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AHHOTaAUMs

MpepnoxeHa MoAenb, OCHOBaHHas Ha CyObEKTUBHOM MAeannsme, No3BoAOWAA NOCTPOEHUE
NPOCTPAHCTBa-BpEMEHN C METPUKOM JlIopeHL,a Ha eBKANA0BOM NPOCTPaHCTBE 6e3 BpemMeHu U
OVHaMMKK. ITa MOAENDb TaKXKe NO3BOAET MOCTPOEHNE UCKPUBAEHHOIO NPOCTPAHCTBA-BPEMEHM C
MEeTpPUKOM 0bLein Teopun oTHOCUTENbHOCTU. NOKa3aHo, YTO M3 MOAENN CAeayOT NPUHLMN
NPUYNHHOCTM U aHTPOMHbIA NPUHUMN. MOKa3aHo, YTO U3 MOAENM CNAeAYET CUbHBIA NPUHUMN
3KBWBANIEHTHOCTW FPaBUTALUM U YCKOpEeHUA. BbiBeaeHbl BCce NPUHLMMbI M MOCTYNaTbl, HA KOTOPbIX
OCHOBaHbI creLmasnbHas U obLLas TeoprMm OTHOCUTENBHOCTU. B cTaTbe NpegnaraeTca NPUHUMNNANBHO
HOBas MoZe/b A1 NOCTPOEHUA PU3MUYECKUX TEOPUIA.

BBeaeHue

BO3MOXHO /1M MOCTPOUTL B EKB/IMAOBOM MPOCTPAHCTBE FMMNEePNOBEPXHOCTb C NOPEHLLEBCKOM METPUKON?
Kak nokasaHo y C.XoKuHr, x.9nauc [1, ctp 55], B €BKAMA0OBOM NPOCTPAHCTBE HEBO3MOXKHO NMOCTPOUTD
BMMCAHHYIO r’MNepPnoBEPXHOCTb C IOPEHLEBCKON METPUKON.

BO3MOMKHO /I MOCTPOUTL B EKBAINA0BOM NMPOCTPAHCTBE FMMNEPNOBEPXHOCTb C METPUKON 0b6LLLEN Teopumn
OTHOCUTENIbHOCTU? EC/IN HEBO3MOXKHO NOCTPOUTL Boslee NPOCTOM caydait, ¢ MeTpuKoi JlopeHua, To
04Y€eBM/HO, YTO 3TO HEBO3MOMKHO CAeNaTb.

[l0Ka3aTeNbCTBO HEBO3MOMKHOCTM MOCTPOEHUSA BNMCAHHOM rMNEPNOBEPXHOCTU C IOPEHLLEBCKON
METPUKON B EKBINAOBOM NPOCTPAHCTBE BbIMNAAUT y6eanTebHbIM, KayKeTCA, YTO ero HEBO3MOMXKHO
onpoBeprHyTb. Jlloboe A0Ka3aTebCTBO OCHOBAHO HA HEKOTOPbIX NOOMKEHMAX, KOTOPbIE CYMTAIOTCA
WCTUHHbIMM. ECNM ecTb BO3MOXKHOCTb NOCTaBUTb N0, COMHEHME KaKoe-Mbo M3 3TUX NOOKEHUIA, TO BCe
3aBMCHMMbIE OT TAaKOTO NOJIOXKEHUA BbIBOAbI TAK}KE CTAHOBATCA COMHUTENbHbIMU. [oN0KEHME, KOTOpOe B
3TOM CTaTbe CTaBMTCA NOA COMHEHWeE, 3TO Peaansm.

Bpems yyacTeyeT 1 B MeTpuKe JlopeHLa U B MeTpuKe 0bLLei TeEoOpUn OTHOCUTENbHOCTU. o3ToMy, A0
TOro, KaK pPacCMOTPETb Npea/iaraemMyto MOLe b, PAaCCMOTPUM, YTO TaKoe Bpems.

Bpemsa aBnaeTca aBneHMem, NpoABAEHNA KOTOPOro Mbl NOCTOAHHO Habaloaaem. u3mMKa BCe eLle He
3HaEeT NPUPOAY BPEMEHM, CYLLLECTBYIOLLEE ONUCAHNE BPEMEHU U Ero CBOMCTB ABAAETCA
deHomeHonornyecknm. CneumanbHas v obLLas TEOPUN OTHOCUTENBHOCTM YCTAHOBWUAM 3aBUCUMOCTb
MeKay BpemeHeMm, NPOCTPaHCTBOM U rpaBuTaLMeit. DTO NOKa3bIBAET, YTO BPEeMSA He ABNAETCS
He3aBUCUMMbIM ABJAEHMEM, U MMEET CBA3b C MPOCTPAHCTBOM M MaTepuei, Bbi3blBatoLWwel rpaBuTaLLmIo.
®usmKa yctaHoBMNA CBOMCTBA BpemeHW. OQHAKO OTCYTCTBYET 3HaHMe, NoYeMy CyLLeCTBYET BPeEMS,
noyemy Bpems OAHOHANpPaBAEHHO, CYLLECTBYIOT M KBaHTbl BpEMEHM, MoYemMy BpeMa MMeEeT 04HO
n3mepeHne, BO3MOXKHO /1 NyTeLIecTBOBATbL B NPOLLJIOE.

