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AHHOTanu4.

C momenTa co3ganus OTO u nmocjieaywuMx paboT B KOCMOJIOTUH, BOMPOC O
KpUBHU3He IpocTpaHcTBa Bo BcenenHodt (w >0, w <0 win 2 =0) -
CUMTAETCA OJUH M3 HauboJiee IJ1aBHbIX U JUCKYTUPYEMBIX 10 CeU JleHb. ITO
eCTeCTBEeHHO, BeJlb OT KPUBHU3HbI NPOCTPAHCTBA 3aBUCUT: paCIIUpPSAETCA
BcenenHasi, ©kuMaeTcd WJIM SBJSETCA CTaTUYHOU. ITHU [IUCKYCCUH,
N03BOJIWJIM ABTOPY BbIJBUHYTb NApaZiOKCAaJbHYI0 HJEH: 0JHOBPEMEHHOTO
CylLleCTBOBaHUsI BO BceseHHOW Tpex B3auMMOCBSI3aHHBIX MPOCTPAHCTB-
BpeMeH (I0JI0KUTE/IbHOM, OTPULIATEbHON U HyJIEBOM KPUBHU3HBI) U, yKe Ha
3TOM OCHOBE, pa3paboTaTh TEOPHIO, B KOTOPOU KaXK/j0e MPOCTPaHCTBO-BpeMs
UrpaeT CBOIO COOCTBEHHYIO POJIb M pa3BUBAETCS B CTPOIOM COOTBETCTBUH, CO
CBOUM 3HAaKOM KPHBU3HBL.

Tpex mnOpoCTpaHCTBEHHO-BpeMeHHas MoOJeJib CTpoeHus  BcesieHHOH,
npejJjiaraeMasi aBTOpPOM, MO3BOJIIET PENIMTb MHOTHe (yHAaMeHTaJbHble
npo6JieMbl COBPEMEHHON KOCMOJIOTUM U TEOPeTHYEeCKOM QU3WKH, a TaKxKe
CO3/1aeT OCHOBY /JIs1 IOCTPOEHUs eJUHON GU3UYECKON TEOPUH.

Taru:

Kocmonorusi, ¢usuka bBosbmoro B3peiBa U paHHedl BceseHHOW,
cTayMoHapHass BceseHHas, ocuuinupyoumas BceseHHas, unuk/Indeckas
BcesieHHas1, Hab/tojaeMasi 6apUOHHAsA aCUMMeTpUs Bo BcesleHHOH, CKpBIThIE
U3MepeHusi, TeMHasl MaTepussi W TeMHas JHeprus, TCpaBUTaALUS,
aHTUrpaBUTalYs, (U3MKA 3JIeMEHTApHBbIX YacCTHI, KBaHTOBas QHU3UKa,
Teopuss (QYHKUUM KOMILJIEKCHOM NepEMEHHOH, Teopus O0600LEHHbBIX
KOMIIJIEKCHBIX YHceJ1, TeopeTudeckas ¢pusrka, Eannaa ®usudeckas Teopus.
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[Mpeambyna

«... MOXKET OBbITh, UMEHHO TO, YTO Mbl Ha3bIBaéM MHUMbIM BPEMEHEM, Ha CaMOM /JieJie
6oJsiee GyHIAMEHTANBHO, a TO, YTO Mbl HA3bIBA€M BpEMEHEM peasIbHbIM — 3TO HEKOE
Cy6O'beKTUBHOE MpPe/ICTaB/JeHNE, BO3HUKIIEE Y HAC IPY MOMNBITKAX ONKCATh, KAKOUN MbI
BUUM BceseHHyO».

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

«KBaHTOBasi MexaHWKa, JeUCTBUTE/bHO, BreyaTJssgeT. Ho BHYTpeHHUH ToJioC
TrOBOPUT MHE, YTO 3TO ellle He hjeasl. ITa TEOPHUsI TOBOPUT O MHOTOM, HO BCe Ke He
NpUOJIMKAeT HAc K pa3rajike TalHbl BeceBbiliHero. [1o KpaiiHel Mepe, 1 yBEpPEH, YTO
OH He 6GpocaeT KOCTHU».

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

«... bor - coBepmeHHbI MaTeMaTHUK M OH HKCHOJIb30BaJ] CaMyH MNPOABUHYTYIO
MaTeMaTHKy pHU co3JaHuU BceseHHOW».

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



CopeprkaHune

CoaeprkaHue

TIPELINICTIOBUIE ...ttt ettt sttt st st at e s at e st e s at e s at e et e eateeatesabesabeeabeeateensean 7

TNABA L BCTYMIEHME ettt ettt e ettt e et e e e eeeeeeeeteeeeaaaeasaeaesaessesssesesssnsssssssssssssssnnnsnsnsssnses 10

FnaBa 2 NcxoAHbBIE MONOMKEHUA TSSCU ...uuueeeeeeeeeeeeeeeeeeeeeeeeee ettt 14
2.1 MOHATME BPEMEHN CUHXPOHM3ALMMN = Tgpyp cpyevnreneininnieiniinisisiiii s 17
2.2 NoHATME MEXKNPOCTPAHCTBEHHOrO NOTeHUMana - STU e 17
2.3 NoHATME PYHAAMEHTANIBHOM CLUEMMEHHOCTU = 8 coiuvreeeeirieeeiiieeestreeesssreeesssseeessseeessssseeesns 17

nasa 3 MepsuuHoe (MaTepuHckoe) AGContoTHoe NpocTpaHcTBo-Bpema AST Kak ocHoBa Ans

mogaenu bonbuworo Bapbiea (BB) 1 nocneayowero CxaonbiBaHUA (CT)...ccveeeecveeeeecveeeeeieee e, 18
3.1 LLE/Ib M YCTIOBUA BALAUM . ceeirritiieeeeeeeeeeittiiiiaeseseeeetstassaaseeeeeeseetassasasseeesesessssnsassesesesssessnnnnns 18
3.2 BA3OBbBIC [AHHDIC ccceiiiiiiieeeeeeeeeeee et eeeeeeeeeee st a e ba b e bbb et e e e e et e e ettt et et et aeaeaeaeaeaeaaeaaeeeaeeens 18
3.3 1€PBOE CTAPTOBOE YPABHEHME ... eeeeeeeeeiieineniaattaeierababereaerrrereereeeeseeeeeeeeeeeeeeeeseeeaeeeaeeeeeees 18
3.4 AnropuTm 1. YMHOMEHME Ha MHUMYIO €OAMHULY [] ovvvvreereiiiiiceeeceiceeeecs et 19

3.5 Anroputm 2. Bo3BeaeHme B CTEMeHb M YMHOMKEHME Ha oTpuuaTesbHyto eannmuy [—1] ... 21

3.6 Npasutauma u TemnepaTtypa. OCHOBHOE CTAPTOBOE YPABHEHME. ..ccevviiiriieieieieireeeeeeeeeeeeeaeenns 25
3.7 Anroputm 3. O6paTHas 3aBUCMMOCTb C 3/IEMEHTOM CUTHaTYPbI [—1_1] ............................ 26
3.8 AZIFOPUTMbI M YaCTUYHOE paccioeHne ABCOMOTHOTO NPoCcTpaHCcTBa-spemerm 4ST ... 30
3.9 Anroputmbl 1 Ynpasnatowan CynepMHUMan EANHULA gl ..o 30
3.10 MHUManA NapaboIMUECKAA €AMHULA | ......oeeeiiiieeeiieeeeciie e eectiee e et eeetre e e e e e e saaeeeeeanaeaean 33
3,00 O TEMHDBIX HMCIIAX eeetteteieeeeeeeeeeeeeseeeaaaaeasas s aanasesebsbsbabesseebeeeeeeeeeaesesasaeaeaeaeaeaaeeeeeeaeneeaenns 35
3.12 NoaseaeHMe NPeABAPUTENIBHBIX UTOTOB TNIABBI 3 ......uvuiiiiiiiiiiiiieieieeieeeeeeeeereeeeeeeeeeeeeeesenenns 37

Fnasa 4 CBOMCTBA M XapaKTEPUCTUKM NEPBUYHOTO (MaTePUHCKOro) AGCONIOTHORO NPOCTPaHCTBA-
YT L= IR Y 38

AL BB ABHME c.eititteeee e e e et e e e e e et e e e e e e e e et eeeeeee ettt aaeeeeeteeta— e aaaeeeertrta s 38

4.2 CooTBeTcTBME Kaa0oro 0 1 0. HepaspbIBHOCTb 3TUX MOHATUI U 3HAUEHUI Apyr OT Apyra B
MPOCTPAHCTBA-BPEMEHU AST ...ttt s e ssesass e sasasssasasssanasesanaeas 38

4.3 i3meHeHuMe CBOMCTB 1 XapaKTePUCTMK NPOCTPAHCTBA-BPEMEHMU AST B 3aBUCMMOCTU OT
nepmnoaa Penakcaummn nam nepmoga ot bonbworo B3pobiBa Ao ovepegHoro CxnonbiBaHmA..... 39

4.4 Nepwog Penakcauun (Cry,_1 - BB,). CocTosHWe HeonpeaeneHHoCcTU 6a3oBbix NapameTpos

.................................................................................................................................................... 40
4.5 Mepwog ot Bonbluoro B3pbisa Ao ouepenHoro CxnonbiBaHuaA (BB, - C13).ccceeveeceeeieennen. 40
FnaBa 5 CpaBHUTENbHbIE CBOICTBA M XapaKTEPUCTUKM NPOCTPaHCTB-BpemeH ST u PST......... 43
5.1 PasaMepHOCTb MPOCTPAHCTBA M BPEMEHM ...uurerieeririiriiieeeeeeeereennrinsansseeeeerensssnnnssesssesenssnnnnnns 43
5.2 OOLUME 3AKOHOMEPHOCTM .uuvvieeeuiiieeeiurreeesteeeessuteeeesasseeesassseesassesesssssessssssesssssseeessssssessssseesns 43
5.3 CBOIACTBa M XapaKTepUCTUKMN BPeMeHU LT 1 BpeMeHn PT .........cooeeieceeeceeeeeeeee, 44
5.4 KpuBU3HaA, CYMMa YI/1I0B TPEYFONbHMKA M CBOMCTBA ..uuuvvvrreeeeeennrrrrreeseesinrenneeesssssssesensessennns 45

4



AnekcaHap Aslianymos «Teopus CTaLMOHapHOM caMoCcorniacoBaHHoOM BceneHHom»

5.5 TEMMNEPATYPA N SHTPOMIMA cerruuieeeeieeeeeiiuriiieeeseeeeetanssaaeeseseeertetssnssseseeesseemmsnnasesseeesesesmsnnnnns 45
5.6 TeOMETPUA, 5-1 NOCTYNAT U METPMKA .evvverrerrieerirreeeeirreessisseeeessreeessssesesssseessssssessssssesssssseeens 45
5.7 MaTepusi, SHEPTUA Y MHDOPMALMA . cc..vveeeeeerreeeeireeeeitreeesiuseeessssseesssseeesssssessssssessssssessssssesans 46

5.8 dnemeHTapHbIN 3NEKTPUYECKUI 3apAL g Y 3€MEHTAPHbIA TOMONOrMYECKUIA MarHUTHBbIN

T o2 1 c TSR 46
5.9 3neKTpomarHuTHble BOJIHbI (OMB) M NO3UTPOHHO-3NEKTPMYECKUE BOAHLI (M3B)............... 47
5.10 DOTOHBI ¥ U TEMHDBIE POTOHBI J .eveeeririieeriiieeriiieeesiiireessiseeeessuseeessssseessssseeessssseesssseeesssseeesns 48
5.11 CKOPOCTb CBETA C U TEMHOTO CBETA Cuvvvrerreeeriuirieeeeeassiireteeeeesssanrnteeessssssssseeeeesssssnnseeeeessnns 48

Mhasa 6 Tpex NPOCTPaHCTBEHHO-BPEMEHHAA MOo4eNb KBaHTOBOM NO/IOXKUTENbHOM rpasuTaunm B

LST 1 MHOroKBaHTOBOW OTPULLATENLHOM TPABUTALUM B PST .o 49
6.1 3aKOHbI BCEMUPHOTO TAroTeHWA B “ST 1 ee skBuBaneHT (aHTuTAroteHmna) B PST ............... 49
6.2 O6Lan Teopusa oTHocUTeNbHOCTY (OTO) B ST 1 ee 3kBMBaneHT B PST ...oovvvvvn. 49
6.3 MoctosHHaa Xa66na “Hy, 8 'ST v ero sksuBaneHT DHbl_n BOST o 50

6.4 TKaHu npocTpaHcte-BpemeH ST, LST u PST - kak peanbHble M 06bEKTUBHbIE
COCTaB/IAIOLLME YCTPOMCTBA BCEITEHHOM ...uvvviiiiiieieiiieeciieeeesitee e eee ettt e e st e e s satae e e s snaaeessnneeean 51

6.5 O6pasosanue macc “m vactuy matepun 8 LST u macc Pm peuentpannsosaHHbIx
OBBEKTOB AHTUMATEPMM B DST oottt ettt et 53

6.6 CamocoriiacoBaHHble yPaBHEHUA POXKAEHUA U 3BOJIIOLUM TKAHEN NPOCTPAHCTB-BPEMEH B
YCNOBUAX rPaBUTALMM B LST M aHTUMPABUTALMM B PST ..o 54

6.7 Knaccndurauma 1 HOBbIM COAepKaTeNbHbIN CMbIC/T NETEBOM KBaHTOBOM rpasutaumm LQG
n Teopum cTpyH ST Ha H6ase TeopuKn B3aMONPO3pPaYHbIX CAMOCOT/IACOBAHHbIX CeTel B
yCA0BUAX rPaBUTaLMKY B “ST 1 aHTUrPaBUTalnn B PST . oo 55

6.8 dopma matepun B ST 8 ycnosusx rpasutaumm n dopma aHtumatepun 8 2ST B ycnosusx

QHTUTPABUTALMM .ceeeniiieeieeeeettetieiee e s e e e et tteas e e s s e e e e et aae e s s e s eeeeeaeba s s e s e eeeneeannnaaseseeeesennnnnannnnss 59
lnasa 7 Tpex NpOCTPaHCTBEHHO-BPEMEHHAA MPUPOAA CIIMHA £S5 wooeerierienieieneesee e 61
7. L BCTYMIIEHMIE .eevevieeieeeieieieeeeeteeeeeeeteteteeeeaeaseeeesesesesessssasssssssssssssssssssssssssssssssssssesesssesssssssssaeseneene 61
7.2 O6LUEE ONMPELENECHME CTIMHA £S5 riruieueeriiiririeeeestesseetesresreeee e sre st eee st s st e sneseesresaeenesresneennens 63
7.3 TIPUPOAA CIINHA DEPMUOHOB .eeeeeveeeeeiireeeeittreeeatreeesssteeeesssseeeesssaeesssseeessssseesssssesssssseessssssesens 64
7.3.1 O6LME NONOMKEHMUA N OMPELEIEHME ..c...evveeeerreeeeirreeesereeeeissreesssseeesssseesssssseesssssessssssesans 64

7.3.2 TeomeTpuyeckoe pacnosioKeHne cnnHa pyHAaMEHTAIbHO-CLENNEHHbIX pepMUOHOB B
CAMOCOT/TACOBAHHOM QTOME ...vuuieniirnieterentesneeterentesesnesssessesnessssssesnesssssnsesssssessnsessesessnsesnsesessnnes 65

7.3.3 TeomeTpuyecKoe pacnosioxKeHue CrinHa Npu ABUKeHUM CBOBOAHbIX (BHE aToma Uu
Aapa) pyHAaMeHTaNbHO-CLUENIeHHbIX GEPMUOHOB MO OCLM/IMPYHOLLMM HE3AMKHYTbIM

FoT 01011 -1 ¥ SRS 68
VR RToY T oYt Wel s L2 F- Mo o ko] o] - TS 69
7.4.1 OBLME NOMOMKEHMUA N OMPELEIEHME ......eveeeeeerreeeeireeeeeitreeeeiaseeeessseeesasseeesasssesessssessssssesens 69

7.4.2 TeomeTpMyecKoe pacnosioKeHMe CIMHA NPU ABMKEHUN GYHAAMEHTaNbHO-CLLENAEHHbIX
6e3maccoBbiXx 6G030HOB MO OCLUANNPYIOLLUM HESAMKHYTBIM OPOUTAM ...ovvviiirieiieerieenieeeneneen 71



CopeprkaHune

7.4.3 OcobeHHOCTM CNMHa NpU ABUKEHUU GYHAAMEHTAIbHO-CLLEMNIEHHbIX MacCUBHbIX

BEKTOPHDBIX U/ BOBOHOB ....uuvviiieieieiiiiieeeeeeeeeiitreeeeeeesstbreeeeeeeeettsseeeeeeeessssaseesesessssrsseeeessssnssnes 72
7.4.4 OcobeHHOCTM CNMHa MaccMBHOrO BekTopHoro 9Z 6030Ha. MpeacKasaHue. .................. 73
7.4.5 CH B030HA XUITCA H .ottt sttt s snee e s 73
7.5 BAKIIOUBHME ...coiiiiiiiiiiieee ettt ettt e e s s et e e e s e s a e e e e e s aae e e e e e 73

lnasa 8 CamocornacoBaHHana YacTMLe-CONUMTOHHAA MoAe/lb aToMa Boaopoaa (NpoTtus) B Tpex

NPOCTPAHCTBAX-BPEMEHU AT, ST, DST oottt 74
Mnasa 9 OyHAaMeHTabHble B3aUMOEICTBUA B MPOCTpaHCTBax-spemern LST n PST ............... 76
nasa 10 Mons u npeobnagatolme NpoLLecchl B NpocTpaHcTBax-Bpemern ST n PST ... 78
MnaBsa 11 MPUHLMNbI ABUKEHUA MaTepUanbHbIX TeN B NPOCTpaHcTBax-spemern LST n PST ...... 79
[13B8 12 3AKJTIOUEHME ...eeiiiiiiiiiiiiiiic ittt st ba s s e s sabb s e s s aas s e s sabae e s saaase e 84
Mcnonb3oBaHHble TEPMUHBI, 0603HAYEHNA Y COKPALLEHMA c..eeeuveereeiieniienieeieenieenreesieesieesseenneennes 88
(O 1ol o T 1 (=T o 1= VA 1 PSPPSR 91
23 T oY -] o1 o Tox =S PP PP PO U T T PN 103



AnekcaHap Aslianymos «Teopusa cTalMOHapPHOM camocornacosaHHoi BceneHHom»

MPEAVCITOBNE

CtaHpapTHas KocMoJsiorudyeckas Mmojiesb (ACDM) Ha ceroAHSIIHUN J]eHb - SIBJISIeTCS
OCHOBHOM paboyeii Teopueit. C 0JHOM CTOPOHbI, OHA MT03BOJISIET OTBETUTh HA MHOTHE
BONPOCHI B HAb/1t04aeMoy BcesleHHOW, HO € Ipyroy CTOPOHbBI UMEET U CyLeCTBEHHBIE
HeJoCTaTKU. [J1aBHbIM, M3 3THUX HEAOCTAaTKOB - HABJAETCA OTCYTCTBUE
YA 0BJIETBOPUTEJNLHOTO O00bSICHEHUS HabJ/0JaeMOold OGApUOHHON acMMMETPUH BO
BcenenHou. IMEHHO 3TOT HELOCTATOK — CJHAYXUT KJKYOM K CyLleCTBEHHBIM
JIOTIOJTHEHUSAIM K 0OLIENPUHATON TEOPUM paclurpsolleiics BceaeHHON, KoTopas Mo
MHEHMIO aBTOPA — IBJISIETCA He TOJIbKO He [T0JIHOM, HO ¥ HYK/IaeTCA B KapJUHaJIbHbIX
o6HOBJiIeHUSIX. [loMMMO 3TOro, B CTaHAAPTHOM KOCMOJIOTUYECKOW MoOJenu
IOJIHOCTBIO OTCYTCTBYeT MOHMMaHHe O Mpoleccax, IPOUCXOAALUIMX B HEU30EKHO
BO3HUKAIOIUX CUHTYJSIPHOCTSX, a BOMPOChI: YTO ObLIO 0 Bosbmioro B3pwiBa -
SABJIAIOTCS JIMIIEHHBIMU CMBICJIA.

[lepes Bamu paboTa, KOoTOpas NpeAoOCTaBJjseT COBEPLIEHHO HOBBIM B3IJIAJ Ha
¢usuky Bosbiioro B3peiBa U npoiecchl, IpoUCXoAUBIlINe B paHHel BceseHHoW. B
Hell paccMaTpUBaeTCs HOBasi TpeX MPOCTPAHCTBEHHO-BpeMeHHas (II0J10KUTeJIbHOH,
OTpULATEJbHOW U HyJ1€eBOM KPUBU3HBI) MOJieJIb CTpOeHus BcesleHHOM.

CwMmomeHTa co3aanus OTO u nocieaywouiyMx paboT B KOCMOJIOTHH, BOIPOC 0 KPUBU3HE
npocTtpaHcTBa Bo BceseHHoM (w >0, w <0 wau 2 =0) - cuuTaeTcs OJUH U3
HauboJiee TJIaBHBIX M JAUCKYTHUPYEMBIX N0 Cedl JleHb. 3TO eCTeCTBEHHO, Belb OT
KPUBHU3HBl NPOCTPAHCTBA 3aBUCUT: pacluvMpseTcd BcesneHHas, CkuMaeTca WX
ABJIAETCA CTaTU4YHOW. OIJTM [JUCKYCCUH, TO3BOJIMJIM aBTOpPY BbIJBHUHYTb
NapaJloKCaJIbHYI0 H/Jiel0: OJHOBPEMEHHOIO CylLeCTBOBaHUA BO BceseHHOM Tpex
B3aMMOCBSI3aHHbIX MPOCTPAHCTB-BpeMeH (IOJIOKUTEJIbHOM, OTPULATENbHOU U
HyJIeBOW KPUBU3HbI) U, YK€ Ha 3TOW OCHOBe, pa3paboTaThb TEOPHUIO, B KOTOPOU
KaXkloe NPOCTPAHCTBO-BpeMs UIpaeT CBOK COOCTBEHHYIO pOJib U pPa3BUBAETCH B
CTPOTOM COOTBETCTBHH, CO CBOUM 3HAKOM KPUBU3HBI.

Ab6comorroe llpoctparcrso-Bpems

T

G
Boabmroii B3psis ( Teynch) Cxzoms (Tiynen)
I t >
0 ‘T = Z Mmunnapnos ner ‘T
3HaYeHHA MHHMOH napaboanieckoii egunanybl I (1= |1|) Tiynct = BpeMs CHHXPDOHH3ALHH
Abcomorroe lpoctpancrso-Bpems -*ST AT - Bpemsa ST
W lpocrpancrso-Bpems nonoxurensnosi(‘w > 0) kpusnsuer - “ST tr- Bpema B ST
B /ipocrpancrso-Bpems otpunarensroii (w < 0) kpusususr - °ST °T - Bpema 8 °ST
B moboii moment spemenn cuuxponn3agut (Tonc) BbIIONHACTCH CAEAYIOU€e ypaBHEHHE

[“ (Tomet) - P (Tomet) =11, 128 1= [1].

'paduyeckuii abCTpaKT: TPex NPOCTPAHCTBEHHO-BPEMeHHasA MOZiesib CTpoeHus: BcesieHHOM.



Mpeayncnosune

B npeasiaraemMoil paboTe wucCaelyeTCs, TMIOTe3a O HOBOM MNPOCTPAHCTBEHHO-
BpEMEHHOM CUMMeTpUM BO BceseHHOH, COrJIacCHO KOTOpPOM B NE€PBUYHOM
(MaTepuHCKOM) 06061eHHOM AGCOIIOTHOM IPOCTPaHCTBe-BpeMeHu “ST HyseBoi
(2 = 0) xpuBU3HLI c reoMeTpuel EBkinga (€) npu B3auMoAeNUCTBUU €O Chepou C
pacCTOSIHMEeM-PaiIuyCOM M KPUBHU3HOHM, paBHbBIMU MHHUMOW Mapabo/inyecKou
equuune I (Sgpp =1, Ogpp = 1), B MoMeHT Bosibmoro BspeiBa (BB) CHHXPOHHO
pOAUIKCH [JiBa B3aWMMONpPO3payHbIX HEKOMMYTAaTUBHBIX CaMOCOTJIAaCOBAaHHBIX
IPOCTPaHCTBA-BpEMEHHU:

e ropsyee NPOCTPAHCTBO — BpeMs ‘ST nocrosuHo# nonoxureabHoi (‘o > 0)
KPUBU3HBI C NOJIOKUTEJIBHON MJIOTHOCTBIO MaTEPUU U 3HEPIUH, B KOTOPOU
peanusyetcs reomeTpus PuMana (R) asuiuntTruyeckasi, TKaHb IPOCTPAHCTBA
OZHOPOAHO  pacmupsieTcd  (OTHOCHTEJBHO  TKaHed  AOGCOJIIOTHOTO
npocTpaHcTBa-BpeMeHn ST) Bo BpeMeHu “T;

e XOJIOJIHOE TPOCTPAHCTBO - BpeMsA DCST NOCTOAHHOM OTpHMLATENLHOM
(Pw < 0) KPUBM3HBI C OTPULATEIBHOM MJIOTHOCTbIO MAaTEPUM U SHEPTHH, B
KOTOpOM  peanusyetca  reomeTpuss  Jlob6aueBckoro-bosbsu  (LB)
runepbosinyeckas, TKaHb [POCTPAHCTBA HEOJAHOPOJHO  CXKHMMaeTcsd
(OTHOCUTENIbHO TKaHei AGCOJIOTHOrO IPOCTPaHCTBa-BpeMenu “ST) BO
sBpemenu °T.

B /1106011 MOMeHT BpeMeHU CUHXPOHU3AUUHU (Tgypncn) BBIMOJIHAETCS CleAylollee

ypasrenue [“o (Tsynen) - @ (Tsynen) = 1], rae I = |1].

JlaHHas KocMoJsiorMyeckas Mofielb B KOpHe pellaeT INpo6JeMy Ha6JiofaeMoi
6apMOHHON aCHMMETPHMHU U CKPBITOH Macchl Bo BcesleHHOM, MOCKOJIbKY C MOMEeHTa
BB BcA poxJeHHas MaTepus pa3BHUBaeTcs, B HabJI0JaeMOM HaMH, IPOCTPaHCTBe-
BpeMeHM IO0JIOKUTEeNbHOH KpUBM3HBI ST, a Bca pOXAeHHas aHTHUMaTepus
pa3sBHUBaeTCs, B He Ha6J/110ZlaeMOM HaMM, IPOCTPAHCTBe-BPEMEHU OTPHULATEeNbHOM
KpuBHU3HBI PST.

[Ipennaraemass Teopusa bBosblioro B3pblBa MOJy4YaeT COBEpPLIEHHO HHOeE
HarnoJIHEHUWE: paculMpeHue TopsSyero MNpPOCTPAHCTBA-BPEMEHU MOJIOXKUTEJIbHOU
KpMBM3HbI ST M CKaTHe XOJIOJHOTO INPOCTPAHCTBO-BPEMEHH OTPHULATENbLHOM
KpuBH3HbI PST NPOUCXOAAT CMHXPOHHO (BO BpEMEHHM CHHXPOHHU3AIMH Tsyncn) ¥
CaMOCOIJIaCOBAaHHO B HENOJBXXHOM K BeYHOM AGCOJIIOTHOM MPOCTPAHCTBE-
BpeMeHHU 4ST, yTo TpebyeT NPUHIMINAILHO HOBBIX MOJXOA0B /IS UX ONMCAaHUSA U
NIOCTPOEHM aleKBaTHBIX MoZiesied. B 60-X roax NpoLoro CToJIeTUA 11X Hay4YHble
JIUCKYCCHU O TOM SIBJIIETCS JIM paHHss BceseHHas ropsyei uau xononaHou. Teopuio
XO0JIOZHOU paHHel BcesieHHOW 006CYyXJa/ii B CBOUX CTAThsX TaKUe aBTOPUTETHbIE
¢usuky, kak 3eapgoBud f. b., Caxapos A. [l. [48, 49, 50| u gpyrue. [Ipupoja, kak
BCer/ja, OKa3aJjlacb MyJipee U IJIaCTU4YHee — OHa peajiM30Bajia 06a BapuaHTa. Eije B
1933 roay Erich Regener Ha ocHOBe Mozenu ctaumoHapHOU BeesieHHOM npezcka3an
TeMIlepaTypy MeXrajaKTU4eCKoro npocTpaHcTBa paBHoH 2,8 K [163]. YTo kacaeTcs
M3JlyYeHHUs] MUKPOBOJIHOBOTO KOCMH4YecKOoro ¢oHa (aBTOp KaTEropuyecku He
CorJiaceH Ha3blBaThb €ro TOJbKO PEJHUKTOBBIM), TO €ro UCTUHHYIO IPUPOAY U POJIib
HaM ellle NPeJICTOUT OTKPBITh [ 164].
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Tpex mpocTpaHCTBEHHO-BpeMeHHasi Mo/iesib BcesieHHOU MO3BOJISIET MOJHOCTHIO
epeoCMBbICIUTb U NPUJAaTh HOBOE pa3BUTHE TEOPUU 000OIEHHBIX KOMILJIEKCHBIX
yucen. Kaxzgad MHuMas ejuHuLA: napabosivyeckas [, rumnepb6osinyeckass [ M
3JIIMNITUYECKad [ - 33/laeTCsl B CTPOrOM COOTBETCTBHU CO 3HAKOM KPUBHU3HBI CBOETO
IPOCTPAHCTBA-BpEMEHH.

Takoit mojAxoJ TO3BOJIIET paclo3HATh TpPeX MNPOCTPAHCTBEHHO-BPEMEHHYIO
IpUPOAY CIHMHA, pa3paboTaTb ero MeXaHW3M, KOTOpbI HAmpsMyl HPUBOAUT K
HOBOW TpexX [MPOCTPAHCTBEHHO-BPEMEHHOW CaMOCOTJIACOBAaHHOW  4YacTHIle-
COJIMTOHHOW MOJIeJIM aTOMa U aTOMHOTO s1pa.

B cBOO 04epe/ib, YyacTHLe-COJTUTOHHAsA MO/lesIb aTOMa M aTOMHOTO 51/ipa — 103BOJISIeT
He TOJIbKO JaThb HOBYH HMHTepIpeTalui0 KBAaHTOBOM MeXaHHMKe, HO U INOJY4YUTb
OTBETHI HA MHOT'HE BONPOCH], My4YuBIlMe GU3UKOB yKe 0K0JIO cTa JieT. HakoHel-To
NOSIBJISIETCS BO3MO>KHOCTb OJJHO3HAYHO OO'BSACHUTHb, TJle U INOYEeMY MepecTarT
JleiCTBOBAaTb 3aKOHBI KJIACCUYECKOW PU3UKHU U BCTYIAIOT B CUJIY 3aKOHbI KBAHTOBOM
MEeXaHUKHM, TOYHO OIpeAeJUTb 3TOT IMepexoJi, IMOKa3aTb HEHU36eXHOCThb
Jla/ibHelllero pacluiMpeHusi GU3NKM, a TakXKe JaTh 0011yl KJacCUPUKALUIO BCEM
$r3UYEeCKUM AUCIUILIMHAM.

[lo MHeHMIO aBTOpa, Tpex MPOCTPAHCTBEHHO-BpEMEHHas MOJeJlb CTPOEHUs
BcesneHHOW  mo3BoJisseT  peliUTb MHOrue  ¢QyHJaMeHTaJbHble MpPOG6JIeMbl
COBPEMEHHOM KOCMOJIOTMM M TeopeTHYeCKol (U3MKH, CO03[aeT OCHOBY AJs
NOCTPOEHUs eJUHOU ¢u3nyeckoil Teopuu (B ToM uucie, ob6beaunsiomeit OTO u
KBAaHTOBYI ¢H3MKYy). JTa MoJjes]b JaeT HaAexJy B 00603puMOM OyaylieM,
pa3paboTaTh KOJMYECTBEHHYIO JIOTUYECKHU-3aBePILIEeHHY0 MOJiesb PoxAeHus BB u
nocJeylollero cxjonbiBaHuss Cr [ABYX B3aMMONPO3PauyHbIX HEKOMMYTATHBHbBIX
CaMOCOTJIaCOBAHHbIX MNPOCTPAHCTB-BPEMEH IOCTOSIHHOW TOJIOKUTEJbHOU U
IOCTOSIHHOM OTpULIAaTe/IbHOW KPUBU3HBI.
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[nasa 1 BctynneHune

KpuBu3sHa mnpocTpaHcTBa BO BcesieHHOM, ee pa3MepHOCTb, NPOCTPAHCTBEHHO-
BpEMEHHble U IreOMeTPHUYECKHe OTHOILEHUS, pea/lM30BaHHble B HEU — SIBJSIOTCS
IJIaBHBIMU BONPOCaMH KOCMOJIOTHUM M TeopeTuyeckod ¢usuku. O6uiasg Teopus
OTHOCUTEJIbHOCTHU [1, 2], KakK Jiy4yllas TeopHs TPaBUTALMU - CO3Jjajla OCHOBY H
npuy/iajza 3TUM HallpaBJeHUSIM UCCeJ0BAaHUM JOTIOJTHUTENbHBINA UMNyibC [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].
CtaHpapTHas MoJie/ib CEroJHA — fIBJSETCA OOLIeNPHU3HAHHOU U Jy4ylled TeopHeH,
onuvchiBawllel ¢yHaaMeHTalbHble B3auMo/JeicTBuUs [29]. OgHaKo, B COBpeMEHHOU
dU3MKe HAaKONMMUJIOCh HEMAJIO Pa3HOOOpPA3HbIX NMPO6JIEM, KOTOpPble TPEOYIOT CBOEro
paspewenus [30, 31, 32]. IlomMMO BbllleyKa3aHHbIX, 3TO MpEXJEe BCEro:
HabJirofaeMast 6apyuoHHas acuMMeTpus Bo BcesneHHoit [33, 34]. [louemy, HecMOTps
Ha He3bl06JIEMOCTb BTOPOI'0 3aKOHA TEPMO/AUHAMUKH, Mbl He Ha0J/II0/laeM TeMJI0BOH
cMepTu BcenenHoit [35, 36]? HenosiHoTa uHOASUMOHHOW Mojenu bosbiioro
BapeiBa [37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47]. Kyaa «nopeBanacb» X0J10JHas
cTtaausa pa3Butuda BcenenHoit [48, 49, 50]? Ocyunnupyet v Bcenennas [51, 52, 53,
54, 55, 56, 57]? HenoHuMaHWe NpUPOJbl TEMHONM MaTEPUU U TEMHOW 3HEPTUH, a
TaKXXe Mo4yeMy HabJ110/laeMoe MPOCTPAHCTBO MPOJ0JI’KAET YCKOPEHHO PacIIUPAThCA?
KakoBa npupoja maccel? KakoBa ¢pyHaamMeHTasbHasA poJib noJiss bpayra-JHriepa-
Xurrca u 6030Ha Xurrca? [losiHa /i TeopUsi 3JIEKTPOCAA6Oro B3auUMOJIENCTBUSA?
HenoHuMaHWe NpOUCXOXAEHUs CUJ HWHepLuU. ['Ie cKpbIBaeTcs 3JieMeHTapHbIM
MarHuTHBIN 3apsaj? YTo U3 cebs npejCTaBAsAOT 3JIeMEHTAPHBIN 3J1€eKTPUYECKUN U
3JileMeHTapHbI MarHUTHbBIN 3apsAbl? HemoHMMaHue npupozbl cliiHa 0030HOB U
depmuoHoB. KakoBa npupoja sifepHbIX cu1 M KOoHQailMeHTa? YTo U3 cebs
npeACTaBJsieT MeXaHU3M TyHHeJibHOTO 3¢ dekTa? KakuMm obpa3zom Bo BceneHHoM
NPOUCXOAUT HYKJEOCUHTe3 TsKeJblX 3JeMeHTOB? OTCyTCTBUE NOJIHOLEHHOU
TEeOpUHU CBepXNpPOBOAUMOCTH. [loueMy cylecTBYIOT TPU MOKOJIEHUS 3/IeMEHTAPHbIX
yactul? KakuM 06pa3oM JaTh KOPPEKTHOe OMpejiesieHre NMOHATUI0 GU3NYEeCKOT0
nosig? Yto u3 cebsi NpejCTaBJSIOT KOMMNAKTHblE MacCUBHbIE Talo0 OOBEKTHI,
HabJr01aeMble B acTpoHOMUU? OTCYyTCTBUE TEOPHUU KBAHTOBOM IrPaBUTALUU.

J1ga  Toro, 4YTOOGbI MOCTApaTbCsd OTBETUTb Ha 3TH BONPOCHI TpebyTCA
NPUHLUIHAJBHO HOBBIE WJIEH, Jiexallde B CcaMOM OCHOBe Teopuu BB wu
M03BOJISAIOIME HAPSAIMYIO CBSA3aTh KOCMOJIOTHIO, KaK C y>Ke U3BEeCTHbIMHU, TaK U ellle
He  OTKpBbITbIMM  3aKOHaMHU  Qu3uKU. Pa3paboTaHHasgs  aBTOpPOM, Tpex
IPOCTPaHCTBEHHO-BpeMeHHasA (MOJIOKUTEeJbHOM, OTpULATEe/JbHOM M HyJIeBOH
KPUBHU3HbI) MOJieJib CTPOEHHs CTAllMOHAPHOM caMocorjacoBaHHOW BcesneHHOH
NpeAoCTaB/sieT HOBble HJIEU U IIUPOKHE BO3MOXKHOCTU JJIs OCTPOEHUs eJUHOU
¢usuveckoil Teopuu. [laHHasg MoJesib NO3BOJIIET MNOJYYUTb IIEeCTb 6a30BbIX
napaMeTpoB B KaXKJjOM I[pPOCTPAHCTBe-BpEMEHH, OTBEYAIIUX 3a 3BOJIOLHUIO
BcesnenHoit B nepuo/, ¢ BB f0 Cr (cm. 'naBy 3), a TakKe JiesiaeT NOHSTHBIM MOAXO0/[T K
onpepesieHUI0 pa3aMepHocTU Becesnennou (cm. ['1aBy 12).

B KocMoJiorvumM, ecTeCcTBEHHBIM 06p330M pemraeTcda npo611eMa Ha6mo/:[aeM0171
6apI/IOHHOI>'I dCUMMETpHHU U CKprTOfI MacCCbl, IIOCKOJIbBKY C MOMEHTaAa BB Bcsa
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pOKJieHHasi MaTepusi pa3BUBAeTCs, B HAbJII0JaeMOM HaMU, IPOCTPAHCTBE-BpEMEHHU
TOJIOKUTEbHOM KpUBHM3HBI ST, a BcA poK/ieHHAs aHTUMaTepUs pa3BUBAETCs, B He
Ha6JI10/]aeMOM HaMH, IPOCTPAHCTBE-BpEMEHH OTPHUIATeNbHOM KpuBU3Hbl PST (cM.
['naBy 5). [lepBUYHBIA HYKJIEOCUHTE3 U MOCAEAYIOIHUH, BKIIOYasA CUHTE3 TSXKeJIbIX
3JIeMEHTOB - IMPOUCXOAAT MO COBEpUIEHHO JpyroMy CLEeHapHio, 3M0xa
peKOMOUHALUU OTCYTCTBYET.

He MeHee BaXHBIM dABJAeTCA MNpPeAINOJIOKEHUE, 4YTO MNPOCTPAHCTBO-BpeMs
OTPHMLATENbHON KpUBM3HbI PST, He HabJ0JaeMoe HaMM, M aHTUMaTepus C
OTpULATEJIbHOW MacCOM U OTPULLATEJIbHOM MJIOTHOCTBIO 3HEPTUH, pa3BUBAIOLIAsCS
B HeM, MOTYT MOJIHOCTbIO 3aMEeHUTb C06010 BBeJleHHO€e B PpU3UKe NMOHSATHE TEMHOU
MaTepuu. Takoi MoJxoJ NpefocTaB/sseT BOSMOXXHOCTb NOJHOCTbIO OTKAa3aThCs OT
3TOr0 NMOHATUA. B paccMaTprBaeMoN KOCMOJIOTUYECKOW MO/JieJIM, He HabJiofaeMoe
HaMM IPOCTPAHCTBO-BPEMA  OTPUIATENbHOM KpuBM3HbI ST, aBjserca
B3aMMOIIPO3payHbIM €  HabJIIOJaeMblM HaMM  NPOCTPAHCTBOM-BpeMeHeM
MOJIOXUTENbHOM KPHMBHM3HbI ‘ST M MMEHHO MO3TOMY, BCE 3KCIE€pPMMEHTaJbHbIE
NONBITKM 3aperuCcTpUpOBAaTh TEMHYH MaTepulo - TepnaT Heyzaady. I[Iponecc
IPOHUKHOBEHUS aHTHMMaTepuM C OTPULATEJbHOW MaCCOM M OTpPHULATEJbHOU
IJIOTHOCThIO 3HEPTUH U3 IPOCTPAHCTBA-BPEMEHHU OTPHUIIATEIbHOM KpUBU3HbI PST B
IPOCTPAHCTBO-BPEMSA IOJIOXKMTENbHOM KpHMBHM3HBI ST ¢ mociepyomen ee
TpaHchopMaLMel U aHHUTWISALMEN - KpaTKo onucaH B [1aBe 9. 3acayXuBaroT
BHUMaHMUs pe3yJibTaThl, I0JyYeHHble B paboTe [58], HecMOTpPs Ha KOHLENTya/bHble
HETOYHOCTHU M0 CPAaBHEHHUIO C pacCMaTpUBaeMOW HAMU KOCMOJIOTUYECKOU MO/JeJIbI0
Y COOTBETCTBEHHO, HENOJHOTY UCXOAHBIX JJAHHBIX.

[lepexos; OT MaKpOypOBHSI K MHKpPOOObEKTAM IO03BOJIA€T pacno3HaTb Tpex
IPOCTPaHCTBEHHO-BPEMEHHYI0 NIPUPOJy CIIMHA M pa3paboTaTh ero MexaHu3M (CM.
['1aBy 7), KOTOpBIM HaNpsiMyl HNPUBOAUT K TpeX NMPOCTPAHCTBEHHO-BpPEMEHHOU
CaMOCOTJIaCOBAaHHOM 4YacTUIle-COJTMTOHHON Mogenu atoMa (cMm. ['aBy 8). Takoi
NO/AX0J, TNO03BOJIAeT JaTh HOBYH MHTepNpeTalMi0 KBAaHTOBOM MeXaHHKH,
packpbliBamwlleil cMbica ypaBHeHUH llpeaunrepa u lupaka (cm. ['1aBy 11), a Takxke
HENPOTHUBOPEYUBO U CYLIeCTBEHHO JOMNOJHUTb COBPEMEHHYI0 KBAaHTOBYIO TEOPHIO
3JIeMeHTapHbBIX YaCTHILI,

Bbixos U3 «IlJleHAa HeompejeseHHOCTU [el3eH6Gepra» CTaHOBUTCS BO3MOXXHbIM,
6J1aroilapss HOBOMy CIoco0y BBeJleHUs1 00001 eHHbIX KOMIIJIEKCHbIX Yyuces (CM. MIL.
3.9, 3.10 T'naBel 3 u lnaBy 4). Kaxaas MHUMas eAuHULA: MapaboJsinyeckas |,
runepbosinyecKast i ¥ 3JJIMNTHYECKas [ - 3a/laeTcd B CTPOTOM COOTBETCTBUHM CO
3HAaKOM KpPHUBH3HbI CBOEro MPOCTPaHCTBa-BpeMeHU. HMeHHO, 00606IlIeHHbIe
KOMILJIEKCHbIE YMCJIa, Pa3BUBAIOIINE TEOPUU QYHKLUN KOMIJIEKCHBIX IEPEMEHHBIX,
KaXkasi, CTPOro B CBOEM IMPOCTPAHCTBE-BPEMEHH, UIrpPAIOT TIJIAaBHYI pOJib B
obecrieyeHU MEXINPOCTPAHCTBEHHO-BPEMEHHON KOMMYHMKAIlMU W [JI€Jal0T
BO3MOXHBIM «3(Q(dEeKT caMOCOT1acOBaHHOCTU» BO BcesieHHOM.

