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Tipe.n;HCJIOBHe 5' 

IlPE~DCJIOBHE 

Tipe)l(.ue scero aaTop xoTeJI 6b1 npei1:ynpe.uHTb l.IHTaTem1, 

qTO Ha ero cy.u BblHOCHTC.sI HOBrut nmoTe3a 0 npnpo.ue BpeMCHH, 

KOTOprut .uo HaCTOXIll,ero BpeMCHH HC Hauma npH3HaHHH B cpe.ne 

npocpeCCHOHaJibHblX cpH3HKOB. 

B Mae 1997 ro.na MttcpopMaunoHHo-peKJiaMHblM ueHTpOM 

PAO "f MnpoM" 6Lrna Bbmym.eHa MOX 6pounopa "O <Jnou11ec1<ou 
npupoiJe 6pe.~eHU ", KOTOP)'IO aBTOp 3aTCM HCCKOJibKO pa3 

' nepeH3.uasaJI caMOCTO.sITCJlbHO, BHOC.sI HCKOTOpbJC .l{OilOJIHCHJUl H 

HCnpaBJICHHX. 

TiepsoHaqaJibHM pa6orn co.D,ep)l(aJia pe3yJILTaTw 

pa3MbillIJJeHHH, BbI3BaHHbIX qTeHJfCM c6opHHKa CTaTCH 

H.A.Ko3wpeBa (1992 r.). He np1rnxs rrpe.D,JJO)l(CHHOH HM 

cpH3Hl.JCCKOH KapnlHbI Mnpa, jf TeM He MCHee cepI>e3HO 

3a.uyMaJICH 0 Cyill,HOCTH BpeMCHH, B qaCTHOCTH 0 

HCCHMMCTµHqHQH pom1 BpeMCHH H rrpocrpaHCTBa B npouecce 

paCllIRpCHH» BceJICHHOH, a TaK)l(C 0 rrpHqHHaX HCCOMHCHHOrO 

CXO.UCTBa cpopMyJibI JiopeHu;a c TeopeMOH ffacparopa. 

,lJ,aJibHeiiwee pa3BHTHC .3THX H.UCH npHBCJIO • K HarrHCaHHJO 

He60JihllIOH KHHrn, KOTOP)'IO aBTOp H npe):IJiaraeT BHHMaHHIO 

'lHTaTemr. 

Tipe)lCTaBJICHHM pa6orn . He npeTeH.uyeT Ha 

BCC06'hCMJIJOill,HH OXBaT BCCH cpH3H1-IeCKOH KapTHHbl Mnpa, 

BKJIJO'larom.e:H, ' HapH):IY c npOCTpaHCTBCHHO-BpeMeHHblMH 

OTHOllICHHHMH, IIOJIH H '3JICMCHTapHbIC qaCTHUbI. Ey.zzyq11 
IIOCBHill,CHHOH 3Ha'lHTCJibHO 6oJiee Y3KOH npo6JieManrne 

(xapaKTepuoH: cKopee MH Ha'laJia 20-ro, a He 21-ro BeKa H. '3.), 

ona, O.UHaKO, co.nep)l(HT BeCbMa pa):IHKaJibH)'IO pCBH3HJO 6a30BblX 

$n3nqec1mx npHHUHilOB, qro, B c.rrycme ee rro.urnep)l(JI.CHHH, 

OKa)l{CT HCCOMHCllHOC BJIHHHHC H .Ha 0606m.arom.ne TCOpHH. 

Pa6orn ocHOBbmaeTcx Ha npH3HaHHH nepBu11nocmu 
wo.ltempu11ec1<.ux omnomenuu Bo Bce.n.ennou, T.e. rrpo.no.rr)l(aeT 



6 IIpe;:uwnosHe ,... .. 

JIHHIUO Krmcpcpop.ua-3:HHlllTe:HHa-Ym1epa, H, KaK Ka)KeTcx 
aBTopy, H03BOJUieT 3HaqHTeJtbHO rrpO.UBHHyrhCH Ha 3TOM 
HanpaBJieHHH. . 

JI ropxqo 6naro)l.apen PYKOBO.IJ;HTemo PoccaiicKoro 
Me)K,UHCUHIIJIHHapHOfO ceMHHapa no HCCJI.e)lOBaHHIO npHp0,!1,bl 
BpeMeHH )1.6.H. A.Il.JiesHqy (MfY) 3a rrpOHBJieHHOe HM 
BHHMaHHe H OKa3aHII)'IO rro.u.n.ep)KKY, B TOM qJiCJie 3a 
ny6mi:KaUHIO IIOJiyqeHHhIX MHOIO pe3yJibTaTOB Ha ca:HTe 
llHCTHTyra HCCne.uosaHHH rrpHpO;:J.hl BpeMeHH 
(www.chronos.msu.ru, rpaHT ,N'Q 00-07-90211 PoccHHCKOro 
¢011.ua cpytt.uaMeHTaJibHhlX Hccne.uosaHHH). JI TaK)Ke XOTeJI 6bI 
Bb1pa3HTb CBOIO rny60K)'IO 6naro.n:apHOCTb MOeMy .upyry 
A.B.MOCKOBCKOMY 3a 25-neTHee o6c)')K.ueHHe cpHJIOCOcpHH H 
HCToptttt cpH3HKH. YKITTaHHhie nttua, pa3yMeeTcH, ne Hecyr 
HHKaKOH OTBeTCTBeHHOCTH 3a co.uepx<aHHe .n;aHHOH pa6oTLI. 

KpoMe OCHOBHOfO BapHaHTa TeKCTa, B 6poru10py 
,n,o6aBJieHO (B BH.Ue npttJJO)KeHHH) .UOCTaroqno KpaTKOe 
H3JIO)KeI-me. (6e3 cpopMyJI) OCHOBHbIX H,AeH Ha pycCKOM H 
aHf.JIHHCKOM &3bIKe 

Borrpoc1>1 H 3aMeqaHHH qHrarenH Moryr npHChIJiaTb MHe 
rro. 3JieKrpoHHOMY a.upecy shulman@dol.ru . 

Aemop 

ct>eepa.1b 2003 2 



8 l BpeMH 11 HaTypanr,Hall qmnoco<1>u11 

1. BPEM.H II HATYPAJibHMI «l>HJIOCO«l>IUI 

I1pnpo)la BpeMeHH )lO CHX uop ocrneTCX He)lOCTaTOtmO 

HCHOH ,JJ.JIH ecTeCTB03HaH1UI H Harypl}mJiocoqnrn, XOTX 

rrpe.ncTaBJieHHe 0 HeM HHTCHCHBHO HCilOJib3yeTC}I B HayqHOH H 

rrpaKTHtJecKoii .nesrreJihHOCTH qeJIOBe1.JeCTB8;. B MCXaHHKe 

HhIOTOHa apeMx BhICTymUio B KatJeCTBe HeKoero ymrnepcanhHoro 

<PopMaJibHOfO napaMeTpa, 3HalJCHHC KOTOporo MHCTJilJeCKH 

HCYKJIOHHO (H npHTOM O)lHHaKOBO )lJI}I scex TOl.JCK BceneHHOH) 

803pacraeT, a see cPH3HlJCCKHC rrpouecCbI npOHCXO)lXT B 

npocrpaHCTBC B COOTBCTCTBHH c TC'l.JCHHCM BpCMCHH. B 

CUCl.l;H3.llbHOM Teop1m OTHOCHTCJihHOCTH nponrnorrocTaBJICHHC 

BpeMeHH rrpocTpaHCTBY B 3HalJHTCJihHOH Mepe CllilTO 6naro.n:ap}I 

HX o6be)lHHCHHIO B 4-MepHbIH KOHTllHyyM, o.n;HaKO H TaM 

BpeMeHHax KOMUOHeHTa HMeeT HCC}\OJibKO "3K30THl.JCCKHM
11 

xapaKTep, 1ITO rrpo»BJIXCTCX B neo6xO)lHMOCTH npmmcaTh eli 

MHHMhIH MHOiKHTCJlh; H B :non MO)lCJIH anocTepHOpHO 

no.upa3yMeBaCTCX poq speMCHH B mo6oH: CHCTCMC OTC11CTa. 

06ma.11 Teopmr OTHOCHTCJibHOCTH ll03BOJIHJia CBH3aTb cnoikTBa 
BpeMe1rn c flOJIXMH UITOTCHHX H reOMeTpttdi rrpoc'rpaHCTBa, 

O)lHaKO He npo»cmrna )J,.Jl.S[ Harneii liHT)'HI.J;HH CMbICJI 3TOro 

napaMeTpa, a MOiKeT 6hITh H c)lenana ero eme 60.Jiee 

TaHHCTBCHHhIM; Hapsr,D.y c '.3THM no.n:pa3yMCBaCMOC TClJCHHe 

speMeHH CTaJIO CBX3bIBaTbCX c upOCTpaHCTBCHHbIM pacrnHpentteM 

Bcenennoli. 

Pa3MhIIIJmrn o cyu.i:nocTH BpeMe1m, MhI MOiKeM rosopHTh no 

MCHblliCH Mepe 0 Tpex ero acneKTaX. Bo-nepBbIX, KaK 06 O)lHOM 

H3 peaJILHO cymecrnymmux H3Mepeirnii (Hap»,D.y c Tpewr 

npocTpaHCTBeHHblMH ). 06beKTHBHax nporniKeHHOCTb apeMemI 

nposrnmreTC}l B C)'lUeCTBOBamm. y Ka)l<JlOH cPH3HlJeCKOH CHCTeMbl 

xapaKTepHblX napaMCTpOB, CBOero po,D.a BpeMeHHbIX pa3MepoB, B , 

H3BeCTHOH CTeneHH aHaJIOrHqHbIX rrpocTpaHCTBeHHblM pa3MepaM. 

3Ta ananormr, B qacTHOCTH, 06yc110BJieHa TCM, lJTO H 



co6cTBeHHhie 

xapaKTepHCTHKH 

1. BpeM.11 H HarypanhHa.11 <Pnnoco<Pn.11 

pa3Mepbl CHCTeMhl, K ee 

(HHepU,HOHHOCTb) 

9 

BpeMeHHbie 

o6ycnosneHhI 

B3aHMOJl,eHCTBHeM COCTaBmHOIUHX CHCTeMy 3JleMeHTOB. 

Cra6HJibHOCTb IIOJl,06HhlX CBg3eH, B CBOIO oqepe.n.I>, II03BOJijieT 

H3Mep1!Tb H rrpOC'I'paHCTBe1myro, H apeMeHHyID rrporniKeHHOCTb 

nyreM cpaBHCHHj{, COOTBeTCTBeHHO, c peruibHbIM :)TaJlOHOM 

cpH3HqecKoro pa3Mepa HJIH rrepno.noM Kone6amrii. 

B1>1llle )')Ke 61>ma OTMeqeHa MeTpHqecKag oco6eHHOCTh 

Jl,aHHOro H3MepeHng, BblH)'IKJl,aIOIUaH rrpHIIHCaTb eMy MHHMblH 

MHO)f(HTeJih. 3TOT MHO)f(HTeJib, c 0).J.HOH CTOpOHhI, BBO).J.HT 

paJJ.HKaJibHOe pa3JUI4He Me)f().J.y apeMeHHOH H 

rrpOC'I'paHCTBCHHhlMH KOMIIOHeHTaMH, xapaKTepH3Yj{ B TOM q11cne 

H Ramy Hecnoco6HOCTb Herrocpe.ucTBeHHO BOCIIpHHHMaTb BpeMj{, 

B OTJIHJlHe OT npocrpaHCTBa, c IlOMOI.QblO opraHoB qyacTB. c 
.npyroii CTOpOHbI, 3TO pa3JIHq11e 'IHCTO MeTpH'IeCKOro IIOpHJl,Ka, H 

OHO II03BOJij{eT )')Ke B paMKax TeOpHH OTHOCHTeJihHOCTH roBOpHTb 

BCero JIHillb 0 pa3JIH'IHblX rrpoeKD;HHX eJl,HHOro 06'beKTa -

'IeTbipexMepnoro BeKTopa. MHHMOCTb npeMeHHOH KOMIIOHCHTbl 

HBJUieTcg HCTOqHHKOM ~rnorHx rrpIIBJieKaIOI.QHX BHHMaHHe H,lleH: 

HarrpHMep, C.XOKHHr [ 1] HCIIOJib3yeT ee )].JUI yc'I'paHeHHJI 

CHHryngpHOCTeiI H3 Teopim 3BOJIIOU.HH Bcene1rnoii; H.flpttro)Iorn 

[2] c ee IIOMOll{blO lfCCJie.l{yer B03M0)f(H0CTb o6o6meHHH 

arruaparn KBaHTOBOH MeXaHHKH ).J.Jlj{ o6'bj{CHCHffj{ Heo6paTHMOCTH~ 

IIOBe,lJ,eHHj{ BOJIHOBOro rraKeTa. 

Bo-BTOpbIX, speMeHH rrpttcyme orrpe.neneHHOe 

Harrpaanenne - TaK Ha3waaeMag C'I'peJia apeMeHH. To 1mee, 

rOBOPHT 0 HeCKOJibKHX crpenax BpeMeHH - KOCMOJIOrHqecKOH, 

TepMO,IJJIHaMH'IeCKOH H T.,U,., H 0 npHMe'IaTeJihHOH CBj{3H Me/ICJzy 

HHMH, ,ll;Jlj{ o6'bj{CHeHHJI KOTOpOH Bbl,llBHraIOTCH pa3JIH'IHbie 

TeOpeTnqecKHe o6ocHOBaHHH (3aMeTHM, 'ITO y 

rrpocTpaucTBeHHblX H3MepeHHH cpmHqecKoro KOHTHHyy~rn 

coapeMeHHag cpH3HKa H HaTypcp1mocoqnrn no.no6HbIX CBOHCTB He 

ycMaTpnsaroT). H ecnn o.nnn asTOpbI IIbITaroTcg TeM HJIH HHhIM 

o6pa30M 
11
BbIBecn1" uanpanneHHOCTI> npeMeHH H3 orrpe.L(eJieHHbIX 
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6oJiee o6mttx caoH:cTB MHpa, TO ,11.pyme (H.flpttro"JKHH) 

KaTeropnqecKH ttacranaaIOT na anpHopHOCTH :yroro <J:>aKTa, ero 

nepBHqHOCTH ITO OTHOUieHHIO K ycTaHO;BJieiIHhlM 3aKOHaM 

rrpHpOJlhl. 

B - rpeThHX, H.A.K03hlpeBy [3] rrpttHa;::i;Jie'JKHT 

<J:>opMym1pOBKa npe,D,CTaBJieHlUl 0 XOOe BpeMeHH KaK 

rrepsoocnoBe Beem 6L1nur Hamero Mttpa. Mo"JKno npttHHMaTh 

HJUI OTBepraTb ero coo6pa"JKeHHX 06 HHTeHCHBHOCTH H 

HepaBHOMepnocni 3TOfO xoda, rrpe,Il,CTaBJICHHX 0 BpeMeHH KaK 0 

HeKoe:H cy6cman~uu, ero KOHKpeTH1>Ie TeopenrqecKHe MOJle.JiH H 

pe3yJibTaThI 3KCrrepttMeHTOB, HO JII06oMy lJCJIOBeK)' HHT)'HTHBHO 

otJeBHJleH (He Henocpe.n.crneHHO qepe3 opraHi.1 lf)'BCTB, no 

onocpe,a;OBaHHO 1:Iepe3 OIIbIT 6&IT1Ul) CaM cpaKT me'leHUR BpeMCIIH 

KaK OCHOBbI JII06oro npnpo.uuoro HJIH HCKYCCTBeHHOrO irpouecca . 

.IJ;eiiCTBHTeJihHO, KOI'):(a Mhl paccMaTpHBaeM HeKOTOpbitt 

HCJIOKaJlhHblH o6'beKT B a6cTpaKTHOM npocTpaHCTBC, HaM HCT 

He06XO)lHMOCTH CilCUHa.JlhHO BBO)lHTb HOBOe H3MepeHHe, a 

BIIOJIHe ,Il,OCTaToqHo B Kaqecrne rrapaMerpa HCIIOJih39BaTh 

KoM6mia1nno cymecTByIOUIHX (KaK, narrpHMep, rrpH 

.n.11c).:><}>epem.1,11posamrn: uo wmue .uyrn). B 3TOM cJiyqae napaMeTp 

xapaI<TepM30BaJI 61>1 IIOJIO'JKCHile ( COCTOXHHe) Ha6mo,ri,aTeJIX, a He 

na6JI10,ri,aeMoro o6'beKTa. M1>1 'JKC cBX3hIBaeM npouecc c pearrhHl>IM 

H3MCHCHHCM COCT05IHIUI CaMOro o6'beKTa; BpeMSI wrn uaUieH 

HHTYHIJ,HH BbICTyrraeT. B KaqecTBe pearrbHOro, a He BHpryarlbHOI'O 

cpaKTopa. 

TpaJlHUHOHHbIH noaxoa TeopeTnqecKo.H cpH3HKH K 

OIIHCaHHIO rrpoueccoB OCHOB8.H Ha HCilOJib30BaHHH 

rrpeacTaBJienmi: o xo.ue speMeHH B Kaqecrse nepsH.qnoro, 

HCXO,ll;HOfO. B COBpCMCHHOM clJH3HKe .L(CJiaIOTCX TaK'JKe IIOITbITKH . 

rrpHHTH K IlOH5ITHJO npeMeHH KaK KO BTOpHqHoMy, 

;a;enyu11pyeMOMy HJIH KOHCTpYJipyeMoMy Ha 6a3e HCKOTOpbIX 

HHbIX (MHKpocKOIIHlJeCKHX) cpyn,a;aMCI-ITaJibHhJX IlOHSITHM. 

Bo3MO'JKCH H TpeTHH rryrh (HHBCpCHblH no OTHOUJCHHIO K 

rrepBoMy), KOTOpblM JIC'JKHT B OCHOBe rrpell,CTaBJieHHOH pa60TbI.. 
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3TOT rryrh B gaqecTBe OTIIpaBHOH TOqKH COtJ,epJI<HT CJietJ,yIOIUHH 

eorrpoc: "A He cyiuecTByeT JIM Bo BceJieHHo:H npou,ecca, 
HMeromero HCKJII-O'IHTeJibHO o6mnH: xapaKrep, KOTop1>1if Mor 61>1 
nopooumb $11311qecI<oe speMx ?" 

TaKOH $)'H.naMeHT8JlbHblH KOCMOJIOfH'IeCKHH rrpou,ecc 

.neiicrenreJihHO cyiuecTByer H xopomo 1hsecreH Ha)'Ke. 3To -
pacmn:peHn:e Bce.rrenno:H, OTKpbITOe B rrepBoii TpeTn XX seKa 

aMepHKaHCKHM aCTp,OHOMOM 3,Xa66JIOM H ,!I,pyrHMH [4]. Ilo,!I, 

HHM rroHHMaercx ue y,llaJieHne reJI or . o6mero uenrpa, a 
"eceo6mee" yeeJIH'IeHHe paccTOXHHH Me)l(.uy BCeMH TCJiaMH. 
XoporunM MO,lleJI1>H1>IM o6pa3oM HBJUieTCH "pa36eraHne" TO'IeK Ha 

rroeepxnocrn B03tJ.YllIHOro mapa rrptt ero 3arro.JUieHHH ra3oM, rrpH 
3TOM ero. 11.enrp He rrpHHaMC)l(HT rroeepxHOCTH, a see TO'IKH 
nosepxnOCTH mapa (BceneHHoif) paenorrpaBHhI. 

HafuIIOAax TaK Ha3hJBaeMoe "Kpacnoe CMemenne,, B 

crreK'rpax 3Be3.a;, Xa66rr 3KcnepHMeHTaJihHO ycTaHOBHJI 
rrpOIIOpIJ.HOHaJlbHOCTb Me)l(,ny cpe.nneii CKOpOCThlO B3aHMHOrO 
y.naJiemu1 3BC3AHhIX o6oeKToe H paccroxnHeM Me)l(,ny HHMH. A 
aJifJIHHCKHH acrpo$H3HK 3.A.MHJIH reopeTH'fCCKH BbIBCJI 3TOT 

3aKOH H3 c<PopMy1rnpoeannoro HM KocMonornqecKoro 
rrpHHIJ;HIIa. B COOTBCTCTBHH c ,ll,aHHbIM npHHIJ.HIIOM °CJie.uyeT 
O)l(H.llaTi., qro e nw6oH: .naHHhIH MOMenT epeMeHH· BceJiennax 
,ll,OJI)l(Ha BbffJIX,D;eTb O,llHHaKOBO MH Ha6mo.!:(aTeJieH Ha ecex 
THilH'IHbIX raJiaKTHKax, B K8KOM 6bI HanpaeJICHHH OHH HH 
CMOTpeJIH" [5]. OrcIO.D,a, B qacTHOCTH, CJie,nyer, 1ITO CCJIH 

Ha6n10AaTeJIH · e :.roqKax A, B H C pacnono)l(eH1>1 na o.unoH. 

rrpHMOii, H paccTOSlHHe AC s.neoe 6on1>llle paccToHHHSl AB, TO .llJlX 

Ha6nIO.D,aTenx A cKopoCTi. Ha6rrw,naTeJIH B AOJI)l(Ha 61>1Ti. TaKOH 

)Ke:, I<aK H cI<opocn. na6JII-OJiaTemr C MH Ha6mo,llaTe.rrx B; 
cne.noeaTeJI1>Ho, AJIX na6nw.naTenx A cKopocTh C ,LlOJI)l(Ha 61>1T1> 

e.neoe 6oJibllle, 4eM cKopocTb B, H T.,n. 

llyrh paIIJ?llIC, 1ICM :JKcrrepHMeHTaJibHbJe Ha6JIIO.UCHHH, K 

TeM )Ke npe.ucTaeneHHHM npneeJia H TeopCTH'IecKaH $H3HKa. KaK 

H3BeCTHO, B 1905 ro.uy IIOHBH.JiaCb cneu;mUII>HruI TCOpHX 
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OTHOCHTeJibHOCTH, a K 1916 ro,rzy ' •. - ' o6u.uur Teopwi: 

,, OTHOCHTeJII.HOCTH 3ttHIIJTei1:Ha, TIOCJie qero (H!q)fffllJI c pa6oT 

A.A.<I>pHAMami [6]), 6t>rna pa3BJUa MO;tJ,eii.l>· p~WHpRIOIIleHCH 
BcenenHoii. C0Aep)l(am1e JTHX H;tJ,di: H nx o6o61UeHHe 1nnaraeTcx 

B cne.nyiomeii rnaae, a 3,necb H BKpaTl{e yllOMJIHY ew,e o 

HeCKOJibKHX BmKHCHlllHX KOHU:CllT)'aJILHhlX MOMeH.TaX 

cospeMCHHOH <i>H3HKH, c KOTOpbIMH TeCHO CBR3'tillO ,ll8JILHeihuee 

co.nep)l(RHHe KHHTH tr K KOTOpblM j{ co6J.1pak>eL IIpHBJie% 

BHHMam1e qnTaTem1. 

Bo-nepBhix, a HaMepeH KpHTHqecKH o6cy.nnn npHHn;im 

OTHOCHTCJlbHOCTH, T.e. HHBapnaHTHOCTh JaKOHOB lj>lflHKH no 

OTHOlllemno K BbIDopy MHCPU:HaJlbHOH CHCTCMbI KOOp,nlrnaT. 

KpoMe Toro, peqh noH.,neT o 3aKoHe coxpaHeHH.K 3Heprm1, 

pom, KOToporo ofrMICH.KTb H3JIHU1He. Ero TeoperHqecKoe 

o6oCHOBaHHe B KJiaCCH1ICCKOH lf>H3HKC 6a3npyeTCH Ha KOHUeIU,\HH 

O)J,HOpO)J,HOCTH speMe1rn, ITOJTOMY BilOJIHe ecTCCTBeHIIO, qTO JTOT 

3aKOH ,llOJI)l(eH OKaJaTbCR: B lf>OKYCe mo6oii HOBOH TeopHH, 

KacaIOmencg IIOH»TH» speMCHH. 

,Zl,anee, XOTeJIOCh 6LI OCTaHOBHThCH Ha TaKOM BCCM 

"rrOHHTHOM" cpenoMeHe, KaK MeXaHHqecKoe ,llBHiKeHHC. .5I 
IlOCTaparocb IiOKaJaTb, qTo BMCCTO 6ecqHCJICHHOro MHO)l(CCTBa 

He3aBHCHMbIX nepeMemeHHH cpH3HKa MOiKeT (H .IlOJI)l(Ha) 

onepnpoBaTb JIHlllb c O.IlHHM o6meMHpOBhIM npoueccoM. 113 
Jie)l(aIUHX 8 OCHOBe JTOfO rrpe,ncTaBJICHHH Bh!TeKaeT HC TOJibKO 

CCTeCTBCHHOe OrpairnlJeHJIC CKOpOCTH ,U:BH)l(eHHH HCKOl'OpOH 

MaKCHMaJibHOH Bem1qfiHOH, HO H orpOMHOC KOJIJiqecTBO ,upyrHx 

cpm11qecKHX CJIC.IlCTBHH. 

HaKoHeu., H HaMepenaIOCb KOCHY'fbC.sI rrp1rnumman1>HhIX, 

'faK ,uo CHX nop OKOHqaTCJibHO H He npOHCHCHHbIX rrpo6JieM 

KBaHTOBOH MeXaHHKH, TeCHCHlllHM o6pa30M CBH3aHHhIX c 

KOHIJ;erru11eJ:i BpeMeHH. 

Pa'.3BHBaeMyio HH)l(C KOHUCITUHIO '1 rrpe,n.rtarruo JIMeRoBaTb 

TeopneH: lllaponoif PacllIHpHIOmeH:c» Bcenenno:H, KpaTKO -:

TllIPB. 
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KaK H3BecTHO, KJiaccnqecxag TeopJUI TJ1r0Tenm1 

ocHOB1>rnarrach Ha 3aKOHe Jii.10T0Ha. HhloToHHaHcKru1 K0Hu.erru.m1 
BceJieHHOH B KatJecTBe csoen cyrn;ecTseHHoH: rrpe,n;rrocLmKH 
HCilOJib3YeT rrpe,ncTaBne1rne 0 6ecKOHel.JHOM TpexMepHOM 
npocTpaHCTBe, 3anOJmeHHOM MaTepneit TaKax KOHU.CIIUHH, KaK 
6bIJIO IIOKa3aHO B KOHU.e 19-ro CTOJICTH.SI, npHBO,D;HT K 
orrpe,n;eJieHJ:IhIM TPYJUIOCTHM. B.IIaynH B KHJire [7] co cc1>mKoii Ha 
pa60T1>1 HeiiMaHa H 3ee;rn:repa HanoMHHaeT, "ITO 3aKOH 
BCCMHpHOH) TUOTeHHJI HblOTOHa MO)l(eT 6hITb crporo npHMeHeH 
JIHlllb B T'OM cJIY1iae, eCJIH ITJIOTHOCTb. Macchi BceJICHHOH npH 
CTpeMJleHHH pac&roximH K 6ecKoneqnocTH c-rpeMHTC.SI K Hyn10 
6hlcTpee, 'qeM Ill. B npoTHaHOM CJiy'iae cmrn, .11;eiicTB)'l-OI.Urul Ha 
MaTepHanhH)'IO ToqKy co CTOpOHhl ecex Mace BceJieHHOH, 6y.lieT 
Heorrpe,n;eneHHOH. B Ka1lecTBe B1>1xo.11;a 3ee;mrep rrpe.nno)l(,~JI 

rrpHWITb, lJTO IIJIOTHOCTb MaCCbl KOHel.JHa Ha mo6:b1x 
pacCTOHHHXX, a B Bbipa)l(eHHe AJijJ HbIOTOHOBa IIOTCHU.HaJia 
BBe.D;eH '.3KCilOHeHU.HaJII>HO y61>rna10w;H:ii c paccrogm1eM 
MHO)l(HTeJib. 3ro, B CBOIO oqepe,ll,b, rrpHBO)J,HT K ueo6xo,ll,HMOCTJI 
MOAHCPHKa:u;mt ypasueHHH IIyaccoHa. OnncaHHM npo6neMa 
noJiyqHmiHa3Bamre rpasnTau;110HHoro rrapa.uoxca. 

B 1917 ro.11;y ArrhGepT 3HHIIITeHH B pa6oTe [8] COCJiaJICH 
Ha TY )Ke rp'y.D;HOCTL Teopmr TaroTeHHH HhIOTOHa .11;m1 
6ecKOHC'1HOH BceneHHOH. OH TaK)l(e oTMeTHJI, lJTO rpaHtttmoe 

ycJrnirne HnK>TOHa B cpopMe cyw;ecTBosaHHg nocTOXHHoro 
npeneJia ,U,JHI rpaBHTaUHOHHOfO IIOTemornna B rrpocTpaHCTBeHHOH 
6ecK0He.11HOCTH BJie'ieT 3a co6oii· o6paw;eHHe Ha 6eCKOHe11HOCTH B 
HYJih IlROTHOCTH MaTep1rn:. AJII>TepHanrnoii HBJIHCTCH HeHyJieaax 
IlJIOTHOcTb MaTepHH rrpn 6eCKOHeqHo 60JihIIIOM 3Haqemur 
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IlOTeHI.(HaJia, HO :no rrpOTHBopetUfT tta6mo~aeMblM B pe8JlbHOCTH 
'• 

OTHOCHTeJihHO HeBbICOKHM CKOpOCnIM 3Be3JJ.. 

)J.o6aBJIIO, qTQ rpaBJITaUHOHHbIH nap~OKC JierKO 

BbUIBHTb, Bbrq11cmu1 BeJifflllIHY ,D,aBJICHHa, o6yCJIOBJieHHOrO 

rpas1naunoHHbIM ciKaTHeM, B 11,eHTpe O,D,Hopo.rtHoro wapa. B 

KaqecTBe TaKOrO wapa MQiKHO paccMaTpHBaTb He TOJibKO IlJiaHery 

H.JUI 3Be3JJ.y, HO H BCIO BceJICHHYJO (c l(CH'fPOM B npOH3BOJihHOH 

TO"<JKe ), 3aIIOJIHCHH)'ID paBHOMepno pacnpe,D,eJieHHOH MaTepHeii. 

A6comoTnrui se1rn<JHHa P .nam1enIDI OKa31>IBaeTcx 

rrporropUHOHaJibHOH KBa.upazy rrpOH3Be.nemu1 IlJIOTHOCTH rnapa p 
Ha ero pa.nttyc L: 

r.n:e G - rrocTOHHHax B 3aKOHe sceMHpttoro ni:r0Temu1 HhIOTona. 

TaKHM o6pa30M, rrpn CTpeMneHHH pa):{Hyca BcenenttoH: B uenoM K 

6CCKOHeqHQCTH JJ.aBJICHHe B KaKOH-JIH6o ee TQqKe TaK)f{C 

crpeMHTCH K 6eCKOHeqHOCTM. 

Bo3MO)f{HOCTh rrpeo)loneHHH rpaBJnau110HHoro rrapa,noKca 

3ttHillTCHH CBX3aJI [8] c Mo,nmp11Kau11eH: Teopm1 Hr:.roTOHa 3a C'tJeT 

.L(06aBJICHHH B ypaBHCHHe ilyaccotta HOBOro (Ma.rroro. no 

BeJmqnHe) CJiaraeMOro c ymrnepCaJihHOH fIOCTOHHHOH, llT06bJ 

3aTCM peaJIH30BaTb :ny H,D,CIO B CBOCH uepBOHaqaJihHOH 

CTaU,HOHapHOH KOCMOJIOrJllieCKOH MOJJ.CJIH. 

Qqenb Ba)f{HO, qTo npn nepexo)le OT TCOpHH HbIOTOHa K 

o6meii Teopmi OTHOCHTCJlbHOCTH 3HHWTCHH B 

.n.eiicTBHTCJihHOCTH C,D,eJiaJI He O)J;HH, a cpasy )lBa 

npHHIJ;HITHaJihHbIX wara. OH He TOJlhKO BBCJI KOCMOJIOrJtl!eCKYJO 

ITOCTOHHIIyIO, orneqaromyro HCKOeMy Jara)loqHOMY (B TOM lJHCJIC 

MH Hero caMoro) ompUl(UmeJlbHOMY )J,aBJieHHIO, HO JI 3aMCHHJI 

6ecKoneqHyro BceJie1rnyw HI>IOTOHa c '.3BK1rn:.uosoi1: MerpHKOH ua 

HOB)'IO HC'3BKJIM.UOBY BceneHHyro, JaMKHyTYJO Ha ce6H M He 

MMCIOll.lyro rrpocTpaHCTBCHHbIX rpaHMI.(, XOTK o6oeM ee KOHeqeH. 

qHTaTCJIJ> CMOiKCT 3pHMO CMO,D,emi:poBaTb ,llJIH ce6H '.3TY 
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CHTyall;HlO, ecnH no aHanOrHH c TpexMepHLIM CJiyqaeM B006pa3HT 

ce6e nepexo.n; OT HeorpaHH4eHHO npocTHpa10meH:9'1 BO Bee 

CTOpOHLI o6LJqnoj{ 3BKJIHJlOBOM ITJIOCKOCTH K ,llB}'MepHOH JKe, HO 

He3BKJ1H,ll0BOH nosepxHOCTJf rno6yca. IlJIOlll,aJl.b TaKOH 

c<t>epH4eCKOH noBepXHOCTH KOHeqHa, _HeCMOTP.sl Ha OTcyrcTBHe y 
. Hee rpaHHn;. 

Ilepexo.n; K He3BKJIH,noeofi BceneHHOH 6LIJI .ll,JIH 

3HHIIITeHHa ecTCCTBeHHblM CJie,1.J.CTBHeM ero KOHD;emum 

reOMCTpH3an;JIH <l>»3MKH. A BOT HCIIOJib30BaTb orpRu;aTCJibHOe 

.n;aB.lICHHC ("KOCMOJIOfHqecxyro IIOCTOHHHYJO") OH 6Lrn BLIHYJK,l.l.eH 

ITO TOH rrpOCTOH rrpwmHe, 'ffO HHaqe rrpOCTO He y.n.aBaJIOCh 

nonyqHTb He 3aBHCHIUee OT speMeHH pemeHne. B .n;an1.HeifmeM Ha 

CMeHy KOHn;enun:H "3acThIBilleif" BceneHHoH: npHilIJia seJIHKa.sr 

H.LJ;CH 0 B03MOIKHOCTH 3BOJIIOIIJIH nocnep;HeH. 

2.2. HecTaU,HOHapuaSI KOCMOJIOl"H'leCKaB MO,lleJib 

3iiHWTeiiHa-<l>pH,llMaHa 

CoepeMeHHLIC npe.ncrnBJ1eHHS1 06 3BOJIIOUHH BceneHHOH 

BOCXO.L(HT K rrpocTeiimeH: KOCMOJIOfH'lJCCKOH MOACJIH 3H:HmTeH:Ha

<l>pH.n;MaHa [9], onepHpyIOmeH: . c TpexMepHbIM He3BKJ1H.L(OBLIM . 

npocTpattcTsoM nepeMeHHoro so speMeHH pa.nHyca KpHBH3HhI R 
(c<t>epH'ICCKOH rm1eprrosepxHOCTblO 4-Mepttoro 3BKJlH,UOBOrO 

Illapa). YKa3aHHoe npocrpancTBo npe.nrroJiaraerca B 3TOH Mo.n;em1 

H30TpOIIHLIM H 3aITOJIHCHHhIM 
11
IlbIJieBH.LJ;HOH" MaTepHCH, a epeM» 

BLICTyIIaeT B KalJCCTBe <t>opMaJihHOrO rrapaMeTpa, OT KOTOporo H 

JaBHCHT "TeKyma»" KpHBH3Ha npocrpaHcTBa. YpaBnemu1 

<l>pH.n;MaHa-3liHmTei1Ha 3arrHCLIBa1-0TC11 e 011..n;e [ 1 OJ: 

k-(c/R) 2 +(R'!Rf - 2(R"IR) = · 8·n-G·Plc~ 
k-(c/R) 2 +(R'!Rf = 8·n-G·pl3, 

rJ.J.e 'G - nocro»HHM s 3aKOHe sceMHpttoro rnroTeHH» H1>10Totta, c 
- CKOpOCTh CBeTa, p - IlJIOTHOCTb, p - ).J.aBJieHHe, k=O, 1 mm -1 B 
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3aBHCHMOCTH OT 3HaKa KpHBH3HbI. IUrpHx 3.!{eCL o603HaqaeT 

i:i;mpcpepeHI~HpOBaHHe IIO BpeMeHH. 

CKa.JU1pHoe i:i;asnem1e, KOTopoe co,uep:11mTCJ1 B npanoif 

qacrn: nepsoro ypastteHHJI, MoJKeT 6h1Tb o6ycJIOBJieHo 

CKOpOCT.SIMH qacTHU, T.e. CB.SI3ano c HX KHHeTHlleCKOH :meprneii, 

TaK 1ITO AJUI IIOKO.Simeifc.SI MaTepHH TaKOe (.IlHHaMHT.JeCI<Oe) 

.uasJieHHe pasuo nymo. KaK YJKe 61>mo cKa3aHo, n:epnoHalla.nbHO 

3HHlllTei1:H IlblTaJICJI HCilOJib30BaTb OYpHUaTeJibHOe .uanneHHe, He 

CBJ13aHHOe c JJ;BHJKemieM MaTepHH, 1IT06bI IlOJl)'llHTb He 

3aBHC&mee OT BpeMeHH pellleHHe. 3To 6hlJI BbIH)')KJJ;eHHbIH Illar c 

ero CTOpOHbI, IIOJTOMY II03JKe OH OTKaJaJICJI OT 3TOH H.D,CH B 

Il0Jlh3Y HeCTall;HOHapttoro pellleHH&, npe.nnoJKeuuoro 

<f>pH,nMaHOM. 

Xopolllo H3BeCTHhI TPH KJiacca TaKHX pellleHHH, B1>16op 

MeJK,ny KOTOpbIMH 3aBHCHT OT COOTHOlllemrn MeJKey peaJibHOH (p) 
H "KpHTH1IeCKOH" (p,..p) BeJlHqHHOH cpe.nneH. IDIOTHOCTH MaTepHH 

so BceneHnoH.: 

• nptt p > /JKp pa.n.Hyc KpHBH3HhI cnaqana pacTeT co epeMeHeM, a 

3aTeM y6hIBaCT' KpHBH3Ha IlOJIOJKHTCJlhHa; 

• npH p,._p > p > 0 pa,uttyc KpHBH3Hhl HeorpaHH:1IeHO B03pacrneT 

co BpeMeHeM, KpHBH3Ha OYpHUaTCJibHa; 

• nptt p = /)Kp BcenenttaJI HMeeT nnocK)'IO MCTPHKY, KpHBH3Ha 

OTCyYCTByeT. 

3.L{CCb no.n KpHTH1IeCKOH IIJIOTHOCTbJO IIO.!lPa3YMCBaeTd 

BCJU!.llHHa 

r.ne H - nocTO}!HHa.SI Xa66na. 0TMeTHM, t.ITO B cnyqae p =P,..p 
IIOCTOllHHaK Xa66na OKa3bIBaCTCK o6paTHO nponopUHOHaJibHOH 

Bo3pacTy Bcenemroi1. 
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3aeepmy KpaTKOe H3JIO)KeHHe KOCMOJIOrH1:1ecKOH MO.D;eJIH, 

IlO,L.J.1:1epKHye npHHU:HITHaJibHOe o6CTQjJTeJibCTBO: H .o;aenemre, H 

IlJIOTHOCTb MaTepHH BBO.rJ.jJTCjJ B ypaeHeHHj{ "B.HeillHHM" o6pa30M. 

3TH napaMeTpbI B npaeoH: 1:1acTH. ypaeHeHHH orrpe.nemnoT 

HeH3BeCTHbie napaMeTpbI B JieBOH 1:13,.CTH, TaK 1:1TO perneHJ'.le 

ypaeHeHHH CBO)J;HTCR K IlOHCKY <l>opMaITbHbIX 3aBHCHMOCTeii 

HeJf3BeCTHbIX zeo.JJtempu'leCKUX eemf'UIH OT 3a,u:aHHbIX 

tjJu3u11ec1<ux eeJIH1:1HH. B ~TH JaBHCHMOCTH e Ka1:1ecree aprYMeHra 

BKJI101:1aroT n 6peMR, npe.ueapnTeJihHO nocmynupo6a6 anpHopnoe 

HaJIH1:1He 3TOH <l>H3H1:1eCKOH C)'IUHOCTH. 

2.3. CTaTuqecKoe ,naBJJeHHe rpaBHTHpyro~eu MaTepHH 

,KpHTH1:1eCKHH aH8.JIH3 MO.UeJIH 3HHillTeH:aa na1:1HeM c 

eonpoca o npaeoMepHOCTH OTKaJa OT yqera ,u:aeneam1. 

PaJYMeercg, ,!.l;JljJ rroKOH.ll(eH:cR MaTepHH AHHaMH1:1ecKoe .uaeneHHe 

pae:ao HYJIIO, HO OCTaeTCH OTKpbITbJM eonpoc 0 cmamu11ec1<0M 
oa(Jllenuu. ,ZJ;aHHhIH eonpoc, KaK noKa3aJIO ero npe.o;eapHTeJILHOe 

ycTHOe o6C)'JK,l.l.eHHe, HBIDieTCR rJJaBHbIM HCT01:1HHKOM 

B03pa)KeHHH co CTOpOHbI crreU:HaJIHCTOB no OTO, IT03TOMY H 

XOTeJI 6LI y.neJIHTh eMy oco6oe BHHMaHHe. 

y caMoro 3HIIIIITeHHa HCT01:1H.HKOM lIOHBJieHHj{ 

CKaJIHpHoro ,L.J.aBJieHHH HBHJIOCb crreu:HaJihHO .z:i:o6aeneHHOe 

cnaraeMoe, KOropoe coxpaHHeT KoeapHaHTHOCTb ypaenenm1. 

ArrpHOpHoe HCKJII01:1eHHe 3TOrO CJiaraeMoro - . CKOpe~. BOrrpoc 

cy6DeKTHBHoro ew6opa, , 1:1eM crpororo reoperH1:1ecKoro 

o6o~noeaHHH. Y)Ke 3Toro o6CTOHTCJibCTBa .uocraro1:1Ho (c 1:1eM 

corJiaCHbl MHOrHe aBTOpbI) 1:1T06b1, no KpaiIHeH Mepe, 

no.ueeprHyrh aHaJIH3Y B03M0iKHbie CJie,lJ.CTBH.sl TaKOH 

Mo.umpHKau:nn ypaeneHHH. Bro )Ke epeMH c MameMamu11ec1<ou 
T01:1KH 3peHHH BIIOJIHe 3aKOHHbIM J!BJIHeTCH H Herrocpe,l1,CTBCHHOe 

BXO)K,lJ.eHJ1e KOMITOHeHT ,a:aBJieHMR B TeH30p IIJIOTHOCTM 3HeprMH- ' 

HMJIYJibCa. 
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<l>u:JUqec1<a11 apr)'Me1naum1 B noJih3Y yqera CTancqecKoro 

. .n:aBJiemuI OCHOBbJBaeTCH Ha KOHI.(eilil;HH 3<}><l>eKTHBHOrO 

rpaBHTaIJ;HOHI-ioro B3aHMO,[(eikTBHH MaTepHH, He CBJ13aHHOrO co 

CKOpOCThIO qaCTIU.(bI. 

Han6orree npOCTOH, c MOeii TOqKH 3peHHJI, apryMeHT B 

nOJib3Y yqera ,[(aenemrn: CBO.LJ;HTCH K TOMy, qTo npeHe6pe)KeHHe 

HM paBHOCHJibHO rrpeue6pe)Kemuo C)'MMapHbIM rpaBHTaUHOHHbIM 

no11eM Bce11enuoif, a 3To noc11e.n:Hee, n ceoro oqepe.n:h, 

0.ll,H03Ha~rno CBH3aHO c HaJIHqHeM rno6aJibHOH KpHBH3HbI, T.e. 

ornttqReM OT HYIIH pai:i;nyca KpttBH3HbI BceneHHOH H noCTOHHHOH 

Xa66na. MaTepttro so BcenettnoH: HeJJh3H cqttTaTb rrpocTwM 

cKorn1eHHeM HCB3aHMO.llCHCTB)'IOmei1 "rrhmtt". HanpoTns, 

KaJK.IJ;bIH OCTpOBOK MaTepim CBH3aH )KeCTKHMH rryraMH n[roTeHHH 

ITO Kpaiineii Mepe c coce,n:HHMH ocrpOBKaMH, TaK qro BCH MaTepHH 

s uenoM 06pa3yer 6onee HJIH Menee yrrpyryio crpyriypy c 

pacnpe,n:CJICHHOH B npOCTpaJICTBC ')HeprHeH. ,lJ.aBJICHHC )KC, no 

onpe.ue~eHHIO, o6yCJIOBJieHO KaK pa3 o6neMHOH IlJlOTHOCTbIO 

3HeprHH. 

PaccMaTpHBaeMbIH sonpoc OTqacTH CBH3aH c 

cllOpMynHpOBKOH rrpmru:mrn 3KBHBaJICHTHOCTH, KOTopax 6@Jia 

.n:aua 3HHII1TCHHOM. ,JJ,eno 3)leCb 3aKmoqaeTCK B TOM, qTo 

3iiHllITeHH ycTaHaBJIHBaeT (JlOKaJihllYJO) 3KBHBaJICHTHOCTb 

ycKopemrn H rpan1nau;Honttoro rrom1 WCH mo11eqnoii 
MaTepHarrbHOH qaCUU.(hl, HCil0Jlh3Y1l ypOBCHh H,l{eaJIH3all)Uf, 

xapaKTepHbIH )lJIH ·"exa11u1<u mo•11<u. B pa6oTe (11] OH nHllleT: 

''Y CKOpe1moe )lBIDKCHHe 6eCKOHeqno MaJIOM ("MCCTHOif') 

KOop,u1rnaTHOH CHCTeMbl )].0Jl)KH0 6bJTh BbI6pauo rrpn 3TOM TaK, 

qyo6hI OTCyTCTBOBaJIO rpaBHTaUHOHHOe none; .11,11.H 6ecKoHe~mo 

ManoH: o6JracTH 3TO B03MO)KIIO". Ha 3TOM yponne BBO)lHTCJI 

a6cTpaKUHK 6HeUllleW HCTQqHHKa H (JIOKaJibHO) OOHopoOllOZO 

IIOJlH, np11qeM paccTOXHHe Me)K,lly B3aHMO.D:CHCTB)'IOIUHMH TeJiaMH 

CyuICCTBCHHO npeBbllllaeT pa3MephI caMHX TCJl. 311eprm1 ITOKOH 

TeJI Jl0KaJIH30BaHa B HX o6neMe, KOTOphIH no pa3MepaM BO MHOro 

pa3 MeHhIUC o6neMa o6naCTH, 3aHHMaeMoro rpaBHTaUHOHHbIM 
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IlOJieM; CJie.l(OBaTeJILHO, 061,eMHOH KOHII.eHTpauneH: 3HeprHH 

nocneJJ.nero (T.e. BHyrpeHneH: '3HeprnH JJ.eq>0pMai.~nH cpeJl.bl) 
BilOJIHe Jl.OIJYCTHMO npeHe6pe%. 

0Jl.HaKO B03MO)KHhl cnyqaH, KOr,L(a pa3Mepbl o6JiaCTH, 
3am1MaeMOH noneM, He rrpeBOCXO,llSIT pa3MepoB 

B3aHMOJl.eHcTByromnx Ten HJIH, TeM 6onee, HX rpaBHTaII.HOHHOro 
pa,L(eyca, n nMeHHO na c1uyau:m1. HMeeT MeCTO rrpn rno6aJibHOM 

paccMorpeHHH BceneHHOH. 3Jl.eCb rnrroTe3a .ua)Ke o noKaJibHOH 
O.IJ.HOPOJl.HOCTH IlOJUI. TJirOTeHHJI ~e HenpHMeHlfl\fa, H 
neo6XO,L(HMO rrepe:iiT.H Ha 6onee TOHKHH ITOHHTHHHbIH ypoBeHb -
yposeHL MexanuKu cnJ1oumou cpedbl. ITo3TOM)' B paMKax OTO 
rrpH aHaJIH3e 3KBHBaJieHTHOCTH B o6meM cnyqae Heo6XO.IJ.HMO 
paccMaTpHBaTb He ToqeqHyro qacTnu;y, a 3JieMeHT MaTepHaJibHOH 

cpeJl.LI, 3aHnMaromnif 3JieMeHTapHLIH o6'heM. B Herro,a:BH)KHOM 
cHcTeMe, Ha KOTopoe .ueiicTBYeT none TaroTeHH» BHenrnero 
HCTOqHHKa, 3JieMeHTapHbIH o6'heM 3arrOJIHeH MaTepneH:, C)KaTOM B 
pe3ynLTaTe ee . B3aHMHOro rrpnTH)KeHmI. flpn rrepexo,a:e K 
ycKopeHHOM CHCTeMe HCKJIIOlJeHHe rpaBHTaUHOHHOrO IIOJIH 
BHeumezo HCTOqHHKa He II03BOJIXeT HCKJIIOqHTb co6cmaenny10 
rpa~JfTaII.HOHHYro Jl.ecpopMaunro OQ'beMa MaTepHH H 
CQOTBeTCTByromee Jl.aBJieHi1:e 3a cqeT BbI6opa KaKOH 6w TO HH 

61.mo. JIOKaJILHOH Clil:CTeMbl OTcqeTa. 
Boo6me Jl.OIIYCTHMOCTb ncrroJib30BaHHjJ rrpn6JJtt)KeHHJI 

JIOKaJILi:IO O,L(Hopo.zmoro nomr rnroTeHnx 3acn~nsaeT 

OTJJ;eJILHoro 06c~.ueH11a. ITpe)KJl.e scero, -none3HO ,D,aTb . 
KOJIHqecTBeHHOe orrpe,D,eJieHHe KpHTepna JIOKaJibHOH 

O,D;HOpOJl.HOCTH, HarrpHMep, B BHJl.e L1g!g << 1, r,D,e L1g- pa3HOCTb 

Me)KJJ:Y HaH60JiblllHM H nanMeHblllHM 3Haqem1eM 
HanpjJ)KeHHOCTH, g - cpe;:mee 3Ha1:1:eHne Hanpa)KeHHOCTH B 3TOH 

o6nacTH. HcnonL3ya rnKoif KpnTep11ii, MO)KHO apryMeHTttposaTb 

HeBblIIOJIHemrn ycJIOBIUI. Jl.OKaJibHOH o.nnopOJJ.HOCTH KaK JJ.JHI. 
cTaTnqecKoro rroJIH rnroTemrn, H3o6pa)KenHoro HH)Ke Ha pncyttKe 

2.1, TaK H, HarrpttMep, Jl.Jla rrona spamaromerocjJ Tena, ecJm 

TOJibKO OTHOllleHHe CKOpocn1 ynIOBOfO rrepeMememrn K 
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CKOpOCTH nocrynaTeJibHOTO He JlBJUl'.eTCH .llOCTaTOqHO MaJibIM (H 

rrpH ycJIOBHH, qTo caMO nocrynaTeJihHOe .UBtDKeHHe .llOCTaTOqHO 

Me,UJieHHOe, qT06hI paccMaTpHBaTh ero yqacTKH KaK 

3KBHBaJieHTHbie JIOKaJibHO 0,U,HOpO.llHbIM 06nacn1M rromr). 

Puc. 2.1 

2.4. 3a)la11a o noJie OJlHOpOJlHOfO MaTepua,,1Luoro mapa 

MeJK.ny TeM B o6rn;ei:f TeOpHH OTHOCHTeJibHOCTH ycrreumo 
peruaJOTC1l 3a,D.atIH, B KOTOphIX )"IHTbIBaeTC.sI CTaTnqecKoe 

.[(aane1rne Marepntt. O;ino:H H3 HHX HaIDieTCH 3a,naqa 06 

O,UHOpO,tiHOM MaTep1rn.JihHOM rnape KOHeqHOro pa.nnyca [22], 
perueHtte KOropoH. 6brno HaH:.neno lilaapuurnn1>.noM. B qacrttocrtt, 

snyrptt o;:i:nopo.uHoro mapa pa,nnyca r1 c nnOTHOCThJO p 
)J,aBJieline p MaTepHH (n.ueruibHOH :>KJI.[(KOCTH) OITHCbJBaercH 

s1>1pa5Kem1eM (CM. [22]): 

r.ue pa.uttyc KpHBH3HbI R onpe,uem1eTC». COOTHOUlemieM 
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a tPYHKUHH tl>(r, r 11 R) 3a,n;aeTc.sr .n;po6blo BH.lla 

3~1-(r/R)2 -3~1-(tj/R)2 

<I>(r,r R) = · · 
P 3~1-(lj I R) 2 -~1-(r I R)2 

rpaBHTaUHOHHhlH ITOTeHUHaJI KJiaccnqecKOH TeOpHH THTOTCHH.sr 

recHo CBH3aH c KOMITOHeHTOH goo MerpnqecKoro TeH3opa B OTO. 
Pemem~e 111Bapu,lllHJlb,l.J,a .n.aer .wu1 :non Bem1qHHb1 BHyrpn. mapa 
BblpIDKeHHe 

a BHe mapa - oreeqawmee KJiaccnqecKOMY rroTeHIJJiaJIY 

1 3 2 goo= -r1 l(R r) 

06paTHM BHHMattne Ha ttannqn.e pa,n;n:Kanoe. P. TonMeH B 
[22] 3aMeqaeT, 1.JTO perne1me, KaK rrpaanno, .srnmreTCH 
)leHCTBHTeJibHhlM, T.K. o6bJqHo pa,l..(HYC mapa r1 MeHbllie, qeM 
pa'Anyc xpnJJH3HhI R. ,nelicTBHTeJibHO, rpasHTRUHOHHLIH pa.n;nyc 
Ro TaKoro mapa pasen 

OTKy.na CJJe.n;yer COOTHOilleHHe 

IlOCKOJlbKY B 06bJqHbIX CJJyt.iaHx OTHOllieHHe 

rpaBJnal.(HOHHoro pa.n.nyca ruapa K ero reoMerpn:qecKoMy 
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pa.nHycy oqenb Marro, TO BeCbMa BCJIHKO OTHOUlCUHe pa)J,ttyca 

KpHBH3Hbl K reoMeTpH1JeCKOMY pa.nttycy. TipH 3TOM ycnOBHH 

(ttanpnMep, )'/Ke rrp11 Rlr1 -= 10) rpaqmKH 6e3pa3Mepnoro 

.uaBnemur - MHOJKHTem1 t/J(r, ri, R) - H ICOMilOHCHThI g00 

MCTpHqecKOrO TeH3opa Be.nyr cefo1 TaK, KaK IIOKa3aHO Ha pHC. 2.2. 
3.necb H ,[(aJiee apryMCHTOM SIBJUICTCH OTHOCHTCJlbHOe paCCTOSIHHC 

rlr1 .no uenTpa wapa. , 

MeiKJlY TeM 11e 11pu 6Cex 3Ha'leHnxx OTHOllleHHR Rlr1 B 

oinc;ymcmoue l<OJlJUlNCO cpynKIUf.K goo . HMeeT JIHIIIb O.IJ,HH 

3KCTpeMYM (MHHHM)'M npH r = 0). TaKaa CHT)'al{HH B03HJ1KaeT 

B6mnH Komrnnca (Ho eme .no ero nac-ryrmeHHH). Ecnn 
npHpaBHSITb npOH3BO.IJ,Hyro dgoo ldr K nymo, TO rrpH BbIIlOJIHCHHH 

yCJIOBHH 

9/8 > (Rlr1f > 1 

B03HHKaeT eme 0,UHH BHyrpeHHHH 3KCTpCM)'M' rrpH 

r!R = ~9r2 I R 2 -8. 