,ﬂ,eVICTBMTEHbHO 1 NPOCTPAHCTBO, BpeMA, maTepna U NoNA CyLeCTBYKOT CAMOCTOATENIbHO U XKe
ABNIAKOTCA NpoOABEHNEM HYETO-TO 6onee d)yH,Cl,aMEHTaJ'IbHOI'O?

MpeanonoXmnm, 4to Ha GpyHAameHTaIbHOM YPOBHE BPEMA MOJHOCTbIO OTCYTCTBYET. PaccmoTpmm
BO3HMKaloLWMe CNeacTBUA 3TOrO NPeAnoNOKeHNA.



Ecnn Ha dyHAaMeHTaIbHOM YPOBHE BPEMA MOJIHOCTbIO OTCYTCTBYET, TO A0/KHA OTCYTCTBOBATL U
AVHAMMKa. BapuaHTbl, Korga Ha GyHL4AMEHTaIbHOM YPOBHE MMEETCA AMHAMMKA, @ BPeMs Ha
MaKpOYpPOBHE ABAETCA IMEPAKEHTHbIM, CIOXKHO Ha3BaTb Moaesbilo 6e3 BpemeHun. CKopee, Takne
MOZE/IM MOKHO Ha3BaTb MOAENAMU C MHOXKECTBOM BPpeMEH Ha MUKPOYPOBHE.

Mpw OTCYTCTBMM HA GYHAAMEHTA/IbHOM YPOBHE BPEMEHU U AMHAMMUKN BO3HMKAET BOMPOC, KaK 3TO
cornacoBaTb ¢ HabagaeMon B Npupoae AMHAMUKON U BpemeHeMm. [nA Toro 4Tobbl OTBETUTL Ha 3TOT
BOMNPOC, HEOBXOAMMO PAaCCMOTPETb HAa YEM OCHOBaHbI Peasin3m 1 UAeanmsm.

Peasin3zMm mn naeajin3m

MpuBbIYHAA HaM KapTUHA MUPA FTOBOPUT, YTO CO3HAHME CYLLLECTBYET NO NPUYMHE NUSMEHEHUIA COCTOAHUSA
maTepumn Bo BpeMeHW. MaTtepus npu 3ToM cyLLecTBYeT 06 bEKTUBHO M HE3ABMCMMO OT HALLero CO3HaHus.
Ho aencTBuTeNbHO NUT 3TO TaK? Ha AaHHbIM MOMEHT, Kakme-nMbo AoKa3aTenbCcTBa BEPHOCTH
MmaTepuanmama oTCyTCTBYIOT. MaTepranusm ABASETCA OAHOMN U3 KOHLUENUUi peannsma.
MpPOTUBONONOXKHAA KOHLENUMA, yTBEPKAatoLLas, YTO MMUP 3aBUCUT OT CO3HAHWS, Ha3blBaeTCs
naeanmsmom. B pnnocodum naet HesaTyxatollee obcyKageHMe 0 TOM, YTO BEPHO, peannsm Uam
naeannsm. Y KaxKaoro M3 aTUx HanpaB/ieHUN UMELOTCA CBOW aprymeHTbl. H1 ogHo 13 atux dmnnocodcekmx
HanpaB/IeHWI Ha CerogHALWHUN MOMEHT He ABASETCA HayYHbIM, TaK KaK OTCYTCTBYET BO3MOXKHOCTb UX
danbcudumkaummn. Tem cambiM, XOTA MPaKTUYECKM BCE COBPEMEHHble TeOpUN B pU3NKE MNOCTPOEHbI Ha
OCHOBE peann3ma, HET OCHOBAHWUI ANA 3anpeTa NOCTPOEHUA TEOPUIA Ha OCHOBE MAaean3ma.

B cneaytoluei yactv npeanaraetca MoAesib, OCHOBaHHan Ha naeannsme.

Mopaenb

ﬂyCTb MMEETCA YeTblIpeXmepHOoe eBKINA0BO NMPOCTPAHCTBO C KAKUMU-TO NONAMMU. BpEMH N AUHaMUKa
OTCYTCTBYIOT. Tem cambIM, Y MOIEN TaK¥Ke OTCYTCTBYET AMHAMMKA. ITO TaKKe 03Ha4yaeT NoJiHbIN
AeTepMUHU3M.

MycTb B 3TOM MPOCTPAHCTBE MOXHO NMOCTPOUTb CEPUIO HEMEPECEKAIOLWMNXCA TMMeprnoBepxHOCTeN, Ha
KOTOPbIX KaKMM-TO 06pa3oM MOXKHO NOCTPOUTb NOAA, TOYHO COBMaaatoLme ¢ HabaaaeMbIMU HAMK
nonsmu. Tak:Ke NycTb CylLlecTByeT HenpepbiBHOe NpeobpasoBaHue cocToaHMA nonen ¥ Ha ogHow
rMNeproBepxHoCcTM L cepnn B COCTOAHUA NONeit Ha APyroi rmnepnosepxHocTn L' 3Toi xe cepun.

