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AHHOTanus.

C momeHTa co3aanusa OTO u nocieayromux paboT B KOCMOJIOTHUH, BOIIPOC O
KpUBH3He MnpocTpaHcTBa BO BcesmenHodh (w >0, w <0 wim 2 =0) -
CYUTAETCA OJUH U3 HauboJiee IJIaBHbIX U AUCKYTHUPYEMBIX 110 Cel JeHb. 3TO
€CTeCTBEHHO, BeJlb OT KPHUBHU3Hbl IPOCTPAHCTBA 3aBUCUT: pacCIIUpAETCS
BceseHHas, ©xuMaeTcd W/IM SABJASAETCA CTAaTUYHOU. IJTH JUCKYCCHH,
NI03BOJIWJIM ABTOPY BBIZBUHYTb NApaZ0KCaJIbHYI0 HJ€l0: 0JJHOBPEMEHHOI0
CylleCTBOBaHMA BO BcesleHHOM Tpex B3aWMOCBA3aHHbIX IPOCTPAHCTB-
BpeMeH (M0JIOXKUTEJNbHOW, OTPULIATEJIbHOM U HYJIEBOM KPUBHU3HBI) U, yKe Ha
3TOU OCHOBE, pa3paboTaThb TEOPHUIO, B KOTOPOU KaXkJ0e MPOCTPAHCTBO-BpeMs
UTrpaeT CBOIO COOCTBEHHYIO POJIb M Pa3BUBAETCA B CTPOTOM COOTBETCTBUH, CO
CBOUM 3HAaKOM KPHBU3HBI.

Tpex nmnpocTpaHCTBEHHO-BpeMeHHass MoOJieJib CTpoeHuss BceseHHOH,
npejJsiaraeMasl aBTOPOM, I03BOJISIET PEUIUTbh MHOrHe ¢yHAaMeHTabHbIe
npo6JsieMbl COBPEMEHHOH KOCMOJIOTUM U TEOPETHYECKOW PU3UKH, a TAKKE
CO3/1aeT OCHOBY /ISl IOCTPOEHHUS eJUHON GU3UYECKOUN TEOPUH.

Taru:

Kocmosorusi, ¢usuka Bosbmoro B3peiBa © paHHed BcesneHHOH,
cTayuoHapHass BcesneHHas, ocuwuiupylomas BcesneHHas, LUK/IA4YecKas
BcenenHasi, Habs101aeMas 6apruoHHas aCMHMMeTpHs Bo BcesleHHOH, CKpbIThIE
M3MepeHus, TeMHas MaTepusi M TeMHasd 3Heprusi, TrpaBUTALHS,
aHTUTrpaBUTalus, (U3MKA 3JIeMEHTApHbIX YacTHL, KBaHTOBass QHU3UKA,
Teopusi QYHKIMU KOMIJIEKCHOM TNepeMeHHOH, Teopusi O0O0O0OLEHHBIX
KOMILJIEKCHBIX UM ceJl, TeopeTuyeckas pusuka, Enunas ®usnueckas Teopus.

© ABwanymos A. 111, 2023

Bce npaBa 3aluIeHbI.



[Mpeambyna

«... MOXKeT OBITh, UMEHHO TO, UYTO Mbl Ha3bIBaeM MHUMbIM BpeMeHeM, Ha CaAMOM JieJie
6oJsiee pyHJaMEHTAJbHO, a TO, YTO Mbl Ha3bIBa€M BpEMEHEM peaIbHbIM — 3TO HEKOE
Cy0O'beKTUBHOE Mpe/ICTaBJIeHUE, BO3HUKIILIEE Y HAC TPU MONbITKAX OMKCATh, KAKOUN MbI
BUAUM BcesieHHYy10».

Stephen Hawking «A Brief History of Time», 1988.

«KBaHTOBasgs MexaHMKa, [AEUCTBUTEJIbHO, BIevyaTssgeT. Ho BHYTpeHHUU Tro0JiOC
TOBOPUT MHe, UTO 3TO ellle He u/eas. ITa Teopus TOBOPUT O MHOT'OM, HO BCe XKe He
NpUOJIMKAaeT HaC K pa3rajike TarlHbl BeceBbilHero. [1o kpaiiHel Mepe, 1 yBepeH, YTO
OH He 6pocaeT KOCTHU».

Albert Einstein «Letter to Max Born», December 4, 1926

«... bor - COBepUJeHHbIﬁ MateMaTuK M OH HCHOJb30BaJj CaMyr0 NpPOABHHYTYIO
MAaTeMaTHUKY IIPpHU CO34aHUH BcesieHHOM».

Paul Adrien Maurice Dirac «The Evolution of the Physicist's Picture of Nature», May
issue Scientific American, 1963
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MPEAVC/TIOBUNE

CtrangapTHasi KocMoJsiorudeckas Mojiesib (ACDM) Ha cerOAHSIHUM JIeHb - SIBJISIETCS
OCHOBHOU pabouyeit Teopuei. C 0JTHOM CTOPOHbI, OHA O3BOJISIET OTBETUTh HA MHOTHUE
BONPOCHl B HabJ/0faeMoN 4YacTu BcesleHHOW, HO C ApPyroil CTOPOHbI UMEET U
CylleCTBEHHble HEJIOCTAaTKW. [JIaBHBIM, W3 3THUX HEJOCTAaTKOB - SBJISETCS
OTCYTCTBUE YAOBJETBOPUTEJNBbHOTO OOBbSCHEHHUS HabJIl0JaeMOl OapUOHHOU
acuMMeTpuM Bo BceneHHoW. UMeHHO 3TOT HeAOCTAaTOK - CJAYKUT KJIHOYOM K
CYLECTBEHHbIM /[IONOJIHEHUSIM K OOIIENPUHATON TEOpHUH pacliupsiouencs
BcesileHHOU, KOTOpas 0 MHEHHUIO aBTOpPa — fABJSAETCA He TOJbKO He IOJIHOW, HO U
HYKJlaeTCsl B KapJWHaJbHbIX OOHOBJeHUsAX. [loMMMO 3TOro, B CTaHAAPTHOU
KOCMOJIOTUYECKOU MOJieJId TMOJIHOCTbI0O OTCYTCTBYET IOHMMaHHE O Mpolieccax,
NPOUCXOASAUIMX B HEM36€KHO BOSHUKAKIIMX CUHTYJISIPHOCTSX, 2 BOMPOCHI: YTO ObIJIO
Jio BoJsibiioro B3pbiBa — ABASIIOTCS JIMILIEHHBIMU CMbICJIA.

[lepen Bamu paboTa, KOTopasi MpeAOCTaBJIsIET COBEPLIEHHO HOBBIA B3IJis[ Ha
¢usuky Bosiblioro B3pbiBa U nmpoliecchl, NpOUCXOAUBILINE B paHHel BceseHHoil. B
Hell paccMaTpUBaeTCs HOBasi TpeX NPOCTPaHCTBEHHO-BpeMeHHas (I10JI0KHUTeTbHOH,
OTpULIATEJbHOU U HyJIEBOM KPUBU3HbBI) MOJieJIb CTpoeHHUs BcesieHHOM.

CMomeHnTa co3aanus OTO v nociey0ux paboT B KOCMOJIOTHUH, BOIIPOC O KpUBU3HE
npoctpadHcTtBa Bo BceseHHod (w >0, w <0 mau 2 =0) - cuuTaeTcd OAUH U3
HauboJsiee IJaBHbIX U JUCKYTUPYEMBIX MO Cell JieHb. 3TO eCTeCTBEHHO, BeJlb OT
KPUBH3HBI IPOCTPAHCTBA 3aBUCUT: pacliupseTcd BceseHHas, CKuUMaeTcad WU
ABJSIETCA CTAaTUYHOW. IJTH [JUCKYCCUM, TO3BOJIUJIM aBTOPY BbIABUHYTb
napaZloKCaJbHY0 H/Jiel0: OJHOBPEMEHHOIO CylLleCTBOBaHUSA BO BcesieHHOM Tpex
B3aMMOCBSI3aHHBIX IPOCTPAHCTB-BpeMeH (IOJIOKUTEJIbHOM, OTpULATENbHOW U
HyJIeBOM KpPHUBU3HBI) U, YK€ Ha 3TOM OCHOBe, pa3paboTaThb TEOpPHUIO, B KOTOPOH
KaXkJj0oe MPOCTPAHCTBO-BPeMsl UrpaeT CBOK COOCTBEHHYIO pOJib U pa3BUBAEeTCH B
CTPOTrOM COOTBETCTBHUH, CO CBOMM 3HAKOM KPUBU3HBI.

A6conrorroe llpoctparcrso-Bpems
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o — —
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Bonsmroki B3psis (Tynch) b: Cxrons (Topact)
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3HaYeHHsT MEHHMOH napaboanieckor egurnybl I (1= |1|) Teynch ~ BpEMSA CHHXPOHH3AIHH
A6coniotroe lpoctparcrso-Bpema -*ST AT - Bpema B ST
| lpocrparcrso-Bpems monoxurersrori (“‘w > 0) kpupuaasr - “ST 47— Bpems B ST
B /ipocrpascrso-Bpems otprnarensroi (w < 0) kpupuzHsr - °ST °T - Bpema B °ST

B smo6odi momenT spemenn cuuxporu3afgu (Tynch) BbITONHACTCH CAEAVIOUWEe ypPABHEHHE

[“0> (Toynet) - P00 (Tomen) = 1], r5€ 1=|1].

I'paduyeckuii ab6CTPaKT: TpeX NPOCTPaHCTBEHHO-BPEMEHHas MO/IE/Ib CTPOEHUsI BeesieHHOI.



MNpeancnosue

B npepsiaraemon paboTe wHccaefyeTcs, TUIIOTe3a O HOBOW MNPOCTPaHCTBEHHO-
BpEMEHHOW CHUMMeTpPUM BO BcesieHHOM, COrJIaCHO KOTOpPOM B I€PBUYHOM
(MaTepuHCKOM) 06061eHHOM AGCOIIOTHOM IIPOCTPAaHCTBe-BpeMeHu ST HyseBoi
(2 = 0) kpuBU3HBI ¢ reoMeTpuer EBkinaa (€) npu B3auMoAelCTBUM co chepoit C
paccToAsHUEeM-pajuyCOM W KPUBHU3HOW, paBHbIMM MHHMMOU MapaboJMyecKOu
equnune I (Sgpon =1, gpp = 1), B MoMeHT Bosbmioro BspeiBa (BB) CHHXPOHHO
pOAMUIMCH [JBa B3aWUMOINpPO3payHbIX HEKOMMYTAaTUBHbIX CaMOCOTJ/IaCOBAaHHbIX
IPOCTPaHCTBA-BPEMEHHU:

e ropsyee NPOCTPAHCTBO - BpeMA ST mocrosnHoi nonoxurtenbuon (“w > 0)
KPHUBU3HBI C NOJIOXKUTEJIBbHOW MJIOTHOCTbIO MaTEPUU U 3HEPTUH, B KOTOPOH
peanusyetcs reoMeTpus Pumana (R) asiuntTuyeckasi, TKaHb IPOCTPAHCTBA
OAHOpPOAHO  pacmiupsieTcd  (OTHOCUTEJNbHO  TKaHell  AGCOJIIOTHOTO
npocTpaHcTBa-BpeMeHH ST) Bo BpeMeHu T;

e XOJIOZHOE MpPOCTPAaHCTBO - BpeMsA PST MOCTOAHHOM OTPHULATEILHOM
(Pw < 0) KpUBU3HBI C OTPULATEILHON IIOTHOCTbIO MAaTEPUM U SHEPTHUH, B
KOTOpPOM  peasiu3yeTcd  reomerpuss  JlobayeBckoro-bosbsiu (LB)
runepbosinyeckasi, TKaHb [POCTPAHCTBA HEOJAHOPOJHO  CXHUMaeTcs
(OTHOCUTENIbBHO TKaHed AGCOJIOTHOrO INpOCTpaHCTBa-BpeMeHH “ST) Bo
Bpemenu °T.

B s11060# MOMEHT BpeMeHM CUHXPOHU3AUUU (Tgypncn) BBINOJHAETCS CleAylolee
L D — —
ypaBHEHHE [ @ (Tsynen) * " @ (Tsyncn) = I], rael = [1].

JlaHHasg KOCMOJIOTMYECKass MOJieJib B KOpHE pemaeT npo6seMy HabJrogaeMon
6apMOHHON aCUMMETPHMHU U CKPLITOM Macchl BO Bce/leHHOM, MOCKOJIbKY C MOMEHTa
BB Bca pokieHHas MaTepus pa3BUBaeTcs, B HabJ0JaeMOM HaMM, IPOCTPaHCTBe-
BpPEMEHU II0JIOKUTENbHOW KpUBM3HBI ST, a BcA pOXJeHHas aHTUMaTepus
pa3BUBaeTcs, B He Ha6J110ZlaeMOM HaMM, IPOCTPAaHCTBe-BpeMEHU OTPULATeNbHOM
KpuBU3HBI PST.

[Ilpepnaraemas Teopuss bosiblioro B3pbiBa IMOJIydYaeT COBEPIIEHHO HHOE
HaloJIHEHHWE: pacluIMpeHhe Topsiyero MNPOCTPAHCTBA-BPEMEHHU I0OJIOKHUTEIbHOMN
KpUBU3HbI ST M CKaTue XOJIOJHOTO MPOCTPAHCTBO-BPEMEHU OTPULATEbHOM
KpuBHU3HbI PST NpOUCXOAAT CHMHXPOHHO (BO BpEMEHM CHHXPOHHU3aLUH Tsynch) 1
CaMOCOIJIACOBAaHHO B HEMOJBMXKHOM U Be4YHOM AOCOJIIOTHOM MPOCTPAHCTBE-
BpeMeHHU 4ST, 4To Tpe6yeT NPUHIMIUANLHO HOBBIX NOAXO00B [/ UX ONUCAHUSA U
NOCTPOeHUs aZleKBaTHBIX MoJiesiel. B 60-x rozjax npouwioro CToJIeTUA 1A Hay4YHble
JIUCKYCCHUU O TOM SIBJISIETCS JIU paHHsAs BcesleHHast ropsiueit uiu xoaoHoiu. Teoputo
XOJIOAHOU paHHeW BcesieHHOW 06CYXJasid B CBOUX CTAaThsX TaKUe aBTOPUTETHbIE
¢usuky, Kak 3enpgoBud f. b., Caxapos A. [I. [48, 49, 50] u gpyrue. [Ipupoja, Kak
BCerjia, OokKasajacb MyJjpee U IJIaCTUYHee - OHa peajv30Basa ob6a BapUaHTa
onHoBpeMeHHoO. Emie B 1933 roay Erich Regener, 3ag0.ro go pa6ot 'eoprus 'amoBa
M JpPYyrux aBTOpPOB IO MoJeJad Tropsyedl BceneHHOW, Ha OCHOBe MoOjeNun
cTaljMoOHapHOW BcesieHHON TmpejcKasaJ TeMIlepaTypy MeXrajJakKTU4eCKOro
npocTpaHCcTBa paBHoM 2,8 K [163]. ¥ Hac HET HUKAKHUX yOeUTe/IbHbIX ApPTYMEHTOB,
JIOKa3bIBAWIIMX YTO MHUKPOBOJIHOBBIM KOCMHUYECKHU (OH ciefyeT TOJbKO U3
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MoJiesiu ropsdeld BcesleHHOH, TOCKOJIBKY MO/Jle/lb X0J10JHOW BcesieHHOM - aAB1seTCA
MaJIOU3y4YeHHOW. B 4YacTHOCTH, aBTOp KaTeropvyeckd He COrJlaceH Ha3blBaTh
MUKPOBOJIHOBBI KOCMHYECKUMHA (OH TOJIBKO PEJUKTOBBIM U CUYUTAET, YTO €ro
UCTUHHYIO NPUPOJYy M pPOJib HaM elle NPeACTOUT OTKPBbITb, UCXOJs W3 JAaHHOU
npeJCcTaBJeHHON TeopuH. B yacTHOCTH, 3aciayXMBalOT BHUMaHUe HJeH,
BbICKa3aHHbIe B paboTe [164].

Tpex mpocTpaHCTBEHHO-BpeMeHHasi MoJesb BcesieHHOW MO3BOJISIET MOJIHOCThIO
MIEPEeOCMBbIC/IUTh U NMPHU/AATh HOBOE Pa3BUTHUE TEOPUHU 000OIEHHBIX KOMIIJIEKCHBIX
yuces. Kaxaasd MHUMasg eAuHUIA: napabosivueckas [, rumepbosivyeckass i U
3JUIMNTHUYECKad I - 3aZlaeTCs B CTPOrOM COOTBETCTBUHU CO 3HAKOM KPUBHU3HBI CBOETO
NPOCTPAaHCTBAa-BpEMEHH.

Takoil moaxoa TMO3BOJISIET paACNO3HAaTh TpeX MPOCTPAHCTBEHHO-BPEMEHHYIO
NpUPOAY CIHMHA, pa3paboTaTb €ro MeXaHW3M, KOTOPbIA HaNpsIMyl0 NPUBOJUT K
HOBOM Tpex MPOCTPAaHCTBEHHO-BPEMEHHON CaMOCOIJIACOBAaHHOW  4YacTulle-
COJIMTOHHOM MO/IeJIM aTOMa U aTOMHOTO si/ipa.

B cBoto ouepeib, YacTULle-COJIUTOHHASA MO/Ie/Ib aTOMa M aTOMHOT 0 s1/jpa — I03BOJISIET
He TOJIbKO JaTh HOBYI0 MHTepIpeTalul0 KBAHTOBOM MeXaHWKe, HO U MOJYYHUThb
OTBEThI HA MHOTHE BONPOCH], MyuyHUBILIHe GUIKUKOB yXKe 0KO0JIO CcTa JeT. HakoHewn-To
NOSIBJISIETCA BO3MOXKHOCTb OJJHO3HAaYHO OOBACHUTb, I'Ze M IMOYeMy IepecTaroT
JleICTBOBATb 3aKOHbI KJIaCCU4eCKOW GU3NKU U BCTYINAIOT B CUJIY 3aKOHbI KBAHTOBOM
MeXaHWKHM, TOYHO OIpeJeJuTb ITOT I[epexoJi, I[O0Ka3aTb HeU30eXHOCTb
Jla/ibHeNIlero pacliupeHuss GU3UKY, a TaKKe AaTh 0011y KjJacCUUKALUIO BCEM
$U3MYeCKUM JUCIUIIIMHAM.

[lo MHeHMUIO aBTOpa, Tpex MNPOCTPAHCTBEHHO-BPEMEHHass MOJeJib CTPOEHUs
BceseHHOW  mo3BoJsiieT  peliUTh MHOrue  (QyH/JaMeHTajbHble MPOOJEMBI
COBPEMEHHOW KOCMOJIOTUM W TeOopeTU4YecKoW (U3UKH, CO3JaeT OCHOBY [JIf
NOCTPOEHUs eJUHOU Pr3uyecKou Teopuu (B ToM uucie, obobenunsomen 0TO u
KBaHTOBYI0 OGU3UKY). JTa MOJesib JaeT HaJexAy B 0003pUMOM OyAylleM,
pa3paboTaTh KOJIMYECTBEHHYIO JIOTUUECKH-3aBEPILIEHHYI0 MO/JIeJIb POXKAeHUs1 BB u
NoCJeAyllero cxJjonbiBaHus Cr [ABYX B3aMMOINPO3PayHbIX HEKOMMYTAaTHUBHBIX
CaMOCOTJIaCOBAaHHBIX MPOCTPAHCTB-BPEMEH IOCTOSIHHOW MOJIOKUTEJNbHOU U
NOCTOSIHHOU OTPULLATEIbHOU KPUBU3HBI.



lnasa 1 BctynneHune

[nasa 1 BctynneHue

KpuBusHa npoctpaHcTBa BO BcesieHHOW, ee pasMepHOCTb, NPOCTPAHCTBEHHO-
BpeMeHHble U reoMeTpHhYeCcKHue OTHOIUEHUS, pea/M30BaHHble B HeW — fABJISAITCA
rJIaBHBIMU BONPOCAaMHU KOCMOJIOTMM U TeopeTHdeckod ¢usuku. O61asag Teopus
OTHOCHUTEJNbHOCTH [1, 2], Kak jay4lias Teopus TrpaBUTALMU - CO3JaJjla OCHOBY U
npu/ajia 3TUM HalpaBJeHUSAM UCCIeJOBAaHUU JONIOJTHUTENbHBIN UMNyabC [3,4, 5, 6,
7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28].
CTtaHpapTHas MoJiesib CerofiHd — fIBJSETCA OOLIeNPHU3HAHHOMN U JIy4lllel TeopHueH,
onuvchiBawlIlel pyHJaMeHTalbHble B3auMoJielcTBud [29]. OgHaKO, B COBpeMEeHHOU
dU3rKe HAKOMMUJIOCh HEMAJIO Pa3HOOOpPaA3HbIX MP06JIEM, KOTOPblE TPEOYIOT CBOETO
paspemenuss [30, 31, 32]. TlloMuMoO BblllleyKa3aHHbIX, 3TO IMpEX/Je BCEro:
HabJiroZjlaeMasi 6apuoHHast acuMMeTpust Bo BcesienHo# [33, 34]. [louemy, HecMoTps
Ha He3bI0JIEMOCTb BTOPOTO 3aKOHA TEPMOJAUHAMHUKHU, Mbl He HabJIl0/laeM TeNJ0BOM
cMmepTtu Bcesnennoit [35, 36]? HemosnHoTta uHGAALMOHHOM Mogenu bosblioro
BspeiBa [37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47]. Kyaa «mnopeBasacb» X0J04Has
cTaausi pa3BuTus Beesnennoit [48, 49, 50]? Ocuuanupyet v Becenennas [51, 52, 53,
54, 55, 56, 57]? HenmonuMaHue npupojbl TEMHONM MaTEPHUU M TEMHOW 3HEpPTUH, a
TaKXe No4eMy HabJir0jlaeMoe NPOCTPAHCTBO NPOJ0/KAET YCKOPEHHO paclIuPAThCA?
KakoBa npupojga Maccel? KakoBa ¢dyHAamMmeHTa/bHas poJib noJiss bpayra-JHriepa-
Xurrca u 603o0Ha Xurrca? IlosHa /M Teopusl 3JIeKTPOCJab0Oro B3aUMOJEUCTBUS?
HenoHnMaHue NpoOUCXOXAEHUA CUJ HWHepUUM. ['le CKpbIBaeTcd 3JieMeHTapHBIU
MarHuTHbIN 3apaa? YTo u3 cebs npefCcTaBAsAOT 3J1eMEHTAPHBIN 3JIeKTPUYECKUH U
3JleMeHTapHbl MarHUTHBIN 3apa/bl? HenmoHMMaHue npupojbl CliMHA O030HOB U
dbepmuoHoB. KakoBa mnpuposa sJiepHbIX cuJl U KoHpakmeHTa? YTo U3 cebs
npeJcTaB/sieT MexaHU3M TyHHeJsbHOro 3¢dexra? Kakum obpaszoM Bo BceseHHOH
NPOUCXOJAUT HYKJEOCUHTEe3 TsKeJbIX 3/eMeHTOB? OTCyTCTBHE NOJIHOLEHHOU
TEOpUH CBEPXNPOBOAUMOCTH. [loueMy CylecTBYIOT TPH MOKOJIEHUS 3J1eMEHTapPHbBIX
yactul? KakuM o6pa3oM [aTh KOPPEKTHOE OlpejesieHrue NOHATUI0 pU3UYeCKOro
nonsa? Yto U3 cebs NpeACTaBJAIOT KOMIAKTHble MacCCHBHbIE Tajlo OOBEKTHI,
HabJiro/jlaeMble B aCTpOHOMHUU? OTCYyTCTBUE TEOPUM KBAaHTOBOM I'PaBUTALUH.

Jlis  Toro, 4ToObl NOCTApaTbC OTBETUTb Ha 3TU BOMNPOChHl TpPeOYOTCA
NpUHIUNUAJIBHO HOBBbIE HJleM, Jexallde B caMOll OcHOBe Teopud BB wu
M03BOJIAIOLME HAIPSIMYIO CBSI3aTh KOCMOJIOTHIO, KaK C y>Ke U3BECTHBIMHU, TaK U ellle
He  OTKpBITBIMM  3aKOHaMM  ¢u3WKU. PaspaboTaHHass  aBTOpOM, Tpex
IPOCTPAHCTBEHHO-BpeMeHHas: (MOJIOKUTEJIbHOM, OTpULIATEeJbHON W HyJIeBOU
KPUBHU3HbI) MOJieJib CTPOEHHS] CTAallMOHApPHOM caMoCOor/jlacoBaHHOW BceseHHOMU
IpeJoCTaB/sieT HOBbIE U/IEM U IIMPOKHE BO3MOXXHOCTH [JIsI TOCTPOEHUS eUHON
¢dusnyeckoit Teopuu. [laHHasg MoJiesib MO3BOJISET MOJYYUTbH IIECTb 0a30BbIX
HapaMeTpoB B KaXJJOM IPOCTPAaHCTBE-BPEMEHH, OTBEYAIOIIUX 32 3BOJIIOLUIO
BcenenHoii B nepuoj c BB 1o Cr (cM. '1aBy 3), a TakKe JieJiaeT MOHSITHBIM MOJXO0/[] K
omnpejesieHUI0 pa3MepHOCTU BecenenHoit (cM. ['1aBy 12).

B KocmoJsioruu, ecTecTBEHHbIM 06pa3oM pellaeTcs MNpobGJseMa HaOJII0JAaeMON
0apHOHHOMW aCMMMETPUU W CKPBITOM MacChl, MOCKOJIBKY C MoMeHTa BB Bcs
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pOXKZeHHasi MaTepusi pa3BUBaeTCs, B HA0J/10/JaeMOM HaMU, IPOCTPAHCTBE-BpEMEHU
T0JIOKUTENbHOM KpUBU3HbI ST, a Bca pox/jeHHasl aHTUMaTepHUsA pa3BUBaeTCs, B He
Hab6JI10[aeMOM HaMH, IIPOCTPAHCTBE-BPEMEHH OTPUIIATEbHOM KpuBU3HbI ST (cMm.
[naBy 5). [lepBUYHBIN HYKJIEOCUHTE3 U MOCJAEAYIOIUHN, BKIOYAas CUHTE3 TSKebIX
3JIEMEHTOB - TMPOUCXOJAST IO COBEpPLIEHHO JApyroMy CIeHapuio, 31oxa
pPEeKOMOMHAIIMN OTCYTCTBYET.

He MeHee BaXHBIM £BJseTCA IpeANoOJIOKEHHe, UYTO IPOCTPAHCTBO-BpeMs
OTpULATeNbHON KpuBHM3HbI PST, He Ha6Js0JaeMoe HaMHM, MU aHTUMaTepus C
OTpHULIaTeJbHON MacCcOi U OTpULLATEbHOM MJIOTHOCTBHIO 3HEPTUH, Pa3BUBAOIASACS
B HeM, MOTYT IOJIHOCTbIO 3aMeHUThb CO00I0 BBeJleHHOe B pU3HKe NOHATHE TEMHOU
MaTepuu. Takol noJxo NpefoCTaB/seT BO3MOXXHOCTb OJIHOCTBIO OTKAa3aThCSA OT
3TOro NOHATHUA. B paccMaTpuBaeMoil KOCMOJIOrMYeCKOM Mo/Jiesiv, He HabJr0jaeMoe
HaMU NPOCTPAaHCTBO-BPEMSA OTPHUIATENbHOM  KpuBM3HBI CST, saBiAeTrcs
B3aUMONPO3pPayHbIM €  Ha6JOJaeMbIM HaMHU  NIPOCTPAHCTBOM-BpeMeHeM
MOJIOXUTENbHOM KPHUBM3HBI ST M MMEHHO IO3TOMY, BCE 3KCIIEPHMEHTaJbHbIE
IONBITKM 3aperucTpupoBaTh TEMHYI0 MaTepulo - TephnaT Heyzgady. [lponecc
IPOHUMKHOBEHUS aHTUMaTepUM C OTPULLATEJIBHOW Maccod M OTpUILATESbHOU
IJIOTHOCTBIO SHEPTUH U3 IPOCTPAHCTBA-BPEMEHHU OTPHUIIATEIbHOM KpUBU3HbI PST B
NPOCTPAHCTBO-BPEMS  IIOJIOKUTEIbHOM KpUBU3HBI “ST ¢ nocjexywoumei ee
TpaHchopMaLeld U aHHUTWUJAALMEN - KpaTKo onvcaH B [yiaBe 9. 3aciyXuBaloT
BHMMaHMUS pe3y/ibTaThl, IOJy4eHHble B paboTe [58], HeCMOTpPs Ha KOHLeNTya/bHble
HETOYHOCTH 110 CPAaBHEHHUIO C pacCMaTPUBaeMOM HAMHU KOCMOJIOTHYECKON MOJIesIbIo
Y COOTBETCTBEHHO, HENIOJIHOTY UCXO/AHBIX IaHHBIX.

[lepexos, OT MakKpOypoBHS K MHMKpPOOOBbEKTaM I03BOJIIET paclo3HaTb Tpex
NpPOCTPaHCTBEHHO-BPEMEHHYI0 PUPOAY CIIMHA U pa3paboTaThb ero MexaHusM (CM.
['naBy 7), KOTOpBIM HaNpsIMyl NPUBOJUT K TpPeX MPOCTPAHCTBEHHO-BPEMEHHOU
CaMOCOTJ/IaCOBAaHHOW 4YacTHLe-COJIMTOHHOM Mojeau atoMma (cM. ['taBy 8). Takoi
NOJXO0J TO03BOJIIeT [aThb HOBYK HWHTEpINpeTAalMi0 KBAaHTOBOM MEXaHMKH,
packpsbiBawoieit cMbica ypaBHeHul llpegunrepa u [lupaka (cm. ['1aBy 11), a Takxke
HENPOTHBOPEUYUBO U CYLIECTBEHHO JOMOJHUTb COBPEMEHHYI0 KBAaHTOBYI0 TEOPHIO
3JIeMeHTapHbIX YaCTHULl,

Beixoa U3 «IjeHa HeomnpezeseHHOCTH [‘eli3eH6Gepra» CTAaHOBUTCS BO3MOXXHBIM,
6s1arojjapss HOBOMY CIIOCOOY BBeJleHUs1 00001eHHbIX KOMIIJIEKCHBIX YK ces (CM. MII.
3.9, 3.10 TnaBel 3 u lnaBy 4). Kaxgas mMHUMasg eguHUIA: mapabosnyeckas I,
runepbosinyeckas { U 3JUIMNTHYEeCKas 1 - 3a/laeTCsd B CTPOrOM COOTBETCTBUM CO
3HAKOM KpPHUBMU3Hbl CBOEro MpOCTpPaHCTBa-BpeMeHU. HMeHHO, 0606I1eHHbIe
KOMILJIEKCHbIE YHCJIa, Pa3BUBaOIIMe TEOPUU QYHKLIUNA KOMILJIEKCHBIX IEPEMEHHBIX,
KaXkJlas, CTPOro B CBOEM IMPOCTPAHCTBE-BPEMEHM, WIpPaAIOT T[JIABHYK pOJib B
obecriedyeHUU MeX MPOCTPAHCTBEHHO-BPEMEHHOM KOMMYHMUKALMUM U JIeJaloT
BO3MOXXHBIM «3($PeKT caM0oCor/j1acoBaHHOCTU» BO BcesileHHOM.

ABTOp TakKe OblJ1 BHIHYK/IeH BBECTU HOBbIE TOHATHS, TEPMUHBI U 0603HaYeHUs, 6e3
KOTOpbIX popMasin3alus JaHHON Teopuu O6bLIa 661 HEBO3MOXKHA. OJHUM U3 TaKUX,
HOBBIX NPUHIMNHAJBHBIX MOHATHU - sABJAsAeTcd YnpapJastmasg CynepMHUMas
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Enununa gl, kotopas B nepuof ¢ Cr 1o odyepefHoro BB BMelaeT B cebs MHUMBIe:
napab6osin4ecky I, runep60oMyecKylo i ¥ 3JJIMITAYECKYIO0 I e JUHULLbI U, HApAaay C
NepBUYHBIM 0000LIeHHBIM (MaTepUHCKUM) AGCOJIOTHBIM NPOCTPAHCTBOM-
BpeMeHeM 4ST, urpaeT BaxkHelIyo posib Bo Bcesiennon (cum. [nasy 4).

UccnenoBaHue BO3MOXKHOCTEM IOCTPOEHUS CaMOCOIJIACOBAaHHOM MOJeJM Tpex
NPOCTPaHCTBEHHO-BPEMEHHOU KBAaHTOBOMU MOJIOKUTEJNbHON rpaBUTanud B “ST u
MHOIOKBaHTOBOM OTpUIaTeNbHON rpaBuTanuu B ST, paccMatpuBaetcs B [J1aBe 6.
Bo-nepBbIX, C y4€TOM TOr0, YTO OJJHUM U3 1IeCTH 6a30BbIX NapaMeTPOB — ABJIAETCSA
rpaBUTaLUs, yJaeTCsd MOJYYUTh OTHOCUTEJbHO INPOCTble CaMOCOIJIaCOBaHHbIE
dopMysbl AJ1 ompeJiesieHUs] TpaBUTAlMU M aHTUrpaBUTanuu (cM. 0. 6.6).
Bo-BTOpbIX, HOBOe MOHUMaHWe U ONpeJeseHUs IMOoJy4alT CaMH IOHATHUA:
NOJIOKUTEJIbHOM TpaBUTALLMU UM OTPULLATEJbHOM rpaBUTALMU (aHTUTPABUTALMH).
B mnosiy4eHHOM ypaBHEHUHM 16L NpPUBBLIYHOE JJIsl HAC MOJIOXKUTEJbHOE BpeMs “t
06paTHO 3aBUCUMO OT CKOPOCTH v W IOJIOXMUTEJbHOW TpaBUTALUM “G,, 9TO
NOATBEPXKJAaeT PeJSTUBUCTCKYH TUNoTe3y 06 sdpdekTe 3amesieHUs] BpeMEHHU.
B-TpeTbUX, HOBBIA COJEep>KaTeJbHbIA CMBICJ U MMIYJbC [OJYy4alT, [Be
B3aUMO/IONOJIHAOLIME APYT Jpyra, TEOPUHU: NeTeBOM KBAaHTOBOW IpaBUTALUHU
(manee - LQG) u Teopuu cTpyH (pasiee - ST) Ha 6a3e TeOpUM B3aMMONPO3pavyHbIX
CaMOCOTJ/IaCOBaHHbBIX CETeH B YCJIOBUAX rpaBUTALUK B “ST u anTurpasutanuu B °ST
(cM. m. 6.7). UMeHHO, lelicTBMEeM aHTUT'PABUTALUH YAaeTCsl 00 bSICHUTb COJTUTOHHYO
npuposy ¢GopMbl aHTUMATepUM B MPOCTPAHCTBE-BpeMEHU OTpPULATETbHOU
kpuBusHbl °ST (cMm. n. 6.8) U B pe3y/bTaTe, NPeAJOXUTh COJNUTOHHO-4ACTUI{HYIO
Mo/ieJib aTOMHOT0 si/ipa (M CUJIbHOT'0 B3aUMOAeUCcTBUSA, cM. ['/1aBbl 5 1 9).

J1s JBUXKEHHS  TONOJIOTMYECKUX COJMTOHOB B  IPOCTPaHCTBe-BpeMEHU
OTpUIIATENIbHON KpUBM3HbI °ST NpeJJoKeH HOBbIM TNPHHIMI HaM6OJbIIEro
JleCTBUS, IPOTHUBOIOJIOKHBIA MPUHIMITY HAUMEHbILEro JIeCTBUSA B IPOCTPaHCTBe-
BpeMeHH M0JIOKUTeIbHON KpUuBM3HbI “ST (cm. [naBy 11).

B sTOoii mepBodl nyO6JMKalMM, aBTOP He CTPEMUJICA [JleTaJbHO MCCAe/0BaTh
0COOEHHOCTU KaKUX-IM00 y3KUX pa3fenoB GuU3UKUA (3TO OyAeT CcAeslaHO B
NOCJIeAYIOIIUX CTaThsAX), BOSHUKAIOLUX B 3TOW KOCMOJIOTUYECKON MO/IeJH, a CTaBUJI
nepeJ; co60I0 TJIAaBHYI 33/lauyy OLEHUTb MpeJylaraeMyl0 TUIOTe3y Ha NpeaMeT
OTCYTCTBUS BHYTpPEHHeH NPOTHBOPEUYUBOCTH, ee NPUHIMIIHATBHON
PaboOTOCIOCOOHOCTH Y MEPCIEKTUBHOCTH.

O4deHb BaXKHO, YTO U3 Npe/araeMoil pU3n4ecKo TeOpUM - MeX MPOCTPAHCTBEHHO-
BpeMEHHbIX B3aUMO/IEMCTBUM, CYLeCTBEHHO pacIIUpsoLled HalllK peJCTaBJeH s
0 BcesieHHOW, KaK 4YacTHble CAy4Yau JIETKO BO3HUKAIOT: KJIacCHYecKass MeXaHHKa
HeioToHa (¢usuka HabI0JaeMOro MNPOCTPAHCTBA-BPEMEHU MOJIOXKUTEJNbHOU
KPUBM3HBI “ST ¢ MOJIOXUTENLHON NJOTHOCTbIO MAaTePUM U SHEpruM 6e3 yuera
sddexTa cnuHa) M KBaHTOBass ¢usuka (Pusvka HabJIOaeMOro MpoCTpPaHCTBaA-
BpeMeHH M0JIOKUTEIbHONU KpUBU3HbI ST C MOI0KUTENbHOM IJIOTHOCTbIO MaTEPUU
Y 3HEPruu c yueToM 3¢pPpeKTa CMHA, U COOTBETCTBEHHO, BJAMSHUEM NIPOCTPAHCTBA-
BpeMeHU OTpUIlaTe]bHOM KpuBM3HBI ’ST Ha pesy/bTaThl 3KCIepUMeHTOB). Ilpu
3TOM, B KBAaHTOBOHW MeXaHUKe MPOCTPAHCTBO-BpeMsl OTPHULIATEJSbHON KPUBU3HBI
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HHUKaK He 06H3py>KI/IBaeTCH H He ollpeaesideTcd, INOCKOJIbBKY 3TO BBIXOAWUT 3ad
rpaHHIbl €€ MPUMEHHNUMOCTH, KBAHTOBAA Cl)I/IBI/IKa IMpOCTO He InpeaHa3HadeHa OJd
9TOro.

Tpex mnpocTpaHCTBEHHO-BpeMeHHOM 3¢@eKT CIMHa M ero CTporoe Hay4dHoe
omnpeJieJleHWe - OCHOBAHO Ha B3aWMOJEWCTBUM Tpex 0a30BbIX TeOMeTpUH
(EBk/Mz0BOH, a/tunTHYecko Pumana. runep6osindyeckoit JlobaueBckoro-bosapan),

p€aJIM30BaHHbIX, KdK 6830Bble, KaxKJad B CBOEM MPOCTPAHCTBE-BPEMEHHU (CM. FﬂaBy
7).

HecmoTpsi, Ha BblpaXKeHHbIA JUCKYCCUOHHBIA XapaKTep MpejJaraeMoil paboThl,
BBeJleHHe HOBOU MPOCTPAaHCTBEHHO-BPEMEHHOW CUMMeTpUHU B Mogeau BB - Cr u
IIOCTPOEHHAasA Ha 3TOW OCHOBE TeOopud CTALlMOHAPHOM CaMOCOI/aCOBAaHHOMU
BcenenHol, 1no3BosiAeT  NMO-HOBOMY  IOJOMTHM K  peLIeHWK  MHOTHUX
dyHIaMeHTaJIbHBIX TP006JIEM KOCMOJIOTUH U COBPEMEHHOU PU3UKH.
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[naBa 2 NcxoaHble nonoxkenusa TSSCU

1.

2.

BceneHHasd ofHa (HUMKakKuX NapaijieJibHbIX W/UAA MyJbTU BcesieHHbIX He
CYLIEeCTBYET).

BcesieHHast npeacTaB/isieT cO60M JBe CyOCTaHUUHU: TepBUUYHOE (MAaTEPUHCKOE)
ABCOJIIOTHOE TNPOCTPaHCTBO-BpeMsa AST u Yupasaswoigyw CynepMHUMYIO
Epununy ¢/, 06beAMHAOLLYIO B cebe, TPY MHUMbIe eJUHULbI: TapaboJInyecKyo
I, annuntudeckymo I u runepbosndeckyto i (cm. m. 3.5, 3.9, 3.10, 'naBel 3 U 1. 4.2
I'naBol 4). [lepeudHoe (MaTepuHCKoe) AGCOTIOTHOE IPOCTPaHCTBO-BpeMs 4ST u
Ynpasnsawmwasa CynepmHuMas EpuHuna ¢ nepuojuyeckyd B3aUMOJEHCTBYIOT
apyr c apyrom (cM. puc. 7), obpasysa o06061ieHHOe [lapakoMIlieKCHOe
AG6COJIIOTHOE NPOCTPaHCTBO-BpeMs 4ST ¢ napa6o/iM4eckoit MHUMOH efuHMLel ],
B KOTOpOM npoucxoauT bosbioi B3peiB (BB) ¢ nociefyoLM HEOTBPAaTUMbIM
CxsionbiBanueM (Cr).

/

BB BBas1 BBz

Cry Croe: Crosz

Perakcanna Penakcaunsa

I'paduueckuii abcTpakT: nepuogorpamMma bosbiux B3peIBOB U NOC/IEAYIOMUX
CxJtonbIBaHHUI BO BcesieHHOI.

[lepuog, korga obe cy6CcTaHLIMU MEPECTAOT B3aUMO/IENCTBOBATh JPYT C JPyroM
(c moMmeHTa Cr 0 ouepeaHoro BB) - siBnsieTcs nepruoioM Pestakcagum.
B mMomeHT BB (cM. puc. 1) B 06061eHHoM [lapakoMniekCHOM AGCOJIOTHOM
npocTpaHcTBe-BpeMeny 4ST (BK/II04YamuieM B ce6s nepBUYHoOe (MaTepPUHCKOE)
AST nynesoii (2 = 0) u 6eckoHeyHOM (2 = 0) KPUBU3HBI OHOBPEMEHHO (CM. II.
2 I'naBel 4), ¢ reomeTpueit EBkinga (€) u chepy ¢ paccTosiHUEM-paZUycoOM U
KPUBU3HOM, paBHBIMU MHUMO¥ napabosinyeckod eauHune I (Sspp = 1, Qgpp = 1)
peasin3yeTcs NIpOCTPaHCTBEHHO-BpeMeHHasi CUMMeTpHs. CHHXPOHHO, TO eCTb BO
BpPEMEHU CUHXPOHU3aLMHU (fasee - Tsyncp ), POXKAAKTCA [iBa B3aMMONPO3PavHbIX
IPOCTPaHCTBa-BpeMeHU:
¢ ropsdee NpocTpaHcTBO - BpeMs (ganee - ST [Light (Real) Space — Time])
IOCTOSAHHOM TIOJIOXHUTeNbHOM KpuBusHbl (fw > 0), ¢ monoxuTenbHoOM
MJOTHOCTbIO MaTepuu “M u sHepruu E, croxactuueckoit unpopmanueii L1,
B KOTOPOM peasin3yeTcsl reoMeTpuss Pumana (R) ajsMnTuyeckas, a TKaHb
NpPOCTPAHCTBA  OJHOPOJAHO  pacuiupsieTcd  (OTHOCUTENBbHO  TKaHHU
AGCO/IIOTHOrO NPOCTPaHCTBa-BpeMeHHt 4ST) Bo BpeMenu LT;
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AnekcaHap AswwanymoB «Teopus CTaLMOHAPHOM camocoriacoBaHHoM BceneHHoM»

*  XOJIOZHOE NpOCTpaHcTBO - Bpemsa (manee - PST [Dark (Hidden) Space —
Time]) nocrosHHOM oTpuLaTeabHOM KpuBu3HbI (Pw < 0), c oTpULaTEILHOM
IJIOTHOCTbIO MaTepuu M u snepruu PE, paxTanbHoi (M4 caMONo[06HOH,
TepMMH - TpebyeT TOYHOro Hay4HOTro omnpejeseHus) uHdopmauuei °I, B
KOTOpOM peanusyeTcs reometpusi  Jlo6ayeBckoro-bosbsu (LB)
runep6osiMyeckasi, a TKaHb NPOCTPAHCTBA HEOJHOPOJHO W AHU3OTPOIHO
oxuMaeTcss (OTHOCHUTEJNbHO TKaHU AGCOJIIOTHOrO MPOCTPaHCTBA-BpeMEHHU
AST) Bo Bpemenu °T.

