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OTr u3garenscrea

Dra KBHTa IIpoaekaeT ceprio «Relata Referos (aocnorustit meperon —
DaccKasbiBaly PaccKa3aHHoe).

Hog 2Tim rpudoM HAAATENRCTRO NPSIOCTARIACT TPUOYHY aBTOpaM,
qTOOBl BHICKA3ATh OYOIMUHO HOBBIE HISH B HayKe, OODCHOBaTh HOBYIO
TOMKY 3peHHs, OOHeCTH 10 OOINGCTBA HOBYI MHTEPIPETALHIO H3BECTHHIX
IKCMEPUMEHTATEHEIX TaHHRY, £tc,

B cnope pasHEIX TOYEK 3peHMA TONBKO pellicHHe Bennkoro cyasn —
BpeMeHM MOXET CTATh PEINAONIMM M OKOHYATETbHEIM. CaM Xe TPoLece Imo-
HeKa MCTHHBL XOPONIo XapakTepH3yeTCsl M3BECTHBIM BRICKASEIBAHMEM ApH-
CTOTeNs, BHIHECEHHRIM HA OGNOXKY HACTOSIHEH Cepitn: aBTOpUTeT YUHTe/ s
He JONXEH AOBICTh Hal YICHMKOM H IIPeIATCTBORATE IIOWCKY HOBBIX TYTEH.

Mpb BazeeMcs, 49TO 1YOIHKyeMBIE B 3TOM CepMA TEKCTH BHECYT, He-
CMOTPSL Ha CBOE OTKIOHEHHMe OT YCTAHOBHBINHMXCHS KAHOHOB, CBOI BKnan
B osrane MCTHH.



AYANMU3M KAPTUHbI
MWPA

Boace aeTanmbHEIR aHamH3 NPYHIMNOR KBARTOBOR
MEXAHHKH NGKAIRBAET, 310 00LEKTHBHON peas-
HOCTBI0 ABIAETCH Memadinsuueckoe nrbopmanu-
OHHOE IPOCTPAHCTBO, B KOTOPOM MATEPHANEHRIE
CHCTEMEl TPEACTABIACHB. CBOMM WHPOPMAIHOH-
HEIM 4CHEKTOM, & AKTMBHE KOMIIOHEHT 3TOro
ApocTpaHcTsa cnenuprgeckum obpasoM obpada-
THIBAET COOTBEICIByIOMyd HAdopmanmw. [lo
CYTH, RaHHag pafoTa MO—HOBOMY OCBCIIACT OC-
HOBHO} Rompoc QHIOCOGHH — YTO TEepBHUHO:
MatepHua WK Co3HaHwe?

Ayanucmuyeckan kapmuna mu-
pa

KommuecTBo 3HTpONHM, conepikaieecs B m0bo MaTepHanbHOH
CHCTEMeE, BBIpAXAETCA 00men3BecTHOH Gopmynoit [1]
S =-Spwlnw, (1)

rge w -— CTaTHCTHYECKHH ONeparop, BBEICHHBIH B (M3MKY
JI. Jlasmay ¥ M. BoprowMm [2]. Ecnd paccMaTpuBaTh TONBKO H30-
JIMPOBAHHEIE MATEPUATIBHBIE CHCTEME, TO 3TOT ONEPATOP OZHO-
3HAYHO OIpeieTIAETCS COCTOAHHEM CHCTEMEL

] w= |‘~|»’>(‘|"|-
B CHIIYy TOTQ, UTO CI¢I IPOH3BCACHHA MATPMII HE 3aBHCHT OT TO-
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ro, B KaKOoM NOPAZKe GHH PacMoIOKEHH!, TPHBEACHHOE BhIpaxKe-
HHE 78 SHTPOIIMH HE 3aBHCHT OT BEIGOpA NpencTaBIEH A, B KO-
TOPOM KOHKPETU3HPOBAHO COCTOAHHE CHUCTEMBI, — OHO HMEET
OZIMH H TOT JXe BHZ TIPH T000# YHHTEPHON MaTpHIlE, OCYILECTB-
nAoIel nepexos 0T oaHOro Gasuca K Zpyromy. Bribepem Te-
Neps NMPeICTABIECHHE, B KOTOPOM COCTOSIHHE |y/) ABIAETCH COOCT-
BEHHEIM, HApUMeD, W) = |1). B 3TOM cmydae MaTpHIa NI0THO-
CTH MMEET TONbKO OJWH MaTPUIHBIH dIEMEHT wyi = 1, H, caeao-
BATENBHO, ONpe/cieHHas Taki 06pazoM 3HTPONMs OKa3bIBaer-
cA paenoit Hymio. B cuy cienyronieit 3 npuBeIGHHOTO ONpee-
NIeHHS JHTPOIHA €€ MHBAPHAHTHOCTH (KaK H BCEFO MaTeMarH4e-
CKOTO alnapara KBAHTOBOH MEXaHHWKH) OTHOCHTENBHO BhIfopa
MPeACTaBRIeHHA, TIOTYJaeTCA, UTO FHTPONHS H060H H30IHPOBaH-
HO#i MaTepHATLHOR CHCTEMBI 6ce20a OoaxcHa bvimb pasHoll Hy-
mo! Taxo# BEIBOA NPOTHBOPEYMT CaMOMY TIOHSATHIO SHTPOIMH,
CYIIECTRYIOILIEMY B dusHKe.

I'naBHas mpHYMHA TOTO, 9T0 3Ta HEANEKBATHOCTH BBIPAXKE-
HHUA [U14 3HTPOTIMH, CIMTAXOILEToCs OXHOM M3 BakHeHmmx dop-
MyJl (DH3MKH, 0 CUX NOP OCTaeTcA He3AMEUEHHOH, 3aKITI0IaeTC
B TOM, 4YTO Ha IIPaKTHKE 3Ta (GopMy/Ia HHKOTrJa HE HCTIONb3YETCA.
B dopmyne (1), oOruno, BMeCTO cTaromeparopa w HETJIACHO
HCHOIB3YIOT Mampuyy niOMHOCMY COCMOAKUY P, BBEICHHYIO B
TeopeTHIecKylo pu3nky ¢oH HeitmanoM [3]. Beerna auaronans-
HYI0 MaTpMUY IUIOTHOCTH MOXHO HONYYHTh H3 MATpPHLEI, COOT-
BETCTBYIOLICH CTATHCTHYECKOMY OIEPATOPY, €CIH MONOXHTH B
nocneaHeH Bee ee IMEMEHTHI KPOMe CTOALIMX Ha IHArOHAMH paB-
HBIMH Hym0. PopManbHO MAaTpHIy IIOTHOCTH MOXKHO ONpeae-
IHTB CAEXYIOUTHM oOpazoM:

p = Diagw = jy)X(m|m){y|,
rae Diag — TMpoeKTUBHEE! oneparop, OOHYNAIOMMI B MATPHIIE W
BCE €€ HTEMEHTEl KPOME AHATOHANBHBIX, & m W 1 — HOMepa ba-
3MCHBIX COCTOAHUH, MHA4Ye rosops, (m|n) = 8,, Ecmm a, — am-
IUIATYARL, 3 P, = |a,° — cooTReTCTBYIOMIME BECa, C KOTOPhIMH
Ga3uCHBIE COCTOSHHS |#1) BXOIAT B PACCMAaTPHBAEMOE KOMNO3LM-
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Hoe cocToAHuE W) = I a,in), To onpeaengemyio MarpHuei or-
HOCTH SHTPOIHIO MOXHO 3aITHCaTh B BHJIE

S=-Z p,Inp,. )

JInA yIpolleHHs 3aNMHCH Mbl BIpedb GyJeM NOA CHMBOIOM X
MOHUMATh, KAK CYMMHPOBAHHE 11O BCeM Oa3sHCHBIM COCTOAHHAM,
TAK M MHTETPHPOBAHHE B CIy4ae HEMPEpHIBHOTO cnexrpa. Ha-
TMOMHHM, YTO, €CJIH CHCTEMAa 3aHHMAeT KOHEYHEIH 00BeM, 1O
CHEKTp Bceraa spiiercs IUCKpeTHsM. [IpoGiema, o6o3HaveH-
Has «TCOPEMOH O paBEHCTBE HYJIO SHTPOMUH», HE YCTpaHUMAa,
OJHAKO, IPOCTEIM YTOUHEHHEM (QOpPMYIHPOBOK — OHa IS CBO-
€ro paspelleHHs TpeOyeT PalUKaILHOIO TepeOCMBICAEHHS YK3H-
CTEHUHAIBHEIX IPHHLMIIOB KBAHTOBOH MEXAHHKH.

TIpouenypa M3MEPEHHA 3HTPOMHU PATHKAIBHO OTIMYAETCH
OT TOTO, 4T0 OOBMHO TIOApa3yMeEBaerTcs IOJ H3MEPCHHEM B
KBaHTOBOH MEXaHWKE: JUIS TOIC YTOOB! M3MEPHTH 3IHTPOILHIO,
MEl, B coriacuy ¢ GopMynoit (2), IOTKHE! ONPELEINTE BCE Beca,
¢ KOTOPRIMH Da3UCHEIC COCTOAHUA BXOAAT B KOMIIOZUTHOE. YMO-
3PUTENBHO 3TY MPOUEAYPY MOXKHO ONHCATh TaK. BO3EMEM OUEHB
6oenIOE, B npeaene HECKOHEYHOe YHCIIO KOMHA Hallei Marepu-
JTLHOM CHCTEMBI — BCE OHU HAXOAATCH B OOHOM U TOM K€ KBaH-
TOBOMEXSHHYECKOM COCTOAHHMH. DyleM Temeph HOpH [DOMOILIM
MaKpOCKOITHYECKOro mprbopa, mo3BONAOMIEro ONpeneIaTh 3Ha«
YEHHSA BCEX HE3aBHCHMBIX HHTEIpPANIOB IBIDKEHHSA, XapaKTepH-
3YIOIMX MATEPHATRHYIO CHCTEMY H (UKCHPYIOLIETO NPEAcTaB-
NEHHE €€ COCTOAHUE, PeAYLHPOBATE BCE 3TO MHOMKECTBO KOIME,
HopmupopanHas BEpOATHOCTE NOABIIEBHS TOTO WIH HHOIO Habo-
pa 3SHaYEHMH 3THX HHTErpanoB (€CaH eMY HPHCBOHTEL HOMED 1) ¥
Oyaer TeM BecOM p,, COBOKYNHOCTH KOTOPBIX U HCIIONB3YETCH
LI pacyeTa SHTPOMHH.

MHOxecTBO penyuupyeMbIX MaTepHaBHBIX CHCTEM, OINH-
CBIBAEMOE TNOCHIENOBATENBEHOCTRIO YHCEN {p,}, oOpasylomux
OMaroHajib MAarpHilbl MIIOTHOCTH, XOPOIIO H3BECTHO (H3UKEe —
OHO HAa3hIBacTCa ancambnem, BepHee borbuum ancambiem, co-
OTBETCTBYIOUIHM TOH WM HWHOH MaTepUaThHOM CHCTeMe. ITo
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TMOHYTHE OBLIO BBeACHO B HayKy [Dkosaiteit I'uG6com Omixe K
KoHny XIX Bexka M B KOHTEKCTE KJIIACCHIECKOH MEeXaHHKH, €cTe-
cTBeHHO. AHcamOner I'nbOca Bcerna paccMarpuBaicis He HHade,
KAK HEKasd MCKYCCTBEHHAA KOHCTPYKLMSA, MO3BOJAIOman yao0HO
H NIOTHYECKH ITPO3PaYHQ OCYIUECTRIATE PACIETH CPEEHMX BEAK-
9MH, XapaKTEPH3YIOIIHX COOTBETCTBYIOIIYIO MATEPHANBHYIO
CHCTEMY. AJICKBATHOCTb 3TOT0 MATEMATHYECKOTO NPHEMA 3MXK-
JleTcs Ha TaK Ha3bIBAEMOH 3p2oduteckol cunomese, yTBEPKIAAK0-
1ie, 9To cpeHee Mo aHCaMONI0 PaBHAETCA CPEAHEMY IO BpeMe-
HH. OTMETHM, YTO HMEHHO I10CIEA0BATENEHOCTE BECOB {p,}, —
0 CYTH, JHHEHHO ynopanoueHHoe aHcaMbIeBoe MHOXECTBO, —
HO HE CTATHCTUYECKHH omeparop HaXOIHT CBOE COOTBETCTBHE B
dynxyuu pacnpedenenua, XapakTepU3YIOIIEH KIaCCHIECKHI aH-
cambis I'n60ca.

Tot dakr, uTo A OnpeneTeHUA NOHATHA SHTPOIHH MBI C
HeobX00UMOCHbi0 AOTKHB! HCHOIB30BATH MATPHULY ILIOTHOCTH
don HeiimaHa, nossiliaer craryc aHcamOns 10 (pyHAaMeHTalb-
Horo. JIn4 Toro 9106 IHTPONUI0 MOXHO OBUIO CUHTAThL 00BekK-
THBHBIM [1ApaMETPOM, HE CBA3AHHBIM C KaKMMH—IHOO CYIIeCT-
BYIOIUHMH JIUIIb YMO3PUMENbHO W3MEPHTENBHEIMK ITPOLEXypa-
MH, MBI JO/DKHBl paccMaTpHBaTh aHCaMOib Kak HEKYH) peallb-
HOCTB, CYILECTBYIOLIYH) Hapaay ¢ OOBEKTHBHOH KaTeropHeH co-
CTOSRHHS MaTepUanbHOH CHUCTEMEL B CBA3HM C 3TMM MEI BBEAEM
npeacTaBneHHe 06 acmpanbhom npocmparcmee MATEPHAIBHOM
CHCTEMEI B OYAEM CYHTATh, UTO aHCAMOMM, CYTh MHOXKECTBa, CO-
OTBETCTBYIONIME BCEM BO3MOXHBIM COCTOAHMAM 3TO# CHUCTEMEI,
NPEACTABIAIOT COOOH COBOKYITHOCTH TOYEK 3TOIO IIPOCTPAHCTBA.
Kaxzas TOYKa acTpaneHOTC NpPOCTPAHCTBA XapaKTEPH3YETCA
CBOMM HAa0OpOM 3HaYCHHIl MHTETPAIOB ABHXKCHHA, MOMHOCTHIO
ONMCHIBAIOIIUM MaTEPHANbHYIO cucTeMy. Ecny Me1 OyneM noHH-
Math ancamb1b HMEHHO Kak Gonbluoit aHcaM61s, TO ST HAGOpH
He SBIAIOTCA YHUKAIbHBIMH, T. €. pasHble TOUKH acTPanbHOTO
[IPOCTpaHCTBa MOTYT 00IaJaTh OZIHAM K TeM Xe HaGopoM 3Hade-
Hu#l. OTHOCUTENBHOE YHCHO, T. €. ON# TAKHX TOUEK H ABIAETCH
BECOM p,, C KOTOPEIM TO MK HHOE Ga3slCHOE COCTOSIHHE BXOIUT



B KOMIIO3HIHIO, COOTBETCTBYIOMIYIO cocTosHHIO |y). Ilockonsky
MAaTpHLa IUIOTHOCTH COCTOAHMN 00pa3yeTcs U3 CTATHCTHUECKOTO
ollepaTopa NpH IIOMONM IPOEKTHBHOTO IO CBOEH Npupoze one-
paropa Diag, To MBI MOXEM CHHTATh, YT ACTPANLHOE IPOCTPaH-
CTBO SBAACTCA B HEKOTOPOM CMRICAE MpoeKuueil rumsbeproBa
IIPOCTPAHCTBA COCTOSHMH MAaTepHATIbHOM CHCTEMEI (MaTeMaTH-
JECKHE A3BIKM KBAHTOBOM MEXaHHKH, 0a3upyromuecs Ha ITOHA-
THSIX CTATHCTHYECKOIO ONMEParopa M BEKTOPA COCTOSHMIH SBIIA-
IOTCSL SKBHBANEHTHHIMA). [IOHATHS acTpanbHOIO IPOCTPAECTBA U
IPOCTPaHCTBa COCTOAHMI B ONpeNeIcHHOM CMBICIIE IPOTHBOCTO-
AT APYr APYry, [I03TOMY 4 O3BONIO cefe B 3TOM cTarbe Hashbl-
BATh IHILOEPTOBO IPOCTPAHCTRO MEPPARLHLIM.

#* *

ITpogyXTHBHOCTH KATErOPHH ACTPAJILHOTO NMPOCTPAHCTBA OymeT
ofecriedeHa ML B TOM CiIy4ae, €CiIH LPOMCXOAAIHAe TaM CO-
OBITHA HAXOJAT CBOE OTPAXKEHHE B MUPE, JaHHOM HaM B OIIyIIe-
Husx. BeseHue B pacCMOTpeHHe acTpaIbHOIO MUPA IpeIIoNara-
eT UMEHHO TAaKYI0 CHTYauwio. JHHaMiveckie ypaBHeHUA P3N~
KM ONHCHIBAKT HEKHH TEPpPaIbHBIH MHp, JHMIHCHHBLIH, 11O CYTH,
KakohH—mmbo DuHAMHKH. ECTH H3BECTHO COCTOAHME 3TOTO MHpa
B HEKOTOPHI MOMEHT BPEMEHH, TO OHO OIIPENE/IeT €ro COCTOA-
HMA HA BCe Mpollemmuue H Oyaymue BpemeHa. B aToM mupe Her
MOHATHA IPHYHAHEL U ClAefcTBUA. C NpOCTPaHCTBEHHO-BpeMEH-
HOH, JeTRIPEXMEPHOH TOUKM 3peHHA 3T0T MHp cTtaTH4eH. M. Ilpu-
roxkue [4] obpasHo HasBan MHp, pHCyeMBIi (bM3HKOH, «MHpoM
Cymectsytontero (Being)». Oumymaemelii HamM#, SK3UCTEHIH-
ATHHBIA MHpP pa3sMTENBHO OTIWYaeTcs OT 3ITOH Oe3KH3HEHHOH
KapTHHBl — B HEM IIPOHCXOJAAT cobuimitt! — 3710 «ovup BozHu-
kawwero (Becoming). Unes, uanaraemas B HacToAmed pabore,
33KII0YaeTCA B TOM, 9TO MMEHHO COOBITHA, MPOUCXOISIIHE B
aCTPAILHOM IIPOCTPAHCTBE, ABILIIOTCA NPHIHHOH HEOOPaTHMEIX
U3MEHEHHH B IPOCTPaHCTRE TEPPaIbHOM.



AXTHBHOCTB, CYIIECTBYIOIAaf B acTPAJbHOM MPOCTPAHCTBE,
ofecrieunpaercs TEM, TO B HEM NPHUCYTCTBYIOT COBEPLIEHHO
ocobnie amcamOi, obnajaomue ciocoOHOCTBIO M TIPEPOTATH-
BOH onpeneneHHBIM 06pa3oM BO3AEHCTBOBATE HA APYTHE aHCAM-
6w, «obuTaOIAE» B ACTPAILHOM NpocTpaHcTee., B KBaHTOBOM
MeXaHHKe TH cyObekmst acTPAIBHOrO NPOCTPAaHCTRA BHICTYNA-
10T MIOX HMEHEM Habmwdameneil NI 3KCHEPUMEHMAMOPOE WK
«naccuveckux npubopoey. Mul e, B COOTBETCTBHHE C HX (PYHK-
1Heit, GyaeM HA3EIBATE MX NPOYeCcopamu.

Jns alIeKBaTHOrO MOHHMAHMA MHPOYCTPOHCTBA IPHHIIHIIH-
QIFHO BAXKHEBIM ABJAETCH YACHEHHE PANIHUUA MEXAY ACTpalih-
HBIM H TEPPATBbHBIM IPOCTPAHCTBAMH. TeppanbHOe NPOCTPAHCT-
BO SIBJIAETCHA [IPOCTPAHCTBOM GEKMOPHbLIM, H CYIIECTBYIOIIHE B
HEM ABJICHHS OITUCAIBAOTCA MATEMATHYECKOH AHCIMIUIMHON, Ha-
3BIBACMOR (PYHKILWOHATHHBIM aHAIu30M. B oTiamdne oT 3TOrO
acTpallbHOe NPOCTPAHCTBO ABJIACTCH RPOCMPAHCMEOM MHO-
Jcecms, M €r0 3aKOHOMEPHOCTH BEIPAKAKOTCHA HA A3RIKE COBCEM
APYTOro pasjeia MaTeMaTHKH, pa3Jend, HMEIOUIEro 09eHbh Malo
TOYEK COMPHKOCHOBEHHA C AHANM30M, — 3TO MEOPUA MHO-
Mcecms, OCHOBBI KOTOpOH 3anoxun Benukui I'eopr Kanrop. B
3TOM CMEICIIE SHTPOIHA, HAIPHMEp, €CTh HE 4T0 WHOE, KaK Mepa,
BBECACHHAs Ha IPOCTPAHCTBE MHOXecTB. B cooTBeTcTBYIONICH
TEOPHH 3Ta MEPA ONPEACNAETCA KAK HEOTPHIATEIbHEIH aAqUTHB-
HuIH (YHKIHMOHAIN, T. €. TAKoH, IF0 Mepa JBYX HeEIepeceKalo-
muxcs aHcamOiell TODKHa paBHATBCE cyMMe uX Mep. Ompene-
TeHue 3HTpomaH (2) IpencTaBIseTcs B ITOM CMEICNTE O4eHb ec-
TECTBCHHABIM, ITOCKONBKY HA ACTPAJBHOM IPOCTPAHCTBE HEBO3-
MOHO, NO-BHIUMOMY, OHPEAEITHTS MEPY NMPHUHIAIMATILHO PY-
ruM obpasom.

Cro¥icTBa TEPPAIBHOrO MHpPA BO BCEX €I'0 ACIEKTaX H3yqaeT
BeJIHKad HayKa, Ha3eBaeMas ¢gusuxoii. Ee A3RIK — MaTeMaTHde-
CKHMH aHaIH3. 3aKOHOMEPHOCTH K€ aCTPATLHOTO MHpA HA TOM
A3bIKe HE BEIpaXaroTca. Hayky, H3yuaromyio acTparsHbIe sBie-
HHA, B TOH cTeneHu, B Kako¥ Quiiocopuio Boobnie MOXHO CUH-
TaTh HayKOH, clenyeT, Io-BHAKMOMY, Ha3KIBaTh Memagusukoi,



XOTS TEPMHH 3IHMPOROOUHAMUKA W TIpeAcTaBiseTcd U Oonee
KOHCTPYKTHBHBIM, M 60nee coBpeMeHHEIM. MeTadH3H4eCKHeE 3a-
KOHOMEPHOCTH TIPH HEOOXOIHMMOCTH OCBAHRAOTCH (PHINKOH KaK
HEKHE JK3UCTEHIMANbHLIE [TOCTYNATH, HE Mojaalonmecs Oomee
yrnyOileHHOMY aramu3y, TaxoBbIM, HAPEMEp, ABIAETCA YIBEpP-
KIECHHE, 9T0 Hab/HOAaTenH peAyLMPYIOT COCTOSHHA MaTepHAIIb-
HEIX CHCTEM cryuaiHeIM 00pasoM.

Pduspka, npereHIyoUas Ha MHPO3JAHYECKYI0 BCEOXBat-
HOCTh, Ha TO, 4T00b ORITL HAYKOH HayK, ycrnoKanBaeT cebs Tem,
9T0 TAKOTO poxa (PeHOMEeHOJOTHYECKHE MOCTYIAThl ABIAKOTCH
OYEHb IPOCTHIMH U HE HAPYIIAIT MATCPHAMHCTHIYHOCTH €€ MH-
poonucanus. CylmecTByer, OJHAKO, MHOTO HayK, HU3y4aloIIHX
3BOTFOIHI0 Pa3HHX CI0KHBIX MaTEePHAaNbLHEIX CHCTEM, caM Tpes-
MET HHTEpeca KOTOPBIX HE HAXOIMT HHKAKOro MPOAOIIKEHHS B
0o0paTHMOM BO BpEMEHH TeppanbHOM mupe ¢u3uka. Cpean 3Tux
HAYK — WX 4acTO Ha3hIBAIOT YIEHHAMH — MOXHO Ha3BaTh Jap-
BHHHM3M, M3Y4alolyii 3Bomionuio 6Honornyeckax (opM, cpap-
HHTENBHOE A3BIKO3HAHHE, MHTEPECYIOHEEC] ITPOMCXOXKICHHEM
A3BIKOB, Ha KOTOPBIX PasrOBApHBAIOT JIOAH, (peHAH3IM, HOCBA-
THBINHH ¢e0f JBOMIOLHM YENOBCUECKOH MCUXHKH M T. J. Bcee
9BOJIOIHOHEEIE TPOLIECCH! COZEpXKaT B cebe HedTo oblee, ITO
HA3EIBRETCH ONATEKMUNECKUMY 3AKORAMY PA3GUMUA — YECTh HX
obrapyxeHus npunaanexut [eremo. He cMoTps Ha oObeKTHB-
HBIH XapaKTep 3THX 3aKOHOMepHocTell, ckazaTh, 4To OHH OepyT
CBOE HAaYaJl0 BO <«BCEOXBATHOMH» (U3HKE, HE PEIIHTCA, MO—
BUJUMOMY, HHKTO. MakcumyM, Ha 9To criocobro Qusmxa , ato
AOIYCTHTH, B IyX€ CTApOro yI4eHus AeHcToB, 9T0 Bor B HEKOTO-
PBIH MOMEHT BPEMEHH { = Iy «3anyctin» Mup, kak Hekue Yach,
H YHANWICH OT AN, PeAOCTABUB hi3uKaM pa30HpAThCs B CBOEM
TBOpPSHMH. Jlaxke IOCTY/IaT O coydailHOM XapaKTepe KBaHTOBO-
MEXaHHYECKUX MPOIIECCOB OKA3aIcid He TaK MPOCT: 3HAMEHHTRIE
onkIThl mpodeccopa C. [Inons [5] pokasmBawT, 910 Quykrya-
LMY MepHoja Todypacilaga PafMOaKTHBHOTO IpeflapaTa HHKaK
Helib3A OOBACHUTD, HCXOAA W3 NPEATIONOKEHHSA O CIYJaifHOM M
HE3aBHCHMOM PacHae aTOMOB, ero 06pasyloummx.
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Irmponus u uHgopmayua

ITockompky B OM3HKE, KaK M B TEOpHH NEpeJadd HHopMaLay,
NOCeHAS OLPEAEIACTCA KaK B3ATAs CO 3HAKOM «MHHYC» JHTPO-
A (¢ TOYHOCTBIO A0 IIOCTOSHHOIC cliaraemoro) [6], To ynobuo
CYHTATE, YTO KOJIHYECTBO HHQOPMAIUH, CONCPKAIEECT B TOM
HJIH MHOM COCTOSHHMH CHCTEMBI, ONPEAENACTCA BRIPaXKeHHEM

I=SM-S,

T7€ Spar — MAKCHMAILHO BO3MOXKHOE 3HaUeHMe 3HTponuH. [Ipn
TAKOM CIIPEACICHHH KOIHIECTBO MH(OPMALMH PABHO HYIKO B
NpeJenbHO XAOMUYECKOM COCMOAHUY, HA3EIBAEMOM paeHosgec-
HbIM, H PABHO Spgy, KOTI2 CHCTEMA HAXOIHTCA B OHOM H3 CBOHX
6asucHBIX cocToAHMiA. IIoCKOMBKXY IHTPOIHS ABIAETCA ACTPaTh- .
HOHW Mepoil, MBI MOXKEM CKa3aTh, 9TO €€ 3HAUECHHE B COCTOAHMH
PABHOBECHA ABASETCd WH(OPMAUMOHHON €MKOCTBIO TOM HIH
HHOH MaTepHaTbHOM CHUCTEMEl. B paBHOBECHOM COCTOSHHM BCE
BE€Ca p, PaBHEI Mexay co0oif. Ecin N — 4Mcio 4eM—To pasiu-
4ajomMxcs Ha0OpOB 3HAYEHMI HMHTEIPANOB OBHXKEHHS, [OJIO-
CTBIO ONMCHBAIOIONX MATEPHATILHYIO CHCTEMY, TO p, = N7, B,
COOTBETCTBEHHO

Spmax = I N.

TaxuM oOpazoM, MHOOPMALMCHHBIH 00BEM ACTPAIBLHOTO IPO-
CTpaHCTBA XKako—H0o MaTepHanpbHOH CHCTEMBI MOXKET OBITD
OIHCAH IOCPEACTBOM HENOYHCIEHHONo napaMmeTpa N, roBops-
IIEro O TOM, CKONIBKO bumoe ono B cebe cogepxut. B sTom cmy-
qae HHPOPMAIMOHHYI) €MKOCTD Spax MOKHO PACCMATPHBATD KaK
COOTBETCTBYOIMK 00BeM N, HO NpeAcTaRIEHHBIH B JIOrapHd-
MHYECKOM MacmTabe, T. €. B Henepax.

B unbopMalHOHEOM CMBICHE MBI MOXKEM IPECTaBlIATS Co-
Oe cooTBeTCIBYIONICE Beenennoi BceoxBaTHOE acTpainkHOE NMpo-
cTpaHcTBO — GydeM HasmBars ero Acmpanom ¢ Goavuwou Gyx-
66! -—— B BHAE OrpoMHOI0 KommpioTepa, B KOTOPOM fSUeHKamu
IIAMATH CITYKAT NapUHaIbHEIE acTPallbl, COOTBETCTBYIOIHE Ma-
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TEPHaThHBIM CHCTEMaM, oOpasyiomuM Bceerennyro. Kaxnpan ua
ITHX f9eeK XpaHuT B cebe ancaMOmn, mpencTaBagOmMKK coboi
HEGOPMANHMIO O COCTOSHUH CHCTEMELL, AHcaMOllb — 3TO MHOMKe-
CTBO, KOTOpOe, Dyxy4H JHHEeHHO yNopAnOueHHbM, 00pasyer no-
CIeOBATENEHOCTE {p,} MOHArOHANEHEIX 3JICMEHTOB MAaTPHIIBI
IUIOTHOCTH. TakuM oOpa3oM, MBI MOXEM MOHHMATE 3Ty MOCIE-
JOBATENILHOCTh KaK HEKHH ¢haiin, 3aMACAHHEI B COOTBETCTBYIO-
myw sueiiky-acrpal. Ilpu sToM fomycTHMBIE 3HAYEHHS WHTe-
IpajloB ABHJKCHUA CIEAYET pacCMATPHBAaTh KakK K0d, B KOTOPOM
HHPOPMAMA O COCTOAHHM CHCTEMBI npezacraeneHa. JLias Toro
9TO6BI BCEITEHCKUE KOMITBIOTEP OXKWI M Hauan paGoTaTs, OXHOM
[AMATH HEAOCTATOYHO —- IJIA 3TOr0 HYKHBI NpOZDAMMUCHbL.
DOyHKUHIO TAKHX IPOrPAMMHCTOB BEIIQIHAIOT CYLIHOCTH, KOTO-
phIe B (pM3AKE Ha3KIBAKOTCA HaOMIONATENAMY, @ 3AECh — IpoLec-
copamu. C GH3MYecKOH TOIKH 3pEHHA MPOLECCOPH! NPEACTaBIA-
10T co0Oi Hekue yIMBHTEIBHEE MaTepHalbHble cucTemul. OHa-
KO B 3T0i pabore, COCPEAOTOUHBINNCE HA HX (QYHKIMOHATBHOM
cMbIce, Mbl HE OyeM 3aTparMBATh BOIIPOC, UeM K€ IPOIecco-
PhI OTJIIHYAIOTCA OT JPYFHX MATEPHAILHBIX CHCTEM, T. €. YeM HKH-
BOE OTJIHYAETCA OT MEPTBOTO. AcCTpanbHas JESTeTbHOCTh Ipo-
HECCOPOB OCHOBBIBAETCHA HA MX CHOCOOHOCTH H3MEHATH COCTOS-
HHA JPYTHX MaTepHAGHEIX CHCTEM, T. €. HEKOTOPHIM 00pazoM
Nepe3anicEBaTh HHGOPMANHIO, COAEPKAINYIOCS B JIPYTHX acT-
panax Actpana. [lna Toro yToOB OTAMYATH aHCAMOIH, TIPOSRB-
JUTIOMME TAKOro poja aKTHBHOCTH, OydeM HaseBaTL MX akmy-
ansivimu. VIMeHHO JeqaTelIbHOCTh 3TH cybvexmos Acrtpana npe-
BpalllaeT sKk3ucmenyuaiohnii Mup U3 mupa Cywecmeayowezo B
HenpeacKasyeMBl Mup Bosnukaiowjezo.

% %

B Hacroamei pabote oGcyxuaoTes, Ipexae BCEro, OHTOMOTH-
YEeCKHE MPHHIMMIIEL, HAa KOTOPHIX OCHOBHIBACTCA MHpO3JAHUE.
I'maBHBINA BEIBOA 37ECH 3AKIIFOYACTCS B TOM, YTQ HCTUHHOH ABI-
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TyalmuMcTH4ecKas KapTiHHa MUpa. Ee TeppanbHBIH acieKT B CBOeM
caMOM rinybokoM (yHIaMeHTe H3yuaeTcd GH3MYecKoH HayKoii.
Ymusurensuylo 3¢exTHBHOCTS MaTeMaTHKH B 3TOM jene
MOXHO IIOHATH KaK CJEACTBHE TOTO, WTO TEPPAIbHBIA MHp
pencTaBifeT coboit HHUTO HHOE, KaK HEKMil MaTeMaTHYecKME
Aramuz. 3OT1o nomobuo TOMy, Kak HAealbHAd JBYMEpHAR
XKHAKOCTE ABIAETCA . BOIUIOMICHWEM TeOpHH  (yHKuuit
KOMITISKCHOTO TIEpeMeHHOTO. B 3TOM oMbicne ocHOBHaA U
| KOHEWHasd LeNb QM3NKM BHAWTCA B NOCTPOEHMH <«ENuHOM
Teopu Bcero», T. €. COOTBETCTBYIOmMIETO AHaNH3a. YCNexd B
cosnanne Cmandapmuoli moderu, oOBEAUHAIOMEH
DNEKTPOMArHUTHBIE, clNabble H CHIBHEIE B3aHMOOESHCTBHA,
TOBODAT O TOM, 9TO MHI, BO3MOXKHO, HE OYEHbL NANeKH OT
MOMEHTA OPEBPAILCHHA (DU3HKH B MATEMATHKY.

B ommmume ot 3TOro HEGOPMALHOHKEEIH, acTpa/bHBIH
acmeKT MHpO3ZaHMs CBA34H HE aHAIM30OM, HO COBCEM Ipyroi
BEeTBEK) MAreéMaTHKH, ¢ TEOpHEH MHOXECTB — caMoH
tdunocodckolt  MaTematudeckodt  AMCHMILTHHON., OOBEXTH
H3YYCHHUS 3TOH HAYKM W €€ METOIH He MMEIOT HU9ero ofLiero ¢
MaTeMaTHYECKUM AHAIH30M, MO3TOMY CYXICHHAM (H3HKOB,
AAKe CaMbIX TAIAHTIMBLIX, [0 MeTa(u3ndeckuM IpodneMam He
ClIeRyeT MPUINCHIBaTE Kakoro—mndo ocoboz0 aBTOPHTETA.
JocratodHo ckasarh, YTO Ha 3HAMEHHTHIX ceMuHapax JI 1.
Jlanfay BooOme 3ampemianock K&CATBCA TEM, CBS3aHHBIX C
HaTyppunocodckoll HETepuperalleii KBAHTOBOH MEXaHMKH.
[JentpanpHoe mecTa B aHanW3e 3aHWMAET HOHATHE @GYHKYUU H
npoyecca, 3Ty QYHKIONI Mpeobpasyromero, — 3TOT MPOHECE B
aganu3e BECTynaeT DO BHIOM omepatopa
anbbepesnupopanns. s TeopuMH MHOMKECTB  [OHATHE
IUVIUTEILHOCTH HE XapakKTepHO, M 3TO €IMHCTBO 00beKTa M
cyOBexTa BLICTYIIACT TaM IO BHAOM MHONCECINEA U Al20pUMMA.
deHoMeHBl IK3UCTCHUIHANBHOIO MHpa, H3y4daeMble (PHIHMKOMH,
MOXHO pacCMAaTPHUBATL KaK OBEIIECTBIEHUE COOTBETCTBYIOMIHX
OTIEPATOPOB AHAIH3A.

IMockonbKy TOCTHIKEHHE MeTapu3MUeCKHX IPHUHLMIIOB
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eTcs
NIONIE3HO H3NOMNKUTH MPHHLHNBI KBAHTOBOH MeXaHMKM, BooDuie
HE Kacadch 3T0i CTOPOHBI (PM3MIECKOH HayKH, HO TaK, 4TOOBI
HE(QOPMALHOHHAA €e CYIIHOCTH BRICTYnana 6onee HarmaauHo.

HomyctnmM, 9T0 CymiecTByeT Hekmil Tenerpadct, NPUHH-
MalOIAH TenerpaMMel. ByneM nanee HaswIBATL €T0 ucHOAHUME-
JieM. byaeM CuHTaTh, YTO 3TOT MCIONHHTENE 0OManzaer OHOIIO-
TEKOH, CofepKalleH BCE OCMbICieHHble PYCCKHE TEKCTM — B
TTOHATHE OCMBICAEHHOCMY MBI BHHKATh He OyneM, monaraschs Ha
HHTYHRMI©O. bysiem cumrats, 910 3Ta OMOAMOTEKZ HEKOTOPHIM
00pa3oM KATAIOFM3HPOBAHA, TAK YTO KAXIEIH TEKCT MOXKHO 000-
3HAYHTE HEKOTOPHIM HAa0OpOM MapaMerpoB, KOTOPHIH MOXKHO
TIOHHAMATh KaK HoMep TOrO WIH HMHOTO Tekcra Oubmuorexu. B
($H3MKe ITOMY HOMEPY COOTBETCTBYET TOT MJIH HHOH HEMOBTOPH-
MEIH Habop 3HadeHWH HHTerpanoB aswxeHHA. [Ipeamonoxum
elje, 9TC UCIOIHUTENb 00/IafacT HEKOTOPHIM AJTOPHTMOM, I10-
3BOJIAIOIUMM €My BBICTABIINTH JHCIOBYIO OLIEHKY CTENeHM OIn-
30CTH KaKHX—H00 AByX TeKcToB. HaszoBeM 9Ty OLleHKY, CKaxkeM,
bannom. Bee TexcTnl 6UGIHOTERH, 06NanaloMe IEM—TO PaiH-
HAKOIHMMUCH HOMEPaMH, CYHTA0TCA abCOMIOTHO HECOBITAIAN0-
HIMMH, ¥ COOTBEICTRYIOIHE Oajuibl paBHB Hymro. Ecnu ke 3TH
HOMEpA MONHOCTHIC COBIAJAKT, T. €. TOT HJIH HHOH TEKCT CpaB-
HHUBAETCA C caMuM coboH, To Basn paBeH eAMHHIIE.

