhlCJI Jllillib OTHOC.HTeJibHO 
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o&he..u.MHeH11.H T pex KJUO'-leB1>IX cPK311'iecKHX KaTeropmt B 6HttapHott reo

MeTpocpH3HKe OCTcl.eTC.H pe;zy~HOHH3M B BH,n;e orpoMHOti COBOKYITHOCTB 

OT,ll.eJibHbIX BCKO paHra (6,6), cooTBeTCTByJOru;Hx MHO)KecTBy qm3H'ieCKHX 

npou,eccoB B e,IJ.HHOM MHp03,LJ;aHHH. 8To OT06pa:>KeHO B Ta6JI. (15.8.1) B D.11)].e 

neBo.H BepXHett 5P:Ieli:KH, Haxo,n;.Hrn.eitc.H Ha nepeceqeHHH cToJI6u,a H cTpoKH, 

cooTBeTCTBYIOl.WiX KaTeropHH npocTpaHcTna-BpeMeHH. Ha.rr1pu1e orpoMno:n 

coBOKyITHOCT.11 BCKO ne)J(HT B ocHose H)l.eH o MaKpoCKOID.P·1ecKott npHpoJJ.e 

KJliaccHqecKoro npocTpaHCTBa-npeMeHH, paCCMOTpeHHIO KOTOpott IlOCB.Hu~eHa 

c11e,llyl0w,a.H rnasa. 

4. E,LJ,.11Hoe Ha'tiaJTO B 6MHapHo:H reoMeTpoc:P113HKe xapaK'rep113yeTcH, so

nepBhIX, paHroM 3aKoHa BCKO, B Ko11u,e Ko~on onpe,LI,e11..HJOu~11M o6ru;enpH

Haryio p83MepHOCTb, H, DO-BTOphIX, 6a30DbIM 6 x 6-0THOIDeHHeM - CBOeo6-

pa3Hb1M OO'heMOM KOMnJieKcHoH 611HapHo.H reoMeTpHH. KaK 6hrJio noK838.HO, 

683oBoe 6 x 6-0THOIIIeHHe .HBJI.H€TC5J npoo6pa30M .n.eAC'rtm.H ( JiarpaH)f(Hana) 

B o6111;enp1uurro:A. cPH3HKe. 

I'.13 noHHTHH BCKO paHra( 6,6): aneMeHTOB, napHhIX OTHomem-rH:, MH

HopoB JJ.eTepM11HaHTa, onpe,rr.e:runoru;ero 3aKoH, paHra w ).IJ)ynix - cTpOMTC.H 

TeOpH.H, npH3BaHHaH np1rneCTl1 K o6ru;errpHHHThIM IlOH.HTH.HM KaK KJiaCCH'ie

CKOtt reOMeTpHH, TaK Ii o6ru;enp11H.HTOti cPH3HKlf. 

15.8.2. HcTOKB T})ex <1>u3uqecKHX KaTeropmt 

1. y )J(e Ha caMOM 3JieMeHTapHOM yponHe Il0CTpOeHl1..H 6HHapHOfi reo

M€TpocP113JfKH Rµ (µ) MO)J(HO paCCMOTpeTb HCTOKH B03HHKHODeHM.H 11 OCHOB

HbIX CBOH.CTB KJIJO'ieBhIX KaTeroplftt KJiaccwieCKOfi cPH311K11 H reoMe:J'Plrn 

(B pa.MKax TpHaJIHCTH'leCKOH napa.n;HrMbI): npocTpaHCTBa-sp eMeHH, 

IlOJie.H nepeHOC'iHKOB B3aHMo,n;eiiCTBHH 11 t:.IaCT11u;. IlpMMe"t.JaTeJihHO, "t.JTO 3TB 

KaTeropHH B03HHKaIOT 113 Tpex B~OB CBoeo6p83HblX ~<ClllllBOK» 3 .. "IeMeHTOB 

H3 ,n,Byx MHO)J(eCTB BCKO. EcJm 6paTh no o,n;HOMY a11eMeHTY, TO B KOHU.e 

KOJmOB MO:>KHO npMiiTH K IIJX)CTpaHCT By-BpeMeHH; eCJIH 6paTb no ,n;Ba a.ne

MeHTa, TO npUXOJJ.HM K npoo6pa3y n0.neH: nepeHOC"t.JHKOB B3aHMO,D,eficTBHH, 

a ecJDI no Tp11 3JieMeHTa, TO 11MeeM oupe,n;eJICHHH 'i:aCTHIJ,. cho oT06pa:>KeHo 

B Ta6.n. (15.8.2). 

HcTo.KH KaTeropuii KJiaccuqecKoU: <l>H3HKH 

,---------.II Ilpoc'TpaHcTBo-spcMsi: I IlonB I qacr1:1u,br 

IlpocrpaHCTBO- «CUTHBKa» o~oA 
BpeMSI naphI3neMeHTOB 

Ilonsr 
«Cun1sKa» )l.Byx 
nap 3JieMeHTOB 

qacnn~bl 
« CurHBKa» ,ll,Byx 

TpoeK 3JleMCHTOB 

(15.8.2) 
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9TH o6crosneJibCTBa y)J(e Ha3bIBa.Jn1cb B aToii rnaBe B np01wcce o6cy*
,n,eH1u1 ocHoBaH'HA 6.ttHapHoii reoMerpoqnr3HK11. Em;e pa3 KpaTKo HanoMH.HM 

rJiaBHble MOMeHTbJ. 

KaTeropH.H npoCTpaHcTBa-BpeMeHH cooTBeTCTByer (yHapHoii) reo

MeTPHH, TJOJIY'iaIOm;eii:c51 «CKJieiiKOii» no 0)1,llOMY 3JieMeHTy Jf3 ,ll,BYX MHO

)J(eCTB BCKO. Ilp11 3TOM KJIIOqeByro ponh 11rpae.r BbI,U,eJJeHHa.H H3 BCKO 
paHra (6,6) rro,rr,cHcTeMa B BH,ll.e BCKO MHHHMaJibHoro HeBhip0)1(,Ll,eHHOro 

paHra (3,3). Ha3oBeM rnaBHbie y>Ke Bb1pHCOBhrna10m;HeC5I Ha caMoM 3JteMeH

TapHOM ypoB.I·Ie cBoiicTBa 3Toii: Ka.Teropl1.tt: 

1) P83MepHOCTb 4 H cHrHaTypa ( + - - - ) KJJaCCH'IecKoro npocTpatt

CTBa-BpeMeH.11 o6ycJJOBJieHbl MHHHlvla.JlbHblM pauroM (3,3) BbI,ll,e.JieII

HOii BCKO. 
2) TioCKOJlbKY napHble yuapHbie OTHOllleHIUI npe)~CTaBIDilOT co6oii: rrpo

o6pa3 MeTpHK.11, MO)J(HO yrsep)K,Ll,aTb, qTO KBa,l.JJ)aTH'iHblii xapaK1.'ep 

Mepoonpe,lJ.eJieHHR B reoMeTpHH o6yCJIODJJeH paHroM {3.3). 
3) B reop1n1 BCKO paHra (3,3) 3JieMeHTbI onHChIBaIOTCSI 2-KOMrro

HeHTHhThtm CTIHHOpaMH, qTo H onpe,n,eJUieT )J.a.JlbH€HIIIee IIOSIBJieHHe 

4-MepHbIX BeKTOpGB H 6-rrapaMeTpH<ieCKOA rpyrrnbl JlopeHI .. J,a. cho 

03Ha'1.aCT o6paTHbiii: nop51,l1,0K sse,n,eHHSI CIIHHOpOB: He 113 4-Mepttoro 

rrpocTpaucTBeHHO-BpeMeHHOI'O MHOroo6pa31IB, a Hao6opoT. 

KaTeropH.H nonei1: nepeuocqHKOB B3rut:Mo~ei1CTBHH TeCHO cnsi3aHa 

c (yHapHblM) rrpocTpaHCTBOM CKOpocTeii, rro.nyqaeMbIM CIIIllDKOH JJ,BYX nap 

3JieMeHTOB H3 ,z:J,Byx MHO)J(eCTB BCKO. B ,n,aHHoM IIO)l,XO,n,e rrpoSIBJUUOTC51 cJie

,ny10m;11e xapaKTepHbie 'iepTbl npoo6p83a rrepeHOC'illKOD B3allMO,LI,eHCTBHH: 

1) fl poo6pa3 IIOJieH nepeHOCqllKOB B3aHMO,l1,eHCTBHii HMeer BTOpHqHblM 

xapaKTCp, o6ycJIOBJ1€HHblti: CBOti:CTBaM.tt COCTOSIHHM qaCTHI.J;. 

2) P83JUI'i11C nepettoc~nrKoB B3aHlvTO,JJ;eikTBllti: 3anRCHT OT DTopott qacTH 

n apHb1x OTHorneHRM BCKO paHra.(6,6) , orrHCbtBaeMoii: BCKO paHra 

(4,4). 
3) Pa3JI.tt'iHh1e BHff.bI noJieti: nepe.Hoc~111KOB B3amvm.n:eiicTn11ii (11 caM11x 

Bll,IT,OR B3aHMO)J.eiicTB11M) onpe)J.eJISIIOTCfl qacTHhlMJ.1 THTiaMll 3 x 3-MaT

. plil.J;, a 'l'O'iHec - pa3Hh1Mli B11,[l.aMH HX Bblpo)K)J.eHllSI. 

KaTeropH.H qacTH~ onpe,n,e.IDieTc51 Tpofu<aM11 ::>J1eMeHToB B Ka)K,Ll,OM 113 

J~Hyx MIIO>KeCTB M 11 N. Bb1)1.e JrnM KJIIOqeBhie Q:>aKTOpbI ,l1,aHHOH Ka:reropH11. 

1) t.IaCTlifl.J;bI 0Ka3b1BaKY!'C.H npocTe i%IIIHMH CHCTeMaMll' O'l'BCqaJOII.J;J.1MM 

IIpHHU,:lifny TpllHIITapHOCT:lif ( Tplle,IT,MHC'rna). 

2) t.:IuCJ10 TpH, xapaKrrep113yro.w.ee TJa<-:THJ..J,.Y, TeCHO cBSI3aHo c paHroM 

(6,6) BCKO, ne.>KanJ,eti B ocH0BaJrn11 MHpa. 0Ho onpe,LJ;eJI5IeTCSI no

nonHHoli pa.Hra, ~ITO ,UaeT B03M0)J(H0CT b xapaKTepH30BaTb B3aHMO

,l1,eiicTBllfe ,rrByx qacTm~ rrocpe,l1,CTDOM 6 a30BOro 6 x 6-0THOllleHHSI. 
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3) Oco6o cJieA)'eT no,u.qepKHYTb TOT Q:>aKT, 'l.JTO see BH,lJ.bT cPePMMOHHhIX 

qacTHIJ.: 6apHOHbl, MaCClfBHbie JJeilTOHbl H .ueii'rpHHO B 6HHapFIOH reo

MeTPOcPH3HKe OilHCbIBaJOTC51 e,l},HHoOOpa3FIO 'iepe3 T pOHKH 3JleMeHTOD. 

2. On11pa5Ich Ha Tcop1no BCKO paHra (6,6), MO:>KHO BbI.HBHTb HCTOKH 

IlOHBJi eHH.H o6o6w,eHHblX KareropHH B paMKax TeOpHH )J.ya.JIHCTH'JeCKHX 

napa.n,HrM ( MHponOFIH.MaHHH). 

Pe;u1~0HHoe MHponoHHMaHHe He .uy)K,ll.aeTcs:i n oco6b1x KOMMefl'ra

pH.HX, IlOCKOJihKY IlOC'rpoeHHe 6HHapHOH reoMeTpo¢H3HKH ocy1.IJ,eCTDJI5ICTC5l 

Henocpe,l],CTBeHHO co CTOpoHbl pen.H~HOHHOI'O IlO,[OCO,lJ,a K cPH3HKe H reoMeT

pHH. TeM He rvreHee BhI)l.eJIHM ,JJ,Ba acneKTa. 

1) IlpM peJI.HIJ,HOHHOM H3JIO)f(eHHH K JiaCCHqecKOH cPH3HKH HCIIOJih30Ba

JIRCb TOKOBhle OTHOI.IIeHH.H, KOTOpbte onpe,n,eJJHJIHCb KaK OTHOIIIeHHeM 

CKOpocTeft, TaK H rrpOH3Be)l..eHH eM 3JieKTpHqecKHX 3ap.H,LI.OB nap qa
CTHU,. B paMKax BCKO paHrn (6,6) rroKa3aHo, l:JTO 3neKTp11qecKHe 

3ap5I,lJ,bl H CKOpOCTH B03HHKaIOT H3 p83HblX IlO,ll,CHCTeM OTHOI.IIeHHH: 

3apH,lJ,bI H3 BCKO paHra (4,4), a cKopocTH 113 BCKO paHra (3,3). 
2) Ilpoo6p a3bl rrpocTpaHCTBeHHO-BpeMeHHblX OTH0ll1€HHH H OTHOlUeHHH 

B rrpocTpaHCTBe cKopocre:H B03HHKaIOT 113 OMIOH H TOH )Ke BCKO 

panra (3,3) npH ,11.BYX cnoco6ax n epexo,u.a K yHapHbllvI CHCTeMaM 

Bel.IJ,eCTBeHHblX OTHOUieHH~: n yreM CKjJeHKH O,l],HOH HJIH ,n,syx nap 

aJieMeHTOB H3 p83HhIX MHO)f(eCTB. 

TeopeTHKo-noneBoe MHponoHHMaHHe Henocpe,n;cTBeHHO CB.H3aHO 

c BBe,n;eHlleM ,U.Byx MHO:>KeCTB 6HHapHbT~ CHC'l'eM. ,ll.aHHa5I 3THM MHO:>KeCTBaM 

HHTepnpeTaIJ.H51 COOTBeTCTDyeT B aKCHOMaTHKe ,ll.HpaKa ,ll,BYM npocTpaH

CTBaM BeKTOpoB COC'l'05IHHH (BeK'l'OpOB H co-BeKTOpoB), a TaIOKe H,U.eSlM 

S-MaTp11q1-10ro n o,n,xo,LJ,a. TonhKO renepb Hlf'l.Iero ne rooopHTC51 o n p 1rn.SI3Ke 

COCTOHH.liH K MHHyc- RJIH muoc-6ecKoHeqHoCTIDvI. }13 6HHapHOM reoMeTpO

cPH3HKH BhITeKaIOT CJI€A)'IOW,He Ba)l{Hble CBO:iiCTBa KBaHTOBOH TeopHH: 

1) Il pe)K)l.e BCero ·- BepORTHOCTHbIH xapaKTep T€0pHH, IlOCKOJibKY B 6w
HapHOH I'eOMeTpoQ:>H3HKe paccMaTpimaIOTC.H n epexo,l],hl Me>K.Icy B03-

.M0)J(HblMH COCTO.HHHSUvlli. 

2) Ksa,n,paTH'-lHhlH xapaKTep Bepo.fITHOCTH MO)i(HO ycMOTpeTh B cnoco-

6ax nepexo;..1,a OT 6HHapHblX CHCTeM K yHapHblM, Kor,n;a OTHOllleHHSI 

B ynapHb1X CliCTeMax CTPOHTC.H KBa,n,paTH'"lHblM o6pa30.M H3 OTHOllle

Hli:H 6HHapHbIX CHCTeM. 

3) CIIHHopttOCTb qacTu:u; o6b1qno npHqHcJUieTc51 K KBaH'I'OBbIM coo:H

CTBaM q acTHIJ;. B ,U.a.HHOM rro,LI.XO,LJ,e cnHHopuoe 01IHcan11:e aJieMeHTOB 

BCKO paHra (3,3) B03HHKaer caMhIM ecTecTBeHHhlM o6pa30:rvr. 

reoMeTpH'leCKoe MHpOilOHHMaHHe npocMaTpHBae'I'CSJ B pSI,ll,e qepT 

6HHapHOH reoMeTpo<l>H3HKl1: 

1) Ilpe>K,D..e acero, cJieA)'eT o6paTHTh BHHMatt11e Ha TO, '-ITO KaK BCKO 

p aHra (3,3), .HBJIBIOl.IJ,a.HC.H HCTOKOM 4-MepHbIX npocTpaHCTBeHHO-Bpe-
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MeHHbIX oTHOIIIeHHH, Ta.I< H BCKO paara (4,4), onpe,LJ,e.runo~rui 3a

p51)1.0Bhie CBOiicTBa qacTliU,, a CJTe,LJ,OBaTeJlbHO H nepeHocq.HKJi B3aH

MO,LJ.e ttcrnnM:, B03H1-1Ka10T 113 OTHowe111-1n e.LI.JIBOH BCKO pa11ra (6,6). 
HanoMHHM, qTo B M11oroMepHbIX reoMeTp1-1qecKH.X Mo,n,eJIID( TIDTa 

reoptt11 KaJIYI.I,bI aHaJior.w-nih1M o6pa30M H3 e)J.HHOro MHoroMepHoro 

reoMeTp1-1qecKOI'O MHOroo6pa3H.H BbI,LJ,eJUlJTOCb 4-MepHoe npocrpaH

CTBO-.BpeIVm, a ,n,onoJIHRTe.JibHh1e crerreHH cH06o,n;h1 onHCblBa.TIH no.n.51 

HerpaBRTaI.J,HOHHhlX B3 al1MO,LJ,ett:CTDHH. 

2) Ilp11Me~aTeJibHblM HBJUleTC51 TaIOKe TOT Q:.>aKT, qTo B 6HHapHOH reo

MeTPo<l>H3HKe, KaK Ii B MHOroMepHbIX reoMeTpHqeCKRX TeOpU.HX Ka

JiyU,eDCKOI'O T:Hna, p a3JTJiqHbie BlfAhI ci>H3H~leCKH3 D3aHMO,n,ettCTBliH 

BhIBO,IJ,.HTC.H li3 e.uHHoro ( 6HHapHoro 11.JIH yttapuoro) HaqaJia rryTeM 

BbI,LI,eJieHliH p a3JTH'IllbIX '-JacTHbIX Bli,ll.OB 3 x 3-MaTpHu, H3 )J.OIIOJlHli

TeJlbHblX napaMe TpOB HJIH KOMIIOHeHT MeTpm<H. 
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""' OT npeAreoMeTpHH 

reoMeTpHH H ,,. 
K KnacCH"leCKOH 
<l>H3HKe 

OrnipMcb Ha c¢op.MyJIHpoBa nHh1e B npe,D.b1A)'ll.l,e:i1 rnane KJIIO'feDhie no

H51TIUI Ii rrpHHU,Hilbl 6HHapHOH reoMeTpo¢H3HKH, a TaIOKe Ha Dhl.SlBJieHHbie 

HCTOKH KareropHA KJiacc11qecKOH <l>H31iKH H reOMeTpHH, ,U,8Jlee Heo6xOAffivIO 

IIOK83aTb, KaK KOln<peTHO OCyll.l,eCTBJIBe'l'CSl nepexo.u. OT HHX K npHBbI'fHblM 

npe,ll.CTaBJieHRHM QlH31iKH, B 'iOCTHOCTH K KJiaCCH'feCKOMY rrpocTpaHCTDY

BpeMeHH, fIOJT.SlM nepeHOC'iHKOB D3aHMO,n,e:RCTBliH H ,n:pynnvr IIOHHTHS:I M H 3a

KOHOMepHOCT5lM H3BOCTHhIX <P1r3 nqecK11x TeOpHR. Haaqe roBopH, tteo6xo

,LI.IIMO OJIJiCaTb o6paTHbIB IlYTb OT MOHHCTU'ieCKOH rrapa,ll.lffMhI K ,lzyaJIH

CT.M'feCKliM H TpHaJIHCTU""leCKOH rrapa,n:11rMaM cPH3HKH. TipHH~ID1H8JibHbie 
MOMeHThI perueHH.Sl 3TOH 3 a ,ll.a'tJH JiMelOT Mera¢H3H'f0CKHA xapaKTep J1 MOf'YT 

6bITb IIp0HJ1JJ10CTpHpoDaHbl c IIOMOll.l,blO PHC. 16.1. 

Pe.rnr!UioRnoe 
MHporro11HMatt11e 

\ 

(II-B) Ilpocmpau.cmao-epe.M.Ji 

r eoMe'l'pWJ:ec.Koe 

(ll) n o.Mt 

nepeuoc"i.t.ncoa 
eaa'l..L.Moaeacrnouu 

P uc. 16.1. Ilepexo,n, oT aneMeHTapnoif 611ttapHO.li r eoMeTpoq:rn3m<M K 113aecTHbIM 

TeOpM.HM Tpex MlipOIJOHJUvfa:l'um 

Ilp.11 peme1rn11,U,aHHOH3a,n:a'iH Ba)f(HyIO ponh 11rpaeT uiJeR .M0/1~pocx;onu'l.1£
c'lwi1 ( cmarnucmu111,ec11;oi1) npupoih>t K.11.accu111,ec'X:m:W npocrrrpancmea-epe.Mettu 
H ,rq>yrHX corryTCTByJOUJ,HX IIOH51THH o6ll.l,errpHHHTO:i1 Q>113 11K.M. Otta COCTO.MT 



D TOM, 'iTO KJiacc11qecKHe TIOHHTIDI cnpaBe,IJ,JIHBbl JIHillb ,lJ,Jl51 ,IJ,OCTaTO't·IHO 

6oJibllIHx ( CJIO)f(HblX) CHCTeM 113 3JieMeHTapttbIX qacT~ - MaKpoc11CTeM -

H B03HHKaIOT B pe3yJibTa·re CBoeo6pa3HOI'O HaJIO)f(eHHSJ ( cyMMHposamuI) 

orpoMHoro K OJIH'ieCTDa <PaKTOpoB, npncyI.qHX MHKp006'beKTa M . Cor1iacHo 

,IJ,aHHOMY TIO,IJ,XOA)', lvlHOrHe np11BbPTHbie TIOH51TJU I <l;>113Hlrn MO)f{HO yno,IJ,OOHTb 

TaKHM IIOH.HT HSIM TepMO,IJ,HHaMHK.11, KaK ,IJ,aBJieHHe HJIH TeMnepaTypa. 

llcxo,IJ,H H3 rrpHtUJ,HTIOB 6nHapHOH reoMeTJ>O¢H3HKH (npe,IJ,reOMeTpHH), 

n oKa)KeM, qTO <PaKTOpaMH, nO,IJ,Jie)Kall.V1Mli cyMrvrnpoBaHHIO, .HBJI51IOTCSI KOM

llJieKCHl>I e OTHOllleHHH Me)K,ny 3JieMeHTaMH, ycTattaBJrnBaCMhie rHraHTCKOH 

COBOKynHOCTbIO BCKO. TipH 3TOM KJIIO'ieByIO ponb Hrpa10T OTHOIIIeHHH li3 

BHellIHHX rrapaMeTpOB, xapaKTep.113yeMb1e BCKO pattra (3,3). Jtfa nee BbI,IJ,e

JmeT cSI KaK IIO,IJ,CHCTeMa BCKO MHHHMaJibHoro paHra (2,2) , onpe,IJ,eJ1.HIOII.1,ruI 

Q;>830Bhie DKJia,u.I>J. . 

ToJibKO H HTOre cPoPMHpoBaHHSI ( Bb!BO,IJ,a) KareropHH npocTpaHcTBa - npe
MeHH np11o6peTaeT CMhlCJI HCilOJlh30BaHlie KaTeropnH IIOJieH nepeHOC'iHKOB 

B3aHMO,IJ,eHCTBHH H n pO.HBJIHJOTCSI CBOHCTBa KaTer o pHH qacTHIJ., OilHCblBae

M ble KBaHTOBOH TeOpHett 

MoHHCTH'iecKa~ c HcTeMa cPH3 HqecKor o MHpo3,IJ,aHJUI rro3 BOJISleT uo,IJ, no
BbIM yrJIOM 3 peHHSI B3rlli1HYTb Ha p.51,IJ, rrpHHl.J,Hnl18JibHbIX rrpo6n eM o6rn.ei1 

TeOPHH OTHOCHT€JibHOCTH H KBaHTOBOH TeOpHH, a TaIOKe H a nyTb COBMeIIJ,e

HliH HX npHHIJ.HUOB. 

HeKoTOpbie u oJIO>KeHH51, c<}:>opMyJrnpoBaHHbie B 3TOH t.IaCTH KHHrH, y)l(e 

Bbl)J,BHl"'aJiliCb p~OM cPH3HKOB Ii MaTeMaTHKOB, B TOM t.JHCJie H Henocpe,IJ,

CTBeilHbIM H 003,IJ,aTeJIHMH KBaHTOROM TeOpHH H TeOPHli OTHOCHTeJTbHOCT11. 

0,L.1.HaKo B n pou.ecce ,IJ,OBOJibHO CJIO.>Knoro, no,n.qac 6ypHoro H rrpoT1rnop e

'-IMBoro p 83DliTHSJ TeopeTHqeCKOH HayKH, c xapaKTepHbll\1111 ,Il.JISl H ee O.D;HO

CTOpOIIHHMli y,n,aqaMH JI Hen36e.>KHbIMH H JIJII030pHbIM .11 npe,n.CTIU3JieHliHivrn, 

MHOr11e BbICKa3blBatlHH H TO":IKH 3peH1iSI OKa3aJIHCb 3a6blTblMH HJIH He 

npHBJieKaJIH ,Il.OJI.>KHOro BHHMaHH.SI. 11 .. JT06bl )l.aJibHCHilllie p accy)f(,11.eHilfSJ He 

BOCnpHHHMaJIHCb KaK « rJiac BOTIHIOrn.ero B nyCTbIHe», 3Ha't:IJ•JTeJihHoe MCCTO 

B HHX 3a~MYT lJ,HTaTbl H3 pa6oT KJiacCHKOB ¢yH,IJ.aMeHTaJlbHOi1 cPH3HKH. 

P 83yMeeTCSI, no npomecTBHH M HOrHx neT y)Ke Tpy.n;Ho p83JIMt.JHTb, KaKHe 

H3 HHX UOCJIY:>KHJIH HMnyJihCOM B pa60Te, a KaKHe 6bIJIH no,n;o6paHbI TI03.>Ke 

B Ka"lecTBe MJIJIIOCTpan;wn H.i'IH no,II.KpenJreHHSl CBOe :ii TOqK.H 3p elUJSl . 

16 .1. MaKpocKolllf'lleCKrui npHpo,n;a 
npOCTpaBCTBa-BpeMeBD 

Ilpo6JieMa BbIBO,n.a KJiacCH'iOCKOro npocTpaHCTBa-BpeMeHH Ha OCHOBe 

11,u.eH ero M aKpocKon11Y.ecKoli i 1pnpo,LJ.b1 pacc:rviaTpHsaJiacb 1.1,eJibllVI PSI/J.OM 

aBTOpoB . l1 cero,n,IDI Tpy,n.HO CKa3a T b , KOMy n pHHa,11.Jie.>KHT np.11opHTeT BbI

,Ll,Bli)KeHHSI ,n.aHHOH H,IJ,en. H eKHli ttaMeK MO:>KHO ycMoTpeTb y)f(e n H3-
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secTHOM M e Myape B . PHMaHa , r ,u,e OH rrncaJI: «9MITHPH'-IeCKHe TTOIDITH.H, 

Ha KOTOpblX OCHOBblBaeTCH ycraHOBJieHl:le IlpoCT'paHCTBCHHbIX MeTpl:lqecKHX 

OTHOllieHHR, - TIOH.HTJUJ TBep,u,oro TeJia H CBeTOBOro JIY"la, - flO-BH,lI,MMOMy, 

Tep.RIOT BC51KYID Oilpe,U,eJieHHOCTb B 6eCKOHeTIHO M 8.JIOM. Ilo~TOMY BllOJIHe 

MbICJrnMO, qTo MeTpH-.:ieCKHe OTHOllleHlf.SJ npocTpaHCTBa B 6ecKOHe qHQ MaJIOM 

He OTBeqaJOT r eoMerp11qecKHM ,n,ouyrn;e HJf51M; Mbl ,U,CHCTBHTeJTbHO ,U,OJI/KHbl 

6b1.rrn 6h1 npHH.51.Tb 3TO noJTo)f(eH11e, ec;rn 6b1 c ero noM0:1.1~1>10 6oJTee npocro 

6bIJIH 06'h.HCHCHbI Ha6Jiro,u,aeMbie .HBJTeHM51. 

Bonpoc o TOM, cnpase,u,JIHBhI Jrn ,uonyrn;e:n1u1 reoMeTpH11 B 6ecKoHe' -IHO 

MaJIOM, TCCHO CB513 aH c BonpoCOM 0 BHyT peHHCH IIPHq1'fHC B03HHKHOBCHM.H 

MeTPM'WCKHX OTHOIIICHHH B npocTpaHCTBe. 9TOT Bonpoc, KOHeq:no, TaK:>Ke 

OTHOCl:ITC.H K o6JiaCTR y qeHM51 0 npoCTpaHCTBe. Jil npH p acCM OTpeHJfH ero 

c.rre,u,yeT npmIBTb BO DHMManwe c,u,eJiaHHoe BbIIIJe 3aMcqau11e 0 TOM, ~ITO 

B CJTyqae )J.HCKpeTHoro M HOroo6pa3H.H npmu.v1n MeTp11qeCKHX OTHOlJleH:Mtt 

co.n.ep)KHTC51 y)f{e B caMOM Il0H51TH1':1 3TOl'O MHOroo6pa.3H.H, Tor.n.a KaK B CJiyqae 

Herrpe pbIBHOro MHoroo6pa.31u1 ero cne,u,yer HCKaTh r,n,e-To B ,u,pyroM Mecre. 

0 T CIO)J.a CJie.n.yer, ".ITO l:IJIH TO pe8.11bHOe, qTQ C03,U,aeT J1,IJ,CJO npocTpa HCTBa, 

o6p a3yeT )J.HCKJ.>CTHoe MHoroo6pa.311e, rum HY)f(HO IIblTaTbC.H o61b.HcHwrb B03-

Hl1KHOBCHHe MeTp11~1ecK11x OTHOllleHHH "ICM-TO BHClllHl1M - - CMJTaMl:I CB.H3Jf , 

.n.efiCTByIOrn;MMli Ha 3TO peaJibHoe» (143, c. 32}. 
9T11 MhIC.TIH P11MaHa CJTe.n.yeT C.B.SJ3 aTb c p.H,LJ;OM BhICK&'3bIBaHl:l:H M3BCCTHhIX 

Q.>w3HKOB-TOOpeTHKOB H MaTeMaTH KOB XX B. B qacTHOCT11, HanOMHMM paHee 

11pHBC,1J,CHHoe B rJT. 14 BhICKa3bIBaHHe OAHOro 113 C03,TI,aTCJlCH KBaHTOBOif 

Mexau:MKH J1y:M 11,c Bpo:Hn51 o Heo6xo,n;mv1ocT11 n epecMOTpa npe; i.craBJieHMH 

0 KJ1acc11~mcKOM upocrpaHCTBe-BpeMeHH B MJfKpGMMpe ,U.JI.H 6oJTee MCKB8:I'

HOl'O mrncaHIDI 3aKOHOMepHOCTCH KBaHTOBOH MexaHMKH. 

BoJ1ee onpe,ue.neHHO o npo11cxo)K,ll.ett1111 MeTp11qecKHX OTHomeH11:H Bhl

CK83hTBaJIC.H ,LI.. BaH ,LI.auu,11r: «MO)f(HO 6bITb CKJIOHHhJM p accMaTp11BaTb 

MeTpMKy, KaK OilMCbIBaIOIJ\YlO HeKoe «HOpM8.llbHOC» COCTOSIHHC MaTepirn 

(BKJT10-qaH 1'13Jtyt.te HHe), 11 .n;aTb ei1 cmamucmu'l.(,eC'KY?O 11HTepnpeTa~ro K aK 

neKOTOpbIH BH,u, cpe,u,Hero Q.>113 11-.:iecK11x xapaKTep11CT11K oKpy)f(aIOrn;MX co6b1-

TI1ii) BMCCTO T o ro, 'C{T06bI KJiaCTh ec B OCHOBY sce.n QJH3.11KH» (54). 
0 TOM *e n11:can E. l.I,MMMepMau B csoe:H pa6oTe «iVlaKpocKOUH'-iecKa.H 

np111)(),u.a rrpOCTpaHCTBa-BpeMCHM»: «IlpOCTpaHCTBO H spe~ He HBJISIIOTC51 

TaKHMH IlOH51TIDIMJf, KOTOPhie HMeIOT CMblCJI ) 1,JISI OT,11,eJlhHbIX MJfKpocHCTeM. 

( ... ) Ha.116oJiee Q>ya,1.1.aMeHTcWlhI-IhIM CJte,u.cTBHeM s3a11Mo,u,e.ticTB1u1 orpoM

ttoro ".!MCJia TaKHX M11KpOC:MCTeM 51 BJI.HeTC.H o6pa30Batt11e rrpocTpaHCTBCHUO

BpeM eHHOH pem erK11, KOTOprul npMBO)J;HT K cupaBC,LI,JlHBOCTH KJiaCCHTICCKl:IX 

noIIBTHM npocTpancrBa 11 BpeMeu11, Ho TOJThKO B MaKpocK0Ill:l~1ecKofi o6Jia

CTM» I 190). 
H co.n.ttoK paTHO BhICK83hIB8.IIC.s:t no 3ToMy Bonpocy Harn cooreqecTBeH

HMK, 113 BecTHbIH L'OOMeTp n. K. P ameBCKMH, rrp11rne,ll.w11.l1 K ,u.aHHOM M/J,CC co 

cropoHht rcoMeTp1111. B MOHorpaQ.>MH «P11M aH0Ba reoMeTp.11.s:t 11. TeH3opttbTW 
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aH.a.TIH~-3» OH IIMCaJI: «Me)K,II.y TeM Tpy,rvm COMHeBaThC51 B TOM, 'ITO MaKpO

CKOfll1qecKMe IIOH51TM51, B TOM .. IHCJie M Ha.LUM npocTpaHCTBCHHO-BpeMeHHhle 

npe~cTaBneHl15i, Ha caMOM .n.ene yxO)J.5IT CBOMMH KOpIDIMH B MJ1KPOM11p. 

Kor~a-HH6y)J.h OHH ,JJ.OJI)KHbl 6bITb paCKpbITbl .KaK HCKOTOpblli CTaT11CT11qe

CKHii HTor, BblTeKaJOlIJ,MH 113 3aKOHOMepHOCTCH 9TOrO M11pa - )J.aJICKO ew.e He 

pa3ra)I,aHHblX - npH cy1v1MapHOM Ha6JIJO~eHl1J1 orpoMHOro "tJHCJia M11Kpo5i.BJie

HJ1H» [139, c. 258). Ll.aJiee OH IlOBTOp.HeT 9TY MhJCilb: «B03MO:>KHO, '-ITO l1 CaM 

qeTbipexMepHbIH npocrpaHC'l'BCHHO-BpeMeHHOit KOHTHHyyM c era reoMeTpM

'iCCKl1MH CBOHCTBaMJt OKa)KeTC.H B KOHeqHOM cqeTe o6pa30BaH.HeM, J1MCIOU\MM 

crraTMCTMqecKHH xapaKTep J1 B03HHKaJOI.II,HM Ha OCHOBe 60nhIIIOro "tJ.Hcna 

npo<:TeHUl.HX Q:>H3Ji"tJeCKHX B3al1MO)J.ej;f CTBHil 3JieMeHTapHbIX qacTHIJ,» [ 139, 
c. 658j. 

B noc.11e,rr,Hei1 TpeTM XX B. 6bcJia npe~HH.HTa nonhITKa BbIBCCTH MO

)J.eJih KJiaccwqecKoro npocrpaHCTBa-BpeMCHl1 113 cpH3HKl1 MHKpoM11pa Ha 

ocHoBe TBMCTOPHOH nporpaMMbI P. IlettpoJ3a [125, 126, 163]. B O)J.HOH M3 

craTei1: P. IleHpoy3a c coTpy,n,HHKaM11 n11ca11ocb: «B npe.n.mecTBYJOIIl,HX 

pa6arax (P. IleHpoy3a - JO. B.) 6b1JI0 noK83ano, qTo MO)f(HO BBeCTJi no

H5iTHe CBKJIM)J.OBa npOCTpaHCTna, HCXO,Il.51 113 npe,rr,ena sepo51THOCTl1 B3a

HMO/\CHCTBIDI 6oilbUIOM CeTit 'iacTHIJ,, KBa3HC'l'aTH~IecK.H o6MeHHBal01IJ,l1XCSI 

CTIHHaMH. Ilp11 TaKOM no.n.xo.n,e eBKJIH)J.OBa crpyKTypa B03HHKaer 113 KOM-

611HaTOpHblX npaBJ1JI, KOTOpblM y,n;oBJICTBOp5ie'I' IIOJIHblH yrJIOBOii MOMCHT 

~ pcJI5iTMBHCTcKoii KBaHToBoii MexaHMKe. ( •.. ) Mb1 Ha,ll,eeMC.H, qTo pa3BHT11e 

TBMCTOpHoit TeOPHH np1rne.n.eT B KOHeqHOM C"tJe'l'e K lIOCTpoenmo JIOpeH

u;eBblX MHoroo6pa3Hj;f, KOTOpble 6y)l..YT CJiy)KHTb MO~eJI.HMH npoCTpaHCTBa

Bpe.MCHl1» (163, C. 132]. 
0TMCTHM, qro peIIIeHHe )laffiIOH npo6neMhl TCCHO CBK-Jatm c npo6JieMOU 

nepexo,n:a OT MCKOHHO KBaHTOBbJX CBOHCTB MHKpoMHpa K 3aKOHOMep HOCT:HM 

KJiaccM'-IeCKoif Q:>H3 MKH. TaK B MOHorpa<}:mH M. B. 1VleHcKoro, noc1rnmeHHo:ti 

attaJIH3Y npHHlJ,l:lflOB KBaHTOBOii TOOPMH, rosop11TC5I: «Tenepb Mb! OK.a3bl

BaeMCSI n epe,n, JIMU,OM caMoro Tpy,JJ,ttoro H HHTpHryrow.ero Bonpoca: KaK 

IIO.HDJI.HJOTC5f KJiaCCHqecKMC qepTbl y MCXO/~HO KBaHTOBOro MMpa. B H3BCCT

UOM CMbICJie, B Hallie B peM.H 3TO O'ieHb npocroi1 sonpoc. c ,npyroii TO'iKH 

3peHH5i OH TpyAeH 11 BCe er.u.e He pemeH 11 Aa)f(e MO)KeT 0Ka3aTbC}l BO

o6w.e Hepa3peUIMMbIM» (107, c. 197]. B c..uenaHHOM rrpm .. .ieqaHHM OTMe'"laeTCH: 

«MLI He 6y,zieM o6cy)K.n.aTb aJJhTepHaTHBHblH tl3rJI51.)J., qTo Harn MHP He 

HBJI51eTC51 .HCXO,JJ;HO KBaHTOBbIM, IlOTOMY ~ITO era KBaHTOBblH xapaKTep Ha 

Q:>yH,rr,aMeHTaJibHOM ypoBHe IIO.llTBep)Kl{aeTCSI MHOro~rncneHHblMH qn1~11qe

CKJf Ml1 3KCnep111MeHTaMH (9TO, KOHequo, He .HB.illleTC£ OKQHqaTeJibHblM ~OKa--
3aTeJlbCTBOM)». M. B. J\r1ettcKIDi npeAnaraeT nyTh peUieHH5i 9Toro Bonpoca 

B paMKaX Q:>eHHMaHOBCKOrO 110)1,XOn;a K OilHCaH.HJO OTKpblTblX CHCTeM (Ha 

OCHOBe cyMMHpoBaHM.H no nyT5iM-HCTOp.H£M). 

MAeH MaKpOCKOIIHqecKoii npHpoAe npocTPaHCTBa-speMeH11 " ,lJJ)yrmc 

IIOHlITMH cPH3HKH co.n.ep)KHT B ce6e 3epHO pe,nyKU,HOHl1CTCKOI'O no~o~a 
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K MHpo3,n:aHHIO. IlO,DJ>a3yMeBaeTC.H, '1TO H3 e,n:MHOrO U.CJIOf'O MO>KHO Bhl)J,€JlHTb 

OT,Il,e.TibHbIC MHKpoCKOilll~leCKHe qaCTl1 M 113 HCKHX npHcynzytx 1-IM xapaKTe

PHCTHK rryTeM liX cyMM11posaHH.Sl (Ha.JIO:>KCHJU:l) BhIBeCTH H3BCCTHbie <tm-

3HqecKHe KaTeropHH npocrpaHCTBa-BpeMeHJ1' nonei1 nepeHOC't{lIKOB B3aJIMO

,n:effcTBJilH H qacTHI~. 3aMeTHM, qTo pe/lYKWiOHHCTCKHi1 no~o,n: co,n:ep)KHTC.H 

H B npHHllllilax 6HttapHOH reOMCTpocP.1!'.13.l!'.IKH, r,n:e Q:>aKTOpaMH, no.u..rre)KallJ.HMH 

cyMMHpoBaHJUO, .HBJI.HIOTC.H KOMilJlCKCHbie OTHOIIIeHH.51 Me:>K,.Zzy 3JlCMCHTaMJ1. 

TaKHM o6pa30M, B 6HHapHoi1 reoMerpo¢H3HKe npo.HsruuoTC.H o6a no,n.

XO)J,a K MHpo3,n:aHuIO: xon11cT11qecKHli H pe.nyKu:i101mcTCKHH. IIocn e,l.l.ttnti 

Bbipa)l<:a€'TCH B Bbl,IT,CJICHHJ!'.I H3 BCero rvmpo3)J,aIHi.H OT,IT,CJibHbIX 3JICMCHTOB 

( qaCTHIJ,) 11 3Ta.JIOHHbIX 6 a3HCOB, a XOJil1CTH'1CCKHli no,n:xo,n: -- B n e pa3phIBHO

CTH MHO)l<:CCTB aneMCHTOB H OTHOlllCHHH, a T8K)Ke B caMOM npHH~Jflie ¢ytt

,n.aMeHT8JibHOi1 CHMMeTp.l!'.IH, Il03BOJUIIOl.l\CM KOHKpeTl1311poBaTb BH,ll. 3aKOHa 

11 napHbIX OTHOIIIeHHi1. 

TaKHM o6pa3oM, pelileHHe 3a,n:aqM BbJ,D,eJieHH.H Tpex KJIIO'-IeBbIX KaTero

pwi1 TpHa.Jil1CT11qecKoii napa,I,Hl'Mbl H3 Tpl't:e,11,MHOro (xoJIHCTH'ieCKOrO) nepBO

Haqa.rra, IIOJIO)KCHHoro B OCHOBy 6HHapHO:ii reoMeT poQ:>H3HKH, o6yCJIOBJleHO 

,n:emtMOCTblO Ha qacT11 ,n:Byx MHO>KeCTB BCKO B coBoKynHOCTH c (peAYKJV1-

0HHCTCKoii) J!'.l,n:ee:ii MaKpOCKOilH'-1.CCKoro xapaKTepa npHBbl'-lHblX KaTeropHH 

cPH3HKH. 

16.2. 9JieMeHTapHbie <}>aKTOphl, IlOAJie)l{an:(IIe 

cyMMHpOBaHIDO 

B npHBe,n:eHHhix Bhime BhICKa3hIBaHH.HX o )KCJiaTeJihHOCTH MaKpocKonH

'iecKoro IlO,U.XO)J,a K l'COMeTpHH H cPH3HKe, KaK npaBJUIO, He Ha3bIBalOTC.H Q:>aK

TOpbl H3 cPH3HKH M1'1KpoM11pa, IIO,II.Jie.>KaI.II,He cyMMHpDBa.HHIO. 11CKJIIO't{CHHeM 

.HBJIBIOTC.H 11)].eH TBHCTOpHott nporpaMMbr IleHpoy3a, r,n:e m<: rrpe,n,.11araerC.H 

OIIJ1ChIBaTb TBHCTOpaMH. t..I TO KacaeTC.H 3aMeqaHH.H MeHCKoro o6 HCUOJib 30-

BaHHH ¢e:0:HMaHOBCKIDC DKJia,D,OB OT IlyTeii, TO Ha3BaIIHblC HM BKJia)J,bl B).J;OJib 

nyTeli y)f{e orrnpalOTC.H Ha rOTOBOe npocT paHCTBO-BpeM.51. 

B 611HapHoii reoMeTpocPJ13H.Ke upe)l.naraerc.H KOHKpeTHbIH nyTh pea.rrH3a

~ ~eH M8.Kp0CKOilHqecKoii npHpO,n:bl KJiaCCH'1CCKOro npoc:rpaHCTBa-Bpe

MeHH u MHOnsx IIOH.HTH:ii o6rn.enpHH.H.TOlt cPH3HKH. HanoMHHM, 'tfl'<.>, cornacHo 

6 n oK-cxeMe Ha p11c. 15. l , noCTpoetrne KJiacc11qecKo.H ¢u3HKH 11 reoMeTpHH 

OCyl.U,CCTBJl.HeTC.H nocpe,LI,CTBOM nepexo,n:a OT M1'1KpOIIOHHTHj;t µ K COBOKYil

HOC'rnM ( orpoMHbIM cyMMaM) MWKpDHOIDITHH, KOTOphle COOTBCTCTByKYI' xa

paKTepHCTHKaM MaKpoo61:,CKTOB m. 9TO 03Ha"iaeT csoeo6pa3Hhi e cyMMH

poBaHH.H BBe,n:eHHhIX B paMKax BCKO paHra (6,6) (11nH ee yrrpom;eHHhIX 

.Bap.11aHTOB) napaMerpon. 

Oco6oe 3HaqeHHe HMeer yqeT co6hITH:ii 0Kpy)Ka10.w;ero MHpa, YKa3aHHbIX 

Ha 6noK-cxeMe CHMBOJIOM M . Ilocne,LJ,H1'11i BKJ11oqaerr B ce6.si, Bo-nepBbIX, see 
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3JleMeHThl OKpy)KaJO~ero MHpa, c KOTOpbIMM MO)f(eT npoH.30HTH B3aHMo,n,eii

CTBMe B BH,ll,e CTOJIKHOBCH:ruI MJIH rrepe,n;a'l:JM « M3JiyqeHM.H» OT Bbl)J,eJieHHOH 

qaCTM~ B 6y,rryUJ,eM. A BO-BTopbIX - HeKOTopyro COBOKynHocTh COOhITMii 

B npomJIOM, KOTOpbie rrpoM30lllJIH c HHbIMM qaCTMu;aMM ( «H.3Jiy'l:ieHIDI» OT 

11Hb1x qacT11n;). B TepMHHOJIOrMM <I>e:HHMaHa·-YHnepa rrepBoe M3 3THX rro,n.

MHO)f(eCTB COOTBeTCTBYeT MMpoBOMY rrorJIOTJifTeJIIO ( B 6y,rryUJ,eM), a BTOpoe 

MHO)f(ecTBO --- MMpoBoMy H3JlyqaTenm ( B rrpolllJIOM) . MHpOBOH M3Jiy'l:Ia:reJTh 

OTBeTCTBeHeH 3a M,Ll.CIO npocrpaHCTBa-BpeMeHH, a MHpoBOH rrorJIOTMTeJib-

3a 3ana3,rrh1Bal0ll1MH xapaKTep K~aMMO,n;eRCTBMH. 

16.2.1. Ilp11poµ;a 3JieMeHTapHbIX HOCHTeJieii 

npocTpaHCTBeHHO-BpeMeHHbIX OTHOIIIellllii 

1. IlocKOJihKY 6.MHapHa.H reOMCTpocPM3.MKa HCXO)J,MT H3 OII.McaHM.H 3Jie

MeHTapHbTX 3BeHbeB npou;eccoa, TO, npe)K,n,e scero, Hy)KHO orrpe,rr.eJIMTh, 

KaKHe rrpou;eCCbI CJie,rryer C'l:JHTaTb OTBeTCTBCHHbIMH 3a 11poHCXO:>K)J,CHMe 

KJiacc.MqecKMX npocTPaHCTBeHHO-BpeMeHHhIX OTHOllleHMH. EcreCTBeHHO 110-

naraTb, ~ITO TaKOBbIMM .HBJI.SUOTC.H rrpou,eCCbl 3JieKTpOMarHHTHblX B3aH

MO~eiiCTBHH s OKpy)KaIOUJ,eM MHpe. 

,21.aHHoe yTBep)K,lI,eHHe MO)KHO 110,n;KpenHTh PMOM apryMeHTOB. Bo-11ep

Bh1x, Bee OCHOBHbie IlOH.HTH.H reOMeTPMM (npHMHTMBhI ee aKCHOMaTMKH) -

3TO a6crpaKII,H11, B3.H.Tbre OT KJiaCCH .. iCCKHX o6'beKTOB, rrocTpoeHHbIX M3 aTo

MOB 11 MOJieKyJI Ha OCHOBe HMCHHO 3JICKTpOMarHMTHhIX B3aHMO,n;ei1CTBHH. 

Bo-BTOphIX, rroJiy'lieHMe nro6oii MHcPOPMau;irn K JiaccH'(IecKMM Ha61uo.n;a:reneM 

He1136e)f(H0 co11p~DKeHo c M3MeHeHH51MH COCTOBHMH KaKHX-TO aTOMOB MJIH 

MOJieKyJI, T. e. Ha o6menpHH.HTOM .H3bIKe CB.H3aHo c MCl1YCKaHMeM MJUI IlOl'JIO

llJ,CH.MeM cPOTOHOB - rrepeHOC't{MKOB 3JieKTpoMarHHTHbIX B3aHMO,n;eHCTBMH. B
TpeThHX, 3JleKTpGMarHMTHbie B3aHMO,n;eiiCTBM.H .HBJI.HIOTCH )J;aJibHO)J;eHCTBy

IOllJ,HMH B CMbICJie MC,ll,JICHHoro y6bJBaHM.H c paCCTO.H.HHeM. ,21.pyroii BH,lJ. 

Me,n;JieHHO y6bIBaIOw;MX B3aHMO,D;eHCTBHH' - rpaBHTau;MOHHhIX, - B .n.aHHOM 

rro.n.xo.n.e o6yCJIOBJieH 3JieKTpoMarHHTHbIM B3a.MMO,n;eHCTBMeM (cM. rJI. 13). 
B IIO,lI,TBCp)K,lI,eHMe c¢opMyJIHpoBaHHoii no311u;1111 MO)f(HO np11BeCTH n ,npyr11e 

,ll;OBO)J;bl. 

2. B pen.a.~oHHOM 110.n.xo.n.e 3JleMeHTapHbIMH HOCHTeJl.HMH Knaccu

qecKux npocrpaHCTBeHHO-BpeMeHHblX OTHOIIIeHHH .HBJlSllOTC~ KOM

nneKCHbie OTHOIIIeHU.H Me>K~ 3JieMeHTaMu, nopO>KAeHHbie 3JleK

TpoMaI'HUTHbIMH npou,eccaMu, onucb1eaeMbIMH BCKO paHra (4,4) . 
(Be3 ymep6a ,D;Jl.H o6w;HOCTM MO)f(HO onepeTbC.H JIHlllh Ha BHellJHHe rrapa

MeTpbI, on11:CbIBaeMb1e BCKO panra (:3,3).) B o6~errpHHBTOH reopeTHKO

noneBo:H napa,ll,HI'Me TaKOBhIMM .HBJI.HIOTC.H rrpo~ecchr H.3JiyqeHH.H n rrorno

UJ,eHH51 cPoTOHOB. 0.n.HaKO 3TO He 03Ha'llaeT, 'l!TO Henocpe.ucTBeHHbIMM HOCM

TeJIRMM rrpocTpaHCTBeHHO-BpeMeHHbIX OTHOllieHHH BbICTynaIOT <«pOTOHbI». 

OH11 TOJihKO pean11:3y10T ( rrpeBparu;a10T B .n.e:HCTBMTeJibHOCTh) o,rr.Hy H3 B03-
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MO.>KHOCTett, OID1CbIBaeMh1x MwpoBoi1 MaTp1u.1,e.H KOHKpeTHott BCKO paHra 

(3,3). Ho rrpo.f(ecc B3aHMo;~e.HCTB.1u1 co,n,ep.>KHT B ce6e HeqTo OOJibIIIee - · 

reHep~mo BCeOOllJ,HX OTHOTileHHii MC)K,lly HCTOqHJllKOM H BCCMH ,JJ,pyrHMH 

B03MO:>KHbIMH IIOI'JIOTHTCJIHMH. 

CorJiacHo pa3BHBaeMott peJI .. su~110HHoli ·.reop1ur, B npou,ecce B38.HMO,JJ,eli

CTBH.H (s MOMeHT «H3Jiy'feHH.a~) B03HHKaer BCKO pattra (3,3) (11JI11, TO'f

nee, pattra (4,4) B BH,D;e ynpm.~eHHoli MO,JJ,eJIH BCKO paHra (6,6)), B KO

TOpo.H COOcrBCHHbIM 6a3HCOM ( CHCTeMott 3TaJIOHHblX 3JICMCHTOB) HBJJReTCH 

H3Jiy'-iaTeJih. B 3TOH CHCTeMe OTHOIIIeHHtt OTo6pa.>KaIOTca BCe B03M0.)KHbJe 

IlOI'JIOTHTeJI.11, B TOM "IHCJIC H TOT, KOTOpblH pea.rrbHO npoB3al1MO)J,eHCTByeT 

c HCTOqHHKOM, T. e. IIOI'JIOTHT ero «H3JIYl.ICHHe», npespaTHB TeM CaMbIM 

B03MO:>KHOCTh B ,JJ,eHCTBHTeJibHOCTb. KaK TOJibKO npo11cxo,II.MT rrorJioll.I,eHHe 

«cPOTOHa», ,11,aHHaa BCKO npeKpamaer csoe cyll\eCTBosanHe, a BMecTo nee 

B03HHKaeT (lilJIH MO>Ke'l' B03HHKHYTb) HHaH CHCTeMa OTHOUJeHH.H, I',l].e 6a3HCOM 

aBJiaeTCH y.>Ke HOBblH H3J1yqaTeJib, paHee 6bIBIIIHH rrpHeMHHKOM. 

3. B peaJJbHOM MHpe MbI HMeeM AeJio He c OAHOH BCKO paHra 

(3,3) (ToqHee, BCKO 6onee Bb1c0Koro paHra), a c orpoMHoii co
BOKynuocrbio BCKO 9Toro paHra, o6ycnoBJieHHbIX MHO)KeCTBOM 
nponCXOA51~Hx B Mnpe npo.u;eccoB B33HMOAeHCTBHH. Ha H3bIKe o6-
II.I,errpMHHTOH 'I'OOpeTHKO-noneso.H nap8)1,HI'MbI 3TO COOTBeTCTnyer HaJIHl.IHIO 

BO BceJieHHo.H rHraHTCKoro «Mopa QxyrOHOD», 11crrymeHHhIX, Ho eme He 

HaIIIe,n,mwx CBOero IIOI'JIOTHTeJIB. Ilp11 3TOM CJieA)'eT oco6o IlO,ll,t.IepKHYTb, 

t.ITO pe'ib H)J,eT He TOJibKO 0 cPOTOHax, )J,OCTHI'IIIHX KaKOro-TO KOHKpeTHOI'O 

MecTa, a o Bcex ¢orroHax, cyrn.eCTsyrol.l.l)iix B M Hpe. 0THOIIIeHHH, ycraHaB

JIHBaeMbie s paMKax BCKO, na KJiacc.11qecKoM B3b1Ke «pacnpoC'rpattaIOTc.H 

c 6CCKOHeqHoH CKOp0CTblO~. 

B CBSI3H c 3THM HanOMHHM tteo,n,HoKpaTHO BbICKa3bIBaBIIIHec.H coo6pa.>Ke

HHH 0 CMbICJie npo)J,OJibHOH {rrmoc BpeMeHHOH) qacTH 3JieKTpOMarHHTHoro 

nonH. Ta.K, s KHHre P. <l>ei1HMaHa «KsanTosaH 3JieKTpo,nHHaMHKa»
1

) H3Jla

I"d.IOTC.5I B3I'JINl:bl 8. <I>epMH Ha KBaHTOBYIO 3JICKTpo)J,HHaMJitKy: «flpe~OJIO
)KHM, 'l:rro :see aTOMbI DceJieHHo:H noMemeHhI B HeKoTopoM Ky6e. KJ1accJit

~1ecKH TaKoli Ky6 MO:>KHO paccMaTp1maTb KaK 06J1a,n,aro~11.H co6cTBeHHbIMH 

KOJie6aHHSIMJ1, OIIHCbIBaeMbIMH c IIOMO~blO pacrrpe,JJ,eneHHa rapMOHH'ieCKHX 

OCI.I,HJIJI.HTOpC)B, :S3aHMO,JJ,el1cTBYIO~HX c se~eCTBOM. IlepeXO)J, K KBaHTOBOH 

3JieKTpo,lJ)1ttaMHKe 3aK.ITIO"tlaeTC.H B npOCTOM npe,JJ,110JIO>KeHHH, l.ITO 3T.11 oc

U,HJIJIHTOpbI .HBJISIIOTC~ He KJiacCM'leCKHMH, a KnaHTOBbIMH. ( ... ) B3aHMo.n.el1-

CTBHe cpoTOHOB c BeUJ.eCTBOM npHBO,LUIT K H3MeHeHHIO "iHCJia cPOTOHOB n Ha 

± 1 (11.3nyqeHHe HJIH norJIOl.IJ,eHHe) . IloJie D Ky6e MO>KHO npe,JJ,CTaBHTb B BH)J,e 

nJIOCKIDC CT05J't{HX BOJIH, c¢epnqeCKHX BOJIH HJIH TIJIOCKHX 6eryw.Hx BOJIH eikx. 

MmKHO CKa.38.Tb, "ITO flOJIHoe IIOJie B Ky6e COCTOHT H3 KyJIOHOBCKoro Il0JI51, 

1>M.: lfa,n.-ao MHp, 1964. 
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OTBeTCTBeHHoro 3a Mi1to6e1t'H,()e B3aJ1MO,ll,eHCTBHe 3ap}l)l;OB no 3aKOHY e
2 /rij1 

11 IlOJI.H, CB}l3aHI·IOT'O c nonepe'll,'H/bl.MU 80.ll/H,a.Mu~. 

B pa6cnax P. <l>eiiHMaHa MHOI'OKpaTHo o6pamaeTC51 BHHMaHHe Ha TO, 

qTo ,u,eif CTB.He ,ll,JUi 9JieKTpoMarHHTHOro IlO.ruI ,ll,e.Til1TCSI Ha /~Be "18.C':rH' KOTO

pbIM ,ll,aeTCSI CJleJ~l0~8SI .HHTepnpeTaurui: «0,ll,Ha 113 HHX OilHCbIBaeT BKJiaA, 

o6ycnoBJieHHb1ii MI'HOBeHHbIM KYJIOHOBCKHM B3aHMo,n,eHCTBReM; ocraBnryroc5r 

qaCTb Ha30BeM ,u,ei1CTBHeM s f ield, KOTOpoe COOTBeTCTByer DOJIIO H3JIY'l'1emrn 

(yqer H3JIYqeHHH 06ecne-c.u1Baer BCC nonpaBK.H K Mf'HOBeHHOMY nomo, Ha

npHMep no11paDKl1, CBB3aHHbie c 3aila3,Il,bIBaHHeM cyMMapHOI'O 003,D,eHCTBIDJ 

9JieKTpoMarHHTHOI'O IlOJl.H 11 nonpaBKl1 Ha CKOpGCTb pacnpoCTpaHeHH.H 9TOro 

B3aMMO,ll,eHCTBH.H, KOTOpoe He npeBbUUaeT CK0p0CTH CBeTa)» (170, c. 262). 
B 3THX H pB,LJ,e ,n:pynrx BbTCK8.3bIBaHH.SIX HaH6oJiee npMMeqaTeJibHbJMll 

HBJIBIOTCB CJIOBa 0 «MI'HOBeHHOCTH» KyJIOHOBCKOI'O B3aHMO,ll,eHCTBH}l, 'ITO 

C03ByqHo H,Ll.ee 0 MaTpHIJ,e OTHOUJeHJilt, nopo~eHHOH 9JieKTpoMaI'lllf.THblM 

l13JlyqeH11eM. 9Ta MaTpH~a OTHOUieHJIH xapaKTepH3yeT 803.MO~'HOCm'b Toro 

HJIH 11ttoro 11cxo,n,a npo~ecca, Tor,n,a KaK nonepe'!HruI -qacTh onpe,ue.rr.HeT 

aeucm8UmM'b'HOCm'b, T. e. OKQHqaTeJibHbitt pe3YJibTaT npo~ecca 9JI€KTp<>Maf'

HHTHOf'O B3al1MO,ll,€HC'l'BHSl. 

3,n,ech CJie,n,yeT o6paTHTb BHHManHe Ha ,n;e¢eKT npe,1J,CTaBJieHMH 0 MrllO

BeHHOCTl1 pacrrpocrpaHeHIUI npo,n,oJibHott '!acT.11 HMeHHo KaK KYJIOHOBCKOro 

uoreH.I.J,MaJia e 2 / r ij. 9To npe.L010Jiara.eT, 'ITO OT,ll,eJibHhiii «Hcny1~eHHb1.i1 ¢0-
T ott» y)l{e HeceT B ce6e KJiaccw-1ecKoe npe,n;craBJieHHe o paccro51H1fll, Ha

np11Mep, Me)f{;zy H3Jly"'-laTeJieM i H BCCMM B03MO.>KHblM}f np11e:MHl1K8.MH j. 
Ho B npol\ecce ero «pacnpocTpaHeHH.SI» (B KJiacc1P:1ecKOM CMhICJie) 3'I'H 

pacero.HH.11.H B o6nr.eM C,Jiyqae H3MCHSUOTC.SI. KaK MO.>t<.er ocraBaThCH am HeJf3-

MeHHoe 3Ha"'"reHHe noTeHI.\HaJia? B 611HapHoi1 rcoMe:rpo¢J13 MKe aTOT ,n,eQ:>eKT 

yCTpaH.HeTCH 6J1aro,n,ap5i TOMy, 'ITO pe'Ib H,IJ;eT o MaTpu~e He semecraeHHhIX, 

a KOMllJieKCHhIX, TO"'lHee, KOMI1aKTH<PM~MpoBaHHblX napHbIX OTHOIIJeHMH. 

4. Or KIDK/1,0ii BCKO paH.ra (3,3) MO)f{HO nepei1TJ1 K ,n,ayM BH,ll,aM ynap

HhIX reoMerpJfH: K reoMerpHM Jio6a'!eBCKOro, B KOTopoii -qacTHJ~bI xapaKT& 

pM3Y10TC.H HeM30Tp0TIHblM BeKTOpoM CKOpocTM, 11 K npoo6pa3y I'e0Merp11H 

M11HKOBcKoro, "'"leMy cooTBeTcTsyeT H30TponHhm BeKTOp kµ, conocTaBJI51-

eMhii1 Ka)K,l.l,oi1 qaer.111.\e OTHOCMTe.TibHO 113Jiy'laTeJI.H. Pa3yMeeTcB, aTo He 

03HaqaeT, 'l'1TO caMa GacTH~a npH 3TOM CTaHOBHTOi cseTOITO,ll,OOHOH ( HJIH 

npeBpa~aeTC5J B HeiiTpHHO). 