[IpocTpancTBa-BpeMeHa “ST u PST o6samaroT cieayouuMy CBOMCTBAMMU:

* ABJIFAIOTCA B3aWMOIPO3PayHbIMH, TO €CTb - He HMeKT BO3MOXXHOCTH
HenocpeACTBEHHO B3aUMO/IeMCTBOBATb APYT C APYTrOM;

*  SABJISAIOTCS B3aUMOCOTJIACOBAaHHBIMH, TaK KaK BbIHYK/|€Hbl LleJIeHallpaBJIEHHO
B3aUMO/IEHICTBOBATh JAPYyr C JApPyroM IOCPeACTBOM  0606IEHHOTO
llapakoMIIeKCHOTO AGCOJTIIOTHOTO POCTPAHCTBa-BpeMeHH 4ST (CM. TyHKTbI
3.9 u 3.10 I'naBsI 3);

*  4BJAIOTCA (QYHJAaMEHTaJbHO CLENJEHHbIMH JApPYr C JpYroM, TO €eCTb
NOJIHOCTbIO B3auMMO3aBUCUMBIMU (cM. NyHKT 2.3 TynaBel 2 «lloHaTue
byH/laMeHTaIbHOM- CLIETIJIEHHOCTH - &»);

*  SABJIAIOTCA MOJIHBIMU aHTUIIOAAMH APYT ApPyra U UMET aHTaroHUCTUYECKHUE
CBOMCTBA;

* [BJISIIOTCS KBAHTOBAaHHBIMH, TO eCTb QyHJaMeHTa/IbHble B3aUMO/IENCTBHUS B
060X MPOCTPAHCTBAaX-BpeMeHH 006/1a/1al0T KBaHTAMU JeCTBUSI.

lIpocTpancTBa-BpeMeHa “ST u PST cocToaT u3 TKaHel (0CO6BIX M0JIEBBIX POPM)

MaTepMM M aHTUMaTepuu, pasBuBawIuxcd Bo BpemeHax ‘T wu T,

COOTBETCTBEHHO.

Bo Bcex Tpex npocTpaHcTBax-BpeMeHH 4ST, “ST u PST 6a3uUCHBIMU KaTeropusaMH

ABJISIOTCSA: MaTepus, dHeprus, UHopmanus.

B s11060# MOMEHT Ty, CYMMapHasi IIOTHOCTb MacC U IJIOTHOCTb 9HEPTUH JIBYX

npocTpaHcTB-BpeMeH “ST u PST pasua nyio.

Croxactuyeckas uHpopmauud LI B ST u ppakranbnas uadpopmanusa °I B PST -

SIBJISIIOTCS B3aMMOMCKJIIOYAKOIIUMMUCA (aHTUIIOJAMU Apyr Apyra) U npu Cr B

Tsyncnh B3AaMMHO HEUTPAIM3YIOT IPYT ApyTa.
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lnaBa 2 NcxogHble nonoxenma TSSCU

Abcoaroraoe flpocrparcrso-Bpemsa

1] ’r
I ]
Ll 1
”, ST
'y LST
Boasuiof B3pbis ( Tyme) » Cxromsiparre ( Tone)
; }
0 T = Z musanapgos aer T
3HaYeHHA MHHMON mapaboandeckon equannel I (1= |1]) Tynch — BpeMA CHHXPOHHIALHH
A6conrotroe Hpocrpancreo-Bpema -“ST AT gpems 8 ST
Hpocrparcreo-Bpema moroxureabrod (“w > 0) kprsasier - "ST ‘r- Bpema B "ST
| HpocrparcTso-Bpems otpunareasrof (Pw < 0) kprsazaer - °ST °T- ppema B ’ST

Puc. 1. Tpex mpocTpaHCTBEHHO-BpeMeHHass MoJeJb CTpoeHHus BcesieHHoil. B
06061eHHOM [lapakoMIieKCHOM AGCOJIIOTHOM NpOCTpaHCTBe-BpeMeHu 4ST B
MoMeHT Bosbmoro BspeiBa (BB) cuHXpoHHO (B Tgypcp) POXAQIOTCA [JBa
B3aMMOIIPO3PAYHBIX CaMOCOTIJIACOBAaHHBIX HEKOMMYTAaTHMBHBIX NPOCTPAaHCTBA-
BpEMEHM: TMOCTOSSHHOW MOJIOHUTENbHOW KpPUBM3HbI “ST M MNOCTOSIHHOM
OTpULATEeNbHOM KpuBU3HBI PST. B /1060l MOMEHT BpeMEHH CHHXPOHM3aLUH
Tsyncn POU3BEJIEHME KPUBU3HbI Lw npocrpancra-Bpemenu ST Ha kpuBu3HY
D npocrpancrea-epeMenu PST paBHa MHMMOM napa6osinMueckoil efunune |
[La) (Tsyncn) * ) (Tsynen) = 1], rae I = |1|. Cyab6a o60MX MPOCTPAHCTB-BpEMEH
LST u PST - npeapemiena, oHM MCYE3HYT TaKKe CHHXPOHHO (B Tsyncn), B MOMEHT
CxsionbiBanus (Cr).
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AnekcaHap AswwanymoB «Teopus CTaLMOHAPHOM camocoriacoBaHHoM BceneHHoM»

2.1 TloHATNE BpEMEHU CUHXPOHU3AUMMU — Tgypcn

C ofHOM cTOpOHBI, y npocTpancTB ST u PST uMeroTca co6cTBeHHble BpeMeHa [T u
DT, umeromume cBoii TeMn u pasHble cBoicTBa. Ho, ¢ Apyroit cTopoHbl, 06a BpeMeHH
LT v PT nopoxaroTca 3 nepBMYHOr0 BE4HOro BpeMeHH AT, mporeccoM HHUIUAL U U
BB (cM. 'naBbl 3 1 4). B pe3yabTaTte Bce GyHjaMeHTaNIbHO ClieNlJIeHHbIe IPOLeCChI B
STHX JIByX IPOCTPAHCTBAX 6y/AyT IPOTEKATh CAHXPOHHO BO BpEMEHH, KOTOPOE TaK
Ha30BeM - BpeMeHeM CHHXPOHHU3AUUHU Tgyncp.

2.2 TIOHATNE MEKMPOCTPaHCTBEHHOTO NnoTeHuuana - STU

B Tsyncn B MOMEHT BB 06pa3oBa/iMCh: ropsiyee MpoCTPaHCTBO-BpeMs LST ¢ ouenn
BBICOKOM Haya/lbHOM TeMmepaTypoil M XOJIOZHOE MpoCTpaHCTBO-Bpems CST,
BEPOSATHO, C OTPULATEJbHOW TeMIlepaTypod (3TOT TEPMHUH - TpebyeT TOUYHOTO
Hay4HOI'0 ollpe/iesieHUs1). YYHUTbIBasi, pa3HULy TeMIepaTyp B MOMEHT POXAEeHUs
060ux npocTpaHcTB-BpeMeH “ST u ST, a Takke ux aHTaroHMCTUYECKUE CBOKWCTBA, B
0606meHHOM IlapakoMmieKcHOM AGCOJIIOTHOM INpPOCTPAHCTBe-BpeMeHH 4ST
BO3HHKaeT MeXIPOCTPAHCTBEHHBIH MNOTeHNMan - S'U, 6Gaarojaps KOTOpPOMY
peanns3yrTcs Bce npouecchl oT BB go Cr.

2.3 MoHATMeE PyHAAMEHTANBHON CUENNEHHOCTH - &8
Huxxe npuBOAWUTCA COKpallleHHOe oIpejesieHhe NOHATUSA «(yHAaMeHTa/bHas

CLeNJIEHHOCTbY, IOJIHOE U CTPOroe olnpejesieHue 6yJeT AaHO B CAeAYyI0Llel CTaTbe
«®opmanusm TSSCU».

dyHlaMeHTalbHas CUENJIEHHOCTb - &, (He cjeayeT IMyTaTb C KBaHTOBOW
CIIeNJIEHHOCTBIO JIBYX WJIM HECKOJbKMX 00bEKTOB B NPOCTPaHCTBe-BpeMeHu LST,
BBeJleHHOH B 1935 rogy B pabore [59] U gBadwoledca 4acTHbIM
ObIcTporcYe3aloUMM cay4yaeM ¢yHJaMeHTaJbHOU CLEeNJIeHHOCTH) 3TO CBOWCTBO
MapHbIX OOBEKTOB POXKAEHHBIX B Tsyncp B MPOCTPAHCTBaX-BpPEMEHH LsST u PST
(kaxxabli O0O0BEKT pOXAAeTCA B CBOEM IPOCTPAaHCTBE-BPEMEHH) COXPaHATH
NIOJIHOLIEHHYI0 3aBUCMMOCTb MeX/ly c00010 10 Ipeobpa3oBaHUs B Jpyrue 00'beKThl
WJIM UCYE3HOBEHMS, KOTOPbIE , TAKXKE, 00513aTE/IbHO NIPOU3OUAYT B Tgypcp-
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

[naBa 3 [epBuyHOE (MaTepMHCKOe) ABCONOTHOE MPOCTPAHCTBO-
spema 4ST Kak ocHoBa Ana moaenu bonbluoro B3pbisa (BB) 1
nocneaytouero Cxnonsisanus (Cr)

[lpexxe Bcero, mompo6yeM chOpMyJIMPOBATh CTOSILIYIO IepesJ HAMH 3aJady, C
Yy4ETOM MCXOJHBIX MMOJIOXKEHUH, Tpe/ICTaBJIeHHbIX B [J1aBe 2.

3.1 Uenb n ycnosua 3aaa4un

Heob6xouMo MpoBecTH UCCAe0BaHUE MO MOUCKY aJrOPUTMOB (IyCTh, HA MEPBbIX
nopax, CaMbIX NPOCTEMIIMX U He TMOJIHbIX), MO3BOJISIOUIUX CMOJAEJUPOBATH
paccioeHue  NepBUYHOro  (MaTEpPUHCKOro)  0600LeHHOTO  AGCOJIIOTHOrO
npocTpaHcTBa-BpeMenu ‘ST Ha jBa mnpoctpaHcTBa-BpemeHu “ST u PST, npwu
YCJIOBUM CTallMOHAPHOCTH “ST M MOJHOTO COXpaHeHMs ero IeJOCTHOCTH MU
uHAnPPepeHTHOCTU (YCI0OBUE CaMOCOTJIACOBAHHOCTH) B JIIOObIX NpOLECCax,
npoucxoaauux B “ST u PST, B 1106011 MOMEHT Tsynch ¢ MOMeHTa BB 1 fio Cr.

Jlanee no TeKcTy, A/ HanumcaHus ¢opmyn B ‘ST Mbl 6yAeM HCIOJb30BaThb
3arJiaBHble OYyKBbl (33 MCKJIIOYeHHeM KoopAuHat), a B ST u PST 6yayr
IPUMEHSITbCS NIPONUCHBIE OYKBBI (32 UCK/IIOYEHHEM TeMIepaTypbl U TPaBUTALUU).
B Tex cayyasx, korja MHHUMas napabosiMdyeckas eAUHMIA, 0003HadyaeMmas Kak |,
OyJeT mpeAcTaBJeHa YMCJEHHbIM 3HaYeHHEM, OHA Oy/eT 0603Ha4YaTbCcsA Kak 1 ¢
HOJY>KUPHBIM HayepTaHHUEM.

3.2 ba3oBble AaHHble

B AST peanusyercs reomerpus Epxiuga (£). MeTpuka B reomerpuu Epxiuza
npezcTtaBjaeHa GOpMYyJIOi:

§% = (dx?* + dy?* + dz?) (D

Wy, CoOOTBETCTBEHHO:

S =dx? + dy? + dz?
rze, S — pacCTosIHUE WU paZuyc chephl.
C y4€TOM COOTHOIIEHUA 2, CBA3bIBAKOIIETO PACCTOAHHE, CKOPOCTb U BpeMA:
S=V-T (2)

MOKHO MOJIyYUTb popMyy 3:

Jdx2 +dy?2 +dz2=V T (3)
3.3 [lepBOe CTAapTOBOE ypaBHeHMe

Jl1s1 TOro, YTO6BI HAM UMEeThb BO3MOKHOCTb [OJIyYUTh IPOCTpaHCTBa-BpeMeHa LST u
DST mocTosiHHOV MONOXKUTENBHOM M MOCTOSHHOM OTpHUIATEJIbHOM KPUBU3HBI, B
JIEBYIO YAaCTb ypaBHEHHUS 3 HAM HEOOX0AUMO JJ06aBUTh apaMeTpP KPUBU3HbI cHepbl
{) c paiuyCcOM KPUBH3HBI S, KOTOPbIX paBEH:
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Q== 4)

C ydetom ¢opmyabl 4 04YeBUJHO, 4YTO HauboJee NPOCTBIM U MpPUEMJIEMbIM
pellileHHeM, MOAXOASIIMM JJis1 HalIMX O06GO3HAUYEHHBIX Iiejiell U OJHOBPEMEHHO,
N03BOJISIIOIUM BBECTU B ypaBHeHHUe 3 mapaMeTp (2 - siBjseTcs chepa eJUHUIHOTO
paguyca, T.e. S = 1 1, cooTBeTcTBeHHO, 2 =1, V=1, T = 1.

JonosHnuM ¢popmysy 3 napameTpoM {2 :

Q-\/dx2+dy?+dz2=V-T (5)
rae, 2 =1,S=1,V=1T=1

VYpaBHeHUe 5 MOXET CAYXUTb CTapTOBBIM /i MOMCKA BEPHOTO ajJropuTMa II0
paccioeHuto 4ST u npoBeeHMsa HEO6X0JUMBIX HaM JaIbHeHIINX MaTeMaTH4eCKHUX
onepanuii. Kax/plii, U3 paccMaTpMBaeMbIX HUKe aJTOPUTMOB MOXKET UMeThb OJHY
HJIM HECKOJIBKO CUTHATYD. [10/] MOHATHEM «CUTHATypa» Mbl 6y/1eM TIOHUMaTh Ha6op
afre6pauyeckux M MHBIX OIlepaluii, KOTOpble HEeo6X0JUMO COBEPUIUTb C
ypaBHEHHUEM, OMMCBLIBAIOUIMM MeTPUKY IpOCTpaHCTBa-BpeMeHH (MJIU C 6oJiee
paclIMpeHHbIM ypaBHeHHeM), B pe3y/ibTaTe NPUMeHEeHUs KOTOPhIX Mbl MOJy4aeM
«COBOKYIHOCTb CBOMCTB» MepBUYHOro (MaTepUHCKOro) HpPOCTPAHCTBa-BpeMeHU
AST u poxkJeHHBIX TPOCTpaHCTB-BpeMeH ST u PST, koTopble He/b3sd OTMEHUTD
(OHM 3a/jaHbl B MOMEHT PacCJI0eHUs) U KOTOpbIe ONpe/e/saloT yCI0BUS pa3BUTHA U
B3aUMO/IeCTBUS BCeX TPex NPOCTPaHCTB-BpeMeH, HadlHas ¢ MoMeHTa BB u jio Cr.

3.4 Anroputm 1. YMHOMKeHMe Ha MHUMYI0 eanHnLy [i]

Jlis Hayasia BBIICHUM MoxXeT Jii PST cocTOATh U3 MHUMBIX KOOPJUHAT U MHUMOTO
BpeMeHH U OTBedyaTb TPeOOBaHUSM NpeAbsBJEHHbIMU B rjaBe 2. HecMoTps Ha
OYEBHU/HOCTb OTPUIATEbHOI'0 OTBETA MIPOBEEM NPOCTENIIIME OTIepal[UH, YTOObI He
BO3BpalaTbCs B OYJylleM K 3TOMy Bompocy. [ljisg 3TOro pacCMOTPHUM CHUTHATypy
[ (12), - (i), © ], rae cuMBoJ < ByeT 03HAYaTh PACCAOEHHE.

JleByl0 U mpaByl0 4acTb YpaBHEHUs 5 BO3BeJleM B CTelleHb 2, a 3aTeM KaK/bli
COMHOXUTEJIb JIEBOU Y IPAaBOM YaCTH 3TOT0 ypaBHEHMA YMHOXKUM Ha I. B pe3ysbTare
NOJIyYUM:

iN?-iS2=iVv?-iT? (6)
[IpenctaBuM ypaBHEHME 6 B BU/IE:
0-0N)-S-{S)=v - -@v)-T -(@T) (7)

[IpoBeseM omnepanuio paccjoeHUs YpaBHeHUA 7, NpejCTaBUB e€ro B BUJE [JBYX
HEKOMMYTaTHUBHbIX ypaBHeHUH 8L u 8D u BbIpa3uB Ux yepes BpeMA:
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

MpocTpancTBo-BpeMs “ST:

R -/ (dx?% + dy? + dz?)
v

(8L)

rae,t >0, w>0,v>0,s>0

MpocTpancTBo-Bpems PST:

_iw +iy/(dx? + dy? + dz?)

v (8D)

it

Mbl NOJYYUIM TNPOCTPAHCTBO-BPeMS MOJIOXKUTEJIbHONM KpUBU3HBI ST ¢ 3
JeHCTBUTENbHBIMU KOOPAMHATaMu U 1 BpemeHeM (4 usMepenus) u B °ST MHuMyt0
KOOpJMHATY (3HaYeHHe KOTOPOM 3aBUCHUT OT 3-X JeUCTBUTEJbHbIX KOOPJAUHAT) C
MHUMBIM BpeMeHeM. O4YeBH/IHO, YTO 3asBJIEHHOrO B IJaBe 2, MOJHOLeHHoro (4
M3MepeHHUs) IMPOCTPaHCTBa-BpeMeHHn PST Mbl He MOJIYYWJIH, C/el0BaTeNbHO,
curHarypa [- (1%), - (i), < ] - He BepHa.

Paccmotpum curHatypy [- (1%), - (i), <]. JleBylo u mpaByio 4YacTb ypaBHEHHUS 5
BO3BEJIEM B CTeleHb 4, a 3aTeM KaXKAbl COMHOXUTeEJIb JIEBOM U NMPaBOU 4YaCTH
YMHO@UM Ha i.

B pesysbTaTe noJy4uM:
in*-ist=iv*-ir* 9)
[IpeacTaBuM ypaBHeHHE 9 B BU/JIE:
N?-(iN?)-S%-(iS») =Vv?-(iv¥-T?- (iT?) (10)

[IpoBeseM omepauuio paccioeHusi ypaBHeHUss 10, mpeAcTaBUB ero B BHU/JIE [IBYX
HEKOMMYTaTHUBHbIX ypaBHeHUH 11L 1 11D u Bblpa3uB ux yepes BpeMs:

llpocTpaHcTBO-Bpems LST:

_ w? (dx? +dy® + dz?)

t2 2 (11L)
rae,t>0,w>0,v>0,5s>0
llpocTpancTBo-Bpems PST:
iw? - (idx* + idy? + idz*
it? = ( 24 ) (11D)

iv?
Mbl MOJY4YMIM HPOCTPAHCTBO-BpPeMs MOJIOXKUTENLHONH KpUBM3HBI ST ¢ 3
JleCTBUTE/NbHBIMA KOOpAUHAaTaMu U 1 BpeMmeHeM (4 uH3MepeHHUs])) U HeKoe
IpPOCTPAHCTBO-BpeMA C 3 MHHUMBIMM KOOpAMHAaTaMyd MU 1 MHUMBIM BpeMeHeM. B
JIAaHHOM CJly4ae Mbl Jlake He OyJleM aHaJIM3UpOBaTh KOPPEKTHOCTb YACTO MHUMBIX
KOOpPZIMHAT C MHUMBIM BpeMeHeM, IIOCKOJIbKY, MoJydYeHHble ypaBHeHUsA 11L u 11D
NpOoTUBOpeYaT MyHKTaM (3-7) UCXOAHBIX MOJIOKEHUH TJIaBbl 2, U, CJIel0BaTEJbHO,
npuMeHeHHas curHatypa [- (1%), - (i), <] - Takxe HeBepHa.
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BuiBoz: IpoctpaHcTBo-BpeMa PST - He ABAsieTcA NPOCTPAHCTBOM C MHUMBIMU
KOOpZIMHATaM{ U MHUMBIM BpeMeHeM, a aJITOPUTM 1 - HepaboTOCIOCOOEH.

3.5 Anroputm 2. Bo3segeHne B cTeneHb M YMHOXXEHME Ha OTPULLATEIbHYO
eanHnuy [—1]

Curnatypa [ 1%, - (—1), ©]. JleBy1o ¥ IpaByI0 4aCTh ypaBHEHHUs 5 BO3BE/IEM B
CTeNeHb 2 Y KaXKblii COMHOXKUTEeJIb JIEBOW M IPaBOM 4aCTU YMHOKUM Ha (—1). B
pe3yJibTaTe NOJYy4UM:

—N?--8%?=—-y?.-T? (12)
[IpeactaBuM ypaBHeHue 12 B BUe:
0:(=0)-S+(=S) =V (=V)T - (-T) (13)

[IpoBeseM omepaunuio paccioeHUs ypaBHeHHUs 13, mpeAcTaBHUB ero B BHJE [JBYX
CaMOCOTJIaCOBAaHHBIX HEKOMMYTATHUBHBIX ypaBHeHUH 14L v 14D 1 BeIpa3uB UX yepes
BpeMs:

MlpocTpancTBoO-Bpems “ST':

_w- \Jdx? +dy? +dz?
v

t (14L)

rae,t >0, w>0,s>0,v>0

llpocTpaHcTBO-Bpems PST:

- —[d T dy? + A
_= 2 ‘/x_v Yy rez (14D)

YpaBHeHnusd 14L u 14D, B nepBOM NpUOIMXKEHUH, SABASIOTCS YA0BJIETBOPUTETBHBIMU
Y OMpeJessIl0OT NapaMeTphl, a TaKKe HEKOTOpble XapaKTEePUCTHUKU JaJbHeHUIIero
pa3BUTHUSA MNPOCTPAHCTB-BPEMEH IMOJIOKUTEJbHOM W OTPHULLATEJbHON KPHUBU3HBI,
COOTBETCTBEHHO. EJMHCTBEHHBIM, He [0 KOHLIA ONpeJAeJIeHHbIM - SIBJSETCS

COMHOMUTeNb: —/dx2 + dy? + dz? , BojAmui B ypasHeHus 14D. Ilonpo6yem
Pa306paThCs C HUM, U HOHATb, KAKUM 06pa3oM, B IpoCcTpaHcTBe-BpeMeHH PST MoryT
ObITh Npe/CcTaBJeHa KOOpAUHAaTHasA cucteMa. PaccMoTpuM /JiBa BapuaHTa. [lepBbIi
BapUAHT C MOJIOKUTEJbHO-OTPULIATEJbHOU CUMMeTpUEN 3HAaYeHUHW KOOpAWHAT
npejcTaBjieH Ha puUC. 2, KOTOpPbIA, (QaKTUYeCKH, cjleJlyeT U3 HHTeplnpeTalnuu
aBTOpoM pab6oTbl P. @. PeitnmaHa [60], KOCBEHHO XapaKTepu3yolllel HEKOTOpbIe
ceoiictBa PST. BTopoil BapMaHT C MOJIOXKHUTEJbHO-OTPULATEbHON CHMMeTpHUeit
HanpaBJIEHWH 0CeX KOOPJIMHAT, Npe/iCTaBJIeH Ha PUC. 3.
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

Mpoctparcrso-Bpemsa ‘ST Mpoctparcrso-Bpemsa ST

Y Y

A ~

U

.y L _y v

Puc. 2. ComocraBiieHHe TNPSAMOYTOJBHBIX (JE€KAapPTOBBIX) CUCTEM KOOpPAUHAT B
npocTpaHcTBax-BpeMeHH ‘ST u PST - mepBbiii BapuaHT. B JneBoii uyacTu
HpeJCTaBJeHa, IPUBbIYHAS B MAaTEMATHKeE, IPSIMOYT0JIbHAsK CUCTEMA KOOPAUHAT
B IIPOCTpaHCTBe-BpeMeHH -ST. B mpaBoii yacTu npe/cTaB/ieHa THIOTeTUYecKas
NpAMOYroJbHasl CUCTeMa KOOpPAWMHAT B MpOCTpPaHCTBe-BpeMeHu PST, npu
KOTOpO# MOJIOXHUTeNbHbIe 0CH KoopAuHAT B ST u PST, a Takke oTpuLaTe/lbHbIE
ocu koopauHaT B ST u PST - nanpaB/ieHbl B 0/jHy U Ty e CTOpOHy (COBNAZAIOT).

IIpocTpaHcTBO-BpeMA ‘st IIpocTpaHcTBO-BpEMA st

Y rd

I 4

-y \4 / \ y\

Puc. 3. ComnocraBjieHHe NpPAMOYrOJBHBEIX (A€KapTOBBIX) CUCTEM KOOpAUHAT B
npocrpascTBax-BpeMenu ST u PST - BTOpoit BapuanT. B JseBoil wyacTu
npeJcTaBJeHa, IPUBbIYHASA B MaTeMaTHKe, IPSIMOYTroJIbHasA CUCTeMa KOOpAUHAT
B MIPOCTpPaHCTBe-BpeMeHu “ST. B npaBo¥i 4acTu Mpe/cTaB/eHa TUOTeTHYecKas
NpAMOYToJibHasl CUCTeMa KOOpPAWHAT B MNPOCTpPaHCTBe-BpeMeHu PST, mpwu
KOTOpO¥ MOJIOMHUTENbHbIE 0CH KoOopAMHAT B ST u PST, a Takxke oTpuuaTe/abHbIe
ocu KoopauHaT B ST u PST - nanpaB/ieHbl B IPOTHUBOIOJIOKHbIE CTOPOHBL.

C y4eToM TOro, YTo MpocTpaHcTBa-Bpems LST u PST, cornacho nynkry 3 I'naBbl 2 -
SABJISIIOTCSA TOJIHBIMU aHTUNOJAMU APYT Jpyra, Mbl MOXEM MPEeAIOJIOXKHUTb, YTO
BApUAHT, C IOJIOKUTEJbHO-OTPULATEJbHOM CHMMETPUEN HaNpaBJeHUs oOcel
KOOpJWHAT, Mpe/ICTaBJeHHbIM Ha pUC. 3 - OOJibllle COOTBETCTBYET HalleW IeJu.
MMeHHO, 3TOT BapuaHT C MOJIOKUTEJbHO-OTPULLATEJIbHOM CHUMMeTpUeH
HalpaBJieHUs 0Cel KOOPAMHAT U ObLJI MPUMEHEH MPHU CO3JaHUM puc. 1.

[l Toro, 4TO6BI HaM pa3006paThbCid C MOJyYeHHbIMHU ypaBHeHUsaMu 14L u 14D
Heo6X0JMMO OTMEeTHTb, 4TO NpHU paccioeHMH “ST B mpocTpaHCTBO-BpeMs LST
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penerupyetcsa (110 yMOJYaHMIO) IIPUBBIYHBIN J/Is HAC 3JIEMEHT cMrHartypsl [+171],
4YTO 03HauaeT (MJII0C eJMHULA B CTeNIeHU IIJII0C eJMHULA), KOTOPbIi 6y/leM Ha3blBaTb
abCOIIOTHBIM JJOMUHAHTHBIM IIJIIOCOM M 00513aTeJIbHO yKa3blBaTh B CUTHATypax NpH
JaJbHEHIIMX WCCAe0BaHUAX. A, B MNpOCTpaHCTBo-BpeMs CST pesnerupyercs
3JIEMEHT CUTHATYpPbI [—1], KOTOpBIH GyieM HAa3bIBaTh JOMUHAHTHBIM MUHYCOM.

Ha ocHOBaHuM BbIlIECKa3aHHOTO, K NPUBBIYHOW JJ11 HAac ajarebpe ¢ aOCOJIOTHBIM
JIOMUHAHTHBIM TIJIKOCOM, TPUMEHSAEMOM B “ST MbI MOKEM BBECTH IOJIOKUTEJIbHO-
OTpULIATEJbHY0 CUMMETPUYHYl ajarebpy ¢ [JOMHUHAaHTHbIM MHHYCOM B
npoctpaHcTBe-BpeMenu CST. Jlas 3Toro, 3ajajuM COOTBETCTBYIOLIME NpaBUa
omnepanuy CJ0XKeHUs, YMHOXKEHHUA U JPYTUX 3JIeMEHTOB aJreopnl A «TeMHBIX»
yyces (Ha30BEM UX TaK, YTOOBI He YyTaTh C OOBIYHBIMU OTPULLATENbHBIMU YUCIAMHU
U OyaeM o00603HayaTb MX JByMs IepBbIMHU JIATUHCKUMU OykBamMu: Da) B
npoctpaHcTBe-BpeMenu PST. ConocTaBuM 3TH NpaBMJIa oNepanuil i MHOXeCTBa
perctBuTenbHbIX yncesn (R) B “ST u mHOxecTBa «TeMHbIx» uncesn (D) B PST B
Tabs. 1.
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

Ta6suua 1. ConoctaBieHue NMPaBUJI MaTeMaTUYeCKUX ONEepaLUi A5 AelCTBUTENbHBIX yncena (Re),

T0JIly4aeMbIX C WMCNOJb30BaHWEM 3jieMeHTa curHatypbl [+171] B ST u Temubix uucen (Da),
T10JIy9aeMbIX C MCTIOJIb30BaHUEM 3JieMeHTa curHaTyphl [—1] B °ST

MlpocTpancTBo-BpeMs “ST

MpoctpancTBo-Bpems °ST

JJIeMeHT CUTHATypPbl [+111]

JJieMeHT cUrHaTypsbl [—1]

JevictBuTenbHble yucaa (Re): a, b, c,d

Temuble yucaa (Da): —a@, — b, — ¢, —d

+a>0>—a

—-a>0>+a

Onepauus cCa0XKeHUs:

Onepauus ca0KeHUs:

t+a+b=+c
—a+b=+c +d—b=+¢

Onepanus yMHOXKEHUA:
(-a)-(-b) =-¢
(—a)-(+b) = +¢
(+a) - (+b) = —¢

Onepanusi yMHOXXEHHUS:
(+a) - (+b) = +c
(+a) - (—=b) = —c
(—a)-(—=b) = +c

Bo3BejieHHe B cTeNeHb:
+d? = —¢

Bo3BejeHue B CTENEHD:
+a? = +c

H3ByieyeHue U3 KBaJApPaTHOI'O KOPHA: H3BjieyeHue U3 KBaZpaTHOI'O KOPHA:

Vta = +c v=a=-¢
KoMI1eKkcHbIe yuca: TeMHBIEe KOMIIJIEKCHbIE YUCJIA:
a+ib —a—1ib
iz =-1 'l‘Z =1

TemHbIE KBATEPHHUOHDI:
—§ = —a — bi — ¢j — dk
P==k*=0k=1
H TaK JaJiee...

KBaTepHUOHBI:
q=a+bi+cj+dk
i?=j2=k?>=ijk=-1
Y TakK JjaJjiee...

Ec/iv npeAnosioxKUThb, 4YTO TaKas ajredpa ¢ JOMUHAHTHbBIM MUHYCOM peaju3yeTcs B
DST, To u3 Ta6.. 1 cTaHOBUTCA NOHATHBLIM (PaCKpbIBAETCSA) CMBIC/ IPOUCXOKAEHHUE
MHHMMOM TUIep6OJMYecKOl eAMHMLbI [, KBaApaT KOTOpOH i? = —1 B Teopuu
¢yHkuuu komiiekcHod mnepeMeHHoW (T®KII). Takoe yMHOXXeHHe MOJIHOCTbIO
COOTBETCTBYeT NpaBUJaM YMHOKeHHs TeMHbIX unces B PST. C yueToM, Moy4eHHbIX
BbIBOJIOB MOXXHO NMONPOO0BAaTh /laTh HOBYIO NpeJIBAPUTENbHYI0 UHTEPIPETALMUIO,
paciinpeHHoe omnpejeneHre TOKII. 3To y06HBIA M MOIHBIA MaTeMaTUYeCKUU
MHCTPYMEHT, NPEAOCTABJSAUIMA BO3MOXKHOCTb ObICTPO U 3PPEeKTHBHO peliaThb
oIpezieJIeHHOro KJjacca 3aJayu B LST. Ho, ogHoBpeMeHHO, TPKII - 3T0 ewe u
JIOKaJIbHasl U OTPaHUYEeHHas «MO/ieJb-MOCT», 06'beJUHA01asi CBOMCTBA MPUBbIYHOMN
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JJsi Hac airebpbl C abCOJIOTHBIM [JOMHUHAHTHBIM IJIIOCOM U aJlrebpnl C
JIOMMHAHTHbIM MUHYCOM. Takoe JioKaJibHOe 00'beiJUHEHHE HAa OCHOBE MHOXEeCTBa
KoMIIeKCHbIX 4ucen (C) mo3BoJiseT OMNUChIBAaThb HEKOTOPbIE  ACHEKThI
B3aMMO/IEHCTBUI 0OGBEKTOB B NpOCTpPaHCTBax-BpeMeHu “ST u PST (mampumep,
ypaBHeHHue lllpeguHrepa cm. riiaBy 11). [Ipy 3ToM KOMIJIEKCHbIE YK CJIa BKJIKOYAKOT B
ceb0s1, KaK [JeHCTBUTeJbHblE 4YHMCJa, TaK U MHHMMbIE, HaJleJIEHHble CBOMCTBaMM
TeMHBbIX ynces B PST. Kak BUgHO U3 BTOPOM KOJIOHKH TabJ1. 1, B DST MoxxHO moiiTH
aHaJIOTUYHbIM NYTEM KW BBECTH TEMHYI MHHUMYIO 3JUIMIITUYECKYIO €JUHULY I,
KBaJpaT KOTOPOM paBeH 1% =1, TeMHble KOMIJIEKCHbIE YMC/IA U T.J. Bompoc o
NpupoJie KOMIJIEKCHBIX 4YHMCeJl Mbl OyZieM MoJpobOHee paccMaTpuBaTh B M. 3.9
HacTosier [JlaBbl, a TNOKa BepHEMCSI K He oOmpeJeJeHHOMY COMHOXUTEJIO:

—\/dx2 + dy? + dz?. Ero B ajre6pe ¢ JJOMMHAaHTHbIM MHUHYCOM MOXHO HAaIlHUCaTh,

KaK: \/—dx2 —dy? — dz? , IOCKO/IbKY KBaJIpaTHbI KOpEHb M3 OTPHIATENLHOrO
yucaa 6yJeT OTpUIlATeNbHbIM 4KucJoM. COOTBETCTBEHHO, ypaBHeHHe 14D 6GynaeT
BBITJISIJIETh CJIEAYIOLUM 00pa3oM:

— . _d Z_d 2_d2
Lo x_v y - (14D)

a, mapameTpbl —t, —w, —S, —v > 0 B PST.

BbIBOJ;: anroputm 2 ¢ curaartypoi [+ 12, - (+1*1), - (—1), ©] - aBasercs, B nepsom
NpUGIMKEHUH, Y0BJIETBOPUTEIbHBIM U TPebyeT JaJbHEHINUX MCCIeJ0BaHUM, a
ypaBHeHHe 14D 0THOCHTCA K anrebpe ¢ JOMUHAHTHBIM MHUHYCOM.

3.6 'paBuTauma n tTemnepatypa. OCHOBHOE CTapTOBOE YPaBHEHME

[lonbiTaemMcss 06aBUTh B ypaBHeHHE 5 elle JABa HeOOXOJMMbIX IapaMmeTpa:
rpaBuTaumio G, u temneparypy K. C yyeToMm cnenudpuKku 3TOro ypaBHeHUs o6a
napametpa B 4ST c reomerpueii EBkinzia (€) B MomeHT BB u /10 Cr, TakxkKe JOJIKHbI
ObITb paBHBI 1.

I'paBuTanusa 4G, = 1
TemnepaTypa 4K = 1

Ham Heo6xoMMoO onpe/ieIMTh B KaKyI0 4acTh (JIEBYIO UJIK IPABYI0) ypaBHEHUS 5 MbI
BIIpaBe pPaCMoOJIOKUTh 06a NmapaMeTpa, C TOYKH 3PEHHS] CTApTOBBIX YCJIOBUU U
JVMHaMMKH Pa3BUTHA pocTpaHcTB-BpeMeH “ST u PST (cm. puc. 1).

HauneM c rpaBuTanuu G,. Ona B ST npezcrasiseT co601o cuy, KOTopas BOSHUKaeT
KaK NMPOTUBOJAEUCTBYIOLAdA (CTpeMsIasicsa KOMIEHCUPOBATh) PACIIMPEHUI0O 3TOrO
NpPOCTPAaHCTBA, M COOTBETCTBEHHO, MW3MEHEHUI [JBYyX O0OpPaTHO3aBHCUMBIX
napaMeTpOB: PacCTOAHMA-PAJUyca KPUBU3HBI - -S B CTOpPOHY yBeJMYeHUsA U
KPUBU3HBI - “w B cTopoHy yMmeHblieHus. CiefoBaTe/bHO, MapaMeTphl S u LG,
HaXO/ATCSA MeXy CO0010 B MPSIMOM 3aBUCUMOCTHU. YeM 60Jiblile pacCTOsHUEe-PAZUyC
KpUBU3HBI 'S, Tem 6osabme rpaBuTanusa [G,. U, Hao6opoT, 4eM 6oJiblue
rpaBuTanMs LG,, TeM 60Jblle paccTOSAHUE-PaJuyC KPUBU3HEI LS. O4eBUAHO, YTO B
3TOM cJy4ae napameTp G, He06X0AHMMO pa3MeCTUTh B IPaBOM YaCTH ypaBHEeHHU 5.
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

Temnepatypa “K; B nepBblii MOMeHT BB - MakcMMaJibHa B IPOCTPAaHCTBE-BPEMEHU
LST, B To Bpems kak, napametp S; - MUHMMaJieH. A B IpocTpaHCcTBe-BpeMeHu PST:
Bce Ha060pOT. BTOpoii KpuTepwuii: ueM Gosblue TemnepaTypa K B LST, Tem Gonbiue
Jl0JKHa ObITh cKopocThb V. CiefoBaTeibHO, napaMeTp K HE06X04MMO pPa3MeCTUTh B
JIeBOW 4aCTHU ypaBHeHUH 5.

B pesyabraTe, ans AST nosyyaem ypaBHeHue 15:
K-02-S=V-T-aG, (15)

Hanomuuwm, uto K - 3TO TeMneparypa, {2 ~-KpUBU3Ha IPOCTPAHCTBA, S — paCCTOSIHUE
iy paguyc cdepsl, V - ckopocth, T - BpeMms, G, — TpaBUTALUS.

VpaBHeHMe 15 MOXeT CIyKUTb OCHOBHBIM CTapTOBBIM ypaBHEeHHeM, [
MpoBeZieHUs HEeO6XOJUMBIX JaJbHeHIIMX MaTeMaTHYecKHX OMepanyui 1o
paccioenuto AST.

Ecnuy c ypaBHeHHeM 15 Mbl IpoBeJieM aHaJIOTMYHbIE ONlepaliy, KaK B MyHKTe 3.5 ¢
curnatypoii [+ 12, - (+1*11), - (—1), ©], Ho c y4eToM Tpex MHOXHUTEIEH CIeBa U TPEX
CIpaBa, TO Mbl MOJYYUM JiBa CAMOCOTJ/IAaCOBAaHHbIX HEKOMMYTATHUBHBIX YPaBHEHMUS
16L n 16D, kaxzoe U3 KOTOPBIX ONpejesseT Hada/bHble YCJIOBHUSA U HEKOTOpbIE
JMHAMUYeCKHe XapaKTepUCTUKHU JaJibHeHllero pa3BUTHs IPOCTPAHCTB-BpeMeH
MOJIOKUTEJIbHOM U OTPULIATEeIbHOU KPUBU3HBI, COOTBETCTBEHHO.

llpocTpancTBO-Bpems LST:

K w-\dx? +dy? + dz?
- G, v

t (16L)

rae,t >0,K>0,w>0,s>0,G,>0,v>0

B nosiydyeHHOM ypaBHeHUM 16L mNpuBbIYHOE [Jid HAC IOJIOXKUTEJbHOE BpeMd
Lt umeer, He ToNbKO MpeCcKazaHHYI0 06PATHYIO 3aBUCUMOCTD OT TPaBUTALUH G, U
cKopocTH v [61, 62, 63, 64, 65, 66], HO U NPAMYI0 OT TeMnepaTypbl K, KpUBU3HbI
NPOCTPAHCTBA W Y PACCTOSAHUA-PAZUYyCA S.

llpocTpancTBo-Bpems PST:

t_—K-—a)-\/—dxz—dyz—dz2

16D
— (16)

rae, —t>0,—-K>0,—w>0,—-s>0,—-G, >0,—v > 0.
YpaBHeHHe 16D oTHOCUTCA K aire6pe ¢ JOMUHAHTHBIM MUHYCOM.

BeiBo/: moslydyeHHOe ypaBHeHUe 15 - AB/1eTCcs OCHOBHBIM CTAapTOBBIM YpaBHEHUEM
U TpebyeT Ja/bHeUIINX UCCIe0BaHU M.

3.7 Anroputm 3. OBbpaTHas 3aBUCUMOCTb C 31€MEeHTOM curHatypbl [—171]

Jl/151 pellleHys NoCTaBJAeHHOM HaMu 3a/la4M, PACCMOTPHUM BO3MOKHOCTb peaiu3aluu
aJIrOpuTMa € 06paTHOM 3aBUCUMOCTLIO C CUTHATypo# [+ 12, - (+171), - (—171), o).
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dnemeHT curHatypbl [—17!] 6yzeM HasblBaThb a6COMIOTHBIM JOMHUHAHTHBIM
MUHYyCcOM (MHHYC €MHHIIA B CTENEHU MUHYC eAUHUIA). JIeByl0 U MpPaBYyH 4YacThb
ypaBHeHHs 15 Bo3Be/ieM B CTelleHb 2 U MPeJICTaBUM B BU/IE:

K-K)-2-()-S-(S)=V-(V) T-(T) G- (G) (17)

Kaxxabli1 COMHOXKUTEJIb JIEBOW U IPABOX YaCTH, HAXOASAIIMUCSA B CKOOKAX, YMHOXHUM
Ha (—171).

