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AHHOTaAUMs

B 37Ol cTaTbe f Npegnarato paanKanbHyo 4eTEPMUHUCTUYECKYIO HE KaIMBPOBOYHYIO TEOPULD
NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHM U MaTepun. B aTon Teopun npeanofaraeTca, YTo NPOCTPAHCTBO-
BPEMS U MaTepus ABNAAIOTCA NOPOXKAEHHbIMW CBOMCTBaMM bonee dyHAaMEHTaNIbHOM CYLLHOCTM.
MNoKa3aHO, KAaKMMW CBOMCTBaMM A0KHaA 061aaaTth 3Ta 601ee pyHAaAMeEHTaIbHAA CyWHOCTb. [peanoreH
NoAXxoZ KaK Ha TaKoWM CYLLHOCTM HAaMTK NOPOKAEHHOE NPOCTPAHCTBO-BPEMSA U MaTEPUIO C
HabnogaembiMn cBOMCTBaMMU. MOKa3aHO Kak HeeTePMUHUCTUYECKME 3aKOHbI KBAaHTOBOW MEXaHUKM C
Ka/IMBPOBOUYHbIMM NOJIAMM NOABAAIOTCA B AETEPMUHUCTMYECKOM Mmoaenn bonee dyHAamMeHTaibHOM
cyuwHocTH. MNpeanoxeHHan TeopUs NOPOXKAEHHOro NPOCTPaHCTBa-BpeMeHn U maTepun (aanee MNMNBM-
Teopwus), Kak NOKa3aHO B 3TOM CTaTbe, COBMECTMMA CO CreLmanbHON 1 0bLwen Teopnamm
OTHOCUTENbHOCTU, C KBAHTOBOM MEXaHUKOM 1 € KOCcMmoJiornein. KBaHToBas mexaHMKa bblna
nepedopmynmpoaHa. MNpueeseH BbiBOA ypaBHeHUs LUpeanHrepa Ana KBAHTOBOW MexaHMKK. MoKkasaHo
KaK MpUHUMN HeonpeaeneHHocTH Feli3eHbepra NoaBAAeTcs U3 AeTepMUHM3IMa bonee
dyHOAMeHTaNbHOM cyWwHOCTH. MpeanoxKeHbl USMEHEHNA B NPUHLMM NOKaAbHOCTU. OBOCHOBAHO
paBEHCTBO MHEPTHOM M rPaBUTALLMOHHOM Maccol. MpeanoxKeHbl NONPABKM K ypaBHEHMAM 0bLLen Teopun
OTHOCWUTE/IbHOCTY, a TaK e U3MEHEHNe KOHUENTyanbHo moaenu rpasutaunn. MNMNBM-teopus
obbeanHseT Bce pyHAAMEHTA/IbHbIE CUJIbI, BKOYAA FPaBUTALMIO; BCE PyHAAMEHTAIbHbIE CUbI
BbIBOAATCA M3 OAHOrO MOAA.
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BBeaenue

B 37Ol cTaTbe 5 pa3BMBato TEOPUIO MOPOKAEHHOTO NPOCTPAHCTBA-BpeMeHN-MmaTepun [1]. 3HaKomcTBa ¢
npeablaywmmm nybankaumamm no sTor tTeme He TpebyeTcs, B 3TOM CTaTbe A NPUBOXKY NOJIHOE onucaHue
TEKYLLErO COCTOAHMA 3TON TEOPUM.

B HacToALEee BpeMs, N3BECTHble 3aKOHbl GU3MKIN NO3BOISIOT CYLLECTBOBATb CUHIYASPHOCTM, Hanpumep
BHYTPM YEpPHbIX Ablp. BONbLIMHCTBO pacCMaTPMBAET 3TN CUHIYAAPHOCTM KaK NPU3HAK TOro , 4To
Nob/IM30CTM OT CUHTYIAPHOCTEN HaYMHAeTCcAa HoBaa Ppu3amKa. MLy TcA HOBbIE 3aKOHbI PUIMKY,
OMMCbIBAIOLLLEE COCTOSIHME NPOCTPAHCTBA, BPEMEHM U MaTepun B6AN3K 3TUX CUHTyAspHocTel. Obwei
YyepTol BCEX 3TUX MOUCKOB ABASAETCA TO YTO aBTOPbI NOAPa3yMEBatOT, YTO NPOCTPAHCTBO, BpemMa U
MaTepua B TaKUX YCI0BMAX MO NPEKHEMY CYLLECTBYHOT, NYCTb M B KAKOM-TO HEOObIMHOM BUAE.

OfHaKo ecTb M APYroi BapnaHT, KOTOPbIA, HACKO/IbKO MHE M3BECTHO, BrepBble PacCMaTPMBAETCA TOIbKO
B pamKax npegsiaraemoi Teopumn. ITOT BTOPOI BapUaHT 3aK/I0YaETCA B TOM, YTO B KaKOM-TO
OKPECTHOCTU CUHIYNAPHOCTU NMPOCTPAHCTBO, BPEMSA M MaTepPUA He NepexodaT BO YTO-TO HeobbluHoe, a
MPeKpaLLatoT CyLLecTBOBaTh. MPM 3TOM, NOCKO/IbKY HEYTO BHYTPW 3TON OKPECTHOCTM CUHIYAAPHOCTH
BO3/EMCTBYET Ha CBOE OKPY>KEHWEe B NPOCTPAHCTBE-BPEMEHMU, 3TO HEUYTO HE MOXKET BbITb HWUUTO.
BO3HMKaeT BOMPOC, YTO MOKET BbITb 3TO HEYTO?

EC/K 3TO HEYTO He COAEePKUT NPOCTPAHCTBA-BPEMEHM U MATEPUIO, TO OHO AOXKHO b6bITb YemM-To Bonee
dyHAameHTanbHbIM. HO TOrAa, Tak Kak OHO He COAEPNKUT NPOCTPAHCTBa-BpPeMEHU-MaTePUN HO
B3aMMOZENCTBYEeT C HUMK, CAamMO NPOCTPAHCTBO, BPEMSA M MATEPUA A0/XKHbI BbIBOAUTLCA U3 3TOMO HEYTO.
Mcxoasa 13 3Toro, NpoCTPaHCTBO-BPeMA-MaTePUs AO/XHbI ABAATLCA NOPOXKAEHHBIMW CBOMCTBAMM 3TOTO
HeyTo. MpyK 3TOM OHM MOTYT BbITb ONpeaeneHbl He Be3ae, a TO/IbKO TaM rae ecTb A/1A 3Toro noaxogaiime
ycnoswms.

Bpemsa aBnaeTca aBneHMeM, NPOABAEHNA KOTOPOro Mbl MOCTOAHHO Habaoaaem. PusKKa Bce elle He
3HaeT YTO TaKoe Bpems, CyLLECTBYIOLLEE ONUCAHME BPEMEHM U ero CBOWCTB ABAAETCA
deHomeHoNorMyecknm. bonee Toro, cneumnanbHaa u 06LLan TEOPUM OTHOCUTENLHOCTM YCTaHOBUIIM
3aBUCMMOCTb MeXK Ay BpemeHeM, MPOCTPaHCTBOM U rpaBMTaLMeit. ITO NOKasblBaET, YTO BPpeEMSA He
ABNAETCA HE3aBUCMMbIM ABNEHMEM, U UMEET CBA3b C NPOCTPAHCTBOM M MaTepuei, Bbi3biBatoLLei
rpasuTaumio. dPusmKa ycTaHoBMAA CBOMCTBA BpeMeHW. OAHAKO OTCyTCTBYET 3HaHMe, MOYEMY CyLLecTByeT
BpPEMSA, NoYeMy Bpems 04HOHAMNPaB/EHHO, CYLLLECTBYHOT /I KBaHTbl BDEMEHMW, NOYEMY BPEMSA UMEET
04HO M3MepeHNe, BO3MOXKHO N NyTELeCTBOBATbL B NPOLUJIOE.

CYLLI,ECTBYI-OT AB/IEHUNA Ha3blBaeMble NMOPOXKAEHHbIMU, NN IMEPAXKEHTHbIMMN. Hanpwmep, BTOpOﬁ 3aKOH
TEPMOANHAMUKWN. CeoitcTBa TEPMOANHAMUMKN OCHOBAHbI Ha CBOWMCTBaxX OTAENbHbLIX aTOMOB U MOJIEKY N,
ONMCbIBAaeMbIX KBAHTOBOM MEXaHUKOIA. OaHako YpaBHEHNA TEPMOANHAMUKU MOXKHO NMPUMEHATb
NpPakKTn4yeCKn He3aBUCMMO OT ypaBHeHm‘& ONMUCbIBaOLWMX OTAE/NIbHbIE aTOMbI U MOJTIEKY/bI.

B HacToAWee BpemA BCe N3BECTHblIE MHE TEOPUN B ¢M3MKe PacCMaTpuUBakOT NPOCTPAHCTBO-BPEMA U
MaTepPUIO KaK CAaMOCTOATE/IbHO CyLLecTBytoWwme asieHna. Ho AeﬁCTBMTEHbHO 1 OHU CYyLLECTBYIOT
CaMOCTOATENIbHO UIN e ABNAKTCA NpoABAEHNEM HEro-TO 6onee dDYH,D,aMEHTaﬂbHOI'O?

B 37Ol cTaTbe NpeacTaB/ieHa TEOPUA MOPOXKAEHHOrO NPOCTPaHCTBa-BpeMeHn-maTepum (ganee MMBM-
Teopwus). B aTol TeopUM NPOCTPAHCTBO, BPEMA M MATEPUA PACCMATPMBAIOTCA KaK MOPOXKAEHHbIE



cBoiicTBaMK bonee pyHAaMeEHTaNbHOM CyLWLHOCTU. ITa pyHAAMEHTaAbHAA CYLWLHOCTb BK/tOYaeT B cebsn
BCE OOBEKTMBHO CyLLECTBYIOLLEE.

Ecnn nocMmoTpeTb Ha CBOMCTBA GUINYECKUX ABMEHUIN, OHMU XapaKTePU3YIOTCA HECKONbKMMMW KTHoUYeBbIMM
CBOMNCTBAMMU:

1. dusnyeckme ABNEHMA YEM-TO BbI3BaHbl. MMeloTCcA NPUUMHHO-CNEACTBEHHbIE CBA3M BeayLlme K
npoucxoasailemy. B HacTosllee Bpema HeM3BECTHbI AB/IEHUA KOTOPble He NonagaloT noj,
NPUYUHHO-CNeACTBEHHble CBA3WU. HeKoTopble ABAEHUA, Hanpumep pacnaj HecTabuabHoro Aapa
aToMa, HOCAT BEPOATHOCTHbIN XapakTep. OAHaKo, XOTA ANA TaKUX ABNEHUIH HEBO3MOXHO
npe/cKkasaTb TOYHbI MOMEHT pacnaja, MOXHO npeackasaTb BEPOATHOCTb ero pacnaga. Tem
CaMbIM pacnag Takoro aToma no NpeXKHemy HaxoAUTCA B pamKax NPUYUHHO-CeACTBEHHbIN
cBA3en.

2. ECTb BO3MOHOCTb BbIMUCANTb BEPOATHOCTb COCTOAHUA Nt06Oro 06beKTa B Nnocneayrolime
MOMEHTbI BpEeMEHM, C HEKOTOPbIMW OrpaHUYeHUAMU, TAKMMU Kak He B6IM3U rpaBUTaLMOHHOM
CUHTYNAPHOCTU U T.N. [114 TOoro 4Tobbl caenaTb Takoe BbluMCNeHNe, He0bX04MMO 3HaTb TEKyLLee
COCTOAHME 06BbEKTa M TeKylllee COCTOAHME APYrnX 06bEKTOB Ha HEKOTOPOM PaCCTOAHMM OT 3TOrO
obbekKTa.

3. [AnA HeKOTOPbIX AB/IEHUI, NPeAcKa3aTb COCTOAHUE B NOCAEAYIOLLME MOMEHTbI MOXHO TOJIbKO
BEPOATHOCTHO. KBaHTOBAA MexaHWMKa YyTBEPXKAaeT YTO TOYHO BbIMUCAUTL COCTOAHNE 06bEKTa B
6yayLwem HEBO3MOMHO, MOXHO NIMLIb BbIYUCANTb BEPOATHOCTb COCTOAHUIA.

4. 3aKoHbI NPMpPOAbl OANHAKOBbLI BO BCeM HabllogaeMoM NpoCTpaHCTBe BceneHHoM, Bo Beex
MHepLUManbHbIX CUCTEMAX OTCUETA.

Kak NpocTpaHCTBO-Bpema MOXET BbITb MOCTPOEHO Ha CUCTEME B KOTOPOW HET BPeMeHM?

Ecnun otcyTcTBYET BpeMs KaKk GyHAAMEHTa/IbHOE ABIEHUE, 3TO 03HAYaeT YTO CYLLHOCTb, Ha OCHOBE
KOTOpOW cywecTByeT BceneHHan, NosIHOCTbIO 6e3BpeMeHHasn U He MMeeT HUKaKMX MU3MEHEHUN. ITa
CYLLHOCTb HE MOKET UMETb HUKAKNX U3MEHEHWNI BO BPEMEHMW MO NPUYMHE OTCYTCTBUA BpeMeHU. byaet
HEeBEPHO YTBEPXAaTb YTO CYLLHOCTb, HA KOTOPOW cyLlecTByeT BceneHHasn, ctTaTuyHa. CTaTUYHOCTb
HEeABHO O3HAYaET, YTO YTO-TO HE MEHSAIETCA CO BPEMEHEM, HO 3TO HE NPUMEHMMO A8 CAydan Koraa
BPEeMeHM HeT. Bpems B 3TOM c/iyyae fOKHO OblTb NOPOXKAEHHBIM ABAeHMeM. CneymanbHan Teopus
OTHOCUTE/IbHOCTM YCTaHABAMBAET CBA3b MeXKAY NPOCTPAHCTBOM, BPEMEHEM N CKOPOCTbIO. M3 3Toro
cneayeT 4To ecnv Bpemsa ABNAETCA NOPOXKAEHHbIM ABAEeHUEM, Hablogaemoe NPOCTPaAHCTBO TaKKe
ABNAETCA NOPOXKAEHHBbIM iBAeHNeM. O6Lan TeOpmUsa OTHOCUTEIbHOCTM YCTAaHABINMBAET CBA3b MeXAay
rpaBuTaLMel Bbl3biIBAEMOWN MaTepuein U NPOCTPaHCTBOM-BpeMeHeM. M3 aToro cnegyet 4To oA Toro
yTOObl HATU NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA HEOBXOAMMO HAlTU FPaBUTALMIO U MaTEPUIO KaK
nopoXKAaeHHble ABneHns. KBaHToBaA MexaHWKa ONMUCbIBAET MHOMKECTBO KBAHTOBbIX SIBJIEHUN. ITO
O3Ha4aeT HeobX0AMMOCTb HaUTK 3/1eMEHTapHble YacTULLbl C KBAHTOBO-MeXxaHUYeckumm spdexktamm B
pamKax 3Tol Teopum. NMpuHUMN HeonpeaeneHHOCTM ABASAETCA BaXKHOM YacTbio COBPEMEHHOM GU3MKM.
HeobxoaMmo NoKasaTb Kak NPUHLMMN HeonpeaeneHHOCTM NosBAAETCA B AeTepMuHUCTMYecKon MMNBM-
Teopuu. MNpPUHUUN NOKANbHOCTU ABAAETCA OAHUM U3 KPAeYro/ibHbIX KAMHEN COBPEMEHHOM GU3UKN.
CnepoBaTtentHo, NMBM-Teopua fonxKHa cogeprKaTb IOKANbHOCTb, MYCTb U B KAKOM-TO
moauduumpoBaHHoM BuAe. Bce Habntogaemble pusnyeckme ABAEHUA MMEOT NPUYUHHO-CNEACTBEHHbIE
CBA3WN. 3HAUUT, NOPOXKAEHHOE BpemMa AOMKHO BbiTb MOCTPOEHO TaKMM 06pa3om, YTO6bl COCTOAHUE
NoOpPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHM U MaTEPUMN MOXKHO Obl/10 Obl NpeaCcKa3aTb HA OCHOBE COCTOAHUI
Ha npeablaywmnii MOMeHT BpemeHu. NMonyumnslumneca 3akoHbl GU3NKK B NOPOKAEHHOM NPOCTPAHCTBE-
BPEMEHW He A0/KHbI NPOTUBOPEUNUTb HU OAHOM XOPOLLO YCTOABLUENCA TEOPUM B €€ XOPOLLO



npoTecTMpoBaHHoO o6aacT npumeHumocTui. CoBpemeHHan GuU3nKa 3HaeT YeTbipe GyHaamMeHTaNbHbIX
B3aumogeincrteus. B MMNBM-Teopun, NpoCTPaHCTBO-BPeMSA U MaTepusa A0KHbI 6bITb NOCTPOEHO C
MCMO/Ib30BaHNEM TO/IbKO 0A4HOrO noAs. Bce dyHAaMeHTaIbHblE B3aMMOAENCTBUA, BKAtOYAA
rPaBUTaLMOHHOE, A0/KHbI BbITb BbIBEAEHbI KaK MOPOXKAEHHbIE ABAEHNA U3 3TOr0 NOAA.

MMNBM-Teopus, Kak A NOKA3bIBAET fa/iee B 3TON CTATbe, YA0BNETBOPAET BCEM 3TUM YC/IOBUAM.

MpeacraByM YTO NPOCTPAHCTBO-BPEMA MU MaTepus, yA0BAETBOPAIOLLASA BCE YC/I0BMAM Bbille, 6bln
HageHbl Ha 6ase 6e3BpeMeHHOM CyLWHOCTU. MOXKET I TaKoe NPOCTPAHCTBO-BPEMS ONMCbIBATH
BceneHHyto, KOTOpPYO Mbl Habaoaaem? ECav B TaKOM MUPE BO3MOXKHA KU3Hb, MOXKET /N
NpUHagaexKalee aSTOMy MUPY pPasyMHOE CyLLEeCTBO AyMaTb, OLLYLLATb PEASIbHOCTb OKPYKatOLWEro U
cebs? 3T BONpOCh! BbIMNAAAT OTHOCALWMMUCS K GUN0COdMM, NOCKObKY 3aeBaeTcsa KoHUenuma bbitus.
OpHako, 6e3 NoN0XKUTENbHOMO OTBETA HA 3TU BOMNPOCHI, NOMbITKA NOCTPOUTbL NOPOKAEHHOE
NPOCTPAHCTBO-BPeEMSA Ha 6e3BPEMEHHOM CYLLLHOCTN HE UMEET CMbIC/1a. ITO O3HAYaEeT, YTO pasHble
BapMaHTbl OTBETOB HA 3TW BONPOCHI BeAYT K Pa3HbIM pe3ysibTaTam B dusnke. CnegosaTtesnibHO, 3TU
BOMPOCbI OTHOCATCA B TOM Yncie n K pusmke. Moctynat n ocHoBHasa ngen NMMNBM-teopum 310
MOIOXKUTENbHbIM OTBET Ha 3T BOMPOCHI.

BputBa OKKama NOMOraeT B NOJIOKUTENbHOM OTBETE Ha 3TW BONPOChI, NOCKObKY MMBM-Teopua
3HAYMTE/IbHO COKPALLAET KO/IMYECTBO HE3AaBUCUMbIX ABJIEHMA. BMECTO MHOXKeCTBa Pa3/InyHbIX
dusnueckmx asneHmn, MMBM-Teopua npeanonaraeT, 4To Bce GpM3MYeCcKne ABAEHUS, BKIOYAA CaMo
NPOCTPAHCTBO-BPEMSA, MOTYT BbITb BbIBEAEHbI U3 MOLENN C OAHUM NOJEM U NpPeanaraeT cnocobbl nx
HaxoXaeHuA.

Ecnn B TaKOM NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHU, NOABMUBLLUMMCA U3 6e33pemeHH017| CYWHOCTH,
MMeeTCA pa3dymHoe Cywecrtso, OHO 6yp,eT Ha6/'||'0p,aTb cnepyrwoulee:

e Bpems cylLlecTByeT, BCE ABAEHMA UMEIOT NPUYMHHO-CeACTBEHHbIE CBA3Y.
® MmeeTcA npownoe, HacToAwee 1 byayuiee.

Mouemy byAeT cylLecTBOBaTh HacTosAee? MOKeT NoKa3aThCs, YTO B TaKOW CUCTEME Bpems npoiaeT
MrHOBEHHO. O41HAKO, 3TO MOXET BbITb TONIbKO C TOYKM 3pEHNA BHELIHEero Habaoaatens. Ho BHeLWHW
HabntogaTenb B MOAENWN STON TEOPUN HE MOKET cyLecTBoBaTb. OH HE MOXKET CyL,ecTBOBaTb U3-3a
OTCYTCTBMSA BPEMeHM Kak GyHAAaMEHTANbHOTO AB/EHMSA @ TaKKe NOCKO/IbKY NOpoXKAatoLLlan BceneHHyto
CYLLHOCTb BKNtOYaeT B cebs Bce 06bEKTUBHO cyllecTBytollee. Habntogatenem B 3Toi MOAENN MOXKET
6bITb TO/IbKO 06BEKT, CNOCOOHbBIN K CAMOCO3HAHMUIO, U NPUHAANEKALLNIA K NOPONKAEHHOMY
NPOCTPAHCTBY-BPEMEHU. YenoBeYecKas MbIC/ib — 3TO KaKOe-TO U3MEHEHMWE COCTOAHUSA YacTUL, B
yenoseKe BO BpemeHU. CefoBaTtenbHO, HabaoaaTe b, }KUBYLLMIA B NOPOXKAEHHOM BPEMEHMU, ByaeT
cnocobeH aymatb. CKOPOCTb ero mbicnel byaet onpeaenaTbCA CKOPOCTbIO USMEHEHUA COCTOAHMUSA ero
COCTOSIHWNA OTHOCUTE/IBHO APYIUX MPOLLECCOB NPOUCXOAALLMX B EM0 NOPOKAEHHOM NPOCTPAHCTBE-
BpemeHu. B n11060i KOHKPETHOM TOUKE NPOCTPAHCTBA-BpeMeHM, HabaofaTenb Bcerga byaet UMeTb OAHY
N Ty e MbICb. Ecnu 3Ta TeopmA onuCbIBAET Hally BcesieHHYH, 3TO 3HAUUT YTO KaxKablli YesloBek
ABNAETCA, B KAKOM-TO CMblcNe, bBeccmepTHbIM. HO 3TO He 03HAYaEeT, YTO KaXK bl YE/I0BEK CYLLECTBYET B
Kaabli MOMEHT NMOPOXKAEHHOTO BpemeHU. Kaxaplii YenoBeK CyLLecTBYET BEYHO, HO KOrAa Halue
HacTosLLLee Bpems He COBMAZaeT C HaCTOALLMM BPEMEHEM KOTO-TO APYroro — Takue A/ Hac
HeAoCTYNHbI. AHAIOTMYHO, B 1060M TOUKE HACTOALLErO BPEMEHM HAL TEKYLLMIA PAa3yM HE MOXKET
CBA3aTbCA C camum coboli B npoluiom namn byayuiem. TakKe, KOMYECTBO MbIC/IEN Ye/I0BEKa
OrPaHUYEHO €ro NPOAO/IKUTENBHOCTBIO XU3HU. /06O YeNOBEK MOKET CAeNaTb BCE YTO XOYET, B
pamKax CBOMX BO3MOXKHOCTeN. O HaKO, *KeNaHMe Ye/loBeKa CAenaTb YTo-1Mb0o BbI3BAaHO COCTOAHMEM



YyeNI0BEYECKOro Tesla B KaKOM-TO MOMEHT BpemeHMu. N103ToMy, HUKTO HEe MOXKeT NoXKenaTb yero-1mbo
KpoOMme TOro 4To 3a4aHO €ro COCToAHMUEM. OTO O3Ha4yaeT, YTo B ,CI,ETepMMHMCTM‘-IeCKOﬁ mogenu MNMNBM-
TEOPUN OTCYTCTBYET NOA/IMHHAA c3060,u,a BOJIN.

B coBpemeHHO1 $p13KKK, cBOOOAA BOSIM 0OOCHOBbLIBAETCA NPUHLMIOM HEONpeae1eHHOCTH
lenseHbepra. B aToM cTaTbe A NOKaXKy YTO NPUHLUMN HEONpPeaeNeHHOCTM He MPOTUBOPEUNT
OETePMUHU3MY 3TOM TEOPUM, OH AOBOJIbHO ECTECTBEHHO BO3HMKAET B A€TEPMUHUCTUYECKOM Mogenm
3TOM Teopuu.

Moctynar:

Ecnu 8 o6vekmusHo cyuecmsyroujeli besspemeHHoli cucmeme, sknroyarouyeli 8 cebs sce 06vLeKMUBHO
cywecmeayroujee, 803MOXHO HaAlimu MpocmpaHcmMaeo-8pemsa U Mamepuro KaK rnopoxoeHHble A8eHUS, U
ecsu makoe NpocmMpaHcmMeo-epemMs Mamepus COOePHUM PasyMHYI0 ¥(U3Hb, MO maKoe
MpoOCMpPaHCcmMeo-8pemMsa-Mmamepus cyujecmayem, 3mo nopoxoeHHoe MNpPocmpaHcmeo-8pemMa-Mmamepus.
B makom rnopox0eHHOM pocmpaHcmae-epeMmeHU-mamepuu pasyMmHoe Cyuecmeo moxcem oymams,
Yyy8cmeosams Ymo OHO PeasbHO cywecmayem, Haxodumcs 8 bbimue.

CneacteuaA 3TOro NocTynaTa: ANA cay4yas, Koraa 3akoHbl GU3UKK NOPOXKAEHHOIO NPOCTPAHCTBA-
BPEMEHM-MaTEPUN NO3BOAIOT CYLLLECTBOBATb Pa3yMHOM KM3HKU, Pa3yMHOE CYLLLECTBO U3 3TOr0
NpPOCTPaHCTBa-BpeMeHM ByaeT owywaTs cebsa B NPOCTPaHCTBE M YyBCTBOBaATb Bpems. OHo byaet
OLLYLLATb MOPOKAEHHbIE 3aKOHbI GU3NKKN. 3aKOHbI GU3UKM DYHOAAMEHTAIbHOM 6e3BpeMeHHON CUCTEMbI
6yAayT rnyboKo CKPbITbI OT €ro OLLYLLEHWIA.

Mo3ke B 3TOM CTaTbe, A BHOBb BEPHYCb K 06CYKAEHMIO MPUPOALI BPEMEHMU.

MOHO 3aMeTUTb, YTO NOCTyNaT STOM TEOPUN MOXKET BbITb AOKA3aH NPU NOMOLLM MHAYKLMU, ECNN
npeanonoxutb uto MNMNBM-Teopua no3BonaeT NOCTPOUTb MOAENb C 3aKOHAaMM GU3NKU MONHOCTbIO
WMOEHTUYHBIMW TeM, YTO HabntogatoTca. Ecam byaeT AOKa3aHO YTO 3TO HEBO3MOXKHO, 3TO 03HAYaET YTO
MNMNBM-Teopua HeBepHa. Tem cambiM 3TO O3HAYaET YTO NOCTYNAT TEOPUK, B NPUHLMME, MOXKHO
BepnudnumnpoBaTh.

ECnn, B KAKON-TO MOMEHT NOPOKAEHHOTO BPEMEHW, YENOBEK CNOCOBEH AyMaTb U OLLYLLATb PeaNbHOCTb
OKpY»KatoLero, To TOrga oH 6yaeT cnocobeH AymaTb M OLYLLATb PeasibHOCTb OKPYKAtoLLEro 1 B 1060
nocaeayowmii MOMEHT BPEMEHM, NOKa OH CyLLLecTByeT.

JoKasaTenbcTBO:

MMNBM-Teopwua, NnpennonoK1TENbHO, ONUCHIBAET MUP C 3aKOHAMU GU3UKKN U ABNEHUAMUN UAEHTUYHBIMMI
Tem, 4To Mbl Habnoaaem. Ecam yenosek cnocobeH AymaThb U OLWYyLLATh PEaIbHOCTb OKPYXKatoLLLEro B
KaKOM-TO MOMEHT BpeMeHU u byaeT He cnocobeH AymaTb 1 OLLYLLATb PeaNbHOCTb OKPYXKatoLero B
ntoboi nocneayoWNn MOMEHT BpEMEHM, TO 3TO O3HAYAET YTO 3aKOHbI PU3MKM HALLEro MUPa TaKKe He
MO3BO/IAIOT YE/IOBEKY AyMaTb M OLLYLLATb PeasibHOCTb OKPYXKAlOLLEero B Nocaeayowme MOMEHTbI
BpeMeHU. ITO HaNpPAMYLO NMPOTUBOPEYUT HabAoAeHUAM, NtoAN CNOCOBHbI AYMaTb M OLLyLWaTb
peanbHOCTb OKPYKaloLLEero.

TakMm 06pasom, 3To yTBEPKAEHME A0KA3aHO, NpW ycioBuM, uTo MMNBM-Teopus No3BoAAET NOCTPOUTb
3aKOHbl PU3MKM NONHOCTBIO AEHTUYHbIE TEM, YTO HabAKOAAtOTCA.

AHANOrMYyHO ANA NepPBOro Wwara MHAYKLUUK, O TOM YTO YeNloBEK I'IpVIHa,EI,}'IEH(aLU,VIﬁ K nopoXgeHHOMY
NPOCTPaHCTBY-BpeEMEHU-MATEPUN C NOJTHOCTbIO MOEHTUYHBIMUA Ha6J'II-OLI,39MbIM 3dKOHam ¢M3I/IKI/I 6yp,eT



cnocobeH AymaTtb M OLWYLLATh PeasnbHOCTb OKPYXKAIOLLEro B KAKOM-TO MOMEHT BpemeHun. Ecau B MMNBM-
TEOPMM BO3MOMKHO NOCTPOUTbL TOYHO TAKME Ke 3aKOHbI PUINKM KaK B HaLLEM MMUPE, 3TO 03HAYAET YTO
ntoan byayt cnocobHbl POXKAATLCA, YYUTLCA M HAYMHATD AYMaTb.

MNoctynat NMBM-Teopuun asnaeTca BO MHOrom ¢puaocopcKnm, XoTa U umeeT GUsnyeckne nocaeacTems.
MosTomy ero A0Ka3aTeNbCTBO MOKET ObITb MOCTaB/AEHO NOA BOMPOC NPWU UCMOJIb30BaHUU ApYroi
cuctembl GUNoOCoPCKmnx B3rnAa08. NosTomy A UCMOAb3YHO NOCTYAT, a He Teopemy. OgHaKo, noctynat
MMNBM-Teopumn MoKeT BbITb NPOBEPEH NPU MOMOLLM NPOBEPKK NpeacKasaHnin MMNBM-teopuun. Moatomy,
ecnu aanbHelwee passutme MNMNBM-Teopun No3BOAUT CAENATb IKCNEPUMEHTA/IBHO NPOBeEpsAeMble
npeacKasaHua, U ecin pesynbTaTbl SKCNEPUMEHTOB byayT cooTBeTcTBOBaTh [MMBM-Teopuu, aTo
NoCTaBUT NoA BONPOC BCe cuctembl PUNOCoPCKMX B3rA40B YTO HE COBMECTUMBI ¢ dunocodueir MMNBM-
TeopUMU.

O6bI4HO cTaTbe Mo TeopeTnyeckon pusmnke He cogepkaT dunocoduio. OaHaKo, u3-3a Toro yto MMNBM-
Teopus 3aeBaeT KtoYeBble MOMeHTbI drunocodum, Takme Kak bbitne, cosHaHue u 1.n., dunocodckasn
COCTaBAAIOLLLAA ABAAETCA Hepa3pbiBHOM YacTbio MMBM-Teopumn. Ha atom dmnnocodums 3akaHUMBaeTcs,
XOTSA YyTb MO3XKe K HEN BHOBb NPUAETCA BEPHYTbLCA.

Tenepb BBEAY HOBOE ONpeae/eHne, aTeMnopasbHbIil NPOLECC:

AmemnopansHeil npoyecc — 3mo npouecc Komopsili npoucxooum fpu omMcymcmeuu spemeHU KaK
yHOamMeHManbHO20 ABAEHUS U MPOoUCX00AauWuli 8 MOPOXOEHHOM NMPOCMpPAHCMae-8pemMeHU.