ABTOp Tak»e OblJ1 BEIHYK/,€H BBECTU HOBBIE IOHATHS, TEpPMUHbI U 06003HaYeHus1, 6e3
KOTOpbIX popMain3alUsl JaHHOU TeopuHr ObLIa 6bl HEBO3MOXHA. OHUM U3 TAKHUX,
HOBBIX NPUHIMIHAIbHBIX MOHATUN - sABJsAeTcd Ynpasaswinasg CynepMHUMas
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Enununa gl, koTopas B nepuoj ¢ Cr 1o odyepefHoro BB BMellaeT B ceb6s1 MHUMBIE:
napabosinieckyo I, runep60MYecKyIo [ ¥ 3JJIMITUYECKYIO [ e JUHULIbI U, HapAay C
NepBUYHBIM O00OOOLIEHHbIM (MaTepUHCKUMM) AOCOJIIOTHBIM MPOCTPAHCTBOM-
BpeMeHeM ‘ST, UrpaeT BaXKHeMHIIyI0 poJb Bo BcenenHoit (cm. 'nay 4).

UccnepoBaHve BO3MOXKHOCTEHW IOCTPOEHHUS CaMOCOTJIACOBAHHOW MOJe/NIM Tpex
IPOCTPAHCTBEHHO-BPEMEHHONW KBAHTOBOM IOJIOXKUTEJIbHON IrpaBUTaLuu B ST wu
MHOTOKBaHTOBOM OTpHUIATeNbHOM rpaBuTanuu B PST, paccMaTpuBaetca B [1aBe 6.
Bo-nepBbIX, C y4€TOM TOTO0, YTO OJJHUM M3 LI1eCTH 6a30BbIX NAapaMeTPOB — SBJSETCS
rpaBUTaLUd, yAAeTCd MOJYYUTb OTHOCUTEJNbHO INPOCTble CaMOCOIJIACOBaHHbIE
dopMysibl A1 onpefesieHUs TpaBUTALMM M aHTUTpaBUTALMM (cM. 1. 6.6).
Bo-BTOpbIX, HOBOE TNOHUMMaHHWEe U OlpeJiesieHUs TMOJy4alT CaMH I[OHATUA:
NO0JIOXKUTEJBbHON IPaBUTALMMU U OTPULATEJbHON IPaBUTALUM (aHTUIPAaBUTALUM).
B nosy4eHHOM ypaBHeHMM 16L NpPHUBBIYHOE JJIS HAC MOJIOXKUTENbHOE BpeMs “t
06paTHO 3aBMCMMO OT CKOPOCTM ‘v M NOJIOXUTEJNbHOW TpaBUTaLUU “G,., 4TO
NOATBEPXK/JAeT pPeJATHUBUCTCKYI TUNoTe3y 06 spdekTe 3aMesseHUST BpPEMEHHU.
B-TpeTpHX, HOBBIA COJep>KaTeJbHbIA CMBICJ W WMIYJbC MOJYy4alT, [Be
B3aMMO/IONOJIHAKOIIME APYT Jpyra, TEOPUM: MeTJIeBOM KBAaHTOBOW IpaBUTALUMU
(manee - LQG) n Teopuu cTpyH (pajnee - ST) Ha 6a3e TeOPUM B3aMMONPO3PauYHbIX
CaMOCOT/IaCOBaHHbIX CeTell B yCJI0BUAX rpaBUTalMuU B “ST v anTurpasutanuu B °ST
(cM. 1. 6.7). UMeHHO, AleiicTBUEM aHTUTPABUTALUH YAETCS 0O bSICHUTb COJTUTOHHYIO
npuposy ¢GOpMbl aHTUMaTepud B NPOCTPAHCTBe-BpEMEHU OTpULATE/bHOU
kpuBu3Hbl °ST (cM. I. 6.8) U B pe3ysbTaTe, NPeJJI0KUTh COJMTOHHO-YACTUIHYIO
Mo/JieJIb aTOMHOTO s/ipa (M CUJIbHOTO B3aUMOeUCTBUS, CM. ['1aBbl 5 1 9).

Jlngd  [ABUKEHUS  TONOJIOTHYECKUX COJUTOHOB B  IPOCTPAHCTBE-BpeEMEHU
OTpUIATENbHON KPUBM3HbI °ST NpejJoKeH HOBbIM INPUHIMI HaMGOJbIIEro
JleMCTBUS, IPOTUBOMOJIOXKHbBIN IPUHIMITY HAUMEeHbUIEro JeCTBUSA B IPOCTPAHCTBe-
BpeMeHH MOJI0KUTeNbHON KpUBU3HbI “ST (cM. I'naBy 11).

B 3Toii mnepBoM mny6GJMKalLMK, aBTOP He CTPEMUJICA JeTajJbHO UCCAeJ0BaTh
0COOEHHOCTH KaKHUX-JUOO0 y3KHUX pas3fenoB QU3UKHA (3TO OyJeT CcAesaHO B
NOCJIeAVIOIIUX CTAThsIX), BOSHUKAIOIUX B 3TON KOCMOJIOTUYECKOU MO/Ie/IH, a CTABUJI
nepes co60I0 TJIABHYIO 33/la4yy OIEHUTHb MpeJJaraeMyr THUIOTe3y Ha MpeaMeT
OTCYyTCTBUSA BHYTpEHHEHN NPOTHBOPEYHUBOCTH, ee NPUHLMITHATBHON
paboTOCOCOOHOCTH U NePCNIEKTUBHOCTH.

O4eHb BaXXHO, YTO M3 MpeAJaraeMOW TEOPUH, CYLLECTBEHHO PaCLIUPAOLIEeN HALlU
npeAcTaBieHUss o0 BceseHHOW, Kak 4acTHble CJydyau JierKO BO3HHUKAIOT:
Kj1accudyeckass MexaHuka HprooToHa (¢usuka HabJ0JaeMOro MnpoCcTpaHCTBa-
BpeMeHH T10JI0KUTebHOM KPUBU3HBI “ST ¢ MO/I0%UTeEIbHOMN IJIOTHOCTBIO MaTepPUH
Y 3Hepruu 6e3 yyeta apdekTa cirHa) U KBaHTOBasA ¢pusuka (pusuka Hab/101aeMOro
NPOCTPAaHCTBA-BPEMEHHU TMOJIOXKUTENbHON KPUBM3HBI ST C TMOJIOXKUTENbHOM
IJIOTHOCTbIO MaTepUM U 3HEPTUU C yuyeToM 3PdeKTa CIHMHA, U COOTBETCTBEHHO,
BJIMSIHME TIPOCTPAHCTBA-BPEMEHHU OTPUIATeNbHON KpuBU3HbI PST). A, caM 3 dekT
CIMHA, NpPU 3TOM OCHOBAaH Ha B3aWMOJENCTBHU TpeXx 6a30BbIX TreoMeTpUi
(EBk/IMI0BOY, 3/1IMIITUYECKON PuMaHa. runep6osindyeckoit Jlo6aueBckoro-bosibsan),

12



AnekcaHap Aslianymos «Teopusa cTalMOHapPHOM camocornacosaHHoi BceneHHom»

peasu30BaHHbIX, KakK 6a30Bble, KaXKJasg B CBOeM MPOCTPAHCTBE-BPEMEHHU
(cm. T'naBy 7).

HecMoTpsi, Ha BbIpaXXKeHHbIM JAUCKYCCUOHHBIH XapaKTep MNpejJjaraeMod paboThl,
BBeJ/leHUe HOBOM NPOCTPAHCTBEHHO-BPEMEHHOW CUMMeTpPUU B Mogeau BB - Cr u
IIOCTPOEHHAasA Ha 3TOM OCHOBe TeOpUsA CTALMOHAPHOW CaMOCOIJIAaCOBAaHHOM
BceneHHOM, 1NO3BoJigeT  [O-HOBOMY  NOJOWTH K  peIIeHUI0  MHOIHX
dbyHJaMeHTa/IbHBIX IP00JIEM KOCMOJIOTUH U COBpEMEHHON PU3UKU.
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naBa 2 NcxoaHble nonoxenma TSSCU

1.

2.

BceneHHass ojHa (HUKaKuX Napasjie/lbHbIX U/UIA MyJbTH BceseHHBbIX He
CYyLeCTBYET).

BceneHHas mpejcTaB/isieT cO60M JBe CyOCTaHIIMU: NepBUYHOE (MaTEPUHCKOE)
AG6COJIIOTHOE TNpPOCTpPaHCTBO-BpeMa 4ST u  Ynpasadwoigywo CynepMHUMYIO
Epunuuy ¢/, 06beAUHAIOINLYI0 B cebe, TPU MHUMble eJMHULbL: TapabonyecKyo
I, sannunTudeckyto [ ¥ runepoosndeckyto i (cm. nm. 3.5, 3.9, 3.10, 'naBe1 3 u . 4.2
T'naBbl 4). [lepeuuHoe (MaTepuHCKOe) AGCOIIOTHOE NPOCTPaHCTBO-BpeMs AST u
Ynpasnsawwaa CynepmHumas ExunHuna ¢/ nepuojudeckd B3aUMOJEWUCTBYIOT
Apyr c¢ pgpyroMm (cMm. puc. 7), ob6bpasysa o6o06umeHHoe [lapakommiiekcHoe
ABCOJIIOTHOE NPOCTPaHCTBO-BpeMs 4ST ¢ napaboiM4ecKOd MHUMOM eJuHUILeH
B KOTOpPOM npoucxoguT bosbuioi B3peiB (BB) ¢ nociefyoudM HeEOTBPAaTUMbIM
CxyonbiBaHueM (Cr).

257 - Eu - ’ -
BB, ' BBoii BB,z }

cr Crisr Crinsz
Peraxcanua Perakcanms

I'paduyeckuii abeTpakT: nepuogorpamma bonbuimx B3pseIBOB U nociefyr0mux
CxisionsiBaHu#M Bo BecesreHHOM.

[lepuof, korga o6e cy6CTaHLIMKY EPECTAOT B3aUMO/IEMCTBOBATD JAPYT C APYTOM

(c momeHTa Cr f0 ouepeaHoro BB) - iBjsieTcsd neprooM Penakcaryu.

B momeHT BB (cM. puc. 1) B o606ueHHoM [lapakommiekcHOM AGCOJIIOTHOM

npocTpaHcTBe-BpeMenHy 4ST (BKI0OYaIeM B ce6s nepBudHoe (MaTepPUHCKOE)

AST nynesoit (2 = 0) u 6eckoHedHOM ({2 = ©0) KPUBU3HbI OJHOBPEMEHHO (CM. II.

2 I'naBel 4), c reomeTpueit EBkinga (€) u chepy ¢ paccToOsIHUEM-PAZUYCOM U

KPUBU3HOM, paBHbIMU MHMMO# napabosinyeckoit exunune I (Sspp =1, Rgpp = 1)

peasii3yeTcs NPOCTPAHCTBEHHO-BpeMeHHasi cUMMeTpusi. CHHXPOHHO, TO €CTh BO

BpPEMEHHU CUHXPOHU3aUUH (fanee - Tgypcp ), POKAAOTCA [iBa B3BAUMONIPO3PaYHbIX

IPOCTPaHCTBA-BpEMEHHU:

* ropsyee NpocTpaHcTBO - BpeMs (manee - “ST [Light (Real) Space — Time])
IIOCTOSAHHOM TOJIOXKUTENbHOM KpuBusHbl (fw > 0), ¢ mosoxuTenbHOM
MJIOTHOCTbIO MaTepuu “M u snepruu “E, croxactuueckoit uH$opmanuen -1,
B KOTOpPOM peanusyeTcs reometpus Pumana (R) annunTrhyeckasi, a TKaHb
IPOCTPAHCTBA  OJHOPOJHO  pacuupseTca  (OTHOCUTEJIbHO  TKaHHU
AGCOJIIOTHOrO MPOCTPaHCTBa-BpeMeHHu 4ST) Bo BpeMenu T;
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AnekcaHap AslianymoB «Teopusa CTaLMOHaPHOM camocornacoBaHHoM BceneHHom»

*  XOJIOJHOE TPOCTpaHcTBO - BpeMmsa (manee — PST [Dark (Hidden) Space —
Time]) nocTosinHOM oTpuLaTenbHoi kpuBusHbl (Pw < 0), c oTpunaTeNbHOM
MJI0THOCTbI0 MaTepuu °M u snepruu PE, dpakranbHoi (M1 caMono06HOH,
TEepPMHH - TpebyeT TOYHOro HayyHOro ompejejeHus) uHbopmanmeinn °I, B
KOTOPOM  peasinu3yeTcd reometpuss  Jlob6aueBckoro-bosibsu (LB)
runep6bosiniyeckasi, a TKaHb MPOCTPAHCTBA HEOJAHOPOJHO U AHU3OTPOITHO
oxuMaeTcss (OTHOCHUTE/NbHO TKaHU AGCOJIIOTHOrO MPOCTPaHCTBa-BpeMeHU
AST) Bo Bpemenu °T.

llpocTpancTBa-BpeMeHa “ST u PST o6najaroT ciepyomumMy cBOMCTBAMM:

* ABJISIIOTCS B3aWMMOIPO3PAayHbIMM, TO €CTb - HE HMMEIT BO3MOXHOCTHU
HeNnocpe/ICTBEHHO B3aMMO/JeCTBOBATh APYT C IpyroM;

*  ABJIAKTCA B3aUMOCOTJIACOBAHHBIMH, TaK KaK BbIHY>K/IeHbI LieJIeHalpaBJIeHHO
B3aMMOJEUCTBOBATb JpYyr C JpyroM NOCPeACTBOM 0000ILEeHHOTO
[lapakoMIIEKCHOTO AGCOIOTHOTO IPOCTPAHCTBa-BpeMeHH 4ST (CM. yHKTbI
3.9 1 3.10 I'naBsl 3);

* ABJAITCA (QyHAAaMEHTaJbHO CLEeNJIEHHbIMH JpYyr C JApYyroM, TO €cCTb
NOJIHOCTbIO B3auMMO3aBUCHMBIMU (cM. NyHKT 2.3 T'naBel 2 «[loHaTue
byH/laMeHTabHOU- CLEMJIEHHOCTH - &»);

*  ABJISIIOTCS NOJIHBIMU aHTHUIIOAAMHU JPYT ApPyra U UMeIT aHTarOHUCTUYECKHE
CBOMCTBA;

* ABJISIIOTCS KBAHTOBAaHHBIMH, TO €CTbhb QpyH/JaMeHTa/IbHblE B3aUMO/IENCTBHUS B
060MX NIPOCTPAHCTBAaX-BpeMeHU 00/1a/Jal0T KBaHTAMU JleMCTBUS.

llpocrpancrBa-Bpemena “ST u PST cocrosaT us Tkanei (0co6bIX MoJIEBBIX GOPM)

MaTepuM M aHTHUMaTepuM, pasBUBaWINUXCA Bo BpeMeHax T u PT,

COOTBETCTBEHHO.

Bo Bcex Tpex npoctpaHncTBax-BpeMenu 4ST, LST u PST 6asucHbiMu KaTeropuamMu

ABJISAIOTCS: MaTepus, dHeprus, MHopmanus.

B /110601 MOMEHT Tsypcp, CYMMapHasi IIOTHOCTb MaCC U IVIOTHOCTb SHEPTUH ABYX

npocTpaHcTB-BpeMeH “ST u PST paBua nyo.

CroxacTuyeckasa uHpopMauusa “I B 'ST u ppakranbHas undopmanusa 21 B PST -

SBJISIOTCS B3aMMOMCKJ/IOYAKIUMUCA (aHTUIOJAMU APYr Apyra) u npu Cr B

Tsynch B3AUMHO HEUTPAIM3YIOT APYT ApyTra.
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naBa 2 cxoaHble nonoxkeHma TSSCU

Abcomoroe [Ipoctparcreo-Bpems

osT

tsT

Bousiior 8B3psis ( Tomch) »— Cxaonsiganue ( Tynch)

[
T

0 ‘r=2 MHAAHAPDAOB A€T ‘r
ZHAYCHHA MHHMOH napaboandeckorf expanger [ (1= |1]) Tyach — BpeMA CHHXPOHHIALHH
A6comorroe [Ipocrpancreo-Bpemsa -ST AT - Bpems 8 ST
[ Ipoctpancreo-Bpema moxoxHTEABHOH (“w > 0) KpHBHSHBL - “ST br- BpEeMs B st
[ | Mpocrpaucreo-Bpema orpugareasroi ("w < 0) kpupnsner - *ST or- BpeMA B ‘st

Puc. 1. Tpex nmpocTpaHCTBEHHO-BpeMeHHasA MOJejb CTpoeHus BcesnenHoil. B
0606meHHOM [lapakoMnieKCHOM AGCOMIOTHOM IPOCTpaHCTBe-BpeMeHU 4ST B
MoMeHT Bosbmioro BspeiBa (BB) CUHXpPOHHO (B Tsyncp) PONKAAIOTCA [Ba
B3aMMOIPO3pPAaYHbIX CaMOCOIJIACOBAHHBIX HEKOMMYTATHUBHBIX IPOCTPAHCTBaA-
BPEMEHH: TOCTOSHHOM IIOJIOKMTEJbHOM KpUBU3HBI ST W MOCTOAHHOM
OTpHULATeIbHOM KpUBM3HBbI PST. B /11060if MOMEHT BpeMEHH CHHXPOHU3AIUH
Tsyncn POM3BEJi€HME KPUBU3HBI “w MpOCTpaHCTBa-BpeMeHH “ST Ha KpHBH3HY
Pw mpoctpancTBa-BpemMenu PST paBHa MHUMON mapabosinueckod eauuuie [
[“w (Tsynen) * P (Tsynen) = I, rae I = [1|. Cyab6a 06onx MpoCTpaHCTB-BpeMeH
LST u PST - npeapemena, oHM MCYE3HYT TaKXkKe CUHXPOHHO (B Tsynch), B MOMEHT
CxusonbiBaHus (Cr).
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AnekcaHap AslianymoB «Teopusa CTaLMOHaPHOM camocornacoBaHHoM BceneHHom»

2.1 TloHATNE BpeMEHM CUHXPOHN3AUMU — Tgypcn

C oJHO¥ CTOpPOHBI, y npocTpaHcTB ST u PST umeroTca co6cTBeHHbIe BpeMeHa 'T u
DT, umeromue cBoit Temn u pasHble cBoicTBa. Ho, ¢ pyroi cTopoHbl, 06a BpeMeHu
LT u PT nopoxaroTca us nepBMYHOIO BE4HOro BpeMeHu 4T, IporieccoM MHUIMAL U
BB (cm.T'naBbl 3 u 4). B pesysibTate Bce pyHaMeHTaIbHO CLeNJIeHHble TPOLEeCCh B
5THX JiBYX IPOCTPAHCTBAxX 6YAyT NPOTEKaTh CAHXPOHHO BO BpEMEHH, KOTOPOE TaK U
Ha30BeM - BpeMeHeM CHHXPOHM3ALHH Tgyn p.

2.2 TIoHATUE MEXMPOCTPaHCTBEHHOrO noTeHuuana - STU

B Tsyncn B MOMEHT BB 06pa3oBasiuCh: ropsiyee MpocTPaHCTBO-BpeMs LST c ouenn
BLICOKOW Ha4yaJbHOM TeMIepaTypoii W XOJIOJHOEe HpOCTpaHCTBO-Bpems PST,
BEPOSITHO, C OTPHULIATEJIbHON TeMIlepaTypod (3TOT TEPMUH — TpPebyeT TOYHOIO
HAy4YHOTO OMpeJie/leHus). YUUThIBas, pa3sHUILy TeMIlepaTyp B MOMEHT POX/JEHUS
060ux pocTpaHcTB-BpeMeH “ST u PST, a Tak»xe UX aHTarOHUCTUYECKUE CBONCTBA, B
06061eHHOM [lapaKOMIIJIEKCHOM AGCOIIOTHOM IIPOCTpaHCTBe-BpeMeHH ST
BO3HUKAeT MEeXIPOCTPAHCTBEHHbIA INoTeHnuan - °'U, 6Gaarojaps KOTOpPOMY
peanin3yrTcda Bce npoueccol oT BB o Cr.

2.3 MNoHATHe PyHAAMEHTAIbHOW CLIENIEHHOCTH - &
Huwxe npuBOAUTCA COKpallleHHOe oOlpejesieHhe MNOHATHUA «PyHJaMeHTasbHas

CLEIJIEHHOCTDb», IIOJIHOE U CTpOroe omnpegesjeHue 6y,U,eT JAaHO B CJIe,LLy}OIJ_[eﬁ CTaTbe
«@opmanuzm TSSCU».

dyHpaMeHTasbHasA CLENJIEHHOCTb - &, (He ciefyeT NyTaTb C KBAaHTOBOU
CLIeNJIeHHOCTbIO JIByX MJM HEeCKOJbKUX 0ObEKTOB B NPOCTPaHCTBe-BpeMeHH ST,
BBeJleHHOM B 1935 rogny B pabore [59] UM gBidAwOlleidca  4acTHBIM
O6bICTpOUCYe3a0MM cay4yaeM (yHJaMeHTaJbHOM CLEeNJIEHHOCTH) 3TO CBOMCTBO
NapHbIX 0OBEKTOB POXIAEHHBIX B Tgyncp B MPOCTPAHCTBAX-BPEMEHH LsT u PST
(kaxapld 00BEKT pOXKJAeTCd B CBOEM IPOCTPAHCTBE-BPEMEHH) COXPAaHATH
NOJIHOLIEHHY10 3aBUCUMOCTb MeX/ly C00010 10 Ipeobpa3oBaHus B JJpyrue 00'beKThI
WJIM UCYE3HOBEHHS, KOTOPbIE , TAKXKE, 0653aTe/IbHO MPOU30UAYT B Tsyncp-
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

[naBa 3 lNMepBuyHOe (MaTepMHCKoe) ABCONOTHOE NMPOCTPAHCTBO-
spema 4ST Kak ocHoBa Ana moaenun bonbloro Bapsisa (BB) u
nocneaytouwero CxnonbiBaHuna (Cr)

[Ipexxae Bcero, monpobyeM chopMyaUpOBaTh CTOSILIYI Nepej, HAMH 3ajady, C
y4eTOM HUCXO/IHBIX MOJIOKEHUH, Ipe/ICTaB/JIeHHbIX B [J1aBe 2.

3.1 Uenb v ychosBmaA 3agaum

Heob6xonuMo npoBecTH UcCAeL0BaHUE MO NMOUCKY aifTOPUTMOB (IyCTh, HA NEPBbIX
nopax, CaMbIX MPOCTEMIIMX K He TMOJIHbIX), MO03BOJIAIUIMX CMOJEJNPOBATh
paccjioeHWe  NepBUYHOr0o  (MaTepUHCKOTO)  00001eHHOro  AOGCOJIIOTHOTO
npocTpaHcTBa-BpeMenu “ST Ha fABa npocrpaHcTBa-BpeMenu ST u PST, mnpu
YCJIOBUM CTAlMOHAPHOCTH “ST M MOJIHOrO COXpPaHEHHS ero IeJJOCTHOCTU U
uHarpdepeHTHOCTH (YCI0BUE CaMOCOIJIAaCOBAHHOCTH) B JIIOOBIX IMpolieccax,
npoucxoAsuux B “ST u PST, B 11060ii MOMEHT Ty, € MOMeHTA BB 1 fi0 Cr.

Jlanee 1o TeKCTy, A HanucaHuss ¢opmysn B “ST Mbl 6yJeM HCNOJb30BaTh
3arJaBHble OYKBbl (32 MCK/IIOYEHHEM KoopAuHaT), a B ST wu PST 6yayT
IPUMEHSATBHCS NPONUCHBIE OYKBBI (32 UCK/IIOYEHHEM TeMIepaTypbl U rpaBUTALMHN).
B Tex cnyyasx, korja MHUMas napaboJinyeckas eJUHHLA, 0603HayaeMas Kak |,
OyZeT mnpejcTaBjeHa YMCJAEHHBIM 3HayeHHeM, OHa OyjeT 0603HayaTbcAd Kak 1 ¢
HOJY>KHPHBIM HayepTaHUEM.

3.2 ba3oBble AaHHble

B “ST peanusyercsa reomerpus EBkiuzga (€). MeTpuka B reoMerpuu EBkiuza
npejcraByeHa GopMyJIOu:

§% = (dx? + dy? + dz?) (1)

Wi, COOTBETCTBEHHO:

S = \/dxz +dy? + dz?
rae, S - pacCTOSTHUE WK paZiuyc chephl.
C y4eTOM COOTHOIIEHHsI 2, CBSI3bIBAIOIIET'0 PACCTOSIHHE, CKOPOCTb U BpeMs:
S=V-T (2)

MO>KHO MOJNYYUTh GopMy.y 3:

Jdx2 +dy? +dz2=V -T 3)
3.3 [lepBOe CTapTOBOE ypaBHeHMe

Jl1s1 TOro, 4TO6bI HAM UMETh BO3MOXHOCTD MOJIy9UTh IPOCTPaHCTBa-BpeMeHa “ST u
DST nocrosinHO¥ MO/I0XUTENBLHON M MOCTOSAHHOM OTPULATENbHON KPUBU3HBI, B
JIEBYIO YaCcTb ypaBHeHUs1 3 HaM HE0O6X0JMMO J06aBUTh NapaMeTp KPUBU3HbI chephl
) c painycOM KpHUBHU3HBI S, KOTOPBIN paBeH:
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0=— 4)

C ydyerom ¢opmyabl 4 O04YEeBUJHO, YTO HauboJiee NPOCTbIM M MNPUEMJIEMBIM
pelieHUEM, NOAXOAAIIMM /[Isl HallUMX OOO3HAYEHHBIX LieJiel U OJHOBPEMEHHO,
N03BOJISIOIIUM BBECTU B ypaBHeHHe 3 nmapaMeTp {2 - ABjseTcda chepa e JUHUUHOTO
paauyca, T.e. S = 1 4, coorBeTcTBeHHOo, 2 =1, V=1, T = 1.

JonosHuM popmysy 3 napameTpoM {2 :

Q-Jdx2+dy2+dz2=V-T (5)
rie, 2 =1,5S=1,V=1T=1.

YpaBHeHUEe 5 MOXET CAYKUTb CTAapPTOBBIM /[IJIsl NOMCKA BEPHOTO aJropuTMa IO
paccioenuto 4ST v npoBefieHMs HEO6XOAUMBIX HaM JjaJbHeHIIMX MaTeMaTH4eCKHUX
onepanuu. Kaxxapiid, U3 paccMaTpUBaeMbIX HUXKe aJITOPUTMOB MOXET UMeTb OJHY
WJIU HECKOJIBKO CUTHATYp. [loJ moHATUEM «CcUrHaTypa» Mbl Oy/ieM NOHUMaTb Habop
aqrebpaMyecKMx M MHBIX OIepaunui, KOTOpble HEO0O6XO0JUMO COBEPIIUTbL C
ypaBHEHUEM, OINMUCBHIBAIOIIMM METPUKY MPOCTpPaHCTBA-BpeMeHM (MJU C OoJiee
pacuIMpeHHbIM YpaBHEHUEM), B pe3yJibTaTe NPUMeHEeHUs] KOTOPbIX Mbl MOJy4aeM
«COBOKYMHOCTb CBOMCTB» MEPBUYHOr0 (MaTEPHUHCKOI0) MNPOCTPAHCTBA-BpEMEHHU
AST u pokaeHHBIX TpocTpaHcTB-BpeMeH ST u PST, xoTopble Henb3s OTMEHUTH
(oHM 3a/1laHbl B MOMEHT PACCJ0EHUS) U KOTOPbIE ONPeesiOT yCA0BUS Pa3BUTHUS U
B3aMMO/JIeCTBUSA BCEX TPeX NPOCTPAHCTB-BpeMeH, Ha4YWHasd ¢ MoMeHTa BB u fio Cr.

3.4 Anroput™ 1. YMHOMKEHMe Ha MHUMYIO eamHunLy [i]

Jlns Hayasa BbIACHUM MoxeT i1 PST coCcTOATh U3 MHUMBIX KOOPJUHAT U MHUMOTO
BpEMEHU W OTBeYyaTh TPEOGOBAHMAM IpPeIbABJEHHbBIMH B IyaBe 2. HecMoTps Ha
0YEBUHOCTb OTPHUIATEBHOTO OTBETA IPOBE/EM MTPOCTEMILNE ONlepaliy, YTOObI He
BO3BpaL[aTbCsA B GyAylieM K 3TOMy Bompocy. [lii 3TOro pacCMOTPUM CUTHATYpPY
[- (12), - (i), © ], rae cuMBoOJ < Gy/eT 03Ha4aTh PacCA0eHHe.

JleByl0 U IpaByl0 4acTbh YpaBHEHUs 5 BO3BeJleM B CTelleHb 2, a 3aTeM KaXK/bli
COMHO>KUTeJIb JIEBOM U IPAaBOM YaCTH 3TOT0 YpaBHEHUS YMHOXUM Ha i. B pe3ysibTaTte
HOJIYYUM:

iN?-iS?=iV?-iT? (6)
[IpencTaBuM ypaBHeHUE 6 B BUJE:
0n-0N)-S-@S)=v-@v) T - -0T) (7)

[IlpoBesieM omepanuio paccioeHUs] ypaBHEeHUS 7, MpPeJCTaBUB €ro B BHUJE [BYX
HEKOMMYTaTHUBHbIX ypaBHeHHUH 8L 1 8D u Bbipa3uB UX yepe3 BpeMsi:
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

MpocTpancTBo-BpeMsa ST

L w -/ (dx% + dy? + dz?)

t (8L)
v
rone,t >0, w>0v>0,5s>0
MlpocTpaHcTBO-Bpemsa PST:
iw i/ (dx? + dy? + dz?
o o o W@+ dy ) (8D)

v

Mbl MHOJIydUIH NPOCTPAHCTBO-BpeMs MOJIOKUTEJNbHOH KpHMBHM3HBI LST ¢ 3
JleHACTBUTENbHBIMU KOOPAUHATaMu U 1 BpeMeHeM (4 usmepenus) u B °ST MuHuMy10
KOOpJAUHATY (3HaueHHWe KOTOPOW 3aBUCHUT OT 3-X JeMCTBUTEJIbHbIX KOOPJAUHAT) C
MHUMBIM BpeMeHeM. O4eBH/IHO, YTO 3asBJIEHHOr0 B IJlaBe 2, MOJHOLEeHHoro (4
M3MepeHHs) MPOCTPaHCTBa-BpeMeHHu PST Mbl He MOJIyYMJIM, CJeA0BaTeNbHO,
curnatypa [ (12), - (i), © | - He BepHa.

PaccmoTpuMm curHatypy [ (1%), - (i), <]. JleBylo u mpaByo yacTb ypaBHeHHMS 5
BO3BeJleM B CTeleHb 4, a 3aTeM KaXK/Jblil COMHOXHWTeJIb JIeBOW W MPaBOM 4YacTH
YMHOXHUM Ha I.

B pe3ysibTaTe noy4yuM:
i*-ist=iv*-ir* 9)
[IpeacraBuM ypaBHeHUE 9 B BUJE:
N?-(iN?)-5%-(iS?) =v2-(iv?® - -T?-(iT? (10)

[IpoBeseM onepauuio paccioeHus ypaBHeHusa 10, mpeacTaBuB ero B BUJe [JBYX
HEKOMMYTaTUBHbBIX ypaBHeHU!M 11L 1 11D v Bbipa3suB ux yepes BpeMs:

MlpocTpancTBo-BpeMsa ST

_w?(dx? +dy® +dz?)

t? 2 (11L)
rae,t >0, w>0,v>0,5s>0
IlpocTpaHcTBO-Bpema PST:
iw? - (idx? + idy? + idz?
L Gl ) (11D)

iv2

Mbl MHOJly4MIM TNPOCTPAHCTBO-BpeMs MOJIOKMTENbHONM KpHMBM3HBI ST ¢ 3
JleCTBUTEJbHBIMU KOOpAMHAaTaMM M 1 BpeMeHeM (4 u3MepeHMs) M HeKoe
IPOCTPAHCTBO-BpeMsl € 3 MHUMBIMM KOOpJHWHAaTaMU U 1 MHHUMBIM BpeMeHeM. B
JIAHHOM CJly4ae MBI JJaKe He OyZieM aHaJIM3UpPOBaTh KOPPEKTHOCTb YUCTO MHUMBIX
KOOPAMHAT C MHMMBIM BpeMeHeM, II0CKOJIbKY, oJlydeHHble ypaBHeHusa 11L u 11D
NpOTUBOpeYaT NMyHKTaM (3-7) UCXOAHBIX MOJIOXKEHUH IJIaBbl 2, U, CJIe[0BaTeJbHO,
npuMeHeHHas curaarypa [+ (1%), - (i), ©] - Takxe HeBepHa.
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Buisoz: IlpocrpancTBo-BpeMsa PST - He ABifeTca MpPOCTPaHCTBOM C MHHUMBIMU
KOOpZMHATAMH U MHMMBIM BpeMeHeM, a aJIT0PUTM 1 — HepaboToCrnocobeH.

3.5 Anroputm 2. Bo3seaeHue B CTeNeHb M YMHOXXEHME Ha OTPULATENbHYIO
eanHuuy [—1]

Curnatypa [ 12, - (—1), ©]. JleBy1o 1 IpaByI0 9acTh ypaBHEHHMs 5 BO3Be/IEM B
CTeNeHb 2 U KaXK/bl COMHOXUTEJIb JIEBOW U IPABOM 4aCcTU YMHOXKUM Ha (—1). B
pe3yJibTaTe NOJYy4HUM:

—0?--52=—-V?%.-T? (12)
[IpencraBuM ypaBHeHue 12 B BUJe:
2-(-0)-S-(=S)=V-(=V)-T - (-T) (13)

[IpoBeseM omepanuio paccjioeHds ypaBHeHUs1 13, mpeAcTaBUB ero B BHU/JIE [BYX
CaMOCOTJIAaCOBAaHHbIX HEKOMMYTAaTHUBHbIX ypaBHeHUU 14L 1 14D u Bbipa3uB uUx yepes
BpeMs:

MpocTpancTBo-BpeMs ST :

R Jdx? +dy? + dz2

. (14L)

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

IllpocTpaHcTBO-Bpemsa PST:

—w:—y/dx? +dy? +dz?
e — y'+az (14D)

YpaBHeHus 14L u 14D, B nepBoM NpUOGIMKEHUH, ABJISAIOTCS YA0BJAETBOPUTENbHBIMU
U OllpeJiesIAI0T MapaMeTphl, a TaKXe HEKOTOpble XapaKTEePUCTUKHU JaJIbHEHIIero
pPa3BUTHUSA NPOCTPAHCTB-BPEMEH IOJIOKUTEJbHOM W OTPULATEJbHOW KPHBU3HBI,
COOTBETCTBEHHO. EJMHCTBEHHBIM, He [0 KOHIA OIpeJe/IeHHbIM - SBJISAETCA

COMHOXMUTeNb: —/dx2 + dy? + dz? , Bxojamuit B ypaBHenus 14D. IMompo6yem
pa3o6paThcs C HUM, U IOHATh, KAKUM 06pa3oM, B IPOCTpaHCcTBe-BpeMeny PST MoryT
OBITh MpeJCcTaBJeHa KOOpJMHATHAs cucTeMa. PaccMoTpuM /Ba BapuaHTa. [lepBblii
BapUaHT C IOJIOXKUTEJNbHO-OTPULATENbHON CUMMETpUed 3HAa4eHUH KOOpJUHAT
NpeACTaBJeH Ha PUC. 2, KOTOPbIH, (PaKTUYECKH, CIeAyeT W3 HHTEepHpeTaluu
aBTOpoM pab6oTel P. ®. PeiinMana [60], KOCBEHHO XapaKTepU3ylolleidl HEKOTOpbIe
cBoiicTBa PST. BTopoil BapuMaHT C NOJIOKUTENbHO-OTPULATEILHON CUMMeTpHeit
HanpaBJIeHUHM OCel KOOpAUHAT, IpeCTaBJIeH Ha puc. 3.
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

IlIpocTpaHcTrBO-BpeMs ‘sT [IpocTpaHcTBO-Bpemsa st

Y Y

-~ '

— 4 — Y
4 J \ g

Puc. 2. ConocTaBjieHHe NMpPAMOYTroJbHBIX (ZeKapTOBbIX) CHCTEM KOOpPAMHAT B
npocrpaHcTBax-BpeMenn ST u PST - nepseiit Bapmant. B seBoii wactu
npeJCTaB/eHa, IPUBbIYHASA B MaTeMaTHKe, IPIMOYToJIbHasA CUCTeMA KOOpAUHAT
B IIPOCTpaHCTBe-BpeMeHu “ST. B npaBoil 4acTu npejcTaBieHa rMIOTeTHYECKas
NpAMOYroJibHasi CUCTeMa KOOpJWHAT B MNpOCTpaHCTBe-BpeMeHu ST, mnpu
KOTOPO#i MOJI0XKHUTE/IbHbIE OCH KOOpAUHAT B LST u PST, a Tarke oTpuaTe/ibHbIe
ocu KoopAuHAT B “ST u PST - nanpaB/ieHbl B 0JHY U Ty 5ke CTOpPOHY (COBNAJAIOT).

lpoctparcro-spema ‘ST llpocTpaHcTBO-BpemMsa st

3 4 rd

'y 3

A
A 4
A
A

- A 4 A 4
o Y, N Y

Puc. 3. ComocraBjieHHe NPSIMOYTOJbHBIX (AEKapTOBBIX) CUCTEM KOOpAWHAT B
nmpocTpaHcTBax-BpeMeHH ‘ST u PST - Bropoii BapuaHT. B JeBoii wacTu
npeJicTaBJIeHa, TPUBbIYHAA B MaTeMaTHKe, IPAMOYTOJIbHasA CUCTeMa KOOpJUHAT
B IpOoCTpaHCTBe-BpeMeHH “ST. B npaBoii 4acTH npe/cTaBjeHa TUIIOTeTHYeCKas]
NpAMOYro/ibHasl CHCTeMa KOOpPJMHAT B MNPOCTpaHCTBe-BpeMeHH ST, mnpu
KOTOpO# MOJI0KHUTENbHbIE 0CH KOOpAUHAT B “ST u PST, a Taxxke oTpuuaTesbHble
ocu koopauHart B “ST u PST - nanpaBsieHbl B IPOTHBOMOJIOMHbIE CTOPOHBI.

C y4eToM TOro, 4yTo npocTpaHcTBa-BpeMs “ST u PST, cornacuo nynxty 3 I'naBel 2 -
SBJIAIOTCA INOJIHBIMM aHTUIIOAAMHU Jpyr ApPyra, Mbl MOXeM IpeAIO0JIOXKUTb, 4TO
BAapHUaHT, C IOJIOKUTEJbHO-OTPULIATEJIbHOW CHUMMETpUEN HalpaBJeHUus Oceu
KOOpJIMHAT, NMpeJCTaBJeHHbI Ha pUC. 3 — 0oJiblle COOTBETCTBYET HalLleH Liesu.
MMeHHO, 3TOT BapuaHT C [OJIOKUTEJbHO-OTPULLATEJBHON  CUMMeETpUen
HalnpasJieHUs 0Cel KOOPAUHAT Y OBl IPUMeHEH IIpU CO3JaHuu puc. 1.

[ Toro, 4TOOGbI HaM pa3006paThbCd C MOJIyYeHHbIMU ypaBHeHUsiMU 14L u 14D
Heo6X0JMMO OTMETUTb, YTO NpU paccjoeHMH “AST B mpocTpaHcTBo-Bpemsi LST
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aesierupyercs (110 yMOJIYAHMIO) TIPUBBIYHBIN I HAC 3JIEMEHT CUrHaTyphbl [+111],
YTO 03HayaeT (IJII0C eJUHULA B CTENIeHH IIJII0C eJUHULA), KOTOPBIM Oy/ieM Ha3bIBaTh
abCOIIOTHBIM JOMUHAHTHBIM IJIFOCOM M 06513aTe/IbHO YKa3blBaTh B CUTHATYpax NpHU
JaNbHEeHIIMX MCCAe0BaHUAX. A, B NpoCTpaHCTBo-BpeMsa PST pjeserupyercs
3JIEMEHT CUTHATYphI [—1], KOTOpBIH OyZieM Ha3bIBaTh JOMUHAHTHBIM MUHYCOM.

Ha ocHOBaHHM BbIlIECKa3aHHOTO, K MPUBBIYHOM [JI HAac ajirebpe ¢ abCOIOTHBIM
JIOMUHAHTHBIM ILIIOCOM, IPUMEHAEMON B “ST MBI MOKeM BBECTH IOJIOKUTEJIbHO-
OTpULATEJbHY0 CUMMETPUYHYI ajarebpy ¢ [JOMHUHAaHTHbIM MHHYCOM B
npoctpaHcTBe-BpeMenu CST. Jlasa 3Toro, 3ajajuM COOTBETCTBYIOLIME MpaBUa
onepanui CJI0XKeHUsl, YMHOXEHUS U APYTUX 3JIEMEHTOB aJlre6Gphl AJsl «TEMHBIX»
yuces (Ha30BeM UX TaK, YTOObI He MyTaTb C OObIYHBIMU OTPULATENbHBIMU YUCAAMHU
M OyneM o603HayaTb MX [JIByMs IepBbIMU JIATUHCKUMHU OykBamMu: Da) B
npocrpaHcTse-BpeMeny CST. ConocTaBuM 3TH NpaBuJIa oNepanuii A MHOXeCTBa
pedctuTenbHbIX yncesn (R) B “ST u MHOoxecTBa «TeMHbIx» uncesn (D) B PST B
TabJ1. 1.
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

Ta6sivua 1. ConocraBsieHUe NpaBUJ MaTeMaTUYECKUX ONepaluuil Aj1s JeHCTBUTEIbHBIX yuces (Re),

TnoJlydaeMbIX C HMCNOJIb30BaHMEM 3jieMeHTa curHaTypbl [+171] B “ST u Temubix uucen (Da),
T0Jly9aeMbIX C UCMOJIb30BaHUEM 3JIeMeHTa CUurHaTypbl [—1] B PST

llpocTpancTBo-Bpema LST

Mlpoctpancreo-Bpems ST

JJIeMeHT CUTHATYpPhl [+171]

JJieMeHT curHatypbl [—1]

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

Temusble yucna (Da): —a, —b,—¢,—d

+a>0>—a

—-a>0>+a

Onepaunﬂ CJIOXKEHHUAd:

Onepauuﬂ CJIOKEHHUA:

+a+b=+c —d—b=-¢
—a+b=+*c +d—b=4¢
Onepanus yMHOXKEHUS: Onepanus yMHOXeHUS:
(+a) (+b) = +¢ (-a)-(=b) = —¢
(ta)- (=b) = —c (—a@) - (+b) = +¢
(=) (=b) = +¢ (+a) - (+b) = —¢

Bo3BeseHue B CTeNeHb:
tad* = —¢

Bo3BeseHue B cTeNneHb:
+a? = +c¢

M3ByieueHre U3 KBaZpaTHOTO KOPHS: M3BsieueHre U3 KBaZIPaTHOTO KOPHS:

V+a=+c V—d=-¢

TeMHble KOMILJIEKCHBIE YUCJIA:
—a—1ib
=1

KoMmniekcHEbIe yuca;
a+ib
i?=-1

KBaTepHUOHBI:
q=a+bi+cj+dk
i2=j*=k*=ijk=-1
U TaK JaJjiee...

TeMHBIE KBAaTE€pPHHUOHBLI:
—§ =—d—bi—¢j—dk
P=p=k*=0k=1
W TaK AaJiee...