B pe3ysibTaTe NOJy4YUM:

k(=) (-g) s (-5) = () ro(5) o (-g) a9
K I9) s/ % T) T G,
[IpoBeseM omepanuio paccioeHdsl ypaBHeHUs 18, mpejcTaBUB ero B BUJE JBYX

CaMOCOTJIaCOBAaHHBIX HEKOMMYTAaTUBHBIX ypaBHeHUU 19L v 19D u BbIpa3um ux yepes
BpeMs:

llpocTpaHcTBO-BpeMs “ST:

t_K-a)-(dx2+dy2+dzz)

D (19L)
T
rae, t >0,K>0,w >0,s>0,G,>0,v>0
lIpocTpancTBo-BpeMs PST:
1.1, —1
1 K o J—dx? — dy? — dz2
7= 1 1 (19D)
v

Hanuuiem ypaBHeHue 19D B 60Jiee KOMIAaKTHOM BHU/I€:

—K 1. 1.1
—t1 = — (20D)
— Gr P 17—1

rae,—t 1 >0 —K'1>0 —w'>0, -s'>0, -G, ' >0, —v! >0,
a ypaBHeHuUs 19D (unm 20D) oTHOCATCA K airebpe ¢ abCOMIOTHBIM IOMUHAHTHBIM
MUHYCOM.

l'lpoaHam/IspreM [MOJIy4€HHbI€ pe3yJIbTAThl C UCIIOJIb30BAHUEM PHUC. 4. v Tabu. 2.
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nasa 3 MepBuuHoe (MaTepuHcKoe) ABColoTHOE NPOCTPaHCTBO-Bpema AST Kak OCHOBa A/1A MOAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

Ipoctpancrso-Bpemsa ST

Hpocrpancro-Bpems °ST

Copepa egrrnyHOrO pajayca -

flpocrparcrso-Bpems

lpocTparcreo-Bpems
OTpHIaTeNLHON KpHBHZHEI - “ST

®
O

o L
HOJIOXHTETIbHOH KPHBH3HEI - *ST

o OKpecTHOCTb HYJIT

./ \ beckoHeYHOCTh

—

-

CoBpeMeHHBIH ITall pa3BHTHA

I'd
\ Beerennorf

\
-/

Puc. 4. [linockas 06061meHHass Mozesnb Bosbinoro Bapeisa (BB) U MOC/IEAYIOIETO
CxnonbiBanust (Cr) B IONMEPEYHOM paspese, KOTOPOE CIYKUT JONOJTHEHHEM K

MO/JeJY, peCTaB/JIeHHOM Ha puc. 1.

Ta6sinna 2. ConocTaB/ieHHe HEKOTOPBIX CBOMCTB NPOCTpaHCTB-BpeMeH ST u ST B MOMeHT nx
poxaenus (BB), aTalHOCTb pa3BUTHA U nocsaeaytouiero CxaonsiBanus (Cr) c yueToM 06paTHOU
3aBUCUMOCTH 000UX TPOCTPAHCTB-BPEMEH MEXK/Y COOO0M.

llpoctpancTBO-BpeMs LST

MpoctpancTBO-BpeMs PST

BB HayuHaeTcd B pajUyce OTJIMYHOM
ot nysa (“r > 0) Ha 6eckoHedHO
MaJIyI0 BEJIMYMHY U PACIPOCTPaHSIETCSA
BO BHe (paclivMpeHue) BO BCe CTOPOHBI,
NpUOINKAACh K 3HAUYEHHUIO
egquar4HOro paguyca (‘r = 1), u ganee
CTPEMHUTCS K PAJINYCYy, CTPEMSIIIEMYCS
K 6eckoneynoctu (r — o) go Cr.

Kak 6yzeT sicHo B fajibHeleM (CM. II.
3.10) 3navenue Lr = 1 cunxponnoe co
sHauyenueM ’r = —1 B PST
HEBO3MOXXHO.

Mo0>KHO BBIJIEJIUTH 3 OCHOBHBIX 3Tana
OJIS1 AeTaJbHbIX UCC/IeJOBaHUM:
1-Matam: 0 < Ir <1

2-fiatam: 1 < lr < 0

3-it atan: “r HaxoUTCA B6IU3U
CUHTYJIApHOCTeM: 0K0J10 0 U 0.

BB HayvHaeTcd B pajuyce OTJIUYHOM
ot 6eckonednoctu (Pr < —oo) Ha
0eCKOHEYHO MaJlyl0 BeJIMYMHY U
pacnpocTpaHseTcsl BO BHYTPb
(cxaTue) co Bcex CTOPOH,
NpUOJINKASACh K 3HAYEHHUIO
OTPHULATEJbHOTO eJMUHUYHOr0 pajinyca
(°r = —1), u janee crpemMuTcA K
paziuycy, CTpeMsLeMYyCsl K HYJII0

(°r - 0) go Cr.

Kak 6yzeT sicHO B fajibHeleM (CM. II.

3.10) snauenue °r = —1 cunxponnoe
co 3HayeHueM Lr = 1 B LST
HEBO3MOXHO.

Mo02KHO BBIJIEJINTH 3 OCHOBHBIX 3Tamna
JJIST AeTaJbHbIX UCCIeJOBaHUM:
1-#atam: —1 < Pr < —oo
2-fiatam: 0 < Pr < —1

3-11 atan: °r HaxoaUTCS BOIU3U
CUHTYJIApHOCTEeM: 0K0JI0 —o0 U 0.
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19 IpoBeieHNUs UCCleJ0OBaHUN CUHTYJIAPHOCTEN, 0003HAaYeHHBIX Ha 3-eM 3Tale B
060ux npocTpaHcTBax-BpeMenu “ST u PST MoHO BOCIO/Ib30BaThCs, B YaCTHOCTH,
MHOUHUTE3UMa/TbHbIM (HECTaHJApTHbIM) aHasu3oM [67, 68, 69]. OgHUM U3
KpuTepueB 3QpPeKTHUBHOCTM MHPUHUTE3UMAJbHOrO aHaiu3a (Kak, BIOpOYEM, U
JII060Tr0 JIpyroro) B 0OOMX MPOCTPAHCTBAxX-BPEMEHU [JIOKHO ObITh OObsICHEHUE
YHCJIEHHOTO 3HaYeHHUsI CKOPOCTHU CBeTa: ¢ B ST, u COOTBETCTBEHHO, YCPeJHEHHOM

1 o
CKOPOCTH TEMHOTO CBeTa: — - B DST. BaxkHo OMHHUTB, 4TO B J11060H MOMEHT Tsynch

BBIINIOJIHAETCA yCA0BUA ypaBHeHUH 19L u 19D.

PaBHOCM/ILHOCTb NpocTpaHcTB-BpeMeH “ST u PST, a Takxke TOT dakT, 4TO OHU
ABJIAIOTCA aHTUNOJAMHU JPYT K JApPYry, NIPUBOAUT K YAUBUTEJBHOMY NapafoOKCy
NpPUOPUTETA TOUYKU OTcyeTa (MJU TOUeK HaOJI0JeHUs). PaccMOTpuUM HadasibHble
3HauYeHUs napaMeTpoB ypaBHeHUs 19L u 19D c TO4YKM 3peHUs OesleHUs HUX Ha
MaKCUMyMbl U MUHUMyMbI. [loslydeHHble JaHHble NpeACTaBUM B Tabjuue 3,
Y4UTBIBas BbIGOP NIPUOPUTETHOCTH TOYEK OTCYETA U 3JIEMEHTOB CUTHATYphl B “ST n
bgT.

Ta6sinua 3. HayasbHble 3HaUYeHUS WECTH Nap 6a30BbIX MapaMeTPOB, BXOJSAIINX B ypaBHeHUs 19L u
19D c To4KHM 3peHHUs JeJIeHUs1 UX Ha MAaKCUMYMbl U MUHUMYMBI, a TAaKXKe BbI60pa IPUOPUTETA TOYKH
oTcyeTa. ITU MAaKCUMYMbl U MUHUMYMBbI — NIPSIMO NPOTUBOIOJIOKHBI APYT APYTY U 3aBUCAT OT TOTO
KaKoe NMpocTpaHCTBO-BpeMa “ST wnu PST ABjseTcAa NPUOPUTETHBIM AJA McCaejoBaTess. Takas
CyO'bEeKTUBHOCTD - IPUBOJUT K MAapaZ0KCy BbIGOPA MPUOPUTETA TOUKU OTCUeTa (HABII0eHH).

[IpyopuTeT ToYKH oTCcYeTa B ST [lpuopuTeT Touku oTcyeTa B °ST
dJieMeHT CUTHaTypbl [+171] dsieMeHT cUrHaTypbl [—171]
LK, - max DKy~ min LKy - min DK, - max
Lwy- max Dwy- min Lwy - min DPwy - max
Lsy — min bgy - max Lsy - max Dgy -~ min
Lty - min bty - max Lty - max bty - min
Ly, - max Dyy - min Lyy - min by - max
LGry - min DGry - max LGry - max DGry - min

ITOT mapafioKC BbIOOpa MPUOPUTETA TOYKH OTCYeTa - TPebyeT OT/AeJbHOTO
CHenyaJbHOr0 paccCMOTpeHUs. B JlaHHOM cTaThe, NPU CTOJKHOBEHHWU C HUM, MBI
OyJleM UCXOJUTh U3 YCJIOBUHM CTOSIIEN Nepe/; HAMU 3aZa4u (Hamp. cM. 1. 6.7 [1aBbI
6). Ho BaXXHO OTMETUTb, YTO €CJIH [JIsi UCCIe/loBaTe sl IPUOPUTETHBIM SIBJISETCS
UCXOJHOe NepBUYHOe (MaTepuHCKoe) ABCONIOTHOE MpOCTpaHCTBO-BpeMsa ST, To
3TOT NMapaJloKC HAXOUTCS MO/, KOHTPOJIEM.

BbiBoj;: ypaBHenue 15, curnarypa [ 12, - (+1*1), - (=171), «] unonydennnle Ha ux
ocHoBe ypaBHeHUA 19L u 19D - aBasA0OTCA NepClieKTUBHBIMU MU OCHOBHBIMHU, OJHAKO
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TPeOYIOT JaJbHEUIINX HCCAe0BAaHUNA U pacuiupeHus. CMbICA 3THUX ypaBHEHUH
OyJleT, He pas3, HaMU 06CyKJaThCs M0 XOAYy 3TOU CTAaThU.

3.8 ANropuTMbl M YacTUYHOE paccnoeHne ABCONOTHOro NPOCTPAHCTBA-BPEMEHM
AST

B npeapAyliux npuMepax Mbl pacCMaTpUBaJM CJAy4ad MOJIHOTO pPacc/oeHHUst
A6CoIIOTHOrO mpocTpaHcTBa-BpeMeHu 4ST. Ho cywiecTByeT Takke BO3MOXHOCTb
YaCTUYHOTO paccl0eHus AGCOJIOTHOTO NPOCTPAHCTBa-BpeMeHH “4ST, 4TO MOXET,
HalpUMep, CYUIECTBEHHO BJHUATb Ha COOTHOILEHUs IJIOTHOCTEH TKaHeu
IPOCTPAHCTB-BpeMeH (M, COOTBETCTBEHHO, COOTHOIIEHMUS IIJIOTHOCTEH BHUJOB
MaTepUM U 3HepPTrui) Bo BcesreHHOM.

Jlisl 3TOro, HaMmpHMeEp, MOXKHO HCIOJb30BaTh curHatypy [+ 1%, - (+171), - (=171),
o). JleBy10 1 npaByI0 4acTh ypaBHeHUs 15 Bo3BeJeM B CTeNeHb 4 U MpeJCTaBUM B
C/IeAyI0leM BUJIE:

K? K-(K)-0%-0-(2):S*-S-(S)=V2-V-(V):T*-T-(T)-G* G- (G,) (21)

Kaxxapli COMHOXUTe/Ib JIEBOM U NPaBOM 4aCTH ypaBHeHUA 21, HaXO[ALIMUCA B
cKo6Kax, yMHOXHM Ha (—171). B pesysbTaTe nosy4um:

kot (-g)-aa-(-g) 55 (=) =viv () mor(-g) ora () @@

C ypaBHeHMeM 22 MpoBeJieM OIepalMi0 4aCTUYHOIo paccjoeHus. B pesysbrate
MOJIy4uM: B AGCOMIIOTHOM NPOCTPAHCTBe-BpeMenHu 4ST dpopmyuy:

K2-0Q2-§2=V2.T2.G2 (23)

B NPOCTpaHCTBe-BpeMeHU ST dopmyny 19L, a B mpocTpaHcTBe-BpeMeHH PST
dopmyny 19D.

BBIBOJ: NPU YaCTUYHOM PacCJOEHMHM AGCOMIOTHOrO MPOCTPaHCTBa-BpeMeHu ST
BkaAag “ST u PST B 06umyn NJIOTHOCTL MaTepuil M 3Hepruil BO BceseHHOMH
CYyLIeCTBEHHO CHMWXAaeTCsd, U COOTBETCTBEHHO, TpebyeTCA TOYHOe oOIpejesieHue
cooTHomeHui Mexay maoTHoctamu 4ST u (“ST m PST) Bmecte B3aTbix. Tak,
HalpuMep, Mbl MOXKeM N10/106paTh CUTHATYPbl TAKMM 060pa30oM, YTOOBI COOTHOLIEHUE
MJIOTHOCTH AGCOJIIOTHOTO MPOCTPaHCTBa-BpeMeHH 4ST K MIOTHOCTSAM NPOCTPAHCTB-
BpeMeH “ST u PST BMecTe B3ATbIX: cocTaB/iAMa, TPUMepHO, Kak 10 k 1. B aToM ciiy4ae
IJIOTHOCTb AGCOIIOTHOTO NPOCTPaHCTBa-BpeMeHu “ST GyjeT paBHa IPUMEPHO
90,91% ot mnuotHocthu BcenenHoW. COOTBETCTBEHHO, CyMMapHas MJIOTHOCTb
npoctpaHcTB-BpeMeH ST u PST 6yzner pasna 9,09% wunu 1o 4,545% Ans Kax0ro
npocTpaHcTBa-BpeMeHH LST nau PST.

3.9 Anroputmbl 1 Ynpasaatowasa CynepmHnumasa EanHuua ¢f

['naBHBIM BONPOC, HA KOTOPbIM HaM MPeCTOUT OTBETUTH B 3TOM pasjiesie, — 3TO
KakuM 00pa3oM JBa B3auMMONpPO3pPavyHbIX HEKOMMYTAaTUBHBIX MPOCTPAHCTBA-
BpeMeHu ST u PST - aBnawoTca camocorsacoBaHHbIMU? HauHeM ¢ Toro
06CcTOATENbCTBA, YTO BB mnpousoliesn He B OJHOW LIEHTpPaJbHOW TOYKe, a B
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OeckOHe4YHOM KOJIM4ecTBe To4yeK BO BceseHHoW. U, cooTBeTCcTBEHHO, B 000UX
IPOCTPAHCTBaX-BpeMeHU B MOMeHT BB pojuiocb 6eCKOHeYHOe KOJINYeCTBO
dyHaMeHTalbHO-CIleNIEHHbIX, TOYEeK-IleHTPoB B “ST u 6eckoHeuHocTedt B PST,
KOTOpble B3aUMOJENCTBYIOT pyT C IpyroM dyepe3 060061eHHoe [lapakoMniekcHoe
AGCOIIOTHOE TNPOCTPAHCTBO-BpeMs “4ST U 06pasyloT JOMMHAHTHble 06J1acTH
pasBuUTHA (CaMOCOT/JIacOBaHHOE OJHOPOJHOe pacluupeHue “ST u HeogHOpPOJHOE
cxkatve PST). UTo M3 cebs mpejcTaBaseT 3TO 0606IieHHOe [lapakoMIIeKCHOe
AGCOIIOTHOE MNPOCTPaHCTBO-BpeMsA 4ST ? I3TO MCK/IIOYUTENBLHO INEpPBUYHOE
(MaTepuHCKoe) AGCOIIOTHOE NpoCTpaHCcTBo-BpeMsa AST ? Uiu, 3To Ynpasaswomas
MHHMas CyOGCTaHLUA, HepaspblBHO cBA3aHHoe ¢ 4ST B mepuos ¢ BB pmo Cr wu
o6pasylollee BMecTe C HUM - 0606menHoe [lapakommiekcHoe 4ST ? Tonpo6yem
pa306paThCs B 3TUX BaKHENIIHUX BONIPOCAX.

[Ipexxsie Bcero, Xo4eTcss OTMETUTD, UTO NOSIBJIEHHE KBaAPAaTHOI'0 KOPHS B YypaBHEHUH
1, 3agaroueit MeTpuky B 4ST - Hecsly4aiiHO. BUuzMMo, yke Ha 3TOM CaMOM IIepBOM
sTane, Mbl NOJIy9M/IM HaMeK Ha KOMILJIEKCHYI0 NpUpoJAy uucen B “ST u TeMHyo
KOMILJIEKCHYI0 TpupoAy 4ducen B ST, a Tarxke IlapakoMIIEKCHYH HPUPOLY
NepBUYHBIX YKces B AST. O4eBU/HO, YTO /Il CAMOCOT/IaCOBAaHUS B3aUMO/ENCTBUM
MeX/ly IpOCTpaHCTBaMu-BpeMeHaMu ST u PST, 6e3 nmpuMeHeHMa KOMIIEKCHBIX
yuces B ST u TeMHbIX KoMnIeKcHBIX unces B °ST nam He o6oiiTuck. B pasgene 3.5
Mbl YK€ KpaTKO yNOMHHAaJMU apryMeHT B M0JIb3y BBeJEHUS TEMHOHW MHHUMOU
3JUIMNITUYECKON eJMHULb] - [ B ajrebpe ¢ JOMUHAaHTHbIM MHUHYcOM. TaM ke Mbl
ynoMHuHaIu o pacuinpeHHoM onpegeneHun TOKIL. O Tom, yTo aTa Teopus elle U
JIOKaJIbHas MO/JieJ1b-MOCT, 00'beJUHA011Iasi CBOMCTBA IPUBBIYHOM [1J151 HAC aJIredphl €
abCOMIOTHBLIM JIOMUHAHTHLIM ILIHOCOM (npuMeHseMod B “ST) wu anre6pnl c
JIOMUHAHTHbBIM MHUHycOM. OZJHOBpEMEHHO C 3THUM, BBeJleHHe MOHATHUSA TEMHOMU
MHMMOM 3JIJIMOITUYECKOW eJUHMLbl B ajirebpe c abCOJIOTHBIM JJOMUHAHTHBIM
MHUHYCOM MO3BOJIIET MNPEJIOJIOKUTh O BO3MOXXHOCTH CO3JaThb TeEOPETHYECKYIO
MO/ieJIb-MOCT Ha OCHOBE T€MHbIX KOMIIJIEKCHBIX YHMceJl, 00'beJUHSAIOLIYI0 CBOMCTBA
«TE€MHOW» ajared6pbl U anrebpbl ¢ abCOJMIOTHBIM JJOMHUHAHTHBIM IIIOCOM. Eciu
NpUMeHeHHasl CUTHaTypa [—1] mo3BOJIMJIO HAM BbIJBHUHYTb MIIOTE3Y U MOJYYUTh
npe/cTaBJeHde O HEKOTOpPbIX CBOMCTBAax MHOXecTBa TeMHbIX uucen (D), To
npuMeHeHHasi curHatypa [—171] mpefgocTtaBu/ia HaM Takke HHGOPMALMIO 06 UX
reoMeTpUYEeCKOM pacCloJIO)KEHUM OTHOCUTEJbHO MHOXEeCTBa [JelCTBUTEbHbIX

o o 1
yucen (R). C ydyeTOM CBOMCTB, XOpOILO M3BECTHOM QYHKLUHU y== (pns

paccMaTpUBaeMOro HaMHU cjy4dasl CyLeCTBEHHBIM fABJISI€TCA WUHBEpPCUS JeWCTBUA
3HaUYEeHUH TEeMHBIX YMCeJ C OCH abCIUCC X Ha OCb OPJUHAT Y) Mbl MOXKEM C/ieJ1aTh
BbIBO/| O TOM, UTO TEMHbIe YHcaa Da eCTBYIOT TaK, Kak 6y/ATO OHU pacloJiaramTcs
B3aMMOIepHeHUKYJIAPHO OTHOCHUTEJNbHO OCHU JIeMCTBUTE/bHBIX yKuces Re. MoxHO
TaKXe MPeinoJ0KuTh, 4T0 00e Teopuu, TOKII v 6yayiias Teoprs Ha OCHOBe TEMHOM
MHUMOW 3JUIMIITUYECKOW €eAMHMUIblI I, COrJIacyloTCsl C JABYMsS KOMIIJIEKCHBIMU
IJIOCKOCTSIMU (CM. pHUC. 5), KOTOpble [AOKHbI 0O0'beJUHUTBHCS Ha 0000LeHHOU
CynepKoMIJIEKCHOU MJIOCKOCTH (CM. pUC. 6) 1 06eCcreduTh CaMOCOTJIaCOBAaHHOCTD BO
B3aUMO/IeCTBUAX TKaHel npocTpaHcTB-BpeMeH “ST u PST.
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Puc. 5. KoMniekcHas m1ockocTb B “ST M rumoTeTHdYecKkas TeMHas KOMILIEKCHAs
miaockoctb B ’ST. B neBoii 4acTu mpejcTaB/ieHa, NPUBbIYHAA B MaTeMaTHKe,
KOMILJIeKCHas IJI0CKOCTb B ST ¢ MHMMO# runep6osindeckoil eAuHuLed i, rae Re
- OCb JIEHCTBUTEJbHBIX YUCEN, a “Im - ocb MHUMBIX YMces. B mpaBoi 4acTu
npejcTaBjeHa TUIOTeTHYecKash TeMHas KOMILIeKCHas IJockocTb B ST ¢
MHHMOMU 3JUIMITUYECKOW eJUHULEN T, KOTOpasi COTJIACHO BbIBUHYTOU FUIOTE3E,
06pa3yeTcsi BeCbMa HeTPpHUBUAJIbHBIM ClI0c060M (MHBepCHel JelcTBUS 3HaYeHU I
TEMHBIX YMCEJ C OCH abCLUCC X HAa OChb OpAMHAT Y), rae Da - ocb mpoekuuu
JleficTBUSA TeMHBIX uuces, a °Im — ocb TeMHBIX MHUMBIX YHCeJL.

Eme ogHUM apryMeHTOM B MO0JIb3y TAKOTO Pa3BUTUSl TEOPUM, SIBJSETCS TO, YTO
CKOPOCTb cBeTa ¢ B ST pans 6eckoHe4yHOil BcesleHHOW - fIBJIeTCS HUYTOXHOM

. . 1
BEJIMYMHOH. A IOHATHE, YCPeJIHEHHOH CKOPOCTH TeMHOTr0 CBeTa: — - (ms1s1 anre6phI C

abCOMIIOTHBIM JJOMMHAaHTHBIM MUHYCOM) M ero cBoiictBa B PST - ewle npeacTouT
M3y4UThb (HO BpS/J, JIM 3TU CBOMCTBA U3MEHSAT OTHOLIEHHE aBTOpPa K 3TOU NpobyieMe).
C y4eToM 3TUX GaKTOPOB, OSABJIeHHE B POPMYJIax MTHOBEHHOI'O MHUMOTO BpEMEHHU
it B 'ST u MrHoBeHHOro TeMHOro MHUMOro BpeMeHM it B PST HempesoxHO
06ecneYuT  CaMOCOr/IacOBaHHOCTb (B Tgyncp)  B3aUMOJEWCTBUMH  TKaHeH
npoctpaHcTB-BpeMeH ST u PST Bo Bceit (B nm06bIx 06sacTsiX) 6GecKOHeYHOM
BcesieHHOM.

[Tonpo6yeM pa3BUTb 3Ty H/I€10 JaJiblile HA OCHOBe paboT [70, 71, 72] no 060611eHHUIO:
KOMIIJIEKCHBIX 4YHCeJ B IeOMeTpPHUM, KPUBU3Hbl NPOCTPAHCTBA U YHUBEPCAJbHOU
anre6pbel. Mbl  MoxeM BBecTH Ymnpaaswilyto CynepMHuMyro Ejgununy,
0003HA4YEHHYI0 KaK - ¢[, 3HaueHue KBaJpaTa KOTOPOU Oy/leT 3aBUCETh OT KPUBU3HbI
IPOCTPAHCTBA-BPEMEHH:

a2 = 0B4ST: 12 = o u 1?2 = 0 (rae, | — napabosiMyeckast eIUHUIA)
JI? =X pnaw > 0BLST: i? = —1 (rpe,i — runep6oanyeckas eqununa) (24.0)
st w < 0B PST: 2 = +1 (rge, 1 — sAMUNTUYECKAS €UHHULA)

Heob6xonumo cpa3y :Ke TMOJYEPKHYTb, YTO B OTJMUYHE OT MCCIEe/JOBAaHUH,
npenacraBieHHbix M. A. JlaBpeHTheBbiM W Bb. B. lllabaTtom B pa6ote [73], rae
0600I[eHHbIe KOMILJIEKCHbIEe 4MCJa BBOAATCS B  OJHOM €JIWHCTBEHHOM
MpOCTpaHCTBe-BpeMeHM (ecTeCTBeHHO, YTo 3To LST), B HameM cay4ae BOIpPOC
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BBeJIeHUs JleJIUTeS HyJ1s B TEMHYIO aJirebpy ¢ MHUMOM 3JIIMITUYECKON eJMHULeN
i, npumensieMoit B PST, - Tpe6yeT OT/ieJIbHOrO CELUaNbHOTO PacCMOTPEHHUs (CM.
cronber; 3 Tabs. 4). Bosee Toro, U3 coob6pakeHUM KOPPEKTHOCTH (MJU CHATHUA
BO3MO>KHBIX IPOTUBOPEUYNHT), Mbl BBIHY>K/|€Hbl BbIJBUHYTb I'MIIOTE3Y O TOM, YTO B
npocTpaHcTBe-BpeMeHu °ST, B KOTOpOM, 10 HalleMy MHEHHIO, IPUMEHSI0TCS
TEMHbI€e YU CJIa, TEMHbIE KOMIJIEKCHBIE YHCJIA, TEMHbIe KBATEPHUOHBI U T.J., JO/DKHA
JleliCTBOBAaTb TeopeMa, 3KBUBaJleHTHas TeopeMe PpobeHuyca [74], neldcTByoLel B
npocTpaHCTBe-BpeMeHu “ST.

B KoHe4YHOM uTOre, onepupys TpeMs NPOCTPAHCTBAMU-BPEMEHH, Mbl pACCMOTPEJIU
HOBBIM cnoco6 3aZlaHUsA 000OLeHHBbIX KOMILJIEKCHBIX YMCeJ, B KOTOPOM KBaJpaT
Vupasaswomei CynepMHUMON EQUHMIBI sI% — 3aBUCUT OT KPUBU3HBI IPOCTPAHCTBA-
BpeMeHHU. B MoMeHT BB B nepBUYHOM (MaTepUHCKOM) AGCOJIIOTHOM MPOCTPAHCTBe-
BpeMenu ST HysneBoil (2 = 0) KpUBU3HBI (3TO PaBEHCTBO, a TAKXKe NepBasi CTPOKa
BbipakeHUs1 24.0 6yaeT AOMOJIHEHO U yTOYHEHO B M. 4.2 ['1aBbl 4) peanusyeTcs
MHUMMas mnapabosinueckass efuHULA | , KBaApaT KOTOPOW MOXeT NPHUHUMAThb
OJHOBpeMeHHO JBa 3HadeHusa ([ =o0 u [?>=0). B npocTpaHCTBe-BpeMeHH
T0JIOKUTEIbHOM KpUBU3HEI “ST - peaMsyeTcss MHMMas runep6oMdecKas eJuHULA
i (i?=-1). B mnpocTpaHcTBe-BpeMeHH OTpPHUIATeJbHOH KpHUBHU3HbI PST -
peanM3yeTcss MHMMas 3JUIMNTHYecKas eaununa i (i2 = +1).

3.10 MHuMmas napabonunyeckas eanHuua I

[lTonpobyeM MOHATH POJib MHUMOW NapabosinyecKkod eJUHUIbl | B MPOCTPAHCTBE-
BpeMeHu 4ST. Mbl BblJBUTaeM TMIIOTE3Y O TOM, YTO B IIEPBUYHOM (MaTEPUHCKOM)
AGCOJIIOTHOM NPOCTPaHCTBe-BpeMeHu 4ST B MoMeHT BB MHuMas napa6osuyecKas
eiuHula - | o6JyiajjaeT cieAyOIIMMU CBOMCTBAaMM: ee KBaJpaT MOXET [aBaThb
OZJHOBPEMEHHO /iBa 3HaueHus: [2 = 0 u [? = oo.

W3 3TOM runoTessl cieAyeT CIpaBeJIMBOCTh CAeYI0IUX COOTHOLEeHUH B AST:
0-c0=1;1/0=00; 1/00 = 0; (25)
B03M0KHO, K HUM CJie[lyeT 06aBUTb €ellje IBa COOTHOILIEHHUS:
0/0=1; /0 =1; (26)

TakuM yauBHUTEJbHbIM 06pa3oM CBOWCTBAa MHHUMOUM NMapabonvyecKod equHUIIbI |
MO3BOJIIET YCTPAaHUTb BCe BO3MOXXHbIE HEONpee/IeHHOCTH, CBSI3aHHblE C 3TUMH
NOHATUSIMU H/WUJAM 4YHWCJOBBIMA 3HAYE€HUSIMH, KOTOpble [EWCTBYKOT TOJbKO B
AGCOMIOTHOM MNpOCTpaHCTBe-BpeMeHd “ST ¥ He pacnpoCTpaHAOTCA Ha
npocTpaHcTBa-BpeMeHa “ST u PST.

OCHOBHOM 1le/ibl0 M 33Jlauell MHUMOM NapaboMyecKor eauHuIlbl [ — sIBJseTCA
WCII0JIb30BaHKE CBOMX CBOMCTB /11 UHUIIMAL WU BB nyTeM NpoBeJeHHs] HECKOJIbKUX
CHHXPOHHBIX POLECCOB:

* [puBeJieHHe Bcex 6a30BbIX NapaMeTPOB K 3HAYEHUSM paBHbIM MHHUMOU
napaboin4eckon eAUHULBI 1;
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Ha4yaso napaboJIM4ecKOMy pacCJ0€HHUI0 BCex 6a30BBbIX NapaMeTpOB, KOTOpPbIe
TPOSATCH, U JONOJIHUTEJBbHO 06pa3ytoT napsl: 0 U +o0o uau 0 u —oo.
COOTBETCTBEHHO, TPOUTCA AGCOIOTHOE NPOCTPAaHCTBO-BpeMs 4ST;

pOX/EeHHble TPOCTPAHCTBa-BpeMeHa SABJSAKTCA B3aUMOINPO3pauyHbIMU U
NOApa3fle/IAIl0TCA M0 3HAKy Ha: IMPOCTPAHCTBO-BpeMs IOJIOKUTEJbHON
KpUBU3HBI “ST ¥ MpoCTpaHCTBO-BpeMs OTPULATeIbHOM KpUBU3HbI PST;

B [IPOCTPAHCTBO-BPEMS M0JIOKUTENIbHON KpUBHM3HBI “ST nmomnazgaoT Bce +o u 0,
ecsv napameTp naptHep 0 ©MeeT 3HayeHUe —oo (CM. TabauLy 3);

B IPOCTPAHCTBO-BpPeMs OTpUIlaTesNbHOM KpuBU3HbI PST monagaiwT Bce —oo 1 0,
ec/iv napameTp napTHep 0 uMeeT 3HauUeHUe +0o (cM. TabauLy 3);
pacnpeziesieHMe T@ap HayaJbHbIX 3HayeHUW 06a30BbIX NapaMeTpoOB B
npoctpaHcTBax-BpeMeHu ST u PST cospaerca Takum o6pasom, 4TO6bl B
0606menHoM IlapakommiekcHOM “4ST BO3HMKaJl MEXIPOCTPAHCTBEHHBIH
norennyan 57U (cm. Tabur. 4).

Tabsuna 4. HayanbHble 3HayeHUs 0a30BbIX NapaMeTPoOB B MOMeHT BB B TpexX NpOCTpPaHCTBax-
speMenu AST, 'ST u PST. Jlannbie B cTos6uax 2 u 3 mpuBeieHbl B COOTBETCTBUM C BbIGOPOM
NIPMOPUTETHOCTH TOYEK OTCYETA U 3JI€EMEHTOB CUTHATYPbI B “ST u PST (cm. m. 3.7 nannoi [1aBbr).

MlpoctpancTBo-BpeMd 4ST | IpoctpancTBo-Bpema “ST | IlpocTpancTBo-Bpemsa PST
[IpuopuTeT TOUYKHU [IpuopuTeT TOUKHU
OTCYeTa C 3JIEMEHTOM OTCYeTa C 3JIeEMEHTOM
curHaTtypsl [+111] CUTHATypbI [—171]**
1 1
4S =1 (constant)* Lso =0 Psy = —o0 Lsg == Dgg=——
0 o)
A * L D L 1 D 1
) = 1 (constant) Wy = wo =0 Wy = — wo = 0
(0 0]
A * L D L 1 D 1
T = 1 (constant) to=0 tp = — to == tg = ——
0 o)
A * L D 1 D 1
V' =1 (constant) Vg = 0 vy =0 Lyy = — = 0
(0¢]
Gr = 1 (constant) Gro =0 Gry = —0 Gry = 0 Gry = ——
(0.0]
A * L D L 1 D 1
K = 1 (constant) Ky = o Ky = Ky =— Ky, = 0
oo

* yka3aHHble 3Ha4YeHUs, B JIEBOM CTOJIOLE - JOJDKHBI GbITh BbIpakeHbl [lapakoMIIEKCHBIMU
NEPBUYHBIMH YUCIAMHU, TEOPHUS O KOTOPBIX B HACTOSILIUHA MOMEHT OTCYTCTBYET.

¥ 11151 are6phl € a6COMOTHBIM JJOMUHAHTHBIM MUHYCOM C 3JIEMEHTOM cUrHaTypbl [—171], Tpe6yerca
BBeJleHUE JIeJIUTeJIs HYJIsl.

MHHUMasi napaboJsimyeckas eJMHULIA [, Take TPOUTCS, POXKJasd MHHUMYIO
rUNep6oIMYECcKyl0 eJUHMIY i, KBaZpaT KOTOpOMW: i2 = —1, JAeHCTBYIOLIYI B
NPOCTPAaHCTBE-BPEMEHH  ITOJIOKUTENbHOM KPUBU3HBI ST W MHUMYIO
S/IMOTUYECKYIO €QMHHUIY [, KBaZipaT KOTOpoM: 12 = +1, AelCTBYWOILyl0 B

MpOCTpaHCTBe-BpeMeHM OTPUIlaTeIbHOM KpuBU3HbI PST.
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Kak MbI y2ke npeznosiarasiv paHee, TpU MHUMMble eJUHULBI 00pa3yl0T 06001IeHHYIO
[lapakoMMJIeKCHYI0 IJIOCKOCTh (CM. pHUC. 6), OOBbEJUHSIOUIYI0 KOMILJIEKCHYIO
IJIOCKOCTb A “ST ¥ TeMHyI0 KOMIUIEKCHYI0 IJIOCKOCTb Jjd PST wu wurpaior,
COTJIaCHO Hallled TUMoTe3e TJIaBHYK YNPaBJSKILYI0 pPOJib B COrJIACOBAaHUM BCeX
B3aUMMO/JIEMICTBUM B MPOCTPaHCTBAax-BpeMEHU LST u PST, u B KOHe4yHOM HTOTE,
CO3/1al0T BO3MOXKHOCTb peasniu3aiuu «3¢pdekTa caMocorjiacoBaHHOCTU» BcesreHHOM.

: ™

'
o
—r

=]

1 - danuMnTHYeCKas eAMHHLA (=1)

-Tunep6onunueckas eguuauna (i° =-1)

- [TapaGonuyeckas eguHuba ((“ =0 u " =o0)

Puc. 6. O0606menHHasa I[lapakoMmiekcHas
IUIOCKOCTh C MHUMOU MapaboJin4ecKoi eJUHHIIeH
I B ST, o6beauHsAIOMasA B ce6e KOMILIEKCHYIO
IJIOCKOCTh C MHHUMOM  rumepo6ojdvyeckoit
eqvHuneit i B ST, TeMHyl KOMIIEKCHYIO
IJIOCKOCTh C MHUMOH 3JUITMIITHYECKON eIUHUIleH
i BOST.

BoiBoj: Heo6xoauMO HAaMTH aIrOPUTM WU CUTHATYPY C y4acTUEM YMpaBJswollen
CynepmuuMont EnuHunbl ¢I, ¢ TeM, 4TOObl MONBITATHCS BBIBECTU (OPMYJIbI
pacmiupsoimue (KoMIIeKCHPUIMpPYIOIIMe) ypaBHeHUsA 15 wau 23 ¢ ydacTuem
MHHUMOW mapabo/iMyeckod eJuHUIbl | U, COOTBETCTBEHHO, TMOCJEAYIOIEro
paccioeHuss 3TUX ypaBHeHMM Ha 19L, ¢ yyacTueM MHHUMOM TruUNepOOIUYECKON
esvHunbl i u 19D, ¢ yyacTheM MHMMOHM 3JUIMIITUYECKOM eAuHULbl I, 10 4
NPOCTPAHCTBEHHBIX U 2 BpPeMEeHHbIX U3MepeHUM (/I KaXKJoro MpoCcTpaHCTBa-
BpeMeHH). Tako¥ MmoaxoJ; IO/DKEH 00ecrnedyuTh pellieHHWe 0603HAaYeHHBbIX B 3TOM
rJjaBe 3a/ady.

3.11 O TeMHbIX Yncnax

C yyeTtoM mosaydeHHbIX B nm. 3.5, 3.7, 3.9 atoii [1aBbl pe3ybTaTOB, HEU3OEKHO
BO3HHMKAIOT /iBa Bolpoca. [lepBbIH, 4TO U3 cebsi MPeACTaBJASIOT TEMHbIe yucaa Da u
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nasa 3 MepBuuHoe (MaTepuHcKoe) AGCONIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa ANA MoAenu
Bonbuoro B3pbiea (BB) 1 nocneaytoutero CxnonbisaHus (Cr)

MHOXXeCTBO TeMHbIX 4ucesa (D)? BTopoi#, ABAAIOTCA JU TEMHble YHUCAA TOYHOHU
KONHMeH ZledCTBUTEIbHBIX Yhcesa U3 “ST, oTaMYaromyecs OT HUX JIMIIb 3HAKOM M
JIeUCTBYIOIIMMU TaK, KaK OYJTO pacmoJsiaraloTcsi B3aUMONEPHNEHAUKYJISPHO IO
OTHOLIEHUI0 K HUM? [l TOro, 4To6bl MONBITATbCS OTBETUTb HAa 3TH BOMPOCHI
Heo6X0JUMO yUecTh cieaytoue GaKkTopsbl.

Eciu ucxoauTb M3 MCXOAHBIX IMOJIOKeHUM [J1laBpl 2, U3 NOJy4eHHOW HaMu
060611eHHOH [[apakoMIJIEKCHOM NJIOCKOCTH, pPeACTaBJIEHHON Ha pUcC. 6, U3 caMoi
CYyTH CTallMOHApPHOM CaMOCOIJIaCOBaHHOM BcesieHHOM, TO CTAHOBUTCSA OYEBUHBIM
yTo BceneHHas - AB/seTca MaTeMaTH4yeCKOW Mo cBoeil mpupoge [75]. U3 aToro
yTBePKJEHHUS c/eJlyeT BeCbMa BaXKHble BbIBO/IbI O TOM, UTO CaMO MOHSITUE YUC/IA —
ABJIIeTCA He abCTpaKTHBIM 3JIEMEHTOM, a BaKHEWIIMM MaTeMaTU4eCKUM
MHCTPYMEHTOM HEOOXOJAUMBIM [/ BbIIOJIHEHUS BO3JIO)KEHHBIX HAa HEro 3ajad U
byHkuui. TakuM 06pa3oM, MHOXKECTBO JlecTBUTeIbHbIX Yrces (R) fo/KHO cTporo
COOTBETCTBOBATb CBOMCTBAM MPOCTPAaHCTBa-BpeMeHH “ST. Ouu (felcTBUTe/IbHbIE
4YHCIa) AOJDKHBI OBITh 3aIpOrpaMMUPOBAHbl B aJITOPUTME POXKJEHUSA U Pa3BUTHUSA
3TOro NPOCTPAHCTBA-BPEMEHHU U MO3BOJIAATH ONMUCHIBAThb ero ¢ MoMeHTa BB o Cr.
Hanpumep, npoctpancTBo-BpeMd ST - ABaseTCA 04HOPOJHBIM U U30TPONHLIM (Ha
60/bIINX MacliTabax), pacmupsiercsa ¢ MoMmeHTa BB go Cr. PacctosiHue B HEM -
SBJISIETCS HeNpepbIBHbIM, YTO COOTBETCTBYeT AaKCUOMe O HeNpepbIBHOCTHU
MHOX€eCTBa JeHCTBUTEeNbHBIX 4Mcen. Bpemsa T - aBjasgeTcd OJHOPOAHBIM U
M30TPONHLIM. B mpocTpaHcTBe-Bpemenu “ST peanusyerca ApxuMe/j0Ba METPUKA.

AHasiornyHbIM 06pa3oM, MHOXecTBO TeMHbIXx 4Yucesa (D) JOMKHO CTpPOro
COOTBETCTBOBAThb CBOMCTBAM MPOCTPaHCTBa-BpeMeHH ST M Mo3Bo/IATH OMUCHIBATh
ero ¢ MomeHTa BB g0 Cr. Hampumep, npoctpancTBo-BpeMsa PST - sapaseTcs
HEOJHOPOAHBbIM U aHU30TPONHBIM, CKUMaeTcd ¢ MoMeHTa BB po Cr. Bpems# bt .
ABJIIETCA HEOLHOPOAHBIM M aHU30TPONHbIM. OnpesiesieHHe MOHATUSA PACCTOSTHUSA B
DST, koTopoe MoxeT 6bITh paspbIBHLIM — ABJIAETCA NPEAMETOM JJs JaJbHeHIINX
vcciefloBaHuil. B mpocTpaHcTBe-BpeMenu CST peanusyeTca HeapXMMeJ0Ba
MeTpHKa.