Mpwv Takom onpegeneHnu, Bce NpoLecchl B Halwew BceneHHoM aBnatoTcA aTemnopazibHbiIMu
npoueccamu, B npeanonoxKeHNUM YTo BpemMAa ABNAETCA NOPOXKAEHHbIM ABNEHUEM.

Al Ha3oBY QyHOAMEHTaNbHYIO be3BpeMeHHyto cuctemy MeTaBceleHHOM:

MemasceneHHas —3amo 06beKMUBHO cywecmayrouw,as besspemMeHHAs cucmema Komopas 8KaYadem 8
cebs sce 06vEKMUBHO Cywecmsyroujee.

B aToM onpeaeneHnu, a UCNonb3yio ¢pasy “06beKTUBHO cyLLecTBytowan”. 3Ta ppasa 03HAYaET YTO YTO-
TO CYLLLECTBYET, U MOXKET CYLLLECTBOBaTb M ¢ HaboaaTenem v 6e3 Habaogatens, He3aBUCUMO OT
Habntogatena. OgHaKo, 0BbIYHO 3TOT TEPMUH HESBHO NOAPAa3yMeBaeT BO3MOXHOCTb CyLLLECTBOBAHUSA
Habaoaatens. Ho HabaoaaTenb, KOTopblii Mor 6bl HabaoAaTb MeTaBceieHHY0, HE MOKeT
CYLLLECTBOBATb, MOCKO/IbKY HEMOHATHO KaK PasyMHas ¥M3Hb MOXKET CyLLEeCTBOBaTb 6e3 BpeMeHu.
“CywecTBoBaHMe” TaKKe 0O6bIMHO HEABHO NOAPa3yMEBAET YTO YTO-TO MPOMUCXOAUT BO BPEMEHM, KAKOM-
TO O6BEKT CYLLECTBYET BO BpemeHu. B MeTaBcenieHHOW HeT BpeMeHU, TaK YTO 3TO 03HaYaeT uTo
MeTaBceneHHas CyLecTByeT He B TUMUYHOM 3HAYEHMM C/I0Ba CyLecTBOoBaHME. TaKk YTo “06bEKTUBHO
cyuwiecTytowan” He sensetca $pas3oin TOYHO onucbiBatowen MeTaBceneHHyto, HO banKanwasn
MMeIoLWancs No cmblicay. 3Ta ppasa 34ecb 03HayaeT 4To MeTaBceneHHan CylecTsyeT 6e3 Kako-anbo
BO3MOXKHOCTM 411 NPAMOro HabnaeHMa Kaknm-nmbo Habatogatenem n YTo cioBo “cywecTsoBaHune”
Ana MeTaBcesieHHOM He NoApa3yMeBaeT KakMx-1Mbo NpoLLeccoB BO BPEMEHW WU CYLLECTBOBAHMA
BPEMEHM.

MpocTpaHcTBO MeTaBceneHHON MMeeT KaKoe-TO KOJIMYeCcTBO M3MepeHMl\/’I. OTO KONMYECTBO A0/KHO 6bITb
He meHee 4-x, oNnA Toro yTo6bl MeTaBceneHHaa morna BMeELLAaTb Hally BCGI]EHHVIO. np0CTpaHCTBO
MeTaBCceeHHOM 3TO He TO Ke CaMoe YTo NPOCTPaHCTBO BCGI’IEHHOVI, NPOCTPaHCTBO BceneHHol
BO3HWKaET KaK NopoxXaeHHOoe AB/NeHNA U3 MeTaBceneHHom. A OXNAatko YTO NPOCTPAHCTBO
MeTaBceneHHol €BK/IN40BO. npOCTpaHCTBO MWHKOBCKOTrO, cooTBeTCTBYHOLLEE 06LLI,EI7I Teopuun



OTHOCUTE/NIbHOCTU, BO3HUKAET Npn noayvyeHnm NnopoXAeHHOro NnpoCcTpaHCTBa U3 eBKINA0Ba

npoctpaHcTBa MeTaBceieHHOM.

B MeTaBceneHHo’ 5 0XKnaato CyLLeCTBOBaHUE CKaNsipHOro nons. 3To Knaccuyeckoe nose, 6e3 Kakux-
60 KBAHTOBbIX 3¢ EKTOB. ITO O3HAYAET YTO CYLLECTBYET CKa/IAPHOE NOJIe ONUCbIBAaEMOE YpaBHEHNEM
f(x), roe x 310 TOUKa B NpocTpaHcTBe MeTaBceNeHHOW, U 3TO NOJe ONpeae/eHo NoBCoAY B
MeTaBceneHHOoM. Al TaKKe 0XKMAato, YTO 3HaYEHMe 3TOro NoJIA B KaXKA0W TOUKE onpeaennercs
3HaUYeHUAMM 3TOrO MOJIA B COCEAHMX TOUKAX, M YTO YPaBHEHME 3TOro Nons ABAAETCA CUMMETPUYHbIM MO
OTHOLLEHUIO K BPaLLLEHMAM, OTCYTCTBYET BblAe/IeHHOE HanpaB/ieHne. ITO 03HAYaeT YTo
MECTOHAXOAEHNE, CKOPOCTb M CBOMCTBA BCEX 3/IEMEHTAPHbIX YacTuUL, (MX NOMCK byaeT Aanblue B cTaTbe)
B KaK[bll1 MOMEHT BPEMEHM ONpeaensieTca COCTOAHUAMM B NPOLLIOM, Byayliem, HacToALWEM U
3HaYeHMAMM Nons B 061acTAX He NPUHaAEXKALWMX K NPOCTPAHCTBY-BPEMEHU, ECAU TaKMe obnacTm
CYLLECTBYIOT. 3HAYEHMNE NOASA B KaXKA0M TOUKE onpeaensieTca 3HaYeHMAMM NOA B COCEAHMX TOYKAX
NMOCKOJIbKY B be3BpemeHHOoN MeTaBceneHHOM He MOTYT CyLLECTBOBATb NEPEHOCUYNKM B3aUMOAENCTBUIA.
Y10 TaKoe anemMeHTapHas YacT1La U ee COCTOAHMA, MOKAa3aHOo Aajee B CTaTbe.

Movyemy s Npeanonaralo CyLUecTBOBaHNE UMEHHO CKaNIAPHOro NOAA, a He CKaXKemM BeKTOPHOro Uau
KaKoro-To eue? Al NbiTalocb NOCTPOUTb MUHUMANNCTUYECKYIO MOAeIb KOTopas bbl Bblna cnocobHa
onucatb Hawy BceneHHyto. Co CKanapHbIM MoJsiem 3TO, MOX0XKe, nosyyaetcs. Tem cambim
ncnosib3oBaHue 60ee CA0XKHbIX No/eil HapyLlWwaeT MUHUMAaNUCTMYECKUIA MOAXOA, 3TOM TEOPUM.

MeTaBce/leHHan MMEET KaKoe-TO KOJIMYECTBO MPOCTPAHCTBEHHbIX U3MEPEHUIA, BPpEMA OTCYTCTBYET.
KosmuectBo M3mepeHuin MeTaBceneHHON HEM3BECTHO, HO Aa/iee B CTaTbe ByAET NOKa3aHo YTo
CYLLLECTBYIOT apryMeHTbl B M0/1b3Yy TOrO YTO 3TO KOIMYECTBO Bonee YeTbipex. MeTaBceseHHas AOMKHa
MMETb KaK MUHUMYM 4 n3mepeHunn Ytobbl 6biTb CNOCOBHOM BKtOYaTh Hawy BceneHHyto. OaHo
n3mepeHue 415 BPEMEHM, TPU ANA NPOCTPaHCTBa. Bce 3Tn 4 namepeHus B MeTaBceneHHOMN ABAAIOTCA
NPOCTPAHCTBEHHbIMM U3MEPEHMAMM, B MeTaBCeNeHHOM HET BPEMEHMU.

A nobasnto onpeaeneHne NOMHON BCENEHHON:

MonHas eceneHHAs 3Mo HePA3PbLIBHOE MOPOXOEHHOE NPOCMPAHCMB0-8peEMA MAMepus umeroujee
udeHmuYHble 3aKOHbI hU3UKU 8 1060l MoYKe nopordeHHO20 NPOCMPAHCMBA-8PEeMEHU.

TakKe [06aBAIO YTO TAKOE BCEJIEHHAs C TOYKM 3peHuUs Npesjiaraemon Teopum:
BceneHHas —3mo nosHasa eceneHHas 8 0aHHbIU MOMeHM MopoXOeHHO20 8pemMeHU.

MonHas BceneHHas BKAOYaeT B cebAa NPOCTPAHCTBO-BPEMA M MATEPUIO Ha BCEM NPOTAXKEHUU
CyLLECTBOBaHMA BpeMeHW B 3TON BcenieHHOW. HabatogaTens B 3TOM NONHOM BCENEHHOM B 110601
MOMEHT BPEMEHMU MOKEeT Hab/1t04aTb TO/IbKO COCTOSAHWE BCEIEHHON B MOMEHTbI NOPOXKAEHHOTO
BpemeHM. MoCKObKY NOJHbIE BCeeHHbIE OCHOBAHbI Ha MOPOXKAEHHOM MPOCTPAHCTBE-BPEMEHM U
MaTepuu, Bce NOJIHble BCeIEHHblE ABAAIOTCA NOPOXKAEHHBIMM.

Hawa BceneHHasn, cornacHo aTOM TEOPUUN, ABNAETCA O,EI,HOﬁ M3 NOPOXKAEHHbIX BCENEHHDbIX. B ntoboit
MOMEHT BPEMEHU Mbl MOXXEM Haﬁfll-Op,aTb TONbKO COCTOAHME BceneHHOM Ha KaKoM-TO MOMEHT BpeEMEHNU.
CoOoTBETCTBEHHO, HeO6XO,CI,VIMO HanTH NPOCTPaHCTBO-BpeEMA N MaTeEPUIO, COOTBETCTBYHOLWLHNE
Ha6}1l0LI,aEMbIM AB/IEHUAM, U3 ONMCaAHHbIX CBOMCTB MeTaBceneHHOM.



Mo3xKe B 3TOM cTaTbe A 6yay NCNONb30BaTb CI0BO “BCefieHHan” B OCHOBHOM B 3HAaY€HWM NOJIHOM
BCeNeHHon. lnA cnyyaes Korga aTo 6yaeT 03HaYaTb BCeNIEHHYIO, 3TO ByAeT NOHATHO M3 KOHTEKCTa.
Cnoso “BceneHHas”, c 60/1bl0OM BYKBbI, 03HAYaET BCENEHHYIO B KOTOPOM Mbl HAXOAUMCA.

Ilouck npocTpaHCTBa-BpeMeHHU U MaTepUuu

OAaMH 13 NepBbiX BONPOCOB, KOTOPbIN BO3HUKAET B 6e3BpemeHHo moaenu MNMNBM-Teopuu: Kak, B
KaKOM-TO TOUKE NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN NEPENTN U3 OAHOMN CUCTEMbI OTCYETA B APYIYHO,
OBUKYLLYIOCA OTHOCUTE/IbHO MEePBOM cUCTEMbI OoTcHeTa? s Toro Ytobbl Ha HEro OTBETUTb, HYKHa
MOJeNb coaepKallan NPoCcTPaHCTBO U Bpems.

HauyanbHaa mogenb Ana NopoxKAeHHOro NPoCTPaHCTBA-BPEMEHM C N UISMEPEHUAMMU, TAe n <= m. 3aecb
M 3TO YMCN0 U3MEepPEeHUn NpocTpaHcTBa MeTaBceneHHOM.

e OaHO M3MepeHue NpeacTaBAAeT NopoXKaAeHHOe Bpema
e n-1mM3mepeHuit GopMMpPyIOT NOPOKAEHHOE BpPeMs, C N-1 n3mepeHUamu.

B TaKomn Mo4eNN TOYKN MOPOXKAEHHOIO NPOCTPAHCTBA GVAYT ABUTraTbCA BAO1b IMHNN I'IpeACTaBJ'IFHOLLI,eﬁ
Bpema. NMopoxKaeHHOe NPOCTPAHCTBO NepneHANKYIAPHO IMHUN BPEMEHMW Be3ae rae OHO NA0CKoe.

AnAa Havana, Hy»KHO HANTU KaK B 3TOM moaenu HanTH BpemaA.

B ypaBHeHUAX GU3NKKN, BPEMA — 3TO NapameTp 3BOOUMKN cucTeMbl. CneaoBaTelbHO, HYXKHO HAlTK YTo
MOXeT 6bITb NAaPaMeTPOM 3BOIOLLMM NOPOKAEHHOTO NPOCTPAHCTBA-MaTeEPUN, 3TO U ByaeT
NOpOXAEHHOe Bpems.

BcnomuHasa onmncaHHble YyTb Bbilwe CBOWCTBA npupoAabl, npeasaraeman metogmnKa noncka
NOpPOXAOEHHOIO BpeEMEHU B MeTaBceneHHOM He co,u,ep»(au.l,eﬁ BpemeHu:

1. MpoBoAMM NPOM3BOJIbHYIO HE CamonepeceKaoLwyocs 3-Xx MepHyto (415 NoucKa 3-X MepPHOro
NPOCTPaAHCTBA) rMNepnoBepPXHOCTb, B NPOCTPaHCTBe MeTaBceneHHoM.

2. [poBogum eLie 0f4HY NPOM3BOJILHYIO HE CaMonepeceKatoLyoca 3-Xx MepHyo
rMNepnoBepxXHOCTb. ITa TMNepnoBepPxXHOCTb He A0JIXKHA NepeceKaTbCs C NepBoi
rMnNepnoBepxXHOCTbHO.

3. WrtakK, ecTb ABe rMnepnoBepxHOCTU. HU HUX Hago HalTU XOTb Kakne-HUMbYyab 06bEKTLI. Bee UTo
€CTb — 3TO CKanApHoe nose. CooTBeTCTBEHHO, 06bEKTbI HAa TMNEPNOBEPXHOCTU — 3TO
BCEBO3MOXKHbIE PA3/IOKEHMA CKANAPHOrO NoiA NO KaKMM-HUBYAb 6asuncam. K Bonpocy o
BO3MOXHbIX Pa3/IOXKEHMAX A BEPHYCb fasiee B CTaTbe, MOKA OTMEYY YTO 3TU Pas/IoKeHUA He
06M3aHbl Be34e NATM No 0AMHAKOBBIM AIMHAM TMNEPNOBEPXHOCTU. ITO O3HAYAET YTO B Pa3HbIX
061acTAX O4HOMN 1 TOW XKe T’MNepnoBEPXHOCTU PA3I0KEHME NOAA MOXKET UATU MO PA3HbIM
O/MHaMm. B KauecTse npumepa Ana noacHeHus. [nA pasnorkeHua B pag Pypbe Takoe MOXKHO
3anucartb Kak: f(x) = ;’:iooﬁ- e~i0ki(¥)X 3nach k;(x) = 1,/1), KO3GOULMEHT 334at0LMIA
OTHOLLEHME MEXAY PAaCCTOAHMEM MEXAY ABYMA 6/IM3KO PacnoNoXKEHHbIMWU TOUYKamu [, B
NOPOXKAEHHOM MPOCTPAHCTBE U PACCTOAHUEM [y, MEXKAY 3TUMM Ke TOYKaMK Mo
rMnepnoBepPXHOCTM B NPOCTPaHCTBe MeTaBceneHHoM. M3-3a TOro YTo B pasHbIx 061acTax
rMNepnoBepxXHOCTU, NPEACTABAAOLWEN NOPOKAEHHOE NPOCTPAHCTBO-MATEPUIO B
onpeaeneHHblit MOMEHT BPEMEHU, MOXKET BbITb pa3sHOe 3HaueHue 3ToM GyHKLMK, B
NopoXKAEHHOM NPOCTPAHCTBE-BPEMEHM NOABNAETCA BHYTPEHHAA KPUBU3HA NPOCTPAHCTBA-
BpemeHu. K aTomy Bonpocy s BEpHYCb Aasee B CTaTbe 414 6oaee NOAHOro onucaHus.



4. Tenepb MULLEM MOXHO /1M NPeACKa3aTb BEPOATHOCTb COCTOAHMUA XOTb KaKUX-HMBYAb 06EKTOB Ha
BTOPOM rMNepnoBepXHOCTN Ha OCHOBE MX COCTOAHMA Ha NepBoit. MoNYyYNNOCh HAUTK XOTb KaKkue-
HNMBYAb BO3MOXKHOCTM? ECin HeT, TO nepexogum K nepomy wary. MHaye - oTAMYHO, 3Tn 3-x
MepHble rMnepnoBepPXHOCTU MOXKHO PacCMaTPUBaTb KaK NOTEHLUMANbHbIE KaHAMAATbI Ha
NOPOXKAEHHOE NPOCTPAHCTBO, @ PACCTOAHMA MEXAY DAVKANLWINMMM TOUKAMUN TMNEPNOBEPXHOCTU
KaK BEKTOPa, BO3MOXKHO, NPeACTaBAAoLLME NOPOKAEHHOE BPEeMA [He COBCEM TaK, CKOPO 3TO
YCNOXHUTCA]. Bpems, Kak Bbl10 onncaHo Bbile NPo pUsnyeckme npoLecchl, 3To TO YT
ynopaaoyMBaeT npoLecchl M N03BOAAET ONMUCaThb Nocaeaytollee COCTOAHNE Ha OCHOBe
npeablAyLLeEro COCTOAHWUA, NapaMeTp 3BONIOLUN YPaBHEHWIN. TO KaK ONMCAHO NOTEHUMANbHOE
NopoXKAEHHOE BpeMA 34ecb, 0becrneymBaeT MMEHHO Takne GyHKLNUN.

5. [1Be runepnoBepXxHOCTU BCE Ke ManoBaTo byaeT, A1A TOro YTo6bl FOBOPUTL MPO NMOPOKAEHHOE
NPOCTPaAHCTBO-BpemA. [34eCb A ONUCbIBAO TOJIbKO HEMPEPbIBHOE NOPOKAEHHOE NPOCTPAHCTBO-
Bpema. [JUCKPETHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA ABNSAETCA HONEe COKHBIM C/IyHaeMm,
onucaHo ganee B cTaTbe] MPOCTPaHCTBO-BPEMSA A0KHO ObITb HEMPEPbIBHBIM, COOTBETCTBEHHO
[OOJIKHO CYLL,ECTBOBATb MHOXECTBO FMMNEProBEPXHOCTEN MeKAY NepBbiMu AByMA. JTlobas TouKa
MeXKAY 3TUMM NEPBLIMU TMMEPNOBEPXHOCTAMM LONKHA NPUHALNEKATb KAKOM-TO eLe
rMnepnoBepxHOCTU. Ha Kaxaol M3 3TUX BHYTPEHHMX TMNeprnoBepxXHOCTEN AONKHA
CYLLLEeCTBOBAaTb BO3MOXHOCTb NpeAcKa3aTb COCTOAHME TEX e CaMblX OB6BEKTOB, NYCTb U C KAKOWM-
TO BEPOATHOCTbLIO, YTO M Ha BTOPOW, NO TEM e cambim dpopmynam. TpeboBaHNE BOSMOKHOCTH
npeacKasatb Mo TeM e cambiM popmMynam BefeT K O4MHAKOBbIM NOPOXKAEHHBIM GU3NYECKUM
3aKOHaM Ha BCex rmnepnoBepxHOCTU, BO BCE MOMEHTbI NOPOXKAEHHOro BpemeHun. [lanee, nocne
BTOPOW rMNeprnoBepxXHOCTH, HYXKHO CTPOUTL JaNbHENLWIME A0 TeX MOP NOKa 3TO NosyyaeTca, ¢
TEMM e CaMbIMM NMOPOXKAEHHbIMU 3aKOHaMK GU3MKKU. Ecamn 3TO noayyaeTca — 3To Bee ele
KaHAMAAT Ha TO YTO HAWAEHO NOPOXKAEHHOE NPOCTPAHCTBO-BpeMA. Bo3Bpallanacb Ko BpemMeHu.
Bpems B 3TOM C/ly4ae NpeacTaB/eHO KPUBOM, BEKTOP KOTOPOM B KaKA0M TOUKe InMbo
nepneHanKyAAPeH rMnepnoBepxHoOCcTn, NMbo umeeT HanbonbLWKNIA yron Tam rae
rMNeprnoBepxXHOCTb M30rHYTa. 1A noanepKaHmMa 0AMHAKOBbLIX GU3NYECKUX 3aKOHOB MOXKET
notpeboBaTbCA TaK, YTO B PasHbIX 061aCTAX TMNEPNOBEPXHOCTM AJIMHA BEKTOPA BPEMEHM,
NpeACTaBAALWEro eANHNLY BpeMeHU, byaeT pasHoW. B aTom cnyyae, KpMBU3HA NOPOXKAEHHOTO
NPOCTPaHCTBa-BpeMeHu byaeT onpeaenaTbCa He TO/IbKO KPUBU3HOM rMNepnoBepPXHOCTH, HO U
3ameaneHnem/yCKopeHMem BPEMEHM U, C YYETOM ONMCAHHOTO YyTb Bbllle, BKAaA0M OT
M3MeHEHMA OTHOLWEHMA O/INHbI B MOPOXKAEHHOM NPOCTPAHCTBE K A/IMHe B MeTaBceIeHHOM.

To uTo Nosly4aeTcs — 3TO BCE eLle He NOJIHOLEeHHOEe NOPOXKAEHHOE NPOCTPAHCTBO-BPEMSA, HO MNOKa3aHbl
HEKOTOpbIe MPUHLMMbI KaK OHO HaxoauTcA. Hy»KHbl LON0OIHUTENbHbIE CBOMCTBA, HYXKHO ABUXKeHMe. Ons
OBUXKEHNA HeobX04MMO HalTU CKOPOCTb.

HeB03MOXXHO NpeaCcTaBUTb CKOPOCTb YBEIMYMBAA UAM YMEHbLLIAA CKOPOCTb ABUMKEHUA BAOAb NTMHUN
BpemeHu. JTloboi NopoKAeHHbIV 06EKT, ABUMAOLNINCA BAONb TMHUM BPEMEHMW C 11060 CKOPOCTbIO
BpemMeHM, byZeT MMeTb TOYHO TaKMe Ke U3MEHEHWA ero COCTOAHMUI Kak 0ObEKT ABWUKYLLMIACA C APYro
CKOPOCTbIO BA,O/b IMHUW BpeMeHU. TeEM CaMbiM NOJIY4AETCA YTO 3TO OAMH U TOT Ke 0OBEKT.

“OBuKeHne BAONb IMHUU BpeMeHN” 3[1eCb He 03HaAYaeT UTO CYLLLECTBYIOT KaKne-To 06bEKTbI KOTopble
nepemeLaroTca B npoctpaHcTee MeTtasceneHHon. B MMBM-Teopun B MeTaBceNieHHOW HET BPEMEHM,
noatomy B MeTaBce/sieHHOW HET HUKAKOro ABUMKEHUA U HUKAKMX NPOLLeCCOB BO BPEMEHM, TOIbKO
aTemnopanbHble npouecchl. “ABuKeHne BAONb TMHUM BPEMEHU” 03HaYaeT nocseaoBaTesibHoe
NM3MeHEeHME COCTOAHNA 0ObeKTa B NOC/IeA0BaTE/IbHbIE MOMEHTbI Ha JIMHUWN MOPOMKAEHHOIO BPEMEHMU.
MoKa A ncno/sb3yto c/I0BO “06bEKT”, MO3Ke HauHy UCMO/1b30BaTb BMECTO 3TOr0 C/I0Ba “anemeHTapHas



yactmua”. OnpeaeneHne 1 CBOMCTBA 3/1eMEHTapPHbIX YaCTULL M TO KaK OHW NOABAAIOTCA U3 CKaNAPHOro
nona MeTaBce/sieHHOM, ONMCaHOo Aasfiee B 3TON cTaTbe.

Mepexoa, 13 0A4HOM CUCTEMbI OTCYETA B APYTYIO, ABUKYLLYHOCA MO OTHOLIEHUIO K NEPBO, MOXKHO
OCYLLECTBUTbL NOBEPHYB NPOCTPAHCTBO-BPEMA B TO TOUKE MPOCTPAHCTBA-BPEMA rae NPoucxoamuTt
nepexog,. 3To 03Ha4YaeT NoOBOPOT U MOPOMKAEHHOrO NPOCTPAHCTBA, U NOPOXKAEHHOTO BpeMeHU. U3 aToro
cnegyeT yTo IMHUA BPEMEHM NOC/Ie MOBOPOTa He ByAeT TOM e YTo A0 NOBOPOTa, aHaNOMMYHO A/1A
npocTpaHcTea. /IMHMA BpemeHM nocsie NoBopoTa 6yAeT MMeTb KaKOM-TO Yro MO OTHOLIEHMIO K INHU
BPEMEHM A0 NOBOPOTa. KaK pesybTaT, pacCcTosHME MeXKAy TOUKaMU Ha 3TUX IMHUAX BpeMeHu byaeT
pacTy NPOMNOPUMOHANBHO A/IMHE MNHWIA. Takoe NoBeAeHWe COOTBETCTBYET CKOPOCTU. Taknum obpasom,
cKopocTb B mogenu MMNBM-Teopuu HaigeHa, 3TO yro/l NOBOPOTA NPOCTPAHCTBA BPEMEHMU.

CocTtosaHue ntoboro n3BecTHOro Ham o6 beKTa 3aBUCUT OT €r0 COCTOSAHWUSA B MPOLLJIOM U COCTOSIHUA
06BEKTOB U NONEN B HEKOTOPOM OKPECTHOCTU 3TOro 06beKTa B npowiom. CyLLecTBYOT NPUYMHHO-
cneacTBeHHble cBA3M. [ TOro YTobbl MONYYNTb TaKME CBOMCTBA U3 besBpemeHHON MeTaBceneHHoM,
HeobxoaMmo Hanmune yHKUMM conocTassieHns. PyHKLUA conocTasneHma 34ecb 0603HaYaeT YTo ans
No60Oro cocToAHMA 31eMEHTAPHbIX YacTUL, B KAKOM-TO 061aCTU NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM,
cyliecTByeT Habop coCToAHMI 061aCTU NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN B KaXKabl
nocaeAyroLWmnini MOMEHTbI BpEMEHW M 3TO MHOXECTBO BK/tOYaEeT B cebA BCce BO3MOXKHblE COCTOAHUA ANA
HaYa/IbHOro COCTOAHMA, C UX BEPOATHOCTAMM. BHavane a byay paccmatpuBaTb GpYHKLUKM CONOCTaBAEHMUA
C OAHUM 3HAYEHUEM, MO3XKe PACCMOTPIO GYHKLMWN CONMOCTABIEHNA CO MHOTMMW 3HAaYEHUAMM.

Tako noaxoA, c GyHKLME ConocTaBaeHUA MOMKET XopoLlo paboTaTb HO, C y4eTOM TOrO Kak 3Ta GyHKUMA
COMOCTaB/IeHNs BBOAUTCA, BO3SMOXKHO YTO He Be3e BO3MOXKHO MCMO/b30BaTb 3Ty GYHKLMIO
conocTaBneHus. NMoKa Takol noaxoq, ¢ pyHKLMEN conoctaBneHns paboTaeT, MOXHO rOBOPUTL NPO
NMOpPOKAEHHOE NPOCTPAHCTBO-BpeMA-maTeputo. A Tex obnacteit MeTaBceneHHOM rae Takon noaxon,
He paboTaeT, 3TM 061aCTM He NPUHAANENKAT K STOMY NMOPOKAEHHOMY NPOCTPAHCTBY-BpemeHn. O4HaKo
MOTYT CYLLLECTBOBATb NepexoaHble 061aCTV U NepexoaHble S3HeprMm, onucaHo gasee B CTaTbe.

ECnn cocTosiHME KaKoro-nMbo ob6bekTa HEBO3MOKHO OMNMUCaTb TOM Ke GYHKLMEN CONOCTaBAEHNA YTO U
ANA APYrMX 06 BEKTOB NPUHASIEKALLMX K KAKOMY-TO MOPOXKAEHHOMY NPOCTPAHCTBY-BPEMEHU, TO TaKOM
06BbEKT He MPUHAL/IEKMUT ITOMY NMPOCTPAHCTBY-BPEMEHU, OH HAaXOAMUTCA BHE 3TOMO NPOCTPAHCTBA-
BpeMeHM. Takoi 06BbEKT MOXKET NPUHAANEKATb APYTOMY NPOCTPAHCTBY-BPEMEHM, EC/IN OH MOKET 6bITb
onucaH ¢yHKLMeR CONOCTaBNEHUA TOrO NPOCTPAHCTBA-BPEMEHU, NMMBO He NPUHAANEKATb HUKAKOMY
NPOCTPaHCTBY-BpeMeHM. [118 Toro YTobbl 3aKOHbI GM3NKK BbLIM OLMHAKOBbLI BO BCEX MHEPLIMANbHbIX
cMcTeMax B MOPOXKAEHHOM NPOCTPaHCTBE-BpeMeEHU, QYHKLMA CONOCTaBAEHMA AOKHaA BbITb 0AMHAKOBA
BO BCEX MHEPLMANbHbIX CUCTEMAX OTcyeTa. HanomHIo, YTO 06bEKTLI 34€Ch 03HAYAOT BCEBO3MOMKHbIE
KOHCTPYKLMM U3 Pa3NOKEHUA CKansapHoro nons MetaBceneHHoW Ha NOPOXKAEHHOM NPOCTPaHCTBe.
MeTpuKa NOPOXKAEHHOrO MPOCTPAHCTBA MOMKET OT/INYATLCA OT METPUKM FMNEepPnoBEPXHOCTH
npeacTaBAsioLLe NOPOXKAEHHOE NPOCTPAHCTBO, MOKa3aHO MNO3MKe.

MaKcmanbHbIii yron noBopoTa NPOCTPaHCTBA-BPEMEHMU, COOTBETCTBVPOLLI,Mﬁ MaKCcMMasibHOM
BO3MOXXHOM CKOpPOCTH, orpaHn4yeH HeCKOJIbKUMU d)aKTOpaMMI

1. CsolictBamu CKanAaApHOro nona MeTaBceneHHoM. Mone moxKeT orpaHn4ymMeaTb NPUMEHNMOCTb
d)yHKLI,MM CONOCTaB/1EHNA KaKMM-TO ANAaNAa30HOM NOBOPOTOB. CneumanbHas TeopuAa
OTHOCUTE/IbHOCTU TOBOPUT UTO MaKCMMa/JibHaA BO3MOXKHAA CKOPOCTb 3TO CKOPOCTb CBETAa,
3TO HaK/adbliBaeT OrpaHNU4YeHne Ha MaKCMManbHbIM yrona nosoporTa.

2. MoBOpPOTbI AO0NKHBI NOAAEPHKNBATD NPUYNHHO-C/IeACTBEHHbIE CBA3MW.



3. TloBOPOT He A0/KEH BbITb TAKMM UTO NOCNE NOBOPOTa Bpems byAeT yKasbiBaTb B NpoLuioe
KoTopoe 6b1/10 A0 NoBopoTa. Ho 3To He 03HaYaeT YTo HEBO3MOXKHO NOBEPHYTb B MPOLL/IOe
NyTEM HECKOJIbKMX NOCNeA0BaTe/IbHbIX MOBOPOTOB, 3TO ByAeT PaCCMOTPEHO Aasnee.

B Hawwelt BceneHHoM, cocToaHMe Nt0H60ro 06beKTa B KAKON-TO MOMEHT BPEMEHW 3aBUCUT OT COCTOAHUA
NPOCTPAHCTBA U MaTepPUM BOKPYr 3TOro ob6beKkTa B N1t060M Npeaplaywmnii MOMeHT BpemeHu. OaHaKo,
Hannume GYHKLUMN CONOCTABAEHUA HEAOCTAaTOUYHO, HEOBXO0AMMO BbITb CNOCOBHBIM NEpPenTn B
OBVKyLLYytoCcA cuctemy oTcdeTa. ChegoBaTenbHO, SNeMeHTapHan YacTuL,a Nocae NOBOPOTA A0IKHA
OCTaTbCA CaMa COBOM, XOTA BO3MOXKHO U M3MEHUTb COCTOAHUE. fl NpeACTaBN0 BPpEMEHHOEe onpeaesieHume
3N1eMeHTapHOM YacTuubl (B AanbHelwem oHO ByAeT yTOYHEHO):

SnemMeHMapHAs Yyacmuya — 3mo MaKkaa Yacme Pa3sAoXeHUsA CKAAApPHo20 noaa MemasceneHHol Ha
MopoxOeHHOM NpPocmpaHcmee, Komopas cmabusnbHa rno KpaliHeli Mepe KaKoe-mo nopoxoeHHoe
spems, uMmeem uHsapuaHm 018 Nosopomos, s3aumMmodelicmayem 8 MOPOXOEeHHOM MPocmpaHcmee-
spemMeHU ¢ Opy2umu 371eMeHMAapHbIMU Yacmuuamu KaK 00OHO yesoe.