Eciiv npeAnos10kUTh, 4TO TaKas ajredbpa ¢ JOMUHAaHTHBIM MUHYCOM peasiu3yeTcs B
PST, To u3 Ta6.. 1 cTaHOBUTCA NOHATHBIM (PaCKPbIBAETCSA) CMBIC/ IIPOUCXOK/IEHUE
MHHMMOM TMIep6oIMYecKod eJMHHUIBl [, KBajpaT KOTOpod i2=—1 B Teopuu
byHkuuu kommuiekcHol nepeMeHHou (T®KII). Takoe yMHOXXeHMe NOJHOCTBIO
COOTBETCTBYET IPaBU/IaM yMHOXeHHs TeMHbIX 4nces B °ST. C yyeToM, no/rydeHHbIX
BbIBOJIOB MOKHO IONPOOOBAaTh AaTb HOBYIO NpeJBapUTEJ]bHYI0 MHTEPIpeTaLMuIo,
pacuiupenHoe omnpegenenue TOKIL. 3To y06HbIA M MOLIHBIA MaTeMaTHYEeCKUM
MHCTPYMEHT, NpPeAOCTaBJALIMA BO3MOXHOCTb ObICTPO U 3PPEKTUBHO pellaThb
olpezieJIeHHOr0 KJjacca 3aZa4yd B LST. Ho, opHoBpeMeHHO, TOKII - 3T0 ewe u
JIOKaJIbHas U OTpaHUYeHHast «<MO/IeJb-MOCT», 00'beJUHSAIOLAsi CBOMCTBA IPUBBIYHOMN
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JUll Hac ajrebpbl € abCOJIIOTHBIM JOMHUHAHTHbIM IJIOCOM U aJred6pbl C
JOMUHAaHTHbIM MUHyCcOM. Takoe JioKaJibHOE 0ObeJJUHEHHUE HA OCHOBE MHOKeCTBa
KoMIieKCHbIX 4ucea (C) mo3BoJisseT ONUChIBAaTh HEKOTOPbIE  aACHEKThI
B3aMMO/IeHCTBUIl 06bEKTOB B NpOCTpaHCTBax-BpeMeHu ST u PST (uampumep,
ypaBHeHue lllpearnrepa cM. riaBy 11). [Ipy 3ToM KOMIIJIEKCHBIE YK CJ1a BKIIOYAIOT B
cebs, KaK JIeMCTBUTEJIbHbIE 4YHKCJAa, TaK W MHHMble, HaJeJieHHble CBOHCTBaMH
TeMHBbIX unces B PST. Kak BUAHO U3 BTOpPOU KOJIOHKH TabJI. 1, B DST moxHO motiTH
AQHAJIOTUYHbIM NMyTEM M BBECTH TEMHYH MHUMYIO 3JUIMITUYECKYH eAUHULY I,
KBaJipaT KOTOpOW paBeH 1% = 1, TeMHble KOMIIEKCHbIe yucJaa U T.A. Bompoc o
NpUpoJie KOMIIEKCHBIX YHUCEJN Mbl OyJeM MoapobGHee paccMaTpuBaTh B M. 3.9
HacTosiied [yiaBbl, @ TNOKa BepHEMCS K He OIpeJeseHHOMY COMHOXUTEJIO:

—\/dx2 + dy? + dz?. Ero B anrebpe ¢ JOMUHAaHTHbIM MHHYCOM MOXHO HaIlHCaTh,

KaK: \/—dxz —dy? —dz? , NOCKOJIbKY KBaJIpaTHbIH KOpEeHb U3 OTPUIATEJIbHOTO
yucaa OyJleT OTpULlaTeJbHBIM 4YUCIOM. COOTBETCTBEHHO, ypaBHeHHe 14D Gygert
BBITVISIZIETh CIEYIOIUM 00pa3oMm:

— . _d Z_d Z_dz
Lo x_v y % (14D)

a, napameTtpsl —t,—w,—S,—v > 0B bgr.

BbIBO/I: a/ITOPUTM 2 C CUTHATypo# [- 12, - (+1+1), - (—1), ] - aBasieTcs], B IepBOM
NPUOJKEHUH, Y OBJIETBOPUTENbHBIM U TPeOYeT AaJbHEUIINX UCCAeJOBAHUM, a
ypaBHeHHe 14D OTHOCUTCS K asirebpe ¢ JOMUHAHTHBIM MUHYCOM.

3.6 paBuTauma n Temnepatypa. OCHOBHOE CTapTOBOE ypaBHEeHMe

[lonbiTaeMcss [00aBUTh B ypaBHeHHe 5 elle ABa He0O0XOJAHWMbIX IapaMmeTpa:
rpaBuTanuio G, U temnepatypy K. C yyeToMm cneyupuKU 3TOro ypaBHeHHUs o06a
napameTpa B 4ST c reomerpueii EBkanza (€) B MoMeHT BB u 10 Cr, TaKkxe JJOJKHBI
ObITb paBHHI 1.

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

Ham He06x01MMO onpe/ie/IMTh B KaKy1o 4acTh (JIEBYIO UJIU IPABYI0) ypaBHEH U 5 Mbl
BIIpaBe pacHoJIOKUTb 06a MapaMeTpa, C TOYKM 3pPEHUs] CTApTOBBIX YCJIOBUH HU
JAMHAMUKH Pa3BUTUA NpocTpaHCcTB-BpeMeH “ST u ST (cm. puc. 1).

Haunewm c rpaBuTanuu G,. Ona B “ST npejcrasiser co6010 culy, KOTopas BOSHUKAeT
KaK NpPOTUBOJENCTByoLasA (CTpeMAIasACcs KOMIEHCUPOBAaTh) PaClIMPEHUI0 3TOr0
IPOCTPAHCTBA, U COOTBETCTBEHHO, HW3MEHEHUI [IByX O0OpaTHO3aBUCUMBIX
napaMeTpOB: PacCTOSAHUA-paJUyca KPUBU3HBI - S B CTOpPOHY yBeJWYeHHs U
KPMBM3HBI - “w B cTOpoHy ymeHbumenus. CieqoBaTe/lbHO, mapaMeTpbl XS u LG,
HaxoJATCSA MeX/Ay C06010 B NIPSAMOU 3aBUCUMOCTH. YeM 6oJiblile pacCTOSsHUE-paZuycC
KpUBU3HBI 'S, Tem G6osbume rpaBuTanua “G,.. W, Hao6opoT, 4eM 6oJblie
rpaBuTanusa “G,, TeM 6oJiblle PacCTOSAHUE-PaUyC KPUBM3HBI 1S, O4eBU/HO, 9TO B
3TOM cJiy4yae napaMmeTp G, HE06X0JUMO Pa3MeCTUTh B IPAaBOM YacTH YpaBHeHHUA 5.
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

Temneparypa 'K, B nepBbiit MoMeHT BB - MakcMMa/ibHa B IPOCTPAHCTBE-BPEMEHH
LST, B To Bpems kak, napamerp LS, - MUHMMaseH. A B npocTpaHcTBe-BpeMeHH ST
BCce Ha060pOT. BTopoii kpuTepwmii: uem Gosblie Temneparypa K B LST, Tem 6osbuie
JloJKHA O6BITh ckopocTh V. CiiefoBaTesibHO, napaMeTp K He06X04MMO pa3MeCTUThb B
JIeBOW 4aCTHU ypaBHEHUs 5.

B pesyabTare, ass AST nonydaem ypaBHeHue 15:
K-2-§S=V-T-aG, (15)

HanmomHuM, 4yT0 K - 3TO TeMneparypa, {2 —KpuBHU3Ha IPOCTPAHCTBA, S — pacCTOAHUE
uiu paguyc coepsl, V - ckopocts, T - BpeMd, G, — TpaBATaLS.

VpaBHeHre 15 MOXeT C/AYKUTb OCHOBHBIM CTapTOBLIM ypaBHEHUEM, JId
MpoBefieHHs HEeoOGXOJUMBIX JaJbHeHIIMX MaTeMaTHYecKMX Omepanuil 1o
paccioenuio 4ST.

Ecnu ¢ ypaBHeHHeM 15 Mbl NpOBeeM aHAJIOTUYHbIE ONlepalky, Kak B MyHKTe 3.5 ¢
curHatypoii [- 12, - (+1*%1), - (—1), ©], Ho c yueToM Tpex MHOKMTeJIel ceBa U TPeX
crpaBa, TO Mbl MOJIyYUM JiBa CaMOCOT/JIaCOBAaHHbIX HEKOMMYTATUBHBIX YpPaBHEHMUS
16L u 16D, Kaxxgoe U3 KOTOPBIX OllpefesisieT HadaJbHble YCJIOBHUSA U HEKOTOpPbIE
JIMHAMU4YEeCKHWE XapaKTEePUCTUKU JajibHeHIlero pasBUTHUS MPOCTPAHCTB-BpPEMEH
MOJIOXKUTEJIbHOW U OTPULIATEJIbHOU KPUBHU3HBI, COOTBETCTBEHHO.

llpocTpaHcTBO-BpeMa LST:

_K-a)-\/dx2+dyz+dz2
B G, v

t (16L)

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

B mnosiyueHHOM ypaBHeHUH 16L mNpUBBIYHOE [Jid HAC IOJIOXKUTEJIbHOE BpeMs
Lt umeer, He To/IbKO Npe/CcKa3aHHYI0 06PAaTHYIO 3aBUCMMOCTh OT IPaBUTALUU G, U
ckopoctHu v [61, 62, 63, 64, 65, 66], HO U NPSIMYI0 OT TeMnepaTrypbl K, KpUBU3HbI
NPOCTPAHCTBA W U PACCTOSHUA-PAJIUYCA S.

MpocTpancTBo-Bpemsa PST:

_K_ . _d Z_d 2_d2
- w:y—dx? —dy? - dz (16D)
_Gr._v

rae,—t>0,—-K>0,-w>0,—-s>0,—-G, > 0,—v > 0.
YpaBHeHue 16D oTHOCUTCA K a/ire6pe ¢ JOMUHAHTHBIM MHUHYCOM.

BbIBO/I: OJTy4YeHHOE ypaBHeHUE 15 — ABJISeTCS OCHOBHBIM CTAPTOBBIM YpaBHEHUEM
Y TpebyeT Ja/ibHEUIIHX UCCIeJOBAaHUH.

3.7 Anroputm 3. O6paTHasa 3aBMCUMOCTb C 3/1eMEHTOM CUrHaTypbl [—171]

Jl/is1 pellleHUs] MOCTaBJeHHOM HaMU 33/la4U, PACCMOTPUM BO3MOKHOCTb pean3aliu
aJIFOPUTMa C 06pPaTHOM 3aBUCUMOCTBIO C cMrHaTypoii [+ 12, - (+171), - (—171), &].
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dneMeHT curHaTypbl [—17!] 6yzeM HasbiBaThb abCONIOTHBIM JOMHUHAHTHBIM
MHUHYcOM (MUHYC €AUHHIA B CTENEeHU MHUHYC eJJUHHLA). JIeByl0 W MpaByl 4acTb
ypaBHeHus 15 Bo3BezieM B CTeneHb 2 U IpeJICTaBUM B BU/€:

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

Kak/1bli1 COMHOUTEJIb JIEBOU M NPABOU YaCTH, HAXOASAIIUNACH B CKOOKaX, YMHOXKHUM
Ha (—171).

B pesysibTaTe noy4yuM:

(-x) o (-g) s () =v () () a(g) o
K N s) % T) 7 G,
[IpoBesieM omepanuyi paccioeHUs ypaBHeHUs 18, mpeacTaBUB ero B BUJE [JBYX

CaMOCOTJIAaCOBAaHHbIX HEKOMMYTATUBHbIX ypaBHeHUH 19L 1 19D v Bbipasum ux yepes
BpeMs:

llpoctpancTBo-Bpems LST:

t_K-w-(dx2+dy2+dzz)

o (19L)
»
rae,t >0,K>0,w >0,s>0,G,>0,v>0
llpocTpancTBO-Bpems PST:
1.1, —1
1 Ko [y —dy?—dz?
7= 1 1 (19D)
Ty

1= ' ' (20D)

rae, —t 1 >0 —K!'>0 —w 1'>0, —-s'>0 -G, *>0 —v!>0,
a ypaBHeHus 19D (uu 20D) oTHOCATCA K ajrebpe ¢ abCOMOTHBIM JOMUHAHTHbBIM
MHHYCOM.

[IpoaHaM3upyeM MnoJsiydeHHble pe3yabTaThl C UCII0JIb30BaHHUEM PUC. 4. U TAOJI. 2.
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nasa 3 MepBUUYHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPaHCTBO-Bpema AST Kak ocHOBa AA MoAeNH
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

lpocrparcrpo-spems ST IpoctparcrBo-spema "ST

Coepa egurndHoOro paguyca - 5 o OKpecTHOCTb Hy/IA

IIpocTpaHcrBo-Bpems N

% L ; beckorevHOCTH
HOJIOXKHTE/NbHOH KpHBH3IHBI - ST -

O lIpocTpaHcTBO-Bpemsa ¢~ CoBpeMeHHBIH 3Tall pa3BHTHA
o« D, <
OTpHLaTe/NbHOH KpHBH3HBI - ST ‘-’ Bcenenroii

Puc. 4. Ilnockas 06061eHHass Mozeb Bosbmoro BapeiBa (BB) u mocje yomero
CxnonbiBanudA (Cr) B MONEpPeYHOM pa3pese, KOTOpOe CIAYKHUT AONMOJHEHHEM K
MoJeJy, Ipe/icTaBJeHHO# Ha puc. 1.

Ta6uua 2. ConocTaBjieHHe HeKOTOPbIX CBOMCTB MPOCTpaHCTB-BpeMeH “ST u PST B MOMeHT ux
poxeHust (BB), 3TanHOCTb Pa3BUTHA U nocjeaytouiero CxmonbiBaHus (Cr) ¢ yueToM 06paTHOM
3aBUCUMOCTH 060X MPOCTPAHCTB-BPEMEH MEXy COGOM.

llpocTpaHcTBO-BpeMsa LST MpocTpancTBo-Bpems PST

BB HauWHaeTCs B pajuyce OTJUMYHOM | BB HauWHaeTcs B pajiuyce OTJIUYHOM
ot Hyssa (“r > 0) Ha 6eckoHedHO oT 6eckoHedHocTH (Pr < —o0) Ha
MaJ/Iyl0 BeJIMYMHY M PAaCIpPOCTPaHAETCH | 66CKOHEYHO Malylo BEJIMYUHY U

BO BHe (pacuiMpeHue) BO BCe CTOPOHBI, | PacnpoCTPaHsIeTCs BO BHYTPb
OpUOIKASCH K 3HAYEHUIO (cxaTue) co Bcex CTOPOH,

egquauyHoro paguyca (ir = 1), u fanee | Npu6IMKaAACH K 3HAYEHHUIO

CTPEMUTCSA K PaJiUyCy, CTPEMSALIEMYC | OTPULATEJbHOIO €JMHUYHOIO pPaZuyca
K 6eckonedHoctu (“r —» ) go Cr. (P°r = —1), u manee crpemMuTcA K

Kak 6yzeT sicHO B JasibHelieM (CM. 1. | paJjiycy, CTPeMsIIIEMYCs K HYJTIO

3.10) snauenue “r = 1 cunxpounnoe co | (°r - 0) go Cr.

sHauenuem °r = —1 B PST Kak 6y/eT icHO B Ja/ibHeleM (CM. 1.

HEBO3MO>KHO. 3.10) 3Hauenue °r = —1 cunxponHoe
co 3HayenueM ‘r = 1 B LST
HEBO3MOKHO.

MO>KHO BbIIEJIUTD 3 OCHOBHBIX 3Tana | MOXHO BbIJieJIUTh 3 OCHOBHBIX 3Tala

JJIs1 IeTaJIbHbIX UCCJIeJOBAHUM: JUIs1 IeTaIbHBIX UCCIeI0BaHUM:

e l1-#osram0<ir<1 e 1-fioram: —1<Pr < -

e 2-fstam 1 <r< o e 2-hatam 0 < Pr<—1

 3-ii aTam: Lr HaxoauTCA B6IM3M  3-ii atam: Pr maxoguTca B61M3K

CUHTYJIAPHOCTEMN: 0K0J10 0 U 0. CUHTYJIAPHOCTEN: 0K0JI0 —0 U 0.
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i npoBeieHUsI UCC/IeJOBAHUM CUHTYJISIPHOCTEN, 0603HAaYEeHHbIX HA 3-€M 3Talle B
060ux mpocTpaHcTBax-BpeMeHu “ST u PST M0HO BOCIO/Ib30BaTbCH, B 9aCTHOCTH,
MHQUHUTEe3UMalbHbIM (HecTaHJAapTHbIM) aHa/u3oM [67, 68, 69]. OgHuUM U3
KpuTeprueB 3QQPeKTHBHOCTH HUHPUHUTE3WMa/bHOIO aHaausa (Kak, BIOpoOdYeM, U
JIIDOOT0 JIPyroro) B 060UX MPOCTPAHCTBAX-BPEMEHU [IODKHO ObITh 0ObsiICHEHUE
YHCJIEHHOTO 3HAaYeHHUsA CKOPOCTH CBeTa: ¢ B “ST, U COOTBETCTBEHHO, YCPEJAHEHHOM

1 o
CKOPOCTH TEMHOTO0 CBeTa: —— B DST. BaxxHO MOMHUTB, 9TO B JIK060H MOMEHT Tsyncn

BBIINOJIHAETCA YCJI0BUA ypaBHeHUU 19L 1 19D.

PaBHOCHIBLHOCTL OpocTpaHcTB-BpeMeH “ST u PST, a Taxke TOT $akT, 4To OHHU
ABJIAIOTCA aHTUNOAAMHU ApYyr K JApPYry, NPUBOJUT K YAUBUTEJbHOMY INapaZoKCy
NpUOPUTETA TOYKU OTcueTa (WU TOYeK HabJoAeHus). PaccMoTpyUM HavajbHble
3HayeHUsA mnapaMeTpoB ypaBHeHUs 19L u 19D ¢ TOYKMU 3peHUs JeJieHHMS UX Ha
MaKCMMyMbl U MHHUMYMbl. [loslydeHHble JaHHble NpeACTaBMM B Tabuuue 3,
YYUTbIBasi BLIGOP NPUOPUTETHOCTH TOYEK OTCYETa U 3JIeMEHTOB CUTHATYphbl B “ST 1
PST.

Ta6svua 3. HayasibHble 3HaUeHHUs LECTH nap 6a30BbIX IapaMeTPOB, BXOAAUIUX B ypaBHeHUs 19L u
19D ¢ Touku 3peHus JleJleHUsI UX Ha MAaKCUMYMbl U MUHUMYMBI, @ TaK)Xe BbIOOpa NPpUOPUTETA TOUKU
oTcYyeTa. OTU MaKCUMYMbl U MUHUMYMBI — IPAMO NPOTHUBOMOJIOXKHBI JPYT APYTY U 3aBUCAT OT TOTO
KaKoe MpOCTpaHCTBO-BpeMs ST umm PST apnseTca mpuopuTeTHBIM Aas ucciaejgoBaTens. Takas
CyO'beKTUBHOCTD - IPUBOAUT K IapaZ0KCy BbI60Opa MPUOPUTETA TOUKHU OTcYeTa (HabJI0JeHUs).

[lpuopuTeT ToukH oTcueTa B ST IlpuopuTeT ToukH oTcyeTa B °ST
dsieMeHT curHaTyphl [+111] dsieMeHT curHaTyphl [—171]
LK, - max DK,- min LK, - min DK, - max
Lwy- max Dwy- min Lwy - min DPwy - max
Lsy - min Dgy - max Lsy - max Dsy - min
Lty - min Dty - max Lty - max Dty - min
Lvy - max Dyy - min Lyy - min Dyy - max
LGry - min DGry - max LGry - max PGry - min

JTOT MapafloKC BbIGOpa MPUOPUTETA TOUYKU OTCYETA - TPeOYyeT OTAEeJTbHOro
ClellMaJbHOTO pacCMOTpeHus. B faHHOW cTaTbe, NpU CTOJIKHOBEHUM C HUM, MBI
O6y/ZileM UCXOJUThb U3 YCJIOBUM CTOsILEHN Nlepe/; HAMU 3aa4u (Hanp. cM. 1. 6.7 ['y1aBbl
6). Ho BaXkHO OTMeTUTb, YTO eC/Iu JJIsl UCCJIe/loBaTes IPUOPUTETHBIM SBJSETCS
MCXO/HOe MepBUYHOe (MaTepuHCKoe) AGCOJIOTHOE MPOCTPaHCTBO-BpeMsa 4ST, To
3TOT NMapa/loKC HAXOAUTCS MO/, KOHTPOJIEM.

BeiBoa: ypaBHeHue 15, curnarypa [- 12, - (+1%1), - (=171), ©] unonyyennnie Ha ux
ocHOBe ypaBHeHHUA 19L u 19D - aBiig10TCA epClieKTUBHBIMU U OCHOBHBIMHU, OJJHAKO
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TpeOyIOT AaJbHEUIINX HCCAeJO0BaHUU U pacuivpeHusi. CMbICA 3THUX YpaBHEHUU
OyZeT, He pa3, HaMHU 00CYXAaTbCA 110 X0y 3TOU CTaThH.

3.8 ANropuTmbl 1 YaCcTMYHOE paccnoeHne ABCONOTHOrO NPOCTPAHCTBA-BPEMEHM
AST

B npeaplAyliux npuMepax Mbl paccMaTpUBa/JM CJy4ad I[OJIHOTO pPaccOeHus
ABCOJIIOTHOTO MPOCTpaHCTBa-BpeMeHu “ST. Ho cyliecTByeT TakyKe BO3MOKHOCTb
YaCTMYHOIO paccJ0eHus AGCOIOTHOrO MPOCTPaHCTBa-BpeMeHH “4ST, 4TO MOXeET,
HallpUMep, CYLIeCTBEHHO BJIUATh Ha COOTHOIIEHUsI IJIOTHOCTEM TKaHeH
IPOCTPAHCTB-BpeMeH (M, COOTBETCTBEHHO, COOTHOLIEHWS IJIOTHOCTEH BH/IOB
MaTepui U 3Heprui) Bo BcesreHHOM.

Jlis 3TOrO, HampUMep, MOXHO MCNOJIb30BaTh curHatypy [+ 1%, - (+1*1), - (=171),
©]. JleBy1o ¥ MpaBylo 4acTh ypaBHeHHUs 15 Bo3Be/ieM B CTelleHb 4 U NMPEJCTaBUM B
c/leiyIolleM BU/Jl€e:

K?-K-(K)-0%-0-(0)-S?-5-(8)=V2-V-(V)-T>-T-(T)-G* G- (G.) (21)

Kaxxablii COMHOXHWTe/Ib JIeBOM M NMpaBOM 4acTH ypaBHeHUs 21, HaxoAsUMKcA B
cKo6Kax, yMHOXHM Ha (—171). B pesysnbTare nosy4um:

ot () a0 (p) 55 (=) =vev () em (o) e () @

C ypaBHeHHeM 22 MNpOBeJeM OIEepalMi0 YaCTUYHOTO paccioeHusl. B pesysbTaTe
IOJIy4UM: B AGCOIIOTHOM NIPOCTPaHCTBe-BpeMeHH “ST popMmy.y:

K?-0%-82=V2%.T?.G? (23)

B NpPOCTPaHCTBe-BpeMeHu ST ¢dopmyay 19L, a B npocTpaHcTBe-BpeMeHu JST
dbopmyay 19D.

BbIBO/: TIpM YaCTUYHOM paccJIOeHUHM AGCOIIOTHOTO MpPOCTPaHCTBa-BpeMeHH AST
BKAag “ST m PST B 06Llyl0 MJIOTHOCTL MaTepuil M 3Hepruii Bo BcejeHHOMH
CyIleCTBEHHO CHIKaeTCsl, U COOTBETCTBEHHO, TpebGyeTcs TOYHOE OIlpejiesieHue
cooTHoleHUH Mexay maoTHoctaMU AST u (YST u PST) BMecre B3AThIX. Tak,
HampUMep, Mbl MOXKEM M0106paTh CUTHATYpPbl TAKKM 00pa30M, YTOObI COOTHOLIEHUE
IJIOTHOCTH AGCOJTIIOTHOTO IPOCTPaHCTBa-BpeMeHH AST K IOTHOCTSM MPOCTPaHCTB-
BpeMeH “ST u PST BmecTe B3aThIX: COCTaB/Aa, IPUMepHO, Kak 10 k 1. B aToM ciy4ae
MJIOTHOCTb AGCOJIIOTHOTO NMpPOCTPaHCTBa-BpeMeHW AST 6yseT paBHa NPUMEPHO
90,91% ot mnuotHoctu BceseHHou. COOTBETCTBEHHO, CyMMapHas IJIOTHOCTH
npoctpaHcTB-BpeMeH “ST u PST Gyner paBHa 9,09% uau no 4,545% J/1a Kax/0ro
npocTpaHcTBa-BpeMeHH LST wmm PST.

3.9 Anroputmbl 1 Ynpasaawolwaa CynepmHmuman EanHunua ¢l

['J1aBHBIM BONpPOC, HA KOTOPbIM HaM MPEJCTOUT OTBETUTb B 3TOM pasjesie, — 3TO
KakdM 00pa3oM JBa B3auMMONpPO3pavyHbIX HEKOMMYTAaTUBHbIX MPOCTPAHCTBa-
BpeMeHu ST u PST - aBnaworca camocorsacoBaHHbIMM? HayHeM c ToOro
06CTOATE/NbCTBA, UTO BB mnpousolles He B OJAHOW LIEHTpPaJibHOM TOYKE, a B
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OECKOHEYHOM KOJIM4eCTBe TO4YeK BO BcesieHHOW. W, cOOTBETCTBEHHO, B 000UX
IpPOCTPAHCTBAaxX-BpeMeHU B MOMEHT BB poauiocb O6eCKOHeYHOe KOJIMYeCTBO
pyHZaMeHTalbHO-CLeNIeHHbIX, TOYeK-LIeHTPoB B “ST u 6eckoneunocrei B °ST,
KOTOpble B3aUMO/JEUCTBYIOT JIpyT C pyroM yepe3 o6061eHHoe [lapakomIiekcHOe
ABCOJIIOTHOE TPOCTPaHCTBO-BpeMs “4ST W 06pasylOT JAOMUHAaHTHbIE 06/1aCTH
pasBuTHA (CaMOCOI/IaCOBaHHOE OJHOPOJHOE pacuupeHue “ST U HeoJHOPOAHOE
oxatve PST). UTo M3 cebsi mpejcTaBisgeT 3TO 06o6LeHHOoe [lapakoMIeKcHoe
ABCOJMIIOTHOE TNpPOCTPAaHCTBO-BpeMsa “4ST ? ITO MCK/IIOYUTENbHO IE€PBUYHOE
(MaTepuHCKOe) AGCO/IOTHOE NPOCTpaHCTBO-BpeMsa AST ? Wiu, 3To Ynpasasiomas
MHHMas Cy6CTaHLMsA, Hepa3pbIBHO cBA3aHHoe ¢ AST B mepuojg ¢ BB go Cr u
o6pasyroliee BMeCTe C HUM - 0606meHHoe [lapakommiaekcHoe 4ST ? Tonpobyem
pa3o6paThbCA B 3TUX BaXKHEUIIKUX BONIPOCAX.

[Ipexxsie Bcero, X04eTcsA OTMETHUTD, YTO MOSIBJIEHME KBAJIPaTHOTO KOPHS B ypaBHEHUH
1, 3agaromeii meTpuky B 4ST - HecayuaiiHo. BUAUMO, yKe Ha 3TOM caMOM IIePBOM
3Tame, Mbl MOJyYMIM HaMeK Ha KOMILJIEKCHYI0 NPUpOJAy uucen B “ST u TemHyio
KOMILJIEKCHYI0 HpupoAy uducen B ST, a Taike IlapakOMIJIEKCHYIO TPUPOLY
NepBUYHLIX 9Kcea B AST. O4eBH/HO, YTO JJi CaMOCOT/IacCOBaHMs B3aMMO/IeHCTBHIMA
Me/ly TpocTpaHCTBaMU-BpeMeHaMu ST u PST, 6e3 nmpuMmeHeHMs KOMIJIEKCHBIX
yuces B ST u TeMHBbIX KOMIIeKCHBIX ynces B °ST nam He o6oiiTuck. B pasjene 3.5
Mbl yXe KpaTKO yNOMHHa/IMd apryMeHT B I[0Jib3y BBeJeHHUS TEMHOW MHHUMOU
3JUTMNITUYECKON eUHHIbI - [ B ajlirebpe C JJOMMHAHTHbIM MUHYCOM. Tam ke MbI
yHnoMHUHa/Iu 0 pacuiipeHHoM onpezesneHurd TPKII. O Tom, 4yTo 3Ta Teopus elie U
JIOKaJIbHasl MO/1e/1b-MOCT, 00'be/JUHSI011]ast CBOMCTBA MPUBBIYHOM /IJ151 HAC aJirebphl C
abCOMIOTHBIM JIOMMHAHTHLIM ILIIOCOM (mpuMeHsieModl B “ST) wu anre6pml c
JIOMMHAaHTHbIM MHUHYCOM. OJHOBpEMEHHO C 3THUM, BBeJE€HUE MOHATUA TEMHOU
MHUMOM 3JIJIMITUYECKOW €eJUHMIbl B ajrebpe C abCOJIOTHBIM JIOMHHAHTHBIM
MHUHYCOM MO03BOJIIeT MNPEJINOJIOXUTh O BO3MOXXHOCTH CO3JaThb TEOPETHYECKYIO
MO/1e/Ib-MOCT Ha OCHOBE TEMHbIX KOMILJIEKCHBIX YUCEJ, 00 beUHSIOILYI0 CBOMCTBA
«TEMHOW» ajiredbpbl M aared6pbl C abCOJMIOTHBIM JOMHWHAHTHBIM ILIIOCOM. Eciu
NpUMeHeHHas CUrHaTypa [—1] mo3BOJIMJIO HaM BbIJBUHYTb T'MIIOTE3y U MOJYYUTH
npeAcTaBJeHMe O HEKOTOPBbIX CBOMCTBax MHOXecTBa TeMHbIX uducen (D), To
npUMeHeHHasl curHaTypa [—171] mpemocTaBu/ia HaM TakKe HMHPOPMAIHUI0 06 HX
reOMeTpUYEeCKOM pacCHoJIO)KEHUU OTHOCHUTEJbHO MHOXEeCTBa JeNCTBUTEbHbIX

o . 1
yucen (R). C y4eToM CBOWCTB, XOpPOUIO H3BECTHOW (QYHKIMHU y=: (pns

paccMaTpUBaeMOro HaMH cJydas CyLeCTBEHHBbIM fIBJIS€TCAd UHBepPCUS [eWCTBUA
3HAYeHUH TeMHBIX YHceJl C OCH abCLycC X HAa OCb OPAMHAT Y) Mbl MOXeM c/ies1aTh
BbIBO/| O TOM, UTO TEMHbIe Yncaa Da eMCTBYIOT TaK, Kak 6y/ATO OHU pacloJiaranTcs
B3aMMOIIepIeHAUKYJIAPHO OTHOCHUTEJNbHO OCHU JIeMCTBUTEbHBIX YyHcea Re. MoxHO
TaKKe NPeJNno0XUTh, 4To 06e Teopuu, TPKII u 6yayiias Teopust Ha 0OCHOBe TEMHOM
MHUMOM 3JIMIITUYECKOM eAWHULBl [, COIJIACYIOTCA C JABYMS KOMILJIEKCHBIMHU
IJIOCKOCTSIMU (CM. pHUC. 5), KOTOpble [AOJKHbI OOBbEAUHUTBHCS Ha 0000IIEeHHOU
CynepKOMILJIEKCHOW MJIOCKOCTH (CM. pUC. 6) U 06eCreYUTh CAMOCOTJIaCOBAaHHOCTDb BO
B3aUMO/lefiCTBUAX TKaHel npocTpaHcTB-BpeMeH ST u PST.
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IIpocrpaHcTBO-BpeMA ‘st IlpocTpaHcTBO-Bpemsa sT
e L N e Da
\ 4
i -1
< 1 » < T >
1 Re I ’Im
- 1
- J - J

Puc. 5. KomnyiekcHas m10ckocTb B “ST u runoTeTryeckas TeMHast KOMIIEKCHAsS
naockocTe B PST. B sieBoit yacTu npe/icTaB/ieHa, MPUBLIYHAS B MaTeMaTHKe,
KOMILJIEKCHAs IJIOCKOCTb B “ST ¢ MHUMOH runepooJMvYecKor efuHuLEe i, rae Re
- OCb JIEWCTBUTE/IbHBIX YUCes, a “Im - 0Cb MHUMBIX 4uces. B mpaBoii actu
npejcTaB/eHa TUIOTeTHYecKas TeMHas KOMIUIeKCHas MJIOcKocTb B PST ¢
MHHMMOM 3/UTMITUYECKOU eJUHUIIEN T, KOTOPas COTJIACHO BbIIBUHYTON rMNIOTe3E,
06pa3yeTcs BeCbMa HETPUBUAJIbHBIM CIOCO60M (MHBepCcUeH AeUCTBUS 3HAaYeHU I
TEMHBIX 4YHMCeJ C OCU abCLycC X Ha OCb OpPAMHAT Y), rfe Da - ocb NpoeKnuu
JeHCTBUS TEMHBIX Ykces, a °Im - 0Cb TeMHBIX MHMMbBIX YKCEJI.

Eme oAHMM apryMeHTOM B MOJIb3y TAaKOTO Pa3BUTUS TEOPUHM, SIBJISETCH TO, YTO
CKOpPOCTb cBeTa ¢ B ST pna 6eckoHeuHOH BceseHHOH - ABAsSeTCA HUYTOMXKHOM

o o 1
BEJIMYUHOH. A IMOHATHE, YCPeJHEHHON CKOPOCTHU TEMHOI'O CBETA: — Z (AJIH aJH'e6pr C

a6COTIOTHBIM JJOMUHAHTHBIM MHMHYCOM) M €ro cBoicTBa B °ST - elle npejcTouT
M3y4YUThb (HO BPS/L JIM 3TH CBOMCTBA U3MEHST OTHOLIEHHE aBTOPA K 3TOM NpobJieMe).
C yyeToM 3TUX GaKTOPOB, 0SAABJIEHHE B pOPMYJIaX MTHOBEHHOTO MHUMOI'0 BpeMeHHU
it B “ST u MrHOBEHHOro TEMHOro MHHMMOTrO BpeMeHM it B °ST HempenoxHo
06eCcnevYuT  CaMoCOr/IacoBaHHOCTb (B Tgypcp)  B3aUMOJIEHMCTBUM — TKaHeu
npoctpaHcTB-BpeMer “ST u PST Bo Bceil (B /M06bIX 06sacTAX) 6eCKOHEYHOM
BcesieHHOM.

[Tonpob6yeM pa3BUTH 3Ty UJEI0 Aajiblile HAa OCHOBe paboT [70,71,72] no 060611eHHI0:
KOMILJIEKCHBIX 4YHMCeJl B reOMeTpUM, KPUBU3HbI MPOCTPAHCTBA U YHUBEPCAJIbHOU
asre6pbl. Mbl MoxeM BBecTH Ympasisdwoinyo CynepMHumyo EjnuHuny,
0003Ha4YeHHYIO KaK - ¢/, 3HaYeHHUe KBaZipaTa KOTOPOU Oy/ieT 3aBUCeTb OT KPUBU3HBI
NpPOCTPaHCTBAa-BpeMEHHU:

a2 = 0BA4ST: I? = o u 12 = 0 (rge, | — napaboaudeckas eJMHULA)
I =< nnaw > 0BLST: i? =—1 (rpe,i — runep6onudeckas equuuna) (24.0)
g w < 0B PST: 12 = +1 (rge, T — aIMOTAYECKas eMHULA)

Heo6xonuMo cpa3y ke NOAYEPKHYTb, 4YTO B OTJWYMe OT HCCIAe[0BaHUH,
npejcraBieHHbix M. A. JlaBpeHTbeBbIM M B. B. IllabaTtom B pa6orte [73], rze
060011leHHble KOMILJIEKCHble 4YHCJAa BBOAATCA B OJHOM  €JUHCTBEHHOM
MPOCTPaHCTBe-BpeMeHH (eCTeCTBEHHO, YTo 3T0 “ST), B HameM cjlydae BOIPOC
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BBeJIEHUS JIeJIUTeJIs HyJisl B TEMHYIO alire6py ¢ MHUMOU 3JUTMITUYECKON eJUHULIEH
i, npumensieMoii B ST, - Tpe6yeT OT/ie/IbHOrO CeNUaNbHOTO PpacCMOTpeHHUs (CM.
cronbern, 3 Tabs. 4). Bosee TOro, U3 coo6pakeHUH KOPPEKTHOCTU (MJIU CHATUA
BO3MOXXHBIX IIPOTUBOPEUHI), MbI BBIHYk/I€Hbl BbIZIBUHYTb TUIIOTE3y O TOM, YTO B
npocTpaHcTBe-BpeMeHd °ST, B KOTOpOM, 1O HalleMy MHEHUI0, MPUMEHSKTCH
TeMHble YMCJIa, TEMHble KOMILJIEKCHbIE YUCJIa, TEMHbIE KBATEPHUOHBI U T.J., JOJ/DKHA
JleACTBOBATh TeOpeMa, IKBUBaeHTHas TeopeMe PpobeHunyca [74], nelcTByo1Eel B
npocTpaHcTBe-BpeMeHu “ST.

B KoHe4YHOM uTOTre, onepupys TpeMsd NPOCTPAHCTBAMHU-BPEMEHH, Mbl paCCMOTpEJIH
HOBBIM CIOCOO 33laHUA 0000ILEeHHbIX KOMIIEKCHBIX 4YHCes, B KOTOPOM KBaJpaT
Vrpasaswomei CynepMHUMO# EAUHUIBI g[% -~ 3aBUCHT OT KPUBU3HBI IPOCTPAHCTBA-
BpeMeHU. B MoMeHT BB B nepBUYHOM (MaTepUHCKOM) AOGCOJIIOTHOM NIPOCTPaHCTBe-
BpeMeHu ST HysneBoil (2 = 0) KpUBU3HKI (3TO PaBEHCTBO, a TAKXKe NepBas CTPOKa
BbIpakeHUs 24.0 OypeT AOMOJIHEHO W yTOYHeHO B 1. 4.2 [naBel 4) peanusyeTtcs
MHHMasl napaboJsiMdyeckass eAWHMLiA [ , KBaApaT KOTOPOM MOKeT NpUHUMATh
OJHOBpeMeHHO JBa 3HadeHuss ([ =o wu [?>=0). B mpocTpaHCTBe-BpeMeHH
M0JIOKUTEeNbHOM KpUBU3HBI “ST - peanusyeTcs MHMMasi runep6oandeckas eJMHULA
i (i?=-1). B mnpocTpaHcTBe-BpeMeHM OTpHUIATEIbHON KpuUBU3HBI DST -
peasin3yeTcsa MHUMas 3JUIMNTHIecKas eaununa I (i2 = +1).

3.10 MHuMmaa napabonuyeckas eguHunua I

[lonpobyeM NMOHATH pOJib MHUMOW Mapabosin4eckord eJUHULbI | B MPOCTPaHCTBe-
BpemeHH 4ST. Mbl BbIJBUTAe€M TMIOTE3Y O TOM, YTO B HEPBUYHOM (MaTEPUHCKOM)
AGCOJIIOTHOM NPOCTPaHCTBe-BpeMeHHu ST B MoMeHT BB MHUMad napa6oJinyeckas
efuHUIA - | obGsajlaeT CAeAYIOIIMMM CBOWCTBaAMM: ee KBaJpaT MOXET JlaBaThb
0/JHOBPEMEHHO /iBa 3HayeHUs: [2 = 0 u [? = oo,

W13 3TOM runoTessl cieyeT ClipaBeJIMBOCTD CJEeAYIOLUX COOTHOLIEHHUH B AST:
0-c0=1;1/0=00; 1/00 = 0; (25)
B0o3MO0HO, K HUM cJiefyeT L006aBUTh ellle 1Ba COOTHOLIEHUS:
0/c0 =1; /0 = 1; (26)

TakUM yJUBUTEJBbHBIM 06pa3oM CBOHCTBA MHHUMOW MapaboMYecKod efuHMIBI |
N03BOJIIET YCTPAHUTb BCe BO3MOXHble HeOoNpe/e/eHHOCTH, CBA3aHHbIe C 3TUMH
MOHATUAMM H/WIM YHUCIOBBIMH 3HA4eHHAMH, KOTOpble /[eHCTBYIOT TOJBKO B
AGCOJIIOTHOM  IPOCTpaHCTBe-BpeMeHH AST W He paclpocTpaHAIOTCA Ha
npocTpaHcTBa-BpeMeHa “ST u PST.

OCHOBHOM 1le/IbI0 M 33Zjlauedd MHHMMOW NapabonvyecKor eAuHUIbl [ — SBJSETCA
MCII0JIb30BaHHE CBOMX CBOWCTB /11 UHULIMAIUU BB nyTeM NpoBeieHUSI HECKOJIbKUX
CUHXPOHHBIX MPOIECCOB:

* [MpHBeJeHHE BcCeX 6a30BbIX IapaMeTPOB K 3HAYeHUSIM paBHbIM MHUMOU
napaboJiMuecKor eJUHUIbI 1;
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Haya/i0 MapaboJsiM4YecKOMY paccI0eHHI0 BCeX 6a30BbIX MapaMeTpoOB, KOTOpbIe
TPOATCH, U JONOJHUTENbHO 00pa3ytoT napbl: 0 ¥ +00 naum 0 u —oo.
COOTBETCTBEHHO, TPOUTCA ABCOJIOTHOE MPOCTPAHCTBO-BpeMs “ST;

pOX/JleHHble TNPOCTpPAHCTBAa-BpeMeHa SIBJSIOTCS B3aMMONpPO3pPavyHbIMU U
No/pasfiefIIloTCA N0 3HAKy Ha: MPOCTPAHCTBO-BPEMHA IOJIOKHUTEJbHOMN
KpUBU3HBI “ST M mpocTpaHCTBO-BpeMs OTPUIIATENbHONM KPUBU3HBI PST;

B IPOCTPaHCTBO-BPeMH MOJIOKUTeIbHON KpUBU3HbI “ST monajaoT Bce +o u 0,
ecsid napaMmeTtp napTHep 0 ©UMeeT 3HaueHUe —oo (CM. Tabauny 3);

B IPOCTPAHCTBO-BpeMs OTpUllaTeNbHON KpuBU3HbI °ST nomnazaioT Bce —oo u 0,
ecsiv napameTtp napTHep 0 ©UMeeT 3HaueHUe 400 (CcM. Tabauly 3);
pacnpejie/ieHWe TMap HayaJbHbIX 3HAayeHWH 0a30BbIX MapaMeTPOB B
npocTpaHcTBax-BpeMeHu ST u PST cospaerca Takum o6pa3oM, 4TOGbI B
0606menHoM [lapakoMmmiekcHOM “4ST BO3HMKaJl MEXIPOCTPAHCTBEHHBIH
notennyasn STU (cm. Tabu. 4).

Ta6auna 4. HavyaspHble 3HayeHHUs 6a30BbIX MapaMeTpPoB B MOMeHT BB B Tpex HpPOCTPaHCTBAX-
speMenu AST, 'ST wu PST. Jlanuble B cT016Ljax 2 U 3 NpHBeJieHbl B COOTBETCTBUH C BbLIGOPOM
NIPUOPUTETHOCTH TOYEK OTCYETA U 3JIEMEHTOB CUTHATYphl B “ST u PST (cm. m. 3.7 rannoit I'nasei).

llpocTpancTBo-BpeMsa 4ST | TpoctpancTBo-Bpems “ST | MpocTpancrBo-Bpems ST
[IppuoputeT TOYKHU [IpuoputeT TOYKH
OTCYeTa C 3JIeMEHTOM 0oTCYeTa C 3J1IeMeHTOM
curHatypsl [+111] curHaTypbl [—171]**
1 1
6 =1 (constant)* LSO =0 Ds0 = —0o0 LSO =_ DSo =
0 fo'e}
A * L D L 1 1
) = 1 (constant) Wy = © wy =0 Wy = — Doy = 0
(0.0]
A * L D L 1 D 1
T =1 (constant) to=20 top = —0 ty = = to = ——
0 00
A * L D L 1 1
V' =1 (constant) Vg = vy =0 Vo = — Dy = 0
(0]
A * L D 1 D 1
Gr = 1 (constant) Gro=0 Gry = —© LGry = 0 Gry = ——
(0]
1 1
AK = 1 (constant)* LKy = Pk, =0 LK, = — P, ==
(0]

* yKka3aHHbIe 3Ha4YeHUs], B JIEBOM CTOJIOLE - JO/DKHBI ObITh BbIpakeHb! [lapakoMIIEKCHBIMU
NEPBUYHBIMHU YHUCIAMH, TEOPHUS O KOTOPBIX B HACTOSILIMHA MOMEHT OTCYTCTBYET.

** 1719 aNre6phl ¢ a6COMOTHBIM JOMUHAHTHBIM MUHYCOM C 3JIeME@HTOM cUTHaTyphl [—171], Tpe6yeTca
BBeJIeHHE JeJIUTEIS HYJIA.

