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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
cBomMcTBaMu. MoKa3aHO Kak HegeTePMUHUCTUYECKME 3aKOHbI KBAHTOBOM MEXaHUKM C KaIMBpOBOYHbIMM
NosAMM NOABAAIOTCA B AETEPMUHUCTUYECKON Moaenmn 6onee dyHOAAMEHTANbHOM CYLLHOCTH.
MpeanoxeHHan TeOPUA NOPOKAEHHOIO NPOCTPaHCTBa-BpeMeHn U maTtepuu (ganee MMNBM-Teopusa), Kak
MoKas3aHo B 3TOWM CTaTbe, COBMECTMMA CO CMeLManbHOMN U 06LLen TEOPUAMMU OTHOCUTENIbHOCTH, C
KBAHTOBOW MeXaHWKOM U ¢ KocMmosiormei. KBaHToBas mexaHWKa bbina nepedopmynnposaHa B poHOBO-
He3aBucumyto. MNpuseseH BbiBOA ypaBHeHua LUpeanHrepa Ana KBAHTOBOW mexaHMKKU. MoKasaHo Kak
npUHUMN HeonpeaeneHHocTu MeliseHbepra nosBnseTcs U3 geTepMmuHM3ma bonee dyHAamMeHTaIbHOM
CywHocTuH. MNpeanoxeHbl USMEHEHMA B MPUHLMN 0KaAbHOCTU. OBOCHOBAHO PaBEHCTBO NMHEPTHOM U
rpaBuTaLMOHHON Macchl. MpeasoXKeHbl NONPaBKKU K yPaBHEHUAM 06LLLEN TEOPUM OTHOCUTENBHOCTH, a
TaK e U3MEHEeHMe KOHLUeNnTyaibHoW moaenu rpasutaunun. NMNBM-Teopus obbeamHseT Bce
dyHOAMEHTaNbHbIE CUJIbI, BKHOYAA FPaBuUTaLmio; Bce GpyHAAMEHTA/IbHbIE CU/bl BbIBOAATCA U3 O4HOTO
nons.
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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‘& ONMUCbIBaOWMNX OTAENNbHbIE aTOMbI U MOJ1IEKY/TbI.

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 ABNAKOTCA NpoABAEHNEM HYETo-TO 6onee d)YH,EI,aMEHTaJ'IbHOI'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 pyHAaMEHTaNbHOM CYLLHOCTU. ITa pyHAAMEHTaAbHAA CYLWLHOCTb BK/tOYaeT B cebsn
BCE OOBEKTMBHO CyLLECTBYIOLLEE.

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

1. dusnyeckme ABNEHMA YEM-TO BbI3BaHbl. MMeloTCcA NPUUMHHO-CNEACTBEHHbIE CBA3M Beayllme K
npoucxoasaiemy. B HacTosllee BpemMa HeM3BeCTHbI ABIEHUA 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 TOUYHbI MOMEHT pacnaja, MOXHO NpeacKkasaTb 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 OrpaHUYEeHUAMU, TAKMMU KaK He B6IM3M 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 COCTOAHME B MOCAEAYIOWLME MOMEHTbI MOXKHO TOJIbKO
BEPOATHOCTHO. KBaHTOBAA MexaHWMKa YyTBEPXKAaeT YTO TOYHO BbIMUCAUTL COCTOAHNE 06bEKTa B
6yayLwem HEBO3MOMHO, MOXHO NIMLIb BbIYUCANTb BEPOATHOCTb COCTOAHUIA.

4. 3aKOHbI MPMpPOAbl OANHAKOBbI BO BCEM HabnogaeMom NpoCcTpaHCTBe BceneHHoM, BO Bcex
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
KOTOpoOW cywecTByeT BceneHHasn, NosIHOCTbO 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 M CKOPOCTbIO. M3 3TOro
cneayeT 4To ecnv 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 HATN NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA HEOBXOAMMO HATU FPaBUTALMIO U MaTEPUIO KaK
nopoXKAaeHHble ABneHns. KBaHToBaA MexaHWKa ONMUCbIBAET MHOMKECTBO KBAHTOBbIX SIBJIEHUN. ITO
0O3Ha4aeT HeobX0AMMOCTb HAUTM 3N1eMEHTapHble YacTuLLbl C KBAHTOBO-MeXxaHUYeckumm spdpexktamm B
pamKax 3Tol Teopuu. NMprHLKUN HeonpeaeneHHOCTM ABAAETCA BaXKHOM YacTbio COBPEMEHHOM GU3MKM.
HeobxoaMmo NoKasaTb Kak NPUHLMMN HeonpeaeneHHOCTM NosBAAETCA B AeTepMuHUCTMYecKon MMNBM-
Teopuu. MNMpPUHUMN NOKANbHOCTU ABAAETCA OAHUM U3 KPAEYTro/IbHbIX KAMHEN COBPEMEHHOM GUUKN.
CnepoBaTtensHo, NMBM-Teopua fonxKHa cogepraTb IOKANbHOCTb, MYCTb U B KAKOM-TO
moauduumpoBaHHoM BuAe. Bce Habntogaemble pusnyeckme ABAEHUA MMEOT NPUYUHHO-CNEACTBEHHbIE
CBA3WN. 3HAUUT, NOPOXKAEHHOE BpemMa AOMKHO BbiTb MOCTPOEHO TaKMM 06pa3om, YTo6bl COCTOAHUE
NoOpPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHM U MaTEPUMN MOXKHO Obl/10 Obl NpeaCcKa3aTb HA OCHOBE COCTOAHUI
Ha npeablaywmnii MOMeHT BpemeHu. NMonyumnslumneca 3akoHbl GU3NKK B NOPOKAEHHOM NPOCTPAHCTBE-
BPEMEHW He A0/KHbl MPOTUBOPEYUTb HU O4HOM XOPOLLO YCTOABLLENCA TEOPUM B €€ XOPOoLIO



npoTecTMpoBaHHoO 061acTM npumeHUMocTu. CoBpemeHHaa dUsMKa 3HaeT yeTbipe GyHAaMeEHTaNbHbIX
B3aumogeincrteus. B MMNBM-Teopun, NpoCTPaHCTBO-BPeMSA U MaTepusa A0KHbI 6bITb NOCTPOEHO C
MCMo/Ib30BaHNEM TO/IbKO 0A4HOrO Nnos. Bce dyHaameHTaNnbHble B3aUMOAENCTBUA, BKAtOYaA
rPaBUTaLMOHHOE, A0/KHbI BbITb BbIBEAEHbI KaK MOPOMXKAEHHbIE ABAEHWNA U3 3TOrO NOAA.

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

MpeacraBMM YTO NPOCTPAHCTBO-BPEMA U MaTepus, yA0BIETBOPAIOLLASA BCE YCI0BMAM Bbille, Obln
HageHbl Ha 6ase 6e3BpeMeHHOM CyLWHOCTU. MOXKET /i TaKoe NPOCTPAHCTBO-BPEMS ONMCbIBATb
BceneHHyto, KOTOpPYO Mbl Habaoaaem? ECav B TaKOM MUPE BO3MOXKHA KU3Hb, MOXKET /N
NpUHaaaerKalee sSTOMy MUPY pasyMHOe CyLLEeCTBO AyMaTb, OLLYLLATb PEANIbHOCTb OKPYKatoLWEro U
cebs? 3T BONpOCh! BbIFNAAAT OTHOCALWMMUCA K dUnocodmm, NOCKONbKY 3a4eBaeTca KoHuenuma bbitus.
OpHako, 6e3 NoN0XKUTENbHOMO OTBETA HA 3TU BOMNPOCHI, NOMbITKA NOCTPOUTbL NOPOKAEHHOE
NPOCTPAHCTBO-BPeEMSA Ha 6e3BPEMEHHOM CYLLLHOCTN HE UMEET CMbIC/1a. OTO O3HAYaEeT, YTO pasHble
BapMaHTbl OTBETOB HA 3TW BONPOCHI BeAYT K Pa3HbIM pe3ysibTaTam B dusnke. CnegosaTtesnibHO, 3TU
BOMPOCbI OTHOCATCA B TOM Yncie un K pusmke. Moctynat n ocHoBHasa ngen NMMNBM-teopum 310
MOIOXKUTENbHbIM OTBET Ha 3T BOMPOCHI.

BputBa OKKama NOMOraeT B NOJIOXKUTENIbHOM OTBETE Ha 3TW BONPOChI, NOCKOAbKY MMNBM-Teopua
3HAYMTE/IbHO COKPALLAET KO/IMYECTBO HE3AaBUCUMbIX ABJIEHMA. BMECTO MHOXKeCTBa Pa3/InyHbIX
dusnueckmx asneHmn, MMBM-Teopua npeanonaraeT, 4To Bce GpM3MYecKne ABAEHUS, BKIOYAA CaMo
NPOCTPaAHCTBO-BPEMSA, MOTYT BbITb BbIBEAEHbI U3 MOLENN C OAHUM NOJEM U NpeanaraeT cnocobbl nx
HaxoXaeHuA.

Ecnn B TaKOM NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHU, NOABMUBLLUMMCA U3 6e33pemeHH017| CYWHOCTH,
MMeeTCA pa3dymHoe Cywecrtso, OHO 6yp,eT Ha6!1IOLI,aTb cneaymwoulee:

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

Mouemy byAeT cylLecTBOBaTh HacTosAee? MOKeT NoKa3aThCs, YTO B TaKOW CUCTEME Bpems npoiaeT
MrHOBEHHO. O4HAKO, 3TO MOXKET BbITb TONILKO C TOYKU 3pPEeHUA BHELLUHEro HabaoaaTtens. Ho BHewWwHM
HabntogaTenb B MOAENWN STON TEOPUN HE MOKET cyLecTBoBaTb. OH HE MOXKET CyL,ecTBOBaTb U3-3a
OTCYTCTBMSA BPEMeHM Kak GyHAAaMEHTANbHOTO AB/EHMSA @ TaKKe NOCKO/IbKY NOpoXKAatoLLlan BceneHHyto
CYLLHOCTb BKtOYaeT B cebs Bce 06bEKTUBHO cyllecTBylolee. 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
yenoBeKe Bo BpemeHU. CefoBaTtenibHO, HabaoaaTe b, *KUBYLLMIA B NOPOXKAEHHOM BPEMEHMU, ByaeT
cnocobeH aymatb. CKOPOCTb ero mbicnel byaet onpeaenaTbCA CKOPOCTbIO USMEHEHUA COCTOAHMUSA ero
COCTOSIHWNA OTHOCUTE/IBHO APYIUX MPOLLECCOB NPOUCXOAALLMX B EM0 NOPOKAEHHOM NPOCTPAHCTBE-
BpemeHu. B n1060i KOHKPETHOM TOUKE NPOCTPAHCTBA-BpeMeHM, HabalofaTtenb 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
HeAoCTYNHbI. AHAIOTMYHO, B 1060M TOUKE HACTOALLErO BPEMEHM HAL TEKYLLMIA PAa3yM HE MOXKET
CBA3aTbCA C camum coboli B npoLuiom nam byayuwem. TakKe, KOMYECTBO MbIC/IEN Ye/I0BeKa
OrPaHUYEHO €ro NPOAO/IKUTENBHOCTBIO XU3HU. /06O YeNOBEK MOKET CAeNaTb BCE YTO XOYET, B
pamKax CBOMX BO3MOXKHOCTeN. O HaKO, *KeNaHMe Ye/loBeKa CAenaTb YTo-1Mb0o BbI3BAaHO COCTOAHMEM



YeNI0BEYECKOro Tesla B KaKOM-TO MOMEHT BpemeHMu. N103ToMy, HUKTO HEe MOXKeT NoXKenaTb yero-1mbo
KpoOMme TOro 4To 3a4aHO €ro COCToAHMUEM. OTO O3Ha4yaeT, YTo B ,CI,ETepMMHMCTM‘-IeCKOﬁ mogenu MNMNBM-
TEOPUN OTCYTCTBYET NOA/IMHHAA c3060,u,a BOJIN.

B coBpemeHHO1 $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 A€TEPMUHUCTUYECKOM Mogenm
3TOM Teopuu.

Moctynar:

Ecnu 8 o6vekmusHo cyuecmsyroujeli besspemeHHoli cucmeme, sknroyarouyeli 8 cebs sce 06vLeKMUBHO
cywecmeayroujee, 803MOXHO HaAlimu MpocmpaHcmMaeo-8pemsa U Mamepuro KaK rnopoxoeHHble A8eHUS, U
ecsu makoe NpocmpaHcmMeo-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.

CneactsuA 3TOro NocTynaTa: ANA cay4das, 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-Teopua no3sonaeT NOCTPOUTb MOAENb C 3aKOHAMU GU3NKMU MONHOCTbIO
WMOEHTUYHBIMW TeM, YTO HabntogatoTca. Ecam byaeT AOKa3aHO YTO 3TO HEBO3MOXKHO, 3TO 03HAYaET YTO
MNMNBM-Teopua HeBepHa. Tem cambiM 3TO O3HAYaET YTO NOCTYNAT TEOPUK, B NPUHLMME, MOXKHO
BepnudnumpoBaTh.

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, ONUCIBAET MUP C 3aKOHAMU GU3UKN U ABNEHUAMU 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 OKPYXKatoLero B
ntoboi nocneayoWNn MOMEHT BpEMEHM, TO 3TO O3HAYAET YTO 3aKOHbI PU3MKM HALLEro MUPa TaKKe He
MO3BO/IAIOT YE/IOBEKY AyMaTb M OLLYLLATb PeasibHOCTb OKPYXKAlOLLEero B Nocaeayowme MOMEHTbI
BpeMeHU. ITO HaNpPAMYLO NMPOTUBOPEYUT HabAoAeHUAM, NtoAN CNOCOBHbI AYMaTb M OLLyLWaTb
peanbHOCTb OKPYKaIoLLEero.

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-BpEMEHU-MATEPUN C NOJTHOCTbHO 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 BO3MOKHO NMOCTPOUTbL TOYHO TaKME e 3aKOHbI PU3MKKM KaK B HalLeM MUpPE, STO O3HAYaeT 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
dnnocodckmx B3rnagos. MosTtomy A UCNoNb3yHo NOCTYyNaT, a He TeopemMy. 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 MMBM-Teopuu, 310
NoCTaBUT NoA BONPOC BCe cuctembl PUNOCoPCKMX B3rA40B YTO HE COBMECTUMBI ¢ dunocodueir MMNBM-
Teopuu.

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

Tenepb BBeAY HOBOE ONpeae/ieHne, aTeMnopasibHblil NPOLECC:

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

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

Al Ha3oBY QyHOAMEHTaNbHYIO be3BpeMeHHyto cuctemy MeTaBceleHHOM:

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

B aTom onpeaeneHnu, a UCNonb3yio ¢pasy “06beKTUBHO cylLecTBytowan”. 3Ta ppasa 03HaAYaET YTO YTO-
TO CYLLLECTBYET, U MOXKET CYLLLECTBOBaTb M ¢ HaboaaTenem v 6e3 Habaogatens, He3aBUCUMO OT
Habntogatena. OgHaKo, 0BbIYHO 3TOT TEPMUH HESBHO NOAPa3yMeBaeT BO3MOXHOCTb CyLLECTBOBaHUSA
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
cyuiecTytowan” He senseTca ¢pasoin TOYHO onucbiBatowen MeTaBceneHHyto, HO 6anKanwasn
MMeIoLWancs No cmblicay. 3Ta ppasa 34ecb 03HayaeT 4To MeTaBceneHHan CylecTsyeT 6e3 Kako-anbo
BO3MOXKHOCTM 411 NPAMOro HabnaeHMa Kaknm-nmbo Habatogatenem n YTo cioBo “cywecTsoBaHune”
Ana MeTaBcesieHHOM He NoApa3yMeBaeT KakMx-1Mbo NpoLLeccoB BO BPEMEHU UM CYLLECTBOBAHMA
BPEMEHM.

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



OTHOCUTE/NIbHOCTU, BO3HUKAET Npn noay4yeHnm NnopoXAeHHOro NnpoCcTpaHCTBa 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 NOJIe ONUCbIBAaEMOE YpaBHEHNEM
f(x), roe x 310 TOUKa B NpocTpaHcTBe MeTaBceNeHHOW, U 3TO NoJie onpeaesieHo NoBCloAY B
MeTaBceneHHOoM. Al TaKKe 0XKMAato, YTO 3HaYEHMe 3TOro NoJIA B KaXKA0W TOUKE onpeaennercs
3HaUYeHUAMM 3TOrO MOJIA B COCEAHMX TOUKAX, M YTO YPaBHEHME 3TOro Nons ABAAETCA CUMMETPUYHbIM MO
OTHOLLEHUIO K BPaLLLEHMAM, OTCYTCTBYET BblAe/IeHHOE HanpaB/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 NonsA B 061acTAX He NPUHAANEXKALWMX K MPOCTPAHCTBY-BPEMEHU, ECAU TaKMe obnactm
CYLLECTBYIOT. 3HAYEHMNE NOASA B KaXKA0M TOUKE onpeaensieTca 3HaYeHMAMM NOA B COCEAHMX TOYKAX
NMOCKOJIbKY B be3BpemeHHOoN MeTaBceneHHOM He MOTYT CyLLECTBOBATb NEPEHOCUYNKM B3aUMOAENCTBUIA.
Y10 TaKoe anemMeHTapHas YacT1La U ee COCTOAHMA, NOKa3aHOo Aasiee B CTATbeE.

Movyemy s Npeanonaralo CyLUecTBOBaHNE UMEHHO CKaNIAPHOro NOAA, a He CKaXKemM BeKTOPHOro Uau
KaKoro-To eue? Al NbiTalocb NOCTPOUTb MUHUMANNCTUYECKYIO MOAeIb KOTopas bbl Bblna cnocobHa
onucatb Hawy BceneHHyto. Co CKanapHbIM Nosiem 31O, MOX0XKe, nosyyaetcs. Tem cambim
ncnosib3oBaHue 60ee CA0XKHbIX No/eil HapyLlWwaeT MUHUMAaNUCTMYECKUIA MOAXOA, 3TOM TEOPUM.

MeTaBce/leHHan MMEET KaKoe-TO KOJIMYECTBO MPOCTPAHCTBEHHbIX U3MEPEHUIA, BPpEMA OTCYTCTBYET.
KosimuectBo M3mepeHuin MeTaBceNeHHOM 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 Ytobbl 6biTb CNOCOBHOM BKtOYaTh Hawy BceneHHyto. OaHo
n3mepeHue 45 BPEMEHM, TPU ANA NPOCTPaHCTBA. Bce 3Tn 4 namepeHun B MeTaBceneHHON ABAAIOTCA
NPOCTPAHCTBEHHbIMM U3MEPEHMAMM, B MeTaBCeNeHHOM HET BPEMEHMU.

A nobasnto onpeaeneHne NOMHON BCENEHHON:

MonHas eceneHHAs 3Mo HePA3PbLIBHOE MOPOXOEHHOE NPOCMPAHCMB0-8peEMA MAMepus umeroujee
udeHmuYHble 3aKOHbI hU3UKU 8 1060l MoYKe nopordeHHO020 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. MOCKObKY NOJHble 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 TONbKO COCTOAHME BceneHHOM Ha KaKoM-TO MOMEHT BpeEMEHNU.
CoOoTBETCTBEHHO, HeO6XO,CI,VIMO HanTH NPOCTPaHCTBO-BpeEMA N MaTeEPUIO, COOTBETCTBYHOLWLHNE
Ha6}1l0LI,aEMbIM AB/IEHUAM, U3 ONMCaAHHbIX CBOMCTB MeTaBceneHHOM.



Mo3xKe B 3TOM cTaTbe A 6yay MCNONb30BaTb CI0BO “BCeNieHHan” B OCHOBHOM B 3HAa4Y€HWM NOJIHOM
BCeNeHHon. lnA cnyyaes Korga aTo 6yaeT 03HaYaTb BCeNIEHHYIO, 3TO ByAeT NOHATHO M3 KOHTEKCTa.
Cnoso “BceneHHas”, c 60/1bl0OM BYKBbI, 03HAYaET BCENEHHYIO B KOTOPOM Mbl HAXOAUMCA.

Ilouck npocTpaHCTBa-BpeMeHHU U MaTepUuu

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-1mM3mepeHuit GopMMpPyIOT NOPOKAEHHOE BpPeMs, C N-1 n3mepeHUamu.

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

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

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

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

1. MpoBoAMM NPOM3BOJIbHYIO HE CamonepeceKaoLwyocs 3-Xx MepHyto (415 NoucKa 3-X MepPHOro
NPOCTPaAHCTBA) rMNepnoBepXHOCTb, B NPOCTpaHCTBe MeTaBceneHHOM.

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

3. WrtakK, ecTb ABe rMnepnoBepxHOCTU. HU HUX Hago 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 nATM 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 3nack k;(x) = 1,/1);, KO3GOULMEHT 3aa10LMil
OTHOLLEHME MEXAY PAaCCTOAHMEM MEXAY ABYMA 6/IM3KO PacnoNoXKEHHbIMWU TOUYKamu [, 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 Aasee B CTaTbe 414 6oaee NosHOro onmcaHus.



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-
HMBYAb BO3MOXKHOCTM? ECin HeT, TO nepexogum K nepsomy wary. MHaye - oTAnYHo, 3Tn 3-x
MepHble rMnepnoBepPXHOCTU MOXKHO PacCMaTPUBaTb KaK NOTEHLUMANbHbIE KaHAMAATbI Ha
NOPOXKAEHHOE NPOCTPAHCTBO, @ PACCTOAHMA MEXAY DAVKANLWINMMM TOUKAMUN TMNEPNOBEPXHOCTU
KaK BEKTOPa, BO3MOXHO, NpeACTaBAAoLLIMe 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, obecneymBaeT MMEHHO Takme GYHKLUMN.

5. [1Be runepnoBepXxHOCTU BCE Ke ManoBaTo byaeT, A1A TOro YTo6bl FOBOPUTL MPO NMOPOKAEHHOE
NPOCTPaAHCTBO-BpemA. [34eCb A ONUCbIBAO TOJIbKO HEMPEPbIBHOE NOPOKAEHHOE NPOCTPAHCTBO-
Bpema. [IUCKPETHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA ABNAETCA HONee CI0KHbBIM 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 NPUHALNEKATb KAKOM-TO eLe
rMnepnoBepxHOCTU. Ha Kaxaol M3 3TUX BHYTPEHHMX TMNeprnoBepxXHOCTEN AONKHA
CYLLLEeCTBOBAaTb BO3MOXHOCTb NpeAcKa3aTb COCTOAHME TEX e CaMblX OB6BEKTOB, NYCTb U C KAKOWM-
TO BEPOATHOCTbLIO, YTO M Ha BTOPOW, NO TeM e cambim opmynam. TpeboBaHWE BOSMOXKHOCTH
npeackKasatb 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, ¢
TEMMU e CaMbIMU NMOPOXKAEHHbIMU 3aKOHaMK GU3MKKU. Ecamn 3To noayyaeTca — 3To Bee ele
KaHAMAAT Ha TO YTO HAWAEHO NOPOXKAEHHOE NPOCTPAHCTBO-BpeMA. Bo3Bpallanacb Ko BpemMeHu.
Bpems B 3TOM C/ly4ae NpeacTaB/eHO KPUBOM, BEKTOP KOTOPOW B KaXKAOW ToUKe nbo
nepneHanKyNAPeH rMnepnoBepxHoOCcTn, 1Mbo nmeeT HanbonbLWKIA yron Tam rae
rMNeprnoBepxXHOCTb M30rHYTa. 1A noanepKaHmMa 0AMHAKOBbLIX GU3NYECKUX 3aKOHOB MOXKET
notTpeboBaTbCA TaK, YTO B PasHbIX 061aCTAX TMNEPNOBEPXHOCTM AJIMHA BEKTOPA BPEMEHM,
NpeACTaBAAOLWEro eANHNLY BpeMeHU, byaeT pasHoW. B aTom cnyyae, KpMBU3HA NOPOXKAEHHOTO
NPOCTPaHCTBa-BpeMeHu byaeT onpeaenaTbCa He TO/IbKO KPUBU3HOM rMNepnoBepPXHOCTH, HO U
3ameaneHnem/yCKopeHMem BPEMEHM U, C YYETOM ONMCAHHOTO YyTb Bbllle, BKAaA0M OT
NU3MeHEHMA OTHOLWEHMUA AJ/INHbI B MOPOXKAEHHOM NPOCTPAHCTBE K AJIMHe B MeTaBceleHHOM.

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.

HeB03MOXHO NpeaCcTaBUTb CKOPOCTb YBEIMYMBAA UM YMEHbLIAA 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 IMHUW BpeMeHU. TemM CambiM NOJTYY3ETCS YTO 3TO OAMH U TOT e 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/sieHHOM HET HUKAKOro ABUMKEHUSA 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”, NO3Ke HauyHy UCMO/1b30BaTh 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 0AHON CUCTEMbI OTCYETA B APYTYH0, ABUKYLLYHOCA MO OTHOLUEHUIO K NEPBOA, MOYKHO
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 IMHUSA BPpeMeHM Noc/ie NOBOPOTa He ByZeT ToM e YTo A0 NOBOPOTa, aHa/I0rMYHO A5
npocTpaHcTea. /IMHMA BpemeHM nocsie NoBopoTa 6yAeT MMeTb KaKOM-TO Yro MO OTHOLIEHMIO K INHU
BPEMEHM A0 NOBOPOTa. KaK pesybTaT, pacCcTosHME MeXKAY TOYKaMMU Ha 3TUX IMHUAX BpemeHu byaeT
pacTy NPOMNOPUMOHANBHO AJIMHE INHWIA. TaKoe NoBeAeHME COOTBETCTBYET CKOPOCTU. Takum 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 npowanom. CyLecTByoT NPUYMHHO-
cneacTBeHHble cBA3M. [ TOro YTobbl MONYYNTb TaKME CBOMCTBA U3 besBpemeHHON MeTaBceneHHoM,
HeobxoaMmo Hannumne pyHKUMM conocTasieHns. PyHKUMA conocTaBaeHmna 34ecb 0603HaYaeT YTo ans
No60Oro cocToAHMA 31eMEHTAPHbIX YacTUL, B KaKOW-TO 061aCTU NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM,
cyliecTByeT Habop coCToAHMI 061aCTU NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN B KaXKabl
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 OAHUM 3HAYEHUEM, MO3XKe PACCMOTPIO GYHKLMMN CONOCTaBAEHUA 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. MoKa Takol noaxoq, ¢ pyHKLMEN conoctaBieHns paboTaeT, MOXHO 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 NepexoaHble SHEePrMM, ONUCaHO Jasiee 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/IEKMUT ITOMY NMPOCTPAHCTBY-BPEMEHU, OH HAaXOAMUTCA 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 GU3MKK BblIM 04MHAKOBLI 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 CKansapHoro nons MetaBceneHHON Ha NOPOXKAEHHOM NPOCTPaHCTBE.
MeTpuKa NOPOXKAEHHOrO MPOCTPAHCTBA MOMKET OT/IMYATLCA OT METPUKM TMNEepPnoBePXHOCTH
npeacTaBAsioLLe NOPOXKAEHHOE NPOCTPAHCTBO, MOKa3aHO MNO3MKe.