B '3TOM cnyqae .naHHbIH BHyrpCHHHH 3KCTpeMYM 6y.uer 

MHHHM)'MOM, a 3KCTpeMyM rrpH r = 0 Tenepb . )'iKC 6y,n:eT 

JIOKarihHblM MaKCHM)'MOM. YKa3aHHblH BHyrpeHHHH MHHHMyM 

Tpanccf>opMHpyerc.R: B rrpe.nene (npH norpanHtJHOM KOJIJiance) B 

113JIOM KOMIIOHCHTbl goo. Ha pttc. 2.3 noKa3aH xapaKTep 

H3MeHeHHR Koo /1,JIH .UByx 6JIJf3KHX K norpanwIHOMY KOJIJiancy 

CJ1yqaeB - ,tio rro~rnneHHH BToporo Bnyrpe1mero 3KcrpeMYMa (Rlr1 
1.1) H npH HaJI}fqJfH TaKOBOro (Rlr1 1.015) .. 
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1lasne1-Me 
HopManbHOe peweHHe: R/rl • 10 MOJ<c. 3Ha4e•Me • 7.575819E-03 M1-1H. 3Ha4eHHe • 0 

I 
I I I I I I I 

--- ---r-------r-------r-------r-------r-------r-------r-------~-------r--------
, I I I I I 
I I I 1 1•· I I I ---- --·-------·------··-------·-------·-------·-------·-------~-------·--------• I I I I 

I 

I I ' I I , I I I I r-------r-------r-------r-------r-------r-------r-------r·------r·-------
1 I I I 
I 

(r/r1) M6KC = 10 

G_OO 
HopMallbHOe peweH11e. R/r1 • 10 Mai<c. 3Ha4eH11e • .999 M11H. 3Hfl4BH11e • .9650168 

I I 
I l I I I I 

.... L ......• L ......• L ....... L.------L-------L---····L·--·-··-
1 I I I I I 1 

I I 
I I I I 

- -----·-------·-------·-------·-------·-------~-------~-------·--------1 I ) I I 
I I I I l I I I 

-------~-------~-------r-------r-------r--:----r-------~-------~--------, 

(r/r1) Mai<c = 10 

PHc. 2.2. fpacpHKH H3MeHeHHH 6e3pa.3MepHoro ,l:\aBJieHHH · 

MllO)KHTeJIS <P(r, ri, R) H KOMIIOHeHThl goo MefPH'IeCKOro TeH30pa 

8 ,[\aJieKOM OT KOJIJianca CJI)'lJae (Rlr1 ... 10) 



\ 

24 2. BpeM'1 H KOCMOJlorJU. 

G_O:J 
HopManbHOe peweHMe R/r1 = 11 MaKc 3Ha4eHMe • 3112949 Mf'IH 3Hts4eHHe • 1 559921 E-02 

I I I I I I 

-~ _____ !..- ______ !.. ___ - ___ L _ -- _ - --!..- -- - ___ L ____ - --L- - - __ - -t-- - --- .L--. -- .l 
\ l I I 1 I I I 

' 
-------~-------~-------~-------~-------~-------~-------~-------~-( I I I I I 

' I I I I ! I I 
- -- ·· - - - r - - - - - - ·r- ... - - - --r- - .. - - --r- -- --- -r- - - - - - ·r -- - - - - -

I 

(r/r1) MaKC = 1 .2 

G_oo 
HopManbHOepeweH1-1e R/rl = 1.015 MaKc 3H0.48H1-1e= .1911152 M11H 3ioia4eH11e• 1.91005BE-05 ..., 

' I I I 1 I I I I 

-~-----L-------L-------L---·---L-----·-L-------L-------L-------L- .. 1 t l I I I I I 

' ' ' ' 
-------~-------~-------r-------r-------r-------r-------r-------~---

' 
' ' 

7-~--~-~-~-~-~r~-~-~-~--~+-~ ...... ~-~·~-~-~-~-----~-------~-------r-------~-------~--- --~--------

(r/rl) Mat<:C = 1.2 

Pac. 2.3. XapaKrep H3MeHemuJ g00 D.JIJI ,aeyx 6JIH3KHX K 

rrorpamfqJIOMY KOJIJiancy CJiyqaeB - ,L{O IIOHBJieHmI BToporo 

BHyrpcHHero '.3KCTpCM)'Ma (Rlr1 = 1.1) H IIPH 11aimq1n1 TaKOBOfO 

{Rlr1 =1.015). 
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0aBneH"18 
HopMetnbHoe peweH1-1e R,lrl • 11 MaKc. 3Ha4e1Me • 7 006609 MvtH 3Ha4eH1.-1e • 0 

I I 
_______ L _______ t; _____ I -------l-------L-------L-----~-L _______ t _______ L _______ _ 

I J I I I I I I 
I I I I 

I •· I 

--~-------~-------~-------~-------~--------I' I 
I 

I t" ! .. I I I > I 
-----·-r·-~----r-------r--~----r-------r-~-----r- ----r-------r-------r--------

1 l I I ' 

(r/rl) MtlKC : 1.2 
OasneH1-1e 
HopMMbHOe peweHMB. R/rl • 1.015 Mat<c. 3H6.4BHV18 • 114.575 M1t1H. 3Ha4eH1>1e ·-%.95735 

I I I I I I -.... ----~-- -- .. --~· -- --- -}-- ·----}- -- ----~-- -- ---}- -- ......... -}--t· --~- _,, .......... ~ .. -..... ----
1 I t I 1 I I I I 