ITO 03HAYaeT YTO YacTb KAKOr0-TO Pa3/I0XKeHUA CKaNAPHOro NoA Ha NOPOXKAEHHOM NPOCTPAHCTBE, B
OKPECTHOCTAX KAKOM-TO TOYKM, C KAKUMMU-TO MOAUDUKALMAMM, HE MEHAIOLLMMM CBOMCTBA YacTh
pa3NoXKeHUA U coxpaHAoLMe MHBapUaHT 414 NOBOPOTOB, A0/1XKHa CYLLECTBOBaTb BAOb IMHUN
BpEMEHU B TeYEHMM KaKOWN-TO ANUHbI IMHUKN BpemeHWN. DYHKLMA CONOCTaBNEHNA A0MKHA BbiTh
cnocobHol npeackasaTb byayliee COCTOSHUE YacTMLbl Ha OCHOBE ee COCTOAHMUA N COCTOAHUA APYInX
OKPYXaloLWMX YacTuL, HaXoAALMXCA HAa KAKOM-TO PacCTOAHUU, B HacToAlLeM. dNemeHTapHan Yactmua
OO/IKHA B3aMMO/eNCTBOBaTb C APYTMMM YacTULAMM KaK Lenoe, NOCKOJIbKY ec/iv TONbKO YacTb
3N1eMeHTapHOM YacTuLbl B3aMMOAENCTBYET a ApYyrue 4acTu He B3aMMOAENCTBYIOT, 3TO O3HAYaeT YTo 3TU
YyacTu ABAAIOTCA OTAENbHbIMU 31eMEHTapPHbIMUK YacTULamu. MNo3sKe B 3TOM cTaTbe onpeaeneHme
3N1eMeHTapHOM YacTuLbl ByaeT pacluMpeHo U U3MEHEHO.

B onpeaeneHnn sfnemeHTapHOM YacTuLbl ecTb TpeboBaHne nHBapuaHTa a4 nosopoTa. MoHATHO, YTo
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BOo3HMKaeT BOMPOC, KaK Takoi MHBapMaHT BOO6LLLE MOXKET cyllecTBoBaTh? OTBET Ha 3TOT BOMNPOC

ANA CKanApHOro noaa ¢ ynoMAHYTbIMU cBOMCTBaMM ﬁ

npegnaraeTca B pasgene rge pacCMmatpmBaeTca cneynazibHaa Teopna OTHOCUTENbHOCTW.

Moaxoa K GOpPMMPOBAHUIO MOPOXKAEHHOrO MPOCTPAHCTBA-BPEMEHN-MATEPUM, ONUCAHHBIN BbilUE,
HaK/agblBaeT HEMAJI0 OTPAHNYEHMI Ha CBOMCTBA CKaNApHOro nosis MeTtascesieHHoOMW. MimeeTcs
BO3MOKHOCTb CYLLLECTBEHHO YMEHbLIWNTL OrpaHNYeHUA Ha CKanapHoe none MeTtascesieHHoW. BmecTo
TOro YTo6bI TPE6OBATL OT CKaNAPHOIO NoAA MeTaBceleHHOW BO3MOYKHOCTU NOCTPOUTL HEMPEPbIBHO
onpeaeneHHyo GyHKLUIO CONOCTaBAEHNS, BO3MOXKHO NoTpeboBaTb YTOObI GYHKLMA CONOCTaBAEHMUA
6blna ANCKPETHOW, onpeaeneHa ToNbKO B HEKOTOPbIX TOUYKaX. B 3Tom cayyae nopoxaeHHoe
NPOCTPAHCTBO-BPEMSA TaKKe CTAHOBATCA AMCKPETHbIMU. MOCKObKY NPOCTPAHCTBO-BPEMA OA4HOM
CUCTeMbl OTCYETA HAaXOAWTCA NMOZA YI/IOM MO OTHOLLEHMIO K CUCTEME OTCYETA ABWIKYLLENCA C KaKOW-TO
CKOPOCTbIO MO OTHOLWEHMNIO K MepBOM CUCTEME, 3TO 03HAYaEeT YTO ANUCKPETHOCTb NPUBOAMUT K HANNYUIO
MWHMMaANbHOrO yrna nosopoTta. COOTBETCTBEHHO, MPOCTPAHCTBO CKOPOCTEN TaKKe CTaHOBUTCA
ANCKPETHbIM.

OnucaHHbIN BbllLe NOAX0L UCMO/b3yeT GYHKLMIO CONOCTaBAEHUA C OAHO3HAYHOM QyHKLMeN
conocTtasneHua. OgHaKo, Takaa GyHKUMA HaKNaablBaeT HEMAsIo OrpaHMYEHNI Ha CKanapHoe none
MeTaBceneHHOW. KOHEeYHO 3TO NPUBOAMT K 06/1er4eHm1Io MOMCKa YPaBHEHMUA CKaNAPHOro Nons
MeTaBce/leHHOM HO MHE XO4YeTCA PACCMOTPETb BCE BO3MOXKHOCTU., PYHKUMA CONOCTABNEHUA MOKET



6bITb BEPOATHOCTHOM, 3TO O3HAaYaeT MHOTO3Ha4YHYyH GYHKUMIO CONOCTAaBAEHMA. ITO O3HAYAET YTO ANA
OZMHAKOBbIX 3HAYEHMUI CKANAPHOrO NOA Ha NOPOXKAEHHOM NPOCTPAHCTBE CONOCTAB/EHMNE MOXKET ObITb
Ha MHOXECTBO PA3/IMYHbIX 3HAYEHWUI, B COOTBETCTBME C BEPOATHOCTHOM QYHKUMEN CONOCTaBAEHMA.
Ucnonb3oBaHMe BEPOATHOCTHOM GYHKLMM CONOCTaBAEHUA NO3BOAAET Aasiee 0CNabutb TpeboBaHUsA K
bYHKUMKM cKanAapHoro nona MeTtaBceneHHOM. BepoaTHOCTHaA GyHKLMA CONOCTaBNEHUA He O3HAYaeT YTo
pe3ynbTaT CONnoCTaBAeHMUA HEBO3MOKHO TOYHO NpeacKa3aTtb. Pe3ybTaT MoXKeT HbiTb TOYHO NpeacKas3aH
NPV 3HAHUM GYHKLMM CKANAPHOTO NOAS U 3HAHWA FPAHUYHBIX YCAOBWIA. [TpM 3TOM rpaHUYHbIE YCA0BUA
MOTyT ObITb HE AOCTYMHbIMM B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHN-MATEPUM, HYACTb MOMKET He
OTHOCMUTCA K NMOPOXKAEHHOMY NPOCTPAHCTBY, YaCTb MOXKET HE OTPaXKaTbCA B COCTOAHMUAX YaCTULL.

[Jo6aBnto HECKONIbKO onpeaeneHunii:

Muposas AUHUA —3M0 MAKAA AAUHUA KOMOPAA HAYUHAEMCA 8 KAKOU-mo moyYKe nopordeHHo20
MPOCMPAHCMEa-8peMeHU U Komopas 8Kao4Yaem ece nocsaedyroujue rno epemeHu moYKu.

MupoBbie IMHMM OTANYAIOTCA B Pa3HbIX CUCTEMAX OTcYeTa, T.e. Yepes 0A4HY TOYKY NPOCTPaHCTBa
MeTaBceieHHOM NMPOXOAMNT CTO/IbKO MUPOBBIX JIMHWUIA, CKO/IbKO AO0CTYMHO NOBOPOTOB.

Mpu onnucaHHOM Bbille Noaxoae, TpeboBaHMA K CKanapHomy nosato MeTaBceneHHoM ocnabnstorcs.
OpHako, nmeetcsa npobaema c Ha4aOM MUPOBLIX IMHWIA. ECn MMpoBaa NMHUA BeCKOHEeYHa U He
3aMKHyTa, MeTaBcesieHHas TaKKe A0MKHa 6bITb 6eckoHeyHoN. Mpn 6eCKOHEYHON MUPOBOM INHUM,
Bpems B Hawen BceneHHoM TakKe A0/IKHO 6biTb 6eckoHeuHbiM. O4HaKO, 3TO NPOTUBOPEYUT
KOCMOJ/IOTMYECKMM AaHHbIM 06 NCTOpUM Hawwen BceneHHoM, 0 TOM YTo BpemMa BO BceneHHoM nmeet
Havano. Takum 06pa3om, HYKHO HaNTK cnocob AR BOSHUKHOBEHMA U 3aBEPLLUEHNS MUPOBBIX IMHUNA.

MwupoBas IMHUA OCHOBaHA Ha CMOCOBHOCTU QYHKLUMM CONOCTaBNEHUA BbITb OANMHAKOBOM HA BCEM
NOpOXKAEHHOM NPOCTPaHCTBe-BpeMeHn. O4HaKO BO3MOXKHA CUTYaLLMsA KOraa, C onpeaeneHHoro
MOMeHTa GYHKLMA CONOCTAaBAEHUA He MOXeT paboTaTb. Mpn 3TOM, BMOJIHE BO3MOXKHO, YTO CKansapHoe
none MeTaBceNeHHOW He UMeET HUKaKNX ocobeHHOCTel. EC/iM B KaKoN-To ToUuKe MeTaBceneHHoM
¢yHKLI,VIFI CONoCTaBNeHNA HE MOXXET KOPPEKTHO NPUMEHATbLCA, B 3TOM TOUKe MnpoBaAa INHUA
3aBepLluaeTtcA. AHa/JIOTMYHO A1 HaYa/la MUPOBOM IMHWM. B KaKOW-TO TOUKE CTAaHOBUTCA BOSMOKHbIM
Mcnonb3oBaTh GYHKLMIO CONOCTaBAEHUA. B 3TOM TOuKe, NOTEHLMANBbHO, NOABAAETCA NOPOKAEHHOE
NPOCTPaHCTBO-BpeMsA-MaTepus. MossaeHNe 0LHON NN HECKOJIbKUX MUPOBbLIX IMHUIM He O3HaYaeT
NOSABNEHUA NOPOXKAEHHOIO NPOCTPAHCTBA-BPeMeHU-MaTepun. 18 popMrpoBaHMA NPOCTPAHCTBA
CKopocTei Heo6xoaMMO 6bITb CNOCOBHBIM K MOBOPOTaM NPOCTPAHCTBa-BPEMEHU A5 BCETO AMana3oHa
NPOCTPaAHCTBA CKOPOCTEN. B Hauyane MMPOBOI IMHNUN MOXKET ObITb TaK YTO NOJIHbIM AMAMNA30H NOBOPOTOB
HefocTyneH. B 3Tol TOUKe HEBO3MOKHO CKa3aTb YTO BPEMS M MPOCTPAHCTBO CYLLEeCTBYIOT. 3TO
nepexoaHoOe NpPoCcTpaHcTBo, ha3a GOpPMUPOBAHMA NPOCTPAHCTBA-BPEMEHU U MmaTepun. Ecim asurasch
BA,0/1b MMPOBOM JIMHUW BO3MOXHO JOCTUYb NMOPOXKAEHHOW BCE/IEHHOM, TO 3TO 03HAYaeT YTO Havano
3TON MMPOBOW IMHUM UAET U3 MECTa NOABJIEHUA HOBOM NOPOXKAEHHOM BCesleHHOW. Ecnn mmnpoBas
JIMHWA NPepbIBAeTCA A0 AOCTUNKEHUSA NOPOXKAEHHOW BCENIEHHOM, 3TO 03HaYaeT YTo popmMUpoBaHme
HOBOM BCeNeHHOW Bb110 HeycnewwHbIM. YTo Npon3oiaeT ecan ogHa U3 MUPOBBIX JIMHUI KOTOPas
COCTaBAAET BCE/IEHHYIO NpeKpallaeTca? Hanpumep, B KaKo-To 06/1acTu NpocTpaHcTBa MeTaBceneHHoM
bYHKLUMA CONOCTaBNEHMA AAeT HETOYHbIE pe3yibTaTbl. MUPOBas IMHUA BO MHOTUX TaKUX C/Ty4asX MOXKET
6bITb MPOAO/MKEHA AaxKe Koraa GyHKUMA CONOCTaBNEHMA AAET HEKOPPEKTHbIE pe3y/ibTaTbl, ECn
[06aBUTb K GYHKLMM CONOCTaBAEHUA HENPEACKa3yeMyto COCTaBAAOLLYIO.

B aTOl cTaTbe 5 Ha3blBato HenpeacKkasyembim noboe ABneHune KOTOpPO€E HEBO3MOMHO NpeacKkasaTb Ha
OCHOBE COCTOSAHWI B I'Ipe,El,bI,D,yLLl,VIﬁ MOMEHT NOPOXKAEHHOIO BpeEMEHMU, NYCTb N BEPOATHOCTHO.



Henpepckasyemas coCTaBAstoOLLAA HE 03HAYaeT OTCYTCTBUA NPUYMHHO-CNEACTBEHHbIX CBSA3EN; 3TO
NPOCTO 0O3HAYaET YTO NPUYMHHO-CEACTBEHHbIE CBA3U NYBOKO CNpATaHbl OT COOTBETCTBYHOLLENO
NOPOXKAEHHOIO NPOCTPAHCTBA-BpeMeHU-MaTepun. Ha AaHHbIA MOMEHT, MHE HEM3BECTHO HUKAKMX
3KCMNEePMMEHTA/IbHbIX PEe3Y/IbTAaTOB KOTOPbLIE MOKa3bIBAOT CYLLECTBOBAHNE HEMPEACKA3YyeMbIX ABNEHUI B
Hawei BceneHHo. MNo3TomMy BNOAHE BO3MOXKHO YTO HEMpeaCcKasyemMan COCTaB/AOLLLas BCErAa TOYHO
paBHa Hy/0 IMB0 ee BO3AENCTBME CYLLECTBEHHO /IMLb HA KOCMOIOTMYECKMX MacliTabax. /Inbo oHa
OT/IMYaETCA OT HYNA Wb B MecTax GOPMUPOBAHNA NPOCTPAHCTBA-BpeMeHU. Ha AaHHbI MOMEHT,
BO3MOHbIMM KaHANAATAMW Ha TaKMe MecTa ABASAIOTCA OKPECTHOCTU FPaBUTALMOHHbIX CUHTYIAPHOCTEN
M YacTumubl ¢ MAAHKOBCKUMM SHEPTUAMM.

Bbllwe 6b1210 AaHO BpeMeHHOoe onpeaeneHme sn1eMeHTapHOoM YacTumubl. Ha ocHoBe Toro 4to 66110
HaMMcaHo Bblllie, USMEHEHHOe onpeaeneHue:

SnemMeHMapHAs Yyacmuya — 3mo MaKkaa Yacmeo Pa3soXeHUsA CKAAAPHOo20 noaa MemasceneHHol Ha
MopPoXHOeHHOM NpocmpaHcmeae, Komopas cmabusbHa o KpaliHeli Mepe Kakoe-mo rnopoxcdeHHoe
spems, umeem npubausumesnsHsili UHBAPUAHM 0715 MOBOPOMO8B, 83aumMmodelicmayem 8 MopPoHOeHHOM
npocmpaHcmee-epeMeHU ¢ Opy2umu 3AeMeHmMapHbIMU YaCMUUaMu KaK 0OHO Uesloe.

JONONHUTENBHO K TOMY YTO YKe 6bl710 onMcaHo, A 4o6asun “npnbansntensHbiii”. C oaHOM CTOPOHDI,
KaK ONUCaHO Bblle, MHBAPUAHT A0/MKEH ObITb TOUHbIM. C APYron CTOPOHbI, HEMOHATHO KaK B MOAENN CO
cKanapHbim nonem MMBM-Teopum NOCTPOUTb TaKOM MHBAPUAHT. BbIrnaanT Kak BHyTpeHHee
npotusopeune. B yactn no CTO 6yaeT NOKasaHo, YTO C OAHOW CTOPOHbI MHBAPUAHT ABAAETCA TOUYHbLIM, C
OPYroi CTOPOHbI OH }Ke MPY 3TOM ABAAETCA NPUBAUIUTENbHbBIM.

MoMKeT NoKas3aTbCA YTO MHBAPUAHT A0/XKeH ObiTb TOYHbIM @ HE NPUBIMKEHHbIM. B COOTBETCTBUM C
Teopemol HeTep, HenpepbIBHbIE CUMMETPUN BeAYyT K 3aKOHaM COXpaHeHusa. Ecan nHeapuaHT ana
NOBOPOTOB HETOYEH, 3TO MOXKET BECTU K HAPYLUEHUIO HEKOTOPbIX 3aKOHOB COXPAaHEHMA, @ UMEHHO
3aKOHa COXpaHeHUs MOMeHTa umnysbca. MNo3sxe, B Yact 06 CTO, byaeT NoKaszaHo, YTO HETOYHbIN
WHBapMaHT HeobsA3aTe/IbHO BEAET K HapyLUEHMIO 3aKOHOB COXPAHEHMA, €0 MOYKHO NOCTPOUTb TaK YTO

OH ByZeT BOCMPUHUMATBLCA KaK TOYHbIN.

,ﬂ,06aB!'IEHMe HeanACKa3VEMOV1 4acCTU K d)YHI-(LI,MVI CONnoCTaB/1eHNA BeAET K HEO6XO,CI,MMOCTM ana
NOPOXKAEHHDBIX 3aKOHOB ¢M3MKM 6bITb yCTOﬁHMBbIMM K Ma/ibiM U3SMEHEHNAMMU d)yHKLJ,MM CconocCTtaBNneHUA.

B nto60i ToUKe NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHM, A0MKEH ObITb MAaKCMMaIbHbIM Yroa Ha
KOTOPbIN BO3MOKHO NMOBEPHYTb NMPOCTPAHCTBO-BpeMs. MHaue M3MeHWB CKOPOCTb MOXKHO 6bin10 6bl
MOBEPHYTbLCA B NPOLLJIOE.

CyU.I,ECTBOBaHVIe MaKCMMa/ZIbHOTO yr/sia NnOBOPOTA NPOCTPAaHCTBA-BPpEMEHU O3HAYAET CyLleCcTBOBaHME
MaKCMMaIbHON BO3MOKHOM CKopocTun. B Hawel BceneHHoM 31O COOTBETCTBYET CKOPOCTH CBETA.

Ha ocHoBe ONMCaHHOTO Bblle, eCTb HECKOJ/IbKO BO3MOXHbIX OHLLMVI ANAa NOPOXAEHHOIO NPOCTPAHCTBA-
BpeEMEHMN:

HenpepbiBHOE NPOCTPAHCTBO, HEMPEPbIBHOE BPEMS, HEMPEpPbIBHOE NPOCTPAHCTBO CKOPOCTEM
HenpepbiBHOE NPOCTPAHCTBO, HEMPEPbIBHOE Bpems, ANCKPETHOE MPOCTPaHCTBO CKOpOCTei
HenpepbiBHOE NPOCTPAHCTBO, ANCKPETHOE BPEMS, HEMPEPbLIBHOE MPOCTPAHCTBO CKOpOCTEN
HenpepbiBHOE NPOCTPAHCTBO, ANCKPETHOE BPEMS, AUCKPETHOE NPOCTPAHCTBO CKOPOCTEN
[WNCKpeTHoe NPOCTPaHCTBO, AUCKPETHOE BPEMA, AUCKPETHOE NPOCTPaHCTBO CKopoCTei

o v hs wWwN PR

[VCKpeTHoe NPOCTPaHCTBO, AUCKPETHOE BPEMS, HEMPEPbIBHOE MPOCTPAHCTBO CKOPOCTEN



7. [MCKpeTHOe NPOCTPaHCTBO, HEMPEpPbIBHOE BPEMSA, HEMPEPbIBHOE MPOCTPAHCTBO CKOPOCTEN
8. J[McKpeTHOe NPOCTPaHCTBO, HeMpepbIBHOE BPeMsA, AUCKPETHOE NPOCTPaHCTBO CKOpOCTei

Ha gaHHbI MOMEHT BCe 3KCNePUMEHTA/IbHbIE AaHHbIE NOKa3bIBatOT OTCYTCTBUE ANCKPETHOCTU, YTO
O3HayaeT YTo BapuaHT #1 onucbiBaeT Halwy BceneHHyo. ITOT BapMaHT 03Ha4YaeT OTCYTCTBME KBAHTOBOM
rpaBuTaLMM, NPUYNHBI ONMMCaHbI NO3XKe B 3TOM cTaTbe. ECIM KBAHTOBaA rpaBMTaLLMA CYLLLECTBYET, TOraa
Halle NPOCTPaHCTBO-BPEMA OMNUCbIBAETCA BapMaHTOM #6.

MoWnCK NpoCTpaHCTBa-BpeMeHN Ha 3TOM He 3aKaHUYMBAETCSA, TaK KaK MMeeTcA pAg He pelleHHbIX
BOMPOCOB. K Npoao/KeHMIO MOMCKa A BEPHYCb Aasiee B CTaTbe, CHa4yasa paccMOTPIO PA APYrmX
BOMPOCOB.

B3aumMogelicTBYEe NPOLLJIOro, HACTOALWIEr0 U OyAyILEero

CornacHo MMBM-Teopuu, Mbl }kuBem B 6e3spemeHHO MeTaBcesieHHOW. Bpems B Hawen BceneHHol
ABNAETCA NOPOXKAEHHbIM AiBNeHNeM. CKanapHoe nosie MeTaBcesieHHOW He MeHAEeTCA No NpUYMHE
OTCYTCTBMA BpeMeHU. B MeTaBceneHHO HeT BblAe/IEHHOTO HanpaB/eHUs, YPaBHEHUSA MO/A He 3aBUCAT
OT HanpaB/eHMA.

370 03HayYaeT yTo /tobas ToUKa NPUHAAENKaLWAA NPOLLIOMY UM HACTOALLEMY B3aMMOAENCTBYET C
6yaylwmm. Tak:Ke, 3To 03HaYaeT YTo byayliee B3aMMOAENCTBYET C NPOLW/bIM U HacTOAWMM. MOCKONbKY
MeTaBsceneHHan 6e3BpemMeHHasn, 3TO TaKXKe 03Ha4YaeT YTo NPOLLIOEe HEBO3MOMXKHO U3MEHUTb. MalimHa
BPEMEHM, C TOUYKM 3peHUn HabntloaaTens KoTopbli NPUHAANEKUT K NOPOXKAEHHOMY NMPOCTPAHCTBY-
BPEMEHM, HEBO3MOKHA. O4HAKO 3TO He 3anpeLlaeT NOHOCTbIO MalWWHY BpemMeHU. Ecan nmeetca
MPOLECC KOTOPbI MO3BOAAET KAKUM-TO MUPOBbLIM IMHUAM MATM B CBOE NPOLWAOE, Hanpumep 6biTh
3aMKHYTbIMM, TO C TOYKM 3PEHUA HabAloAaTeNss KOTOPbIN He NPUHALNEKUT K TAKUM IMHUAM — HUYETO He
MOXEeT MATU B npoLusoe. bosnee getanbHo 370 byaeT NpoaHaAM3UPOBAHO B YacTu rae byaet
paccmaTpuBaThbCA CneuunanbHas TeopUA OTHOCUTEIbHOCTMY.

Jliobble cocToAHNA 0GHEKTOB B HACTOALLEM Y>Ke OKa3a/ il BO3A4eNCTBME Ha NPOLLIoE, HEBO3MOMHO
cAenatb COCTOAHUA OBbEKTOB HECOBMECTUMbIMU C NPOLLAbIM. JTo6aa NONbITKA NOMEHATb NPOLLAOE He
NPMBEAET HU K KaKMM M3MEHEHUAM NpoLuioro. MpuyunHa 3ak104aeTcs B TOM YTO 3TM MOMNbITKA yiKe
YUTEHbl B NPOLLIOM, AaXKe A0 TOr0 Kak Mbl Pelnam ux caenatb.

IloTepsa nH$poOpMaALLUU O NPOLLJIOM
I'Ipou.lnoe — 3T0 BCe Te cobbITUA YTO yXe npounsownun.

MoryT M cobbITUA, KOTOPbIE Y}Ke NPOU3OLLAN, USMEHUTLCA?

ITO BO3MOMKHO, C/I Henpeackasyemas YacTb GyHKLMM CONOCTaBAEHUA OTAUYHA OT HyAA. B aTom
c/yyae, ¢ pacctosHMem, byaeT HakanaMBaTbCA BKAa4, OT HenpeacKasyemoin cocTasaaowei. MpuynHHo-
cleaCTBEHHbIE CBA3M B 3TOM C/lyyae ByayT MeHATbCA CO BpeMeHeM. B 3Tom ciyyae, BO3SMOXKHO YTO B
OZLHOW M TOM e CUCTEME OTCYETA, B TOYKAX Pa3fe/IeHHbIX MOPOXKAEHHbIM BpemeHeMm, cobbITUA B 0bLiem
NPOLUIOM MOTYT BbIFIAAETb MO PAa3HOMY.

3TO MOKET BbITb UHTEPNPETMPOBAHO KaK NoTeps MHPOPMALMM O MPOLL/IOM.

Al npeanonaralo YTo HenpeacKkasyemasn 4acTb MOKET BbITb CyLLLECTBEHHO HEHY/1IeBOM TONbKO TaM rae
bopMMpPYIOTCA 1 3aBEPLLIAIOTCA Kakne-1Mbo MUPOoBbIe IMHMU. Takoe NoBeAeHne MUPOBbIX TNHUIA
MOXHO NnpeAanofiaratb 86,1M31 rpaBUTaLMOHHBIX CUHIYAAPHOCTEN, BOSMOXKHO rae-To ewe. Moatomy



notepa MHPoOpMaLUM O NPOLLIOM MOXKET ObITb HEAOCTYNHOMN ANA HaboAEHNA B HOPMaAJIbHbIX
YCNOBUSAX.

Heobxoanmo pewunTs ypasHeHus MMBM-Teopum ana Toro 4tobbl CyMeTb ONMCaTb TakMe NPOLLECChI, U
Y3HaTb CYLLECTBYIOT /N OHMU.

[ns Toro 4tobHLI ONMCHIBATL NPOABAEHUA HENPEACKA3YEMbIX ABIEHUI, EC/IU OHU CYLLLECTBYIOT, A
[06aBN0 HOBOE onpeaeneHne:

Bpemsa nosypacnada npu4uHHOCMU — 3MO MPOMENCYMOK 8peMeHU 30 Komopbili Noa08UHA MPUYUHHO-
criedcmeeHHbIx ceAzeli, cyujecmeyrowux 8 Havase, He 6ydym cyu,ecmeosames 8 KOHUE MPOMeXymKa
8pemeHU npu OaHHOU CKOPOCMU HapYWeHUs NPUYUHHO-c1edcmeeHHbIx cessell.

JTo onpeaeneHne AOBOJIbHO pacniblBY4aTo. HeT TOYHOro onpeaeneHmna YTo Takoe NPUYNHHO-
CcneacTBEHHanA CBA3b U KaK 3TW CBA3M cuMTaTb. [l03TOMY 3TO onpeaenieHne HyXaaeTca B yAydlleHnu 8
npouecce ganbHenwero passutua MMBM-Teopun.

Hanwuwy ypaBHeHWe aaa BpeMeHn noaypacnaga npuyMHHOCTU:

NV, t)

Teaus(V, 1) = ANV, 0)/dt

30ecb T.qys — BPEMA NOAYpacnaza NPUUYUMHHOCTM B MOMEHT BpemeHHU t, N — KoiM4ecTBo NPUYMHHO-
CNefCTBEHHbIX CBA3El B MOMEHT BpeMeHH t B Kakoii-To obnactu V, dN (V, t)/dt nokasbiBaeT Kak
6bICTPO TEPATCA NPUYNHHO-C/IEACTBEHHbIE CBA3N B MOMEHT BPEMEHMW t. B 3TOM YypaBHEHWM HYXKHO Kak-
TO YYecTb Cy4yaun Korga NpUYMHHO-CNEACTBEHHbIE CBA3M NEPEXOAAT M3 BblgesieHHOro 06bema
NopoXKAEHHOIO NPOCTPAHCTBA B coceHNE 06BEMBI, U NPUXOA, CBA3EM CHApYKU. [lymato 3TM npobnembl
MOTYT ObITb pPeLleHbl B NpoLecce AafbHENLLEro passmTus.

CywecTByeT M noTeps MHGOPMaLMM O NPOLLIOM B HOPMasbHbIX YCA0BUAX 3emMan? MHbIMM CNoBaMK,
HACKOJ/1bKO TOYHO MOXHO NpeACcKa3aTb COCTOAHME CUCTEMbI, HAXOAALLENCA B TUMNYHbBIX 3€MHbIX
YCNI0BUSAX, HAa OCHOBE €e COCTOAHWA U COCTOSHUA BCETO ee OKPYKeHUA?

[nsa Toro utobbl NONPO6HOBATL OTBETUTL HAa STOT BOMNPOC, MOXKHO BCMOMHUTb YTO 3aKOH COXPaHEHUA
3HepruM ocHOBaH Ha Teopeme HeTep M 04HOPOAHOCTM BPEMEHM.

HabnlogatenbHble AaHHbIE NOKa3bIBAOT YTO HAa KOCMOOTMYECKUX BPEMEHAX SHEPTUA BUANMON
MaTepun He coxpaHsaeTca. s peweHnsa B TOM YMC/ie 3TON Npobaembl, UMEeTca KOHUENUMA TEMHOW
3Hepruu, KoTopasa OTBETCTBEHHA 3a YCKOpeHHoe paclunpeHune BeeneHHol. JobaBneHne TeMHoM
3HEpPrumn No3BOIAET COXPAaHUTb OAHOPOAHOCTL BPEMEHW.

B pamkax npeanaraemolt TEOpUn NOPOXKAEHHOIO NPOCTPAHCTBA-BPeMEHN-MaTEPUMN BO3MOXKHO
anbTepHaTMBHOE 06bACHEHME TOro OTKyAa bepeTcsa aHeprua Ans HabloL4aeMoro YCKOPEHHOTo
pacwupeHns BceneHHol. ECan NpeAnonoKuTb YTO B YpaBHEHUAX MMEETCA HeHyneBan
Henpe/acKasyemas 4acTb, TO 3TO BeAET K TOMY, YTO cUCTeMa nepecTaHeT 6biTb CUMMETPUYHOWM No
OTHOLLEHMIO K NepeHocy BO BpemeHU. Kak pesynbTart, NosaBUTCA HapyLleHWe 3aKoHa COXPaHeHus
3Hepruun. [ins Toro 4Tobbl pesybTaT 3TOro HapyLWeHUs coBnagan c HabaaeHNnAMU, He0H6X0ANMO YTObbI
cpeaHee BO34eNCTBUE 3TOMO HapyLWeHUA 6bl10 He HYNEBbIM U BEO K HY}KHOMY pe3y/bTaTy.

,El,ymaro YTO MOXKHO I'I0|'I|O06OBaTb OLEeHUTb CpeaHee 3HavyeHne Henpe,D,CKa3yeM0ﬁ 4aCTu, HO OCTaBIAIO
3TO Ha 6yp,yu.|,ee. MNoka uTo pPe3ysibTaToOm 3TOM YacTU CTaTbM AIBAAETCA TO YTO YpaBHEHUA 3TOM Teopuun



MOTYT COAEPKaTb KaKyH-TO HenpeacKasyemyto 4acTb. HanomHio ele pas, 4to HenpeAacKasyemas 4actb
HenpezcKasyema TOJ/IbKO C TOYKM 3peHnsa MHPOPMALMKN MMELIOLLLEICA B KAKOM-TO MOMEHT BpemeHu. C
TOYKM 3peHus MeTaBceNeHHOM, HenpeacKasyeMocCTH HerT.