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

1. CsolictBamu CKanAaApHOro nona MeTaBceneHHoM. Mone moxKeT orpaHn4ymMeaTb NPUMEHNMOCTb
d)yHKLI,MM CONOCTaB/1EHNA KaKMM-TO ANAaNAa30HOM NOBOPOTOB. CneumanbHas TeopuAa
OTHOCUTE/IbHOCTU TOBOPUT UTO MaKCMMaJibHaA BO3MOXKHAA 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 6b1/10 40 NoBOpOoTa. Ho 3TO He 03HAYaeT YTO HEBO3MOMKHO MNOBEPHYTL B NPOLUIOE
NyTEM HECKOJIbKMX NOCNeA0BaTe/IbHbIX MOBOPOTOB, 3TO ByAeT PaCCMOTPEHO Aasnee.

B Hawwelt BceneHHoM, cocToaHMe Nt0H60ro 06beKTa B KAKON-TO MOMEHT BPEMEHW 3aBUCUT OT COCTOAHUA
NPOCTPAHCTBA U MaTepPUM BOKPYr 3TOro ob6beKTa B N1t060M 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 U M3MEHUTb COCTOAHME. fl NpeACTaBN0 BPpEMEHHOE 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 MOAUDUKALMAMM, 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 €€ COCTOAHUA U COCTOAHUA APYIUX
OKPYXaloLWMX YacTuL, HaXoAALMXCA HAa KAKOM-TO PacCTOAHUU, B HacToAlLeM. dNemeHTapHan Yactmua
OO/IKHA B3aMMO/eNCTBOBaTb C APYTMMM YacTULAMM KaK Lenoe, NOCKOJIbKY ec/iv TONbKO YacTb
3N1eMeHTapHOM YacTULbl B3aMMOAENCTBYET a Apyrue 4acTu He B3aMMOAEeNCTBYHOT, 3TO O3HAYaeT YTO 3TK
YyacTu ABAAIOTCA OTAENbHbIMU 31eMEHTapPHbIMUK YacTULamu. MNo3sKe B 3TOM cTaTbe onpeaeneHme
3N1eMeHTapHOM YacTuLbl ByaeT pacluMpeHo U U3MEHEHO.

B onpefeneHnn 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 rge pacCMmatpmBaeTca cneunasbHaa Teopna OTHOCUTENIbHOCTMU.

Moaxoa K GOpPMMPOBAHUIO MOPOXKAEHHOrO MPOCTPAHCTBA-BPEMEHN-MATEPUM, ONUCAHHBIN BbilUE,
HaK/agblBaeT HEMAJI0 OTPAHNYEHMI Ha CBOMCTBA CKaNApHOro nosis MeTtascesieHHoOMW. MimeeTcs
BO3MOKHOCTb CYLLLECTBEHHO YMEHbLINTL OrpaHUYeHnsA Ha CKanapHoe nose MeTaBceneHHon. 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 TOUYKaX. B 3Tom caydyae nopoxgeHHoe
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 MepBOI 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
conocTtasneHua. OgHaKo, Takaa GyHKUMA HaKNaabiBaeT HEMA/I0 OrpaHUYEHNI Ha CKanAapHoe noe
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 O3Ha4YaeT MHOTO3Ha4YHY0 GYHKLMIO CONOCTaBAeHMA. ITO O3HaAYaeT 4YTo ANA
OZMHAKOBbIX 3HAYEHMUI CKANAPHOrO NOA Ha NOPOXKAEHHOM NPOCTPAHCTBE CONOCTAB/EHMNE MOXKET ObITb
Ha MHOXECTBO PA3/IMYHbIX 3HAYEHWUI, B COOTBETCTBME C BEPOATHOCTHOM QYHKUMEN CONOCTaBAEHMA.
Ucnonb3oBaHMe BEPOATHOCTHOW QYHKLMKM CONOCTaBAEHUA NO3BOIAET Aanee 0C1abutb TpeboBaHUA K
bYHKUMKM cKanAapHoro nona MeTtaBceneHHOM. BepoaTHOCTHaA GyHKLMA CONOCTaBNEHUA He O3HAYaeT YTo
pe3ynbTaT CONnoCTaBAeHMUA HEBO3MOKHO TOYHO NpeacKa3aTtb. Pe3ybTaT MoXKeT HbiTb TOYHO NpeacKas3aH
NPW 3HAHUM OYHKLMM CKANAPHOIO MNOAS U 3HAHWA FPAHUYHBIX YCAOBUIA. [pY 3TOM rpaHUYHbIE YCA0BUA
MOTyT ObITb HE AOCTYMHbIMM B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHN-MATEPUM, HYACTb MOMKET He
OTHOCMUTCA K NMOPOXKAEHHOMY NPOCTPAHCTBY, YaCTb MOXKET HE OTPaXKaTbCA B COCTOAHMUAX YaCTULL.

[Jo6aBnto HECKONIbKO onpeaeneHunii:

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

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

Mpu onnucaHHOM Bbille Noaxoae, TpeboBaHMA K CKanapHomy nosato MeTaBceneHHoM ocnabnstorcs.
OpHako, nmeetcsa npobaema c Ha4aOM MUPOBLIX IMHWIA. ECn MMpoBaa NMHUA BeCKOHEeYHa U He
3aMKHyTa, MeTaBcenieHHas TaKKe A0MKHa 6bITb 6eckoHeuyHoW. Mpn 6eCKOHEYHOM 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
NOpOXKAEHHOM 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 MMNpoBaAa INHUA
3aBepLluaeTtcA. AHa/JIOTMYHO A1 HaYala MUPOBOM IMHWUM. B KaKOW-TO TOYKE CTaHOBUTCA BOSMOHbIM
Mcnonb3oBaTh GYHKLMIO CONOCTaBAEHUA. B 3TOM TOuKe, NOTEHLMANBbHO, NOABAAETCA NOPOKAEHHOE
NPOCTPaHCTBO-BpeMsA-MaTepus. MossAeHNe 0LHON UM HECKOJIbKUX MUPOBbLIX 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 IMHNUN MOXKET ObITb TaK YTO NOJIHbINM AMAMNA30H NOBOPOTOB
HefocCTyneH. B 3Tol TOUKe HEBO3MOKHO CKa3aTb YTO BPEMA M MPOCTPAHCTBO CYLLLECTBYIOT. 3TO
nepexofHOe NPoCTpaHcTBo, ha3a GoOpPMUPOBAHMA NPOCTPAHCTBA-BPEMEHU U MmaTepun. Ecam asurasch
BA,0/1b MMPOBOM JIMHUW BO3MOXHO JOCTUYb NMOPOXKAEHHOW 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 GopMUpoBaHMe
HOBOM BCeNeHHOW Bb110 HeycnewwHbIM. YTo Npon3oiaeT ecan ogHa U3 MUPOBBIX JIMHUI KOTOPas
COCTaBAAET BCE/IEHHYIO NpeKpallaeTca? Hanpumep, B KaKoi-To 06/1acTu NpocTpaHcTBa MeTaBceneHHoM
bYHKLUMA CONOCTAaBNEHUA AAET HETOYHbIE pe3y/ibTaTbl. MUPOBas MHWA BO MHOTUX TaKUX C/Iy4anX MOXKET
6bITb MPOAO/MKEHA AaxKe Koraa GyHKUMA CONOCTaBNEHMA AAET HEKOPPEKTHbIE pe3y/ibTaTbl, ECn
[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 BpeEMEHMU, NYCTb 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 Hy/0 B0 ee BO3AENCTBME CYLLECTBEHHO /IMLb HA KOCMOIOTMYECKMX MacliTabax. /Inbo oHa
OT/IMYAETCA OT HYNA Wb B MecTax GOPMUPOBAHNA NPOCTPAHCTBA-BpeMeHU. Ha AaHHbI MOMEHT,
BO3MOHbIMM KaHANAATAMW Ha TaKMe MecTa ABASAIOTCA OKPECTHOCTU FPaBUTALMOHHbIX CUHTYIAPHOCTEN
M YacTumubl ¢ MAAHKOBCKUMM SHEPTUAMM.

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

SnemMeHMapHAs Yyacmuya — 3mo MaKkaa Yacmeo Pa3soXeHUsA CKAAAPHOo20 noaa MemasceneHHol Ha
opoXHOeHHOM NpocmpaHcmae, 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 4obasun “npnbansutensHbiii”. C oaHOM CTOPOHDI,
KaK ONUCaHO Bblle, MHBAPUAHT A0/KEH BbITb TOUHbIM. C APYroM CTOPOHbI, HEMOHATHO KaK B MOAENN CO
cKanapHbim nonem MMBM-Teopum NOCTPOUTb TaKOM MHBAPUAHT. BbIrnaanT Kak BHyTpeHHee
npotusopeune. B yactn no CTO 6yaeT NOKasaHo, YTO C OAHON 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
Teopemoli HeTep, HenpepbIBHbIE CUMMETPUN BeAYyT K 3aKOHaM COXpaHeHusa. Ecan nHeapuaHT ana
NOBOPOTOB HETOYEH, 3TO MOXKET BECTU K HAPYLUEHUIO HEKOTOPbIX 3aKOHOB COXPAaHEHMA, @ 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 BOCMPUHUMATBLCA KaK TOYHbIN.

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

B nto60i TOUKe NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHM, A0MKEH ObITb MAaKCMMabHbIM 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, AUCKPETHOE NPOCTPaHCTBO CKOpOCTei

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

MoWnCK NpoCTpaHCTBa-BpeMeHN Ha 3TOM He 3aKaHUYMBAETCSA, TaK KaK MMeeTcA pAg He pelleHHbIX
BOMPOCOB. K Npoao/KeHMIO MOMCKa A BEPHYCb Aasiee B CTaTbe, CHavyasia PpacCMOTPIO PALA APYIUX
BOMPOCOB.

B3aumogeiicTBHEe NPOLLJIOro, HACTOAIErO0 U OyAyIIero

CornacHo MMBM-Teopuu, Mbl }kuBem B 6e3spemeHHO MeTaBcesieHHOW. Bpems B Hawen BceneHHol
ABNAETCA NOPOXKAEHHLIM fiBNeHNeM. CKanapHoe nosie MeTaBcesIeHHOW He MeHAEeTCA NO NPUYNHE
OTCYTCTBMA BpeMeHU. B MeTaBceieHHOM HET BblAe/IEHHOTO Hamnpas/eHUs, YPaBHEHUA MO/A He 3aBUCAT
OT HanpaB/eHMA.

370 03HayYaeT yTo /tobas ToUKa NPUHAAENKaLWAA NPOLLIOMY UM HACTOALLEMY B3aMMOAENCTBYET C
6yaylwmm. TaKKe, 3TO 03HaYaeT YTo byayliee B3aMMOLENCTBYET C MPOLL/IbIM U HACTOALLMM. [TOCKONbKY
MeTaBscenieHHan 6e3BpemMeHHasn, 3TO TaKXKe 03HaYaeT YTo NPOLLIOe HEBO3MOMXKHO U3MEHUTb. MalumHa
BPEMEHM, C TOUYKM 3peHUn HabntloaaTens KoTopbli NPUHAANEKUT K NOPOXKAEHHOMY NMPOCTPAHCTBY-
BPEMEHM, HEBO3MOKHA. OQHAKO 3TO He 3anpeLl,aeT NOJAHOCTbIO MaWWHY BpemeHu. Ecan nmeetca
MPOLECC KOTOPbI MO3BOAAET KAKUM-TO MUPOBbLIM IMHUAM MATM B CBOE NPOLWAOE, Hanpumep 6biTh
3aMKHYTbIMM, TO C TOYKM 3PEHUA HabAloAaTeNss KOTOPbIN He NPUHALNEKUT K TAKUM IMHUAM — HUYETO He
MOXET MATU B npolusioe. bosee geTanbHO 3T0 byaeT NpoaHann3MPOBaHO B YacTu rae byaet
paccmaTpuBaTbCA CneuunanbHas TEOPUSA OTHOCUMTE/IbHOCTMU.

Jliobble cocToAHNA 0GHEKTOB B HACTOALLEM Y>Ke OKa3a/ il BO3A4eNCTBME Ha NPOLLIoE, HEBO3MOMHO
cAenatb COCTOAHUA OBBEKTOB HECOBMECTUMbIMU C NPOLLAbIM. JTlo6as NONbITKAa NOMEHATL NPOLLIoe He
NPMBEAET HU K KaKMM M3MEHEHUAM NpoLuioro. MpuunHa 3aKk104aeTcs B TOM YTO 3TM MOMbITKU yiKe
YUTEHbl B NPOLLIOM, AaXKe A0 TOr0 Kak Mbl Pelnam ux caenatb.

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

MoryT nn cobbITUA, KOTOPbIE Y¥Ke NPOU3OLLAN, USMEHUTLCA?

ITO BO3MOMKHO, eC/IU HenpeacKkasyemas YacTb GYHKLMM CONOCTaBAEHNA OTIMYHA OT HyAA. B aTom
c/yyae, ¢ pacctosHMem, byaeT HakanaMBaTbCA BKAa4, OT HenpeacKasyemoin cocTasaaowei. MpuynHHo-
cleaCTBEHHbIE CBA3M B 3TOM C/lyyae byayT MeHATbCS CO BpeMeHeM. B 3Tom clyyae, BOSMOXKHO YTO B
OZLHOW M TOM e CUCTEME OTCYETA, B TOUKAX Pa3fe/IeHHbIX MOPOXKAEHHbIM BpemMmeHeMm, cobbITUA B 0bLiem
NPOLUIOM MOTYT BbIFIAAETb MO PAa3HOMY.

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

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



notepa MHPoOpMaLUM O NPOLLNOM MOXKET ObITb HEAOCTYNHOWN ANA HabAoAEHNA B HOPMaAJIbHbIX
YCNOBUSAX.

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

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

Mepuod noaypacnada npU4UHHOCMU — 3MO MPOMENCYMOK 8pemMeHU 30 Komopblli Moa08UHA MPUYUHHO-
criedcmeeHHbIx ceAzeli, cyujecmeyrowux 8 Havase, He 6ydym cyu,ecmeosames 8 KOHUE MPOMeXymKa
8pemeHU npu OaHHOU CKOPOCMU HapYWeHUs NPUYUHHO-c1edcmeeHHbIx cessell.

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

Hanuwy ypaBHeHWe aaa BpeMeHn noaypacnaza npuyMHHOCTU:

NV, t)

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

38ech T4y — NEPMOA NONYPACNALA NPUYMHHOCTM B MOMEHT BpemeHu t, N — Konnmyectso NpUYnHHO-
CNefCTBEHHbIX CBA3El B MOMEHT BpeMeHH t B Kakoii-To obnactu V, dN (V, t)/dt nokasbiBaeT Kak
6bICTPO TEPATCA NPUYNHHO-C/IEACTBEHHbIE CBA3N B MOMEHT BPEMEHMW t. B 3TOM YypaBHEHWM HYXKHO Kak-
TO YYecTb Cy4yaun Korga NpUYMHHO-CNEACTBEHHbIE CBA3M NEPEXOAAT M3 BblgesieHHOro 06bema
NopoXKAEHHOIO NPOCTPAHCTBA B coceaHNE 06BEMBI, U NPUXOA, CBA3EN CHapYKU. [lymato 3Tn npobaemsl
MOTYT ObITb pPeLleHbl B NpoLecce AasbHENLEro passuTus.

CywecTByeT M noTeps MHGOPMaLMM O NPOLLIOM B HOPMasbHbIX YCA0BUAX 3emMan? MHbIMM CNoBaMK,
HACKOJ/1bKO TOYHO MOXHO NpeAcKa3aTb COCTOAHME CUCTEMbI, HAXOAALLENCA B TUMNYHbBIX 3€MHbIX
YCNI0BUSAX, HAa OCHOBE €e COCTOAHWA U COCTOSHUA BCETO ee OKPYKeHUA?

[nsa Toro utobbl NONPO6HOBaTL OTBETUTL HAa 3TOT BOMNPOC, MOXKHO BCMOMHUTb YTO 3aKOH COXPaHEHUA
3HepruM ocHOBaH Ha Teopeme HeTep M 04HOPOAHOCTM BPEMEHM.

HabnlogatenbHble AaHHbIE NOKa3bIBAOT YTO HAa KOCMOOTMYECKUX BPEMEHAX SHEPTUA BUANMON
MaTepun He coxpaHsaeTca. s peweHusa B TOM Yncsie 3STOM Npobaembl, UMeeTcA KOHLENUMA TEMHOM
3Hepruu, KoTopasa OTBETCTBEHHA 3a YCKOpeHHoe paclunpeHune BeeneHHol. JobaBneHne TeMHoM
3HEpPrumn No3BOJIAET COXPAaHUTb OAHOPOAHOCTL BPEMEHM.

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

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



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

Pa3ioxeHue CKaJIAPHOTIO MOJIA M 3JICEMEHTAPHbIC YdCTHUIIbI

B oAHO 13 YacTel Bbllle, A YNOMMHAJI, YTO BCE 0OBEKTbI B MOPOXKAEHHOM MPOCTPAHCTBE-BPEMEHU 3TO
KaKMe-To pas/ioKeHUn ckanspHoro nons MeTaBcesieHHOM Ha rMneprnoBepXHOCTU NpeacTaBastowei
NopoXKAeHHOe NPOCTPAHCTBA. Bbllle TaK e 6bl10 ONUCAHO TO K KaKMM pe3yibTaTamM OHO AO0/KHO
npmBoanTb. C y4eToM BCEro HanMCaHHOIo, OCTAHOBJ/IIOCb HA Pa3/10XKEHUN CKaNAPHOro noas bonee
AeTanbHo.

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

u(L' 7;)) = ::tguiwi(l" F'F - ED (1)

B aTom ypaBHEHMU W; — 3TO i-af GYHKLMA NO KOTOPON MAET PA3NOXKEHUE, U; -KAKON-TO MHOMKUTEND,
u(L, 7) — 3T0 3Ha4eHMe KOTOPOE AAET 3Ta CYMMa B TOUKE T, NMPUHaANeXaLLe NoBepxXHOCTU L, ¥ n T,
BeKTOpa B MeTaBCceNneHHOIA, T,, — TOYKa Ha NOBEPXHOCTM L N0 OTHOLIEHMIO K KOTOPOM pasfoxeHune ans
AaHHOM YacTULBl Hanbonee CUMMETPUYHO. 1A TOro YTo6bl HAWTK PACcCTOAHME MENKAY TOYKaMU T U T,
Mo NOBEPXHOCTU L, HYXKHO TaKKe NCNob30BaTb GYHKUMIO L.

Hy»KHO /1 B 3TOM ypaBHEHMM CYMMMPOBATb OT MUHYC [10 MJIIOC 6E€CKOHEYHOCTH?

[obaBneHne orpaHMYEHNA HA 3HAYEHMSA | 03HAYAET HAOXKEHUE OrPaHUYEHWNI Ha pa3mep BO/HbI ANSA
yactuu. O4HO Takoe orpaHMYeHne BUAHO — 3TO MNaHKOBCKasA aHeprus. [1s COOTBETCTBYIOLLEN el A/INHBI
BOJ/IHbl HEBO3MOKHO NOCTPOUTL MHBAPMAHT K MOBOPOTaM MPOCTPaAHCTBa-BpeMeHN. TeM cambim,
NnoABAAETCA OrpaHMYeHNe Ha BO3MOXKHble 3HaYeHus i. OrpaHUYeHne ¢ APYroi CTOPOHbI, Ha
MaKCUMa/IbHYIO A/IMHY BOJHbI, BbIIIAAUT HE CTO/Ib O4EeBUAHbIM. MOXHO CKa3aTb YTO BPAA /M eCTb
CMbICA B PACCMOTPEHUWN A/IMH BOSIH 6oAblue Yem pasmep BceneHHOM, M U3 3TOro BO3HUKAET eLLe O4HO
OrpaHWYeHMe Ha BO3MOMKHble 3HaYeHua i. 1 Aymato YTO MaKCMMalbHbIM pasmep BOH MOKHO elle
60/bllie OrpaHMYnTb, HO NMOKa HEMOHATHO KaK. ECiM NpeAnonosKuTb, 4TO XapaKkTepHaa AnnHa ans
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 MOXKET U YBEIMYMBATLCA U
YMEHbLLATCA C POCTOM [, 3TO 03HAYaeT UCKIOHYEHME AMana3oHOB 3HAUYEHWUI [ rae XxapaKTepHble ANUHbI
BOJIH QYHKLUMM W; HE YKNALbIBAIOTCA B ONMUCAHHBbIN Bbille A4ManasoH.

Tem cambiM, HY}KHO M3MEHUTb B YPaBHEHWUW Bbllle CYMMMpPOBaHMeE No i Ha cymmupoBaHue ot iMin ao
iMax. B ypaBHEHMAX HUKeE A A8 KPAaTKOCTU B OCHOBHOM 6yay nucaTb YTO CyMMUPOBaHKWe naeT no i, 6es
YNOMUHAHMA rPaHUL, CyMMUPOBaHUA.

Tak Kak A npegnonaarato, YTto d)yHKLI,Wr'I CKaznIApHOro nonAa MeTaBceneHHol He umeeT BblAENEHHbIX
HaI'IpaBHEHMﬁ, TO B CNy4vae NA0OCKOM noBepxHocTH L ana sblaeneHun OAHOI\;I 4acCTuUbl B Pa3zioXKeHUU
nonAa AONXHa CyuwecTtBoBaTb TOYKa, MO OTHOLWIEHUIO K KOTOpOVI 3TO pa3fioXKeHne cmmmeTpuyHo. na
Cnydad, Korga noBepxHOCTb M30rHYTa, CUMMETPUA B PA3/I0XKEHUN UCHE3AET, HO MOXKHO roBOpPUTb NPO
TOYKY rge pasnoxkeHue 6unxKe BCcero K cummetpun. na cayyaa NAOCKOWM NoBEPXHOCTU, KOoraa



Pa3NOKEHNE CUMMETPUYHO M HE 3aBUCUT OT HaNpPaBAEHWA, U3 yPaBHEHMUsA NcHe3aeT 3aBUCMMOCTb OT 7 1
OCTaeTcA 3aBUCUMOCTb OT 7 — Ty, :

u(L,7) = Yiuw (L7 —7) (2)

Tak:Ke, 6asuc pa3norkeHna, GYHKLUUN W;, MOTYT Pa3inyaTbCa A41A PasHbIX TUNOB YacTuy, O603Havy TMn
YacTuLbl KaK p, TeEM cambiMm Ba3nc pasnoxKeHua 4aa YacTuubl TUNa p byaeT MHOXKeCTBO BCex GyHKLUMMN
Wip. TEM CamMbIM BKN3Z, B CKANAPHOE NOJIE OT YacTuLbl TMNa p:

uy (L, 7) = Yuiwiyy (L7, 7 — 1) (3)

Jdanee, MoXeT M 0AHa YacTuLa b6bITb NpeacTaBaeHa 6osee yem ogHUM Habopom PyHKUMI
pasnoxeHunsa? Ecam yactnua umeet 6osiee ogHoro Habopa PpyHKLMIN pa3NoKeHms, TO Ha 1060
rMNepnoBepPXHOCTN OTHOCALLENCA K COOTBETCTBYOLWEMY NPOCTPAHCTBY-BPEMEHU OHA A0/XKHA
ONUCbIBATbCA TOJIbKO OAHMUM M3 Habopos..

B 0Z1HOM 1 TOM »Ke TOYKe MOTYT ObITb HEHY/1IEBbLIE YaCTM OT PA3/IOKEHWNIM PA3HbIX 3/IEMEHTAPHbIX YaCTULL.
3TO 3HAYMT YTO 3HAYEHME CKANAPHOTO NOA B KaXKAON TOUKE A0JIKHO ObITb CYMMOWM OT pasHbIX YacTuL,
MNAOC BO3MOMKHO KaKas-To YacTb KOTOpasA He NPUBOAUT K GOPMUPOBAHUIO MOPOMKAEHHbIX 31€MEHTaPHbIX
yacTuu:

f(#) = for ) + Zup(L,7) (4)

3pecb uy (L, 7) — 3HaueHue pasnoxKeHus nons ot k-oii YacTMLbl B TOUKe 7, NpuHaaexallei
nosepxHocTu L, f (7') — 3Ha4eHne ckanapHoro nois MetasceneHHOM. f,.; (1) — YacTb 3HaueHun
CKaNIAPHOrO Mo/ KOTopasn He NPMBOAUT K GOPMUPOBAHMIO MOPOXKAEHHbIX 3/IeMEHTapPHbIX YacTuu,. Jas
TOro 4Tobbl B BblAENEHNM TAKOM YACTM Bbll CMbIC/, HYXKHO YTOObI XapaKTepHble AMHbI, Ha KOTOPbIX
MEHAETCA fort (T'), BbINM MHOTOKPATHO OT/IMUYHBI OT XapPAKTEPHbIX AJIMH U3MEHEHMA GYHKLMIA Wip. UHaue
nobble GyHKLMKN ByayT yA0BNETBOPATL YPABHEHUIO 4, UTO HE MMEET PpU3MYECKOro CMbICAa.