~ I I I I I I I I I 

-------~----~--~-------~-------~-------~-------~-------~- -- -~-------~--------
~~~~.~~~-.~~~~.~~~~.~~~~."--~~-+,~~-~~' : I 

----~--~-------~-------~-------~-------~-------~-------~ -----~-------~--------
• f I I I I I I I 
I I , I I I I 1 I f 

I I j I 

(r/rl) MaKc = 1 2 

PHc. 2.4. XapaKTep H3MeHeHHX 6e3pa3MepHoro .nasJiemu1 )l.JUI 

.n;Byx 6m13KHX K rrorpaHHqHOMY KOnnancy cnyqaeB - )J.0 

IIOJIBJICHHX BToporo enyrpemrero 3KCTpeMYMa (Rlr1 = 1.1) Ji rrpH 
. Ha.JJ:HIJHH TaKOBOro (Rlr1 = 1.015). 
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CooTBeTcTseuuo BLirJIH,ZVIT JI rpa<}>nKH ):(aBJiemrn, 

np1rne.ueHHbie Ha pHC. 2.4. ITpH OTCyrCTBHH BTOporo 3KCTpeMyMa 

(6e3pa3Mepnoe) )J.aBJICHHe so3pacTaeT OT Hym1 Ha rpaHmI.e rnapa 

.llO MaKcHMaJihHOro 3HaLieHHJ.I B ero u.eHTpe. CosceM ):(pyrroi 
xapTHHa ua6mo.L1aeTcH rrpH HaJIHqHH BToporo 3KCTpeMyMa. Ha 

npoMe)KyrKe OT rpamn.1,L1 rnapa .n:o 3KCTpeM)'Ma )J;am1emre 

cnaqa,11a BeCLMa pe3KO yseJIHLIHBaeTCH OT HYIDI .uo. MaKCHM)'Ma, 

3aTeM B paifoue '.JKCTpeMyMa CKaqKOM rra.n:aeT ,L(O OTpHU:aTeJibHOI'O 

(!) 3Haqemn1., a nocne '.JToro cHaqa.rra pe3KO, a 3aTeM )?KC 

OTHOCHTeJihHO IlJiaBHO CTpCMHTC}[ K cpaBHHTeJibHO ue60JihIIIOMY 

no seJlliLIHHC OTpnuaTeJibHOMY 3HaLieHHIO B u.eHTpe rnapa. 

I1TaK, eme B OTCyrCTBHC KOJIJiarrca (HO B6JIH3H rpaHHI.J,bl 

Rlr1 = 1, rrpM KOTOpoH. OH HacTynaeT), Mbl CTaJIKHBaeMCH c HOBbI.M . 

cpenoMenoM - 0Tp1rn,aTeJibHhIM .[laBJiemreM. Orpnu.aTeJihHLie 

,aaenemu1 He JIBJI.HIOTCH M.H <fJH3HKH LieM-TO HOBLIM. B 06L1qaL1x 

ycnosirnx .uaeJiemrn Ten IIOJIO)KHTeJILHO, T.e. uanpasneuo TaK, xaK 

CCJIH. 6hl Tello CTpeMMJlOCh pacrnMpHTbCSl. 3ro, 0,L(Ha~o, ue 

o6snaTCJibHO, H TC.'IO MOJKeT HaXO)lHTbCK TaKX<e H B COCTO.KHHSIX c 

OTpnua:reJibHhIMH .n;aene1rn:S1MH: B TaKHX COCTO»HHSIX TCJIO KaK 6bl 

"pacTHHyro" H noToMy cTpeMHThCH cX<aThCH. HanpHMep, 

OTpHU.aTeJibHbIM .uaBJICHHeM MOX<eT 0611a,naTb rreperpeTaJI 

)l(H,L(KOCTh; TaKa.SI 'IKH)lKOCTb .ueifoTByeT Ha orpaunq11aaIOll.J,yIO ee 

rronepxHOCTb c CHJIOH, HarrpaBneHIIOH BHyrpb o6'beMa X<H,L(KOCTH. 

B paccMaTp1rnacMOM cJiyqae oTpnu;aTeJibHOe .zr.aBJICHHe MoX<eT 

6bITb o6yCJIOBJieHO "paCT.ff)KCHMeM" o6'beMa BCJIC}l,CTBHe 

H3MCHCHHSi MCTpHKH. 

3armrneM HCMHO'IKKO BrJiy6b .TaHHCTBeHHOro j{BJICHHj{, 

HMettyeMoro _KonJiancoM. Ha nepBLIM B3rnH.U 3TOMY rrpeiuncTByeT 

H3MCHeHne 3HaKa JIOJ.( pa)l;HKaJiaMH B BbIIUerrp1rne.ueHHbIX 

BbipaJKCHH.ffX LIJI& </J(r, r J, R) H goo. 0.uHaKO BO MHOrHX CJIYlfaJIX 

B03HHKaIOIIJ)'lO MHHMyIO e,n:HHHU.Y y.uaeTC.K BbIHCCTM H3 ITO,[( 

KOpHCM H COKpa.THTb JIH6o B03BCCTH B KBa)lpaT, TaK qro 

rrpo6JIC:\1hl B03HHKaIOT peX<e, l.ICM MOX<HO 6bIJIO 6LI OX<H.[laTb. 

l 
j 
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B CJiyqae norpaHHqHoro KOJIJianca rnapa (npH R = r1 ) 

Bbipa)f(eHHe, .WUI f/J(r, ri, R) BbipO)f(,D,aercn B KOHCTamy, 

HMe10myw 3HaqeHHe -3 npH n1060M 3HaqeHHH 0 < r < rl. BaJirno 

OTMeTHTb, qro npH KOJIJiance ,D,aBJieHHe 6y.ueT )')Ke 3aBe,D,OMO 

OTPHUaTeJihHhIM. ,l],anee, np11 norpamNH'OM KOJIJiance Ha rpaHHUe 

rnapa KOMIIOHeHTa goo npeTepneaaeT H3JIOM, B KOTOpbIH 

TPaHcipopMHpyeTCj{, . KaK )')Ke OTMeqanocL, IIOHBJIHIOllI.HHC.H 

B6JIH3H KOJIJianca BHyrpeHHHH MHHHM)'M KOMITOHeHTbl goo. 

G_OO 
norpaHH4Hbll1 Konmmc. R/rl • 1 MaKC. :3Ha4eHH9 •. 9 MHH 3Hal.leHHe. 0 

I I I I I I 
I I I • I I I J 

----·-- -------l------·' •.••• L .••..•. L.~-----L ••.•..• L .•....• L .....•. L .••..•.. 
I I t I I ' t 
I I I I I 

I J I I ------- ----- ~-------~-------~-------~------~~-------~-------~-------~--------
l I I I I I I 
I f I I l I I 
I 4 I I I I I I --··-r··-----r-------r-------r··-----r------·r·------r-------r-------· 

(r/rl) Ma1<c ~ 1 G 

PHc. 2.5. KoMnOHeHTa goo npH norpaHHqHOM KOJIJiarrce 

Ha pnc. 2.6 noKa3aHbI rpa<j:lnKH naaneHH}{ H goo npH 

OTHOCHTeJibHO CHJibHOM KOJIJiance (Rlr1 = 0.1) 
H.3 3THX rpaqmKOB BH.1.lHO, qTQ npH KOJIJiance He TOJil>KO 

.nasnemie, HO H KOMITOHeHTa g0o MeTpnqecKoro TeH30pa 

CTaHOBHTCjf OTpm:.1;aTeJibHOH eme BHe rpaHHI( mapa H OCTaeTCj{ 

TaKOBOH amwn. ,[(O r = R, npttqeM e :non nocne,D,Heii TO'lKe 

rrpOH3BO.[(HM na1rnoli ee;mqHHbl 6ecKOHC1lHO BeJIHKa. 
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llasneHMe 
Konnanc PJr1 • 

I I l I I I ! I t 

--- L-------~-------L-------L-------L-------L-------L-------t-------L--------

/:

/, < < I I ) I I I 

1 I I I I I I I I 
r t I I I I I I I 

!---. ____ t:::::::r:::::::~-:-::::t:::::::;:::::::~:::::::~·::::::~:::::::;:::::::: 
I I I I l I I t I 

I J I I I I I 

(r/r1) MeKC = 10 

G_OO 
Konnanc R/r1 2 1 MaKc 3H84E!Hwe • -9 M1-1H 3Ha4eH11e • -222 75 

! -~ ! I 

----------L-------L-------L-------L-------L-------L-------l---·----1 I J J I I I I 
I I ! I I 

I 

-------~-------~--~----~---~-~-~----~--~-----·-~-------~-------~--------/ 

I 
I I· I I I t I I 

-------r-~----·r---~·-·r-----·-r----·--r---·-·-r-------r-------r----·---

(r/r1) MBXC = 10 

PHC. 2.6. fpaqnurn AaBJielUIX 11: KooilpH OTROCRTellhHOM CHJibHOM 

KOJIJiance (Rlr1= 0.1) 
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Tipe,L{cTaBJUleT TaK>Ke HHTepec o6C)')l(.[{eHHe CHT)'aUHH B 

caMoM "K.npe" rnapa, T.e. rrpH r < R. B 3TOH 06J1acTH .[{aBJieHne 

OKa3bIBaeTCJI KOMIIJieKCHbIM. c MOeH TQqKH 3peHHJI, 3TO MO)J(HO 

HHTepnpeTHpOBaTL CJie.Ll)IJOllJ,HM o6pa30M. I1.3MeHemre 3HaKa 

BHyrpH pa,LlHKaJia BH.Lla ~1-(r/ R.) 2 
cj_}M3HqecKH MO)J(HO 

COIIOCTaBHTb H3MeHeHHIO 3HaKa no,n; pa.n;HKaJIOM BH,[la 

~l-(v/c)2 
'T.K. KpHBH3Ha eCTL Mepa IIOTeHUHaJibHOH 3HeprHH 

rpaBHTanHOHHOro IIOJIH, a CKOpOCTb qacninhl - Mepa ee 

KHHeTH"lJeCKOH 3HeprHH. CnyqaH:, 'KOr,n;a Bbipa)J(eHHe BHyrpH 

nocne,n;nero pa.[{HKana MeH.sreT 3HaK, OTBeqaeT nepexoey 

.[{BH)J(ym.eiic» CHCTeMbI OTcqern qepe3 CBeTOBOH 6ap1>ep. TipH 

3TOM .LQJe npocTpaHCTBeHHbie KOMIIOHeHTbI CKOpocrn:, 

neprreH.llHKymlpHbie Harrpasnemuo .[{BH)J(eHH», MK 

HCIIO,ZJ;BH)J(HOro Ha6JIJO,ZJ;aTen.sr CTaHOBHTCH MHHMbIMH. 

,ll,eiicTBHTeJibHO, COOTBeTCTB)IJOIIJ,ee rrpeo6pa3oBaHHe Jiopemi;a 

•HMeeT BH,D;: 

Vx = (v'x + V)IA, Vy= v'y·a IA, Vz:= v'z·a IA, 

f)J,e v - CKOpOCTb ,!J;Bll)J()'lll,eiicx CHCTeMbl, 

A = 1 + (v'x.V)!c2 

H 

a= ~1-(V /c) 2
, 

T.e. B uenoM B.eKTOp CKOpOCTH \ OKa3bIBa€TC5I KOMITJieKCHbIM. 

OCTaerc» scnoMHHTI>, qro .uaBnentte HMeeT pa3MepnocTi. 

ITJIOTHOCTH, }'MHO)J(eHHOH Ha KBa,ll,paT CKopocn1. 

11.TaK, pernem1.e lllsapnlllIDib,Zia CBH3bIBaeT IlJIOTHOCTb 

rnapa c .ri:aBJICHHeM 1vraTepnH BHyrptt lllapa. 0Ho .uaeT KOHe1tny10 

( ornwrnyio OT HYJIH) BeJIHqHHY .uaBJICHHK npH CKOJib yro.uHo 

Mano:H Heeynesoii nnOTHOCTH MaTepirn. TaKHM o6pa3oM, .llJIH 

p,n:Hopo,llHOro rnapa B o6meM cnyqae onrnqHi.I OT Hymi: Bee 
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KOMilOHeHTbI TCH30pa IIJIOTHOCTH 3Hepnm-HMilYJibCa, CKOJih 

M'aJioif 6b1 HH 61>rna IIJJOTHOCTb MaTepHH p. KcTaTH, 3aMeTHM, qTo 

OCHOBHOC ypaBHCHifC 3iiHIIITCHHa HCTOpHqeCKH 6bIJIO 

CKOHCTJ))'HpOaano qJiCTO 3BpHCTHqecKHM IIYTCM, ero JICBBJI 

(reOMCTJ)HqecKruI) llaCTb npHpaBHJf.BaeTC.K K rrpaBOH 

( cpH3HqeCKOH) qacTH rrpocTO no aHaJIOrI1H c KJiaCCHlleCKHM 

ypaBHCHHCM Ilyaccona. }fa TOJibKO qTO pacCMOTpeHHOro npHMepa 

BH)lHO, qTQ mrr HHKaKHX rrpmm;HTIHaJil>HbJX OCHOBaHHH anpnopH 

noJiaran. paBHbIM HYJIIO o6ycJIOBJieHnoe rpaimTan:nei1 naBJICHHe 

MaTepmr, KOTOpoe cymecTByeT 1f B TeOpHH, H B peaJJbHOCTH. 

IlorrnITKa pacnpocTpam1n, npe,ucTaBJICHHe o 
MarepHaJibHOM IIIape Ha aero BceJ1enuyro npe.r.CTaam1eTCJ1 anonne 

Jiornqtto:H:. Ilpn 3TOM, xoni arrpnopHoe npene6pe)l{e1rne 

CTaTnqeCKHM )J,aB.JieHHCM B KOCMOJIOfHlICCKOH MO)lCJIH MO)l{HO 

IlbJTaTbC51 MOTHBHpOBaTb ero MaJIOH eennqnnoii, m~Jib3X 6LITh 

yeepeHHbIM B rrpaBJmhnocTH no.rryqaeM1>1x pe3ynhTaTOB. Eonee 

Toro, npH anamne KOCMOJIOrHqecKon npo6neMbI c1nyau;1u 

CTaHOBHTCX, KaKMHC Ka)l{CTCB., eme CJIO)l{Uee. 

,UettCTBHTCJibHO, flJ'H cpe.[(HCH IlJIOTHOCTH BCIUCCTBa BO 

BceJiennoii nopanKa 10-3 r/cM rpaBJnau,HOHHbJH pa;n,Hyc HaIIIeii 

Bcenenno:H: .nocrttraeT se;rnqHHbl 1028 
CM, '-lTO, nOBH.AHMOMy, ne 

MCHhlllC, 'leM ee reOMeTpH'-leCKHH pa3Mep; CJIC,AOBaTeJihHO, H 

OTHOillCHHe ee reoMeTpnqecKOfO pa,Anyca r1 K pa,Ilttycy KpHBH3Hbl 

R, CKopee scero, OOJiblliC e)lHHHUbl. A 3TO 03Ha'-laeT, 'ITO 

paCCMOTpCHHC peIIICHHX M.K KOJIJiancttpyromero wapa - OTHIO,[(b 

ue npa3,unoe 3aH51Ttte. I1ptt CHJihHOM Korrnance (Kon~a r1 IR >> 1) 
MHO)l{HTCJih <1>(r, ri, R) crre,a,ycr rrpeo6pa3oBaTb K BH)ly: 

' 

3.j(r I R) 2 -1 - 3~(r1 I R)2 -1 
<ll(r,Tj,R)= ~ ~ . 

3(1i I R) 2 -1 -(r/ R) 2 -1 

I1peue6pera.si e.nmrnueH B 

11,CHTpaJihH)'IO o6JiaCTb ruapa 

pa,JJJlKaJJax n paccMaTIJHBruI 

R < r << r1 , HaifoeM, qTo 
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npe,a-eJIOM ,a-JUI (JJ(r, ri, R) B JTOM cJiyqae CJI)?KHT -1, rrOJTOMY 

rrpH yx.a3aHHOM ycnOBHH rronyqaeM, 1-ITO 

P =. c4/(8nGK) = · p!/3 

Ew:e pa3 OTMeTHM, "ITO B cnyqae CTpororo paaeHCTBa ri/R 
= 1 3HaIJeHne </J(r, ri, R) crporo paeHo -3 e nw6ou ToqKe 

BHyrpH mapa (T.e. P == - pc2
). 

2.5. Hos1>1e peweeuu KocMonorH'leCKHX ypaeueeuii 

BepHeMc& K Te3Hcy aeTopa o Heo6xo.n,HMOCTH rno6airhHoro 

yqeTa rpaeHTaUHOHHOrO .n,aene11m1 1-j: 6y.n.eM ClJHTaTb B o6w:eM 

cnyqae BeJIH"IHHY ')TOrO .n.rume11m1 p B KOCMOJIOrHtJeCKHX 

ypaJmeHHSIX 3HHIIITeiiua OTJUPIHOH OT 11ym1.. 0Ka3bIBaeTCJI, qro B 
3TOM cnyqae B03HHKaIOT no KpaiiHeii Mepe )l.Ba HOBblX 

3aMeqareJibHbIX peIIIeHHH. 

Ilepeoe perueHHe OTBeqaeT cTaI.I,HOHapuoMy c11yqa10 R'= 0, 
R "= 0. Ilo.n.cTaBHB 3TH ycnoe1u1 B ypaeuemie, rronyqHM: 

(c!R) 2 = • 8·trO·Plc 2 

( c/R) 2 = 8·trO-p13 

OTKy.n.a CJie,ZI,yeT CBX3b MeJK.n,y ,[{aBJICHHeM H pa,n,nycoM KpHBH.3HbI: 

Ho 3TOT pe3yrrLTaT coBrra).J,aeT, KaK neTpy.n.Ho 3aMeTHTb, c 

q:pe.n.eJibHbIM cn:yqaeM (R < r << r1) 3a.n,aqH )J)I}{ JIOKMbHOfO 

O.ll,HOpO,[{HOro KOJIJiaIIcHpyiow:ero IIIapa, pacCMOTPeHHOH Bblllle! 

Bec1>Ma cxo,n:HbIM no cynI ,[(eJia ·pe3yJILTaT IIOJl)"lHJI )J)IX csoeii 

rrepBOHaqaJibHOH MO.ll,eJIH A.3HHllITeHH, KOT,[{a, y6e,[{HBlllHCb B 

OTC)'TCTBHH CTaUJIOHapHoro perueHHj{ npH P=O, 6bW BhIHYJK.D:CH 

HCK)'CCTBeHHO BBeCTH B csoe ypaBHemi:e 3HaMeHHTyJO 
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KOCMOJIOntt:i:eCKYJO IlOCTOHHH)'IO! B ,[(aJibHeH:weM eonpoc 06 3TOH 

BCJUfqJrne H ee c}>H3HqeCKOM CMbJCJie ITOBHC B B03,izyxe H 

cqHTaeTcx OTKPI>ITI>IM BIIJIOTI> J:(O HacToHmero speMeHH. TaKOBhI 

H3rtepiKKH MeTO,[(OJIOrnqecKOH -rpa,[(IUJ}lH. 

BTopoe 3RMeqaTeJibHOe peIUemi:e B03HHKaeT, ecm1 npnHHTb 

ycnonmr R'= c, R"= 0, conracHo KOTOpbIM pa,n:Hyc KpHBH3HLI 

pacreT c1poro nporropIJ,HOHaJibHO BpeMeHH. IlO,[(CTaBHB ,[(aHHbJe 

ycJioamr B rrpnae.uenHhie BLIIUe ypaaHenmr 3ttHIUTCHHa, Haii.n,eM: 

2{c!R) 2 = • 8·n.O·Plc 2 

2{c/R) 2 = 8·trG·pl3 

rrpn 3TOM KO'.Jc}>c}>HIJ,HCHT CBH3H MCiK.JlY J:(aBJICHHeM H pa.unycoM 

KPHBH3Hbl no cpaBHCHIUO co CTaIJ,HOHapHOH MO)J.CJihJO 

OTJIHqaeTC.K B ,[(Ba pa3a. B 06011x CJI)"-IaHX COOTHOII.JeHHC Me:>K,ny 

,naBJICHHCM H IlJJOTHOCThJO HMCeT BH.ll: 

Ba)f(HO OTMeTHTh, 1rro ,na'IKe necTauttoHapttoe peIUeHtte a 

.KBHOM BH,[(e He CO.llepJl\HT TaKoii rrapaMeTp, KaK apeMH. ,[{aJiee, 

nmceifHa». 3aBHCHMOCTh pa,rmyca KpHBH3HbJ OT apeMeHH, 6y,n:yqH 

ITOCTYJIHpoaaHHOH, He .llOJI)KHa renepb BbIBO,[(HTbCH H3 

rronyqemrhIX cooTHOIIleHHH; 3TOT iKe nocrynaT ,D,eJiaeT ee 

qn13WICCKH HC 3aBHCHIUeH (Bo BpeMeHH) OT llJIOTHOCTH MaTepHH. 

0TCIO)la cne.n.yeT Bb!BO,[(, npoTHBOpeqaIUHH npHHHTOH rpa)lHUHH 

peme1mH ypaBHCHHH ITOJI.SI, HO IlOJJHOCThJO OTaeqaIOIUHH caMOMY 

.l{yxy '.JHHIUTeHHOBCKOrO rro.nxo.na, HanpasneHHOro Ha 

reoMeTp1nau1110 cpH3MKH. Ott COCTOHT B TOM, qT06bl ' H3 

Haii,neHHbIX BbipaiKeHHM HCKaTb IlJIOTH9CTh H ,n:asneHHC MaTepHH 

B BH.n;e 3aBHCMMOCTeii OT KpHBJf3Hbl npocTpaHCTBa, a He 

nao6opoT: 

p = 3-c2 I (4·tr.O·R2) 
P =. c41(4·n.O·R2) 
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Ha .K3b1Ke qm:mKH :no 03HaqaeT, 1:IT0 rrJIOTHOCTb H ,naBJieHHe 
Marepm1 cyr& rrpocro .naHHLie HaM B omyiuemrn:x (H3Mepemu1x) 

. xapaKTepHCTHKH KpHBH3HbI rrpocrpaHCTBa, T.e. qTO OHH HBJI.KI<?TCJI 
BTOpH'lHblMH, 3aBHCHMLIMH 'OT Hee aem1q11HaMH. ,LJ;o6aBHM, qTo 
)TOT nyrb, B C)'IUHOCTH, o603HaqHJI ·caM 3HHillTeHH, BBeAA 
3aMKHyryro Ha ce611 BceJieirnyro, r.e. 3aMeHHB 3~aHHe 
$HKCHpoeaHHbIX ycJIOBHH Ha rpaHHI.(ax ycnOBHeM 
caMocon1acoeaHHOCTH pellle1m11 ! 

\ . 

2.6. 3aMKHYTOCTb BceJieHHQii 

. KocMoJiorHqecxa11 Mo.nenh ct>pn,nMaHa HHqero He MorJia 
cka3aTb o npoHCXO)J{,lleHHH BceneHHOH. HarrporHB, pa3B1rnaeMLIH 
8 .naimoH: pa6ore rro,llxo,u II03BOJUieT .llOBOJihHO HarJI».llHbIM 
o6pa30M IIO,llOHTH K )TOH rrpo6neMe. KaK OTMeqeHO B (22], ,.[{JUI 

mo6oro MaTepHa!IbHOro rnapa c HeHyJieBOH IlJIOTHOCTblO MeTpHKa 
JTOH o6JiaCTH HCKIDKaeTCJI no OTHOilleHHIO K eBKJIH)l;OBOH, ee 
reOMeTpH.K coena.uaeT c reoMeTpHeH: qeTbipeXMepHoH: 
c<PepHqecxoH: rHnepnoeepxHOCTH. 

MbI ~e paccMaTpHBaJIH BLirne, KaK BhlrnH.run rpaqmx 
KOMIIOHeHTbI goo MeTpw:iecxoro TeH3opa M» IIOJI.K . THrOTeHHH 
o6Mqnoro rnapa H KOnnancHpyromero o6neKTa. B rrepBOM cJiyqae 
ero MO:IKHO yno.u;o6HTb He60JiblllOH "»MKe", pa.u;Hyc KpHBH3Hhl 
KoTopoH: MHoro 60J11>Ille ee reoMerpuqecKoro pa3Mepa. 0.L(Haxo c 

pOCTOM IIJIOTHOCTH eemecTBa MerpHKa ace 6oJiee 
.ue$opMHpyercB., H "KMKa" B KOH:Ue KOHI(OB rrpeepail(aeTc.K B 
ceoero· po.ua "nporracTD", CB.H3aHH)'IO c BHe~rrneii noaepxHOCTbJO 
JIHillb yJKOH ropJIOBHHOM. TonLKO o,uHa 3Ta roprroBHHa (HJIH ,[(a:IKe 
ee qaCTL) H eJi.n;Ha BHelllHeMy Ha6nro.uarenro, ror.n;a KaK 
Herrpeo.n;oJIHMhlH 6ap1>ep rnroTeHHH npeeparnaeT l(eHrpan&Hyro 
o6naCTb 06'heKTa B "3aTepKHHblH' MHp". 

c TQqKH 3peHml BHelllHero MHpa )TO - qepHM .llblpa, 

Heo6paTHMO nornomaromag eemecTBo , M 1nnyqettne. C .ripyro:H 
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cTopoHbI, ,D;;rn o6nraTeJieii Harneii BceJieHHOH "rrynoBmra", 

CBH3bIBarowax ee c BHernHHM MnpoM, .n:om1CHa Ka3aTbCH 
c<J:>epnqecKOM 6eJIOH )lblpOH, H3 KOTOpoH: HenpepLIBHO BCIUCCTBO 

H H3JI)'1ieHHe IlOCTynaIOT H, 61>1Tb MO)l(eT' II0380Jij(JOT cy.runL 0 
csoiicTBax :rroro BHernHero Mnpa. TeM, KTO qnTaJI 

cpaHTacrn:qecKyro nosecTh B.A.06pyqeaa "'3eMmr CaHHHKOBa", 
'.)TO HaBepn.sIKa HailOMHHT OilHCaHHyJO TaM ceBepnyro Bila,LlifHy, 

Be.n:~YIO B rHraHTCK)'IO IIO,n:3CMHYJO IlOJIOCTb c ~CHTpaJiblfblM 
CBCTHJIOM B uempe 3eMJIH. 

Mo)l(eT JIH 6bITb, qTo Mbl .11Bm1.eMcx 06nTaTen.11MH HMeHHO 
TaKoii qepHoif ,n:b1pb1? Mmr rHrroTe3a yrBeptJ.HTeJI»Ho oTBeqaer na 

:JTOT BOIIpoc. OrpmJ,aTeJibHbIH 3HaK ,!J,aBJieHHH, o6ycnOBJieHHblH 
Herrpep1>1BHO yee1mqnBaJOIIJ,HMCH pa3MepoM Ramero Mnpa, 

npHBO,llHT HMeHHO K TaKOMY BbIBO.lly. ,[(a H caMa 3aMKHyrOCTb 
Bcene1rnoi1 rronyqaer cpH3HqecKoe q6'b»CHeHne. 

c .zipyroii CTOpOHbI, Bbipa3HB Macey HC}llleH BceneHHOH 

M = p· V 11epe3 cpe,LlHIOIO nnoTHOCTh p = 3 -c2 I ( 4 ·n.0 .If) H o6neM 
3~MepHoro 11e3BKJIH.Uosoro rnapa V=2·'1·R3, ·Henocpe.n:cTBeHHO 

IIOJl)'l.IHM IlO)lTBep)l()larowee 3TOT )l(e BbIBO)l COOli'HOlUCHHe 

R = 2·M·G I (3·a-c 2
) =Ra! (3·tr) 

r.n:e Ra = 2·M·Glc2 
- rpaBHTaunoHHbIH pa,r.u-Iyc BcenenHoif. To 

o6cTO.llTeJibCTBO, qTO npH HHqTOJKHOH IIJIOTHOCTH semecTBa 
rpaBJnau.noHHblH pa.ueyc oKa3LrnaeTc» 6onbrue reoMeTpHqecKoro 
(H, cne.n:oeaTeJibHO, caMa Bcenemrn.g - "qepHOH .llblpoif"), 
06'b.11cH»eTC.lf, KaK H3BeCTHO, cne.n:yroWHM npOCTbIM 

coo6pa)Ke1meM: npn 3a,uaHHOH ITJIOTHOCTH H c$epHqecKOH <PopMe 
rpamuan;HOHHhIH pa.rmyc rrporropUHOHaJieH Macce o6neKTa, a 
reoMeTpHqecKHM - BCCfO JIHlllb icy6nqeCKOMY KOpHIO H3 MaCCbL 

B1>mOJIHe1me ycnoBmr R<Ra orr»Th-TaKH cor:JiacyeTC.H c 

3aMKHyrocThIO BceneHHOH, orcyrcTBHeM y Hee rpanm.1, npn 
KOHeqaoM o6beMe. H, KpoMe Toro, ITO.llTBep)l(.uaeT 

c<I:>opMy1111posaHHOe BbJille npe.UIIOJIO)KeHHe 0 TOM, qTo 0611aCTb 
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JIOK8JIH38UHH 3HeprHH IIOKOH MaTepHH BceJieHHOH He rrpeBhIIJJaeT 

o6JiaCTH, B KOTOpo:H: ).leiicrnyeT rpaBHTfill,HH. 

Ilo coepeMeHHhIM · ou;enKaM ([25]), 3Ha~ieHHe 

BhIWeyrrOMHHyro:H: KOCMOJIOfHqecKOH IIOCTOHHHOH 3HHWTCHHa 

WJH Tpa.zJJIUHOHHOH MO.LlCJIH cocTaBJIHeT rrpHMepno 10-56 
cM-

2
• 

Herpy.LlHO 3aMeTHTL, qTo 3Ta Be1rnq1ma oqen1> 6JIH3Ka K e)J.HHllu;e, 

)J.enettno:H: Ha KBa,llpaT pa.l1.nyca Bcenenno:H:, qrn rrpe.lJ.CTaBJIHeTCH 

BCCbMa CHMilTOMaTHqHhJM. 

B cospeMeHHOH OTO rrocTpoetta crreu;mfmqecKaH KapTHHa 

KOJIJiarrca 3Be3)1., KOTOpaH, soo6me fOBOpH, MO)l(eT H3yqaTbCH B 

rpex pa3JIHqHbIX CHCTeMax OTC~eTa, npnqeM 061>1qHo 

HCilOJib3YJOTCH MO)J.eJIH, nocrpoeHHbie MH «TOqeqHOH» MaCCbI. 

IlepBaH CHCTCMa CBH3aHa c BHCIIIHHM Ha6JIIO)J.aTeJICM, BTOpaH -

corryrcrnyer rra)J.a10meif o qepttyro ,[(1>1py MaTepHH, TpeTMl -
I 

CHCTeMa OTcqeTa tta6JIIO)J,aTeJIH H3HyrpH KOJIJiarrcHpyromero 

Ofi'bCKTa. 

c TOqKH 3pCHHH BHCIIIHero Ha6JIIO)J.aTeJrn BpeMH Ila,[{CHHH 

MflTCpHH B KOJIJiarrcnpyromyro 3BC3.LlY HBJIHCTCH 6ecKOHequo 

6oJibWHM. 0)1.HaKo rrpH i:iepexo)J.e K corryrcrnyromeii cncTeMe 

OTcqera OHO OKa3bIBaeTCH KOHeqHbIM. YJI<e B COIIyrCTBYJOlllCH 

CHCTeMe OTcqeTa BpeMeHHaH H rrpocrpaHCTBCHHbie KOOp)J.HHaThI 

Bblpa11<a10TCH qepe3 o6a THIIa KOOp,[(HHaT BHCWHeii CHCTCMhI, a BO 

BHyrpeHHCH CHCTeMe BpeMH H npocTpaHCTBO Boo6me MCHHIOTCH 

MCCTaMM, npnqeM KOMITOHCHThl MCTpHqecKoro TCH30pa 

OKa3hIBaIOTCH 38BHCHMhIMH OT BpeMCHH. ,lJ;aJiee, HCTopm1 JII06oii 

MaTepHaJibHOH TOqJ(H B '.3TOH conyrcTByiome:H CHCTeMe 

HaqHHaeTCH B HyJieBOH MOMeHT H 3aKanqnoaeTCH qepe3 0)1.HH H 

TOT /Ke KOHeqHhJH npoMe)KyrOK epeMeHH B oco6o:H: 

(CHHry1rnpHOH) TQqKe, IIOCJie KOToporo )'/KC He cywecrnyeT 

HHqero ( «6ap1>ep BpeMemrn). 

KaK MHe KaJKeTCH, ec1m paccMaTpHBaTb HeToqeqH&IH 

KOJIJiaIICHPYJOlllHH o6'heKT, B03MOIKHa HHaH «CWHBKa» BHCIIIHCH 

H BHyrpeHHeH KapTHHbl KOJIJiarrca. Y)l(e IIHKoro He Y.lJ.H.t;msieT 

cinyal(HH, rrpH KOTOpOH 0,[(HH H TOT )KC rrpoMelKyrOK speMeHH B 
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pa3HbIX CHCTeMax OTcqeTa MO)f(eT 61>ITb KoueqHLIM H 

6ecKOHeqHbJM. l103TOMy BIIOJIHe HenpOTHBOpeqHBbIM MO)f(HO 

'CllHTaTh H TO, qro Heorpam1qenHoe C)f(aTH:e (KoJrnanc) qepuoH: 

,ai.1ph1 BO BHernH.eii Cyrrep-BceJiemrnH: ai.mu1,z1;i1T H3Hyrptt (T.e. H'3 

HarneH: BceneHno:H) ueorpaHnqeHHhIM pacrnHpeuneM, KOTOpoe 

Hll'IUHaemcJl B CHHrymrpHOH TQqKe. I1 3Ta jf(e TQqKa KBillleTC.Sl 

KOHI..l;OM HCTOpHH Bcex MaTepHaJibHbIX ToqeK BHeIIrneii Cynep

BceneHHOH, na.n;aIOI.UHX B qepuyio A1>1py. Oco6o no.n;qepKHy, qTo 

3TO He 03HaqaeT npoTHBOilOJIO)f(HOro TeqeHHJl speMeHH CHap~H 

H snyrpH qepHoH JJ:hipI>I. CKopee, MO)f(HO yreep)f(,llaTh, qTo 

BHyrpH qepHOH )J.blpbl BpCMK TeqeT opTOrOHaJibHO BHCUIHeMy 

speMCHH. 

TaKHM o6pa30M, yqeT cTaTHqecKoro .uaBneHH.si: C)f(aTH», 

o6ycnosneHHOro B'3aHMHhIM rnroTeHHeM MaTepHH BO Bcenennon, 

Il03BOn5IeT IIOJI)''1HTb HOBOe perneHHe ypaBHCllHH 3HHillTCHHa

<l>pH;:i:MaHa, cornacHO KOTopoMy MeTpHKa xapaKTepH3yeTC» 

KpHequoH: Kp»nmuoi1 H mrneiiHo B03pacrnromnM co speMeHeM 

pa,l1,nycoM KpHBH3HbI. Pemenne crrpaee.unneo .um1 nro6oH: 

KOHe"lHOH cpe.uneii IIJIOTHOCTH, rrpe.z:tCTaBJ1e1rn:e 0 "KpHTHqecKoH:'' 

IIJIOTHOCTII B paMKax .uaHHOH MO)lem:1. He B03HHKaeT. 

\ 

2. 7: Teopua THroTeHHH H JaKOH coxpaHeHHSJ JHeprHH 

I 

OcTaHOBHMC}{ na O,lJ,HOM BaJKHeihneM .UJI}{ cpn3HKH 

o6cTOHTeJihCTBe. ,D.o CHX rrop B HeH npaKn1qecKH He 

HCIWJih30BaJIJICb MO,lJ,CJIH, B KOTOpbIX' npHHIJ;HIIHaJibHO He 

BbIIIOJIIrneTC}{ 3aKOH coxpaHemrn IIOJIHOH MaCChI, a 3HatIHT, M 

3HeprHH. 

ITOCKOJibKY HOBOe pemeHHe IIOJI)"IeHO .l.{JI}{ CJI)"Ia}{ R'=c, 
TO nocTOHHHaa Xa66na OKa3hIBaeTC}{ o6paTHO 

nporropu;noHaJibHOH , pa;fHycy H B03pacTy BceneHHOH. 

CYJ..UeCTBeimoe OTJIHqHe 3Toro pemeHH» OT ITOXO)f(ero pemeHHH 

<l>pH,!]~rnHa COCTOMT B TOM, qyo OHO oweqaeT IIOJIO)f(HTCJlbHOR 

KpHBH3He 4-c<t>epbI, a He ITJIOCKOH MeTpHKe, H COOTBeTCTByeT He 
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1<pumu11ec1<0My, a npOU360llbHOMY IIOJIOiKHTeJJhHOMY 3HaqeHHIO 

cpe.n;Heii nJIOTHOCTH MarepHH. CooTBeTcTBeHHO 11 .Macca 
BcMennou, ·pauna» rrpomse.n;einuo cpe,uneii nJIOTHOCTH Ha ee 

' o6'beM, 01<a1b16aemcH 11e nocmoHHHoii 60 6peMenu, a 
nponopU,UOHtlllbHOU pa.D;eycy KpHBH3HbI ff..6pe.MeHU. 

TaKHM o6pa30M, HecoxpaHeHHe nonHoH: Macchi BceJieHHOH 

(H CBH3aHHOH c neii '.)HeprnH IIOKOH) OKa3bIBaeTCSl npSlMblM 

cne.ucTBMeM yqern CTaTJiqecKoro ,D,asnemrn MarepHH s ypasHeHHH 

3MHlllTeHHa. ..sIBJIHeTCH JIH 3TOT <l>aKT KaTaCTPo<PoH:, 

no6)')K,D,aIOIIJ,e.H soo6me OTKa3aTLCH OT TaKoro pemem:1SI? ,SI 
.UYMaIO, qTQ cHryau;irn He TaK ,11;paMan1qHa. 

KaK in~eCTHO, 3aKOH coxpaueHH.sI 3Heprm1 O.IJ.H03HaqHbIM 

o6pa30M COOTBeTCTBYeT TaKOMY qJICTO "reoMeTpHqecKOMy" 

csoii:CTBY BceneHHOH, KaK o.n;Hopo.llHOCTh speMeHH, T.e. 

He3RBHCHMOCTh B o6meM c.rryqae xapaKTepHCTHK Teqemrn 

cpH3HqecKoro npou.ecca OT Toro, Kor,z~a HMeHHO OH 6bln HaqaT -

sqepa, CTO JieT HJIH CTO MHJIJIHap.n,OB neT Ha3a,Ll. TaKOe 

COOTBeTCTBHe o6yCJIOBJieHO OTCYfCTBHeM B aHaJIHTHqecKOM 

cpopMWIH3Me .sIBHOH 3aBHCHMOCTH OT BpeMeHJf l}>)'HKUHH 

Jia~paniKa 3aMKHYfOH l}>H3HqecKOH CHCTeMbl, T.e. paBeHCTBOM 

HYJIIO ee qacTHOH npoH3BO.D.HOR no speMem1. 

0CTaBa»Cb B paMKax K/IOCCU'leCKOU MexaHUKU, Mbl 

MOJKeM ytOMHHTbC» B TOM, qTQ TeqeHHe scex 6e3 HCKJIJOqenJUI 

$H3HqecKHx npoueccos He 3asHCHT oT KpHBH3Hbl roM: o6naCTH 

npoCTpancTBa, s KOTOpL1x 3TH npoueccbl rrpoTeKaJOT. HanoMHMM, 

qTO OCHOBHbie )rpasHeHIUI JiarpaHiKa BbIBO.[lHTCH H3 

sapMaUHOHHOrO rrpHHll,HIIa, cornacHO KOTOpOMY peanhHaH 

TpaeKTOpHx B rrpocTpaHcTBe o6ecrreqHsaeT HaMMCHbillee 

3JJaqeHHe crreummhHOro $)'HKUHOHana .D;eiicrsm1. Ecnn 

KpHBH3Ha npOCTPaHCTBa MeHHeTCH c TeqeHJfeM speMeHH, TO. 

BbI6op naqanbHOro H KOHeqHoro MOMeHTa eapbHpOBaHHSI 

rrpHHUHIIHaJibHO BJJJUleT y>Ke Ha CaMO MHOiKCCT/.JO H xapaKTep 

sapbHpyeMhIX TpaeKTOpHH, qTO B o6meM CJiyqae HCK.JIJOqaer 
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He3aBHCHMOCTh pe3y11hrnTa OT 3Toro sbl6opa, T.e. Te3Hc 06 

O,ll.HOpO,D.HOCTH BpeMeHH. 

Koma JKe pe% 3axo.n11T o 1pacrrpoc·rpaHeHHH 3aK6Ha 

coxpattemm 3HeprttH Ha 06uzy10 meopu10 omHocume.nbHocmu, 
TO .nenaeTCH )TO CKOpee B c1my Tpa,ll.HUHH, qeM HCXO,ll.H H3 

CTpororo o6ocHOBaHJUI. 3To npHBO,ll.HT K H3BCCTHbIM JIOrHqecKHM 

TPY,L(HOCTJIM, no noeo.ny KOTOpbIX y <}>H3HKOB MMeIOTCH 

pa3JIH'tJ:Hbie MHCHJUI:, H Ha KOTOphIX Mbl 3,ll.eCL OCTaHaBJIHBa.TbCH He 

CTaHeM. MoJKHO IIO,ll.03pesaTL, qTo T})a.nnn;HH orropbI Ha 3aKOH 

coxpaHeHHH 3Hepnrn IIOCTCITCHHO np1m6pena qHCTO 

IlCHXOJIOrHtJeCKHH xapaKTep, B TQqHOCTH IIOBTOPJIH cy.nL6y 

rnIToro rrocryJiaTa 3BKJIH,ll.a. 

B )leHCTBHTCJihHOCTH HMCHHO ypaBHeHHJI 3HHilITCHHa H 

OTpaJKaeMaH HMH o6neKTHBHaH <P1nn11eCKaH peanbHOCTb JlOJI:>KHbI 

HCilOJih30BaTbC}I B KaqecTBC OTrrpasnoro MOMCHTa TeopHH. B 
npaBU!lbuoii meopuu 11aiiae11ua11 nyme.M peiueuu11 :Jmux 
ypaBueuuii 3aaucu.Mocmb cpeaueii · IVlomuocmu .Mamepuu u 
sceii .Maccbl Bce.neuuoii om Bpe.MeHU aon:»cua npUBOdUmb K . 
mO'IHOMy UJlU npu6Jlu:»ceHHOMY BblnOJlHeHUIO 3QKOHa 
coxpa11enu11 Maccw u :J11epzuu, a ne 11ao6opom! TaK n 06cro1n 

,ll.CJIO B ,ll.eHCTBHTeJibHOCTH, H )laHHOe o6cTOHTCJlbCTBO He TOJibKO 

npoHCHHeT rrpo6JieMy coxpaueHHH ::meprHH so BceneHHOH, HO H 

IlOMOraeT BbIHTH Ha rrpaBHJihHbie HCXO,ll.HblC II03HU:HH . npH 

aJiaJIH3e T3KOro 061 .. eKTHBHO CYilleCTBYJOlUero <f>eHOMCHa, KaK 

11a11paene11HOCTh ("cTpena") epeMeHH. 

B CHJIY CKa3aHHOro Bhlllle KOCMOJIOJ'H1leCKaH TeopHH 

"60JI1>I1Ioro s3p1>rna" ,ll.OJI:>KHa 6wTL 3aMeHena MO,ll.CJlhIO 

":mepreTttqecKoro Hacoca". Ilpo6neMbI, ce&3aHHhie c HaqaJibHOH 

CHHryIDipHOCTblO, BO MHOTOM TepgIOT CBOIO OCTpory, IIOCKOJil>KY 

HaqaJibHbIC 3HaqeHHH MaCCbI H 3Hepnrn B HallleH MO,ll.CJIH TaKJKe 

paBHbI HYJIIO. 

I1cxo,u» H3 acTpo<t>mnqecKHx tta6moJleHHH, H.A.Ko3b1pee 

[3] BbICKa3bIBaJI yrsepJK)leHHC 0 C;:J,JiIICTBe MeXaHH3Ma H3Jiyc-IeHHH 

3Be3,ll., OCHOBaHHOro Ha rrpeepamemm BpeMeHH B 3HeprHIO. 
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CornacHo Hamett MO,lleJUI OTHOCHTeJihHOe rrpnpam,eHHe M.accbI H 

3HeprHH JJOKOH 3Be3,llbl paBHO OTHOCHTeJihHOMY rrpnpameHHIO 

speMeHJI cym.ecTBOBafIHR BceJieHHo.H:: ~Im = &IE ,,;. .dtlt. 
0TCIO,lla CJie.uyeT, qTo .U:OIIOJIHHTeJibHM 3iieprm1 MO)l(eT 

o6yCJIOBHTh MOlll.HOCTb H3JiyqeH.HJl Ha en1rnm..r.y MaCCbl 3Be3.IJ,hl, 

rrporropU:HOH8.JlhHylO IIOCTORHHOR Xa66rra (B nameii. MO.IJ,emi :na 

nocTORHIIM pasHa H = lit): 

AEl(.dt·m) Sc2 ·H .I 
I 

Tax, nmi CoJIHU.a OTHOCHTeJihHoe (?iem,meHHe Macchi 3a 

cqeT H3Jl)"ICHJoiX B ron COCTaBJUleT AO lff 5
' Torna KaK TeKyrn,HH 

so3pacT BceneHHOH 06ecneq11BaeT y.n;eJihHbIH npnpocT MaCch! .n;o 

10.ro. 
I1CKJIIOqaeT JIH o6m,errpHHHTaJI. MO.llCJlh H3JI)"ICHH.R 

Conm.i;a (BcJie.D.CTBHe repMo»nepHoro CHHTe3a reJIH» H3 aTOMOB 

so.uopona) HHhie MexaHH3MhI reHepawm 3Hepnm? BoT 11To 

nnmcr naypear Ho6eJieBCKOH npeMHH 1979, BbI,[(aIOIQHHCH 

cpH3HK-TeopeTliK, O)lJIH H3 C03AaTeneli Teopmi: 3JieKTpocna6bIX 

B3aHMO,lleifcTBHH l.lleJI,[(OH flH fmmoy (24] : " 3Ta TeopH» 

3BC3.llHOH 3BOJIJOU:HH qpe3BhilJaHHO ycnellIHO o6'hRCHHJia 

)l(H3HCHHhIH U:HKJI 3BC3,[( qepe3 .si:.u:epHhIC peaKU:JUI. 0.llHaKO B 

IIOCJIC,[(HHe TO.llhl eH: npHIIIJIOCb nepe)l(HTh He TOJibKO TPJIYM<i>, HO 

H nOJIHbIH yna,u:oK B PYKax noson 3KcnepHMCHTaJihHOH HaYKH: 

HeH:TpHHHOH aCTpOHOMHH . . . . 3TOT yrra,u:oK HalJaJICH c pa60ThI 

PeiiMOHAa ,]],3BHca ( OTMe11eHHOH Ho6errescKoif npeMHM 3a 2002 
r.], KOTOpbIH B TeqeHHe IIOlfTM .u:sa,ZJ;i.J;aTH JICT TepneJIHBO 

oTcJJe)l(HBaJI HeH:rpmrn, ncxo.u:xmne or CoJIHU:a .. . B orpoMHOM 

6aKe OlJHIIJ,aIOmen )l(H,llKOCTH, IIOMem,eHHOM rny6oKO no.n; 3eMJieH 

B maxTe IOiKnoii ):(aKOTbI, ):(3BHC YMY.[(PHJICR ocraHaBJIHBaTb 

e)l(eMecgqHo OKOJI<? ,D;JO)l(HHhl COJIHelfHbIX HeihpHHO. B 3TOM H 

COCTOHT rrpo6JieMa: eMy y.n;aeTCH 3axBaTJ1Th JIHIIIb TpeTh TOfO 

KOJIMlfCCTBa Heii:TpHHO, KOTOpoe OH .U:OJI)l(eH 3aXBaTbIBaTb 

cornacno rrpe.LlCKa3am110 Teoplm. Bttyrpn CoJinua rrponcxo,[(HT 
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lJTO-TO CTpa1rnoe, T.Iero Mhl ne TIOHHMaeM. BnoJitte B03MOiKHO, 1.JTO 

Hama .Co1rneq11ax MOJieJib COJiep'.iI<HT Oll1H6KH; 6bITb MO)l(eT, 

BHyrp11 CoJIHua cymecTByeT qepmu1 JJ;b1pa . . • . ITpo6JieMa 

COJIHelJHbIX Hei:J:TpHHO - O,llHa H3 CaMbIX 60Jrbll1HX 3ara,QOK, 

JieiKall.l,HX Ha rpaHHUe acrpoHOMHH 11 $H3HKH qacTHU. B PoccHH, 

KaHa,Qe, 5l110HHH H Ii.Tamm 11poBOJIHTCH K}JYIIHl>Ie 3KcnepHMeHThI 

no inyqeHHIO COJIHelJHbIX HeiiTpHHO c ueJII:.10 Bb1'1CHeHHH, lJTO iKC 

Bce-i,:p,KH npo11cxo;:uu P. He.upax COJrnua." 
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3. BPEM.SI H IlPOCTPAHCTBO B JIOKAJihHOM 
IIPHJ>Jllf)KEHHH 

3.1. BpeMH, MHpOBb1e .JJHHHH u·)laua:euue 11acTHU 

B KOCMOJiornqecKOH Mo.n:e1m 3HHillTeihia-<I>pH.n;MaHa 
npe,ll,CTaBJiem1e o BpeMemr BBO.n;HJIOCh arrpHopH, a no.rryqeHnoe 
pellleHHe B 061.QeM CJiytJae ue 6bIJIO JlHHeHHI:.IM BO speMeHJL 
JinneHHI:.IH pocT BO Bpel\feHH pa.n;nyca KpHBH3HbI BceJieHHOH B 

npemIO)l(eHHOH Mo,neJIH rrpHBO)].HT nae K . .n.ora.n.Ke, qTo, 

co6cTBeHHO rosopH, mef./eHUe tjJUJUf./eCKOW 6pe.Mt!HU u 

npO.R6Jl.Remca 6 Ka31COOU ee mOf./Ke U.Jl.teHHO KOK UJ.MeHeHue 

6eJ1Uf./UHbl :Jmozo paauyca, qTo HMeHHO ll0'.3TOMY H3MepeHHe 
BpeMCHH pa3HbIMH cpe,n:CTBaMH H crroco6aMH .ll:OJI)l(HO .n.aBaTb 
npHHUHIIHa.JlhHO cornacoBaHHbie pe3yJibTaTI:.I, H qro, HaKOHeU, 
HHKaKoro nnoro speMemi KaK ymrnepcaJihHOro ¢n3nqecKoro 
<PeHOMeHa ( OTHOCHTeJlbHO KOTOporo 6hIJIO 6hl B03MO)l(H0 
HepaBHOMepnoe H3MeHCHHe paAnyca KpHBR3Hhl) rrpOCTO He 
CYI.QecTByeT. Ec1m na .n:ora,n:Ka sepna, TO xo.n: epeMeHH - '.3TO He 

tjJ011, na KOTOpOM TCM mm HHbIM o6pa30M npOHCXO.LJ:HT 
paCillHpeHIIC BceJieHHOH, a CQMO coaep:»eaHUe '.3TOro npouecca. 

Pa3BHB<UI :ny OCHOBOIIOJiaraIOI.Q)'IO .Ullil .uaHHOH pa60Tbl 
H,[{eIO, 6y.n;eM HCXO,[{HT.b renepb H3 Toro, lJTO IlOJIO)l(eHHLIH B 

OCHOBY MaTeMaTnqeCKHX nocrpoeHHH KOCMOJIOrnqecKHX reopnH: 

4-MepHbIH Illap cne.n:yet paCCMaTpHBaTb KaK o6i.eKTHBHO 
cymecTB)'IOlUHH; nallla BcerreHHfill paclllnpaerc.R B 4-MepnoM 

3BKJIHJJ;OBOM npocTpaHCTBe H npe,nCTaBmieT co6oli 3-Mepnyro 
r11neprroBepxnocT1> 3Toro mapa (rro;J,qepKHeM,'lTO MhI rro11araeM 

'.3TO 4-Mepnoe npocrpaHCTBO COBepmeHHO 0,l.{HHaKOBI:.IM no sCeM 
tieTbipeM H3MepeHH'1M, KOTOpbie fm:qeM ne OTJIHqaJOTC.R MeiK,ny 

co6oH:). 
)J{HB)'IUMC B 3-MepHOM MHpe CYI.QecTBa H He IIO)J,03peBaJIH 

61>1 0 HaJIHqHJ{ 4-MepHoro cyneprrpOCTpaHcTBa, eCJIH 6LI He 
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npou.ecc pacurnpemrn rnapa. 3TOT npou:ecc o6'heKTHBno 

BbI)J,eJUieT B Ka)l()J,OH TOqKe rnnepnoBepxHOCTH rnapa 

HanpaBJieHHe, HOpMMbHOe K Hell H He rrpHHa.llJle)l(a:IUee di 
caMOH. BOT 3TO HarrpaBJieHHC (4-e H3MepeHHe) B Ka)K,l],OH TOT.JKe 3-

MepHOH BceneHHOH H rrpe.ri;cTasmreT co6oi1: ucmunnoe ope,ffH. 
TaKoe onpe.ri;ene1me speMeHu, Boo6me rosopsi:, HHTYHTMBHO 

rrpo3paqHo H, KaK OKa3bIBaeTCH, HCKJIIOqiffCJibHO IlJIO,l],OTBOpHO. 

0Ho no'3BOJUH~T ne TOJibKO oqeBH.lJ.Hh1M o6pa3oM BWBeCTH 3aKoH 

Xa66na, HO H o6bHCHHTh caMo noHHTHe .uam1<eHH», a TaK)l(C 

IIOCTHrHyrb HCTHHHblH CMbICJI MHpa 3ttHillTeHHa - MHHKOBCKOrO 

H rrpeo6pa30BaHHH Jiopemi;a 

0.unaKO )J,JIH 3TOro rrpH)J,eTCH nepeCMOTpCTb HCKOTOpbie 

rrpHBhI .. mL1e rrpe.ucTasnemuI. TaK, MhI OTKa)KeMc» orrepnpoBaTb c 

3-MepHbIMH o6pa3aMH "qaCTHt(' H HHbIX 06'bCKTOB, c KOTOpbIMH 

HMCCT .ri;eno COBpeMeHHaH cpH3HKa. )],mi: nee IIOHHTHC 
11
MHpOBOM 

JIHHHH
11 

qaCTHI.1,bl HBJIHeTCK CKOpee Merac}>opoH:, H xapaKTCpHO 

"tta6mo.ri;e1me" Ja qac'fnu.aMH B npe)J,enax orpam1qeHH1>1x 

· oTpe3KOB epeMem1. B rrpoTHeorrono)KHOCTh 3TOMY cne.11.yer 

rrpHHHTb, qTo HCXO,UHblMH H o6bCKTHBHO cyrneCTByIOIUHMH 

o6'heKTaMH. H3ytICHHH HBJI5IJOTCH KaK pa3 MHpOBbie JIHHHH, 

KOTOpbie HaIIIe "3-Mepnoe" C03HaHHC BOCIIpHHHMaeT KaK 

c}>parMeHTbl B MaJIOH o6naCTH rrpocrpaHCTBa-BpeMeirn. lIMeHHO 

MHpOBble JIHHHH, c MOCH roqKH 3penmr, o6na,uaJOT TeMH 

o6'hCKTHBHhIMH CBOHCTBaMH, KOTOpbie )J,OJI)l(HbI 6bITb IIOJIO)l(CHbl 

B OCHOBY HOBOfO uayqnoro IlOAXO,L\a, H 3TH CBOHCTBa HOC»T 

c}>yuJlaMeHTaJibHO rno6aJibHhIH (no OTHOIIICHlflO K pa3MepaM 4-

MCpHoro IIIapa) xapaKTep. c :noii HOBOH TQqKH 3peHHH He 
cyU(ecmoyem d6U31ce11uR omde.1bHblX 11acmu~. 0Ho (3TO 

LlBH)l(CHHe) ecTh rrpo.srsrreu11e O)lHoro eduncmoe1111ow npou,ecca -

paCIIIHpeHlfJI 4-IIIapa, rrpH KOTOpOM B 4-MepnoM KOHTHH)'YMe 

nenpepLIBHO rrepeMeII.rnIOTCH 06pa3b1 roqeK nepeceqemrn Bcex 

( o6'heKTHBHO cymecTByJOIUHX) MHpOBhIX JIHHHH c TCKYIUeii 

rnneprroBepXHOCThlO ccpephI pa.11.nyca R, rrpe.n;cTaBJIHJOIUeii 

)laHHbIH MOMCHT 
11
BpeMCHH cymeCTBOBaHIIH

11 
BceJICHHOH. 
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3.2. 3aKoH Xa6fk1a 

flTaK, cornacHo HarneMy no.nxo.uy, HMemw caMo 
y6e.rm11e11ue pai>uyca KpU6U31lbl Mupa·(peanbHbtii <}Ju1u11epmii 
<}JenoMeH) 6ocnpunuMaemc11 11aMu 1<a« me11enue 6peMenu. 

HaqHeM c Herro.uBH)({HbIX ofo,eKTOB - 3Be3,n. Hecno)({HO 
noKa3aTb, qTo ecm-1 HMeHHO B03pacraroiuyio ae;mqHHY pa.n;Hyca 
rrpHilllTb B KaIJeCTBC Mephl BpeMeHH, TO H3 rrpocTeiinrn:x 
reoMeTpRqecKHX paccyJK.ueHHH cpa3y BWBOJJ;HTCR 3aKOH Xa66na. 

)],eHCTBHTeJibHO, npoae.neM ;we np.SIMOJIHHeHHbIC MHpOBhie 
JIHHHH H3 uenTpa ( 4-MepHoro) mapa, "npoH3aJOIUHe" ero· 
IlOBepXHOCTh. Ilo Mepe ero pacIIIHpeHH.SI rrapa rryqdi - MHpOBhIX 
JIHHHH KaK 61>1 nepeceKaeT IIOCJIC,llOBaTCJibHOCTh 
KOHI.J.eHTpHqecKHX c<Pep, qTO n nopo)({,naeT :J<P<PeKT "pa36eramrn" 
o6pa3oB ToqeK ncpeceqemrn. 

B' 
A' dx 

x 
8 

R 

Puc. 3.1 Puc. 3.2 

PaccMaTpHBaSI 3Haqemie pa.nnyca R "TeKYIUeii" c<Pep1>1 KaK 
napaMeTp, Bbl'-IHCJIHM npOH3BOL(H)'IO no 3TOMY rrapaMerpy 
paccTO.SIHH.51 x Me)K,ny 06pa3aMH .usyx TOl.JeK AH B (pnc. 3.1), T.e. 
<PopMaJibHYJO 11 CKOpOCTh 11 HX pa36eramur B cpynKI.J.HH H3MeHeHml 
R. 
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,[(JUI .nocrnroqHo 6mnKHX roqeK na ccpepe H3 no.ll.06m1 
rpeyrOJihHHKOB BbITeKaeT (pHc.3.2), qTo 

dxldR=xlR 

3aMeTHM, qTO 3THM COOTHOIIleimeM onpet(eJieHa IIOCTOKHHaJI 
eeJIHqHHa - yroJI c eepIIlHHoif B uettrpe pacnrnpenHJI. HHqTo He 
MeIIlaeT HaM e1>1pa3HTh cpopMaJibHI>IH rrapaMerp - pat(Hyc R -
qepe3 mo6oif .npyroii, rrporropuHoHaJihHhIH eMJ. 0603Haq11M 
HOBbIH rrapaMeTp qepe3 t, a B KaqecTBe K03cpcpHUHeHTa 
rrporropUHOHaJihHOCTH BbI6epeM mo~yio KOHCTaHry Vo c 
pa3MepHOCTbIO CKopocrn. Tor.na BMecTo npHee.ne1rnoro 
COOTHOIIleHmI IIOJiytJHM: 

dxl(Vo-dt) = xl(Vo·t) 

HJIH, nocJie coKpamenHJI Ha Vo e 3HaMeHaTe11e: 
/ 

dxldt = xlt 

Ha3oBeM rerrepb napaMerp t "epeMeHeM", a rrpomeonuyio -
v = dxldt - 11CKOpOCTbIO pa36eraHmI". qT06bI JIOJiytIHTb 3aKOH 
Xa66Jia, ocraeTCK JIHillb eeecTH rrocTOXHHYJO ero HMenn H = lit: 

v=H·x, 

npaqeM 3uaqenHe napaMerpa t O.l!H03HaqHo cex3aHo c 
3KcrrepHMeHTaJibHO orrpe.ueJixeMoif seJI11q11Hoif H. EcJIH Mbl 
XOTHM OTO)K)leCTBHTh napaMeTp t c "HaCTOKIUHM11 BpeMeHeM, TO B 
KaqecTBe KOHCTaHTbl Vo CJie,ll,yeT rrpHHJITh CKOpOCTh CBeTa c -
3KCnepHMCHTaJibHO onpe,D,eJieHHYIO KOHCTaHTJ 
nponopuHOHaJihHOCTH MCJK.UY epeMCHHbIM H rrpocTpaHCTBeHHblM 
3TaJIOHaMH paccTOKHHK. Ten:epb MOJKHO ttaifTH e1>1paJKeHHe H .llJIK 

pa.rmyca KpHBH3HhI "TeK)'llleif" ccpep1>1: 
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R=c/H 

3.3. HHepU.Ha.JlbHoe JJ.BH*.eHue H cneUHa.JlbHa11 TeopHH 

OTHOCHTe.i1bROCTH 

OT 3cpcpeKTa "pa36eramrn" Heno.nnmKHbIX 3Be3.n rrepeH:)J,eM 

K amunny paBHOMepHoro (HHepu,Ha.JlbHOrO) ,[(BHJKeHHH. 

YqHThIBaH' orpoMHYJO nennqnHy pa,n:nyca BceJieHHoii. 

H306pa3HM cxeMaTHqecKH ccpep1>1 pa,D,Hyca RH R+dR B BH,IJ,e .n;eyx 
rraparinenbHhIX ceqeHHH (pnc 3.3). Bee MHpOBbie co6hITHH-TOqKn, 

ne)l{amne s O,IJ;HOM H TOM JKe ceqemm (HarrpHMep, R+dR), 
o6pa3yroT KaK 6h1 MrHoBeHHYJO cp0Torpa<}m10 BceJieHHOii. 

PaccMOTpHM HCKOTOpyro TQqKy 0 Ha JIHHHH. orneqa10meii 

ccpepe pa.[(Hyca R, B. KOTOpOH HaXO,IJ;HJIHCb ,IJ;Ba Ha6JIJO.[(aTemi:. 

HanOMHHM, qTo :na TOqKa COOTBCTCTByeT 4-MepHOMY co6&ITHIO, 

IT03TOMY Ha6mo.naTeJIH BO BCHKOM c.JI)'1Iae 0,IJ;HOBpeMeHHO 
HaXO)lHJIHCb B 0,IJ;HOH H TOH )l{e TOqKe 3-MepHoro npocTpaHCTBa. 

3aTeM O)lHH H3 HHX 11,D,pettcpyeT" B,IJ,OJih MHposoH. JIHHHH OBo 
napa.JUICJihHO IIOTOKY BpeMCHH, T.e. HCITO,L{BH)l{CH B 

npocTpaHCTBeHHOM CMblCJie, a BTOpoH: nepeMemaercH 

OTHOCHTeJibHO rrepeoro. ,n:enraxcb B,IJ;OJib MHpOBOH JIHHHH OB1 , 

rrpnqeM nee nepeMememrx pea.JibHO o6ycnoBJieHhI rraparIJieJI&HhlM 

rrepeHocoM ceqeHHH rreprreH,1JJ1Ky1rnpHo pa.uHycy BceneHHOH. 

CoorneTCTBYJOW:He 4-Mepttb1e neKTopbI nepeMemeHHH 

o6o3HaqHM qepe3 c·t0n c·t1, r)].e c - cKopocTu cBera. 
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x 
R+dR 

R 

0 
Puc. 3.3. 

Bo-rrepor,1x, MbI cpa3y )Ke MO)KeM 3aKJnoqHTb, q'fo no Mepe 

pacnrnpemrn BceneHHoii (n ncKJiroq1nenbHO 3a Cl.JeT 3Toro 

o6cTOHTeJibCTBa) pacCTOHHHe x Me)K,a;y TOqKaMH rrepeceqemrn 

MHpoor,1x Jrn:HHH H TeicyI.UHM ceqeHHeM BceneHHoii H3Mem1ercj{ 

pasnoMepno u 11pHMonuneimo. TeM caMbIM MbI rrepesenH 

npe.ncTaBJICHHe 06 HHCpUHaJihHOM ,LJ,BH)KCHHH H3 anp110pnoro (H 

qacTO rrpHBO,[{HIUero K nopoqHOMY Kpyry onpe,D,eJieHHH) BO 

BTOpMqHoe, KOTopoe nenocpe,D,CTBeHHO H ecTeCTBCHHO BhITeKaeT 

H3 nopO)K,D,aromeii ero HCXO,l],HOH MO.[{eJIH .. 

,l.J,anee, Mbl MO)KeM TaK)Ke ycraHOBHTb cymeCTBOBaHHe 
ecTCCTBeHHOro orpannqe1rng Ha B03MO)KHbJH yron OTKJIOHeHHX 

MHpOBOH JIHHHH OT HOpMaJUI K ceqeHHIO; 01.JeBHl{HO, 3TOT yroJI HC 
MO)KeT 6hITh 6om.rue npgMoro. J],anHhIH <}laKT, 6eccnopno, 

yug3brnaeTcJ1 c HannqHeM rrpe.!1,CJibHOM cKopocTH ,n;BH)KCHHx e, qTo 

TaK)Ke rQBOpHT B l10Jlb3Y Harueii MO.D;eJIH. 0THOillCHHC vie= xi( e·t) 
»BJIXCTC}J Mepoi1 yrna tp OTKJIOHeHH.ff. BCKTOpa 4-Mepnoro 

rrepeMeIUCHH» OT nopManH (nonpocry rosop11, sintp= vie). Oco6o 
BOJICHblM HBnaemcH mo, 11mo 3ma .TJ-tepa neatMumuBna: npn 

CJIO)KCHHH yrnOB pe3yJibTHpyroma11 OTHOCHTeJibHaR CKOpOCTb He 

paBna CYMMe cKopocTei1:! 

HaKoneu., rroHgTHO, qTo dBUJICeHue c 11peaenb1wu 
c1<opocmb10 c 11poucxo.dum BdORb ce11enuR Bcenennou, 
nepneH,D,HKyJrnpHo Kee paD.nycy. 3TO 03Haqaer, qTo ceqeHH.» Rn 
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R+dR COOTBeTCTB)'IOT o6pa3)10II(HM TaK Ha3bIBaeMoro CBeTOBOro 

Konyca, a rrpoMe)l(yrKH epeMeIIM to H 11 COOTBeTCTB)'IOT 

H3MepeHHblM B HenO.UBH)KHOH CHCTeMe OTC'leTa . 

npO.UOJI)KJffeJihHOCTKM )l.BH)KeHJU c COOTBeTCTB)'IOII(HMH 

(nyJieBOH H HeKOTOpOH KOHe'IH<lH) CKOpOCTKMH Me)K.uy 

paccM0Tpennb1MH ceqemurMH BceJienuoii. 

Bhiillerrpnee.ueuHhIH anaJIH'.3 BhIJIOJIHeH c rroMOI.UhIO 

npe.ucrasnemrn 0 CHCTeMe KOop.u1rnaT "HOpMaJib-IIOBepxHOCTb'' 

(pet.n, n.neT o noeepxHOCTH 4-c<jlephl). KaK MhI ceH:qac yeH.UHM, 

:na CHCTCMa KOOP.UHHaT He 11.uennJ'lHa c o6bI'lHO HCil0Jlb3yeMOH 

cHcTeMoli Koop.n;nHaTHhIX oce:H "speM.sr~nepeMememre". Eonee 

Toro, BHOBb BBC)l.CHHaK CHCTCMa KOOp.umraT Il03B0Jij{eT H36e)KaTb 

rrpHBJieqeHmI KOIJ;errn;HH rrceB.D;03BKJIHJ:(OBOH MerpHKH, Jie)KameH. 

B OCHOBe $opM8JIH3Ma MHHKOBCKoro. 

y CTaHOBHM Tenepb COOTBeTCTBHe Me)l(.uy KOHCTPYKIJ;WIMH 

HOBOH TeOpHH If npHBbl'lHbIMH Mo.neJihHbIMH npe.nCTaBJICHJUMH 

cnen:HaJibHOH Teopm1 OTHOCHTeJibHOCTH (CTO). 

t 

x 
Puc. 3.4 

Ha pnc. 3.4 npMee.ueHa THIIH'lHaK rorn CTO cHcTeMa 

KOOp,IlHHaT, no OCH op,UHIIaT OTJIO)KeHO epeMK t, no OCH a6cu;ncc -