Pa3ioxeHue CKAJIAPHOTIO MOJIA U 3JICEMEHTAPHbIC YdCTHUIbI

B oAHOI 13 YacTel Bbllle, A YNOMMHAJI, YTO BCE 0OBEKTbI B MOPOXKAEHHOM MPOCTPAHCTBE-BPEMEHU 3TO
KaKMe-To pas/ioKeHUn ckanspHoro nons MeTaBcesieHHOM Ha rMneprnoBepXHOCTU NpeacTaBastowei
NopoXKaeHHOe NPOCTPAHCTBA. Bbllle TaK e 6bl10 ONUCAHO TO K KaKMM pesy/ibTaTamM OHO A0KHO
npmBoanTb. C y4eToOM BCEro HanMCaHHOro, OCTaHOBJ/IOCb HA PA3/10XKEHUWN CKAaNAPHOro nons bosnee
AeTanbHo.

[ns Hayana, MMeeTcs KakaAa-To rMNeprnoBEPXHOCTb L, M B KaXKA0M TOUYKe Ha 3TOM rmneprnoBepxHOCTH
CKanapHoe nosie MeTaBceneHHOM MMEET KaKkoe-To 3HayeHue. Al npegnonarato, YTo BKAa4 O4HOM
3/IeMEHTAPHOM YacTULbl MOXKHO NPeACTaBMUTb KaK YacTb HEKOTOPOIO PAa3/I0XKEHUS MOJIA HAa NOBEPXHOCTU
L:

u(L,#) = Y=2 uw; (L, 7,7 — ) (1)

B aTom ypaBHeHMU W; — 3T0 i-af GYHKLMA NO KOTOPON NAET Pa3NOXKEHUE, U; -KAKON-TO MHOMKUTEND,
u(L, 7) — 3T0 3Ha4eHMe KOTOPOE AAET 3Ta CYMMa B TOUKE T, NPUHaANeXaLLe NoBepxHOCTU L, ¥ n 7,
BeKTOpa B MeTaBCceNneHHOIA, T,, — TOYKa Ha NOBEPXHOCTM L N0 OTHOLIEHMIO K KOTOPOM pasfoxeHune ans
[AHHOW YacTuLbl Hanbosee cMMMETPUYHO. N5 3N1eMeHTapHOM YacTuLbl B Hawen BceneHHOoM MOXKHO
NPEANONOXMNTb, YTO TOUKA T, COOTBETCTBYET TOUKE rAe NAOTHOCTb BEPOATHOCTU AOCTUrAaeT MaKCUMyMa.
15 TOro 4To6bl HaKTM PACCTOAHME MEXAY TOUKAMM 7 U 7;, N0 NOBEPXHOCTU L, HY}KHO Takxe
MCnosb3oBaTb GYHKLUMIO L.

TaK KaK A npeanonarato, 4to GyHKUMA CKanapHoro noaa MeTaBceneHHON He MeeT BblAeNeHHbIX
HanpaBs/JEHUI, TO B C/ly4ae NI0CKON NOBEPXHOCTU L AN BblAeNeHNA 04HOM YacTULLbl B Pa3/I0KEHMM
NoAA 0/IXHa CyLLECTBOBATb TOYKA, MO OTHOLIEHMIO K KOTOPOW 3TO Pas/iosKeHne cummeTpudHo. [na
C/lyyan, Korga NoBePXHOCTb M30THYTA, CUMMETPUA B PA3/IOXKEHNN MCYE3AET, HO MOYKHO FOBOPMUTb NPO
TOYKY rae pasnoxeHue 6anKe BCero K CMUMMeTpUM. [ns caydas NaoCKoi NOBEPXHOCTH, Koraa
pa3NoXeHMe CUMMETPUYHO U HE 3aBMCUT OT HanpaBaeHWA, U3 yPaBHEHWA UcYe3aeT 3aBUCUMOCTb OT 7 U

- —
OCTaeTcAa 3aBUCUMOCTb OT T — Tu:
u(L,7) = XiZ% uwi (L, 7 —7,) (2)

Tak:Ke, 6a3nc pas3noskeHus, QYHKLUUMU W;, MOTYT PasNnyaTbCa AR PasHbIX TUNOB YacTul. O6o3Havy TMn
YyacTuLbl Kak p, TeM caMbiM 6a3nC Pa3oXKeHNA ANA YacTULbl TUNa p ByaeT MHOXECTBO BCexX GpYHKLMIA
Wp;. Tem cambim BKNaZ, B CKaNApHOe nose oT 4acTuupl TMNa p:

Uy (L, 7) = DIz Wi (L 7,7 — 7)) (3)

B 04HOWM M TOM e TOUKe MOTyT BbiTb HEHY/IEBbIE YacTU OT Pa3N0XKEHUIA Pa3HbIX 31eMEHTaPHbIX YacTuLL,
ITO 3HAYUT YTO 3HAYEHME CKASIAPHOTO NOA B KaXKA0M TOUKE A0/IHO BbITb CYMMOI OT pasHbIX YacTul,
N/OC BO3MOHO KaKan-To YacTb KOTopas He NpMBOAUT K GOPMUPOBAHMIO MOPOKAEHHbIX 3/IeMEHTaPHbIX
yactuu;

f(F) = fext(F) + Y u (L, 7;)) (4)



3pecb uy (L, 7) — 3HaueHue pasnoXKeHMs nons ot k-oii YacTMLbl B TOUKe 7, NpUHagiexallei
nosepxHocTu L, f (¥) — 3HaueHune ckanapHoro nois MetasceneHHoW, f,.; (7) — YacTb 3HaueHun
CKaNAPHOro NoJiA KoTopan He NPUBOAUT K GOPMUPOBAHMUIO MOPOXKAEHHbIX 3/IeMeHTapHbIX YacTul,. Ann
TOro 4To6bl B BblAENEHNM TAKOM YACTU Bbl/1 CMbIC/, HYXKHO YTOObI XapaKTepHble A/IMHbI, Ha KOTOPbIX
MEHAETCA fort (T'), GBI MHOTOKPATHO OT/IMYHBI OT XaPAKTEPHbIX A/IMH U3MEHEHMA GYHKLMIA Wip. NHave
Ntobble PyHKUMM ByaeT yaoBNeTBOPATb YpaBHEHMIO 4, YTO He umeeT GU3NYECKOro CMbicaa.

CyMMMpOBaHUe UAET Mo BCEM 3/1EMEHTAPHbIM YacTULLAM MMEIOLWMMCA Ha TMnepnoBepxHocTu L, yto
03HayaeT CyMMMUPOBaHME NO BCEM 3N1eMeHTaPHbIM YacTULAM MMEIOLLMMCA B KaKO-TO MOMEHT BpeMeHM
B COOTBETCTBYHOLLEN BCENEHHOM.

C YYE€TOM TOTO YTO MOTYT CyLLeCTBOBATb Pa3Hble TUMbI HaCTUL, 3TO YPaBHEHNE MOXHO NepenncaTb Kak:

- - =A k=N. i=00 > o> —
f(T) = fext(r) + Zg=1 Zk=1p %:—oouikpwip(l" rTr— rkp) (5)

38ecb Ujkp — KOIOOULMEHT PA3NOXKEHMA NONA 4/1A k-0 YacTMLbl TUNA P, A — YNC/I0 Pa3HbIX TUMOB
3/IeMEHTApPHbIX YacTULL, @—Toqka HambonbLuen cMmMeTpUM pasnoxkeHusa ana k-o yactuupl TMna p.
CymmupoBaHue no k naet, npu yCnoBMM HaNMUMA YacTul, gaHHoro tmna, ot 1 go N,,, obwero
KO/IMYecTBa YacTul, TMna p.

MpeAnonoXunm, Ha rmnepnoBepxHOCTU L nmetoTca ABe pas/inyHble TOYKU. Bo3HMKaeT Bonpoc — Bceraa
I TMNEPNOBEPXHOCTN COOTBETCTBYIOLLME COCTOAHUIO Yepes KaKoi-TO OAMHAKOBbIN MOMEHT BPeMeHM,
6yayT coBnagaTb? a5 TOro 4Tobbl OHW COBMAAA/IU, HYXKHO YTODbI CKOPOCTb BpEMEHM, @ UMEHHO AJ/IMHA
B MeTaBceneHHOW COOTBETCTBYOLLAA eANHNLIE BPEMEHW B AaHHOM ToUKe, coBnagana ana ob6oux Touek.
Ecnun cKOpOCTb BpeMEHM pas/inyaeTca, rmnepnoBepxXHOCTU ToXKe ByayT OTIMYaTbCA Mexay coboii.

[onycTrm, 4TO Ha rMNepnoBEPXHOCTU L eCTb TPM TOUKM M PAcCTOAHME NO FMMNepProBEPXHOCTU MEXAY
nepBoit U BTOPON TOYKaMM PaBHO PACCTOAHMIO MO r’MNepPnoBEPXHOCTU MeXKAY BTOPOM 1 TPeTbeN.
CnefyeT M U3 3TOrO, YTO PACCTOAHME B MOPOKAEHHOM NPOCTPAHCTBE MEXKAY STUMM TOUKAMM TaKKe
6yneT ogMHakoBo? He BUAHO Novemy 3TO A0/KHO ObITb TaK. HO TOrAa 3To 3HAYUT YTO B pasfiokeHue
HYYKHO BHECTU M3MEHEHMUA.

Tam rae anvHa B MeTaBceieHHOW, COOTBETCTBYIOLLAA eAMHULE A/IMHbI B NOPOXAEHHOM NPOCTPaHCTBE,
60/blue YeM B APYrOM MecTe, TO U GYHKLUN W; [OKHbI 3TO YUUTbIBATb. ITO 3HAUMT, YTO PaCcCTOAHME
MeXAY T U T, OOJIKHO COOTBETCTBOBATb PACCTOAHMIO MENKAY STUMM TOYKAMU B MOPOXKAEHHOM
NPOCTPaHCTBE, a He B NpocTpaHcTee MeTaBceneHHON. Kpome Toro, A0/1KHa 6bITb 3aBUCUMOCTb OT
CKOPOCTM BPEMEHM U, B TOHKe 7. TaK KaK Npu pasHbIX CKOPOCTAX BPEMEHM B pasHbIx 061acTaX, 41A
OOCTUMKEHMA OAHOrO 1 TOrO e 3dpdeKTa amnanTyaa MOXKeT pasandaTbca. Kak pesynbrat, 3To NpusoauT
K HEBO3MOKHOCTM NOCTPOUTb OAHO Pa3/IoXKEHWNE ANA BCEX TOYEK Ha MOBEPXHOCTM L, Ans pasHbIX TOYEK
pa3NoXKeHne MOXKeT OTnYaThCA.

Nob6asneHune 3aBUCMMOCTM OT UL (1) NPUBOANT K yPaBHEHUIO
u, (L, 7) = XiZZ ujwyy (L7, 00 (P), L(F — 1), ©) (6)

Fpe l(7 — 7o) — 370 GyHKUMA BO3BPALLAIOLLAA PACCTOAHME MEXAY ABYMA TOUKAMU T U T, B
COOTBETCTBYIOL,EM MNOPOXKAEHHOM NPOCTPAHCTBE, C — MaKCMMa/bHaA CKOPOCTb ABUMKEHUA YacTUL,

3aecb moxet BO3HUWKHYTb BOMPOC O TOM, KaK B TaKOM noagxoae A0CTUraeTcA JIOKaZibHOCTb U Mo4YeEMY B
ypaBHeHUe 6 ,a,o6aBneHa 3aBMCUMMOCTb OT MaKCMMaJIbHOM CKOPOCTU ABUXKEHMA YacTUL, €. JIOKasNbHOCTb



MOXHO 0becneunTb ecn CHUTaTb YTO Ty, COOTBETCTBYET NepeceyeHnio MMPOBOMN NNHUMK,
COOTBETCTBYIOLLEN HY/NEBOIN CKOPOCTH, M TMNEPNOBEPXHOCTM L, Mpuyem 3ta IMHUA NPOXOAUT Yepes TOUKY

HanbosblUe CUMMETPUM B MOMEHT BPEMEHM Ha
At = I(r —Typ)/c (6.1)

paHblUe. 34ecb ¢ MaKCMMasibHanA CKOPOCTb ABUMKEHUA YacTul, 414 Halel BceneHHOM cooTBeTCTBYET
CKOpOCTM cBeTa. ECnM BO3MOXKHbI BCeNeHHble 6€3 OrpaHUYeHMA Ha MaKCMMAJIbHYH CKOPOCTb, TO 3TO
COOTBETCTBYET HECKOHEYHOM MaKcMmanbHoM ckopocT u At = 0. OTMeuy, 4To ec/in eCcTb MaKCUMasbHas
CKOPOCTb ABUMKEHUA YACTUL, TO OHA AO0/IXKHa ObITb OAMHAKOBA BO BCEX CUCTEMAX OTCYETA, TaK Kak Bce
cuctembl oTcyeTa B [MMBM-Teopun paBHOMNPaBHbI, HET BblAE/IEHHOM CUCTEMbI OTCYETA. ITO 3HAYUT, YTO B
ypaBHeEHME 6 HYKHO A06aBUTb 3aBUCMMOCTb OT MaKCMMaJlbHOM CKOPOCTY C.

Tem cambIM 3HaUYEeHMe CKaNAPHOro NoNA B TOUKe 7'

> - = k=N. i=00 > — > - —
f(T') = fext(r) + Zg:f Zkzlp %:—oouikpwip(L' T, Ut(T), l(T - rkp)l c) (7)

C uem cBaszaHa PpyHKUMA paccToAHUA? Mpun yBEANYEHUU eaUHNLbI AUHbI, 3GEKT OT COOTBETCTBYHOLWMX
bYHKUMA W; AoNblUe HAaKanIMBaeTCA. ITO 03HAYaeT, YTO aMNANTYAa U; STON GYHKLUN MOXKET BbITb
MeHbLue. Tak Kak addeKT Aonblue HaKkan/JMBaeTCs, 3TO 3HAUYUT eLe 1 YTo PYHKUMA PaCcCTOSHUA CBA3AHA C
dYHKLUMEN CKOPOCTU BPEMEHU. ITO 3HAUYUT YTO A0/IKEH CYLLECTBOBATb KAKON-TO MHBAPUAHT,
CBA3bIBAOWMI MeKAy cOboin YHKLUMIO ANNHBI U GYHKLMIO CKOpOCTU BpemeHu. O6o3Hauy ero Kak h:

h(l,v;{) = const (8)
CBA3aH /M 3TOT MHBAPMaHT KaK-1Mb0 CO CKOPOCTbIO CBETa, NOKa HEMOHATHO.

3Tn ypaBHEHMUA ellle He OKOHYaTenbHble. [anee B cTaTbe B HUX ByayT caenaHbl USMEHEHMUS, CBA3aHHbIE C
KOCMO0TUEN.

Tenepb cloAa HY»KHO A06aBUTb elle U MHOFOKPaTHO YNOMAHYTYIO GYHKLMIO conocTasieHus. OyHKUmA
COMOCTaB/IeHNA Ha OCHOBE COCTOAHMA B 110601 MOMEHT BpemMeHU AaeT COCTOAHME Ha nocieaylowme
MOMEeHTbI BpeMmeHU. C y4eToM ypaBHEHUA 7 1 B NPUBAMIKEHUMN NNOCKOTO NOPOMKAEHHOINO NPOCTPAHCTBA
M npeHebperas KOHEYHOCTbIO MaKCMMaIbHOW CKOPOCTU ABMMEHMA YaCTUL, ONUCbIBAEMON YpaBHEHNEM
6.1, coctoaHne W B 11060 MOMEHT BPpeMeHM MOXHO 3anMcaTbh Kak BEKTOP B NPOCTPAHCTBE COCTOAHUN,
COCTOALLMMN U3 3HAUEHUIA Up;j W er ON15 BCEX YacTUL, B paccMaTpmuBaemoi 061acTi. TO 3HAUYUT YTO
dyHKUMA conocTasneHua, 06o3Hauy ee U, nepeBoauT BEKTOP COCTOAHMA U3 OAHOr0 3Ha4YeHUA B APYroi
W, B YNOMAHYTOM NPUBAUIKEHUN NNOCKOFO NOPOKAEHHOIO NPOCTPAHCTBA U HEPENSTUBUCTCKUX SHEPTUNA,
ABNSETCA ONepaTopoOM:

Y(t+ dt) = U¥(t) (9)

Taknm obpasom, onepatop U nepeBoanT BEKTOP COCTOAHMA B APYrOi BEKTOP COCTOAHUA, ABAAETCA
JIMHEWHbIM OMEepPaTopoM.

Cneaytowmin BO3HMKatoWMIM Bonpoc — aBaseTca n onepatop U oAHO3HAYHOM UM MHOTO3HA4YHOM
byHKUMeR? Bblwe, Npyn onucaHMmM NpoLLecca NoOMCKa NOPOXKAEHHOTO NPOCTPaAHCTBA-BpeMeHu, 6b110
YNOMSHYTO YTO MOYKHO MNbITaTbCA MCMOb30BaTb U MHOFO3HAYHY0 GYHKLMIO OTOBPaXKeHUs, KoTopas
OOJ/IKHA COAEPHKATb BEPOATHOCTb KaXKA0ro cocToAHUS. C yyeTom TpeboBaHWUI MO COXPaHEHUIO
MHPOPMALMKN U C y4ETOM TOFO YTO BEPOATHOCTHOE OTOBparkeHWe BeAeT K noTepe nHGopmaLmm, A



aenato BblBoA 4To onepatop U moxeT 6bITb TO/IbKO 0AHO3HAUYHOM QyHKUMEN. Tem cambim,
HaKNaZblBaeTcs A0MNOJIHUTEIbHOE YC/I0BME MPU MOUCKE NOPOXKAEHHOrO NPOCTPAHCTBA-BPEMEHN.

Ecnm umetotca notepu MHGOpPMaLMK, TO 3TO YypaBHEHME NPEBPALLAETCA B:
Y(t+dt) = U¥(t) + P(...) (10)

3pecb P(...) —3To Henpeackasyemas 4acTb, @ TPOETOUME 03HaYaeT Habop HEWU3BECTHbLIX NAPaMETPOB, OT
KOTOPbIX 3Ta GYHKLMA 3aBUCKT.

MpY POXKAEHUW/YHUUTONKEHUN YACTUL, BEKTOP COCTOAHUIM MEHSET KOIMYECTBO 3/1IEMEHTOB. f1 AyMalo YTo
nepexo NponcxoauT He MFHOBEHHO, UAYT KaKMe-To nepexoaHble npoueccol. MoKa 4To onMcaTb 3T
nepexoHble NPoLeccbl HEBO3MOXKHO, /1A 3TOF0 HY»KHO UCCNef0BaTb CBOMCTBA QYHKUMN CKANAPHOro
nona MeTtaBceneHHOM.

MeTaBceJsieHHass ¥ NMOPOXKACHHbIEC BCCJICHHBIC

CornacHo MMNBM Teopun, MeTaBceneHHas 3To 6e3BpemMeHHOe NPOCTPAHCTBO COAEPIKALLEE CKa/IAPHOe
none f(x). dnemeHTapHble YaCTULLbl, BDEMS, MPOCTPAHCTBO KOTOPOE Mbl Habatogaem — Bce 3TO
NOPOXKAEHHble ABNEHUA.

Hawa BceneHHaa aBnaeTca yactblo MeTaBceneHHoOu.

MeToabl HaxOXAEHUA NPOCTPAHCTBA-BPEMEHN-MATEPUM, ONMUCAHHbIE BbILLE, MOTYT MPUBECTM K
HAXOMAEHWIO HECKO/IbKMX PA3/IMYHbIX pelleHnidi. O6aacTb onpegeneHmns sTux pelleHnii MoxKeT
nepeceKkaTbCcs B NpocTpaHcTBe MeTaBce/IeHHOM, MOXKET He NepeceKaTbCa, HEKOTOPble peLleHns MOryT
6bITb ONpeaeneHbl HA 0AMHAKOBOM NPOCTPaHCTBE MeTaBceneHHOW. BO3MOXKHO UTO A/17 HEKOTOPbIX
obnactax MeTaBceNeHHOM He onpeaeneHo HUKaKUX pPeLIeHUA.

Karkgoe 13 TaKMx peLleHnin, CornacHo NocTyaaTy 3TOM TeopuM, COOTBETCTBYET 0O6BEKTUBHO
CYLLECTBYIOLLEN BCENIEHHON, C/IN B COOBETCTBYIOLLMX NMOPOMKAEHHbIX BCE/IEHHbIX BO3MOXHa pasymMHasn
U3Hb.

Hanuwy HeckoNbKo onpeaeneHuii:
MynemuecesieHHAs — 3M0o MHOXEeCMB0 8cex 8CeseHHbIX, onpedesneHHbIx 8 MemagcesneHHoU.

bnu3Kue scesneHHble —3mo 8cesieHHble KOMopble UMeom repeceYyeHus 8 npocmpaHcmeae
MemasceneHHOU.

BAM3KMe BCeNeHHble He 03HAYatoT YTO KOHKpPeTHas 061acTb NPOCTPaHCTBA-BPEMEHM OLHOWN BCeAEHHOM
nepeceKkaeTcs ¢ 061acTbio Apyroi BceneHHol. NepeceyeHne Morio NPons3onTU MUAAMAPAbI NeT Ha3asa
nnu Bnepea, "Mbo B meranapceKkax ot aTol obnactu.

JlokanbHO napansessHbie 8ceneHHble — 3Mo 8ce 8ceneHHble Komopble UMerom repeceyeHus 8 obaacmu
npocmpaHcmea MemascesneHHol ¢ 8bl0eneHHOU Yacmbro MPocmMpaHcMea-epemeHu Kakol-mo
acesnieHHoU.

JloKanbHO napannenbHble BCeNeHHble He 03HAYaKT YTO MeXKAY HUMU BO3MOXKHO Bsammop,eﬁcmme. Ona
B3aMMOLI,EI7ICTBI/IFl mexay sceneHHbiMmn HEO6XOAVIMO, HO HEAOCTATOYHO, MMETb XOTb KaKMeE-TO
Koppenaunn mexay ypaBHeHUAMUN aNeMeEHTAPHbIX YaCTUL, NpUHadNeXalWwnX K pa3HbiM BCE/IEHHbIM.



B3aumodelicmsyrouue napasnesbHole 8cesneHHble — 8cesieHHble, delicmaus 8 00HOU U3 KOMopbIxX
mMoaym 8aumb Ha cocmosHue 0pyzol, u Haobopom.

Ecnu pgelicteue ans BAMAHMA Ha APYryo BCeNeHHYo ByaeT NpoM3BOANTb PasyMHOE CyLLEeCTBO, B APYroi
BCE/IEHHOWN NOCNeACTBMA TaKNX AeNCTBUIA ByayT BbIrAAETb KaK cneacTBmA coObCTBEHHbIX PUINYECKMX
3aKOHOB M ByayT MMEeTb HE3aBUCUMbIE OT NEePBOI BCENEHHON NPUYMHHO-CNEACTBEHHbIE CBA3M.

He TaK gaBHO, B $aHTaACTMKe CTan NonyasapeH XKaHp G3HTE3N ¢ NapanienbHbiMn mmpamn. CoriacHo
MMNBM-Teopuu, cyLLecTBOBaHWE NapannefbHbIXx 3emesib BO3MOXKHO, ec/in 06/1acTb KOHLUEHTpaLUum
MaTepun B Halel BceneHHOM COOTBETCTBYET KOHLEHTPALUMU MAaTEPUMN KAaKOM-TO APYroin N0KabHO
napannenbHOn BCeIeHHOW. BO3MOXKHO BHE3EMHbIE Pa3yMHbIe CyLLecTBa o4eHb 613K, Ha
napasnnenbHol 3emne?

CBOMCTBA NPOCTPAaHCTBAa-BpeMeHHU Halle BcesieHHO
UmeeT nun BpemA B Halwen BceneHHOM Hayano 1 KOHeLI,? CyLLI,ECTBVET HECKOJIbKO BO3MOXHbIX BAPMUAHTOB,
nepevyncnio nx ece:

Bpemsa Bo BceneHHOM MmeeT Hayano HO HE MMEET KOHLa.
Bpemsa Bo BceneHHOM nmeeT Hayano n ecTb KOHeL, BpeMEHM.
MpocTpaHcTBO-BpemA BO BceneHHOM 3aMKHYTO.

Bpemsa Bo BcesnieHHOM He MMeeT Havala U HET KOHLa.

vk N e

Bpemsa Bo BcesnieHHOM He MMeeT Hayala HO MMEET KoHel,
Bce BapmaHTbl ¢ HeCKOHEYHbIM BpeMeHEM 03Ha4atoT 6€CKOHEYHOCTb NPOCTpaHCTBa MeTaBceneHHOM.

CoBpemeHHble aCTPOHOMMYECKME AaHHble NMOKa3bIBalOT YTO BPeEMA B Halen BceneHHoOM nmeeT Havano.
3To oTHpachbiBaeT BCce BapMaHTbl Kpome 1 1 2.

CooTBETCTBEHHO, B Hayase, 40 NOSB/NEHUA BPEMEHM ObINIO (M MO NpeXKHeMY CyLLecTBYeT B
MeTaBceleHHOM, XOTA U AafeKo OT Hac) HEKOTOPOE COCTOSIHME TAe UCMO/Ib30BaHUE TAKOM e QYHKLUK
COMOCTaB/IEHNA KaK U ceiyac HbIN10 HEBO3MOMKHO. 3aTeM, B KaKO-TO 061acTM MeTaBceieHHOM,
Havanacb pasa popmmrpoBaHMA Hallen BceneHHOM, B KOHLLE KOTOPOI NOABUIOCH HaLle NPOCTPAHCTBO-
Bpemsa n matepua. HeBO3MOXKHO CKa3aTb CKOJIbKO BPEMEHM 3aHAN 3TOT NPOLECC, TaK Kak Camo Bpems B
3Tol ¢pase HaxoamaocCh B CTaguun popmmnpoBaHus. anoHenwee passutue MNMBM-Teopum AonxHO
NO3BO/IUTb U3YYUTb AeTasibHO cTaanio GopmupoBaHma BceneHHOM 1 faxke NocMmoTpeTb YTo 6b110 A0
Bosblworo B3pbiBa, Koraa He 66110 HYM BPEMEHM HU NPOCTPAHCTBA.

3aBepweHue $asbl GOPMUPOBAHUA HE O3HAYAET NPeKpaLeHna GOPMUPOBAHMA HOBOFO NPOCTPAHCTBA U
maTtepum. PopmurpoBaHMe No NPeKHEMY BO3SMOXKHO U, MO KpaiHe mepe AN NPOCTPaHCTBa,
NPOMCXOAUT, ONMCAHO Aasiee B CTaTbe B YaCTM O KOCMOJIOTUK U FPaBUTaLLMK.

BcesieHHas
B aTOM YacTh, A onully Kak Hawa BceneHHada BbIrnaguT ¢ To4KK 3peHus MMNBM-Teopuu.

Mbl Haxogumcs B be3BpemeHHol MeTaBceneHHol. MeTaBceneHHas MMeeT CKassapHoe noJse
onpeaeneHHoe Ha BCeM NPOCTPaHCTBe MeTaBce/IeHHOM, NPOCTPaHCTBO MeTaBCceneHHoM eBKANA0BO.
YpaBHeHUe cKanApHOro NosA Besae oAnHaKoBo. Halwa BceneHHas cywecTsyeT B MeTaBceneHHoM,
cpopmmpoBaHa Ha OCHOBE OAHOTO M3 BapMaHTOB GOPMUPOBAHUS NMPOCTPAHCTBA-BPEMEHU U METOL,0B
A7 KBAHTOBAHMSA, ONMUCAHHbBIX BbILe.,



DYHKLUMA CONOCTaBNEHUA AO/KHA HE UMETb 3aMeTHOM HenpeAcKkasyemMoi COCTaBAAIoLEN Ha BCeM
OOCTYNHOM AN8 U3yYeHUA AnanasoHe SHepruii YacTul, U 3HauYeHni rpaBuMTaLMoHHOTo nons. Kak
pe3ynbTaT, 3TO 03HaYaeT BO3MOMHOCTb OMMCbIBAaTh CBOMCTBA YaCTUL, U MX B3aUMOAENCTBUS,
OCHOBbIBAACb Ha COCTOAHMSAX.

MopoXKaeHHOEe NPOCTPAHCTBO-BPEMS MOXKET BbITb UCKPUBEHHbIM. B 3TOM cnydyae, nosBnsertcs
rpasuTauma. Mpu sToM rpaBuTauma He MeHseT GyHKLUUIO ConocTaBaeHus Anda Yactuy,. MpasmTtaums
obecrneunBaeT 0AMHAKOBOCTb GYHKLMM CONOCTaBAEHMA TaM rae GyHKUMA CONOCTaBeHUs MHade bbina
6bl He NpuMeHnMa. MopoKaeHHOE NPOCTPAHCTBO-BPEMA UCKPUBAAETCS TaK YTOObI GyHKUMNA
CconocTasneHnsa bbl1a HEM3MEHHOW.

B ToXKE BpemMA, N KBAHTOBAA MeXaHUKa “ o6u.|,a$| OTHOCUTE/IbHOCTb, COrNnacHoO nnBM-TEOpMM, ABNAKOTCA
I'IpM6I'IM3MTEJ'IbeIMM N UMEIOT OrpaHNYeHnA Ha X Anana3oH NPUMEHUMOCTMU.

M KBaHTOBaA MexaHWKa 1 rpaBuUTaumnAa ABAAKOTCA NOPOXKAOAEHHBIMUN ABIEHUAMMN.

Bpems, npocTpaHCTBO U MaTepusa

NmeeTcs Hemano onpegenieHnit BpemeHu. Bce M3BeCTHble MHe onpeaeneHns roBopAT YTo Bpems
ABNAETCA ABNEHNEM MNONHOCTbIO HE3aBUCUMbIM OT HabaloaaTenen, U OHO CyLLEeCTBYeT U B MPUCYTCTBUM
Habntogatenen n Toraa Korga HabaogaTesei He CyLecTByer.

B MMNBM-Teopuu, mbl Haxoanmca B 6e3BpemeHHol MeTaBceneHHoW. BpemeHn B MeTaBceneHHOM HeT,
Habntogaemoe Hamu Bpems ABAAETCA NOPOXKAEHHbIM ABeHnem. Ho cyuiecTsyeTt in Takoe Bpema be3
Habntopatenein? bes HabntogaTensa, OHO He MOXKeET bbITb 3MepeHo. bes HabatoaaTens, spems B
mogenu MNMNBM-Teopun aBnaeTca BCEro MWb MaTemaTUyeckon abetpakumein. Bpema u ntobble adpdeKTbl
B BO3MOXHOM NOPOXKAEHHOM MPOCTPAHCTBE-BPEMEHU HE MOTYT NponcxoanTb 6e3 HabaoaaTens.
MOMHO /M CYMTATb YTO BOSMOXKHAA NOPOXKAEHHANA BCEIEHHAA, B KOTOPOM HeT HabntogaTenel,
cyuiectByeT? MOX0XKe YTO 3TOT BOMPOC OTHOCUTCA K dunocodumu.

Moe MHeHwWe: BCesIeHHas He CyLLLeCTBYEeT eC/IN B HEW HET HabloaaTens Ha BCeM BO3MOXKHOM

NopoXKAeHHOM BpeMeHU. TONIbKO PasyMHOE CyLLLEeCTBO MOXKeT ObiTb HabatogaTenem. Takum obpasom,
BCE/IEHHAA CYLLECTBYET, TO/IbKO EC/IU B HEM B KAKOW-TO MOMEHT NOPOXKAEHHOTO BpeMeHu NnoasaseTca
pasymHas }KM3Hb. be3 HabaAaTens BO3MOXKHaA BCeleHHan OCTaeTca maTeMaTUyeckoi abeTpakumen.

PasyMHas KM3Hb HE MOMKET CyLLLeCTBOBaTb 6€3 NPUYNHHO-CNEeACTBEHHbIX CBA3EelM. Ha AaHHbIA MOMEHT,
HaCKO/1bKO A 3HAl0, MOAEAN PAa3yMHOM KU3HW 6e3 NPUYMHHO-CNEeACTBEHHbIX CBA3EM OTCYTCTBYIOT.

