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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 U3MeHeHNe KoHLUenTyanbHOM moaenu rpasutaumn. NMNBM-Teopua npencKasbiBaeT OTCYTCTBUE
KBaHTa rpaBMTaLMmM U KBAHTOBOM rpasutaumun. NMMBM-Teopua obbeanHsaeT Bce dpyHAaMEHTaIbHbIE CUJIbI,
BK/1t0MaA rpaBMTaumto; Bce pyHAaMeEHTaNbHbIE CU/bl BbIBOAATCA U3 OAHOrO NoAA.
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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 HacTosLLEee BpeMs, N3BECTHble 3aKOHbl GU3MKKN NO3BONAIOT CYLLECTBOBATb CUHIYIAPHOCTM, HaNnpumep
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, BPpEMEHU U MaTepUn B6AN3KN 3TUX CUHTynsipHocTen. ObLel
YepToM BCEX 3TUX MOUCKOB ABNSETCA TO YTO aBTOPbI MOAPa3yMEeBaOT, YTO NPOCTPAHCTBO, BpemMsa u
MaTepua B TaKUX YCI0BMAX MO NPEKHEMY CYLLECTBYHOT, NYCTb M B KAKOM-TO HEOObIMHOM BUAE.

OfHaKo ecTb M APYroi BapnaHT, KOTOPbIA, HACKO/IbKO MHE U3BECTHO, BNepBble PacCMaTPUBAETCA TO/IbKO
B pamKax npegsiaraemoin Teopumn. ITOT BTOPOI BapUaHT 3aK/0YAETCA B TOM, YTO B KaKOI-TO
OKPECTHOCTU CUHIYNSAPHOCTU NPOCTPAHCTBO, BPEMA U MaTepua He NepexoanT BO YTO-TO HeoBbIYHOE, a
MPeKpaLLatoT CyLLecTBoBaTb. MpM 3TOM, NOCKO/IbKY HEYTO BHYTPW 3TON OKPECTHOCTM CUHIYAAPHOCTM
BO3/EMCTBYET Ha CBOE OKPYXEeHWe B NPOCTPaHCTBE-BPEMEHMN, 3TO HEUYTO HE MOXKET BbITb HMUTO.
BO3HMKaeT BOMPOC, YTO MOKET BbITb 3TO HEYTO?

EC/K 3TO HEYTO He COAEePKUT NPOCTPAHCTBA-BPEMEHM U MATEPUIO, TO OHO AONKHO b6bITb Yem-To Bonee
dyHAameHTabHbIM. HO TOrAa, Tak Kak OHO He COAEPKUT NPOCTPaHCTBa-BpeMEHU-MaTePUN HO
B3aMMOZENCTBYEeT C HUMK, CAamMO NPOCTPAHCTBO, BPEMSA M MATEPUA A0/XKHbI BbIBOAUTLCA U3 3TOMO HEYTO.
Mcxoasa 13 3Toro, NpoCTPaHCTBO-BPeMA-MaTePUs AOXHbI ABAATLCA NOPOMKAEHHbIMW CBOMCTBAMM 3TOTO
HeyTo. MpyK 3TOM OHM MOTYT BbITb ONpeaeNieHbl He Be3Ae, a TO/IbKO Tam rae ecTb 414 3Toro noaxogalume
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 MaTepuel, Bbi3biBatoLLen
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 TEPMOANHAMUKN OCHOBAHbI Ha cBOMCTBax OTAE/IbHbIX 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 TEOPUUN B ¢M3MKE PacCMaTpmUBakOT NPOCTPAHCTBO-BPEMA U
MaTepPUIO KaK CAaMOCTOATE/IbHO CyLLecTBytoWwme asieHna. Ho AeﬁCTBMTEHbHO 1 OHU CYyLLECTBYIOT
CaMOCTOATENIbHO UIN e ABNAKTCA NpoABAEHNEM HEro-TO 6onee d)YH,EI,aMEHTaJ'IbHOI'O?

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



cBoiicTBaMK bonee pyHAaMEHTaNbHOM CYLWLHOCTU. ITa pyHAAMEHTaAbHAA CYLLHOCTb BK/tOYaeT B cebsn
BCE OOBEKTMBHO CyLLECTBYIOLLEE.

Ecnn nocmoTpeTb Ha CBOMCTBA GUINYECKUX ABMEHUIN, OHU XapaKTePU3YIOTCA HECKONbKMMMW KTH0UYEBbIMU
CBOMNCTBAMMU:

1. dusnyeckme ABNEHMA YEM-TO BbI3BaHbl. MMeloTCcA NPUUMHHO-CNEACTBEHHbIE CBA3M BeayLlme K
npoucxoasaiemy. B HacTosllee BpemMa HeM3BeCTHbI ABIEHUA KOTOpble He NonagaloT noj,
NPUYUHHO-CNeACTBEHHbIe CBA3WN. HeKoTopble ABNEHUA, Hanpumep pacnag HecTabuabHoro Aapa
aToMa, HOCAT BEPOATHOCTHbIN XapakTep. OAHaKo, XOTA ANA TaKUX ABNEHUIH HEBO3MOXHO
npe/cKkasaTb TOYHbI MOMEHT pacnaja, MOXHO NpeacKkasaTb BEPOATHOCTb ero pacnaga. Tem
CaMbIM pacnag Takoro aToma rno npexKHemy HaxoAuUTCA B pamMKax NPUYUHHO-CeACTBEHHbIN
cBA3en.

2. ECTb BO3MOHOCTb BbIMUCANTb BEPOATHOCTb COCTOAHUA Nt06Oro 06beKTa B Nnocneayrolime
MOMEHTbI BpEeMEHM, C HEKOTOPbIMW OrpaHUYeHUAMMU, TAKMMU KaK He B6IM3M rpaBUTaLMOHHOM
CUHTYNAPHOCTU U T.N. [1na Toro 4Tobbl caenaTb Takoe BbluMCAeHUEe, He0BX0AMMO 3HaTb TeKyLLee
COCTOAHME 06BbEKTa M TeKylllee COCTOAHME APYrnX 06bEKTOB Ha HEKOTOPOM PaCCTOAHMM OT 3TOrO
obbekKTa.

3. [AnA HeKOTOPbIX AB/IEHUI, NpeAcKa3aTb COCTOAHMNE B MOCNEAYIOWME MOMEHTbI MOXHO TOJIbKO
BEPOATHOCTHO. KBaHTOBaA MexaHWKa yTBEPXKAaeT YTO TOUYHO BbIYUCAUTL COCTOAHNE 0BbEKTa B
6yayLwem HEBO3MOMHO, MOXHO NIMLIb BbIYUCANTb BEPOATHOCTb COCTOAHUIA.

4. 3aKoHbI NPMpPOAbl OANHAKOBbI BO BCEM Hablo4aeMoM NPOCTPaHCTBE BceneHHoM, BO BCex
MHepLUManbHbIX CUCTEMAX OTCUETA.

Kak NpocTpaHCTBO-BpemMa MOXET BbITb MOCTPOEHO Ha CUCTEME B KOTOPOW HET BpemeHM?

Ecnun otcyTcTBYET BpeMs KaKk GyHAAMEHTa/IbHOE ABIEHUE, 3TO 03HAYaeT YTO CYLLHOCTb, Ha OCHOBE
KOTOpOW cywecTByeT BceneHHan, NofIHOCTbIO 6e3BpeMeHHasn U He MMeeT HUKAKMUX MU3MEHEHMN. ITa
CYLLHOCTb HE MOKET UMETb HUKAKNX U3MEHEHWNI BO BPEMEHMW MO NPUYNHE OTCYTCTBUA BpeMeHU. byaet
HEeBEPHO YTBEPXAaTb YTO CYLLHOCTb, HA KOTOPOW cyLlecTByeT BceneHHasn, ctTaTuyHa. CTaTUYHOCTb
HEeABHO O3HAYaET, YTO YTO-TO HE MEHSIETCA CO BPEMEHEM, HO 3TO HE NMPUMEHMMO A8 CAyYasn Koraa
BPEeMeHM HeT. Bpems B 3TOM c/iyyae fOKHO OblTb NOPOXKAEHHBIM ABAeHMeM. CneymanbHan Teopus
OTHOCUTE/IbHOCTM YCTaHABAMBAET CBA3b MeXKAY NPOCTPAHCTBOM, BPEMEHEM N CKOPOCTbIO. M3 3Toro
cneayeT 4To ecnv Bpemsa 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
yTOObl HATU NOPOKAEHHOE NPOCTPAHCTBO-BPEMA HEOBXOAMMO HATU FPaBUTALMIO U MaTePUIO KaK
nopoXKAaeHHble ABneHns. KBaHToBaA MexaHWKa ONMUCbIBAET MHOMKECTBO KBAHTOBbIX SIBJIEHUN. ITO
O3Ha4aeT HeobX0AMMOCTb HaUTK 3/1eMEHTapHble YacTULLbl C KBAHTOBO-MeXxaHUYeckumm spdexktamm B
pamKax 3Tol Teopuu. NMprHUMN HeonpeaeneHHOCTM ABAAETCA BaXKHOM YacTbio COBPEMEHHOW GUBUKMU.
HeobxoaMmo NoKasaTb Kak NPUHLMMN HeonpeaeneHHOCTM NosBAAETCA B AeTepMuHUCTMYecKon MMNBM-
Teopuu. MNpPUHUUN NOKANbHOCTU ABAAETCA OAHUM U3 KPAeYro/ibHbIX KAMHEN COBPEMEHHOM GU3UKN.
CnepoBaTtentHo, 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
NopPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHN U MaTEPUN MOXKHO Obls1o 6bl NpeaCcKa3aTb HA OCHOBE COCTOAHMIMA
Ha npeablaywmnii MOMeHT BpemeHu. NMonyumnslumneca 3akoHbl GU3NKK B NOPOKAEHHOM NPOCTPAHCTBE-
BPEMEHW He A0/KHbI NPOTUBOPEUNUTb HU OAHOM XOPOLLO YCTOABLUENCA TEOPUM B €€ XOPOLLO



npoTecTMpoBaHHoO o61acT npumeHUmocTui. CoBpemeHHaa GusnKa 3HaeT YeTbipe GyHAaMeHTaAbHbIX
B3aumogeincrteus. B MMNBM-Teopun, NpoCTPaHCTBO-BPeMSA U MaTepusa A0KHbI 6bITb NOCTPOEHO C
MCMO/Ib30BaHNEM TO/IbKO 0A4HOrO noAs. Bce dyHAaMeHTaIbHblE B3aMMOAENCTBUA, BKAtOYAA
rPaBUTaLMOHHOE, A0/KHbI BbITb BbIBEAEHbI KaK MOPOMXKAEHHbIE ABAEHWNA U3 3TOrO NOAA.

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

MpeacTaBMM YTO NPOCTPAHCTBO-BPEMSA U MATEPUSA, YA0BAETBOPAIOLLAA BCE YCIOBUAM BbILE, OblK
HalieHbl Ha 6a3e 6e3BpeMeHHOM CyLLHOCTU. MOXKET M TaKoe NPOCTPAHCTBO-BPEMA ONUCLIBATb
BceneHHyto, KOTOPYO Mbl Habtoaaem? ECav B TaKOM MUPE BO3MOXKHA KU3Hb, MOXKET /N
npuHagneallee 3sToMy MMpPY PasyMHOe CyLLeCTBO AyMaTb, OLLYLLATb PeasbHOCTb OKPYKAHOLLEro 1
cebA? 3T1 BONPOCHI BbIMAAAT OTHOCALMMUCA K GUNOCOPUM, NOCKONbKY 3a4eBAETCA KOHLENUMA BbiTuA.
OpaHako, 6e3 N0N0KNTENbHOrO OTBETA Ha 3TU BOMPOCHI, MOMbITKA MOCTPOUTb NOPONKAEHHOE
NPOCTPAHCTBO-BPEMSA HA 6e3BPEMEHHOM CYLLHOCTM HE UMEET CMbICAA. ITO 03HAYAET, YTO PasHble
BapWaHTbl OTBETOB Ha 3TM BOMPOCHI BeAyT K pa3HbIM pe3ynbTatam B dusmke. CnegoBaTenbHoO, 3TH
BOMPOCbI OTHOCATCA B TOM YMCNe U K du3mKe. MNMocTynat n ocHoBHaa naes MMBM-teopumn ato
MOJIOXKUTE/IbHbIA OTBET HA 3TM BONPOCHI.

BputBa OKKama NOMOraeT B NOJIOKUTENbHOM OTBETE Ha 3TW BONPOChI, NOCKObKY MMBM-Teopua
3HAYMTE/IbHO COKPALLAET KO/IMYECTBO HE3AaBUCUMbIX ABJIEHUA. BMECTO MHOXKeCTBa Pas/INyHbIX
dusnueckmx asneHmn, MMBM-Teopua npeanonaraeT, 4To Bce GpM3MYecKne ABAEHUS, BKIOYAA CaMo
NPOCTPAHCTBO-BPEMSA, MOTYT BbITb BbIBEAEHbI U3 MOLENN C OAHUM NOJEM U NpPeanaraeT cnocobbl nx
HaxoXaeHuA.

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

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

Mouemy byAeT cylLecTBOBaTh HacTosAWwee? MOXKeT NOKa3aThCs, YTO B TaKOW CUCTEME Bpems npoiaeT
MrHOBEHHO. O1HAKO, 3TO MOXKET BbITb TONIBKO C TOYKU 3pPEHUSA BHELLHEro HabaoaaTens. Ho BHeWHWI
HabntogaTenb B MOAENWN STON TEOPUN HE MOKET cyLecTBoBaTb. OH HE MOXKET CyL,ecTBOBaTb U3-3a
OTCYTCTBMSA BPEMEHM Kak dyHAAaMEHTaNbHOTO AB/IEHUA @ TaK»Ke NMOCKO/IbKY NopoXaatoLLan BceneHHyo
CYLLHOCTb BKNtOYaeT B cebs Bce 06bEKTUBHO cyllecTBylolwee. Habntogatenem B 3Toi MOAENN MOXKET
6bITb TO/IbKO 06BEKT, CNOCOOHbBIN K CAMOCO3HAHMUIO, U NPUHAANEKALLNIA K NOPONKAEHHOMY
NPOCTPAHCTBY-BPEMEHU. YenoBeYeCcKas MbIC/Ib — 3TO KaKOe-TO U3MEHEHMWE COCTOAHUSA YacTUL, B
yenoseKe BO BpemeHU. CefoBaTtenbHO, HabaoaaTe b, }KUBYLLMIA B NOPOXKAEHHOM BPEMEHMU, ByaeT
cnocobeH aymatb. CKOPOCTb ero mbicnel byaet onpeaenaTbCA CKOPOCTbIO USMEHEHUA COCTOAHMUSA ero
COCTOSIHWNA OTHOCUTE/IBHO APYTUX NPOLECCOB MPOUCXOAALLMX B EM0 NOPOKAEHHOM NPOCTPAHCTBE-
BpemeHu. B n1060i KOHKPETHOM TOUKE NPOCTPAHCTBA-BPeMEeHM, HabalofaTenb Bcerga byaet UMeTb OAHY
N Ty e MbICb. Ecnu 3Ta TeopmA onuCbIBAET Hally BcesieHHYH, 3TO 3HAUUT YTO KaxKablli YesloBek
ABNAETCA, B KAKOM-TO CMblcNe, beccmepTHbIM. HO 3TO He 03HAYaEeT, YTO KaXK /bl YE/I0BEK CYLLECTBYET B
Kaabli MOMEHT NMOPOXKAEHHOTO BpemeHU. Kaxaplii YenoBeK CyLLecTBYET BEYHO, HO KOrAa Halue
HacTosLLLee Bpems He COBMAZaeT C HaCTOALLMM BPEMEHEM KOTO-TO APYroro — Takue A/ Hac
HeAoCTYNHbI. AHAOTMYHO, B 1t060M TOUKE HACTOALLErO BPEMEHM HAL TEKYLLMIA Pa3ymM HE MOXKET
CBA3aTbCA C camum coboli B NpoLuiom nam byayuwiem. TakKe, KOIMYECTBO MbIC/1El YesloBeKa
OrPaHUYEHO €ro NPOAO/IKUTENBHOCTBIO XU3HU. /06O YeNOBEK MOKET CAeNaTb BCE YTO XOYET, B
pamKax CBOMX BO3MOXKHOCTeN. OZHAKO, *KeNaHue Ye/loBeKa CAeNnaTb YTo-1Mb0o BbI3BAaHO COCTOAHMEM



YyeNI0BEYECKOro Tesla B KaKOM-TO MOMEHT BpemeHMu. N103ToMy, HUKTO HEe MOXKeT NoXKenaTb yero-1mbo
KpoOMme TOro 4To 3a4aHO €ro COCToAHMUEM. OTO O3Ha4yaeT, YTo B ,CI,ETepMMHMCTM‘-IeCKOﬁ mogenu MNMNBM-
TEOPUU OTCYTCTBYET NOA/INHHAA CBO60,£I,a BOJIN.

B coBpemeHHO1 $p13UKK, cBOOOAA BOINM 0OOCHOBbLIBAETCA NPUHLMMNOM HEONpPeAeIeHHOCTH
lenseHbepra. B aToM cTaTbe A NOKaXKy YTO NPUHUUN HEONPEAENEHHOCTM He NPOTUBOPEUNT
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
cywecmayroujee, 803MOXHO HaAlimu MpocmpaHcmMaeo-e8pemsa U Mamepuro KaK rnopoxoeHHble A8eHUSs, U
ecsu makoe NpocmMpaHcmMeo-epemMs Mamepus COOePHUM PasyMHYI0 ¥(U3Hb, MO maKoe
MpoOCMpPaHCcmMeo-8pemMsa-Mmamepus cyujecmayem, 3mo nopoxoeHHoe MNpPocmpaHcmeo-8pemMa-Mmamepus.
B makom rnopox0eHHOM pocmpaHcmae-epeMmeHU-mamepuu pasyMmHoe Cyuecmeo moxcem oymams,
Yyy8cmeosams Ymo OHO PeasbHO cywecmayem, Haxodumcs 8 bbimue.

CneactsuA 3TOro NocTynaTa: ANA cay4das, Koraa 3akoHbl GU3UKK NOPOXKAEHHOIO NPOCTPAHCTBA-
BPEMEHM-MaTEPUN NO3BOAIOT CYLLECTBOBATb Pa3yMHOM KU3HM, pasyMHOE CYLL,ECTBO U3 3TOro
NpPOCTPaHCTBa-BpeMeHM ByaeT owywaTs cebsa B NPOCTPaHCTBE M YyBCTBOBaATb Bpems. OHo byaet
OLLYLLATb MOPOKAEHHbIE 3aKOHbI GU3NKKN. 3aKOHbI GU3UKK DYHOAAMEHTANbHON 6e3BpeMEeHHON CUCTEMbI
6yAayT rnyboKo CKPbITbI OT €ro OLLYLLEHWIA.

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

MOHO 3aMeTUTb, YTO NOCTyNaT STOM TEOPUN MOXKET BbITb AOKA3aH NPU NOMOLLM MHAYKLMU, ECNN
npeanonoxutb uto MNMNBM-Teopuna no3sonaeT NOCTPOUTb MOAENb C 3aKOHAMM GU3NKU MONHOCTbIO
NMOEHTUYHBIMW TeM, YTO HabntogatoTca. Ecam byaeT AOKa3aHO YTO 3TO HEBO3MOXKHO, 3TO 03HAYaET YTO
MNMNBM-Teopua HeBepHa. Tem cambiM 3TO O3HAYaET YTO NOCTYNAT TEOPUK, B NPUHLMME, MOXKHO
BepnudnumnpoBaTh.

Ecnn, B KaKON-TO MOMEHT NOPOXAEHHOIO BpeMeHM, YeN0BeK cnocobeH AymaThb M OLLYLLAaTh peanbHOCTb
OKpY»KatoLwero, To TOrga oH byaeT cnocobeH AymaTb M OLWYLLATb PeasibHOCTb OKPYKAtoLLEro 1 B 106011
nocneaylowmin MOMEHT BpeMeHU, NOKa OH CyLLecTByerT.

JoKasaTenbcTBO:

MMNBM-Teopwua, NnpennonoK1TENbHO, ONUCHIBAET MUP C 3aKOHAMU GU3UKKN U ABNEHUAMUN UAEHTUYHBIMMI
TeM, 4To Mbl Habnogaem. Ecnm yenosek cnocobeH AymaThb M OLLyLLATh PeasibHOCTb OKPYHKAIOLLErO B
KaKOM-TO MOMEHT BpeMeHU u byaeT He cnocobeH AymaTb 1 OLLYLLATb PeaNbHOCTb OKPYXKatoLero B
ntoboi nocneayoWNn MOMEHT BpEMEHM, TO 3TO O3HAYAET YTO 3aKOHbI PU3MKM HALLEro MUPa TaKKe He
MO3BO/IAIOT YE/IOBEKY AyMaTb M OLLYLLATb PeasibHOCTb OKPYXKAlOLLero B Nocaeayoume MOMEHTbI
BpeMeHU. ITO HaNpPAMYLO NMPOTUBOPEYUT HabAoAeHUAM, NtoAN CNOCOBHbI AYMaTb M OLLyLWaTb
peanbHOCTb OKPYKaloLLEro.

Takum 06pasom, 3To yTBEPKAEHME A0KA3aHO, Npu ycioBuu, uto NMMNBM-Teopursa No3BoaseT NOCTPOUTb
3aKOHbl PU3MKM NONHOCTBIO AEHTUYHbIE TEM, YTO HabAKOAAtOTCA.

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



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

Noctynat NMBM-Teopuun asnaeTca BO MHOrom ¢puaocopCKnm, Xota n umeeT pusmyeckme nocneactsms.
Mo3aTomMy ero A,0Ka3aTesIbCTBO MOXKET ObITb ONPOBEPrHYTO MNPU UCMOAL30BAHUN APYrOM CUCTEMDI
dunnocodckmx B3rnagos. Moatomy A MCNob3yto NOCTyNaT, a He Teopemy. OaHako, noctynat MNMNBM-
TEOPUM MOKeET BbITb MPOBEPEH NPU MOMOLLM NPOBEPKK NpeacKasaHuin MNMNBM-teopuu. MoaTtomy, ecau
AanoHenwee passuTme MMNBM-Teopmn NO3BOAUT cAeNaTb IKCNEPUMEHTANBHO NPOBEpPAEMbIE
npescKasaHus, 1 ecin pesynbTaTbl SKCNEPUMEHTOB byayT cooTBeTcTBOBaTL MNMBM-Teopuum, 310
NoCTaBUT NoA BOMPOC BCe cucTembl PUNOCOPCKMX B3rAA0B YTO HE COBMECTUMbI ¢ dunocodueit MMNBM-
Teopuu.

O6bI4HO cTaTbe Mo TeopeTnyeckon pusmnke He cogepkaT dunocoduio. OaHaKo, us-3a Toro yto MMNBM-
TeopusA 3a4eBaeT KtoYeBble MOMeHTbI drunocodum, Takme Kak boiTne, cosHaHue 1 T.0., punocodckan
COCTaBAAIOLLLAA ABAAETCA Hepa3pbiBHOM YacTbio MMBM-Teopumn. Ha atom dmnnocodums 3akaHUMBaeTcs,
XOTSA YyTb MO3XKe K HEN BHOBb NPUAETCA BEPHYTbLCA.

Tenepb BBEAY HOBOE ONpeae/eHne, aTeMnopasbHbIi NPOLECC:

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

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

Al Ha3oBY QyHOAMEHTaNbHYIO be3BpeMeHHyto cuctemy MeTaBceleHHOM:

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

B aTOoM onpeaeneHnu, a MCNonb3yio ¢pasy “06beKTUBHO cyLLecTBytowan”. 3Ta ppasa 03HaAYaEeT YTo YTo-
TO CYLLLECTBYET, U MOXKET CYLLLECTBOBaTb M ¢ HaboaaTenem v 6e3 Habaogatens, He3aBUCUMO OT
Habntogatensa. OgHaKo, 06bIYHO 3TOT TEPMMH HEABHO NOAPa3yMeBaeT BO3MOMKHOCTb CyLLLECTBOBAHUSA
Habaogatensa. Ho HabaloaaTenb, KOTopblii mor 6bl HabAoAaTb MeTaBCceNleHHY0, HE MOXKET
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 CYLWECTBYET BO BpemeHU. B MeTaBceNeHHOW HET BpeMeHU, TaK YTO 3TO 03HAYaeT uTo
MeTaBceneHHas CyLecTByeT He B TUMUYHOM 3HAYEHMM C/I0Ba CyLecTBOoBaHME. TaKk YTo “06bEKTUBHO
cyuwiecTBytowan” He sapnsetca ¢pas3oi TOYHO onucbiBaloLe MeTaBceneHHyo, HO banKanwasn
MMeIoLWancs No cmblicay. 3Ta ppasa 34ecb 03HayaeT YTo MeTaBceneHHan cylecTsyeT 6e3 Kakon-anmbo
BO3MOXKHOCTM 411 NPAMOro HabnaeHMa Kaknm-nmbo Habatogatenem n YTo cioBo “cywecTsoBaHune”
ana MeTaBcesieHHOW He Nogpa3yMeBaeT KakMx-1Mbo NpoLeccoB BO BPEMEHM WM CYLLLECTBOBAHUA
BPEMEHM.