B TeOpeTJfKO-noneBo'A napa,n;HrMe H30TPQTIHbli1 seKTOp kµ npHH51TO np11-

IlHChIBaTb c.}.>OTOHy, T. e. 3JieKTpoMarHHTHOMY 113JIY '-IeHHIO, JfCilJmeHHOMJ 

M3nyqaTe.neM 11 norJio~eHHoMy ,n;pyroii qacr11~ei1 (npuewmKoM). Hos TeO

p.1111 np.SIMoro Me)f{qacT11qnoro B3aHMO,u,eiicTBH5! ne1· nonett nepenocqHKOB 

B3a11Mo;..1.ei1CTHHH. CJie,n,osaTeJibHO, H30TponHbiii BeKTOp kµ npHH<lAJle

>KHT He QlOTOHy, a xapaKTepH3yeT BTopyio qacTH~Y ( npHeMHHK 

H3JiyqeffH.H) B ee npocTpaHCTBeHHO-BpeMeHHbIX OTHOIIIeHH.SIX c H3-

nyqaTeJleM 11 c 0Kpy)f{alOI1.I,HM MJlpoM. 

1 
' 
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IlpHMe"iaTCJI.hHO, "iTO y)l(e B yttapHOH TeOpHH np5IMOrO Me)l(qacTM"iHOro 

B3a:HMO,ll,eHCTBJUI <l>OKKepa-<l>eiiHMaHa 6h!Jl0 npOB03rJiaIIIeno, qro HHKaKa.51 

qacT~a He H3JiyqaeT B nycTOTy, - BC51KHM npm~ecc M3JIY"iCHl15i MO)l(CT HMCTh 

MeCTO JIHIIIb Tor,n,a, Kor,n,a HMeeTC.51 norJIOTHTeJib H3JiyqeHM5I. 

5. Cy~eCTBOBaH11e npocrpaHCTBeHHO- BpeMCHHhlX OTHoUJeHMfi TecHO 

CB5I38Ji0 c TeM, '-ITO B CMCTeMax OTHOIIIelIBH HMCCTC5I IlOIUITHC, KOTupoe Ha 

o6hr,n;eHHOM .H3hIKe MHTepnpeTHpyeTc.H KaK «npoMe:>KyToK BpeMeHM» Me>K,LJy 

H3JIYY.CHHCM 11 norJIOI.IJ;CfIMeM c11rHaJia. ,ll.pyrHMH CJIOBaMH' npocTpaH

CTBeHHO-BpeMeHHbie OTHOIIIeHHH o6ycJIOBJieHbl HeMI'HOBeHHOCTblO 

pacnpOCTP8HeHH51 ( CBeTOBbIX) CHI'Ha.TIOB Me~y B3aHMO)J,eHCTBYIO

Ill.HMH o6'beKTaMH. 

Mo:>KHO yTBep)l(,ll,aTh H o6paTttoe: CMhICJI H Ha3Haqett11e OTH0111en.Hft, 

xapaKTepH3YCMhIX BCKO pattra (3,3), B "iaCTHOCTH, COCTOHT B 3a,n,att1111 

paCCT05IHl1H MC)K,lzy napaMM '-iaCT~, KOTOpbie, B CBOIO oqepe,n,b, onpe,n,e

JI.SIIOT «npoMe)l(yTKH BpeMeHH» cyrn;ecTBOBaHM.51 B03MO)l(HbIX BCKO np11 

( 3JieKTpoMarHMTHOM) B3aHMO,ll,CHCTBM'H MC)K,ll,y COOTBCTCTBYIOIIJ;MMM napaMM 

qacT11IJ,. Ha 513hIKe KJiacc11qecKo:H Teopn11 3TO cooTBeTCTByeT 3aKOHOMepHo

CT.HM, IlOJIO:>KeHHbIM B OCHOBY xpOHOI'COMeTp1111, T. e. CMI'liaType ( + - - - ) 
KJiaCCH"iCCKOI'O npocTpaHCTBa-speMeHH. 

6. TI po11.cxo2K,I1;eH11e KJiacc11'-1ecK11x npoCTpancrBeHHO-BpeMeHHhix OTHO

meHHH 113 HaJIO:>KeHM.H 3neMeHTapHh1x OTttomeH11fi BCKO, nopo)K,Ll.eHHh1x 

npon,eccaMH B OKpy:>KBJOU~eM MMpe, .HBJISleTC.H eIIJ,e O,ll,HHM npo.HBJieHHeM 

npua:u,una Maxa. 
Cornactto ,n,aHHOMY no,uxo,ny, npHHIJ,Hil np11q11HHOCT11 11. HaJIM'-rne H30-

Tponttoro KOHyca He .HBJI.HIOTC.H nepBH"1HhIMH IlOH.HTH.HMM cPH3MKH, a HMeIOT 

MaKpocKonMqecKyIO np11po,n,y, T. e. BhICTyTiaroT CJJC,ll,CTBHCM cyMMHpOBamrn 

BKJI.a,LJ,OB 113 OTHOIIICHMH OT npoIJ,eCCOB BO B~CM OKpyX<a10rn;eM Ml1pe. 

16.2.2. fllaKTOpLI CYMMHpOBaemI: 

cpa3LI KaK 3JieMeHTLI BCKO pmra {2,2) 

1. YTOY.HHM noH5IT11e cyMM11pyeMhIX BKJia,u,oB. ,lI.JI.H 3Toro aeptteMCH 

K 3aKOHy BCKO paHra (3,3) ,n,JISJ BHernn11.x napaMeTpoB 3JieMeHTOB. JierKo 

IlOKa3aTb, 'l{TO 3aKOH (15.4.2) 6y,n,eT no- npe:>KHeMy BbIIlOJIH.HTbC.H, CCJIH npo

H::.~BeCTH CJie,nyrorn;ee npeo6p830BaHHe napaMeTpoB 3.JieMeHTOB: 

is ---+ i,s = Ci is; 
as ---+ (iS = Ca as; 

-
ks ---+ ks = Ckks; 
13s ~ 13s = C13{3s; 

js ~ js = Cjjs; 

'Ys ---+ ;ys = C-y'Ys, 
(16.2.1) 

r,ll,e Ci, · · ·, C-y - HeKOTOpbie KOMnJieKCHhie '-IHC.na, conocTaBJI51eMbie cooT

BeTCTBYIOIIJ,HM 3.JieMeHT8M, T. e. o6a napaMeTpa Ka)l(,U,OI'O 3JICMCH'l"8. i yMHO

)KaIOT('..H Ha O,ll,MH H TOT :>Ke KoH¢opMtth1ii ¢aKTOp Ci. 
2. Bb1pa)l(eHID1 (16.2.1) noKa3brnaroT, qTo 113 paHee paccMaTp11BaBUJ11xc.H 

napaMeTpOB MO.>KHO Bbl,LI,eJIMTb MHO.>KHTeJIH, KOTOpbie TaK:>Ke CJie,nyeT no-
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HHMaTh KaK xapaKTePHCTHKH aneMeHTOB. Bonee Toro, OK83bIBaeTC.H, TITO 

3TH xapaKTepHCTHKH 5iBJUUOTC5l aJieMeHTaMH caMOC'l'05iTeJibHOH 6HHapHOii 

Cl1CTeMbl KOMTIJieKCHhIX OTHOllleH.l·d~ MMHHMaJlbHOI'O paHra (2,2). tiieRCTBH

TeJibHO, corJiaCHO o6w.eR ¢opMyne (14.4.3), TeOpMH 6.MHapHbIX CHCTeM OTHO

meuwft 3aKOH ,ll.JI51 panra (2,2) MMeeT BM,n; 

<1>(2,2) = = 0, ---+ (16.2.2) 

r,n;e napHoe OTHOIIIeHHe onpe)J,eJUleTC5i e)J,HHCTBeHHblMM napaMerpaMH Ka)K

p;oft 113 •1acTHU 

(16.2.3) 

9TH napaMerpbl CJie.n.yer OT~eCTBHTb c KOH¢opMHblMM cPaKTOpaMH 
-:1 - c hl - c 
i = i 11 a = a:· 

TaKHM o6pa3oM, BCKO paHra (2,2) HBJIBeTCH 110.n.c11CTeMo.0 BCKO 

paHra (3,3), y)Ke BhI,D;eJieHHo:H paHee M3 nonHoA BCKO paHra (6,6). 
:~ . 1'13 o6w.HX nono:>1mHHR Teop.M.M BCKO paHra (3,3) MO:>KHO qi;eJiaTb BhI

BO)J, (CM. [33, 36]): napaMerpbl 3JI~MeHTOB IlO)J,CHCTeMhl paHra (2,2) ,ll;OIDKHbI 

6bITh no MOAYJIIO paBHhIMH e)J,J1HMIJ,e: 

i1 = exp(i<pi); &1 = exp(i<p0 ), (16.2.4) 

T. e . OHM MOryT OTJIHqaThC.H ,n,pyr OT ,rr.pyra JIHIIIb cP830H. Ha 3TOM OCHOBaHa 

MHTepnpera1vu1 napaMeTpOB BCKO paHra (2,2): no'K:a3ame.11/b 3'K:cno'H,e'H,m'bl. 
?J,?tmepnpemupyemCJ£ 'Jf,a'Jf, npoo6pa.3 'K:AaCCU'l./,eC'K:020 aeucm,fJUR 8. 

,l(aHHYIO HHTepnperaruuo MO)KHO OOocHOBaTh cne,nyIO~HM o6pa30M. Tio

CKOJibKY BCKO pattra (2,2) Bbl)J.eJI.HeTca .M3 BCKO pattra (3,3), xapaKT€pH-

3y10w.e:H 4-CKOpOCTH qaCTHIJ, Uµ, TO eCTeCTBeHHO CB5i3aT b napaMerpbl 3TMX 

CHCTeM OTHOIIIelIMH ' npe,nCTaB1rn Il0Ka3aTeJib 3KCII.OHeHThI n Bll,LI_e 

(16.2.5) 

r ,u,e C M C' - KOHCTaHTbI, a xµ - HeKoTophle KoacpQ:>Mu,ueHThI, Bb1cryna10-

nzy1e KaK npoo6pa3 Koopp;11ttaT npoC'l'paHcTsa-BpeMeHu. Bso,D,H B IIOKa3aTeJib 

aKcnoHeHTbI ew.e Macey rn, nepeonpe.n.enHeM KOHCTaHTY C' = mcC, 'I'Or,u,a 

BMeC'rO 4-CKOpoCTH MO)J(HO IlMCaTb HMilYJibC qaCTHUbI Pµ = mcuµ-
TaK KaK npH p;aHHOH HHTepnpeTaU,HH B aKcnoHeHTe OKa3bIBae'I'CH p83-

Mepna51 Bemrq11Ha (µe:HCTB.Me S), To Heo6xo)J,MMO BBeCTH yttHBepCaJThHhIH 

K03¢<l:>11QHeHT, 06paTHb1i1 pa3MepHOCTH ,n;e:HcTBH.SI. 1'fa yK83aHHoif aHaJTorH11 

.HCHO, "'ITO TaKOBbIM )J,OJI)KHa 6bITb IlOCTO.HHHa51 IlJiaHKa Ii B 3HaMeHaTeJie: 

T. e. C = 1//i. 
4. Cne.z:ryeT no,n;'mpKHYTh, qTo BBe.n.eHHhie B noKa3aTeJib aKcnoHeHTbI 

(16.2.5) napaMeT phI xµ cne.n,yeT paccMaTp11saTb Jllfllih KaK npoo6p83bI 
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KJiacruqecKHX KOOp.n,HHaT, IIOCKOJibKY IIOKa OHH onpe,u,eJieHbl HeO,U,H03HaqHo, 

c TO'-IHOCTbJO /1..0 M3MeHe1nu1 BCeH ¢a3bl Ha 27r' YMHO:»CeHHOI'O Ha I.J,eJioe qm;.no 

<p --+ cp(n) = 2?Tn + <p 
1 

--+ x(n) = n,\ + - cp,\, 
211" 

(16.2.6) 

I')J,e, BO-IIepBbIX, ¢opMyJia 3an11caHa Jllilllb )J.JIH O,II.HOH KOMDOHeHTbl H , BO

BTOpblX, BMeCTo HMIIyJlbca k (sHepnn1) ane.ueHa )I.JIHHa BOJIHbl A= h/k. 9To 

03Haqaer, qTQ rrpoo6pa3bl KOOp)J,MHaT KOMIIa KTHcPHU.HpOBaHbI. 

TeM He MeHee y.>Ke MO)t{HO yTBep)l()I.aTb, qTo ,II.JI5I MHaapuaHTHOCTM Q:>a3bI 

OTHOCllTeJibHO ,n.onyCTHMblX npeo6pa30BaJ-mtt KOMIIOHeHT 4-CKOpoCTM tteo6-
XO)J,HMO IlOJIO.>KJilTb, "'fTO napaMeTpbl xµ TaK>Ke )J,OJl)J(Hbl 6bJTb KOMIIOHeHT8.MM 

4-aeKTopa. 

5. Pattee 6h1no n0Ka3a110, qTo 4-KoMnoHeHTHhrn cTon6e1~ 113 napaMeTpoB 

sneMeHTOB i 8 11 f3s, onHCbIBa10w,HX o,n.Hy qacrmzy, npe,n.craa.IDieT co6oi1 npo

o6pa3 611CIIMHOpHOH BOJIHOBOH ¢YHKU.MH- Ilpeo6p830BaHMe (16.2.1) MO)l{HO 

HHTepnpeTHpOBaTh KaK pa36MeHJfe npoo6pa30B ¢epMMOHHblX BOJIHOBblX 

<i>YHKU,Htt Ha qacroTHYJO H CflHHOpHbie qacTH, HCIIOJlb3yeMhie B CTaH,JJ,apTHOH 

KBaHTOBOM Teopl'IH IlOJm (CM., HarrpHMep, (9)). 

16.3. OT <}:>a30BhIX BKJI~on 
K KJiaCCIPleCKOH reoMeTpmI 

<l>a30BhJe BKJI~hI, ormcbIBaeMbie n a p aMeTpaM.11 BCKO pa.nra (2,2), 
OTBeTCTBeHHbl 3a D03HMKHOBen1m KJiaccuqeCKOH MeTpllKH, T. e. Ha HX oc

HOBe pernaeTc51 3a,n.aqa ¢u3uqecKoro o6ocH0BaH11B ( craTHCTnqecKoro BBe,n;e

HJ·m) MeTpHKH (paccTOBHw0) o KOTopo.H nucrurH B. PnMaH, ,II,. Ban ,IJ,anu.11r 

11 TI. K. PamescKliH. 

16.3.1. Y11Jiep o poJIH <}>a3 B reoMeTpHH 

Ha Ba)KHOCTh ponH $a3hI B pacKpbITMH CYUJ.HOCTH reoMeTpHH o6pam;aJI 

BH.MMaHHe ,ll,.>K. Yunep, KOTOphIH nucan: «0.n,HaKo Ilp11po,n.a yMeeT «BeCTM 

Y"'ieT» pa3JIH"t.{H51 «$8.3». 3HaqnT, eCJIH Ilp11po,u,a CBO,]J,HTC5I K reOMeTplflf, 

<«l>a3a» TaK)Ke ,JJ;OJI)t{Ha 6bITb CBO)l,HMa K r eoMeTpHH. 0,n.HaKO «<Pa3a» He BCe

r,n,a QTqeTJIJ1BO O'rpa)KaeT q}fCTO reoMerpuqeCK.JfH xapaKTep HCKOHHO e)J,HHOH 

TeOp.M.M IIOJIB. H e BIIa,LI.aeT JIM 9Ta TOOpH51 B qpe3MepHyro y 30CTh, HCil0Jlb-

3YH JtCKJIJOYffi.TeJihHO Cpe)J,CTBa ihufxfiepe?i1~UQ,Jl/b'H,OU reoMeTPHH - reOMeTpMM 

B He nocpe,n.cTBeHHOti OKpeCTHOCTH ToqKM? He BBJIHeTc.H JIH ee rropoKoM 

HeB03MO)KHOCTb 11pH3HanIDI o6w.HOCTH M e:>K,JJy ar,n.a.neHHhIMH ToqKaMH? He 

}=IBJI.HlOTCH JIH 06b1qHbie reOMeTPH'lJecKHe Cpe)l,CTBa HenpHrO)J,HbIMH IlOTOMy, 

'llTO OHH, TaK CKa3aTb, BBO,LI.HT CJIHIIIKOM MHOro ToqeK H )J,OIIYCKaIOT pa3JI11q11-

MOCTb 9THX TOqeK B KaqeCTBe IlOCTynaTa, He flO,LIJie.>Kamero COMHeHHIO? H e 

cyIIJ.ecTsyeT JIH KaKo0- Jrn6o B03MO:>KHOCTH oT6pocMTh nO/J,06Hhie Hey.rr.aqHb1e 
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OCUOBbl H BC:e )Ke coxpaHMTb cyn~ecTBeHHble 't.lepTbl rno6a.JlbHOH CTpyKTYPbI? 

He ,L1,ocra1·oqHo Jill O)J.HOH TO'-IK11? He MO)J(eT JIH 3Ta TOqKa noBTOp5!Tb CBOIO 

pOJib BHOBb M BHOBb, no)J,o6Ho TOMy, KaK 3./ICKTpOHHbIH J1yq B TeJieBM3JilOHHOH 

Tpy6Ke, rrpo6era.R ,u,oc.raToqHo 6htCTpO, BOCIIpo.W3 BO)J.HT BCe M3o6pa)J{eHHe. 

H e 6y,n.eT JIM B3aHMHa51 « ¢ 83a» ,.ll,Byx roqeK HrpaTb 6onee Ba)J{Hyro poJih, 

ecJIH MC)K,ey TO't.{KaMH 6y)J.eT HMeTb M ecTo 6onee r;1y6oKa5f BttyTpeHHIDl 

c BH3h 3Toro THna? KoneqHo, 3)1.CCh He M)l.eT peqb 06 u.3.Me'H,e'ftuu Teop11i1: 

9.HHmTefIHa H MaKCBeJina; M hI JIHUJb 11u~eM ,rrpyryro rfiopMy.1tupoex:y 3Toli 

Teop11H. CyUJ,ecmeoea'ftue e ocnoe'H/btX aa'KO'IW,X ?C.1taccu'4.ecx:o20 npocmpatt
cmea-epe.Mettu ee.1tu'4-uttu max:ozo muna 'Ka'K omnocume.1t'b'H,(},,R, «<fiaam> aeyx 
omde.1t'b'H.'blX m,o'l.f.e'K npueoiJum ucCJteiJoeame.1teu, UUJ,Y'~Ux ~.ucmo zeoMempu
'tecx:oe onucanue npupoi>bl, "" aa?C.1t'KrieHuw, '4.mo no'H,J'f,mue «</>a3u » eUJ,e He 

tta'Ul..lto ceoezo 'H,(),U60.1tee yoa'4-'H020 2eo.Mempu'4.ecx:o20 r.peiJcmea au'jXL:>fCeHUR>> 
(sro,n.e KypcHB ,IVK. Y11Jiepa. - JO. B.) [165, c. 6lj. Bn113ey10 MhICJih o pollli 

«Q)83bl» OH HblCK83hIBaeT H B ,l.IJ)YI'HX MeCTax, OTHOC.H K O)J.HOl1 113 Ba)f(}IbIX 

HepemeHHblX rrpo6neM ¢M3HKH BOnpoc: «1vloryT JIM ttAeH p11MaHOBOH r eoMCT

pHH ]if I'eOMeTpO)J.l1HaMBKH 6bITh nepe¢opMyn11poBaHbl B TaKOM 811)1.C, 'IT06bl 

KOH~Cillzyl5'1 OTHOCHTeJibHOtt « cP83bI» ,U,BYX y ,a;aneHHblX TQ't{CK rrp11o6pena 

rrpocro.H CMbICJI?» (165, c . 207]. 
Ilpe,n.naraeMOC 3)1.eCb IIOCTpoeHHe MaKpOCKOIIJ.iqecKO.H TeOpMH KJiacCH'tle

CKHX npocrpaHCTBeHHO-speMeHHbIX O'l'HOllieHll.H D 3 Ha't{JifTe.TlbHOH CTerreHH 

.HBJI5-leTCH OTBCTOM H a c¢opMyJIHpoBaUHble ,n)f(. Y HJiepoM sorrpochI. OHM 

OCHOBaHbl H a rrocraHOBKe ITOHHTHH «¢83bI» BO rna sy yrnal npJi'1CM He 

OT)J.eJlbHott « ¢a3hI» 1 a OOJiblliOtt coBoKynnoCTH ¢ a30Bb1x BK.na,n.os, H3 tta

JIO)f(eH11H KOTOpbIX npe,a;naraerc.H BblBO,D;HTb KaK IIOH.HTHe paCCTO.HHJ.i5'11 Ta.I< 

]if BCIO KJiaCCH"IeCKY 10 reoMeTpHIO. 

B npuse)J.eHHOM BbICKa3bIBa ID111 )l,.>1<. Y 11nepa o co6o np11MeqaTeJibHbI c.ne
,IzyIOIIJ,He MOMetIThI. Bo-rrepBbIX, s HeM Bbipa)J{eHo COMHeHHe B o6ocHOBattHo

cTH MeTO)J.OB ,n.H¢¢epeHU,MaJihHO.H reoMeTPID1, OCHOBaHHbTX Ha «Herrocpe.rr,

CTBeHHOtt OKpeCTHOCTM TOqKJ.1>.>. 31~eCb ¢aKTH't{eCKH CTaBllTC}f BOIIpOC 0 803-

MO)f(HOCTH I'JIOOa.JlbHOI'O 38i1J.aHH.H ¢ 33 Me)K,ey y,u,aneHHbIMH T QqKaM.H, '-ITO 

0 3Ha'laeT rrepeXO).I. K KOHQC~HH A aJibHO,LI.ei1CTBIUL 06 3TOM TalOKe I'OBOp.HT 

e:ro CJIOBa o6 HCIIOJlb30BaHHH B cyu~eCTBYIOme.H TeOpHl1 «CJI.HIIIKOM MHOI'HX 

'l'O't{CK>.> rrpoCTpaHCTBa H CTaBMTC.H BOIIpOC 0 «KaKoli-JIH6o B03MO.>KHOCTH 

oT6pocHTb 9TH Hey)J.a'-IHbJe OCHOBhl». I'IMeHHO 9TO ocy~eCTB.JI51eTCH B 611uap

HOH I'eOMeTpo¢113HKe, rrpHqeM B ttei1 HCilOJib3yJOTC5'1 He 6e3 JIHKJ.ie TO't.{KHJ 

a co6bIT:IDi Ji qacTH~bI, COCTaBJICHHbie H3 3JieMCHT OB. cl>a3bl onpe)J.eJ1eHbl 

.TIHillb )J.JI.H nap qaCTHU. ( 3JieMeHTOB)' HO He )J.JI5'1. 3¢eMepHbIX r eoMeTp11qecKHX 

TOqeK, r.n.e HeT peaJlbHbIX qacTM~. 

I30-BTOph1x, 3aCJiy2KHBaeT BHHMaHHe paccy.>K,n:,e1-rne YHJiepa o nosTope

HJ.111 ponH TQ't{KH BHOBb 11 BHOBh, H3 q e ro CTPOHT CH H3o6pa )KeHHe, KaK 

B npHMe p e c 3JieKTPQHHO-nyqesoi1 Tpy6Ko.H. 9To MO)f(eT 6bITb COOTHeceHo 

c ynoM.HHYTOH BbIIIIe KOMIIaKTH<l>H.qHpoBaHHOCTbIO npoo6pa30B KOOp )J.MHaT 
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xµ' KOr)J,a Ha MhICJieHHOA npHMOH Ka)K)J.bIH BKJI8..U IlOBTOpHCTC51' BHOBb 

11 BHOBh, a cnu1osJieH11e paccroHHHH npoHCXOAHT H3 11aJio)KeHHH 6oJibmoro 

... nrCJTa aTHX BKJia,rrpB. ,Il,Jrn nony'IeHHSI KJiacc1-rqecKHX KOOP.IJ.HHaT Heo6xo).:v-1Mo 

oc~eCTBH'I'b npo.a;e,nypy )l.eKOMilaKTHcPWKaUHH. 

11aKoHeu,, II03BOJrnM ce6e oTMeTHTh CJIOBa Y11J1cpa o TOM, «'ITO noHH

THe «Q:>a3hl» eu~e He ttaill.JIO cooero Ha.H60J1ee y,n,aqHoro r-eoMeTplr'IecKoro 

cpe)l.CTBa Rbipa)KeHMH». Ha peme1u~e aToro sonpoca npeTeH,cyeT nporpaMMa 

6HHapHOi1 reoMeTpoqnt3MKH, r)l.e cPa30Bhle BKJla,Ll,bl 11apH,ny c yrJIOBhlMM 

o6pa3ylOT MMpOBble MaTplU~bl napHblX OTHOrueHMiL 

16.3.2. Ilpo~eAfpa ,n;eKOMilaKTH<l>HKau;HB <l>a30BbIX BKJla,ll;OB 

1. B TeOpeTMKo-noJieBOM MMpono1111Matt1n1 qacTMI.l,bI onHChIBaIOTCSI BOJl

HOBhIMM naKeTaMM, pacrrpC,ll,eJieHHhIM B HeKOTopoil o6JTacrH npocTpaHCTBa. 

CaMH naKeThI TpaKTYIOTCH B BH)l.e ,JJ,HCKPeTHoro MJIM crrJIOIUHoro cneKTpa 

rapMoHM'IeCKllX .BOJIB, pa3JIM'IaJOUJ,HXC51 )l.JIHHaMH BOJIH >-s. Ka)K,l(a.H 113 BOJIH 

(rapMOHHK) pacnpe)l.eJieHa cpa3y BO BCeM npocTpaHCTBe. Ec.nH qacTm.~y 
xapaKTepH30BaTb O)l.HOH rapMOHHKOH' TO OHa OKa)KeI'CB npe6bmaIOID;eii BO 

BCeM npocTpaHCTBe paBHOBepoi!THO. ,LI,n.sr JIOKa.T.IH3aU.HH qacTHD;bl tteo6xo

,71,H MO paccMOTpeHMe HMCUIIO naKeTa BOJIH. Ee IlOJlO)KeHHe onpe,11,eJI.HeTCH 

Toii o6nacTbIO roroooro npocrpattcrBa-BpeMeHH, r)J,e KBa,.apaT cyMMapHoA 

aMUJiliTY.IJ.bI sepoSITHOCTH OKa3hIBaeTC.H 3IIa'IJITeJibHblM. B KJ1acc11t.iecKoM 

npe,n,ene IlOJlO)KeHHIO 'IacTHqhI B OKpeCTHOCTll KaKOH-TO TOqKH COOTBeT

crsyer ,n,e.r1hTa-Q:>yHKIJ;M£ KaK oco6oe c.TiomeHHe BOJIH, r)J,e OTJIIP=IHbIH OT HY.TIH 

pe3yJ1hTaT llMCCT MeCTO JlHillb B )1,aHHOH TO'-IKe {s Hll'ITO)KHO MaJIOil ee 
OKpecTHOCTH), a BO scex HllhIX TOl.JKax 3Ta cPYHK.a;H.S! pasHa HYJJIO. 

Mo}l(HO ct.iHTaTh, 'ITO soJ1HoBoi% naKCT xapaKTepR3YeT noJIO)J{eirne qa

CTMI.J;bI OTHOCMTeJibHO KaKoro-ro 11ttoro o&beKTa, OObP·IHO Bb1611paeMoro KJiac

c11qecKHM, TOr)J,a pe'Ib H~CT 0 napHOM OTHOllieirnlt (pacCTOHlll-IH) M€)K,Ll,y 

,ll,BYMH o6'hCKT'c:tMM, onRChIBaeMOM naKeTOM rapMoHHqecKHX BOJIH. 0'llcBRJJ.HO, 

qTQ KaK CaMO Pa3JIO)KeHMe BOJIHOBhIX cPYHK~MH no rapMOHHKaM, TaK M BCH

Koe KOHKpeTHoe onMcaHHC BOJIHOBOrO naKeTa onHpaeTCH Ha roTOROe npo
crpaHCTBO-BpeMH. 

B 6uttapttoi1 2eo.Memp0</Juau-x;e cmaaumc.R o6pamtta.R aaiJa'4,a. floM2a
emc.R, "tmo anpuoptto 3adatttto20 'K.1iaccu'ltec-x;o20 npocmpattcmaa-ape.Mettu 
ttem, odtta-x;o UMewmc.R Ha6opu ef>asoaux 6'K:.11,aiJo6 e napttue omtto1nett'U.R, 
Me{HCiJy ,n,106bt.Mu napa.M'lJ, 063e-x;moa ( a.1teMettmoa). 3aaa'l£a cocmoum a mo.M, 

tttmolYbl no100,3am'b -x;a-x; U3 02po.MttO'l"1. coao'K:!}nttocmu omde.JL'b'H'bl.X <f>a3oaux 

6'K.ltadoa no.1tyi.tum'b ee~ecmaettttue naptt'bte omtto'l.uettu.R, coomaemcmeyw
t11ue ?C.1taccu'l1£C'KUM npocm'/)(lttcmaetttto-apeMetttt'btM omttowett'U.R.M. 

2. Il pHBe)J,eM Ha.HOOJiee 6JIB3KYJO K pa3Bl1BaeMOH 3)1,eCh nporpaMMe Q:>op

MYJIHpOBKJ cooTHomeHM.sr MMKPOilOH£TM11 11 KJiacc:BqecKoti Q:>IDHKH, cQ:>op

My1mpoBaHey10 ,[QK. YHnepoM: «IlpHMoil nyTh nepexo)J,a OT K J1acc11"<.JeCKOH 
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(16.3.1) 

upe,n;CTaBJUleT co6ott KJUOl.J, Heo6XO,Il.MMbii1 )J.JI51 o~eHKM scex HMeIO~'UX cPH3M

qecKHR CMbICJI BeJIH'iHH: aMTIJIMTY)J.bI Bepo.SITHOCTM ucpexo,u.a OT u eKOTOpoH 

KOHQ:>RrypaW1H C1 Ha npocTpaucraeHHo-no.rr.o6ttoti rnnepnosepxnocTH a1 
K C2 H a a2. 3.rr.ech H CMMBOJlH3RpyeT Jlro6yro HCTopuro H3MeHeHH.H CHCTeMhl 

Me.)l()JJ' a 1 11 a2, o6Jia,n,a10ru,y10 B KaqecTse rpaHHqHbIX 3Ha'ieHRH KOHcpRrypa

~HH C1 11 C2. BcJIH'fJttIIa SH .SIBJI.HeTC.SI KJiaccH":ICCKMM .rr.ettcr.1:meM, CB.SI3aHHhlM 

c ffi'OH 11crop11ei1. CHMBOJI L H o6o3Ha'iaeT cyMMHpoBairne c O.IJ.HHaKo

BbIMH BeC8.Mlll no BCeM HCTOpH.SIM , KaK .nonycTHMbfM, TaK H tte,n,onyCTHMhlM 

c KJiacc11qecKott TO''IKH 3p€HH51, npM TaKO:ti IIOpMMpOBKe, qT06bl cpyHKU,M.SI 

pacnpocrpatte1m51 (16.3.1) 6b1Jia ytt11Tapnoii» (165, c . 335]. 
Ilp11 nepexo.ue OT 6HHapttott reoMeTpocpH3 11KH K 1<J1acc11qecKott Q:>u3MKe 

pcmaeTCH 3a,n:aqa, COOTBeTCTByIOu~a.H 3ailHCaH1IOH ¢opMyne, eCJIH IICCKOJlhKO 

H3MeHHTb CMbICJI BXO)J..HIIJ;HX B Hee BeJIH'iHH. JleByIO 'iaCTh 6y~eM IlOHHMaTb 

B ,rr,yxe 6HHapHott reoMeTPOcPH3MKH KaK aMnn111Ty,n,y nepexu~a Me)K,11,y ,n,syMSI 

cocro.SIH115rM11 ~ocraTO'IlIO CJIO)f(HOH CHCTeMbt (1-1a .llBYX MHO>KccrBax M H N 
BCKO), a B npaBoif 'IaCTH npe,n;naraeTcsr TpaKToBaTb cyiv.tMHpoBattHe H e no 

KJiacCH'iCCKHM TpaeKTOpH.SIM B rOTOBOM npOCTpaHCTBe-BpeMeHH, a ITO BKJia

,L.1,aM BCCX KB83McPOTOHOB B napHhie OTHOWeHHSI Me)K,ll,y 'laCT51MH CJIO:>KHOH 

C11C'l'eMhl. Il pH 8TOM KJi acC:HqeCKOe )J.€tiCTBHe SH UOHHMaeTC.H B npeo6pa-

30BaHIIOM (,1J,l1H8.MH'ICCKOM) BH)J,e, COOTBeTCTBy10rn;eM BB€)J.€HHIO oBOJilOU,HH 

BO Bp€MeHH. IloCJie)J.Hee 03IIaqaeT, 'ITO pe~Ih ~eT H e o6 ycraHOBMBWeMC.51 

B neKOM npo~ecce npocTpaHCTBeHHOM OTHOweHHH, a 0 MbICJIHMOM ero H3Me

H€HMH H3-3a BHe,n,eIIBSI KOOP.IJ.HHaTbl BpeMeHH. 

16.3.3. Omicrume 3BOJIIO~ qepro BCKO paara (2,2) 

1. )J,o CMX nop OCHOBIIoe BH11MaHHe y,n,eJJ.SIJIOCh 3JI€MeIITapHOMY aK'ry 

B3aHMO)J.eHCTBH.SI qac~ - KJIIOqCBOM}' 3BeHy cPH3HK.H, onHCbIBarorn;eM}' ne

pexo,n, CMCT€Mhl H3 O~Horo COCT051HH.SI B ,u.pyroe. ,lJ,JI51 nepexo,u.a K KJ1aCCH'1e

CKOH Q:>11311Ke neo6xo.zm:Mo cn.SI:3aTb OT,l.l,e.TlbHhie 3BeIIh.SI B qeno'IKy, xapaK

Tep:n3y10uzy10 3BOJI10q1110 cpH3W-IeCKott c11creMh1. B Ca.MOM o6rn;eM CJIY'llae 
aTo ,JJ,OCTHraeTC.SI ynSI3KOH n0CJ1e,L1,0BaT CJtbHhlX ~meMeirrapHbIX 3ne11heB TaK, 

'-ITO KOHe'IHoe COCTO.HHHe ,.U.JI.Sl onnoro 3BeHa, T. e. 3JieMeIITbl MHO)KeCTBa 

(N) BCKO, o&b.HBJI.SIIOTC.H Ha'faJibHbIMH cOCT051HH.SIMH BToporo 3BeHa, T. e. 

3JieMelITaMH M HO)f(€CTBa (M). 3aTeM TaKHM )1(€ o6p830M rrpOHCXO,ll,11T CB.H3Ka 

BTOporo 3BeHa c TpeThHM Ill T. )1,. IlpH TaKOM no,n,xo.ue MHp Rbi rJI.SI,D,HT KaK 

CHCTeMa, conepwaro~a.SI HeKHe )J.HCKpeTHbie CKa'IKH. 

Ew,c B caMOM Ha'IaJJe XX B. B 3TOM .>Ke ,n;yxe BbICKa3bIBan11cb M. IlJiaHK 

11 A. IlyattKapc, yno,.z:r.o6JJ51BWHe BceneHHyro rpaH)J.H03Ho:H MawHHe, conep-
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ma1olll,eli KBaHTOBb1e rrepexo,rr,hI H3 O)l.HOro COCTO.SIHH51 B wyroe. KaK rrHC8.Jl 

A. IlyaHKape, «B npoMe)KyTKax Me)K,Lly 3THMH cKaq}(aMH BceJieHHa.H ocw
eTCSI tteIIO)l.BH>KHOM; p83JIHqHbie MOMeHTbl BpeMeHH, B Te"IeHHe KOTOporo co

xpaH.HeTCSI 3TO HeM3M€HHO€ cocT051Htte BceJieHHOli, o"IeBH~Ho, He MoryT 6bITh 

OTJIMT.IeHhI ,LIJ)yr oT ,LIJ)yra. Mbr npmco)l.MM, TaKMM o6pa3oM, K npepbIBHOMY 

TeT.JeHMIO speMeHM, K aToMy BpeMeHM» (135J . B KaKoM-TO CMhICJre MO>KHO 

npHC0€)1.MHMTbCSI K 3TMM B3f'JI51)1.aM c Of'OBOpKOM Ha TO, KaKHM o6pa30M 

ynop.aµ,O"IHBaTb OT)l.e.JlhHhie CKaT.IKM, IIpOHCXO,JJ,.HIIJ,Me B pa3JIIPIHhlX Y.acT.HX 

MMpoBOM CHCTeMbl. 

IlpH nepeXO)J.e K K JiaccuqeCKOH TeOpHM He,Jlb351 3a6brnaTb, 'Y:TO KJiaCCM

qecKoe BpeMSI, KaK napaMeTp 3BOJIIOW'!H, 3TO He qTQ MHOe KaK OTHOweHHe 

KaKoro-ro T.JttcJia co6hITMii K HeKHM 3T8JlOHHhIM co6bITM.HM. QqeBM,ll,HO, t.iTO 

OT)J.eJibHbie 3JieM€HTapHble "T.JaCTHIJ;bI, COCTaBJ15IIOUJ;lie ~)!JeM€HTapHblM 6a3MC, 

He o6Jia)l.alOT CBOiiCTBOM naM.HTH, T. e. B03M0)KHOCThlO Q:>HKCal~l'UI MHOf'MX 

co6bITHM H HX cpaBHeHH51. 9THM CBOMCTBOM o6Jia)l.aeT JlMlllb ,ll,OCTaToqHo 

CJIO)KHbIR MaKponpH6op. 

2 . KaK Y*e Heo,rr.HoKpaTHO OTMe"IaJIOCh, B 6MHapHoii reoMeTpoQ:>H3MKe 

npoo6pa3 IIOHSITH51 BpeMeHH 3aJIO:>K€H y>Ke Ha CaMOM 3!IeMeHT'c:lpHOM ypoBHe 

B BH,n;:e ,rr,Byx MHO)KeCTB BCKO, o,rr.HaKo KOHKPeTHO OH oTo6pa*aerc.SI qepe3 

napaMeTpb1 BCKO MHHHMaJibHO B03MO)KHoro paHra {2,2). qTOOhI 3TO rro

Ka3a:rh IIOJIO>KHM, qTo y>Ke rrpOH3Be)l.eHa rrpou;e,izypa ,rr,eKOMIIaKTMQ:>MKa~H.51 

H B IlOKa3aTCJISIX 3KCIIOHeHT {16.2.5) ycTpaHeHa Heo,n,H03HaqHOCTb B KOMIIO

HeHTax xµ' a CaMH IIOKa3aTeJIH 3KCIIOHeHT rrpHo6pe.JIH CMhIC.JI KJiaccMqecKoro 

)J.eiiC'rBM.SI. 

Ilpo.JiorapHQ:>MHpOBaB upaBoe BbipruKeHMe B {16.2.2) M BBe)UI o6o3Haqe-

HHSI TMrra 

(16.3.2) 

f')l.C c - HeKa.H JHlIBepcaJihHa.H KOHCTaHTa, nplIXOllMM K COOTHOllleHmo 

0 1 1 -
a io: + ak/3 - a 1w. - °'i/3 = 0 ---+ 1 aio: ai/3 = <I>(2,2;a) = 0. (16.3.3) 

1 ako. ak/3 

9TO eCTh He "ITO MHOe, KaK 3aKOH BblpO}K/l;eHHOii 61rnapHOH CMCTeMbI OT H0-

1ueHHH {14.4.4) paHra (2,2;a), f')l.e HOBbie OTHOmeHM}I ai<:x npe)..l,<.:TaBJI5IIOT<.:.H 

B BII)J.€ 

1 (I ~1 l A 1) - . aio. = - n z + n rt = zo + ao. c (16.3.4) 

MMeHHo no 3TOi1 np11qJIHe ronop.HT, qTo BCKO MMHMMaIThHoro pattra (2,2) 

SIBJI.SleTCSI BbipO)K)l,eHHOii, T. e. KaK 6bI OllHOBpeMeHHO BbICTynaeT B ;l.l.BYX 

JIM~ax: KaK OOhIT.JHa.51 c MYJlbTMIT!IMKarr11BHhIMM Bb1pa.>KeHH.SIM11 {16.2.2) 

M (16.2.3) II KaK BblpO)K)l.eHHa.H c a;.t)I.IITHBHbIMtt COOTHOWeHJ.1}fMJ1 {16.3.3) 
M (16.3.4). 9TH aea .n,u-x;a BCKO MUHUMaJl,'b?·W20 paH2a coomeemcm,6y'JOm, 

1waHrnoBOMY u ?\,.11,Ur.r.u'lter.?WMY acne'X7ma.M meopuu. 
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( i, a) Ha MHpoaoA JIHHHH BhI)J,eJICHH OA Y.aCTIU~hI Ii HeKOToporo co6hIT1u1 3a 

npe,n:enaMH nannoA MlipOBOH JUiHHH c y qacrueM HeKOtf BTopoi1: qacTHI.J.bl, 

ecnH co6hIT1u1 ( k, {3) H (j, /) Ha MMpoaot% .JUIHHH nep.1:30A T.JaCTHLU>I HHTep

npeTHpoaaTI> COOTBCTCTB€HHO KaK MOM€HTbl IlOCblJIKH Ii npHeMa CHrH8Jia OT 

co6h1T1u1 c yqacrHCM BTopoA qacTH~bI (cM. p83)1.. 12.5). 
7. 0CTaBlllHeC51 )J,Be (yrJJOBbie) KOOp)J.HHaTbl B xpOHOI'eOMeTpirn: )J.00Ilpe

)J.CJ151IOTC51 H eKHMH JJ.OilOJJHHTe.JihHhIMH coo6pa)KeHHHMH. B JJ.aHHoM c.rry'-lae 

MMeeM aHaJIOrnlfHyro cHzya11,1uo. BCKO pa.Bra (2,2) ,n:on:>K:na 6bITb )J.OilOJI

HeHa cnHHopHbIMH n a paMe:rpaM11, ocranwMMHC.H B BCKO paHra (3,3) n OCJie 

BI>1,n:enemu1 H3 Hee BCKO pa.Bra (2,2) KaK IlOJJ.CHCTeM hI, T. e . c nHHopubre 

napaMeTpbl onpc,JJ.CJUIIOT yrJJOBI>Ie uep~MeHHhie. 

8. Onpe,LI,eJieHHe RHTepBanos HJJM paccTOHHHA Me:>K,Ziy co6hITHHMH e u w 

He 03Haqaer, '-ITO 3TM HHTepBaJibJ COOTBeTCTBYIOT 4-MepHOMY npOCTpattCTBY

BpeMeHH MHHKOB<.:KOI'O (HJJH 6JJM3KH K OTHOIII€HH5IM B HeM). 3anepmafOIJJ;l'IH 

w ar Ha rryTM K KJJaCCJit-ICCKH M npocrpaHCTBeHHO-BpeMeHHblM OTHomeHH51M 

COCTOHT B )J,OK83aTeJibCTBe Toro, '-ITO BBe,LI,eHHbie OTJIOW CHM>l ( MHTepBaJibl) 

MC:>K)J.y COOhITHHMH y)J.OBJleTBop.srIOT (n KaKOM-TO npH6JlHJK.eHHR) 3aKotty 

yttapHOH CMCT€Mbl BC~OCTB€HHblX OTHOilleHHtf (YCBO) p attra (6,a), 3anM

CaHHOMY B (12.3.1). 9ro He npocTa.H 3a,n:aqa. I1p11 ec pcllICHHH HCX0,11.HhlM 

HBJ151€TC.SI 6830BOe 6 x 6-oTHOilleHHe, KOTOpoe renepb )J,OJl)KHO 3 ariliChIBaTbC.H 

He )),JI.SI 6 oJieMeHTOB, COCTaBJI5IfOIIQlX ,LI,Be B3aMMO,LJ.eifCTRYIOUJ;He '-lacTHW>I, 

a )];JI.SI 3JleMeHTOB, COOTBeTCTBYIO~ 6 pa3JIH'-IHb(M (KJlaCCJiqeCKHM) 'IacTM

l~aM. 

9. H aKOHeu; OTM€THM, 'ITO B 6HHapHOH l'€0Me'l'pO<}:>H3 HKe HMeeT MCCTO 

o6paTHblH Tpa,rr.HIJ;HOIIllOMY rropH,LI,OK onpe,1],€Jl€Hli5I OCHOBHblX IlOHSITHH Me

xaHHKM. B o6n~enpHH.HTotf TeopHH HCXO,ll,5IT M3 roTonoro Koop)J.HHaTHoro 

rrpocTpaHCTBa-npeMCI-rn:, T. e. H3 H3B€CTHblX KOOp)J.HHaT qacTMIJ; (x'L), 3aTeM 

BBO)J.HTC51 IIOHHTHe MMIIYJlhCa (p,L), " TOJlbKO flOTOM Ji3 HMnyJihCa H KOOp,LJ.H

HaT onpe)J.eJI51eTC5I KJiacCH'-1€CKoe .netiCTBMe ( S): 

(16.3.13) 

B 611.t1apttoi1: reoMe:rpoQ:>R3HKe, H ao6opoT, 6onee ucpBR'-IHhIMH 5IBJimoTOI 

HMnyJihC (u3 BCKO paHra (3,3)) u JJ,cifcTBHe (H3 B CKO paHra (2,2)) : 
a 3aTeM H3 HJttX BhIBO,Ll..HTCR IlOH.HTHSi (npoo6p83hl) KOOp)J,MHaT M KaTeropHR 

npocTpaHCTBa-BpeMeHH: 

(16.3.14) 
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16.4. PenHQHOBB~ HBTepnpeTffiVIB ... 
KBaIITOBOB MeXaHHKB 

B paMKax 6HHapHoi1: reoMerpocpH3liIKH HMeeT MeC.'TO crrer.~.mpH'tlecKa.H 

peJu1.u;HOHHa.H HHTeprrpeTa.a;.IDI KBaHTOBOH MexaHllKH. Cpa3y >Ke rro,n,T.JepK

HeM, qTo KaK Q:>ei1:HMaHOBCKa.SI Q:>opMyJIHpoBKa He npoTHBOpeqnT IIpHHI..(HilaM 

KBaHTOBOii MexaHHKH, a IIpe,Ll,CTaBJI.SieT co6oii 11HOH B3rJ1.SI)l, Ha ee co,n,ep>Ka

HHe, TaK H p€Jl.filJ,liOHHa.H HHTepnpeTa.a;H.H He rrpOTMBOpe'tlHT BblBO,l.l,aM Y*e 

CJ1o:>KMBIIIei1:c.SI KBaJ-ITOBOH MexaHHKliI. Bonee Toro, B p.sI)l.e noJ1o>KeH11ii OHa 

yc1unrnaer H pa3B11BaeT ee rrpHH1J,Hnb1. B CB.SI3liI c 3TMM cJie)l.yeT em.e pa3 

HarroMHHTb cJioBa P. cI>ettHMaHa o TOM, T.JTO HaJI11qMe pa3JI11qHhix Q:>opMyJ1H

poBOK O.D;HHX H Tex )!(€ 3aKOHOMepHOCT€R cym.ecTBeHHO ,LI.JUI BbI6opa nyTH 

OT H3BeCTHOro K H eH3BeCTHOMy. Pe.rr.SI.a;HO.HHa.SI HHTe prrpmaqlIB KBaHTOBoi1: 

reopHH rrpH3BaHa pacqHCTHTb nyTb, no KOTOpOMY MOJKHO 6bI.110 6bl )l,a.Jlblll€ 

«IIIaI'HYTb B HeH3BeCTHO€». 

16.4.1. CyTb pe.T.Ul~oHHoii 11HTepnpeTan;HH 

1. CoBpeMeHHa.SI KBaHTOBa.H MexaHHKa rrocTpoeHa B paMKax OyaJ1,ucmu
'lteC'K',OU m,eopemuxo-no.1te60U napaiJu2.Mu B Hett O)l,HOH H3 .rr.Byx KJIIOqe

BbIX Ka:1·er·op11tt HBJT.SieTC.SI anpHopHo 3a,n,aHHoe KJiaccff(.-iecKoe rrpocTpaHCTBO

BpeM.H, a B KaT.JeC'rBe ,u,pyroH: BbICTynaer IlOJie aMilJIHTY,LI,bl BepO.SITHOCTH 

( KaK caMHX Q:>epMHOHHbIX 'tlacTHU, TaK H 0030HHblX IIOJiei1: rrepeHOCT.JHKOB 

B3a11Mo,n,ei1:crBMi1). HoBa.H peJrn.u;ttoHHa.H MHTepnpeT'd..u;H.H Q:>opMYJIHPYeTC.H Ha 

6a3e He ,IIya.JIHCTM~reCKOii' a peJI~llOHHOii MOHHCTH"leCKOH napa,.n.nrMhl, 

KOTopa.SI OCHOBaHa Ha O)].HOii KJIIO{.IeBoii KaTeropHH 6HHapHbIX CHCT€M KOM

IlJieKCHbIX OTHOUI€Hliii1:. TaKHM o6pa3oM, rJiaBHoe OTJIIPUie peJIH.IJ;HOHHOif RH

TepnpeTaI.J.HH KBaHTOBOii MexaHHKH OT K011€HrareHCKOM H Bcex HHbIX HM€€T 

napa,U,I1rM8.JTbHbIH xapaKTep, T. e . o6yCJIOBJI€HO 11CIIOJib30BaHH€M pa3Hbl.X 

Me'facPll3Hl.JeCKllX rrapa,LJ,lffM. 
2. B CTaH)l.apTHOM H3JIO>KeHHll KBaHToBa.s:r MexaHHKa He rrpeTeH,rryeT na 

o6ocHonaHHe CBOHCTB rrpocrpaHCTBa- BpeMeHH. IIoJIH MHKpOT.IaCTM.IJ; M nepe

HOCT.JHKOB B3aHMO,II.eHCTBHH BKJia,LI,bIBaIOTC.H B anpMOpHO 3a)J,aHHO€ rrpocTpaH

CTBO-BpeM.s:r, npWieM IlOH.HTHe IlOJI.H 6ecCMhICJieHHO B OTCYTCTBHe npocTpaH

CTB€HHO-BpeMeHHoro Q:>oHa, H a KOTOpoM oHo orrpe,n.eJI.s:reTc.s:r. B peJI.s:rq110HHOM 

JKe no,n,xo,n,e HeT no.rr.o6Horo cpoHa, 11 npe~JiaraeTcSI BhIBO,lJ,HTh npo

cTpaHcTBeHHO-BpeMeHHhie OTHOilleHHSI H3 6oJiee nepBH"IHblX KOM

IlJieKCHblX OTHomettn:U, npH"leM napaJIJieJibHO c <PopMHpOBaHHeM 

KBaHTOBOMeXa.HH"leCKHX 3aKOHOMepHOCTeH. ,[(pyrHMH CJIOBaMM, peJI.SI

Il;HOHHa.H HHTepnpeTa.u;n.s:r KBaHTOBOif MeXaHHKlil T€CHO CB.SI3aHa c TeopHei1 

rrpocTpaHCTBa-BpeMeHH ( c reOMeTpHett). 

B pa.MK.ax 6HttapHott reoMerpocpH3HKH Q:>aKTHqecKH rrpe,n,Jiaraerc5I pe

meHHe npo6.neMbl, KOTopy10 cQ:>opMYJIHpOBaJI em.e Jlyn .rr.e Bpottnh Ha 3ape 
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cranoBJieH1.u1 KRaHTOBO:A MexaHHKH. B q acTHOCTM, HM OTMe'iaJIOCb, '-ITO B Heil 

nott.HTH.H npocrpaHCTBa 11 speMCHH «ey.>Kno 6h1JI0 6b1 3aMe1111Tb lWYf'HMH 

IlOH.HTH.HMM, MrpalO~HMH cPYH,IJ,aMeHTa.JJbllYIO POJib B MHKpoupou,eccax». 

HanoMilllM TaK:>1:<e C,II,eJiaHHoe MM Tor,u,a 3aMeqaHMC o TOM, fJTo noKa ::>Ta 

3a,II,aqa He pcllietta, «Hae Bee BpeM.H 6y,n.e'I' 6ecnOKOHTh '-IYBCTBO, 'iTO Mhl 

IlbrraeMCH BTHCHYTb a.JJM83 B onpaBy, KOTopa51 eMY He TIO,II,XO,!J.HT» [13, c. 187). 
Ilpollle,n,ume c TeX nop rO,D,hI CBH,ll,eTCJibCTBYIOT 0 TOM, 'iTO :3'1'0 qysCTBO 

6ecnoKoHJIO He TOJibKO ,II,e B potiJI.H, Ho H MHorux ,II,pyrnx ¢113MKOB XX B. 

Bonee roro, oHo He OCTaBJI.HeT Mx H no cetf ,u,~Hh. 

3. rJiaBHOH qeproR KBaHTOBOR MCXaHHKM, KaK B OOU~enpHH.HTOi1. KO

n ettrareHCKOW HHTepnpeTa1v-rn , TaK H B peJI.H:UHOHHOR, .HBJrneTCH ee Bepo

.HTHOCTHblti xapaKTep. HMeHHo 3TO cBoRCTBO 3aJIO:>KeHo B octtoBy TeOpHH 

6.BHapHbIX CHCTeM OTHOIIIeHHH' r,n.e ,LJ.Ba MHO:>K€CTBa 3JleMeHTOB onpe,n.e.JlSIIOT 

COCTO.HHM.H CHCTeM ( MMKpoCHCTeM) B Ha'r1aJie H B KOHIJ;e 3JleMeHTapHoro 3Ileua 

upouecca, a napHbie OTHOUJ€IIJUI xapaKT€PH3YIOT aMD.mrTy,ny RepO.HTIIOCTH 

B03MO)KHbix nepexo,noB (pearrH3~HH npmwcca). 8Ta MaTeMaTMqecKa.H KOH

CTPYKU.HH, nono>Ketttta.H B ocHoBy 611ttapttoi1 reoMe'I'poQ:>H3HKM, OTpa:>Kaerr 

cyIUHOCTb KBaHTOBOti M€X8.HHKH H B TO )K€ apeM.H COOTR€TCTBY€T M)l,ee 

ApHCTOTeJI.H o cOOTHOIIIeHHH B03MO~HOCTH H ,D,eiicTBMTeJibIIOC'I'H. H arrMqMe 

CHCTeMbI OTHOllI€HHti ( ee B03HHKHOBeHMC B MOM€HT H3Jl)"iCHH.H) 03Ha"laeT 

C03,rr.aHHe MaTpHU,,bI .H.3 napHblX OTHOllieHIIB, onpC)l,CJIBlOnt;e.A B03MO:>I<Hble 

HCXO)l.bl npou,ecca B3aHMO,ll,€HCTBH.H. 

B CB.H3H c 3TMM xorenocb 6b1 OTMeTHTh co3Byq11e pa3BHsaeMoti 3,n.Ccb 

nporpaMMbl co CJIOBaMH B. r ett3ctt6epra, CK83a:IfribIMl1 no n OBO,lzy HHTepnpe

Tall,HH KBaHTOBOii MeXaIIHKH, HaMe'ieHHO:A B pa6oTe Bopa, KpaMepca Iii CJI

aTepa: «C BBe,II,eHHeM BOJIHbI BepO.HTHOCTH B TeoperH'-leCKYIO cPH3HKY 6bIJIO 

BBC,rr.eHo coBepIIIettHo HOBoe no11.HTHe. B MaTeMaTHKe HJIH CTaTHCTH'llecKo.A 

MexaHHKe BOJIHa Bepo.srTHOCTH 03Ha'laer cy)K,Ll,eHHe o CTeneHH ttawero 3Hairn.H 

Q:>aKTH'iecKott c:uTya~HH. ( ... ) Ho BOJIHa Bepo.HTHOCTH, no Bopy, K paMcpcy 

H CJrarepy, 6h1JTa qeM-TO rop33,n,o OOJihlliHM. Otta 03Haq8Jla He'-ITO no,II,o6ttoe 

crpeMJieHHIO K onpe~CJieHHoMy nporeKanHIO co6bITHif. Otta 03HaqaJJa KO

JIH'-leCTBeHHoe Bbipa:>KeHHe CTaporo nOH.HTIUI «IlO'l'E!H~H.H~ apHCTQTeJieBCKOM 

cPHJ10co¢11H. Otta BBeJ1a cTpaHHhiti BH,rr. Q:>H3H'-IecKoi1. pe8JlhHOCTH, KOTOpb1:A 

HaxO,LUITC.H npH6JIH3HTCJibHO nocepe,n::uHe Me)K,11,y B03MO:>KH OCTblO 11. ,Ll,€tiCTRH

TeJibHOCTh10» (43, C. 16). 
B ,JJ,pyroM MeCTe B. re.H3eH6epr IIHCaJJ: «IlOH.HTHe B03MO:>KHOCTM, KCYI'O

poe 11rpaer peUJa10~10 poJih B Q:>nJIOCOcPHH Ap11cT0Te.11.H, B COBpeMeHIIOH 

Q:>H3HKe cHoRa 3aH.SJJIO ~eHTpaJibHoe nono>KettHe. Ma:reMaT.u.qecKHe 3aKOHhI 

KBaHTOBO'tt TeopHH MO.>KHO paccMaTpIIBaTb KaK KOJI.BqeCTBern1y10 ¢oPMYJIH

poBKY apHCTOTeJieBCKHX IIOH.HTHa «,LUOilaMHC» MJIH ,,IIOTeHJ~M.H"» (43, c. 393). 
MMeHHO BTO «nOHSITue B03MO)KHOCTH» B BH~e KOMilJleKcHhlX OT

HOIIJeuuif Me}l{,lly 9JieMeHTaMH 6HHapHbIX CHCTeM 3aJUIMaeT qeH

Tpa.TlbHOe IlOJIO.>KeHHe B OCHOBaHHSIX 6uuapHOH reoMeTpo<l>H3HKH, 
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npH'ICM ern,e 6oJiee c~eCTBeHHOe, 11€>KeJIH B o6m;errpira.HTOi1 KRaHTOBO:ti 

MeXaHHKe. 

4. IlOH51THe CHCTeMbI OTIIOilleHHH B peJUll~110HHOtt HHTepnpeTa~HM 3aMC

H51€T TO, 'ITO B o6rn.enpHIIBTOH cPH3HKe ( B KBaHTOBOH MexaHHKe) mnepnpe

THpyeTC.H KaK pacnpocrpaHe.trne BOJIIILI H3JIYqeHH.H. B pen.HI.\HOHHOM no)J.

XO,ll,e HeT pacnpOCTpaHeHHSI qero 6bl TO HH 6bIJIO. Ilpou.ecc IlOrJJOru;e

HH51 H3Jiyqemu1 0 ,ll,HOBpeMCHHO 03HaqaeT JilCq e3HOBeHHe COOTBffi'CTByrow;ett 

CHCTeMbl OTHOlli€HHJ:i:. 

06n\e np11irnTb1e npe,lI.CTaRJlemrn o pacrrpocTpatte HHH BOJIHhI 113nyqeHH.5I 

H 3aTeM ero rrorJioru;eHHH, T. e. o «pe,rzyK~HH BOJIHoooro rra KeTa» 3a~1acry10 

Bbl3bI.BaIOT pH,n; He,lI.Opa3yMe Hl1H, ITOCKOJihKY TpaKTOBKa BOJIHbI KaK peaJibHO 

cyrra;ecTRyIOm;etf B npocTpaiiCTB e-BpeMeHH H ee pe,cyKuIDI B rrpHeMHHKe 

MHOrttMH IIOHHMaeTC.H KaK rrpouecc «CXJIODbIBaHH51» MaTCptta.JlbHOH BOJIHbl 

npaKTWieCKH B T0'1Ky c oocKOHe'nmtt cKopocThIO. CTporo roBop.SI, B Konettra

rettcKotf HHTeprrpeTaU,HliI KBaIITOBO:A MexaHliIKH y)Ke 38JIQ)K€HO rrpe,lI.OCTepe

>KeHH€ 0 He,lI.OITYCTHMOCT'M rro,n.o6Hotf CTOJih ynpow;eHHott Tpa.KTORKH BOJIHbl 

H3Jiy~1em:u1, O,LJ,IIaKO B 6MHa pHott I'eOMeTpoQ:>113HKe 3Ta MbI CJib p€a.JIH30Batta 

B 6onee 11eTKo'l1 ¢opMe. 

5. c 1103.HLViti 6.HttapHOH reoMeTpoQ:>H3HKM BBe,z:i;eHHe BOJIHOBOtt cPYHKlJ.HH 

o6ycJIOBJI€HO H CB03MO>KHOCTb10 npHMeHeHRSI K OT,lI.eJlhHbIM MMKpo'laCT~aM 

IIOH.HTU.SI KOOp~HHaThl ( I IOJIO)f(eHH51), a CJl e,n;oBaTeJibHO, HX H€Jlh35I xapaK

T€pll30BaTh OT,ll,CJ!bHbl MM TO'IKaMH B yttapHOJ:i: reoMCTpHH. 9ro .SIBJI51eTC5I 

CJI€,lI,C'l'BMeM 60J1Ce rrepBWllib IX IT01151THH H 3aKOHOMCpHOCT€H , M3 KOTOphIX 

npe,n;naraeTC.H B blBOlV'fTb KaK caMJ I'eOMe'I'pHIO, TaK H IlOlUITHC BOJIHOBOtt 

cPYHK~HH Ha H eil. 

B Korre:t1rarcu cKoi1 *€ HHTCprrpeTa1v111 KBaHTonoii MexaHHKH HCXO,lI..SIT 113 

cPaKTa IIeB03M0)KHOCTH KJiaCCH'l€CKOI'O onucaHIDI MHKpoqaCTH~ n a Q:>one 

roroooro rrpocrpa HcTsa- BpeMeH11, Q:>aKTH'leCKH npe,n.JJaraeTC.H cMHpMThC.SI 

c 3THM 11 ,lI.OBOJihCTBOBaThC.H cne~11Q:>11'1ecKHMH « npaBHJiaMH HrpbI». B Hetf 

OCHOBIIblM ITOH51TH€M ( rrpHMHTHBOM TOOpHH) rrpe,D,JiaraeTC.H C'IH'l'a.Tb BOJl

HOBYIO cPYHK~MlO MHKpOCHCTeM, KOTOpa.H, n o cy~eC'rsy, .HBJI.SleTC5I HeKHM 

«qepHbIM IDUMKOM», 113 KOTOporo n o yCTaHOBJICHHhIM rrpaBHJ13lv1 H3BJieKaJOT 

Heo6xo,L1,HMy10 11HQ:>opMaqHro. TaKotf ITO)J.XOJ.I. 11e 113 6e)f(eH, CCJ1H lfCXO,lI.MTb H3 

anpUOp'HO aaaa'H'H020 KJiacCH'lecKOrO rrpOCTpaHCTBa-BpCM€HH. 
~ 

6. B o6rn,enp11H.HTOJ:i: KorrettrareHcKoif HHTepnpera.Q111-1 KBaHTOBOMexatt11-

qecKHe 3aKOHOMepHOCTH npHrrHchmaIOTC.H ca.Mo:H MHKpo'laCTH~e. CornacHo 

npHHIJ;llny JJ.OnOJrHHTeJlhHOCTH H . Bopa1 reoMe Tp111-1ecKHc :w ,lJ,HIH:lMH'-:IeCKHe 

CBOi:tCTsa 'lacTHIJ, )J,OITOJIHSIIOT ,n.pyr ,lIJ)yra, TO"IHOCTh HX H3MepeHH51 xa

paKT€PH3yeTC51 K RaHTOBOMcxaa11qecKMM npHHl.Q1IIOM IICOIIpe,lI.eJI€IIHOCTett. 