Ka4as ToYKa Ha 04HOMN rMnepnoBepxHOCTN 0TOBpaXKaeTca B HEKOTOPYIO TOYKY Ha Apyroi
rMnepnoBepxHocTH. Tak Kak NnpeobpasoBaHMe HenpepbiBHOE, TO UMEETCA KPMBas, COCTOALLAN U3 Touek
0TOBPANKEHNA HA NPOMEKYTOUYHbIX TMNEPNOBEPXHOCTAX, COeANHALOLLAA TOYKY Ha rMnepnoBepxHocTu L ¢
TOYKOWM Ha rMnepnoBepxHocTu L'. Ha3oBy 3Ty KPMBYIO IMHUEN SBONOLMMN.

MOHO roBopuTb, YTO NONA HA TMNEepPnoOBEPXHOCTAX IBOIIOLUMOHNPYIOT BAOb 3TOM NUHUM.

MycTb oTO6paKeHNe COCTOAHMA NoAEN Ha O4HOMN FTMNEPNoOBEPXHOCTU Ha COCTOAHWUA NOAEN Ha Apyroi
rMnepnoBepxHOCTU BAO/b IMHWM 3BOJIIOLMM B TOYHOCTU COOTBETCTBYET Hab1l04aeMblM HaMM 3aKOHaM
$U3MKK, @ PacCTOsSIHME NO 3TOM IMHUM BbITIONTHAET POJIb BPEMEHW B ypaBHEHMUAX. B 3ToM c/lyyae MoKHO
roBOPUTb NPO BEKTOP BPEMEHU, U 3TOT BEKTOP ABNAETCA KacaTe/lbHbIM K IMHWUM 3BOTIOLMM.

CuuTato, uTo Ha YpoBHE d)YHFI,aN\EHTaIIbHOI'O YeTbIpeEXMEPHOTO NPOCTPAaHCTBA BblAeNEHHOE HanpaBaeHne
OTCYTCTBYET, BCe€ HanpasaeHNA paBHOMPaBHbLI.

Bo3HKWKaeT BONpPOC, KyAa HanpaB/ieH BEKTOP BPEMEHMU.

B CbYH,CI,aMEHTaﬂbHOM NPOCTPaHCTBE OTCYTCTBYET BblAENNIEHHOE HAMNpaBaeHUE. Tem cambim, 3TOT BEKTOP
AO0NKeH 6bITb HanpasaeH Hanbonee CUMMMETPUYHbIM o6pa30M OTHOCUTENbHO rMnepnosepxHocTU. OnA
CQlydaa rmnepnaoCcKoCcTu, Hanbosbluan CUMMETPUNA NONTy4HaeTCA, eCQIn BEKTOP BpeEMeEHU B Ka)K,EI,OVI TO4YKe
rmnepnaocKoCTU GYAET Hanpas/sieH nepneHaAnKynapHoO rmnepnioCKoCTw. Ana rmnepnoBepxHOCTU



Hanbonbluas CUMMETPUNA AOCTUTAETCA EC/IN BEKTOP BpeMeHU HanpasB/ieH nepneHanKynapHo
KacaTenbHOM rmnepnaoCKoOCTH.

B Takoit Mmo4enn BO3SHUKAET BOMNPOC O TOM, YTO TaKOe CO3HaHUe.

Co3HaHue

B pamKax npeasiorkeHHON moaenu, A NoCTyANpYto, YTO CO3HaHWUe ABAAETCA SNMPEHOMEHOM, BbI3BaHHbIM
n3MmeHeHMeM PpU3NYECKMX NONEN Ha FTMNEPNOBEPXHOCTAX. M3MeHeHWe NPOUCXOAUT He BO BPEMEHMU, a B
dyHAAMeHTabHOM NPOCTPAHCTBE, KOTOPOE OT/IMYHO OT Habtogaemoro npocTpaHcTea. Habatogaemoe
MPOCTPAHCTBO COOTBETCTBYIOT MPOCTPAHCTBY rMneprnosepxHocTen. [Ana Habaoaaemoro TpexmepHoro
NpocTpaHcTBa HeEOBX0AMMO, YTODbI TMNEPNOBEPXHOCTM TaKkKe Bbln TpeXMepPHbIMM.

Habntogaemoe HaMK MPOCTPAHCTBO, BPEMA U MATEPUA ABAAIOTCA NPOAYKTOM CO3HaHUA. bes
HabntogaTens oHU ABAAIOTCA MaTEMATUUYECKOM abcTpakumen. Tem cambiM, 06 bEKTUBHO OHU He
CYLLLECTBYIOT, OHM CYLLECTBYIOT CyObEeKTUBHO.

Ha6n+op,aelv\oe NPOCTPaAHCTBO-BpeEMA 6yp,y Ha3blBaTb NOPOXKAEHHbIM, UTIN SMEPOXKEHTHbLIM ,
NPOCTPAaHCTBOM-BpEMEHEM.

