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AHHOTaAUMs

Mpepnaraetcs pagnKkanbHan 4eTePMUHUCTUYECKAA HE KaIMBPOBOYHAA TEOPUS NOPOXKAEHHOTO
NPOCTPAHCTBa-BpEMEHM U MaTepuun. B aToin Teopumn npeanonaraeTca, YTo NPOCTPAHCTBO-BPEMSA U
MmaTepua ABAAOTCA NOPOXKAEHHbIMU CBOMCTBaMM Bosiee PpyHAaMeHTaIbHOM cyWwHOCTH. MoKasaHo,
KaKMMW CBOMCTBAMM 40/XKHA 061aaaTth 3Ta 6onee pyHAaMeHTaIbHAA CyWHOCTb. [peanoXKeH nogxon,
KaK Ha TaKoM CyLLHOCTM HallTU NOPOKAEHHOE NPOCTPAHCTBO-BPEMA N MaTepPUIo ¢ HabatogaembiMmm
cBoMcTBaMMU. NoKa3aHO, KaK 3aKOHbl KBAHTOBOM MEXaHUKN C HEAETEPMMUHUPOBAHHBIMWU pPe3ybTaTaMm
N3MEpPEHUI U C KaNMBPOBOYHLIMW NOAAMM NOABNAIOTCA B AETEPMUHUCTMYECKON Moaenn bonee
dyHOAMeHTaNbHOM cywHOCTH. MpeanoXKeHHan Teopusa NOPOXKAEHHOMO NPOCTPAHCTBA-BPEMEHU U
maTtepun (ganee MNMNBM-Teopus), Kak NOKa3aHO B 3TOW CTaTbe, COBMECTMMA CO CreLmanbHoW 1 obLien
TEOPUAMM OTHOCUTENIBHOCTHU, C KBAHTOBOM MEXaHWKOM M C Kocmonormeit. KsaHToBasa mexaHuKa bbina
nepedopmynmposaHa B poHOBO-He3aBUCKMMYLO. [prBeaeH BbIBOA ypaBHeHMA LLpeanHrepa gna
KBaHTOBOM MexaHMKW. [ToKa3aHo KaK NpMHUMUN HeonpeaeneHHocTn enseHbepra noasaseTca us
AeTepMUHM3IMa bonee pyHAAMEHTANbHOM CyLWHOCTU. MpeanoKeHbl USMEHEHMA B MPUHLUMN
NokanbHocT. O60CHOBAHO PABEHCTBO MHEPTHOM U FPaBUTALMOHHOM Macchbl. [peanoXKeHbl NONPaBKM K
YPaBHEHUAM 06LLEelN TEOPUM OTHOCUTENBHOCTH, a TaK XKe N3MEeHEeHUe KOHLUENTyanbHOW Moaenm
rpasuTtaumun. MMNBM-Teopus npeackasbiBaeT OTCYTCTBME KBAHTa rPaBmUTaLMM U KBAHTOBOW rpaBUTaLunm.
MMNBM-Teopus obbeamHseT Bce pyHAAMEHTA/IbHbBIE CUAbI, BK/OYAA FPaBUTALLMIO; BCE
dyHOAMEHTaNbHbIE CU/bl BbIBOAATCA M3 O4HOMO NOAS.
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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 IMEPOAXKEHTHbIMMU. 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‘& ONMUCbIBakOWMX OTAE/NIbHbIE aTOMbI U MOJ1EKY /b,

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 CYLWHOCTb 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 BpeMEHM, C HEKOTOPbIMW OrpaHUYeHUAMU, TAKMMU KaK He B6IU3U 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 ABIEHUI, 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 OANHAKOBbI BO BCeM Habllo4aeMoM NpoCTpaHCTBe BcesleHHOM, 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, NofIHOCTbIO 6e3BpeMeHHasn U He MMeeT HUKAKMUX MU3MEHEHMN. 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 O3HAYaEeT, YTO YTO-TO HE MEHSAIETCA CO BPEMEHEM, HO 3TO HE NPUMEHMMO ANA Cy4Yas 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 ec/in Bpemsa ABAAETCA NOPOXKAEHHbIM ABAEeHUEM, Hablogaemoe NPOCTPAHCTBO TaKKe
ABNAETCA NOPOXKAEHHBbIM iBAeHNeM. O6Lan TeOpmUsa OTHOCUTEIbHOCTM YCTAaHABINMBAET CBA3b MeXAay
rpaBuTaLMel Bbl3biIBAEMOWN MaTepuein U NPOCTPaHCTBOM-BpeMeHeM. M3 aToro cnegyet 4To oA Toro
yTOObI HATU NOPOKAEHHOE 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. NMpruHLUN HeonpeaeneHHOCTM ABAAETCA BaXKHOM YacTbio COBPEMEHHOM GU3MKM.
HeobxoaMmo NoKasaTb Kak NPUHLMMN HeonpeaeneHHOCTM NosBAAETCA B AeTepMuHUCTMYecKon MMNBM-
Teopuu. MNpPUHUUN NOKANbHOCTU ABAAETCA OAHUM U3 KPAeYro/ibHbIX KAMHEN COBPEMEHHOM GU3UKN.
CnepoBaTtensHo, NMBM-Teopua onxKHa cogepKaTb 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
NOpPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHN 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 061acTM npumeHUmMocTn. CoBpemeHHaa dUsMKa 3HaeT YeTbipe GyHAaMeHTaNbHbIX
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 6bITh BbIBEAEHbI KaK MOPOXKAEHHbIE ABAEHNA U3 3TOrO 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 ONMCbIBATb
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 GUNoCcodUM, NOCKONbKY 3a4eBaeTcs 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 BOMNPOCHI BeAYT K pa3HbIM pe3yibTaTam B dusmnke. CnegoBatenbHo, 3TH
BOMPOCbI OTHOCATCA B TOM Yncie un 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 ABIEHMA. BMECTO MHOXKeCTBa Pa3/InyHbIX
dusnueckmx asneHmn, MMBM-Teopua npeanonaraeT, 4To Bce GpM3MYecKne 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 Cyecrtso, OHO 6yLI,ET Ha6J'II-O,£],aTb cneaywolulee:

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. O1HAKO, 3TO MOXKET BbITb TONIBKO C TOYKU 3pPEHUSA BHELLHEro HabaoaaTens. Ho BHeWHWI
HabntogaTenb B MOAENWN STON TEOPUN HE MOKET cyLecTBoBaTb. OH HE MOXKET CyL,ecTBOBaTb U3-3a
OTCYTCTBMA BPEMEHM Kak GyHAAMEHTaNbHOTO ABNEHUSA @ TaKKe NOCKOJIbKY NOpOoXKAatoLLan BceneHHyto
CYLLHOCTb BKNtOYaeT B cebs Bce 06bEKTUBHO cyllecTBylolwee. 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 M0 NOPOKAEHHOM NPOCTPAHCTBE-
BpemeHu. B n1060i KOHKPETHOM TOUKE NPOCTPAHCTBA-BPeMEeHM, HabalofaTenb Bcerga byaet UMeTb OAHY
N Ty e MbICb. Ecnu 3Ta TeopmA onuCbIBAET Hally BcesieHHYH, 3TO 3HAUUT YTO KaxKablli YesloBek
ABNAETCA, B KAKOM-TO CMblcNe, beccmepTHbIM. 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
HeA0CTYNHbl. AHAIOTMYHO, B N1t060M TOUKE HACTOALLLErO BPEMEHM HaLl TEKYLLMI Pa3ym He MOXKeT
CBA3aTbCA C camum coboli B NpoLuiom nam byayuwiem. TakKe, KOIMYECTBO MbIC/1El YesloBeKa
OrPaHUYEHO €ro NPOAO/IKUTENBHOCTBIO XU3HU. /06O YeNOBEK MOKET CAeNaTb BCE YTO XOYET, B
pamKax CBOMX BO3MOMKHOCTeN. O HaKO, *KeNaHue YeoBeKa cAeNnaTb YTo-1Mbo BbI3BaHO 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 CBO60,CI,a BOJIN.

B coBpemeHHO1 $p13UKK, cBOOOAA BOINM 0OOCHOBbLIBAETCA NPUHLMMNOM HEONpPeAeIeHHOCTH
lenseHbepra. B aToM cTaTbe A NOKaXKy YTO NPUHLUMN HEONpPeaeNeHHOCTM He MPOTUBOPEUNT
OETePMUHU3MY 3TOM TEOPUM, OH AOBOJIbHO ECTECTBEHHO BO3HMKAET B AETEPMUHUCTUYECKOM MOLEeNN
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.

CneactsuaA 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 GU3UKK DYHOAAMEHTANbHON 6e3BpeMeHHOM 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-Teopuna no3sonaeT NOCTPOUTb MOAENb C 3aKOHAMM GU3NKU MONHOCTbIO
WMOEHTUYHBIMW TeM, YTO HabntogatoTca. Ecam byaeT AOKa3aHO YTO 3TO HEBO3MOXKHO, 3TO 03HAYaET YTO
MNMBM-teopua HesepHa. Tem cambiM 3TO O3HAYaEeT YTO NOCTYNAT TEOPUU, B NPUHLMME, MOXKHO
BepnudnumnpoBaTh.

ECnn, B KAKOW-TO MOMEHT NOPOXKAEHHOIO 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 n byaeT He cnocobeH AymaTb M OLLYLWATb PeaNbHOCTb OKPYXKatoLLEro 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 HaNnpPAMYLO NMPOTUBOPEYUT HabAtoAEeHMAM, N0AMN CNOCOOHbI AYMaTb M OLWYyLWATh
peanbHOCTb OKPYKaloLLEro.

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 NMOCTPOUTbL TOYHO TaKME e 3aKOHbI PU3MKKM KaK B HalLeM MUPE, 3TO 03HAYAET YTO
ntoan byayt cnocobHbl POXKAATLCA, YYUTLCA M HAYMHATD AYMaTb.

MNoctynat NMBM-Teopuun asnaeTca BO MHOrom ¢puaocopcKnm, XoTa U umeeT GUsnyeckne nocaeacTems.
Mo3aTomMy ero A,0Ka3aTesIbCTBO MOXKET ObITb ONPOBEPrHYTO MNPU UCMOAL30BAHUN APYrOM CUCTEMDI
dunnocodckmx B3rnagos. Mostomy A MCNob3yto NOCTYNaT, a He Teopemy. OaHako, noctynat MNMNBM-
TEOPUM MOKeET BbITb MPOBEPEH NPU MOMOLLM NPOBEPKK NpeacKasaHuin MNMNBM-teopuu. MoaTtomy, ecau
AanoHenwee passuTme MMNBM-Teopmn NO3BOAUT cAeNaTb IKCNEPUMEHTANBHO NPOBEpPAEMbIE
npescKasaHus, 1 ecin pesynbTaTbl SKCNEPUMEHTOB byayT cooTBeTcTBOBaTL MNMBM-Teopuu, 310
NoCTaBUT NoA BONPOC BCe cuctembl PUNOCoPCKMX B3rA40B YTO HE COBMECTUMBI ¢ dunocodueir MMNBM-
Teopuu.

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 ONpedesieHne, 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 aTemnopazibHbIMU
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 aTOoM onpeaeneHnu, a MCNonb3yio ¢pasy “06beKTUBHO cylLecTBytowan”. 3Ta ppasa 03HaAYaET 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 sapnsetca ¢pas3oi TOYHO onucbiBaloLe MeTaBceseHHyo, 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 MeTaBcesieHHOW He Noapa3yMeBaeT KakMx-1Mbo NpoLeccoB BO BPEMEHM WM CYLLLECTBOBAHUA
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’IEHHOI‘/’I, NPOCTPaHCTBO BceneHHom
BO3HWKaET KaK NopoxXaeHHOoe AB/NeHNA U3 MeTaBceneHHom. A OXNAatko YTO NPOCTPAHCTBO
MeTaBceneHHol €BK/IN40BO. npOCTpaHCTBO MWHKOBCKOTrO, cooTBeTCTBYHOLLEE 06LLI,EI7I Teopuun



OTHOCUTE/NIbHOCTU, BO3HUKAET NpU Nnoay4yeHnn NopoXAeHHOro NpoCTpaHCTBa U3 eBK1INA0Ba

npoctpaHcTBa MeTaBceieHHOM.

B MeTaBceneHHo’ 5 0XKnaato CyLLeCTBOBaHUE CKaNsipHOro nons. 3To Knaccuyeckoe nose, 6e3 Kakux-
60 KBAHTOBbIX 3¢ EKTOB. ITO O3HAYAET YTO CYLLECTBYET CKa/IAPHOE MOoJie ONMUCbIBAEMOE YPaBHEHMEM
f(x), roe x 310 TOUKa B NpocTpaHcTBe MeTaBceNeHHOW, U 3TO NoJie onpeaesieHo NoBCoAy B
MeTaBceneHHOoM. Al TaKKe 0XKMAato, YTO 3HaYEHMe 3TOro NoJIA B KaXKA0W TOUKE onpeaennercs
3HAaYEHUAMM 3TOrO NOJIA B COCEAHMUX TOYKAX, M YTO YPaBHEHME 3TOro Nons ABAAETCA CUMMETPUYHbIM MO
OTHOLLEHUIO K BPaLLLEHMAM, OTCYTCTBYET BblAe/IeHHOE HanpaB/ieHMe. 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 NPUHAANEKALWMX K NPOCTPAHCTBY-BPEMEHU, ECAU TaKMe obnactm
CYLLECTBYIOT. 3HAYEHMNE NOASA B KaXKA0M TOUKE onpeaensieTca 3HaYeHMAMM NOA B COCEAHMX TOYKAX
NMOCKOJIbKY B be3BpemeHHON MeTaBceneHHOM He MOTyT CyLLEeCTBOBaTb NePeHOCYNKN B3aUMOAENCTBUIA.
Y10 TaKoe anemeHTapHas YacT1La U ee COCTOAHMA, NOKAa3aHOo Aasiee B CTATbE.

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

MeTaBce/ieHHan MMEET KaKoe-TO KOJIMYECTBO MPOCTPAHCTBEHHbIX U3MEPEHUIA, BPEMA OTCYTCTBYET.
KosmuectBo M3mepeHuin MeTaBceneHHON HEM3BECTHO, HO Aanee B cTaTbe 6yAeT NOKa3aHo YTo
CYLLLECTBYIOT apryMeHTbl B M0/1b3Yy TOrO YTO 3TO KOIMYECTBO Bonee YeTbipex. MeTaBceseHHas AOMKHa
MMETb KaK MUHUMYM 4 n3mepeHunn 4tTobbl 6bITb CNOCOBHO BKAtOYATb Hawy BceneHHyro. OaHo
n3mepeHue 415 BPEMEHM, TPU ANA NPOCTPaHCTBa. Bce 3Tn 4 nsmepeHusn B MetascesieHHON ABAAIOTCA
NPOCTPAHCTBEHHbIMM U3MEPEHMAMM, B MeTaBCeNeHHOM HET BPEMEHMU.

A nobasnto onpeaeneHne NOMHON BCENEHHON:

MonHas eceneHHAs 3Mo HEPA3PbLIBHOE MOPOXOEHHOE NPOCMPAHCMB0-8peEMA MAMepusa 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 BceneHHana 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. MOCKONbKY NOJHbIE BCENIEHHbIE 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 TONIbKO 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 MCNONb30BaTb CI0BO “BCefieHHan” B OCHOBHOM B 3HaYeHWM 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

OA4MH 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 OTHOCMTE/IbHO MEePBOM cUCTEMbI OTcHeTa? s Toro Ytobbl Ha HEro OTBETUTD, HYXKHa
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-1mM3mepeHuin GopMMPYIOT MOPOKAEHHOE NPOCTPAHCTBO, C N-1 M3MepeHnamMMu.

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 npupoAapl, npeanaraemad metoamka NoncCkKa
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) rMNepnoBepXHOCTb, B NPOCTpaHCTBe MeTaBceneHHOM.

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

3. WrtakK, ecTb ABe rMnepnoBepxHOCTU. HU HUX Hago HalTK XOTb Kakne-HUMbYyab 06bEKTLI. Bee YTo
€CTb — 3TO CKanApHoe nose. CooTBeTCTBEHHO, 06bEKTbI HA 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
06s3aHbl Be3ae nATU No 0AMHAKOBbIM AJIMHAM FMNEePNOBEPXHOCTU. 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 PacnoNOKEHHbIMWU TOUYKamK [, B
NOPOXKAEHHOM MPOCTPAHCTBE U PACCTOAHUEM [y, MEXKAY 3TUMM Ke TOYKaMK Mo
rMNepnoBepPXHOCTM B NPOCTPaHCTBe MeTaBceneHHON. M3-3a TOro YTo B pasHbIx 061acTax
rMNepnoBepxXHOCTU, NPEACTABAAIOLLEN 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 Aasiee B CTaTbe AN 6osee NOAHOro ONUCaHuA.



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-
HWMBYAb BO3MOXHOCTM? ECin HeT, TO nepexogum K nepsomy wary. MHaye - oTAMYHO, 3Tn 3-x
MepHble rMnepnoBepPXHOCTU MOXKHO PacCMaTPUBaTb KaK NOTEHLUMANbHbIE KaHAMAATbI Ha
NOPOXKAEHHOE NPOCTPAHCTBO, @ PACCTOAHMA MEXAY DAVKANLWINMMM TOUKAMUN TMNEPNOBEPXHOCTU
KaK BEKTOPa, BO3MOXKHO, NpeCTaBAAoLLIMeE NOPOKAEHHOE BPeMA [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 COCTOAHUA, NapaMeTp 3BONIOLMN YPaBHEHWN. 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. [JUCKPEeTHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA ABNSAETCA HONEe COKHBIM CIyHaeMm,
onucaHo ganee B cTaTbe] MPOCTPaHCTBO-BPEMSA A0KHO ObITb HEMPEPbIBHBIM, COOTBETCTBEHHO
[OOJIKHO CYLL,ECTBOBATb MHOXECTBO FMMNEProBEPXHOCTEN MeKAY NepBbiMu AByMA. JTlobas TouKa
MeXKAY 3TUMM NEPBLIMU TMMNEPNOBEPXHOCTAMM LONKHA NPUHALNEKATL 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 popmynam. TpeboBaHNE BOZMOXKHOCTH
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 CTPOUTb AaJibHENLLME A0 TeX NOP NOKa 3TO MoJiyYaeTcs, ¢
TEMM }KEe CaMbIMUM NMOPOXKAEHHbIMW 3aKoHaMK GU3MKKU. Ecamn 31O nosyyaeTca — 3To Bee ele
KaHAMAAT Ha TO YTO HAWAEHO NOPOXKAEHHOE NPOCTPAHCTBO-BpeMA. Bo3Bpallanacb Ko BpemMeHu.
Bpems B 3TOM C/ly4ae NpeacTaB/eHO KPUBOM, BEKTOP KOTOPOW B KaXKAOW ToUKe nbo
nepneHanKyNAPeH rMnepnoBepxHoOCcTn, 1Mbo nmeeT HanbonbLlKIA yron Tam rge
rMNeprnoBepxXHOCTb M30rHYTa. 1A noanepKaHmMa 0AMHAKOBbLIX GU3NYECKUX 3aKOHOB MOXKET
notTpeboBaTbCA TaK, YTO B PasHbIX 061aCTAX TMNEPNOBEPXHOCTM AJIMHA BEKTOPA BPEMEHM,
NpeACTaBAAOLWEro eANHNLY BpeMeHU, byaeT pasHoOW. B aTom ciyyae, KpMBU3HA NOPOXKAEHHOTO
NPOCTPaHCTBa-BpeMeHu byaeT onpeaenaTbCa He TO/IbKO KPUBU3HOM rMNepnoBepPXHOCTH, HO U
3ameaneHnem/yCKopeHMem BPEMEHM U, C YYETOM ONMCAHHOTO YyTb Bbllle, BKAaA0M OT
U3MEeHEHMA OTHOLWIEHMA AJ/INHbI B MOPOXKAEHHOM NPOCTPAHCTBE K A/IMHe B MeTaBce/IeHHOM.

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
OBUXKEeHNA HeobX04MMO HaliTU CKOPOCTb.

HeB03MOXXHO NpeACcTaBUTb CKOPOCTb YBEIMYMBAA MAM YMEHbLLIAA CKOPOCTb ABUMKEHUA BAOAb TMHUN
BpemeHu. JTloboi NopoKAeHHbIV 06EKT, ABUMAOLNINCA BAONb TMHUM BPEMEHMW C 11060 CKOPOCTbIO
BpeMeHM, byZieT MMeTb TOYHO TaKMe Ke N3MEHEHUA ero COCTOAHUIM KaK 0O bEKT ABMKYLLMIACA C ApYyroi
CKOPOCTbIO BA,O/1b IMHUN BpemeHU. Tem cambiM NOJTYY3ETCA YTO 3TO OAMH U TOT Ke 0OBbEKT.

“OBuKeHne BAONb IMHUU BpeMeHN” 3[1eCb He 03HaAYaeT UTO CYLLLECTBYIOT KaKne-To 06bEKTbI KOTopble
nepemeLaroTca B npocTpaHcTee MeTtasceneHHon. B MMBM-Teopun B MeTaBceNeHHOW HET BPEMEHM,
noatomy B MeTaBce/fieHHOW HET HUKAKOro ABUXKEHUA M HUKAKMX NPOLLeCCOB BO BPEMEHM, TOIbKO
aTemnopanbHble npouecchl. “ABuKeHne BAONb TMHUM BPEMEHU” 03HaYaeT nocseaoBaTesibHoe
N3MeHEeHME COCTOAHNA 0ObeKTa B NOC/IeA0BaTE/IbHbIE MOMEHTbI HA IMHUW 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/sieHHOMN, ONMCaHOo Aasniee B 3TON cTaTbe.

Mepexoa, 13 0A4HOM CUCTEMbI OTCHETA B APYTYHO, ABUKYLLYIOCA MO OTHOLLEHUIO K NEPBOM, MOXKHO
OCYLLECTBUTbL NOBEPHYB NPOCTPAHCTBO-BPEMA B TO TOUKE MPOCTPAHCTBA-BPEMA rae NPoucxoamuTt
nepexog,. 3To 03Ha4YaeT NOBOPOT U MOPOMKAEHHOrO MPOCTPAHCTBA, U MOPOXKAEHHOTO BpeMeEHU. U3 aToro
cnegyeT yTo IMHUA BPEMEHM Noc/ie MOBOPOTa He ByAeT TOM e YTo A0 NOBOPOTa, aHaNOMMYHO ANA
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.

CocTtoaHue ntoboro n3BecTHOro Ham 06 beKTa 3aBUCUT OT €ro COCTOSIHUSA B MPOLLJIOM M COCTOSIHUSA
06BEKTOB U NONEN B HEKOTOPOM OKPECTHOCTU 3TOro 06beKTa B npowiom. CyLLecTBYOT NPUYMHHO-
cneacTBeHHble cBA3MW. [N TOro 4tobbl NONYYNTb TaKME CBOMCTBA U3 be3BpemMeHHON MeTaBceneHHoM,
HeobxoaMmo Hannumne pyHKUMM conocTasieHns. PyHKUMA conocTaBaeHmna 34ecb 0603HaYaeT YTo ans
No60Oro cocToAHMA 31eMEHTAPHbIX YacTUL, B KAKOM-TO 061aCTU NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM,
cyliecTByeT Habop coCToAHMI 061acTU NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHMN B KaXK bl
nocaeAyroLWmMin MOMEHTbI BpEMEHW U 3TO MHOXKECTBO BK/OYAET B cebA BCce BO3MOXKHble COCTOAHUSA ANA
HaYa/IbHOro COCTOAHMA, C UX BEPOATHOCTAMM. BHavane a byay paccmatpuBaTb GpYHKLUKM CONOCTaBAEHMUA
C OZAHUM 3HAYEHUEM, MO3XKe PACCMOTPIO GYHKLMWN COMOCTABIEHUA CO MHOTMMW 3HAYEHUAMM.

TakoW noaxoa, ¢ GyHKLMEN CoNnocTaBAeHMA MOMKET XopoLo paboTaTb HO, C yH4ETOM TOrO KaK 3Ta GyHKUMA
COMOCTaB/IeHNs BBOAUTCA, BO3SMOXKHO YTO He Be3e BO3MOXKHO MCMO/b30BaTb 3Ty GYHKLMIO
conocTaBneHus. NMoKa Takol noaxoq, ¢ pyHKLMEN conoctaBieHns paboTaeT, MOXKHO roBOPUTb NPO
NOpPOKAEHHOE NPOCTPAHCTBO-BpeMA-maTeputo. A Tex obnacteit MeTaBceneHHOM rae TakoM noaxon,
He paboTaeT, 3TM 061aCTM He NPUHAANENKAT K STOMY NMOPOKAEHHOMY NPOCTPAHCTBY-BpemeHn. O4HaKo
MOTYT CYLLLECTBOBATb NepexoaHble 061acTV U NepexoHble SHEePrMm, ONncaHo Aasnee B CTaTbe.

ECnv cocTosiHME KaKoro-nMbo o6bekTa HEBO3MOKHO ONMUCaTh TOW Ke GYHKLMEN CONOCTAaBNAEHMA YTO U
ANA APYrMX 06 BEKTOB NPUHASIEKALLMX K KAKOMY-TO MOPOXKAEHHOMY NPOCTPAHCTBY-BPEMEHU, TO TaKOM
06BbEKT He MPUHAL/IEKUT ITOMY NMPOCTPAHCTBY-BPEMEHU, OH HAXOAMUTCA BHE 3TOMO NPOCTPAHCTBa-
BpeMeHM. Takoi 06BbEKT MOXKET NPUHAL/NEKATb 4PYTOMY NPOCTPAHCTBY-BPEMEHM, EC/IN OH MOKET 6bITb
onucaH ¢yHKLMeR CONOCTaBNEHUA TOrO NPOCTPAHCTBA-BPEMEHU, NMMBO He NPUHAANEKATb HUKAKOMY
NPOCTPaHCTBY-BpeMeHM. [ Toro Ytobbl 3aKOHbI GU3NKK BblIM OAMHAKOBLI BO BCEX MHEPLIMANbHbIX
cMcTeMax B MOPOXKAEHHOM NPOCTPaHCTBE-BpeMeHU, QYHKLMA CONOCTaBAEHMA AOKHaA BbITb 0AMHAKOBA
BO BCEX MHEPLMANbHbIX CUCTEMAX OTcyeTa. HanomHIo, YTO 06bEKTLI 34€Ch 03HAYAOT BCEBO3MOMKHbIE
KOHCTPYKLMM U3 Pa3NOKeHUA CKanspHoro nons MeTaBceNeHHOM Ha NOPOXKAEHHOM NPOCTPaHCTBE.
MeTpuKa NOPOXKAEHHOrO MPOCTPAHCTBA MOMKET OT/IMYATLCA OT METPUKM TMNEepPnoBePXHOCTH
npeacTaBAsioLLe NOPOXKAEHHOE NPOCTPAHCTBO, MOKa3aHO MNO3MKe.

MaKcmanbHbIii yron noBopoTa NPOCTPaHCTBA-BPEMEHMU, COOTBETCTBVPOLLI,Mﬁ MaKCMManbHOM
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/ibHaA BO3MOXHaA CKOPOCTb 3TO CKOPOCTb CBETa,
3TO HaK/adbliBaeT OrpaHNU4YeHnNE Ha MaKCMManbHbIN yrona noBopoTa.