B cooTBeTcTBUH, C IIpejaraeMoii Teopueit 06a npoctpancTa-spemenu ST u ST
BbIHY>K/IEHHO B3aUMOJEUCTBYIOT Jpyr C JApPYyroM IMOCpPeACTBOM 00OO0G6IIEHHOT0
[lapakoMnieKCHOro AGCOJIIOTHOTO NPOCTpPaHCTBa-BpeMeHU (cM. [aBbl 6-11). B
COOTBETCTBUM C TeopeMoi OCTPOBCKOr0 NoJie palluOHaIbHBIX yhces Q MoxeT ObITh
NONOJIHEHO JBYMsl 3KBUBAJEHTHBIMU NYTAMU: JIUOO [0 NOJSA JAeHCTBUTEJbHBIX
quces R, 1160 110 mosis p-Afinveckux yucen Q.

BrniosiHe eCcTeCTBEHHO, YTO JI€UCTBUTEJIbHbIE YACIA Re HaX0JUT CBOe MPUMEHEHHE B
NpocTpaHCTBe-BpeMeHH ST, Kak COOTBETCTBYIOI[Ue ero CBOHCTBaM. A, BOT 4YTO
KacaeTcs p-AJIMYEeCKHX 4YHCeJ, TO B COOTBETCTBUM C THIOTE30M aBTOpPa, OHU B
ropas/io 6oJibliiell CTeleHU HaxoAAT CBOe MPHMeHeHHe B MPOCTPaHCTBe-BpEMEHU
DST. I'naBHO# npuuuHOil A/ Takoro yTBepX/jeHHs — ABJIAETCA TO, YTO CBOWCTBA p-
Anuvyeckux 4ucesn  6oJiblle  COOTBETCTBYIOT HeapXMMeJOBbIM  CBOMCTBaM
npoctpancTBa-BpeMeny °ST (cm. 'maswl 5-11). IlpejnosioxkeHue o TOM, YTO Ha
llnankoBckux Macmrtabax (~1073% cM.) - cBoiicTBa mpocTpaHcTBa-BpeMeHH -ST
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MOTYT KapJWHaJIbHO U3MEHHUTbCSA U TaM HAXOJUT CBOe NMPHMeHeHHe p-AaudecKast
KBaHTOBass ¢U3MKa - He HMEWT JO0CTAaTOYHbIX OCHOBaHUM. OJHAKO, BCe 3THU
JIUCKYCCUH O «0O'bEKTE» MPUMEHUMOCTH P-AANYECKUX YHCEJ U UX KJIaccudUKalnH,
NpaKTUYEeCKU HHUKAK He BJUSIT Ha I[eHHOCTb y)Ke NMPOBeJAeHHbIX UCCIeJ0OBAaHUMN B
3TOM 06J1aCTHU U HUKOUM 00pa30M He YMEeHbIIAKT TOT OTPOMHbIN BKJIaJ, CAeJaHHbIA
B pa3BUTHeE p-AAu4yecKod GU3UKH 3a BCe 3TU rofpl [76, 77].

TakuM 06pa3oM, OTBETOM Ha BTOpPOW BONPOC, 33/laHHbIM B Hauyasie 3TOr0 pasjesa,
OyZeT - ofJHO3HAaYHOe HeT. UTO KacaeTcsl OTBeTa Ha MePBbI BOMPOC, TO TEMHbIE
yrciaa Da (MHOXeCTBO TeMHbIX uuces D) TpebyoT cCBOero JasibHeuero rinyb0koro
M3y4YeHHs, KaK, COOCTBEHHO, TOBOPSI M CBOWCTBA CaMOro NPOCTPaHCTBA-BpEMEHU
DST, B xoTOpOM OHU peanusyroTCcs U KOTOPOE OHM JI0/KHBI OMUCHIBATb.

3.12 NoaseneHne npeasapuTenbHbiX UTOroB [1aBbl 3

B pesysbTaTe Hallux TeOpeTUYECKHUX UCCAeOBaHWH, B MOMeHT BB mnepBUYHOe
(MaTepuHCKoe) AGCo/II0THOE MpocTpaHcTBo-BpeMs ST ¢ reomeTpueit EBkanga (&),
C 3TaJIOHHOM METPHUKOW, CO CTaTUYHOW TKaHbIO NPOCTPAHCTBA M YNpaBJjsrollas
CynepmuuMast Enununa g/ o6pasyooT o6061eHHOe [lapakomiiekcHoe AGCOMIOTHOE
npocTpaHCTBO-BpeMs 4ST, BKIouarwlee B ce6s cdepy ¢ 6a30BLIMU HapaMeTpaMHy,
paBHBIMU MHUMOU napabosindeckoi enuuune I (Sspn =1, Qgpp =1, AT =1, 4V =
I, 4Gr =1, 4K =1). OJgHOBpeMEHHO C 3THUM, B pe3yJbTaTe 4YaCTUYHOIO
napa6oJMyYecKoro paccaoeHus 4ST B HeM pOXAAIOTCA U JUHAMUYHO Pa3BUBAIOTCA
JlBa B3aMMOMNpPO3payHbIX HEKOMMYTAaTUBHBIX CaMOCOTJIACOBAaHHBIX NPOCTPaHCTBA-
BpeMenu: “ST u PST (cm. puc. 1 u puc. 4). [lockosbKy cyb6a, 06pa30BaBIIUXCH B
Tsyncn B 060061eHHOM [lapakoMIIEKCHOM AGCOIIOTHOM MPOCTPAHCTBE - BPEMEHH
4ST B MmomeHT BB zByx npoctpaHcTs-BpeMeH “ST u PST npespemena: B 6yayiem
OHU MCYE3HYT B MOMEHT CT, TaKXKe, B Tsyncp, TO Mbl UMEEM JIOTHYECKU-3aBEPLIEHHY 0
CaMoCOrJlacoBaHHyl0 MoJenab BB - Cr. O4eBUAHO, YTO NpPUBEJEHHblE NMPHUMEPDI
aJI'OPUTMOB MOJIHOTO U YaCTUYHOr'0 NapaboIM4ecKoro paccjaoeHust A6COMTHOIO
NpOCTPaHCTBA - BpeMeHU ST ABAIOTCA NpeJBapUTeNbHbIMU U HeloJHbIMU. OHU
TpeOylOT JaJbHeHIIero OCMBICEHUSI U MCCIe[OBaHUW, a e[UHCTBEHHBIM U
NPaBUJIbHBIN aJITOPUTM — ellje PeJCTOUT HalTHU.

BeiBoA: TOUHOE onpeesieHUe IJ1aBHbIX IapaMeTpPoB B MoJiesd BB - Cr (apHbIX U
CaMOCOTJIaCOBaHHbIX), Ha4daJbHbIX YCJOBUM HX B3aUMOJEWCTBUN, BepPHOIO
anropuTMa pacciaoeHus “ST M caMOCOr/IacOBaHHBIX (GOPMYJ, ONpefesAoIHX
BO3HMKHOBEHUEe W JajibHeiillee pa3BUTHe NPOCTPaHCTB-BpeMeH LST u PST -
AaBJIIeTCca OCHOBHOM 3azayed TSSCU.

JIIsl [OCTHXKEeHHUs 3TOM 1leJIM PAacCMOTPUM MOZpOoGHee CBOWCTBA M XapaKTepPUCTHKH
Ka)k/J0ro U3 Tpex npocTpaHcTB-BpeMeH: ST, LST u PST
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lnaBa 4 CBOICTBA U XapaKTePUCTUKM NEPBUYHOrO (MaTEPUHCKOrOo)
ABCONIOTHOrO NPOCTPaHCTBa-Bpemenn 4ST

[naBa 4 CBOMCTBA M XapPaKTEPUCTUKM NepBMUYHOro 0606LLEHHOTO
(MaTepuHcKoro) ABCONOTHOrO NPocTpaHcTBa-spemenmn AST

4.1 BeegeHune

[Ipexxie Bcero Heo6XOJAMMO OTMETHUTB, YTO CYILECTBYIOT OObeKTHBHbIE U HHbIE
pa3Hoobpa3Hble TPYAHOCTH i TOTO, YTOOBI UCCJIe0BaTh U ONUCHIBATh CBOMCTBA
AST. TlpuBeseM HEKOTOpble U3 HUX. UccrefoBaHUE TJIaBHOTO MaTEMaTHYeCKOIo
00beKTa, BBeZIEHHOTO B 3TOM paboTe YnpasJstuiei CynepMmHumMon Eqununen ¢l -
HAaXOJUTCA B CAMOM HayaJjle CBOero nyTHh. HensBecTHO, ABJIAIOTCA JIM OTHOLUIEHHUSA
Mexxay sIu AST He3aBUCHMBIMH W B3aUMONpPO3PayHbIMM, KaK OTHOLIEHUA
UJleaJIMCTUYECKOr0 U IepBUYHOI0 MaTepUaJIBbHOTO0 Havasia? Heru3BeCcTHO Takxe, YTO
3acTaBJsgeT ¢/ MHULMUPOBATH npouecc BB u nocieaywero Cr B AST? U, HaKkoHel]
HEeU3BECTHO, KAKUMU MaTeMaTUUYECKUMU 00'bEKTAMU ABJSAKTCS: IEPBUYHbBIE YUCIIA,
KOTOpble Mbl MOXEM HCI0Jb30BaTh /s ONMCaHUA CBOWCTB AST, a Takxke
[lapakoMIIeKCHBIE YMC/Ia B COCTaB KOTOPbIX BXOJUT MHHUMas Napabosinyeckas
efuHULa? TeM He MeHee, HEKOTOpble IpeJBapUTeJIbHble IPEAIOJ0XKEeHUA H
BbIBO/Ibl, HA YPOBHE T'MIIOTE3bl U UHTYULUH, MOXXHO 00CYJUTh B 3TOH ['1aBe, YTOOBI
CTUMYJINPOBATh AYCKYCCHIO HA 3TH BaXKHEHLINe TeMBI.

4.2 CooTtBeTcTBMe Kaxkaoro 0 n co. Hepa3pbIlBHOCTb 3TUX MOHATUIN M 3HAYEHWIA APYT
OT Apyra B NPOCTpaHcTBa-Bpemern 4ST

Bo3HuKaeT ecTeCTBEHHBIN BONPOC, Y€MY MOTYT ObITh paBHbl 6a30Bble NapaMeTPHI B
nepBUYHOM (MaTepuHCKOM) 4ST? C yueToM Toro, 4To B ST peannsyeTrca reomeTpus
EBkinga ¢ HyneBod 4 = 0 KpUBU3HOMN, MOKHO NPEANOJIOKHUTh, YTO OHU PaBHEI
caeAyKLUM 3HaYeHUAM:

452 = 00; 4T? = 00; A0 = 0; AV = 0; 4Gr? = o0; K = 0.

Ho Torza BO3HHMKaeT BTOpPOM BONPOC, O KOPPEKTHOCTHM TaKUX 3HAYEHUU B
nepBUYHOM  (MaTepUHCKOM)  AGCOJIOTHOM  NpPOCTpaHCTBe-BpeMeHH  AST?
[Tonpo6yeM pa3o6paThbCs B 3TOM BOIIPOCE Ha MPUMepe pacCTOssHUsA-pasuyca chepsl,
3HaueHHe KOTOpOH MpeJrnosaraetca paBHoi 452 = co. CorslacHO rumoTese aBTopa,
HEBO3MOXXHOCTb omnpezeneHusa 0, JesaeT IMpeanosaraeMoe 3HayeHHe o0 -
HEKOPPEeKTHBbIM. JTO CBA3aHO C TeM, YTO Iapa 3HayeHUW: © u 0 - aBaATCA
HepaspbIBHBIMU ZIpYT OT Apyra B AST. Jlnsa kaxgoro 0 f0/KHA GbITh CTPOTO CBOS,
COOTBETCTBYIOLAsl EMY U €[JUHCTBEHHAs 0. M, HA060POT, y KaXK/10U 00 - 0J1’KEH OBbITh
CTPOrO CBOM, COOTBETCTByMOLleM el U eAuHCTBeHHbIM (0. JTta rumoresa o
COOTBETCTBUM U HEPA3PBIBHOCTU KaxkJoro HyJisg 0 U cBoell 6eCKOHEYHOCTU ©©, U
Hao060pOT, MPUBOAUT K TOMY, YTO BCe IIECTb 6a30BbIX MapaMeTpoB B ST uMelT
OZJHOBpPEMEHHO /IBa 3Ha4eHUd. A. UMEHHO:

* paccrosiHre-paguyc chepbl: 5% = 0 u 45? = oo;
« BpeMs: T2 = 0 u AT? = oo;

e kpuBH3Ha: 40 = 0u 40 = oo

s ckopocThb: 4V = 0u AV = oo;
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» rpaBuTauua: 4Gr? = 0 u AGr? = oo;
« Temnepartypa: ‘K = 0 u 4K = oo,

Takoil mojxoJ, TOJbKO Ha MeEPBBbIM B3IJIsAJ KaXXeTC HeOXUJAaHHBIM. [Ipu 6osee
I7Ty6OKOM pPacCMOTPEHHWM OH CTAHOBUTCA eCTeCTBEHHBIM M 3aKOHOMepHbIM. B
COOTBETCTBUU C HUM, reoMeTpus EBkana, peanusyemas B AST xopouio corsacyercs
C IByMs 3HAYE€HUAMM KpUBU3HBI 402 = 0 1 A = 00, 1eHCTBYIOUMMHU OZHOBPEMEHHO.
A, BbipaxxeHne 24.0, koTopoe ABJANOCH 3aJalOLMM 0006LIeHHble KOMIJIEKCHbIE
Y1 CJIa He0OX0AUMO CKOPPEKTHUPOBATH U 3allUCaTh CJAeAYIOLHUM 06pa3oM:

s 40 =0u 40 = o BAST: 12 = cou 12 = 0 (rze, | — napabosuyeckas eJUHUIA)
I? ={pnsw > 0BLST: i?=-1 (rpe, i — runep6oanyeckasn eaununa) (24.1)
o w < 0BPST: ?=+1 (rge, 1 — a/uIMNTHYECKas eJUHULA)

Takum 06pa3oM, 3Ta runoTesa MpeoCTaABJSET HOBbIE BO3MOXXHOCTH B TOHUMaHUH
v pa3BuTuu Mmojiesidi BB - Cr.

4.3 I3MeHeHMe CBOMNCTB W XapaKTePUCTMK MpocTpaHcTBa-BpemeHn AST B
3aBMCMMOCTM OT nepuoaa Penakcaumm mnm nepmoga oT bonbworo B3pbiBa A0
ouyepeaHoro CxaonbiBaHMA

B coOTBeTCTBUH, C H3JIO)KEHHBIMU B mpeAblayliux [J1laBax 2 M 3 MOJIOXKEHUH,
CBOMCTBA WY XapaKTEPUCTUKHA NepBUYHOro (MaTepUHCKOro) AOCOJIOTHOrO
NpocTpaHCcTBa-BpeMeHu 4ST KapAuHa/IbHO MEHAIOTCA B 3aBUCUMOCTH OT JBYX,
CMEeHSILUX APYT Apyra nepuozos, (cM. Puc. 7). [lepBblii nepro Ha4uMHaETCs, KOraa
Ynpasaswuiasa CynepmHumass EavHuna ¢/ BXOAUT BO B3aUMOJEWCTBHUE C AST un
BO3HUKaeT ovyepenHoW Bbosbumoi B3peiB (BB,) ¢ nocieaywomuM Cxa0nbIBaHUEM
(Cry) u, Tak panee. Bropoit nepuos Penakcauuu (unu Cr, - BB, ., 4, Tak Jajee)
BO3HHUKaeT B MOMEHT ouepeaHoro Cr, korga Yupasaswias CynepMmHuMas Enuauna
¢l mepecTaeT B3auMo/eiicTBoBaTh ¢ 4ST.

BB BBas1 BBz

/

Cry Cragi

Crosz
Perakcanna Penakcaunsa

Puc. 7. NlepuogsorpammMa BB-Cr Bo BcenenHoil. [lepBuyHoe (MaTepHHCKOE)
A6cooTHOe TpocTpaHCcTBO-BpeMsa AST Hynepoit (2 =0) W 6GeckoHeYHOH
(2 =) KpUBU3HBI OJHOBPEMEHHO, CJYXUT OCHOBOW [JIsl OCLWLISIUN
Ynpapastomeid CynepMHuModt EpuHunbl ¢/, nepuojuyeckd HHULUHUpPYIOLIEN
Bosbmolh B3peiB BB ¢ mnociaefywiiuM CxjonbiBaHHueM Cr W NepUOSOM
peJlakcaluu.
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lnaBa 4 CBOICTBA U XapaKTePUCTUKM NEPBUYHOrO (MaTEPUHCKOrOo)
ABCONIOTHOrO NPOCTPaHCTBa-Bpemenn 4ST

4.4 Mepwuopa Penakcauynm (Cry,_4 - BB,). CocTtoaHne HeonpeaeneHHoCcTH 6a3oBbix
napameTposB

B moment C(r, VYnpasasgwumaa CynepmHuMaa Ejpununa I nepecraer
B3auMojielicTBoBaTh ¢ “4ST. COOTBETCTBEHHO, MepBUYHOEe (MaTEePUHCKOE)
AGCONMIOTHOE MNPOCTPaHCTBO-BpeMsi ST CTaHOBUTCA MyCTbIM, G€3KU3HEHHBIM,
JIMILIEHHBbIM KaKUX-JU00 NpPOLEecCcoB U eJUHUL, U3MEPEHHs, B CBA3U C OTCYTCTBUEM
MHHMMOU Napabo/nuecKo eJUHULbI I, 33/jat01jel COOTHOLIeHUs 25 u 26.

Ha ocHOBaHMWHM BBILNIEU3JIOXKEHHOTO MOXHO MPEJINOJIOXKUTb, YTO BCe 0a30BblE
napaMeTphl B IepUO/] pesiakcaliiy NpebbIBalOT B COCTOSTHUM HEONPeieIEHHOCTH.

BuiBoz: mepBuuHOe (MaTepUHCKoe) AGCO/IIOTHOE NPOCTPaHCTBO-BpeMsa “ST B
nepuoj, pesakcauuu wuiaud nepuogae Cr,_; - BB, - HaxogUTCAd B COCTOSHUH
Heollpe/leJIEeHHOCTH.

4.5 Mepuvopa ot bonbuworo B3pbiea A0 ovepenHoro CxnonbiBaHua (BB, - C13,)

Ha ocHoBaHuM BbIBOJA mpeablgyliero mnaparpada poJib YnpasJiswouiei
CynepMHuMou EnnHulel ¢/, vHULMUpPYolLel BB - cTaHOBUTCS 60J1€€ OCMbICIEHHOMU.
OHa BHOCHUT B IIeEpBHUYHOE 06006111eHHO€e (MaTepUHCKOe) AGCOIIOTHOE TPOCTPAHCTBO-
BpeMa AST cTolb HEOGXOJMMYI MHMMYH NapaboJIMYecKyl eJMHUILY,
yCTaHaBJIMBAas COOTHOIIEHUs 25 U 26.

PaccMoTpuM npouecchl eiCTBUSI MHUMOM Napaboinyeckoi eJMHUILbI - | B MOMEHT
(mpennBepun) BB Ha npuMepe ypaBHeHUs 1, rae S - paccTosiHue-paguyc cepbl
paBeH:

§% = (dx? + dy? + dz?) (1)

IIpaBast 4acTh 3TOr0 ypaBHEHHs, COTJIACHO HaLleMy NpeJIoJI0KeHuI0, B 4ST MoxeT
ObITb paBHa MHUHMMAaJbHOMYy M MAaKCUMaJIbHOMY KOPPEKTHbIM 3HA4Y€HUSIM B
MaTeMaTuke: 0 1 +00. Torzia, COOTBETCTBEHHO, ec/id S2 = 0

S=+0 (27)

B mMomeHT BB, BMecTto 0, BCTymaeT B CUJIY KBaZpaT MHHUMOHN MapabosiMyecKou
eVHULBI - [, U B pe3yJibTaTe MoJy4yaeTCH:

s=4r (28)

Jlasiee, COOTBETCTBEHHO:

S=1=1 (29)
Ecimn §? = oo

S =+ (30)

B MomeHT BB, BMecTo o, BCTyHaeT B CUJy KBaJipaT MHUMOW NapabosinyecKou
eUHULBI - [, U B pe3yJibTaTe MoJy4aeTCH:

S=+I? (31)
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,ﬂaﬂee, COOTBETCTBEHHO:
S=1=1 (32)

TakuMU yAMBUTENbHBIMU NYTAMHU, HYKAAOIUMUCA B IPUAUPYNBON KPUTHUKE, Mbl
noJjiyyaeM YmpapJjsouylo chepy C pacCTOSHUEM-PAJJUyCOM pPaBHOMYy MHUMOU
napabosM4eckol eAuHUIE, KOoTopas Kak B 3ddekTe JOMHUHO MOJHOCTBIO
npeobpakaeT napaMeTphl, BXoJdllHWe B ypaBHeHWe 15 wu 3ajaeT cTapT
napa6oJMyeckoMy paccjoeHuto B ST, a Takke HayajJo OdYepejHOro Mepuoza
BB - Cr.

Huoxe NpUBOJATCA HEKOTOPbIE CBOWCTBA ¥ XapaKTepUCTUKHU 4ST.

1. PasmepHOCTb

B momeHT BB u o Cr nepBu4YHOe (MaTepHUHCKOe) AGCOIIOTHOE MPOCTPAHCTBO-
Bpema ‘ST u MHMMas napa6osaudeckass eguHMLA | 06pa3yloT 0606LIeHHOE

[lapakomIiekcHOe IPOCTPAHCTBO-BpeMs AST, COCTOSLIEro Y3 6
NapaKoMILJIEKCHBIX U3MepeHUH:

* 3 - OIpOCTPaHCTBEHHLIX KOOPAUHAT ST}

+ 1-BpeMenu AT B 4ST;

* 1 - MHUMOMU napaboyiMyecKor NPOCTPAHCTBEHHON eAUHULbI [;
+ 1 - MHMMOro napa6ojudeckoro speMenu 4T.

PaccMoTpeHue pasMepHOCTe# caMoCOoTIacOBaHHbIX IPOCTPaHCTB-BpeMeH “ST u
DST Bxopamux B 4ST He BXOAUT B Liesid JaHHOM ['1aBbl. OHM 6YyT pacCMOTPEHBI
B ['1aBax 5 u 12 faHHOM cTaTbH.

2. BasoBble kaTeropum B 4ST:

* Marepusa 4M: nepBuYHas ynpas/sgoLas;
+ Jueprud 4E: nepBuyYHas ynpas/foLias;
*  Uundopmanus “I: nepBuYHas ynpas/sAomas.

3. 3HauyeHue 6a30BbIX MapaMeTpOB B 4ST:

Jna HekoTopod yactu (okosio 10%) NJOTHOCTA MaTepud W 3HEPruu
AGCOJIIOTHOTO _ NPOCTPAHCTBAa-BpeMeHU  4ST  clpaBeIMBBI __ CJeAVIOIIHe
COOTHOIIIEHUS:

* paccrosgHue-paguyc chepbl: 4S =1 = 1;

« Bpema: T =]=1;

s KpuBM3Ha: 10 =1=1;

s ckopocTh: 4V =1 =1;

 rpaBuTanus: 1Gr =1 =1;

« TeMneparypa: K =1 =1.
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lnaBa 4 CBOICTBA U XapaKTePUCTUKM NEPBUYHOrO (MaTEPUHCKOrOo)
ABCONIOTHOrO NPOCTPaHCTBa-Bpemenn 4ST

4. Teomerpus B 4ST:

* 3JBKJIMJA + MHHMMasg napabosuyeckass chepa ¢ 6a30BbIMU IapaMeTpaMH
paBHbIMU [;

e [IlaTeid mocTysnaT: B IJIOCKOCTHM 4Yepe3 TOYKY, He JIeXKAllyld Ha JaHHOH
NpAMOM, MOXXHO NPOBECTH OJHY M TOJIBKO OJHY NpPSMYI0, Napa/ljle/IbHYIO
JaHHOH;

* (CyMMa yr/0B TpeyroJbHuKa: Za + £ + £y = 180°.

5. DHTponus

Haxox/eHus NoAXo0B /18 UCC/el0BaHUs BaXKHEMIIero NoHATUA SHTponuu A H
B IpOCTpaHCTBe-BpeMeHu ST B 060ux nepuogax: ¢ Cr,_; 1o BB, v ¢ BB, no Cr,
- SABJISAETCA MCKJIIOUYMUTEJbHO IEPCIEKTUBHBIM M MOXeT JaTb OTBeThbl Ha
HEKOTOpble BONPOCHI.

BbeiBOZibl: MHOrMe IIOJIOXKEHUS, MpeJCcTaBJeHHble B 3ToW [JlaBe - ABAATCA
JIMCKYCCHOHHBIMHU U TPEOYIOT Ja/IbHENUIIMX BCECTOPOHHUX UCCIEJ0BAHUM.
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5.1 PaamepHOCTb NPOCTPAHCTBA M BPEMEHM

[naBa 5 CpaBHWUTE/bHbIE CBOMCTBA U XapaKTEPUCTUKM NPOCTPAHCTB-
BpemeH LST n PST

Huoxe IpUBOAUTCSA ONMCAHUE U CPABHEHHE aHTarOHUCTUYECKUX CBOIMCTB U
XapaKTepUCTHK IByX IPOCTPaHCTB-BpeMeH “ST u PST.

MlpocTpancTBo-BpeMs “ST

MpoctpancTBo-BpeMs °ST

Pa3zMepHOCTb NpOCTpaHCTBA: 4-X
MepHoe, 3 IPOCTPaHCTBEHHDIX
KOOpAWHATHI U OJJHO U3MepeHUE —
BpeMeHH 'T;

MHMUMas pa3MepHOCTb: 2-X MepHas

1 MHMMasd runep6oinyecKas eJuHULA
i 1 1 usmMepeHre MHUMOTO
ruIepo60JIM4ecKoro BpeMeHH ;t.

PasMepHOCTb IpOCTpPaHCTBA: 4-X
MepHoe, 3 IPOCTPaHCTBEHHBIX
KOOpPAMHAThI U OJJHO U3MEepEHME —
BpeMenu °T;

MHMUMas pa3MepHOCTh: 2-X MepHOe

1 MHMMad aJIIMNTHYeCcKas eJUHULA I U
1 u3MepeHHe MHUMOTO
3JUIMIITUYECKOTO BpEMEHH ;t.

5.2 O6uime 3aKoOHOMEPHOCTH

llpocTpancTBo-BpeMs “ST

MlpocTpancTBo-BpeMs °ST

[IpocTpaHCTBO — OAHOPOJIHO U
MU30TPOIHO.

B HeM peasiusyeTcs LieI0YMCIeHHAs
pa3MepHOCTb, BbIpaXKeHHast yepes
IeJIble YHUCIIa.

[IpsAMBIM cJ1€/ICTBHEM 3TOTO
YTBEPK/eHHUs SABJSAIOTCS: TOUHbIE
yHZaMeHTaNbHbIe KOHCTaHThI B “ST.

[IpocTpaHCTBO — HEOJHOPO/IHO U
aHU30TPOIHO.

B HeM peasiu3yeTcs LeJI04UCTIEHHAs
pa3MepPHOCTb, BhIpaXKeHHast uepe3
Zipo6Hble yrucaa (cm. 1. 3.11 'naBel 3).
HmeeT PppakTanbHyo npupoay [78, 79,
80, 81, 82, 83] 1 BO3MOKHO p-
Annueckyto CTpyKTypy [84, 85].
[IpsiIMBIM CJIeICTBUEM 3THUX
XapaKTEePUCTHUK ABJISIOTCA:
bIyKTyallMOHHbIE TapaMeTpPhl,
crpemamuecs B °STk npezeny
3HaUYeHUH, ABJASAIOILUMHUCH
3KBUBaJIeHTaMU TOYHbIM KOHCTAHTaM
B “ST.
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FnaBa 5 CpaBHUTE/IbHbIE CBOMCTBA M XapaKTEPUCTUKM NpocTpaHcTe-spemeH ST n PST

5.3 CBOIACTBA M xapaKTepucTuku spemenn “T n spemenn PT

MlpocTpancTBoO-Bpems ST

MpocTpancTBo-Bpems PST

Bpemsa LT: 06bexkTHUBHO, HenpephIBHO,
OZJHOPOJZIHO;

HanpaBiieHHOCTBb (BEKTOp UJIM CTpesia)
BpeMeHU: U3 NIPOLLJIOro B byayliee;
Bpewms cymectBoBanud T
OTCYMTBIBAETCA C MOMeHTa BB u
3aKaHYMBaeTCs B MOMEeHT (T;
Enununa Bpemenu 'T - ycioBHas,
VIMEeHYeTCs CEKYH/I0;

Bpewms 'T = 14 mapg. neT (corsiacHo
COBpPEeMEHHBIM JJaHHbIM);
[IpoTekaroiirie BpeMeHHbIe IPOLECChI
Ha 3eMJie 006J1a/1al0T OMNpe/ieJIEeHHOU
UKJIMYHOCTbIO, CBSI3aHHOMU C
nepyoZioM obpaiieHus 3eMJIu BOKPYT
CostHna: “Trepyon = 365,25636604
CYTOK;

1 conHeuHnbi¥ rog = 365.2564 cytok /
1 cyTku = 24 yaca / 1 yac = 60 MUHYT
/ 1 Munyta = 60 cexyHa / 1 cekyHga =
9.192.631.770 neprojaM U3Jay4eHUs
COOTBETCTBYIOILEMY ITIEPEX0OY MEXIY
JIByMsl CBEDXTOHKHUMHU YPOBHSMU
OCHOBHOT'O COCTOSIHUSA aTOMa Lje3us-
133 B nokoe, npu 0K.

Bpems T : cy6beKkTUBHO, JUCKPETHO,
HEOJJHOPO/JHO, aHU30TPOIIHO;
HanpaBsieHHOCTb (BEKTOp WJIU CTpeJia)
BpeMEeHHU: TpebyeT UCCiel0BaHUM;
Bpewms cymecrBoBanusa °T :
OTCYUTBIBAETCA C MOMeHTa BB u
3aKaHYMBaeTCs B MOMeHT (T;
Enununa spemenu °T - ne
onpezeJeHa;

Bpems °T -no BennuuHe aBaserca
OTpHULIATEbHbBIM;

[IpoTekaroirie BpeMeHHbIe IPOLECChI
Ha 3eMJie 06J1a]al0T OMNpe/ieJIeHHOU
UKJIAYHOCTbIO, CBI3aHHOM C
nepuozioM obpaiieHus JIlyHbl BOKpYT
3emsiu [86]. B aToM ciyyae
JUINTEJIbHOCTb OCHOBHOTO [[UKJIa
U3MepeHus B eAMHULAX ST paBHa
CHHO/IMYECKOMY JIYHHOMY T'OAY:

DT epron = 29,530588 cyToK;

Bpems T moHO oxapakTepu3oBaTh
KaK: BHYTPEHHee, CKPbITOE, JIOKAJIbHOE,
p-AnyyecKoe, BOJIHOBOE;

OZHO M3 Ba)XHEHNLIUX CBOMCTB BpEMEHU
DT - apnaerca To, uTo 0HO cOCO6HO
$IYKTYupoOBaTh U yCKOPATHCS:
HM3MEeHSITb CBOU TeMI NpHU
MOJIOKUTEJIbHOM WJIM OTPULATEJIbHOM
yckopeHuH (cM. 1. 6.8 ['1aBeI 6).
HecMmoTpsi Ha HE06XOUMOCTb
Jla/IbHEHNIIEero OCMbICJIEHUS U
uccae0BaHui cBONCTB BpeMeHu T
CYLLeCTBYIOT pabOThI 1O
MaTeMaTU4eCKOMY MO/ eJIMPOBaHUIO
CBOWCTB ceBJ0-BpeMeHHU [87, 88, 89],
N03BOJIAIOLME 0JIy4aTh

3¢ dekTUBHbIE pe3y/IbTaThl Ha
NpaKTHUKe.
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5.4 KprBM3Ha, CyMMa Yr10B TPeyrosbH1Ka 1 CBOMCTBA

MlpocTpancTBo-BpeMs “ST

MpocTpancTBo-Bpems PST

 Kpususna ST nonoxurebHa
(tw > 0);

* CyMMa yrJioB TPeyroJibHUKa:
La+ £f + 2y > 1809
 TlpocTtpaHncTso 'ST: pacmupsercs
OZIHOPOJIHO OTHOCUTeNbHO AST ¢
MoMmeHTa BB fio Cr (cM. puc. 1) o

cTpesie BpemeHu “T.

Kpususna ST otpunarensna
Pw < 0);
CyMMa yrJioB TpeyroJibHUKa:

za+ £f + 2y < 1809
IllpocTpancTso PST: cxumaerca
HEOJIHOPO/HO U aHU30TPOIHO
oTHocuTeabHO 4ST ¢ MomeHTa BB 10
Cr (cMm. puc. 1).

5.5 TemnepaTypa 1 aHTpONKUA

llpocTpancTBo-BpeMs “ST

MlpocTpancTBo-Bpems PST

* TeMmneparypa B MOMeHT BB - ropa4ag;

« Jurponus “H ysennduBaercs no
L

AlH
cTpeJie BpeMeHH LT: N 1;

« Jutponus “H asnaerca
OTpHULATeNLHOM 10 OTHOIEeHUH K PH.

Temnepartypa B MOMeHT BB -

X0JIOAHAS;

dutponus PH ysennyusaeTcs Bo
pm APH

BpeMeHH “T: —; < |—1];

durtponusa PH asnserca
OTpUIaTeNbLHOM 0 OTHOLIEHHIO K “H.

5.6 leomeTpua, 5-1n nocTynaT n MeTpurKa

llpocTpancTBo-BpeMs “ST

MlpocTpancTeo-Bpems °ST

* Teometpusi Pumana (R)
3JUIMIITUYECKAS;

* [l9ThIM NOCTYy/IAT: B IJIOCKOCTH Yepes
TOUKY, He JIeXall[yl0 Ha lTaHHOH
NpSMOM, HeJIb351 IPOBECTU HU OJHY
JIMHUIO, NapaJlJieJIbHYI0 3TOW NPSAMOU;

e ApxuMe[oBa MeTpHUKa.
B cucreme usmepenui CH paccrossnue
u3MepsieTcs B m (MeTpax).
[TousiTre [I1aHKOBCKOM AJIMHBI
(I,~ 1073* cm) B “ST - siBAsieTCAA
npeAMeTOM Jia/IbHEeNIINX
HhccaeJoOBaHU M.

['eomeTpus JlobaueBckoro-bosibsiu
(LB) runepbosinueckas;

[IATHIM OCTYJ/IAT: B IJIOCKOCTH Yepe3
TOUKY, He JiexKallylo Ha JJaHHOH
NpsIMOM, MOXKHO IPOBECTHU
6eCKOHeYHOoe KOJIMYEeCTBO JUHUH,
napaJijieJIbHbIX 3TOW MPSIMOU;
HeapxumesoBa MmeTpHUKa.
OmnpejiesieHue paccTosiHusA B PST -
SBJISIETCS IPeIMEeTOM JlaIbHEUIIUX
HUcCaeJ0BaHUM.
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5.7 Matepwus, aHeprua n MHpopmauma

FnaBa 5 CpaBHUTE/IbHbIE CBOMCTBA M XapaKTEPUCTUKM NpocTpaHcTe-spemeH ST n PST

llpocTpaHcTBO-Bpems ST

llpocTpancTBo-Bpems PST

Matepus “M: Macca - nonoxuTenbHas
(MJIOTHOCTb MaTepPHUH -
NOJIOXKUTEeJIbHaA);

®opma MaTepuu “M: yacTuIbI;

Jueprus: LE - nonoxurennuas
(MIOTHOCTH 3HEPTUH —
N0JIOKUTEJIbHAsA);

Uudopmanus: LI - croxacTudeckas.

Antumatepusa PM: macca -
oTpunartesbHas (MJIOTHOCTb
aHTUMaTEPHUH — OTPULIATEbHAs);
®opma anTUMaTepuu " M:
JlelieHTpain30BaHHas (COryiacHo
TUIOTE3€e, PACCMOTPEHHO B JaHHOM
CTaTbe — TOMOJIOTUYECKHE COJIUTOHBI);
dueprus: PE- oTpunare/bHas,
(IJIOTHOCTh 3HEPTHUH —
oTpuLaTebHas);

Undopmanus: °I - ppakranbHas.

MarHUTHbIM 3apaa, 6

5.8 I1eMeHTapHbI 3NEKTPUYECKMI 3aPAL g U 3NeMEHTaPHbINA TOMNONOrMYECKUI

llpocTpancTBO-Bpems ST

llpocTpancTBo-Bpems PST

JyieMeHTapHbIN 3JIEKTPUUECKUH 3apsi]

q - dyHlaMeHTa/ibHas GusndeckKas

NOCTOSIHHASL, KBAHT 3JIEKTPHUUYECKOTO

3apsi/ia, paBHbIN 3apsAy 3J1eKTPOHa e~ :
q= 1,602 - 107 Kn (CH);

JJieMeHTapHbIA 3JIEKTPUYECKUM 3apsi/]
g MOXeT cyuiecTBoBaThb B °ST TosbKo B

BUJEe qumnons §- t;

3akoH KyJi0Ha, onpeie/III0IUNA CUITY
LF peiicteyromyio mexay nByms
TOYEYHBIMHU 3JIEKTPUYECKUMHU
3apAajaMu:
L _ 1,91-492 _
F = kT (rpe, k =

4me, );
Pa3HouMeHHbIe 3JIEKTpUYIEeCKHe
3apAabl — IPUTATUBAKOTCA;
OAHOI/IMeHHbIe JJIEKTpHUYEeCKHue
3apAabl — OTTAJIKKMBAIOTCA.

JyieMeHTapHbIH TOMOJIOTUYECKUI
MarHUTHBIHN 3apsi] 0 [90,91, 92, 93]
byHlaMeHTaIbHbINA GU3NYeCKUU
GAYKTYyalMOHHBIN TapaMeTp, KBaHT
MarHUTHOTO 3apsJa (MOHOIOJIb),
paBHbIM 3apsay nosutpona é+ B PST.
YucneHHoe 3HadeHue § TpebyeT
onpejiesIeHus.

JsieMeHTapHbIU TONOJIOTUYECKUH
MarHUTHbIH 3apsaf 6 MoxeT
CyLLleCTBOBAaTh B LST Tonbko B BUzE
aumnounsd 61 ~;

TpebyeTcs HaliTH 3akoH (bl),
onpezensomuii(ue) cuabt °F_g
JleMCTBYIOIIME MEXAY IByMS
TOTIOJIOTUYECKUMHU MarHUTHbIMU
sapajgamu 0; u 6,, 3kBUBaeHTHbIH (e)
3akony Kysiona B LST;

PazHOMMeHHbIe TONOJOTUYECKHUE
MarHUTHbIE 3aPs/bl — OTTAJKHUBAIOTCS;
O HOMMEHHbBIE TOMOJIOTUYECKHE
MarHUTHbIE 3aPs/bl — IPUTATUBAIOTCS.
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5.9 dneKTpomarHuTHble BoIHbI (OMB) 1 NO3UTPOHHO-3NEKTPUYECKne BOAHbI (MIB)

MlpocTpancTBo-BpeMs “ST

MpocTpancTBo-BpeMs °ST

JyileKTpOoMarHuTHble BosHbI (AMB) ¢
IEePBUYHBIM 3JIeMEHTAPHBIM

IJIEKTPHUYECKHUM 3apAA0M U BTOPUYHBIM

MarHUTHBIM 3apsiZ0M
(3/1eKTpOMarHUTHOE B3aUMO/JIeMCTBUE)

[TosuTpoHHO3/IeKTpUUeckue BoJiHbI ([13B)

C IepBHUYHBIM 3JIECMEHTAPHbBIM

TOMNOJIOTUYECKU MarHUTHbIM 3apdA40M U

BTOPHUYHBIM 3JIEKTPUYECKUM 3aps10M
(cubHOE B3aMMO/IeHCTBUE)

YpaBHeHus MakcBeJia:

= B
rotf = ——
at

P D
&y €

— - 65
rotH = | + 5

= B

Ho U
divD = p
divB =0
rze, E - BEKTOp HaANPS»KEHHOCTH
3JIEKTPUYECKOTO MOJIs;
D- BEKTOp 3JIEKTPUYECKON UHAYKIIUU;

H - BEKTOp HaNpAXXEHHOCTHU
MarHUTHOTO I10JIf;

B - BeKTOp MarHUTHOM UHAYKIUH;

J - BEKTOp IJIOTHOCTHU 3JIEKTPUUYECKOTO

TOKA CMelleHHS;
p — 06'beMHasi IJIOTHOCTD e —3aps/ia;
TpebyeTcs BHecTU MoAMPUKALIUH B
ypaBHeHHsI MaKcBeJsia C y4eTOM
(Tpebyroimux onpeseaeHus1)
3KBUBaJIEHTHbIX YPaBHEHUH,
onuceiBaromux [19B B PST;
MoauduiupoBaHHble ypaBHEHU S
MakcBeJi1a JOKHBI ObITh
CaMOCOTJIaCOBAHHBI C
5KBUBaJIeHTHBIMM ypaBHEHUsAMU B PST
C HUCIOJIb30BaHUEM «H/I€aJIbHOTO
06MEHHOT0 B3aUMOIeCTBUA» B AST
(cm. TmaBy 7 «Ilpupoja criviHay).

TpebyeTcss HAUTH ypaBHEHHUS],
ONHMChIBAIOIME TO3UTPOHHO-
3JleKTpUdecKue BoJHbI B ST
3KBUBaJIEHTHBIE U
caMoCoOTrJlacOBaHHbIE C
MOIUGUIIMPOBAHHBIMU YPaBHEHHUSIMH
MakcgeJiia B LST;

TpyaHocTu:

cBoiicTBa PST HefOCTaTO4HO
W3y4eHbl;

BpeMs - °T - He onpese/ieHo;
MO/IX0/Ibl K U3MEPEHHI0 BpEMEHH —
DT - orcyrcrBytor;
JlelleHTpa/In30BaHHasA popMa MaTepuHr
B PST He ornpejeJsieHa;

3Ha4YeHHe 3J1eMEeHTApPHOT O
TOMOJIOTUYECKOTO MarHUTHOTO 3aps/a
6 - He yCTaHOBJIEHO;

IJIOTHOCTD pacnpeesieHus
3JIEMEHTAPHOI0 TOMOJIOTUYECKOTO
MarHuTHOro 3apsza 6 Ha
JlelleHTPAIM30BAaHHOM 06'bEeKTe
AaHTUMATEPHUHU B DST e usBectHa;

YpaBHeHud, onuceiBawue [19B
JOJKHBI OBITH CAMOCOTJIACOBAHHBI C
SKBHUBaJIEHTHBIMH
MOAUGULUPOBAHHBIMU yPaBHEHUSMU
MakcBesu1a B “ST ¢ ucnosip3oBaHueM
«UJieaJIbHOro 0OMEHHOT0
B3auMozeicTBus» B AST (cM. ['naBy 7
«[Ipupopa cnuHa»).
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FnaBa 5 CpaBHUTE/IbHbIE CBOMCTBA M XapaKTEPUCTUKM NpocTpaHcTe-spemeH ST n PST

5.10 ®OTOHbI ¥ 1 TEMHble GOTOHbI ¥

MlpocTpancTBo-Bpems ST

MpocTpancTBo-Bpems PST

» CaeT cocTOUT U3 GOTOHOB - Ly (uam
NPOCTO ¥) NepeHOCYMKOB KBAaHTOB LA
sHepruu “E J/1eKTpoMarHuTHBIX BosH
(3MB);

* ®opma poTOHA: YACTHUIIbI MATEPUH;

* Macca potoHa:m = 0;
* JusieKkTpuyeckuu 3apsaa: q = 0;
* Cnun: .S = £1.