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



OTHOCUTE/NIbHOCTU, BO3HUKAET Npn noay4yeHnm NnopoXAeHHOro NnpoCcTpaHCTBa U3 eBK1INA0Ba

npoctpaHcTBa MeTaBceieHHOM.

B MeTaBceneHHo’ s 0XKNAato CyLLeCTBOBaHWE CKaNsipPHOro 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 NoBCoAy B
MeTaBceneHHOoM. Al TakKe 0XKMAato, YTO 3HaYEeHMe 3TOro NoJA B KaXKA0N 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 Nons B 061acTAX He NPUHAANEKALWMX K NPOCTPAHCTBY-BPEMEHU, ECAU TaKMe obnactm
CYLLECTBYIOT. 3HAYEHMNE NOASA B KaXKA0M TOUKe onpeaensieTca 3HaYeHMAMM NOAA B COCeAHMX TOUKAX
NMOCKOJIbKY B be3BpemeHHOoN MeTaBceneHHOM He MOTYT CyLLECTBOBATb NEPEHOCUYNKM B3aUMOAENCTBUIA.
Y10 TaKoe anemeHTapHas YacT1La U ee COCTOAHMA, NOKAa3aHOo Aasiee B CTATbE.

Movyemy A Npeanonaralo CyLLecTBOBaHNME UMEHHO CKaNAPHOro NOAA, a He CKaykem BeKTOPHOro namu
KaKoro-To eue? Al NbiTalocb NOCTPOUTb MUHUMANNCTUYECKYIO MOAeIb KOTopas bbl Bblna cnocobHa
onucatb Hawy BceneHHyto. Co CKanapHbIM Mosiem 3TO, MOX0XKe, nosyyaetcs. Tem cambim
ncnosib3oBaHue 60ee C/I0XKHbIX No/ei HapyLlwaeT MUHUMaAUCTMYECKUIA MOAX0A 3TOW TEopUM.

MeTaBce/leHHan MMEET KaKoe-TO KOJIMYECTBO MPOCTPAHCTBEHHbIX U3MEPEHUIA, BPpEMA OTCYTCTBYET.
KosmuectBo M3mepeHuin MeTaBceneHHON HEM3BECTHO, HO Aanee B cTaTbe 6yAeT NOKa3aHo YTo
CYLLLECTBYIOT apryMeHTbl B M0/1b3Yy TOrO YTO 3TO KOANYECTBO Bosiee YeTbipex. MeTaBceseHHas AOMXKHa
MMETb KaK MUHUMYM 4 n3mepeHunn Ytobbl 6biTb CNOCOBHOM BKtOYaTh Hawy BceneHHyto. OaHo
n3mepeHue 415 BPEMEHM, TPU ANA NPOCTPaHCTBa. Bce 3Tn 4 nsmepeHusn B MetascesieHHON ABAAIOTCA
NPOCTPAHCTBEHHbIMM U3MEPEHMAMM, B MeTaBCceNeHHOM HET BPEMEHMU.,

A nobasnto onpeaeneHne NOMHON BCENEHHON:

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

TakKe [06aBAI0 YTO TAKOE BCEJIEHHAs C TOYKM 3peHus npesjaraemon Teopum:
BceneHHas —3mo nosHasa eceneHHas 8 0aHHbIU MOMeHM MopoXOeHHO20 8pemMeHU.

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

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



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

Ilouck npocTpaHCTBa-BpeMeHHU U MaTepUuu

OA4MH 13 NepBbiX BONPOCOB, KOTOPbIN BO3HUKAET B 6e3BpemeHHo moaenu MNMNBM-Teopuu: Kak, B
KaKOM-TO TOUKE NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN NEPENTN U3 OAHOMN CUCTEMbI OTCYETA B APYIYHO,
OBUKYLLYIOCA OTHOCMTE/IbHO MEePBOM cUCTEMbI OTcHeTa? s Toro Ytobbl Ha HEro OTBETUTD, HYXKHa
MOJeNb coaepKallan NpoCcTPaHCTBO U Bpems.

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

e OaHO M3MepeHue NpeacTaBAAeT NopoXKaAeHHOe Bpema
e n-1mM3mepeHuin GopMMPYIOT MOPOKAEHHOE NPOCTPAHCTBO, C N-1 M3MepeHnamMMu.

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

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

B ypaBHeHUAX GM3NKKN, BPEMA — 3TO NapameTp 3BOOUMKN cucTeMbl. CneaoBaTelbHO, HYXKHO HalTK YTo
MOXeT 6bITb NAaPaMeTPOM 3BOIOLLMM NOPOKAEHHOTO NPOCTPAHCTBA-MaTeEPUN, 3TO U ByaeT
NOpOXAEHHOe Bpems.

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

1. MpoBoAMM NPOM3BOJIbHYIO HE CamonepeceKaoLwyocs 3-Xx MepHyto (415 NoucKa 3-X MepPHOro
NPOCTPaAHCTBA) 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, 06BbEKTbI 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
rMnNepnoBepxXHOCTM, 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 NoNHOro onucaHus.



4. Tenepb MULLEM MOXHO /1M NPeACKa3aTb BEPOATHOCTb COCTOAHMUA XOTb KaKUX-HMBYAb 06EKTOB Ha
BTOPOM rMNepnoBepXHOCTN Ha OCHOBE MX COCTOAHMA Ha NepBoit. MoNYyYNNOCh HAUTK XOTb KaKkue-
HMBYAb BO3MOXKHOCTM? ECn HeT, TO nepexogum K nepBomy wary. MHaye - oTAnMYHO, 3Tn 3-X
MepHble rMnepnoBepPXHOCTU MOXKHO PacCMaTPUBaTb KaK NOTEHLUMANbHbIE KaHAMAATbI Ha
NOPOXKAEHHOE NPOCTPAHCTBO, @ PACCTOAHMA MEXAY DAVKANLWINMMM TOUKAMUN TMNEPNOBEPXHOCTU
KaK BEKTOPa, BO3MOXHO, NPeCTaBAAIoLLIME NOPOKAEHHOE BPEMA [He COBCEM TaK, CKOPO 3TO
YCNOXHUTCA]. Bpems, Kak Bbl10 onncaHo Bbile NPo pUsnyeckme npoLecchl, 3To TO YT
ynopaaoyMBaeT npoLecchl M N03BOAAET ONMUCaThb Nocaeaytollee COCTOAHNE Ha OCHOBe
npeablAyLLeEro COCTOAHUA, NapaMeTp 3BONIOLMN YPaBHEHWN. TO KaK ONMCAHO NOTEHUMANbHOE
NopoXKAEHHOE BpeMA 34ecb, 0becrneymBaeT MMEHHO Takne GyHKLNUN.

5. [1Be runepnoBepXxHOCTU BCE Ke ManoBaTo byaeT, A1A TOro YTo6bl FOBOPUTL MPO NMOPOKAEHHOE
NPOCTPaAHCTBO-BpemA. [34eCb A ONUCbIBAO TOJIbKO HEMPEPbIBHOE NOPOKAEHHOE NPOCTPAHCTBO-
Bpema. [JUCKPETHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA ABNSAETCA HONEe COKHBIM C/IyHaeMm,
onucaHo ganee B cTaTbe] MPOCTPaHCTBO-BPEMSA A0KHO ObITb HEMPEPbIBHBIM, COOTBETCTBEHHO
[OOJIKHO CYLL,ECTBOBATb MHOXECTBO FMMNEProBEPXHOCTEN MeKAY NepBbiMu AByMA. JTlobas TouKa
MeXKAY 3TUMM NEPBLIMU TMMNEPNOBEPXHOCTAMM AOKHA NPUHALIEKATb KAKOM-TO eLe
rMnepnoBepxHOCTU. Ha Kaxaol M3 3TUX BHYTPEHHMX TMNeprnoBepxXHOCTEN AONKHA
CYLLLEeCTBOBAaTb BO3MOXHOCTb NpeAcKa3aTb COCTOAHME TEX e CaMblX OB6BEKTOB, NYCTb U C KAKOWM-
TO BEPOATHOCTbLIO, YTO M Ha BTOPOW, NO TeM e cambim popmynam. TpeboBaHWE BO3MOKHOCTH
npeacKasatb Mo TeM e cambiM popmMynam BefeT K O4MHAKOBbIM NOPOXKAEHHBIM GU3NYECKUM
3aKOHaM Ha BCex rmnepnoBepxHOCTU, BO BCE MOMEHTbI NOPOXKAEHHOro BpemeHun. [lanee, nocne
BTOPOW rMNeprnoBepxXHOCTH, HYXKHO CTPOUTb JasibHENLLME A0 TeX MOP NOKa 3TO NoJyyYaeTcs, C
TEMM e CaMbIMM NMOPOXKAEHHbIMU 3aKOHaMK GU3MKKU. Ecamn 3TO noayyaeTca — 3To Bee ele
KaHAMAAT Ha TO YTO HAWAEHO NOPOXKAEHHOE NPOCTPAHCTBO-BpeMA. Bo3Bpallanacb Ko BpemMeHu.
Bpems B 3TOM C/ly4ae NpeacTaB/eHO KPUBOM, BEKTOP KOTOPOW B KaXKAOW ToUKe nbo
nepneHanKyNAPeH rMnepnoBepxHoOCcTn, NMbo umeeT HanboNbLWIKNIA 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 pa3Hoi. B aTom ciyyae, KpMBU3HA NOPOXKAEHHOTO
NPOCTPaHCTBa-BpeMeHu byaeT onpeaenaTbCa He TO/IbKO KPUBU3HOM rMNepnoBepPXHOCTH, HO U
3ameaneHnem/yCKopeHMem BPEMEHM U, C YYETOM ONMCAHHOTO YyTb Bbllle, BKAaA0M OT
NM3MeHEHMA OTHOLWIEHMA AJ/INHbI B MOPOXKAEHHOM NPOCTPAHCTBE K AJIHe B MeTaBceIeHHOM.

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

HeB03MOXHO NpeACcTaBUTb CKOPOCTb YBEIMYMBAA UAM YMEHbLLIAA CKOPOCTb ABUMKEHUA BAOAb NTMHUN
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,0/1b IMHUW BpemeHU. TeEM CaMbiM NOJTYYAETCA YTO 3TO OAMH U TOT Ke 0OBEKT.

“OBuKeHne BAONb IMHUU BpeMeHN” 3[1eCb He 03HaAYaeT UTO CYLLLECTBYIOT KaKne-To 06bEKTbI KOTopble
nepemeLaroTca B npocTpaHcTee MeTtasceneHHon. B MMBM-Teopun B MeTaBceNeHHOW HET BPEMEHM,
noatomy B MeTaBce/sieHHOW HET HUKAKOro ABUMKEHUA U 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/ib3yto c/I0BO “06bEKT”, NO3Ke HauHy UCMO/1b30BaTb BMECTO 3TOr0 C/I0Ba “anemeHTapHas



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

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

CocTtosaHue ntoboro n3BecTHOro Ham o6 beKTa 3aBUCUT OT €r0 COCTOAHMA B MPOLLJIOM U COCTOSHUA
06BEKTOB U NONEN B HEKOTOPOM OKPECTHOCTU 3TOro 06beKTa B npowiom. CyLLecTBYOT NPUYMHHO-
cneacTBeHHble cBA3M. [ TOro YTobbl MONYYNTb TaKME CBOMCTBA U3 besBpemeHHON MeTaBceneHHoM,
HeobxoaMmo Hanmune GyHKUMM conocTassieHns. PyHKLUA conocTaBaeHMn 34ecb 0603HaYaeT YTo AN
No60Oro cocToAHMA 31eMEHTAPHbIX YacTUL, B KAKOM-TO 061aCTU NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM,
cyliecTByeT Habop coCToAHMI 061aCTU NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHN B KaXKabl
nocaeAyroLWmnint MOMEHTbI BpEMEHW M 3TO MHOXKECTBO BK/IOYAET B cebA BCe BO3MOMKHblE COCTOAHUA ANA
HaYa/IbHOro COCTOAHMA, C UX BEPOATHOCTAMM. BHavane a byay paccmatpuBaTb GpYHKLUKM CONOCTaBAEHMUA
C OAHUM 3HAYEHUEM, MO3XKe PACCMOTPIO GYHKLMWN CONMOCTABIEHNA CO MHOTMMW 3HAaYEHUAMM.

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 ob6beKkTa 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 NpeACTaBNO BPpEMEHHOE onpeaesieHume
3NeMeHTapHOM YacTuupl (B AanbHelwem oHO ByAeT YyTOYHEHO):

SnemMeHMapHAs Yyacmuya — 3mo MaKkaa Yacme Pa3sAoXeHUsA CKAAApPHo20 noaa MemasceneHHol Ha
MopoxOeHHOM NpPocmpaHcmee, Komopas cmabusnbHa rno KpatliHeli Mepe KaKoe-mo nopoxoeHHoe
spems, uMmeem uHsapuaHm 018 Nosopomos, e3aumodelicmayem 8 MOPOXOEeHHOM MpPocmpaHcmee-
spemMeHU ¢ Opy2umu 371eMeHMAapHbIMU Yacmuuamu KaK 00OHO yesoe.

ITO 03HAYaeT YTO YacTb KAKOr0-TO Pa3/I0XKeHUA CKaNAPHOro NoA Ha NOPOXKAEHHOM NPOCTPAHCTBE, B
OKPECTHOCTAX KAKOM-TO TOYKM, C KAKUMMU-TO MOAUPUKALMAMM, HE MEHAIOLLMMMN CBOMCTBA YacTuh
pa3NoXKeHUA U coxpaHAoLMe MHBapUaHT 414 NOBOPOTOB, A0/1XKHa CYLLECTBOBaTb BAOb IMHUN
BpEMEHU B TeYEHMM KaKOWN-TO ANUHbI IMHUKN BpemeHWN. DYHKLMA CONOCTaBNEHNA A0MKHA BbiTh
cnocobHol npeackasaTb byayliee COCTOAHME YacTMLbl Ha OCHOBE €€ COCTOAHUA U COCTOAHUA APYTUX
OKPYXaloLWMX YacTuL, HaXoAALMXCA HAa KAKOM-TO PacCTOAHUU, B HacToAlLeM. dNemeHTapHan Yactmua
OO/IKHA B3aMMO/eNCTBOBaTb C APYTMMM YacTULAMM KaK Lenoe, NOCKOJIbKY ec/iv TONbKO YacTb
3N1eMeHTapHOM YacTULbl B3aMMOAENCTBYET a Apyrue 4acTu He B3aMMOLENCTBYIOT, 3TO O3HAYaEeT YTO 3TH
YyacTu ABAAIOTCA OTAENbHbIMU 31eMEHTapPHbIMUK YacTULamu. MNo3sKe B 3TOM cTaTbe onpeaeneHme
3N1eMeHTapHOM YacTuLbl ByaeT pacluMpeHo U U3MEHEHO.

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

ANA CKanApPHOro noaa ¢ ynoMAHYTbIMU cBOMCTBaMM ﬁ

npegnaraeTca B pasgene rge pacCMmatpmBaeTca cneunasibHaa Teopnua OTHOCUTENIbHOCTMU.

Moaxoa K GOpPMMPOBAHUIO MOPOXKAEHHOrO MPOCTPAHCTBA-BPEMEHN-MATEPUM, ONUCAHHBIN BbilUE,
HaK/a4blBaeT HEMAIO0 OTPAaHUYEHMUI Ha CBOMCTBA CKaNAPHOro nosia MeTtascesieHHOW. MmeeTcs
BO3MOKHOCTb CYLLLECTBEHHO YMEHbLIWNTL OrpaHNYeHUA Ha CKanapHoe none MeTtascesieHHoW. BmecTo
TOro YTo6bI TPE6OBaATL OT CKaNAPHOIO NoAA MeTaBceNleHHOW BO3MOMXKHOCTU NOCTPOUTb HEMpPepPbIBHO
onpeaeneHHyo GyHKLUIO CONOCTaBAEHNS, BO3MOXKHO NOTpeboBaTb YTOObI GYHKLMA CONOCTaBAEHUS
6blna ANCKPETHOW, onpeaeneHa ToNbKO B HEKOTOPbIX TOUYKaX. B 3Tom cayyae nopoxaeHHoe
NPOCTPAHCTBO-BPEMSA TaKKe CTAHOBATCA AMCKPETHbIMU. MOCKObKY NPOCTPAaHCTBO-BPEMA OA4HOW
CUCTeMbl OTCYETA HAXOAWTCA MO YI/IOM MO OTHOLLEHMIO K CUCTEME OTCYETA ABWIKYLLENCA C KaKON-TO
CKOPOCTbIO MO OTHOLWEHMNIO K MepBOM CUCTEME, 3TO 03HAYaEeT YTO ANUCKPETHOCTb NPUBOAMUT K HANNYUIO
MWHMMabHOrO yrna nosopoTta. COOTBETCTBEHHO, MPOCTPAHCTBO CKOPOCTEN TaKKe CTaHOBUTCA
ANCKPETHbIM.

OnucaHHbIM BbllLe NOAXOL UCMOb3YyeT GYHKLMIO CONOCTaBAEHUSA C OGHO3HAYHOW QYHKLUMEN
conocTtasneHua. OgHaKo, Takaa GyHKUMA HaKNaablBaeT HEMAsIo OrpaHMYEHNI Ha CKanapHoe none
MeTaBceneHHOW. KOHEeYHO 3TO NPUBOAMT K 06/1er4eHm1Io MOMCKa YPaBHEHMUA CKaNAPHOro Nons
MeTaBce/leHHOM HO MHE XO4YETCA PAaCCMOTPETb BCE BO3MOMKHOCTU. PYHKLMA CONOCTABEHUA MOXKET



6bITb BEPOATHOCTHOM, 3TO O3HAYAET MHOTO3HAYHYO PYHKLMIO CONOCTaBAEHMA. ITO O3HAYaeT YTo ANA
OZMHAKOBbIX 3HAYEHMUI CKANAPHOrO NOA Ha NOPOXKAEHHOM NPOCTPAHCTBE CONOCTAB/EHMNE MOXKET ObITb
Ha MHOXECTBO PA3/IMYHbIX 3HAYEHWUI, B COOTBETCTBME C BEPOATHOCTHOM QYHKLMEN CONOCTaBAEHMS.
Ucnonb3oBaHMe BEPOATHOCTHOM QYHKLMM COMOCTaBAEHUA NO3BOAAET Aasiee 0CNabutb TpeboBaHUA K
bYHKUMKM cKanAapHoro nona MeTtaBceneHHOM. BepoaTHOCTHaA GyHKLMA CONOCTaBNEHUA He O3HAYaeT YTo
pe3ynbTaT CONnOCTaBAEHMA HEBO3MOXKHO TOYHO NpeacKa3aTth. Pesyabrat moxeT 6biTb TOYHO NpeacKasaH
NPW 3HAHUM GYHKLMM CKANAPHOIO MOAA U 3HAHMA FPAHUYHBIX YCAOBUIA. [TPU 3TOM rpaHUYHble YCI0BUA
MOTyT ObITb HE AOCTYMHbIMM B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHN-MATEPUM, HYACTb MOMKET He
OTHOCMUTCA K NMOPOXKAEHHOMY NPOCTPAHCTBY, YaCTb MOXKET HE OTPaKaTbCA B COCTOAHMAX YaCTULL,.

[Jo6aBnto HECKONIbKO onpeaeneHunii:

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

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

Mpu onnucaHHOM Bbille Noaxoae, TpeboBaHMA K CKanapHomy nosato MeTaBceneHHoM ocnabnstorcs.
OpHako, nmeetca npobaema c Ha4aOM MUPOBLIX IMHWIA. ECn MMpoBaa NMHUSA BeCKOHeYHa U He
3aMKHyTa, MeTaBcesieHHas TaKKe A0MKHa 6biTb 6eckoHeyHoW. Mpn 6eCKOHEYHON MUPOBOMN NNHUM,
Bpems B Hawen BceneHHoM TakKe A0/IKHO 6biTb 6eckoHeuHbiM. O4HaKO, 3TO NPOTUBOPEYUT
KOCMOJIOTMYECKMM [aHHbIM 06 NCTOpUMM Halweln BceneHHoM, 0 TOM YTo BpemMa BO BceneHHoM nmeet
Havano. Takum 06pa3om, HYKHO HaNTK crnocob A8 BOSHUKHOBEHMA 1 3aBEPLLUEHUS MUPOBbLIX JIMHUNA.

MwupoBas IMHUA OCHOBaHA Ha CMOCOBHOCTU QYHKLUMM CONOCTaBNEHUA BbITb OANMHAKOBOM HA BCEM
NoOpOXKAEHHOM NPOCTPaHCTBe-BpeMeHn. O4HaKO BO3MOXKHA CUTYaLLMsA KOraa, C onpeaeneHHoro
MOMeHTa GYHKLMA CONOCTAaBAEHUA HE MOXeT paboTaTb. Mpu 3TOM, BNOJIHE BO3MOXHO, YTO CKanApHOe
none MeTaBceNeHHOW He UMeET HUKaKNX ocobeHHOCTel. EC/iM B KaKoN-To ToUuKe MeTaBceneHHoM
¢yHKLI,VIFI CONoCTaB/NeHNA HE MOXXET KOPPEKTHO NPUMEHATbLCA, B 3TOM TOYKe MUpoBaAa 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 IMHUIM 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 MMPOBOIM IMHUN MOXKET ObITb TaK YTO NOJIHbINM AMANA30H NOBOPOTOB
HefocCTyneH. B 3Tol TOUKe HEBO3MOKHO CKa3aTb YTO BPEMA M MPOCTPAHCTBO CYLLLECTBYIOT. 3TO
nepexoAHoOe NPoCTpaHcTBo, ha3a GOpPMUPOBAHMA NPOCTPAHCTBA-BPEMEHU U MaTepun. Ecim 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 NPEepbIBAETCA A0 AOCTUNKEHUSA NOPOXKAEHHOW BCENIEHHOM, 3TO 03HAYaeT YTo popMUpoBaHMe
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 MHWUA 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
NOpPOXKAEHHOIO 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 MB0 ee BO3AENCTBME CYLLECTBEHHO /IMLb HA KOCMONOTMYECKMX MmaclTabax. /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
MopPoXHOeHHOM NpocmpaHcmeae, Komopas cmabusbHa o KpaliHeli Mepe Kakoe-mo rnopoxcdeHHoe
spems, umeem npubausumensHsili UHBAPUAHM 0715 MOBOPOMO8, 83aumMmodelicmayem 8 MopPoHOeHHOM
npocmpaHcmee-epeMeHU ¢ Opy2umu 3AeMeHmMapHbIMU YaCMUUaMu KaK 0OHO Uesloe.

JONONHUTENBHO K TOMY YTO YKe 6bl210 onncaHo, A 4ob6asun “npnbamnsntensHbiii”. 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 OAHOWN 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 MAaKCMMaIbHbIM Yroa Ha
KOTOPbIN BO3MOKHO NMOBEPHYTb NMPOCTPAHCTBO-BpeMs. MHaue M3MeHWB CKOPOCTb MOXKHO 6bis10 6bl
MOBEPHYTbLCA B NPOLLJIOE.

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

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

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

o v hs wWwN PR

[VCKpeTHoe NPOCTPaHCTBO, AUCKPETHOE BPEMS, HEMPEPbIBHOE MPOCTPAHCTBO CKOPOCTEN



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

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

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

B3aumogeiicTBHEe NPOLLJIOro, HACTOAIErO0 U OyAyIero

CornacHo MNMBM-Teopuu, Mbi }knBem B 6e3BpemeHHolN MeTaBceneHHOW. Bpema B Hawei BceneHHoM
ABNAETCA NOPOXKAEHHbIM ABNeHMeM. CKanapHoe none MeTaBcesieHHON He MEHAETCA Mo NPUYnHe
OTCYTCTBMA BpemeHU. B MeTaBceieHHOM HeT BblAE/IEHHOTO Hanpas/eHUs, YPaBHEHWUA NOAA He 3aBUCAT
OT HanpaB/ieHMA.