MHHMMas napaboJsiuyeckass eJuMHULA [, TakXXe TPOUTCHA, POXJAasd MHHUMYIO
TUNep60IMIECKYI0 eJUHMIYY i, KBagpaT KOTOpoii: i? = —1, AelcTByWILyI0 B
NPOCTPAHCTBE-BPEMEHH  II0JIOXKUTENbHOM KpUBM3HBI “ST W MHUMYIO
SJIMIITUYECKYIO €JMHHUIy [, KBaZpaT KOTOpoi: 2 = +1, JAelCTByWILyl B

NPOCTPaHCTBEe-BpeMeHH OTPUIATeNbHON KpUBU3HEI PST.
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Kak MbI y>xe npezmnoJiaraiv paHee, TpU MHUMbIE e[JUHUIbI 060pa3yI0T 06001EHHYIO
[lapakoMI/IeKCHYI0 TJIOCKOCTb (CM. puC. 6), 00BbeAUHSAIOLYI0 KOMILJIEKCHYIO
MJIOCKOCTb sl “ST W TeMHyH KOMILIEKCHYI0 MJIOCKOCTb A °ST u wrpaior,
COIJIaCHO Hallled TUIIOTe3e IJIaBHYI0 YIIPaBJAIILYI0 POJib B COlJIACOBAHUMU BCeEX
B3aUMOJIECTBUM B MPOCTPAHCTBax-BpEMEHU LST u PST, u B KOHeYHOM HTOTE,
CO3/,al0T BO3MOXXHOCThb peanu3anuu «3pPpeKTa caMoCcorjiacoBaHHOCTH» BcesleHHOM.

( N

]
—t
>

T 2
i -3nnuntuyeckas eguuuna (I° =1)

-T'unep6oauyeckas egununa (i° = -1)

- lapa6oauyeckada eguauna (=0 u | =o0)

Puc. 6. O6Go6bmenHas IlapakoMmiekcHas
IUIOCKOCTb C  MHHMOH  mapabosindeckoi
equauneii I B AST, o6begunusionas B cebe

KOMILJIEKCHYIO TJIOCKOCTh c MHHUMO¥
rUnep6oMdeckoil enuHuueit i B ST, TEMHYIO
KOMILJIEKCHYO MJIOCKOCTD c MHHMOHM

3JUIMITHYECKOH enununeit i B °ST.

BeiBoza: Heo6x0MMO HaWTH aJrOPUTM U CUTHATYPY C y4yacTUeM YHpaBJsiouien
CynepMHuMou EpuHunbl ¢/, ¢ TeM, 4TOObl NONBITATBCA BBIBECTH (GOPMYJIbI
pacuupsiromue (KoMmiekcupuuupyromue) ypaBHeHuss 15 wau 23 ¢ ydactueMm
MHHUMOW mapaboJiMyecKod eAuHUlbI | W, COOTBETCTBEHHO, IMOCJEeAYIOIIEro
paccjioeHUs1 3TUX ypaBHeHUM Ha 19L, ¢ yyacTueM MHUMOW TUIEpPOOSTHUYECKOM
eAuHULbl i U 19D, ¢ yyacTueM MHUMOM 3JIJIMOTUYECKOU efUHMLBI [, n0 4
NPOCTPAHCTBEHHBIX U 2 BPEMEHHbIX HW3MepeHUuM (/i1 KaXKJoro MNpoCTpPaHCTBa-
BpeMeHM). Takol moJxoJ, [J0JbKEH 00ecrnedyuTh pelleHWe 0003HAaYeHHbIX B 3TOU
rjiaBe 3ajiay.

3.11 O TeMHbIX Yyncnax

C yyetoM moJsyyeHHbIX B mim. 3.5, 3.7, 3.9 aToii [1aBbl pe3y/bTaToOB, HEU3OEXKHO
BO3HUKAIOT /iBa Bonpoca. [lepBblii, 4TO U3 cebs NpefCcTaBAA0T TeMHble ynucaa Da u
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[naBa 3 MepBuUyHOe (MaTepuHCKoe) AGCOMIIOTHOE NPOCTPAHCTBO-BpeMa ST Kak OCHOBa ANA MOAeNM
Bonblworo B3psiea (BB) n nocneaytouwero CxnonbiBaHus (Cr)

MHOeCTBO TeMHbIX yucesa (ID)? Bropoi, ABAAOTCA JM TEMHble YHCJa TOYHOU
KOMHUel JIefCTBUTeNbHbIX Yhcea u3 “ST, oT/MyYarmyecs OT HUX JIMIIb 3HAKOM M
JIeMCTBYIOIIMMU TaK, KakK OyATO pacroJiaraloTcs B3aUMOIEpNeHJUKYJISAPHO IO
OTHOLIEeHWI0 K HUM? /[lnd TOro, 4ToObl MONBITATBCA OTBETUTb HA 3THU BOIPOCHI
He06X0AMMO yUYecThb cleylolue GakTophl.

Eciu uCXOAUTh M3 HCXOAHBIX MOJIOKeHWM [J1aBbl 2, U3 NOJIy4eHHOW HaMH
0060611eHHOM [TapakOMIJIEKCHOM MJIOCKOCTH, IPeACTaBJIEHHON Ha pUC. 6, U3 caMOu
CyTH CTallJMOHApHOW CaMOCOIJIaCOBaHHOM BcesleHHOW, TO CTAHOBUTCSA OYEBUAHBIM
yTo BceseHHas - sBJisseTcd MaTeMaTH4YeCKOW Mo cBoed mnpupoze [75]. U3 aToro
yTBepKJeHUs CJefyeT BeCbMa BaXKHble BBIBO/Ibl O TOM, UTO CaMO MOHATHE YUCIA —
ABJISeTCA He abCTpPaKTHBIM 3JIEMEHTOM, a BaXKHEWIIUM MaTeMaTH4YeCKUM
MHCTPYMEHTOM HEO0OXOJUMBIM /[JIs BbINOJIHEHUS BO3JIO)KEHHBIX Ha Hero 3ajad U
¢yHKuui. TakuM 06pa3oM, MHOXKECTBO AeUCTBUTeNbHBIX yUces (R) go/KHO cTporo
COOTBETCTBOBATh CBOICTBAM NpOCTpaHCTBa-BpeMeHU “ST. OuM (seiicTBUTE/IbHbIE
4yHca) JOJDKHBI ObITh 3alIpOrpaMMHUPOBaHbl B aJITOPUTME POXKAEHUS U Pa3BUTHSA
3TOro NPOCTPAHCTBAa-BpeMEHU U MO3BOJIATb ONHUCHIBAThb ero ¢ MoMeHTa BB g0 Cr.
Hanpumep, npoctpaHcTBo-BpeMd “ST - ABAsieTCsA 0HOPOJHBIM U U30TPONHLIM (Ha
60/bIIMX MaciiTabax), pacuupsiercs ¢ MomeHTa BB go Cr. PacctosiHue B HEM -
SABJIAETCA HeNpepbIBHbIM, 4YTO COOTBETCTBYeT aKCUOMe O HeNpepbIBHOCTHU
MHOXeCTBa JIeMCTBUTeNbHbIX uYMce]. Bpema T - aBadgeTca OJHOPOAHBIM U
M30TPONHBIM. B mpocTpancTBe-BpeMenu LST peanusyerca ApxuMesioBa MeTpHKa.

AHanoruyHbIM 06pa3oM, MHOXeCTBO TeMHbIXx uucesa (D) [ODKHO CTpoOro
COOTBETCTBOBATh CBOMCTBAM MPOCTPAHCTBa-BpeMeHH ST 1 M03BO/IATH ONUCHIBATh
ero ¢ MoMeHTa BB pgo Cr. HampuMmep, mpocTpaHcTBo-BpeMsa ST - aBasercd
HeOo/JHOPOJHBIM M aHU30TPOMHBLIM, CKMMaeTcsa ¢ MoMeHTa BB fo Cr. Bpemsa °T -
ABJIAETCA HEOJHOPOAHBIM U aHU30TPONHLIM. OnpeiesieHye NOHATHUSA PACCTOSHUSA B
DST, xoTopoe MoxeT 6bITh paspbIBHLIM — ABJASETCA NPeAMeTOM JJs JaJbHeHInx
vcclefioBanuit. B mpocTpaHcTBe-BpeMenu CST  peanusyeTcs HeapxXuMeJoBa
MeTpHUKa.

B cooTBeTCcTBUH, ¢ pejaaraeMoii TeopHueil 06a npocTpaHcTBa-BpeMenu ST u PST
BbIHY)KZIEHHO B3aWMOJIEUCTBYIOT JpPYr C JAPYroM IOCPeACTBOM 0O0O0OIIEHHOTO
[lapakoMniekcHOTO AGCOJMIIOTHOrO MpOCTpaHCTBa-BpeMeHU (cM. 'naBbl 6-11). B
COOTBETCTBUU € TeopeMoi OCTPOBCKOTO 0Jie paljMOHaJbHBIX yKces Q MoxeT ObITh
MOMOJIHEHO JBYMSI 3KBUBAJIEHTHBIMU MNYyTSMHU: JIUOO A0 MHOJS JeNCTBUTEbHbIX
quces R, 1160 10 moJis p-AArdecKux quces Q.

BrioJsiHe eCcTeCTBEHHO, UTO JAeUCTBUTE/IbHbIE YHC/Ia Re HaxO4UT CBOe IPUMEHeHNe B
MpocTpaHCTBe-BpeMeHH “ST, Kak COOTBETCTBYIOIME ero CBOMCTBaM. A, BOT uYTO
KacaeTcd p-AJIMYeCKUX 4YucCes, TO B COOTBETCTBUMU C TMIOTE30M aBTOpPa, OHU B
ropaszo 6oJiblield CTeleHW HaxOoJAsT CBOe NMpPHMeHeHHe B NMPOCTPAHCTBE-BpEMEHHU
DST. I'naBHO# NpUYMHOM A/l TAKOTO YTBEPAKAEHHS — ABJIAETCS TO, YTO CBONUCTBA p-
Anvdeckux yucesn OoJiblle  COOTBETCTBYIOT HeapxXxUMeJO0BBIM  CBOMCTBaM
npoctpaHcTBa-BpeMeny PST (cm. T'masel 5-11). IpejgnosioskeHue o TOM, 4TO Ha
MlnankoBckux Macmtabax (~1073% cM.) - cBoiicTBa mpocTpaHcTBa-BpeMeHM -ST
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MOTYT KapJUHaJIbHO U3MEHUTbHCS U TaM HAaXOJUT CBOE NpPUMeHeHUe p-AauyecKast
KBaHTOBasg ¢U3MKa - He HUMEKT J[OCTaTOYHBbIX OCHOBaHMU. OfHaKo, Bce 3TH
JIUCKYCCHUU O «0O'bEKTE» MPUMEHUMOCTH p-AAMYECKUX YHCEN U UX KJIacCuUKaALIUH,
NpaKTU4YeCKU HUKaK He BJHWSIOT Ha LeHHOCThb YyKe NpPOBeJeHHbIX UCCAeJ0BaHUM B
3TOM 06J1aCTH U HUKOUM 00pPa30M He YMEHbIIAIOT TOT OTPOMHBIN BKJIA/I, C/leJIaHHbIH
B pa3BUTHe p-AfMyecKor GU3UKH 3a BCe 3TH rofpl [76, 77].

TakyrM 06pa3oM, 0OTBETOM Ha BTOPOW BOINPOC, 33/laHHbIM B Havajle 3TOro pasjesa,
OyzeT - ofiHO3HauYHOe HeT. YTo KacaeTcs OTBETa HA MEPBBIM BOMPOC, TO TEMHbIE
yucaa Da (MHOXeCTBO TeMHbIX unces D) TpeGyIOT cBOero JanbHel1lero riy60Koro
M3y4eHHs], KaK, COOCTBEHHO, TOBOPSI M CBOMCTBA CaMOro MPOCTPAHCTBA-BpeMeHU
PST, B KOTOpOM OHM peanusyrTCa U KOTOPOE OHM J0JKHbBI OMMCHIBATb.

3.12 lNoaedeHme npeaBapuUTeibHbIX UTOTOB [1aBbl 3

B pesysbTaTe Hamux TeOpeTUYECKHUX UCCIEeJ0BaHWU, B MOMeHT BB nepBUYHOe
(MaTepuHCKOe) A6COIIOTHOE TPOoCcTpaHCcTBO-BpeMs “ST ¢ reomerpueit EBknuga (£),
C 9TaJIOHHOW METPHUKOH, CO CTaTUYHOMU TKAHbIO MPOCTPAHCTBA U YmpaBJdrolias
CynepmuuMas Eqununa ¢/ o6pasyroT 060611eHHOe [lapakoMiieKkcHOe AGCOJIIOTHOE
NPOCTPaHCTBO-BpeMs “4ST, BKItoyarwlee B cebs chepy ¢ 6a30BbIMU MapaMeTPaMH,
paBHbIMU MHUMO#M napa6osinyeckoit eaqunune I (Sgpp = I, Qgpp =1, AT =1, 4V =
I, 4Gr =1, 4K =1). OpHOBpeMeHHO C 3TUM, B pe3yJbTaTe YaCTHUYHOIO
napa6oJiM4ecKoro paccaoeHus ST B HEM POX/JAIOTCA U AMHAMUYHO Pa3BUBAIOTCSA
JlBa B3aMMONPO3pavyHbIX HEKOMMYTATHUBHBIX CaMOCOTJIACOBAHHBIX NPOCTPAHCTBA-
BpeMenu: “ST u PST (cm. puc. 1 u puc. 4). [locko/IbKY CyAb6a, 06pa3s0BaBIIUXCA B
Tsyncn B 0600611€HHOM [lapakoMiyieKCHOM AGCOJIIOTHOM NPOCTPAHCTBE - BPEMEHH
AST B MoMeHT BB jByx npocTpaHcTB-BpeMeH “ST u PST npenpeuena: B 6yyuem
OHH MCYE3HYT B MOMEHT (T, TaKXKe, B Tsypcp, TO Mbl UMEEM JIOTUYIECKU-3aBEPLUIEHHY O
CaMOCOIJIaCOBaHHYI MoJenb BB - Cr. O4eBHAHO, YTO NpHBeJEHHble NPUMepHI
QJITOPUTMOB IOJIHOTO U YaCTUYHOTO MapaboInyecKoro paccjoeHuss AGCOJIOTHOIO
MPOCTPAHCTBA - BpeMeHU “ST ABJAIOTCA NMpeABapUTENbHbIMA U HENOJHbIMUA. OHU
TpeOyIT JaJbHEULIero OCMBbICIEHUS W HCCAeNO0BAaHUN, a €eIUHCTBEHHBbIA U
NPaBUJIbHBIN aJITOPUTM — ellje NPeJCTOUT HAUTH.

BbIBOJ: TOUHOE OolpeZie/ieHue IJIaBHbIX IapaMeTpoB B MoZieau BB - Cr (HapHbIX U
CaMOCOTJIaCOBAHHBIX), HayaJbHbIX YCJOBHM MX B3aUMOJEUCTBUN, BepHOIO
anropuTMa paccioeHus ‘ST M caMOCOTJIacOBaHHBLIX (OPMYJ, OIpe/e/saolux
BO3HUKHOBEHHE M JajibHeilllee pasBUTHE NpocTpaHcTB-BpeMeH “ST u PST -
ABJIIETCS OCHOBHOM 3ajayet TSSCU.

Jlsl IOCTYEeHUA 3TOM LieJIM PacCMOTPHMM MO/Po6Hee CBOWCTBA U XapaKTePUCTUKH
Kaxk/|0T0 U3 TpeX NpocTpaHcTB-BpeMeH: ST, LST u PST
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FnaBa 4 CBOWCTBA M XapaKTEPUCTUKM NEePBUYHOTO (MaTepPUHCKOrO)
ABCONOTHOTO NPOCTPaHCTBa-BpemeHn AST

naBa 4 CBOWCTBA M XapPaKTEPUCTUKN NEPBUYHOIo 0600LLLEHHOrO
(MaTepuHcKoro) ABCONOTHOrO NPocTpaHcTBa-spemenn AST

4.1 BeegeHue

[Ipexxsie Bcero HeEOOXOAWMO OTMETHUTb, UTO CYILIECTBYIOT OO'beKTHBHblE U HHbIE
pasHo06pa3Hble TPYAHOCTHU JJisi TOTO, YTOObI MCCIeJOBAaTh U OMUChIBAaTh CBOMCTBA
AST. TlpuBesieM HeKOTOpble M3 HUX. McciefoBaHMe TJIaBHOTO MaTeMaTH4YecKOTro
00'beKTa, BBEJIEHHOTO B 3TOM paboTe Ynpasistouied CynepMHuMoi Enununbl ¢l -
HAXOJUTCS B CaMOM HavaJjie CBoero nyTd. HeMsBecTHO, SIBJSIIOTCS JIM OTHOLIEHUS
Mexay ¢/ u ‘ST He3aBUCUMBIMM M B3aMMONPO3PayHbIMH, KaK OTHOLIEHMS
U/leaJIMCTUYECKOTO U IEPBUYHOI0 MaTepUaJbHOr0 Hayasa? HensBecTHO Takxe, 4YTO
3acTaBJidgeT ¢/ MHULMUPOBATH Npouecc BB u nociaeaywouero Cr B AST? Y, HaKkoHel]
HEeU3BECTHO, KAKUMHU MaTeMaTHYEeCKUMHU 00'beKTaMU SIBJSIOTCS: IEPBUYHbIE UUCJIA,
KOTOpble MBI MOXeM MCIO0JIb30BaTh JJIS ONHMCaHUsA CcBOMCTB AST, a Takxe
[lapakoMIJIeKCHbIe YHMCJIA B COCTAaB KOTOPbIX BXOJAUT MHHUMas MapabosidyecKas
equHuna? TeM He MeHee, HEKOTOpble IpeJiBApUTEJIbHbIe MPEJIOJOXKEHUA U
BbIBO/IbI, HA YPOBHE TMIIOTE3bl U HHTYUIIMU, MOKHO 0OCYAUTH B 3TOM [JiaBe, YTOOBI
CTUMYJIMPOBATh JUCKYCCHUIO HA 3TU BaXKHEHNLINE TEMBI.

4.2 CootBetcTBMe Kaxxaoro 0 1 co. HepaspbIBHOCTb 3TUX NMOHATUM 1 3HAYEHUI APYT
OT Apyra B NpocTpaHcTBa-spemermn 4ST

Bo3HuKaeT ecTeCTBEHHBIM BONIPOC, Y€MY MOTYT ObITh paBHbI 6a30Bble NapaMeTPHI B
nepBUYHOM (MaTepuHCKOM) “AST? C yueToM Toro, yTo B ST peanmsyeTcs reoMeTpus
EBknuga ¢ HyneBoi 4 = 0 KpPUBU3HOM, MOXHO NPEZANOJI0XKUTh, YTO OHU PaBHEI
C/eAYIOLUM 3HAaYEeHUAM:

45% = 00; 4T? = 00; 40 = 0; WV = 0; 4Gr?® = o0; K = 0.

Ho Torzma Bo3HMKaeT BTOpOW BONPOC, O KOPPEKTHOCTH TaKUX 3HA4YE€HUW B
nepBUYHOM  (MaTepUHCKOM)  AGCOMIOTHOM  NpPOCTpaHCTBe-BpeMeHH  AST?
[Tonpo6yeM pa3o6paTbcsl B 3TOM BOIIPOCe HAa IPUMepe pacCTOsAHUsA-pajuyca chephl,
3HaYeHHe KOTOPOH MpeJno/araeTcs paBHoi 452 = co. CorsiacHo rumorese aBTopa,
HEBO3MOXHOCTb onpegeneHusa 0, JesaeT mnpejnoJsaraeMoe 3HAaYeHUe O -
HEKOPPEKTHBIM. JTO CBA3aHO C Te€M, YTO Iapa 3HayeHUu: © U 0 - d4BIAIOTCA
HepaspbIBHBIMU APYT OT Apyra B AST. Jlaa kaxzgoro 0 Jo/kHa 6bITH CTPOTO CBOS,
COOTBETCTBYIOLIAs €My U e[JUHCTBEHHAs 0. Y, HA060pOT, Y KaXKI0U 00 - 10/’KEH OBbITh
CTPOro CBOM, COOTBETCTByWILIeM el U eAuHCTBeHHbIM (. JTa rumoresa o
COOTBETCTBUM M HEPA3PBIBHOCTHU KakAoro HyJA 0 U cBoel OECKOHEYHOCTHU o0, U
Hao60pOT, IPUBOJUT K TOMY, YTO BCe IIECTh 6a30BbIX MapaMeTpoB B “ST uMeroT
O/ZJHOBPEMEHHO /1Ba 3Ha4YeHHUA. A. UMEHHO:

* paccrosinve-paauyc chepbl: 452 = 0 u 452 = oo;
« Bpema: T2 =0uT? = oo

+ kpuBu3Ha: 40 = 0 u 40N = oo;

»  ckopocTb: AV = 0u 4V = oo;
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* rpasutauus: 4Gr? = 0 u 4Gr? = oo;
« Temneparypa: 4K = 0 u 4K = oo.

Takolt moaxoh, TOJbKO Ha MepBBbIA B3IVIAJ KaKeTCs HeoXKUAaHHbIM. [Ipu Gosiee
IJIy60OKOM PacCMOTPEHHWM OH CTAHOBUTCS €CTeCTBEHHbIM M 3aKOHOMepHbIM. B
COOTBETCTBUH C HUM, reoMeTpus EBkIua, peanusyemas B 4ST xopolo corsacyercs
C AByM# 3HAYE€HUAMH KPUBU3HBI 1) = 0 u 4 = 0o, 1eiCTBYIOIUMHU 0JHOBPEMEHHO.
A, BoipaxkeHHe 24.0, KOTOpoe SIBJISJIOCH 3aJalOIIMM 0000IIeHHbIe KOMIIJIEKCHbIE
Yyucia Heo6X0JUMO CKOPPEKTHUPOBATD U 3aNIUCATh CAeYIOIUM 06pa3oM:

40 =0u40 = 0B AST: 1> = couI? = 0 (rae, | — napabosuyeckas eJUHNIA)
s> ={pnaw>0BLST: iZ=-1 (rpe,i — runep6osnyeckas equuuna) (24.1)
g w < 0B PST: ?=+1 (rpe, 1 — s;MNTHYECKas eUHUIIA)

TakuMm 06pa3oM, 3Ta runoTe3a Npe0CTaB/sIeT HOBble BO3MOXXHOCTH B TOHUMaHU U
Y pa3BuTUU MoJiesid BB - Cr.

4.3 I3MeHeHMe CBOMCTB M XapaKTePUCTUK MNpocTpaHcTBa-spemeHn AST B
3aBMCMMOCTM OT nepuoda Penakcaumm mnam nepmopa oT bonbworo B3pbiBa Ao
oyepeHoro CxaonbiBaHUA

B cooTBeTCTBUH, C U3JI0)KEHHBIMHA B NpeAblAymux [JlaBax 2 ¥ 3 MOJIOKEHUH,
CBOMCTBA W XapaKTEPUCTUKU NepBUYHOro (MaTEpPUHCKOTO) AOCOJIOTHOIO
NpocTpaHCcTBa-BpeMeHH “ST KapJMHaJbHO MEHSIOTCA B 3aBUCMMOCTH OT /BYX,
CMEeHSAILUX JpyT Apyra nepuonos, (cM. Puc. 7). [lepBblii nepros HAUMHAETCS, KOrJa
Ynpasaswowas CynepMHuMasa EpuHuna ¢/ BXOAUT BO B3aMMOJEHCTBHE C AST u
BO3HUKaeT ovepeaHol bosbwoi B3peiB (BB,) ¢ nocieaywmuM CxJ0NbIBaHUEM
(Cr,) u, Tak panee. Bropout nepuon Penakcauuu (wau Cr, - BB, ., U, Tak Jajee)
BO3HHUKaeT B MOMeHT o4depegHoro Cr, koraa YnpasJiswowas CynepmauMasn Eqununa
¢l mepecraet B3aumogeicTBOBaTh ¢ AST.

257 - \yu - i -
BB, ' BBois BBz }

Cra Crivt Crisz
PEﬂEKCH!{I{ﬂ PEJFEKCE!{HH

Puc. 7. Ilepnogorpamma BB-Cr Bo BceneHHoii. [lepBuyHOe (MaTepUHCKOE)
AGCONMIOTHOE TPOCTpPaHCTBO-BpeMs AST Hysnesoit (2 =0) U 6GecKoHeuHOH
(2 = ©) KpUBU3HbBI OJHOBPEMEHHO, CJYXKHUT OCHOBOW [JI1 OCLWJLISALUAN
Ynpasastomeid CynepMHUMON EauHuLbl I, mepuoAuYecKd HHULIUHUpPYHOILEH
Bosbmol BapeiB BB ¢ mnociaeayrowmuMm CxionbiBaHueM Cr U IEpUOAOM
peJlaKcalUH.

39



FnaBa 4 CBOWCTBA M XapaKTEPUCTUKM NEePBUYHOTO (MaTepPUHCKOrO)
ABCONOTHOTO NPOCTPaHCTBa-BpemeHn AST

4.4 Nepwnog Penakcaumm (Cry,_; - BB,,). CocToAHMe HeonpeaeneHHoCT 6a3oBbIxX
napameTpoB

B moment C(r, VYnpasiadwwasa CynepmMHuMas EjgunHuna oI  nepecraer
B3auMoJeicTBoBaTh ¢ “ST. COOTBETCTBEHHO, IlepBMYHOe (MaTepUHCKOe)
AGCOJIIOTHOE NPOCTPAaHCTBO-BpeMs “ST CTAaHOBUTCA MYCThIM, Oe3KU3HEHHBIM,
JIMIIEHHBIM KaKHX-J1M00 MPOLEeCcCOB U eAVMHUL, U3MEPEHUS], B CBA3U C OTCYyTCTBHUEM
MHUMOM napabosiMuecKkoi eJUHUIbI I, 33/1at01el COOTHOoIleHus 25 u 26.

Ha oCHOBaHMM BBILIEU3J0KEHHOTO MOXHO npeanoJsioXKuTb, 4TO BCe 0a3oBbIe
[apaMeTphbl B IEpHUO peJlaKCallkuu Hpe6bIBa}OT B COCTOAHHUH HeollpedeJIEeHHOCTH.

BuiBoj: nepBuYHOe (MaTepUHCKOe) AGCOJIIOTHOE MpPOCTPaHCTBO-BpeMa “ST B
nepuoJ, pesakcauuu uwiau nepuoge C(Cr,_; - BB, - HaxoAuTcad B COCTOSAHUHU
Heolpee/IeHHOCTH.

4.5 Mepuogp ot bonbworo B3pbiBa Ao odepeaHoro CxnonviBanua (BB, - Cry,)

Ha ocHoBaHuM BbIBOAA MpeAblayliero mnaparpadga poJib  YnpaBiswollen
CynepmHuMoi Eqununsl ¢I, vHUunuupyoueil BB - cTaHOBUTCA 60Jiee 0CMBICJIEHHOM.
OHa BHOCUT B IepBUYHOE 060611eHHOe (MaTepuHCcKoe) AGCOTIOTHOE IPOCTPAHCTBO-
BpeMa “ST CTOJb HEOGXOJUMYH MHMMYI0 MapaboJIMYEcKyl eJMHHILY,
yCTaHaBJIMBasi COOTHOLIEHUS 25 U 26.

PaccMoTpuM nporecchl eWcTBUS MHUMOM Napabo/iMyecKoi eJUHUIbI - | B MOMEHT
(nmpennBepun) BB Ha npuMepe ypaBHeHud 1, rae S - paccTosHUe-paguyc chepbl
paBeH:

S% = (dx? + dy? + dz?) (1)

[IpaBasi yacTb 3TOro ypaBHEHHUS], COTJIACHO HalleMy MPeNoJIOXKEHHIO, B AST MoxeT
ObITh pPaBHAa MHWHUMAJbHOMY M MaKCHUMaJlbHOMYy KOPPEKTHbIM 3HAa4e€HUSM B
MaTeMaTuke: 0 1 +0o. Toraa, COOTBETCTBEHHO, ecjid S = 0

S=+0 (27)

B momeHnT BB, BMecTto 0, BCTymaeT B CUJYy KBaJlpaT MHHUMOM MapaboJiM4ecKou
eJMHULEI - [2, ¥ B pe3y/ibTaTe NoJ1y4aeTcs:

s =+ (28)
,Z[aJIee, COOTBETCTBEHHO:
S=1=1 (29)
Eciu §? = oo
S =+ (30)

B MomeHT BB, BMeCTO ©, BCTyNaeT B CUJY KBaJpaT MHUMOW MapaboiMyecKou
eVHULEBI - [, U B pe3yJ/ibTaTe MoJy4aeTCs:

S =AI? (31)
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Jlajiee, COOTBETCTBEHHO:
S=1=1 (32)

TakuMU yAUBUTENbHBIMU NMYTAMU, HYXKJAIOIMIUMUCA B NPUAUPUYUBON KPUTHUKE, MBI
noJsiyyaeM YmpapJsiollylo chepy C pacCTOSHUEM-PAJUYyCOM pPABHOMY MHHUMOMU
napaboJiMuecKor eJUHUIEe, KOTopas Kak B 3ddeKTe [AOMHUHO TMOJHOCTHIO
npeobpakaeT MapamMeTphbl, BXOJslhe B ypaBHeHHe 15 U 3ajaeT CTapT
napa6oJM4ecKoMy paccioeHdo B AST, a Takke HayajJ0 OdYepejHOro Nepuoza
BB - Cr.

Himxe NpUBOJATCA HEKOTOPbIE CBOMCTBA U XapaKTePUCTUKHU “4ST.

1. PasmepHOCTB

B MomeHT BB u g0 Cr nepBU4YHOe (MaTepuUHCKOe) ABGCOIIOTHOE MPOCTPAHCTBO-
BpeMa ‘ST u MHMMas napa6osMyeckas eJuHMIA | 06pa3yloT 060GIIEHHOEe
[lapakoMIlsiIeKCHOEe  MPOCTPaHCTBO-BpeMs AST, COCTOSLLEr0 U3 6
[IapaKOMIIJIEKCHBIX U3MEepEeHUM:

* 3 - NpOCTPaHCTBEHHbIX KOOPAUHAT 4ST;

+ 1 -Bpemenu T B 4ST;

* 1 - MHMUMOM napaboJM4ecKoi NPOCTPAHCTBEHHON eUHULBI [;
¢ 1 - MHUMOTO NapaboJUYECKOro BpeMeHH 4T.

PaccMoTpeHMe pa3MepHOCTel caMOCOT/IaCOBaHHbIX MPOCTPaHCTB-BpeMeH “ST u
PST Bxopamux B 4ST He BXOAUT B Liesiu aHHOM [1aBbl. OHM 6y Ay T pacCMOTPEHBI
B ['1aBax 5 ¥ 12 faHHOM cTaThH.

2. BasoBble KaTeropuu B 4ST:

« Marepusa 4M: nepBuYHas ynpaBasoLas;
 JHeprus “E: nepBu4Has ynpassoIasi;
*  Undopmanus 4I: neppudHas ynpapasoIas.

3. 3HaueHMe 6a30BbIX IapaMeTPOB B 4ST:

[ns  HekoTopo#t dactu (okosio  10%) NJOTHOCTA MaTePUU U IHEPrUU
ABCOJIIOTHOTO __ IPOCTpaHCTBa-BpeMeHM  4ST  CIpaBe/UIMBbI __CJIe/yIoIe
COOTHOLIEHUS:

+ paccTtosHMe-paguyc chepbl: 4S =1 =1;

« Bpems: T =1=1;

e kpuBusHa: 0 =1 =1;

« ckopocTh: 4V =1 =1;

 rpaBuTanua: 1Gr =1 =1;

« Temmneparypa: ‘K =1 = 1.
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FnaBa 4 CBOWCTBA M XapaKTEPUCTUKM NEePBUYHOTO (MaTepPUHCKOrO)
ABCONOTHOTO NPOCTPaHCTBa-BpemeHn AST

4. Teometpus B 4ST:

* 3JBKJHJAA + MHHUMasA Napabosudeckasd cpepa ¢ 6a30BbIMU IapaMeTpaMH
pPaBHbIMU [;

e [IlaTeld mocTy/saT: B IJIOCKOCTH 4Yepe3 TOYKY, He JIeallyl0o Ha JaHHOH
NpsAMOM, MOHO NPOBECTU OJHY WU TOJIBKO OJHY NPAMYI0, NapaslleJbHYI0
JAHHOM;

+ CyMMa yrJioB TpeyrojbHUKa: Za + £ + £y = 180°.

5. DHTponusa

Haxos1eHus T0AX0/0B /IS UCCJIeJ0BAHUS BOXKHENIIEro MOHATHs SHTpoNuK “H
B IPOCTpaHCTBe-BpeMeHH 4ST B 060ux nepuogax: c Cr,_, 1o BB, v c BB, 1o Cr,
- ABJIAETCA HCKJIYUTEJbHO INEepCleKTUBHBIM WU MOXeT JaTb OTBeThbl Ha
HEKOTOPBbIEe BOIPOCHI.

BeiBozAbl: MHOIMe IIOJIOXKeHHUS, MpeJCcTaBJeHHble B 3Tou [y1aBe - dABJAKTCA
JIUCKYCCUOHHBIMH U TPEOYIOT AaJbHENIINX BCECTOPOHHUX UCC/IeJ0BaHUM.
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5.1 PaamepHOCTb NPOCTPAHCTBA U BPEMEHM

[naBa 5 CpaBHUTE/bHbIE CBOWMCTBA M XapaKTEPUCTUKM NPOCTPaHCTB-
BpemeH ST n PST

Huxe npuBOAXTCA ONMCaHKWE Y CPaBHEHUE aHTAarOHUCTUYECKUX CBOWCTB U
XapaKTepUCTHK IByX POCTpaHCTB-BpeMeH “ST u PST.

llpocTpancTBo-BpeMs ST

MlpocTpancTBo-BpeMsa PST

PasmepHoOCTB npocTpaHcTBa: 4-X
MepHoe, 3 IPOCTPAHCTBEHHbIX
KOOPAMHATHI U OJHO U3MepeHUe —
BpeMeHHU 'T;

MHHMas pa3aMepHOCTb: 2-X MepHast

1 MHUMada runepbosinyecKas eiMHULA
[ 1 1 u3MepeHue MHUMOTO
runep60JM4ecKoro BpeMeHH ;t.

PasMepHoOCTB IpocTpaHcTBa: 4-x
MepHOe, 3 IPOCTPaHCTBEHHBIX
KOOPAUHATHI U 0JJHO U3MepeHUE —
BpeMenu °T;

MHuHMast pa3MepHOCTh: 2-X MepHOe

1 MHUMad 3JUIMIITUYECKas eJUHULA I U
1 nsmepeHue MHUMOTO
3JUIMITUYECKOTO BPEMEHH t.

5.2 Obuwe 3aKOHOMEepPHOCTH

IlpocTpaHcTBO-BpeMd LST

IllpocTpaHcTBO-Bpemsa ST

[IpocTpaHCTBO — OJJHOPOIHO U
M30TPOIIHO.

B HeM peasnu3yeTcs LeJI0YUCIEHHAs
pa3MepHOCTb, BbIpaXKeHHasl yepe3
1eJible YHCIa.

[IpsAMBbIM CJIeICTBUEM 3TOTO
YTBEPK/JeHUs SABJISIOTCS: TOYHbIE
pyHZaMeHTaNbHble KOHCTAHThI B “ST.

[IpocTpaHCTBO — HEOJHOPOAHO U
AHU30TPOIIHO.

B HeM peann3yeTcs LieJI04UCIEHHAs
pa3MepHOCTb, BbIpa)keHHas yepes3
JApo6Hbie yucaa (cm. n. 3.11 I'nasl 3).
HmeeT ppakTanbHyto npupony [78, 79,
80, 81, 82, 83] 1 BO3MOKHO p-
Anundeckyto cTpykTypy [84, 85].
[IpsiMBIM CJIeACTBUEM 3THUX
XapaKTepUCTUK SBJSIOTC:
$JIyKTyallMOHHbIE TapaMeTphl,
crpemsmuecs B °STx npegeny
3HAYeHUH, ABJISIOLUIMMUCS
3KBHMBaJIeHTaMU TOYHBIM KOHCTaHTaM
B “ST.
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Mnasa 5 CpaBHUTE/IbHbIE CBOWCTBA M XapaKTEPUCTUKM NPOCTPaHCcTB-BpemeH “ST u PST

5.3 CBoliCTBa U xapaKTepucTukm spemern “T 1 spemern PT

IlpocTpaHcTBO-BpeMd LST

llpocTpaHcTBO-Bpems ST

Bpems “T: 06'5eKTHBHO, HeNpepPhLIBHO,
OJJHOPO/IHO;

HanpaBsieHHOCTb (BEKTOP WJIU CTpesia)
BpPEMEHMU: U3 IPOLLIOro B byayliee;
Bpems cymecrsoBanus ‘T
OTCYUTBIBAETCA C MOMeHTa BB u
3akaH4YMBaeTcs B MOMeHT (1
Enununa Bpemenu “T - ycioBHas,
MMEHYeTCs CEKYH/0M;

Bpems ‘T = 14 mupg. net (coraacHo
COBpPEMEHHbBIM /IaHHBIM);
[IpoTekarolie BpeMeHHbIe NPOLECCHI
Ha 3eMJie 06/1a/]al0T ONpeieJIeHHON
UKJIMYHOCTBIO, CBSI3aHHOMU C
nepuo/ioM obpaileHus1 3eMJIU BOKPYT
CostHIa: “Trepyos = 365,25636604
CYTOK;

1 conHeyHbl# rof = 365.2564 cyTok /
1 cyTku = 24 yaca / 1 yac = 60 MUHYT
/ 1 MuHyTa = 60 cekyHz, / 1 cekyHaa =
9.192.631.770 neprojaM U3Jay4yeHHUs
COOTBETCTBYIOILEMY [1IEPEXOAY MEXKAY
JIBYMSl CBEPXTOHKUMHU YPOBHAMHU
OCHOBHOTO COCTOSIHUSAI aTOMa 1|e3Usl-
133 B nokoe, npu 0K.

Bpems PT : cy6'beKTHBHO, JUCKpPETHO,
HEOZJHOPO/IHO, aHU30TPOIHO;
HanpaBsieHHOCTb (BEKTOP UJIH CTPesa)
BpeMeHU: TpebyeT Uccael0BaHUM;
Bpems cymecroBanus T :
OTCYUTBIBAETCA C MOMeHTa BB u
3aKaH4YUBaeTcsd B MOMeHT Cr;
EnvHuLia BpeMeHu DT - He
onpeesieHa;

Bpems °T -no Bennuune apasercsa
OTpHULIATEJIbHbBIM;

[IpoTekatolie BpeMeHHbIe NPOLECChI
Ha 3eMJie 00/1a/Jal0T ONpe/ie/IeHHOM
LIUKJIMYHOCTbIO, CBA3aHHOM C
nepuo/ioM obpaieHus JIyHbl BOKpYT
3emun [86]. B aToM ciyyae
JUTUTEJIbHOCTb OCHOBHOTO LIMKJIA
u3sMepeHus B efuHuLax “ST paBHa
CUHOWYEeCKOMY JIyHHOMY TOJy:
PTepnos = 29,530588 cyToxk;

Bpemsa PT moskHO oxapakTepu3oBaThb
KaK: BHyTPEHHEE, CKPbITOE, JIOKAJIbHOE,
p-Anudeckoe, BOJIHOBOE;

OfHO U3 BaXKHEWIIMX CBOMCTB BpeMEHU
DT . asnsercs To, 4TO 0HO ciOCOGHO
GIYKTYHMpOBaTh U YCKOPATBCS:
M3MEeHSTb CBOU TEMII IPU
MOJIOKHUTEJIbHOM WJIM OTPULATEJIbHOM
ycKopeHHuH (cM. 1. 6.8 ['1aBbI 6).
HecMoTpst Ha HEO6XOJUMOCTb
JlaJIbHENIIEero OCMbICJIEHUS U
ucciel0BaHMi cBoiicTB BpeMenu PT
CYLECTBYIOT pabOThI MO
MaTeMaTU4eCKOMY MO/, eJIMPOBAaHUIO
CBOWCTB IceBJ0-BpeMeHH [87, 88, 89],
MO3BOJISAIOIIME N10JYy4aTh

3¢ PeKTUBHbBIE pe3ybTaThl Ha
NpaKTUKe.
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5.4 KpnBKM3Ha, CymMma yr1oB TPeyrosbHMKa 1 CBOMCTBA

llpocTpancTBo-BpeMs ST

MlpocTpancTBo-BpeMsa PST

+ KpususHa ST nonoxurenbua
(fw > 0);

e CyMMa yrJIOoB TpeyroJbHHKa:

Za+ 4B + 2y > 180%

+ TlpocTpanctso 'ST: pacmupsaerca
OZlHOPO/ZIHO OTHOCHUTEJIBHO AST ¢
MoMeHTa BB o Cr (cM. puc. 1) no
cTpesie BpeMeHu T.

Kpususna ST oTpunarennHa
Pw < 0);
CyMmMa yr/10B TpeyroJibHUKa:

Za+ 4B + 2y < 180%
MpocTpancTBo PST: cxuMaeTce
HEOJHOPOJHO YU aHU30TPOIHO
oTHocuTesnbHO 4ST ¢ MoMeHTa BB 110
Cr (cM. puc. 1).

5.5 TemnepaTtypa 1 sHTpONMA

IlpocTpancTBO-Bpems LST

MpocTpaHcTBO-Bpemsa ST

* Temmneparypa B MOMeHT BB - ropsyas;

 Jurponus “H ysenuuusaerca no
L Aln
cTpeJie BpeMeHH ~T: Iy > 1;
« Jurponus “H asngerca
OTpHUIATeNLHOM 110 OTHOLIeHUHU K PH.

Temneparypa B MOMeHT BB -

X0JIO/{Has;

dutponua PH yeennunBaeTca Bo
D A DH

BpeMeHH “T: ~B; < |—1[;

durtponusa PH apnserca
OTpHUILATEIbHOM 110 OTHOIIEHHIO K “H.

5.6 TeomeTpua, 5-1 NOCTyNaT U METPUKA

IIpocTpaHcTBO-BpeMd LST

IlpocTpaHcTBO-BpeMsa ST

* Teometpusi Pumana (R)
3JUIMIITUYEeCKas;

* [laThIi OCTyJ1AT: B IJIOCKOCTHU Yepes3
TOYKY, He JIeXKallly0 Ha JJAaHHOHN
NpsSIMOU, HeJIb351 IPOBECTH HU OJHY
JIMHUIO, TapaJlJIeJIbHYI0 3TOW MPSIMOU;

* ApxuMe[oBa MeTpHUKa.
B cucreme uamepenui CH paccrosinue
u3MepsieTcsd B m (MeTpax).
[ToHnaTtue [I1aHKOBCKOH AJIMHBI
(I,~1073* cm) B “ST - siB1sieTcst
npeAMeTOM Ja/IbHeNIINX
HccaeJoBaHU M.

['eomeTpus Jlo6baueBckoro-bosibsin
(LB) runepbosryeckas;

[IATHIA OCTYyIAT: B IJIOCKOCTU Yepe3
TOUKY, He JIeXallylo Ha JJaHHOU
NpAMOM, MOXKHO IIPOBECTHU
OeckoHe4YHOe KOJIMYeCTBO JINHUHY,
napaJijieJIbHbIX 3TOU NPSAMOU;
HeapxuMeoBa MeTpUKa.
OnpepieseHue paccTossHus B PST -
ABJIIETCA IPpeAMETOM Jla/IbHEUIIUX
HcceJ0BaHU M,
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5.7 MaTepus, aHeprmua n nHdopmauma

Mnasa 5 CpaBHUTE/IbHbIE CBOWCTBA M XapaKTEPUCTUKM NPOCTPaHCcTB-BpemeH “ST u PST

IlpocTpaHcTBO-Bpems LST

MlpocTpaHcTBO-Bpemsa ST

Marepusa “M: macca - noJ103uTe/IbHas
(MJIOTHOCTb MaTepuH -
HOJIOKUTEJIbHAsA );

dopma MaTepuu “M: yacTuisl;

Jueprud: “E - nosoxutennHas
(IJIOTHOCTb 3HEPIUH -
NOJIOXKUTEJIbHAs );

Wudopmanus: I - croxactuyeckas.

Antumarepusa °?M: macca -
oTpuuaresbHasd (MIJIOTHOCTb
aHTUMaTepPUM — OTpULIATebHaAsA);
®opma aHTUMaTepun " M:
JlelleHTpaJIu30BaHHas (CorJiacHoO
TUNoTe3€e, PACCMOTPEHHOU B JAHHOH
CTaTbe — TONOJOTUYEeCKHEe COJTUTOHBI);
dueprus: PE- orpunarenbHas,
(MJIOTHOCTb 3HEPIUHU —
OTpHULIATEIbHASA);

Uudopmanusa: °I - dpakranbhas.