TeMHBIU CBET COCTOUT U3 TEMHBIX
doTonos - Py (unu npocro 7)
NepeHOCYUKOB TEMHBIX KBaHTOB Ph
TeMHOH 3Hepruu PE
[Io3UTPOHHO3JIEKTpHUYeCKHUX BoJIH
(cunbHOTO B3aUMOJENUCTBUSA);

B TSSCU rito0HBI - g ¥ MarHOHBI -
SIBJIIFOTCS TEMHBIMU POTOHAMU - ¥;
®opma TeMHOTrO QOTOHA:
JlelleHTpaIu30BaHHbIE 00'bEKThI
aHTuMartepuu (cMm. ['naBy 7);

Macca TemHoro ¢potoHa:m = 0;
MarHuTHbIN 3apsj;: 0 =0;

CruH: S = £1.

5.11 CKopoCTb CBeTa € M TEMHOrO cBeTa €

llpocTpaHcTBO-Bpems ST

llpocTpancTBo-Bpems PST

* CKOpOCTb CBETA B BaKyyMe - C,
COCTOSILIETO U3 YacTHUL, GOTOHOB Y - HE
MOJKET MPEeBbINIATD:

c = 299792458 m/c

CKOpOCTb TEMHOTO CBeTaA - C,
COCTOSIIIIEr0 U3 TeMHBIX POTOHOB ¥ -
TpebyeT UccleJOBaHUH, C y4ETOM
cBoiicTs PST, MmeTpuku 3ajaroeit
paccroanue - °S , Bpemenu - °T, a
TaKXe MO/IX0/1bl K OlNpefie/IeHUI0
eIMHULbI U3MepeHus - PT.,

B asnire6pe c abCOMOTHBIM
JIOMUHAHTHBIM MUHYCOM OHA
COOTBETCTBYET yCPeJHEHHOMY

3HAYeHHUIO:
. 1

E=—-

c
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[naBa 6 Tpex NpPOCTPaHCTBEHHO-BPEMEHHAA MOAENb KBAHTOBOM
NONOXUTENbHOM rpaBuTaummn B LST 1 MHoroksaHToBOM
oTpuULaTenbHOM rpasuTaummn B PST

6.1 3aKoHbI BcemmpHoro TaroteHua B ST v ee skBuBaneHT (aHTuTAroTeHma) 8 °ST

llpocTpancTBO-Bpems ST

llpocTpancTBo-Bpems PST

3aKOH BCEMUPHOIO TATOTEHUSA
(3BT):

Lp = —Lg _m1R2m2
rje, TpaBUTalMOHHAsA
nocTosiHHad “G - oTpunare/bHa
L = —-6,67408 - 107t m3kr~1c ™2
Bce Tes1a npUTATUBaOTCS.

TpebyeTcs HAWTH ypaBHEHUA [
3akoHa(0B) aHTUTATOTEHUS
9KBHUBAJIEHTHbIE yPAaBHEHUIO,
onuchiBaomemy (3BT) B LST:

DFl—n =)

Bce Tesia oTTaskuBaroTCc.

6.2 O6uan Teopua oTHocuTenbHoct (OTO) B LST v ee sksusanenT 8 PST

IllpoctpancTBO-BpeMs LST

MlpocTpancTBo-Bpems °ST

OTO:
_ 8myg
Gy + Ag,w = T Tyw
rae, Gy, - TEH30p JDUHIITEHHA;

Ag - KOCMoOJIornyeckada
uv

[IOCTOSAHHAA;
L g - rpaBuTanmonnas nocrosHHas;
C - CKOPOCTb CBETa B BAKYyME;
T,y - TEH30P 9HEPTUU-UMITyJIbCa
MaTtepuu “M;

G;w = R/w - %g,uvR
rae, Ry, - TeH30p Puyyy;
R - ckasisipHasi KpUBU3Ha;
Juv — METPUKA;

JdTa cucTeMa ypaBHEHHUH JOJDKHA
ObITh CAMOCOIJIACOBAHHOM C
OyAyUMMH 3KBHBaJIEHTHbBIMU
ypPaBHEHUSMHU B DST n,
COOTBETCTBEHHO, HAaKJ1a/IbIBATh Ha
HUX CylLleCTBEHHbIE OTPAHUYEHUS.

TpebyeTcss HAUTH CUCTEMY
ypaBHEHHUH, 9KBUBaJIEHTHbBIX
ypaBHenusam OTO B LST.

B aToy cucteMe ypaBHeHU M
JlOJKHBI OBITb COOTHOIIEHUSA
MeX/ly aHTUMaTepueil B popme
TOIOJIOTUYECKOTr'0 COJIMTOHA
(byHaaMeHTa/IbHO-CLENJIEHHOU C
Matepueit B LST) v KpMBU3HOK
IPOCTPAHCTBA-BpeMEHU
OTpUIaTebHON KpUBU3HEI PST.

JdTa crucTeMa ypaBHEHUH JJOJDKHA
OBITH CAMOCOTJIACOBAaHHOM C
ypaBHenuamu OTO B LST u,
COOTBETCTBEHHO, HAaKJ/1a/IbIBAaTh Ha
HUX CylLIeCTBEHHbIE OTPAHUYEHUS.
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lnaBa 6 Tpex NpOCTPaHCTBEHHO-BpeMEeHHas MoAeslb KBAHTOBOW
NONIOKUTENbHOM rpaBuUTaLmm B ST U MHOrOKBaHTOBOI OTpULATEIbHOM rpasuTaumm B PST

* OTOBTSSCU:
1) 4g,=0,
2) lpu oTCyTCTBUM MaTepuu “M
npoctpaHcTBo LST - He aBnAeTca
NYCTbIM, @ COCTOUT U3 TKaHH,
paciupsiouencsa Bo BpeMeHu T,
le # 0,R # 0,a cucrema
YPaBHEHUU HYKJaeTCs B
JIOTIOJTHEHUH, YYUTHIBAKOIIUM
$oHOBOE U3MEeHEHWe KPUBU3HBI Lw
Y pacll¥ipeHre TKaHe!
IPOCTPaHCTBA-BpeMeHHU (CM. 4aCThb
3 3a/1a4u, cGOpMyJIUPOBAHHOMU B
KOHIe 1. 6.7 faHHOM [1aBbI).

6.3 NoctoaHHaa Xabbna “Hy, 8 LST v ero sksuBaneHt DHb1_5 B PST

llpocTpaHcTBO-Bpems ST llpocTpancTBoO-Bpems PST
* Ha ocHOBe coBpeMeHHbIX Hay4HbIX | * B npocTpaHcTBe-BpeMenu ST
JlaHHbIX [94, 95, 96] HaM U3BECTHO JIOJIKHBI CY1LeCTBOBAThb CBOH,
3HaYeHHe «JUMHAMHYeCKOU «AMHaMUYeCKHe PJIYKTyallMOHHbIE
MOCTOSAHHOM» Xa66s1a “H,, napametpsi» "Hy, _,
XapaKTepHu3yroliee CKOpoCTb XapaKTepHu3yrlde CKOPpOCTH
OAHOPOAHOI'0 paClIMPpEHHUA HEOJHOPOJAHOI'0 aHU30TPOIIHOT'O
Ha6JII0/JaeMOoT0 CKaTHS 3TOT0 HeHabJ1l01aeMoro
mpocTpaHCcTBa-BpeMenu “ST, Hamu PST, B COBOKYIHOCTH
IIPAMEPHO paBHOE: SKBUBaJIeHTHble “Hp:
Lp, = 73,04 +1,04 (xm/c)/Mnc PHy, . =)

B Tpex npocTpaHCTBEHHO-BpEMEHHOW MOJieJIU CTpoeHUs1 BcesleHHOM epBUYHBIN U
NOC/JeYIOIIUNA HYK/J€OCUHTES, BK/IIOYasA CUHTE3 TAXKeJIbIX 3J1IeMEHTOB IPOUCXOJUT
[0 NPUHLUIIUAJBHO APYroMy CLEeHapHUIo, M0 CpaBHeHUIO0 ¢ Mozenbo ACDM. OH
CTPOUTCA Ha OCHOBE TpeX INpPOCTPAHCTBEHHO-BPEMEHHOM 4YaCTHUIe-COJIUTOHHOU
MOJZieJIM aToMa ¥ aTOMHOro fAzapa (cM. ['1aBy 8). B HeM, npakTU4eCKH, OTCYTCTBYeT
AHHUTWJIALMS 00pa3ylIIUXCsd MaTePUM M aHTUMATEPUM, a TAKXKe, OTCYTCTBYET
3Moxa peKoMOWHALUMHU. JTO OlpefesseT KpPUTHYeCKoe OTHOIIeHWEe aBTopa K
3HAUYEHUI0 MOCTOsSHHOU Xa66sia [97, 98], mosiyueHHOro Ha OCHOBe 0Ge3ympedyHbIX
JIaHHBIX MUKPOBOJIHOBbIX KOCMHUYeCKUX TeseckonoB WMAP u [ln1aHk, HO HeBepHOU
KocMmoJsiorudeckon mozenu ACDM. 3aciyXKMBalOT BHUMaHUA TaKXKe pe3yJ/bTaThl,
nosyyeHHble B pa6ore [99]. TakuM o06pa3oM, caMOCOIJIaCOBaHHblE NapaMeTphl,
KoTopbIMU onepupyet TSSCU, oTKpbIBaeT IepeJ, HAMU HOBble BO3MOXXHOCTH JJisl
IOCTPOEHUs] TOYHbIX MaTeMaTU4YeCKUX Mojesed, B TOM 4ucie U JJd
OKOHYaTeJbHOTrO0 pelleHus npo6semMbl Hubble tension.
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6.4 TKaHu npocTpaHcTe-BpemeH 4ST, LST u PST - kak peanbHble 1 06beKTUBHbIE
COCTaBAAOLLME YCTPOICTBA BceneHHoM

OcHOBHOM 3ajiayell COBpeMeHHOW (QU3UKHU - ABJsAETCd 00beJMHEHUEe KBAaHTOBOU
¢usuku v OTO, Kak sy4ylIed TEOPUU I'PAaBUTALMU HA CETOAHALIHUM AeHb. Jljid aToro
JleJIaloTCA  pas/JMyHble IMONBITKM  pa3paboTaTb MaTeMaTH4YeCKHe MOJesH
KBAaHTOBAHUA rpaBUTALUU WU KBaHTOBOI'O IPOCTPAHCTBA-BpEeMEHHU
CTaJIKUBaILMecs ¢ HenpeoLoJuMbIMU TpyAaHocTsaMU [100, 101]. [Ipu aToM ToyHOe
onpe/iesieHUe NOHATHSA KBAHTOBOTO IPOCTPAHCTBA-BpeMeHHU O0TCyTCTBYyeT. OGBIYHO,
JUISl er0 ONMCAHUA [10pa3yMeBalT BOSHUKHOBEHHE JUCKPETHOCTH B IPOCTPAHCTBE
Ha [lJ1aHKOBCKHMX MaclTadax JJUHBI (~1O_34 CM.). B cBfA3U C 3TUM, Mbl MOXKeEM
OJHO3HAYHO 3asBUTh, 4YTO B OJHOM 6-MepHOM (4 BellecTBEHHbIX: 3
IIPOCTPAHCTBEHHBIX U 1 BpeMeHHOe u3MepeHUs + 2 MHUMBIX: 1 MpOCTpaHCTBEHHOE
u 1 BpeMeHHOe U3MepeHHd) NPOCTPAHCTBe-BPEMEHU CO3JaThb CBOWCTBO
KBaHTOBOCTU — HEBO3MOXHO. B COOTBeTCTBUM € Halled T'MINOTe30M, HEOOXOLUMO
J106aBUTh, KAK MUHUMYM e€llle OJHO NPOTUBOAEUCTBYIOLleE U HE3aBUCHMOE 6-
MepHoOe (C 3KBUBaJIEHTHbIMU 6 MU3MepeHUsIMHU) NMPOCTPaHCTBO-BpeMs. [Ipyu TakoM
B3aMMO/IONIOJIHEHUHN JOJDKHBI COOJIIOAATHCS HEKOTOpble 06s3aTesibHble YCJI0BUA:
B3aMMOIIPO3PaYHOCTb 00OOMX MPOCTPAHCTB-BpeMEH, WX pPa3sHOPOJHOCTb U
HEKOMMYTAaTUBHOCTb, AHTAaroHW3M, a TakKXe HeoOX0JAUMOCTb IOCTOSHHOTO
B3aMMOJIeMCTBUA Apyr ¢ JApyroM. ToJbKO MHpU CTPOrOM COOJIOJEHHUU 3THUX
Tpeb6oBaHMH, B 000MX MPOCTPAHCTBAX-BpeMEHU BO3HUKAET CBOWNCTBO KBAHTOBOCTH.
[Ilpy 3TOM y KaXAOro M3 3TUX [BYX HE3aBUCUMBIX M aHTAarOHUCTUYECKHUX
IPOCTPAHCTB-BpeEMeH - OyAyT CBOM KBaHTbl JEeWCTBUS, KaK BbIHYXJEHHBIN
KOMIIPOMHUCC B NOCTOSSHHOM 6opbbe Jpyr c aApyroMm. /lo6aBHB, K 3TUM /[BYM
He3aBUCHMMBIM  INPOCTPaHCTBaM-BpeMeHH, 0000weHHoe  [lapakoMiiekcHoe
AbGconoTHOE  NMPOCTPAHCTBO-BpeMs, 4epe3  KOTOpOe  MPOUCXOAAT  BCe
B3aMMO/IEMCTBUSA U KOTOpOe sBjseTcs UHAUPPepeHTHhIM (6ecnpUCTPACTHBIM)
Ap6GUTpOM, Mbl B KOHEYHOM UTOr€e U NMOJYYUM UCXO/AHbIE N10JI0XKEHUSs], ONIMCaHHbIE B
['n1aBe 2. ['1aBHBIN BBIBOJ, K KOTOPOMY MBI IPUXO/JUM, 3aKJI0YaeTCA B TOM, YTOOBI
elle pa3 NOAYEPKHYTb HEOOXOJAMMOCTb M aJeKBAaTHOCTb Ha3BaHUA M. 6.4 U
HUKeCJIe[yIOLIero YTBePXKAeHUS.

C y4eToM TOro, 4TO B NpeAJIOKEHHOW HaMU TEOPUU TPU MPOCTPAHCTBA-BPEMEHHU
aKTHBHO B3aHWMOJEMCTBYIOT MeXJy CO0060H0 MO0 3aJaHHbIM aJfOPUTMaM, MbI
BbIHY?K/leHbl BBECTU NOHATHE TKaHel npocTpaHcTB-BpeMeH “ST u PST kak oco6ble-
noJieBble GOPMbl MAaTEPUU U aHTHMATEPUH, COAEPKAIIUX B ceOe COOTBETCTBYIOIIIME
SHEPrUIo U HHGOpPMaALHUIO.

TkaHb OJHOPOJZHOIO M W30TPOIHOIrO0 MpPOCTpaHCTBa-BpeMeHW “ST pacmupseTcs
(OTHOCHMTE/IbHO HENMOABMAKHOM TKaHU AST) 3a CYET CKATHUSA TKAHW HEOJHOPOLHOTO U
aHU30TPOIIHOrO NpPOCTpaHCcTBa-BpeMeHu °ST. ChpaBejiMBO M 06paTHOe, TKaHb
HEOJHOPOJHOTO W aHM30TPONHOrO MNpPOCTpaHCTBa-BpeMeHu PST — cxumaeTcs
(OTHOCMTE/IbHO HENOABMXHOM Tkanu 4ST) 3a cueT pacllMpeHUs TKaHU
O/IHOPO/IHOTO M U30TPOIMHOI0 NPOCTPaHCTBa-BpeMeHH “ST.
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lnaBa 6 Tpex NpOCTPaHCTBEHHO-BpeMEeHHas MoAeslb KBAHTOBOW
NONIOKUTENbHOM rpaBuUTaLmm B ST U MHOrOKBaHTOBOI OTpULATEIbHOM rpasuTaumm B PST

PaccMoTpuM npocTedini abCTpaKTHBIM NPHUMeEpP-MO/JeJib MJIOCKUX 3JIeMeHTapHbIX
A4eeK TKaHe# NpocTpaHcTs - BpeMeH “ST u PST B a6CTpaKTHbIM MOMEHT BpeMeHH
nepuopa BB-Cr, n3Haya/IbHO 00pa3yIUXCA U3 PABHOCTOPOHHErO TPeyroJbHUKA B
AST, cM. puc. 8.

Puc. 8. AGCTpaKTHBINA IPHUMep-MOAEb ILJIOCKUX
3JIeMeHTapHBIX A4eeK NPOCTPaHCTB-BpeMeH 'ST u
bsr, M3HAYaJILHO o6pasyromuxcs us
ajleMeHTapHOH  siyeiiku  (PaBHOCTOPOHHErO
TpeyroJbHUKa) B AST. Touku A, B u C - ABAAOTCA
TOYKaMu AGCOJIOTHOTO MPOCTPaHCTBA-BpeMeHU
AST B KOTOPOM CHHXPOHHO B Tsyncn POXAAIOTCA
touku A u PA, 1B u PB, 'C u PC, o6pasya Bo
BpeMeHU Lt 3JleMeHTapHble IYeUKU
IPOCTPAHCTBA-BPEMEHHU MOJIOXKUTETbHON
KpHMBU3HBI “ST u Bo Bpemenu °T mpocTpaHCcTBa-
BpeMeHM OTpHULATeJbHONH KpuUBU3HBI ST,
cooTBeTcTBeHHO. Touku “A u PA, "B u B, Cu®°C
- ABJAKTCA QYHAAMEHTAJIbHO CLENJeHHBIMHU.
Jlns HarasAgHOCTH Avelika B °ST u3obpaxeHa B
BUJle NPEepPbIBUCTON KPUBOH, HO HEOOXOAMMO
Cpasy OroBOPHUTbCS, 4YTO ¢QopMa TKaHEH U
anTuMmarepuu B CST TpeGyloT OT[elbHOro
nu3ydeHud (cM. 1. 6.8 gaHHoM [1aBbI).

JIIMHY reojiesuueckoit TMHUM B AST Mexy ToukaMu A U B - 0603Ha4uM yepes ASgl.
JliuHy reofiesudeckoil aMHUM B “ST Mexay Toukamu “A u 'B - 0603Ha4uM yepes
LSgl. 06061eHHyI0 Tpoekuuio Ha 4ST (cm. . 6.7, 6.8) reojesuyeckux JMHUM B PST

Mexay Toukamu °A u PB -, 0603Ha4um uepes DSgl.

OyeBusiHO, uTOo auas AST ¢ reomerpued EBkinpa (€) reopesuyeckass JIMHUS,
coefuHA0IAsA TOUKU A M B 1 npsiMast 1MHUA (0Tpe30K), COeJUHSAOIUNN TOYKU A U B
COBMNA/AIOT:

S

gl
=1 33

Jlns LST c reomeTpueit Pumana (R) reose3ndeckas JMHUSA, COeAUHAIONIAs TOUKH LA

u LB Bcerpa 6osblie (/1MHHEE) Te0ie3UUECKO IMHUM, COeMHAIOIEeH TOUKU A U B
A

B “ST:

LS ;

g
—>1 (34)
3HaueHHe COOTHOLIeHHUS 34 Mbl MOXKeM Ha3BaTbhb KO3PpPUIIMEHTOM Ireo/ie3udecKou

KPUBU3HBI MeX /1y ToukaMu “A u LB B LST.

52



AnekcaHap AswwanymoB «Teopus CTaLMOHAPHOM camocoriacoBaHHOW BceneHHon»

Jaa PST ¢ reomerpueii Jlo6aueBckoro-boabau (LB) 0606IieHHAas HOPOEKLUs
reojie3aN4ecKUx JUHUH, coeauHsomux Touku °A u PB Ha 4ST Bcerga MeHble
(kopoue) reo/ie3u4ecKoil IMHUY, coeMHAIeH Touku A u B B 4ST:

|°S41]
A,

<1 (35)

3HaueHUe COOTHOLIEeHUs 35 Mbl MOXeM Ha3BaTb KO3()UIUEHTOM reo/ie3uyecKoiu
KpUBU3HBI Mexy Toukamu °A u PB B PST.

B cooTBeTcTBUU ¢ popMysiaMu 33-35 Mexay AJUHAMU LSgl B LST, ASgl BAST n DSgl B
DST Buimonnserca nepasencTso 36:

LSy > 4S5 > |PS,| (36)

[IpuBe/ileHHBIM aOGCTPAaKTHBIA NPUMEpP-MOJEeJb CTPOEHHUS] 3JIEMEHTAPHBIX S4YeeK
npocTpaHcTB-BpeMeH ST u PST - aBngeTca HaumpocTeHlIMM, HO aBTOPY ObLIO
BaKHO NPOJEMOHCTPUPOBATH, YTO BCe 3JIEMEHTBHl TKaHEW 000UX NPOCTPAHCTB-
BpeMeH - SABJAKTCA QYHJAMeHTaJbHO-ClellJIeHHbIMUA. Pu3nyecKass peasbHOCTD,
HeCOM3MepUMO CJI0KHee: CM. L. 6.6 — 6.8 HacToawen ['1aBel, a Takxke ['1aBy 7. Ho B
KOHEYHOM MTOTe CTAaHOBUTCS OYEBUJHBIM, UYTO [/l MOCTPOEHUS MOJIHOLEHHOU
TEOpUM TpaBUTALMM U aHTUTPAaBUTAllMM HaM HeO00XOJUMO pa3BUBAThb TEOPHIO
$U3MKH CTPOEHHS U B3aUMOJEHCTBUI TKaHel mpocTpaHcTB-BpeMeH “ST u PST.

6.5 ObpasosaHue macc “m yactuy matepun 8 ST v macc Pm
[leLLeHTPaAn30BaHHbIX 06beKToB aHTUmaTepun B ST

T'unoresa: Maccel “m gactur MaTepuu LM B ST u maccel Pm JeleHTpaanu30BaHHbIX
06bekToB aHTUMaTepun PM B PST poxpaloTcad CHHXPOHHO B Tsyncn 13
pyHZIaMeHTabHO-CLiellJIeHHbIX fiueeK TKaHeH MpocTpaHCTB-BpeMeH ST u PST c
MCII0JIb30BAaHHWEM TOMNOJIOTUYECKUX 3P(eKTOB mepenyThbiBaHUS TKaHeHd 060UX
npoctpaHcTs B AST. 3Tu Tomosioruyeckde MexXaHH3Mbl - TPe6YIOT TJIyGOKMX
yccaeloBaHUM Ha OCHOBe (QU3WYEeCKUX TeOpUHM Koc U y3/0B. [lpu 3ToM,
0o6pa3oBaHHbIe reoMeTpUYecKre JePpeKThbl Uir AepopMallMOHHbIE UCKPUBJIEHUS B
CaMHX TKaHAX 000UX MPOCTPAHCTB — ABJISIOTCA HUYTOXHBIMU U KOMIIEHCUPYIOTCH.
A, BOT NpM [BIKEHUU Macc 'm wactuy wmarepuu B ST u macc °m
JleLleHTPaJIM30BaHHbIX 06BEKTOB aHTHUMaTepuu B D°ST, 3TH TreoMeTpUYEecKHe
JfledeKThl, UMeII e 0JEBYI0 IPUPOLY - ABJISETCA UX HEOTbEMJIEMOW YaCThIO. ITU
yTBepKAeHus xopomo coraacyerca ¢ OTO pasas npocTpaHcTBa-BpeMeHu ST

PoxxieHHbIe CHHXPOHHO B Tgypcn MaCChl 'm wactun matepuu “M B ST u maccul Pm

JleLleHTPaJIM30BaHHbIX 06beKTOB aHTuMatepuun °M B PST - Tarke sABaAKOTCA
byH/laMeHTalbHO-CLeNJIEeHHBIMU. Ulen M runoTe3bl CHHXPOHHOTO POXJEHUs U3
BaKyyMa MaTepuHU C I[OJIOKUTEJbHOM MacCoM U C OTpPULATEJbHOM Maccou
NepuoAMYecKd H3y4alucChb B Hay4yHoW JsuTepatype [102], HO B JaHHOM cJiy4ae
NOCTYJIUPYEeTCSl POXJAEHUEe 4YacCTHUL, MaTepUu U [lelleHTPaJM30BaHHbIX 0ObEKTOB
aHTUMaTepHUu HeNOCpPeJCTBEHHO W3 B3aUMOIpPO3pPayHbIX TKaHeW NPOCTPaHCTB-
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BpeMeH ST u PST, npuueM kaxjas 4acTula MaTepuu U JeLeHTpaJlu30BaHHbIM
00'bEKT aHTUMATEPHUU — POKAAIOTCS B CBOEM NIPOCTPAHCTBE-BPEMEHH.

Mcxons U3 npesioKeHHOH HaMU TUINoTese, Jbas Macca “m poxgeHHas B LST -
AIBJIAETCA IPAaBUTAIMOHHOM 110 OIpe/ie/IeHuIo, a Nrobaa Macca “m poxaennas B PST
- ABJIAETCd aHTUTPaBUTALMOHHOM. C/ef0BaTe/bHO, B CTALMOHAPHOM COCTOSHUU
Macca “m B LST ctpemuTcs k nokoio, a Macca ?m B PST cTpeMuTCa K JUHAMUKe.

BaxkHelIuii ¥ NPUHLUIIMATBLHBIA BOIPOC O TOM, KAKUM 06pa3oM B “ST nosasasioTca
YaCTHUIbl aHTUMaTEePUH, TPoHKKaromue u3 °ST KpaTko paccMoTpeH B [1aBe 9.

TakuM 06pa3oM, PyHAAMeHTaJbHO-CLENJIEHHbIEe MeX/Jy C00010 S4YeMKU TKaHeH
npoctpaHcTB-BpeMeH “ST u PST - aBnAK0TCA aKTMBHBIMHU I10JIEBBIMH 6a3UCHBIMH
MaTepHaJbHbIMHU CyOCTAaHLUSAMH, TPeOYIOLHE IJIyOOKOr0 U3yYeHUs.

HckirouenreM U3 Npe/yioKeHHOr0 MexaHW3Ma CHHXPOHHOTO B Tsyp.p 06pa3oBaHMsA
macc “m B ST u Pm B PST - aBnsiercsi: 6030H Xurrca H ¥, BO3MOXHO, Z 6030H. O
byH/jlaMeHTa/IbHOM 3Ha4eHUHU CKaJspHoro noJss bpayrta-JHriaepa-Xurrca (BEH) u
caMoM 6030He H, uMmeromero cnuH paBHbId 0 (S =0), ux poau B cjaabom
B3aUMOJIEMCTBUM OyJAeT H3JI0OKEHO B ciaeaywuled nyoaukanuu «Popmannsm
TSSCU».

6.6 CamocornacoBaHHble YPaBHEHNA POXKAEHWS M 3BONOLMN TKAHEN NPOCTPAHCTB-
BPEMEH B yC0BUAX rpaBuTaumnv B ST v aHTurpasutaumm 8 °ST

I'paBuTanusa B ST u anturpasurtanus B ST npescTaB/IgI0T CO60I0 CUJIbI, KOTOPbIE
BO3HUKAIOT KaK NpPOTUBOJENCTBywIIMe (CTpeMslluecss KOMIIEHCUPOBATh)
HEYKJOHHOMY pacIlMpPEeHHUI0 IPOCTPaHCTBa-BpeMeHH “ST u HeyKJIOHHOMY CXKaTHIO
npocTpaHcTBa-BpeMeHM PST. Kak 6buio ykasaHo B [aBe 3, ¢ MomeHTa BB
O/IHOBpEMEHHO€e U3MeHeHHe Napbl 00paTHO KBaZ[paTUYHO 3aBUCUMBIX IapaMeTpPOB:
pacCTOsIHUA-paiiyca KPUBU3HBI - LS B CTOPOHY yBeJWYEHHs U KPUBHU3HBI - “w B
CTOPOHY yMEHbIIEHHUs - TPUBOJUT K PacCIIMPEHHUI0 TIPOCTpaHCTBa-BpeMeHu ST u
MOpOX/JaeT rpaBUTALMIO - “G,. Haua/ibHble 3HaYEeHUS STUX TapaMeTPOB U3BECTHbI:
Lsy =0,atwy, = co. CHHXpOHHbBIE M3MEHEHHMsI ITUX TAPaMETPOB J0JXKHbI IPUBOJUTh
K CO3[laHUIO HelpepbIBHbIX OPUEHTHUPOBAHHBIX CeTeU «3JJIMIITUYECKOr0 TUIA» C
JIMHEHHBIM OJIHOPOJHBIM PacUIMPeHUeM NPOCTpaHCTBa-BpeMeHu “ST. C MoMeHTa
BB opHOBpeMeHHOe H3MeHeHHe TMapbl O00paTHO KBaJApPaTUYHO 3aBUCUMBIX
MapaMeTpoB: PacCTOAHUA-PAZinyca KPUBHU3HBI - ’S B CTOPOHY yMeHbLIEHUA H
KpMBM3HbI - 2w B CTOpPOHy yBeJM4YeHHs - NPUBOAMT K HEOJHOPOJHOMY H
aHHM30TPONIHOMY  CXKaTMIO  IPOCTpPaHCTBa-BpeMeHH PST M mopoxjaet

dAHTUT'PABUTALNIO - DGT. Haya/ibHble 3HAYeHUS 3THUX [apaMeTpoOB NU3BECTHLI: DSO =

1
——a Dwy = 0. C yueToM ToOro, 4To npouecc GKaTus — ABAAETCA HEOZHOPOAHBIM U

AHU3O0TPOIMHBIM, CHHXPOHHbIE U3MEHEHHs 3THUX [TapaMeTPOB J0/DKHBI IPUBOJUTD K
CO3JIaHUI0 Ppa3pbIBHBIX BpallaTeJbHbIX CETEH «TUMEePOOJTUYECKOTO THIA» U
CO3/1aBaTh TOMOJIOTUYECKU BpalllaTebHbIM MeXaHU3M CTAaOUIU3alUH (CM. II. 6.7).
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MlpocTpancTBo-Bpems ST MpocTpancTBo-Bpems PST
_1._1, —1
G _K-a)-\/dx2+dyz+dz2 1 K o J—dx? — dy? — dz?
r . - =
trv Gy 211
t v

YpaBuenuda 19L u 19D nonyyenHsle B ['y1aBe 3 - ABAAKOTCA NpeBapUTeJbHBIMU U
HenosIHbIMM cM. 1. 3.7 [naBel 3. HecMoTps Ha 3TO, OHM [JalOT HaM OoOraTyio
vHopMalnyi [Jig aHajJu3a M I[OCTPOeHUs pas/MYHbIX pabodyux MoJesen
rpaBuTalMu B “ST u aHTurpaBuTauuu B CST, a Takke JJd TNpOBeJeHHUs
NpaKTUYECKUX 3KCIepuMeHTOB. Heo6XoJMMO HamOMHUTb, YTO ypaBHeHHe 19D
OTHOCHUTCS K aarebpe ¢ abCOJIOTHBIM JOMUHAHTHBIM MUHYcOM. [JlaBHOU 3aZjauel,
CTOSALe Ha HbIHELIHEM 3Tale - fIBJSAETCS HAaxOX/JEeHUs KBaHTa pacLIMpeHUs
NpoCcTpaHCTBa-BpeMeHH “ST caMoCOr/1acOBaHHOTO C TEMHBIMM KBaHTaMH CKaTHA

npocTpaHcTBa-BpeMeHu °ST Bo BpeMeHU CUHXPOHU3ALUH Tsynch-

6.7 KnaccndumKaums n HOBbIM cofepKaTeNbHbli CMbIC/I MET/IEBOM KBAHTOBOW

rpasuTaummn LQG v Teopum cTpyH ST Ha Ha3e Teopmnm B3aMMOMNPO3pPaYHbIX

CaMOCOT/1aCOBaHHbIX CETEM B YCNOBUAX TPaBUTaLMKN B LST n dHTUTPaBUTaUnn B

PsT.

llpocTpaHcTBO-Bpems ST

llpocTpancTBo-Bpems PST

Teopus HenmpepbIBHBIX
OpPUEHTHPOBAHHbBIX CETEH
«3JUIMIITUYECKOTO TUIA» C IMHENHbBIM
OJIHOPOJHBIM paclIUpeHUEM
B YCJIOBUSIX I'PaBUTAIUH

Teopust pa3pbIBHBIX ceTel
«TrUnepob0oJMYecKoro TUNa» ¢
AHU30TPOMHBIM HEOJHOPOJHBIM
CKaTHEM
B YCJIOBUSIX aHTUT'PABUTALIUU

Kak 6b1710 yKa3aHO paHee, FpaBUTaLUSA
B ST - apnsieTcs cuioi NPUTSKEHUS,
NbITAKOIASACI KOMIIEHCUPOBATh
pacliMpeHre TKaHEW 3TOTO
NPOCTPAHCTBA OTHOCHUTEJIBHO
HEIO/[BIKHBIX TKaHeH 4ST.

B Havya/nbHBIA MOMeHT BB - oHa
MMUHHMMaJIbHA, a CBOEr0 MaKCHUMyMa
Jflocturaet B MOMeHT Cr (cM. puc. 1).
MogenrpoBaHUe NPOCTPAHCTBA C
HCII0JIb30BAHUEM CJIOKHBIX CETEU —
SIBJISIETCS €CTECTBEHHBIM NPOIECCOM.
[lonbITKU TaKOTO MO/ EJIMPOBAHUSA
CTPOEHHS reOMeTPHUUECKUX AUeeK
TKaHel pocTpaHCcTBa-BpeMeny LST u
MX B3aUMO/IEMCTBUM (MHTeprnpeTanus
aBTOpa) aKTUBHO OCYLIECTBJISIETCS B
Teopuu LQG [103, 104], rge

Kak 651710 yKa3aHO paHee,
anTurpasuTanmda B °ST - apnserca
CUJIOU OTTAJIKUBAHMS, NbITAKIAACH
KOMIIEHCUPOBATh CKaTHe TKaHeU 3TOTO
IPOCTPAHCTBA OTHOCHUTEJIBHO
HeIO/[BIKHBIX TKaHel 4ST.

C Touku 3penus PST (cm. Ta6.1. 3 r/1aBbI
3.7), B HauaJbHbIA MOMeHT BB - oHa
MHUHHUMaJIbHA, a CBOEro MaKCUMyMa
flocturaet B MOMeHT Cr (cM. puc. 1).
CuJla aHTUTIpaBUTAL MU B Ha4YaJIbHBIN
MOMEHT BB pa3pbiBaeT caMy TKaHb
NPOCTPaHCTBAa-BpeMeHHY, Jesas
HNOHSATUSA: pacCTOsIHUSA, popMy
aHTUMaTepUH U TeMHOro BpeMenu °T -
npeaMeTOM [ JaJbHEeUIIUX
ucciaenoBaHuil. Heob6xonrumo Takxke
YYUTBIBATh, YTO B YCJIOBUAX
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[l1aHKOBCKY10 JJIMHY L, IPUHUMAIOT 3a
MHWHUMaJIbHO BO3MO>KHO€ PaCCTOSIHUE
MeXy y3/1aMu rpadoB, KOTOpbIE
06pasyIoT 3JIaCTUYHYI0 CTPYKTYPY
CeTy TKaHel NpOCTpPaHCTBa-BpeMeHU
LST, xoTopas passBuBaeTca Bo BpeMeHH
LT. 3Tta Teopus, koTopas gomxkHa 6BITH
corJlacoBaHHOM ¢ ypaBHeHUsiMU OTO--
JlesiaeT CBOM MepBble maru. Ho, kak yxe
YIIOMHUHAJIOCh B II. 6.4 HacTosIeN
['naBbl, 151 nosiydeHus adpdpekTa
KBaHTOBaHUA Y JjaJIbHeULIero
pa3BUTHUSA OyAyILEN TEOPUU
rpaBUTALUMM HEOOXOJUMO YYUTHIBATh,
YTO KaXK/[blM 3JIEMEHT 3TOM CEeTHU
byHAaMeHTa/IbHO-CIENJIEH CO CBOUM
napTHEpPOM 3JieMeHTOM ceTu B PST,
KOTOpbIN HMEET HETPUBHAJIbHYIO
TomoJioruyeckyo ¢opmy. bes yuerta
dbyHAaMeHTa/IbHOU-CLENIEHHOCTH
TKaHel NpocTpaHCTB-BpeMeH ST u
DST pasBuTue n060ii nosHOLIEHHON
TEOPUH I'PaBUTALUU CTAHOBHUTCS
Hea$PEeKTUBHBIM.

aHTUTPaBUTALMHU paclleNJeHHbIe
3JIEMEHThI TKaHEW NPOCTPaHCTBA-
BpeMeny ST - [0JKHBL: BO-TIEPBBIX,
NOCTOSIHHO HaXOJUTbCS B JBUKEHUH,
T.€. ObITh BOJIHAMH, COXPAHSAOIIUMU
IPU 3TOM CBOIO TOIMOJIOTUYECKYIO
L|eJIOCTHOCTb (t — COJIMTOHAMM CM. 1.
6.8 u ['1aBbI 7 U 8), a BO-BTOPBIX
COXPaHATb CBOMCTBO
byHaMeHTa/IbHOM CLEeNJIEHHOCTH CO
CBOMMM NapTHepaMu B LST. 06a aTux
dakTopa, a Takke PaKT TOro, 4YTO
npouecc cxkatusa PST B ycloBuaAX
AHTUTPABUTALIMU — SBJISIETCS
HEOJHOPOJAHBIM U aHU30TPOINHBIM,
JIOJDKHBI CO3/1aBaTh TOMOJIOTUYECKU I
BpalllaTe/JIbHbIA MEXaHU3M,
obecrneyrBaloMK CTaOMIN3alMI0 U
KOHCEHCYC CTPYKTYPHO-
$yHKIMOHANBHBIX TpoLeccoB B °ST
(masee, COKpalleHHO: TOMOJOTUYEeCKU I
BpaljaTeJbHbIM MEXaHU3M
CTabuIM3aLuun).

String Theory, o61azatouas 6oraTbeiM U
Pa3HOPOJHBIM MaTeMaTHUYeCKUM
anmnapaToM, ¢ TOYKH 3peHHs aBTopa,
Jl0JDKHA OYeHb TOYHO pa3/e/IMThCs Ha
JIBE CAMOCTOSITE/IbHbIE TEOPHH.
[lepByto, Tak 1 Ha3oBeM String Network
Theory (SNT), koTopas HAUMHas C
pab6ot G.Veneciano [105] u H. B.
BoJsioBuy [106], nbITaeTcss UHTYUTHUBHO
Y Ha «OIIyTb» CMO/IeJIMPOBATh
CTpOeHUEe aHTUMATEPUH, CUIBHOTO
B3aUMO/ZIECTBUA U TKaHe!
npoctpaHcTBa-BpeMenu °ST, B
yCA0BUSAX aHTUTpaBUTALUU. Llesbio
MCIIOJIb30BAHUSA B Pa3/IMYHbIX
Pa3HOBU/IHOCTSX 3TOU TEOPUU
MHOToo6pa3uit Kanabu-fy, Ha B3rJis/
aBTOPA, SABJISIETCS He TOJIbKO
KOMIIaKTU3al{s CKPbIThIX U3MEPEHUH,
HO Y IONBITKA HAUTH MOJ00HbBIN
3pdeKTUBHbBIN TOMOJIOTUYECKUHN
BpaljaTeJbHbIN MEXaHU3M
CTabuIM3aMU (UK CMbICJ 3TOTO
MHOT000pa3usi), B yCA0BUAX
a”HTUrpaBuTanuu. KocBeHHbIM
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O/ TBEPXKIEHUEM TOI0, YTO
MHoroo6pasus Kanabu-fy orHocuTca kK
DST - apnsieTcs To, 4TO IIpY ero
BbIBO/JIe TeH30p Puuuu He
IPUMEHUMBIN K TeOMeTpUU
JlobaueBckoro-bosbsay cTaHOBUTCA
paBHbIM 0. /ls151 TOrO, YTOOBI
onpeJleJIMTh TUIl MHOTO0Opa3ui
Kanabu-fly peannzoBaHHbIN B Ipupoje
Y €ro NnoJiHbId pyHKIIMOHAJ
Heo6X0JUMO 0YEeHb TOYHO
cPOpPMyIMPOBATH CTOAILYIO NIEPe]
HaMHU 3aja4y. BoaMoxHo, AJ151 ee
pellleHus], B TOM YU CJIe, HEOOX0JUMO
MCC/1el0BaTh pelleHUsl ypaBHEeHHUS
MoHzka-AMnepa runep60JM4ecKoro
TUIQ, a He 3JIMnTU4ecKkoro tuna [107].
Bce, yTo cerosiHsa TpebyeTcsi CTpyHHOU
TEOPHUU CEeTEN — ITO IEPEOCMbIC/IEHHUE,
obpeTeHHEe KOHLENTYaJlbHOU
11€JIOCTHOCTH C y4eTOM TOYHBIX
HayaJIbHBIX YCJIOBHH U cBoMcTB PST.
Byayiye ypaBHeHHs], ONKMCbIBAKOIIINE
paboTy 3TOr0 TOMOJIOTUYECKOTO
BpalllaTeJIbHOTO MexaHU3Ma
cTabuarsanuy, c yyetom 6 (4 +2)
usmepenuit °ST - 3To u ecThb
ypaBHEHHS aHTUTPaBUTALMH, KOTOpPbIE
JIOJI’KHbI OBITh 9KBUBAJIEHTHBIMU
cucreMe ypaBHeHMi B “ST (cM. KoHer|
JlaHHoro naparpada). /lonoJHUTEebHO
K BblllIECKa3aHHOMY, HE06X0AMMO
OTMETHUTD, UTO MOMbITKH OMUCAHUS
OT/le/IbHBIX 3JIEMEHTOB
GYHKIMOHA/IbHBIX IPOLLECCOB 3TOTO
TOIOJIOTUYECKOTr0 BpallaTeJbHOI0
MexXaHM3Ma CTaOUJIM3aL1uU —
MOCBSIIEHbI U PA6OTHI B TEOPHUU Xaoca
WJIK IMHAaMu4eckoro xaoca [108].
BTopoii TeopuH, KOTOPYIO HA30BEM
Controlling String Theory (CST)
TpebyeTcsl KapiMHA/IbHOE OGHOBJIEHHE,
YTOObI COXPAaHUTb CBOU MPETEH3UHU Ha
BO3MO>XHOCTb 06'beIUHEHUS BCEX
B3aMMO/IeCTBUH B paMKaX 000UX
npoctpaHcTB-BpeMeH ST u PST. K
TaKOMY MOAXO0/y ObLIN OJIU3KH P.
Candelas, Gary T. Horowitz, Andrew
Strominger, Edward Witten B pa6oTe
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[109] B 10-MepHO# TeOpUH CTPYH,
Ipe/IoJI0XKUBIINE HE3ABUCUMOCTD 4
usmepenuii (“ST) u 6 usamepenwui,
TPeOYIOIINX KOMIAKTH3AI[UH.