CymmupoBaHMe UAET No BCEM 31EMEHTAPHbIM YacTULLAM MMEIOLLMMCA Ha TMNEepPnoBEPXHOCTH L, uTo
03Ha4yaeT CyMMMUPOBaHME NO BCEM 3/IEMEHTAPHbIM YacTMLLAM MMEIOLLMMCA B KAaKOM-TO MOMEHT BPEMEHMU
B COOTBETCTBYHOLLEN BCENEHHOMN.

C YYE€TOM TOTO YTO MOTYT CyLLEeCTBOBATb pa3Hble TUMbl YaCTUL, 3TO YpaBHEHNE MOXHO NepenncaTb Kak:

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

38ecb Ujkp — KOIOOULMEHT PA3NOXKEHMA NONA 4/1A K-O1 HacTULbI TUNA P, A — 4NC/I0 Pa3HbIX TUMOB
3N1EeMEeHTAPHbIX YacTuL, @—Toqxa HanbobLen CUMMETPUM PasNoKeHna ana k-oi yactuupl TMNa p.
CymmupoBaHue no k naet, Npu ycnoBUM HaMumUaA 4acTuuy, faHHoro Tmna, ot 1 ao Ny, obwero
KO/IM4ecTBa YacTuL, Tuna p.

MpeanonoXnm, Ha TMNepnoBepPxXHOCTM L nmetoTcA ABe pasinyHble TOYKW. Bo3HMKaeT Bonpoc — Bceraa
/M TMNEepPnoBEPXHOCTN COOTBETCTBYIOLLME COCTOAHMIO YEPE3 KaKOM-TO OANHAKOBbI MOMEHT BPEMEHMU,
6yayT coBnagatb? s Toro Ytobbl OHM COBNAZA/M, HYXKHO YTOObI CKOPOCTb BPEMEHU, @ UMEHHO A/IMHA
B MeTaBceNeHHOM COOTBETCTBYIOLAA eANHMLIE BPEMEHW B AHHOM TOYKE, COBNAAana aaa obomux Touek.
ECnv CKOpPOCTb BPEeMEHU PasinyaeTcs, r'MneproBepxHOCTM ToXKe byayT oTAnYaTbC Mexay coboi.

[onycTum, 4To Ha TMNepnoBepPXHOCTM L ecTb TP TOUKM M PaCcCTOAHME MO TMNepPnoBEepPXHOCTU MeXay
NepBoi 1 BTOPO TOUKaMM PAaBHO PACCTOAHMIO MO TMNeproBEePXHOCTU MEXKAY BTOPOW U TPETbe.



Cnepyet v N3 3TOroO, YTO PACCTOAHME B MOPOXKAEHHOM NPOCTPAHCTBE MEXKAY STUMM TOYKAMM TaKKe
6YAET OAMHaKOBO? He BnagHo no4yemy 310 OO/TXKHO 6bITb TaK. Ho TOr4a 3TO 3HAYUT 4YTO B Pa3/10XKeEHUE
HYXXHO BHECTU USMEHEHNUA.

Tam rae AnvHa B MeTaBceieHHOW, COOTBETCTBYIOLLAA eAMHULE A/MHbI B MOPOXKAEHHOM NPOCTPAHCTBE,
60/1ble YEM B APYTOM MeCTe, TO U GYHKLMM W; OO/KHbI 3TO YYMTbIBATb. ITO 3HAYUT, YTO PACCTOAHME
MeXAy T U T,, AO/KHO COOTBETCTBOBATb PACCTOAHMIO MEXY STUMM TOUKAMM B NOPOMNKAEHHOM
MPOCTPaHCTBE, a He B NpocTpaHcTee MeTaBceneHHoN. Kpome Toro, Ao/1KHa 6bITb 3aBUCUMMOCTb OT
CKOPOCTU BPEMeHM U, B TOUKe 7. TaK KaK Npu pasHbIX CKOPOCTAX BpeMeHM B pa3Hbix 061acTax, 4
AOCTUXEHMWS OOHOIO M TOTo e 3ddeKTa aMnanTyLa MoKeT pasanyatbes. Kak pesyabTat, 3To NpusoguTt
K HEBO3MOKHOCTU NOCTPOUTb OAHO Pa3/IoXKeHMe AN BCeX TOUEK Ha MOBEPXHOCTU L, ANA pasHbIX TOUYeK
Pa3N0XKeHNEe MOXKET OT/INYATHCA.

Do6asneHne 3aBUCMMOCTH OT U; () NPUBOANT K ypaBHEHUIO
uy (L, 7) = X ujwiy (L, 7, v.(F), (7 — 1), ©) (6)

Fpe l(F — 7o) — 370 GyHKUMA BO3BPALLAIOLLAA PACCTOAHME MEXAY ABYMA TOYKAMU T U T;, B
COOTBETCTBYIOLL,EM MNOPOXKAEHHOM NPOCTPAHCTBE, C — MAaKCMMAabHaA CKOPOCTb ABUMKEHUA YacTUL,

34eCb MOKET BO3HMKHYTb BOMPOC O TOM, KaK B TaKOM MoAX0A4e AOCTUraeTCs IOKaNbHOCTb U NoYemy B
ypaBHeHUue 6 Aob6aBaeHa 3aBUCMMOCTb OT MaKCMMalbHOM CKOPOCTM ABUMKEHWNA YacTuL, €. JIOKaNbHOCTb
MOKHO 06ecneynTb ecnm cynTaThb YTO @ COOTBETCTBYET NepeceyeHmnio MMPOBOMN MHUMK,
COOTBETCTBYHOLLEN HY1eBOW CKOPOCTU, U TMNEPNoBEePXHOCTM L, Npuyem 3Ta IMHUA NPOXOANT Yepes TOUKY
Hambonblien CMMMETPUM YacTULbl B MOMEHT BPEMEHU Ha

At = I(7 —Tip)/c (6.1)

paHblue. 34eCb ¢ MAKCMMasIbHAA CKOPOCTb ABUMKEHMUA YacTuUL, A5 Halell BceneHHo cooTBeTcTBYET
CKopocTu cBeTa. Eciv BO3MOKHbI BceneHHble 6e3 orpaHMYeHns Ha MaKCMManbHYH CKOPOCTb, TO 3TO
COOTBETCTBYET HECKOHEYHOM MaKcMMaibHOM ckopocTn u At = 0. OTmeuy, YTO ec/in eCcTb MaKCUMasbHas
CKOPOCTb ABUMXKEHUSA YACTUL, TO OHA AO/IKHA ObITb OAMHAKOBA BO BCEX CMCTEMAX OTCYETA, TaK KakK Bce
cuctembl oTcyeTa B MMBM-TeopumM paBHOMNPABHbI, HET BblAEAEHHOM CUCTEMbI OTCYETa. ITO 3HAUUT, YTO B
ypaBHeHMe 6 HyKHO A06aBUTb 3aBUCMMOCTb OT MaKCMMasIbHOM CKOPOCTH C.

Tem cambim 3HAYEHME CKaJIAPHOTO NOAA B TOYKe 7

> > =A k=N =1 > — > - —_—
f(r) = fext(r) + §=1 Zk=1p Zi::%?rf uikpwip (L: T, vt(r): l(T - rkp): C) (7)
34ech @ YAO0BAETBOPAET ypaBHeHuto 6.1.

C yem cBaszaHa GpyHKUMA paccToAHUA? [pU YBEANYEHMUM eAMHULbI AANHDbI, 3PPEKT OT COOTBETCTBYHOLLMX
GYHKUMIA W;;, AONbLIE HaKaN/IMBAETCA. 3TO O3HAYAET, HTO aMMANTYAA Ujky ITON GYHKLMM MOXKET BbiTb
MeHblue. TaKk Kak apdeKT go/blie HaKanaMBaeTCa, 3TO 3HAUYMUT elle U 4TO GpYHKLMA PacCTOAHMUA CBA3aHA C
dYHKLMEN CKOPOCTU BPEMEHW. ITO 3HAYUT YTO AOJIKEH CYLLECTBOBATb KaKOM-TO MHBAPUAHT,
CBA3bIBAOWMIN MeXAay COB60M DYHKUMIO ANNHBI U GYHKLMIO CKOPOCTM BpemeHn. O603Havy ero Kak h:

h(l,v{) = const (8)

CsA3aH nu aToT MHBAPUAHT Kak-nmbo co CKOPOCTbIO CBE€Ta, MOKa HEMOHATHO.



3TN ypaBHEHUA elle He OKOHYaTe bHble. [lasiee B cTaTbe B HUX ByAyT cAenaHbl USMEHEHUA, CBA3AHHbIE C
KOCMON0Trnen.

Tenepb ctoga HyKHO A06aBUTb eLLe U MHOFOKPATHO YNOMAHYTYIO GYHKUMIO conocTaBieHuns. OyHKums
COMOCTaB/IEHNA Ha OCHOBE COCTOAHMA B Nt060 MOMEHT BpeMeHM JaeT COCTOAHME Ha nocieayowme
MOMEHTbI BpeMeHU. C y4eToM ypaBHEHUA 7 1 B NPUBAMIKEHUMN NNOCKOTO NOPONKAEHHOIO NPOCTPAHCTBA
N npeHebperas KOHEYHOCTbIO MAaKCUMaNIbHOM CKOPOCTU ABUMKEHUA YACTUL, ONMUCbIBAEMOWN YPaBHEHUEM
6.1, coctoAaHne W B 11060 MOMEHT BpEMEHM MOXKHO 3anmncaTb Kak BEKTOP B NPOCTPAHCTBE COCTOAHWUM,
COCTOALMMN U3 3HAUEHUI Upx W m ONA BCeX YacTuL, B paccMaTpuBaemon 061acTu. 3To 3HaUUT YTO
dYHKLMA conocTaBneHna, obo3Hauy ee U, nepeBogmT BEKTOP COCTOAHWUA U3 O4HOIO 3Ha4YEHMA B ApYroi
W, B YNOMAHYTOM NPUBANNKEHMUM NJOCKOFO NOPOXKAEHHOIO NPOCTPAHCTBA M HEPENATUBUCTCKUX SHEPTUNA,
ABNAETCA ONepaTopom:

Y(t+dt) = U¥P(t) (9)

Takum obpasom, onepatop U nepeBoanT BEKTOP COCTOAHMA B APYrOl BEKTOP COCTOAHMSA, ABAAETCA
JIMHEHbIM ONepaTopom.

Cneaylowmin BO3HUKatoWMI Bonpoc — aiBasieTcs v onepatop U oaHO3HAYHOM UM MHOTO3HA4YHOM
dYHKUMEN? Bbilwe, Npn onncaHMM NpoLecca Noncka NopPoXKAEHHOro NPOCTPaHCTBa-BpeMeHHU, bbino
YNOMAHYTO YTO MOKHO MbITaTbCA MCMO/Ib30BaTb U MHOFO3HaYHY0 PYHKLIMIO OTOBparkeHMn, KoTopas
OO0KHA coAepKaTb BEPOATHOCTb KaXKAoro coctoAaHus. C yueTtom TpeboBaHMIM NO COXPaHEHUIO
MHOOPMALMM U C YY4ETOM TOTO YTO BEPOATHOCTHOE OTobparKeHUe BedeT K notepe nHdopmaumm, s
aenato BbiBoA 4To onepatop U moxeT 6biTb TO/IbKO 0AHO3HAUYHOM GyHKUMEN. Tem cambim,
HaKNablBaeTCs AOMOJIHUTEIbHOE YC/I0BME MPU MOUCKE NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHMU.

Ecan nmetotca notepm MHGOpMaLLMK, TO 3TO ypaBHEHWE NpeBpaLLaeTCcA B:
Y(t+dt) = UP() + P(...) (10)

3pecb P(...) — 310 HenpeacKasyemas 4acTb, @ TPOETOYME 03HaYaeT Habop HEM3BECTHbIX MapPameTpPoB, OT
KOTOPbIX 3Ta GpYHKLMA 3aBUCKT.

Mpn POXKAEHNN/YHUUTOMKEHMM YaCTULL, BEKTOP COCTOAHUI MEHAET KOIMYECTBO 3/1eMeHTOB. fl AyMato UTo
nepexoa NpoucxoamuT He MFHOBEHHO, UAYT KaKMe-To NepexoaHble npouecchl. MoKa YTo onMcaTb 3T
nepexoaHble NPoLeccbl HEBO3MOXHO, /1A 3TOr0 HY}KHO UCCef0BaTb CBOMCTBA QYHKUMU CKaNAPHOTo
nons MeTaBce/sIeHHON.

MeTaBce/ieHHas1 1 IMOPOKAECHHbIEC BCCJICHHbIC

CornacHo NMNBM Teopuu, MeTaBceneHHas 3To 6e3BpeMeHHOe NPOCTPAHCTBO CoAEpPIKalLee CKaNapHoe
none f(x). dnemMeHTapHbIe YacTuLLbl, BPEMS, MPOCTPAHCTBO KOTOPOE Mbl Hablogaem — Bce 3TO
NOPOXKAEHHbIE ABNEHNUA.

Hawa BceneHHasa asnaeTca YacTblo MeTaBceneHHOu.

MeToabl HaxOXKAEHWA NPOCTPAHCTBA-BPEMEHN-MATEPUU, ONUCAHHbBIE Bbille, MOTYT MPUBECTU K
HaXOMAEHMIO HECKOMbKNX Pa3/iMYHbIX pelieHnid. 061acTb onpeaeneHnsa sTUX pelleHmin MoxKeT
nepeceKaTbCs B NPOCTpaHcTBe MeTaBCeNeHHOM, MOXKET He NepeceKkaTbCs, HEKOTOpble peLleHns MoryT
6bITb ONpeaeneHbl Ha 0A4MHAKOBOM NPOCTPaHCTBe MeTaBceneHHON. BO3MOMKHO YTO AN HEKOTOPbIX
obnacten MeTaBcesieHHON He onpeaeneHo HUKaKUX peLleHui.



Kagoe 13 Takmx pelleHunit, CornacHo NocTynaTty 3Tol TeopuM, COOTBETCTBYET CyLLECTBYIOLWEN
BCENEHHOM, C/IN B COOTBETCTBYIOLMX NOPOXKAEHHbIX BCE/IEHHbIX BO3MOKHA Pa3yMHasn KM3Hb.

Hanuuwy Hecko/1IbKO onpeaeneHnit:
MynemusceneHHas —3mo MHOXECMBO0 8cex 8ceneHHbIX, onpedesieHHbIx 8 MemasceneHHoU.

bnusKue scesieHHble — 3Mo 8cesieHHble Komopble UMerom nepecevyeHus 8 npocmpaHcmee
MemasceneHHoU.

BAn3KMe BCeleHHble He 03HAYaloT YTO KOHKPETHas 06/1acTb NPOCTPAHCTBA-BPeMEHU 04HOMN BCeNEHHOM
nepecekaeTcs ¢ 06/1acTbio Apyrovi BceneHHol. NepeceyeHne Morio NPous3onuTU MUAAMAPAbI NeT Ha3as
unu snepeg, 1Mbo B meranapceKkax ot 3To obnactu.

JIoKanbHO napanesnsHble 8ceneHHble — 3Mo 8Ce 8CeseHHble Komopble uMmeom nepeceveHus 8 obaacmu
npocmpaHcmea MemasceneHHoU ¢ 8bl0esneHHOU Yacmbto MPOCMpaHcMea-epemeHu KaKol-mo
scesneHHo.

JloKanbHO napannenbHble BCeNeHHble He 03HAYaloT YTO MeXAY HUMN BO3MOXKHO B3aMMOAEf/‘ICTBM€. Ana
B3aMMOﬂ,EVICTBMﬂ mexay BceneHHbiMmn HEO6XOLI,MMO, XOTA BO3MOXHO HEAOCTATOYHO, UMETb XOTb KaKune-
TO Koppenaunn mexay ypaBHeEHUAMU SINE€MEHTAPHbLIX YaCTUL, NpUHaanexXawmnx K pasdHbiM BCENNEHHbIM.

B3aumodelicmsyrouue napasnesbHoie 8cesneHHble — 8ceseHHble, 0elicmeaus 8 00HOU U3 KOmopbIxX
Moaym 87uMb Ha cocmosHue opyzol, u Haobopom.

Ecnv pelicTBue ANA BAMAHUA Ha APYryto BCeNIeHHY0 byaeT Npon3BoAMTb PasyMHOE CYLLECTBO, B Apyroi
BCE/IEHHOM NOCNeACTBUA TaKMX AeUCTBUI ByayT BbIrAAETb KaK CNeACTBUA COOCTBEHHbIX GU3NYECKUX
3aKOHOB M ByAyT UMETb HE3aBUCKMMbIE OT NEPBOI BCEE@HHOW NPUYUHHO-CNEACTBEHHbIE CBA3M.

He TaK naBHO, B haHTaCTMKe CTa NOonyaspeH *KaHp ¢aHTe3n ¢ napannesbHbiMM Mupamn. CornacHo
MMBM-Teopuu, cyLLecTBOBaHME NapaaiebHbiX 3eMelb BO3MOXKHO, eCiv 061aCTb KOHLEHTPaLUK
MaTepuu B Halwel BcenleHHOM COOTBETCTBYET KOHLEHTPALMM MATEPUMN KaKOW-TO APYroi IOKANbHO
napasnnenbHON BCceIeHHOW. BO3MOXHO BHE3EeMHble Pa3yMHbIe CyLLecTBa o4eHb 6113Ko, Ha
napannenbHon 3emne?

CBOMCTBA NPOCTPAHCTBA-BpeMeHHU Hallel BcesieHHO
NmeeT nn BpemA B Halwei BceneHHoM Ha4ano 1 KOHELI,? CyLLI,E'CTBVET HECKOJIbKO BO3MOXHbIX BAPMUAHTOB,
nepevyncnio nx ece:

Bpems Bo BceneHHOW MMeeT Hauyano Ho He MMeeT KOHLLA.
Bpems Bo BcesleHHOW MMeeT Hauyano U ecTb KOHeL, BPEMEHM.
MpocTpaHCTBO-BpemMa BO BcesleHHOI 3aMKHYTO.

Bpems Bo BcenleHHOW He MMeeT Havyana U HeT KoHLa.

vk wnN e

Bpemsa Bo BceneHHOM He MMeeT Hayasa Ho MMeeT KOHel,.
Bce BapunaHTbI € 6ecKkoHeYHbIM BpemeHeM 03Ha4atoT H6eCcKoHe4YHOCTb NPOCTPAaHCTBA MeTaBceneHHoM.

CoBpeMeHHble aCTPOHOMMYECKME AaHHble NMOKa3bIBalOT YTO BPEMA B Hallel BceneHHON nmeeT Havano.
3710 oTOpacbIBaeT BCe BapMaHTbl Kpome 1 m 2.

CoOoTBETCTBEHHO, B HaYane, 40 NOABAEHMUA BpeMeHU 6b110 (VI no npexHemy CywecTByeT B
MeTaBCGIIEHHOl)‘I, XOTA U ganeko ot HaC) HEKOTOPOE COCTOAHUE rae ncnosibsosaHme TaKoM e d)YHKLI,MM



COMOCTaB/IEHUA KaK M ceiyac 6bl10 HEBO3MOXKHO. 3aTeM, B KaKol-To obiact MeTaBcesieHHOW,
Havanacb pasa popmmnpoBaHMA Halen BcenleHHOM, B KOHLLE KOTOPOM NOABUAOCH HALLe NPOCTPAHCTBO-
Bpemsa 1 matepua. HEBO3MOXHO CKa3aTb CKOJIbKO BPEMEHM 3aHAJ 3TOT NPOLLECC, TaK Kak CamMo Bpemsa B
3ToM dase HaxoAMNOCh B cTaann popmnpoBaHus. JanocHenwee passutue MMNBM-Teopun 4oMKHO
NO3BOJ/IUTb U3YUYUTb AEeTasIbHO CTaanio GopmmupoBaHma BceneHHOM 1 fayke NocMoTpeTb YTo 6b110 A0
BonbLworo B3pbiBa, Korga He 66110 HU BPEeMEHM HU NPOCTPAHCTBA.

3aBeplieHne dpasbl GOPMUPOBAHUA He O3HaYaeT npekpalleHna GopMUPOBaHMA HOBOro NPOCTPaHCTBA U
MmaTtepumn. PopmmpoBaHMe No NPeRHEMY BO3SMOXKHO U, N0 KpailHe mepe A5 NPOCTPaHCTBa,
MPOMCXOAUT, ONMCAHO Aasiee B CTaTbe B YaCTM O KOCMOJIOTMK U rPpaBuTaLmm.

BcesieHHas
B 3TOM YacTu, A oNULLY Kak Hawa BceneHHas BbIrNaAnT € TOYKM 3penus MMBM-Teopun.

MbI Haxoaumca B 6e3spemeHHo MeTaBceneHHON. MeTaBcesieHHan UMEET CKanapHoe rnose
onpeaeneHHoe Ha BCeM NpocTpaHcTee MeTaBcesieHHON, NPoCTpaHCTBO MeTaBceneHHoM eBKANA0BO.
YpaBHeHMe CKanapHOro nons sesae oamMHakoso. Hawa BceneHHasn cyuiectsyet 8 MeTaBcesieHHOM,
chopmmpoBaHa Ha OCHOBE OAHOIO U3 BapnaHTOB GOPMMPOBaAHMA NPOCTPAHCTBA-BPEMEHU U METOA0B
AN KBAHTOBaHMA, ONUCaHHbIX BbllUe.

DyHKUMA CONOCTaBNEHUA A0JI}KHA HE UMETb 3aMEeTHOM HenpeackasyemMon COCTaB/IAILWEN Ha BCEM
OOCTYNHOM ANA U3yYeHUA Anana3oHe SHepPrii YacTuL, U 3HaYeHN rpaBUTaLMOHHOro nona. Kak
pe3ynbTaT, 3TO 03Ha4YaeT BO3MOXKHOCTb OMMCbIBATh CBOMCTBA YaCcTUL, U UX B3aUMOAENCTBUSA,
OCHOBbIBAACb Ha COCTOAHMUSAX.

MopoaeHHOE NPOCTPAaHCTBO-BPEMS MOXKET ObITb UCKPUB/IEHHBIM. B 3TOM c/lyyae, nosenseTca
rpaeutauma. MNpu aTom rpaBUTaLMa He MeHAET GYHKLUMIO CONOCTaBAEHMA ANA YacTuu, MpasuTauma
obecneymBaeT 04MHAKOBOCTb GYHKLMM CONOCTABEHUA TaM rae GyHKLUA CONOCTaBAEHUA nHAYe bbiia
6bl He NpuMeHMMa. MopoXKAEHHOE NPOCTPAHCTBO-BPEMSA UCKPUBAETCA TaK UTO6bI GyHKLMA
COMOCTaB/ieHNA Hbl1a HEM3MEHHOMN.

B TOXKe BpemsA, U1 KBAHTOBaA MexXaHUKa U 06U.l,aﬂ OTHOCUTENbHOCTb, cornacHo MMBM-Teopuun, ABnAtOTCA
I'IpM6I'IM3MTeI'IbeIMM N UMEeIOT OrpaHNYeHnAa Ha nX Anana3oH NPUMEHUMOCTMU.

M KBaHTOBaA MexaHMKa U rpaBuTauma ABNAKOTCA NOPOXKAEHHbIMU ABNEHUAMMN.

BpeMﬂ, IMPOCTPAHCTBO U MATEPHUA

NmeeTcs Hemano onpegeneHunit BpemeHu. Bce 3BeCTHble MHEe onpeaeneHns roBopAT YTO Bpems
ABNAETCA ABNEHNEM MOJHOCTbIO HE3aBUCUMbIM OT HabalogaTe e, U OHO CYLLECTBYET U B MPUCYTCTBUM
HabnopaTenel 1 Toraa Korga HabatogaTenei He cylecTsyer.

B MMNBM-Teopuu, mbl Haxoanmca B 6e3BpemeHHol MeTaBceneHHo. BpemeHn B MeTaBceneHHoOM HeT,
Hablogaemoe HaMu BpemMa ABAAETCA NOPOXKAEHHbIM ABNeHNeM. Ho cylLecTByeT i Takoe Bpems bes
Habnopatenei? bes HabntogaTensa, OHO He MOXKeT bbITb M3MepeHo. bes HabatogaTens, Bpema B
moaenu MNMNBM-Teopun aBnAeTCA BCEro Wb MaTemaTUYeckol abeTpakuuei. Bpems u ntobble adpdeKThbl
B BO3MOXXHOM MOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHM HE MOTYT Npomcxoautb 6e3 HabaogaTtens.
MOKHO /1M CYMTaATb YTO BO3MOXKHAs NOPOXKAEHHAN BCeNIEHHasA, B KOTOPOI HeT HabatoaaTenei,
cyuwiectByeT? MoxoKe YTo 3TOT BOMPOC OTHOCUTCS K dunocodumu.



Moe MHeHWe: BCeNeHHan He CYLLLEeCTBYET ec/in B Hell HeT HabtoaaTena Ha BCeM BO3MOXKHOM

NopoXKAeHHOM BpeMeHU. TONIbKO pasyMHOE CYLLLEeCTBO MOXKeT ObiTb HabatogaTtenem. Takum obpasom,
BCE/IeHHasA CYLLEeCTBYET, TO/IbKO €C/IN B HEM B KAKOM-TO MOMEHT MNOPOXKAEHHOIO BPEMEHW NOABASETCA
pa3yMHas u3Hb. be3 HabnogaTena BO3MOXKHaA BCe/IeHHAs OCTaeTca MaTemMaTU4ecKkom abeTpakumen.

Pa3syMHas *KM3Hb HE MOXKET CyLLecTBOBaTb 6e3 NPUUMHHO-CNeACTBEHHbIX CBA3eM. Ha AaHHbIN MOMEHT,
HACKOJ/IbKO Al 3HAD, MOZENN Pa3yMHOM KU3HU 6e3 NPUUYNHHO-CEeACTBEHHbIX CBA3EN OTCYTCTBYIOT.