CyTs anropuT™Ma, KOTOPEIM IONIB3YETCA HCIIONHHUTEIH, HAM
HEBa)KHa, CIENYET TMIUL CYHTATh, TG OH cyilecTByer. g tex
IIPOCTEIX «TEKCTOBY», COOTBETCTBYIOIMX MAaTEpHANBHEIM CHCTE-
MaM, H3y4aeMbIM (HM3HKOH, OHA yMeeT BBIYHCIATL COOTBETCT-
BYHOIIHE OAJUTEI TaM OHM HA3LIBAIOTCA aMIUIMTYJaMH H BREIpaXa-
OTCA B OOIIEM cIy9ae KOMIUIEKCHBIMH 9HcIaMH. CoOCTBEeHHO
FOBODS, BBIYHCIEHHE 3THX AaMIUTHTYE M SBAACTICA OCHOBHOM
NparMaTHYecKoi 3afadeit TeopeTHdeckoil (U3HKH. Baenenne
OamroB H aNrOPHTMA, HX OLpe/IEAfIoNero, npeapamaer 6ubmmo-
TEKY, B MaTeMaTHYECKOM CMBICIE, B 6a3HC BEKTOPHOTO MpoO-
CTPaHCTRA, TOUKaMH KOTOPOTO ABIAIOTCH 6C€ 80IMOMNCHbBIE TEK-
cTh. TekcThl, comepxkamueca B 6HOMIOTEKe, MOIyT Temepb Ha-
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36IBaThCA §a3MCHEIMH BEKTOPAMH 3TOTO IPOCTPAHCTRA.

Ilycts Tenmepe HCIIOMHHMTENB—TENETpaducT MPUHMUMAET Ka-
Kyto—mn6o TenerpaMmy. Ecnm TexeT 3Tod TenerpaMMEI 1OIHO-
CTBIO COBMANACT C OIHHUM H3 TEKCTOB OHOMWOTEKH, TO BCE 09EHB
IIPOCTO — OH BBICTABJIAET OLCHKY PABHYIO CAMHHMIE, T4 TEIE-
_rpapMa noNydacT COOTBETCTBYHIOIMH HOMEDP, H CHHTAETCH IpO-
guragHo#. McIonHUTeNns MOXET, OMHAKO MPHHATE TEIerpaMMy,
He COBNAJAMYI0 HH C OZHHM H3 0a3MCHBIX TeKcToB. Hekoro-
pHE CIIOHA, HAIPHMED, KAKYTCH HAMMCAHHBIMH ¢ OITHOKaMH, a
BEKOTOPHE H BOBCE HENOHATHHL. B 3TOM cllyuae MCTIOIHHTENS
HOCTYNAeT cluexyomum obpasoM. OH CpaRHHBAET BCE TEKCTHI
6HOMIOTEKH C NPHHATEIM K 32[HCHIBAET HA KAPTOUKM 3HAYCHHA
COOTBETCTBYIOIHX OamnoB—amrmuTyn. Jlajnee, OH BHIYHCINET
KBaJIpaT MOAYIIA KaXXITOH TAKOH aMIUTHTYAK ¥ 3alIACKIBAET IOITY-
YEHHOE TOJOKHTENBEHOS YHCIO, IO BEIMIMHE HE MPeBoCcXozns-
mee SAUHUIIEI, HAIPBMeEp, Ha o0paTHO# CTOPOHE COOTBETCTRYIO-
med KkapTouku. 3710 4ncHo OyaeM HA3BIBATE BECOM, C KOTOPHIM
TOT HJH MHOW 0a3UCHBIH TEKCT BXOOMT B HpHHATHIE. Bo Beei
JTOH TponeNype nosBeHHe GAUIOB MPEACTABISETCA HEKOH H3-
auuHeR dasofl BuruMcIeHHA BecoB. B 3HauMTENBHOH CTENeHH
3TO TaK U eCTh. MBI BBENM MX B OITHCEHHE MHOIL MOCTONLKY, ITO-
CKOIIEKY aJTOPATMEI KBAHTOBOH MeXaHHKH BEITHCIIAIOT HE HEIO-
CPEICTBEHHO Beca, HO HMEHHO aMILIHTYIBI.

MmuokecTBO BeCOB, COOTBETCTBYIOIIMX Pa’IHYHKM HOME-
paM Oa3HCHRIX TEKCTOB, 00PA3YIOT TO, UTO B PU3NKE HAIKLIBAETCS
ancambaem. OH BeIpaxkaeT coboH WHPOPMALMOHHOE COAEpXkKa-
HHE IPHHATON TellerpaMMEl. 3eCh BAXXHO YCBOMTH CIETYIOMYIO
Belb, MHOXecTBO aHcamOilell, COOTBETCTBYIONIMX BCEM BO3-
MOXHBIM TelerpaMMaM, B OTJIHYHE OT- MHOXECTBA COOTBETCT-
BYIOIIMX aMILIHTYI He o01agaeT CTPYKTYpoH BEKTOPHOTO IIpo-
CTpaHcTBa. ECAM MBI YMHOXHM KaKAelii Oa3MCHBIH BEKTOp—
TEKCT Ha €r0 aMIUTHTYXY M CIIOXKHM BCE 3TO, TO BHOBB IIONYIHM
TekcT TeinerpamMmbl. C BecaMu ke, SBIAIOMIHMECH 3IIEMEHTAMH
aHcaMbns, TOro mpoxenath Henb3d. [lonydeHHBIA HCMOTHHTE-
neM aucaMOnp MOXET OBITh MCNIONB30BAH I BEIMHUCIACHHS KO-
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JMYECTBA SHTPOIHA H, COOTRETCTBEHHO, HEGOPMAIWH, COTEepXKa-
IHECS B NPUHATOM TekcTe. [Ipn 3TOM, JeM Bollee «XaoTHUEH)
3TOT TEKCT, YEM MeHee OH MOXO0XK Ha KaKoH—1ubo TekcT ¥ YHCIa
0asHCHBIX, TeM GolbIee KOMMUECTBO SHTPONKH H MEHBIIEE KO-
JHYECTRO MHOOPMAIHH B HEM COJCPIKHUTCH.

Jlanee HCIIONHMTEL IPOJENLIBAET OIEPALNIO, KOTOPYIO
MOMHO Ha3BaTh MyTbmunuyuposaruem ancambni. Bmecto ka-
KJIOH M3 KapTO4eK ¢ 3aMHCAHHBIM Ha HEH HOMEpOM H COOTBETCT-
BYIOIIHM BECOM OH CO3LAaeT OYEHb OONBUIIOE YHCAO €€ KOIMIA.
3T0 4WCiIO0 TIPOMOPIMOHAIGHO 3allMCAHHOMY Ha Heif Becy. JTH
HOBRIE KapTOUKHM YK€ HE COJAEPXKAT 3aIHCH O BECE COOTBETCT-
BYIOILETO 0a3MCHOrO TEKCTa -— ATOT BEC BHIPAXKAETCA OTHOCH-
TEILHEIM YHCIOM KaprTodex JaHHoro Homepa. Takum ofpasom
npeobpa3oBanH&li aHcamOIb HA3BIBAETCA B (QU3HKE Boabuium
aHcambrem.

[Tocne Toro xak HCHOJMHKTEMb HPOJENan Beio 5Ty pabory, B
HYHKT NPHEMA TENeIpaMM BXOOWT HAYANBHHK, HMEIONIMH YHH
npoueccopa. Ero 3agaga — BrIOpaTh U3 BeeX KapTovek GOABIIO-
ro agcaMbs Kakylo—mbo oxHy. Te Ipoueccoprl, YTo y9acTBy-
10T B KBAHTOBOMEXAHHYECKHX JKCIIEPHMEHTAX «OECKOHETHO TY-
net». OHK He 00:1a7a10T KAaKHMH-NIMGO KPUTEPHAMH, TO3BONTIO-
IMHMHM MM pa3syMHO BLIOpaTh Oa3sHCHBIH TEKCT W3 YHMCIA BXOISA-
IIHX B MPHHATOE IOcHaHKe, MakcHMyM, 9TO OH MOXKET CHENaTh,
3T0 BREIOpATE HAayrag KaKylo—Inbo OIHY M3 KapTodeK, GOCTaB-
JAKOUIMX B COBOKYITHOCTH 6onmpmoit ancaMOns, VMenne mis To-
ro, 9To0sl TpoLeccop He YTpyxaan ce0s uTeHHeM Beca, 3allM-
CaHHOIO Ha KapTOUKe, HCIIONHUTENb U OBLT BRIHYKAEH MYIBLTHII-
JTHUMPOBATH MCXOAHKEN aHcaMbab 10 Gonpmoro. He cMotps Ha
BCIO CBOIO «TYIIOCTBY», TIPOHECCOP HE TaK MPOCT, H ero pabora He
MOXeT OBITH BRINOMHEHA KAaKHM—THOO MexaumaMoM. /g Toro
qT00kI ero BRIOOp OB abcomomuo cayuainbim, OH JOTDKeH 00-
nAanars GECKOHEUHBIM YHCIOM cTeneHeid cBoGobl, KPOMe TOro,
uTO0BI HE OKA3aTHCA B IIOIOKEHUH OYPHIAHOBA OCIIa, OH JOJDKEH
ofnanark kaxoi-HuKakoif, HO cBOOOMOH BONH. B OTIMYHME OT
aToro paboTa UCTIOMHHTEN JHCTO MEXAHHYECKAs,

16



Iocne toro xak BeIGop caenaH, Bce KapTOYKH KpOMe TOH, HA
KOTOPYIO YK&3a1T MPOLEeccop, YHHUTOKAIOTCS, M TEKCT ITOCTAHMS
CUNTAOTCA NPOUHTAHHBIM. JIO 3TOTO MOMEHTA Bee ABifercs 0O-
PATUMBIM — 3aNIMCAHHEIE HA KAPTOUKAX aAMIUIMTYIR! MO3BOJIIOT
BHOBb ‘BOCCO3AATh IIPHHATHIA TeCT — M TOINBKO BeIOOP, COBEp-
LICHHEBIH TIPOIIECCOPOM, ABIIAETCA aKTOM, HE 0OpaTHMEIM BO Bpe-
menn. CorocTaRIg HAPHCOBAaHHYIO 31€Ch KAPTHHY ¢ THITHYHEIM
KBaHTOBOMEXaHHYECKHM IKCIIEPHMEHTOM, MB ROTTRHBE OTOMXKAC-
CTBHTH TIYHKT NPHEMA TEIerpaMM H HCIIOTHRTENS C MAKPOCKO-
HuvecKkum npubopom, UCIOIb3YEMBIM U UIMEPEHHSA 3HAYCHHIH
WHTETPANOB JBMKEHUS COOTBETCTBYIOMMX MATEPHATBHEIX CHC-
TEM, a TIpoleccopa — ¢ CYOBEKTOM, OCYIIECTRIAOIINM 3TH H3-
MEPEHHA, T. €. C IKCREPUMERMAMOPOM—HABAOOamenem.

B npuHumne, nosBneHue OMWKMOOTHOTO TEKCTA MOMKHO OBLIO
OBl OOBACHHTH TAK, KaK 3TO JENAeTCd B TEOPHH NEpefadd HH-
dopManny, — MPOHHKHOBEHHEM B KAHAI MMepeiauyy IOCTOPOH-
HHUX IIyMoB. Hac Xe HHTepecyrT TONBKO U30AUPOBAHHbIE Mame-
PUARbHbIE CUCMeEMbl, TIOITOMY TaK1e€ MCTOYHHKH SHTPOIIHHM MEI
paccMaTpusate He OymeM. EcTs, oaHako, IpHUMHA, IO KOTOPOi
NPHHATHI CHTHAT O0KA3alICcid 3aMyTHEHHEIM SHTPOIHEH, He CBf-
3aHHAA C HaTHYHEeM HEYITeHHBIX MaTEepHAlBHEIX cHCTeM. [lpn
Honee BHHMATENBEHOM PACCMOTPEHHH OKA3al0Ch, YT0 MPHHATHIH
HCTIONHUTENEeM TEXCT ObLT H3HAYATBHO HANMHCAH [TO—YKPAHHCKH,
H HMEHHO [I03TOMY OH HE BHHcalcs B OMOIHOTEKY PYCCKMX TEK-
oros. To, YTO OZHH M TOT K€ TEKCT, MOXKET OBITh TPEICTARIIEH
PATHBIMH A3BIKAMH, BIIQJTHE COOTBETCTBYET TOMY, YTO OJHO H TO
K€ COCTOSHHE MATEPHAIBHOH CHCTEMBI MOXET OBITH BBIPAXKEHO
B Pa3HBIX npenctaeileHMAX. OmHAKO TO OOCTOATENBCTBO, YTO
3HAYCHUE 3HIPOMMH KaKOTO—JHOO COCTOSHHS MATEPHATLHOH
CHCTEMHI OKa3hIBAgTCA 3ABHCAILUM OT BbIOOpa erormppencTase-
HHA, JEIIAET 3Ty BEIHYNHY HEOJAHO3HAYHON H CYOBEKTHBHOH,

OTtMmetnM, d9ro Bece ofmaiomuecs Mexay coboif
«reaerpalucTh? NOMKHLI BIARETh HEKUM €IHHBIM AJIL BCEX HUX
A3BIKOM. MiI MOKeM cebe npefCTaBHTE, 9T0 HALI HCIOIHHUTENS
IpHHsI TenerpaMMmy H3 Takol oOmactw Bceenernoi, ycnoBms
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CYHIECTBOBAHUA B KOTOPOH HE HMMEKOT HHIEro O0IIEro ¢ TeM, 4ro
MBI HMeeM Ha 3emiie. CHTHAT M3 3TOH obnactd He Oyler uMeTh
I714 3eMIISH HHKAKOTO CMBICIA — OH HE MOMET OBITH BHIPAKEH
9EPEI OCMBICAEHHbIE PYCCKHE TEKCTEI, MOXKHO CKa3aTk, 9T0 3eM-
ISHE ¥ MHOMJAHETAHE He BIAACIOT KaKMM—mbo o0mmM Iis HUX
a3niKOM. DOpMaTBHO 3TO 03HAYAET, YTO BCE TaKOro poaa
CIIOCTIaHUA» ¢ TOYKM 3PCHMA 3€MHEBIX MCIONHHTEIeH oOnamaroT
MaKCHMAJIbHO BO3MOXKHBIM 3HAYCHUEM PHTPOIIHH M PaBHBIM HY-
1o o6bemMoM uHGopManuH. B aToM cMbICie Bee 3eMIfHE, OYCTh
6ecco3HATENLHO, HO BA2NCIOT HEKUM OOIHM JUIS HHX «A3BIKOMY,
OTPAXKAIOMUM OOIIHE YCIIOBKA UX JKU3HH.

O coomeemcmeuu KgaHmMoO-
80il U Kf1accu9YecKOll MexaHukK

To, uro 3HTpOHA KaKOro—Iud0 COCTOAHHA OKa3hIBAETCA 3aBUCH-
WeH OT IPeACTaBICHHN, B KOTOPOM OHO KOHKPETH3HPYETCS, AB-
JAETCA CIASNCTBHEM TOrO 0OCTOATENLCTBA, YTO MAaTPHLA ILIOTHO-
¢t or HeliMaHa re senaemcs muHEeHHEIM onepatopoM. Ecnu U
€CThb YHHTAPHBIH OIIEpaTOp, OCYIIECTBIMIOUIME nepexol oT Of-
HOTO Kakoro—IHO0 MpecTaBIeHHA K APYTrOMY, TO

p UpU 7,

H Mbl JO/DKHEI CHA4aNa TPaHCQOPMUPOBATE CTATONEPATOD W H,
ML 33TEM, B3ATE €r0 JHATOHATBHYIO IPOEKIHI0, KaKOBO# fAB-
JIAETCA MATPHIA ILTOTHOCTH. Y CTPaHATh NpoleMy, CBA3aHHYIO ¢
HEOHO3HAYHOCTHIO SHTPONHH, CIEIYeT, HO-BUIAMOMY, TAK XKE,
KaK 370 cIellaHo B MoLOOHOH CHTYalHH B HEIOTOHOBOH MEXaHH-
ke. Tam 3aBucsamas oT BRIOOpA HpeICTaBIeHHs HEOAHO3HAY-
HOCTE CHIl MHEPIMH YCTPaHAETCA TeM, UTO TIOCTYIHPYETCH Cy-
INECTBORAHHE YHHBEPCATHHOH CHCTEMBI OTCYETA, HA3EIBAEMOMH
HHEPIHATLHOM, B KOTOPOH BCE CHIBI MHEPLMH PAaBHEl HYMTIO.
IIpu Taxom noxxone BRIOOp TOH MIH HHOM HeMHepLUANbHOH
CHCTEMBI OTCYETA OKA3BIBAETCS UMb BEIGOPOM KPHBOIMHEHHON
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CHCTEMHE KOOpJIHMHAT, yIOOHOH 1718 NpoBemeHMA MaTeMaTHue-
CKHX PacdeToB.

B koOpaMHaTHOM IIpeICTABNIEHUH WHTErPATOM ABMKEHHS (B
KBAHTOBOM MEXaHUKE OH TPATHIHOHHO HA3KIBACTCA HE MHTEIPA-
SIOM JIBMKEHHS, HO Habaiodaemoll) ABIAETCS Ta TOYKA IPOCTPaH-
CTBa BpPeMEHM (rf), KOTOPYIO MOXeT 3aHHMAaTh HacTHId. Bcem
TOYKAM KaKoH—HOO0 1POCTPAHCTBEHHON THIEPIIOCKOCTH ¢ = &
COOTBETCTBYIO COOCTBEHHRME BEKTODHI |riy), obpasyroume Oaszuc
KOOPIMHATHOI'O IPeICTaBICHHA:

(riojrite) = 8(r; — r;).

B xmaccuueckoif MexaHuKe HHEPIHATIBbHAsA CHCTEMA OTCUYETa OIl-
pencieHa He ONHO3HAYHO: BC¢ CHCTEMBI, ABIDKYINHECS OTHOCH-
TEJNLRO JAHHOH MHEPIHAALHOH ¢ MOCTOSHHOM CKOPOCTRIO, TOXE
ARAAIOTCA HHEepuHanpHBIMH. [loaobHO 3TOMY HeomHO3HauHO, C
TOYHOCTBIO 40 BLIOOpA THIEPILIOCKOCTH ¢ = const, OpeaenseTcs
H KOOpIMHATHOE npeAcTaBleHHe. MaTpuiHEIE 3M€MEHTHl YHH-
TAPHOTO ONEPaTOPa, OCYILECTBIIONIErO NEPEXo]l OT KOOPAHHAT-
Horo Hasdca, PUKCHPOBAHHOIO OJHMM KaKHM—IKOO MOMEHTOM
BPEMEHH ! = 5, K TAKOBOMY, PHKCHPOBAaHHOMY IPYTHM — f = f,
OIpEeNAeTcs BEIpaKeHHEM

(rinlrit) = X €5, 3)

3neck dynxumonan § = S(rit:, vjty) — OespazMepHoOe, T. €. AejeH-
HOe Ha noctosuHyio [lanka A neficTeue, a CyMMHpPOBaHUE HICT
IO BCEM TPAEKTOPHAM, COSIMHAIOIIMM TOUKH (7:f1) M (;tp) [7].

* *’

B o¢n3uxe chopMymupoBaH HeKMit 3BPHCTHYECKHH IPHHIMAI,
Ha3BIBAEMbINl NPUHYUNOM COOMBEMCMEUs, YTBEPAK Ao, 910
KaXJad HoBad PUIHYECKAs TEOpHS J0JLKHA HMETh XOPOINO Ipo-
BEPEHHYI0 CTapyl> B KayecTBE CBOETQ IMPEAENBHOIO CIy4das.
XpecToOMAaTHHHBIM PUMEPOM 3/ECh ABIETCA PEANTUBUCTCKAL
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pocTH cBera k OeckoHeuROCTH. Jlerko, oHAKO, BUIETE, YTO, BO-
Hpexy NPHHLMNY COOTBETCTBHA, KBAHTOBAd MEXAHHKE HE nepe~
XOOHT B KJIACCHYECKYIO IIPH YCTpeMIIEHHM NocTosHHOHN [1narka
K HYTI0, 9T0 00CTOATENBCTBO CBA3AHO C TEM, 4T B KBAHTOBOH
MeXaHuKe NeHCTBYET NPHEILIL Cynepnosuyuu cocmoaHuti, KoTo-
pEIfl HE 3aBHCHMT OT TOTO, HACKOJLKO BENMKA MM Mala 3Ta MHo-
CTOSIHHAA. JTOT NPHHIUI, OJIHAKO, COBEPIIEHHO TyXK/I MEXaHUKE
KINacCHYECKOH. 2T0 OOCTOATENHCTBO 3aBYATHPOBAHO TEM, UHTO
CYHTAETCH, YTO 3TO COOTBEICTBHE YCTAHOBIEHO IOCPEACTBOM
KBAa3HKIACCHIECKOT'C IpeNelLbHOTO mepexona bopa—3ommep-
¢denpaa. He cnomyo, 0RHAKO, YCMOTPETh, HTO KBA3MKIBCCHYE-
CKHMH METOJ] pacCMaTpHBACT JMHIUb 0a3MCHBIE COCTOAHHA MATEPH-
QILHBIX CHCTEM, KOTODBIE ACHCTBHTENIBHO YIOBIETBOPSIOT
(IPHHLHIIY COOTBETICTBHH. PaccMOTpUM BO3AHHKAIOIIVIO 31ECh
npobreMy boree geTaabHO.

Ecnu GespasmepHoe nefictBHe S MHOro Gonbule eXHHHILGI,
TO MHTErpal no tpaekropuaM B Gopmyne (3) cogepxur B cebe
TONIBKO OJIHY KIGCCUHECKYI0 TPASKTODHIO, AOCTAaB/SIOLIYI0 MH-
HUMYM (QYHKIHOHATY AeHCTBHA:

(riti|ritofi) = A €5,

rae S Teneph yKe ABIIETCS MUHMUMAJIBHEIM 3HAUEHHEM COOTBET-
CTBYIOIETO (PYHKIHOHANA, 2 4 — HEKOTOpas raagkasd (yHKIHS
apryMEHTOB Fif) M rify. Ita QYHKIMSA OTIMYHA OT Hyns 8 oGnac-
TH, 3aHHMaeMO}M COOTBETCTBYIONIAM BOJHOBEIM ITaKeTOM, H
KBAJIpaT €& MORY/IA, PACCMATPHBAEMBIH KaK (OYHKIHS apryMeHTa
ri{1, YAOBIETBOPAET YPAaBHEeHUIO HempephBHOCTH [8]. B npexens-
HOM CjIy4ae, KOTOPEIH MOKHO Ha3BATh YIbMPAMACCUGHBIM, Pa3-
MEp 3TOH 001aCTH MOKHO CUMTATh GECKOHEYHO MaIbiM. B TakoM
NpHOMIHKEHNA MBI MOXKEM CUHTATE, YTO W3 HAYAILHOM TOYKH B
KOHEYHYIO BeleT BCEro OJHA KIIACCHIECKasdA TPaeKTOpHA, T. €,
QyHKIAS A(r;#;) €CTh NPOCTO HEKOTOpPas MOCTONHHAA @, YMHO-
MEHHAS HA COOTBETCTBYIOILYI S—(pYHKUHIO.

JIioboe cocTosHue gacTHUBE [W(?)) ACIDKHO OBITEH IIPENCTaB-
NeHo B KoopAHHATHOM Gasmce, OmpeaenneMOM KakuM—IH60 Mo-
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MEHTOM BpPEMEH ¢ = fp. MBI KOHKPETH3HPYEM Takoe NpeacTaBile-
HHE cOCTOARHA (1)) obosHauenueM |w(1)) = |y(|t). dna Toro
9T00B! MOHATh, B KAKOM OTHOILEHHM HaXOIATCHA YABTPAMACCHB-
HBI [pegen KBaHTOBOH MEXaBWKW M KIACCHYecKas MeXaHWKa,
3aIUIlIeM COCTOSHEE |W(f)) B BHIE, HHBAPHAHTHOM OTHOCHTEb-
HO MOMEHTA BPEMEHH, ONMPEASAIONIEro TOT UM HHOM KOOpIH-
HarHbIH O6a3uc: '

- () =eZlp(@)lr).

31eCk CYMMHpPOBAHHE BEIETCA IO BCEM MOMEHTaM BPEMEHH T
OT — 2 JI0 + o2, & € — HEKHH HOPMHPYIOIMH MHOKHTEND.

B 3TOM BBIpaX€HUHM BCE BXONANIME B HEr0 BEKTOPHI |Fify)
CYMMUDPYHTCE creayrolmnM obpasoM. CHagada Oepercs cymma
BEKTOPORB, OTHOCHILMXCSA K KakoMy 1uO0 omgHOMY Gaszmcy, oTMe-
YECHHOMY MOMEHTOM BPEMEHH T = f;, & 3aT€M NPOHCXOIKT CyM-
MHMPOBaHHE MO BCEM MOMEHTaM T. MB!I MO)KeM, OIHAKO, ynops-
JIOYHMTH BCE 3TH TOUKH uHade, Kakue—ubo ABE TOUKM IpOCTpaH-
CTBa—BPEMEHU |Fif)) U |Foly) OTPEHENAOT HEKOTOPYIO KIACCHHeE-
CKYIO TPAaeKTOpHA W, BMECTE C DTHM, BCEe TOTIKH |r/T), NeKaIIMe
Ha 3To# Tpackrophd. OD03HauMM Kak (rro, I10CIeI0BaTENbHOCTD
TOTEK {Fif¢|, TPHHATUIEKAIIX OJHOM TPASKTOPUH:

(rral = {..,{rdd,. .. },

u OyZeM paccMaTpHBaTh €€ KaK TePpaibHEIA BEKTOp, KOTODEIH
MblI OyZI€M Ha3bIBATh MPAeKMOPUAALHBIM COCMOAHuem. UHAEKC
€L HEKOTOPHIM 00pa3oM HyMepyeT Bce TPaeKTOPHH, COBMECTH-
MEBIE ¢ TAHHOH MaTePHANBHOI CHCTEMOI; ero MOKHO pacCMaTpH-
BaTh KaK COOCTBEHHOE 3HauYgHUE CNENU(HUECKOTO TPACKTOPH-
&TLHOTO MHTErpaina ABHxKeRHs. JI0CKOIbKY pasIHIHEIE TPAEKTO-
PHH TI0YTH HE HMEIOT OONIMX TOYEK, PAa3iIHYHEIS TPACKTOPHANL-
HEIE COCTOSHUS MOXHO CYHTAaTh OPTOTOHAIEHBIMH:

{rrafrrB) = Llrqtirat) = const 8(a — ).

KoopannatHOE e NPEACTABICHUE COCTOSHHMS MATEpHAThHOH
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cHcTeMBt [W(£)|fp) MOXKHO PaCCMATPHBATL KakK CEYEHHE TPAEKTO-
PHMANBLHOTO OPEACTaRIEeHH COOTBETCTBYIOIET0 COCTOMHAA [y(2))
THIIEPIIIIOCKOCTRIO T = fp. Eciuu BeiOpats 14 upeHTHOHKAIHE
TpaekTopHu ¢ ABe OeckoHeuHO Onm3kme TO9KM, TO GasucHOE
TPACKTOPHANLHOE COCTORHME HOMEp o — |rra) MOXHO o0o3Ha-
YUTH KaK [pra), o€ HMITyIbC p — BEKTOp, KacaTesIbHbIH K Tpa-
EKTOPHH B TOYKE .

Takum obpasoM, B ynsTpaMacCHBHOM CIIydae MEI MOXEM
BBECTH cHeHH(HUECKOE MIA STOr0 Ciaydas TPaeKTOPHAIBHOES
npenacraeneHne. B peaynsTare 0HOBPEMEHHOIO M3MEPEHUA KO-
OPIMHATE! M UMAYIECA YACTHIBEI MBI PEAYLHPYEM COOTBETCT-
BYIOllee YALTPAMAacCHBHOE COCTOSHME, TOMYIHB MaTepHANBEHYIO
CHCTEMY B HEKOTOPOM onHOM Oa3HCHOM cocTosHuH [pro). Bce
NOCIEAYIOIKE WIMEPEHHA NaNyT OOHH ¥ TOT JKE& HOMEpP TPaeKTOo-

PHH CL.
* *

ITpusenerHOE paccykAEHNE NTOKA3BIBAET, YTO KIACCHUECKaN Me-
XaHHKA OTJIHYaeTcd OT YIbTPaMacCHBHOIO Ipefefia KBaHTOBOMH
MEXAHHKH TE€M, 4TO B HEH CYLUECTBYIOT MOIBKO PedyyUpOBan-
Hble IO OTHOLICHHIO K TPaCKTOPHAIILHOMY HHTETPaTy JBHXKEHHA
COCTOSHMS MAaTEpHalbHBIX cHcTeM. B kiaccHueckoll MexaHHke,
KaK M B KBAHTOBOH, BaXxHeHnIylo pons HrpaloT Habmrogarenu—
JKCTIEPUMEHTATOPHI, TONBKO AEATEILHOCTE HX BOCIIPHHUMASTCS
TAM KaK HedTo ¢aMo coboif pasyMerolneecs H He BHI3LIBACT Ka-
Kknx mbo Hatyppunocodckux aucKyccHit. Ecim B KBaHTOBOIH
MEXaHMKe B3aMMOJCHCTBHE IKCIIEPHMEHTATOPA ¢ H3YHaeMOi Ma-
TEPHANBHON CHCTEMOH Ha3bIBACTCA MPOUCIYPOH wIMepenus WH-
TETPAsIOB ABHIKEHHH, TO B KJIACCHYECKOH 3Ta IIpoLieaypa Ha3biBa-
€TCS 3adanuem COOTBETCTBYIOLIIMX HHTETDANoB, T. €. 3aJaHHEM
HAYAILHEIX YCIOBHHA. M B TOM M JpyroM cilyyae MBI HMEEM JEJ10
¢ HeoOpaTHMBIM aKTOM, OCYIECTBIACMEIM HaboaaTeneM B He-
KOTOpPEIHi MOMEHT BPEMEHH H ONpefeiouMM JanbHelmee Mo-
BEJCHHE H3ydacMoro o0beKTa.
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[IpuanMmMansHEIE MOMEHT, IeNalomuii KBAaHTOBYI) MEXa-
HHKY CTONb HE MMOXOXKEH Ha KJIACCHYECKYIO, 3aKJIHYAETCA B TOM,
4TO NEpBad H3Y4aeT MUKPOCKORu4eckyue obvexmbl, HE BOCIPH-
HHMAaeMbIe HEIOCPSACTBEHHO OPraHamMH 4yBCTB U€JIOBEKa, H OH
BHHYXK/ICH MCTIONB30OBATE A/ ITOTO H3YYEHUA MAKPOCKOnuYe-
cxue npubopul, ABNAIOUIHECSH, TIO CYTH, HPONOKCHHUEM €r0 MPH-
€MHEIX pelenTopoB. B xiaccuueckolf ke MexaHHKe 3KCIepH-
MCHTATOP HE HYXIAeTCH B TaKkoro poAa INOCPSIHHKAX —
«MAKPOCKOITHYECKUM TIPpiOOpOM)Y 3AECh CAYXKAT JIHMHIH COOTBEY-
CTBYIOIIHE OpPraHs! ero Tena. M B ToM ¥ Ipyrom ciydae peayk-
uMs 06beKTa H3ydeHUs CBOANTCH, B KOHEUHOM CHETE, K B3aHMO-
JEHCTBHIO MpOIiecCcopa, ABAIOMET0CS MeTahH3HIECKOM CyLINO-
CTBIO RA0MIORATeNA, C LIEHTPATLHOH HEPBHOM CHCTEMOM TOCHEN-
Hero. O6pa3HO MOMXHO CKa3arb, YTO MO3F SBIAETCA TEM HHTEp-
deficom, MOCpencTBOM KOTOpOro mpoueccop mabmiogarens o6-
IAETCA C BHEUWIHAM MUPOM.

Apyras Baxxeiiniad yepTa yIbTPaMacCHBHOTO CIydas MeXa-
HHKHM COCTOMT B TOM, UTO 3/1€Ch IPOLECCOP HE SBIACTCH JaTdH-
KOM CIIy4aifHBIX THCEN, HO HMEET BO3MOXKHOCTE B IIONHON Mepe
NPOABIATH CBOK CBODONXY BOIH M COTNIACOBEIBATH CBOE MOBEAE-
HHE C HEKHMH CBOHMH NOTpebHOCTAMH.

HUncpopmayuoHHoe a3aumo-
dedcmeue

B nocienHee BpeMsA, B CBA3M € MOSBIEHHEM MACH KBAHTOBOTO
KOMIOBIOTEPA M IIONBITKAMH TEXHHYECKOH pearH3alua IToi
HAEH, BOIHHKNO HEKOTOPOE HANPABICHHE HayUYHOM MBICIIH, KHO-
raa HasLBacMoe Keanmoeoli ungopmamuxoti. Ot coBCTBEHHO
KBAHTOBOH MeXaHWKH 3TO HalpaBienne oraenseT To obcrod-
TENBCTBO, UYTO HCIONLIYEMBIE TAM ITOHATHA HE HAXOAAT CBOETO
BHIPAXXECHUS HA €€ MATEMATHYECKOM si3bike. [ToneITku xe ofnbiac-
HATHCH UCKITIOTHTEIBHO HA 3TOM A3LIKE TIPHBOAAT K TYTAHHEIM ¥
MHOTOCAOBHBIM, ¥ HEA/ICKBATHHIM PAcCYIKIACHHAM.
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LleHTpanbHBIM OHATHEM KBAHTOBONH HHGOPMATHKH SBIISET-
Cf IIPEJCTABICHHE O CYenAeHHbIX WIH 3anyMantbix COCMORHUAX
(entangled states). Eciv [Be MaTepHANbHBIE CHCTEMBI HAXOAHTCA
B CUEIUIEHHOM COCTOSHHH, TO 3TO 03HAYAET, YTO M3MEHEHHE CO-
CTOAHMSA OJHOH H3 DTHX CHCTEM BBI3BIBAET MZHOBEHHOE H3MEHe-
HHE COCTOSHHA ¥ JPYroH, HECMOTPA Ha TO, YTO MPOCTPAHCTBEH-
HO 3TH CHCTEMEBI MOTYT HAXOJHUTRCS OYEHb JaieKo APYT OT APYyTa
H OBTh HMKAK HE CBA3AHHBIMH MEXJy Coboif KakHMH—IHOO
OOBIYHBEIMHM  B3aHMOACHCTBMAMH, OTMCUYCHHBLIMH IIEPEHOCOM
SHEPTHH.

‘To, 9To MaTepHATBHBIE CHCTEMEI, Pa3fejieHHBIEe Aake KOC-
MHYECKHMH PACCTOSHUSIMK, MOT'YT HAXQMATHCH B COCTOSHHUH
CIIEILICHHOCTH, M3BECTHO EIIEC CO BPEMEHH 3HAMEHHTOH AHCKYC-
cHH DfftHurrelina ¥ Bopa. 310 00CTOATEILCTRBO, OXHAKO, HE HAXO-
JUT HHKAKOI0 OTPAXKEHHS B MaTEMaTHISCKOM (QOpMANH3ME
KBaHTOBOH MEXAaHHMKH. TeppanbHOE NMPOCTPAHCTBO MATEPHAIH-
HOH CHCTEMBI, cocTofleH M3 OBYX HEB3aMMORCHCTBYIOHINX
OGKMIHEIM 00pa3oM MOACHCTEM, SBIAETCH LPAMBIM IIPOM3BEIE-
HUEM HMX TEPPAIOB, H, COOTBETCTBEHHO, BEKTOP—COCTOSAHHE 3TOH
CHCTEMBI ABIACTCA NPOHIBEACHUEM COCTONHHI 3THX IOACHCTEM.
3To BCe, 9TO MOMKET CKa3aTh KBAHTOBAA MEXAHHKA, BOIIPOC XE O
TOM, H3MEHHTCH JIH COCTOAHHE OAHOH M3 ITHX MOACHCTEM IIpH
H3MEHEHHH COCTOSHHS OpYroH, oHa octaBiger 0e3 oTBeTa. 1o,
9TO «CLENICHHOCTRY €CTh Memaghuzuyeckoe aanene, CIIeayer u
U3 TOTO, YTO OHO TIPOABIILETCS MONBKC 8 NPUCYMCMEUU npoYec-
COpog, CAMHCTBEHHEIX CYOBEKTOB, CIIOCOOHBIX H3MEHATH COCTOA-
HHs cucTeM. OTMeTH ellle, 9To, KaK CICIYET H3 BCETO CKa3aHHO-
o BHIIIE, KBAHTOBAY HHOOPMATHKA MOXET CTATh KOAUUECHEEH-
HOU HAYKOU TONBKO B TOM CIIyZae, €CIIH OHA ABHO BBEIET B KPyT
CBOHX TIPEJICTABJICHUM KaTeropuio awcambas, 6e3 xoropoit Hu
TIOHATHE MHGOPMALIUH, HH ¢ KOIIMIECTBO HEOUPEIS/IMMEI,

B Teopnu MHOXECTB BaxkHelHIlEe MECTO 3aHMMAET TAK HA3BI-
BaeMas mpoueaypa fuexyuu, yCTaHABIIABAOWUIAA B3aUMHO OJHO-
3HaYHOE COOTBETCTBMC MEXKAY J3NIEMEHTAMM ABYX KaKHX—IHGO
MHOXKECTB. B crmydae OeckoHEUHBIX MHOKECTB T8 IIpoueypa
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OTHIO[b HE TPHBHAIbHA, OHA TTOPOKZACT, HAPHMEpP, 3HAMCHH-
Ty MMpobleMy MOMHOCTH KOHTMHYYyMOB. B MaTemarmke 31a
TpOLENYPa SBIIETCH, ©CTECTBEHHO, YMCTO YMO3PHMTEILHOH, B
MeTadH3AKe, OAHAKO, OMEKUHA BBHICTYNAET B CBOSM MaTepHAIH-
30BaHHOM BHZE KaK HEKOE uHghopMayuortoe s3aumooeticmsue.
Cas3aHHbIC OMEKTHBHEIM OTHOWIEHHEM MHOMECTBA BEITIISIAT
3jlech KaK COCTONHMSA (BepHee, CCOTBETCTBYIOILME MM aHCaMO-
JIK), HAXOOAUIHECA B CICILIEHHOM COCTOAHMH. IIpucnocabnupas
HOOHATHA TEOPHH MHOXKECTB K IoTpebHOCTAM MeTadM3IUKH, MBI
OyneM Ha3EBATh IIOJMHOXECTBa aucambuell gpaxmonamu, a
camo¢ OMEKTHBHYIO CBA3EL KAKMX—IHOO ()paKTOHOB — HX SMna-
muetl («suyscmsoeanuemy). Takoe NCHXOaHAIMTHYECKOE HA3BA-
HHME XOpOIIO BEIpAXKACT CYTh JeNa, KorAa peub wierT 00 madop-
MALHOHHOM B3aMMOACHCTBHM (pPaxTOHOB, SBIAIOIOMXCA IIOA-
MHOMECTBAMH aKmyansiblx ancambiaei, IPeICTaRIAIONX IPo-
HECCOpOB B AcTpaie.