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



3. TloBOPOT He A0/KEH BbITb TAKMM UTO NOCNE NOBOPOTa Bpems byAeT yKasbiBaTb B NpoLuioe
KoTopoe 6bl/10 A0 NoBopoTa. Ho 3TO He 03HaYaeT YTO HEBO3MOKHO NOBEPHYTb B MPOLLJ/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 MaTepPUN BOKPYT 3TOro ob6beKTa B Nt060M Npeaplaywmnii MOMeHT BpemeHu. OaHaKo,
Hannume GYHKUUM CONOCTABAEHUA HEAOCTAaTOUYHO, HEOBXO0AMMO BbITb CNOCOBHBIM NEpPenTn B
OBVKyLLYytoCcA cuctemy oTcdeTa. ChegoBaTenbHO, SNeMeHTapHan YacTuL,a Nocae NOBOPOTA A0IKHA
OCTaTbCA CaMa COBOM, XOTA BO3MOXKHO M USMEHWUTb COCTOAHME. fl NpeACTaBNO BpEMEHHOEe onpeaesieHume
3NeMeHTapHOM YacTuupl (B AanbHelwem oHO ByAeT YyTOYHEHO):

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, e3aumodelicmayem 8 MOPOXOEeHHOM MpPocmpaHcmee-
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 MOAUPUKALMAMM, HE MEHAIOLLMMMN CBOMCTBA YacTuh
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 COCTOAHME YacTULbl HAa OCHOBE €€ COCTOAHMA U COCTOAHMA APYTUX
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
3/1eMeHTapHOM YacTULbl B3aMMOAENCTBYET a Apyrue 4acTu He B3aMMOAENCTBYIOT, 3TO O3HAYaeT YTO 3TK
YyacTu ABAAIOTCA OTAENbHbIMU 31eMEHTapPHbIMUK YacTULamu. MNo3sKe B 3TOM cTaTbe onpeaeneHme
3N1eMeHTapHOM YacTuLbl ByaeT pacluMpeHo U U3MEHEHO.

B onpeaeneHnmn aneMeHTapHOM YacTuLbl ecTb TpeboBaHWe MHBAPMAHTA 419 NOBOPOTA. MOHATHO, YTO
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BOo3HMKaeT BOMPOC, KaK Takoi MHBapMaHT BOO6LLLE MOXKET cyllecTBoBaTh? OTBET Ha 3TOT BOMNPOC

ANA CKanApPHOro noaa ¢ ynoMAHYTbIMU cBOMCTBaMM ﬁ

npegnaraeTca B pasgene rae pacCMatpuBaeTca cneunasibHaa Teopna OTHOCUTENIbHOCTMU.

Moaxoa K GOpPMMPOBAHUIO MOPOXKAEHHOrO MPOCTPAHCTBA-BPEMEHN-MATEPUM, ONUCAHHBIN BbilUE,
HaK/agblBaeT HEMAJI0 OTPAHNYEHMI Ha CBOMCTBA CKaNApHOro nosis MeTtascesieHHoOMW. MimeeTcs
BO3MOKHOCTb CYLLLECTBEHHO YMEHbLINTL OrpaHMUYeHNA Ha CKanAapHoe nosie MeTaBceneHHoW. BmecTto
TOro YTo6bI TPE6OBaATL OT CKaNAPHOIO NoAA MeTaBceNleHHOW BO3MOMXKHOCTU NOCTPOUTb HEMpPepPbIBHO
onpeaeneHHyo GyHKLUIO CONOCTaBAEHNS, BO3MOXKHO NoTpeboBaTb YTOObI GYHKLMA CONOCTaBAEHMUA
6blna ANCKPETHOW, onpeaeneHa ToNbKO B HEKOTOPbIX TOUKaX. B 3Tom caydyae nopoxaeHHoe
NPOCTPAHCTBO-BPEMSA TaKKe CTAHOBATCA AMCKPETHbIMU. MOCKObKY NPOCTPAaHCTBO-BPEMA OA4HOW
CUCTeMbl OTCYETA HAaXOAWTCA NMOZA YI/IOM MO OTHOLLEHMIO K CUCTEME OTCYETA ABWIKYLLENCA C KaKOW-TO
CKOPOCTbIO MO OTHOLWIEHMNIO K MepBOM CUCTEME, 3TO 03HAYAET YTO AUCKPETHOCTb MPUBOAMUT K HAIMUMIO
MWHMMabHOrO yrna nosopoTta. COOTBETCTBEHHO, MPOCTPAHCTBO CKOPOCTEN TaKKe CTaHOBUTCA
ANCKPETHbIM.

OnucaHHbIN BbllLe NOAX0L UCMO/b3yeT GYHKLMIO CONOCTaBAEHUA C OAHO3HAYHOM QyHKLMeN
conocrtasneHua. OgHaKko, Takaa GyHKUMA HaKNaabiBaeT HEMAI0 OrpPaHMYEHNI Ha CKanapHoe noae
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 O3HAaYaEeT MHOIO3HaYHy0 GYHKLMIO CONOCTaBAEHMA. 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 BEPOATHOCTHOWN QYHKLMM CONOCTaBAEHUA NO3BOAAET Aasiee 0CNabutb TpeboBaHUA K
bYHKUMKM cKanAapHoro nona MeTtaBceneHHOM. BepoaTHOCTHaA GyHKLMA CONOCTaBNEHUA He O3HAYaeT YTo
pe3ynbTaT CONnoCTaBAeHMUA HEBO3MOKHO TOYHO NpeacKa3aTtb. Pe3ybTaT MoXKeT HbiTb TOYHO NpeacKas3aH
NPW 3HAHUM GYHKLMM CKANAPHOIO MNOAA U 3HAHWA FPAHUYHBIX YCOBUIA. [pY 3TOM rpaHUYHble YCI0BUA
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 AUHUA 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 Ha4aIOM MUPOBLIX IMHWUIA. ECn MMpoBaa NNMHUA BeCKOHeYHa 1 He
3aMKHyTa, MeTaBcesieHHas TaKKe A0MKHa 6biTb 6eckoHeyHoW. Mpn 6eCKOHEYHON MUPOBOMN NNHUM,
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 crnocob A8 BOSHUKHOBEHMA 1 3aBEPLLUEHUS MUPOBbLIX JIMHUNA.

MwupoBas IMHUA OCHOBaHA Ha CMOCOBHOCTU QYHKLUMM CONOCTaBNEHUA BbITb OANMHAKOBOM HA BCEM
NoOpOXKAEHHOM NPOCTPaHCTBe-BpeMeHn. O4HaKO BO3MOXKHA CUTYaLLMsA KOraa, C onpeaeneHHoro
MOMeHTa GYHKLMA CONOCTAaBAEHUA HE MOXeT paboTaTb. Mpu 3TOM, BNOJIHE BO3MOXHO, YTO CKanApHOe
none MeTaBceNeHHOW He UMeET HUKaKNX ocobeHHOCTel. EC/iM B KaKoN-To ToUuKe MeTaBceneHHoM
¢yHKLI,VIFI CONoCTaBNeHNA HE MOXXET KOPPEKTHO NPUMEHATbLCA, B 3TOM TOUKe MnpoBaAa INHNA
3aBepLluaeTtcA. AHa/JIOTMYHO A1 HaYala MUPOBOM IMHWUM. B KaKOW-TO TOYKE CTaHOBUTCA BOSMOHbIM
Mcnonb3oBaTh GYHKLMIO CONOCTaBAEHUA. B 3TOM TOuKe, NOTEHLMANBbHO, NOABAAETCA NOPOKAEHHOE
NPOCTPaHCTBO-BpeMA-MaTepus. MosBAeHNE OAHOM UM HECKOJIbKUX MUPOBLIX IMHUI HE O3HaYaeT
NOSABNEHUA NOPOXKAEHHOIO NPOCTPAHCTBA-BPeMeHU-MaTepun. 18 GopMrpoBaHMA NPOCTPaHCTBA
CKopocTei Heo6xoaMMO 6bITb CNOCOBHBIM K MOBOPOTaM NPOCTPAHCTBa-BPEMEHU A5 BCETO AMana3oHa
NPOCTPaAHCTBA CKOPOCTEN. B Hauane MMPOBOI IMHUN MOXKET ObITb TaK YTO NOJIHbINM AMaNa30H NOBOPOTOB
HefocCTyneH. B 3Tol TOUKe HEBO3MOKHO CKa3aTb YTO BPEMA M MPOCTPAHCTBO CYLLLECTBYIOT. 3TO
nepexoaHoOe NpPoCcTpaHcTBo, ha3a GOpPMUPOBAHMA NPOCTPAHCTBA-BPEMEHU U MmaTepun. Ecim asurasch
BA,0/1b MMPOBOM JIMHUM BO3MOXHO JOCTUYb NMOPOXKAEHHOWN BCE/IEHHOM, TO 3TO 03HAYaeT YTO Havano
3TON MMPOBOW IMHUM UAET U3 MECTa NOABJEHNA HOBOM NMOPOXKAEHHOM BCesieHHOW. Ecnn mmnpoBas
JIMHWA NPepbIBAeTCA A0 AOCTUNKEHUSA NOPOXKAEHHOW BCENIEHHOM, 3TO 03HaYaeT YTo popmMUpoBaHme
HOBOM BceNeHHOW 6b110 HeycrnewHbIM. YTo NPOM30MAET eC/IN O4HA U3 MUPOBBIX JIMHUI KOTOPas
COCTaBAAET BCE/IEHHYIO NpeKpallaeTca? Hanpumep, B KaKoi-To 06/1acTu NpocTpaHcTBa MeTaBceneHHoM
bYHKLUMA CONOCTaBNEHMA AAeT HETOYHbIE pe3yibTaTbl. MUPOBas IMHUA BO MHOTUX TaKUX C/Ty4asX MOXKET
6bITb NPOAO/MKEHA AaxKe Koraa GyHKUMA CONOCTaBNEHMA AAET HEKOPPEKTHbIE pe3y/bTaTbl, €CN
[06aBUTb K GYHKLMM CONOCTaBAEHUA HENPEACKa3yeMyO COCTABAAIOLLYIO.

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 BpeMEHMU, NMYCTb N BEPOATHOCTHO.



Henpepckasyemas coCTaBAsoOLLAA HE 03HAYaeT OTCYTCTBUA NPUYUHHO-CNEACTBEHHbIX CBSA3EM; 3TO
NPOCTO 0O3HAYaET YTO NPUYMHHO-CEACTBEHHbIE CBA3U NYBOKO CNpATaHbl OT COOTBETCTBYHOLLENO
NOPOXKAEHHOIO NPOCTPAHCTBA-BpeMeHU-MaTepun. Ha AaHHbIA MOMEHT, MHE HEM3BECTHO HUKAKMX
3KCMNePMMEHTA/IbHbIX PE3Y/IbTAaTOB KOTOPbIE MOKA3bIBAOT CYLLECTBOBAHNE HEMpPEACKa3yeMbIX ABAEHUI B
Hawei BceneHHo. MNo3TomMy BNOAHE BO3MOXKHO YTO HEMpeaCcKasyemMan COCTaB/AOLLLas BCErAa TOYHO
paBHa Hy0 B0 ee BO3AENCTBME CYLLECTBEHHO NIMLLIb HAa KOCMOJIOTMYECKMX 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 onpeaeneHne aIeMeHTapHoM YacTmubl. Ha ocHOBe Toro 4to 6bi/10
HanMcaHo Bblllie, USMEHEHHOEe onpeaeneHue:

SnemMeHMapHAs Yyacmuya — 3mo MaKkaa Yacmeo Pa3soXeHUsA CKAAAPHOo20 noaa MemasceneHHol Ha
oPoXHOeHHOM NpocmpaHcmeae, Komopas cmabusbHa o KpaliHeli Mepe Kakoe-mo nopoxcdeHHoe
spems, umeem npubausumensHsili UHBAPUAHM 0715 MOBOPOMO8, 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 BbllWe, MHBAPUAHT A0/KEH ObITb TOUHbIM. C APYro CTOPOHbI, HEMOHATHO KaK B MOAEN CO
cKanapHbim nonem MMBM-Teopum NOCTPOUTb TaKOM MHBAPUAHT. BbIrnaanT Kak BHyTpeHHee
npotusopeune. B yactn no CTO 6yaeT NOKa3aHo, YTO C OAHOM CTOPOHbI MHBAPUAHT ABAAETCA TOYHbIM, C
OPYroi CTOPOHbI OH }Ke MPY 3TOM ABAAETCA NPUBAUIUTENbHbBIM.

MoKeT NoKa3aTbCA YTO MHBAPUAHT AO0/XKEH ObiTb TOYHbIM @ HE NPUBIMKEHHbIM. B COOTBETCTBUM C
Teopemol HeTep, HenpepbIBHbIE CUMMETPUN BeAYyT K 3aKOHaM COXpaHeHusa. Ecan nHeapuaHT ana
NOBOPOTOB HETOYEH, 3STO MOYKET BECTU K HAPYLLUEHNIO HEKOTOPbIX 3aKOHOB COXPAHEHMA, @ UMEHHO
3aKOHa COXpaHeHUs MOMeHTa umnybca. MNo3sxe, B Yact 06 CTO, byaeT NoKaszaHo, YTO HETOYHbIN
WHBapMaHT HeobsA3aTe/IbHO BEAET K HapyLUEHMIO 3aKOHOB COXPAHEHMA, €0 MOYKHO NOCTPOUTb TaK YTO
OH ByZeT BOCNPUHUMATBLCA KaK TOUHbIN.

,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 6bis10 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, ANCKPETHOE NPOCTPAHCTBO CKOpOCTei

Ha ,D,aHHbIﬁ MOMEHT BCE 3KCNeEPUMEHTA/IbHbIE AaHHbIE MOKA3bIBAOT OTCYTCTBMUE ANCKPETHOCTHU, YTO
O3Ha4a€eT 4YTO BapUnaHT #1 onucbiBaer Hawy BCEI’]EHHYI’O.

MOUCK NPOCTPaHCTBA-BPEMEHM Ha 3TOM HE 3aKaHUYMBAETCA, TaK KaK MMeeTca PAf, He peLleHHbIX
BOMpPOCOB. K NpoAo/IKeHMIO NOVCKa A BEPHYCb Aanee B CTaTbe, CHayala pacCMOTPIO PAS, APYruX
BOMPOCOB.

B3aumogeiicTBHEe NPOLLJIOro, HACTOAIErO0 U OyAyIero

CornacHo MMBM-Teopuu, Mbl }uBem B 6e3spemeHHo MeTaBcesieHHOW. Bpems B Hawen BceneHHol
ABNSAETCA NOPOXKAEHHbIM ABNeHMeM. CKanapHoe none MeTaBcesieHHON He MEHAETCA Mo NPUYnHe
OTCYTCTBMA BpemeHU. B MeTaBceieHHOM HeT BblAE/IEHHOTO Hanpas/eHUs, YPaBHEHWUA NOAA He 3aBUCAT
OT HanpaB/ieHMA.

IT0 03HayaeT yTo NtobaA ToUKa NPUHAANENKALLAA NPOLLIOMY UKW HAcTOALLEeMY B3aUMOENCTBYeT C
6yaylwmm. Tak:Ke, 3TO 03Ha4aeT YTo byayliee B3aMMOAENCTBYET C NPOLW/bIM M HacToALMM. MOCKO/IbKY
MerTaBceneHHas 6e3spemeHHasn, 3TO TaKkKe 03HaYyaeT YTo NPOLLIOE HEBO3MOMHO U3MeHUTb. MalumHa
BpPEeMEeHMU, C TOUYKM 3peHmMsa HabntogaTena KoTopblid NPUHAANEKMUT K NOPOXKAEHHOMY NPOCTPAHCTBY-
BpEMEHM, HeBO3MOXKHA. O4HAKO 3TO He 3anpeLlaeT NoJIHOCTbIO MalUHY BpemeHu. Ecan nmeetca
NPOLLeCC KOTOPbIN MO3BOAAET KAKMM-TO MUPOBbLIM IMHUAM UATU B CBOE NPOLLAOE, Hanpumep bbiTb
3aMKHYTbIMK, TO C TOUYKU 3peHns HabaoaaTeNss KOTOPbIN He NPUHAANENKUT K TAKUM NTUHUAM — HUYETO He
MOXeT MATU B npoLusoe. bonee getanbHo 370 byaeT NpoaHaAN3UPOBAHO B YacTu rae byaet
paccMaTpuBaTbCA CreuunanbHas TEOPUSA OTHOCUMTE/IbHOCTMH.

JTtobble cocToAHUSA 06BEKTOB B HaCTOoALWEM yXKe OKasanu BOBAEVICTBME Ha npowsnoe, HeBO3MOXKHO
caenatb COCTOAHUA 06bEKTOB HECOBMECTUMbIMU C npownbIm. Jtobas nonbITKa NOMEHSATL npowsioe He
npmneeaeT HU K KaKUM U3MEeHEHUAM NPOLWIoro. anl-IVIHa 3aK/Il04aeTCA B TOM YTO 3TU NONbITKU yXKe
Y4YTeHbl B NpOWOM, AaXe A0 TOro Kak Mbl pelnain nx caenatb.

IloTeps uHpOpMaL MU O MPOLILIOM
Mpowwnoe — 3To BCE Te COBLITUA YTO Y3Ke MPOM3OLLN.

MoryT 1 cobbITUA, KOTOPbIE Y}Ke NPOU30LLAN, USMEHUTLCA?

3TO BO3MOMKHO, ECAN HEMpeACcKasyemMasn 4acTb QYHKLMM CONOCTaBAEHUA OT/IMYHA OT HyAsA. B aTom
cNyyae, C pacctoaHuem, byaeT HakanAMBaTbCA BKAAL OT Henpeackasyemol cocTasasatowent. MpuunHHo-
CNeACTBEHHbIE CBA3M B 3TOM C/lydae ByayT MeHATbCA CO BpeMeHeMm. B 3ToM ciyyae, BO3MOMKHO YTO B
O4HOW M TOM XKe cMCTEME OTCYETa, B TOYKAX PasAe/IeHHbIX MOPOXKAEHHbIM BpemeHeMm, cobbITMA B 0bLiem
NPOLLIOM MOTYT BbIFAAETb MO Pa3HOMY.

3TO MOKeT 6bITb UHTEPNPETUPOBAHO KaK noTepa MHGOPMALLMM O MPOLLIOM.

Al Nnpegnonarato YTo HemnpeacKasyemas YacTb MOMKET ObITb CYLLECTBEHHO HEHY/IEBOM TOJIbKO TaM rae
bopMMpPYIOTCA U 3aBEPLLIAIOTCA Kakne-1Mbo MUPOBbIE IMHMU. Takoe NoBeAeHne MUPOBbIX TNHUIA
MOXHO npeAanoaratb 86,131 rpaBUTaLMOHHBIX CUHTYAAPHOCTEN, BOSMOXHO rae-To ewe. Moatomy
noteps MHGOPMaLLMM O NPOLLIOM MOXKET HbITb HEAOCTYNHOW 1A HabNOAEHNA B HOPMAbHbIX
yC/0BUAX.



Heobxoammo pewntb ypasHeHusa MMNBM-Teopun ana Toro 4tobbl CymeTb ONUCaTb Takne NpoLLeccsbl, 1
Y3HaTb CYLLECTBYIOT /1 OHW.

Ona toro yTO6bI ONKCHIBATDL npoAB/ieHNA HenpeacKkasyemMbliX ﬂBﬂeHMﬁ, €CJ/I1 OHU CYLLEeCTBYIOT, A
,D,O6aB!'I}O HOBOE onpegeneHune:

Mepuod noaypacnada npu4uUHHOCMU — 3MO MPOMENCYMOK 8peEMEHU 30 KOMOopbIli N0aA08UHA NPUYUHHO-
cnedcmeeHHbIx ceAaseli, cylecmesyouux 8 Havyane, He byoym cyujecmeosams 8 KOHUE MpoMeXymKa
8pemMeHU npu O0aHHOU CKOpOCMU HapyWeHUs NMpuUYUHHO-C1e0CMeBeHHbIX cesa3el.

3710 onpeaeneHne AOBOJILHO PACNAbIBYATO. HET TOYHOro onpeaeneHma YTo Takoe NPUYNHHO-
CNneacTBeHHAsA CBA3b U KaK 3T CBA3M cuMTaTh. [103TOMY 3TO onpeaenieHne HyXAaeTcA B y/y4lleHn B
npouecce ganbHenwero passutua MMBM-Teopun.

Hanuuwy ypaBHeHWe a8 BpeMeHu noaypacnaga npuYnHHoOCTU:

NV, t)

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

30ech T 4y — NEPUOA NONYPACNafa NPUHNHHOCTY B MOMEHT BpemeHU t, N — Kon4ecTBo NPUUNHHO-
CNeACTBEHHbIX CBA3EM B MOMEHT BpemeHH t B KakoW-To obnactn V, dN (V, t)/dt nokasbiBaeT Kak
6bICTPO TepaoTCcA NPUYUHHO-CEACTBEHHbIE CBA3U B MOMEHT BpeMeHU t. B 3TOM ypaBHEHMM HYKHO KaK-
TO YYecTb C/y4au Koraa NpUYMHHO-CNeACTBEHHbIE CBA3UN NepexoaaT 13 BblaeeHHoro obbema
NMOPOKAEHHOTO MPOCTPAHCTBA B coceagHne 06beMbl, M NPUXOA CBA3EM CHapYXU. [lymato 3Tn npobaembl
MOTYT ObITb pPeLleHbl B NpoLecce AasbHENLEro passuTus.

CywecTByeT M noTeps MHGOPMaLMM O NPOLLIOM B HOPMasbHbIX YCA0BUAX 3emMan? MHbIMM CNoBamK,
HaCKO/1IbKO TOYHO MOXHO NpeAcKasaTb COCTOAHME CUCTEMbI, HAXOZALLENCA B TUNNYHbIX 3€MHbIX
YC/OBMAX, Ha OCHOBE €€ COCTOAHWA U COCTOSHUA BCETO €€ OKPYKEHUA?

[ns Toro uTo6bl NONPO6OBATL OTBETUTH HA 3TOT BOMPOC, MOXKHO BCMOMHWTL YTO 3aKOH COXPaHeHUs
3HepruM ocHoBaH Ha Teopeme HeTep M 04HOPOAHOCTM BPEMEHM.

HabnogatenbHble AaHHbIE NOKa3bIBAOT YTO HA KOCMOOTMYECKUX BPEMEHAX SHEPTUA BUANMON
MaTepum He coxpaHaeTca. 1A peweHnn B TOM Yncae 3Tol Npobaembl, UMeeTcA KOHUENUMUA TEMHOM
3HEepPrmMm, KoTopaa OTBETCTBEHHA 33 YCKOPEHHOEe pacwmnpeHune BeceneHHoi. JobaBneHne TeMmHoOM
3HEprumn No3BOIAET COXPAaHUTb OAHOPOAHOCTL BPEMEHW.

B pamkax npeanaraemolt TEopuUn NOPOXKAEHHOTO NPOCTPAHCTBA-BPeMEHN-MATEPUU BO3MOXKHO
anbTepHaTMBHOE 06bACHEHME TOro OTKyAa 6epeTca aHeprua Ans Habl4aeMoro YCKOPEHHOTO
pacwupeHus BceneHHol. ECan NpesnonoXKuTb YTO B ypaBHEHUAX UMEETCA HEeHy1eBas
HenpeacKasyemas 4acTb, TO 3TO BeAET K TOMY, YTO cUCTeMa nepecTtaHeT 6biTb CUMMETPUYHOWM No
OTHOLLEHMIO K NepeHocy Bo BpemeHU. Kak pesynbTaT, NoABMTCA HapyLleHWe 3aKoHa CoXpaHeHun
3Hepruun. [ns Toro Ytobbl pe3yibTaT 3TOro HapyLWeHUs coBnazasn c HabalaeHNaMKU, He0HXoANMO UTObbI
cpepHee BO34eNCTBUE 3TOr0 HapyLweHUs Bbl10 He HYNEeBbIM U BEJO K HY>KHOMY pe3y/bTaTy.

Jymato 4TO MOXKHO I'IOI'|p06OBaTb OLEeHUTb cpeaHee 3HavyeHne Henpep,CKa3yeM0i/'1 4aCTuU, HO OCTaBAAIO
3TO Ha 6yp,yu.|,ee. MNoka uTo pPe3ysibTaToOm 3TOM YacTU CTaTbM AIBAAETCA TO YTO YpaBHEHUA 3TOM Teopuun
MOTyT COAEepPHaTb KaKyO-TO HENPeACKasyemyto 4acCTb. HanomHto ewe pa3, 4To HenpeacCKadyemaa 4acCtb
Henpeagckasyema TOJ/IbKO C TOYKU 3peHunA MHd)OpMaLI,MM MMeI'OUJ,EﬁCH B KAKON-TO MOMEHT BpemeHu. C
TOYKHU 3pEHUNA MeTaBceneHHom, HenpeacKkasyemMoCTU HeT.



Pa3ioxxeHue CKAJIAPHOTIO MMOJIA M 3JICEMEHTAPHBbIC YadCTHUIbI

B oHOWM M3 yacTeit Bbile, A YNTOMWHAN, YTO BCe 06BbEKTbI B MOPOXKAEHHOM NPOCTPaHCTBEe-BpEMEHU 3TO
KaKune-To pasfoXeHnA CKanapHoro nosa MeTaBceNeHHOM Ha rmnepnoBepxHOCTU NpeacTaBastowei
MOPOXKAEHHOE NPOCTPAHCTBA. Bblille TaK ke 6blJ10 ONMCaHO TO K KaKUM pe3synbTaTam OHO A0NXHO
npueoAmnTb. C y4eToM BCero HanMcaHHOro, 0OCTaHOB/IOCh Ha Pa3/IoXKeHUN CKanapHoro nonsa 6onee
AeTanbHo.

[ns Hayana, MMeeTcs KakaAa-To rMneprnoBEPXHOCTb L, M B KaXKA0M TOUYKe Ha 3TOM rmneprnoBepxXHOCTH
CKanspHoe nosne MeTaBceNieHHOM MMeeT KaKoe-To 3HadYeHue. Al npeanonarato, YTo BKAag 04HOM
3/1eMEHTAPHOM YaCTULbl MOXHO NPeACTaBMUTb KaK YaCTb HEKOTOPOrO Pa3/I0XKEeHUA NosA Ha NOBEPXHOCTU
L:

u(L,?) = Y= uwi (L7 7 —1) (1)

B 3TOM ypaBHeHUM w; — 370 i-af GyHKLMA N0 KOTOPOW MAET PasNoKeHue, U; -KaKoN-TO MHOXMUTeNb,
u(L,7) — 3T0 3HaYeHMe KOTOPOEe AaeT 3Ta CYMMa B TOUKe 7, NpUHaAnexallei noBepxHocTm L, ¥ u 7,
BeKTOpa B MeTaBCceneHHOIA, T;, — TOYKa Ha NOBEPXHOCTM L N0 OTHOLIEHMIO K KOTOPOM pasfoxeHune ans
AAaHHOI YacTULpbl Hanbonee CUMMETPUYHO. [lnA TOro 4Tobbl HaMTK PacCTOAHME MeXdy TOUKaMU 7 U T,
MO NOBEPXHOCTM L, HY}KHO TaKKe MCNob30BaTb PYHKLMIO L.