nepeMern;emrn x. ilyHKTHpHOH JUIHHeH o6o3Ha'leH CBCTOBOH 
. I 

KoHyc. KaK B :31oif CHCTeMe mo6pa)KaeTCK ceqeHHe BceJieHHOH 

fIOCTOKHHOro pa.uttyca? 0TBeT IlOJI)"lHTh nerKO. )l(HpHaK JIHHifj{ 

Ha 3TOM pHCyHKC KaK pa3 H COOTBCTCTByeT TCM TO'lKaM 
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npocTpaHCTBeHHo-apeMe1moro KOHTHHyy~rn, co6cmaen11oe 
apeMH ):{BIDKeHHH .uo KOTOphIX H3 TOqKH 0 O,UHO H TO )Ke wrn. TeJI, 

,[\BH)K)'lUHXCK co BCCMH B03MO)KHhIMH CKOpOCTXMH. I1Haqe 

roaopH, 4-MepHoe (ncee):{o-)paccrnsrnHe B npocTpaHcTBC 
MttHKOBCKoro OT TOqKH 0 .u;o mo6oi1 H3 rnqeK B0 , B1, ... , 
O,UHIIaKOBO H COOTBeTCTByeT paccTOHHHIO MC)K.lzy ce11eHHHMH R H. 

R+dR BceJieHnoH: na pnc. 3.3: 

c2 
• f · x2 = const 

B qacrnocTH, 
1
ecJm KoncranTa B rrpasoH: 11acTH paeHa 

nymo, nawa KpHBaK Bhlpomncx a caeroeo:H KoHyc~ B rrpoTHBHOM 

cnyqae yron a OTKJIOHeHHK BeKTopa CKOpOCTM OT OCH apeMeHH 
6y.ueT MCHhlllC 45°; )TOT yroJI rrpe.uenen COOTHOllICHHeM 

tga=xl(c·t) =vie 

}J.aHHhIK yrorr ITOBOpOTa B npocTpaHCTBCIIHO-BpeMeHHOH 
IIJIOCKOCTH, co6CTBCHHO rosopg, OTBe11aeT nepexo.uy OT 0,!(HOH 

CKOpOCTH K .upyroii. Bee MHO)KeCTBO CKOpOCTCH COOTBCTCTBYeT 
COBOKynHOCTH ):{OilYCTHMhIX yrJIOB rroaopora. 

Cnpaw1rnaercj{, KaK COOTHOCHTCH Me)K.uy co6oH: 

y1<:a3aHHhIH yron rroaopora a (B npocTpaHCTBe "apeMH

nepeMemem1e") H yroJI "' OTKJIOHCHHK BCKTopa 4-MepHoro 
nepeMemeHM}l ( c orrpe.uenennoli cimpocThIO) OT KpaTqaihnero 4-
Mepnoro nym ( c nyneaoii CKopOCThIO) Me*):(Y ceqeHMHMH 
BcenenHoif na pu.c. 3.3 (a rrpocrpaHCTBe "HopManh

noaepxHOCTh") ? nerKo BH.UeTh, 11ro yron rp He paBeH yrny a na 

pHCyttKe 3.4; .ueH:CTBMTCJlhHO, Kor,na nepBbIH CTpeMHTCH K 90°, 
BTOpo:H CTµCMHTC}I I< 45°. c yqeTOM orrpe.ueneHHH yrJIOB Mhl 

MO.)KCM 3aKJIIOtJHTh, qTo 

tga= simp. 
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c .n:pyroJ':i CTOpOHbl, Me'iK)l.Y 3THMH yrmlMH 3aBe,lJ,OMO 

ycTaHOBJICHO B3aHMHO-O,lJ,H03Haqnoe COOTBCTCTBHC, TaK qTo 

rrepexo.n:y- OT o,zworo eeKTopa 4-Mepnoro nepeMew.enm1 K 

.npyroMy Ha pHC. 3.3 (B rrpocTpaHCTBe. "nopMarrb-IIOBepXHOCTb") 

ucer.ri.a oTBeqaeT coseprueHHO o'npe.uenennoe npeo6pa30BaHHe 

nopCHI.la (B rrpocTpaHCTBe "speMH-rrepeMew.enHe"). MbI, TaKHM 

o6pa30M, IIOJiy<IHJIH HarnH.n:nyro HHTerrpeTaU.HIO :noro 

npeo6pa30BaHH}l cpeACTBaMH qfiCTO 3BKJIHJJ:OBOH (a He 

nceB,nO)BKJIH,lJ,OBOH) reOMCTpHU, npHqeM BO BHOBb eee.n:eHHOH 

CHCTeMe KOOp,llHHaT apryMeHT rrpeo6pa30BaHIIH orrpe.n:emleTCH He 

qepe3 rnrrep60JIH1'1CCKHR apKTaHreHc (KaK B CTO), a -qepe3 

o6blqHbIH apKCHHYC CKOpOCTH. IlpH 3TOM HC06XO,D;HMOCTb B 

HCIIOJib30BaHmI (H <}>m11qeCKOH HHTeprrpeTal.lHH) MHHMbIX 

orpe3KOB H yr11oe OTIIa,naeT, a apeMH .UBH'JKCHJIH )J,IDI 

neil0d6UJICHOW na6mo,naTeJUI ( op.nirnara KOHClJ.HOH TOqKH 

eeKTopa OB1 Ha pHc. 3.4) .n:encTBHTCJihHO cooTBeTCTeyeT W:CM'He 

BeKTopa 4-MepHoro nepeMew.eHmi OB1 Ha p11c. 3.3. 
B paMKax 3TOH HHTepnpeTaU.HH neo6xo;a:HMO TaJOI<e 

rrpHH}ITh, qTo 11acb1 Bo acex 6e:J ucw11011enua cucmeMax 
omc'lema U3Mepa10m npupa1Urenue pa()uyca BceJJennou 
6e3omnocumeJJbHO « co6cmBennoMy d6u;nceuu10 11aco6. B cHJiy 

3TOrO o6cTO.SlTCJibCTBa qacbl, CBH3aHHhlC c JllOOblM 1rnepUHa.JibHO 

,llBH'JKYllJ.HMCH na6m-0.n:aTCJICM (a He TO.JlbKO c a6COJIIOTHO 

HeIIO,[{BH'iKHbIM!) IlOKa'iKyr rrpH ,[{BH'iKeHHH MC/KAY .JJ:BYMSl 

3a,l.l.aHHLIMH ceqenmi:MH Bce11emIOH OJ.J.HO H To 'iKe 3HaqeHHe · 

epeMeHHoro npo.Me'iKyrKa. )].1rn Ka'JK,noro HJ TaKHX Ha6m-0J.J.aTCJieH 

(T.e. BO BCex B03MO'JKHLIX HHepUHa.JibHbIX CHCTCMax OTClJ.eTa) 

O.UJUI H TOT 'iKe HHTepsarr Me'iK.JJ.Y Ll.BYM'1 4-co6bITHHMH 0 H Bo 
»BJUICTC,SJ KaTeTOM OJ.J,HOH H TOH 'JKe ).J,JIHHbI, TaK '"ITO B Ka)K,l{OH 

TaKOH CHCTeMe OTcqern rrpocrpaHCTBeHHa» H BpeMCHHM 

KOOpJ.J.HHaTbJ .UBH'iKyw.erocH c IIOCTOSlHHOH CKOpOCTblO Tena 

YLl.OBJiereop»IOT o.n:ttoMy H TOMY 'iKe ycJIOBHIO 

2 ,2 2 c · r - x = const 
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l.JTO 03Hal.JaCT COOTBCTCTBCHHO cnpaBC,I.UIHBOCTb npaBHJI 

rrpeo6pa3osamu1 Koop.nnttaT H BpeMeH B CTO. 0.nttaKo :no septte> 

JIHIIIb B TOM c11yqae, KOr.na KOOp,Ll,HHaTa x 0603Hal.JaCT 

paCCTOXHHC HMCHHO .no a6comom110 11en006UJICHOlO (a He 

npOH3BOJibHOro) Ha6mo.naTCJIX. 

PewHM, .nanee, TaKYJO 3a.naqy '- BhUICHHM, KaK 6y.neT 

BbffJUl,UCTb ITO OTHOWCHHIO K CCl.JCHHIO BceJICHHOH MHO)KCCTBO 

TOl.JCK, QOH06pe.MeHHblX B IIOKOHll.leika CHCTCMC KOOp,Ll,HHaT 

("speMx-rrepeMClllCHHe") H COOTBeTCTBYJOIUHX xmpHOH 

ropH30HTaJibHOH JIHHHH Ha pHC. 3.5. 
J1erKO BH.LJ.CTh, qTo ycJiosne t = const MO)KHO 3a1rncaT& B 

BH,LJ,C 

x = const· tga = const· sintp, 

qTQ COOTBCTCTByCT ypaBHCHHIO OKp~HOCTH ()fmpnaa JIHHHH Ha 

pttc. 3.6). TaKHM o6pa3oM, o.uttospeMCHHbIM (B rroKoxw:eiica 

CHCTCMC OTCl.JeTa) C06bITHMM OTBeqaroT paBHOY.LJ.aJICHHbIC OT 

Hcxo.nHoro B .nanHOM ceqeHHH BceJieHHOM co6bITHH ToqKH, 

npHHa)lJIC)Kaw:ne pa111u11HblM cel.JCHHXM BceJiettn:o:H. 

t 

R+dR 

R 
x 

Puc.3.5 Puc. 3.6 

11HTepecHO TaK)KC cpaBHHTb rrpe.ncTaBJieHHH 0 cpH3Hl.JCCKOH 

npwmHHOCTH. B CTO 3TH npe.ncrnsnemrn ttanrn.nuo 
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mo6pa)l{aIOTCX o6meH3BCCTHOH .i::urnrpaMMOH Ha pHc.3.7 B 

CHCTCMe KOOP.ll.Hmrr "speMx-nepeMemeHHe ": 

· a6co ioi:Hoe 

'' ... , 6)'. ymee ,.,,., 
', .," ' , ... ' , 

a6COJIIOTHO ~-----------''~'~'~'-'----------~ ;" ' X a6COJIIOTHO 

Y.llaJieHHax o6JiaCTh y.uaJieHHax o6naCTh /~ ',, 
," ', 

,,'" ',, 
' a6co JOTHoe ',,_ 

npo Jioe 

Puc. 3.7 

Ha :noii: .llHarpaMMe HeKoTopoe mITepecyiomee Hae 

nepsoe (4-MepHoe) co6bITHe IIOMCIUeHO B Haqa.n:o KOOp,ll.HHRT 

(TOqKY nepeceqeHHX OCCH t H x). IlyttKTHpbl "cseTOBOro KOttyca" 

pa3rpaHHqHea10T TPH o6JiaCTH rrpHJiermomero KOHTHliyy~rn. EcJIH 

BTOpoe co6blTHC pacrrOJIO)l{eHO B o6JiaCTH a6coJI.IOTHOrO 

rrpoIIIJIOrO no OTHOilleHHIO K rrepBOMY co6bITHIO, TO B JIJ06oH: 

qrcTeMe OTcqera OHO npe)llilecrnyer rrepsoMy, 4-MepHbIH 

HHTepBaJI Me)l{.llY .llB)'MX co6bITHXMH XBJIXeTCH 

BpeMeHHilO)l06HbIM, a HaHMeHhIIIHM speMCHHbIM rrpoMe)l{yrKOM 

OHH pa3)leJieHbl B TOH CHCTeMe OTC"lleTa, r,l(e HX 

rrpocTpaHCTBeHHble KOMIIOHeHTbl COBila,l(alOT (r.e. B CHCTeMe 

OTCqCTa, ",ll.BH)l{ymeiicx" OT nepearo co6hITJUI KO BTOpoMy). 

CHMMeTpHqHbIM o6pa30M o6cTOHT .ll.CJIO B o6Jiacnr a6coJIJOTHoro 

6y..uymero, TOJlbKO 3.llCCb B JII060H CHCTCMe OTCqCTa rrepBoe 

co6bITHe rrpe)J.IIICCTByeT BTOpoMy. EcnH )Ke BTopoe C06bITHe 

Jie)l{HT BHe "cBeTOBOrO KOHyca"' TO B mo6oH: CHCTCMe OTCqeTa 

3TH co6bITHX npOHCXOMT B pa3HhIX Mectax rrpocTpaHCTBa, 

npJ:IqCM HaHMeHbIIIHM pacCTOXHHe Me)l{.ll.Y HHMH XBJIXeTCx B TOH 

\ 
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"* 

CHCTeMe OTcqeTa, r)],e OHH rrpOHCXO)],KT 0)],HOBpeMeHIIO; 3TO 

"o6nacTb a6comoTHoro y.L1.aneum1" co61>1THH. 
B pa3ensaeMoif 3.uecb Teopnn ( cncTeMa Koop.uHHaT 

"HOpMMh-IlOBepXHOCTb") c1nyar.uu1 HeCKOJibKO 
rpattcq>0pMttpyercx. B paMKax JIOKfilihHoro rro.uxoaa, KOrJJ.a 
inoxpotta ( ceqeHHe BcerreHHoii ,na1rnoro paJJ.nyca R) 
H306pa:>KaeTCH rrpOCTO ropH30HTaJlhHOH murneii (CM. pHc. 3.8), 
o6nacTh a6comoTHoro 6y.n,ymero pacnonaraeTcx HaA TioH: 
JUIHHeH, o6naCTb a6COJIIOTHOro rrpomnoro - IIO.Ll JIHHHeH, a 
a6COJIIOTHO y.ua.JieHHaH o6naCTh coena,1:1aeT c 3-MepHbIM ce4:eHHeM 
BceneHHoii. B oTmi1IHe OT CTO, o6nacTh BHe "cseToeoro 
Kottyca" BbipO)K)],aeTcx e 3-Mepttyro rmrepnoeepxttocTh, T.e. 
COBITa,l:laeT co "ceeTOBhIM KOHycoM". 

a6coJIIOTHOe 6y.uymee 

R 

a6co1110Tttoe npomnoe 

Puc. 3.8 

a6conIOTHO 
y,naneHHaH 

o6nacn, 

IlpH rno6aJihHOM paccMorpeHHI1 npocTpaHCTBeHHOe 
ceqem1e BceneHHOH H3o6pa:>KaeTcH (na pHc. 3.9) OKp)'iKHOCTbIO, 
coBna.n,aromeii c a6conIOTHO Y.llfilieHHoii 06nacT1>IO. 06naCTb a6-

a6cOJIIOTHOe 

6y.uymee 

A6conJOT
uoe 

npoumoe 

Puc. 3.9 

a6conIOTHOe 

6y,1:1ymee 
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COJIIOTHOrO nponrnoro JICiKMT BHyrpH, a o6nacn, a6COJIIOTIIOro 

6y.uymero - sue OKPYJKHOCTH. 

lfHTepeCHblM HBJUleTCH H eme 0.UHH J\{OMCHT. IlpH 

<i>H3MqCcKOM .UBHiKCHHH JII06oro TeJia c .UOCBeTOBOH CKOpOCTbIO 

ero MHpOBCUI JIHHHH coe,UHHHCT HCXOAH)'IO TOqKY O.UHOro 

KOHU.CHTpH1ICCKOrO ceqeHml BceJieHHOH c KOHequoii TQqKoH, 

rrpHHa,n:JieiKameii .n:pyroMy KOHIJ.eHrpHqecKOMY ceqeHHIO 

6oJILIIJero pa.u11yca. TaKCUI TpaeKTopHH MOiKeT 6LITL 

npe,n:cTaBJieHa CYMMOH .nocTaToqHo Ma.rrwx HaKJIOHH1>1x 

npHMOJIHHCHHbIX 0Tpe3KOB, AJIHHa KaiK.UOro . M3 KOTOpwx 

( OTBeqaromrui: epeMeHH rrepeMemen11s, onpe.ueJIHeMoro B 

HCilO,UBHiKHOH CHCTCMC OTCqera) 6y.uer 6oJihIIJe .n;JIHHbl 

COOTBeTCTB)'IOlJ..leH ropH30HTa.JlbHOH npoeKIJ.HH Ha 

rrpocrpaHCTBeHHoe ceqeHHe BceJieHHOH. Ilo3TOMY 11 .n;JIHHa seen 

rpaeKTOpHH B UCJIOM 6y.n.eT Bcer.n:a 60JiblllC .n;JIHHW 1IHCTO 

npocrpaHCTBCHHOTO nepeMemettmi:, TaK 1ITO pe3yJibTHPYIOIIJ.CUI 3-
MepHCUI CKOpOCTb ,LJ:BHiKCHHH BCer.n.a 6y.[(eT MCHblllC CKOpOCTH 

csera. 

c .upyro:ii CTOpOHbl, H3 BbipaiKCHml .IlJIH• Xa66iIOBOH 

CKOpOCTH pa3JieTa HeIIO,ll.BHiKHblX ra.rraKTHK 

v = (c/R)·x 

BbJTeKaeT, qTQ )')KC npH x = R BCJIH1IHHa' 3TOH CKOpOCTll 

.l{OCTHraeT CKOpOCTH CBeTa, TaK lJTO npli paccTOHHHH MCiK.[{y 

TaKHMH ra.rraKTHKaMH, rrpeBbJIIJaIOIUeM (B yrnOBOM H3MepeHHH no 

OTHOIIJCHHIO K uenrpy 4-Mepttoro IIJapa) O)J,HH paJJ,HaH, Mhl 

rrpnxOJJ,MM, Ka3aJIOCb 61>1, K CMryau,MM co csepxcserosoH: 

CKOpOCTblO. 

B .n.eiiCTBMTeJibHOCTH, cornaCHO npe)l,JiaraeMOH CHCTCMe 

B3rJIH.UOB, no.u CKOpOCTblO )l,BHiKeHHH )l,OnycKaeTCH IlOHHMaTp 

TOJibKO TOT CJiyqa:H, Kor.ua 3TO .[(BHiKCHIIC (B npouecce 

pacIIJttpemrn Bcerreattoi1) o6ycnosneHo rrepeMeIUeHRCM 

mo6paiKaIOIUCH T01IKll no MHpOBOH JIHHHH, omKJlOH.RWW,eUCR OT 
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HOpMaJIM K H30XpOHe. c '.)TOH TOqKM 3peHHjl IlOHUHe ofo,1qnoi1 

TpexMepHOH CKOpOCTH Boo6me He npnMeHHMO K Xa66nony 

pacumpemno, OHO rrpe.z:tCTaBJUieT co6oH: HeKMH ,l],OilOJIHHTeJibHblH 

110 OTHOil.ICHHIO K Tpa,l],MIJ,HOHHOMY MeXaHH3M ,l],BJl)KeHmr, B 

qacTHOCTH, He o6ecrreqHBaeT rrpHqHJIHO-CJIC,l],CTBeHHOH CBjJJH 

Me)K,n,y co6hITHXMH Ha B3aHMHO y,ua.JUIIOIQHXC» o6'heKTax ( TaKM: 

CBH3h B03MOiKHa JIHillh Me)K.z:tY HCKoeli o6me:H rrpHq.HHOH H 

Ka)K,l],bIM H3 HHX B OT,l],eJibHOCTH). 

3.4. 0 Te'leHHH BpeMeHH B CTO u TIDPB 

CpaBHHM rrpe,acTaBJieHHH o TeqennH epeMeHH B CTO H 

TlllPB, paccMOTpeB CHaqruia cnyqaif OTHOCHTeJihHOro 

HHepI..t;HaJibHOfO ,ll;BHiKeHHH .ZIByx Ten H CBj13aHHbIX c HHMH 

Ha6mo.uaTeneif, cHa6)KeHHhIX qacaMM. B o6enx MO.JJ.CJijlX Tet.Iemre 

BpeMeHH cqHTaeTcjl JaBHCHMbIM OT CKopocnt n.emKemur.. B CTO 

n;poMe)KyrOK epeMeHH Me:HCdy d6YMJI, .JJ-tOMeHmaMu d6U:HCeHUJI, 2-
zo Ha6mooameJ111 1-H na6n10.ua-renb B CBOCH CHCTeMe OTC'-leTa (OH 

B Hett HeIIO,l],BIDKeH) nonaraeT paBHbIM 111, a B CHCTeMe BTOporo 

-Ha6nro.uaTeJijl - paBHbIM 112, rrpHqeM, cornacHo CTO, tu > t12 

(T.e., KaK OTMeqaeTCH B [17], ",l],BH)K)'IQHecjl qaCbI H,l],yr 

Me,l],JieHHee HerrO.UBH)KHblx"). CoseprneHHO CHMMeTpnqHbIM 

o6pa'3oM npoMe)KyrOK BpeMemr MeJICOY 3fflUMU :HCe CaMbl.MU 

co6wmURMU 2-ii Ha6nro.uarenh e ero (rroKoKmdic.si, no ero 

MHeHHIO) CHCTeMe OTcqera IlOJiaraeT paBHbIM 121. a B CHCTeMe 

rrepsoro na6m-0.uareID1 - pasni.1M t22, npuqeM h1 > t21. TaKHM 

o6pa3oM, Ka)K,l],hIH 113 Ha6mo,LlaTenen rroJiaraer, qro BpeMn s' ero 

CHCTCMe OTcqe-ra reqeT 6i.ICTpee, qeM B CHCTeMe .llpyroro 

ua6nro.uareJijl. 

Y Ka3aHHyIO KOJIJIH3HIO CTO npewrnraer cqnrnrh 

HecyuiecTBeHHOH B CHJIY cne.uyromero o6CTOHTeJibCTBa. 

3KcrrepHMeHTaJibHO cpasHHTb Herrocpe,l],CTBCHHbIC IlOKa3aHHjl 

.D;Byx qacoB HCB03M0)KH0 6e3 napyruenmt HHCpUHaJihHOro 

xapaKTepa .QBH)KCHHH, no xpaiiHeii Mepe, o;:moro H3 ren, 
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HarrpHMep, rryreM IIOBOpOTa H B03BpameHHJI K nepBOMY TeJiy. 

,ll,eH:ctBHTeJJbHO, npH 3TOM TaKOe TeJIO HeMHHyeMO )lOJUKHO 

H3MeHHTb CBOIO CKOpocn,, T.e. rrpcrepneTb ycKopeHHe. 

BOJMO)l(eff H .npyroH: cnoco6, rrpH KOTOpOM IlOKa3aHH'l 

,!J,BHJKYIUHXCX qacos (K') cpasmrnaJOTCX B HaqaJihliOH TOqKe c 

IlOKa3aHHXMJI O,!J,HHX HeIIO,!J,BHJKHbIX qacoB (K1 ), a B KOHeqHOH 

TQqKe - c IIOKaJamrnMH BTOpbIX HeUO,!J,BH)l(HblX qacoB (K2). 

Pa3YMeercs, rrpH 3TOM Herro.nBH)l(Hbie qac1>1 K 1 n K1 .D.OJI)l(HbI 

3apaHee 6hlTh CTporo CHHXpOHH3HpOBaHbI Me)l(,ll,y co6o:H: 

(HaIIpHMep, B HaqaJibHOH roqKe, IIOCJie qero qachl Ki CKOJih 

yro,n:HO Me,!J,JleHHO nepeMemaJOTCX B KOHe'IHyK> roqKy, a ~ 

3aTeM ocymecTBmi:ercx OCHOBHOH 3KCnepHMeHT). 

B [ 17] rro.no6HhlH 3KcrrepnMeHT onHChlBaeTCs 

CJie)lyK>IUHM o6pa30M: "TiycTh B HeKOTOpbIH MOMeHT BpeMeHH 

qac1>1 K' rrponeraior MHMO qacoB B K, H B '.3TOT MOMeHT 

rroKa3amrn 06m1x 'Iacos coBrra.naroT. ,nnx cpaBHeHHx xo.na qacos 

K H K' Ha.no BHOBh cpaBHHTh rroKa3aHHX rex )Ke L{BH)l(ymHxca 

qacoB K' c qacaMH B K. Ho rerreph MhI ~e cpaBHHBaeM 

rroKa3aHHx Tex )Ke L{BH)f(YJUHXCs qacos BK' c .npyrHMH qacaMH B 

K - c TeMH, MHMO KOTOpbIX qac1>1 K' rrponeTaIOT B ApyroH: 

MOMeHT. Ilp11 '.3TOM MhI o6Hap~HM, qro qac1>1 K' 6y.nyr 

OTCTaBaTI:. no cpaBHeHHIO c qacaMH B K, c KOTOpblMH OHH 

cpasHH:narorcx. M1>1 BHL{HM, 'ITO ;:i;m1 cpaBHeHHll xo.na qacoB B 

.n:syx CHCTeMax OTCqera He06XO)J,HMbl HeCKOJibKO qacoB B 0)].HOH 

CHCTeMe H O,LIJIH B .npyroH:. Tio3TOMY 3TOT npou.ecc He 

CHMMeTpHqeH no OTHOllleHHIO K o6eHM CHCTeMaM. Bcer,!la 

OKa)l(yrcx OTCTalOIUHMH Te qachI, KOTOpbie cpaBHHBalOTCX c 

pa3HhIMH qacaMH B .LJ.pyroH: CHCTeMe OTcqcra." 

Mue H3JIOJKeHHble coo6pa)l(eHHX, OTHOCJllll,Hecx K 

IIOCJie.nHeMy '.3KCnepHMeHTy, He rrpe.nCTaBJUIIOTCX 

y6e.nHren1>HhIMH. B caMoM .L{eJie, ecJIH MhI rrocne cpasHeHHX 

noxa3aHHH K' H Kz BHOBL .nocraToqHO Me.nJieHHO rro.L{Be.UeM qachl 

Ki K qacaM K1 n y6e.u11Mcx, qrn .cirnxpoHHOCTb HX IIOKa3aHHH ( c 

Ja,l:{aHHOH rrorpeIIIHOCTblO) He HapYIIIeHa, TO KaKHe OKa)l(yrC.sI y 
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Hae OCHOBaHIUI ,ueJiaTh eoo6me KaIOfe-JIH6o pa3JIHqJuI Me)l(,uy 

H3MepeHmIMH speMem1 c noMOIUhIO qacos K 1 H K1 ? EcJIH 

e,UHHCTBeHHbIM <PaKTopoM, TeopeTHqecKH BJIH'110IUHM na XO.ll 

BpeMelrn rrpH HnepUHaJibHOM ,ABH)l(eHJm, HBJI'1eTCH CKOpOCTb 

,llBH)l(eHHH, TO KOJJHqecTBO mm <l>H3HqecKax He1'0)l(,UeCTBeHHOCTb 

qacos ne MMeIOT HM Maneihnero 3HaqenMx rrpH H3MepenHxx. 

Eonee Toro, 3KcrrepHMeHT MO)l(HO ycrro)l(HHTb H CJienaTb snon11e 

CHMMeTpHqHbIM, HCIIOJib3YH no ,llBa cpasneHHH H no .llBe napbl 

qacoe K'1, K'2 H K1, K2, KaK no noKa3ano na pHc. 3.10. qacbl 

K' 1, K' 2 JIBH)l(YTCX eneso 0T11ocwrenh110 11erro,nBH)l(HblX qacoe K1 
, K2. B CHCTeMe K rroKa3aHHX qacoe K' 1 cpas11Hsa10Tcx cnaqana c 
IIOKa3aHHHMH K2, a 3aTeM - c noKa3amrnMH K1. B CHCTeMe K' 
rrol(a3aHHx qacoa K 2 cpaBHHBaroTcx c11aqana c rroKaJaHHXMH K' i. 
a 3aTeM - c noKa3aHHXMH K' 2. 

K1 Kz Ki Kz 

• • • • 
• _._ • • • K'i K'2 K'1 K'2 

Puc. 3.10. 

Cornacno BbIUienp1me.n;eHHbIM .llOBO,lJ,aM aBTopos [ 17], 
OJIHospeMenno qacbI K' 1 )l.OJDKHbI OTCTaTb OT qacoa K1, a qacE.1 

K1 .llOJI)l(HbI OTCT~Th OT qacos K' 2. HJ 3Toro MO)l(HO BhIBeCTH B 

KOHetJHOM cqeTe KaK TO, qTO qacbI Kz }:{OJI)l(Hbl OTCTaTh OT qacOB 

Ki, TaK H TO, qTo qac1>1 K' 1 )l.OJI)l(HbI OTCTan. OT qacos K' 2, qTo 

nnoncy)..(a, aoo6me rosopx, ne cJie)..(yer. 

B [23) OTBepraroTcx rrorrhITKH 6onbrnoro qHcna aeTopos 

1<onu11ecm6enno o6ocnosaTb rrapa)..(OKC qacos B Teoptttt 

OTHOCHTeJibHOCTH 3a cqeT 3TaJ.Ia ycKopeHHOro )l.BH)l(eHHH 

soJspamaromnxcH rrocJie :narra y.llanemrn nO.UBH)l(HblX qacos OT 

Herro,uBH)l(HI:.JX. ABTOp [23 J crrpase,umrno orMeqaeT, qrn <Pa3a 
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ycKopeHml MO)l{eT BHeCTH JIHillb BKJia.[\, KOTOpbIH He 3Q6Ucum OT 

,[\JlHHhl HeycKopeHHOro yqaCTKa, B TO BpeMH KaK pe.flHTHBHCTCKaJI 

pa3HOCTb speMeH nponopl.(UOHQJlbll,a 3THM ,l:IJIHHaM. 

B TIIIPB, KaK nerKo BHJ:leTh H3 pHc. 3.3, HenOLIBH)l{HhIM 

qacaM COIIOCTaBJIJleTCK KpaTqaihnee. pacCTOKHHe Me)l{ny .L\BYMH 

H30XponaMH (seprn:KMbHhIH 0Tpe30K), a .llBH)l{YillHMC» qacaM -

ttaK.flonn1>1n orpe3oK, coel(HHHIOI.QHH 3TH )Ke moxpon1>1. ITonoMy 

H B TIIIPB na6.TIIO.llate.flIO Ka)l{eTcH, 1IT0 .llBH~HeCH 
OTHOCHTeJILHO Hero qacLI HJ(yr MeMeHHee, npHqeM q11cneHHOe 

cooTnoruenHe Toqno TaKOe )Ke, KaK H B CTO. 0.llttaKo 

KOHn;enryMbHO JlI06ble qac1>1, HHepn;HMbHO (T.e. B.llO.flb II~MOH 
MHpOBOH JIHHHH) nepeMeI.QaIOI.QHec.sr Me)l{)l,y )l,BYMK moxponaMH c 

JlI06on ,[\OIIYCTHMOH CKOpOCTbIO, IIOKa)l{yr 0.llHH H TOT )Ke 

HHTepBM "a6coJIIOTHoro" upeMemr. TaKHM o6pa3oM, · s TIIIPB 

rrapa,L\OKC qacoB npH HHepn;Ha.flbHOM ,llBH)l{eHHH He B03HHKaeT. 

qTO )Ke KacaeTCj{ 3aMe,L(JleHHH TeqeHHH speMeHH rrpH 

ycKopeHHH H.flH B rprumTan;HOHHOM IlOJle (qacLI B co60,L\HOH dT 

110.flH 06.flaCTJi npocrpaHCTBa H.L\Yf 6bICTpee ), TO OHO HMeeT 

ofo,eKTHBHhIH xapaKTep H 110,llTBep)K,lleHO 3KcnepHMeHTaMH. c 
ToqKH 3penttH TIIIPB H non1>1ra10c1> o6oHCHHTh 3TO C.fle.ll)'IOI.QHM 

o6pa30M. lfaMepeHHe BpeMeHH, UO,ll06HO H3MepeHHIO J(JIHHLI, 

OCHOBaHO Ha cpaBHeHHH H3Mep»eMOfO HHTepBa.ria c '}Ta.flOHOM, 

T.e. c 110Ka3aHHHMH qacoB. bOJiblllHHCTBO qacoB 

xapaKTepH3yIOTC» rrepnonoM co6cTBeHHhIX Kone6am1i1 TOH rum 
HHOH npnpo,ll1>1, a 3Haqnr - c neHnepn;!f:MbHhihIM .llBH)l{eHHeM n 

onpe,ll,eJieHHLIM ycKopem1eM. Han6onee ¢YHnaMeHTlllILHble 

KOJie6aTeJihHhie rrpon;ecChI CBH3aHhI co BCeMH qaCTHlJ;aMH, 

o6JrnJ(aIOI.QHMH MaccoH:. Ka)l{.llOMY 3HaqenHIO Macchi· 

COOTBeTCTByeT CBOH rrepHOJ( Kone6aHHH BO.flHbl .ne-Epoibui:. 

ITpn Bo3neifcTBHH ycKopettHH .flI06oif npHpOJ(bI (B TOM 

qifC.fle 3a cqeT ,[\eHCTBHH rpaBHTall;HOHHOro rrom1) MHpOBaJI JlHHHH 

JJ;BH)l{yI.UeHCH qaCTHD;bI OTKJIOHHeTCX OT npHMOH, H KpHBH3Ha 

rrpocrpaHCTBa B . JlOKllllbHOH OKpeCTHOCTH COOTBeTCTByIOI.QeH 

rnqKH JTOH MHpouoif .flHHHH B o6meM c.fly1rne mMeH.sieTc.si:. Ee.rm 
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cq1uaTb npH 3TOM, qTO nepHO,ll 3TaJIOHHbIX KOJie6aim:H (qacoB) He 

MCHHCTCjI, TO pe3y11hTaT cpaBHeHHX 3TaJIOHa BpCMCHH c 

(HCKpHBJICHHbIM) H3MepxCMbIM HHTCpBaJIOM TaK)l(C H3MCHHTCjI, 

Eo11ee Toro, 06L1qno 3a cqeT ycKopeHHH KpHBH3IIa 

MHpOBOH JIHHHH B03paCTaCT, TOr,lla KaK rrpH pacurnpemm 

Bce11eHnoH: KpHBHJHa YMCJiblllaeTcH. I1MenHo no3TOMY xo.ll 

BpeMeHH JaMC.l(JljieTCH, a He ycKopxeTcg, T.e. o6ycJIOBJieHHOC 

ycKopeirn:eM u1Menenue xo.n.a speMeHH npomuBonono;m:uo 
nanpa6lleHUIO BpCMCHH, o6ycJIOBJICHHOfO ITOCTCIICHHbIM 

Yl\fCHhllICHHeM KpHBH3HbI BceneHHo:H. 

'3.5. 0 npHHU.HRe OTHOCHTeJILHOCTH 3iiH~TeHHa u: 
BLl)leJleHHOH CHCTeMe OTC-IeTa 

I1pHH[(HII OTHOCHTCJihHOCTH 3HHllITeHHa ,llCKJiap11pyeT 

IlOJIHOe paBHonpaBHC BCCX uuepU,UflllbHblX CHCTCM. HanOMHHM, 

qTo ero KOH[(CITTYaJlhHOC o6ocHOBaHHC H3HaqaJibHO 6bIJIO 

npHHXTO crpoHTb. Ha .llByx IIOJIO)l(CJIHHX. Bo-nepBbIX, HCXO~ H3 

OIIhITOB MaH:K~JihCOHa-MopnH, /KOHCTaTHpOBaJIOCh BbIITOJIHCHHe 

COOTHOIIICHHH cdr • (dx2+dy2+dt) = 0 npH pacnpocrpaHeHHH 

CBCTOBOro CHfHaJia B npOU360RbllOU CHCTCMC OTcqeTa. Bo

BTOphIX, ,n:CJiaJIOCb He OCHOBaHHOC HCIIOCpC.llCTBCHHO Ha OIIhITC 

.llOIIYllICHHe, qro nesax qacTb 3TOro paBeHcTBa caMa no ce6e (T.e. 

npH mo6oM ee 3Haqemm) TaKiKe HMCCT o,n:Hy H TY )KC BeJI11q1my B 

mo6o:H HHepu;HaJibHOH CHCTeMe OTcqera, T.e. jJBJUleTCX 

HHBapHaHTOM rrpeo6pa3osamrn J1opeHu;a. Cnpase.n.n11BOCTh 3Toro 

,ll.OIIYllICHHH 011paB,ll.bIBaJiaCb anocTep11op11 ycrrellIHhIMH 

Teope-rnqecKHMH npe,llCKa3aHHj{MH TCOpHH OTHOCHTCJih~OCTH. 

113 CKa3aHHOf0 BbITCKaCT, qTo B rrpIIH[(HIIC ,ll.OIIYCTHMbl 

11or11qecKHC IIOIIhITKH IIOCTpOHTb HOBYJO cpH3HqeCKYJO MO.ll:CJib, B 

KOTOpoH: crrpaBC,ll.JIHBO JIHillh rrepeoe paBCHCTBO, ror.n.a KaK 

BTOpoe yrBCP)l(.ll:CHHC B o611{eM cnyqae BbIITOJIHjlCTCH He crporo, ,a 

JIMlllh B .llOCTaroqHOM np116nmKeHMM. KaK 6hIJIO OTMeqeHo BhIIIIe, 

JIHBapttaHTHOyTh 4-MepHoro mnepBaJia B pB.MKax H3JiaraeMOH 
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TeopHH TO'-IHO BbIIIOJimleTCH JIHillb no OTHOilleHHIO K a6conwmno 
nenoi>suJ1Cno~1y ua6JIIOJJ.aTeJIIo. EcJIH iKe, uarrpttMep, caM 

Ha6JIIO,L{aTeJib ,l.(BHiKeTCil c HeKOTOpOH a6COJIIOTHOH CKOpOCTblO v 
B IIJIOCKOCTH xt, TO BMeCTO mrnapHaHTHOro BbipaJKeHHH ,Q.JUI 

WIHHbI 4-Mepttoro rrepeMeIUeHHil • 

B03HHKaeT, KaK MOiKHO IIOKa3aTb, COOTHOilleHHe 

r.L(e 

P= (Vic) I (1 - v2Jc2
) 

112 

c JJ.pyroi1 CTOpOHbl, y1rnnepCaJibHOCTb rrpHHIJ;HIIa 

OTHOCHTeJibHOCTH Bbl3bIBaeT rrpHHIJ;HIIHaJibHbie COMHeHHH B CB$I3H 

c ero HerrpHrOJJ.HOCTblO .Q.Jiil orpoM11oro KJiacca 1fBJieHHH, 

CBil3aHHbIX c Hemiepu;HaJibHblM (11arrpHMep, c opamaTeJILHbIM) 

JJ.BHJKeHHeM. Toirno TaK iKe n B 3JieKTpOJJ.HHaMHKe, norrpeKH qacTo 

6LIT)'IOIUeMy rrpeJJ.CTaBJieHHIO, ypan11eHHil MaKcBeJIJia crporo 

KOBapnaHTHbl TOJlbKO )J,Jl.ll paBHOMepHO )J.BHJK}'IUHXC.sl, HO He ,l.(Jiil 

ycKopeHHbIX Ten. lJ,HTHpysi: 3TQ. yTBepiKJJ.eHHe B.IlaynH H 

A.3HHillTettHa, f.ll.llJJ.moB B COBpeMeHHOH pa6oTe (16] BbIBO.U:HT 

}'CJIOBHe, orrpeJJ,eAAIOIUee 11eo6xo.n;HM)'l0 CTeIIeHb MaJIOCTH 

6e3pa3Mep11oro ycKopeHHil. J13 uero cneJJ.yeT, qTo H B CHJibHbIX 

3JieKTpOMarHHTHblX IIOJI.llX, H rrpH ynhrpapeJUITHBHCTCKHX 

CKOpOCT.llX 3apaiKeHHb1X qacTHU crreu;HaJibHhlH rrpHHUHII 

OTHOCHTeJibHOCTH B 3Jie'K'rpo.n;HHaMHKe (KaK KJiacc11qeCKOH, TaK H 

KBaHTOBOH) HapyrnaeTCil. 

KaK OTMeqanocb BbIIlle, rrpH uanHqHH npameHH.ll B o6meM: 

cnyqae CTaHOBHTCil HerrpaBOMepHbIM HCIIOJlb30BaHHe rrpHHIJ;HIIa 

3KBHBaJieHTHOCTH, neJKamero B oc110Be OTO. Ho 

uerrpaBOMepuocTblO rrpHMeHemrn rrpHHUHIIa 3KBHBaJieHTHOCTH B 
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.uanHOM c11yqae .ueno He orpaHHqnsaeTcg, Tiomnno, 4TO 

.rurnaMHl.JeCKHe 3<Pc}:>eKTbl, CBH3aHHbie c spameHHeM, fl03BOJUIIOT B 

np1rnu,nrre yi<a3aTb BbI,UeJICHH)'lO ( a6COJIIOTH)'l0) CHCTCMY 

OTC4eTa, T.e. OIIHTb-TaKH CTaBHT no.u COMHCHHe H rrp1rnu.m1 

OTHOCHTCJibHOCTH. Tio:HOMY Mhl CTaJIKHBaeMCH c 

11eo6XO,[\HMOCTblO ITOHTH no O,ZJ,HOMY H3 Tpex B03MOJKHhIX rryrefi: 

• . Haii:TH cnoco6 o6o6mHTh rrpHHll,JUI OTHOCHTCJlbHOCTH Ha 

BpamaIOIUHCCH CHCTCMhl OTCqeTa 

• npH3HaTb HCCOCTOHTCJlbHOCTh npimu:nrra OTHOCMTCJibHOCTH 

• npe,UJIOJKHTb rrptteMJICM)'lO cxeMy MO.UH<l>HKaI.I.HH 

HCilOJib30BalUUI 

OTHOCHTeJibHOCTH. 

npHHUHITOB '.}KBHBaJICHTHOCTH H 

TIO rrepBOMY rrym IIOlllCJI f .H.illHIIOB ( 16). 0,UHaKO 3a 

no.uo6noe o6o6meHHC eMy ITOTpe6oBaJIOCb 3arrnaTHTb )J,OBOJihHO 

BhICOK)'lO · ueHy - OT reoMCTJH1H 4-Mepuoro (pHManoaa) 

npocTpaHCTBa OH 6bIJI BbIH)'JK,ZJ,eH nepeHTH K reoMeTpHH 6011ee 

CJIOJKHOro 10-Mepnoro npocrpaHCTBa a6COJIIDTHOrO 

I napanneJIH3Ma, B KOTOpOM K 4CTbipeM .o6I.I4HbIM 

· npocTpaHCTBeHHhIM Koop.unljlaTaM .uo6as11eHhI TPH yrna 3H:nepa M 

. TPH KOMITOHCHTbl BeKTOpa opHCHTaum1 T04KH. PelllaIOlllHM 

KprrTeprreM HCTHHHOCTH '.JTOro BbI6opa ,llOJDKHa CTaTb npaKrnKa, 

0,JJ,HaKO IIOKa lJTO rrpaBOTa f .J1.illHIIOBa He IlOJIYtJIWa o6mero 

rrpH3HaHHJI. 

BTopoH: rryrh rrpOCTOe OTpHuaHHe npHHIJ,HITOB 

'.JKBHBaJICHTHOCTH H OTHOCHTCJibHOCTH - apsin nR HMeeT rnaHCbl Ha 
ycrrex crrycrn IT04TM cTonertte nocne 1'pHyM<Pa reop1m 

3HHI11Tdiua H HeCOMHCHHblX .uocnDKemrii B 06nacn1 

acTpO<l>H3HKH R KOCMOJIOI'HH. QqeBH.[(HO, peqb B nyqIIleM cnyqae 

Morna 6bI H,JJ,TH mtlllb 0 TOM, 'IT06bJ yi<a3aHHble npHHI..(HllbI 

BbICT)'IIaJIH B pOJm rrpHfoimKeHHbIX, TO'IHOCTb KOTOpbIX 

onpe.lleJIHeTC}I KOJIJ11.JeCTBeHHblMH KpHTCpHHMH HX 

cnpase,llmrnocrn:. 
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5.1 HaJJ,CIOCb, qTO H3JiaraeMa}J 3.UCCb TeopmI rrpe.ucTaBAACT 

co6oH: KOHCTp)'KTHBH)'IO peaJIH3au.mo _rpeThero rryrn. 0Ha .uaeT 

OCHOBaHH.Sl ycoMHHTbC.Sl B crporoH: crrpaBC)J;JIHBOCTH rrpm1u.1ma 

OTHOCHTCJihHOCTH. ,[(eH:cTBHTeJII>Ho, B CTO rrpHIDITO cqiltaTb 

coseprneHHO paBHOnpaBHblMH TOqKH.'3pCHH}J .usyx )lBIDKynJ;HXC.Sl 

O.UHH OTHOCHTCJibHO .upyroro Ha6mo.uaTeJieH. Ho CCJIH Mbl 

OIIHpaeMC.Sl Ha MO.UCJib KOHl..(CHTpHqecKHX ceqeHHH BceJICHHOH, TO 

He MO'IKCM AOIIyCTHTb, qro6hI yroJI HaKJioHa nepeceKaIOll.J.ero RX 

BCKTOpa 6bIJI BeJmq1rnoli OTHOCHTCJibHOH (CM. TaK'IKe CJIC,ZJ;)'IOll.J.HH 

pa3,UCJI) ! 
B .LlCHCTBHTen1>11ocTH cyrn;ecTByeT JIHIII» eouucmaennaa 

HOpMa.rlb K . Ka)K,UOMY ceqeHHIO. I1o3TOMY peJI.SITHBHCTCKOC 

rrpaBHJIO CJIO'IKCHIUI CKOpOCTCH CTporo crrpaBe)J;JIHBO JIHillb Tor.ua, 

Kor.ua cnCTeMa orcqcra Ha6mo.uaTem1. nenooau;»ena B 

a6COJllOfflHOM CMblCJle (.upei.icpyeT B,[l,OJJb HOpMaJIH K ceqemuo 

Bcene1rnoi1). B OCTaJibHhIX cnyqAAx MO)KCT rrorpe6oBaTbC}J 

rrorrpaBKa, BCJIHq1rna KOTOpOH 3aBHCHT OT a6coJIIOTHOH CKOpOCTH 

)J.BH)f{CHH}J CHCTCMhl OTCqeTa. 

OT :}TOH )f{C a6comOTHOH CKOPOCTH .n:smKCHHj{ CHCTCMbI 

OTcqeTa 3aBHCHT H B03HHKaIOll.J.AA B 061l.J.CM cnyqae HCCHMMerpirn 

CJIO'IKCHH.sI CKOpOCTCH rrpH Bpall.J.aTCJibHOM H KOJie6aTCJibHOM 

.UBH)f{CHHH. Ec1m a6conIOTHaJI cKopocTb u.eHrpa HHepu.im paBHR 

HYJIIO, TO JIHHCHHhIC CKOpOCTH B .usyx TQqKax, xapaKTCPH3YCMbIX 

rrpOTHBOIIOJIO)f{HOH cpa30H, B roqHOCTH paBHbI H 

npOTHBOITOJIO)f{HbI no 3HRKy. 0,n:HaKO qeM 60JibIIIC 3HaqeHme 

a6COJllOTHOH CKOpOCTH U.CHTpa HHepu.m1, TCM 60JibIIIC 

(BCJIC,UCTBHC rrpaBHJia c.riO)f{CHH.Sl CKOpOCTCH c yqeroM rronpaBKH) 

pa3JIHqHe (HCCHMMCTpm1) 3THX CKOpOCTCH. 3TOT 3cpcpeKT B 

npHHIJ,Ime II03BOJI.SICT He TOJlbKO BblKBJJTb HCHHepu.mulbHOCTb 

CHCTCMbI OTcqeTa na6JIIO,L{aTCJI.sI, HO H onpe,[(CJIHTb ee 

a6COJIIOTHylO CKOpOCTb. 
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3.6. Macca, lHeprHSI DOKOSI H HMny.11>c 'laCTHU 

firaK, MhI paccMarpnaaeM Bceneunyro, KaK 

pacnrnp1110IIJ)'IOCH 3-Mepnyw rnrrepno8epxnocn 4-Mepnoro 

wapa. Mecra 110Kann3aumf Mace MaTep11anbHbIX qacTHU ao 

BceneHHoii rrpe,LlCTaBllilIOT co6oif ToqKH nepeceqeum1 3TOH 

rnnepnoBepxttocrn c MHpOBhIMH JIHHMHMH. TeM caMhlM MHpOBbIM 

JIHlUIHM npimHCbIBaercH cpH3HqecKHH, a He a6cTpaKTHhIH 

HJIJUOCTpaTHBHbIH CMbICJI. y MCCTHO Q)KH)J,aTb, qTo 3TOT 

cpH3HqeCKHH CMbICJI MO)KCT rrpOj[BJIHTbC51 6onee CyIUCCTBCHHhIM 

o6pa30M, HC)KCJUf Ha ypOBHe rrpOCTOH CJ10BCCHOH KOHCTaTal.(HJL 

B l.JaCTHOCTH, rrp11 rrro6arrLHOM paccMoTpemm BceJieHHoii 

MhI MO)KCM npe,LlIIOJIO)KHTb, qTo TaKaJI cpyH,LlaMeHTaJibHaJI 

xapa1<:repHCTHKa qaCTHI.(hI, KaK ee Macca- IlOKOH, HBJUleTCJI 

HCKOTOpoii OTHOCHTCJihHOH BeJmqmmii. TaKoe OTHOUlCHH:CMOrJIO 

6bl 6bITb cocTaaneHo, nanpnMep, m pa,Llnyca 4-Mepnoro rnapa,. 

Bcenenuo:H H neKoToporo xapaKTepnoro pa3Mepa, o6oeKTHBHO 

CBJl3annoro c <Pn3nqecKHMH CBOHCTBaMH qacTHIJ;hl. 

HanoMHHM renep1>, qro Ka)Knoii 11acrmi;e c 3ueprnefi E H 

HMIIYJibCOM p MOiKCT 6hITb COIIOCTaBJieHa BOJllia ,[(C IipofurJI c 

rrepHO,LlOM KOJie6rurnli 'I' H ,[(JIH:HOH A, 11pn11eM: 

E=hlr,P=h/)., 

r JJ,e h - IIOCTO.sIHHaJI IlJiauKa. ' 

Bhlpa'.urn MHHHMaJibHO B03MO)f.(Hbie 3Ha11cmrn: 3Hepnm Eo H 

HMTIYJihca Po. 11epe3 pannyc KpHBH3HbI BceJieHnoii R, rronyqHM: 

Eo = C• h /R, P0 = h JR 

H w:ui mo6oH: qacnIUhI c 3Heprueil E H HMIIJJihCOM P nail.11eM: 
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Ho OTHOIIJeHMX, CTOHII(He B neBOU tiacTH KaJK~oro 
paBeHCTBa, rrponopuHOHllJibHbl HHCpTHOH Macce qacnll..(bl m; B 

npaBOU JKe CTopoHe KaJK)lOro H3 paBeIICTB CTOHT xapaKTCpHoe 

COOTHOillCHHC MCJK)ly AJIHHOH BOJIHM .n;e EpoH:nx H pa)lMyCOM 

KpttBH3HbI BceneHHOH. TaxnM o6pa30M, Macca oxa3Lrnaerc.11 

KBaHTOBblM qJoICJIOM, onpe.n.eJIXIOII.l;lfM KpaTHOCTb BOJIHbl )le 

Epoitrrx no OTHomem110 K 6a30BOMy reoMeTpH"leCKOMy 

rrapaMeTpy BceneHHOH, rrpH"ICM MHHHMaJibHaH Macca IlOKOX 

( OTBe"laIOmax 3HeprHH rrepBOH rapMOHHKH KpHBH3HbI) paBHa: 

mo = h I (R · c) = h ·HI c2 
/ 

3Ta senn4HHa KpaJine MaJia, rrof,sr)lKa 10-66 
r, TOr)la KaK Macca 

3JICKrpOHa COCTaBJIXCT OKOJIOl0-
2 

r . ' 

Tenepb HaM npe)lCTOHT C,l:\enaTi. saJKHblH mar. M1>1 

onpe)leJIHJIH 11TCK)'IIJ.YI0 11 Macey qaCTMI.J;bl qepe3 OTHOIIICHHC 

· pa.uttyca KpHBH3HbI BceneHnoii K AJIHHe BOJIHbI )le Epoiinx. Ho c 
TeqeHHeM speMeHM pa.uHyc BceneuuoH: B03pacTaeT. KaK JKe BC.llCT 

cefo1 Macca B uenoM? 
Ecm1 61>1 .D;JIHHa BOJIHbl .ue EpoH:mr TaKJKe B03pacTana 

nponopurromUihHO 3TOMY pa.uttycy, Mbl, IlOBH)lHMOMy, BOo6me He 
CMOfJIH 61>1 o6napyJKHTb H3Meuem1e pa3MepoB BceneHHOH~ B TOM 

qttcne H 3HaMemnoro "KpacHoro CMelll,eunx.". Mne KaJKeTCH 

nornlJHhIM rrpH3HaTb, "ITO BOJIHOBbIC napaMeTpbI qacTHI.J; 

neH3MCHHbI. 3TOT Q:>aKT\ MO)KeT paccMaTpHBaThCX KaK 

IIO)lTBepJK)lCHHH TC3HCa 0 TOM, qTO Macca MaTepHH pacTeT rrp»,MO 

nporropnttoHanhHO pa3Mepy H B03pacry BceneHHOH. 

3. 7. IlonHaH lHeprHH )lBmKeHHH 

IlycTh Vx = dxldt, Vy= dyldt, Vx. = d'lidt - KOMilOHCHTbI 

061>1qnoif 3-MepHOH cxopoCTH v. B CTO (CHCTeMa KOOp.UHHaT 

"speMH-nepeMememre") BBO)lHTC& onpe.ri;eneHHe rrces.ri;o-

3BKJIH)loBoro BCKTOpa HOpMHpoBaHHOH 4-MepHOH CKOpOCTH 
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I 

qacTHI.l;bl - OH HarrpaBJieH B.ll,OJI.b MHpOBOH JIHHHH qaCTHl.J;bI, ero 

.nmrna paBHa e.ll,HHIU~e no onpe.neJieHHIO. YMHO)KHB ace 

KOMIIOHeHTbl :noro BeKTopa Ha Bem1q11Hy CKOpocrn: CBeTa :c, 

npe.ll,CTaBHM IIOJiyqeHHbIH BeKTOp B BH.ll,e: 

u* ={cl(l-v21c2
)

112
, ivxl(l-v2/c2

)
112

, 

ivy 1(1- v2 !c2
)'\ ivz /(1- v2 /c2 

)'
12

) 

I-h BblpaiKemrn .ll,JI» KOMIIOHeHT BeKTopa u* JierKO nattTH, 11TO 

(u*l = c2
• 

B paMKax Harnett 3BKJIH.ll,OBOH MO.ll,eJUI ( CHCTeMa . 

Koop.rumaT "nopMa.rrb-nosepXHocTb") Jiormmo c 1unaTh u* ue 

IIOJIHOH 4-CKOpOCTblO, a ee rrpoeKUHeH Ha OCb a6COJIIOTHOrO 

speMeHH. Tor.na noJinaa cKopoCTh u rrpe.n;crns.1u1eTcH aeKTopoM 

a ee MO.ll,YJih 6y.ner paseH se1rnq11ne c/(1- v2/c2
) v,. OcH0Ba1meM 

.ll,JIH HCIIOJlb30BaHH» rro.n;o6Horo BeKTopa B TllIPB MO)KCT 

CJIYiKHTb pHC. 3.3. ,D,ettCTBHTeJihHO, ecJIH Ha 3TOM pHCyttKe 

IIOJIO)KHTb to= 1, TO sepTHKaJihHblH H ropH30HTaJibHblH KaTeTbl 

3Toro TpeyroJibHHKa 6y.nyr paBHbI cooTBeTCTBeHHO c H v I( J. 
v2!c2

) ~·\ a nmoTeH)'3a - c/(1- v21c2
) '

12
• JierKo nposepHTh, qTo 

CJiHyc yrna "' OTKJIOHeHIUI OT HOpMaJIH 6y,D,eT rrpH 3TOM pasen 

vie. TaKHM o6pa3oM, '.)TH BeJIHqHHbl B03HHKaJOT B HarneH. MO.ll,eJIH 

BeCbMa ecTeCTBeHHbIM o6pa30M. 

)J,aJiee, B CTO ( CHCTeMa KOOp.ll,HHaT "speMH-

rrepeMell.l,eHHe") c IIOMOll.l,blO KOMUOHeHT :BeKTopa u* CTpOHTCH 4-
MepHbIH UCCB.ll,OBeKTop 3Heprmf-HMIIYJII>Ca 
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MHHa KOToporo scer.na· pasHa me, a npocTpaHcrncHHLie 

KOMilOHCHTbI BLipaiKaIOTCH qepe3 COOTBCT€TB)'IOIUHC 

KOMilOHCHTbl BCKTOpa CKOpOCTH: 

COOTBeTCTBCHHO, B mimeii: MO,[{CJIH ( CHCTCMa KOOp,ZI,HHaT 

"HopMa.Jib~ITOBCpXHOCTb") norn:qHQ paccMarpHBaTb qncTO 

3BKJJH.UOBbIH 4-BeKTOp 3Hepnrn:-HMnynLca T, npe.ucTasneHHbIH B 

BH,ne: 

{T} = {me, Px, Py, Pz}, 

MHHa KOToporo pasHa Eno1m I c. TaKHM .o6pa30M, nepexoax OT 

npocTpaHO-TBa MHHKOBCKOI'O K paccMaTpirnaeMOM)' HaMH 4-
MepHOMY .'JBKJIH,nOBOM)' npocrpancTBy, Mb] .MO)J{eM BbIBCCTH 

rpHBHa.JibHoe 3aKJi:JOqeHHe, qTo noJIHWI MexaHHqecKrur 3HeprHH 

EnonH OKa3b1BaeTCH ecrecTBCHHOH Mepoii ,nJIHHbl o6hJqHCro 

BCKTOpa,noCKOJlhK)' 

a 3Heprn». IlOKO}I mc2 
CCTb npoeKu:m1 :noro BCKTOpa Ha OCb 

a6COJIIOTHOro epeMCHH, T.e. HOpMaJib K 3-MepHOH moxpoHe. 

Cne.nosarenbHO, nonHa». 3tteprHH MexaHw1ecKoro nsmKeHJUI s 

HOBOH cpn3nqecKOH KOHU:CITD;HH onpeneJIXCTCH KaK yrnoM 

OTKJIOHeHHH MHpoBOH JIHHHH OT HOpMMH K ceqeHHIO BceJICHHOH 

(CKOpOCTblO qacnU.J;bI), TaK H OTHOlllCHHCM pa;J.Hyca 4-Mepnoro 

mapa K MHHe BOJIHhI ne Epolim1 (Maccoli rroKoH qacrnu;L1). IToKa 

yron OTKJIOHCHHX OT HOpMaJIH, T.e., CKOpOCTh qaCTHUhI, ocraeTC}I 

6e3 H3MCHCHHSI, Mhl MO)KCM rosopttTb 0 paBHOMCpHOM, CTporo 

HHepn:HaJibHOM .[{BIDKCHHH, IlOCKOJlhKY :meprHH IIOKOR; ocraeTCJl 

HCH3MCHHOH. 
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Pa3YMeeTCH, npn 3TOM coxpana10TcH see l13BeCTHh1e 

pe3ynbTaThl CTO, B qacn-ioCTH, B nepeoM rrpH6mnKeHHH 

MexaHHqecKaH 3HeprHH OKa3bH3aeTCH rrpOCTOH C)'MMOH 3Hepnm 

noKo& n KnaccHqecKoii KHHe'J'HqecKoii :mepnieii. KaK u tl.OJDKHO 
6@Tb, ~UI ).lBH)K)'I.UeHCH qacnUJ,bl 3Ta IIOJIHaH 3Heprm1 

MexaHHqecKoro ).lBHJKeHHH ncer).la 6onbll!e 3HeprHH rroKoH 11 

pan Ha: 

E 21(1 21 2)1/i 2 ]/. 2 
no.1n = m-C • V JC f!5m-C + /2 m• JI 

B crreu.na.JihHOH TeOpHH OTHOCHTeJihHOCTH COCTOHHHe 

qacTHUbI npH UHepu,ua.TJbHOM .ll;BH)KCHIU.f IIOJIHOCT.blO 

xapaKTepH3yeTCH HMeHHO BbilllCOIIHCaHJil>IM rrcen.uoneKTopoM 

3HeprHH:-HMIJYJihca, KOTOpbIH coxpaHRemca rrpw . nepexo.ue K 

.npyroii 1rnepU,Ha.JihHOH CHCTeMe, T.e. npH napaJIJICJibHOM C).lBHre 

HJIH nonopoTe Koop,n:nHaTHbIX oce:H. HHnap1rnHTHOCTb rrpH C.llBllTe 

B).lOJih OCH npe:MeHH OTBe'llaeT coxpaHeHHIO 3HeprHH, npH C).lBJffe 

B).lOJih npoc'I'paHCTBCHHblX ocell: - coxpaHeHHIO llMIIYJibCa 

(o,n:Hopo.z:i:imcTb npeMenn n npoC'I'paHcTBa). HHBapHaHTHOCTb npH 

npameHHH B 1JHCTO npocTpaHCTBe1rnoll: IlJIOCKOCTH OTBeqaeT 

coxpauenttro MOMeHTa HMnynhca (H30TponHOCTh npocTpattcTea). 

qTO )f(e KacaeTCH epamemuI B "cMell!aHHOH" TIJIOCKOCTH, 

o6pa3oBaHIIOH OCblO npeMeHH H 0).lHOH H3 rrpocTpaHCTBeHHbIX 

ocdi, TO OHO OTBe11aeT COOTBeTCTBYJOIIJ,eMy npeo6pa30BaHHIO 

JiopeHua - no oqeBH).lHOe CJIC).lCTBHe coe,z:i;HHeHHH B o6IIJ,HH 

qeTwpexMepHblH KOHTHHYJM TpexMepHoro npOCTIJaHCTBa c 

HC3aBHCHMbIM B npe)J(Heii TeOPHH O.ll;HOMepHbIM speMeHHbIM 

KOHTHHJYMOM. H30TpOIIHOCTb nosopoTa B CMelllaHHOH 

IlJIOCKOCTH orpaHM'lJCHa, ITOCKOJihKY )J,BM)KeHne BCITH:Tb BO 

BpCMCHH HeB03MO)KH0. 

I1peMOiKeHHa11 MHOH Teopn11 B nepBOM npn6JIH)KCHHH 

(KOrJJ,a a6comoTHaH CKOpOCTh .llBH)KeHml, T.e. yr·oJI OTKJIOHCHHH 

OT HOpMaJIH. K H30XpOHe, HMeeT MaJiyro BCJIHqHHy) npMBO)J,HT K 

TeM JKe cooTHOIIIeHHHM, 'llTO H CTO. 0,n:HaKo rrpH 6oJiblIIHX 
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~HaqeHJUIX aQC.OJUOTHOH CKOpOCnl npeo6pa30BaHJUI flopem..(a, KaK 

OTMeqaJIOCb . Bblllle, . Hea,11,eKBaTHhIMH 

.QeHCTBHTeJibHOCTH. 

3.8. Ilepexo)] K ycKopeHHbIM CHCTeMaM 

IlpHHUHIIHaJibHblM BOrrpocOM mo6o:H TeopcrnliecKOH 

MO,ll,eJIH, OIIHCLIBaIOw,eH: MexaHnqecKoe ,ll,BH)f(eHHe t.IaCTJU.( BO 

BceJieHHOH, xBm1eTc11 0606mem1e paanoMepHoro 

(1mepu;HaJibHOro) . ,ll,BH)f(CHHX Ha HepaBHOMepHoe 

(HeHHepu;HaJihHOe). 3H:Hll1TeHH npe,11,JIO)f(HJJ pelllHTb :ny 3a,11,aqy 

rryreM rrepexoaa K KOBapHaHTHOH 3aIIHCH ypaeHeHHH ,UBH)f(eHHH B 

He3BKJIH./l0BOH CHCTeMe KOOp.llHHaT, T.C. B03JIOiKHJI 

OTBCTCTBeHHOCTb 3a HepaBHOMCpHOCTb JJ;BHiKeHHH Ha OTKJIOHeHHX 

MeTpHKH OT .'}BKJJM.UOBOH, BhI3BaHHhie .l(eHCTBHeM CHJIOBhIX m:mei1. 

TaKOH IlO,UXO.l( COOTBeTCTByeT rrpHHXTOH HM pyKOBO.[VIIll,eH 

MaTeMaTHqeCKOH H.l(ee 06 HHBapnaHTHOCTH 3aKOHOB .QBHiKeHHX B 

pa3JIHqHbIX CHCTeMax KOOp,ll,HHaT, a peaIIbHaH 3<}><}>eKTHBHOCTb 

:noro IIO,ll,XO,ll,a OKa3a.JiaCb HCKJIIOqHTCJibHO BblCOKOH. 

BMecTe c TeM, ecJIH rrpH3HaTb cnpaae,11,JIHBOCTb rrpnHu.mia 

OTHOCHTeJibHOCTH JJHlllb np116JI111KeHHOH, TaKOH rryrb yx<e HCJlh3X 

cq11TaT1. nor11qecKH rrpaBHJibHhIM. Heo6xo,11,11Mo OCHOBblBaTb 

06m11ii: BH.l( ypaBHCHHH .llHHaMHKH Ha o6IUHX CBOHCTBax 

paccMa'l'pHBaeMoro 4~KOHTHHYYMa ( CHCTeMa KOopp;HHaT 

"HopMa.Jib-IIOBepxHOCTb"). 11o.uo6HO TOMY, KaK B cnyqae 

HHepU.HaJibHOro .l(BHiKCHHX Mbl rosopmm 0 3aKoHax coxpaHeH';'R 
.QJIX. BeK'ropa COCTOXHHX rrpM C.l(BHrax H IIOBoporax CHCTCMbI 

KOOp.l(HHaT, rrepexOJJ; K HCHHCpu;HaJibHOMY ,l.(BHiKCHHIO 

npe)lilHCbIBaeT HaM l<aiK,ll,bIH TaKOH 3al(OH 3fu\fCHHTb 

COOTBeTCTB)'IOill,HM 3aKOHOM UJMeHellUR BeKTOpa COCTmIHmI, T.e. 

BbIIlHCaTb .z;i.mp<}>epeHU.HaJibHhie ypaBHeHH11 )l,BHiKeHHX, 

CBX3hIBalOIUHe rrpocTpaHCTBeHHbie H speMeHHyID KOOp,ll,HHaTbl c 

H3MCH1IIOill,HMHCX BCJIHqHHal\m '.JHeprnH H HMIIYJibCa. lfHhIMH 

CJIOBaMH, p'yKOBO,IJ)IIll,HM npHHU.HIIOM cTaHOBHTC11 
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11pet)cma6JleHue noaow 1na1tenu11 ne«mopa 6 Bude cy.ttMbl 
cmapow 1naqenu11 u npupaU1reHu11 ('rpHBHaJihHOCTh :noro 

rrpe,llCTaBJICHHH JIHIIIb KaJKymrurcK; xopOIIIHM npHMepoM ero 

peaJihHOro HCIIOJih30BaHHH HBJIHCTCH, HanpHMep, BbIBO.l{ 

¢opM)'JihI ,llJI.Sl UCH1'pOC1'peMHTeJibHOro ycKopem1.si: B 

KJiaccHqecKoli Mexam1Ke). 

B KJiaccHqecKOH MeXattHKe 3aKoH ,aBmKeHHH MJI 
ycKopeHHOro )l,BHJKemu1 MO'IKCT 6hITb llOJiyqeli rryreM 

.n:H<}J<}Jepem.i;HpoBamu no apeMeHH Bh1pa)l(eHH.K )l,JIH HMITYJihca: 

dP/dt = m dv /dt 

B CTO 3TO cooTHOIIIeHHe 3aMeHKeTCK perrKTHBHCTCKHM 

r.n:e PH v HBJIHIOTCH ueKTopHbIMH B~JIH"IHHaMH. B o6illeM cnyqae 

.llJIK KOMITOHeHT 3THX BeKTopoB cnpaue,anHBbI COOTHOIIIeHHH: 

dPxldt = mvx 1(1· v2/c2
)"

312 [1- (v/+v/)lc2
] dvx ldt, 

dPyldt = mvy 1(1 • v2/c2
) "

312 [l • (v/+v/)lc2
] dvy ldt, 

dP,Jdt = mvz 1(1· v2fc2)" 312 [l· (v/+v/)lc2] dv1Jdt. 

B qacTHOM1 CJiyqae, KOr.lla cKopoCTh •rnCTHUhI H3Mem1eTCH 

TOJihKO IJO BeJiaqime, T.e. COBna.n:aeT no HanpaBJICHHJO 

(HarrpHMep, no OCH x) c CHJip:ii, Bbipa)l(eHHe B KBa,apaTHhIX 

CK06KaX CTaHOBHTCH paBHbIM e)l,HHHI.J,e, JI03TOMy ITOJI)'1IaeM: 

dP/dt = mv 1(1- v2/c2
) "

312 dv ldt 

B .n:pyroM qacTHOM cnyqae, KOr.lla cKopocTh MeH.si:eTCK 

TOJibKO ITO HarrpaBJieHHJO (v2=const), T.e. rreprreH,l.l.HKYJIHpHa CHJie, 

O'ICBH.[IHO HMeeM 
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dP ldt = mv 1(1- -.i2/c2
)"

112 dv /dt 

TaKHM o6pa3oM, )'JKe a paMKax CTO .OTHollleHu:e c11n1>1 K 

ycKopeHHI-0 3aBHCHT OT B3aHMHOrO HarrpasneH~H BeKTOpOB CHJibl 

H CKOpOCTH. O;::i:HaKO B TeopHH OTHOCHTeJibHOCTH CKOpOCTb 

CHCTCMbl OTcqeTa MO/KeT BbJ6HpaTbCX n:poH3BOJibHO, B qacTHOCTH 