C TeppaibHOit TOUKH 3peHHA MOACHCTEMBI KaKux—Inbo Ma-
TEPHANBHBIX CHCTEM MOTYT TIPEACTABNATHCA COBEPIISHHO HEMO-
xoxHMH. OIHaKO, eclH BX (hpakTOHBI SMIIATHPOBAHHEL, TO C ac-
TPATBHOH TOYKM 3pPERUS OHM NMpPEACTaBIAOT co00H ORMH H TOT
Ke (PaKToH, 1 HUKAKOH MPOLECCOP HE MOKET 0OPATHTLCH TONb-
KO K OIEHOMY U3 HEX. B TeppailsHOM IPOCTP2HCTBE «aIpecaMu»
B3aHMOJIEHCTBYIOUIMX MEKAY CO00 MaTEPHATBHBIX CHCTEM Cl1y-
&KaT HX NPOCTPAaHCTBEHHO-BpEMEHHbIe KOOPAUHATH, B acTpain-
HOM XK€ —— aJpecOM TOr0 WM MHOTO ()paKTOHA, YUACTBYHOIIEIO
B HH(QOPMAHOHHOM B3aHMOZEHCTBHR, BBICTYIIAET TO, 9TO MOX-
HO Ha3BaTh €TO umeneM cobcmeennvim. TaKuM MMEHEM MOXeT
CIY’KHTh HEKOTOPHIM 00pa3zoM JHHEHHO ynopsagoHeHHbIH Habop
JHAYEHHI COOTBETCTBYIOIIMX HHTETPATOB ABIDKEHMHA. B Takom
CBeTe MPOLIECC YCTAHOBICHHA IMITATHH MEXIY IBYMA KaKAMH—
au6o (pakToOHAMM MOJKHO IIOHHMATh KAK ynooobienue UX UMeX,
IPH 3TOM TO, 9T0 (QM3MYECKUH CMBICII COOTBETCTBYIOMIUX MHTE-
TpaloB ABHXCHUA MOMXET OBITh COBEPIUCHHO DPA3IUIHBIM, HE
HMEET HHKAKOIo 3HaueHuA. FiMeHa Bcex CYIIeCTBYIONMX B ACT-
pane ancamOneii, mogobHO anpecaM sYeeK NAMATH B OOBIYHOM
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KOMIIBIOTEpE, 00A3aHE ONTEL HenosmopumbiMy. ITO COOTBETCT-
BYyeT, HaIpHMep, TOMY, 4T0 BCe (pepmmuonsl Teppana Haxondrcs,
cornacHo npuHupny [layma, B HEMOBTOPMMEIX COCTOAHMAX, 2
6030HE, HAXOIAIHECA B OJHOM H TOM XK€ COCTOAHHH, 00pasyoT
HEKYH) €IHHYI0 MaTEPHAIBHYIO CHCTEMY, CBA3AHHYIO MHbOpMa-
HOHOHHEIM B3aHMOLEHCTBHEM.

KrantoBoMexaHH9eCKHI IpoLecC M3MEPEHHN MapaMeTpoB
MATEPHAIBHEIX CHCTEM H T4 €ro Pas’HOBHAHOCTH, YTO B YIbTpa-
MACCHBHOM CIy4ae Ha3plBa€TCH 33JI8HHEM HAYaNbHEIX YCIOBHH,
He MOr'yT OhTh IOHATH! Oe3 mpencraBieHHd o6 HHDOPMALHOH-
HOM B3anMoAeHCTBHH. I10 cyTH, akT H3MepeHKA 3aKITIOYAETCA HE
B PEAYKIHH JIMAIL KAKOTO~NHOO COCTOSHHS MHKPOCKOMHUYECKOH
CHCTEMBI, HO B PEAYKLMH §0lIee CIOKHON MaTepHaIbHOH CHCTe-
MBI, OTJENbHBIC YaCTH KOTOPOH CBA3aHml MeXIy CoOol smuaru-
gecKuM 06pa3oM. JTa CHCTeMa COCTOHT, NMPEKAE BCErO, H3 H3Y-
YaeMOT0 MUKPOCKONuYecko20 00vexma U NpeIHA3HAYEHHOTO
IS H3IMEPEHUA 3HAYEHMH COOTBETCTBYIOLIMX HHTEFPAIOB ABH-
KEHHA MaKpockonudeckozo npubopa. Tipu 3Tom (BpakTon 3T0ro
npuopa, NpeacTaBACHHEIH OHATHEIME ANA DKCIIEPHMEHTATOPA
€r0 CTENCHAMHU CBOGOMBI, JOMKEH HAXOAUTHCA B COCTOAHHH M-
NIATHH C H3yYaeMuIM PPakTOHOM MMKPOCKONMHYIECKOro 00beKTa.
Hanee, B noanexamyio peXyKIHE CUCTEMY JOIKHED ORITE BKIIIO-
YEHH T¢ QPAKTOHBE! HKCHECPHMEHTATOPR, KOTOPBIE COOTBETICTBY-
I0T 33j€licTBOBaHABIM B paboTe paszzenaM ero HepBHOH cucte-
MBI — B OIIPEJEJICHHO CMBICHE H MakpocKonuieckuil npubop, u
TENO JKCHEPHMEHTATOPA CASRYeT PACCMATPHBATH KaK €XHHOE
H3MEPHTENRHOE YeTpoHcTBO. W, HakOHeN, MBI JOMKHE! BKITIO-
YHTH B LIETIOYKY COOTBETCTBYHOIHH (PAKTOH aKMYanbHOZ0 aH-
cambns, TPENCTARIMIOUIEr0 yJacTBYIONUIEr0 B aKTe HM3MEpEHHS
npoueccopa. MiMenno 31oT aHcamMOils — e€IHHCTBEHHO OJYIIEB-
JIEHHBIH CYOBEKT COOTBETCTBYIOMICTO aCTPANBHOIO HPOCTPAHCT-
B3 — M OCYINECTBISIET PEXYKIHIO Beeil 5Tol HHGOPMAIIMOHHBIM
00pa3oM CBS3AHHON MaTepUANLHON CHCTEMB! M, B KOHETHOM
CYETE, M M3y4aeMOro MHKpOcKonu4eckoro obnekra, To ob6cros-
TEJILCTBO, YTO BCC BXOAAIIHE B ONHCAHHYIO CHCTEMY (DpaKTOHBI
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MOTYT B3aUMOJCHCTBOBATE MeKITy cobod u PM3uyeckum oOpa-
30M, HMEET COBEPIUEHHO BTOPOCTENEHHOE 3HAYCHHE — B JIyd-
HieM CiTydae 3TC B3aHMOZEHCTRHE HYKHO JHIIE I YCTAHOBIE-
HMA HX SMIIATHYECKOTO SIUHCTBA.

JIro60onEITHO, 2 MOXET OMITH ¥ OYYUTENBHD TO, UTO HOHS-
THE BMIIATHH HE YYKI0 M HAMIKM JOMAalIHUM KOMIIBIOTEpPaM.
Cuctema OLE (Objeit Linking and Embedding) nossoinser ycra-
HABJIMBATh ¥ Pa3phIBATE CBS3b MEXKIY COAEPMUMBIM JBYX Ka-
Knx—ubo dalinos: ecin Qaitisl CBA3aHbL, TO MPOrpaMMHCT —
€r0 MOXKHO ITOHMMATH KaK AKTYATBHYIO COCMAEIRIouyic KOMIb-
FOTEPHOTO TIPOLIECCOopa, — HIMEHAS TOT HIH HHOH ¢paKkToH Of-
HOro (aiina, cOOTBETCTBYIOMUM oOpa3oM HM3MEHSeT M IpYroi
thaitn. BaxHo 3gech TO, 4T0 aiIoBble CHCTEMBI H IPUHIIKITEL
KaTanorM3alud 3THX ABYX (ailoB MOryT OBITE COBEPIIEHHO
Pa3THIHBIMA.

BakHpIM MeTahu3NdecKuM OTIIMIHEM COOCTBEHHO KBAHTO-
BOMEXAHUYECKUX M3MEPEHHH OT KIACCHHECKHMX, TOUHEE, YIbTPa-
MACCHBHBIX 3aKIII0YaETCA B TOM, 9T0 B IOCJICIHEM CITydae B Po-
1lecc 3a7aHMs HAYAIBHEIX YCIOBHH BKIIOYAETCA TOT (PaKTOH
AKTYanbHOTC aHCcaMOyd, KOTOphIH MK HA3LIBAEM COIHGHUEM.
HMeHHO 3T0 0BCTOATENBCTBO AENAET PEAYKIHIO COOTBETCTBYHO-
HIHX comamy4eckux (PPakTOHOB HCCNCAOBATENA HE CIydalHEBIM,
HO OCO3HAHHBIM AKTOM.

nobaneHbil npoyeccop

B Hagane 3TOro dcce MEBI CpaBHWIH ACTpai ¢ HEKMM riobais-
HeM KommeioTepoM. [1o1o6HO 3TOMY REKHIt KOMIILIOTEP MOXKET
OwrTh conocTanaeH ¥ ¢ TeppanoM. ITOT «TepPaNsHBIH KOMITBIO-
TEP», OXHAKO, ABISETCA BECHMA CHEHH(PHIECKHM — B OTIHIME
OT aCTPanbHOTO OH He CeX3aH ¢ MOHATHEM HHpOopMarHy. Takoro
pona KOMITBIOTEPE. HAM XOPOIIO HIBECTHEI — TEPPaIbHBIH KOM-~
NBIOTEP ABILCTCA ananocoevim. OH «cO3JaH» JA pelenHs of-
HOH eIWHCTBEHHOH 3a71a4uM W He TpebyeT g CBOero (PpyHKIHO-
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HHMPOBAHHS Y4acTHH Kakux—nu0o mporpaMMECTOB. M3HavampHO
BHEIPEHHbIM B HEro ANrOPUTMOM ABIAETCA TOT AHAIH3, 4YTO
npeacrtasnaeT coboit Exmnyio Teopuio Beero. Hlocrarouso, oc-
MEICIICHHO UM HET, BBECTH B HErO HAYalbHEIE YCIOBHA, OTHOCA-
IIHeCH K KAKOMy—THOO MOMEHTY BPEMEHH ! = ) H OH aemoma-
muyecku BBIZACT PEIICHHE JUIA BCEX TPOMEAuMX M Oyzymmx
BpeMeH. B oTmrune ot sToro «mgposoi» Komnriotep Actpana
HE 3HAET HenpepvleHOCHi, €r0 OCHOBA OCHOB -— 3TO Juckpem-
HOCMb K CBA33HHOE ¢ HEH MOHATHE MHOXKECTBA, KOTOPOE, CO-
raacHo aopusMy KanTopa, «ecTh MHOTO€, MBICTHMOE KaK €Iu-
HOE»,

Bce, 9T0 OTIMYaeT 3K3UCTEHLUKRANBHEL MHD OT MHpa Cylue-
CTBRYIOUIEro 0043aH0 IpoLeccaM IPOUCXOAAIHM B AcTpane. Ero
MATEeMaTHKa OPHHLHINATBHO OTIMYAETCS OT TeppallbHOrO aHa-
aM3a. 3TO TeopHs MHOXKECTB M TAKUE pasjeihl MaTeMaTHKHU,
BKIIIOYAIONIAE B CBOK) aKCHOMATHKY IIOHATHE MHOXKECTBA H He-
KOEro aKkTHBHOIO CyOBEKTa, Kak TEOPHA BEPOSTHOCTEH, HIEeMEH-
TH! KOTOPOH KBaHTOBas MeXaHMKa OblT4 BRIHYX/CHA BKIIOUHTE B
CBO} HHCTpYMEHTApUH, TEOPHSA HIP WM, HallpUMep, MaTeMaTH-
qecKas JJOTHKa, B OCHOBE KOTOPOH JIEXKHT COBSPLUICHHO HE Xapax-
TepHoe Mg Teppana mpencraBleHHe O NMPUYHHE H CIIEACTBHH.
Bricmel xe «ovateMaTHkoM» AcTpana seasercd gurocogus,
IIOCKONGKY B OCHOBE €€ JISKHT MeTadH3HUECKOe «IyJ0» — CTIO-
cOBHOCTR K ASTYKTHBRHOMY 000GUIEHNKY HHAYKTHBHBIX (aKTOB.
Toasko 3712 criocobHOCTS MOXKET CKa3aTh, 4yTo mocne 1, 2, 3, 4
AOIAHO CIIeI0BATh, CKOpee BCEro, 5.

C noHATHEM MHOMKECTBA HEepasphIBHO CBA3aHO NpeACTanlie-
HHE O KayecmeeHHOM PA3iKAUH NPEAMETOB, (OPMHPYIOIMX
pasEble MHOXecTBa. COOTBETCTBEHHO JTOMY BBIBOJABI (PHIOCO-
QUM HOCAT He KOAUNECHMBENHDI, HO Kauecmaennull xapaxmep.
Ee 3amaya myTeM JOTMYECKHMX YMO3AKIIOUEHHH AOBECTH dedyk-
MueHblil UHcatim 10 HEKOeH MOXRIM, KOTOPYIO MOXHO C T€M HIIH
HHBEIM YCIIEXOM CPaBHUBATH ¢ PEATHAMH DSK3HCTEHIHAIBHOIO
MHpa. ®Unocophus HeCPaBHUMO CTApIle OCHOBAHHOM Ha aHaM3e
Hayx. Kak cocrasHan 4acTh PEJIHrHH OHA BO3HUKIA, BOZMOXKHO,
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¢ nepBrMY pobiIeckaMH 9e10BeYecKoro co3Hanns. OT pelHruy
Ke, KAK TAKOBOH, €¢ OTJIMYAET TO, YTO MOCHEeIHAN, TOMUMO (H-
N10cohcKO—MHDOIOTHISCKOTO OOBACHERHS MWpa, OOA3aTenLHo
CONEPXKHUT B cebe H «IKCIEPHMEHTAIBHYI0 METa(QH3UKY» T. €.
Maru4ecKyilo npakTAky. OZHaKO OCHOBA 3TOH COCTABMSIOLIEH
PEIMIHY ARISETCA Be TONBKO YENOBeYecKol — €10 BIakeer éce
acusoe. DU3NKH JKE, 3TH «KPENB AHATH3A», CTATH CMYTHO K C
BUAMMEIM OECTIOKOMCTBOM JOTaJHBATHCA O HAIHIHK Yy cebsa ma-
THYECKUX CIIOCOOROCTEN, TONMBKO MRITARCH OCMBICHMTA CYIH-
HOCTh KBAHTOBOMEXAHUYECKOIO IKCIICPHMEHTE.

* *

BoO3HEKHOREHHE KOCMOTOHMYECKOTO Mu(pa MOXKHO MPOMILTIOCT-
PHpPOBaTh CASAYIOMMM TekcToM. [Ipencrasnenne O MpoOCTPaHCT-
BE—BPEMEHH U B OOBIAEHHOM CO3HAHHH, H B (H3HKE CYLIECTBYET
KaK HeKas apHOpHas JaHHOCTh, H Kakue—THO0 BOIIPOCH O IpH-
YMHAX TOTC MIH MHOTO €ro CBOHMCTBA BRIITIAAAT KaK IIPOTHBOEC-
TeCTReHHbIC, OIHAKO ¢ META(QUIMISCKONW TOUKH 3PEHMA TaKkHe
BOINPOCHI HE TOILKO YMECTHEE, HO H BO3HHKAIOT CaMH co00i.
TeppanbHoe ' IPOCTPAHCTBO KBAHTOBOH MEXaHHKH HHBADH-
aHTHO MO OTHOMICHMIO K KakoMmy OBl TO HM OBLIO CBOEMY Opea-
CTABJICHHIO, OYyIb TO KOOPOMHATHOE, MMIYJIBCHOS HIIH KaKOe—
anGo eme. B 310M cMBICTE MOXKHO CKa3aTh, YTO KaTETOPUs TIpo-
CTpaHCTBa-BpeMeHH BOOOIIe He crolicTBeHHa Teppany. Taxum
00pa3oM, IPUYHHA TOrO, 9T¢ MBI BOCIPHHUMAEM MPOCTPAHCTBO
M BpeMs KaK JK3HCTEHIWAIBHBIE CYIIHOCTH, MOXET HaXORHTECS
TONLKO B Actpaie. COOTBETCTBEHHO DTOMY MBI HOIXKHEI TIPEAR-
NOJIOXKHTE CYLIECTBOBaHHE 0C000ro 2r0banbHo20 npoyeccopa,
BOCMIpHHHMAOIEro Teppan UMEHHO B KOOPAKEATHOM NpPEACTaB-
AeHuH. [106anbHBEIM 3TOT MPOLIECCOp ClIEAyeT CIUTATh MOTOMY,
YTO HMEHHO CBOMCTBEHHOE €My KOOpAWHAaTHOE BUAcHHE Teppa-
Ja ABIAETCA ODLIMM IS BCEX OCTANBHAEIX CYLECTBYIOIIMX B Ac-
Tpajie NIPOLECCOPOB. YIHTHIBAA TaKO€ €r0 «MOTYIIECTRO» MHE
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xoTenock 6b1 HA3BATH €T0, B TyXe HeKOero, CKopee, IO3THIECKO-
ro naHTeusma, Xpornocom. Ilockonbky XpoHOC MOXKET HIMEHSTH
TONBKO IPe/ICTaBIIeHHe COCTONHU Teppanra, HO He BiIacTeH BMe-
INHBATECA B CAMO 3TO COCTOSHME, TO MOXHO AYMAaTh, YTO ajro-
DUTM, COOTBETCIBYIOWIMH XPOHOCY, HOCTaTOYHO IpocT M 00o-
3puM. ECTECTBEHHO NMpeAnonoKuTh, 9TO Lels XPpoHOca 3aKIio-
qaeTcsd B TOM, 9T00B B Hanboee KOMIIAKTHOM BHIE OTPa3HTh B
ACTPAIBHOM IIPOCTPAHCTBE COCTOAHHA MATEPHAIBHBIX CHCTEM,
T. €. MUEEMH34pPOBATE COOTBETCTBYIOIIYIO SHTPOIHIO.

Bosmoxnoe nopeaeHre XpoHoca IpolNe NOACHUTH, €CITH
BBECTH TIPEACTABIEHNE O cybvexkmuanoil cucmeme. Obpainasce B
HEKOTOPBIH MOMEHT BPEMEHH K MaTEPUANBHOM cUcTeme, XPOHOC
BOCIPHHHEMAET €€ COCTOSHHE KaK Hekuit ancaMOnb, COOTBETCT-
BYIOLI#H KOOpIWHAaTHOMY Oa3ucy, (PHKCHPOBAaHHOMY JTHM MO-
meHTOM. Ecmi 6b1 XpoHOC MOr BRIPAa3HTh 3TO COCTOAHHE YEPE3
6a3nc, onpeneneHABH KaKHM~IHOO IPYTHM MOMEHTOM BpeMe-
HH, TO, BO3MOXHO, COAEPKaHUE DHTPONHMH B MO—HOBOMY OTpa-
JKEHHOM COCTOSIHHH CHCTeMBI Obi10 Obl HIDKE, YeM OH NONYIHIL
Opnxako 1A nocTpoeHns 3Toro Gasuca Hafto 3HATH MOTEHIIHATE
B3aHMOOEHCTBHEA 4YacTHI, 0Opa3yIOIMX MaTepHANBHYIO CHCTE-
My — a ero aHcamOmIb HuYero o6 3TOM He TOBOPUT — M, B CYIN-
HOCTH, 00paTHTECH 33 TOMOLIBI0 K TEeppaTbHOMY KOMILIOTEDY.
[TpennonoxuM, OQHAKO, YTO M caM XPOHOC 0BNANacT HEKHMH,
OYEeHb CIA0BIMA AHANMTHYECKUMH CHOCOOHOCTAMH — OH yMeeT
AHATH3HPOBATE COCTOAHHA CYOBEKTHBHBIX CHCTEM, COOTBETCT-
BYIOIUMX PEaNbHBIM MATEPHAIBHBLIM CHCTEMaM, HO COCTOSINHX
U3 HEB3aHMOIEHCTBYIOIUMX JacTHI. Temepn, moHuMas CBOH aH-
caMOns Kak OTpaKEHHE HEKOEro COCTOSHHS CyOBhEKTHBHOM CcHc-
TEME], COOTBETCTBYICHIEH Hy)XHBIM o6pazoM peanbHOH, XpoHOC
MOET CTPOHTH CyOBEeKTHBHEIE 6a3HCEHI, OTHOCAUHECH K M060MY
MOMEHTY BpemeHH, (O0nanas ke 3amacoMm 0a3HCOB, OH MOMET
BEIOpATE TOT, YTO COOTBETCTBYET MHHUMYMY SHTpONHH. ['0BOPS
mponte, XpoHOC BIANEET HEKOTOPHIM CTaHAAPTHBIM HaGopoM
6a3ucoB, MO3BOMMIOIUM €My MHHUMHMIUPOBATH IHTPOIHIO, H3-
MEPEHHYI0 MM B mo00# MOMEHT BpeMeHH.
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CMBICTT HApHCOBAHHOTO «MH(]a» 3aKmo4YaeTcs B TOM, ITO
OITUCAHHBIE CBOHCTBA ri1obanpHOIO Mpomeccopa, Kak MpeacTas-
JIAETCH, [IO3BOJIIT, HAKOHEW, TIOHATE CYTh 0e3yclioBHO MeTadu-
3HYECKOTO IO CBOEMY NPOHCXOXKICHHIO 3GKOHA 603DACMAHUA
anmponuy. 1IpeAIIOCUTKH A5 3TOro TaKoBbI. PaccMoTpuM MaTe-
PHANBHYIO CHCTEMY, COCTOAHHE KOTOPOH TaKOBO, YTO B MOMEHT
BPEMEHH ! = f; OHA HAXOMMUTCHA B TOYKE |rofp). DHTPOIMSA ITOro
COCTOSIHHA paBHa, OueBHHO, HyIO. Ecny 312 "9actuna ceobon-
Ha, T. €. BHEIHEE II0Jie OTCYTCTBYET, TO CyOBEKTHRHA CHCTEMA
Xporoca cosnagaet ¢ peansHoi. Kakosa 6b1 HH 6bLTa S3HTpONMA
aHcaM0ns, MOMYYEeHHOTO XPOHOCOM B MOMEHT BPEMEHH #; ! fy,
OH MOKET BHIOpaTh B KadecTBE NPEACTaBISHHS TOT caMblit Oa-
3HC, B KOTOPOM JHTpPOIMA paBHANack Hy:no. Jpyroe neno, eciu
YaCTHIA HaXOAMTCA BO BHEIIHEM IIOTEHLHANE, HAMpPUMEp, B Ca-
MOCOTJIACOBAHHOM II0JIe, NPEICTABIAIOIIEM CIOKHYI0 TEPMO/IM-
HAMHYECKYIO CHCTEMY, B 3TOM cnyyae aHCaMOJib, OIYMCHHKH B
MOMEHT BPEMEHH [ = f) Y€ HEBO3MOXHO peIyLUHPOBATE 0 CO-
CTOSHHUA C PABHOH HYIIO DHTPOIHEH, MOXKHO BRIOpaTh UL Ta-
KOH MOMCHT BPEMEHH #), KOTOPOMY COOTBETCTBYeT Oaszuc, Muru-
Musupyouguti IHTPorHi0. TToHATHO, ITO YeM OOJNBIIE MOTEHIHAT
H Y€M JaNbilie OTCTOMT MOMEHT BDEMERH #; OT #), T€M HOabUiUM
OK&XKETCA 3T0 MHHHMA/ILHOE 3HaueHUe SHTponun. Ecnm XpoHoc
o0paitaeTcs K MATEPHATLHBIM CHCTEMaM LOCTATOUHO YacTo, TO
3HTPOIMA CHCTEM, HaXOAAIIMXCH B COCTOSHUAX JIAIEKHX OT pas-
HOBECHBIX OyIET BO3pacTaTh BILIOTH JO CBOEr0 MakCHMAIBHOIO
3HageHHA. EcTecTBeHHO COMTaTh, HTO (KBAHT BpEeMEHW», Ompe-
OEIANIAA 4acToTy, ¢ KOTOpo# XpoHoc ofpamaercs K MHpY,
GecKOHEYHO MaJl, XOTh M HE PaBeH HYIIO (TaK YUMT HECTAHIapT-
HEIH anain3), B Dpoliecc BO3PAaCcTaHMS SHTPOIUH HETPephiBeH,

OugeHp BaKHO NOHUMATD, 4TO JACATENBLHOCTh XPOHOCA HH B
KOEH Mepe He HIMEHAEST COCTONHNA, B KOTOpoM npeOriBaer Tep-
pajl — 3T0 €T0 COCTOAHHE UHBAPUAHMHO OTHOCHTENBHO KaKOTQ
Om TO HH OHIO ero mpeacraBnenus. Obpamascs k Teppary B
HEKOTOPBI MOMEHT BpEMEHH — HMEHHO 3TOT MOMEHT CIIELyeT
CUHTATh HACMOAWUM, — OH JHIIb [PEICTaB/IACT 3TO COCTOSHHE

31



Teppana B HekoeM koopamHAaTHOM Oasuce, IOCTaRIAIOMEM M-
HHMYM 3HTPOITHH, ABALONIeHCT GyHKIHOHANOM, ONPENSIEHHOM
Ha MHOXeCTBe npencrasneHuit. To ob¢ToATeNsCTBO, YTO COCTOS-
HHE TEPPATBLHOTO NMPOCTPAHCTBA IIPH ITOM HEe HIMEHASTCA, O3HA-
9aeT, 3aKOH BO3PACTAHHA BHTPOIMH HE ABIAETCA hyHOamer-
MAAbLHbIM 3aKOHOM [IPUPOJIKL, HO HOCHT JIHIIL CIMAMUCmuyeckus
xapaktep. «T'eopema o BosspaTax» IlyaHrape 1 €e KBaHTOBOMe-
XaHH4ECKHI BapHaHT [9], Joka3nBaeT, YTO BCE MAPAMETPEL, Xa-
paxrepusyonme mo0yl0 MATePHaTbHYIO CHCTEMY, ABIAIOTCA
NEPHOAMIECKHME (DYHKITHAMH BPEMEHH, H AeATeNbHOCTh Xpo-
HOCA HE MOXKET, KOHEYHO OTMEHHTH 3TOH TeopeMnl. 3aKoH BO3-
pacTaHMs SHTPOIMH HMEET MECTO OLITh JMHMINB IOCTONBKY, HO-
CKONBKY «BpPEMA BO3BPATa», XapakTEPHOE 1A CHCTEM, o0nagaro-
IAX CKONMBKO-HHMOYAB 3HAYMTEILHBIM YHCIIOM CTEIEHEH cBobo-
Aibl, ABISETCH KOTOCCAIBHEIM — YK€ UL IMHEHHON LenouKd U3
cta aromoB 370 Bpems ~ 10' jer, Taxnm oGpazom, 3akon Bo3-
pacTaHMs SHTPOIMH JO/DKEH IIOHHMATBCA HMEHHO TaK, Kax 3TO
nokasai Jironsur Bonbiman.

Ilpenctasnsercs, uro AedTeNbHOCTEIO XpoHOCa 00BACHACT-
¢Sl H JApPYToe, MaJlOBPa3syMHUTENbHOE MPABIIC KBAHTOBOH MeXaHH-
KH. PaCCMOTPHM CUCTEMY, COCTOSIMIYIO M3 ABYX YaCTHIL ¥ Haxo-
IAMYyIOcs B OZHOM H3 CBOMX OasHCHBIX COCTOSAHMH. B 3ToM ciy-
4ae BEKTOpP COCTOAHHS ABIHETCH IPAMBIM IPOU3BEHEHHEM BEK-
TOPOB COOTBETCTBYIOIIMX OJHOYACTHYHBIX COCTOAHMIA:

) = [rito)lrto),

INe TIEPBBIA HHIEKC Da3iH4aeT YacTHIBI, 8 BTOPOH — TOYKH
IIPOCTPAHCTBA, B KOTOPBHIX OTH YACTHULI HAXOIATCS. [lpunyun
mooicoecmaeHHOCMU,  ABIAIONMICA  (PeHOMEHONOTHIECKHM,
HACHJIbCTBEHHO BHEAPEHHLIM» B MAaTeMATHYCCKHH amnapat
KBAaHTOROH MeEXaHVKH paBHICM ITIACHT: €CIH JABE€ YACTULIR] AB-
JSIOTCS OJUHAKOBEIMH, TO COCTOSHHIO 00pa3yeMoil MMH cucTe-
MBI COOTBETCTBYET BEKTOD

) = Pt lrate) £ iraito)Puto)-
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3HaK IUTIOC HITH MEHYC Oeperca B 3aBHCHMOCTH OT TOTO DO30Ha-
MM HJIH GEPMEOHAMHE SBIAIOTCA 3TH YaCTHIIHL.

K npunouny ToxaecTBEHHOCTH MOKHO HPHBBIKHYTb, HO €70
HEBO3MOXHOQ TOHATh, EcTecTBeHHO BO3ZHHKaeT BONIPOC, €CITH
YACTHLEI HAXOIATCH OAJIEKO APYT OT Apyra, TO NOYEMY MBI HE
MOXeM HX pasnH4HMTh? OHM 4TO, Kak-TO MTHOBEHHO Nepenera-
I0T ¢ Mecta Ha Mecto? Ilpapuno TOKAECTBEHHOCTH IIPHHIIMITH-
anbHO HE MOXKET NOIYYHTE OOBSCHEHHA B PAMKAX MaTeMaTHYe-
CKOFO #3bIKa KBAHTOBOH MEeXaHHKH; AEN0 B TOM, YTO 3TOT IIPHH-
1ML K@4ecmeeHHbil, a HE konuwecmsenHoill. ECIIM 9acTHUb pas-
JMYAK0TCH, HAIPHMED, CBOEH MacCOH, TO Y€MY PaBHACTCA TO MHU-
HUMATBHOE PAITMYME, IIOC/IE KOTOPOTO YacTHMIBl CIEAYeT CUM-
TaTh OJMEAKOBEIMH? ECITH AHaid3 He MOXET pasIH4aTh JacTH-
[bl, TO TPYOHO NOAABHTE BONIPOC, KTO Xe 3T0 Aenaer? Haw or-
BeT — KoHegHo Xponoc!

Jnsa Xpoxoca MOHATHS IPOCTPAHCTBA HE CYIHECTBYET —
cO30aBaeMbIil MM IpH ODOpalIeHHH K MATEPHATILHOR CHCTEME aH-
caMOnp He couepKHT B cebe HMKaxod wHGopManue HA ITOT
cuet. Ilockonexy XpoHoc He 3HaeT, B KakoH TOYKe IIPOCTPAHCT-
Ba HaXOJHTCH KaKas 4aCTHIIA, OH BRHYKICH CO3[athk aHcamOp,
COOTBETCTBYIOMHHA COCTOSHMIO, CKOHCTPYHPOBAHHOMY MO Hpa-
BHNY TOXZecTBeHHOCTH. Ilpu penyknum sroro aucambis ¢ ie-
ABI0 YMEHBIIHTL €10 SHTPOIMIO OH BhIGHpaeT OmHO Kakoe—nuGo
COCTOSIHHE M3 COOTBETCTBYIOUISH cymepmosunuu., Bribop stoT
ClrydacH — mM00# IOHMKAET IHTPOIMIO Ha OJHY U TY )K€ BeIM-
uyHHY, pasHywo In2. Tlockonpky XpoHOC 00pauaeTcs K CHCTEMAM
AcTpana 6ecKOHETHO JaCTO, TO KBaHTOBOMEXAHWIECKHI IOCTY-
AT TOMISCTBEHHOCTH BIIONHE aJEKBATHO NEpEIaeT UMEOUIYI0-
CA CHTYaIIUIO: CAEAYET JAHIIL IOHHMATS, 9TO HE 9aCTHIEI Hempe-
PBEIBHO MEHSIOTCS CBOMMH MECTaMHK, HO Hexmo MeHAeT MecTaMu
#x 0003HaYCHHA.

IIpupona BpeMeHH ¢ APEBHOCTH ABIAIACH TEMOH dunocod-
CKHMX Pa3MBIILICHHHA H JHCKyccHit. ETo OIMHOH2NPABICHHOCTS,
HalpUMEpP, CPaBHMBACMYO TO ¢ pekod ['epaxmura Ddecckoro,
«B KOTODYIO HEIb38 BOWTH JBAKILD», TO CO CTPENoi DmaMArTO-
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Ha, KOTOpask Hanpas/eHa U3 ipounore B Oyoyniee, OY4eHs TPY/-
HO ITOHATB, [TOCKONBKY IOHATHE 3T0 TpebyeT IOHAMAHUA H TOTO,
uto coboi OpeacTaBmoT «bepera», OTHOCHTENBHO KOTOPHIX
peka BpeMeHH Tteder, IlpencramiieHHe © XpoHoce Kak o
«Bnacrenuue Bpemern» BHOCHT ACHOCTb B 3Ty npoliemy.

- TeppansHoe NpPOCTPAHCTBO HHBAPUAHTHO OTHOCHMTENBHO
BEIOOpAa MPEACTABICHUA, €r0 ONMMCLIBAIOLIET0, B 3TOM CMEICTE
OHO HE CONEPUT B cebe NMOHATHA IPOCTPAHCTBA M BPEMEHH.
OTH HOHATHA BO3ZHHKAKOT JIMING TOrAd, KOLAd HCIIOIB3YETCH
HMEHHO KOODIHHATHOE NPEACTABIEHHE, T. €. OHH ABJITIOTCH Npo-
dyxmamu eocnpusamus Teppana Xpoxocom. Crocobrocts Xpo-
HOCA TEHEpHPOBaTh CYOBEKTHBHRIE NCH—(YHKLHY MaTepHAllL-
HEIX CHCTEM IT03BOJIET €MY CO3JaBaTh IOCACIOBATENLHOCTE
«KaJIpOB», HHTEPIPETHPYEMEIX 00Iafal0IAMH CO3HAHHEM TIPO-
HEeCCOpaMM KaK JK3HCTEHIIHAN, T. €. MUP, HAHHKIH HM B OIIYIOE-
Huax. Co3aB B MOMEHT BPEMEHH ¢ CYOBEKTHBHOE COCTOSHME
CHCTEMBI, XPOHOC MOXET BBIOpaTh CyOBSKTHBHENH 0a3uc, OTMe-
YEHHEIH BpeMeHeM ! + Af, HO He IjiA Toro, 9To0hl pacCcuMTaTh
COOTBETCTBYIOLIYIO 3TOMYy 0a3sHCy 3HTPONHIO COCTOAHHKA Mare-
PHANBHOM CHCTEMBI, HO JIHIIE U TOTO, 9TOOKI HCIIOTB3OBATEH
3TOT MOMEHT BpEMEHH A4 clenylomero K Heil obpamennd. Jlo-
IOJIHAS 3TOM onepauMel npouenypy MUHHMH3AIMH SHTPOIHH,
Xporoc nopoxzaer — B ciiyuae, ecid Af ecTs npucyuuit Xpo-
HOCY HHQHHHTE3WMAIBHEI KBAHT BPEMEHH, — HEUpPEPHIBHO
H3MEHSIONIEecs NpecTaBiIeHue Teppana, KOTOPOE M BOCIPHHH-
MaeTCs CO3HATENBHRIMU NPOLECCOPAMH KK DKIMCTEeHIIMAT.,

Ecnu 65! cylnecTBOBaT HEKH MOCTOPOHHHIA 10 OTHOIEHHIO
K HaIuemy MHpY HaOJronaTens, HaXO[MIIHHCA B KAKOM-TO CBOEM
BPEMEHM ¥ BHAANIMHA HAI MMP B YETBIPEXMEPHOCTH KaKOTO—
b0 (HMKCHPOBAHHOTO KOOPAMHATHOrO TPEXCTABICHHS, TO OH
yBUzen OBl IPEMEPHO CIEAYIOLIYIO KapTHHY. BHois ocH BpeMe-
HH JBIDKETCHS HEeKHi BOnMHOBOH ¢poHT ~— 0H cooTBercTBYeT Ha-
cmoawemy, — pa3phIBalOIMA HElIPephIBHOCTL 1eppaia Ha OBe
gacty. Huke atoro gponta saxomures Ilpownoe, a suimie Byoy-
wee. B ero npomnoit yactu coctofuue Teppana ABISETCH HEKOH
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3aCTHIBUICH, HemOBUXHOH B a0COMOTHOM BpeMeHH Habmroaare-
19 KOHCTPYKLHEH — JesTeNbHOCTE TPOIECCOPOB, CIOCODHEIX
HIMEHATh COCTOHHMS CHCTEM, HE BJIacTHA Hag YK€ CBEpIInB-
muMcsa. FHave roops, [Iponrioe spideT coGolt MpHroXHHCKOE
Cymectpylomee. B ornuume or sroro, Byayiuee, Haxopameecs
Bemme ¢porra Hacrommero, — 3to mup Bosmmkawmero. Ak-
THBHOCTB BCEX IpPOIECCOPOB, BCeTHa cOCpenoToMeHHas B Ha-
CTOALIEM, HENPEPHIBHO H3AMEHAET cocTosHHe Bymymero — mx
meradpusudeckas Mrpa Be3EIBaeT H3MEHEHME aMILIHTYA, C KOTO-
peIMH Oa3HCHPIE BEKTOPHI CTOPOHHETO HabioJarens BXOAAT B
«Oynymee cocroguue» Teppana. 310 ITOCTOSHHOE H3MEHEHHE
Bynymero moxuo npeacraBmath. cebe xak peayaprar paGoTs
TEPPANLHOTO 2HATOTOBOTO KOMIIBIOTEPA; OH IOCTOSHHO Hepe-
CUMTBIBAET Byaymee COTNacHO H3MEHAKIUMMCH B HACTOSIEM
Ha4YaJIBHBIM YCIIOBHAM,

3aksodeHye

CoBepmieHHO 3araJo9HOES W MOPOoiH H AAKE HICONOTHYECKM He-
TIPAEMJIEMOE CBOWHCTBO Habmiofareneil U3IMEHATH COCTOSHHA Ma-
TEPHATIBHBIX CHCTEM M HPEACTABACHHA ITHX COCTOAHHH CTaHET,
BO3MOKHO, 60/iee eCTeCTBEHHbBIM, €CIIH TIPOSCHUTH MaTeMarHye-
CKYI0O OCHOBY 3THX HX crocoOHOcTed, TOT XOpOmo M3BECTHEIH
dakT TeOpHH, YTO IHTPOIKA WIONHPOBAHHKX CHUCTEM HE MOXKET
M3MCHATHCH — CYNIECTBYET NpPEACTaBIeHHE, B KOTOPOM OHa BO-
o011e paBHAa HYMTIO, — MOXHO HOHMMATE KaK CIEACTBHE TEope-
Mbl 0 Bo3spatax [lyarxkape. TlockonbsRy BpeMS BO3BpaTa CHCTE-
MBI B HCXOJHOE COCTOSHUE ONpenenserca YMciIoM cTeneHeH ¢Bo-
00JBl paccMarTpUBAEMOIl MATEPHAIBHOH CHCTEMBI, TO MOKHO
Obt10 681 HaZEATHCH, YTO B CIydae CUCTEM C OECKOHEUHEIM Yuc-
JIOM CTeneHel cBoBOb! — B 3TOM CIy4ae U BpeMd Bo3Bpara Oy-
ner GeckonedHbIM — 3anpeT [lyankape Ha H3MEHEHHE YHTPOIHH
nedicrsoBate He Oyaer. IMEHHO Tako# BRIBOA, HMEHINHA BHI
CTPOTO NOKA3aHHOH TeopeMsl, coaepKuTea B paborax IIpurosu-

35



Ha [10, 11]. Onuako, HaCKOIBKO HaM H3BECTHO, CHCTEMEI ¢ Oec-
KOHETHBIM YHCJIOM CTeneHedl cBoGoXBl, Takue, HAIIpHMep, Kak
3IEKTPOMArHUTHOE TI0JIE, KaKoW—H00 MeradH3Inueckoi aKTHB-
HOCTH HE NIPOSABJIAIOT. JIeI0 3/ech, BHAMMO B TOM, YTO TeopeMa
0 HAPYIIEHMH «3aKOHA COXPAHCHUA SHTPOIIMI) ABNAECTCA THUIIHY-
HOW HeKOHCMPYKMUeHOH TeopeMoii CYILIECTBOBAHUA H HHYETO HE
TOBOPHT O BO3MOXHOI IIPHpOJE COOTBETCTRYIOMIEH GecKoHe HO-
CTH.