MarHUTHbIN 3apAag, 6

5.8 I1eMeHTapPHbIN 3NEKTPUYECKIMI 3apsa g U 3NeMeHTapHbIM TOMOAOrMYECKM

MlpocTpaHcTBO-Bpems ST

llpocTpancTBo-Bpemsa PST

JJieMeHTapHbIN 3JIEKTPUYECKUHN 3apaf,

q - dyHaMeHTanbHasA pU3ndecKas

NOCTOSIHHAS, KBAHT 3JIEKTPUUYECKOTO

3aps/ia, paBHbIM 3apsAy 3JIEKTPOHA e~ :
q= 1,602 - 107 Kn (CH);

JdJieMeHTapHbIM 3JIEKTPUYECKUHN 3apaf,
g MOeT CylecTBoBaTh B °ST TO/bKO B

BUJe qumnoss §- *;

3akoH KyJ/i0Ha, onpeesiolun CULy
LF pelicTByromyio Mexxay fByMs
TOYEYHBIMH 3JIeKTPUYECKUMHU
3apa/aMu:

. 1
LF = kqu—zqz (roe, k =

4TTE

);

PasHorMMeHHbIe JJIEKTpHUYIECKHEe
3apAAbl — IPUTATHUBAKOTCA;
O,ZLHOI/IMeHHbIe JJIEKTpHUYECKHe
3apAabl — OTTAJIKMBAKOTCA.

JyieMeHTapHbIN TOMOJIOTUYECKUU
MarHUTHBIN 3apsi/ 7] [90,91,92,93] -
byHlaMeHTabHbINA GU3UYECKUN
GJIyKTyallHOHHBIN TapaMeTp, KBaHT
MarHuTHOTrO 3apsija (MOHOIOJIb),
paBHbIi 3apAAy nosutpoHa é* B PST.
YucneHHoe 3HaueHue O TpebyeT
onpe/ieseHuUsl.

JyieMeHTapHbIN TOMOJIOTUYECKUU
MarHUTHBIN 3apsaz 6 MoxeT
CyLeCTBOBAThH B LST Tonbko B Buze
aunonsa 61 ~;

TpebyeTtcs HaliTu 3akoH(bl),
onpejensomuii(ue) cuanl °F_c
JIeUCTBYIOIIME MEX/Y JIByMSs
TOMOJIOTUYECKUMH MarHUTHBIMU
sapajamu 0, u 6,, sxBUBaIeHTHbIH(e)
3akony Kysiona B LST;
Pa3zHoMMeHHbI€e TOMOJJIOTHYECKUE
MarHuTHbIe 3aps/ibl - OTTAJKUBAKOTCS;
O HOMMEHHbIEe TOMOJIOTUYECKUE
MarHuTHbIEe 3apsi/ibl — IPUTATUBAIOTCS.
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5.9 dneKkTpomMarHmnTHble BoNHbI (3MB) 1 NO3NMTPOHHO-3/1eKTPMYECKMe BOHbI (M19B)

IIpocTpaHcTBO-BpeMd LST

IllpocTpaHcTBO-Bpemsa ST

JJieKTpoMarHuTHble BoJiHbI (OMB) ¢
IepBHUYHbBIM 3JIeMEHTapPHbIM
3JIEKTPUYECKUM 3apsi/JOM U BTOPUYHBIM
MarHUTHBIM 3apsiI0M
(3/1eKTpOMarHUTHOE B3aUMO/IEUCTBUE)

[TosuTpoHHO31eKkTpUdeckre BoJiHbI ([I19B)

C IEPpBHUYHBIM 3JIEMEHTAPHBbIM

TOMOJIOTUYECKU MarHUTHBIM 3apAa0M U

BTOPUYHBIM 3JIEKTPUYECKUM 3aPSA/I0M
(cunbHOE B3aMMO/IeHCTBUE)

YpaBHenusa Makcsesia:

= 0B
rotE——E
Fo D

& €

= oD
rotH= ] + 5
H= £

_)ﬂoll
divD =p
divB =

-

rae, E - BeKTOp HalpsAXXeHHOCTH
3JIEKTPUYECKOTO 110J14;
D - BeKTOp 3JIeKTpHUYECKON UHAYKLIUY;

H - BEKTOp HalpPAXKEeHHOCTH
MarHUTHOTO MOJIS;

B - BEKTOP MarHUTHOW UHAYKIWY;

f - BEKTOD MJIOTHOCTH 3JIeKTPUUYECKOTO
TOKa CMeleHus;

p — 00beMHas JIOTHOCTD e —3apa/a;
TpebyeTcs BHecTU MOAUPUKALUH B
ypaBHeHUs MakcBeJlia C y4eTOM
(Tpebyroux onpeaeaeHus)
3KBHBaJIEHTHBIX ypaBHEHUH,
onucbiBaromux [13B B PST;
MoandunpoBaHHble YpaBHEHUSA
MakcBeJia JoJKHBI 6bITh
CaMOCOTIJIACOBAHHBI C
SKBUBa/JIeHTHBIMU ypaBHeHUsAMH B °ST
C UCMO0JIb30BAaHUEM «H/[€aIbHOTO
06MEHHOTO B3aUMOJeicTBUSI» B AST
(cMm. T'naBy 7 «Ilpupoja cnivHa»).

TpebyeTcss HAaTH ypaBHEHUH,
ONKCBIBAIOLYE NO3UTPOHHO-
3JIeKTpUYecKue BoJIHbI B ST
3KBUBaJIEHTHbBIE U
CaMoCOrJIacOBaHHbIe C
MOAUGULUPOBAHHBIMH YPAaBHEHUSMU
MakcBesia B LST;

TpynHocTH:

cBoiicTBa PST HepocTaToO4HO
V3y4eHBbI;

Bpems - °T - ne onpegeneHo;
NO/IXO/bl K U3MEPEHUI0 BpEMEHH —
DT - oTcyrcryoT;
JlelleHTpasiu30BaHHas popMa MaTepuu
B PST He omnpezeseHa;

3Ha4YeHUe 3JIeMEHTAPHOTO
TOMOJIOTUYECKOTO MAarHUTHOTO 3apsijia
6 - He yCTaHOBJIEHO;

IJIOTHOCTB pacrnpe/eseHus
3JIEMEeHTApHOI0 TONOJIOTUYECKOT0
MarHUTHOTO 3apsza 0 Ha
JlelleHTPaJIM30BaHHOM 00'beKTe
aHTUMaTepPUHU B DST e usBectHa;

YpaBHeHus, onuceiBarore [13B
JOJI>KHBI OBITH CAMOCOTJIACOBaHHBI C
3KBUBaJIEHTHbIMH
MOAUGUIIMPOBAHHBIMU YPaBHEHUSMU
MakcBesisia B ST c ucnosbsoBanvem
«MJleaJTbHOT0 0OMEHHOT0
B3auMoeicTBusa» B ST (cM. I'naBy 7
«[Ipupona cnuHa).
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Mnasa 5 CpaBHUTE/IbHbIE CBOWCTBA M XapaKTEPUCTUKM NPOCTPaHCcTB-BpemeH “ST u PST

5.10 ®OTOHbI ¥ 1 TeEMHble GOTOHbI ¥

IlpocTpaHcTBO-BpeMd LST

llpocTpaHcTBO-Bpems ST

« CaeT cocToUT U3 GOTOHOB - 'y (nnu

POCTO Y) NepeHOCYUKOB KBAaHTOB ‘A
sHepruu LE dnexkTpoMarHuTHbIX BosH

(OMB);

* ®@opmMa poToHA: YACTUIbl MATEPHUH;

* Macca potoHa:m = 0;
e JJieKTpuYeckuu 3apana: q = 0;
* CnuH: ;S = 1.

TeMHbBIN CBET COCTOUT U3 TEMHBIX
doTonoB - Py (unm npocro 7)
NIepeHOCYUKOB TeMHbIX KBaHTOB A
TeMHO 3Hepruu PE
[To3uTpoHHO3IEKTpUYeCKUX BosiH
(cu/IbHOTO B3aMMO/IENCTBUS );

B TSSCU rnt00HBI - g ¥ MarHoHbI -
SIBJISIFOTCSI TEMHBIMU POTOHAMH - ¥;
®opma TeMHOro GpoToHa:
JlelleHTPaJIu30BaHHbIE 0O bEKTHI
aHTuMaTtepuu (cMm. ['1aBy 7);
Macca TreMHoro ¢potoHa:m = 0 ;
MarHuTHbIY 3apsAf: 0 =0;

CnuH: .S = 1.

5.11 CKopoCTb CBETa € M TEMHOrO cBeTa C

IIpocTpaHcTBO-BpeMsd LST

MlpocTpaHcTBO-Bpems ST

* CKOpOCTb CBEeTa B BaKyyMe - C,

COCTOSIIIEro U3 4YacTul, GOTOHOB Y - He

MOKEeT MPEeBbIIATh:
¢ = 299792458 m/c

CKopoCTb TEMHOTO CBeTa - C,
COCTOSILIEro U3 TEMHBIX GOTOHOB ¥ -
TpebyeT uccaeloBaHUH, C y4eTOM
cBoiicTB PST, MeTpuku 3ajamomeit
paccrosinue - °S , Bpemenu - °T, a
TaK»Ke MOIX0/bl K ONpe/iesIeHUI0
eJJMHUIb] U3MepeHus - PT.

B asnire6pe ¢ aGCOMIOTHBIM
JIOMHUHAHTHBIM MHHYCOM OHa
COOTBETCTBYET YCPEJHEHHOMY

3Ha4YEeHHUIO:
1
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[naBa 6 Tpex NpOCTPaHCTBEHHO-BPEMEHHAA MOAE/Ib KBAHTOBOM
NONOXUTENbHOM rpasuTaumnm 8 LST 1 MHOroKkBaHTOBOM
oTpuLaTensHow rpasuTaumn B PST

6.1 3aKkoHbl BcemupHoro TaroteHna B “ST n ee sksusaneHT (aHTuTarotermna) 8 PST

IlpocTpaHcTBO-BpeMa LST

TlpocTpaHcTBO-Bpems PST

3aKOH BCEMUPHOI'0 TATOTEHHUS
(3BT):

lp=—-1¢g —mlemz
rjie, rpaBUTALMOHHAS
nocrosiHHas “G - orpunarenbHa
L = —-6,67408-10"1'm3kr1c2
Bce Tesia MpUTATMBAOTCS.

TpebyeTcss HAWTH ypaBHEHUS /IS
3akoHa(0B) aHTUTATOTEHUHA
5KBMBaJIeHTHbIE yPaBHEHHUIO,
onuchiBaromemy (3BT) B LST:

DFl—n =)

Bce Tesia oTTaskuBawTCH.

6.2 O6wan Teopua otTHocuTensHoctv (OTO) 8 ST v ee skeusanenT 8 ST

llpoctpancTBo-Bpema LST

MlpocTpancTBo-BpeMs PST

OTO:
; 1 81 T
uv = =

Guv — 4 WY
rae, Gy, - TEH30p JUHIITENHA;
Ag,w - KoCcMoJiorudeckas
IIOCTOsIHHAas;

L g - rpaBuTanmonHas nocrosiHHas;
C — CKOPOCTb CBeTa B BaKyyME;

T, - TEH30p 3HEPrUU-UMITYJIbCA
MaTepuu “M;

Guv = Ruv - %guvR
rae, Ry, - TeH3op Puuyy;
R - ckangpHasa KpUBU3HA;
v — METPHKS;

JdTa cucTeMa ypaBHEHHUU [0J/DKHA
OBbITh CAMOCOTJIACOBAHHOM C

Oy AyUIMMY 5KBHBaJI€HTHBIMU
ypaBHeHuAMH B PST u,
COOTBETCTBEHHO, HaKJ/a/IbIBAaTh HA
HUX CylleCTBEHHbIE OTPaHUYEeHUS.

TpebyeTcsa HAUTH CUCTEMY
ypaBHEHHUH, SKBUBAJIEHTHbBIX
ypaBHenuam OTO B LST.

B aTo#l cucTeMe ypaBHeHUH
JIOJI’KHBI OBITh COOTHOIIEHHUS
MeX/Jy aHTUMaTepuei B opme
TOTOJIOTUYECKOTO COJIUTOHA
(byHlaMeHTa/NbHO-CLeNJIEHHOH C
MaTtepuel B “ST) u kpuBusHoi
NPOCTPAHCTBA-BpeMeHU
OTpUIATebHON KpUBU3HEI PST.

JTa cucTeMa ypaBHEHUH J0/KHA
6bITh CAMOCOT/IACOBAHHOM C
ypaBHenuamu OTO B LST u,
COOTBETCTBEHHO, HAaK/Ia/bIBaTh Ha
HMX CyLeCTBEHHble OTPaHUYeHHUS.
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lnaBa 6 Tpex NPOCTPAHCTBEHHO-BPEMEHHAA MOe/Ib KBAHTOBOW
NONONKUTENbHON rpaBuTauun B LST 1 MHOroKBaHTOBOM OTpULaTenbHoM rpasutaummn 8 °ST

* OTOBTSSCU:
1) g, =0,
2) Mlpu oTCyTCTBMU MaTepuu “M
NpOCTPaHCTBO ST - He siBAeTCA
IYCTbIM, @ COCTOUT U3 TKaHHY,
pacmupsomeicsa Bo BpeMenu LT,
R,w # 0,R # 0, acucrema
ypaBHEHUHU HYXKIAETCA B
JIOTIOJTHEHUH, YYUTHIBAIOIIUM
$oHOBOE N3MEHeHHe KPUBU3HBI “w
Y pacliMpeHue TKaHeu
IpPOCTpPaHCTBa-BpeMeHH (CM. 4aCThb
3 3aj1auu, cpOpMyIMPOBAHHOM B
KOHIIe 1. 6.7 faHHOMU [J1aBhI).

6.3 NoctoaHHas Xab6na “H, 8 ST v ero skemBaneHT DHbl_5 8 ST

MlpocTpancTBo-BpeMsa ST MlpocTpancTBo-BpeMs PST
* Ha ocHOBe coBpeMeHHbIX HAyYHbIX |* B mpocTpaHcTBe-Bpemenu PST
JlaHHbIX [94, 95, 96] HaM U3BECTHO JLOJDKHBI CYLLLeCTBOBATb CBOY,
3Ha4YeHUe «JMHAMHUY€eCKOM «IMHaMU4ecKre QJIyKTyalMOHHbIEe
nocTosiHHOM» Xa66s1a LH), napaMeTpbI» DHbl_s,
XapaKTepusylonee CKOpoCTb XapaKTepHu3yrolue CKOpoCTH
OZAHOPOZHOTO paClIMpeHNA HEOJHOPOJAHOTO aHU30TPOIIHOI'O
HabJ110/1aeMoro CKaTHsS 3TOro HeHabJ 10 [aeMoro
NpoCTpaHCTBa-BpemenH ST, Hamu PST, B COBOKYNHOCTH
IIPUMEPHO PaBHOE: SKBUBaJIeHTHbIe “H,:
Lh, =73,04 +1,04 (xm/c)/Mnc PHy, . = ()

B Tpex npocTpaHCTBEHHO-BPEMEHHOM MO/ie/IM CTpOeHHs BcesieHHOM nepBUYHBIN U
NOCJeAYIMN HYKJIEOCHHTE3, BKJIKYasd CUHTE3 TSXKeJIbIX 3JIEMEHTOB MPOUCXOUT
N0 NPUHUUIHWAJIBHO JPYroMy CLiEHapulo, 0 cpaBHeHUIO ¢ Mojenbo ACDM. OH
CTPOUTCS Ha OCHOBE Tpex MNPOCTPAHCTBEHHO-BPEMEHHOW YaCTHUIe-COJUTOHHOU
MoJlesid aToMa U aToMHoro sapa (cMm. ['naBy 8). B HeM, npakTHUyecku, OTCYyTCTByeT
AHHUTHUJIALMSA 00Opa3yUIMXCId MaTepud U aHTUMATepPHM, a TaKXKe, OTCYTCTBYeT
3noxa peKoOMOMHaUU. ITO OlpefesisieT KPUTUYECKOe OTHOIIEeHWe aBTopa K
3HAYEeHHI0 NOCTOssHHOUM Xa66Jia [97, 98], mosiyueHHOro Ha OCHOBe Ge3yNpedyHbIX
JlAaHHBIX MUKPOBOJIHOBbIX KOCMU4YecKUX TesieckonoB WMAP u IliiaHk, HO HeBepHOU
KocMoJsiorudeckon mogend ACDM. 3acnyKMBalOT BHUMaHUs TaKKe pe3yJbTaThl,
noJsiyueHHble B paboTre [99]. Takum 06pa3oM, camMocCOTIJIacCOBaHHble MapaMeTphl,
KOTOpbIMU onepupyeT TSSCU, oTKpbIBaeT nepes HaMU HOBble BO3MOXXHOCTH AJIsd
NOCTPOEHUs] TOYHbIX MaTeMaTUYeCKHMX MoJeJed, B TOM 4YUCIe U JJd
OKOHYaTeJIbHOTO pellleHus Mpob6JsieMbl Hubble tension.
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6.4 TKaHu npocTpaHcTB-BpemeH AST, LST u PST - kak peanbHble 1 06BbEKTUBHbIE
COCTaBAAKOLME YCTPOMCTBA BceneHHOM

OcHOBHOM 3aZjlaueld COBpeMeHHOW GU3UKU - SIBJsIeTCS 00beJUHEHUE KBAaHTOBOM
¢usuku u OTO, Kak sy4lIeld TeOPpUX IPaBUTALUM HA CETOAHAIIHUM JleHb. [l 3Toro
JleJJaloTCsl  pas/iduHble TMONBITKA pa3paboTaTb MaTeMaTH4YeCKUe MOJesH
KBaHTOBAHUSA rpaBUTal U1 WU KBaHTOBOTIO NPOCTPAHCTBA-BpeMEHHU
CTaJIKMBawUMecs ¢ HenpeoAoauMbIMU TpyaHocTsAMU [100, 101]. [Ipu aTOM ToyHOE
onpejesieHHe NOHATUSA KBAaHTOBOI'O IPOCTPAHCTBA-BpeMeHU OTCYyTCTBYeT. OObIYHO,
JlJIS1 ero ONMCaHUsA N0pa3yMeBal0T BOSHUKHOBEHUE JUCKPETHOCTH B IPOCTPAHCTBE
Ha [l1aHKOBCKMX MaciuTa6ax JauHbl (~1073% cm.). B cBA3M € 3TUM, Mbl MOXeM
OJHO3HAYHO 3asBUTb, 4YTO B OJHOM 6-MepHOM (4 BellecTBEHHbIX: 3
IPOCTPAHCTBEHHBIX U 1 BpeMeHHOe U3MepeHHs + 2 MHUMBIX: 1 IPOCTpaHCTBEHHOE
M 1 BpeMeHHOe U3MepeHHUs])) NPOCTPAHCTBe-BPEMEHU CO3JaTb CBOWCTBO
KBAaHTOBOCTU — HEBO3MOXXHO. B COOTBETCTBUHU C Halllell TMNOTE30M, HEOOXOAHUMO
Jl06aBUTb, KaK MUHHUMYM elle OJJHO NPOTHBOJEHCTBYMOLlee U He3aBUCUMOE 6-
MepHoe (C 3KBHBaJIEeHTHbIMU 6 MU3MepeHHUsMHU) NPOCTPaHCTBO-BpeMs. [Ipyu TakoMm
B3aMMO/IONIOJIHEHHH [JOJKHBI COOJIIOJaThC HEKOTOpble 00s3aTeJibHble YCJA0BUA:
B3aMMONPO3PAaYHOCTh 000UX TMPOCTPAHCTB-BPEMEH, WX Pa3HOPOAHOCTb U
HEKOMMYTaTUBHOCTb, aHTAaroHMW3M, a TakKXe Heo0X0AMMOCTb HOCTOSHHOIO
B3aUMOJIEMCTBUA Jpyr C JApyroM. ToJbKO TNpU CTPOTOM COOJIOJEHHUU 3THUX
TpebOBaHKM, B 060UX NPOCTPAHCTBAaX-BPEMEHU BO3HUKAET CBOMCTBO KBAHTOBOCTH.
[Ipy 3TOM y KaxAOro H3 3TUX /[BYX HE3aBUCHMMbIX M aHTAarOHUCTUYECKUX
NpPOCTPAHCTB-BpeMeH - OYAYT CBOM KBaHThl [I€MCTBUS, KaK BbIHYXKJEHHBIN
KOMIPOMUCC B NOCTOSHHON 6opbbe Jpyr c apyroMm. /lo6aBUB, K 3TUM JBYM
HE3aBHCUMBIM  NPOCTPAaHCTBaM-BpeMeHH, 06006ueHHoe [lapakommiekcHoe
AGcosIl0OTHOE  NPOCTPAHCTBO-BpeMsi, 4Yepe3  KOTOpoe  MPOUCXOAAT  Bce
B3aUMOJIEMCTBUSI U KOTOpoOe sIBJsAeTcd UHAUPepeHTHhIM (6ecnpUCTPaCTHBIM )
ApOUTpPOM, MBI B KOHEYHOM UTOr€ U MOJYYUM UCXOJHbIE M0JIOXKEHNS, ONMCAaHHbIE B
['naBe 2. ['y1aBHBINA BBIBO/], K KOTOPOMY Mbl NPUXO/JIUM, 3aK/IOYAETCSA B TOM, YTOOBI
elle pas NOAYEPKHYTb HEOOXOJUMOCTb U aJeKBaTHOCTb Ha3BaHUA 0I. 6.4 u
HIDKeCJelyI01ero yTBepKaeHus.

C y4eToM TOro, 4TO B IpPEAJIOKEHHOW HAaMU TEOPUU TPU NPOCTPAHCTBA-BPEMEHHU
aKTUBHO B3aUMMOJEHCTBYIOT MeXJy C000I0 IO 3aZjlaHHbIM QJrOpUTMaM, MbI
BBIHY/IeHbl BBECTH IIOHAATHE TKaHel npocTpaHcTB-BpeMeH “ST u PST kak oco6ble-
noJsieBble GOPMBbI MaTEPUHU U aHTUMATEPHUH, COZlepKalUX B cebe COOTBETCTBYIOLHE
3HEepPruIo ¥ UHPOpMaLUIO.

TKaHb OJHOPOJHOTO M M30TPOMHOTrO NPOCTpaHCTBa-BpeMeHH ST pacmupsercs
(OTHOCUTENbHO HEeMOABMHOM TKaHu AST) 3a cueT cxkaTHs TKAaHU HEOJHOPOJHOTO U
aHM30TPONMHOrO MpOCTpaHCTBa-BpeMeHu ’ST. CnpaBeaaMBo M 06paTHOe, TKaHb
HEOJHOPOJHOTO W aHM30TPONHOrO NpPOCTPAHCTBa-BpeMeHM JST — cxuMaercs
(OTHOCHTENbHO HeNOJBWXKHOM TkaHu “ST) 3a cyeT paclIMpeHMs TKaHH
OJIHOPO/IHOTO M H30TPONHOTO NPOCTPaHCTBa-BpeMeHHu “ST.
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lnaBa 6 Tpex NPOCTPAHCTBEHHO-BPEMEHHAA MOe/Ib KBAHTOBOW
NONONKUTENbHON rpaBuTauun B LST 1 MHOroKBaHTOBOM OTpULaTenbHoM rpasutaummn 8 °ST

PaccMOTpUM NMpocCTeNIui abCTpaKTHBIA NPUMeP-MO/ie/ib MJIOCKUX 3JIeMeHTapPHbIX
A4eeK TKaHel nmpocTpaHcTB — BpeMeH “ST u ST B a6cTpakTHbIM MOMEHT BpeMeHU
nepuojia BB-Cr, i3HayalbHO 06pa3yoLUXCsl U3 PpABHOCTOPOHHET0 TPEYTOJibHUKA B
AST, cm. puc. 8.

lp Dp
AN
bst
LA LC
[ 2 -
DA DC

Puc. 8. AGCTpaKTHBIH MpUMep-MoZieSb MJIOCKUX
3JIeMeHTapHLIX S4eeK NPOCTPaHCTB-BpeMeH “ST
u DPST, wusHavampHO oOGpasylomuxca U3
3JleMeHTapHOH  fiyeiikn (PaBHOCTOPOHHErO
TpeyroJbHHKa) B AST. Touku A, B u C -aBns0TCA
TOYKaMH A6COJIIOTHOTO IMPOCTPaHCTBAa-BpeMEHHU
AST B KOTOPOM CMHXPOHHO B Tsyncn POXAAIOTCA
touku “A u PA, 'B u PB, “C u PC, o6pasysa Bo
BpeMeHHU Lt 3JleMeHTapHble A4eHKHU
NPOCTPaHCTBa-BpeMeHHU MOJIOXKUTETbHON
KpuBH3HbI “ST u Bo BpeMeHu °T npocTpaHcTBa-
BpEMEHM OTpULATeJbHOH KpUBU3HBI  CST,
cooTBeTcTBeHHO. Touku “Au A, “BuPB,“Cu®’C
- ABAATCA (QyHJAMeHTaJbHO CleNJeHHbIMHU.
JInst HarnsiAHOCTH siueiika B °ST “306paxkeHa B
BUJIE TPEPBIBUCTON KPUBOH, HO HEOOXOAUMO
Cpa3y OroBOpPUTBCS, 4YTO ¢opMa TKaHEH U
aHTMMatepun B CST Tpe6yioT oTAenbHOrO
n3ydyeHus (cM. n. 6.8 naHHoH [1aBhI).

JUIMHY reofiesnyeckoi TMHUY B 4ST Mexay ToukaMu A U B - 0603Ha4MM yepes ASgl.
JUIMHY Teofie3nyeckoit TMHUM B LST Mexnay Toukamu ‘A u 'B - 0603HauuM yepes
LS 1. 06061meHHy0 npoekuuio Ha ST (cM. . 6.7, 6.8) reosie3ndeckux TMHUH B °ST

Mexzy Toukamu A u PB -, 0603Haunm yepes PS,;.

OueBuzaHO, uTo Ans 4ST c reomeTpuet EBkinaa (€) reoae3wdeckasl JIMHHS,
coefuHALIasA TOYKU A U B 1 npsiMas JIMHUA (0Tpe30K), CoeJUHALMN ToYku A u B
COBIIAJIAOT:
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S
gl
=1 33

Jnsa LST c reomeTpueit Pumana (R) reopesunyeckas JIUHUSA, COEJUHSAIOIIASA TOUKHU Ly

u LB Bcerpa 6osblue (f1MHHEE) reoe3uYecKoi JMHUM, CoeJUHsAIelH Touku A U B
A

B “ST:

L

Sgi
= >1 (34)
Sg1
3HayeHUe COOTHOLIEeHHsS 34 Mbl MOXXeM Ha3BaTbhb KO3QUIUEHTOM reojie3udecKou
KPMBM3HBI MeX/y ToukaMu “A u “B B LST.

Jns PST c reomerpueii Jlo6aueBckoro-Bosbsau (LB) 06061eHHas NpPOEKLUS
reo/ie3MYeCKUX JIMHUH, coeguHAromux Touyku A u PB na 4ST Bcerma MeHblie
(kopoue) reoie3udecKoit IMHUM, coefiuHsomeil Touku A u B B AST:

S

—-—<1 35
s (35)

3HaueHUe COOTHOLIEeHHs] 35 Mbl MOXXeM Ha3BaTbhb KO3QPUIUEHTOM reo/ie3udecKou
KpMBM3HBI Mexay Toukamu A u PB B PST.

B cooTBeTcTBUU € popmysiamu 33-35 MexAay AJUHAMU LSgl B LST, ASgl BAST u DSgl B
DST BrImosiHsAeTCA HepaBeHCTBO 36:

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

[IpuBefieHHBIA aOGCTPAKTHBIA NpPUMEpP-MOJeJib CTPOEHUSl 3JIeMEHTApHbIX SYeek
npoctpaHcTB-BpeMeH ST wu PST - apnserca HaumpocTeimuM, HO aBTOPY 6bLIO
Ba)XHO NPOJEMOHCTPUPOBATh, YTO BCE 3JIeMEHThl TKaHell 000MX NPOCTPAHCTB-
BpeMeH - SBJAKTCA (yHJAaMeHTaJbHO-CLelJeHHbIMU. Pu3ndeckass peasbHOCTb,
HEeCOU3MepHMO CJI0Hee: CM. MM 6.6 — 6.8 HacToAwen ['1aBel, a Takxke ['1aBy 7. Ho B
KOHEYHOM MTOTe CTAaHOBUTCH OYEBUJHBIM, UYTO JJIl MOCTPOEHUS MOJIHOLEHHOU
TEOPUU TpaBUTALUM U AHTUTPABUTALMM HaM HeO0OXO0JMMO pa3BUBATb TEOPHUIO
$U3NKH CTPOEHMs ¥ B3aUMO/eHCTBUI TKaHel npocTpadcTs-BpeMeH “ST u PST.

6.5 ObpasosaHue macc “m yactuu matepum 8 ST u macc Pm
[eLeHTPaNn30BaHHbIX 06beKToB aHTUMaTepun B ST

T'unoTesa: Macchl “m yactun matepun “M B LST u Macch1 Pm fenenTpanusoBaHHbIX
06bekToB aHTuMatepun °M B PST poxparoTca cuHXpoHHO B Tsyncn 43
pyHJaMeHTaNbHO-CleNJIEHHbIX AdeeK TKaHell mpocTpaHcTB-BpeMeH “ST u PST ¢
MCIO0JIb30BaHMEM TOINOJIOTUYECKUX 3PQPEeKTOB INepenyTbiBaHUSA TKaHed 0O0UX
npocTpaHcTB B AST. 3TM Tomo/JOrMYecKHe MeXaHM3Mbl - TPeGYIOT TIJ1y6OKHX
UCCIeJOBaHUM Ha OCHOBe (QHU3NYECKUX TeOpud KoC U Yy3s0B. [lpu 3TOM,
06pa3oBaHHbIe TeoMeTpUYeckue AedeKThbl uiu aedpopMalMOHHbIE UCKPUBJIEHHUS B
CaMHUX TKaHAX 000UX NMPOCTPAHCTB — ABJAIOTCA HUYTOXKHBIMU U KOMIIEHCUPYIOTCH.
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lnaBa 6 Tpex NPOCTPAHCTBEHHO-BPEMEHHAA MOe/Ib KBAHTOBOW
NONONKUTENbHON rpaBuTauun B LST 1 MHOroKBaHTOBOM OTpULaTenbHoM rpasutaummn 8 °ST

A, BOT IpU /JBWXXEHMU MacC 'm wvactun, matepum B ST u wmacc Pm

JlelleHTPa/u30BaHHbIX 06bEKTOB aHTMMaTepuu B CST, 3TH reoMmeTpuyeckue
JlepeKThl, UMelolHe TI0JeBYI0 IPUPOLY - ABJSAETCA UX HEOTbEeMJIEMOU YacThl0. ITH
yTBepX/JeHuss xopomo coraacyerca ¢ OTO asna mpocTpaHcTBa-BpemeHu “ST.
PoxxzieHHbIe CHHXPOHHO B Tgypcp Macchl ‘m vactur MaTepuu Ly B LST w maccer Pm
JlelleHTpa/M30BaHHbIX 06bekToB aHTUMaTepuu °M B PST - Taxke saBasOTCA
byHIaMeHTa/lbHO-CLeMJIEHHbIMUA. U1en M TUnoTe3bl CHHXPOHHOTO POXKAEHUS U3
BaKyyMa MaTepHUu C IMOJIOKUTEJbHOW MacCOM M C OTpULATEJbHOU Maccou
nepuoMuecKd Mu3ydyalucb B Hay4yHoH JsuTepaTtype [102], HO B JaHHOM ciayyae
NOCTYJIUPYETCS POXAEeHUe 4YacTUL, MaTePUU U [eLleHTPaIM30BaHHbIX OObEKTOB
AHTUMaTepHUU HENOCpPe[CTBEHHO M3 B3aUMOIIPO3PAYHbIX TKaHEW NpPOCTPAHCTB-
BpeMed ST u PST, npuuem kaxjas yacTula MaTepUU U JelleHTPaIU30BaHHbIMN
00'beKT aHTHMAaTEPHUHU — POKAAIOTCS B CBOEM IPOCTPAHCTBE-BPEMEHH.

Hcxoza M3 nmpeJsioKeHHOM HaMu runoTese, Jo6asa Macca “m poxjgenHas B LST -
AABJISeTCs TPAaBUTALMIOHHOM 10 onpe/ie/ieHuIo, a Jo6as Macca °m poxjennas B °ST
- ABJAETCA aHTUTPaBUTALMOHHOMN. Cle/joBaTeNbHO, B CTAllMOHAPHOM COCTOSHUH
Macca “m B ST crpemuTca k nokoro, a Macca °m B PST crpemMuTca k juHamuKe.

BakHelMii ¥ NPUHIMIHANLHBINA BOIIPOC O TOM, KAKUM 06pa3oM B “ST nosaBasaoTcs
YacTHIbl aHTUMaTepUH, TpoHUKatomue u3 °ST kpaTko paccMoTpen B ['1aBe 9.

TakuM 06pas3oM, PyHAaMeHTa/JbHO-CLENJIEHHble MeXJy C000I0 S4eMKU TKaHeH
npocTtpaHcTB-BpeMeH “ST u PST - aBAA0TCA aKTUBHBIMU T10JIeBLIMU Ga3UCHBIMU
MaTepUaJIbHbIMU CyOCTAHIIUAMU, TPeOyIolHe rJyOOKOro U3yYeHUs.

HckoyeHreM U3 Npejiyio’KeHHOT0 MeXaHM3Ma CUHXPOHHOTO B Ty .p OGpa3oBaHUs
macc ‘m B “ST u Pm B PST - aBasiercst: 6030H Xurrca H u, BO3MOXHO, Z 6030H. O
dyHIaMeHTa/IbHOM 3HAa4eHUU CKaJisspHOro noJjist bpayra-Juraepa-Xurrca (BEH) u
caMmoM 6030He H, uMmermero cnuH paBHbid 0 (.S =0), ux poad B caabom

B3aUMOJIEMCTBUN OyAeT HU3J0KEeHO B cjeaywolled nybuaukanuu «Popmanusm
TSSCU».

6.6 CamocornacoBaHHble YPaBHEHNA POXKAEHMA N IBONOLMM TKAHEM NPOCTPAHCTB-
BpeMeH B ycnoBuax rpasutaumm 8 “ST u aHturpasutaumum 8 °ST

I'paBuTtanusa B “ST u anTurpaButanusa B °ST npejcTaBIgI0T CO60I0 CUJIbI, KOTOPbIE
BO3HUKAIOT KaK MpPOTUBOJAENCTByloLIMe (CTpeMsllMecs KOMIIEHCUPOBATb)
HEYKJOHHOMY pacIlMpPeHHUI0 IIPOCTPaHCTBa-BpeMeHH “ST 1M HeyKJIOHHOMY CXaTHUI0
npocTpaHcTBa-BpeMeny PST. Kak 6bulo ykasaHo B [yaBe 3, ¢ MomeHTa BB
OJJHOBpPEMEHHOE M3MeHeHHe Mapbl 06paTHO KBaJpaTUYHO 3aBUCUMbBIX TapaMeTPOB:
paccTOAHUA-paZiMyca KPUMBU3HBI - 'S B CTOpPOHY yBe/JWYeHUA U KPUBU3HBI - “w B
CTOPOHY yMeHbIIeHHUs - IPUBOJUT K PacIlMpeHHUI0 NPOCTPaHCTBa-BpeMeHu ST u
MOpOX/jaeT rpaBUTALMIO - “G,. Haua/bHble 3Ha4eHUA 3THX NIAPaMETPOB U3BECTHBDI:
Lsy = 0,alwy = 0. CHHXpPOHHbIE M3MEHEHHUs 3THUX IIapaMeTPOB JOJKHbI IPUBOAUTD
K CO3/JaHUI0 HENpEePbIBHbIX OPUEHTUPOBAHHBIX CETEU «3JIJIMITUYECKOTO TUMA» C
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JIMHEHHBIM OZIHOPOJHBIM paclIMpeHHeM MpOCTpaHCTBa-BpeMeHu “ST. C MoMeHTa
BB opHOBpeMeHHOe U3MeHeHHMe IMapbl O00paTHO KBaZpaTUYHO 3aBUCHUMBIX
NapaMeTpPOB: PacCTOAHMA-PAZMyca KPUBU3HBI - ’S B CTOPOHY yMeHbIIEHHUS H
KpMBH3HbI - "w B CTOPOHY yBeJWYEHHs - NPUBOJUT K HEOAHOPOJHOMY H
aHM30TPONMHOMY  CKaTHIO  INPOCTpaHCTBa-BpeMeHH P°ST W mopoXzjaeT

aHTHUrpaBUTaLuIo - P G,. Haya/ibHble 3HAYEHHsI ITUX TApaMeTPOB U3BECTHBI: Ps) =

1
——a Pwy = 0. C yueTom Toro, 4To mporecc cxkaTUs - ABJIAETCA HEOJAHOPOAHBIM U

AHU30TPONHBIM, CHHXPOHHbIE U3MEHEHUS ITUX TapaMeTPOB J0J/KHbBI IPUBOJAUTD K
CO3/]JaHUI0 Ppa3pbIBHbIX BpalllaTeJbHbIX CeTeld «TrUMepOoJUYecKoro THUIA» MU
co3/laBaTh TONOJIOTUYECKUI BpalllaTeJbHbIA MeXaHU3M cTabunusanuu (cM. 1. 6.7).

llpocTpancTBO-Bpemd “ST llpoctpancTBo-Bpems ST
_1._1 —1
G _K-w-\/dx2+dy2+dzz 1 K w \/—de—dyz—dZZ
T t v o=
G, 211
t v

YpaBHeHus 19L u 19D nosiyyeHHble B [y1aBe 3 - ABAAIOTCA NpeJBapUTEJNbHBIMU U
HemoJHbIMU cM. 1. 3.7 T'naBbl 3. HecMoTps Ha 3TO, OHM JAAlOT HaM OOTaTyio
MHbOopMaLM0 [Js aHajJu3a U NOCTPOEHUs pas3/IMYHbIX pabodyux Mojesen
rpaBUTaLlMM B LST wu AHTUTpPABUTALMM B DST, a Takxke pmna NpOBeJleHUs
NpaKTUYECKHUX IKCIepuMeHTOB. Heo6XoJMMO HAamOMHHUTb, UYTO ypaBHeHue 19D
OTHOCHUTCSl K a/irebpe ¢ abCOIOTHBIM JJOMUHAHTHBIM MUHYCOM. ['1TaBHOU 3ajjauel,
CTOSILleM Ha HBbIHELIHEM 3Tane - SBJAETCAd HaXO0X/JEeHUs KBaHTAa pacllMpeHUus
NpOCTPaHCTBa-BpeMeHu “ST caMOoCOr/lacoBaHHOTO C TeMHBbIMHU KBaHTaMHU CKaTHA
npocTpaHcTBa-BpeMeHH ST Bo BpeMeHM CUHXpPOHM3alUH Tsyncn-

6.7 KnaccuduKaums 1 HOBbIM CcoaepKaTebHbI CMbICT NETEBON KBAHTOBOW
rpasuTaumm LQG v Teopum cTpyH ST Ha Base Teopmnm B3aMMOMPO3PaYHbIX
CaMOCOT/1aCOBaHHbIX CETEN B YCAOBUAX rpaBuUTaumm B “ST 1 aHTUrpaBuTaLmm B
bsT

llpocTpancTBo-BpeMsa “ST MlpocTpancTBo-BpeMs PST
Teopusa HenpepbIBHbBIX Teopus pa3pbIBHBIX CETEU
OPHUEHTHUPOBAHHBIX CETEN «TUNEep60oIUYECKOT0 THIIa» C
«3JJIMITUYECKOTO THUIAa» C IMHEUHBIM aHU30TPOINHBLIM HEOJHOPOJHBIM
OZJHOPOHBIM pacIIMpeHUueM CKaTUeM
B YCJIOBUSAX IPaBUTAL MU B YCJIOBUAX aHTUIPaBUTALMU

Kak 6b1710 yKa3aHo paHee, rpaBuTanusa | Kak 661710 yka3zaHo paHee,
B LST - aBnserca cunoii nputskenusd, | aHTurpaBuTaunusa B °ST - apaserca

NbITaoAAcsd KOMIeHCUpOBaTh CUJIOH OTTa/IKUBAHUS, BITAOILASCS
pacuMpeHue TKaHel 3TOro KOMIEHCUPOBaTh CKaTHe TKaHel 3Toro
NPOCTPAHCTBA OTHOCUTEJBHO NPOCTPAHCTBA OTHOCUTE/IBHO
Hemno/BWXKHbIX TkaHel 4ST. Hemno/BIKHbIX TKaHel 4ST.
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B HayasbHBIA MOMeHT BB - oHa
MHHUMaJIbHa, a CBOEero MakCUMyMa
Jocturaet B MoMeHT Cr (cM. puc. 1).
MogenvpoBaHue NPOCTPAHCTBA C
MCI0JIb30BaHUEM CJIOKHBIX CETEH —
SIBJISIETCSI €CTECTBEHHbBIM IIPOLIECCOM.
[TonbITKU TaKOTO MOEJUPOBAHUS
CTPOEHUS TeOMeTPUYECKHUX A4eeK
TKaHel NpocTpaHCcTBa-BpeMeHu ST u
WX B3aUMO/JIeNCTBUM (MHTEepIpeTaLus
aBTOpa) aKTUBHO OCYLIECTBJISIETCS B
Teopuu LQG [103, 104], rae
[l1aHKOBCKY10 JVIMHY [, TPUHUMAIOT 32
MUHHUMaJIbHO BO3MO>KHO€ pPacCTOsIHUE
MeX/1y y3J1aMu rpadoB, KOTOpbIe
06pasyloT 3JIaCTUYHYIO CTPYKTYPY
CEeTH TKaHeW NPOCTPaHCTBAa-BpEMEHU
LST, xoropaa passuBaerca Bo BpeMeHu
LT. 31a Teopus, koTopas go/mKHA GBITH
corsiacoBaHHOM ¢ ypaBHeHusaMHU OTO--
JlenaeT cBoM nepsble wark. Ho, kak yxe
YIOMHHAJIOCh B II. 6.4 HacToAILEeN
['naBbl, A5 nosiydyeHus a¢pdexra
KBAaHTOBaHUs U JaJbHENIEero
pa3BUTUSA OyayLIeld Teopur
rpaBUTAllMU HEOOXOAHMMO YYHUTHIBAT,
YTO KaXK/bIM 3JIEMEHT 3TOU CeTU
byH/laMeHTalbHO-CLeNJIEH CO CBOUM
napTHepoOM 3JileMeHTOM ceTH B PST,
KOTOpbIN MMeeT HETPUBHAbHYIO
TonoJiornyeckyt ¢popmy. bes yuera
byHJaMeHTa/IbHOM-CLENJIEHHOCTH
TKaHel NpocTpaHCTB-BpeMeH ST u
DST passuTue 11060 nosHOLEHHOM
TEeOpUH rpaBUTAL U CTAHOBUTCS
HeaQPEeKTUBHBIM.

C Touku 3penus PST (cm. Tab.1. 3 rnaBbl
3.7), B Ha4aJbHbI MOMeHT BB - oHa
MUHHUMaJIbHA, a CBOEro MakKCUMyMa
focturaet B MOMeHT Cr (cM. puc. 1).
Cu/la aHTUTpPaBUTALIMU B HAYaJIbHBIN
MOMeHT BB pa3pbiBaeT caMy TKaHb
NpPOCTPAHCTBa-BpEMEHHY, Jesias
HNOHSATHS: paccTosiHUs, GopMy
aHTMMaTepUU U TeMHOro BpeMenu °T -
npeaMeTOM JJis JadbHEeNIIHUX
nccaenoBaHui. Heob6xoquMo Takke
YYUTBIBATD, UYTO B YCJIOBUSAX
AHTUTPABUTALMHU pacllelJIeHHbIe
3JIeMeHThl TKaHel IpOoCTpaHCTBa-
BpeMeHH ST - JO/KHBI: BO-NEPBBIX,
NOCTOSIHHO HaXOJAUThCS B [IBKEHUH,
T.e. ObITb BOJIHAMH, COXPAHSAIOILUMU
IPU 3TOM CBOIO TOMOJIOTUYECKYIO
L|eJIOCTHOCTD (t — COJIMTOHAMU CM. 1.
6.8 v ['1aBbI 7 U 8), a BO-BTOPBIX
COXPaHATb CBOMCTBO
byHIaMeHTalIbHOM CLEeNJIEHHOCTH CO
CBOMMHU NapTHepaMH B “ST. 06a aTux
dakTopa, a Takke PaKT TOro, YTO
npouecc cxatusa PST B yc0BUAX
AHTUTPABUTALUU — SIBJISIETCS
HEOJHOPOJAHBIM U aHU30TPOTIHbIM,
JIOJKHBI CO3/jaBaTh TOMOJIOTUYECKUU
BpaljaTeJbHbIA MEXaHU3M,
obecreynBaIKi CTabUIU3aIHI0 U
KOHCEHCYC CTPYKTYPHO-
$yHKIMOHANbHBIX MpoLeccoB B °ST
(manee, cokpallleHHO: TOMOJIOTUYECKUH
BpaljaTeJbHbIA MEXaHU3M
CTabUIM3aLuNn).