- HyneBOH, Tor;::i:a COOTBCTCTBYJ-OllOiH MHO/KHTeJib B JII-060M 

CJiyqae OKa3bIBaeTCH paBHbIM CJ.J;HHHIJ;e. 

HanpOTHB, B. TllIPB B BbilllenpHBe;::i:eHHLIX <PopMynax 

q:mrypu:pyeT a6comomna11 cKopocTb, onpet(emreMax yrnoM 

OTKJIOHCHHH MiipOBOH JIHHHH qacTHU:bI OT HOpMa.rrH K H30XpOHe. 

3ro 03HaqaeT, qTo CCJIH 3eMJIH ,L{BH/KCTCH c onpe;::i:eneHHOH 

CKOpOCTbIO Va6c OTHOCHTeJibHO a6COJIIOTHO HCITO.L{BH/KHOH 

(BLI,D;eJieHHOH) CHCTeMbI OTCqeTa, TO H3MCpHH OTHOllICHHe CHJibI K 

ycKopeHHI-0 B HanpaBJICHHH 'yKa'.laHHOH CKOpOCTH H B 

neprreHJ.J;HKynHpHOM CMY HarrpaeneHHH, MO/KHO 

3KcnepHMCHTa.JibHO IlO):(TBCp.l(HTb Ha.JIHqHe :non a6coJII-OTHOH 

CKOpOCTH! ECJIH IIOJ.J;06Hax CKopoCTb ;::i:e~CTBHTeJibHO 
onpe;::i:enxeTCjJ sennqHHOH H HanpaBJICHHCM, CJie,L{YJ-OII(HMH H3 

3cj_)cj)eKTa aHH30TPOIIHH cj)ottoaoro KOCMJiqecKoro u:JnyqeHHH (CM. 

CJJeµYJ-OIUHH pa3;::i:en), TO rrpH 0,L{HOH H TOH )KC no (MOJ.J;ynI-O) CHJie 

MO~HO paccqHTblB3Tb Ha OTHOCJiTCJibHOC p33JJJiqHe npo.z:i;OJibHOrO 

H norrepe1moro ycKopeHHH nopx.n:Ka 2,25 x 10-6
• 

3.9. JloKaJILHLie llOJJH THroTeHHH qacTHU 

KaK /Ke ,n:on/KH.bI MLI MI>ICJIHTb ce6e rpaBHTau;HoHHble rronH 

qacTHU: ( 3BC3J.J;, IIJiaHeT H rrp. ).. 3an:omrniomHx BceneHHYJ-0, a 

paMKax BHOBb rrpC.llJJO)l(CHHOH KOHU:CIIU:HH? IIpeJ.J;CTRBHM ce6e 

CHaqana Bee qacTHU:bl HeITO.l(BH)KHblMH, .n:pe:H¢YJ-OIUHMH B 

rrpou:ecce paCllIHpeHHH Bceneuno:H CTporo a,n:onb pa.l(HaJibHbIX 

MMpOBbIX, JIHHHH. EcnM B TaKoii BceneHHOH cymecTByCT ¢eHOMCH 

B3aHMHOro np11rn/KCHJ1j{ Me/K,n:y .l(BYMH qacTHU:aMH, TO' MH 

tta6JI10t(aTCJIH 3TO 6y.n:eT BbffJIHt(CTh KaK HCKpHBJICHHC MHpOBblX 
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JIIUIHH, KOTOpbIC BMCCTO pa,ll.HaJibHOro paCXO)K,llemrn: OKaJKyrcH 

3arH)'fhIMH B HanpasJieHHH o.una K .upyron. no cymecrny, BMeCTO 

:\UipOBhlX JIHHHH Mbl MOJKCM rosopHTh rrpocTO 0 CHJIOBbIX JIJUIHHX 

IlOJIH THrOTCHHH, HO ror.ua :na ana.nonrn JI03BOJIHT HaM 

OTOJK.UCCTBHTh H3oxpmrnoe cet.Jettne Bcene1rnoi1 c nonepxnoCThIO 

paBHOro JIOTCHI.]J:IaJia, K KOTOpoH: 3TH CHJIOBbie JIHHHH .D;OJIJKHbI 

6bITb HOf1.MaJlbHbl. TaKHM o6pa3oM, MbI npnxo,n;nM K 

npe.uc'FasneHHIO o TOM, lJTO 1noxpoHHoe ccqem1e Bcenem-roii He 

.HBJIHeTCH CTporo KOHUCHTpH'-ICCKOH rHnepc<l>epoii, a B03MYII.J:CHO 

cnoero po,l.la BOpOHKaMH (CM. pHC. 3 .11 ), ue1upaM .KOTOpbIX 

OTBC'laIOT rpasnn1pyIOII.Uie t.JaCTHIJ,bI. 

Puc. 3.11 

YroJI OTKJIOHCHHH rrpo<l>rurn: BOpOHKH OT HeB03MYI1\CHHOK 

rnnepc<l>epbl B TQqHOCTH paneH yrJiy OTKJIOHCHJUI HOpMaJIH OT 

H.UCa.JihHO pa,n:Ha.JihHOro HarrpanJieHttH. Cne.uonaTeJihHO, Mepa 

Kl-ITCHCHBUOCTH JIOKanbHOfO rpaBJiTall,HOHHOfO ITOJIH B KaJKJJ,OH 

cro TOl.JKe <I>aKTH'ICCKH COBna.uaer c HCUOJib30BaHHOH naMH 

MepoiI CKOpOCTH qaCTHI..{bI, q'fo H onpaB)lbIBaeT nepenoc IIOWITHH 

3Hepnm, CBH3aHHOM c MexaHH'ICCKHM .llBHiKCHHCM, Ha o6JiacTb 

rpaBHTan;HOJIHbIX HBJICHHH. 

1ITO .KacaercH cpopMbI BOpOHKH, TO ueo6xo;:i:HMO OTMCTHTb, 

lJTO Ha ee nepncpepim ,B03MymeHHe HCXO.llHOfO rrpocpHJIH Ma.HO, 

TaK 1iTO yroJI OTKJIOHCHHH HOpMa.HH OT CTporo pa.llHaJlbHOro 

narrpaBJICHHH HC3HalJH'.(CJICH. no Mepe rrpH6JIHJKCHHH K UCHTPY 

3TOT yron B03pacrner B COOTBCTCTBHH c Bblpa)KCHHCM .llJlH 

rpaBHTau;HOHHOro IIOTCHUHa.Jia. 3To 03Hat.JaeT, "ITO HaXO,ll.Hlll;aHCH 

Ha nepmpepHH rpamrral.l,HOHHOR BOpOHKH npo6HaH l.JacTHUa 

np1106peTaeT HeKOTOpyro CKOpOCTb )J,BH)KCHHH, HanpaaneHHYJO K 

ueHTPY soponKM. Ho lJCM 6n11JKe ona K ueHrpy sopoJIKH, TCM 

60Jibllle yroJI OTKJIOHeHIUl MMpOBOH mrnMH OT HeB03MYI1\eHHOH 
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HOPMaJLH H, cne.n;osaTeJibHO, TeM 60JiblllYJO CKOpOCTb )J,BmKemu1 

ona )J,OJDKHa rrpno6peCTH. 3ro JI )J,3CT OTBeT Ha BOnpoc, IIOI.JeMy 

)J,BH1Ke1rne B rpaBMTaI.JJfOHHOM none OKa3bIBaeTCSI. 3KBHBaJICHTHblM 

ycKopeHHOMY )lBmKeHHIO. 

KaJCosa )KC npttI.JHHa HCKa)KeHHSI. rrpocTpaHCTBCHHOro 

npoqmm1 BcenCHHOH JIOKaJibHbIMH rronxMH ni:roTeHm1? R .n:YMaIO, 

OTBeT Ha 3TOT Borrpoc 3aKJIIOI.JaCTC.sI 8 TCCHOH CB.sr3H 

rrpOHCXO)K)J,CHl-U:I MaCCbl ITOKOK qacTHUbl c BOJIHOH .ne lipOHJI.H. 

Ilo.no6HO TOMy, KaK lJI06(l.;1bHQJI, ccpepffI.JHOCTb MHpa rrpOSl.BJISl.eT 

ce6a BCJIHI.JHHOH cpe.n;HeM IIJIOTHOCTH MaTep1rn BO BceJICHHOH, 

BOJIHOBOH rrapaMeTp KOHKpeTHOH qacTHUhl orrpe,D,eJISl.eT 

JlOKQJlbllOe HCKpHBJICHHe npocTpaHCTBa H TCM caMbIM nopO)K)J,aCT 

3cpcpeKT ee HH)J,HBH,nyan1>11oro rpaBHTaUHOHHOrO IlOJI.SI. 

l:h .'~Toro yrnep)K)J,CHHH CJie,n.yeT, Ka3aJIOCb 61>1, 1.JTO 

rpaBHTaUHOHHblH pa.n.Hyc I.JaCTHUbl )J,OJI)KCH 6@Tb 

rrporroputtoHaneu .n:JIHne sonn1>1 .ne Eporurn. B .n:eH:CTBHTeJII>HOCTH, 

O)J,HaKO, i)nuna BOJIHbl .n:e Epofurn CB.SI3aHa c KHHCTHI.JCCKOH 

3Heprtteii )J,BH)l(CHHJI, a Macca IIOKOH - Mepa HHepuHH • H 

rpasttTaUHH - onpe.n:emreTCH nepuoi>oM Kone6aHHH ::non BOJIHhI. 

TeM caMhIM Macca I.JaCTHUhl CBH3brnaercsi., TaK cKa3aTb, c 

my6u11ou' rpaBHTaUHOHHOH BOpOHKH (rrpOCKUHH Ha OCb 

a6COJIIOTHOro speMCHH), a He c ee iuupuuou, KOTopaH 

xapaKTCpH3yeT pa3MCp BOpOHKH B rrpOCTpaHCTBCHHOM 

H3MCpeHHH. 

KaK MhI , sn.n:enH, rpasttTauHOIIH1>1H: pa.n:nyc rrpHMO 

nporroputtona.rreu Macce I.JaCTHUhI. B TO )KC speMx neptto,Q BOJIHhI 

.n:e Epoiins o6paTHO nporropu11ouaneH Macce I.JaCTHUbI: 

'f= hlmc2 

0TcIO,n:a cne.n:yeT HC3aBHCHMOCTb rrpOH3BC)J;CHHSI. 3THX 

.n:syx napaMCTPOB OT MaCCbl HCTOI.JHMKa TSl.fOTeHlf}l: 

fllG=2hG/c4 
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HaKOHeu,, rronpo6yeM yHCHHTh ce6e reoMeTpHqccKHH 

CMhlCJI rpae1naunomIOro pa,n:eyca. KaK H )')Ke nttcru1, nptt 

nepexo,ne OT nepmf>epHH rpaBHTaIJ,HOHHOH BOPOHKH K ee lJ,CHTPY 

yrm1 OTKJIOHemrn HOpMruIH OT pa,llHaJihHOro (no OTHOIUC"f{HIO K 

c<l>ep11qecKOH BceJieHHOH B Il.CJIOM) nee 6onee B03paCTaCT. 

Ilpe,n:CTaBJIHCTCH, lJTO rpaBHTaIJ,HOHHhlH pa.n:11yc, OTBClJaJOil.UfH 

6llyntpenneu rpaHHIJ,e o6JiaCTH JIOKaJIH3aIJ,HH rpaBHTauHOHHOH 

3Hepnm qacTHI.J:hl, COOTBCTCTBYCT npe,n:e111>HO B03MO)l(HOMY yrJiy 
OTKJIOHCHHH B 90 rpa,nycos, qTo B uarueif MO,UCJIH .u;eHCTBHTCJibHO 

OTBCtJaeT CKOpOCTH CBeTa! TaKHM o6pa30M, HanpH)l(CHHOCTh 

rpaBHTall,HOHHOrO IIOJUI ,!],OCTHraeT 6ecKoHequocTH He B lJ,CHTpe 

TH)l(CCTH Tena, a Ha KOHeqHOM, XOTH 06J:.1qno li oqenh Ma.JIOM, 

pacCTOHHI.fH OT HCfO, TaK lJTO TOlJKH, OTCTOHUU1C OT l.J:CHTpa 

HCToqmtKa Ha paCCTOHHlUl rpaBinaUllOUROro pa.u;Hyca, HBJUUOTCH 

ntO'IKaMU nepezu6a ,ll;JIH BIICIUHero rrpocpmrn: Bce11eHHOH. 
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4. 0 PEAJihHOM CYIIJ;ECTBOBAHHH Bhl)J,EJIEHHOH 
CHCTEMhl OTC-qETA 

4.1. 0 1aMe1faTeJ1bHOM lKcnepHMeHTaJILHOM AOKa1aTeJILCTBe 

cymecTBOB8HHB BblAeJieHHOH CHCTeMbl OTC11eTa 

3rurnJieHm.r 0 cymeCTBOBamrn BLI..QeJieHHOH CHCTeMbJ , 

OTCtJeTa B paMKax npe.ncrasJiemrH: COBpeMeHHOH cpH3HKH Moryr 

IlOKaJaTbC.K IIOHCTJIHe CB.KTOTaTCTBeHHLIMH. 0.IUiaKO, KaK. 3TO HM 

IIOKa>KeTC.sI YMBHTeJibHO, OHH HMeJOT 110,U co6oii HeKOTOpoe 

3KCnepHMeHTa.JihHOe ocHourume. KaK H3BeCTHO, ew.e B 1964 r . 

.QBa pa.nHoacrponoMa HJ "Ee1m TeJiecpoH", ApHo A. IleH1Hac H 

Po6epr B. BHJICOH, o6nap}"KmIH Ha BOJIHe .D;JIHHOH 7 ,35 CM 

MHKpOBOJIHOBOe H3JiytieHHe, KOTOpoe 3aTeM 6LJJIO 

H,QeHTH<l>MU:HpoBaHO B KatJeCTBe cfJoHOBOrO H3Jiyi:JeHHH 

BceneHHOH, ofo11aHHOro rrpoqecca.\1 ee paHHeii 3BOJIIOU:HH. Upn 

3TOM Ha nepBbJX nopax ClJMTa.JIOCb, lJTO 3TO H3JiytieHHe c:rporo 

H30TpOIIHO. 

0.z:i;HaKo, KaK OTMeTHJI BLI,!1.arow.aH:c.si: COBeTCKHH 

acTpoqJI1;3MK aKa,[{eMHK ..sI.E.3eJib)lOB1fll B pe,ll;aI<qHOHHOM 

KOMMeHTap1m B [ 5), .l(a.JibHeihmre 
11
rmareJibHl.1e H3Mepemu, 

rrpoae.n;eHHhle c llOMOIIJ,blO anrraparypbI, yCTaHOBJICHHOH Ha 

BbICOTHOM CaMOJieTe (n;JUI )'MCHbllleHH.K H3JiytJCHHH aTMOccpepi.1, 

rrorra,na10mero B npH6op ), II03BOJIHJIH o6Hap)'iKHTh 

onpe,lleJieHif)'IO MaJJyJO aHM30TpOIIHIO MHKpOBOJIHOBOfO cpoua· 

HJJ1yqenm1. AHTenna, nanpanneHHax Ha co3ae3,i].He Jlbaa, .D;aeT 

TeMrreparypy H3Jiy<JeHH.sI Ha 0, 13 npon;eHra BLII!IC cpe,LJ;lleit B 

npOTHBOllOJIQ)[(HOM HarrpaBJJCHHH TeMneparypa Ha 0, 13 npoueHTa 

HHX<e cpe.n:Heii. TeMneparypa JIJiaBHO Menxerc.si: MeJK.UY 3THMH 

.UB)'M.sI 3HaqeHH.KMH ... JfaoTpOIIH.K HMeeT MeCTO. JIHllih ,LJ;JIJI 

neKoToporo aoo6paJKaeMoro 1rn6rrro,LJ;aTeJIJI. CtJJme•maa 
cucmeMa, 3eAmR ••• i>Bu:»eymca omnocumenbHO 1mo20 

uaomo<)amena co c«opocmb10 390 ± 60 K.M!c 6 uanpa611euuu ua 
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c0Jse1i>ue Jlbsa. Bc;1e.ucTBtte :noro .us1nKemrn, T.e. Ja cqeT 

3cpcpeKTa ll,ommepa, HJJ1}'1-Je1me, tt.uymee m1scTpeqy, KaJKel°cK 

ttaM 6onee ropK1:IHM •.. , a H3JI}'1-Jetttte, .uoroHKJ-OUJ.ee Hae, 

rrpe,nCTaBJIKeTCK ttaM 6onee xoJIO.IJ.HbIM .. . Ha 3TOM rrpHMepe 

Bbrn:cHaercK, qTo B ,Ka->K,noi1 roqKe BceJieimoii cyn.(ccTBycT 

tta6mo.D;aTeJib, OTHOCHTeJibHO KOToporo MHKpOBOJIJIOBOe 

H3JI}"ICHHe H30Tp0ITHO. 3roro Ha6JIIQ,ll,aTeJIK H CBK3aHHyID c HHM 

CHCT~MY KOOp.JJ.HHaT MO/KHO Ha3BaTb BLI,ll;eJieUHblMH ... HrurnqHe B 

Ka/K,[(OH T01:1Ke Bbl,ll;eJieHHOH CHCTeMbl KOOp.UHHaT HaIIOMHHaeT 

B3rJIH.1lbI cpH3HKOB .z:i;o C03,llaHHK TeOpHH OTHOCHTeJibHOCTH, KOr.D;a 
I 

npe,11;1mnararroch, qTo cser - 3TO Kone6aHHK oco6oro semecTea -

3cpHpa, 3arronHKIOUJ.ero aero BcenemryID. Ilpe.u:rronararroch .narree, 

1:ITO CHCTeMa KOOp,rurnaT, CB&3aHH8X c 3cpttpOM, HBJIHCTC» 

rrpeHMYUJ.CCTBCHHOH, Bbl,[(CJICHHOH, H CTaBHJIHCb OilhITbl TIO 

o6napYJKeH~IO .U:BHIKeHJ~H 3eMJUI OTHOCHTCJibtIO 3cpHpa. MbI 

3HaeM, qTQ 3TH OilhITbI (MaiiKCJlbCOHa H .upymx) .u:rum 

OTpHl.l,aTeJibHhlH pe3yJibTaT - cBeTOHOCHblH 3cpHp He cymeCTByeT. 

O,nnaKo 3BOJIIOU:HH BceneHHOH npMso,nHT K ToMy, qTo B 

Ha6JIJ-O.D;eHHKX KOCMMqecKoro MHKpOBOJIIIOBOrO H3JI}'1-JCHHH (HO 

TOJihKO B 3TMX acTpOHOMHqeCKHX Ha6JIIO)leHH»X!) Bbl,lJ,eJieHIIM 

CHCTeMa IlOHBJIKeTCX, H ee MHOr,n:a Ha3bIBaIOT 
11
HOBblH 3cpttp" ... B 

pacnntpXIOlll,CHCX BceneHHOH HOBbIH 3cpHp B O,llHOM MCCTe 

,lJ,BHJKeTCX OTJIOCHTCJihHO HOBOrO 3cpHpa B .u:pyroM MCCTC. 11MeHHO 

HOB·bIH 3cpttp HJIH, .npyrHMM CJIOBaMH, MHKpOBOJIIIOBOC H3JI}'1-JCHHe 

c uan60JibllleH ToqHQCTblO OCYUJ.CCTBJIKCT )J;BH')KeHHe no 3aKoHy 

Xa6611a.
11 

3anymeHHhIR 18 asrycra 1989 ro.u:a crryrHMK COBE' 

(Cosmic Background Explorer), pa3pa60TaHHhIH UeHrpoM 

KOCMlPieCKHX ITOJieTOB f O,l.J,,ll,ap,ll,a HauHOHaJibHOro 

A1poKOCMH~1ecKoro Are11CTBa (NASA)
1
, rro3BOJIHJI no,nTBep):(HTh 

1 Ilpuse.ueHHal! JJJ;ech 1rn<t>opMau,ull no.uroTos;1eHa UeHTPOM 1<ocM11qecKHX 
noneTOB fo.n.uap,tta, NASA, ClllA (Goddard Space Flight Center) non 
p)'KOBO,!l,CTBOM COBE Science Working Group II 6hIJrn npe,LlocTasneHa 
NSSDC. 
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n yroqnnTb BbIIlleo1rncauub1e pe3yJibTaTLI. CrreKTp KOCMMqecKoro 

MHKpOBOJIHOBOro <l:>OHOBOrO H3JiyqeHml 6brn . H3MepcH c 

TQqHOCTblO 0.005%; 6bIJIO o6Hap)'JKeHo, qTo )TOT <PoH HMeeT 

3HaqHM)'lO aHH30Tporrmo Ha OTHOCHTeJihHOM ypOBHe nop'x):{Ka 10-
5 H qTQ cneKTp H3JiyqeHH.K c TQqHOCTblO 0.03% COOTBeTCtBy'eT 

TeopeTnqecKoii 3aBHCHMOCTH JJ,m1 qepHoro Tena B · ycnosmrx 

TennoBoro paBHOBecm1. npH TeMrrepa:rype 2. 726 K. Xapat<Tep 

BbJjlBJieHHOH HH30Tp0IlHH 6wJI .neTaJibHO HCfJie,noBaH 6naro.n:apx 

H3MepeHHXM, BblIIOJIH.KBllIHMC.K B TeqeHHe 4-x JICT. 

Puc. 4.1. 

Ha p11c. 4.1 noKaJana qepHo-6enax Bepcnn KapT&I 

OTKJIOHCHHH TeMrrepaTypbI H3JiyqeHHH OT cpe~HeH BeJrn:qHHbI 

(2. 728 K) B MHKposonHosoH: qaCTH cneKTpa. OpH:eHrau;m1 KapTbI 

BLJ6pana raKHM o6pa3oM, qTo6w rrnocKOCTb Mneqnoro Ilyrn 

pacrroJiaranOCb ropH30HTaJibHO B 11,eHrpe KapTbI. QBeTOBOH 

)J,HaIIa30H opnrHHaJia OT KpacHoro )J,0 CHIICfO COOT~CTCTBYCT 

TCMneparypHOMY )J,Hana3ouy OT 2. 724 K .n:o 2. 732 K. 
CJ1oucma11 cmpy«mypa «.apmbl coomaemcmayem · 

anu3omponuu dunollbHow auda (11an0Muna10w.a11 i)uazpa.MMy 
"unb·Jlllb "), 'Imo J16.l111emc11 npoaanenueM 1</)(Pe«ma, 
ca113a11now c oau:HCeuue.n Comil(a om11ocume.nb110 cpedbl, 6 
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Komopoii pacnpocmpauaemca Mu1<poB0Jl11oooe po11oooe 
u:iJ1y11euue. 

B aerycTe 2000 r. MHe B py1rn rronarra cocrneJieHHaK 

B.A.AuIOKOBCKHM aHTOJIOrm1 [21] Opl1THHa.JibHbIX pa6oT 

Bbl.ll:aIOIUHXCH yr-1eHLIX, CTOHBIIIHX y HCTOKOB cospeMCHHbIX 

H3MepeHHH CKOpOCTH CBeTa (Haqmrng c nepBOH H3 CTaTeii 

A.MaH:KeJihCOHa). KaK BbIHCIDCeTCK, noMHMO oTpttu;aTerri.Horo 

pe3yJibTaTa B qaCTH BblHBJICHIUI BJIHICHHH .ll:BIUKCHIUI 3eMJIH 

OTHOCHTCJihHO ·coillm,a, 3TH OilbIThl B TO 'iKC BpeMSI uaIOT 

HCKOTOpbie OCHOBaHMH rOBOpMTb 0 HaJIMqHM onpe,llCJICHHOro 

.ll:BM'iKCHHH ConHeqnoii cMCTeMbI no OTHOllICHHIO K KocMocy B 

ueJIOM, T.e. OilHTb-TaKM 0 Bbl.ll:CJICHHOH CHCTeMe OTcqeTa BO 

Bce11eHHOH. 

4.2. Oficy.il\,UeHue 3cl>cl>eKTOB, cBH38HHbIX c cymecTeoeauueM 
Bbl)leJICHHOH CHCTCMbl OTC'ICTa 

0.n.Ho H3 B03MO'iKHhIX o6'bHCHCHHH aHH30TPOIIHH 

peJIHKTOBOro H3Jiyr-ICHHH, npHBe.n.emrne B [10], CBOJl:HTCH K 

rttrroTe3e 06 aHH30TponHH cTpYK'fYPhl paHnei1 BceneHHOii, 

rrpnqeM pa3JIHqHbIM BepcmIM H rrapaMcrpaM THIIOTC3bl OTBeqacr, 

B •mcTHOCTH, pa3nnq11oe yrnosoe pacrrpe,n.eneHHe TeMnepa·rypbI . 

3Toro H3nyqeHHH. TaK HJIH HHaqe, aHH30TporrHH KOCMn:qecKoro 

H3JiyqCHHH o6yCJIOBJIHBaeTCJI npH 3TOM (l>aKTopaMH, CBH3RHHblMH 

HMCHHO c npOHCXO'iK}lCHHCM H3JiyqemI~, a He c JIO}\aJihHOii 

aJIH30TpOnHeii B 06nacn1 (H B MOMCHT) rrpHeMa H3JI)'f-ICHHH. 

Cne.n.osaTeJI&Ho, no)lo6Ha.K aHH30TponH» He JlOJiiKHa 

npOHBJUl.ThCH, CCJIH peqb IlOH)leT 0 rrpHCMC HCKYCCTBCHHOro 

H3JiyqeHHH, reHepHpyeMOfO o6biqHbJM H3JiyqaTCJieM Ha 3eMJie. 

Me'iK.llY TeM, cornacHo rrpe,llJIO)KCHHOii B HacToxmeii 

pa6oTe KOHUCIIUHH, B Ka)K)J,OH . TO"l:KC BcerreHHOH OOJlJICllO 
cyl14ecm606amb . cBoe yuuK.anbuoe npocmpaucmoemwe 
na11paoJ1e11ue u yuu«anbuoe :iua"'enue c«opocmu OBUJICeHUJI 6 
:Jmo.u 11pocmpaucmBe111w.M na11pa6J1enuu, 011peOeJ1JllOl14ee 
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l 

Bbtde.lleHHYIO cucmeMy omc11ema ( cpaKTHqecKH 3TO ecn. 4-
MepHax "cTpena speMeHH"). 3ToT pe3yJibTa:r 6hrn rronyqeH MHOID 

do mow, KaK H yJHaJI 0 BbillleOITHCaIIHOM 3KcnepnMeHT3JlbHOM 

oTKphlTHH. IToJTOMY B03HHK spnpoc o ,lJ,aJI1>Hei1meM 

3KCnepnMeHT3JlbHOM rro.n;TBepJK,lJ,eHHH (HJIH onposepJKeiurn) 

HOBOH TeOpHH, H,lJ,eH KOToporo H paccMaTpHBaeTCH .uanee. MoiKHO 

Ha,ll.eKTbC.K, qTo OCYlllCCTBJieHHC H pe3yJI1>TaTbl - HOBbIX 

3KCnepHMeHTOB - rrpe,lJ,CTaBHT caMOCTOHTCJlbHhlH HHTepec ,[(JI.K 

cpH3HKH 6e30THOCHTeJibHO K MOTHBaM HX rrpoBe,lJ,eHHH H 

BbI)J.BHHYTLIM rHrroTe3aM. HarrpHMep, B cnyqae orrposepJKeHHH 

Bbl,lJ,BHHYTOH MHOH rHilOTe3bI CTaHeT HCHO, qTo HCTOqHHKOM 

aHH30TpOIIHH .ueHCTBHTeJibHO XBJrneTCH )npHpO,ZJ,a peJIHKTOBoro 

H3JI)'1IeHHH. 

Moe o6nKCHeHHe B1>Illleo1mcaHHoro HBnenHK 

aHH30TpOilHH TaKOBO. fl106oe ycKopemme (B TOM qJicJie 

spall(aTeJihHOe H KOJie6aTeJibHOC) ,lJ,BHJKet-me B o6Il(CM CJiyqae 

BbI.Uem1eT a6cOJIIOTHyID CHCTeMy OTCqeTa. IlocKOJihKY JII06oe 

3JICKTpoMarmlTHOe H3Jiyqe1rne reHepHpyeTCH Kone6JIIOil(HMHCH 

3JieKTpnqecKHMH 3apH,1J,aMH, TO TeM caMhlM OHO npHHIJ,HITHaJibHO 

II03BOJIHeT Ha6JIIO,lJ,aTeJIIO BhI,lJ,CJIHTb a6COJIIOTHyID CHCTCMY 

orcqeTa. 

EcnH ua6nro.n;aTeJIL a6con10THO Heno.UBHJKeH (".upeiicpyeT ... 

B.[lOJlh HOpMaJIH K H30XpOHHOH BceJICHHOH), TO OTHOCJffeJihHO 

Hero H3nyqeHHe 6y,D,eT H.n;ean1>no H30TporrHLIM. EcnH JKe MHpoBIDI 

JIHHHH na6JIIO,D,aTCJIX 06pa3yeT HeHyneBOH (xon1 H IIOCTOHHHbIH} 

yron c OChIO a6cOJIIOTHOrO speMCHH, TO TaKOH ,lJ.BHiK)'ll{HHCR 

Ha6JIIO,D,aTCJih (H HMeHHO c IlOMOil(hlO 3cpcpeKTa ,ll;oIIJiepa) CMOJKeT 

onpe,ZJ,eJIHTb a6cOJIIOTHyID CKOpOCTb CBOero ):J;BHJKeHIUI, 

.n;eTCKTHPYH amn01porrHIO noro H3nyqemrn, KOropIDI 

o6yCJIOBJICHa HarrpaBJICHHCM H CKOpOCTblO .UBHJKCHHH 

H3MepHTeJihHOro ycrpOHCTBa OTHOCHTeJihHO BbI,lJ,eJICHHOH 

cncTeMLI OTcqeTa. · KOJmqecTBeHHO 3Ta aHH30TponHH 6y,neT 

orrpe.uenxTbCH OTHOllleHHCM CKOpOCTH ,lJ,BHJKCHHH K CKOpOCTH 
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CBeTa (v/c) H yrJIOM (l OTHOCHTeJibHO BbIJ.lCJieHHOro uanpaBJieHHH 

,ll;BH)KeHli.st. 

KaK msecmo, cneUHaJibHaK Teopm1 OTHOCHTeJihHOCTH 

,!J,aeT [ 17] B 3TOM CJI}'tJae cpopMyny: 

f/fo= [(l-llc2
/

12)/[l·(vlc)cosa], · 

rrpnqeM npH MaJibIX yrJiaX H B HepeJIHTHBHCTCKOM npH6JIH)KeHHH 

f/fo= 1+ (vlc)cosa 

Ocnoe1>rnaxci, na coepeMeHHhIX .aaHH1>1x rro aHH30Tj)Omm 

KOCMH'iecxoro pa,n.HOH3JiyqeHmI, . Mbl MO)KeM 3aKJIIOlfHTh, qTo 

vlc=0.0015 . EcJIH 6hl .·no qJicnennoe 3Haqenne H ·YKaJaHHaH 

3aBHCHMOCTb OT yrna IlO,[(fBep}l.HJIHCb B HOBbIX 3KCnepu:MeHTax, 

He C6R3QHHblX c rrpHXOJ.lKW:HM H3 KOCMOCa 3JieKTpOMarHHTHbIM 

H3JI}'lfCHHeM, Mbl MOrJIH 6hI c.uenaTb BITOJIHe onpe.ueJieHHhie 

BLIBO,!J,l>I 06 }'HHBepCaJibHOM xapaKTepe rrpocTj)aHcTBeHHO

BpeMeHHOH aHH30TJ)OIII1H. 

Ey.n:eM HCXO.LUITI:. H3 roro, qTo mo6oe (3JieKTpOMarHHTHoe) 

H3JiyqeHHe HBJIHeTCH H,LleaJibHO H30Tp011HbIM ,ll.JIH HeITO,!J,BHiKHOrO 

OTHOCHTeJII:.HO HCTOlflfHKa Ha6mo.uaTemr JIHillb B BbI,!J,eJICHHOH 

CHCTeMe oTCqeTa, KOTOprul B Ka)KJ.lOH TOqKe BcerreHHOH 

}'HHKaJihHa. Tor.ua B mo6oH: .n:pyroH: CHCTeMe OTcqeTa B03HHKHeT 

aHn3orpom1x, npoxeJU110m:ru1cx 6Jiaro.a;apx 3cpcpeKT)' ,l(oru1epa, 

KOTOpbiii: o6ycJIOBJieH HarrpaBJieHHeM H CKOpOCTbIO J.lBHJKemur 

H3Mep1neJI1>HOro ycTj)OHCTBa OTHOCHTeJibHO BbIJ.leJieHHOH 

CHCTeMbI OTC'leTa. 

0.a;HHM H3 IlOTeHU:HaJibHO B03MOJKHbIX cnoco6oe 

npoeepKH )'KaJaHHOfO 3cpcpeKTa XBJIKeTCH na6JIIO,l.leHne 

H3JI)rqemu1 Connua e pa3JIHqHble MOMeHTI:.I J.lBH)Kemrn 3eMJIR no 

OKOJIOCOJIHeqHOH op6HTe. y CJIOBHRK cxeMa pacnoJIO)KeHmI 3eMJIH 

OTHOCHTeJII:.HO CoJIHUa H C03Be3,!l;HH Jlbea noxa3aHa Ha pBCyttKe 

4.2. 
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22 ,lJ,eKa6pS1 opfona 3eMmI 

CoJIHI.J,e 

21 Maprn 23 ceH'n16pS1 

0 

22 HSI 

Puc. 4.2. 

HanoMHHM, IJTO MeCTOIIOJIOJKeHHe co3ee3.D.HH Jlbea na 

ne6oceo.n:e xapaKTep1nyercS1 npn6nH3HTeJI.bHO cne.izyromttMH 

KOOp,ll,HHaTaMH: CKJIOHeHHe (yron HaKJioHa K TIJIOCKOCTH 

tte6ecnoro 3KBaTopa) o = 12° , npS1Moe eocxoJK,n:em1e (yrnoeoe 

TIOJIOJKeHHe B,!J.OJI.b ne6ecnoro 3KBaTopa, OTClJHTaHHOe OT TOlJKH 

secemiero paBHO.[(eHCTBHSI ITO xony ,lJ,BHiKeHHSI 3eMJIH) a = 170°. 
lfa npHBe,lJ,enuoro prrcynKa oqesH,lJ,HO, lJTO 

rrpe.LtnonaraeMaH aH:H30TporrttS1 coJinequdro H3J1yqenm1, 

Ha6mo.n:aeMoro c 3eMJIH, ,lJ,OJIJKHa npOSIBJIHT.bCSI B MaKCHMa.JlhHOH 

cTenenn e aerycTe, Kon:i;a H H3nyqem1e Conm:i:a, H cpouoeoe 

1nnyqem1e npHXO,lJ,SIT Ha 3eMmo co cTopoH.bI co3se3.LtHH J11>sa. B 
<jJeepane 3TH HCTOlJHHKH paCITOJIOiKCH.bl no OTHOllieHHIO K 3eMJIC 

B3aHMHO npOTHBOIIOJIOJKlf.bIM o6pa30M, II03TOMY H HanpaeneHHe 

aHH30rpOrrHH .L(JISI COJIHClJHOrO CBeTa ,lJ,OJIJKHO H3MeHHTbCSI Ha 

rrponn~orronoJKHOe. OiK11,uaeMaS1 eenHIJHHa 3<jJ<jJeKTa npH 3TOM ( c 

YIJCTOM npSIMOrO BOCXOJK)lCHHSI C03BC3,l:UUI J1.bea H HaKJIOHa 

3KJIHTITHKH) COCTaBJISICT nopSl;:i;a 300 KM/c, T.C. OKOJI:O 0,llHOH 
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,L{eC»TOH npo:u;eHTa CKOpOCTH CBeTa. B H0»6pe H Mae aHH30TIJOUH» 

He ,L{Om1ma na6mo,L(aTbC» npaKTHqeCKH COBCeM. 

Bo3MOJKHO, )'Ka3aHHa» aHH30Tporrmr MOIKeT 6LITb 

o6Hap)'/KeHa H rrpH IlOMOIIJ,H Ha6mo,L(eHH» OTpaJKeHHOfO 

113rryqett1111 ll)'HLI. Ilono1Ke1me ecTecTBennoro crryrHHKa mimei1 

IlJiaHeTbl OTHOCHTeJibHO 3eMJIH MeH»eTCH BCero JIHillb 3a 27 
cyroK, II03TOMy pe3yJibTaT Mor 61>1 6bITb ycraHOBJieH 

. 3naq11TeJibHO 6bICTpee. 

HaKoneu:, B03MOJKHO rrpose,D,enHe 3Kcrrep11Me1ITa c 

HCKyCCTBeHHbIM HCTOqHJfKOM H3~eHHH H HeIIOABHJKHbIM 

OTHOCHTeJibHO Hero npHeMHHKOM B 3eMHOH mi6opaTOpHH. I1pH 

)TOM cne.nyeT HMeTb B BH.Ay, . qTo BCJie,lJ,CTBHe cyroqHoro 

spa1IJ,enm1 3eMJIH npoeK1urn nanpasJieHmr Ha C03Be3,uHe JI.1>sa B 

061IJ,eM CJiyqae Bpall.J,aeTCH OTHOCHTeJibHO CHCTeMbI 

KOOp,rurnaTHbIX ocei1, /KeCTKO 'CB»3aHHOH c TOqKoH 3eMHOH 

nouepxJJOCTH. I1o:noMy BeJIHqHiia MrHOBeHHOH CKOpOCTH B.D;OJII. 

Ka/K,[{OH H3 KOOp.UHHaTHbIX oceii no OTHOilICHHIO K "BbI.D;eJieHHOH" 

CHCTeMe OTCqern (.UBHIK)'IIJ,eiic» K C03Be3,[{HIO JlbBa) 6y.u;eT 

H3MeH11TbCH npaKTnqeCKH no CHHYCOH):{MbHOMY 3aKOHY c 

rrepno.noM B 24 qaca. PacqeThI rroKa3LIBaIOT, qTo aMnJIHT)'.l(a 

KOMnoneHTbl CKOpOCTH, nanpaBJieHHOH B,!l,OJib 3eMHOro 

MepH,!l,Hatta, ,L{OCTHraeT MaKCHM)'Ma (OKOJIO 400 KM/c) y noJIIOCOB 

H MMHHMaJihHa y 3eMnoro 3Kearopa. Hao6opoT, aMIDIHT)'Aa 

KOMilOHeHTbl CKOpOCTH, HanpasneHHOH B 3eHHT, .D;OCTHraeT 

MaKCHMYMa (OKOJIO 400 K,WC) y 3eMHOro )KBaropa H MHHHMaJibHa 

. y IlOJIIOCOB. A~mrrHryAa /KC KOMIIOHeHTbl CKopocn1, 

ttanpasnennoH: rrepneH;:t;HKym1pno MepH,D,Hatty, npaKr11qecKH 

HeH3Menna H TaK)Ke COCTaBJIHeT OKOJIO 400 KWC . 

.SI TaKJKe ,!l,yMaIO, qT~ B np1rnu:1me B03MO/KHbI H qHCTO 

MexaH11qecKHe 3KCnepHMeHTbI, )l.aIOIIJ,He, HanpHMep, B 

COOTBeTCTBYJOIIJ,eM narrpaBJiemrn MaJIOe OTKJIOHeHHe -OCH 

rHpOCKOna OT Tpa,ruru;HOHHO OIKH.LJ,aeMoro, O,llHaKO IIOKa TaKHe 

3t}>cpeKTbl ne pacctUITbIBMHCb (B03MO/KHO, TaKHM o6pa30M Moryr 
6bITh o6'h.sICHeHbl 3KcrrepHMeHThI Ko31>1pesa). AHaJior11qnbJM 
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o6pa30M, 3KCrrepHMeHTb1 nma MaHTHHKa <l>yxo ( CCJIH 61>1 BeKTOp 

a6COJIIOTHOH CKOpOCTH y.naqHo OKa3aJICH nanpaBJICHHhlM TaK, 

qTo6w B MaKCHMaJlbHOH CTenem1 CKJia,lJ,bIBaTbCH H BbJqHTaTbCH c 

BeKTOpOM CKOpOCTH ,lJ,BHiKeHHH MaHTHHKa) MOfJIH 6bI rrpHBeCTH K 

onpeJ:(eJieHHOMy OTKJIOHemuo epamemrn IIJIOCKOCTH KOJIC6amdi: 

OT TOH, qTo onpe.nenena HCKJI10q1neJibHO epamenHeM 3eMJIH. 

MMeeT CMhlCJI rro.nqepKHyrb, qTo B OTJIHqHe OT rrapa,I{HrMbl 

"cTaporo 3qmpa", BbI,I{eJieHHaH CHCTeMa OTcqeTa .. HOBOrO 3qmpa" 

CBH3aHa He TOJibKO c onpeOeJleHHblM nanpa6lleHUt!.ill BO 

BceneHHOH, KOTopoe BbJ,lJ,eJIHJIOCb 6bI B XO.L{e 3KCnepHMeHTOB 

no.L{o6Ho TOMy, KaK crpenKa KOMnaca yxa3weaer Ha cenep. 3rn 
Bbl,Ue.JieHHaH CHCTeMa CBH3aHa eme H c onpeOelleHHOU 3-Mepnou 
CKOpocmblO .L{BHiKeHHH B 3TOM HanpaeJieHHH. B COBOK)'IIHOCTH iKe 

TaKHM o6p8.30M BhI,L{em1eTCH 4-MepHbIH eeKTOp HOpMa.rIH K 

c<PepHqecKoii nmepnosepxHOCTH rnapa - BceJieHHOii. 

4.3. 0 33KOHaX HlJlyqeeHB 

BepHeMCH, O.UHaKO, K <l>oHoBoMy H3nyqeHHIO. CoepeMeHHaH 

<l>H3HKa 6e3 KOJie6aHHH rrpHIIHCbJBaeT ero rrpoHCXOiK,lJ,CHHe 

rrpo:u;eccaM B paHHeii BceneHHOH, T.e. rroJiaraeT, qTo 3To 

H3Jiyqeune rrpnxo,nHT H3 rny6HHbI epeMeH. Cq:t1TaeTcx, qTo Mhl 

Ha6n10.naeM "nocTapeetuee" <t>ouoeoe R3JiyqenHe paHneii 

BceneHnoii ( crryCTx JIHUib TPH ThicxqH JieT rrocne EoJihllIOro 

B3pL1na), Kor.na cymeCTBOBaJIH cno6o)l;Hb1e 3JieKTpoHw, 

crroco6Hwe JierKo pacceHBaTb KOCMHqecxoe <l>oHoeoe H3.rryqeHHe. 

XoTH rro.no6Hhie npe.ncTaeneHHH o pacrrpocTpaHeHHH ceera 

B,lJ,OJib CBeTOBOrO KOHyca H3 npornnoro B 6y.nymero B 

,lJ,OCTaTOqHQH CTeneHH cornaCyIOTCSI c Tpa,n;HIJ;IfOHHOH TpaKTOBKOH 

3JieKrpO,lJ,HHaMHKH, OHH BCTYJiaIOT B npOTHBOpeqne c H,LJ,eSIMH 

H3JiaraeMo:H. 3.nech Teop11H. Cornacno eH: cseT, KaK H n106oe 

H3JiyqeHHe, pacrrpocTpaHSIIOlll,eecH co CBeTOBOH CKOpOCTblO, 

MOiKeT npHXO)l;HTb JIHllib OT o6oeKTOB, pacnOJIOiKeHHbIX B TOM iKe 

moxpoHHOM ceqeHHH BceneHHOH, qTo H rrpHeMHHK H3.JiyqeHHH, 
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T.e. cospeMeHHbIX eMy B a6COJUOTHOM speMHHCqHCJiemrn (CM. 

Bbnue aHaJIH3, OTHOc»rn.11iicx K o6nacTHM npomnoro, HacToxmero 

11 6y.uymero). 
Eonee Toro, K 3aKJiroqeHHXM KJiaccMqecKo:H 

'.)JieKTpO.UHHaMHKH 0 rrpHqHHHO-CJie.n,cTBCHHbIX CBH3HX B 

OTHOilleHHH CHrHana, pacrrpOCTpam1rom.erocx co CKOpOCTbIO 

CBeTa, T.e. He 6Hympu CBCTOBOro KOHyca, CJIC,[{yeT OTHCCTHCb c 

60JibIIIOM OCTOpOiKHOCTbIO. 0.JJ,HHM 113 aprYMCHTOB B IIOJib3Y 

'.)TOro HBJIXCTCH 3HaMeHHTaH sepCHH Teop1111 '.)JICKTpOMarHHTHOro 

113J1yqeH11.s:, npewmiKeHHax s 3Ha\fCHI1TbIX pa6oTax ,l(iK. YHJiepa H 

P.<I>eiiHMaua [19,20]. B 3TOH Teop11M qHcTo 3arra3.n,blsarorn.HH: so 

BpeMeHH xapaKTep H3JiyqeHHX npOH3BOJibHOI'O HCTOqHJ1Ka 

BbICTynaeT BCero JIHillb KaK CJIC.JJ,CTBHe ymrnepCaJibHOrO H 

MZH06eHHOW B3aHMO.JJ,eHCTBHX MHOiKCCTBa 3apx.uos BceJICHHOH. 

KaK MHe KaiKCTCH, TaKoe noHHMaHHe rrpoueccoe H3nyqemrn, 

cI>opMaJihHO npneo.uxm.ee K KJiacc11qecK0My pe3yJihTa'fY, no cyr11 

ceoeH: 6JIH3KO K HOBbIM npe,n;cTaBJieHHHM, H3JiaraeMbIM B 

Hacrnxm.eif pa6oTe. · 

Ilpas.ua, MOiKeT IlOKa3aThCX, qTO 3TH HOBbIC npe.ucTaBJICHHH 

npHso,rv1T K rrapa.uoKcy. EcnH H np.s:Mbie, H o6paTHLie 

3JieKTpOMarHHTHLie KOJie6aHHIO pacnpocTpaIIHIOTCH 6d0Jlb 

R30XpOHhI, T .e. MrHOBCHHO, TQ MCiKtIY IIOCbIJIKOH HCXO,LIHOrO 

cHrttana (ttanp11Mep, Ha Jlytty HJIH Ha Mapc) 11 rrpHeMOM 

OTpaiKCHHOro cnrnana He 6r.mo 6bI HHKaKOH naY3bl. MeiK,Liy TCM 

H3 OIIhITa .UOCTOBepHO H3BeCTHO, qTQ no He TaK, H qTQ na)'3a 

MeiK.n;y 3THMH C06bITHXMH B TOqHQCTH pasna )lBOHHOMY 

rrpoMeiKyrKy epeMeHH, Heo6XO.UHMOMY .JJ,JUI pacnpocrpaHCHHH 

CBeTa Ha COOTBCTCTBYJ-Om.ee paCCTOHHHe. 3aMeTHM, qTQ H aBTOpbI 

pa6oT [19,20] 6bIJIH BbHl)'iK,l].eHbI aHaJIH3HpOBaTb HCKOTOp1>1e 

IIpOTHBOpeqam11e OIIbITY speMCHHbIC napa.uoKCbI, qTO 3acTaBHJIO 

11x ccI>opMyn11posaTb orrpe.n.e11eHHhle orpaH11qeum1, KOTOphle 

.UOJJiKllbI HMCTb MCCTO B <l>H3HqeCKOH peanbHOCTH. 

Ilpet1npHH»:Ti.1:H MHOH aHaJIH3 nepeq11cneHHbIX napa,AOKCOB 

IIOKa3an, q'fo see OHH MOryr 6bITb ycrpaHeHbI, CCJIH yroqHHTb 
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onpe):(CJICHHbIM o6pa30M rrpe):(CTaBJICHIDI 0 rrpHpO):(C 

JJLIIIIC)'Ka3aHHOro MfHOBCHHOro B3aHMOACHCTBHH. ,ll,eno B TOM, 

qTo caM rrpouecc Kone6aHHH npe.n;CTaBJIHeT co6oii Hen0Kan1>H1>1li 

8 4-MepHOM KOHTHH)'YMC BOJIHOBOH rrpouecc. 

3To 3HaqHT, qTQ BAOJIL inoxpoHHOH Bcerreuuo:H. HMeeTca 

BOJIHOo6pa3HOe pacrrpe.uenenHe HHTeHCHBHOCTfl H3rryqeHHH OT 

Kone6moW,eroc11 3ap11.ua c qepe.uonaHHCM MaKCHM)'MOB H 

MHHHM)'MOB, T.e. B,UOJib npocTpaHCTBCHHbIX oceH. BOJIHa 

rrpHcyrcrnyeT oono6peMenno 6 Ka:Heoou mo'IKe BceneHHOH. Ee 
HHTCHCHBHOCTI., rrpereprresaH rrpocrpaHCTBCHHLJe KOJie6aHHH, 

BMCCTe c TCM y6bIBaeT o6paTHO rrponopuHOHaJibHO paccTOHHHIO 

OT HCTOt{HHKa no JaKony A(r) = A(O) exp(21C i rll)lr, r):(e ). -

MHHa 3JICKTpOMarHHTHOH BOJIHbI. c .upyroii CTOpOHLl, BCJIHqHHa 

A(O) He HBJIRCTCR IIOCTORHHOH BO BpCMCHH, a KOJie6rreTCH no 

rapMOHHqecKoMy JaKoHy A(O,t)=A(O,O)exp(·21Cictll). KaJK.n;oH: 

H3oxpoHe OTBeqaeT CBOH MOMCHT BpeMeHH, Il03TOMY 

pe3yJibTHpyIDW,a'.H HHTCHCHBHOCTb B 4-TO'lJKC {r, t} paBHa 

A(r, t) = A(O,O) exp/21C i (x - ct)/J.]/r 

T.e. OIIHCLIBaeTCH B TO'lJHOCTH TaK JKe, KaK H B Tpa.n;HUHOHHOH 

TeopHH. 

1 2 

Puc. 4.3 

Ha pHc. 4.3 cxeMaTHqecKH rroKa3aHo, qTo cpa3a B T01:1Ke 2 
cosna.n;eT (MH HCIIO,UBHJKHOrO .UCTCKTopa) c cpa30H, 

11pucymcmB06U6UleU panee B TO':IKC 1, TOJibKO TOr.D,a, KOr,u:a CaMa 
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'.na T01IKa )')Ke OKa)l(eTC}I B T01IKe 3. MwrepeCHO OTMeTHTb 

cxo,n:CTBO B HameM o6'bHCHCHHH
1 

JaKOHOB H .ll:BH)l(CHH}I 11acrm:.( c 

MO.L(eJihIO pacrrpocrpattemrn KOJie6amdi 3a c11eT pacumpeHHH 

BceneHHOH, r.e. rrepexo.n:a or O.LlHOH HJoxpotte K .rcpyro.H:, H r.,n:. 

TaKHM o6pa3oM, s naiueu MooeJJu, s omJZu11ue om meopuu 
onmocume;tbHocmu u meopuu tl>eunMana-YuJZepa, t/Ja3oswu 
C06UZ, pa6HblU no 6eJlU'IUHe xlc, C6Jl3aH He cmOllbKO c 
me11enue.M spe.Menu, CKOllbKO c cyw.ecmsosanue.M csoezo poda 
«cmo1111eu so11nb1» 6 u3oxpo1111.ou BceJJennou. Cne.n:osareJibHO, H 

3ana3,D,bIBaIOmee BJIH}IHHe HCXO,D,HOro 3apx.n:a Ha 11aCTHIJ;bl 

norJIOTHTemr, H ouepe)l(aromee o6paruoe BJIHHH~e norJIOTHTeJIH 

Ha HCXO,L(HbIH 3apx.n:, XOTSI H HMeJOT rrpOTHBOilOJIO)l(HbJe 3HaKH 

cl>aJoBoro CMemeHmr:, HO o6ycJIOBITCHbI HCKJII01IHTeJibHO HX 

B3aHMHbIM npocmpancmse1111b1M pacnoJIO)K'e1meM. lfro )Ke 

KacaeTCX speMem1, TO o6a BJIHHHHH «3BOJIIOUHOHHpyJOT» BO 

BpeMeHH TOJihKO B HanpaBJICHHH OT a6coJIJOTHOrO npOillJIOro K 

a6COJIIOTHOMY 6y.n:ymeMy, nprr11eM na 3BOJIIOUHH .lJ:JUI Ka)K'):{OH 

rapMOHHKH Kone6aum1 nerKO o6MICHXeTCX yKa3aHHOH 

CHMMerpneii pacrrpe.n:eneHHH cpa3 n, rnasuoe, Bbl3Batta 

ymrnepcaJihIIbIM rrpoueccoM pacnm:pemu1 BceJieHHOM. 

1 2 

Puc. 4.4. 

,D;attHa}I HHTeprrpeTaUH}I, KCTaTH, Il03BOmleT IlOHHTb 3!}l!}leKT 

aHH30TpOIUIH npMHUMaeMoro H3nyqemrn, KOr.n:a ,lJ;eTCKTOp 

,ABH)l(eTCX c HeKOTopoii a6COJIIOTHOH CKOpOCTbIO, OTJIH1IHOH OT 

' uym1 (CM. prrcyttOK 4.4). B 3TOM CJiyqae !}la30BbIH CABHr, 
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OTBeqaJOIIJ,HH TOqKe 2, 6y,ueT COOTBeTCTBOBaTb }')Ke He TOqKe 3, a 

ToqKe 3'' qTO H npOHBHTCX B BH,lle 3cpcpeKTa ,lJ,onrrepa. 

Ba)lrno ,uo6aBHTh K 3TOMy, qTo pacrrpocrpaneHHe 

3JleKrpOMarHHTHOfO CHfHa.Jla, 06yCJIOBJie1rnoro KOJie6aHHeM 

3apR.UOB, He MO)l(eT paccMarp1rnaTbCH KaK OTBeqaIOIIJ,t?e 

paBHOMepnoMy ,llBH'.>KeHHIO KaKOrO-JIH6o MaTepHa.ITbHOfO Terra. 

,lJ,eHCTBHTeJihHO, B HaIUeH TeOpHH nocrre;:i:Hee fHIIOTeTHqecKH 

MOfJIO 6bI, ,llBHfrul:Cb co CKOpOCTbIO caera; rrpaKTHqecKH 

MfHOBeHHO .uocnrqb CKOJib yro.l(HO OTJ(a.JleHHOfO o6'beKTa H 

sepnyTLcx o6paTHO. B TO '.>Ke speMSI rrepe,uaqa 

:J11e1<.mp0Maznumnozo cuinaJla ocyw,ecTBJIXeTcx 3a KOHeimoe 

speMx, rrpHqeM cKopocTh rrepe;:i:aqH orrpe;:i:eJiena neodno3na11no. 
c 0,l(HOH CTOpOHbl, B aprYMeHTe 3KCilOHeHTbl cpHrypHpyer 

MHO'.>KHTeJII, (x • ct), qTo .n;aeT OCHOBamie cqHTaTb 3TY CKOpOCTh 

paBHOH c. I1MeHHO 3TY CKOpOCTb BhlqHCJIHT Heno,nBH)l(HbiH 

na6JIIO)l;aTeJib, pa3,ueJIHB IIOJiHOe paCCTOR:HJie Ha BpeMX 

npoxo'.>K,neHHH CBeTOBOfO CHrna.rra. c J(pyro:H. CTOpOHhl, yroJI 

HaKJIOHa "MHpOBOH JIHHHH" CBeTOBOrO CHrna.rra B CHCTeMe 

KOop,u1maT "nopMa.rrb~noaepXHOCTb" 6y,uer paBeH 45°, IIOTIOMY 

"a6COJIIOTHM" CKopocn. ( orrpe.uem1eMrui: qepe3 CHHYC yKa3aHHOI'O 

yrJia) 6y,uer B ../2 MeHbllle, qeM c. 
l.JTO )l(e npe.ncTaBAAeT co6o:H cpOHOBOe H3JiyqeHHe c HallJeH 

ToqKH 3penttx? KaK 6bIJIO 0TJ1,1eqeno, crreK'rp JToro H3JiyqenHH 

IIOJIHOCTbIO OTBeqaeT TeopeTHqeCKOMY pacrrpe.n,eJieHHIO ,l(JIX 

a6coJIIOTHO qepnoro TeJia. Ho TaK H L{OJI)l(HO 6wTh )l;JIX 
menJl060ZO H3JiyqelIHH, HCIIYCKaeMoro BCdi COCTaBJIJIIOIIJ,eH ee 

MaTepHeH H rno6a.rrbHblM IIOTOKOM rrpOHH3bIBaIOIUero 

BceneHHyIO, T.K. B HeH OTCYTCTByIOT KaKHe 6bl TO HH 6bIJIO 

"rreperopo.llKH'', orpa)l(aIOIUHe TaKoe H3Jiyqemie. l.J:To )l(C 

KacaeTCJI qncneHHOro 3HaqeHHH TeMrrepaTypbl cpOHOBOfO 

H3JiyqeHHX, TO OHO HeceT Ba)l(HyIO 1mcpopMaUHIO, CBX3fillHyIO c 

rno6a.rrnHbIMH rrapaMeTpaMH Mttpa. ,lJ,eH:cTBHTeJihHO, cornacno 

3aKoHy CTecpaHa-EorrhUMaHa y.n.enhHM JneprHx e H3rryqeHH& · a 
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e.runrnu:e o6oeMa (B ,ll.X<oym1x) nporropu;MOHarihHa qerneproH: 

crerreHH reMneparyphr 8 11epHoro TeJia (e KeJJLBmrnx): 

3Ta JHepnu1. .D.OJIX<Ha COCTaBJUITb onpe,!.1,eJieHHYJO ,!.J,OJIIO no 

OTHOIIIeHHIO K y.n:eJibHOH JHepnm IlOKOH, o6ycrrOBJJCHHOH 

cpe,nHeii IlJl.OTHOCThlO MaTepHH BO Bcem~HHOH, 3Haqe1rne KOTOpOH 

BbIBO,!.(HTC'1 B HaillCH MO)l,eJIH H3 MO)l.HqmunpoeaHHhIX ypaBHCHlfH 

3:Hmrnell:Ha <t>pH.D.Mana: 

p= 3·c2 I (4·n-G·lf) 

. EcmI 6bI BC'1 COOTBCTCTBYIOIUaH JHeprm1 UOKOJI pc2 

rrpeo6pa30BbIBariaCb B JHeprHIO Termoeoro H3.JJY'ieHHH, TO Mhl 

.rroJiyqHJIH 6LI wr.si cpe.D.ne:H UJIOTHOCTH Marepnn eo BceJJeHHOH 

3HatieHHe nop'1.D.Ka 5.4 .10-34 
r/cM

3
, a .D.JIH B03pacra Bce;1eHHoif -

3Haqenne nopx.uKa 3 TµIillJJHOHOB JieT, TIOBHAH~OMy, JTO He TaK; 

npHHHB Ha OCHOBe COBpeMeHHhIX H3MepeHHH IIOCTOHHHOH 

Xa66Jia B03pacT BceJieHHOH MeHhIIIHM Ha 2 rropH.L{Ka, a 

IIJIOTHOCTb - Ha 4 nopa.D.Ka 60JihillCH, MOX<HO 3aKJl.JOlJHTh, qTQ 

cpe.D,HHH :)Heprn.si TeITJIOBOfO H3JiyqeHHjJ MaTep1rn BO BceJieHHOH 

COCTaBJijJCT OT ee JHeprHH IlOKQjJ ,I{OJIIO, rrpH6JIH3HTeJibHO paBHyJO 

O)l,HOH COTOH npoJJ;CHTa, T.e. 10-4
. 
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5. HOBbIE IlPE,Ll.CTABJIEHIDI 0 BPEMEHH 
H KBAHTOBA.R MEXAHHKA 

5.1. OcooeHHOCTH KBaHTOBOMexaeH-.ecKoro OUHC8HHH 

Houi.1e npe.ncTaBJieHHH o speMeHH, c Moeii roqKH 3peHHH, 

II0380JUUOT y.n;OBJieTBOPHTeJibHhlM o6pa30M pa3penmn ueJihlH 

pH.l(. MCTO,l(OJIOrHqecKHX rrpo6JieM, KOTOpbie c MOMeHTa csoero 

po)l{.nemU1 necrra s ce6e KBaHTOBaH MexaHHKa. )l;paMa ee 

ueHrpanbHbIX H.ne:H xopomo H3BecTHa H3 ,D;HCK)'CCHH Eopa H 

3iiH1llTeHHa H rrpO,llOJI)l{aeTCJI B o6HOBJieHHOM c}>opMe H B naum 

.UHH. CaM 3H:HmTeHH qerKO BbI,ZJ.emm ,llBa OCHOBHhIX 

.l(paMaTH'·IeCKHX MOMeHTa KBaHTOBOH TeOpHH: CTaTHCTHtieCKHH 

xapaKTep ee npe,ZJ.CKa3aHHH H napa.noKC HeJIOKaJibHOfO 

( csepxcaerosoro) B3aHMO,lleifcTBHJI KBaHTOBl>IX o6oeKTOB. 

BcrrOMHHM, qTo Hosoro snecna KBaHTOBaJI Mexam1Ka B 

rroWITHHHbIH annapaT <}>n3HKH. IIpe)l{,ne scero, no 

HCIIOJib30BaHHe sepOJITHOCTHOH BOJIHOBOH c}>ynKUJm ,llJij{ 

OIIHCaHHJI COCTOHHHJI o6oeKTOB H ero 3BOJIIOUHH BO BpeMeHH 

BMeCTO HCIIOJlb30BaHHH npe)l{HHX IIOHJITHH ToqnoH: KOOp,llHHaThI H 

TOqHOH TpaeKTOPHH. OblJIO Il0Ka3aHO, lITO TaKoe BepOHTHOCTHOe 

OIIHCaHHe HMeeT rrpHHUHilHaJibHblH xapaKTep .uaJKe .wrn: 
HH,D;HBH.ZJ.YaJibHbIX o6oeKTOB H He MO)l{eT 6bITb CBe,lleHo HH K 

OilHCaHHIO IlOBe,lleHHH rpynrrbI o6oeKTOB ( tJTO 6LIJIO 6LI BfiOJIHe 

npHeMJieMO c KJiaccHqecKoii TOqKH 3peHHJ1), HH K rrorpemHOCTH 

peanbHblX H3MepHTeJibHblX rrpoue.uyp, H T.n. )l;erro o6CTOHT TaK, 

KaK 6y.nTo 6bl Eor, rro Bb1pa)l{eHHIO 3H:ntu:Teiina, "nrpaeT B 

KOCTH". 

)];a.nee, B KBaHTOBOH MeXaHHKe COCTOHHHe o6oeKTa MO)l{eT 

6i.1Tb OTBeqaTb crporo onpe.[{eJieHHOH co6cTBeHHOH <l>YHKUHH H 

co6cTBeHHOMY 3HaqeHHIO HJIH cyneprr03HUHH (KOM6HHaUHH) 

TaKHX co6CTBeHHbIX COCTO}IHHH (tiaCTb 6onee o6meH: CHCTeMbl 

MO)l{CT TaKJKe OIIHCbIBaTbCH MaTpHUeH IIJIOTHOCTH). IIp66neMa 
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nonP-IeCKH cTpoi'ittoro onpe,nenemrn xaprucrepa rrepexo)J.a 

06bCKTa H ero BOJIHOBOH <PYHKUHH H3 o6mero COCTOHHHH B 

"qnCToe" (penyKUHX BOJIHOBOrO naKCTa) IlOHcnrne COCTaBmieT 

rrpOKJIHTbe H fOJIOBHyro 6onh H,l.leOJIOfOB KBaHTOBOH MeXaHHKH. 

flpH '.HOM 01.fo MOJiqaJIHBO rrpHHHMaIOT, KaK oqeBH)J,HOe 

o6CTOHTCJibCTBO, qrn TaKOH nepexO.IJ, npOHCXO)J.HT B HeKOTOpbIH 

CTpOro onpe,lleJieHHhlH MOMeHT BpeMeHH. 

. flpe.D,CTaBJICHHe 06 o6beICTax, 'npe6LrnaIOmHX HCKOTopoe 

BpeMH B cynepno3HUHH B03M0)l(HblX COCTOHHHH, .D,a)l(e rro6y,DJ1JIO 

3. illpe,[(HHrepa rrpH)J.)'MaTb KOillKY, opy)J,HCM y6HHCTBa KOTopoii 

MOrJia 6w CTaTb CBOero po)J,a KBaHTOBaH rHJibOTHHa; .n:o TeX rrop, 

IlOKa TaKax rlUibOTHHa HaXO)J,HTCH B "cyrreprr03HUHH
11 

COCTOHHHH 

c IlO)J,HHTbIM H onytneHIIblM HO)l(OM, npoKIDITbIH BOnpoc COCTOHT 

B TOM, qTo )KC B 3TO speM.sr rrpottcxo,z:i:HT c KOllIKOH. Eonee Toro, 

)J.aHHa>I rrpo6neMa nopO)J.HJia cpe)J.H 3HaqHTCJlhHOH qacTH 

cpH3HKOB ysepeHHOCTb B TOM, qTo JII06ax pe)J.yKUHH BOJIHOBOH 

l}>)'HKUHH o6ycnopnena BMelllaTCJihCTBOM Ha6nIO,lWTen.sr, OTKY.Ua 

HCH36e)l(HO CJieL{yeT BOIIpoc: a KTO Ha6JllO)J.aJI BceneHHyro .no 

IlOHBJICHHH rrepBbIX Ha6mo)J,aTCJieii ? 5I He B.llfilOCh B )J.flJibHeihnHH 

- o63op rrpo6neMhl, KOTOpax ,ll;CHCTBHTCJibHO HMeer Ba)l(Heihuee 

3naqem1e H o6c~.uaerc}I s orpoMHOM KOJIH"tfecTBe ny6nttxauuii. 

5.2. Ilapa~oKc 3IlP H TeopeMa :6em1a 

3HaMeHHTbIH rrapa,nOKC CBepXCBeTOBOro B3aHMO,[{CMCTBHH, 

ony6m1KOBaHHblH B 1935 ro.uy H IlOJiyqHBillHH Ha3Bamre 

riapa,noKca JMHllJTCHHa-flo,llOJlbCKOro-Po3eHa (3ITP), COCTOHT B 

cne.nywmeM [12]. TiycTb Mbl HMeeM KBaHTOBOMexaHHqecxyro 

CHCTCMY H.3 ,nayx qacnn.1., KOTOpbIC c TeqenHeM speMeHH 

pa3nera10rcH Ha oqeHI> 6onLmoe paccroHHHe. CornacHo 

KBaHTOBOM Mexa1mxe, B Ha"lfaJibHblH MOMCHT MC)l(.ll:Y HHMH 

C)'II.(CCTByer onpe.ueJICHHa.sr CB5l3b (HanpHMep, BCJIHtIHHa IlOJIHOrO 

CIIHHa M» 3JICKTpOHOB mm BCKTOP non.srpH3aD;HH ,llJIH 

KorepeHTHbIX cpoTOHOB); rrpH pa3JICTe COCTOXHHe -qacnru MOrJIO 
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61>1 H3MelIHTbCX JIHillh B pe3yJihTaTe llOBOro B3aHMO)J,eHCTBlUl, a 

3HaqHT, '.}Ta CBX3h .ll.0 orrpe)J,eJieHHOro MOMeIITa speMeHH 

coxpaHxeTcx. 

C TOqKH 3pemrn KJiaccuqecKoif MexaHHKH HHKaKoro 

napa)J.OKCa HeT, Ka:iK,lJ.M qacTHI.{a cyw,ecTByeT He3aBHCHMO caMa 

no ce6e B onpe)J,eJieHHOM. COCTOXHHH, yaacJie.ZJ,oBaHHOM H3 cuoeif 

npeJU>ICTOpHH. Ho B KBaHTOBOH MexaHHKe COCTOS!.HHe sceii 

CHCTeMLI eCTb cynepno3HUHX Bcex B03MOiKHbIX "qacTHLIX
11 

COCTO.KHHH BIIJIOTb .!J,O MOMeHTa H3MepeHH.K. ECJIH Mbl TerrepL 

H3MepHM COCTOXHHe 0.ll.HOH H3 qacTHU, TO "pe.ZJ,yuHpyeM" 

BOJIHOB)'IO <l>YHKUHIO 6Ceii. CHCTeMLI (H HMeHHO B MOMeHT H 

cpaKTOM H3MepeHH»:), BhUlCHKM COCTOS!.HHe 3TOH qacnIUbl H 

O.!J,HOBpeMeHHO 3a<PttKCHpyeM COCTO.KHHe .!1,pyroii (YiKe CKOJib 

yro.ZJ,HO .naneKoii) ,qacTHUhI. TaKHM o6pa3oM, npe,ncTasneHHe o 

KOJIJieKTHBHOH BOJIHOBOH cpyHKUHH H 3aKOHax coxpaHeHHSI 

KBaHTOBOro COCTO.KHH.K rrpHBO.!J,XT K BhIBO.ZJ,y 0 HeJIOKaJihHOCTH, 

JIJIH MrHOBeHHOM B3aHMO.ZJ,eHCTBHH Ha paccTOSIHKH. 

IlpHMeqaTeJILHO, qTo He H3BeCTHbl KaKHe-Jrn6o orpaHHqeHl1JI Ha 

BeJIHqHHY paccTq.KHH.K npH TaKOM B3aHMO.ZJ,eiiCTBHH. 

0rraJIKHBa'1Ch OT 3TOH cxeMLI, MOiKHO 6LIJIO 6LI 

IlOilbITaTLCX rrepe.ZJ,asan. HH<l>opMaUHIO co cuepxcueTOBOH 

CKopocThro. B caMOM )leJie, opramnouau ueJiyro 

IlOCJie)l.OBaTeJILHOCTb TaKHx pa3JieTaI-OIUHXCH qaCTI-IU (rranpHMep, 

rrocepe.!l,HHe Me/Key HCTOl!HHKOM H rrpHeMHHKOM HH<PopMI.{HH), 
I 

MO)J<llO, Ka3aJIOCb 61>1, "MO)J.YJIHposaTb
11 

BO upeMeHH rrpol(e.u,ypy 

H3Mepemu COCTOHHHH rrepBOH IJaCTHI.{bl 
11
3,[{eCL", BJIJUIH 

npe,ZI,cKa3yeMbIM o6pa3oM na pe3ym,TaT H3Mepennx coCToxnnx 

BTopoii 11acTHULI "TaM" (n.ue10. TaKoro 3KCrrepnMeHTa coo6IUJIJI 