Marematka 3HaeT [1Ba BHIa OECKOHEYHOCTEH: nomenyu-
arbHyo W gkmyarvryro. [I0HATHe NOTEHUIHATEHOH GeckoHeqHo-
CTH HEPA3PBIBHO CBA3AHO ¢ KAKUM—IH00 HHIYKTHBHBIM IpOLEC-
COM, MBICTHMBIM NPOAOGKAIIIHMCS HeorpandueHRo. [Tockosis-
Ky CEepIUeBMHOH KIaCCHHYEeCKOr0 aHalH3a ABIAETCH UMEHHO TaK
HOHHMMaEeMBIl NPOLECC NpenebHOTO HEepexoaa, TO Bee Oecko-
HEYHOCTH, BO3HHKAIOIIHE B MATEMATHIECKOM aHANK3E H, CIeI0-
BaTEIbHO, B ONHKCEIBalOIEM Teppal MaTeMaTHYeCKOM alrapare
KBAaHTOBOW MEXaHMKH, MOTYT OBITH MOTBKO ROMEHYUATLHBIMU.
[orennuansHan Geckoneurnocts (o ['eremio — «aypHas Hecko-
HEYHOCTD») HE COAEPXKHUT B cebe HUUero, KauecTREHHO OTIHYAI0-
IIEr0 € OT KOHEYHOI0; B 3TOM CMBICJAE MOMKHO CKa3aTh, YTO
«DeCKOHEeUHOEe — 3T0 KOHEWHOE, HO HEe0ZDAHUYEHHOEN.

CoBceM MHade OeckOHEUHOE BXOIMT B TEOPHK) MHOMXKECTB!
MHOKECTRO, cofepxamee OeckoHeuHo O0NbIIOE YHCIO 3IEMEH-
TOB, ONpENeIseTcad TaM OE30THOCHTENBHO K KakoMy OBI TO HHU
ObUTO MAAYKTHBHOMY TIpOLECCY, T. €. akmyazbho. AGCTpaknuA
aKTyansHON OeckoHeuHOCTH, Xak arpubyra ©OOXECTBEHHOID,
BO3HUKIIO B (PHIOCO(HH 3a0/IT0 IO e€ NOABJICHHS B MaTeMarTH-
ke. IIpencTannenne o MaTeMaTHUeCKOH PeaTbHOCTH AKTYalbHO
3af1aHHbIX OEeCKOHETHBIX MHOXECTB NOCIYXKHIO IIPHYHHOH BO3-
HAKHOBEHNUS (YHIAMEHTATLHOIO KPH3HCA OCHOB MaTeMaTHKH
[Besine I O dmnocodbun Marematuxku, M—JI.: 1934.]. Dror
KpH3¥C SBIETCH, O CYTH, NIEPEHECEHHEM B MATEMATHKY OCHOB-
Hoit mpobrems! ¢mocodun, Bonpoca ¢ IEpBHYHOCTH MaTepH-
JIBHOTO W UACATBHOrO. B MaTeMaTHKe 3TOT H3BEYHBIH CIIOp Ma-
TEPHAIHCTOB M HIEAMHCTOB NMpHOOpesn 0OIHK MPOTHBOCTOAHMA
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«@KTYAIIUCTOB» U «MHTYHTHBHCTOBY. IlepBEIC HAcTaHBAaIOT Ha
JONMYCTUMOCTH giyHOamenmanbHol dedykyuy, T. €. IpaBOMOTHO-
CTH ¢rOOOZHOIO, 063 Kakux—mMb0 JONONMHHUTENEHEIX OTpaHHYE-
HHH ompegenesus MateMmarndeckux oOwexToB. B ornmuume ot
3TOr0 MHTYMTHBHCTKOE HANpABIEHHE B CTPOHTEILCTBE (yHAa-
MEHTa MareMaTHKu TpedyeT, 700kl KakI0e ONpefeieHHe Mol-
PasyMeBao CYLUECTBOBAHHE HEKOTOPOT0 MHTYMTHBHO NOHATHO-
ro KOHCTPYKTHBHOTO -riponecca. IIOCKONBKY 3TOT KPHIUC Mare-
MAaTHKH HOCHT, B KOHEYHOM CUeTe, MUPOBO33PEHICCKHIl Xapak-
TEP, OH, ECTECTBEHHO, HE pa3pellnM B KOHTEKCTE TOJBKO Mare-
MaTuku. FIMeHHO 1109TOMY OCHOBHEIM apryMEHTOM MHTYUTHBH-
CTOB ABRIACTCH TO, 9TO MX MATCPHATHCTHISCKMI B3TJIAI HE BH-
JHT B OKDYXAIOIIEM HAC MHMPE HHYEro , YTO MOXHO OBUIO Obl
OTOXIECTBHTE C AKTYNHHO GECKOHEUHRIMH MHOMXECTBAMH.

Takum 00pazoM, COBEpIIEHHO ECTECTBEHHBIM H, Ha MO
B3I, HEOTPa3’uMoO YOEXHTEeNbHEIM SBISETCH YTBEPIKICHHE,
4TO IPOLECCOPH! IPEACTARIAIOT C000i MaTepHalbHbIe CHCTEME,
XapaKTEPH3YIOIIHECH aKTyalbHO GeCKOHEYHEIM YHCIIOM CTele-
Hei ceoboasl. UMEHHO MO3TOMY COOTBETCTBYIOIIME MM aHCaMO-
¥ MBI M Ha3Banmu axmyanrbbiMu. [JoCKONEKY MaTeMaTHYeCKHit
anmapaT COBpeMeHHOH (PH3IHKW, BIONHE ANEKBATHO OMUCHIBAIO-
wmi Mup CylecTBYIOIEI'0, HUKAK HE MOXKET BKJIIOYATh B ¢e0f
TAKOro pofa OOBEKThI, HOCTONBKY MBI MOXEM T'OBOPHUTH O Hec-
menechocmu npoyeccopos. C Ipyroil CTOpPOHBI, ECTECTBEHHO
IOOIYCTHTB, 4TO IPOLIECCOPHI MOTYT 00181aTEs HAPARY C AKTYAIb-
HEIMH H OGLIYHEIMH, (TIOTEHIMATBHEIMI CTEIEHAMH CBOGOBl K
Kak (u3nveckre OOBEKTHl YYaCTBOBATH, HANIPUMED, B NEKTPO-
MarduTHBIX B3auMoAeHcTBIAX Teppana.

3aMexaTeNbHLIM TIPEACTABIACTCA TO, IT0, KaK 3TO OBII0 yxe
He pa3 B MCTOPHH (H3HKH, MaTEMATHKZ 3apaHee MMPHIOTOBUIA
anmnapar, IO3BOIAIONMA OYEHb XOpOINO IOHATh KaK (u3Hde-
CKYI0, Tak M HEMATEPUANILHYIO CYIMHOCTH mpoueccopos! Ho 06
3TOM B CIEAYIOMIEM 3CCE.
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OU3UKA 1 METADU3UKA
CYBbEKTOB
KBAHTOBOW MEXAHUKU

JTa CTaThf SBIAETCS HpOJOIDKEHMEM HATYphH-
socogckoro acce «dyanrnam xapruHR mupa», B
Hefl MOKa3aHO, YTO AKTYAIBHAd CYIMHOCTS Ipo-
meccopos (KBaHTOBOMEXAHMYECKWX Habmonmare-
aeff) caexyeT, B ONPEACACHHOM CMBICIE, H3 HEKO-
TOpoi TeopuH, 06besMHRIOMEH B canEOM bopMa-
JH3ME DIeKTPOMATHHTHLIC H TPABHTAIMOHHEIC
B3aHMOMACHCTBAA. 3JTa TCOPHA, peair3yellas
OpwHIED JHHIITelHa: «Bee M3 reoMeTpau», oc-
HOBaHA Ha NMOHMMBHME TPOCTPaHCTBa—BPEMEHH
KaK HeapxymeIosa MHOTo00paind,

Heapxumedogki MHO20006pasus

B nieproit yacti ractosmero Tpakrara (deepxun A. H. LyamiaM
K4pTHHEL MHpA) [IOKA3aHO, YTO KaKkoe--mubo Iome, onpeneieHHoe
Ha MHOMKECTBE TOYEK IIPOCTPAHCTBa—BpeMERM, obnamas JMIOb
MOTeHUHATFHO OECKOHEYHBIM THCIIOM CTeleHeH cBOOOILI, He
MOMKET OBITH MPOLIECCOPOM, T. €. CYOBEKTOM, CHOCOBHBIM HIMe-
HATH COCTOSHMA MaTepHalbHBIX 00hekToB. [Tpuemiemyio ¢ HH-
TYMTHBHCTCKHMX ITO3HIMH MPOHERYPY Nepexoda OT 00mexTa ¢
KOHEYHEIM 9HMCIIOM CTeneHeH cBOOOAR K 00BEKTY, ABIAIOMIEMY-
¢ (PUIHYECKUM [OJIEM, MOXHO NPEACTaBHTh cebe CreXyrnuM
06pa3zom. PaccMOTpHM KpHCTAIT — WIS OnpeNesTeHHOCTH KyOu-
YecKHH, -— OOpasoBaHHEIN HEKOTOPBIM KOTHYECTBOM &TOMOB,
DneMeHTapHYK Npouedypy, Heobxommmyio Ins nepexoza X
06EexTy ¢ GECKOHEUHEIM YHCIIOM CTENEHEH CBOGOE ONPERSTHM
KaK yMEHBIICHHE B JBa pas3a NEPHOAA KPUCTATIMICSCKON perer-
kH. Ecjlu opu 3TOM COOTBETCTBYIOIAM 00pa3oM H3MEHATh Mac-
Cy aTOMOB H CHI[Yy HX B3aHMOJCHCTBHS, TO JaXe CKOPOCTh 3BYK
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IpH TaKoH oNlepalliM He W3MeHHTCH. ECu Teneps MEI MEICTIEHHO
IPOIOIAKHUM 3Ty HPOLEAYPY OeCKOHEUHOE YHCIO Pa3, TO HOMy-
9HM HEKOE (POHOHHOE nojte — MOJElb, YaCTO 3aMEHSIOUIYIO B
TEOPETHUECKOH (DHIMKE TBEPAOTO TENA PEATbHBIC KPHCTAILIEL
PeanmeHble atoMbl, 06pazyiomniiHe KPUCTATIHIECKYIO PeIeT-
Ky, COCTOAT M3 3IEKTPOHOB, fAep, HyKIOHOB, KBAPKOB H T. 1.,
T. €. 001aJaloT KaKWMH-TO CBOMMHM BHYTPEHHMMH CTEHEHAMH
cpobogisl. 31U cTerneH cBOOOAS! HEKAKUM 00pa3oM He BXOIAT B
MATEMATHYECKUH alllIapaT, ONMCHIBAIOM(HI KPUCTAILT KAK HEIlpe-
PHIBHYIO CPefly, M 110 OTHOIICHUIO K TOTCHLUHAIBHBIM CTEICHAM
CBOOORBI (QOHOHHOIO MMOMA KX MOMKHO CHWTATL AKIMYQAbHGIMU,
Omuaxo, aa Toro ITobhl NPOELYpa «YHABOSHHA KPHCTAILIA»
MOTJIZ MBICITUTECS HEOTPaHWYEHHO OCYIIECTBIAEMOMN, aTOM 1071~
JeH ORITH He HMEIOIICH pa3sMepoB TOMKOM, H FOBOPHTH O KEKHX—
mub0 ee BHYTPEHHHMX CTENEHNX CRODOAEI HE HMEeT CMBICIA.
lIpeanonoxuM, TeM He MEHEe, YTO 3Ta «MATEPHANIBHAA TOUKa»
HE MPOCT3 M MOXKET-TAKd O0NaNaTh aKTYaJibHBIMH CTEIEHAMH
cobonsl. g 9TOro MBI ZOKHBI JOOYCTHTH, YT0 B HPUpPOAE
CYIECTBYIOT 00heKTh GeCKOHedHO Majloro, HO, TEM HE MeEHee,
HE PABHOrO HYM0 pa3Mepa. Y IUBHTEILHEIM M A8 MHOTHX He-
OXHAAHHEIM SIBIIETCSA TO, 9TO CYIECTBOBEHHE TAKUX CTPAHHEIX
O0OBEKTOB TIPEANONAraeTcsl B pa3leine TeOpHH MHOMXKECTB, U3Y-
93IOMIEM TAK HA3BIBASMBIC HEAPXUMED08b! MHOZOOODA3UA.
AxcHOMY ApxiMesa, OTHOCAIIYIOCH, B YACTHOCTH, H K TeM
MHOT000pa3uaM, Ha KOTOphIX OnpejencHa onepauus xuddepen-
LUMPOBAHUA ¥, CICIOBATENBHO, MATEMATAYECKHUA AHANIH3, MOXHO
cOpMYITHPOBATS TakK: M3 JBYX OTPE3KOR, MEHBIIHH MOXKHO OT-
NOKATH Ha OONbIIEM TaKOE KOHEYHOE UACIO a3, YTO MOJTYYCH-
HBIH TakuM 00pasom cyMMapHLIH oTpe3ok Oyaer Gombine Gomn-
mero H3 HuX. OTka3 oT 370i aKCHOMBI KaK pa3 ¥ IIpeAIIoiIaraer,
9T0 CYIIECTBYIOT OTPE3KH TaKOH AJMHEL, YTO, CKOJBKO WX HH
CYMMHDY#1, HEITb34 IONYYHTE OTPE3Ka GONBILE 3aJaHHOLO.
IlonaTve HeapxuMenoBa MHOMKECTBA ceiyac AOCTATOYHO
IIMPOKO U3BECTHO B CBA3H C CO3TaHHEM Appaamom PoOHHCOROM
(1960 r.) TaK HassiBaeMorO Hecmandapmuozo ananusa [1] (B
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Gopme JocTynmHOM nake [nA MKOIGHUKOB COOTBETCTBYIOIME
ujieH u3noxkens! B [2]). [Noaywaromasaca XapTHHA MaTeMaTHYe-
CKOT'0 aHANIM3a BBINLAIHT HACTOIBKO ECTECTBEHHEE €0 TPAIKIH-
OHHOM (OPMYNHPORKH, HACKOIABLKO, BOODIIE, AKTYAIHCTCKHE TIO-
CTPOCHHSA €CTECTBCHHEE HEYKIIOKHX KOHCTPYKIHH HHTYHLHO-
HHCTOB. B cBoeit xIaccu4eckoil GopMyNTHPOBKE 8HAIH33, 3aBEp-
HICHHOH B mepBoH nonoBuHe XIX Beka 3HAMEHATHIM (paHITy3-
ckuM maTteMatHkoM OriocteHoM Jlyn Komm, ocHosomomaraio-
LIYIO pOjb MIPaeT MHTYWHHOHHMCTCKII IpONECce YCTPEMIEHHA K
npefery kako-nuOo semnumnel. B anammse xe PoOuucona
auddepennnan spisercs 6ecKOHETHO MAJIEIM, HO OTAMIHBEIM OT
HyJId, YHCIOM. JTO JEIaeT MATEMATHISCKHH AHANtH3 OYEHb II0-
XOKHM Ha OORIKHOBEHHYIO anrebpy. Ecnu cefiuac B yHHBepcuTe-
TaX MaTeMaTUYCCKUH aHATTH3 U3ATAeTCA B CBOSH TpagHIHOHHOMH
dopMe, To TOTIBKO B CHITy KOHCEPBATHBHON TPAJMITHH.

Ecii B TpagMUMOHHOM aHATM3E ero cybcTparoM sBIseTcs
MHOXECTBO AEHCTBUTENBHAIX THCEN, TO B HECTAHAAPTHOM —
HEPXMMENOBO, 10 CBOEH CYTH, MHOKECTBO TaK HA3BIBAEMEIX 2U-
nepoeticmeumensnex yuces. Ecnu mpaMsiM mpudToM 0003Ha-
YHTh KAKOE—NHOO NeHCTBUTENBHOE FHCNIO, TO THNEpReHCTBH-
TeIBHOE MOXKHO 3aMHCATh B BHE

c=a+eb,

rAe € — beckone¥Ho Maioe JHCIO0, UTpalollee polb 2unepoet-
cmeumenvHoi edunuysl. I'unepreiicTBUTENbHBIE OOBEKTH BEO-
AATCS YMCTO aKTYAIMCTCKH, KaK Hekasd (yHIaMeHTanbHas Ae-
DYKOHA, He CBA32HHAA ¢ KaKUM—1M00 IpenesbHEIM TIepeXoaoMm,
nosToMy Tpebyer foKasaTh, 4TO STH 0fBekTh 06MARA0T BeeMu
CBOMCTBAMH, [IPHCYIIHMHK NOHATHIO THCIIA, K C HHMH MOXHO ' 06-
panaTeCs TaK ke, KaK M ¢ XeHCTBHTENLHBIMU YKciiaMi, PoGHH-
COH cllenal 3TO METo[aMM MaTeMaTHIecKoH sioruku. Jpyroi
METOJ «AKTHBH3ALMH» THIEPACHCTBHTEILHEIX OOBEKTOB, Npel-
CTaBNAOIHIICS Oosee HATIIAAHBIM, 3AKIIOYAETCS B TOM, YTOOEI
TaK IepeOpMyIHPOBATE AKCHOMY ApXHMena, 9To0b e yioB-
JCTBOPANHE W JACHCTBUTENBHEIC U THIEPACHCTBHTEIBHRIC YHCIIA.
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B cooreercTByIOmEM BHAE 3Ta AKCHOME BRICIASHT TAK: AJIA 170-
6020 TACIA CYIIECTBYET HATYPANBEHOE WHCIO, KOTOpoe Gospe
3TOrO uMcaa. [IoCKONbKY JOKazaHO, ITO ANA delicineumenbHuIX
yucen ITH 1Be (pOPMYITHPOBKH 3KBHBAISHTHEL, TO H THIEPAEHCT-
BHTEIbHBIE OOBEKTH aémomMamuiecky OKa3bIBAOTCA YHCITAMH.

MareMarTiqecknil aHaIM3 BO3HHK BMECTE C MEXAHHKOH —
OH COBEPIUSHHO HeoOXOAMM JIi a/IEKBATHOIO OMMCAHMS JTOTO
pasgena ¢usuku. Co3fnanne KI2CCHISCKOM MEXAaHMKH SBWIOCH
BTODHIM BEJIHKHM HPOPLIBOM YEJI0BEYCCKOH MBICTIH — HAPANY C
reomerpued EBming, — OTKPHBIIMM NIYTH IS TIOCIEOYIOMEro
CTPEMMTEIBHOTO pasBUTHA (HU3HUeckoit Hayku. CramoBneHue
(H3NKH Ha DPOTAKCHHA BCEH €€ HCTOPHMH 3aBHCEIO OT YCIIEXOB
MATaHaIM3a M ILTO pyKa 00 pyKy ¢ JOCTIDKEHHSMH 3TOH MaTe-
MaTHYecKoH AmcusiumMAEL. Co3gaHWe HEeCTAHAAPTHOTO aHAIM3a
THOIHUA pa3 NoATBEepKIaeT 3T0 npasmio. OCROBBI MaTeMaTHve-
CKOTO aHanu3a OBUIH 3a0XKeHH B mocieaHedl gerBepr XVII
HE3ABMCHMO JpYT OT [pYyra ABYMSA BEAMKHMH MEICHHTEIIMHA TO-
ro BpeMeHH -— Hcaakom HeiotoHom u [Notdpugom Buisrens-
moM JleHbaunem.

TToxasaTensHO, YTO MATEMATHYECKUH aHAIM3 HO—PA3HOMY
OLIYILANICH yXe ero cosmareamu. J{na HeroTona onepanus aud-
thepeHIUpoBaHUA ObLTA CBA3aHA, MPEXKIE BCETO, ¢ JABMKEHHEM
TEN, BOCIPHHHMAIOUMMCI UM KaK HEYTO HenpeprHoe. B Ha-
Typbraocodun xe JleiOHMIA OUEHs BAXHOE MECTO 3aHHMAIH
pasMBIILIEHUA O CTPYKTYpe NMIPOCTPAHCTBA, €r0 HEOTPaHHIEHHOM
menAMoctd. Tlo 3ToH npUYMEE BIONHE SCTECTBEHHO, YTO MMEH-
HO y HETO BO3HHKIIO NPEICTABIEHUE O Oupdepenyuarax Kax He-
KHX .0SCKOHETHO MAajbIX, B CHJIY HEOTPaHWYEHHOH NETMMOCTH
TIPOCTPAHCTRA, BEMHYMHAX, 0ONANaONIHX, TEM HEe MEHee, Mare-
MAaTHYECKOH PEalbHOCTHI0, MOZOOHOH PEeaTBHOCTH MHMMBIX 4H-
cent. Takum obpa3oMm, MOXKHO CIUTATh, ITO aHaMU3 Komn Bocxo-
IMT K grmoudaprvim TipenctasiennsM HeloToHa, a ananus Po-
OHHCOHA —— K KGPRYCKYAAPHBIM BO33peHuaM JleHOuuIa.

HarmaaHoe mpeacTaBnedne O IpPOCTPAHCTBE BPEMEHH Kak o
HEKOEM Kpucmanie, 00pa3cBaHHOM MHPHHHTE3MMAIBHBIMH che-
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paMH THIIEpIeHCTBHTEIBHEIX THCEN, KOOPAHHATE KOTOPHIX BHI-
paXkaroTcs JCHCTBUTEILHBIMA YHCIAMH, BIOIHE AJEKBATHO OT-
paxaeT CTPYKTYpY rumepaeficrBuTensHOre MHoroobpasus. Or-
naBas MaHp renmio Jlefibnumna, MaTeMaTHKH Ha3Bald COBOKYI-
HOCTb THHEPACHCTBUTENBHBIX YHCEN, IIPMICTalOIUX K KaKOMy—
1160 ACACTBHTENLHOMY YHCIY, €T0 MOHaOoH. MH xe, npubepe-
rag 5TOT TEPMUH A IPYTHX Henell, OyaeM Ha3kIBaTh 3TH HecKo-
HEYHO MAIkIe CEPhl KOPRYCKYAAMU.

OmonaapHoe M KOPIYCKYINPHOE NOHMMAHKA MaTeMarTyHe-
CKOT0 aHAIM3a OKa3alMCh B CaMOM IEHTPE HIEOIOTHYECKOro
KpHU3HCa MATEMATHKH, IIOPOXIEHHOI0 HHTYHIIMOHHCTCKOH H ax-
TYATUCTCKON TPAKTOBKAMH €€ OCHOB, KaK TAKOBHIX. JIOCKOIEKY
H CTapbli, © HOBBIH B3TVIAALI HA aHAM3 HE 3aTParHBaiOT yTHIIH-
TAPHOrO COJEp:KaHMsA aHanu3a, TO BEIOOP TOrQ MM MHOTO €ro
[IOHHM3HUA ABICTCA AEJOM BKYCa, T. €. JEJI0 PEIIAaeTCA TaK XKe,
KaK ¥ BBIOOP MEXIy HICATHCTHYIECKOH M MaTepHaIHCTHISCKOH
¢dbumocopckuMy mapagurMaMi. BriGop 3TOT MOKET ONMpPENETHTh
MObKO Npupooa, eCIH OH B HeH, KoHeIHo, comepikurca. Ilpen-
CTaBIIAETCH, OJHAKO, YTO IPHPOEA BIIOJHE OAHO3ZHAYHO YKA3EIBA-
€T Ha HICATMCTHYECKYIO KapTHHY MHPO3NaHUA.

Feomempuyeckan uHmepnpemayus
anekmpomazHemusMa

To 06cTOATEILCTRBO, YTO TEH30P MISKTPOMATHHTHOIO 11011 AHTH-~
CHMMB’I‘prI‘ICH, HaBOJAHWT Ha MBIC/AL, YTO OH OIIHCEIBAET MAaJIBIH
TIOBOPOT OKPECTHOCTH RaHHON TOYKM TIPOCTPaHCTRA-BPEMEHM,
T. . Manoe npeobpasosanne Jlopenua 3Toit okpectHocTH. -
CTBHTENRHO, pACCMOTPUM [peoOpaloBaHHE MPOCTPAHCTRA—
BpEMEHH BHA

~ i i
X =x +4,
TAKOe, 9T0 KaXJad ero TOYKa CMEIIAETCA Ha Mallyid BeSIHUH-
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ny A'(X"). Coorsercreenno 3TOMY IIpecOpasOBaHHID OKPECT-
HOCTh KaXKJ0H TOYKH NPOCTpaHCTBA-BpEMEHH AedOpMUpPYETCs
CIIETYIOMUM 0Gpa3oM:

di' = (8" + 4" pax’,

rae 4 = 04/6x; °© A, Tensop Ay, acCOUMMPOBAHHBIN TEH30-
py A4Y, MOXHO NIPENCTABHTH B BUJE COBOKYIIHOCTH CHMMETpUu-
HOTO H AHTHCHMMETPHIHOIO TEH30POR:

24y=(4;; + A + (4~ A;).

IlepBhiif M3 TUX TEH30POB ABISETCH HHYEM HHEIM, KaK TEH30-
poM ReOpMaIiHH MPOCTPAHCTBA—BPEMEHH, & BTOPO#H, aHTHCHM-
METDHUYHBIH, MOKHO Ha3BaThb MEH30POM  6paujerus
(neoonopodnozo) npocmpaticmea—spemeny. ObO3HaIHB

Fy=4;,~ Ay,

MEI MOTTIH OBbI NPEATIONOXKHTE, UTO TEH30P NEKTPOMArHHTHOIO
IO/ COBIANAET ¢ TEH3OPOM BPAIICHHA.

Takoro pona OTOXIECTBJACHHIO MEINACT, OJHAKO, CIEAYIO-
niee coobpaxenne. OTNHIHKIN OT HyNs TeH30p AedOpPMAIUH BEI-
3bIBAaeT H3MEHEHHE METPHKH IIPOCTPAHCTBA BPEMEHU:

B = Ay + Ay

D710 03HAYAET, YTO IPH NEPEXOJe OT ONHOH CUCTEMBI OTCHUETA K
IpYTOH H3MEHAETCA M JMEKTPOMarHMTHoe moie. B wacTtHOCTH,
€CIM B IAHHOM CHCTEME OTCYETA 3NMEKTPOMATHUTHOE I1QJIE PABHO
HYIO, TO B CHCTEME, ABIXKYLICHCH OTHOCHTENLHO HEE C 1OCTO-
SHHOM CKOPOCTBIO, BO3HHMKAET OAHODPO/IHOE INMEKTPHYECKOE II0-
jle, Hapyinas TeM CaMbIM OCHOBOIOJNAralomAi IPUHIHII TEOPHH
OTHOCHTEIhHOCTH. MBI, OIHAKO, 3HAEM Teneph, KAK NPeooNeTh
3TO MPOTHBOpETHE. [t 3TOT0 HYXHO CUMTATh, YTO BEKTOP Je-
(opManuy, — HHAYE, BEKTOPHBIH MOTEHIMAN — SBISETCA HE
IIPOCTO MANBIM (110 OTHOMIEHHIO K ¥eMY?) BEKTOPOM, HO Hecko-
HEYHO MATbIM, T. €. MEHBHIMM JHOOOr0 BEKTOpa, UIHHE KOTOPOTO
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BHIPAXKAETCA ACHCTBHTELHBIM HCIIOM.

IIpeacTaBneHHEe O NPOCTPAHCTBE—BPEMEHH KaK O THIEPACH-
CTBHTETBHOM MHOroo0pa3uu, GyAydH, ¢ TOYKH 3pEHHA MareMa-
THYECKOTO anapaTa JIeKTPOIHHAMMKH, Heobf3aTeNbHEIM, AB-
THETCA, BMECTE C TCM, HACTONIEKO ECTECTBEHHKIM, YTO €r0 Cleay-
€T CIMTaTh EIMHCTBEHHO BO3MOMKHEBIM. [Ipu TakoMm momwmaHHu
TIPOCTPAHCTBA~BPEMEHH 2JICKTPOMAarddTHOE ToNie HpHoOpeTaeT
OueHb ACHBIH (UIHYCCKUH CMBICK: MAIHUTHOE IIOJE OIIKCHIBAET
TIOBOPOT OKPECTHOCTH KaKoH—1Hbo Touxy Ha HHPUHATE3HMATL-

HBIH YTOSI -
H=go,

a 3NEKTPHUECKOE — JBIKECHHE TOH OKPECTHOCTH ¢ OeCKOHEUHO
MAIIOH CKOPOCTBIO V.

E =B,

rae p — OespaimepHas ckopocTs B = vie,

Jonroe Bpema TTOCKONBKY TOCTHXKEHHE MeTA(HINYECKHX
TIPYHIMITOR MUPO3JAHHA He Ipeanonaraer odg3aTensHoro 3Ha-
KOMCTBA ¢ MATeMaTHYECKHMH METOJIaMH HCCIIEIOBAHHA MAaTEpPH-
A/IbHBIX CHCTEM, BEKTOPHEIH MOTEHITHAI PACCMATPHBANCS KAK HE
HMeromas (GHIMUeCKOTO CMBICIIA BeJIMYMHA, YAODHAS UpPH BHI-
gucnennax. OaHako 3KCHEPHMCHTAILHOE MOATBEPXICHHE -
texta boma—AapoHoBa (OH yTBepXKImaer, 910 hasa IICH—
(bYHKIMA BNEKTPOHA NPONOPUUOHATBHE j4, Ile j — 4eTHIpex-
MEPHBIH BEKTOD TOKA) ROKA3LIBAET, YTO BEKTOPHBIH IOTCHLHANT
ABIIACTCA BETHIRHON husuyeckoy, 1 UMEHHO B CBETE HeapXHMe-
JOBOCTH NPOCTPaHCTBa-BPEMEHH OHA 00peraer W ACHLIN QH3M-
geckHH cMEICT, OTMETHM, MEeXIY IPOYHM, UTO B CHIY (pH3Hue-
CKOM peaNbHOCTH SNMEKTPOMArHWTHOTO TIOTEHIHANA YTBEpKAC-
HHA «KOMIIOHGHTHI 00BEKTa A 00pasyloT BEKTOP» H <«BEIMIM-
HEL A CyTh BECKOHETHO MANbIe) PABHO3HAYHEL,

Brinote 0 co3maHug DHHIITEHHOM CHEIATLHON TEOpHM
OTHOCHTENBLHOCTH 3JEKTPOMATHHTHOE NOJE ILITAMCH paccMar-
pHBaThE Kak pe3ynbTar nedopmanuu HEKOM MaTepHanbHOH cyO-
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CTaHIWH, 3anoyHsomed coboil Bce mpocTpaHCTBO M HaskIBae-
Moii 3¢upom. TIOCKONBKY 3MEKTPOMArHHTHEIE BOJIHBI SBIAKTCA
TNONEpeYHBIME, TO 3GHp 1m0 HEOGXO0AMMOCTH NOHUMATCS KaK
CHelMHIecKOe TBEPAOE TERO. ITO MPENCTABICHHE BIOJIHE CO-
OTBETCTBYET TOMY, 9TO IEKTPOMATHHTHOE 110JI€ ABIIAETCA Clea-
CTBHEM ACHOPMALMM YETEIPEXMEPHOrO THIEPACHCTBHTEIBHOIO
KpHcTamla, wu3obpaxaiomero cofoit mpocrpaHcTBO-Bpema. B
3TOM CMEICTIe 2QHPOM CIERYET CYATATH M HA3hIBAThH CAMO IIpO-
CTPAaHCTBO—BPEMS, YTO MuI M OyIEM JelIaTh Bpe/b.

Amnartora 3¢upy, T. €. TaKOro TBepIOro Tela, y KOTOPOTO
IUIOTHOCTE 3HEPrHH 3aBHCEI2 OBl OT CHHXPOHHOTO BpallCHHS
aTOMOB, B pHpoJE He cymecTByeT. OAHAKO, XOTA 3TO H He 003-
3aTE€NBHO, MBEl TAKOE TENO0 MOXKEM npudymamsp, CHEIAB TEM Ca-
MBIM IpefcTaBnenne 06 3¢pupe varaggaeEIM. Ecnu MBI IpH momo-
MM MHKPOCKONA ¢ OECKOHEYHBIM YBEIHUCHHEM IIONBITAEMCA
paccMOTPETE YCTPOMCTBO 3(dHpa, TO MOXEM YBHIAETH KapTHHY,
nopeORyIe TOH, 910 W300paKeHa Ha PUCYHKE.

Ha stoM pucynke Gonbiuumu chepamu u300paxkeHs! Kop-
nycKynsl 3¢mupa. byaem cuMTaTk, 9TO OHHM OOIIANAIOT Maccol M
MOMEHTOM HHEepiHH, UT0 KacaeTcs MeHbIIHX cdep, TO OHH CHM-
BOJIM3HPYIOT CBA3b MEKTY HUMH. MBI HaszoBeM MX ¢pukytiona-
My, Kaxneill GpHKIMOH MOXKET KAaTHUThCA §e3 IPOCKAIL3RIBaAHUS
[0 IIOBEPXHOCTH TOH KOPITYCKYNSI, ¢ KOTOPOH OH COMPMKACaeT-
cs. Kopnycxyner spnsiores GusnueckuMy 06beKTaMH, TOTIE Kak
GPUKLHMOHEI THITF CHMBONHIMPYIOT EpPEady BpamieHus o1 04~
HO¥W KOPNYCKyABI K Apyroff. Eciiu Mel Teneps nOBEpHEM Ha HEKO-
TOPBI YTOJX OAHY M3 KOPIIYCKYJ, TO OXHOBPEMEHHO C HEH B TY
K€ CTOPOHY H HA TOT K€ YroJI IOBEPHYTCS H OCTALHBIE KOPIYC-
Kyasl 3¢upa. ITockonbKy HWKAKO# CHrHaN He MOMKET pacnpo-
CTPAHATACA CO CKOPOCTBLIO GONBIIEH CKOPOCTH CBETA, MBI JOIIK-
HBI CYHTATE KOPOYCKYIIBI YIPYTHMH chepaMu, B ueHTpe Kaxoi
KOPIIYCKY/ThI HAXOAUTCA O€lCMeumenbHan mo4Kd MPOCTPaHCT-
Ba-ppeMeHH. OIHAKO KOPHMYCKYNa TPHMBA3aHa K 3TOH TOYKE He
KECTKO, HO yNpy2o. ee CMEIIEHHE B IOBOPOT OTHOCUTENBHO 3TO-
TO LEHTPa CBA33HO C 3aTpaTaMH 3HEPTMH. Takasd cXema JAenaer
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f0JIce TIOHATHRIM HE3aBHCHMOCTD OelicmeumensHbix 1 MHOHHH-
Te3UManbaLIX Aedopmanmii 3dupa. [Ipu ero unumusix nedop-
MALUMAX HOMOKCSHHE KOPIYCKYJ OTHOCHTENBHO MX TOYEK IIPH-
KpEHACHHA He H3MeHsAeTcA. [IpH ABHKCHHH e KOPIYCKY!I OTHO-
CHTENBLHO 3THX TOYEK, [IOCAETHHE OCTAKOTCH B HEABHKHMOCTH.

totaooﬁttto
oootoottttt

'OOOO'QQ"O
'QO""OQO'
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|

Bup 3¢wpa npn yeenuIeHHH B
HECKOHETHOE MHCIIO Pas.