OnucaHHble HAMH BbILIIE, aJATOPUTMbI paccioeHus AST peoCcTaBIseT COBEPIIEHHO
HOBble BO3MOHOCTH [J11 Pa3BUTHA 3THUX [ BYX, B3aHMO/ONOJHALIMX APYT APYra,
HamnpaBJieHMA Ha 6a3e TeOpHUM B3aWMONPO3PAYHbIX CaMOCOTJIACOBAHHBIX CeTeM,
MMEWIIUX AHTAarOHUCTHUYeCKHMe CBOMCTBA. Bo-nepBbIX, HaJu4yue IEpPBUYHOIO
AG6COJIIOTHOTO IPOCTpaHCTBa-BpeMenHt ST, c reomeTpueit EBkinga (€) c aTaoHHOM
METPHUKOHN U HEMOJBUKHOM TKAaHbIO - IpUJiaeT Oyayliel Teopur GyHAaMeHTalbHbIN
xapakTep. Bo-BTOpbIX, poXJeHHWe B MOMeHT BB u panbHelulee pa3BUTHE [BYX
CaMOCOIJIaCOBAaHHbBIX MPOCTPAHCTB-BpeMeH “ST u PST uMeeT ToUHbIE 3aBUCUMOCTH.
B-TpeTbux, nmoHsATHe ¢QyHJaMeHTaJbHOU CLelJeHHOCTH U 3ddekTa cnuHa (CM.
['1aBy 7) - HakJ/1aZibIBaeT OTpaHUYEHHS Ha U3MEHEHUS U CBOWCTBA Nap «KpUBU3HA U
pacCTosHUEY, JIeKALIUX B OCHOBE CTPOEHHMs TKaHel PoCTpaHCTB-BpeMeH “ST u PST,
npujaer OyAylled TeOpUM MaTeMaTHYeCcKyl CTpPOTOCTb W OrpaxkjaeT
ucciaefoBaTesied OT pacCMOTpPeHUs] abCTPAKTHBIX, HENPOAYKTUBHBIX BapUaHTOB.
TakuM o06pa3oM, 0CO3HaHHOe U leJieHalpaBJeHHOe pa3BUTHE TeOpUHU
B3aMMOIIPO3paYyHbIX CaMOCOTJIAaCOBAaHHbIX CeTeM, Kak (QU3UKU CTPOEHUsA U
B3aUMO/IECTBUI TKaHel mpocTpaHCcTB-BpeMeH (ST u PST - no3BoIMT B 0603pUMOM
OyAylleM, pelIMThb He TOJIbKO «IIp06JeMy KBAHTOBAaHUS IPaBUTALLMK», HO U CO3/aThb
MIOJTHOLEHHY0 CaMOCOTJIaCOBAHHYI0 TEOPUIO TPaBUTALMU U aHTUTPaBUTALUH.

C y4eTOM OrpOMHOM CJIOKHOCTH, CTOSILL[EN Nepes; HAMU 3a/la4M, ee MOXKHO pa30oUTh
Ha TPH YaCTH:

1. Cucrema camocor/iacOBaHHBIX YPAaBHEHUH B Tsypcn:
- HEellpepbIBHbIX OPUEHTUPOBAHHBIX CETEHN «IJUTUIITUYECKOTO TUIIAa» C TMHEHHBIM
O/IHOPOJHBIM pacliupeHdeM B ‘ST M paspbIBHBIX ceTel «rumep60JUYecKoro
TUNa» C HEOJHOPOZAHBIM aHM30TPOMHBLIM CKaTheM B ST C MCIOJb30BaHHEM
TONOJIOTUYECKOT0 BpallaTeJIbHOT0 MeXaHW3Ma CTabUIM3aliu.

2. CucreMa caMOCOTIJIaCOBaHHbIX YPAaBHEHHUH B Tgypcp:
- poX/JieHus Macc “'m yacTui MaTepun U3 TKaHel ceTel «3JUIMITUYECKOro THIa»
B ST u macc Pm pgenenTpannu3oBaHHBIX 06BHEKTOB aHTUMAaTepUU U3 TKaHek
cerell «runep6oaudeckoro tuna» B °ST ¢ MCIO/Nb30BaHHUEM TONOJOTHUYECKHUX
5 PeKTOB nepenyTbiBaHUA TKaHe 060MX MPOCTPAHCTB B 4ST.

3. Cucrema caMOCOTJIAaCOBaHHBIX YPABHEHUH B Tsyncp:
- onpeJieJAOINX U3MEHEHUs NapaMeTpPOB CeTHU «3JJIMITHYECKOTO THIMa» B
NPUCYTCTBUU Macc “m martepuu B ST (cucrema ypaBHenuit OTO) wu
onpeje/lIIUX U3MEHEHUs1 MapaMeTpPOB CeTH «TUIepOOJMYEecKoro THUIa» B
NPUCYTCTBUHU Macc °m ierieHTpaiu30BaHHbIX 06beKTOB aHTUMaTepuu B UST.
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6.8 ®opma maTtepun B LST 8 ycnosuax rpasutaumm n dopma aHtumatepun 8 ST 8

YCNOBUAX aHTUTPaBUTaLNN.

MlpocTpancTBo-Bpems ST

MpoctpancTBo-Bpems °ST

JIto6as yacTria MaTEPUH, POXK/eHHas
B LST u3 TKaHel 3TOro NpoCTpaHCTBa,
UCIBITHIBAET e CTBUE TPaBUTALUU
WJIX B3aUMHOTI'0 IPUTSXKEHUS CO BCEMHU
CYILeCTBYKOLIMMU 06 beKTamu B LST.
Co6CTBEHHO, UMEHHO 3TU
rpaBUTALMOHHbIE B3aUMOJEUCTBUS U
Jiesaet ee GopMy OKpyTJIOn —
npeBpaias B yactuny. [Ipouecc
pacmMpenus TKaHel 'ST - apnserca
OJIHOPOAHBIM Ha 6GOJIbIIUX MaCIITA6AX,
HO UX pyHJaMeHTalbHasa-
CLIeNJIEHHOCTb € TKaHsaMHU PST-
BbIHYK/J]Ja€T HAXO/AUTh Pa3JIUYHbIE
bopMbI JJ1s1 JIOKAJILHOTO pacliupeHus.
B cBsA3U € 3TUM, JIt06Gas YacTULA -
Jl0JI’KHA PUOOpETATh
He3HAYUTeJIbHYI0 OBaJIbHYIO0 GOpMY
(paHo UM MO3AHO OYAYT
pa3paboTaHbl TEXHOJIOTHH,
M03BOJIAOLME OYeHb TOYHO
uccaeoBaTb GOpPMbl HACTUIL U 3TO
yTBepkKJeHHe OyfeT pa3peuieHo). B
3aBHCHUMOCTH OT CTOSII{UX Nepes HaMHU
3a/Jla4 Mbl MOXKEM IIpeHebperaTh Takoh
TOYHOCTbIO POPMbI y MAaTEPUH B
MUKPOMUPE, HAIPpUMep, CYUTas
3JIeMeHTapHble YacTULbl B “ST -
TOYEYHBIMHU.

CBOMCTBa aHTUTPaBUTALU IO3BOJISIOT
BbIJIBUHYTb TUNoTE3y 0 popme
aHTUMaTepuu B PST, 5KBUBaJIEHTHOM
yactuuam B LST.

Ilo MHeHUI0 aBTOPa, Takas popma B PST

— ABJIIETCSA TOMOJOTUYECKUM

COJIMTOHOM, COCTOSAIIIIUM U3 [TaKeTa

NOCTOSIHHO pacnaJarwluxcs U

JIBUTAOLIMXCA B 06J1aCTh CBOEH

JIOKa/JIM3alU¥ 3J1eMeHTOB (CM. I/1aBy 7).

/1711 TOTO 4YTOOBI OT/IMYATh

TOIOJIOTHUYECKHE COJTUTOHBI, KaKk GopMy

aHTUMaTEePUU OT BTOPUYHBIX

COJIUTOHOB B ST, O6yaeM Ha3blBaThb UX

COKpalleHHO t-COJIMTOHAMHU, UJIU

COJIMTOHHBIMM 06JIaKaMHU (S-

o6s1akaMu). /11 JaHHOM TUIIOTE3bI

HMeITCA CAeAylie OCHOBAHHUSA:

- B DPST peiicrByer anTUrpaBuTanus;

- camo PST HeopHOpOAHO 1
aHU30TPOIHO, YTO XOPOLIO
00'bSICHAIET MPUUYUHY BO3HHUKAIOIUX
B HEM HeJINHENHBIX MTPOLLECCOB;

- Bpemsa °T B PST Taxxe
HEO/IHOPOJHO U aHHU30TPOIHO (CM.
n. 5.1, 5.3 'naBel 5), umMeeT
BOJIHOBYIO IPUPOJAY, YTO TpebyeT
JaJbHENIINX UCCJIeJOBAaHUN U UJeN
JIJ1S1 eT0 ONKMCaHUS;

- B PST peanusyerca reomerpus
(LB);

- 5-l mocTysnaT yTBEPK/A€ET, UTO B
MJIOCKOCTH Uepe3 TOUKY, He
JIeXKallyo Ha IaHHOU NIPAMOHY,
MO>KHO MPOBECTU 6ECKOHEUHOoe
KOJIMYECTBO JIMHUMY, apaJ/ljieJIbHbIX
3TOM NpPAMOY;

- TOCTOSIHHO paclienJseMble U
JBUTAIONIMecs B 06J1aCcTb CBoeH
JIOKAJIU3alUHU 3J1€eMEHThI
Jlel|leHTPaJIM30BaHHOT 0 00’ beKTa
aHTUMaTePUH BeJlyT cebs Kak
eJIMHbIM, XOPOILO YIpaBJiseMbIH
OpraHusm;
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lnaBa 6 Tpex NpOCTPaHCTBEHHO-BpeMEeHHas MoAeslb KBAHTOBOW
NONIOKUTENbHOM rpaBuUTaLmm B ST U MHOrOKBaHTOBOI OTpULATEIbHOM rpasuTaumm B PST

TakuM 06pa3oM, t-conuToHbl B PST -
SABJISIIOTCS POPMOU aHTUMATEPHUHU
CIIOCOOHOU UMETh U NEPEHOCUTh
3JleMeHTapHbIHA TOMOJIOTUYECKUI
MarHUTHBIN 3apsj], IePEHOCUTD
3HEpPrulo, UMIYJIbC, MOMEHT UMIYJIbCA
Y T.J., COXpaHss IPU 3TOM CBOIO
|eJIOCTHOCTb.

Kak 1 yactuupl B “ST, t-COJUTOHBI B
bST moryT 661TH Pepmuonamu:
3apsHKEHHbIMU WJIM HEUTpPaJbHbIMH, a
TakKe 6030HaMU: HEUTPAJIbHbIMU UJIH
3aps>KEeHHBIMHU.

C y4eTOM BBINIEHU3JNOXKEHHOTO J06as dYacTML@a MaTepuu B ST Gyger
dyHaMeHTabHO-CLEIVIEHHOM C t-CONMUTOHOM aHTUMaTepuu B PST. TosyyeHHbIH
HaMM BBIBOJ, O JyaJM3Me 4YacTUL, U TOINOJIOTUYECKUX COJIMTOHHBIX BOJIH C
MCII0JIb30BaHMEM JIByX CaMOCOIJIACOBAaHHBIX MPOCTpaHCTB-BpeMeH ‘ST u PST -
SIBJISIETCS TOJATBEPXKJEeHUEeM OCHOB KBaHTOBOW MexaHukd (cMm. [saBy 8). B
YaCTHOCTH, TAaKOM MOJX0J MO3BOJIeT JaTh McYeplbiBalollee 00bsICHEHUE BCEM
Pa3sHOBUAHOCTAM CHJI MHEPLUH, BO3HUKAKIIUM B ST, y6paB n3 o6uxoza GU3UKH
MppalMOHa/IbHbIA TEPMUH « PUKTUBHbBIE CUJIbI».
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[naBa 7 Tpex NpOCTPaHCTBEHHO-BPEMeHHasa NPMpPoAa CNMNHa +S

7.1 BctynneHue

[Ipexxne 4yeM, NpeOXKUTh HOBYK TUIIOTE3y O NpPUpOJe CIMHA U JAaTb €My
omnpeziesieHUe, pacCMOTPHUM TreoMeTpUYeCKHe acClneKTbl B3aUMOJEWCTBUU MeXAy
npocTpaHcTBaMu-BpeMeHu ST u PST. Ha ocHoBe skcneprMMeHTa/lbHBIX JAHHBIX
HaJIeKHO yCTaHOBJIEHO, 4TO B JI060M Touke (B “ST) BeKTOpbl HalpsKEeHHOCTH

3JIEKTPUYECKOTr 0 E v MarHuTHOrO MoJstel H 3JIEKTPOMarHMTHOMN BOJIHBI — B3aUMHO
nepneHAuKyAsapHbl. [lockosnbKy, B TSSCU HOCUTENSAMHA NTEPBUYHBIX 3J1eMEeHTApPHbIX
TOTI0JIOTMUYECKUX MarHUTHBIX 3apA/10B, IOPOXKAAIIIUX IepPBUYHOE MarHUTHOE T0JIE,
ABJIAIOTCA IO3UTPOH W JApyrue 3apsDKeHHble t-COJIMTOHbI aHTHUMATepHH,
o6pasylomye I03UTPOHHO-3JIEKTPUYEeCKMe BOJHBI B ST, TO MBI MOXeM
NpeJnoJIoKUThb, YTO He Tosibko IMB u [13B, HO u ocTanbHble GyHAAMEeHTaIbHbIE
B3auMozeicTBUst MexAy “ST U PST B AST B Tsyp.p - IPOMCXOAST P UX HAXOXK/EHUH
B B3aUMOIEpPNEHAUKYJISAPHOM COCTOAHUU. KOCBEHHO, 3TO e NOATBepXKJaeT U
NpejJO)KeHHasl TUIoTe3a O NpUpoJe KOMIJIEKCHbIX 4ucen (cM. ['ntaBy 3) u
VICIIOJIb30BAaHUM KOMIIJIEKCHOU IIJIOCKOCTHU B MaTeMaTHKe. TakuM ke 006pa3omM,
MOXXHO HMHTEPNPETHPOBAaTh U Hally BTOPYH TMUIOTE3y O TEMHbIX KOMILJIEKCHbIX
yucaax B °ST v TeMHOM KOMILJIEKCHOM m1ockocTH (cM. [1aBy 3).

Wcxoas U3 BBILLIEW3/I0KEHHOTO, /11 BbISIBJIEHUS FeOMeTPUYeCKOW COCTaBJISAIOILEN
NpUPOJbl CIIMHA, BOCNOJIb3yeMCSl U3BECTHbIM (AaKTOM O TOM, YTO COQOKYyCHbIE
3JIJIMIICBI ¥ TUIIep60Jibl B MeCTax NepeceyeHrs — B3aUMHO NepHeH/UKYAPHbI JpyT

K Apyry (cM puc. 9).

Puc. 9. CodokycHble 3/IUICH U TUIEeP60JIBL. X0poIo
W3BeCTHbIA MaTeMaTHyecKUH GaKT 0 TOM, 4YTO
nepecedyeHre COQOKYCHBIX 3JIJIUIICOB M TUIEP6OJ —
BCerjia B3aUMONEPNEeHUKYJISAPHO, CIY>KUT OCHOBOM
JUISL oTpeJieJIeHUs] TeOMeTPUUEeCKOH COCTaBJISAIOIIEN
MOHSATHUSA CIIKHA .S.
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3aberas BnepeJ, OTMETUM YTO FeOMETPUYECKOe pacroJioxkeHue cnuHa S B “ST B
MOMEHT Ty, BOSMOXHO, TOJIBKO B 4 (4€ThIpEX) TOYKAX YCIOBHOTO MepeceyeHus:

TpaeKTOPHHM NepBUYHOM (YIpaBJIA0Iel) 4acTULbl B AST - OKpY»KHOCTH, IPOEKIUH
TpaeKTopuu vacTuupsl “M B ST na/B AST - annunca, NpoeKLUU COPOKYCHBIX C
3JIJIMIICOM - TUIIep60JI, KaK BaXKHENLIMX U3 BCEX BO3MOXKHbIX BOJTHOBBIX TPAeKTOPUU
(cM. TnaBy 11) t-conutoHoB antumartepuu °M B PST ma/B “AST (cm. puc.10).
0603HaYMM BepxHee JieBOe NepecevyeHUe - 6YKBOU A, BepxHee IpaBoe NepeceyeHue
- OykBOW B, HMxHee JieBoe nepeceyeHHWe - OykBOM € M HIXKHIOK IIpaBoe

nepeceyeHue - 6ykBou D.

Jflesoe gepxHee
nepece4yeHue A

flegoe HuxHee
nepecevenue  C

Mpasoe sepxHee
B nepeceveHue

Tpasoe HuXHee
nepeceveHuUe

Puc. 10. YeTblpe BO3MOXHBIX IeOMETPHYECKHX
pacnoJioKeHui cnuHa .S, KOTOpble ABJAIOTCA

TOYKAaMH  YCIOBHBIX

nmepeceyeHUd B

Tpex

NIPOCTPAHCTBAX-BPEMEHH: OKPYXHOCTH B ‘ST,
s/iMnca B ST W mnpoekuuii codoKyCHBIX c
3JLIMIICOM — runep6o. B °ST na/B 4ST.

JTH 4 TOYKU nepeced4eHud MOXKHO TaKXe€ Ha3bIBATb TOYKAMHW MaKCHMaJIbHOI'O
COJIMKEHUS l'IpOEKL[I/If/'I HWJIM TOYKAMH JIOKaJIM3allUuH. PaCCMOTpI/IM no,apo61-1ee
JABHUXEHHE QDYHAE[MEHTaJIbHO-CL[el'IJIeHHbIX JJIEKTPOHA B LST H €ero IlapTHepa
I[NO3UTPOHA B DST B CaMOCOI'JIaCOBAHHOM CTAJMOHAPHOM aTOME.

llpocTpancTBO-Bpems ST

MlpocTpancTBo-Bpems PST

* IlycTb a/ieKTpoH (YacTula) B
MOMEHT BpeMeHHU “T HaxoAuTCs B
JIEBOM BepxXHeU TOUYKe
JIoKaJu3auuu — A.

[lycTb mo3UTpOH (YacTula) B
MOMEHT BpeMeHHU T HaxoAuTCA B
JIEBOW BepXHeH TOUYKe JIOKa/Iu3al i1
- A.

oOMeHHOe B3aUMOJEeHCTBUEY
omnpejeJsieHUe CIUHA).

CoryiacHO BbIIBUTrae€MOM HaMM TUIIOTe3e, TOYKA JIOKaJIU3aluu A — ABJISAETCA
CIIMHOM .S, WJIM «OKHOM Npo3payHocTh» B ST B Tsynch, IPH KOTOPOM MEXJy
3JIEKTPOHOM (YacCTHleN) U MO3UTPOHOM (YaCTHUIEHN) MPOUCXOIUT «H/JleabHOE
o6MeHHOe B3auMojeiicTBue», a BpeMeHa ‘T u PT - cunxponusupymoTcs. B
TSSCU cnoBo upeanbHoe — 106aBJsIeTCs, K U3BBECTHOMY B pU3UKe, 0OOMEHHOMY
B3aMMO/IeHCTBUI0, KOTOPOE, OJJHAKO OMMUCAHO JIMIIb yacTuyHo [110, 111], 6e3
NOHUMaHUs ero IJyOMHHOro cMbIcaa. B MoMeHT cnuHa (S «ujeanbHOe
NpPOUCXOJUT - 6e3

notepb (CM. HUXKe
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* Jlanee, 3/1eKTpoH (YacTULA) * Jlanee, mo3uTpoH (t-COJIUTOH)
JIBUKETCS, HAallpUMep, [0 4aCOBOU JIBUKETCS, IPOTHUB YaCOBOU
CTpeJiKe M0 TPAaeKTOPUHU OTJIUYHOMN CTPEJIKH, 10 TUNIepOOIUYECKUM t-
OT OKPY?KHOCTH Y CTpeMsIencs K COJIMTOHHBIM TPAEKTOPHUSM,
3JUIMIITUYECKOM, 1OCTUTas TOYKHU JOCTUrasi TOUKHU JIoOKaau3auuu - D.
JIOKaJiM3auuu — D.

Touka nokannsanuu D - gBJsgeTCA CIMHOM Sp WU «OKHOM IIPO3PAYHOCTU» B
AST B Tsynch, IPU KOTOPOM MEX[Y 3JIEKTPOHOM (4acTHIeH) ¥ MO3UTPOHOM
(yacTuuei) NpoucXoUT «UealbHOe 0OMEHHOE B3aUMO/IeMCTBUEY», 3 BpeMEHA
LT u PT - cunxponusupyroTcs.

* Ilpoposnkas ABMXKeHMe 110 yacoBor | * [lpojoJnkas ABUXKEHUE IPOTUB
CTpeJiKe M0 TPAaeKTOPUHU OTJIUYHOU 4YaCOBOM CTPEJIKH IO
OT OKPY?KHOCTH, HO CTpeMSIILENCS K runepo60JMYeCcKUM t-COTMTOHHBIM
3JIJIMIITUYECKOU, 3JIEKTPOH TPaeKTOPUAM MO3UTPOH (t-
(yacTuna) cHOBa AOCTUraeT TOYKHU COJIMTOH) CHOBA AOCTUTaeT TOYKHU
JIOKaJIM3aluu - A. JIOKaJIM3aluu - A.

3a oAUH 000pPOT MO OpPOUTE OTJMYHOU OT OKPYXKHOCTH, HO CTpeMsllencs K
s/IMNTHYecKOi B LST npoeknysa anekTpoHa Ha/B 4ST fBa)/ibl MAKCUMaJIbHO
c6JIMKaeTcs ¢ poeKiyei nosuTpona B AST. [I03UTPOH, coOBepIAKLUI OJUH
060pOT, N0 rUnep6oJMIeCKUM t-COJMTOHHLIM TpaekTopusaM B PST, Tarxke
JBaX/[bl MAKCUMaJbHO COJIMKaeTcs 70 MPOeKIMHU 3jJeKTpoHa B AST. Takum
06pa3oM, COHUH 3JIEKTPOHA U MO3UTPOHA, ABUTABIIMXCSA KaXK/AbIH B CBOEM
IPOCTPAaHCTBE-BPEMEHU OT TOUKU MAaKCUMAaJIbHOTO COJIMXKEHUS POEKIUM A K
TOYKe MaKCUMaJIbHOT'O COJIMKEeHUs MpoeKUui D, 1 06paTHO, paBeH

1
tS(aep) = F 7, KaK M noj1araeTcs dbepMHOHaM.

7.2 Obuwee onpeaeneHune cnuHa S

CnuH S - 3TO KOKHO NPO3PavyHOCTHU» BO3HUKaMIee B AGCOIIOTHOM MPOCTPaHCTBE-
BpeMeHHu ‘ST B Tsyncn MeXAy 9acTULEd MaTepun LM ¢pepmuonom (nam uactuuei
NepeHOCYUKOM B3aMMOJEHCTBUM 6030HOM) B IpOCTpaHCTBe-BpeMeHH ST u ee
napTHepoM 4acTuleil antuMatepuu °M dpepMuoHoM (MM YacTHLel TepeHOCYUKOM
B3aMMO/IeHCTBUI TeMHBIM 6030HOM) B NpOCTpaHCTBe-BpeMeHH PST korja Mexay
dyHaMeHTa/lbHO-CIleNIeHHbIMM YacTUIlel MaTepuu “M u ee mapTHepa 4YacTHLeH
aHTHMaTepuu °M cTaHOBUTCH BO3MOMHBIM:

* wujeasbHoe (6e3 moTepb) 0OMEHHOE B3aUMO/IeHCTBUE;
Lp . D,
* cUHXpoHU3auudA BpeMeH “T u “T;

Heob6xoauMMO OTMETHTb, 4YTO HJAeaJbHOE OOMEHHOe B3auMOJIEHCTBUE [JJisd
bepMHOHOB U O030HOB — HMMeEET CylleCTBEHHbIE OTJMUYHS, O YeM OyJeT CKa3aHOo
HUKE.

B TSSCU, nnsa nBuxxkenus GyHAaMeHTa/bHO-CLENJIEHHbIX 6€3MacCcoBbIX O030HOB U
CBOGOAHBIX GepMUOHOB (BHE aTOMa UJIU S1Ipa), TIOMUMO CTAl[MOHAPHbBIX 3aMKHY ThIX
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op6buT, BBeJleHHbIX eule U. Kensiepom B 1609 roay, 6yAyT paccCMOTpeHbl TakKxe,
OCLWJLIMPYIOLHe He3aMKHYTble OpOUTHI (cM. 1. 7.3.3 u 7.4.2).

Takum 06pasoM, CIHH S - U3MepseTCsd KOJUYECTBOM MOMEHTOB MaKCHUMaJbHOTO
COMDKEHUs] TPOeKIMH, (yHJaMeHTalbHO-CIelIeHHbIX 4YacTHL, MaTepuud “M B
MpocTpaHCTBe-BpeMeHH ST ¥ MX NapTHepoB t-COJMTOHOB aHTUMaTepuu °M B
npoctpaHcTBe-BpeMenn PST Ha/B A6COTIOTHOE TPOCTPaHCTBO-BpeMs “ST B Tsyncn
3a ofiuH 060poT (27) YacTul, MaTepuii “M 1o op6uTaM B NpOCTpaHCTBe-BpeMEHH
LST, u cooTBeTcTBeHHO, 332 0MH 060pOT (27) t-COAMTOHOB aHTUMaTepuu °M 1o
op6uTaM B poCcTpaHCcTBe-BpeMeHu PST.
OZIMH 060pOT YacTHUI MaTepuit “M u t — conutoHoB M 1o op6urtam

CnuH (S = — (37)
KOJINYECTBO MOMEHTOB MaKCUMaJIbHOTO COIMIKEHMS IIPOEKI[UH

Heo6x0UMO OTMETUTD, YTO t-COJIUTOHBI aHTUMATEPUHU Dy B PST B MmoMeHT crivHa
+S Bcerjia 0yAeT JIOKaJIM30BbIBAThCS B YACTHUILY, IOCKOJIbKY B AST peau30BbIBAETCA
reomerpus EBkinga (€) ¢ nocroaHHOM rpaBuTanueit 4G, = 1.

7.3 Mpupopaa cnmuHa pepMnoHOB

7.3.1 Obuwume NoNoKeHUA 1 onpeaeneHme
CnuH ¢epMHUOHOB ;S = + %, T.€.3a OJYH 000pOT (2717) 10 CBOUM OpOUTAM NPOEKLUU:

yacTul MaTepuu 'M B mpocTpancTBe-BpeMenu LST, ¥ cOOTBETCTBEHHO, t-COJTUTOHOB
anTuMaTepuu P°M B mpocTpaHcTBe-BpeMeHM ©CST  BaXAbl MaKCHMaJbHO
cONMKaTCA APYT C PYyTOM:

o/ivH 060poT pepMuoHoB MaTepuit ‘M u °M no op6uram

1
CnuH .S = -=+ - (38)
KOJIMYECTBO MOMEHTOB MaKCHMaJIbHOT'O COJIMIKEHHUS TPOEKIUI 2

o 1
B coBpeMeHHOM ¢U3uKe CIUH S = + - U3MEpAeTCA B eIMHULAX h, 4TO AABJISIETCS He
COBCEM KOPPEKTHBIM. B IefiCTBUTENBHOCTH, € ydeToM popMyJbl: “E = - w (rzae

h
h = A W= f + 2m, h-nocrosiHHas [lnaHka, Ai- nocTrosiHHada /lupaka, f —4acToTa,

® — LUKJIMYEeCKas WU yIJaoBas 4acToTa), 3TO O3HAYAET, YTO IHeprusi epMHUOHOB B
LST u PST 3a ogun 060poT (27) BOKPYT CBOMX OPGUT - 0GHOBJISAETCA JBYKPATHO (C
y4eTOM HOBOM UHTepIIpeTalluid KBAaHTOBOM MexaHUKH (cM. ['1aBy 11), aBTOp cuMTaeT
MCIOJIb30BaHWE TNpPOCTOM  popMmyabl “E =h-w pAnd (GpepMHUOHOB  BIOJIHE
KOPPEKTHBIM).

Bo BpeMsi ujealbHOr0 OOMEHHOTO B3aUMOJENCTBUS Yy GEPMHOHOB MPOUCXOAST
ciaeayrolye NAThb ONepaLyu:

1. JneMeHTapHBIi TOYe4YHbI 3JIeKTPUYECKUI 3apsj sJeKTpoHa B ST
npeobpasoBbiBaeTca B gunoib B PST (T.e. y nosutpoHa B PST ecThb
COOCTBEHHbIHN 3JIEKTPUYECKUN MOMEHT);

2. DJleMeHTapHbIA TOMOJOrMYeCKMH MarHUTHBIA 3apsj Mo3UTpoHa B DST
npeo6pasoBbiBaeTca B Aunonb B ST (T.e. y anekTpoHa B ST ecTb
COOCTBEHHbIN MarHUTHBIK MOMEHT);
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w

JJIeKTPOH U TO3UTPOH 06MEHUBAOTCA CBOMMHU UMNyabcaMu “P u PP;

4. DNeKTpOH M TNO3UTPOH OOMEHUBAKTCA CBOMUMHU HUHPOpMaALUAMU
cToxacTuuyeckoi 'I u dpakTasbHOMN DI cooTBeTcTBEeHHO;

5. IpoucxoauT cuHXpoHu3aLus BpemeH “T u PT.

Takoe wugeanbHOe O0OMEHHOE B3aUMOJEHUCTBHE <« KU3HEHHO  BaXKHBIMHU»
napaMeTpaMu, Mexay pepMUOHOM B “ST u ero QyHjaMeHTalbHO-CIeNIeHHbIM
naptHepoM B °ST He JaeT BO3MOXHOCTH JBYM U Gosiee pepMmuoHaM B “STu PST
HaXOAMTLCA B OJHOM W TOM >€ KBAaHTOBOM COCTOSHMHU (MpuHuMN [laynu), Tem
caMbIM Ha/ieJisie pepPMHUOHBI CBOMCTBOM - 06pa30BbIBATh CTPYKTYPY MaTepHH.

Kak wusBectHO, cymectByeT 2-|.S|+ 1 cocrosaHuii cnuHa. CJyiefoBaTeNbHO, Yy

1 1
$bepMHUOHOB BO3MOXKHbI TOJIBKO 2 COCTOSIHUS: + S H—>.

1
ﬂe.}leHI/Ie 3HA4Y€HHA CIIMHA I10 ITOJIOXKUTEJIbHOMY U OTPHULIATEJIbHOMY 3HAKY tS =4 E

, IOHAITUE CHUPAJbHOCTHU (Tpebylolijee TOYHOrO ONpe/esieHUs1) U KUPaJbHOCTU He
ABJIIETCS MPeJMeTOM U3JIOXKEHUS NAHHOUW CTAaTbU U MOTYT OBITh PacCMOTpPEHBbI B
OZJHOUM M3 MmocjeAyrouiydx nybsaukanyil. Bo Bcex caydasix Heo6XxoAuMbl GpOPMYy.IbI,
ONMCBIBAIOLIME JBUKEHMe t-CONMUTOHOB B PST, a Takke GOpMyJibl, ONMCBIBAIOLIKE
COTJIaCOBaHHOEe JBUXKeHHe 000uX QpyHJaMeHTaJbHO-CLeNJeHHbIX GPepMUOHOB (CM.
[naBy 11).

HanmomHuMm, 4yTo dyHJaMeHTalbHO-CLeNJeHHble GepMHUOHbBI, BXOJsIIUE B COCTaB
CaMOCOTJIaCOBAaHHOI'0 aTOMa, /JBUTAlOTCA MO0 CTallMOHApHbIM  3aMKHYTBhIM
3JUIMIITUYECKUM 1’} runepoboJn4ecKkuM t-COJIMTOHHBIM opbuTam B
NPOTHBOIOJIOXKHBIX PaJiajbHbIX HanpaBieHusax (cMm. puc. 11-14). A cBob6oaHbIe
byHlaMeHTaNIbHO-CLeNJIeHHble $epMUOHbl (BHE aTOMa WJM s/ipa) ABUTAKTCA 1O
OCUW/IJIMPYIOIIMM  HE3aMKHYTBIM  3JUIMOTUYECKUM U TUIEPOOJMYECKUM
t-cOMMTOHHBIM opb6uTaM (cM. puc. 15). PaccMoTpuM HUKe, BCce 3TU BO3MOXHbIE
KOMOMHAaIUH.

7.3.2 TeomeTpuyeckoe pacnonoxKeHne cnnHa GyHAaMeHTabHO-CLENAEHHbIX
depMMOHOB B CaMOCOr1aCOBaHHOM aTOMe

PaccMoTpuM cay4ai, korja ass HabuogaTtesss N1, a/1eKTpOH ABUTraeTCs 0 YacOBOU
CTpeJIKe 1O 3JUIMITHYeCKOu opbuTe. B 3TOM ciiydyae nosuTpoH (t-comuTOH) GyzeT
JIBUTaTbC NPOTUB 4YacOBOW CTpeJiKM (HampuMep, B aTOMe BOJOPOAA, MO S-
opbuTa/n) Mo runepooauYecKruM t-COJMTOHHBIM TpaeKTOpuaM (cM. puc. 11 u puc.
12). B aToM ciyyae, eIMHCTBEHHON BO3MOXXHOW reOMeTpPUYECKON KOMOUHaLUeH,
IPU KOTOPOU BO3MOKeH 3G PeKT cnrHa Oy/eT: JieBasi BEpXHss TOYKA JIOKaJIU3aluU

- A ¥ npaBasg HWXKHSS TOYKa JOKajau3alydu - D, 4YTO MOXHO 3amucaThb, Kak
1

tS(AHD) =t >
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Amom H G—q "
o e

‘pe’p

/.1 2 IJ[

I3 T ,'J,r

Puc. 11 (aub). Konnennusa gemxkennsa QyHaaMeHTaIbHO-CLEIIEHHBIX pepMHOHOB
B CaMOCOrJIaCOBaHHOM YaCTHIE-COJIUTOHHOM aToMe BoAopoja npoTuu. Ha
pucyHke 1la cieBa M306pakeHbl: KaK 3JIEKTPOH (YacTHIia) JBUTAIOLIUICS, 10
4acOBOU CTpeJIKE, 10 TPAEKTOPUU OTJIMYHOU OT OKPY>KHOCTHU U CTpeMsilenca K
3JUTMNTHYECKOHU B “ST ¥ mo3uTPOH (t-COMMTOH) JBUTAIOUIMICS, TPOTUB YaCOBOM

cTpeJsikH (110 S-OpOUTAJIN), IO TUIIEPOOTUYEeCKUM t-COJTUTOHHBIM

1
TpaekTopusaM B PST - npu6IMKaIOTCA K TOUKE JIOKATU3ALIH — D(Sp=1= E)

B 4ST. Ha pucynke 11b cnpasa nmokasaH MOMEHT MaKCHMaJbHOTO COJIMMKeHHS
NpOeKLUI 3/7eKTpoHa (YacTHULbl) U MNO3UTPOHA (YacTHLbl) B NMPaBOM HUXKHeH

1 o
TouKe Jiokasusanuu - D (,Sp = + 5) B ST, Korja Mex/1y 3J1eKTPOHOM YacTHL el

U IMO3WTPOHOM '{aCTI/IU,eI‘/JI - CTAHOBHUTCA BO3MOXXHBIM HJea/IbHOE 06MeHHOoe
B3aPIMOL[eﬁCTBPIe.

Puc. 12 (a ub). Konnennus asmwxeHus GyHAaMeHTAIbHO-CLENJIEHHBIX pEPMHOHOB
B CaMOCOIJIaCOBaHHOM 4YaCTHIle-COJIMTOHHOM aToMe BoJiopoja mnpotud. Ha
pucyHke 12a cieBa M306pakeHbl: KaK 3JIEKTPOH (YacTHIA) ABUTAIOIUKICS, 110
YacoBOH CTpeJIKe, MO0 TPAEKTOPHUU OTJIUYHOU OT OKPYKHOCTU U CTpeMsLleiics K
3JUTMNTHYECKON B ST ¥ mo3UTpoH (t-COMMTOH) JBUraMOIMNACS, TPOTHB YaCOBOK
CTpeJsiKH (110 S-OpOUTAJIH ), IO TUIEPOOTUIECKUM t-COJTUTOHHBIM

1
TpaekTopusaM B ST - npubamxkarTca k Touke Jokanusanuu - A (S, = + 5) B

AST. Ha pucynke 12b cmpaBa moka3aH MOMEHT MaKCHMMaJbHOTO COJIMMKEHHs
NPOEeKLHH 3JIeKTpoHa (YacTHLbI) M MO3UTpPOHA (YAaCTUIbI) B JIEBOW BepXHEH

1 o
To4Ke JoKanusanuu - A (;S, = + E) B ST, Korjja Mex/ly 37IeKTPOHOM YacTHLeH 1

MMO3UTPOHOM ‘{aCTI/IL[ef/‘I - CTAHOBHUTCA BO3MOXHBIM HJea/IbHOE o6MeHHOe
BBaHMO,E[eﬁCTBPIe.

Jna Ha6awogatenss N2, Haxonsllerocs HampoTUB HabOJswgaTesnss N1, ajieKTpoH
JIBUTAeTCs MPOTHUB YAacOBOM CTPeJIKU MO 3JUIMITHYECKONM OopbUTe, a MO3UTPOH
(t-conuTOH) ABUTAETCA 10 YACOBOM cTpeJiKe (M0 S-OpOUTAIH ), IO TUIIep6OTUIYECKUM
t-conuTOHHBIM TpaekTtopusaM (cMm. puc. 13 u puc. 14). B 3ToMm ciyyae
reoMeTpuyecKoe pacnoJiokeHWe CIuMHa OyJeT: B MpaBOM BepxHed TOYKe
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JIOKaJIN3aluu — B U1 1eBOM HUXKHEU TOUKOH JIOKaJIU3aluu — C, 4YTO MOXKHO 3allMCaTh,
1
KaK tS(B<—>C) = i E

Amom H
&

Puc. 13 (au b). Konnennus asmxeHns pyHiaMeHTaIbHO-CLEIIEHHBIX pepMHOHOB
B CaMOCOIJIaCOBAaHHOM YaCTHI[e-COJIMTOHHOM aToMe BoAopoja mnpoTuu. Ha
pucynke 13a cieBa HM300pakeHbI: KaK 3JIEKTPOH (YacTHUIA) [ABUTAMOIUKCS,
IPOTHUB YacOBOM CTPEJIKH, IO TPAEKTOPHUHU OTJMYHOH OT OKPYKHOCTH U
cTpeMsLIEeNCca K 3JUIMIITUYECKON B ST ¥ mo3uTpoH (t-COMMTOH) ABUTAKOIUHCS,
o 4acoBou ctpesike (10 S-OpOUTAJIM), MO BO3MOXXHBIM THIIEPOOJUYECKUM t-
COJIMTOHHBIM TpaeKTopusM B ST - npubmxaloTcs K TOYKe JoKanusauuu — C

1
(:S¢ = iE) B 4ST. Ha pucynke 13b cnpaBa nokasaH MOMEHT MaKCMMaJbHOTO
COMMKEeHMs] TPOEKLMH 3JIeKTpoHa (JacTUIbl) U HO3UTPOHA (YaCTHUIbI) B HUKHEH
" 1 A
JIeBOM Touke Jiokanuzauuu - C (;S¢ = i;) B “ST, xorga MexJy 3J1eKTPOHOM

YacTHULlel U MO3UTPOHOM 4YaCTHIEH - CTAaHOBUTCS BO3MOXKHBIM HjeasibHOE
0OMeHHO€e B3aUMO/IelCTBHE.

Amom H Amom H
e 2

Jry— & e

g—q "
P
= p=tp
-

fre’r

a) b)

Puc. 14 (aun b). Konnennus AsmxeHus pyHZaMeHTaIbHO-CLeTIEHHbIX pepMHOHOB
B CaMOCOIJIaCOBaHHOM YaCTHIle-COJIUTOHHOM aToMe Boopoja IpoTHH. Ha
pucyHke 1l4a cieBa H306pakeHbl: KaK 3JIEKTPOH (YacTHLA) JABUralOIUKcH,
OPOTUB YaCOBOM CTpEJKH, N0 TPAeKTOPUM OTJUYHOH OT OKPYKHOCTH HU
cTpeMsALIeica K 3/UIMNTUYECKON B ST ¥ no3uTpoH (t-COMMTOH) ABUTaKOIHUiicH,
o 4yacoBod cTpesike (110 S-OpOUTAN), MO BO3MOXKHBIM THUIIEepOOJUUYECKUM t-
COJIMTOHHBIM TpaeKTopusAM B PST - mpubMKarTcs K TOYKe JIOKaJM3aluu — B

1

(S = i;) B 4ST. Ha pucyHke 14b cmpaBa nokasaH MOMEHT MaKCHMaJbHOTO

COMMKEHUSI TPOEKIIMN 3/IeKTPOHA (YaCTUILbl) U MO3UTPOHA (YaCTUIlbI) B TpaBOH
o 1 A

BepXHeH TO4YKe JIOKaJu3anuu — B (;Sg = ig) B ST, Korja MexJy 3J1eKTPOHOM

YacTUIed ¥ TMO3UTPOHOM 4YaCTUIlEH - CTAaHOBUTCS BO3MOXHBIM HeaJIbHOE
06MeHHO€e B3auMO/leHCTBUE.

Takum o6pasoMm, npuBeZieHHble HA pucyHKax 11-12 u 13-14 npumepsl JABUKEHUS
byH/laMeHTaIbHO-CLeNJIEHHBIX 3JIEKTPOHA U MO3UTpoHa (Mo sS-op6uTanud) B
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CaMOCOrJlaCOBAaHHOM 4YaCTHULE-COJIMTOHHOM aTOMe€ - dABJAIOTCA JIEBO-IIPAaBO
CUMMETPHUYHBbIMHU.