HY»KHO N1 B 3TOM ypaBHEHUM CYMMMPOBATb OT MUHYC A0 NAOC 6€CKOHEUYHOCTH?

[obasneHne orpaHMYEeHNA Ha 3HaYeHMA | 03HAYaEeT HaIOXKeHUe OrpaHUYEeHNn Ha pa3mep BOJTHbI ANSA
yactuu. O4HO TaKoe orpaHMYeHne BUAHO — 3TO NAAaHKOBCKasA aHeprus. [1s COOTBETCTBYIOLEN el A/INHBI
BOJIHbl HEBO3MOXHO NOCTPOUTb MHBAPUAHT K MOBOPOTaM NPOCTPaHCTBa-BpemeHn. Tem cambim,
NoABAAETCA OrpaHMYeHne Ha BO3MOXHble 3HaveHuA i. OrpaHuYeHne c APYroi CTOPOHbI, Ha
MaKCUMa/IbHYIO A/IMHY BOJIHbI, BbIFIAAUT HE CTO/Ib O4eBUAHbIM. MOXHO CKa3aTb YTO BPAA, /1M eCTb
CMbIC/1 B PAaCCMOTPEHUU AANH BOJIH Boblie Yem pasmep BceneHHOM, 1 U3 3TOro BO3HMKAET ellle 0AHO
OrpaHMYeHMe Ha BO3MOMKHble 3HauYeHua i. 1 Aymato YTO MaKCMMaJibHbI pasmep BOIH MOKHO elle
60/1bllie OrpaHUUYNTb, HO NOKa HEMOHATHO KaK. EC/K NpeAnofioXuTb, YTo XapakTepHas AanHa gns
bYHKUMM W; 3aBUCUT OT i, TO 3TO 03Ha4YaeT OrpaHUYEHUA Ha MUHUMA/IbHOE Y MAaKCUMa/lbHOE 3HaUYeHue
i. Ona Tex GyHKUMIA Wy, rAe 3aBUCUMOCTb AJ/IMHbI XapaKTePHOM BOJTHbI MOKET U YBEIMYMBATLCA U
YMEHbLLIATCA C POCTOM i, 3TO O3HaYaeT UCKAOYEHNE AMana3oHOB 3HAYeHWI [ rae XxapaKTepHble ANHbI
BOJIH QYHKLUMM W; HE YKNALbIBAIOTCA B ONMUCAHHBbIN Bbile A4Mana3oH.

Tem cambiM, HYKHO M3MEHUTb B YPaBHEHWUU Bbille CyMMMUPOBaHMeE No i Ha CyMmnpoBaHue oT iMin ao
iMax. B ypaBHEHUAX HUXKE A 418 KPaTKOCTU B OCHOBHOM ByAy nMcaTb YTO CYMMMPOBaHMeE UAeT no i, 6es
YNOMUHAHMA rPaHUL, CYMMUPOBaHKS.

TaK Kak A npegnonarato, 4to d)yHKLJ,VIFI CKanAapHOro nonAa MeTaBceneHHoM He umeeT BblAeNEeHHbIX
HaI'IpaBHEHMﬁ, TO B CNy4vae NA0OCKOM noBepxHocTH L ana sblaeneHun OAHOVI 4acCTuUbl B Pa3zioXKeHUU
nonAa AOoNXHa CywecrtBoBaTb TOYKA, MO OTHOLWEHUIO K KOTOpOﬁ 3TO pPa3iIoXKeHne CUMMETPUYHO. Ana
C/Qydan, Korga noBepxHOCTb N30rHYTa, CUMMETPUA B Pa3/10XKEHUN UCHE3AET, HO MOXHO roBOpPUTb NPO
TOYKY rge pasnoxeHue 6unXKe BCcero K cummetpun. na cayyaa NAOCKOWM NnoBEepPXHOCTU, Koraa
pa3noxeHne CUMMETPUYHO U HE 3aBUCUT OT HalnpaBaeHUA, U3 YpaBHEHUA UCHE3AET 3aBUCUMOCTb OT n
oCTaeTca 3aBUCUMOCTb OT 7 — T_u)I

u(L,7) = YXiuw;(L, 7 —7,) (2)



Tak:Ke, 6asunc pas3nokeHus, GYHKLUM W;, MOTYT Pa3NMyaTbCa ANA PasHbIX TUNOB YacTul. O6o3Havy Tmn
YacTUUbI KaK p, TeM caMbiM 6a3MC pPasNoXKeHna A5 YacTULbl TUNa p ByAeT MHOXKECTBO BCeX QyHKUMIM
Wip. TEM CamMbiM BKNaA, B CKaNApHOE NoJe OT 4acTuLpl TMNa p:

uy (L, 7) = Yuiwiyy (L7, 7 — 1) (3)

B o4HOM M TOW e TOYKe MOryT 6bITb HEHY/IEBbIE YAaCTU OT PA3/0XKEHNIM Pa3HbIX 3/IeMEHTAPHbIX YacTUL,.
3TO 3HAYMT YTO 3HAYEHME CKANAPHOIO MOJS B KaXKA0M TOYKE A0MKHO ObITb CYMMOWM OT PasHbIX YacTuL,
MJOC BO3MOMKHO KaKas-To YacTb KOTOpasA He NPUBoAUT K GOPMUPOBAHMIO MOPOMKAEHHbIX 31€MEHTaPHbIX
yactuu,:

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

3pech uy (L, ) — 3HayeHue pasnoxkeHus noss ot k-o yacTuubl B TOUKE 7, NpUHaaNesKalei
nosepxHocTu L, f () — 3HayeHue cKansapHoro nons MeTaBceneHHoM. foy: (') — 4acTb 3HaYeHuA
CKaNApHOro Nnoss Kotopas He NPUBOAUT K GOPMUPOBAHMIO MOPOKAEHHbBIX 31€MEHTAPHbIX YACTUL,.

CymmupoBaHMe MAET NO BCEM 31eMEHTAPHbIM YacTULAM UMEIOLLMMCA Ha TMNepnoBepxHoOCTU L, uto
03Ha4yaeT CyMMMUPOBAHME MO BCEM 3/IEMEHTAPHbIM YacTULLAM MMEIOLMMCA B KAKON-TO MOMEHT BPEMEHMU
B COOTBETCTBYHOLLEN BCENEHHOMN.

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

> > =A k=N. =1 > > —
f(T) = fext(r) + Zg=1 Zk 1p ;:i%%c uikaip(L, nr— Tkp) (5)

38ecb Uiy — KOIOOULMEHT PA3NOXKEHMA NONA 4717 K-O1 YaCTMLbl TUNA P, A — YNC/I0 Pa3HbIX TUMOB
3/1EMEHTAPHbIX YaCTUL, Ty, — TOUKA HaUBONbLIEV CUMMETPUM PA3/IOXKEHUA ANs k-0i YacTULbI TUNA P.
CymmupoBaHue no k uaet, Npu ycnoBUM HaMUUA YacTuL, AaHHOTo TUna, oT 1 ao N, obwero

KO/inyecTBa 4acCTtuL, Tuna p.

MpeAnonoXunm, Ha rmnepnoBepxHOCTU L nmetoTca ABe pas/iMyHble TOYKU. Bo3HMKaeT Bonpoc — Bceraa
I TMNEPNOBEPXHOCTN COOTBETCTBYIOLLME COCTOAHUIO Yepes KaKon-TO OAMHAKOBbIN MOMEHT BPeMeHMU,
6yayT coBnagatb? Ona Toro 4Tobbl OHM COBMAZANN, HYXKHO YTOObI CKOPOCTb BPEMEHM, @ UMEHHO AJIMHA
B MeTaBceneHHOW COOTBETCTBYOLLAA eANHULIE BPEMEHW B AaHHOM ToUKe, coBnagana ana ob6oux Touek.
Ecnun cKOpOCTb BPEMEHM Pa3/IniaeTca, rMnepnoBepxXHOCTUN ToXKe ByayT OTANMYATLCA Mexay coboii.

JonycTrm, 4To Ha rMNepnoBEPXHOCTU L eCTb TPM TOUKM M PacCTOAHME NO FTMNeprnoBePXHOCTU MeXAY
nepBoit U BTOPON TOYKaMM PaBHO PACCTOAHMIO MO r’MNEepPnoBEPXHOCTU MeXKAY BTOPOMN 1 TPETbEeN.
CnefyeT N U3 3TOrO, YTO PACCTOAHME B NMOPOXKAEHHOM NPOCTPAHCTBE MEXKAY STUMM TOUKAMM TaKKe
byneT ogMHakoBo? He BUAHO Novemy 3TO A0/KHO 6bITb TaK. HO TOraa 3To 3HAUYUT UTO B PA3/IOKEHUE
HYYKHO BHECTU M3MEHEHMUA.

Tam rge anvHa B MeTaBceieHHOW, COOTBETCTBYIOLLAA eAMHULE A/IMHbI B MOPOXKAEHHOM NPOCTPAHCTBE,
60/blle YEeM B APYrOM MecTe, TO U GYHKLUM W; [OKHbI 3TO YUUTbIBATb. ITO 3HAUMT, YTO PacCToAHME
MeXay 7 U T,, AOMKHO COOTBETCTBOBATb PACCTOAHMIO MEXKAY STUMM TOYKAMU B MOPOXKAEHHOM
NPOCTPaHCTBE, @ He B NPOCTPaHCTBe MeTaBceneHHoMn. Kpome Toro, Ao/1KHA 6bITb 3aBUCUMOCTb OT
CKOPOCTM BPEMEHM U, B TOUKe 7. TaK KaK Npu pasHbIX CKOPOCTAX BPEMEHM B pa3HbIx 061acTax, 4
AOCTUXEHMA 0QHOTO M TOro e 3dpdeKTa amnanTyaa MOXKET Pa3AnNdaTbCs.

Nob6asneHune 3aBUCUMOCTH OT U, (T') NPUMBOAUT K YPaBHEHMIO



wy (L, 7) = Xy uwip (L, 7, 00 (), L(F — 1), €) (6)

Fpe l(7 — 7o) — 370 GyHKLMA BO3BPALLAIOLLANA PACCTOAHME MEXAY ABYMA TOYKAMU T U T;, B
COOTBETCTBYIOLL,EM MOPOXKAEHHOM NPOCTPAHCTBE, C — MAaKCMMA/IbHasA CKOPOCTb ABUMKEHUA YacTUL,

34eCb MOMET BO3HUKHYTb BOMPOC O TOM, KaK B TaKOM NOAX0Ae A0CTUIaeTca SIOKabHOCTb U MoYemy B
ypaBHeHWe 6 fobaBaeHa 3aBUCMMOCTb OT MaKCUMaslbHOM CKOPOCTU ABUMKEHMA YacTul, €. JIOKanbHOCTb
MOXHO 06eCcneynTb ecam cunTaTh YTO 7;, COOTBETCTBYET NEpeceyeHnio MMPOBON NHUK,
COOTBETCTBYIOLLEN HY/1IEBOMN CKOPOCTU, U TMNEPNOBEPXHOCTU L, Npuyem aTa IMHUA NPOXOAMUT Yepes TOUKY
HanbosblUEe CUMMETPUM YaCTULLbI B MOMEHT BPEMEHM Ha

At = I(F =) /c (6.1)

paHbLlle. 34ecb C MaKCMMaNbHaA CKOPOCTb ABUMKEHUSA YacTul, ANA Hawel BceneHHoOM cooTBeTCTBYET
CKOpPOCTU cBeTa. EC/IM BO3MOXKHbI BceNleHHble 6e3 orpaHnyYeHmna Ha MaKCMMabHYI CKOPOCTb, TO 3TO
COOTBETCTBYET DECKOHEYHOM MakcumanbHom ckopocth n At = 0. OTmeuy, YTO eCu ecTb MaKCMMabHanA
CKOPOCTb ABUMEHMA YacCTULL, TO OHa A0JXKHa 6bITh 0ANMHAKOBA BO BCEX CUCTEMaX OTcUeTa, TaK KaK Bce
cuctembl oTcyeta B MMBM-Teopum paBHOMpPaBHbI, HET BblAE/N€HHOM CUCTEMbI OTCHETA. ITO 3HAUUT, YTO B
ypaBHeHUe 6 HY»KHO A06aBUTb 3aBUCMMOCTb OT MAaKCMMaibHOM CKOPOCTY C.

Tem cambim 3HAYEHME CKaJIAPHOIO NOA B TOYKe 7

= = =A k=N (=1 - — - —
f(r) = fext(r) + Z£=1 Zk=1p ::;%%C uikaip (L' r, vt(r)l l(r - rkp)l C) (7)
34ecb ﬁp’ yAoBneTBopAeT ypaBHeHuio 6.1.

C yem cBA3aHa GyHKLMA paccToAHMA? MpKn yBENUYEHUN eANHULDI ONHbI, 3PPEKT OT COOTBETCTBYIOLLMX
GYHKUMIA Wiy, [OMIbLLIE HAKAMN/IMBAETCA. 3TO O3HAYAET, YTO AMNANTYAA Uik, STOM GYHKLMM MO3KET BbiTb
MeHbLe. Tak Kak apdeKT fonblie HaKanIMBaAETCA, 3TO 3HAYUT eLLe 1 YTO QYHKLMA PAcCTOAHUSA CBS3aHa C
dYHKLMEN CKOPOCTU BPEMEHW. ITO 3HAYUT YTO LOJ/IKEH CYLLECTBOBATb KaKOM-TO MHBAPUAHT,
CBA3bIBAOLWMI MeXKAy cOO0MN PYHKLMIO AMHBI U GYHKLMIO CKOPOCTU BpemeHU. O603Hauy ero Kak h:

h(l,v;) = const (8)
CBA3aH /M 3TOT MHBAPMaHT KaK-TMb0 CO CKOPOCTbIO CBETa, MOKa HEMOHATHO.

I3TW ypaBHEHMA ellle He OKOHYaTenbHble. [anee B cTaTbe B HUX ByAyT caenaHbl USMEHEHMS, CBA3aHHbIE C
KOCMOI0TUEN.

Tenepb ctoaa HY»KHO A06aBUTb eLe U MHOFOKPATHO YNOMSAHYTYI0 GpYHKLMIO conocTaBaeHUs. OyHKLMA
COMOCTaB/IEHMA HAa OCHOBE COCTOAHMSA B /060 MOMEHT BpeMEHM 4aeT COCTOAHWE Ha nocieaytowme
MOMEHTbI BpemeHu. C y4yeTom ypaBHeHuA 7 1 B NPMBANIKEHUM NNOCKOrO NMOPOXKAEHHOrO NPOCTPaAHCTBA
1 npeHebperan KOHEYHOCTbIO MaKCMMaNbHOWM CKOPOCTU ABUMKEHUA YaCTULL, ONMCbIBAEMON YpaBHEHNEM
6.1, coctoaHue W B Nt06OM MOMEHT BPEMEHM MOXKHO 3aMMCaTb KaK BEKTOP B NMPOCTPAHCTBE COCTOAHWUA,
COCTOALLMI U3 3HAUEHMNIA Uy U Ty ANA BCEX YACTULL B PACCMATPMBaEMOit 061aCTH. ITO 3HAUMT UTO
byHKLMA conocTaBneHus, 06o3Hauy ee U, nepeBoanT BEKTOP COCTOAHUA U3 OLHOIO 3HaYEHWA B 4PYrON
W, B YNOMAHYTOM NPUBANKEHUN NAOCKOTO MOPOMKAEHHOMO NPOCTPAHCTBA U HEPENATUBUCTCKUX SHEPTUIA,
ABNAETCA ONepaTopom:

Y(t+dt) = UP(t) (9)



Takum obpasom, onepatop U nepeBoanT BEKTOP COCTOAHMA B APYrOi BEKTOP COCTOAHMSA, ABAAETCA
JIMHEHbIM ONepPaTopoM.

Cnepytolwmii BO3HUKaKOLWMIN Bonpoc — sBaseTca v onepatop U ogHO3HAYHOM MM MHOTO3HAYHOM
dyHKUMen? Bblwe, Npy onMcaHMm NpoLecca NoucKa NnopoXKAeHHOro NPoCTPaHCTBA-BpeMeHU, bbl1o
YNOMAHYTO YTO MOKHO MbITAaTbCA MCMO/Ib30BATb U MHOrO3HaYHY0 PYHKLIMIO OTOBparkeHMn, KoTopas
O0MKHA coaepyKaTb BEPOATHOCTb KaXKaoro coctoAaHus. C yuetom TpeboBaHMIA NO COXPaHEHULO
MHPoOpMaLUM U C y4ETOM TOro YTO BEPOATHOCTHOE OTOOpaXKeHue BeAeT K noTepe MHbopmaumu, a
Aenato BbiBog uto onepaTtop U MoKeT 6bITb TONIbKO 0AHO3HAYHOW PyHKLMEN. Tem cambim,
HaKNaAblBaeTCcA AOMNOJHUTEIbHOE YCN0BUE NPU NOMCKE NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHN.

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

3pecb P(...) —3To Henpeackasyemas 4acTb, @ TPOETOUME 03HAYaeT Habop HEU3BECTHLIX NAPaMEeTPOB, OT
KOTOPbIX 3Ta GYHKLUMA 3aBUCKT.

Mpu pOXKAEHNN/YHUUTONKEHMM YaCTULL, BEKTOP COCTOAHUI MEHSAET KOIMYECTBO 3/1eMeHTOB. fl AyMato YTo
nepexos NpouCcXoamuT He MTHOBEHHO, MAYT KaKMe-To nepexoaHble npouecchl. [oKa 4To onucaTtb 3Tn
nepexoHble NPoLECcCbl HEBO3MOKHO, A/1A 3TOr0 HY»KHO MCCNea0BaTbh CBOMCTBA GYHKUMM CKaNAPHOTO
nons MeTaBceneHHo.

MeTaBceJsieHHas ¥ NMOPOXKACHHbIEC BCCJICHHBIC

CornacHo MMNBM Teopun, MeTaBceneHHas 3To 6e3BpemMeHHOe NMPOCTPAHCTBO COAEPIKALLEE CKa/IApPHOe
none f(x). dnemeHTapHble YacTULLbl, BDEMS, MPOCTPAHCTBO KOTOPOE Mbl Habatogaem — Bce 3TO
NOPOKAEHHbIE ABNEHMA.

Hawa BceneHHas saBnaeTca YacTblo MeTaBceneHHown.

MeTozbl HaxoXAEHMA NPOCTPaHCTBA-BPEMEHN-MATEPUU, ONUCAHHDIE BbILLE, MOTYyT NPUBECTU K
HAXOMAEHMIO HECKO/IbKMX PAa3/IMYHbIX peweHunid. O6aacTb onpegeneHmns sTux pelleHnii MoxKeT
nepeceKkaTbCcs B NPocTpaHcTBe MeTaBce/IeEHHOM, MOXKET He NepeceKaTbCs, HEKOTOPble PeLIeHUA MOryT
6bITb ONpeaeneHbl HA 0AMHAKOBOM NPOCTPaHCTBe MeTaBceneHHOW. BO3MOXKHO YTO A1 HEKOTOPbIX
obnacteit MeTaBcesieHHOM He onpeaeneHo HUKAKUX pelleHni.

Karkgoe 13 TaKMx peLlleHnit, CorlacHo NOoCTyAaTy 3TON TeOpUM, COOTBETCTBYET CYLLECTBYIOLLEN
BCE/IEHHOM, €C/IN B COOTBETCTBYOLLMUX MOPOXKAEHHbIX BCE/IEHHbIX BO3MOKHA Pa3yMHas KU3Hb.

Hanuwwy HeckonbKo onpeaeneHui:
MynabmueceneHHasA — Mo MHOXeCmaeo 8cex 8cefleHHbIX, onpedeneHHbix 8 MemasceneHHo(.

bnu3Kue scesieHHble — 3Mo 8CesIeHHbIE KOMOopble UMeom repecevyeHus 8 NpocmpaHcmee
MemaesceneHHoU.

BAn3KMe BcesleHHble He 03HaYaloT YTO KOHKPETHas 06/1acTb NPOCTPaHCTBA-BpeMeHU 04HON BCeNeHHOM
nepeceKkaeTca ¢ 0bnacTbio ApYyroi BceneHHoM. MepeceyeHne Morio NPousonT MUAAMapAbl NeT Hasag,
nunu Bnepeg, 1Mbo B meranapceKkax oT 3To obnacTtu.



JlokanbHO napansesvHblie 8cesneHHble — 3mo 8ce 8ceneHHble Komopble UMerom rnepeceyeHus 8 obaacmu
npocmpaHcmea MemaecesneHHol ¢ 8bl0eneHHOU Yacmbto MpocmMpaHcMea-epemeHu Kakol-mo
acesieHHoU.

JloKanbHO napanaenbHble BCeAEHHbIE He 03HAYAKOT YTO MeXKAY HUMU BO3MOXKHO B3aVIMO,CI,el7lCTBVIe. Ana
B3aMMO,D,EﬁCTBMﬂ mexay BCceneHHbiMmn HEOGXO,EI,MMO, XOTA BO3MOXHO HEAOCTATOYHO, UMETb XOTb KaKune-
TO Koppenaunn mexay ypaBHeHUAMU 3N1eMeHTapPHbIX YaCTUL, NpUHaanexXawmnx K pasHbiMm BCeNeHHbIM.

B3aumooelicmeayroujue napannesbHbie 8ceneHHbie — 8ceneHHsie, Oelicmaus 8 00HOU U3 KOMOopbIX
Mo2ym 8ausime Ha cocmosHue 0pyeoli, u Haobopom.

Ecnv peiicTBune ANA BAMAHUA Ha APYryto BCelieHHyo ByaeT Npon3BoAUTb pasyMHOeE CyLLEeCcTBO, B ApYroi
BCE/IEHHOM NOCNeACTBUA TaKUX AeCTBUIN ByayT BbIrNAAETb KaK cneacTBUA COBCTBEHHbIX GU3NYECKUX
3aKOHOB M ByayT MMETb HE3aBUCUMbIE OT NepPBOI BCeIeHHOW NPUYNHHO-CNEACTBEHHbIE CBA3MN.

He Tak gaBHO, B GaHTAaCTUKe CTan NoNynApeH }KaHp GpaHTe3n ¢ napannenbHbiMn mmpamm. CornacHo
MNMNBM-Teopuu, cywecTBoOBaHWE napannesibHbix 3emeb BO3MOXKHO, eC/in 06/1acTb KOHLLEHTpPaLUMm
MaTepun B Halwel BceneHHOM COOTBETCTBYET KOHLEHTPAUMM MATEPUM KAaKOM-TO APYrON OKaNbHO
napannenbHoOMn BceNIeHHOW. BO3MOXKHO BHE3EMHbIE Pa3yMHbIe CyLLEeCTBa o4eHb 613K, Ha
napannenbHoi 3emne?

CBoMCTBa NPOCTPAHCTBa-BpeMeHHU Halueu BcesreHHOU
NmeeT nn Bpemsa B Hallel BceneHHoM Havano 1 KoHel? CylecTByeT HECKO/IbKO BO3MOXKHbIX BAPNAHTOB,
nepeyYmncnio ux Bce:

Bpemsa Bo BceneHHoOM MmeeT Ha4yano HO He MMeEeT KOHLa.
Bpemsa Bo BceneHHOM MMeeT Hauyano 1 ecTb KOHeL, BPEMEHM.
MpocTpaHCcTBO-BpeMA BO BceneHHOM 3aMKHYTO.

Bpemsa Bo BceneHHoOM He MmeeT Hayana 1 HeT KOoHLa.

vk N e

Bpemsa Bo BceneHHOM He MMeeT Hayana Ho MMeeT KOHel,.
Bce BapunaHTbI € 6ecKoHeYHbIM BpemMeHeM 03Ha4atoT 6ecKoHe4YHOoCTb NPOCTPAHCTBA MeTaBceneHHoM.

CoBpeMeHHble aCTPOHOMMYECKME AaHHbIe NMOKa3bIBalOT YTO BPEMA B Hallel BceneHHON nmeeT Havano.
3To oTHpacbiBaeT BCce BapMaHTbl Kpome 1 1 2.

CooTBETCTBEHHO, B Hayase, 40 NOSB/NEHUA BPEMEHM ObINIO (M NO NpeXKHeMy CyLLecTByeT B
MeTaBceNneHHOM, XOTA U JANEKO OT HAC) HEKOTOPOE COCTOAHME r4e UCNOb30BaHME TaKoM Ke PYHKLMM
COMOCTaB/IEHUA KaK U celtyac 6bl10 HEBO3MOXKHO. 3aTem, B KaKol-To obiiactu MeTaBcesieHHOM,
Havanacb pasa popmmrpoBaHMA Hallen BceneHHOM, B KOHLLE KOTOPOM NOABUIOCH HaLle NPOCTPAHCTBO-
Bpema U MaTepua. HeBO3MOKHO CKa3aTb CKOJ/IbKO BPEMEHM 3aHsA 3TOT NPOLECC, TaK KaKk Camo Bpems B
3TOM ¢ase HaxoAMNOCh B cTaanmn popmnpoBaHus. JanscHenwee passutue MNMNBM-Teopun 4oMKHO
NO3BO/IUTb M3Y4YUTb AEeTasibHO cTaanio GopmupoBaHma BceneHHOM 1 faxke NocmoTpeTb YTo 6b110 A0
BonbLworo B3pbiBa, Koraa He 66110 HM BPeMeHM HU NPOCTPAHCTBA.

3aBepuieHne dpasbl GOPMUPOBAHUA He 03HaYaeT NpekpalleHna GopMUPOBaHUA HOBOrO NPOCTPAHCTBA U
MmaTtepum. PopmurpoBaHMe No NPeRHEMY BO3MOXKHO W, MO KpailHe mepe A5 NPOCTPaHCTBa,
NPOMCXOANT, ONMCAHO Aasiee B CTaTbe B YaCTM O KOCMOJIOTUK U FPaBUTaLLMK.



Bces1ieHHas
B aTOM YacTn, A onully Kak Hawa BceneHHada BbIrnaguT ¢ To4KK 3peHus MMNBM-Teopuu.

MbI Haxogumca B 6e3BpemeHHoM MeTaBcesieHHoW. MeTaBcesieHHas UMEET CKassipHoe noJsie
onpeaeneHHoe Ha BCEM NpocTpaHcTBe MeTaBceneHHoM, NpocTpaHcTBO MeTaBceneHHol eBKAMA0BO.
YpaBHeHMe CKasIAPHOro noJsia Besae oanHakoBo. Halwa BceneHHas cywectsyeT B MeTaBcenieHHOM,
cbopmmnpoBaHa Ha OCHOBE OAHOIO M3 BapMaHTOB POPMUPOBAHUA NPOCTPAHCTBA-BPEMEHN N METOL,0B
ONA KBAHTOBAHWA, OMUCAHHbIX BbiLLE.

PyHKUMA CONOCTaBNEHUSA A0KHA HE UMETb 3aMeTHOW HenpeacKkasyemol CoCTaBAAoWeEN Ha BCem
[OCTYMHOM A/18 U3yYeHUA AManasoHe IHepPruit YacTul, U 3Ha4YeHMN rpaBmUTaLMOHHOro nosas. Kak
pes3ynbTaT, 3TO 03HAa4YaeT BO3MOXKHOCTb OMMUCbIBaTb CBOMCTBA YacTuUL, M UX B3aUMOAENCTBUS,
OCHOBbIBaACb HAa COCTOAHMAX.