B p eJI51LViOHtto:H HHTepnpeTa~HH 3Ta Heorrpc)J,eJieHHOCTh np11cyw;a tte caMHM 

BhI,D.eJieHHhIM ~aCTH~aM, a HX OTHOll.leHH51M c ,n.pyrHMH "laCTHUaMM) onpe

,IT,eJl.H€MhIMlf orpOMHOH COBOKYITHOCTblO 3JieMe1rrapHbIX CMCTeM OTHOIIIeHH'li 

( COBOKynHOCTblO He3aBeplli11BIIJHXC.H npou.eccon H3Jiy~eHH.SI) . 
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7. B pellil.LI;HOHHOH HH-repnperau.H.11 ell.J,e 6onee Bo3pacraer R CTaHOBHTC.H 

6onee TIOH.HTHOii po.rrh MaKponpH6opa B OilHCaHHH MHKpoqaCTH~, TIOCKO .. "IbKy, 

BO-nepBbIX, caMH napaMeTpbI 3JieMeHTOB HMelOT CMbICJI JIHillb OTHOCHTeJibHO 

6a311ca CHCTeMbl OTHOlll€HHii H, BO-BTOpbIX, caM 6a3MC ,ll,OJDK€H 6bITb Jl.0-

CTaToqHo CJIOJK.HbIM, qT06bl MOJKHO 6bIJIO roBOpHTb 0 CTaTHCTHqecKOM no

JlY'-ICHHH npocTpaHcTBeHHo-BpeMeHHhIX OTHOII1€HHii. Tenepb oK83hrnaerc£, 

Ma'Kponpu6op He mo.1t'b'1W 6.1tURem Ha r.ocmoRHU.ft wcmUV/bl u mpa'l\,m06'1\,Y 
peayA'bm,amo6 31\,CnepuMenma, HO u 6 3Ha'ltume.1t'buou cmenettu cmattoeumc.11, 
om6emcmeentt'bt.M aa ca.M.u 'K.1taccu'1tec'l\,Ue npocmpattcmeetttto-epeMettttue 

npedcmae.1tettUR. 

16.4.2. Pe.Jur~oBHoe o6ocHoBamie p~a noIDITHii 
KBaJITOBOB MeXa.BHKH 

B paMKaux peJIBU.liOHHoro rro,n:xo.n.a iJaemcR meopemu'ltec'l\,Oe o6octto6attue 
pRda <fiett0Metto.1to2u'ltec'l\,U ycmattoe.1tettttux nou.Rmuu u npou,eayp o6UJ,enpu
'H,.R,moii 'l\,6attmoeou MexattU'l\,U. 

1. IIpeJK,ll.e BCero, K HHM c.rre,zzyeT OTHeCTH BBe,D,eHtte B KBaHTOBOH Mexa

HMKe TIOH.HTM.H KOMTIJieKCHOii aMTIJIHTY)J,hl BepO.HTHOCTM, H3 KOTOpOH orrpe.n:e

Jl.HeTC.H B BH)l,e KBa)J,paTH'qHOH KOM6MHa~M KJiaCCIP'1€CKa.H TIJIOTHOCTh Bepo

.HTHOCTH. ,l.Lei1:cTBHT€JibHO, y BCex, npHC'rynaIOW,HX K 113yqeHRIO KRa.HTOBOii 

MexaHHKM' B03HMKaeT BOnpoc, noqeMy B Heii MCXO,lI..HT He np.HMO 113 TIOH.HTM.H 

Bepo.HTHOC'l'M ( MJIM TIJIOTHOCTH Bepo.HTHOCTH)' a 1'13 KBaJ(paTHOro KOpH.H H3 

Bepo.HTHOCTM? HeKOTOpb1e He MoryT CMMpMTbC.H c 3THM o6cro.HTe.JThCTBOM 

Ii IlhITalOTC.H nepe¢opMyJIHpOBaTh KBaHTOBYIO TeOpMIO Henocpe,TI.CTBeHHO Ha 

OCHOBe TIOH.HTH.H TIJlOTHOCTM Bepo.HTHOCTR. 

B pen~OHHOM IlO)J,XO)J,e Ha OCHOBe 6HHapHhIX CHCTeM KOMrrJieKCHhIX 

OTHOllleHHii OTBeT Ha 3TOT Bonpoc co.n:ep:>KHTC.H B HeOOXO)J,HMOCTH nepeXO)l,a 

OT Hcxo,LI,HhIX ECKO K yHapHoi1: reoMeTpMH ( K yHapHhIM cHcTeMaM Bell.J,e

CTBeHHhIX OTHOilleHHii) 11 K .IJPYI'HM DOH.SITH.HM KJlaCCHqeCKOH cPH3HKH, KOTO

pb.dl ocyll.J,eCTB.Jl.HeTC.H nocpe,11.CTBOM onpe,n:e.rreHH.H Bell.J,eCTBeHHhIX yHapHblX 

OTHOUieHHii -qepe3 KBa,rr.paTHqHbie KOM6HriaI.ViH H3 KOMrr.rreKCHhIX 6.11HapHhIX 

OTHOII1€Hlii1:. 

2. C.rre.z:r..y10umii Bonpoc CB.H3att c HcnoJ1h30BaHHeM B KBaHTOBoii reopHR 

KOMTIJieKCHhIX se.rr:I-PiHH BM€CTO npHBhPi.HblX B reo.MeTpH.R R B KJiacc11qecKOH 

cpli3HKe B€ll.J,€CTB€HHbIX BeJIHqHH. 9ro o6cTO.HTeJibCTBO o6'b.HCH.HeTC51 TCM, 

qTo B Q:>H311K€ MMKpoMHpa Tep.HeT CHJIY p.s:r.u npHBhlqHbIX CBOHCTB reoMCT

p1111, B 'la<...'THUCTH, KJiacCH'-IecKue noH.HTHe OOJibllle-MeHhllle. B cunpeMeHttoi1 

KBaHTOBUH TeopHH ,n:aHHhiii Q:>aKT OTpa)l{eH lllHpOKMM HCilOJih30BaHHeM KOM

n.rreKCHbIX qHce.rr, y KOTUpbIX HeT CBUMCTBa JIHHeitHoit YD<?P.HJl.OqeHHOCTH' KaK 

3TO HMeer MeC'l'O ,[l,JlSI BeUJ,eCTBe.HHbJX q11ceJI, KO'I'OphIMM OIIHCbIBaerc5l K J1acc11-

1'..J€CKOe npocTpaHCTBO-BpeMSI. B CHJiy 9THX npHqlfH 11 rrepBH'qHbte OTHomeHHSI 

611ttapttoi1 reoMeTpo¢113MKI1 OilMCbIBalOTC.H KOMTIJieKCHhlMlf \UiCJJaMM. 
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3. Em;e O,ll,HRM o6cTOSITeJihCTBOM B KBaHTOROH Teopan .HBJI.HeTC.H HaJUrtiHe 

BeKTOpoB B ,LI.BYX rrpocrpaHCTBax, qTo B aKCHOMaTHKe KBaHTOBOii MexaHHKH 

,LI,11paKa (55) OTpa)l{CllO ,ll,BYMSI TMIIaMH BeKTOpoB: co-BeKTOpOB «6pal H BeK

TOpOB !Ker». CKaJu1pIIb1e rrpo.B3Be,ll,eH1H1 B KBaHTOBOH TeopH11 CTpO.HTC.H 113 

coBoeynHOCT11 BeKTopon ,r1,13yx T11rroB, Hanp11Mep < BIA >. KaK IIHllleT 

,UHpaK, «113 ,n.aHHbIX 3~CCb oupe.n.e.r1eHIDi 811,lJ.HO, qTQ CO-B€KT0pbl MMelOT 

COBCeM 11.HYJO np11po,zzy qCM BeKTOpbl, H JJ,O Cl1X rrop Me)l(JJ,y llHMH He 6bIJIO 

HHKaKOtt CBSl3M 3a HCKJ11oqeHHeM B03MO>KHOCTH o6pa30BaHRH CKa.JI.HpHoro 

rrpoH3Be,ll,eHH.H ,IJ.JISI Jno6oro BeKTopa H co-BeKTopa» (55, c. 381. B 6HttapHOH 

rcoMeTpo<}:>H3HKe BeKTOpbl H CO-BeKTOpbl COOTBeTCTBYlOT ,lJ.RYM MIIO:>KeCTBaM 

3JICM€HTOB, Ha KOTOpblX CTpGMTC.H TeopHSI 611HapHbIX CHCTCM KOMIIJ1€KCHbIX 

OTHOITieHHtt. 11x CKa.JISipliblC rrpomrne,n.eHli.Si orrpe)l.eJl.HlOT rrapIIbIC OTHOllleHMSI 

Me.>K,Izy 3JieMeHTaMM ,l.l,Byx MHO)KecTB. ,ll.JISI CBOOO,ll,HhIX qaCTMIJ. co-scKTOp Ha

XO,lJ.HTCH BO B3al1MllO O)l.H03HaqHOM COOTBeTCTBHH c B€KTOpGM, T. e . .HBJUieTC.H 

KOMilJ1€KCHO corrp.R>K€HllblM BeKTOpy. 

4. Ba)l{HhIM caoiiCTBOM MHKpoqaCTH~ B KBaHTOBott TeopMH .RBJI.HeTC.H 

HX BOJIHOBOH xapaKTep. B peJI.HIJ.MOHHoi:\ MHTepnpeTaIJ.HH KBaHTOBOH Mexa

H11KH HCTOKOM BOJIHOBhIX CBOHCTB .HBJI.HeTC.H QHKJIH'IHOCTb ( KOMnaK

THQ>HI.\HPOBaHHOCTb) nepBu'IHLIX OTHOIIleHuii, orr11cbwaeMaSI BCKO 

pattra (2,2). HarroMHl1M, np11 rrepexo).l.e OT BCKO paHra (3,3) K yHapttoit 

rOOMeTpHH KJiacCH"-1€CKl1C paCCTO.HHH.H Ilpe,ll,JiaraJIOCb IIOJIY"-Ia'l'b H3 KOH<}:>opM

HhIX <}:>aKTopoa, .HBJI.suon~RXOI 311eMettTaM11 BCKO pattra (2,2). Cornactto 

CBOil:CTHaM 3JieMeHTapllblX 'laCTHIJ., KOMIIJieKCHblR KOHQ:>opMHblH <}:>aKTOp 

,lJ.OJI>KCH HMeTb MO,IIyJib, paBHblH e,D,HHHIJ.e, qTO H 031-Ia"-laer lVf KJIW-IeCKMM 

xapaKTep (,,...., exp( i<p)) KJIIO"-leBbIX IlOHRTilli TeopHl1 Ml1KPOMl1pa. 

5. )J,pyroii np11~1n1ott BOJIHOBblX CBORCTB .RRJ1Sl€TC.H npCJJ,CTanJ1eHHe IIO

Ka3aTeJISI 3KCIIOHeHTbI B B.H)l.e c.p ,,...., (P.i)' T. e . B BH,n;e CKa.JI.HpHOH KOM6trnau;HR 

,l.l,Byx IIOH.HT11it: 11MrIYJlbCa ( CK0p0CTl1) .H KOOpJJ,HHaThI, COOTBeTCTBYlOll.J,l1X 

)l;BYM yttapttbIM reOMeTp1-t.HM, KOTOpbie IIOJiyqalOTCSI 6 JIH3KHM MeTO,ll,OM KBa,ll,

pI1poBaHH.H 113 OiJ.HOR 11 TOH )Ke nepBH''.JHO:A BCKO paara (3,3). 9-r11M lUaroM 

ycraHaBJnIBaJOTCSI KOMIIJICKCHbie l.l;11KJil1 q ecK11e OTHOUI€HHH MC.>K,lly qacrH

u.aMH ( aJieMeHTaMi-t) oKpy)Karom;ero M11pa. Ho IJ.HKJIW-IHOCTb OTHOWeHni1 e~e 
He 03Haqaer BOJIHOHbIX CBO:ACTH. 

6. BoJIHOeo:H xapaKTep noee,n;eHH.H qacTHQhI B03HHKaeT JIHIIlh 

B pe3YJibTaTe ~OilOJIHHTeJibHOro nocTyJiaTa, qy>i<,n;oro peJI.HQHOH

HOMy no,n;xo~ K MHKPOMupy, 0 pacnpocTpaHeHuu qacTHI.\hl B l'O

TOBOM npocTpaHCTBe-BpeMeHu, 'qTQ ,l],OCTHraeTC.R BB€.LI€Hl1eM me'K;y'Ulieil 
HpeMeH11-no.n.o6n of.I KOOp,L.1,HHaTbl x 0 11 npeBpameHHCM cPa30B01'0 BKJia)J.a 

B KJiaCCJ-P-1€CKC>e .n.eACTBl1C (c.p ---+ iS/n). IlOCKOJibKY KJiaCC11'lleCKOC ,ll,CHCTBHe 

onpe,n.eJUieTCR BJJ.OJib Of\llOH BpeMeHM-IIOJJ,OOHOH MHpoBOR Jil1Hl111 '-laCTl1IJ;hl, 

a OTHOIIIeHHSI 3a)l.aJOTCSI Me.iKAY 11CX011HbTM COCTOSIHl1€M (nOJIO:>KCHl1eM) 'l.Ja

CTl1u;h1 H BCeM11 wyrMMM oKpy.iKaIO~MH T.JacTm.1,aMM, TO ne ocTaercg n11qero 

HHOro, KaK ,ll,OIIOJIHl1Tb IlOCTyJiaT pacnpoCTpatteHl151 B03MO>KllUCTb10 3BOJ1IO-
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I\11H B)I;OJlb MHO>KCCTna TpaeKTOpHf1, BCeMH B03MO:>KHbIMH c noco6aM11 K aK 6bI 

coe)I;HH5llOilJ.HMH HCXO,n,Hoe COCTO.SiHHC qaCTHll,hl co BCeMM ~Yf'HMH. 

7. Ern.e o,n,Mu BaJK.HbIM aonpoc, B03HHKaron~utt np11 ocaoeHJ.ur KBaHTO

Bo:A: TeopHM, CB.H3aH co cnHHOpIIOCThIO qacTHI\. CnpaBe)I;JIHBO C'lHTaeTc.n, 

qTQ CillUi 51BJlSl(,,'TC8 cyry6o KBaHTOBbI M IlOH.SiTHeM. 0 Jl;HaKO Hepe)J,KO 003-

HHKaeT Bonpoc: IlO'ieMy OCHOBHhJe BH,[1,bl aJieMeHTapHblX 'IaCTH~ OilHCbIBa

lOTC.H HMeHHO CilHHOpHbIM H BOJIHOBbIMH cPYHKU.HSIMH? Ee.nu HCXO)l.HTb 113 

KJiaCCH'lfeCKMX npC)l,CTa.BJieHHi1, Ka3aJIOCb 6b1, HH'iTO He Meruaer qacT~aM 

6h1Th cKaJ1S1pHb1MH HJIH BeKTopubrMH. B o6rn.enpuHSITOM n o,n,xo;:i;e Ha1160.nee 

y6e,n,HTeJibHhlti OTReT Ha 3TOT oonpoc COCTOHT B TOM, 1'..JTO l'.!3 CTIHHOpHblX 

BeJIH'IHH MO)KHO IlOCTpOHTb CKaJIS'Ip.Hbie H BeKTOpHbie BeJIHqHHbl, a Hao6opcr.r 

HeJib3SI, T. e. cn1111op npe.n.cTaBJI.HeTCSI CaMhIM npocThIM o6'heKTOM. 

B 6nttapttoi1 r e oMCTpocPM3MKe cnu?wpnocm'b 'tl,acmu·4 no.1tyiwem r.mpoeoe 
.1toeu~c-x;oe o6ocH.oeanue: aJieMeHThl Kmo'lfesott BCKO paHra (3,3) onHCb1-

Ba10TC.si 2-KoMnoHeHTHbIMH cn11HopaMM. B Teo p1111, onJ.tpa10rueH:C8 Ha BCKO 

6onee BbICOKOro paHra, 2-KO.MTIOHeHTHbie CilHHOpbl xap aKTepH3YIOT BH€II1HJ.fe 

CBO:tiCTBa a.rreMeIITapHbIX qaCTHI\. 

0,n,HHM 113 cyrn.ecTBeHHblX OTJIMqHft 6HHapHo:A: r eoMeTpocPH3m<H OT o6~e

npHH.SiTO:ti KBaHTOBO:ti T €0pMM .SiBJISleTC.H TO, qTo B Hett CilHHOpbI nonyqafOTCH 

He H3BJie'lfeHHeM KBa,n,paTHoro KOPUSI l'.!3 K.11acc11~iecKHX B€KTOpoB, KaK 3TO 

,[l,eJiaerc.H B KBaHTOROH MexaHHKe, a u ao6opoT, - BeKTOpbl H ,11J)yr11e BeJrn

T.JHHbl BblBO)J..SiTCSI H3 CilHHOPOB KaK 6onee n epBMq}{blX IlOHHTHM TeOpH.11. 

M 3 cTpororo a.rrre6paHqecKoro no,n,xo)I;a K cn11ttopa.M Ha OCHOBe anre6p 

K 1m<P<Pop,n,a Ha,ll, noJieM n em;ecTBeHHhix qJ.icen )I;eJiaCTc.H BhIBO,n,, T.JTO xa

paKTep CilHHOpOB ( Belll,eCTB €HHOCTb, KOMilJieKCHOCTb HJIH KBaTepHHOHHOCTb, 

q:wcno KOMTIOHeHT )II T. ,n:.) onpe,D;CJI5I:CTC.Si npocT paHCTBOM, B KOTOpOM OHH 

BBO,ll,.51TC.H. B 6HHapHOH reoMeTPOcPJ.t3HKe npe,n;.rraraeTC.H 06paTHb1tt xo.n;: H3 

m1,n,a nepRHT.JH bIX CilHHOpOB onpe,u.eJI.SIIOTC5l CBOMCTBa COOTReTCTBy10w.ero HM 

npOCTpaHCTBeHHO-BpeMeHHoro M tto r oo6p a3H.H. B noH.HTHH 2-KoMIIoHeHTHblX 

CilHHOpOB co.n;ep)KHTOI npoo6pa3 (npJrq11Ha) K aK p a3MepH OCTH, TaK H CHrua

TYPbl Knacc11t:.zecKoro npocTpattCTRa-npcMeHH. 

8. B p aMKax 6HH a pttoi1: reoMeTpocPH3HKH (peJI~HOHttoro no,n,xo,n,a) o6oc
HOBbIBaeTCSJ BJ.f,IJ; o6rn;enpHHSITbIX Ji a rpa H)KMaHOB ,n,JI51 B3 aMMO,n,e:tiCTBYIOrn;HX 

M HKpO'lfaCTHIJ;, npHY.CM 8TO .uenaeTC.H H a OCHOBaHHH cne~McPH11eCKRX CBOtiC'T'H 

TeopHM CHCT€M OTHOWeHH:ti . Ilpoo6p a3 ,n.etl:CTBH.51 ~1aCTHI~, OK83bIBaeTCSI, 

npe,n,craBJrneT co6oa cRoeo6pa3t1b1tt o6'hcM 611Hapttot1 r eoMeTpttJ.t . 

16.5. B3rJISI,LJ; Ha ,LzyaJIHCT11qecKHe nap~MLI 
u 

CO CTOpOHhl MOHllCTWieCKOH 

PaccMoTpeHHoe B 3Toi1 rJiaBe MOirncTHqecKoe M Hpo n o HttMaHHe no3BO

JI.51eT c Ha1160J1ee ofo~MX Il03M~Htt, KaK 6bI CBbICOKa, B3I'JISIHY Tb Ha CYTb 11 co
,n,cp.>K.aHMe Tpex ,LlyaJIHCTH'lf€CKHX MHponOHHMaHHR, H 3JlO>KeHHbIX B npe,n,b l

,n,ym;J.f X qacrnx KHHrH. 



16.5.1. KmoqeBo:ii xapaKTep pe~oHHoro no,LVCoµ;a 

,lJYaJIHCTH'tJecKoe p eJI.HIJ;HOHHOe MHpOIIOHHMaflHe HMeer HeocnopHMOe 

npe11Mym;ecTBO no cpa1meHHIO c ,n;syIVrn: ,rrpyrHMH MHpOilOHHMaHH.SIMH. 

l1MCHHO co CTOpoHbI 3TOi1 rrapa,n;HrMbl ocy~ecTBJIBJIC.Sf n ep eXO,LJ, K 611ttapttoi1 

reoMerpo¢H311Ke, Il03TOMY HaH60Jiee OOH51THblM Ii ecTeCTBCIUiblM Bbir~T 
o6paTHbIH nepexo,LJ, OT MOHHCTHqecKoA n apa,LJ,HI'M bl K TOOpH.HM peJIHI.\HOHHOro 

no,n,xo,n,a. 

OcTaHOBHMCH 3,0.ecb Ha tteKOTOpbIX o6IIJ,Hx qepTaX MOin1cr11qecKoro 11 ,LJ,y

aJIHCTH'iecKoro p eJl.HIJ;HOUHOro IlO,[(XO,LJ,OB, CB.H3aHHhIX c ocyrn,ecTBJi eHl1€M 

cyMM11posatt11li, CTOJih Ba>KHbIX np11 pacKpbITHH MaKpocKOITH'iCCKoli np11-

po,L\h1 KJ1acc1·P:IecKoro npocTpattCTBa-npeMett11. HarroMHHM rnaBuhre 113 HMX 

OT,Ll,€JlbHO B peJI.HI..J,HOllHOM OilHCaHHH KJiaCCH'tJecKo:ti ¢113HKH Ii B fofHapHOH 

rOOMeTpo¢113HKe. 

I. Pe.rrS1u,110HHoe onucaHne KJiaccuqecKoii ¢>11311Kn. 

1. Ilp11 OilHCaHMH rpaBRTaU,HOHHblX D3aHMO,LJ,eHCTBHi1 qepe3 ,ll,HarOHaJib

Hbie MHHOphl ( H3 MaTpm.:~bl B TOKOBOM 3aKOHe) B03IIHKaJIH cnarae

Mble c yqacTl1eM TpeTbHX '!aCTHIJ;. ,Ueil:CTBHe «CBOOO,Ll,HhIX» qaCTHIJ;, 

BBO,LJ,HJIOr.b I 1yTeM cyMMHpOBamrn M HHOpOB c yqaCTHeM BbI,LJ,eJieHHOti 

'iaCTHIJ;bl no BCeM Tpe'rhHM 'tlacTHu,aM OKpy}KaIOIIJ,ero IVrnpa. 

2. B pa60':rax P. <I>eliHMatta 11 ,ll.>K. YHJiepa u paMKax Teop1111 up5iMoro 

Me.>K'C:lacnrqHOT'O 3JieKTpoMarHHTIIOT'O B3aH.MO,LJ,ei1cTBH.H 6hIJIO HOKa-

3aHO, qTo yqeTOM acex '-IaCTHU, OKpy.>KaIO~ero IVmpa MO.>KHO ycrpa

HHTh onepe.>KaIO~He B3aHMO,LJ,e:HCTBHH, "t.fTO TaK>Ke CBW,LJ,eTeJlbCTByeT 

0 H006XO,LJ,HMOCTH y 11era BCe x '-lOCTHU. OKpy>KaJOrn,ero MRpa y.>Ke B paM

Kax KJiaCCH'tJeCI<O:A: TeOpHH. 

3. CyMMHpOBaHHH no "tJacTHa;aM paccMaTp11aaeMbIX o&beKTOB (yqer 
¢aKTopa b -t m) npo113BO,LJ,HJIHCb np11 uonyqeHHR cyMMapttbIX 3ap.SI

,n;oB TeJI q H3 3ap.H,LJ,OB ±e H,Il.eaJIM3HpO.BaHHhIX MMKpoqacTRI.J;, COC'I'aB

IDIIOIII;HX Ma.KpOTena. Hano:ivurnM, '-ITO npHHU;JitII <l>oKKepa 3arr11chrna
erc.H :ID.-feHHO ,LJ,JI.SI 133aHMO,LJ,eiiCTBylOIIJ,HX MaKpOOO'beKTOD (CM. r.n. 13). 

4. Atta11or11qHbIM cyMMHpoBaH.HeM B KJiacclf'IecKoii reop1111 BBO,LJ,HJIHCb 

3¢¢cKTHBHbie M8.CChl B .BM,ll.e CODOKYIIHOCTH KBa,LJ,paTRqHhIX cnarae

MhIX H 3 3JleKTp11qCCKl1X 3ap.H,LI,OB. 

5. B KJiaccHqecKoii Teop1111 3aBHCHMOCTb Mace qacTHIJ; OT oKpy>KaioIIIcro 

MHpa BBO,ll.HTC5l c yqacrueM n epettopMHpyrom;ero Ko3¢¢Hu,HeHTa C2 
B p83,LJ,. 13. 7. 

II. BnHapHrut: reoMeTpo¢>11311Ka. 

1. IlpH paCCMOTpeHHH MaCCOBhIX 6JIOKOn 6830BOrO 4 x 4-0TUOWeHH.SI 

(s paMKax BCKO paHra {4,4)) 6hIJIO rrOK83atto, qTo ecJIH orpaHH

qHTbC5i JlHWb ~BYM.SI B3aHMO,LJ,ei1CTny10IIJ,HMH qaCTHIJ;al'vm, TO Macca 

mo6oi1 H3 HHX OKa3bIBaeTC.SI 3aBH CHIIJ;eH OT CBOfiCTB ,upyro:H 'tlaCTHU,bl. 
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Mcxo,LVI .H3 3Toro, .HH,11,HBH,ll,yaJThHoe 3 HaqeH.He MaCChI -ci:acnm, rrpe,rv10-
:>Ke tto BilO,lI,.HTb -ci:epe3 cyMMY BCex 6830BbIX 4 x 4-0TllOllleH.HH BbI,lJ,e

JielnIO:ti -ci:aCT.HIJ;hI co BCeM.H 4.acT.HI ~aMH OKpy)Karow;ero rvrn:pa B paMKaX 

,rr,aHHO:ti (o,rr,no:ti H TOH )Ke) BCKO pattra (4,4). 

2. B paMKax BCKO pattra ( 4,4) 6h1JI0 rroK83aHo, '"ITO npoo6p83 «CB0-

6o,rr,11o:ti» -ci:acrH ,rr,etiCTB.H51 qaCTMIJ;bl nony-ci:ae'I'C51 IIYTeM cyMM.HpoBaHIDi 

.HH,LT,.HBli)J,YaJibHbJX 6JIOKOB 683osoro 4 x 4-0THOil.IeH.H.H c yqacrHeM 

BbI,D;eJieHIIOH -ci:aCTHU,hI no BCeM qacTHIJ;aM OKpy)J<aJOIIl;ero 'M.Hpa. 8ro 
cyMM.HpoBaH.He BKJIJOqaJIO B Ce651 JIHlllh BHyTpeHH.He xapaKTep.HCT.HK.H 

0Kpy)Kaio ru;11x '"faCTHJJ,. TaK.HM o6p83oM, 6b1no rrpo,rr,eMOHcTpHpoBaHo, 

-ci:TO B M.Hpe ne MO:>KeT 6hITh cso6o/~HhIX ..-.1acT11u;. To, "'lTO H83bIBaeTCH 

« CBOOO,lJ,HOH» (11J1H ,lJ,.HHaM11qecKon) ~iaCTblO ,u.e:tiCTBlffi, Ha c aMOM ,rr,eJie 

rrpe,rr,C'rauJI 51eT co6oii cne1v-iCpHqecK.11A pe3yJihTaT B3aHMo,rr,etiCTBHH qa

CT.Hll,hI co BCeM OKpy>KaJO~UM MHpOM (cM. rJI. 13). 
Toqtto TaKrut )Ke CHTyawiSJ .HMeeT MecTo B paMKax BCKO pattra 

(6,6) . 0 TJI111'.J:He COCTOMT Jl.Hillb n OOJibllleM t.i1-1CJ1e CJiaraeMbIX c y '(,1a

cT.11eM 6apMOHOR. 

3. HaKotte L\, cyMM11poBau11.H ocyru;ecTBJI . .HJI.HCb rrp1-1 p 83BMT 1111 MaKpOCKO

n.11qecKoro rro~xo.u.a K rrp.11po,rr,c KJ1acc.11 Y.eCKOI ·o rrpocTpaHcrBa-Bpe

Mett11. 

MoIIBCT.HqecKoe 1v111ponoHHMattwe, no cBoeti cyT.H .HBJIIDOru;eeoi TaK>Ke 

p e.rrnu,HOII.HhIM, OTKpbmaeT IHlf(X>K .He n epcrreKT.HBhl ,LT,J151 HOBbIX .HCCJle,Ll,OBa

HHH. Cp83y )Ke C'raHOB.HTC51 5JCHhIM, 1'.JTO 3a reM, trro HaM11 nocnp11Hl1Ma.TTOCb 

KaK arrp.HOpHO 38,Ll,aHHOe npocTpaHCTDO-npel'vrn, KpoeTC51 r11rattT CKMH Maccvm 

BKJia,rr,oB OT npou,eccm~ oKpy)Karoru;er·o M.Hpa, R3 KOToporo MhI M3BJieKaeM 

Jl.Hlllb ycpe,L1,1-1e 1111bTe IlOH.s:ITl15J B B.H,LT,e pacCTO.HHHH ( fIJIOCKOa 11J1.l1 HCKpHRJTeH

uo:ti MeTp.HK11) 11 ¢H3WfecKHX rronen. ivf O)KHO O)KH,lJ,aTh, "ITO H3 KOHrJlOMepaTa 

OTIIOil.IeHMH MO>KHO 6y,n.er BbI,[1,€.ITHTb 6onee TOHKMe B3aMMOCB.H311 Me.>KJl.Y 

OO'beKT8MI1 (MarepttaJTbHhIM.H cTpyKTypaM.11) 11 .HBJieHH.HMM. H e .11cKJIIOYetto, 

qTo p.H,U, 3ara,LJ,0~1HhlX HRJieHHii H3 o6nacT11 6110JiorR.H, coouatt.H.H .11n11 rrc11xHKH 

qe.;roBeKa rrpe/~CTaBJI.HeT co6o:ti rrpo~mneuirn no.n.o6Hhix B3a.HMOCB513el1 Me)K,lzy 

,n.oeraTOqHo c.JJO:>KHbIM.H 6.11onor.11-qccKHM.H OO'beK'raM.H. 

16.5.2. OcMb1cneBBe IIOllllTIDi TeopeTBKO-noneBoro IIOAXo,n;a 

M 3.i10)Ke H11a51 3~ech KOHLJ.enn.irn ¢opM11poBaHi-rn KaTerop.11tt rrpocTpaH

C'TBa-speMettH H ITOJTeH 11epeHOCq11KOD D3a.HMO,LT,eiiCTB11H 11pOT.HBOpet.JMT f'JIY-

6oKO yKopeHMBllleMyC.H r:vrneH.HIO, corJiacuo KOTOpOMY CO,LJ.ep)J<aTe.rrbHa51 Kap

TMHa MHpa MO)l{eT 6hITh nocTpoeHa JI.Hlllb B paMKax TeopM.H IlOJl.H ( KO~en
U.MM 6JlH3KO,LT,eACTDJ.fSI) . ,l:(aHHbI:ti IIO,LT,XO,ll, CBM,Lt,ereJibCTBY€'I' 0 tteo6xO,ll,HMOCT.H 

01'Ka3a OT p.H,U,a yKopeH.HBill.HXC.H .HJIJII03Hi1. 
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1. 81;,nne y:>Ke HeO,Il,HOKpaTHO OTMeqaJIOCb, KaK MHOf'O 3aTpy,lI,H€H11M 

y MhICJI11TeJieM 11pOlllJ10f'O Bb13B8Jl0 flOHl1MattHe npocTpaHCTBa l1 BpeMeHM. 

~10.>KHO BhICKa3aTh y.aepenHOCTh, 't{TO nO,lJ,06Ho TOMY, KaK B rrpomJioM Te11JI0-

po,[I, 6bIJI 3aMeHeH rrpe,L.1,CTaBJieHIHlMH 0 MOJieKyJ1.HpHO-Kl1HeTH't{ecKOH rrp11po,[I,e 

TerrJia, Td.K n B cPH311Ke XXI B . 110H.HT11e npocrpaHCTBa (-BpeMettn) 6y,lJ,eT 3a

Metteno npe,[J,CTaBJieHM.HMM o6 3JieMeHTapHbJX 6nttapHbIX OTHOllieHMSIX MC)K,.l]y 

qaCT11u;a:rvm, KOTOphie B CBoen COBOKYITHOCTH COCTaBJIBIOT ff)l,eIO paCCTO.HHl1M 

(HH'repBaJIOB) B npOCTpaHCTB€-BpeMeHl1. rJiy60KO 6bIJI11 rrpaBhl r. J1c.i1.6HHU, 

11 8 . Max, yTBep*AaBm11e, qTO 6e3 IViaTep1111 (qacT11u;) HeT 11 rrpocrpaHCTBa 

11 BpeMeHM, qTo nocJie,lI,HHe .HBJI.51IOTC.H JIHmh oco6hIMH OTHomeHH.HMH Me)K,.l]y 

MaTep11a.nbHhIM11 co6b1T11.HM11 ( o6heKTaM11). 

2. TioHSlTHe IlOJUI KaK CaMOCTO.HTeJibHOH KaTeropHH CJie,nyeT C'tfiiTaTh 

cPMKI~Me:H, 3¢eMepHblM IIOH.HTHeM THl1a 9qmpa, cPJIOrHCTOHa, TenJiopo,ll,a 

l1 TOMY IIO,lJ,06HbJX 113o6pereH11H qeJIOBcqecKOI'O pa3yMa. 0,ll,HaKO 9TO He 

HCKJDOqaeT B03M0)KHOCTH H u;eJiecoo6pa3HOCTH HCIIOJih30BaJUl.H 9Toro IIOH.H

TH.H, OT)J,aBa.H ce6e OT"(.IeT B ero BTOpHqHOH (BCrrOMOffiTeJlbHOH) cyw,HOCTM. 

Kottu.errl..(l15J 6JJ113KO)l.eiicTB11.H 11 rroH5JTHe 110JI.H .HBHJIHCh 11JIO)l.OTBOpHhIMH Ha 

011pe,z:i;eJieHHOM 9Ta11e pa3BHTH.H cPH3HqeCKHX 11pe,lI,CTaBJieHHH, 110,ll,OOHO TOMy, 

KaK B CBoe BpeM.H 6bIJil1 IlJIO)l,OTBOpHbl KOHu;e1u~11 9¢11pa 11Jll1 TeIIJlopoµa. 

Bo3H11Krn11e B CB.H311 c Termopo)l.OM IIOH.HTH.H TervroeMKOCTH 11 11epe,u,at1M 

Te11Jia HCl10Jib3yIOTC.H 110 HaCTO.HIIJ;ee BpeM.H, H HHKTO He co611paeTC5J OT HHX 

OTKa3hIBaThC.H. 

3. lif3JlaraeMa5J 3,ll,ecb TeopH.H B KOpHe rrpOTHBOpe~mT HhIHe l'OCllO,Ll,

CTBYIO~M 11pe.rr.C':raBJICHH.HM 0 cPH3H't{eCKOM BaKyyMe. (8To He OTHOCHTC.H 

K BBe)l,eHHIO BaKyyMa .B KBaHTOBOH Teop1111 no.n .H KaK HaMHM3rnero COCTOH:tUiUI, 

Ha KOTOpoe ,L.1,eHCT.BYIOT orrepaTOphl pO)K,[I,eHM.H l1 YHWITO:>KeHM.H qacT11u;. 

B TaKOM ero 11ott11Matt11M 3TO tte 6oJiee KaK ¢opMa.JTbHhIM Texn11qecK11li rrp11eM 

Bbl'-u1cne1rni1, He Bbl3btBaroru;11w so..~pa*eHHH.) Tipe,[I,JiaraeMhIH 3,lI,eCh .tvtax;po
cx;onu'l(,ecx;uu noiJxoiJ x; npu,poiJe K.tiaccu 11tecx;o20 npocmpattcmea-epe.Mettu tte 
coe.MecmvM c npeiJr:mae.11,ettue.M o eax;yy.tvte ?\.aK o peaJt/b'HO cy~ecmeyw~eu 

cy6crnatt'lfU'U He3aBl-tCHMO OT TOI'O, BHOCHTC.H JIH OH B y:>Ke 110CTYJIHpOBaHHoe 

npOCTpaHCTBO-BpeM..H' KaK 9TO 11pe)J.110JiaraeTC.H 6oJibilIHHCTBOM HCCJIC)l,OBa

TeJieii, 11.n11 9TCYI' «6yp.ITHI.IJ;11M» BaKyyM B MMKPOMaCnlTa6ax C03)l,aeT cPJiyK

·ryau;,1111 MeTJ)HKH ( caMOf'O 11pocTpattCTBa-BpeMeHH), KaK 9TO YTBep:>K,[I,a.n:OCh 

B reoMeTpO)J.HHaMMKe Y11Jiepa [165]. 
Cor.nactto 113narae:rv10ii 3)l.ecb Teop1111, Bee, qTo 11p1111.HT0 HhIHe accOI.J,M-

11poBaTh c cPJIYKTyau;H.HMH BaKyyMa, CJIC,nyeT TpaKTOBaTh ~1epe3 BKJia,Ll,bl 

Ha paccMaTpHBaeMhie MHKpo11pou.eccb1 co cropouh1 .SIBJien11i1 ( npou;eccoB) 

oKpy)f(aiow,ero Mnpa. Ha Harn B3rJI.SI,ll,, TaKoii IIO,JJ;XO,lJ, 6oJiee co,[I,ep)f(aTeJieH 

M o6Jia)l,aeT 3Haq11TeJibHO 60JiblllHMH rrepc11eKTHBaMH, 110CKOJihKY 3aMeH.HeT 

H)J,eaJil13HpOBaHHhle ( Ha,nyMaHHbie) rrpe)l,CTaBJICHl15J 0 caMOCTU.HTeJibllUCTM 

JlOKa.JlbHhlX CBOHCTB CHCTeM na MX u6ycJIOBJleHHOCTh pea.JihHhIMll npou,ec

caMH B oKpy:>Karow,eM MHpe B couTBeTCTBHll c np11ttu,11110M Maxa. 
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4. B11HapHa5J reoMeTpo¢113uKa H MaKpocKorrHq(,'CKHii 110.nxo,n, K rrpHpo.rr.e 

KJiaCCM'IeCKOf'O rrpOCTpaHCTBa- BpeMeHH rrpe,LI,CT8.BJI51eT co6ott 8.JlbT€pHaTl1BY 

cynepcrpyattoMy ( cyrrepMe:zv.ropaHHoMy) ttanpasJieHHIO 1t1CCJ1e,n,0BaHHii, pac

c1v10Tpe11H0My B I'JI. 7, CTOJlb MO,ll,lIOMy B TeopeTH"fecKoi1 cPl13 HKe KOHUa xx B. 

16.5.3. O T 61IHapHo:H reoMeTpo<}>H3HKH K M HoroMep HLI M 

reoM eTpll'leCKHM MO'Ae.JllIM 

HanoMHHM, trro 633oBoe 6 x 6-0THOIJJeHHe, BBe,n,eHHoe B 6HHaptto:H reo

MeTPocPH311Ke, 51BJI.HeTC}l npoo6pa30M Tpex KJIIO<feBbiX IIOILSITlfii COBpCMCH

HOH TeopeTwiecKo:ti: ¢113HK11: 1) ,LWliCTBH51 ( 11 po,n,CTBeHHhIX eMy JiarpaH

)Kl{aHa 1t1 raMHJibT01rnatta), 2) S- MaTpHIJ;hI B TeOpeTMKO-IIOJieBOM MHporro

HHrviauHH l1 3) MHOI'OMepttoi1 MeTpHKH B reOMeTpHCI€CKOM MHpOITOIIlfMa

HHH. 3/l,ecb paCCMOTpHM MeXa.Hl13M B03Hl1KlIOBeH1151 rvrnoroMepHO:ti: MeTpHK11. 

113 l13JIO)KeHHOI'O npe,n,CTaBJie HH51 6330D01'0 6 x 6-0THOllieHH.5i ( 11.rrn 

4 x 4-0THOllieHHH D y u pom;eaHOfi MO,U,eJIH) B BH,LI,e cyMMbl Ji13 9 6JIOKOB BM)l,HO, 

qTo CKOpOCTH BhI)J.eJieaHOH '(,IaCTH~hl BXO,LI,51T B JieBbi tt BepXHRfi 6JIOK KB8JIJ)a

Tl1'(,JHO, B cpe,n,HH:ti: )l,HaI'OHaJlbHbli-1 6JIOK JIHHe:lfno, a B OCTaBilllfec5J 6JIOKl1 JI.HOO 

BOo6m;e He BXO,IDIT, n.1160 H3 BHe lliHHX KOMITOIIe HT CTpo.HTC.H MaCCOBbie CJia

raeMbie. TiocJ1e npoae)l,eH1151 rrpou;e,rryphI ,u,eKoMTiaKTHcPMKau;HH npe)l,CTaBHM 

KOMITOHCHThl 4 - M e pHbl X CKOpOCTett B ¢opMe dxµ /ds, a 3ap.H,ll,bl qacTHJ~, 3a

IIHCaHHhie qepe3 ,LI,OllOJIHHTeJibHbIC rrapaMeTpbl OTHOllieHHR, rrepeonpe,u,eJIRM 

B BM,n:.e rrpoH3BO,U,HhIX OT ,lI,OIIOJIHHTCJlhHhIX KOOp,lJ,llliaT d.rc5 / ds (,ZI.JIB 3JieKTp11-

qecKoro 3ap.H,IJ,a), dx6 / ds 11 T. ,u,. npH orr11crurnH CHJibHhIX H 9JieKTpoCJia6h1x 

B3aHMO.U,eHCTBl1H. ,.QJUI OIIHCaHH.H MaCCOBhIX CJiaraeMblX HJ:>KHO B MaCCOBhie 

6JIOKH nnecT11 CJiaraeMhie BH,ll,a dx4 
/ ds, cooTBeTCTBy1om;He 5-Mep ttofi Teoplill1 

0. K nciiua. Tiocne 3TOro rrepeo6o3Ha'lleHMSJ 11 yMHO)KeHH.H Ha ¢opMaJlhHO 

BBe,LJ,eHHbIM MHO.>KMTe.Jlb ds2 6330Boe 6 x 6-0THOilleHHe rrpHMeT BH)l, MHOI'O

MCpHOii KBa,n,paTHqHott ¢opMbl l13 CMeil(eIDfM l3bI,D;eJICHHOM qac~bl [28j. 
,.Qa.rree y:>Ke MO>KIIO rrpmvteH.HTb OIIHCaHHhie B 3-tt qacrH KHHrJ.-1 IIpoIJ;eAYPY 

4+ 1+ ... -pacm;eIIJie1rn.sI, COOTJ3eTCTByromy10 p83JIO:>KeHHIO (pacm;errJieHHIO) 

BCKO pattra (6,6) Ha )l,Be 110,n,cHCTeMbI paurioB (3,3) 11 ( 4,4). B pa:M

Kax MHoroMepHot:t Teop.1111 KaJiyUhI- KJiettaa 3Ta rrpou;e,rrypa COOTBeTCTBycr 

IlpHMeHeHHIO MOIIa,LJ,HOI'O, )l,Ha,LJ,1101'0, . .. ' s-a,n,Horo l\lleTO,ll,OB pacm;eIIJieHHH 

n -Mepuoro MHoroo6pa3H51 ua 4-Mepttoe KJiaccHqccKoe rrpocTpattcrso-npeM51 

l1 opTOf'OHaJlbHhie eMy ,lI,OIIOJIHMTeJibHble pa3MepHOCTH. 

TI0CJ1e np01.i;e,rryph1 pacll(enJ1eHR5l B03HHKaIOT rrpoo6pa3hI KOMIIOHeHT 

4-Meptton HCKpHBJieHHOH MeTpHKH, o rrpe.rr.eJIBel'.•lOM cyMMOi1 MeTPHKH npo

crpau CTBa MHHKODCKOI'O 11 KBa,LJ,paTH1IllbIX BKJia,rr.oB OT CMewaHHbIX KOlVffiO

HeHT MeTpHKH, '-ITO cOOTnercrnyeT Bl1,IIy 4 -MepttoH. MeTpHKH B Teopl151x Ka

J1y u,h1- K11enna. IlpH 3TOM CMeillaHHhi e KOMITOUCHTbl MeTpHKH CJie,IIyeT 110-

rrpe:>KIIeMY HHTCp11peT11poBaTb KaK 9JlelVleHTapHbie rrpoo6pa3bI IIOTe1n.i;MaJIOB 

aneKTpoMarHHTHoro 11 wyrHX « IIpOMe:>KyTO'-IHhrx BeKTOpHhIX rrOJie:H». 
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J13 l13JIO)l(eUHOI'O B 3TOii rJiaBe BbITeKaer p~ rrpHHUHilH8.JlbHhIX c.rre.u

CTBHH. 

L M e'H.Remc.R riottU.MaHue cymu npo6.1te..M/bt ?Ceattmoeattu.Ji 2pae1;,maV;v,ru .. 

ITocKOJtbKY B 611Haptto:H reoMerpo<l>H3HKe rpaB.HTalQ-IOHHbie B3a11Mo,nelicTBH.H 

HMeKYI' BTOpHqf{bJH xapaKTep, o6yCJIOBJieHHblH 3JI€K'TpOMarHHTHblMH B3aH

MO,U.eR.CTBHIDvm, TO 0Ka3b1Daerc.H 6eccMbICJ1eHIIbJM BBe,n,eHHe oco6bJX KBaH

TOB rpaB11TaIJ;HOUHOro nOJUl - rpaBHTOHOB - no o6pa3y M no,U.OOHIO KBaHTOB 

¢o110IIOB H ,DJ>YI'HX 6o30HHblX nepeIIOC'Y:HKOB B3aHl\•IO,n,e:HCTBHH. 

2. CmanoMmCR rw'H,.R,m1£'bt.MU npu'tlun'bt n .11.o<lomeopnocmu ( npue.n,e?Ca

me.1t'bnocmu} v.aeu T. KaAy?~'bt, 0. K.1teuna, 10. B. Py.Mepa u i)py2ux aemo

poR o .Mtto20.Mep?tocmu 2eo.Mempuv. <fiuau'tlec?Co20 npocrnJXLucmea-epe.Menu. 

Bee OO'h.HCH.HeTC}l TeM, ~o B paMKax 6HHap11o:ti reoMerpo¢H3HKH cPH311qe

cKHe Il38.HMO,U.eHCTB.H.H onHChIBaJOTC.H BCKO 6onee BhICOKMx paHroB, ue)KeJIH 

paHr (3,3), T. e. HCTOKO:M o6w;errpH11.HTOI'O (yHap11oro) MHOI'OMep.HH HBJI.He'TC}f 

6.HHapHoe MHOf'OMep11e. 

3. CmauoeumCJl no'H,Jl,m'HoU ?CO.Mna""-mu<fiu~upoeaH.uocm'b <1mio.1tttume.11.'b

?-t'btX paaMepH.ocmeu e meop'UJIX KaAyV;'bt- K.1te'una. KaK y)Ke OTMe'Y:aJIOch, 

Bp.H,!1, JIH B03MO:>KHO o6ocnoBaTb KOMIIaKTl1cPHKaU,HIO ,ll,0IlOJlH11TeJibllhlX pa3-

M€pHOCTeH K11acc11qecKHMH reoMerp11qecK.HMH MeTo,LI,aMH. B 11ccJie,n,0BaH.H.Hx 

no Teop1111 K a.nyu,h1- Kne:Htta OObI"C{HO Mcxo,rr;rr 113 HH'Y:eM He orrpa.B,n,aHtto:H rro

ChIJIKH 0 rrepBH'-fHOCTH H€KOMIIaKTHcPHI..Q1pOBa.IUlhIX KOOp,lJ,HHaTHbJX pa3Mep

HOCTett H IlbITaIO'TC.H o6'b.HCHHTb KOMnaKTHcPHKaU,HJO q aCTH H3 HHX. B 6Httap

HOfi reoMerpo<l>H3HKe, Hao6oplYT, rrpe,n,naraeTC.SI 06ocH0BaH.11e qerb1pex K J1ac

CH"C{ecK1-1x HeKOMITaKTHcPHI.µ1pOBaHHblX pa3MepnOCTeii, HCXO,n,.SI 113 rrepBHqHo 

KOl.VITiaKTHcPHIJ;HpOBaHHblX l10H.HTl1fi B BH)l€ cPa30BbIX DI<Jiau,OB. IlpH 9TOM 

OKa3hIDaCTC.H, qTo MHOI'OMCpHhIM H BJIHeTC.Si Jl11lllb HMIIYJibCHoe 11pocrpaH

CTBO. Koop,[1,llHaTHhifi napT n ep MMeeTCa TOJibKO ,n,JIB qerb1pex 11M11yJihCHhrx 

KOMflOHeHT. c T0'-1.KH 3pemu1 6nHapHOH reOMeTPOcPl13HKH rrpou,e,n,ypa KOM

naKTH<l>MKal.J,HH ,n,onOJ1HMTCJlbHhIX KOOp,n,11Ha'l'HhIX pa3Me pHOCTett 03Haqaer 

ocero .TIHillb TaKOe HCnpaBJieHHe HCXO,JlHblX IIOJIO:>KeHHfi, npH KOTOpoM 6bI 

,ll,OTIOJIH.HTeJihHbie KOOp,n,11ttaThl rrporraJIH, a COOTBeTCTBYIOllV'le HM 1>1MrryJihChJ 

OCT'dJil1Cb. 9TO ,n,ocT11raeTCH IIOCTyJIHpoBaH11eM I.µ1KJIH't{ecKOM 3aDHCHMOCTH 

OT JlHIIHllfX KOOp,n,1u1aT. 

MMeK>TCH H ):ij)yr11e c J1e,n,cTBH..H. 

16.6. OT cyTH npocTpaBCTBa B <}>H3HKe K npo6JieMaM 

Teop1m MHOXOCTB B MaTeMamKe 

P accM0Tpem1bili BhIUie rrcpexo,n, OT rrOH..HTHit 611Hapttoi1. reoMerpocl>11311K11 

K KJiaCCH't{€CKlfM npocrpaHCTBeHHO-BpeMeHHhlM OTHOllieHH.HM ( K KJiacc11qe

CKO:fi reoMerpMH) caMhIM Herrocpe,n,CTBeHHbIM o6pa30M 3aTparHBaeT OCHO

BaHH.H n e TOJlbKO cPH3HKH, HO 11 BceR MaTeMaTHKH. Bb1Uie y)Ke ynoMHHa-
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naeb MieKyccIDI Me>K,Liy B. M. ApttOJih,ll.OM 11 ¢paHizy3cKoii MaTeMaTHqecKoli 

mKOJ101'1 H. Byp6aK11 o COOTHomemu1 MaTeMaTHKH H ¢l1311K11, Hame,IJ.maa 

oTpa)KeHHe B CTaThe ApttOJib)J.a «MaTeMaTHKa H cPH3HKa: po,ll.HTeJih 11 ,ll.HTII 

l1JIH eecrpbl» [4]. ,II.a)l{e He3aBHCHMO OT 3'I'Oit .ll,HCKyeeHH ecTh nee OCHOBaHIUI 

IlOJiaraTh, qTO rrpHHI.~lHlbl Mera¢H3HKM H npo~ecCbI, IIpOHCXO,lJ.5lm;He D <PYH
,ll.aMeHTa.TlbHOit TeopeTHqec1<0ii cPH3HKe, rrpmIBJUIIOTC.H H B ,lIJ)yrMX p a.3,ll.enax 

HayK11, B TOM qHcJie H B MaTeMaTHKe. 

Ilo MIICIIHIO aBTOpa, aHa.JIOrH"LfHYJO KuHry c Ila3BaHHeM « Mera¢H3HKa» 

MO>KHO 6b1JI0 6b1 Han11eaTb Ha MaTep11ane ue cPH3HI<H, a MaTeMaTMKH. Y6e:>K
,ll.euHOCTb 13 '3TOM IIO,ll.KperrJI5leTCH TeM, '-iTO .LIP caJ.Vtoro :rrOCJie/~Hero BpeMeHH 

cl>H3HqecKHe TeOpHH CTpOHJlHeb Ha 6a3e KJiacCHTfecKoro rrpocTpaHCTDa-Bpe

MeHH aHaJIOrH"LfHO 'l'OMy, KaK B OCHOBY MaTeMaTH"LfecKHX TeopH.H KJiaJiaCh 

TOOp.1151 l\•IHO)l{ecTB. KaK IUfllieT n. Borre uKa, BHecIIIHii 3HaqHTeJibHhiii BKJiaA 

n pa3BHT11e aKCHOMaT1-rqecKoii TeopHH MHO)KeCTn: « Bee MaTeMaT11qecKHe 

o6'beKTbI, e03,U.aHHbie B ,LJ.O'reopeTHKO-MHO)KeCTBeHHOii MaTeMaT11Ke, MOryT 

6bITb 3ru1oso rrocTpoeHbI KaK eTp)'KTYPhl B TeopHH MHO)l{ecTB. Toqttee, 

3TJ.1 o6'beKTbl MO:>KHO 38.,ll.aTb B TeOpHH MHO>KeCTD HX KaHOHffqeclOIMH MO

.UeJI.HMH, TaK, qTo 113yqett11e opHrHHaJihHbIX o6'heKTOB 3aM€H.HJIOCb H3y-

1:.JettHeM COOTBeTCTBYIOIIlHX Mo,u.eneii. B HeKoTOpbrx enyqaruc 9Ta 3aMe1ra. 

BJIH.HeT H Ha HeXO)I.IlbTe IIOH£TH.H H BJieqer 3a eo6on HX MO,ll.HcPHKau:mo 

B eornaeHH e paccMaT pHBaeMolt MO)J.eJihJO. B K a"tJecTBe rrpHMepoB MO>KliO 

npHBeCTH )1,elieTBHTeJibHble q11e.1Ia, 11eq11eJieHHe 6eeKOHe'iHO-MaJibJX H T. ,rr.. 
( ••. ) TeopH.H MHO>KecTB OTKphlna rryTh K H3YTieHHIO tteo6'h.HTHoro KOJIH

qecrna p a3JIH1:.IHbIX eTpyKTYP 11 6ecrrpe~e)J.eHTHOMY pocTy 3HattH~ OTHO

eHTeJihHO HHX. 9To rrpHBeno K pacIIbmeHHIO MaTeMaTHKJ.1. Kpol\·Ie Toro, 

60JiblliHHCTBO pe3yJibTaTOB TaKOl'O po)J.a rrp11o6peTa10T eMbieJI TOJlbKO 3a 

e'1eT eyllI,eCTROBaHH.H eoOTBeTCTBYIOIIJ;eii eTpyKTypbI B KaHTOpoBeKOA TeopMH 

MHO:>KeCTB~ (38, e. 12- 13]. 
AttanornqHO TOMy, KaK B cPH311Ke 11erronh30Bam1e Knace11qecKoro 11po

crpattcrna-upeMeH11 He1136e.>KIIO np11BO,D.HT I< p.H.ny yrrOM.HIIYThIX BbIIIIe npo-

6JieM e paeXO,ll.l1MOCT5IMH H onHeattHeM 3aKOHOMepHOCTeti B M HKpoMHpe, TaK 

H s MaTeMaTHKe ouopa Ha reop1110 MIIO>KecTB Bbl3bIBaer p.H)J. rrpo6JieM. Ha 

3'1'0 o6paru;a.n11 BH11Ma1111e MHOn-re MaTeMaTHI<H. TaK, TI. BoneHKa IIHI.lleT: 

«KaHTOpOBeKasr TeopIDI MHO:>KeCTB OTBeTCTBeHHa 3a 3TO ym.ep6Hoe p a3DHTHe 

MaTeMaTHKH; e APYf'Oii CTOpOHhI, Otta u aKJia,ll.hrnaer Ha MaTeMaTHKY orpa

HHqeHH.H, KOTOph1e He TaK nerKo npeo,[I.OJieTb. Bee eTpyKTYPhI, 113y"LfeHHb1e 

B MaTeMaTttKe, anpHOpH :>KecTKO eB.H3aHbl, H pOJib MaTeMaTHKa ecTb rrpocTO 

pGJib HaOJIIO)J.aTeJUI, J.1X OIIHebrnaro:m;ero ( ... ) 9To eTaBHT IlO,ll. BOIIpOC p0Jlb 

Ma:.reMaTHKH KaK Hay1.1ttoro H IIOJie3Horo MeTO.IJ.a. MaTeMaTHKa MO)KeT 6bITh 

HH3Be,n,etta I< rrpocTOlt 11f'pe, rrpoHCXO)I..HIIT.elt B HCI<OTOpoM erreu,HcpHTJecKOM 

MeKyecrBeHHOM MHpe. 9To .ne orraCHOCTb )J.JI5l MaTeM8.'l'HKH B 6y.nymeM, 

a Henocpe)J.CTBeHHbilt KpH3HC eoBpeMeHHOA MaTeMaTHKH» l38, c. 14]. 
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B HaCTO.HIIJ,ee BpeM.H BHYTP:H MaTeMaTHKH H,ll.eT aKTl1BHa.H, HO Btteun1e 

MaJJ03aMeTHa.H ,n,e.HTeJibHOCTb no co3,n,aHHIO HOBOH YHHBepcaJihHOH, HeTP.OpP.

THKO-MlIO)l(eCTBeHHOii KOHI.J;e~HH. 

Ilepe'IHCJIHM p.H,ll, MOMeHTOB B MaTeMaTHKe, TecHO CBSI3aHHblX c cyn.~HO

CThlO KaHTOpoBCKOH TOOpHH MHO)KecTB 11 HMelOIIJ,HX amwiorMH B cPH3MKe. 

1. B MaTeMaTHKe BeCbMa yCJIOBHO rrpHH.HTO pa3,n,eJI5fTb anre6py H reo

MeTpHIO. 9TO rrpHBO,LI,HJIO K BbI,LI,eJieHl:llO ,ll,Byx IlO/JXO,LI,OB: anre6paH'1eCKOI'O 

H reoMeTp11qecKoro. KaK HeO)J,.HOKpa:rtto 3a.HBJI.HJI KaHTop, ocHOBHoii u;eJihlO 

CBOFIX pa6oT OH cqHTaJI CHHTe3 ap11¢MeTHqecKHX ( anre6paw-1eCKHX) H reo

MeTpH'lecKl1X rrpe,LI,CTaBJieHHii, 9Ta 38.,Ll,aqa HM pernaJiaCh Ha OCHOBe TeOpHH 

MHOJKeCTB. 

HarroMHHM, B CBoe BpeM51 co cTopoHhJ qm311KH attaJ10r11qtta.H 3a,n,aqa 

pernanach ,lJ,eKapTOM, KOr,J.J,a reoMeTplPiecKHe IIOCTpoeHH.H B cPH3HKe 6hIJIH 

rrpe,n,cTaBJieHbI B ai1aJJHTMqecKOM BH,n,e. B HTore 6b111a rrocrpoeHa H3BeCTHa.H 

TOOpH.H KJ1acc11qecKoro rrpocrpaHCTBa-speMeHH. 

2. B XX B. B MaTeMaT11Ke, KaK H B ¢H311Ke (rrpH aHaJIH3e KBaHTOBOii 

Teop1111 HJIH o6:w;eii TeopH11 OTHOCHTeJihHOCTH); 6o11bmoe BHHMaHHe y.neJI.H

JIOCh aKCHOMaTHKe. QqeBH,LI,HO, qTO aKCHOMaTHKa OTpa)Ka.Tra CJIO)KHBlllyIOC5l 

B MaTeMaT11Ke napa,lJ,HrMy, on11pa10uzyroc51 Ha TeopHro MHO)l(ecTB. 0,n,HaKo 

9TOT rro.u.xo,n., KaK H B cPH3HKe, He rrpHBeJI K )KeJiaeMbIM Pe3YJihTaTaM. KaK 

IIHIIleT B_ H. ApttoJih,LI,, «rrpo,n,OJI)KaIOIIJ,a.HC.H, KaK yTBep)K,ll,aIOT, 50 JieT aKc11-

0MaT113au;11SI l1 a;1re6pa113aa;R.H MaTeMaTHKH rrpHBeJia K Hey,n,o6oqHTa€MOCTH 

CTOJih 6oJiblllOro T-IHCJia MaTeMaTHl.IecKHx TeKCTOB, 'ITO cTana pcanbHOCTblO 

Bcer,n,a yrpo)KaIOIIJ,a.H MaTeMaTHKe yrpo~a IlOJIHOH yTpaTbI KOHTaKTa c cPH-

3HKOH 11 ecTeCTBetttthIMH HayKaMH ( ... ) XapaKTepHbIM npH3ttaKOM aKcuoMa

THqecKH-,LI,e,n,yKTHBHOro CTHJl.H .HBJl.HlOTC.H HeMOTHBH]X>BaHHbie orrpe,r~eJieHl:l 511 

CKpbIBaIO:rn;He ¢yH,lI,aMeHTaJihHbie H)WH H MeTO,!J,hI; no,n,o6Ho np11TqaM, HX 

pa3'h.HCH5UOT JIHllib yqeHHKaJvl Hae,ll.HHe» [3, c. 71-
3. I1o COBpeMeHHbIM rrpe,z:r.craBJieHH.HM, KaHT0pOBCK85! TeopHH MHO)l(ecTB 

HBJI.:HCTC.a OCHOBOH IlOH_}lTIDl Be:w;ecTBe HHOI'O qHCJia. TipH orrpe,n;eneHHHX rrpe

,z:r.eJIOB, rrpH3HaKOB CXO,ll.HMOCTif 11 B p51.Ae ,rrpyr1:1x MecT HCilOJib3yeTC.H IIOH5f

THe OOJihme-MeHhme, l.fTO 3aJIO)l(etto B onpe,n,eneH1111 BeIIJ,eCTBeHHbIX t:.Iwce.rr 

H M())KeT 6bJTh orrpe,n,eJieHO B TeopHH MHO)l(eCTB. 0 .llHaKO KBaHTOBa5i TOOpH51 

H cPH3HKa MHKpoMHpa IIOKa3bIBalOT, l.JTO OCHOBaHH.H cPH3l1KH OilHCblBalOTC5f 

KOMITJI€KCHbl~1H t:.IHCJiaMH - aMITJIHTY,lJ,aM11 BepoSITHOCTH, /QISI KOTOphIX IIO

H.HTHe 6onbme-MeHbme B np11ttu11rre OTCyTCTByeT_ ll3JIO)KeHHhIH B 3TOii 

rJia-Be MaTep:HaJI IIOKa3bIBaeT, KaK B cPH3HKe ocy:rn;ecrBJI.HeTC.H nepexo;:i; OT 

KOMilaKTH¢11u,npoBaHHhlX IlOH.HTHH, OJIHCbIBaeMbIX cPa3aIVIH e,u,MHl:lqHblX no 

MOA)'JIIO KOMIIJieKCHbJX qnceJI, K flOHSlTl15:1M, xapaKTep113yeMbIM BeUJ;ecTBeH

HblMH 'IHCJiaMl1. 9To 3aCTaBJI.HeT yCOMHHThC.SI B coxpaHeHHH KaHTOpoBCKOH 

TeOpHH MHO)KeCTB B Kat:.IecTB€ OCHOBbl MaTeMaTl1KH 6y)JyIIJ,ero. 