7.3.3 TeomeTpmyecKkoe pacnosioxKeHne cnmHa Npu ABuM»KeHuUm cBoboaHbIX (BHE
aToMa unu aapa) dyHaamMeHTanbHO-CUENNEeHHbIX EPMMUOHOB MO OCUMAINPYHOLLMM
HEe3aMKHYTbIM OpbUTam

CBoboaHble (yHJAMEHTaNbHO-CLEeNJeHHble (epMHOHbl BHE aToMa WM sjpa
JIBUTAIOTCSl  COTJIACOBAaHHO, KaXAbld B CBOEM [POCTPAHCTBE-BPEMEHU IO
OCLWUIMPYIOIUM HEe3aMKHYTbIM OpOMTaM. B mpocTeiilieM oJHOMepHOM cJy4dae
Takye OCLU/JIUPYIOLIMe He3aMKHyTble 3JJIMITHYecKMe Oop6uThl B ST MoxHO
ONpeeJUuTh, KaK TPAEKTOPUH, COCTOSIHE U3 KPHUBBIX, OTOOpaKeHHE KOTOPbIX C
MCIOJIb30BAHUEM 3€pKaJbHOM CHUMMETPUU HEO0OXO0JAUMMOe KOJIMYeCTBO pas -
N03BOJISIeET HaM 3aMKHYTb OpOUTY Ha caMoro cebs (cM. puc. 15). [lng onpeneseHus
CJIOXKHBIX OCIUJJIMPYIOIIUX HE3AMKHYThIX I'MIIePO0IUYECKUX t-COJTUTOHHBIX OPOUT
B PST TpebyroTca ganbHelnue vccae 0BaHuA U TOUHbIe popMysbl Ho riaBHoe, 4TO
JUis peanu3anuu 3¢ deKTa cnvuHa t-COJUTOHbI TaKXKe BCerjia JBUraloTcs U3 OJHOMN
TOYKU JIOKaJW3allMKu K JApyrod. [lpy 23TOM mapa TodeK JiOKaJU3aLUU

1

OCLWJLIUPYIOIUX PYHAAMEHTANbHO-CIENJIEHHBIX (PEPMHUOHOB Sy ¢ = t- wm
1 o

tSpop = 5 - OyAyT KaXKJbld pa3 HAXOJUTbC B HOBbIX 06JIACTAX MPOCTPAHCTB-

BpeMeH ST, LST u PST.

Heob6xoaumo cpa3y oroBopuThCs, UTO Ha puc. 15 (a u b) npezacTraBieHHbIM Jasiee,
MOKa3aHa JIMIIb KOHIENUMS ABYX BO3MOXHBIX TMIIEPOOJMYECKUX t-COJUTOHHBIX
Op6UT I MO3UTPOHA C MCIOJIb30BAHWEM OJIHOM BETBHU T'UIEpO6OJIbI, UMEKIUX
pa3Hyo0 CIUPATBHOCTb.
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CsobodHsle hepmuoHsl 9 —~q
p

a)

b)

Puc. 15 (a u b). KoHuenuus ABWKeHHUs CBOGOAHBIX (BHE aToMa WU SIpa)
byHaMeHTaIbHO-CLeIIEHHbIX  GEpMUOHOB:  3JIeKTpOHA  (YaCTHMLbL) IO
OCIH/I/IMPYIOIMM HE3AMKHYThIM 3/IMIITHYECKUM Op6uTaM B LST 1 nosutpona (t-
COJIMTOHA) IO JABYM  BO3MOXHBIM  OCHWUIMPYIOIIMM  HE3aMKHYTBIM
runep60oJMYecKUM t-COJNMTOHHBIM op6uTaM B PST c Mcmonb3oBaHHeM O/HOM
BeTBU runep6oJibl. Kaxkas U3 Touek jJokanusanuu Aq, C, 1 A - ABISETCA OKHOM
NPO3PavyHOCTH HWJIM COUHOM .S, KOIZAa CTAaHOBUTCS BO3MOXKHBIM HJe€albHOE
06MEeHHOE B3aUMOJEUCTBHE MEXAY 3JEKTPOHOM YaCTHLEd U MO3UTPOHOM
yactuneil. Ha o6oux yactsx puc. 15 (a u b) TpaekTopuu 3/neKTpoHa B LST -
copnagator. Ha  puc. 15a  u3o6pakeHO  [JIBU)KeHHe  MO3UTPOHA
(t-conutona) B DST mo ocuunaupynomeil He3aMKHyTOH  BO3MOKHOM
rUnep6oMYecKod  t-COJIMTOHHON OpOUTE U3 TOYKHU JIOKAJIU3ALUU A; B TOUKY
Jokanusanuu C, ¥ fjajiee B TOUKY JIoKanu3auu A; (¢ 2 meTJIssMU 3a 10J1 060poTa),
MPU KOTOPOM «CIMPaJbHOCTh» MOXKHO HHTEPIIPETUPOBATh KaK M0JI0XKUTENbHYIO.
Ha puc. 15b u3o6paxeHo jBM)KeHMe MNO3UTpPoHA (t-coamToHa) B PST no
OCIIMJIJINPYIOIeH He3aMKHYTOW BO3MOXXHOW TUIEp60JIMYeCKON t-COTUTOHHOU
Op6UTe M3 TOYKH JIOKAJIU3ALMU A; B TOUKY JioKaqu3auuu C, U Jjajiee B TOUYKY
Jokanusanuu A; (¢ 2 neTsisiMu 3a noJi 060poTa), IpU KOTOPOH «CIUPAJbHOCTb»
MOXKHO UHTEPIPETUPOBATH KaK OTPULIATEJbHYIO.

Heob6xoauMO OTMETUTb, YTO TPAEGKTOPUM CBOOOJAHBIX yHAAMEHTAIbHO-
CUenJIeHHbIX GEepMHOHOB: 3JIEKTPOHA U MO3UTPOHA — He SIBJSIOTCS JIEBO-NPABO
CUMMETPUYHBIMU.

7.4 Mpunpopaa cnmHa 6030HOB

7.4.1 Obwme NoNoKeHNA 1 onpeaeneHme
B030HbI NOZpa3/esaoTCs Ha iBa Kaacca: 6e3MaccoBble 6030HbI (GOTOHBI ¥ B LST u
TeMHble poToHbI 7 B °ST) He nMeroIue 3apsA/0B, U MaCCHBHbIE BEKTOPHbIE 6030HbI
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(*W, "W, °Z) cpenu kotopeix TW - aBaawoTca 3apsykeHHbIMU. CIIMH BcexX 6030HOB
S = 1, Ho ugeasbHOe 0OMeHHOE B3aUMO/IENCTBHE Y 6€3MaCcCOBbIX HEMTPAJIbHBIX U
y MAacCCUBHbIX, HMEWIIUX 3apsiAbl 0O030HOB - CYLIECTBEHHO pPa3/M4yalTCS.
OcTaHOBMMCI Ha 06€3MacCcOBLIX HEWTpaJbHbIX 6030HaX, IIOCKOJbKY *W
BO3HHUKalOIME NP €J1ab0M B3aUMOAEUCTBUM - SIBJISIOTCS UCKJIIYEHHUEM U3 MPaBUJI
M OyZlyT pacCMOTPEHBI B KOHIle 3TOr0 pasjeJa.

HWTak, ciuH 6030HOB S = +1, T.e. 32 0AMH 060pOT (277) 0 CBOMM OCUUJIJIMPYIOLIAM
HE3aMKHYTbIM OpOUTAM NPOEKLUUHN PyHITaMEHTATbHO-CLENJIEHHbIX YACTUL, MAaTEPUHU
LM B mpoctpancTBe-Bpemenu ST, u cooTBeTCTBEHHO, t-COIMTOHOB aHTMMaTEPUU
PM B nmpocrpancTse-Bpemenu PST oauH pa3 MakcMMasbHO CONMXKAIOTCA APYT C

A pyrom:

c g o oauH 060poT 6030HOB MaTepuii “M u TeMHbIX 6030H0B M 110 Op6UTAM £1(39)
IIUH = < =
¢ KOJIN4YeCTBO MOMEHTOB MAaKCHUMaAJIbHOTI'O C6J]I/I>KeHI/IH IMpoeKIHUHU

B coBpeMeHHOU ¢pusuke cnuH S = +1 uaMepsieTcs B eJUHULAX A, YTO SIBJISIETCS He
COBCEM KOPPEKTHBbIM. B ZleliCTBUTEbHOCTH, ¢ yueToM $opMyJbl: “E = i+ w (rze

h
h = o d W= f - 2m, h - noctosinHagd [lnaHka, A- noctosiHHasA Jlupaka, f — 4acToTa,

W — QUKJAYecKas WM yrjoBas 4acToTa), 3TO O3HAYaeT, YTO 3Heprus 6e3MaccoBbIX
HeUTpa/ibHbIX 6030HOB 3a 0JJUH 060POT (277) BOKPYT CBOUX OPOUT - He MEeHSETCS.

Bo BpeMs uaeasbHOro OOMEHHOro B3auMOJeHcTBUST y GOTOHA Yy U
byH1laMeHTaIbHO-CI[ETJIEHHOTO C HUM TeMHOT0 pOTOHA J MPOUCXOAAT CAeAYIOIIre
JIB€ OTepaIuu:

1. Bo30HBI 06MEHMBAIOTCH CBOMMU MHPOPMALUAMH CTOXacTHdeckoil LI wu
dpakTasbHOUN DI cooTBeTcTBEeHHO;
2. IpoucxoauT cuHxpoHusanus spemen “T u PT.

Be3MaccoBbie 6030HbI, B OTJWYUH OT 3apPSDHKEHHbIX (GEepPMHOHOB, He 00JaJal0T
3apa/laMU U He 06MEeHMBAIOTCS CBOUMH uMnyJbcaMu P u PP, 3Tu oTaMymsa u ciuu
S = +1, MO3BOJAIT MHOXeCTBy 6e3MacCOBbIX HeHTpalbHbIX 6030HOB B LST
HaXOJJMThCS B OJHOM M TOM € KBAaHTOBOM COCTOSIHHM, TEM CaMbIM, HaJeJisdsl UX
CBOMCTBOM - SIBJIITbCA IEPEHOCYUKAMU B3aUMO/IEMUCTBUH.

B TSSCU dotoHbl ¥ U TeMHble GOTOHbI ¥ - SABAATCA yHAAMEHTAJIbHO-
ClenJIeHHbIMU.

Hcxoas Y3 mpepajiaraeMod rumnore3e o npupoje cnuHa, nm. 5.10, 5.11 [naBel 5 u
pPacCMOTPEHHBIX BblllIe 3aKII0UYEHUNA MOXKHO YBEPEHHO C/iesIaTh Mpe/iCKa3aHUs:

*  4acTUL, KOTOpbIe ABJAITCA aHTUYaCTULAMU CaMU il cebs — He CyILeCTBYeT;

6e3MaccoBblil HeHTpalbHbINA 6030H POTOH - ¥ B IPOCTPaHCTBe-BpeMeHH ST,
MMeIUMH ciiuH S = 11 - 0653aH UMeTb GyH/JaMeHTaTbHO-CLENJIEHHOTO
napTHepa: 6e3MaccoOBOr0 HEUTPaAJbHOI0 TEMHOTO GOTOHA - ¥ B IPOCTPaHCTBe-
BpeMenu PST, Takxe co cnuHoM .S = +1.
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[lpr 5TOM GOTOHBI ¥ ABJAIOTCA MEPEHOCYUKAMU KBAHTOB ‘A 3/1eKTPOMarHUTHOIO
B3aUMMO/IEHCTBUS, a TeMHble (QOTOHbI ¥ - SABJSAITCS NEePEeHOCYUMKAMHU TEeMHbIX
KBaHTOB Ph;_s IO3UTPOHHO3JIEKTPUYECKOTO (CHUJBHOrO) B3aMMO/EHCTBHUS.
[unoTtesa (BO3MOXHOCTb) O CyIIECTBOBAaHUM Y POTOHA BOJHOBOW PYHKIHUU ObLIa
BbIABUHYTa (paccMoTpeHa) eme B 1930 roay [112, 113], HO CTOJIKHyJIach C
Cepbe3HbIMU TEOPETUYECKUMHU TPYAHOCTAMU. OTKpBITUE ONTUYECKUX COJTUTOHOB
[114] nmo3BosisieT HafeATbC 4YTO OyAyT MoJy4eHbl (GOpMYyJibl, MO3BOJSAIOLIME
NPOBOJUTbL BbIYMCJIEHHUS] CaMOCOTJIaCOBAHHOrO JABW)XEHUSI (POTOHOB M TEMHBIX
$OTOHOB - B 6/iMKallllee BpeMsl.

Kak usBectHo, cymectByeT 2 * | S| + 1 cocTrosiHui# cnuHa. Cie0BaTeIbHO, y 6030HOB
BO3MOXKHBI - 3 cocTosiHUA: +1, — 1 », Tak Ha3eIiBaeMoe, 0. [lesieHUe 3Ha4YeHHUsI ClIMHA
[0 TMOJIOKUTEJbHOMY M OTpHULATeJbHOMY 3HaKy .S = 11, a Takxe TO4YHOe
onpe/ie/ieHue NOHATHUSA CIUPAJIbHOCTH - CTAaHET OKOHYATEJIbHO ICHBIM TOJIBKO MOCJ/Ie
MoJIy4YeHHUs dbopmyu, OIKMChIBAIOIINUX caMocCoIJlacOBaHHOe JBIDKEHHE
dyH/1aMeHTa/IbHO-CIeNJIEHHbIX 6030HOB. PaccMOTpUM npuMepbl UX BO3MOXKHOTO
CaMOCOTJIaCOBAaHHOIO [BHKEHMUSI.

7.4.2 TeomeTpmyecKkoe pacnoioXKeHNe CnmHa Npu ABMKEHUM GyHAAMEHTAIbHO-
cuenneHHbix 6eamaccoBbix HO30HOB MO OCLUANNPYHOWMM HE3AMKHYTbIM OpHUTam
llpu jBwxeHUH OQYHAAMeHTabHO-CLENJIEeHHOW yacTuLbl $oToHa B ST u3 4
BO3MOXHbIX T€OMEeTPUYECKUX TOYEK PacloJsiokeHus cnvHa (cM. puc. 10), B ogHOM
HanpaB/eHWe OH MNPOXOJAUT OOJIbIIYID 4YacTbhb IJUIMITUYECKOW TpaeKTopuu (1o
JlAaHHOMY 3JIJIMIICY), @ B APYroM HampaBJe€HUM MEHbUIYI0 YacCTb 3JIMOTHYECKON
TpaeKTOpuHu (M0 JAaHHOMY 3JIJIMICY), cM. puc. 16 (a u b). C yueToMm cnuHa S = +1
doton y B LST mpoxogur oauH 06OpPOT MO OCHMUIMpYIOLIEH He3aMKHYTOM
3JUIMNITUYECKON TPAaeKTOPHUM [0 Caefylolled TOYKU JIOKaJU3alUU U UJlea/IbHOTO
0OMEHHOTr0 B3aUMO/JI€MCTBUS.

Heob6xoauMo cpa3y oroBopUThbCs, UTO Ha puc. 16 (a u b) npe/cTaB/JeHHbIM AaJiee,
NOKa3aHa JIMIIb KOHIENIUs JBYX BO3MOXHBIX THIIEPOOJHYECKUX t-COJUTOHHBIX
OpoUT Jyii TeMHOro ¢OTOHA J, C MCIOJIb30BaHHEM BeTBel 00eux runepobod,
MMEIIIHUX PA3HYI0 CIUPAJIbHOCT.
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PomoHsl U memHbie pomoHbl Ly =0
4 St g = =
7 e 1A -43) {LT =07

a)

b)

Puc. 16 (a u b). Konnenuus guwxeHus pyHAaMeHTaIbHO-CLENJIEHHbIX 6030HOB:
doToHa (YacTHLBI) M0 OCHULIUPYIOIIUM He3aMKHYThIM 3JUIMITHYECKUM OpGUTaM
B ST u TemHOro ¢oToHa (t-coMMTOHA) MO ABYM BO3MOXHBLIM OCLM/TMPYIOLIMM
He3aMKHYTBbIM THUIIepOOJIHYeCKUM t-CONMMTOHHBIM op6utaMm B OST ¢
KCII0JIb30BaHHEM BeTBed 06eux rumep6os. Touku sokanusauuu A; U Az -
SIBJIAIOTCS OKHaMH MNPO3PAayHOCTH WJM CIOHHOM .S, KOTJa CTaHOBHUTCA
BO3MOXXHbIM H/l€aJIbHOE 06GMEHHOE B3aUMO/IeHCTBHE MeXAY pOTOHOM YacTUL el
U TeMHbIM ¢poToHOM yacTuuei. Ha o6oux yactax puc. 16 (a u b) Tpaekropuu
¢doToHa - coBnagaiT. Ha puc. 16 (a u b) u3obpakeHbl ABUKeHUS TeMHOT0 GpOTOHA
(t-comutona) B PST mo gByM pasiM4HBIM OCHMJUIMPYIOUIAM HE3aMKHYTbIM
BO3MOXKHbBIM rHI1€POOJIMIECKUM t-COJUTOHHBIM OpOUTAM U3 TOUYKH JIOKAJU3aALUU
A{ B TOYKY JIOKAJU3al U1 A3, UMEIOLUM pa3Hylo CIIMPaJbHOCTb.

HeO6XO,£[I/IMO OTMETHUTDb, YTO ABHKEHHA Q)YHAaMeHTaJIbHO-CLIeH.HeHHbIX 0030HOB:
(1)OTOHa H TEMHOI'O (1)0TOHa — He ABJIAKTCA JIeBO-IIPABO CHMMETPHUYIHBIMH.

TpeTbe cocTosiHUE CclIMHA S 6030HOB, TaK Ha3bIBaeMoe 0 — 3anpeleHo A/ GOTOHOB
M TeMHbIX QOTOHOB. [IpruMnHa 3TOro 3ampera OyAeT pacCMOTpeHa B CleAyloller
craTtbe «Popmanusm TSSCU».

7.4.3 OCODEHHOCTM CN1HA NPU ABUNKEHMN PYHAAMEHTANbHO-CLLENNEHHbIX
MaCCUBHbIX BEKTOPHbIX YW 6030H0B

Jlns 3apskeHHbIX W MacCUBHBIX BEKTOPHBIX GO30HOB HealbHOE O6GMEHHOe
B3aUMO/JIeHCTBUE OY/JIeT MPOUCXOAUTH AHAJOTMYHO TOMY, KaK OHO MPOXOJUT Y
$epMHUOHOB, C TOH JMIIb CylleCTBEHHOW pasHHLeH, 4To oHO y W 6030HOB
NPOUCXOJUT OJUH pa3 3a 060poT (21) BOKPYTr CBOUX OPOUT. ITa pasHULA JelaeT
3apsyKeHHble MacCHBHble BEKTOpHble TW 6030HbI - HeCTaGUJIbHLIMU U
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KOPOTKOXXMBYIIMMH, 4YTO IMO3BOJISET WM UrpaTh CBOK HAAJIEXAIYyI pOJIb
NepeHOCUYUKOB CJ1ab0ro B3aUMO/ e CTBUSI.

7.4.4 OcobeHHOCTH cnuHa maccuBHoro BektopHoro °Z 603oHa. MNpeackasanve.
Ham ocraeTcss paccMOTpeTb HEHTpaJbHBIA MacCMBHBIM BEKTOpHbIA °Z 6030H, y
KOTOPOI'0 TaKXe JI0/HXKHO NMPOUCXOAUTh UJealbHOe 0OMEHHOEe B3aUMOIEMCTBUE CO
CBOMM QyHAaMeHTa/JbHO-CLIENJIEHHbIM IAapTHEPOM M3 aHTUMaTepuu. Ho okaszasocs,
YTO ero mapTHep TeMHbIH 6030H °Z U3 aHTHUMaTepUM - JO CHX MOp He HaijeH.
XoTesioch Obl OITHO3HAYHO 3asIBUTh, YTO IIPUBEAEHHAs UI0Te3a 0 NPUpPOo/ie CIUHA -
WCKJII0YaeT TaKyl BO3MOXXHOCTb. Mcxoasd M3 3TOro, MOXKHO YBEPEHHO CHeJaTh
cJlefiyloliue npeacKa3aHus:

*  YacTUl, KOTOpbIe SBJISAITCSA aHTUYACTULAMHU CaMU JJisl ce0s1 — He CYLeCTBYET;

*  MaccuBHbI# 6030H °Z B npocTpaHcTBe-BpeMenH LST, umeromuii cnuH S = +1 -
006513aH UMeTb PyH/JaMEeHTa/JbHO-CLENJIEHHOT0 MapTHEPA HEUTPAJILHOTO
MacCMBHOT0 6030Ha U3 aHTUMaTepUU B IPOCTPaHCTBe-BpeMeHHu ST,

7.4.5 CnvH 6030Ha Xurrca H

OcobenHocTHn 6030Ha Xurrca H, umerouero Hy/esoi cnuH (;S = 0) ¥ cKansgpHOro
noss Bbpayrta-dHriepa-Xurrca (BEH) 6yayT pacCMOTpeHbl B CJeAylled cTaTbe
«®opmanusm TSSCU».

7.5 3aKkntoverHune

ConuH S - sdaBasgercda ¢QyHJAMEHTaJbHbIM MEXaHU3MOM MWJIU 3PPEKTOM,
obecreyuBamOUIMM HJeaJlbHOe OOMEHHOe B3aUMOJEWCTBHE W CHUHXPOHU3ALUIO
BpeMeH T u PT mexnay dyHaaMeHTanbHO-CLeN/IeHHBIMU YacTHLAMU B ST U ux
napTHepaMu t-coJuToHaMu B PST.
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naBa 8 CamocornacoBaHHas YacTULLe-CONUTOHHAA MOAEb aToMa BoAopoa (NpoTus)
B Tpex npocTpaHcTax-spemenu 4ST, LST, ST

[[naBa 8 Camocor/iiacoBaHHasa 4acTuue-coNMTOHHAA MOAe /b aTOMa
BoZOpoaa (NpoTws) B Tpex npocTpaHcTeax-spemenn 4ST, LST, PST

PaccMOTpUM caMOCOT/IacOBaHHYI YacCTULe-COJTMTOHHYI0 MOZiesb INPOCTEeHIlero
aToMa BOJopoJa - NpoTusd. HanmoMHUM, 4TO IPOTHUU He COAEP>XXKUT HEUTpPaIbHbIX
YACTHUI, U COCTOMUT U3 A/ipa U 3JIeMeHTAapHOM YaCTHLbI, BUTAOLIENCA BOKPYT Hero.

[ KaXoro M3 Tpex MNPOCTPAaHCTB-BpeMeH YacTHasd MoJeJb, ONKChbIBAKOLas
NpOTUH, OyZeT UMeTb CBOM CYyLeCTBEHHbIE OTJIMYMSA, 00YCJI0BJIE€HHbIEe PA3HOCTBIO
CBOWCTB 3THUX IPOCTPAHCTB-BpeMeH, a Takke (pyHJaMeHTaJbHbIM MeXaHU3MOM
CIIMHA.

B A6conoTHOM TpocTpaHcTBe-BpeMeHH “AST  aToM mnepBHYHOro  (MJM
yIpaBJAKLIEr0) NpPOTUS MNpejCcTaB/sseT COO0M MepBUYHBIA 3J1€KTPOH, KOTOpPbIA
JIBMKETCS 110 U/Jlea/IbHOM OKPY>KHOCTH BOKPYT IEPBUYHOI0 IPOTOHA, COCTOSIILETO U3
Tpex IepBMYHBIX KBapKOB, MOCKOJbKY B “ST [elCTBYIOT 3aKOHbI IeOMEeTpUH
IBKJIM/A ¥ IOCTOSIHHASA IpaBUTALLUSA.

llpocTpaHcTBO-Bpems ST llpocTpancTBo-Bpems PST
* ATOM U PO NPOTHS BKJIOYAET B * ATOM U AP0 aHTUNIPOTHUA

ce6s1 IPOTOH - P, COCTOSIIUM U3 BKJIIOYAeT B Ce6s1 aHTUNIPOTOH - P,
Tpex KBapKoB: (u,u,d) v 3JIeKTpoHa COCTOSIIIMU U3 TPeX aHTUKBAPKOB:
- e, KOTOpBIU JIBMXKETCSA 110 OpoUTe (%, 7t d) ¥ HO3UTPOH - &, KOTOPBI
OTJIMYHOU OT OKPYKHOCTH U JBWXKETCA BOKPYT aHTUIIPOTOHA - P
CTpeMsleNcs K 3JIMIITUYeCKOU 110 TUIIEPOOJIUYECKUM
BOKPYT IIPOTOHA - P, TOCKOJIBKY B t-COJIMTOHHBIM TPAaEKTOPHUSIM,
LST peanusyerca reomerpus nocKoJbKy B °ST peanusyerca
PuMaHa v nosioxuTtesibHas reomeTpus JlobaueBckoro-bosbsiu
rpaBUTaLUSL. Y OTpHULlaTe/IbHAs TpaBUTALUS.

° PaCCMOTpI/IM ABHXXEHHE 3JIEKTPOHA ° PaCCMOTpI/IM ABHXXEHHE IIO3HUTPOHA

e~ (YacTHIibl) BOKpPYT MpoTOHa p™* €™ (t-comuTOHA) BOKPYT
(yactunpl), nogpobHee. Kak aHTUIIpOTOHA P~ (t-coaMTOHA)
M3BECTHO 3JIEKTPOH e~ 06J1aJjaeT noapo6Hee. Mbl IpeAiniosiaraeM, 4To
3/1IeMeHTapHbIM TOYEYHbIM NO3UTPOH 0bJ1alaeT
3JIEKTPUYECKUM OTpHULIATETbHbIM 3/IeMeHTapHbIM TONOJIOIMYECKUM
3aps/i0M ¢~ paBHBIM 10 MOJYJII0 MarHUMTHbIM N0JIOXKUTENbHbIM
[0JIOXKUTEJTbHOMY TOYEYHOMY 3apsAAoM - O paBHBIM [0 MO/IY.JIIO,
3apsay q* mpotona p*; OTpHULATEJbHOMY 3JIEMEHTAPHOMY

TOMOJIOTUYECKOMY MarHUTHOMY
3apaay 0~ aHTUNPOTOHA P~ ;

L
* B "ST yacTuupl MaTepuy, umeromye |« B PST t-coMuTOHBI aHTUMATepHH,

pPa3HOHMMEHHbIE€ TOYE€YHbIE HMeRIle pa3HOMMEHHbIE
3JIEKTpHU4YeCKHe 3apAabl - TOIMOJIOTMY€eCKHE MAarHUTHbIE
IMPpUTATUBAIOTCA. 3apAabl - OTTAJIKHMBAKOTCA.
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Takum o6pa3oM, B Ji0601 MOMEHT Ty, cp B AST (cm. puc. 17) cuna nputsxenus LF
MeXJy OTpHULATeJbHO 3JeKTPUYECKH 3apsKeHHbIM 3JIEKTPOHOM e~ U
T0JIOKUTE/BHO 3JIeKTPUYECKH 3apsKeHHbIM IpoToHoM p* B “ST kommneHcupyeTca
COBOKYNHBIMM CHUJIaMU OTTaJKUBaHUA DFL-]- MeXJy TOJIOKUTEJbHO MarHuTo
3apsSOKEHHBbIM [O3UTPOHOM éT W OTpHMIATeJbHO MAarHUTO 3apsAXKeHHBIM
aHTUNpoToHOoM P~ B PST. B pesyabrate, B 4ST Mexay ¢yHJaMeHTabHO-
CLEMJIEHHbIMH MapTHEPaMH 3JIEKTPOHOM e~ U HO3UTPpOHOM &1 u mexnay
$yHjaMeHTalbHO-CLEIJIEHHBIMHY TapTHEPaMHU IIPOTOHOM p* U aHTUIIPOTOHOM P~ —
BO3HHUKaeT JHWHAaMHU4YeCKOe paBHOBeCHe, KOTOpOe He INO03BOJIIeT 3JEKTPOHY e~

ynacTb Ha npoToH p* B 'ST, a nosutpony é* oTopsaThcs oT anTunpoTona p~ B °ST.

L D
A!TIOM H F e> Fij
?+ €3 - DKBHBAJICHTHO
&' e
p

Puc. 17. CaMocorsiacoBaHHas YacTHLe-COJMTOHHas MoJieJb aToMa BOZAOpPOJA
(mpoTus) B TpexX NpPOCTPaHCTBax-BpeMeHH. B /110604 MOMeHT Ty, B AST
aJieKTpudecKkast cusia nputsokenus LF(Lt), peficTByiomas Mexay 3/€KTPOHOM
(dacTuueil) u mpoToHoM (4acTuueil) B LST - sKkBuUBa/JeHTHa COBOKYMHBIM
MarHUTHBIM cuaM oTTtankuBauus PF;;(Pt), neficTByomKM MexKy M03UTPOHOM
(t-COIMTOHOM) ¥ aHTUIPOTOHOM (t-couToHOM) B PST. B o6uiem caydae sazgpa
(TpPOTOH ¥ AaHTUNIPOTOH) He 06513aHbl HAXOJUTHCS B LIEHTPE U pa3MelleHbl TaM -
JUJI1 HaTJIsIAHOCTH.
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FnaBa 9 PyHAaMEHTabHble B3aUMOAEWCTBUA B NpoCcTpaHcTBax-spemeHn ST n PST

[naBa 9 PyHAAMEHTaIbHble B3aMMOAENCTBUSA B MPOCTPAHCTBAX-
BpemeHn ST n PST

llpocTpaHcTBO-Bpems ST llpocTpancTBo-Bpems PST
* ['paBuTalMOHHOE * AHTUrpaBUTALlMOHHOE

B3aUMO/IeHICTBUE; B3aUMO/IeHICTBUE;

* JJIEKTPOMarHUTHOeE * Ilo3UTpOHHO3/IEKTpHUYECKOE

B3aMMoOJieficTBHE: (cunbHOE) B3aUMO/eCTBHE:

- 3JIeKTpUYeCcKoe IepBUYHOE - NO3UTPOHHOE (MarHUTHOE)
(3;1eMeHTapHble TOYEYHbIE nepBUYHOE (3JIeMeHTapHbIe
3JIEKTpUYECKUE 3aps/ibl); TOIOJIOTUYECKHE MATHUTHbIE

3apsAbl);

- Mar"HuTHOE BTOpPUYHOE - 3JIEKTPUYECKOEe BTOPUYHOE
(3/leMeHTapHbIN MarHUTHBIN (3/ieMeHTapHBIN 3JIEKTPUIECKU I
3apAf, OTCYTCTBYeT U 3apsj OTCYTCTBYeT U
NPUCYTCTBYIOT TOJILKO B BU/I€ NPUCYTCTBYIOT TOJILKO B BU/I€
JIUIIOJNA); JIUI0JISA);

* MHWpeanbHOe 06MeHHOE B3aUMO/JEeHCTBUE
(B MOMEHT CIIUHA +S5)

* (Ciaboe B3aMMO/JIEHCTBUE

*  AHHUTWISILIUOHHOE
B3aMMO/IeHCTBHUE
(mocJie NPOHUKHOBEHHMS
antumatepuu u3s °ST B 'ST)

* B TSSCU ckanapHoe mnosie bBpayta-dHriepa-Xurrca (BEH) - sBasercsd
byHlaMeHTa/IbHBIM. ['MNOTE3a 0 MpPUpOJEe NPOUCXOXKAEHUM ITOrO MOJSA U
6o3oHa Xwurrca H, umewowmero cndH paBHbid 0 (.S =0), a Takxke ero
pacmpejeseHus B IpocTpaHcTBax-BpemMeHM 'ST wu PST 6ymer pana B
cnenywoued cratbe «Popmanusm TSSCU»

B rsiaBe 5 y»xe paccMaTpUBa/IOCh 3JIEKTPOMAarHMTHOE U MO3UTPOHHO3JIEKTPUYECKOE
(cunbHOE) B3aMMO/JIEMCTBUS, a B IJIaBe 6 'PaBUTALMOHHOE U aHTUTPAaBUTALIMOHHOE.
3Ty 4 PyHJaMeHTa/NbHbIX B3aUMOJEWCTBUS CTPOro MOJpPa3/essiloTc M0 CBOEMY
JeCTBUIO: TpaBUTAllMOHHOE W 3JIeKTPOMAarHUTHoe oOTHocATcd K ST, a
aHTUIPAaBUTALMOHHOE U O3UTPOHHO3IeKTpUdecKkoe (CUabHOe) oTHocATcs K PST.

HWpeasibHoe o06MeHHoe MW cjaboe B3auMoJeucTBUA B TSSCU oTHoOcATCA K
MEXIPOCTPAHCTBEHHbBIM, B KOTOPbIX 002 MPOCTPAHCTBa-BpeMeHHU LST u PST, B Tol
WIM WHOM CTeleHH, MPUHUMAKT HeNoCpejCcTBeHHOe ydyacThe. B rsiaBe 7 yxe
paccMaTpuBaJioCb HJealbHOe 06MeHHOe B3auMmojeilcTBue. HecMmoTpsa Ha
BIleYaT/IAI0IIMeE YCIEeXU COBPEMEHHOM TeopHs caaboro B3auMogeicteusa [115, 116,

76



AnekcaHap AswwanymoB «Teopus CTaLlMOHAPHOM camocoriacoBaHHOM BceneHHoM»

117,118,119,120,121, 122,123,124, 125,126,127,128,129, 130, 131, 132, 133],c
no3unuu TSSCU oHa sBysieTcs HeNOJIHOW. PaccMaTpuBaTh HOBBIE NMOAXOAbI K 3TOU
TEOPUHU UMeeT CMBbICJI I0CJIe IOHMMaHUs IPUPO/bl M POJIU CKaJlsspHOro noJs bpayTta-
JHrsiepa-Xurrca (BEH) u 6030oHa Xurrca H, uMmerouiero cnvHd paBHbii 0 (.S = 0),
KOTOpble HeNOCpeACTBEHHO NIPUHUMAIOT y4acTHe B C1ab0M B3aUMO/I€CTBUU.

OcTaHOBUMCS Ha aHHUTUJISIIUOHHOM B3aUMO/JIEMCTBUH, KOTOPOE OyAeT MOJApPOOHO
paccMOTpeHOo B OTJe/IbHOU cTaTbe «OCOOEHHOCTU KaJluO6poBOYHOM Teopuu U CPT
TeopeMbl B TSSCU». 3nech e, KpaTKO OCTAHOBUMCSl Ha HEKOTOPbIX MOMEHTaX,
VMMEIOLMX HeloCpe/iCTBEHHOe OTHOLIEHUe K aHHUTUJIALMU. ITO B3aUMOJeNCTBUe
MeX/Jly 4YacTHLlaMU MaTepuu M YacTULLAMU aHTUMaTepUU IMPOUCXOAUT
MCKJIIOUUTENBHO B IIPOCTPAaHCTBe-BpeMeHu “ST.

Kak yxe paccMaTpuBasoch B 1. 6.8 I'1aBbl 6 B PST pelicTByeT aHTUrpaBuTanus,
KOTOpas pacujenisieT aHTUMaTepuwo. PacljensieHHass aHTUMaTepus, UMeRUas
OTpULIATEJIbHYIO maccy 1%} OTpULIATEJIbHYIO 9HEPTHUIO, NpUHUMaAET
JlelleHTpaJIM30BaHHble JUHaMU4eckhe (GOpMbl, KOTOPbIM OBLIW JaHbl Ha3BaHUSA
TOIOJIOTUYECKHE COJTUTOHBI.

[unoresa: t-cOMUTOHBI aHTHMaTepUH, TMpPU ONpeJleJIeHHbIX YCIOBUAX U
06CTOAATE/IbCTBAX IPOHUKAIOT U3 HEOJHOPOAHOI'0 M aHU30TPOIHOTO NPOCTPAHCTBa-
Bpemenu ’ST B mpocTpaHcTBO-BpeMs ‘ST u MoJUUHAACH JeHCTBUI0 TPaBUTALUM -
peo6pPa30BbIBAIOTCA U3 t-COJTMUTOHOB B aHTUYACTULbL. [Ipy 3TOM, B COOTBETCTBUM C
ocobeHHocTsIMU CPT-teopemMsl B TSSCU (koTopas, 6yaeT nopobHee paccCMOTpeHa
B roroBsauieicsa ny6sukanuu «Oco6eHHOCTH KaJubpoBo4HOW Teopuu u CPT-
TeopeMbl B TSSCU»), HOMHUMO y:Ke npoliejuied NpocTpaHCTBEHHON UHBepcuu (P -
uHBepcun), Bpems °T unseptupyerca Ha Bpems “T (T - uHBepcus), U B cydae ey
t-COJIMTOH aHTUMAaTePUU 00JiaZlaeT 3JleMeHTapHbIM pacnpe/eieHHbIM MarHUTHbIM
3apsa/0M, OH HWHBEPTUPYeTCAd B 3JIEKTPUYECKUM 3apf[, NPOTHUBOIOJOXHBIN
3JIeKTpUYeCKOMy 3apsaay GyHAaMeHTaJbHO-CLellJIeHHOM ¢ HUM yacTuubl B “ST (C -
vHBepcus). TakuM o6pa3oM, t-COJUTOHBI aHTUMaTepuu TpachOpMHUpPOBaAHHBIE B
aHTHUYACTHUILbI, 10 BCTPEUYU CO CBOUM QyH/IaMeHTa/IbHO-CLeNJIEHHbIM IapTHEPOM U
nocJeAyruel aHHUTUIALUH, TIOJTHOCTBIO NOAYMHAIOTCA 3aKOHaM, JeUCTBYOLUMHU
B “ST. CoGCTBeHHO, HMMEHHO 3TO, Ha B3IJIA[ aBTopa H MOATBEPXKAAIOT
JKCIlepMMeHTa/lbHble JaHHble U UCCAel0BaHUS, TNPOBOJAUMbBIE pPa3JIUYHBIMU
KoJstabopauusamu [134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153]. [Ipuposa nocrapajach cAejaTb BCe, YTOObI
CKpBITh MpsIMble [l0Ka3aTeJbCTBa pPeajbHOCTU CYyLIeCTBOBAaHUS MPOCTPAHCTBA-
BpeMenu PST.
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Fnasa 10 Monsa u npeobnagatolLme NpoLecchl B npocTpaHcTeax-spemenn ST u PST

naea 10 Monda n npeobnagatoLme NPOLECCHl B MPOCTPAHCTBAX-
spemenu ST n PST

MlpocTpancTBo-BpeMs “ST

MpocTpancTBo-Bpems °ST

3JIeKTpUYecKoe mnoJie (epBUYHOE);

MarHuTHoe noJe (BTOpUYHOE)

06pasyloT: KBa3U3JIEKTPOMarHUTHOE
1o0Jie C Mpeo6J1aJar UM MTPOIEeCCOM
JINHEHHOT0 OJTHOPOIHOTO PaCIupeHUs
Y U3JIyYeHUs 3JIEKTPOMArHUTHBIX BOJIH
(3MB).

NO3UTPOHHOE NoJie (MarHUTHOE
NepBUYHOE);
3JleKTpHUuecKoe noJie (BTOpUYHOE)

O6pas3yT: KBa3UIO3UTPOHHO-
3JIEKTPUYECKOE T0JIE C
npeo6J/1aIa0IUM NPOLLECCOM
HEeJIMHEWHOTO HEOTHOPOIHOTO CXKATHUS
Y aKTHBHOTO TOTJIOIIEeHHS
(oTpULATENIbHOTO U3JIyYeHHs])
MO3UTPOHHO-3JIEKTPUYECKHUX BOJIH
(I13B).

MlpocTpaHcTBO-BpeMsa AST

B pe3ysibTaTe B3aUMO/J e CTBUS 3TUX ABYX KBa3umoJiel, c yuetoM 3apdekra
CIIMHA U U/leaJ]bHOT0 06MEHHOro B3auMoeicTBud B 1ST B Tsyncn 06pasyeTcs
Tpex NPOCTPAHCTBEHHO-BPEMEHHOE 3JIEKTPOMAarHUTHOE — MO3UTPOHHO-
3JIEKTpHUY€eCKOe CaMOCOTJ/IaCOBaHHOE MoJIe.
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[nasa 11 lNpuHUKNBI ABUXKEHNA MATEPUMaIbHbIX TEN B
npocTpaHcTBax-spemenu ST n PST

PaccmoTpuM ABrkeHne QyHAaMeHTaIbHO-CIeNJIeHHbIX 3JIeKTPOHA (4acTHULLY)
M MOo3UTpoHa (t-COJMTOHA) B CaMOCOIJIaCOBAaHHOM aTOMeE B CTAallMOHAPHOM

COCTOSIHUM.
MlpocTpancTBo-BpeMs “ST MpocTpancTBo-BpeMs °ST
« IlycTb 31eKTpoH (YacTuua) B + IlycTb N03UTpOH (YacTuua) B
MOMEHT BpeMeHHu “T HaXoAuTCs B MOMeHT BpeMeHM °T HaxoaMTCA B
TOYKe JIOKaJau3aluu A. TOYKe JIOKa/Jnu3aluu A.

1
CnuH tSA =+ E B TOYKeE JIOKaJIM3aluH A - ABJSIeTCS «OKHOM INpo3pa4YHOCTHU» B

Tsyncn B AST, mpM KOTOPOM MeXJy 3JeKTPOHOM YacTHMILeH M MO3UTPOHOM
yacTuueil (4acTuuei, nockosbky B 4ST peanusyercs reoMerpus EBkauga c
MOCTOSIHHOM TpaBMTanued 4G, = 1) NPOMCXOAMUT «UfeaslbHOe O6MEHHOoe
B3aMMO/ielcTBUe», a BpeMeHa “T u PT - cunxponusupymoTcs.

* JaJjee, B HA4YaJbHbIH MOMEHT * Jlajiee, B HAYaJIbHbI MOMEHT
BpeMeHH [T, Ha 3/1eKTpOH BpeMenu °T, Ha 103UTPOH
(yactuny) pencTByeT (wactuny) nencTByeT
T0JIOXKHUTENbHAsA rpaBuTanysa LG, n oTpuLaTeNbHas rpaBuTanua PG, u
OH HE3HAYMUTEeJIbHO OH MyTeM I'uiep60J1M4ecKoro
TpaHchOpPMHUPYETCS C UealbHOH BCILJIecKa (pe3Koe yBeJMueHue
OKPY>KHOCTH Ha OBaJi; aAMILJIUTY/Ibl C KOMIIEHCATOPHBIM

06pa3oBaHUEM JJUCIIEPCUN) Oe3
JIUCCUTIALIM U BbIHYK/IEHHO
TpaHcpopMHUpyeTcs B t- COJIUTOH;

* OJJHOBPEMEHHO C 3THUM 3JIEKTPOH, * OJHOBPEMEHHO C 3TUM NI03UTPOH,
MCI0JIb3ysl MOJIyYeHHbI B MOMEHT VCII0J1b3YS MOJy4YeHHbIA B MOMEHT
5S4 = % UMITYJIbC U MarHUTHBIN eSa = — % VIMIIYJIBC U
AunoJb (0T MO3UTPOHA), BUKETCS 3JIEKTPUYECKUH AUNoJib (0T
110 YaCOBOM CTpeJIKe, 10 3JIEKTPOHA), BUKETCA IPOTUB
TPAaeKTOPUU OTJIUYHOM OT 4acOBOM CTPEJIKH N0
OKPY>KHOCTHU U CTpeMsLencs K runepo60JM4ecKuM t-COJTUTOHHBIM
3JUIMIITUYECKOU 10 TOYKHU TPAeKTOPHUSAM /10 TOYKH
Jiokasinzauuu D, B COOTBETCTBUU C Jlokasunsauuu D.

IPUHLUIIOM HaWMeHbLIEro
NeMCTBUS.