MopoXaeHHOE NPOCTPAHCTBO-BPEeMSA MOXKET BbITb UCKPUB/IEHHbIM. B 3TOM c/lyyae, nosBaseTca
rpasutaumaA. NMpu aTom rpaBuUTaLMa He MeHaeT GYHKLMIO CONOCTaBeHMA ANs YacTuu,. MpasuTaumsa
obecneymBaeT 0AMHAKOBOCTb GYHKLMM CONOCTABAEHUA TaM rae GyHKLMA CONOCTaBAeHUA MHaYe bbina
6bl He NpMMeHUMa. MopoXKAEHHOE NPOCTPAHCTBO-BPEMA UCKPUBIAETCA TaK YTO6bl QYHKLMSA
conocTtasfieHnsa 6bina HEM3MEHHOM.

B TOXKe Bpems, N KBaHTOBaA MexaHMKa 1 06LLaa OTHOCUTENbHOCTb, cornacHo MMNBM-Teopuu, sBastoTcA
I'IpVI6l1VI3VITe}1beIMVI N UMetoT OrpaHnYeHnAa Ha nx Anana3oH NPUMeHUMOCTMN.

M KBaHTOBaA MexaHMKa u rpaBUTaLmnA ABAAKOTCA NOPOXKAEHHbIMUN ABEHUAMMWN.

BpeMms, NpOoCTPaHCTBO U MaTepUA

MmeeTca HEMano onpeaeneHnini BpemMeHn. Bce n3sectHble MHe onpeae/ieHna roBopAT YTO Bpems
ABNACTCA ABNEHMEM MOJIHOCTbIO HE3aBUCUMMbIM OT HabtoAaTes1ei, M OHO CYLLLECTBYET M B MPUCYTCTBUK
Hab/loaaTenet 1 Toraa Korga Habaoaatenei He cyLlecTsyer.

B MMNBM-Teopun, mbl Haxoanmca B 6e3BpemeHHol MeTaBceneHHOW. BpemeHn B MeTaBcesieHHOM HeT,
Habntogaemoe HamK Bpems SBAETCA NOPOXKAEHHbIM siBfieHWeM. Ho cyuiecTsyeT in Takoe Bpemsa bes
Habntopatenei? bes HabntogaTensa, OHO He MOXKeT bbITb M3MepeHo. bes HabatogaTens, Bpema B
mogenu MNMNBM-Teopun ABnaeTcA BCEro Wb MaTemaTUyeckoi abeTpakumen. Bpemsa n nobble adpdekTbl
B BO3MOXXHOM NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHN HE MOTYT NPOUCXOANTbL Be3 HabatoaaTens.
MOKHO /1M CYMTaATb YTO BO3MOXKHAs NOPOXKAEHHAA BCe/IEHHAA, B KOTOPOI HET HabatoaaTenei,
cywiectsyeT? [TOXo¥Ke YTO 3TOT BONPOC OTHOCUTCA K dunocoduu.

Moe MHeHWe: BceNeHHan He CYLLLeCTBYeT ec/in B Hell HeT HablogaTens Ha BCeM BO3MOXKHOM

NOPOXAEHHOM BpeMeHW. TONbKO pa3yMHOE CyLLEeCTBO MOXKET 6biTb Habntogatenem. Taknum obpasom,
BCE/IEHHAA CYLLECTBYET, TOJIbKO €C/IM B HEl B KAKOW-TO MOMEHT NMOPOKAEHHOTO BpeMeHW NossaseTcs
pasymHas }KM3Hb. be3 HabalaaTens BO3MOXKHaA BCeNIeHHan 0CTaeTca maTeMaTnyeckoi abeTpakumei.

Pa3YMHaﬂ KU3Hb HE MOXET CyLLecTtBOBaTb 6es NMPUYNHHO-CNeACTBEHHDIX csAsel. Ha LI,aHHbIﬁ MOMEHT,
HACKOJ1IbKO A 3HA0, mo4enn paBYMHOﬁ YKU3HU be3 NMPUYNHHO-CNeACTBEHHDIX cBAsel OTCYTCTBYIOT.

C 04HOM TOUKM 3peHUsn, BPeMA 3TO NapameTp 3BOIOLMM YPaBHEHWI, KaK ONUcaHo paHee B cTaTbe. C
APYroi TOYKM 3PEHUS U YUMUTbIBAA HANUCAHHOE Bbille, BPEMA 3TO TaKoe CybbeKTMBHOE ynopaaounsaHme
MHOXECTBa NPOCTPAHCTB-MaTePMIM KOTOPbIV NOAAEPKNBAIOT NPUYUHHOCTb. ITO O3HAYAET YTO



NPOCTPaHCTBO-BPEMSA-MATEPUA ABNAKOTCA CYObEKTUBHbIMM @ HE 06 BEKTUBHbLIMU, OHU 3aBUCAT OT
Habntogatens u He cywectsytoT 6e3 HabatogaTens.

Bpems cybbeKTMBHO NOCKONbKY OHO He cylecTeyeT 6e3 HabnoaaTtens. Kaxabli MOMEHT BpemMeHH!
COAEPKUT pasHoe COCTOAHNE MPOCTPaHCTBAa-MaTepun. Kaxaoe coCcTosiHMe NPoCTPaHCTBa-MaTepmm B
KaKablit MOMEHT BPeMeHM A0/KHO BbITb OCHOBaHO, XOTA 6bl YaCTUYHO, Ha COCTOAHUM NPOCTPAHCTBa-
MaTepuu B NpeablayliMe MOMEHTbI BpeMeH!, ANA NoaaepKaHna NPUUNHHO-CNeACTBEHHbIX CBA3EN.
CocToAHMe NPOCTPaHCTBa-MaTepun B NocaeaytolmMe MOMEHTbI BpeMEHN MOTyT 6bITb He MOAHOCTbIO
OCHOBaHbI Ha COCTOSIHWUM B NpeAblayLine MOMEHTbI BpEMEHU MPU YCI0BUMN YTO OHU NO3BONAIOT
CYLLLeCTBOBATb XOTA 6bl KAKUM-TO NPUYNHHO-CNEACTBEHHbBIM CBA3AM. MPUUMHHO-CNeACTBEHHbIe CBA3U
[AONIXKHbI CyLLLeCTBOBATb A4OCTaTOYHO A0/T0 YTO6bI NO3BOAUTL BO3SHUKHOBEHWME Pa3syMHOM KMU3HKU. UHaue
COOTBETCTBYIOLLAA BCENEeHHan He ByaeT MMeTb Pa3yMHOM KM3HU U, Kak pe3ynbTaT, He byaeT uMmeTb
Habntogatena. ECAu HU B KaKOM MOMEHT NOPOKAEHHOIO NPOCTPaHCTBA-BpeMeHn BcesleHHan He
cogepKuT HabnoaaTens, To Takaa BcesleHHan He CYLecTByeT, OCTaeTca MaTeMaTMUecKoi abeTpakume.

M3 3TOro cnesyeTt, YTO eC/iv 3aKOHbI GU3MKKN COAEPKAT HENPEACKA3YEMYIO YacTb, OHa A0/KHa ObITb
[0CTaTOYHO Masion YTOBbI AONYCTUTL CYLLECTBOBAHME PAa3yMHOM KU3HU. ITO O3HAYaEeT YTo B N1t06OM
BCE/IEHHOWN A0/KHA CYLLEeCTBOBaTb XOTA 6bl 0AHA 0bnacTb NpocTpaHcTBa V, umetowana noaxogsaume
YCNOBUA ANA PAa3BUTMA Pa3yMHOM KU3HU U AN KOTOPOK nepuoa noaypacnaga npuYMHHOCTU 6onblue
YyeM MMHUMAbHbIM Nepuoa noaypacnaga HeobXxoANMbIN A/1A NOSBAEHUA PAa3yMHOMN KU3HU:

EIV, V - SAS ’ Tcaus(V) = Tmin v tbegin <t< tend' tend - tbegin > Tmin (11)

30,ECb T qqys — NEPUOA NONYPACNALA NPUYUHHOCTU, Tpyi, — MMHMMAJIbHBIN NEPMOA Noypacnaja
NPUYUHHOCTU NPU KOTOPOM BO3MOKHO GOPMMPOBAHME U CYLLLECTBOBAHME PAa3yMHOM KU3HW. Takoe
YCNOBUE O0/IXKHO BbIMOAHATLCA B 3TOM 06/1aCTM Ha BCEM MPOMENKYTKE NPOCTPAHCTBA-BPEMEHMU,
OTHOCALLEMCA K GOPMMPOBAHMIO U CYLLECTBOBAHMIO Pa3yMHO U3HU, C MOMEHTa BPEMEHMU tpegin U SO
tend- Ob603HaueHne V' — SAS B 3TOM ypaBHeHMM 0603HaAYaeT YTO NpPoYMe YCI0BUA B ITOM 06beme
[OJIXKHbI MO3BO/IATL NOAB/IEHME PA3YMHOM U3HW, CAMO OCO3HAIOLLUX CTPYKTYP.

C AanbHENWNM pa3BUTMEM ITO TEOPUK, A OXKMAAI0 YTO ypaBHeHMe 11 byaeT gononHeHo Habopom
APYrvX YPaBHEHWUM, KOTOPblE HEOOXOAUMbI AR CYLLLECTBOBAHMUS Pa3yMHOWM KU3HMU.

B 3TOM YacTu cTaTbM Nerko 3ameTuTb YTo MMNBM-Teopusa ocHoBaHa He Ha Ppunocopckom peannsme. ITo
CBA33HO C TEM YTO OAHWM U3 CNEACTBMI 3TON TEOPUM ABNAETCA HEBO3MOXKHOCTb CYLLEeCTBOBAHUA
NPOCTPaHCTBA-BPEMEHM-MATEPUN HE3ABMCMMO OT HaLero co3HaHuA. MpoCcTpaHCTBO-BpeMa-MmaTepums
ABNAIOTCA NPOAYKTOM Hallero cosHaHuaA. Npeanaraemasn Teopusa COAEPHKUT CYLLLHOCTU HE3aBUCKMMbIE OT
Hallero pasyma, a MMeHHO noJie U NPocTpaHcTBO MeTasceneHHoN. bonee TOYHO, CO3HaHWE 3aBUCUT OT
CKanapHoro noss MeTaBceNeHHOoW HO Camo MoJie OT CO3HAHMA HUKAK He 3aBUCHT.

[IIIBM-Teopusi U aHTPONHbIN NPUHLUII

AHTPONHbLIN NPUHUMN 6bIN NpeanoxeH [2][3] Ana 06bACHEHMA C HAYYHOM TOUYKM 3PEHUS, MOYEMY B
Habntogaemoin BceneHHOM MMeeT MecTo psaa, HETPUBMAIbHbIX COOTHOLLEHUIA MeXAY
dyHAAMEHTaNbHbIMU PU3NYECKUMU NapaMeTpaMn, HEOBXOAMMbIX ANA CYLLEeCTBOBaHUA pa3yMHOM
YU3HU. MimetoTcs pasindHble GOPMYINPOBKM; 0BbIYHO BbIAENAIOT Cabblit U CUbHbLIA aHTPOMHbIE
NPUHLMNBI.

BapMaHTOM CMAIbHOIO aHTPOMHOIO NPUMHLMMNA ABAAETCA aHTPOMHbIN NPUHLMIM y4acTua,
chopmynupoBaHHbIi [koHom Yunepom[4]:


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

Habnwdamenu Heobxodumbl O obpemeHus BecenernHol 6bimusi (Observers are necessary
to bring the Universe into being).
B MMNBM-Teopuu, aHTPOMHbIA NPUHLMUN Y4aCTUA ABAAETCA NPAMbIM CNeACTBMEM OCHOBHbIX MNONOXKEHWN
Teopuu.

Ilos1ie MeTaBce/IeHHOM

MeTtasceneHHas B [NMIBM-Teopun He UMeeT BpeMeHU U He COAEPKUT HUKAKUX 3N1eMeHTapHbIX YacTul,.
[MpocTpaHCTBO-BpemMA-MaTePUA ABAAIOTCA NOPOKAEHHbIMU ABNAEeHUAMU. COOTBETCTBEHHO, ANA
CKanApHoro nons MeTaBceNleHHOM OTCYTCTBYIOT YaCTMLbl-NEPEHOCYMKM B3aUMOLENCTBUA. 3HaUeHNe
nosA B KaXKA0M Touke MeTaBcesieHHOM B 3TOM Cay4ae A0/IKHO ONpPesaensATbCA 3HAYEHUAMM NONSA B
coceiHUX TOUKaXx.

YacTuubl B NMMNBM-Teopun ABNAIOTCA NOPOKAEHHBIMW 06bEKTAMM OCHOBAHHbLIMW HA CKaNAPHOM noJie
MeTaBce/leHHOM, U 3HaHWE COCTOAHMA TaKMX YacTUL, HEAOCTAaTOYHO A1A TOro YTobbl NONIHOCTbLIO ONMCaTb
COCTOsIHME CKanApHOro noss. CoCToAHMA aNeMeHTapPHbIX YacTuL, 3TO KO3GPUUMEHTbI Pa3fIoKeHUA Mo
OYHKLMAM A5 4aCTULbI U MHOXKECTBO COCTOSIHMI 3N1€MEHTAPHbIX YacTUL, He NPeAOoCTaBAAT NOHYIO
MHPOPMaLMIO O COCTOAHUM CKaNAPHOro nona MeTaBceseHHOW B COOTBETCTBYIOLLEN 061acTu. TaKkKe 3Tu
cobCcTBEeHHbIE BEKTOPA A0/13KHbI COOTBETCTBOBATb GYHKLMAM Wp; U3 YPaBHEHMA 6.

Mona MeTaBceneHHOM He MeHAEeTCA Co BpemeHem no npnuvnHe OoTCyTCTBUA BPEMEHMU, TAK YTO Kakne-
nmbo nepeHoOCYNKHn B3aMMOAeﬁCTBMH HEBO3MOXHbl. 3TO npMBoAUuT K BbiBOAY YTO 3HA4Ye€HMA NONA B
TOYKeE onpeaenAarTca TONIbKO 3HaYEHNAMM NONA B OKPYKAOLWMNX TOYKAX.

3To NPMBOAUT K crieaytolemMy: ecim B MeTaBceleHHOM ecTb KaKaa-IMbo 3aMKHyTasA MOBEPXHOCTb S,
3HauYeHue NoNA BHYTPU Nt060I TOUKM B 06/1aCTU OKPYKEHHOM 3TON NOBEPXHOCTHIO ONpeaenaAtTCA
TOJIbKO 3HAYEHUAMM NOJA HA 3TOW noBepxHocTh, f(S).

9T0 03HayvaeT yTo cywecTteyeT dyHKUMA g(x, S, f(S)) KOoTopas 0AHO3HAYHO HAXOAMUT 3HaYeHWe
CKanapHoro nosaa MeTaBceneHHOM B TOUYKE X OTHOCALLENCA K 061aCTU OKPY»KEHHOW NOBEPXHOCTLIO S,
rae 3HayeHue nossA Ha nosepxHocTtu aTo f(S):

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

3TO MOKET BECTM K MHTEPECHOMY BbIBOAY: NOAHAA MHGOpMaLma o Bcelt MeTaBceneHHOM 1 Bcex
NOPOXKAEHHbIX BCEIEHHbIX CYLLECTBYET B /10601 061acTn MeTaBceneHHoW. Takoe 3aK/No4eHne MOKeT
6bITb BEPHBIM MPU YCAOBUM T1aAKOCTU GYHKLMM CKAaNApHOro nons MeTaBceneHHoM, BO3MOMKHO
TpebyloTca AONONHUTENbHbIE YCI0BUA.

Hao6sroaenue
OCHOBHbIM UCTOYHMKOM MHPOPMALMKM 06 OKpPY:KatoLLLE HAac AeCTBUTENbHOCTU ABNAETCA HabaoAeHMeE.
Kak onucatb HabatoaeHme ¢ ToUKn 3peHus MMNBM-Teopun?

HabntopgeHne moxeT NpounsBoAnTb TONbKO HabaoaaTens. Ecan coctoaHne W xapakTepusyeT cocToAHMe
CUCTEMbI B KaKOW-TO MOMEHT BPEMEHM, TO ANA ONUCAHWA HAabNOAEHNA U3 ITOrO COCTOAHMUA HYXKHO
BblAENIUTb cocToAHME HabnoaaTens W, M cocToaHme Habntogaemoro obbekta Wy . YunTtbiBas
ypaBHeHue 9, 3To BeZleT K TOMy YTO pe3ynbTaT Hab/loAeHNA ONUCLIBAETCA HEKUM TIMHENHBIM
onepaTopom.



YpaBHenue llIpeaunrepa

ypaBHEHME 9 onucbIBaeT 3BOIOLUM CUCTEMbBI BO BpemMeHU, B YNOMAHYTOM I'IpVI6nM)KeHMl/I. [na Toro
YTOObI 3aKOHbI ¢M3MKM 6b1m BCerga oanHaKoBbl, H606X0,£l,MMa CMMMETPUA onAa casura no BpemeHu. o370
O3Ha4aeT 4YTo onepaTtop U COXpaHAET CKanApHoe nponsseaeHme, To eCtb, OH yHMTaprIﬁ.

Ecnu B ypaBHeHun 9 dt=0, To U = I, rae I eANHUYHBIV onepaTop.

Hanee, npeanonarato, yto ¢pyHkums ¥ anddepeHumpyema, 4To 03Ha4YaeT HEMPEPbLIBHOCTb
npocTpaHcTBa-BpemeHn. CnegoBaTtesibHO, MOXKHO 3anucaTb:

Y(t+dt) = P(t) + d¥(b) (13)
C opyrov CTOpPOHbI,
Y = I¥(1) (14)
Torga
Yt+dt) = I+ dO)P(L) (15)
YpaBHeHWe MOXHO COKpPaTUTb:
d¥(t) = dU ¥Y(b) (16)
nogenus Ha dt:
= YO a7)

du
MpoussoaHas onepatopa —- ABNACTCA TOXKE OMEPaTOPOM, XOTA 1 HeobA3aTeNbHO YHUTAPHbIM.

O603HaumB ero Kak A, nony4ato okoH4YaTenbHoe anddepeHunanbHoe ypaBHEHWE YHUTAPHOW 3BONOLMMU
cUCTEMBI:

% = A¥(b) (18)

To 4TO NOAYYMIOCH d)aKTMLIeCKM u ABNAeTcA ypaBHeHuem LLpeanHrepa, ¢ TOYHOCTbIO 4,0 MHOXUTENA.
HanomH1o, KaK BbIrNAANT HECTaLLMOHapHOe ypaBHeHuWe LpeanHrepa:

ih— = HY (19)

OTmeuy, 4TO NONYYUTb U3 ypaBHeHUA 18 ypaBHeHMe 19 A0BOILHO NPOCTO. [11A 3TOro HY*KHO BCMOMHUTL
YTO YHUTApPHbI ONEpPaToOpP MOXKHO NPeACcTaBUTb Yepe3 3pMUTOB onepaTtop. a8 sapmnToBa onepaTopa
BbINONHAETCA:

U=eH (20)

l'oe U 310 yHUTapHbIN onepatop. Moactasnaa yp 20 8 yp 18, nonyyaeTca, C TOYHOCTbIO 4,0 MHOXKUTENA,
ypaBHeHMe 19. Hannume noctossHHoM MNnaHKa B ypaBHEHUM 19 roBOpPUT O TOM YTO NOCTOAHHAA MaaHKa
KaK-TO cBf3aHa C PYHKLUMAMM PA3NOKEHMA.

HanomHto, 4YTo 3aKOH COXpPaHEeHUs 3IHEPIUK, cornacHo Teopeme HeTep, cneayeTt U3 04HOPOAHOCTH
BpemeHu. B MNMBM-Teopun Bpema ogHOPOAHO, 3TO BUAHO U3 TOFO KaK OHO uweTcAa. CnegosaTesibHo,
ypaBHeHWe 18 A0/KHO CoAep KaTb 3aKOH COXPaHEHUA SHEePrMM U TaM, B KaKOM-To dopme, A0KHO bbITb



onuncaHue 3Hepruun. B ypaBHeHMM 19 sHeprmna onmcbiBaeTca raMmabToHMaHOM H, 1 B Hem BbiNoIHAETCA
3aKOH COXpaHeHMA sHeprum. Tem camblm, 3TO MOMKHO PAacCMATPMBaTb Kak AOMNOAHUTENbHbIM apPryMEHT B
NO/b3y TOro YTO ypaBHeHue 18 n 19 cosnagatoT.

ypaBHEHME LLIpe,u,MHrepa ABNAETCA HEPENATUBUCTCKUM. ypaBHeHme 18 TakKe HEPENATUBUCTCKOE, TaK
KaK He y4YTeHO ypaBHEHUNE 6.1, onpeaenarowiee 3aBUCMMOCTb OT CKOPOCTHK CBETA.

ypaBHEHME LLIpe,u,MHrepa onncbiBaeT Yactuupbl 6e3 cnuHa.

BbIBOA, YpaBHEHMA AN YaCTUL, CO CMMHOM A MOKa OCTaBAAl Ha byayuiee. MNoxoxKe, 4TO 3TO caenaTb
HECJ/IO}KHO, eC/IM NPeAno/oXUTb YTO OZHA YacTULLA MOXKET bbITb NpeacTaBneHa bonee Yyem ogHUM
Habopom byHKUMI pasnoxkeHus. OgmH Habop ana yactuy, 6e3 cnuHa, ABa Habopa ANs YacTumL, co
CAMHOM %2, U T.N.

IIpyHIMN Heonpeae/IeHHOCTH

MpuHumMn HeonpegeneHHocTu eli3eHbepra ABAAETCA OAHUM N3 OCHOBHbIX CBOMCTB KBAaHTOBOM
MexXaHMKN. MoxKeT NoKa3aTbCA YTO NPUHLUMUMN HeonpeaeNeHHOCTU HE COBMECTUM C AeTEPMUHUCTUYECKON
mogaenbto MMNBM-Teopun. B 31O 4acTM cTaTbM, A NOKaXKYy YTO NPUHLMM HEONPELENEHHOCTU He
npoTtusopeuunt MNMMNBM-Teopun.

OnucaHuWe BbIBOAA NPUHLMMIA HEONPEAENEHHOCTM ONMMCAHO BO MHOTMUX Y4eOHUKAX NO KBAaHTOBOM
MexaHuKe. [NaBHOe CBOMCTBO, KOTOPOE BeAET K NPUHLUMNY HEONpeaeNeHHOCTM 3TO BOJIHOBAA GpyHKLUMA
N HEKOMMYTATUBHbIE ONepaTopbl A9 N3MePAEMbIX 3HAYEHWUI, TaKMX KaK MECTONONO0XKEHNE U UMMNYAbC.
A He byay KONMPOBaTb BbIBOA, NPUHLMMNA HEONPEAE/IEHHOCTU, A0CTAaTOMHO OTMETUTL YTo MMNBM-Teopus
COAEePHKUT ypaBHeHMe LLpegmnHrepa, Tak UTO MOXKeT BbITb MCMO/Ib30BaHA BCA MaTeMaThKa KBAHTOBOM
mexaHuKn. Kak pesynbtart, MMMNBM-Teopua npMBoaguT K NpUHLMNY HeonpeaeneHHOCTU HECMOTPA Ha TO
YTO 3TO AeTePMUHUCTUYECKAA Teopus.

MpuHuMn HeonpegeneHHocTn B NMNBM-Teopum sBASETCA NPOABAEHNEM HE KOPMYCKYNAPHbIX CBOMCTB
3/IeMEHTapPHbIX YaCTULL.

IINIBM-Teopus 1 KaIMOPOBOYHbIE TEOPUH
KaﬂM6POBOHHbIe TEOPUU NOKa3an cebn ycnewHbiMn B onNncaHnn d)pr,aMeHTaanle BSaMMOAeﬁCTBMﬁ
M 4acthy, 3a UCKNKOYEHNEM TPaBUTaALNN. CTaHp,apTHaﬂ moaenb ABNAeTCA KanM6pOBOHHOVI Teopmeﬁ.

MNMMNBM-Teopus NO3BONAET CTPOUTb KanMBPOBOYHbIE TEOPUN, TaK KaK OHA COAEPKMUT U BOSIHOBYIO
bYHKUMIO M TaMUABTOHMAH. TeM caMbIM, MOXKHO UCMNO/1b30BaTb BeCb GOPMann3mM KaimbpoBOYHbIX
TEOPUIA, XOTA U C APYron MHTepnpeTaLmei.

CkopocTh cBeTa

[ns Toro utob6bI NOPOXKAEHHAA BCceneHHan obpena bbiTne, cornacHo MNMNBM-Teopun Heob6xoAUMO UTObbI
B Hel bbin HaﬁﬂIOAaTel'lb. Bo3sHuKaert BOMPOC — BO3MOXHO /1IN MOCTPOEHNE TAaKOIo NOPOHKAEHHOIO
NPOCTPaHCTBA-BpPEMEHN, B KOTOpOﬁ He 6b110 bbl OrpaHn4YeHnA Ha MakKCUMMaJibHYHO CKOPOCTb
1IEMEHTAPHbIX 4aCTUL, U B KOTOPOM BO3MOKHa KU3Hb?

A npeanonarato, YTO 3TO HEBO3MOXHO. EC/IN 3TO NpeanonoXeHne BepHo, TO BCe NOPOXKAEHHbIe
BCeNeHHble JO0/1KHbl COAEPHKATb OrpaHNYEeHNE Ha MaKCMMaJIbHYHO CKOPOCTb U, COOTBETCTBEHHO,
cneunanbHyO TEOPUO OTHOCUTE/IBHOCTU. 3HayeHMe MaKCMManbHOM CKOPOCTHN MOXKeT 6bITb Pa3HbiM B
Pa3HbIX NOPOKAEHHbLIX BCENNEHHDbIX.



Ecnun cywecteyeT makCMManbHana CKOPOCTb ABMXKEHUA YacTUL, ANA KaKoM-TO BCGﬂEHHOﬁ, TO OHa AO0/1KHa
6bITb OAMHaKOBOﬁ BO BCeX CMCTemax OTcYyeTa, No NpnU4nHe OTCyTCTBUA BblAGﬂEHHOVI CNCTeMbl oTcyerTa.

Janee, cornacHo cneu,maanoﬁ TEOPUN OTHOCUTENBHOCTUN, MaKCMMaAJIbHaA CKOPOCTb B Hawewn
BceneHHow COOTBETCTBYET CKOPOCTHK CBETA.

3TO 03HAYaeT, YTO CKOPOCTb CBETA AB/MAECTCA NPOU3BOAHOW BEMUYMHOMN U A0/XKHA ONPeaenaTbea
ypaBHEHMEM CKaNApHOro nons MeTaBceneHHOM M MHOXKECTBOM GyHKUMI pasnoxeHusa {w} nons no
NOPOXAEHHOMY MPOCTPAHCTBY U3 yp. 7:

c =c(f,{w}) (21)

[lnA NOACHEHMA NPOMNCXOXKAEHNA CKOPOCTM CBETa MOMHO MOCMOTPETb Ha TUMMYHbIE MaTemMaThYecKne
dyHKUMK. Hanpumep, MoxHO B3aTb dyHKumio f(x,y) = (x — 1)% + (y — 1)?