C 04HOW TOYKM 3peHUs, BPems 3TO NapameTp 3BONIOLMM YpaBHEHUI, KaK ONUCaHO paHee B cTaTbe. C
APYroi TOUKM 3PEHNS U YYMUTbIBAA HaNMCaHHOE Bbille, BPeMSs 3TO TaKoe Cyb6beKkTMBHOE ynopaaounsaHme
MHOeCTBa NPOCTPaHCTB-MaTepUii KOTOPbIA NOAAEPKUBAIOT MPUUNMHHOCTb. ITO O3HAYaEeT YTo
NPOCTPaHCTBO-BpemMsA-MaTepus ABNAIOTCA CYOEKTUBHBIMKN @ He 06 EKTUBHbLIMU, OHU 3aBUCAT OT
HabnogaTena n He cywecTsytoT 6e3 HabatogaTens.

Bpemsa cybbeKTUBHO NOCKOJIbKY OHO He cyluecTByeT 6e3 Habatoaatena. KaxKablit MOMEHT BpemMeHu
COAEPKMUT pa3HOe COCTOAHUE NPOCTPaAHCTBA-MmaTepmn. Kaxaoe cocTosHWe NpoCTpaHCTBa-MaTepun B
KaXKAbll MOMEHT BPEMEHMW A01KHO BblTb OCHOBAHO, XOTA Hbl YaCTUUYHO, Ha COCTOSAHUM NPOCTPAHCTBA-
MaTepun B nNpeablayline MOMEHTbl BpEMEHU, A1a NoAAepHKaHUA NPUYNHHO-C/IeACTBEHHbIX CBA3EN.
CocTonHMe NpOoCTPaHCTBA-MaTePUM B NOCNEAYIOLINE MOMEHTbI BPEMEHU MOTYT BbITb HE MOJIHOCTbIO
OCHOBaHbl Ha COCTOSIHUW B NpeAblayLine MOMEHTbI BPEMEHW MPU YCIOBUU YTO OHM NO3BONAIOT
CYyLLEeCTBOBATb XOTS Obl KAKMM-TO MPUYNHHO-CNEACTBEHHbIM CBA3AM. [IPUYMHHO-CeACTBEHHbIE CBA3U
[OO0MKHbI CYLLEeCTBOBATb AOCTAaTOYHO 400 YTOObI MO3BO/INTL BOSHUKHOBEHUE Pa3yMHOM KU3HKU. MHave
COOTBETCTBYIOLLAA BCE/IEHHAA He ByAeT UMETb PasyMHOM XU3HU U, KaK pe3ynbTaT, He byaeT MmeTb
Habatopatena. ECan HM B KAKOM MOMEHT NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHW BCEIEHHAA He
COLEPXKMT HabntogaTens, To Takan BCeIEHHAs He CYLLEeCTBYET, OCTaeTCA MaTemMaTUYeCcKom abcTpakymein.

M3 3TOro ciieayerT, UTo ecn 3aKoHbl PU3UKN CoaepsKaT HenpeacKkasyemyto 4acTb, OHa A0KHa 6bITb
[0CTaTOYHO MaoM YTOBbI AONYCTUTD CYLLECTBOBAHME PAa3yMHOM KM3HU. ITO O3HAYaeT YTo B 1060
BCEJIEHHOM A0/IXKHA CyL,ecTBOBaTb XOTA 6bl 04Ha 061acTb NpocTpaHcTBa V, Mmelowaa noaxoasawme
YCNOBUA ANA Pa3BUTUA PasyMHOM XU3HU U ANA KOTOPOI nepuoa noaypacnana npuYnHHocTH 6onblie
yeM MUHUMaJbHbIN Nepuoa noaypacnaga HeobXoANMbIN AN1A NOABAEHUA PA3yMHOM MU3HMN:

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

30ECb Teqys — NEPUOA NOYpacnasa NPUYUHHOCTU, Tryin — MUHUMAZbHBIV Nepuog, nosypacnaja
NPUYUHHOCTU NPU KOTOPOM BO3MOKHO GOPMUPOBAHME U CYLLLECTBOBAHME Pa3yMHOM KU3HW. Takoe
YCNI0BME JONXKHO BbINOAHATLCA B 3TOM 06/1aCTM Ha BCEM MPOMEXKYTKE MPOCTPaHCTBa-BpeMEHH,
OTHOCALWEMCA K GOPMMPOBAHMIO U CYLLECTBOBAHMIO Pa3yMHOM 3KWU3HU, C MOMEHTa BPEMEHM Lpegin M 4O
teng- O603HaueHne V — SAS B 3TOoM ypaBHEHUM 0603HAYaET YTO NPOYME YCNOBUA B 3TOM 06beme
AOJIXKHbI MO3BO/IATL NOAB/NEHME PA3YMHOM U3HW, CAMO OCO3HAIOLLMNX CTPYKTYP.

B 3TOM YacCTU cTaTbM Nerko 3ameTuTb Yto MMBM-Teopusa ocHoBaHa He Ha dpunocopckom peannsme. 1o
CBSI3aHO C TEM YTO OAHWM U3 CNELCTBUIA 3TON TEOPUU ABNSETCA HEBO3MOMXKHOCTb CYLLLECTBOBAHUSA
NPOCTPaHCTBa-BPEMEHM-MATEPUN HE3ABMCMMO OT Halero co3HaHuA. MpoCcTpaHCTBO-BpeMa-MmaTepums
ABNAIOTCA NPOAYKTOM Hallero cosHaHuA. MNpeanaraemasn Teopua COAEPMKUT CYLLHOCTU HEe3aBUCUMMbIE OT
Hallero pasyma, @ UMeHHO noJie U NPOCTPaHCTBO MeTaBcesieHHOW. bonee TOYHO, CO3HaHWE 3aBUCUT OT
CKanApHoro nosns MeTaBcesIEHHOW HO CaMO MoJie OT CO3HAHWUA HUKAK He 3aBUCHUT.



[ITIBM-Teopusi U aHTPONHBIA NPUHLUI

AHTPONHbIN NpUHUMN 6bIn NpegaoxkeH [2]1[3] ana 06bsICHEHMA C HAYYHOM TOUYKM 3PEHUS, MOYEMY B
Habnogaemolt BceneHHOM MMeeT MecTo psg, HETPUBMANbHbIX COOTHOLLEHUN MeXay
dyHAaAMEHTaNbHbIMU GU3NYECKMMKN NapameTpamm, HeobXoAMMbIX 4/1A CYLLECTBOBAHMA Pa3yMHOM
KU3HU. UmetoTca pasninyHble GOPMYIMPOBKU; 0ObIYHO BbIAEAAT CNabbli U CUIbHLIA aHTPOMHbIE
NPUHLUNBI.

BapnaHTOM CUIbHOTO AHTPOMHOIO NPUHUMNA ABAAETCA aHTPOMHbIA NPUHLLMN yYacTus,
cbopmynupoBaHHbIi [koHom Yunepom[4]:

Habnrodamenu Heobxodumbi Ornisi obpemeHusi BeceneHHoli 6bimusi (Observers are necessary
to bring the Universe into being).
B MMNBM-Teopuu, aHTPOMHbIA NPUHLMN Y4aCTUS SABAAETCA NPAMbIM CNeACTBUEM OCHOBHbIX NMOIOXKEHUN
Teopum.

l'onorpadpuueckun npuHumn [IIMIBM-Teopuu

MeTasceneHHas B [NMIBM-Teopuun He UMeeT BpeMEHU N He COAEPKUT HUKAKMUX d1eMEHTaPHbIX YacTuULL.
MpocTpaHCTBO-BpeMA-MaTEPUA ABNAIOTCA MOPOXKAEHHbIMU ABNEHUAMMK. COOTBETCTBEHHO, A1A
cKanapHoro nona MeTaBceneHHOM OTCYTCTBYOT YacTULbI-NMEPEHOCHMKN B3aMMOAENCTBUA. 3HAYEeHUe
nonAa B KaXkaoM Touke MeTaBcesIeHHOW B 3TOM C/ly4ae A0/KHO ONpesensaTbCA 3HaYEHUAMM NoNA B
cocefiHUX TOUKax. Al Ha3oBY 3TO ronorpadunyecknm npuHumnom MNMNBM-Teopun.

lFonorpadumyeckunin npuHumn NMBM-Teopum oTAMYaETCA OT FOA0rPadUIEcKoro NPUHLMNA TEOPUM CTPYH.
MpuymnHa He TonbKo B ToM YTO MMBM-Teopua He MMEET CTPYH, HO TaK¥Ke B TOM YTO rpaHuLLbl obnactm
BK/IIOYAIOT B Ce6A He TO/IbKO HAcToALEee, HO U Npolwioe 1 byayuiee. Takxke, Yactuubl B NMNBM-Teopun
ABNAKOTCA NOPOXKAEHHBIMM 06BEKTAMM OCHOBAHHbIMM Ha CKanApHOM nosie MeTaBceneHHOM, U 3HaHue
COCTOAHMSA TAaKMX YaCTUL, HEAOCTAaTOUYHO AA TOro YTOObI NOSHOCTBIO ONMCATh COCTOSHUE CKANAPHOTO
nona. COCTOAHNA 3N1eMEHTAPHbIX YacTUL, 3TO KOIODOULMNEHTbI PA3N0oKeHMA MO GYHKLMAM A4 YacTULbI U
MHOKECTBO COCTOAHWUIN 3/1eMEHTaPHbIX YacTUL, He NPeAOCTaBAAIT NOJAHYH0 MHPOPMALIMIO O COCTOAHUM
CKanapHoro nons MeTaBceNleHHOM B COOTBETCTBYHOLLEN 061acTU. TaKKe 3TN COBCTBEHHbIE BEKTOPA
AO/KHbI COOTBETCTBOBATL GYHKLMAM W,,; U3 yPaBHEHUSA 6.

Mona MeTaBceneHHol He MEeHAETCA CO BpeMeHeM Mo MPUYMHE OTCYTCTBUA BPEMEHU, TaK UYTO KaKkue-
B0 NepeHOCHNKM B3aMMOAENCTBUA HEBO3MOKHbI. ITO MPUBOAMUT K BbIBOAY YTO 3HAYEHUA MO B
TOYKe ONpeaenstoTcs TObKO 3HAYEHUAMM MOA B OKPYKAIOLLMX TOUKAX.

3TO NPMBOAMT K cnefytoliemy: ecim B MeTaBcesieHHOM ecTb Kakas-1Mbo 3aMKHyTas NOBEPXHOCTDL S,
3HayYeHuMe NosA BHYTPM 060N TOUKKM B 061aCTM OKPYKEHHOWN 3TOM NOBEPXHOCTLIO ONpeaenarTca
TOJIbKO 3HAYEHUAMM NOJIA HA 3TOW noBepxHocTh, f(S).

3T0 03HauaeT uTo cywecTteyeT dyHKuMA g(x, S, f(S)) KoTopas 0f4HO3HAYHO HAXOAWT 3HaUYeHUe
CKanAapHoro nona MeTaBceNeHHOM B TOUKE X OTHOCALLLEACA K 061aCTV OKPY>KEHHOI NOBEPXHOCTbIO S,
rae 3HayeHue nons Ha nosepxHocTtu ato f(S):

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

Fonorpaduyeckunin npuHumn MMBM-Teopun MOXKET BECTU K MHTEPECHOMY BbIBOAY: NOJIHAA UHPOpMaLms
0 Bceit MeTaBcenieHHOW U BCeX NOPOXKAEHHbIX BCEAEHHbIX CyLLecTByeT B 060l obnactu


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

MeTaBceneHHO. Takoe 3aKatoueHMEe MOXKET BbiTb BEPHbIM MPU YCN0BMM FNAAKOCTM GYHKUUK
CKanapHoro nona MeTaBcesieHHOW, BO3MOXKHO TPebytoTca A0NONHUTE bHbIE YCA0BUS.

Hao6woaenue
OCHOBHbIM UCTOYHUKOM MHPOPMALMKM 06 OKpYKatoLLLE HAaC AeCTBUTENbHOCTU ABAAETCA HabaoaeHME.
Kak onucatb HabatoaeHue ¢ Toukn 3peHus MMNBM-Teopun?

HabntogeHne moxeT NponsBoauTb TONbKO HabatoaaTenb. Ecam coctoaHne W xapakTepmusyeT coCTosHUE
CUCTEMBbI B KAKOW-TO MOMEHT BPEMEHU, TO A1 ONMUCaHUA HabOAEHMA U3 3TOTO COCTOAHUA HYKHO
BblAeNUTb cocToAHMe Habntogatena Ws,s M cocToAaHne Habntogaemoro o6vekTa Wy - YunTbiBas
ypaBHeHMWe 9, 3TO BeAET K TOMY YTO pe3y/bTaT HabatoAeHUA ONUCbIBAaETCA HEKMM JIMHENHbBIM
onepaTopom.

YpaBHeHnue lllpeaunrepa

ypaBHEHME 9 onucbiBaeT 3BOJIIOLUN CUCTEMDBI BO BpEMEHMU, B YMTOMAHYTOM I'IpM6!'IM)K€HMM. Mo*KHO
npeanonoXnTb, YTO OPTOroHa/ibHble COCTOAHUA, ONUCbIBaeEMble d)yHKLI,M‘r'lMM Wpi 13 ypaBHeEHUA 7,
AO0J/XKHbI U BNpedb 0CTaBaTbCA HE3aBUCUMbIMU. ITO 03HAYaeT uTo onepartop U COXpPaHAET CKanApHoe
npounsseneHune, To ectb, OH yHMTaprIVL

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

Danee, npeanonarato, yto ¢pyHKums ¥ anddepeHumpyema, YTo 03Ha4YaeT HEMPEPLIBHOCTb
npocTpaHcTBa-spemeHun. CneaoBateibHO, MOXKHO 3anmncaThb:

Y(t+dt) = P(t) + d¥P(b) (13)
C apyroii CTOPOHHbI,
Yt) = I¥P(b) (14)
Toraa
Y(t+dt) = (1+dU)WP(t) (15)
ypaBHEHMe MOXHO COKpPaTUTb:
d¥(t) = dU ¥P(t) (16)
noaenus Ha dt:
% = ‘;—‘t’wa) (17)

au
np0M3BOAHaﬂ onepartopa E ABZIAETCA TOXE ONepaTopom, XoTa U HeobA3aTeNbHO YHUTAPHbIM.

0603HauuB ero Kak A, Nosyyato OKoHYaTenbHoe guddepeHLmanbLHoe ypaBHEHME YHUTAPHOM 3BOAOLUN
cucTemsl:

% = A¥(b) (18)

To 4TO NOAYYMIOCH d)aKTVI‘-IeCKM M ABNAeTcA ypaBHeHuem LLpeayHrepa, ¢ TOYHOCTbIO 4,0 MHOXUTENA.
HanomH1o, KaK BbIrNAANT HECTAaLLMOHApPHOe ypaBHeHuMe LpeanHrepa:



—ih— = HY (19)

OTmeuy, 4TO NONYYUTL U3 ypaBHeHUA 18 ypaBHeHMe 19 A0BONBHO NPOCTO. [AA 3TOro Hy*KHO BCMOMHUTL
YTO YHUTAPHbI ONepaTop MOXKHO NPeACTaBUTL Yepe3 3pMUTOB onepaTtop. a8 apmnToBa onepaTopa
BbINONHAETCA:

U=el (20)

lne U aT1o yHUTapHbIN onepatop. NMoactasnns yp 20 B yp 18, nonyyaeTcs, C TOYHOCTbIO 40 MHOMXKUTENA,
ypaBHeHKe 19. Hannume noctosiHHoM MNnaHKa B ypaBHEeHUM 19 roBOpUT 0 TOM YTO NocTosiHHas MnaHKa
KaK-TO CBA3aHa C PYHKLMAMM PA3NOKEHUSA.

YpaBHeHue WpeauHrepa ABnseTcs HEPENATUBUCTCKUM. YpaBHeHMe 18 TaK:Ke HepenAaTUBUCTCKOE, TaK
KaK He yuTeHO ypaBHeHMe 6.1, onpegensioLiee 3aBUCMMOCTb OT CKOPOCTU CBETa, M3 Yero cieayer Yto

. H o
A= lzTOJ’IbKO ANnAa Mmanbix aHeprun.

ypaBHEHME LLIpep,MHrepa onuncbiBaeT Yactuupbl 6e3 cnuHa.

BblBOA YpaBHEHMA A5 YACTML, CO CMMHOM A NOKa OCTaBAALD Ha byayuuee. MoxoxKe, 4To 3TO caenaTtb
HECJIO}KHO, eC/IM NPeAno/oXUTb YTO OZIHa YacTULLA MOXKET bbITb NpeacTaBneHa bonee Yem ogHUM
Habopom byHKUMI pasnoxKeHus. OguH Habop ana yactuy, 6e3 cnnHa, ABa Habopa ANs YacTul, co
CMUHOM Y5, N T.N.

IIpyHIIMN Heonpeae/IeHHOCTH

MpuHumMn HeonpegeneHHocTu Neli3eHbepra ABAAETCA OAHUM N3 OCHOBHbIX CBOMCTB KBAaHTOBOM
MexXaHUKKN. MoxKeT NoKa3aTbCA YTO NPUHLUMUMN HeonpeaeNeHHOCTU HE COBMECTUM C AeTEPMUHUCTUYECKON
mogenoto MMBM-Teopuu. B 3TOM 4acTh CTaTbu, A NOKaXKy YTO NPUHLMMN HEONpPeaEeNeHHOCTU He
npoTtusopeuunt MNMMNBM-Teopun.

OnucaHue BbIBOAA NPUHLMMNE HEONPEAENEHHOCTN ONUCAaHO BO MHOTUX y4ebHMKax No KBAHTOBOM
MexaHuKe. [NaBHOe CBOMCTBO, KOTOPOE BEAET K NPUHLMUMNY HEONPEeAeIeHHOCTM 3TO BOJIHOBAA pyHKLUUA
N HEKOMMYTATUBHbIE ONEePATOpPbl A1 U3MEPAEMbIX 3HAYEHUM, TaKMX KaK MECTONONOXKEHNE U MMNYJIbC.
A1 He 6y4y KONMPOBATb BbIBOA, NPUHLMMA HEONPEAENEHHOCTH, AOCTaTOMHO OTMEeTUTb YTo MMBM-Teopusa
COAEPHKUT ypaBHeHMe LLpegunHrepa, Tak 4TO MOXKET ObITb MCMO/Ib30BaHA BCA MaTeMaTMKa KBaHTOBOWM
mexaHuKkn. Kak pesynbtart, MMNBM-Teopua npMBoaguT K NpUHLMNIY HeonpeaeneHHOCTU HECMOTPA Ha TO
YTO 3TO AeTePMUHUCTUYECKAA TeopuA.

MpuHuMn HeonpeaeneHHocTu B NMNBM-Teopum sBASETCA NPOABAEHNEM HE KOPMYCKYNAPHbIX CBOMCTB
3/IeMEHTApPHbIX YaCcTULL,.

I[IIIBM-Teopus M KaIUOPOBOYHbIE TEOPUH
KanM6POBO‘-IHbIe TEOPUU NOKa3anun cebn ycnewHbIMK B onNncaHnn d)yH,El,aMGHTaanbIX B3aMMOAeV1CTBMVI
M 4acTthuy, 3a UCKNKOYEHNEM TPaBUTaALUNN. CTaH,EI,apTHaH moaenb ABnAeTcAa KaﬂVI6pOBO‘-IH0171 Teopmei/’l.

MNBM-Teopwus NO3BOAAET CTPOUTb KaIMOPOBOYHbIE TEOPUM, TaK KaK OHA COAEPKUT U BOJIHOBYIO
DYHKLMIO M raMUNbTOHMAH. TEM CaMblM, MOYKHO MCNO/b30BaTb BeCb GOPMaM3M KaanbpoBOYHbIX
TEOPWIA, XOTA U C APYroi UHTepnpeTaumen.



CkopocTh cBeTa

[na Toro ytobbl NOPOXKAEHHAA BceNeHHan obpena bbiTue, cornacHo NMNBM-Teopun HeobxoaMMo YTOObI
B Heli bbln HabntogaTenb. BosHWKaeT BONPOC — BO3MOMKHO I NOCTPOEHME TAKOFO NMOPOKAEHHOTO
NPOCTPAHCTBa-BPEMEHW, B KOTOPOI He Bbln10 Bbl OrpaHUYEHUA HA MAaKCMMaNbHYH CKOPOCTb
3N1eMEHTapPHbIX YacTUL, U B KOTOPOM BO3MOXKHA KU3Hb?

Al npeanonarato, YTO 3TO HEBO3MOXHO. ECM 3TO NpeAnoioXKeHne BepHO, TO BCe NOPONXKAEHHbIe
BCE/IeHHbIe A0/IXKHbI COAEPXaTb OrpaHNYEHNE Ha MaKCMMa/lbHYH CKOPOCTb U, COOTBETCTBEHHO,
crneumasbHy TEOPUIO OTHOCUTEIbHOCTU. 3HaUYeHNE MaKCMMasIbHON CKOPOCTM MOXKET BbITb pasHbIM B
Pa3HbIX MOPOXKAEHHbIX BCE/IEHHBbIX.

Ecnu cyuleCTByetT MakKCMmMasibHaAa CKOPOCTb ABUXKEHNA YaCTUL, ANA KaKoM-TO BCEﬂeHHOﬁ, TO OHa A0J/1)KHa
6bITb OLI,VIHaKOBOl‘/JI BO BCeX CUCTemax OTcYyeTa, No NpnU4nHe OoTCyTCTBUA BbI,EI,e}'IEHHOﬁ CNCTeMbl OoTcYeTa.

[anee, cornacHo CI'IELI,M8!'IbHOVI TEOPUN OTHOCUTENBHOCTN, MaKCUMaAJIbHaA CKOPOCTb COOTBETCTBYET
CKOpPOCTH CBETa.

37O 03HaYaeT, YTO CKOPOCTb CBETA ABNAETCA NPOU3BOAHOW BEIMUUHOMN U AO/IKHA ONPesenaTbea
ypaBHEHMEM CKaNApHOro nons MeTaBceneHHON M MHOXECTBOM GyHKUMI pasnoxeHusa {w} nons no
MOPOXAEHHOMY MPOCTPAHCTBY U3 yp. 7:

¢ =c(f,iwh (21)

[nA NOACHEHUA NPOMCXOXAEHNA CKOPOCTU CBETA MOMKHO NOCMOTPETb Ha TUMWYHbIE MaTemMaTUYecKkme
GyHKUMM. Hanpumep, MoXHO B3aTb dyHKUMIo f(x,y) = (x — 1)2 + (y — 1)2

MpoBecTn Kak-1Mbo OPUEHTUPOBAHHYIO NPAMYIO Yepes TouKy (1,1), 3aTem HayaTb ee napasiesibHo
nepeHocuTb Ha Bce bosbliee paccToAaHMe. B 3Tom cayyae 3HaueHMA 3Toi GyHKLMKM Ha npamoit byayT
nocaeaoBaTeNbHO HapacTaTb. BO3HWKaeT YTO-TO BPoZe PacnpoCcTpaHeHUA CUrHana npwm
nocaeaoBaTeNbHOM YAaneHUMU NPAMON.

B npumepe Bbiwe 3HaYeHNA GYHKLUN CUMMETPUYHBI MO OTHOLLIEHWUIO K NOBOPOTaM. 3HaYeHUA GyHKLUN
CKanapHoro nona MeTaBcesieHHOW He MOTyT BbITb CUMMETPUYHBIMM MO OTHOLLEHUIO K MOBOPOTaM, XOTA
cama byHKLMA, Kak A npeanonarat, CMMMeTpUYHa. [03ToMy HYXKHO pelnTb BO3HUKAIOLLME B CBA3U C
3TUM CNIOXKHOCTH, YTO U AENaeTca B Ceaylollem pasaene.