1
CnuH .Sp =+ > B TOYKe JIOKa/n3auuu D — 4BJIsieTCA «OKHOM NIPO3PavYHOCTU» B

Tsyncnh B AST, npu KOTOpPOM Me/y 3JeKTPOHOM 4YacTHLed U MO3UTPOHOM
yacTunelt (4acTuueil, mockoabky B AST peanusyerca reoMerpus EBkauza c
MOCTOAHHOM rpaBuTanuedl 4G, = 1), NpPOUCXOAUT «HjeaNbHOe OO6MEHHOe
B3auMO/leficTBUe», a BpeMeHa 'T u PT - cuHXpOHU3MpYOTCA.
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naBsa 12 3aKkntoueHue

* Jlajiee, B HAYaJIbHbI MOMEHT * Jajiee, B Ha4ya/JbHbI MOMEHT
BpeMeHH T, Ha 3/1eKTpOH BpeMenu °T, Ha mo3uTpoH
(4actuny) fencTByeT (4acTuny) fencTByeT
T0JIOXHUTEIbHAA IPaBUTaLMA LG, 1 OTpHULaTeJIbHAA IPaBUTALUA U OH
OH He3HAYUTeJbHO IyTeM runepo0oJM4ecKoro BCIjiecKa
TpaHchOPMUPYETCs € UiealbHOU (pe3koe yBeJIM4eHHE aMILIUTYAbI C
OKPY>KHOCTH Ha OBaJl; KOMIIEHCAaTOPHBIM 00pa3oBaHUEM

Jucnepcun) 6e3 guccunanuu
BBIHYKIEHHO TPaHCPOpMHUPYeTC B

t- COJIUTOH;

* OJHOBPEMEHHO C 3THUM 3JIEKTPOH, * O0JJHOBPEMEHHO C 3THUM II03UTPOH,
WCII0JIb3Ys IO0JIyYeHHbIA B MOMEHT MCII0J1b3Ys N0JIy4eHHBbI B MOMEHT
tSp = %I/IMHYJII)C Y MarHUTHBIN Sp = — % VMIIYJIbC U
AuInoJib (OT NO3UTPOHA), AIBUXKETCS 3JIeKTpUYEeCKUH AUMO0Jb (OT
I10 4aCOBOM CTpeJIKe, 10 3JIEKTPOHA), BUKETCA IPOTUB
TPaeKTOPUHU OTJUYHOH OT 4aCcOBOW CTPEJIKH 110
OKPYKHOCTH U CTpeMsLIence K runep60JM4ecKUM t-COJTMTOHHBIM
3JUIMIITUYECKOU 10 TOYKHU TPaeKTOPUSAM /10 TOYKH
JIOKaJIu3aluu A, B COOTBETCTBUM C JIOKaJn3auuu A.

NPUHLUIIOM HaUMeHbLIEero
JeMCTBUS.

HecMoTpss Ha xaoTuueckue cBoiictBa PST, no3uTpoH (t-COJIMTOH), GyAydH
byHAaMeHTaIbHO-CIENJIEHHBIM C 3JIEKTPOHOM (YacCTHLEN), YCIIEUIHO CIPaBJIsSETCS
CO CBOeM 3ajlaueld: HayMHAThb W 3aKaHUYMBATb CBOe [JBH)XKEHHE B TOYKax
gokanuzauMuA u D (uam B u C). [lomumMo no3uTpoOHa, JApyrue t-COJUTOHBI
aHTHUMaTepUH, BKJI04Yas TeMHble QOTOHBI, OyAy4r GyHaMeHTalbHO-CLeNJIEHHBIMU
CO CBOMMM NapTHepaMM B [ST, Takxe JBMIalOTCsi COrJIaCOBaHHO, KaK €MHbIM
XOpOILIO yhpaBJseMbli opraHu3M. HeobxoauMo y4decTh elje OJHO BaKHOE
06CTOATE/NLCTBO: 3aBUCUMOCTb OT peajUM30BaHHOM B MNPOCTPAaHCTBE-BpEMEHU
reoMeTpUH /IS t-COJMTOHOB aHTHMaTepuH B ST 3HauMTe/NbHO Bbllle, YeM JJId
yacTul, MaTepuu B “ST. C yueToM, MHOXeCTBa U3JI03KEHHBIX B 3TOM CTaTbe paKTOPOB
Mbl IpejlioJiaraeM, 4YTO B /[IBIDKEHUU t-COJIMTOHA NO3UTpoHAa (U Jpyrux
PyHJaMeHTaNbHO-CLeM/IeHHbIX t-COJIMTOHOB aHTUMaTepuu) B PST posmxeH
CO6JII0/1aThC KAKOW-TO HOBbIM PUHIIWII, 9KBMBaJIEHTHbIN NIPUHILIUMITY HAUMEHbILET0
JedcTBUA s 3/eKTpoHa (M Apyrux yactui) B LST. HasoBeM ero - MpUHIMUIOM
HauGOJIbIIEr0 JeiCTBUS, NOCKOJbKY B HpPOCTpaHCTBe-BpeMeHU PST uMeromem
JIpOOHYI0 Pa3MepHOCTb — peasiu3yeTcs: o6paTHast 3aBUCUMOCTb (cM. 1. 3.7 ['1aBbI 3).
BysieM cudTaTh, UYTO NMaKeThl HOCTOSIHHO pacnaJamliuxcs U ABUTAIOUIUXCSA B TOUKY
CBOEN o4YepeHOU JIOKAJU3alLMU 3JIEMEHTOB t-COJIUTOHOB aHTHMaTepuu -
JIEVCTBYIOT B COOTBETCTBHUM C 3TUM HOBBIM NPUHLIMNIOM. EC/IM IPUHATH BO BHUMaHUE
ujieto P. @eitnmaHa [154] 0 TOM, YTO «[TO3UTPOH» (MHTEPIIpeTaLMs aBTOPa, C y4eTOM
BbIJ|IBUTAaeMbIX B HACTOSI 1€} CTaThe NoJIoKeHUH; PeliHMaH, eCTeCTBEHHO paccyJal
00 3JIEKTpOHE) MPOXOAWUT MO BCEM BO3MOXHbIM TPAaeKTOPUSIM [0 TOYKU CBOEH
JIOKa/IM3allMyM, TO 3TO  ABJAeTCd  [JONOJHUTEJbHbIM  IOATBEPXKJeHHUEM
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NPaBUJIbLHOCTHU HOBOT'O PUHIIMMNA. [Ipy 3TOM c/ie/lyeT OTMEeTUTh, UYTO 062 MPUHIUIIA:
HauMeHblIero AeicTBus B ‘ST u Haubosbluero aeiictBus B ST - Heo6xoAuMo
paccMaTpuBaTh B HEPA3pbIBHOM COBOKYMHOCTH JApyr ¢ ApyroMm. ®PakTudecky,
KaXX/bl1 U3 HUX SIBJISIETCS IJIaBHBIM 10Ka3aTeJIbCTBOM «IIPAaBUJIbHOCTU» JPYTOTO.

[lpupoja t-COJMTOHOB - HepBuYHa B ST, m03TOMy B HeM peanusylTcs Kak
3JleMeHTapHble t-COJMTOHBI, TaK W Ipymnbl (aHCaMO0JiM) B3aMMOJeNCTBYIOIIUX t-
couToHOB. B ST npupopa t-coMTOHOB — BTOPUYHA, HO3TOMY B HEM peasu3yloTcs
TOJIBKO BTOPUYHbIE TPyMbl (aHCAaMOJIK) B3aUMO/ e CTBYIOIUX t-COTUTOHOB. Takue
U CXOXKMe MpOoILecchl MOXHO HabJ/oJaTb B NpUpOJe, Jae Ha MaKpOypOBHe.
Hanpumep, MypMypauuu cTtau NTHUL, JBHKEHUs POsl MYes WM CTau pbl6 [155],
KOTOpBbIE KAYT CBOEr0 MaTeMaTHYeCKOT0 pellIeHus.

JlaNbHelillee pa3BUTHE TEOPUM [ABMXKEHMs t-COJMTOHOB aHTUMaTepuu B PST
BO3MOXHbI 10 JIByM NyTsM. B mepBoM ciydae, HeCMOTpPSl Ha yKe HUMeII[Uecs
BeCcOMble JOCTHXKeHUs, Hanpumep, [156, 157, 158, 159, 160, 161], Heo6X0oAHUMO
aJlalTUPOBaTh CYUIECTBYIOIIMe HeJMHelHble auddepeHIMabHble ypaBHEHHUs,
MMeIoll{e COJMTOHHbIe pellleHUd K peaausaM °ST. Bo BTopoM ciy4ae, MONbITaThCA
HanmucaThb HOBble ypaBHeHUs A1 P ST, yuuThIBaloLMe HOBbIE N0/1yYeHHble 3HaHUSA U
BeCh MMPOIecc: OT Hayasia 06pa3oBaHUs t-CoOJMTOHA (TUIIEPOOJUUECKOTO BCIJIECKA C
00pa3oBaHUEM CETU-KPOHBbI JlepeBa) A0 ero Jjokaausaunuu (B TOYKe Ha CTBOJIE
JlepeBa), B COOTBETCTBHH C IPUHIIUIIOM HaHu6oJIbIIero el cTBus. C y4eToM BbIBO/IOB,
noJiydeHHbIX B M. 3.9 ['yiaBbl 3 0 MpHpo/e KOMILJIEKCHBIX YHCEJI, TepCIeKTUBHbIH
NOJIX0/] K pellleHUI0 NMpo6JieMbl 110 IEPBOMY IYTH, YaCTUYHO pPeasiM30BaH B paboTe
[162].

BoiBog, 1: 3/1eKTpoH B ToYKax Jokanusauuu A u D (uau B u C) B 4ST, a Takxke BoO
BpeMeHUM T HeM3MeHHO INpejCcTaBJseT cO6OM yacTUIy M JBUxeTcd B LST B
COOTBETCTBUM C MPUHIMIOM HaWMeHbllero AedcTBUsA. [lo3UTpPOH B TOYKax
nokanusauuu A u D (unu B u C) B AST npepcTaBaseT co6oii yacTuny (Tak Kak, TaM
peanusyercs reomerpus EBkauga (€) ¢ nocrosiHHoM rpaBuTanueit 4G, = 1), a Bo
BpeMenu °T mpejcraBiseT co60i t-coMMTOH (s-06sako) M gBwxkeTca B PST mo
runepo60o/JM4ecKuM t-COJTMTOHHBIM TPAeKTOPHUSM, B COOTBETCTBUM C NMPHUHIIMIIOM
Hau6OJIbIIEro AeHCTBUS.

BeiBog, 2: YpaBHeHue lllpeguHrepa  oOnuchIBaeT COCTOSIHUSL ~ CUCTEMbI
yHZaMeHTaNbHO-CLeNJIeHHbIX 3JIeKTPOHa 9acTUIbl B “ST u t-conMToHa (s-06.1aKa)
nosutpoHa B PST. 3TOT yaMBUTENLHBIN BBIBOJ, OKaXeTcsa Gosiee y6equTe/bHbIM,
eCJIM IPUHATb BO BHUMaHHeE, YTO BO BpeMeHHOM ypaBHeHuHM lllpenunrepa, Bpems
(“t) mposiBasieTca Kak NpPOW3BOJHAs MEPBOrO INOPSAAKA, a NPOCTPAHCTBEHHbIE
koopauHathl (°ST wnu npoekuuu PST na 4ST) BblpakaloTcs Kak MPOM3BOZHBIE
BTOporo nopsifika. Takum o6pa3oM, B ypaBHeHUH lllpesnHrepa mpocTpaHCTBO U
BpeMs — Pa3HOPOJHBI, TO €CThb IIPUHAAJIeXKAT Pa3HbIM IPOCTPAHCTBAM-BpeMeHaM.

HpI/I 3TOM KOMIIJIEKCO3HA4YHAaA BOJIHOBAA (IDYHKI_U/IH — fABJIA€TCA MaT€MATH4Y€CKHUM
HHCTPYMEHTOM, IMpPeaAoCTaBJAOIUM HEKOTOPYHO CTATUCTHUYECKYI0O KU HHYIO
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MHbopMalMi0 O  JIBWXKeHUe  t-coJUTOHaA  (s-o6/1aka) MO3UTpPOHA MO
rUnep60JUYECKUM t-CONUTOHHBIM op6uTaM B PST.

[Ipy npoBeieHNU KBAHTOBbIX U3MEpPEeHUN UHCTPYMEHT UccleloBaTe s (COCTOSAIIMNH,
KaK M3 4YacTHUL, MaTepuH, TaKk U U3 t-COJTUTOHOB aHTHUMaTepHUH) NPUXOAUT BO
B3aUMOJIEICTBUE C 3JIeMeHTOM (MM HEeCKOJbKHMHU 3JIeMeHTaMM) MakeTa t-
conuToHa (s-o6siaka) mosuTpoHa B PST. HacTymaeT HeKoTopas ecTecTBeHHas
MrHoBeHHasa peakuusa (B Tsypep) CUCTEMBI  (yHJAMEHTaJbHO-CLENJIeHHbIX
3JIeKTpPOHa U mno3uTpoHa. Kak ciencTBUe 3TON peakLUH, BoJHOBasA QyHKUHUSA [0
3TOro MOMEHTA, ONUChIBAIOLAsA COCTOSIHUSA CUCTEMBI, KOJLJIAICUPYET.

B ciyyae He cranuoHapHOro (CHJBHO BO30YXKJEHHOIO) COCTOSIHUS aToMa U
pasJIMYHbIX  PE30HAHCHBIX  SIBJIEHUW  HeJb3s  WCK/JIYUTb  NepBUYHBIH
runep6oM4ecKUil BCILJIECK NO3UTPOHA C BO3HUKHOBEHUEM «04YeHb OO0JIbLION»
aMIJIMTY/1bl, U COOTBETCTBEHHO, HEHYJIEBOM BEPOSATHOCTH HAX0X/JEeHHUS 3JIeMEHTOB
t-COJIMTOHA MO3UTPOHA B JII060M 06J1aCTH IPOCTpaHCTBa-BpeMenu PST.

BroiBog, 3: YpaBHeHue /[lupaka MOXHO HHTEpPHPETHPOBAThH KaK ONMCbIBAKOLee
CUCTEMY PEeJATUBUCTCKUX (PyHAaMeHTa/bHO-CLEeINJIEHHbIX 3JIEKTPOHA YacTHIbl B
LST ¢ nonoxurenbHolt maccolt M NMOJOXKUTENbHOM SHEpruei, ¢ AByMS TOYKaMH

1
JIOKaJIM3alUh CO CIOHUHOM .S = iE B AST u mnosutpoHa t-conutoHa B ST c
OTpHUIIATEJIbHOM MacCcoM W OTpHUIIATEJbHOM 3Hepruel, C JAByMs TOYKAMH
1
JIOKaJIM3aL UK CO CIUHOM S = + B AST. PellleHUs C HOJI0KUTENbHBIMY 3HAYEHUAMU

3TOTO0 ypaBHEHHUS COOTBETCTBYIOT 3JIEKTPOHY dacTHle B LST, a pemeHus c
OTpULATE/JbHBIMA 3HAaYe€HUSMHU ypaBHeHUA Jlupaka COOTBETCTBYIOT MO3UTPOHY
t-COJIMTOHY C OTPULIATEJbHON MJIOTHOCTBbI) MaTepPUU U 3HEPTUHU B MPOCTPAHCTBE-
BpeMeHH OTpHUIlaTeJbHOM KpUBU3HBI PST.

BriBog 4: [lpuHiun HeomnpeneseHHOCTU [elizeHbepra, JelCTByeT TOJIbKO, €C/Id
uccaeoBaTelb OrpaHMYMBaeT cebs paMKaMM IpocTpaHCTBa-BpeMeHu ST.
JlelicTBUTEJIbHO, B 9TOM CJy4ae MPU HaX0XKJeHUU TOYHbIX KOOPJAUHAT 3JIEKTPOHA B
LsT, ero OyAyuiMii UMNOyJbC [0 MOMEHTAa O4yepeJlHOM TOYKU JIOKaJIW3alUHu -
HaxXOJUTCA B IpocTpaHcTBe-BpeMeHu PST u uHdopManusa o HeM Heolpe/e/eHHa. B
clydae, ecld UCClefloBaTeNb BBIXOAUT 3a PaMKU ST W NpOBOAUT M3MepeHUs B
060uX NpocTpaHCTBax-BpeMeHH ST u PST - cuHXpoHHO B Tsyncn: COCTOSIHMS
ssleKTpoHa B ST u cocTosHua nosuTpoHa B PST ¢ ucnosb3oBaHMeM Bcex 6
M3MepeHui (4 NMPOCTPAHCTBEHHBIX U 2 BPpeMEHHbIX) JJisi KaX/I0r0 MPOCTPaHCTBa-
BpPEMEHHU, TO OH MOXKET MOJIYyYUTh JIOOYI0 TpebyeMyro HHPOPMaLUIO C aOCONIOTHOU
TOYHOCTBIO.

BriBog 5: CTporoe MmaTeMaTH4YeCKOe OTpejiesieHue t-COTMTOHA (3aps»XKeHHOTO U /WU
HEeHTPaJbHOr0) Kak (OpMbl aHTHMAaTepuM B NpPOCTPaHCTBe-BpeMeHH CST
SABJISIeTCS TNPUOPUTETHOM 3ajavyeid. TouyHasgs MaTeMaTudeckasd ¢opmanusanus
NpPUHLIMIIA HauboJIbIIEro AeUCTBUSA /ISl [BUXKEHUS t-COJIMTOHOB aHTUMAaTepUHU B
npocTpaHcTBe-BpeMeHH ’ST B yCI0BUAX HEOJHOPOJHOCTH U aHM3OTPONHOCTH: U
MpocTpaHCTBAa M BpeMeHM T, a Takke HaxoX/eHMe YpaBHEHWH /[BUKeHHs -
SBJISIETCS WCKJIOYUTEJIbHO Ba)XKHOW 3ajavyeil. TakuM ob6pa3oM, Hallledl KOHEYHOH
1|eJIbI0 — SIBJISIETCS HAXOXJeHUe CUCTEMbI IBYXKOMIIOHEHTHbBIX CAMOCOT/IACOBAHHbIX
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YPaBHEHHUil ABWKEHUI B Tgyycpn: 3J1€KTpOHA (YacTuubl) B “ST, B cOOTBETCTBHH C

NPUHIMIOM HaWMEHbLIEro MAeHCTBUA, W MNO3UTpoHa (t-conutoHa) B PST, B
COOTBETCTBUM C NPHUHIMIIOM HAWOOJIbIIEro JeHCTBHUA C MCIOJb30BaHUEM Bcex 6
M3MepeHUN [/ KaK/A0r0 IPOCTPaHCTBa-BpEMEHH.
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[naBa 12 3akntoueHune

1. BceneHHasa - sABJseTCA €AWHOM U Be4yHOU. BcesieHHas BKJIIOYaeT B CebA:
nepBU4HOoe (MaTepuHCKoe) AGCOJIOTHOe INpOCTpPaHCTBO-BpeMsa “ST wu
YnpaBadawmyrw CynepmHumyro EauHuny ¢/ KoTopasg  InepuUoOAUAYECKU
VHHUIIMUPYEeT BO3SHUKHOBeHUe BB c nocieAy0muM HEOTBpaTUMbIM (7.

2. llopxop k onpenesieHHI0 pa3MEPHOCTU BO BcesleHHOM U ee apXUTEKTYpPbl MOKET
3aK/4aThCcd B ciaegyroueM. Mcxonsda v3 Halled TUIOTe3bl U pe3yJibTaToOB,
NOJIyYeHHBIX B JAHHOU CTaThe, Mbl MOXKEM NMPEANO0JI0KHUTD, UTO B Iepuo/, ¢ Cr [0
BB nepBuyHoe (MaTepuHCKOe) AGCOJIOTHOE MpPOCTPaHCTBO-BpeMs ST
HaXOJUTCA B HeOoNpeJleJIeHHOM COCTOSAHMWH, a Ymnpaiswowasa CynepMHUMas
Enunvuna I He B3auMMOJEHMCTByeT C AST W HaxoguTcs B 060CO6JEHHOM
cocTosiHUU. B MoMeHT BB u a0 Cr nepBH4YHOe (MaTepUHCKOe) AOCOJIIOTHOE
npocTpaHcTBo-BpeMs AST (HyneBoii (2 = 0) 1 6eckoHeYHOH (2 = 00) KPUBU3HDI
OJJHOBPEMEHHO) B3aUMOJENUCTBYSI C MHHUMOW MapaboMYyecKod eauHULlEd [
06pasyroT o6061eHHOoe [lapakoMniekcHOe AGCOIOTHOE MPOCTPAHCTBO-BpeMS
AST, cocTosamero u3 6 [lapakoMN/IEKCHBIX U3MePEeHUil. B ciy4ae YacTM4HOrO
paccioeHuss  3Toro  ob6o6uieHHoro  [lapakoMmmiekcHOro  AGCOJIIOTHOTO
IPOCTPAaHCTBA-BpEMEHHU AST oum (u3MepeHus), TposTca, o6pasys 18
M3MEepeHUN:

* 3 - mPOCTPAaHCTBEHHBIX KOOPAUHAT AST;

« 1-BpeMeHu 4T;

* 1-MHUMOM napaboJr4ecKON NPOCTPAaHCTBEHHOU eAUHULbI [;

* 1 -MHuMoro napabosinyeckoro Bpemenu ;T;

* 3 - IpOCTPaHCTBEHHBIX KOOpAUHAT LST;

« 1-BpeMenu 'T;

+ 1 - MHUMO# runep60JMYeCKOl MPOCTPAHCTBEHHOM eJuHHLeH i B LST;
 1- MHMMOTO ruNEep60JUIECKOTO BpeMeHH — ;t B ST;

* 3 - NpOCTPaHCTBEHHKIX KoopauHaT PST;

« 1-TemHoro Bpemenu °T;

* 1 - TeMHOI MHUMO#H 3JJIMITUYECKON MPOCTPaHCTBeHHOM efuHMLel T B PST;
* 1-TeMHOro MHUMOTIO 3JUIMIITUYECKOTO BpEMEHH - ;t BPST:

Takum 06pa3oM, c y4eTOM NPUOPUTETHOM /11 aBTOpPA TMIIOTE3bl 0 YaCTUUHOM

paccioeHur 06061eHHOro [TapakoMiieKcHOTo AGCOJIIOTHOT'O MPOCTPAHCTBA-

BpeMeHH 4ST, Ha COBpeMeHHOM 3TaIe Bo BcesieHHOM peanusyeTcs - 12

palMOHaJIbHBIX U 6 MHUMbIX U3MEPEHUU UJIH:

* 4 IpOCTPaHCTBEHHbIX U 2 BpeMeHHbIX [lapaKoMIJIeKCHBIX U3MepeHui B 4ST;

* 4 NpOCTPaHCTBEHHbIX U 2 BpEMEHHbIX KOMIJIEKCHbIX U3MepeHuil B LST;

* 4 NpoCTPAaHCTBEHHbIX U 2 BPEMEHHBIX TEMHbIX KOMILJIEKCHBIX U3MepEeHUM
B OST;

3. Ha coBpeMeHHOM 3Tamne BO BcesleHHOM OTHOCUTEJNbHO 0606IEHHOTO
[lapakoMIIeKCHOro AGCOIOTHOTO NPOCTPAHCTBA - BpeMeHHu 4ST peanusyeTcs
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NPOCTPAHCTBEHHO - BpeMeHHasi CHMMeTpHsl. B MOMeHT BB CUHXPOHHO B Tsypcp

poaunuck (06pa3oBanKch) jBa B3aMMOIPO3Pa4HbIX IPOCTPAaHCTBa-BpeMeHu “ST
u DPST. Tkanp npocrpancTBa-BpeMeHu “ST oJHOpPOAHO pacumMpsieTcs
(OTHOCUTE/ILHO HeNmoABMXKHOM TkaHu “ST) 3a cueT HeOJAHOPOAHOTO CKaTUs
TKaHU NpPOCTpaHCTBa-BpeMeHH PST. CrnpaBeJiMBO M 06paTHOe, TKaHb
npocTpaHcTBa-BpeMeHd °ST  HEOJHOPOJHO CKUMaeTcs (OTHOCHUTENLHO
HeNoABMXXHOM TkaHu “4ST) 3a cyeT OJHOPOJHOTO pacClIMPeHUs TKaHH
NpoCTpaHCTBa-BpeMeHH LST.

[IpeasiockeHHble  QJTOPUTMbl  PAcCJO€HUs NepBUYHOrOo (MaTEPUHCKOIO)
AGCOMIOTHOTO TIpoCcTpaHcTBa-BpeMenu “ST c reomerpueii EBkanga (€), B Buse
ypaBHeHUN 5-23 - dBjiseTcd IpeABapUTeJbHBIMU U HeNoJHbIMU. OHH
HY/IAl0TCS B paCLIMPEeHUH 3a CYeT:

* BKJIYEHUSI B HHUX Tpex MHUMBIX eJWHUIL: Mapabosdyeckod I,
rUnepo0M4YecKoH i, JVIMITUYECKON I, KaXKA0W U3 KOTOPBIX COOTBETCTBYET
CBO€ NPOCTPAHCTBO-BpeMS;

* omnpeJeseHUs] W BKJIIWOYEHHS B HUX KBaHTAa paclIMpPeHUs NPOCTPaHCTBA-
BpeMeHM [ST, caMOCOr/JIacOBaHHOTO C TEeMHBbIMM KBaHTaMU CKaTHS
npocTpaHcTBa-BpeMenu PST;

*  HW3y4YeHHUs NPUPO/bI U CBOMCTB BpEMEHH CUHXPOHU3ALMHU Tgypcp;

Cynp6a 06pa3oBaBUIMXCA CHHXPOHHO B Tsyncp B 060611eHHOM [lapakoMIieKcHOM
AGCOIIOTHOM NPOCTPAHCTBe - BpeMeHU 4ST B MOMeHT BB /ByX NpOCTpPaHCTB-
BpeMeH ST u PST npejpemena: B 6y/ylieM OHM UCYE3HYT B MOMeHT CT, TaKxe
CUHXPOHHO B Tsypcp-

BapronHaa acuMMeTpus Bo BcesneHHou - orcyrcTrByeT. C MoMeHTa BB BCoa
poXJeHHass MaTepusl pa3BUBaeTcs, B HabJII0jaeMOM HaMH, MPOCTPaHCTBe-
BPEMEHHU II0JIOXKUTENbHOW KPUBM3HBI ST, a BcA poOX/JeHHasd aHTMMaTepus
pa3BuBaeTcd, B He HaOJ/0JaeMOM HaMH, [POCTPAHCTBE-BpeMeHHU
oTpMIaTeNbHONM KpuBM3HBI PST. Ta 4acTb aHTHMMaTepHH, KOTOpas o
onpejesieHHbIM MNpUY”MHaM (OyAyT paccMOTpeHbl HaMM B OJHOU U3
nocjeaywmux crated «0cobeHHOCTU KaaubpoBoyHOU Teopuu U CPT-TeopeMbl
B TSSCU»), NpOHUKaeT B IPOCTPaHCTBO-BpeMs “ST - aHHUTUIMPYET C MaTepUeH,
COXpaHssA MapUTeT.

AHTHUMaTepusi C OTpPULLATEJbHOM MJOTHOCTBIO MaTepUHd M OTpPHULATEJbHOU
IJIOTHOCTBIO 3HEPTUH, 06pa30BaBLIYIOCS B MOMeHT BB U pa3BUBAIILYIOCA B
npocTpaHcTBe-BpeMeHd °ST MOXHO Takke HasblBaTbh TEMHOM MaTepuei (Mau
CKpBITOM MaTepuel) obJiaZialolieil TeMHOW 3Hepruer (CKpbITOM sHepruei). B
COOTBETCTBUM, C YaCTUYHBLIM paccioeHueM “4ST OCHOBHYK MJIOTHOCTb BO
BceJieHHO# - COCTaBJAIOT: NepBUYHAA YIPABAAIAsA MaTepus °M ¢ nepBUYHOM
ynpasJswoiiei snepruei AE.

Poxgenue B MoMeHT BB [ByX B3aMMONpPO3payHbIX M, OJHOBPEMEHHO,
CaMOCOTJ/1IaCOBaHHbBIX pocTpaHCcTB-BpeMeH “ST u PST co cBoumu Bpemenamu LT
u °T BBIHYX/jaeT HaC BBECTH NIOHSTHE BPEMEHU CHHXPOHU3ALMH Tgypcp. OAHO U3
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10.

11.

12.

13.

14.

Ba)XKHEHUIIUX CBOMCTB Tgypcp — 3aK/IKOYAETCA B TOM, YTO 06pa3oBaHHME MapHbIX
06bEKTOB B NpoCcTpaHcTBax-BpeMeHU “ST u PST cuHXpOHHO B Tsyncn HageNsIET
3TH 06'bEKTHI CBOMCTBOM PyH/IaMEHTAIbHON-CIENJIEHHOCTH 8.

Peanuszauusa «3ddekra camocorsacoBaHHOCTH» BO BceseHHoOW cTazna
BO3MOKHOM, 6J1aroZjapsi HOBOMY CIOCOOY BBeJIeHHs1 00001€HHbIX KOMIIJIEKCHbBIX
yuces. Kaxaasa MHUMas eAWHUIA: Mapabosvyeckas [, runep6osindyeckas i U
3JUIMIITAYECKas [, 3a/laeTCd B CTPOTOM COOTBETCTBUM CO 3HAKOM KPUBU3HBI
CBOEro NpoCTpaHCTBa-BpeMeHU. UMeHHO, 00001eHHble KOMIIJIEKCHbIE YMCIIA,
pa3BUBaIMe TEOPUH QYHKIMHA KOMIIJIEKCHBIX MIEpEMEHHBIX, UT'PAIOT IJIAaBHYIO
poJib B 06ecriedeHUH MeXXITPOCTPAHCTBEHHO-BpEMEHHONW KOMMYHHUKAI[UH.

[Ipyposia Macchl: YaCTUIbI MATEPUH C MACCOM “m M t-COMMTOHBI aHTHMATEPHH C
Maccoit Pm poxpmaroTca mapamMu CHHXpPOHHO B Tsyncn H3 sA4YEEK TKaHeu
npoctpaHcTs-BpeMeH “ST u PST, coorBeTcTBeHHO. [Ipy 3TOM YacTHIBI € MaccoM
Lm u t-conutonsl c Mmaccoit ’m - 6yayT 06./1a1aTh CBOHCTBOM $yHAaMeHTaNIbHOM
CLIeNJIEHHOCTH. M cK/ItoueHreM U3 3TOTro NpaBUJa sIBJseTcs Macca 6030Ha Xyrrca
H, umeromero cnuH paBHbIl 0 (S = 0), kotopeii B TSSCU wurpaeT CBOMO
byHlaMeHTaJIbHYIO POJIb.

[loHuMaHue Tpex MNPOCTPAHCTBEHHO-BPEMEHHOW MNpUPOAbl cnuHa ;S (OKHO
npo3padHocTH B AST) mo3BosiAeT HAM He TOJNLKO GpOpMaIu30BaTh «UeanbHoe
0O0MeHHOe B3auMo/ieiicTBUe» AJisi EPMHUOHOB U HO30HOB, HO U CJleJIaTh TOYHbIE
O0e3a/ibTepHAaTUBHbIE MPEICKa3aHU:

*  Y4acCTUL, KOTOpbIE ABJASIOTCA aHTUYACTULIAMU CaMU [1Ji ce0s1 — He CyleCTBYeT;
6e3MaccoBblil HelTpanbHbIA 6030H GOTOH - ¥ B “ST, umeromuii cnun .S = +1
- 06513aH MMeTb apTHepa 6€3MacCcoBOr0 HEUTPAIbHOTO TeEMHOT0 GOTOHA - ¥
B PST, Takxe co cnuHoM S = +1;
e MaccuBHbIH 6030H °Z B LST, MMeWIIUi couH S = +1 - o06g93aH UMeTb
napTHepa HeWTpaJbHOI0 MaCCUBHOIO 6030Ha U3 aHTUMaTepuu B ST.
[IpUHLUIILI HAUMEHbLIETO JeHCTBUSA JJ1d YaCcTHUI, MaTepuH B ST 1 Hanbo.1bLIero
JeWCTBUA [ t-COMTOHOB aHTUMaTepuu B CST, ux QyHJaMeHTa/lbHasd-
CLIEMJIEHHOCTh U CaMOCOTJIACOBAHHOCTh B /[BMXKEHUH OTKPbIBAET LIMPOKUE
BO3MOXXHOCTH /ISl IOCTPOEHUS TOYHbIX MaTEMAaTUUYECKUX MO/iesiell IBUKEHUS B
npocTpaHcTBax-BpeMeHu “ST u PST.

[lonatue ¢yHAaMeHTa/NIbHOU-CLENJIEHHOCTH, TPUHUUIBI HAaWMEHbIIEro |
HauoboJIbllIero AeHCTBUH, «MAeaJbHOEe 0OMEHHOE B3aUMOAeHCTBHEY, t-COJTUTOHBI
KaK popma aHTUMaTepuu B PST, a Takxke rMIOTE3a O TOM, 4YTO MO3UTPOH B PST
006J1a/1aeT 3JIeMEHTAapPHbIM TOMOJOTMYE€CKMM MAarHUTHBIM 3apsi/ioM, MOABOJAAT K
3aKJIIOYMUTEJIbHOMY 3Taly MNOCTPOEHUSI TEOPHUM CaMOCOTJIACOBAHHOTO YacTHUIie-
COJIMTOHHOI'O aToOMa.

CunbHOE s1/lepHOe B3aUMO/JeMCTBUE, MPUMeHsieMoe cero/iHs B pusuke, B TSSCU
- TpejcTaBJisieT COO0K TMO3UTPOHHO-3JIEKTPUYECKOe B3auMMOJIEMCTBHE B
npoctpaHcTBe-BpeMeny CST. [Ilpu 3TOM, MO3UTPOH U AHTUOPOTOH (A TaKXkKe
Jpyrye 3apsafoBble t-COMMTOHBI) B ST UMeIoT a/1leMeHTapHbI# TOMOJIOrHYecKHit
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MarHuTHBIM 3apdaj 6, KOJWYeCTBEHHOE 3HauyeHUe KOTOpOro mpejCcTOUT
onpeenuTh. [IOMUMO 3TOT0, B TPOCTPaHCTBe-BpeMeHH ST 0/DKHBI 6bITh CBOH
TeMHble KBaHThbl AeiictBusa Ph u Ph,_,, sxkBUBaneHTHbIe nocToaHHOM [lnanka Lh
¥ [puUBefleHHOM mnocrosHHoi Ilnanka “hA. Onpesenenue  Besn4YuH
5JIeMEHTapHOro TOMOJOTHYECKOT0 MarHMTHOro 3apsajga 0, a Takke TeMHBIX
KBaHTOB /IeHCTBUA (aKTMBHOTO MOTJIOLIeHUs Wau npuTsxenus) “h u Phy_, -
II03BOJIUT, B 0003pMMOM Oy/ylleM, COo3/aTh MOJHOLEHHYI TEOpPUI0 CUJIBHOTO
B3aMMO/ICUCTBUS, B BHJe CUCTeMbl ypaBHeHu# gusa PST, skBMBaseHTHBIX
MO UIMPOBaHHBIM ypaBHeHUAM MakcBeJsa g “ST.

Jis  pelleHMs T1po6GJsieMbl KBAaHTOBAaHMA TIpaBUTALlMM, C Y4YETOM Tpex
NPOCTPAHCTBEHHO-BPEMEHHOW MoJesd CcTpoeHUs1 BceneHHoMW, ciaeayeT
NOCTABUTb BOIPOC [10-HOBOMY: HEOGXO0JUMO ONpPeeIUTh KBAHT pacliupeHus (B
nape: pacCTOSIHUS-pajuyca KPUBU3HBI - 's ¥ kpuBu3HbBI - Lw) B ST, a Taxxe
TEeMHble KBaHTbl CKaTus (B Ilape: pacCTOAHUSA-paJnyca KPUBHU3HBI - Ps M
kpuBM3HbI - Pw) B PST. [lna sToro Heo6xoguMo cPOpMy/NMpOBaTL U HAWTH
pelleHHs] CUCTeMbl CaMOCOTJIAaCOBAHHbBIX YPAaBHEHUH, OMHUCHIBAKOIIUX JIeHCTBHE
rpaButauuu B ST u anturpaButanuu B PST, c y4eToM TOMOJIOrMYECKOro
BpalllaTeJIbHOTO MexaHU3Ma cTabuansanuu (cM. 1. 6.7 ['1aBbl 6).

[lomuMo 3Toro, HecMOTps Ha /JAUHAMHUYeCKHE XaOTH4YeCKHe CBOWCTBa
npocTpaHcTBa-BpeMeH PST, He0o6XOJUMO MNOMBITATLCA HAWTH IOAXOAbI K
HaNMCaHWIO ypaBHEHMH K 3aKOHy (HaM) BCEMUPHOIO aHTUTAroTeHus B PST
5KBMBaJIEHTHOMY 3aKOHY BCEMUPHOTO TATOTeHUd B “ST.

'mnoTesa o TOM, 4TO TepMoAAepHbIEe peaKIINU ABJIAKTCA OCHOBHBIM
HNCTOYHHUKOM 3HEPIrUH BO BcesieHHOM, Kak MWHHUMYM, HE I10JIHA.

Bce MHoOroo6pasue CylecTBYIOIMX MaTepHalbHbIX M aHTUMaTepUalbHbIX
MHPOB B TpeX NPOCTPaHCTBEHHO-BPEMEHHOMN BcesleHHOM MOXHO 06'bACHUTD 3a
cyeT  B3aMMONpPO3PaYHOCTH NPOCTPaHCTB-BpeMeH ST u PST, wux
pyHaMeHTaNbHOM CLeNJeHHOCTH U B3aMMHOT0 aHTaroHM3Ma.
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cnonb3oBaHHbIE TEPMUHBbI, 00603HaYeHuA U COKpaleHNA

AST - nepBu4HOe (MaTepuHCKoOe) A6GCO/IIOTHOE POCTpaHCcTBO-BpeMs (Absolut
Space-Time);

s — Ynpasaawmasa CynepMmuumad Eqununa;
I - MHMMas napa6osiMyeckas ejuHMIa B 4ST;
AT - MmEMMoOe napa6osuyeckoe BpeMs B 4ST;
AST - 0606menHoe [TapakoMIIeKcHOe AGCOJIIOTHOE MPOCTPaHCTBO-BPeEMS;
AM - nepsuyHas maTepus B “ST;

AE - nepBu4Has sHeprud B 1ST;

4] - nepBu4Has nHpopmanusa B 4ST;

4m -Macca yactuusl B 4ST;

A4S - paccrosinue B 4ST;

4() - kpuBu3Ha B “ST;

AT - Bpems B “ST;

AV - ckopocTh B 4ST;

AG, - rpaBuTanua B 4ST;

4K - remnepartypa B 4ST;

BB - BoJsibiiou B3phiB;

Cr - CxyionbIBaHUeE;

STY - MexnpocTpaHCTBeHHbIN NOTeHIHA;
Tsynch - BPEMS CAHXPOHM3AIIUK;

¢+S — CIIUH;

(&) - reometpus EBkinja;

& - pyH/jaMeHTa/IbHas CLeNJeHHOCTb MeX/ly TKaHAMH IPOCTPaHCTB-BpeMeH 'ST u
DST, a Taxxe wactunamu B ST u ux napTHepaMu t-conutoHamu B PST;

LST - npocrpancrso-Bpemsa (Light (Real) Space-Time);
i - MHUMAag runepboinyeckas euHHUIA B ks,

;t — MHMMOe runep6osindeckoe Bpems B “ST;

LM - maTepus (c nosnoxuTenbHOM NI0THOCTEIO) B LST;

LE - sneprus (c nonoxuTenbHOM NIOTHOCTLIO) B LST;
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L1 - undpopmanusa croxactuyeckas B LST;

lm -macca yactune! B LST;

Ls - paccrosanue B LST;

Lw - xpuBusna B LST;

Lt — Bpemsa B LST;

Ly - ckopocts B LST;

LG, - rpaBuTanus B LST;

LK - remneparypa B LST;

€ - CKOpOCThb cBeTa B LST;

Ly umu y - poTon B LST;

e~ — DJIeKTPOH,;

é* —-mosutpon B LST;

q -3JleMeHTapHbI} TOYeYHbIH 3/1eKTpUYIecKuil 3apa B LST;
6% ~ - qunosbHbIe MarHUTHEIE 3apsAAbl B “ST;

'h -nocrostnuas [ianka B “ST;

- npYBeJleHHasd noctossHHad [liaHka B kst

lp - [l1aHKOBCKas AsvHa B UST;

Lg - rpaBUTALlMOHHAA IOCTOAHHAA B Y

LH, - nunamMuyeckuit napameTp Xa66.1a B LST;

GR (OTO) - O6mwas Teopuss OTHOCUTENBHOCTH;

LQG -IletneBas KBantoBad ['paBuTanuy;

(R) -reomeTrpus PumaHna;

DST - npoctpancrso-Bpems (Dark (Hidden) Space-Time);

i - MHHUMas JIMNTHYecKas equHuna B 2ST;

;t — TeMHOEe MHMMOe 3JIIMITHYecKoe BpeMs B PST;

DM - remnas MaTepus (aHTHMaTepus ¢ OTpUIATENLHO MJIOTHOCTBIO) B PST;
DE - remnas sneprus (c oTpunaTebHOM IIOTHOCTBIO 3Heprun) B PST;
DI - unpopmanusa ppaxranpuas B PST;

D -macca t-conutona B PST;
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Ds - paccrosanue B PST;
D@ - kpuBusna B PST;
Dt — Bpemsa B PST;
Dy - ckopocts B PST;
DG, - anTurpasura bsT;
. p uus B PST;

D Do,

K - temneparypa B “ST;
Py nnm 7 - remubiit poTon B PST (r/1100H - g, MarHoH, Takxe ABAATCA Py);

C- CKOPOCTb TEMHOTI'O CB€TAa B DST AJ1A a.HFe6pr C JOMHWHAHTHBIM MUHYCOM,

1
E — CKOPOCTb TEMHOI'O CBETA B DST AJ1d aJH‘e6pr € abCOMIOTHBIM AOMHWHAHTHBIM

MMHYCOM;

&* —nosutpon B PST;

6 —3neMeHTapHBIH TONOJOrMYECKHIt MATHUTHBIH 3apsz B PST;

G~ *- AUnoJbHbIE TONOJIOTHYECKHe 3IeKTpHYecKue 3apsabl B PST;

@h - TeMHBIH QJIYKTYallMOHHBIN KBAHT feiicTBUsA B °ST SKBUBa/eHTHBIH
nocrosiHHoi [nanka 'h B LST;

dhl_n - TeMHble QJIYKTyallMOHHbIe KBAaHTbI IEUCTBUS B DST skBuBanenTHbIE
NnpYBeIeHHOW nocTossHHOU [ly1aHka hB LsT:

DG, _, - anTurpaBuTaLMOHHbBIE QJYKTyalMOHHbIE TapaMeTphl B °ST;

PHy,_, - inHamMudeckre GIyKTyalHOHHbIe napaMeTpbl B °ST sKBUBaleHTHbIE
napameTpy Xa66.sa B LST;

SNT - Teopusa CTpyHHbIX CeTel;

(LB) -reometpus JlobaueBckoro-bosbsy;
BEH- ckangpHoe noJsie bpayrta-JHrJiiepa-Xurrca;
H - Bo3ou Xurrca B PST;

ST - Teopus cTpyH;

CST - Teopusda Ynpasaswomux CTpyH.
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