AHTpPONHBIA NPUHIUAT
M3 mopenu Teopun cneayeT, Yto HabnoaaTenb HeobxoAMM ANA CylLecTBOBaHUA BceneHHon. Tem
CaMbIM, U3 TEOPUK CAeAYET aHTPOMHbIA MPUHLMM.

AHTPONHbIN NPpUHUMN 6bln NpegnoxeH [2][3] a8 06bACHEHMA C HAYYHOM TOUYKM 3PEHUSA, MOYEMY B
Habntogaemolt BceneHHOM MMeeT MecTo psag, HETPUBMANbHbIX COOTHOLIEHUN MeXay
dyHAAMEHTaNbHbIMU GUINYECKMMM NapaMeTpPaMm, HEOBXOAMMbIX AN CYLLECTBOBAHWUA pa3yMHOM
KU3HW. UmetoTcAa pasnnyHble GOPMYINPOBKU; 0ObIYHO BbIAENAIOT CNabbli U CUIbHBIA AHTPOMHbIE
NPUHLMNBI.

BapmMaHTOM CMNbHOMO aHTPOMHOrO NPMHLMNG ABAAETCA aHTPOMHbIN NPUHLMNA yYyacTums,
chopmynupoBaHHbI [oHom Yunepom[4]:

Habrirodamenu Heobxodumbi Oriss obpemeHusi BceneHHol bbimusi (Observers are necessary
to bring the Universe into being).
B npep,nomeHHoﬁ moagenun aHTpOHHbIVI NPUHUNN YH4aCTUA ABNAETCA NPAMbIM C/1eACTBUEM
Cy6'beKTMBHOI'O cyuiecTtsoBaHuA Ha6mop,aerv\oro NPOCTPaAHCTBA-BPEMEHM.

IIpuHIMI NPUYHUHHOCTH

Bce n3BecTHble MHE MOAENN Pa3syMHOMN XU3HW TPEBYIOT BbIMOJHEHUA NPUHLUMMNE NPUYNHHOCTH.
Habntopatenu Heobxoanmbl ANs cyllecTBoBaHUA BceneHHon. Habntoaatenem moskeT 6biTb TONbKO
pa3yMHoe cyLecTBo. 3TO 03HaYaeT, YTo pasyMHas U3Hb Heobxoauma A4 CylLecTBoBaHMA BceneHHoM.
Mcxoas 13 3Toro, rmnepnoBepxHOCTM C U3MEHSAIOWUMUCA Ha HUX GU3UYECKMMU NOAAMU HEOBXOAMMO
CTPOUTb TaKMM 06pa3om, YTobbl BbIMOAHANCA MPUHLMM NPUYUHHOCTU. Tem caMbiM, NPUHLMN
NPUYUHHOCTU ABNAETCA CIEACTBMEM aHTPOMHOMO NPUHLMNA yYacTusa.

IlocTpoeHHe runepnoBepPXHOCTEN U HAGIIOAATE/Ib

Habntogatens B npeasiaraemoi MoAeNn ABAAETCA TOW OCHOBOM, BOKPYT KOTOPOWA CTpouTea
NOPOXKAEHHOE NPOCTPAHCTBO-BPeMsA. Ha 04HOM 1 TOM Xe rMneproBepxXHOCTU MOXKET BbiTb MHOTO
Habntogateneit. ECam gna Kakoro-To HablogaTenss NoCTpoeHa cepums rmMneprnoBepxHoOCTei, 3To He
3HAUYUT, YTO 3Ta Ke Cepua NOAXOAUT ANA APYrux Habaogateneit. B aTom cayyae, AN HEKOTOPbIX
HabntogaTeneit nocneayoume runeproBepxHocTM 6yayT oTAnMYaTbLCA.


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%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%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
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
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
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

CI/IMMeTpI/IH K TPAHC/IAOUAM MOPOKACHHOI'O BpEMEHHU U IIPOCTPAHCTBA

[lna BbINOAHEHMA NPUHLMNA NPUYMHHOCTU HEOBXOAMMO MOHATbL, KAKMMM CBOMNCTBAMM MO OTHOLLIEHUIO K
TPaHCAALMAM NOPOXKAEHHOTO BPEMEHM U MPOCTPAHCTBA A0/KHbI 06/1a4aTb dM3nMYEeCcKMe 3aKoHbI. B
cnyyae eciv He byaeT CUMMETPUN K TPAHCIALMAM NOPOKAEHHOTO BPEMEHM U NPOCTPAHCTBA, HE BUAHO
cnocoboB AN15 BbINOJHEHUA NPUHLMNE MPUINMHHOCTU. MCcXxoaa U3 3TOro, MOXHO cAaenaTb BbiBOA, YTO
Takasa CUMMETPUA, 3TO ellle MOMKHO Ha3BaTb 0OAHOPOAHOCTb, AO/IKHA CYLLLECTBOBaTb. ITO 03HAYaET, YTo
Ntoboe peleHne ¢ NOPOXKAEHHbBIM NPOCTPAHCTBOM-BPEMEHEM AOJIKHO COAEPKATb TaKUE CUMMETPUMN.