CnenuanbHasa Teopusa oTHocuTe/IbHOCTH M [IIIBM-Teopus

COBpEMEHHbIe 3KCNepuMmeHTa/ibHble AaHHblE NOKa3blBalOT YTO BCE 3aKOHbI ¢M3MKM OA4NHAKOBbIl BO BCEX
MHEPUMANbHbIX CUCTEMAX OTCHETA. CooTBETCTBEHHO, nopoXxXaeHHoe NPOCTPaHCTBO-BpeMA O0/1KHO
obecneuynBaTb 3TU CBOMCTBA. HEKOTOpbIe 3aKOHbI GU3MKK, TaKME KaK aNeKTpoanHammKa n CTO, TpebytoTt
OLI,MHaKOBOVI CKOpPOCTHK CBETA BO BCEX MHEPLMNAJIbHBIX CUCTEMAX OTCYETA. STO BO3MOXHO caenaTb
ncnonb3ya cneayrouwyro Mmogenb:

Mocne KaXkaoro NoBopoOTa, COOTBETCTBYHOWLErO Nepexoay B HOBYIO CUCTEMY OTCYETa, NOABNAETCA HOBbIN
MaKCUMasibHbIN yrona nosopoTa. oTot Yros MOXeT OT/INYaTbCA OT yria 40 NoBOPOTa, HO AO0/1XKEH UMETb
OAMHAKOBbIE 3HaYEHNA 0174 NOBOPOTA B nobom A0NYyCTUMOM HanpaBiEeHUN. CKOpOCTb CBETa He A0J/1)KHa
MeHATbCA OT USMEHEHNA MAKCMMA/IbHOIO yr/la NOBOPOTA, CKOPOCTb CBETA ONpeaenaeTca He TO/IbKO
pasmepom yrsia noBOpPOTa, HO elle N CKOPOCTbO NOPOXKAEHHOIO BpeEMEHU (OFIMCBHO |'IO3)‘I'(€). B Takoit
moaenu, cywecrtsyet BO3MOXKHOCTb NyTem nocienoBaTte/ibHbIX MOBOPOTOB, COOTBETCTBYHOLWUNX
nocnenoBate/ibHbIM YCKOPEHNAM, NONACTb B cobcTBEHHOE npownoe, C TO4YKMN 3peHNA YCKOopAtoLeroca



o6beKTa. B ToXKe Bpemsa, HabatogaTeNb HaxoAAWMNICA B HENOABMUIKHOM CUCTEME OTCUeTa, A0/IXKEH
BUAOETb APYryto KapTuHY. C TOUYKM 3peHMA TaKoro HabaaaTens, yCKOPALWMNCS 06BbEKT He nonageT B
npowwnoe, oH 6yAeT YyCKOPATb CBOK CKOPOCTb HO €ro CKOPOCTb HUKOTAA HE MPEBbLICUT CKOPOCTb CBETA.
KBaHTbI CBETa B CMCTEME OTCYETA 4,0 NOBOPOTA A0/IKHbI COOTBETCTBOBATH KBAaHTAM CBETA B CUCTEME
oTcYeTa Nocae NOBOPOTA, aHANOTMUYHO ANA APYIUX SNeMeHTapHbIX YacTuy, MNocne noBopoTa
NMOBEPXHOCTb KOHYCA, COOTBETCTBYIOLLLEFO CKOPOCTM CBETa, ByAEeT OT/IMYHA OT NOBEPXHOCTU KOHYCA A0
noBopoTa. KBaHTbI CBETA ABMIAOTCA CO CKOPOCTbIO CBETA, U AO/IKHbI HAXOAMTbCA HA 3TOM KOHYCe.
CnepoBaTe/ibHO, MECTOMO/IOXKEHME YaCTUL, U UX TPAEKTOPMA N3MEHUTCA NOCAE NOBOPOTA, U PACCTOAHUE
MEXKAY TPAEKTOPUAMM OAHOM M TOM Ke YacTULbl B Pa3HbIX CUCTEMAX OTcHeTa ByaeT NOCTOAHHO PAcTu co
BpemeHeMm. A Xxouy nog4yepKHyTb 3TOT pe3ynbTat NMBM-Teopum — 04Ha U Ta XKe YacTULa B KaXK40M ToUKe
NAET NO TPAEKTOPUAM, 3aBUCALLUM OT yr/ia pacCMOTPeHUs. KaK HalTU TUNbl ypaBHEHUI, NO3BOASOWME
TaKoe NoBeAeHUe, 419 MEHA NOKA HEe MOHATHO. f1 AYMato YTO BO3SMOKHO MOTYT 6bITb MCMNONb30BaHbI
HeKoTopble MoAenu 13 rosiorpadmun. Tak uyto 3aecb TpebyeTca gasbHeNWmne ncciegoBaHns YTobbl HANTU
MaTeMaTMKy onncaHHo mogenn. B ypaBHeHuax MNMNBM-Teopun a noTpebyto TakMe cBOMCTBA OT
COOTBETCTBYIOLWMX PYHKLUMIA, HO camMUn GYHKLIMN NOKa He HallAeHbl, HaldeHbl TOJIbKO UX CBOMCTBA. BHOBb
HanomHto, MMNBM-Teopua aBnAeTCA HOBOW TEOPUEN C MONHOCTLIO HOBOM MaTeMaTUYEeCKON MOAENbIO.
HacKonbKO 5 3Hato, He cyLlecTByeT MaTeMaTUKM NpUrogHon ans onncaHmna moaenu MMNBM-teopun bes
[OMOIHUTEIbHOM A0PaboTKM. A Aymato 4To co BpemeHem GyHKuum MMNBM-Teopnmn MoKHO byaeT HalTy,
HO 3TOT NOMCK NoTpebyeT A0BONLHO MHOro BpemeHu. MMBM-Teopua coaep*KUT MHOTO APYrnX OTKPbITbIX
BOMPOCOB; B 3TOM CTATbe A MbITaloCb NOCTPOUTbL TOIbKO 0cHOBY MNMBM-Teopuu. MosHOe NocTpoeHne
3TOM TEOPUM HEBO3MOXKHO B paMKax O4HOM CTaTbMu.

Tenepb, paccMOTpIO 3Ty Moaenb 6onee AeTanbHoO.

CHayvana A paccmMoTpO BO3MOXKHOCTb NonacTb B co6cTBeHHOE npolwnoe. Ecan nocne Kaxkaoro nosopoTa
(cooTBeTcTBYHOLLLErO HAOOPY CKOPOCTM MO OTHOLLIEHWIO K NpeablayLen cucteme oTcyeTa) HOBbI
MaKCMMabHbIA Yroa NO3BONAET UATU Aa/iblue Yem NpeablayLUnii MaKCMMaabHbIA Yroa, 3STO O3HaYaeT
YTO BO3MOXHO NyTemM MnocaeaoBaTe/IbHbIX NOBOPOTOB NOBEPHYTLCA Ha 360 rpaaycoB 1 OKa3aTbCA B
cobcTBeHHOM npowniom. OaHaKo, NockosibKy MeTasceneHHan B MNMNBM-Teopuun 6e3spemeHHas,
npownoe He MOXeT 6bITb U3meHeHo. CnefoBaTe/IbHO, MOMNbITKA U3MEHEHWA MPOLUAOTO A0XKHA ObITh
HeycnewHon. OgHAKo, C TOUKM 3peHUA ycKopAtoLwweroca Habntoaatens, Bce AOKHO BbIrNALETb Kak
06bI4HO, Te *Ke 3aKOHbI PU3MKK YTO U A0 ycKopeHus. CnefoBaTeNbHO, €C/IM NIAHNPOBATL AEeaTb KaKue-
n1Mb0o U3MeHeHMA B NPOLLIOM A0 Havyana YCKOPEHUA, AOXKHO OblTb BO3MOXKHbBIM CAENATb UX NOCae
nonagaHua B npolunoe. 3TO BbIMAANT Kak NpoTuBopeyne. Ho 3To NpoTMBOpeUYne MOXKHO peLLmnTb, ecau
£06aBUTb NoTepto HGOPMauumn npu nosopoTax. MHGopmauus foaKHA BbITb NOJHOCTbIO NOTEPSAHA NPU
nonagaHum B cobcTBEHHOE NpOoLLIoe, CefloBaTe/IbHO HUKAKME NJaHbl, CO34aHHble Nepes nonagaHuem
B NpoLusioe, He coxpaHATcA. NoTepsa MHPoOpPMaLLMKM — 3TO CAyYam KOraa Kakme-nmbo cobbiTma NnponsoLwim
B OZLHOM CMCTeMe OTcYeTa HO He MPOU30LWLAN B APYrOM CUCTEME OTCHETA. ITO 3HAYMT YTO Nocne
nepexoaa B ApYyryt CUCTEMy OTCHETa HEKOTOPbIE YaCTULLbl MOTYT NOABUTCA UIN UCYHE3HYTb; NO3ULUN
YacTUL, MOTYT U3MEHUTLCA.

®OTOHbI M HEKOTOPbIE APYrUe 3/1eMeHTapHbIe YaCcTULbl BCEraa ABUKYTCSA CO CKOPOCTbIO CBETA. ITO
3HAYMT YTO OHU BCETAa UMEIOT MAaKCUMa/bHbI BO3MOMHbIN Yo/ MO OTHOLWEHUIO K BEKTOPY BPEMEHMU,
Apyrve 4acTuLbl MMeT MeHbLWW yroa. 18 GOTOHOB yro paBeH yriy COOTBETCTBYOLEMY CKOPOCTH
cseTa. Mocne noBopoTa NOBEPXHOCTb MeTaBCeNeHHOM, COOTBETCTBYIOLAA KOHYCY CBeTa, byaeT
OT/IMYaTbCA OT KOHYCa A0 NOBOPOTa. TaK YTO B OAHOM CUCTEME OTCYETA YAaCTULbI CO CKOPOCTLIO CBETA
Haxo4ATCA Ha OAHOM NOBEPXHOCTU, @ B CUCTEME OTCYETa NoCc/e NOBOPOTA Ha APYrol NoBepxHOCTU. Ux
MecTono/oKeHne B MeTaBceeHHON MeHAETCA NPU NOBOPOTE, HEKOTOPbIE YaCTULbI MOTYT BO3HUKHYTb



noc/e NoBOPOTa, HEKOTOPble UCUYe3HYTb. ECAM NOBEPHYTb NPOCTPAHCTBO-BPEMA, OAUH MAN HECKObKO
pas, a 3aTeM NOBEPHYTb Ha3aj, Ha UCXOAHOE MeCTO (eC/IM 3TO BO3MOKHO 6e3 NpeBbIlieHNsA CKOPOCTH
CBETA) COCTOAHME YaCTML, U MX NO3ULIMM A0MXKHbI BbITb TOYHO TaKMe e Kak U A0 NepBoro NoBoporTa.
ToKe camoe NPUMEHMMO M MO OTHOLLIEHMIO K YaCTMLLAaM YTO ABUIAlOTCA CO CKOPOCTbIO MeHbLLEeN
CKopocCTM cBeTa. Takum o6pasom, umeeTcsa noteps MHGOPMaLLMK NPW NOBOPOTaX NPOCTPAHCTBA-
BPEMEHM, COOTBETCTBYHIOLLMX NEpexoay B APYrylo CUCTEMY OTCUYETa. 3ameyy YTO OMMCbIBaeMOe
nosefeHne 03HaYaeT YTo CUMMETPUA K MOBOPOTaM ABAAETCA NPUBANIKEHNEM.

OnucaHHas Bbiwe notepa MHGOPMALMM HE MOKET BbITb HaNPAMYO U3MepeHa, TaK Kak Habatoaatenb
TaKKe TepsaeT MHGOPMaUMIo NpU Nepexoae B 4pyryto cuctemy otcdeTa. OgHako, xota NMNBM-Teopus
npeacKasbiBaeT YTo NOTepo MHPOPMaLMK NpU NeEPEXOSE B APYTYIO CUCTEMY OTCHETA HEBO3MOKHO
npaAamMmo HabnoaaTb, ee NOTEHLUANbHO BOSMOXKHO KOCBEHHO NPOBEPUTL Ha OCHOBE APYrUX
npeackasaHuii NMNBM-Tteopum.

OAMHAKOBOCTb 3aKOHOB PU3MKKU BO BCEX MHEPLMANbHbBIX CUCTEMAX OTCYETA BbITNALUT 40BO/IBHO
ecrtecTBeHHO B MNMBM-Teopuun. 3TO CBA3AHO C TEM YTO 3aKOHbI GU3UKM MOPOXKAEHHOTO NPOCTPAHCTBA-
BPEMEHW OCHOBaHbI, AN1A Ka*KA0M U3 BCEJIEHHDIX, Ha O4HOM U TOM e GYHKUMM conocTaBaeHma. Ana
WMAEHTUYHbIX HaYya/lbHbIX YCI0BMI PYHKUMA CONOCTAaBAEHUA A01KHA AaBATb O4MHAKOBbIE Pe3ynbTaThl,
n3-3a CUMMETPUN GYHKLIUK CKanapHoro nonsa MeTaBce/sieHHOM NO OTHOLIEHWUIO K NOBOPOTAM.

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

c=v, xtg(a) (22)

V; — CKOPOCTb BpemeHu B MeTaBcesIeHHOM, @ — Yro/l MexKAy BEKTOPOM BpeMeHU 1 cBeToM. CKOpOCTb
BPEMEHWN MOXET MEHATLCA U, KaK pPe3y/ibTaT, 3TOT yron byAeT MeHATbCA BMeCTe CO CKOPOCTbI0 BPEMEHM.
CKOpOCTb CBETa 3TO CKOPOCTb B MOPOMKAEHHOM NMPOCTPAHCTBE-BPEMEHU. [TOPOXKAEHHOE NPOCTPAHCTBO
nepneHAMKyIApHO BEKTOPY BPEMEHU, TaM rae He UCKPMUBAEHO. TaK YTo rMnoTeHy3a nosy4mBLIerocs
TPEYroNbHMKa HaX0AMTCA HanpPOTMB yra MeX/y CKOPOCTbIO BPEMEHM M CKOPOCTbIO CBETa.

Takum o6paaoM CKa/ziApHOEe nosie A0/1XKHO MMeTb A0BOJIbHO CI'IeLI,VId)VI‘-IHbIe CBOﬁCTBa, OnNnCaHHbIE Bbllle,
Aana Toro YTO6bI COBMECTUTb cneunanbHy0 Teoputo oTHocuTeibHocTU u MMNBM-Teoputo.

Ec/av yron cKopocTu cBeTa HAMHOMO MeHblLe Yem 27T, B TaKOM Cydae noTepu MHGOPMaLMM NPU KaXKaom
NoBopoTe MOryT 6bITb ManbiMU. OHM MOTYT MaNbiMK NPU CAEAYIOLLEM YCIOBUK:

a K 2w (23)

OnucaHHoe Bblle NOBEAEHNE HE O3HAYAET YTO CMMMETPUA K NOBOPOTAM HE NPUMEHUMA ONA
PENATUBUCTCKUX CQly4aeB, HO 3TO O3HAYaET YTO ABNAETCA I'lpVI6J'II/I)K€HVI€M. ﬂ,pyroe cneancrteme - TOYHOCTb
CUMMETPUN 3aBUCUT OT Yr/1a CKOPOCTU CBETA. Janee, Byactn ¢ I'paBMTaLI,VIEI‘/JI, A MOKaXy 4TO 3TOT Yyron He
ABNAETCA KOHCTAHTOM. TO KaK 3TO B/AMAET Ha TOYHOCTb 3TOM CUMMETPUN PACCMOTPEHO Aajsiee B aTOM

CTaTbe.

CneupmanbHaa Teopusa OTHOCUTEIbHOCTU COAEPKUT CBA3b MEXKAY MHTEPBaaMM BPEMEHN B Pa3HbIX
cucTemax otcyeta. 3Ty ¢BA3b B [MMBM-Teopum HEBO3MOXKHO BbIBECTM HaNpAMYyto U3 reomeTpumn. 3Ta
CBA3b HAK/MaAblBAET AOMNOJHUTENbHOE OFPAHUYEHME Ha CKanapHoe nose MeTaBceneHHOoM.

Tenepb A HanuUuwy 10 4TO 6b1710 OMMCAHO BbILE B YpPaBHEHUNAX.



CpeaHee 3HauyeHue 4-8eKTopa R NO3NUUKM M CKOPOCTU YaCTULLbl C BOHOBOM GyHKUMEN P:
(R) = [¢"Ripdr (24)
Toxe camoe HO C TOYKU 3peHnA ,u,pyroﬁ CNCTEeMDbI OTCYeTa:
(R)y = M(R) = M [ ¢*Ripdr (25)

(R)1 — 4-BEKTOP C TOYKM 3pEHMA APYroi cuctembl oTcHeTa, M — maTpuua npeobpasosanus. M
paccyMTbIBAeTCA Ha OCHOBE CreLnasbHON TeOPMUN OTHOCUTE/IbHOCTY.

ToT Ke camMblil 4-BEKTOP MOXKET ObITb paccUMTaH Kak:

(R)y = [YiR1pydry (26)
1)1 — BoIHOBAA QYHKLMA YACTULbI B ITOW CUCTEME OTCYETa.

OTmeuy, 4TO BONHOBaA GYHKLMA 4aCTMLbl ONpeaenaeTca KO3GOULUMEHTaMN Uy, U3 YPaBHEHUA 7.

Kak 6b1710 ONMCaHO Bblllie, YaCTULbI MOC/E MOBOPOTA OKAa3bIBAIOTCA HE B TOW Xe MO3ULMN YTO U A0
NoBopoTa 3TO 03HAYAET YTO MMEETCA Pa3HULA MeXKAy No3numel npeackasbiaemoit CTO 1 paKTUYecKoi
nosuumeit. Takum ob6pasom, MoAyNb PasHULbI Mexay 4-x BeKTopamu 6osiee HynA:

|M [*Rpdr — [PiR1pydry| >0 (27)

AN ClyYan, Koraa cUCTemMbl oTcHeTa He coBnaaatoT. 1 0603Hauy 3Ty pasHULLY KaK GyHKUMIo 6:

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

3Ta GYHKUMA 3aBUCUT OT CKOPOCTU ¥ APYrovi CUCTEMbI OTCHETA; YrOA 5 COOTBETCTBYET CKOPOCTU HaCTUL bl
B AaHHOM TOYKE MOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHWN. 3aMeYy YTO 3TOT Yro/1 MOXKET 6bITb PasHbIM B
pa3HbIX TOYKaxX NOPOKAEHHOIO NPOCTPAHCTBA. L 3TO PYyHKLMA ONUCHIBAIOLLAA NOPOXKAEHHOE
NPOCTPAHCTBO, Uy COOTBETCTBYET CKOPOCTM BPEMEHM B JaHHOM TOYKE B flaHHOM cucTeme oTcyeta. Obe
3TU PyHKUMKM ByayT onmncaHbl 6onee AeTaNbHO NO3XKE B CTATbe, B YaCTU MNOCBALLEHHON rpaBUTaLmm.
DYHKLMA B MOMKET TaKKe 3aBMCETb OT KAKUX-TO APpYrMx NapameTpoB. ECAn OHM cyLwecTByOT, OHW MOTyT
6bITb HalleHbl B Xo4e AanbHelweln paboTtbl Hag NMBM-Teopueii.

YpaBHeHWe BbllLe HEBHUMATE/IbHbIN YNTATE/Ib MOXKET NPOUHTEPNPETUPOBATL KaK NpoTUBOpeYne
mexay CTO mn MMNBM-Teopumeld. i HANOMHIO, YTO 3Ta Pa3HMLA HE MOXKET BbITb IKCNEPUMEHTA/IbHO
N3MepeHa, 3TO 3aMNpeLLEHO AETEPMUHUIMOM 3TON TEOPUU. 17 TOro YTobbl 3TY Pa3HULY 3aMEPUTD,
3KCNePMMEHTATOPY HYXKHO YCKOPUTLCA M NepeiiT B Apyryto cuctemy otcyeTta. Ho B npouecce yckopeHuma
JaHHbIe 3KCNepMMeHTaTOpa O TOM F4e OH OXKMOAET YBUAETb YaCTULY MEHAIOTCA TaK YTO OHW CTAHOBATCA
COOTBETCTBOBATb HOBOI cncTeMe oTcyeTa. B MMNBM-Teopun oTcyTCcTBYIOT Kakne-nMbo NoAHOCTbIO
He3aBuCUMble cobbITUA, BCe cOObITUA cBA3aHbl. COOTBETCTBEHHO, NEPEXOS, B HOBYIO CUCTEMY OTCYETa
NPUBOAMT K YyTb U3MEHEHHOM HO NOSIHOCTbIO CAMOCOI/1IACOBAaHHOM KapTuHe.

Taknm 06p330M, XOTA CUMMETPUA ABNAETCA TONIbKO I'IpM6}1M)+(EHVIEM, C TOYKM 3peHna Ha6}1IO,£I,aTe}'IF| B
NOpPOXAEHHOM NPOCTPAHCTBE, 3Ta CMUMMETPUA ABNAETCA 6113K0M K TouHoM. Kak pe3ynbTaT, Teopema
HeTep ABIAETCA NO NPeXHemMmy HpMMEHMMOD’I AnAa CUMMETPUN K MOBOPOTaM, YTO NO3BOIAET
Cyw,ecTBoBaTb COOTBETCTBYHOLWEMY 3aKOHY COXPaHEHMUA.



JlokaiabHOCTS B IIIIBM-Teopun

Bce nsBecTHble B3aMMOAeﬁCTBMH B Hawel BceneHHo agasawoTcA NNOKaJ/IbHbIMU, CKOPOCTb CBETA AB/IAETCA
orpaHn4YeHnemM Ha CKOpoCTb B3aVIMOp,EI7ICTBVIF|. CyLLI,eCTBVET TaKKe fAB/eHNe KBaHTOBOWM CNyTaHHOCTH
KOTOpPOE BbIFIAANT KaK MIHOBEHHas nepeaada MHPopmaLmMn, CO CKOPOCTbIO 6oJiee CKOPOCTU CBETA.
CyLiecTBYIOT MHTEpMpeTaLMmM 3TOro ABNEHUA, KOTOPbIE HE NPUBOAAT K HAPYLLEHUIO JIOKANbHOCTU.

JNokanbHocTb B MNMNMBM-Teopuun goctmraetca npy NnoMoLm ypasHeHuMA 6.1. Bce anemeHTapHble YacTuubl
OONXKHbI YO0BNETBOPATb CUMMETPUM K MOBOPOTAM, U HUKAKME U3 YaCTUL, HEe JONXKHbI UMETb CKOPOCTb
CBbILLE CKOPOCTU CBETa. Bce YacTuubl B3aMMOLENCTBYIOT MeXK Ay COH0M TONBbKO C MCNONb30BaHNEM
Apyrnx yactuu, 6e3 HapyLlweHMA N0KaAbHOCTU. MaKcMMaibHaA CKOPOCTb s BCEX YACTUL, 3TO CKOPOCTb
cseTa. Tak nony4vaeTca nokanbHocTb B MNMBM-Teopuu.

3ameuy, uto MMBM-Teopwa He 3anpeLLaeT MTHOBEHHbIE B3aUMOAENCTBUA HA PACCTOSHUMU eC/iv XOTA bbl
0/Ha 13 CTOPOH B3aMMOAENCTBMA 3TO YaCTULLA C MAKPOCKOMMYECKUM pasmepom. B cnydyae yactuu, c
TaKMM PasmMepom, 4acTMLa B3aMMOENCTBYIOT KaK LLE/I0E U, KaK pe3y/bTaT, 3TO COOTBETCTBYET
MrHOBEHHOM nepegaye nHGopmaunn. ABneHMe KBAaHTOBOW CMYTaHHOCTM TEM CaMblM MOMKET BbiTb
MHTEPNPETUPOBAHO KakK paspylLueHne MaKpPOCKOMMYECKOM YacTULbl COCTOALLEN M3 ABYX 3/IeMEHTapPHbIX
yacTuL.

lpaBUTaALIMOHHOE B3aMMOAENCTBME MOXKET BOBCE HE MMETb NEPEHOCUMKOB B3aMMOAENCTBUA, 3TO MOXKET
6bITb MPOCTO MaTeMaTHUECKaa PYHKLMA KOTOPAA HAXoAUT NOPOMKAEHHOE MPOCTPAHCTBO C HYXKHbIMM
cBoicTBamu. MOCKONbKY BCE N3BECTHbIE IKCMEPUMEHTa/IbHbIE JaHHbIe MOKa3blBalOT YTO rpaBUTaLmA
B3aMMO/EMNCTBYET CO CKOPOCTLIO CBETA, TaKaa GYHKLUMA TaKXKe A0/KHA NOAAEPKMBATD IOKANbHOCTb.
Kp1BM3Ha NpOCTpaHCTBa-BPEMEHW B 3TOM C/lydae Bbi3BaHa HEOBX0AMMOCTbIO CO6104aTh MPUUUMHHOCTb
N NOKaNbHOCTb.

NoKanbHOCTb, KOTOPasA JOCTUraeTCA ONUCaHHbIM 06Pa3oM, He ABNAETCA MOJAHOMN. ITO 3HAUYUT YTO XOTSA C
TOYKM 3PEHMUA NOPONKAEHHOMO NPOCTPAHCTBA-BPEMEHWN 31EMEHTAPHbIE YaCTULbI MPU B3aMMOAENCTBUN
BbIrNAAAT COBN0AAIOLLMMM CBOMCTBA JIOKAZbHOCTU, OAHAKO B 11060M NOPOXKAEHHOM NPOCTPAHCTBE-
BPEMEHU HeT NOAJ/IMHHO HE3aBUCUMMbIX COBBLITUIA. DTO CBA3AHO C Tem, UTo B MeTaBceneHHan noban Touka
NPOCTPAHCTBA B/IMAET Ha BCE APYrue TOYKM NPOCTPAHCTBA.

O BO3MOKHOCTU NPAMOro B3aMMOAENCTBMA MeXAY YacTuLaMmmn 6e3 HapyLweHUsa NPUHLMNE JOKAbHOCTMU.

3TO OTKPbLITbI BONPOC. BO3MOXKHO /M MOCTPOUTL BCEIEHHYIO OCHOBbIBAACH HAa YacTULLAX
B3aMMOAENCTBYIOLLMX B HapyLUEHWEM NPUHLMNA OKaNbHOCTM? Jlloban BceneHHasn, HanoMHIO, A0/IKHa
NoAAepKnBaTb NPUYNHHO-CNEACTBEHHbIE CBA3U U PA3yMHYIO KU3Hb.

MeTpuka BIUCAHHOM rHNeprnoBepXHOCTH

B NMBM-Teopuu, B Kaxabli1 MOMEHT NOPOMKAEHHOTO BPEMEHU MOMKHO NOCTPOUTb MMMNepnoBepXHOCTb
COOTBETCTBYIOLLYIO 3TOMY MOMEHTY BpeMeHMW. BO3HMKaEeT BOMPOC, KaKyto METPUKY MMeeT 3Ta
rMNeprnoBepxHoCTL?

Kak nokasaHo y C.XoKuHr, [xk.9aauc [5, cTp 55], B €BKANAOBOM NPOCTPAHCTBE HEBO3MOXKHO NOCTPOUTL
BMMCAHHYIO TMNepnoBEePXHOCTb C IOPEHL,EBCKON METPUKON. ABnseTca n 31o npobnemoti gna MNMNBM
Teopun?

Ec/v nocMmoTpeTb TO Kak 060CHOBbIBAETCA 3Ta HEBO3MOXHOCTb, TO MOXKHO 3aMETUTb YTO Tam
noApasyMeBaeTcs YTo 3Ta r’MNepnoBepxHOCTb 06Wwas s Bcex cuctem otcyeTa. B MMBM-Teopuu, Kak
06bACHEHO B YacTK nocesAleHHoi CTO uyTb Bblle, 3TO He TakK. lepexoa B ApYrylo cucTeMy oTcyeTa



03HA4aeT B TOM YMC/Ie U MOBOPOT r’MNEPNoOBEPXHOCTU. TeM caMbiM, MOC/E Nepexosa B APYryto cucTemy
rmnepnoBepxHocTb byaeT oTAMYaTbcA. Bo3amoKHble Npobaembl Npy 3TOM NOBOPOTE, KaK ONUCAHO BbILUE,
pelatoTca ypaBHeHMem 28.