C 04HOW TOYKM 3peHUs, BPEMSA 3TO NapamMeTp 3BOIOLMM yPaBHEHUI, KaK ONKUCaHO paHee B cTaTtbe. C
OPYroi TOUKU 3PEHUA N YUNTbIBAA HanMCaHHOeE Bbille, BPpems 3TO Takoe cybbeKTMBHOe ynopaaoumnsaHme
MHOKeCTBa NPOCTPaHCTB-MaTepUii KOTOPbI NOAAEPKUBAIOT MPUUNMHHOCTb. ITO O3HAYaAET YTO
NPOCTPaHCTBO-BpeMsA-MaTepun ABNAIOTCA CYOEKTUBHBIMKN @ He 06 BEKTUBHbLIMU, OHU 3aBUCAT OT
HabnogaTena n He cywecTsytoT 6e3 HabatoaaTens.

Bpemsa cybbekTMBHO MOCKO/IbKY OHO He cywecTByeT 6e3 Habatoaatens. Kaxabii MOMEHT BpeMeH!
COAEPKUT Pa3HOEe COCTOAHUE NPOCTPaAHCTBA-MaTepun. Kaxaoe cocTosiHue NpoCcTpaHCTBa-MaTepum B
KaXkabli MOMEHT BPEMEHU LO/IKHO BbITb OCHOBAHO, XOTA Hbl YaCTMYHO, HA COCTOAHUM NPOCTPAHCTBA-
MaTepum B Npeablaylime MOMEHTbI BpeMeH!, 414 NoAAEPKAHNA NPUYMHHO-CNeACTBEHHbIX CBA3EMN.
CocTosAiHMEe NPOCTPAHCTBa-MaTepun B NOCeAyoLLMe MOMEHTbI BpeMEHW MOTYT BbITb He MOJIHOCTbIO
OCHOBaHbI Ha COCTOAHMM B NpeablayLLe MOMEHTbI BDEMEHW NMPW YCI0BMM YTO OHU MO3BOIAIOT
CYLWEeCcTBOBaTb XOTA 6bl KAKMUM-TO NPUYUHHO-CNEACTBEHHbIM CBA3AM. [PUUYMHHO-CeACTBEHHbIE CBA3U



A0J/IKHbI CYLLLECTBOBATb A0CTAaTOUYHO 400 YTOBbI MO3BO/IUTb BO3SHUKHOBEHNE Pa3yMHOM XU3HN. MHaue
COOTBETCTBYIOLLAA BCENEeHHas He ByaeT MMeTb Pa3yMHOM KM3HU U, Kak pe3ybTaT, He byaeT uMeTb
Haboaatens. ECAv HK B KaKO MOMEHT NOPOXKAEHHOIO NPOCTPAHCTBA-BPeMEHN BCeNeHHan He
coaepuT HabnatogaTena, To Takaa BCeNeHHan He CYLLeCcTBYeT, OCTaeTca MaTeMaTUYecKkom abeTpakumen.

M3 aToro cnegyeT, 4To ec/iv 3aKoHbl U3UKKU CoAepIKaT HeNpeaCcKasyemyto 4acTb, OHa A0/IKHA 6bITb
[0CTaTOYHO Masiol YTO6bI 4OMYCTUTD CYLLECTBOBAHME PAa3yMHOM KM3HWU. ITO O3HAYaeT YTo B Nt060W
BCE/IEHHOM A0/1KHA CYLLeCcTBOBaTb XOTA 6bl 04HA 061acTb NpocTpaHcTea V, metowana noaxogawme
YCNOBUA AN PAa3BUTUA Pa3yMHOW KU3HU U ANS KOTOPOI BpemMsa noJsiypacnaga NnpuuyMHHOCTU bosblue
Yyem MMHUMaAIbHOE BPeMSA Noaypacnaga Heobxoanmoe A1A NOABNEHMA PA3YMHON KU3HW:

v,V - SAS, Tcaus(V) = Tmin v tbegin <t <tendar tena — tbegin > Tmin (11)

30,€Cb T.qyus — BPEMSA NOAYpPACNaAa NPUYUHHOCTU, Trpin — MMHUMANbHOE BPEMA NOypacnasa
NPUYUHHOCTU NPU KOTOPOM BO3MOMKHO GOPMUPOBAHUE M CYLLLECTBOBaHWE Pa3syMHOM XU3HK. Takoe
YC/IOBUE A0/IKHO BbIMOJIHATLCA B 3TOM 06/1aCT Ha BCeM NPOMENKYTKE MPOCTPAHCTBa-BPEMEHN,
OTHOCALWEMCA K GOPMMPOBAHUIO M CYLLECTBOBAHMIO Pa3yMHOM 3KWU3HU, C MOMEHTa BPEMEHM Lpegin M 4O
tend- Ob6o3HaueHne V' — SAS B 3ToM ypaBHeHMM 0603HaAYaeT YTO NpoYMe YCI0BUA B 3ITOM 06beme
OOJIKHbI MO3BONATb NOSAB/IEHUE PA3yMHOM KM3HU, CAMO OCO3HAIOLWMX CTPYKTYP.

B 3TOM YacTu cTaTbM Nerko 3ameTutb Yto MMNBM-Teopusa ocHoBaHa He Ha dpunocopckom peannsme. 1o
CBA3aHO C TEM YTO OAHWUM U3 CNEACTBUIA 3TON TEOPUM ABNAETCA HEBO3MOMXKHOCTb CYLLLECTBOBAHUA
MPOCTPaHCTBa-BpEMEHM-MATEPUN HE3ABUCMMO OT Hallero co3HaHuA. MpocTpaHCTBO-BpeMa-maTepums
ABNAIOTCA NPOAYKTOM Hallero cosHaHusaA. Npeanaraemas Teopusa COAEPHKUT CYLLLHOCTU HE3ABUCKMMbIE OT
Hallero pasyma, a UMeHHO MoJie U NPoCcTpaHcTBo MeTascesnieHHoOW. bonee TOUHO, CO3HaHMe 3aBUCKT OT
cKanapHoro noaa MeTaBcesieHHOW HO CaMo MoJ1e OT CO3HaHUA HUKAK He 3aBUCHUT.

ININIBM-Teopus 1 aHTPONHBIN NPUHIUII

AHTpONHBIN NpUHUMN Bbin NpeanokeH [2][3] ana o6bsACHEHUA C HAYYHOM TOUYKM 3PEHUS, MOYEMY B
Habnogaemoli BceneHHOM MMeeT MecTo psag, HETPUBMANbHbIX COOTHOLIEHUN Mexay
byHAAMeHTaNbHbIMU GU3NYECKMMUM NapameTpaMm, HEOBXOAMMbIX ANA CYLLECTBOBAHUA pa3syMHOM
KU3HU. UmetoTca pasnnyHble GOPMYIMPOBKU; 0BbIYHO BbIAEAAIOT CNabbli U CUIbHbLIA aHTPOMHbIE
NPUHLMNBI.

BapmnaHTOM CMNBHOTO aHTPOMHOTO NPUHLKUNG ABAAETCA aHTPOMHbIA NPUHLMM Y4acTuA,
cbopmynupoBaHHbI [oHoMm Yunepom[4]:

Habnrdamenu Heobxodumbi Ornisi obpemeHusi BceneHHoli 6bimusi (Observers are necessary
to bring the Universe into being).
B NMBM-Teopumn, aHTPOMNHbIA NPUHLMM Y4aCTMUA ABASETCA NPAMbIM C1eACTBMEM OCHOBHbIX NONOXKEHUN
Teopuu.

l'onorpa¢puuyeckuit npunuun [IINIBM-Teopuun

MeTasceneHHas B [NMIBM-Teopuun He UMmeeT BpEMEHU N He COAEPKUT HUKAKMUX 31eMEHTAPHbIX YaCTULL.
MpocTpaHCTBO-BpemMA-MaTepma ABNAIOTCA NOPOXKAEHHbIMU ABNeHuAMK. COOTBETCTBEHHO, ANA
CKanapHoro nona MeTaBceneHHOM OTCYTCTBYOT YacTULbI-MEPEHOCHMKN B3aMMOAENCTBUA. 3HAYEHUE
nonAa B KaXkaoM Touke MeTaBcesIeHHOW B 3TOM Cay4ae A0/KHO ONpesensaTbCA 3HAYEHUAMM NONA B
cocefHUX TOYKax. Al Ha3oBY 3TO ronorpadunyecknm npuHumnom MNMNBM-Teopun.


https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BD%D0%BA%D0%B0%D1%8F_%D0%BD%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%B9%D0%BA%D0%B0_%D0%92%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B9
https://ru.wikipedia.org/wiki/%D0%A3%D0%B8%D0%BB%D0%B5%D1%80,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%90%D1%80%D1%87%D0%B8%D0%B1%D0%B0%D0%BB%D1%8C%D0%B4
https://ru.wikipedia.org/wiki/%D0%A3%D0%B8%D0%BB%D0%B5%D1%80,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%90%D1%80%D1%87%D0%B8%D0%B1%D0%B0%D0%BB%D1%8C%D0%B4

lFonorpadumuecknin npuHumnn NMNBM-Teopum oTamMyaeTcs oT rosiorpapuyeckoro NpUHLUMNa TEOPUn CTPYH.
MpuymnHa He TonbKo B Tom YTO MMBM-Teopuma He MMeeT CTPYH, HO TaK¥Ke B TOM YTO rpaHuLLbl obnactm
BK/1H04AIOT B ce6A He TONIbKO HacTosllee, HO 1 npolusioe 1 byayuiee. Takxe, Yactuupl B NMBM-Teopumn
ABAAOTCA NOPOXKAEHHBIMM 0O BEKTAMM OCHOBAHHbIMM Ha CKanApHOM noJsie MeTaBceneHHOM, 1 3HaHKe
COCTOAHMA TAaKMX YaCTUL, HEAOCTAaTOUYHO ANA TOro YTOObI NOMHOCTHIO ONMUCATh COCTOAHME CKANAPHOTO
nona. CoOCTOAHUA 3N1eMEHTAPHbIX YacTUL, 3TO COBCTBEHHbIE BEKTOPA FPYNMbl CUMMETPUIA A5 YacTULLbI U
MHOECTBO COCTOAHWUMN 31eMEHTAPHbIX YacTUL, He NPeAOCTaBAAIOT MNOAHYH MHPOPMALLMIO O COCTOAHUM
CKanApHoro nons MeTaBceNeHHOM B COOTBETCTBYHOLLEN 061acTU. TaKKe 3TN COBCTBEHHbIE BEKTOPA
AO/IKHbI COOTBETCTBOBATL GYHKLMAM W,,; U3 yPaBHEHUS 6.

MNMons MeTaBceneHHOM He MeHseTca co BpemeHem no npnuvnHe OoTCyTCTBUA BPEMEHMU, TAK YTO KakKne-
nmbo nepeHoOCYNKHn B3aMMO,CI,el\;1CTBVIF| HEBO3MOXHbl. ITO npMBoAUuT K BbIBOAY YTO 3HA4YE€HMA NONA B
TOYKE onpeaenAaroTca TONIbKO 3HaYEHNAMM NONA B OKPYKAKOLWMNX TOYKAX.

3To NPMBOAUT K crieaytouemMy: ecim B MeTaBceleHHOM ecTb KaKaa-IMbo 3aMKHyTasA MOBEPXHOCTb S,
3HauYeHue NoNsA BHYTPU 11060 TOUKM B 061aCTU OKPYIKEHHOM 3TON NOBEPXHOCTLIO ONpeaenatoTcs
TOJIbKO 3HAYEHUAMM NOJA HA 3TOW noBepxHocTh, f(S).

9T0 03HayvaeT yTo cywecTtsyeT dyHKUMA g(x, S, f(S)) KoTopas 0AHO3HAYHO HAXOAMUT 3HaYeHue
CKanspHoro nosia MeTaBcesieHHOM B TOUYKE X OTHOCALLENCA K 061aCTU OKPYKEHHON NOBEPXHOCTbLIO S,
rae 3HayeHue noss Ha nosepxHocTtu aTo f(S):

fG) = g(x,5,f($)) (12)

Fonorpaduyecknii npuHumn NMMNBM-TeopMM MOXKET BECTU K UHTEPECHOMY BbIBOAY: NOAHAA UHbOpMaLUA
0 Bcelt MeTaBce/IeHHOM M BCEX MOPOXKAEHHbIX BCEMIEHHbIX CyLLLECcTBYeT B toboi obaactm
MeTaBceneHHo. Takoe 3aKatodeHne MoXKeT ObiTb BEPHbIM NP YCAOBUU TNAAKOCTU GYHKLMN
cKanspHoro noss MeTaBceNleHHOM, BO3MOXKHO TpebyioTca A0NONHUTEIbHbIE YCI0BUS.

Hao6r0aeHue
OCHOBHbIM UCTOYHMKOM MHPOPMALMKM 06 OKpYKatoLLLE HAaC AeCTBUTENBHOCTU ABAAETCA HabaoAeHME.
Kak onucaTb HabatoaeHme ¢ ToUKn 3peHus MMNBM-Teopun?

HabnopeHne MoxKeT Npoun3BoAWTb TONbKO HabnoaaTens. Ecnmn coctosHne W xapakTepusyeT cocTosHME
CUCTEMbI B KAKOW-TO MOMEHT BPEMEHM, TO A1 ONUCAHUA HABNIOAEHNA U3 3TOTO COCTOAHUA HYKHO
BblAENUTb cocTosAHME Habnoaatens W s 1 cocTosHMe Habntopaemoro obbekTa W,y . YunTbiBas
ypaBHeHue 9, 3To BeZleT K TOMY YTO pe3yNbTaT Hab/toAeHUA ONUCbIBAETCA HEKUM IMHEWHbBIM
onepaTopom.

YpaBHeHnue llIpeaunrepa

ypaBHEHMe 9 onucbiBaeT 3BOJIIOLUN CUCTEMDBI BO BPpEMEHMU, B YMTOMAHYTOM FIpI/I6nM)KeHMVI. MoHo
npeanosioXnTb, YTO OPTOroHa/ibHble COCTOAHUA, ONUCbIBaeEMbIle d)yHKLI,MFIMM Wpi 13 ypaBHeHUA 7,
AO0/XKHbI U BNpeadb OCTaBaTbCA HE3aBUCUMbIMU. 9TO 03HAYaeT YTo onepartop U COXpPaHAET CKanAapHoe
npounsseneHue, To eCtb, OH YHMTaprIVI.

Ecnu B ypaBHeHun 9 dt=0, To U = I, rge I eAnHMYHBbIV onepaTop.

Hanee, npegnonarato, uto oyHKUMa ¥ gudpdepeHumpyema, 4yTo 03Ha4aeT HEMPEPbLIBHOCTb
npocTpaHcTBa-BpemeHun. CnefoBaTe/ibHO, MOMKHO 3anucarb:



Wt +dt) = W) + d¥(b) (13)

C opyrov CTOpPOHI,

Y(t) =IP(b) (14)
Toraa
Y(t+dt) = I+ dO)WP(t) (15)
YpaBHeHWe MOXHO COKpaTUTb:
d¥(t) = dU W(t) (16)
noaenus Ha dt:
% = Z—IZ‘P(t) (17)

auv
MpousBogHana onepatopa ¢ B/IAETCA TOXe onepaTopom, XOTA U HeobA3aTeIbHO YHUTAPHbIM.
0O603HaumB ero Kak A, nosiy4ato oKoH4YaTesibHoe aAnddepeHLnabHOE ypaBHEHNE YHUTAPHOM 3BOOLUM

CUcCTembl:

avy

To 4TO NOAYYNIOCH d)aKTMLIeCKM N ABNAETCA YPaBHEHUEM LLIpep,MHrepa, C TOYHOCTbIO A0 MHOXXNTENA.
HanomH1o, KaK BbIrnaguT HeCTauMOHapHOEe ypaBHEHNE LLIpep,MHrepa:

—ih— =AY (19)

OTmeuy, 4TO NONYYUTb U3 ypaBHeHUA 18 ypaBHeHMe 19 A0BOLHO NPOCTO. 114 3TOro HY*KHO BCMOMHUTL
YTO YHUTaApPHbI ONEpPaToOpP MOXKHO NPeACcTaBUTb Yepe3 3pMUTOB onepaTtop. a8 sapmnToBa onepaTopa
BbINONHAETCA:

U=eH (20)

l'oe U s1o yHUTapHbIN onepatop. Moactasndaa yp 20 8 yp 18, nonyyaeTca, C TOYHOCTbIO 4,0 MHOXKUTENA,
ypaBHeHMe 19. Hannume noctosaHHoOM MNnaHKa B ypaBHEHUM 19 roBOpPUT O TOM YTO NOCTOAHHAA MaaHKa
KaK-TO CBA3aHa C PYHKLMAMMU Pa3/IOKEHUS.

YpaBHeHue LpeanHrepa ABAAETCA HEPENATUBUCTCKMM. YpaBHeHME 18 He MMeEeT TaKMX OrpaHuYeHui,

H o
M3 4yero cnenyet uTo A=— E TOJZIbKO AN1A MaJiblX SHEPTUMN.

ypaBHEHME LLIpe,u,MHrepa onuncbiBaeT Yactuubl 6e3 cnuHa.

BblBOA, ypaBHEHMA AN5 YACTUL, CO CMMHOM i MOKa OCTaBAAlO Ha byayulee. MoxoKe, YTo 3TO cAenatb
HECJIOKHO, ec/IM NPeAno/oXUTb YTO OZIHa YacTULLA MOXKET BbITb NpeAcTaBieHa bonee Yyem ogHUM
Habopom dyHKUMI pasnoxkeHus. OguH Habop ana yactuy, 6e3 cnnHa, ABa Habopa s YacTumL, co
CNUHOM %, N T.N.



IIpyHIIMN Heonpeae/IeHHOCTH

MpuHUMN HeonpegeneHHocTH MelizeHbepra ABAAETCA OAHUM U3 OCHOBHbIX CBOMCTB KBAaHTOBOW
MeXaHWKKU. MOKeT NoKa3aTbCA YTO NPUHLMN HEONPeAEeNEeHHOCTU HE COBMECTUM C AETEPMUHUCTUYECKON
mogenoto NMMBM-Teopuu. B 3TOM YacTh CTaTbn, A NOKaXKY YTO NPUHLUMMN HEONPEAENEHHOCTU He
npotnsopeunt NMNBM-teopun.

OnwucaHue BblIBOAA NPUHLMMA HEONPEAENEHHOCTM OMMCAHO BO MHOTMUX Y4eOHMKAX NO KBAaHTOBOM
MexaHuKe. [NaBHOe CBOMCTBO, KOTOPOE BEAET K NMPUHLMUMNY HEONPEAENEHHOCTU 3TO BO/IHOBAA GYHKLUUSA
M HEKOMMYTATMBHbIE ONepaTopbl 418 U3MEPAEMbIX 3HAYEHU, TAKMX KaK MECTOMOJIOKEHNE N MMMY/bC.
A1 He 6yay KONMPOBATb BbIBOA, NPUHLMMA HEONPEAENEHHOCTH, AOCTaTOMHO OTMETUTb YTo MMBM-Teopusn
cofepXuT ypaBHeHue LLpeanHrepa, Tak 4To MoOXKeT bbITb MCNO/Ib30BaHa BCA MaTEMaTMKa KBaHTOBOM
MexaHUKN. Kak pesynbTtar, [MMBM-Teopua npuBoAUT K NPUHLMNY HeoNnpeaeNneHHOCTU HECMOTPA Ha TO
4YTO 3TO AETEPMUHUCTUYECKAA TEOPUA.

MpuHUMN HeonpeaeneHHocTu B NMNBM-Teopun ABASETCA NPOABAEHMEM HE KOPMNYCKYNAPHbIX CBOMCTB
3/1eMEHTaPHbIX YacTul,

CkopocTh cBeTa

[na Toro utobbl NOPOXKAEHHasA BceneHHaa obpena bbiTue, cornacHo NMNBM-Teopun Heob6xo4MMO YTObbI
B Heli bbin HaboaaTeb. BO3HMKaET BONPOC — BO3MOXKHO /1M MOCTPOEHME TaKOro NOPOXKAEHHOTO
NPOCTPaHCTBa-BpeMeHM, B KOTOPOK He 6bla10 6bl OrpaHMYeHMsA Ha MaKCUMabHYH CKOPOCTb
3N1eMeHTapPHbIX YacTUL, U B KOTOPOM BO3MOXKHA KU3Hb?

Al npeanonarato, YTo 3TO HEBO3MOXHO. EC/IM 3TO NpeanonoKeHne BEPHO, TO BCE MOPOMKAEHHbIE
BCEJIEHHbIE [0/IKHbI COIEPKaTb OrpaHMYEHNE Ha MaKCUMa/IbHYIO CKOPOCTb U, COOTBETCTBEHHO,
crneumanbHyo TEOPUIO OTHOCUTENbHOCTU. 3HAYEHUE CKOPOCTU CBETa MOMKET BbITb Pa3HbIM B Pa3HbIX
MOPOXKAEHHbIX BCENEHHDIX.

ITO 03HAYaeT, YTO CKOPOCTb CBETA ABAAETCA NPOU3BOAHOW BEIMUUHOMN U AO/IKHA ONPeSenaTbea
ypaBHEHMEM CKaNAPHOTo noas MeTaBceneHHOM M MHOXKECTBOM GyHKUMI pasnoxeHusa {w} nons no
NOPOXKAEHHOMY NPOCTPAHCTBY U3 yp. 7:

¢ =c(f,{iwh (21)

[ NOACHEHUA NPOUCXOXKAEHNA CKOPOCTM CBETA MOMKHO NMOCMOTPETb Ha TUMUYHbIE MaTemMaTUYeCKue
GyHKUMM. Hanpumep, MoXHO B3aTb dyHKUuMIo f(x,y) = (x — 1)2 + (y — 1)2

MpoBecTn Kak-1Mbo OPUEHTUPOBAHHYIO NPAMYIO Yepes TouKy (1,1), 3aTem HauaTb ee NapasiesibHO
nepeHOCUTb Ha Bce bosibliee paccTosHWe. B 3Tom ciyyae 3HaYeHMA 3ToM GYHKUMM Ha Npsamon byayTt
nocsea0BaTesIbHO HAapacTaTb. BO3HMKAET YTO-TO BpOAe PAcnpOCTPaHEHUA CUTHaNa Npu
nocnenoBaTe/IbHOM yAaeHUN NPAMOIA.

B npumepe Bbllle 3HaYEHUA GYHKLUN CUMMETPUYHbBI MO OTHOLIEHUIO K MOBOPOTaM. 3HaueHUsA GyHKUUK
CKanapHoro noss MeTaBcesIeHHOW He MOTYT 6bITb CUMMETPUYHBIMM MO OTHOLLEHUIO K MOBOPOTaM, XOTH
cama QyHKLMA, KaK A Nnpeanosiarato, CMMMeTpUYHa. Mo3TOMY HY»KHO PelnTb BO3HUKAIOLWME B CBA3M C
3TUM C/I0XKHOCTH, YTO U AENAEeTCA B CeAylolLeM pasaene.

CnenuanbHas Teopus oTHOcUTe/IbHOCTU U [ITIBM-Teopusa
COBpEMEHHbIe IKCNepMMeEHTa/IbHblE AaHHbIE MOKA3bIBAOT YTO BCE 3aKOHbI ¢M3VIKM OOWHAKOBbI BO BCEX
MHEPUUMAaNbHbIX CUCTEMAX OTCHETA. CooTBEeTCTBEHHO, nopoXageHHOe NPOCTPaHCTBO-BpeEMA O0/1KHO



obecneumBatb 3TN CBOMCTBA. HeKOTOpble 3aKOHbI GU3UKM, TaKME KaK aneKkTpoanHammKa u CTO, TpebytoT
O4MHAKOBOM CKOPOCTM CBETA BO BCEX MHEPLMAMBHBIX CUCTEMAX OTCYeTa. ITO BO3MOXKHO CAeNaTb
MCMONb3yA CeAyHoLWY0 MOLENb:

Mocne Kaxporo NnoBopoTa, COOTBETCTBYIOLLENO NEPEXOAY B HOBYIO CUCTEMY OTCYETA, MOABNAETCA HOBbIM
MaKCMMa/IbHbI Yroa NOBOPOTa. ITOT Yro/l MOXKET OT/IMYATLCA OT YIAa A0 NOBOPOTA, HO A0/IKEH UMETb
OZMHAKOBble 3HaYEeHUA A1 NOBOPOTA B IOOOM AONYCTUMOM HanpasaeHnU. CKOPOCTb CBETA HE A0JIXKHA
MEHATbCA OT USMEHEHWUA MAaKCMMA/IbHOTO yraa NOBOPOTA, CKOPOCTb CBETA ONpPeAenaeTca He TONbKO
pa3smMepoMm yraa noBopoTa, HO ELLE U CKOPOCTbIO MOPOXKAEHHOIO BpeMeHU (OnNmncaHo Nose). B Takoi
MOJAeNun, CyLecTByeT BO3MOXKHOCTb NyTeM NnocaenoBaTe/IbHbIX NOBOPOTOB, COOTBETCTBYIOLLMNX
nocnefoBaTeIbHbIM YCKOPEHMAM, NONACTb B COOCTBEHHOE NPOLUNIOE, C TOYKU 3PEHUA YCKOPAIOLLErocs
06beKTa. B TOXKe Bpems, HabatogaTeNb HAXOAALWMIACA B HENOABUMKHOM CUCTEME OTCYETA, A0/IKEH
BMAETb APYryto KapTUHY. C TOUYKM 3pEHMA TaKOro HabatoaaTens, YCKoOpALWMICA OOBEKT He NOMALET B
npownoe, oH 6yaeT YyCKOPATb CBOK CKOPOCTb HO €ro CKOPOCTb HUKOTAa He NPEBbICUT CKOPOCTb CBETA.
KBaHTbI cBETa B CMCTEMe OTcYeTa 4,0 NOBOPOTAa A0/IKHbI COOTBETCTBOBATbL KBaHTaM CBeTa B cUCTEME
oTcyeTa nocae NOBOPOTA, aHANOTMYHO ANA APYIUX dNeMeHTapHbIX YacTuy,. lNocne noeBopoTa
NMOBEPXHOCTb KOHYCA, COOTBETCTBYIOLLLEFO CKOPOCTU CBETA, OyAeT OTANMYHA OT MOBEPXHOCTM KOHYCa A0
NoBopoTa. KBaHTbI CBETa ABMraloTCA CO CKOPOCTbIO CBETA, U AOJIKHbI HAXOAUTLCA Ha 9TOM KOHYCe.
CnepoBaTenibHO, MECTOMO/IOXKEHWE YaCTUL, U UX TPAEKTOPUA M3MEHUTCA NOCAe NOBOPOTA, U PACCTOAHUE
MEXKAY TPAEKTOPMAMM OAHOM U TOM Ke YacTuLbl B PasHbIX CUCTEMAX OTcyeTa byaeT NOCTOAHHO PacTy co
BpemeHem. A xouy Nnog4yepKHyTb 3TOT pe3ynbTaTt MNMNBM-Teopumn — 04Ha U Ta XKe YacTuLa B KaXKL0M TOUKe
WAET NO TPAEKTOPUAM, 3aBUCALLUM OT Yr/1a pacCMOTPeHUA. KaK HaWTU TUNbl ypaBHEHWIA, NO3BOAAOLLME
TaKoe NoBeAeHWe, 419 MEHA NMOKA He NOHATHO. 1 AYMato YTO BO3MOMKHO MOTYT 6bITb MCNONb30BaHbI
HeKoTopble Mogenu 13 ronorpadun. Tak 4yto 3gech TpebyeTca ganbHellme nccaefoBaHma YTobbl HalTH
MaTeMaTUKy onucaHHon mogenu. B ypasHeHuax MMNBM-Teopuu s noTpebyto TakMe CBOMCTBA OT
COOTBETCTBYHOLMNX PYHKLUMUI, HO camn GYHKL MM NOKa He HAaNAEHbl, HAaNAEeHbl TOJIbKO MX CBOMCTBA. BHOBb
HanomHto, MMBM-Teopua ABNAETCA HOBOM TEOPMEN C NOIHOCTbIO HOBOW MAaTEMATUYECKON MOAENbIO.
HacKo/bKO 5 3HAto, He CyLecTByeT MaTeMaTUKM NPUrogHoN aas onucaHmna mogenu MMBM-teopun 6es
A0oNoNHUTeNbHON AopaboTKK. A Aymato 4To co BpemeHem pyHKLmn MMBM-Teopun MoXKHO ByaeT HaliTy,
HO 3TOT NOMCK NoTpebyeT f0BOALHO MHOTO BpemeHu. NMMBM-Teopus cogepKUT MHOFO APYrMX OTKPbITbIX
BOMPOCOB; B 3TOM CTATbe A MNbITaloCb MOCTPOUTb TONIbKO 0cHOBY MMNBM-Teopuun. MonHoe noctpoeHue
3TOM TEOPUM HEBO3MOXKHO B PpaMKax OHOM CTaTbMu.

Tenepb, paccMoTpIO 3Ty Moaenb 6onee AeTanbHoO.

CHavana A paccMoOTpPHO BO3MOXKHOCTb NonacTb B co6cTBEHHOE npolwnoe. Ecan nocne Kaxkaoro nosopoTa
(cooTBeTcTBYHOLLLErO HAOOPY CKOPOCTM MO OTHOLLIEHWIO K NpeablayLLein cucTemMe oTcHeTa) HOBbIM
MaKCMMa/IbHbI Yroa NO3BOAAET UATU Aafblue YeM NpeablayLInMiA MAaKCUMAbHbIN Yro, 3STO 03Ha4yaeT
YTO BO3MOXHO NyTemM nocaeaoBaTe/IbHbIX NOBOPOTOB NOBEPHYTLCA Ha 360 rpafycoB 1 OKa3aTbCA B
cobcTBeHHOM npownom. OaHaKo, Nockosibky MeTasceneHHan B MNMNBM-Teopumn 6e3spemeHHas,
npowaoe He MOXeT 6bITb U3meHeHo. Cnefo0BaTe/IbHO, MOMNbITKA U3MEHEHWA MPOLUAOTO AO0XKHA ObITh
HeycnewHon. OgHAKOo, C TOUKK 3peHUA YCKopAtoLweroca Habntoaatens, Bce AOKHO BbIrNALETb Kak
06bI4YHO, Te *Ke 3aKOHbI PU3MKK YTO U A0 YcKopeHusa. CnefoBaTeNbHO, C/IM NIAHNPOBATL AEeN1aTb KaKue-
n1Mb0o U3MeHeHMA B NPOLLIOM A0 Havyana YCKOPEHUA, AOKHO OblTb BO3MOXKHbBIM CAENATb UX NOC/e
nonagaHua B npolunoe. 3TO BbIMAAUT Kak NpoTuBopedne. Ho 3To NnpoTuBopeyYne MOXKHO peLlmnTb, ecau
£06aBUTb NoTepto HGopMauumn npu nosopoTax. MHopmaums fonKHa BbITb NOJHOCTbIO NOTEPSHA NPU
nonagaHum B cobcTBEHHOE NpoLLioe, CefoBaTe/IbHO HUKAKMeE MAaHbl, CO34aHHble nepes nonagaHuem
B Npowsioe, He coxpaHATca. NoTeps MHPOPMALLMKM — 3TO CyYam KOraa Kakme-nmbo cobbiThs NponsoLwim



B O,EI,HOI‘;I Cncreme OTC4eTa HO He npounsowin B p,pyrofz'l cMCcTeMeE OTCYeTA. ITO 3HAYUT YTO nocse
nepexoga B ApPyryro CUCTEMY OTCHETA HEKOTOPbIE YaCTULbl MOTYT MNOABUTCA MU NCHE3HYTb; NO3NLUUN
4acTuy, MOTYT USMEHUTBLCA.