String Theory, o6s1aparoas 6oraTeiM U
Pa3HOPOAHBIM MaTeMaTHU4YECKUM
anmnapaTtom, C TOYKHU 3peHHUd aBTopa,
Jl0J>KHA 04eHb TOYHO pa3/ieIMThCS Ha
JIBE CAMOCTOSITe/IbHbIe TEOPUH.
[lepByto, Tak 1 Ha3oBeM String Network
Theory (SNT), koTopas HaUMHas C
pab6oT G.Veneciano [105] u H. B.
BosioBuy [106], nbiTaeTcss UHTYUTHUBHO
Y Ha «OIIyTb» CMOJIeJTUPOBATh
CTpOEeHHEe aHTUMATEPHUH, CUJILHOTO
B3aUMO/JIEUCTBUA U TKaHeHn
npocTpaHcTBa-Bpemenu °ST, B
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YCA0BUSAX aHTUTpaBUTALUU. Llesbio
HCII0JIb30BaHUSA B pa3JIMYHbIX
Pa3HOBUAHOCTSX 3TOU TEOpUHU
MHoroo6pa3uit Kana6u-£y, Ha B3r/is ]
aBTOPA, SIBJISETCS He TOJIbKO
KOMMNAKTHU3aLUsI CKPbIThIX H3MEPEHUH,
HO Y NONbITKA HAUTH MMOJJ00HBIN

3¢ PeKTUBHBINA TOMOJTOTUIYECKUHN
BpalllaTeJbHbIA MeXaHU3M
CTabuIM3an MU (UM CMBICJ 3TOTO
MHOT000pa3us), B yCJIOBUAX
aHTUrpaButauuu. KoceeHHbIM
N0/ITBEPX/IEHUEM TOTO, YTO
MHoroo6pasus Kanabu-[y oTHocuTCs K
DST - aBnsaerca To, 4o npu ero
BbIBO/Jle TeH30p Puyyu He
NPUMEHUMBIHA K TEOMETPUHU
Jlo6aueBcKoro-boibsiv cTaHOBUTCA
paBHbIM 0. /l11 TOTO, YTOOBI
OnpeJleJIMTh TUIl MHOTOO6pa3ui
Kana6bu-fy peanrsoBaHHbIN B Ipupo/je
Y €ro MoJIHbIA QYHKIIMOHAJ

Heo6X0 MO O4eHb TOYHO
chOpMyIMpPOBATH CTOSAILYIO NIepes
HaMHU 33/1a4y. Bo3aMoxkHo, A1 ee
pellleHus], B TOM YUCJe, HE0OX0JUMO
MCCIe/0BaTh pelleHUs1 ypaBHEHU S
MoH>ka-AMnepa runep60JM4ecKoro
THIIa, a He 3JIMnTH4eckoro tuna [107].
Bce, 4To ceroiHsi TpebyeTCs CTPYHHOU
TEOPHHU CeTel — ITO Nepe0CMbICTIEHHUE,
obpeTeHHe KOHLIENTYyaJlbHOU
[|€JIOCTHOCTHU C yY€TOM TOYHbIX
Hava/bHBIX YCJIOBMH U cBoiicTB PST.
Byayiuiue ypaBHeHUs, ONKCbIBAIOLIHE
paboTy 3TOro TOMOJOTUYECKOTO
BpalllaTeJbHOTO MexXaHU3Ma
cTabuausanuy, c yaetom 6 (4 +2)
usmepenuit °ST - 3To u ecTb
ypaBHEHUs aHTUTPaBUTAIUU, KOTOPbIE
JIOJDKHBI ObITh 9KBUBAJIEHTHBIMHU
cucteMe ypaBHeHMH B 'ST (cM. KoHely
JlaHHoro naparpada). /lonoJHUTEeNbHO
K BbIlIIECKa3aHHOMY, HE06X0JUMO
OTMETUTb, UYTO MOMBITKU ONTMCAHUS
OT/eJIbHbIX 3JIeMEHTOB
(YHKIMOHANBbHBIX MTPOLIECCOB 3TOT0
TONOJIOTUYECKOT0 BpalaTeJbHOTO0
MexaHHM3Ma CTabUIU3al1U -
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MOCBSILIEHbI U PA6OTHI B TEOPUH Xaoca
WJIY AIMHaMU4YecKoro xaoca [108].
BTopoit Teopuu, KOTOPYIO HA30BEM
Controlling String Theory (CST)
TpebyeTcsl KapAMHaJIbHOE 0GHOBJIEHHE,
YTOObI COXPAaHUTh CBOM MPETEH3UU Ha
BO3MOXXHOCTb 00'be/JUHEHUST BCEX
B3aUMO/JIeICTBUIM B paMKax 060UX
npocTpaHcTB-BpeMeH “ST u PST. K
TaKOMy MOAX0y ObLI1U 6J113KHU P.
Candelas, Gary T. Horowitz, Andrew
Strominger, Edward Witten B pa6oTe
[109] B 10-MepHOU TEOPHUHU CTPYH,
NpeJNoJIOXKUBLIME HE3AaBUCHMOCTb 4
usmepenuit (“ST) u 6 usamepenwui,
TPeOYIIINX KOMIAKTU3aL U H.

OnKcaHHbIe HAMM BbIIIE, AITOPUTMBI paccaoeHus AST npegocTaBaseT COBEPLUIEHHO
HOBbIE BO3MOHOCTH [JI1 Pa3BUTHUA 3THUX [ BYX, B3aUMO/OIOJHAKIIUX APYT APYTa,
HanpaB/eHUH Ha 0a3e TeOpUM B3aWUMONPO3PavyHbIX CaMOCOTJIACOBAHHBIX CeTeM,
MMEIIIMX aHTAarOHUCTUYEeCKUue CBOWCTBa. Bo-mepBbIX, Hajuuue MEepBUYHOTO
ABCOJIIOTHOTO IPOCTpaHCTBa-BpeMenH “ST, c reomerpueit EBkanza (€) ¢ 3TaloHHOM
MEeTPUKOMW U HEMO/IB>KHOW TKaHbIO - NpUAaeT OyAylleil Teopun GyH1aMeHTaJlbHbIN
xapakTep. Bo-BTOpbIX, poxJeHue B MOMeHT BB W fajbHelllee pa3BUTHE [JBYX
CaMOCOIJIaCOBaHHBIX MPOCTPaHCTB-BpeMeH “ST u PST uMeeT To4HbIE 3aBUCUMOCTH.
B-TpeTbux, noHaTue ¢QyHAaMeHTaJbHOM CLEINJIEHHOCTH U 3pdekTa cnuHa (CM.
['naBy 7) - Hak/1a/bIBaeT OTPaHUYEHHS HAa U3MEHEHUS U CBOMCTBA Nap «KKPUBU3HA U
PacCTOsIHUEY, JIeXal[UX B OCHOBE CTPOEHHUs TKaHel npocTpadcTB-BpeMeH “ST u ST,
npujaetr OyAylied TeopuM MaTeMaTHU4eCKyr CTpPOrocTb M OrpaxkjaeT
ucciefoBaTesed OT pacCMOTpPeHUs] abOCTPAKTHBIX, HENPOAYKTUBHBIX BapHUaHTOB.
TakuMm o06pa3oM, O0CO3HaHHOe U leJieHalpaBJeHHOe pa3BUTHE TeOpUH
B3aMMOIIPO3payHbIX CaMOCOIJIACOBAaHHBbIX CeTel, KakK (QU3UKU CTPOEHUs U
B3aMMO/IEHCTBU I TKaHe# npocTpancTB-BpeMeH “ST u PST - nosBosut B 0603puMoM
Oy/ZylleM, peLIUThb He TOJbKO «Ip06JieMy KBAHTOBAaHUSA IPaBUTALMM», HO U CO3/1aTh
MIOJIHOLIEHHY10 CaMOCOTJIACOBAaHHYI0 TEOPUIO TPaBUTALMK U aHTUTPaBUTALMU.

C y4eToM OrpOMHOM CJIOKHOCTH, CTOSAILEN Nepes HaMU 3aJa4yy, ee MOXKHO pa3OUTh
Ha TPH 4aCTH:

1. Cucrema caMoCOT/IaCOBaHHbBIX YPABHEHUM B Typcp:
- HellpepbIBHBIX OPUEHTHPOBAHHBIX CETEH «3JIJIMIITUYECKOr0 TUIa» C IMHENHBIM
OJIHOPOJIHBIM pacmMpeHHeM B “ST W paspbIBHBIX ceTeil «rMnep6ouYecKoro
TUNa» C HEOJAHOPOAHBIM aHM30TPONHBIM CKaTheM B °ST C HCIOJIb30BaHHEM
TOIOJIOTHUYECKOI'0 BpaLaTeJbHOI'0 MeXaHU3Ma CTabUIU3aLuH.

2. Cucrema caMOCOTIJIaCOBAHHBIX YPABHEHUH B Ty pcp:
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- POX/IeHUA Macc “m yacTul MaTepuu U3 TKaHel ceTel «3JUIMITUYECKOTO TUIIa»
B ST u macc Pm pgeneHTpannM30BaHHBIX 06BHEKTOB aHTUMAaTepUHM U3 TKaHekl
ceTeil «runep6oMyeckoro tuna» B ST ¢ MCNo/sb30BaHHMEM TOINMOJIOTHYECKHUX
3 PeKToB nepenyThHIBAHUA TKaHel 0601X MPOCTPAHCTB B 4ST.
3. Cucrema caMOCOI/IaCOBaHHbBIX YPABHEHUMN B Ty pcp:

- omnpejessOIINX U3MEHEHUs MapaMeTpPOB CEeTHU «3JJIMITHYECKOTO THUIa» B
NpUCYTCTBUU Macc “m wmarepum B ST (cucrema ypasuenuit OTO) u
onpeJie/lIIUX U3MEHEHUs] MapaMeTPOB CETH «TUMEpOOJIMYEcKOro TUMa» B
NPUCYTCTBUU Macc ’m jenieHTpaiu30BaHHbIX 06bEKTOB aHTUMaTepuu B PST.

6.8 ®opma matepum B LST 8 ycnosuax rpasutaumm u dopma antumatepum 8 °ST 8
YCNOBUAX aHTUTPABUTALMN.

llpocTpaHcTBO-Bpemsa LST llpocTpancTBo-Bpems 2ST

JIto6as yacTrlia MaTepuy, poxkgeHHass | CBOMCTBa aHTUTPaBUTAL MU NO3BOJISIIOT
B LST 13 TkaHel 3TOro NpocTpaHcTBa, | BbIABUHYTb IMIOTE3Y 0 GopMe

WCIIbITbIBAET JeWCTBHE TPaBUTALIUU anTuMaTepuu B °ST, s5KBUBaJIeHTHOM
WJIM B3aUMHOTO TIPUTSAMXEHHUA CO BCEMM | yacTuaM B “ST.

CYIL,eCTBYIOLIMMH 06beKTaMu B LST. Ilo MHeHUI0 aBTOpA, Takasa ¢opma B °ST
Co6CTBEHHO, UMEHHO 3TH — SIBJISIETCS TOMOJIOTUYECKUM
rpaBUTALMOHHbIE B3aUMOJEUCTBUA U | COJIMTOHOM, COCTOALLMM M3 NAKeTa
JlenaeT ee OpMy OKPYTJIOHN — NOCTOSIHHO pacnaZaruiyuxcs u
npespaias B yactuuy. [Ipouecc JIBUTAIOLUXCS B 00J1aCTh CBOEH

pacmupeHus TKaHei ‘ST - aBnsaerca JIOKaJIM3aLUH 3J1eMeHTOB (CM. IJ1aBy 7).
OZHOPOJHBIM Ha 60JIbIIMX MaciiTabax, | [l TOro 4To6bl OTIMYATH

HO X QyHJaMeHTalbHas- TOMOJIOTUYECKHE COJIUTOHBI, KaKk GopMy
CLIeNJIeHHOCTDb C TKaHAMU PST- AHTUMaTEPUU OT BTOPHUYHBIX
BbIHYK/JaeT HaX0/JUTb pa3/IMyHbIe CONUTOHOB B ST, 6y1eM Ha3bIBaTh UX
bopMBbI A1 JIOKAJbHOTO PAaCUIMPEHUS. | COKPAILlEHHO t-COJTMTOHAMU, UJIU
B cBA13U Cc 3THM, /1100as YacTULaA - COJIMTOHHBIMM 06J1aKaMHU (S-
JlOJ>KHA NpUob6peTaTh o6s1akaMu). lyis1 JaHHOU TMNIOTE3bl
HEe3HAYUTEJIbHYI0 OBaJIbHYI0O GOpMy MMEKTCS CleyIlie OCHOBAHUA:
(paHO WK NO34HO OYAYT - B PST pelicTByeT aHTUrpaBUTALMS;
pa3paboTaHbl TEXHOJOTHUH, - camo PST neopnoposHo 1
NO3BOJISAIOIINE OYEHb TOYHO AHU30TPOIHO, YTO XOPOLIO
uccae0BaTh GOPMbI HAaCTHLL U 3TO 00'bSICHSIET MPUYUHY BO3HUKAIOLIHUX
yTBepKJeHue OyaeT pa3pelieHo). B B HEM HeJIMHEUHBIX IPOLeCCOB;
3aBUCUMOCTH OT CTOALIMUX [TIepeJf HAMU | - BpeMs DT B PST Taxxe
3a/1a4 Mbl MOXKeM NIpeHebperaTh Takou HEOJHOPO/JHO U aHU30TPOMNHO (CM.
TOYHOCTBIO POPMBI y MAaTEPHUHU B n. 5.1, 5.3 I'naBel 5), uMeeT
MUKPOMMUDPE, HAlIpUMeD, CUUTas BOJIHOBYI0 IPUPOAY, YTO TpebyeT
3JleMeHTapHble YacTULbI B “ST - JaJIbHEHIIUX HCCaeJOBaHUM U U el
TOYEYHbIMHU. JUIS1 er0 OTNIMCaHUS;

- B PST peanusyerca reomerpus

(£B);

- 5-W mocTyJiaT yTBEPXKAAET, UTO B
IIJIOCKOCTH Yyepe3 TOUKY, He
JIeXKAIYI0 Ha IAHHOW PSMOH,
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MOXKHO [IPOBECTU OECKOHEYHOE
KOJIMY€eCTBO JINHUH, NapaJljieJIbHbIX
3TOU NPsSIMOMH;

- IOCTOSAHHO paculenjseMble U
JBUTaIOIMecs B 06J1aCTb CBOEH
JIOKaJIN3allMH 3JIEMEHThI
JleLleHTPaJM30BaHHOT'0 00'bEKTA
aHTUMaTEPUH BeAyT cebs Kak
e/IMHBI}, XOPOLIO yIIpaBJsieMbli
OpraHu3sM;

TakuMm 06pa3oM, t-COJIMTOHBI B bt -

ABJIAIOTCSI GOPMON aHTUMATEPUHU

CIIOCOOHOM UMETh U IIEPEHOCUTDh

3JiIeMeHTapHbIN TOMOJIOTHYECKHUI

MarHUTHBIN 3aps/J, IePEHOCUTh

3HEpPTHI0, UMIYJIbC, MOMEHT UMITyJIbCa

Y T.Jl., COXPaHSs NIPH 3TOM CBOIO

1IeJIOCTHOCTb.

Kaxk 1 yactunpl B XST, t-COJUTOHBI B

DST moryT 6b1TH PepMuoHaMu:

3aps>KEHHBIMU UK HEUTPAJbHBIMY, a

Tak)Ke 6030HaMU: HEUTPaJbHbIMU UJIU

3apsI>KEHHBIMU.

C y4eTOM BBINIEM3JIOKEHHOrO J0basg dYacTuna Martepud B ST  6yger
PyHAaMeHTaIbHO-CIEIVIEHHOM C t-COMMTOHOM aHTuMaTtepuu B PST. TlosydeHHbIH
HaMU BBIBOJ, O JAyaJid3Me 4YaCTHL, U TOINOJOTMYECKUX COJMTOHHBIX BOJIH C
MCII0JIb30BaHMEM JBYX CaMOCOTJIACOBAaHHBIX NPOCTPaHCTB-BpeMeH ST u PST -
SBJSIeTC TNOATBEpPXKJEeHUeM OCHOB KBaHTOBOW MexaHuku (cMm. [yaBy 8). B
YaCcTHOCTH, TAKOW IOJXOJ IO03BOJIAeT [aTb HCYeplblBawliee 0O0bsACHEHHE BCeM
Pa3sHOBU/HOCTAM CUJI MHEPLUH, BOSHUKAIUM B ST, y6paB u3 06uxoga GU3NKU
VMppalOHaIbHbIN TEPMUH «PUKTHUBHbBIE CUJIBI».
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[nasa 7 Tpex NpOCTPaHCTBEHHO-BPEMEHHAA NPUPOAA CMUHA S

7.1 BctynnerHue

[Ipexxpe 4YeM, NpeAsoXUTb HOBYK THIOTe3y O INpPUpPOJe CIMHA U JaTbh eMy
omnpezejieHWe, PacCMOTPHUM TreOMeTpHUYeCKHe acleKTbl B3aWMOJEUCTBUN MEXAY
npocTpaHcTBaMu-BpeMeHd ‘ST u PST. Ha ocHOBe 3KCHepUMeHTa/bHbIX JaHHBIX
HaJleXXKHO YCTAHOBJIEHO, YTO B JI060H Touke (B “ST) BeKTOpbI HaNpsXEHHOCTH

3JIEKTPUYECKOT0 E u marautHoro noneit H 3JIEKTPOMarHUTHOW BOJIHBI — B3aUMHO
nepneHAUKyJaAApHbIL. [lockosbKy, B TSSCU HOCUTENAMY NIePBUYHBIX 3JIEMEHTAPHBIX
TOIOJIOTUYECKHUX MAarHUTHBIX 3aps0B, IOPOKAA WX IEPBUYHOE MAaTHUTHOE I10JI€,
ABJIAIOTCA TMO3UTPOH M Jpyrue 3apsiKeHHble t-COJIMTOHBI AaHTHMATEPHH,
o6pasyolye MO3UTPOHHO-3JIEKTpUYeCKHe BOJHbI B PST, TO Mbl MOXeM
NpeJAnoJoKUThb, YTO He Tosibko IMB u [13B, HO U ocTanbHble GyHAAMEHTa/bHbIE
B3auMogencTBus Mexay “ST u PST B “ST B Tsynch - TIPOUCXOJAT NP UX HAXOXKJAEHUU
B B3aUMOIIEpPIeHJAUKYJIAPHOM COCTOAHUU. KOCBeHHO, 3TO ke NOATBepXKAAeT M
npeJJIo’)KeHHasi TUIOTe3a O MpUpoJie KOMIUIEKCHbIX uucesa (cM. ['naBy 3) u
MCNO0JIb30BAaHMHU KOMIIJIEKCHOM TNJIOCKOCTHM B MaTeMaTuke. TakUM e 006pa3oM,
MOXXHO HHTEepPIpeTHUPOBATh U Hallly BTOPYK TUIIOTE3y O TEMHbIX KOMILJIEKCHBIX
yucaax B °ST u TeMHOH KoMILIeKCHOM mockocTH (cM. [naBy 3).

Hcxofs Y3 BBILIEU3/I0KEHHOTO, /IS BbIIBJIEHUS TeOMeTPHUYECKOU COCTABJIAIOILEN
IpPUPO/bl CIIMHA, BOCNOJIb3yeMCsl M3BECTHbIM (GAaKTOM O TOM, UYTO COPOKYCHbIE
3JIJIMIIChI M TUNepOo0Jibl B MeCTax MepeceyeHus — B3aUMHO NepPneHAUKYISPHBI pyT
K Apyry (cM puc. 9).

Puc. 9. CodpokycHble 3/ITUIICHI U TUIIep60bL. X0poIlo
W3BECTHBIM MaTeMaTU4eCKMHd ¢GaKT 0 TOM, 4YTO
nepeceyeHre COPOKYCHBIX 3JIIMIICOB U TUnep6os —
BCerjila B3aUMONEPNeHAUKYJIAPHO, CAYKUT OCHOBOH
JAJIs1 ompejie/leHUs1 TeOMeTPUYECKOM COCTaBJAKLIEN
MOHSTUS CIIMHA .S.
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3aberas BHepeJ, OTMETHM YTO reoMeTpHYecKoe pacHosioxeHue cnuHa S B “ST B
MOMEHT Ty, BOSMOXKHO, TOJIBKO B 4 (4€ThIpeX) TOYKAX YCIOBHOTO MepeceyeHus:

TpaeKTOpUM NepBUYHOMN (yNpaB/AIel) 4acTULbl B AST - OKpyHOCTH, IPOEKLUH
TpaeKTopuM 4acTuubl “M B ST Ha/B AST - annunca, nmpoekuuu coPOKYCHBIX C
3JIJIMIICOM - TMIIep60J1, KaK BaXKHEHMIIMX U3 BCEX BO3MOXKHBIX BOJIHOBBIX TPAa€KTOPUI
(cM. TnaBy 11) t-conutoHoB aHTuMaTepuu °M B PST wna/B 4ST (cm. puc.10).
0O603HaYMM BepxHee JIeBOe NepeceyeHre - 6YKBOU A, BepxHee IIpaBoe llepeceyeHue
- OykBOM B, HWXHee JeBOoe IepeceyeHHe - OykBoM (C W HWXKHIOW TpaBoe

nepeceyeHue - 6yKBou D.

/lesoe eepxtiee
nepeceveHue A

Jlegoe HudcHee
nepecevenue  C

fMpasoe sepxree
B nepeceyeHue

Mpasoe HuxXcHee
D nepecedeHue

Puc. 10. YeTbipe BO3MOXKHBIX reOMeTPUYECKUX
pacmojioOXKeHU chnuHa .S, KOTOpble HABJSIOTCSA
TOYKaMH YCJIOBHBIX TNepece4yeHUH B Tpex
NIPOCTPaHCTBaX-BpDEMEHH: OKPYXHOCTH B ST,
sanmnca B ST w mnpoekuuit CopOKYCHBIX C
sauncoM - runep6os B ST wa/B 4ST.

ITH 4 TOYKU TepecedyeHHs MOXKHO TaKKe Ha3bIBaTh TOYKAMH MaKCHUMaJIbHOTO
COMIMKEHUs1 TMPOEeKUUH WJIM TOYKaMM JIOKajusaluu. PaccMoTpuM mnoapobGHee
JBIDKeHUe (QYHAaMeHTalbHO-CLellJIeHHbIX 3JeKTpoHa B ST W ero mapTHepa
nosutpoHa B °ST B camocor/s1acoBaHHOM CTalMOHAPHOM aTOMe.

llpocTpancTBo-BpeMs ST MlpocTpancTBo-BpeMs PST

[lycTb 3/iekTpoH (4acTuua) B * IlycTb no3UTPOH (YacTuLa) B
MOMEHT BpeMeHH “T HaxoAuTCs B MOMeHT BpeMeHHu T HaXoJuTcH B
JIEBOW BepXHEU TOUKe JIEBOW BepXHeU TOUYKe JIOKa/IU3aLuu
JIOKaJu3auuu — A. - A.

CorslacHO BBIIBUTAa€MOM HAaMM TUINOTe3e, TOYKA JIOKa/IM3auuu A — sBJseTCA
CIIMHOM .S, WJIM «OKHOM NPO3PayHOCTH» B ST B Tsynch, IPH KOTOPOM MEX/Y
3JIEKTPOHOM (YacTHILeN) U MO3UTPOHOM (YaCTULEeN) MPOUCXOAUT «UJleabHOe
o6MeHHOe B3auMoJieiicTBMe», a BpemeHa ‘T u PT - cunxponusupyiotcs. B
TSSCU cnoBo ugeanbHoe — f06aBJIsIETCS, K U3BECTHOMY B pU3UKe, 0OMEHHOMY
B3aMMO/IeMCTBHI0, KOTOPOE, 0JHAKO OMMUCAHO JIMIIb YacTU4yHo [110, 111], 6e3
NOHUMaHUsI €ero rJyOWHHOTO cMbicja. B MomeHT cnuHa .S «ujeanbHOe
0OMeHHOe B3auUMOJIEHCTBUE» MPOUCXOAUT - 6e3 mnoTepb (CM. HUXe
onpejiesieHUe CIINHA).
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* Jlasee, 3J1eKTpoOH (YacTHULa) * Jlanee, n03UTPOH (t-COJIUTOH)
JIBDKETCS, HAIIPpUMep, 110 4acCOBOU JIBUXKETCSI, IPOTUB YaCOBOM
CTpeJiKe 110 TPaeKTOPUHU OTJIMYHOMN CTpeJIKH, 10 TUNep6oINYeCcKUM t-
OT OKPYKHOCTHU U CTPEMSIILENCS K COJINTOHHBIM TPAEKTOPHSAM,
3JUIMNITUYECKOMH, JOCTUrask TOUKH JlOCTUrask TOYKH JIOKau3auuu — D.
JIOKaJIu3auuu — D.

Touka siokanusanuu D - 4BJIA€TCA COUHOM Sp WA KOKHOM NIPO3Pa4yHOCTHU» B
AST B Tsynch, IPU KOTOPOM MEX/Y 3JIEKTPOHOM (4YacTULEH) U MO3UTPOHOM
(4acTuLei) NPOUCXOAUT «U/ieaibHOEe 0OMEHHOE B3aUMO/IeCTBUE», 2 BpeMeHa
LT u PT - cunxponusupyrorcs.

* Ilpogoskasa nBvxeHUe 1o yacopou | * Ilpojgomxkas gBUKeHMeE IPOTUB
CTpeJIKe M0 TPAEKTOPUHU OTJIUYHOHN 4aCOBOM CTPEJIKH IO
OT OKPY>XHOCTH, HO CTpeMSIIeNcs K runepo60JU4eCKuM t-COJTMTOHHBIM
3JIJIMNTUYECKOMU, 3JIEKTPOH TPaeKTOPHUAM MO3UTPOH (t-
(4acTuia) CHOBA JIOCTUTAET TOYKHU COJIMTOH) CHOBA JOCTUTAET TOUYKH
JIOKaJIM3alluu - A. JIOKaJIM3alluHu - A.

3a ouH 060POT MO OPOUTE OTJIMYHOW OT OKPY>KHOCTH, HO CTpeMsleicsa K
ssunTUdeckoi B “ST npoekuus snekTpoHa Ha/B AST ABa*k/[bl MAKCUMa/lbHO
C6JIMXKAeTCA C IpoeKIuel no3uTpoHa B “ST. [l03UTPOH, coBepIIAUI OJUH
060pOT, 10 TUMEep6OIMIECKUM t-COJMTOHHLIM TpaekTopusaM B PST, Taxke
JBaX/bl MAKCUMaJIbHO COJIMKAaeTcs [0 MPOEeKIUH 3J1eKTpoHa B “ST. Takum
06pa3oM, CIHUH 3JIeKTPOHA M MO3WTPOHA, JBUIaBLIUXCA KaXKAbld B CBOEM
IPOCTPAHCTBe-BpeMeHHU OT TOYKM MaKCHUMaJIbHOTO COJIMXKeHHUs NPOeKUUn A K
TOYKe MaKCHMaJIbHOTO CO/IMKeHUs TpoeKuuil D, 1 06paTHO, paBeH

1
tSaop)y = L 5 » KaK 1 nojiaraercs dbepMuoHaMm.

7.2 Obuiee onpeaeneHne cnuHa S

CnuH S - 9TO KOKHO NPO3PavHOCTHU» BO3HUKaloIee B AGCOJIIOTHOM NPOCTPaHCTBE-
BpeMenu “ST B Tsynch MEXAY YacTULEd MaTEPUU LM pepmuonom (uam yactunei
MepeHOCYUMKOM B3aUMOJEHCTBUIA 6030HOM) B NpPOCTpaHCTBe-BpeMeHU ST u ee
napTHEpOM YacTHIiel anTuMaTepun M depMuoHOM (MK YaCTHIeH TTIEPEHOCIUKOM
B3aMMO/IeWCTBUI TEMHBIM 6030HOM) B NIPOCTpPaHCTBe-BpeMeHu ST Korga Mexay
pyHZaMeHTaNbHO-CLeNIeHHbIMU 9acTUIlell MaTepuu “M u ee mapTHepa 4YacTHien
aHTUMaTepuu °M cTaHOBUTCA BO3MOXKHBIM:

* wujeanbHoe (6e3 NoTepb) 06MEHHOE B3aUMO/IENCTBUE;
*  CUHXpOHM3aLus BpeMeH LT u PT;

Heo6xonuM0O OTMeTUTBH, 4YTO UJeajJbHOe OOMeHHOe B3aUMOJEeNUCTBUE [JIs
bepMUOHOB U GO30HOB — UMEET CyIIECTBEHHbIE OTJMYHUSA, O YEM OyZeT CKa3aHo
HUXKe.

B TSSCU, nnsa pBuxeHus: GyHAAMeHTa/JbHO-CLENJIEHHbIX 6€3MacCOBbIX 6030HOB U
CBOOOJHBIX PepMUOHOB (BHE aTOMa W/ f1/1pa), IOMUMO CTalMOHAPHbIX 3aMKHYThIX
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op6uTt, BBeseHHbIX eule U. Kemsepom B 1609 roay, 6yayT pacCMOTpeHbl TaKXe,
OCLMJIIMPYIOIIYEe He3aMKHYThble OpOUThI (cM. 1. 7.3.3 u 7.4.2).

Takum o6pasoM, cnuH S - U3MepseTcd KOJIUYeCTBOM MOMEHTOB MaKCHMaJbHOIO
COMKeHMsl TIpOoeKIui, (yHJaMeHTalbHO-CLeNJeHHbIX 4YacTull MaTepuu ‘M B
MpocTpaHCcTBe-BpeMeHu “ST ¥ MX mapTHepoB t-COJMTOHOB aHTUMaTepuu "M B
npocTpaHcTBe-BpeMeHH ST Ha/B A6COMIOTHOE NPOCTPaHCTBO-BpeMs AST B Tsyncn
3a ouH 060poT (27) yacTul, Matepuii “M no op6uTaM B MPOCTPaHCTBe-BpeMeHU
LST, u coorBercTBenHO, 32 0uH 060pOT (27) t-CONMUTOHOB aHTHMaTepuu °M mo
op6uTaM B IpocTpaHCcTBe-BpeMeHu ST,
OZIMH 060pOT YacTul, MaTepuit “M u t — conutonos °M no op6urtam

CouH S = = (37)
KOJIM4ECTBO MOMEHTOB MaKCMMaJIbHOTO COIMMEH sl TPOEeKI|H

Heo6x0IMO OTMETUTD, UTO t-COJIMTOHBI aHTUMATEPUHU DM B PST B MOMeHT crniMHa
+S Bceraa 6yAeT JIOKa/IM30BbIBAaTbhCs B YACTUILY, TOCKOJIbKY B AST peasin30BbIBAETCS
reometpus EBkinga (€) ¢ nocToaHHOM rpaBuTanuei 4G, = 1.

7.3 Mpupoaa cnnHa pepmmoHoB

7.3.1 Obuwme NonoxKeHna n onpeaeneHune
CnvH ¢epMUOHOB S = i%, T.€.3a OJJUH 060pOT (277) 0 CBOUM OpOUTAM NPOEKLUU:

yacTui MaTepuu M B mpocTpaHcTBe-BpeMeHH LST, 1 COOTBETCTBEHHO, t-COJTUTOHOB
aHTuMatepuu P°M B mpocTpaHcTBe-BpeMeHM ©DST  [BaXAbl MaKCUMaJbHO
COIMKAKTCA APYT C APYTOM:

OZIMH 060poT pepMUOHOB MaTepuit “M u M no op6utam

1
CouH S = —=+- (38)
KOJINYECTBO MOMEHTOB MaKCMMaJIbHOTO COIMKEHWS TPOEKIU I 2

o 1
B coBpeMeHHO# ¢pU3UKe CUH S = + - ¥3MepsAeTCA B eIMHHUIIAX h, 4TO sIBJISIETCS HE
COBCEM KOpPPeKTHBIM. B sieficTBUTEeNIbHOCTH, ¢ yieToM dopmyabl: “E = h-w (rge

h
h = A W= f+ 2m, h - nocrosiHHad [lnaHka, h- noctosiHHasA Jlupaka, f —4acToTa,

W - UKJUYecKass WM YrjoBas 4acToTa), 3TO O3HA4YaeT, YTO IHeprusi GepMUOHOB B
LST u PST 3a oguu 060poT (27) BOKPYT CBOMX OPOUT - OGHOBJSAETCS JBYKPATHO (C
y4eTOM HOBOU MHTEPIpETALUMY KBAHTOBOU MexaHUKHU (cM. ['1aBy 11), aBTOp cuMTaeT
HCro/Nb30BaHUe npocToi  dopMyasl ‘E=h-w 19 ¢PepMHUOHOB BIIOJIHE
KOPPEKTHBIM).

Bo Bpems uzeasbHOro 06MEHHOr0 B3aUMOJEUCTBUA Y (PEPMHUOHOB NPOUCXOAAT
cleAyrolye NATh onepanui:

1. DJleMeHTapHBIA TOYEYHBIH 3JIeKTPUYeCKUH 3apsj 3JeKkTpoHa B LST
npeobpasoBbiBaeTca B gunoab B PST (T.e. y nosutpoHa B PST ecTb
COOCTBEHHbIH 3JIEKTPUYECKUN MOMEHT);

2. JJleMeHTapHbII TOMOJOrMYeCKHH MarHMTHBIA 3apsaj No3uTpoHa B JST
npeobpas3oBbiBaeTca B Aunosb B “ST (T.e. y ajekTpoHa B “ST ecTb
CO6CTBEHHbIN MarHUTHBIA MOMEHT);
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w

JJIeKTPOH U I0O3UTPOH 06MEHUBAIOTCA CBOMMH MMIyIbcaMu “P u PP;

4. JNeKTpOH M MNO3UTPOH OOGMEHMBAIOTCA CBOMMHU HHOOpPMAIUAMHU
croxactudeckoil I u ¢paxranbHoii P, cooTBeTCTBEHHO;

5. TpoucxXoAuT cMHXpOHM3aLusa BpeMeH “T u PT.

Takoe wujeajbHOEe OOMEHHOE B3aUMOJIEHCTBUE  («KU3HEHHO  BaXKHBIMHU»
napamMeTpaMH, Mexay $epMHOHOM B ‘ST u ero ¢yHpaMeHTabHO-CLENIEHHBIM
naptHepoM B ST He JjaeT BO3MOXHOCTHU JBYM U 6osiee pepmuoHaM B “STu PST
HaXO/JUTbCA B OJHOM M TOM >€ KBaHTOBOM COCTOSIHMM (mpuHuun [laynau), Tem
caMbIM Hajienssl pepMHOHbI CBOHCTBOM - 06pa30BLIBATh CTPYKTYPY MaTepHH.

Kak wu3BectHo, cymectByer 2-|.S|+ 1 cocrossHuii cnuHa. CiefoBaTesNbHO, Yy

1

1
bepMHOHOB BO3MOXXHbI TOJIbKO 2 COCTOSIHUS: + S H—>.

1
I,[[e.lIeHI/Ie 3HA4Y€HHA CIIMHA I10 ITOJIOKHUTEJIbHOMY U OTPUIATE/JIbHOMY 3HAKY tS =4 E

, IOHATHE CHMPaJbHOCTH (Tpebylolee TOYHOTO OINpe/iesieHUs1) U KUPAJbHOCTH He
SIBJISIETCA NpeAMeTOM U3JI0KEeHHUs [JaHHOW CTaTbU U MOTYT OBbITh PacCMOTPEHBI B
OZIHOW W3 NocjefyroUux Myoaukauuid. Bo Bcex ciydasax Heo6xoguMbl GOpPMy.JIbI,
ONHUCBLIBAIOIIME JBMXEeHHe t-COMMTOHOB B PST, a Taroke GopMyJibl, OMUCHIBAIOLIUE
COTJIaCOBaHHOE JIBM>KEHUEe 0060uX QyH/[aMeHTa/lbHO-CLENJIEHHbIX $epMHUOHOB (CM.
[naBy 11).

HanomHuM, yTo $yHAaMeHTa/lbHO-CLeNJeHHble GepMUOHbI, BXOJslIMe B COCTaB
CaMOCOTJIAaCOBAHHOTO  aTOMa, /JBUralTCAd [0 CTAalMOHApHbIM  3aMKHYTbIM
3JUIMITUYECKUM U runep6oJndecKkuM t-COJIMTOHHBIM op6uTam B
NPOTHUBOIOJIOKHBIX paJUa/JbHbIX HanpaByeHUsX (cM. puc. 11-14). A cBob6oaHbIE
byH/jlaMeHTa/lbHO-CLeNJIeHHble pepMUOHbI (BHE aToMa WM f/ipa) ABUTAlTCA 1O
OCLUW/UIMPYIOIMM  HE3aMKHYTBIM  3JUIMNITHUYECKUM U TUNepOO0JUYeCcKUM
t-conUTOHHBIM op6uTaM (cM. puc. 15). PaccMoTpuM HUKe, BCe 3TH BO3MOXKHbIe
KOMOWHAaLIUH.

7.3.2 f[eomeTpUYeCcKoe pacnonoxKeHme cniHa pyHaaMeHTabHO-CLENNEHHbIX
dbepmMMoHOB B CAMOCOr1aCoOBaHHOM aToMe

PaccmoTpuM ciyyal, Korja AJis Habustoaaress N1, a/ieKTpoH IBUraeTcs 10 Y4acOBOH
CTpeJIKe MO 3JUIMITUYECKON opbuTe. B 3TOM ciydyae no3uTpoH (t-coJIMTOH) OyeT
JIBUTaTbCs MPOTHUB 4YacoOBOW CTpesiKM (HampuMep, B aToMe BOJOpoJa, MO S-
OpOUTA/IN) MO TUIIEPOOJUUYECKHUM t-COJTMTOHHBIM TpaeKTopusiM (cM. puc. 11 u puc.
12). B aToM ciy4yae, eAMHCTBEHHOU BO3MOXXHOW reoMeTpUYeCKOW KOMOMHaLUeH,
IpU KOTOPOU Bo3MOKeH 3G PeKT CriHaA OY/IeT: JieBasi BEpXHsis TOYKA JIOKAJIU3aLUU

- A v mpaBasg HWXKHSISI TOYKa JIOKajJu3anuu - D, 4YTO MOXKHO 3amucaThb, Kak

1
tS(A<—>D) =t >
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g 8
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Puc. 11 (a u b). KoHuennusa paBmwxeHHs JyHAaMeHTalIbHO-CLeNJIeHHbIX
$epMHUOHOB B CaMOCOIJIACOBAaHHOM YaCTHULE-COJUTOHHOM aTOMe BOZOpOAA
mpotuu. Ha pucyHke 1la cjeBa H306pakeHbl: KaK 3JIEKTPOH (4YacTHLA)
JIBUTAIOLMICS, 10 YACOBOU CTpEJIKE, [10 TPAEKTOPUU OTJIUYHOM OT OKPYKHOCTH U
cTpemsAlLleHcs K 3/UIMITHYecKOl B ST 1 mo3uTpoH (t-COMUTOH) ABUraroLiuiics,
NpOTUB 4acoBoH cTpesku (o s-op6UTanM), MO TUNepOOTUYECKUM
t-COJIMTOHHBIM TpaeKTopusAM B ST - NpUGIMXKAIOTCA K TOYKe JOKaJU3alUU —
D (:Sp = i%) B “ST. Ha pucynke 11b crmpaBa noka3aH MOMeHT MaKCUMa/lbHOTO
COIM>KEeHUsI TPOEKIUH 3JIeKTPOHA (YaCTUIIbI) U MO3UTPOHA (YacTHULbl) B MPAaBOX

o 1
HWXHeHN Touke Jjiokanusauuu — D (Sp = iE) B ST, Korjja Mex/y 3J1eKTPOHOM

‘{aCTI/II_leﬁ N TO3UTPOHOM ‘{aCTI/II_[efI - CTAHOBHTCA BO3MOXHBIM H/J€aJIbHOE
0oO6MeHHoe B3aPIMO,£[€I>iCTBPIe.

g-q"
8 -8
Sy= ‘plp

b=t
frafr
/'

—— D

Puc. 12 (a u b). KoHuennus paBmwxeHuss ¢yHIAMEHTANIbHO-CLENJIEHHBIX
$epMHOHOB B CaMOCOIJIACOBAaHHOM YaCTHULE-COJUTOHHOM aToOMe BOZOpOAA
npotuu. Ha pucyHke 12a cjeBa H306pakeHbl: KaK 3JIEKTPOH (4YacTHLA)
JIBUTAIOIMICS, 10 YACOBOH CTpeJIKeE, 10 TPAEKTOPUU OTJIUYHOU OT OKPYKHOCTH U
cTpemsAlleHcs K 3/UIMITHYecKOR B ST u mo3uTpoH (t-COMUTOH) ABMUraroLuiics,
NpPOTUB 4acoBoH cTpesku (o s-op6bUTaaM), MO TUNepOOTUYECKUM
t-COJIMTOHHBIM TpaeKTopusAM B ST - NpUGIMKAIOTCA K TOYKe JOKaJU3aLHUU —

1

A (¢S4 = ig) B 4ST. Ha pucynke 12b cnpaBa noka3aH MOMeHT MaKCHMaJbHOTO

COM>KEeHUsI TPOEKIMK 3/IeKTPOHA (YacCTHIbl) U MO3UTPOHA (YaCTHUIbI) B JIEBOU
o 1

BepxHel Touke Jiokaausanuu - A (S, = i;) B ST, Korjja Mex/y 3/J1eKTPOHOM

‘{aCTI/II_leﬁ N TNO3UTPOHOM ‘{aCTI/II_[efI - CTAHOBHTCA BO3MOXHBIM HJe€aJIbHOE
0oO6MeHHoe BSHHMOﬂeﬁCTBHe.

Jis HabawgaTtens N2, HaxoJsllerocs HanpoTHUB Habuswjatenss N1, ajeKTpoH
JIBUTAeTCs NMPOTUB 4YacOBOMW CTPEeJIKM MO0 3JJIMOITUYECKOW OpOUTe, a MO3UTPOH
(t-conruTOH) ABUraeTCs 10 YacOBOM cTpeJike (M0 S-OpOUTA/IN ), 10 TUIIepOOJTUIECKUM
t-coMUTOHHBIM TpaekTopusaM (cMm. puc. 13 u puc. 14). B 3ToM cayyae
reoMeTpruyeckoe pacHoJsioKeHue CIHMHa OyJeT: B INpaBod BepxHeM ToOuKe
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JIOKaJIM3alluy — B ¥ 1eBOM HMKHEN TOUYKOM JIOKau3auu — C, YTO MOXKHO 3aMUCaTh,

1

KaK (Spocy = T >
g-q*
9" 8"
B 5c= "/’;-ZHP

N Lply
\ \ tpap

Puc. 13 (a u b). KoHnenmnusa paswxeHnss ¢yHAaMEHTaNIbHO-CLENJIEHHBIX
¢$epMUOHOB B CaMOCOIVIACOBAaHHOM YaCTHUIE-COJUTOHHOM aTOMeE BOJOpOAa
npotur. Ha pucyHke 13a cieBa u300pakeHbl: KaK 3JIEKTPOH (YacTHULA)
ABUTAIOLIMNCS, MPOTUB 4YacOBOW CTpeJIKM, N0 TPAEKTOPUU OTJUYHOU OT
OKPY’KHOCTH M CTpeMslieiica K 3/IMNTHYecKol B “ST 1 mo3uTpoH (t-COJIMTOH)
JBUTAIOIMHACA, 1O 4YacoBOM cTpesake (IO s-opOUTaJM), IO BO3MOXHBIM
TUNep6ogMIeCKUM t-COTUTOHHBIM TPAeKTOPUAM B °ST - IpU6IMKAIOTCA K TOUKe

1
Jokanuszauuu - C (;Se = ii) B AST. Ha pucynke 13b cnpaBa nokasaH MOMeHT
MaKCHMaJIbHOT'O COJIMPKEHUS] NMPOeKUUH 3/eKTpoHa (YacTULbI) U MO3UTPOHA
o o 1
(yacTrubl) B HIDKHeM JieBoHM Touke Jiokanusauuu — C (S = iE) B 4ST, xorzga

MeXay 3JIEKTPOHOM ‘{aCTI/IU,ef/'I U TO3UTPOHOM L{aCTI/ILIEI‘/JI - CTAaHOBHUTCA
BO3MOXHBIM HJea/IbHOE 06MeHHOe BBaHMOAeﬁCTBHe.