Takmum obpasom, onMcaHHAA HEBO3MOMXKHOCTb MOCTPOEHUA BIMCAHHOW FTMNEepPnoBEPXHOCTU, MMEIOLLEN
NIOPEHUEBCKYIO METPUKY, Ha EBKINA0BOM NPOCTPAHCTBE He npumMmeHuma ana MMNBM-teopun.

Tenepb BO3HUKAET CeAyoLWMi BoNpoc: Yemy paBHa KpMBU3HA NOPOXKAEHHOIO NPOCTPAHCTBA B
YKa3aHHOM TOUKE Ha rMneprnoBepPXHOCTM NPeACTABAAIOWEN NOPOXKAEHHOE NPOCTPAHCTBO?

[ns oTBETA Ha 3TOT BOMPOC HYXHO UCMO/1b30BaTb YpaBHEHME 7. ITO ypaBHEHWE NOKa3bIBAET, YTO paBHOe
paccToAHME B MOPOXKAEHHOM MPOCTPAHCTBE MEXKAY ABYMA COCEAHMMM TOYKAMMN MOTYT O3HadyaTb pasHoe
paccTonHuMe B npocTpaHcTBe MeTaBceneHHON. Tak e, 04MH U TOT XKe MPOMEKYTOK BPEMEHM MOKET
03Ha4aTb pPa3Hylo ANCTaHUMIO B MeTaBceNeHHOM, eC/I CKOPOCTU BPEMEHW PasinyatoTca. ITo 03HavaeT
YTO KPUBM3HA MNOPOXKAEHHOIO NPOCTPAHCTBA B IIOOOM YKa3aHHOM TOYKe 3aBUCUT OT TOTO, MO OTHOLLEHUIO
K KaKOW TOYKE UAET CPaBHEHME.

34ecb BUAHO YTO AnA NOCTPOEHUA CBA3UN MeXAY KpMBM3HOf/‘I NPOCTPaHCTBA N OTHOCUTE/IbHbIMU
CKOpPOCTAMU BpPEMEHU U OANINHDLI NPOCTPAHCTBA MOXXHO NOCTPOUTL YpaBHEHUE, HO A 3TO OCTAaB/AKO Ha

Byayuwee.

I'paBuUTan M, nepBasa 4acThb

B yacTtu, rge s onucbiBaa NPOLLECC MOMCKA NOPOXKAEHHOMO NPOCTPAHCTBA-BPEMEHWN Ha CKaNAPHOM Mone,
A NMUcan 4YT1o 3aKOHbI ¢M3MKM AO/TXKHbI 6bITb OAMNHAKOBbI BO BCEX NHEPUWMA/IbHBIX CUCTEMAX OTCYETA.
BO3MOMKHO YTO B HEKOTOPbIX C/y4YasX MPOCTPaAHCTBO-BPEMA A0JIKHO ObITb UCKPUBAEHO, A/1A TOrO YTOObI
obecneunTb 3TY OAMHAKOBOCTb. Kak pe3ynbTaT, 3TO BEAET K UCKPUBIEHHOMY NPOCTPAHCTBY-BPEMEHMU.

3ameuy, YTO KPMBM3HA NPOCTPAHCTBA-BPEMEHM HE PaBHA KPMBU3HE rMNepnoBepxXHOCTH
npeacTaBAsloLLEeN NOPOXKAEHHOE NPOCTPAHCTBO B MeTaBceNeHHOM. B KpMBU3HE NOPOXKAEHHOIO
NPOCTPAHCTBA-BPEMEHM YYACTBYET TaKKe U3MEHEHNE CKOPOCTU BPEMEHMW, ONUCbIBAaEMOE MO33Ke B 3TOM
YyacTu cTaTbM.

WCKpuBAEHHOE NPOCTPAHCTBO-BPEMSA HE ABAAETCA YEM-TO HOBbIM, 06LLaA TEOPUA OTHOCUTENBHOCTM
MCNONb3YeT KPUBU3HY MPOCTPAHCTBA-BPEMEHU AN ONMUCAHMA rpaBuTaumm. Mostomy s 6yay
npeanoiarath, YTO UCKPUBEHHOE NOPOXKAEHHOE MPOCTPAHCTBO-BPEMA OTBETCTBEHHO 3a rPaBUTaLLMIO,
aHaNOrMYHO 0bLelt TEOPUN OTHOCUTENBHOCTM.

CnepytoLmii BONPOC, KOTOPbIM HYXKHO PeLnTb — COBMNAAAOT /M YPAaBHEHMUSA FPaBMTaLLMM STON TEOPUN C
YPaBHEHMAMM 06LLEN TEOPUM OTHOCUTENBHOCTU. [N OTBETA HA 3TOT BONPOC A MOKaKy, YTO PABEHCTBO
WHEPTHOM M rpaBUTALLMOHHOW Macchl sBnsieTca cneacrtsvem MMBM-Teopuu, TaKKe y:Ke NoKasan
MOCTOSIHCTBO CKOPOCTM CBETA BO BCEX CUCTEMAX OTCYETA, M MOKaXKY, YTO YPaBHEHMWSA rPaBUTALLUU He
OONIXKHbI coAepKaTb TEH30P SHEPrMU-UMNMYbCaA FPAaBUTALMOHHOrO NoAas. Mcxoaa U3 TOro YTo 3T0
MOKa3aHO HUMKe, S AeNato BbIBOL YTO YPaBHEHMS rPaBUTaLLMK, NpeacKasbiBaemble MMNBM-Teopuent,
COBMAZaloT C ypaBHEHWUAMM 06LLLEeN TEOPUN OTHOCUTEIBHOCTU. YPaBHEHUA DMHWTENHA OCHOBAHbI HA
ABYX NOCTyNaTax, NPUHLMN 3KBUBAAEHTHOCTU M OAMHAKOBOCTU CKOPOCTM CBETA BO BCEX MHEPLMANbHbIX
cucTemax oTcyeTa. TaK e BaXKHOW 0COBEHHOCTbIO 3TUX YPaBHEHWIA IB/IAETCA OTCYTCTBME B YPaBHEHUAX
TEH30pa SHEPrUN-MMMYNbCa FPAaBUTALMOHHOIO NOAA.

rpaBMTaLI,VIFI M3MEHAET CKOPOCTb Te€N1, NCKPUBIAA NPOCTPAHCTBO-BPEMA, YTO NPUBOAUT K MOBOPOTY
rmnepnoBepxHOCTU npe,u,CTaBnmou.l,eﬁ cUCcTeMy OoTcYyeTa rae Tesio NOKOUTCA. YCKopeHue Tena, Kak



OMUCaHO B CTaTbe Bbllle, TaKXKe CBOAUTCA K MOBOPOTY r’MNeprnoBepxXHOCTU NpeAcTaBaatolLein cuctemy
oTcyeTa rae Teno Nokoutca. Ho Toraa 1o 3HauMT, YTO HEBO3MOXHO OT/IMYUTL, KaKas cuia AeiCTBYeT Ha
JaHHOe [0CTaToYHO Masioe Telo — rpaBMTaLMoHHaa Man cuna uHepumn. CheaosaTenbHo, MHEPTHAA U
rpaBUTaLMOHHAA MacCbl PaBHbI.

Heobxo4MMOCTb UCKPUBNEHWA MPOCTPAHCTBA-BPEMEHW BbI3bIBAETCA U3MEHEHUAMMU CKANAPHOro nons. B
Pa3NoKEHUN CKaNAPHOro Nosa No 6asmcam y4acTBYOT 31eMeHTapHble YacTUubl. Ho cama rpasuTauma B
3TUX Pa3NOKEHUAX HUKAK HE YYaCTBYET, OHA ABNsAeTCA QYHKLMEN OT HUX. HO 3TO 3HAUUT, YTO cama Ha
cebA rpaBUTALMA HUKAK HE BNIMAET, TEH30Pa SHEPTUU-UMIY/IbCA FPABUTALMOHHOIO NOAA B YPAaBHEHUAX
rpaBuTaumm 6bITb HE JONKHO.

TaK KaKk Mmacca UCKPUBAAET NPOCTPaHCTBO—BPEMSA, TO NPU AOCTAaTOYHO 60NbLIOK Macce MoryT
BO3HWKHYTb NPobHaeMbI C NPOCTPAHCTBOM-BPEMEHEM U MPOAOIKEHUEM MUPOBBIX IMHUI. B Kako-TO
TOYKe, NPOA0/IKEHUE MUPOBLIX IMHNIN MOXKET CTaTb HEBO3MOXHbIM. B 3TOM TOUKe HauyMHaeTcA paspbiB
NPOCTPaHCTBa-BpeMeHM, KOTOPbI COOTBETCTBYET rPpaBUTALMOHHOM CUHTYAAPHOCTU. DTU Pa3pbiBbl He
0653aHbl UMETb HY/IEBOW pasMep B NMOPOXKAEHHOM NPOCTPAHCTBE, XOTA BHYTPU OHU He coaepKaTt
NOPOKAEHHOIo NPOCTPAHCTBa-BpeMeHN-maTepum. 34ecb ecTb OTAnYMe OT npeackasaHuii OTO KoTopas
roBOPUT YTO MaTepmA B LLIEHTPe YePHOM AbIPbl A0XKHA CKaTbCA B TOUKY. [peacKkasaHmne, OTANYHOe OT
npeackasaHun Apyrmx TEOpPUin, 3TO XOPOLLO, BAOOABOK eLLEe U CUHTYASPHOCTb YCTPaAHAETCA, HO A He
NpeAcTaBAAD KaK 3TO MOMKHO 3KCNepUMEHTaIbHO MPOBEPUTb, UHGOPMaLMA U3 YePHbIX Ablp HAPYXKY He
nepegaercs.

O6nactb NOPOXKAOEHHOTO NPOCTPAaHCTBA BO3/1€ pPa3pbiBa NPOCTPAHCTBA-BPEMEHU ABNAETCA obnactbto
d)OpMMpOBaHMﬂ 1 3aBepeHna mmpoBbIX JNINHUNA. 3pecb MOTYT NOABNATLCA U NUCYE3aTb YaCTULLbI.

Pa3pblB NPOCTPaHCTBa-BpeMEHMU, BbI3BAHHbIN CUNbHOM rpaBuUTaLMeid, He 03HaYaeT pa3pbiea
npocTpaHcTea MeTaBceNeHHON. 3TO Aae He 03HAYaeT YTo B 3TON 06,1aCTU 3HAYEHUA CKANAPHOTO NOAA
MeTascenieHHOW 60/bLUe WA MEHbLUE CPEAHUX 3HAYEHWIA. ITO INLLbL O3HAYAET OTCYTCTBME PeLleHms
KOTOpOe No3BOAAET NPOAJ/IMTb MUPOBbIE NINHWUM MOPOXKAEHHOMO NPOCTPAHCTBA-BPEMEHN Ha 061acTb
pa3pbiBa.

Xota NMNBM-Teopus MHTEPNPETUPYET rpaBuTaumio aHanormyHo OTO, oHa TpebyeT BHECEHMA HEKOTOPbIX
nsmeHeHuin 8 OTO.

Ob6uwan Teopus OTHOCUTENIBHOCTU NpeAcKa3biBaeT 3aMe/IeHNe BpeMeHU — Bpems B 061acTax ¢
CUNbHbBIM FPaBUTALMOHHBIM NOSIEM MAET MeasieHHee, Yem B obacTax ¢ 6onee cnabbim
rpaBUTaLMOHHbIM NosiemM. 18 Toro YTobbl NOMYUYNTL TAKOE e noseaeHue, Heob6XoANMMO YTObbI
CKOPOCTb BpemeHu bblia Tem Bbille YeM CUIbHEE FPaBUTALMOHHOE NnoJie. B aTom cayyae, cobbiTua B
6onee CMNbHOM rpaBUTaALMOHHOM NoJie ByayT BbIrNAAETb Med/IeEHHEe C TOYKU 3peHuns Habatogatens ms
6onee cnaboro rpaBMTaLMOHHOIO NONS.

CKOpOCI’nb spemeHU —amo 0s1uHa 8 MemascesneHHoU coomeemcmesyrowasa eOUHuue epemMeHU 8
coomsemcmsyfoaqeﬁ mo4kKe nopomdeHHoao npocmpaHcmea-epemMeHu.

MOXHO HallTK ypaBHEHMWE CBA3U MeXAY CKOPOCTbIO BpEMEHMW U 3aMmes/ieHnem BpemeHun. Habaogatens
B 6onee cnabom rpaBUTaLMOHHOM MoJie 33 MPOMENKYTOK BpemeHu dt; npoxoauT B MeTaBcesieHHOW Ty
e AUCTaHUMIo Kak HabatogaTenb B 60/1ee CUAbHOM rpaBUTaLMOHHOM nose 3a Bpems dt,. Takum
06pasom nosiyyaeTcs ypaBHeHWe 411 CKOPOCTU BPeMEeHW v, ANs MepBOoro Habaoaatens u CKopocTy
BPEMEHM VU, ANA BTOporo HabaogaTens:


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

l = vldtl = Uzdtz (30)

OTtcropa cnepyert:

dt
171 = vz d_ti (31)

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

Takol Noaxo4 YaCTUYHO MEHAET BHYTPEHHWUI XapaKTep KPMBU3HbI MPOCTPAHCTBA-BPEMEHU. ITO TaKKe
NO3BOIAET NCNOb30BaTb 3HAYEHMA CKOPOCTM BPEMEHU ANA CPABHEHNA OTHOCUTENbHbIX 3a4epKeK
BPEMEHWN MEXAY PasHbIMU MOMEHTaMM BpemeHU. be3 nobaBneHna CKOpoOCTU BPEMEHMW, CPaBHEHME
3amMef/IeHMA BpeMeHM MeKay HabntogaTenamm B pasHble MOMEHTbI BpeMeHN He MMEEeT CMbicna. B
noaxoge MNMMNBM-Teopumn Takoe cpaBHEHUE MMEET CMbICA.

[06aB110, YTO CKOPOCTb BPeMeHU MOXET 06bACHUTL UHPAALMOHHYIO da3y paHHel BceneHHol. Ecan
CKOPOCTb BPEMEHM B NMEPBblE MOMEHTbI paHHe BcenieHHOM 6blna AocTaTo4HO 60/1bLIONM, NOPOXKAEHHOE
NPOCTPaHCTBO MO0 OYeHb BbICTPO PacTh. MOCKO/IbKY CKOPOCTb BpEMEHU PacTeT C POCTOM
rpaBUTaLMOHHOIO MOASA, 3TO 03HAYaeT YTO rpaBMTaLMA B NEPBble MOMEHTbI BpeMeHU BceneHHom
AO/KHA BbITb O4EHb CUABHOA.

B MMNBM-Teopuu, 1 NPOCTPAHCTBO U BpeMsA ABAAIOTCA MOPOKAEHHbIMU aTEMMNOPANbHLIMU NPOLLEeCCaMM
npoucxoaawmmn B MeTtaBceneHHol. Kak cneacrtemne, NOMUMO BHYTPEHHEN KPUBU3HbI MPOCTPaHCTBA-
BPEMEHMW, COOTBETCTBYHOLLLEN U3MEHEHMIO CKOPOCTU BPEMEHM, MOMKET CYLLLECTBOBATb BHELLHAA
KPMBU3HA. BHELWHAS KpMBM3HA MOXKET ObITb BbI3BaHA TEM YTO CPEAHAA KPUBU3HA TMNEPNOBEPXHOCTH,
npeAcTaBAAOWeNR NPOCTPaHCTBO BceneHHoM B MeTaBceIeHHOM, MMEET OT/IMYHYIO OT HYAS CPeHIo
KpMBU3HY. TaKan BHELHAS KPMBU3HA MOXKET ObITb HY/1€BOM TOJIbKO €CAN TMNepPnoBePXHOCTb
NopPOXKAEHHOIO NPOCTPAHCTBA Halel BceneHHon B MeTaBcesieHHON MMEEeT HYNEeBYIO CpeaHIo
KpuBM3Hy. OfHaKO, COBPEMEHHbIE KOCMOJIOTMYECKME AaHHble TOBOPAT YTO BceneHHaa MMeeT Havano.
3To 03HaYaeT YTO KaKoe-To Bpema Ha3ag BceneHHana Bblna MHOMo MeHbLUe Yem celiyac. ITo 03HaYaeT
yTo BceneHHan pacwmpaeTca, Naowaab rmMnepnoBepxHOCTM NpeacTaBastowein BceneHnyto pacrtet. 310
03HaYaeT YTO Ha KOCMOJIOTMYECKMX MacLUTabax rmneprnoBepXHOCTb MPOCTPAHCTBA BceneHHoM nmeet
HeHyNeByo KpMBM3HY. Takum ob6pa3om, BceneHHas foMKHA UMETb HEHYIEBYHO BHELLHIOK KPUBU3HY, 3Ta
KpUBM3Ha A0MKHa 6biTb 60bLLUE HYAA NOCKOAbKY BceneHHan paclumpaeTca, U 3Ta KPMBU3HA MOXKET
MEHATbLCA CO BpeMeHeM. Taknm ob6pa3om, BHELIHASA KPUBM3HA A0KHA ObITb GYHKUMEN OT Yero-To. Onan
TOro Ytobbl 3TY KPUBM3HY yuecTb B ypasHeHUAx OTO, Heob6xoaMMO A06aBUTb BHELLHIOW KPUBU3HY A, ,p K
ypaBHEeHUAM 00LLel TEOPUN OTHOCUTENIBHOCTM AONOJHUTENBHO K KOCMOIOTMYECKOW NOCTOAHHOM A:

8TG
Guv + A+ Aext)guv = LTuv (32)

c4

3TO M3MEHEHME He NPOTUBOPEUMT IKCMEePUMEHTA/IbHBIM AAaHHbIM €CAU ANA BCel Habaaaemon
nctopum BeceneHHol:

A > Aext (33)

Aext HE ABNAETCA KOHCTaHTOﬁ, 3TO d)YHKLI,Wr'I 3aBuncAllana OT HEM3BECTHbIX MAapaMeTpPoOB. A AyMatko 4YTo
OAHUM U3 TaKNUX MNaPaAMETPOB MOXKET 6bITb BO3pacT BceneHHol. Bes 6onee ,D,ETaﬂbHOVI MmaTemaTuyecKkom



mogenu MNMNBM-Teopun, HEBO3MOXKHO NpeacKasaTb GYHKLUMIO BHEWHEN KpMBU3HbI. OQHAKO MOXKHO
caenaTb HECKOIbKO AOrajoK.

OfiHa 13 BO3MOXKHbIX [0raZloK — Halla BcenleHHas 3To NoBepXHOCTb Ha 4-X MepHol runepcepe. ITo
No3BoasAET UMETb Ma/blii HauyaibHbI Pasmep W NOCTOAHHOE paclIMpeEHMe.

[06aB/110 YTO UCKPUBNEHHOE NMPOCTPaHCTBO-BPEMSA CO34aeT aCUMMETPUIO MeXK Ay HanpasaeHUAMU
BpEMEHMU.

KocMmoJsiornyeckast KOHCTaHTa M TEMHaA JHepruda
JKcnepumeHTanbHble HabaoaeHMA NokasbiBatoT [6][7], UTo BceneHHas paclumpseTcs, U Yto
KOCMO/IOTUYECKas KOHCTAHTa B YPaBHEHUU DUHLUTEMHA OTIMYHA OT HY/A U ABAAETCA KOHCTaHTOM.

Kocmosiormyeckasa KOHCTaHTa 06bIYHO MHTEPNPETUPYETCA KaK NPOsABAEeHNE TEMHOM 3HEPruK,
OTBETCTBEHHO 33 YCKOPEHHOE paclumpeHne BceneHHOM.

Bce coBpemeHHble KOCMOI0rMYEeCcKne MoAeNn rOBOPAT YTO BcenleHHan nmeeT Hadyaso, 1 YTo B MPOLLIOM
Bce 061acTv BceneHHow 6b1M 4OCTaTOYHO Masbl YTOBbI B3aMMoAencTBOBaTb Mexay coboitl. ManocTb
bAYKTYaUMiA PENUKTOBOTO U31YYeHUA B 3aBUCUMOCTU OT HanpaBsaeHUA ABAAKOTCA OAHUM U3
CBMAETEeNbCTB 3TOrO.

Kak KocMmoiorMyeckaa KOHCTAHTA BAMAET HA PA3/I0XKEHWEe CKaNsPHOro NOA HA TMNepPnoOBEPXHOCTY,
TpebyeTcsa v moanduKkauma ypasHeHus 77

[na Toro 4tobbl MONbLITaTLCA OTBETUTL Ha 3TOT BOMPOC, HYXKHO MOHATb KaK MOYKHO NOCTPOUTb
pacWMpPAIOLLYIOCA C OAMHAKOBbIM 3HaYEHNEM KOCMOJ/IOrMYECKOW KOHCTaHTbl BCEIEHHYIO.

Ecnun Bce paclumpeHne BbI3BaHO BHELIHEN KPUBU3HOW rMNeprioBepXHOCTU NMOPOXKAEHHOTO NPOCTPAHCTBA,
TO KPMBM3HA JO/IXKHA MEHATLCA, MPU YCIOBUN HEM3MEHHOCTU CKOPOCTU BPEMEHU U GYHKLMM
NOPOXKAEHHOTO PACcCTOAHMUA. 3TO NPOTUBOPEYUUT HabNoAEHUAM, Cle0BaTeNbHO B0 CKOPOCTb
BPEMEHMU 1 GYHKLUMA MOPOXKAEHHOTO PACCTOSHUA 3aBUCAT OT BHELUHEN KPMBU3HbI TaK YTO B UTOTe
noJsiy4aeTca HeM3MeHHaa BHYTPEHHASA KPUBM3HA, BbI3BaHHAA KOCMOJIOFMYECKOI KOHCTaHTOM, anbo
BHELUHAA KPMBM3HA HE UrPaET CyLLECTBEHHOMN POW.

EC/v BHELWHAA KPMBM3HA HE UFPaeT CYLLLECTBEHHOM PO/IN, TO CTOMT BOMPOC KakK MOMKHO NONYYNUTb
paclmpaoLeecs NopoKAeHHOEe NPOCTPAHCTBO Ha TMNEPNoBEePXHOCTMU C HY/JIeBOW CpeaHein KpUBU3HOM.
YpaBHeHuWe 7 COAePKUT GYHKLMIO NOPOXKAEHHOTO paccToAaHMA. Ecan, npu ysenmyeHmmn Bo3pacta
BceneHHow, 3Ta pyHKUMA ANA TOYEK C OANHAKOBbLIM paccTosHMem B MeTaBcesieHHOM by AeT BblAaBaTh
Bce bosibliee paccTosHUe, TO NOA60POM DYHKLMM MOMKHO NOAYUYUTH PACLIMPAIOLLLEECH NOPOXKAEHHOE
MPOCTPAHCTBO Ha MMMNepProBepPXHOCTM C HY/1IeBOIN CpeaHEeN KpUBM3HOW. M3 3TOro BbIFNAAUT IOFMYHBIM YTO
M amnanTyaa GyHKUMM PasnosKeHna Toxe byaeT yMeHbluaTca co BpemeHem. Tem caMbiM B ypaBHEHME 6
HY»KHO 406aBUTb 3aBUCMMOCTb OT BO3PacTa BCE/IeHHOM t:

U(L, T_'), t) = Zi uiwip(L, 77'), t,i]_,_:('r_')), l(F - FJ, t), C) (34)

Tem cambim ypaBHEHME PA3N0KEHUA CKANAPHOTO NOSIA MOXHO NepenmcaTth Kak:

- > =A k=N =1 - — > - —_—
f) = foxe @) + 2021 Xpemy” ZiZinin WipWip (L7, 6, (), L(F = T, t), ) (35)



Kocmonornyeckaa KOHCTaHTa TeM CaMbiM ABAAETCA d)yHKLLMEVI OT OTHOLWIEHNA cpeaHero NopoxaeHHoro
PacCToAHNA MmeXay TO4YKaMu B nocsieayrouime MOMEHTblI BpeMeEHMN:

9=9(552) (36)

<l(t)>
3Ty PYHKUMIO AOBOIBHO NPOCTO HATU, HO A 3TO NOKa OCTaBAAD Ha byayuiee.

BO3MOKHO, TpebyeTca BHeCEHWE U3MEHEHUA U B ypaBHeHUe 8. Tak Kak GpyHKLMKU U3 MHOKecTBa {w},
COMNAaCcHO ypaBHeHMIO 35, HAYMHAIOT 3aBMCETb OT BO3pacTa BceneHHOM, TO M MHBAapPUAHT TOXKE MOXKET
3aBMCEeTb OT Bo3pacTa BceneHHo. O4HO3HAYHO YTBEPKAATb 3TO HE NOMYYaEeTCA, TaK Kak 0be pyHKLMK
U3 ypaBHEHMA 8 3aBMCAT OT BO3pacTa BceneHHON. BO3MOMXKHO, MHBAPMAHT TaKOB YTO 3Ta 3aBUCUMMOCTb B
06ounx GyHKLMAX NPUBOAUT K TOMY YTO MHBAPUAHT OT BO3pacTa BcesieHHoOM He 3aBUCKT.

TemHasa maTepus

YpaBHeHue 35 COAEPIKUT HaCTb for: (7, t) KOTOPas HE NPUBOAUT K NOABNEHMIO 3/IEMEHTAPHbIX YacTUL,
Ecnu 310 3HaYeHMe Kak-1Mbo BAUSAET Ha METPUKY NMOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHMU, TO OHO
MOXEeT 06bACHATL Habtogaemble 3pDEKTbI OT TEMHON MaTepPUM.

KBaHnToBas rpaButauusa u [IIIBM-Tteopus
Korga roBopAT 0 KBaHTOBOM rpaBuTaLMmn, 06bIMHO FOBOPAT O KBAHTOBbIX CBOMCTBAX rpaBUTaLLUN.

BO3HMKaeT BONPOC, MOMKET /I FPaBUTALMA UMETb YacTULLY-NEPEHOCYUK FPaBUTaLUmM?