MpoBecTn Kak-1Mbo OPUEHTUPOBAHHYIO NPAMYIO Yepes TouKy (1,1), 3aTem HayaTb ee nNapasiesbHo
nepeHocuTb Ha Bce bosibliee paccToAaHMe. B 3TOM cayyae 3HaueHMA 3Toi GyHKLMK Ha Nnpamoit byayT
nocneaoBaTeNbHO HapacTaTb. BO3HWKaeT YTo-TO BPoAe PacnpoCcTpaHeHUsa CUrHana npu
nocieaoBaTeNbHOM yAaneHUMU NPAMON.

B npumepe Bbliwwe 3Ha4yeHMA GYHKLMU CUMMETPUYHDI MO OTHOLLIEHMIO K NOBOPOTaM. 3HaYeHMA GYyHKLUK
CKanapHoro nons MeTaBceneHHOW He MOryT 6bITb CUMMETPUYHBIMM MO OTHOLIEHMIO K MOBOPOTAM, XOTA
cama PYHKLMSA, KaK A Npeanonarato, CUMMEeTPUYHA. No3TOMY HYXKHO PeLLMTb BO3HMKAIOLWME B CBA3U C
3TUM C/IOXKHOCTU, YTO U AeNaeTca B Caeayowem pasaene.

CnenuanbHasg Teopusa oTHocuTe/IbHOCTH M [IIIBM-Teopus

CoBpeMeHHble 3KCcnepumeHTaibHble AaHHble MOKa3blBatOT YTO BCE 3aKOHbI ¢M3MKM OA4MNHAKOBbI BO BCeEX
MHEPUMNANbHbLIX CUCTEMAX OTCHETA. CooTBETCTBEHHO, nopoXxaeHHoe NPOCTPaHCTBO-BpeMA A0/1KHO
obecneunBaTb 3TU CBOMCTBA. HEKOTOpbIE 3aKOHbI GU3MKK, TAKUE KaK INeKTpoanHammKa n CTO, TpebytoT
OLI,VIHBKOBOVI CKOPOCTHK CBEeTa BO BCeX MHePLUMAJIbHbIX CUCTEMAX OTCYETA. STO BO3MOXHO caenaTb
MCNONb3YyA CeayoLWwyo Moaenb:

Mocne Kax40ro NoBOpOTa, COOTBETCTBYIOLLENO NEPEXOAY B HOBYIO CUCTEMY OTCYETA, NOABAAETCA HOBbIN
MaKCMMa bHbIM Yroa NoBopoTa. ITOT Yro/l MOXKET OT/IMYATLCA OT YI/1a A0 NOBOPOTA, HO A0/IKEH UMETb
04MHAKOBbIE 3HaYeHMA AN NOBOPOTA B NHO6OM JOMYCTUMOM HanpasieHnW. CKOPOCTb CBETa He A0/1XKHa
MEHATbCA OT U3MEHEHMA MAKCMMa/IbHOrO Yr1a NOBOPOTA, CKOPOCTb CBETA ONpeaenaeTcs He TObKO
pasMepom yria NoBOPOTA, HO eLLe U CKOPOCTbIO MOPOXKAEHHOIO BpemMeHU (onmncaHo nose). B Takoi
MOAENN, CYLLLeCTBYET BO3MOMXKHOCTb NyTeM NocnefoBaTe/IbHbIX TOBOPOTOB, COOTBETCTBYOLLMX
nocaeaoBaTeNbHbIM YCKOPEHUAM, MONAcTb B COBCTBEHHOE NPOLUIOE, C TOYKMN 3PEHMA YCKOPAIOLLErocs
obbeKTa. B ToXKe Bpems, HabatogaTelb HAXOLALWMICA B HEMOABUKHOM CUCTEME OTCYETA, JO/KEH
BMAETb APYryo KapTuHY. C TOYKM 3peHUs TaKoro HabatoaaTens, yCKopsaowmiics 06beKT He NonageT B
npoLwnoe, oH byaeT yCKOPATb CBOK CKOPOCTb HO €0 CKOPOCTb HUKOFA4a He NPeBbICMT CKOPOCTb CBETa.
KBaHTbI cBETA B CMCTEME OTCYETa [0 MOBOPOTA A0/IKHbI COOTBETCTBOBATb KBAHTaM CBETa B cUCTEME
oTcyeTa nocsie NOBOPOTa, aHANOTMYHO A1A APYTMX 3/IEMEHTAPHbIX YacTuy, Mocie noBopoTa
NOBEPXHOCTb KOHYCa, COOTBETCTBYIOLLLETO CKOPOCTM CBeTa, byAeT OTIMYHA OT NOBEPXHOCTM KOHYCa 40
noBopoTa. KBaHTbI CBETA ABUIAOTCSA CO CKOPOCTLIO CBETA, U A0JIKHbI HAXOAUTLCA HAa 3TOM KOHYCe.
CnepoBaTenbHO, MECTOMO/IOKEHWE YaCTULL U UX TPAEKTOPUA U3MEHUTCA NOC/e NOBOPOTa, U PACCTOAHUE
MeXKay TPAaeKTOPUAMM O4HOW U TOM ¥Ke YacTULbl B pPasHbIX CUCTEMax oTcyeTa 6yAeT NOCTOAHHO PacTh co
BpemeHem. f1 Xxouy NoaYepKHYTb 3TOT pe3ybTaT MMBM-Teopun — 04Ha M Ta Ke YacTuLa B KaXKA,0M TOUKe



WAET NO TPAEKTOPUAM, 3aBUCALLUM OT Yr/1a pacCMOTPeHUA. KaK HaNTU TUNbl ypaBHEHWI, NO3BOAAOLME
TaKoe NoBefeHue, AN MEHSA NOKa He NMOHATHO. A AyMato YTO BO3MOXKHO MOTYT ObITb MCNO/Ib30BaHbI
HeKoTopble moaenu 13 ronorpadun. Tak 4To 34ech TpebyeTca ganbHenlmne nccaeaoBaHns YTobbl HANTH
MaTeMaTMKy onncaHHo mogenn. B ypaBHeHuax MNMNBM-Teopun a noTpebyto TakMe cBOMCTBA OT
COOTBETCTBYHOLLMX GYHKLMNA, HO Camm GYHKUMM NOKa He HalaeHbl, HallAeHbl TONbKO UX CBOMCTBA. BHOBb
HanomHto, MMBM-Teopua ABNAETCA HOBOM TEOPMEN C NOIHOCTbIO HOBOM MAaTEMATUUYECKON MOAENbIO.
HacKonbKo A 3Hat0, He CyLLeCTBYET MaTeMaTUKM NPUTOAHON ana onucaHma mogenu NMNBM-Teopun 6es
OO0MNONHUTENbHOM [0PaboTKK. Al Aymato uTo co BpemeHem ¢yHKLMM NMNBM-Teopun MOXHO ByaeT HalTy,
HO 3TOT NOMCK NoTpebyeT AOBOABLHO MHOTO BpeMeHW. MMBM-Teopua coaepKUT MHOTO APYrUX OTKPbITbIX
BONPOCOB; B 3TOWM CTaTbe A NbITAalOCb NOCTPOUTbL TONbKO ocHoBy MMBM-Teopuu. MNonHoe nocTpoeHue
3TOM TEOPUM HEBO3MOXKHO B PpaMKax OAHOM CTaTbu.

Tenepb, paccMoTpIo 3Ty Moaenb 6onee AeTaNbHO.

CHauana s pacCMOTpPIO BO3MOXHOCTb NoNacTb B COBCTBEHHOE Npowwioe. Ecnm nocne Kaxaoro noBopoTa
(cooTBeTcTBYIOLLErO HABOPY CKOPOCTU MO OTHOLLEHWIO K NPeablAyLLel cucteme oTcyeTa) HOBbIM
MaKCMMasibHbIl Yyron No3BoAseT MATU Aasiblue Yem NPeablayLLnin MaKCMMasbHbINA YroJ, 3TO 03Ha4YaeT
YTO BO3MOXKHO NyTeM NocAeA0BaTe/bHbIX NOBOPOTOB NOBEPHYTLCA Ha 360 rpagycoB M OKa3aTbCA B
cobctBeHHOM npolwaom. OgHako, NocKosibKy MeTascesieHHas B [MMBM-Teopun 6e3BpemeHHas,
NpoLL/Ioe He MOKET BbITb 3MeHeHo. CieoBaTeIbHO, NOMNbITKA M3MEHEHWSA NMPOLLAOIo A0NXKHA BbITb
HeycnewHol. OAHaKo, C TOYKU 3peHuUs ycKopatoweroca HabatoaaTens, Bce AONKHO BbIrAAETb Kak
06bIYHO, Te }Ke 3aKOHbI PU3MKK YTO U A0 YcKopeHus. CnesoBaTeNbHO, eC/IM NIAHNPOBATL Ae/1aTb Kakne-
60 N3MEHEHUSA B NPOLLJIOM A0 Hayana YCKOPEHUA, A0MKHO ObiTb BO3MOXKHbIM cAeMaTb UX Noc/e
nonagaHua B npolunoe. 3To BbIrAAMUT Kak NpoTusopeyme. Ho 3To NpoTUBOPEUYME MOMKHO PeLLnTb, ECU
n06aBuTbL NoTepto MHGopMaLumM Npu nosopoTax. MHbopmaLusa A0NXKHa BbITb MONHOCTbIO NOTEPSAHA NPU
nonagaHuMm B cobcTBEHHOE NPOLW/IOE, CNeA0BaTeNbHO HUKaKME NaHbl, CO34aHHble Nepea nonagaHnem
B NpoLwsioe, He coxpaHATcA. MoTeps MHOPMaLMKN — 3TO CyYam Korada Kakme-1mbo cobbITus NponsoLwm
B O4HOI CMCTEeME OTCHYEeTa HO He MPOM3OLLN B APYroi cucTeme oTcyeTa. ITO 3HAYUT YTO nocne
nepexoa B ApPyryto CUCTEMY OTCYETA HEKOTOPbIE YacTULbl MOTYT MNOABUTCS MU UCHE3HYTb; MO3ULUK
YacTUL, MOTYT U3MEHUTbLCS.

®OTOHbI M HEKOTOpPbIE APYTMe 31IeMEHTAPHbIE YacTULLbl BCErAa ABUMKYTCA CO CKOPOCTbIO CBeTa. ITO
3HAYMT YTO OHU BCErAa UMEIOT MaKCUMa/lbHbI BOSMOMHbIN Yo/l MO OTHOLIEHUIO K BEKTOPY BPEMEHMU,
Apyrve YacTuLbl MMeoT MeHbLWW yroa. [na GoTOHOB yron paBeH yriy COOTBETCTBYIOLWEMY CKOPOCTH
ceeTa. Mocne NoBopoTa NoBepPXHOCTb MeTaBCcesieHHOM, COOTBETCTBYIOLLAN KOHYCY CBeTa, byaeT
OT/IMYaTLCA OT KOHYCa A0 NOBOPOTA. Tak YTO B OAHOM CUCTEME OTCYETa YacTMLbl CO CKOPOCTbIO CBETa
HaXoA4ATCA Ha OA4HON NOBEPXHOCTH, @ B CUCTEME OTCYETa NOC/ae NOBOPOTA Ha APYrol NoBepxHOCTU. Ux
mecTononoxeHue B MeTaBceneHHoM MeHAeTcA NPy NOBOPOTE, HEKOTOPbIE YAaCTULLbI MOTYT BO3HUKHYTb
nocsie MOBOPOTA, HEKOTOPble UCYE3HYTb. ECM NoBEpPHYTb NPOCTPAHCTBO-BPEMSA, O4UH UAN HECKOIbKO
pas, a 3aTeM NOBEPHYTb Ha3aj, Ha UCXOAHOE MECTO (eC/IM 3TO BO3MOXKHO 6e3 NpeBblleHNA CKOPOCTH
CBETa) COCTOSHME YACTUL, U UX MO3ULLMM LOIKHbI ObITb TOYHO TaKMeE }Ke KaK U A0 NepBoro noBoporTa.
ToKe camoe NPUMEHMMO M MO OTHOLIEHWIO K YaCTML,AM YTO ABUIAOTCA CO CKOPOCTbIO MeHbLUEeN
cKopocTu cBeTa. Takum o6pasom, umeeTca notepsa MHGOpPMaLMK NpU NOBOPOTaX NPOCTPAHCTBA-
BPEMEHM, COOTBETCTBYHOLLMX NEPEXOAY B APYIYIO CUCTEMY OTCYETA. 3ameydy YTO OMMCbIBAaEMOE
noBefeHue 03HaYaeT YTo CUMMETPUA K MOBOPOTaM ABAAETCA NPUBANIKEHNEM.

OnucaHHas BbilWwe NoTepsa MHPOPMaLMKN He MOKET BbITb HANPAMYIO U3MEPEeHa, Tak Kak HabatogaTtenb
TaKXe TepsaeT nHpopmMaumio Npu nepexoae B Apyryto cuctemy otcyeta. OgHako, xota MMNBM-Teopus



npeacKasbiBaeT YTo NOTepo MHPOPMaL MK NPU NePeEXOSe B APYTYIO CUCTEMY OTCHETA HEBO3MOXKHO
npAMo HabntoaaTb, ee NOTEHLUANbHO BOSMOXKHO KOCBEHHO NPOBEPUTL Ha OCHOBE APYIunX
npeackasaHuii NMNBM-Teopum.

OAMHAKOBOCTb 3aKOHOB PU3MKKN BO BCEX MHEPLMANbHbBIX CUCTEMAX OTCYETA BbIMNAAUT A0BOJIbHO
ectectBeHHO B [MMBM-Teopuun. 3To CBSA3aHO C TEM YTO 3aKOHbI GU3UKN MOPOKAEHHOIO NPOCTPAHCTBA-
BPEMEHW OCHOBAHbI, 415 KaXKA0M U3 BCEIEHHbIX, Ha O4HOM M TOM e PyHKLMM conocTaBaeHua. ns
WMAEHTUYHbIX Havya/lbHbIX YC/I0BMI PYHKUMA CONOCTaBAEHUA A01KHA AaBaTb O4MHAKOBbIE Pe3ynbTaThl,
n3-3a CUMMETPUKN GYHKLUKN CKaNapHOro nons MeTtaBcesieHHOM No OTHOLIEHUIO K MOBOPOTAM.

CKOpOCTb CBETA O4MHAKOBO BE3E BO BCEX MHEPLMAbHBIX CMCTeMax oTcdeTa. CKOpOCTb CBeTa ANA
OMUCAHHOM MOAENN paBHa:

¢ =v*tg(a) (22)

V; — CKOPOCTb BPeMeHU B MeTaBCeNIeHHOM, & — YToN Me Ay BEKTOPOM BpeMEHU U cBeToM. CKOpOCTb
BPEMEHM MOMKET MEHATLCA U, KaK pe3y/bTaT, 3TOT yron 6yAeT MeHATLCA BMECTE CO CKOPOCTbHO BPEMEHU.
CKOpPOCTb CBETA 3TO CKOPOCTb B NOPOMKAEHHOM MPOCTPaHCTBE-BpeMeHU. MopoXxaeHHOe NPOoCTPaHCTBO
nepneHanKyNapHO BEKTOPY BPEMEHW, TaM rAe He UCKPUB/IeHO. TaK YTo rMnoTeHy3a Noay4mBLIerocs
TPeyronbHMKa HaXxoAUTCA HaNPOTMB YrNa MeXAy CKOPOCTbIO BPEMEHU M CKOPOCTbIO CBeTa.

TakmMm obpa3om cKansipHoe nosie A0KHO MMETb A0BOJIbHO CcneunduyHble CBOIMCTBA, ONUCAHHDIE BbILLE,
AN TOro YTOObl COBMECTUTL CNeuUuasibHy TEOPUIO OTHOoCUTeNbHOCTU 1 MTNBM-Teoputo.

Ecnu yron cKopocTy cBeTa HAMHOTO MeHbLLE YeM 27T, B TaKOM Cay4ae noTepy MHGOPMALUKM MPU KaXKA0M
NoBOpPOTE MOTYT 6bITb MafbIMU. OHM MOTYT MasibiIMU NPU CAEAYHOLWEM YCI0BUM:

a K 2w (23)

OnucaHHoOE BbilE NOBEAEHME HE O3HAYAET YTO CUMMETPUSA K MOBOPOTAM He MPUMEHUMA A5
PENATUBUCTCKMX C/TyHaEB, HO 3TO O3HAYAET YTO ABAAETCA NPUbANKEHUeM. [pyroe cneacTsue - TO4HOCTb
CMMMETPUU 3aBUCUT OT YI/1a CKOPOCTU cBeTa. [lanee, B YaCTU C rpaBUTaLLMEN, Al MOKAXKY YTO 3TOT Yro He
ABNAETCA KOHCTAHTON. TO KakK 3TO BAWAET Ha TOYHOCTb 3TOM CUMMETPUM PACCMOTPEHO Aanee B 3TOW
cTaTbe.

CneunanbHas TeopUa OTHOCUTENbHOCTU COAEPIKUT CBA3b MeXKAY MHTepBasiamMn BPEMEHU B Pa3HbIX
cuctemax otcyeTa. 3Ty ceasb B NMNBM-Teopun HEBO3MOKHO BbIBECTU HANPAMYLO U3 reoMeTpun. ITa
CBA3b HaK/1aablBaeT AONONHUTENbHOE OrPaHUYEHNE Ha CKanspHoe none MeTasceNeHHOM.

Tenepb A Hanuwy TO 4YTO 6b1710 ONMCaHO BblIlLE B YpPaBHEHWNAX.

CpeZHee 3HaYeHUe NPOCTPAHCTBEHHOIO 3-X MEPHOTO BEKTOPA R MO3ULUMM U CKOPOCTM YacTULbI C
BOJIHOBOM yHKUMeN Y.

(R) = [Y*Rypdr (24)
Toxxe camoe HO C TOYKU 3peHna ,u,pyroi/’l CNCTeMbl OTCYeTa.
(R)y = M(R) =M [*Rydr (25)

(R); — BEKTOP C TOYKM 3peHMA APYroi cuctembl otcyeTa, M — matpuua npeobpasosanus. M
paccyMTbIBAETCA Ha OCHOBE CMeLMaibHON TEOPUN OTHOCUTEIBHOCTMY.



ToT e cambil BEKTOP MOXKET 6bITb PaCCYNTaH KakK:

(R); = [YiRyy,dry (26)
1), — BONHOBaA GyHKLMA YacTULbI B 3TOM CMCTEMe oTcyeTa.

OTmeuy, 4TO BOSIHOBAA GYHKLMA Y4ACTULLbI ONPeaenseTcs KOIGOULMEHTAMM Uy, U3 YpaBHEHUA 7.

Kak 6b1/10 onNm1caHo Bbille, YaCcTULbI MOC/Ie MOBOPOTa OKAa3blBAKOTCA HE B TOM e MNO3MLMUKN YTO U 40
NoBOpOTa ITO 03HAYAET YTO UMEETCA PasHMLA MeXay nosunumei npeackasbiBaemon CTO 1 paKTUYECKOM
nosuuuen. Takum obpasom, Moayab pPasHULbI MEXAY BEKTopamu bonee Hyns:

IM [ *Rpdr — [PiRypydry| >0 (27)

ONA c/lyyas, Korga CMCcTeMbl OTcHeTa He coBnagatoT. A 0603Hauy 3Ty pasHULy KaK GyHKUMto 6:

B(U' ﬂ' {W}' L' ﬁt) = |Mfll)*Rll)dT' - fl/)IRllpldrll (28)
O(v,B,{w},L, V) >0eciuv >0 (29)

ITa PYHKUMSA 3aBUCUT OT CKOPOCTU U APYroM CUCTEMbI OTCYETA; YrON [§ COOTBETCTBYET CKOPOCTM YaCTULLbI
B A @HHOM TOYKE MOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHUN. 3aMeYy YTO 3TOT Yro/l MOMKET B6bITb pasHbIM B
pa3HbIX TOYKaX NOPOKLAEHHOIO NPOCTPAHCTBA. L 3TO PYHKLMA ONUCHIBAIOLLAA NMOPOXKAEHHOE
NPOCTPAHCTBO, Uy COOTBETCTBYET CKOPOCTU BPEMEHM B JaHHOM TOYKE B faHHOM cucTeme oTcyeta. Obe
3TU PyHKUMKM ByayT onmncaHbl 6onee AeTaNbHO NO3XKE B CTAaTbe, B YAaCTU MNOCBALLEHHON rpaBUTaLu.
PyHKUMA B MOXKET TaKKe 3aBMCETb OT KaKUX-TO APYrMxX NnapameTpoB. ECM OHM CcyLwecTBYIOT, OHM MOTYT
6bITb HallaeHbl B Xo4e AanbHelweln paboTtbl Hag NMBM-Teopueii.

3Ta pasHULA He MOXKET BbITb IKCNEPUMEHTAIbHO M3MEepPEHa, 3TO 3anpeLLeHO AeTEPMUHM3MOM 3TOM
Teopuun. s TOro Ytobbl 3TY PasHULLYY 3aMeEpPUTb, IKCNEPUMEHTATOPY HYKHO YCKOPUTLCA U NEpPenTn B
Apyryto cuctemy otcyeTa. Ho B npouecce YCKOPEHUs AaHHbIE SKCNEePUMEHTATOPa O TOM FAe OH OXuaaet
YBUAETb YaCTMLLY MEHSIOTCA TaK YTO OHM CTAaHOBATCA COOTBETCTBOBATbL HOBOM cucTeMe oTcyeTa. B NMMNBM-
TEOPWUM OTCYTCTBYIOT KaKkMe-Mbo NONHOCTbIO He3aBMUCMMble CObbITMA, BCe COObITMA CBA3AHDI.
CoOTBETCTBEHHO, Nepexos B HOBYH CUCTEMY OTCUYETA NPUBOAMT K YyTb U3MEHEHHOM HO MNOJIHOCTbIO
CaMOCOr1IaCOBaHHOM KapTUHe.

Taknm 06pasom, XOTA CUMMETPUA ABAAETCA TO/IbKO NPUBANKEHNEM, C TOYKM 3peHmMsA HabaloaaTens B
NOPOXKAEHHOM NPOCTPAHCTBE, 3Ta CUMMETPUA ABAAETCA TOYHON. Kak pe3ynbTaT, Teopema HeTep
ABNAETCA N0 NpeKHeMy MPUMMEHUMOM AN1A CUMMETPUM K NOBOPOTaM, YTO NO3BOAISET CyLLLECTBOBATb
COOTBETCTBYIOLL,EMY 3aKOHY COXPaHEHMS.

JlokasbHOCTb B [IIIBM-Teopuu

Bce nssectHble B3aMMOLI,ef;1CTBWr'I B Haluel BceneHHo asnsaoTcA JNOKaJ/IbHbIMU, CKOPOCTb CBETA AB/IAETCA
OorpaHn4YeHnem Ha CKOpoCTb B3aMMOAeﬁCTBMH. Cyl.l.l,eCTBVET TaK»e siB/IeHMEe KBAHTOBOM CNyTaHHOCTH
KOTOpoOe BbIrNAAUT KaK MTHOBEHHAA Nepeaada VIHd)OpMaLl,VIVI, CO CKOpPOCTbIO bonee CKOpPOCTH CBETa.
Cle.I,eCTByIOT UHTEpPNpPEeTaunn 3aToro AB1eEHNA, KOTOpble HE NPUBOAAT K HAPYLUEHUIO TIOKA/ZIbHOCTW.

NokanbHocTb B MNMNMBM-Teopuun gocturaetca npy nomoLm ypasHeHuma 6.1, Bce anemeHTapHble YacTuubl
OONKHbI YO0BNETBOPATb CUMMETPUM K NOBOPOTAM, U HUKAKME U3 YaCTUL, He JONXKHbI UMEeTb CKOPOCTb
CBbILLE CKOPOCTU CBETa. Bce YacTuubl B3aMMOLENCTBYIOT MeXKAY COO0M TONbKO € MCMONb30BAHUEM
Apyrnx yactuu, 6e3 HapyLlweHMA N0KaAbHOCTU. MaKcMManbHaa CKOPOCTb A4S BCEX YACTUL, STO CKOPOCTb
cseTa. Tak nonyyaeTca NoKanbHOCTb B MMMNBM-Teopuu.



3ameuy, uto MMBM-Teopua He 3anpeLLaeT MTHOBEHHbIE B3aMMOAENCTBUA Ha PACCTOAHUMN eC/in XOTA Obl
0JHa U3 CTOPOH B3aMMOLENCTBMA 3TO YacTULLA C MAKPOCKOMMYECKMM pasMmepom. B cayyae yactu, ¢
TaKMM Pasmepom, 4acTML,a B3aMMOLENCTBYIOT KaK LLe/Ioe 1, KaK pe3y/bTaT, 3TO COOTBETCTBYeT
MrHOBEHHOl nepegaye nHGopmMaumn. ABneHne KBaHTOBOW CMYTaHHOCTM TEM CaMbiM MOXKET BbITb
MHTEPNPETMPOBAHO KaK pa3pyLueHNe MaKPOCKOMMYECKOM YacTULbl COCTOALLEN M3 ABYX 3/IeMEHTapPHbIX
YyacTuL.

lpaBUTaLMOHHOE B3aMMOIENCTBME MOKET BOBCE HE MMETb NEePeHOCUYNKOB B3aMMOAENCTBUA, 3TO MOXKET
6bITb NPOCTO MaTeMaTnyeckaa GYHKUMA KOTopasa HaxoAMUT NOPOXKAEHHOE MPOCTPAHCTBO C HYXKHbIMMK
cBolcTBaMMU. NMOCKONbKY BCE U3BECTHbIE IKCMepUMeHTa bHble AaHHble MOKa3biBakoT YTO rpaBmUTaLmaA
B3aMMO/EMNCTBYET CO CKOPOCTbIO CBETA, TaKasa QYHKLMA TaKkKe AO/KHa NOAAEPXHMBATL SIOKA/IbHOCTb.
KpuBM3Ha NpPOCTpaHCTBa-BpeMEHM B 3TOM C/lydae Bbi3BaHa HEOBX0AMMOCTbIO cob0AaTb MPUYMHHOCTD
M NIOKaNIbHOCTb.

JIoKanbHOCTb, KOTOpPasA A0CTUraeTcsa onmncaHHbIM 06pasom, He ABAAETCA MONHOMN. ITO 3HAUYNT YTO XOTA C
TOYKM 3PEHMA NOPOMKAEHHOIO NMPOCTPAHCTBA-BPEMEHM 3/IeMEHTapPHbIE YacTULbI NMPU B3aMMOAENCTBUN
BbIFNAAAT COBM0Aa0WMMM CBOMCTBA IOKANbHOCTU, OAHAKO B N1060M NOPOXKAEHHOM NPOCTPaHCTBE-
BpeMeHU HeT NoA/IMHHO He3aBUCUMMbIX COBbITMIA. DTO CBA3AHO C TeM, YTo B MeTaBceneHHas nobas Touka
NPOCTPaHCTBa BAMAET Ha BCe ApYyrne TOYKM NPOCTPaHCTBa.

O BO3MOXKHOCTH npamoro B3aMMOAEVICTBMﬂ mexay 4actnuamum 6es HapyweHUA NnpnHUnna 10Ka/1IbHOCTU.