IT0 03HayaeT yTo Ntoban ToUKa NPUHAANENKALLAA NPOLUAOMY UAU HACTOALLLEMY B3aMMOAENCTBYET C
6yaylwmm. Tak:Ke, 3TO 03Ha4aeT YTo byayliee B3aMMOAENCTBYET C NPOLW/bIM M HacToALMM. MOCKO/IbKY
MerTaBceneHHas 6e3spemeHHasn, 3TO TaKkKe 03HaYyaeT YTo NPOLLIOE HEBO3MOMHO U3MeHUTb. MalumHa
BpEeMEeHMU, C TOUKM 3peHmMa HabntogaTena KoTopblid NPUHAANEKMUT K NOPOMKAEHHOMY NPOCTPAHCTBY-
BpEMEHM, HeBO3MOXKHA. O4HAKO 3TO He 3anpeLlaeT NoJIHOCTbIO MalUHY BpemeHu. Ecan nmeetca
NPOLLeCC KOTOPbIN MO3BOAAET KAKMM-TO MUPOBbLIM IMHUAM UATU B CBOE NPOLLAOE, Hanpumep bbiTb
3aMKHYTbIMK, TO C TOUYKU 3peHUns HabaaaTeNss KOTOPbIN He MPUHAANENKUT K TAKUM TNHUAM — HUYErO He
MOXeT MATU B npoLusoe. bonee getanbHo 370 byaeT NpoaHaAN3UPOBAHO B YacTu rae byaet
paccMaTpuBaTbCA CreuunanbHas TEOPUSA OTHOCUMTE/IbHOCTMH.

JTtobble cocToAHUSA 06BEKTOB B HaCToALWEM yXKe OKa3zann BO3[],6171CTBVIe Ha npouwsoe, HEBO3MOXHO
caenatb COCTOAHUA 06bEKTOB HECOBMECTUMbIMU C npownbim. Jtobas nonbITKa NOMEHATb npowsioe He
npmneeaeT HU K KaKUM U3MEeHEHUAM NPOLWIoro. I'IpquHa 3aK/Il04aeTCA B TOM YTO 3TU NONbITKU yXKe
Y4YTeHbl B NpOWOM, AaXe A0 TOro Kak Mbl pelnam nx caenatb.

IloTeps uHpOpMaL MU O MPOLILIOM
MpoLnoe — 3To BCE Te COBbITUS YTO Y3Ke NPOU3OLLN.

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

3TO BO3MOMKHO, ECAN HEMpeACcKasyemMasn 4acTb QYHKLMM CONOCTaBAEHUA OT/IMYHA OT HyAsA. B aTom
cNyyae, C pacctoaHuem, byaeT HakanAMBaTbCA BKAAL OT HenpeacKkasyemoi cocTasaatoLent. MpuunHHo-
CNeACTBEHHbIE CBA3M B 3TOM C/lydae ByayT MeHATbCA CO BpeMeHeMm. B 3ToM ciyyae, BO3MOMKHO YTO B
O4HOW M TOM XKe cMCTEME OTCYETa, B TOYKAX PasAe/IeHHbIX MOPOXKAEHHbIM BpemeHeMm, cobbITMA B 0bLiem
NPOLLIOM MOTYT BbIFIAAETb MO PAa3HOMY.

3TO MOKeT 6bITb MHTEPNPETUPOBAHO KaK NoTepa MHPOPMaLMM O MPOLLIOM.

Al Nnpegnonarato YTo HemnpeacKasyemas YacTb MOMKET ObITb CYLLECTBEHHO HEHY/IEBOM TOJIbKO TaM rae
bOopPMUPYIOTCA 1 3aBEPLLIAIOTCA KaKne-1mbo M1poBble IMHUK. Takoe noBeseHne MUPOBBIX TNHUIA
MOXHO npeAanoaratb 86,131 rpaBUTaLMOHHBIX CUHTYAAPHOCTEN, BOSMOXKHO rae-To ewe. Moatomy
noteps MHGOPMaLLMM O NPOLLIOM MOXKET HbITb HEAOCTYNHOW 1A HabNOAEHNA B HOPMAbHbIX
yC/0BUAX.



Heobxoammo pewnTb ypasHeHua MMNBM-Teopun ana Toro 4ytobbl CymeTb ONUcaTb TakMe NpoLecchl, 1
Y3HaTb CYLLECTBYIOT /1 OHW.

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

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

3710 onpeaeneHne AOBOJILHO PACNAbIBYATO. HET TOYHOro onpeaeneHma YTo Takoe NPUYNHHO-
CNneacTBeHHAA CBA3b U KaK 3T CBA3M cymTaTb. [103TOMY 3TO onpeaeneHne HyXAaeTca B y/y4lleHnu B
npouecce ganbHenwero passutua MMBM-Teopun.

Hanuuwy ypaBHeHWe a8 BpeMeHu noaypacnaga npuYnHHoOCTU:

NV, t)

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

30ech T 4y — NEPUOA NONYPACNafa NPUHNHHOCTY B MOMEHT BpemeHU t, N — Kon4ecTBo NPUUNHHO-
CNeACTBEHHbIX CBA3EM B MOMEHT BpemeHH t B KakoW-To obnactn V, dN (V, t)/dt nokasbiBaeT Kak
6bICTPO TepaoTCcA NPUYUHHO-CEACTBEHHbIE CBA3U B MOMEHT BpeMeHU t. B 3TOM ypaBHEHMM HYKHO KaK-
TO YYecTb C/y4au Koraa NpUYMHHO-CNeACTBEHHbIe CBA3WN NepexoanT U3 Bblae/ieHHOro obbema
NMOPOKAEHHOTO MPOCTPAHCTBA B coceagHne 06beMbl, M NPUXOA CBA3EM CHapYXU. [lymato 3Tn npobaembl
MOTYT ObITb pPeLleHbl B NpoLecce AasbHENLEro passuTus.

CywecTByeT M noTeps MHGOPMaLMM O NPOLLIOM B HOPMa/bHbIX YCA0BUAX 3eMAn? VHbIMM CNoBaMM,
HaCKO/1IbKO TOYHO MOXHO NpeAcKasaTb COCTOAHME CUCTEMbI, HAXOZALLENCA B TUNNYHbIX 3€MHbIX
YC/OBMAX, Ha OCHOBE €€ COCTOAHWA U COCTOSHUA BCETO €€ OKPYKEHUA?

[ns Toro yTo6bl NONPO6OBATH OTBETUTH HA 3TOT BOMPOC, MOXKHO BCMOMHMTL YTO 3aKOH COXpaHeHus
3HepruM ocHoBaH Ha Teopeme HeTep M 04HOPOAHOCTM BPEMEHM.

HabnogatenbHble AaHHbIE NOKa3bIBAOT YTO HA KOCMOOTMYECKUX BPEMEHAX SHEPTUA BUANMON
MaTepum He coxpaHaeTca. [1A peleHns B TOM Ymcie 3Tol Npobaembl, UMeeTcs KOHLENUUA TEMHOM
3HEepPrMn, KoTopaa OTBETCTBEHHA 33 YCKOPEHHOe pacwmnpeHne BeceneHHon. [lobaBneHne TEMHOM
3HEprumn No3BOIAET COXPAaHUTb OAHOPOAHOCTL BPEMEHW.

B pamkax npeanaraemolt TEopuUn NOPOXKAEHHOTO NPOCTPAHCTBA-BPeMEHN-MATEPUU BO3MOXKHO
anbTepHaTMBHOE 06bACHEHME TOro OTKyAa 6epeTca aHeprua ANA HablAaEMOro YCKOPEHHOTO
pacwupeHus BceneHHol. ECan NpesnonoXKuTb YTO B ypaBHEHUAX UMEETCA HEeHy1eBas
HenpeacKasyemas 4acTb, TO 3TO BeAET K TOMY, YTO cUCTeMa nepecTtaHeT 6biTb CUMMETPUYHOWM No
OTHOLLEHMIO K NepeHocy Bo BpemeHU. Kak pesynbTaT, NoABMTCA HapyLleHWe 3aKoHa CoOXpaHeHun
3Hepruun. ns Toro ytobbl Pe3yibTaT 3TOro HapyLWeHUs coBnagan c HabalaAeHUAMU, HeE0HX0ANMO YTObbI
cpepHee BO34eNCTBUE 3TOr0 HapyLweHUs Bbl10 He HYNEeBbIM U BEJO K HY>KHOMY pe3y/bTaTy.

Jymato 4TO MOXKHO I'IOI'lpO6OBaTb OLEeHUTb CpeaHee 3HavyeHne Henpep,CKa3yeM0i/'1 4aCTu, HO OCTaBAAIO
3TO Ha 6yp,yu.|,ee. MNoka uTo pPe3ysibTaToOm 3TOM YacTU CTaTbM AIBAAETCA TO YTO YpaBHEHUA 3TOM Teopuun
MOTyT COAEepPHaTb KaKyO-TO HENPeACKasyemyto 4acCTb. HanomHto ewe pa3, 4To HenpeacCKadyeman 4acCTtb
Henpeagckasyema TOJ/IbKO C TOYKU 3peHunA MHd)OpMaLI,MM MMeI'OUJ,EﬁCH B KQKON-TO MOMEHT BpeMeHMW. C
TOYKHU 3pEHUNA MeTaBceneHHom, HenpeacKkasyemMoCTU HeT.



Pa3ioxxeHue CKAJIAPHOTIO MMOJIA M 3JICEMEHTAPHBbIC YadCTHUIbI

B oHOWM M3 yacTeit Bbile, A YNTOMWHAN, YTO BCe 06BEKTbI B MOPOXKAEHHOM NPOCTPaHCTBE-BpEMEHU 3TO
KaKune-To pasfoXeHnA CKanAapHoro nosa MeTaBceNieHHOM Ha rMnepnoBepxHOCTM NpeacTaBastowein
MOPOXKAEHHOE NPOCTPAHCTBA. Bblille TaK ke 6blJ10 ONMCaHO TO K KaKUM pe3synbTaTam OHO A0NXHO
npueoAmnTb. C y4eToM BCero HanMcaHHOro, 0OCTaHOB/IOCh Ha Pa3/IoXKeHUN CKanAapHoro noaa 6onee
AeTanbHo.

[ns Hayana, MMeeTcs Kakaa-To rMneprnoBEPXHOCTL L, M B KaXKA0M TOUYKe Ha 3TOM rmneprnoBepxXHOCTH
CKanspHoe nosne MeTaBceNieHHOM MMeeT KaKoe-To 3HadYeHue. Al npeanonarato, YTo BKAag 04HOM
3/IeMEHTAPHOM YaCTULbl MOXHO NPeACTaBMTb KaK YaCTb HEKOTOPOrO Pas3/IoXKeHUsA NosA Ha NOBEPXHOCTU
L:

u(L,?) = Y= uwi (L7 7 —1) (1)

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

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

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

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

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

u(L,7) = YXiuw;(L, 7 —7,) (2)



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

uy (L, 7) = Yuiwiyy (L7, 7 — 1) (3)

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

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

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

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

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

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

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

KO/inyecTBa 4acCTtuL, Tuna p.

MpeAnonoXunm, Ha rmnepnoBepxHOCTU L nmetoTca ABe pas/iMyHble TOYKU. Bo3HMKaeT Bonpoc — Bceraa
I TMNEPNOBEPXHOCTN COOTBETCTBYIOLLME COCTOAHUIO Yepes KaKon-TO OAMHAKOBbIN MOMEHT BPeMeHMU,
6yayT coBnagatb? Oaa Toro 4Tobbl OHM COBMAZANN, HYXKHO YTOObI CKOPOCTb BPEMEHM, @ UMEHHO A/IMHA
B MeTaBceneHHOW COOTBETCTBYHOLLAA eANHULLE BPEMEHW B AaHHOM TOUKe, coBMNaaana Ans obounx Toyek.
Ecnun cKOpOCTb BPEMEHM Pa3/IniaeTca, rMnepnoBepxXHOCTUN ToXKe ByayT OTANMYATLCA Mexay coboii.

[onycTim, 4To Ha rMNepnoBEPXHOCTU L eCTb TPM TOUKM M PacCTOAHME NO FMNeproBEPXHOCTU MEXAY
nepBoit U BTOPON TOYKaMM PaBHO PACCTOAHMUIO MO F’MNEPNOBEPXHOCTU MEXAY BTOPOM U TpeTbel.
CnefyeT N U3 3TOrO, YTO PACCTOAHME B NMOPOXKAEHHOM NPOCTPAHCTBE MEXKAY STUMM TOUKAMM TaKKe
byneT ogMHakoBo? He BUAHO Noyemy 3TO A0/KHO 6bITb TaK. HO TOrAa 3To 3HAYUT YTO B pasfioxeHne
HYYKHO BHECTU M3MEHEHMUA.

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

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



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

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

34eCb MOMET BO3HUKHYTb BOMPOC O TOM, KaK B TaKOM NoAX0A€e A0CTUraeTca IOKa/IbHOCTb U MoYemy B
ypaBHeHWe 6 fobaBaeHa 3aBUCMMOCTb OT MaKCUMaslbHOM CKOPOCTU ABUMKEHMA YacTul, €. JIOKanbHOCTb
MOXHO obecneynTb eciv CYMTaTb YTO @ COOTBETCTBYET NEpPece4eHnto MMPOBOM IMHUM,
COOTBETCTBYIOLLEN HYNIEBON CKOPOCTHU, U TMNEPNOBEPXHOCTM L, Npuyem aTa IMHUS NPOXOAUT Yepes TOUKY
HanbosblUe CUMMETPUM YaCTULLbI B MOMEHT BPEMEHM Ha

At = (7 — Tig)/ (6.1)

paHblle. 34ecb ¢ MaKCMMaibHasA CKOPOCTb BUXKEHUA YacTul, A4 Hallel BceneHHOM cooTBeTCTBYET
CKOpPOCTU cBeTa. EC/IM BO3MOXKHbI BceNleHHble 6e3 orpaHnyYeHna Ha MaKCMMabHYIO0 CKOPOCTb, TO 3TO
COOTBETCTBYET DECKOHEYHOM MakcumanbHom ckopocth n At = 0. OTmeuy, YTO eCu ecTb MaKCMMabHasn
CKOPOCTb ABUKEHWUS YacCTULL, TO OHa A0JIKHA b6bITb OANMHAKOBa BO BCEX CUCTEMAX OTCYETa, TaK KaK Bce
cuctembl oTcyeta B MMBM-Teopum paBHOMpPaBHbI, HET BblAE/N€HHOM CUCTEMbI OTCHETA. ITO 3HAUUT, UTO B
ypaBHeHUe 6 HY»KHO A06aBUTb 3aBUCMMOCTb OT MaKCMMa/lbHOM CKOPOCTY C.

Tem cambim 3HAYEHME CKaAJIAPHOIOo NOAA B TOYKe 7

— — =A k=N. =1 > — > - —_—
f(T) = fext(r) + £=1 Zk=1p Zi:;%%c uikaip (L: r, vt(r): l(T - rkp): C) (7)
34ecb ﬁp’ yAoBneTBopAeT ypaBHeHumio 6.1.

C yem cBszaHa GpyHKUMA paccToaHMA? MPU YBEANYEHUM eAMHULbI AANHDBI, 3PPEKT OT COOTBETCTBYHOLLMX
GYHKUMIA W, AONbLIE HaKaN/IMBAETCA. 3TO O3HAYAET, HTO aMMINTYAA Ujky ITON GYHKLMM MOXKET BbiTb
MeHblue. TaKk Kak apdeKT goblie HaKanaMBaeTCs, 3TO 3HAUYMT eLLe M YTO GYHKLMA PacCTOAHMA CBA3AHA C
dYHKLMEN CKOPOCTU BPEMEHN. ITO 3HAYUT YTO AOJKEH CYLLECTBOBATb KAaKOM-TO MHBAPWUAHT,
CBA3bIBAOWMIN MeXAY COB60M GYHKUMIO ANNHBI U GYHKLMIO CKOPOCTM BpemeHW. O603Hauvy ero Kak h:

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

3Tn ypaBHEHMUA ellle He OKOHYaTe NbHble. [anee B cTaTbe B HUX ByayT caenaHbl USMEHEHMUS, CBA3aHHbIE C
KOCMOI0TUEN.

Tenepb ctoaa HY»KHO A06aBUTb eLe U MHOFOKPATHO YNOMSAHYTYIO GpYHKLMIO conocTaBaeHUs. PyHKLMA
COMOCTaB/IEHMA HAa OCHOBE COCTOAHMUA B /1060 MOMEHT BpeMeHU AaeT COCTOAHME Ha nocaeaytowme
MOMEHTbI BpemeHW. C y4yeToM ypaBHeHWA 7 U B NTPUBAVIKEHWUM NIOCKOTO NOPOXKAEHHOrO NPOCTPAHCTBA
1 npeHebperan KOHEYHOCTbIO MaKCMMaNbHOWM CKOPOCTU ABUMKEHUA YaCTULL, ONUCbIBAEMON YpaBHEHNEM
6.1, coctoaHue W B Nt06OM MOMEHT BPEMEHM MOXKHO 3aMMCaTb KaK BEKTOP B NMPOCTPAHCTBE COCTOAHWUA,
COCTOALLMI U3 3HAUEHUIA Uypjx U T, ANA BCEX YACTUL, B PACCMATPMBAEMON 061aCTH. ITO 3HAUMT UTO
dyHKLMA conocTaBneHus, 06o3Hauy ee U, nepeBoanT BEKTOP COCTOAHUA U3 OLHOIO 3HAYEHWA B 4PYrON
W, B YNOMAHYTOM NPUBANKEHUW NIOCKOTO NOPOXKAEHHOTO NPOCTPAHCTBA U HEPENATUBUCTCKUX IHEPTUIA,
ABNAETCSA ONepaTopom:

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



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

Cnepytolwmii BO3HUKaKOLWMIN Bonpoc — sBaseTca v onepatop U ogHO3HAYHOM MM MHOTO3HAYHOM
dyHKUMen? Bblwe, Npy onMcaHMm NpoLecca NoucKa NnopoXKAeHHOro NPoCTPaHCTBA-BpeMeHU, bbl1o
YNOMAHYTO YTO MOKHO MbITaTbCA MCMO/Ib30BaTb MU MHOFO3HaYHY0 GYHKLMIO OTOOparKeHMA, KoTopasn
OO0MKHA coaepyKaTb BEPOATHOCTb KaxKaoro coctoAaHus. C yuetom TpeboBaHMIA NO COXPaHEeHUIO
MHPoOpMaLUM U C y4ETOM TOro YTO BEPOATHOCTHOE OTOOpaXKeHue BeAeT K noTepe MHbopmaumu, a
Aenato BbiBog uTto onepaTtop U MoKeT 6bITb TONIbKO 04HO3HaYHOW PyHKLMEN. Tem cambim,
HaKNaAblBaeTCcA AOMNOJHUTEIbHOE YCI0BME NPU NOUCKE NOPOXKAEHHOIO NPOCTPAHCTBA-BPEMEHN.

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

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

Mpu POXKAEHNN/YHUUTOMKEHMM HACTULL, BEKTOP COCTOAHUI MEHSAET KOJIMYECTBO 3/1IEMEHTOB. A IyMato YTo
nepexos NpouCcXoamuT He MTHOBEHHO, MAYT KaKMe-To nepexoaHble npouecchl. [oKa 4To onucaTtb 3Tn
nepexoHble NPoLECcCbl HEBO3MOKHO, A/1A 3TOr0 HY»KHO MCCNea0BaTbh CBOMCTBA GYHKUMM CKaNAPHOTO
nons MeTaBceneHHo.

MeTaBceJsieHHas ¥ NMOPOXKACHHbIEC BCCJICHHBIC

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

Hawa BceneHHas saBnaeTca YacTblo MeTaBceneHHown.

MeTozbl HaxoXAEHMA NPOCTPAHCTBA-BPEMEHU-MATEPUU, ONUCAHHDIE BbILLE, MOTyT NPUBECTU K
HAXOMAEHMIO HECKO/IbKMX PAa3/IMYHbIX peweHunid. O6aacTb onpegeneHmns sTux pelleHnii MoxKeT
nepeceKkaTbCs B NPOCTpaHcTBe MeTaBCce/IEHHOM, MOXKET He NepeceKkaTbCA, HEKOTOPbIE PeLUeHUs MOTyT
6bITb ONpeaeneHbl HA 0AMHAKOBOM NPOCTpPaHCTBe MeTaBceneHHON. BO3MOXKHO YTO 415 HEKOTOPbIX
obnacteit MeTaBcesieHHOM He onpeaeneHo HUKAKUX pelleHni.

Karkgoe 13 TakMx peLleHnin, CornacHo NocTyaaTy STOM TeOPUM, COOTBETCTBYET CYLLECTBYIOLLEM
BCE/IEHHOM, €C/IN B COOTBETCTBYOLLMUX MOPOXKAEHHbIX BCE/IEHHbIX BO3MOKHA Pa3yMHas KU3Hb.

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

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

BAN3KMe BcesleHHble He 03HaYaloT YTO KOHKPETHas 06/1acTb NPOCTPaHCTBA-BpeMeHU 04HON BCeNeHHOoM
nepeceKkaeTca ¢ 0bnacTbio ApYyroi BceneHHoM. MepeceyeHne Morio NPousonT MUAAMapAbl NeT Hasag,
nunu Bnepeg, 1Mbo B meranapceKkax oT 3To obnacTtu.



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

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

B3zaumooelicmeayroujue napannesbHsie sceneHHole — eceneHHble, Oelicmaus 8 00HOU U3 KOMOpPbIX
Mo2ym 8ausime Ha cocmosHue dpyeoli, u Haobopom.

Ecnv peiicTBune ANA BAMAHUA Ha APYryto BCelieHHyo ByaeT Npon3BoAUTb pasyMHOeE CyLLEeCcTBO, B ApYroi
BCE/IEHHOM NOCNeACTBUA TaKUX AeCTBUIN ByayT BbIrNAAETb KaK cneacTBUA COBCTBEHHbIX GU3NYECKUX
3aKOHOB M ByAyT UMETb HE3aBUCUMbIE OT MepPBO BCeeHHOW NPUYUHHO-CAEACTBEHHbIE CBA3MN.

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

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

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

Bpemsa Bo BcenieHHOM He MMeeT Havasla 1 HET KOHLa.

vk N e

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

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

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

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



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

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

PyHKUMA CONOCTaBNEHUSA A0KHA HE UMETb 3aMeTHOW HenpeacKkasyemol CoCTaBAAoWeEN Ha BCem
[OCTYMHOM A/18 U3y4YeHUA AManasoHe IHepPruit YacTul, U 3Ha4YEeHUN rpaBUTaLMOHHOTO Noas. Kak
pes3ynbTaT, 3TO 03HAa4YaeT BO3MOXKHOCTb OMMUCbIBaTb CBOMCTBA YacTuUL, M UX B3aUMOAENCTBUS,
OCHOBbIBaACb HAa COCTOAHMAX.

MopoXaeHHOE NPOCTPAHCTBO-BPEeMSA MOXKET BbITb UCKPUB/IEHHbIM. B 3TOM c/lyyae, nosBaseTca
rpasutaumaA. Mpu aTom rpaBuUTaLmMa He meHaeT GYHKLUMIO CONOCTaB/eHUA Ans YacTuu,. MpasuTauma
obecneymBaeT 0AMHAKOBOCTb GYHKLMM CONOCTABAEHUA TaM rae GyHKLMA CONOCTaBAeHUA MHaYe bbina
6bl He NpMMeHUMa. MopoXKAEHHOE NPOCTPAHCTBO-BPEMA UCKPUBIAETCA TaK YTO6bl QYHKLMSA
conocrasfieHns 6bln1a HEM3MEHHOMN.

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

M KBaHTOBaA MexaHMKa u rpaBUTaLmnA ABAAKOTCA NOPOXKAEHHbIMUN ABEHUAMMWN.

BpeMms, NpOoCTPaHCTBO U MaTepUA

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

B MMNBM-Teopuu, mbl Haxoanmca B 6e3BpemeHHo MeTaBceneHHo. BpemeHn B MeTaBcesieHHOM HeT,
Habntogaemoe HamK Bpems SBAETCA NOPOXKAEHHbIM siBfieHWeM. Ho cyuiecTsyeT in Takoe Bpemsa bes
Habntopatenei? bes HabntogaTensa, OHO He MOXKeT bbITb M3MepeHo. bes HabatogaTens, Bpema B
mogenu MNMNBM-Teopun ABnaeTcA BCEro NMLIb MaTemaTUyeckol abeTpakumen. Bpemsa m nobble adpdekTbl
B BO3MOXXHOM NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHN HE MOTYT NPOUCXOANTbL Be3 HabatoaaTens.
MOKHO /1M CYMTATb YTO BO3MOXKHAs NOPOXKAEHHAA BCe/IEHHAA, B KOTOPOI HET HabatoaaTenei,
cywiectsyeT? [TOXo¥Ke YTO 3TOT BONPOC OTHOCUTCA K dunocoduu.

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

NOPOXAEHHOM BpeMeHW. TONbKO pa3yMHOE CyLLEeCTBO MOXKeET b6biTb Habntogatenem. Taknum obpasom,
BCE/IEHHAA CYLLECTBYET, TOJIbKO €C/IM B HEl B KAKOW-TO MOMEHT NMOPOKAEHHOTO BpeMeHW NossaseTcs
pasymHas }KM3Hb. be3 HabalaaTens BO3MOXKHaA BCeNIeHHan 0CTaeTca maTeMaTnyeckoi abeTpakumei.