Hao6iwaaemsblie pusnyecKkue mosis

Habntogaemble pusmyeckme nons, CoOrlacHO NpPeasioXKeHHOM MoAenn, ABASIOTCA HEKOTOPbIM
npoAasieHNeEM bonee d)YH,D,aMEHTaIIbeIX nonei. BO3MO)KHO, OHU ABNAKOTCA NpoABAEHNEM €OUHOTO
nons. Tak Kak 3Tn 6onee (I)yH,D,aMEHTaI'IbeIe nona nam none onpegeneHbl Ha NPOCTPAHCTBE bes3
BpemeHn n AMHaMUKK, Y HUX OTCYTCTBYET AUMHAMUKaA.

I/IHepunaﬂbele CUCTEMBI OTCUETA

Ha3oBy MHepLManbHbIMK CUCTEMAMM OTCYETA CUCTEMBI OTCYETA ABUKYLLMECA NPAMOSUHENHO U
paBHOMEPHO ApPYr OTHOCUTENbHO Apyra.

Bo3HMKaeT BONPOC, KaK nepenTu U3 04HON MHEPLMaNbHOM CUCTEMbI OTCYETa B ApYryto. PaccmoTpio
C/lyYait, Koraa noposKAeHHOe NPOCTPaHCTBO ABAAETCA NJIOCKMM. B 3ToM ciyyae, BMecTo
rMNepPnoBepPXHOCTN MOMKHO rOBOPUTb O TUMEPTIOCKOCTH.

Ecnun Teno HenogBUMKHO OTHOCUTESIbHO TMNEPNIOCKOCTU, TO OHO 3BOJIIOLMOHMNPYET BAO/Ib BEKTOPA
BpemeHU. EC/iv TeNo MMeeT KaKyt-TO CKOPOCTb OTHOCUTE/IbHO TMNEPNNOCKOCTU, TO OHO
3BOJIIOLMOHMPYET BAO/Ib BEKTOPA, COCTOSALLLETO U3 CYMMbl BEKTOPA BPEMEHU U CKOPOCTU. BeKTopa
BPEMEHW N CKOPOCTU NeprneHANKYAAPHbI APYT APYrY, TaK KaK BEKTOP CKOPOCTU /IEXKUT B
rMNepniocKoCTHU.

XoueTcA HallTK, KaK NepenTn B CUCTEMY OTCYETA, COOTBETCTBYHOLLYIO ABUNKYLLEMYCA Teny. TaK KaK
noKosLLeecsa TeNo 3B0/IOLUOHUPYET BAO/b BEKTOPA BPEMEHMU, TO NMEPEXOLOM B CUCTEMY OTCYETa,
COOTBETCTBYIOLLYIO ABUratoLLemyca Teny, byAeT nepexos, B TaKyo rMnepnaockocTb, rAe CKOpoCTb
HyNeBan U Teno 3BOJIIOLUMOHUPYET BAO/b BEKTOPA BpeMeHu. [1ns Takoro nepexoaa Heobxoammo
BbINONHUTL NOBOPOT rMMNEPNI0CKOCTM TaKMM 06pa3om, YTobbl BEKTOP BPEMEHW HOBOM rMNepnaoCKoOCTH
6bl1 NapanneneH BEKTOPY U3 BPEMEHWN U CKOPOCTU TeNA Ha NpeablayLeit rMnepnaocKocTy.

M3 paccmoTpeHusa nepexosa M3 o4HOM cMCTeMbl OTCYETA B APYIYIO NOyYaeTca pag cAeacTBUi.

MepBoe cneacTeme, OTHOCUTE/IBHOCTb O4HOBPEMEHHOCTMU. CO6bITVIF|, npouncxogAaiuine Ha
rMNepnaOCKOCTU, ABAAKOTCA OLHOBPEMEHHO Nponcxoaawmmu. Nocne NnoBopoTa rMNepnaoCKOCTU Npum
nepexoge B CUCTeMY OTCYETA, COOTBETCTBYHOLLYIO TEeNy ABUTalOWEMYCA C HEKOTopOﬁ CKOpOCTbiO
OTHOCUTENBbHO npe,a,blp,ym,ei/'l, paHee ogHOBPEMEHHbIE cobbiTuA MOTyT NepecTtaTb 6bITb
oAHOBpPEeMEHHbIMU.