3TO OTKPbITbIN BOMPOC. BO3MOMKHO I NOCTPOUTb BCE/IEHHYIO OCHOBbLIBASACh Ha YacTULLaX
B3aMMOAENCTBYIOWMNX B HapyLIEHUEM MPUHLMNA NOKaNbHOCTU? Jllobaa BceneHHasn, HanomHIO, AOKHa
noagep*KmMBaTb NPUYUHHO-C/IEACTBEHHbIE CBA3U U PA3YMHYHO KU3Hb.

MeTpuKa BIMCAaHHOM rHNepPnoOBEePXHOCTH

B MMNBM-Teopuu, B Ka*Kabli MOMEHT NOPOXKAEHHOTO BPEMEHWN MOXKHO NOCTPOUTL FTMNEPNOBEPXHOCTb
COOTBETCTBYIOLLYIO STOMY MOMEHTY BpemeHu. BO3HMKaeT BOMPOC, KaKylo METPUKY MMeEeT 3Ta
rMNepnoBepxHoOCTb?

Kak nokasaHo y C.XoKuHr, [x.9nnuc [5, cTp 55], B €BKANAOBOM NPOCTPAHCTBE HEBO3MOKHO NOCTPOUTL
BMMCAHHYIO r’MNepnoBEePXHOCTb C NOPEHLEBCKON METPUKON. ABnseTcA v 3To npobnemon ana MNMNBM
Teopun?

Ecnn nocmoTpeTb TO Kak 060CHOBbIBAETCA 3Ta HEBO3MOXHOCTb, TO MOXHO 3aMETUTb YTO Tam
noapasyMeBaeTca YTO 3Ta rMMNeprnoBepPxXHOCTb 06LLan Ana BCcex cucTem oTcyeTta. B NMMNBM-Teopuu, Kak
06BbACHEHO B YacTu nocealeHHon CTO YyThb Bbilwe, 3TO He TaK. [lepexos, B 4pyryto CMCTEMY OTCYETa
O3HayaeT B TOM YMCJie U MOBOPOT r’MNeprnoBepxXHOCTU. Tem cambim, MOC/Ie Nepexoaa B APYryto cuctemy
rMnepnoBepxHOCTb ByAeT OT/IMYaTbCA. BO3MOKHble Npob1embl NpU 3TOM NOBOPOTE, KaK OMMCAHO BbILLE,
pelatoTca ypaBHeHMem 28.

TakMm 06pa3om, onMcaHHAA HEBO3MOKHOCTb NOCTPOEHMA BNMCAHHOM r’MNeprnoBePXHOCTH, MMEIOLLLEN
NIOPEHLEBCKYIO METPUKY, HA EBK/IMAOBOM NPOCTPAHCTBE He NpumeHuma aaa NMNBM-teopun.

Tenepb BO3HWKaET c/ieayrowWwmnii BONpoc: Yemy paBHa KpMBM3HA NMOPOXKAEHHOMO NPOCTPAHCTBA B
YKa3aHHOW TOYKE Ha rMnepnoBepxXHOCTU NPEeACTABAAOLLEN NOPOXKAEHHOE MPOCTPAHCTBO?

[nAa oTBeTa Ha 3TOT BOMNPOC HYXHO UCMNOJIb30BaTb ypaBHeHue 7. o710 YpaBHEHWME MOKA3blBAET, YTO PaBHOEe
PacCcTtoAHNE B NOPOXKOAEHHOM NPOCTPAHCTBE MeXAY ABYMA COCEAHNMUN TOYKAMMN MOTYT O3Ha4aTb pa3Hoe



paccTonaHue B NpocTpaHcTBe MeTaBceneHHo. Tak e, 0AMH U TOT XKe MPOMEKYTOK BPEMEHM MOKET
03Ha4aTb Pa3Hylo ANCTaHUMIO B MeTaBceNeHHOW, eCIN CKOPOCTU BPeMEHW Pas/inyatoTcsa. ITo 03HavaeT
YTO KPUBM3HA NOPOXKAEHHOIO NPOCTPAHCTBA B IIOOOM YKa3aHHOM TOYKe 3aBUCUT OT TOTO, MO OTHOLLEHUIO
K KaKOW TOYKE MAET CPaBHEHME.

34ecb BUAHO YTO ANA NOCTPOEHUA CBA3UN MeEXAY KpMBM3HOV1 NPOCTPaHCTBA N OTHOCUTE/IbHbIMU
CKOpPOCTAMU BPEMEHU U OANINHDBI NPOCTPAHCTBA MOXHO NOCTPOUTL YpaBHEHUE, HO A 3TO OCTAB/IAKO Ha

Byayuwee.

I'paBuUTan M4, NepBasd 4acTh

B yactu, roe A onucbiBan Npouecc NOMCKa NOPOXKAEHHOIO MPOCTPAHCTBA-BpEMEHUN Ha CKANAPHOM none,
A NMUCan 4YTo 3aKOHbI ¢M3MKM AOJTXKHbI 6bITb OAMHAKOBbI BO BCEX MHEPUMNANIbHbBIX CUCTEMAX OTCHETA.
BO3MOXKHO 4TO B HEKOTOPbIX C/TIy4aAX MPOCTPAHCTBO-BpEMA O0/1KHO 6bITb UCKpUBAEHO, ANA TOro yTOObI
obecneunTb 3TY OAMHAKOBOCTb. Kak pe3ynbTaT, 3TO BEAET K UCKPUBNIEHHOMY NPOCTPAHCTBY-BPEMEHMU.

3ameuy, YTO KPMBM3HA NPOCTPAHCTBA-BPEMEHM HE PaBHA KPUBU3HE MMNEepProBepPXHOCTH
npeacTaBAAoWER NOPOXKAEHHOE NPOCTPaHCTBO B MeTaBceNeHHOM. B KpnBM3HE NOPOXKAEHHOro
NPOCTPaHCTBa-BPeMEHM y4acTBYET TaKXKe U3MEHEHUE CKOPOCTU BPeMeHU, ONUCbIBAEMOE MO3XKe B 3TOM
YyacTu cTaTbM.

WCKpuBAEHHOE NPOCTPAHCTBO-BPEMSA HE ABAAETCA YEeM-TO HOBbIM, 06LLaA TEOPUA OTHOCUTENbHOCTH
MCMNONb3YeT KPUBU3HY MPOCTPAHCTBA-BPEMEHU AN ONMUCAHMA rpaBuTaumm. Mostomy s 6yay
npeagnonaratb, YTO UCKPMBAEHHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA OTBETCTBEHHO 3a rpaBMTaLUIio,
aHaNOrMYHO 06 Lel TEOPUN OTHOCUTENIbHOCTM.

CnepytoLwmii BONpoc, KOTOPbIM HYXKHO PeLUMTb — COBMAZAt0T 1M YPaBHEHUA rpaBUTaLLIMK 3TO TEOPUM C
ypaBHEHUAMM 0bLLEel TEOPUN OTHOCUTENBHOCTU. 19 OTBETA HA 3TOT BOMPOC A NOKAKY, YTO PAaBEHCTBO
WHEePTHOW M rpaBMTaLMOHHOM Macchl aBaaeTcsa cneactamem MNMNBM-Teopum, TakKe yKe Nokasan
NMOCTOAHCTBO MAaKCMMaibHOM CKOPOCTU BO BCEX CUCTEMAX OTCYETA, U MOKAXKY, YTO YPaBHEHUA
rpaBUTaLMM He AONKHbI COAEPKATb TEH30P SIHEPTUU-MMMY/bCA FPABUTALMOHHOrIO nona. Mcxoaa us Toro
YTO 3TO MOKaA3aHO HUMXKe, A AeNato BbIBOA YTO ypaBHEHUA rpaBuTaLmnm, npeackasoisaemblie MMNBM-
Teopuen, coBnaaatoT C ypaBHEHUAMM 06LLEN TEOPUN OTHOCUTENBHOCTU. YPaBHEHUA JHWTEMHA
OCHOBaHbI Ha ABYX NOCTyNaTax, MPUHUMN SKBUBANIEHTHOCTM U OAMHAKOBOCTM CKOPOCTU CBETA BO BCEX
MHepLManbHbIX CMCTEMAX OTCYETA. TaK e BaXKHOM 0COOEHHOCTbIO 3TUX YPaBHEHMWI ABASETCA OTCYTCTBUE
B YPaBHEHMAX TEH30Pa IHEPTUN-MMNYIbCA FPAaBUTALLMOHHOIO NoAA.

[paBUTaLMA U3MEHSIET CKOPOCTb Te/, UCKPUBAAA NPOCTPAHCTBO-BPEMS, YTO NPUBOAUT K NOBOPOTY
rMNepnoBepPXHOCTU NPeACTaBAAIOWEN CUCTEMY OTCYETA Ae TeNo NOKoUTCA. YCKOpeHWe Tena, Kak
OMNWUCaHO B CTaTbe BbllUe, TaKXKe CBOAUTCA K NOBOPOTY r'MNepnoBepXHOCTU NPeaCcTaBAAoLLLEN cucTemMy
oTcyeTa rae Teno nokoutcA. Ho Toraa 1o 3HaUMT, YTO HEBO3MOXKHO OT/IMYUTL, KaKas cuia AeNCTBYeT Ha
AaHHOe A0CTaTOYHO Masioe Teo — rPaBUTaLMOHHAA MAKU CMNa Hepunn. CheaoBaTeNbHO, MHEPTHAs U
rpaBMTaLMOHHAA MACCbl PaBHbI.

HEO6XOLI,MMOCTb NUCKPpUBAEHNA NPOCTPAHCTBA-BPEMEHMU BbI3bIBA€TCA UISMEHEHUNAMU CKaNNAPHOTO NOAA. B
Pa3NoXKeHNn CKanApHOro nosAa no 6asncam Yy4aCTBYHOT 3/1EMEHTAPHbIE YaCThlbl. Ho cama rpasutTaumnA B
9TUX PA3/10XKEHNAX HUKAK HE Y4aCTBYET, OHA ABNAETCA (IDYHKLLMGVI OT HUX. HO 3TO 3HAUMT, 4YTO cama Ha
cebn rpaBuTaumnAa HUKaK He BIUAET, TEH30PA 3HEPTMN-MmMmnyabcCa rpaBUTAaLLMOHHOIO NMOJIA B YPAaBHEHUAX
rpasuTauunm 6bITb He AOJTKHO.


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

TaK Kak rpaBuTaLUms 3TO IMEPAMKEHTHOE ABAEHME Bbi3BaHHOE nosiem MeTaBcesieHHOM, a 3/1leMeHTapHble
YacTuLbl ABNAIOTCA Pa3/I0KEeHUEM 3TOTo NOASA, TO CKOPOCTb rPaBUTaLMM COOTBETCTBYET MaKCMMabHOM
CKOpOCTU YacTuu,. Jna Halen BceneHHOM, 3TO 03HaYaeT YTo rpaBuTaLMa PacnpoCTpaHAETCcA co
CKOPOCTbIO CBeTa.

TaK Kak macca UCKPUBAAET NPOCTPaHCTBO—BPEMSA, TO NPU A0CTAaTOYHO 6ObLION Macce moryT
BO3HWKHYTb NPOo61EMbI C NPOCTPAHCTBOM-BPEMEHEM U MPOAOIKEHUEM MUPOBLIX IMHUN. B Kako-TO
TOYKE, MPOAO/IKEHNE MUPOBDIX JIMHUIA MOXKET CTaTb HEBO3MOXKHbIM. B 3TOI TOUKe HauMHaeTca paspbIB
NPOCTPAHCTBa-BpEMEHMN, KOTOPbIN COOTBETCTBYET rPaBUTaLLMOHHON CUHTYASPHOCTU. ITU Pa3pbiBbl He
06A3aHbl UMETb HY/IEBOM pa3Mep B MOPOXKAEHHOM NPOCTPAHCTBE, XOTA BHYTPU OHU HE coaepKaT
NMOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM-MATEPUN. 34ECh €CTb OTINYME OT NpeacKasaHuii OTO KoTopas
roBOPUT YTO MaTepus B LEHTPE YepPHOM Ablpbl A0/IXKHA CXKATbCA B TOUKY. [1peacKkasaHue, OTINYHOe OT
npeacKasaHuii 4pyrmx TeOpUin, 3TO XopoLo, BA0OABOK ELLE U CUHTYNSIPHOCTb YCTPAHARTCSA, HO A He
NpeAcTaB/A KaK 3TO MOMKHO 3KCMEPMMEHTA/IbHO NMPOBEPUTb, MHDOPMALMA U3 YEPHbIX AbIp HAPYKY He
nepegaercs.

O6nacTb NOPOKAEHHOIo NPOCTPAHCTBA BO3JIe pa3pbiBa NPOCTPAHCTBA-BPEMEHU ABAAETCA 061aCTbiO
dopmupoBaHMA 1 3aBEPLLUEHUA MUPOBbLIX JIMHUIA. 34E€Cb MOTYT NOABMATLCSA M MCYE3aTb YacTULbI.

Pa3pblB NPOCTPaHCTBA-BPEMEHM, BbI3BaHHbIN CUNBbHOM rpaBuUTaumeit, He 03Ha4YaeT paspbiBa
npocTpaHcTea MeTaBCceNeHHOM. ITO AasKe He 03HAYAET YTO B 3TOM 061aCTV 3HAYEHUA CKANAPHOrO Nons
MeTascenieHHOM 60/IbLLE UM MEHbLUIE CPEAHUX 3HAYEHWIA. ITO LLbL O3HAYaET OTCYTCTBME peLleHmA
KOTOpOE No3BO/IAET NPOA/INTL MUPOBbIE JIMHUM NOPOXKAEHHOIO NPOCTPaHCTBA-BpeMeHM Ha 061acTb
paspbliBa.

XoTa MNMNBM-Teopusa MHTepNpPeTUPYET rpaBuTaumio aHanorndHo OTO, oHa TpebyeT BHECEHMA HEKOTOPbIX
nsmeHeHu 8 OTO.

O6Lwan Teopna OTHOCUTENLHOCTU NPEACKa3biBaeT 3aMes/leHMe BpemMeHM — BPpeMA B 061acTaAx C
CUNbHbBIM FPAaBUTALMOHHBIM NONEM MAET Mea/ieHHee, Yyem B obnacTax ¢ 6osee cnaboim
rpaBUTaLMOHHbIM nosem. [na Toro 4tTobbl NONYYUTL TaKOE e noseseHue, HeobxoaMMmo YTobbI
CKOPOCTb BpeMeHM 6blsia TEM Bbile YEM CU/IbHEE FPAaBUTALLMOHHOE none. B aTom cnyyae, cobbiTvs B
60onee CMNbHOM rpaBUTALMOHHOM NoJie ByayT BbIrNAAETb MedJ/IeEHHEE C TOUYKU 3peHns Habaogatens us
6os1ee cnaboro rpaBMTaLMOHHOMO NOAS.

Cropocmb spemeHu — 3mo dnuHa 8 MemasceneHHol coomaeemcmayowas eduHuUe spemMeHU 8
coomeemcmaeyioujeli mouxe MopoHOeHHO20 MPOCMPAHCMEa-epemMeHU.

MOHO HalTK ypaBHEHME CBA3N MEXKAY CKOPOCTbIO BpeMeHU U 3ameaieHnem BpeMeHn. Habnogatenb
B 6onee cnabom rpaBUTaLMOHHOM MoJIe 33 MPOMENKYTOK BpemeHu dt; npoxoauT B MeTaBcesieHHOW Ty
e OUCTaHLMIo Kak HabatogaTenb B 60/iee CUAbHOM rPaBUTALLMOHHOM Mose 33 Bpems dt,. Takum
06pasom nosiyyaeTcs ypaBHeHWEe AN CKOPOCTU BPeMEHW v, ANA NepBoro Habaaatens u CKopocTy
BPEMEHM VU, ANA BTOporo HabaogaTens:

l == vldtl = Uzdtz (30)
OTcroga cnepyert:

dt
Uy =7, d_ti (31)



Mony4yaeTca, YTO OTHOCUTE/IbHbIE CKOPOCTU BPEMEHU OT/IMYAKOTCA NPONOPLUMOHANIBHO OTHOCUTENBHOMY
3amMeaIeHNo BpemeHMu.

Takol Noaxo4 YaCTUYHO MEHAET BHYTPEHHUI XapaKTep KPMBU3HbI MPOCTPAHCTBA-BPEMEHU. ITO TaKKe
NO3BOJIAET NCNOb30BaTb 3HAYEHMA CKOPOCTM BPEMEHW ANA CPABHEHNA OTHOCUTENbHbIX 3a4EePKEK
BPEMEHWN MeXAy PasHbIMWU MOMEHTaMK BpemMeHu. bes fobaBneHns cCKopocTM BPEMEHU, CPaBHEHME
3amMe//IeHMA BpeMeHM MeKay HabntogaTenamm B pasHble MOMEHTbI BpeMeHN He MMEEeT CMbicna. B
nogxoge MNMNBM-Teopun Takoe cpaBHEHNE MMeeT CMbICA.

[06aBnto, 4TO CKOPOCTb BpEMEHU MOXKET 06BACHUTL MHONALNOHHYIO a3y paHHel BceneHHol. Ecam
CKOPOCTb BPEMEHMW B NEPBbIE MOMEHTbI PaHHel BceneHHoM bblia AOCTAaTOUYHO 60/bLION, MOPOXKAEHHOE
NPOCTPAHCTBO MOI0 04YeHb HBbICTPO PacTU. MOCKOIbKY CKOPOCTb BPEMEHW PACTET C POCTOM
rPaBUTaLMOHHOIO NOJIA, 3TO 03HAYAET YTO FPAaBUTALMA B NEPBbIE MOMEHTbI BpeMeHM BceneHHoOM
OO0MKHA 6bITb 0YEHb CUIBHOIA.

B MMNBM-Teopuu, N NpOCTPAHCTBO N BpeEMA ABAAIOTCA NOPOKAEHHbIMU aTeMNOpasibHbIMM NpoL.eccamm
npoucxoaAwmmm B MeTtasceneHHoM. Kak cneactesme, NOMMMO BHYTPEHHEN KPMBU3HbBI NPOCTPAHCTBa-
BPEMEHMW, COOTBETCTBYHOLLEN N3MEHEHMIO CKOPOCTN BPEMEHMU, MOXKET CYLLECTBOBAaTb BHELUHAS
KPUBM3HA. BHELWHAA KPMBM3HA MOXKET ObITb BbI3BaHA TEM YTO CPEAHASA KPUBM3HA MMNEPNOBEPXHOCTY,
npeacTaBAAtoLLEN NPOCTPAaHCTBO BceneHHon B MeTaBcesieHHOM, MMEET OT/IMYHYIO OT HYNIA CPefHIo
KpMBU3HY. TaKan BHELHAS KPMBU3HA MOXKET ObITb HY/1€BOM TOJIbKO €CAU TMNepPnoBEePXHOCTb
NopOXAEHHOIO NPOCTPAHCTBA Halel BceneHHon B MeTaBcesieHHOM MMeEeT HYNEeBYHO CPeaHIOH
Kp1BU3HY. O4HAKO, COBPEMEHHbIE KOCMOJIOTMYECKME AaHHbIe TOBOPAT YTO BceneHHaa nmeeTt Havano.
3To 03HayaeT YTo KaKoe-To BpeMs Ha3agd BceneHHan 6bl1a MHOMO MeHbLLe Yem ceityac. 3To o3HadvaeT
yTo BceneHHas pacwmpsaertca, naowaab rMnepnoBepxHOCTU NpeacTasaatowen BceneHHyto pactet. 310
03HAYaEeT YTO Ha KOCMOJIOTMYECKMX MacluTabax rMnepnoBepxHOCTb NPOCTPAHCTBa BceneHHOM nmeeT
HeHyNeBYO KpMBM3HY. Taknum ob6pasom, BceneHHas fONKHA MMETb HEHY/IEBYHO BHELLHIO KPUBU3HY, 3Ta
KPUBM3HA A0NKHa 6bITb 60NbLLIE HYA NOCKO/bKY BceneHHan paclumpaeTcs, U 3Ta KpMBU3HA MOXKET
MEHATLCA CO BpemeHeM. Taknm 06pasom, BHELHAS KPMBU3HA A01XKHA ObITb GyHKUMERN OT Yero-To. [na
TOro Ytobbl 3TY KPUBM3HY yuecTb B ypasHeHUAx OTO, Heob6xoaMMO A06aBUTb BHELLHIOW KPUBU3HY A,y K
YPaBHEHUAM 0bLLEl TEOPUM OTHOCUTENBHOCTU AONONHUTENIBHO K KOCMOIOrMYECKOM NOCTOSHHOM A:

8mG
G;w +(A+ Aext)guv = %Tuv (32)

3TO M3MeHEeHMWe He NPOTUBOPEYMUT SKCMEPUMEHTANbHBIM AAaHHbIM eCan ANA Bcelt Habaogaemoi
nctopumn BeceneHHol:

A > Aext (33)

Ayt HE ABNAEGTCA KOHCTAHTOM, 3TO QYHKLMA 3aBUCALLAA OT HEM3BECTHbIX MapPamMeTpoB. A Aymato uTo
O4HWUM M3 TaKMUX MapameTPoB MOKeT bbiTb BO3pacT BceneHHol. bes 6onee geTanbHOM MaTemaTUYecKom
mogzenu MNMNBM-Teopun, HEBO3MOXKHO NpeacKasaTb PYHKLUMIO BHELWHEN KpMBU3HbI. O4HAKO MOXKHO
cAenaTb HECKOIbKO AOrafoK.

KocMmoJsiorndyeckass KOHCTaAaHTa U TeMHasl JHepruda
dKcnepumeHTanbHble HabnoaeHna nokasbisatoT [6][7], 4To BceneHHas paclumMpsaeTcs, U YTo
KOCMOIOTMYECKas KOHCTaHTa B ypaBHEHUU DIHLUTEMHA OTIMYHA OT HY/A U ABNAETCA KOHCTaHTOMN.



Kocmoornyeckaa KOHCTaHTa 06bIYHO MHTEPNPETUPYETCA KaK NPOsABAEHNE TEMHOMN SHEpPruu,
OTBETCTBEHHOW 33 YCKOPEeHHOoe paclumpeHme BceneHHoM.

Bce coBpemeHHble KOCMOJIOrMYecknue Moaenm roBopaT YTo BceneHHas MMeeT Hadvano, 1 YTo B NPOLLIOM
Bce 06/1acTn BceneHHoM 6blM AOCTAaTOMHO Masibl YTOObI B3aMMOA4eNCcTBOBaTb Mexay coboit. Manoctb
bNYKTYaUMiA PENMKTOBOTO U3yYeHUA B 3aBUCUMOCTU OT HanpasaeHMA ABNAKOTCA O4HUM U3
CBUAETENbCTB 3TOrO.

KaK KOCMOJIorMyecKkasn KOHCTaHTa BAUAET HA Pa3/IoXKeHWE CKaNAPHOTO NoASA Ha r’MNepnoBepxXHOCTy,
TpebyeTca MM moanduKauma ypaBHeHun 77?

ﬂ,l’lﬂ TOro YTobbl NONbLITAaTLCA OTBETUTbL Ha 3TOT BOMPOC, HYXXHO NOHATb KaK MOXXHO NMOCTPOUTb
pacwmnpAroLWyroCcA C OAMHAKOBbIM 3Ha4YeHNeEM KOCMOJIOTMYECKOMN KOHCTaHTbI BCe/NIeHHY1O.

Ecnu Bce paclumpeHmne Bbi3BaHO BHELIHEN KPUBM3HOM rMnepnoBepxXHOCTM NOPOXKAEHHOIo NPOCTPaHCTBA,
TO KPUBU3HA A0MKHA MEHATLCA, MPU YCA0BUN HEM3MEHHOCTU CKOPOCTU BpeMeHU 1 GyHKLUK
MOPOXAEHHOIO PACCTOAHMA. ITO NPOTUBOPEYUMT HabAAEHUAM, ClefoBaTe/IbHO B0 CKOPOCTb
BpemeHU 1 GYHKLMA NOPOXKAEHHOr0 PacCTOAHMA 3aBUCAT OT BHELIHEN KPUBM3HbI TaK UTO B UTOTe
no/ly4aeTca HeMaMeHHaa BHYTPEHHAA KPUBM3HA, BbI3BaHHAA KOCMOIOTMYECKOM KOHCTaHTOM, 6o
BHELLUHAA KPMBU3HA He UrPaeT CyLLLeCTBEHHOMN ponu.

EC/v BHELWHAA KPMBMU3HA HE UrPaeT CYLLLeCTBEHHOM PO/, TO CTOMT BOMPOC Kak MOMKHO NOMYUYNUTb
pacwupsAoweecs NOPOXKAEHHOE NPOCTPAHCTBO HA TMNEPNOBEPXHOCTM C HY/1IeBOMN CpeaHe KPUBM3HOMN.
YpaBHeHUe 7 cOAePKUT GYHKLMIO NOPOKAEHHOTO PaccToAHUA. Ecan, Npy yBeiMYeHnn Bo3pacTa
BceneHHoM, 3Ta GyHKUMA 418 TOYEK C OAMHAKOBbLIM paccTosHWem B MeTaBceneHHol byaeT BbigaBaTb
Bce 60/bliee pacCcToAHME, TO NOA60POM GYHKLMN MOXKHO NOYYUTb PACLLMPAIOLWEECA NMOPOXKAEHHOE
NPOCTPAHCTBO Ha TMNEPNOBEPXHOCTM C HY/1IeBOM CpeaHen KpUBM3HOM. M3 3TOro BbIFNAAMT IOTMYHBIM YTO
M amnanTyaa GyHKLMM Pas3NoKeHns Toxe byaeT YyMeHbLUATCA Co BpemeHeM. Tem cambiM B ypaBHeHMWe 6
HY»HO 8,06aBUTb 3aBMCMMOCTb OT BO3pacTa BCEEHHOM t:

u(L,7,t) = YXiuwi, (L7, t,v,(F), l(F — 7, ), ¢) (34)

Tem cambim ypaBHEHME Pa3N0OXKEHUA CKAAPHOTO NOJIA MOXHO NepenncaTth Kak:

2\ — 3 p=AyKk=Np ri=iMax S g o 5 o
f(T) - fext(r) + 2p=1 Zk=1 i=iMin uikpwip(l" Tt Ut(T), l(T - rkp: t), C) (35)
Kocmonornyeckaa KOHCTaHTa TeM CaMbIM ABAAETCA GYHKUMEN OT OTHOLLEHUA CPeaHEero NopoXKaAeHHOro
pPacCToAHMNA MeXKay TOYKamm B nocneaytowme MOMEHTbI BpEMEHU:

g =g (=202 (36)

<l(t)>
3Ty PYHKUMIO [OBOIBHO NPOCTO HAUTKU, HO A 3TO NOKa OCTaBAAD Ha byayliee.

Bo3MOKHO, TpebyeTca BHeCEHME U3MEHEHUA U B ypaBHeHMe 8. Tak Kak GpyHKLMKU U3 MHOoKecTBa {w},
COrNacHo ypaBHeHWIo 35, HaUMHAOT 3aBMUCETb OT BO3pacTa BceneHHOM, TO M MHBAPUAHT TOXKE MOXKET
3aBuceTb OT Bo3pacTa BceneHHol. OQHO3HAYHO yTBEPXKAATb 3TO He MOJyYaeTcA, TaKk Kak obe GpyHKumM
U3 ypaBHEHWA 8 3aBMCAT OT BO3pacTa BceneHHoW. BO3MOXKHO, MHBAPMAHT TAaKOB YTO 3Ta 3aBUCUMOCTb B
060MX GYHKUMAX NPUBOANT K TOMY YTO MHBAPWUAHT OT BO3pacTa BceneHHOM He 3aBUCKT.