Ecnu renepns Bce KOpNycKynbl, HAIPHMEDP, HWKHETO pAZa OJHO-
BPEMEHHO NOBEPHYTh Ha HeboBHION yroa, To mo agupy mobe-
HUT BOTHA BpanieHus kopoyckyn. Ganaxo 3to ee He see. Ko-
ria GpUKIMOHN CTaparoTCs NOBEPHYTH OUepenHof Al Kopmyc-
Ky;1, OHH HE TOIBKO MX JIOBOpadMBaIOT, HO ¥ CMEIIAIOT B I'OPH-
30HTaNEHOM HalpasleHwd. IIpu pacrpocTpaseHHH BOIHEI B Ha-
UPARIEHHH, COOTBETCTBYIONIEMY HANPABICHHIO CHU3Y BBEPX Ha-
Iero puCyHKa BekTop yria nosopora H xopuyckyn Oyaer Ha-
NpaBiIeH NEPHNeHIAKYIAPHO TIOCKOCTH PUCYHKa, a BexTop E,
IPONOPIHONANEHEIH X CKOPOCTH, OyIeT JIeKaTh B IUIOCKOCTH
PHCYHKA ¥ B TOPH3CHTANEHOM HanparieHHH. [Ipn aToM Hampas-
JIEHHE PACIpPOCTPAHEHHA BONHEI GyIeT OUpeaenATLCS BEKTOPOM

S =cgE H.
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DnexTpHaeckoe none E gBigeTca mo CyTH, CKOPOCTBIO JBHKE-
HHA KOPIYCKY! B OKPECTHOCTH TOH MM MHOW TOYKY 3dupa, u,
CIleROBATENBHO, JHEPTHIQ, CBAIAHHYIO C HTHM JBHXEHUEM, CJie-
IYET CYMTATh KunHemuyeckou dHeprucH s¢upa. CooTBETCTBEHHO
3TOMY, DHEpruf, CBA3aHHAA C HOBOPOTOM 3THX KOPIYCKYHI HA
yron H sBnsercs nomenyuansrot. 10 BIOSHE COOTRETCTBYET
ToMy, 9T0 OyuKkimsa Jlarpasxa »dupa ABnAercs pasHOCTHIO €0
KHHETHUeCKOH H MOTeHIHAaIbHOH 3HeprHii:

A= E?-H),

rae £ = 8.85%107"? Jix/B*/M — anmeKTpuUecKas MOCTOSHHAs,
KOTOpas sBisieTcs OeckoHewHo OONbINOM BeNHMHHON BTOPOTO
MOpAAKA WTH, KaK TOBOPAT MAaTeMaTHKY, NPHHATIECKHUT APYToi
eanakmuke. JIOTHKa CHOEIMANBHON TEOPHM OTHOCHTENHLHOCTH
TpebyeT, 4To6B! Kak SMEKTPUIECKOE, TAK M MarHWTHOE MoJIe H3-
MepsUIOChk B OMHMX M TEX e equHBIax. Ecnu BBecTH HeckoHey-
HO Maiylo, HECOM3MEPHMYIO C METPOM €IMHHIY UIMHBL, TO €€
€CTECTBEHHO Ha3RaTh Bonbmom; TP 3TOM eIMHHLEH 3JeKTpo-
MAarHBTHOro nols Oyaer Boxbsr/Merp.

* *

AHanumuJecKan snekmpoOuHaMuKa

BuadmpHole uncna

OCHOBHBLIM NpPENATCTBHEM, HE MO3BOTHBLIINM A, DiinTEHHY
OOBEIMHHTD €HHBIM 00pa3oM IMEKTPOMATHUTHEIE H TPABHTAIM-
OHHEIC Baanmoneﬁcmm{, ABWJIOCH TO, YTO YCTPAHEHHE €ro XKe
YCHIHAMH 3dHpa M3 pa3paia (PU3HYecKMX MOHATHIT crenasIo

43



3MEKTPOMArEHTHOE NOJIE MEPBUYHEIM MOHATHEM, HHK2K HE CBA-
3aHHEIM CO CBONHCTBAMH IIPOCTPAHCTBa—BPEMEHH. EXHHOE NORH-
MaHH€E CHJI HHEPLHH H SIIeKTPOMArHHTHOrO IO KAaK Pe3y/IkTara
aeopManuu d0Hpa — (QUHHTHOH, BRIpAXAIOLICHCH IeHCTBH-
TEIbHBIMH 9HUC/IAMH, B IEPROM CIydae, H HH(PHHHTE3UMATEHOH,
BO BTOPOM, — IIO3BOJILET HACTOILKO €CTECTBEHHO, €CII He CKa-
3aTh KPACUBO, IOHATH CYIIHOCTh €IHHOH 3TEKTPOrpaBHTAlIMOH-
HOI TEOpPHHM, YTO MOXHO, MO-BHIUMOMY, HE COMHEBATHCH B €€
HCTHHHOCTH. Bed 2Ta TEOPHSA COHASPXKMTICA, 10 CYTH, B OJHOI
¢pasze: adup — 3TO He NPOCTO MHOKECTBO IHIEPASHCTBUTEIE-
HEIX TO4YeK, HO oOnazaer (yHIaMeHTANBHEHIIMM CBOHCTBOM
OBITE ananumuyeckum MHO2006pasugm. ITO MOX0XKE Ha TO, Kak
CBOHCTBO OORMHOH IUTOCKOCTH OBITH KOMIUIEKCHOI IpeBpaliaer
€€ B UACANEHYI0 XBYMEPHYHO KHUIKOCTh.

* *»*

Xopouio u3BecTHO [3, 4], YTO 3MCKTPOMATHUTHOE IIOJE MOXET
TIOHHMATBCA KaK aHanHTHYIeckas (yHKIHA 0coObIX wHced, KOTo-
pble HA3RIBAIOTCA Huxaamepruonamy, BUKBATEDHHOHRI — 3TO
OOBIMHEIE KBaTEPHHOHKI, KOMIIOHEHTH KOTOPBIX MOryT ObITh
KOMIUIEKCHEIMH duciaamu. HMHade ropops, anreGpa Ouksatep-
HAOHOB KPOME TpEX AHTHKOMMYTHPYIOIHNX KBATEPHHOHHEIX
eIUHHI] COAEPXHUT M oOBMAYI0 KoMiuTekcHylo emguauny. Ilpex-
CTABNACTCA, OHAKO, D0JIee eCTECTBEHHBIM CBA3ATH 3)HP C Ipy-
roi anrefpoil, XKOTopyI0 MEI HaszoBeM wIreOpoH HurpupHbix uu-
cen WM 6usgupuoros. Sta anrebpa poacTBeHHa atredpe OKTaB
M OTIHYAETCs OT Hee TeM, 49T0 BCE €€ aHTHKOMMYTHPYIOLIHE
SIHHHIBI HE KOCOIPMHUTOBRI, KaK B OKTaBaX, HO 3pMHTOBEL Ilpe-
HMYIIECTBO x¢ OHA(UPHBIX YHCEN N0 CpaBHEHHIO ¢ OHKBaTep-
HHOHAMH 3aKIII0YAETCA B TOM, UTO BCE MX IHHMIEI UMEIOT OXH-
HaxoBkli cTatyc. Ocobo BakHO TO, HopMa OM3dHpPHOro 9HCHa, T.
€. KBaipar €ro MOAYJIs, BCST/A ABIACTCH OetiCmeumenbHbiM Yuc-
R0OM, TOTZA KaK HOpMa OHMKBaTEPHHOHA, BOOOINE rOBOPH, YHCIIO
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xomrnexcroe. To obcrosrenscTso, 4to anrebpa Gusgupuonos
HEaccollHaTHBHA, HUKAK He MEINaeT €¢ HCHOMh30BaHHIO B JJIeK-
TPOXHHAMUKE.

Beeaem 0GbeKT @, KOTOpPBIA Mbl OYIeM HA3HBaTh 3QHPHEIM UHC-
oM WK 3ghupuonom:.

a=ag+ i +jay +kas = ag + a.

Busdupronamn xe OyaeM Ha3bIBaTh YHCIa, SBISIOMHECS YIBOE-
HH{EM 3QHPHOHOB

¢c=a+ bl

Ileppoe cmaraemoe OumadpHpHOre uuciaa 6yAeM Ha3BIBATH €ro
3QuUpHOU JacThI0, & BTOPOE — Koaghuprod. JbBpHLIe erHMIL]
i, j, k, | yMHOKAOTCA 110 IpaBHIIaM:

P=f=E=P=1 =k, ki=jl jk=il.

Bcee 3TH eaMARIE AHTHKOMMYTUPYIOT MexIy coboi. Ecny BBe-
CTH CHMMETPHIHOE IPOU3BEAeHHE 3DHPHOHOB

a*b = axb+ agh + bya,

(Touxolt 0603HAYEHO — CKAJAPHOE NPOU3BENCHHE aXb COOTBET-
CTBYIOIIMX YETRIPEXMEPHLIX BEKTOPOB), a TAKKE MX aHTHCHM-
METPUYHOE MPOH3BEACHUE

{axb)! = axb!,

TO TPOU3BELEHUE HPHPHOHOBR MOXHO KPATKO 3allHCaTh KAk
ab = a*b + axbl.
ObHPHOH , COUPSIKEHABIN 4, €CTh

a=a;-
H CONpsuKERHRIA CUIPHAPUORY coomeemcmeeino —
c=a-bl
Jsa 6uagmprona e = a + bl u f= ¢ + di ymuoxaorcs Kax
ef = ac+db + (da + be)l.
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Hockonbky anrebpa GU(PHPHOHOB HEACCOLMATHBHA, MOXHO YC-
TOBUTHCA NMOPAZOK coMmHONuTene# (...(d(c(da)))) caurars HOp-
MaJIBHBIM M, JUL? KPaTKOCTH, 3anuchiBaTh Oe3 ckobok. M3 aToi
opMyIEl YMHOKEHHS OM3(HPHKIX HHMCET JIETKO MMOIYYHTh Hpa-
BwiIa obpamenus ¢ Gusghuproii edunuyeii I. Ecim a 1 b adupuo-
HBI, TO

(al)(Ib)=ba; (al)b=(ab), a(bl)=(ba)l.

By/y4u HEacCOUMaTHBHOM, arefpa 3PUPHOHOB COXPRHAET, TEM
HE MeHee, TIOROOHO anredpe OKTaB CBOMNCTBO anemepHamueHo-
CMi YMHOJCEHUA, KOTOPOE, B CaMoM O0meM BHAE 03HAYAET, 9TO
Ipon3BeficHHe Mo00ro wWHcena’ GuIQHPHEIX COMHOXKHTENEH, CO-
CTaBJICHHOE TOIBKO M3 JABYX PA3HBIX YHCEIN (M 9YHCEN, UM COmpi-
JKEHHBIX), HE 3aBHCHT OT [OCIE/0BATENbHOCTH YMHOKEHHH H,
clleloBaTeNEHo, MOXeT OHITh 3amucano Oe3 cxofok. U3 artoro
cBOicTBa OHIDHPHLIX YHCEN Cpa3y CIeNYeT TaKk Ha3biBagMoe
«TOKIECTBO BOCEMH KBA/IPATOB): '

(e )ef) = (@)ff)

AHanuTudeckue (hYHKLMKU 3(DUPHOro aprymeHTa
OmnpenemiM onepaTop JuQpPepeHIHPOBaHHS

0=0y+i0 +jo, +kda =06, 1+ 0,

rae 0o — CHMBOI IHPQPepeHIMPOBAHKA [0 KOOPAHHATE Xo = Cf,
01 — Mo Xx; ¥ TaKk ganee (is TOro 4TodH 3TOT ONEPATOpP COOT-
BETCTBOBAN, B JaCTHOM cIIy4ae, onepauud qubdepeHupoBanus
(YHKUMA KOMILIEKCHOTO TEPEMEHHOTO, CIEHOBAIO OBl BKITIO-
YUTh B €r0 ONpeacieHue KodhQHIMEHT PaBHBIH S, OTHAKO B
ANIEKTPONHHAMMKE 3TO HE TPHHATO)., YCIOBHE AHAIUTHIHOCTH
(BepHee, IeBOPErYIAPHOCTH) DYHKIHUH DUPHOTO MEPEMEHHOTO
aBngercsa ob6o0IieHHeM YCIOBHS aHATUTHYHOCTH (QYHKIMH KOM-
ILIEKCHOTO [EPEMEHHOT0, TOAHOIQ U NI060ro THOEPKOMITIeKe-
HOT'O apryMeHTa:
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oF = 0. 0y
EcIx MOnoXuTh
F=E+IH=E0+E+IHO+[H,

¥ pacnucath ycnosre (1) no cocrasmuommm 6uadupHoit HyHk-
MM, TO NMOJYIHM CHCTEMY YPaBHEHHH

I<E=;, YE-qH=-1J Q)
(xH=-1 %"H+CE=1 (3)

Yciaosrs aHaATHTHYHOCTH -— OyIeM B OTIMYME OT COOTBETCT-
BYIOIIMX YPaBHCHHMH HA3BIBATE HX YCNOBHsMHM MakcBemna —
COBIIAZIAIOT II0 BHAY ¢ YPaBHEHMAMH MaKcBeTa NPH HATHYHH
ANEKTPHYECKHX H MATHHTHBIX 3apALOB H TOKOB. OTH BEJHUYHHEI
BBIPEKAKTCA 4€PE3 CKALIPHYIO U IICEBIOCKAAPHYIO 9acTH aHa-
AutHYecKo# Hynxuun F{x);

HecmoTps Ha CBOK BHELIHIOIO ITOXOMKECTh YCIOBHA Makceesuia
H er0 ypaBHeHns 00JaialoT COBEPLICHHO Pa3THIHBIM CMBICIIOM.
B ypaBHennn MakcBenia 3apa/bi H BBICTYNAIOT KaK paHHYHblE
YCIOBHSA I ONMPENCTICHHA BUA NEKTPOMATHATHOTO MOMA: ITH
YCIIOBH MOTYT IIPOH3BONBHO 3aMaBATHCH IKCIIEPHMEHTETOPOM.
B ycnosuax xe Makcsenna QuUrypapyomue B HHX COOTBETCT-
BYIOIIMEC BEIHYIHMHL! SBIAOTCA 4acThiO PELICHMi, YHAOBIETRO-
PSIOIAX 3TUM YCAOBHAM. [t TOro MTOOH He BO3HHKATO HEHO-
pasyMeHHii, Mpi 6yneM BeTHYMHBI, BXOAANINE B YCIOBHS aHAIH-
THYHOCTH (2, 3), HAa3BIBATH NOAEBLIMU 3APAOAMU V THOKAMU.
O6rrqHO, paccMaTpHBas JIIEKTPOMArHMTHOE [TOl€ Kak aHa-
TUTHIECKYI0 (PYHKIHIO OMKBATEPHUOHHOTC apryMeHTa, CKaaAp-
HOE H TICEBAOCKATAPEOE oA £y u Hy monararotr paBHsIMH HYIIO
— MBI OyieM Ha3kIBATH MX, COOTBETCTBEHHO, SNEKTPHUECKHM M
MarHHTHBIM HYZb—noAeM — H CIUTAKT, YT ycioBus Makcpen-
14 ONMHCHBAIOT IECKTPOMArHHTHOE YIONE B MyCTOTE. 3apajsl JKe
¥ TOKH PaccMaTpHBalOT, B Clly4ae HE0oOXOIMMOCTH, KaK MPOM3-
BONIBHO 33JaBAEMBle OCOOEHHOCTH COOTBETCTBYIOMIUX AHANKTH-
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geckuX (Qyuxumit. [TockonpKy TaKOTO poga 3MUMHHHDPOBAHKE
Hynb—TI0NeH HMKAK He OMpaBRaHO ¢ MAaTeMaTHYIECKOl TOUKH 3pe-
HHS, MBI He OyJIeM 3TOrO ZenaTs, Haaesch, YTO MaTEMATHKE CaMa
PACCTABHT BCE [0 CBOMM MECTAM.

Ecnu cudrats, Kak 3T0 AEJATOCH A0 SKCIEPUMEHTATBHOTO
nonTeepxacHun dpdexra Aaponora-boma, IT0 BEKTOPHEIH 110-
TEHLHAI ABIACTCA BCETO /YD HCKYCCTBEHHEIM 0Opa30BaHHEM,
yAOOHBEIM I pelleHus ypasHeHHit MakcBe/lna, To OH OKa3siBa-
eTCs HEONHOIHAYRO OolpeneneHHOH BemnIuuoi, Hu MaranTHOE,
HH 3JIEKTPHYECKOE HOJE HE M3IMCHATCHA, EC/TH NOABEPrHYTH €0
TaK HA3hIBAEMOMY KaaubposoHOMy HPeobpa3o8anuio:

A=A+ [,

rae f — NpOM3BONbHAA cKajnApHas QyHKUMA KOOPAMHAT M Bpe-
Mend. Ecny xe cunraths a¢upHEi moTeHnuan sexropoM aedop-
ManuH 30QFpa, TO OH, €CTECTBEHHO, AOKEH YIOBIETBODATH
ypaBHeHHIO 1'Anambepa

&FA4=0,

nonoGHO TOMy, KaK COOTBETCTBYIOLIMH (IOTEHLUMAN», MOPOXK-
JAIOUMHA aHATHTHYCCKUAE QYHKIMH KOMILIEKCHOTO apryMeHTa,
OO/KEH YAOBIETBOPATh ABYMEPHOMY YpaBHEHHIO Jlamiaca, B
3TOM ciydae Kanubpyromas ¢ynkums f cama JomkHa OBITE pe-
IICHHEM BOJNHOBOTO ypaBHeHus. s toro wrobGsl B Teopun He
BO3IHHKAIIH HYIb—II0NA, KATHOPOBOIHOE Npeolpa3oBaHye Clexy-
eT BRIOPAaTs TAKHM, YTOOK! BRIIOIHANOCH TAK HA3RIBAEMOE Kanub-
posouroe ycrosue lopenya:

84 =0,

O3HAY4aIoMIee, M0 CYTH, HHOHHUTEIUMANTBHYIO HeCoHcuMaemocms
s¢pupa. OTMETHM, YTO YIOBIETBOPSAIOAs BOIHOBOMY YpaBHE-
HHIO Kaybpyomas GYHKIDI MOKET paccMaTpHBaThCH Kak He-
KMH NOTEHLHAN, NOPOKIAAKILHI cosuzosbie degpopmayuy Hpu-
pa, He M3MEHAONMe ero nnorroctd. Ecim 3axan sdupHeni no-
TEHLHAT 4, TO NEKTPOMArHHUTHOE 10JI¢ TOIydaeTcs ero audde-
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PEHLHMPOBAHHEM
F=—-04=E,+E+H

uiin fonee moApoOHO
Ey = —%A}) -divA; E = —%A —grad 4g; H =rot A.

J1s Toro 4TOOK B 31EKTPOMATHUTHOM TONE HPUCYTCTBOBATO H
IICEBIOCKALIPHOE, MATHUTHOE HYNB~IIQE, CIACIYET BOCIONB30-
BATECH HE 3(UPHBIM, HO BOCBMHUKOMIIOHEHTHBEIM OHI(MPHEIM
noteHuManoM. OgHako, IOCKOJNBKY B IPHPOIE, IO--BHIAMOMY;
HE BCTPEYAIOTCA MAarHHMTHBIE MOHOIIONH, MbI He OyaeM Ha ITOM
3a0CTPATh CBOE BHAMAHHE.

O1MerHM, 4TO aHANWTHYecKHE MYHKUMH, B caMOM oO0IeM
CMBICJI€ ATOTO NOHATHSA, 00JIANA0T CBOWCTBAM KOHMPOPMHOCMU.
B 1ByMepHOM, KOMIUIEKCHOM Ciy4ae 3TO O3HAdaeT, YTO COOT-
BETCTBYIOIIME aHAIUTHYECKHE QYHKIHH OCYIIECTBIISIOT CHEIH-
¢mryeckoe mpeobpazoBaHue ILTOCKOCTH, NMPH KOTOPOM OKPECT-
HOCTP KamIo# ee TOUKHM MOBOPAYHBAETCA HA HEKOTOPLIA YTOI H,
He MeHAA CBoeit (JopMBl, HCIINTHIBAST OAHOPOAHOE CHKATHE MK
pacTaxenue. B caygae Goaeulero uyucna uimeperuil koudopm-
HOE Npeobpa3oBaHHe COOTBETCTBYIOUIETO NPOCTPAHCTBA MOMKET
BEK/TIOYATh B C€04 TONBKO TPH ONEpaLHK: TPAHCIALHIO, T. €. OJH-
HaKOBOE CMEHIEHHE BCEX TOHEK MPOCTPAHCTRA, €0 NMOBOPOT Kak
HEKOEro €IMHOro TREPAOTO Tejd, H WHBEPCHIO, OTHOCHTEIHHO
KaKOH-THOO TOYKM 3TOro npocTpancTsa. TakuM obpazoM, HHpH-
HUTE3HMATbHEOE IpeobpasoBanne 3pupa, OCYIECTRIAEMOE 2ap-
MOHUYECKUM, T. € YNOBICTBOPAIONIUM ypaBHEHHIO N AnamOepa
BEKTOpPOM MH(UHHATE3HMaNBHOHR nedopMauu 4, B o0meM ciy-
4ae He MOXKET ObITh KOHQOPMHBEIM. OHAKO B 0CHabIeHHOM BU/Ie
CBOHCTBO KOH(JOPMHOCTH COXPaHSETCA H B CIIy4ae aHaATHTHYE-
CKMX QYyHKIUMHA 3¢pupHOro NIepeMeHHOTo. ITH QYHKUHMY, MHBADH-
AHTHBIE OTHOCHTEIbHO Ae(QOpMAllMH CIBHIE, OMKCHIBAIOT KOH-
gopmuyio wacme tapmoHmueckod aedopmaunu 3dmpa. Tlpu
3TOM JJIEKTPUYECKOE HYIb-TIoNe ABNIAETCA KoaddpuimenTom oa-
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HOPOIHOI'O CHATH OKPECTHOCTH KaKoH-nHOo ToukH 3dupa, a
BekToproe noste F = E + H onucrBaer moBopoT 3TOH OKpecT-
HOCTH.

3Hepl'ldil M UMNYINBC aHANMNTNYECKOTO NonA

Ypasnenus Maxceewna (2, 3) mMoryr GHTh HOMy4€Hb! BapbHpO-
BaHHEM N0 KOMIOHeHTaM OM>(HpHOro NMoTeHIHala AeHCTBHS C
(Qyuxuueit Jlarparmxka

£0 vz B0 w2 _p2 g2 g2
A=——--2—FF:—2-(E -H" —Ey — Hy). (4
Ecnn pyuxknuio Jlarpamxka 3ammcats B TEH30PHOM BHAES, TO MBI
MpHAEM K YCIOBHIO MaKcBell1a B BHIE

FY=-J' (5)

Fj =0, ©6)

TIIe 3HAKOM ~ OTMEYEH TeH30p, AyansHeli Tersopy F = (E, H),

a J; = Eyp; — KOMITOHEHTHI 3apsAJ0B—TOKOB (MBI IIOIOKUAM Mar-
HHTHOE Hyls—IIONe OTCYTCTBYIOmMM). ns nepexona or 3¢up-
HBIX 0003HaUeHHi K TEeH30PHEIM CIeyeT CIUTaTh, YTO

dx, 4,8 > dx', 4', 015, w d¥, 4,8 dx;, 4, 0/p! .

Ten3op 3HEPTHH—UMITYIBCA NEKTPOMArHUTHOIO OIS NpH
HATHYUHU HYNb-TIONA Ey NErKo HONYy4YHTb, BAPLHPYS AEHCTBHE C
dynxuuesi Jarpanka (4), 3anMcaHHOC B HPOH3BOIBHBIX KPHBO-
JTHHEHHBIX KOOPJHHATax, 0 KOMIOHEHTAM METPHYECKOIO TEH-
3opa g; [5]. B pesyneTare 3roif onepandM MBI MOXYYHM, 4TO
TEH30D IHEPTHH—UMITYNbCA COCTONT U3 JIBYX JaCTei:

— 7(0) )
L;i=T" + T (7
rae 7" ~ Ta uacTh TeH30pa SHEPTMM-HMITYNbCA, KOTOpad He

38BHCHT OT HAIHYHA WM OTCYICTBHA Hymb-Tlons (OHa mmeeT
cBOit 0ORyHEIH BRI [6]
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1 M _ 1 m
T F;kF + 5 FpnF "8y

Tensop 7O moxuo TIOJIYYHTh U3 JOIONHUTEIRHOTO AEHCTBHA C
JIarpaHAKHAHOM

0 .2
AO = "‘—2—E0.

B npousBonbHEIX KPHBOIMHEHHEIX KOOPJAHHATAX 4-IMBEp-
TEHIHs BEKTOPa A’ OIIpeAeAeTCH BRIPAKEHHEM

TI€ g €CTEL ONpPEeNeIHTelb, COCTABACHHAI U3 KOMIIOHEHT TEH30-
pa gy. BEIIOMTHAS CTEHAPTHYIO IPOLICLYPY, TOTYIUM, TT0

1 +(0 k 1 .2
qz}} = (A - S By - Ay~ T 4y (8)

Y6emuTbesa B IPaRHIBHOCTH BBIPRXKEHHR A1 TEH30PA 3HEPTUU—~
HMIIYIIbC2 IEKTPOMArHUTHOTO TONS MOXHO, NPUPABHAB HYIIO
ero 4—nurepreHunto. B pesynsrare 6yaeM HMETh yPaBHEHHE

1 k k Ik 1 o
ﬂz};k="AiJ;k+F‘il(F; +‘I)+ F™ Fys

Foa = Fyp + Fyy + Fyp

i

M3 310ro ypasHeHHs CreayloT ypaBHerms Maxcserma (4, 5) u,
KpOME TOr0, ypaBHEHHE HENPEPHIBHOCTH 1A OIEBOTO TOKA.
BaxHoit 4epToii TEH30pa JIHEPrHH-HAMIYILCA AHATHTHYE-
CKOTO IIOJIA ABNACTCA TO, 9T0 OH ABHO 3aBUCHT OT BEKTOpa HHOH-
HHTE3MMANBHOH nepopMmanuu 4. bonee Toro, MHTErpan oT $Hury-
pUpYIOMIEH B ypaBHEHHH (8) ILTOTHOCTH HEpruM J XA 10 Bcemy
HPOCTPAHCTBY TOKE 3aBMCHT OT CABHI'OROH pedopMauy 3dupa.
DTO 03HA4aeT, 9T0, HECMOTPA Ha TO, 9T0 HH JEKTPOMATHUTHOE

56



none (E, H), Hu snexrpudeckoe HyIb—IOAE HE 3aBHCAT OT HE-
(OpMaLH COBHATa, TEOPHSA B LI€IOM OKa3HIBAETCH HEHHBAPHAHT-
HOH OTHOCHTENBHO TakuX aedopmanmit. JTa CHTyauMs BIIOJHE
COOTBETCTBYET Hamleil Momenu 3(pHpa Kak «POTAIMOHHOTO KpH-
CTAI1a» — B HEM HEBO3MOMHEI CBUT'OBRIE CMEIISHHS KOPIyC-
Ky 6e3 ux epamenns. [TockoIbKY MBI TEHEps HE MOXEM IIPOH3-
BOJIBHO IeOpPMHPOBATEH (0P COBHTOBBIM O0pasoM, TO TIpeA-
CTaBIIAETCH OYeHb YAOOHBIM, XOTH OL! MBLICIICHHO, HTHOPHPOBATH
CYILIECTBOBAHME B KODIIYCKY/LIDHOM KPHCTAIUIE <BPEMEHHBIX
BOJIH» BHIIA

A = Ao{wt - kXx).

Homrymenne Toro, 9T0 HyIIeBas KOMIIOHEHTA BeKTopa Ag Aedop-
MAI{H BCETa PABHA HYIIO, T. €. YTO BpeMEHHad 0Ch HE UCIBITHI-
BaeT MH(QMHHTEIUMANBHEIX MCKaXEHHMH, IIO3BOIAET PaccMaTpu-
BATh KOPNYCKYJISAPHEIN KpHCTAN B 001¢€ TPHBLIYHOM BHAE —
KaK mpexmepuulil Kpucmaiyi, a BpeMs He KaK OIHY M3 oceit 3Toro
KpHCTAZ, HO IPOCTO Kak napamerp. Ecou nocTynupoBats, 4To
BEKTOPHEIH MOTEHIMAN AeHCTRUTENBLHO BCErHa sSBJISETCS Tpex-
MEpPHBBIM — A = A, TO WHTErpan OT BeMUHHBI JXA, OCKOILKY
OH TENEph MOXeT OBITE IPe00pa3osaH ¢ HCIOIb30BAHUEM TEOpe-
Mbl ['aycca, oxasblBacTCs HE3aBMCHMEIM OT IIPOCTPAHCTBEHHBIX
nedopmaunit cIBUra:

{I-Adv=[Eldy

OrmeTuM, 4TO, paccMaTpuBas 3QHp Kak TPEXMEPHEIH KpH-
CTALT, MBI MOXEM CUHTATE, YTO NEKTPHYECKas MOCTOAMHAS £y —
OecxoHewyHO OonpmIas IWIOTHOCTE 3QHpa, H3MEPEHHAA B SHEpTre-
TH4ECKHX eIMHHIAX €/l = 8.85%107'% IIk/M’, rme 1 — Gecxo-
Hewro §osbIroit , HO, 1o cBoeit cyTH, Ge3pasMepHsIit Kodhdumu-
ent: 1 = 1 MYB Tlockombky KOPHYCKYIEl MOTI'YT JBHIAThCH
TONBKO ¢ OECKOHEYHO MANOM CKOPOCTEI), MEL TOJDKHEI CHHMTATH

HX Maccy OeckoHEYHOH. DTy MX MACCY CISAYST IMOHHMATh Kak
UHEPYUOHHYIO, CBA3AHHYIO C KHHETHYECKOH sHeprveli kopmyc-
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Kya. Yro KacaeTcs TpaBHTAIMOHHOM MX MaCCHI, M3CCHI IIOKOH,
TO, TOCKOIBKY OHA HE BXOJMT B TEH30D 3HEPIHH—MMIIYIIb(R, ¢
cliefyeT cYMTaTh paBHOH HYM0. PaBeHCTBO MHEPITHOHHOM H Ipa-
BHTALMOHHOH MACC CNEIYET M3 CrEelHaIbHOM TEOPHH OTROCH-
TEJIBHOCTH, IJI€ JHHAMHAYECKAA Macca m TIICPCXOIUT B Maccy' 11O~
KOR myg IIpH oOpammeHdH CKOPOCTH YACTHUE! B8 HYIh. CKOpPOCTE
K€ KOPIYCKyn Beerna OeCKOHeTHO Majia, [103TOMyY JBE 3TH Mac-
ChI OKa3BIBAKITCH HE3ABHCHMBIMH, H 3HCPIHA, KAK H B HBIOTQHO-
BO¥ MCXaHHKE, OIIPERCACTCI C TOYHOCTRHO OO0 [IOCTOSHHOM Be-
JIHYHHBL '

PaccMOTpHM Teleph TPHBHAIBHOE pEIleHME YCIOBHH Makcpen-
na (2, 3) Buza :

F=F,=Ey+I[H, = const.

3aMeuaTenbRbIM NPEACTaBISeTCs TO, YTO 3TOMY PEIEHHIO COOT-
BETCTBYIOT, TO-BHIUMOMY, BIIONHE HabmronaeMoe siBieHHe. B
ITOM_CIIydae TEH3I0P SHEPrHH—MMIYIhca (§) OyZeT HMETh BUI

£ 2
1,9 = S, - Egey (9)

CortacHO OTHOCHTEIBLHO HEAABHEMY BEIMKOMY KOCMOJIOTH-
9eCKOMY OTKPRITHIO {7, 8] ckopocTs pazberanus yAaneHHBIX Ia-
MAKTHK OKA3BIBAETCA TEM OOJBIIE, YEM JAIBUIE OT HAC OHM Ha-
xonarcs. O6HACHUTE ATOT akT B paMkax obLIeH TEOPHU OTHO-
CHTEIILHOCTH MOXHO TONBKO TeM, uro Bcenennas samonHeHa
HEKOTOpPOH cyOCTaHUKeH ¢ OTPHUATENBHOH Y@pexTHBHOIM M1oT-
HOCTBIO 3Hepruu p°?? = p + 3p, rue p — IUIOTHOCTE TOH CY6-
CTAHIIMH, a p — CYIUECTBYIOIIeEe B Hel napineHue. ECIM Mi3Me-
PATH 3TY ITIOTHOCTE B €AMHHIAX KPHTHHECKOH TUIOTHOCTH
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2
=30 | =540 %90 mx i,

e H = 65 = 15 xm/c/Mnc — mnocrosaHas Xa66ma,

a A = 4.81 10% H — panMoHaIM3HpORAHHAA IPABHTANHOHHAS
MOCTOAHHAs, BRIOpaHHAA TaK, 9TOOH 3akoH Hel0TOHA HMET BHJ

(mlc2 )(mzcz)
81t7u‘2

TO ONpPEACIACMAL H3 aCTPOHOMHYCCKHX HaGIIIOJleHHﬁ BCAVIYHHa

p3¢d’

Pe

F=-

k]

=-1.4%102,

B pabote [9] 3Ty rumoTerngeckyio cyOCTaHLHIO TIPEROKe-
HO Ha3BaTh xeunmaccenyuel. OMeBHIHO, ITO CHOPMYITHPOBAH-
Has B HacTosieH paboTe kareropus HyJIb—IONA HASAREHO COOT-
BETCTBYET IIOHATHIO KBHHTAICCEHUIMH. s aToro mocTarovuHo
CpaBHHUTE T€H30p (9) C TEH30POM JIHEPrUM—MMITYNLECA MaTepH-
ampHBIX Te1 (B JAHHOM ClIyY3e — KBHHTICCEHLMH), KOTOPLIK B
COMYTCTBYIOINEH CHCTEME KOOPIHHAT MMEET OTIMUIHLIE OT HYIIA
KOMITIOHEHTHI

(4) _ . = =
o' =e T =T =T = p.

Takum 06pa3oM, BEl BHAMM, 9TO KBHHT3CCEHUHIO F, BIONHe
MOXHO OTOXIECTBHTE ¢ OXHOPOAHBIM HYiIb—TIONEM Fo IIPH yCiIo-
BHH, YTO MaraMTHOE Hyjdb—moiae Hy IpeBOCXOAMT Mo abcomor-
HOH BENHYMHE 3NEKTpuYeckoe — FEy MiMepennoe 3HadeHHe
KBHHTICCEHIHH, T. €. IIOCTOAHHOIO KOCMOJOTHYECKOTO HYJIb—
NOJI5, COOTBETCTBYET BEIIHIHHE

|Fq|= 92 + 14 B/oy
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TTpoOdosibHbLIe 80NHbI U MEMOpPaHb]

YpaBreHud, COOTBETCTBYIOIME YCIIOBHAM Makcsenna (2, 3} co-
ACPKMT pEIEHHS B BUAE DIEKTPHYESCKHX NIPONOIBHEIX BOJIH,
PACTIDOCTPAHSIOIIMXCS CO CKOPOCTRIO CBETA

E=f(p- x)p;

rae f — HeKoTopas AeHCTBHTENbHAS PYHKIIMH CKANAPHOIO apry-
MEHTA
P-X=poXg~P- X,
a p — udeabroe 3PUPHOE TUCHO C HOPMOH PaBHOH HYIIIO:
pp =0,

OTH BONHBI CBA3AHEI C NIEPEHOCOM JNEKTPHUSCKIX 3apAgoB. Ha-
IPHMED, INEKTPUIECKYIO IPOJONBHY BOIHY C KPYThIMH lepen-
HHEM 4 33JHUM (QPOHTAMH BIIOJIHE MOXHO YIONOOHTH ILIOCKOMY
KOH/IEHCATOPY, ABKHKYIIEMYCS CO CKOPOCTBIO CBETA B HallpaBile-
HUY HapalJICNLHOM 3aKTIOYSHHOMY BHYTPH HEIO NIEKTPHICCKO-
My o0, TIOCKOTBKY TAKOTO poja BOJHE! HE CYILECTBYIOT IpH-
poze, MBI MO 6b1 He 00palaTh BHUMAHHA Ha HAIWYHE TaKHUX
pemieHui, OOBABUB HX «HeDHUIMUECKUMH». MBl MOXEM, OIHAKO,
COENaTh AANEKO MIYLINE BBIBOILI, €CIIH NPEAMOI0KHM, 9TO Ta-
KM€ BOJHBM ACHCTBHIECIBHO CYNIECTBYIOT, HO, 3BOIIOHOEHDPYH,
OHH TpaHcHOPMHPYIOTCSH, B KOHIIE KOHIIOB, B T¢ CHHIYISPHEIC
o0pa3oBanus, ¥TO PUCYTCTBYIOT B TPAAHIMOHHON 3NEXTPOLH-
HaMHKe B BHIE 3apAalOB H TOKOB. TaM 3TH 3apsaabl CIyKAaT B Ka-
YeCTBE HEKMX NMOCTOPDOHHHX FPaHHYHBIX YCIOBHH, OIpenenso-
MIMX KOH(HTypauio pelenn# ypasHenuii Makceeia.