C yyeToM TOTO Kak onpegeneHbl 31eMeHTapPHbIE YacTULLbI, M C y4ETOM ONUCAHMA BblLE TOTO YTO TaKoe
rpaBUTaLLMA, IPABUTALLMA HE MOXKET MMETb YacTULLY-NepeHOoCYMKa rpaBuTaumMm. Takum obpasom, MNMNBM-
TEopPUA NPeACKa3blBaeT YTO rPABMTOHA HE CYLLLeCTBYET.

I'paBuTanus, 4acTh ABa

Bbllwe 6bIn NpeanoKeHbl USMEHEHMWSA B ypaBHEHME 06LLEeN TEOPUM OTHOCUTENIBHOCTU. HO BO3MOMKHO N
BbIBECTU YPABHEHMSA rPaBUTALMM HaNpAMYIO Yepes CKanspHoe none? B aTol YacTu, aTo 6yaeT caenaHo.
OpHakKo, NoyunBLUMECA YPaBHEHUA TPeOYIOT 3HAUNTENbHOW AaNbHENLWEN AeTaM3aumm 418 TOro YTobbl
NX MOXHO 6bI210 UCMONBL30BaTb A/1A BbIYNCIEHNN.

MopoXAeHHOE NPOCTPAHCTBO MOKET BbITb OMpeaesieHo YpaBHEHNEM, TAe ANA KaXKA0MN TOUKMN X
MeTaBceneHHOW, ANa Habopa GYHKLMI pPa3noKeHUA NOAA Ha 31eMeHTapHble YacTmubl {w} 1 gna
BPEMEHM, OHO [I0/IKHO BO3BPALLATb HOJIb €C/IM TOYKA X NMPUHALIENKUT K MOPONKAEHHOMY NPOCTPaHCTBY
ANA YKa3aHHOIO MOMEHTA NOPOXKAEHHOTO BPEMEHMU:

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

VU;— BEKTOP BPEMEHMU, COAEPKALLMI TaKKe MHPOPMaLMIO O TEKYLLLEM 3HAYEHUMN NOPOMNKAEHHOTO
BpemeHu. Heob6xo4MM MMEHHO BEKTOP a He CKaNfipHOe 3HaYeHMe BpeMeHM TaK KaK B /11060 Touke
npocTpaHcTBa MeTaBceieHHOW MOXKET HbITb MHOXKECTBO NMOPOXKAEHHbIX MPOCTPAHCTB C OAMHAKOBLIM
HabopoM GYHKLUMI PAa3NOKEHMSA HO C OT/IMYAIOLLIMMUCA HANPaBAEHUAMMN BPeMeHW. L 3To GyHKUmA
KOTOpasn BO3BPALLAET HO/Ib €C/IM TOUKA X NPUHAANEKUT NOPOXKAEHHOMY NPOCTPAHCTBY ANA YKa3aHHOro
3HaYeHA BEKTOPaA BPEMEHMU, 3TO He NarpaHXmnaH.

Mcnonb3yto aHaNOorMYHbIN noaxoA AnA HanncaHuUA ypaBHEHUNA ONA BPEMEHMWN:

ve = v (x, f,{w} L) (38)



L — nopoaeHHoe NPOCTPaHCTBO, Uy — BEKTOP BPEMEHM.

CooTBETCTBEHHO, YPaBHEHWNA rpaBuUTaLUK:

{L(x, f{whv) =0 (39)

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

3TW ypaBHEHWA AOMKHbI NPUBECTU K NOPOXKAEHHOMY NMPOCTPAHCTBY OMUCbIBAEMOMY YpaBHEHUEM 32, U
AONIXKHbI CO34aBaTb NPOCTPAHCTBO MMUHKOBCKOro 06Lwel Teopumn oTHocuTenbHOCTU. O6e dyHKLMM B yp.
39 Heun3BecTHbI. 17 Toro Ytobbl 3TM ypaBHEHUA MOXHO 6b110 6bl UCNO/L30BaTb B BbIYMCAEHUAX,
HeobX0AMMO AeTaNn30BaTb 3TU YPaBHEHMA.

37K ypaBHEHWA NOPOXKAEHHOTO NPOCTPAHCTBA U BPEMEHWN MOTYT COAEPKaTb Pa3pbiBbl B HEMPEPbIBHbIX
peleHnaAx, MOryT cogep:KaTb 061acTu, rae NPoCTPAHCTBO-Bpems He onpeaeneHo. 3To 03HaYaeT YTo
N1b60o B TakMX 061aCTAX HET MOPOXKAEHHOMO NPOCTPAHCTBA-BpemeHu, N1Mbo, B Caydae pas3pbiBa,
OTCYTCTBYET CBA3b MeX Ay 061aCTAMM NPOCTPAHCTBA-BPEMEHN C OAMHAKOBbIMM 3aKOHaMMU GU3UKMK.

IIpupoja ckaJasIpHOTO NMOJIA
OAMH 13 BONpPOCOSB, KOTOprl\;I He 6bin O6CY)-KLI,EH — YTO TaKoe CKanAapHoe none METaBCEHEHHOﬁ, noyemy
OHO CyWeCTBYET U OTKyda B3A/10Cb?

Ha ﬂ,aHHblﬁ MOMEHT, Y MEHA HET OTBETA HA 3TOT BOMPOC.

MO»HO CKa3aTb YTO NpUpoLa 3TOro NONA HeM3BeCTHa, NpPeAnosaraTh YTO OHO CyLecTByeT U
NCMNOoJ1Ib30BaTb YPaBHEHUA A5 HaXOXAeHus ero ceoncts. Ecnm MMNBM-Teopusa noaTeepanTCA, TOrAa U
HY)KHO ByZeT HauMHaTb AymaTb O NPUpPoAe 3TOro NnoJsiA.

IlopoxxeHHOoe NPOCTPAHCTBO-BpeMsA U MmaTepus, ypaBHeHus [IIIBM-Teopuu

B npeablayLwmx 4acTax 3TOM CTaTbW A ONMcan OCHOBHYO naeto MMNBM-teopun, nokasan, yto MNMNBM-
TEOpUA He NPOTUBOPEYUNT U3BECTHBIM XOPOLLO YCTOABLUMMCA Teopuam. [1na HeKoTopbIxX Teopuit, bbiin
npeaaoxeHbl U3MeHeHUA. HeKoTopble ypaBHeEHMA Bblnn NpegioxeHbl N8 oTAeNbHbIX Yactel MNMNBM-
Teopuu. Bce BbiweonmcaHHoe co3aaeT PyHAAMEHT A1 NOCTPOEHMA MaTemaTmyeckon mogenu MMNBM-
Teopuu. B aToi Yactu ctaTbi, ypasHeHusa MMBM-Teopum 06beANHAIOTCA B EANHYIO CUCTEMY YPABHEHWN.

WTaK, cywectsyeT ckanspHoe none f(x), rae x = {x4,.., X;,} 3T0 TOUKa B €BKANAOBOM NPOCTPAHCTBE
MeTaBceneHHoM ¢ N-U3MepeHnAMN. 3HAYEHNE NOAS B KaXKA0M TOUKe onpeaensaeTca 3HaYeHUAMM NosA B
OKPYKaloLMX TOYKaX.

CoBpemeHHasn u13nKa roBOPUT YTO TpK GYHAAMEHTAIbHbIE CUJIbI B Hallel BceneHHOM MMetoT YacTuubl-
NepeHOCUYNKN B3aMMOAENCTBUIA. DNEKTPOMArHMTHOe B3aumogenctame nmeeT GOTOHA Kak NepeHocYmKa
B3aMmoZencTens, 1 T.N. VI3 YeTbipex U3BECTHbIX B3aMMOAENCTBUI, UCKNIOUEHNEM ABAAETCA
rpaBUTaLMOHHOE B3aumoaeicTeue. NepeHoCUYMKM B3aUMOLENCTBUA 418 HEro He HalaeHbl. CKanspHoe
none MeTaBceNeHHOW He U3MEHSETCA CO BPEMEHEM MO NMPUYMHE OTCYTCTBUA BPEMEHMU, TaK YTO AJ/1A HEro
HEBO3MOXHbI Kakue-1Mbo NepeHoCYMKN B3aMMOAENCTBUA. ITO OrpaHUYMBAET BO3AEUCTBUE NONA
MeTaBcesieHHOM TONIbKO OZIHUM C/ly4aeM — KOrZia noJjie B TOUKe BO3AEWCTBYET TO/IbKO Ha coceHue
TOYKMU.

37O NPMBOAMT K cneaytoliemy: ecim B MeTaBcesleHHOM eCcTb Kakas-To 3aMKHYTas NOBEPXHOCTL S,
3HauyeHue nona ansa Noboi TOUKN BHYTPM 061aCTH, OKPYKEHHOW 3TO NOBEPXHOCTLIO, ONPeaenaloTca Ha
OCHOBE 3HaYeHWI NosiA Ha noBepxHocTH, f(S). I3To NnpuBoAMT K yp. 12.



[Hanee, KaK 6b1710 HaNMCcaHO Bbile, HEOBXOANMMO HAMTU Pa3/IoXKeHMe CKanapHoro noaa MeTasceaeHHOM
Mo 3/IeMeHTapHbIM YacTMLam. 3To NPMBOAMT K yp. 35. B cnyyae ecnm B Kako-To obnactu
MeTaBceNieHHO BO3MOMKHO HalTK 60/iee Yem OAHO Pa3/oKeHue, yA0BNETBOPAOLL,EE BCEM YCAOBUAM,
TO 3TV Habopbl Pa3NoKEHMI OTHOCATCA K PAa3HbIM MNOPOKAEHHBIM BCENI€HHbIM. YacTuLbl U3 PasHbIX
BCE/IEHHbIX MEXK Ay CO60i He B3aMMOAENCTBYIOT, XOTA Kakne-HUby b KoOppenauum mexay Humm
BO3MOMKHbl.

YacTuubl B3aMMOAENCTBYIOT B MPOCTPAHCTBE U BPEMEHU. ITO 3HAYUT HEOBX0AMMO HalTU NOPOXKAEHHOE
BPEeMS W NPOCTPAHCTBO. YpaBHeHWe 39 HaKMaablBaeT onpeae/ieHHble OrpaHNYeHMA Ha NOPOXKAEHHOE
BPEMA 1 NPOCTPAHCTBO.

HabntogaeTcsa I0KaNbHOCTb BCEX ABNEHWUI. ITO NPUBOAMT K ypaBHEHUIO 6.1, 1 K AobaBneHuto
3aBUCMMOCTM OT MaKCMMaNbHOWM CKOPOCTM C B ypaBHeHMe 35.

Janee, HEO6XO,D,MMO ,D,O6aBMTb cneunanbHYHO TEOPUKO OTHOCUTENTBHOCTU.

YpasHeHue 22 rosoput yto B [MMNBM-Teopumn ckopocTb cBeTa, onpegensemas yp. 21, scerga AsnAerca
KOHCTaHTON. YpaBHeHMA 28 U 29 06BACHAIOT KaK CKOPOCTb CBETA MOXKET ObITb KOHCTAaHTOM U He
NPMBOAUTbL K NPOTUBOPEYUAM B YPaBHEHMUAX.

Bce yactuubl B Halei BceneHHOM ABUraloTCcA CO CKOPOCTbIO He Bonee ckopocTu ceeTa. CneaoBaTensbHo,
yron § mexay BEKTOPOM BpeMeHu 1 TPaeKTopMel YacTuLbl He LO/IKEH MPEBbIWATL YIron a;
COOTBETCTBYIOLIMIM CKOPOCTM CBETa:

B <a (40)
O6begmHAs ypaBHEHWUI, NoayYato cuctemy ypasHeHun MMNBM-Teopuu:

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

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

0, B, {w},L,v;) = IM [*Rpdr — [ iRy dry|
O, B ,{w},L, V) >0ecauv >0
fo) = g(x.5.£(5))

—: —: = k=N. i=i - —s > - —
f(T) = fext(r) + Zg:f Zkzlp Z;:;%?g uikpwpi(l" r,t, Ut(T), l(T‘ - Tpk)' C)
v,V - SAS, Tcaus(V) 2 Tmin v tbegin <t <tena lena — tbegin > Tmin

lP(t + dt) = ULP(’C) + P()
h(l,v{) = const

N
\ Teaus (V. 1) = dAN(V,t)/dt

(41)

B3anmopgeincTemne YactTuu, mexay coboi, mpu yCAoBUKM YTO BCe GYHKLUMM U FpaHMYHbIe YCA0BUA
M3BECTHbI, MOKET BbITb HAaNAEHO CAeayloWmMm 0bpasom:

1. Hanhtus COOTBeTCTBYPOLLI,Eﬁ Cncrteme oTc4yeTa BCe 4acCTuubl Be3ge B Bbl,ﬂ,eﬂeHHOl\;I obnactu
NOPOXKAOEHHOTO NPOCTPAaHCTBA-BPEMEHN

2. B3aMMOAEVICTBVIe Yactuy, HaﬁAeHO — AOCTATO4YHO CMOTPETb KaK OHN MEHAKOT CBOE COCTOAHME B
NOPOXKOEHHOM BPEMEHMU



Cucrtema OYHKUMOHANbHbIX YPaBHEHMIA, HAaNUCaHHan Bbllle, O4eHb 0bwan. [na Toro 4Tobbl caenatb ee
NPUroAHON ANA BbIUMCIEHUI, HEOBXOAMMO HaWTK BYHKLMIO cKanapHoro nons f(x). Ecnn dyHKumaA
cKanapHoro nons, yp(12), 6bina 6bl U3BECTHA, TO B 3TOM CAyyae 3aKOoHbl GU3NKM B Hallein BceneHHol
MoOr/IM 6bl ObITb HaMAEHbI HAXOXAEHUEM TOUHbIX YPaBHEHWUIM rpaBuUTaLMm U GYHKUUI pasnoxeHus
Yyactul,. Mbl Habaogaem TONbKO NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA-MATEPUIO, TaK 4TO Npobnema ¢
pelleHneM HAMHOFO CNOXKHEE YEM HaXOXKAEeHME NOPOKAEHHON BCENEHHON U3 M3BECTHOMN PYHKLUN
cKanapHoro nons. CHa4yana Heob6Xo0a4MMO HAUTU YpPaBHEHWE CKANAPHOIo nons MeTaBceNeHHOMN U3 HallmX
HabntogaeMbIx 3aKOHOB GU3NKKU. U TONBbKO NOTOM HAWTU YPaBHEHWUS YACTULL, NPOCTPAHCTBA U BPEMEHMU
M3 ypaBHEHMA CKaNAPHOro nos. PesynbTaTom 3TOro noaxoza s OXKuAato yBendeHus 3HaHua 0 pusmke
BceneHHoM.

KaK 3To mosKeT bbITb caenaHo?

A1 Aymalto, 4To cHayana HeobxoAMMO peLnTb NpobieMy HaxoXKAeHMA PaA3/I0KEHNA CKANAPHOro NosA Ha
3/1eMEHTapPHbIE YaCTUL, U NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHM C NOAAEPIKKON NPUYMHHOCTMU.
PelueHune aToi npobiembl, CKOpee BCEro, Ha/IoXKMT OrPaHUYEHUA Ha TUMbl BO3MOXHbIX YPaBHEHUN, U
3TO MOMKET A4aTb NOACKAa3KM KaK pellaTb 06paTHY0 Npobaemy HaxoK4eHUsA CKaaspHOro nons us
NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHMN.

Moxoe uTo peweHune ypasHeHui MMBM-Teopuun ABNSETCA CNOXKHOM U KOMMNIEKCHOW Npobiemoit n
noTpebyeT HEMANO UCCNEAOBAHNN.

Hy>xHa /i1 Haya/IbHasA CUHTYJIAPHOCTb NpU bosibiiom B3peiBe?
HeB0O3MOXHOCTb M36€e3KaTb CUHTYAPHOCTM B KOCMOJIOTMYECKUX MOAENAX 0bLLel Teopun
OTHOCUTENbHOCTM BblNa AOKa3aHa, B YMC/Ie NPOUYNX TEOPEM O CUHIYAAPHOCTAX, P. MeHpoy3om u C.
XOKMHrom B KoHuUe 1960-x rogoB. IT1 A0Ka3aTe/1IbCTBa OCHOBAHbI Ha BUAMMOWN O4HOPOAHOCTH
BcenleHHOM, YTO HEBO3MOXKHO AOCTUTHYTb eC/M BCe 06/1acT BceneHHOM KOraa-To B NPOLUIOM He
B3aMMOAEeNCTBOBAIN MeKaYy COBON.

B MNMNBM-Teopuu BUANMYIO 04HOPOAHOCTb BceneHHoM MOXKHO nonpoboBaTh A40CTUYbL M 6e3 HauyaibHOM
CUHIYNAPHOCTM. [N 3TOro A0CTAaTOYHO YTOObI B pase GpopmMMpOBaHMA NPOCTPAHCTBA-BPEMEHM Be34e B
dbopmupyoLLLeMcA NPOCTPaHCTBE-BpeMEHN BblI NPUMEPHO OAMHaKOBble ycaosusA. Jo Havana
$dopMMpPOBaAHUA NPOCTPAHCTBA-BPEMEHN NOPOKAEHHbIE PU3NYECKME 3aKOHbI HEMPUMEHNMDbI.

CKOJIbKO M3MepeHuii B MeTaBce/1eHHOM?
OAMH M3 BONpocoB KOTOprVI BO3HWKAET NPU NOMbITKE NOHATb YCTpOﬁCTBO BCEI’IEHHOI‘;L 3TO No4yemy BO
BceneHHoM YyeTblpe namepeHuna, Tpu NPOCTPaHCTBEHHbLIX N OAHO BPEMEHHOE.

peHdecT[8] Nokasan, NoYeMy KOAMYECTBO NPOCTPAHCTBEHHbIX U3MEPEHWNI paBHOE TPeM ABAAETCA
Hanbosee noaxogAawmm. Npu KOANYECTBE U3MEPEHUI CBbILLE 3 HE MOTYT CyLLEeCTBOBATbL aTOMbI. B
C/lyyae pasmepHoCTel MmeHblUe TPEX ABUKEHME BCeraa Npomncxoamnao 6ol B orpaHMYeHHOM

ob6nacTn. TONbKO NPU KOAMYECTBE U3MEPEHUIA, PABHOM TPEM, BO3MOKHbI KaK YCTOMUYMBbIE GUHUTHDIE,
TaK U UHOUHUTHbIE ABUMKEHUA

Mcxoaa 13 onnucaHHoro m ncnonb3syAa aHTpOFIHbIﬁ npuHUUN Y4aCTUA, MOXKHO YyTBEPXKOATb, YTO BceneHHasn
MMEET YeTblpe N3mepeHnAa NOTOMY 4YTO 3TO TO KOJIMYECTBO KOTOpPOe HeO6XO,CI,MMO AnAa cyuiecrsoBaHuUA
pa3YMHOf;1 KU3HU. BO3MOXKHO, NOCTPOUTb NOPOXKAEHHbIE BCENEHHDbIE C 601bLIMM KOJINYECTBOM
M3MepeHMl‘/JI HEBO3MOXHO MO NpUYNHE HEBO3MOXKHOCTU Pa3BUTUA B HUX pa3yN\H0171 KU3HU.


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

To UTO YeTbipe N3MepeHUa ABNAIOTCA Hanbonee NOAXOAALMMMN ANA NOPOKAEHHbIX BCEIEHHbIX ABNAETCA
OZHOBPEMEHHO apryMeHTOM B M0/1b3Yy TOIO YTO KONMYECTBO M3MepeHuit B MeTaBcesieHHOW 6onblue
yeTblpex. CKo/IbKO bl He bbls10 n3mepeHuit B MeTaBce/IeHHOM, BCE NOPOXKAEHHbIe BCeNeHHble byayT
MMETb TOJIbKO YeTbipe n3mepeHus. MNoaTomy npegnonoKeHne o Tom YTo BceneHHas cogepuT ToNbKO
yacTb M3mepeHnin MeTaBcesieHHOM BbIrNsAUT, Ha Mo B3ria, npasaonogo6bHo.

AprymenTtsl npotus IIIIBM-Teopuun

HayuHsble aprymeHTsl npotus IIIIBM-Teopuu
B 37O YacTk, A onuwy oxkngaemble BospaxkeHua npotuns MNMNBM-Teopun 1 noctapalocb Ha HUX OTBETUTD.

A 0XXnaato HECKONBLKO OCHOBHbIX TUMOB APrymeHTOB:

1. BceneHHasa He MOXeT OCHOBbIBATbCA Ha 6e3BpeMeHHOM CyLLHOCTU. JJOCTaTO4HO NOCMOTPETD
BOKpPYT — eCTb ABUXKeHMe, eCTb BpemsA. ITa Teopma NPAMO NPOTUBOPEYMUT HALLMM OLLYLLEHMAM.

2. TNBM-Teopua npeacKasbiBaeT TakOe-TO NoBeAeHNE ANA KaKOro-TO ABIEHMUA.
JKcnepuMmeHTa/IbHble pe3yibTaTbl OTAMYAOTCA OT NpeackasaHuin MNMNBM-Teopun.

3. MoeT M cyLecTBoBaTb GpYHKLMA CKAaNAPHOro Noss, yaAoBAeTBopatowan Bcem TpeboBaHMaAM
MNMNBM-teopumn?

4. TMNBM-teopua He coaepXuT CTaH4APTHYO MOoAenb.

Al nocTapatoCb OTBETUTb HA 3TU BO3PAXKEHMUA.

Ona Havyana oTBevy Ha aprymeHT #1, o npotusopeuunmn MNMNBM-Teopun HawmMm owyLeHUAM. A CYMTatO YTO
3TOT apryMeHT He Hay4eH; 3TO NPOCTO BbipaxKeHne dpunnocodckunx Barnagos. /ltobaa HayyHas runoTesa
[OO0/1KHA OLLeHMBATbCA HA OCHOBE ee NPeACcKa3aHMi @ He Ha OCHOBE TOrO KaK XOPOLUO OHa COOTBETCTBYET
“3ppaBomy cmbicny”. Mpupoaa He UMeeT HUKaKUX 06A3aTeIbCTB COOTBETCTBOBATb YE€/10BEYECKOMY
34paBOMY CMbICAY.

06 aprymeHTe #2. 9TO MOXKET ObITb CEPbE3HbIM apryMeHT, HO NpPU TeKyLLem coctoaHum MNMNBM-Teopun
OHa He No3BOoNAET CAENATb KAKMX-TNMHO n3mepsemblx NpeacKasaHuii. Tak yto aaa Toro 4Tobbl TakoM
apryMeHT CTan BO3MOKHbIM, HE06X0AMMO HalTK pelueHus ypasHeHui MNMNBM-Teopun nnbo Haiitm
Kakune-nnbo nsmepsemble cieACTBUA 3TUX YPABHEHUIA.

Mpo #3. A He Mmory yTBep:KAaTb YTO TaKaA GYHKLMA TOUYHO CyLLECTBYET, He0bX0AMMbI AOMNOHUTE/IbHbIE
nccnefoBaHMA YTobbl OTBETUTL Ha 3T0. OLHAKO, A MOTY YTBEPXKAATb YTO, 6€3 A0NONHUTENbHbIX
NccNefoBaHM, HEBO3MOMKHO CKa3aTb YTO TakKasa QYHKLMA HE MOKET CYLLLeCTBOBATb.

06 aprymeHTe #4. [la, xoTenocs 6bl BbiBeCTU CTaHAAPTHYO Modenb cpasy us MMBM-Teopun. He
noJsiy4aeTcs, MOTOMY YTO MAaTEMATUKA TEOPUM MOKa HeZOCTAaTOYHO passuTa. OgHaKo, byayliee passutue
STOW TeopUN MOXKET ee pewnTb. MaTematuyeckas mogenb NMNBM-Teopun yaydllaeTcs cO BpEMEHEM,
TaK YTO BO3MOXKHO B byaywem byaeTt HallaeHo pelieHme 3Tol npobaemsl.

MNBM-Teopus He UMeeT CKPbITbIX MAapPaMeTPOB Ha YPOBHE 3/1eMeHTapPHbIX YacTuLL.

KoHeuyHo A He Mory NpeaBnAETb BCe BO3MOXKHbIE Hay4YHble apryMmeHTbl npoTus MMBM-Teopuu, Tak 4to
NoMbITasCA OTBETUTb TO/IbKO Ha Hanbosiee oXKngaemble aprymeHTbl.

He Hay4yHbIe apryMeHThI npoTus IIIIBM-Teopun
HeKkoTopoe Bpema Ha3ag, A NoAy4Yna Takol oT3bIB Ha MMNBM-Teopuio, OT peaakumm ogHOro 13
M3BECTHbIX }KypHanos no ¢usmke: “This work is simply not physically sound.”



HemHOro nogymas, A NOHAN YTO 3TO MOXKET 6bITb AO0BOJIbHO YaCTbiIM BOCNpPUATUEM aToM Teopun. Tak uto
A pewnn HanncaTtb OTBET Ha 3TOT OT3blB.

fl CYUMTalO YTO 3TO MHEHME HE UMEET OTHOLLEHMA K HAayKe. 9TO MHEHWE NPOCTO 03HAYaET YTO /I0O0M KTO
TaK YTBEPXKAAET yBEPEH B TOM 4TO ero ¢uaocodckoe suaeHue Mpupoabl BepHo 1 nostomy MMNBM
Teopua owmMboYKa KaK NPOTUBOPEeYaLL,an STomy BuAeHUI0. Mory A CnpocuTb rae 1 Korga ato
dunocodckoe BuaeHMe 6bl10 fOKA3aHO? A YNTAN HEMANO ANCKYCCUIA B UHTEPHETE O peasin3me U aHTu-
peanusme, U He BUAEN KaKUX-TMBO YNOMUHAHUI O TOM YTO peannsm bbln AO0Ka3aH.

CuTyaums Korga ¢umsmnyeckas Teopus Npsamo 3aTparmeaeT puaocodckme BONpocChl ABAAETCA OYEHb
HeobblYHOM, O4HAKO HUYETO B OHTO/IONMM HAYKKU He 3anpeLLaeT TakmMe TEopPUM.