TemHas maTepus

YpaBHeHue 35 COAEPIKUT HaCTb for: (7, t) KOTOPas He NPUBOAUT K NOABNEHMIO 3/IEMEHTAPHbIX YacTUL,
Ecnu 37O 3HaYeHUe KaK-1mbo BAMAET Ha METPUKY NOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHMU, TO OHO
MOXKeT 06bsCHATb Habntogaemble 3GpPeKTbl OT TEMHOM MaTepun.

KBaHnToBas rpasutanuda U IIIIBM-Teopus
Koraga roBOpPAT O KBaHTOBOM rpasuTaumnnm, 06bIYHO FrOBOPAT O KBAHTOBbIX cBoMcTBax rpasuTalmn.

Bo3HuKaer BOMPOC, MOXET /I rpaBnTaumna MMeTb YaCThuy-nepeHoCHnK FpaBVITaLI,MVI?

C y4eToM TOrO Kak onpeaeneHbl 31eMeHTapHble YacTULbl, M C yHETOM ONUCAHMA Bbllle TOTO YTO TaKkoe
rpaBUTaLLMA, TPABUTALMA HE MOXKET MMETb YacTULLY-NepeHOoCYMKa rpaBuTaumMm. Takum obpasom, MNMNBM-
TEopUA NPeACKasblBaeT YTO rPAaBMTOHA He CyLLLeCTBYeT.

I'paBuTanMs, 4acTh ABa

Bbiwe 6bIAU NpeanoKeHbl USMEHEeHUA B ypaBHeHUe obLel Teopum OTHOCUTENbHOCTU. HO BO3MOKHO Nn
BbIBECTM YPaBHEHMA rpaBMTaLMM HanpaMyto Yepes cKaasapHoe nose? B aToi yactu, aTo byaeT caenaHo.
OAHaKo, NoNyymBLLMECA YPaBHEHUA TPebytoT 3HaUnTeNbHOM AanbHenllwen aeTaamsaummn ana Toro 4Tobbl
NX MOHO 6bI10 UICNONBb30BaTb ANA BbIYUCAEHUIA.

MopoKAeHHOE NPOCTPAHCTBO MOKET bbITb ONpene/ieHO YpaBHEHUEM, F4e ANA KaxK40M TOUKM X
MeTaBceneHHon, ansa Habopa GYHKUNIM Pa3/IoKeHUA MOJIA Ha 3/IeMeHTapHble YacTuubl {w} 1 ann
BpeMeHU, OHO AO0/IKHO BO3BPaLLaTh HOMb €CAN TOUKA X NPUHAANENKUT K NOPOXKAEHHOMY MPOCTPaHCTBY
ONA YKa3aHHOro MOMEHTa NOPOXKAEHHOrO BpemMeHu:

L(x, f,{w} 7)) =0 (37)

U;— BEKTOP BPEMEHM, COAEPXKaLLMii TaKKe MHGOPMALMIO O TEKYLLLEM 3HAUYEHWUN NOPOXKAEHHOO
BpemeHu. HeobxoaMm MMeHHO BEKTOP @ He CKa/IipHOe 3HaYeHMe BPEMEHM TaK KaK B /060 TouKe
npocTpaHcTBa MeTaBceieHHOW MOXKET 6bITb MHOXKECTBO NOPOXKAEHHbIX MPOCTPAHCTB C OAMHAKOBbLIM
Habopom GyHKLMIA PA3NOKEHUSA HO C OT/IMYAIOLLMMNCA HanpaBAEHUAMM BPeEMEHMN. L 3TO yHKUMS
KOTOpas BO3BPALLAET HOJIb €C/IM TOYKA X NPUHAL/EKUT NOPOXKAEHHOMY NPOCTPAHCTBY A1 YKa3aHHOIo
3HaYeHWs BEKTOPA BPEMEHMU, 3TO He larpaHkuaH.

Mcnonb3yto aHanornyHbIiM Noaxoa ANs HanucaHus ypaBHEHUA ANS BPEMEHM:

v =v(x f,{w}, L) (38)
L — nopoaeHHoe NPOCTPaHCTBO, Uy — BEKTOP BPEMEHM.
CoOTBETCTBEHHO, YpaBHEHMA rpaBUTaLUN:

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

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

3TW ypaBHEHWA A0KHbI MPMUBECTU K NOPOXKAEHHOMY NMPOCTPAHCTBY OMNMCbIBAEMOMY YpaBHeHnemM 32, u
AOJIXKHbI CO34aBaTb NPOCTPAHCTBO MUHKOBCKOTO 06Lel Teopumn oTHoCcuTebHOCTU. O6e dyHKLMM B yp.
39 Heun3BecTHbI. 18 Toro Ytobbl 3TM ypaBHEHUA MOXKHO 6bIN10 6bl UCNOL30BaThb B BbIYMCAEHUAX,
HeobXxoANMO LEeTaM30BaTb 3TU YPaBHEHMUS.



3TN ypaBHEHWNA MOPOXKAEHHOrO NPOCTPAHCTBA U BPEMEHW MOTYT COAEPKaTb Pa3pbliBbl B HEMPEPbIBHbIX
pelleHusax, MOTyT cogep»aTb 061acTu, rae NPoCTPaHCTBO-BPEMS He onpeaeneHo. ITo 03HaYaeT YTo
160 B TakMX 061aCTAX HET MOPOXKAEHHOMO NPOCTPAHCTBA-BpemeHm, N1Mbo, B Caydae pas3pbiBa,
OTCYTCTBYET CBA3b MK Ay 061aCTAMM NPOCTPAHCTBA-BPEMEHN C OAMHAKOBbIMM 3aKOHaMMU GU3UKMK.

IIpupoja ckaJasIpHOTO NMOJIA
O,D,MH 13 BONPOCOB, KOTOprﬁ He 6bin O6CY)K,£I,EH — YTO TaKOoe CKanAapHoe none MeTaBCGI’IEHHOﬁ, noyemy
OHO CYLLLeCTBYET U OTKyAa B3AN0CH?

Ha AaHHbIN MOMEHT, Y MEHA HET OTBETAa Ha 3TOT BOMNpOC.

MO»KHO CKas3aTb YTO NPUPOLa STOro NONA HEUM3BECTHA, NPeANnoaraTh YTO OHO CyL,ecTByeT 1
NCNOo/1b30BaTb YPaBHEHUA A5 HaXOXAeHusa ero ceoncts. Ecnm MMNBM-Teopusa noaTeepanTCcaA, TOraa u
HY)KHO ByaeT HauMHaTb AymaTb O NpUpoae 3TOro noss.

IlopoxxeHHOoe NPOCTPAaHCTBO-BpeMs U MaTepus, ypaBHeHus [IIIBM-Teopuu

B npeablayLwmyx 4acTax 3TOM CTaTbW A ONMCcan OCHOBHYO naeto MMNBM-Tteopun, nokasan, yto MNMNBM-
TEOPMA He NPOTUBOPEYUNT M3BECTHLIM XOPOLLO YCTOABLUIMMCA Teopuam. [11A HEKOTOPbIX Teopuin, bblan
npeasioXKeHbl U3SMeHeHNs. HeKoTopble ypaBHEHUA BblIN NpeanoXKeHbl 4/1A oTAe /bHbIX YacTel MMNBM-
Teopuu. Bce BbiweonmcaHHoe co3gaeT PyHAAMEHT A1A NOCTPOEHMA MmaTemaTmyeckon mogenu MMNBM-
Teopuu. B aToi yactu ctaTbi, ypasHeHua MMBM-Teopmm 06beANHAIOTCA B EANHYIO CUCTEMY YPABHEHWN.

UTaK, cywectsyeT ckanspHoe none f(x), rae x = {x4,.., X, } 3T0 TOUKa B €BKANAOBOM NPOCTPAHCTBE
MeTaBceneHHolM ¢ N-U3MepeHnAMM. 3HAYEHNE NOAA B KaXKA0M TOUKe onpeaensaeTca 3HaYeHUAMM NoNA B
OKpPYKaIOLLMX TOYKAX.

CoBpemeHHas $u13nKa roBOpUT YTO TpW GYHAAMEHTA/IbHBIE CUJIbI B Hallel BceneHHOM MMetoT YacTuubl-
NepeHOCUYNKN B3aMMOAENCTBUIA. DNEKTPOMArHMTHOe B3aumogenctame nmeeT GOTOHA KaK NepeHocYmKa
B3aMMOZENCTBUSA, U T.M. M3 yeTbipex U3BECTHbIX B3aUMOLEVNCTBUI, UCKTIIOYEHUEM ABASETCA
rpaBuUTaLMOHHOE B3aumoaeincTeue. NepeHoCUYMKM B3aUMOENCTBUA 418 HEro He HaliaeHbl. CKanspHoe
nose MeTaBcesieHHOW He N3MEHSAETCA CO BPeMEHEM MO NPUYMHE OTCYTCTBMA BPEMEHM, TaK YTO 411 HEro
HEeBO3MOXHbI Kakne-1Mbo nepeHoCUMKN B3aMMOoAencTBmMA. 3To OrpaHMYMBaET BO3AeNCTBUE NONA
MeTaBceieHHOM TOIbKO OZLHUM C/ly4aeM — KOrZia noJjie B TOUKe BO3AEWCTBYET TO/IbKO Ha coceHue
TOYKMU.

3TO NPUBOAMT K cnefytouiemy: ecim B MeTaBcesleHHOM eCcTb Kakas-To 3aMKHYTas NOBEPXHOCTL S,
3HayeHuMe noaA ana NboM TOUKM BHYTPU 061aCTU, OKPYKEHHOW 3TO NOBEPXHOCTLIO, ONPeaeAtoTCA Ha
OCHOBE 3HaYeHuI NonA Ha nosepxHocTw, f(S). 3To npuBoOAUT K yp. 12.

[Hanee, KaK 6b1710 HaNMCaHO Bbile, HEOBXOANMMO HAWTN Pa3/IoXKeHMe CKanapHoro noaa MeTaBceaeHHOM
Mo 3/IeMeHTapHbIM YacTMLam. 3To NPUMBOAMUT K yp. 35. B cnyyae ecnm B Kakon-To obnactu
MeTaBceieHHOV BO3MOXKHO HalTK bosiee Yem OZHO Pas3/oXKeHWe, yA0BNETBOPAOLL,EE BCEM YCIOBUAM,
TO 3TV HabOpPbl Pa3NOKEHMIN OTHOCATCA K Pa3HbIM NOPOXKAEHHbIM BCENEHHbIM. YacTuLbl U3 Pa3HbIX
BCE/IEHHbIX MEXK Y CO60M He B3aMMOAENCTBYIOT, XOTA Kakne-HUby b KOPpenauum mexay Humm
BO3MOMKHbl.

YacTuubl B3aMMOAEMCTBYIOT B MPOCTPAHCTBE U BPEMEHW. ITO 3HAYUT HEOBXOAMMO HAMTU MOPOXKAEHHOE
BPEMA U NPOCTPAHCTBO. YpaBHeHWe 39 HaKkNaAblBaeT onpeaeneHHble OrpaHNYeHMA Ha NOPOXKAEHHOe
BPEMSA U NPOCTPAHCTBO.



HabntopgaeTca N0KanbHOCTb BCEX ABAEHMIA. ITO NPUBOAMUT K ypaBHeHMI0 6.1, 1 K gobasieHUIo
3aBUCUMOCTM OT MaKCMMa ibHOW CKOPOCTU C B ypaBHeHue 35.

[Nanee, HeobxoaMMO A06aBUTb CNeLManbHYHO TEOPUIO OTHOCUTEIbHOCTH.

YpaBHeHue 22 rosoput 4to B NMBM-Teopmn CKOpoCTb CBETA, onpegendaemasn yp. 21, sceraa Asnaerca
KOHCTaHTON. YpaBHeHMA 28 1 29 06BACHAIOT KaK CKOPOCTb CBETA MOXKET ObITb KOHCTAHTOM U He
NPUBOAUTL K MPOTUBOPEUUNAM B YPABHEHUSAX.

Bce yactmupbl B Hawewn BceneHHo ABUTAOTCA CO CKOPOCTbIO HE 6onee CKOpPOCTHK CBETAa. CnepoBaTtentHo,
yron ,B mMeXxXay BEKTOPOM BpeEMEHU U TpaeKTopmeﬁ 4acTuubl HE A0/1XKEeH NpeBbIWaTb Yron a;
COOTBETCTBVIOLLI,VM CKOpPOCTHK CcBEeTa:

,8 < a; (40)
O6beamnHAs ypaBHEHUSA, NoAy4Yato cuctemy ypasHeHui MMNBM-teopuu:

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

c =c(f,{w})
c=v xtg(a)
B<a

0, B, {w},L,vy) = IM ["Rpdr — [ iR dry]
O, B,{w},L,v)>0eciuv >0
fx)= g(x,5,f(S)

- —> = k=N. i=1i - — > - —
f(r) = fext(r) + ZS:? Zk=1p Z;::%%C uikpwpi(l" T, tl vt(r)l l(r - Tpk)ﬁ C)
HV: V - SAS ’ Tcaus(v) = Tmin v tbegin <t< tend' tend - tbegin > Tmin

Y(t+dt) = UP(t) + P(...)
h(l,v{) = const

__NvD
\ TCauS (V’ t) - dN(V,t)/dt

(41)

B3sammogencTeue Yactul, mexay coboi, npu ycaoBumn 4to Bce GyHKLUMM U rpaHUYHbIE YCI0BUA
N3BECTHbI, MOXeT DObITb HalAeHO cneayowmm obpasom:

1. HaiTi B COOTBETCTBYIOLLEN CUCTEME OTCYETa BCe YacTuLbl Be3ae B BblaeneHHOo obaacTu
NOPOKAEHHOIo NPOCTPaHCTBA-BPEMEHHN

2. BsaumogencTeme 4acTuL, HaMAEHO — AOCTaTOYHO CMOTPETb Kak OHU MEHSAIOT CBOE COCTOSIHNE B
NOPOXAEHHOM BPEMEHM

Cuctema OYHKUMOHAbHbIX YPaBHEHMIA, HAaNUCaHHanA Bbllle, O4YeHb 0b6wan. [1a Toro 4Tobbl caenatb ee
NPUroAHON ANA BbIYMCAEHUIM, HEOBXOAMMO HalTK ByHKLMIO cKanapHoro nons f(x). Ecan dyHKuma
cKanapHoro nons, yp(12), 6bina 6bl M3BECTHA, TO B 3TOM C/ly4ae 3aKOHbI GU3MKK B Hallel BceneHHow
MOTr/IM 6bl ObITb HANAEHbI HAXOXKAEHUEM TOUYHbIX YPaBHEHUI rpaBuUTaLMm U GYHKUNUI pasnoxeHus
yactul,. Mbl Hablogaem TONIbKO NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA-MATEPUIO, TaK YTO Npobnema ¢
peLleHMemM HaMHOTO C/I0XKHEe YeM HaxoXAeHWe NOPOXKAEHHON BCENEHHOW U3 U3BECTHON GYHKLMM
ckanapHoro noas. CHayana HeobXxo4MMO HAUTU ypaBHEHWE CKANAPHOro nons MeTaBceNeHHOM U3 HallmX
HabntoAaeMbIX 3aKOHOB PU3NKKU. U TONbKO NOTOM HAUTU YPaBHEHWUS YACTULL, NPOCTPAHCTBA U BPEMEHMU
U3 ypaBHEHWA CKaNAPHOro Noas. Pe3ynbTaTom 3TOro noaxoaa A OXuAA yBeAnYeHUA 3HaHWA 0 pUsnke
BceneHHoOMW.



KaK 370 MoXeT bbITb caeNaHo?

Al Aymato, 4To CHavana HeoHXoAMMO pPeLwnTb NPOBIEMY HAXOXKAEHUA PA3NOKEHUA CKAZAPHOIO NOAA Ha
3N1EeMEeHTAPHbIE YACTUL, U NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHU C NOALEPHKKOM NPUYMHHOCTMU.
PelweHue aTol Npobembl, CKOpee BCEro, HAaNOXKUT OrpaHUYEHMA Ha TUMbl BOSMOXHbIX YPaBHEHUI, U
3TO MOMKET [aTb NOACKA3KM KaK peLlaTb 06paTHY NpobaemMy HaXOKAEHUA CKANAPHOro NoasA U3
NMOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHMN.

Moxoe uTo peweHune ypasHeHui MMBM-Teopuun ABNSETCA CNOXKHOM U KOMMNIEKCHOW Npobiemoit n
notpebyeT HeMano nccieLoBaHUM.

HN3MeHYHUBOCTh NPOLLJIOTO U GyAyILero

Mepexos B HOBYHO CUCTEMY OTCHETA MOMKET BbITb BbI3BaH YCKOpeHMEM. TaK Kak Npu YCKOPEeHUU nmeeTcs
OnMcaHHan Bbilwe notepa MHPOPMAaLMK, TO 3TO 03HAYAET eLLe M TO YTO MPOLLIoE B NPOLECCe YCKOpeHMs
n3meHseTcs.

[l0 ycKopeHusa NpoCcTpaHCTBO-BPeMA OMMCbIBANOCh OAHMM Habop nosepxHocTein B MeTaBceneHHOM,
noc/ie yCKopeHus — ApyrMm Hecosnaaatowmm Habopom nosepxHocTeit. MosTomy pasHuLA B MPOLAOM
[0BO/IbHO OYeBMaHa.

M13-3a rpaBuTaLmMm 3eMnsa ABUMKETCA YCKOPEHHO Ha opbuTe BoKpyr ConHua, CoNHue TakKe ABUMNKeTCA
YCKOPEHHO MO OTHOLLEHWIO K LeHTpY ManakTUKK. ITO 03HaYaeT ec/iv BpemMsa He ABAAeTCA
dyHAaMeHTaIbHbIM ABNEHMEM, TO MOBEPXHOCTb NPEACTaBAAIOLLAA HALLe NPOCTPAHCTBO NOCTOAHHO
noBopaymMBaeTca. ITO 3HAUYUT YTO Hallle NPOLLNoE NOCTOAHHO n3meHaeTcA. o 3To e NpuumHe, Halle
byayliee Tak»Ke NOCTOAHHO U3MEHAETCA.

Hy>xHa /i1 Haya/IbHasA CUHTYJIAPHOCTb NpU bosibiiom B3peiBe?
HeB03MOXKHOCTb N36eXKaTb CUHTYNAPHOCTU B KOCMOJIOTMYECKMX MOZeNax obuiei Teopun
OTHOCUTE/NIbHOCTM BblNa AOKa3aHa, B YNCe NPOUYMX TEOPEM O CUHIYAAPHOCTAX, P. NeHpoysom u C.
XOKMHrOM B KoHLe 1960-x roaos. 3T A0Ka3aTebcTBa OCHOBaHbI Ha BUAMMOWN OAHOPOAHOCTU
BceneHHOM, YTO HEBO3MOXKHO AOCTUTHYTb eC/iv Bce 061acT BceneHHOM Korga-To B NPOLWIoM He
B3aMMOAEeNCTBOBaNN Mexay Coboli.

B MNMNBM-Teopuun BUANMYHO O4HOPOAHOCTb BceneHHoM MOXKHO nonpoboBaThb J0OCTUYb M 6e3 HaYaIbHOM
CUHIYNAPHOCTU. [NA 3TOro A0CTAaTOYHO YTObbI B hase GopMmMpOBaHNA NPOCTPAHCTBA-BPEMEHN BE3AE B
dbopmmpyroLLEMCA MPOCTPAHCTBE-BPEMEHM BbIIM MPUMEPHO OAMHaKOBbIE yC10BuUA. [Jo HavYana
$bopMMpPOBaAHMA NPOCTPAHCTBA-BPEMEHU MOPOKAEHHbIE PU3NYECKME 3aKOHbI HEMPUMEHUMDbI.

CKO0JIbKO U3MepeHu B MeTaBCe/IeHHOM?
OLI,MH 13 BONpPoOCoB KOTOprﬁ BO3HWUKAET NPU NOMbITKE NOHATb yCTpOﬁCTBO BCG/’IEHHOVI, 3TO nNo4emy BO
BceneHHom YyeTblipe namepeHuna, Tpu NPoCTPaHCTBEHHbLIX N OAHO BPEMEHHOE.

peHdecT[8] nokasan, noyemy KOMUYECTBO NPOCTPAHCTBEHHbIX U3MEPEHMI PaBHOE TPeM ABASETCA
Hanbosee noaxogAawmm. Npu KOANYECTBE U3MEPEHUI CBbILLE 3 HE MOTYT CyLLEeCTBOBATbL aTOMbI. B
C/lyyae pasmepHoCTel MmeHblUe TPEX ABUKEHME BCerga Npomncxoamnno 6ol B orpaHMYeHHOM

061acTh. TONbKO NPU KOAUYECTBE U3MEPEHUIA, PABHOM TPEM, BO3MOKHbI KaK YCTOMUMNBbIE QUHUTHbIE,
TaK U UHOUHUTHbIE ABUKEHUA

Mcxoaa 13 onucaHHoro m ncnonb3syAa aHTpOI'IHbIﬁ npuHUUN Y4aCTUA, MOXKHO YyTBEPXKOATb, YTO BceneHHasn
MMEeET YeTbipe N3amepeHnAa NOTOMY 4YTO 3TO TO KOJIMYECTBO KOTOpPOe HEO6XO,CI,MMO AnAa cyuiecrsoBaHuUA


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

paayMHon *KU3HU. BO3MO}KHO, NOCTPOUTb NOPOXKAEHHbIE BCE/IEHHbIE C 60/1bLLIMM KOIMYECTBOM
M3M€peHMl\/’1 HEBO3MOXHO MO Npn4YnHe HEBO3MOXKHOCTHU pPa3BUTUA B HUX pa3yN\H01‘/’| KU3HWN.

To uTO YeTbipe U3MePEHUA ABNAIOTCA Hanbosiee NOAXOAAMMM AN1A NOPOKAEHHbIX BCENEHHbIX ABNAETCA
OLHOBPEMEHHO apPryMeHTOM B M0JIb3y TOFO YTO KONMYECTBO M3MepeHuii B MeTaBceneHHon 6onblue
yeTblpex. CKoMbKO Obl He Bbl10 M3MepeHnin B MeTaBceNIeHHOM, BCe MOPOXKAEHHbIE BCENEHHbIE BYayT
MMETb TOJIbKO YeTblpe namepeHua. MosTomy NpeanosoKeHMe 0 TOM YTO BceneHHasa cogepKuT ToNbKO
YyacTb U3mepeHuii MeTaBceNIeHHOM BbIFNAANUT, Ha MOW B3rNA4, NPaBaonoa06Ho.

AprymenTtsl npotus IIIIBM-Teopun

Hay4yHnble aprymenTsl npotus IIIIBM-Teopuun
B aTOM YacTu, A onuiuy oXxxugaemble Bo3parkeHus npotms MNMBM-Teopum 1 nocTapatocb Ha HUX OTBETUTb.

A1 O’KMAA0 HECKONIbKO OCHOBHbIX TUMOB apryMeHTOB:

1. BceneHHas He MOXKeT OCHOBbIBATbCA Ha 6e3BpeMeHHOM CyLHOCTH. [LJOCTaTOYHO NOCMOTPETL
BOKPYr — eCTb ABUXXeHUE, eCcTb BpemsA. ITa TeopUA NPAMO NPOTUBOPEYUMT HALLMM OLLYLLEHUAM.

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

3. MoeT 1 cylecTBOBaTb PYHKLMA CKANAPHOrO NoA, YA0BAETBOPAIOLWAA BCeM TpeboBaHMAM
MNMNBM-Teopumn?

4. T[MNBM-teopua He cogepumT CTaHA4APTHYIO MOAeNb.

fl nocTapalocb OTBETUTL Ha 3TV BO3PaXKEHMA.

Ona Hayana oTBevy Ha aprymeHT #1, o npotnsopedunmn MNMBM-Teopmn HaWMM OLLYLLEHUAM. A CUMTAIO YTO
STOT apryMeHT He Hay4eH; 3TO NPOCTO BbipaxeHne dmunocodpckux B3rnaanos. Jltlobaa HayuyHasa runoTesa
[O/IKHA OLLeHNBATBLCA Ha OCHOBE ee NpeAcKa3aHuii @ He HA OCHOBE TOTFO KaK XOPOLIO OHA COOTBETCTBYET
“3ppasomy cmbicny”. Mpupoaa He UMeeT HUKAKNX 0653aTeNbCTB COOTBETCTBOBATL Ye/10BEYECKOMY
34paBomMy CMbICAY.

06 aprymeHTe #2. 3TO MOKET BbITb CEPbe3HbIN apPryMeHT, HO Npu TeKyLem coctoaHum NMMBM-Teopum
KOZIMYECTBO ee NpeacKkasaHuii Hebonbwoe. OHa NpeacKasbiBaeT OTCYTCTBME KBAHTA rpaBuTaLmiy,
paBEeHCTBO CKOPOCTU FPaBUTALLUN CKOPOCTU CBETA M BEPHOCTb NMPUHLMMNA 9KBUBAJIEHTHOCTU.

Mpo #3. A He Mmory yTBep:KAaTb YTO TaKaA GYHKLMA TOUYHO CyLLECTBYET, He0bX0AMMbI AOMNOHUTE/IbHbIE
nccneaoBaHUA YTobbl OTBETUTL Ha 3T0. O4HAKO, A MOry YTBEPKAaTh YTO, 6e3 A0NONHUTE/IbHbIX
nccaeaoBaHNiA, HEBO3MOXHO CKa3aTb YTO Takasa GYHKLMA HE MOXET CyLLeCcTBOBaTh.

06 aprymeHTe #4. [la, xoTenocs 6bl BbiBeCTU CTaHAAPTHYO Moaenb cpasy us MMBM-Teopun. He
noJiy4aeTcs, MOTOMY YTO MaTEMATUKA TEOPUM MOKa HeZOCTAaTOYHO pa3BuTa. OgHaKo, byayliee passutue
STOW TeopuKN MOXKET ee pewntb. MaTematuueckas mogenb NMBM-Teopun yaydllaeTcs cO BpEMEHEM,
TaK YTO BO3MOXKHO B byaywem byaeTt HallgeHo pelueHme 3Tol npobaemsi.

MNBM-Teopusa He UMeET CKPbITbIX MAapPaMeTPOB Ha YPOBHE 3/1eMeHTapPHbIX YacTuLL.

KoHeuyHo A He Mory NpeaBnAEeTb BCe BO3MOXKHbIE Hay4YHble apryMmeHTbl npoTus MMBM-Teopuu, Tak uto
MoMbITasCA OTBETUTb TO/IbKO Ha Hanbosiee oXKugaemble aprymeHTbl.



He Hay4yHble aprymeHTbl npoTuB [IIIBM-Teopun
HeKkoTopoe Bpema Ha3ag, A NoAy4Yna Takol oT3bIB Ha MMNBM-Teoputio, OT peaakumm ogHOro us
M3BECTHbIX *XypPHanos no ¢usmke: “This work is simply not physically sound.”