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

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



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

Bpems cybbeKTUBHO NOCKONbKY OHO He cyllecTsyeT 6e3 HabnoaaTena. Kaxaplii MOMEHT BpeMeHU
COAEPKUT pasHoe COCTOAHNE MPOCTPaHCTBAa-MaTepun. Kaxaoe coCcTosiHMe NPoCTPaHCTBa-MaTepmm B
KaKablit MOMEHT BPeMeHM A0/KHO BbITb OCHOBaHO, XOTA 6bl YaCTUYHO, Ha COCTOAHUM NPOCTPAHCTBa-
MaTepuu B NpeablayliMe MOMEHTbI BpeMeH!, ANA NoaaepKaHna NPUUNHHO-CNeACTBEHHbIX CBA3EN.
CocToAHMe NPOCTPaHCTBa-MaTepun B NocaeaytolmMe MOMEHTbI BpeMEHN MOTyT 6bITb He MOAHOCTbIO
OCHOBaHbI Ha COCTOSIHWUM B NpeAblayLine MOMEHTbI BpEMEHU MPU YCI0BUKN YTO OHU NO3BONAIOT
CYLLLeCTBOBATb XOTA 6bl KAKUM-TO NPUYNHHO-CNEACTBEHHbBIM CBA3AM. MPUUMHHO-CNeACTBEHHbIe CBA3U
[AONIXKHbI CyLLLeCTBOBATb A4OCTaTOYHO A0/T0 YTO6bI NO3BOAUTL BO3SHUKHOBEHWME Pa3syMHOM KMU3HKU. UHaue
COOTBETCTBYIOLLAA BCENEeHHan He ByaeT MMeTb Pa3yMHOM KM3HU U, Kak pe3ynbTaT, He byaeT uMmeTb
Habntogatena. ECAu HU B KaKOM MOMEHT NOPOKAEHHOIO NPOCTPaHCTBA-BpeMeHn BcesleHHan He
cogepKuT HabnoaaTens, To Takaa BcesleHHan He CYLecTByeT, OCTaeTca MaTeMaTMUecKoi abeTpakume.

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

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

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

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

B 3TOM YacCTu cTaTbM NErko 3ameTuTb YTo MMNBM-Teopusa ocHoBaHa He Ha punocopckom peannsme. 1o
CBA33HO C TEM YTO OAHWM U3 CNEACTBMI 3TON TEOPUM ABNAETCA HEBO3MOXKHOCTb CYLLEeCTBOBAHUA
NPOCTPaHCTBA-BPEMEHM-MATEPUN HE3ABMCMMO OT HaLero co3HaHuA. MpoCcTpaHCTBO-BpeMa-MmaTepums
ABNAIOTCA NPOAYKTOM Hallero cosHaHuaA. Npeanaraemasn Teopusa COAEPHKUT CYLLLHOCTU HE3ABUCKMMbIE OT
Hallero pasyma, a MMeHHO noJie U NPocTpaHcTBO MeTasceneHHoN. bonee TOYHO, CO3HaHWE 3aBUCUT OT
CKanapHoro noss MeTaBceNeHHOoW HO Camo MoJie OT CO3HAHMA HUKAK He 3aBUCHT.

[IIIBM-Teopusi U aHTPONHbIN NPUHLUII

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

BapMaHTOM CMAIbHOIO aHTPOMHOIO NPUMHLMNA ABAAETCA aHTPOMHbIN NPUHLMM y4acTua,
chopmynupoBaHHbIi [koHom Yunepom[4]:


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

Habnwdamenu Heobxodumbl O obpemeHus BecenernHol 6bimusi (Observers are necessary
to bring the Universe into being).
B MMNBM-Teopuu, aHTPOMHbIA NPUHLMN Y4aCTUS SBAAETCA NPAMbIM CNeACTBUEM OCHOBHbIX NMOIOXKEHUN
Teopuu.

Ilos1ie MeTaBce/IeHHOM

MeTtasceneHHas B [NMIBM-Teopun He UMeeT BpeMeHU U He COAEPKUT HUKAKMUX 3N1eMeHTapHbIX YacTULL.
[MpocTpaHCTBO-BpemMA-MaTePUA ABAAIOTCA NOPOKAEHHbIMU ABNAEeHUAMU. COOTBETCTBEHHO, ANA
CKanApHoro nons MeTaBceNleHHON OTCYTCTBYIOT YaCTULbl-NEPEHOCYMKM B3aUMOLENCTBUA. 3HaUeHNe
nosA B KaXKA0M Touke MeTaBcesieHHOM B 3TOM Cay4ae A0/KHO ONpPeaensATbCA 3HAYEHUAMM NONSA B
coceiHUX TOUKaXx.

YacTuubl B NMMNBM-Teopun ABNAIOTCA NOPOKAEHHBIMW 06bEKTAMM OCHOBAHHbLIMW HA CKaNAPHOM noJie
MeTaBce/leHHOM, Y 3HaHWE COCTOAHMA TaKUX YacTUL, HEAOCTAaTOUYHO 418 TOro YTobbl NOHOCTbLIO ONUcaTb
COCTOsIHME CKanApHOro noss. CoCToAHMA aNeMeHTapPHbIX YacTuL, 3TO KO3GPUUMEHTbI Pa3fIoKeHUA Mo
OYHKLMAM ANS 4acTULbI U MHOXKECTBO COCTOSHUIM 31EMEHTAPHbIX YacTUL, He NPeAOCTaBAAOT NOJHYIO
MHPOPMaLMIO O COCTOAHUM CKaNAPHOro nona MeTaBceseHHOW B COOTBETCTBYIOLLEN 061acTu. TaKkKe 3Tu
cobCTBEeHHbIE BEKTOPA A0/13KHbI COOTBETCTBOBATb GYHKLUMAM Wp,; U3 YPaBHEHMA 6.

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

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

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

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

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

Hao6sroaenue
OCHOBHbIM UCTOYHMKOM MHPOPMALMKM 06 OKpPY:KatoLLLE HAac AeCTBUTENbHOCTU ABNAETCA HabaoAeHMeE.
Kak onucatb HabatoaeHue ¢ Toukn 3peHuna MMBM-Teopun?

HabntopgeHne moxeT NpounsBoAnTb TONbKO HabaoaaTens. Ecan coctoaHne W xapakTepusyeT cocToAHMe
CUCTEMbI B KaKOW-TO MOMEHT BPEMEHM, TO ANA ONUCAHWA HAabNOAEHNA U3 ITOrO COCTOAHMUA HYXKHO
BblAENINTb cocToAHME HabnoaaTens W, M cocToaHme Habntogaemoro obbvekta Wy . YunTtbiBas
ypaBHeHue 9, 3TO BeZleT K TOMY YTO pe3ynbTaT HabloAeHNA ONUCbIBAETCA HEKUM IMHEHBIM
onepaTopom.



YpaBHenue llIpeaunrepa

YpaBHeHWe 9 onucbiBaeT 3BOJIIOLUM CUCTEMbI BO BPEMEHMU, B YNIOMAHYTOM NpUBAMIKEHUN. MOXKHO
NPeANo/IoKMNTb, YTO OPTOTOHA/bHbBIE COCTOAHMSA, OMUCbIBaEMble GYHKUMAMU Wy,; U3 YPABHEHUA 7,
[O0/KHbI M BNpeAb 0CTaBaTbCsA HE3aBUCUMBbIMM. ITO 03HAYaeT 4YTo onepatop U coxpaHseT ckanspHoe
npoussefeHne, To ecTb, OH YHUTAPHbIN.

Ecan B ypasHeHuun 9 dt=0, To U = I, rae I egMHNYHbBIN onepaTop.

[Hanee, npegnonarato, uto ¢yHKUumMa ¥ gudpdepeHumpyema, 4yTo 03HaYaeT HEMPEPBLIBHOCTb
NpocTpaHcTBa-BpemeHu. CnesfoBaTe/ibHO, MOXKHO 3anucarb:

Yt+dt) = P(t) + d¥(b) (13)
C opyrov CTOpPOHI,
Y(t) = I1¥Y(t) (14)
Torga
Y(t+dt) = (I1+dU)WP(t) (15)
ypaBHEHME MOXHO COKpPaTUTb:
d¥(t) = dU ¥P(t) (16)
noaenvs Ha dt:
=P (17)

du
MpoussoaHas onepatopa —- ABNACTCA TOXE OMEPaToPOM, XOTA 1 HeobA3aTeNIbHO YHUTAPHBIM.

O603HaumB ero Kak A, nony4aro okoH4YaTenbHoe anddepeHunanbHoe ypaBHEHWE YHUTAPHOW 3BONOLMMU
cUcTEMBI:

a¥

— = A¥Y(t) (18)

dt
To uto nony4ynaocob d)aKTMLIeCKM N ABNAETCA YPaBHEHUEM LLIpe,a,MHrepa, C TOYHOCTbIO 4O MHOXXUTeNA.
HanomH1o, KakK BbIrNAAUT HeCTauMoHapHoe ypaBHeHue LWpeauHrepa:

., d¥ 75
_lhE = HY (19)

OTmeuy, 4TO NONYYUTb U3 ypaBHeHUA 18 ypaBHeHMe 19 A0BOLHO NPOCTO. [11A 3TOro HY*KHO BCMOMHUTL
YTO YHWUTAPHbIN ONepaTop MOXKHO NPeacTaBUTb Yepe3 3pMUTOB onepaTtop. [1aa spmnToBa onepatopa
BbINONHAETCA:

U=eH (20)

l'oe U a1o yHUTapHbIN onepatop. Moactasnaa yp 20 8 yp 18, nonyyaeTca, C TOYHOCTbIO 4,0 MHOXKUTENA,
ypaBHeHMe 19. Hannume noctosiHHOM MNnaHKa B ypaBHEeHUM 19 roBOpUT O TOM YTO NocTosiHHasA MaaHKa
KaK-TO CBA3aHa C PYHKLMAMM PA3N0NKEHUA.

ypaBHEHME LLIpep,MHrepa ABNAETCA HEPENATUBUCTCKUM. ypaBHEHMG 18 Takke HEPENATUBUCTCKOE, TaK
KaK He y4YTeHO ypaBHEHUNE 6.1, onpeaenawouiee 3aBUCMMOCTb OT CKOPOCTH CBETA.



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

BbiBOA, YpaBHEHMA A5 YACTML, CO CMMHOM S MOKa OCTaBAAO Ha byayuuee. MoxoKe, 4To 3To caenatb
HECJIO}KHO, eC/IM NPeAno/oXUTb YTO OZHA YacTULLA MOXKET bbITb NpeacTaBneHa bonee Yem ogHUM
Habopom dyHKUNIM pasnoxkeHua. OanH Habop ana Yactuy 6es cnmHa, ABa Habopa A4/1a YacTuL, co
CMNHOM %3, U T.N.

HpI/IHI.U/Il'I HeonpeaecjieHHOCTH

MpuHUMN HeonpegeneHHOCTH Meli3eHbepra ABAAETCA O4HUM U3 OCHOBHbIX CBOMCTB KBAaHTOBOW
MeXaHWKKU. MOKeT NoKa3aTbCA YTO NPUHLMN HEONPeAENEHHOCTU HE COBMECTUM C AETEPMUHUCTUYECKON
mogenoto NMMBM-Teopuu. B 3TOM 4acTh CTaTbn, A NOKaXKy YTO NPUHLUMMN HEONPEAENEHHOCTU He
npotnsopeunt NMNBM-teopun.

OnucaHue BbiBOAA NPUHLMINA HEONPEAENEHHOCTN ONMUCAHO BO MHOMMX y4ebHMKax No KBAHTOBOM
MexaHuKe. [NaBHOe CBOMCTBO, KOTOPOE BeAET K NPUHLUMNY HeONpeaeNeHHOCTM 3TO BOJIHOBAA pyHKUUA
N HEKOMMYTATUBHbIE ONEePATOpPbI A1 U3MEPAEMbIX 3HAYEHWUM, TAKMX KaK MECTONONOKEHNE U UMY AbC.
Al He Byay KONWPOBATL BbIBOA, MPMHLMMA HEONPeAeNEHHOCTM, AOCTaTOYHO OTMeTUTb YTo MMBM-Teopusa
CoAEepPHKUT ypaBHeHue LLpegunHrepa, Tak 4TO MOXKET ObITb MCMO/Ib30BaHA BCA MaTeMaTMKa KBaHTOBOWM
mexaHuKn. Kak pesynbtart, MMNBM-Teopua npMBoaguT K NpUHLMNIY HeonpeaeneHHOCTU HECMOTPA Ha TO
4YTO 3TO AEeTePMMUHUCTMYECKaa Teopus.

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

IITIBM-Teopus U KaJIUOGPOBOYHbIE TEOPUU
KannbpoBoyHble TeopumM Nokasanamn ceba ycnewHbiMn B onncaHmm GyHLaMeHTanbHbIX B3aUMOLENCTBUI
M 4acTuL, 33 UCKNtOYEeHMEM rpaBuTaLmu. CTaHAapPTHAA MoAEeNb ABNAETCA KaIMBPOBOYHOM TeopHEN.

MNMMNBM-Teopus NO3BOSAET CTPOUTb KaIMBPOBOYHbIE TEOPUM, TAK KaK OHA COAEPHKMUT U BOSHOBYIO
bYHKUMIO M TaMUAbTOHMAH. Tem CambIM, MOXKHO UCMO/1b30BaTb BeCb POPMaIM3IM KannbpOoBOUHbIX
TEOpPUi, XOTA U C APYroi MHTepnpeTaumnen.

CkopocTh cBeTa

[ns Toro ytobbl NOPOXKAEHHAA BceneHHaa obpena 6biTne, cornacHo MNMNBM-tTeopmnn HeobxoaMmo YTObbI
B Hel 6bln HabnogaTenb. Bo3HMKAET BONPOC — BO3MOXKHO /I NOCTPOEHME TAKOTO NOPOXKLAEHHOTO
NPOCTPAHCTBA-BPEMEHM, B KOTOPOW He 6bIN0 Bbl OrpaHMYEHNA Ha MaKCMMa/bHYI0 CKOPOCTb
3/1EMEHTAPHbIX YaCTUL, U B KOTOPOM BO3MOXKHA KU3Hb?

Al npesnonarato, YTo 3TO HEBO3MOXKHO. EC/IM 3TO NpesnoioKeHe BePHO, TO BCE NOPOXKAEHHbIE
BCE/IEHHbIE JO/IKHbI COAEPMKATb OrPaHMUYEHNE Ha MAaKCMMAJIbHYIO CKOPOCTb M, COOTBETCTBEHHO,
cneuunanbHy TEOPMI0 OTHOCUTE/IbHOCTU. 3HaYeHMEe MAaKCMMaNbHON CKOPOCTU MOXKET BbiTb PasHbIM B
Pa3sHbIX NOPOXKAEHHbIX BCENEHHbIX.

Ecnu cyuleCTByeT MmakCMmasibHaAa CKOPOCTb ABUXKEHNA Y4aCTUL, OANA KaKOM-TO BceﬂeHHOﬁ, TO OHa A0J/1KHa
6bITb O,D,MHaKOBOVI BO BCeEX CUCTEMAX OTCYETA, MO NPUYNHE OTCYTCTBUA BblAeneHHOﬁ CnCTembl oTcyeTa.

[anee, cornacHo CI'IELI,M&HbHOﬁ TEOPUN OTHOCUTENBHOCTUN, MaKCMMaJIbHaA CKOPOCTb COOTBETCTBYET
CKOpPOCTHK CBETAa.



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

¢ =c(f,{w}) (22)

[na NoACHEHMA NPOUCXOMKAEHNA CKOPOCTM CBETa MOXKHO NOCMOTPETb Ha TUMWYHbIE MaTeMaTUYeCKne
dyHKUMK. Hanpumep, MoxHO B3aTb dyHKUMIo f(x,y) = (x — 1)% + (y — 1)?

MpoBecTn Kak-1Mbo OPUEHTUPOBAHHYIO NPAMYIO Yepes TouKy (1,1), 3aTem HavyaTb ee NnapaniensHo
NnepeHoOCUTb Ha Bce H6osbluee paccTosiHWe. B 3Tom ciyyae 3HauYeHMA 3ToM GyHKUMKM Ha Npsamon byayTt
nocaenoBaTeNibHO HapacTaTb. BO3HMKaEeT YTO-TO BpoAe pacnpocTpaHeHma cMrHana npu
nocnefoBaTe/IbHOM yAANEHUN NPAMOWN.

B npumepe Bbllle 3HaYEHUA GYHKLUM CUMMETPUYHbBI MO OTHOLWEHWIO K NOBOPOTaM. 3HaYeHUs GpyHKLUU
CKanapHoro nona MeTaBceNeHHOW He MOTYT 6bITb CUMMETPUYHBIMM MO OTHOLLEHUIO K MOBOPOTaM, XOTA
cama OyHKLMA, KaK A npeAanosarato, CMMMETPUYHA. [03TOMY HY>KHO PeLnNTb BO3HUKAIOLLME B CBA3U C
3TUM C/I0XKHOCTY, YTO U AENAETCA B CeAylolleM pasaese.

CnenyasibHas Teopus OTHOCUTEIbHOCTHU U [IIIBM-Teopusa

COBpEMEHHbIe IKCNepMMeHTa/IbHblE AaHHbIE MOKA3bIBAIOT YTO BCE 3aKOHbI ¢M3VIKM O4WHAKOBbI BO BCeX
MHEPUMANbHbLIX CUCTEMAX OTCHETA. CooTBETCTBEHHO, nopoXxXaeHHoe NPOCTPaHCTBO-BpeMA A0/1KHO
obecneunBaTb 3TN CBOMCTBA. HEKOTOpbIe 3aKOHbI PU3MKU, TaKUE KaK 3/1eKTpogmHammKka u CTO, TpebytoT
OAMHaKOBOVI CKOPOCTHK CBETA BO BCeEX NHEPLMNAJIbHBIX CUCTEMAX OTCYETA. 3TO BO3MOXHO caenatb
MCNOAb3YA CNeayoLLyo MOLENb:

Mocne Kaxporo noBopoTa, COOTBETCTBYHOLLENO NepPexoay B HOBYH CUCTEMY OTCYETA, NOABASAETCA HOBbIW
MaKCMMasibHbI Yyroa NOBOPOTA. ITOT Yro/l MOMKET OT/INYATLCA OT Yr/ia 40 NOBOPOTA, HO AO/IKEH UMETD
OAMHAKOBble 3HAaYEHUsA A1 MOBOPOTA B IIOOOM AONYCTUMOM HanpasneHnn. CKOpoCTb CBETA He A0JIXKHA
MEHATLCA OT USMEHEHMA MAaKCMMaIbHOTO YI/1a NOBOPOTA, CKOPOCTb CBETA ONpeaenAeTca He TObKO
pa3MepoM yria NoBopoTa, HO eLe U CKOPOCTbIO MOPOXKAEHHOTO BpeMeHU (onncaHo nosse). B Takoi
MOAENM, CYLLECTBYET BO3MOXKHOCTb MyTEM MNOCAEA0BATE/IbHbIX MOBOPOTOB, COOTBETCTBYOLLMX
nocnenoBaTe/IbHbIM YCKOPEHMAM, MONacTb B COBCTBEHHOE NPOLLIOE, C TOYKMU 3pEHMA YCKopAtoLWerocs
obbeKTa. B ToxKe Bpemsa, HabatogaTenb HAXOAALWMNINCA B HENOABUMKHOM CUCTEME OTCYETa, SONMKEH
BMAETb APYryto KapTUHY. C TOUYKM 3peHNa TaKoro HabaogaTtens, yCKopatoLWMnca 06bEKT He NonaaeT B
npowsoe, oH 6yaeT YyCKOPSATb CBOK CKOPOCTb HO €ro CKOPOCTb HUKOTA4A He NMPEBbLICUT CKOPOCTb CBETA.
KBaHTbl CBETa B CMCTEME OTCYETa A0 NOBOPOTA AO/IKHbI COOTBETCTBOBATL KBAHTAM CBETA B CUCTEME
oTcyeTa Nocsie MOBOPOTA, aHANOTUYHO ANA APYTUX SeMEHTAPHbIX YacTul,. Mocne noBopoTa
NMOBEPXHOCTb KOHYCA, COOTBETCTBYIOLLLEFO CKOPOCTM CBETa, ByAeT OT/IMYHA OT NOBEPXHOCTU KOHYCA A0
nosopoTa. KBaHTbI CBETA ABUrAtOTCA CO CKOPOCTbIO CBETA, M AO/XKHbI HAXOAMUTHCA Ha 3TOM KOHYCe.
CnenoBaTenbHO, MECTOMOJIOXKEHME YACTULL M UX TPAEKTOPUSA U3SMEHUTCS NOCAe NOBOPOTA, U PacCTOAHUE
MeXKAY TPAEKTOPUAMM OLHOM U TOM XKe YacTULbl B PasHbIX cucTemax oTcyeTa byaeT NOCTOAHHO pacTy co
BpemeHeMm. Al xouy noavYepKHyTb 3TOT pe3ynbTtaT MMBM-TeopumM — 04HA U Ta Ke YacTuLLa B Kaxa0MN TouKe
NAET No TPAEKTOPUAM, 3aBUCALLUM OT Yr/1a paccMoTpeHus. Kak HaliTu TUMbl ypaBHEHWU, NO3BOAIOLLMNE
TaKoe noBefeHue, AN MeHSA NoKa He NMOHATHO. A AyMato YTO BO3MOXKHO MOTYT ObITb MCNO/Ib30BaHbI
HeKoTopble Mmoaenu 13 ronorpadun. Tak yto 3gecb TpebyeTca fanbHenlLme nccnefoBaHmA YTobbl HalTH
MaTeMaTMKy onncaHHo mogenn. B ypaBHeHuax MNMNBM-Teopun a noTpebyto TakMe cBOCTBA OT
COOTBETCTBYOLWMNX PYHKLUNI, HO camu GYHKL MM NOKa He HaNAEeHbl, HanAeHbl TO/IbKO UX CBOMCTBA. BHOBb
HanomHto, NMNBM-Teopus ABNAETCA HOBOM TeOpMel C NOJIHOCTbIO HOBO MATEMATUYECKON MOAENbIO.



HacKonbKO A 3HAlO, He CYLLecTBYeT MaTeMaTUKN NpUrogHon ans onncaHmna mogenu NMNBM-teopun 6e3
A0NoNHUTEeNbHON A0paboTKK. Al Aymato uTo co BpemeHem pyHKumn MMNBM-Teopun MoKHO ByaeT HaliTy,
HO 3TOT NOMCK NoTpebyeT AOBOABbHO MHOTO BpeMeHW. MMBM-Teopua coaepKUT MHOTO APYrUX OTKPbITbIX
BOMPOCOB; B 3TOM CTATbe 5 MNbITalOCb MOCTPOUTb TONIbKO ocHOBY MMNBM-Teopuun. MonHoe noctpoeHue
3TOM TEOPUM HEBO3MOXKHO B PpaMKax OAHOM CTaTbu.

Tenepb, paccMoTpIo 3Ty Moaenb 6onee AeTaNbHO.

CHauana A pacCMOTpPIO BO3MOXKHOCTb NONacTb B COBCTBEHHOE npowioe. Ecnm nocne Kaxaoro noBopoTa
(cooTBeTcTBYlOLLLErO HAOOPY CKOPOCTM MO OTHOLLIEHWIO K NpeablayLein cucteme oTcyeTa) HOBbI
MaKCMMasibHbIl Yyroa No3BoAseT ATU Aasiblue Yem NpeablayLnin MakCMMaslbHbIA Yrol, 3TO 03Ha4YaeT
4YTO BO3MOXKHO NyTeM Nocsef0BaTeibHbIX MOBOPOTOB NOBEPHYTLCA Ha 360 rpaaycoB M OKasaTbCA B
cobctBeHHOM npowwaom. OgHako, NockosibKy MeTascenieHHan B [MMBM-Teopun 6e3BpemeHHas,
NpoLw/ioe He MOKET bbITb 3MeHeHo. CiefoBaTeIbHO, NOMbITKA M3MEHEHUS MPOLLAOIo AONXKHA ObITb
HeycnewHol. OAHaKo, C TOYKU 3peHmMA ycKopsatoweroca HabtoaaTens, BCce A0NKHO BbIrNAAEeTb Kak
06bIYHO, Te e 3aKOHbl GM3UKKU YTO U A0 ycKopeHus. ChepoBaTenbHO, eCN NNAHUPOBATb AeNaTb Kakue-
60 N3MEHEHUSA B NPOLLJIOM A0 Hayana YCKOPEHUA, A0MKHO ObiTb BO3MOXKHbIM CAeNaTb UX Noc/e
nonagaHuAa B npownoe. 3To BbINAANT Kak NpoTnBopeyvmne. Ho 3To NpoTUBOpPEUME MOMKHO PELLUTD, €C/IN
n06asuTb noTepto nHGopmauum npu nosopoTax. MHGopmaumnsa Ao01KHa ObITb NOTHOCTLIO NOTEPAHA NPU
nonagaHuMm B cobcTBEHHOE NPOLW/IOE, CNeA0BaTeNbHO HUKAKME MNaHbl, Co34aHHble Nnepes nonagaHuem
B NPOLUIOe, He coxpaHATcA. MNoTepa MHPopMaLmMm — 3TO C/ly4am Korga Kakme-nnbo cobbiTns NpounsoLwnm
B OZHOW CMCTEME OTCYETA HO HE MPOU3OLLN B APYrOM CUCTEME OTCHYETA. ITO 3HAYMT YTO Nocse
nepexoaa B ApYryto CUCTEMY OTCHETA HEKOTOPbIE YAcTULLbl MOTYT MOABUTCA UIN NCYE3HYTb; NO3MLMUN
4YacTUL, MOTYT U3SMEHUTLCA.