4_ B corJiacm1 c MeTaqm3HqecKHMH rrp11H~11rraM11 cppaKTaJihHOCTif 11 Tpw

HHTapHOCTH, B CBOHCTBax Beru;ecTBeHHblX . t:.IHCeJI MO)KHO BbI,U,eJIHTh TPH 
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CTOpGHhl: HerrpepbIBHOCTh, rrop}l,ll,KOByIO H KOJIHqecTBeHHYIO. 0THOCHTeJibHO 

n e pBoii H3 Ha3BaHHhIX cTOpoH A.H. KoJIMoropoB rrncaJI: «B cJiy't1ae KOHTH

HyyMa ,LJ,eiiCTBHTeJihHhIX q11ceJI y>Ke paccJ.VIOTpeHHe 0).1,HOf'O ero 3JieMeHTa -

,ll,€HCTBHTeJibHOro "tfHCJia - rrpHBO,lJ,HT K H3yqeHmO rrpou;ecca 06pa30Bamu1 

e ro IIOCJle/).OBaTeJibHblX rrp116JIH:>KeHHH, a paCCMO'I'peH11e Bcero MHO:>KecTBa 

,u,eiicTBHTeJihHbIX "t!Hcen rrpHBO,U,HT K 113yqeHHIO OOII{HX cBoiicrB TaKoro po,u,a 

npou.eccoB o6pa30BaHH.H ero 3JieMeHTOB. B 3TOM CMhlCJie caMa 6ecKotte't.IHOCTh 

HaTypaJibHOro p.H,ll,a, HJIH CHCTeMbl BCex ,u,eikTBHTeJibHhIX 'tJHCeJI ( KOHTHHy

yMa)' MO:>KeT xapaKTepH30BaTbC£ KaK 6ecKOHeqHOCTb JlHUJb noTeHa;HaJihHa.H 

( ... ) BhI£CHCHHe Borrpoca o TOM, B KaKoii. Mepe H npH KaKRX ycJIOBHIDC rrpn 

H3yqeHHH 6ec1<0He"t!HblX MHO)K€CTB 3aKOHHO a6cTparHpOBaTbC.H OT npou;ecca 

ero o6p830BaHH.H, e:rn;e H€Jlb3£ cqHTaTb 3aKOHY.eHHbIM» [87]. 3,n,ecb pe'llb 

HAeT 0 rrpou;ecce B onpe,n,eJieHHH KOHTHHyyMa, 'tJTO MO)KHO COIIOCTaBHTb 

c rrpor~eccoM H3MeHeHH£ O'I'HOilleHHR Me)K,ll,y 3JJeMeHTaJ.VIH B 6HHapHOR reo

MeTPOcPH3HKe. 

5. 0THOCHTe.nbHO KOJIMqecTBeHHhIX 11 rrop.H.,ll,KOBhIX CBOHCTB Be:rn;ecTBeH

HOI'O qHCJia B rrpHJIO)KeHHM KO BpeMeHH r. BeiiJib B CBoeii KHHre «Das 

Kontinuum» OTMeqaJI CJieAYlO~ee: «ECJIH MOMeHThl BpeMeirn c HX O'I'HOille

.HHeM « paHbllle» J.1 « fl03:>Ke» MOr}'T ·,n,eiiCTBHTeJibHO CJiy)KlfTb cPYH,UaMeHTOM 

qnCTOH TeopMH BpeMeHH, TO B C03epu;aHHH BpeMeHH ,ll,OJI)KeH 6bJTh 3CU10)KeH 

OTBeT Ha sonpoc: HMeeTC£ JIM TaKoro po,u,a COOTBeTCTBHe Me)K,ll,y MOMeHTarvm 

BpeMeHH H ,u,eiicTBHTeJibHhIMH qncJiaMH HJIH HeT? EcJIH OHO oTcyTCTByeT, 

TO CJ1e,n,yeT IIOIIbITaTbC.H TaK paclllHpHTb HJIH H3MeHHTb HaIIIH ,u,ecl>HHHU.HO

HaJlbHble rrpHHD;MTibI, qTOObI ,n,ocTHrHYTh :>KeJiaervmro corJiacH£. EcJIH )Ke 3TO 

OKa)Ke'TC}l He,U,OCTH:>KHMhIM, TO "t!HCTO apHcPMeTH"tlecKHR aHaJIH3 JIHillaeTC.H 

peaJibHOH u;eHHOCTH, H yqeHHe 0 KOHTHHyyMe rrpn,u;eTC.H paccMaTpHBaTb KaK 

HeqTo caMOCTO£TeJibHOe H CTOH:rn;ee ua O,U,HOH CTyrreHH c yqeHHeM 0 'llHCJie 

( . .. ) ,ll;JI£ o6oeKTHBHOro rrpe,U,CTaBJieHH.H BpeMeHH noJiy't1aerca BOT '-ITO: 1) 
OT,U,eJlbHa.H BpeMeHHa.H ToqKa He HBJI£€TC5l caMOCTO£TeJibHOii; 2) Ka:>K,11,bI'tt 

MOMeHT BpeMeim Henpe,n,CKa3yeM, B03MO)KHa JIHillb rrpH6JIH)KeHHaH ¢m<
cawui ( ... ) He OT ttallleii BOJIH 3aBHCHT TO, qTo MhI He MO:>KeM cB.H3aTh 

HerrpepbIBHOCTh c CHCTeMOR u;eJihIX q11cen. 11 see :>Ke, KTO 3HaeT, q T O e~e 

,u,peMJieT B JIOHe cPH3HKH 6yµ,y:rn;ero -- KBaHTOBOH Teop11n!» [191. 0TMeTHM, 

qTo KHnra BeiiJIB 6hma Harmcatta B 1917 r. 
6. ITo cTapo:H cl>nJiococl>cKoii Tpa,n,11u;1111, «KOJI11qeCTBO» 3aMKttyTo Ha 

rrpOCTpaHCTBO, a «II0p5I,ll,OK» - Ha BpeM.a (Ha rrpou,ecc). TiocKO.JlbKY B TeOpH11 

MHO:>KecTB aKU;eHT ,n;enaeTC£ Ha KOJIHqeCTBettttyio np11po,n:y Y.HCJia, TO IIOH£

THe npou;ecca He BKJIIO'tfeHO BO BHyTpeHHee ee CBORCTBO. TaKHM o6p830M, 

cy~ecTBeHHbJM MOMeHTOM BCeii TeOpHH MHO:>KecTB .HBJ1£eTC£ ee CTaTH'l!HOCTb, 

po,u,cTBetttta.H rrpe,u,craBJieHH£M TIJiaToHa o HeH3MeHHbIX cBolicTBax MRpa 

BblCilleii peaJibHOCTl1. 

AttanoroM cTaTH"tJHOCTH B Teopn11: MHO)KecTB .HBJI51eTC.H cTaTH"tJHOCTh 

npocrpaHCTBeHHO-BpeMeHHoro MHoroo6pa3H.H. 0Ho B cPH3HKe rroJiaraeTC.H 
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3a,u,aHHbIM, a 3BOJDOIJ;1Ul C.HCTeM OIIHCbIBaeTC5I ,fl.OilOJlH.HTeJihHbIM rrp.HeMOM 

uoc.ne,u,oBaTCJihHOf'O paCCMOTpeHIHJ IlpOCTpaHCTBeHHblX ccqeHHH, oproro

HaJlbHhIX J1.11tt1u1M BpeMeH.11. KaK B CBoe npeivrn 3aMeT.11.11 9 . Illpe,u,.11Hrep, 

rry6JI}lfqHblH ycnex T€0p.HH OTHOC.HTeJibUOCT.H CB.H3aH co Cl3oeo6pa3HbIM CIIOCO

OOM « np.11pyqett M.H» apeMeH.11, cBe)l.e11.11eM ero cBoiicTB K npOCTpattcTBeHHbIM. 

9TOT ,ll,OIIOJIH.HTeJibHbIH np11eM B HbIOTOHOBO~ ¢.H3HKe (.HJIH B TeopeTHKO

IlOJieBOM no,n.xo.u.e) 3aMeIUICTC5! B KJ1acc.11qecKOti peJI.HU,HOIIHOil TCOpHH HC

IlOJlb30BaHHeM ,u,nyx KJIIO'l.feBbl X KaTCC'Op11li: npoCTpaHCTBeHHO-BpeMeHHblX 

OTHOIIIeHHR ( CTaTH't!ecKHx) 11 KaTerop.Heii TOKOBbIX OTHOilleHHH. B 6HHapuo:H 

reOMeTpo¢H3HKe B caMoe OCHOBaHHe TCOpHH 1 IOJIO)f(eHo 3JICMeHTapHoe 3BeHO 

npou;ecca rrepexo,u,a c.HcTeMhr H3 o,u,uoro B wHoe cocTo.HuHe. 

7. Ilpe,.a.CTa.BJie H.H.H, CBSJ3aHHb1e c onopoi1 JIHillb Ha CTaTH'l.JHOCTh, npw

BO,Il..HT K p5!11,y napa,U,OKCOD, KOTOpbie OT06pa)f(eHhI, Hallp.HMep, B anopIDIX 

3eHona. B KHHre ,n. rwnb6CPTa .H n. Bepttaiica «0CHOBaHH.H MaTeMaTHKH» 

n o IIOBO/J.Y 3TOC'O rrapa,u,oKCa CKa3aHo: «06bJ'-IHO 3TOT napa,LI,OKC IIbITaIOTC5! 

o6ottTM paccy)f(,ll,emuuvrn 0 TOM, 't:lTO cyMMa 6eCKOHeqHOI'O qi,fCJia 3THX Bpe

MeHHhlX HHTepBaJIOB BCe-TaK.H CXO,ll,.HTC5I H ,u,aer KOHel:,JHhlH rrpoM€}f(y-TOK 

BpeMeHR. 0,nHaKO 3TO paccy)f(,ll,eH.He a6cOJlIOTHO HC 3aTpar.HBaeT 0)1.HH cy:rn;e

CTBeHJibdi rrapa,n.OKCaTlhHbiit MOMeHT, a HlVIeHHO rrapa,IJ,OKC, 3aKmO't!aIO:rn;HAC.H 

B TOM, 1:,JTO tteKruI IIOCJie,U,OBaTeJihHOCTh CJie,ey1om;HX ,u,pyr 3a ,llJ)yI'OM co-
6bITHti , nocJie,llOBaTeJihHOCT.b, 3aBepruaeMOCT.b KOTOpotl Mbl He MO:>KeM ce6e 

)J.a>Ke H npe,u,craB.HTb (He TOJlhKO cPaKTHqecK.H, HO XOT.H 6hT ,LI,a)KC B n p.l:lH

IJ,HIIe)' Ha caMOM ,n,eJie BCe-TaK.H ,ll,OJl)KHO 3aBeplll.HThC5!» 145, c. 40). 
8TH aBTOpbI YKa3bIBaIOT Ha rrpHHIJ,HII.Ha.JlhHO Ba)f(ttbltt xo,u, p a3pem e ttHSI 

,ll,aHHOf'O rrapa,lI,OKCa, Q:>aKTH't!ecK.H COOTBeTCTBYIOIU,.HM rrpHHHIIaM rrocrpoeHH.H 

6.HHapHoA reoMcrpoQ:>.H3HKH: « B ,u,etlcrBHTeJibIIOcTH, KoueqHo, cym;ecTByeT 

6oJiee pa,IJ,HKaJlhttoe pemc11.11e 3TOI'O rrapa,u,oKca. Be,u,n ua caMoM ,L1,eJie MbI 

BOBCe He o6.H3aIIbl C'C:lHTaTb, Y.TO MaTeMaTHqecKRe rrpocrpaHCTBeHHO-Bpe

M€HHbie rrpencraBJieHH.H 0 ,[l,BH)KeHHH .HBJl.HJOTC.H TaK>Ke <l>113.HqecK.H OCMbIC

JieHHblMH 11 B CJiyt.iae npoH3.BOJlbHO MC:UlbIX rrpocrpaHCTBeHHbIX M BpeMeH

HblX HHTepBa.JIOB. BoJiee Toro, y Hae HMe IOTC51 BCe OCHOBaHH.SI npe,ll,IIO

JiaraTb, qTO, crpe.M.SICh HMeTh )J.eJIO c ,lJ,OCTaTO't.JHO rrpOCTblMM ITOHHT.H5IMH, 

3Ta MaTeMaTHl.JecKa5! MO)J.eJih 3KCTP<UIOJIHpyeT <l>aKTbI, B3.HTbie H3 onpe

,lI,eJieHHOH o6nacTH OIIbITa, a wMeHHO .H3 o6JracTH B npe,u,enax Toro no

p.H,lJ,Ka BeJIHqHH, KOTOpbre em;e .nocryIIHbl HarueMy Ha6JIIO,lI,eHRIO, no,n,o6Ho 

TOMY KaK COBepmaeT orrpe)J.eJ1eHHy10 9KCTparrOJTHI.J;.HIO MeXaHHKa CIIJlOIII

HOtl cpe,LI,hl., KOTOpa.H KJia,lI,eT B OCHOBY CBOHX paCCMOTpcHHll 11pe,u,craBJi e

H.He 0 HerrpepblBHOM 3aTIOJUieHHH npOCTpaHCTBa MaTepHeH. Ilo,u,o6uo TOMy, 

KaK rrpH Heorpa1rn\'.feHHOM upocTpaHCTBeHHOM ~o6JleIIHH BO)J,a n epecTaer 

6bITh BO)l.OH, npH neorpaH.Ht.ieHHOM ).IJ)OOJieHM.H iWR)f(eJ-1.H.H Ta.IOKe B03HHKUeT 

He't!TO TaKoe, '-ITO e,u,Ba Jll1 MO)f(eT 6bITb oxapaKTepH30BaHO KaK ,ll,BIDK0-

H.He. ECJIH IVfhI BCTaHeM Ha 9TY TO"IKY 3peH.H.H, TO 3TOT rrapa.n.oKc Hcqe-

3aeT» l45, c. 41). 8To cne,eyeT IIOHHMaTb TaK, "ITO B OCHOBy MaTeMaT.HKH 
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He MO:>KeT 6hITh rroJIO)J(eH KOHTHHYYM B Blille 11e npepbIBHOR coBoKynHOCTH 

TOTieK. 

8. B Teop1111 r..rno)l{ecTB KaHTopa 11MeeTC£ cyru;ecTBeHtthlli ,u.e¢eKT, CB.H-

38.Hnbr.A c TaK Ha3hIBaeMOM ,LI.HaroH8JlhIIhIM npou,eccoM. Cyrh ero COCTOHT 

B TOM, "ITO B p.H,LI.e CJly"'CfaeB HeB03MO)l{H0 I'OBOPHTb 0 JlOJlHOM MHO)l{ecTBe, 

co,n,ep:>KaUJ,CM Bee CBOH 3JieMeHTbT. ,lI.e.ACTBHTeJibHO, KaK T OJibKO 6y,n,eT OOb
HBJie HO 0 JlOJlIIOM MHO)J(ecTBe, MO)J(IIO 6y,u.er orrpe,n,eJIHTh HOBbIH 3JieM€HT, 

OTJIH~Itthl.A OT acex 1111v1e10ru;11xc.a 3JleMeHTOB. KaK n11meT C. A. BeKmeHoB, 

«,ll,HarGH8.JibllbTH npou,ecc - ¢aT8JlhHOe OTKpblTMe TeopeTHKO-MHO)J(ec'I'BeH

HOli MaTeMaTHKH, 6pocaro:m;ee TeHb Ha OCIIODOTIOJiararo:nzyJO M,U.eJO - B03M())K

HOCTb co6paTb 3JICMeHThl B O,ll,HO u,eJIOe. 8To, Jl0- Bl1,LJ,HMOMY, OC03Hamw1 II caM 

KaIITOp, KOTOpbrtt ITbIT8JIC.H npl1)J.aTh ,n,11aroH8.JihHOMY rrpou,eccy cTaTJC ,u.o
Ka3aTeJi hCTBa Toro, "'l:fTO MHO)J(ecTBO P(Va) HMeeT 6onhmyJO MOli\HOCTh, qeM 

MttOm.ecTuo Va. 0,n,HaKo B crporoM CMbICJie MeTaMop¢o3bI He nony~m.noch. 3a 

Bech nepHOJ], cytU,ecTBOBaHHH TOOp1111 MHO)l{ecTB c KpHTHKO.A ,u.11arOH8.JlhHOI'O 

MCTO,n,a ,11,0Ka3aTeJihCT Ba BhICTYTIHJJH ,n,ccHTKH asTopos, Haq11tta.H c B. Pac

cena. floCJi e,LJ.HHM 110 BpeMeHH 6hIJI, rro-B.n,rr;rMoMy, A. A. 3eHKHH, KOTOphrn 

OTMeTMJI B KopoTK01v1 Ha rroncrpaHHU;hI ,U.OKa3aTeJihCTBe Kattwpa cel\·lh (!) 
OlllHOOK. Tip11 yCJios1111 Toro, qTo ,ll,Maroua.JihHbIH MeTo,n, £BJI.HeTC.H Hecym,eti 

KOIICTpyKIJJ1eR KaHTOpOBCKO.A Teop1111, OCTaeTC.H 3ara,LJ,O"'CfHbIM ,U.JIHTeJlhHoe 

MOJiqaHHe MaTeMaTHKM 0 CTOJlb cPYH,LJ,aMe HTaJJbHOM ,n,e¢eKTe B ee 11)l,eiiHbIX 

OCHOBax~ (20, C. 120). 
Tiepe'-111CJ1ett11e ,n,e¢eKTOB Te0p1111 MHO)J(ecTB KaHTopa, HX cne,n,cTBHR 

B COBpeMeHHO.A MaTeMaTHKe l1 napa.rW1eJ1eti c aH8.JIOf'HqffblMl1 npo6J1eMaMM 

B cPl13 11Ke MO:>KHO cy:m;eCTBeHHO npO,Ll.OJDKMTb (cM. [20, 21]), IlOCKOJihKY 

3,U.€CL 3aTponyT fl.TiaCT cepb€3HblX MeTa,¢113 11 '-IeCKHX npo6neM, o6cy)l{,U,eHl1€ 

KOTOPhIX Morno 6b1 cocTaBMTh co,u,epm.aHwc u,e; 10A KHJH'M. Ho 3TO y.>Ke 3a,n;at:.ia 

npo¢ecc110H8.JlbHOI'O ( cPHJIOCOcPCTBYIO~ero) MaTeMaTMKa. 3n,ecb )Ke M3JIO

)l{e11 B3 I'JI.H,LJ, ¢113111<a-reopeT1u<a, npH 9TOM on11pa101IJ,eroc51 Ha BhICKa3bIBaIDIB 

caMHX MaTeMaTHKOB. 



'lacTb VI 

Cl>H3HKB, <l>Hnoco<l>HSI, penHrHSI 

P. ,II,eKaP'r B «Ha"-laJiax qnv10co¢1111~ )I.JIB no.SICHeHH.H CMhICJia yqeHOCTH 

HCnOJrb30Barr o6pa3 .n.epeBa, cpaBHHB ero KOpHH c 1103HaIIH.HMH B o6.11aCTH 

MeTaqm311KM, cTBOJl - B o6Jlacnr ¢H3HKH, a BeTBH - co 3HaHHHMH BO Bcex 

npo"-JID{ HayKax. ,II,eiiCTBHTeJlbHO, O)J.1-IB H Te )1(€ MeTa¢H3HqCCKHe npHHU,HUbI 

JTe)f(aT B OCHOBe BCCX o6nacrett pa:qHOH8JlblIOI'O 3HaHH.H OT qm3HKH H MaTe

MaTHKH /1,0 ¢HJTOCOcPHH H 6oroCJIOBH.H. 

HaH6oJiee peJlbC<}:mo MeTa¢H3M'-!ecK11e npHHIJ,HllbI npo.HnJUIIOTC51 B cPYH

µ,aMeHTaITbHOH TeopeTHqecKoii cPH3MKH. 9ro OO'b.HCH.SieTC.H, Bo- nepBbIX, TeM, 

'-ITO )J.aIIHhlH p a3/l,eJI HayKH HaH6oJiee <}>opMaITH30Im.H H R IIeM IIIHpOKO 

HCilOJih3yIOTCH roqHhie MaTeMaTH'-IeCKHe MeTO/J,hl. A BO-BTOphIX, TeoperMqe

CKa5J <}:>H3HKa HCCJie,nyeT rJiy6MHHbie CBOHCTBa MHp03,ll.aHMH, Il03TOMy B He.H 

CCTCCTBeHHO Bbl5IBJ15IIOTC5I H <}>opMyn11pyIOTC5I KJIIOqeBbi e npHiiUHUbl MeTa

cPH3HKH. 

IlpHCTyIIa.H K npo6JieMe pacnpocTpaHeHH.SI cc}:>opMyJTHpoBaHHhIX BhIIIIe 

MCTa<}:>H3HqecKHX npHHl.I,HIIOB Ha <}:>MJioco<}:>HIO 11 peJil1l'l110, Mbl CJTe,nyeM npH

MCpy HHJibca Bopa, KOTOpbIH B03BeJI npHIIU.Hil .n,ono.nHHTCJThHOCTH, c<}>op

MyJT11poBaHHhrn B paMKax KBaHTOBOH MCXaHl1KH, B paHr o6ru;e<}:>HJIOCO<}:>cKOI'O 

( MCTacpH3H"'-!eCKOro) npHHl.J;l·Uia. 

PeweHHe 3TOH 3a,ll.a'-IH cym;ecrseHHO o6JieNaeTC.si TeM, 'ITO B wcrop11w 

cPHJlOCo<}:>cKo-peJIHill03HOH MblCJIH y>Ke ,n,aBHO, B TeqeHHe 6oJTee ,LI,Byx Tbl

CWi.€J[eTHH, H)J.eT npoIJ,ecc ¢opMHpOBaHH.SI H COIIOCTaBJieHHH ,LIJ>yr c .n.pyroM 

(a TOqHee, npoTHBOCTO.HHH.H) TpeX B~OB cPHJIOCO<}:>CKo-peJ1HrH03HblX MHpo

B033peHHH: MaTepHaJIHCTH'-!eCKOro, 11,Ll,Ca.JrnCT.RqecKOI'O H peJIHrH03HOI'O. TipH 

3TOM, Hap.H,ny c >KeCTKHM npOTHBOCTOHIIHCM 3THX MHpoB033pcH1t1ti, H3BeCTHbl 

nollbITKH o6ocHoBaHH.H HX B3aHMoµ,onoJIHHTeJihHOCTH . TaK, uanpHMep, pyc

CKHC <}>HJIOCO<}:>bl «cepe6p.SIHOI'O BeKa~ OTCTal1BaJIH <}:>MJioco<}:>HIO TpHe)l.MHCTBa 

(Bcee,n,HHCTBa - B. C. CoJIOBbeB [155]), KpHTMKY.SI <l>Hnoco<}:>cKHe CHCTeMh I, 

KOTOpbie pacceKaJIH e.n,HHoe n;e.rroe 110)1, TpeMH pa3HbIMH yrJTaMH 3p eHH.H. 

B 3aKJIIO'iHTeJlbHOii rn. 18 paccMOTpeH sonpoc o COOTHOmeHHH HayKH 

( <}:>H3HKH) 11 peJIHrHH. AttaJIH3 3Toro BOnpoca noKa3bIBaeT, qTO ,LI,JIHTeJibHhrH 

ncpHO)J, HX npoTHBOCTO.HHH51. HMeeT MeTaQ:>H3HqecKHe KopHH. McTaQ:>H3HTie

CKHii no.n,xo,LJ, K 3Toii npo6JieMe no3BOJIBeT rJiy6)f(e noHHTh no3~HH y"leHbIX 

H npe.n,cTaBHTeJiett I.J;epKBH H IlpOO)J.OJieTb IIpCll5ITCTBH5I Ha nyTH K HX KOH

crpyKTHBHOMy ,11,HaJIOry. 
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<l>YHAaMeHTanbHBSI TeopeTH'leCKBSI 

<l>H3HK8 H <l>Hnoco<IJHSI ...., 

CpamrnTeJlhHbIM aHaJIH3 <l>HJioco¢cKo-pe.rm:rHo3HhIX yqeHllli H <}>yH,D.a

MeHTI1.TihHOH TeOpCTHqecKOH <}>H3HKH II03BOJISleT YTBep>K,UaTh, "t.{TO B me 

OCHOBe Jie)KaT O,D,HH H Te me MeTa<}>H3HqeCKHC npHHIJ.HIIhI. TaK, rrpHHIJ.HII 

TpHHHTapHOCTH rrpo.HBJI.He'I'C.H B qmnoco<}>cKO-peJIHrliO~'."JHbIX y'"leHH.HX B BH.LI,e 

CHCTeMbI H3 'Ipex Haqa.n (MaTCpHaJihHOI'O, H,D.eaJihHOI'O H ,nyxoBHOro), COOT

BeTCTByIOI.IJ;HX TpeM Q.>11311qecKHM KaTerOpID1M. Tipe,n;cTaBJieHIIbie B MHPOBOiit 

<}>JUioccx}:>HH ( H penHrnH) MHpoB033pemrn MO:>KHO COIIOCTaBHTh c CHCTeMOR 

paCC.MO'l'peHHbIX B KHHre ecTeCT.BeHHOHayqHbIX MHp0IlOHHMa1m:H. 

B qmnoco<}>cKo-penHrHo3HhI X y"C.JeHHIDC 'l'aK>Ke JierKo ycMoTpeTh npO.HB

neHH.H npmru,Hrra Q.>paKTaJibHOCTH. EcJIH (TeopeTHqecKym) cPH3HKY TpaKTo

BaTb KaK TeOpHIO MaTepHaJibHOI'O ttaqa,na <}>HJIOCOcPcKO-p€JIHrH03HbIX yqe

HHH, TO H3JIO)KeHHOe B npe)I.hl)lyI.IJ;HX qaCTIDC KHllrH MO)KHO BOCIIpHHHMaTb 

KaK npOMBJiettHe o6meQ.>HJIOCOcpCKOro n pHI IIJ.HIIa Q.>paK'I'aJihHOCTH B O,Il,HOH H3 

BbIJl.CJleHHhlX "C.IacTeH e)J,HHOI'O u.enoro, CUCTaBJI.HIOI.IJ;eI'O rrpe,rr,MeT Q.>HnocoQ:>

CKOH MblCJlH. 

PacrrpocTpaH.H.H orrhIT, rrpHo6peTeHHb1:H npH aHaJIH3e coBpeMeHHhIX rrpo-
6JTeM TeOpeTHqeCKOH cpH3HKH, MO:>KHO no,rr, HOBhIM yrnoM 3peHHSI B3rJ1.HIIYTb 

Ha cyTb /J,OBOJlbHO OCTpblX MeTO,lI,OJTOrl1"C.IecKHX .Il,HCKyCCHH B ecTeCTB03Hamrn 

Ha npoTIDKeHHH RCC:fl HCTOpHH e 1'0 pa3BHTH.H, BKJIIOqa.H HeJl.aBttee u pollIJloe. 

1 7 .1. <llH3mrn n <}>HJioco<}>1>1 

B XX B. B3a.HMOOTHOIIIeHHH Me>K,izy Q.>113HKaMH H <}>Hnoco<}>aMH OK.8.3a

JIHCh CJIO>KHhl MH. Tipo¢eccHOH8.JlbHbie cpHJIOCcx}:>bI, KaK rrpaBHJJO, 6bIJI1'J He 

B COCTO.HHHH TIOMOqb ecTeCTBOHCIIbITaTe.IT.HM, KOTOpbie 6bIJIH BhlHY)K,l~eHhl 

penraTb BCTaIOI.IJ.HC nepe,.u, HHMH <}>HJiococ}:>CKHe rrpo6.Jie.Mhl co6cTBeHHblMH 

CHJiaMH. 

9TOT <l>aKT O'l'MeqaJIH MHOrHc H3BecTHhi e c}:>H3HKH. TaK, 9. Max R npe
,Il,HCJTOBHH K «Il03HaIIH.HM H 3a6Jiy)K)l;eHHSIM» TIHCaJI, q'IQ OH «BOBce H€ 

qn1J10coc}:>, a TOJihKO ecrecTBOHCIIhI'I'aTeJib. ECJIH MeH}l TeM tte Mettee rropo:H, 

H HCCKOJlbKO lllyMHO, npHqHCJI.HJIH K nepBbI M, TO .H 3a 3TO He OTBeTCTBCIIeH. 
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Ho g He >Kcnaio TaK*e, pa3yMeeTC.H, 6hITh TaKHM ecTeCTBOHCilbITaTeJieM, 

KOTOpbIH CJieno ,n.oBep.HercH pyKoBo,n.HTeJibCTBY 01'HOro KaKoro-HH6YJl.b cpH

Jioccxl>a, KaK 3TO TpeOOBaJI, HanpHMep, OT CBOero nall)-feHTa Bpaq B KOM€,ll.HH 

Mon1>epa. ( ... ) Ilpe)f{,Il.e acero .H nocTaBH.rr ce6e nenh10 tte BBeCTH H0By10 

cPHJIOC<X}:>HlO B eCTeCTB03IlaHHe, a y,n.aJIHTb H3 Hee CTapyro, OTCJIY)f{HBilI}'lO 

CBOIO CJIY*6y. ( ..• ) Cpe,u,11 MHor11x ¢Mnoco¢cKHX CHCTeM, no.HBJUIBIIlHXC.H 

Ha CBeT c TeqeHHeM BpeMeHH, MO:>KHO HaCqHTaTb tteMaJIO TaKHX, KOTOpbie 

caMHMH cPHJ1oco¢aMH npH3HaHh1 JlO:>KHhIMH ( •.• ). TaKHe ¢rurococ}:>cK11e 

CHCTeMbI, He TOJibKO 6ecnoJie3Hbl€ B eCTecTB03IlaIIHH, HO H co3,u,a10m11c 

Bpe;::~Hbie, 6ecn.rro,n.Hbie. MHHMhie npo6J1e MbI, HIPiero Jiy'-lrnero HC 3acJiy.)KHJIH, 

KaK ycTpaHeHH51. ECJIH .s:r 3THM c,u,e.rraJI Koe-qTO xopolllee, TO 3TO co6cTBeHHo 

3ac.rryra ¢unoco<PoB ..• » [105, c. 32- 331. 
Iloo)].Hee 11€KOTOpbie c}.>H3HKH-Te0pe'THKH BbICKa3bIBa.JIHCb no 3TOMY BO

npocy 60.TTee pe3KO. Hanp11Mep, B «(l)emuvtaHoBcKHX neKIJ,1u1x no cpH3HKe» 

MO:>KHO Hai1TH TaKHe CJIOBa: «8TH cPHJIOCocPbI BCCr"a TOnqyTCH OKOJIO Hae, 

OHH MeJihTelllaT Ha o6oqHHax HayKH, TO H ,n,eJ10 nopbrna.acb coo6UJ,HTb HaM 

qTO-TO. Ho HHKor,n,a Ha caMOM ,n.CJTe OHH He llOHHMCl.iIH BCCti TOHKOCTl1 

H rny6HHhI HaIJIHX npo6JieM» (171 , c. 24). 
AHaJior11qHhie npeTCH3.HH cc}.>opMyJIHpoBaHbI ,n,pyrHM Ho6eneBCKHM Jiay

pea'FOM C . DattH6eproM B KIIHre «MCqTbI 06 OKOH'laTCJibHoii TeopHH» [18], 
IIleCTruI rJiaBa KOTOpo:H HMeeT xapaKTCPHOe Ha3Ba1me «IlpoTHB cPHJIOCO

cPHH». « .51 3HaIO, KaK OTIIOCHTCH c}.>HJIOCOcPbl K JII06HTeJlbCKHM cPHJlOCocPcKHM 

noTyraM yqeHbTX. Ho .H cTpeMJIIOCb 3,n.e<;h H3JlO~HTh TO"IKY 3pcHH.H He <}:m

noco<l>a, a pH,n.osoro cne1wa.i!HcTa, nc11cnopqeHHoro pa60Ta10m.ero yqeHoro, 

KOTOpbl:R He BH,lI,HT B npoc}:>eccHOHa.ilbHOH cPHJIOC,OcPHH HHKaKOH 110Jlb3bl. He 

.S1 O)J,HH pa3,n.eJI.HIO TaKHC B3rJI.H,Ll,bl - MHe He H3BecTeH nu odun y'-leHbIH, 

c,n.eJiaBIIIHii 3aM€THbIH BKJla)l. B pa3BHTHe cPH3HKH B nOCJieBOeHHblii nep110.n,, 

pa6<Yre KOTOporo cym.ecTBeHHo noMorJIH 6b1 TpY)l,bI cPHJIOCOcPoB. B npe)lb1-

,nyme:H rJTaBe .H ynoMHHaJ1 o TOM, qro B11rHep HaJB8JT «HenocTH>KHMOH 

3<l><PeKTHBIIOCThIO» MaTeMaTHKH. 3,u,ech H xo-qy yKa3aTh Ha ,u,pyroe B paBtto:H 

c-renett11 y,lI,HBHTeJibHOe .HBJTeHHe - « HenoCTH.)KHMYIO He3<lx:PeKTHBHOCTb cPH

.11oco<l>HH». )J,a)Ke eCJIH B Op0IIIJIOM cPHJIOCOcpCKHC ,Il,OKTpHHbl H OKa3bWaJIH 

KaKoe-To 110JIC3HOe B03,lI,eHCTBHe Ha yqeIIhIX, BJIH.HHMe 3THX ,U,OKTpHH 3aTII

l'HBaJ10Cb Ha CJIHIIlKOM ,nonroe BpeM.H, npHHOC.H B KOHIJ,e KOHU,OB TCM OOJibllIC 

npo6JieM, qeM ,lI,OJibrue 3'l'H ,Il,OKTpHHbl OCTaBaJIHCh B y noTpe6neHHH» [18, 
c. 133). 

KaK HaM npeJI.CTa.BJI51e'I'CH, B npou,HTHpoBaHHOM BhICKH3bIBaIIHH BaH:H-

6epr HMceT B BHAY He ¢aJioco¢1110 B006m.e, a ['()T()Bhie cl>HJioco<}:>cKHe 

CHCTeMbl. )J,aJiee OH IlHllleT: «B OXOTC Ha OKOHqaTeJihHYIO TOOpHIO cPH3HKH 

OOJibme HanoMHHaIOT co6aK c xoporuHM qyTbeM, qcM 3opKHX coKOJIOB: MhI 

pbIIIJ.eM B 110HCKax c.11e,n.0B KpaCOTbI, KOTopy10 Ha)J,€CMCH HaHTH B 3aKOHax 

npHpO,lJ.bl, HO, IlO-BH,lI,HMOMy, He MO)KeM ycMOTpeTb nyTb K HCTHHe c BbICOTbl 

cpunoco¢HH». Ha p.H,n.c npuMepoB BaiiH6epr JJ.eMOHCTpHpyeT, 'lTO rOTOBbIC 
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<Pru1oco¢c1rne CHCTeMbl B CTOJIKHOBeHHl1 c QJM311KOH, KaK npamum, nopo)K· 

,n,a10T 6oJibIIIe rrpo6JieM, qeM peIIIalOT. B qacTHOCTH, OH npHBO~T npHMep 

rrary6Horo BJIHHHH.H cPHJioco<}:>HH ,.O:H8JieKTlPiecKoro Ma'repH8JIH3Ma Ha HayKy 

B CCCP. 

<l>HJIOCOcPbl IIOCTO.HHHO O'l'C'l'alOT OT pa3BHTH.S1 HayKH, He ycrreBalOT oco-

3HaBaTb 3aIIp0Cbl H TeHp,eH~Hl1 HOBeIDuHX HCCJie,.n:osamnL q TO )f{e KacaeTCH 

rrpe,LI,MeTa cPHJIOCo<}:>HH, TO OH IIO-Ilpe)KHeMy rrpeno,.n:aeTCH B sy3ax KaK ucmo
pUJt ifyu.1tOcO<jjc'KoU .M.'blCJl,U npO'l.WW20, He opHeHTHpy.H 6y.n,ym;Hx crre~HaJIHCTOB 
Ha pemenHe CTOHIIUIX rrepe,.n: Ha)'Ko:H npo6JieM. A se,un HaH6oJice HHTepecHhl 

H IlJIO,.O:OTBOpHbl B 3TOH ay)J,HTOpHH H,ll,eH H rrpHH~HIIbI, KOTOpbie TIOMOryr 

IIIarHyTh B 6y~ee. 

0,.n:HaKO C03,L1,aBIIIa.HCH CHTy~H.H xapaKTepHa He TOJibKO ,U,JIB Harnero 

BpeMeHH. KaK H3Becrno, c Heo6xo,lI,HMOCTbIO pemaTh rno6aITbHhie MHpoB03-

3peH'lfeCKHe rrpo6JieMbl CTaJIKHB8JIHCh MIIOrHe BbI,LJ,aIOUQ1ec.H yqeHbie, BHeC

lliHe 3HaqHTeJibHhIH BKJia,n: B p83BHTHe ecTecTB03HaHHR. Cpe,.n:H HHX Ha30-

BeM P • .neKapTa, r. r aJIHJie.H, 11. HbIOTOHa, r. J1e:H6HH~a, 9. Maxa, KOTOpbIX 

3ac.rry)f{eHHO C'lHTaIOT BH,ll,Hbl MH c}:>HJioco¢aMH. 

llo,.n:o6Hble rrpHMepbI ecTb H B cP.flf3HKe xx B. TaK, B. reii3eH6epr B CBOJllX 

socno~muaHIDIX o BCTpeqax c H. BopoM rrHcaJT: « Bop 6b1JI np~e scero 

cPHJIOCOcPoM, H C c}:>H3HKOM, HU OH 3HaJI, 'lfTO B Harne BpeMH HaTypcPHJIOCocPHSJ 

TOJlhKO ror,u,a o6na.rr,aeT CHJIO:H, KOr1'a OHa BO BCex MeJJOqax Bh.l,ll.ep)f{HBaer 

HeyMOJIHMbIB KpHTepH:H 3KCIIepHMeHTaJihHOH HCTHHHOCTH» (44]. 
J1aypeaT Ho6eJieBCKo:H rrpeMHH XH,u,sKH lOKasa B csoax «JleKIUf.S1X no 

Q:>H3HK€» CK83aJI o6 9pBHHe Illpe,.n:HHI'epe: «Y Illpe,.n:HHrepa CKJIOHHOCTb 

K cPHJIOCocPHH 6hLTia Bbipa)Kena oco6eHHO CHJihHO. ( •.. ) OH - TdJiaHTJUIBbIH 

cPH3HK, HMeBillH:A oqeffb xopowHe paOOTbJ no TepMOJ.l:HHaMHKe H CTaTHCTH'lfe

CKOH cPH3HKe, - B ,ue:nCTBHTeJibHOCTH XOTeJI 3 aHHMaThC.8 c}:>HJIOccxPHe:H~ (212, 
c. 24- 25). 

BoJibmoe BHHMaHHe y ,LJ,eJI5LJI c}:>Hnococ}:>HH H ¢11nococ}:>cK0My ocMhICJiemno 

,LJ,OCTM)f{CHHH TOOpeTH"'lfCCKOR cPH3HKM xx R. BepHep r e tt3eH6epr. llpeKpac

Hbtli 3HaTOK anTH"'lfHO:H c}:>unococ}>HH, OH rrpoBO,LJ,H.JI MHOrOqHCJieHHbie rra

paJIJieJIH Me)f(,lly B3r.1ur,uaMH ,neMOKPHTa, llnaToHa, ApHCTOTCJIB, c o,.n:Hott 

CTOJJOHbI, H H,.n:ea.MH KBaHTOBOU TeOpHH H cPH3HKH 3JTeMeHTapHbIX qaCTH~, 

c ,[Q)yrotl:. 9TO ,.O:OCTaTO"tJHO .HpKO OTpa)KeHO B ero KHI1:re «<l>H3RKa H cPHJIO

coc}:>H.H. qacTh 11 ~enoe~ {43]. 
fuBeCTHbl CJIOBa, B KOTOphlx, HMeH B BH,lzy 9:HHlllTeHHa, COBpeMeHHHK 

BCJIHKOro yqeHoro H e 6e3 HpOHHH 3 aMeTHJI, qTo y HHX B YHHBepCHTe'l'e 

eCTb JIHillb O,ll,HH HaCTmU.Il;Htt cPHJiococ}:>, HO H TOT paoorae'.r Ha AJ>Yf'OM 

c}:>aKyJibTeTe. 

<l>HJIOCoc}:>CKHe HJ.l:€H Bbl,Il,BHraJIH H Ha HX OCHOBe npOBO,.O:HJIH HCCJie,.n:o

BaJllUI TaKHe BhI,.O:aIOIIV'feCH yqeHbie Haruero speMCHH, KaK .H. 11. <l>peHKeJih, 

B. A. <l>oK, ,II.. 11. BJioXHHII,eB, M. A . MapKOB, A. ,II.. CaxapoB 11 MHorne ,.n:py

r11e. 
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HanoMHMM, '-ITO rJJaBHa.H 3ac.rryra IlJiaToHa B p83Bl1TIIH MaTeMarmrn 

COCTOl1T HMCHHO B TOM, 'iTO OH IlO)l BJIIDiH11eM I111<Paropa, B npoTHBOBec 

C-0KpaTy H ccxl:mcTaM, C'iHTaJI 3HaHHC MaTeMaTHKH HeOOXO,ll.HMbIM ,n;JI.H ¢11-

JIOcocl>oB. Tio3TOMY B cro «AKa,11,eMHIO~, B KOTOpott COCTO.S:CJJH TaKHe 3a

Me-qaTeJJbHble MaTeMaTHKH H acrpOHOMbI, KaK ApXHT, T e3TeT H EB,11,0Kc, 

BoOOIIJ,e He np11HHM8JIHCb HecBe,nylll,HC B 'I'OqHbIX uayKaX, IlOTOMY qTQ l1M 

« IIe'leM yxsaTHTbC.51 3a <P1umco<P1110~ (U.HT. no [41 , c. 135]). «IlyCTb TOT, 

KTO H e 311aeT reOMe'I'pHH, H e BX0,11,HT CIO,ll.a», -rJiaC11Jia Ha,ll.DHCb Ha ,n;sep.ax 

«AKa,n;eMHH~. 

B nocJie,n;Hee .rr.ec.HTHJJCT1:1e Mttoro n11c8Jlocb o BMernaTeJibCTBC cl>11.11oco

<P1111 11 H,n;conorHH B OTeqecrseHHhre Hay'-IHbie 11ccJie,1l.0BaH11.s:c, 06 OOBHHe

HH51X y-qeHbIX B 11)l;e8.JIH3Me, Maxl:l3Me, COJJHTICl13MC H B npoqHX «-H3Max~. 

Tiorrpo6yeM p83o6paTbCSI B COOTHOilleHHH cPl1JIOCO¢cKl:IX Cl1CTeM H HayqHblX 

rrporpaMM, OilHpruiCb Ha OilbIT, HaKOilJJCHHbIH Teope'I'HqecKott <l>H3 HKOH. 

17.2. Tpu naqaJia H TJ>H B~a 
<}>HJioco<}>cKO-peJm:rH03HLIX MHpOB033pemm 

flpHXO,ll.HTCSI KOHCTa'I'HpOBaTb, qro y CaMHX ¢11.11ocoqxm na6JIIO,n;aeTOI 

60JiblIIOH p836poc B IlOHllMaHHH npe~era CBOeli ,1l.C.S:CTeJJbHOCTl1. Ilpe.n;Jiara

CMbie HM11 onpe,n,eJieHH.S:C cP11JIOCoc}:mll .11e~T r.rr.e-ro BHYTPH ~yroJibHHKa: 

HayKa, HCKYCCTBO, peJIHI'H.51. 

B Te'ie1111e 6o.11hrnett 'laCTH XX B. B HaIIIeii CTpaHe cqnranocb, qro cl>Hno

co<P1-u1 - 3TO BaJKHettrnaSI 113 HayK. TaK, B « <l>11noco<}.>cKoM CJIOBape~, 113..U.aH

uoM B 1988 I'. , CK83aHO: « cl>llJIOCo<l>HB (rpe'l. phileo - JIIo6JIIO H sophia 

M}',lJ.pOCTb) - HayKa 0 BCeo6lll,l:IX 3aKOIIOMepHOCTIIX, KOTOpblM rro,i:J,'IllHeHbI 

KaK 6bITHe ( T. e. np11po,1J,a 11 o6IIJ,eCTBO)' Ta.K H MbIIIIJieH11e '-leJJOBeKa, npou;ecc 

n03HaHH.s:c~. H ecKOJibKO no:-:J:>Ke B. C. CTen11H ,11,aeT orrpe,n;e.11eH11e : <«PHnoco

cPIDI - 3TO HayKa 0 B03M0)KHblX qeJioBeqecKHX )KH3HeHHbIX MHpax ( IlO,D,OOHO 

TOMy, KaK Jieli6H11u; KOI',11,a-TO onpe,lJ,eJrnJI ~·iaTeMaTHKy KaK .tiayKy 0 BceX 

B03MO)KHblX MHpax)» [160, c. 14). 
l1Hyro TO'-IKY 3peH11SI OTCTil.HBa.rr H. A. Bep,II,SieB. 0TMH'IaSI, qro «KaHT 

H r ereJib, KoHT H Cncucep, KoreH 11 PHKKepT, ByH,11,T H Ase11ap11yc - see 

XOTaT, 'q"TOObl cPl1JIOCOcl>HSI 6bma H ayKott HJil1 HayKoo6p83HOH», Oii C'iHTaJI, 

qro <«l>HJioco<l>11.s:c HH B KaKOM CMbICJie Ile CCTb HayKa 1:1 HH B KaKOM CMbI CJie He 

,lJ,OJDKHa 6bITb Hay'-IHOH. Tio'lTl1 He IlOH.HTHO, IlO'leMy cprumcocl>HSI IlO:>l<eJiaJia 

IlOXO)l;MTb Ha HayKy, C'IBTb 1-1ay'lHOH» (5, c. 48]. l1 011 .naeT CBOe orrpe,11,eJieHl:le 

¢11.11oco¢1111: « <I>uJWcO<jJu.R ecm'b ucx;yccmeo, a ?-te 'Hl.Ly'Ka. <I>11.11oco<}:ma -

oco6oe 11cKyccTBo, npl1.tlu;HllHaJibHO OTJIHqHoe OT no331:1H, MY31>1KH 11 )Kl1BO

TIHCH, - 11CKyCCTBO TI03HaHH.S:C. <l>HJJOCO¢Ha - 11CKYCCTBO, IIOTOlVry, '-ITO OHa -

TBopqecTBO. ( .. . ) <!>u.1toco<fn;,R ecm'b ucx;yccm6o no3'Ha'HUR 6 ceo6oae 'liepe3 



mBO'p~ecmeo Udeu, npomue.R/Ul/ll.XCR JvtUpoeoil aa'H/HOCmU U 'H£06xoiJuJvtocmu 
u npO'HU'K,ll'IO'U{UX B aanpeik.tt'b'HY?O cy~'H.OCm'b .MUpa» 15, c. 54]. 

A H3BeC'IHhI:ii pyccKHti cpHJioco<}.> C . JI. <l>panK, o6cy~a.H B cooe:ii pa6ore 

« <f>HJIOCOcpHH H peJil1rHH~ TpaKTOBKY cy~HOCTH cPHJIOCOcPHH CBOHMH KOJT

JICraMH, rrHcarr: «8TOMY XO)J..H'ie:tvzy rrpe,n:eTaBJI€HHIO eJieAfeT Ilpe)K)_l,C Beero 

np<>THBOilOCTaBHTh ropa.3,ll.O 6oJiee ,lq)eBHIOIO, yHHBepcaJibHYIO H BHy'I'peHHe 

o6oeH0BaHtty10 Tpa,n.MI.I,HIO B rrottHMaHHH eyll\eCTBa ifju.tioco<fm.u. CornacHo 

3TOM Tpa)l.HLVf.H, no M eHhlliCA Mepe npea.Mem Q:>HJioeoQ:>HH H peJUirHH eoB

rra,n,aer, 1160 eau?-tcmee?-t'H/btu npeiJ.Mem ifju.aoco<f>uu ecm'b Boz. <f>HJioco

cpH.sI no cymecTBy, no ~eJIOeTHo:ii H yH11BepcarrbHOit cBoe:u 3a,.U,a'ie eCTh 

He JiorHKa, H e -reopHH 110311a11HH, H e n ocTH)KeHHe MHpa, a BoeonoaH.a?-tue. 
TaKoBo rocno,n:crBymmee noHHTHe cPHJiocoQ:>HH B aHTH'1HO:ii MhICJIH , rrpo
XO,ll.HII.J,ee, Ha'iHHa H OT repaKJIHTa, '1epe3 IlnaTOHa H ApHC'I'OTeJIH , CTOH

~H3M H IIOBOilJiaTOHH3M; TaKOBO >Ke epe,n:HeBeKOBoe IlOHHMaHHe cpM.JIOCO

<l:>MH» (178, e . 321). 
TaKoe p a.3ttoo6p a.3He B noHHMaHHH <l:>Hn ocoQ:>HH, JTC)Kau::i;ee B rrpc,n:enax 

H a.3BaHHOro TpeyroJTblIHKa, He CJJy'JaHHO. 06pau::i;ett.we K MHpOBhIM cPHJIO

eoQ:>cKo-pCJIHI'H03HblM eHCTeMaM U03BOJIHeT o6Hapy)KHTh, 'iTO B HHX, KaK 

11 B cPH3HKe, B ~eHTpe BHHMaHHH HaxO)J..HTCH HMeHHO TPH MeTaQ:>H3H'fe

eKHe Haqa.rra (KaTeropHH) . HanpuMep, C.H. ByJiraKOB B KHHre «Tpar e

,ll)Ut Q:>nnoco<l:>HH~ IlH caJI 0 TpeX cropoHax, COCTaBJifilOII.J,HX eyTh BCHKOtt 

cpHJIOeoQ:>cKOH CHeTeMbI: «EcTb 'TpH OCHOBHhlX earv10011pe)J,e.rreHH.H MhI CJIH, 

o6pa3y10nv1x )J.JI.H Hee HeXO,ll. H orrpe,n:eJI.HIOIIJ;HX ee opHeHT~mo, no 3THM 

TJ>CM py6e)KaM pa.3,LI.eJIHIOTCH Bee cPHJIOCOQ:>cKHe eHeTeMbl e HX OCHOB

HhlMH HaqaJiaMH: 1) HilOCTacb HJIH JIH'iHOCTh; 2) H,D,e.H ee .HJTlf H,ll,e

aJibHhIH o6pa.3, Jioroc, eMbJCJI; 3) cy6eTaHU,Ha.ITbHOe 6hITHe KaK e,n:HH

CTBO Bcex MOMCHTOB HJIH 110.JIO)KCHHM 6hITH.H, KaK peaJ1H3y10rqeeC)l see. 

R eCM'b 1-fe~mo (noTcm_~HaJihHO Bee ) - aTa Q:>opMyna, Bh1pa.>Ka10u::i;a.H cy>K

~eHHe, co~ep)KHT B ce6e B coKpam;e11110M B~e He TOJihKO cxeMy ey

u::i;ero, HO nOTOMy H CXeMy HeTOpHH cPHJIOCOcpHH. 8Ty TpeX'IJieHHYIO Q:>op

MYJIY, co~ep)Kauzyro B ce6e norHqecKoe TpHe,LIHHCTBO H TpOHCTBeHHOCTb 

MOMeHTOB, CB.H3hrna10uzy10 B Hep83!{.€JlbHOCTh H n eceKOMOCTb, nenpcCTaHHO 

B p a3HhIX HarrpaBJieH.H.HX p aceeKaeT cPHJ!OCocPeTByIOII.J,aH Ji B npoH3 BOJib

HOCTH 3TOI'O paceeq eHH.H H H36paHHH OT,ll,eJibHblX Ha 'Ja.JI epeTH'1eeTBYIOII.J,ruI 

M b ICJih, JiJ enoeo6oM 3TO.f0 pacee'ieHH.H onpe,.u,eJI.HCTCH CTHJih cPHJIOCOQ:>cTBO

BaIIHH~ (14, e. 317). 
He BO BeeM eornacHMeH e C. H. ByJiraKOBhIM, nonarrui, 'ITO npaBHJihHee 

6b1Jl0 6bI B Ka'ieC'rBe nepBOI'O Haqa.rra Ha.3BaTh ,LIJ'XOBHoe Ha'ia.JIO, TaK K aK 

JTH'iHOCTb HBJI51CTC.s:t aHaJIOr OM cPH3H'ieCKOI'O IIOIUITHH TeJia QTCqera H o6H-

3aTeJihHO npHCYTCTBYCT BO Beex cpRJiocoQ:>eKO-peJIHI'H03HbI X eHCTeMax. 

AHaJIH3 noK83bIBaeT, qro B Q:>HJiocoQ:>cKHX 11 penHrH03IIhIX yqemrnx 

TPH M€TacpH3J1'-TCCKHC Hac.iaJia ( KaTeropHH) BbieTynalOT B BJiJ,ll,C CJI€,LIJ'IOill,MX 



17.2. TpH Ha'l8.!la cJ>HnocO<j>cKo-pe.Tmruo3m1x y'feHHil 509 

Cl-ICTeM po,nCTBeIIHblX ITOH.siTHH1): (11) Udea.Jt'b'HOe {pav,uotta./L'b'HOe) 'HU'1«lJW, 

CH.s:r3anHoe c pa3yMoM, (M) .Mamepua.JL'bnoe tta'l.la.1w, 6b1T11e , ,n;attttoe B 01uy

mea11.ax, II (,I() i.JyX06?-LOe 'HU'lla.tW, BOJUl , Bepa. 

H.u.eaJibHoe HaqaJio. HanoMHHM, qTO B <P11Jioco<l>cKoA H peJTHn:to3Ho'A 

Mbl CJlH ,npeBHet\ rpeU,1111 ,U.0.MHHHp0Ba.Tm Ilp€,LJ,CTaBJI€1ill.H, COrJTaCHO KOTO

pbIM 6o:>KecTB€HHhIH MHp npoHBJIBeTC.si 'i€pe3 Pa3YM '-leJToBeKa. KaK }')Ke 

OTMe'lla.JTOCb, HayKa, B q acTHOCTH MaTeMaTllKa, o¢opMJUiacb II IIOJiy~Jia 
CBOM BhICOKlltt CTaTyc 6Jiaro,n,ap.H npOB03 C'JTaI11€HlllO ee 6o>KeCTBeHHOI'O xa

paKTepa B Tpy,n.ax MbICJillTeJie:H aHT11YHOCT1ti: ITH<Paropa, TIJiaTOHa 11 HX 

IlIKOJI. 8TOT oonpoc no,n;po6Ho llCCJI€,lJ,OBaH B Tpy,D;aX TI. TI. ratt,n;eHKO (40,41), 
B. H. KaTacoHoBa (80, 81] 11 pMa .n,pyrHX aBTopoa. «rpeqecKaH cPHJiococP

cKa51 MhICJTb ,u;peBHOCTH IIOHllMaeT COOTHOIIICHHe HHTeJIJieKTYa.JT.hHOA II BOJie

BOA cnoco6ttocreii qcnoaeKa no npe11Myw,ecTBY B nonb3y n epsoli. To ecTb: 

BOJI51 orrpe,n;eJI.s:reTc.s:r paccy,II,KoM, HHTC.n.JTCKTYaJihHbIM co3ep~aH11eM . CoKpaT 

c <}.>opMyJIHpoBarr 3TO co Bcett onpe,LI,eJieIIHOCTbIO: BOJI.H CTpeMHTC.H ry,n;a, Ky,LJ,a 

ctt yK83hIBaJOT npe,LJ,cras.neHH.H, ,,1103Hatt11e"» [81, c. 160]. 
TI03)f(e Ha ocHoRe JJ;OMHH11py1ow,ett po.n11 H,LJ,ea.JTbHoro tta"larra c<Popivmp<r 

BaJTC.H p.H,ZI, u,u,ea.rrn:cTHl.I€CKllX yqeHllH. 

,ll;yxoBHoe HaqaJIO ChlrpaJio qpe3Bbl'l{RHHO Ba)KHYIO pOJib B llCTOpHH 

MhI CJill. C yTaep>K,l.l.e trneM Ha 3ana,n,e xpHCTHaHCTBa )l.OMHHatt·1a aHTH~ocTH 
U3 M€HHJiaCb. Ha nepBbl~ IIJiaH BbI,LJ.BHHYJIOCb ayxomwe 'HU"ta..ltO, 60./l,.R,. KaK 

IlllllieT n. TI. raH,n.CIIKO, « rJiaBHOO :H<e OTJill'l{ll€ cpe,LJ,H€B€KOBOro ITOHHMaHH.si 

qeJIOBCKa OT aHTH'ilIOCTll COCTOHT B TOM, 'l{TO 60.ti.R O?Ca3'bl6aemc.R mec'HO 

CBJl3ll'H'HoU c eepou; sepa BbICTyrraeT KaK 11anpaBJieHHOCTb ROJTll H npe.n,MeT 

sepbI onpe.r.r.eJl.HeTc.s:r 11Me HHO so.nett, B rrepsy10 oqepe,1.1,h. ( . . . ) TaKMM o6pa-

30M, ecJIH B aHTl1'iIIOCTll ~eHTp T.H)f(eCTll 3TllKH 6bIJI B 3HRHMll, TO B cpe,L1,H11e 

BeKa IIOSIBJIBeTC.s:r .s:rpKO Bbipa,)KeHHa.si TCIIJ.J.Cil~H.si n epeH€CTH ero M3 3HaHll.H 

B sepy, 'U3 ·pa.ay.Ma R RO.!L'IO. ( •.. ) Bo.n.H p accMaTp11Baerc.H K aK Ta llHCTaHD,H.H, 

B KOTOpoti npe6b1BaeT BbI Cllla.si BJiaCTh» [41]. 
8TM B3I'JI.H,ilbl s:1pKo Bb1pa>KeH1:.1 A:BryCTllHOM, ,11,yHcoM CKOTOM H MHOrHMH 

MhICJillTeJI.HMll cpc,n;HCBCKOBb.SI, C'l{llTaBIDllMll, qTQ paU,llOHaJThHOe Ha'iaJIO 

(rro3Hatt11e, paccy).J,oK, pa3yM) onpe,n,cJT.s:reTC..si BOJiett (,.rzyxoBHhIM HaqaJioM). 

K 3TOMy HanpaBJleHMIO 6oroc.n.oscKoli M h IC.n11 np11MbIKa.JT.FI 11 IIOMHHarrHC'I'hI, 

11aC':raHBaBIII11e Ha np1ttopwrere 6o>KeCTBeHHOA BOJIH 11 sceMoryrn;ecTBa rrepe,rr, 

sceM11 OCTaJTbHhIMM onpe.rr.enett11.s:rM11 6o>KCCTBCHHOro 6hITH.H. 

c yTBep)f(,ll,eHJtteM x pllCT MaHCTBa B eaponettcKOH cPHJIOCOcPHH Ba)KHeiiIIIee 

3Ha'iCHMe npm~pcnteT npOTJttBOCTO.HHlle ,D,BYX T0"t{€K 3p€1ill.H, )I.Byx ,LI,OMll

HaHT: HHTeJIJ1€KTYaJThHOI'O ( M,ll,€8.JlbHOro) IIa'la.JT.a M BOJI€BOI'O (,uyxoBHOro) 

IIa':iana, Ha <PoHe KOTOporo 1Ip011CXO,LJ,ll.110 CTaIIOBJieHHe HayK11. 

1>cne.zzyer OTMeTUTb, "lTO TpOH'rnOCTb OCHORbC MlfpD3,llaHJUl Ol."Me•1a.i1acb BO MHOrHX 

pe.n11m03Ho-MH¢onor1NecKux CHCTeMax KaK 3ana,Lla, Ta.I< " BOCToKa. 
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MaTep11a.n1>Hoe HaqaJio MMe.no BaJ:IUioe auaqenue y)f(c B y"leHHID< 

aHTH'fHbIX aTOMHCTOB. B XX B. ero orrpe,n;e.IDIIOIIJ,aH po.1Ib 6b1Jla npoBoorna

m ena MapKCHCTCKO-JI€HHHCKHM )J;HaJl€KTlrqecKHM MaTepHaJIH3MOM, corJiaCHO 

KOTOpoMy MaTepHH rrepBH'fHa, a C03HaHHe, MbrmneHHe BTOpH'fHO. Hano~mHM 

H 3Bec'I'HOC onpe,LJ.eJieHHC C03HaHMH 'iCJIOBeKa KaK c}:>yHK~HH «TOCO oco6eHH0 

CJJO)f(HOro KyCKa MaTepHH: KOTOpblil Ha3bIBaeTC.H M03roM qeJioBeKa~ [98, 
c. 215). «BTopH"iHOCTb C03Ilal:Ilffi no OTIIOil1€HHIO K MaTepMH, K 6hITMJO 

npoHBJIHeTCH B TOM, 'ITO C03HaHHe B03HHKaeT JIHlllb Ha H3B€CTHOH CTyneHH 

p33BHTIIB MaTepHH, pa3BHTIUl rrpHpo,n;hI, 'ITO C03IIamm B BH,ll.€ 11,lJ.eH, Teop:mt 

B03HHKaeT y 'ICJlOBeKa JIIID.Ib B pe3yJihT8.'l'e -OTpa:>KeH.1151 11M OKpy)KaIO~eti 

cpe,n;bI». B MapKCHCTCKO-JieHHHCKOM y"ieHHH (BCJie,n; 3a fereJieM) ,nyxoBHoe 

Ha'iaJIO He rrpH3IlaBaJIOCb ( «H)J;€aJIH31VI HeU36e)KHO Be,n.CT K IlOilOBUJ,HHe~), 
T. c. <l:>aKTH'1€CKH H,D;€a.JlhHOe Ha'iaJIO CJIHBaJIOCb c ,.uyxOBHhIM. 

1 7 .3. CooTBeTCTBHe c}>H3WieCKllX KaTeropuii 

H <}>HJIOco<}:>cKo-peJIBrH03HhIX Ha"lla.JI 

1. Ilo aHaJIOrHH c TeM, KaK 9TO ,l1,€JI8.JIOCb rrpH aHaJIH3€ OCHOBaHHH 

TeopeTH~CCKOA cPH3HKH' H300pa3HM H33BaHHbl€ cPHJI0Coc}:>cKo-peJilll'H03Hhie 

Ha'-laJia B B.H,n;e Tpex opTOB (oceA) B 3-MepHOM rrpocTpaHCTBe, llOCTpoHB Ha 

HHX Ky6, OJJIU~eTBOp.SlIOI.I.J,HH e,zzymoe MHp03,l1,aHHe (IlepBOHaqaJJo)' KOTOpoe 

SIBJTSleTC.Sl OCHOBHhlM rrpe,ll,}vlCTOM <}.>HJIOCoqmH (CM. pHC. 1 7 .1). 

(~) ,lfyxo:euoe 
Ha"la.no 

Pe.nur1103Hoe 
MI-IJ)OR033p€HH.e 

+ + + 

PHc. 17 .1. 4>HJIOCoQJCKO-pemrrHroBb1e Ha'iaJTa H MHpoB033pe1rnn 

0TMeTHM, 1.fTO HaMeK H a a HaJJOrH1Il!oe Har.TI.Sl,U,Hoe npe,n;cTaBJieHHC €,ll,H

HOro IlepBOHaqarra Ji Tpex cPHJIOCOcPCKO-peJIHrH03HhIX Ha'f8.JI MO:>KHO ycMOT

peTb B CJie,zzy101IJ,eM BbICK33bIBaHHH HHKOJiaH Ky3aHCKoro: «C rroMOIIJ,bJO 

qJICJia OH (yM. - JO. B.) y.rraBJIHBaeT B c,rr,HHCTBe qCTBepHoe; a HMeHHo 

Cyll.J,eCTBYeT rrpoCTeHlllee (e,ll.HHCTBO] 1 BTOpoe - e,rr,HHCTBO KOpH}l, 'I'peTbe -
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KBa,llpaTHOe, qeT.BepToe - Ky6u11ecKoe. ( ... ) y M C03€p~aeT co6cTBeHHylO 

Y.HHBepCaJibHYIO 6bIT11HHOCTb B 3Tl1X 'ieTbipex pa3JI1rqa10IIJ,11XC.H e)J,HHCTBax. 