®OTOHbI M HEKOTOPbIE APYT1e 31eMeHTapHble YacTMLbl BCEraa ABMMKYTCA CO CKOPOCTbIO CBETa. ITO
3HAUYMT YTO OHM BCErAa UMEIOT MAKCUMasIbHbI BO3MOMHbIMA Yro/ Mo OTHOLLEHWIO K BEKTOPY BPEMEHMU,
ApYrye YacTuLbl UMEIOT MeHbLUWIA yron. Jaa GOTOHOB yron paBeH yriy COOTBETCTBYIOLLEMY CKOPOCTH
ceeTa. Nocne noBopoTa NoBepxHOCTb MeTaBceneHHOM, COOTBETCTBYOLLAA KOHYCY cBeTa, byaeT
OT/IMYaTHCA OT KOHYCa A0 NOBOPOTa. TaK YTO B OAHOM CUCTeME OTCYEeTa YacTuLbl CO CKOPOCTbIO CBeTa
HaxoAATCA Ha OAHOMN NOBEPXHOCTH, @ B CUCTEME OTCHETa Noc/ie NoBOPOTa Ha APYroi nosepxHocTh. Mx
MecTono/oeHne B MeTaBcesieHHON MeHAETCA NPU NOBOPOTE, HEKOTOPbIE YaCTULbI MOTYT BO3HUKHYTb
nocne NoBopoTa, HEKOTOPbIe UCHE3HYTb. ECIM NOBEPHYTHL NPOCTPAHCTBO-BPEMSA, OANH UM HECKO/IbKO
pas, a 3aTeM NoBepHYTb Ha3a4 Ha MCXOA4HOE MeCTO (€C/IM 3TO BO3MOXHO 6e3 npeBblleHna CKOPoCTH
CBETA) COCTOAHME YaCTML, U MX NO3ULIMM A0/XKHbI BbITb TOYHO TaKMe e Kak U A0 NepBoro noBoporTa.
Toxe camoe NPUMEHNMO U MO OTHOLLEHMIO K YacTULLAM YTO ABUraloTCA CO CKOPOCTbIO MEHbLLEN
CKopocTu cBeTa. Taknm 06pasom, MMeeTca noteps MHGOpPMaLLMM NPU MOBOPOTaX MPOCTPAHCTBA-
BPEMEHM, COOTBETCTBYIOLLMX NEepexoay B APYryto CUCTEMY OTCHETa. 3ameyy YTO OMMCbiBaEMOe
nosefeHune 03HaYaeT YTo CUMMETPUA K MOBOPOTaM ABAAETCA NPUBANKEHNEM.

OnucaHHas Bblwe notepa MHGOPMALMM HE MOKET DbITb HaNPAMYO U3MepeHa, TaK Kak Habatoaatenb
TaKKe TepsaeT MHGOPMaUMIo NpU Nepexoae B 4pyryto cuctemy otcdeTa. OgHako, xota NMNBM-Teopus
npescKasblBaeT YTO NOTepPo MHPOPMALIMK NPU Nepexose B APYryto CUCTEMY OTCHETA HEBO3MOXKHO
npamo HabntoaaTb, ee NOTEHUNANbHO BOSMOXHO KOCBEHHO NPOBEPUTL Ha OCHOBE APYIuX
npeackasanuii NMNBM-Teopumn.

OANHAKOBOCTb 3aKOHOB PU3MKM BO BCEX MHEPLUMANbHBIX CUCTEMAX OTCYETA BbIFNAAMT A0BOJIBHO
ectecTBeHHO B [MMBM-Teopumn. 3To CBSA3AHO C TEM YTO 3aKOHbI GU3MKN NOPOKAEHHOTO NPOCTPAHCTBA-
BPEMEHW OCHOBAHbI, 415 KaXXA0M U3 BCEJIEHHbIX, HAa O4HOM M TOM e PYHKLMKN conocTaBaeHua. [ina
NOEHTUYHbIX HAYa/IbHbIX YCI0BUI GYHKLMA CONOCTaBAEHNA AO/KHA AaBaTb OANHAKOBbIE PEe3y/bTaTbl,
n3-3a cMMMeTPUM GYHKLMM CKanApHOro nosaa MetascesieHHOM MO OTHOLIEHUIO K MOBOPOTAaM.

CKOpOCTb CBETA OZMHAKOBO BE3/€e BO BCEX MHEPLMAbHBIX cMcTeMax oTcyeTa. CKOpPOCTb CBETA A/1A
OMMCAHHOM MOoAEeNN paBHa:

c=v, *tg(a) (22)

V; — CKOPOCTb BpeMeHU B MeTaBCeNIeHHOW, & — YO MeXAy BEKTOPOM BpeMeHM 1 cBeTom. CKOpoCTb
BPEMEHU MOKET MEHATLCA U, KaK Pe3yabTaT, 3TOT yro/ 6yAeT MeHATLCA BMECTe CO CKOPOCTbIO BPEMEHMU.
CKOpOCTb CBETA 3TO CKOPOCTb B MOPOXKAEHHOM NPOCTPaHCTBE-BpeMeHU. MopoXKAeHHOe NPOCTPaHCTBO
nepneHAMKyIAPHO BEKTOPY BPEMEHM, TaM rAe He UCKPMBAEHO. TaK YTO rMnoTeHy3a Noay4nBLIerocs
TPeyro/ibHMKa HaxoA4MTCA HaNPOTMB Yrna MeX Ay CKOPOCTbIO BPEMEHU M CKOPOCTbIO CBETAa.

Takum o6pa30M CKanAapHoe nonae A0/1XKHO UMeTb A40BOJ/IbHO CI'IELI,VId)VI‘-IHbIe CBOD’ICTBa, OnnCaHHbIE BblllE,
Aana Toro YTO6bI COBMECTUTb cneunanbHyo Teoputo oTHocuTenbHocTu u MMNBM-Teoputo.

Ecnaun yron CKOpocCt CB€Ta HAMHOIO MeHbLUE Yem 277.', B TaKOM Cny4yae nortepu VIHd)OpMaLI,MI/I NpU KaxXaom
noBOPOTE MOTYT 6b1Tb MasibiMn. OHK MOTYT ManbiMu Npu chegyroulem ycaosmnn:

a KL 2m (23)



OnuncaHHoe Bblle NOBEAEHNE HE O3HAYAET YTO CMMMETPUA K NMOBOPOTaM HE NPpUMEHUMa ONA
PENATUBUCTCKUX C/lyHaeB, HO 3TO O3HAYAET YTO ABNAETCA ﬂpMﬁﬂM)KeHVIeM. ﬂ,pyroe cneancrtene - TOYHOCTb
CUMMETPUM 3aBUCUT OT Yr/1a CKOPOCTK cBeTa. [lanee, B 4acTn € rpasmau,meﬁ, A MOKaXy 4YTO 3TOT Yyrona He
ABNAETCA KOHCTAHTOM. TO KaK 3TO BAMUAET Ha TOYHOCTb 3TOM CUMMETPUN PACCMOTPEHO Aasiee B aTOM
CTaTbe.

CneumanbHaa TeopuA OTHOCUTENIbHOCTM COAEPKMUT CBA3b MEXAY UHTEPBANaAMM BPEMEHU B Pa3HbIX
cucTemax otcyeTa. ATy cBAsb B [NMBM-Teopmn HEBO3MOXKHO BbIBECTM HANPAMYIO U3 reoMmeTpumn. ITa
CBA3b HaK/MaAblBAET AOMNONHUTE/IbHOE OrpaHMUYEHMe Ha CKanAapHoe none MeTaBceneHHON.

Tenepb A HanuLy To YTO BbIJIO ONUCAHO BbIlWe B YPaBHEHUSAX.
CpenHee 3HayeHue 4-BekTopa R NO3NLUKM M CKOPOCTU YaCTuMLLbl C BONHOBOMN QyHKUMen P:
(R) = [¢"Rpdr (24)
Torke camoe HO C TOUYKM 3peHUA APYroi CUCTEMbI OTCHeTa:
(R)y = M(R) = M [ {"Ripdr (25)

(R); — 4-BEKTOP C TOUKM 3pEHUA APYroi cucTembl otcyeta, M — matpuua npeobpasosaHuna. M
paccYnTLIBAETCA Ha OCHOBE CMeLManbHOM TeEOPUM OTHOCUTENIbHOCTY.

ToT ke camMblil 4-BEKTOP MOXKET ObITb PaccUMTaH Kak:

(R); = f‘/);Rﬂ/hdH (26)
1)1 — BONHOBAA QYHKLMA YacTULbl B 3TOM CUCTEME OTCHETa.

OTmeuy, 4TO BONHOBaA GYHKLMA 4aCTMLbl ONpeaenaeTca Ko3GOULMEHTaMN Uy, U3 YPaBHEHUA 7.

Kak 6b1/10 onMcaHo BbllLE, YacTULbI NOC/Ie MOBOPOTa OKa3biBalOTCA HE B TOM Ke NO3MLMUM YTO U A0
nosopoTa ITO 03HaYaeT YTO MMEEeTCA pPa3HULLA MexXAay nosuumeit npeackasbisaemont CTO 1 paKkTUUECKOM
nosuymeit. Takmum obpasom, Moaynb pasHULLbI MexXay 4-x BeKTopamu bonee HynA:

IM [*Ripdr — [PiRypydry| >0 (27)

ONA CNyYan, Korga cUCTeMbl OTCHEeTa He coBnagatoT. 1 0603Hauy 3Ty pasHULy Kak dyHKumio 6:

(v, B, {w}, L, V) = |Mf1/)*Rl/Jdr - f’»bIRﬂ/thﬂ (28)
O(v,B,{w},L, V) >0ecmuv >0 (29)

3Ta GYHKUMA 3aBUCUT OT CKOPOCTU ¥ APYrOW CUCTEMbI OTCHETA; YrOA 5 COOTBETCTBYET CKOPOCTU HaCTULbl
B AAHHOWM TOYKe NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHN. 3aMeyy YTO 3TOT Yroal MOXKeT ObITb Pa3HbIM B
pa3HbIX TOYKaX NOPOXKAEHHOIO NPOCTPAHCTBA. L 3TO PYHKLMA ONUCHIBAIOLLAA NMOPOXKAEHHOE
NPOCTPAHCTBO, ¥y COOTBETCTBYET CKOPOCTU BPEMEHM B JaHHOM TOYKE B JaHHOM cucTemMe oTcyeTa. Obe
3T GyHKUMM ByayT onmcaHbl 6onee AeTaNbHO NO3Ke B CTaTbe, B YacTU MNOCBALLEHHOW rPaBUTALLUN.
DYHKLUMA B MOXKET TaKKe 3aBMCETb OT KAKUX-TO APpYyrMx NapameTpoB. ECAn oHM CyLwecTByOT, OHU MOTyT
6bITb HallleHbl B Xo4e AanbHeliwel paboTtbl Hag NMBM-Teopueii.

YpaBHeHWe Bbille HEBHUMATE/IbHbIM YMTaTElb MOXET NPOUHTEPNPETMPOBATb KaK MPOTUBOpPEYne
mexay CTO mn MMNBM-Teopueli. i HANOMHIO, YTO 3Ta Pa3HMLA HE MOXKET BbITb IKCNEPUMEHTA/IbHO
NU3mepeHa, 3TO 3anpeLLeEHO AETEPMUHU3MOM 3TON Teopuu. Jaa Toro 4tobbl 3Ty PasHULYY 3aMepuUTb,



3KCNEePMUMEHTATOPY HYXKHO YCKOPUTLCA U NEPEenTH B APYryto cUcTemy oTcyeTa. Ho B npouecce yckopeHus
JaHHble 3KCNepumMeHTaTopa O TOM r4e OH OXKUAAeT YBUAETb YaCTULY MEHAIOTCA TaK YTO OHM CTAHOBATCA
COOTBETCTBOBATb HOBOM cucTeMe oTcyeTa. B MMBM-Teopum oTCyTCTBYIOT KaKkne-1Mb0 NoHOCTbIO
He3aBUCUMbIe cobbITuA, BCce cobbITMA cBA3aHbl. COOTBETCTBEHHO, Nepexo, B HOBYIO CUCTEMY OTCYETa
NPMBOANT K YyTb NU3MEHEHHOW HO MO/IHOCTbIO CAMOCOI/1IaCOBAHHOM KapTUHeE.

TakMm 06pasom, XOTA CUMMETPUA ABNAETCA TOJIbKO NPUBANKEHNEM, C TOYKM 3peHus HabalogaTens B
MOPOXAEHHOM MPOCTPAHCTBE, 3Ta CUMMETPUA ABAAETCA BAU3KOIM K TOUHOW. Kak pesynbTaT, Teopema
HeTep ABASETCA NO NperKHEeMY MPUMEHUMON AN CUMMETPUM K MOBOPOTAM, YTO NO3BOAAET
CYLLeCTBOBaTb COOTBETCTBYHOLLEMY 3aKOHY COXPAHEHMUS.

JlokasnbHOCTb B [IIIBM-Teopuu

Bce nsBectHble B3aMMO,D,EI71CTBM$| B Halel BceneHHoi asnsoTcA JNOKaJ/IbHbIMU, CKOPOCTb CBETA AB/IAETCA
orpaHn4yeHMem Ha CKOpOCTb B3aMMOAeVICTBMH. CyLLI,ECTByeT TaK)Ke siB/IeHMe KBAaHTOBOM CNyTaHHOCTHU
KOTOpoOeE BbIrNAaANUT Kak MTHOBEHHAA Nepeaaya MHCbOpMaLI,MM, CO CKOpPOCTbiO bonee CKOpPOCTH CBETa.
CyLLecTBYIOT MHTEPMAPETALMM ITOTO ABJIEHMA, KOTOPbIE HE NPMBOAAT K HAPYLUEHMIO IOKANbHOCTW.

JokanbHocTb B MNMNMBM-Teopumn goctmraetca Nnpy NnoMoLm ypasHeHumAa 6.1. Bce snemeHTapHble YacTuubl
OO/IKHbI YA0BNETBOPATL CUMMETPUM K MOBOPOTAM, N HUKAKME U3 YaCTUL, He AOJTIKHbI UMEeTb CKOPOCTb
CBbILIE CKOPOCTU CBETa. Bce YacTuLbl B3aMMOLENCTBYIOT MeXKAY COO0M TONbKO € MCMONb30BAHUEM
Apyrnx yactuu, 6e3 HapyweHMA N0KaAbHOCTU. MaKcMMaibHaa CKOPOCTb s BCEX YACTUL, 3TO CKOPOCTb
cseTa. Tak nonyyaeTca NokanbHOCTb B MMNBM-Teopuu.

3ameuy, yto MMNBM-Teopus He 3anpeLlaeT MIHOBEHHble B3aMMOAENCTBUA Ha PACCTOSHUM €C/In XOTA Obl
OAHa 13 CTOPOH B3aMMOAENCTBMA 3TO YaCcTMLLA C MAaKPOCKOMUYECKUM pa3mepom. B cayuae vactumu, c
TaKMM pPa3sMepom, YacTMLLa B3aUMOAEMCTBYIOT KaK Lie/1I0€e W, KaK pe3y/ibTaT, 3TO COOTBETCTBYET
MrHOBEHHOM nepegaye UHGopmauun. BaeHne KBAHTOBOM CNYTAaHHOCTU TEM CaMblM MOKET HbiTb
NHTEPNPETUPOBAHO KaK pa3pyLleHne MaKpPOCKOMMYECKOM YacTULLbl COCTOALLEN U3 ABYX 3/IeMEHTapHbIX
yactuu,.

[paBUTALMOHHOE B3aMMOLENCTBME MOXKET BOBCE HE MMETb NEPEHOCYMKOB B3aMMOLENCTBUS, 3TO MOXKET
6bITb NPOCTO MaTeMaTMYeCKasa GYHKLMA KOTOPAs HAXOAUT NOPOXKAEHHOE NPOCTPAHCTBO C HYXKHbIMMU
cBomMcTBaMu. MOCKONbKY BCE N3BECTHbIE SKCMEPMMEHTA/IbHbIE laHHble NOKa3bIBaAOT YTO rpaBMTaLmA
B3aMMOLENCTBYET CO CKOPOCTbIO CBETA, TaKasa QYHKLMA TaKKe AONKHA NOALEPHKUBATL TOKANbHOCTb.
Kp1BU3HA NPOCTPaHCTBa-BpEMEHM B 3TOM C/ly4ae Bbi3BaHa HEOOX0AMMOCTbIO COB104aTb NPUYNHHOCTD
N NIOKaNIbHOCTb.

JNloKanbHOCTb, KOTOPasA AOCTUrAETCA OMMCaHHbIM 06Pa3oM, HE ABAAETCA NOJIHON. ITO 3HAYUT YTO XOTA C
TOYKM 3PEHMA MOPONKAEHHOrO NMPOCTPAHCTBA-BPEMEHM 31EMEHTAPHbIE YaCTULbI MPU B3aMMOAENCTBUN
BbIFAAAT COBNOAAOLMMM CBOMCTBA JIOKA/NIbHOCTHM, OZHAKO B /II060M NOPOXKAEHHOM MPOCTPaAHCTBE-
BPEMEHM HET NOANNHHO He3aBUCUMbIX COBbITUI. ITO CBA3AHO C Tem, YTo B MeTaBcesieHHan ntobas TouKa
NPOCTPaAHCTBA BAUAET HA BCE APYrMe TOUYKM NPOCTPaHCTBa.

O BO3MOKHOCTH npamoro B3aMMOAEﬁCTBMﬂ mexay 4aCctnuamum 6es HapyweH1A NnpuHUnna 10Ka/1IbHOCTU.

9710 OTKprTbIVI BOMpocC. Bo3moxHO n NOCTPOUTb BCE/IEHHYHO OCHOBbIBAACb Ha 4aCTuULUax
B3aMMOLI,EIzCTByI-OLLI,I/IX B HapyweHunem npunHuuMna NoKanbHocTn? Jltobas BCeneHHaA, HAaNOMHIO, OO0J/T}KHa
nogaepxuneatb NPUHYNHHO-CNEOCTBEHHbLIE CBA3U U PA3YMHYHO XKU3Hb.



MeTpuka BIUCAaHHOM rMneprnoBepXHOCTH

B NMNBM-Teopuu, B KaxK4bli MOMEHT MOPOXKAEHHOTO BPEMEHU MOMKHO MOCTPOUTL T'MMNEPNOBEPXHOCTb
COOTBETCTBYIOLLYIO 3TOMY MOMEHTY BPEMEHU. BO3HMKaEeT BONPOC, KaKylo METPUKY MMEET 3Ta
rMnepnoBepxHOCTb?

Kak nokasaHo y C.XoKuHr, [K.9nauc [5, ctp 55], B €BKAMA0BOM NPOCTPAHCTBE HEBO3MOXKHO NOCTPOUTL
BMMCaAHHYIO r’MNepnoBEPXHOCTb C IOPEHLEBCKON METPUKOW. ABnseTca M 3To npobnemon ana NMNBM
Teopun?

Ecnm nocmoTpeTb TO Kak 060CHOBbLIBAETCA 3Ta HEBO3MOYXKHOCTb, TO MOXHO 3aMETUTb YTO Tam
noApasyMeBaeTCs YTo 3Ta M’MNepnoBepxHOCTb 06Lan aAna scex cuctem otcyerta. B NMBM-teopun, Kak
06BbACHEHO B YacTu nocealeHHon CTO YyTb Bbilwe, 3TO He TaK. [epexoq, B 4pyryto CMCTEMY OTCYETa
0O3Ha4YaeT B TOM YMCJIe M NOBOPOT FrMNepPnoBepPXHOCTN. Tem cambiM, MOC/e Nepexosa B ApYryto cCUcTtemy
rmnepnoBepxHocTb byaeT oTanyaTbea. BoamoxKHbie npobiembl Mpu 3TOM NOBOPOTE, KaK OMMUCAHO BbILLE,
pelatoTca ypaBHeHnem 28.

Takum obpasom, onmMcaHHan HEBO3MOMKHOCTb NOCTPOEHUA BNNUCAHHOM rMNepnoBEPXHOCTU, UMELOLLEN
NIOPEHLEBCKYIO METPUKY, Ha EBKAMAOBOM MPOCTPAHCTBE He npumeHnma ana MNMBM-teopuun.

Tenepb BO3HWKaET cieaytowWwnii BONpoc: Yemy paBHa KpMBMU3HA NOPOXKAEHHOMO NPOCTPAHCTBA B
YKa3aHHOW TOYKe Ha rMnepnoBepxXHOCTU NPEeACTaBAAIOLLEN NOPOXKAEHHOE MPOCTPAHCTBO?

[lna oTBETa Ha 3TOT BOMNPOC HY}KHO MCMNOJIb30BaTb ypaBHeHMe 7. ITO ypaBHEHME NOKa3biBaeT, YTO paBHoe
paccToAHMe B MOPOXAEHHOM NPOCTPAHCTBE MEXKIY ABYMA COCEAHMMM TOYKAMM MOFYT 03Ha4YaTb pasHoe
paccToAHMe B NpocTpaHcTBe MeTaBceNeHHOW. TaK e, O4MH U TOT 3Ke NPOMEXKYTOK BPEMEHMN MOKET
03HayaTb PasHYIo AUCTaHUMIO B MleTaBCeNeHHOM, eCIM CKOPOCTU BPEMEHU pas3inyatoTca. 3To o3HavaeT
YTO KPMBM3HA NOPOKAEHHOTO NMPOCTPAHCTBA B 1060 YKa3aHHOMN TOUKE 3aBUCUT OT TOTO, MO OTHOLLEHMIO
K KaKoM TOuKe MAeT cpaBHeHue.

34ecb BUAHO YTO AnA NOCTPOEHUA CBA3U MeXAay KpVIBVI3HOVI NPOCTPaHCTBA U OTHOCUTE/IbHbIMMU
CKOPOCTAMM BpEMEHU U ONNHbI NPOCTPAHCTBA MOXHO NOCTPOUTb YpaBHeEHWE, HO A 3TO OCTaB/IAO Ha

Byayuwee.

I‘paBnTaunﬂ, nepBad 4acCTb

B yacTtu, rae A onucbiBan NPOLECC NOMCKA NOPOXKAEHHOMO NPOCTPAHCTBA-BPEMEHM Ha CKANAPHOM Mose,
A MWCan YTO 3aKOHbI GU3UKM LOKHbI BbITb OANHAKOBbI BO BCEX MHEPLMA/bHBIX CUCTEMAX OTCYETa.
BO3MOKHO YTO B HEKOTOPbIX C/Iy4asnX NPOCTPAHCTBO-BPEMA AO/IKHO BbITb UCKPUBAEHO, A8 TOTO YTOGbI
obecneynTb 3Ty OAMHAKOBOCTb. KaK pesyabTaT, 3T0 Be4eT K UCKPMBAEHHOMY NPOCTPAHCTBY-BPeMEHM.

3ameqy, YTO KPUBU3HA NPOCTPAHCTBA-BpeMeEHN He paBHa KPUBU3HE TMNEPNOBEPXHOCTU
I'IpeACTaBﬂFIIOLLI,Eﬁ nopoxXaeHHoe NPOoCTPaHCTBO B MeTaBceneHHol. B KPMBU3HE NOPOXKOEHHOIO
NPOCTPaHCTBA-BPEMEHU YH4ACTBYET TaKXKe NU3MEHEHNE CKOPOCTU BPEMEHU, ONUCbIBAEMOE NO3XKe B aTOM
4acCTu CTaTbw.

McKpuBAeHHOe NPOCTPaHCTBO-BPEMA HE ABAAETCA YEM-TO HOBbIM, 06LLLan TEOPUA OTHOCUTENbHOCTU
MCMO/b3YeT KPUBU3HY MPOCTPAHCTBA-BPEMEHU AN ONMUCAHMA rpasuTaumm. Mostomy s byay
npeanonaratb, YTO UCKPMBAEHHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA OTBETCTBEHHO 3@ rpaBMTaLMIio,
aHA/IOTMYHO 06 Lel TEOPUN OTHOCUTENIBHOCTM.



lpaBUTaLMA USMEHAET CKOPOCTb Te1 UCKPUBAAA MPOCTPAHCTBO-BPEMS, YTO MPMBOAMUT K MOBOPOTY
rMnepnoBepXHOCTU NPeACTaBAAIOWEN CUCTEMY OTCYETA I4e Te/I0 MOKOUTCA. YCKOPeHUe Tena, Kak
OMMCaHO B CTaTbe Bbllle, TaK}Ke CBOAMTCA K MOBOPOTY rMNepnoBepxHOCTV NpeacTaBAstoLLen cuctemy
oTcyeTa rae Teno nokomTcsa. Ho Torga aTo 3HauuT, YTO HEBO3MOMKHO OT/IMUMTL, KaKas cuia AeNCTBYET Ha
[JaHHOEe A0CTaTOYHO Masioe Telo — rPaBUTaUMOHHAA AN cuia MHepumu. CnefoBaTe/IbHO, MHEePTHan U
rPaBUTaLLMOHHAA MAcCbl PaBHbl.

TaK Kak Macca UCKPUBAAET NPOCTPaHCTBO—BPEMS, TO NPWN A0CTaTOMHO H6ObLIOK Macce MoryT
BO3HMKHYTb NPo6.1eMbl C NPOCTPAHCTBOM-BPEMEHEM U NPOLO/IKEHNEM MUPOBBIX IMHUI. B KaKo-TO
TOYKE, MPOAOJIKEHNE MUPOBBIX IMHUIA MOXKET CTaTb HEBO3MOMKHbIM. B 3TOI TOUKE HAYMHAETCA PaspbIB
MPOCTPaHCTBa-BPEMEHM, KOTOPbI COOTBETCTBYET rPaBUTALMOHHOM CUHIYASPHOCTU. ITW PaspbiBbl He
06s3aHbl UMETb HYNEBOM pasmep B MOPOXKAEHHOM NPOCTPAHCTBE, XOTS BHYTPU OHWU He cogepkaT
NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHU-MaTEPUN. 34eCb eCTb OTNYME OT NpeackasaHuit OTO KoTopasn
rOBOPUT YTO MaTepUnA B LLEHTPE YEePHOM AbIPbl A0/KHA CHKATbCA B TOUKY. [peacKkasaHune, oTIMYHoe OT
npeackasaHUin Apyrmx Teopumii, 3To XopoLLo, BAO6GABOK eLe N CUHIYNAPHOCTb YCTPAHAETCA, HO A He
NpPeAcTaBA0 KaK 3TO MOXKHO 3KCNepMMeEHTaIbHO NPOBEPUTb, MHGOPMALMA U3 YEPHbBIX AblP HAPYHKY He
nepeaaeTcs.

06nacTb NOPONXKAEHHOrO NPOCTPAHCTBA BO3/1€ Pa3pbliBa NPOCTPAHCTBA-BpeMeHM ABaseTcA 061acTbio
$bOPMMPOBAHMA M 3aBEPLUIEHNA MMPOBbIX IMHUIA. 34eCb MOTYT NOABAATLCA U MCYe3aTb YaCTULLbI.

PaspblB NPOCTPaHCTBa-BPEMEHW, BbI3BAHHbIW CUIbHOM rpaBUTaLMeEid, He O3HaYaeT paspbiBa
npoctpaHcTBa MeTaBceieHHOM. ITO AarKe He 03HaYaeT YTo B 3TOM 06/1aCTM 3HAYEHUA CKANAPHOIO Noas
MeTaBcenieHHOM 6o/bLle UM MEHbLUE CPeaHUX 3HAYEHWIA. ITO IMLLb 03HAYaeT OTCYTCTBME peLleHus
KOTOpOE NO3BO/IAET NPOAANTL MUPOBbIE IMHUW NOPOXKAEHHOTO NPOCTPAHCTBA-BpeMEHM Ha 0bnacTb
paspbliBa.

Xot1a MMNBM-Teopua MHTepnpeTUpyeT rpaButaumio aHanornyHo OTO, oHa TpebyeT BHeCEHNA HEKOTOPbIX
nsmeHeHui B OTO.

O6LLan Teopuna OTHOCUTENILHOCTU NPELCKA3bIBaeT 3aMes/IeHe BpeEMEHM — BPeMs B 06/1acTAX C
CU/IbHbIM FPaBUTALMOHHBIM NONEM MAET Mea/ieHHee, Yem B 061acTaAx ¢ 6osiee cnabbim
rpaBUTaLMOHHbIM nosem. [aa Toro 4tTobbl NONYYUTL TaKOE e noseseHne, HeobxoaMMmo YTOobbI
CKOPOCTb BpeMeHM Bblsia TeM Bbile YEM CU/IbHEE TPAaBUTALLMOHHOE none. B aTom cnyyae, cobbiTus B
60/1ee CUNbHOM rPaBUTALMOHHOM noe 6yayT BbIrNAAeTb MeANEHHEE C TOYKM 3peHMA HabaloaaTens us
6osee cnaboro rpaBMTaLMOHHOMO NOAS.

Cropocmb spemeHu — 3mo dnuHa 8 MemasceneHHol coomaeemcmayowas eduHuUe spemMeHU 8
coomeemcmeyroueli moyke MopoHOeHHo020 MPOCMpPAHCMEa-epemMeHuU.

MOHO HallTK ypaBHEHME CBA3U MeXAY CKOPOCTbIO BPEMEHM 1 3aMes/ieHnem BpemeHn. Habaogatens
B 60nee cnabom rpaBUTaLMOHHOM NoJie 3a MPOMENKYTOK BpemeHu dt; npoxoamT B MeTaBcesieHHoWM Ty
e OUCTaHLMIo Kak HabatogaTenb B 60/iee CUAbHOM rPaBUTALLMOHHOM MoJie 3a Bpems dt,. Takum
06pasom nosiyyaeTcs ypaBHeHWe 41 CKOPOCTU BPeMEeHW v, AN MepBoro Habaoaatens u CKopocTy
BPEMEHM VU, A1 BTOpOro HabawogaTens:

l = vldtl = vzdtz (30)

OTciopa cnepyert:


https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0_%D0%B8%D0%BD%D0%B5%D1%80%D1%86%D0%B8%D0%B8

dt
V=1 d_tj (31)

I‘IonyqaeTcn, YTO OTHOCUTE/IbHblE CKOPOCTU BpeEMEHU OTINYAOTCA NPONOPUNOHA/IbHO OTHOCUTE/IBHOMY
3amMmeaIeHNo BpemeHMu.

Takol Noaxo4 YaCTUYHO MEHAET BHYTPEHHWUI XapaKTep KPMBU3HbI MPOCTPAHCTBA-BPEMEHU. ITO TaKKe
NO3BOJIAET NCNOb30BaTb 3HAYEHMA CKOPOCTM BPEMEHN ANA CPABHEHMA OTHOCUTE/IbHBIX 3a4epXKeK
BPEMEHWN MEXAY PasHbIMU MOMEHTaMM BpemeHU. be3 nobaBneHna CKOpoCTU BPEMEHUN, CPaBHEHME
3amMe/IeHMA BpeMeHU MeKay HabntogaTenamm B pasHble MOMEHTbI BpeMEHN He MMEEeT CMbicna. B
noaxoge MNMMNBM-Teopumn Takoe cpaBHEHUE MMEET CMbICA.

[06aB10, YTO CKOPOCTb BPEeMeHU MOXKET 06BbACHUTL UHPAALUMOHHYIO a3y paHHelt BceneHHol. Ecan
CKOPOCTb BPEMEHM B MepPBble MOMEHTbI paHHel BceneHHoM 6blna AocTaTouHO 60/1bLIOM, NOPOXKAEHHOE
NPOCTPaHCTBO MO0 0YeHb BbICTPO PacTh. MOCKO/IbKY CKOPOCTb BpEMEHU pacTeT C POCTOM
rpaBUTaLMOHHOIO MOASA, 3TO 03HAYaEeT YTO rpaBMTaLMA B NEPBble MOMEHTbI BpeMeHU BceneHHow
OO/KHA 6bITb O4EHb CUALHOA.