Hns Toro urober ybenuThed, YTO 3apANOBLIE BOIHBI HE MO-
I'VT ABHIATBCA CO CKOPOCTBIO CBETa, BOIBMEM CIIEd OT TEH30pa
3HEPTUH—MMITYIRCa (7):

Tor QakT, 9T0 Cren TeH30pa SHEPrUH—HMMIIY/I5CA IIPH HATHYUH
MPOAONBLHLIX BOJIH OTJIHYCH OT HYJS, O3HAYAET, YTO UM COOTBET-
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CTBYET HE paBHAA HYIIO CKAIIPHAA KPHBM3HA TPOCTPAHCTBA—
BpeMeHH R. OT0 0OCTOATENLCTBO O3HAYaeT, 9TO IPOAO/ILHbIE
BOJIHBI XapPaKTEPH3YIOTCA HARHIKEM MACChl, T. €. OHH ABIAIOTCA
macenbiMy. ITHM OHH OTIHYAIOTCA OT OOBIYHBIX 3JIEKTpOMar-
HUTHbIX M TPABUTAUHOHHEIX BOJM, JUIE KOTOPEIX CJIEX TEeH30pa
SHEPTHU—HMITYNIbCA BCETHla paBeH HYMO (Ul IpaBATAIMOHHBIX
BOJIH 3TO cIIEAyeT U3 BUAA COOTBETCTBYIOHIErO TeH30pa PuMaHa,
upuBeaenHoro B [10]). ITockonsky B yCIOBHAX aHATMTHIHOCTA
Makcsenna (2, 3) 3¢bup npemonaraeTcs INIOCKMM H TEH30D KPH-
BM3HK! 3(Hpa B 3THX YPaBHEHHsX HE YIacTBYeT, TO MBI I0dy4a-
€M NapajoKCANbHYI0 CHTYALHIO, KOrjua o0beKT ¢ OTIMYHOH OT
HyJI Maccoil ITOKOA JBHMETCS CO CKOPOCTBIO CBETA. TakuM 06-
pa3oM, MBI PUXOJKM K BEIBOAY, YTO SIEKTPOSHHAMUKY B 00s3a-
TENLHOM TOPANKE CIEAYET PACCMATPHBATH B KOHTEKCTE WCKPUG-
AAOUezoca Ipupa, T. €. YTO IICKTPOTHHAMHKA OMHCHIBAETCA,
BOOO1IE TOBODA, HE YPAaBHEHHAMH, COOTBETCTBYIOILMMH YC/IOBH-
M MakcBenna, HO ypaBHEHRAMH JHRINTEHHR

i_ i 1
AR; =T; - 5_81.1". (10)

[TockonBEKy 3TH YpaBHEHHA HENHHEHHB! H HE CYHIECTBYET
CTAHIAPTHBIX METOIOB HX PEUICHHA, TO 33/1a4a aHATHTHYECKOIO
HCCHIeJOBAHKA 3BOMIOLMH 3JIEKTPHUECKHX BOJIH HpeNCTaBideTCs
BechbMa NpoOreMaTHYHON JakKe B OJHOMEPHOM, IUIOCKOM CIy-
zae. TeM He MEHee, B KAYECTBEHHOM OTHOIICHHH XapaKTep coor-
BETCTBYIOIMX PEIIeHHH NpeICcTaBNseTcs BIOAHE ACHEIM. B ciury
CBA3aHHOH ¢ HEMHHEHHOCTBIO ypaBHEHMIT AMCIIEPCHH TPOAOIL-
HBIX BOJH nepenHuil GpoHT Tako# BONHEL, IO Mepe ee pacmpo-
CTpaHeHMA JelacTcq BCE OOJICE KPYTBIM M NMPUHMMAET, B KOHLIE
KOHIIOB, XapaKTepHy1o S~00pasuyio hopMy.

Bosnukaiomyo MpH Takoro poja 93BOMOLHAH BOJHOBHIX
($pOHTOB HEOTHOIHAYHOCTD pEEHMH OOKIYHO, KAK B CITyYae He-
nuHefiHO# THAPONHHAMMKH, HAIIPHMEP, YCTPAHAIOT BREACHHEM
CHHI'YAAPHOTO QPOHTA YOapHOtl 60AHEL, TIO PA3HBIE CTOPOHBI KO-
TOPOr0 CpeHa XapaKTEpH3YeTCs PA3HBIMH 3HAYCHUSAMH CBOMX
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napaMerpoB. Takum o6pasoM, MBI MOXKEM YBEPEHHO OKHIATh,
9r0 ypasHerus (10) UMEIOT «pelIeHHS» B BUAE 3APAHCEHMIX
membOpan.

Baxkx#o noHEMAaTh, 9TO ypaBHesue Makcpemna—IHHOITe!H-
Ha B 3TOM CIIy4ae OIHCHIBAET /IEKTPHYECKHE BEKTOPHEIE H CKa-
JAPHBIE MO 110 Pa3Hble CIOPOHH OT MeMOpaHbI, BHYTpPEHIIHE
ME CBOHCTBA caMHX MeMOpaH HHKaK He CIIeIYIOT H3 3TOro ypas-
HeHAa. ToT (axT, 9TO0 3TH 0COOEHHOCTH 3NIEKTPOMATHHTHOIO
OOJIA He SBISIOTCA pEIICHHAMH ypaBHEHHA Maxkcremia—OWH-
nITeHHa, KaK pa3s ¥ COOTBETCTBYET TOMY TIOJIOMKEHHIO, YTO 3apsi-
Abl ¥ TOKH B TPAAMUHOHHOH NEKTPOAUHAMHKE BRICTYNAKOT KAk
3a/1aBaeMBble M3BHE TPaHHYHbIE YCTIOBHA.

b

e s T T
(6pajoraHKe yaapHOro QpoHTa.

ME1 He MOXKEM CHHTATh, YTO MEMOpAaHE HMMCIOT HYIEBYIO
TONI[UHY — B 3TOM Clly4ae OHM H€ MOIIH Obl OONATATE KaKu-
MH—IH60 u3HuIecKuMHE cBoiicTBaMH. C APYTO# CTOPOHLI, TIpex-
CTABIAETCH OWEHEL MAJOBEPOATHHIM, 4TO MeMOpaHaM yzaactcs
KOrAa—H00 IpUNKNCcaTh H KOHEYHYIO TONIIMHY — 3T0 noTpedo-
BasI0 OBl BBe/IEHH B3aUMOeicTBHI, He BXxoasmux B CTasgapr-
HYIO MOJIETh U HE IPOABIAOMMX cebs HUrae, KpoMe Kak BHYTPH
MeMOpaH. TakuM 0BpasoM, eIHHCTBEHHO BO3MOXHBIM OKa3hiBa-
ercs HaJeaeHdHe MeMOpaH OECKOHEUHO MAIOH, HO ONUIUYHOU Om
HYJIA TOMIMHOH, T. €. TOMIOUHOH, H3MepseMmol B BomwTax. Ito
BIIQJIHE COOTBETCTBYET NPEACTARBICHMIO O HEAPXHUMENOBOH CyIII-

62




HOCTH 3@Hpa. OTMETHM, YTO B HACTOALIEE BPEMA — NOCKOIEKY
BCE ypaBHEHHA GH3MKM Oe3pa3IM4HEl K TOMY, ¢ KAKHM MHOT000-
pa3sHeM OHHM MMEIT [eJI0: ZEHCTBUTEIBHEIM HWIH T'HIICPAEHCTBH-
TEABHBIM —— Mbl HE MMEEM HHKAKMX MATEMATHYECKHX HHCTPY-
MEHTOB [JIs CO3AaHHA (PH3MKM OECKOHEUHO MAIOTO H JaXe He
IpeacTaBiieM cefe, Kak OH MOT Obl, B IPHHUUIIE, BRITIAICTD.

PaccmarpuBas 1Be mapansielbHBIE yOAIAIONIHECT APYT OT
Apyra MeMDOpaHH Kak pe3y/kTaT Kojuanca (poHTOB coOTBETCT-
BYIOMIMX IPOAOIBHEIX BOJIH, HECIOXHO ITOHAThH, YTO BHE ITHX
MeMOpal Hy/Ib-11071e £y paBHO HYJIXO H OTJIMYHO OT HYAA TONBKO
sexropaoe more E. Mexnay Membparamu, Hao6opot, oT/IH4HO OT
HYJIS CKAJIAPHOE MEKTPHUECKOE TIONe U PABHO HYIO T0TE BEK-
TopHOe. IIpHyueM 3t0 Hyae—Tone £y no abcomIoTHOH BelMIUHE
paBsHO MoAymro BekTopHOro mons E. B peancHOCTH, KOHETHO,
IUTOCKHE MeMOpaHBI He CYIIECTBYIOT, OHH 00pa3yloT 3aMKHYTHE
IIOBEPXHOCTH, — ILIOCKMM XK€ MeMOpaHaM COOTBETCTBYIOT Cle-
PHYESCKHE TTOBEPXHOCTH OeckoHewHoro paauyca. Ornasas JaHb
yBa)xeHHs JIeHOHUIY, Ha30BeM MONYYeHHHIE YaCTHIB! OOIIHM
HMEHEM MOHAObL,

Ilpenmpunaras B 3T0H padoTe MONBITKA IIOCTPOECHHMA EXUHOM
TEOPHH HIEKTPOMATHHTHBIX M TI'PaBUTALHOHHEIX B3awMopeicT-
BHI IpefcTapnseTcs abcoriomuo adexsamroti, TOCKOJIBKY OHa
OCHOB4HA HE HAa CTPEMIICHHH KAK—TO, «MaIOH KpOBbIO» 0606-
IIHTh JKCIIEPHMEHTAIBHEIE PE3YNbTaThl B PaMKaX CYIISCTBYIO-
[IEer0 MaTeMaTHYeCKOro Kpyrozopa ¢usnku. Mcxogsoe u eamH-
CTBEHHOE IIOJI0XEHHE 3/IECh MIPeAeTbHO ITy00KO H NeTyKTHRHO!
NPOCTPAHCTBO—BPEMSA ECTD QHATUMUYECKOE MHO2006Dpa3Ue Heap-
Xumeoo6ol cmpykmypsi. ECIM BCTIOMHHTL NIIPHBEICHHOE HIDKE
BEICKa3LIBaHKe JlMpaka, TO MOXKHO CKa3aTh, YTO 3T TEOPHA cle-
71aHa [10 eTO 3aBeTY.

«/IBIDKEHHEe MaTeMaTHKR K (DM3WKH B CTOPOHY oOBeanHe-
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HUA cHabxkaeT GM3MKA HORBIM MOLUHEIM METQI0M HCCre-
AOBAHMS OCHOBR €r0 HAYKH, METOAOM, KOTODSHIH TOK4 He
YHABATOCH [IPUMEHATH C YCIIEXOM, HO KOTODHIH, 1 4yBCT-
BYIO 3TO, €II€ NOKaXET CBOe 3HadeHHe B OyaymeM. Meton
COCTOHT B TOM, 9TOOBI Ha4aTh C BeIOOPA TAKOH BETBH Ma-
TEMATHKH, KOTOpas, [0 BalIeil MBICIH, MOXKET CTaTh OCHO-
BaHHeM HOBOH Teopuu. B 3roM BEIOOpEe Hamo pPyKOBO-
JCTBOBATLCH B CHJIBHOH CTENEHH COOOPAKEHMAMHE MaTeMa-
TU9eCKOH KpacoTsl... Brlbpas obmacTs MareMaruxu, cre-
IOYET HAYAThL PA3BUBATH €€ B HOAXOAALIMX HAlIPaBIICHHMX,
NIPHCMATPHBAACH OJHOBPEMEHHO K TOMY, KaK OHa MOMKET
IIOAMATECH SCTECTBEHHON (HM3HYECKOH HHTEpPIIPEeTalHy.
(ITAM. Jupax, K coznanuro xBaHTOROH TeopuH moms, M.
Hayxka, 1990, ¢.249)»,
BmecTe ¢ Tem, HOCTPOCHHAA «ESOHMHAS TSOPHA MOJIA» MHOTMMH
¢dH3uKamMu MoxeT OBITh BOCIIPHHATA KaK «pa30vyapOBBIBAIOIIAN,
160 OHa KJIaJeT KOHell IPeTeH3UH QH3HKK Ha «MUPOBOE rOCIO-
cTBO». Ha ToM QyHIaAMEHTAIBHOM YPOBHE QH3HKH, T1€ JTODKHO
HAXOOATHCA RONTOKIAHHOE O0OBACHEHHE BOZHHKHOBCHHA Mame-
pu, MBl OOHapyxuBaeM He OH3HKY, HO memagusuxy. Taxue
HOHATHS PU3HMKY, KAK «COJIbIe JaCTHIEDY, HX PasMEPHl H Henoae-
6ble Macchl — 0€3 3THX IOHATHI KBAaHTOBAA TEOPHMS IOJIS BCErna
fyneT HeRaBEepINEHHON M HETIOCHEAOBATENbHONH, — MOTYT BXO-
IUTH B TEOPHIO TONBKO eHoMenorozudeckum obpazom, ubo mMo-
Hajwl Beerna Oyayr mng gumsuxy «semsio B ceden. Ilo cyth,
TONBEKO B 3TOM H 3aK/HO4ASTCA BRIBOJ NPEITOKEHHOH eIMHON
TEOPHH — HAYETO APYTOTo (PH3MKE OHA HE AAET.
AHaMUTHYECKAA JIEKTPOJMHAMHMKA [PHBOIHT K BBIBOXY,
9TO HOCHTEIAMH 3IEKTPHISCKOro 3apsijia ABISKTCA Te 0co0eH-
HOCTH 3(HUpa, KOTOPhle MBI Ha3BaTH MeMOpaHaMH; JIerko, OJHa-
KO, OHATH, YTO MAcca MoKoA cOOCTBEHHO MeMOpal cBA3aHA He ¢
HATHYMEM MY OTCYTCTBHEM Ha HHX 3apAA0B, HO HOCHT HCKITIO-
YHTEIHHO TPAaBUTALIMOKHEIN XapakTep. 3To 0BCTOATEMBCTRO YKa-
3BIBAET HA TO, YTO MeMOpaHbl ABIAOTCA QYHIBMEHTAIbHbIM, HE
CBSI3aHHEIM ¢ HHGVMHMTE3MMaNBHOH Aedopmanuel 3¢upa noxs-
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THEM — 3IIEKTPOIHHAMHKA JIMILE AEMOHCTPUPYET HYKIY B MEM-
Opanax nns pasMemeHus Ha HAX 3apanos. llo cBoel xe cyrny,
MeMOpaHbl COCTOAT M3 TAWHCTBECHHOTO BEUIECTBa, ABNIAIOIIErocs
MPOOYKTOM CRUAHUA MOHAO. J1a npamamepusa 00iajaer aKTy-
aThbHO OECKOHEUHBIM YHCIOM CTeneHel cBOOOIRI, MHOMKECTBO
KOTOPEIX 00NafaeT MOMIHOCTBI), NPEBOCXCAAMICH MOLIHOCTh
JIeiCTBETEILHOTO KOHTUHYYMa. B mpuanune mMeMOpaHB MOryT
HecTd U caabrdi, ¥ CHILHEIR 3apsaael H, BooOmie, ObITh «TOJIEI-
Mu», OTMETHM B CBA3H C 3THM, YTO BHYTPH MOHA] 3JIEKTpOMAr-
HHTHOE HYIb—IIOE Fj OTIMMHO OT CBOETO KOCMOJIOTHYECKOTO

3naueHus Fy, a sexropHoe nose K pasuo vymo. s Toro arobs:
«KITACCHYECKME INMEKTPOHBI» H (TIO3UTPOHED 00Nafamd OXHHA-
KOBOH 3HEPrHel M MOIIH IIPH CIIy4ae aHHHTHIHPOBATh, KOCMO-

TOTHYECKOe HYIB—TOJNE, HHAYE, KBMHT3CCEHIIMA Fq 00s3aH0
OBITH MMEHHO MAaTHHTHBIM HYIB-TI0JIEM. B 3TOM ke obcTosATeNs-
CTBE MOXHO BHJIETH H IIPHYHHY TOr'0, YTO B LPUPOIE OTCYTCTBY-
10T 9aCTHLEI, 00,1a1as0IHEe MATHKTHRIM 3apAA0M, — MACHHTHEIC
MOHOIIOJIH H @8HTHMOHOQIIONU He otnadarom TpeOyeMoH cHMMeET-
pueit, :

CoopMyanpoBaHHas B 9Toi paboTe aHAIHTHIECKAA 3ICK-
TPOAMHaMHKa HBIAETCA TEOpPHeH NOCNeJOBaTeNBHO KIaccHuYe-
CKOM, H OHa He KacaeTcs KBaHTOBBIX CBOMCTB MATEPHATLHOTO
MHpa. B 3TOM cMBICcIE MOXHO CKa3aTh, 9TO OHA HAXOAUTCH UG
B Hauaine «yTH Jupakay». Tpebyemoe ais ganeHedmero mpo-
IBIXEHHS ee 00o6Ienne HanpammBaeTca caMo coboif: cliegyer
U3Y4UTh MO COOTBETCTBYIOIIMM YITIOM 3peHus Oonee obiue,
4YEM PACcCMOTPEHHBIE 3[€Ch, AHAIMTHYECKNE (YHKIMH, & UMEH-
HO, aHATUTHHeCKUE QYHKUMU Huschuprozo apzymenma

z=x+yl

V aBropa, B 4aCTHOCTH, HMEKTCH JIOCTATOYHO OCHOBAHHWH, 4TO-
BB cUMTaTh, 9TO KO3(UpHasA cocTaBIstiomas OMddupa OTBETCT-
BEHHA 33 CIHHOBBIE CTEHEHHM CBOOOIBI AIEMEHTAPHBIX YACTHII
Koneunas nexs 3T0ro mMyTH 3aK/I0YAETCA, KAK MOKHO HAJEsATh-
csl, B TOM, 9TOOBI, HCXOIf U3 OCHOBOIONAralMuX MaTeMaTHue-
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CKMX IIPHHIIHMIIOB, [IOJIYYHTH KBAHTOBYH) TCOPHIO NOMx U (ero-
MEHONOTHHYECKHE CeHYac NpaBMiIa BTOPUYHOTC KBaHTOBAHMA, a
Taoke Oosiee rnyOOKO, Ha TEOMETPHYECKOM YPOBHE IIOHATH
€IMHCTBO 3JIEKTPOMArHHTHLIX, ClNabbIX M CHIIbHBIX B3anMOAEH-
crBuil, B HacTosmiee Bpemd NPMHIMIEI KBAHTOBOH MEXAHHMKH
paccMaTpUBaIOTCA Kak HeKMH YHMBepcalbHBIH DIabNMoOH, Hamo-
JEHHBIN Ha npHpony. IIpencraBngercs, OJHAKO, 9TO 3TH HIPHH-
LIMITbI ABIIAIOTCH HE YEM—TO HEPBHYHAIM, HO CIENCTRHEM TEODHH
AHATUTHIECKHX (QYHKIUHA COOTBETCTBYIOILIETO I'MIEPKOMILIEKC-
Horo nepeMeHHoro. [IpH TakOM NOHHUMAHHM CHUTYallMM 3aKOHBI
KBAaHTOBOM MEXAHHMKM HE paclpOCTPAHAIOTCA HA IPABUTAIIMOH-
Hble ABICHHA — MPOCTPAHCTBO--BPEMA CIYKHT JHIL cyOceTpa-
TOM, H3 KOTOPOM IPOH3pacTaeT 3QHpHbIH AHATH3, H OHO HE HB-
asercs OOBEKTOM HCCIEZOBAHHA METONaMH 3TOH MaTeMaTHue-
CKOM TUCHHIUIMHEL 3T0 00CTOSTENBCTBO YKE JABHO H MHOTHMH
NOZ03PEBACTCH, MOCKOJIBKY IMOJIE TATOTEHUS HE MOMIUHAETCH
TIPUHLMITY CYIEPIIOSHLIHHE ~— OCHOBONIOJIATAIOLIEMY IPHHLIHIY
KBaHTOBOH MeXaHMKH, OTMETHM €IIE, YTO OYCHH BAKHOE A
KBAHTOBOH TEOPHH IOIA NMOHATHE PuU3UYECK020 6AKYYMA HAXO-
AUT CBOE HETPHBHAIILHOE BOILIOMEHHE B «XDAPHOM KDHCTAILIE,
MIOCKOIIBKY POXJEEME 100001 Naphl YacTHLA—AHTHIACTHLA 005~
3aTeNhHO BKIIHOHaeT B cesa MeMOpaHHbIe POLIECCH.

* *

Bemixnit JIeliOuu1 CBOMM TBOPYECTBOM A0Ka3a/l HATHUHE Y JTI0-
neH GpaHTacTHIECKHX COCOOHOCTEH K TyDovaiinuM MeTaQH3H-
GECKHM IIOCTHIKECHUAM, JIMIIb B MHHEHMATHHOH CTENIEHM OCHO-
BAaHHBIM Ha aKToIorHIecKoM Matepuaie. Ero npeacrasienue o
MOHafaX kKak o0 2IeMEHTAPHRIX «aToMax» MaTepHH, Booblie,
BIIOIHE COOTBETCTBYIOT IMONYYEHHBIM 3IECh pe3ynbraTaM. fins
Jlefibamia yMonocTuraeMelii MeTadu3mdeckuii mup 65T He Me-
Hee, a, MOXeT ObITs, M Donee BakeH, 4eM «HeHOMEHANBHEIR»,
¢usuaeckuit mup. B 370l Bricoxok cdepe Huroton, HampuMep,
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K4K TIOKA3kIBAIOT €r0 CAENAHHBIE HA CKJIOHE JIET 3amMcH, HE HOA-
HSUICA BBIINIE CKYYHOI'C TPOTECTAHTCKOIO TONKOBaHHA XPHCTHAH-
CTBA.

Jle#t6Hum, Kak 1 JIeMOKpHT, cuMTaOTCK GrNnocodamu, mpea-
BOCXHMTHBIIHMH OTKPHITHE ATOMApHOH CTPYKTYPH BemiecTsa. Ho
JleHGuunl He TPOCTO MpeAyragai KOPMyCKYNSPHYI® CTPYKTYDY
MaTE€pHH — E€ro MOHaABbI HEYTO DoNkIIee, WeM ATOMBI, OHH ABIA-
IOTCS, KaK M TIPCLECCOPBI, JYXOBHOM CYIIHOCTEKW. Bce MOHAIE!
OH CYATAN CIIOCOOHBIMH K NEPUENIHH, T. € K BOCIPUATHIO, éne-
wamrenuio B €0 OPYrux MOHAZ H, CILOBATENBHO, OKPYXAIO-
wero MHpa: MoHazael no JleHOrMUy — «cepxamo Bceenennoii».
Ho ero MoHaze! criocOGHE! He TOIBKO OTpaKaTh ((QIOCPEICTBOM
AKTYyalbHO OSCKOHEYHOrO 4YHC/Ia CBOMX CTEMEeHEeH CBOOOLbDY ~—
noGaswiy Obl MED), HO M K ANNEPHEINHH, T. €. K CaMOCO3HAHMIO,
K 4mcTO nepnenTHBHBIM MOHAIaM OH OTHOCHA Te, uTO 00pasyror
MHHEpATEl. ANNEpUENTHBHOCTh K€ MOHAJ, OIHUETBOPSIOLINX
OYUIX KUBHIX CYIIECTB, MOKET pa3M4arhcs KONMIECTBEHHO —
OT MaJIO YyBCTBHTEJBHBEIX MOHA[| pacTeHHH 10 Oe3rpaHH4HO am-
NEPLENTUBHLIX MOHa] OoxecTBeHHRIX cymuocreid. Cnpaseaa-
BOCTH paiH CleAyeT OTMETHTh, 4TO, X0Ta JleHGHUL u Rajemu
MOHAJIbl CIIOCOOHOCTBIO K CAMOCO3HAHKIO, OH JIMIIII HX CBOGO-
ABl BOJIH. B 3TOM cMBIC/IE OH OKa34/iCA B IUICHY IIHPOKO PacIpo-
CTPAHEHHOH B €ro BpeMs HJEOJIOTHH [EH3Ma, OTpaxalomei
IpeAcKa’saTebHYH) CHIYy Torjamueid wMexaHHKy. CormacHo
Jleibuuuy AesTeAbHOCTS MOHA, A 3HAYAT ¥ IIOCTHTZEMBIE HAMH
3aKOHE HHIUKK, HEMOCPEICTREHHO NPOUCTEKAIOT U3 BHYTpEeHHE-
TO conepXaHuA camux MoHax. OnHako 3Ta JEeATENLHOCTH He
€CTb pe3y.arrarT cBo0OIHOTrO BHIOOPA, HO pPa3BEpPTHIBAHHE MH[U-
BHAYATLHOH OpOTpaMMbl, <«dIONHOI0 HMEAMBMIYAIBHOTO MOHA-
musy», KOTopoe Bor MBIC:THII BO BCEX MOApOOHOCTAX ete A0 COTBO-
PEHHA MHpa H BIOXKWI BO Bce MOHa/R!, Takum ofpasoM, Bce JeHeT-
BUAL MOHAJ [TOMHOCTHIO B3aMMOCBA3AHEl H IPERONpPEneNieHkl; o0pa-
jyeMad MMM MEpapXMs €CTh peE3yIbTaT NPENoNpelencHHON
«TapMOHMK», HO HE UX OIMpatomeiics Ka ceofomy Bomm Urps:.
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MoxHo monarars, 4ro B MemOpaHax, (POPMHPYIOLIMX MOHAJIEI,
aKTyajJikHEIE cTeneHn ¢BoGoapl ddupa mpossaszoT cebs B Buae
MeTau3NYeckux crocoOHocTed mnpoueccopos. Ipexae Beero,
ITO KACAETCH, HO—BHIHMOMY, MaKPOCKOTIMYECKHX MOHaJ, Cro-
coOHBIX, HATPHMEP, K B3aHMOJEHCTBHIO ¢ COOTBETCTBYIOIUHMH
CIPYKTYpaMH Tejla KBAHTOBOMEXAaHHYECKHX HKCIEPUMEHTATO-
poB. UTo ke KacaeTcy MHKPOCKONMUYECKUX MOHAM, ABIAIOMIHUXCS
CYIIHOCTHOM CepAUeBHHOH 3TEMEHTapHBIX YaCTHII, TO, KaK MOXK-
HO NpPeAMoNaraTh, HX akTyaIbHEIe CHCTEMB! HAXOIATCH B HEKOEM
ocHogHOM, nepyenmueHom cocmoanuy. Tot ¢axr, uro dusnie-
ckHe, 00yCIIOBIeHHEIE HX IIOTCHUMAILHBIMH CTEIEHSIMH CBOGO-
OB CBOMCTBAa MAaKpOCKOMMYECKMX MOHAZR IO CHX IOp HE CTanH
TpeMeTOM H3ydeHus (H3MYecKol Hayk, clieayeT OObACHATH
TEM, YTO B CBOEM OOBLITHOM COCTOSHHH OHM O4YeHb ciabo Biau-
MOACHCTBYIOT ¢ BemiecTBOM, IIpeacTaBisercs, OoAHAaKo, 410 B
OMPEJENEHHBX YCIOBMAX MaKpOCKOTIMHYECKAE MOHAJBI MOTYT
OBITH HEPaBHOTYIHEIMY K JIEKTPOMarHATHEIM B3auMONEHCTBH-
M H, TEM CaMbIM, 00HapyxuBaTh cels, npnyeM B O4EHb APKOH
dopme. Ho 06 aTomM B cnepyromeM cce.

NINTEPATYPA:

1. Tarski J. Short Introduction to Nonstandard Analysis
and its Physical Applications\\ Many Degrees of
Freedom in Field Theory: Proceedings of the 1976
International Summer Institute of Theoretical Physics,
Bielefeld, Aug. 29 — Sept. 4, 1976\ Ed. L. Streit, N.
Y.; London: Plenum Press, 1978, p. 225-239 (ams ¢u-
3HKOB)

68



Yenenckui B. A. Uto Takoe HeCTaHIAPTHEIN aHanmH3?,
Hayxa, M: 1982

Imaeda K. Nuovo cimeno, 1976, vol. 32 B, Nel, pp.
138-162.

Casanova G. L‘Algebere Vectorielle, Presses
Universitaires de France, 1976 (Ilepesoa ¢ ¢p.: Kaza-
nosa I'. BexropHras anrebpa, M: «Mup», 1979, ctp. 53.
Janoay JI. ., Tugnuuy E. M. Teoperudeckas ¢usmka,
1. II (Teopus momn), M.: «Hayxa», 1988, crp. 349-352.
Ibid. cTp.114.

Perlmutter S. et al., Astrophys. J., 517 565(1999).
Riess A. G. et al., Astron. J., 116 1009(1998).

Cadwell R. R., Steinhardt P. J. Phys. Rev. D, 57 6057
(1998).

. Jlanoay JI. II., JTudnuuy E. M. Teoperuieckas Husnxa,

T. I (Teopus noma), M.: «Hayra», 1988, crp. 443.

69



SKCNEPUMEHT
NOATBEPXIOAET

Tockomexy MeMOpaHBl, 00pa3yolKe MOHS/IBI, ABIAIOTCA TEPBO-
OCHOBO#H cOOCTBEHHO MaTepud — BCE OCTATBHOE €CTh TIONE, —
TO BO3HHKAET BONPOC, B KAKMX QHMIHUECKUX SKCIEPUMEHTAX MBI
MoruH 651 OGHAPYHKUTS T€ X CBOHCTBA, YTO CBA3AHEI ¢ BHENIHH-
MH, eewjecmeennbiMyu CcTeNeHaMH MX c¢Boboan? B npuuuune,
MeMOpaHHas TPHPOJa TAKMX DIIEMEHTAPHBIX YACTHI[, KAK JIeK-
TPOH HJH KBapK, Moxer OhITh OOHapyXeHa B MPOBOIMMEIX Ha
YCKOPHTEIIAX NEMEHTAPEBIX YacTHI] SKCIePUMEHTaX IO HX pac-
cesHuI0 Apyr Ha apyre. OcTaercs, Ipaeaa, OTKPHITHIM BOTIPOC,
KaKOBBI pa3Mephl HX MOHAJ, H peanu3yeMa JIH Ta JHEPT A CTOIK-
HOBCHHSA, YTO HEoOXOAHMa A1 OOHapykKeHHA UX HETOYEdHOTO
KepHa.

Topasgo Gomeminit HHTEpEC, ONHAKO, KaK MeTadH3ngecKuii,
TaK M MPaKTHHECKKi] NpeAcTaBsuio Obl SKCepuMeHTaabHOe 00-
HapyXEeHHe TéX MaKpOCKONMYECKHX MOHaJ, 9T0 00pasyoT xcu-
goe seufecmeo. Ilpobmema 34ech 38KIIOYAETCA B TOM, 4TO HX
MeMOpaHBl, MO-BHAMMOMY, O4eHb cna60 B3aMMONEHCTBYIOT ¢
OOBIYHEIM BEIIECTBOM, T. €. B OORIYHBIX YCIOBHAX OHH NMACCHBHBI
TI0 OTHOINEHHIO K ANMEKTPOMAarHUTHOMY nomo. C apyroit cTopo-
HEI, TOCKOIBKY 3TH MOHaJEl o0nagaoT HekoTopoit Maccoi mo-
KOH, MyCTh 4 HeGombuIoli, TO, B NPHMHUMIE, UX IPHCYTCTBHE
MOKHO OOHApYXHTh IO CO3JaBAEMOMY MMH IDABHTALHOHHOMY
fnomo.

ACTpOHOMAM YK€ NaBHO H3BECTHO, YTO OCHOBHYIO MacCy
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TaJIAKTHK COCTABIIMET TAK HA3LIBAEMOE TEMHOE BEIIECTBO. Tem-
HOE BELIECTBO HE H3IYy4aeT CBETa, H, BOOOIIE, MPaKTHYECKH HE
B3aMMOJICHCTBYET C HJIEKTPOMAarHHTHEIM M3TyudeHHeM. B HameH
TlanakTke TeMHOTO BemwlecTBA MPHOMM3UTEILHO B JECATE pa3
Oonpine, yeM cBeTsAImerocs BemecTsa 3Be3n. OHo obpasyer 06-
HIHPHYIO KOPOHY, HIIM rano, BOKPYT 3BE3AHOIO AHCKa Miedroro
nyty. IlogoGHble TEMHBIE KOPOHE MMEIOTCH, MO—BHAMMOMY, Y
BCEX JOCTATOYHO MACCHBHBIX HW30IHPOBAHHBIX IajJakTHK. TeM-
HOE€ BEILECTBO COMEPKHUTCSH TAKXKE B IPYIIIAX IATaKTHK H B ca-
MEIX GONBIIHX KOCMHYECKHX. CHCTEMaX — CKOIUTEHMAX M CBEpPX-
CKomleHmAX ramakTuk. Kak u B Hameii amaxTHKke, TeMHOe Be-
mecTso cocrapimier no 90%, a unorza u Honee, nonaO Maccu
BCEX ITHX cHCTeM. OHO MPOABIAIOTCA TOIBKO Onaromaps cosma-
BaEMOMY MM TATOTECHHIO, H HMEH-HO II0 CBOEMY TPaBHTAUHOHHO-
My 3Gdexty n Obu10 BriepBEIe 00HapyXeHO (TOYHEE, 3a0103pe-
Ho) eme B 1930-¢ roxp @. L{Buxki, KoTOpHIi U3y9an KHHEMATH-
Ky ¥ AUHaMEKY O0raTroro 3Be3zaMM CKOIIEHMS ralakTHK B CO-
3Be3uy Bonocsl BepoHuky. I'alakTHKH B 3TOM CKONJIEHHY JIBU-
KYTCA CO CKOPOCTAMH OKOJIO TBICAYH KUIOMETPOB B CEKYHRY, H
OpH TAKHX CKOpPOCTAX YAEPKAaTk HX B HalmogaeMoM o0neMe
CKOIUTEHHS MOXKHO JIMIUE ITPH YCJIOBHH, YTO MONHAS Macca CKOII-
AeHus pa3 B AecHTH OonbIne CyMMapHOH MAacChl COCTABIIMIONUDIX
€ro TaTakTHK. «axercsa coBepUICHHO YAUBUTEIBHLIM, YTC Bee-
sienHax Oonee yem Ha 90% mo Macce COCTOHT M3 HEHIBECTHOMH
HaM (popMsl MaTepHH. OQHAKO 3TOT BEIBOA, MO—BUIMMOMY, He-
n3bexed. BaxHOCTE NMpobaeMbl TEMHOIC BelIECTBA OYEBHIAHA,
HO HE MEHEE OYCBHIHA H ee Ype3IBbIYaiHas cIoXHOCTh. Jo cnx
-TIOp HE M3BECTHA (pH3MYECKad NpHpoja HocHTe el TEeMHOTO Be-
IIecTBa; 00CYAIAeTCA OUeHb MMMPOKUN KPYr BO3MOXKHOCTEH —
OT YICMCHTAPHBIX YacTHI] ¢ Manoll (MEHBIIE MacCH 37EKTPOHA)
Maccol 710 3B€3A~KapIHKOB, MACCHBHEIX (OOIBINE MAaCChI COH-
1[a) YEPHBIX JBIp U T. . MacChl KaHAMAATOB HA 3Ty POJE Pa3IH-
qaloTcA, TakuM oOpa3om, Ha Ho0psix 60 TOpAAKOB BETHIHMHEI, —
TaKoBa pealbHAf YHCICHHAX MEpa MMEIONIeHCH B HAcTodIee
BpeMS HEOMPEJEICHHOCTH B 3TOM BOIIPOCE.
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TMockonbky HU OJIHA U3 THIIOTE3 O IPHPOJE TEMHOrO REIue-
CTBa HE YOOBJETBOPSAET aCTPOHOMOB, TO OONBIIHHCTBO YYEHBIX
CKIIOHAETCH K MBICIIH, YTO TAIAKTHYECKOE Tano o6pasoBaHO He-
uzgecmnol QU3NKE (hopmoti Mamepuu. Tak Kak «OTKPEITEIE» B
NpeABIAYILEM pasfele 3¢ce TpaKTaTa MOHAIE! M ABIIAIOTCA TaKOH
HEH3BECTHOH (OpMOI MaTepud, TO ECTECTBEHHO JONOIHHTHL
CIHCOK THIOTE3 O CYI[HOCTH TEMHOTO BEILECTBA CIIE ORHOM:
HEBHIUMas arMoc(epa ralakTUK oOpa3oBaHa MakpOCKonuue-
CKUMU MOHAOGMY. DTa THIOTE3a KAKETCH TeM Donee yMECTHOH,
9T0 HMEHHO MOHAJBI SBIMIOTCHA TOM IIpaMaTepHel, KOTopas co-
CTaBjIfeT NMEPBOOCHOBY BCEX MaTepHaIbHEIX 00sexTOB Beenen-
Hoit, MHaue rosops, BeenernHas coctouT Ha 90% 13 XKHBOTO Be-
mecTsa (MM, IT0 XpaltHeH Mepe, MoTeHIHaNbHO Xkusoro)! I'umo-
T€3a, KOHEYHO, apXHCMeIad: BEIb CTOMT HaM NPOTAHYTH DYKY,
K3K Mbl IIPUKOCHEMCS K TOMY MIIH MHOMY Iyxy. B 3ToM cBeTe
BIIONTHE YMECTEH BONPOC CPeJHEBEKOBHIX CX0MacTOB: «CKONMLKO
aHTe;I0B YMECTHTCHA Ha KOHUMKE Hriel?y», Kazanocs Owl, 4To npu
BCEH CBOEH AKCTpaRaraHTHOCTH, 3Ta THIIOTE3a Maino 9T0 AobaB-
ngeT K mpoblieMe TeMHOM MaTepuit: NOAYMaellb, OOHOK I'HIloTe-
30 Gonelue 0ZHOH Menpnie. OaHAKO,...

" *

[IlapoBEle MOIHHH ABJSIOTCS CAMBIMH 3aTafOYHEIMH M BOTHYIO-
HMH 0OBEKTAMHE B OKPYXKarolieH Hac npupone. B To BpeMs kak
OHU3MKH BIIOJIHE 0OOCHOBAHHO pacCyKIAl0T O TOHYAHIIWX CBOH-
cTBax BceneHHol B nepBEle MTHOBEHNS [IOCTIE €€ TBOPEHHSN, OHH
HE CMOTTTH BEIABHHYThE HH OIHOH CKOJIBKO—HHOYID 3aCITy>KHBalO-
IIeH BHUMAHHA THIIOTE3H! O IPHPOJE IHAPOBHIX MOTHHIK. MOXHO
C YBEPEHHOCTRIO FOBOPHTL O TOM, 4YTO B COBPEMEHHOH H3HKe
IPOCTO OTCYTCTBYIOT T€ KOHUEIIINH, KOTOphle MOTIH OBl OOBAC-
HHUTh YCTOMYHBOCTH ULIAPOBBEIX MOJHHMH. Bee monsiTkM npuay-
MaTbk MEXaHH3MEl, 3aMEAIAIOLME MPOLEcC PEKOMOMHAIMY HO-
HOB B INA4POBBIX MOJHHAX, [TOHHMAaeMEIX, KaK HEKHE CTYCTKH
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TUTA3MBI, MOXKHO CUMTaTh OecrionesHeIMH. TowHO Tak xKe, HE
NPEACTABIACTCA BO3MOXHBIM, HCXO/IA H3 COBPEMEHHBIX 3HAHMIM,
OOBACHATE TO OIPOMHOE KOJIHYECTBO 3HEPTHH, KOTOPOE, COTIAC-
HO HabmoneHnaM, MOkeT OBITh CKOHIIEHTPHPORAHO BHYTPH LIa-
poBoi MoaEEH. I10TOK TICEBROTEOPHH, NBITAIOUIMXCA OOBACHATD
IPHPOLY IIAPOBEIX MOJHHH, B TOM 9HCIIE M CaMBIX $haHTacTHye-
CKMX, CBA3@H C YBEPEHHOCTBIO JIIOJACH, YTO ¥M H3BECTHHI Bee (H-
3UYECKME OCHOBaHMS, Ha KOTOPRIX MOTTH O 6a3zuMpoBaThCA SB-
JICHHS TOTO YPOBHA 3HEPI'MM, KOTODHIH MBI HabmrozaeM B miapo-
BbIX MOTHMAX. EC/H cenaTs pelmMTenbH R (ar ¥ 0TKa3arhes OT
HCUEPIABINNX Ce0fl DOMEITOK OOBICHKTS IPHPORY INAPOBBIX MOTHHH,
HCXOJf TOTRKO M3 Y/KE YCTAHOBTCHHBIX HAYKOH OCHOB MATCPHATBHOTO
MHP4, TO MAKPOCKOTIMYECKHE MOHAIIBI ABIAOTCH CAMBIMH JOCTOHHEIMH
KAH[IH/IaTaMH B TBOPLBI NIAPOBEIX MOJHHH.