®OTOHbI M HEKOTOPbIE APYrUe 31eMEHTapHble YacTMLbl BCEraa ABWMKYTCA CO CKOPOCTbIO CBETa. ITO
3HAYMT YTO OHU BCErAa UMEIOT MaKCUMa/lbHbI BOSMOMHbIN Yo/l MO OTHOLLEHUIO K BEKTOPY BPEMEHMU,
Apyrve YacTuLbl MMeoT MeHbLWW yroa. [na GoTOHOB yron paBeH yri1y COOTBETCTBYOLWEMY CKOPOCTH
ceeTa. Mocne NoBopoTa NOBEPXHOCTb MeTaBCcesIeHHOM, COOTBETCTBYIOLLAA KOHYCY CBeTa, byaeTt
OT/IMYATbCA OT KOHYCa A0 NoBOPOTa. TaK YTo B OAHOM CUCTEME OTCHETA YAaCTULbl CO CKOPOCTLIO CBETA
HaXoA4ATCA Ha OA4HOMN NOBEPXHOCTH, @ B CUCTEME OTCYETa NOC/ae NOBOPOTA Ha APYrol NoBepxHOCTU. Ux
MecTonosoxeHune B MeTaBcesieHHON MEeHAETCA NPU NOBOPOTE, HEKOTOPbIE YaCTULbI MOTYT BO3HUKHYTb
noc/ie NoOBOPOTa, HEKOTOPbIE NCUE3HYTb. ECM NOBEPHYTb NPOCTPAHCTBO-BPEMA, OAUH UAN HECKOIbKO
pas, a 3aTeM NOBEPHYTb Ha3aj, Ha UCXOAHOE MECTO (eCIM 3TO BO3MOXKHO 6e3 NpeBbilLeHNA CKOPOCTH
CBETA) COCTOAHME YaCTML, N MX NO3ULIMM A0/XKHbI BbITb TOUHO TaKMe e KaK 1 A0 NepsBoro nosopoTa.
TosKe camoe MPUMEHMMO M MO OTHOLIEHMIO K H4aCTMLLAM YTO ABUraloTCA CO CKOPOCTbIO MeHbLLEeM
CKopocTu cBeTa. Takum o6pasom, umeeTca Nnotepsa MHGoOPMaLMM NPK NOBOPOTaX NPOCTPAHCTBA-
BPEMEHM, COOTBETCTBYHOLLMX NEPexoay B APYryio CUCTEMY OTCHeTa. 3amedy YTO OMMCbiBaEMOE
nosefeHne 03HaYaeT YTo CUMMETPUA K MOBOPOTaM ABAAETCA NPUBANIKEHNEM.

OnucaHHas Bblwe notepa MHGOPMaLMM HE MOKET BbITb HaNPAMYIO U3MepeHa, TaK Kak Habatoaatenb
TaK¥Ke TepAeT MHPOPMaLMIO NPU Nepexoae B Apyryto cuctemy otcyeta. OgHako, xota MMNBM-Teopus
npescKasblBaeT YTo NOTepPto MHPOPMALMM NPU Nepexose B APYryto CUCTEMY OTCHETA HEBO3MOXKHO
npAMo HabntoaaTb, ee NOTEHLMANbHO BOSMOXKHO KOCBEHHO NPOBEPUTL Ha OCHOBE APYruX
npeackasanuii NMNBM-Teopum.

OANHAKOBOCTb 3aKOHOB ¢M3VIKVI BO BCeX MHepUWMa/IbHbIX CUCTEMaX OTCYETA BbIrNAANT 40BO/IbHO
ecTeCTBeHHO B I'II'IBM-TeopMM. OTO CBA3AHO C TEM YTO 3aKOHbI d)I/I3I/IKI/I NOPOXKAOEHHOIO NPOCTPaHCTBA-
BpeEMEHUN OCHOBAHbI, ANA Kamp,oﬁ 13 BCeJIEHHbIX, Ha O,CI,HOﬁ N TOM XKe d)yHKLI,MVI conocrassienuna. Ana



NAEHTUYHbIX Ha4a/IbHbIX yCﬂOBVIﬁ Cl)yHKLI,MFI CONoCTaBneHNA AO0N1XKHaA AaBaTb OANHAKOBbIE pe3ybTaThl,
n3-3a CUMMETPUN d)yHKLI,VIM CKanAapHOro nonAa MeTaBceneHHOM Mo OTHOLUEHMUIO K NnoBOPOTaM.

CKOpOCTb CBETa OAMHAKOBO Be34e BO BCEX MHEPUMNANIbHbBIX CUCTEMAX OTCYETA. CKOpOCTb CBeTa anAa
OMMCaHHOM mMo4eNnn paBHa:

c =v, xtg(a) (22)

VU — CKOPOCTb BpemeHu B MeTaBCENEHHOM, & — YION MeXAy BEKTOPOM BpemeHU 1 ceeTom. CKOpoCTb
BPEMEHU MOXKET MEHATLCA U, KaK pe3ynbTaT, 3TOT yron 6yaeT MeHATbCA BMECTe CO CKOPOCTbIO BpeMeHM.
CKOpPOCTb CBETA 3TO CKOPOCTb B NOPOXKAEHHOM MPOCTPaHCTBE-BpeMeHU. MopoxaeHHOe NPOoCTPaHCTBO
nepneHauKynspHO BEKTOPY BPEMEHMU, TaM I4e He UCKPUBJIEHO. TaK YTo rMnoTeHy3a noJy4ymBLIerocs
TPeyro/ibHMKa HaxoaUTCA HaMPOTMB YIr/1a MeXAyY CKOPOCTbIO BPEMEHM M CKOPOCTbIO CBETA.

TaknMm ob6pa3om cKansipHoe nose AOIKHO UMETb A0BOJ/IbHO cneunduyHble CBOMCTBA, ONUCAHHbIE BbILLE,
AN TOro YTOObl COBMECTUTL CNeuUuasibHy TEOPUIO OTHOCUTEeNbHOCTU U MTNBM-Teoputo.

Ecnn yron ckopoctu cBeTa HAMHOIO MeHbLUe Yem 21, B TAKOM CQly4ae notepu VIH(I)OpMaLI,MM NpuY Kaxxaom
NnoOBOPOTE MOTYT 6bITb ManbiMn. OHU MOTYT ManbiMu Npu chegyroulem ycaosmn:

a K271 (23)

OnucaHHoe Bblllie NOBEAEHNE HE O3HAYaeT YTO CUMMETPUA K MOBOPOTaM He NPUMEHMUMA A5
PeNATUBUCTCKUX C/TyYaeB, HO 3TO 03HAYaET YTO ABAAETCA NPUbAMKeHnem. [pyroe cneacTeme - TOYHOCTb
CUMMETPUU 3aBMCUT OT yr/1a CKOPOCTU cBeTa. [lanee, B 4acTu C rpaBuUTaLMEN, A MOKaXy YTO 3TOT Yron He
ABNACTCA KOHCTaHTOW. TO KaK 3TO BAMAET HAa TOYHOCTb 3TOM CUMMETPUM PACCMOTPEHO Aasiee B 3TOM
cTaTbe.

CneumanbHaa TEOPUA OTHOCUTENIbHOCTM COAEPKUT CBA3b MEXAY MHTEPBANAaMMN BPEMEHU B Pa3HbIX
cuctemax otcyeTa. 3Ty ceasb B NNMNBM-Teopun HEBO3MOKHO BbIBECTU HANPAMYLO U3 reoMeTpun. ITa
CBA3b HaK/aAblBaeT AONONHUTENbHOE OrPaHUYEHNE Ha CKaNsipHoe none MeTasceNeHHOM.

Tenepb A Hanuuwy TO 4YTO 6bl210 ONMUCAHO BbilLe B YpaBHEHUAX.
CpenHee 3Ha4YeHUWe 4-sekTopa R No3MLMK M CKOPOCTU YacTULLbl C BOSIHOBOM yHKLMeEN Y:
(R) = [Y*Ripdr (24)
Torke camoe HO C TOYKK 3peHna /J,pyroﬁ CNCTEeMDbI OTCYeTa:
(R)1 = M(R) =M [{"Ripdr (25)

(R); — 4-BEKTOP C TOUKM 3pEHUNA 4PYroi cucTemMbl oTcyeta, M — maTpuua npeobpasosaHuna. M
paccyMTbIBAETCA Ha OCHOBE CMELMabHON TEOPUN OTHOCUTEIBHOCTMY.

TOT e caMblil 4-BEKTOP MOKET BbITb PacCumMTaH KakK:
*
(R); = [YiR,dny (26)
4 — BONHOBasA GYHKLMA YaCTULbI B 3TOM CUCTEME OTcYeTa.

OTmeuy, 4TO BONHOBasA GYHKLMA 4aCTMLbl ONpeaenaeTca Ko3aGpOUUMEHTaMN Uy, U3 YPaBHEHUA 7.



Kak 6b1710 ONMCaHO Bbllle, YaCTULbI NOC/IE MOBOPOTA OKAa3bIBAKOTCA HE B TOM XKe MO3ULUN YTO U A0
NoBOpPOTa ITO 03HAYAET YTO MMEETCA PA3HULA MEXKAY No3uumel npeackasbisaemoi CTO 1 paKkTMUecKol
nosuuuein. Takum ob6pasom, MoAyNb PasHULbI MeXay 4-x BeKTopamu bosee HynA:

IM [$"Ripdr — [ iRy pydri| > 0 (27)

AN1A ClyYan, Koraa cMcTemMbl oTcYeTa He CoBMNagatoT. A 0603Hauy 3Ty pasHULLY KaKk yHKUMto 6:

O(v, B, {w}, L, ) = M [*Rpdr — [PiRypydr| (28)
O, B,{w},L,v)>0eciuv >0 (29)

3Ta GYHKUMA 3aBUCUT OT CKOPOCTU U APYIOW CUCTEMbI OTCYETA; YrOA 5 COOTBETCTBYET CKOPOCTU YaCTULbl
B A@HHOW TOYKe NOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHW. 3aMeyy YTO 3TOT Yro/l MOXKET BbITb PasHbIM B
pa3HbIX TOYKAX NOPOXKAEHHOIO NPOCTPAHCTBA. L 3TO GYHKLUMA ONUCHIBAIOLLAA NOPOXKAEHHOE
NPOCTPaHCTBO, ¥, COOTBETCTBYET CKOPOCTU BPEMEHM B AAHHOM TOUKE B AaHHOM cucTeme otcyeta. Obe
3TV GYHKUMM ByayT onmcaHbl 6osiee AeTabHO NO3XKe B CTAaTbe, B YaCTW NOCBALWEHHOM rpaBUTaLmm.
®YHKUMA 6 MOKET TaK¥Ke 3aBUCETb OT KAaKUX-TO APYrMx napameTpoB. ECiM OHUM CyLLeCTBYIOT, OHWU MOTYT
6bITb Hall4eHbI B Xo4e AanbHelweln paboTtbl Hag MMBM-Teopueii.

3Ta pasHULA He MOXKET BbITb IKCMEPUMEHTANIbHO U3MEPEHa, 3TO 3anpeLleHo AeTePMUHNU3MOM 3TOW
Teopun. [Na TOro YTobbl 3Ty PasHULLY 3aMepPUTb, IKCNEPUMEHTATORY HYXKHO YCKOPUTLCA U NEPENTU B
Apyryto cuctemy oTcyeta. Ho B mpouecce YyCKOPEHUA AaHHbIe SKCMIEPUMEHTATOPa O TOM I4e OH OXKuAaeT
YBUAETb YacTULLY MEHAIOTCA TaK YTO OHWM CTAHOBATCA COOTBETCTBOBATb HOBOM cucTeMe oTcyeTa. B MMBM-
TEOPUWN OTCYTCTBYIOT Kakne-anmbo NnoHOCTbIO He3aBUCKMMBble COBbITUA, BCe COBbITUA CBA3AHbI.
CoOTBETCTBEHHO, NEPEXO/, B HOBYIO CUCTEMY OTCYETA NPUBOAUT K YyTb U3MEHEHHOM HO MNOJIHOCTbIO
CaMOCOrnacoBaHHOM KapTUHe.

Takum 06pasom, XOTA CUMMETPUA ABAAETCA TO/IbKO NPUBANKEHNEM, C TOYKM 3peHmMsa HabalogaTens B
NOPOXAEHHOM MPOCTPAHCTBE, 3Ta CUMMETPUA ABNAETCA TOYHOW. Kak pesynbTat, Teopema HeTtep
ABNIACTCA MO NPeXKHEeMY MPUMEHUMON A1 CUMMETPUM K NOBOPOTaM, YTO NO3BO/IAET CyLLLECTBOBATb
COOTBETCTBYIOLLLEMY 3aKOHY COXPaHEeHUs.

JlokasibHOCTS B IIIIBM-Teopun

Bce nssectHble B3aMMOp,EI71CTBMFI B Halel BceneHHoM anstoTcA JNOKa/IbHbIMU, CKOPOCTb CBETA AB/AETCA
orpaHunyeHnem Ha CKOpPOCTb B3aMMOLI,el7ICTBVIFI. Cyl.l.l,eCTByeT TaK)e siB/IeHME KBAHTOBOM CNYyTaHHOCTHU
KOTOpOeE BbIrNAANT Kak MFHOBEHHaA nepegaydya MHPopMaLLMm, CO CKOPOCTbio Bosiee CKOpPOCTU CcBeTa.
CyLiecTByIOT MHTEpRpeTaLLMmM 3TOro ABNEHUA, KOTOPbIE HE NPUBOAAT K HAPYLLEHUIO JIOKANbHOCTU.

JlokanbHoCTb B MNMNMBM-Teopumn goctmraetca Nnpy NnoMoLm ypasHeHuMA 6.1. Bce snemeHTapHble YacTuLbl
OONXKHbI YO0BNETBOPATb CUMMETPUM K NOBOPOTAM, U HUKAKME U3 YaCTUL, HEe JONKHbI UMeTb CKOPOCTb
CBbILLE CKOPOCTU CBETa. Bce YacTuLbl B3aMMOLENCTBYIOT MeXKAY CO60M TONBbKO C MCMONb30BAHUEM
Apyrnx yactuu, 6e3 HapyweHMsa N0KaAbHOCTU. MaKcMMaibHas CKOPOCTb A1st BCEX YACTUL, 3TO CKOPOCTb
ceeTa. Tak nonyyaeTca AoKkanbHOcCTb B MMNBM-Teopuu.

3ameuy, uto MNMNBM-Teopua He 3anpeLLaeT MrHOBEHHbIe B3aUMOAENCTBUA Ha PAaCcCTOAHMUM eCcau XoTA bbl
0/4Ha 13 CTOPOH B3aMMOAENCTBMA 3TO YacTUL,A C MaKPOCKONUYECKMM pa3mepoMm. B caydae yacTuu, ¢
TaKUM pa3Mepom, 4acTuLLa B3aMMOAENCTBYIOT KaK Lie/Ioe U, Kak pe3y/bTaT, 3TO COOTBETCTBYeT
MrHOBEHHOI Nepegaye MHGopMauun. ABNeHMe KBaHTOBOM CNYTaHHOCTU TEM CaMbIM MOXET BbITb
MHTEPNPETUPOBAHO KaK pa3pyLLleHne MaKpOCKONMYECKOM YacTULbl COCTOALLEN N3 ABYX 3/IeMEHTapPHbIX
yacTumu.



paBuTaumMoHHOe B3aVIMO,CI,E‘I\;ICTBV|e MOXeT BOBCeE HE MMEeTb NepeHOCYNKOoB B3aMMOAEl7ICTBVIH, 9TO MOXeT
6bITb NPOCTO maTemaTnyeckan d)YHI-(LI,VIﬂ KOTOpPaA HaxoauT NOpOoXAEeHHOE NPOCTPAHCTBO C HYXXHbIMU
CBOMCTBAMM. MNMOCKONBKY BCe U3BECTHbIE 3KCMepMMeHTa/IbHble AaHHble NOKA3bIBAKOT YTO rpaBmTauma
B3aMMOﬂ,EﬁCTByeT CO CKOpPOCTblIO CBETA, TakaA dDYHKLI,Mﬂ TaKXXe JO0N1XKHa noaaepxmBaTtb JIOKA/IbHOCTb.
KpMBM3Ha NPOCTPaHCTBA-BpPEMEHU B 3TOM CJ/ly4ae Bbi3BaHa HeO6XO,CI,MMOCTbI'O COGI]I‘O,CI,aTb NMPUYNHHOCTb
M NOKa/IbHOCTb.

JIoKanbHOCTb, KOTOPasA A0CTUraeTcsa onmncaHHbIM 06pasom, He ABAAETCA MOMHON. ITO 3HAUYUT YTO XOTA C
TOYKM 3PEHMA NOPOMKAEHHOIO NPOCTPAHCTBA-BPEMEHU 3/1eMeHTapHble YacTULbl NPU B3aUMOAENCTBUN
BbIFNAAAT COBMI0Aa0WMMM CBOMCTBA IOKANIbHOCTU, OAHAKO B 11060M MNOPOXKAEHHOM NPOCTPaHCTBE-
BPEMEeHU HeT NoAJ/IMHHO HEe3aBUCMMbIX COBbITMIA. ITO CBA3aHO C TeM, 4To B MeTaBceneHHas n0basa Touka
MPOCTPaHCTBa BAMAET Ha BCe APYrMe TOYKM NPOCTPaHCTBa.

O BO3MOKHOCTU NPAMOTrO B3aMMOAENCTBMA MeXAY YacTuLaMmn 6e3 HapyLweHUa NPUHLMNE JOKAbHOCTMU.

o710 OTKprTbIVI BOMpPOC. BO3MOXHO /I NOCTPOUTb BCENIEHHYIO OCHOBbLIBAACb Ha YacTULLAX
B3aMMOAEVICTBleLLI,MX B HapyweHunem npunHuuMna NnoKanbHocTn? /liobas BCeNneHHaA, HaNOMHIO, AO0/1XKHa
nogaepXuneatb NPUYNHHO-CNEACTBEHHbLIE CBA3SU U PA3YMHYHO XKU3Hb.

MeTpHKa BIUCAaHHOM rMIIepNOBEPXHOCTHU

B NMBM-Teopuu, B KaxkAblii MOMEHT MOPOXKAEHHOTO BPEMEHWN MOMKHO NMOCTPOUTL TMNEPNOBEPXHOCTb
COOTBETCTBYIOLLYIO STOMY MOMEHTY BpemeHU. BO3HMKaeT BONPOC, KaKyto METPUKY MMeEET 3Ta
rMNeprnoBepxXHOCTb?

Kak nokasaHo y C.XokuHr, xk.9nauc [5, ctp 55], B €BKAMA0BOM NPOCTPAHCTBE HEBO3MOXKHO NOCTPOUTL
BMUCAHHYIO TMNepnoBepPXHOCTb C IOPEHLEBCKOM METPUKON. ABnaeTca in 3To npobaemont ans MMNBM
Teopumn?

Ecnn nocMoTpeTb TO Kak 060CHOBbIBAETCA 3Ta HEBO3MOKHOCTb, TO MOXHO 3aMETUTb YTO Tam
noApasyMeBaeTcsa YTo 3Ta rMNepnoBepPxXHOCTb 0bLLas gnsa Bcex cuctem otcdeta. B MNMNBM-Teopuu, Kak
06bACHEHO B YacTu nocealeHHon CTO YyTb Bbilwe, 3TO He TaK. [lepexos, B 4pyryto CMCTEMY OTCYeTa
03Ha4aeT B TOM YMCJIe U MOBOPOT r’MNEePnoBEPXHOCTU. TeM cambiM, NMOC/E Nepexosa B APYryto CUCTEMY
rmneprnoBepxHocTb byaeT oTanyaTbea. BosamokHble npobaembl Npy STOM NOBOPOTE, KaK OMUCAHO Bbille,
pelatoTca ypaBHeHMem 28.

Takmum obpa3om, onMcaHHAA HEBO3MOMXKHOCTb NOCTPOEHUA BINIMCAHHOM FMNepnoBEepPXHOCTU, MMEIOLLEN
NIOPEHUEBCKYIO METPUKY, Ha eBKINA0BOM NPOCTPAHCTBE He npumeHuma ana MNBM-teopun.

Tenepb BO3HMKAET cieaytowWwnii BONpoc: Yemy paBHa KPpMBMU3HA NOPOXKAEHHOMO NPOCTPAHCTBA B
YKa3aHHOW TOYKe Ha rMnepnoBepxXHOCTU NPEeACTaBAAIOLLEN NOPOKAEHHOE MPOCTPAHCTBO?

[Ona oteeta Ha aTOT BOMPOC HY>XHO NCNO/1b30BATb YpaBHEHUE 7. 310 YpPaBHEHME NOKA3bIBAET, YTO PaBHOE
PacctoAHNE B NOPOXKOAEHHOM NPOCTPAHCTBE MeXAY ABYMA COCEAHNMUN TOYKAMU MOTYT O3HAa4aTb pa3Hoe
paccTtoAHNE B NPOCTPaAHCTBE MeTaBceneHHoM. Tak xe, OAUNH U TOT e NPOMEKYTOK BPEMEHU MOXKET
O3Ha4aTb Pa3HYHO AUCTAHLMUIO B METaBCEHEHHOﬁ, €C/1I1 CKOPOCTH BPEMEHU Pa3NYatOTCA. O9TO O3Havaet
YTO KPUBU3HA NOPOKAEHHOIO NPOCTPAHCTBA B noboi YKa3aHHOﬁ TOYKe 3aBUCUT OT TOIO, NO OTHOLWWEHWUIO
K KaKoM TouKe naeT cpaBsHeHue.



34ecb BUAHO YTO ANA NOCTPOEHUA CBA3N MeXAay KpMBVI3HOl‘;I NPOCTPaHCTBA N OTHOCUTE/IbHbIMU
CKOpPOCTAMU BPEMEHU U ONINHDBI NPOCTPAHCTBA MOXXHO NOCTPOUTL YpaBHEHUE, HO A 3TO OCTAaB/AKO Ha

Byayuwee.

I'paBuUTan M4, NepBasd 4acTh

B yactu, roe A onucbiBan Npouecc NOMCKa NOPOXKAEHHOIO MPOCTPAHCTBA-BpEMEHUN Ha CKAaNAPHOM none,
A NMUcan 4YT1o 3aKOHbI ¢M3VIKVI AOJTXKHbI 6bITb OAMHAKOBbI BO BCEX MHEPUMNANIbHbBIX CUCTEMAX OTCHETA.
B0O3MOXHO 4TO B HEKOTOPbIX C/Iy4aAX MPOCTPAHCTBO-BpEMA O0/1KHO 6bITb UCKpUBAEHO, ANA TOro yTOObI
obecneunTb 3TY OAMHAKOBOCTb. Kak pe3ynbTaT, 3TO BEAET K UCKPUBIEHHOMY NPOCTPAHCTBY-BPEMEHMU.

3ameuy, 4To KPMBM3HA NPOCTPAHCTBA-BPEMEHM HE PaBHA KPUBU3HE MMNEepProBepPXHOCTH
npeacTaBAstoLLeN NOPOXKAEHHOE NPOCTPAHCTBO B MeTaBceNeHHOM. B KpMBU3HE NOPOXKAEHHOIO
NPOCTPAHCTBA-BPEMEHM YHACTBYET TaKKe M3MEHEHME CKOPOCTM BPEMEHMU, ONMNCbIBAEMOE NO3¥KE B 3TOM
YacTu CTaTbM.

MCKpuBAEHHOE NPOCTPAHCTBO-BPEMSA HE ABAAETCA YEeM-TO HOBbIM, 06LLaA TEOPUA OTHOCUTENbHOCTH
MCMNONb3YeT KPUBU3HY NPOCTPAHCTBA-BPEMEHU AN ONMCAHMA rpaBuTaumm. Mostomy s 6yay
npeanonaratb, YTO UCKPMBAEHHOE NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA OTBETCTBEHHO 3a rpaBMTaLUIo,
aHaNoOrMYHO 06 LWel TEOPUN OTHOCUTENBHOCTM.