B MMNBM-Teopuu, 1 NPOCTPAHCTBO U BpeMsA ABAAIOTCA MOPOKAEHHbIMU aTEMMNOPANbHLIMU NPOLLEeCCaMM
npoucxoaAwmmm B MeTtasceneHHoM. Kak cneactesme, NOMMMO BHYTPEHHEN KPMBU3HbBI NPOCTPAHCTBa-
BPEMEHMW, COOTBETCTBYHOLLEN N3MEHEHUIO CKOPOCTN BPEMEHU, MOXKET CyLLEeCTBOBaTb BHELLHAA
KPMBU3HA. BHELWHAS KpMBM3HA MOXKET ObITb BbI3BaHA TEM YTO CPEAHAA KPUBU3HA TMNEPNOBEPXHOCTH,
npeacTaBAAtoLEN NPOCTPAHCTBO BceneHHon B MeTaBcesieHHOM, MMEET OT/IMYHYIO OT HYNIA CPpefHIo
KPMBU3HY. TaKan BHELHAS KPMBU3HA MOXKET ObITb HY/1€BOM TOJIbKO €CAU TMNepnoBepPXHOCTb
NoOpPOXKAEHHOIO NPOCTPAHCTBA Halel BceneHHo B MeTaBcesieHHON MMEEeT HYNEeBYIO CPeaHIo
KpnBn3Hy. O4HaKo, COBpeMeHHble KOCMONOTMYecKme aaHHble roBOPAT YTO BceneHHana nmeet Havano.
3To 03HayaeT YTo KaKoe-To BpeMsi Ha3a BceneHHan 6bl1a MHOMO MeHbLLe Yem ceityac. 3To o3Havaer
yTo BceneHHas pacwmpsercs, naowasb rmMnepnoBepxHOCTU NpeacTasastowen BceneHHyto pactet. 310
O3HaYaeT YTo Ha KOCMOJIOTMYECKMX MacLUTabax rmneprnoBepxHOCTb NPOCTPaHCTBa BceneHHoM umeet
HeHyNeBYIO KpMBM3HY. Taknum ob6pasom, BceneHHas f0NKHA MMETb HEHY/IEBYHO BHELLHIO KPUBU3HY, 3Ta
KPMBU3HA A0/’KHA ObITb 60/1blLe HYNA NOCKONbKY BceneHHan paclumpaeTcs, U 3Ta KPUBM3HA MOKET
MEHATbLCA CO BpeMeHeM. Taknm o6pa3om, BHELIHAS KPUBM3HA A0KHA 6biTb GYHKUMEN OT Yero-To. Onn
TOro Ytobbl 3TY KPUBM3HY yuecTb B ypasHeHUAx OTO, Heob6xoanMMO A06aBUTb BHELLHIOW KPUBU3HY A,y K
ypaBHEHUAM 00LLEeN TEOPUN OTHOCUTENIBHOCTU AONOJHUTENBHO K KOCMOIOTMYECKOW NOCTOAHHOM A:

8TG
Guv + A+ Aext)g;w = LTH‘V (32)

c4

3TO M3MEHEHME He NPOTUBOPEUMNT IKCMEePUMEHTAIbHBIM AAaHHbIM €CAX ANA BCel Habaaaemo
nctopumn BeceneHHol:

A > Aext (33)

Ayt HE ABNAEGTCA KOHCTAHTOM, 3TO QYHKLMA 3aBUCALLAA OT HEM3BECTHbIX MapPamMeTpoB. A Aymato uyTo
O4HUM M3 TaKMUX MapameTPoB MOXKeT bbiTb BO3pacT BceneHHol. bes 6onee geTanbHOM MaTemaTUYecKom
mogenu MNMNBM-Teopun, HEBO3MOXKHO NpeacKkasaTb GYHKLUMIO BHEWHEN KpMBU3HbI. OQHAKO MOMXKHO
caenaTb HECKOIbKO AOraoK.

OfHa 13 BO3MOXKHbIX [OTraZloK — Halla BcesieHHas 3To NoBepXHOCTb Ha 4-X MepHo runepcepe. ITo
No3BOSIAET UMETb MaJibli Ha4ya/IbHbIM PasMep W NOCTOAHHOE paclUMpeHMe.



[06aBnto YTO NCKPMBAEHHOE NPOCTPAHCTBO-BPEMA CO34aeT aCUMMETPUIO MEXKAY HamnpasBaeHUAMU
BPEMEHMU.

KocMmoJsiornuyeckasd KOHCTAHTa U TeMHas JHepruda
JKcnepumeHTanbHble HabtoaeHUs NokasbiBatoT [6][7], UTo BceneHHas paclumpseTcs, U YTo
KOCMONOTNYeCcKasa KOHCTaHTa B ypaBHEHUU DIHLUTEMHA OTAIMYHA OT HYAA U ABNAETCA KOHCTaHTOM.

Kocmonornyeckas KOHCTaHTa 06bIYHO MHTEPMNPETUPYETCA KaK NPOsABAEHME TEMHOM SHEpPruu,
OTBETCTBEHHOW 33 YCKOPEHHOE paclmnpeHme BceneHHo.

Bce coBpemeHHble KOCMOJIorMYecknue Moaenun roBopaT YTo BceneHHas MMeeT Havano, 1 YTo B NPOLLIOM
Bce o6i1acT BceneHHoM BbinM OCTaTOMHO Masibl YTOObI B3aMMOAENCTBOBATb MeKay coboi. ManocTtb
dNYKTYaUMiA peIMKTOBOro U3/1y4YeHMA B 3aBUCMMOCTU OT HanpaBAeHUs ABAAOTCA OAHUM U3
CBUAETENbCTB 3TOrO.

KaK Kocmosiormyeckasn KOHCTAHTA BAMAET HA Pa3/iorKeHWe CKaNSPHOro NOAS Ha FTMNeprnoBepPXHOCTY,
TpebyeTtca i moanduKauma ypaBHeHUs 77

Ona Toro YTO6bI MONbITAaTbCA OTBETUTL Ha 3TOT BOMPOC, HYXXHO NOHATb KaK MOXHO NMNOCTPOUTb
pacwmnpAaolyroca C OAMHAKOBbIM 3Ha4YEeHUEM KOCMOJIOTMYECKON KOHCTAHTbI BCENEHHYIO.

Ecnu Bce paclumpeHne BbI3BaHO BHELLUHEN KPUBM3HOM rMNeprnoBepXHOCTM NMOPOXKAEHHOIO NPOCTPAHCTBA,
TO KPMBWM3HA AO/IKHA MEHATbLCA, NPU YCI0BUMU HEM3MEHHOCTU CKOPOCTU BPEMEHN U GYHKLMU
NopoXKAEHHOIO PAcCTOAHMA. ITO NPOTUBOPEUUNT HabNOAEHMAM, CNeaoBaTeIbHO IMBO CKOPOCTb
BpemeHn 1 GYHKLMA MOPOXKAEHHOIO PacCTOSAHUA 3aBUCAT OT BHELLHEN KPUBU3HbI TaK YTO B UTOTe
nosly4aeTcs HEM3MeHHas BHYTPEHHAA KPUBU3HA, BbiI3BaHHAA KOCMOJI0TMYECKOM KOHCTAHTOM, NnMbo
BHELUHAS KPUBM3HA HE UTPaEeT CyLLEeCTBEHHOM pou.

EC/v BHELWHAA KPMBMU3HA HE UFPaeT CYLLLECTBEHHOM PO/IN, TO CTOMT BOMPOC Kak MOMKHO NOMYUYNUTb
paclmpaoLeecs NopoKAeHHOEe NPOCTPAHCTBO Ha TMNEPNoBEePXHOCTMU C HY1eBOWN cpeaHein KPpUBU3HOW.
YpaBHeHUe 7 coAePKUT GYHKLMIO NOPOXKAEHHOTO paccToaHuA. Ecan, Nnpy yBeiMyeHnn Bo3pacTa
BceneHHoM, 3Ta GyHKUMA 418 TOYEK C OAMHAKOBbLIM paccTosHnem B MeTasceneHHol byaeT BbigaBaTb
Bce bosibliee paccTosHUe, TO NOA60POM DYHKLMM MOMKHO NOAYUUTL PaCLUMPAIOLWLEECcA NOPOXKAEHHOE
NPOCTPAHCTBO Ha TMNEePNOBEPXHOCTM C HY/1IeBOMN CpeaHel KPUBM3HOM. M3 3TOro BbIFAAAMT TOTMYHBIM YTO
M amnanTyaa GyHKLMM Pa3NoKeHns Toxe ByaeT YyMeHbLUATCA Co BpemeHeM. Tem cambiM B ypaBHeHMWe 6
HY*KHO 406aBUTb 3aBUCMMOCTb OT BO3pacTa BCe/IeHHOM t:

u(L,7,t) = TEEC, uwip (L7, 6, 0. (F), U(F — 7y, £), €) (34)

Tem cambim YpaBHEHWE PA3/10XKEHNA CKAaNNTAPHOTIO NoJ1IA MOXHO NepenncaTb Kak:

- > =A k=N, [ =00 - — > 3 —
f@) = fexe () + Z§=1 Zk_:lp ;:—oo uikaip(L' 7,t, v, (7), l(T — Tkp» t)' ) (35)

Kocmonornyeckaa KOHCTaHTa TeM CaMbiM ABAAETCA (bYHKLJ,VIEﬁ OT OTHOLWEHNA cpeaHero NopoXxXaeHHOro
PacCCTOAHNA MeX 4y TOYKamMum B nocsieayroume MOMEHTblI BpEMEHN!

_(<I(t+dD)>
9= g( <i(t)> ) (36)

3Ty PYHKUMIO J0BOJIBHO NPOCTO HAWTK, HO A 3TO NOKa OCTaB/A Ha byayuiee.



Bo3MOKHO, TpebyeTca BHeCEHME U3MEHEHUA U B ypaBHeHUe 8. Tak Kak GpyHKLMKU U3 MHOKecTBa {w},
COrnacHo ypasHeHMto 35, HauMHaloT 3aBMCETb OT BO3pacTa BceneHHOM, TO U MHBApPUAHT TOXKE MOMKET
3aBUCeTb OT Bo3pacTa BceneHHoN. OAHO3HAYHO YTBEPXKAaTb 3TO HE NOJIy4aeTcs, TaKk Kak obe dyHKuum
13 ypaBHeHUs 8 3aBMCAT OT Bo3pacTa BceneHHon. BO3MOXKHO, MHBAapMaAHT TAaKOB YTO 3Ta 3aBUCMMOCTb B
060ounx GyHKLUMAX NPUBOAUT K TOMY YTO MHBAPUAHT OT Bo3pacTa BceneHHoM He 3aBUCUT.

TemHasa maTepus

YpaBHeHue 35 COAEPIKUT HaACTb for: (7, t) KOTOPasA He NPUBOAUT K NOABNEHMIO 3/IEMEHTAPHbIX YacTUL,
Ecnn 370 3HaYeHMWe Kak-1Mbo BAMSAET HAa METPUKY NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHU, TO OHO
MOXKeT 06bACHATb Habatogaemble 3pPeKTbl OT TEMHOM MaTepuu.

KBanToBas rpaButauusa u IIIIBM-Tteopus

B npouecce Nnoncka NpoCTpaHCTBa-BPEMEHM, A MOKa3as YTo PpYHKLMA CONOCTaBAEHMA AONKHA ObITb
OZIMHAKOBOM Be3e B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHMW. ITO SKBMBAJIEHTHO TOMY YTO BCE 3aKOHbI
OU3NKM JONKHbI BbITb OAMHAKOBLI BO BCEM MOPOXKAEHHOM NPOCTPAHCTBE-BPeEMEHM. [paBuUTaLmMs urpaet
60nbLYI0 PO/b B GOPMUPOBAHMM MOPOKAEHHOIO NPOCTPAHCTBA-BpeMeHN. Halle NpocTpaHCTBO-BpeMS
MOXKeT BbITb 1alKMM TO/IbKO EC/IM FpaBUTaLLMA TaKKe rnaakan. Ecam cuna rpaBuUTaumm UMeET KBaHTbI
B3aMMOLENCTBUSA, TO B 3TOM C/ly4ae NPOCTPAHCTBO M BPEMSA TaKKe AO/KHO COCTOATb U3 KBAaHTOB
NPOCTPaHCTBa-BpeMeHU. [TpUUMHA 3aKAKYAETCA B TOM YTO €CAM FPaBUTALLMOHHAA CMIa MMEET KBaHTbI,
TO, C y4eTom Toro Kak B [MMBM-Teopuun BBOAMTCA rpaBUTaLMA, 3TOT KBAHT A0/IKEH NPMUBOAUTD K
06pa30BaHNIO KBAaHTOB NPOCTPAHCTBA-BpeMeEHU. AHANIOIMYHO A1 NPOCTPAHCTBA CKOPOCTEN — eCc/n
CYLLLECTBYIOT KBaHTbI rpaBUTaLMM, NPOCTPAHCTBO CKOPOCTEN A0/IXKHO ObITb ANCKPETHbIM. Ha AaHHbIN
MOMEHT, OTCYTCTBYIOT Kakne-nmbo CBMAETENbCTBA YTO BPEMS MM NPOCTPAHCTBO MMEKT KBAHTbI.

B0o3MOXKHO, KBaHTOBAA rPaBUTALMA MOXKET cylecTBsoBaTb B [NMBM-Teopuu, HO B 3TOM C/iydae ee
npoAs/ieHns byayT He YacTULbl TUNA FPaBUTOHA, a KakKne-HUbyab Koppensauum cobCTBEHHbIX BEKTOPOB U

T.M.

[pyraa npobaema c KBAHTOBAaHHOCTbIO NPOCTPAHCTBA-BpeMeEHU. 3aKOHbI PU3MKM A0NKHbI BbITb
OLMHAKOBbI BO BCEI MOPOXKAEHHOW BCENEHHON. BO3MOXKHO /1M 3TO AOCTUYL, UCMOJIb3YS KBAHTOBAHHOE
NPOCTpPaHCTBO-BpemaA? [1a Toro YTobbl OTBETUTb Ha 3TOT BOMNPOC, TpebyeTca AanbHelwan paboTta Haz
MNMNBM-teopueit.

I'paBuTanMs, 4acTh ABa

Bbilwe 6bInN NPeanoKeHbl USMEHEHMA B ypaBHEHME 06LLel TEOPUM OTHOCUTENBHOCTU. HO BO3MOKHO K
BbIBECTU YPABHEHUSA rPAaBUTALLMM HaMPAMYHO Yepes CKanspHoe none? B aTol yactu, aTo byaeT caenaHo.
OpHako, NoslyumBLUMECA YPaBHEHUA TPeOYIOT 3HAUNTENbHOW AaNbHEWLWEN AeTaM3aummM 418 TOro YTobbI
MX MOXHO 6bIJ10 UCMONBb30BaTb AJ15 BbIYMUCIEHUN.

MoposKaeHHOEe NPOCTPAHCTBO MOMKET BbITh ONpeAe/ieHO YPaBHEHNEM, FAe ANA Kax 40N TOUKM X
MeTaBceneHHoM, ansa Habopa GyHKUMIA Pa3NoXKeHUsA NONA HA 3/1eMeHTapHble YacTuubl {w} n ana
BpeMeHU, OHO A0J/IKHO BO3BPaLLaTh HO/b €C/IN TOUKA X NPUHAANENKUT K NOPOXKAEHHOMY MPOCTPaHCTBY
ON1A YKa3aHHOT0 MOMEHTa NOPOXKAEHHOrO BpeMEeHMU:

L(x, f,{w},ve) =0 (37)

Ft)_ BEKTOpP BPEMEHMN, cop,epmau.l,mﬁ TaKXe VIHd)OpMaLI,MIO O TeKyLwem 3Ha4eHUN NoOpoXKAEHHOIO
BpeEMEHMN. HGO6XOAMM MMEHHO BEKTOP a HE CKaN1ApHOE 3Ha4YeHNE BPEMEHU TaK KaK B ntobown Touke
NPOCTPaHCTBa MeTaBceneHHOM MOKET BbITb MHOXECTBO NOPOXKAEHHDbLIX MPOCTPAHCTB C OAMHaKOBOVI



rpynnon CUMMETPUIA HO C OT/IMYAIOLMMMCA HanpaBAeHNAMU BpemeHu. L 3To GpyHKUMA KoTopas
BO3BPALLAET HO/b €C/IM TOYKA X MPUHALNEKMUT NOPONKAEHHOMY MPOCTPAHCTBY AJ1F YKAa3aHHOMO 3HaYEeHUs
BEKTOPA BPEMEHM, 3TO He SIarPaHKMaH.

Mcnonb3yto aHasIorMuHbIA NOAX0A, ANA HAaNMCaHUA YPaBHEHWA A1 BPEMEHU:
vy =vi(x, f,{w}, L) (38)
L — NoposaeHHOoe NPOCTPaHCTBO, Uy — BEKTOP BPEMEHMU.

CooTBETCTBEHHO, YpaBHEHUA rpaBUTalnNn:

{L(x, fr{w}v) =0 (39)

v = v((x, f,{w}, L)

3TN ypaBHEHMA O0XKHbI NPUBECTU K MOPOXKAEHHOMY MPOCTPAHCTBY ONMUCbIBAEMOMY ypaBHeHMEM 32, 1
[AONIXKHbI CO34aBaTbh NPOCTPAHCTBO MMUHKOBCKOro 0bLei Teopumn oTHocuTenbHoCTU. O6e dyHKLMM B yp.
39 HeunsBecTHbI. 18 Toro Ytobbl 3TM YpPaBHEHUA MOXKHO 6bIN0 6bl UCNOAL30BaThb B BbIYUCAEHUAX,
HeobXxoAMMO AeTaNn30BaTb 3TU YPaBHEHMUS.

3TM ypaBHEHUA NOPOXKAEHHOIO NPOCTPAHCTBA U BPEMEHWN MOTYT COAEPKaTb Pa3pbiBbl B HEMPEPbIBHbIX
pelleHnax, MoryT cogepatb 061acTu, rae NpocTPaHCTBO-BPeMsA He onpeaesieHo. ITO 03HayaeT 4To
60 B TakMx 061aCTAX HET MOPOXMKAEHHOIO NPOCTPAHCTBA-BpemeHu, N1Mbo, B Caydae pas3pbisa,
OTCYTCTBYET CBA3b MeXK Ay 061aCTAMM NPOCTPaHCTBA-BPEMEHN C OAMHAKOBbIMM 3aKOHaMMN GU3UKMK.

IIpupoja cKa/JIApHOIo NoJIsd
OA4nH 13 BOMPOCOB, KOTOPbIM He Bbln 00CYKAEH — YTO TaKoe CKansspHoe noae MeTaBceseHHOM, noyemy
OHO CYLLECTBYET U OTKY4a B3S/10Cb?

Ha AaHHbIN MOMEHT, Y MeHsl HET OTBETa Ha 3TOT BOMpoC.

MO»KHO CKa3aTb YTO NPUPOLA STOrO NOAA HEM3BECTHA, NPeANo/iaraTb YTO OHO CyLLEeCTBYET U
NCNo/Ib30BaTb YPaBHEHUA A5t HAXOXKAeHUs ero cBoncTs. Ecnuv MMBM-Teopua noatTsepanTca, Torga u
HYXXHO ByZeT HauyMHaTb AyMaTb O NpMpoAe 3TOro Nons.

IlopoxxaeHHOe NPOCTPAaHCTBO-BpeMsA U MaTepus, ypaBHeHud [ITIBM-Treopuu

B npeapblayLmx YacTax 3TOM CTaTbM A ONMcan 0CHOBHYtO uaeto MMBM-Teopumn, nokasan, yto NMNBM-
TEOopMA He NPOTUBOPEYNT U3BECTHLIM XOPOLLO YCTOABLUMMCA Teopuam. [11a HEKOTOPbIX Teopuit, bblan
npeaaoxeHbl U3MeHeHUA. HeKoTopble ypaBHeEHMA Bblnn NpegioxeHbl N8 oTAeNbHbIX Yactel NMNBM-
Teopuu. Bce BbileonmMcaHHoe co3aaeT PyHAAMEHT 15 NOCTPOEHMA MaTeMaTuyeckon mogenu MMNBM-
Teopuu. B aToi yactu ctaTbm, ypasHeHua MMBM-Teopum 06beANHAIOTCA B EAUHYIO CUCTEMY YPABHEHWA.

UTak, cywectsyeT ckanapHoe none f(x), rae x = {xy,.., X, } 3TO TOYKa B €BKINA0BOM NPOCTPAHCTBE
MeTaBcesleHHOW C N-U3MepPeHUAMM. 3HaYeHNe NONA B KaXAOM TOUKe onpeaenaeTca 3Ha4YeHUAMM NoNA B
OKPYKaIOLLMX TOUKAX.

CoBpemeHHas pU3MKa roBopuT 4T TpU dyHAAMEHTabHbIE CUbI B Hallel BceneHHOM MMeoT YacTuubl-
nepeHOCYMKMN B3aUMOAENCTBUIA. DNEKTPOMArHMTHOE B3aumoaencteme umeeT GOTOHA KaK NepeHocYmKa
B3aMMOZLENCTBUSA, U T.MN. M3 yeTbipex U3BECTHbIX B3aMMOLEWNCTBUI, UCK/IIOYEHUEM ABNSETCA
rpaBUTaLMOHHOE B3anmoaencTeme. MepeHoCUYMKM B3aMMOAENCTBMA ANA HEro He HalgeHbl. CKkanapHoe
none MeTaBcefieHHOW He U3MEHAETCA CO BPeMEeHeM Mo NPUUYNHE OTCYTCTBUA BPEMEHW, TaK YTO A8 HEero



HEeBO3MOXHbl Kakue-nnmbo nepeHoOCYNKH B3aVIMO,£I,eVICTBVIH. o710 orpaHun4ymnBaeT BO3AEVICTBVIG nona
MeTaBceneHHoM ToNbKO OAHUM Chy4YaeM — Korga nose B ToO4Ke BO3A€VICTBYET TONbKO Ha cocegHune
TOYKMN.

3T0 NpPUBOAUT K cneaytowemy: ecnn B MeTaBceneHHOM eCTb KaKan-To 3aMKHYTas MOBEPXHOCTb S,
3HauyeHue nona ans Noboi TOYKM BHYTPU 061aCTH, OKPYKEHHOW 3TOM NOBEPXHOCTLIO, ONpPeaeNnaoTca Ha
OCHOBeE 3Ha4YeHWI NosA Ha noBepxHocTH, f(S). 3To NnpuBoAMUT K yp. 12.

[anee, Kak 66110 HanNMcaHo Bbllwe, HEOHXOANMO HAUTU PA3NOKEHWNE CKanApHOro noaa MeTtasceneHHoM
Mo 3/IeMeHTAPHbIM YacTULAaM. ITO NpMBOAMUT K yp. 35. B cnyvae ecnm B Kakoin-to obiactm
MeTaBceNneHHOW BO3MOXHO HaUTK Bonee Yem O4HO PA3NOKEHME, YAOBIETBOPAIOLLEE BCEM YC/OBUAM,
TO 3TN HaboPbI PA3NOKEHNIA OTHOCATCA K PA3HbIM NMOPOXKAEHHbIM BCENEHHbBIM. YacTULbl U3 Pa3HbIX
BCE/IEHHbIX MeXK Ay cOb0M He B3aMMOAENCTBYIOT, XOTA KaKMe-HUBYyAb KOPPenaumm mexay HUMm

BO3MOHblI.

YacTuubl B3aMMOAENCTBYIOT B MPOCTPAHCTBE U BPeMEHW. ITO 3HAYMUT HEOBX0AMMO HaNTU MNOPOKAEHHOE
BPEMSA U NPOCTPAHCTBO. YpaBHeHWe 39 HaKNaAbIBAET onpeaeeHHble OrpaHNUYeHMsA Ha MOPOXKAEHHOE
BPEMSA U NPOCTPAHCTBO.

HabntogaeTtcsa N0Ka/IbHOCTb BCEX ABNEHMIA. DTO NPUBOAUT K ypaBHEHUIO 6.1, 1 K gobasieHuto
3aBMCMMOCTM OT MAKCMMaNbHOM CKOPOCTU C B ypaBHeHMe 35.

Hanee, Heobx0aAMMO A06aBUTH CNELMaANbHYHO TEOPUIO OTHOCUTENBHOCTY.

YpaBHeHue 22 rosoput uto B NMNBM-Teopun CKOpOCTb CBETA, onpeaensemas yp. 21, sceraa Asnnercs
KOHCTaHTOW. YpaBHeHMA 28 1 29 06bACHAIOT KaK CKOPOCTb CBETA MOXKET BbITb KOHCTAHTOM U He
NPMBOANTDL K NPOTUBOPEUMNAM B YPaBHEHUSAX.

Bce yactuubl B Halel BceneHHOM ABUrakoTCA CO CKOPOCTbIO He Bonee ckopocTu ceeTa. CeaoBaTtenbHo,
yron § mexay BEKTOPOM BPEMEHW U TPAEKTOPUEN YacTULbl HE LLO/IKEH MPEBBILWATL YIoN a;
COOTBETCTBYHOLLMIA CKOPOCTU CBeTa:

B < a; (40)
O6beamHAs ypaBHEHUI, Nony4Yako cuctemy ypasHeHun MMNBM-Teopuu:

( L(x,f,{w},v) =0
v =V (x, f,{w}, L)
¢ =c(f,{w})
¢ = v *tg(a)
B<a
O, B,{w}, L, V) = |M [*Ripdr — [ iR, dry|
O, B,{w},L,v)>0ecauv >0
f) = g(x,5,f(S))
- - = k=N. =00 - — > - —
f(r) = fext(r) + 25:114 Zk:lp Iiz—oouikpwpi(Li T, t' vt(r)l l(r - rpk)' C)
v,V - SAS, Tcaus(V) = Tmin v tbegin <t <tena tena — tbegin > Tmin
Y(t+dt) = UP(t) + P(...)
h(l,v{) = const

N(V,t
Teaus(V, t) = dN(I(/,t)idt

(41)




B3anmopencteme YyactuL, mexay coboi, npu ycaoBUmM YTo BCe PYHKLMKN U FpaHUYHbIE YC/10BUSA
M3BECTHbI, MOXET ObITb HaNAEHO cneayoWwmm obpasom:

1. HainTu B cOOTBETCTBYIOLLEN CUCTEME OTCYETa BCe YacTuLbl Be3ae B BblaeneHHo ob6aacTu
MOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHM

2. BsaumogelicTBMe YacTUL, HaMAEHO — 0CTaTOYHO CMOTPETb Kak OHM MEHSIOT CBOE COCTOsHME B
MOPOXKAEHHOM BPEMEHM

Cucrema GYHKUMOHANbHbIX ypaBHEHMIA, HaNUCaHHaA Bbllle, O4eHb obwan. [na Toro 4Tobbl caenatb ee
MPUroAHON A1 BbIUMCAEHMIM, HEOBXOAMMO HalTK ByHKLMIO cKanapHoro nons f(x). Ecan dyHKuma
cKanapHoro nons, Yp(12), 6bina 6bl N3BECTHA, TO B 3TOM CAy4Yae 3aKOoHbl GU3MKM B Hawen BceneHHo
MorM 6bl ObITb HANAEHbI HAXOXAEHUEM TOUHbIX YPaBHEHWUI rpaBuUTaLMm U GYHKUNUI pasnoxeHua
yactul,. Mbl Hablogaem TONIbKO NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA-MaTEePUIO, TaK YTO Npobnema ¢
peleHMeM HAMHOTO C/I0XKHEE YeM HaXOXAeHWE NOPOXKAEHHON BCENEHHOW U3 U3BECTHOMN PYHKLMM
cKanapHoro nons. CHavyana HeobXxo0A4MMO HAUTU YpaBHEHWE CKANAPHOro nons MeTaBceNeHHOM U3 HallmX
HabntogaeMbiX 3aKOHOB PU3NKKU. U TONIbKO NOTOM HaMTU YPaBHEHWUS YacTuL, NPOCTPAHCTBA U BPEMEHMU
U3 YpaBHEHMA CKaNAPHOro Noas. PeaynbTaTom 3TOro Noaxona s OXKuUAato yBeIMYEHUA 3HaHUA 0 d13nKe
BceneHHoOW.

KakK 310 MOXKeT bbITb CAe/1aHOo?

A aymalto, 4To cHavana HeobxoAMMO pellnTb NPobaemy HaxoKaAeHUA Pa3NoXKeHUA CKaNAPHOro Noaa Ha
3/1eMeHTapHbIE YaCTUL, U NOPOKAEHHOIO NMPOCTPAHCTBA-BPEMEHM C NOAAEPKKOWU NMPUYMHHOCTH.
PelweHue 31Ol Npobiembl, CKOpee BCEro, HaNoMKUT OrpaHUYeHUA Ha TUMbl BO3SMOXHbIX YPaBHEHU, U
3TO MOMKeT AaTb NOACKAa3KMU KaK peLlaTb 06paTHY Npobaemy HaxoMXKAeHMA CKaNAPHOro nNoas 13
NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN.

Moxoe uTo peleHne ypasHeHui MMBM-Teopum ABNSETCA CNOXKHOM U KOMMNJIEKCHON Npobiemoit n
notpebyeT HEMANO UCCNEA0BAHNN.

Hy»KHa i1 Haya/IbHasA CUHTYJIAPHOCTb NNpHu bosibuiom B3puiBe?
HeBO3MOXKHOCTb M36eKaTb CUHTYASPHOCTU B KOCMOJIOTMYECKUX MoAenax obuein Teopun
OTHOCUTENIbHOCTU BblNa AOKa3aHa, B YMCAe NPOYNX TEOPEM O CUHTYAApHOCTAX, P. NMeHpoysom un C.
XOKWHIrom B KoHUe 1960-x rogoB. 9TW fOKa3aTe/IbCTBA OCHOBAHbI HA BUAMMOM O4HOPOAHOCTH
BceneHHOM, YTO HEBO3MOKHO AOCTUTHYTbL €C/M Bce 061acTn BceneHHoM Koraa-To B NpOLW/IoM He
B3aMMOAEeNCTBOBaNN MeXay Cobol.

B MNMNBM-Teopuun BUANMYHO O4HOPOAHOCTb BceneHHoM MOXKHO nonpoboBaThb JOCTUYbL M 6e3 HaYaIbHOM
CUHIYNAPHOCTU. [N 3TOro A0CTAaTOYHO YTOObI B pase GpopmMMpPOBaHMA NPOCTPAHCTBA-BPEMEHM Be34e B
dopmmpytoLLLEMCA NPOCTPAHCTBE-BPEMEHU BblM MPUMEPHO 0AMHaKOoBbIe ycaoBuA. [Jo Hayana
$bopMMpPOBaHMA NPOCTPAHCTBA-BPEMEHU MOPOKAEHHbIE PU3NYECKME 3aKOHbI HEMPUMEHUMDbI.

CKOJIbKO U3MepeHu B MeTaBCce/1IeHHOM?
OLI,MH 13 BONpPoOCoB KOTOprﬁ BO3HWKAET NPU NOMbITKE NOHATb yCTpOﬁCTBO BCEHEHHOI‘;I, 3TO nNo4emy BO
BceneHHoM YyeTblpe namepeHuna, Tpu NPOCTPaHCTBEHHbLIX N OAHO BPEMEHHOE.

IpeHdecT[8] nokasan, Nnoyemy KOMYECTBO NPOCTPAHCTBEHHbIX U3MEPEHMUI PAaBHOE TPEM SIBAISETCA
Hanbonee noaxoaawmm. NMpu KOANYECTBE U3MEPEHUIA CBbILE 3 HE MOTYT CyLLEeCTBOBATL aTOMbI. B
C/lyyae pasmepHoCTel MeHbLUe TPEX ABUMKEHME BCeraa Npomncxoaunao bbl B OrpaHMYeHHoM


https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D1%8B_%D0%BE_%D1%81%D0%B8%D0%BD%D0%B3%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8F%D1%85&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D0%BD%D1%80%D0%BE%D1%83%D0%B7,_%D0%A0%D0%BE%D0%B4%D0%B6%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%BA%D0%B8%D0%BD%D0%B3,_%D0%A1%D1%82%D0%B8%D0%B2%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D0%BE%D0%BA%D0%B8%D0%BD%D0%B3,_%D0%A1%D1%82%D0%B8%D0%B2%D0%B5%D0%BD

061acT. TONbKO NPU KOAUYECTBE U3MEPEHUIA, PABHOM TPEM, BO3MOKHbI KaK yCTOMUMNBbIE GUHUTHbIE,
TaK U UHOUHUTHbIE ABUKEHUA

Mcxoaa M3 onnucaHHoOro m ncnonb3sya aHTpOFIHbIﬁ npuHUMN y4aCTUA, MOXKHO YyTBEPXKOATb, YTO BceneHHasn
nmeetT YyeTblpe namepeHna NoToMy 4YTO 3TO TO KOJIMYECTBO KOTOpPOe HEO6XOAVIMO AnAa cyuecrsoBaHuUA
pa3YMHOﬁ *KU3HU. BO3MOXKHO, NOCTPOUTb NOPOXKAEHHbIE BCENEHHbIE C 601bLWNM KOJIMYECTBOM
MSMGpGHMVI HEBO3MOXHO Mo nNpnyYnHe HEBO3IMOXKHOCTHU Pa3BUTUA B HUX pasyMHon HKU3HWN.

To uTO YeTbipe U3MePEHUA ABNAIOTCA Hanbosiee NOAXOAAMMM AN1A NOPOKAEHHbIX BCENEHHbIX ABNAETCA
OLHOBPEMEHHO apPryMeHTOM B MOJIb3y TOFO YTO KONMYECTBO M3MepeHuii B MeTaBceneHHOM 6onblue
yeTblpex. CKoMbKO Obl He Bbl10 M3MepeHnin B MeTaBceNIeHHOM, BCe MOPOXKAEHHbIE BCENEHHbIE BYayT
MMETb TOJIbKO YeTbipe namepeHua. MosTomy NpeanosoKeHMe 0 TOM YTO BceneHHaa coaepKUT TONIbKO
YyacTb U3mepeHuii MeTaBceNleHHOM BbIFNAANT, Ha MOW B3rnA4, NPaBaonoa06Ho.