Jns Toro urofsl MOHAIEI MOTIH BBHICTYIIATH B TAKOM CBOEM
O0JHMYHH, MBI AOJDKHBLI BEJIBUHYTh HEKOTOpEIE THIIOTE3H 00
3NEKTPOMAarHUTHBIX CBOHCTBax MemOpaH. [TOCKONBKY, KaK MEI
3HAEM, OHM ClIOCOOHBI HECTH 3NEKTPHYECKHE 3apajnl, TO GbUIO
OBl BIOJIHE YMECTHEIM IPEATIONOMKHTb, IT0 OHH SBIAOTCA
CBEPXIPOBOIAINMME 0OBekTaMu. OIHAKO B 3TOM CiIy4ae MOHa-
abl GBUTH OB «CBEPX3EpPKaNbHBIMH» O0Pa30BAHHAMM, T. €. ION-
HOCTRIO OTpakamM Obl Mafaom#Aid Ha HUX CBET, 3T0 06CcTOATES-
CTBO HHMKAK HE COTTIACYETCH C IIOHATHEM IHEMHOE GeuieCmeo, Xo-
TOpOE TaK M HA3BIBACTCA M3—3a TOTO, YTO HE B3GMMOIEHCTRYET C
3NIEKTPOMAarHHTHEIM H3ImydeHHeM. [nd Toro wrobkl HCOpPaBHTE
3TO HPOTHBOPEYHE, HAM OCTAETCA TONBKO IPHHATH, YTO MeMOpa-
HBI SBJIRIOTCH CBEPXNIPOBOJHHUKAMH HE TOJBKQ IO OTHOUIIEHHIO K
3IIEeKTPUYESCKUM 3apsaaM, HO U 3apsgaM MaruuTHBIM. [Ipn stom
COBEPIICHHO He 00A3aTENBHO CIUTATH, YTO MOHAIE MOTY HECTH
Ha ce0¢ HECKOMIICHCHPOBAaHHBIE MarHUTHBIE 3apAael, o0pazyx
MarHMTHEIE MOHOTIOMM. [IpH TakoM JomynieHu# cBeT OyAeT cBo-
OoIH0 HPOXOOUTH CKBO3E MEMOpAaHEI, TUIIL MEHAA (a3y CBOMX
xonebaunit Ha 180°. OnHako naxke uHTEpEPEHIHOHHBIE ONAITHI
HE TIO3BOJIT Ham OOHApY)XHTh IPHCYTCTBHE MOHAMEI, ITOCKOMIE-
Ky CBET, IPOX0JAA CKBO3L Hee, 00f3aH KBa)KAE! nepeceds obpa-
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syromyo ee MeMOpany. Takum o0pa3zoM, ME! OyleM CUHTATS,
YTO B CBOEM HOPMAJbHOM COCTOSHHM MOHAIB! ABJAIOTCA ciepa-
MH (Iy9HIe CKa3aTh — ONHOCBS3HBIMM IIOBEPXHOCTAMH), abco-
IIFOTHO JHAMArHUTHEIME H aOCOITIOTHO JUINEKTPHYECKHMH, T. €.
BHEIUHME JEKTPUYECKHE ¥ MATHUTHBIE TIOJI MHAYIIMPYIOT B HX
MeMOpaHax COOTBETCTBYIOMIME TOKH, KOTOPEIE HOMHOCTHIO Kpa-
HHPYIOT BHYTpEHHEE IIPOCTPAHCTBO MOHAJ OT ITHX HOJIEH.

PaccMoTpuM, OfHAKO, MOHaIy B BHAC TOpa, HO MeMmOpade
KOTOpOH, KaK HO TOPOHZAIbHON KaTYHIKe HHIYKTHBHOCTH IIpoO-
Tekaer De3 COMPOTHBIEHHS DIEKTPUYECKHA TOK. ByzeM Haswl-
BaTh TaKOM TOK noaoudanvhoiM, OH CO3JAET BHYTPH TOpa Mar-
HHTHOE TI0s1e. ITOHAEPOMOTOPHEIE CHIIH CTPEMATCS YBEIHYHTH
MONCHIATBHLIA pa3sMep TOpa M YMEHBIMMThE €r0 BHEHMIHHM Ma-
Mmerp. [ing obeclieueHnus yCTOHYMBOCTH TAKOrO TOpa JOMYCTHM,
9TO0 10 €ro IOBEPXHOCTH, KaK IO KOJIBLOY, TOXE MPOTEKAET
CBEPXIIPOBOAAIMIMHE TOK. ByneMm, O1HaKO, CYHTaTh, 9YTO 3TOT TOK
ABIACTCA HE NICKTPUHECKUM, HO MArHMTHBIM, DTOT MAarHHTHBIH
TOK —— Oy/leM ero B OTIHYHE OT NONOHJATLHOTO HA3EBaTh OpOH-
TATBHEIM — CO3Ma€T BOKPYT TOpa COJICHOHIATBLHOE BIIEKTpHUE-
€KO€ IoIle, AcHCTBYIOIEe Ha MeMOpaHHYI0 TIOBEPXHOCTs TOpA B
HaMpaBIICHHH NPOTHRONONMKHOM IEHCTBHIO MarHHTHOTO IIOJA
— OHO CTPEMHTCS YMEHBINHTh HNOJOMNANBHBIH paiMep Topa H
YBEIIMYHTE ero opbutansHelil pasmep, HazoeeM, ans onpenenex-
HOCTH, Takoe MeMmOpanHoe o0pa3OBaHHE 2IeKMPUMECKUM UL
kpacrvim xeaprxom. O6paTHYIO CHTYaLHIO, KOTJa 3IeKTPHIECKOe
COJICHOMAANBHOE IIONIE COCPEAOTOYEHO BHYTPH TOpa, 3 MarHHT-
HOE — CHAapyXM, MOXHOQ Ha3BaTh, COOTEETCTRCHHO, MAZHUM-
HbIM, CUHUM K8apxom. Eciu  BOZHMKHET -HEOOX0JMMOCTE pac-
CMOTPEHHA NPOMEKYTOYHHIX KBAPKOB, 3IEKTPOMATHHTHOS 110JIE
KOTOPRIX AB/IACTCH CYNEPNO3HIHEH KPacHOH M cHHeH KOHbHIY-
pauni, To HX MOXHO ObUTO OH HA3BATh 3e7EHHLMU,

INosBieHMe MAapOBRIX MOJHHM, KaK IPaBHII0, HO HE BCET/A,
ABJIAETCA CIENCTBHEM JIEKTPHYCCKOTO pa3psAna B Bujae JIHHEH-
Ho# MonHuM. [IpencrasuM cefe Ha MrHOBeHME, YTO HaM HEKOTO-
pbIM 00pa3oM YAANOCh 3aY0Ty4UTh OTPE30K JIMHEHHOH MOJHAM.
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Jlerxo yBMAETD, UTO IMEKTPHYECKHE ¥ MATHUTHBIE 1104, CBS3aH-
HBIE ¢ TaKOrO POJA OTPE3KOM, TOIONOTHYCCKH NMOAODHHE TeM,
4TO CYMIECTRYIOT B XPACHOM KRapKe, MarHuTHOE nomne, CHIORBIE
JUHHH KOTOpOTO OOBHBAIOT 3TOT OTPE30K, IPH YMEHBIIEHHH
CBOEH HAMPHKEHHOCTH TIOPOXAET, HO 3aKOHAM MISKTPOMarHuT-
HOH HHAYKIH, CONCHORIANBHOE INEKTPHIECKOE II0JIE, KOTOpoe
CHKHMAET CHUIIGBbIE MarHUTHEIE THHHH, OKPYXKalOlee 3TOT oTpe-
30K, B KOMBLO. MOHBI, CymIecTBOBABIIME B KaHAIE NMHEHHOH
MONHHH, ABUTAACH BAOAL CHIOBBIX IWHRH 3I€KTPHYECKOIO II0-
s, 0bpasyoT MOTOHAANBHE TOK. SICHO, YTO Takas <«Iaposas
MOJIHHSA» MOJKET CYIIECTBOBATH JIMIIE OYEHH KOPOTKOE BpPEMS,.
OmpenenseMoe IPOBOIMMOCTE CBOCH MIa3zMel. OHAKO, ECIH 3TO
apeMepHoe 00pa30oBaHME YCIEET BCTPETHTHCH C TOIXOAAINEH
ciepuyecKOd MOHaIOH, TO MBI MOXEM OKHZIaTh, UTO IIOJ Ero
BIMAHMEM T3 MOHANA MOXET TPaHCHOPMUPORATECA B BIEKTPH-
YeCKHMH KBapK.

Takum 0OpasoMm, MBI BIpaBe OXKHAATh, M TaKHUE OXHMIAHHA
TIOATBEPHKAAOTCA OHEBUALIAMM, YTO IIAPOBRIE MOJIHHH BOZHHKA-
10T TaM, I7i¢ Tak WM MHAYEe HApYMIAETCK IIEI0CTHOCTh MOJIHHME-
[IPOBOARKINETO KaHala. JT0 MOXer OBITh MeCTo, Il KaHan jM-
HelHOW MOJHMHM Pas’sBeTBIACTCA MM YNHPASTCA B 3€MHYKO MO-
BepXBOCTh. IIpn onpeseneHHRIX TapaMeTpax MHHEHHOro pasps-
Zia OH MOXKET OBITh NOABEPKEH TAK Ha3hIBAEMOH IHHY-HEyc-
TOMYMBOCTH (Ha XKAPTOHE TAKYI0 HEYCTOHIHBOCTh MHOIJA Ha3bli-
BalOT «COCHCO4HOM»). Habnrogaemsie mopoit wewemounble MOJ-
HHH, UMEIOINME BHJ NYHKTHPA, ACHO NMOKa3kIBAIOT, YTO JIMHEH-
Hble MOJIHMK ACHCTBUTEIRHO MOTYT OBITh HEYCTOHUYMBEL 1O OT-
HOMEHN0 K muHY—3bdekry. Takum obpasoM, muHI-IPdexT
TAKHKE MOXET HAPYLIATS IeJ0CTHOCTE JIHHEHHO MONHAY,

JpyruM BHIOM HEYCTOHYHBOCTH, CBOHCTBEHHOM NIHYPOBRIM
pa3psaam, sanseTcs HIruOHas uX HeycToHYMBOCTE. OHA CYKHT
IIPUYHHON TOT'O, YTO ONpee/IeHHbIH BB TaKHX PaspANOB HA3H-
BacTCA BONBTOBOM dyzoi. Ecnu nuHelHad IIIOTHOCTb 3HEPTHU
NJa3MEHHOr0 KaHajla JOCcTaToYHO Majia, TO IHyposoll paspan
MOXET CHIbHO H3rHbaTech. B npuHIUIe, 0YeHp CWIBHO MeaHa-
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pUpYyIOOMH paspan cnocoOEH TeHEPUPORATH ILIA3ZMOMALI, CIO-
coOHBIE NPY COOTBETCTRYIONIHX YCIAOBHAX TPAHC(HOPMHPOBATHC
B MarHuTHEIE KBapkH. [Ipeacrasngercs, ogHAKO, UTO, ECITH TAKOE
ABIIEEHE H CYLIECTBYET B Halled aTMocdepe, TO OHO ABIsETCA
ropasno 6onee perkuM, 4eM 06pazoBaHMe (BJIEKTPHIECKHX) I1a-
POBBLIX MOIHHH.

Taxum obpasoM, Oyaem cIuTaTh, TTO BIIEKTPHYECKOE KOJBIO,
OKa3aBIIHCh B aTMocepe 3eMimd, M ABAACTCA NPUUMHOH TOrO
APKOI0 aTMOCQEPHOTO ABNEHHUA, KOTOPOE HA3BIBAETCH MIapoBoit
MoOnHHE}H, SIBAEHME 3TO JOBOJBHO PEAKOe, H [AaIEKO HE BCEM
YAAN0Ch €ro yBHJAETH. JTO BEACT K TOMY, YTO eNHHCTBEHHBIM
HUCTOYHUKOM HHPOPMAIHH 00 3TOM ABTEHAH, ROCTYIIHRIM HCCHE-
OBATEINO, ABLACTCA ONMPOC TEX JiloAeH, KOTOPHIM [IOCYACTIHBH-
JIOCh TIOBCTPEYATHCA ¢ ITHM ABIECHMEM NpHpobt. [ig Toro uTo-
OBl 110 BOSMOXXHOCTH IIOJHO NPEICTaBUThL cebe BHEIIHue TIPOsB-
TeHHs 3TOro peHoMeHa, 1 PEKOMEHAYIO HMUTATENAM 00paTHTHCA
k kaure M. T1. Craxanora «O dusmueckoil npupoje mapoBoi
MONHHMY', DTO KHMTa OUEHb IONe3H2 TeM, UTO e¢ aBTOpY yAa-
10CE cOOpaTh HOCTATOYHO MHOTO CBHUAETENLCTB 06 3TOM siBIe-
Hud. Jins aroro uMm B xypHane «Hayka w OKM3EB» 38 Je-
xabpe 1975 roga ywratenam Obula OpeIIOKEHA AL 3al10iIHe-
HHA aHKETA, YHKTBHI KOTOPOH NO3BOIIUIH HOAPOOHO M eAHHO00-
pa3uo onwcars BuAeHroe. OfHAKO y 3TOH KHHIH €CTh OJHH CY-
INCCTBEHHBIN U BIIOJIHE ITOHATHEIA HexocTaroK. Jero 8 TOM, 910
CraxanoB sBnseTCH ABTOPOM TaK Ha3bIRACMON xiacmepHou 2u-
nomess: peHOMeHa mapoBoli MonHuH. CyTh €€ B TOM, YTO Nped-
TIONAraeTCs PeaTbHBIM CYLIECTBOBAHHE HEKOETO YIWBHTEIHFHOIO
«MOITHHMEBOTO BellecTsay. [ naBHas uies, BIOXHOBIIOIAS ABTO-
pa, 3aKII09aeTCs B caeAyromeM. Ecin Bo BpeMs rpo3sl 00pazy-
H0TCS MONIOXKHTENBHEE H OTPUIATEIBHEIE HOHBI, TO MPH OOBIY-
HO#t TeMIlepaType M BIaXXHOCTH OHU JOJKHEI OMEHb GRICTPO TI0-
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KPRIBATLCA OOOJIOYUKAMH M3 MONEKYI BOAH, o0pasys 3apsmkKeH-
Hple kacrepsl Tuna H' x(H,0), 1 OH x(H,0),. ITpu 3ToM, Kak
MOKA3LIBAOT JKCICPHMEHTHl H TEOPETHYECKHE Pacyers!, JHep-
THs, KOTOPYIO HeoOXOAMMO 3aTpaTHTE Ha paspylIeHHe STHX Kia-
CTEPOB, OKa3blBaeTcA Oosbite TOM, YTO MOXKET BHINEIHTECH B
npouecce nx pekoMOrganuy. Janee aBTop GopMynUpyeT rHmno-
TE3Y, 9T0 [IPH JOCTATOYHO IIIOTHOCTH TAKOTO POJA HOHOB OHH
00pa3yloT yIMBHUTENEHOE BEMECTBO, KOTOPOE, ABMIAACH, 10 CYTH,
NIPOBOASALICH 3NEKTPUYECKHI TOK JKHAKOCTEI, 00nagaer, OgHA-
KO, TIOTHOCTRK), IPHMEPHO PaBHOM, IIOTHOCTH OKPYKAIOILEro
BO31yxa. Msl BIIpaBe Ha3pIBATH ITOT I'MIIOTETHYECKHH 3JIEKTpo-
JHUT JKHAKOCTBIO, 2 HE I'a30M, IIOCKOIBKY 9TO BEIIECTBO HE CMe-
IIHBACTCA ¢ BO3AYXOM, 00pasys B HeM «KarnTio», XapaKTepU3YIo-
LIYFOCH CBOHM HOBEPXHOCTHAIM HATHXKCHHEM.

JT4 rHITOTE3a B HACTOAIIEE BpeMs TOCTATOYHO IONY/IApHA,
IOCKONBKY NpHAYMAaTh KaKHe—1HOO ApYrHe MeXaHW3MEI, 00ec-
NEUHBAKIINE KOIOCCAIbHYO (0 MacimtabaM BpeMEHH, Xapak-
TEPHOTO [JIf NPOLECCOB pPeKOMOHMHAIMYE HOHOB ILIa3MBI) CTa-
OHNBHOCT: MIAPOBHIX MOJHHA — He TpefCTaBIIEeTCH BO3MOXK-
HbiM. OAHAKO OHA HATANKHBACTCH, KAK MUHHMYM, Ha JBa BO3pa-
)eHus. Bo-nepBoiX, kakum o6pa3oM B atMOc(epe MOXKET BO3-
HHKHYTh JOCTATOYHOE /I 0Opa3oBaHMa CTAOHIBHOIO HIEKTPO-
aura KomyecTBO MoHOB? IlocKonbKy B MOJIHHEIPOBOAAMEM
KaHaJle UX SBHO HEZOCTATOYHO, TO B IOCHEHHEE BpeMa o0CyXIa-
erca TpearnoNokeHHe, 9T0 3TH HOHBI MOITH OBl 0Opa3oBaThCs
N0 BO3ACHCTBMEM YIAPHOM 3BYKOBOH BOMHB], MOPOKIAEMOH
TueeHHOR Mogrueil. Ognako, 6yab 3TO TakK, K&XKIRH IPO30BOH
pa3psn — vx oOBIMHAA JIHHA ITOPAAKA HECKOIBKMX KHIIOMETPOB
--— COMPOBOXAancs Obl BRINAaECHAEM OrPOMHOTO KOIHYECTRA Ina-
POBbIX MonHMH. Bonee BakHBIM, OfHAaKO, NMPEICTABNALTCA IPY-
roe coobpaxenre. 3~3a KyTOHOBCKOTO MPHTHKEHUA KIIACTEPHI
CTPEMATCS MPHORUATHCA IPYT K APYTY. ITOMY MPOUECCY MO-
KET BOCHPENATCTBOBATH TOJIBKO KHHETHYECKAS DHEPTHA UX Tel-

' Cmaxanos M. IT. O npuposie maporofi MOTHKR, DHeproaToMusar 1985,
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JIOBOTO ABHXeHHA. ECIM TeMneparypa IOCTATOYHO BENHMKA, Ja-
K€ ECTH OHA M HENOCTATOUHA JUIf Pa3spyIIeHHsA KIACTEPOB, MBI
Oynem umers ra3, Ha3sBaeMmenit nnasmoi. Iipu Bonee HE3KOH Xe
TEMIlepaType KIAcTEphl CKOHICHCHPYIOTCA B OOBIMHYK) BOZY.
Tperbero He AaHO.

TlocrynupoBap cylieCTBOBAaHHE «MOJNHHEBOI'O BEIUECTBAR,
aBTOP BNpaBe, C TOi K€ CTENEHLK JOCTOBEPHOCTH, HAJENATE ero
BCEMH CBOMCTBaMM, HEOOXOAMMBIMH A OOBACHEHHA BCEX YIH-
BHTENBHEIX [posBleHHH (eHoMeHA. Ho Xyke npyroe, Oyaydn
BO BIIACTH CBOeH runoresn;, CTaxaHOB II0JBEPT KPHTHYECKOMY
0TOOpY COODMEHH CBOMX PECIOHAEHTOB — BCE, YTO HE YKJIa-
ILIBAETCA B €ro cXeMy OOBABIEHO HM <«@HenocTOBepHbIMY. K Ta-
KOBEIM OTHOCHTCA IEHCTRUTENEHO OTHOCHTENBHO PEilKUE CBHIC-
TEbCTBA O HAOIOIEHHH INAPOBLIX MOJIHHI 04¢HB OOIBIKEX pas3-
MEpOB, ONHCAHMA IUAPOBBIX MONHHH AHCKOOOPA3HOH H KOIbLe-
BoH (opME1. .

[Mo-BuaMMOMY, KAK K «KpaitHe» HEMOCTOBEPHOMY OH OTHEC~
¢ 551, HANPAMEP, K CIEAYIOIEMY OMHCAHHIO, B3ATOMY MHOH H3
OJHOTO CTaporo KypHana «TeXHUKa MONONENH»: «...0HeHb
TPYAHO NOApOOHO B TOYHO BOCIPOM3BECTH BCE COOBITHA Clie-
AYIOUIMX YETLIPEX MHMHYT, B TEHeHHE KOTOPHIX Ha HAlIMX Ii1a3ax
«KHNTa» mapoBas MoyEHA... OHa MeUTeHHO W paBHOMEpPHO ITe-
peMemanach Mo rOPU3OHTATEHON MIIH HEMHOI'O BOCXOIAIIEH Jiu-
HMM HA BRICOTE HECKOIBKYMX METPOB B HAMPABICHHAH 4YTh JIEBEE
Hac. /Ipuranack B omTHoM 6e3MONBHH, KaK, BIPOIEM, B ITponajia
6e3 Besxoro 3Byka... Kakoi—1mbo BHYTpeHHEH CTPYKTYpHI pac-
CMOTpETE He YAANOCh, OHAKO Ha (oHe mapa ObUTM 3aMETHEL Ka-
KHE-TQ TPRITAIOIINAE CBETIRE TOYKH, ZOBOJLHO SPKUE, CJIOBHO
0abourn y hoHaps.

Momus mpubmDKanacs K HaM, €¢ BHAMMAIH JHAMETD yBe-
IMEMBANCA, M W3MeHICH yron mabmoaenns. Ho, kaszanock, 410
no pazMepy oHa He fonmbme poneidoneHoro Miua. Korza mon-
HHs OBLIA YK€ CPDABHHTENBHO OIHM3KO, OT Hee BAPYT OTHEIMIIOCh
KOJBLIO TaKoro ke peTa. OHO CTa0 MEAIEHHO U PABHOMEPHO
pacIIHpATECS CUMMETPHYHO OTHOCHTENBHO IieHTpa mapa. [lo-
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KanyH, 3T0 BBUTO caMoe HeoOBITHOE B ITOBEXEHHH MOJIHIH 4 Ca-
Moe KpacuBoe. OTAaNneHHO ABJICHHE HAIOMMHAIO PACXOXKICHUE
KPYrOBOM BOMHLI OT OpOIIEHHOTO B BOAY KaMHS, HO B 3aMe/IeH-
HOM BpeMeHHM. MoiHMS TpH 3TOM NpOJOINKaNa JOBUTATHCH B
TPEXHEM HANPABICHHH H, TOXQMKE, ¢ HOPEeXHEH CKOPOCTHIO,
Konpuo yBETHYMIOCH B JHaMeTpe, KaK HaM HOKAa3ailoCh,
no 1-3 m 1 pacrass ucqe3no. [Tocie sroro map «BelAAI» BTOpOE
KOTIBIO, MEHee fpKoe, deM neproe. OHO ToXe pacIUisIOCh H
CTano mcde3aTb. B oToT MoMeHT MONMHUA Hauana AedopMupo-
BAThLCH, NPHHAsIIa rpymeoOpasHyio GopMy B Kak—T0 OBICTpO HC-
qe3na...». Kaura CraxaHoBa comepauT B cefe pa3sBEpHYTYIO U
BOJIHE ODOCHOBAHHYIO KPHTHKY BCEX IPeNOKEHHBIX J0 CHX
op MOojlenel mapoBoil MOJHUM (KpOME, eCTECTBEHHO, KiIacTep-
HOI{), TO3TOMY MBI He GYeM 3a1epKUBATHCA Ha STOM,

VY IMBATENBHBIM ¥ HENONJAIOIUMCH TOMKOBOMY OOBACHE-
HUIO SBIACTCS CICIYIOUIEE CBOMCTBO MapoBeiXx MOTHHH. C Of-
HO# CTOPOHBI, HX CBEUYCHHE OYCHBb MOXOXE Ba Oe300HIHbI KO-
POHHEIH pa3pad, TOT, 9TO 00ECTICHHBALT TOABICHNE 3HAMEHNTAIX
OTHEH CBATOTO JbMa NPH 3TOM, MPABIA, OTCYTCTBYET KOPOHH-
pyromui xtextpod. [Ipy noaxoasmmx yciIoBHAX CKBO3E CBETH-
IIYHCA IAPOBYI0 MOJIHHMIO MOXHO BHAETH HaXOASLMECH 32 Heil
IpeAMeTsl, HanpuMmep, 3Be3Au HOUHOro Heha. POTOMETpHPOBa-
HHE Clela, OCTAaBIEHHOr0 Ha (OTOILUICHKE WIApOBOH MOJTHHEH,
IOKA3bIBACT, 9TO CBET €€ H3Iydaercd Oolee HIM MEHEE OTHO-
pOIHO BO BceM ee obbeMe. MMeercs TocTaTouHO MHOTO CBHAE-
TENBCTB, KOrAa HaOMIoAaTen «dIpAKACcanich» K IAPOBBIM MOJi-
HusM Oe3 kakoro—mbo gocroitHoro ynoMuHanma >ddexra. Ha-
npuvep (CraxaHos, c1p. 22) «... B OTKPBEITYI0 OBEphL BIIETENA
Geno-ronybas mapoobpazxas Macca AuaMmerpom 3040 cm, koto-
pas Hauana OwICTPO JABHraTheA no kKomuate. Ilpoitas 10-15 M,
OHA NOAKATHIACH 1O TabypeT, Ha KOTOPOM CHIEN Bpad. Xord
OHAa HaXOAWJIAch HETIOCPEACTBEHHO Y €T0 HOT, TaK YTO OHH OBINH
YacTHYHO HOZpycexbl B HEe, TEMNa oH He omywan Benen 3a
JTHM IIAPOBAs MONHHMS NPHTIHYNACh K Darapee HEHTPATBHOTO
OTOIUIEHHA M FICUE3/Ia C PE3KUM IIHNEHUEM, TTPOTLIABHUB YJACTOX
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6arapen B 3—4 MM». F3 3100 nipHMepa OTYETIMBO BHIHA IIPOTH-
BOPEUMBOCTh [TOBENCHHUS IMAPOBOM MOIHUM, M KOHTAKT ¢ He#t
MOXeT OBITh BeckMa onacHpIM; «Oxoromuct B. H. AHocos, Boii-
15 B KOMHATY, MOYYBCTBOBa CUIIBHBIA yaap IO [OJORE H MOTe-
paT cosraHue. Bnocnencteuu emy paccKalalW, 4TO OZHOBpe-
MEHHO C CHIBHEIM YA3POM IPOMa H3 NATPOHA JaMIIOUKH BLICKO-
YU DIAPHK AMAaMETPOM 5—0 cM, yoan eMy Ha TOs0BY ¥ B30pBan-
cs B Bozocax. ... Ilocre koHTY3uu GONs B TOJIOBE OMIYINATACH B
TeueHHE BYX Hexendh (CtaxaHos, cTp. 90)».

Ec4 KOMyCTHTH, YTO II4POBEIC MORHUH B CBOSH OCHOBE AB-
JAIOTCA KPACHEIMU KBAPKaMH, TO OYEHB JIETKO MOHATH TAKOTO
PONa CTPAHHOCTH B MX MOBeACHWH. EcIM HaNpsKeHHOCTE cone-
HOHJQTLHOTO 3JIEKTPHYECKOTO 110 AOCTATOMHO BEJIHKA, TO BO3-
AyX, OKpYXaIOIIWii KONBIO, MOXET HOHH3HPOBATHCA, M B HEKO-
TOpoM 06BEME BOKPYT KOJIBLIR CYINECTBYET TICHOWIMI paspsi.
BO3HHKAIOINME MOHBI ABIKYTCH NPHUMEPHO BJOIL IOJOMAATB-
HEIX CHJIOBBIX JMHMH, apeiidys B obmacTh ¢ MeHbIIEH Hanps-
KEHHOCTBIO IO, Pazpsxasch, Bo30YKIACHHEIE aTOMBbI H3Tyda-
I0T CBET, KaK 3T0 OOWYHO M OBIBAET IPH KOPOHHOM paspsie.
IIpu sToM 06beM, 3aHATHIM COOCTBEHHO KBAPKOM, COCTAaBISET,
KaK IpaprIIO, JIMIs HE3HAUYMTCIBHYIO HaCTh 0GBEMa €T0 CBET-
mecs HoHoceprl. VIMeHHO noaTomy mlapoBas MOJIHHMA dariie
Bcero umeeT BHA dmoopecuupyromeit chepsl. B kuure Craxa-
HOBa TIPMBOJUTCA MHOTO HAOIIONEHUH, HIITIOCTPHPYIOUMX CII0-
¢ODHOCTP IMApOBRIX MONHWH NPOXOAMTL CKBO3b OTBEPCTHS, TO-
pa3noe MeHBINHE, 9eM HX BHAHMEIH pasmep. B npunnune, nocra-
TOYHO MOIUHAIE 31EKTPHIECKHE KBApKH .MOIYT HHAYLHPOBATH H
BBICOKOTEMIIEPATYPHEIH pa3pa, nofRoOHEBIH XyroBOMY, OXHAKO,
IIOTEPH 3HEPTHH [IPU 3TOM TAK BETHKH, ITO TaKOH Pa3spsl HE MO-
KET NJIMTHCA CKOABKO—HHOYIb A0ITO, H apoBas MONHHS ObICT-
po NpHHMMAET ¢BOM 00b4HO HAOTIONaeMBli BHL.

Haserelimas 3BONIOLMA IIAPOBOH MONHMH MOXET Pa3BH-
BaTbCsl HO ABYM creHapisaM. I1o Mepe pacxonoBaHus 3HEPIuy Ha
IIOAZepKaHHE TIEIOMIEr0 paspaia, MaIHATHRIN TOK H CO3JaBae-
MO€E MM JJIEKTPUHECKOE MONE YMEHLIIAI0TCA. JTO BEI3BIBACT YBE-
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JMYeHHE MOTOMAATBHOIO pazMepa Kolbla. B KoHIe KOHUOB, Cy-
IMECTBORAHHE TOPa, KaK JBYCBI3HOH MOBECPXHOCTH, JenacTca He-
BO3MOJMKHBIM, KBapK KaracTpoduueckuM o0pa3oMm paspyuiaerce,
¥ MOHANA BO3BPAmIACTCA K CBOEMY OJHOCBAZHOMY COCTOSHMIO.
31oT npouecc IpaMaTHIECKUM 00pa3oM YCKOpAETCs, ecliM mia-
poBas MOTHHA MOydaeT J0CTYI K OOWIILHOMY HCTOUHHKY I€K-
TpoHOB. IIpH MPHKOCHOBEHMH K METALIHYECKOMY MPCAMETY
IMEKTPAHECKOE 110/I¢ IWAPOROH MOMHHH MO3BOMAET EKTPOHAM
PEOAOINETh IIOTEHIMATBLHEIH Oaphep, yAepKHBaOLIMH HX BHYT-
PH METaNa, H, B Ppe3yabTaTe, NOIONIAIBHEIH TOK MHOTOKPATHO
BO3PACTAET, YTO HPUBOAHT K CTPEMHTEIBHOMY KOJUIANCY JJIEK-
TPUIECKOTO KBapKa. MrHoBeHHOE BhifeneHHe 3HAYUTEILHOIO
KOIIAYECTBA 3HEPTHH MOXHO OIMMCATE, NPH NOMOIUM TEOPHH, XO-
poIno pa3paboTaHHON B NPUMEHEHHH K ANEPHBIM B3phIBaM (3Ta
TeOpHs Oblia ¢ yCHEXOM IPUMEHEHA M JUIA OnHcaHud npobos
BO3LyXa B CHOKYCHPOBAHHOH CBETOROH BOIIHE, M3Ty4aeMOi
MOIIHEIM j1a3epoM). 31ech MPUCYTCTBYIOT M ApKas BCIBILIKA, H
yAapHad akycTHYecKad Bomua. COBEpIICHHO, OJHAKO, HETOHA-
THIM ABIAETCE TOT (haxT, YTO KOJIANC KBapKa, KaK M SACPHRIH
B3pBIR, COMPOBOXIAETCA MOIIHEBIM ICKTPOMATHHTHRIM HUMITYilb-
coMm. ToH MW MHOH MOIIHOCTH 3NIEKTPOMATHHTHBIH HMITYJIbC
RCET/Ia COIPOBOXKIAET KaTracTpO(HUECKYIO NECTPYKIUIO MIapo-
BOH MOTHMH. BOT XaK OIMCHIBAIOT OYEBHIUK pe3yibTar BO3ACH-
CTBMSL 3TOIO MMIYNBCA: «...BO BpEeMs rposkl B gaue N° 5, mpu-
napnexameid KyperuEsM, ycosiany CHIbHEI yaap rpoma. B
coceZHeH naue ee Xo3fiika BUAERa B 3TOT MOMEHT MIJIM, TOUHEe,
32 MTHOBGHH¢ RO YJapa eiTelii OPHEHHEIH Wap, JHaMEeTpOM
oKoso 1 M, cnyckatomuitca K OOMbiiloi el HAa TEPPUTOPHH JadH
Kypeiraabix. B pesynbTare B3phBa ASpPEBO ORUIO paciieltIeHO H
BROJIb CTBONA 00pa3oBajcs ANMHHEI H pacHIApAIOIHIiCA K OC-
HOBaHHIO LIpaM JUIHHOM oxo:10 10 M H mmpwHOH BHE3Y Oornee
nomyMerpa. Ha nage KypsIrHHBIX HaXOZUIHCE B 3TO BpEMA OJWH
B3pociblt W mBoe AeTedf. OHM yCIblany B3pEIB H YBHACHH
0jieCK MIIAMEHM, HO HMKTO HE mocTpajan. [lnactmaccopas ko-
po0Ka cyeTynka, BHCEBUIETO B NPHUXOXEH, Hcuesna GeccnenHo.
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Cueryvk neperopen. Cropeny 1 MCYE3NH MPOBOJA 3a3EMIEHHA B
noMe. MeramiHueckue KPHIIKH pacmpeleNuTeIhREX Kopobok
ObLM BRIGHTEL, IpHYEM OHA U3 HUX CHIBHO Je(opMHpPOBANach
OT yZapa O NpOTHBONOJNOXHYK creny. Ha uepaake Haja npuxo-
e GbUIH pazdHTH METAIIHYECKHE PACTIPENEIHTENBHEIE KOPOO-~
KH, [B€ METAITHYIECKHE TepeHIEl Takxe OnH BeIGHTEL. Okoro
TOrO MECTA, II¢ NPOBOJA JIEKTPHHUECKOI0 OCBEUICHUA BXOIUIH
C CaJOBOTO YY4aCTKA Ha YepHaK, ObLUTM OTOPBAHbl AEPEBSHHEIE
mockd. OnHH U3 TpeX H30IATOPOB, Ha KOTOPBIX KPENMMIKUCEH Npo-
Boaa, beccrenno meue3d. Mcues rtakke 3a3eMICHHBIA IIPOBOJ,
MAyLWMi oT cTonba.

Kax BEIICHWIOCH HOCHE TpO3bl, MIapOBast MONHKA OCTABHIA
1ocie cedsx MHOTo mocHeACTBHH 1 Ha TeppuTopyn daun. OT pac-
IIeIUIeHHOM €N, KOTopas HaxoAWIach Ha PaccTOgHEM 25-30 M
OT J0M4, B IIECYaHOM TPYHTE HOABHIIACE JRE HErydokue 60pos-
ABl, OHA M3 KOTOPRIX BENA K BOJOCIPOBOIHOMY KpaHy C OIUIAB-
JICHHBIM IIPH B3pBIBE KOHLIOM, a BTOpad — K AYIIIeROH. JIOCKH H3
oOHIMBKY H H3 1I0J1a Qy1IeBoi 6b1mn BeIOUTEL. Bokpyr omasnes-
HOIO BOAOIPOBOAHOIO KpAHA IOSBHIACH sva B-necke 0,5 M B
auameTpe u riybunoi Toxe okono 0,5 M. B kyxHe, xoropas Ha-
XOJHMIACh B HECKO/JIBKHX METPax OT AYIUEBOHM, MCYe€3Ia ILIacT-
M&CCOBAA KpEINKa IakerHoro nepexmwouarend. Kabems, koto-
pEIi GLLT IPONTOXKEH B 3eMIIE OT 3TOH KYXHH K MOTOpY, Ha IIPOTA-
XKEHHM HECKOIBKHX METPOB BO MHOTHX MECTAX IIPEropera M pac-
HIaBHICH. XITOPBUHIIOBaA M30IALAS B Pe3nHoBas 000IouKa, B
KOTOpO#t OH Haxomuncs, OLTH IpobuTH. B cocemHed made wuc-
noprunca teaedon». CTonp APKHUE MPOABICHUA HIEKTPOMArHHT-
HOT'0 HMITYJIECA COMPOBOXKAAKOT KOIUIAIIC TONBKO OYEHb MOLIHEIX
IMIApOBEIX MONMHHH, HO HEKOTOPBIE CBHIETENBLCTEA OUYEBUALICH
3aCTABTIAIOT CIUTATE, 4YTO B Oosce MATKOH opMe OH CYIHECTBY-
€T BCeTza.