( ... ) [Y M] 113o6pa)KaeT 3Tl1 yMCTBeHHbie e)J,11HCTBa CJIOBeCHbIMl1 3HaKaM11: 

rrepaoe, BbICIIluti 11 rrpocretillll1li yM, OH Ha3hIBaeT BoroM; BTopoe, e)J,11H

CTBO KOpH.H, He 11Me1om.ee rrpe)J,IlleCTBy10m.ero KOpH.H, OH Ha3hIBaeT pa3yMOM 

(intelligentia), TpeTbe, KBa,upaT11"1:JHoe, ( . •. ) OH Ha3hIBaeT AYIIloti; rrocne)J,

Hee >Ke, pa3BepThIBa10rn,ee 11 HHqero B ce6e He CBepTbIBalOIIJ,ee e)J,11HCTBO, 

Ky611"1:JHOCTh, IIpe)J,IIOJIO>K11TeJibHO [Ha3hIBaeT] TeJIOM» [88, c. 193). 3,JJ.ech 

rrepaoe Ha't.IaJIO (Bor) MO)KHO yrro,u.o611Th caMoMy Ky6y, a CJie,n,y1om,11e TPl1 

Haqarra MO:>KHO COIIOCTaBl1Tb c TPeM..H OC..HMl1: BTOpoe (Pa3YM) COOTBeTCTByeT 

11JI€aJibH01Vty Haqany, TpeTbe (,n,yllla) - ,llyXOBHOMy, a qeTBepToe ( TeJIO) -

MaTep11aJihHOMy. 

2. KaK OTMeqaJI C. H. ByJiraKoB, 11cT11HHoii MO>KeT 6hITh JI111llb Tp11-

e)J.HHa5I <P11Jioco¢cKa}] c11CTeMa, O,D.IiaKo OObiqHo <P11noco<PcK11e c11CTeMhI 

CJJeA)'IOT «OCHOBHOMY CTP€MJI€H11IO pa3yMa - K JIOrHqeCKOMY MOHl13My, T. e. 

K JIOrH'iecKM CB}]~UIOMY 11 HerrpepbIBHOMY 11C'l'OJIKOBaHHIO M Hpa 113 O,D.IiOro 

HaqaJia». TaK, OH rr11can: «Cl:>11JiococpcKHe CHCTeMbI, BMeCTO Toro, l'.{TOOhl 

6hITb cP11JlOCocPcKO"fi TpaHCKp11~11ett 11Jil1, eCJJH yro,rr,Ho, cxeMaT11qeCKOH pa.3-

paOOTKOM MOTHBOB Tp11e,u.11HCTBa, 0Ka3hIBalOTC.H aap11aHTaM11 cp11Jioco¢1111 

T())K,lI.eCTBa, HJIH, qTO TO .>Ke, MOHl13Ma, rrp11qeM B KaqecTBe BTOpHqHOR, 

,u.o6aBO'iHOH xapaKNpHCTHKH 3Ha'ieHHe IIOJiyqaeT 11 TO, KaKOH 113 MOM€HTOB 

6epeTC}] 3a 11cxo)J.Hb1li. TaKHM o6pa3oM rroJiyqaeTc.H Tpo.HKa.H B03MO)KHOCTh 

cPHJIOCocPCTBYIOIU.eii epeceJior1111, MOHHGTHl'.{eCKOro MO,Jl.a.J1113Ma, 11, oqeB11)1,HO, 

Cl1CT€Mhl cPHJIOCOcPl1M MoryT ecTeCTBeHHO pacrrpe)J,eJil1TbC5.l Me~y TpeM5.1 

o611I11pHbIMl1 rpyrrrraM11: a) c11cTeMh1, 11cxo,LI..Hrn;He 113 rro,u.Jie.>Karn,ero HJI11 

cy6'beKTa, .51, HJ111 Cl1CTeMbl ~ea.J1l1CTl1l'.{€CK11e; 6) Cl1CT€Mhl, 11CXO)J,.HIIJ;He 113 

CKa3yeMoro, IlaHJIOrHCTl1'iecK11e; B) Cl1CT€Mbl, 11CXO)J,.HIIJ;l1e 113 CB5.13KH, T. e. 113 

6e3JI11qHoro 6bITH.H, peaJil1CTl1'i€CKHe, rrp11qeM peaJI113M 3TOT MO:>K€T 11MeTb 

pa3JI11'iHblii xapaKrep: Ml1CTHKO-C03ep~aTeJibHbI"fi, 3MIIl1pl1"1:JeCKl1H, MaTep11-

a.JIHCTHqecKHH» [14, c. 329). . 
B coOTBeTCTBHH c TJ)eM.H BbI)1,eJieHHbIMl1 HaqanaM11 orrpe,u.eJIHM 'Ip11 B11,u.a 

( rpyrrIIhI) qmnoco¢cKo-pen11r1103Hb1x M11pooo33peH11li: H,U,eaJIHCTuqecKoe 

MHPOB033pe11ue, B KOTOpDM rrpe,n;JiaraeTC.H CTpGHTb M11pOBOCIIp11.SITl1e Ha 

OCHOBe 0,rr,HOro ~eaJIHCT11qeCKOro HaqaJia, MaTepHa.TIHCTHqecKoe MHpO

B033pe1111e, KJia,n,yrn;ee B OCHOBY MHpa MaTep11aJIHCTH'ieCKoe HaqaJio, H pe
JIHrH03HOe Mnpoeo33pe1me, orr11paIOm.eec.S1 Ha AYXOBHoe Haqarro. 

3. 0,n:HaKO rrpaKTHKa IIOK83aJia, qTO rrocpe,LI,CTBOM Jil1IIlb 0)1,HOro 113 TpeX 

Ha3BaHHbIX HaqaJI HeB03MO)KH0 OXBaTHTb ,JJ.eiiCTBHTeJibHOCTb BO BCeM ee MHO

roo6pa31111. B cPH311Ke 3TO coOTBeTCTBOBaJIO 6h1 rrorrhITKe rrOC'I'POHTh -reopmo 

Ha OCHOBe 0)1,HO:tt 113 Tpex KaTerop11:H: IIpOCTpaHCTBa-BpeMeH11, qacTMIJ, J1JIH 

rroJieli rrepettoc"1:JHKOB B3aHMo,n;eticTBHli. B 11rore cHaqaJia 6hIJI HaR,IJ.eH pe

AyKU,110H11CTcK11li rro)J.Xo,JJ., B KoTopoM paccMaTp11BaJIHCb Bee Tp11 KaTerop1111 

(HhlOTOHOBa MexaH11Ka). VI JIHllih B XX B. rrocTerreHHo cTaJI11 rrepexo,u.11Tb 
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K M €HbllieMy 'iHCJIY o6o6ru;eHHbIX KaTeroplffi (K JJ,BYM) c TeH)J,€HIJ,Heli IIOHCKa 

O)J,HOM TpHe)J,HHOH o6o6ru;eHHOtt KaTeI'OpHH. 

<I>11n oco¢cKHe CHCTCMbl npOIIIJlOf'O He SIBJIBJIHCh C'I'OJib CTporHM:W CHCTe

M&-111 3HaHHR. ,lI,oJ1roe BpeM.H coxpaHHJIHCb llJIJU03HM 0 rrepcrre KTHBHOCTH 

onopbI JIHIIIb na O,JlHO H3 Bh1,U.eJieHHb1x Haqa.;1. PeIUeHHe npo6.neMhI MOI'JIO 

COCTOHTh B o6o6m,eHHOR TJ>aKTOBKe H36paHHOf'O Haqarra, cpaKTll~ecKH BKJIIO

qamucro B ce6H Bee TPH Haqarra, KOTOpbie IIpOHBJISIJIHCb 6hI 'iCpe3 npHHIJ;lilI 

c}:>paKT8JibHOCTH. <DaJ<.THqecKH nMeHHO TaK 11 06cTOS1JIO .n.eno c roi:t JIHIIIh 

pa3HHIJ,CH, qro, BO-TICpBbIX, 3a npoHBJieHHHMll JJ,pymx HaqaJI He )KeJiarrn 

IIp113HaBaTb paBHOrrpaBHH c H36pattHblM O,U,HMM HaqaJIOM 11, BO-BTOpbIX, 

rrpaKTJr<IecKH pet.:Ih mJia He o Bcex Tpex, a JIHillb o .n.Byx c}:>11nococ}:>cKo

pe.rrHrH03fThIX Ha':larrax. 

AHa.nH3 Tpex BH)J,OB c}:>11.rrococ}:>cKo-pen11r1103HhIX c11cTeM noK83bmaei; 

\fTO TpH Ha3BaHHbie CHCTeMbT, - 11,U.€8.JIHCTWieCKaSI, MaTepl1aJIHC'l1f'-lecKa51 

H peJIHrH03H8.51 - H a caMOM ,n,ene rrpe.n.craruu urn: co6ott KBa3HMOHHCTHqCcKHe 

CllCTeMhI, on11pa10ru;11ec51 Ha o6o6ru;eHHbl€ KaTeropHH, KOTOpbie BKTJIOqaJIH 

B ce6H no nape H3 Tpcx Ha::rnaHHhIX IIa'iaJI. TaK 11JJ,ea.rr11cTHqecKHe c11creMh1 

cpaKTH'!eCKH OIIHpaJIHCb Ha 11,n.eaJTbHOe (,n,OM:WHHpy1om,ee) H AYXOBHOC Ha

qana, MaTepHa.TIHCTH'iOCKMe CHCT€Mbl - Ha MaTepHaJillCTH'ieCKoe (,n,OMHHH

py10ru;cc ) H H)I,€aJIHCTH'i€CKOe Haqarra. ,lI,ocTaroq110 BCIIOMIIHTb TpaKTOBKY 

B ,n,Ha.neKTH'iCCKOM MaTep11aJTll3Me TaK Ha3bIBaeMoro « OCHOBHOI'O BOrrpoca 

c}:>11noco¢1111~. A peJI11r:wo3Hoe 1\lrnposo33peH11e cTpo1:1J10Ch Ha .noMHH11py10-

m,eM .IzyXOBHOM H IIO,lJ,T{HHeHHOM eMy MaTepHaJibHOM Haqarre. ,II.ocTaTo~rno 

BCIIOMHHTb, 'iTO IIpaKTH~ecKll BO Bcex peJIHC'll03HhIX CMCTeMax MHpa Bor 

(HOCHT€Jl h AYXOBHOI'O Haqarra) SIBJIHJICSI TBOpIJ,OM MHpa, OJIHU€TBOpSIIOII.J;ero 

MaTepHaJibHOe Ha'iaJIO. 

Hcxu,n,H H3 ,U.BOH'iHOCTll o6o6m,eHHbIX KaTCrop11tt, Ha pHc. 17.] 113o6pa

)KeHbI TPH cPHJIOCoc}:>cKO-pen RrH03HbIC 1\IIHpOB03.'3peH1Ul KaK BH,Tl;eHHSI O.II.HOI'O 

H roro :>Ke Ky6a, IIOCTpoeHHOro Ha OCHX YK83aHHbIX rrepBH'-IHblX Haqan, co 

cropotthI Tpex B3aHMHO neprrCII,u.HKYJIHpHbI X rpattett. BH.n Ha Ky6 cBepxy, co 

CTOp0Hhl ,llyXOBHOI'O "' MaTepHaJibHOI ·o Ha'iaJI, COOTBeTCTByeT peAU2U031W.MY 

.MUp06088pe'HU?O, BH)J. Ha Ky6 co CTOpOHbJ ~eaJihHOI'O II AYXOBHOI'O Ha'iaJI -

uaeA/l.ucmu'lteC'KO.MY .MUp06033PC'HU?O H , HaKOIIeIJ,, BM,U. Ha Ky6 cnpaBa, CO 

CTOp0llhl MaTepHaJibllOro H H~ea.TibHOI'O (pal.J)fOHaJibHOro) HaqaJI, - .Mame

pua.tLucmu'lleC'KO.MY .Mupoeo33pe'HU?O. 

4. HarrpaBJTeHIUI 11 HHTeprrpe:ra.~1151 Tpex oce:H Ha pHc. 17.l BhI6paHb1 

HecJiy'iaMHO. 0HH 3a,uailbI , HCXOAH 113 COOTBeTCTBHH c TpeMSI cPH3.IP-IeCKHMll 

Ka:reroplIBMH, J.-t300pa.>KeHHbIMll Ha pHC. 1. <1>U3U'ltCC~?O 700,mezopuw 'l/,(),

cmU'4 ecmecmee'H'HO coomuecmu c if;u.tt0coif;c'IC'UM .Mamepua.ll'b'H'blM 1-1,a,

'lta.1io.M, <fiu3U'ltec'/Cy?O 100,mezopuw npocmpa'Hcmea-epe.Me'Hu, HBJISIIODzylOC.H 

:W)J,eaJibHbIM (pau,HOHaJlbHbIM) IlOHHTHeM, - C uaea.fl'b'HUM (pa'4UO'Ha./L'b'H/0t.M) 

tta'l/,a./LO.M B <JjuJWcoifyuu, a if;U3u'ltec~w 100,mezopuw noAeu nepe1WC'tlU'IW6 

63llU.MoaeUcm6'lLU - C ayX06'HUM 'Hll'l/,a./1,0.M 6 if;uJWcorfiuu (peAUZUU}. 
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TiocJie,LI,Hee conocTaBJT€HHe Hy)K)J.aeTCH B ,ll,OIIOJIHMTCJibHOM IIOHCHeHHH. 

TaK, urnpoKo H3 BeCTHO eBaHreJihCKC>e 113peqettne: «Bor - 3TO nro6oBh». 

B CB513H c 3THM scnoMHHM, qTo era;e B attTHqttocrn 9M11e,n,OKJT OO'h.HCH.HJI 

IIpllT5DKeHHe H OTTaJTKHBaHHe TeJI IIocpe,ll,CTBOM IIOH.HTHH JIIOOBH H BpruK,ll,bl. 

TI03,ll,Hee B38.HMO)J,e.ticT BHR CTaJIH OIIHChIBaThC.H qepe3 IIOH.HTHe IIOJI.H, B qacT

HOCTH, c :BeT B cPH3 HKe OIIHChIBaerc.a 3JieKTpoMarHMTHhIM noneM . HanoMHHM 

TaK)Ke, qTQ ,ll,eKapT )J.JI.H OilHCaHH.H B03,ll,eiiCTBHll BBeJI c neLJ,HaJihHhIH BH)I, 

«,rr.yxoBtto.ti MaTep1111». TO'I' )Ke IIOLJ.XOLI. npocne)K11BaeTC.H 11 y J1e:H6H11u,a, 

KOTOpb1ft, rOBOpH o6 aKTHBHOH IIpHpO,ll,e MaTepHM, Ha3BaJI ee «nepBHt.{HOH 

CHJIOH, rrepBOH '3HTeJiex11e:H, 0)1.HHM CJIOBOM' ,nywoi1 ( ani1na) ». 

B «0qepKe MMCTnqecKoro 6orocnoBH.H Bocro'-rnoli I(epKBM» B. H. Jloc

cKoro ttaXO,ll,HM: «CB.HID,eHHoe TIHcaHHe 113o611JiyeT Bbipa)KeHH5IMH, O'l'HOC51-

ra;HMMC.H K cBeTy, K Bo)KeCTBeHHOMY 0 3ape.1:uno, K Bory, KoTopoMy np11na

raeTC5I Ha:HMeHOBatt11e CBeTa. ,ll,J151 MHCTMT.IecKoro 6orocnoB11s:1 Boc Toqtto.W 

I(epKBH 3'1'0 He Me'ra¢opbI' He pHTOpHT.IeCKHe ¢11ryphl' HO CJlOBa, Bbipa)f(aJO

I.I..J,He peaJihHhiii ac11eKT Bo)KeCTBa. ( . .. ) Ecn11 Bora Ha3hIBa.I:OT C:seTOM, TaK 

3TO He TOJihKO no aHaJIOrMM co CBeTOM MaTepMaJihHhIM. Bo)KeCTBeHHhrti cBeT 

He HMee-r aJ1Jie rop11qecKOro HJIH a6c rpaKTHOI'O 3 Hat.reHM51: OH - peaJihHOCTh, 

,ll,aHHa.H B MHCTHl.JeCKOM OTihITe» [102, c. 164- 165). 
Hcxo,ll,.H M3 roro, qro ¢113HKa, qmJioco¢cKne 11 pen11r1103H1>1e yqeHH.H 

HM€.l:OT ,n,eJIO c O,ll.HOH H TOM :>Ke peaJihHOCThIO, COBMeCTHM Ky6 ¢113 nqecKOM 

pea.JibHOCTH, H306paJKeHHbIH Ha pnc. 1, c Ky6oM qmnoco¢cKo- peJIHI'H03HOI'O 

TiepBOHaqaJJa Ha puc. 17 .1, Ha KOTOpOM y:>Ke 6bIJTH ,ll,OJl)KHbIM o6p830M Bbl-

6paHbl ttanpasJieHM.H o ce.W, oJI11u,eTBOpH10ra;11e TPH HaT.IaJia. Pa3tteceM HaT.IaJia 

KOOp,n,1rnaT ¢113 11qeCKHX H ¢11noco¢cKO- peJIHI'H03HbIX oce:H B npOTHBOIIO

JIQ)KHhie KOHIJ,bl 60JibIIIOH ,[QiaI'OHaJIH Ky6a ,ll,eHCTBHTeJibHOCTH (TiepBOHa

qana). B nrore 11o nyt.IHT CH Ky6, H3o6pa)KeHHhlH Ha pnc. 17.1, rneCTh rpatteli 

KOTOporo OJIHIJ,eTBOp.HIOT IIIeCTb MHpOIIOHHMaHHH ( MHpOB033peHHH): TpH 

ecTeCTBeHHOHayqHhie ( TeOpeTHKO-IIOJieBoe, reoMeTp11qec Koe 11 p eJl.Hll,HOHHoe) 

H TPH ¢11noco¢cKo-peJJHr1103Hhie. 

B HTOre OKa3aJIHCh cooTHeceHHhIMH MMpo110HMMattH.a: reopeTMKO-rro

Jiesoe H peJIHI'H03HOe, reoMeTpHT.IeCKOe H H,II,eaJIHCT HT.IeCKOe, peJI.HIJ,HOHHoe 

H M aTepHaJIHCTHqeCKOe. 

5. CornacHo rrpnHu,11ny ¢paKTa.1IbHOCT H, u ,n,eaJihHoe 11 ,.ayxoBHoe tta~aJia 
,ll,OJl)KHbI OUMpaTbCH Ha CBOH co6CTBeHHbie IIOJJ,KareropHM, COOTHOCHMhie 

c TpeM.a ¢11.r1ococpcKo-pein1rHO~HbIM Ha'18JlaMH. ,ll,Jrn HHX .MO)KHO Hapm .. :o

BaTb CBOH Ky6hJ H onpe)..l.eJHfTb TPOMKH .Nt:Upoeocnp'u.nrmdJ,, KOTOpb1e 6YA YT 

COOTBeTCI'BOBRI'h, c 0,ll,HOH CTOpoHbI, MaTepHaJIHCTHqecKOMY, H,[I,eaJrncTHqe

CKOMY 11 penHrH03HOMY MHpOB033peHH.HM, a c ,upyro:H CTOpoHbI, - TpeM 

ecTeCTBeHHOHayqHbilvl MHp0110HHMaHH5IM: reopeTHKO-IIOJleBOMy, ( 'OOMeTpM

qeCKOMY H peJIHIJ,HOHHOMy, qTQ n03BOJIHeT c,n,eJTaTh PH..U. JIIOOOIIhITHhIX BhI

BOp;oB. 



t t t 
TeopeTHKo-noneBoe 

t..1HJ)OilOHHMaR11e 

(H) JfAeanJ>uoe 
Ha"IRJIO 

PHc. 17.2. cl>HJioco¢cKo-pen11mo3Hb1e aaqana H mecTh f\.mponoHHMalllitt (MHpo

B033pemm) 

PaccMOTPHM neKOTOpbie cne,u,CTBH}I H3 conocTaBJieIIH}I H83BaHHbtx MH

poBo33peHHii c COOTBeTCTBYIOI.IJ;HMM HM ecrecTBeHHOHay'1HblMM MHpoilOHH

MainrnMH. 

17.4. TeopeTID(o-nonenoe MHponomIMrume 
H peJilITH03Hoe MHpOB033peHHe 

l. M11poso33pe11He, ocHoBaHHoe Ha ,n;yxosnoM li MaTepHaJibHOM Ha'laJTax, 

H83BaHo pe.TIHI'H03HbIM IlOTOMy, '-ITO, corJiacHO xpHCTHaIICKOMY yqeHHIO, 

~eJToBeKy ,u.aHbI ,u,:ae K HHrH: Cs.Hrn;eHHoe ITHcairnc (,nyxoBHoe Ha'laJTO) H KHHra 

npHpO,ll,hI ( MaTepHaJihHoe Ha,._1ru10). AHa11orW1Hbn.1 o6p830M o6croHT ,u.eno 

H B 1.'aKHX KJiaCCHTieCKHX peJIHI'H.HX, KaK Hy,LI,aH3M H HCJiaM, I',ll,e ,ll,OMHHH

PYIOI.UHM .HBJI.HeTC.H ,nyxoaHoe Ha'iaJTO, a MarepHaJihHhiti MHp noHHMaeTC.H 

«TBapHbTht», COTBopeHHhIM BoroM. Be3 BToporo (MaTepH8JTbHoro) Haqru1a 

peJIHrH03.Hl>Ie CHCTeMbI He CMOrJIH 6hI BbillOJIHHTb CBoero rrpe,II.H83HaqemtB. 

2. EcJIH o6o6rn;ettHhie KaTeropHH TOOpeTHKO-noneBoro MHporroHHMaHH}I 

H penHrH03HOro MHpOB033peHH}I MoryT 6h1Tb COOTHeceHbl ,u.pyr c 11,pyroM 

(cM. PHC. 17.3), TO CHTYaIJ.IUI c OCTaBille:tl:c}I KareropHeH (HaqaJIOM) B ~yx 

conocTaBJI.HeMhIX yqeHll.HX npHHIJ,HilHaJThHO p83JIHqfta. Ka.I< Y*e aeo.n.tto

KpaTHO n o.n,qepKHBaJTOCb, TeopeTHKO-IlOJieBotf IlO,IJ,XO,ll, neMbICJlHM 6e3 TIOCTy

JIHpoBaIIH.H KaTerOpHH KJiaCCH"'ieCKOro npocTpaHCTBa-BpeMeHH, TOJlbKO Ha 

¢oHe KOTOporo MO)J(eT 6bITb onpe.n,eneHO UOJie aMilJIHTY,ll,bl BepO.HTHOCTH. 

D pen11rH03HOM )Ke MHpOB033peHHH OTIIOilleHHe K H,u,eaJThHOMY (pau.H

OHaJibHOMY) Haqany COCTaBHJIO cepbe3ttyl0 npo6JieMy, KOTOpM OCTaeTOl 
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t (Il-B) Tivocmpaxcmao-ape..MJ£ 

PenHrHO~Hoe 
MHJX>B033peHHe 

l l l 

(Il) lloAA 
nepenac"itt'Koa 
aaauMooefic.meuu 

t t t 
TeopCTHKo-noncooc (H) H.n;eaJibHoe 

RaqaJio M11ponOHHMaH11e 

PHc. 17.3. PeJm:rH03Hoe H TeopCTHKo-noneBoe Ml:lponoHHMairn:.H 

,n,o KOHUa He npeo,n,011ettttoi! 11 no ceii ,n,etth. 11 o,rr,Ha H3 rrpH-cnn1 3TOro 

3aKJIIO'-IaeTC.H B ee B03Be,n,eHHH B pattr aTibTepHaTHBbJ: HJIH Bepa, HJili p83yM. 

TaK, r. Jleii6HHU, IlHCaJI: «PacnyTaTb 3TOT CTOJlb TPY,il,HhIH y3eJI H 0/J,HHaKOBO 

cnpaBe,LI,JIHBO 003,!l,aTh 11 6.TiaroqeCTlUO, H p83yMy ,LI,OJI)KHO npe,rr,cTaBJI.HThC.H 

0,LI,HHM H3 BeJIH'-Ia.Mumx CTpeMJieHHH qeJioBe"'-IeCKOH )f(H3HH. I16o CTJ)etvfJieHHe 

3acTaBHTb JJIO,n,eii rroraCHTh ,LI,JI.H ce6.H CBeT pa3yMe1-nrn ITO,[( npe,D.JIOrOM Bepb! 

HJill BbipBaTb ce6e rna3a, "'-IT06bI JIY"'-Illle BH)J,eTb, Be,IT.eT np.HMO K TO.My, "'-ITO 

H caMbie o,n,apeHHbie MY)KH BCKope CTaHOB.HTC.H HJTH OTKPOBeHHhIMH He"'-Ie

CTHBU,a~rn:, HJlH, BO BC.HKOM CJiyqae, JI11UeMepaMH, KaKHMH, MHe ,rr.yMaeTC.H, 

6hIJil1 KOr,n,a-TO aBeppOHCTbJ' OTCTaHBaBUJHe ,Il,BOHCTBeHHOCTb HCTHHhI» [97' 
c. 176). 

KaK IIHIIIeT B. H. KaTacottoB, «no Jleli6ttnrzy, corJiacHe BephI H p83yMa 

cne.n,yeT ycrdttaBJIHBaTh no.1to:J1Cume.11,rbno, T. e. caMa ttayKa J.I.OJJ)f(Ha CBH

,rr.eTeJihCTBOBaTh o6 HCTHHHOCTH IlOJIO)KeHHH Bepbl (xoT.H H He B IlOJIHOM 

o6'heMe). Jieti6HHIJ, ocer,n,a yKa3hIBan, "'-ITO ttayKa HeB03MO)KHa 6e3 HeKo

'l'Opbrx Merna<JjU3'U'l(,eC'KUX IlOJIO)f(CHHH, KOTOPbie y)Ke npHBO,ll,.HT K HCTIUiaM 

Bepbl» [81, C. 148). • 
06 HCTOPHH 3TOro Borrpoca nHIIIEIT B. ,ll,. 3axapoB: «Bb1,n,a10w.nec.H MhIC

JIH'I'eJIH y)Ke c nepBbIX BeKOB XpHG'THaHCTBa IlOHHMaTIH 3a,n,a'IY arrOJIOI'HH 

( nepeBo,n,a HCTHH 0TKPOBeHH.H Ha .H3hIK p83yMa H npliMHpeHH.H Bepbl c no

JIOJKHTeJibHbIM 3HaHHeM) 11 crpeMHJIHCb p83peIIIHTb ee cpHJIOCOcpCKHMH cpe,n,

CTBaMH. KJ1HMeHT AneKcaH,DJ>HHCKHH (150-215) H83BaTI rpeqecKyIO HaTyp

cp11Jiococp1110 rro,n,JIHHHbIM «,n,eTOBO,D,HTeJieM» Ko XpHcTy. Opnrett (185-235), 
co3,a,aTeJib CHCTeMhI xp11cTMaHcKoro Bepoy"'-Iett1u1, a 3aTeM I1oaHH CKOT 

(IX B.) pelUHTeJJhHO BhICTYill1JIH 3a ueo6xo,nHMOCTb IlO,LI.TBep)K,L.J,eHH.H BepbI 

pa3yMOM. 0HH C"'-IHTaTIH, 1'..!TO p83yM H 0TKpGBeHHe, KaK ,n,Ba HCTO"tUIHKa 
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llCTllHbl, He MOI'YT IIpOTllBOpet.JHTb ,npyr ,npyry. 0,ll,HaKO 11.epKOBh, atta<Pe

MaTCTBOBawaH 11 Op11reHa (553), H 11.oaHHa CKOTa (855), Bl1/l,llMO, He XOTeJia 

,ll,OnyCTllTh, l.fT06bl ¢u.rroco¢CKrut, Hel\epKOBHasJ MbICJib ,u,ep3aJia soo6:w.e 

pa3pa6aTbIBaTb 6orOCJ10Blle. y .>Ke nepBbie OIIbITbl HayqHOH anononn1 6bUU1 

11p11HHTbI 11.epKOBblO c peUJHTeJlhHOii Bpa.>K,ll,e6HOCThIO. Ona ne rrO.>KeJiaJ1a 

np11HHMaTh HHKaKoii anonor1111, KpoMe cBOeii co6cTsennoli. BooHHKLuee 

B HoBoe BpeMH HOBOe ecrecTB03Hatt11e caMo pa3BHBaJ1och y)Ke B 6oph6e 

C u,epKOBHb!M aBTOpl1TeTOM» (65j. 
3. Ilp113HaHtte BTOpoii KaTerop1rn B peJIHrll03HOM MHpoB033pettHM npo-

11cxo,uwJ10 TPYlJ.HO. 11.,u,eaJibttoe tta"'-IaJIO (pa3yrv1) 11 o6o6~eHHoe AYXOBHoe 

Hal.IaJIO no11yt.JaIDT He3aBHCHMbl~, caMOCTO.HTeJibIIblH CTaTyc Jlliillh Haq11Ha.H 

c XIII B., rrp11qe.M B cBoe06pa3ttotf ¢opMe. K 3TOMY BpeMeHH KaTOJrnqecKoe 

6oroCJIOBHe CT8JIO IIpH3HaBaTh 3a «eCTecTBCHHbThf pa3YJ..10M» upaBO aBTO

HOMHOI'O OT Bephl II03HaHH.H Mllpa. TaK po,D,HJiach 11)1.eH «,D.BoiicrseHHoih> 

llCTllHbl. Ilp113 Hatt11e ca.IviOCTOHTeJibHOCTif. ,ll,Byx HaqaJr Cblrpano orpOMHYIO 

ponh B pa3BllTHH ¢wJioco¢cKoti MbICJI11. KaK n11can npoT011epe.H Bac11JI11:ti. 

3etthKOBCKwii: « Y qe1111e o caMooocmamo~tt.ocmu «ecrecTBe ttttoro pa3yMa» 

B II03HaHHH MHpa II qeJIOBeKa eCTh, B CYIIJ.HOCTH, HOBOe, 'IY>K,ll,Oe OCHOBHbIM 

T e 'IeHHID.i ,ll,a)Ke aHTH'IHOH MbICJJll. llOHSITHe: B 03BbIIIIa.H 0TKp0BeHHe Ha,rr. 

«ecTecTBeHHhIM pa3yMOM», AKBHHaT s TO .>Ke BpeMH pacce-x:aem e,u.11Hy10 

1 ~eJiocTIIOCTb II03HaBaTeJ1hHoro npo uecca. Otta 6h1Jia TaKOBOti y rpeKOB, T. e., 

KOHeqHO, y caMblX 3 Ha'l.fH'l'eJibHhIX MblCJIHTeJieH I'peu,1111; OHa 6bIJia TaKOBOH 

11 y xp11CT.11attCKHX 6orocnOBOB paHH.HX 11 II03,ll,HHX - ,ll,O XIII a . AKB:wuaT 

)Ke CBOllM pemeHHeM BbillleJJ y )Ke Ha HOBbIH IIYTb R TeM HMOJirO pa3pe

IIIHJI ,ll,JJH 3ana,rr.a TPY,l.l,Hy10 'l'eMY o cooTHOIIIeHHH BHepeJI11r1103Horo 3HaHM5l. 

II Bepb1.( ... ) 9TO OTKpblJIO HOBbltl nyTh ,ll,JIH 'IHCTO ¢11Jioco¢cKoro TBOp '-le

CTBa, KOTOpoe He upOCTO CTaJTO o6xo~HTbC.H B llaJlbHeil:IIIe.M 6e3 peJHU'H.03HOro 

o6octtoHaHHSI ( «BepxHero 3Ta.>Ka» ), HO IlOCTCIIeHHO BbllllJlO Ha TIJTb IlOJTHOil: 

aBTOHOivllrn, B03BO,ll.HMOH OTHbIHe B IlpllHIJ,.HII» [69]. 
4. ,lJ.JI.11TeJlbHbJt% KOHcpJJHKT Me.>K,LJy HaJKOH H peJIBrlleH CT8JI rrpeoJJ,OJJe

BaTbCH B xx H. rnaBHbIM o6pa30M B CBH3H c C03~aH11eM KBaHTOBOU Mexa

H.0Kl1, T. e. B CB513H c ¢opM11poBaHHCM TCOpeTHKO-noJreBoii napa,n,.11rMhT. OT

KphITRe 3aKOHOMepHOCT eH KBaHTOBOH reop1111 03HaJ...1€HOBaJ10 3aMeHy B ¢11-

3 HKe T p.Ha.JIHCTli'I eCKOH napa,n.11rMbI Ha ,LiyaJIHCTHYecKylO 11apa,IJ,HrMy Teope

T HKO-IIOJieBOI'O MHpOilOHH.MaHllH, KOTopoe CTaJIO up116JUf>KaThCH K II03MUHH 

U:epKB.11. B 3TOM CMhICJie MO)KHO yTBep>K)l,aTh, qTo .MO.eucmpa.11/bttoe tt.anpae

Aettue <fiuau-x:u xx 6. 0?003MOC'b 6AU3'KU.M -x; pe.auZU03'HOMY MUp06033pe'HU10, 

CYI'Kpb!BaH nyTh ,ll,JlH c6JI.JDKeHHSl ttayKH H peJI11r1111 Ha Ka'IecTBeIIHO HOBOH 

OCHOBe. 

9To OTMeqaJJQCh II KJiacC11KaM.w T eop eT11qeCKO.ti cp1i3HKll, narrpHMep 

B. reH3€H6epr npHBO,ll,HT CJle,11,j'tOW,lle CJlOBa B. Ilay.rr11: « P a3BllTHe eCTeCTH0-

3HaHHH B IIOCJJe,ll,HHe ,Ll,lia CTOJleTJUI, HeCOMHeHHO, 113MeHliJIO qeJ10Bel.1ecKoe 

MbIIII.JICHlle B u,eJIOM H BblBe.i'IO ero 113 Kpyra IIpC,ll,CTaBJieHHH xpHCT.11aHCKOt% 
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KYJibTYPhI. Tio3TOMy He TaK y>K MaJJOBa>KHo To, t:rTo ,n,yMaroT qnr311K11. Be.LU> 

HMeHHO )'30CTh 3'.roro u,u,eaJ1a, - M,u,eaJia OO'heKTHBHoro MMpa, cym.ecTay

rom.ero B IIJX>CTpaHCTBe 11 apeMeHH no 3aKOHY np:H'l!HHHOCTM, - BbI3B8Jla 

KOHcPJIHKT C ,1zyXOBHbJMH ¢opMaM11 pa3JUl~HbJX peJIMrlllI. J1 €CJ1H Ca.MO 

ec-reCTB03HaH11e JroMaer 3TM y3KMe paMKH - KaK OHO 3TO c,n.eJiaJIO B TeopMM 

OTHOCHTeJibHOCTM H B em.e 00Jlblliei1 Mepe cnoco6HO c,u.eJiaTb B KBaHTOBOH 

TOOpHM, 0 KOTOpOH Mbl TeIIepb c TaKMM >KapoM cnop11M, - TO COOTHOIIIeH11e 

Me*.lJY OCTeCTB03HairneM M TeM co,u,ep>KalllleM ' KOTOpoe XOTSIT OXBaTHTb 

CBOHMH ,llyXOBHhIMH ¢opMaMM pe.Trnf'MH, Hat:rMHaCT BbirJI.H)l.eTb Oil.HTh-TaKH 

HHaT.Ie. ( . . . ) B 6y,u,ym.eM, ,ll,yMa.51 o 11op.H,LI,Ke 1"rnpo3,u,attHR, ttaM c.ne,u,oaano 6h1 

npu,u,ep)KMBaTbC.H cepe.n;Mtthl, KaK OHa OT.IepT.IeHa, HallpHMep, B IIPHHI.I,l1IIC ,ll,0-

noJJHHTeJlbHOCTH Bopa. HayKa, nOCTpoeHHa.51 Ha T'd.KOM o6p8.3€ MblCJ,11, 6y..a,er 

He TOJihKO TepnHMee K p a3JIH'1Hbllv1 ¢opMaM p c1rnrH11 , HO CMO>KeT, IlO}KaJiy.0, 

no1rnee p accMaTpMBa.51 .u.eJioe, o6oraTHTh 11 MHP u eHHOcTeM» [43, c. 210]. 
5. KaK HaM npe,rr,c-rasJIReTC.H, c.noaa TiayJI.11 o BbIBo,u,e ecrecTB03Hatt11eM 

t:reJIOBeT.IecKoro MhIUJJreHM.H «II3 Kpyra xpHCTRaHcKoti KYJihTYPhl» HY}KHO 

TIOHHMaTb B CMhICJie pacnpocTpaHeHJ.I.H B npOUJJIOM MexaH.HCTH'1€CKHX Upe/l.

craB.neHMn tta oce MHp03,LJ,aHHe. B proyJihTare /~OCTII>KeHu.ti a ¢11311Ke 

X\'11 a., r.naBHhIM o6pa30M a Tpy,u,ax IlbIOTOHa, B eCTecTB03HaHHH rocno,u,

CTBYlOI.lf,e.H CTaJia TPH8JTHCTMT.I€CKa.H napa,rr.MrMa, corJiacHO KOTOpOH Bee o6b
€KThl ( qacTM~b[) xapaKT€PM3YIOTC.H TO':rHblMH IIOJI0}1(€HM.HMH H CKOPOCT.HMH 

B KJia<:CHt:reCKOM npOCTpaHCTBe-BpeMeHH, a B3aHMO,ll,€MCTBH.H Me.>K,LJy HMMH 

IIO,ll,T.IHH.HIOTC.H npHH~ny «€CTeCTBeHHOH» npMt:rHHHOCTH, KaK ee Ha3B8Jl 

M. KaHT. B TaKoM M11pe rocno,u,cTayeT a6con10Tttb1li ,n,ercpMHHl1.3M u , sa,rr.aa 

Il0Jl0}1(€HH.H 11 KOOp,ll,IIHaTbl acex TeJl B MHpe, MO)KIIQ CKOJih yro,u,Ho TOT.IHO 

npe,u,CKa:3aTh COCTO.HHHe MHpa B JHo6oa MOM€HT apeMeHR. B MTOre Jleit6HM

ueM 6bIJI c,ueJiaH BhIBO,U,, qTo poJih Bora cocTo.HJia JIMIIIh B 003,LJ.aHHH M11pa 

c KOHKPeTHblMH HaT.IaJibHbIMH yCJIOBJ.I.HMH, a ,LlaJl hille y)Ke OH p83BHilaJIC~ 

110 H3BeCTHblM ¢113Ht:reCKHM ( ':rHTaa, Mexa1111qecKHM) 3aKoHaM 6c3 yqacTl1.sf 

Bora. Ha py6e)Ke XVIII 11 XIX BB .• JlaJIJiac 3aaBHJ1, qTo B ero c11cTeMe MMpa 

Bor RBJ1.HeTC.H «JIHllIHeii aKcuoMoli». 

0,JJ.HaKO, KaK n11can KaHT, B npupo,n.e, KPOMe ecrecTBeHHO.ti np11T.IHHHO

CTJ1, 113yqaeMoi1 MexaHHKOH ( ecrecTB03HaHHeM), HMeeTC.H em.e AJJYrasf 11p11-

-crHHHOCTh, Ha3BaHHa51 HM «CB060,U,HO'tt», c KOTOpoa HMeeT ,u,eJio peJIHf"l103HOO 

MHpoao33pett11e. 11.JllI «CBo6o,n.ttoit» npHT.IHHHOCTH xapaKTepHa ueo,LJ.H03Ha~1-

HOCTb ( B03M0)KH0CTh HeCKOJlhKHX MCXO,ll,OB)' KOTOpa.51 B pc.nHI'HM CB513bIBa

eTC51 c B O)KheH BOJI€H. 

OTKpb1T11e KBaHTOBOH MexaHliKH npRBeJIO K OTKa:3y OT a6coJIIOTHOT'O 

MexaHHCTHT.I€CKOro ,u,erepMHHH3Ma M ::iacTaBHJIO noJIO)KHTh B OCHOBy ¢11311qe

CKOI'O MMpo3,u,att11a Bepo.HTHOCTHhJe 3aKottoMepHOCTH. TaKHM o6pa30M, caMa 

cPH3IIKa xx B. ycrrpaHIDia rnaBHYIO np11q11Hy KOHcPJIHKTa Me)f()l.)' HayKOM 

11 peJIHrHeii, 3aM€HHB «€CTeCTB€HHYJO» npHT.IHHHOCTh K JraccuqeCKOA Mexa

HHKH Ha «CBo6o,n.HyIO» npH':rllffilOCTh KBaHTOBOR Mexa1111K11, f'/l.e HeB03MO.>KHO 
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O,Z:~H03HaT.IHO npe,rr,cKa.'3aTb TIOBe,rr,eHHe 3JieKTpoHa B aTOMe, qro ,lI,8JTO IlOOO,lI, 

roBOpHTb 0 HeBepo.HTHOii npe)K,ll;e «CBOOO,lI,e BOJIH 3JleKTpoHa». «<l>H3HKa 

XX B., - KaK cnpaBe,ll,JIHBO OT.Meqaer B. ,LI;. 3axapoB, pacc.MaTpHBa.H npo-

6neMy OTHOIII€HHH M€:>K.lJ..Y nayKoH H peJIHI'Heti c Il03 Hl.J;HM ,D;Byx npHqHn

HOCTeft, - carvta npeo,u.oJieJia 6apbep, 003,lI,BHI'HYThlft Me:>K.lJ..Y HHMH KJiaccHqe

CKOM cpH3HKoii, H YKa3aJia Ha B03MO)KHhiii TIYTb HX CHHTe3a - nocTpoeHH.H 

€,[I.HHOM KapTHHhI MHpa Ha OCHOBe coe,z:uu1eHH.H cpH3HqecKOI'O H peJIHI'H03HOI'O 

MllpOIIOHHMaHHii. 06a 3TH MHpoIIOHHMaHH.H MO)KHO paccMaTpHBaTh KaK ,lI,Be 

B3aHMOilpoTHBOilOJIO)KHbie HCTHHhI, HO He npOTHBOpeqarn,He 0,[I.Ha ,n,pyroii, 

a ,[(OilOJIH.HIOllJ,Me ,n,pyr ,n,pyra» [64]. 
B HTOre o6o6rn.eHHa.H KaTeropM.H IIOJI.H aMnJIMTY,ll,hl Bepo.HTHOCTH oKa-

3aJiach C03BY't.IHOM o6o6rn.eHHOMY Haqa.ny peJIHI'H03HOro MHpOIIOHmvtaHH.H. 

Teneph CTa.110 npaOOMepHblM YTBep)K,ll,eHHe, qTQ rocno,ll,b Bor MO)KeT 003-

,[(eMCTOOBaTb Ha .HBJleHH.H qepe3 KBaHTOBOMexaHHl:IecKylO sepo.HTHOCTh, He 

ttapyIIIaa 3aKOHOB ¢H3HKH. B CB.H3 H c 3THM BcnoMHl1M CJIOBa 9iiHIIITeiina, 

CKa3aHHbie 110 IlOBOAY BepO.HTHOCTHOM HHTepnpeTaII,HH KBaHTOBOM MexaHHKH, 

qro OH «He MO)KeT ce6e npe,[(CTaBHTh Bora, Hrpa10rn.ero B KOCTH». 

3asepma.a ,n.aHHhIH pa3,[1.eJI, XOTeJIOCb 6bl TaIOKe o6paTHTb BHHMaHHe Ha 

CJie,LzyIOI.IJ,He o6CTO.HTeJibCTBa. 

A. IlocKoJihKY HayKa pa3BHBaJiacb B eBporreticKOM (xpHcrHaHCKOM) perH

oHe, rrpe,[(CTaBJI.HeTC.H npnMeqaTeJibHhIM TOT cpaKT, 't!TO ,[l.OMHHHPOBaB

mee B xx B. TeopeTHKO-IIOJieBoe MHp0110HHMaHHe OKa3aJIOCb 6JIH.:>K:e 

Bcero HMenHo K pen11r1103HOMY MHpooo33peHHIO. HHrepecHo TaK.>Ke OT

MeTHTh, T.ITO COBpeMeHHbie KOCMOJIOrHqeCKHe rrpe,n.craBJieHH.H 0 «OOJlh

llIOM B3ph!Be» npe,n.cTaBJI.HIOT co6oli He qTo HHoe, KaK xpHCTHaHCKHM 

CIO)K€T TBopeHH5I rvrnpa «H3 HHT.Iero». 

B. 0TMeqeHttoe 3,[(eCb c6JIH.>Ke1-rne no311u;11.M. pen11rHH 11 naYKH cOCTaBJI.HeT 

JIHIIIh O,[I.HH 113 npoMe)KyTOT.IHblX lliaI'OB HaBCTpeqy ,ll.Pyr wyry. ,lJ;e.H

CTBHTeJlhHO, cJie,rzy.H ,n.orMaTy CB.HTOM Tpo11u;h1, MO)KHO yTBep:>K)laTh, 

q'J.'O XpHCTHaHCKoe 6orocJIOBHe OIIHpaeTC.H na MOHHCTHqecKyro (MOHO

TeHCTHqecKylO) napa,[(HrMy. 1:..JTO KacaercSI COBpeMeHHbIX cl:>H3HqecKHX 

nporpaMM, TO OHH TaK)Ke nau;eJieHbl Ha IIOCTpoe:nMe TeopHH MOHHCTHqe

CKOll ecTeCTBeHHOHayqno"H rrapa,z:r,HrMhI. CJJe)l,oBaTeJihHo, C03)l,aeTCa eru;e 

6oJiee I'JIYOOKa.51, - Meraqm3 HT.IecKaa, OCHOBa ,lI,JI51 c6JIH)K€HH.H ¢11311-

qeCKOii H peJ1HI'l103HOii Kapl'HH MHpa. 

17.5. feoMeTpBqecKOe MBpOilOHJIMaHBe 

H H,Zl;eaTIHCTH'leCKOe MBpOB033peHHe 

1. H,[(eaJIHCTHqeCKOe MHpOB033peHHe B03HHKJIO Ha OCHOBe BhI,ll,eJTeHIUI 

,JJ.Byx (pa.3,a,eneHHhIX HJI11 o6'be,lI,IDieHHhlX B O,lI,HO o6o6w;eHHoe) Haqa.n: H,11.e

aJihHoro (pau;HOHaJihHoro) 11 ,nyxoB:noro. 0Ho ccpopMHpoBaJioch B rrpor~ecce 
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npOTHBOCTO.HHIIB, c O)J.HOH CTOpoHbI, cpHJIOCo¢cKO-pe.JIHI'H03HhlX yqemdt aH

TlPUIOCTH, CTaBHBIIUIX BO rJiaBy yrJia H)J.€aJTl>HOe Haqano, w, c ,Lij)yroif CTO

pOHhI, xpHCTHaHCTBa, r,l.l,e ,ll,OMHIIHP}'IOI.I.J,HM 6hTJTO ,ZiyXOBHOe HaT_i(l,JIO. 

11,1.l,eaJIHCTH'lfecKoe MHpOB033peHHe MO.>KeT 6hITb COOTl-IeCeHo c reoMeT

pHT_IeCKHM MHpOilOHHMaHHeM B ecTeCTB03HaHHH. (Ha pHC. 17.2 H 17.4 HM 

COOTBeTCTBYIOT npOTHBOilOJIO.:>KHhie - 3a)J.H.H.H H nepe,n.H.s:rn -- rpaHH Ky6a.) 

(Il) flo.11.Jl 

nepe'"'oc"'1.t100e 
eaa'U.Mo0e1'1.cmeuif 

(H) H,n.eaJil>Hoe 
Ha'llaJIO 

Puc. 17 .4 . 11,LJ.eaJIHCTH"iecKoe H reoMe-rp~ecKoe 1"mponom1Mamu1 

2. B paMKax H,rr,eaJIHCTH'lfecKoro MHpOB033peHH.H, OIIHparoI.I.J,eroC.H Ha 

o6o6n~eHHoe ttaqano .03 H,D.eaJIHCT11qecKoro .H ,rryxoBHoro ttaqan, CJie,rryer 

pa3JIHqaTh ,ZiyaJIHCTHqecKyro H KB83HMOHHCTHqecKyIO nap3i.IT.HrMy. 0HH p83-

JIHqaIOTC51 OTHOllleH.HeM K OCTaBllleMyC.H ( TpeTheMY) Haqany. B KB83HMOHH

CTHT_IeCKOM IIO,LJ,XO,ll;e OHO OTCyI'CTByeT, KaK H B peJIHrH03HOM MHp0B033peHHH. 

Cl>HJIOCo¢cKHe CHCTeMhl TaKoro pO,LJ,a CJle,n,yeT yno,U,OOHTb reoMerpHqeCKOf\.ty 

MHponoHHMaHino B paMKax 3KCTpeMaJihHOH KJIH<l>¢op,LI,oBcKoi1 rrapa,rr,HrMhI, 

r,ll,e npoB03r11ameHa nporpaMMa Bhrno,n.a ocei1 cpH3HKH H3 reoMeTpHH. KaK 

6h1JIO OT.MeqeHO B 3-ii qacTH KHHrH, 3Ta nporpaMMa B cpH3HKe TaK H He 6bUia 

peai1H30BaHa 

3. K .uya.JIHCTw1ecKHM H,l.l,eaJIHCTH'IeCKHM CHCTeMaM cJie,rryeT OTHecTH 

TaKHe, KOTOpbie OilHpaIOTC51 Ha Ha3Ba1ume Bblllle o6o6u~eHHOe Haqano H Ha 

OCTaBllieeC.H MaTepHaJTbHOe HaqaJTo. 0HH COOTBeTCTBYIOT B ecTeCTB03HaHHH 

,DyaJlHCTHqecKOH reoMeTpHqecKOH napa,rr,11rMe, K KOTOpo:H npHHa)J,Jle.:>KaT o6-
I.I.J,a.51 TeOpHH OTHOCHTeJibHOCTH H MHOroMepIIbie reOMeTp11qecK11e MO)J.eJIH 

<l>H3HqecKHX B3aHMO,l.l,eHCTB.Hii THIIa Teop11li Kru1yll,.b1 H Knelitta. 

PaccM0TpeH11e ,n.attHoro aorrpoca BbIBBHJTO CJie,rryIOII(HH Jiio6onI:iIT

H1>1it cpaKT: B .n.e51TeJibHOCTH OT,LJ,eJibHbIX eCTeCTBOHCilbITaTeJieif, OCOOeHHO 



B XVII-XVIII BB., OTMeqa10TC.H cJJyqaH pacxo)K,II.eHH.H ecreCTBeHHOttayqttoii: 

H tPHJIOco¢cKO-peJIHrH03HOH rrapa):VfrM. 

K .rryanHCTHqecKoif H.UeaTTHCTHqecKoii: napa,~1-t:rMe, on11pa10111,e.ffc51 .1m 

o6o6111,eHHy10 Karerop1110 H,LI.€aJibHOI'O H ,llyXOBHOro Ha-:rnJJ H Ha caMOCTOH

TeJibHO BbICTYIIRIOll.J,ee MaTepHaTihHOe HaqaJio, cne.nye:r OTHeCTH cPHJIOCocP

CKO-peJIHr:H03Hhie B3rJ1.H,lJ,bl l1. HblOTOHa. KaK IIHIIIeT ll. ll. rali,LI.eHKO, «a6-

COJIIOTHoe npocTpaHCTBO HhlOTOH Ha.n.en.HeT oco6bIM cBoiicTBOM aKTHBHOCTH, 

H83hIBaR ero «"l.IYBCTBHJJH111,eM Bora» (Sensoriu1n Dei). ( ... ) «qyBCTBHJrn-

111,eM Bora» Ha3hIBaer a6coJJ10Tttoe npocTpaHCTBO H C. KJiapK B rreperrncKe 

c Jleii6ttHu,eM, 3aIIJ,H111,a.H 3,n,ec.h ToqKy 3peHH.H, o6uzyro y Hero c HbIOTOHOM. 

( .. . ) IlpaB,[I,a, HbIOTOH He corJiaceH cqHTaTh rrpocTpaHCTBO MHpono.A. .nyIIIoii, 

ITOCKOJlbKY 3TO flOH.HTHe TPY,ll,HO COBMeCTHMO c xpHCTHRHCTBOM, HO H,ll,e.H 

o6rn.eii O,LlyllieBJieHHOCTH MHpa eMy He qy:>K,[I,a. ( ... ) Ilott.HTH51 npocrpaHCTBa, 

3cPHpa, «MHpoBoro ,ll,hlXRHH.H» HJIH «MHPOBblX IJYXOB» aCCOlI,HHpOBaJIHCb 

y HeKOTOpblX B03pO)K,ll,eHqeCKHX HaTypcPHJlOCO<l:>oB c MHpOBOH .rryrno.A. HOO

IIJiaTOHHKOB, KOTOPa.51 MblCJlHJiacb KaK TOffqaii:IIIasI MaTepH.H HJIH, KaK :rvfbl 

BH,lleJlH y r . Mapa, l1. HbIOTOHa H C. KJJapKa, - KaK IIpoCTpaHCTBO. IlpH 

3TOM rrocne,n,Hee paccMaTpH.BaeTC.H KaK oifyweeJieuuoe npocrnpancrneo y p.H,n;a 

npe,n,craBHTeJJeii repMeTH3Ma; y H1:>10TOHa H KJJapKa, )l(eJiaBIIIHX ocTaThC.H 

B rrpe,n,eJiax xpHCTHfillCKOM TeOJIOrHH, OHO nonyqaeT H83BaHHe ,,6o)l(eCTBeH

Horo qyBCTBHJ1H111,a"» [41, c. 81 J. 
9.ti.HIIITeMH o6pa111,aJT BHHlVlaHHe Ha C03Byq11e qmJIOCocPCKO-peJJHrH03Hbie 

B3rJI.H,lJ,OB HhIOTOHa c napa,rr,HrMofi o6111,ett Teop11n OTHOCHTeJihHOCTH B reo
MeTpH'IeCKOM BH,n,eHHH MHpa. KaK y)l(e OTMeqaJIOCh, 9ti.ttwTefil1 paccMa-rp11-

BaJI CBOIO TeOpHIO KaK rrpoMe>KY'l'O""-IHYIO Ha rryTH K 3KCTpeMaJihHO reoMer

pHqecKoti. TOOPHH KJrn:¢¢op,[I,OBCKOro THITa. 

4. Mcxo,LJ.51 H3 H3JIO)l(eHttoro, CJJe,LI,yeT rrpH3HaTh, qTo M)J.eonorH ,LI,Ha

neKTHqecKoro MaTepHaTIH3Ma 6hIJIH rrpaBhl, npttqHCJIIDJ 3MHill'l'eMHOBCKYJO 

o6uzyro TOOPHIO OTHOCHTeJlhHOCTH H MHOrOl\.iepHbie reoMerpnqecKHe MO,[I,e.TIM 

T1111a Te0p1111 Kanyu,h1 11 KneiiHa K H.LI.eaJTHCTH"l.IecKHM yqeHH.HM. 0.n:ttaKo 3TO 

.HBJI.HJIOCb He He,n,OcTaTKOM TOOPHH, a JIHIIIb CBH,n,eTeJibCTBOM HaTJHqH.H MHOI'O 

B3rn.H,n,a Ha o,rr.tty H TY )Ke peaTihHOCTb. 

17.6. Pen~onHoe M:uponOHHMa1111e 
II MaTepHaJIHCTff"qeCKOe MHpOB033peHHe 

1. M11poB033peHHe, ocHoBattttoe Ha Bhl,ll,eJieHHH ,ll,Byx HaqaJI: MaTepH

aJihHoro H M)J,eaTibHOro (pat\HOHaJTbHOro), H83BaHO MaTepHaJIHCTHqecKHM 

no HeCKOJlbKHM rrpHl:mttaM. Bo-nepBhIX, Tpa,rr,11u,HOHHO (Bo BC.HKOM cJiy"t.Iae 

y Hae B CTpaHe) MaTepHaTTHCTHqecKasI cPHJIOCocPH.H paccMaTpHBaJiacb KaK 

HayKa, T. e. KaK pau,HOHaJihHoe yqe1rne. Bo-BTOphIX, B ,n,11aJTeKTw1ecKoM 

MaTepHaJTH3Me, rrpOB03rJiacHBllieM rrepBHqHOCTb MaTepHH, TeM He Mettee 
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BBO,Ll,HJiacb ell(e <Jjop.Ma cyv.J,ecm6o6aHuJt .Mamep·uu, KOTopa51 ¢aKT11qecK11 

BbIIIOJIH.HJla pOJib 11,ll,eaTibHOro (Broporo) Ha"t-rnJJa B 3TOM ~em111. B-Tf)e

ThHX, MaTep11arI113M B COBeI'CKHU rrep110,r.r, 6bIJI H83BaH ,l1,HaTieKTH"'·leCKHM, 

qro rro~83yMeBaeT ttarr:wq11e BToporo Haqarra. M HaKOtte~, ,r.r,11arreKTlf"CICCKHH 

MaTepHaJ1H3M npoTHBOIIOCTaBJI.HJIC51 H,ll,CaJ1H3My, CJie,Ll,OBaTeJibHO, 11,ll.eaJThHOO 

Haqa.110 npanoMepHo noJiaraTb aropb1M B 3TOM Y'-IeHHH. 

Ilo,r.r,qepKtteM, qTo ,L1,a1moe 3,Uecb onpe,u,e.rren:we MaTepHarrHcrHqecKoro MH

poB033peHru1 OTJI11qaeTCH OT H3BeCTHOl'O orrpe,u,eJieHHH MaTepHaJIH3Ma KJiac

CliKaMH MapKCH3Ma-JieHHHH3Ma. KaK y)Ke OTMe"IaJIOcb, Marep11.ru1MCT11-.:.1e

cKoe l\.illPOB033peHHe COOTBeTCTByeT ecTeCTBeHHOHayqHOMY peJISU\MOHHOMY 

MHp0110HHMaHHIO, qTo cxeMaTH"leCKl!I 113o6pa:>K€HO Ha p11c. 17.2 11 17.5 na

p8JIJleJibHbIMH JieBOH H npaBOH rpaH.HMU Ky6a. 

(II-B) llpocmpa'HCmeo-epe.M,JI, 

(H) lfAeaJibHoe 
Ha"la.JIO 

Puc. 17 .5. MarepHa.TmCTH•1ecKoe H peJUUJ,HOlllioe MHponOHHMa.ttrur 

KaK H B npe,lJ,bl,lJ,Ym;Hx cnyqaRX, B Ma·repHarrHCTHl:.IeCKOM MHpoBo33peHHH 

CJie.nyeT p83JIH'ClaTb ,D.yaJIHCTH'CleCKYIO " KBa3HMOH11CTHl.feCKyIO nap~rMhI, 

OCHOBaHHble Ha p83HOM OTH01l.1€HHH K OCTaBll.IeMyC5I TpeTheMy Haqarry. 

2. ,Icyarr11CTHl.IecK8.5I M aTepHaJIHCTH'ClecKa51 napa,LJ,HI'Ma OIIHpaeTC.H Ha 

o6o6meHHoe tta"laJIO, co,L1,ep)Kall(ee B ce6e MaTep.waJihHoe 11 H,11.earrbHoe n a

qa.na, H . Ha OCTaBll.Ieec.H ( caMOCTO.HTeJihHOe) ,D.yXOBHOe Ha"IaJIO. ,[LaHHa.51 na

p~HrMa XapaKTepHa ,lJ,JIH cPHJIOCOcPCKO-peJIBl'H03HbIX B3I'Jl.H,ll,OB raJIHJie.H 

H ,ll.eKapTa: o6a up:w3HaBa.1lli, Hap.H,ll,y c BoroM H CB.H3aHHhIM c HHM llY
XOBHhIJ\.f tta1.1ar19M, MaTepHMbHoe ttaqar10, OO'heJlHHH51 ero c H,lI,eaTihHblM. 

KaK OTMe'"-IaeT 11. Il. ratt,n,eHKO, ~ y ,[LeKapTa .rvrnp rrp11pO,LJ,hl rrpeaparu;ae'l'C51 

B 6ecKotte"t.JHO upocT11paro~eecH .MameMarnu'tieC'K',Oe me.tto. CHJia, aKTHBHOCTh, 

,r.r,e.HTeJihliOCTb BhIHeceHbI 3a rrpe,n,eJlh l npHJX>,lI,HOro Mnpa; HX HCTO"IHHK -



TpaHcu;eH,U.eHTHh1ii Bor. C noMOllJ,hIO 3aKOHa HHepu;HH ,[(eKapT CB.H3hIBaeT 

,lJ,BH>KeHHe c npOTH.>KeHHeM, ycTpaIDi.H H3 IIpHpO,ll,bl - c IIOMOllJ,blO ,D,OrMaTa 

0 TBOpeHHH - BCHKoe npe,LJ,CTaBJieHHe 0 KOHeqHbIX npH'llHHax» [41 , c. 68]. 
«CHJia, 6Jiaro,D,apH KOTOpoii Te.TIO npO,ll,O.JDKaeT npe6bIBaTb B COCTO.HHHH, 

B KOTopoM OHO Haxo,LJ,HTOI, .HBJIHeTC.H II03HTHBHoii BoJiett Bora», - nHIIIeT 

¢paHizy3CKHli cpH3HK )I(. Poo, nocJie,rr.oBaTeJib ,[(eKapTa (~T. no [41, c. 70)). 
KaK 3TO HH noKa>KeTCH napa,rr.oKCaJTbHhIM, HO, corJiaCHO npIIBe,rr.eHHhIM Bhillle 

onpe,[J,eJieHH.HM, ,[J,aJ-Ula.H napa,[J,HrMa ,[.1,0.JDKHa 6bITb OTHeCeHa K MaTepHMH

CTHqecKOH. 

Tio,u,o6Hhie ,l1,yaJTHCTU'-I€CKHe cpR1Ioco¢cKHe yqeHH.H COOTBeTCTBYJOT TeO

PHH IIp.HMOro Me.>KqacTHqHoro B3aHMO,l1,ettcTBH.H Cl>eliHMaHa-Cl>OKKepa, OIIH

pa10m.elic.H Ha o6o6m.eHHhie KaTeropHH npocrpaHCTBeHHO-BpeMeHHhIX H TO

KOBblX OTHOllleHHtt. IlpH 3TOM «CRJia, aKTHBHOCTh, BhIHeCeHHbie 3a ne,rr.eJibl 

npHpo,n,Horo MHpa», ,[J,OJI.>KHhI 6hITb COIIOCTaBJieHhl c TOKOBbIMH OTHOllleHH

HMH B KOHu;enu,11H ,[J,aJTbHO,LJ,e.HcTBHH. 

3. K KB83HMOHHCTHqecKoli MaTepHaJTHCTHqecKoli napa,[I,HrMe cJieLIJler 

OTHeCTH cpnJiococpcKHe rurJIH,IJ.bI 9. Maxa 11, a 3Hat.IHTeJihHOH cr.renettH, II03H

THBH3M, KOTOpbie cpaKTHqecKH OCHOBhIBaJTHCh Ha o6'be)l,HH€Hlflf MaTepHaJTb

HOro H lf,ll,eaJJbHoro ttaqaJI. Ilo3HIJ,HH Maxa no,[J,po6Ho H3JIO.>KeHa Bero KHHre 

«Il03HaHHe H 3a6Jiy.>K,LJ,eHHe». 3,[J,eCh c.rre,rr.yer 110,D,qepKHYTh, qro TepMHH 

«ouzy.LI.J.eHHe» 11cnoJih30BaJICH MaxoM ,l1,JIH o6o3HaqeHHH ncmcoJiorttqecKoii 

peaKu;HH 'l'.leJIOBeKa Ha OKpy.>KaIOm.He ero MaTepHaJihHhie o&beKThI, Hanpn

Mep, COJIH~e, 11 ,[.1,pytt11e ooc11p1urnMaeMhie Tena. OH nHcaJT: «Harn OIIhIT p83-

BHBaeTc.H qepe3 H,D,yu..i;ee BIIepe,[J, 1IpHcnoco6JieHHe HaIIIHX MbICJieii K <}:>aKT'd..M 

,l1,€HCTBHTeJ1bHOCTH. qepe3 npHCIIOCOOJieHHe HaIIIHX MhICJie:H ,[J,pyr K ,[J,pyry 

B03HHKaer y11op.H,[.1,oqeHHaH, y11po.LI.J.eHHa.H 11 cBo6o,n,Ha.H OT 11pOTHBopeqHif 

CHCTeMa H,l1,€H, K KOTOpOH Mbl CTpeMHMC.H KaK K uaea/l,y uay'KU» (105, C. 52). 
,liyMaercH, qTo JieHHH, KPHTHKY.H Maxa :::Ja ero, HKOOhI, cy6'heKTHBHhIH 

11,n,ea.JIH3M, He IIOH.HJI cyTH ero TI03H[(HH. 