CnepgytoLwmii BONpoc, KOTOPbI HYXKHO PeLUMTb — COBMAZat0T 1M YPaBHEHUA rpaBUTaLLIMK 3TO TEOPUM C
YPaBHEHUAMM 06LLEN TEOPUN OTHOCUTENLHOCTU. [1N15 OTBETA HA 3TOT BOMPOC A MOKaKy, YTO PaBEHCTBO
WHEPTHOM M rPaBUTALMOHHOMN Macchl anaeTca cneacrtenem MNMNBM-Teopum, TaK»Ke yrKe NoKasan
MOCTOAHCTBO MAaKCMMaibHOM CKOPOCTU BO BCEX CUCTEMAX OTCYETA, U MOKAKY, YTO YPaBHEHUA
rpaBMTaLMM He AO/KHbI COAEPXKaTb TEH30P SHEPIMU-UMNY/IbCA FPaBUTaALMOHHOrO noaa. Mcxoas ms Toro
4YTO 3TO MOKA3aHO HMXKE, A AeNato BbIBOA, YTO YPaBHEHMA rPaBUTaLLUmM, npeacKkasbiBaemble MNMBM-
Teopuen, coBnaaatoT C ypaBHEHUAMM 06LLEN TEOPUN OTHOCUTENBHOCTU. YPaBHEHUA JMHLWTEMHA
OCHOBaHbI Ha ABYX NOCTy/1aTaX, NPUHLMUN 3KBMBANIEHTHOCTM U OANHAKOBOCTU CKOPOCTM CBETA BO BCEX
MHepLManbHbIX CUCTEMAX OTCYETA. TaK e BaXKHOM 0COOEHHOCTbIO 3TUX YPaBHEHUI ABASETCA OTCYTCTBUE
B YPaBHEHMAX TEH30Pa IHEPTUU-MMMYNbCA FPABUTALMOHHOIO NoAA.

lpaBUTaLMA U3MEHAET CKOPOCTb Te/, MCKPUBAAA NPOCTPAHCTBO-BPEMSA, YTO MPUBOAMT K MOBOPOTY
rMnepnoBepxHOCTU NPeACTaBAAIOWEN CUCTEMY OTCUETA IAe Te0 NMOKOUTCA. YCKOPEeHUe Tena, Kak
OMMCaHO B CTATbe Bbllle, TaKXKe CBOAMUTCA K MOBOPOTY rMNepnoBepxXHOCTM NpPeacTaBaAioWein cuctemy
oTcyeTa rae Teo NOKOMTCA. Ho Toraa 3To 3HaUUT, YTO HEBO3MOXKHO OTMYUTD, KaKas cuaa AelCTBYeT Ha
[AaHHOEe A0CTaTOYHO Masioe Telo — rpaBUTaUMOHHAn AN cuna MHepummn. CnefoBaTelbHO, MHEPTHaA U
rpaBUTaLLMOHHAA MacCbl PaBHbl.

Heob6x04MMOCTb UCKPUBEHMA NPOCTPAHCTBA-BPEMEHM BbI3bIBAETCA U3MEHEHUAMM CKanapHoro noas. B
Pa3NoXKEHUUN CKANAPHOro Noss No 6asmcam y4yacTBYIOT 3/1eMEHTapHbIe YacTuubl. Ho cama rpaBuTtaums B
3TUX PA3NONKEHNAX HUKAK HE Y4acTBYeT, OHa ABAsAeTCA GYHKUMEN OT HMX. HO 3TO 3HaUMT, YTo cama Ha
cebs rpaBUTaLLMA HUKaK He BAUAET, TEH30Pa SHEPTUN-MMNY/IbCA MPABUTALMOHHOIO MOJIA B YPaBHEHUAX
rpaBuTaLMmM 6bITb HE AOHKHO.

TakK Kak rpaBuTaymnAa 3TO aMepOKEeHTHOE AB/IEHME BbISBAHHOE MOJIEM MeTcheneHHOVI, a 3/1IEMEHTApPHbIe
YacCTuUubl ABNAKOTCA PA3/I0XKEHNEM 3TOIO NOA, TO CKOPOCTb rPaBUTALLlMMN COOTBETCTBYET MaKCMMaNbHOM
CKOPOCTH YaCTUL. Ona Hawemn BCEI’]GHHOI?I, 3TO O3HAYaEeT YTO rpaBuUTaumnAa pacnpocTtpaHAeTCA Co
CKOPOCTbHKO CBETAa.


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

TaK KaK Mmacca UCKPUBAAET NPOCTPAHCTBO—BPEMSA, TO NPU A0CTAaTOYHO 60/bLLION Macce MoryT
BO3HWKHYTb NPo6eMbI C MPOCTPAHCTBOM-BPEMEHEM U MPOAOIKEHUEM MUPOBLIX IMHUN. B Kakol-To
TOYKE, MPOAO/IKEHNE MUPOBDIX JIMHUIA MOXKET CTaTb HEBO3MOXKHbIM. B 3TOI TOUKe HauMHaeTca paspbIB
NPOCTPAHCTBa-BPEMEHMN, KOTOPbIN COOTBETCTBYET rPaBUTAaLLMOHHON CUHTYASPHOCTU. DTU Pas3pbiBbl He
06A3aHbl UMETb Hy/IEBOM pa3Mep B MOPOXKAEHHOM NPOCTPAHCTBE, XOTA BHYTPU OHU HE coaepKaT
NMOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHM-MATEPUN. 34ECh €CTb OTINYME OT NpeacKasaHuii OTO KoTopas
roBOPUT YTO MaTepus B LEHTPEe YepPHOM Ablpbl 40/IXKHA CXKATbCA B TOUKY. [TpeackasaHune, oTinYHoe oT
npeacKasaHuii 4pyrmx TeOpUin, 3TO XOpoLwo, BA0OABOK ELLE U CUHTYNSIPHOCTb YCTPAHAERTCSA, HO A He
NpeAcTaB/A KaK 3TO MOMKHO 3KCMEPMMEHTA/IbHO NMPOBEPUTb, MHDOPMALMA U3 YEPHbIX AbIP HAPYKY He
nepepaercs.

O6.nacTb NOPOKAEHHOIO NPOCTPAHCTBA BO3/1e pa3pbiBa NPOCTPAHCTBA-BPEMEHU ABAAETCA 061aCTbiO
dopmurpoBaHMA 1 3aBEPLLUEHMUA MUPOBbLIX JIMHUIA. 34€Cb MOTYT NOABAATLCS M MCYEe3aTb YacTULbl.

Pa3pblB NPOCTPaHCTBA-BPEMEHM, BbI3BaHHbIN CUNbHOM rpaBuUTaumeit, He 03HaYaeT paspbiBa
npocTpaHcTea MeTaBceNeHHOM. ITO Aaske He 03HAYAET YTO B 3TOM 061aCTU 3HAYEHUA CKANAPHOrO NoAs
MeTascenieHHOM 60/IbLLEe UM MEHbLUIE CPEAHUX 3HAYEHWIA. ITO ML O3HAYaET OTCYTCTBME PeLleHmA
KOTOpOEe No3BO/IAET NPOA/INTL MUPOBbIE JIMHUM NOPONKAEHHOIO NPOCTPAHCTBA-BpeMeHM Ha 061acTb
paspbliBa.

Xota NMNBM-Teopusa MHTepNpeTUPYET rpaBuTaumio aHanorndHo OTO, oHa TpebyeT BHECEHMA HEKOTOPbIX
nsmeHeHu 8 OTO.

O6Lwan Teopuna OTHOCUTENBHOCTU NPEACKa3biBaeT 3aMes/leHMe BpeMeHM — BPeEMA B 061acTaAX C
CUIbHbIM FPaBUTALMOHHBIM NONEM UAET Mea/IeHHee, Yem B 061acTax ¢ 6osee cnabbim
rPaBUTaLMOHHbIM nosiem. [1ns Toro 4To6bl NOAYYMTL TAKOE e noseaeHne, Heob6xoAMMo HTOObI
CKOPOCTb BpeMeHM 6bl/ia TEM BbilE YEM CU/IbHEE FPaBUTALLMOHHOE none. B aTom cnyyae, cobbiTvs B
60/1ee CUNbHOM rPaBUTaLMOHHOM Moje ByayT BbIrAAeTb MeA/IeHHEee C TOUYKN 3peHus Habaoaatens us
6os1ee cnaboro rpaBMTaLMOHHOMO NOAS.

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

MOXHO HaltTV ypaBHEHMeE CBA3UN MEXKAY CKOPOCTbIO BpEMEHN 1 3ameaeHnem BpemeHn. Habnoaatenb
B 6os1ee cnabom rpaBUTaLMOHHOM NoJE 33 MPOMEXKYTOK BpemeHu dt; NpoxoauT B MeTaBceNeHHOM Ty
e AUCTaHUMIo Kak HabatogaTtens B 6oaee CUAbHOM rpaBUTaLMOHHOM none 3a Bpemsa dt,. Takum
06pasom nosiyyaeTcs ypaBHeHWEe AN CKOPOCTU BPeMEeHW v, ANA NepBoro Habaaatens u CKopocTy
BPEMEHM VU, ANA BTOporo HabaogaTens:

l == vldtl = Uzdtz (30)
OTcroga cnepyert:
dt
V=7, d_ti (31)

Mony4yaeTca, YTO OTHOCUTE/IbHbIE CKOPOCTU BpEMEHU OT/IMYAKOTCA NPONOPLUUOHANIBHO OTHOCUTENbHOMY
3aMeaNIeHNI0 BpeMeHMNU.

TaKol NoAxom, YaCTUYHO MeHAET BHYTPEHHWIA XapaKTep KPUBM3HbI MPOCTPAHCTBa-BpeMeHU. ITO TaKke
No3BOAET UCMOb30BaTb 3HAYEHMSA CKOPOCTU BPEMEHW A1 CPaBHEHWUA OTHOCUTE/bHbIX 334EePIKeK



BPEMEHWN MEeXAY Pa3HbIMU MOMEHTaMM BpemeHU. be3 nobaBneHna CKopoCcTU BPEMEHMW, CPaBHEHME
3aMe/IeHMA BpeMEHM MeKay HabatogaTenamm B pasHble MOMEHTbI BpeMeHU He MMeeT CMbicna. B
nogxoge MNNBM-Teopun Takoe cpaBHEHNE MMeeT CMbICA.

[J06aBnto, 4TO CKOPOCTb BpEMEHU MOXKET 06BACHUTL UHONAUNOHHYIO a3y paHHel BceneHHol. Ecam
CKOPOCTb BPEMEHMW B NEPBbIE MOMEHTbI PaHHel BceneHHoM bblia AOCTAaTOUYHO 60/bLION, MOPOXKAEHHOE
NPOCTPAHCTBO MOI10 04YeHb HBbICTPO PacTU. MOCKOIbKY CKOPOCTb BPEMEHW PACTET C POCTOM
rPaBUTaLMOHHOIO NOJIA, 3TO 03HAYAET YTO FPAaBUTALMA B NEPBbIE MOMEHTbI BpeMeHM BceneHHoOM

J0/1Ha bbITb 0YeHb CU/IbHOW.

B NMNBM-Teopum, n NPOCTPAHCTBO M BPEMA ABAAIOTCA NOPOXKAEHHBIMU aTEMNOPAAbHBIMM NPOLEccamm
npoucxoaawmmm B MeTtasceneHHoW. Kak cneactesme, NOMUMO BHYTPEHHEN KPMBU3HbI NPOCTPaHCTBa-
BPEMEHW, COOTBETCTBYIOLLEN N3MEHEHUIO CKOPOCTU BPEMEHMU, MOXKET CYLLLeCTBOBATb BHELLHAA

KPMBU3HA. BHELWHAS KPMBM3HA MOXKET ObITb BbI3BaHA TEM UYTO CPEAHAA KPUBU3HA TMNEepProBepPXHOCTH,
npeAcTaBAAlLWEeN NPOCTPaHCTBO BeceneHHo B MeTaBCceIEHHOM, MMeeT OTIMYHYHO OT HYyAA CPeAHIoH
KPpMBU3HY. TaKasa BHELIHAA KPMBM3HA MOXKET ObITb HY/1IEBOM TOJIBKO €C/IN TMMNEePNOBEPXHOCTb
NOpPOXKAEHHOTO NPOCTPAHCTBA Hallel BceneHHoM B MeTaBceneHHOM MMEET HyNeBYHO CPeaHIoH
KpnBnsHy. OgHaKo, COBpEMEHHbIE KOCMONOTMYECKME AaHHble TOBOPAT YTO BceneHHas umeet Havano.
3To 03HayaeT YTo KaKoe-To BpeMsi Ha3ad BceneHHan H6bl1a MHOMO MeHbLLe Yem ceityac. 3To o3Havaer
yTo BCceneHHana pacwmpaAeTcs, naowanb rmneprnoBepxHOCTU NpeacTaBaatolLeit BceneHHyto pacteT. 3To
03HA4aeT YTo Ha KOCMOJIOMMYECKMX MacluTabax rMnepnoBepxHOCTb NPOCTPAHCTBa BceneHHoM nmeeT
HEHyNeBYIO KpMBU3HY. Takum ob6pasom, BceneHHas foNKHA MMETb HEHYIEBYO BHELLHIO KPUBM3HY, 3Ta
KPMBU3HA A0J1’KHA BbITb 60/bLUE HYNA NOCKONbKY BceneHHan paclumMpaeTcs, U 3Ta KpMBM3Ha MOXKET
MEHATbCS CO BpemeHeM. Taknm 06pasom, BHELHAS KPMBU3HA A0MKHA ObITb GyHKUMEN OT Yero-To. Ana
TOro Ytobbl 3TY KPUBM3HY yUyecTb B ypaBHeHUAx OTO, Heob6xoanMMO f06aBUTb BHELLHIO KPUBU3HY A,y K
YpaBHEHUAM 0bLLEel TEOPUM OTHOCUTENIBHOCTM A0MNO/IHUTENIbHO K KOCMOJIOTMYECKON NOCTOAHHOM A:

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

37O M3MeHEeHMWe He NPOTUBOPEYMUT SKCMEPUMEHTANbHBIM AAaHHbIM eCan ANA Bcelt Habaogaemoi
nctopum BeceneHHol:

A > Aext (33)

Agyt HE ABNAEGTCA KOHCTAHTOM, 3TO PYHKUMA 3aBUCALLAA OT HEM3BECTHbIX NAaPaMeTpoB. A Aymato 4To
OAHMM M3 TaKUX NAapamMeTpPoB MOXKeT OblTb BO3pacT BceneHHoi. be3 bonee aeTanbHOM MaTeMaTUyecKkomn
mogenu MNMNBM-Teopun, HEBO3MOXKHO NpeacKasaTb PYHKLMIO BHELWHEN KPpMBU3HbI. O4HAKO MOXKHO
cAenaTb HECKOJIbKO A0ragoK.

KocMmoJsiornuyeckasd KOHCTAHTa U TeMHas JHepruda
JKcnepumeHTabHble HabnoaeHMA NokasbiBatloT [6][7], uTo BceneHHan paclumpaeTcs, U 4To
KOCMOOTNYECKas KOHCTaHTa B ypaBHEHUU DIHLUTEMHA OTAIMYHA OT HYNA U ABNAETCA KOHCTaHTOMN.

Kocmosiornyeckaa KOHCTaHTa 06bIYHO MHTEPNPETUPYETCA KaK NPOABAEHNE TEMHOM SHEpPruK,
OTBETCTBEHHO 33 YCKOPEHHOE paclumMpeHme BceneHHo.

Bce coBpemeHHble KOCMOJIOTMYecKne MoAe M roBopAT YTo BceneHHas MMeeT Havyalo, U YTo B NPOLLIOM
Bce 061acTv BceneHHow 6blM 4OCTaTOMHO Masbl YTOBbI B3aMmoAencTBoBaTh Mmexay coboit. ManocTtb



c])nyKTyau,mZ PENNKTOBOIo n3ny4yeHmA B 3aBUCUMMOCTU OT HaNpaB/ieHNA ABAAOTCA OAHUM U3
CBMAETEeNbCTB 3TOrO.

KaK KoCMOJIorMyecKkasn KOHCTaHTa BAUAET HA Pa3/IoXKeHWE CKaNAPHOTO NoASA Ha F’MNepnoBepxXHOCTH,
TpebyeTca M moanduKauma ypaBHeHun 77?

ﬂ,l’lﬂ TOro YTobbl NONbLITAaTLCA OTBETUTbL Ha 3TOT BOMPOC, HYXXHO NOHATb KaK MOXHO NMNOCTPOUTb
pacwmnpAaroLWyroCcAa C OAMHAKOBbIM 3Ha4YeHNneEM KOCMOJIOTMYECKOMN KOHCTAHTbI BCe/NIeHHY1O.

Ecnv BCe pacluiMpeHne BbI3BaHO BHELLHEW KPUBU3HOM rMNepnoBepXHOCTU NOPOXKAEHHOTO NPOCTPAHCTBA,
TO KPMBM3HA A0/IKHA MEHATLCA, MPU YCNOBUN HEM3MEHHOCTU CKOPOCTU BPEMEHU U GYHKLMM
MOPOXAEHHOIO PACcCTOAHMA. ITO NPOTUBOPEYMT HabAAEHUAM, CleaoBaTe/IbHO B0 CKOPOCTb
BPEMEHM N GYHKUMA NOPOXKAEHHOTO PACcCTOSHUA 3aBUCAT OT BHELWHEN KPMBU3HbI TaK YTO B UTOre
NOJly4aeTca HeM3MEHHAsA BHYTPEHHAA KPUBM3HA, BbI3BaHHAA KOCMOJIOTMYECKOM KOHCTAHTOM, 60
BHELWHAA KPUBM3HA HE UIPaET CyLLEeCTBEHHOMN ponu.

Ecnu BHELWHAS KPUBM3HA HE UTPaeT CyL,ecTBEHHOM PO/IN, TO CTOUT BOMPOC KaK MOYKHO NONY4YUTb
pacwupsAoweecs NOPOXKAEHHOE NPOCTPAHCTBO HA TMNEPNOBEPXHOCTM C HY/1IeBOMN CpeaHe KPUBM3HOMN.
YpaBHeHUe 7 cOAEPKUT GYHKLMIO NOPOXKAEHHOTO PaccToaHUA. Ecan, Nnpu yBeiMueHnn Bo3pacTa
BceneHHoW, 3Ta yHKLMA 415 TOYEK C OAUHAKOBbIM PaccTosiHMem B MeTascesieHHOM byaeT BblAaBaTh
Bce 60/bliee pacCcToAHME, TO NOA60POM GYHKLMN MOXKHO NOYYMUTb PACLLMPAIOLWLEECA MOPOXKAEHHOE
NPOCTPAHCTBO Ha TMNEPNOBEPXHOCTM C HY/1IeBOM CpeaHEeN KPUBM3HOW. M3 3TOro BbIFNAAMT NOTMYHBIM YTO
M aMnanTyaa GyHKLUMM PasfioKeHNs ToXKe byaeT yMeHbLLaTca co BpemeHem. Tem cambiM B ypaBHeHMe 6
HYXHO £06aBWTb 3aBUCUMOCTb OT BO3pPacTa BCeNIEHHOM t:

u(L,7,t) = Yiuwi, (L7, t,0.(F), [(F — 713, t), ¢) (34)

Tem cambim ypaBHEHME Pa3N0XKEHUA CKAAPHOTO NOJIA MOXHO NepenmcaTth Kak:

2\ — 3 p=AyKk=Np ri=iMax S g o 5 o
f(T) - fext(r) + 2p=1 Zk=1 i=iMin uikpwip(l" Tt Ut(T‘), l(T - rkp: t), C) (35)
Kocmonornyeckaa KOHCTaHTa TeM CaMbIM ABAAETCA GYHKUMEN OT OTHOLLEHUA CPeaHEero NopoXaAeHHOro
pPacCToAHMNA MeX a4y TOYKamMm B nocneaytowme MOMEHTbI BpeEMEHU:

(36)

g= (<l(t+dt)>)

<i(t)>
3Ty GYHKUMIO AOBOABLHO NPOCTO HaWTK, HO A 3TO NOKa OCTaBAA Ha ByayLiee.

Bo3MOKHO, TpebyeTca BHECEHME U3MEHEHUA U B ypaBHeHMe 8. Tak Kak GpyHKLMKU U3 MHoKecTBa {w},
COrNacHo ypaBHeHWIo 35, HaUMHAOT 3aBMUCETb OT BO3pacTa BceneHHOM, TO M MHBAPMAHT TOXKE MOXKET
3aBuceTb OT Bo3pacTa BceneHHol. OQHO3HAYHO yTBEPXKAATb 3TO He NO/yYaeTcA, TaKk Kak obe GyHKumMM
13 ypaBHEHWA 8 3aBMCAT OT BO3pacTa BcesieHHOW. BO3MOXKHO, MHBApMaHT TaKoOB YTO 3Ta 3aBUCUMOCTb B
060MX GYHKLMAX NPUBOAUT K TOMY UTO MHBAPUAHT OT Bo3pacTa BceneHHOM He 3aBUCUT.

TemHasa maTepus

YpaBHeHue 35 COAEPKUT HaCTb [, (7, t) KOTOPas He MPUBOAMNT K NOABAEHMIO 3/1EMEHTAPHbIX YacTUL,
Ecnn 370 3HaYeHme Kak-nMbo BamAeT Ha METPUKY NOPOXKAEHHOIO NPOCTPAHCTBA-BpeEMEHU, TO OHO
MOXKeT 06bACHATb Habntogaemble 3pPeKTbl OT TEMHOM MaTepun.



KBaHTOBas rpaButanusa u IIIIBM-Teopus
Korga rosopArt o KBaHTOBOM rpaBuUTaumnmy, 06blYHO FOBOPAT O KBAHTOBbIX CBOMCTBAXx rpaBsuUTaLmnn.

BO3HMKaeT BONPOC, MOMKET /I FPaBUTALMA UMETb YacTULLY-NEPEHOCYMK FpaBUTaLmnmn?

C y4YeToM TOrO Kak onpegeneHbl 31eMeHTaPHbIE YacTULLbI, U C y4€TOM ONUCAHMA Bblle TOTO YTO TaKoe
rpaBUTaLLMA, TPABUTALMSA HE MOXKET MMETb YacTULLY-NepeHOoCYMKa rpaBuTaumMm. Takum obpasom, MNMNBM-
TEopUn NPeACKasblBaeT YTO FPABMTOHA HE CyLLLeCTBYET.

I'paBuTan M, YacTh ABa

Bbiwe 6b1An NpeanoKeHbl USMEHEHUA B YpaBHEHME 06LLEN TEOPUM OTHOCUTENBHOCTU. HO BO3MOMKHO K
BbIBECTW YPaBHEHMA rPaBUTALMM HANPAMYIO Yepes CKanapHoe nose? B aTol yactu, aTo byaeT caenaHo.
OaHako, nonyyunswineca ypaBHeHuMA Tpe6yr0T 3HAYUTENIbHOM Aaaneﬁmeﬁ AeTannsaumnn ana Toro yTOObI
MX MOKHO 6bl/10 UCMO/Ib30BaTbL AanAa BbIYNC/IEHUNA.

MopoXaeHHOE NPOCTPAHCTBO MOMKET BbITb OMpeaesieHO YpaBHEHNEM, TAe AA KaXKA0N TOUKMN X
MeTaBceneHHon, Ana Habopa GyHKUMIA pa3nosKeHUs Noaa Ha anemeHTapHble Yactuubl {w} n ans
BpeMeHU, OHO AO0/IKHO BO3BPaLLaTh HOMb €CAN TOUKA X NPUHAANENKUT K NOPOXKAEHHOMY MPOCTPaHCTBY
ONA YKa3aHHOro MOMEHTa NOPOXKAEHHOr0 BpeMeHu:

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

U;— BEKTOP BPEMEHM, COAEPXKaLLMIA TaKKe MHGOPMALMIO O TEKYLLLEM 3HAUYEHWUN NOPOXKAEHHOO
BpemeHUn. HeobxoAMM MMEHHO BEKTOP a He CKaNApHOe 3HaYeHne BpeMeHM TaK Kak B 1060l Touke
npocTpaHcTBa MeTaBceNIeHHOM MOXKET BbiTb MHOMKECTBO MOPOKAEHHbIX MPOCTPAHCTB C 0AMHAKOBbIM
Habopom GYHKLNM PA30XKEHUA HO C OT/IMYAIOLLMMUCA HaNpaBieHUAMU BpeMeHN. L 3To pyHKumMA
KOTOpanA BO3BpallaeT HOMb €C/N TOUYKA X NPUHAANENKUT NOPOXKAEHHOMY NPOCTPaAHCTBY ANA YKa3aHHOro
3HauYeHMA BEKTOPa BPEMEHU, 3TO He flarPaHXmnaH.