HemHoro noaymas, A MOHAN YTO 3TO MOXKET 6bITb AO0BOJIbHO YaCTbiM BOCNPUATUEM aTOM TEOPUMN. TaKk uTO
A pewnn HanncaTtb OTBET Ha 3TOT OT3blB.

fl CYUMTAlO YTO 3TO MHEHME HE UMEET OTHOLLEHMA K HAayKe. 9TO MHEHWE NPOCTO 03HAYaET YTO /I060M KTO
TaK YTBEPXKAAET yBEPEH B TOM 4TO ero ¢uaocodckoe suaeHue Mpupoabl BepHo 1 nostomy MMNBM
Teopua oWwmMboYKa KaK NPOTUBOPEYaLL,aa STOMY BUAEHUIO. Mory A CNPOCUTb rAe U Koraa 1o
dnnocodckoe BugeHme bbino foKasaHO? A YMTan HEMANO AUCKYCCUIN B UHTEPHETE O peasiu3me U aHTuU-
peanunsme, n He BUAEN KAaKUX-TMBO YNOMUHAHWI O TOM YTO peannsm bbln LOKa3aH.

CuTyaums Korga dumsmnyeckas Teopus Npsamo 3aTparmsaeT puaocodckme BONpocChl ABAAETCA OYEHb
HeobblYHOM, O4HAKO HUYETO B OHTO/IONMW HAYKKN He 3anpeLLaeT TakmMe TEopPUM.

Bo3amoxkHo MMNBM-Teopua TpebyeT CANWKOM MHOIO U3MeHeHU B G1UN0CoGCKOM BUAEHUN MUPaA U
cyuiectByeT 60n1ee NpocTas anbTepHaTUBa? XOPOoLO, MOTY /K A y3HaTb Ha3BaHWe Kakon-nnmbo Teopum
KOTOpas He TpebyeT CTONb CyLLEeCTBEHHbIX GUAOCOPCKUX N3MEHEHUI U KOTOPas 0bbeamHAET BCe
dyHOameHTanbHble B3aumogaenctama? CyLlecTByOT TaKMe TEOPUM KaK TEOPUA CTPYH, NeTaeBan
KBaHTOBaA rpaBuTaLMaA 1 T.M., U HEKOTOpPblE AYMatOT YTO OHN MOTyT 06beANHUTDL BCE B3aMMOLENCTBUA.
Ho rae pesynbtat c 06beanHeHnem? OH, Ha AaHHbIM MOMEHT, He cyuiectsyeT. MMMBM-Teopusn
npeanaraeT npocroe o6beaNHeHNE BCceX GyHAAMEHTANIbHbIX B3aUMOAENCTBUIN. ITO 06BACHEHUE NIETKO
06BACHUTb N MOHATb, HO TOJIbKO €C/IN €CTb FTOTOBHOCTb Cepbe3Ho paccmaTtpmsaTth MNMBM-Teopua n ee
dunnocoduto, a He HacTanmBaTb Ha CBOUX PUNOCOPCKMX B3rNaAaX.

A noHumato uto MNMBM-Teopua MOXKeT OKasaTbcA HeBepHOW. OAHAKO A/1A ee ONpPOBEPKEHUA AOJIXKHbI
NCNO/Ib30BaTbCA TO/IbKO Hay4Hble aprymMeHTbl a He dprunocodcKme B3rnsapl.

I[IpumeHneHue [IIIBM-Teopuu K HEKOTOPBIM U3BECTHBIM MPOGIEMaM

UHpopManys U YepHbIe AbIPbI
B COBpPEMEHHbIX LWMPOKO MPUHATbIX TEOPUAX CYLLLECTBYET NOTEPA MHPOPMALMKN B YEPHbBIX AbIPaXx.

MNotepu undopmauum 8 NMBM-Teopum HeT. MNoTepsa MHGOPMaLMM BO3MOXKHA TO/IbKO B NOPOXKLEHHOM
NPOCTPAHCTBE-BPEMEHM, HO 3Ta MHPOPMALLMA NO NpexHeMy ocTaeTcA B MeTaBcesieHHOW, XOTA U
HeAOCTYNHOM ANA Hac.

CUHIYyNapHOCTb B YepHbIX Ablpax, NpeacKasbiBaeman obLel Teopueit oTHocuTenbHocTH, B MMBM-
TEOPUM ABNAETCA Pa3pPaBOM NPOCTPAHCTBA-BPEMEHU. ITO pPa3pbiB 3aHMMAET HEHYNEBOW pa3mep B
OKpY»KatoLem NopoXKAEHHOM NPOCTPAHCTBE. 3a rpaHULEN 3TOro pa3pbiBa, HEBO3MOXKHO NPOAO/IKUTL
NopoXAeHHOe NPOCTPaHCTBO-Bpema. [1na onncaHna Toro 4To NPOUCXOAMUT 3a rPpaHULL @MU Pa3pbIBa,
TpebyeTcs MCNoNb30BaTb NOJHbIe ypaBHeHus NMNBM-Teopuu.

3aK/iloueHue
Mpepgnaraemas MNMNBM-Teopus umeeT gse coctaBaatowme — dpunocodckyto n dpmsmyeckyro. Moatomy
pasgento 3akNtoueHme Ha ABe YacTh, GMnocodCKyto 4acTb U GU3MUECKYHO YacTb.

3axkioyeHue, puaocoPpckas 4acThb
MNMNBM-Teopua npegnaraeT HOBYH MHTepnpeTaunto bbiTnA. Y yenoseka, COracHO 3TOM Teopum, HeT
Noa/IMHHOM cBO6OAbl BOIN. 3Ta TEOPUA NMONHOCTBIO AETEPMUHUCTUYECKAS, MOITOMY Y It0AEN HET



cBob0oabl BONM. ITa TeopuAa Npeanaraet oTBeT Ha OAMH U3 60/1bWMX BONPOCOB dpraocodun, a UMeHHO
KaK NPOCTPaHCTBO-BPEMA W HaLLM OLLYLLEHWNA CBA3AHbI MeXay CoboM.

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

HekoTopoe Bpema Ha3ag Hanbosiee pacnpocTpaHeHHO Teopuelt bbina Teopusa MTonemesn, rae 3emnn
6blna B LLeHTpe BceneHHo, a ConHue Bpallanocb BOKpyr 3emaun. Yenosek 6bi/1 B LLeHTpe BceneHHow,
XMBOTHbIE BblIM OTAENBHO OT YeNoBeKa.

Co BpemeHeM, Hayanacb 3p03ua LLEHTPAIbHOM PO YeNoBeKa BO BcenieHHOW. 3emns Hayana BpaLWaTbCa
BoKpyr ConHua n ConHue cTano ueHTpom BeceneHHol. 3atem 6b110 06HapyxeHo 4YTo CosiHLE 3TO BCEro
Wb 0gHa U3 MUANMAPA0B 3Be34, 1 CoNHLEe BpalLaeTcsa BOKPYT LLeHTPa MaakTUKK, ranakTuK
Munanapapl. JapBrH NOKasa/ YTo Ye/I0BEeK MMeeT 0OLMX C APYTUMUM XKUBOTHbIMWU NPEaKOB.

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

B HacTosLLee Bpems, po/ib Ye/I0BEKa BO BcesleHHOM Mo NpeXHemy 0CTaeTca A0BO/IbHO BbICOKOM. 3TO TaK
B OCHOBHOM M3-3a KOHLENUUM CBOOOAbI BOMU, YTO Ye10BEK CBOOOAEH B CBOUX AENCTBUSAX.

B NMBM-Teopuun, 4enoBevyeckuii pasym 31o annpeHoOMeH, NoOpPoKAeHHbI MeTaBce/ieHHON!.

CnepoBaTesibHO, NO OTHOLWEHMIO K MeTaBceNeHHOM posib YesioBeKa KyA4a MEeHbLLE YEM B COBPEMEHHbIX
TEOpPMAX NO OTHOLLEHWIO K BceneHHoM.

OaHaKo, MOMUMO HM3BEAEHMA POAM YesioBeKa B MeTaBce/ieHHOM 40 YpoBHA anudpeHomeHa, y MMNBM-
TEOpPMK eCTb U NPAMO NPOTUBOMOIOXKHAA COCTABAAIOLLAA MO OTHOLLEHMUIO K POIN Ye/I0BEKA BO
BceneHHOM. ITa cocTaBAAKOWAA AENAET PO/b Ye/IoBEKA BO BceneHHON UCKAOYMTENbHON U BHOBb, KaK U
BO BpemeHa lNTonemes, CTaBUT YesloBEKa B LLEHTP BceneHHoIA.

CornacHo MMBM-Teopuun, NPOCTPAHCTBO, BPEMSA U MaTepua CyObeKTUBHbI, OHM HE CYLLEeCTBYHOT
He3aBMCUMO OT HabntoaaTens. bonee Toro, oHM NopoxKaatoTca Habntogatenem. Tem cambim,
COBEpPLUEHHO UCK/IOYMTENbHAA POab BO BceneHHOM YenoBeka U Apyrnx PasyMHbIX CYLLECTB, NPU MUX
Ha/IMYnKM, COCTOUT B TOM YTO pa3ym NOPOKAaeT BceneHHyto.

B MapKcuM3me cyLlecTByeT TaK HasblBaeMblii OCHOBHOM Bonpoc punocodpun. OH 06bI4HO dopmynnpyeTcs
TaK: «4T0 NepBUYHO, AyX AN maTepusa?». Moli OTBET Ha 3TO BOMPOC yKe chopmynnposaH u ob6ocHoBaH
Bbile. BbibMpaa mexay cCo3HaHMeM U MaTepueit, NepBuUYHO co3HaHue. OAHAKO CO3HaHME TaKKe
ABNAETCA MOPONKAEHHLIM ABNEHUEM, XOTA U CTOMT Ha CTYNEHb BbllLe MaTEPUN.

PaCCN\anMBaH YyesioBeKa CO CTOPOHDbI METaBCEI'IEHHOI‘/JI, YE/10BEK M €ro CO3HaHue CyLlecTByrOT BEYHO.
X0oTA HAaCKONbKO BE€PHO roBOpUTb NPO BEYHOCTb NO OTHOLWEHUIO K CYLLUHOCTN B KOTOpOVI HET BpEMEHMU,
HenoHATHo. O4HAKOo BO BceneHHon, FIBﬂFIIOLLI,EﬁCFl I'IOpO)K,EI,eHHOﬁ CYWHOCTbIO, YeENOBEK CyLWleCcTByeT
KOHe4YHOoe BpemaA.

Bo3HKMKaeT BONPOC: KaKoB peaanbu‘& BO3pacT BceneHHoM, Kak AO/Ir0 OHa HaxoAnTCA B bbiTne?

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



CornacHo [lapsuHy 1 TEOPUM 3BOIOLLUM, YEJOBEK MPOM30LLIEN OT }KUBOTHbIX. HUKTO M3 KUBOTHbIX,
BKJ/1HOYASA NPMMATOB, HACKO/IbKO MHE M3BECTHO He 061adaeT pasymom. Eciv npeanonoxKuTs, 4To
yenoBeK eAMHCTBEHHOE pa3yMHOe CyLLLeCcTBO BO BceneHHol, To BceneHHasa nosiBuaack Torga, Korga
nepsblin YenoBek obpen pasym.

HacKonbKo 5 NoHAA YuTan Bukmneamio, cpeam NaneoaHTPONO/I0roB MMEETCA KOHCEHCYC YTO NepBbliii
yenoBek obpen pasym He 6onee 1 mMaH. neT Hasaa. Torga sTo o3HayaeT, yTo BeceneHHan He ctapwe 1
MAH. neT. [lo aToro, BceneHHas He cyliecTBoBasa No NpuYmnHe oTCyTCTBMA HabaoagaTeneit. Hasosy
cocToAHMe BceneHHoM Korga oHa CyLecTByeT TO/IbKO NOTEHLUMAbHO KaK npeacylwectsoBaHue. Toraa
3TO O3Ha4aeT, YTo BceneHHana A0 NOABNAEHMA PA3YMHBbIX CyLLECTB HaX0AMNACb B COCTOAHUMN
npeacyLLecTBoBaHMA. B aTom cnyyae pasinyHbie OUEeHKN Bo3pacTa BceneHHoM, Takue Kak 13.77 mapga.
NeT 1 T.N., OTBEYAIOT HA BOMNPOC KaK AANEKO B BO3MOXKHOE NMpoLuIoe MOXKHO r’MNoTeTUYECKU NPOTAHYTb
NPUYNHHO-CNeACTBEHHble cBA3KU. OAHAKO cyllecTBoBaHUe BceneHHol TpebyeT Habntogatens,
CcneaoBaTeIbHO OLUEHKN KOTOpble He YYMTbIBAKOT Habtogateneit OTHOCATCA K CYMMapPHOW AAUTEIbHOCTU
BPEMEHM CyLLLeCTBOBAaHUA BceneHHoM B bbiThe 1 BpemMeHM NpeacyLLecTBoBaHMA, Korga BceneHHasn
CyLLLeCTBOBaNA TO/IbKO MOTEHLMANbHO.

Bo3MOMKHa cMTyaumn, Korga Bo BceneHHOM nepmobl CyLLEeCTBOBaHUA Pa3yMHOM KU3HU CMEHAINCH
nepuoaamu Koraa pasyMHOM KM3HK He Bblao. B aTom ciyyae, BcesieHHasn 6biia B BbiTe TONbKO Koraa
CYLLeCTBOBa/Ia pPasyMHan *MU3Hb. B NpomerKyTKax mexKay aTum, BceneHHas 6bina B NpeaCcyL,ecTBOBaHUMN,
CYLLeCTBOBA/A TO/IbKO MOTEHLMAbHO.

MMNBM-Teopua npeanaraeT TakKe oTBET HAa GPUNOCODCKMIA BONPOC — YTO €CTb HAYaN0 Havyan M NPUYUHA
NPUYUH?

Paccmatpuas 3ToT BONpoc ¢ ToUuKn 3peHma NMBM-Teopun, sTOT BONPOC HE UMEET CMbICAA.
O60cHOBaHMe 3aKN04YaeTCA B TOM, YTO MPUUYMHHOCTb, KaK NpeanonaraeT 3Ta Teopus, ABAAETCS
NopoXKAEHHbIM ABNEHNEM U He CyllecTByeT Ha bosee dyHOaMeHTanbHOM ypoBHe MeTaBceieHHON.

Takmum obpa3om, OTBET HA BOMPOC “Y4TO eCTb Hayasio Havyaa U NPUUYNHA NPUUUH?”: BONPOC HE MMeeT
cmbicna.

3akiroueHue, pusnyeckKas 4acThb
MMBM-Teopua nocTpoeHa Ha OAHOM CKaJIAPHOM NOJie U3 KOTOPOro BbIBOAUTCA NPOCTPAHCTBO, BPEMA U
maTtepua. Tem cambim 06beANHAIOTCA BCe PyHAAMEHTAIbHbIE B3aUMOLENCTBUSA.

Ha moi1 B3rnaa, oCHOBHasA CMia U OCHOBHOE AOCTUMKEHWME STON TEOPUM 3TO NPOCTAA KOHLLENTyabHasA
MoAe b N03BOAIOWANA 06 beAMHNUTL KBAHTOBYO MEXAHMKY € 0bLel Teopuei OTHOCUTEIbHOCTH.
YpasHeHus MNMNBM-Teopuu, ecnm oHa BepHa, cnocobHbl onncaTb tobble pusnyeckme npoueccsl,
BK/IIOYAs Te YTO eLle He OTKPbITbI, MPU Ntobbix PU3NYECKMX YCIOBUAX. ITa TeEOPUA Npeaaaraet cnocob
06bACHEHNA BCEX PYHOAAMEHTANbHbIX B3AMMOLENCTBUI C OAHOMN TOUYKM 3peHUs. ITo obbeanHeHme
B3aMMOAENCTBUIA OCHOBAHO HAa OAHOM UCXOAHOM KNaCCMYECKOM He KBAaHTOBOM nose. Takum ob6paszom,
Bce PpyHAaMeHTa/IbHble B3aMMOAENCTBUA U 31eMEHTAPHbIE YAacTULbI C UX KBaHTOBbIMM 3ddeKkTamm
BO3HWKAIOT U3 3TOro nonsd. FnasHaa npobnema MMBM-Teopum — punocodckan LieHa aToro
ob6beanHeHun. ITo 0bbegMHEHME 3aTparnBaeT Hambonee PpyHaameHTaNbHble KOHUENLMK dunocodum.

Bce npoueccbl KOTOpble NPOUCXOAAT B MOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHW PACCMATPMBAIOTCA B
MMBM-Teopun Kak aTemnopasibHble NpoLecchl.



lMoKa3aHo Kak ypaBHeHue LLpegnHrepa sbiBoauTtca B pamkax MNMNBM-teopuu. NokasaHo 4TO NpMHUMN
HeonpeaeneHHocTu leli3eHbepra Takxke BbiBoguTca ns MMNBM-Teopumn, HecmoTps Ha To yto MNMNBM-
TeopuA ABNAETCA AETEPMUHUCTUYECKON TeopueN.

Al NOKa3an Kak 06bACHUTD CNeLnanbHY0 TEOPUD OTHOCUTENBHOCTM M NPUHLMI NOKANbHOCTU B paMKax
MNMNBM-teopuu.

O6wan Teopma OTHOCUTENBHOCTU BKAtoYeHa B NMNMBM-Teoputo. NoKasaHO YTO YpaBHEHUA rPaBUTaALMM,
npezacKasbiBaemble MMBM-Teopuelt, coBNafatoT ¢ ypaBHEHUAMMU 0BLLE TEOPUN OTHOCUTENBHOCTU.
O60CHOBaAHO pPaBEHCTBO MHEPTHOW M rPaBUTaALMOHHbIX Macc. MpeanoXKeHbl HEKOTOPblE U3MEHEHUSA B
YPaBHEHUAX 06LLLEN TEOPUN OTHOCUTENBHOCTH.

CeMyac ocHOBHas c1laboCTb 3TON TEOPMM 3TO MHOXKECTBO OTKPbITbIX MaTeMaTUYECKMX BONPOCOB. Mx
HY}KHO ByZeT pewmnTb 4Tobbl caenaTb YpaBHEHUA TEOPUM NPUTOAHBIM A1 BblYUCNEHNI. HeT
aHANUTUYECKMX peLlleHnit ypasHeHu MNMNMBM-Teopuu. A gymato 4TO 3TO BMOJIHE OXKUOAEMO,
nepBOHaYasbHO, A8 060K TEOPUM YTO MAET 3a NpPeaesibl XOPOoLWo Uccien0BaHHON obnacTu
KannMbpoBOYHbIX Teopuid. YpasHeHus MMNBM-Teopun 31o Habop GyHKLMOHANbHbIX YPaBHEHWUI, OHU
C/IOXKHbIE U HAaWTU UX peLleHne HeNpocCTo.

MpeanoxKeHHana Teopma 04HO3HAYHO paamMKaibHa, OHa 3aTParMBaeT K/atoUeBble KoHuenuun euaocopum.
OpaHaKo, 3Ta Teopua TakxKe obellaeT paanKkanbHoe yMeHblUeHMe YUCa He3aBUCMMbIX ABNEHWNI. BpuTea
OKKaMa 415 3TOro C/1y4as NMoKasblBAET YTO 3Ta TEOPUA MOXKET OKa3aTbCA BEPHOM.

MNMNBM-Teopua npeanaraeT cnocob ob6veanHeHMA Bcex GyHAAMEHTaIbHbIX B3aMMOAENCTBUI, BKItOYan
rpaBMTaLMIO, B paMKax CBOei moaenn. TakxkKe 3Ta Teopua 06bACHAET NPUpoAay U CBOMCTBA BPEMEHMW.
MMNBM-Teopus gob6aBnaeT TONbKO OAHY CYLWHOCTb, MeTaBCeNeHHYH0 CO CKansapHbIM nosiem. fl TakKe
npeanarato MeTos, Kak, OCHOBbIBasACb HAa 3TOM NOJie, ONUCbIBATL Halwy BceneHHyto. 3Ta Teopua ybupaet
KOHLLenumMn He3aBMCMMOro NPOCTPAHCTBA, BPpEMEHN U MaTepUK. TaK XKe A 0XKUAA YTO MHOXKECTBO
KOHCTAHT, KBaHTOBasA MexaHMKa u CTaHAapTHaA MoAeNb UMEET HEMANO TakuMx, OyAeT BbiBeAeHbl KaK
CNeacTBMe B NPOLLECCE NOMCKA aHANIMTUYECKUX peLleHni ana ypasHeHun MNMNBM-teopun.

MMNBM-Teopua npeanaraeT HEKOTOPbIE N3MEHEHUSA B 06LLEN TEOPUM OTHOCUTENBHOCTU B 4acTU
OTHOCALLLENCA K KOCMO0TMU. BO3MOXKHO UTO pasHuubl mexgy LCDM mozenbto 1 npegckasaHuamm
MMNBM-Teopumn HET HAa BCEM NPOMENKYTKE NOoC/e TOro Kak BceneHHasa ctana npo3payHoi and ceeTa.
OpHako, MMNBM-teopua npegnaraet npoctoe o6bvAcCHeHNE MHOAAUMOHHOW $asbl paHHe BceneHHoIA.
Mpu 3TOM, HEMOHATHO HY)KHa /N BoObLLE KoHLenuma Boablioro B3pbiBa ¢ ero Haya/ibHOM
CUHIYNAPHOCTbO. B pamkax MMBM-Teopun, BUAHA BO3MOXKHOCTb MOJyYEHUA BUOUMOM O4HOPOAHOCTHU
BceneHHon 6e3 nepBoHaYaibHOrO Masioro pasmepa BceneHHom.

MpeanoKeHbl 06bACHEHNA NPUPOALI TEMHOW SHEPTUN U TEMHO MaTepuu.

MpepcKasaHa notepa MHGoOpPMaLLMKN NPU Nepexose B APYryto CUCTEMY OTCYETa, OHA SIBAAETCA He
[O0CTYyNHOM ans HabnaogeHus. Takoe HabtogeHne 3anpelweHo aetepmmHnamom MNMNBM-Teopum u
OTCYTCTBMEM NOSHOCTbIO HE3ABMCUMbIX CODBLITUN.

Takana npob6sema ¢ ManbiM YUCIOM HOBbIX NpeACcKa3aHMii Bbi3BaHa B OCHOBHOM TEM YTO 3Ta Teopus
coBmectuma ¢ CTO, OTO 1 KBAaHTOBOM MexXaHUKoW. O4HAKO, KOJIMYECTBO HOBbIX NPeACKa3aHNn MOXKeT
HayaTb pacTu npu bonee rnybokom aHanuse ypasHeHui MMBM-Teopun.



Mpobnema c npeackasaHnaMM He o3HadaeT yto MMBM-Teopua He moKeT bbITb danbcndmumpoBaHa.
MMNBM-Teopus moxeT bbiTb panbcuduumpoBaHa ecnmn byaeT AoKa3aHO YTo ypaBHeHUsA MMBM-Teopumn
He MMEeEeT peLleHN yA0BAETBOPAIOLLMX BCEM HEODXOAUMbBIM YCIOBUAM UM YTO PELIEHMA 3TUX
YPaBHEHWUI He MOTyT 06bACHUTb Kakoe-1nbo asneHue. MMBM-Teopua ABAAeTCA KaHAMAATOM Ha TEOPUIO
Bcero, nosTomy oHa A0/1XKHA 6bITb CNOCOH6HOM onucaTb Ntoboe pr3nyeckoe aBAEHUE NPU NOObIX
dU3NYECKMX yCNoBUAX.

Ecnv NMNBM-Teopus BepHa, HaxoXAEHME YPABHEHUA CKANAPHOIO NOAA U3 U3BECTHbLIX 3aKOHOB GU3MKHK
MO3BOJIUT HANTU YPaBHEHMA YACTUL, NPOCTPAHCTBA M BPEMEHMU U3 CKaNApHOro nons. Kak pesynbraT, 3To
MOKET YNYYLWMNTb HaLM 3HAHMA 3aKOHOB PU3NKM U MOKET NPUBECTU K N3MEPAEMbIM NPeacKa3zaHUAM,
BO3MOMHO K OTKPbITUIO HOBbIX ABNEHWIA.

Cnucok npeackasaHuin MMNBM-teopun:

o [INBM-Teopua npeackasbisaeTt 4To FLRW meTpuKa He npumeHnma K nepBbiM MOMEHTaM nNocne
Bosibworo B3pbiBa, ec/iv OH BOObLLE cylecTBoBan.

e [lpeacKasaHo cywecTBOBaHME NapaniesbHbIX BCENEHHbIX.

e [NBM-Teopus yTBEPKAAET YTO NPOLLIOE HE MOMKET ObITb USMEHEHO

e [NBM-Teopus NpeacKasbliBaeT YTo rpaBUTOHA (KBaHTa rpaBuTaLMm) He cylllecTsyeT

e [IpeackasaHoO paBEHCTBO CKOPOCTU FPaBUTaLLUM M CKOPOCTU CBETA

e [lpeacKasaHa BepHOCTb NPUHLMNAE SKBUBAaNEHTHOCTH

[pyrve pesynbTaTbl 3TON TEOPUN:

e  AHTPOMHbIN NPUHLMM y4acTMA ABAAETCA NPAMbIM CIeACTBMEM 3TOM TeopUn. Tem CamMbim,
pelwaeTca npobsiema TOHKOM HAaCTPOWMKKM BceneHHOM.

e [INBM-Teopusa cnocobHa 06bACHUTL 0OLLYIO TEOPUIO OTHOCUTENIbHOCTU U KBAaHTOBYIO C O4HOWM
TOYKM 3PEHMA U C UCNONb30BAHMEM TONBKO 0AHOrO GyHAAMEHTANbHOIO NoAA.

e [INBM-Teopua npeanaraet USMeHeHMA B ypaBHEHMAX 06LLEN TEOPUM OTHOCUTEIbHOCTU

e [NBM-Teopus cooepXKuUT, KaK O4HY M3 YacTeN, TEOPUIO BPEMEHMU.

e [NBM-Teopus npegnaraet mogesnb GOPMUPOBAHNA NPOCTPAHCTBA-BPEMEHU, BKOYAs MOAEb
bopmMMpOBaHNA NPOCTPAHCTBA-BPEMEHW B NEPBble MOMEHTbI BceneHHoM. 3Ta Teopus
onucbiBaeT pasy popMnPOBaHUA, BO BpEMA KOTOPOIM U BPEMA U MPOCTPAHCTBO HE CYLLECTBYIOT,
HaxoaATcA B npouecce GopMUpPoBaHUA.

e [lanbHeMwee passutue MMBM-Teopumn, pelweHmne ee ypaBHEHWNI, MOXKET NO3BOJIUTb B3MNAHYTb
Ha To 4TO 6bI10 A0 NoABNEHUA BceneHHOM, Koraa He 6bl10 HU BpEMEHW HU NMPOCTPAHCTBA.

e [IpepnoxeHa HoBas, POHOBO-HE3ABMUCUMASA, UHTEPNPETALMNA KBAHTOBOM MEXaHUKW.

e [INBM-Teopua npeackasblBaeT, YTO Halle NPoL/Ioe 1 byayliee NOCTOAHHO U3MEHAOTCA.
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