[pyroe cneactene — Ha6n|op,aemaﬂ pPa3HOCTb X042 YaCoB B Pa3HbIX CUCTEMaX OTcYeTa. TaK KaK B
d)yH,CI,aMeHTaﬂbHOM NPOCTPaHCTBE HET BblAENEHHOIO HanpasaeHUA, TO AJ/IMHA, COOTBETCTBYOLWaA
egunHuue BpemMmeHun, 01KHa 6bITb NOCTOAHHOM U He 3aBUCETb OT nosopoToB.. [lo NOBOpPOTa 3BONIOLUA
Teéna, ABUrarouieroca c HEKOTOpOVI CKOPOCTbKO, ONMUCbLIBAETCA BEKTOPOM COCTOALWLNM U3 BEKTOPA BPEMEHMU
c LI,HMHOVI, paBHOVI eanHunLe BpemeHu, N BEKTOPa CKOPOCTH, C AﬂMHOﬁ 3a3mcnu1,e171 OT ckopocTu. MNocne
NOBOPOTaA U Nepexoabl B CUCTemy, rge Teno Henoasm>xXHO, 3BOIIOLMA TeENA NAET BAO/Ib BEKTOPA
BpeEMEHU C AJ’IVIHOVI, COOTBETCTBYIOLLI,eﬁ eagunHuLe BpemMeHMu. Kak BUAHO, OJINHbBI 9TUX BEKTOpPOB
Pa3INYaoTCA, YTO U O3HAYaeT PA3HOCTb X043 YaCoOB B Pa3HbIX CMCTEMaX OTCHETA.

Cnepcteue 06 OAMHAKOBOCTU 3aKOHOB NPpUpPoabl. Tak Kak Ha ypoOBHe d)YH,CI,aMEHTa/'IbHOFO NPOCTPaHCTBA
OTCYTCTBYET BblaeneHHoOe Hanpas/ieHne, 3TO O3Ha4YaeT, YTO B NOPOXKAEHHOM MPOCTPAHCTBE-BPpEMEHN
¢M3M‘-I€CKM€ 3aKOHbl OAMHAKOBbI BO BCeEX NHEPLUMNA/IbHbIX CUCTEMAX OTCYETA.



JHeprus

B pPamKax aTOM mogenn, BO3HUKaET BOMPOC O TOM, YTO TaKOE 3HEPTIUA. I'Ipep,naraeMbuZ OTBET: 3HEpruAa
3TO NepBbIl MHTErPan ypaBHEHWUIN ABUKeHMA. Ha dyHAAMEHTAIbHOM YPOBHE 3HEPTUU HET, TaK Kak Tam
HET HU BPEMEHMU, HW ABUXKEHUA, HU ANHAMMUKMN.

CnenyasibHas TEOPpUA OTHOCUTEC/IBHOCTH H npeo6pasoBaHnﬂ JIopeHua

MycTb GU3NYECKME 3aKOHbI B MOPONXKAEHHOM MPOCTPAHCTBE-BPEMEHM TaKOBbI, YTO MMEETCA NpeaesibHas
CKOPOCTb B3aMMOAENCTBUIN. PacCMOTPMM BO3HMKaIOLLME CAeACTBUA.

CneumanbHan TEOPUA OTHOCUTENIBHOCTN OCHOBAHA Ha ABYX NOCTy1aTax:

MocTtynaT 1 (NpMHLUMN OTHOCUTENBbHOCTU DNHLITENHA). 3aKOHbI NPUPOAbI OANHAKOBbI BO BCEX CUCTEMAX
KOOPAMHAT, ABUNKYLLMXCA NPAMOANHENHO U PaBHOMEPHO APYr OTHOCUTENbHO ApYyra

MocTynaTt 2 (MPMHLMM NOCTOAHCTBA CKOPOCTM cBeTa). CKOPOCTb CBETa B BaKyyme OAMHAKOBa BO BCEX
CUCTEMAX KOOPAMHAT, ABUNKYLLMXCA NPAMOINHENHO U PaBHOMEPHO APYr OTHOCUTENbHO ApYyra

MepBblii NOCTYNAT BO3HWKAET KaK CieAcTBME OT npeasiaraemoit mogenun. Tak KaK Ha ypoBHe
dyHAaMeHTaIbHOro NPOCTPAHCTBA HET BblAe/IEHHOro HanpaB/AeHuA, TO U3 3TOro CiedyeT OANHAKOBOCTb
3aKOHOB MPMPOAb! BO BCEX CUCTEMAX OTcYeTa.

BTOpOVI NOCTYN1aT TaKXXe NoJsly4eH, B paMKax npep,naraemoﬁ mMmoaenn, BbiITEKAET U3 NMePBOro NOoCTyaaTa,
€C/NIN CYUTATb, YTO MaKCUMaJIbHaAA CKOPOCTb B3aVIM0,CI,e[/‘ICTBVIl‘/JI M CKOPOCTb CBETA PaBHbI.

Tem cambiM i MOTY YTBEPXAAaTb, YTO creumasbHas Teopma OTHOCUTENbHOCTM C ee Npeobpa3oBaHNAMMU
JlopeHua, BbiBeAeHa U3 NPeaNoXKeHHOW Moaenu.

I/ICKpI/IBJIEHHOG MPOCTPAHCTBO-BPEMA U I'PAaBUTALUA

Mpu NOCTPOEHUM TMNEPNOBEPXHOCTEN MOKET NoTpeboBaTbCA HaMUME KPUBU3HBI, A4 cobatogeHnn
NPUHUMNA NPUYNUHHOCTU U OAMHAKOBOCTU MOYYAIOLWMXCA PUINYECKUX 3aKOHOB. PaccmoTpum cneacteums
HaNYMA KPMBU3HBI Ha TMMNEePNOBEPXHOCTH.