MCI'IO/'Ib3yI'O aHa/IorNYHbIN noaxoA anAa HanncaHUA ypaBHEHUNA ONA BPEMEHMWU!
U =Vt (x! f' {W}' L) (38)
L- nopoxgeHHoe NPOoCTPaHCTBO, Ft) — BEKTOpP BpeEMEHMN.

CooTBETCTBEHHO, YpaBHEHUA rpaBUTalnn:

{L(X,f'{W}.v_E) =0

vi = vi(x, f,{w} L) (39)

3TW ypaBHEHWA AO/IKHbI MPUBECTU K NMOPOXKAEHHOMY MPOCTPAHCTBY OMMCbIBAEMOMY YpaBHEHUEM 32, U
AONXKHbI CO34aBaTbh NPOCTPAHCTBO MMUHKOBCKOro 0bLeit Teopumn oTHocuTenbHOCTU. O6e dyHKLUMM B yp.
39 Heun3BecTHbI. 18 Toro Ytobbl 3TM ypaBHEHUA MOXKHO 6bIN10 6bl UCNOL30BaThb B BbIUMCAEHUAX,
HeobXoAMMO AeTaNN30BaTb 3TU YPaBHEHMA.

3TW ypaBHEHWA NOPOXKAEHHOIO NPOCTPAHCTBA U BPEMEHWN MOTYT COAEPKaTb Pa3pbiBbl B HEMPEPbIBHbIX
pelleHnAx, MOryT cogepaTb 061acTu, rae NPoCTPaHCTBO-BpemMs He onpeaesnieHo. To 03HaYaeT YTo
160 B TakMX 061aCTAX HET MOPOXKAEHHOMO NPOCTPAHCTBA-BpemeHu, 1Mbo, B Caydae pas3pbiBa,
OTCYTCTBYET CBA3b MeXK Ay 061acTAMM NPOCTPAHCTBA-BPEMEHN C OAMHAKOBbIMM 3aKOHaMMU GU3UKMK.



IIpupoja cKa/JIApHOIo NoJis
OaunH n3 BONpPOCOB, KOTOprl71 He 6bin 06CY)K,£I,EH — YTO TaKOe CKanAapHoe none METaBCGHEHHOﬁ, noyemy
OHO CYLLEeCTBYET M OTKYAa B3A/10Cb?

Ha AaHHbIN MOMEHT, Y MEHSA HET OTBETA Ha 3TOT BOMNpOC.

MO»KHO CKa3aTb YTO NPUPOLa STOro NONA HEM3BECTHA, NPeANoaraTh YTO OHO CyL,ecTByeT 1
NCMNOo/1Ib30BaTb YPaBHEHUA A5 HaXOXAeHusa ero ceBoncts. Ecnm MMNBM-Teopusa noaTsepanTCcA, TOraa u
HY)KHO ByaeT HauMHaTb AymaTb O NpPUpoAe 3TOro noss.

IlopoxKaeHHOe IPOCTPAHCTBO-BpeMs U MaTepus, ypaBHeHus [IIIBM-Teopun

B npeapblayLmx YacTax 3TOM CTaTbM A onMcan ocHOBHyto uaeto MMBM-Teopuun, nokasan, uyto NMNBM-
TEOpMA He NPOTUBOPEUNT M3BECTHLIM XOPOLLO YCTOABLUIMMCA Teopuam. [1n1a HEKOTOPbIX Teopuit, bblan
npeasioXKeHol U3MeHeHUs. HeKoTopble ypaBHEHUA bblIn NpeanoKeHbl 41A oTAe/bHbIX YacTel MMNBM-
Teopuu. Bce BbiweonmcaHHoe co3gaeT PyHAAMEHT A1A NOCTPOEHMA MmaTemaTmyeckon mogenu MMNBM-
Teopun. B aToi yactu ctaTbm, ypasHeHua MNMBM-Teopum 06begMHAIOTCA B €4MHYI0 CUCTEMY YPAaBHEHWIA.

UTak, cywectyeT ckanapHoe none f(x), rae x = {xy,.., X, } 3TO TOUYKa B €BKNNAOBOM NPOCTPAHCTBE
MeTaBcesleHHOM € N-M3MepPeHNAMU. 3HAUYEHWeE NOJA B KaXKA0W TOUKe onpeaenaeTca 3HaYeHUAMM NoNA B
OKPY)KatoLWMX TOYKaX.

CoBpemMeHHasa Gp13nKa roBOpPUT YTO TpU GyHAAMEHTANbHbIE CUAbI B HALel BceneHHOM MMEIOT YacTuLbl-
nepeHOCUYNKM B3aUMOLENCTBUIA. INEKTPOMArHUTHOE B3aUMoLeNCcTBUE nmeeT GOTOHA KaK NepeHoCcYMKa
B3aMMOAENCTBUA, U T.M. M3 YeTbIpex N3BECTHbIX B3aUMOAENCTBUM, UCKIIOYEHNEM ABNIAETCA
rpaBMTaLMOHHOE B3aumogelcTeune. NepeHocUnKM B3aMMOLENCTBUA AN1A HEro He HahaeHbl. CKanapHoe
nose MeTaBceNieHHOM He N3MEHAETCA CO BPpeMEHEM MO NPUYMHE OTCYTCTBMA BPEMEHM, TaK YTO 414 HEro
HEBO3MOXHbl Kakne-1nMbo nepeHoCYMKN B3aMmMoaencTema. ITo orpaHNYMBaEeT BO34eNCTBME NOA
MeTaBceNeHHOM TO/IbKO O4HMM C/ly4aem — KOrga noJie B TOYKE BO3AENCTBYET TONbKO HA coceaHue
TOYKU.

3TO NPMBOAMT K cnefytoliemy: ecim B MeTaBcesleHHOM eCcTb Kakas-To 3aMKHyTas NOBEPXHOCTL S,
3HayeHuMe noaA aaa Ntbo TOUKM BHYTPU 061aCTU, OKPYKEHHOW 3TOM NOBEPXHOCTLIO, ONPeaenAtoTCA Ha
OCHOBE 3HaYeHuI NoAA Ha nosepxHocTy, f(S). 3To npuBoOAUT K yp. 12.

[anee, Kak 66110 HanNMCcaHoO Bbile, HEOHXOANMO HAUTU PA3OKEHWNE CKaNAPHOro noasa MeTtasceneHHoM
Mo 3/IeMeHTapPHbIM YacTULaM. ITo NpMBOAMUT K yp. 35. B cnyyae ecnm B Kakoin-to obiactm
MeTaBceneHHOM BO3MOXKHO HaTh 6onee Yem 04HO PA3NOKEHUE, YAOBIETBOPAIOLLEE BCEM YC/OBUAM,
TO 3TN HabopPbI PA3NOKEHNIA OTHOCATCA K PA3HbIM NMOPOXKAEHHBIM BCENEHHBIM. YacTULbl U3 Pa3HbIX
BCE/IEHHbIX MeK Ay cObol He B3aMMOAENCTBYIOT, XOTA KaKMe-HUBYAb KOPPenaumm mexay HUMmm
BO3MOXKHblI.

YacTuubl B3aMMOAEMCTBYIOT B MPOCTPAHCTBE U BpeMeHW. ITO 3HAYUT HeEOBXOAMMO HANTN MOPOKAEHHOE
BPEMA U NPOCTPAHCTBO. YpaBHeHWe 39 HaKkNaAblBaeT onpeaeneHHble OrpaHNMYeHMA Ha MOPOXKAEHHoe
BPEMSA U NPOCTPAHCTBO.

HabntofaeTcs I0KaIbHOCTb BCEX ABNEHWUI. ITO NPUBOAMT K ypaBHEHUIO 6.1, 1 K AobaBneHuto
3aBMCMMOCTM OT MaKCMMaNbHOM CKOPOCTM C B ypaBHeHwMe 35.

Janee, HEO6XOLI,VIMO ,D,OﬁaBI/ITb cneunanbHYO TEOPUKO OTHOCUTENIBHOCTU.



YpaBHeHue 22 rosoput 4to B NMBM-Teopmn cKopocTb CBETA, onpegendemasn yp. 21, sceraa Asnaerca
KOHCTAHTOW. YpaBHeHMA 28 1 29 06BACHAIOT Kak CKOPOCTb CBETA MOKET OblTb KOHCTAHTOM U He
NPMBOANTL K NPOTUBOPEUYUAM B YPAaBHEHUAX.

Bce yacTuupl B Hallei BceseHHOM ABUraloTCa CO CKOPOCTbIO He 6osiee cKopocTu ceeTa. CnenoBaTesibHO,
Yron 3 Mesay BEKTOPOM BPEMEHU U TPAEKTOPMEN YaCTULLbl HE AO/IKEH NPEBbIWATL Yro a;
COOTBETCTBYIOLINIA CKOPOCTU CBETa:

B<a (40)
Ob6beamHAs ypaBHEHWUI, NoAyYalo cuctemy ypasHeHuin MMNBM-Teopuu:

( L(x'fJ{W}'Ft))ZO
v = vi(x, f,{w}, L)

c =c(f,{w})

c=vxtg(a)

B<a
9(17, Bl {W}' L' ﬁt) = |Mfl/J*Rll)dT - flpiRlll)ldrll
O, B ,{w},L, V) >0ecauv >0

f0 = g(x.5.£(9))

—: —: =A k=N. i=i - —s > - —
f@) = fexe () + Z§=1 Zk=1p :::%?g uikapi(Lr 7,t, 0, (7), l(T - rpk)r C)

V,V - SAS, tequs(V) = tiin V thegin <t < lend, tena — thegin = Tmin
W(t+ dt) = UP() + P(...)
h(l,v{) = const

_ ND)
\ Teaus(V, 1) = dN(V,t)/dt

(41)

B3anmopencTBmne YactTuu, mexay coboi, Mpu yCA0BUKM YTO BCe GYHKLUMM U FPaHMYHbIE YCA0BUA
N3BECTHbI, MOKET BbITb HANAEHO CAeayloWmnm obpasom:

1. HaliTi B COOTBETCTBYIOLLEN CUCTEME OTCYETA BCE YAaCTULbI BE3AE B BblaeieHHOM 0bnactu
NOPOKAEHHOIO NPOCTPAHCTBA-BPEMEHMN

2. BsaumogeliicTBme YacTuL, HaMAEHO — A0CTaTOYHO CMOTPETb Kak OHM MEHSAIOT CBOe COCTOsHME B
NOPOXKAEHHOM BpeMeHM

Cucrtema GyHKUMOHaNbHbIX ypaBHEHMIA, HaNUCcaHHanA Bbllle, o4eHb obwan. [1na Toro 4tobbl caenatb ee
NPUroAHON ANA BbIUMCAEHUIM, HEOBXOAMMO HaWTK ByHKLMIO cKanapHoro nons f(x). Ecan dyHKuma
CKanapHoro nonsa, yp(12), 6oina 6bl M3BECTHA, TO B 3TOM C/ly4ae 3aKoHbl GU3MKK B Hallel BceneHHow
Morn 6bl 6bITb HaMAEHbI HAXOXAEHUEM TOUYHbIX YPaBHEHUI rpaBuUTaLMm U GQYHKLUIA pasnoxeHua
Yactul,. Mbl HabntoAaeM TONIbKO NOPOXKAEHHOE NPOCTPAHCTBO-BPEMA-MATEPUIO, TaK YTo Npobaema ¢
peleHremM HaMHOTO CIOXKHEE YeM HaxoXAeHMe NOPOXKAEHHOM BCEIEHHOMN U3 U3BECTHOMN QYHKLMM
cKanapHoro nonsa. CHavyana Heob6xoAMMO HaWTU ypaBHEHWE CKanapHoro nona MeTtaBceneHHOM 13 Halmx
HabnofaeMbIX 3aKOHOB GU3UKKU. U TOIBKO MOTOM HaWTU ypaBHEHWA YacTWLL, NPOCTPAHCTBA U BpeMeHU
U3 ypaBHEHWA CKaNAPHOro NosA. Pe3ynbTaTom 3TOro NoAxoAa A 0XKUAAK0 YBEIUYEHUA 3HAHUA O GU3KKe
BceneHHoOW.

KaK 370 MoXeT bbITb cAenaHo?

A AyMmato, 4TO CHa4vana HeO6XOAMMO pewnTb r|p06neN\y HaXoX4eHNA Pa3IoKEHNA CKaNAPHOro nosia Ha
3/1EMEHTAapPHbIe YaCTUL, U NOPOXKAEHHOIO NPOCTPAHCTBA-BpeMeHU C I'IO,CI,Aep)KKOﬁ NMPUYNHHOCTU.
PeweHwne aToi I'IpO6I'I€MbI, CKOpee BCero, Ha/1oXXnT orpaHN4YeHnA Ha TUMNbl BO3MOXHbIX ypaBHEHMﬁ, n



3TO MOXKET AaTb NOACKA3KM KaK pelaTb 06paTHYI0 NpobiemMy HaXoXKAeHUA CKaNAPHOro Nons u3
NOPOXAEHHOIO NPOCTPAHCTBA-BPEMEHMU.

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

Hy>xHa /i1 Haya/IbHasA CUHTYJIAPHOCTb NpU bosibiioMm B3peiBe?
HeBO3MOXHOCTb M36eXKaTb CUHTYIAPHOCTM B KOCMOJIOTMYECKMX MOAeAX 0bLen Teopmn
OTHOCUTE/IbHOCTM BblNa A0Ka3aHa, B YMCae NPOoUYNX TEOPEM O CUHTyAsapHocTaX, P. NMeHpoysom un C.
XOKWHIrom B KoHUe 1960-x rogoB. 3TU AOKa3aTe/IbCTBa OCHOBAHbI HA BUAMMOM O4HOPOAHOCTHU
BceneHHOM, YTO HEBO3MOXHO AOCTUIHYTb €C/In Bce 061acTu BecesieHHOM Koraa-To B NpoOL/IOoM He
B3aMMOAENCTBOBAIN MeXKay COOOoM.

B MNMNBM-Teopuu BUANMYHO O4HOPOAHOCTb BceneHHoM MOXKHO nonpoboBaTh AO0CTUYbL M 6€3 HauyaibHOM
CUHTYNAPHOCTU. 1N 3TOro AocTaTouHO YTobbI B Ppase popmMpoBaHUA NPOCTPAHCTBA-BPEMEHM BE3AE B
dbopmupyroLLLeMcA NPOCTPaHCTBEe-BpemMeHN Bblin NPUMeEpPHO 0AnHaKoBble ycaosusA. Jo Havana
$OopMMpPOBAHUA NPOCTPAHCTBA-BPEMEHN NOPOKAEHHbIE PUINYECKME 3aKOHbI HEMPUMEHUMDbI.

CKOJIbKO M3MepeHuii B MeTaBce/1IeHHOM?
OAMH 13 BONpocoB KOTOprl\;I BO3HWKAET NPU NOMNbITKE NOHATb yCTpOﬁCTBO BCEHEHHOIZ, 3TO No4yemy BO
BceneHHoM YyeTblpe namepeHuna, Tpu NPOCTPaHCTBEHHbLIX N OAHO BPEMEHHOE.

dpeHdecT[8] nokasan, no4yemy KoJIMYECTBO NPOCTPAHCTBEHHbIX U3MEPEHUI PaBHOE TPEM AB/SETCA
Hanbonee noaxoaawmm. Mpu KoANYECTBE U3MEPEHUI CBbILLE 3 HE MOTYT CYLLEeCTBOBaTb aTOMbI. B
C/ly4yae pasmMepHOCTEN MeHbLLEe TPEX ABUKEeHMe Bcerga npoucxoansio 6bl B orpaHUYeHHOM

obnactn. ToNbKO NpPU KOANYECTBE U3MEPEHMUIA, PAaBHOM TPEM, BO3MOKHbI KaK yCTOMUYMBbIE PUHUTHDIE,
Tak U UHPUHUTHbIE ABUKEHUS

Mcxops U3 onnMcaHHOro M UCMOoJIb3yA aHTPOMHBIN MPUHLMM YYacTUsA, MOXKHO YyTBepKaaTb, YTo BceneHHas
MMeET YeTblpe U3MEPEHUA MOTOMY YTO 3TO TO KOJIMYECTBO KOTOPOE HEOOXO4MMO ANA CYLLEeCTBOBAHMSA
Pa3yMHOWM XMU3HU. BO3MOXKHO, MOCTPOUTL MOPOXKAEHHbIE BCE/IEHHbIE C 6O/IbLUIMM KO/IMYECTBOM
N3MepPeHU HEBO3MOXKHO NO NPUYNHE HEBO3MOMKHOCTM PA3BUTUA B HUX PA3YMHOM KU3HU.

To uto yeTbipe nsmepeHna ABNAKTCA Hanbonee noaxoaAawmMmum ana NOpPoOXKA4eHHbIX BCe/IeHHbIX ABNAETCA
0AHOBPEMEHHO apryMeHTOM B M0J1b3Yy TOTO YTO KOJIMYECTBO M3MepPeHU B MeTaBcesieHHoW 6oblue
yeTblpex. CKoNbKo bl He 6b110 M3MepeHnin B MeTaBcesieHHOM, BCe NOPOXKAEHHbIE BCeNIEHHble byayT
MMETb TOJIbKO YeTbipe uamepeHus. MosTomy NpeanosioKeHne o TOM YTo BcesieHHaa cogepKUT TO/IbKO
YyacTb U3MepeHnii MeTaBceneHHOM BbIrNAANT, HA MOW B3ras4, NpaBaonoao6Ho.

AprymeHnTtsl npotus IIIIBM-Teopuu

HayuHble aprymeHnTsl npotuB [IIIBM-Teopun
B aToi yactu, A onuwiy oxmnaaemble Bo3paxkeHna npotms MMBM-Teopum 1 nocTapatocb Ha HUX OTBETUTD.

A 0XKMJat0 HECKO/IbKO OCHOBHbIX TUMOB aprymMeHTOB:

1. BceneHHasa He MOXeT OCHOBbIBaTbCA Ha 6e3BpeMeHHOM CYLLHOCTU. [LOCTaTO4YHO NOCMOTPETb
BOKPYr — eCTb ABUXEHWEe, eCTb BPEMA. ITa TEOPUA NPAMO NPOTUBOPEUMT HALLUMM OLLYLLLEHUAM.

2. TNNBM-Teopua npeacKasbiBaeT TaKOe-TO NOBeAEHUE AR KAKOTO-TO ABJIEHUA.
JKcnepuMmeHTasibHble pe3yabTaTbl OT/IMYAOTCA OT NpeackasaHuii NMBM-Teopuu.


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

3. MoeT nn cylecTBoBaTh GPYHKLMA CKANAPHOrO NOAA, YA0BAETBOPAOLWAA BCeEM TpeboBaHMAM
NMNBM-teopun?
4. TNBM-Teopusa He coaepXuT CTaH4APTHYO MoAenb.

A NOCTapakoCb OTBETUTb Ha 3TN BO3Pa*KEHUA.

Ona Hayana oTBeyvy Ha aprymeHT #1, o npotnsopeyunmn MNMNBM-Teopun Hawmm owyLeHUAM. A cYMTato YTO
3TOT apryMeHT He Hay4eH; 3TO NPOCTO BbipaxeHne ¢punocodckux B3rnagos. /ltobaa HayyHasa runoTesa
[O0KHA OLLeHMBATbCSA HA OCHOBE ee NpeACcKasaHMi @ He Ha OCHOBE TOr0 Kak XOpOLIO OHa COOTBETCTBYET
“3ppaBomy cmbicny”. Mpupoaa He UMeeT HUKaKUX 06A3aTeIbCTB COOTBETCTBOBATb Y€/10BEYECKOMY
34paBoOMY CMbICAY.

06 aprymeHTe #2. 9TO MOKET BbITb CEPbe3HbIN apPryMeHT, HO Mpu TekyLem coctoaHum NMMBM-Teopum
OHAa KOJIMYECTBO ee npeAcKkasaHuit Hebonbloe. OHa NpeaCcKasbliBAET OTCYTCTBME KBAHTA rPpaBUTALUN,
paBEHCTBO CKOPOCTU FPaBMTaLLUN CKOPOCTU CBETA M BEPHOCTb NPUHLMMNA 9KBUBANIEHTHOCTMU.

Mpo #3. A He mory yTBep»KAaTb YTO Takasa GYHKLMS TOYHO CyLLECTBYET, HEOOXOANMbI AONO/IHUTE/IbHbIE
nccnefoBaHUA YTobbl OTBETUTbL Ha 3To. OA4HAKO, A MOTy YTBEPXKAaTb UTO, 6€3 A0NONHUTENbHbIX
nccaefoBaHU, HEBO3MOXKHO CKa3aTb YTO TaKas GYHKUMA HE MOXKET CyLLLeCTBOBATb.

06 aprymeHTe #4. [la, xoTenocs 6bl BbiBECTU CTaHAAPTHYO Mogens cpasy us MMBM-Teopun. He
nosly4aeTcs, MOTOMY YTO MaTeMaATMKa TEOPUM NOKA HeAOCTAaTOYHO pa3suTa. OgHaKo, byayuiee passuTne
3TOM TEOPUM MOXKET ee pewmnTb. MaTemaTuyeckasa mogens MMNBM-Teopun yayyliaeTca co BpeEMeHEM,
TaK YTO BO3MOMKHO B byayliem byaeT HalgeHo pelleHne 3To npobaemsl.

MMNBM-Teopuna He MMEET CKPbITbIX MAapPamMeTPOB Ha YPOBHE 3/IeMEHTAPHbIX YaCcTULL,.

KoHeuyHo A He Mory NpeaBUAETb BCe BO3MOXKHbIE Hay4YHble apryMmeHTbl npoTus MMBM-Teopuu, Tak u4to
NonbITasCcA OTBETUTb TO/IbKO Ha Hanboee OXMZaeMble apryMeHTbI.

He Hay4yHbIe aprymeHThbl npoTuB [IIIBM-Teopuu
HekoTopoe Bpems Hasag, A Noay4yun Takol oT3biB Ha MMBM-Teopuio, OT pefaKkLmMmn 04HOMo U3
M3BECTHbIX }KypHanoB no ¢usmke: “This work is simply not physically sound.”

HemMHOro nogymas, A NOHAM YTO 3TO MOKET BbITb AOBO/IBHO YaCTbIM BOCMPUATMEM 3TOM Teopuu. TaK yYTo
Al PELW HanucaTb OTBET Ha 3TOT OT3bIB.

Al cuMTato YTO 3TO MHEHME HE MMEET OTHOLIEHMA K HAayKe. 9TO MHEHWE NPOCTO 03HAYaeT YTo Nt0b0I KTO
TaK YTBEPXKAAET yBEPEH B TOM 4TO ero ¢unocodckoe BuaeHue Mpupoabl BepHo 1 nostomy MMNBM
Teopusa olwmMboYKa KaK NPOTUBOPEeYaLL,an 3SToMy BUAEHUIO. Mory A CNPOCUTb rAe U Koraa aTo
dunocodckoe BuaeHMe bblI0 fOKA3AHO? A YNTAN HEMANO ANCKYCCUIA B UHTEPHETE O peasin3me U aHTu-
peannsme, U He BUAEN KAaKUX-TMOO YNOMUHAHUIA O TOM YTO peannsm bl LOKa3aH.

Cutyaumsa Korga Gpusmyeckan Teopus Npsamo 3atparmsaet puaocodckme BoNpoCk! ABAAETCA OYEHb
Heob6bIYHOM, OAHAKO HUYETO B OHTOJ/IONMU HAYKM He 3anpeLlaeT Takue Teopuun.

Bo3mokHo MMNBM-Teopua TpebyeT CAULLKOM MHOIO U3MeHeHU B Gp1UA0CoOGCKOM BUAEHUN MUPa U
cyliecTByeT 6os1ee npocTas afbTepHaTMBa? XOpoLwo, MOry M A y3HaTb Ha3BaHMe Kakoli-1nbo Teopun
KoTOopas He TpebyeT CTo/b CyLLeCTBEHHbIX GUNOCOPCKUX USMEHEHMI U KOTOPAA 06beaUHAET BCe
dyHOamMeHTaNbHble B3aumoaenctama? CyLlecTByOT TaKMe TEOPUM KaK TEOPUA CTPYH, NeTaesasn
KBAHTOBas rpaBuTaLyMa 1 T.M., U HEKOTOPbIE AYMAtOT YTO OHM MOTYT 06bEeAUHUTL BCE B3aUMOAENCTBUS.



Ho rae pe3ynbtat c 06beanHeHnem? OH, Ha AaHHbIM MOMEHT, He cyuiectsyeT. [MMBM-Teopua
npegnaaraet npoctoe obbeanHeHne Bcex PyHAAMEHTA/IbHbIX B3aMMOAENCTBUI. ITO 06bACHEHWE Nerko
06BACHUTb N MOHATb, HO TO/IbKO €C/IN eCTb FTOTOBHOCTb Cepbe3Ho paccmaTtpmsaTth MNMBM-Teopua n ee
dunocodutio, a He HacTamBaTb Ha CBOUX PUNOCOPCKMX B3rNaAaX.