Cl>ttJiococpcKo-peJIHrH03Hhie B3rJIH,ll,hI Maxa BIIOJme COOTBeTCTBOBaJIH ero 

ecrecTBeHHOHay'(IHhlM II03HU)f.HM. On pe3KO BhICTYITaJI npoTHB HcnoJib30Ba

HH.H B cpH3HKe H,l1,eaJThHhIX TIOH.HTHH, He HMeIO.ll(HX ,ll,OCTaTOqHoro oOOCHOBa

HHH B tta6JIIO,l1,eHH.Hx (a ouzym.ettH.Hx). B Y:acTHOCTH, K TaKOBbIM OH OTHOCHJI 

IIOH.HT.IDl npocrpaHCTBa H BpeMeHH If HaCTaHBaJI Ha HX cyry6o peJI.HIJ;HOHHOH 

CY.LI.J.HOCTH. BMeCTo ren H npoC'rpaHCTBa (-apeMeHH) y Hero ¢aKTHqecKH BBO

,IJ.HJiach o6o6.LI.J.eHHa.51 'KarnezopuR 01nnuweuuu: OTHomeHH:!i Me.>K,Liy TeJiaI\.rn, 

aI'HOllleHHH qeJioBeKa 11 oKpy.>KaIO.LI.J.HX TeJI JI T. ,n,. Ha110MHHM, qTo rrOHHTHe 

OTHOUJeHH.51 Tep.Her BOIKHH CMbICJl 6e3 TeJI, 0 KOTOpbIX 6ecCMbICJieHHo rOBO

PHTh 6e3 OTHOlli€HHH Me.>K,Izy HHMH. no Maxy, TeJia npO.HBJI.HIOTCH TOJihKO 

B OTHOIIIeHM.HX. 3a ero cpHJIOCocpCKO-peJIHI'H03HblMH B3rJI.H)J,aMH TaK>Ke npo

CMaTpHB8.€TC.51 o6o6m.eHHoe HaqaJJO, BKJIIOqaiou..i;ee B ce6.H KaK MaTepHMbttoe 

HaqaJIO ( TeJia)' TaK H H,l1,€aJibHoe HaqaJio. 
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,LI.JUI KBa.3HMOHHCTH'lJeCKOR qmJioco¢1u1 TaKOro THIIa xapaKTe pHO HrHO

pHpOBaHHe TpeTbero, )~yxOBHOro Haqarra. 113B€CTHO npoXJia.n,Hoe OTHOU1€HHe 

9. Maxa K peJ1HrHH: B ero 6uorpa¢Hu MO.>KHO HattTu H€Ma.J10 TOM.Y 11o)l.TBep

)i{,lJ.eH11.ii. OH OTHOCHJI BOJIIO KO BTOpHqHbIM noH.aT1u1M: « H e cyrn.ecTayer 60.1/,'lJ, 

u B'H/l.J,Ma?-t/UR KaK oco6'btX ncuxHqecKHX CHJI. Ta .>Ke cHJia, KOTOpa51 o6pa.3yeJ' 

T €J10, npOH3BO,n.HT H Te oco6hI€ ¢opMbl corJiacHOl'O )l,€HCTBHH 'lJacTeii TeJia, 

KOTOpbre M hI Ha3hmaeM B COBOKynttOCT11 «BOJ1e10» H « BHHMaHHeM». Bo.rm: 

J1 BHHMaHHe TaK p O)l,C'l'BemibI M e.>K,IJ,y co6oii, 'lJTO Tpy)l.HO p a.3rpaHlf'I.l1Tb RX 

,LIJ)yr OT .n.pyra. BoJI.H H BHHMaHHe 3aKmo'1aIOT B ce6e BJieMeHT «Bh16opa», 

KaK reoTpoIIH3M H reJIHOTpOIIH3M pac·1·ett1d% HJIH fIBJI€HH€ TI8./T,eHHSI KaMH.H 

Ha 3€MJIIO. Bee OHH B paBHOR Mepe 3ara)J.O'l:,1Hbl HJIJ1 B paBHOR Mepe IIOHHTHbl. 

BoJIH COCTOHT B TIO)l,qHH€ HHU Mettee Ba)KHblX 11.JIH TOJihKO BpeM€HHO Ba)K

HblX pe¢JieKTIIBHhIX aKTOB .>KH3H€HHOM ¢YHKIJ,HH pyKOBO,LVIJ.LJ,HX rrpou,eccoa. 

A 3TH pyKOBO,lJ,51IWie npou:eccb1 cyTh om,yUJ,eHRH u rrpe.n.craBJie HH.H, peeu
cmpupy'IOUJ,ue yCJIOBHfl )KJi13HH» (105, c. 90) . 

<J.)opM8.7IbHO 3Tl1 p accy)K,ll,ettl1.fl COOTBeTCTByIOT HCKJIIOT-JeHHIO B TOOpHH 

<DoKKepa- <DeiiHMaHa Q.>u311qecKoii Ka:reropu11 rroJieli n ep enoc'llHKOB B3aHMO

.n.e ttcTBHli. B ¢113H'lJCCKOA Teop11H ee ¢yttKIJ,.11H 6pana Ha ce 6H ,L\Pyraa o6o6-

m eHHaJI KaTeropHa, 0)1.HaKO B ¢RJIOCO¢cKOH TpaKTOBKe 3TO OKa3blBaJIOCb 

3asyaJIHpoBaHHbIM. 

4. ,llpyn1M npwMe poM KB83HMOHHCTHqecKOJ'O MaTepHaJIH3Ma SIBHJIC5i 

,llHaJieKTH'-1€CKHH MaTepHaJIH3M, npeTeH)l,OBaBIIIHtt Ha MOHHCTH'i€CKl.1ii CTa

TyC yqeH1u1. 9To yqeH11e onHparrocb Ha e.n,RHy10 o6o6rn.eHHYIO Karerop1uo 

M aTep R H . B MapKCHCTCKo-JieHHHCKoii cpuJioco¢RH MO.>Ktto BCTpeTHTb Ka

T e rop11qecKoe B03p8.)1(€HH€ rrpOTHB KaKOii-JIHOO KOHKP€T113a1urn 1\-mTepHH, 

Hanp11Mep, B BH,rr.e : «MaTepHH ecTh BCe TO, qTo o6Jia,LJ,aeT CROWCTBaMH 

Pi, P2, ... , Pn, r.n.e n MO)K€T 6hITh BCJIKKO, HO o6H3aTeJihHO KOHeqHO» [172, 
c. 25]. 0TBeprae:rc.H TO'l!Ka 3peHHfl. 'l-ITO pacRpbITHe 3THX P1 , P2, ... , Pn 
MO>KeT .HBHThC.H 3a,LI,a'ieii ec:recTB03 Ha Hltlf. M a;rep11a - 3TO Bee, qT() eCTb, 

'i'I'() OTKpblTO H qTO Kor.n,a-JIH60 6y.n,eT OTKpbITO c JI106bIMH CBOHCTBaMH. 

Cronb arro¢aT11qecKaH TpaKTOBKa MaTepHH ttaCTOJibKO aceo6eMJIIOrn;a, qTo 

CTaHOBHTC.H rrpaKTHqeCK.11. 6ecnOJI€3HOtt. 

06rn.eH3B€CTHO pe3KO s pa:>1<,ue6Hoe 0THOIII€H.l1€ H,LI.€0.JIOrOB )J,HaJieKTH'lJe

CKOro MaTepRaJIH3Ma K peJIHrHH. 

5. 11MeE B BHAY OTMeqeHHOO COOTBeTCTBH.€. MaTep11.aJIHCTHqecKOH Q:m

JIOCoqmu ( B" .n.aHHOti 3)1,eCb TpaKTOBKe) p eJUHUiOHHOMY MHpoilOH.HMaHmo 

B ¢H3HK€, BbICKaJKeM llCCKOJlbKO KOHKpeT HhIX KpHTHqecKHX 3aMeqaHHi1 110 

IIOBOAY (MapKCHCTCKO-JleHHHcKoro) ,[V1aJie KT11qec Koro MaTepHarrH3Ma. 

1) BcoxBaTbma1orn;ee Marrep11a.nbHoe Haqa.no 6bIJIO ttac1'0JibKO OOI.IJ,HM, 'lJTO 

OKa38.JIOCh coBepIIIeHHO 6ecnJio.n,HhIM )J,JI.H ¢11311KH. B o.n,tty KaTerop1110 

MaTepRH nonarr11 11 'iaCTHIJ,bI, H rro.IDI. Bonee roro, cooTBeTCTayromHMH 

,LI;HaJieKTH'i€CKOMy MaTepHaJIH3MY OKa3blRaJIH Cb IlOHfITl1.H a¢Hpa, Ten-



Jiopo.n.a, ¢norHCTOHa li rrpoqwx H)I.€aJibHbIX cy6(,'TaHI.J.H'ti, - .LJ.OCTaTQq}IO 

6bIJIO Jlliillh nptt3HaTh liX MaTepliaJihHbIH xapaKTep. 

2) HecMOTpH tta coOTB€TCTBlie MaTepliaJili3Ma li peJun .. ~liOHHOr'O MliponoHli

MaHwa, rocnOJJ.CTBOBaBrnaa B Hamett CTPaHe li.UOOJIOrlia .UliaJieKTli"l:JecKoro 

MaTepliaJili3Ma npoTHBliJiaCh npli3HaHlilO KOHI.J.€~.liM )J,aJibHO)l,€HCTBHB. 

Bh1me 6bIJIH oxapaKTepH30BaHbI ,rr.HCIIYThI ttaqa.11a 30-x rr. no oonpocy 

KoHu;erru;RR 6JIH3KOJJ.ettermrn: w JJ.aJihHOJJ.etteraHa. Kottu;enI.J.HH 6nn3KOJJ.€H

cTBHH OTCTaIIBa.rrach B . <l>. MliTK€BliqeM, a KOHu;enI.J.liH )J.aJihtto,u,eik'TBHH, 

coCYTBeTCTByromaa peJIBI.J.HOHHOMY no,u,xoJJ.Y, 3BIIJ,lfll(a.rrach 51. M. <I>pettKe

neM. 11)1,eOJIOrH ,lI.HaJI€KTH't.JeCKOro MaTepnaJili3Ma pemHTeJihHO BC'l'aJlH Ha 

cTopotty B . <l>. MwrKeBnqa. TaK, pe,u,aKI.J.HH :>Kyptta.rra «Ilo,u, 3ttarvietteM 

MapKCH3Ma» CJie.[Q'IOlllHM o6pa30M onp€/J.€JIHJia M)l,OOJIOrnqecKyIO cyu..i;

HOCTb ,u,aHHOH JJ.HCKyccliH: «P€,JJ,KOJ1Jleru11 no,u,qepKHBae'l~ t.ITO HeyeraH

Ha.H 3allJ,HTa aKa,u,eMHKOM B. <I> .. MnTKeBnl.feM IIOJtO.>KeHMH o6 o6'beKTHR

HOCTH ¢H3HYeCKHX upou,eccoB llpoliCTeKaIOllJ,HX B 3JieKTpoMarHHTHOM 

IlOJle, .HBJ1H€TC5I 6opb6o.H 3a OCHORbl Hay"l.IHOI'O MaTepnarrHeruqecKOrO 

11ott11MaHHH npwpo/.I,Hhix 5IBJ1ettu.H. Pe,u,aKI.J.H.H C't.fHTaeT, qro KpHTliKyIOrn,He 

B3rJIBJlbl aKa)J.eMHKa B. <l>. MuTKeBHqa npocpeccopa 51. H. IllnHJihpeiiH, 

51. M. <DpettKeJih, M. E. TaMM H HeKOTOphre JJ.PyrHe HJIH He )J.aIOT npaMoro 

M BCHOro OTB€Ta Ha IIOCTaBJI€HHhIH HM BOnpoc, HJIH ,LJ,aIOT H)J,€8.JIHCTHqe

CKHH OTBeT, OTpnuaa o6'b€KTHBHOCTh ¢H3HqecKM:X npoueccoB B none» 

(I.J.HT. no [156, c. 285)). 
KaK nRIIIeT A. C. CoHliH no rroBO.LQ' ,u.attttoii nHcKyccHH, «B crrop 

BMeIIIa.rrc.a aKaJJ.eMliK H. M. ByxapHH. Ott 3aMeTHJI, qTo <l>peHKeJih He 

OTHOCHT 3JI€KTpoMarHliTHoe none K MaTepuH. Tor,u.a OH 3a,U.aJI oonpoc: 

BBJ1B€TCB J1li 3JJ€KTpoMarHliTHOe IIOJie TpeTbeii KaTeropHeii nocne Ma

TepHH H JJ.YXa? BTopoii aonpoc - HBJUieTca JIM ,,npocT pattcTHO aTpM-

6yTOM H qero-TO ( CK8Ji<.eM, MaTepH.11) HJUf caMOCT051T€JlbHOM cy6cTaH

I.J.H€.H?"» (156, C. 287] .. 
3) c TOqKH 3p€HHB )..l,HaJI€KTWl€CKOrO MaTepHaJIH3Ma OKa3aJlC5I HeCyil(e

CTBeHHhlM BhIOOP 0)1,HOM 113 I<OHJJ,€UI.J.liH upocTpaHCTBa-Bp€M€HJI: peJI5I

JJ,HOHHOH liJ111 cyfic.Tattu;11anbttoH:. Pattee Y*e r~MTwposa.rrc5I yqe6ttHK no 

¢1fJlOCO(pHH, r)J,e Y'l'B€P)K,ll,8JIOCb: «Cy6C"I'aHI.J.118JlbHaa 11 p€JIHI.J.110HHaH 

KOHJJ,€IIJJ,HH He CB>J3aHbl O)l,H03Ha"l.IHO c MaTepm~.JIH3MOM H H,nea.JI.H3MOM. 

3,n,ecb B03MO)f:(HhI nro6b1e coqeTaHI15I» [172, c. 139]. HarrOMHHM, 1v1ax 
B CBOMX Tpy,n,ax HacTaHBR..n HM€HHO Ha p€JIH~HOHHOH npHpo)J.e npOCTpatt

CTBa M BpeMeHH. 

4) ,ll,JI.H H)l,€0JIOroB )J,HaJI€KTHqecKOI'O MaTCpHa.TIH3Ma 6hVl xapaKTepeH ,u.or

MaTJ-1qecKHH no,u,xo.u K PHAY npo6ncM ccTCCTB03Hanua. HanpwMep, CJie

AYB BhICKa.3hIBaHHHM B. IL JleH11Ha Haqa.rra XX B., yTBep:>K,na.rroch, qro 

npocrpaHCTBO KaK ¢opMa cyll(CC'fBOBaHHH Ma·repliH M0)f(€T 6bITb ·roJihKO 

3-MCpHhIM. 9TOT )l,OrMaT TIOCJIY:>KHJI OCHOBaHH€M ,Ll.Jl5l HacMeweK 110 
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11000,zzy BhICK8.3hIBa1urJ.i 8 . Maxa o B03MO)l{HOCTu MHOI'OMCPHhIX npo

CTpattcTB. 

C1111coK rrpe:reH3J.1i1 K n:,rr,eonoraM JJ.HaJieKTJiqec.Koro MaTepHaJIM3Ma MO

>KeT 6bITh Cyll.l,eC'.I'BeUHO 11po,D;OJDK€H. 

6. Pacc.MoTpeHHoe B 3 TOii rnaae cooTBeTCTBHe Me)l(,rry TpeM5l ¢u.31p1e

c KHM 11 MHpOIIOHHMaHH5IMH H ¢:w10co¢cKO-p €JJJ1.rl-I03HblMH MHpOB033peHH

.HMH nOKa3blBaeT, qro .Mamepua.n.ucmu'l(.ecx:oe .M:upoeo33pettue tte coomeem
cmeyem ttu .Ma2ucm'JXl.fl,'b'HOMY nymu pa;Jeumu.R ifn.13'lJ,'K:U XX e. e pa.Mx;ax 
meopemux;o-no.1Leeo20 M'lJ,pon01-tuMa'H'U.R, 'HU napaifu2.Me o~eil meopuu om
uocumeA'bttocmu. 9ro H IlOCJIY)KHJIO npffYHHOH ,JJ,JJHTeJJbHOro HenpH3HaHIDl 

H)l.€0JIOffiMH MapKCH3Ma-JleHHHJ1.3Ma HH KBaHTOROH MeXaHHKH, HH o6m;eli 

reopuu OTHOCHTeJJbHOCT H. 

IloCJie BhIHy)l(,Il,eHHOro npH3HaHU5! B Hallleii CTpaHe ,ll;OCTH)KeHHH co
Bp€M€HHO:R: ¢H3HKl1 nonbITKl1 OT€'i€CTB€HHhIX cpH3HKOB CJl€,ll;OBaTb ,n;orMa

TaM MapKCHCTCKO-JJCllllHCKOI'O yqeHl15! npwBO/.l,UJUf K JIHilIHHM tta,zzyMaH

HblM npo6neMaM. BcnoMHHM paHee np11Refl,eHHyro ¢11.rroco¢cKyro ,n;wcKyccHro 

A. 3. TieTposa, M. CJ>. lll11poKoaa 11 ,LI.~- MBaHeHKO o cymttocTH rpaBHTa

IJ;HH. 

7. TeM ne MeHee He cne,zzyeT OTKa3hIBaThC.H OT MaTCpJ.1aJIH3Ma a ero 

pacn1HpeHHOM IIOHHMaHHH, «He BhlilJJ€CKHBaTb BMecTe c BO)J.OH 11 pe6eHKa», 

a cyIIJ,ecTB€HHO ero n epepa60TaTh c Y'-ieTOM ,rr,ocT1nKett11:H c oRpeMeHHOm 

ecreCTB03HaHl1SI ( ¢113 11KH). c IIpH3HaH11€M npaaa H a cyru.ecr1:~C>BaHHe HHbIX 

l\irnpOB033p€HHR, MaTepHaJIHCTWI€CKH:R: D3rJIR,n; Ha M11p Tep>IeT CBOJ:t arpec

CHBHblH xapaKTep, Ilpc>TM.BOCTORUJ;HH KaK 11,n;eaJIHCTH' leCKOMy, TaK H peJIH

J'H03HOMY MHpoB033 pCHH.HM. IlpH Ta.KOH nocraHOBKe aorrpoca ,II,OCTlf)l{€HH.H, 

Hbipa.6oTaHHbI€ qeJIOBeqecTBOM B Te-Y:ettue MHOI'HX B€KOB B p8.1-n<ax pa3HbIX 

MHpoB033peHH:R:, CTaHOBRT~ ,n,onOJIH.SllOJ.l.l,liMH ;i;pyr ,lJ,pyra H B COBOeynHOCTJ.1 

)J,aIOT 6oJiee noJittoc rrpe,n;cTaaJieHHe o MHpe. 

8. Oco6o CJJe,zzyeT O'I'M€TJ.1Tb TOT ¢a.KT, qro peJI.Hll,HOHHoc MHporroHM

MaHHe, COOTBCTC'l'By1o~ee MaTepwanHCTH"IeCKOH <f>HJJoco¢.11u, OKa:JblBaeTCR 

Hau6onee no~O)J;Sil.U,HM ,IJ,JI5! n epexo,na K HCKOMOM MOHHCTHqecKOH napa.LI..lirM€ 

B Bli,II,C 6uuapHOH r e oMe-rpo¢u3Hl<l-1 ( H JUI npe,rr,reoMeTpH.11) ' H3JI0)f<€HHOfi 

B npc,ll;hI,lzyIIJ,€H qacr11 KHHrM. 8TO o6cTOHT€JibCTBO 3acTaBJme1' 60J1ee BHU

MaTeJlhHO OTH€CTlifCh K Ma:repHaJil13My. 

1 7. 7. 'l>BJIOCO<i>IDI TpBe)J;HHCTBa 

l. CTaBruMii aKTyaJihHhIM tta py6e)f<e XX H XX.I BB. nOHCI< e,L.1,11HOH 

cpH3H'-i€CKOM TeopHJ.1 R paMKftX MOHHC'I'HqCCKOH (TpH€)1,HHO:i1) uapa)I,HrMbJ 

C03ByqeH 110311lll1H C I'O.ne·rHeii ,aaBHOCTH, BhlpaJKCHHOH B Tpy,,'),ax pocc11iiCKlifX 

¢unoco¢oB «Cepe6p}JHOro BeKa». Ilo/.l,P06tto npou;wrHpye M BbICKa3bIBaHne 

B. C. ConORbeBa (1853- 1900), KOTOpbIH B cooeli KHm-e «Kpwn1Ka oTBJ1e

"'-l€HHb1x HaqaJJ» IlllCaJI: « B OCHOBC HCTHHHoro 3 Ha HU5J ./1€)KJ1.T MlifCTH'-ie-
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CKOe, 11.JIH peJUITH03IIoe, BOCTipHHT11e, OT KOTOporo TOJibKO Harne JIOrHqe

CKoe MhlrnJT€H11€ noJiyqaeT CBOIO 6e3yCJIOBHYIO P83YMHOCTh, a Harn OilhIT -

3HaHMe 6e3ycnoauoi1 pearrhHOCTM. By,ny1u1 Henocpe,n,cTB€HHhl M npe,n,MeTOM 

3 HaIIlffi MHCTMqecKOf'O, HCT.11.Ha ( Bcee,u.HHoe cym;ee) CT8.HOBWfCH npe,n,MeTOM 

3HaHHH ecTecTBeHHOro, T. e. 6y)cyq.11 C03HaTeJihHO ycBO.SieMa qeJioaeqecKHM 

p 83yMOM H qeJioBeqeCK.11.MH 'l.JYBCTBaMH, OHa BB0/1,HTCH B cpopMbl JIOrH1i€CKOro 

MbIWJieHJHI H peaJIH3YeTC.H B ,u.aHHhIX Ollbl'l'a. 9THM o6p83y€TC51 CHCTeMa 

HCTHHHoro 3HaHlUI B€I.U,€H 00)f(€CTBeHHbIX, KOTOporo OHa nocpe,IJ,CTBOM pa

IzylOHaJihHOf'O MbIULJle H.HH CB.H3hIBaeT c 3Mil.11pWI€CKUM Il03 HaHH€M BeI.LJ,eR 

npHp0,lJ,HbIX, npe,nC'ra.BJIHH TaKHM o6pa30M BCecTOpOHHH'A CHHTe3 T€0JIOrHH, 

pau,HOHaJihHOH ¢11Jiococp1111 11 IIOJIO)KHTeJibHOH HayKH. 

9TOT B€JIHKH:A CHHTe3 He eCTb qbH-H116y.n,b cyfrbeKTHBHa.H, JmqHaH TIO

Tpe6IIOCTh: H€,IJ,OCTaTO'llHOCTh 3MrIHp11qecKOH HayKH 11 6ecnJIO,lJ,HOCTh OTBJI& 

qeHttoM. ¢RJioco¢1·111, c o,n.HoM. cropoHhI, a c APYI'Oii CTOpoHhI, HeB03MO)f(HOCTb 

B03BpaTHTbC51 K T€0JIOrHqecKOM Cl1CT€M€ B ee np€)f(H€H .HCKJIIOtU1TeJibHOC'l'l1, 

HeOOXO)~MMOCTb p83BHTb H BOCUOJIHHTb MHCTHtJeCKOe Haqarro 3JI€M€H1"2.MH 

pau;110HaJibHblMH H rrpHpO,ll,HbIMJ1 - peaJIH30BaTb ero KaK BCee,[l;l{HOe - Bee 

3TO HCHO OC03HaHO YMOM qeJiose q eCTBa KaK p e3yJihTaT OTpm . .J,aTeJibHOrO p83-

BHTJ151. CaMoe 3TO p 83BHTHe OTBJieqeHHhIX HaqaJI, coaeprneHHoe 3ana,n;HhIM 

't{eJIOB€'Ll€CTBOM, co,n,ep)KHT B ce6e )KHBYIO H peaJlhHYIO Kapn·lHY 3THX Ha'laJI, 

liX cy.n; H OCY.>K,11.€H11e; TaK, OTBJi e<IeHHblH KJiepliKaJIH3M yHH'Ll'J'O)K€H CBOHM 

co6cTBeHHhIM noc.r1e,n,0BaTeJibHhIM p83BHTH€ M B narrCTBe; OTBJie'-leHHaH <PM

Jioco¢IDI ocy.>K,11.eHa 1'€reJibBHCTBOM' a OTBJieqeHHaB Hay Ka IlO,IlJ)hIBaeTC.H 

COBp€M€ HHhIM Il031'1THBH3MOM; TaK 'iTO Rama KpHTHKa TOJlbKO Bblpa)f(aeT 

B o6m;11x <l>opMyJiax TOT HCH36e)f(HbI'A BbIB0,1]., K KOTOpoMy npMBO,lI,HT p€aJib

llblii HC'ropH"1ecK1dt npou;ecc, n ep e)KHTbIH yMOM qenoeet1eCTBa; 3TOT BbIBO,lI, 

ecTh IlOJIO)f(HTeJibHO€ BCee,n;HHCTBO» [155, c. 590]. 
2. 11,rr.eH ¢HJioco¢1u1 Tp.11.e~MHCTBa OKa3aJIHCb npe)K,LI.eBp eMeHHbIMI1 .D,JI.H 

¢.l1.311KOB Ha py6e:>Ke XIX 11 XX BB., nocKoJihKY a ttayKe BceI.J,eno rocno,n,crao

aa.11a HblOTOHOBa TpHa.TIHC.TH1 I€CKaH napa,!I.HrMa. ,llyarrHcr.HqecKoe reoMeT

pHqecKoe MHpoilOHHMaHHe era.110 CKJia)J.bIBaTbC51 JlHLUb llOCJie OCMhICJI€Hl:Ul 

ypaBH€HHM 3iiHillT€HHa, 38.IlHCaHHbIX B 1915 r . ,llyan11cr11qecKoe TOOpeTHKO

TIOJieBoe MuporroHHMaHHe cpopMMpoaaJIOCh a 20-x rr .. B Teq eHHe acero XX a. 

o6cy.>K,11.aJIOCh COOTHOUJ€HHe 3T11x ,n,Byx MHponoHHMaHHi1. A '1-peTbe, - peJI.H

IV'fOHHOe , - MHponott11MaH11e, xoTH 11. 6bIJIO OCHOBatto B cepe,n,1:111e XIX B . , HO 

s XX a. OK83arrocb Ha 06oY.1111e MarHcTpaJihH01'0 pa.3BHT1'1H ¢H3HKH. 

B ¢113HKe 11 aoo6me B p83BHT1111 KYJibTypbr ,IJ,OBOJihHO 'Llac'I'O BhICK83bI

BaIOTCH 11)1.€11, 0Ka3bIBaIOI.LJ,Jif€CH npe.>K,11.eBpeMeHHbIMH H HeBOCTp€00BaHHbIMH 

a MOMeHT ux noBBJI€HHB. T aK 6htJIO 11 c KOIII.J,enI.J,11.eii Jl.aJibHO,ll.€HCTBHH, 

MO,ll.HOH a HeMeI.J,KOH ¢11311qecKo A WKOJie XIX B., TaK 6bIJIO 1-1 c nepab1M111 

pa6oTaMH no 5-MepHbIM I'OOM€Tp.H"I€CKHM MO)J,eJIHM q)H3H't{€CKHX B3aHMO)J,e i1-

CTBHii . 0)1,HaKO B ;~aHHOM CHTyaI.J,HH Bee 6b1JIO OCJIO)KH €HO e m e ¢aKTOpaM 111 

COI..J,HaJibHOro xapaKTepa. 
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KaK ttaM npe,zi;craBJUieTC.SI, TOJihKO celiqac li,lJ.eH ¢11nocoqxm «cepe6pH

HOr'O BeKa» 0 TpH€,ll.HHCTBe CTaJIH 110 ttaCTO~eMy aKTYaJihHbIMH B n~ope

THqOCKOR ¢H3HK€, Kor,n,a ¢yH,LJ,aMeHTaJihHaH TeOpeTHl.J€CKa.a <l;>H3HKa BUJIOT

ttyIO ITO)J,OIUJia K IlOCTpOOHHIO €)1,HHOR TeOpHH, COBMem,aJOrn;eR B ce6e ,lJ,OCTH

)K€HHH H npHH~Hilbl Tpex eCTeCTB€HHOHayqHbIX MHpOnOHHMaHHR. 

3. Cne.nyeT o-rMeTHTh, '-ITO a pa6a:rax no ¢Wioco¢mr Tp.ne,u,HHCTBa peqh 

H,D;e'r 0 ¢HJIOCo¢cKoR CHCTeMe, COBMern;aiorn;eii B ce6e TPH KJiaCCHl.J€CKHe 

Hal.Jana KaK TaKOBbie, TOr,ua KaK npH pa3pa6oTKe )1,,YaJIHCTJ.l'tJeCKHX ¢H3H

l.J€CKl1X MHpOilOHHMaHHH 6bIJIO npo,u,eMOHCTpHpOBaHO, 'ITO nepexo,u, K HOBOH 

o6o611J,eHHOi1 KaTerop1u1 conpOBO.>K,LJ;aeTc.a ·reM, 't.fTO HOBaH KaTeropHH y.>Ke 

He HBJIH€TOI npocToR cyMMOH o6o6rn;aeMbIX nepBH'(IHbIX KaTeropua, a Kar 

qOCTBeHHo OT HIDC OTJIHqaeTCH. TaK 6bIJIO c Karerop.Beii non.H a.rvmnHTy,D.bl 

Bepo.wrHOCTH, KOTOpaH He BBJIHeTCH HH BOJIHOA, HH KOpnycKyJioR. To .>Ke 

MO.>KHO CK83aTb rrpo Karerop1u1 rrapIIbIX OTHOllieHHR B p€JIHL\HOHHOM IlO,ll,XO,U,e 

H.Jll:I 0 KareropHH HCKpHBJI€HHOro npocTpaHCTBa-BpeMeHlf B reoMeTpWieCKOM 

?vfBpoilOHHMaHHH. 9To rro6y)K,Ll.aeT HCKaTb aHaJIOrHH ITO,IJ;OOHbJX KaqccT.BeH

HhIX H3M€H€HHtt HaqaJI B ¢uJioco¢cKo-p€JIHI'H03HbIX yqeHRHX. 
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MeTa<l>H3HKa H penHrM11 
T 

B KHHre Hop6epTa BHHepa «Taope1~ 11 po6oT» u a w e BHHMaH11e rrpH

BJieKJlo cne,nyiow,ee p accy)K,ll,e HHe : «IICOT'b€MJ1€MOH qepTO'ti yqeHoro, paBHO 

KaK yrvmoro, t.IeCTHOro rrncaren.H, KaK H yrvmoro upe,.u.craBHTeJI.H AYJCOBeH

CTBa, )J,OJDKHO 6b1T b C'Tp€MJICIIH€ IlO,ll,B€prHyTh 3KCnep11M€ HTaJlbHOH npcr 
BepKe eperwqecK11e HJIH 3arrpeTHbie MH€HH.SI, ,LJ.roKe eCJIH B KOH€"qHOM HTOre 

HX npR,]J,€TCH onpoaeprHyTb. . . 3To OTB€TCTB€HHOe )l;eJIO, H 6paThC.H 3a Hero 

(',JI€,]J,y€T co ocetl cepbe3HOCTbl0. QHo rrpHo6p€TaeT CMblCJl TOJlbKO ror,n;a, 

K Or,ZJ,a CB5:13aHO c pcaJibHbIM pHCKOM BllacTh B epecb; H €CJIH 3Ta epecb BJ1€'iCT 

3a co6oi1: pHCK iJ.YXOBHoro rrpOKJIHTH.H, TO Ha noT pHCK tty)KHO H)J,TH qecrHo 

H CMeJIO! r oBOp.H C.JIOBaMH KaJlbB11HHCTa: ,rOTOB JIH TbI 6hITb IIp0KJIHTb lM 

pa,Ll,li B}lill;€H CJiaBbl rocrro)J,a?"» [24, C. 19}. 
BblCK a3b IBanu e H. BHttepa, OTKphrna10UJ,ee rnaay, npIIBe)J,eHo He CJly

"{ralitto. 3a.n.a'(Ia, KOTopy10 3,U€Cb CTaBHT I 1e pe/l, co6oii aBTOp, rrpe,.u.CTaBJI.Hel'C51 

eMy ,l..1,0CTaTOt.LHO pHCKOBaHHOH, IIOCKOJlhKY upOB€,ZJ,€HHe mOObIX aHa.rrorlfll 

MH)K/J..Y HayKOH H p CJllirHeii, )J,€HCTBHTeJibHO, Tpe6yer 60.rrLilIOH OTB€TCTBCH

HOCTH. C¢opMy.rrwpyeM OCHOBHO€ TIOJ10)f(HHHe, Ha OOoCHOBaHHe KOTOporo 

Ha npaBJT€HO /..I,aJibH€Hmee H3JlO:>KeHHe MaTeptta.rra: €,JJ,HHaJI o6o6w,eHH8JI KaTe

ropIDI fa-IHapHOH Cl1CT€Mb I KOMIIJ1€KCHbIX OTHomeHHii (BCKO) , H3 KOTOpoH 

npe,n.JiaraeTCH BbIBO,ZJ,HTb ( oOOCHOBaTh) B€Cb KOMilJI €KC 110H.HTl1H H 3aKOHO

M€pHOCT€H cpH3 HKH, RBJIHCTCH ¢H3H'l{OCKHM atta.rroroM Bora1> WIH oTpa)Kt7 

H11eM Bora B MaTep11a.rrbHOM MMpe. Ilo3TOMY 6Httaptta~1 i ·eoM€Tpo¢u3 aKa 

OTKpbIBaeT HOBhle B03MO)KHOCTH ,.U,Jm c6J1H)K€HH.H <l>Y H/ J,aMeHTaJlhHOH cpH3H

t.f€ CKOH ttayK11, p€JU1rHH H iJ.YXOBIIO'ti KYJlhTYPhI B J~eJIOM. 

Ilpe)J,BH,ll.H B03pa:>K€HIDI KOJIJler, Ct.fHTaIOrn;nx, t.fTO pcJIHl'H.H l1 HayKa n e 

COBM €CTHMbI , rro,.u.qepKH€M CJie,Lcy1ow.ee: He TOJibKO ,ZJ,OMHHHJ)YIOUJ,He HbIHe 

TCOpeTHKO-IlOJlCBbie Ilp€).lCTaBJI€HH.H C03ByqHbJ p eJUII'H03HbIM npe,IJ,CT8.BJ1C

HH5IM, IIO 11 rJiaBHb ie AOrMaTbl xp11<:T .HaHCKOro yt.JCHHH, TaKHe KaK ,ZJ,OrMaT 

l)OTivteTHM, qTo p H CK H aBJie':lb KJ>HTHKY c )l.BYX CTOpoH COCTOHT y>Ke R upose,LJ.eHl1lf 

ananorHH Me>K,n,y n ousrr1u1MH B C}:>H3HKe H pe.r111n-u1. TepM11H aHa.Tlor1n:i nO,lIJ)a3yMeBaeT 

pe,zzy~nOHH3M a sn,ne Pa3)l.eJieH1u1 Ha HayKy u pe.rmrmo. Ew,e OOJlbIIIHA pncK 3aKmot.1eH 

a x o n ncrw1ecKOM no)l.Xo)l.e . . . 
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Cns:iToii Tpo~hr, cooTBeTCTBy10T MeTa¢113HqecKHM cooiicrBaM HCKOMoro 

B <l>H3HKe IlepBOHaqa.rra. 

1\tlttorHe IlOJiaratOT, l.JTO COBp€M€HHa8 TOOp€T11'I€CKruI <t>u::rnKa BIIOJJHe 

MO)KeT o6oi1THCh 6e3 peJIHr1111. EcnH no,ll, Teoperw1ecKoii cPH3HKOM 110H11MaTb 

TOJibKO peIIICHIUI yJKe c¢opMyJiupoBaHHblX ypaHH€Hlilt H HX npl1JIOJK.€HHH, 

TO :'.)'J'O TaK, a ec.rrn crpeMHTbCH warHyTh B Heae,u,oMoe, HCKaTb IlepBOH8l.JaJ10 

Bcero rvrn:po3/.I,aHHH, TO BOJJbIIO HJIU H€BOJibHO cpH3MK BTopraeTC.Sl B c¢epy 

pen11r1111. 

KnaccHqecKHe penurH03Hhie cuCTeMhI npe~craBJJHIOT co6oii co6paHtty10 

'-leJJOBeqec,'TBOM Ha npOT.SDK€H.HJ1 MHOrHx B€KOB ( H ,n;a)Ke TbICH~IeJieTHM) co

KpoBHl.WfHizy IIOIIBTHH, 11,lI,eii H npHHUHilOB, KOTOphre BOJlhHO JiJJlJ;t HeBOJlbHO 

ucnoJib3yroTcg B ¢yH,u,aMeHTaJihHoR Teoperw-iecKoR ¢.tt311Ke. Hanpmviep, 

OIIHCbIBaJI '-laCTHizy B KBaHTOBOH MexaHHKe, Mbl rooopHM, qro Otta y)Ke He HB

JISleTCsl HH KopnycKyJIOH, HU BOJlHOR, HO '-1€M-TO Tp€TbHM, ,lJ.JISl qero y Hae He'l' 

H arJlSI)J,HOrO o6p a3a. 0)1,HaKO B KBaHTOBOH MeXaHHKe pa3pa6oTaHa MCTO,LJ,HKa 

o6parn;ettH5I c KBaHTOBhIMH noHHTHHMH. B ::n:·oM nerKo npocMaTpHBaIOTC5J 

KaK a no¢aTw-1ecKJ1.ii, TaK 11 KaTa¢aTH'-IOCKHii no,nxo,n.hl K onucaumo Bora. 

AnocpaTHKa roBOpHT 0 TOM, qeM He RBJISieTCH o6-heKT ( 'iTO He IIO,LIAaeTCH 

onpe,u,e.neHHlO B H3B€CTHbIX IIOHRTHHx), Tor;:i,a KaK KaTa¢aT11Ka CO,ll,€P)KJiJT 

rroJIO)KHTeJihtty10 HH¢opMaIJ,HlO o IlepaoHaqa.rre ( o6'beKTe). 

18.1. EcTeCTBOllCIIhITaTemt n <}l113HKH-TeopeT1nrn 

0 COOTHOIDeB.HH uayKH H peJilll'HH 

3 ttal.JHTeJihHoe speMR B Harnett crpaHe TPYll.bI yqeHhIX T1.1.1,aTeJibHO oqH

rn;aJIHCh OT BbICK83bIBaHHR Ha pe.rrnrH03IIylO TeMy, npH'-IeM 3TO ,U.eJlaJIOCb 

He TOJibKO ~eH3ypo:R, HO H CaMHMH yqeHhIMH, IIOCKOJlhKY )J)IR OTCTaHBa

HHH B crpaHe ,U,OCTl.UK€Htdt M HpOBOtl HayKH H€00XO,ll.HMO 6hIJ10 ~OKa3bIBaTb 
«MaTepliaJIHcr11qeCKHe Il03Hl~HH» BH,U,H€HUJHX 3apy6e)KHbIX yqeHbIX H ,U,ruKe 

«CTHXmi.Hhtii MaTepliaJIH3M» MbI CJJHTeJieii llpOIIIJIOro. IlocTapaeMCH XOTII 6bJ 

l.JaCTH'IHO 3allOJIHMTb o6p8.30BaBW11RCH npo6e.rr H npHBe,U,eM BbICKa3bIBaHHH 

0 peJIHrHH Bl1,lI,HeHIIIHX aBTOpHTeTOB KaK npOllI.TlbIX BeKOB, TaK 11 cpH3HKOU-

• TeopeTHKOB XX B. 

B ,u,aneK11e BpeMeHa HayKa H peJIHrH51 6h1JIH rrpaKTH'l€CKH Hepa3phIBHbl. 

II. HbIOTOH, II. Keru1ep, P. ,lJ;eKapT, r. Jleii6HHU. H MHOI'He ,rrpyr11e Y'-1€Hbl€ 

cpe,II,HeBeKOBbH BepHJIH B Bora. TaK, B pa6oTe r. Jleit6~a «CBl1,lI,eT€JlbCTBO 

rrpHpo,D,bl npoTHB aTe.HCTOB» MO.>KHO npoqHTaTb: « qeJlOBeK 00)1(€CTB€HHOI'O 

yMa WpeHc11c B3KOH BepyJi aMCKHR cnpaBe~JIHBO 3aMeTHJI, qTo ¢11noco¢1-m, 

eCJIH OTBeJJ,aTh ee cnerKa, yoonHT OT Bora, ecnu .>Ke r Jiy6oKo 3aqepm1yTh ee -

npHBO,U,HT K He.My. 3ro MhI BM,Il.HM B HbIHellIHffR BeK, CTOJl b )1(€ OOHJlhHhIA 

3HaHHeM, KaK H HeqecrHeM» [97, c. 78]. 
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BnoJille coqe.raJiacb .aepa B Bora KaK B l1CTo~uu1K ocero cyI.J.J,ero c Hayq

no:H ,n.e.HTeJihHOCThro y ocH0BaTeJu1 MocKOBCKoro yiurnepcH':rera M. B. floMo

uocoaa. ,ilOCTaTO"tJHO ocnorvllillTh ero «YTPennee» 11 «BeqepHee pa3MhilllJle

H11e o Bo)KH€M Benw-recTBe» (101): 

« Taopeu! IloKpbITOMY MHe TbMOro 

IlpocTH npeMy,lij)OCTH nyqH 

11 qro yro,II,Ho npe,n. To6010 

Bcer,n.a TBOpHTH Hayq11. 

11, na TB010 B311.paa TBaph, 

XaaJIHTh Te6.H, 6eccMepTHhiti Uapb». 

MnoroqHcJieHHhre cB.H)I.eTeJibCTBa noJIO>K11TeJ1hHOro OTHOilleHH.H K pe.TIH

nm BH,lI,HettmHx qm3HKOB 11 ecrecTBOHCnhITaTeJI.HX XIX B., - nop,n.a KeJu:r 

BHHa, ,l(:>K. PaneR, )1,:>K. CToKca, M. <llapa,ll,eH, B . PaM3aa 11 MHor:nx ,n.pyr:nx
MO::>KHO HattTH B KHHre A. r. Ta6pyMa «Pen11.r1103Hbie BepoBaHHH COBpe.MeH

HbIX yqeHbIX» [162]. B 'lacTHOCTH, TaM npHBO)J.HTC.H BhI)l.ep:>KKH 113 IDIChMa 

KeJihBI1.11a, r,u.e OH mnneT: «51 He Haxo:>Ky, 1-lT06b1 BhI,LJ.aIOIC:VieC.H y-qeHhie 

6bIJIH Hppe.rr11r1103Hh1, xorn, KoHe'IHO, MHOrHe H3 HHX 011J,.Ym.a10T 6onhlIIHe 

3aTpy,uHeHH.H B 3TOM OTHOilleHHH; .HO .H 6o1ocb, "t.JTO HeKCYI'Opbie li3 6onee 
nerKOMbICJleHHbl X MOJIO,LJ.hlX JllO,U.ett, 3aH.HTblX Hay'IHbIMH H3hICKaHH.HMH, He 

CMyu.r,aIOTC.H HHKaKHMH 38.Tpy)J.H€HHRMH, H BOT HX-TO He 6e3 OCHO.BaHIDI 

MO.>KHO Ha3BaTb HppeJIHT'H03HbIMH» (162, C. 10]. 
Ilepeii:,n.eM K B3rJrn,n.aM y q eHbIX, pa60TaBll111.X B XX B. fepMaH Beitnh, 

OTKpbIBilll1.M nepay10 Hep11.MaHOBY re0MeTpHIO H C03,ll,aBllll1.tt O)l.HH H3 nepBblX 

sap11aHTOB €)J.HHOM r eoMerpH'tlecKOti reop11H rpaBH':ffil.J,HH H 3JieKTpoMarHe

Tl1.3Ma, l1.3JJO::>KHJI CBOH B3rJI.H,ll.bI Ha COOTHOllI€HHe MaTeMaTHKH H peJIHrHH 

B CBoeti KH11.re «0TKpbITblH MHP», nepaaa rJmBa KOTOpofi Ha3bIBaeTCH «Bor 

H Bce.rreHHa.H». Beiinh C'IHTa.TI, "tJTO «.1vtup ue ecm'b xaoc, <YH ecmn ?We.MOC, 

2ap.1vt01ttL~ecKu ynopRiJo~etttt'btU nocpeiJcm60.M uepywuM'btX 3aKottoe .Mame
.MamUKU», a HCTO'tJHHKOM MaTeMaT11qecKott rapMOHHH MHpa .HBJI.HeTc.H Bor. 

Ilo ero MHeHHIO, HayKa - oco6eHHO MaTeMaTHKa - OTKpI>IBaeT )J.JUI MbICJUl

m;ero 1-lenoaeKa nyTh K Bory, TaK KaK oHa ,u.aer «BH.n;eHHe TOA 6e3ynpe'IHo:R 

rapMOHHH, KOTOpa.H cornacyeTCH c B03BbIIll€HHO:tt npH'tlHHOfi». 

Ilp11Me~1aTeJibHa Il031'Il.J,H51 B OTHOllJ€HHH peJIHrHH 0,Lf,HOrO li3 coo,u.aTeJieli 

KBaH1'0BOH MCXaHHKH !v1aKca IlJiaHKa, TPH IlOKOJI€HH.H npe~OB KOTOporo 

6b1JI11., KaK H3BOCTHO, TeonoraMH. B ero BhICKa3hIBaHHHX o peJIHrHH, a Ha :flY 
TeMy K KOHllJ' .>KH3HH OH BbICKa3bIBa.TIC.H nee qaI.J.J,e, CO'I€T8JI0Ch IIp11.3Hafllie 

Toro, «~n'O BHeIIIHHM MHp n pe,T.I.CTaBJI.HeT co6oii He'tJTO He 3aBHCHMOO OT 

Hae, a6COJIIOTHoe, t.JeMy npoTHBOCTOHM MbI», c y6e::>K)J.eHHeM 0 H€00XO,LJ.HMO

(,'TH pen11r1111. IlpH 3TOM OH np.H)I.ep::>KHBaJIC.H pe,n;yKI.J,HOHl1.(,'TCKOro Te311ca: 

«Ec·recTB03 HaHHe HY::>KHO qeJIOBeKY ,lI,Jl.H 3HaHH.H, pe.rr111'H.H HY)K.Ha eMy ,LJ.JI.H 

,n.e:ncra:n.s:r~ (133, c. 262]. TaK, OH n11ca.n: «Ho HC CJ1e)zyeT ,n,yMaTh, ~1To MO.>KHo 

npO,U.Bl1HYThC.H BIIepe,u. 6e3 BC.HKOro MHpoC03ep1~aHH.H, T . e. 6e3 H€)J.OKa3y€MhlX 
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rlilIOTe3. ,11,JJ.H cPITTHKH 'IBK.>Ke liMeeT CM.JIY li3peqeHue , qTQ H€T cnaceHHH 

6e3 B€pb1, no KpaHHeR Mepe 6es Bephr B HeKoropyro peanbHOCTb. ToJJbKO 

3Ta TBep,ua.H Bepa 11 yKa3bIBaeT nyTh TBOp"leCKOMY G'Tp€MJieH11lO, TOJibKO 

OHa ,JJ,aeT TOqKy onopbl npo.D.BHrarom;eiica OIIzyilbIO cPaHT83HH, TOJlbKO OHa 

B COCTO.HHHli BCHKHH pa3 OOoAPliTb MblCJih, ycraBIIIYIO OT Hey,JJ,a4:, li CHOBa 

600,z:zylIIeBHTb ee. I1ccJie,JJ,OBaTeJib, KOTOpbIH He PYKOBO,UHTCH B CBOHX pa-

6orax KaKOH-Jili6o rHTIOTe30H, XOT.sl 6hl OCTOJX>.>KHOH H npe)l,BapHTeJibHOH, 

TeM CaMbIM sapaHee OTK83bIBaerc.H OT 6oJiee rny6oKoro JIOHHMaHHH CBOHX 

COOcrBeHHhIX pesyJJbTaTOB» (133, c. 82]. 
Cpe,n;11 ¢113HKOB w11poKo pacnpOCTpaHeHo noH»TRe «3BHIIITettHoBcKoro 

Bora» . BoT KaK caM A. 9iiHIIITeiiH xapaKTep.1130BaJJ CBOH B3rJI.HJJ.b I o Bore 

11 peJIID'HH1>: «MOB peJIHrli.H COCTOHT B -.:.1yBCTBe CKpoMHOI'O BOCXliUJ,CHH.H ne
pe,JJ, 6e3rpaHHq110R p83yMHOCThIO, npo»BllilIOIIJ.eH ce6a B MeJibY.aRn:rnx ,ll,eT~ 

Jij{X 3TOH KapTHHbI M11pa, KOTOpyio Mbl CilOCOOHbI JllfUib Y.aCTH"tflIO OXBaTHTh 

li nosHa'rb HaIIIHM yMoM. . . 9Ta rny6oKa5I '9MOU.HOHaJJhHaH yBepeHHOCTh 

B BhICIIIeH JIOrli'Y.€CKOH CTJX>HHOCTH ycTpoRcraa aceJieHHO'U . .. H eC'l'b MOO 

n,n;e.H Bora ..• » I1n11 )JJ>yroe ero BhICK83bIBaHne: «3HaTh, ".iTO Ha CBeTe ecrb 

Bel.IJ,II, Henocpe,n;CTB€HHO He,UOCTYilHbie ,UJI5i Hae, HO KOTOpbie peanbHO cyUJ,e 

c:rByIOT, KOTOpbie Il03HaIOTC.H HaM11 li CKpbrnaIOT B ce6e BhICIIIyIO My,ll,pocTh 

li BbICUJyIO KpacoTy. . • 3H aTb H qyBCTBOBaTh 3TO - ecTb HCT0'l{Hl1K 11CTHHHOH 

peJIHn103HOCTH. B 3TOM CMbrCJie, H TOJJhKO B 3TOM CMbICJJe, .H npHHa,n;ne.>Ky 

K peJilirH03HbIM JIIO,U.HM~. 

CBOe rroHHMaHwe peJilirHH 9-UHIIITeiiH H3JIO.>KHJ1 B cTaThe «PeJIID'H.H 

H HayKa». B Heii OH BhI,n;eJJHJI Tpli cTyneH11 B p 83BliTHli peJilir1103HbIX n p e,u

C'I'B.BneHHtt: p€J111I'HH crpaxa ( B qaCTHOCTli, .H3bI'\'.ieCTBO)' pe.TllirHli MOpaJIH, 

K KOTOpbIM OTHOCHJJ xpHcr.HaHCTBO, liY,Uali3 M 11 HCJiaM, li TpeThlO cryneHh -

peJI.Hrliio 6y.nyIIJ,ero: «Cyll.J,eCTB.YeT em;e 11 TpeThH cryneHh pen Hrli03Horo 

"lyBCTBa, XOT.H B qH(,'TOM BH,ll,e OHa BCTpeqae.rca pe,n;Ko. 5I H830By 3Ty cryneHh 

KOCMli'Y.€CKHM pem-Irli03HbIM qyBCTBOM. ToMy, KTO qy)K,ll, 3TOMY qyBCTB.Y, 

0 1teHh TPY.LI.HO o6'b.SICHWJ'h, B tieM OHO cocrowT, TeM 6oJiee, -.:rro attTponoMopQ:>
HOti KOH~eflD.Hli Bora, COOTBeTCTBYIO~eR e My, He cym;ecTByeT. I1H,n;HBH,ll,yyM 

o~aCT Hli'l{TO)KHOCTb 'l{€JIOB€TI€CKHX .>KeJiaHRH H IJ.€.Tie.ii , c O,UHOH CTO

poHbI, If B03Bhlll1€HHOCTb H qy,n;ecHhltt nop.H,ll,OK, npo.HBJIHIOIIJ.11Hc.H B npHpo,n;e 

11 B MHpc H,JJ,eR , - c ,DJ>yro:tt. OH ua".iHHaCT paccMaTpHBaTh CBOe cyll.J,ecTBO

BaHHe KaK CBOero po,ua TIOpeMHOe saKJII0-.:.1eH11e li Jllilllh BCIO BceneHHyio 

B Q e.TIOM BOCilpliHHMaer KaK H€'l{T0 €,ll,HHoe li OC.MbICJieHHoe» (209]. roBOpH 

o ttayt,nIOM no,n;snre Kennepa 11 HbIOTOHa, 9H:HrUTeRH npH3 Ha.TicH: « TOJibKO 

TOT, KTO caM nocBRTHJI CBOIO )KH3Hh a11anorHqHbIM ~€JI.HM' cyMeeT IlOHBTh, 

'Y.TO B,UOXHOBJIHeT TaKHX JIIO.D.eii 11 ,uaeT HM CliJlbI coxpaH.RTh BepHOCTb no

CTaBJieHHOH nepe,u co6ot:t u.eJIH, H€CMOTp.H Ha 6 ect,I liCJI€HHhle Hey,n;aq11 . .nlO,ll,li 

raKoro CKJia)J.a qepnaroT CliJiy B KOCMliqecKoM pCJIHrH03 HOM qyBCTBe. 0,Jl.MH 

l)U.un1pyeTCS1 no KHHI'e B. fusoaa «cHhmrrej;iH~. M.: Mono,u,M rnap,D.IDI, 1959, c. 234. 
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113 Haill.HX COBpeMeHHHKOB CKa38Jl, ll He 6e3 OCHOBaHH51, '-ITO B Haw Ma'l'€

PH8JIHC'l'Hl.I€CKHH seK cepbe3HbtMH yqeHbIMH MoryT 6hITb TOJlhKO rJiy6oKo 

peJIHI'H03Hbie JllO,D,H» [209]. 9.HHillTettH IIHCaJl , q'J'() «3a'1aTKH KOCMHqecKoro 

pe.rr11rH03HOI'O '1YBCTBa l'v10)KH0 o6Hapy)KHTb Ha 6onee paHH.HX CTyrreIDIX 

pa3BliTHH, HanpHMep, B HeKOTOpbIX IIC8JJM8.X ~aBH,ll,a .0 KIIMrax rrpopOKOB 

IleTxo1'0 3aaeTa. I'opa3,ll.O 6oJiee CRJihHhIH 3JJ€MeHT KOCMuYiecKoro pe.rrlirR03-

1-1oro qyBCTBa, KaK yl.1aT Hae pa6oThI llloneHray3pa, HMeeTOI B 6y.n.u.IDMe». 

(OTMeI'IDvf , '1TO rrpoTOHepe:H A. M e Hh rrpHl.l.HCJlHJJ 9i1Hll1Te :AHa K aepyrorn.RM 

B Bora.) 

CoOTHorneHRe B3r'Jrn/..1,oa Ha pe.TIHrHIO M. I1na1-1Ka u A. 9tiHrnTettHa o6-
cyJK./J,8JtOCb B KHRre B. re:H3eH6cpra «<Dli3.HKa H cPHJIOCOcPH~l. qacrb li ~(7 
Ji oe» [43]. B qacrHOCTH, 6bIJI npuBe,n,eH pa3rosop qm3.HKOB-TeopeTHKOB BO 

BpeMH CoJibBeeBcKoro KOHrpecca 1927 r.: «KTO-To 38.,11,a.n BOnpoc: 

- 9i1HwTe:AH TaK MHOI'O roBopwT 0 rocno,n,e Bore, l.{TQ 6ht 3TO MOrJIO 

3Hal.J:HTh? Be,ll.h, co6cTBeHHO rooopH, H€Jib3H :>Ke npe,n,craBRTh, l.J:TO Ta.Kott 

y'-leHblfi , K8.K 9HHilIT€ttH, 6bIJ1 T8.K npHBH38.H K peJIHrH03110H 'J'pa,LI.Mll.UH. 

- 9.HHwTe:AH, rro:>Kany:tt, HeT, HO BOT MaKc TinaHK, HaBepHoe, ,n,a, -

OTBeTIUJH €My. 

- 11MeIOTC5I BbICK83hlBaH.IDl IlJl8.HKa 0 COOTHOIII€Hll.H p eJrnr11H H ecre

CTB03H8.HHSI, B KOTOpblX OH G'TOHT Ha TOH II03liI.t;liH, '1TO Me:>K.rry Hl1MW 

HeT HHKaKOI'O npoTHBOpequ51, '1TO peJrn:ru}t 11 eCTeCTB03HaHHe rrpeKpaCHO 

cornacy10TCH ).JJ)yr c .n.pyroM. » [13, c. 208]. 
CaM reu3€H6epr TpaKTOBaJl Il03H~H10 11JJaHKa CJI€,DylOllJ.HM o6pa30M: 

«lv1He K8.)K€TC51, '-:I.TO ,D,J151 TinaHKa peJIHI'HH coe,rt.HHHMa c eCTeCTB03HaHHeM 

IIOTOMy, '1TO OHH, no ero MH€HHJO, OTHOC51TC51 K coaepweHHO pa3HbIM o6na

(,"BIM ;~eiicTBHT€JihHOCTH. Ecrecrso3HaHne HMeer ,u.eno c o6'heKTHBHbIM Ma

TepHaJibHbIM MHpOM. Otto cTaB.HT nepe;J, Hal\rn 3a,n,aqy cc}:>opMynupoBaTb npa

BHJihHbie BbICKa3hIB8.HH51 o6 3TO:i1 OO'beKTHBHOH ,n,e:liCTBHTeJihHOC'nt H noRHTh 

cyrn.ecTBYIOJl.I,He a Heil CBH3li. P en11TH5l :>Ke HMeeT Aeno c MRPOM n;eHHOC'l'€H. 

01-1a roaopRT o TOM, '-ITO ,rt.OJI:>KHO 6bITb, qro Mhr .UOJI:>KHhI ,u.eJJaTb, a He o TOM, 

'1TO eC'J'h.» (43, C. 2081. 
TaM JK.e npHBeAeHa no3H~H51 B. Ilayn11, npH,ZI.ep:>KRB8.Blllef'OC51, KaK 

H 3:HHIIJTeHH, XOJlHCTHqecKOI'O no,n,xo.ua B 3TOM BOnpoce: « ... .ff He BJ1.>KY 

6oJibmoro CMbICJia B q>11JJoco¢HH IlnaHKa, ,l.1,8.)Ke ecJIH oHa noru'-lecKH BhJ,LI.ep

:>KaHa 11 /.l,a:>Ke €CJJH SI yBa:>KaIO BbITeKa1oruy10 113 Hee :>Kli3H€HHYIO ycTaHOBKy. 

9iiHIUT€HHOBCKOe Mlip0B033p€HRe MHe 6J1.H:>Ke. rocrro,U.b Bor, 0 KOTOpoM 

OH CTOJlb OXOTHO DCTIOMHHaeT, HMeeT y H€1'0 OTHOilleH11e K HeH3MeHHblM 

IIplipO)l.HblM 3aKOHaM. y 9iiHIIITettHa eCTb '1YBCTBO n:eHTpaJibHOro TIOPH/),Ka 

Bem;e:R. OH OIIzyllJ,aeT, '1TO OH CHJibHo 11 Henocpe,ll,CTBeHHO nepe:>KHJI ::Yry 

rrpocrory npn OTKpbITHH TOOpliH OTHOCHTeJibHOCTH. KoHeTIHO, OTCIO,U.a ew.e 

)l.aJI€KO )..1,0 ,LI.OrMaTOB penlirlili. 9iiHmTe:AH e,nBa JIH rrpHB.H.3aII K KaKo:A-n116o 

peJIID'l103 HOi%: Tpa,LI,HI.I;HH, H 51 cqRT8JI 6bI, 4.TO upe)J,C'TaBJieHHe 0 JIH'1HOCTHOM 

Bore eMy coseprneu1-10 '-ly)K)I.o. 0,u.HaKo ,II/ IR Hero He cymecrsyer pa3pbIBa 
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Me:>K,.uy HayKoii H pe.1u1n1ett. ~eHTpaJibHhm nopsi,rr.oK rrpHHCVJ.J1e.>1<.11T ,lI,JIB Hero 

KaK K cy&beKTHDHOii, TaK 11 K o6'heKT11nHoii 06nacr11, H 3TO npe,rr.cTannSJe:rcSJ 

MHe HaHJiyqrn11M HCXO,nHbIM nyHKTOM» l43, c . 208}. 
n. A. tvL ,lI,Hpa K npH,lJ,ep}KH.BaJIC5I pe3KO HHOM T0'1KH 3peH11SL OH I'OBO

pHJI: «51 B rrpl1Hu,Hrre OTBepraio pe.irnrH03Hhie MH¢h1 xorn 6hr Y*e rrOTOMY, 

'iTO MH¢b1 pa3JIH''IHhIX pen11r11i1: npOTHBOpeqaT ,rr.pyr ,LJ,pyry. . . P E>,JJ.Hrl1SJ -

9TO po,rr. on11yMa, KOTOpbIH ,n;aIOT HaPO.llY, "t.{TOOhI y6a10KaTh ero CJl~HMH 

¢aHTa3HHMH, yTeunrn TaKHM o6pa30M Hacqer rHeTJI.IJ,MX ero Hecrrpa.Be.n1n1-

BOCT€ti ... » (43, C. 211). 
Ocuap11Ba5I no3 111.i;H10 ,lI,HpaKa, HliJihC Bop c.ne,rry10u.r.HM o6pa30M c¢op

MYJIHpoBan CBOe OTHOllleHHe K Hen: «VI Bee )J(e: TaK roBOpHTh 0 peJIHI'MH, KO

He"t.{HO, He.Jlh3H. TipaB,rr.a, MHe KaK M ,lI,HpaKy, qy)K,LJ,a lfAeR JTWiHOCTHOro Bora. 

Ho npe*,n.e Bcero Ha,rr.o ysrcHHTh ce6e, qTo n p enHrMH SJ3hfK ucnonb3yercH 

COBepmeHHO HHaqe, qeM B H8.yKe . .H3bIK peJ111rMH pOJl;C'rBeHHee CKopee SI3blKY 

rro93:1111 , l!eM IDhIKY HayK11 ... EcnH peJIHrHM n cex arrox roBopsrT o6pa3aMw, 

CHMBOJiaMH 11 nap~oKCaMH, TO 3TO, DM)J;HMO, IlOTOMY, t.J.TO npOCT O He cy

I.IJ,eCT nyeT HHKaKID( ,rr.pyn1x n03MO)J(HOCTeM oxnaTHTb TY ,lI,e:McTBMTeJlhHOCTh, 

KOTOpa.Sl 3,LJ,ecb HM6eTC.H B BM,Uy. Ho OTCIO.lla eu.r,e BOBce He CJIC,LI,yeT, qTQ 

oHa He no,n;nHHHa.H ,n;eiicTBMTeJibHOCTb. VI pacw.errJrnsr aTy ~eiicTBHTeJihHOCTb 

Ha OO'heKTHBHYIO 11. cyfrbeKT11BHy10 cropoHhI, Mhr BpR,lI, Jlll 3,rr.ecb ,rr.a.iteKo 

rrpo,ll.Hl1HeMC5I. TioaTOMY .H KaK pacKpeIIOI.IJ,eH11e Ramero MhillIJieHHH OUJ,yr..u;aro 

TO, 'ITO pa3BHTl1C ¢H3HKH 3 a IIOCJie,lI,HHe ,.rr.eC.HTMJieTHR 110Ka3aJIO H aM, Ha

CKOJThKO rrpo6JieMaTM'Cffihl llOHSITHSI ,,o6'heKT11DIIOCT M" M ,,cy&beKTMBHOCTll'. 