PaccMoTpMM UCKPUBAEHHYIO TMNEPNOBEPXHOCTb. Ha PUCYHKE HUMKeE NO ropU30HTaAN PACcCTOAHUE BAOb
HEKOTOPOW IMHUW Ha TMNEPNOBEPXHOCTU, MO BEPTUKANU — KPUBM3HA rMNepnoBepxHocTU. Ha pucyHke
BblaeNeHa To4YKa A. OTa rMneprnoBepxHOCTb OTOBPAXKAETCA Ha TaKyIo e UAn Noao6bHyo
rMNeprnoBepxXHOCTb, PACcNONOKEHHYIO ganee B GyHAAMEHTaIbHOM NPOCTPaHCTBe.

Touka A 6yaeT otobparkaTbCA HA TOYKM Ha NOCAEAYOWNX TMNEePNOBEPXHOCTAX, HAXOAALLMXCA Ha
nepeceyeHnn ¢ IMHNEN 3BOIIOLMM 3TOM TOUKM. B KaxKa0M TOUKe BEKTOP BPEMEHU ABAAETCA
KacaTe/IbHbIM 1A 3TOM MHUK. Toraa BUAHO, UTO B KaXK4OM nocieaytollein ToUKe BA0/b INHUM
3BOIIOLMM TOUKM A KacaTesibHble rTMneprnoBepxHOCTU ByayT He NnapannenbHbl. KpBM3Ha NpUBOAMT K
NOBOPOTY KacaTe/IbHOM rMNepnaoCcKoCTh B GyHAAMEHTabHOM NpocTpaHcTee. CornacHo
paccMOTPeHHOMY paHee, MOBOPOT FMNEPNI0CKOCTA SKBMBANIEHTEH U3SMEHEHMIO CKOPOCTHU.
CnepoBaTtenbHO, NOCTEMNEHHbIA MOBOPOT 3KBUBANEHTEH HA/IMYMIO YCKOPEHMA. OTO O3HAYaEeT, YTo
KPWMBU3HA NPOCTPaHCTBA-BPEMEHM, C TOUKM 3pEeHMA ABUraIOLLErO C TOYKOM A Habatogatens v npu
YC/I0BUM YTO HEOLHOPOAHOCTM KPUBMU3HbI JOCTaTOYHO Masibl, HEOT/IMYMMA OT YCKOPEHMUS. ITO OAWH U
TOT »Ke NpoL,ecc NOBOPOTA KacaTe/IbHOM rMNepnioCcKoCTU B GyHOAMEHTAIbHOM MPOCTPAHCTBE.

Tem cambim, HaAMUYMe KPUBM3HbI NPUBOAMT K NOABAEHUIO B NOPOXKLEHHOM MPOCTPaHCTBE 3¢¢EKTMBHOFO



NoAA, 9KBUBANEHTHOIO HA/IMYUIO YCKOPEHUA. TaK Ke, MOXKHO OTMETUTb YTO 3¢¢EKTVIBHbIe nonas
NOPOXAEHHOM NPOCTPAHCTBE PaA3aeNATCA Ha ABa TUNA:

o [lons, ABnAOWMECA HEKOTOPON NpoeKunen pyHAaMeHTaIbHbIX NOEN HAa TMNEPNOBEPXHOCTb
e [lone, obpasytolieeca Kak pes3yabTaT HaMUUA KPUBM3HbI Y TMNEPNOBEPXHOCTY.

Mone, obpasylolLieecs Kak pesy/bTaT HaMuMA KPUBM3HBI Y TMMEPNOBEPXHOCTM, 3aBUCUT OT BCEX APYTUX
3bPEeKTUBHBIX Nosei. ITa 3aBUCMMOCTb BO3HWMKAET U3 TOTO, YTO 3TO NOJIe CTPOUTCA TakKum 0b6pasom,
4TO6bI BLINONHANCA NPUHLMN NPUYMHHOCTU ANA APYrMX 3GDEKTUBHbIX NoNel. Tem cambiM, MOXKHO
rOBOPUTb 3TO MOJIE ABNAETCA B NOPOXKAEHHOM MPOCTPAHCTBE YHUBEPCANbHbIM, B3aUMOZENCTBYET CO
BCEMU APYTMMM 3P EKTUBHBLIMU NOAAMU. MOCKOIbKY 3TO NO/IE 3aBUCUT OT KOHOUTYpaLUn Apyrnx
nosei, ToO CKOPOCTb ero U3MEHEHMS A0/1KHa B TOYHOCTM PAaBHATLCA MaKCMMasIbHOM CKOPOCTU
N3MeHeHMa KOHOUrypaumm nosiei. 3Ta CKOPOCTb PaBHA MAaKCMMaJIbHOM CKOPOCTU B3aMMOAENCTBUIA.