AprymenTtsl npotus IIIIBM-Teopun

Hay4ynble aprymenTsl npotus IIIIBM-Teopuun
B aTOM YacTu, A onuily oxugaemble Bo3parkeHus npotms MNMBM-Teopum 1 nocTapalocb Ha HUX OTBETUTb.

fl 0XXnaao HeCKONIbKO OCHOBHbIX TUNOB apryMeHTOB:

1. BceneHHas He MOXKeT OCHOBbIBATbCA Ha 6e3BpeMeHHOM CyLHOCTU. [JoCTaTOYHO NOCMOTPETh
BOKpPYr — eCTb ABUXKEHMe, eCTb BpemsA. ITa Teopma NPAMO NPOTUBOPEUYUT HALLUMUM OLLYLLLEHUAM.

2. TNBM-Teopua npeacKasblBaeT TakOe-TO NoBeAeHNE ANA KaKOro-TO ABIEHMUA.
JKcnepuMmeHTaIbHble pe3ynbTaTbl OTAMYAOTCA OT NpeackasaHun MNMNBM-Teopun.

3. MoeT M cylecTBoBaTb PYHKLMA CKANAPHOro NoA, YA0BAETBOPAIOLWAA BCeM TpeboBaHMAM
MNMNBM-Teopumn?

4. TMNBM-Teopusa He coaepuT CTaH4apTHYIO MoAesb.

fl nocTapaloCcb OTBETUTb Ha 3TU BO3PaXKEHMS.

[na Hayana oTBevy Ha aprymeHT #1, o npotusopedunmn MNMBM-Teopmn HaAWKMM OLLYLLEHUAM. A CUMTAIO YTO
STOT apryMeHT He Hay4eH; 3TO NPOCTO BbipaxeHne dunocodpckux B3rnaanos. Jllobaa HayuyHasa runoTesa
[O0/KHA OL,eHMBaTbCA HA OCHOBE ee NpeACcKa3aHMi @ He Ha OCHOBE TOTO KaK XOpPOLUO OHa COOTBETCTBYeT
“3ppasomy cmbicny”. Mpupoaa He UMeeT HUKAKNX 0653aTeNbCTB COOTBETCTBOBATbL YE/10BEYECKOMY
34paBoMy CMbICAY.

06 aprymeHTe #2. 3TO MOKET BbITb CEPbe3HbIN apPryMeHT, HO Npu TeKyLem coctoaHum NMMBM-Teopum
OHa He NO3BO/IAET CAeNaTb KaKMX-TMB0 n3mepaembIx NpeacKkasaHuii. Tak 4To 418 TOro Y4Tobbl Takoi
apryMeHT CTasl BO3MOKHbIM, HEOBX04MMO HalTK pelueHuns ypaBHeHui NMNBM-Teopun nmbo HaiiTm
Kakune-nnbo nsmepsiemble CeACTBUA 3TUX YPABHEHUIA.

Mpo #3. A He Mmory yTBep:»KAaTb YTO TaKasA GYHKLMA TOYHO CYyLLECTBYET, HEObX0AMMbI AOMNOIHUTEIbHbIE
nccnenoBaHUA YTobbl OTBETUTBL Ha 3To. O4HAKO, A MOry YTBEPKAAaThb YTO, 6€3 A0NONHUTEbHbIX
nccnefoBaHWA, HEBO3MOXKHO CKa3aTb YTO TaKasA GYHKLMA HE MOXKET CyLL,eCcTBOBaTb.

06 aprymeHTe #4. [la, xoTenocs 6bl BbiBeCTU CTaHAAPTHYO Moaenb cpasy us MMBM-Teopun. He
noJsiydaeTca, NOTOMY YTO MaTEMATUKA TEOPUM MOKa HeJOCTAaTOYHO passuTa. OgHaKo, byayliee pas3sutue
3TOI TEOPUM MOXKET ee pewmnTb. MaTemaTuyeckas mogens MMNBM-Teopun yay4luaeTca co BpeEMeEHEM,
TaK YTO BO3MOXKHO B byayuwem byaeTt HallaeHo pelleHme 3Tol npobaemsl.



MNBM-Teopusa He MMeeT CKPbITbIX MAapPaMETPOB Ha YPOBHE 3/1eMeHTapHbIX YacTuLL.

KoHeuyHo A He Mory NpeaBUAEeTb BCe BOSMOXKHbIE Hay4YHble apryMmeHTbl NnpoTus NMBM-Teopun, Tak uyto
MonbITasICA OTBETUTb TO/IbKO Ha Hanbonee oXuagaemble aprymeHTbl.

He Hay4yHble apryMmeHThI npoTus IIIIBM-Teopun
HekoTopoe Bpemsi Hasaa, s NoJy4ym Takol oT3biB Ha MMBM-Teopuio, OT pefaKkLumMmn 0gHOro 13
N3BECTHbIX *XypHanos no ¢usmke: “This work is simply not physically sound.”

HemHoro noaymas, A MOHAN YTO 3TO MOXKET 6bITb AO0BOJIbHO YaCTbiM BOCNPUATUEM aTOM TEOPUMN. Tak uTO
A pewnn HanmcaTtb OTBET HA 3TOT OT3bIB.

f1 CYUNTaIO UTO 3TO MHEHUE HE MMEET OTHOLLEHUSA K HayKe. 9TO MHEHMEe NPOCTO O3HaYaeT YTo Ntoboi KTo
TaK yTBepPXAaeT yBepeH B TOM 4To ero dpunocodpckoe BuaeHme Mpupoabl BepHo 1 nostomy MMBM
Teopus olIMbOYKa KaK NpoTuBopeYallias SToMy BuaeHuto. Mory a cnpocuTb rae 1 Koraa 1o
dunocodckoe BuaeHME 6bIIO AOKA3aHO? A YMTaN HEMANO AUCKYCCUA B UHTEPHETE O PeasiM3Me U aHTU-
peannsme, U He BUAEN KaKUX-1MB0 YNOMUHAHMIA O TOM UYTO peann3m Obia AoKa3aH.

Cutyaumsa Korga pusmyeckan Teopua Npamo 3atparmsaet puaocodckme BonpocCkl ABAAETCA OYEHb
Heob6bIlYHOM, OA4HAKO HUYETO B OHTOJ/IONMKN HAYKM He 3anpeLlaeT Takue TEopPUMN.

Bo3morkHo MMNBM-Teopua TpebyeT CANWKOM MHOTO U3MEHEHWU B GMNOCOPCKOM BUAEHUN MUpPaA U
cywecTByeT bosiee NpocTas asbTepHaTNBa? XOPOLLO, MOTY /I A y3HaTb Ha3BaHWeE KaKoW-1Mbo Teopuun
KOTOopas He TPebyeT CTO/b CyLLECTBEHHbIX GUNOCOPCKUX UIMEHEHUIA U KOTOPAA 0ObeANHAET BCE
¢dyHAameHTaIbHble B3aumoaencTamna? CyLLecTBYIOT TaKMe TEOPUMN KaK TEOPUA CTPYH, NeTiesas
KBAHTOBAsA rpaBMTaUMa 1 T.M., U HEKOTOPbIE AYMAKT YTO OHU MOTYT 06 beANHUTL BCE B3aMMOAENCTBUA.
Ho rae pesynbtat c o6beanHeHmem? OH, Ha AaHHbIN MOMEHT, He cywiectsyeT. NMNBM-Teopun
npegnaraet npoctoe o6beanHeHWe Bcex PyHAAMEHTA/IbHbIX B3aUMOAENCTBUI. ITO 06bACHEHWE Nerko
06BACHUTL M NOHATb, HO TO/IbKO €C/IN eCTb FOTOBHOCTb CEPbe3HO paccmaTtpmaTh MNMNMBM-Teopus 1 ee
dunocoduto, a He HacTamBaTb Ha CBOUX PUNOCOPCKUX B3rNsSAaX.

A noHMmato uto MNMNBM-Teopma MOKET OKasaTbcA HeBepHOW. O4HAKO ANA ee ONPOBEPKEHUA AOKHbI
MCMNO/Ib30BaTbCA TO/IbKO Hay4YHble apryMeHTbl a He punocodckmne B3rnsaabl.

IIpumeneHnue [IIIBM-Teopuu K HEKOTOPBIM U3BECTHBIM NPOGJIEeMaM

WH@opmMaiyis u YepHbIe AbIPbI
B coBpeMEeHHbBIX LUIMPOKO NPUHATbIX TEOPUAX CYLLECTBYET NOTEPA MHPOPMALMM B HEPHBIX AblpaX.

MNoTtepun nHpopmauum B NMMNBM-Teopun HeT. MNoTepsa MHPOPMALMM BO3MOXKHA TOSIbKO B MOPOXKAEHHOM
NPOCTPAHCTBE-BPEMEHM, HO 3Ta MHDOPMALLMA NO NpeXHeMy ocTaeTcA B MeTaBceNieHHOM, XOTA U
HefoCTYNHOM AnA Hac.

CUMHIYyNApHOCTb B YepHbIX Ablpax, NpeacKasbiBaemasn oblieii Teopueit oTHocuTenbHoctH, B MMBM-
TEOPUM ABNAETCA PAa3PaBOM NPOCTPAHCTBA-BPEMEHMU. ITO Pa3pbIB 3aHUMAET HEHYEBOM pa3mep B
OKpY)KatoLlem NopoXKAeHHOM NPOCTPaAHCTBE. 3a FpaHuLLEl STOrO Pa3pbiBa, HEBO3MOXKHO MPOAOKUTD
NopoXAeHHOe NPOCTPAHCTBO-BpeMA. A onmMcaHna TOro 4To NPOMCXOAMT 3a rpaHNL,AMM Pa3pbIBa,
TpebyeTcsa MCnonb30BaTb NoJHbIe ypaBHeHUs NMNBM-Teopumn.



3ak/iloueHue
Mpepgnaraemas NMNBM-Teopus umeeT ase coctaBaatowme — dpunocodckyto u dpmsmyeckyro. MNoatomy
pa3fento 3aKkNoYeHme Ha gBe 4acTu, PUNoCoOPCKYHO YacTb U GMU3MYECKYIO YACTb.

3akioyeHue, puaocoPpckKas 4acThb

MNMNBM-Teopus npegnaraet HOBYIO MHTepnpeTaunto bbiTuA. Y yenoBeka, CoOrnacHo aTom Teopun, HeT
noa/IMHHOM cBO6OAbI BONU. ITa TEOPUA NOJHOCTbIO AETEPMUHUCTUYECKAA, MOITOMY Y NtOAEN HET
CcBOOOAHbBI BO/IM. ITa TeopuA NpeasaraeT OTBET HAa OAUH M3 60/bLIMX BONPocoB ¢uaocodmn, a UMEHHO
KaK MPOCTPAHCTBO-BPEMSA U HaLLM OLLYLLEHWUA CBA3AHbI MeXay coboi.

Hackonbko mogens MNMNBM-Teopun COOTBETCTBYET A0/ITOBPEMEHHOMN TEHAEHUNN B PA3BUTUM
dunocodpun?

HekoTopoe Bpems Hasag Hanbosee pacnpocTpaHeHHoM Teopueit bbina Teopua NTonemes, rae 3emns
6bina B UeHTpe BeceneHHoi, a ConHUE Bpalllaiocb BOKPYr 3emaun. Yenosek 6bia B LeHTpe BeceneHHo,
YKUBOTHbIE BblIN OTAENBHO OT Ye/I0BEKa.

Co BpemeHeM, Hayanacb 3po3uA LeHTpabHOW poan Yenoseka Bo BceneHHOW. 3emns Hayana BpallaTbcs
BoKpyr ConHua n ConHue cTano ueHTpom BeceneHHol. 3aTtem 6b1s10 06HapyXeHo 4To CosiHLE 3TO BCEro
Wb 0ZHa U3 MUANMApAoB 3Be34, U CoNHLUE BPpalLaeTcs BOKPYr LeHTpa MafakTUKK, ranakTuK
Munanapapl. lapsrMH NOKasan YTo Ye/I0BEK MMEeET 0BLLUX C APYrMMM }KUBOTHbIMU NPEaKOB.

Takum 06pasom, B HayKe U GMA0codUn MMeeTca AONTOBPEMEHHAn TEHAEHUNA YMEHbLLUEHNA POU
yesioBeKa Bo BcesneHHOM.

B HacTosLlee BpeMs, poJib YeN0BeKa BO BcesleHHOM No npeXkHeMy 0CTaeTcs J0BO/IbHO BbICOKOM. ITO TaK
B OCHOBHOM M3-3a KOHLLeNLMM CBOBObI BO/IM, YTO YesioBeK cBo6OAeH B CBOUX AeNCTBUAX.

B NMNBM-Teopumn, 4enoBevyeckunii pasym ato annpeHomeH, NopoXKAeHHbI MeTaBceneHHOMN.

CnepoBaTebHO, MO OTHOLIEHUIO K MeTaBceleHHOM po/ib Ye0BEKA Kyla MEHbLLE YEM B COBPEMEHHbIX
TEOPUAX NO OTHOLLEHMUIO K BceneHHoi.

OaHaKo, MOMUMO HM3BEAEHMA POAM YesioBeKa B MeTaBceieHHOM 40 YPoBHA anudpeHomeHa, y MMNBM-
TEOpPMK eCTb U NPAMO NPOTUBOMOIOXKHAA COCTABAAOLLAA MO OTHOLLEHMIO K POIN Ye/I0BEKA BO
BceneHHoOM. dTa cocTaBAAlOWAA AENAET POb YeloBEKA BO BceneHHOM UCKAOYUTENBHOM U BHOBb, KaK U
BO BpemeHa lNTonemes, CTaBUT Ye/sloBeKa B LLEHTP BceneHHoIA.

CornacHo NMNBM-Teopun, NPOCTPAHCTBO, BPEMA U MaTepua CyGbEKTUBHbI, OHWN HE CYLLECTBYIOT
He3aBMCcMMO OT HabawogaTena. bosiee Toro, oHM nNoposkaatotca Habntogatenem. Tem cambim,
COBEPLUEHHO UCKNOUYMUTENIbHAA PO/b BO BcesleHHOM YenoBeka 1 Apyrnx pasymHbiX CyLLECTB, Npu UX
Ha/IMYnM, COCTOUT B TOM YTO Pasym MOPOXKAAET BceneHHyto.

B MapKcM3Me CyLecTByeT Tak Ha3blBaeMblii OCHOBHOM Bonpoc ¢punocodumm. OH 06bIvHO GopmMyamnpyeTcs
Tak: «4TO NepBUYHO, AyX UK maTepua?». Mot OTBET Ha 3TO BOMpPOC yxe chopmynnposaH 1 o6ocHOBaH
Bbile. Bbibupaa mexay CoO3HaHMEM U MaTepueit, NepBUYHO co3HaHue. OAHaKO CO3HaHMeE TaKKe
ABNAETCA MOPOXKAEHHbIM SIBIEHUEM, XOTA U CTOUT Ha CTYMEeHb Bbille MAaTepPUM.

Paccmatpueas yenoBeKa CO CTOPOHbI MeTaBceneHHOM, YeNI0BEK U ero co3HaHue CyLLecCTBYHOT BEYHO.
X0oTA HaCKONbKO BE€PHO roBOpUTb NPO BEYHOCTb NO OTHOLWEHUIO K CYLLUHOCTN B KOTOpOl‘/JI HET BPEMEHMU,



HenoHATHo. OAHaKo Bo BceneHHOM, ABAAIOLLENCA NOPOXKAEHHOW CYLLIHOCTbIO, Ye/I0BEK CYLLLeCTBYeT
KOHEYHOe Bpems.

Bo3HMKaeT BONPOC: KaKOB peasibHbli BO3pacT BceneHHOM, KaKk A40ro oHa HaxoauTca B bbitne?

OTBET Ha 3TOT BOMPOC CBOANUTCA K HAaXOXKAEHWUI0 BONPOCA O TOM KaKk AaBHO BO BceneHHol nossuics
pasym.

CornacHo [lapB1HY 1 TEOPUM IBOOLMK, YENOBEK MPOM3OLLES OT }KUBOTHBIX. HUKTO U3 KMBOTHbIX,
BK/1IO4ASA NPMMATOB, HACKO/IbKO MHE M3BECTHO He 06/1adaeT pasymom. Eciv npeanonoKuTs, 4To
Yye/I0BEK eAMHCTBEHHOE Pa3syMHOe CyL,ecTBO BO BceneHHol, To BceneHHas nossunack Toraa, Koraa
nepBbIi YesioBek obpen pasym.

HacKo/IbKo A NOHAN YMTaa BUknneamio, cpeam naaeoHTONOr0B MMEETCA KOHCEHCYC YTO MepBbli YenoBeK
obpen pasym He 6onee 1 maH. neT Hasaa,. Toraa 3To 03HavaeT, YTo BceneHHas He cTapuwe 1 maH. net. [o
3TOro, BceneHHas He cyLLecTBOBasa Nno NpuynHe oTCyTCTBUA HabaoaaTenein. Hasosy coctoaHue
BceneHHOM Koraa oHa CyLIeCcTBYET TOJ/IbKO NOTEHLMA/BLHO KaK NpeacylecTsosaHue. Toraa aTo 03Havaer,
4TO BCeneHHasa 40 NOABNEHMA Pa3yMHbIX CYLLECTB HaxoAMNachb B COCTOAHMM NPeAcyLLecTBOBaHUA. B
3TOM C/ly4ae pas/iMuHble OLeHKM Bo3pacTa BceneHHoOM, Takue Kak 13.77 mapA. NeT U T.M., OTBEYaloT Ha
BOMPOC KaK [a/1eKO B BO3MOXHOE NPOLLIOE MOMXKHO MNOTETUYECKU MPOTAHYTb NPUYMHHO-
cneacteeHHble cBasn. OQHaKo cyllecTBoBaHMe BceneHHo TpebyeT HabatoaaTens, cnefosaTe/ibHO
OLEHKM KOTOPbIe He yunTbIBaloT HabtogaTteneil OTHOCATCA K CYMMapHOW A/IMTENbHOCTU BPeMEHU
cyuiLecTBoBaHUA BcenieHHOM B BbiTWe M BpeMeHu NpeacyLecTBoBaHmUaA, Koraa BcesieHHas cyulectsosana
TONIbKO MOTEHLMaNbHO.

Bo3MOMKHa cuMTyaumn, Korga Bo BceneHHOM nepuoabl CyLWecTBOBaHUA pPasyMHOM KMU3HN CMEHANNCH
nepuoaamu Koraa pasyMHOM KM3HU He Bblno. B aTom ciyyae, BceneHHas 6biia B bbiTe TONbKO Koraa
CYLLeCTBOBaA/Ia Pa3yMHasn ¥KM3Hb. B NpoMeKyTKax mexay 3Tum, BceneHHas 6bl1a B NpeacyLw,ecTBOBaHUN,
CYLLeCTBOBA/A TO/IbKO MNOTEHLMA/bHO.

MMNBM-Teopua npeanaraeT TakKe OTBET HAa GPUNOCODCKMIA BONPOC — YTO €CTb HAYaN0 Havyan M NPUYMNHA
NPUYNH?

PaccmatpuBas sToT Bonpoc ¢ To4ku 3peHua MNMBM-Teopuu, 3STOT BONPOC HE UMeeT CMbICcAa.
O60cHOBaHMe 3aKN04aeTCcA B TOM, YTO MPUYNHHOCTD, KaK Npeanosiaraet ata Teopus, ABNAETCA
NOPOKAEHHbIM ABNEHNEM U He CyLLecTBYeT Ha bonee dyHAamMeHTasibHOM ypoBHe MeTaBcesIeHHOM.

TakMm 06pasom, OTBET Ha BONPOC “YTO eCTb Hayaso Hayan M NPUUYMHA NPUYMH?”: BONPOC HE UMeeT
cmbicna.

3ak/Il0uYeHus, (1)I/ISI/I‘IECKHH 4acCTb
MMNBM-Teopua NOCTpoeHa Ha O4HOM CKANAPHOM MOJ1e U3 KOTOPOro BbIBOAMUTCA NPOCTPAHCTBO, BpemMA n
maTtepua. Tem cambim O6'bep,MHFHOTCFI BCe d)pr,aMeHTaﬂbele B3aMMO,EI,El71CTBMﬂ.

Ha moli B3rnaa, oCHOBHas cuia M OCHOBHOE AOCTUXKEHME 3TON TEOPMM 3TO NPOCTAA KOHLUENTyaAbHasA
MoAe b N03BOAIOWANA 06beAMHNUTL KBAHTOBYO MEXAHMKY € 0bLel Teopuen OTHOCUTENIbHOCTH.
YpasHeHus NMNBM-Teopuu, ecnm oHa BepHa, CnocobHbl onucaTb tobble pUsnyeckme NpoLecchl,
BK/IHOYAs Te YTO eLle He OTKPbITbI, Npu Ntobbix PUsnyeckmx ycnosmax. Ita Teopua npeanaraet cnocob
06bACHEHUNA BCEX PYHOAAMEHTANbHbIX B3AMMOLENCTBUI C OAHOM TOUYKM 3peHns. 3To obbeanHeHme
B3aMMOAENCTBUIA OCHOBAHO HAa OAHOM UCXOAHOM KNaCCUYECKOM He KBAaHTOBOM Mose. Takum ob6pasom,



Bce PpyHAaMeHTa/IbHbIe B3aMMOAENCTBUA U 31eMEHTAPHbIE YAaCcTULbI C UX KBaHTOBbIMM 3ddeKkTamm
BO3HMKAOT U3 3TOro nosasd. FnasHaa npobaema MMBM-Teopum — punocodckasn LieHa aToro
06beanHeHMA. ITo 06begMHEHNE 3aTparnBaeT Hambonee PpyHaameHTaAbHble KOHUENLMK dunocodum.

Bce npoueccbl KOTopble NPOUCXOAAT B NOPOXKAEHHOM NPOCTPAHCTBE-BpEMEHM PACCMaTPMBAIOTCA B
MNMBM-Teopun Kak aTemnopasnbHble NPOLECChI.

lMoKasaHo Kak ypaBHeHue LWpeanHrepa sbiBoanTca B pamkax MMNBM-teopuu. [TOKA3aHO YTO NpPUHLUMN
HeonpeaeneHHocTu leli3eHbepra Takke BbiBoguTca ns MMNBM-Teopun, HecmoTps Ha To yto MNMNBM-
TeopuA ABNAETCA AETEPMUHUCTUYECKON TeopueN.

Al NOKa3an Kak 06bACHUTD CNeLnanbHY TEOPUD OTHOCUTENBHOCTM M NPUHLMI NOKANbHOCTU B PpaMKax
MNMNBM-teopuu.

Ob6wan Teopma OTHOCUTENLHOCTU BKAtoYeHa B NMNBM-Teoputo. O60CHOBAHO PaBEHCTBO MHEPTHOM U
rpaBUTALMOHHbIX Macc. NpeanorKeHbl HEKOTOPbIE U3MEHEHUSA B YPaBHEHUAX 06LLeN TEOPUM
OTHOCUTE/NIbHOCTH.

Celtyac ocHoBHasA c/1aboCTb 3TOM TEOPUM 3TO MHOMKECTBO OTKPbITbIX MaTEMaTUYECKUX BOMPOCOB. MX
HY}XHO ByZeT pelmnTb YTobbl caenaTb ypaBHEHUA TEOPUU NPUrOAHBbIM ANA BbluMCAEHUI. HeT
aHANINTUYECKNX pelleHunit ypasHeHni MNMNBM-Teopumn. A aAymato 4TO 3TO BNOSIHE OXKUAAEMO,
nepBoHavanbHoO, Aas 11boN TeopMm YTO NAET 3a Npeaesibl XOPOLLO UCC/IeA0BaHHON 061acTh
KannbpoBOYHbIX Teopuit. YpaBHeHuUA MMNBM-Teopun 3To Habop dyHKLUMOHANbHbIX YPaBHEHWUIN, OHK
CNIOXKHbIE WU HAWTU UX PeLIEHME HENPOCTO.

MpepnoxKeHHas Teopma 04HO3HAYHO PajMKaibHa, OHa 3aTParMBaeT K/loYeBble KOHLENUUN dpunocopum.
OfHaKo, 3Ta TeopmsA TaKKe obelaeT paamKaabHOe yMeHbLIeHME YMCNa He3aBUCUMbIX ABAeHMIA. BpuTea
OKKama 18 3TOro C/y4Yas NOoKa3bIBAET YTO 3Ta TEOPUA MOXKET OKa3aTbCsA BEPHOM.

MMNBM-Teopua npeanaraeT cnocob ob6veanHeHMA Bcex GyHAAMEHTaIbHbIX B3aMMOAENCTBUI, BKItOYan
rpaBMTaLMIO, B paMKax CBOei moaenn. TakxkKe 3Ta Teopua 06bACHAET NPUpoay 1 CBOMCTBA BPEMEHMW.
MMNBM-Teopus fobaBaseT ToNbKO OAHY CYLWHOCTb, MeTaBCceNeHHYH0 CO CKanapHbIM nosiemM. fl TakKe
npeanarat MeTos, Kak, OCHOBbIBasCb HAa 3TOM NoJie, ONMCbIBATL Halwy BceneHHyto. 3Ta Teopua ybupaet
KoHUuenunun He3aBNCMMOro NpPoCTPaHCTBa, BPEMEHU U MaTeEPUMN. TaK ke A 0XnAaaro YTO MHOXXeCTBO
KOHCTAHT, KBaHTOBasA MexaHMKa 1 CTaHgapTHaA Moaenb UMeeT HeMano Takux, OyaeT BblBeAeHbl Kak
CneAcTBUE B NPOLLECCE NMOMCKA aHAIMTUYECKMX peLleHnit ana ypasHeHun MMNBM-teopun.

MMNBM-Teopua npeanaraeT HEKOTOPbIE N3MEHEHMSA B 06LLEN TEOPUM OTHOCUTENBHOCTU B 4acTU
OTHOCALLLENCA K KOCMO0OTMU. BO3MOXKHO UTO pasHuubl mexay LCDM mozenbto 1 npegckasaHuamm
MMNBM-Teopun HeT Ha BCEM MPOMEKYTKe Noc/e TOro Kak BceneHHana cTana npo3payHoli gna ceeTa.
OpHako, MMNBM-Teopus npeanaraeTt Nnpoctoe o6bAcHeHNe UHGNAUMOHHOW da3bl paHHe BceneHHoi.
Mpw 3TOM, HENOHATHO HYXHa /M BoobLLe KoHLUenuma Bonblioro BapbiBa ¢ ero HavaibHOWM
CUHTYNApHOCTbLO. B pamkax MMNBM-Teopuu, BUAHA BO3MOXKHOCTb NOAYYEHUA BUAMMOMN OAHOPOAHOCTH
BceneHHon 6e3 nepBoHa4aibHOrO Masioro pasmepa BceneHHom.

MpepnoxKeHbl 06bACHEHUA NPUPOALI TEMHOW SHEPTUU U TEMHON MaTepPUM.

MpeackasaHa notepa nHGopmMaLuum Npu nepexoae B ApYyryto CUCTEMY OTCYETA, OHA ABNAETCA He
[O0CTYyNHOW ana HabnogeHus. Takoe HabtogeHWe 3anpeweHo aetepmmHnamom MNMNBM-Teopum u
OTCYTCTBMEM NONHOCTbIO HE3ABUCUMbIX COBBLITUN.



Takas npobaema c MasibiM YNCNOM HOBbIX NPeAcKa3aHWi Bbi3BaHa B OCHOBHOM TEM YTO 3Ta TeOpUs
coBmectuma ¢ CTO, OTO 1 KBAaHTOBOM MeXaHWKoM. Og4HAKO, KOJIMYECTBO HOBbIX NPeACKa3aHN MOKET
HayaTb pacTu npu 6onee rnybokom aHanuse ypasHeHui MMBM-Teopun.

Mpobnema c npeacKasaHMAMM He o3Ha4vaeT YTo MMBM-Teopua He MoxKeT bbiTb PanbcndmumpoBaHa.
MNMNBM-Teopusa moxeT bbiTb PpanbcuduumpoBaHa ecnmn 6yaeT AoKa3aHo YTo ypaBHeHUaA MMBM-Teopumn
He MMeeT peLleHNt yA0BNETBOPAIOWMNX BCEM HEOOXOANMBIM YC0BUAM UM YTO PELUEHUA ITUX
YPaBHEHWUI He MoryT 06bACHUTL Kakoe-1nbo asneHue. MMBM-Teopua sBnseTcs KaHANAATOM Ha TEOPULO
Bcero, nosTomy OHa A0/1XKHA 6bITb CNOCOHBHOM onucaTb Ntoboe pr3nyeckoe aBAEHUE NPU NOObIX
dU3NYECKMX yCAoBUAX.

Ecnn NMNBM-Teopusa BepHa, HAXOXKAEHUE YpPaBHEHUA CKANAPHOIO NO/A U3 U3BECTHbIX 3aKOHOB GU3NKK
MO3BO/INT HAWTN YpaBHEHWA YacTULL, NPOCTPAHCTBA U BPEMEHW M3 CKaNAPHOro nons. Kak pesynbrat, 3To
MOMKET YNYULINTb HaLIW 3HAHWUA 3aKOHOB PU3MKM U MOKET NPUBECTM K U3MEPAEMbIM NPesCcKasaHUAM,
BO3MOHO K OTKPbITUIO HOBbIX ABAEHUNA.

Cnncok npeackasaHuin NMNBM-Teopuu:

e [IMBM-Teopua npeackasbisaeT yto FLRW meTpuKa He npumeHnma K nepBbiM MOMEHTamM nocne
BosbLworo B3pbiBa, ec/v OH BOOOLLE CyLLECTBOBA.

e [lpeacKasaHo cywecTBOBaHME NapaniesbHbIX BCENEHHbIX.

e [NBM-Teopus yTBEPKLAET YTO NPOLLNOE HE MOXKET BbITb MSMEHEHO

[pyrve pesynbTaTbl 3TOM TEOPUM:

e  AHTPOMHBIN NPUHLMN y4acTUA ABNAETCA NPAMbIM CeACTBMEM 3TOM TEOPUU. TEM CaMbiMm,
peluaeTca npobaema TOHKOW HAcTPOMKK BceneHHom.

e [INBM-Teopusa cnocobHa 06bACHUTL 0OLLYIO TEOPUIO OTHOCUTENIbHOCTU U KBAaHTOBYIO C O4HOM
TOYKM 3PEHUA U C UCMOIb30BAHNEM TONIbKO 0AHOTO GyHAAMEHTANIbHOTO NoAA.

e [INBM-Teopusa npeanaraet UsMeHeHUA B ypaBHEHUAX 06LLelt TeopUn OTHOCUTENBHOCTH

e [INBM-Teopua npeanaraet cnocob Kak MaTeMaTUYECKN NPOBEPUTb BO3MOMKHOCTb
CYLLLECTBOBAHMWA KBAaHTOBOW rpaBmUTaLLUN.

o [IMBM-Teopus coaepunT, Kak 0gHy U3 YacTen, TEOPUIO BPEMEHMU.

e [NBM-Teopua npegnaraet moaenb GOPMUPOBAHNA NPOCTPAHCTBA-BPEMEHW, BKAOYAA MOgeNb
bopmMHnpoBaHMA NPOCTPAHCTBA-BPEMEHN B NepBble MOMeHTbI BceneHHol. 3Ta Teopus
onucbiBaeT pasy GopMMpoBaHMA, BO BpEMA KOTOPOI U BPEMSA U MPOCTPAHCTBO HE CYLLECTBYHOT,
HaxogATcA B npouecce popMUPOBAHUA.

e [lanbHelwee pa3sutme MMBM-Teopumn, pelieHne ee ypaBHEHUN, MOMKET NO3BOANTb B3MNAHYTb
Ha To YTO 6bIN0 A0 NOABAEHUS BceneHHOM, Korga He Bbl10 HU BPEMEHW HU NPOCTPAHCTBA.

e [lpepnoxeHa HOBasA MHTepPMpPeTaLMA KBAHTOBON MEXaHUKW.
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