auTOpy A.B.MocKOBCKHH). 

3ry nceB.ZJ,0.!J,e'I'epMHHHCTHqecK)'IO CHTyauHIO c 

O.UHHo~mott: napoii qacTHU ,[(iK. EerrJI B ~cBoeH: 3HaMeHHTOH 

TeopeMe 0 HeJIOKa.JibHOCTH OIIHCaJI [ 13] B 6oJiee crporoif l}>opMe, 

orrepHpyrom;eli co crnni:cnrqecKHMH no cyiuecTBY 

npe~cKa3am1xMM KBaHTOBOH Mexami:KH. OH IIOKa3aJI, qTo 
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HeKOTOpbie TaKHe npe.ucKa3aHHH HeCOBMeCTHMbI c ycJIOBHeM 

CTaTHCTHqecKOH He3aBHCHMOCTH pe3yJihTaTOB H3MepeHHH Ha):\ 

Y.llaJIHBilIHMHCH B pe3ynLTaTe pa3JieTa Ha rrpoH3BOJibHOe 

paccTO.SIHHe qaCTHUaMH (:no ycJJOBHe CBO,l(HTCH K rrpOCTOMY 

IiepeMHO)KeHmo sepmtTROCTeH:). ,[VI.si: rrposepKH TeopeMbI EeJIJia 

6bIJIH rrpoBe)J,eHbI 3KCrrepHMeHThl, .UOKa3aBilIHe COOTBCTCTBHe 

rrpaBHJI BbJqHcJieHH.sI BepOHTHOCTeii 'Ipe6oeaHH.sIM KBaHTOBOH 

MexaHHKH, a He ycJIOBHJO JIOKaJibHOCTH TeOpHH, T.e. 

CTaTHCTHqecKOH He3aBHCHMOCTH H3Mepemdi:. 

TeopeTnqecKHH aHaJIH3 3iiHilITeii:Ha ner B ocHosy 

.uan1>ue:H:wero pa3BHTmI co61>ITHH. B rrocne.o:Hne .n:ecHTHJieTm1, 

rQ}],bl H JJ,a)Ke MeCHUbl 6ypHO pa3BHBaIOTCH TeOpeTHqecKHe H 

3KCrrepHMeHTaJibHbie . HCCJie)J.OBaHHH, CBH3aHRble c . TaK 

H33bIBaeMOH "TenerropTauHeii" KBaHTOBO KOppeJIHpOBaHHhlX 

061.eKTOB. B M1>1cneHHhIX 11 peanbHhIX 3KcrrepHMeHTax KsanTosoe 

COCTO.SIHHe o6i.eKTa rrepeHOCHTCH 6ecKOHeqHo 6bIC'IpO, HO, KaK 

3TO 6i.rno IIOKa3aHO, orrpeJJ,eIDleTCH (H3Mep.si:eTCH) 3a KOHeqHoe 

BpeMH, OTBeqarow.ee JJ.OCBCTOBOH CKOpOCTH pacrrpocTpaHeHHH 

CHrHana. 

5.3. HOBble npe.o:cTaB.lleHHH 0 BpeMeHH H He.JJOKaJlbHOCTb 

Bee BhiwenepequcneHHhie rrpo6neMhl rny6oKo CBH3aHbI 

Me)KJJ.Y co6oH: H He Moryr 6hITb pemeHI:.I no OTJJ,eJihHOCTH. 

IfoqeMy KBaHTOBaH TeopmI ,Ll,aeT BepOH'fHO('.THble rrpe.[{CKa3RHliH? 

KaKHM o6pa30M rrponcxo,n;HT pe.u)'KUHH BOJIHOBOH cpyttKUHH rrpH 

mMepemur? Csx3aH JIH HCXO.ll. cpH3H'feCKHX co6bITHH c HaJIH'fHeM 

Ha6J1ro;::i,aTem1? KaKOB cPH3HqeCKHH CMbICJI CBH3H Me)KJJ.Y 

KOMIIJieKCHO-corrpHIKCHHbIMH BOJIHOBbIM:H cpyttKUHHMH H 

o6pamettneM BpeMettn? Ha Bee 3TH H no.no6HLie Borrpoci.1 .si: 

Terreph IIOllblTaJOCb ,n:aTb OTBeT, HCXO)J.H H3 3aw.11w.aeMoro MHOH 

IIOJIHOro paBHOIIpaBHH Me)K.zw qeTblpbMH q11qo 

npoc'IpaHCTBeHHbIMH H3MepeHHHMH HCXO,ll;HOrO KOHTHH)'YMa, 3-
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MepHblM ce11em1eM (I130XpOHOH) KOTOporo 11.BJUleTca HaJIIa 

• BceneHHaJI. 

TipocTpaHCTBeHHOMY rrepeMern;eHHIO qacrn:u.1:.1 o6hl1IHO 

CTaBaT B COOTBeTCTBHe 0Tpe30K rpae1<Top1m, coe.nHmnomeH: 

Ha1Ia.JibHyIO H KOHe1IHyi:o TOl.JKH. Y)Ke Ha :HOH crn;:um aHa.JIH3a 

CJie.l(OBMO 6bl orrepHposaTb 6onee TOl.JHOH KapTHHOH, 3aMeHHB 

0.l{HOMepHyro JIHHHIO npOT.JDKeHHOH rrpOCT}JaHCTBeHHOH 

o6nacThJO, o6ycnOBJieHHOH BOJIHOBOH rrpHpO.l(OH qaCTHU,bl H 

rrorpellIHOCTLIO orrpe.neneHHa ee TpaeI(TOpHH. 

Cne.nyromHH JIOrH1IeCKHH Illar COCTOHT B TOM, 1IT06LI 

BCIIOMHHTh o 4-MepHOCTH BceneHHOH. B .nencTBHTeJibHOCTH MLI 

,nOJI)KHbI paccMaTpHBaTb KaK MHpOBbie JlJ{HHH 11acn1u,, TaK H 

MHpOBble o6naCTH BOJIHOBbIX rrpou,eccoB B HX 4-Mepuoii 
npoma:HCennocmu, Tor.na KaK HX rrpoeu,HH Ha rrpocrpaHCTBeHHLie 

H BpeMeHttyi:o KOMIIOHeHTLI 3aBHC11T JIHlllb OT Bbl6opa 

$H3H"leCKOH CHCTeMbl OTC"leTa. Xo'ra :noT Te3HC HMeeT BeCbMa 

o6I.IJ;HH xapaKTep, 0,l(HaKO HMeHHO B rrpHMeHeHHH K npo6JieMe 

HeJIOKaJlbHOCTH OH npHo6peraeT BeCbMa HeTpHBHaJibHOe 

3Ha1IeHHe. Y11eT 4-MepHoro xapaKTepa peWibHoro MHpa JIHlllaeT 

$H3H1IeCKoro CMbICJia OIIHCaHHe "IHCTO rrpocrpaHCTBeHHOH 

HeJIOKWihHOCTH. CJie,noBaTeJihHO, dlla HeJIOKaJlbHblX npou_eccoB 
HeJih3a rQBOpHTb 0 COCT011HHH He TOJibKO B onpedeJleHHOU mo11Ke 
3-MepHoro rrpocrpaHcTsa, HO H B onpeoe;iennblu MoMenm 
BpCMCHH. 

' IIpocrpancTBeHHaJI HCJIOKaJILHOCTh He 11B1ureTc11 .anx 

$H3HKH 11eM-TO oco6eHHLIM, neo6L111HLIM. Otta j[BJIHeTCH, B 

11aCTHOCTH, Tpa.nHI.J;HOHHbIM arpH6yroM 60JibllIOro KJiacca 

BOJIHOBhlX 3a)l,a1I. 0)].HaKO .UJUI HeJIOKa.JlbHOCTH BO epeMClIH MCCTa 

B $H3HKe )l,0 CHX rrop He 61:.1110, B.Be.nemre B HayqHLJH o6opOT 

rrpe,LlCTRBJieHH.SI 0 6peMeHHOU HeJIOKaJlbHOCmu, 11 .nYMaIO, 

JIBJIHeTCJI Ba)KHbIM HOBllleCTBOM. 

TipH o6c~.lJ,eHHH . rrpo611eMbl pe.nyKI.J;HH BOJIHOBOH 

$)'HKU.HH KBRHTOBOro o6oeKTa B CBX3H c H3MepemieM ero 

COCTOJIHHX MOJil.JaJIHBO npe.l(ITOJiaraeTCJI cenapa6eJibHOCTb H 
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aKTyarrhna11 Heo6paTHMOCTb BpeMeHH, T.e. arrpHOpHrui 

OT,lJ,eJJHMOCTb 0)1,HOrO MrHOBCHHJI OT ii,pyroro B TOM CMbICJie, qro 

COCTOHHHe o6neKra o6neKTHBHO orrpe,ll,eJieHo B KaiK,lJ,Oe TaKoe 

MrHOBeHHe H qTo B KaiKii,oe IlOCJie,!J,yroll(ee MrHOBeHJie 

rrpe.mnecTByroll(ee COCTOsmre )'iKe HHKOHM o6pa30M He MOiKeT 

61.ITb H3MeHeHO. Ilptt 3TOM MO,D;eJih apeMeHH, HCIIOJib3YCMaJI B 

<f>H3HKe, aHaJIOrHqHa MO,lJ,eJJH BpeMCHH B pyCCKOM H3LIKe, ,lJ,JUI 

KOTOporo HRCTO»lllee XBJJHeTC.SI MrHOBCHHCM, TOqKOH Ha OCH 

BpeMeHH. ,ll;yxy TCOpHH OTHOCHTeJJhHOCTH, 6eccrropHO, OTBeqaer 

HMCHHO TaKOe rrpe;!.lCTaBJiemre 0 apeMeHH. 

PHc. 5. 1. MrHOBeHHoe HacTosmee 

MeiK.n;y TeM B QHZJIUUCKOM S3bIKe HCIIOJib3YCTCH HHaJI: 

ceMaHTHqecKRS MO)leJih BpeMeHH, B KOTOpOM HaCTOHU(ee 

paccMarpHBaeTCH rrponrnceHHhIM, T.e. rrpe.n;crasJJHeT co6oii Ha 

OCH BpeMeHH He TOqKy, a 'HHTepBaJI. (Cp. ":51 nocemUJI M~eii 

aqepa/cero.n;Ha" c "I visited a museum yesterday I I have visited a 

museum today"). KoHcrpyKIJ;H.SI "/ visitecl'' rroKa3bIBaer, qro 

,1:1eifoTBHe 3aKOHqCHO do HQl/,tl/IQ rrpOTXiKeHHOro HaCTOHlllero, 

KOTOpoe B .n;aHHOM CJiyqae OTOiK,lJ,CCTBJI.SleTCJI c cero,n;mnnHHM 

]l,HCM (a He c TCKYlllHM MrHOBeHHeM, KaK B pycCKOM Jl3bIKe). 

Pn:c. 5.2. IlpoTsiKeHHOe ttacroxll(ee 

I1MeHHO TaKaH MO,llCJib apeMeHH, KRK MHe KRiKCTCH, 

,lJ;OJiiKHa rrpHMCHHTbCS B KBaHTOBOH reopHH. B COOTBCTCTBHH c 

3THM rrpe,D;CTaBJieHHe . 0 pe;:i:yKIJ;HH BOJIHOBOH <l>YHKUHH H3 

CMeIIIaHHOfO COCTOJIHMe B qJiCTOe;, 6 onpedeneHHblU MOMeHin 

BpeMeHu HBJIJ1erc11 HerrpasoMepHbIM. CocTOHHHS B 
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npoMe)l(yr01IHOH (BpeMeHHOH) o6JiaCTH onpe,neJiel:fbl cpa3y H 

aaqarrbHbIMH, H cpHHaJibHbIMH ycnoBJUIMH, a ecJIH e&1pa)l(aTbCH 

eme TOqHee, TO COCTOHHHe BHyrpH BceH: 4-MepHOH o6JiaCTH 

,nOJI)l(HO onpe.nenxTbCH ycJIOBHHMH Ha ee rnnepnoeepXHOCTH. 

TaK, "pacnpocrpaHeHmo" KBaHTa JJieKrpoMarHHTHoro 

llOJIH OTBeqaer, KaK )'Ka3bIBaJIOCJ> Bbillie, HaJIHqne "cToxqej;f" 
· I v 

BOJIHbI B,!J,OJib H30XpOHbI, O,!J,HOBpeMeHHO npncyrcTByiomen B 

Ka)l(,l],OH ToqKe npocTpaHCTBel-IHOH o6JiaCTH Me)l(,IJ,y HCTOqHHKOM H 

npneMHHKOM HJnyqeHHH. llo . OCH upeMeHH JTa o6JiaCTb TaK)l(e 

HMeeT HeHyJieByio npOTH)l(eHHOCTb. llpaBHJihHOe IlOHHMaHHe 

npnp0,!1,bI HCJIOKaJibHQCTH aKTa. H3JiyiICHHx/norrromemu1 cpOTOHa 

CBO,nHTCH K TOMY, qTo o6naCTb HeJIOKaJibHOCTH orpaHnqena 

,!J,BYMX (HJIH 6oJiee) 4-MepHbIMH co6bITHJIMH, a He ,!J,ByMH 3-
MepHbIMH ToqKaMH npocrpaHCTBa (B COOTBeTCTBHH c n.nej{MH 

,n)l(.YHJiepa H P.c:f>eiiHMaHa, rpaanq11b1e ycnoBHjJ onpe,neJIHIOTCH 

He TOJILKO H3nyqaTeJieM H norJIOTHTeJieM, HO TaK)l(e H 

B3aHMO,!J,eHCTBHeM co BCCMH OCTaJibHbIMH o6'beKTaMH 

BceJieHHOH). llOJTOMY B Teqem1e BCero rrpoMe)l(yrKa BpeMeHH OT 

H3JlyiICHHJI .no nornomeHHH cpOTOHa no OTHOllieHHIO K HeMy ue 
UMeem tjJU3UlleCKOW CMblCJIQ W60pUmb 0 npedUlecmBylO~UX u 

noCJ1edy10~ux MZHOBeuuax. 
3aMeTHM B CK06Kax, qTO c KJiaccHqecKOH TOqKH 3peHHH 

CHrHaJI H3JiyqaeTCji B pa3JIHqHbIX HanpaBJICHHHX Ue3a6UCUMO OT 

ero 6y.nymeii perHCTpau,HH B TOM HJIH HHOM MeCTe ,<1epe3 

COOTBCTCTB)'IOIUHe npoMe)l(yrKH BpeMeHH, OTBeqaJOIUHe 

MHTeJII>HOCTH ero pacnpocrpaHennx ,!J,O JToro MecTa. Eonee Toro, 

KJiaccHqecKaH ToqKa 3pennx eoo6me He CBH3hIBaeT npou,ecc 

HJJiyqeHH.SI c B03MO)l(HOH B ,6y.nymeM ero pen1crpau,Heii, 

cpopMaJihHO rpam1qHbie ycnOBHSI Ha 6ecKOHeqHQCTH . H 

cpHHaJibHhie ycrroenx .n1rn 6ecKoneqno .naneKoro 6y.nymero 

npirnnMaIOTCH nyneBLIMH (pewem1e c "3anaJ,n1>1saromHMH" 

IlOTeHIJ,HaJiaMH ). 

c HOBOH TQqKH 3pemrn: "MaKpOCKOIIHqecKHH
11 

rrpou,ecc 

H3JiyiieHHX npe.ncTaBJIHeT co6oi1 COBOKY£IHOCTL HCKOToporo 
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'IHCJia HCJIOKa.JlhHbIX B rrpocrpaHCTBC H BpCMCHH o6JiaCTCH, 

CBR:3bl8aJOI.l.(HX 0,llHH H · TOT JKC HCTOt.IHHK C MHO/KCCTBOM 

pa3JIH'IHbIX rrpHCMHHKOB. ,[{JIR: HHX KpaeBbIC H cpHHaJlbHbIC 

ycrrosm1 oTrrHqtthI OT nynes1>1x ( CHMMe11raqHble pelllemu1 c. 

"3arra3)J,bJBaIOI.l.(HMH" H "orrepe)KalOI.l.(HMH" IlOTCHUHaJiaMH), H 

JIHllib 8 pe3yJibTaTe ycpeJJ;HCRHR: no BCCM TaKHM KBaHTaM 

"orrepcJKaIOJilHC" pellieHHK , B3aHMHO KOMTICHCHp)'IOTCSI. 

Ilpe,acTaBJICHHC 0 rpa.IJ,Hl(HOHHOM HCTO'IHHKC CJffHaJia B03HHKaeT 

JIHlllb Ha MaKpOCKOnU'leCKOM yposne 6Jiaro,nap'1 COBila.!(CHHIO 

na'IaJibHbIX (no pa3JIH'IHIO <PHHaJibHblX) yc.noBHH )J,JISI 60JiblliOro 

'IHCJia MU«ponpoi(eCCOB. 

3ry KapTHHY MO/KHO yno,ao6HTh 9,llHOBpeMeHHOH 

BhICa,!l.KC 113 rrpH6bIBlllero noe3Aa 60Jiblli0fO qHCJia JllOACH. ~ 
cnyqaiinoro na6mo,lJ,aTem1 '.)TH JIIO,llH xaOTH'IeCKH paCXO,llHTCH BO 

BCCX B03MOIKHhIX irnrrpasnemrnx, TOrJia KaK KaK Ka)K,JJ;bIH H3 HHX, 

cne,n,yK co6CTBCHHbIM_ MaplllpyroM, JJ.BJDKCTCa K HaMeqeHHOH 

l(CJIH, KOTopyIO H JJ.OCTHraer, rrpeo,llOJleBaR: onpeJieJieHHOe 

paccTOR:HHe 3a onpe.IJ,errennoe speM'1. He Mettee Hnrepecna 

o6paTH3Ji cttryau;1ur c nocaAKO:H: Ha ompasmno~Hiic.sr rroe3.ll. 

3JJ.CCh O'ICHb narJIH,llHO rrpo.SIBJIR:CTCH pa3JIHqMe MC)K,lly 

rrpol(eccaMH na MHKpoypOBHC H MaKpOypOBRe. 

Toqno TaK )l(C H MK qacTHll;bl c J].OCBCTOBOH CKOpOCTblO 

pC,ll)'Kl(HH BOJIHOBOH cf>yttKUHH H3 CMemaHHOfO COCTOHHHH B 

'IHCTOe He npOHCXO.L{HT 8 KaKOH-JIH60 MOMeHm BpeMeHH. TaKaR: 

peA)'KUIUI npeACTaBJUl.eT co6oH. HCJIOKaJibHOe (KaK BO speMeHH, 

TaK H 8 npocrpancTBe) SIBJICHHe, orrpe,ll,CJIKCMOe BCCH 

COBOKyIIHOCTblO CBOHX KpaeBbIX, Ha'IaJibHhlX H cpHHaJibHliJX 

ycnoBHH. B cseTe pa3BirnaeMhIX 3'ACCh npe.llCTasneHHH o speMem1 

B . pacnmpHIOil\ettcR • BceneHnoH: )J.Jia ,llByx KBaHTOBO 

CKOppemi:posaHHbIX qacTHU, pa3JICTaIO~HXCH c ,ll,OCBCTOBOH 

CKOpOCThlO, IlOJIYt.JHM Herno IlOXOJKee Ha lIH'.iKCCJieJJ.YIOIUHH 

1peyroJibHHK (pnc. 6.3), orpaaHqHBaIOil.(HH o6JiaCTb 

HCJIOKaJibHOCTH .IJ,annoro rrpouecca Me)l(.L{y H30XpOHHbIMH 

ceqemu1.Mn pa.i:lHyCOB R H R+dR. ITpn 3TOM B KaJK.llOM 
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~H30XpOHHOM ceqeHHH MeiK.L(y qaCTHI.(aMH KOppemII.(JUI MOiKeT 

::o6ecneqHBaTbC.Sl MexaHH3MOM, IlO,A06HbIM MexaHH3MY H3nyqeHH.Sl 

co CBeTOBOH CKOpOCTbl-0 pacnpocTpaHeHH.Sl. 

R+dR 

\I 
R 

PRC. 5.3. 

Ilo:nOMY KaprHHa nmppaKl.(HH 3JieKTpoHa 3aBHCHT OT 

IlOJIHOH KOHqmrypal.(HH OilhlTa; Il03TOMY He HMeeT CMblCJia caMa 

nOCTaHOBKa sonpoca 0 iKH3HH H CMepTH KOIIIKH lllpeAHHrepa B 

"npoMCiKYJ'O'IHbie" M.OMeHThI speM:eHH MeiKµy cpa6aTblBaHHHMH 
11
KBaHTOBOH rHJihOTHHbI". Ilo3TOMY <l>H3HKaM He CJie.11.yeT 

3a60THTbCH 0 HaJIHq1rn Ha6JII-O.D,aTeAA (6bITb MOiKeT, CaMOrO 

rocno.11.a Eora), a TaKiKe o npasHJibHOM pa3rpaHWieHHH MCiK)J;y 
11MHKpOCKOnHqecKHMK11 H "MaKpOCKOITK1ICCKHMH

11 
H3MepHTeJih

HbIMH npH6opaMH, qTo6@ rapaHTHposaTh KOJIJianc BOJIHOBOH 

cpYIJKl.(HH B MOMeHT H3MepeHHjJ. M.3MepeHHe (Ha6mo,lleime) 

HrpaeT pOJib B TOqHQCTH 8 TOH Mepe, B KOTOpOH: OHO caMO no ce6e 

3a.D,aeT c}>HHaJihHOe YCJIOBHe. ECJIH HMCHHO OHO cnoco6HO 

c}>HKCHposaTb napaMeTpLI BOJIHOBOH cpYIJKl.(HH, TO 3TO H 

rrpOHCXOJllH; CCJIH iKC, HanpHMep, napaMeTpbI H3MCpHTCJibHOro 

ycTpoiicTBa Hecopa3MepHhI rrapaMeTpaM MHKponpou:ecca, n1160 

OHO (ycTpOHCTBO) JIHIIlh ycpe.rtffjJeT 3a<l>HKCHpoBaHHhIC HHhIMH 

o6CTQj1TCJlbCTBaMH pe3yJibTaThI MHOnrx MHKponpou:eccoB, TO 

MOiKHO rrpeHe6peqb BJIHHHHCM TaKoro H3MepHTCJibHOro 

ycTpoifcTBaltta6mo,1J;eHHH. CaM npouecc mMepeHHH 

rrpe,ACTaBJI.SICT co6oif Ha6op cpHHaJibHhIX ycJIOBHH, c}>HKCHpyromnx 

pe3yJihTaT H3MepeHH.Sl. 

IloqeMY KBaHTOBrul MeXaHHKa onepnpyeT c 

sepo»rHOCT.SlMH C06fITHH? floqeMy .B npocTeHIDHX. cnyqrutx OHa 
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npe.n;nHCbIBaeT BbiqHCJUITb aepoXTHOCTH B BH.n;e HHTerpaJIOB IIO 

BCeM B03MOiKHbIM KOM6HJial.J;l1HM qm:HaJibHbIX YCJIOBHH 

(Hcxo.u;oe)? OTBeT Ha '.3TOT uonpoc, .uocTaBHBlllHH · CTOJJhKO 

rOJIOBHOM 60JIH JI.n;eonoraM KBaHTOBOH cpH3HKH, c MOeH TOIJKH 

3peHMH TpHBHaneu. CJiyqaiiHOCTb ne rrpHcyma rrpnpo.n;e Bew;eii 

KaK TaKOBOH, '.3TO npocTo Ham cnoco6 anocmepuopnoii ou,en1<u 
.UOJIH onpe.n;enemibIX HCXO.UOB no OTH01IJCHHIO K IIOJIHOH rpyrrrre 

HCX0.!:{08. Ha3bIBaH HCXO.ll CJ1y11aiiHbUI, Mbl yrBeplK,n;aeM JIHIIIb TO, 

qTo IIOJIHM 1rncpopMau1u1 o neM onpe,l.l,em1erc»' He paHee MOMeHTa 

(KOH!la HHTepnaJia epeMe1m) ero peaJIH3al(HH. Benn .n;nx uerroqKn 

JIOKaJibHblX BO epeMeHH co6bITHH Mbl TeopeTHqeCKH MOJKeM 

rrpe.ucKa'3aTb HCXOJJ: IlOCJie,UHHX H3 HHX HJIH CYJHTb Kpyr 

B03MOIKHblX HCXO)lOB, TO ,llJIJI HeJIOKaJibHhIX HBJieHHH '.3TO no 

onpe,lleJieHHIO HeB03MOIKHO, H OCTaeTCH JUllllb HCilOJib30BaTb 

BepOSITHOCTHbie oueHKH. 

TaKHM o6paJoM, pe3ynI>TaTbI KBaHTOBOMexa1m11ecKMX 

H3MepeHHH He Moryr 6bITb O,llH03HaIJHO rrpe.n;cKa3aHbl IIOTOMY H 

TOJihKO JIHillh IlOTOMy, 'lJTO .3TH H3MepeHHH CBH3aHbI c 

ne1101<.a;1bHb1.MU so 6pe.Menu. rrpoueccaMH H 'I'pe6ywT 3a,n;anHH 

cp1ma.1IbHbIX ycnoeHii ! B Tex cHryaumi:x, Kor.ua cpHHaJII>Hble 

yCJIOBHJI He MOryr 6bITb OJJ;H03HaIJHO YKaJaHbI, He MOIKeT HATH H 

peqn 06 O,[(H03HaqHOM OITHCRHHH pemeHH.ll, T.e. 06 O.llH03HaqnoM 

rrpe.ncxaJamrn:. TaKHM o6pa3oM, cnyqaiiu1>1e co6bITJfjl (M.i1 

KOTOpbIX MO/KHO C,[(eJiaTh JIHIIIb nepoHTHOCTHbie rrpe,[(CKaJaHJfjl) 

no onpei)e.r1enu10 c0Bmma10T c TaKHMH, KOTOpb1e 'I'pe6yroT wrn 

CBOero OIIHCaHH8 3a.n:aHHH cpHHaJibHbIX ycJIOBHM, T.e. 

orrpe,neJUIIOTCH B TOM qncne H 6y,l.l,)'IUHM, a He TOJihKO rrpoUIJihIM! 

lfoeg BpeMeHHOH HeJIOKaJibHOCTH II03BOJIHeT TaK)Ke 

nyqrne nomITh rrpupo.zzy 06cTO.i1TeJihCTBa, Koropoe, KaK 

YKa3bIBaeT H.IIpurOIKHH, nano OCHOBaHHe ew;e A.3MHHITOH)' 

[14] 3aMeTHTb, IJTO KBaHTOBbie BepOXTHOCTH nonyqaIOTC.ll nyreM 

BBe~eHHH ,l.l,Byx CHMMeTpHqHbIX CHCTeM BOJIH, 

pacrrpocTpamtIDlll;HXCSI B rrpOTHBOIIOJIOIKHblX ttanpaBJieHJUIX no 

BpeMeHH. Toqtto TaK !Ke B reopmI noJIH o6I.Qee pemeune 
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. BOJIHOBOro ypasHemur Hapsr.uy c qJJeHaMH c ''3aml3)lbIBaJOW:HMH" 

noTeHIJ,HaJiaMH )J,onycKaeT crraraeMhle c "orrepeJKaIOW:HMH" 

IIOTeHu;HaJiaMH, H c TOqKH 3peHH.H o6w:errpHH.HTbIX 

npe,z:i:cTaBJICHHH 0 BpeMCHH 3TO Bhl3blBaeT 60JiblllHe 

IlCHXOJIOrHqeCKHe Tpy.D.HOCTH. 0,IJ,HaKO c TOqKH 3pCHH.H HOBOro 

ITO,UXO,IJ,a pe3yJibTaT HMeHHO TaKOB, KaKoro H cne.z:i:osa.rro O)f(H,IJ,an.: 

ti:Be CHMMeTpH'iHbie BO speMeHH CHCTeMbI BOJIH II03BOJISllOT 

yqeCTb KaK HaqaJibHLie, Tate H <l>HHaJihHbie ycnoBml B 

HeJIOKaJibHOR BpeMeHHOH o6rraCTH; B cnyqae CTau;HOHapHbIX 

COCTOJIHHH MHHMbIC qaCTH <f>YHKI.l;J1H rrpOCTO KOMIICHCHpyIOT .apyr 

. .n.pyra;. 6mmHeHHOCTh <t>opMbI COOTBeTCTBYeT TO My, qTo 

HatJaJILHLie H cj:>IuiaJihHhle ycrrosmi onpe.nerr.HIOTC.si: .n.m1 3HeprHH, 

rrporropn;HOHa.JlbHOH KBaJ(pary aMIIJIHTY.llhI BOJIHbI. 

Ecnn B,ayMaTbC.si:, TO <PopMy1mposKa rrapaJ(oKca 3TIP 

orpa1Kaer scero JIHillb rrpeJJ,eJibHbIH cnyqali o6m:ei1 cHryan;HH c 

KBaHTOBOMexaHHlJCCKHMH o6'beKTaMH: BOJIHOBa.sI <l>YHKU.ml no 

orrpeJJ,eneHHIO rrpeJJ,CTaBJJ.HeT co6o:H u;eJIOCTHOe OITHCaHHe .lJ.Jljl 

HeKOTopoii rrpocrpaHCTBeHHO-BpeMeHHOR 06nacn1. 06i.1qHo rrpH 

aHaJIH3e 3TIP-B3aHMO,UeHCTBH.SI paccMaTpHBaIOT Jllllllb ero 

rrpocrpaHCTBCHHbIH acneKT, HrHop11pya orpaHHlJCHmI BO 

BpeMeHH, a OHH rrpHHll;HilHaJlbHO cymeCTByIOT. 3.LlCCb CKopee 

HMeeT MCCTO rrapa.[.{OKC IICHXOJIOr1111ec1mH:: CaMa )KC TeopH.SI 

OTHOCHTCJibHOCTH rpe6yeT B3aHMOCB.H3aHHOro yqeTa 

rrpocrpaHCTBeHHbJX JI BpeMeHHhIX KOMilOHCHT, CBSI3hIBaIOW:HX 4-
MepHbIC co6b1THSI. 

B qacTHOCTH, nepeJJ;asaTb coo6meI:IH.H co CJJHillKOM 

60JiblllOH ( CBepxcBeTOBOH) CKOpOCTblO no BbJllleOimCaHHOH 

cxeMe A.,B.MocKOBCKOro HCB03MOIKHO IlOTOMy, lJTO HeJlb3R 

"Mo.uy1mpoBaTb" BO epeMeHH rrpou:e.uypy H3Mepemur COCTOHHHH 

qacTHI.\bl CJIUIUKOM 60J1bUIOU qacTOTOH, IIOCKOJJLKY JII06aa 

qacnu..1;a o6na,l.(aeT BOJIHOBblMH CBOHCTBaMH M, COOTBeTCTBeHHO, 

oe-Epoulle6a 11acmoma ee KOJle6aHUU OOJIJICHa Oblmb 6blUle 

MaKCUMtlJlbHOii. 11acmomb1 MOOYllRU,Uu; B rrpOTMBHOM cnyqae 

rosOpHTb 0 nepe.[.{aqe HH<l>OpMaUHH He rrpHXO,llHTCji. TiycTL, 
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HarrpHMep, peqh H,ll,eT 0 napax KOrepeHTHhIX <PoTOHOB, ,[l,.JUI 

KOTOphIX IlOJUipH3au;IDI H3MepHeTC.sI c IIOMOIUblO <}>HJibTpOB. B 
3TOM cnyqae rrepHOJJ. T Mo,uynnpyrome.H qacTohI don:HCeH 
rrpesocxonnTh speMa nponeTa <PoTOHOM paccroxmu1 L MC)K,!J,Y 

HCToqnHKOM H AeTeKTopoM, m?3TOMY don:HCuo 6blmb T >Lie, T.e. 

:.<P<PeKTHBH3j[ CKOpOCTb rrepe,ll,aqH HH<l>OpMau;m1 He MO)KeT 61>ITb 

6on1>we BCJIHqHHhI c. HttbIMH cnoBaMH, pa3neTaIOmHeCH 

KOrepeHTHhJe <PoTOHbI B TeqeHHe BCero rrpOMC)KyrKa BpeMeHH (6. 
npoU:J60JlbHOU cucme:Me omc11emo) OT MOMeHra H3JI)"ICHHH ,ll,O 

MOMCHTa .[{CTCKTlipOBaHHX rrpe,UCTaBJIXlOT co6on HeJIOKaJlhHhlH He 

TOJihKO B rrpocrpaHCTBe, HO H BO BpeMCHH ancaM6Jlh. J1106oe 

rrpoMe)Kyroquoe H3MepeHHe (mm HOBbIH aKT H3JI)"ICHHX, 

BJilUIII.1,Hll Ha pe3yJihTaTbl H3MepeHmI) 3TOT aHcaM6Jih pa3py11nmo 

61>1, nopo,n;HB HOBhie qacTH1iHhie ancaM6JIH, He COCTaBJUIJOIIIHe 

nepsoHaqanhnoro. TaKHM o6pa30M, KBaHTOBax MexaHHKa caMa 

CO.[{Cp){<HT B ce6e orpamI1iCHHH (MexaHH3M KOppenxumi: BO 

. BpCMCHH), KOTOpbIC ycTpaIDl:IOT 803M0)J(HhIH, Ka3aJIOCh 61>1, 

rrapa,n.OKC CBepxcBCTOBoro B3aHMO,!l,CHCTBHJI B rrpocrpaHCTBe. 

Mo)KHO rrpe,!l,rrOJIO)KHTh, qro yKa3aHHeM Ha MexanH3M 

BpeMCHHOH KOppeJIXD;HH XBJIXCTCH H :.<P<PeKT "paCIIJihIBanm1" 

BOJIHOBoro naKera (CM., nanpttMep, [ 18]). Hcxo,D.HhIM o6pa30M 

·. (BOJIHOBhlM naKeTOM) .um1 E.i10XHHD;eBa CJl~HT rpa<PHK BOJIHOBOH 

cpyttKUHH q>, OTJIH1iHOH JaMeTHhlM o6pa30M OT nynH (B naqaJihHhIH 

MOMCHT BpeMeHH) JUIWh B oqe111> MaJIOH rrpocTpaHCTBCHHOH 

o6naCTJf 6.x. TaKaH <l>ynKD;H.SJ He COOTBCTCTBYCT H,ll,CaJlhHOH 

(roqeqno.H) qacTHUC, BOJIHOBaH <l>YJIKUHX KOTOpoH: rrpe,ll,CTaBJUlCT 

co6o}i 3KCIIOHeHTY c MHHMbIM IIOKa3aTeJieM. TaKax <l>YHKUHX 

COOTBeTCTByeT, KaK - rrpaBHJihHO yKa3bIBaer OJIOXHHD;CB, pow 

KJiaccHqecKHX qaCTHU: c HeHyJieBbIMH CKOpOCTXMH, KOTOP.bIH co 

epeMeHeM raK)KC pacnn1>rnaercJI. Ecmi: paccMorpe;r, He 

MrHOBCHH)'JO <Pororpaqm10 poH, a coeoxyhnocTh rpaeKTopHH: 

COCTaBJUUOIIUIX ero qaCTHll,, TO B «a:HCOOM ceqeHHH JierKO 

YBH.l.l:CTb TCH.l.l:CHD;HIO pacwHpenHx Tpy6KH rpaeKTopnH:, T.e. 

MHCTHKH 3,D,eCh HHKaKOH HeT - CHTyaIJ;HH orrpe.n,eJUICTCH He 
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TOJibKO Koop.u1rnaTaMH, HO H HX rrpOH3BO)lHbIMH no BpeMCHH. 
t. 
, EcJIH rrpe.urronoiKHTb, qTo rro)l;o6uoro po)l;a BOJIHOBIDI <)?yuK1uu1 

OTBeqaer KOMITJleKcy KBaHTOBO CKoppeJIHposaHHbIX qacTHU, TO H3 

npHBC)l;CHHhIX B [18] c}>opMyJI CJie)l;yeT, q'fo pa3MCphl BOJIHOBOfO 

naKCTa pacTyT copa3Mepuo apeMCHH pacrrpocrpaHeumr rraKCTa, 

T .e. qTo. rrpocrpaHCTBCHHaK H BpCMCHHIDI HCJIOKaJibHOCTb KBJICHHK 

B3aHMHO cornaCOBaHbl no rropK'AKY BCJJHqHHhl (CM. pHC. 6.3) .. 
HcKmoqHTCJibHO CHMIITOMaTnqeu 3aKmoqHTCJihHhIH 

,rrpHMep OJIOXJiHl.(eBa, B KOTOpOM o6c)'il\.uaercx, KaK iKC 

HCIIOJib30BaTb IIOJiyqeHHbIH pe3yJibTaT. B Tex cnyqWl:x, Kor.ua 

OTHOCHTCJibHOe pacIIJiblBaHHC BOJIHOBOfO rraKeTa MaJIO (T.e. B 

'.)KC~epHMCHTe ;ue ua6mo.uaeTC.H), TO H; xopOUIO - MO)l(HO 

HfHOpHpOBaTb. A BOT KOf)l;a OHO no pacqCTaM HC MaJIO, TO 

(rosopHT EnoXHHUeB) aHaJIH3HpoBaTb CHTYaumo cpe,ucTBaMH 

KJiaccnqeCKOH MexaHHKH HCJib3X. A KaK )KC IIOCTYfiHTb ( crrpOCHM 

MbI1? A Ha)l;O npHMCHHTb KOppeKTHbIH KBaHTOIBOMexaHHqecKHH 

IIO.UXO)l,, KOTOpbIH He npednucwoaem BJ:.JqHCJUITb CTCIICHb 

paCilJibIBaHHX )'M03pliTCJibHOfO BOJIHOBOfO naKeTa, a 
npeiJnucb16aem yqinwBaTb uaqaJil>Hbie, icoHeqHwe H rpaHHqHhie 

ycnOBHH )l,JIX npaBHJibHOfO onpe.ueneH:IDI BH)la BOJIHOBOH 

cpyuKl.(HH. 

Eme pa3 XOTCJI 6hl o6paTHTb BHHMaHHe qlfTaTemI, qTO 

rrpe)l.JIOiKCHHbIH MHOH yqeT HCJIOKaJibHOCTH BO BpeMeHH, He 

CBX3aH c peaJihHOH 'HJIH fHITOTCTHqecKOH J60Jl10l(Ueii 60JIH060U 

tjJym~quu BO BpeMeHH. OH rro3sonxeT peUIHTb .upyryro 

MCTO.D;OJIOfHqecKyro 3a,naqy - 3aMeHHTb H)lCIO MZH06eHHOZO 

KOJIJlanca cynepno3HUHH COCTO.HHHH (K 0.l::(HOH H3 ee 

COCTaBJIXIOil.(HX) Ha H)l\:!IO 0 TOM, qTo CJIOBO MZH06eHHblU BOo6me 

He HMCCT CMbICJia Ha '.)TOM npOMC)l(yfKe BpeMCHH MeiK.UY HaqaJIOM 

H KOHUOM B3aHMO.UCHCTemr. 
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6. 0 HEOJiPATHMOCTH 

KaK rosop11noc1> B caMoM Hal.Jane pa60T1>I, B Hayi<e )')Ke 

}laBHO o6C)')K.UaCTC}J TaK Ha3bIBaeMaH "c'I'peJia speMeHH" 

(H.Ilpttro)J{HH [2] rOBOpHT 0 "napauoKce BpeMeHn"), CBH3aHHM c 

Heo6paTHMOCThID IlO):{aBJIHIDmero 6oJihlllHHCTBa rrpnpo,n:HbIX 

KBITeHRH H BTOpbIM Ha"tlaJIOM TepMO,UHHaMHKH. c MOCH TOl.JKH 

3pemu1, 3aMe1.JaTeJihHO rJiy60KHH aHaJIH3 <flH3H1.JeCKHX acrreKTOB 

:no:H: rrpo6neMhI aan HeaaaHo C./(.XaiITyH, B Knnre [ 15] 
KOToporo npirne.ueHa H HC1.JepnbIBat0m!lSI 6nfomorpa<fl1rn:. 5I 
l103BOJIIO ce6e B .UaJihHeHlllCM H3JlOJKeHJrn orpaHfflJJIThCH 

CChIJIKaMM JlHlllh Ha 3TH\ .uee pa6oTbI, a. TaK)f{e Ha KHHry 

C.XoKnttra [l]. 

6.1. Heo6paTHMOCTb H KOCMOJJOrHH • 

OcTaHOBHMCH BHal.Jan:e Ha TaK Ha3h!BaeMOH 
~ ' ' ... ' 

KOC.MOJIOZUlleCKOU CTpeJie epeMeHH. B COOTBeTCT]3HH co 

CKa3aHHhIM B pa3,llCJie 2, KOCMOJIOrHl.JCCKM MO,llCJib 3HHlllTeiiHa

<I>pHn;Mana .z10nycKaeT TPH KJiacca pelllCHHH, 0,llHO H3 KOTOphIX 

HBHO BbI,UeJIXeT CTpeny BpCMeHH, OTBet.J:a10ru.yro Heo6paTHMOMY 

paclllripeHHID BceJieHHOH. no Kpa:H:ue:H: Mepe w:rn TaKoro 

pernenm1 HC06paTHMOCTh 3BOJIIOIJ;HH ycyry6JI}JeTCH .CaMHM
1 

<flaKTOM poJK,n:e1111x BcerreHHOH, 11.nn Eon1>llloro B3pb1sa. BoT t.ITO 

11JtllieT asrnp [2]: "Eon1>illOH B3p1:.rn MOJKHO paccMa'I'pH.!JaTb KaK 

Heo6panfMbIH npou,ecc B caMOM 1.JTO HM Ha CCTb 1.JHCTOM BH)J.e. B 

CllMOM )J.eJJe, 1.JTO MO)f{eT 6bITb 60JICC Heo6paTRMJ,IM, qeM npOll,CCC 

rrepexo.11.a m "uwiero" CKsaHTOBoro BaK)')'Ma) B Hallly 

BceneHHyID c ee MarepHeif-:mepr11eJ:i:?". 

B .z:1aHHOH KHHre a norrr.1Trurcg rroKa3aTh, t:JTO caMo speM.sr 

KaK TaKOBOe Hepa3pbIBHO CBH3aHO c peaJihHhlM HanpaBJICHHCM 

H3MeHeHH». pa.uHyca BceneHHoH. 3aMeqy, LJTO ecJIH 6br ee pa~Hyc 
)'MCHblllaJICH, BpeMH TCKJIO 61.1 B 06pamny10 CTOpouy, a ecJJH '.)TOT 
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pa,nHye CTa.HeT IlOCTOHHHbIM, spew1.'oeTaHOBHTeX (:no pemarow;ee 

. ,WUI Hameii MO,[{eJIH yTBepJI<,neHHe Bpx.n JIH MOJI<eT 6hITb 

nposepeHO 3KenepHMeHTaJibHO - BrrpoqeM, KaK rOBOpHTCX B 

0.UHOH <PHHCKOH rrpHTI:le 0 .nsyx eoce.uxx H HX HecqaeThHX, KTO 

~- 3HaeT). 

·}· r-, 

1 6.2. HeoopaTHMocTL u TepMo~uuaMHKa 

PaccMorpHM Teneph aonpoc o mepMoOuHaMu11ec1<ou 
erpeJie BpeMeHH. IlpHrmKHH [2] IlHWeT: "BTopoe Ha1IaJIO 

TepMO.llHHaMHKH B TOM BH.Ue, KaK ero e¢>opMyJIHPOBaJI Krray:mye, 

T.e. yrBepJI<)leHJfC 0 TOM, qTo Bee rrpoHexo.uxw;He B npHpO.l(e 

npou;eeebI Bbl3bIBaIOT ytJeJIHqeHHe 3HTJJOUHH, OTHOeHTex K 

cpH3HKO-XlL.\1WieCKHM rrpou;eeeaM. K 3THM rrpou;eccaM OTHOeHTCH 

XHMHqeeKHe peaKIJ;HH, nepettoe Tenna HJIH BCIIJ;CCTBa, .UH<P<l>Y3HX 

H T.,u. Bee 3TH npou;eccbI yeeJrnqHsaroT :mTporrnro H He Moryr 

6bITb OIIHCaHbl B TepM1rnax o6paTHMbIX npeo6pa3oBaHHH, Kai\ B 

npHMepe c KOJie6aHHXMH MaXTHU:Ka. Ka'IK.Afill XHMHqeCKaJI 

peaKI(mi ycraHaBJIHBRCT HeKOTOpoe pa3JIH1IHC MC/K.,Uy rrpOllIJlbIM H 

6y.l()'mHM: OHa 3BOJIIOIJ;HOHHpyeT K paBHOBCCHOMY. COCTOj{HiflO, 

KOTOpoe .llOJIJI<HO cyw;ecTBOBaTb B HallieM 6y,uyw;eM. 

AHanorn:qHblM 06pa30M B H30JIHposaHHOH CHCTeMe Bee 

HeO)lHOpO)lHOCTH pacnpe.uerreHHj{ TeMneparypbI crnaJI<HBaIOTCX, If 

B 6y.uyw;eM pacnpe.nerreHHe craHOBHTex o.uHopo,uHhIM. TaKHM 

o6pa30M, 3BOJIIOIJ;HH o6peTaeT seehMa orpaHHqeHHbIH CMbICJI: OHa 

npHBO)lHT K Hcqe3HOBeHHIO rropOJI<,ZlaIOIIJ;HX ee rrpHqHH". 

"Ilpo6JieMa Heo6paTHMOCTH npocnt no cpopMym1posKe. 

KaK ¢ltt3HKa RBJIXeTcx <l>YHti:aMeHTOM ecrecTB03HaHHX, TaK M caMa 

cpH3HKa noKOHTCH , Ha MexaHHKe HLroroHa-raMHJibTOHa. · Ho 

ypaBHCHHK MexaHHKH CHMMeTpH1IHbl BO speMeHH, ee MHP 

o6patHM, Tor.na KaK peru:rbH1>1e rrpou.ecehI Heo6paTHMbI'', 

OTMeqaeTC.K B [15] (peqb H.[{eT 0 3aMKttyTbIX ¢lH3H1IeCKHX 

eHCTeMax). 
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llpiffO)KHH, KOTOpbIH XBJJJieTC.SI BbI).{aIOII]JfMCX 

COBpeMeHHblM cneIJ;HaJIHCTOM B o6JiaCTH $H3HKH neo6paTHMhIX 

npou;eccoe, e pa6ore [2] rron1>1rancx rrpeo.uoJieTb no 
<fJytt.llaMCHTaJibHOC rrpor1rnopeq11e 3a cqeT HCJIOJib30BaHHX 6oJiee 

"6oraTOro" (qeM npocrpaHCTBO rHJI1>6epra) rrpocrpaHCTBa 

<PYHKU.HH, OIIHCbIBaIO:w;HX KBaHTOBOMexaHHqeCK)'IO 3BOJII01.(Hl0 

COCTOXHHH. B HCITOJib3YCMOH HM MO.llCJIH K ,[\CHCTBHTCJibHOH 

qaCTH ITOKa3aTCJIX. 3KCIIOHCHIJ,HaJlbHOro MHO)KiffCJUI .uo6aeIDJ.eTCX 

. HJIH BbJqu:raeTCX (B 3aBHCHMOCTH OT 3HaKa BpeMCHH) Malla.SI 

MHHMaJI "IaCTI:., qro aBTOMaTHqecKH Il03BOIDICT BHeCTH pa:umqHe 

MC)l(.llY rrpown1>1M H 6y,ny:w;HM. 0.uHaKo XaH:Tytt crrpaee.z:vmao 

YKa3hIBaer Ha npoHJBOJihHOCTh TaKOH MO.llH<fJHKau;HH peweHHB, 

ecJm HCXO)lHbie ypaBHeHH.SI OCTaIOTCH HCM3MCHHhIMH. 

EoJiee Toro, aerop (15) y6e.uHTeJihHO .UOKaJhIBeT, t.JTO 

o6:w;HOCTb IIOHHMamrn npo6neMhl Heo6paTJIMOCTH H 

rrpe.UCTaJ3JICHH.SI 0 ee peweHHH y KpynHeHWHX <fJH3HKOB JI 

MaTeMaTHKOB MJlpa 19-ro JI 20-ro CTOJieTHH JIBJIHCTCX MH$OM. I1x 

B3fJIHJ.J;bl 3aqacTyIO 3HaqJITeJCbHO pacxO):(HTCH, a TO, B l.J:CM MHOrHe 

H3 HHX C)lHHO.llywHhI, OCHOBbIBaeTCH Ha npHHUHIIHaJibHCHWJIX 

onrn6Kax. Ba)KHeH:wa.sr JI HaH6onee TJIIJHqHaH H3 HHX COCTOHT B 

IIOJiyqeHHJI . Heo6paTHMbIX ypaBHCHHH H3 o6paTHMbIX nyreM 

HCHBHOrO or6paCbIBaHirn 0.llHOH H3 .llByX aJI.bTCpHaTHBHhIX BeTBeH 

pa3BHTHH rrpou;ecca mm 51BJieHH». Xaihytt nepeqMcJIJieT 

OCHOBHhIC aanpaeneHIUI CTaTHCTHqecKOH TeopHH aeo6paTHMhlX 

npou.eccOB JI Il0Ka3hIBaeT, qro qeTblpe H3 HHX (KHHeTHYJeCKa.SI 

TeopHH, TeopH» <fJJIYK'fYaU.HH, 3pro,nHqecKa.sr reopm1 H reopH» 

o6panIMOro ).{HHfu'f:HqecKoro xaoca) TCCHCHWHM . o6pa30M 

CBj{3aHhl C MCXaHHKOH raMHJibTOHa H He MOryr eif 

nponrnopeqHTb, a 3HaqHT, He MOryr rrpnBeCTH K a,UeKBaTHOMY 

onttcrumro Heo6paTHMh1x rrpoueccoB. llnoe )Ke HanpaBJJeHHe -

ci.meprerHKa - H3yqaro:w;a.sr Heo6paTHMhIH .UHHaMHqecKHH xaoc, 

HarrpOTHB, HBJUieTCH cy:w;ecTBeHHO HeraMHJibTOHOBOH H Il03TOMy 

ue MO)l(eT 6blTb BbIBe)leHa B Kat.Je~TBe cne,nCTBHH 113 )lHHaMHKH 

3aMKHyrbIX CHCTeM. E:w;e pa3 IIOBTOpIO, qTo aBTOp pa60TbI [ 15] 
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no.npo6Ho HCCJie)lyeT rrpaK'rnqeCKH ece H3BeCTHhie JIHHHH 

nonyqenml ' Heo6paTHMbIX COOTHOUieHHH H KaJK,LI.bIH p83 

yKB3bIBaeT TO KOHKpeTHOe MeCTO, r,lle .llOrryUieHa JIOrJiqecKrur JIJIJI 

MaTeMarnqecxrui OUIH6xa. 

6.3. Heo6paTHMOCTb H ueynpyrue B33HMO.lleiicTBHB 

Ba)JmeH:UIHM II.lleHHhIM II)'HKTOM MOHorpaqmH (15] 
jlBJUleTCX o6pameHHe K 4>opMyJIHpOBKe BToporo Ha\laJia 

TepMOAHHaMHKH, .nanHoli BHJIJ>j.IMOM ToMCOHOM, cornacao 

KOTOpoH: B XO,D;e . Heo6paTHMbIX rrpoueccoa rrpoHCXOAHT 

AHCCHIIau;m1 MexaHH\leCKOH 3HeprHH. IlpH TaKOM IIOHHMaHHH 

HMeHHo t>uccuna14u11 :mepzuu J16J111emc11 neo6xoouMWM u 
t>ocmamof.IHblM ycJ106UeM neo6pamuMocmu rrpou;ecca. XaHT)'H 

arremmpyeT K KJiaCCJiqeCKHM (liOJibu;MaH, ru66c) MbICJieHHbIM 

OilbITaM c paCIIJibIBaH;HeM ra3a UiapoB (BCJIC.UCTBHC crporo 

ynpyrHx coy.napeHHH) H3 yrna no eceMY ofo,eMy cocy.na mm 

paCITJibIBaIIHCM KaITJIH KpaCHTeJrn B npo3paqHOH HCC)f(HMaeMOH 

JKHAKOCTH H yreepJK):(aeT' qTo B OTCyrCTBHe ,ll;HCCHnau;HH 3HeprHH 

o6a 3TH rrpouecca o6paTHMLI. 

.H TaK)f(e p83AeJIXIO ,D;aHHOe y6e)f()lCHHe H .eyMaIO, qTQ 

H006XOAHM TIUaTeJibHbIH TeopeTJiqeCKHH H 3KCrrepHMeHTaJibHbIH 

aIIaJIH3 rrpeACTaBJieHHH o neynpyzo.M 63QU.ModeucmBuu 
MUKpOOO"beKmOB, 4>H3HqecKruI CYJUHOCTb KOToporo H .srnmieTCX 

IOiroqoM K IIOHHMaHHIO H npOHCXO)f(,D;eHHIO Heo6paTHMOCTH. 

PeUieHHe napa.n;oxca Tem1oeoii tteo6paTHMOCTH jl npeAJiararo 

HCKaTb B CHryaUHH, Kor.na ypaBHeHHjl raMHJlbTOHOBOH MCXaHHKH 

ne nomwcmblO onpe.nellilIOT 4>H3HqecKYJO. cttryauHro, T.e . 

.nonycKaroT 6oJiee o.uHoro peUieHHjl. B :noM cJiyqae 

AOilOJIHHTeJibHbIH 4>aKTOp, .ueliCTByIOIUHH rrpH 

MHKpOB3aHMO,D;eHCTBHH, MOr 6bl HMeTb H eepOXTHOCTHyro 

npttpo.ny, qTo CHXJIO 61>1 Ka)f(ymeecx rrpOTHBopeqHe. 

Bo3MO)l(Hbl JIM CHTyaIJ;HH, He OIIHCbJ.BaeMble 0,Ll;H03Ha1rno 

raMHJII>TOHOBOH MexaHHKoH:? ,ll,a, B03MOJKHbI. H3eeCTHO, B 
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11acTHOCTH, 11To rrpn yrrpyroM coyAapemm 6onee 'qeM .usyx 
TOI.JeqHbJX qacTHU 3aKOHbI coxpaHeHmI (3HeprHH, HMilYJibCa H 

MOMCHTa HMIIYJibCa) ,uaJOT MeHblllCe 1IHCJIO ypaBHeHHH, qeM 

Tpe6yeTCX )J,JIX 0)J,H03Ha1IHOro HaXO'/K)J,CHH.sI Bcex CKOpoCTeii. 

BMCCTe c TCM rro.n.o6Hhie rpyrrrrOBbIC coy.napeHH.sI KpaHHe 

Man:OBepO.sITHbl, II03TOMY B cnyqae ynpyzozo B3aHMO,Ueii:cTBH.sI 

cymeCTBCHHOH pOJIH HrpaTb He Moryr. 0,nHaKO B cnyqae 

neynpyzozo B3aHMO)J,eikTBMH .ueno, KaK MHC Ka'/KeTC.sI, o6CTOHT 

m1a11er 

Kor,n:a roaopu o HeyrrpyroM coy.napeHHH MaKpoo61.eKToB, 

rrp1mneKa10rcx npe.n;crnenem1x 06 :mepnrn .n;ecpopMaJJ;HH TeJI H 

T.II. 0,nHaKo B cnyqae MHKpoo61.eKTOB MbI He M07KeM 

HrHOpHpOBaTb TCilJIOBOro 3JICKTpOMarHHTHOro H3JiyqeHmI, 

BCeni,a npHCyrCTByIOI.Qero B o6neMe, r.ne npOHCXO,l{HT 

TennonepeLta1la. Tip11 HeyrrpyroM coy)lapCHJ'IH rrponcxo,nnT 

nepecrpoiiKa MOJICKYJI H aTOM~B, rrpH 3TOM HCJIYCKalOTCX H 

rrornomaJOTC.sI TerrJIOBhle cpoTOHbI. Ho 3TO 03HaqaeT, qTo 

<f>aKTH1ICCKH B neynpyzoM B3aHMO)J,CHCTBHH Bcer)J,a yqacTByeT 

OORee d6yX 1laCTHU, IlOCKOJibKY $OTOH rrpaKTHl.JCCKH XBJIXCTCX 

JUHllb npoMe:»eymoqnblM HOCHTCJICM H36bITOqHOH 3HeprHH H 

HMIIYJibca! 

c T01IKH 3pCHHX KJiacCHl.JCCKHX rrpe.n.cTaBJICHHH 

Heo6paTHMOCTb B03HHKaCT rrpH Heyrrpyrnx coy.napeHHHX Y'/Ke 3a 

C1leT Toro, 1ITO KHHeTH1lCCKa.sI 3HeprHx pa3JieTaIOI.QHXCX 11acnn.1, 

BCer)J.a CTpOro MCHblliC HX C)'MMapHOH 3HeprHH .no coy.n.apeHHH. 

0)lHaKo c KBaHTOBOH T01IKH 3pCHH.sI paBHOeepoxTHbI KaK 

H3JiyqCHHe, TaK H rrornomem1e t}>OTOHa, Il03TOMY "LlCMOH 

Heo6pan1MoCTH" cnp.natt He 3,UCCb. B .ueiicTBHTeJihHOCTH 

Heo6paTHMOCTb CB.sI3aHa. c TCM, qTo )lOilOJIHHTeJibHO 

"BOBJieKaeMhie" B coy.uapeHHC qaCTHUbl Bbl6HpaIOTC.sI ¢ioTOHOM

rrocpe,nimKOM a6COJIJOTHO "cIIyqaH:tto". HMCHHO aKT H3JiyqeHMSI H 

norJIOIIJ,CHJIH <f>oTOHa IT03BOJIXCT, KaK MHe Ka'/KeTC.st:, rrpHpo,ne 

3a,D,eikTBOBaTb Bepo.si:TH-OCTHbIH MeXaHH3M inaHMO)J;CHCTBH.sI Ha 
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~· Bo BCHKOM cnyqae, MexaHH3M, IIpHBOAA1UHH K 

f yCTaHOBJieHHIO paBHOBeCHH H cpopMHPYJ01UHH "JH:rporrn:.Bnyio" 

: crpeny speMeHH, c He06XO,[(HMOCTblO ,llOJI)l(eH 6b1Tb orrpe,AeJieH 

' ~e Ha MUKpoypoBne. To4HO TaK )Ke H 6uoJ1ozu11ec«a11 
MaK}JOJBOJIIOI.{HH, BbI,aeJIJUOIUaJI "aHTHJHTPOTIHHHYJO" C'Ipe.Jiy 

speMeHH, MO)l(eT HMeTb MeCTO TOJibKO B TOM cnyqae, KOr,[(a B ee 

OCHOBe 3a.JIO)l(eH COOTBeTCTByIOIUHH HerJH1])0IlHHHLIH 

MHKpOMexaHH3M. BepouHOCTHoe omicaHn:e n106oro npou;ecca s 

KOHe'lHOM C'IeTe ecero JIHIIIb ycTaHaBJIHBaeT ero HHTerpaJibHbie 

xapaxrepHCTHKH, TOT,[(a KaK CyrI> HBJieHJUI c Heo6XO,[(HMOCTblO 

o6yCJIOBJieHa CBOHCTBaMH 3JieMeHTapHbIX ero COCTaBJIHIOIIl,HX. 

6.4. CBH3b Me*Jly KOCMOJioruqecKOH H TepMO.Z.HH3MHqecKOH 

ueofipaTHMOCTblO 

B OTHOIIIeHHH npou;eCCOB, CBH3aHHbIX c ,[(HCCHIIaIJ;HeH 

MexaHnqecKoH: JHepnrn:, XaM:TyH c11nTaeT HeB03MO)l(HbIM 

IlOCTpOHTb KoppeKTHyIO TepMo,rumaMH'IeCKYJO Teopmo Ha OCHOBe 

3aKOHOB raMHJibTOHOBOH MexaHHKH. OH, e qacTHOCTH, OTKJIOHHeT 

B03MO)l(HOCTh ( n,Aeio Ko31>1peea) paccMaTpnsaT.i. BceneHHYJO e. 

u;eJIOM B Ka'IeCTBe CHCTeMLI, B KOTopoM: He BbIITOJIHHJICX 61>1 3aKOH 

coxpaHeHHg JHeprHH. Ka.K noHgJI qn:raTem. H3 'ITemrn 

npe.nw.n.ymero MaTepaana, MQj{ T01IKa 3peHHX Ha JTOT TC3HC 

npgMo npOTHBOUOJIO)l(Ha, 'ITO l103BOJIHeT HaMeTHTb IlO,O:XO,[( K 

pemeHHIO. npo6JieMbl rno6aJibHOH TepMO,[(HHaMH'IeCKOH 

Heo6paTHMOCTH. lioJiee Toro, g yeepeH, 'ITO •Boo6me nio6ag 

IlOilbITKa IlOCTpOHTb TeOpHIO, npHBOAAillyIO K Heo6paTHMOCTH~ 
'.JKBHBaJieHTHa yrsep)l(,llCHHIO 0 HC0,11,HOpOJ(HOCTH speMeHH 

OTHOCHTCJibHO 3aKOHOB '.JTOH TeOpHH H TCM caMbIM 03HaqaeT H 

HecoxpaHeHne 3Heprnn. 

Tipn Bbl'IHCJieHJm '.JH'IpOilHH CHCTeMbl paccMa'IpHBaeTCH 

pacrrpe.u:enenae JJieMeHTOB no.u:cHcTeM1>1 no JHeprnn. Ecnn 

C4HTaTb MHHHMaJ!bHO B03MOiKHyIO "nopu;nro" JHeprHH 
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HeH3MeHnoii, TO yse1mqeHHe c.yMMapHOH 311epnu1 BceneHuoH: (B 

COOTBeTCTBHH c npewio)KeHHOH MHOIO CHCTeMOM npe)lCTaBJieHHH) 

c Te'leHJfeM speMeHH )'BCJI.H'nrnaer H MHO)KCCTBO B03M0)1{HbJX 

sapttaHTOB pacnpe)lenemrn: no 3HeprIDIM, T.e. yMeHI>lllaeT 

BepOHTHOCTb Ka)l()lOro OT)lCJibHOro COCTOHHIDI. 

IlOHCHI() 3TO c IlOMOUJ,blO eme O)lHOM )l(eJie3HO)l0p0)1(H0H 

aHanonm:. IIpe):(rrono)KHM, qTo sqepa yrpoM orrpe.LJ,enenHoe 

l.JHCJIO rracca)l(HpOB. ,ll,OJI)KHO 6bIJIO pa3MCCTHTbCSI no O,UHOMY B 

K)'IlC rroe3,[(a, npuqeM qncno K)'Ile 6onhllle qHcna rracca)l{Hpos. 

CocTosrnrnHlic.si: BapnaHT pa3MCllleHHSI nacca)l{HpOB HMeeT 

orrpe)leneHH)'IO sepOSITHOCTh, KOTOP)'IO HCCJIO)KHO paccqHTaTI>. 

)J,anee rrpe)lIIOJIQ)l(HM, q'fO Ha CJIC.ll.)'IOIUCC yrpo ( CCI'O.D;HH) qHCJJO 

rracca)l{HpOB OCTaJJOCb TeM JKe, HO 6bIJI ITO,D;aH IIOC3,[{ c 

ysenHqenHI>IM qHcnoM K)'IIe. B 3TOM c.rryqae I\OHKpeTHblH 

sapHaHT cero)lHHlllHero pa3MCIUCHHSI rracca)l{HpOB no K)'IIC 6y.neT 

HMCTb MCHbllI)'IO BepOHTHOCTb OTHOCHTCJibHO BCCX B03MO)KHblX 

( cero;:i;mi:) BapHaHTOB, qeM BqepalllHHH sapttaHT. 

CneJJ.yeT OTMeTHTh, '-ITO . )'BCJIHqeH11e Macc1>1 H 3Hepnrn 

IIOKOH B rrpe)lJIOiKCHHOH MO;:J;emi: HHKOHM . o6pa30M He 

npo11cxo,[{11T paBHOMepHo no o6LeMy Bcenettno:H. Hao6opoT, 

OCHOBHOH rrpttpOCT MaCCbI H 3HeprHH CBH3aH c MCCTaMH 

JIOKaJIU30l(UU MamepuaJ1bHblX me.n. IIocKOJil>KY 

ONIHOCUJtteJlbHblU pocT MaCCbl onpe,ZleJIHCTCH TOJII>KO B03paCTOM 

BceneHno:H:, TO qeM · 6oJihrue Macca Tena, TeM 6oni.we ee 

a6comomHblU rrpnpOCT. IIonoMy OCHOBHblMH HCTO'IHHKaMH 

IIOTOKOB 3HeprHH H ner3HrpOilHM BO BceneHHOH HBJUUOTCH 

MaCCHBHbIC 3BC3.[lbl. 06 3TOM )Ke CBM,[ICTCJibCTB)'IOT H; 

ac1~poc}>HJH1IecKHe .i:1aHn1>rn ~ MOIQHOCTh H3JI~CHHH 6oJihll1HHCT8a 

3Be3,U rrporropU,HOHaJJbHa 'IeTBCpTOH CTeIIeHM HX MaCCbl. 

TaKHM o6pa30M, ·HaJJH'IHC KOCMOJIOfH'-ICCKOH crpenbI 

BpeMeHH o6ycJIOBJUfBaeT yMeHbWeHue ' 3HTpomrn 

pacwHp1110meficj1 BceneHHOH. Otta (3HTponHH) y6blsaeT, a 

3naqHT, HMeeT MeCTO <}>aKTOp,. crroco6cTB)'IOIUHH BHeceHHIO 

acHMMeTpHH B HaqarrbHb1e/qmnan1>Hb1e ycnoBHH. Bo 3TO c 
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L,··,.·· Heo6xo.n;HMOCTbIO srre'feT 3a co6oH. peaKU.HIO - BOCCTaHOBJieHne 

~ CHMMeTpHH, rrpou,ecc peJiaKCall,HH, CBX3RHHbIH c .UHc}>cp)'3He:H B 

t rrpoC'rpaHCTBe KOOp)lHHaT Hlmm CKOpOCTeii; HaTIOMHHM, 'ITO 

r pememie ,llH<pcp)'3HOHHOfO ypasHeHJiUI BCer.ua I10p0)K)laeT 

1 
rrepexo.n; OT Mettee sepogTHoro cocTOXHHX K 6oJiee sepoxTHOMy, 

or HeCHMMeTpH'fHOTO COCTOXHHH K CHMMeTpHqHoMy KaK B 

rrpocrpaHCTBe (HarrpHMep, paCIIJibIBaHHe ra30Boro mJieH:c}>a OT 

Jiencrnero CaMOReTQ.), TaK H BO BpeMeHH (BbipaBHHBaHHe 

TeMrrepazyp ). TaKOH npou,ecc H npHBO)lHT B COOTBeTCTByIOill,HX 

cnyqaxx K ( cnpOBOU.HpOBRHHOMY) pOCTY :mrpomm c Te'ICHHCM 

KOCMOJIOfH'feCKOfO BpeMeHH.. 3TOT poCT 3HTPOilHH He 

npoTHBopeq1n CHMMeTplUi ypaBHeHHH MexaHHKH OTHOCHTeJibHO 

3HaKa speMeHH, IlOCKOJibK)' HeCHMMeTpHX BHOCHTC.H' 6HelUHUM 

(3a C'ieT KOCMOJIOnrn) o6pa30M B Ha'iaJibHblelc)?HHaJibHble HIHJIH 

KpaeBbie yc.110BHX. Iionee Toro, OH 6 npuHu.une He MOJKem 

np'e63oumu yMeHbllleHHe 3Tp01IHH, BbI3BaHHOe 3THM nocJie)lHHM 

c}>aKTopoM - B KpRHHeM CJiyqae, JIHillb CKOMneHCHpOBaTb ero. 

6.5. C.XoKHHr o ncuxoJJorH11ecrcoii cTpeJJe speMeHH 
,I 

qTO )KC KaCaeTCX COBIIa)leHHX HanpaBJICHHM 

TepMO)lHHaMHqeCKQH crpeJibI c nCUXOllOZU'leCKOU, TO B o6meM 

MO)KHO cornacHTbCX c apryMeHTau;neH: C.XoKHHra [I], u.iirnry H3 

KHJU'H KOTOporo x c Y.UOBOJibCTBHeM BOCilpOH3BO)Ky: "51 .l(OKIDKy, 

qTo ncHxonorHqecKrui crpena onpe.uenxeTCx 

TepMO)lHH8MHqeCKOH H o6e 3TH CTpenw HanpaBJieHbl 

O.D;1rnaKoso... MHe KIDKeTcx srrontte JIOrHqHbIM npe.D;nOJJO)KHTb, 

'ITO H y KOMilblOTepoB, H y JIJO)leH JICHXOJIOrHqecKaH CTpeJia o;ma 

H Ta )Ke. EcnH 6b1 :no '6brno He TaK, To, HMex KOMilbIOTep, 

KOTOpbIH IlOMHHJI 6w 3aBTpaIIIHHH Kypc aKu;HH, MO)KHO 6bIJIO 6w 

rrpeKpacHO HrpaTb Ha 6Hp)Ke... (~x 3aITOMHHaHHX)... Ha,[{O 

3arpaTHTb HeKOTopoe KOJIHqecTBO 3HeprHH... 3Ta :meprm1 

rrepe:ii.ll,eT B TerrJio n reM caMbIM ysem1qHT cTerreHb 6ecrropx.n:Ka 

BO BceneHHOH. MO)KHO noKa3aTL, qro 3TO ysenHqeHHe 
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6ecnopH.n:Ka 6y.lleT scer.ua 6oJILIUe, LJeM yrrops:.n:oLJem1e caMoii 

rraMHTH. Heo6xo.u.IIMOCTh oXJiaJK.u.enm1 KOMIThIOTepa 

BCHTHJIHTOpOM rOBOpHT 0 TOM, 1ITO, KOr,D,a KOMIIbIOTCp 

JanncLrnaeT 1ITO-TO B rraMHTh, o6nrn:ii 6ecnopH.llOK no BcenenHoif 

BCe-TaKH )'BCJIHLJHBaCTCH. HarrpaBJieHHe speMeHH, B KOTOpOM 

KOMilbIOTep 3arrOMHHaCT upournoe, OKa3bIBaeTCH TeM iKC, B 

KOTopoM pacTeT 6ecnopH.llOK" ilTaK, y )1,CMOHa MaKCBCJIJia HeT 

HHKaKHX maHCOB! 
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7. 3AKJllOqEHHE 