Amom H Amom H Gqg*
e -3 be e
&' p— g8
B . , tp=p
. & 7 ey
\ / b O

—

)oo
e N

Puc. 14 (a u b). KoHuennusa paswxeHns ¢yHAaMeHTaNIbHO-CLENJIEHHBIX
¢$epMUOHOB B CaMOCOIVIACOBAaHHOM YaCTHIIE-COJUTOHHOM aTOME BOJOpOAa
nmpotur. Ha pucyHke 14a cieBa u300pakeHbl: KaK 3JIEKTPOH (YacTULA)
ABUTAIOLIMNCS, NPOTUB 4YacOBOW CTpeJIKM, IO TPAEKTOPUU OTJUYHOU OT
OKPY’KHOCTH Y CTpeMslieiica K 3/IMNTHYecKol B “ST 1 mosuTpoH (t-COJNMTOH)
JBUTAIOLIMNACH, IO 4YacoBoW crTpesike (MO S-opOUTaNM), N0 BO3MOXKHBIM
TUNep6oSMIeCKUM t-COTUTOHHBIM TPAeKTOPHUAM B PST - Ipu6IMsKa0TCA K TOUKe
Jlokanusauuu - B (Sg = ii) B 4ST. Ha pucynke 14b cnpaBa nokasaH MOMEHT
MaKCHMaJIbHOTO COJIMPKEHUS NPOEeKUUH 3JIeKTpoHa (YacTHUIbl) M MO3UTPOHA
(4acTrubl) B paBOi BepxHeH TouKe JoKanu3anuu - B (,.Sp = i%) B ST, korga
MeXJy 3JIeKTPOHOM 4YacTUlled W NO3UTPOHOM 4YacTHULEHd - CTaHOBUTCHA
BO3MOXHBIM H/lea/IbHOe 06MeHHOe B3auMO/lelCTBHE.

TakuMm o6pa3oM, npuBeeHHble HAa pUcyHKax 11-12 u 13-14 npuMepsl JBUKEHUSA
byH/laMeHTa/JIbHO-CLeMJIEHHBIX 3JIEKTpOHA U MO3UTpoHa (Mo S-opbUTaau) B
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CaMOCOrJlaCOBAaHHOM 4YaCTHULE-COJIMTOHHOM aToMe - ABJAKTCA JI€eBO-IIPABO
CUMMETPHUYIHBIMHU.

7.3.3 TeomeTpuyecKoe pacrnonoKeHne CnnHa nNpu ABUKeHUn cBoboaHbIX (BHE
aToMa Uan aapa) pyHAameHTanbHO-CLEenIeHHbIX GePMUOHOB MO OCLIMAIMPYIOLLMM

HEe3aMKHYTbIM opbuTam

CBobosHble GyHAaMeHTalbHO-CLeNJieHHble (GepMHOHbl BHe aToMa WM sjpa
JIBUTAIOTCS  COTJIACOBAaHHO, KaXXIblii B CBOEM IPOCTPAHCTBE-BPEMEHHU IO
OCLWJIMPYIOLUM He3aMKHYTbIM Oop6uTaM. B mpocTeillieM oJHOMepHOM ciy4dae
TakWe OCHU/IJIMPYIOIYe He3aMKHYTble 3JIJIMOTHYeCKHe Op6uUThl B “ST MOXHO
ONpeAeanuThb, KaK TPAeKTOPHUH, COCTOSIIME U3 KPUBBIX, OTOOpaKeHHe KOTOPBIX C
MCIO0JIb30BaHUEM 3€pKa/IbHOW CHMMETPHH HEO6X0JUMOe KOJHUYEeCTBO pa3 -
M03BOJISIET HAM 3aMKHYTb OpOUTY Ha caMoio cebsi (cM. puc. 15). s onpezeneHus
CJIOKHBIX OCHHUJIJIMPYHOIIWX HE3AMKHYTbIX rnnep60111/1qec1<1/1x t-COJIMTOHHBIX Op6I/IT
B PST Tpe6yroTca fanbHeiimue vccaes0Banus U TouHble GopMyJibl. Ho riaBHoe, 4TO
JUIs peanu3aiiu 3¢pdeKTa CrirMHa t-COJUTOHBI TaKXKe BCerja JABUralTCs U3 OJHOMH
TOYKM JIOKaIM3alMKM K JApyrod. Ilpy 3TOM mapa TOYeK JIOKaJu3al[{u

1

OCHWJLIMPYIOIUX PYHAAMEHTANbHO-CIEMJEHHBIX QEPMUOHOB Sy c = t- wm
1 .

tSpop = 1o - OyAyT KaXJbld pa3 HAaXOJUTbCS B HOBbIX 00J1aCTSIX NPOCTPAHCTB-

BpeMeH ST, L'ST u PST.

Heo6xouMo cpa3y oroBopUThCs, UTO Ha puc. 15 (a U b) npejcTraBieHHBIM Jaliee,
MOoKa3aHa JIUIb KOHIIEMIHUS JIBYX BO3MOXHBIX THMIEPOOJIUUYECKUX t-COJUTOHHBIX
OpOUT JJisI MO3UTPOHA C HCNOJIb30BAaHHWEM OJIHOM BETBU TUNEPOOJIbI, UMELIUX
pa3Hy0 CIUPATbHOCTb.
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Puc. 15 (a u b). Konneniua aBwxeHUss CBOGOJHBIX (BHe aToOMa WM s/pa)
byHAaMeHTaNbHO-CUEMJIEHHBIX ~ GEPMHOHOB: 3JeKTpoHAa  (YacTHUbI) IO
OCIMJ/LTHPYIOIMM He3aMKHYTBIM 3JUIMNITHYECKMM Op6HTaM B “ST M mosuTpoHa
(t-conuToHa) MO JIBYM BO3MOXHBIM OCHWIIMPYIOUIUM HEe3aMKHYTBHIM
runep6oJHIecKHM t-COMMTOHHBIM op6uTaM B UST ¢ mcnosb3oBanmeM ofHOM
BeTBU runep6oJisl. Kaxxjas u3 Toyek jokanusauuu A;, C, u Az - IBJISIETCS OKHOM
MPO3PaYHOCTU WJIU CIHUHOM .S, KOrJla CTAaHOBUTCS BO3MOXXHBIM HJieaJibHOe
00MEeHHOe B3aUMOJIEHCTBUE MEXAY 3JIEKTPOHOM 4YacTUIed U MO3UTPOHOM
yactuel. Ha o6oux yactsax puc. 15 (a u b) TpaekTopuu sjekTpoHa B ST -
coBnajaroT. Ha  puc. 15a  u300pakeHO  [ABWKEHHE  INO3UTPOHA
(t-comutona) B PST mo ocuuanupymoomell He3aMKHYTOM  BO3MOMKHOM
runepboMYeckod  t-COJTMTOHHOM OpOUTE M3 TOYKH JIOKATU3ALUHU A; B TOUKY
Jlokasm3auuu C, ¥ Jjajiee B TOUKY JIOKaJM3aluuu A; (c 2 neT/isiMy 3a oJ1 060poTa),
MPU KOTOPOH «CHUPAJIbHOCTb» MOXKHO UHTEPIPETUPOBATH KaK MOJIOKUTEBHYIO.
Ha puc. 15b u3o6paxkeHo JBMXeHMe I03UTpPoHA (t-conuToHa) B PST mo
OCIWJUIPYIOIEd HEe3aMKHYTOH BO3MOXXHOU THIEPOOJUYECKON t-COJTMTOHHOU
opbuTe U3 TOYKH JIOKAIU3ALMKU A; B TOYKY JOoKaausanuu C, U Aajee B TOUKY
JIoKasm3auuu A; (c 2 neTsisiMu 3a noJi 060poTa), IpHU KOTOPOH «CIHUPaTbHOCTbY»
MO>XHO MHTEPIPETUPOBATH KaK OTPULIATENbHYIO.

Heo6x0AMMO OTMETUTbH, 4YTO TPAEKTOPUM CBOOOJAHBIX (QPYyHJAMEHTAJIbHO-
CLelJIeHHbIX (GEepMHOHOB: 3JIEKTPOHA M MO3WTPOHA - He ABJSAIOTCA JIEBO-NPABO
CUMMETPUYHBIMHU.

7.4 Mpupopaa cnuHa 6030HOB

7.4.1 Obuwpe NoNoOKEHMA 1 onpeaeneHune
Bo30HbI NozApasensoTcs Ha iBa Kjacca: 6e3MaccoBble 6030HbI (POTOHBI ¥ B “ST n
TemHble GOTOHBI ¥ B °ST) He uMerolue 3apsA/I0B, U MAaCCUBHbIE BEKTOPHbIE 6030HbI
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(YW, "W, °Z) cpenu xotopeix TW - aBisioTca 3apskeHHbIMU. CIIMH BCceX 6030HOB
+S = 1, Ho uZleabHOE 0OMEHHOE B3aUMO/IENCTBYE Y 6€3MaCCOBBIX HEUTPAJIbHBIX U
Yy MAacCCUBHbIX, HMEIOIIUX 3apsAbl 6030HOB - CYLIECTBEHHO pa3/IMYalTCs.
OcTaHOBMMCS Ha 06e3MacCOBLIX HeHTpaJbHBbIX 6030HAX, MOCKOJbKY W
BO3HHUKAOLMeE NPU C1ab0M B3aUMOJEUCTBUM - ABJIAITCH UCKIIOYEHHMEM W3 NPaBUJI
M OyZyT pacCMOTPEHBI B KOHIle 3TOr0 paszjea.

HWTak, cnuH 6030HOB S = *1, T.e. 32 0UH 060pOT (27T) N0 CBOUM OCLHUJIJIUPYIOLIUM
He3aMKHYTbIM OpOUTaM NPOeKU U PyHAaMeHTalbHO-CLeNJIeHHbIX YaCTUL, MaTepuHn
LM B npocrpancTBe-Bpemenu “ST, u cOOTBETCTBEHHO, t-COJTMTOHOB aHTUMAaTEPUU
PM B npocrpancree-Bpemenu PST oauH pas MakcMMasbHO COMMMXKAIOTCA APYT C
Jpyrom:

C g  opuH 060pOT 6030HOB MaTepuii “M u TemHbIxX 6030H0B °M 1o op6uTam £1(39)
MuH S = > =+
t KOJIM4€CTBO MOMEHTOB MaKCHMa/bHOTO COMMMKEHHUs TPOeKIHi

B coBpeMeHHO# pusrke cnuH S = +1 U3MepsieTcs B eAMHULAX f, UTO ABJSAETCA He
COBCEM KOPPEKTHBIM. B JIeHCTBUTENLHOCTH, C ydeToM ¢opMmyabl: “E = h-w (rae

h
h= —,a w = f-2m, h - nocrosiHHas [lnaHka, A- noctosiHHas [lupaka, f - 4acToTa,
2T

W — LMKJIMYecKas WM YrJoBas 4aCTOTa), 3TO O3HAYaeT, YTO IHEepPryusi 6e3MaccoBbIX
HeUTpaJIbHbIX 6030HOB 3a 0JJUH 060pOT (27T) BOKPYT CBOUX OPOUT - HE MEHSIETCS.

Bo BpeMss uAeasbHOro OOMEHHOro B3auMoOJeHcTBUSA y ¢GoOToOHA Yy W
byHIJaMeHTa/IbHO-CIEMJIEHHOTO C HUM TeMHOT0 POTOHA ¥ MPOUCXOAT CJeAyIolIHe
JIBe oTepaLuu:

1. Bo30HBI 0O6MEHHMBAIOTCA CBOMMHM MHPOPMALMAMHM CTOXacTH4ecko LI wu
dpakTanbHOU DI cooTBeTcTBEHHO:
2. TpoucxoauT cuHXpoHu3auus BpeMen “T u °T.

Be3MaccoBble 6030HBI, B OTJIUYMU OT 3apsSKEHHbIX (GEPMHOHOB, He 00J1aJjal0T
3apsA/aMy U He 06MEeHUBAIOTCSA CBOUMHU UMIy/IbcaMu “P u PP. 3Tu OT/IMYMA U CIUH
S = +1, MO3BOJIAIOT MHOXECTBY 6e3MaccOBbIX HeHTpalbHbIX 6030HOB B LST
HAaXOJUThCA B OJJTHOM U TOM >Ke KBAaHTOBOM COCTOSIHHUM, T€M CaMbIM, HaJlesIsIsl UX
CBOWCTBOM - SIBJIIThCSl IEPEHOCUMKAMU B3aUMO/JENCTBUH.

B TSSCU o¢otoHbl ¥ u TeMHble GOTOHBI § - ABJSIOTCI ¢QyHJaMeHTaJlbHO-
CLelJIEHHBIMU.

Hcxoas v3 mpepdJjiaraeMod runoTte3e o npupoge cnuHa, nm. 5.10, 5.11 naBel 5 u
pacCMOTPEHHbBIX BblllIe 3aK/I0YEHUN MOKHO YBEPEHHO C/ieJIaTh NpeJiCKa3aHus:

*  4acTUll, KOTOpbIe ABJSAITCA aHTUYACTUIIAMM CaMU JiJisl Ce0s1 — He CYILeCTBYET;

*  6e3MaccoBbIil HelTpaibHbINA 6030H GOTOH - ¥ B IPOCTPAHCTBe-BpeMeHH LST,
MMeMN CKH S = 11 - 063aH UMeTb QyH/JaMEHTANbHO-CLENJIEHHOTO
napTHepa: 6e3MaccoBOro HEUTPAJbHOTO TEMHOT'0 POTOHA - ¥ B IPOCTPAHCTBE-
BpeMeHH PST, Takxke co cnuHoM .S = +1.
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[lpu 3TOM POTOHBI ¥ ABJAAIOTCA NEPEHOCYUKAMM KBAaHTOB A 3jeKTpoMarHuTHOrO
B3aUMO/IENCTBUS, a TeMHble (OTOHbI ¥ - SBJSIOTCA MepeHOCYMKAMH TeMHbIX
KBaHTOB PHh,_c NO3UTPOHHO3JEKTPUYECKOro (CHUIBHOTO) B3aMMO/EHCTBHA.
['mnoTesa (BO3MOXHOCTB) O CylLIeCTBOBAaHUM y GPOTOHA BOJHOBOU QYHKIMU Oblia
BblABUHYTa (paccMoTpeHa) ewe B 1930 roay [112, 113], HO CTOJIKHyJach C
CEepbe3HbIMU TEOPETUYECKUMU TPYAHOCTAMH. OTKPBITHE ONTUYECKUX COJUTOHOB
[114] nosBoJsisseT HaJeATbCd 4YTO OyAyT MoJy4eHbl (GOpPMYyJibl, MO3BOJISIOLIHE
IPOBOJUTh BBIYMCJIEHUSI CaMOCOTJIACOBAHHOTO [ABW)XeHUS (OTOHOB U TEMHBIX
$OTOHOB - B GJ1Kaii1Iee BpeMsl.

Kak usBectHo, cymectByet 2 * | S| + 1 cocrosiHu# cnuHa. C/iejoBaTebHO, Y 6030HOB
BO3MOHbI - 3 cocTosiHUsA: +1, — 1 U, Tak Ha3biBaeMoe, 0. [leieHre 3HaYeHHsI CIKMHA
0 IOJIOXKUTEJbHOMY M OTpULIATEJbHOMY 3HaKy .S = *1, a Takxe TO4YHOe
onpe/iesieHre NOHATHUS CHUPAJTbHOCTH - CTAHET OKOHYATEJIbHO SICHBIM TOJIBKO MOCJIe
NOJIy4eHHUs bopmy, OIMCBIBAIOLHAX CaMOCOTIJIaCOBAaHHOE JBIDKeHHe
byH/laMeHTa/lbHO-CLeNJIEHHbIX 6030HOB. PaccMOTpUM NpHUMepbl UX BO3MOKHOTO
CaMOCOTJIAaCOBAHHOTO JIBMXKEHHUS.

7.4.2 TeomeTpmyecKkoe pacnoioKeHne CnmHa Npu ABM»KEeHUM GyHAaMeHTaIbHO-
cuenaeHHbix be3maccoBbiXx HO30HOB MO OCLIUANMPYHOLWLMM HE3AMKHYTbIM OpOUTaM
lpu gBUwKeHUM (yHAAMEHTalbHO-CLENIeHHoi dYactunbl ¢poTtoHa B ST wus 4
BO3MOXHbIX T€OMETPUYECKUX TOUYEK pacnoJioxeHUus cnuHa (cM. puc. 10), B ogHOM
HalpaBJieHHe OH MPOXOAUT OOJIbIIYI0 YacTh 3JUIMITHYECKOHW TpaeKTopuu (1o
JIAHHOMY 3JIJIMIICY), a B JIpyrOM HalpaBJIEHUH MEHbIIYI0 4YacThb 3JIJIMITUYECKOU
TpaeKTOpHHU (110 AAHHOMY 3JLIUICY), cM. puc. 16 (a u b). C yyeTrom cnuHa .S = +1
poton y B ST mnpoxomuT omuH 060OpPOT MO OCHMJUIUPYIOLIEH He3aMKHYTOM
3JUIMNITUYECKON TPAEKTOPHUU [JI0 CJEJYIOIeH TOYKU JIOKAJIM3AIUU U UJIeaJIbHOTO
0OMEHHOI0 B3aUMO/IeHCTBUS.

Heob6xoiuMo cpa3y oroBOpUThCS, YTO Ha puc. 16 (a U b) npejcTraB/ieHHbIM Jajiee,
MOKa3aHa JIMIIb KOHIEMIUSA ABYX BO3MOXHBIX TMIIEPOOJMYECKUX t-COJIMTOHHBIX
opoUT s TeMHOro ¢oToHa J, C MCHNOJb30BaHHWEM BeTBeW 006erWx Tumnep6oJ,
MMEIUX PA3HYIO CIUPATbHOCTb.
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Puc. 16 (a u b). Konuenuus aBu:xeHus1 yHJaMeHTaIbHO-CLeJIEHHbIX 6030HOB:
¢doToHa (YacTHIB) N[O OCHU/UIMPYOIIMM HEe3aMKHYTBIM 3JIMITHYECKHM
op6utaM B ST m TemHoro ¢ortoHa (t-CONMMTOHA) IO AByM BO3MOXHBIM
OCLUJLIMPYIOIIMM HE3aMKHYTHIM IUIEPO0JINYeCKUM t-COJMTOHHBIM OpOUTaM B
DST c ucnonnsopanuem BeTBeit 06eux runep6o/1. Touky JoKanu3anuu A, u A; -
SBJSIOTCS OKHaMM [pPO3payHOCTH HWJM CIOMHOM .S, KOIZAa CTAaHOBUTCH
BO3MOXXHBIM H/Jlea/ibHOe 0OMEHHOE B3aUMO/IeCTBHE MeXAy GOTOHOM YaCTUIEH
U TeMHbIM $OTOHOM yacTuled. Ha o6oux yactsax puc. 16 (a u b) Tpaektopuu
¢doToHa - coBnagatoT. Ha puc. 16 (au b) uzobpakeHsl JBHKeHUsI TeMHOTO GOTOHA
(t-conutona) B ST mo ABYyM pasnMYHBIM OCHUUIMPYIOIIMM HE3aMKHYTHIM
BO3MOXHBIM I'HIIep60JIUYECKHUM t-COJUTOHHBIM OPOUTAM U3 TOUKH JIOKAIN3aLHUU
A; B TOYKY JIOKaJU3aL WU A3, UIMEIOIMM pa3HyI0 CIUPaJbHOCTb.

HeO6XOﬂI/IMO OTMETHUTDL, YTO ABHXKEHHUA CIJYH,L[aMeHTaJIbHO-CL[eHJIeHHbIX 0030HOB:
(1)OTOHa N TEMHOTIO (l)OTOHa — He ABJIAKTCA JIEBO-IIPABO CUMMETPHUYIHBIMH.

TpeTbe cocTosiHMe crIMHA +S 6030HOB, TaK Ha3biBaeMoe () - 3amnpeleHo A5 GOTOHOB
U TeMHbIX GOoTOHOB. [I[pyunHa 3TOro 3ampera Oy/JeT pacCMOTpeHa B CAeAyHllen
craTbe «Popmanusm TSSCU ».

7.4.3 OcobeHHOCTM CnnHa NPU ABUNKEHUN QYHAAMEHTANbHO-CLENNEeHHbIX
MaCCUBHbIX BEKTOPHbIX YW 6030HOB

Jlns 3apskeHHbIX TW MacCUBHBIX BEKTOPHBIX G030HOB HJealbHOe OGMeHHOoe
B3aUMO/JIeMCTBUE Oy/leT NPOUCXOAWUTb aHAJOTUYHO TOMY, KaK OHO MPOXOAHUT Y
$epMHOHOB, C TOH JIMIIb CYIeCTBEHHOW pasHHMIell, 4To OoHO y W 6030HOB
IPOUCXOUT OJMH pa3 3a 060poT (27) BOKPYTr CBOMUX OPOUT. ITa pa3HHULA JAesaeT
3aps)KeHHble MAacCUBHble BeKTOpHble YW G6030HbI - HeCTaGU/IbHBIMU U
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KOPOTKO>UBYILIMMH, UYTO TMO3BOJIAET WM UIrpaTh CBOK HaJJIeXallyl poJb
IIepeHOCYUKOB CJ1ab0T0 B3aMMO/IeMCTBHS.

7.4.4 OcobeHHOCTU CMHa MaccusHoro BektopHoro °Z 6030Ha. MpeackasaHue.
Ham ocTaeTcss paccMOTpeTb HeWTpaJbHbIA MaCCHMBHBIA BEeKTOPHbIH °Z 6030H, y
KOTOPOI0 TaKXe J0JDKHO MPOUCXOJUTh HJiealbHOe 0OMeHHOe B3aUMOJIeMCTBUE CO
CBOMM QYyH/aMeHTa/IbHO-CLellJIeHHbIM IapTHEPOM U3 aHTUMaTepuu. Ho okasasnocs,
4TO ero MmapTHep TeMHbId 6030H °Z M3 aHTUMaTepuM - [0 CHX IIOp He HaiiJeH.
XoTesioch 6b1 OZJHO3HAYHO 3asABUTh, UTO NPUBEJeHHAas rMII0Te3a O NPUpo/ie CIIMHA -
MCKJIIDYaeT TaKyl BO3MOXHOCTb. Mcxonsd M3 3TOro, MOXXHO YBEpPEHHO CZesaTh
cleAyolye npejcKa3aHu:

*  4acTul, KOTOpble ABJAITCA aHTUYAaCTULAMH CaMU /I cebs — He CYLeCTBYeT;

*  MaccuBHBIH 6030H °Z B npocTpaHcTBe-BpeMenu “ST, uMmeromumii cnun S = +1 -
00413aH UMeTb QPyHAAMeHTa/IbHO-CLIeNIJIEHHOT'0 TapTHepPAa HeUTPa/bHOTO
MacCMBHOTO 6030Ha U3 aHTUMaTePUU B NPOCTPaHCTBe-BpeMenu ST,

7.4.5 CnuH 6030Ha Xurrca H

OcobenHocTu 6030Ha Xurrca H, uMmerouiero HyJsieBou cnuH (;S = 0) U cKa/lsipHOTO

nosiga Bpayrta-JHrsiepa-Xurrca (BEH) OyAyT pacCMOTpPeHbI B CleAyHOLleld CTaTbe
«®Popmanusm TSSCU».

7.5 3akntodeHune

CnuH S - sdaBadgercda ¢yHJaMeHTaJbHbIM MeXaHU3MOM WM 3QPeKToM,
obecreynBawIlMM HJleaJibHOe OOMeHHOe B3aUMOJIEMCTBME W CUHXPOHU3ALMIO
BpeMeH T u PT mexnay dyHpaMeHTa/lbHO-CLENJEeHHBIMU 4acTHLAMU B ST u ux
napTHepaMu t-cosuToHaMu B PST.
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[naBa 8 Camocor/iiacoBaHHas YacTULLe-CONMMTOHHAA MOAE/b aTOMa BOAOPOoAa (NpoTus)
B Tpex npocTpaHcTeax-spemenu ST, LST, ST

[nasa 8 CaMoCOrNacoBaHHas YacTuLe-CONUTOHHAA MOAEb aTOMa
BOZOpPOAa (NPOTHA) B Tpex npocTpaHcTeax-spemenn 4ST, LST, PST

PaccMOoTpUM caMOCOT/IaCOBaHHYK YaCTULe-COJIMTOHHYI0 MOJe/lb IpPOCTeHlIero
aToMma BoJopoJa - NnpoTus. HamoMHMM, YTO NPOTUN He COAEPKUT HEUTpaJlbHbIX
YacTHL, U COCTOUT U3 A/ipa U 3JIeMEHTApPHOM YaCTHUILbl, ABUTAIOLLENCS BOKPYT Hero.

A1 KaXJ0oro M3 Tpex NPOCTPAHCTB-BpeMeH YacTHasd MoJieslb, ONMChbIBAKOLIAd
NpOTUH, OyZleT UMeTb CBOU CYyLeCTBEHHbIE OTJIMYUs, 00YCJIOBJIEHHbIE PA3HOCTbHIO
CBOMCTB 3THUX INPOCTPAHCTB-BpeMeH, a TakXe (QyHAaMeHTaJbHbIM MeXaHU3MOM
CIYHa.

B AG6COIIOTHOM NpOCTpaHCTBe-BpeMeHH “AST  aToM INepBHYHOrO (MM
YNpaBJSIOLIero) NpoTHs NpeAcTaB/seT co60M NepBUYHBINA 3JIEKTPOH, KOTOPBIN
JIBIPKETCS 10 U/lea/IbHOM_OKPY>KHOCTH BOKPYT NIEPBUYHOI'0 IPOTOHA, COCTOSAILETO U3
Tpex NepBUYHBIX KBapKOB, MOCKOJNbKY B AST JeicTBYIOT 3aKOHBI reoMeTpHH
IBKJIM/IA U IOCTOSIHHASA TPaBUTALUA.

llpocTpancTBO-BpemMsa LST llpocTpancTBo-Bpems 2ST
* ATOM U A4p0O NPOTHSA BKJIIOYAET B * ATOM 4 AZpO aHTUIIPOTHA

ce6s1 IPOTOH - P, COCTOSAILUHI U3 BKJIIOYaeT B Ce6s1 aHTUIIPOTOH - P,
Tpex KBapKoB: (U, U, d) ¥ 3J1eKTpoHa COCTOALMM U3 TPeX aHTUKBAPKOB:
- e, KOTOpbIH ABMXKETCA 110 OpoUTe (1, % d) ¥ TO3UTPOH - &, KOTOPBIH
OTJIMYHOM OT OKPY>KHOCTHU U JIBIDKETCS1 BOKPYT aHTUIIPOTOHA - P
CTpeMALLENCA K 3JIMIITUYECKOU 110 TUIIEpPOOJINYECKUM
BOKPYT IIPOTOHA - P, IOCKOJIBKY B t-COJIMTOHHBIM TPAeKTOPHUSIM,
LST peanusyercs reomerpus nockoJbKy B °ST peanusyerca
PuMaHa v nosioxuTebHas reomeTpuda JlobayeBckoro-bosbsu
rpaBUTaLUS. Y OTpULaTe/IbHas IpaBUTaLHS.

* PaccMOTpuM ABIKEHUE 3/IEKTPOHA | *  PaccMOTpUM ABIXKeHUE MO3UTPOHA

e~ (4acTHIbl) BOKpPYT mpoToHap™ é* (t-comuToHa) BOKpYT
(4actuuel), nogpobHee. Kak aHTUIPOTOHA P~ (t-COJIUTOHA)
M3BECTHO 3JIEKTPOH e~ 06J1a/jaeT no/ipo6Hee. MblI npe/inoJsiaraem, 4YTo
3JIeMeHTapHbIM TOYEYHBIM IIO3UTPOH 06J1aiaeT
3JIEKTPUYECKUM OTPUIIATENbHBIM 3JIeMeHTapPHBIM TONOJOTUY€ECKUM
3apsAJloM g~ paBHBIM 10 MOAYJIIO MarHUTHbBIM MOJIOKUTEJbHBIM
N0JIOXKUTEJbHOMY TOYEYHOMY 3apszioM - B+ paBHBIM 110 MOYJIO,
3apsaay q* nmpotoHap™; OTpULATESbHOMY 3JIeMEHTapHOMY

TOIOJIOTMYECKOMY MAarHUTHOMY
3apAagy 6~ aHTUIIPOTOHA P~ ;

L
* B "ST yactuupl matepuu, umewome |« B PST t-conuTonsl anTUMaTepuy,

pa3sHOMMEHHbIe TOYeYHbIe HMemliiie pa3HOUMEHHbIEe
3JIEKTpHU4YEeCKHe 3apAabl - TOIIOJIOTUYECKHE MAaTrHUTHLIE
NPpUTATUBAIOTCA. 3apAJbl - OTTAJKUBAIOTCA.
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Takum o6pa3oM, B J1060W MOMEHT Tgypcp B AST (cm. puc. 17) cuna nputsxenus LF
MeX/Jy OTpHULATEeJbHO 3JeKTPUYECKH 3apsHKeHHBIM 3JJIEKTPOHOM e~ U
MOJIOKUTEbHO 3J1eKTPUYECKH 3apsKeHHbIM MpoToHoM pT B ST xomneHcupyeTcs
COBOKYIIHBIMM CHJIaMH OTTaJIKUBAHUA DFU- MeX/Jy TIO0JIOKUTEJbHO MarHuTo
3apsDKEHHBIM  [O3UTPOHOM €T W OTPUIATEJIbHO MAarHUTO  3apsiXKEHHbIM
aHTunpoToHoM P~ B PST. B pesyabTaTe, B ST Mexay OyHAaMeHTaJIbHO-
CLEIUVIEHHBIMM TMapTHEPAaMHM 3JIEKTPOHOM e~ U I03UTpoHOM Eé* u mexay
dyHIaMeHTalbHO-CLENJIeHHbIMU TAapTHEPAMHU IIPOTOHOM pt M aHTUIIPOTOHOM P~ —
BO3HHMKaeT JHMHAMH4YeCKOe paBHOBeCHe, KOTOpOe He I03BOJIIET 3JIEKTPOHY e~

ynacTb Ha npoToH p* B ST, a nosutpony é* oropsaThbcs oT anHTMIpOoTOHa P~ B PST.

A_mOM H 'Fes D/:,.j

?+ €3 - BKBUBAJICHTHO
€' R

p

Puc. 17. CamocornacoBaHHasi 4acTHLe-CONUTOHHAA MOJeJb aTOMa BOAOPOJA
(mpoTHsA) B Tpex NMPOCTPaHCTBax-BpeMeHH. B /110604 MoMeHT Tgsyncp B AST
3JIeKTpUYecKas cuia nputsxkenus CF(Lt), meiicTByomas MexXay 3/J€KTPOHOM
(yacTuueit) u mpoToHoM (4acTuuei) B “ST - 3KBUBaJeHTHa COBOKYIHBIM
MarHWTHBIM cujaM oTTankuBaHust PFj;(Pt), eficTBYIOIKMM MeX/y 03UTPOHOM
(t-COMUTOHOM) ¥ aHTUIPOTOHOM (t-cosuToHOM) B PST. B 06mem caydae aapa
(IpPOTOH M aHTHUIIPOTOH) He 06513aHbl HAXOAUTHCS B LIEHTPE U pa3MeleHbl TaM -
JUIS1 HAarJISI AHOCTH.
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Mnasa 9 GyHAAMEHTaNbHbIE B3aMMOAENCTBUA B NPOCTpaHCcTBax-spemenn ST u PST

[naBa 9 dyHOaMeHTaNbHble B3aMMOAENCTBNA B MPOCTPAHCTBAX-
spemenn LST n PST

MlpocTpancTBO-Bpemd LST llpoctpancTBo-Bpems ST
* ['paBuTaLMOHHOE * AHTHUrpaBUTALlMOHHOE

B3aMMO/IeCTBUE; B3aUMO/IeCTBUE;

* JJIEKTPOMarHUTHoOe * [lo3UTpOHHO3JIEKTpUYECKOE

B3aWMO/IEHCTBUE: (cunbHOE) B3aUMO/JeNCTBHE:

- 3JIEKTPUYECKOe MePBUYHOE - NO3UTPOHHOE (MarHUTHOE)
(3;1eMeHTapHbIE TOYEYHbIE nepBUYHOeE (3/1eMeHTapHble
3JIeKTpUUYECKUe 3apsAfbl); TONOJIOTUYECKHEe MarHUTHbIE

3aps/ibl);

- MarHWTHOe BTOPUYHOE - 3JIeKTpUYeCcKoe BTOPUYHOEe
(3/1eMeHTapHbIA MarHUTHBIN (3/1eMeHTapHBIN 3JIEKTPUYECKUI
3apsA/ OTCYTCTBYeT U 3aps/| OTCYTCTBYET U
IPUCYTCTBYIOT TOJIBKO B BUJie INPUCYTCTBYIOT TOJIBKO B BUJie
JIUII0JIS); JIUII0JIS);

* MHWpeanbHOe 0OMEHHOE B3aUMO/eHCTBHE
(B MOMEHT cNUHa ;S5)

* (Crnaboe B3aUMO/JIeHCTBHE

*  AHHUTWJISALIMOHHOE
B3aMMO/JleHCTBHE
(mocJsie NPOHUKHOBEHUS
antTuMarepuu u3s °ST B “ST)

* B TSSCU ckanapHoe mnoJse bBpayta-dHriepa-Xurrca (BEH) - sBasieTcd
byHJamMeHTaNbHBIM. [UNOTEe3a 0 MpUpoJe MPOUCXOXKJEHUU ITOTO0 MOJSA M
6030Ha Xurrca H, wuMerwwmero cnvH paBHbid 0 (;S=0), a Takke ero
pacnpejieieHMs B INpocTpaHCTBax-BpemMeHu [ST wu PST 6yner pana B
cnepywolen ctatbe «Popmanusm TSSCU»

B rziaBe 5 y»ke paccMaTpUBa/I0Ch 3JIEKTPOMarHUTHOE U O3UTPOHHO3JIEKTPUUECKOE
(cunpHOE) B3aMMO/IENUCTBUS, a B IJ1aBe 6 rpaBUTALlMOHHOE U aHTUTPaBUTALMUOHHOE.
ITHU 4 PyH/laMeHTa/bHbIX B3aUMOJIENCTBUSA CTPOro MOJPa3/esiloTcad MO CBOEMY
JleHCTBUIO: TPaBUTALMOHHOE M 3JeKTPOMarHUTHoe OTHocATca K ST, a
aHTHUIPaBUTALMOHHOE U IO3UTPOHHO3IeKTpUdecKoe (CUIbHOe) oTHocATCs K PST.

WpeasbHoe o06MeHHOe MW cjaboe B3auMoJeHcTBUs B TSSCU oTHocaTcd K
MEKIPOCTPAaHCTBEHHBIM, B KOTOPhIX 06a IpocTpaHcTBa-BpeMenu “ST u ST, B Toi
WM WHOM CTeleHH, MPUHUMAIOT HeNOCpeACTBeHHOe ydyacThe. B rsiaBe 7 yxe
paccMaTpUBa/oCh HJeaJbHOe o0o6MeHHoe B3auMmojeilcTBue. HecMmoTps Ha
BIeYaTJISIOlIMe YCIIeXU COBPEMEHHOMW Teopus cjaboro B3auMoaencTus [115, 116,
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117,118,119,120,121,122,123,124,125,126,127,128,129, 130, 131,132, 133],c
no3uuuu TSSCU oHa siB/sieTcs HenoJIHOW. PaccMaTpuBaTh HOBBIE MOAXO/bI K 3TOU
TEOPHU UMEET CMbICJ ITOCJIe TOHUMaHUs PUPO/Ibl U POJIU CKaJISIpHOTO 1oJis1 BpayTa-
Jursnepa-Xurrca (BEH) v 60o30Ha Xurrca H, uMeroiiero cnuH paBHbiil 0 (S = 0),
KOTOpble HENOCPEACTBEHHO MPUHUMAIOT y4acTHe B C/IabOM B3aUMOAEUCTBUU.

OcTaHOBUMCSI HAa AaHHUTHJISIIIMOHHOM B3aUMO/JI€MCTBUH, KOTOPOE OYAeT NoApPOo6HO
paccMOTpeHO B OTAeJbHOU cTaTbe «0CO6EHHOCTH KalUuO6pPOBOYHOU Teopuu U CPT
TeopeMbl B TSSCU». 3aechb e, KpaTKO OCTAHOBHUMCS Ha HEKOTOPBIX MOMEHTAX,
MMEIOIUX HeNoCpe/ICTBEHHOEe OTHOLIEeHHe K aHHUTWSALMU. JTO B3aUMO/IENCTBUE
MeXJy 4YacTUIlaMM MaTepud U YacTUI[AMH aHTUMAaTEpPUM MPOUCXOAUT
VCK/II0YUTE/IbHO B IPOCTPaHCTBe-BpeMeHH “ST.

Kak yxe paccMaTpuBasoch B 1. 6.8 ['iaBbl 6 B PST gelicTByeT aHTUrpaBUTaluA,
KOTOpas paclielsigeT aHTUMaTepuro. PacuienyieHHasa aHTHMaTepus, HUMelOLas
OTpULATEJIbHYIO Maccy u OTpULATEJIbHYIO 3Hepruio, NpHYHUMAaeT
JlelleHTpaJIM30BaHHble JUHAMU4ecKue (QOpMbl, KOTOPBbIM OBLIM JaHbl Ha3BaHHUA
TONIOJIOTUYECKHEe COJIUTOHBI.

[unoresa: t-cCOJIMTOHbl AaHTUMATepUM, TMPU ONpPeJieJIEeHHbIX YCAOBUAX U
06CTOATENbCTBAX NPOHUKAKOT U3 HEOJHOPOAHOTO U aHU30TPOIHOTO MPOCTPAHCTBa-
BpeMenu PST B npocTpaHcTBo-BpeMd ‘ST ¥ Mog4MHASACH AeHCTBUMIO FpaBUTALUH -
npeo6pa30BbIBAIOTCA U3 t-COJMTOHOB B aHTUYACTULBL. [Ip1 3TOM, B COOTBETCTBUU C
ocobeHHoCTsIMU CPT-TeopeMbl B TSSCU (koTopas, 6yzeT noJpobHee pacCMOTpeHa
B roToBsalleica mnyosukauuu «0OcobeHHOCTH KanubpoBo4yHOU Teopun u CPT-
TeopeMbl B TSSCU»), TOMUMO y:Ke IpolleAlield NpocTpaHCTBEHHON UHBepcuu (P -
uHBepcuu), Bpemsa °T unBepTupyetcs Ha Bpems “T (T - uHBepcus), U B cilydae ec/iu
t-COJIUTOH aHTHMMaTepuur 006J1aJlaeT 3JleMeHTapHbIM pacnpese/leHHbIM MarHUTHBIM
3apa/loM, OH HWHBEPTUPYeTCA B 3JIEKTPUYECKHH 3apsj, NPOTUBOINOJIOXKHbIHI
3JIeKTPUYECKOMY 3apAay GpyHJaMeHTalbHO-CLelJeHHOM ¢ HUM YacTunbl B “ST (C -
uHBepcus). TakuM o6pas3oM, t-COJUTOHbBI aHTUMATepUu TpacGopMHUpPOBAHHbIE B
aHTUYaCTHUIb], 40 BCTPEYU CO CBOUM PyH/[aMeHTaJbHO-CLeNJIEHHbIM MapTHEPOM U
nocjaeAyleld aHHUTUISLUY, TOJTHOCThIO OAYUHSIOTCS 3aKOHaM, AeHCTBYOUIMMU
B LST. CoGCTBEHHO, HWMEHHO 3TO, Ha B3IJIA[ aBTOpa H MOATBEPXKAAIT
3KCIlepUMeHTa/IbHble [JlaHHble U HWCCAeJ0BaHUA, NPOBOAMMbIE pPA3JIUYHBIMU
KoJstabopauuamu [134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153]. [lpuposa nocrapanacb cAejaTb BCe, YTOObI
CKpBITh MpsIMble J0Ka3aTeJbCTBa pPeaJbHOCTU CYLIeCTBOBAHUS NPOCTPAHCTBa-
BpeMenu PST.
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nasa 10 Mona 1 npeobnajatoLine NpoLecchl B pocTpaHcTBax-spemenn “ST n PST

nasa 10 Mona n npeobnagatowime NpoLUecchl B MPOCTPAHCTBAX-
spemenn LST n PST

llpocTpancTBo-BpeMs ST

MlpocTpancTBo-BpeMs PST

3JIeKTpHUYecKoe noJie (MepBUYHOE);

MarHuTHoOe noJie (BTOPUYHOE)

O6pasyloT: KBa3U3JIEKTPOMarHuTHOE
rnoJie ¢ npeo6.J1ajal0IUM IPOLECCOM
JINHEHHOTO OJJHOPOHOTO paCUIMPEHUS
Y U3JIy4eHHUs 3J1eKTPOMarHUTHBIX BOJIH
(3MB).

NO3UTPOHHOE NoJie (MarHUTHOE
epBUYHOE);
3JIeKTpUYecKoe noJie (BTOPUYHOE)

06pasyroT: KBa3UIO3UTPOHHO-
3JIEKTPUYECKOE T0JIE C
npeo6Jia/lalo UM MPOLECCOM
HEJIMHEHHOT'0 HEOTHOPO/JHOTO CXKATHS
¥ aKTUBHOTO TOTJIOIIEHHS
(oTpuLATeNbHOTO U3TYYEeHUs)
MO3UTPOHHO-3JIEKTPUYECKUX BOJTH
(T13B).

MlpocTpancTBo-BpeMs ST

B pe3ysibTaTe B3aMMO/IeMCTBHSA 3TUX ABYX KBa3umoJew, c yuetoM apdekra
CIIMHA U UZleaJbHOr0 06GMEeHHOro B3auMoeicTBus B AST B Tsyncn 0OGpasyercs

TpeX IPOCTPAHCTBEHHO-BpEMEHHOE 3JIEKTPOMAIrHUTHOE — [TIO3SUTPOHHO-
3JIEKTPpHUYIECKOe CaMOCOrJiaCOBaHHOE€ I0JIe.
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[nasa 11 lNpuHUMNbI ABUKEHMA MAaTEPUA/IbHbIX TEN B
npocTtpaHcTax-spemenu ST n PST

PaccMoTpuM aBMKeHUE PyHIaMeHTaIbHO-CLENJIEHHbIX 3JIEKTPOHA (4acTHULLY)
M NO3UTPOHA (t-COJUTOHA) B CaMOCOTrJIACOBAHHOM aTOMe B CTAllMOHAPHOM

COCTOSIHUU.
IMlpocTpaHcTBO-Bpema LST TllpocTpaHcTBO-Bpems PST
* IlycTb as1eKTpoOH (YacTuia) B * [lycTb no3UTPOH (Y4acTUua) B
MOMeHT BpeMeHHU T HaxozuTce B MoMeHT BpeMeHHU °T HaxoguTcsa B
TOYKe JIOKa/JIHu3aluu A. TOYKe JIOKaJu3aluu A.

1
CnuH Sy = £ B TOUKE JIOKaIM3alUH A ~ ABJIAETCA OKHOM NPO3PavHOCTH» B

Tsynch B AST, p¥ KOTOpPOM MeXJAy 3JIeKTPOHOM YacTHLed U MO3UTPOHOM
yacTunel (dactuueil, nockosbky B “ST peanusyerca reoMerpus EBkauza c
MOCTOSAHHOM TpaBHMTanMel 4G, = 1) NPOUCXOAMT «UeaNbHOe OOMEHHOe
B3auMojleiicTBUe», a BpeMeHa “T u PT - cMHHXpOHM3UPYIOTCA.