A1 noHnmato uTo MMBM-Teopma MoKeT oKasaTbca HeBepHo. O4HaAKO AN1A ee ONPOBEPIKEHUA AO0KHbI
NCNO/1Ib30BaTbCA TO/IbKO Hay4Hble apryMeHTbl @ He dpnunocodcKme B3rnsaapl.

IIpumeHeHue [IIIBM-Teopuu K HEKOTOPBHIM U3BECTHBIM NMPOGIEeMaM

UHpopManus U YepHbIe AbIPbI
B cOBpEMEHHbIX WMPOKO MPUHATbLIX TEOPUSAX CYLLLECTBYET NoTepA MHPOPMALMKN B YEPHBIX AbIPaXx.

MNotepu nudopmauum 8 NMBM-Teopum HeT. MNoTepsa MHGOPMALMM BO3MOXKHA TOIbKO B NOPOXKAEHHOM
NPOCTPaHCTBE-BPEMEHM, HO 3Ta MHPOPMALLMA NO NPERHEMY ocTaeTca B MeTaBcesIeHHOM, XOTA U
HefoCTYNHOM ANA Hac.

CUHTYNAPHOCTb B YepHbIX Ablpax, NpeAcKkasbiBaemas obueit Teopuei oTHocuTeibHocTH, B MMNBM-
TEOPUM ABAAETCSA PA3PaBOM NPOCTPAHCTBA-BPEMEHMW. ITO Pa3PbIB 3aHMMAET HEHYNEBOM pasmep B
OKpY»KatoLwem NopoXAeHHOM NPOCTPaHCTBE. 3a rpaHULEn 3TOro paspbiBa, HEBO3MOXKHO NPOAO/IKUTD
NOpPOXKAEHHOE NPOCTPAHCTBO-BpeMA. [InA OnncaHnA TOro YTo MPOUCXOAMUT 3a rPaHULLAMM PA3pbIBa,
TpebyeTcsa MCNonb30BaTb NOJHbIe ypaBHeHUs MNMNBM-Teopuu.

3aK/IlnyeHue
Mpeanaraemasn MNMNBM-Teopusa nmeeT age coctaBastowme — GpunocodPpckyto n pusmyeckyto. Noatomy a
pa3gento 3aKka4eHMe Ha ABe YacTu, punocodCkyto YacTb U GU3NYECKYIO YacTb.

3akiwyeHue, puiocodpckas 4acTb

MNMNBM-Teopua npegnaraeT HOBYHO MHTepnpeTaunto bbiTnA. Y yenoseka, COriacHO 3TOM Teopum, HeT
NoA/IMHHOM cBO6OAbI BOIN. 3Ta TEOPUA NMONHOCTLIO AETEPMUHUCTUYECKASA, MOSTOMY Y itoAel HeT
cBob0gHbI BOIN. ITa TeopuAa NpeasaraeT oTBET HAa OAMH U3 60NbLINX BONPOCOB $pUNocodmm, a UMEHHO
KaK NPOCTPAHCTBO-BPEMS U HALLM OLLYLLEHUS CBA3AHbI MeXay coboi.

Hackonbko mogenb MNMBM-Teopun COOTBETCTBYET 40/FOBPEMEHHOMN TEHAEHUNW B PAa3BUTUN
dunocodpun?

HekoTopoe Bpems Hasaa Hanbosee pacnpocTpaHeHHON Teopuelt bbina Teopusa MTonemesn, rae 3emns
6blna B LeHTpe BceneHHol, a ConHue BpaLanock BOKpyr 3eman. Yenosek 6bin B LeHTpe BceneHHol,
}KMBOTHbIE OblIM OTAENBHO OT YeNoBEKa.

Co BpemMeHeM, Ha4anacb 3p03nA LLeHTPasIbHOW POAKN YesoBeKa BO BcesieHHOM. 3emna Hayana BpaLLaTbea
BOKpYyr CosHLa 1 CoNHLE CTano LeHTpom BceneHHoM. 3aTem 6b110 06HapyKeHo 4To CoNHLLE 3TO BCEro
JIMWLIb OAHA U3 MUAMAPAO0B 3Be34, M CONHLE BPaLLAeTCs BOKPYT LeHTpa ManakTuKK, rafakTuk
Munanapapl. JapBuH Nokasan yTo YenoBek MMeeT 06LMX C APYTMMU X KUBOTHBIMU NPEAKOB.

Takum 06pasom, B HayKe U Gpruaocodun nmeeTca 4OATOBPEMEHHAn TEHAEHUNA YMEHbLLIEHNA POIU
yesioBeKa BO BceneHHoM.

B HacToAWee BpemsA, poJib HENOBEKA BO BceneHHol no npexHemy oCtaeTca 40BOJ/IbHO BbICOKOM. 3TO TaK
B OCHOBHOM M3-3a KOHUEeNuUnn CBO60,CI,bI BOJIN, YTO YeNN0BEK CBO60,CI,€H B CBOUX lCI,(E[;1CTBI/1FIX.



B MMNBM-Teopuu, YeloBEYECKUI pa3ym 3TO aNndeHOMEH, NOPOXKAEHHbIN MeTaBceneHHo.

CnefoBaTenbHO, MO OTHOLEHUIO K MeTaBceNleHHOM Pob YeoBeKa Kyaa MeHblle Yem B COBPEMEHHbIX
TeopumAxX No OTHOLIEHUIO K BceneHHOMN.

OpHako, MOMMMO HU3BEAEHUA PON YesioBeKa B MeTaBcesieHHOW A0 YpoBHA anudeHomeHa, y NMNBM-
TEOpUK eCTb U NPAMO NPOTUBOMOIOKHAA COCTABAAIOLLAA MO OTHOLLEHMUIO K PO YesI0BEKA BO
BceneHHOW. 3Ta cOCTaBAAIOWAA AENAET PO/b YeNoBeKa BO BceneHHOM UCKNOYMTENIbHOM M BHOBb, KaK U
BO BpemeHa lTonemes, CTaBUT YesloBEKA B LLEHTP BceneHHoIA.

CornacHo NMNBM-Teopun, NPOCTPAHCTBO, BPEMA U MaTepun CyObEKTUBHbI, OHN HEe CYLLECTBYHOT
He3aBMCMMO OT HabatogaTena. bosiee Toro, oHM nNopokaatotca Habntogatenem. Tem cambim,
COBEPLUEHHO UCKNHOUYMTEIbHAA POb BO BcenleHHOM YenoBeka v Apyrux pasyMmHbIX CyLLECTB, NPu UX
Ha/ZIMYNM, COCTOUT B TOM YTO Pa3ym MOpPOKA3ET BceneHHyto.

B MapKcu3Mme cyLecTByeT Tak Ha3blBaeMblii OCHOBHOM Bonpoc ¢dunocodun. OH 06bI4HO popmyanpyeTca
TaK: «4TO NepBMYHO, AyX UAK maTepua?». Mol OTBET Ha 3TO BONPOC yKe chopmynMpoBaH N 060CHOBaH
Bbllwe. BbibMpas mexay Co3HaHWeM 1 maTepueit, NepBMYHO co3HaHMe. OQHaAKO CO3HaHMe TaKKe
AB/IACTCA MOPONKAEHHbBIM ABIEHNEM, XOTA U CTOMT Ha CTYNEHb Bbllle MaTepPUNn.

PaccmaTpuBan YenoBeKa co CTOPOHbI MeTaBceneHHOM, YeNoBEeK M ero Co3HaHWe CYLLECTBYIOT BEYHO.
XOTSl HACKO/1IbKO BEPHO rOBOPUTL MPO BEYHOCTb MO OTHOLLIEHMIO K CYLLIHOCTM B KOTOPOM HET BPEMEHH,
HenoHATHo. OAgHaKo BO BceneHHOM, ABAAIOLWLENCA NOPOXKAEHHOW CYLLLHOCTbIO, YeNI0BEK CyLLLecTByeT
KOHEYHoe Bpems.

BO3HMKaeT BOMPOC: KaKoB peasibHblii BO3PacT BcesieHHOM, KaKk 4ONTo OHa HaxoamTcs B bbiTne?

OTBET Ha 3TOT BOMPOC CBOAMUTCA K HAaXOMKAEHUIO BONPOCA O TOM Kak AaBHO BO BceneHHol noasuca
pasym.

CornacHo [lJapB1HY 1 TEOPMM IBOIOLMM, YENOBEK MPOU3OLIEN OT KUBOTHbIX. HUKTO U3 }KMBOTHbIX,
BK/1I04AA NPMMATOB, HACKO/IbKO MHE M3BECTHO He 061adaeT pasymom. Eciv npeanonoskuTb, 4To
yenoBeK eMHCTBEHHOE Pa3yMHOoe CyLLLeCcTBO BO BcesieHHOM, To BceneHHan nossuaach Toraa, Koraa
nepBsblii YeNoBeK 06pen pasym.

Hacko/bKo A NoHAM YMTan BUKMneanto, cpeam NaneoHTOI0r0B MMEETCA KOHCEHCYC YTO NepBblit YeioBek
obpen pasym He 6onee 1 mAH. neT Hasaa,. Toraa 3To 03HavaeT, YTo BceneHHas He cTapuwe 1 maH. net. [o
3TOro, BceneHHas He cyLLecTBOBasa No NpUUYMHe oTCyTCTBMUA HabaogaTenein. Hazosy cocTosHue
BceneHHOW Korga oHa CyLLEeCTBYeT TO/IbKO NMOTEHLMAaNbHO KaK npeacyliecTeoBaHue. Toraa sTo 03Havaer,
4TO BceneHHasa 40 NOABNEHMA Pa3yMHbIX CYLLECTB HAaX0AMNACh B COCTOAHMM NPeACYLLeCTBOBaHMA. B
3TOM C/ly4ae pas/iMyHble OLEeHKM Bo3pacTa BceneHHOM, Takue Kak 13.77 mapAa. feT 1 T.M., OTBEYAIoT Ha
BOMPOC KaK [a/IeKO B BO3MOXKHOE MPOLUIOE MOYXKHO rTMNOTETUYECKM MPOTAHYTb NPUYNHHO-
cneactBeHHble cBasn. OQHaKo cyllecTBoBaHMe BceneHHol TpebyeT HabatogaTens, cneaosatesibHO
OL,EHKM KOTOpble He yYnTbIBalOT Habtogatenelt OTHOCATCA K CYMMapHOW AAUTEIbHOCTU BPeMEHW
cywecTBoBaHuUA BceneHHol B BbiTwe n BpemeHu NpeacyLw,ecTBoBaHusA, Korga BceneHHas cywecTsoBana
TOJIbKO NOTEHLUMANbHO.

Bo3moxHa cuTyauma, Korga o BceneHHoM nepmoanbl CyiecrsosaHunA pa3YMHOVI KNU3HUN CMEHANTNCD
nepunogamum Koraa pa3yN\H017| ¥KM3HU He bblno. B atom Cnydae, BceneHHan 6bina B BbiTne TObKO Korga



CYLLeCTBOBa/Ia pasyMHan XU3Hb. B npomerkyTKax mexkay sTum, BceneHHasn 6biia B NpeAcyLLecTBOBaHUN,
CYLLEeCTBOBas1a TO/bKO MOTEHLUMANbHO.

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

Paccmatpuas 3ToT BONpocC € ToUKK 3peHmna NIMBM-Teopuu, aTOT BONPOC HE UMEET CMbICAA.
O60cHOBaHMe 3aKNt04YaeTCA B TOM, YTO MPUUYMHHOCTb, KaK NpeanonaraeT 3Ta Teopus, ABAAETCS
NOPOXKAEHHBIM ABNEHNEM U He cyllecTBYeT Ha 6onee dyHOaMeHTaNnbHOM ypoBHe MeTaBceNeHHOMN.

Takvm 06pasom, OTBET Ha BONPOC “YTO eCTb Hauyano Hayan M NPUYMHA NPUYMH?”: BONPOC HE UMeeT
cmbicna.

3ak/royeHus1, pusndeckKasi 4acTb
MNMBM-Teopua nocTpoeHa Ha OAHOM CKaJIAPHOM NOJie N3 KOTOPOro BbIBOAUTCA NPOCTPAHCTBO, BPEMA U
MaTepus. Tem cambim 06beANHAOTCA BCe PYHOAAMEHTANbHbIE B3aUMOAENCTBUA.

Ha moi1 B3rnsa, oCHOBHasA CM1a U OCHOBHOE AOCTUMKEHME STON TEOPUM 3TO NPOCTAA KOHLLENTyabHas
MoZeNb No3BoAOLWAs 06beMHUTb KBAHTOBYHO MEXaHUKY C 0bLLel Teopuein OTHOCUTEIbHOCTMU.
YpasHeHus MMBM-Teopumn, ecnm oHa BepHa, CNocobHbl onucaTb 110bble pU3nyecKkme npoLecchl,
BKJ/1HOYAA T€ YTO eLle He OTKPbITbI, MPU /II0ObIX PU3MUYECKUX YCIOBMAX. ITa TEOPUA Npeaiaraet cnocob
06bACHEHUs Bcex pyHAAMEHTaNbHbIX B3aMMOAENCTBUIN C OAHON TOYKM 3peHmnA. ITo obbegmHeHne
B3aMMOAENCTBUIN OCHOBAHO Ha O4HOM MCXOLHOM KAaCCMYECKOM He KBAHTOBOM nose. Taknum obpasom,
Bce PpyHAaMeHTa/IbHble B3aMMOAENCTBUA U 31eMEHTAPHbIE YaCcTULbl C UX KBaHTOBbIMU 3ddeKkTamm
BO3HMKAOT U3 3TOro nond. FnasHaa npobnema MMBM-Teopuun — punocodckan LeHa aToro
o0b6beanHeHUs. ITo 0bbeanHEHNe 3aTparMBaeT Hanbonee dpyHAaMeHTaAbHble KOHUEeNUUn punocodpum.

Bce npoueccbl KOTopble MPOUCXOAAT B NOPOXKAEHHOM NPOCTPAHCTBE-BPEMEHM PAacCMaTPUBAIOTCA B
MMNBM-Teopumn Kak aTemnopasibHble NPoLecchbl.

lMoka3aHo Kak ypaBHeHue LWpeaunHrepa sbiBoautca B pamkax MMNBM-Teopuu. [ToKa3aHO YTO NpUHLUMN
HeonpeaeneHHocTu lelizeHbepra Takke BbiBogMTCcA 13 MMNBM-Teopumn, HecmoTps Ha To yto MNMNBM-
Teopua ABNAETCA AeTEPMUHUCTUYECKOWN TEOPUEN.

Al noKa3an Kak 06BACHUTL CNeLnanbHyO TEOPMIO OTHOCUTENBHOCTM U MPUHLMIM IOKAZIbHOCTU B PaMKax
NMNBM-Teopumn.

O6Lwan Teopna OTHOCUTENBHOCTU BK/toYeHa B MMBM-Teopuio. MoKasaHO YTO ypaBHEHMA rpaBUTaumu,
npeackasbiBaemble MMBM-Teopueit, COBNAAatOT C ypaBHEHUAMM 06LLEN TEOPUMU OTHOCUTENBHOCTMH.
O60CHOBaAHO PaBEHCTBO MHEPTHOM M rPaBUTaLMOHHBIX Macc. MpeanosKeHbl HEKOTOPble U3MEHEHUA B
YPaBHEHUsAX 0bLLEel TeopnM OTHOCUTENIBHOCTMY.

Ceiyac ocHOBHas €/1aboCTb 3TON TEOPMM 3TO MHOXKECTBO OTKPbITbIX MaTeEMaTUYECKMX BONPOCOB. Mx
HY)KHO ByZeT pewmnTb 4Tobbl caenaTb YpaBHEHWA TEOPUM NPUTOAHBIM 411 BblUMCAEHNI. HeT
aHANUTUYECKMX peLlleHni ypasHeHul NMNBM-Teopum. A gymato YTO 3TO BMOJIHE OXKULAEMO,
nepBOHaYasbHO, 418 060 TEOPUKN YTO MAET 3a NPeaesibl XOPOLWOo Uccie0BaHHON obnacTu
KannbpoBOYHbIX Teopuit. YpasHeHuMA MMNBM-Teopun 310 Habop GyHKUMOHANbHbIX YPaBHEHUIN, OHU
CNIOXKHbIE U HAWTU UX peLleHMEe HENPOCTO.



MpeanoXkeHHaa Teopma OAHO3HAYHO paAnKanbHa, OHA 3aTParMBaeT KAKYeBble KOHLenuum d)VIﬂOCOd)MVI.
OpaHako, aTa TEOPUA TaKKe O6€LLI,3€T pPagnKanbHOE yMmeHbLIEHNE YNC/Ta HE3ABUCUMbIX ABNEHUN. EpVITBa
OKkama gna atoro C/Qly4ad NOKa3bIBaAET YTO 3Ta TEOPUA MOXKET OKA3aTbCA BepHOl\/‘L

MMNBM-Teopus npegnaraet cnocob o6beanHeHns scex pyHAAMEHTANIbHBIX B3AMMOLENCTBUIM, BKIOYAA
rpaBMTaLMIO, B paMKax CBOe moaenn. TakkKe 3Ta Teopua 06bACHAET NPUPoAY U CBOMCTBA BPEMEHMW.
MMNBM-Teopus gob6aBaseT ToNbKO OAHY CYLWHOCTb, MeTaBCeNeHHY0 CO CKansapHbIM nosiemM. fl TakKe
npeanarato MeTo, Kak, OCHOBbIBAsACb Ha 3TOM NoJie, ONUCbIBATb Hawy BceneHHyto. 3Ta Teopua ybupaet
KOHLeNuMn He3aBMCMMOro NPOCTPAHCTBA, BPEMEHU U MaTepUK. TaK XKe A 0XKMAA0 YTO MHOKECTBO
KOHCTAHT, KBaHTOBasA MexaHMKa u CTaHAapTHaA MoAeNb UMEET HEMANo TakuMx, OyaeT BbiBeAeHbl KAk
CneAcTBUE B NPOLLECCE MOMCKA aHAIMTUYECKUX PeLleHnit aaa ypasHeHuin MMNBM-teopun.

MNMNBM-Teopua npeanaraet HEKOTOPble U3SMEHEHUS B 0OLLEN TEOPUM OTHOCUTENIBHOCTM B YacTK
OTHOCALLLENCA K KOCMOOTMW. BO3MOXKHO UTO pasHuubl mexgy LCDM moaenbto 1 npegckasaHMamm
MMNBM-Teopun HET Ha BCEM NPOMEIKYTKE NOC/e TOro Kak BcesneHHana ctana npo3payvHol Ana ceeTa.
OpHako, MNBM-Teopus npeanaraet npocroe ob6bAcHeHUe MHPAAUMOHHON da3bl paHHel BceneHHoi.
Mpu 3TOM, HEMOHATHO HY}KHa /I BoOobLLE KoHUenuma Bonblioro B3pbiBa € €ro Haya/ibHOM
CUHIYNAPHOCTbLO. B pamkax MMNBM-Teopuu, BUAHa BO3MOXKHOCTb NOJAYYEHUA BUANMON O4HOPOAHOCTH
BceneHHon 6e3 nepBoHaYanbHOro Masioro pasmepa BceneHHoM.

MpeanoKeHbl 06bACHEHUA NPUPOALI TEMHOW SHEPTUN U TEMHO MaTepPU.

MpepcKkasaHa notepa MHGOPMaLLMKM NPU Nepexose B APYryto CUCTEMY OTCYETA, OHA ABAAETCA He
AOCTynHOM Ans HabnogeHus. Takoe HabogeHWe 3anpelweHo aetepmmHnamom MNMNBM-Teopum u
OTCYTCTBMEM MOJIHOCTbIO HE3AaBMCUMbIX CODbITUIA.

Takana npob6sema ¢ ManbiM YNC/IOM HOBbIX NpeACcKasaHuMii Bbi3BaHa B OCHOBHOM TEM YTO 3Ta Teopus
coBmecTtuma ¢ CTO, OTO 1 KBAaHTOBOM MexaHUKOM. O4HAKO, KOJIMYECTBO HOBbIX NPeACKa3aHNn MOXKET
HayaTb pacTu npu 6onee rnybokom aHanuse ypasHeHui MMBM-Teopun.

Mpobnema ¢ NnpeackasaHUAMM He o3HavaeT yYTo MMBM-Teopua He MOXKeT bbITb PpanbcnpuLMpoBaHa.
MMNBM-Teopusa moxeT bbiTb PpanbcnduumpoBaHa ecnmn byaeT A0Ka3aHO YTO ypaBHeHUA MMBM-Teopumn
He UMeeT peLleHUI yo0BAeTBOPAIOWMNX BCEM HEOOXOANMBIM YCI0BUSAM UM YTO PELLEHMUA ITUX
YPaBHEHUI He MOTyT 06bACHUTb Kakoe-1nbo asneHue. MMBM-Teopusa ABAseTCA KaHAMAATOM Ha TEOPUIO
Bcero, nosTomy OHa A0/1KHa 6bITb CNOCOOHOM onuncaTb toboe dmsmnyeckoe ABaeHUe Npu N0bbIX
dU3MYECKMX YCNOBUAX.

Ecnv NMNBM-Teopus BepHa, HaxoXAEHME YPABHEHUA CKANAPHOIO NOAA U3 U3BECTHbIX 3aKOHOB GU3MKHK
NO3BOJIUT HANTWN YPaBHEHMA YaCTUL, NPOCTPAHCTBA M BPEMEHM U3 CKaNAPHOro nonsA. Kak pesynbTtart, 3To
MOMKET YYULLIMTb HalIW 3HAHWA 3aKOHOB PU3MKN U MOXKET MPUBECTU K U3IMEPAEMbIM NPEACKAZAHUAM,
BO3MOXHO K OTKPbITUIO HOBbIX ABNEHWUIA.

Cnucok npeackasaHuin NMNBM-Teopuu:

e [INBM-Teopua npeackasbiBaeT 4To FLRW meTpurKa He npMmeHnma K nepBbiM MOMEHTam nocnae
BonbLworo B3pbiBa, ecm OH BoObLLE CyLLeCTBOBA.

e [IpeacKasaHo cylecTBOBaHME NapanfieNbHbIX BCENEHHbIX.

e [NBM-Teopus yTBEpPKAAET YTO NPOLLIOE HE MOKET BbITb U3MEHEHO

e [INBM-Teopusa npeacKkasblBaeT YTO rpaBMTOHA (KBaHTa rpaBMTaLLIMK) He cyliecTByeT

e [lpeacKa3aHoO paBeHCTBO CKOPOCTU FpaBUTaLLMKN U CKOPOCTU CBETA



e [lpepcKasaHa BEPHOCTb NPUHLMMA SKBUBAIEHTHOCTHU
Opyrue pesynbTaTbl 3TOM TEOPUK:

e  AHTPOMHbIN NPUHLMM y4acTMA ABNAETCA NPAMbIM CIeACTBMEM 3TOM TeOpUM. TeM CaMbim,
pelwaeTca npobsiema TOHKOM HAaCTPOWMKKM BceneHHOM.

e [NBM-Teopuns cnocobHa 06BACHUTL 06LLYO TEOPUIO OTHOCUTENBHOCTU WU KBAHTOBYHO C OAHOM
TOYKM 3PEHUA U C UCNONB30BAHMEM TOJIbKO 0AHOTO GYHAAMEHTANbHOIO NOAA.

e [NBM-Teopus npeanaraetT USMEHEHMUA B YpPaBHEHUSX 06LLEN TEOPUN OTHOCUTENBHOCTU

e [IMNBM-Teopus cCOAepKUT, KaK OAHY M3 YacTen, TEOPUIO BPEMEHMU.

e [NBM-Teopus npegnaraet mogenb GOPMUPOBAHNA NPOCTPAHCTBA-BPEMEHU, BKAOYAs MOAENb
dopMMpPOBaHUNA NPOCTPAHCTBA-BPEMEHMN B NepBble MOMEHTbI BceneHHol. 3Ta Teopus
onucbiBaeT pasy GopMnPOBaHMA, BO BpEMA KOTOPOIM U BPEMSA M MPOCTPAHCTBO HE CYLLECTBY!OT,
HaxogAaTca B npouecce popMUPOBAHUA.

e [lanbHelwee passutue MMBM-Teopumn, pelieHne ee ypaBHEHUN, MOMKET NO3BONTb B3MNAHYTb
Ha To 4YTO 6bI10 A0 NosABAEHUA BceneHHOM, Koraa He bbl/10 HYM BPEMEHM HU NMPOCTPaHCTBa.

e [pepnoxeHa HoBas, GOHOBO-HE3aBUCMMAA, UHTEPNPETALMUA KBAHTOBOMW MEXAHUKM.
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