ITo npyroMy CleHapHiO WApoBas MOJHUA MOXKET HCTPATHTD
CBOK) DHEPIHIO JI0 YPOBHS, HEJOCTATOMHOTO I TIOANCPKAHHA
TIICIOIIETO Pa3psaa, NPOAO/IKAL OCTaBaTbCA IIPH ITOM 3IEKTPH-
9eCKHM KOJBLOM. B 3TOM CiIydae MOAHMSA AENAETCH HeBUOUMON.
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B TakoM cOCTOSHMH OHA MOXET HAXOAUTHCH O9€Hb JOITC H KO-
TAIICHPOBATh, 3apaHee He NMPHBIIEKAd BHUMAaHHA BO3MOXKHEBIX Ha-
GmromaTeneii Kk croelt «epcoe». OnHAKO, €CTH TaKas HEBUIM-
Mas MOJIHM [IOBCTPEYAET HA CBOEM IIYTH METALUIMYECKUH Ipea-
MET, TO OHA MOXET BHOBb OOpacTy cBersmuyrocs noHochepy. S
1038010 cefe MpUBECTH eie nBa HabmoneHna u3 kuuru Craxa-
HOB3, JUI AEMOHCTPAUHH 3TOrO ABJCHHUA.

«Pa3maBanucy packarbl rpoma. [logHuMa’sck Ha BTOPOH
yTax K ce0e B KBapTHPY, OH (MANBYHK) YCIBINAN 103314 HIHIIe-
Hue. O6epHYBIIHCE, OH YBAJEN, KAK B HECKOJBKMX IIArax OT He-
ro U3 rso3jd, TOPYABIICTO OKOJIO OKHA, MEIICHHO MOABIAECTCH,
NOCTENEHHO YBEIWMIHBAA CBOH pa3Mephl, CReTAHMiica map. Joc-
TMTHYB B qaaMerpe 10—12 cm, map oropeajica OT IrBO3as H Ha-
Jajl ABHIraTbCs 3a JIIOABMM, NMOJHMMAIOUIMMHUCH IO JIECTHHULE.
OHH BCKOYHIIH B KBapTHPY, K OTEI HOMBITAICK 3aKPHIThH 38 CO-
‘Goii mBeps. OaHako MAPOBAA MOTHHAS yCIiela MPOCKOTHTE B y3-
KYIO Wedp — MeHee | oM mApuHOH, 3a/1epKaBIIACE OKOJIO JBe-
PH, OHA TpOIETEa Ha PacCTOSHUHE okomo 0,5 M OT MaTbdHKa,
0b1aB ero MMOTOKOM 9yTh TEILTOI0 BETPa M CKPBIBLUKCE 33 JHE-
peio Tyanera. bomeme ee He BHOemu. Bee aTe mpomommxanoch
40-50 c. Ilozanee B crexie TyaneTHOM ObLIC HaHICHO OTBEPCTHE
IHAMETPOM 2MM»,

«I'po3el 1 g0xa4 He OBUTO, HO aTMocdepa OBlIa CHITEHO «Ha-
anexTpuzosaday... O (M. C. Knasaues) obparun BHMMaHKE Ha
3Byk (craboe KyioxaHHe), HCXOAUBIUKA OT BEPXYIUKH CTONOE,
KOTOPEI CTOAY HA YYACTKE OKOJIO J0Ma NPHOIH3UTETRHO B 20—
25 M. Cron6 6bL1 cTaphlif, H ¢ Hero ObLTa Yixe CHATA HPOBOIKA.
IpucMoTpeBILIMCE, OB YBUIE KPACHOE IATHO PAa3MEPOM C BHII-
HIO, HOSBHBILECCS HA METAUIHYCCKOM KDIOKe, BOUTOM B BepX-
HIOIO 49aCcTh cToNOa, Ha KOTOPOM paHbIle, MO—BHIRMOMY, Kpe-
miics u3ongarop. Kprok Haxoausca Ha BEICOTE 4 M OT IOBEPXHO-
ctd 3emnM. CpeTsimiics mapHk Hagan PacTH, OZHOBPEMEHHO
MEHAS UBET ¢ KPacHOro Ha JKeIThiH, a 3aTeM Ha 3eieHwd. OnHo-
BPEMEHHO CBETOBOM MOTOK M3 HETO BBIPOC, TAK YTO, €CJIH €ro
BHA9ajI¢ MOXHO OLUIO CPaBHHTB C JIAMIOH B HECKOABKO Barr, 1o
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Téneps OH cBeTwicA Kak Jyamma 500 Br. Bee aro zauano 2 c,
HocturayB pasmepa 15-20 cMm B guaMerpe, ILapoBas MOJHUA
oropeainack or cronba... 1lap Own npasunsHol GopMbl, HO BCe
XK€ CJIErka BEITAHYTHIN C IOXBEDKHOM moBepxHOCThiO. CHa Hc-
IyCKaeMOTO CBEeTa NEepHORMYEcKHn H 0BOILHO GbIcTpo Koneba-
mack Ha 20-30%. Ilponenar npubansurensro 3a 10 ¢ nyTe OKO-
no 10 M, map HaTONKHYACA Ha HEPEBO U B3OPBAJICH C CHIbHBIM
3BYKOM. ... B MOMEHT B3phiRa aBTOp, KOTOPEIH CTOsUT MprOIH3u-
TenbHO B 15-20 M OT MecTa B3pBIBa, TOYYBCTBOBAN YAap TOKOM
~— HETPOHM3BONBLHOE PedICKTOPHOE COKPAIEHHE MBI JKHBOTA
H HOr (3NexTpOMarHWTHEIH mmmynsc!). Taxue xe omynieHHs
HCIIBITATH eme TPH dHeloBeKa, HAXOAHBIIMECS Ha YdacTKe
(TpuMEpHO Ha TOM ke paccTosHuH }». O0a 3TH NprMepa MOKa3kl-
BAIOT, KPOME BCETC NIPOHEro, 4TO pa3Mep COOCTBEHHO KBapKa
HECOMOCTABEMO MEHBINE OORIYHOTO pa3Mepa MAapoBoH MOIHHH.
Xapaktep XBHKEHUSA OIAPOBBIX MOMHME OYEHL NMPUYYRIIHB,
HO BHE ITOMENICHMH OHa OOHYHO [BHKETCS HApaUIENBHO 3eM-
HO# moeepxHocTH. EcrecTRenHoe 00BiACHERUE TakoMy ee mOBe-
JEHHIO 3aKn0daercd B caenyiomeM. OpOnTansHEIA MarHUTHELH
TOK KOJIBLIA CO3AAET 3IEKTPHIECKAH AHITOMLHEIN MOMEHT, Mo-
A00HO TOMY, KaK BHTOK 3NIEKTPHYECKOTO TOKA CO3aeT COOTBET-
CTBYIOLUHI MarHuTHbHIM MoMeHT. OOnazad TakuM MOMEHTOM,
IIApOBAd MOIHMA NO/DKHA [BHIaThCA B CTOPOHY BO3PACTAHHA
a6COMOTHOH BENTHYKMHBl HATIPSDKCHHOCTH BHEINHETO YIEKTpHYe-
cKoro nons. OBRIMHO MaKCHMATLHOE 3HAYEHHE 3TOH HANPMKEH-
HOCTH PACTIONIOKEHO BO/IHAH NOBEPXHOCTH 3€MIH', U 3TOM B
YCIOBHAX IPO3BI HATIPAKCHHOCTH JMEKTPUYECKOTO MO CHILHO
BO3PAcTaeT M MOXKET AOCTUraTh 3Ha4eHui nopagxa 1 xB/cwm.
OueHb BeJMKH TIPHM 3TOM H TPaJHEHTHl Hampmxkexuocru, Kasa-
nock OB, 9TO IIApOBasd MOTHHA AOIDKHA, KaK IIPABILIO, OIMyc-
KaTsCA Ha 3eMmo M OrICTpo TaM paspyimateed. OnHako maposas
MOJIHHEA ABIAETCH OJHOBPEMEHHO U aOCO/IIOTHBIM AHITEKTPHKOM
H, 0go6HO TOMY, KaK 0OBIMHBIE CBEPXIIPOBOIHHKH BHITATKHBA-
IOTCA MArHATHBIM HOIEM, OONagacT TEHICHIHEH ABUTATHCA B
CTOPOHY YMEHBIIECHHA 3NEKTPHEECKOr0 o, MoxHO cKa3aTs,
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9TO KPACHEI{ KBapK, HaXOZACh B IIOCTOSHHOM 3JIEKTPHIECKOM
110/1€, OPMEHTHPYETCS Tak, YTOGBI €r0 AMNOMBHEN MOMEHT ORI
HarnpasieH BAonb nond. OQHOBPEMEHHO ¢ 3THM B KOJIbLIE HHIY-
HHPYETCH «UIEKTPHIECKHd MOMEHT» HaNpPABICHHBIH TIPOTHR
1ONKA, W NONHBIA 3MEKTPHYECKHE MOMEHT KBapKa OKAa3bIBASTCH
PAa3sHOCTRIO 3TUX CBOMX COCTaBIAIOIMX. TakuMm oOpazoM, Haxo-
JAMASCA B TPaAMECHTHOM MIEKTPHYECKOM II0JIE apoBas MOIHHA
BEIOMpPAeT I CBOSTO NBHIKEHMS Ty MOBEPXHOCTh, Ha KOTOPOH
€€ MTOTHBIA ITEKTPHUECKHH MOMEHT PaBeH HYIMO, IPHIEM €¢ Ha-
XOKICHHUE HA 3TON NOBEPXHOCTH ABIIHETCA YCTONYMBEIM.

210 ycnoBue, HeoOXomuMOe IJI YCIIEIIHOTO HabmroneHMs
[apOBEIX MOJHUH, ABJIACTCH, NO—BHIUMOMY, BECEMA XKECTKHM.
Moxmo nyMarh, uTo GOIBLIMHCTBO KBAPKOB MDY CBOEM BO3HHK-
HOBEHHH OOIA7AK0T CIUIIKOM GOJIBIINM, AJI TOro 9ToGRl ORITH
CKOMIICHCHPOBaBHEIM, JHIIONBHBEIM MOMEHTOM H ORICTPO KOHYa-
I0T CBOE€ CYLUECTBOBAHUE HEMANEKO OT MECTAa CBOETO POXIEHHS.
C npyro#i cTOpoOEBL, 110 Mepe M3PacXoZOBaHHA DHEPIHH KOJjel,
YMEHBIIAETCA ¥ MX JUNOIbHBIH MOMEHT. IIpu 3TOM 3nekTpude-
CKHE KOTbLA AO/KHBI HOAHHMATRCS HA TE€ BRICOTH, I€ IEKTPH-
YECKOE I10JIe OZTHOPORHO U €r0o IPaJHEHT paBeH HyI, JTo, Mpe-
JKJIE BCErO, KACACTCA KBAPKOB, YXKe HECTIOCOOHBIX NOANEePKHBATE
TREIMK paspsa. Hago mymars, 94To HMEHHEC IIOSTOMY ME IIOXE
TPO3bl HE IIYT2eMCs OT HEOXKHIaHHEIX XIONKOB M BCIEBIIIEK, [IPO-
H3BOAMMEIX KOILTALICHPYIOMIHMHE KBADKaMH.

BajkHeHINMM apryMeHTOM B TIOJIB3Y CYLIECTBOBAHHS «MOJI-
HHMEBOTO BEIIECTBa» ABNSIOTCH HEOCTIOPHUMEIE CBHETEIIBCTBA Ha-
Gmronaresiei, eXMHOAYIIHO YTBEPHKAAIOLIMX, YTO IAPOBHIE MOI-
UM TIPeICTaBNsiOT cob0OH He pachibIBYaThle CBETHAIMECH TY-
MaHHOCTH, HO 00NafaloT ACHO BRIPAKEHHOH IIOBEPXHOCTHIO. Bo-
jJiee TOro, 3Ta HOBEPXHOCTE, 110 BCEH BHAMMOCTH, ynpyea, T. €.
obmnajaer 3aMeTHOHM OBEPXHOCTHOM 3Heprueif — mocne zedop-
MalXU, CBA3ZHHOH, HaNpHMED, C MPOXOAICHHEM MOJIHUH Yepes3

! HOCKOJTLI(Y TIOCTOSHHOL JIEKTPHICCKOE [TONIE ABNRCTCA rapMOHHISCKHM, TO
OHO MOXKET ZOCTATATE CBOETO MBKCHMANLHOTO 3HA4CHHA TOIRKO Ha rpa’duye
obnacTy cBOETO CYIIeCTBOBAHHA
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Y3KHE OTBEpCTHS, OH4 BOCCTAHABIMBAET CROIO (dopMy, KaK 3TO
crenan 6w, HaTIpHUMeD, MBIIBHBIH Ty3bIPb.

Jng Toro 4To6BI MOHATH 3Ty YEHBHTENRHYIO 4epTy o0IMKa
HIAPOBOH MOJHMH, HE0OXOAMMO ITO3HAKOMHTECH ¢ B&KHOH 0CO-
OEHHOCTBIO MPOTEKAHHA JJIEKTPUUECKOrC paspsaa B rasax
(Craxanos, crp. 154, mogpo6Suee — '). B ra3ax BO3MOXHBI B2
YCTOHYHBLIX HECMELIMBAIOIIHMXCA MEXITy coboil BMaa paspsna.
Onqus u3 Hux OORIMHO HE COIPOBOKIAETCA CBEHEHHEM rd3a, OH
Ha3bLIBACTCA TEMHBIM Da3psfioM WIH paspsanoM Taympcena;, Apy-
roi, Gonee MPUBBIMHEIA, cBeTALMECA maeowull pazpad. TayHA-
CEHOBCKOMY pa3pfly COOTBETICTBYCT MEHBIIAs INOTHOCTH TOKA,
9eM THeroneMy. JBa yeTOHYMBLIX YYacTKa BONBTAMICPHOH Xa-
DPAKTEPHCTHKH, COOTBETCTBYIOIIHE STHM JBYM THIIAM Daspsna,
COEIMHEHbl TPETHUM Y4YaCTKOM, Ha KOTOPOM TOK pacmem C
YMEHBIICHHEM TIPHIMKEHHOTO HAIPSKEHHA, BCICNACTBHE YETO
BCY XapaxTepucrika npuobperaer S-oOpazubiii Bug. Ha atom
ydacTie 00a THIIA paspsga MOTYT COCYLIECTBOBATD, HE CMEIIHBA-
fAICh, T. €. 00J1ACTH 32HATHIE PA3HBIMY BHIAMH Pa3psia He nepece-
KalOTCA:: OHA 9acTs IPOCTPAHCTBA 3aHATA CBETAIIAMCA pasps-
oOM, Ipyras — TeMHBM. [IoCKONBKY TUIOTHOCTE BHEPTHH B 00-
JIACTH NPOCTPAHCTBA, colepxaniedl Tiermuit paspsn, Goxblue,
geM B 00JacTH; 3aHATOH TeMHEIM Pa3pALOM, IPAHULE MEKTY HH-
MH J0JDKHa 00jafaThk NMOBEPXHOCTHEIM HATKEHWEM, KOTOPOE
CIEPXKHBANIO OBl MOBBILCHHOE AABICHHE CO CTOPOHK TOM YaCTH
NPOCTPAHCTBA, TAE HAXOAUTCH TIEKOWHA paspsa, JTa CHTyauns
XOpOomo H3y4YeHa B IIONYIPOBOAHUKAX, CPEN¥ KOTOPHIX TOXE
HMEIOTCH Pa3HOBHAHOCTH ¢ S~00pa3Ho#t BoIbTaMIEpHOH Xapak-
TEpHCTHKOH. TaxmM oOpazoM, B IIONHOM COINTACHH C (H3HYE-
CKOH HAYKOH, MBI JOIKHBI C4HTATH, YTO ILAPOBAs MOJHHS Ipej-
CTaBIAEeT cob0it 00MacTh, 3aHATYIO TIEIOUMM PaIPAIOM, KOTO-
pas oraeneHa oT Gonee oOmmupHOR o0nacTu TeMHOro paspsaa
YIIpyro# rpasunes.

He Bce, oxauako, 31ech 4o Koulia scHo. Habmonenus moxa-
3bIBAIOT, 9T0 BHAMMAs IPaHMlla NIapoOBOil MOMHUM 4acTo OniBaer
HEPOBHOH, (CIYNEIPYATO», HA Helt BO3HHKAKT JIOKAIbHBIE 3a-

86



ocTpeHus, BO3MOXHO, 9T0 3T0 yKa3hiBaeT HAa HEKOTOPHIH Mexa-
HH3M, [IPH NOMOIK KOTOPOTO 3MEKTPOHR U3 0ONacTH TICIOMIEro
paspazia TOCTapIA:OTCsT B 00NacTh, 3aHATYH) TAYCEHIOBCKHM
paspanoM. MoxxHO ZyMmaTh, YTO BEICOKOE HANDKEHME, BO3HH-
Kalolllee OKOJIO ATHX 3a0CTPEHHH, BBI3BIBACT HCKpEHHUE (CM. yIH-
BHTENIBHOEC ONMCAHKE, B3ATOC U3 «TEXHAKH MOIOENKH»), KOTO-
po€ OTBETCTBEHHO 3a aKycTH4eckne >PJEeKThl, MpoHM3BOJHMBIE
AOCTATOYHO MOIIHBIMHM 1APOBBIMM MOJHHUAMM, H 4YacTO OTME-
YaeMbIe PANHOLIOMEXH.

OueHE BaXHEIMH MPEACTARISKOTCH T€ HAOIIONEHHA, B KOTO-
PBIX ITOABJICHHE IIAPOBEIX MOJHHA HE CBA3ZAHO C YAApOM JIMHeH-
HOH MomHHH. CYIIECTBYET NOCTATOIHO MHOIQ CBHIETENLCTE
BO3HMKHOBCHMS 1I2POBHIX MOJIHMH B pesynpTare TpaHcdopma-
MH AYTOBOTO Pa3pana, BOIHHKAIONIETO NPH KOPOTKOM 3aMbiKa-
HYM HEXOJAIMXCH NOJ HANPDKEHHEM IIPOBOIHUKOB HIIM, Ha-
oDopoT, TIPH BHE3AIMHOM pa3phiBeé HECYHIMX TOK KOHTYPOB
(oxomo 1% mHabmoaenuit, mpuciannsx Craxanosy). Boamoxio,
4T0 TAKOro poxa SBJSHHA HOPOMCXOAAT IOPasfe walue, 4eM Ha
310 o6pamaior BHUManuKe. fl Xo4y paccKasaTh BaM O TAKOTO po-
Iia ABJICHUH, CBHIETeneM Kotoporo OsuT % caM. OHO, YBEI, He OT-
aH4gaeTcs ocoboit KHBONMCHOCTEID, OIHAKIR ACHEIM JIETHUM
IHEM A YBUIEI, KaK MEXIY IPOBOIOM U TOKOCBEMHHMKOM IIPOX0-
JAIEr0 MUMO TpaMBasd BO3HHKIIA ApKas UCKpa. B TeueHHe [ATH
HIIM OIECTH CEKYHA OHa JBHTANACh M0 HECKONBKO M3BWINCTON
TPAEKTODHH, HE MCIBITEIBAA 0cODOro >xellaHus CHIKATHCA H HE
BBIKa3bIBasA KaKkuX—MHOO TPH3HAKOB, TOBOPAIIMX O IOHHXKEHUH
€e TeMIIepaTypsl, YTO OB1I0 OEI €CTECTBERHO, ecitd OB OHa NIpea-
cTaBIsfgNa cobol yronkHyro, Harpumep, 9aCTHIY, OTOPBaBUIyIOCH
oT maHTOrpada. 3aTeM OHa Kak-To cpaly ©e33BydgHO Toracia.
CaMBIM Xe yIUBMTEIBHEIM OBLIO TO, YTO 3Ta HCKpPa Ha BCEM
NPOTHKEHHH CBOSTO CYLIECTBOBAHMA OBUTA SPKO—3ENCHOTO IIBE-
T4, KaK roBOpAT, 1BeTa ekmpux. [locnennee ozHagaeT, 91O B
HCKpE [0 ¢aMOro €¢ KOHIA NIPHCYTCTBORANY ABYXBAICHTHBIC HO-

! I'panorckuii B. JI. DNEKTPHUECKHH TOK B Tazax., M., 1971
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HBEI Me[y, MOTABLIME B HEE, OMEBHJHO, H3 [IOKPBITOrO MEIBIO
KOHTakTHOro 1poBofa. Jiaa toro 9rolbel 00BACHUTE YBHAEHHOE,
COBEPUICHHO GECMOIE3HO CTPOUTD KaKHe—IHO0 rUmnoTeskl Temwlo-
BOTO Xapaxrepa — TOPSLIMH yroleKk He MOXET OBITh CTOMb fAp-
KuM, H, TeM Dosiee, He MOXKET yIepiKHBaTs OKoNo cebs obirauko
HOHH3MPOBAHHOM Mexd. JBHXKeHHe HCKpBI OBLIO OTMeueHO Obl-
CTpO HcYe3ammM ciiefioM Oenecoro nsera. BosmoxHo, OH co-
CTOSN U3 MOJAEKYN NRYOKHCH a30Ta.

CoBceM HeCNOKHO, Ka3anoch OBl, BOCIIPOU3BECTH T¢ CHUTYa-
ITMH KOPOTKOTO 3aMBIKAHUA, B KOTOPHIX OYEBUIUH HAGMIOAANM
BO3HHKHOBEHHE MApOBBIX MOMHHUI. OAHAKO YKE ¢aMO OTCYTCT-
BHE MalllMH, FeHePHPYIOINMX NIAPOBEIE MOJIHHH, TOBOPHT O TOM,
4TO ITO 3aHATHE COBEPIIEHHO DecnepcnexTHBHoe. SIBNCHHE He-
BOCHPOHU3BOAMMOCTH [IAPOBRIX MOJHHH B YCIOBHAX (HH3HUECKO-
ro 3KCIEPHMECHTA HaCTONBKO CTPAHHO, YTO OHO HE HAIUIO OTpa-
AEHUA HU B OAHOM runotese, crpemaueiics obpiICHHTE mpupony
mapoBLIX MOJIHMH. HeBOCTIDOM3BOIHMOCTS e TeHepal{ii Hapo-
BBIX MOJIHHH O3HAYACT, 10 CYTH, OXHO —— IKCIIEPHMEHTATOP, XKe-
NAOMMH CO3AaTh LIAPOBYID MONHHMIO, HE MOXET KOHTPOIHPO-
BaTk BCE YCIOBH, HEOOXOOUMEIE 11 BO3HHKHOBEHUS 3THX 00B-
exkToB. Celyac HaM JOMKHO OEITH HOHATHO, 9T0 ITOT 3KCNEpH-
MEHTATOp HE MOXKET MOMECTUTb BOIW3H OYTOBOTO PAaspsaiad MO~
xoqamylo chepraeckyro MOHaIy. ITO YCIOBHE, ABIAACE CIy-
YaiHLIM, BEIOJIHAETCS, BMECTE € TEM, CTONE PEIKO, Y4TO IOIyJe-
HHE WAPOBEIX MOJIHHHE B OCO3HAHHOM 3KCIEPHMEHTE J0 CHX Lo
HE OCyIecTBIIeHo. TakuM 00pa3oM, HEBOCTIPOUIBOAHMOCTD Ilia-
POBBIX MONHHIA ABJACTCSA OAHUM H3 CAMbIX BECKHX APTYMEHTOB B
110,163y MX MEMOPaHHOH OPHPOIEL. '

* %

TakuMm 06pa3oM, MBI BUAHMM, YTO THIIOTE3d KBAPKOBOH IPUPOJIET
IIapOBBIX MONHUIH HACTONBKO XOpOII0, £ OB CKa3al, HECAILHO
OTHCHLIBAET 3TO SMBIAECHHUE IPHPOIBI, YTO XOYETCHA T'OBOPHTE HE O
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THIIOTE3€, HO 0 MOHAIHOH TEOpHH IMapOBLIX MoaHuM. IIpH 3ToM,
OJHAKO, HYXHO IIPHHATE U Ty «OE3yMHYKO» HIEK, 9TC OKOJO-
38MHOE MPOCTPAHCTRO M TallAKTHKM, BOOOLIE, TYCTO HACENEHEI
MoHagamu. [[ns moATBEpKIEHHMSA 3TOH KOCMONOrHYECKOH rHIo-
Te3bl He0OXOAHMO, KOHEYHO, IIPOBEICHHE TIPAMEIX IKCIEPUMEH-
TOB C DJIEKTPOMarHHTHBIMH KBapkamH. [TOCKONBEKY MBI HE MO-
’KeM 10 CBOeMY 3KEeNaHHIO CO31aBaTh OJHOCBAIHBIE MOHAIBI /1
MOCTIEAYIOMIEro IIpEeBpalieH s UX B KBAPKH, TO OCTAETCA TOIEKO
HAJeAThCS Ha YIAYHYIO X MOMMKY. B caMOM MpocTOM BapHAHTE
YCTAHOBKA JUIA JIOBIM KBAPKOB JO/DKHA, B OOIIHX YepTax, IIOBTO-
pATH YCTRHOBKY, yousmryto B 1753 roxy axamemuxa I', B, Pux-
MaHa. DKCIIEPHMEHTATOpY OCTaHeTCs TONbKO JK/AaTh, KOTAa Jp-
HelHas MOIHHS ITOPA3UT CTEPXEHb, BeAYIIHH ¢ yIunsl B j1a6o-
paroputo. [Ipn 310oM 7a00paTOpHBIA KOHEL CTEPXHA AOIDKCH,
KOHEYHO, BXOAHTh B BAKYYMHPOBAHHYIO JTOBYIUKY IUIA SIEKTPH-
qeckHX kojel. CorlacHe 3aKOHaM QU3HKM HEBOIMOMKHO CO3JaTh
TaKoe IOCTOAHHOE JICKTPHIECKOE MOJle, HANPSKEHHOCTh KOTO-
poro HMena OBl MAKCHMYM MHJIM MHEHMYM BHYTpH nOByLixu. C
BLICOKOYACTOTHHIM MOJEM 3TO, OAHAKO, HECIMKHO OCYIIECT-
BUTH, Jh(EKTHBHOCTH TAKOTO SKCIEPUMEHTA COBIANALT C OTHE-
TOM Ha BOIpoc: «CKOMBKO KIAATH?»

B paccMoTpeHHOH 31ech KHHre CTaxaHoBa OMMCaHbl CIyYan
(cTp. 143) KorAa LI0X0 3a3€MJIEHHEIE NIPOMEIUICHHEIE YCTAHOR-
KM C 9acTOTOH HPHMEPHO OIMH Pa3 B MECAl TeHEePHPOBAIM [ia-
POBEIC MONHWH. B ¢BA3M ¢ 3TUM Npencrasagerca Oonee yrob-
HBIM IIOpOXIATh KBAPKH HE MpH MOMOIIM KAIPHIHOTO MPHPOX-
HOI'O TEHEPATOpa CBEPXBRICOKOTO HANPMACHHA, HO, HAMPUMED,
NpH MOMOIIX renepatopa Baw—aep—Ipaaga. Yto kacaercs cu-
HUX KBApKOB, TC MOKHO IIBITATBCH CO3AABaTh MX IIPH IIOMOINM
KONBIEOOPAZHOTO CBEPXIPOBOTHHKE ¢ TOKOM: BHE3RIHOE HAPY-
LUEHHE CBEPXIPOBOAMMOCTH CO3[AeT KOH(HTYPALHIO SJIEKTPO-
MArHHTHOI'O 1014 110400HYI0 TOH, 9T0 CYMECTBYET B ITHX KBap-
KaX. TIoCKOJIbKY WAHCH HA YCIEX, TO—BUIU-MOMY, OYEHb MAhI,
BO3MOXHO YAACTCH IIEPCPOJHTE B MATHHTHRIE KPaCHBIE KBapKH
Cpa3y Mociie HX KoJUIanca.
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TauncTReHHOCTE BheHOMEHa IAPOBOI MOTHHY POABILETCA,
B YaCTHOCTH, B TOM, 9TC HUKTO U3 H3BECTHBIX YYEHBIX, ONACAACh
BHIHMO 34 CBOK) HAYYHYIO PenyTallHio, He IPeIOMKIIT HHKAKO-
ro 00BACHEHHA STOMY ABNIEHHIO, PaccyxIarth Xxe 0 IpHpoJe ma-
POBEIX MOIIEHH IPEOCTABIEHO JMIETAHTaM, CIOCOOHEIM Gotee
BONLHO o0pamarsea © 3akoHaMH dusukn. Ho mame u B 3THX
«MATKMX YCHOBHSX» BCE€ [IPEJNOKEHHBIE TIHIOTE3H
«00BACHAIOTY, KaK MPaBUIO0, HINb KaKYIO—ITHOO OIHY HIH IBE
2ePTH ITOTC (PCHOMEHA — YAIlE BCEro YAWBUTENbHO Oonbimoe
BpeMd JKH3HH IAPOBEIX MOJIHHH,

B ormHuKe ot 3TOTO MpeioXkKeHHass THIIOTe3a, CKOTh 3K30-
TAYHOR OHAa HM Ka3anack Obl, 00BSCHAET, MO—BHUIANMOMY, BECh
KOMILIEKC SIBICHHH, CBA3aHHLIX ¢ (PCHOMEHOM IIApoOBOH MOI-
Hen. Jlepedncinm ranbonee 3amMeTHbIE H3 HHX.

. Hamepsemoe MHHYTAMM BpEMS XM3HM IHAPOBOH MOITHUH,
YTO HECOH3MEPHMO C BPEMEHAMH, XapaKTepHEIMH AJIA Mpo-
necca peKOMOHHAIIMH HOHOB.

. HeBoCnpoK3BOAMMOCTE HBIEHHS B YCIIOBHAX UENEHAITPAB-
JEHHOIO IKCIIEPHMEHTA.

. BhIcokas 3HEPTOEMKOCTE IIAPOBBIX MOTHUH.

. Hamuuiie ABYX IiIaBHBIX CUEHApHEB HCYE3HOBEHNN LIAPO-
BBIX MOJIHHM — KaTacTPOHHISCKOTO M «KTHXOI'OY.

. 3apOX/CHHE IIAPOBEIX MOJHHH HE TOILKO B PE3YIIBTare
MOJIHHEBOIO HJTH IYTOBOTO paspsaa, HO H HX 6e3 BuauMBIX
OpHUMH «BO3rOpaHHe» BOIM3M METALIHMECKMX mpeaMe-
TOB.

. Hamvue 3meKTpOMarHMTHOIO UMITYIIBCA B CITY9ae KaTaCT-
POpHUECKOTO KOJLIIANCA INAPOBLIX MOIHMIMA,

. Hajane BUAMMON 1TOBEPXHOCTH, OrpaHHYMBAIOLIEH mIa-
POBYIO MOJIHHIO H YIIPYIOCTh 3TOH OBEPXHOCTH.

. CrniocoOHOCTD MIApOBBIX MONHHH MIPOXOIMTEH CKBO3b Y3IKHE
OTBEPCTHA.

. OcoberHoCTH ABIDKEHHSA HIAPOBBIX MOIHHH B OKONO3eM-
HOM IEKTPHYECKOM TNOJIE.

. Bo3zukaloomee HHOIa y HabmomaTenell OlymEHHE, 9TO
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apoBai MOJHHEA ABIKCTCA HCUEHIM CYU{eCMEOM.

» H, HaxoHell, BRICKa3aHHOMY IIPEITIONOXEHHIO O TPHPOIE
IIAPOBBIX MOIHMH BIIOJHE COOTBEICTBYIOT aCTPOHOMHYE-
CKME JaHHBIE 0 HANMYME B OKPECTHOCTH HaweH ["anakTuxu
TEMHOT'O BEIeCTBa.

OKCIICPAMEHTE], CBH3AHHEIE ¢ H3YYCHHEM IIAPOBLIX MONHWIA, B
00s3aTeNbHOM NOPAAKE AODKHEI BKIOUATh B Ccebs omepaumio
TIOMMKH TOPOHJANLHBIX MOHAZ, SBIAIOIIMXCA IPHIMHOH COOT-
BETCTBYIOUIMX METEOPOIOTHYECKHX SIRIEHHH, ¢ mocnenyromen
UX JoKanu3anHed B BAKYYMHPOBAaHHBIX JIEKTPOMArHUTHEIX JI0-
BYIIKaxX. BayKHOCTH T2KOTO POJa IKCIEPHMEHTOR IIPEICTaBIIAeT-
¢ HecnpeueneHTHOH, IIOCKONRKY MOXXHO OXHAATh, YTO OCBOE-
HUE TEXHONOIMH, CBA3AHHEIX C HCNOIL3OBAHHEM KBAapKOB, Ii0-
3BONUT YENOBEYCSCTBY NMOJHATHCA HA COBEPIICHHO HOBYIO CTY-
neHb cBoero passuTufA. Celgac HEBO3MOXKHO CKONBKO—HHUOYIb
JIETAIBHO Tpe/lyrajaTh BCE BO3MOKHOCTH, KOTOPRIE OTKPOET IIe-
peI JeIoBEHeCTBOM Lporpece B 3THX texHonoruAx. Ecmu 6w,
HAOPHMEp, KBAPKH ITO3BOJIIIIH CO3JATEL JEMEBHE H KOMIIAKTHEIE
TEPMOSLICPHEIE ANEKTPOCTAHUHH, 4 TAKAKE JIETKHE H 04eHbh eMKHE
AKKYMYIIATOPBI 3MEKTPHYECKOH JHEPTHH, TO ITO, II0 CYTH, O3Ha-
gano OBl, 4TO 3emiid 3aBEpUIHJIA CBOXO MMCCHIO «KomuIbenn ge-
JIOBEYECTBA» — OHO IPENIIOUTET KUTh B «3DUPHRIX IOpOmax»
LIHONKOBCKOTO, I/I¢ HU YBEIHYEHHE €ro YMCICHHOCTH, HH IO~
TpeOicHUE HM SHEPIHH He OYAET, KaK 3T0 TIPORCXOMUT Ha 3eM-
7€, OTPaHHYEHO IKONOTHIECKUMH POl ieMaMH.
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YBaxaeMmbie -mTa'reJm! Ynaxcaemue aBTopbE!

Hauic aunaTenseTsd CICLHMANMIKPYETCH HA BBHUIYCKE RAYIHOMR 1 yaebHoi
THETCHATYPEE, B TOM TACAC MOHOIpahui, KYPHAIOR, TPYAOR Yaeabix Poccuii-
CKOM AKAZCMUYN HAYK, HaydHO-HCCICAOBATCARCKHX HHCTHTYTOB M VICOGHRIX
3uBeacHH, MR npeandraeM &BTOPAM CBOM VCIYTH HA BHIMOMELIX SKOHOMH-
AecKUx YenoBHax. ITpu a10M MBI 6epeM HAa ceha BCKO puboTy N0 NOATOTORKE
M3IaHHA - OT Habops, PCAAKTMPOBAHMA H BEPCTKH A0 THPAXHPOBAHHA
¥ PAacTpOCTPAHCHEEA. URSS

Cpean Baweamux W COTOBIMEXCA K I3aammch KHUr Mbl ipeasaracd BaM crenyiowmce:
Cepua «Relata Referon

Apniexa C, H. Kpurnxa ocHOB TecpHH 0THOCHTEILHOCTH.

flonos H. A CyisocTs BpeMesy i OTHOCHTELEOCTI.,

Hrewwawr B /1, KBauToBast TCOPHA TPABHTAIMA.

Huvuaun B. 1. HeonpeneneRHOCTs, TPABHTAINA, KOCMOC.

EBatatun A @. Beegenwe B ofiny1o Tecpuio Muposaanma. Ku. 1,2,

filyaomon M. X. Teopun maposoli pacurmpmomedics Beenenmoi.

Hypseman M. X, BapHAIIME HA Temsl KBAKTOBOI Teoprmi.

flumenos P, H. Ocuobsl TEOPHH TEMIOPAILEOTO YHEBEPCYMEA.

Kanunun f1. A, KapiRaabEme omuGxH DiiHwmedina.

Aeais M. A. CrenMambHas TeOpss OTHOCHTEARHOCTH, DdupHiii noxxoa,
flempos 10, Y. Hexoropsie hyuaamenTanbibie NpescTan eHns GRINKH: KPHTHRA W AHANHS.
IHimena B. H. Eavmad eopns Tloan u Bewectsa ¢ Towxn speann Jlormon.
Hladpun A, A. CTpyRType mupoznanna Beenernoit.

Bupiokos C. M. Dhup KAK CTPYKTYPA MHPOTTAHHA.

Mupxun B, H. Kparsnlt KyDe naeanmwcraveckoli $usmm.

Heaes C. M. Havana Teopun dnsixa papa | e CleacTous.

Bypazo C, I Kpyrosopor dupa so Beeacsnoii.

Qedyaaes J. E. ©unocopun rpaparam. Mazave Ferens fa npobaem: (usmgu.
Jaxazwuxoe A. F. 3aranka 3pHPHOTO BeTpa: GYHIAMEeNTANGHME BOBPOCH PITRKY,
Kupunavs A. H., Iamuuyicaz H. H. Keanr-cnnosay dasmka. Gmoresa.
Xapuenxo K. 1., Cyxapes B. H. «DACKTPOMATHNIUANA BOJHA», AYUHCTAN SHEPTAT — DOTOK
peatbHux oTonos,

Muxalinoe B. H. 32600 BCEMHDHOMO TATOTEHHS.

Jeepen T, H. ®usmRa 6e3 Mexsuukn HoioToua, Gez Teopim Dimorredina

H De3 MPAHIMNA HAHMEHLIIErO ACHCTBHN.

Xoxaoe K. H. O vac m vamem Mmpe.

Xazeaoe 10, B. [InaveTnl H 3800UMA 3BCIA.

Baunoe B.D. PacTymian Jemus: U3 IUTaReT B IBL38,

Hioncembype A. A. ABTOMATISHPOBARHOE (FOCTPOLHME MATEMATHIECKHX TEOpIt.
Funcos E. B. [eoMeTPHIANNA (HIMMECKHX RENWTHE,

Yuxeos £. 5. Boenenme B Giuiocodic MATEMATIMTECKMX TPOCTPAKCTE.
Crxonvaros 3. P. TeopeTuiecroe 000CHOBAIHE MCKIBEIIMEI NOHTOD.

Ilo Beem BonpocaM Ba MokeTe oGpaTuThes K HaM:

mea./panc (495) 135-42-16, 135-42—46 Havanaa u onasa
nui 3aexmpornol xovmoi URSS@URSS.ru 2YAHAA H JIEOHA
Tominelt KaTanor HanauMil NPeaCTABIeH JuTeparypa

s Humepnem-mazasune: hitp://URSS.ru
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