* Jajiee, B HAYaJIbHbIA MOMEHT * Jajiee, B HAYaJIbHbIA MOMEHT
BpeMeHH "T, Ha 3/1eKTpoOH BpeMeny °T, Ha 103UTpOH
(4acTuiy) AencTByeT (4acTuuy) AencTByeT
I0JIOKUTe/bHAsA TpaBUTanua LG, u oTpuuareabHas rpasutanua 26, u
OH HE3HAYUTEJbHO OH MMyTeM runep60JIuIeCcKoro
TpaHCPOPMHUPYETCS C UAeaATbHOU BCIJIecKa (pe3Koe yBeJIn4eHue
OKPY>KHOCTH Ha OBaJI; aMILJIUTY/Ibl C KOMIIEHCATOPHBIM

00pa3oBaHUEM JUCIIEPCUH) 6€e3
JIUCCUTIAIINY BbIHYKIEHHO
TpaHcPOopMHUpYeTCSa B t- COJIUTOH;

* OJHOBPEMEHHO C 3THUM 3JIEKTPOH, * OJHOBPEMEHHO C 3TUM NO3UTPOH,
UCIIO0JIb3ysl TOJYy4YeHHbIA B MOMEHT VCIIOJIb3YS OJIyYEeHHBI B MOMEHT
5S4 = % MMIYJIbC U MAarHUTHbIX tSa = — % VMITYJIbC U
JAUMoJb (OT MO3UTPOHA), ABHUIKETCS 3JIEKTPUYECKUU AUMNOJb (0T
10 YaCOBOM CTpeJiKe, 10 3JIEKTPOHA), IBXKETCS NPOTHUB
TPAaeKTOPHUU OTJIUYHOH OT 4aCcOBOM CTPEJIKU 10
OKPY>XHOCTH U CTPeMSIIIENCS K runep60JIn4ecKruM t-COJTUTOHHBIM
3JUIMIITUYECKOU [0 TOYKHU TPAEKTOPHUSAM J10 TOYKHU
Jlokasiu3auuu D, B COOTBETCTBUU C Jlokasusauuu D.

NPUHLUIIOM HAUMEHbIIETO
JEeACTBUA.

1
CnuH Sp = * 5 B TOUKe JIOKa/IM3al1H D - gaBiigeTca «OKHOM NIPO3payHOCTU» B

Tsyncn B AST, IpM KOTOPOM MEXAy 3JEKTPOHOM YaCTHIeH M MO3UTPOHOM
yacTuneil (4acTuuel, mockosabky B 4ST peanusyercsa reoMeTpus EBkiuga c
MOCTOAAHHOM TrpaBuTanued “G, = 1), NPOUCXOAUT «HZealbHOE OOMEHHOe
B3auMojlelicTBUe», a BpemeHa ‘T u °T - cuHxpoHM3UpyIOTCA.
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naBa 12 3akntoueHue

* Jlajiee, B HA4aJIbHbI MOMEHT * Jlajiee, B HA4aJIbHbI MOMEHT
BpeMeHH “T, Ha 3JIEKTPOH BpeMeHH °T, Ha TO3UTPOH
(4acTuuy) AerUCcTByeT (4actuuy) AencTByeT
TI0JIOXKHUTE/IbHAA rpaBuTanusa LG, n OoTpULAaTe/ibHas rpaBUTaALUs U OH
OH HEe3HAUYMUTEeJIbHO IyTeM runepooM4ecKoro BCIiecka
TpaHchOopMUpyeTCH C UjiealbHOU (pe3koe yBesiMueHHe aMILJIUTYAbI C
OKPYKHOCTH Ha OBaJi; KOMIIEHCAaTOPHbIM 06pa3oBaHUEM

JMCIiepCcur) 6e3 JucCUnaluu
BBIHY>K/IEHHO TPaHCHOPMUPYETCS B

t- COJIUTOH;

* OJHOBPEMEHHO C 3THUM 3JIEKTPOH, * O0/IHOBPEMEHHO C 3TUM MO3UTPOH,
WCIOJIb3ysd TMOJIyYeHHbIA B MOMEHT WCIO0JIb3ys NOJIyY4eHHbI B MOMEHT
tSp = % HMMITYJIbC U MarHUTHBIN Sp = — % HUMIIYJIbC U
AunoJsib (0T MNO3UTPOHA), ABUKETCS 3JIEKTPUYECKUN JUNOJIb (OT
110 YaCOBOM CTpEJIKE, M0 3JIEKTPOHA), /IBIXKETCS IPOTHUB
TPAEKTOPHUU OTJIMYHOU OT 4YacOBOU CTPEJIKH M0
OKPY>XHOCTH U CTpeMSIIIeNCs K rUnepooJUIeCcKrUM t-COTUTOHHBIM
3JIJIMIITUYECKOH 0 TOYKH TPAEKTOPHUAM 10 TOYKHU
JIOKaJIN3allMu A, B COOTBETCTBHH C JoKaJiu3aluuu A.

NPUHLMUIIOM HAaUMEHbIIETO
JeHlCTBUA.

HecmoTpa Ha xaoTudeckue cBoiicTBa PST, mnosuTpoH (t-cONUTOH), GyAydH
byHIaMeHTa/IbHO-CIeNJIEHHBIM C 3JIEKTPOHOM (YacCTHLEel), YCIENIHO CIPaBJsAeTcs
CO CBOeM 3ajavyell: HAuyMHAThb U 3aKaHUYMBATb CBOE JBW)XKEHUE B TOYKax
JokanuzauuMu A u D (uim B u (). [loMUMO NO3UTPOHA, ApYyrve t-COTUTOHBI
aHTUMaTEepPUH, BKJIOYasi TeMHbIe GOTOHBI, OyAy4YUu pyHJaMeHTalIbHO-CLeNJIeHHbIMU
CO CBOMMM NapTHepaMu B ST, Takxe JBMIraloTCs COIJIAaCOBAHHO, KaK €JMHbIM
XOpoLO ympaB/seMblii opraHusM. Heob6xoauMo yd4ecTb elle OJHO BaKHOeE
06CTOATENbCTBO: 3aBUCMMOCTb OT peaJU30BaHHOM B NPOCTPAHCTBE-BPEMEHHU
reoMeTpUM JJ8 t-COJMTOHOB aHTHMMaTepuH B ST 3HauMTeNLHO Bblllle, YeM JJis
yacTul Matepuu B “ST. C y4eToM, MHOXeCTBa U3JI0’KEeHHbIX B 3TOH cTaTbe GaKTOpPOB
Mbl [pejroJiaraeM, 4YTO B /JBIKEHHHU t-COJIMTOHA NO3UTpoHA (U JApPYrux
PyHJaMeHTalbHO-CLeNJIeHHbIX t-COJIMTOHOB aHTMMaTepuu) B DST  posmxeH
CO0/I01aThC KAKOU-TO HOBBIM NPUHIIMUII, 9KBMBaJ€HTHBIM NPUHIUITy HAUMEHbLIETO
JeHCTBUA AJA 3/7eKTpoHa (M Apyrux yactun) B “ST. HazoBeM ero - NpuUHLUIOM
HauGOJIbIIEro JeiCTBUA, MOCKOJbKY B NPOCTpaHCTBe-BpeMeHH °ST uMeroLieM
JIpOGHYI0 pa3MepPHOCTb — peasiudyeTcs ob6paTHas 3aBUCUMOCTD (cM. 1. 3.7 ['y1aBbl 3).
ByseM cuMTaTh, UYTO NaKeThl NOCTOSIHHO PacnaaloIlUXcs U JABUTAIOIIUXCSI B TOUKY
CBOEH o4YepefHOU JIOKAJU3allUKM 3JeMEHTOB (-COJIMTOHOB aHTHUMaTepUu -
JIEVCTBYIOT B COOTBETCTBHUU C 3TUM HOBBIM NPUHIUNOM. EC/1M NPUHATH BO BHUMaHUE
ujeto P. Peitnmana [154] o0 TOM, UTO «[1O3UTPOH» (MHTEPIPETALUS aBTOPA, C yYETOM
BbI/IBUTAEMbIX B HACTOSIleN CTaThe MoJiokeHUi; PeliHMaH, eCTeCTBEHHO paccyajl
006 3/7IeKTpOHE) MPOXOJUT MO BCEM BO3MOXXHBIM TPAaeKTOPUSIM [0 TOYKU CBOeEU
JIOKa/IM3alu¥, TO 3TO  SBJSETCS  JONOJHUTEJbHbIM  MOATBEPXKEHHUEM
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PaBUJILHOCTH HOBOTO MpuHIuMna. [Ipy 3TOM cjieiyeT OTMETHUTD, YTO 062 MPUHITUIIA:
HauMeHbLIero JeictBus B “ST u Hau6oJsbliero aeiictBus B °ST - Heo6XoauMo
paccMaTpyUBaTh B HEPA3pbIBHOM COBOKYMHOCTH JApyr ¢ Apyrom. dakTudeckw,
KaKJ|bli U3 HUX SIBJISIETCS IVIaBHBIM [J0Ka3aTeJbCTBOM «IIPABUJIbHOCTU» JIPYroOro.

llpuposa t-cOMUTOHOB - MepBUYHA B PST, MO3TOMy B HeM peajusyIOTCH Kak
3JleMeHTapHble t-COJUTOHbI, TaK U rpynnbl (aHcaM6Jii) B3aMMOJEWUCTBYIOLUX t-
conuToHOB. B 'ST npuposa t-coMTOHOB — BTOPUYHA, I03TOMY B HEM pealnu3yloTcs
TOJIbKO BTOPUYHBIE IPyInbl (aHCaM6J1M) B3aUMO/IeHCTBYOLIUX t-COUTOHOB. Takue
U CXOXKMe TPpOLeccbl MOXHO HabJoJaTh B NpPUPOJe, JaXe Ha MaKpOypOBHe.
Hanpumep, MypMypauuu cTau NTHUI, JBHXKEHHUS pOsi M4esq WM cTau pbi6 [155],
KOTOpBIE AYT CBOEr0 MaTeMaTU4YeCKOT0 pelleHHUs.

JlanbHelillee pasBUTHE TEOPUM J[BUKEHUS t-COJMTOHOB aHTUMaTepuu B °ST
BO3MOXXHBI 10 JABYM NyTAM. B nepBoM ciydae, HeCMOTpA Ha yxXe HMelolLiyuecs
BECOMble [OCTIXKeHUs, Hanpumep, [156, 157, 158, 159, 160, 161], Heo6x0AUMO
aJlanTUPOBaTh CYLeCTBYIOLMe HeJWHelHble JUddepeHlIMalbHble ypaBHEHHUs,
MMelollie COJMTOHHbIE pelleHus K peanusaM PST. Bo BTOpoM ciy4ae, IONbITAaThCA
HalKCaTh HOBble ypaBHeHUs /14 ST, yunThiBarolye HOBbIE ONyYeHHble 3HAHUSA U
BeChb NpOLiecC: OT Hayasla 06pa3oBaHus t-COJUTOHA (TUIIepb0JIUYeCKOT0 BCIJIecKa C
006pa3oBaHHWEM CETH-KPOHBI JiepeBa) [0 ero JoKaaus3aluud (B TOYKe Ha CTBOJIE
JlepeBa), B COOTBETCTBHH C IPUHIIMIIOM HauboJIblIero AeicTBUA. C y4eTOM BBIBOJIOB,
noJIy4eHHbIX B 1. 3.9 ['1aBbl 3 0 NMpUpoOJe KOMIJIEKCHBIX YHCeJ, NepCIeKTUBHBIN
NO/XO0/, K pellleHHI0 Npo6JieMbl 110 IEPBOMY MYTH, YaCTUYHO peaju30BaH B paboTe
[162].

BriBoz 1: J/1eKTPOH B TOYKax JioKanusauuu A u D (uau B u C) B ST, a Takxke BO
BpeMeHM “T HeM3MEHHO MNpeJCTaBJAsAeT co6OM yYacTULy W ABWXeTca B ST B
COOTBETCTBUM C NPUHLMUIOM HauMeHbllero JeWcTBUA. [lo3UTpPOH B TOYKax
nokanusauuu A u D (uau B u C) B ST npepcrasser co6oi 9acTuuy (Tak Kak, TaM
peanusyetca reoMetpus EBkauza (£) ¢ noctosgHHOM rpaBuTanuei 4G, = 1), a Bo
BpeMenu °T mpejcraBiseT co6oi t-coaMTOH (s-06sako) u ABwkeTca B PST mo
rUnep6oJMyeckiM t-COJIMTOHHBIM TPAEKTOPHUSM, B COOTBETCTBHUU C NPHUHIUIIOM
HauOOJILIIEro JeUCTBUS.

BeiBog 2: VYpaBHenue lllpeguHrepa  oOmnucbhiBaeT COCTOSIHUS ~ CUCTEMBI
pyHZaMeHTaNbHO-CLeNIeHHbIX 3JIeKTPOHAa 9acTUIbI B “ST u t-conuToHa (s-06.1aKa)
no3uTpoHa B °ST. ITOT yMBUTE/NbHbIA BBIBOJ, OKaKeTcs 6osiee yGeJUTebHbIM,
eCJIM IPUHATH BO BHUMaHUe, YTO BO BpeMeHHOM ypaBHeHuH lllpenunrepa, BpeMsa
(*t) mposBafeTca Kak NMpOM3BOJHAsA MEPBOr0 MOpPsAJKAa, a MPOCTPAaHCTBEHHbIE
koopauHaTel (°ST unu npoekuyu PST na “ST) BbIpakaloTcs Kak NPOU3BOZHBIE
BTOporo nopszka. Takum ob6pa3oM, B ypaBHeHUM lllpesuHrepa mpocTpaHCTBO U
BpeMs — pa3HOPOJHbBI, TO €CTb IPUHA/JIEXKAT Pa3HbIM IIPOCTPAHCTBAM-BpEMeHaM.

[Ipy 3TOM KOMIJIEKCO3HAyHasi BOJIHOBas QYHKLHUS - SBJSETCI MaTeMaTU4eCKUM
MHCTPYMEHTOM, [peAOCTaBJSALMM HEKOTOPYI CTAaTUCTUYECKYI0 U HHYIO
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MHpoOpMaLMl O  JBWXKeHUe  t-coluTOHA  (S-06Jlaka) MO3UTPOHA MO
runep6oMYECcKUM t-CONUTOHHBIM op6uTam B PST.

[Ipy npoBeieHUM KBAaHTOBBIX U3MEPEHU N MHCTPYMEHT HcceoBaTesl (COCTOSI LU,
KaK W3 YacTHI, MaTepPUH, TaK U M3 t-COJIMTOHOB aHTUMATepHH) MPUXOJUT BO
B3aUMO/IENCTBHE C 3JIeMEHTOM (MJIM HECKOJIbKMMM 3JIeMEeHTaMH) MakeTa t-
cosuToHa (s-o6/aka) mosuTpoHa B PST. HacTymaeT HekoTopas ecTecTBeHHas
MrHOBeHHasa peakuus (B Tgypnep) CHCTEMBI  QyHJaMEHTalbHO-CIENIEHHBIX
3JIEKTPOHA U NO3UTpoHa. Kak ciencTBre 3TOM peakluu, BoJIHOBasA QYHKUUS 0
3TOTO MOMEHTA, ONMUCHIBAIOIIASA COCTOSHUSI CUCTEMBI, KOJLJIAIICUPYET.

B ciny4yae He cranuoHapHoro (CHJIbHO BO36YXKJIEHHOr0) COCTOSIHUSI aToMa M
pPa3JIMYHBbIX  PE30HAHCHbIX  SIBJIEHUH  HeJb3l  UCKJIWYUTb  MEepBUYHBIN
runep6boJIMYecKUi BCIJIECK TMO3UTPOHA C BO3HUKHOBEHUEM «O4YeHb OOJIbLION»
aMIUTUTY/Ibl, © COOTBETCTBEHHO, HEHYJIEBOU BEPOSITHOCTH HAXO0XK/[€HHUS 3JIEMEHTOB
t-COJIMTOHA MO3UTPOHA B JII060I 06/1aCTH IPOCTPaHCTBa-BpeMeHu PST.

BriBox 3: YpaBHeHue /[lupaka MOXHO HMHTEpPHpeTUPOBATb KaK OIMChIBAOllee
CUCTEMY PEJSATUBUCTCKUX (yHJIaMeHTaJbHO-CLENJIEHHbIX 3JIEKTPOHA YacTHIbl B
LST ¢ nonoxurenbHoil Maccolt M MOJIOXKUTENLHON 3Hepruel, ¢ JByMs TOYKaMM

1
JIOKQ/IU3al UM CO CHHUHOM .S =i§ B AST u mnosutpoHa t-conutoHa B °ST c
OTpPULATEJIbHOM MacCOu © OTpULATEeJbHOM 3Heprued, ¢ [JBYyMSA TOYKAMH
1
JIOKaJIM3al UM CO CIUHOM S = + 5B AST. PeleHys C MOJIOKUTeNbHbIMHY 3Ha4eHUSAMU

5TOT0 ypaBHEHHMs COOTBETCTBYIOT 3JIeKTPOHY dYacTuue B “ST, a pelleHus c
OTpULATEJbHBIMU 3HAa4eHUSIMHU ypaBHeHUs Jlupaka COOTBETCTBYIOT MO3UTPOHY
t-COJIMTOHY C OTPULLATEJbHOM IJIOTHOCTBbIO MAaTe€pUX U IHEPTMU B IPOCTPAHCTBeE-
BpeMeHHU OTpHUIaTe1bHOM KpuBU3HbI PST.

BeiBog 4: IlpuHuun HeomnpejesneHHOCTU [elieHbepra, AeWCTBYeT TOJIbKO, €C/IH
WccaefoBaTeslb OIpaHMYMBaeT cebs paMKaMM NpOCTpaHCTBa-BpeMeHu ST
JleiCTBUTENIBHO, B 3TOM CJIy4yae NPU HaX0XXJeHUH TOYHbIX KOOPAMHAT 3J1eKTPOHA B
LST, ero 6yaymuii MMmnyabc [0 MOMeHTa OuYepefHOM TOYKHM JIOKAIM3aLUH -
HaXOJUTCs B IPOCTPaHCTBe-BpeMeHM ST u uH$opMaLus o HeM Heonpe/e/eHHa. B
clydae, ecld Ucc/iefoBaTelb BLIXOJUT 3a paMKM “ST M NpOBOJUT U3MepeHHs B
060X mpocTpaHcTBax-BpeMeHH “ST u PST - CHHXPOHHO B Tgynch: COCTOSIHHS
3/ieKTpoHa B “ST u cocrosHua mosuTpoHa B PST c ucmosb3oBaHHeM Bcex 6
u3MepeHUl (4 MPOCTPAHCTBEHHBIX U 2 BPEMEHHBIX) I KaXKJ0ro MpOCTPaHCTBa-
BPEMEHHU, TO OH MOKET MOJIyYUTh JI0OYI0 TpebyeMyo HHGOpPMaI U0 C abCOTIOTHOU
TOYHOCTBIO.

BeiBoj 5: CTporoe MmaTeMaTH4yecKoe olipesie/ieHue t-COJMTOHA (3apsKeHHOT0 U/ WU
HeliTpasbHOr0) Kak (OpMbl aHTUMaTepuM B MNPOCTPAHCTBe-BpeMeHH CST -
SIBJSIETC TNPUOPUTETHOM 3azavyed. ToyHasa MaTemaTuyeckas QopManusanus
NpUHLMUIA HAUOOJIbIIEr0 AEWCTBUSA [/l [BWKEHUS t-COJIMTOHOB aHTHMaTepuH B
npocTpaHcTBe-BpeMeHd CST B ycl0BMAX HEOJHOPOAHOCTH U aHU30TPOIHOCTHU: U
MpocTpaHCcTBA M BpeMeHH CT, a Takxke HaxOJeHHe YpaBHEHHUH [BWKEHUS -
ABJIAETCA UCKIIOYUTENbHO BaXXKHOW 3azadyei. TakuM o6pas3oM, Halled KOHEYHOU
1eJIbI0 — SIBJIIETCS HAax0X/leHHe CUCTEMBI JIBYXKOMIIOHEHTHBIX CAMOCOT/IaCOBaHHbBIX
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ypaBHEHUU JBUKEHUHN B Tsypcp: 3JIEKTPOHA (YaCTHUIBI) B LST, B cooTBeTcTBUM C

NPMHIMIIOM HaWMMEeHbLIEro [AeHCTBUs, W NO3UTpOHa (t-conutoHa) B PST, B
COOTBETCTBUM C NPHUHLUIOM HaubOJIbIIEr0 JEeUCTBUA C MCIOJb30BaHUEM Bcex 6
M3MepeHUH /11 KaXKI0r0 IPOCTPaHCTBa-BpeMEHH.
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[naBa 12 3aKkno4yeHune

1. BceneHHasa - fBJseTCAd €AWHOM U Be4yHOU. BceseHHas BkJ/O4YaeT B cebd:
nepBuyHoe (MaTepuHCKoe) AGCOIOTHOE INPOCTPAaHCTBO-BpeMs “ST w
Ynpasndawmyrw CynepmHumyro EauHuny ¢/ KoTopasd  nepUOAUYeCKH
VHUILIUMPYeT BO3HUKHOBeHUe BB c nocyiey0lMM HeOTBpaTUMbIM (7.

2. llopxon k onpejeneHUI0 pa3MEPHOCTU BO BcesleHHOM U ee apXUTEKTYypPbl MOXKET
3akJiloyaThCsd B ciaeayoueM. HMcxofsa W3 Hauledl runote3bl U pe3y/bTaToB,
NOJIyYeHHBIX B JAHHOW CTaThe, Mbl MOXKeM NPeJIOJI0KUTh, YTO B iepuo/ ¢ Cr 1o
BB nmnepBuuHoe (MaTepuHCKOe) AGCOJIIOTHOE HpPOCTPaHCTBO-BpeMs ST
HaXOJUTCS B HeOINpeJeseHHOM COCTOSIHMM, a Ynpasaswouas CynepMHUMas
Enununa (I He B3aumojeicTByeT ¢ “AST W HaxoauTcs B 060C06J€HHOM
cocTosiHUU. B MoMeHT BB u o Cr nepBHYHOe (MaTepUHCKOe) AGCOJIIOTHOE
npocTpaHcTBo-BpeMs AST (HyeBoii (2 = 0) 1 6ecKoHe4HOH ({2 = 00) KPUBU3HEI
OJTHOBPEMEHHO) B3aMMOJIENCTBYsT C MHHMOW MapaboiMyecKou enuHulen [
06pa3yT o6061eHHOe [lapakoMmiekcHOe AGCOJIIOTHOE MPOCTPAHCTBO-BpeEMs
AST, cocrosimero U3 6 I[NapakoMILJIEKCHBIX U3MEpPEHMH. B ciydyae 4acTMYHOTO
paccioeHusi  3Toro  o6ob6bueHHoro  [lapakommyiekcHOro  AGCOJIIOTHOTO
NPOCTPAHCTBA-BpeMeHHU AST oHu (u3MepeHus), TpoATcs, o6pasya 18
M3MepeHu:

* 3 - NpOCTPaHCTBEHHBIX KOOPAUHAT “ST;

« 1-BpeMeHH 4T;

* 1-MHUMOU napabo/iM4ecKod NPOCTPAHCTBEHHOHN eJJUHULbI [;

* 1 -MHuUMoOro napa6osinieckoro Bpemenu ;T;

* 3 - IpOCTPaHCTBEHHLIX KOOpAUHAT “ST;

+ 1-BpeMenu 'T;

¢ 1 - MHUMO¥ rMnep60/1M9ecKoi IPOCTPaHCTBEHHOM euHUIeH | B LST;
1 - MHMMOTO runep60JUYeCcKOro BpeMeHH — ;t B ST;

* 3 - IpOCTPAHCTBEHHbIX KoopauHaT PST;

« 1 -TemHoro BpeMenu °T;

+ 1 -TeMHOI MHUMOMH 3JUIMITHYECKOH MPOCTPAHCTBEHHOH efnHuLeil T B PST;
* 1-TeMHOro MHMMOTO 3JI/IMITUYECKOTO BpeMeHnH - ;t BPST;

Takum 06pas3oMm, ¢ yueTOM NPUOPUTETHOM [1Jis1 aBTOPA TMIIOTE3bI 0 YaCTUYHOM

paccyioeHuu 06061eHHOr0 [lapakoMniekcHOro A6COII0OTHOTO MPOCTPAHCTBA-

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

palnMoOHaJbHBIX U 6 MHUMBIX U3MEPEHUH WJIU:

* 4 NpOCTPaHCTBEHHbIX U 2 BpeMeHHbIX [lapakoMI/IeKCHBIX u3MepeHuit B 4ST;

* 4 IPOCTPaHCTBEHHBIX U 2 BpeMeHHbIX KOMIJIEKCHbIX U3MepeHuii B LST;

* 4 NpPOCTPAHCTBEHHBIX M 2 BpPEMEHHBIX TEMHbIX KOMIJIEKCHBIX U3MEpPEHUNU
B [%ST;

3. Ha coBpemeHHOM »3Tane BO BceleHHOHM OTHOCUTENBHO 0606ILEHHOIO
MapakoMIiekcHOro AGCOJIIOTHOTO MPOCTPAHCTBA - BpeMeHHu 4ST peasusyeTcs
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MNPOCTPAHCTBEHHO - BpeMeHHasi CHMMeTpusi. B MoMeHT BB CHHXPOHHO B Tgypep
poauaKch (06pa3oBakCh) jBa B3aMMONPO3padHbIX IPOCTPAHCTBa-BpeMeHu “ST
u PST. TkaHb mnpocTpaHcTBa-BpeMeHM ST OJHOPOAHO paclIUpseTcs
(OTHOCUTE/IbHO HENoABWXHON TKaHM “ST) 3a c4eT HeoJHOPOJHOrO CXKaTHs
TKaHU [NpPOCTpaHCTBa-BpeMeHu DST. CnpaBegiMBo M 06paTHOe, TKaHb
npocTpaHcTBa-BpeMeHd PST  HeofHOPOJHO CXKHUMaeTcss (OTHOCHUTENbLHO
HeMOJBWXHOW TKaHM “4ST) 3a c4eT OZJHOPOJHOTO pACIIUPEHHs TKaHH
npocTpaHcTBa-BpeMeHH LST.

[IpensiokeHHble  aJICOPUTMBbl  pacca0e€HUs NepBUYHOr0 (MaTepHUHCKOTO)
A6COJII0THOrO NpPOCTpaHCcTBa-BpeMeHu “ST ¢ reomerpueii EBkanga (£), B Buzie
ypaBHeHUU 5-23 - <BiseTcd MNOpeABapUTeJbHbIMH UM HeNoJHbIMU. OHH
HYK,AI0TCA B paCIIMPEHNH 3a CYET:

* BKJIYEHHWS B HHUX Tpex MHHUMBIX eJUHUL: Tnapabosnyeckond I,
runep6oJMYecKon I, IMIMITUYECKOH I, KaX/A01 U3 KOTOPbIX COOTBETCTBYET
CBO€ NMPOCTPAHCTBO-BpPEMS;

* omnpejeseHVMs Y BKJIOYEHHWS B HUX KBaHTa paclIMpeHUs NpPOCTpPaHCTBa-
BpeMeHM ST, CaMOCOT/JIaCOBaHHOTO C TEMHBbIMM KBaHTaMM CKaTHs
NpocTpaHCcTBa-BpeMeHu PST;

* M3yYeHHs IPUPO/IbI U CBOMCTB BPEMEHU CUHXPOHU3AUMHU Ty cp;

Cynp6a 06pa3oBaBUIMXCS CHHXPOHHO B Typ e B 06001eHHOM [lapakoMIIeKCHOM
ABCOJIIOTHOM NIPOCTPAHCTBE — BpeMeHu 4ST B MoMeHT BB JByX NpOCTPaHCTB-
BpeMeH “ST u PST npeppemena: B 6yyiieM OHU UCYE3HYT B MOMEHT CT, TaKxkKe
CHHXPOHHO B Tgypep-

bapuonHass acumMmeTpuss Bo BceseHHol - oTcytcTtByeT. C MoMeHTa BB Bcs
poXZieHHasi MaTepusi pa3BUBAeTCs, B HaAOJII0JaeMOM HaMH, NPOCTpPaHCTBe-
BpEMEHH IOJIOKHUTENbHOM KPUBU3HBI ST, a Bca poKAeHHasd aHTUMaTepus
pa3BuBaeTcs, B He  HaOJ0JaeMOM  HaMM, IPOCTPaAHCTBe-BpeMeHU
OoTpULaTeNbHOW KpuBU3HBI PST. Ta d4acTb aHTMMaTepuu, KoTopas IIo
onpezesieHHbIM MNpuUYyuHaM (OyAyT paccMOTpeHbl HaMM B OJHOM U3
nocjeaywmux crated «0cobeHHOCTU KanubpoBouHOW Teopuu U CPT-TeopeMbl
B TSSCU»), NpOHUKaeT B IPOCTPaHCTBO-BpeMA LST - aHHUTUIMpYeT c MaTepHeH,
COXpaHss NapuUTeT.

AHTHMaTepUss C OTpPULATEJbHOM IJIOTHOCTBIO MaTe€pUU U OTPULLATETbHOU
IJIOTHOCTBIO 3HEpPruM, 0O6pa30BaBILIYIOCA B MOMEHT BB U pa3sBUBaILylOCd B
npocTpaHCcTBe-BpeMeHH PST MO)KHO Take HasblBaTh TEMHON MaTepuel (Mau
CKpBITOM MaTepuel) obJajamouied TeMHOW 3Hepruerd (CKpbITOM sHepruen). B
COOTBETCTBUM, C YaCTUYHBIM paccioeHreM “4ST OCHOBHYH IJIOTHOCTb BO
BcesleHHOI - COCTaB/IAIOT: MepBUYHAsA yIpaB/somas MaTepus 4M ¢ nepBUYHON
ynpasJsioleil sueprueit AE.

Poxpenne B MoMeHT BB JByX B3aMMOINpPO3payHbIX M, OJHOBPEMEHHO,
CaMOCOTJ/IaCOBaHHbIX NpoCcTpaHCcTB-BpeMeH “ST u PST co cBoumu Bpemenamu ‘T
u °T BBIHYX/@eT HAC BBECTH NOHSTHE BpEMEHH CHHXPOHU3AUUH Ty cp. OZHO U3
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10.

11.

12.

13.

14.

BOXHEULIMX CBOMCTB Tgypcp — 3aK/IH0YAETCA B TOM, YTO O6pasoBaHME MapHBIX
06'bEeKTOB B NpocTpaHcTBax-BpeMeny “ST u PST cuHXpoHHO B Tsyncn HafEISIET
3TU 06'bEKTHI CBOMCTBOM QyHAAMEHTaJIbHOU-CIENJIEHHOCTH 8.

Peanuzanusa «3ddekra camMocorsacoBaHHOCTU» BO BcesneHHoW cTasa
BO3MOXHOM, 6J1aro/iapsi HOBOMY CIOCO0y BBeJIeHUs1 06001 eHHbIX KOMITJIEKCHbBIX
yuces. Kaxxags MHUMas eJuHULA: NMapabosnyeckas I, runepbosindeckass i u
3JUIMNTUYEeCKas I, 3a/laeTCcd B CTPOrOM COOTBETCTBUM CO 3HAKOM KPUBU3HBI
CBOEro MpoCTpPaHCTBa-BpeMeHU. VIMeHHO, 00001IeHHble KOMILJIEKCHbIE YMCIIA,
pasBUBaloIlMe TEOPHUU PYHKIUN KOMILJIEKCHBIX TEpeMeHHbIX, UTPAIOT IJIaBHYIO
pOJIb B 06€eCrie4eHHUH MEXIPOCTPAHCTBEHHO-BPEMEHHON KOMMYHHUKAIUU.

Mprposa Macchl: YaCTHIBI MATEPUH C MACCOM “m W t-CONUTOHBI aHTUMATEPHH C
Maccoil Pm poxparoTca NapaMM CHHXPOHHO B Tsyncn ¥3 siU€EK TKaHeH
npoctpaHcTs-BpeMeH “ST u PST, coorBercTBeHHO. [Ipy 3TOM YaCTHIbI C MACCOM
Lm u t-conurons! c maccoit ’m - 6yayT 061a5aTh CBOMCTBOM QyHjaMeHTaNLHOM
CLIeIJIEHHOCTH. VIcK/It04eHreM M3 3TOro NpaBuJja ABJsgeTca Macca 6030Ha Xurrca
H, umewuiero cnuH paBHbld 0 (.S =0), kotopbiit B TSSCU wurpaer cBOIO
byH/IaMeHTaJIbHYIO POJIb.

[loHMMaHue Tpex NPOCTPAHCTBEHHO-BPEMEHHOW MNpUpOJAbl ChHUHA S (OKHO
npospayHocTy B 4ST) mo3Bo/igeT HaM He TONbKO GOPMaIU30BaTh «HjeaNbHOe
06MeHHOe B3auMo/JielcTBUE» /i1 PEPMUOHOB U 6030HOB, HO U CZeJIaTh TOUHbIE
0e3a/bTepHATHBHBIE PEJCKA3aAHUS:

*  YaCcTUl, KOTOPbIE ABJSAITCSA aHTUYACTULAMHU CaMU 1151 Ce0sl — He CYILECTBYET;
*  6e3MaccoBblil HeHTpaIbHBII 6030H GOTOH - ¥ B ST, uMeromuit cus .S = +1
- 06s13aH UMeTb MapTHepa 6€3MaccoOBOT0 HEUTPATbHOIO TEMHOT'0 GOTOHA - ¥
B PST, Takxe co cnuHOM .S = +1;
* MaccuBHBIH 6030H °Z B ST, umeroumuii cnux S =21 - o6513aH UMETb
napTHepa HeHTpPaJbHOT0 MacCUBHOr0 6030Ha U3 aHTUMaTepuu B PST.
[IpUHIMIILI HAUMEHBILIETo e CTBUSA [J/1g YacTUI, MaTepuH B “ST ¥ Hau60IbIIEero
JeHCTBUA NS t-CONUTOHOB aHTUMaTepuu B PST, ux ¢yHAaMeHTalbHas-
CLEIJIEHHOCTh M CaMOCOTJIACOBAHHOCTb B JIBUKEHHWU OTKPBIBAET IIMPOKUE
BO3MOXXHOCTH ZIJIs1 IOCTPOEHUSI TOYHBIX MaTEMAaTHU4YEeCKUX MOJieJiel IBIKEeHHUs B
npocTpaHcTBax-BpeMenu ST u PST.

[lonsaTue ¢QyHJAaMeHTATbHONU-CLENJIEHHOCTH, TMPUHIWNbBI HAaWMEHbIIEr0 |
HauOoJIBIIETO AeHCTBUH, «Mlea/IbHOEe 0OMEHHOE B3aUMOIeHCTBHEY, t-COJUTOHBI
kak popMa aHTUMaTepuu B PST, a Takxke runoTesa o TOM, YTO NO3UTPOH B PST
006J1aZlaeT 3JIEMEHTAPHbIM TOMOJIOTMYE€CKMM MAarHUTHBIM 3apsiioM, MOABOASAT K
3aKJIIOYMUTEJIbHOMY 3Taly MNOCTPOEHUS TEOPHUM CAMOCOTJIACOBAHHOTO YacTHIle-
COJIMTOHHOTO aToMa.

CusbHOE siiepHOe B3aUMOIeCTBUE, IpUMeHsieMoe cero/iHs B pusuke, B TSSCU
- §npejcTaB/sieT €000 MO3UTPOHHO-3JIEKTPUYECKOEe B3aMMOJIEHCTBUE B
npoctpaHcTBe-BpeMeny ST. [Ipu 3TOM, MO3UTPOH U AHTUIPOTOH (@ TaKXkKe
JpyTHe 3apsA/i0Bble t-COMUTOHbI) B °ST MeIoT a/ieMeHTapHbIi TONOJIOIMY eCKUIA
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MarHUTHBIA 3apsaf 6, KOJMYeCTBEHHOe 3HayeHWe KOTOPOro NpeiCTOUT
onpezeauThb. [IoMUMO 3TOro, B IPOCTPaHCTBe-BpeMeHt ST J0/KHbI 6BITH CBOU
TeMHble KBaHThI feiicTBua "h u Ph,_, sxBuBaseHTHBIE NocToAHHON [Inanka “h
M [pUBEJEHHOH mnocTosAHHOM Ilnanka “hA.  Onpesenenve  BesnMyuH
3JIEMEHTApHOIO TOMOJOTMYECKOT0 MarHUTHOTO 3apaja 0, a Takke TeMHBIX
KBaHTOB JleficTBUS (aKTUBHOTO MOTJoeHusa uau nputsxenusa) °h u Ph,_, -
N03BOJIUT, B 0003pUMOM OyAyllleM, CO3/1aTb MOJHOLEHHYI0 TEOPHUI0 CUJILHOTO
B3aMMOJEHCTBUA, B BMJeE CUCTeMbl ypaBHeHuil asa PST, skBuBaseHTHBIX
MOUPUIMPOBaHHBIM ypaBHeHMsAM MakcBesia g “ST.

Jlia  pellleHUss nNpo6JieMbl KBAaHTOBAaHMS TCpaBUTALUM, C Y4€TOM Tpex
IPOCTPAaHCTBEHHO-BPEMEHHOM  MoOJeJM CTpoeHus BceneHHoH, cieanyetr
IOCTaBUTb BONPOC O-HOBOMY: HEOOXO/AMMO ONpeJieINTh KBaHT pacluMpeHus (B
mape: pacCTOSIHUs-paZiuyca KPUBU3HbBI - 's u kpuBusHbl - Lw) B LST, a Takxke
TeMHble KBaHTbl CKaTHsA (B Iape: pacCTOSAHUA-paZnyca KPUBM3HBI - Ps u
kpuBusHbl - Pw) B PST. Jlna sToro Heo6xoauMo cPOpMy/IMPOBaTL U HAUTH
pelleHusI CUCTEeMbl CaMOCOTJIACOBAHHBIX YPAaBHEHUH, ONUCBHIBAOLIMX JelCTBUE
rpaBuTauuM B ‘ST w anturpaBurtauuu B PST, ¢ yyeToM TomoJioruueckoro
BpallaTeJbHOT0 MeXaHU3Ma cTabunnsanuu (cM. . 6.7 ['1aBel 6).

[TomuMo 3TOro, HecMOTps Ha [JUHAMUYECKHe XaoTH4YeCKHMe CBOWCTBA
npocTpaHcTBa-BpeMeHd °ST, Heo6XOAMMO MHONBITaThHCA HAWTH MOAXOAbI K
HalMCaHWI0 ypaBHEHWH K 3aKOHy (HaM) BCEMHUPHOTO aHTUTATOTeHUs B °ST
5KBHMBaJIEHTHOMY 3aKOHY BCEMMPHOTO TATOTeHHUs B “ST.

'unoTes3a o TOM, 4TO TepModAePHbIE€ peaKIIUH ABJANOTCA OCHOBHbBIM
HCTOYHHUKOM 3HEPIrUHU BO BCGJ’IGHHOI:I, KaK MUMHHUMYM, He [TOJIHA.

Bce MHOroo6pasue CyIeCcTBYIOLUX MaTepUaJbHbIX W aHTHMaTepHaJbHbIX
MUPOB B TpeX NPOCTPaHCTBEHHO-BpeMeHHO# BceseHHO MOXHO 06bACHUTD 3a
CYeT  B3aMMOINpPO3PaYHOCTH MNpPOCTPaHCTB-BpeMeH ST wu PST, wmx
pyH/JaMeHTaNbHOM CLeNIeHHOCTH U B3aMMHOT0 aHTaroHU3Ma.
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AST - nepBu4HOe (MaTepuHCKOe) AGCOIIOTHOE TPOCTpaHCTBO-BpeMs (Absolut
Space-Time);

sI — Ynpasagwumiaa CynepmMmurMmas Enununa;
I - MHMMas napa6osMyeckas ejuHUna B 2ST;
AT - MHMMOe napa6osndeckoe Bpems B 4ST;
AST - 06061eHHOe [TapakoMIIeKCHOe ABCOIIOTHOE TPOCTPAHCTBO-BPEMSI;
AM - nepBuunasa MaTepus B 4ST;

AE - nepBuuHag sHeprus B AST;

A] - nepBuyHas uadopmanus B ST;

4m -macca yacTuupl B 4ST;

4S - paccroanue B 4ST;

4() - kxpuBU3Ha B “ST;

AT — Bpems B “ST;

AV - ckopocTb B 4ST;

AG, - rpaBuTanus B 4ST;

4K - Temnepatypa B 4ST;

BB - BoJsibmiout B3phbiB;

Cr - CxJionbIBaHUE;

STYJ - MexXTpoCTpaHCTBEHHbIN NOTEHIMA;
Tsynch - BPEMsI CHHXPOHU3AIUK;

+S — CIIUH;

(&) - reomeTpus EBkina;

& - pyHlaMeHTa/bHas CLEeMJIeHHOCTb MeX/ly TKaHAMU NPOCTPaHCTB-BpeMeH ST u
PST, a Taxke wactunamu B “ST 1 ux napTHepamu t-conuToHamu B PST;

LST - npocrpancreo-Bpems (Light (Real) Space-Time);
i - MHUMas runep6osinyeckasi eiMHUIA B Lst;

;t — MHMMOe runep6osiMdeckoe BpeMs B “ST;

LM - maTepusa (c nonoxuTenbHOM MIOTHOCTEIO) B LST;

LE - sneprus (c nonoxuTenbHOM NIOTHOCTBIO) B “ST;
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LI - undpopmanusa croxactuyeckas B “ST;

Lm -macca vactunp! B LST;

Ls - paccroanue B LST;

Lw - xpuBusna B LST;

Lt - Bpema B LST;

Ly - ckopoctb B LST;

LG, - rpaBuTanus B LST;

LK - Temneparypa B LST;

¢ - CKOpOCTb cBeTa B “ST;

Ly unn y - doron B LST;

e~ — 3JIEKTPOH;

é* —nosutpoHn B LST;

q -3JleMeHTapHbII TOYeYHbIH 3/1eKTpUYecKuii 3apsas B LST;
6% ~ - quMoJbHble MarHUTHBIE 3apsA/bl B ST}

'h -nocrosiuuas [nanka B LST;

- npuBeJleHHas noctossHHas [laHka B Lgr.

lp - [InaHKoOBCKasl AJIMHA B Lsr.

LG - rpaBuTanuonnas nocroanxas B LST;

LH, - punamuueckuii napamerp Xa66.1a B “ST;

GR (OTO) - O6was Teopuss OTHOCUTENBHOCTY;

LQG -IletsieBasg KBanToBas ['paBuTaLuy;

(R) -reomeTpusi Pumana;

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

1 — MHMMas 3JIJIMITHYecKasd eqUHULIA B bsr:

;t — TeMHOe MHMMOe 3JIMITHYecKoe BpeMd B PST;

PM - remnas MaTepus (aHTMMaTepus c OTpUIATENBLHOM IJIOTHOCTEIO) B PST;
PE - remnas sneprus (c oTpunaTebHOM MIOTHOCTbIO 3Hepruu) B PST;
DI - unpopmanusa dpakranbuas B PST;

Dm - macca t-conutona B PST;
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Ds - paccroanue B PST;
Dw - xpuBusna B PST;
Pt - Bpems B PST;
Dy - ckopocts B PST;
DG, - anTurpasura Y
5 p nus B PST;

D Do

K - remneparypa B “ST;
Dy wnu 7 - remuniit poton B °ST (rnroon - g, marnon, Taxxke apasworca Py);

¢ - CKOPOCTb TEMHOTO cBeTa B °ST /11 anre6pbl € JOMUHAHTHBIM MUHYCOM;

1
= - cKOpoCTb TeMHOT0 cBeTa B °ST fy1 anre6pel ¢ a6COMOTHBIM JIOMUHAHTHBIM
C

MHUHYCOM;

&* —mosurpon B °ST;

6 - 3/eMeHTapHBII TOMOJOTMYEeCKUI MarHUTHBIH 3apas B PST;

§~ *- IUmoJIbHbIE TOMOJIOTHYEeCKHe 3/IeKTpHYecKHe 3apsazbl B PST;

@k - TeMHBIH GAYKTYaIMOHHBIN KBAHT feiicTBUA B °ST sKBUBa/eHTHBIN
nocrosinHoii [lnanka ‘h B LST;

dhl_n - TeMHble QJIYKTyallMOHHbIE KBAHTHI J€UCTBUS B DST skBUBaneHTHBIE
NpUBeJEeHHON nNocTossHHOM [l1aHKa h s Lsr:

DG, _, - anTurpaBuTanMOHHbBIE PIYKTYaLMOHHbIE TapaMeTpbl B °ST;

DHbl_n - IMHaMu4ecKue GJIYKTyaliMoHHbIe TapaMeTpbl B °ST skBuBaneHTHbIe
napametpy Xa66.1a B “ST;

SNT - Teopus CTpyHHbIX CeTel;

(LB) -reometrpus JlobaueBckoro-bosbsy;
BEH- ckangpHoe noJsie bpayrta-J3Hriiepa-Xurrca;
H - Bo3ou Xurrca B °ST;

ST - Teopus cTpyH;

CST - Teopuda Ynpasadawmux CTpyH.
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