Bo3amorkHo MMNBM-Teopua TpebyeT CANWKOM MHOTO U3MeHeHU B G1UNoCcopCKOM BUAEHUN MUPaA U
cywiecTsyeT 6os1ee npocTasn afbTepHaTMBa? XOpOLOo, MOry N A Y3HATb Ha3BaHMeE Kakol-1mbo Teopun
KOTOpas He TpebyeT CTONb CyLLEeCTBEHHbIX GUAOCOPCKNX N3MEHEHWNI U KOTOPas 06begMHAET BCe
dyHOameHTanbHble B3aumogaenctama? CyLlecTByOT TaKMe TEOPUM KaK TEOPUA CTPYH, NeTaesan
KBAHTOBaA rpaBMTaLMaA U T.M., U HEKOTOPblE AYMAtOT YTO OHU MOTYT 06BbEeANHUTL BCE B3aUMOAENCTBUS.
Ho rae pesynbtat c 06beanHeHnem? OH, Ha AaHHbIM MOMEHT, He cyuiectsyeT. MMMBM-Teopusn
npeanaraeT npocroe o6beanHeHNE BCceX GyHAAMEHTAIbHbIX B3aUMOAENCTBUIN. ITO 06BACHEHWNE NIETKO
0OBACHUTL U MOHATb, HO TOJIbKO €C/IM eCTb FOTOBHOCTb CEPbe3HO paccmaTpueatb MNMNBM-Teopus u ee
dunnocoduto, a He HacTanmBaTb Ha CBOMUX PUNOCOPCKMX B3rNaAaX.

A noHumato yto MNMBM-Teopua MOXKeT OKasaTbcA HeBepHOW. OAHAKO A/1A ee ONpPOBEPKEHUA AOJIXKHbI
NCNO/Ib30BaTbCA TO/IbKO Hay4Hble aprymMeHTbl @ He dprunocopckme B3rnsaapl.

IIpumeneHue [IIIBM-Teopuu K HEKOTOPBIM U3BECTHBIM NMPO6GJIEMaM

UHpopManys U YepHbIe AbIPbI
B COBpPEMEHHbIX LWIMPOKO MPUHATbIX TEOPUAX CYLLLECTBYET NOoTEePA MHPOPMALMM B YEPHDBIX Ablpax.

MNotepu nHdopmauum 8 NMMBM-Teopum HeT. MNoTepsa MHGOPMaLMM BO3MOXKHA TO/IbKO B NOPOKLEHHOM
NPOCTPaHCTBE-BPEMEHM, HO 3Ta MHPOPMALLMA NO NPERHEMY ocTaeTcA B MeTaBceNIeHHOM, XOTA U
HeAOCTYNHOM ANA Hac.

CUHIYyNapHOCTb B YepHbIX Ablpax, NpeacKkasbiBaeman obLiel Teopueit oTHocuTenbHocTH, B MMBM-
TEOPUM ABNAETCA PAa3paBOM NPOCTPAHCTBA-BPEMEHU. ITO pPa3pbiB 3aHMMAET HEHYNEBOWN pasmep B
OKpY»KatoLwem NopoXAeHHOM NPOCTPAHCTBE. 3a rpaHULEN 3TOro pa3pbiBa, HEBO3MOXKHO NPOAO/IKUTL
NopoXAeHHOe NPOCTPAHCTBO-Bpemsa. [1na onncaHma TOro YTo NPOUCXOAMUT 3a rpaHULL @MU Pa3pbIBa,
TpebyeTcsa MCNonb30BaTb NOJHbIe ypaBHeHUs NMNBM-Teopuu.

3aK/iloueHue
Mpepgnaraemas MNMNBM-Teopus umeeT gse coctaBaatowme — dpunocodckyto n dpmsmyeckyro. MNoatomy a
pasgento 3akNtoueHme Ha ABe Yact, GUNocodCKyo YacTb U GU3MYECKYHO YacTb.

3axkioyeHue, puaocoPpckas 4acThb

MMNBM-Teopus npegnaraet HOBYO MHTepnpeTaunto bbiTuA. Y yenoBeKa, COrnacHo aToM Teopun, HeT
NoA/IMHHOM cBO6OAbI BO/IN. 3Ta TEOPUA NMONHOCTLIO AETEPMUHUCTUYECKASA, MOSTOMY Y /iloAel HeT
cB80604HbI BO/IU. ITa Teopus NpeanaraeT oTBET HA 0AMH U3 6onbluMx BONpocoB dunocopun, a UMeHHO
KaK NPOCTPaHCTBO-BPEMSA M HALLW OLLYLLEHUA CBA3AHbI MeXAay COOOoM.



Hackonbko mogenb MNMNBM-Teopumn cOOTBETCTBYET A0NTOBPEMEHHOM TEHAEHUNM B PA3BUTUN
dunocodpun?

HekoTopoe Bpems Hasag Hanbosnee pacnpocTpaHeHHoM Teopuel bbina Teopus MNrTonemes, rae 3emns
6blna B UeHTpe BceneHHoi, a ConHUE BpaLLanoch BOKPYr 3emaun. Yenosek 6bia B LeHTpe BceneHHo,
KUBOTHbIE ObI/IN OTAENbHO OT YesioBeKa.

Co BpemMeHeM, Hayanacb 3p03ua LLEHTPAIbHOM PO YeNoBeKa BO BcenieHHON. 3emns Hayana BpaLWaTbCcs
BoKpyr CosHua u ConHue cTano ueHTpom BeceneHHolt. 3atem b6bino o6HapyKeHo 4To CosiHLE 3TO BCero
Wb 0ZHa U3 MUANMApAoB 3Be34, U CoHLE BPaLLaeTcs BOKPYr LeHTpa MafakTUKK, ranakTuk
MUAIMapapbl. JapBUH NOKas3aa YTo Ye/I0BEK MMEET 0OLLMX C APYTMMU KMUBOTHLIMW NPESKOB.

Takum obpasom, B HayKe U punocodum MmeeTca ONTOBPEMEHHAA TEHAEHUMA YMEHbLUEHUS PON
yesioBeKa BO BceneHHoM.

B HacToAwee Bpema, ponb YenoBeKa BO BceneHHol no npexHemy oCtaeTca 40BOJ/IbHO BbICOKOM. ITO TaK
B OCHOBHOM M3-3a KOHUEeNunn CBO6OAbI BOJIN, YTO YENNOBEK CBO60,£],EH B CBOMUX AeﬁCTBMﬂX.

B NMNBM-Teopumn, yenoBevyeckunii pasym ato annpeHomeH, NopoXKAeHHbI MeTaBceneHHOMN.

CnepnoBaTenbHO, MO OTHOLWEHMIO K MeTaBceIeHHOM po/ib Ye/I0BEKa Ky4a MEHbLLIE YEM B COBPEMEHHbIX
Teopu1AX No OTHOLIEHMIO K BceneHHOMN.

OpHako, MOMMMO HU3BEAEHUA PON YesioBeKa B MeTaBceNieHHOW A0 YpoBHA anudeHomeHa, y NMNBM-
TEoPWUM ecTb U NPAMO NPOTUBOMNOJIOXKHAA COCTABAAIOWAA MO OTHOLIEHMIO K PO/IM YEeI0BEKA BO
BceneHHoM. ITa cocTaBaAlOWAA AEeNAeT PO/ib YesioBEeKa BO BcenieHHOM UCKIOYUTENbHOM M BHOBb, KakK U
BO BpemeHa [tonemes, cTaBuUT Ye/I0BEKa B LeHTP BceneHHONM.

CornacHo NMNBM-Teopun, NPOCTPAHCTBO, BPEMA U MaTepua CyObEKTUBHbI, OHN HE CYLLECTBYIOT
He3aBMCMMO OT HabalogaTena. bosee Toro, oHM NopoKaatotca Habatogatenem. Tem cambim,
COBEpLUEHHO MCK/IUYUTENbHAA PO/b BO BCcesieHHOM YenoBeKa U Apyrux pasyMHbIX CYLLECTB, NP UX
Ha/IMYMK, COCTOUT B TOM UTO Pa3ym NopoxKaaeT BceneHHyto.

B MapKcM3Me CyLLLecTByeT Tak Ha3blBaeMmblli OCHOBHOM Bonpoc ¢punocodumm. OH 06bI4HO GopMynmnpyeTcs
Tak: «4YTO NepBuYHO, AyX UK maTepua?». Mot OTBET Ha 3TO BOMpoC yxe chopmynnposaH 1 060CHOBAH
Bbllwe. Bbibrpas mexay CO3HaHWeM 1 maTepureit, NepBUMYHO CO3HaHKe. O4HaAKO CO3HaHMe TaKKe
ABNAETCA NOPOMKAEHHbBIM ABJEHUEM, XOTA U CTOUT Ha CTYMNEHb BbiLle MaTepPUM.

PaccmatpuBas yesnioBeKa CO CTOPOHbI MeTaBceneHHOM, YeNI0BEK N ero co3HaHue CyLWw,ecCTBYHOT BEYHO.
X0oTA HacKoNbKO BEPHO roBopuUTb NPO BEYHOCTb NO OTHOLUEHUIO K CYLLUHOCTU B KOTOpOﬁ HEeT BpemMeHMu,
HenoHATHo. O4HaAKo BO BCEI’IEHHOVI, FlBl'I'r'IIOLIJ,EﬁC’FI I'IOpO)'KAeHHOﬁ CYLWHOCTbKO, YeENOBEK CyLlecTByeT
KOHEeYHOoe BpemA.

Bo3HuKaer BOMPOC: KaKoB peaanbn?l BO3pacTt BCGI]EHHOVI, KaK 0O01ro OHa Haxo4uTcCA B boiTne?

OTBET Ha 3TOT BOMPOC CBOAMUTCA K HAaXOXKAEHUI0 BONPOCa O TOM Kak AaBHO BO BceneHHol noasunca
pasym.

CornacHo ﬂ,apBMHy M TE€0PUN 3BOIKOLUNN, HENOBEK NMPOU30LLEN OT XKNBOTHbDIX. HUKTO U3 KMBOTHBIX,
BK/1KO4aA NpPpUmMaToB, HACKOJZIbKO MHE U3BECTHO He O6ﬂa,ﬂ,36T pasymom. Ecan npeanosioxKnTb, 4TO



yenoBeK eAMHCTBEHHOE pPa3yMHOe CyLLecTBO BO BceneHHoW, To BceneHHas nosiBuiach Toraa, Koraa
nepsbIi YeNOBEK 06pen pasym.

HacKonbKo 5 NoHAA YnTan Bukmneamio, cpeam NaneoHTON0roB UMEETCA KOHCEHCYC YTO NepPBbI YeN0BEK
obpen pasym He 6onee 1 MaH. ieT Ha3aa. Toraa 3To 03HayaeT, YTo BceneHHasn He ctapuwe 1 maH. aet. [o
aToro, BceneHHan He cywiecTBoBana Nno NpuyYMHe oTcyTCcTBMA HabatoaaTenei. HazoBy coctosHme
BceneHHOM Korga oHa CyLWecTBYET TO/IbKO NOTEHLMANbHO KaK NpeacylecTsoBaHue. Toraa aTo o3Hayaer,
yTo BCceneHHaa A0 NOABNEHMA PAa3yMHbIX CYLLECTB HAaX0AMAacb B COCTOAHMM NpeacyLecTBoBaHusA. B
3TOM C/lyYyae pasnyHble OLLEHKM Bo3pacTa BceneHHol, Takme Kak 13.77 map4. NeT 1 T.N., OTBEYAOT Ha
BOMPOC KaK AaNeKO B BO3MOXHOE NPOLUJI0E MOMXKHO rMNOTETUYECKM NPOTAHYTb NPUYNHHO-
cneacteeHHble cBa3n. O4HaKo cyllecTBoBaHMe BceneHHoM TpebyeT HabatogaTens, cieaoBaTesibHO
OLLEHKM KOTOpble He y4MTbIBatOT HabtogaTeneit oTHOCATCA K CYMMapHOM ANUTE/IbHOCTM BPEMEHM
cyuiectBoBaHMA BceneHHol B BbiTMe 1 BpeMeHM npeacyL,ecTBoBaHuA, Korga BceneHHan cyuwectsoBana
TOJIbKO NOTEHLMANbHO.

Bo3MorKHa cuTyaums, Korga Bo BceneHHOM nepuoabl CyLLeCTBOBaHNA PasyMHOM }KMU3HN CMEHAINCH
nepuMoamm Koraa pasyMHoOM 13HU He 6bln0. B 3Tom cnydae, BceneHHan 6bina B BbiTve TONbKO Koraa
CyLLLeCTBOBaNa Pa3yMHas }M3Hb. B npomMmexkyTKax mexay 3Tum, BceneHHan 6bina B NpeAcyLLecTBOBaHMMY,
CyLLLeCTBOBaa TO/IbKO MNOTEHLMANbHO.

MNMNBM-Teopua npegnaraeT Tak¥ke oTBeT Ha PUN0CODCKUIA BONPOC — YTO €CTb HAYas0 Havya/l U NpUYMHa
NPUYUH?

PaccmatpuBas aToT BONPOC € TOUKKU 3peHuna MNTNMBM-Teopuu, aTOT BONPOC HE MMeeT CMbIC/a.
O60ocHOBaHMe 3aKNto4aeTcs B TOM, YTO NPUYUHHOCTb, KaK NpeanosiaraeT 3Ta TEOpPUA, ABNAETCA
NOpPOXAEHHbIM AB/IEHNEM U HE CYLLECTBYET Ha 6onee beHﬂ,aMeHTaanOM ypoBHe MeTaBceneHHoN.

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

3aknwyeHus, pusndecKas 4acThb
MNMBM-Teopua nocTpoeHa Ha OAHOM CKaJIAPHOM NOJie U3 KOTOPOro BbIBOAUTCA NPOCTPAHCTBO, BpeMA U
maTtepua. Tem cambim 06beANHAIOTCA BCe PyHAAMEHTA/IbHbIE B3aUMOLENCTBUSA.

Ha moli B3rnag, oCHOBHas cula U OCHOBHOE OCTUXKEHME 3TON TEOPMM 3TO NPOCTan KOHUENTyanbHas
MoZeNb NO3BO/IAOLWAA 06beaMHUTL KBAHTOBYHO MEXaHUKY € 0bLLei Teopuein OTHOCUMTEIbHOCTM.
YpasHeHus MNMNBM-Teopuun, ecnn oHa BepHa, cNocobHbl onucaTb Atobble pUsnyeckme NpoLecchl,
BK/ItOYAs Te YTO eLle He OTKPbITbI, NPK Ntobbix PU3NYECKMX YCOoBUAX. ITa TEOPUA Npeaaaraet cnocob
06bACHeHUs Bcex PpyHAAMEHTaIbHbIX B3aUMOAENCTBUIN C OLHOM TOUKM 3peHus. ITo obbegmHeHne
B3aMMOAENCTBUIA OCHOBAHO Ha OAHOM UCXOAHOM KNaCCUYECKOM He KBAaHTOBOM Mosie. Takum 0b6pasom,
Bce GyHAAMEHTaIbHbIE B3aUMOAENCTBUS U 3/IEMEHTAPHbIE YacTULbl C UX KBAHTOBbIMU 3ddeKTamM
BO3HMKAIOT U3 3TOro nosasd. FnasHaa npobaema MMBM-Teopum — punocodckan LieHa aToro
ob6beanHeHus. ITo obbeanHeHWe 3aTparmBaeT Hanbonee dpyHAaMeHTa bHble KOHLenuun punocodpum.

Bce npoueccol KOTopble NPOUCXOAAT B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHM PACCMATPMBAIOTCA B
MMBM-Teopun Kak aTemnopasbHble NpoLecchl.

lMoKa3aHo Kak ypaBHeHUWe LpeguHrepa sbiBoanTca B pamkax MNMNBM-teopuu. NokasaHo 4TO NpmMHUMN
HeonpeaeneHHocTu leii3eHbepra Takke BbiBoguTca ns MMNBM-Teopumn, HecmoTps Ha To yto MNMNBM-
TeopuA ABNAETCA AeTEPMUHUCTUYECKON Teopueit.



Al noKasan Kak 06bACHUTL CNeLManbHy0 TEOPUD OTHOCUTENIBHOCTM U NPUHLMMA NOKAZIbHOCTW B paMKax
MMNBM-Teopumn.

O6was Teopma OTHOCUTENBHOCTU BKAtoYeHa B NMNMBM-Teoputo. NoKasaHO YTO YpaBHEHUA rPaBUTaALMM,
npeackasbiBaemble MMNBM-Teopueit, coBNaaatoT ¢ ypaBHEHUAMM 06LLel TEOPUM OTHOCUTENBHOCTU.
O60CHOBaHO PABEHCTBO MHEPTHOM U FPABUTALMOHHBIX Macc. MpeanoxeHbl HEKOTOPble U3MEHEHWA B
YPaBHEHUAX 06LLLEN TEOPUN OTHOCUTENBHOCTH.

CeMyac ocHOBHas c1aboCcTb 3TON TEOPUM 3TO MHOXKECTBO OTKPbITbIX MaTeMaTUYECKMX BONPOCOB. Mx
HYXXHO ByZeT pelwmnTb 4Tobbl caenaTb ypaBHEHUA TEOPUM NPUFOAHBIM ANA BblYMCAEHNI. HeT
aHaNUTUYECKMX pelleHni ypasHeHul NMNBM-Teopumn. A gymato YTO 3TO BMOJIHE OXKUOAEMO,
nepBoHaYanbHO, A1a 060 TeOPUKN YTO MAET 3a NPeae/ibl XOPoLWo Uccaes0BaHHON 0bnacTm
KannbpoBOYHbIX Teopuid. YpasHeHuA MMNBM-Teopun 3to Habop GyHKUMOHANBHbIX YPaBHEHWI, OHU
CNIOXKHbIE U HAWTU UX PELIEHME HEMPOCTO.

MNpeanoXkeHHaa Teopma OAHO3HAYHO pavKanbHa, OHA 3aTParMBaeT KAKYeBble KOHLenuum d)MI'IOCOd)VIM.
OpaHako, 3Ta TEOPUA TaKKe 06eu.|,aeT pagnKanbHOE yMmeHbLeEHNE YNC/Ta HE3ABUCUMbIX ABNEHNN. bputea
OKkama gna atoro C/Nly4adA NOKa3bIBaAET YTO 3Ta TEOPUA MOXKET OKa3aTbCA BepHOﬁ.

MNMNBM-Teopua npegnaraeT cnocob obveanHeHna Bcex GpyHAaMeEHTaIbHbIX B3aUMOAENCTBUM, BKAKOYasA
rpaBMTaLMIO, B paMKax CBOe mosenn. TakkKe 3Ta Teopua 06bACHAET NPUPoAY U CBOMCTBA BPEMEHMW.
MMNBM-Teopus gob6aBnsaeT ToNbKO OAHY CYLWHOCTb, MeTaBCe/IeHHYI0 CO CKansipHbIM MosieM. fl TaKKe
npegsaarato MeToz, Kak, OCHOBbIBaACb Ha 3TOM MoJie, ONMUCbIBaTb Hawy BceneHHyto. 3Ta Teopuma youpaet
KOHLEenuMn He3aBUCMMOro NPOCTPAHCTBA, BPEMEHU U MaTepUK. TaK Ke A 0XUAa YTO MHOXKeCTBO
KOHCTAHT, KBaHTOBasA MexaHWKa n CTaHgapTHaA MoAeNb UMEET HeMaso Takux, OyaeT BblBeAeHbl Kak
CneacTBmue B NpoLLecce NOMCKA aHAIMTUYECKUX peLleHni ana ypasHeHun MNMNBM-teopun.

MMNBM-Teopua npeanaraeT HEKOTOPbIE N3MEHEHUSA B 06LLEN TEOPUM OTHOCUTENBHOCTU B 4acTU
OTHOCALLLEMCA K KOCMOAOTMU. BO3MOXKHO 4TO pasHuubl mexay LCDM mogzenbto 1 npegckasaHamm
MMNBM-Teopumn HET HAa BCEM NPOMENKYTKE NOC/ie TOro Kak BceneHHan ctana npospayHoi and ceeTa.
OpHako, MMNBM-teopua npegnaraet npoctoe o6vACHeHNE MHOAAUMOHHOW $a3bl paHHe BceneHHoIA.
Mpw 3TOM, HENOHATHO HYXHa /i1 BOObLLLEe KOHUEeNLMA Bonbloro B3pbiBa ¢ ero HavanbHOM
CUHIYNAPHOCTbIO. B pamkax MNMBM-Teopuu, BUAHA BO3MOXKHOCTb NOYYEHUS BUANUMOM O4HOPOLHOCTHU
BceneHHon 6e3 nepBoHaYaibHOrO Masioro pasmepa BceneHHom.

MpepnoKeHbl 06bACHEHNA NPUPOALI TEMHOW SHEPTUU U TEMHOI MaTepPUM.

MpepcKkasaHa notepa MHGOPMaLLMKM NPU Nepexose B APYryto CUCTEMY OTCYETa, OHA ABAAETCA He
AOCTynHOM Ans HabnoaeHus. Takoe HabogeHWe 3anpeleHo aetepmmHnamom MNMNBM-Teopum u
OTCYTCTBMEM NONHOCTbIO HE3aBUCUMbIX COBbLITUN.

Takana npobsema ¢ ManbiM YUC/IOM HOBbIX NpeaCcKasaHuMii Bbi3BaHa B OCHOBHOM TEM YTO 3Ta Teopus
coBmectuma ¢ CTO, OTO 1 KBaHTOBOM MeXaHUKoW. O4HAKO, KOJIMYECTBO HOBbIX NPeACKa3aHNn MOXKeT
HayaTb pacTu npu 6onee rnybokom aHanmse ypasHeHui MMBM-Teopun.

Mpobnema c npeackasaHnaMM He o3HavaeT yTo MMBM-Teopua He MOXKET bbITb PpanbcnpuLMpoBaHa.
MMNBM-Teopusa moxeT bbiTb PpanbcuduumpoBaHa ecnmn byaeT AoKa3aHO YTo ypaBHeHUaA MMBM-Teopumn
He MMeeT peLleHnit ya0BNETBOPAIOLWMNX BCEM HEOOXOANMBIM YC0BUAM UM YTO PELIEHUA STUX
YPaBHEHUI He MOTYT 06BbACHUTb Kakoe-1nbo asneHue. MMBM-Teopus ABAseTCA KaHAMAATOM Ha TEOPUIO



Bcero, nosTomy oHa A0/KHa 6bITb CNOcO6HOM onuncaTtb Ntoboe Ppusmyeckoe sBaeHUe Npu Nobbix
dU3MYECKMX YCNOBUAX.

Ecnm NMNBM-Teopusa BepHa, HAXOXKAEHUE YpaBHEHUA CKANAPHOTO NOA U3 U3BECTHbIX 3aKOHOB GU3NKK
MO3BO/INT HAWTN YpaBHEHWA YaCcTULL, MPOCTPAHCTBA U BPEMEHMW M3 CKaNAPHOro nons. Kak pesynbrat, 3To
MOMKET YNYULINTb HaLUW 3HAHWUA 3aKOHOB PU3MKM U MOKET NPUBECTM K U3MEPAEMbIM NpPesCcKasaHUAM,
BO3MOHO K OTKPbITUIO HOBbIX ABAEHUNA.

CnucoK npeackasaxHuin MMNBM-teopuu:

e [IMBM-Teopua npeackasbisaeT yto FLRW meTpuKa He npumeHnma K nepBbiM MOMEHTaM nocne
BonbLworo B3pbiBa, ecv OH BOOOLLE CyLLECTBOBA.

e [lpeacKasaHo cywWecTBOBaHME NapaniesibHbIX BCENEHHbIX.

e [NBM-Teopua yTBEPKAAET YTO NPOLLNOE HE MOXKET BbITb USMEHEHO

e [INBM-Teopua npeacKasblBaeT YTO rPaBMTOHA He CyLecTByeT

[pyrve pesynbTaTbl 3TOM TEOPUU:

e  AHTPOMHBIN NPUHLMM y4acTUA ABNAETCA NPAMbIM CNeACTBMEM 3TOM TEOPUMU. TeM CaMbim,
pelwaeTca npobsiema TOHKOM HAaCTPOWMKKM BceneHHOM.

e [INBM-Teopua cnocobHa 06BACHUTL 0OLLYIO TEOPUIO OTHOCUTENIbHOCTU U KBAaHTOBYHO C O4HOWM
TOYKM 3PEHMA U C UCMNONb30BAHMEM TONBKO 04HOr0 GyHAAMEHTaNbHOIO NoAA.

e [INBM-Teopusa npegnaraet UsSMeHeHUA B ypaBHEHUAX 06LLEel TEOPUN OTHOCUTENBHOCTH

e [INBM-Teopusa npeanaraet cnocob Kak MaTeMaTUYECKN MPOBEPUTb BO3MOMKHOCTb
CyLLECTBOBAHMA KBAHTOBOW rpaBUTaLmMm.

e [IMNBM-Teopus coaepunT, Kak 0gHY U3 YacTen, TEOPUIO BPEMEHMU.

e [NBM-Teopus npegnaraet mogesb OpMUPOBAHUS NPOCTPAHCTBA-BPEMEHU, BKAOYAs MOAEb
bopmMMpOBaHNA NPOCTPAHCTBA-BPEMEHW B NEPBble MOMEHTbI BceneHHoM. 3Ta Teopus
onucbiBaeT $pasy GopMMpoBaHMA, BO BpEMA KOTOPOI U BPEMSA U MPOCTPAHCTBO HE CYLLECTBYHOT,
HaxoAATcA B npouecce GopMUpoBaHUA.

e [lanbHeMwee passutue MMBM-Teopumn, peleHmne ee ypaBHEHWNI, MOXKET NO3BOJIUTb B3rNAHYTb
Ha To YTO 6bIN0 A0 NOABAEHUS BceneHHOM, Koraa He Bbl10 HU BPEMEHW HU NPOCTPAHCTBA.

e [IpepnoxeHa HoBas, POHOBO-HE3ABMCUMASA, UHTEPNPETALMUA KBAHTOBOM MEXaHUKW.
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