Mone, o6na,u,arou.|,ee TAaKUMU XapPaKTEPUCTUKAMU, NU3BECTHO. o710 rpasutaymnA.

[N rpaBUTaLUK BbIMOJHAETCA CUIbHBIN MPUHLMM 3KBMBAZIEHTHOCTU. Bbiwwe 6b1/10 MOKa3aHo, YTo
rpaBuTaLMA U YCKOPEHMeE 3TO NPOAB/IeHNEe O4HOIO U TOTO e MpoLecca, npouecca NoBopoTa
KacaTe/IbHOW r’MNepnaockocTn B GyHAAMEHTaIbHOM NPOCTPaHCTBE. TemM CambiM, B paMKax
npeanaraemon Moaenun BbiBeAeH CUbHbIN NPUHLMM SKBUBANIEHTHOCTU. MOKa3aHO, YTO ero CKOPOCTb
OO/IKHA PABHATLCA MAKCMMalbHOM CKOPOCTU B3aMMOZAENCTBUIM. ITa CKOPOCTb, Kak M3BECTHO, paBHaA
CKOpPOCTU cBeTa. [MoKasaHo, YTo rpaBUTaLLMA ABNSETCS YHUBEPCAbHbIM B3auMogencTenem. TaK xe
rpaBMTaLMA B TAKON MOLENN 3aBUCUT TOIbKO OT APpYrux 3pPeKTUBHbIX NOEN, HO HE cama OT cebs.

B 0buieit Teopnn OTHOCUTENBHOCTM FPaBUTaLMA YA0BAETBOPAET BCEM ONMMCAHHbIM Bbille CBOMCTBAM.
Hanpumep, B HEN NPUCYTCTBYET TO/IbKO TEH30P SHEPTUU UMMNYAbCA APYTUX NONEeM, TeH30pa SHEePrnn-
MMMybca rpaBuTaLmm HeT. FpaBUTaLMA UMeeT YHUBEPCabHbIA XapaKTep, Kak 1 npeAcKasbiBaeTt
npeanoxeHHas moaesnb.

MOXHO OTMETUTb, YTO ONMMCaAHHAsA BbllLE Pa3HULLA B TUMAX MOJIEN O3HAYaAET, YTO MHOTME NoAX0Abl,
NPMMEHUMbIE M yCneLwHo paboTatowme 4sia noaen nepsoro Tmuna, He byayt pabotaTb BO BTOPOM C/ayyae.
Ytomn Ha6mop,aeTcs=|, npu NOoNbITKE NPUMEHUTb KBAHTOBAaHUE K rpaBUTaLUn.

TaK »Ke 0TMeuy, YTo B NpeanaraemMoi moaenun Ha yposHe GpyHAaMeHTaIbHOrO NPOCTPAHCTBA
OTCYTCTBYIOT CUHIYAAPHOCTU. [paBUTaLMA MOXKET MPUBOAMUTb K IPAaBUTALMOHHBIM CUHIYIAPHOCTAM B
Hab/1l04aeMOM MPOCTPAHCTBE, HO MPU 3TOM CUHTYIAPHOCTU B GYHAAMEHTA/IbHOM NMPOCTPAHCTBE He
BO3HWKaAIOT.

3ak/iloueHue

MpepnoxKeHa mMoAeNb, OCHOBAHHAA Ha CYBbEKTMBHOM MaeanM3me, NO3BOAAIOLLAA NOCTPOEHME
NPOCTPaHCTBA-BPEMEHM C METPMKOI JIopeHL.a Ha eBKIMA0BOM NPOCTPaHCTBe 6e3 BpeMeHU U
AVNHAMMKK. 9Ta MOAENb TaKXKe No3BoAAET NOCTPOEHNE UCKPUBAEHHOMO NPOCTPAHCTBA-BPEMEHM C
METPUKOIN 06LLEeN TEOPUM OTHOCUTENbHOCTM. MOKa3aHo, YTO U3 MOAENN CNeAYIOT MPUHLMN
NPUYUHHOCTU M aHTPOMHbIA NPUHLMN. MOKa3aHo, YTO U3 MOAENN CNeayeT CUAbHbIA NPUHLMN
3KBMBAJIEHTHOCTU FPaBUTALMN U YCKOPEHMUS.

BbiBeaeHbl Bce NPUHLMMbI M NOCTYNATbl, HA KOTOPbIX OCHOBAHbI cheunanbHaa u O6U.I,aﬂ Teopuun
OTHOCUTENNbHOCTU.

B 37Ol CTaTbe HeT HU O4HOro ypaBHEHUA. Muorue BOMPOCHI B Hen He 3aTparnBaroTCA, XOTA OTBETbI Ha
MHOIne n3 HMUX B paMkax ﬂpe,ﬂ,ﬂO)KEHHOD'I moenn AoBOAbHO o4eBUAHbI. Llenbto ctatbu ABnaeTcA
npeanoxmnTtb NPpUHUUNMNUANIBHO HOBYHO MO4e/1b ANA NOCTPOEHUA d)VI3I/I‘-IeCKVIX Teopmﬁ.
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