HaCTa.JIO Bp~WI IlO)..lBeCTH HeKOTOpbie HTOfH, KOTOpbie, 

B03M0)KH0, npe)..lCTaBHT HeKOTOpbIH HHTepec He TOJibKO )..lJijf Toro, 

KTO M)?KeCTBeHHO )..lOqHTa.JI KHHry .no '.JTOrO MeCTa, HO H )..lJijf 

He'I'epneJIHBoro qnTaTem1, cpa3y 3armmy1nnero B ee KO Heu ( aBTop 

H caM TaK HHor.na nocrynaeT). . 

IIpe)K)..(C BCero, j{ XOTC.JI 6hl co BCeH onpe.neneHHOCTblO 

3ruIBHTb, qTo HH ,pa3BHTHC cospeMeHHOH cpH3HKH B006.I.Qe, HH 

H)..leH, .Jie)l{amHe B . OCHOBe )..laIIHOH pa6oTbI, neB03MO)KH0 

npe)..lCTaBHTh ce6e 6e3 cneuHaJILHoii H o6meii TeopnH 

OTHOCHTe.JibHOCTH .A.JI1>6epTa 3HHIIITeHHa, nepBbJM npmne.n:mero 

K KOHUCilUHJf e)..lHHOfO rrpocrpaHCTBCHHO-BpeMeJIHOfO 

KOHTHJIYYMa, reOMe'I'pHJI KOTOporo B o6meM cnyqae MO)KeT 6bITL 

HC3BKJIH)..lOBOH. TeM, KTO )..la.JI ce6e TPYA npoqecTb HarrHcanHoe 

BbIIIle, IIOHJITHO, qTo B '.JTOM CMbJCJie )..laHHM pa6oTa JIB.JIJle'fCjf 

IlOilbITKOH pa3BHTHJI, HeKOTOporo rrepeOCMbICJieHHjf, HQ j')K HHKaK 

He O'I'pHUaHH.SI HJIH orrposep)KeHHJI TeopHH OTHOCHTeJibHOCTH. 

E.nsa JIH B Haqane 21-ro BeKa Ha:H.n:e'I'CJI KOHcepBaTop OT 

HRyKH, KOTOpbIH B ripHHIJ;Hile He )..lOIIyCKaJI 61>1 B03MO)KHOCTH 

KaKoii-1rn60 MO.ll:HcpHKRUHH HJIH pel3H3HH CTO H OTO. B 

KaqecTBe H3BeCTHOFO MHe rrpHMepa rronbITKH o6o6memrn OTO 

com1110c1>, HanpnMep, Ha [ 16]. Borrpoc 3aKJI10qaeTcg, oqeBH)..lHO, 

JIHIIlb B TOM, )..lOCTOHHa .JIH BHHMaHHJI Ta HJIH HHRJI ~OHKpeTHRJI 

non1>1TKa c)..lenaTb no. CTano }')Ke Tpa.n:HUHe:H, 'ITO KR)K)..lbIH 

npeTCH)..leHT 3a.I.QH.1.QRe'f CBOIO KOHuenuiuo no TRKHM KpHTepHjfM, 

KaK cornacHe B nepBOM npH6JIH)KCHHH c H3BeCTHbIMH cpaKTaMH, 

o60CHOBRHHRJI KpHTHKa 06.I.QeIIpHHJITOH rrapa~HI'Mbl, o6oSICHeHHe 

He06'b»:CHeHHbIX H rrpe,n:cKa3aHHC HOBbIX JIBJieHHH. 

lJHTaTe.Ub MOeH KHHI'H )..lOJI)KeH 6bIJI 3RMCTHTb, 'ITO 

npe)..lJiaraeMbIC B Heil H,n:eH B nepBOM rrpH6JIH)KCHHH 

)..leHCTBHTeJibHO cooTBCTCTBYJOT HAeHM 3:HnIIITeiiHa H )..la)l{e, KaK SI · 

BbIIIle OTMeTIUI, He MOfJIH 61>1 6bJTb HRH)..leHbI 6e3 OCMbICJICHJUI 
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ITOJ10JKeHHH TeopHH OTHOCHTeJ1LHOCTH. lfro /Ke KacaeTC& KpHTHKH 

o6ruenpHHHTOH napa):(HI'Mbl, TOH, KaK aBTOp, ).lOJIIKeH C03HaTbCR B 

HeCOMHeHHOH ,uep30CTH, . IIOCKOJ1hKY IIO,[(Bepr peBH3HH TaKHe 

HerrpHKacaeMI.Ie )J;OrMaTbl, KaK rrpHHUHil OTHOCHTeJibHOCTH, 

IIpHHIJ;Hil 3KBHB~UieUTHOCTH H 3aKOH coxpaHeHJU[ 3HeprHH. 

Tionpo6yro orrpaB,uaTI>C_&. 

TipHHUHII OTHOCHTeJibHOCTH .KBJUieTCM oqeHb KpacHBblM 

Ma\eMaTHtJeCKHM rrpHHUHIIOM, L{eKJiapHp)'IOI.UHM paBHOrrpaBHe 

CHCTeM OTCqeTa. <I>H3li'leCKHH iKe CMLICJI :noro rrpHHI.J;HIIa 

L{OJIJKeH o6'hRCHHTbCH .JIH6o BOJICH C03L{aTeJIH, KOTOpOMY BaiKHO, 

'IT06bI B ero BJiaL{eHHMX uapHJia )J,eMoKpaTH.K no OTHOIIIeHHIO KO 

BCeM B03MOJKHhIM Ha6mo.naTeJIMM, m160 KaKHM-JUI6o erue 

3K30TH'IeCKHM o6pa3oM, qTo .neJiaeT 3TOT caMbIH rrpHHI.J;Hil 

.n:ocrnT011Ho y»3BHMLIM M» KpuTHKH. B3aMeH MHOH rrpe.D.JioiKeHa 

HarJUI)J,Ha11 reoMerpnqecKaH MO).leJih, B KOTOpOH npHHUHil 

OTHOCHTeJihHOCTH CBO)J,HTCH K IIpH6JIHiKeHHOMY BbIITOm1eHHIO 

TeopeMLI ITmparopa MH .n:ocTaToqHo MaJILIX seJIH'IHH 

a6COJIIOTHOH CKOpOCTH no OTHOilleHHIO K BbI).leJieHHOH CHCTeMe 

OTC'IeTa, KOTOpa>I C)'ll\eCTByeT B JII060H TOqKe rrpocrpaHCTBa. 

TipMHUHII 3KBHBaJICHTHOCTH 3J:iHmTeHHa MBJUleTCH 

TeopeTH'ICCKHM IIOC'IyJiaTOM, OCHOBaHHbIM Ha 3MIIHpH'leCKOM 

<PaKTe rrporropllHOHaJibHOCTH rpaBHTaUHOHHOH H HHepTHOH 

MaCChl. 0,nHaKo '.JTOT npHHUUII, KaK H IIOilhITaJIC}I IlOKa3aTb Bhime, 

HeHBHO 6a3HpyeTCH erue Ha 0).lHOH rrpe,n;rrOCblJIKe, KOTOpaH 

COCTOHT B HCITOJlb30BaHHH npe,n;cTaBJieHHH MexaHHKH TOqe'IHOH 

qacTHIJ;hl. I1HbIMH CJIOBaMH, npHHUHil 3KHBaJieHTHOCTH, 

HCIIOJib3)'IOI.UHH H).lelO JIOKaJibHO 0).lHOpO,n;Horo IIOJIX, crrpaee).lJIHB 

TOJibKO )J.Jlj[ o6JiaCTH npocTpaHCTBa, pa3Mepbl KOTOpoif 

C)'ll\CCTBeHHO 60JihllIC, "<1eM co6CTBeHHble pa3MCpbl qaCTHI.J;bI, 

IlOMCUJ.CHHOH B noJie BHCIIIHero HCTQqHl{Ka. EcJIH iKe 
rpaBHTaU.HOHHbIH paL111yc npo6uoro TeJia 6JIH30K no BCJIHq11He K 

pa3Mepy o6Jiacrn:, B KOTopoil JIOKaJIH30BaHO HOJie BHCIIIHCfO 

HCTO'IHHKa, TO Heo6xo.n;HMO HCIIOJib30BaTb 6onee MOI.UHbIH 

IIOHHTHHHbIH H MaTeMaTHTiCCKHH ypoaeHh MexaHHKH CIIJIOlUlfOH 
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cpe,D.bl. Kpa:Hne Ba/KHO, tJTO Mhl CTaJIKHBaeMC.sI HMeHHO c TaKOH 

Cl·rryau,He:H B ..... ,n,syx npOTHBOIIOJIOJKHhlX rrpe,n,eJibHblX c.rryqasi:x -

npH paccMorpeHHH BceJienno:H B U.eJJOM H B 3a.uaqax 

rpaBHT31.1,HOHHoro KOJIJianca. 

, YtJeT BJIHKHHH co6cTsennoro rpaBHTaUHOHHoro rrorrx 

MaTepHaJibHhlX TeJI rrpoH3BO,D.HTCH rryreM Herrocpe,D.CTBeHHOH H 

OTKpbITOH neraJIH3al.l,HH CTaTHtJeCKOro ,[laBJieHHSI rpaBHTHpyrow.eii 

MaTepHH, tJTO rrpaKTHtJeCKH paBHOCHJibHO BBe,D.eHHID .8 ypasneHHH 

'.JM:nnITeH:na . 3HaMeHHTOH KOCMOJIOrHtJeCKOH IlOCTOXHHOH. 

BL1.r:1a10w.nMc.si pe3yJII.TaTOM TaKoii MOt:1H<}lHKa1.1,HH ypaBHenn:H MX 
necTal.l,HOHapnoro C.ll)"IaJI OKa3blBaeTCSI IIOKBJleHHe HOBOro 

3aMetJaTeJibHOro pemeHHX, KOTOpoe npaKTHqeCKH II03BOJISleT 

OTOJK,n,ecTBHTb <}lu:3HtJecKoe , BpeMsi: c 3BOJI101.1,neii pa,D,Hyca 

KpHBH3HbI BcenennoH:, a ITJIOTHOCTb MaTepHH - c caMOH 

BeJIHtJHHOH 3Toro pa,ru-1yca. Ho BhlCOKa H IIJiaTa 3a HOBOe 

pemeHu:e - B HeM Macca n0Ko11 BcerreHHOH ne coxpalij[~c11 so 

BpeMemI, a H3MeH.JieTCH no JIHHeHHOMY 3aKOHy. qTO JKe, 3TO 

KaTacrpo<}la .D.JIH HOBOH KOHU,eIIl.l,HH? 

06paTHBIIIHCb K TeopeTHtJeCKOMY o6ocHOBaHHIO 3aKona 

coxpaneHIDI 3Hepnrn: (B KJiaCCHtJeCKOH MexaHHKe), 

onnpa10uJ,eMyc11 Ha onnopot:1HOCTh speMeHH, YMeCTHO cnpocHTh -

a MO/KHO JIH rosopHTh 06 onnopo,n,HOCTH speMeHH ,[IJIH 

BceneHHoif c H3Me1U110l11HMCH pa,n,HycoM KpHBH3H1>1? MHe 

KaJKeTCX, tJTO OTBeT MOJKeT 61>ITh TOJibKO OTJJHU,aTeJibHhlM, 

Il03TOMY KOHCepBaTH3M B neaprYMCHTHpOBaHHOM OTCTaHBaHHH 

3aKOHa coxpaneHIDI 3HeprHH MO/KHO IlOCTaBHTh B O.UHH PHA c 

cy.n:i,6oii IlHTOro IlOCTyJiaTa 3BKJIH)J,a. ll, pa3YMeeTC.sI, HCT 

HHKa1wro KOH<}lJIIIKTa c peaJII>HOCTI>IO - OTKJIOHeHHe OT JaKOHa 

coxpaHeHHH cocrasrr.sieT nop.si.D.Ka 10-10
. Her H ymep6a .D.JIH 

JIOrHKH Hayqnoii TeOpHH, TaK KaK Ha CMeHy 0)1,HOMY 3aKOHY 

(coxpaHeHml) npHXO)J,HT HOBblH 3aKOH (mrneiiHOH 3BOJIIOU;IUI), a 

He npOH3BOJI H Heonpe,n,eJieHHOCTb. 

IlepexoJKy K 06nHcnenn10 He06nHCHeHHhIX H 

rrpe,D;Cila3aHHIO HOBbIX HBlleHHH. ,[{JIH MCHH H TeM H ,npyru:M 
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O,UHOBpeMeHHO OKa3aJICX cpeHOMeH aHH301'pOIIHH peJIHKTOBOro 

H3Jiyqemur M CBX3aHHOe c HMM HaJJ.MqHe BbI,UeJieHHOH CMCTeMbl 

Koop.umraT (cM. pa3.n.eJI 3). K oco3nanmo ueo6xo.n.MMOcTM 

cymecTBOBaHHX Bbl,UCJieHHOM CHCTeMhl OTcqeTa. MeH.SI rrpHBeJIM. 

qMCTO TeoperHqecKMe coo6pa)KeHM.SI, O,UHaKo CHJibHO CMy:IUaJI.O 

BH,UMMOe rrponrnopeqMe c o6merrpMHXTOH CMCTeMOM B3I'JHl.l(OB (H 

sceMH M·3secTnhlMH MHe 3KcrrepMMeHTaMH). Ocenhlo 1996 ro.n.a x 

pacCKa3a.JI 06 :noH. rrpo6JleMe A.B.MocKOBCKOMy, KO'i'OpbIH 

BCIIOMHHJI, qro OH qTO-TO qMTaJI 06 3TOM B [5]. 3arpy,UHXIOCb 

nepe.uaTb CBOe Y.llMBJiem1e H BCIIbIXH)'BlllMH 3HTyJMa3M nocne 

npoqTeHHx KOMMemapHx .51.E.3em,.n.osHqa K · npo6neMe 

auH30TJ)OIIHH cponosoro H3JiytieHHX, HO 3TO 6bIJI IICHXOJIOrHqecKH 

pelllalOII.(HH MOMeHT B MOeH. pa6oTe! 

qTO KacaeTCX HOBbIX 3KCrrepHMeHTaJJ.bHbIX pe3yJihTaTOB, 

KOTOpbIC MOrJIH 6bl IIO,UTBep.n.HTb HOBYJO KOHU.emuuo, TO jJ 

npe.unonararo, qTo OHM Moryr 6hITh rronyqeHhI MMeHHO AA.SI Tex 

.usyx npe,n:eJibH.bIX KJiaccoB CMTyau;MH, 0 KOTOpbIX )')Ke 

rosopIUIOCb Bblllle. 3TO KJiacc 3cpcpeKTOB, xapaKTepHbIX .nmr 
BceneHHOii: B u;enoM (no.uo6Ho amnoTporrMM H3JiyqeHHH), a 

TaK)Ke HBJICHHX, CBX3aHHhie c rpaBMTaU,MOHHbIM KOJIJiarrCOM HJIH 

oqeHb CMJlhHbIMH rpaBMTail;HOHHhIMH IIOJI.SIMH, pa3)'MeeTCX, rrocne 

IIOCTpOeHH.SI npaBHJlhHOH KOJIMqecTBeHHOM TeopHH, 

yqHThlBaromeH. CTaTHqecKoe .uasJieHHe. IloMHMO :noro, ecnH 

npe,UJIO)KeHnax MHOIO MO.[J,eJih BceJieHHOM sepHa, M a6COJIIOTHOe 

.UBM)KeHHe 3eMHOrO Ha6nro.uareJIH s HarrpasnenHM Ha C03Be3.[J,He 

nbsa (CM. B pa3)leJie 3 06 aHM30rpOIIHH peJIHKTOBOrO lf3JiyqeHH.SI) 

co CKOpOCThlO 0, 15 % OT CKOpOCTFI CBeTa .ueifCTBHTeJihHO HMeeT 

MeCTO, TO BIIOJIHe sepoHTHO, qTo y.n;acTCX o6nap)')KHTh 

aHaJJ.Of'H'IHYJO aHH30TpOJ1HIO B 3TOM )Ke HanpaBJieHHH, HaIIpHMep, 

rrpM H3MepeHHHX 3cpcpeKTa ,[(orrnepa B pa,uHO- H OilTH1IeCKOM 

.n.rrana3ouax, KaK 3TO orrncalio B pa3.n.ene 3. 
Ba)KHeiilllHM ,n:ocTH)KeHHeM Hosoii Konuem.I,HH SI C'IHTaro 

. . 
IIpOHCHemrn npe.ucrasJieHMH 0 C)'ll(HOCTH speMeHM H .UBH)KeHM.K. 

BnepBbH.~ cpaKT TeqenHH speMeHH B KaqeCTBe .KBHOro nocryJiaTa 
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! BBe,neH B Teopmo H OTO)l(,D;eCTBJieH c pacurnpeHHeM ccpepnqeCKOH 

3-MepHon BceneHHOH B 4-MepHOM rrpocTpaHcTBeHHo-rro.ll.06HOM 

KOHTHHyy~rn. Bnepswe rrpe,ncTasnettne o rpeXMepHbIX 

.ll.BH)l(eHIDIX 6ecqncrreHHOf0 . MHO)l(eCTBa TeJI CBe,neHO K 

e.LlHHCTBeHHOM)' npol{eccy pacnrnpeHIDI 3-MepHoii: o6onoqKH, 

"rrpOH3aeMOH11 MHpOBblMH JIHHHXMH, OTK)l.ll.a crre.ayroT H 3aKOH 

Xa66J1a, H HOBbie cpH3HqecKHe rrpe,ncraBJiemrn o .ll.BH)l(eHHH. 

01mpaJICb Ha o6neKTHBHOe cyiueCTBOBaHHe BOJIH ,.qe 

Iipolirul, Mbl ccpopM)'JIHpOBa.JIH . TaK)l(e flUIOTe3y 0 Macce KaK 0 

KBRHTOBOM qJicJie, B03pacra10meM 0.ll.HOBpeMeHHO c pa,nH)ICOM 

BceneHHOH. flocJie,nttee yreep)l(.ll.eHHe, B ceo10 oqepe.ll.L, .aru10 

. OCHOBRHHe OTKa3aTbCK OT rrpHHUHIIR coxpaHeHHK BO BpeMeHH 

·Maccw H 3HeprHH BceJJeHHOH H 3aMeHHTh Mo,nenL "60J1blllOro 

B3pb1Ba" B MOMeHT po)l(,n:eHHJI BcerreHHOH Ha KOHuerrumo 

"3Heprernqecxoro Hacoca". 

l1crroJib30BaHHe HOBOH KOHl{eITUHH BpeMeHH .no3BOJIHJIO 

OC03HaTb He.ll,OCTaToqHOCTb rrpHMeHeHIDl IIOHKTHX 

HeJIOKaJibHOCTH HCKJIIOqHTeJibHO K npocrpaHCTBeHHOMy acrreKTy 

KBaHTOBOMeXaHHqecKHX XBJieHHit Yqer HeJIOKaJibHOCTH HBJieHHH 

BO BpeMeHH .uaeT B03MO)l(HOCTb c rrpaBHJibHbJX 

MeTO.D,OJIOfHqecKHX Il03HUHH peUIHTb TaKHe OCHOBHhie 

.. npOKJIHTbie" BOIIpOCbl KBaHTOBOH Teop1m, KaK rrpo6neMa 

pe.Ll)'KUHH BOJIHOBOH <l>YHKUHH, rrpo6JieMa BHeUIHero 

Ha6JIIO,L(aTeJIH, npo6JieMa CBepXCBeTOBOTO B3aHMO.[(eHCTBHH 

CKOppe1rnpOBaHHbIX qacn1u; H T.rr. 

HOBaJI KOHUeIIIJiIDl BpeMeHH, KaK 6hIJIO IIOKa3aHo, CB.Sl3aHa 

c KOCMOJIOfHqecKOH neo6paTHMOCTLIO 3BOJIIOI(HH. PeaJihHOe 

pacumpeHHe BceJieHHOH ecri. rrepsoHcToqHHK KOCMOJionrqecKOH: 

Heo6paTHMOCTH, Il03BO~IOUJHH qepe3 H3MepeHHe KpHBH3HbI 

npocrpaHCTBa o6neKTHBHO perHCrpHpoBaTb XO.D. BpeMeHH. 

CBJI3aHHhIH c HHM pocT Macc1>1 H 3Hepnm yseJIHqHsaeT qHcno 

B03MO)l(HbIX COCTOXHHH B cpa30BOM rrpocTpaHCTBe (rrpH 

cpHKCHposaHHOM 061,eMe 3JieMeHTapHoii: cpa3osoH: gqeJiKH). TeM 

caMbIM rrocTo.si:HHO noHM)l(aeTc.sI rroJIHaJI 3HrporrH.sI Bce11eHHOii:. 
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PocT Maccb1 npoHCXO.!JJIT uepaBuoMepHo - 1-IeM 6onhllle Macca 

TeJia, reM 60JibIUe a6COJIIOTHbIH ee IIpHpOCT B e,L(HHHI.(y BpeMeHH.. 

I1MeHHO Il03TOMY reuepaTopOM 3BOJIIOIJ,HM HBJUIIOTCH 3Be3,llbI, 

H3Jrn:Baro:mne :mepn110 B OKp)liKaro:myro cpe.uy H HaKaqHBaio:mne 

OTpnu;aTeJibHOH 3H'rporrneii: nnaHeTbI. c .l(pyroii CTOpOHbI, IIOJIH, 

pacnpocrpaHHIOIUMeCH co CKOpOCThlO CBeTa, BbipaBHMBaIOT 

TCMIIeparypy cpe)lbl Ji C03,D;aIOT BCrpeq11i.ie (r.e. BTOpHtmwe) 

3HTpOIIHHHbIC IIOTOKH, pO)I(.l(M y Ha6JIIO.l(aTeJieii JfJIJII03HH 0 

HCH36e:t1<HOM HaCTyrmemrn TCIIJIOBOH CMCpTH BceneHHOH. 

Tpy,nHo He,noou.emnh poJib no,no611oro KOHCTP)'KTHBHOro oruera 

( CCJIH OH, KOHeq110, COOTBeTCTBYeT HCTHHC) Ha Borrpoc:b1, 

IlOCTaBJICHHbie 11ay1<0H: MHOro .uecHTKOB JieT TOMY Ha33.)l.. 

3a paMKaMH H3JIO)I(eHHOH 3,ZleCb KOHIJ,errum1 noKa 

OCTaeTCH TeopmI 3JieKTp0Maf'HCTH3Ma. 5.1, O.l(llaKo, CKJIOHCH 

Ha,LICXTbCH, ~TO B )laJibHCHIIICM :no IIOJIOiKCHHC ,l.{CJI y.uacTCH 

HcrrpaBIITb, MO)l(eT 6bITb - HCXOM H3 npe.ncraBJICHllH 5-MepHOH 

TeopHM, BOCXO.QSII.qCH K Krul)'3a Ji aKTHBHO pa3BHBaeMOH B 

COBpCMCHHOH <f>n3HKe. 

11, HaKOHCll,, e:me 06 OAHOM BaiKHOM o6CTO»TCJibCTBC. B 

rry6nHKal(HHX pH,n:a se.n:y:mnx TeoperHKOB OTO qacro 

rrpHXOJJ.HTCjJ BCTpeqaThCH c yrsep)K,n:CHHCM 0 HC06XO.l(HMOCTH 

orpattfiqHTbCH JIHIIIb aHaJIH30M JIOKaJibHOrO ''rpaBHTaIJ;HOHHOrO 

pem.ecpa" B JIOKaJihHhIX )Ke CUCTCMaX KOOp,AHHaT, 0 

6ecCMhICJICHHOCTH fIOIIhITOK IlOCTpOHTh rno6aJibHy:IO Kap1'HHY 

BceJieHHOH. 5.1 y6e)K.l(CH B rrpoTHBOIIOJIOiKHOM H pa;::i;, qTo 

npe/.l)IOiKCHHM MHOIO MO.l(CJlh MO)l(CT CJl~HTb OCHOBaIUlCM AJIH 

TaKOM y:sepeHHOCTH. 
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IlpHJJO~eHHe 1 

. BPEMH KAK fl>EHOMEH PACIIIHPEHIDI BCEJIEHHOH 

IlpHBe):(eHHbIH Bhillle oeHOBHOH TeKeT pa60Tbl eo,ll;epX<HT 
l(OBOJihHO II0,ll;p06Hhie paeCyx<):(eHIUI H MaTeMaTHqeCKHe 
BbIKJia,AKH. HKiKe H3rraracrc11 eeebMa KpaTKOe eo.nepiKanHe :3TOii 

pa6oThl, ne eo):(epiKamee cpopM}'rr. 

1. Bse,JJ;euue 

IlpHpO,!l,a BpeMeHH ):(0 eHx rrop oeTaeTej{ He):(OeTaToqno 
R:CHOH WUI ecreeTB03HaH'lrn H narypclmrroeocpKH. 

B MexaHHKe HbloTona BpeMj{ rrpe):(eTaBJI}leT co6oi"i 
HeKOTOphIH )'HHBepca.n:hHhIR rrapaMerp. Ero 3uaqenne rro 
HeH3BeeTHOH ):(Jlj{ Hae rrpHqHne HeyKJIOHHO B03paeTaeT 
O,QHHaKOBhIM o6p330M BO eeex TOqKax BceneHnoH:. Bee 
cpH3nqeCKHe npol.(eCChI npOHCXO):(n B npocT})aHeTBe B 
COOTBeTeTBHH e TeqenHeM epeMeHH. 

B eneu;Ha.JihHOH TeopHH ornoeHTeJibHOCTH (CTO) BpeMa H 
rrpoerpaHCTBO ofo,e,n;HHeHhI B 4-MepHbIH KOHTHHYYM. 0):(HaKO H 
raM BpeMJI coxpaugeT oeo6bIH xapaKTep, qTo rrpoxBm1creR: B 
11crrorrh30Bamm KOMrrrreKcHLIX qHcen rrpH omreanmr MeT})HKH. B 
CTO TaKiKe rro):(pa3yMesacrex pocT BpeMenH' a mo6oii CHCTeMe 
oTcqeTa. 

06ma}I TeOpHK OTHOeHTCJibHOCTH (OTO) Il03BOJIHJia CB}l3aTb 
CBOHCTBa epeMeHH c IIOJIXMH T}lrOTeHHX H reOMeTJ)HCH 
npocTpancTBa. TeqenHe speMeHH eTaJIO CBX3hIBaTbCX c 
rrpocT})aHCTBeHHhIM pac1ll11pem1eM BcerrenHoii. 

Tpa):(HI.J;HOHHoe onHcaHtte cpH3HqecKHx rrpoueccoB ocHoeano 
Ha HCilOJib30BaHHH npe):(CTaBJieHHX 0 XO):(e speMeHH B KaqeCTBe 
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nepswmoro, HCXO).UIOI'O. c .n:pyroif CTOpOHbI, B COBpeMeHHOH 
<}>H3HKe .n:eJialOTCR IIOJihITKH rrpHHTH K IIOHJ:ITHIO BpeMeim KaK KO 

BTOpHqHoMy, .n:e.n:yu.npyeMOMY HJIH KOHCTpynpyeMOM)' Ha 6a3e 
HCKOTOpbIX HHbIX (MHKpOCKOmfqecKnx) <l>yn.n:aMeHTa.JlbHhIX 
Il0Hj[THH (3]. 

0,1..1,HaKO B03MO)l(eH H TpeTHH rryTI., B H3BCCTHOH Mepe 

rrpoTHBOnorro)l(HbIH nepsoMy. OH JIC)l(HT B ocHose 
rrpe.uc1'aBJICHHOK ny6JIHKal{HH H B KaqecTBe OTnprumon TQqKlf 

co.nepiKHT cne.n:yroIIIHM sorrpoc: ""A He CYIIICCTByeT JIH BO 

BceneHHOH rrpou;ecca, HMeromero ncKJiroqnreJILHo o6mnii 
xapaKTep, KOTOp1>1ii Mor 6w nopoihtmb <}>nJnqecKoe speM.si:? .. 

TaKOH <l>yn.n:aMeHTa.JI.bHbIH KOCMOJIOTHlJCCKHH rrpou;ecc 
.n:eH:cTBHTeJI.bHO CYIIIeCTByeT n xopomo HJBecTeH Hayxe. 3ro -
pacnmpeHne BceneHHOH, OTKpl>ITOe B rreps9:H rpern XX seKa 

aMepHKaHCKHM acTpOHOMOM 3.Xa66JIOM R .n:pyrHMH [4]. Ilo.n:·HHM 
IlOHHMaCTCH He y.n:a.JieHHe TCJI OT o6mero UCHTJ)a, a "sceo6mee" 
yserrnqe1me pacCTOXHHH MC'IKAY BCCMH 3-MepHblMH TenaMH. 
Iloxojl(ee "pa36eraHne" 2-MepHi.ix <}>Hryp rrponcxo.nnT Ha 

nosepxHoCTH B03,nyurnoro mapa npn ero 3arronHeHHH raJoM. Ilpn 
'.}TOM IJ,CHTp mapa He rrp1ma,n:ne)ImT IIOBepxHOCTH, a Bee TQqKH 

nosepxttOCTH mapa (BceneHHOH) pasHorrpaBHh:t. 
"llyTI> paHhlIIe, qeM 3KcnepHMeHTa.JlbHbie Ha6mo,1..1,eHH.H, K .TeM 

JKe rrpe.n:cTaBJieHHHM rrp1rnena H TeopeTnqecKruI <l>H3HKa. KaK 
H3BCCTHO, B 1905 ro;:cy IlOHBHJiaCb cneuHaJibHa.H TeopHH 

OTHOCHTeJJLHOCTH, a K 1916 ro.n:y 06mru1 Teopm1 
OTHOCHTCJihHOCTH 3HHlllTeRHa. Ilocrre '.}TOro, Ha'lHHruI c pa6oT 

A.A.c:I>p1mMaHa, 6blJJa pa3BHTa MO)l;CJib pacmHpHIOIUeHC.H 
Bce:neHttoH:. 

HanpnMep, s pa6oTe • [ 5) rrpnBO.UHTCH orrncaHne rrpocroii 
KOCMOJIOrHqecKOH MO,lleJIH, KOTOpyro Mbl 6yJJ.eM Ha3f>IBaTh 

MO,lleJiblO 3HHlllTefiHa-Cf>pK.n;MaHa, HJIH 3<1>-Mo.n;eJihlO. B HeH 
BceneHrra» BhirJIX.D;HT KaK 3-Mepmui: rm1epnoBepxHOCTb 4-MepHoro 
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mapa, qeif pa)J.Hyc Mem1eTC}I co speMeHeM. CooTBeTCTsyiomnM 

o6pa30M MeHHeTCH co BpeMeHeM H KpHBH3Ha rnnepnoBepXHOCTH 

mapa. 

2. OcHOBHaH run0Te1a uosoil TeopHH o npupolle epeMeHn 

B ocHoay npe,JJ,J!araeMoH aaTopoM 3THX crpoK Teop1rn: 

IIOJIO)KeHO HCCKOJihKO cpaBHHTeJihHO rrpoCThIX H HarJI}l,lJ.HhJX 

OCHOBHbIX H,lJ.CH. ,Il,.n:}I KpaTKOCTH JI 6y,JJ,y HMeHOBaTb ee TeoplieH 

lllapoBoii Pacun1puo~eii:c}I BceneHHOH - TlllPB. 

B TlllPB, KaK H B MO,lJ,eJIH 3<1>, BceneHHM B Ka)K,JJ,LIH 

MOMCHT BpeMemr rrpe,JJ,CTaBJI}leT co6oii 3-MepHyio 

rnrrepnoBepXHOCTh 4-MepHoro mapa. 0,JJ,HaKo HMeeTC5I H KopeHHoe 

OTJIHqn'e. B. TCOpJm 3HHIIITeH:Ha BpeMH H npocrpaHCTBO, KaK 

H3BeCTHO, xapaKTepH3YJOTCH rrpOTHBOIIOJIO)KHhIMH 3HaI<aMH 

3JieMeHTOB MerpHqecKoro TeH3opa. HanpHMep, speM}I MO)KHO 

cqHTan, MHHMOH BeJIHtIHHOH, a rrpocrpaHCTBeHHbIC KOMIIOHCHTbI -

,lJ.eH:cTBHTeJILHLIMH BeJIHlJHHaMH. B TllIPB CO.l(ep)KamHii 

BceJieHHyro 4-MepHbIH KOHTHH)'YM ClJHTaeTCH lJHCTO eBKJIH,lJ,OBbIM, 

a BCe lJeTbipe KOMIIOHeHTbl - ,!J,eHCTBHTeJibHblMH lJHCJiaMH. Ha 

noaepXHOCTH 4-MepHoro mapa npH 3TOM ,lJ,eMCTBYeT 06J,1qHa5I 

cl}>epH1ieCKM reoMeTpHH. 

KaK H3BeCTHO, B o6meii TeOpHH OTHOCHTeJILHOCTH B03pacT 

BceneHHOH 6bll/.UCJlRemcR Ha OCHOBe MO)J.emr 3<t> KJIH II0,1J,06HhIX 

en. KaK npaaHJIO, 3aBHCHMOCTb pa)J.Hyca OT B03pacTa BceJieHHOH B 

MO)J,eJUix OTO ornwmeTC}I OT rrp}IMOH nponopUHOHaJII>HOCTH. 

0,uHaKo TaKOH pe3yJII>TaT TCCHO CBH3aH c TeM, 1iTO B 

KOcMonorwiecKHX ypanHeHHxx OTO npeHe6pera10T rrro6arrLHhlM 

)J.aBnemreM MaTepnH, 3anoJimnotuei% BceneHH)'IO. B [2] » 
IlOIThITaJIC}I noKa3aTb, qTO yqer CTarnqecKoro ,11,aBJieHHH 

rpaBHTHpyro11.1,eH: MaTepHH rrpHBO,lJ.HT K JIHHeHHOH 3aBHCHMOCTH 
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pa.unyca BceJieHttoH: or ee B03pacra (CM. KoHeu ttacroa.cu:e:H 

rry6m1Kau;nn). 

HanporHB, B TlllPB HBHO rrocryJinpyercH y1msepcarr1>Hoe 

Teqem1e BpeMeHH. Bo3pacr BcerreHHoH: omo:»coecmemiemCR c 

reKyJUHM paAHYCOM BceJieHHOH, AeJieHHl>IM Ha cKopocn. CBCTa. B 

.l{aJlbHeHIUeM H3 ,[{aHHOro rrocryJiaTa B.bIBO.l:(HTCH oqeHb MHOro 

Ba'}J(HblX CJie.l:(CTBHH. c ,npyroif CTOpOHbl, :no II03BOJIHeT H36e'}J(aTb 

rrpOH3BOJibHOf0 BBe.l:(eHHH B MOAeJib MHOfHX ' APyrHX 

rrpe,l:lCTaBJieHFJH. 

3. MexauuqecKoe .llBH~HHe H npe,!lCJILHasi cKopoCTL 
BTillPB 

B TlllPB npHHHMaercJI, qro He cymecTByeT 6ecKoHe1IHoro 

MHoJKeCTBa He3aBHCHM1>1x MexaHnqecKHx ABH'}J(eHHH. CymecTBYJOT 

MHpOBbIC JIHHHH 
04
.l{BH'}J(Ylll:HXCH" Ten, HanpaBJieHHI>Ie no.zi; TeM HJIH 

HHblM yrJIOM K JIHHHH speMeHH - HOpMaJIH K rnrrepnosepxHOCTH 4-
rnapa. Y20.ll HaK!loHa u onpeiJe.'lRem cKopocmb 
npocmpaHcm6eHH020 oeu:J1CeHUR. IIpn yee;mqeHHH paAnyca IUapa 

TQqKa rrepeceqeHH.Sl MHpOBOH JIHHHH c TeKymeH: 

nmepnouepxHOCTbIO "nepeMemaerc11" B roqHoCTH TaK, KaK. JTO 

npe,D;cKa3LIBaeic.SI cospeMeHHOH cpH3HKoii:. 

B 1IaCTHOCTH, ITOKOJilll;HecH B rrpocrpaHCTBe o6'beKTbl 

(3BC3,lJ;bI), y KOTOpbIX yroJI OTKJIOHeHHH OT HOpMaJIH paueH Hymo, 

T.e. MHpOBbie JIHHHH COBila,[laIOT c HOpMaJiblO K rnnepccpepe, 

"y.l{aJIHIOTCH" ,[{pyr or. .l(pyra no 3aKOHy Xa66Jia. CxopocTb HX 

B3aHMHoro y.l{arreHHJI rrporropu;HOHaJibHa paccTOHHHIO MeJK.LlY 

.HHMH. )].JIH o6'beKTOB, y KOTOpbIX yrorr OTKJIOHCHIUI MHpOBOH 

JIHHHH OT HOpMaJIH OTJIH1IeH OT ttyJIH, OH He MO'}J(eT rrpeBblCHTh 90 
rpa.l(yCOB, Il03TOMY ecTeCTBeHHbIM o6pa30M B03HHKaeT 

npeiJe.'lbHq» CKOpocmb MexaHH1ICCKOro .ll,BH'}J(CHHH ( CKOpOCTb 

CBCTa). Tpn sapliaHTa ~BH'}J(eHmI IIOKa3aHbI Ha pnc. 1. 
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Pnc. 1. 3Q>Q>eKT "rrepeMeiliemur" ToqeK Ha nosepxHoCTH 

nmepcQ>epbl ,llJUI HeIIO.D;BIDKHbIX B npocTpaHCTBe o6neKTOB 

(cJJeBa), .UBJDK)'IllJ1XCH no HHepuHH (B ueHTpe) H )'CKOpeHHO 
(crrpaBa) 
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Jlesrui: Q>nrypa HJIJIIOCTp11pyeT 3Q>Q>eKT Xa66Jia. 1..J;eHTpaJibHaJI 
qmrypa OTBeqaeT OTBelJaeT HHepUHaJibHOMY .D;BmKeHHIO, T.e. 

npHMOJIHHeMHOH MHpOBOH JIHHHH. IlpH TaKOM xapaKTepe MHpOBOH 

JIHHHH no Mepe so3pacrnm1H pa.D;nyca BceJieHHOH 

nponpuHOHaJibHO H3MeHHeTCH H BeJIH1JJIHa Il)'TH ,llBHJl<)'lll,eHCH 
qacTHUhI. TaKHM o6pa3oM, imeptfUaJlbHoe .UBHJl<eHHe He 

IlOCTYJJHpyeTCH, a B03HHKaeT B KaqeCTBe eCTeCTBeHHOrO CJie,llCTBml 

Mo.neJIH. Ha rrpasoH: Q>11:rype noKa3aHa MHpOBaJI JIHHHX rrpH 

HeirnepUHaJibHOM ,ll,BmKemrn. 
IlpH 60JiblllHX 3HaqeHHXX pa.D;nyca 4-mapa CTOJib Jl<e 

ecTecTBeHHhIM o6pa30M B03HHKaIOT rrpn6JIHJl<eHHhle Q>opM)'JihI 

rrpeo6pa3osamrn CKOpOCTeii, H3BeCTHbie H3 crreUHaJihHOH TeopHH 

OTHOCHTeJibHOCTH (CTO), a TaKJl<e npHBbl'lHble 3aKOHhl MeXaHHKH. 

AHaJiorOM JKe CBeTOBOro KOHyca B TllIPB BhIC'ryrraeT BCX 

mnepcQ>epHqecKrui: noBepXHOCTb 4-wapa (cM. pnc. 2). 3rn 
aHaJIOrHx ne rroJIHa, noCKOJihK)' B TllIPB a6conIOTHO y.naJieHHaJI 

o6Jiacn B1>IpOJ1<.D;aeTCH B 3-Mepttyro rnrrepnoeepxHOCTL. 
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a6coJIIOTHO 
Y.llaJJeHHllll 

o6nacn. 

np11110J1<eHHC I 

a6COJIKYIHoe 6y .11ymee 

a6comomoe Y.llYmee 

Pu:c. 2. 06nacrn: 4-MepHoro KOHTHHyyMa 
B CTO (cJieaa) H TIIIPB (crrpaaa) 

4. TlliPB u reoMeTpHB MuHKOBCKoro 

Ey.n.eM paccMarp1rnarb Manwe npHpam:eHiu1 
npocTpaHCTBeHHbIX KOOp.U.HHaT H BpeMeHH B,lJ.OJih MHpOBblX JIHHHH 
qacTHU B npouecce pacumpemu1 BceneHHOH. CooweTCTBeHHO, 
npH 3TOM .nocraroqHo paccMaTpHBaTb He6onhlllYID 
npocTpaHCTBeHHo-apeMeHHYJO o6naCTb BceneHHOH, TaK qTo ee 
KpHBH3HOH MO)J(HO npette6peqb. Tor.na KOHUCHTpHqecKHe 
rnnepclj>epH'lleCKHe noaepXHOCTH B IlOCJie)J.OBaTeJibHbie MOMeHTbl 
BpeMeHH (H30Xp0Hbl) MO)J(HO npH6JimKeHHO 3a.MeHRTh 
napanneJihHhIMH rnnepnnocKOCTHMH. CocTOHHHIO noKoSI orneqaeT 
",n:peH:<l>" H306pa)J(aJOlll,eH TOqKH nepneH,!l,HKyllilpHO H30XpOHaM, 
1rnepUHaJibHOMY )lBH)J(CHIJ.IO ..... )lBH)J(CHHe no HaKJIOHHbIM npHMbIM 
Me)l(Jly H30XpOHaMH. 

B n1060H: MOMeHT speMeHH BcerreHHaH npe.ucrnBJieHa 
onpe.n.eneHHOH H3oxpoHoli, Kornpasc co.uep)J(HT see peanhHhie 
<l>H3nqecKlie ToqKH IIpOCTpaHCTBa. I1HBapHaHTHOH Mepoii 
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npoMe)KyTKa (a6COJilOTHOf0) BpeMeHH 6y)J,eM cqHTaTb ,u:eneHHOe Ha 

CKOpOCTI> CBeTa npHpam,eHHe pa,u:Hyca 4-mapa Me:amy coce)J,HHMH 

H30XpOHaMH. oy)J,eM TaK)Ke HCXO)J,HTb H3 TOfO, qro 3Ta BeJIHqHHa 

0)1,HHaKOBa B JII06oii UHepLfUWtbHOU CHCTeMe OTcqern, T.e. npH 

)J,BH)KeHHH no JII06oii npR.:ttOJlUHeUHOU MHpOBOH JIHHHH. 

IlycTb YfJibl OTKJIOHeHIUI MHpOBblX JIHHHH OT CTporo 

pa,u:HarrbHoro HanpaaneHH» JJ.OCTaToqHo .tta'lb1. Tor)J,a B HaIIIeM, 

qncro eBKJIH)J,OBOM 4-MepHOM KOHTHHyyMe B03HHKalOT 

MeTpnqeCKHe COOTHOIIIeHHH, B TOqHOCTli coomeemcmey10UJUe 
reoMeTpHH MnHKOBCKoro. B qacTHOCTH, H3 TeopeMbI Ilmparopa 

Henocpe)J,CTBeHHO crre)J.yeT COOTHOIIIeH.He, CBH3bIBaIOID,ee 

npocTpaHCTBeHHbie H apeMeHHYJO KOMIIOHeHTbI: 

c2 ds2 = c2 dt2 
- dr2

, 

rJJ.e ds - npoMe)KyToK a6comoTHoro apeMeHH (npoMe)KyrOK 

BpeMeHH Me:amy .IJ:BYMH 4-MepHblMH co6bITHHMH B a6COJIIOTHO 

HeilO.IJ:BH)KHOH CHCTeMe OTcqeTa), dt - npoMe~TOK BpeMeHH 

Me)K.llY JJ.BYMH 4-MepHbIMH co6bITHHMH B .IJ:BH~meiicH CHCTeMe 

OTcqeTa, dr - npOCTpaHCTBeHHbIH npoMe)KyToK, npoii.n:eHHbIH 

.IJ:BH)KymeiicH CHCTeMoii OTCt{eTa, c - CKOpOCTb CBeTa. KaK 

cne.n:crnl'.l:e, npn He oqeHh 6onhIIIHX cKopocrnx cnpaae.n:nHBhl 

cpopMyn1:>1 npeo6pa30BaHH.S1 JlopeHua B pa3mrqH1:>1x HHepunarrhHhIX 

CHCTeMax OTcqeTa. 

5. 0 npHHIJ,Hne OTHOCHTCJlbHOCTU 3ilumTeiiua 

Ec11n yrn1:>1 OTKJIOHeHH» MHpOBhIX JIHHHii OT CTPOro 

pa,u:HarrbHOfO Hanpaanemrn: HeJib3H Cl.IHTaTh ,l.{OCTaToqHO MaJiblMH, 

TO cpopM)'JihI reoMeTPHH MnHKOBCKoro cnpaae,nJIHBhI JIHIIIh 

npn6.Jm)KeHHO. 3To 03HaqaeT, qTo H npHHUHII OTHOCHTeJibHOCTH 

3HHI.IITeiiHa crrpaae)IJIHB B Hameii MO)J,eJIH JIHI.llb ,ll;JIH CHCTeM 



124 Opm1o)f(em1e 1 

oTcqem, ,[(BH)l(YllU:IXCSl c )1.0CTaTO'iHO MfilIOH CKOpOCTblO. 

OTHOCHTenbllO 6blOe.w1-111ou CHCTeMbI orcqera. TaKasi CHCTeMa 

)l(eCTKO cml3aHa TeJioM, rrpe61>IBa10IIUfM B COCTOHHIUf a6comoTHOro 

IlOKOSI, T.e. )1.peli<}lyiom;ero B)1.0Jih pa,a,liarrhHOH MHpOBOH JIHHHH. 

CymecTBOBam1e BhI,ZleJieHHoii CHcTeMbl orcqera 

HailOMHHaeT CTapbie TeOpirn 3<fmpa, IlpOTHBOpeqam;ne B3rJIH.U:aM 

TeOpHH OTHOCHTeJihHOCTH. Ka3aJIOCb, qTo 3TH reop1m 

6elB03BpaTHO ynum B npomnoe. B caMoM .uene, cKopocTh cBera a 

BaKyyMe Bcer.n:a. H BCIO.l(Y IlOCTOSIHHa. 0,zJ,HaKO B np1mu:mre 

cym,eCTBOBaHHe BhI,ZleJieHHOM ·cHCTeMhl OTcqeTa MO)l(eT 6hITh 

ycTaHOBJie~o no eMeUJeHUIO l/GCmOmbl CBeTOBoro CHrHarra, T.e. c 

IlOMOilI,hlO 3cp<}>eKTa ,[(onnepa. I1 '.HOT cpeHOMeH .n:eiiCTBHTeJihHO 

o6Hapy)l(eH COBpeMeHHOH HayKOH ! 
Ha pHc. 3 npe.ucrnBJieHa .u;HarpaMMa TeMnepaTypI>I 

<}>oHOBOro KOCMHqeCKOro H3JI~CHIUI, npHXOJJ.Hmero K COJIHCt.IHOR 

CHCTeMe co ncex CTOpOH BceneHHOH. JTll )1.aHHhie 

perHCTpHpOBaJIHCh aMepHKaHCKHM HCCJie;:i:oBaTeJibCKHM 
\ 

cnyrHHKOM ~ TeqeHHe 4 JieT (JJ.aHHbie 3aIIMCTBOBaHhl c caiiTa 

UeHTpa KOCMHqeCKHX noJieTOB HMeHH ro.n.)1.ap.ua, NASA). 

PHc. 3. AHH30Tponm1 MHKpOBOJIHOBOro KOCMHqecKoro H3JI)'l.J.emrn 

KaK OTMeTHJI BbI,ZlaIOID;HHC.R: COBeTCKHH acTpO<}>H3HK 

aKa,llCMHK 51.E.3eJib)J.OBHq B pe,llaKIJ,HOHHOM KOMMeHTapHH B [ 6) B 
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CBH3H c em,e pa.Hee BbIIlOJIHeHHhIMH 3KcnepHMeHTa.MH, 
11TI11,aTeJibHbie H3MepeHHH... Il03BOJIHJIH o6HapyifCHTb 

onpe.n:eneHHyro MaJIYJO amnotporm10 MHKpoBonHoBoro l}>oHa 
H3JiyqeHHH. AHTeHHa, HanpaBne1IHaH Ha C03Be3AHC nhBa, )J.aeT 
reMrreparypy H3Jiyqemrn Ha 0, 13 rrpou;eHra Bhnne cpe.n:He:H. B 
npotHBonono)f(HOM Hanpaanemrn TeMrrepatypa Ha 0, 13 rrpou;eHTa 
HH)f(e cpe.n:Heli. TeMnepaTypa nnaaHo Mem1ercg Me)K.ny 3THMH 
.ll:BYMH 3HaqeHHJlMH . . . J.horponm1 HMeeT MeCTO JIHlllb .um1 
HeKotoporo soo6pa)f(aeMoro Ha6n10.n:aTeJIH. Co.rtHe'lHaJl cucme.Ma, 
Je.11tmR ... 06u:»eymcR om11ocumellbHO 3mo20 11a6JllooamellR co 
c1wpocmb10 390 ± 60 1<..:w/c 6 11anpaelle11uu Ha co3ee3oue llb6a. 
Bcne.n:crnHe 3TOro ,n:BH:iKeHHH, T.e. 3a cqeT 3<}><}>eKTa )J,orrnnepa, 
H3nyqettne, n.n:ym.ee HaBCTpeqy, Ka:iKetcH HaM 6onee rop.srquM .. ., a 
H3JiyqeHHe, .n:oroHH10ru;ee Hae, npe.n:crnsm1eTcH HaM 6onee 
XOJIO.D:HbIM ... Ha '.3TOM npHMepe BbIHCHHeTCll, lJTO B KroK)lOH TQqKe 
BceneHHOii cym,ecrayer Ha6mo.n:arenb, OTHOCHTeJibHO KOToporo 
MHKpOBOJIHOBOe H3JiyqeHHe H30TpOilHO. 3Toro Ha6mo,llaTeJijJ H 

CB.SI3aHH)'lO c HHM CHCTeMy Koop.n:HHaT MO)f(HO Ha3BaTb 
BbI,ll,e.,'leHHbIMH. 11 

CoBpeMeHH&Ie .n:aHHble, 110nyqeHHble NASA, no3somuor 
npHHHTb OTHOIIIem1e CKOpOCTH .n:smKemrn COJJHClJHOH CHCTeMbI K 
CKOpOCTH CBeTa paBHblM 0,15%. 3TO L(OCTaTOqHO MaJiaH BCJIHtrnHa, 
orrpas.n:hlBaIOI11.aH .n:orrycTHMOCTb HcnoJih30BaHHH <}>opMyJI CTO H 
npHMeHHMOCTb re0Metp1rn MHHKOBCKoro. Ho MO)f(HO JIH CtJHTaTb 
YKa3aHHblH <}>eHOMeH HC1IepnbIBaK>I11,HM )J.0Ka3aTeJihCTBOM 
npaBHJibHocrn TIIIPB? 

C uenb10 ee npoBepKH aBtop 3THx c'rpoK rrpe.n:naraer 
nposecTH Hecno:iKHbIH Ha6nK>.n;aren:bHbIH 3KcnepHMeHT. Ec11H 
3<}>1}>eKT aHJl30TponHH o6ycJIOBJieH peaJibHbIM cym,eCTBOBaHHeM 
BhlL(eJieHHOH CHCTeMbl oTcqern, TO OH MO)f(eT 6h!Tb o6Hapy:>KeH H 

.nm1. 3neKTpoMarnHTHoro . H3JiyqeHHH mo6oii npHpO.llhI. B 
qacTHOCTR, )J.OJI)f(Ha cymecTBOBaTb aHH30TpOIIHH COJIHelffioro 
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HJJiyqeH1:1.s1, Ha6mo.a;aeMoro c 3eMJrn: B pa3noe speM» ro.n.a. 0Ha 
,LlOJIJKHa rrpoHBJI.sITbCH B MaKCHMaJII>HOH 'CTerremt: B asrycTe, Kor.ua 

H H3JiyqeH1:1e CoJIHu;a, H <Ponoaoe 1nJiyqem1e npHxo.z:v1r Ha 3eMmo 

co cTopOHhI co3Be3.ll,HSI JlhBa (cM. pHc. 4). B <PeBpaJie 3TH 

HCTOqHHKH pacrroJIOJKeHbI no OTHOIIIeHHIO .K 3eMJie B3<UIMHO 

ripOTHBODOJIOJKHhIM ofipaJOM, II03TOMY H HaIIpaBJiem1e 

aIUl30Tpomrn ,ll,JUI COJIHeqnoro CBeTa ,nomKHO H3MeHlt:TbCH Ha 

npOTHBOIJOJIOJKHOe. 0JKH)J.aeMruI sem1q1rna '.)<P<PeKTa npH '.)TOM ( c 

yqeTOM rrpHMOro BOCXmK.n:emrn C03Be3,11JUl . Jl&Ba H HaKJIOHa 

'.)KJIHIITHKH) COCTaBJI}J.eT nopH.l(a 300 KMIC, T.e. OKOJIO 0,[{HOH 

.nec.si:TOH npoueara CKOpoCTH CBeTa. B HOSI6pe H Mae aHH30TpOmUI 

.n:omKHa npaKTHqecKH OTCYTCTBOBaTb. 

0 

PHc. 4. PacnoJioJKeHHe CO.Jrnu;a H c03Be3.l(HSI Jlhaa 

OTHOCHTeJibHO 3eMJIH 

TioBH.ilHMOMy, B03MO)icHa aHaJiornqnrui nposepKa TlllPB n 

B 3eMHhIX ycJIOBIUIX, c IlOMOIIJ.blO HCKyccTBeHHhIX HCTOtIHHKOB 

H3JiyqeHHR. 
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6. Macca, 1ueprHH H HMnyJILC tiacTH~ 

lfraK, MhI paccMaTpHaaeM BceJieHHyro, Kar< 

pacnrnp.SIIOIUYIOC.SI 3-MepHyIO mnepnoBepXHOCTb 4-MepHOfO mapa. 
Mecrn JIOKaJIH3ailHH Mace MarepHanbHbIX qacTHU BO BceneHHOH 

npe.n;craBJI.SIIOT co6oii ToqKn nepeceqeHH.SI 3TOH mrrepnoaepxttocTH 
c MHpOBhIMH JIHHH.SIMH. TeM CaMbIM MHpOBhIM JIHHHHM 

npHilHChIBaeTCR <l>H3HqeCKHH, a He a6crpaKTJ1:bIH 
HJIJIIOCTpaTHBHhIH CMbICJI. YMeCTHO m1m.n;aTb, qro 3TOT 
<l>H3HqecKHH CMblCJI MO)l(CT rrpORBJISIThC» 6onee CYIUCCTBeHHbIM 
o6pa30M, He)l(eJIH Ha ypOBHe rrpocTOH CJIOBeCHOH KOHCTaTauHH. 

B qacTHOCTH, rrpn rno6anhHOM paccMorpemm BceneHHOH 
MbI MO)l(eM npe.nnoJIO)l(HTh, 'qTo TaKaa cpyH.ll,aMeHTaJibHWI 
xapaKrepHCTHKa qacTHJ:J;bI, KaK ee Macca IlOKOH, . HBJIHeTC.H 
HeKOTopoH: OTHOCHTeJibHOH BeJIHqHHOH. TaKoe OTHOilleHHe MOrJIO 
6hI fo:,Jn, COCTaBJieHO, HaITpHMep, H3 ,l(HaMeTpa 4-MepHoro mapa

BceneHHOH H HeKOToporo xapaKTepHoro pa3Mepa, o6oeKTHBHO 
CB»3aHHOf0 c cpH3HqecKHMH CBOHCTBaMH qaCTHQbI. 

BcnoMHHM, . qTo KIDK,n;oii qacnme c onpe.neneHHbIMH 

3HaqemrnMH 3HeprHH IlOKOR' H HMilYJibCa MO')l(eT 6bITb 
COilOCTaBJieHa BOJIHa ,IJ,e Epolim1 c COOTBeTCTByIOIUHMH nepHO,l(OM 
Kone6aHHH H ,lJ;JIHHOH. IlpH 3TOM nepHO,l( KOJie6amdi o6paTHO 
nponopuHoIIaneH :meprnn noKo.H, a .nnnHa BoJIHbI - 1rnnynhcy. B 
TlllPB .uenaeTcSI cpyn.uaMeHTaJibHoe npe.n:nono')l(eHJte, qro Macca 

IlOKO.Sl .SIBJI.SieTCR 1'6a1-1mo6blM l./UC!lOM, orrpe.ueJI.SIIOIUHM KpaTHOCTb 
B03pacrn BceneHHOH no OTfIOllleHHIO K nepno.n:y BOJIHbI .ne 

EpoHJI.Sl. 3ra rnnoTe3a npo»cH.SleT npHpo.ny u1-1epiJU01-11-1-0ctnu, Kar< 

OTHOIIlemrn .llByx xapaKTepHbIX Bp~MeH, a TaK)l(e cyru;HOCTb Tar<oro 

IlOHSITlUI, KaK '31-1ep2Wl IIOKOSI. 

Hoc TeqeHHeM apeMeHH pa,n:Hyc BceneHHOH B03pacTaeT. A 
Kru< :>Ke Be)J.eT ce6~ Macca? Ecm1 61>1 nepMo,n BOJIHbl .n:e 6poiimr 
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TaK'>Ke B03pacnUI nponopD,HOHaJlhHO 3TOMY pa,n:Hycy, MhI, 

IlOBH)l.MMoMy, Boo6rn.e He CMOrJIH 6bI o6HapyJI<HTb H3MeHeHHe 

proMepoB BceneuuoH:, B TOM "'IHCJie H JHaMeHHToro "KpacHoro 

cMern.eHHH". EcJIH JR:e BOJIHOBhie napaMerphI 11acTHl( HeH3MeHHbI, 

• TO .Macca .\ltamepuu i>o.rt;)JCHa pacmu npRMo nponoplJUOHaJlbHO 
pru.Mepy u 603pacmy BceJiemwu. 

B Teop.HH OTHOCHTeJihHOCTH, HCXO,WI HJ MeTpHKH 

MHHJ<OBCKOro, HCIIOJih3YIOTCSI BeKTOpbl c MHHMOH npoeKUHeli Ha 

OCh BpeMeHH. 3To OTHOCHTC.Sl H K 4-BeKTOpaM CKOpOCTH, 

ycimpeHHH, :mepmH-HMnynI>~a. B TllIPB HCIIOJib3yIOTCSI seKTophI 

co BCeMH .neiicTBineJihHbIMH J<OMilOHeHTaMH. IlpH 3TOM BeJIIPIHHa 

4-HHTepBaJia (.n;mrna B IICeB)l.OeBKJIH)J.OBOM npocrpaHCTBe) )l.mI 

HeKOTOporo BeKTOpa B. Teop1rn OTHOCHTeJibHOCTH OTBel.JaeT 

npoeKQHH Ha OCb a6COJIIOTH0f0 .BpeMeHH B TlllPB, a MHHMasI 

KOMIIOHeHTa BeKTopa (BpeMSI )l.BH)KeHHSI) B TeopmI 

OTHOCHTeJibHOCTH ' - )l.JIHHe BCKTOpa B 1IHCTO eBKJilf)l.OBOM 4-
KOHTHHyyMe tlllPB. B qaCTHOCTH, TaKOH BeJIHqHHOH HB.1'UieTCS 

MO)l.YJih BeKTopa 3HeprmHfMIIYJibCa. Ero rrpoeKl(HeH Ha OCh 

a6comoTHoro BpeMeim cJiy)JrnT :meprHSI noKo.SI (.n:eneHHWI Ha 

CKOpOCTb CBera), a ' npoeJ<UHSIMH Ha rrpocTpaHCTBeHHbie OCH 

cJiy)KaT KOMIIOHeHTbl HMilYJihCa. 3Ta BeJIHlfHHa coxpatmemcJL, 
eCJIH qaCTHUa .llBHJR:eTCH UHeplfUaJlbHO. 

Ilepexo.n. K 11eu11eplfUaJ1bHo.wy ;J.BH)KeHHIO B TlllPB 

CB.SI3hIBaeTCH c COOTBeTCTBYIOllI.HM 3aKOHOM U3Mel-leHWl BeKTOpa 

COCTO.SIHHH. TaK, npH H3MeHeHHH CKopoCTH )l.BHJR:eHHSI qacTHl(hl ee 

3Hepnrn IlOKOH He H3MeHHeTCSI, Il03TOMY Bee ycKopemie 3a 

COOTBeTCTBJIOllI,HH npoMeJR:yToK BpeMeHH MO)KCT 6bITb 

Henocpe)l.CTBeHHO BbJqlfcJieHO, HCXO)l..SI H3 pa3HOCTif MeJK)l.y HOBhlM 

H cTaphIM 3Ha'!emieM H'Mnyn1:>ca. TaKHM o6pa3oM, KaK I{ B 

crre~Ha_,1bHQH TeopHH OTHOCHTeJThHOCTH, B TlllPB ypaBHemie .nn.si: 

ycKopeHHOro ;J,BHJR:eHHSI MOJR:eT 6bITb IlOJiyqeHO nyreM 

Jl:HCpcpepeHI.{HpoBaHlfH no BpeMeHH BblpruKeHRSI )J;JUI liMilYJibCa. 
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Y )Ke B paMKax CTO OTHOllleHHe CHJihI K ycKopeHHlO 

3aBHCHT OT .B3aHMHOro HarrpaaneHHH BeKTOpOB CHJibl H CKOpOCTH. 

0.n;HaKO B reopHH OTHOCHTeJibHOCTH CKOpOCTb CHCTeMhl OTCt.IeTa 

MO)l(eT BbI6HpaTbCH rrpOH3BOJibHO, B ~aCTHOCTH - HyJieBOH, TOI'.LJ.a 

COOTBeTCTBYIOIUHH MHO)l(HTeJib B JII060M CJiy'Iae OKa3bIBaeTC.sI 

paBHhIM e,llHHHUe. 

HanpoTHB, B TlllPB B BhilllerrpHBe.neHHbIX cpopMynax 

qmrypnpyeT a6comom11aJ1 cxopocTb, onpe.n:enneMan yrnoM 

OTKJIOHeHHH MHpOBOH JIHHHH qacTHUhl OT HOpMaJIH' K H30XpOHe. 

3TO 03Ha1IaeT, 'ITO ecnH 3eMJISI L(BH)l(eTCH c orrpe,n;eJieHHOH 

CKOpOCTblO OTHOCHTeJibHO a6comoTHO Heno,lJ,BH)l(HQH 

(Bbl,L(eJieHHOH) CHCTeMbl OTcqern, TO H3Mepsrn: OTHOllleHHe CHJibl K 

ycxopeHHIO B . HanpaBJiemrn yxa3aHHOii CKOpOCTH H B 

rreprreH,n:HKynsi:pHOM eMy HanpaeneHHH, MO)l(HO 3KcnepHMeHTaJibHO 

IlOL(TBep)J,HTh HaJIH'IHe 3TOH a6cOJilOTHOH CKOpOCTH. ECJIH 

IIO.LJ.06HaH CKOpOCTb .n;eikTBHTeJlbHO onpe.neJISI,~TCSI BeJIHqHHOH H 

HanpaBnem1eM, cne.nyIOIUHMH H3 3cpcpeICTa aHH30TpOIIHH ·cpoHOBOro 

KOCMIPiecKoro H3Jiy1IeHH», TO rrpH OJJ:HOH H TOH )l(e no (Mo,n:yn10) 

CHJie MO)l(HO paCC'IllTbIBaTh Ha OTHOCHTeJibHOe pa3JIHqne 

rrpo.uonhHOro M nonepetmoro ycxopemrn nopsi:.uxa 2,25 x 10-6• 

7. JloKaJibHLie IlOJl.R TJffOTCHHB lf8CTHn 

KaK )Ke .UOJI)l(HbI Mhl MhICJIHTh ce6e rpaBHTall·HOHHbie nonsi: 

-qacTH1' (3Be3.n, rrnaHeT H rrp.), 3arronHn10mu:x BceneHHyIO, s 
paMKaX BHOBb rrpe~O){(eHHOH KOHuenuHn? Ilpe.[(CTaBHM ce6e 

CHa'IaJia ace 'llaCTHUbl HeIIO)lBH)l(HbIMH, .upelicpyIOIUHMH B 

rrpouecce paclllnpemrn: BceneHHOH crporo B~OJib pa.zlHaJibHhIX 

MHpOBhIX JIHHHii. EcJJH a TaIWH BceneHHoii cymecrnyeT cpeHOMeH 

B3aHM_Horo npHTSI)l(eHJISI. MeJK,ll.y .UBYM51 . qaCTHI.(aMH; TO ;IJJIJI 

Ha6JIIO.LJ.aTeJI51 3TO 6yJJ:eT BbirJIHi:leTb KaK HCKpHBJieHlie MHpOBbIX 

JIHHHH, KOTOpble BMeCTO pa,n,HanbHOro pacxoJK,ll.eHHSl OKa)l(YTCj{ 
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3afHyThIMH B HarrpaBJieHHH O,ll,Ha K ,a;pyroii. Ilo cymecTBy, BMeCTO 

MHpoBbIX JIHHHH Mbl MO)l(eM fOBOpHTb npOCTO o· CHJJOBbIX JlHHHID( 

ITOJUI T.sifOTeHHil, HO rnr.ua :na aHaJJOfHH Il03BOmiT HaM 

oro~ecTBHTh n3oxpoHHoe ce1lem1e BceneHHOH c nonepxHoCTbIO 

pannoro IlOTeHUHaJJa, K KOTOpoli 3TH CHJIOBbie JIHHHH t:{OJIJKHbI 

6.bIT.b Hop.rwailbHbl. TaKHM 06pa10M, MbI npnxo.n.HM K 

npe.n.crnsnemuo o TOM, 1:ITO H3oxpoHHoe ceqeHne BceneHHoii He 

.sIBJI.sieTC.sI crporo KOHUeHTpHqecKOH nmepc<Pepoii, a B03MyIIJ,eHO 

CBoero po.na BOpOHKaMH (CM. pHc. 5), I.(eHTpaM KOTOpbIX OTBeqaIOT 

rpaBHTlipyIOIIJ,He 'laCTHUbI. . " ------!. ~·r 
PHc. 5. JloKaJJhHoe none TSJToTeHHSI qacTHUhl 

Yron OTKJIOHeHHR npo<l>HJIR BOpOHKH OT HeB03My1IIeHHOH 

mnepc<Pephl B T01lHOCTH paBeH yrny OTKJIOHeHlUI HOpMaJIH OT 

H,ll,eaJihHO pa,ll,HaJJbHOro aanpaanettmr. Cne.nonaTeJibHO, Mepa 

HHTeHCHBHOCTH JIOKaJJbHOro rpaBifTal.(HOHHOfO IIOJI.sI B Ka)l(,ll,OH ero 

TO'lKe <PaKTH1leCKH cosna.n.aeT c HCil0Jlb30BaHHOH HaMH Mepo:H 

CKOpOCTH qacTJU.J.bl, qro H onpaB,ll,bIBaeT nepeHOC IIOH.SITHSl 

3Hepnrn, CB}13aHHOH c MexaHH"tJ:eCKHM ,ll,BH)KeHHeM, Ha o6naCTb 

rpaBHTaUHOHHhIX .sIBJieHHH, 

8. TIDPB n o6w.au Teopu.a OTHOCHTeJILHOCTH 

TlllPB npeTeH,ll,yeT Ha 6onee 6JIH3Koe K ;:i:elicTBHTeJibHOcTH 

onnca.Hne 3aKoHoB BceneHHoli, 1:1eM .zxaeT o6IIJ,a.si Teopn1:1 

OTHOCHTeJibHOCTH. 1ho6hI :na npeTeH3ml BbirJUI,ll,eJia 6onee 

y6e,ll,MTeJibHOH, nenecoo6pa3HO OCTaHOBMTbCH Ha HCKOTOphIX 

acneKrax OTO. 
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BepHeMC.sI K Bonpocy 0 TOM, MO)l(HO JIH B KOCMOJIOrH'IeCKHX 

ypaBHeHtt.si:x npeHe6peraTh .n:annemieM MaTepHH. Eme 3iiHIIITeH:H s 

IIOHCKax pemeHml ,lJ,JUI (prurneH:) CTaI.J;HOHapHOH MO,lleJIH 6hIJI 

BbIHY)l{)J;eH BBeCTH B CBOH ypaBHeHH.sI T.H. KOCMOJIOrnqecKyIO 

TIOCTOHHHyIO. 3Ta IIOCTOHHHWI OTBeqana ompulJameJlbHOAty 
iJae.'leHWO MaTepHH, <PH3H'IeCKOro CMbICJia KOToporo 3HHIIITeHH 

ycrnHOBHTb He cyMeJI. B Hecnm;HoHapHoli Mo,D,errH pemeHHe 

cymecTByeT H B OTCYTCTBHe KOCMOJIOrH'IeCKOH IIOCTOHHHOH, 

no3TOMY ee 061>11:1Ho nonarruoT pasHbIMH Hynro. KaK npaaHJIO, 

CKOpOCTSIMH qacTHI.( IipeHe6perruoT, Il03TOMY H (OUHO.MuttecKoe) 
,D,aBJICHHe MaTep1rn. TaK)l(e He )"IHTbIBIDOT . 

.sI, o.nHaKo, HaCTaliBaJO Ha Heo6xo.n;HMOCTU yqern 

cmc;mu'lecKow .uaBrreHHSI rpaBHTHpy10meif MaTepmi. Ero 

.ueH:CTBHTCJibHO MO)l(HO HfHOpHpOBaTb B Tex CJIY'IWIX, Kor.ua 

npHMeHHM npHHUHn 3KBHBaJieHTHOCTH 3liHmreliHa. CornacHo 

eMy rpaBHTaUHOHHOe none ece2oa MO)l(HO 3aMeHHTb ycKopeHHOH 

CHCTCMOH ~Tcqera, orpaHHqHBWICb, no cyrH .z:cena, tJHCTO 

KHHeMaTH'ICCKHM acrreKTOM. )J:eJIO, 0.l(HaKO, 3aIOIIO'IaeTCH B TOM, 

1ITO He 6CJlJ<.Oe none MO)l(HO cq1naTb (xoni 61>1 JIOKaJibHO) 

o.l(Hopo,nHI>IM (cM. pHc. 6). EcnH rpaBHTaI.J;HOHHl>IH pa.n:Hyc 

11acnu.i;hI-HCTO'IHHKa HIHJUI npo611ou l/acmulfbl Toro )l(C nopH,Lt:Ka, 

qro H paCCTORHHe Me)l(,ny HHMH, TO npe,ZlJIO)l(CHHOe 3.HHUJTeHHOM 

ypaBHeHHe, CBR3bIBalOll.J;ee reoMeTpH'IeCKyIO xapaKTepHCTHKY 