8To o6Hapy)J(HJia y:>Ke TeopHSI OTHOCM.Te.l'IhHOCTM. . . B KBaHTOBOM MexaHMKe 

OTXO,LI, OT 9TOI'O HAeaJia rrpoM30llleJI HaMHOro 6onee pa,U,MKaJlbHO» l43). 
B. f e it3eH6epr CBSl3blna.ir pen11r1110 c oonpocoM o u;eHHOCTsrx: « Borrpoc 

0 u;eHHOCTIIX - 3TO Be,rr.b BOIIpoc 0 TOM, qTQ Mbl ~eJiaeM, K qeMy CTp e MMMCH, 

KaK ,rr.OJI)J(Hb1 BecTH ce6.H. OH no3TOM .Y CTaBHTC.H o ~1enoneKe 11 ,U.JIH ~reJioBeKa; 

3TO nonpoc 0 KOMnace, KOTOpoM M bl ,LJ,OJI)J(HbI PYKOBO)l,CTBOBaTbCH, OTblC

KHBaSI CBOH n yTb B )KH3H11. 3TOT KOMrrac B p a3HbIX peJil11'115fX H M11poB03-

3 peHH.IDC no.nyq0n pa3Hhre H83Bamu1: cqacTbe, BO.TUI Bo:>Kb.H, CMhICJI 11 e~e 

MHoroe ~pyroe. P8.3nwu1e IIa3BattHil r0Bop1:1.T 06 oqe1lb r11y6oKHX p a3JIH"t.{HHX 

B CTJ)YKTYpe C0 3 HaHMSI qeJioBe'<ieCKl1X rpyrrrr , Ha3BaBlUl1X CBOl1 KOMrraCbl 

TaKl1Ml1 WMeHaMH . .H HHKOHM o6pa30M He xoqy YMaJIBTb 3TID( pa3JIM"t.IMH. 0 ,lI,

HaKO y MeIDI CKJia,Jl,bIBaeTCSI BneqaTJieHMe, "t.{TQ DO BCeX ¢oPMYJIHJX>DKax pct.ib 

H,rr.e'I' o6 <Yl'HOIUeHMH JIIO,rr.eU: K u;eHTpa.JlhHOMY MHporropH/~Ky» (43, c. 326). 
r eii3eH6epr OilMCaJJ CBO:ii ,rr.11anor c B. Tiayn11., KOTOpbdt ero cnpOCMJI: 

- Bepyelllb JIM ThI B JIH'CffiOC'THOro Bora? .H, KoHe qHo, noHMMaro, "t.ITO 

Td.KOMY BOrrpocy TPY,LJ,HO np11,LI.aTh SICHhIM CMbICJI, HO HanpaBJieHHOCTb 

Bonpoca Bee )J(e BnonHe noHRTHa. 

- A MO)J(HO Jlll MHe c¢opMyn 11poBa':£'b aTOT Boupoc ttHaqe? OTBe-

qa.n .H. - Harrp.11Mep T'dK: MO)J(elllh JIM ThI, :11n 11 MO)J(uo JIH Boo6~e OTHO-



CHThC.H K qeHTpaJibllOMY nop.H,n:Ky Beu~eii: HJIH co6bITl1t:i 111K Herrocpe,n:
CTBeHHo, BCTynaTb c HHM B TaKYIO r.ny60Ky10 CB.H3h, B KaKYIO MO)KHO 

ncTyrraTh c ,n.yrnofi .IJ.pyroro ~re.noaeKa? .H HaMepeHHo 6epy 3,n.ecb ~ 
CTO.nh TPY.IJ.HOe )J,JUI HCTOJIKOBaHHSI C.ITOBO «,rr,yrna», 'iTo6hI Thi IIOH.HJJ MeH.H 
11paB11JihHO. EcJu1 ThI crrpocHlllh TaKMM BOT o6pa30M, TO .H OTBe"<.Jy «,rr,a». 

Cne.IJ.YeT OTMeT11Th TaK)Ke pe.rrnrH03Hb1e B3rJIB,IT.bI A . 8,llAHHf'TOHa, 

,II.. ~HHca, TI. Mop,rr.atta. CoOTHomeH11e HayKH 11 pe.rrnrHH o6cy>K,rr.a.rm n ca
MOM II03HTHBHOM ,rr,yxe 'll. TayHc 11 8 . 1llpe.IJ.11Hrep. 

JiaypeaT Ho6enescKoii npeMHH H. P. Ilp11ro:>KMH BO BpeM.H BhlC'rynne
HH.H B MocKOBCKOM rocy,n;apcTneHHOM ytt11aepc11TeTe HM. M. B. floM0110-

coBa Heo,rr,HoKpaTHO noMHHaJI Bora. Kor,JJ,a ero cnpoc11n11: Bep11re JIH Bb1 
B BOf"'d? - OH CKa3aJI 6yKBaJibHO CJie)J,J'IOll.J,ee: «51 He MOry OTBe'I'IITh Ha 9TOO' 
BOnpoc. 51He 3Ha10, 'iTO aTO Ta.Koe. EcTb Bor xpHCTHaHcKHt:i, ecTh Bor HY~eff
CK1dt . . 51 C'iHTalO, '-i'l'O np11po,rr,a 6ecKOHe'iHa u t.Ipe3BhNaHHO HHTepecHa. 
"l!eM 6o.nbUJe MhI ee nOHHMaeM, TeM 6onee 11HTepecHo. Mbr )J.OJl)KHhI 6btTh 

ronepaHTHhL MbT nee y,ni.mneHhI: "llro TaKoe 'ienoaeK? 'llTo Ta.Koe np11po,rr,a? 
Ka*~1ii MO)KeT H ,rr.on>KeH 11MeTh cBoe MHeHHe». 

flo H3BeCTHbJM IIpH'iHHaM Tpy,rr,liO OXapaKTepH30BaTh B3r.ITH).l.bl H8 penH

I'HIO oTe'iecTBeHHbIX yqeHhIX rrocne OKT.H6p.H 1917 r. BepyIOUJ.HMM xp11CTHa
HaM11 6bIJJH Bhl)l.a.IOUJ.HiiC.H ¢113HOJIOr H. n. IlasJIOB l1. l13DOCTHbJit MaTeMaTHK 
B. H. CM11ptton - aarop MHoroTOMHoro Kypca no BbICUJefi MaTeMaTHKe. He 
rrpHH.HTO 6hrno ynoM11HaTb o penHrH03HhIX B3rJI.H,rr.ax K. 8. U11onKOBCKoro. 

HaKoHeu,, 6onee cBe)K11e np11Mephi: aKa,n.eMHKa H. H. Boron106cma, ,rr.on
roe BpeM.H 6bIBUiel'O ~peKTOpOM 06'be)J,HHeHHOI'O HHCTHTyra HAepHbIX HC

cne,rr.onaHHti (OH.HI1.) n )]Jr6He, oTneBa.1111 n HoBo,rr.em'.PlheM MoHaCTbrpe. 
CKOH'iaBmeroc.H B 1994 r. BH~oro ¢113HKa-reopeTnKa, npo¢eccopa MfY 
,II.. ,II.. I1BatteHKo OTneBaJIH B u,epKBH )Ki-rnotta'iaJihHO:f.t TpOHI..J,bl n MocKBe 
Ha Bopo6heBbIX ropax. 

18.2. IlepBOHaqaJIO B ecTeCTB03Hamm 

11 Bor B peJIHI'IIll 

B ru111re AneKCaa,npa MeH.H 11p11BO)l,HTC5I CJ1e,rr,y10ru.ee ,rr,oBOJlhHO np11-
Me"<.JaTeJihHOe BbICKa3bIBaHHe H3BecTHoro acTpoHoMa H. Mopo3oBa: «Kor,rr,a 

COBpeMeHIIOro YMCTBeHHO p a3nHTOI'O qeJIOBeKa cnparn11naKY.r: Bep11.T JIH OH 
B Bora, TO eMy rrpHXO)J.HTC.H OTBe'iaTh: o KaKOM Bore Bbl roBopHTe? EcJrn 
o 6116neticKOM Bore n B11,rr.e cTapHKa ner 11p11MepHo BOCbMH)J,eC.HTH, c ce,rr.oii 

)J.JIHHHOti 6opO.IJ.Oti. . . CH~ero Ha npeC'I'OJie Ha Bepxy CT€KJI.HHHOro KOJIIJaKa 
Ha~ Harneii aTMoc¢epoti, To, KoHe'iHo, Her. Ho ecn11. BhI 110,n 3TMM cnoaoM 
IIO.Jl.Pa3YMeBaeTe e)J.HHYJO H OCHOBHYIO - no yqeHmo COBpeMeHHOti HayKH -
c~OCTh Bcex TBOp'iecKHX CHJI BceneHHO"A. . . To KaK .H Mory arneprHyTb 

srry e,nMHyJO H BCIO.IJ.Y p83J111Ty10 TBopqecKy10 cym,ttocTh BceneHHoti, He 
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OTBepraSI 3THM caMhIM Bcero cefo1( ... ) BcH Bce.rreHHaSI noJIHa p83JIH~IX 
<l>oPM TBopqecKOI'O C03HaHHH, H CHJlhI CTifXHttHOH npupo,n;bI QTJlliqalO'TCR OT 
Haum:x opraHH30BaBUJ11XC5I IlCMXH'leCKHX CHJI TOJibKO CBOeA o,n;e.'>K)J.ott, a He 

cy~OCThIO. TaKOBO Hay'tffioe npe,n;cTaBJieHHe o e,n;mtoM, Be'tffiOM, Be3,n;ecy
IIJ,eM 1-1 nee HanOJilfilIOIIJ,eM TnOp'-ieCKOM Haqa11e BceneHHot.t, T. e., Bhrpa)KaHCh 
TeOJiorHqecKHM H3hIKOM, o Bore-OTu,e, BeqHOM Taop.u,e H 06HOB11TeJie ,,tte6a 

H 3eMJIJ.1, acero DH,D;MMOI'O a HeBH,11.HMOra"» [108, c. 211). 
B 3TOM BhICK83hIBaHlil1 HBHO rrpocMaTpHBaeTC51 xon11cT11qecKliH B3rn51,u; 

Ha MHpo3,n;aHHe H Ha Bora KaK Ha era l1epa0Haqa110. AHaJTor11qlib1e cy*,n;e

HH£ MO.>KHO ycMOTpe'I'h BO MHo.>KeCTBe ,n;pyrHx p83MhIUIJieHHti o Bore. 
Xy,lI.o.>KecTBeHHrur o6pa6oTKa xp11cT11aHcKHX npe,n;cTaBJieHHif o Bore ,n;aHa 

B CTifXOTBOpeHHH r. P. ,lJ,ep)J{,aBHHa «Bor»: 

«0 TbI, npoCTpaHCTI30M 6eCKOHeqHbIH, 

)KHBbdt B )l;BH)KeHbH Beru.ecTBa, 
TeqeHWM apeMeHH npeBe'tffihIA, 

Be3 JIH.ll,, B Tpex nwu;ax 6o2KecTaa! 
,Uyx ac10,n;y cym.Hii 11 e,n;HHhitt, 
KoMy HeT MecTa H npwu1HbI, 
Kora HHKTO rrocTwqh tte Mor, 

KTo Bee co6oro HanOJIIDieT, 
06'beMJieT, 3H)K)J;eT, coxpaH5IeT, 
Kora MhI Ha3hIBaeM: Bar». 

Bonee pa.u,HoHaJihHYIO xapaKTepwcTHKY Bora M02KHO HaiiTH y 11. KattTa. 
B cBoett pa6ore « E,n;MHCTDeHHo B03Mo.>KHoe ocHOBaHHe ,l(J1SI ,n;OKa3aTeJihCTBa 
6b1T11st Bora» OH n11ca.JI: «·Heqro cyl.l.l.ecrayeT 6e3ycnoaHo tteo6xo,n;11Mo. 9ro 
Heqro e,n;11Hoe B CBOeM cyu~ecrae, npocro B cBoe:tt cy6c-raHI.J;HH, ,n;yx no cBoett 
npHpo,n;e, aeqHo 110 )l;JIHTeJihHOCTH CBOero cyIIJ,eCTBOBaHHSI, Hel13MeHHO no 

CBO€MY Ka'lleCTBy, a6coJIKY.rHO CaMo,n;onne10me B OTHOUJeHHH Beem B03MO)K
HOI'O H ,n;e.HcTB11Te.TlliHOra. 0Ho - Bor . .H He ,n;aio 3,n;ecb TO'tffiora onpe,n;eneHHSI 
noH5l'T11st Bora» [78, c. 422). B ,DJJyroM MecTe 3TOH paOOrbI ronopHTC5I: 
«Bor a6coJIKYTHo ca.Mo,n;oane10m.. Bee, qro ecTh, 6y,n;h TO B03MO.>KHoe wu1 
,n;ettcTDHTeJihHoe, eCTh Heqro, .nllll.Il> rrocKO.llhKY OHO ,n.aHo qepe:3 Hero. Ha qe
noaeqccKoM Sl3hIKe 6ecKoHeqHoe Morno 6hI CKa3aTh ce6e TaK: .R cyw,ecmey10 
om ee'tlHocmu ?C Be'tlHocmu, noM'U.Mo .Me'H..R Hem HU"le~o, u ece, "lmo ecm'b, 
mo.ti'b?Co ~pea Mett.R ecm'b ne'tlmo» [78, c. 494). ( .nI:06onhITHO cpaBHHTh 3TO 
c JieHHHCKHM onpe,n;eneHHeM MaTepHH ... ) 

r . .ne:tt6H~ CJie,n;yIO~HM o6pa30M o6ocHOBhIB8JJ cyl.l.l.ecTBOBaHHe Bora: 
«BJiet'THIIJ.He ycnexH MaTeMaT11qecKMX HayK H IlOilbITKa npOHHKHYTh nyTeM 
XHMH11 H attaTOMl1H B He.nJ>a aeru.eR IlOK83aJIH, qro BeCbMa MHOrwe SJBJieHJrn 
MO>KHO OO'hHCHHTh, TaK CKa3aTh, MexaHHqecKH H3 ¢11ryphl H ,ll.BH.>KeHIDI 

Tena, Me>K,II,y TeM KaK ,npeDHHe rrp116eraJIH B 3TOM (',Jiyqae JIH6o K C03,n;aTeJ1IO, 
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JUIOO K KaKMM-TO 6ecTeJieCHblM <}.>opMaM. l1 BOT HeKOTOpbie npoIIHUaTeJib

Hbie JIIO.U.M cTa.r11:1 ,u,enaTb nonbTTKH OO'hHCHHTh cy~ecTBOnaHMe HBJieH11li 

npHpo,lI,bI, HJIM ¢cHoMeHOB, Ha6.1110..uaeMhIX B renax, 6e3 .u.onyru.eHHH Bora 

11 He np11tt11Ma .H ero B pacY.er. ( .. . ) l1 npe:>K..u.e Bcero 51 oxoTHO cornawaIOCh 

c HbIHeUIHl1M11 qmnoco¢aMM, BOCKpeCHBUIHMH )leMOKpMTa 11 8nMKypa ( M.X 

Po6epT Boi1Jih BeChMa y..ua""•Ho Ha3hIBaeT KopnycKynHpHbIMH ¢Hnoc.o¢aMH), 

KaK-TO: c famu1eeM, B3KOHOM, racceH)l,H, )J:eKapTOM, ro66coM, }1Mr6H -

B TOM, 'ITO np11 o6'b.HCHeHHH TeJ1eCHhIX .HBJieHHH u e CJie,n;yer f>e3 Hy)K,lI,bI 

npH6eraTh HH K Bory, HM K KaKOii- JIH6o APYroA 6ecrenecHoA Belll,11, ¢opMe 

HJIH coolicTBY ( ue cTOHT anyThrnaTh Bora, ecJI11 npe,n:MeT ero He,n:ocroHH) 

Ii Y.TO Bee, HaCKOJlbKO B0:":3MO:>K.HO, cne,n:yeT BhIBO/T,liTb M3 npupO,lI)>I TeJia 

11 ero nepBH'lHhIX cooAcTB nenMqHHhI, ¢11ryph• u )l.BH:>K.CHMH. Ho 'ITO, ecJIH 

51 ,lI,OKa2Ky, 1:.JTO B npHpo,n:e TeJia HeJTb3.H HaitTH H8'I8Jla ,n:a2Ke ~THX nepBMY.HbIX 

CBOHCTB7» (97, C. 78). 
B3rJI.H,lI,bI Jlei16HJHI,a Ha np11po,n:y B HaH6onee KOHu,eHTpHpoBaHHott ¢opMe 

M3JIO:>KeHbI s ero «Motta,n.onorHH» (97). TaM OH IIHIIleT: «0AHH TOJTbKO Bor 

ecTh nepBH'lHOe E,n:HHCTBo, MJIH M3Ha'laJibHaH rrpocTa.H cy6craH1J;:HSl» (97, 
c. 421 J. Tio.u.qepKHeM MbICJib Jle"6H11~a, 'l.{TO YMecTHo rooopRTh o Bore JTID.Uh 

Tor,n.a, Kor,n;a peqh 11,JJ,er o ca.r-..1h1x Haqanax 3Hamut, o caMhIX nepn11'1HhIX 

cBoAcTBax cyru.ero. <1JaKT11'leCKM OH IIOHHMaJ1 no,n; BoroM «nepBH'-!Hoe E,u.11H

CTBO». «Bo2 ecm'b nepea.Fl npu""utta eew,eu ... Cne,JJ,oBaTeJihHO, Ha,n:o MCKaTh 

npU'l{Utty cyw,ecmeoea'Hu.R .MU'j)a, HBJI51IOI.IJ.ef'OC51 COBOKYilHOCTblO C//,Y~U'H/btX 

Be~ett .. . a cy6cmauv,uu, U.Meww,eu e ce6e OC'HOBanue c6oe20 6'btmUR 11, cne
,n:oBaTeJihHO, tteo6xoiJU.Mou H Beqttot\'. Ha,n:o TaK:>Ke, qTOObl aTa np11quHa 6brna 

'fXL3YM'H.OU. . • I136paHwe >Ke O,lI,HOro MMpa ( H3 Bcex B03MO>KHbJX MbICJieHHO, -

JO. C. B.) MOrJIO 6bITh aKTOM ,n:e.HcTBeHHOA eMu. ToJibKO M02YUJ,ecrn6o 9TOt\' 

cy6cTaHI.J,HU /T,aer oone ocylll,ecTBJ1eH11e. MorymecToo npHB0).1,11T K 6'btmuw, 
MY,lI,POCTb HJUI Pa3YM K ucmuue~ a BOJIH K 6.tiazy. I1 ~a p a3yMHaH np11l:J11Ha 

)J,OJI:>K.Ha 6bITb 6ecKOHe~rnon BO Bcex OTHOUieHMSIX H a6cOJilOTHO cosepmeHHo.A 

no Morylll,ecTny, MYAPOCTH H 6narocTw, nOTOMY 1:.JTO oHa o6ttHMaer Bce,qTo 

B03MO:>K.HO. l1 Ta.K KaK Bee CO€,lI,HHeHO O,JJ;HO c .n:pyrMM, TO IleT MecTa ,lI,JISl 

.n,onym,eHH.H ,npyroA pa3yMHOi\ np11TIHHhI. & P a3YM CJIY:>K.MT HCTOl:.JHllKOM 

cyw,uocmeu, a ee HOJI.H cny:>K.HT Ha'la.rIOM cyw,ecmeoBanUR. BO'I' B HeMHO

r11x cnoBax ~OKa3aTeJihCTBO 6b1TMH e,n.11Horo Bora c ero conepmeHCTBaMM, 

a panHo 11 rrpoRCX02K,U,eHltil Belll,etl 'lepro aero» (97, c. 134- 135). 
HanOMHHM B3rJI51,l.J,bl r. reren~, H3JIO)f(€HHbie B ero «JleK.ll;M.HX 0 ¢11noco

¢1111 pen11rH11»: «HaM CJie,JJ,yer HaT-IaTh c Bonpoca: KaK yc:rattoBMTh tta'l£a./l,o? 
Tpe6oBaHHe nro6oA nayKM ( oo BCHKOM cnyqae Tpe6oBaHMe cPoPMaJihHoe) , 

M oco6eHHO ¢11noco¢KH, 3aKJIIOqaeTC51 B TOM, l:JTOObI B Hett He 6blJ10 HHqero 

neao'X:ll3atttt020. .I1,0K83bIBaTh - B IlOBepXHOCTHOM CMblCJle ~TOI'O CJIOBa -

03Hal:Jaer, qTO BC.HKOe CO,I.J,ep)l<aHRe, TIOJI02KeHMe, IlOH.HTHe ,!J,OJI:>K.HO l3bITeKaTb 

H3 npe,1J).lleCTBYIO~ero. 0).1,HaKO, ttal:JHHa.H, Mbl e~e H11qero He ,ll.OK8.38JIH, H6o 

Her elll,e H11qero, BbITeKa10u~ero 113 npe,JJ,mecTBYID~ero, onocpe,n:c'TBeHHoro, 
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rroJio>KeHHoro ,rrpyrHM. B Haqane MhI ttaxO,ll.HMC51 B c¢epe Henocpe,n.cTBeH

Horo. » ( ... ) «Haqa;-10 peJu1rwH no c 1meMy Bceo6rn,eMy co~ep:>KaHHIO eCTb 

He qTo HHOe, KaK eme He HepacKpbITOe nOHHTHe caMOH peJUffHH, KOTOpoe 

3a.KJ110"IaeTCH B TOM, TITO Bor ecTb a6coJIIOTHaH HCTMHa, HCTHHa Bcero 

H '-ITO TOJibKO pCJII1TM.SI CCTb a6cOJIIOTHO HCT HHHoe 3HaHHe. IlOOTOMY Mbl 

ttaTrnHaeM Harne H3JIO)KeHMe c Bora. ,Il,JIH Hae, HMelOI.I.J,HX peJIHrMio, Bor 

eCTb He"ITO 3HaKoMoe co,n.ep)KaHHe, KOTOpoe KOJIHT.JeCTByeT B cy6'heKTHBHOM 

C03 HaHHH. 0,IT.HaKo c HayqHo:H TO'lKH 3p eIDIB Bor - cHa'-1.aJia JIJ.UUb Bcco6ru.ee 

a6crpaKTHOe HaHMeHOBa.HMe, He IIOJIYTH ·rnmee em;e HCTHHHOl'O CO,II.ep)l{aHH51. 

VI6o cPHJioco¢HH p eJIHrHH H ecTb pa3B11T11e, rro3HaHMe TOI'O, T.ITO ecTh Bor, 
H TOJihKO c ee IIOMOIJ~hlO MO.>KHO HayqffhIM nyTeM no3HaTh, "-ITO ecrh Bor. 

TaKHM o6pa30M, Bor ecrb 3TO xopomo H3BeCTHoe, HO Hayqtto eI.I.J,e Hepac

Kp1>1Toe, He no3HaHHOe rrpe,n.craa.neHHe. Y Ka3hIBruI Ha 3TO onpaa.n.hma10rn,ee 

ca.Moe ceful B paMKaX Hawe:H HayKH P a3BHTHe, Mhl npe)K,Il.e BCero HCXO,LI.HM 

H3 y6e)K,IJ,eHM.SJ, '-ITO pe3YJibT"dT <l:>HJioco¢1111 COCTOHT B TOM, T.JTO Eor eCTb 

a6coJIIOTHO HCTHHIIoe, 13 CeOO H )J.JlH ce6H BCeo6mee, BCeoxnaTbIBalOlllee, 

13ceco,n.ep*aI.I..1,ee H rrpH,naJOI.I.J,ee sceMy ycro.ttqHBOCTh» (42, c. 273J. 
cD. B. lllennHHr B « <l>HJioco¢IDI 11cKyccTBa~ [195] onpe,n.eJIHJI Bora 

B BH,n.e psi:,n.a Te3HCOl3. Ilp11se,n.eM HeKOTOpb1e l13 HHX. 

1. A6comoTHoe, HJIH Bor, ecrb TO, 13 OTIIomeHHH qero 6bITHe, H.TIM. pearih

HOCTh, BhrreKaioT 1'f3 ero H,n.eH xenocpeacmBeH.1w, T. c. 13 CHJJY npocTOro 

3aKOHa TO>K)J.€CTBa, HJJM Bor ecTb Herrocpe,n.cTBeHHoe yTBep.>K,n.ettHe 

cruvmro ceful. 

2. Bor KaK 6ecKOHeqHoe yTBep:>K,n;eHHe caMoro ce651 OO'lJe.M.fl,em ce6si: ca

Moro KaK 6ecKoueqHoe YTBep)K,Il.a10mee, KaK 6ecKoueqHo YTBep)K.n;eH

Hoe H KaK Hepa3JJHqHMOCTh TOI'O H ,II.Pyroro, HO ca.M OH He ecm'b H.U'ltmo 

113 3'J'Oro B O'I;LJ.eJJbHOCTH. 

3. Bor Henocpe)l.CTBeHHo B CHJIY cnoett H.D,eH cocTaBJIHeT a6coJIIOTHoe Bee 
(das All). 

4. A6coJIIO'I'Hoe 6e3ycJIOBHO BeqHo. 

5. BecKoHeT.J:HaH yTBep>K)J.eHHOCTh Bora Bo BceM HJIH o6JIHqeHMe ero 

6eCKOHe'1.HOH uaea.11/bH.OCmU B peaJJbHOCTh, KaK TaKOl3ylO, eCTb Be'-J.Ha51 

rrpHJX>,II.a. 

8 TH H ,rrpyr11e, 3 ,n.ecb He npHBe,II.eHHbre Bhl)J.ep)KKW (CM. TaK>Ke [31]) oqetlb 

HanoMHHaIOT aKCHOMa:r1:1Ky B reoMerpHH HJIH B ¢H3HKe. H a noMHHM, B aKCH

OMaT1:1Ke I'eOMeTpHH IlpHMHTHBaMH 51BJISIIOTC51 6ecKOHeT.JHO ,ll.JIHHHble IlpHMbie 

JIHHHH, 6ecKOHe'-J.Ubte llJIOCKOCTH HJll1 TOqKH, 6ecKOHe'IHO MaJlblX pa3MepoB. 

TdKHe noHHTHH Bo Bcett rroJIHOTe p a3yM He c noco6eH oxsaTHTb, HO, TeM He 

Meuee, qeJIOBe'-1.eCTBO Hay'1HJ10Cb orrepMpoBaTh c H1:1Ml1. 0K83b1BaeTCH, He'I' 

Ha,IJ,OOHOCTH pa3pa6a Tb1IlaTh HX onpe,n.eJieHHH, ,JJ;OCTaTO"'UIO cQ:>opMyJIHpoBaTb 

aKc110Mb1, KOTOphIM 3TH rroHHTHH y,II.OBJieToopHIOT. B HTo r e nI06ott 111KOJihHHK 

p emaer 3MaqH, )J.OKa3hIBaeT TeopeMhl , o n epwpy .H c 6ecK0HeqHb1MH fIPSIMhIMH 
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JI1rn1urM11 11 nJIOCKOCTSIMH. 0,rr.Ha.Ko pa3MhillIJieHM.H o6 11x cyT11
1 

o cBOii:CTBaX 

napaJIJieJibHbIX Jil1Hl1ii B 6eCKOHe'1HOCTl1 Ilp11BeJil1 B csoe npeMH K OTKpbITMIO 

HreBKJIH,Il.OBhIX re0Mfil'p11ii a 3aTeM - K 003,U.aHlUO o6~eit Teop1111 OTHOCl1-

T eJibHOCTl1 11 B006m,e K reGMeTplr-IeCKOMY Ml1pOilOH11MaH1110. 

ConoCTaBJI5151 ll,pyr c wyroM COBOKYilHOCTb onpe,n.eJICHHH (HJJH on11ca

HHli) Bora, HeBOJlhHO rrp11XO,LJ,l1Ulb K ouzym,emno, qTo C03~aB (111111 noeyqMB) 

CTO.llb ::lKCTpe1'.1a.TlbHOe, npeBbillla10w.ee Bee MbICJI11Mhie p aMKH IlOH5ITHe, qeJIO

Be'-IeCKHH P a3YM CTpeM11TCH BCeMH ,U.OCTYilHhIMl1 eMy cpe,n.C'rBaMli ero OXBa

THTh, pa3pa60TaTb MeTO,LJ;11Ky orrep11ponaHHH c ::lTMM nonHT11eM. HeBOJibHO 

Ha yM rrpMXOMT ar.co1.1,1-1a~11 c c11Hryn.HpHbIM11 ¢YHKII,HHMH ( Hanp11Mep, 

c 8-¢YH~l1HMl1 ,[(11paKa) B MaTeMaT11Ke, KOTOpbie B TOC!Ke o6pa:r.u;aIOTC5I 

B 6ecKOHeq}{OCTb, HO TeM He MeHee 11MelQTC.H qeTKHe npaBHJia pa6oTbI c HHMH. 

CyMM11pyH nee np11Be,n.eHilh1e BhICKa3hIBaHH.H o Bore, MO.>KHO c,n.eJ1aTh 

BhIBO,LJ;: Eoz · - 3'TnO o.n.u'4emeope?tue flep6o'H.a'l/,(J,Jl,{), eucwux 'TrUJ/U'H npupoih>L 
U maU'H.CfflB ayxoB'H.O'lL :>ICU8'HU ~eAOBe?Ca. IlpM 3TOM cy~eCTBeHHO, CfTO 

13 6oJiblllHHCTBe BbICKa3bIBaH11:tt peqh lf)J,eT o6 e,rr.HHOM flepnoHaqa.rre KaK 

eCTeCTB03 HaHl1.H, TaK H ,nyxOBHOti c¢epb11) . 

EcJIH B ¢w3 11Ke M,II,,YT K IlepBOHaqaJiy , ecJIH MO>KHO TaK CK83aTh, «CHH3y», 

T. e. OT qaCTHOI'O K o6m,eMy (OT Tp11aJIHCTH'1eCKOt\ napa,lJ.11I'MbI qepe3 TpH 

BH,LJ;a )J.YaJIHCTl1l·:leCKl1X M11ponoHHMaHMti K XOJIH3MY)' TO B PeJIMrl103HbIX 

( ¢HJioco¢cKo-pen1ir1103HhIX) c11cTeMax 3anaiIT,a 11 BocToKa 11,n.e.H IIepBOHa

q a.na SJBJI5reTCH 11CXO,~HO:tt. 0TMeqeHHble B rrpe,n.hr,n.ym,et\ I'JiaBe Tpl1 B~a 

¢11noco¢cKo-peJIHmo3HhIX MHpoBo33peHHil npe,n.cTaBJI.HIOT co6o:tt no o6pa3-
HOMY Bh1pa)f{eH1110 C. ByJiraKuna «Tpo.HKYJO B03MO.>KHOCTb ¢11noco¢cTBy10-

m,e iI epecenor111:1, MOinrCTM'iecKoro MO.U.aJIH3Ma», Kor,n.a e/I)!lHaH « Hepa.3,rr.enb

HOCTh H HeceKOMOCTb» HenpecTaHHO B pa3Hhl'X HanpaBJieHM.Hx pacceKaer 

«epro'H't{ecTBYIOIJ~a.H MhICJib». 

18.3. TBopeau:e MHpa B peJnn•u:u: H B <f>H3HKe 

1. CornacHo xp11cT11aHCKOMY «3aKoHy Bo)KbeMy», «Bor ccTh ,Ilyx Beq

Hbllt, Bce6naroit, Bcene,nyI.I.J,11H, ncenpaBe,n.Hh1ti, sceMorym,HR, Be3,n.ecyllvd%, 

HeH3MeH51eMbI.i1, n cefI.OBOJihHhiii , ace6na)f{eHHhiti. OH COTBOPHJI Bee Blf)J,HMOe 

11 HeBH,LJ;HMoe, Bee co,u.ep)KIIT B cBoei% BJIRCTH H BceM ynpaBJIHeT ... » Ho '-lTO 

TaKoe «COTBop1-1J1»? KaK ::lTO noHHMaTh, 6yKBaJibHO 11JIH cHMBOJI11qecKH? 

l)B CBSl3H c STHM XOTeJIOCb 6bI o6paTHTb BHHMaHHe Ha xapa.KTePHYIO «HeTO"IHOCTb~, 
BKpaBmyi<>C.H a MHOI'OTOMHbIA TPY'A npoTOHepeH AneKcatt.n,pa MeH.st. TipH'lHCJI.stSI A . 8ibt
Ill'.1.'elitta K BepyIOlll;HM B Bora, OH npHBO,IJ.HT npoCTpa.HH}'IO ~Ta.Ty H3 ero JleKIJ,HH «OT 
OTHOCHTeJJbHOro K a6coIIIOTHOMy», r ,n.e roeopHTCSI 0 TOM, q'J'O H apsi..ay c OTHOCHTeJJbHbIMH 

BeJUl"IHHaMH ,IJ.OJDKHbl cymecTBOBa'l'b a6comO'fllbie (108, c. 52). 8 AHWTeHH HMeJJ B BH.IJY 

HHBa pHaH'l'bl, T. e. BeJJH"IHHbl, O,IJ.HHaKOBble BO ecex CHCTeMax OTC"leTa. MeHJ:. .>Ke IlOH.SIJJ 

HX KRK IlepeoHa"laJIO H e ~aTe HallHCaJI ¢A6coJI10THoe» c 6onbmo~ 6yKBh1, KaK 3TO 

npHHSITO .U.JJ.St o6o3HaqenHst Bora. 
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CTopomrnKH 6yKBaJihHOtt TpaKTOBKH Cn51ru,eHHoro 1u1caH1UI c~uITaIOT, 'tlTO 

Bor COTBop11JI MHp np11.MepHo ceMh Th1csi~1 JleT TOMY Ha3a,n, 3a rnecTh ,IJ,He.A 

no 24 qaca B KaJK,IJ,OM. Ilo,u.o6Hoe noHHMaH11e TeKCTa B06J111H HOJIHOCTbIO 

lil'HOp11pyer )I,()(.,'TIUKeHH51 COBpeMennott KOCMOJIOrlUI, reOJIOnn1, apxeoJionm 

11 p:51,u.a APYf'HX o6Jiac;rr ett HayKM 11 noaToMy npe,n,cTaBJT51eTC.51 Henp11eMJTeMbIM. 

3HaKOMCTBO c peJil1f'1103HhIMl1 naM5ITH11KaM11 npOllIJIOro (Maxa6xapam, 

P a Mrurna, 11 U.311H, Kopatt 11 ,rrp.) y6e,1J.11TeJihHO cnH,D:eTeJlhcTayer o TOM, 

't{T() co,u.ep.>Kam,11ec.H B HHX npe,u.CTaBJieH1151 11 ~eH Bhipa)KeHbI n ocpe)J,CTBOM 

o6pa30B, CI1.MBOJIOB, 11HOCKa3aHHH. flo3TOMY B03MO.>KHbl pa3Hhie HX npo

't{TeHH.H B 3aBHCl1MOCTM OT ypOBHSl p a3BHTl151 KYJlbTYPhI. 9To OTHOCHTC51 

11 K IlOlfilMaHWIO Te311Ca 0 TBOpeHHH MM.pa. 

2. B coBpeMeHHo:H ¢11311Ke rrpo11cxo.>K,n,eH11e B ceneHHott OilHCbmaerc.H Ha 

OCHOBe o6m,ett TeOP1111 OTHOCl1Te.JlhHOCTH, HJIH, TO'tlHee, OilHpa.HCb Ha KOC

MOJ10f'll't{eCKMe pellleIU151 <I>pl1,ll,MaHa ypaBHeHHtt 9ttHrnTettHa. 9TH pemeHl151 

HM€IOT oco6eHHOCTl1 (6ecKOHe'tlHbie IlJIOTHOCTH MaTepMH) B Ha'laJie (11JIH 

B KOHII,e , 11JIH c 06e11X C'l'OpoH) 9BOJIIOI1,HH MO,u.eJil1, 't{TO npHH.51TO HHTep

npeTHpOBa Th B ;:zyxe XpHCTHaHCKOro TBOpeHl1Sl M11pa (H3 « HM't{ef'O» ). IlpB 

9TOM ecreCTBeHHO B03HHKaIOT oonpoc: 't{T() 6b1JIO ;~o «6oJibllIOI'O B3pbIBa»? 

06m,errp11H.5ITbIB OTBeT COCTOl1T B TOM, qTQ BpeMSJ .H npocTpaHCTBO B03-

HHKJIO B MOMeHT po)l(,u.eH11SJ BceJieHHott, T. e. nonsiT11.e npeMeHH «,a;o B3pbrna» 

1111UieHo CMhICJia. Bonee KoppeKTHO nonaraTh, 't{TO 3 aKOHOMepHOCTH o6ru,ei1 

Teop1111 OTHOCHTeJibHOCTH TepmoT CHJIY B OKpecTHOCTl1 CHHryJI.51pHOCTH, TaK 

't{T() CK83aTh 't{TO-JI116o H a OCHOBe 9TOtt TeOpH11 ( 13 paMKax conpeMeHHhIX 

npe,n,craBJleHHli) HeB03MO)KHO. 

P51,n; npe,u.cmnHrenett xpHCTMattcKott ~epKBH 6JTarocKJ10HHO oocnpHHH

Maer BblBO)l;hI o6ru,el% TeopHH OTHOCHTeJihHOCTl1, TpaKTYH 11X KaK Hay'IHoe 

no,n;TBep)J()I,eHHe 6H6nettcKoro TeKCTa o TBopeH1111 M11pa BoroM. 

3. B pSI.ue BOCTO't{Hh.IX ¢HJioco¢cKo-peJTHI'H03HhIX yqe H11H, a TaK.>Ke 

y Ap11CTOreJis HeT ,n,orMaTa o TBOpeHH11 M11pa B Ka.Kott-To MOMeHT BpeMeHM 

( OT)J,eJiblIO HJUI BMeC':re c npoC'rpaHCTBOM Ii BpeMeIIeM). 

B coBpeMeHHOtt ¢M3MKe aKTHBHO o6cy.>K,n,aIOTCH H Bap11aHTh1 Be'tlHoro 

cy~ecTBOBaHH.H BcenenHott c pasHhIMH CQeHaplUIMH aoonIOI.J,HH. IlpoTHB 

r11IIOTe3bI p<))l<)J.eHH.51 BceneHHo:tt n m1,n,e «6onhworo B3pbIBa» BhICTynaJI 

B. A. AM6apeyMHH, c q11.TaBm11.R, qTO B o,n,HH.X qacT.SiX BceneHHoll npoMcxo

,LJ.5IT po.>K,n,eHM.51 oT,n,eJThIIbTX cKonneHHll ran aKTH.K, a B ,Lij)yr11x - 11x r116enh. 

B peJisT11n11cTcKoR TeopHH rpaBHTaI~HH A. A. JioryHoBa peqh ~er o nynh

c 11.py 10ru,ett BceneHHoH.. B p51,II.e pa6oT IlO)J,HHMaeTC51 nonpoc o B03 MO)l(HOCTH 

KBaHTOBOro TYHHMhHOI'O rrepexo,rr.a KOCMOJIOrH'tleCKIDC MO,[(eJieR q epe3 CHH

ryJUipHhie COCT051Hllil, 't{TO Ta.K)Ke )J.OJl.>KHO COOTDeTCTBOBaTb CBoe6pa3HbIM 

rryJThCall,H51M Mttpa. 

Mo.>KHO nOH51Th no3HI1,HIO rex x p11cT11aHcKHX ,n,e51TeJiett, KOTOpb1e c ()(.,'TQ

p<>)l(HOCThIO OTHOC.HTC.H K Te3MCY 0 Hay'iHOM IlO)J;TBep.>K,LJ,eH.HH o6rn;ett TeopHeH 

o THOCHTeJlhHOCTH ,n;orMaTa o Bo.>KecTBeHHoM TBOpeH1111 MHpa. Be,ll.b B npo-
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u;ecce pa3Bl1TMJI HayKH Ha CMeHy o6m;ett TeOpl-UI OTHOCJ.ITeJlhHOCTli MO:>KeT 

np11tl'TR 11.Ha.H Teop11SJ, noTpe6yron~a.H nepecMoTpa ycTO.HBUIHXC.H noJio.>KeH11tl. 

4. CymecTsyeT 11 RHa.H TpaKTOBKa TBopeHR.H MRpa, OTpa>Karon~a.H cTpeM

JieHRe ecreCTBOHCIIbITaTeJielt npOIUJIOro H cPl1311KOB-TeOpeTHKOB Harnero Bpe

MeHH HaHTI1 nepBOOCHOBY (nepBOHa"..J8Jl0) cPl13R"..JecKOro MHpo3,n:aHRSI, 113 

KOTOporo 6h1 CJ1e,n:oBaJIR Bee R3necTHbre noH.HTR.H u 3aKoHOMepHoCTR. B pac

cMoTpettHoli BbIIIIe 6MHapHoi1 reoMeTpo¢R3HKe nepBOOCHOBa npe,n:CTaBJTeHa 

6RHapHO:A: CHCTeMOH KOMITJieKCHblX OTHOUleHHll, H3 KOTOpotl MO>KHO o6pa-

30BaTb IIOHSITIUI OKpy:>Ka10mero MRpa. B H€KOTOpOM CMhICJie ¢11311qecKoe 

nepBOITOfIBTMe ,n:e:tl'CTBl1TeJibHO «TBOpRT» nee KJiacCH"'I€CKMe IIOIIBTR.H, qepe3 

KOTOpbie OIIHChIBaeTC.H ( npe,n.CT8.BJJSle'I'CSI Halli HM Pa3YMOM) MaTepH8.JlbHbltl 

MHp. 

11,n:e.H 0 MaKJX>CKOII11qecKotl IIpHpO,n:e KJiaCCMqecKoro npocTpaHCTBa- npe

MeHR 11 ,rrpyrwx IIOHSITHi1: ¢11311KJ.I H HeOOXO,lI.MMOCTb nepexo,n.a K €/J,HHOtl o6o6-

lll.€HHOM KareropMH DblBO,ll.HT IIOHSITR.H 11 3aKOHOMepHOCTH MOHRCTJ1qeCKOti 

<f>11311qecKotl Teop1111 3a npeae.tt'bl, npUB'bl,ll{'H020 <fiuaull{ec10020 MUpa 11 B 3TO.M 

CMhICJTe 3a npeae.ttu ?C.ll.accull{ec1w20 npocmpaucmea u epe.Menu. CorJiacHo 

~TOH 11,n.ee, BeCb OKpy:>KalOII~liR Hae MHP, BKJIIOqa.H cro noHSITH.H, OKa3hTJ3a

eTC.H rrpo113DO,n:HbIM OT HeKolt nepDOOCHOBhI, y:>Ke npo.HB.TUllOlll.e:A:cs B ¢113.MKe 

MHKpoM11pa. "'l!ro ~ KaK He npeacmae.tie?tuR o ne?COM <fiuau'l{€c?CoM Teo-p'4e, 

.n,e~teatl1e.M sa npeae.1ULMU ?C.ll.accu'l{Cc?Co20 Mupa? H enOJihHO BcrroMHHalO'I'CH 

rrpHBe,n.eHHbie Bblllle CJIOBa )lep:>KaBHHa: «J(}'X DCIO,lJ.Y cylll.H:A: H e,n:.MHhlM, 

KoMy HeT MecTa R np11"..JHHhI,. .. Kro nee co6oro HaIIOJIHs:teT, 06'heMne1; 

3M>K,ll;eT, coxpaHSJeT, Koro MhI IIa3hIBaeM: Bor». 

BJIR3KHe H,11,eR OTpa)J(eHbI B BOCTO'IHhIX sepoBaHRsx. KaK y:>Ke oTMeqa

JIOCb, B ,n.aocM3Me, po,n.cTBeHHOM c 6yMH3MOM, IlepBOOCHOBOlt MHpa .HBJI.H

eTC.H ,lLao. K HeMy He np11no:>KUMh1 IIOH.HTH.H MecTa Haxo)J(,ll;eHIIB MJ111 npe

MeH11, HO BMecre c TeM HeT MecTa BO Bce.TieH11oii, r,n:e 6H He np11cyTCTBOBaJJo 

,lI.ao. HMeHuo R3 ,II.ao qepe3 npoeKD;MH B Harn Mup «,11.3» B03H.MKaJOT nee 

HCllOJTb3yeMbie qeJIOB€KOM IlOH.HTH.H. 

5. IlonhITKH rrpHMMpHTh xpMCTRaHcK11e B033peHR.H o Bore-Toop~e MHpa 

c He3:bl6JleMOCThlO 3aKOHOB KJiacc11qecKo:A: cPH3HK11 He1136e)KH0 BJT€KYT 3a 

co6oti n pe,n:cTaDJieHHe o Ero yqacTHH JIRIUb n co3,n:aHMR MRpa Mero 3aKOHOB. 

Ha 3TOM ponh Bora, 11p.11 TaKoM rroH11MaHH11, 11cqep!Ihrna.eT01, nocKOJihKY 

,n:aJJhWe Mup pa3B11saercH no 3a,U,a.HHbIM 3aKOH aM. 3aqeM :>Ke ror,n:a aepy10-

u..1,11M o6pamaTbC.H K Bory R o qeM-TO npoc11Tb? 06 3TOM rrapa,rr,oKce MO:>KHO 

HattT11 yrroMHHaHRe y J l e:tt6H11u;a. 

Ilo,n:o6Horo napa,n:oKca HeT D 6.MHapHOii I'OOMeTp0¢11311Ke, TaK KaK D HeM 

IIOH.HTHe «TBOpeH.MSI» 3Ha'Il1TeJibHO co,n:ep)KaTeJihHee, M nepexOJT.bl MHpa 113 

O,Ll.IIOI'O COCT051HIDI B ,rrpyroe o6p83y10T 3B€Hb5I e,n:11HOH u,eITH 3BOJIIOl.J,Hl1. 

0IIHCblBaeMOe 6HHapHo:A: reoMeTpo¢113HKOtl «TBOpeHHe» npoHCXO,U,HT Herrpe

pblBHO, OTpa>Ka.51 npouecc pa3BHTHSI M11pa. 
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0 HenpepbrBHOCTM TBOpeHl:UJ roBop51T 11 3ana,D,Hbie 6oroc.rroBbI. Ilo 3TOMY 

IIOBO,Lzy A. A. rpH6 ITHllleT: «B. IlaHHeH6epr I'OBOPMT, 'lITO Bor- B 6y,rzyu~eM! 
Ero ,n:ettcTBHe, B OTJTHqHe OT ,n:e:ttcTBH51 CHJT IIPHPO.UhI, ecTb ,L1,ei1:cTBHe H3 

6y,ny1u,ero - KaK ~eaJI, u,e.rrh, npHB.rreKa1om,a.H qe.rroBeKa, He 3aCT8.BJI5IB ero, 

B OTJIH'lIHe OT npH'lIHHhI, ,u.e:HCTBy10iuei1: M3 npornnoro. ToopeHHe M3 HMqero 

1Ip0HCXO,IJ.HT HenpephIBHO, H 9TO eCTh TO, qTO Mbl H a3bIBaeM CTaHOBJ1eH11eM -

rrpeBparr~eHHeM 6y,rzyIIJ,ero B HaCT051ll~ee M IIp0I1IJIOe. Il pH 9TOM, O,ll.HaKO, 

cy.iuecrBa, o6.rra,n,aIOIIJ,Me CBo6o,u.Hoii BOJ1e:tt, - )KMBhie cyIIJ,eCTBa H, B03MO)KHO, 

KBaHTOBh1e qaCTHQbI - coy':.racrByroT B 'rBopeHMH. 1Io,n:o6Hy10 ToqKy 3pe

HH£ - coyqacTl151 cno60,n:Hb1x, coTnopeHHh1x BoroM cyIIJ,eCTB, M Bora B e)Ke

ceKyH.nHO CTaHOB51LQeMC51 HOBOM MHpe OTCTan:BaJOT TaK)Ke CT0p0HHMKM aH

I'JIHHCKO:tt ll!KOJihI 6orocnOBltil rrpouecca, HaxOA5JIIJ,Hec51 no,n: BJTM51HMeM aH

I'JTIIBCKOro qu-1noco¢a Yaii:Txe,n:a» [49] . 
6. Ilpe,u.JIO>KeHHa51 B HaCT051IUe:tt KHMre KOHll,eIIUMSI TB0p€Hl151 IIp€,ll.CTaB

JISeTC.SI 6onee co,rr,ep)Ka:renbHOH, He)KeJIH 11,n:eoJ10rMS1, OCHOBaHHa.H Ha cono

C'I'aBJieHHH TeopHH «OOJihlllOro B3pbIBa» B acTpo¢H3RKe c BeTX03aBeTHhlM 

OIIHCaHHeM TBOpeHH51 MMpa. KTO MO>KeT rapaHTHpOBaTb, T.J:TO COBpeMeHHa.H 

cPH3H'tfeCKa51 KapTMHa Ml1pa OCTaHeTC51 WKOH .>Ke XOT.H 6hI ,ll.O cepe,n:HHbI 

XXI s .? Ec.rrH TBopeHHe rrOHHMaTh B o6o6m.eHHOM CMhICJTe, TO aJihTepHa

T.HBHhre cPH3H'tfeCKHe H,rr,eH He BCTYITSIT B rrpoTHBOpeqHe c paclllHpeHHhIM 

IlOHHJ\1aHHeM xp11CTRal-lCKOH u,n:en TBOpeHMSI MHpa. 

18.4. Tp11e~HcTBo, xpHCTll3HCKrul Tpomi;a 
11 611Hapuru1 reoMeTpo<l>11311Ka 

B pa3HbIX penur1103HhIX CMCTeMax nepBH'lIHoe HaqaJio Ha3hrnaerc51 no

pa3HOMy: Bor - B xpHCTHaHCTBe, A.rrJTax - B HCJTaMe, ,ll,eMHypr, H.TIH Ilep

BOAJ3HraTeJlh - y ApHcTOTe.rrH, ,II.ao -: B ,n:aocH3Me, ,11.xapMbI - B 6y,ll,1J,H3Me 

u ·r. ,n:. KoHeqHo, BO Bcex pe.rrHrIBIX 0Ho BhICTynaeT B o6pa3HOfi, MlicPo

nooTH'llecKott ¢opMe, npH'lleM Heo6.H3aTeJihHO B aHTpOIIOMOpcPHOM BH,n:e, 

KaK 3TO CHMBOJIHqecKH H 3o6pa:>KaeTC51 Ha Xpl1CTMaHCKHX HKOHax. XapaKTep 

l1 cnoiicTBa IlepnoHa'llaJia TaK)Ke noHHMaIOTC.H no-pa3HOMy. B HeKOTOphIX 

peJTHrn03HbIX CHCTeMax Boo6iue HaKJTa,LJ,hIBaeTC51 Ta6y Ha ero OCMhICJieHHe; 

B XpHCTHaHCTBe, ,n:aocH3Me, 6y,ll,ll,l13Me M HeKOTOpblX ,L~yrHX y~eHH.HX nocry

JIHpyeTC.H HeKa.H CHCTeMa rrpe,u.cTaBJieHHli (,o;orMaTOB) 0 IlepBOHaT.J:a.rre. 

0,rr,HHM H3 K.rrroqeBbTX ,n:orMaTOB xpHCTHaHcTBa .HBJI.HeTC51 ,n:orMaT CB.HTo:tt 

TpOH1J,bI, npHH51TbTM Ha BTopOM BceneHCKOM co6ope (IV B.). K. r. lOHr 

B CBoeii «IlonhITKe IICHXOJIOI'HT.J:eCKOI'O HCTOJ1KOBaHH5J ,o;orMaTa 0 TpOHU,e» 

3Ha'lIHTeJibHoe MeCTO y,u.eJIHJI o6cy>K,n:eHHIO 11,n:eH TpHe,ll.liHCTBa H Tp0H'"1HO

CTH B ,rr,oxpHC'THaHCKHX peJIHrl103HO-cPRJTOCOcpcKRX B033peHH51X BaBliJTOHSIH, 

erHTIT.HH H aHTHTfHOC'l'H. IlpH 9TOM OH OTMeTHJl: «Borrpoc 0 TOM, 6bIJIH JIM 

'3Tli H,l1;eH rrepe,o;aHbT IIOCJie,LzyIOIIJ,HM BeKaM rryreM MHI'paIJ;HH HJIH Tpa,LI,HU,HH 
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HJUI )Ke B Ka)K)J.OM CJiyqae OHH CilOHTaHHO B03HH.KaJIH 3aHOBO, w.1eer MaJ]O 

3IIaqellli5I. rnaBHoe B TOM, 'tlTO OHH 6hlJIH HaJIH.~O, nCYI'OMY qTO, nO,D,HSJBlUHCb 

O,n;Ha~hl H.3 6ecC03HaTeJibHOrO ,zzyxa 'tJCJIOBeqecTBa ( npH.qeM He TOJlbKO 

B Ilepe,n:;Hei% A3J1H!), OHH MOrJIH sa1'eM 3aHOBO B03H11KaTb B Jno6oe BpeMSI 

JI B nJ06oM Mecre. Bonee qeM COMHH.TeJibHO, qTo APeBHeerHTiercKa.H TeOJiorH5I 

XOTSJ 6hI OT,Il.8.JJeHHO 6bIJia H3BeCTHa OTI.I;aM ll_epKBH., COCTaBHBllIHM <l:>oPMYJIY 

OMoycH11. III TeM n e MeHee oHH He MorJIH ycnoKOHThCH, noKa B noJIHOM o6'beMe 

He oocnpoH3BeJIH ,!ij)eBHeerH.nercKKf.t apumun~ (213, c . 27). 
<l>HJIOCo¢CKOe OCMbICJielU1e TJ)H.e,D;HHOf'O ilepBOHaqaJia 6hIJIO npe,n;JIO:>KeHO 

Ap11cT0Te.ueM, DhI3DaB s Ha"t{l!TeJThHO no3:>Ke ·;.:i:11cKyccH11 Me.>K.;.:i:y ero nocJie)J.o

naTe.IDIMH. 11 CTOpoHHMKaMH lI;rn:roHa, C"'"IBTaBllIHMH., 't{T0 .LJ.JISJ OCMhICJieHlUI 

IlepBOHaqa.Jia (Mwpa) ;.:i:ocntTO"t{HO )J.Byx cropoH. Bos HHKlllaH npo6neMa Ha 

runa CBoe pa3BHTHe B ¢HJIOCOcPl1H r eI'e.115! H B KaKOii-TO cPOpMe 6bIJJa OT

pa)l{eHa B )J.HaJieKTHqecKOM MaTepH8.JJH3Me, r,n:;e MOHHCTHtteCK.aH napa,LJ)ffMa 

npncyTCTBOBaJia B BH,n:;e ,n:;11ai1eKT11'tJecKoro Meroµa 11cCJie)J.OBaHl15I. Bbnne 

y)Ke OTMe'tJaJIOCb, l.ITO pO,Il.CTBO apHCTOTe.TieBCKOH H,II.eH 0 TpHe,JJ,HHCTBe Ilep

BOHa'tJaJia 11 )J.OrMaTa CBSJTOtt Tpo~hI nosoon11JI0 C03,ll.aTh CHHTe3 yqeHH.H 

Ap11cTOTeJI.H 11 xpH.cTwattcTBa, npocy.I.IJ,eCTBOBaBI11Htt IJ,O HOBoro BpeMeHw. 

,II.orMaT Tpo11J.I;b1 COOTBeTCTBYeT · O,II.HOMY H.3 Ha3BaHHbrx Bbillle Mera<lm-

3H.qecKHX npHHJ.I;HnOB: npHH:ulfilY TpHHHTapHOCTH, KOTOpbiii: IlpORBJI5IeTC51 

n ¢opMe TPOH"tIHOCTH (npH pe;.:i:yKI.(HOII11CTCKOM no,II.Xo)J.e) HJIH B ¢opMe 

TPHe)J.HHCTBa ( B XOJIHCTHqecKoM no)J.xo,n.e). 

B octtony ,rr,peBHeKHTattcKoro ¢Hnoco¢cKo-peJIHrHo3HOro yqeIDUI, - ,LI.ao

CH3Ma, - TaIOKe 6bIJla nOJIO:>KeHa H)l.e.H 'l'pH.e,n;HHCTBa IlepBOHaqa.Jia: ~,II,ao 

nopO)K)l.aeT e,L\mroe, e.rr.HHoe nopo:>K)l.aeT ,n;BoHey, ,n;Bowi~a nopo)K)l.ae:r TpoHey, 

a TpGJIL\a nopO.>K).l.aeT Bee MHO)KeCTBO Ben~eih>. 

HarroMHHM, qTO 03Haqae:r )J.OrMa:r CB~ITOH Tpo~hI B xpHCTHaHCTne: 

«Tponu.a €,LI.MHOCYI.IJ,HaH H Hepa3,LJ,eJibHa.H! 0Teu., Chm H Cnsiroii ,II,yx! 0,1.1,HH 

paBeH TpeM! 0,D;HH H MHoro He ar;1w-ia.10TCSJ- noID1THe 't{H.CJia K Bory Henp11-

MeHHMO!» (J.I;HT. no (49, c. 114]) . 
B «,aorMaTHqecKOM 6oroCJIOBHH» B. H. JioccKoro qHTacM: «Bor- Heno-

3 HaaaeMhm KaK TpoHu.a, Ho TaK)l{e JI OTKphIBaroI.qH.:R Ce65I K aK TpoHl\a- Bar 

npe,u.en · ano¢aTH3Ma: 0TKpoBeHHe o TpoHu.e, KaK o6 H.3HaqaJ1hHOM ¢aKTe, 

a6COJIKY.I'HOH peaJibHOCTH., nepBOilpH.qHHe, KOTopy10 H€Jlb351 RH. BhIBecTH, HH 

o6'hSJCHH.Th, RH. HattTH., HCXO,LI,H 113 KaKOH-JIH.60 ,lq)yrott H.CTHHhI, 116o Her 

HHqero, E:A npe,lJ.llleCTByIOI.IJ,ero» [102, c. 51]. AHaJIOrHqHoe noHHMaHHe Ha

XO,ll.HM y rpH.rop115I BorocJIOBa: «,,BbITb He po:>K)J.eHHblM, p0)K,II.aTbC51 H HCX0-

)1.HTb" ,n:;aer H a11MeH0BaHIUI: nepsoe - 0Tey, BTOpoe - Ch1Hy, Tperbe - Casr

TOMY ,I(yxy, TaK "'"ITO HecJIHTHOCTh Tpex 11nocTaCe:A co6JI10)J.acTC5I B e,Il.HHOM 

ecrecTBe 11 ,ll.OCTOHHCTBe Bo)KecTBa. CbIH - He 0Teu., noTOMY qTo 0Teu. -

O)J.HH, Ho To 2Ke, 'tJTO Oreu.. ,II,yx He CbIH, xoT.H u OT Bora (nOToMy qro 

E)J.HHOpo,n,Hhrt-t - o,n;m1), HO TO :>Ke, qro Chm. 11 Tpw - e,ll.HHOe no Bo)KecTBy, 

M E,n;HHoe -TpH no JIH."t{HbIM CBOiiCTBa.M» (u.11T. no [102, c. 43). 
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Ha npoT.H)K.eHHH MHOr11x BeKOB 6orocnoBbI 11 ¢1111ocoQJbI nhITaJIHCh 

OCMhICJIHTh co.rr.ep:>KaHHe .rr.orMaTa CB.HTOH Tpo1u~r. BhrnBHJIHCh .rr.se Kpa:H-

1ilie TOqKH 3peullil. IIepsa.H - npe.rr.eraBJieHa o. IIaw10M «l>110peucK11M, OT

p11u;aBllIHM B03MO)Klf0CTb pau;HOH8JihHOro TOJIKOBaH:IDI .n;orMaTa: «Tpo11u;a 

B E.rr.11H11u;e H E,n;HHHU,a B Tpo11u.e .rr.1151 paccy,n;Ka HWiero ue 03HaqaeT». Ou 
cq11TaJI, qTo 11 He cne.rr.yeT nbITaTbCH oxsaTHTh p83yMoM ee cyTh, a H8.,lI.O JIHlllb 

rrpeo.n;onesaTb ee raliuy rro,n.BHrOM oopbr. Bropa.H TOqKa 3peHH51, - rrpoTHBo

noiio>KHa.H, - 6bma ccpopMyn11posaua E. H. Tpy6eIJ.KHM 11 ttalllna OTpa)Ke

HHe B pa6orax B. B. Payllleu6axa, KOTOpbIH no 3ToMy rroBo,rzy rr11can: « qe

JioBeqecKH:H yM scer.n;a crpeMHTC.H noH.HTh BhICKa3hIBaeMoe yTBeplK,lJ.eHHe. 

«IlOH51Th» 03HaqaeT BKJilO'IHTh 3T0 YTB€p)K,ll,ett11e B COBOKynHOCTh HCTHH, 

TIO;LI,TB€p>K,n;aeMbIX nosce.rr.HeBHOH qeJ1oseqecKOH npaKTHKOH, B KOH€'1HOM 

cqere cornacosaTb ero c pau;HoHaJlbuo:H ¢opMaJihHOH norHKO:H» [137, c. 118). 
Ilpe,n.nara.H paQHOH8JibHOe TOJIKOBaHHe .rr.orMaTa H CTp€M51Cb IIOK83aTb 

ero COOTBeTCTBU.e yqeHHIO IJ;epKBH, Paymett6ax Bhl.IJ;€JI51JI BOC€Mb CBOHCTB 

Tp01111,bl, H3 KO'l'OPbIX ll!eCTb OH OTHOCHJl K JIOrHqecK11M ( Tp11e,n:HHOCTb, €,LJ,H

HOCYlll.HOCTh, Hep83,lI.€JlbHOCTh, conp11cttocylll.HOCTh, cneu;ncp11quOCTh, B3aH

MO,n;e:HcTBHe), a OCT8JihHbl€ ,LJ,Ba - CB.HTOCTb H lKHBOHaqaJibHOCTb - K BHe

JIOrH'ieCKHM. IIepBhie ceMh c'Bo:ttcrs, corJiactto B. B. Paylllett6axy, HallIJIH 

OTpa>KeH11e a Tpo11u;e AH,lIJ)e.H Py6neBa, a llleCTh 110r11qecKHX cso:HcTB -

B ero TpaKTOBKe IlpGeKu;HH TpeXMepHoro BeKTOpa B npocTpaHCTBe TpeX 

H3M€p€HHH. (IIp11 aHMl13€ BeKTOpHOH atta.JJOI'HH, Kouequo :>Ke, He 6hIJIO peqH 

0 :>Kl1BOHaqa.JJbHOCTl1.) 

rnam1oe, qTO XOT€J10Cb 6bI OTMeTHTb B Il03Hu;HH PayweH6axa, COCTOHT 

B Heo6XO,ll;HMOCTH COilOC'TaBJI€HH51 H,ll.€H 6orocJIOBH51 c Il0H51TH51MH H npHH-

11,HIIaMH ecTecTB03HaH1u1 ( Teop:eT11qecKo:H cpH3HKH). Cne,rzyeT TaK>Ke corna

CHThCSI c TeM, qTO 3-MepHOCTb KJiaCCHqeCKOro IlpOCTpaHCTBa OTpa>KaeT Me

m¢11311qeCKHH npHHII,HII Tp11e,n;11HC,'TBa, COO'l'B€'l'G"l'BYIOlll.HH ,rrprMa;ry CB.HTOH 

Tpo11IJ.br. O~aKo caM cpaKT 3-MepuocTH rrpoc,'TpattCTBa Bhll'JlH,LJ,HT ue.rr.ocrvcL

TO"IHO cPYH)I.aMeHTaJibHhIM, 'ITOObl TpaKTOBaTbC5J B KaqeCTB€ ecTeCTBeHHO

uayquoro aua.JJora xpHCTHaucKoii TpoHlI,hI. B coBpeMenuo:n TeopeTH'IecKoii 

cpH3HKe 3-MepHoe npocrpaHCTBO HeOT,lI.€JIHMO OT KJiacc11qecKOI'O 4-Mepttoro 

npocrpancTsettno-BpeMenttoro MHoroo6p83HH. KpoMe Toro, HayKe H3BecTHhI 

5-MepHbie reoMeTpHqeCKHe MO.IJ;€JIB H TeOpHM e~e 60Jibllle:H p83MepHOCTH. 