npocrpaHCTBa B rrorre T.HTOTeHHH c <l>H3lfliCCKOH xapaKTepHCTHKOH 

Marepim, OKa3bIBaeTCSI HCITOJIHbIM. To1mee ronopH, B TeH30pe 

ITJIOTHOCTH MaTepHH y)l(e HenpaBOMepHO no11araTb CTaTH'ICCKOe 

.z:caBJieHHe 3ase,n0Mo paBHbIM nymo, a Heo6xoJ.J;HMO aaecTH ero 

(soo6me roaopsi:, HeHyrreaoe) 3HaqeHHe, yq}ITbIBaIOII.J;ee 3Hep?u10 
iJe<jJop.ltalfUU cpeiJbl. 
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PHc. 6. CJieBa -'" JIOKaJibHO O.L{Hopo.[{Hoe none TSJToTemUI, crrpasa -

none, KOTopoe HeJib3H C"llHTaTb O,llHOpO,llHbIM ,n;aX<e JlOKaJibHO 

BaX<Hbl JIM npe,llllaraeMbie nonpaBKH? CnennaJIHcTaM 

H3BeCTHO, qTo rpaBHTaI.lHOHHbIM pa,n;Hyc MeTaraJiaKTHKH 

oeucmeume.r1bno cpaBHHM c ee peanbHbIMH pa3MepaMH. B [2] 
noKa3blBaeTcH, qro pa,n;Hyc BceneHHoii M¢HbUte ee 

rpaBHTaUHOHHOfO pa,n;Hyca. 

Ta.M X<e noKa3aHo, qJ'O pe3ynbTHpy10m,ee rpas1uau1mHHoe 

.uaaneHHe BO Bce.neHHOH OKa3hIBaeTCH ompulfamellbHblM (H 

<I>aKTHqecKH OTBeTCTBCHHbIM 3a KOCMOJIOfHqecKHH 1JJICH B 

ypaBHCHHH 3HHIIITCHHa). )laHHblH <I>aKT KaJKeTC» Ol.JCBH,ll,HbIM, T.K. 

CHJia rpaBHTaD;HH CTpCMHTCSI CJtCamb JII06oe CKOilJieHHe MaTepHH. 

Ho K 3TOMY pe3yJibTaTY MO)J(HO rrpHHTH neTpHBHaJibHbIM rryreM, 

paccMaTpHBWI ,uaBJieHHe KaK CHJIY peru<1vm, .uelicTByromyro 

BHyrpH 0.l(HOpo,n:Horo lllapa H3 HCCX<HMaeMOH )KH,L{KOCTH. B [7] 
rrpttae.ueHa 3aBHCHMOCTb .n.aaneHH.si BHYTPH mapa B cPYHKI.'(HH OT 

ero (HeHyJieBOH) IIJIOTHOCTH. 113 Hee cne.n:yeT (CM. [2]), 1-ITO eCJIH 

rpamnal.lHOHHhIH pa.zmyc III!lPa lie 6onee qeM (rrpHMepHo) Ha 1 % 
t npeBh1maeT ero reoMeTpHqecKHH pa,n;Hyc (mrn em;e MCHhllie ), TO 

Ha rpaHHqe BHyrpeHaeli o6naCTH B03HHKaeT CKaqoK ,L{aBJICHH.sI B 

CTOpOHY OTp.HUaTeJihHbIX 3HatteHHH. 3TOT 3cPcPCKT MOX<HO 
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o6MICHHTb "pacHDKeHJfeM" 06beMa BCJ1e,ll;CTBHe H3MeHeHIUI 
MeTpHKH. 

Y qeT cTanfqecKoro .uaanemu1 no3Bom1eT He TOJihKO HaHTH 

H060e - JIHHeiiHoe no BpeMeHH .,. KOCMOJIOrHqecKOe pemem1e, HO H 

Bh1qn:cJIHTb aeJIH'lJHHY rprurnTa.QHOHHoro .uaaJieHIDI so BceneHHOH 

B ii>YHK.QHH BeJIH'l.HHbl pa.n;Hyca 4-rnapa. 3Ta (oTpHI.J.aTeJI.bHruI!) 
BeJ1H'lJHHa, KCTaTH, Bbipa)J(aeTC$I TaKHM )l(e, no cyn1, o6pa30M H ,ll;JUI 

HepemITHBHCTKOro mapa (.n;aaJiem1e a ueHrpe mmHeTbI · 1um 
3Be3.UhI). MHTepecHo oTMeTHTh, 'lJTO .Haii.ueRHruI B TlllPB· 
3aBHCHMOCTh ITJIOTROCTH OT pa.n;nyca BceneHHoii B TO'lJHOCTll 
COOTBeTCTByeT BblpaJKemno ,11,.JUl T.H. Kpumu'feCKOU ITilOTHOCTH B 

3<1>-Mo.uemi. 
IlpH '.HOM B.bIHCHHJIHCb ,ll;Ba Kpa:HHe Ba:>KHbIX 06CTO.S1TeJlbCTBa. 

Bo-nepa.&rx, Macca BceneHHOH oKManach He rrocToguHoii 

aeJIH'lJUHoii, a Jluneimo eo3pacma1ouwu <i>YHK11Heli pa.n;nyca 4-
rnapa. B TlliPB ueoxrn.z:taHHO pea.n:H30Ba.n:ac.& nporpaMMa 
3HH1IITeHHa: xapaKTepHCTHKH MaTepHH (nJIOTHOCTb) cae.ueHhl K 
xapaKTepHCTHKaM npocTpaHCTBa (KpHBH3Ha). I1HhIMH CJIOBaMH, 
ycTpaHeHa ueo6xo,llHMOCTb BHellIHHM o6pa30M ("pyKaMH") 
BBO,UHTh B ypaBHemu1 pacrrpe.ueneHHe Mace, 'lJT06hI IIOJIY'lJHTb 
3aKOH li3MeHeHHSI MeTpHKH rrpOCTpaHCTBa. 

Bo-BTOphlx, KmKYIUMCH napa,n.oKCaJihHOCTb HecoxpaHeHH.SI 
MaCChI (H :meprnH!) BceneuuoH: 3aCTaBJigeT 3a.n;yMaT.&c.s1 o 
6bln0.'lHeHUU ycJIOBHH, rrpH KOTOpbIX ,1JOJI)l(eH 6bITb crrpaae,llJIHB 

3aKoH coxpattemui: 3Hepnm ( cM. pHc. 7). 

r 
P11c. 7. EcJIH caoH:cTBa npocrpaHCTBa co speMeneM 11e Me11R10mcR, 
TO 3Heprn» H30IIHpoBaHHoii CHCTeMhI coxpaugeTcg (cnesa). Ecm1 

)J(e CBOHCTBa npocTpaHCTBa co BpeMeHeM .rwe11R10mcJl, TO 3HeprHH 

H3onnpoaaHHo0: cncTeMbl 11e coxpmmemca (cnpaaa) 
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ilpe.ucraim.si:eTCH oqeBH,[{HbIM, qro 3HeprHH CTporo MOil<eT 

coxpaHRTbC.SJ. JUilllb B TaKOH $H3HlfeCKOH CHCTeMe (mm BO 

BceneHHOH B u.enoM), B KOTopoii CBOHCTBa npocrpaHCTBa (B 

::acTHOCTH, KpHBH3Ha) CTOJih. il<e CTporo HeUntellllbl 60 epeJtteHu! 
flocKOJihKY H coapeMeHHa.sI ct>mmca, H TlliPB HCXO.ZlHT H3 HHOH 

KOHUem~HH, llOCTOJlhKY 3TOT 3aKOH MOil<eT BbIIlOJUUITbCSI JlHillh 

npH6JIHil<eHHO, B Mepy MaJIOCTH coBpeMeHHOro TeMIIa 

omHocume.TlbHOCO H3MeHemrn KpHBH3HbI npocTpaHCTBa. '.3TOT TeMII 

COCTaBmieT .llJljJ conpeMeHHOH HaM BcerreHHOH nop.SJ.)J.Ka 10·10 
B 

fO,lJ.. 

l1cxo,LUI H3 acTpo$HJHqecKHX Ha6mo,neHHH, H.A.Ko3hipeB 

[ 1 J BhICKa3hIBaJI yTBepiK,n:eHHe 0 e,lJJIHCTBe MeXaHH3Ma H3JiyqeHH.sI 

3Be3)J., OCHOBaHHOro Ha npeapameHHH BpeMeHH B 3Hepnno. 

Cornac:ao narneii MO,ll.em1, OTHOCH.TeJibHoe npwpamem1e Macc1>1 M 

3HeprHH IIOKOH ' 3Be3.l(hl paBHO OTHOCHTeJibHOMY npHpamemuo 

B03pacra BcerreHHOH. l1HTepecuo, tfTO .ZlJl}l CoJIHUa OTHOCHTeJihHoe 

yMeHhIIIeHHe MaCCbI 3a cqeT ll3Jiyqemrn B ro.n COCTaBmreT )lO 10·15
' 

T.e. Ha IIJITh rropH.llKOB MeHI>me yKaJaHHOH ":mepreTH4eCKoil 

IIO,l(IIHTKH". 

9. Ilpoucxo;KJJ:eHne u 3aMKHYTOCTh BceJieHHoii 

KoCMOJIOfHqecKM MO.ll;en& '.)<I> Hnqero He Morna CKa3aTb 0 

npmicxmK,ll,eHHH BceneHHOil:. HarrpoTHB, pa3BHsaeMhIH B pa6oTe 

[2] IIO,Ll,XO.Zl Il03BOJIHeT )J,OBO,/IhHO HarJI.SJ..D;HbIM o6pa30M TIO,ll,ORTH K 

:JTOH npo6JieMe. 

KaK oTMe11eHo B [7); ,.u.JUI mo6oro MaTepHaJihHoro IIIapa c 

HeHyrreBOH IlJIOTHOCTblO MeTpH,Ka 3TOH o6nacTH HCKail<aeTC}J no 

OTHOIIIeHHIO . K eBKJIIU(OBOH, ee reoMeTplUI COBna,naeT c 

reoMerpneii 1leTb1pexMepHo:H c$epHqecKoli mrrepnonepxHocTH. B 

cnyqae HeKmrnancHpyiomero IIIapa penhe<}> ero rpannrnunoHHoro 
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noTeHUH8.TJa MO:>KHO YIIO)l06HTb He60JihillOH "HMKe", 

rpa~HTal.{HOHHhIH PMMYC KOTOpoii MHOro MeHhme ee 

reoMeTpnqecKoro pa.3Mepa. 0):(HaKO c pOCTOM IlJIOTHOCTH 

BelI(ecTBa MeTpMKa Bee 6oflee .ue<PopMHpyeTCSI, H "SIMKa" B KOHlW 

KO HU OB npespalI(aeTCSI B csoero po;:i;a "sopOHKy''' CBH3aHHYJO c 

BHeurneH: rroaepxHocrbIO JIHIIIb Y3KOH ropJIOBHHOH. ToJihKO O,[{Ha 

:na ropJIOBHHa (mm .na:>Ke ee qacT1>) H BH,!lHa BHemHeMy 

aa6JIIO)laTeJIIO, TOr,[{a KaK Henpeo;:i;OJIHMbIH 6apbep TSII'OTCHHSI 

npeBpalI(aeT u;eHrpaJibHYIO o6nacTh o6beKTa B "3aTepSIHHLIH MHp". 

c ToqKH 3pemrn BHeIIIHero MHpa 3TO - 11epHWI ,ll;bipa, 

Heo6paTHMO IlOrJIOII(aIOII(WI BelI(eCTBO H H3JiyqeHHe. c .upyroli 

· cTopOHbI, .n.m1 o6HTaTene:H Hameii BceneHHOH "nynoBHHa", 

CBH3bIBaIOIIJ,WI ee c BHCIIIHHM MHpOM, .nom1ma Ka.3aThCH 

c<}lep1rqecKOH 6enoii )lblpOH, H3 KOTOpo:E'I HerrpepbIBHO aeru;ecTBO H 

H3Jiyqemie IIOCTYilaIOT H, 6b!Tb MO)J(eT, Il03BOJIHIOT CY.IJ.HTh 0 

CBOHCTBax 3Toro BHelllHero MHpa. TeM, KTO qffran 

<}laHTaCTH11ecKyro nosecTh B.A.06pyqeaa "3eMJIH CaHHHKoaa", 

3TO HaBepH51Ka HaIIOMHHT OilHCaHHyID TaM ceaepHyIO BIIa)lllH}', 

ne.n.ymy10 B rwraHTCKYIO IlO,U3eMHyID IlOJIOCTb co CBeTHJIOM B . 

ueHTpe 3eMJIH. 

Mo)J(eT JIH 6bITb, 1no Mbl }JBJUieMCSI o6inaTeJUIMH HMeHHO 

Ta.KOH tiepHoil .n;1>1p1>1? MoH nrnoTe3a yrnep,n:HTe'.rrhHO oraeqaeT Ha 

3TOT aorrpoc. OrpHUaTeJihHhIH 3HaK ;:i;aarremrn:, 06ycnoa11eHH1>IH 

HenpephIBHO yse1rnqHBaIOIUHMCH pa.3MepoM Harnero MHpa, 

rrpHBO,ZlJIT HMeHHO K TaKOMY BhIBO,Il,y. ,[\a H CaMa 3aMKHyTOCTh 

Bce.JJeHHOH noJiyqaeT <}lH3HqecKoe o6bHCHeHHe. 

c ,Il,pyro:H CTOpOHbl, B [2] IlOKa.3aHo, lJTO npH HHt.JTO)J(HOH 

rrnOTHOCTH seru;ecTBa · rpaBHTaUHOHHhIH pMHyc BceneHHo:H 

OKa.3bIBaerc.sr 60JibIIIe reoMeTpH'IeCKOro H, CJle,Il,OBaTeJll>HO, CaMa 

OHa - "qepHo:H ,11.hipoii". BbmonHeH.He 3Toro ycnoBH.sI OIIHTh-TaKH 

cornacyerc.SI c 3aMKHYTOCThlO Bce,1eHHoli, OTcyrcTBHeM y Hee 

rprumu npH KOHeqHoM o6neMe. H, KpoMe roro, rroaTBep:>K.IJ.aeT 
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ccpopMyJIHpOBaHHOe BbIJIIe npe)J;rlOJIO)J(eHHe 0 TOM, lffO o6JJaCTb 

JIOKaJIH3ailHH :meprHH noKo.si MaTepirn BceJieHHoli He npeBhlrnaeT 

06Jiacn1, B Koropoii .ueiicTByer rpas11raun.s1. 

B coBpeMeHHoii OTO nocrpoeHa cneuncpn-qecKa» KaprHHa 

KOJIJianca 3Be3,n, KOTOpM, aoo6me roBop.si, MO)l(eT H3yqaTbC.sI B 

rpex pa:3JJHlIHbIX CHCTeMax OTcqera. 06biqHo HCilOJlb3YJOTC.sI 

MO,UCJIH, nocrpoeHHbie ,UJJ.sI "To"lJ.eqHoii" MaCcbl. IlepBM CHCTeMa 

CB.sI3aHa c BHellIHHM Ha6mo,naTeJieM, BTOpM - conyTcTByeT 

na.ua10meii B qepHYJO ,nb1py Marep1rn, rpeTb.sI - CHCTeMa orcqera 

Ha6JIIO,UaTCJl.sI H3HyrpH KOJIJiaIJCHpyromero 06'.beKTa. 

c TO~H 3peHH.sI BHellIHero Ha6JIIO,UaTeJl.sI BpeMg na.uemrn 

MaTepHH B KOJIJ1ancHpy10myro 3BC3.UY .SIBJI.sieTCjJ 6ecKOHeqHo 

60J1bllIHM. 0,nHaKo npH rrepexo.ue K conyrcTByromeii CHCTeMe 

orcqera OHO OKa3bIBaercg KOHeqHbIM. Y)l(e B corryrcrny10meit. 

CHCTeMe OTcqera BpeMeHHM H npocrpaHcTBeHHbie KOOp,UHHaTbl 

Bblpa)l(aIOTCJI qepe3 o6a Tima KOOp,UHHaT BHCllIHeii CHCTCMbI, a BO 

BHyrpeHHeii cHcreMe apeM.si li rrpocrpattcrao Boo6me MeHHIOTc.si 

MeCTaMH, np11qeM KOMIIOHeHTbl Merp11qecKoro TCH30pa 

OKa3bIBaIOTCjJ 3aBHCHM.bIMH OT BpeMeHH. ));a.nee, HCTOpHH JII06oii 
MaTepHaJI.bHOH TOql(H B 3TOH corryTCTBYIOIIICH CHCTeMe 

Haq11HaeTCjJ B HyJJeBOH MOMCHT H 3aKaHq11:aaeTCH qepe3 O,UHH 11 TOT 

)KC KOHC"lJH.bIH rrpoMe~oK BpeMeHH B oco6oH. (CHHryn.sipnoii) 

rnqKe, nocne Koroporo y~e He cymecrnyer HHqero ( <<6apbep 

BpeMeHH» ). 

KaK MHe Ka)l(eTca, ecm1 paccMaTpHBaTb HeroqeqHhiii 

KOJIJ1ancHpy10:w;11ii 06'beKT, B03MO)l(Ha HHM «CIIIHBKa» BHernHeii H 

BHyrpeHHeii I<apTHHbI KOJIJianca. Y)l(e HHKOro He y,nHBJl.sieT 

CHTyaum.r, npH KOTOpoii 0,llHH H TOT )Ke ~OMe)l(yTOK BpeMemr B 

pa3HblX CHCTeMax OTCqera MO)l(eT 6bITb KOHeqHblM H 

6ecKoHeqHbIM. ITo3TOMY anonHe Henpornaopeq11BbIM MO)l(HO 

cquraTb H TO, qro HeorpaHHqeHHOe C)l(aTHe (KOJIJlanc) qepHOH 

,l{blpbl BO BHellIHeii Cynep-BceJieHHOH BbirJI51,UHT H3HyrpH (T.e. H3 
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1 Hamett BceJieHHoH) HeorpaHHtieHHbIM pacmnpeHHeM, Koropoe 

1tal/UHaemcR KaK 6LI H3 CHHrym1pHOH TO"lll(H. 11 :na )Ke TO"tJKa r . SIBmreTC.sI KOHUOM HCTOpHH BCeX MaTepHaJibHblX T01IeK BHellIHeH 

Cyrrep-BceJieHHOH, rra,ZJJUOIIWX B qepHyio .D:bipy. Oco6o 

no.n:qepKHy, tJTO 3TO He 03HaqaeT rrpOTHBOTIOJIO)l(HOro TetJeHH$1 

speMeHH cHapy)l(H H BHYTPR qepHo:H ~bipbI. CKopee, MO)l(HO 

yrsep)l(.r:t:aTb, tJTO BHYTPH qepH.oii .D:.hlpb1 speMg TetJeT 

opTOI'OHaJihHO BHeumeMy BpeMeHH. 

l>Hl>JIHOrPA«l>IDI 

1. H.A.Ko3blpes. H16pa1111bze mpyOb1. JieHHHrpa,D., · 113,n,aTeJihCTBO 

JlfY, 1991. 
2.M.X.lllyJibMau. Caum H11cmumyma ucc!ledoeanuu npupoObl 
epe:tte11u (pyccKoR3WmaR eepcwz) www.chronos.msu.ru, llpoen:m 
Jla6opamopu,u-Ka<jJeiJpbz epe.MeHu KOK </JenoMeHa pacuwpeHUJI, 
2001. 
3. IO.C.BJJa;i:HMHpos. Pe!lRlfUOHHaJl meopUJI npocmea-epe;ueuu u 

· e1auttoi>eucmeuu. lfacmb 2. TeopUJI <Pmutteck·ux 
e1aUttoiJeucmeuu.MocKaa, l13~aTeJILcTBo MfY, 1998. 
4. A.C.lllapos, H.JJ;.HoBHKOB. t/e1weeK, omkpb1emuu e1pbl6 
BceJle1111ou. )/(u111b u mpyiJ 3iJeu11aXa66J1a. Moc1CBa, Ha)'Ka, 1989. 
5. A.,3iiumTeifu. · CyUJHOCmb meopuu om11ocumeJ1bNocmu. 
Moc1rna, 1111, 1955. 
6. C.Baiiu6epr. llepebze mpu .Mu11ymb1. CoepeMeHHblU 63?JlRO 11a 
npoucxo:J1Cde11ue Bce!lennou. MocKBa, 3tteproH3)laT, 1981. 
7. P.ToJJMeH. Om11ocume!lbHOCmb, rnep,uoou11C1Mw.;a u 
Koc.HOJlO?Wl. MocKBa, Hayxa, 197 4 .. 



138 Dp11no:>Kem1e 2 

IlpHJIO)KeHHe 2 

TIME AS PHENOMENON 
OF THE UNIVERSE EXPANSION 

Preface 

This work was stimulated by Kozyrev's book [l], that I had 
read in the 1992. Then. I started to reflect on Time meaning and 
Time and Space asymmetric roles during the Universe Expanding. 
These ideas development allows to the work [2], it can be accessed 
now (the Russian version only) on the site of the Institute of time 
nature explorations (grant N2 00-07-90211 of the Russian fund of 
basic research). 

I would like to thank the Chairman of the Russian 
Interdisciplinary Temporology Seminar Dr. A. Levich from 
Moscow State University for his constant support and friendly 
interest. Also I would like to thank A.Moskowsky for the 20-year 
discussion of the physics history and philosophy. 

The noted work [2] pretends to radically revise a number of 
basic physical concepts relative to the Space - Time, Motion and 
Energy nature. It includes a detail analysis ' and mathematical 
calculations: A brief account of the main part of this work is only 
presented below. 

1. Introduction 

The hature of time is not yet enough clear for natural science. 
In the Newton mechanics time was presented as some universal 
formal parameter. Its value rises steadily at every point of the 
Universe. Each physical process occurs in space in correspondence 
with the time currency. 
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In the Special Relativity (SR) time and space are integrated to 
the common 4D-continuum. However, in this theory the time 
component having imaginary factor seems also to be "exotic". In 
this concept the increase of time is also implied in each reference 
frame. 

The General Relativity (GR) allowed link the time properties 
with gravitational fields and the space geometry. The time 'currency 
started being associated with a spatial expansion of the Universe. 

So, the theoretical physics traditional approach to the process 
description is based upon the time currency considering as primary 
(original) one. They are also in the modem physics [3] several 
attempts to deduce the time concept as secondary one from 
different fundamental (microscopic) concepts. 

However, the third way (inverse to the first one) is possible 
and presents the base of this paper. A starting point of this way is 
the following question: "Does any universal process exist which 
could generate physical time?"' 

Such fundamental cosmic process exists really and is well 
known in the modem science. It presents the Universe expansion 
and was opened at the first third of the 201

h Century by the 
American astrophysicist E. Hubble and others [ 4]. It means the 
general increase of distances between all 3D-bodies. The same 
scattering of 2D-figures .happens on the surface of some spherical 
balloon during air incoming. The centre of this sphere does not 
belong to the surface, all points of the sphere (the Universe) are 
equivalent. 

Some time before the th~oretical physics came to the same 
results. As is well known, the Einstein's GR was published in the 
1916. After that Friedmann (1922) proposed the concept of the 
expanding Universe. 

For example, in the book [6] a description of the basic 
cosmic model is given. I will hereinafter call this model "Einstein-
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Friedman model", or "EF-model". In this model the Universe is 
presented as 3D-hypersurface of a 4D-sphere with increasing 
radius. Of course, the curvature of the 3D-hypersurface increases 
with time too. 

2. Basic hypothesis relative to time nature 

Some simple and pictorial views consist a base of the new 
concept. I'll call it briefly "The Spherical Expanding Universe 
Theory (SEUT)". 

In the SEUT, like the EF-model, the Universe presents in 
every time the 3D-hypersurface of a 4D-sphere. However, there is 
one very importan~ difference. In the Einstein's theory the spatial 
components of the metric tensor are opposite in sign to the time's 
one. For example, we may consider time as imagine quantity, then 
a spatial coordinate is real one. On the contrary, in the SEUT the 
4D-continuum is considered as purely Euclidean, all the four 
coordinates are real quantities. The usual spherical geometry can be 
used on a surf ace of the 4D-sphere. 

As it well known, in the .GR the Age of the Universe can be 
calculate using the EF-model or another one. Usually, the radius
age dependence is not a direct proportionality in such GR models. 
Well, this result may be deduced if to neglect the global pressure of 
matter that fills the Universe. I tried to show in [2], that an account 
of the static pressure of matter follows the Universe radius linear 
dependenc~ on its age (see below). 

On the contrary, in the SEUT the time universal currency is 
manifested. The Universe age is identified with a current Universe 
radius divided by the velocity of light. Numerous consequences 
may be deduced from this statement. On the other hand, it allows 

. avoid many other arbitrary postulates in the model. 
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3. Mechanical motion and maximal velocity in the SEUT 

The SEUT states, there is no unlimited set of independent 
mechanical motions. Only world lines of moving bodies exist. Each 
of them has some inclination relative to the· time line, which 
presents a normal to the hypersurface of the 4D-sphere. An 
inclination angle defines the spatial motion velocity. When the 
sphere radius rises, the intersection point of word line and current 
hypersurface "moves" with exact correspondance with a modern 
physics prediction. 

Immovable objects (stars) have the zero inclination, their 
world line are normal to the hypersurface. Hence they "scatter" 
according to the Hubble law, their mutual velocity is proportional 
to mutual distance. If a body world line has some inclination 
relative to normal, the angle is more than zero. But it can't exceed 
90°, therefore maximal mechanical motion velocity appears 
naturally, it is equal to the velocity of light. 

Let us consider three variants of motion (see for fig. I) .. 

Figure I. Phenomenon of a "motion" of point on a sphere surface 
for immovable (at the left), uniformly moving (at the centre) and 

non-uniformly moving (at the right) 

The left picture illustrates the Hubble effect. The right picture 
presents a general case of motion with acceleration. The central 
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picture corresponds with an inertial motion, its world line is direct. 
In this case the moving body displacement increases proportionally 
to the Universe radius increment. So, inertial motion is not 
postulated in the SEUT, it appears as natural model consequence. 

At a large 4-sphere radius values all the relationships of SR 
'and usual mechanics laws are applicable approximately in the 
SEUT. A Special Relativity light cone transforms to all the 
hypersurface of the 4D-sphere. But the 'analogy isn't complete, 
because an absolute remote SR area degenerates to this 3D
hypersurface in the SEUT(see for fig. 2), 

'+ 
absolute 

' fu ,. 
absolute future 

absolute 
remote 

',,, ,absolute 
''.\.. ,,,/~ remote x 

a rea ~~~--i--~~----,,"' '' ... , area 
,,,' ', 

,-' absol te '",, 
pas 

absolute future 

Figure 2. 4D-continuum areas in the SR (at the left) and in 
the SEUT (at the right) 

4. SEUT and Minkowski geometry 

Let us consider small increments of time and space 
coordinates along body world lines during the Universe expanding. 
It is enough to consider. a Sl1)a11 area of the Universe, so we can 
neglect its curvature. Then it is acceptably to replace 
approximately concentric hypersurfaces ("isochrones") by parallel 
hyperplanes. A rest state corresponds with a representative point 
.. drift" perpendicularly to isochrones, an inertial motion 
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corresponds with displacement along inclined direct lines between 
isochrones. 

At each time the Universe is presented as certain isochrone 
that contains all the real spatial points. Let us accept that 4D
sphere radius increment divided by velocity of light presents 
invariant measure of (absolute) time increment. We will also state 
that this quantity has the same value in each inertial reference 
frame, i.e. at a motion along each direct world line. 

Let the world line inclinations from normal direction are 
enough small. Then metric relationships like Minkowski geometry 
ones· appears in our purely Euclidean 4D-continuum. fu particular, 
well known relationship 

c2 ds2 == c2 di' -dr2 

can be deduced from the Pythagorean theorem. It connects a spatial 
component dr with a .time component dt (at moving reference 
frame) through velocity of light c. Here ds is an absolute time 
interval (between two 4D-events at a immovable reference frame). 
Hence, if velocities aren't very high, the Lorentz transform is 
correct in different inertial reference frames. 

5. On the Einstein's relativity principle 

If the world lines inclinations from exact normal direction 
cannot be accepted as small, then Minkowski geometry 
relationships are correct approximately only. It means that 
Einstein's relativity principle tis correct (in· the SEUT) only for 
reference frames that move with velocities enough small relative to 
selected reference frame. Such reference frame is linked hardly 
with a body at (absolute) rest, i.e. drifting along radial world line. 
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The selected reference frame existing reminds of old ether 
theories that contradict to the Special Relativitiy views. It seems, 
these theories became a thing of the past irretrievably. In fact, the 
velocity of light in vacuum is constant everywhere and everywhen. 
However, the reference frame existing can be detected in principle 
as a light signal frequency bias, i.e. with the help of Doppler effect. 
Well, this phenomenon is really detected by modern astrophysics! 

The temperature diagram of the Cosmic Microwave 
Background Radiation (CMBR) coming to the Solar system from 
all the sides of the Universe is presented on the fig.3. The data was 
registrated during 4 years by the Cosmic Background Explorer 
(COBE) satellite (NASA Goddard Flight Center, COBB Science 
Working Group). 

Figure 3. The anisotropy of the Cosmic Microwave Background 
Radiation (CMBR) . 

The known Rµssian scientist J.B. zeldovitch wrote sooner 
in the Editorial Addition to [6] that careful measurements allowed 
find out some anisotropy of CMBR. An antenna oriented to the 
Lion constellation detects that the radiation temperature is 0.013% 
more, than mean. The radiation temperature in the opposite 
direction is 0.013% less, than mean. Generally, a temperature 
varies continuouslv between these two values. The isotroov 
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~··presents only for some imaginary observer. The Solar system, t Ear~h move .to the Lion constellation relative to this· obser'Ver 
f havmg velocity 390 ± 60 km/s. Hence, as a result of the Doppler 
f · effect, a meeting radiation seems to be more hot, and an overtaking 
~ . r radiation seems to be more cold. This example shows that an 

observer exists in every point of the Universe. For him a CMBR is 
isotropic. We may consider tl;lis observer and the connected 
reference frame as selected. The selected reference frame existence 
at the Universe every point looks like the physicists commonly held 
view preceding to Relativity. They thought that the light presented 
ether oscillations occupying whole the Universe. They thought also 
that a reference frame ·connected with ether was preferable, or 

·selected. They tried to detect the Earth motion relative to ether. We 
know that these experiments gave the negative result: any ether 
doesn't exist. But the Universe evolution follQws that when CMBR 
is observed (and only in this case!), the selected reference frame 
(called sometime "new ether") appears. This new ether at one place 
is moving relative to new ether at other. one. The new ether or 
CMBR just realises the motion according to Hubble's law. 

The modern NASA's data allows to put the relation of the 
Solar system velocity to the velocity of light equal to 0,15%. It is 
enough small value justified Special Relativity and Minkowski 
geometry relationships application. But can we . believe this 
phenomenon to be an exhaustive proof of the SEUT accuracy? 

To test it I propose a not complicated observational 
experiment. If the CMBR anisotropy is due to the real selected 
frame existence, then it may be detected for any electromagnetic 
radiation. In particular, an anisotropy of solar radiation has to exist 
at the different year periods. It has to be detectable in August, when 
the both solar radiation and CMBR come to Earth from the Lion 
costel~ation side (see for fig. 4). In February these sourses are 
opposite in dispos~tion relative to Earth, therefore the solar 

I. 
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radiation anisotropy direction has to be opposite. The expected 
effect value (with account of the Lion constellation straight 
ascendancy and obliquity of the ecliptic) is approximately equal to 
300 km/s, i.e. nearly 0,.1 % of the yelocity of light. In November 
and May the anysotropy has to be practically absent. 

Lion Constellation 
0 

Mars, 2 Sep ber, 23 

Figure 4. The Sun and Lion constellation disposition 
relative to Earth 

Probably, an analogous SEUT test in a laboratry is 
realizable with help of artificial radiation sources. 

6. Particle mass, energy and impulse 

So, we consider the Universe as expanding 3D-hypersurface 
of a 4D-sphere. Mass localisation places in the Universe present the 
points of the hypersurface intersection by world lines. So, these 
world lines have a real physical meaning, not abstract illustrative 
thi~ one. We may expect this physical meaning to be more essential 
than simple word expression. 

Particularly, while the Universe global analysis is making, 
we may suppose that such fundamental particle feature as its mass· 

' I 
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at rest presents some relative value. Such relation (some kind of a 
quantum number) may include, for example, 4D-sphere (the 
Universe) diameter and some characteristic size like de Broglie 

, wave period that is inversely proportional to the mass. This 
hypothesi~ may , make dear inertia nature as two characteristic 
times relation. It may also explain the energy at rest meaning. 

Meanwhile, the Universe radius increases with time. Well, 
what happens with mass? If a de Broglie wave period increased 
proportionally to time,. we couldn't generally detect the Universe 
expansion, including famous "red shift". But if particle wave 
periods are constant, then matter mass has to rise proportionally to 
the Universe age and size. 

In the Relativity (like Minkowski geometry) we use vectors 
having imaginary projection to time axis and real projections to 
space ones. Particularly, it is true for velocity, acceleration, and 
energy-impulse 4-vectors. As against, vectors having ,all the real 
components are only used in the SEUT. At that; a 4-interval value 
(length in pseudo-Euclidean space) of some relativistic vector 
answers the absolute time axis projection of a corresponding 
SEUT-vector, and imaginary component of a relativistic vector 
(time of motion) answers the corresponding vector length in purely 
Euclidean continuum of the SEUT. For example, the energy
impulse vector module presents such quantity. Its projection to 
absolute time axis is energy at rest divided by velocity of light, and 
its projections to spatial axis are impulse components. This quantity 
is consta.nt while the particle movement is inertial one. 

A jump to non-inertial motion in the SEUT is connected 
with a corresponding state vector changement law. So, if particle 
motion velocity changes, its energy at rest doesn't change, 
therefore fuJI acceleration at a time interval can be calculated using 
the difference between new and old impulse values. Thus, the non-
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uniform one (see for fig. 6). Let the radius of a field source (or a 
probe particle) have the same order that the mutual distance. Then 
the Einstein's equation connecting space geometry with matter 
physical features seems to be incomplete. More precisely; it is 
incorrect to put exactly equal to zero a static pressure in the matter 
density tensor, it is necessary to introduce its (unknown, plculable) 
value accounting a continuum deformation energy. , 

·---- • 

Figure 6. At the left a locally uniform gravitation field is presented, 
the right field can't be considered as uniform one event locally 

Are the proposed amendments important? Specialists know, 
that the Metagalaxy gravitation radius is in fact comparable with its 
real size. In [2] I have showed that the Universe radius is less than 
its gravitation radius. 

Is shown also in the same work [2], that a resulting 
gravitational pressure in the Universe is negative and answers the 
Einstein's cosmic constant. This fact seems to be evident because a 
gravitation force aims to gripe any matter accumulation. But it is 
possible to attempt it with help a non-trivial way. Let us consider a 
matter pressure as a reactive force operating within a uniform 
sphere of incompressible liquid. A pressure dependence on internal 
density is presented in"[?]. We can see (see for [2]), that if the 
sphere gravitation radius exceeds its geometric radius not more 
than approximately 1% (or is still less), then a pressure sudden 
negative change appears at the internal abroad. This phenomenon 
may be explained as a volume "expansion" due to a metrics 
perturbation. 
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The static pressure account allows not only to find out a new 
(linear in time) cosmologic solution, but also to calculate a 
Universe gravitational pressure value in dependence on its radius. 
This negative value has the representation like that one for a non
relativistic sphere (a star or a planet, for example). Also I would 
like to note, the expression for density-Universe radius in the 
SEUT is exactly the same that the expression for so-called critical 
density in the EF-model. 

Two very important circumstances are clarified for all that. 
First, the Universe mass was turned out as linearly increasing 
function of the 4D-sphere radius, not constant. A famous Einstein's 
programme is realized unexpectedly in the SEUT: a matter features 
(density) are reduced to a space features (curvature). In other 
words, a necessity to externally {"by hands") introduce a mass 
distribution in the ~quations is eliminated in the SEUT. This 
operation is need in the GR to find out a spatial metrics 
changement law. 

Second, the seeming paradoxicality of University mass (and 
energy!) non-conservation forces to reflect on conditions that the 
accomplishment allows to the energy. conservation law correctness 
(see for fig.7). 

r l.___:::: ___ ..._, ....... 
Figure 7. If space features aren't depending on time, then the cosed 
system energy is constant (at the left). But if space features evolve 

in time, then the cosed system energy haven't to be constant. 

'It is evident, I believe, the energy can be exactly constant 
only in such physical system (or in whole the Universe) for which 
space features (in particular, a curvature) are strictly constant in 
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time 1too. However, the both modem physics and SEVT issue from 
the opposite concept. Hence, this state can only be 'accomplished 
approximately, moderately of a bit of the modem rate of a relative 
space curvature evolution. This rate has order 10·10 per year for the 
modem Universe. 

N .A.Kozyrev [ 1 J basing on astrophysical observations 
stated the common star radiation origin that has to be due to the 
time-energy transformation. Accordinly with the SEUT, the star 
mass and energy at rest realative increment is equal to the Universe 
age relative increment. It is interest, Sun mass relative lost due to 
the radiation consists in 10-15 per year, i.e. five orders less. 

9. The Universe origin and closed geometry 

The cosmological EF-model couldn't say anything on the 
Universe origin. On the contrary, the work [2] approach allows an 
obvious way to study the problem. 

As it is noted in [7J, the metrics of any sphere area having a 
non-zero density is perturbed relative to Euclidean one, its 
geometry agrees with 4D-sphere hypersurface geometry. For non
collapsing sphere its gravitation potential relief is like a very small 
"pit" that gravitation radius is much le~s than its geometric size. 
However, when the density rises, the metrics perturbs more and 
more, and the pit transforms to some kind of "crater". The crater 
is connected with the external surface by a narrow neck. Only this 
neck or its part is visible for an external observer, and the 
gravitation insurmountable barrier transmutes an object central area 
into "a lost world". , 

From the point of view of the external world, the central 
area presents a "black whole" absorbing irreversibly all the matter 
and radiation. On the other hand, for our Universe inhabitant the 
"navel~string" connecting. with the external world has to seem a 



npwnoil\efme 2 153 

spherical "white whole", to which a matter and radiation are 
coming continuously (and, may be, carry out an information on the 
external world features). There is an old Russian fiction science 
book called "Sannikov Land'', where an internal gigantic trench 
concerning central small star is described. Our model seems to be 

· like this picture. 
' Is it possible, we live in· such black whole? My hypothesis· 

answers affirmatively this question. The negative sign of the matter 
pressure due to continuously increasing our world size allows to 
such conclusion. And the University restraint can be physically 
explained by the way. 

On the other hand, as I showed in [2], in spite of matter 
_average density negligibly small, the Universe gravitation radius is 
more 'than its geometrical radius, hence, it presents a black whole. 
This condition accomplishment agrees the Universe restraint, the 
boundary absence in spite of its finite volume. Also, this fact 
confirms our assumption that the Universe energy at rest 
localisation area doesn't exceed the gravity operation area. 

A specific model of star collapse is created in the modern 
General Relativity. In general, it can study in three 1 different 
reference frames. As a rule, the "point mass" models are used. First 
model is linked with an external observer, second one accompanies 
a matter falling to the black whole. Third model presents an -
internal reference frame, i.e. an observer within collapsing object. 

From point of view an external observer the matter falling 
time to the black whole is infinitely large~ However, in an 
accompanying reference frame it is finite. Since in the 
accompanying reference frame time and space coordinates are 
expressed through the both types of external reference frame 
coordinates. What is more, in the internal reference frame the time 
and space coordinates quite trade places, the metrics tensor 
components are depending on time. Further, any matter point 
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history in this accompanying reference frame starts at the zero 
moment and finishes after same universal time period in a special 
(singular)'point, after which nothing exists ("time barrier"). 

As·. I believe, another lacing between internal and external 
collapse picures is possible, if we will consider a non-point 
collapsing object. Nobody wonders now at a situation, when a time 
period can be finite in one reference frame and infinite in another 
one. Therefore, we can beUeve, unlimited black whole collapse in 
the external Super-Universe may seem to present unlimited 
expansion of our Universe observing inside. This expansion seems 
to start from· a singular point, and the same point is the history end 
of all the matter of the external Super-Universe that fall to the black 
whole. I would like to note especially, it doesn't mean that internal 
time pass in.opposite to external one. Faster, it is possible to state, 
time within a black whole pass 6rtogonally to external one. 
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M.H.Shulman. THE SPHERICAL EXPANDING UNIVERSE 
THEORY 

The new World concept close to Friedmann-Einstein's 
model considers the Universe as a 3D-hypersurface of some 
sphere in a purely Euclidean 4D-continuum. The analysis of the 
Einstein equivalence principle limitations is made, the new 
solution of the cosmological equations is found. The time is 
identified with the increasing radius of the Universe and is always 
directed normally to the sphere's hypersurface. Only particle 
world lines (not particles themselves) are considered to have a 
physical meaning, and by this way the phenomena of the bodies 
motion is deduced. The limitations of the relativity principle are 
shown, experimental fact of the "relict" radiation anisotropy is 
explained. We suppose also that the mass of a particle presents a 
quantum number being equal to the diameter of the Universe 
divided by de-Broglie's wave length and ipcreasing with time. In 
the new cosmology the "b~g bang" concept and the mass and 
energy conservation principle are replaced by the "energy pump" 
concept. The basic problems of the quantum mechanics and the 
irreversibility problem of the Universe evolution are considered. 
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