HaKotteu;, H B 3TOM MhI BJ1AHM cy~eCTBeuttoe B03pa*ettHe no3HlI,HH 

Paylllett6axa, B Hacrosuu;ee BpeMSI pa3pa6aThIBaercSI npo6neMa o6octtOBaHHSI 

na6mo.rr.aeMo:tt 3-MepHOCTH KJiacc111:1ecKoro npocTpaHCTBa, HCXO,ll.SI H3 HeKHX 

6oJiee rny6oKHx cp11311qecKHX np11Hu;11nos. TaK, B 6HHaptto:H reoMeTpaQJH-

311Ke Ha OCHOBe 6onee 3JI€M€HTI1pHOH 611ttaptto:H C'OOMeTpMH. 9To II03BOJISieT 

rrona.rcLTh, qTo cpH3HqecKHM atta.JJoroM xp11CT11attcKott TpoHnJ>I 51BJISieTCSI 

6HHapHa.H CHC'TeMa KOMTIJieKCHhIX OTHOlUeHHM, KO'l'OpaSI co.rr.ep:>KHT B ce6e 
Hep83,lJ.eJihHhie TPH CTOpOHhl B BH,ll.e .rr.syx MHO:>KeC'l'B 3JieMeHTOB H OTHOrueuH:H 

Me)K,lzy HHMH. Ilpll'leM see cso:Hcrsa Tpo11u;b1, c¢opMy.TI11poBaHHh1e Payllleu-

6axoM, BilOJIHe npHJIO.>KHMbl K ,n;aHHOH HHTeprrpeTaII,HJI. 
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18.5. /l.JUJaMlfllecKHii xapaKTep Tpne~oro 
IlepBouaqa.rra 

B octtoae 61111apttoi1 reoMeTpo¢11311K11, KaK y)l(e OTMeY.aJIOCb, Jie)l(HT 

caMoe 3JteMCUTapHoe 36e'H,O npo'U3BO.ll/b'H,02o npov,ecca - nepexo,n; cucreMhI M3 

O,D.HOro COCTOSIHWT B ,[J.pyroe. IlpH'lleM, ,n;Ba MHO)KeC'l'Ba 3JleMeHTOB 611Hap

HOH CHCTeMhl O'l'HOIIleH11i1 OilHCbIBalOT ,n;Ba COCTO.HH1151 Cl1CTeMbl ( Ha'llaJibHoe 

11 KOtte'llHOe)' a OTHOIIlettue Me)K,[f,y HHMl1 ( CBSI3b Me)f{,LJy HMMl1) xapaKrepu-

3yeT caM npOl\eCc n epexo,n;a. 3TO HeBOJibHO HaBO,LJ,HT Ha MbICJTh 0 6Jil13KOH 

attaJIOI'JU1. OCHOBaHl1H 611HapHOH r eOMeTpo¢11311Kl1 c ,n;orMaTOM xpHCTl1aHC'TBa 

0 Tponu;e, KaK Tpex Jilf!OC'I'ace:U Bora. oa'H,O. MM:>teec1neo 3.tie,.M,e.'H,mOe 6unap
'HOU cucme.M/bt K:OMn.tieK:c'H,'btX omMWeH,uu ( B CK 0), uH,mepnpemupye.Moe K:a?C 
u.a:ttaJl.'b'H,Oe cocmo.R.H,Ue ( Mupoeou) cucme.1vtu, C.fl,eayem conocmaeum'b c uno
cmac'b?O Bo2a- Omv,a, emopoe M1tO:>teecmeo 3.tieMeH,moe, UH,mepnpemupye.1vtoe 
1ca?C ?COHe-ttH,Oe cocmo.R.H,ue ( Mupoeou} cuc1ne.1vtu cocmO.R.'H,Uu, c unocmac'b?o 
Boza-CuH,a, a Offi'H,OWe'H,U.R. Me:>teay 3.tie.Me'H,ffi(J,MU aeyx M'H,O:>teecme MO:>IC'H,O 
ynoao6um'b Bo2y-Ce.R.mo.1vty ,ll,yxy. 

3'Ia atta.norl1.SI XOpolllO OTpa)l(aeTCH p}f,z:t;OM HOB03aBeTHhIX 113o6pa)l(eHl1.H 

Tpo11u;b1, r,n;e Bor-Oreu; upe,n;c·raaJI.sreTc.SI B s11,n;e Crapu;a, Bor-Cbrn - B BH,D,e 

MJJa,n;eHu;a (l1Hcyca Xp11cra), a Bor-CBHTOtt )Jjx p11cyeTCSI B B~e rony6.sr 

MC)l(AY HHMH. AHaJior11qffo Bocnputt11MaercS1 113o6pa)l(ett11e CBs:rToif Tpo11u;bl 

tta KynoJie xpaMa Xp11CTa-CnacHTeJIH B MocKse: Bor-Oreu. c CbIHOM (l111cy

coM X p11CTOM) tta pyK.ax, a CB.srro:U )Jjx ycMaTp11BacTc.sr B 113o6pa)l(ett11u 

rony6H .H B nyqax CBeTa, 11cxo~ero OT rJiaabI Bora-OT1\a. Qqeal1)J)io, 

o6pa3bI 0Tu;a 11 Cbma MO)KHO rroHHMaTb KaK xy,n;o)Kec,'TBeHHoe Bonnomett11e 

11,n;e11 CM€Hhl ,n;ayx IlOKOJleHHif B )l(Jil'"JIIJ1 't.JeJIO.BeKa. 

)J.amzym aHaJIOr1110 MO)KHO YCMO'l'peTb H aHaJil1311pys:r BTOpoif IIJlaH .BeT

X03aBeTHOH Tpom.~bI Att):U)esr Py6nesa: 3a BoroM-OTu;oM 113o6paJKaeTCH 

HeKoe ¢ytt,n;aMettT8JlhHoe C'Tpoe1me, 3a BoroM-ChlliOM - ,n;epeso, CHMBOJI.11-

3upyro~ee )Kl13Hb, pa3Bl1THe, a 3a BorOM-CBHTbIM ,II,yxoM ropHbie Kpyq11, 

CHMBOJI AYXOBHoro Bocxo)K)l;eHH.SI. KCTaTH, B CTOJib noqw.raeMoii Ha PycH 

HKOHe Boropo,11.HIJ;bI c Mna,rr,e~eM TaK>Ke MO)l(}IO yBH,n;eTb xy,n;o)l(ecrBe1moe 

OTpruKeHHe TO.t:l )1(€ .w,n;eu CMeHbl ,n;syx IlOKOJieHl1H po,n;a 'lleJIOBe--IeCKOro. 

ITo,n;'-IepKHeM, qTO Tp11e,n;11tta5I KOIIC'T'PYKu;HH 113 ,n;syx MH0)K€(,'TB M OTHO

weHlill Me)f(,l.ly HMMH He,n;e1111Ma. 11.cKJIIOt.fa.H nro6yro 113 9Tl1X TpeX 't.JacTe.H, 

MbI cpa3y )l(e JlHWaeMc.sr noHSITilll 611.ttapttoii c11creMhI. Y6epHTe nepBoe 

MHO)l(eCTBO 3;reMettTOB (aHarrora Bora-O Tu,a), 11 cpa3y )Ke TepIDO'I' CMh1c.n 

11 BTopoe MHO)l(eCTBO (attaJior Bora- Cbma), KaK c.i'Ie,z:ryromasr {KoHet.fHrui) C'I'a

)l,ltll upou,ecca, H nott.srT11e OTHOllleHHSI ( aHaJIOra. Bora-CBHTOro ,lfyxa) Me)Klzy 
3;1eMeHmMH pa3nhIX MHO)KeCTB. B e3 nouHTHH OTHOlllettHH 3Tl1 MHO)l(eCTBa 

pa3,n;e.TISIIOTCH' OKa3blBalOTC51 pa306~eHHblMl1 11 T€M caMblM -repsrI0~11Ml1 CBOe 

Ha3Ha'tJeHHe H CMbICJI. 



B CB513H c npe,JJ,JJO)Kettttoli 11ttTepnpe:rau;11eii Tpmu\hI KaK irpot~ecca, o6-
paTm1C}l K pa3JIM'-1Hb1M TOJIKOBaHHSIM ,Ll.OI'MaTa Tp11e,LI.MHOro Bora. IlhITa

SICh OTBeqaTb aa MHO)KeCTBO BOIIpoCOB 11 6opSICb c HCKyrneHlfSIMM H JIO)K

HhlMH 'l'OJIKOBaHI1.HMl1 ,n,orMa;ra, CB. OTu;ht JJ,aBaJrn pa.3.nM'-!Hbie ,n,e$MRHI~HH 

era cyll(HOCTH. Ilpwse,n;eM aecKOJlbKO ttaH6oJiee xapaKrepttbIX. TaK, «HecJm

SIHHOCTb H Hep33,z:r.eJihHOCTh» Bo>KecTBettHoro Tp11e,n;HHCTBa yno.n,o6JI}lJIMCb 

BOJie, P83YMY H ,n;eHCTBMIO ( TeJIY) HJIM npe,nJiararracb aHaJJOTIUl .c COJIHIJ;€M, 

nyqeM 11 CBeTOM. "llacTo BCTpe'iaeTCSI OTO)K,n;eCTBJieHHe Bora c JIIOOOBhIO, 

KOTopa.H IIpOSIBJI5IeTCSI Ka.K e,z:r.HHCTBO Tpex CTOpoH: J bo6SIInM:A, flro6HMblH 

H CBSI3h1Ba10rna5I HX Jho60Bb. B 3'l'OH )Ke CBSI3H paccMaTp11B8JlCSI CTpo:A 

rpaMMaTHqeCKOH $p8.3bI, co,n;ep)iffill(HH IIO,}J,Jle)Kall(ee (,n;eiiC'rsy1ornee JIHIJ,O)' 

CK83yeMoe ( caMO ,z:r.eikTBHe) H o6'heKT, Ha KOTOpbIH HanpaBJieHO ,n;eHCTBHe. 

Mo)Kffo Ha3BaTh 11 ,n;pyr11e rrpHMepbr: TpoMqHOCTb MbIJIJJI€HHH ( Te3Hc, aH

TIITe3HC, CHHTe3), CBOHCTBa Bp€MeHH (npornJioe, HacTOSIU(ee 11 6y,n;yll(ee) 

HT. A· IlpHMCqaT€JiblfO, 'iTO ace 3TH npHM€pbl ¢aKTH'ieCKH COOTBeTCTBYIOT 

3JieMenrapHoMy 3B€tty npm .. ~ecca, OTpa)KaSJ .u,Be ero CTOpOHhI 11 TpeThe, ux 
CC>e,U.HHSIIOU(ee. 

J13secTIIb1e coBpeMeHtthie 3arra,LI,Hbre 6orocnoBhI Po6epT Heuceu ( CIIIA), 

IOprea MoJibTMaH H BoJ1I>$apT IlaHHeH6epr (repMaHHSI) T8.K)Ke npuruJm 

K attaJIOI'HqHoMy BbIBO,D;y 0 CD.H3H H,lJ;eH Tponu;hI c IIOHSITHeM rrpouecca 11, 

B '-lacTHOcT u, c noHSIT HeM speMeHH. TaK, MeuceH n11rneT: «BpeMSI - 3TO TO, 

~1To CJiyqaeTCSI, Kor,n;a CBSITOH ,[lyx npHXOMT OT 0Tu;a K Chmy. BpeMSI 

cyll(eCTByeT noTOMy, qTo ,[lyx He 0Tcu H o6a ou11 BCTpe'ialOTC.H B Cbme! » 

(UwT. no [49]). EUJ,e 6o;1ee onpe,n,enetttto Bhipa)KaeTCSI IOpren MoJihTMaH: 

«Bar -- 3TO He ~yraR npwpo,n,a MJ111 OO)KeCTBeHttaa nepcoua HJIH MOpaJlhHhlii 

aBTOpHT€T, HO ¢aKTH'i€CKH c06hITHe!» (U11T. IIO {49]). 
<l>H3HK-TeopeTHK A. A. rpH6, paCCMaTpHBa5i 3'1'0T 6oroCJIOBCKHH nonpoc, 

IIHllleT: «TaK HJlH HHa'ie, HOB OTJlHlfile OT npoCTpaHCTBeHHOro Bora rpeKOB, 

HaxO,IJ,SIU(€I'OCSI «I',D,e-TO» ( HaIIpHMep, Ha 0JIHMIIe)' HJIH COBIIa)J.a10m.ero co 
Bceli npoCTpaHCT.BeHHO:ii Bce.rre1nmli y naHTeHCTOB, Bor uy)J,eo-xp11crruattcTBa 

ecTh, npe::H<.LI:e ocero, ,[lyx! ,[lyx :>Ke, KaK 11 'IeJioBe'iecKa5I AfTIIa, npe)K)J,e 

Bccro,- cyrn,eCTByeT BO BpeMeHH. TaK, cerO)J.H51 BeChMa nonyn51ptto c-c.mrctTh 

,nyrny nporpaMMott opraul13Ma, peaJIH3yeMoli BO BpeMeu11. BpeMSI )Ke - 3To 

HaCT051UJ,ee, npornJioe n 6y,n;y1JJ,ee. He'iTO THna BpeMett11 ecTh B Bore: Chrn 

nocJie 0Tu;a (xOT51 H HeJih3H CK83aTh BMecTe c ApueM, q To 6h1J10, Kor,n,a Ott 
(Cbitt) He 6hrJI), TaK KaK po:>K,LI,eu MM, H IIOTOMy eCTb BpeMSI H B COTBOpeHHOM 

MHpe KaK no,n;o611e Tpom . .J,bI ... IlepBbIM, KTO CTaJI nou.11MaTb Be'iHOCTh He 

KaK 9JIJIHHHCTH'iecKoe IlOH51THe npoTHBOilOJ]Q)KHOCTH Bp€M€HH - HeKOTOpyio 

H€H3M€HH0CTh, a KaK IIOJIHOTy BpeMeu, co.n:ep:>Kal.I.J.YIO JJI06y10 KOHeqHyIO Bpe

MeIIHOCTh, 6bIJI O)J.JiIH 113 B€J1HKHX Kanna)l,OKHtt~eB 4 BeKa CBSITOtt rpHI'OpHii 

HwccKHli. Tio9TOMy H B03MO>KHa ¢opMyJIBpoBKa MonhTMaHa u MeHCeHa: 

,,Bar eCTh COObITHe!"» (49). 
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18.6. «l>DJillOKBe II CTpeJia BpeMeHll 

PaccMoTpMM c no311u,11tt Mera,¢H3MKM - B paMKax MOHMCTJPiecKo:H na

pa,ll,Hf'MbI - nocTyJiaT cp1111110Kse, p83,rr,eJI11BlllM:ti xpHcT11ancKy10 UepKOBh Ha 

3ana,rr,eyro H BOCTO'lHYJO BeTBM. 

KaK H3BeCTHO, IIOHMMaHMe Tpom_i;h1 p83JIH'lHO B 3ana,rr,uo:H {KaTOnH'le

cKoii H npCYreC':raHCKOH) 11 BOCTO'IHOH ( npaBOCJlaBHOii) xpHCTHaHCKOH Tpa

,ll,HI.I,MM. Pacxo)K,II,e1u:1e cocTOHT B IIOHHMaHHH Toro, OT Karo Hcxo,u.wr Bor

CBsrrott ,Ilyx: TOJlbKO OT Bora-OTu,a (npaBocnasHoe y'leH11e) HJlH HOT Bora-

0Tu,a, H OT Bora-Cbma ( 3arra,rr,aaa xp11CT11ancKa.H Tpa,rr,11u;H.H). 9To O'l'Jlttl:.me, 

Ka)Kyrqeec.s: H€IIOCB.S:II.J,€HHOMy MaJ103Ha'lHMbIM, OKa3aJJOCb 'lpe3Bbl'laHHO cy

rqecTBeHHbIM ,Il,Jl.S: IIOHHMaHilll MHpoyc,'TpoHCTBa H o6ycnOBMJIO p8.3Hbie IIY'I'li 

p83BHTIDI 3arra,rr,HOH 11 BOC'l'O'lHO:H KyJlhTYPbI H IIOBJUUIJlO Ha npou.ecc CTaHOB

neHHSI HayKH. 

Ka·TOJIB'leCKoe nono:>1<ea11e o6 11cx0>1<,rr,en1111 CBSITOro ,llyxa ae TOJlhKO 

OT Bora-OTu,a, HO H OT Bora-Cb1Ha 6hIJIO rrpol13Be,rr,eno 3aIIa,n;IfOH u;epKo

BhIO B IX B. H nonyq11no H83BaH11e ¢11JUJOKBe (Filioque). KaK Y'rnep:>K,rr,aer 

B. H. Jlocc.KHtt, «HMeHHO Filioque 11 6brn «rrepBonpH'IHHOH» p83,rr,enemu1 

Boero Ka 11 3ana,rr,a; ocTaJibH.ble ,rr,oKTpHHaJihHbie p83Hor .11ac11.H - TOJlhKO ero 

nocJie,rr,CTBHSI. ( ... ) B ¢opMyne 11cxo:>K,JJ;eHH.H CB.HToro ,II,yxa OT 0Tu;a H Cb1tta 

rpeKH YBH,ll,eJIB TeH,JJ,eHI.V:llO IIO)l.'lepKttyTh €,ll,HHCTBO npl:lpo,ll,bl B yrn;ep6 pe
aJlhHOMY p8.3JIMqeHMlO J111u;: COOTHOIIIeHH.H no IlpOHCXO>K,ll,eHHIO, He npHBO

,ll,.HtqHe Cb1Ha 11 ,Ilyxa ttenocpe,n;cTBeHHO K E,u.HHoMy l1cTO'lHHKY - OTI.zy, 

o,IT.Horo KaK Po:>K)l.eHHOro, ,lJ,pyroro - KaK Mcxo,n.in1(ero, - CTaHOBSITC5l HeKoii 

«Cl1C'l'eMOH COOTHOIIIeHHih> B e,n;HHOH cyrqHOCTH, 'LJeM-TO JlOI'l1qecK11 cyrqHOCTH 

nocne,rr,CTBy1orqHM. )J,eiiCTB11TeJihHO, B yM03pea1111 3ana,n.uo:H J..:LepKBH Oreu, 

11 ChIH H3BO,JUIT ,liyx CB.H'l'OH, nocKOJlhKY OHH npe,n.cT'd.BJIHIOT elllltty10 npH

po,ny; B CBOIO o•rnpe,n.h CB.HTOH ,Ilyx, KOTopbIH ,II.JIH 3ana,D;HhIX 6oroc.r10oos 

.HBJIHeTc.H «CB513bIO Me:>K,Lzy OTI.J;OM u. ChrnOM», 03Haqam.' npu.po,n,noe e,u.ttHCTBO 

~yx nepBbIX J11:11J,. l1nocTaCHble CBOHCTBa ( OTU,OBCTBO, p0)K)l.€lrn:e, HCXO)K,ll,e

Hl1e) OK83blBaIOTC5I 6oJiee HJJH Mettee pacTBOpeHHhIMM B np11po,n.e HJU1 cyrqHO

CT11, KOTopaH KaK Haqa.no e,ll,MHCTBa CBH'l'OM TpottI.i;bI CTaHOBHTCH ,lI.11¢<l>epett

u;11poBaHHb1M coOTHomeHHeM: co0Tuec}1Cb K Cbnry - KaK Oreu;, K CB.HTOMY 

,llyxy - KaK 0Teu; 11 CbIH. OTHoIIIeHM.H, BMecTO Toro, qTOOhI arnnqaTb l1no

crac11, c H11MH 0To:>K11ecTBJIH10TcH. 11o3,u.ttee CBH'I'OH <l>oMa AKRl1HCKtti1 3TO 

H CKa:>KeT: ,,H83BaHHe ,,J1111~0" 03HaqaeT OTHOI.IIeHHe"» [102, c. 45- 46). 
B ,u.11cKyccuu o cpunuoKse onSITb scnJibIJlO nOHSITHe «O'l'HOIUetttte», JJMe-

10rqee CTOJlb Ba)l<Hoe 3Ha'leHHe B 611Hapnoii reOMeTpocp113HKH H, - IIIHpe, -

B penHu,HOHHOM BH,LJ;eH1111 cp11311qecKoro MMp03,II.aH11.H. KaK BH,IJ.HO 113 rrpou;u

THpoaaHnoro TeKL'Ta, OCHOBHhIC rrono:>Ketttt.H p11HapHoii rcoMeTpOQJ113MKH {Ha 

uepBliqHOM yposue Rµ (µ)) COOTIIOC11MhI HMeHHO c 3arra,IJ,HhIM rrOHHMaHMeM 

µ,orMa:ra TpoMI.J;hI. B Hcxo,rr.HhIX IIOJIO)l(eHH.HX 611Hap11o:H reoMeTpo¢H3HKH 

nocTyJu1py1arc51 ,rr.aa MHO)l(eCTBa 3neMeH'l'OB 6e3 pa3,u.e.r1ettttH tta nepnoe 
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11 BTOpoe, a OTHOllleHl1SI Me*A Y Hl1Ml1 3a,n,aro·rc51 CHMMe'rp11t..1.HblM o6pa30M. 

HarrpaBJiett11e *e pa3B11T11a upo:u.ecca noKa ocTaeTC.H He3a,n,aHHhIM 11 B KaKOM

TO CMbICJie pa3JlH>:1He Me)K)Jy atta.JJoroM Bora-OTI.i;a 11 aHa.JioroM Bora-China 

(."J.'11pae:rcs:1. KaK o,n,11H, TaK H B'ropo.H MOrY'r 6bITb nepBhIMl1. 

TpaICTOBKa ,usyx MHO:>KecTB Ka.K Haqa.JihHoe 11 KOHeqHoe B 61u1apHoli 

reoMeTpoQ:>M3HKe B03HHKaeT II03,IJ,Hee , KOr,rr,a paccMaTpHBaeTC5J BJil1SIHHe Ha 

B3aHMO,n,eiiCTBHe qaC'J.'H:U. co C'l'OpOHhI BCe:U OKpy.:>Karow;eii MaTepHH MHpa, T. e. 

Kor,n,a yY:l1ThIBaeTC5J np11HI.J,llII Maxa. HanOMHl1M, B TeOpHH nps:IMoro Me.:>Kqa

(.'THqHoro B3aHM0,[1,€HCTBl1s:I 3TO COOTBeTCTBYeT Y'leTY M11pC>BOro norJIOTHTeJis:I 

<l>eiittMaHa- Y HJiepa. KpoMe 'l'Oro, tteo6xo,n,HMO rrepeATH K MaKporrpu6opy. 

11MeHHO Ha ,n,aHHOH CTa.rr,1111 B03UHKaIOT ITOH.HTU.H «paHbllle- II03.:>K€» Ii Bee 

CB513aHHOe c KBaHTOBOA MeXaHHKOH H cPH3HqeCKHM IIpHHIJ;HITOM np11q.HHHO

C'l'l1. CTporo roBOpSI, T OJibKO 3,11,ech BCTyrraeT B CHJIY HHTeprrpeTa.J.J;l1SI O,LI,Horo 

MH0)1(€CTBa qepe3 Haqa.JJbHhIC COCTOs:IHl1SI, a BTOporo - qepe3 KOH€'1Hbl€ co

CTO.HHl1.H CH(,'TeMhI. 

Bo3Bpamasicb K pa3Jmq1110 rroIIHMaHH.H CBs:1Toii TpoHU,hI B 80CTOqHoli 

u 3ana,n.Hoii [(epKBax, nonaraeM, qTo 11cxo>K,LI,eH11e CBSITOro ,llyxa TOJihKO 

OT Bora-OTu,a cooTBeTCTByeT B Q:>11311Ke Y'Iery np11Hu,Hrra rrp11qHHHOCTH 

(3aIIa'.3,[1,hIBaJow;ero xapaKrepa B3aHMo,n,eliCTB11ii). TaKHM o6pa3oM, MO.:>KHO 

3aKJUO'IBTh, qTo B ¢113uKe npocMaTpHBaIOTC51 amurorH KaK 3ana,n.uoro, 

TaK 11 BOCToqttoro nott11Matt11S1 )l.OrMaTa CBSITOii TpoHU,hI. Atta.Jior 3arra.n,

HOro IIOHHMaHl15l OKa3bIBaeTC5J 6onee 3JieMeHTapHblM, HO He yqHTblBaJOW:HM 

BJIHSIHl1Sl OKpy>KaIOll(ero MHpa, rro,n,o6uo T eopHM IIpSIMOro Me>K4aCTH'IHOro 

B3aHMO,n,e.HCTBHH <l>oKKepa 6e3 MHpOBOrO nor Jl0Tl1T€JI5J <l>eiiHMaHa-Y HJiepa. 

AHa.JJor socToquoro ( npasocnaBttoro) IIOH11MaH11.H Tpo11I.J,hr 6o.nee 6n1130K 

MaKpocPM3HKe ( OTHOCMTeJibHO MaKponpu6opa) IIpH yqeTe BJJMSIHl1Sl MMpo

Boro IIOrJ10THTeJISI ( T. e . COOTBeTCTBYeT TeOpHSIM ~ (µ)) . 
B pa6ore A. A. fpH6a o6cy)l()l;aeTc£ oonpoc o ,n,Byx BeTBSIX :U.HBMJIM3a

u;11H, pa3BHBaBill11XC.H ua OCHOBe pa3JIHt.J.HbIX nouHMa1nrii ,n,orMaTa TpoHU,hI. 

OH nmneT: «11 Terrepb orr.SITh BepueMc51 K ,rr,ucnyTy o ¢11n110KBe. KaKa.SI 1zy1B11-
J1113aI.I,IDI B03HHKaeT, eCJIM ,llyx CBSITOA HCXO,ll,HT He TOJibKO OT 0 Tu;a, HO M OT 

CbIHa ( ¢11n110KBe)? CbrH - 3TO Jloroc - o6'beKTHBuoe. Ho ror,n,a, ua6JI10,n,ruI 

o6'heKTHBHoe, MO:>KHO np11o6w;HThCs:I ,llyxy CBs:ITOMy. B,n,oxHoseune 3aMeH.H

e'l'C5I ua6Juo,n,eHHeM, 113yqeH11eM. ( . .. ) M3yqasi B116n1110, 113yqa.H ycTpoiiCTBO 

BceneHHoii, MO.:>KHO npHOOIUHThC.H Ayxy CBsrToMy, KaK Ta.W110My HX CMhlCJiy. 

Bo3MO.:>KHbT ,n,oKa'3aTeJibCTBa BbITHSI Bo.:>KuSI M3 Ha6n10,n,e HUS1 BceneHuo.W, 

IlOJlh3Y£Ch o6b1qub1M t.ienoseqecKHM pa3yMOM. HaKotte:u., ,ll,yx CssIToii Mo

):f(€T 6bITh o6'beKTHBHO BOIIJIOll(eH B 3eMHoii oprau113au;1111 - P11McKo-KaTo

Jil1'IecKoii UepKBH. H B ee rnaBe KaK pacnopsr,n,HTene ,llyxa CBSIToro - rrane 

P.11.MCKOM. 0Tcro,n,a S1cuo, q1u cospeMem1asi ttayKa B03HHKJia B 3ana,ll.HOii Es
pone KaK rronhITKa pacKphITh TaiiHhrli CMhICJI BceJ1eHttoii 11 11cropHu. KH11ra 

np11po,n,h1 ecTb ,n,pyroe cssrw.euuoe IlHcattHe, cs11,n,eTeJihCTBYIOUJ,ee o Bore -

3Ta 11,ll.e.H 6bIJ1a npoB03rJJallleHa fa.rr11JieO fa.JIHJ1€€M. «Mhl OTKpbIJIH T€KCT, 
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uanucaHtthrn pyKoa Bora!» - - CKa3ar1 o6 OTKpblTHH ypaBHenuu MaKCBeJ1J1a 

BeJlliKl·[A HeMeI.V<Htt ¢>M.3HK reHpHX repu.. Tor,n;a MO)KHO C.Ka3aTh BMeCTe 

c cospeMeHHhIM attrJIHHCKHM ¢113HKOM H 6orocnosoM ,IQK. ITonKHHrxopHOM, 

q'l'O CB51Tbie - mo,rr,H, tta KOTOpbIX cowna 611aro)l,aTh )ljxa CsHToro, - 3TO 

ue TOJlbKO KaHOHH3HpoBaHHhle U:epKOBblO CBSJThie, HO 11 BeJlHKl1e yqelibie -

rruume:H, HblOTOH, MaKCBeJIJl, 9HHlUTeHH H ,Tq)yrl1e» (49). 

18.7. Ha nyTH K e,rr.imoMy- xpaMy BaYKH H eepbI 

KaK y:>Ke OTMe'IaJIOCh, B ,n.a.neKOM rrpoIIIJIOM HayKa u pe.11ID'H5I cocras

JlSJ:JlH e,r:r:HHoe u,enoe. TiocKOJihKY CTaHOBJieHHe Ha.YKH rrpOHCXO,ll,llJIO B xpH

(,"'fHaHCKOM perHOHe, TO ,rr,orMaThl xpHCTHaHCTBa caMbIM Hcuocpe,rr,cTBeHHbIM 

o6pa30M CKa3hIB8JU1Cb ua p83BHT1111 ttayKH. AHaJIH3HpyH 3TO B.111151HHe, 

TI. n. rau,rr,eHKO IlHruer: «MMeHHO xpHCTHaHCKaJI ·reonorHH, 11 upe:>K,rr,e BCero 

,n.orMaThl 0 TBOpe1u1H H 6orOBOIIJIOIIJ,eHl1H OK8.'3aJIH cy~eCTBeHHoe BJIIUIHMe 

ua cTaHoBJiettHe HOBOA uayK11. B11aro,rr,apH 9TOMY BJJHSJ:HHIO 6b1110 npeo,rr,o

neuo xapaKrepttoe ~.H aHT111:mo:R HayKH pa3,rr,eneHHe scero cyu\ero Ha ecTe

CTBettttoe H HCKYCCTBeHHoe: a T8.IOKe CH~ BO,ll;Opa3,lI,eJI M€.>K,.lzy He6eCHhIM 

11 3eMHblM MHpaMH. COOTBeTCTBettno 11 npHHUHTIHaJibHOe pa3JIH'!He Me)f{)J,y 

MaTeMaTHKOH, KaK uayKOH o6 H,lI,ea.JJbHbIX KOHCTpyKQHSJ:X, &1 cPH3HKOii, Ka.K 

HayKoit 0 pea.JThHbIX Bem,ax H HX ,lI,BH:>KeHHHX, Tenepb OK83bIBaeTC51 npeo,LJ,O

JieHHbIM» [41 , C. 29). 
O,rr,i-taKo B xpHC'THattcKoM Y'Iett1111 6hu111 H no.11o:>KeHH.H, cymeCTBeHHO 

TOpM03HBI1IHe pa3BHTHe 11ayi<11. Cpe,D,H HHX, B rrepsy10 O'IepeAh, cne,.uyeT 

Ha3BaTb npe)l.aHHe 0 nepsopo,rr,HOM rpexe "Cf€.iJOB€Ka. KaK 1111.Ille'l' raH,n,eHKO, 

«H s 3rroxy 3JJJIHHH3Ma, 11 B cpe,lJ,HHe BeKa co3ttattue co6cTB€HHOH rpexoa

HOC'TH 6hIJIO y xp11CTHaH Ot-I€Hb OC'TpbIM, a 110'1.'0MY Ha nepBOM nnane 6hlJ1a 

3a,.uaqa cnaceHHH ,.uymH, a tte noKopeHHe np11po~r. OcT1:xna nepe>KMBaHl1H 

nepsopo,LJ,Horo rpexa, lH1)1.HMO, IIOMOraJJa coxpaHRTb TO 'IYBCTBO orpoMHOM 

,lI,HCT'dHU,1:111 Me:>KJl.Y tte6cCHhIM H 3eMHbIM, KOTopoe Ha npOTSDKeHHH scero 

Cpe,1.J,HeBeKOBb.H OCTaBJlSIJIO He3hI6JJeMoa aHTH'IHYIO KapTHHY MHpa, era pa3-

,rr,eJieHHe Ha He6eCHblH H 3eMHO~» [41). 
Ilpeo,rr,onenmo ,LJ,aHHOf'O npenSITCTBH51 B p83BHTHH ttayKH crroco6cTBO

B8.JIH MarHKO-I'epMeT H'IeCKHe H,ll,€11, no;1yqHBllIH€ Ill11poKoe pacnpocTpaHeHMe 

B cpe)l,IIeBCKOBOH Espoue. 06 3TOM II. n. rai:i,n.eHKO nnweT: «MarHKO-OK

KYJibTHbJe TeqeHH.H 9noxn PeHcccaHca H3MeHHn11 o6ll(eM11poBos3penqecKy10 

ycraHOBKY C03Haimsr: OHl1 co3,rr,a.rrH o6pa:J qeJ1oseKa-Bora, crrocooHoro He 

TOJibKO .n.o KOHU,a 1103HaBaTb rrpHpO)l,Y, HO H MarH'IeCKH B03,n.e tlCTROBaTb Ha 

Hee, upeo6p830BblBaTb ee B COCYI'BercTBHH co CBOHMH HHT€pCCaM.11 11 l(e.Tl5TMl1. 

OcJia611s co3HattHe 'IeJIOBeqecKoi1 rpexOBHOCTH, repMeTl13M coKpaT1111 ,rr,u

CTaHu,mo Me:>K,ey Tpa.Hc1~eH,lI,€HTHbIM BoroM,11 TRapnbtM MupoM, c O,lI,HOR cro

poHbI, BoroM H ~1enoseKoM, c ,upyroiL ( . . . ) TonhKO B 9TOH aTMOCcpepe OK83a

JlOCh B03M0)KllblM CHHTb npOTHBOilOCTaBJ1€Hl1.e ecTeCTB€HHOI'O 11 JrlCKyCCTBeH

uoro, np1:1po,rr,bl H 'l'exnHKH, TeopeTwrecKH no,lI,rOTonneHHoe pattee. B 9TOM 
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HOBOM CBe:re OTKphIJI8Cb, HaKOHeu,, rrepcneKTl1Ba pea.rrl130BaTh B03MO)f(H0CTM, 

3aJIO)f(€HHbie B xp:uC'rHaHCKHX ,JJ,OrMaTaX TBOpeHHSI 11 6oroHouJiou~eHH.H» f 41 J. 
3,JJ,eCb ¢aKTR'iCCKH 0Ka38.J1C.H 3a:rpoHyTbrM BOrrpoc 0 COOTHOllleHHH xo

JIHCTl1'C.feCKOI'O ,fl,OrMaTa CBSITOtt TpoHUhJ, Jie)f(aru.ero B OCHOBaH1u1 xp.11CT11-

aHCTBa, c peAYKUHOHl1CTCKol1 npaKTHKOH l.J,epKBH, cocro.aw:ett B OT,n,eJieHHH 

J\YXOBHOI'O Ha~1ana (sepbI) OT p83yMa, 0 'IeM y)f(e ynOMHHaJIOCh B BhICKa-

3bTBaHHl1 Jlc:H6iuu~a o6 ru1hrepuaTuse Bbroopa: «p83yM HJl.11 6JiaroqecTMe». 

Mcxo)J..H M3 atta.rr113a p83Bl1Tl1H Q:>ytt,n:aMeHTaJihHOH TeOpeTwteCKOH ¢>11311K11, 

IIO,lJ,'I€pKH€M, 'ITO B Heil HCKOMoe €JJ,:UHO€ rrepBoHa'iaJIO, npc,II.CTaBJIBSI co6ol1 

o6o6w:euHy10 Karerop1110, npHHII,l1ITl1aJibHO OTJlM'iaeTCSI OT Ka)f(,Ll,OH 113 Tpex 

KaTerop11tt TpHaJUJ(,'TH'l:IeCKO.i1 napa)~HrMhI, II ua nepBhIH B3r.n5I,IT, tte Bl1)1.HO, 

KaK 113 Hero B03HMKaIOT npe,LI,CTaBJI€Hl1SI 0 Tpex KaTerop1-rnx. IlpMMepOM 

MO)f(eT CJIY)f(l1Tb H3Jl0)f(€11Ha51 Bbl me 6:uttapHa51 CHCTeMa KOMIIJieKCHbIX OT

uomeHHli, 113 KOTopott B 611HapHott reoMeTpo¢>113HKe npe,u,.naraeTCH BhIBO

,lJ,11.Th Karerop1111 KJiacc11'(.1ecKoro npocrpattCTsa-BpeMett11, 'iacT111.J, 11 noJiett 

nepeHOC'IHKOB s3a11Mo,n,eiiCTBHH. EcJIH sro 11Merh B R11,n,y, TO aJibTepuaTHBa 

HC'ie3aeT, II CTd.HOBl1TC51 €,lJ,11HCTHeHHO B03MQ)f(ffhlM TpHe)J,HHCTBO, K qeMy 

npH3hIBaJrn C. H. ByJiraKOB 11 B. C. CoJIOBheB. 

Cero)J.IDI ua6Juo,n,acTCSI aKTHBHhIH npou,ecc nepeoCMhICJieHHH 3 Ha'IHMOCT11 

pe1mr1111 B oTe'ieCTBeHHOH KYJlhType. PaccMaTp11Ba10TC5! npo6J1eMb1 cOOTHO

meul151 pe.rnil'HH H uayKH, o6c~aI<Yl'CSl 1'0JlKOBaHI151 KOHKpeTHblX ,n.orMaTOB 

KJiacc11qecKllX peJutrll03HhIX KOH¢>ecc11tt. ,lla.HHOH npo611eMRTHKe, B 'llacTHO

CTl1, IlOCBSII.U,eHbJ KOH¢epeHIJ,Hl1 «Xp11CTHaHC'l'BO H ttayKa» B paMKax e)f(ero,n,

HbIX Me)f(,ll,yHapo,n.tthIX o6p83oBaTeJihHbIX Po)f(,lJ,eCTB€HCKl1x 'iTett11:tf. Ha 3THX 

Kou¢>epett.IJ,.1151X conoCT'd.BJISIJOTC.SI B3rJI.SI.llhI uayKH 11 UepKBH Ha Mnor11e B0-

11pocb1, TaKHe KaK cy~HOCTb )f(H3u11, 11po11cxo)K,ll,eHMe TJe.JTOBeKa, rrpo11cxo:>K

,n.eH11c H 3BOJ1IDII,H.SI BceJrettHOH, npo6J1eMhI )f(l13H11 11 cMepTH, COOTHOUieHue 

3BOJIIOII,1111 H Kpeat~llOlUI3Ma, B3r.JIB..llbl Ha KOtte'IHOCTh H 6ecKOHe'iHOCTh 11 T. )l. 

IlpOBO,ll.HMbie ,LI.llCKyccHll cnoco6CTBYJ0T C6JlH)K€H.l110 II03HIJ,.11H .UByx BeTBeli 

e,n,11ttoif KYJihTyph1, KOTOpbie paHo HJIH n03,1J.HO ,D.OJI)f(HhI np:UBecTH K e,n;HHOMy, 

Q€JIOCTHOMy 3H(l.Hl1IO, MJ111, Bbipa)Ka51.Ch o6p83HO, K e,n;11tt0My xpaMy ttayKM 

H Bepbl. 

8Ty rnaBy xorenocb 6hr saBepllIHTb CJIOBaMH B. 11. Bepua,n,cKoro H3 ero 

CTaTbH «Hay'IHoe Ml1pOB033pen11e»: «He L'OllOP}l y)f(e 0 Hel136e)f(HOM II rro

CTOSIHHO tta6JI10,JJ,aeMoM 1111Ta.Hu11 ttayKH ~e.HM1111 nouBTHSIMH, B03HHKUJ11M:u 

KaK B o6JlacT11 pen11r11.11, TaK H B o6JiaCTl1 cp11;1oco¢>11.11, -- rr11rau115i, Tpe-

6y1orqero od'HOBpe.Meu·ttou pa6om?>t B 3Tl1X pa31Ui'iHhlX o6naCTIDC C03Hatt1151, 

Heo6xO)l.HMO o6paTHTh BHHMa1111e Ha o6paTHbJH npou,ecc, rrpoxo,n,mqllH 'iCpc3 

BCIO HCTOpHIO '-l€JIOB€'i€CTBa. POCT Hayi<H H€H36e)f(HO Bbl3bIBaer, B CHOIO 

O'l:.fepe)l,b, tteo6bP-1a i1.Hoe pacwHpeHHe rpa1111u, ¢>11nococ:l>cKoro H pen11r1103-

Horo C03HaHllSI qeJJOBC'i€CKOrO ,n;yxa; pe1111r1151 H ¢>11noco¢11.s:i, BOCilpl1H.HB 

)lOCTHrHyThie ttay'iHblM Mlip0B033pettl1€M .u,aHHbie, Bee ,ll,MbIIIe H ,ll.8.JlhIIIe 

p aCllIHp5IeT rJiyOOKHe T'd.iiHHKH '-leJlOBe"leCKOrO C03HaHll5I» (23, c. 189]. 



3aBepUJ8SI pacCMOTpeHHe M€T'dc}:ni3Iil'i€CKHX OCHOB COBpeM€HHOH TeopeTH.,. 

qeCKOH c}:>l13HK11, ccpopMyJIHpyeM IIOJIOlK€Hilll, KOTOpbie IIO,ll.BO,ll,.HT HTOr BceMy 

rrpe,n,UieCTBYIOIIJ.€MY Ii13JIO:>K€HHIO. 

1. B coBpeMeHHoii ¢n311Ke, KaK 11 B eCTecTB03HaHHH ( uaTyp¢nnococpHH) 

npolllJibIX BeKOB, Ba>KIIoe 3Hat:.J.€HHe HM€Jll1 11,ll,€H H rrpHHU,Hilhl Mera<}:m3HKH, 

HCTOKH KOTOpo:it neJKaT B ¢Hnococ}:>cKo-peJI11r1103HhlX yqeuillix 3aua,n,a 11 Bo

CT OKa. 

2. MeTac}:>H3HKa 3aHHMaeT oco6oe M€C'J.'0 B CHCTeMe 3HaHHii:: ee IIOHHTHH 

11 npHHIJ,Hllhl rrpe,n,H83Hat.ieHbI He ).J;Jl5:1 ,ll,OK83aTeJibCTB ( 3T11M 3aHHMaeTC.H 

MaTeMaTHKa MJlH ¢tt3HKa)' a ,ll.Jl.H OCMhICJI€HJ15J ,ll,OCTHrttyThIX p€3YJibT'd.T OB 

11 HarrpaBJI€HHi1 ,ll,aJibH€HIII.11X 11CCJI€,ll,OBaHHH. 

3. B paMKax ¢ytt,n,aMeHTaJihHOH TeopeTnqecKoii: c}:>tt3HKll, ,n,oCTHrrne:ll 

BbICOKOH CT€II€Hl1 a6crpaKIJ;HH, CJIO>Kl1JIHCb H006XO,ll,HMbI€ npe,n,IIOCbIJIKH ,ll,JIH 

BbI.HBJI€HH.H 11 ¢opMyn11poBaHHSJ OCHOBHhIX rrp11uu,11noB MeTa¢H3HKH. Perna

IOUI.)'IO pOJib 3).l.€Cb Cblrpan TOT ¢aKT, 'ITO ¢113HKa HMeeT ,n,eno co cpaBIIB

TeJJbHO rrpoCTblMH CHCTeMaMH, KOTOpb1€ rro,rr,.uaIOTC.H (,'TporoMy MaTeMaTHt.ie 

CKOMy 01111CaHl1IO, II03BOJ1H.H O'l',ll,eJIBT b cyw.e C'J.'B€HHoe OT B'l'OpoCTCIICHHOro. 

4. TI poBe,n,eHHhIH aHaJIH3 p83BHTIUI ¢yH)J.aMeHTaJibHOH reopeTH'iecKoii 

<l>H3HKH II03BOJIHJI BbI.HBHTb CJl€)lylOIIJ.H€ M€Tac}:>H3If'·i€CKl1€ IIp11HUHilbl, KO

T0pbl€ paccMaTpHBalOTC.si Ha npHMepe KOHKpeTHblX c}:>1131rqecK11X TeOpHfi 

H nporpaMM: 

1) rrpHH:qHrr TPHHHTapHOCTH, rrpo.HBJI.HIOil.(HRC.si B BH,!J,€ TpoH'iHOCTH B pe

)lyKll;HOHHCT CKOM no,n.xo,n,e HJIB B BH,!J,€ 'I'pHe,lJ,HHCTBa B XOJIHCT H-qecKOM 

rro,n,xo,n,e; 

2) rrpHu:qHn c}:>paKTaJihHOCTH; 

3) rrpHHU.HII OKT € THOC'l'lil Mera¢11311qecKHX napa,n,HrM, T. e. HaJIH'iH.H CH

ereMbl H3 T pHaJIHCTH'i€CKOH, MOHHCTH~IecKott H TpeX rrap )JyaJIIK'TH

qeCKHX napa.UHrM; 

4) n p11HI..J,11.II ,n,onOJ1HHT€I l bHOC'l'H )lya.JIHCTHqeCKHX napa,n,Hr.Mi 

5) rrpHHU.HII KOHCOHaHca )lyaJIH(,'TH-qecKHX rrapa,rt;HrM; 

6) npHHU.HII ueJIOC'l'HOCTH. 
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flpc:mBJiettlUI 3Tl1X MeraqJH3l1.'ieC.KHX IIp11HIJ;l1.IlOB npo,neMOHC'l'pHpoBaHbl 

Ha np11Mepe KOHKpeTHhIX ¢113M'ieCKl1X rreop111% H nporpaMM. 

5. <l>l13l1.Ka, KaK IIO.Ka3aJIO l1.CC.ne,n;oBaHHe, pa3BHBaeTCSI He no 0,llHOli 

Mar11cTpaJlbHoi1: JIHHMM. B Reif, KaK 11 B Juo6oa )JJ>yroi% o6JiacrH HayKM, 

HaY'fHa5l pa6ora Be,n;erc.H B paMKax HeCKOJihK.11X MeTaq>113l1.'ieCK.11X napa

,ll,HI'M. B pe3yJibTdTe B03HHKaer yttHKa.Tlbtta.H B03MO}KHOCTb B3I'JISIH}'Th ua 

0,ll,HH H TOT >Ke upe,LJ,Mer MCCJie,n;oBaHHI% IlO,ll pa3HbIMl1. yr JlaMH 3peHH.H. 

Oco3ttaHHe 3Toro 'ipe3BhriaIDio BaJKHoro o6CTOS1TeJibCTBa II03BOJIBeT OT

BeprttyTh npe,n;ocrepe:>KettMSI H. HbIOTOHa ( «<l>M3HKa, 6o:Hc.H MeTaq>11.3MKM») 

11JI11 9 . .tv1axa 11 TI. ,LI.roreMa, IIhITaBIIIHXCH orpa,LI.HTh ¢11311Ky OT ,u,11cKycclil% 

Mera.¢11311qecKoro :xapaKTepa. flocne,n;HRe, KaK npaBHJlO, KacaJIHCb Tex (,'TO

poH peaJibHOCTJll:, KOTOpbre tte 6bIJIH BH,ll,Ilhl c Il03HIJ,H:R° 0,llHOH napa.rr,11rMbT, HO 

OTKpbrnaJI11cb B reopMRX MHhIX Mera¢H311'IeCKHX napa)I,11rM. BhIC.Ka3hIBaHH.H 

IIpoTMB Mera¢H3HKH B HTOre o6opa'-IJll:BaJIMCb KpMTHKOH ,ll,OMHHHpoBaBinel% 

napa.,LI,HrMhT 11 Bbl,ll,BH:>K€IIHeM HOBOH TOOpMl1 B paMKax 11HOil napa,llHI'Mbl. 

6. Merac:p113HKa e,n;HHa, HO B Hett npe,u,C'l'aBJieH p.H,n MeTa¢113H':leCKHX 

napa,n;11rM. CornacHo np11Hu,11ny ,n;ononu11TeJihHOCT11, ¢H3H'ieCKHe TOOpl1.l1. 

pa3JUl':IHbIX MeTa¢M3H':1€CKHX napa,n;MrM He npOTJll:BOpe'iaT, a ,ll,OIIOJlH.HIOT 

,u,pyr )JJ>yra, npe,u,craBJI.H.H co6o:H BH)J,eHRe o,u.Hott 11 Tott >Ke peaJibHOCTl1. no,n; 

pa3HhIMH yrJiaMH 3peHIUI. 

7. Pacc.MoTpeHHe COOTHOIIIeIDIB TOOp11i1 113 8 Meraqm3H'ieCKHX napa,n;11rM 

Il03BOJI.HeT I'OBOpMTb o6 l1X 8.H8JIOI'Jll:l1 c ,llj)eBHeKHTaACKOH Cl1CTeMOH Jll:3 

BOChMH TpHrpaMM, o6paMJIBIOU{MX CHMBOJihI 11.Hb H .Htt. Ha npe,u,crannett

HOM p11cyHKe TpoHKH 0Tpe3KOB ,n;Byx THIIOB COOTBeTCTBYIOT TpeM ¢H3M'-'Ie

CKl1M Karerop11HM: npocTpaHCTBy-BpeMelil1., IIOJ15IM nepeHOC''IMKOB B3aHMO

,n;e:HCTBHH 11 t-IacTRU,aM. HM:>KH.H5! Tp11rpaMMa coOTBeTCTsyeT TPHaJIHCTH'ie

cKoii napa,n;MI'Me, a BepXH.H5! Tp11rpaMMa COilOCTaBJISleTOI c MOHl1.CTH'iecKott 

uapa,ll,MrMoli. Tp11 napbI npo.Me:>KYTO'iHhIX TpHrpaMM coOTBeTCTsy1ar TpeM 

napaM AYaJIHCTM'ieCKHX MMpoIIOH11MaH11if, COOTB€TCTBeHHO CH113Y BBepx: Teo

peTHKO-IIOJleBoro, reGMel'pl1'-I€CKQro Jl[ pe.nsu~l10HHOI'01). 

1) Ha npe,rr_CTaBJieHHOM PHC}'HKe Bepx1ui:e o-rpe3K11 'l'pHrpaMM cooTBeTCTBYIOT KaTeropHH 

upoc·rpaHC'J'Ba.BpeMeHH, cpe,z:r_1rn:e 0Tpe3KH - Ka'I'Cl'Oplrn noJleii nepeHOC'IlfKOB B3aHMO

,z:r_cti'CTBIDi, a HJDKHHe KaTel'OpHH 'IaCTHI.'(. TI~ cnnolllHbIMH OTpe3KaM11 B npaBhrx 

TpHrpaMMax TIOHHMaeTC1I Ta KaTerop1rn, KOTOpaH OCTaeTC.H npe.>KHeii, a no.n .IJ.BYM1I 

npCpbIBHCThIMlt CYrpe3Ka.Mlf - Te .nae ¢Ji3JNeCKHC KaTeropHH, KOTOpbie OK838JIHCb BKJIIO

qeHHbIMH B HOByro o6o6~cnny10 KaTerop1-uo. CornaCHo 3'I'OMY o6o3Ha'ienmo, H1DKHsu1 

·rpHT'paMMa COOTBe'I'CTBYeT KBaHTOBOH MexaHm<C B TOOpeTl1KO-nOJ1eBOM MHpOnOHl1Ma!Urn, 

a cpe.l(llSISI Tp11I'paMMa - o6~cli reop1rn OTIIOCHTCJlbHOCTJI 11 MHOl'OMCpIIbIM I'eOMe'I'pH

qeCKHM MO,IJ.eJI.HM -rHna reop.1111 KaJTyu,1>1 e reoMeTp&P·IecKOM M11ponottHMaHK11. B JleBhlX 

'I'p11rpaMMax, ttao6opoT, cnJIOWHhie orpe3KH H306pa:>Ka10T TY 113 nepBJ.lqHbIX Ka'I'Cropt.rn, 

KOTOpa.H arcyTCTByer B AYa.JlHCTH'leCKRX 11apa.iv1rMax, on11:pa10~11xcH Ha ,D,Be o6o6~e1rnh1e 

KaTeropm1, a npepbIBJ.1CTbIC 0Tpe3Kli COOTBeTCTByio·r 'l'eM .U.BYM o6o6u~eHHbIM KaTeropH.SlM, 

KCY.r0ph1e 6epy·r Ha cefo1 ¢yHKIJ;1111 OTCyTCTsy1o~cii KaTerOp11H. Tor,D.a muKmu1 J13 TPH

rpa.MM cOOTBeTCTByeT cyncpcHMMeTpH'IHhIM ( CTpyttHbIM) reop11S1M B paMKax reopeTHKO-
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Puc. 3 .1. KHTaiiCKaJi c11cTeMa Tp11rpaMM 11 nap~J>..fbI <f>yn,ll.aMe1-rra.11bnoii Teo

peTH'iecKo:H <f>H3HIGI 

8. B npm_~ecce paccMOTpeH1u1 cPl13H'"I€CKHX reopuii u nporpaMM crarra 

oqeB~Ho:A T€H.U.€HqHSJ nOMCKa enuttott TeopuH B paMKax MOHHCTHqeCKOR 

napa,J.1,HrMbI. CJJe,noaaTeJibHO, TPH BH,u,a ,zzyarrHCTHqecKHX M11ponoHuManH:A, 

upe.a.C"raBJieHHbIX B cPH311Ke xx B., HM€IOT npoMe~TOqlfbiti xapaKTep Ha 

rryTH OT TeOpH:H TPH8.Ji:McTu'ieCKoit rrapa,u,HrMbI Haqarra npouvmro BeKa K Teo

pi-m, 01111pa101u;e i1C5l Ha €)J,HHYIO o6o6~eHHYIO KaTerop1110 (ua XOJIMCTH'i€CKHH 

asr.1u 1,u Ha MHP). CornacHo HarJISJ,ruiOli 11HTepnpeT8J..\J1M B BH,LI,e CHCTeMhI 

TpHrpaMM, CO/l,ep:>KaHHe rrepBbIX ITSJTl1 qacreti KHHrH MO>KHO npe.a.era.BMTb 

KaK BOCXO.>K)J,€HJil€ B cPH3HqeCKOM MHp0BOCIIpHSITHl1 CHM3y BBepx OT TpHa.TIH

C"l'l1.'i€CKOi1 )J,O MOHHCTlPieCKO:A napa,LI,HI'Mhl. 

9. Cocyn~eCTBOBattHe pSI)l,a Teop.11.H H nporpaMM B paMKax HeCKOJlhKMX 

Mera¢H3H"tJ€CKl1X napa,u,HrM H CTpeMJI€Hl1€ COBM€C'J.'HTb nOHSJTHH 11 rrpHH

l(MIIbl H3 reop1dt pa3HblX napa)J,HrM MOl'yT upHBO,llHTb K JIO>KHbIM npo6neMaM 

napa,u,11rMa.Tihttoro xapaKrepa. K ux qffCJiy OTHOCSITC~ ITOilbI T KH, HanpaBneH

ttble tta KBaHTOBaMHe rpaBHTaUHH ( COBM€U\ett11e npuHqlillOB OTO 11 KBaHTO-

DOJleBoro MHPODOHHMaHH.SI, a sepXH.SIST 11'3 TpurpaMM - Teopu.si:M npMMOrO Me::>K'laCTH'lHOT'O 

B3aHMO,ll.CMCTBJUl B paMKa..x peJJ.Sll..{ltOHHOf'O MHpo110HHMaHHSL (IlpH 3TOM cnc,zzyeT o6paTHTb 

BHlfMaHH.SI Ha CDC411MbHbiit nop.H,lJ.OK pacnoJTO)KeHH5:1 T pHrpaMM, OTJ1IB1arow;Hiic.H OT 

11.cnOJ1h30ea1rnoro paHee.) 
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son Teop1u1), Ha BBe.n;eHHe 3aKOHOB coxpaucHH51 ancprHH- HMDYJibCa B o6ll.1,etl 

TeOp1111 OTHOCHTeJibHOCTH H AP· 0TBeT Ha 3TH BOilpoCbl CJ1e.n,yeT HCKaTb Ha 

nyTn nepexo,ll,a K o6o6~eHHblM KareropHRM 6o~Tiee o6~ew MeTa,¢113H""lecKow 

napa,rr.HrMb1, BKJUO'iaror.qci1 B ce651 noH.HTi-m conp.HraeMbIX Teop11it 

10. Meracl>w3H1-fecKHw aHanH3 cp113H1..fecKHX reopH:H H nporpaMM, cocTa

BHBWHX OCHOBHoe CO,L1.ep)f(aH11e cpH3HKH npolIIJioro BeKa, 3aCTaBJUieT o6pa

THTb oco6oe BIIBMaHHe Ha OCTaBaBrneecSl B TeHH pCJISIU,HOHHoe Ml1pOnOHHMa

Hl1C, KOTOpoe on11paeTCH Ha KOHIJ;CnIJ)1IO ,IT.aJihHO,.!l.e:ltc'T'Bl15J' aJlbTepuaTHBHYIO 

HbIHe .n;oM11HHpyro~ew Ko~e~HH 6JIH3KO,n;ettcTBH.H. Cett .... ac, B <.:BSJ3H c p 83-

BHTHeM TCOpHH CHCTeM OTHOIIIeirnti, OTKpb IJIHCb HOBbie B03MO)f(H0CTH ,LI,JI.H 

n epeOCMWCJieHI15J aKTYaJlbHbIX npo6JieM cpW311Kl1 H RX pclIIe H1rn: B paMKax 

peJrnu;1mHHOH napa,LI,HrMhl. 

11. 3HaKOMCTBO C npo6JieMaTMKOU, pa3pa6aTbIBaeMOtt B )lp,YrHX p 83,.!l.C

JiaX HayKH, nOKa3bIBaeT, 'ITO B HHX ,rr.eACTBYIOT Te )l<e caMbre MCTacPH311-

'1€CKI1e npHHIJ.IDlbI, a BbI,.!l.eJISieMhlC BH,.!l.bl n apa)l,HI'M H npou,ecCbl HX CMeHbl 

aHaJIOrli"iHbI HJlli 6Jll13KH K cp113M '-ICCKHM. 

1) TaK, B MaTeMaTHKe, r,rr.c auanoroM cp11311'-lecKoro npocTpattcTsa-apeMeH11, 

Ha KOTOpOM npHHSlTO CTpmiTb cpH3H'ieCKHe TeopHH, SIBJIHeTCH IlOHSITJ-te 

Henpepbrnttoro MHO)f(OCTBa, KOTOpoe OOhl'-lHO KJia,LJ.e'I'CR B ocH0Ba1rne 6onh

IIIHHCTsa p83,rr.eJ"IOB MaTeMaTHKH. B nocJie.n;Hee speM51 see 6oJicc Hacroi1-

q11so BblCKa3bIBaIOTCH Kp11Tl11..feCKHe 3ruv1eqaHH5.f. no TeOpHH MHO)KOC'l'B 

KaHTOpa. 

2) AHai1or11 .... HbIM o6pa~oM MO>KHO KJiaccmpHn;MposaTh q>HJioco¢cKo-peJI11-

r11oottwe yqeHM.H, 3aMeHHB Tp11 cpu3H't{CCK.He KaTeropi-111 Ha COOTB€TCTBy

IOI.W1e HM TPH Ha11a.rra: MaTepHaJibHOe, H,.!l.eaJibHOe H ,lIJ'XOBHOe. llMeeTC.H 

cyru,ecTBeHHoe pa3JIH1:IHe B 3BOJIJOIJ;HH cpH3H'ieCKHX reop11i1 nOCJie,n;ttcro 

CTOJieTHSI 11 cpMJIOCOcPCKO-peJmr1103HbIX yqeHHti: ecJm 3BOJHOI~M.H B cpH-

3HKe npo11CXO,.!l.l1JI8 c111-13y BBepx (OT TpHaJIHCTl1'I0CKO.ti K MOH l-ICTH l.JOCKOH 

uapa,n.11rMe)' TO B p83BHT.HH cpMJIOCocpCKO-peJlHI'.H03HblX CUCTeM MO)KHO 

ycMOTJ)eTb o6paTHYIO TCH,U.ettu;mo csepxy BHJ13 (OT MOHM3Ma K caMOCTO

.HTeJibHOCTH <YI',.!l.e.JlbHbIX Ha'iaJI). 

3) Oco61>1'tt MHTcpec npe,r~cTaBJI51.IOT cp11JiococpcKo-pe.i111:r1103Hb1e yqett115l, 

onHparor.q11ecSI Ha MOHMCTM't{OCK.YIO napa,z:i;MrMy. TaKOBbIMH 51.BJISIIOTCH 

KJiaccw~ecKHe MMpoBbie pe.rrHI'1111. B pycJie TeopeTMLLecKoi1 cpM3HKl1 11a 

KonneH HeMaJibIW OilbIT COe,ll,HHeHH51, K83aJIOCb 6bI, HeCOBMOCTl1MbIX .n;pyr 

c ,LIJ>yroM no3HI.J.MH 11 3aKOHOMepHocTe i1. KaK npaBHJIO, perne1me Kpoe'l'C.H 

He s IlO/J.aBJieH1111, He B OO'h.HBJICHHH omMOO'iHOCTH O,Ll.HOi1 113 no3mrµw, 

a s Haxo)K,ll,eH.HH HX o6u.1,eH OCHOBhT. Bo3MO)f(HOH nJ1aT¢opMo:ti., no3BOJISI

ror.qett c6JIR3HTb peJrnl '1103Hbl e ( cp11JIOCOCpCKO-penHrH03Hbie) H CCTeCTBeH

HOHay'JHbie npe,n;CTaBJieHH51, SIBJI5leTC5J MeTa,¢H3m<a, 3aKOHOMepHOCT1'f KO

Topofl B 0,Jl.HHaKOBOM CTCneH.H np11Ha,ll.Jie)f(aT 11 peJIHI'MH, 11 ttayKe. 
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B 3aKnJO'feH11e xoTeJIOCh 6b1 Bbipa3HTh Ha,rr.e)K,LI,.)', 'ITO HaCTOBW.a51 KHHra 

IlOMO)KeT 1·ny6)Ke IlOHHTb HCTOKH ~e.rroro p51)1,a cpH3li'fecKHX npo6neM H Ha

MeTHTb nyTH HX p erneHHSI, a )J,OCTaTO'fHO illlfPOKHH Kpyr 3aTp0HYTblX B Hett 

BOilpOCOB npHBJie"(.IeT BHMMaHHC cpHJIOCOcpOB, cnoco6CTBYH 6onee TeCHOMY 

carpy)J,HH'"lecTBY npe)J,CTaBMTeJtetl: pa3JHl'fHhIX ccpep Hayirn 11 KYJihTypb1. 
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