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AHHOTaAUMs

MpepnoxeHa MoAenb, OCHOBaHHas Ha CyObEKTUBHOM MAeannsme, No3BoAOWAA NOCTPOEHUE
NPOCTPAHCTBa-BPEMEHU C METPUKOM NPOCTPaHCTBa MUHKOBCKOIO Ha eBKAMA0BOM NpocTpaHcTee 6e3
BPEMEHU N AMHAMUKKU. ITa MOAE/b TaKXKe NO3BOIAET NOCTPOEHME UCKPUBAEHHOTO NPOCTPAHCTBA-
BPEMEHW C METPUKOM 06LL,EeN TEOPUN OTHOCUTENIbHOCTU. [OKa3aHo, YTO U3 MOAENM CAeayoT NPUHLMN
NPUYNHHOCTM U aHTPOMHbIN NPUHUMN. MOKa3aHo, YTO U3 MOAENIN CAeAyeT CUAbHbIN NPUHLMN
3KBWBANIEHTHOCTW FPaBUTALUM U YCKOpEeHUA. BbiBeaeHbl BCce NPUHLMMbI M MOCTYNaTbl, HA KOTOPbIX
OCHOBaHbI creLmasnbHas U obLLas TeoprMm OTHOCUTENBHOCTU. B cTaTbe NpegnaraeTca NPUHUMNNANBHO
HOBasA MoZe/b A1 NOCTPOEHMUA PU3MUYECKUX TEOPUIA.

BBeaeHue

B HacToAllee BpemA, CyLeCcTByeT ABa OCHOBHbIX MOA4eNN Npupoabl. I'IepBaﬂ moadenb NbiTaeTcA
Mcnosb3oBaTb 3¢uMp, BTOPaa MoAeNb OCHOBAHA Ha GM3NYECKOM BaKyyme 1 penatnsmnsme. dPupHolie
TEOPUN UMEIOT PAL HepaspeLlnMbIX Npobaem, u GaKTUYECKM MMEeeTCA TO/IbKO OZIHAa BO3MOXKHOCTb A/1A
NnocTpoeHunA Teopm‘&. MoXHOo nn NOCTPOUTb NPUHLUMNMNANbHO HOBYIO MOoAdeNb Npupoabl, OT/IMHHYIO OT
nepsbIx ABYX? B 3TOM cTaTbe npeanaraetca Takaa Modesb.

BO3MOKHO I NOCTPOUTb B EKBANAOBOM NPOCTPAHCTBE rMNEPNoOBEPXHOCTb C NOPEHLLEBCKON METPUKOM?
Kak nokasaHo y C.XoKkuHr, xk.9nauc [1, ctp 55], B €BKAMA0BOM NPOCTPAHCTBE HEBO3MOXKHO NOCTPOUTL
BMMUCAHHYO FTMNePNoBEPXHOCTb C METPUKOM NPOCTpaHcTBa MUHKOBCKOTO.

BO3MOHO /1M NOCTPOUTb B EKB/IMA0BOM NPOCTPAHCTBE rMNEePnoBepPXHOCTb C METPUKOM obLieit Teopun
OTHOCUTENBHOCTU? EC/IM HEBO3MOXHO NOCTPOMUTb 60/1Iee NPOCTON CyYaid, C METPUKOM NPOCTPaHCTBa
MMHKOBCKOrO, TO O4€BUAHO, YTO 3TO HEBO3MOXHO CAeNaTb.

JoKa3aTeNIbCTBO HEBO3MOXHOCTU NOCTPOEHUA BMMCAHHOM rmnepnoBepxHOCTN C METpMKOVI CTOsB
€KB/INA40BOM NPOCTPAHCTBE BbIrNAOAUT y6e,EI,VITeI'IbeIM, KaXXeTcA, YTO ero HeBO3MOXHO OMPOBEPrHyTb.
Noboe AO0Ka3aTe/IbCTBO OCHOBAHO Ha HEKOTOPbIX MONIOXKEHUAX, KOTOPbIE CYHNTAOTCA UCTUHHBIMMW. Echmn
€CTb BO3MOXHOCTb NOCTaBUTb No4 COMHEHNE Kakoe-n1mbo 13 3Tux NONOKEHWM, TO BCE 3aBUCUMbIE OT
TAKoOro NOI0XKEHUA BbIBOAbI TaKKe CTAHOBATCA COMHUTENbHbIMU. [TonoXKeHue, KOTOpoe B 3TOM cTaTbe
CTaBUTCA No4 COMHEHWME, 3TO peannsm.

Bpems yyacTByeT 1 B MeTpuKe NpocTpaHCcTBa MUHKOBCKOrO U B METPUKe 06LLei Teopum
OTHOCUTeNbHOCTU. [03TOMY, 0 TOTO, KaK PacCMOTPEeTb NpeasiaraeMyto MoAe b, PacCCMOTPUM, YTO
Takoe Bpems.

BDEN\FI ABNIAETCA AB/IEHUEM, MPOABNEHNA KOTOPOIro Mbl NOCTOAHHO HaﬁﬂI-O,EI,BEM. dusunka sce eue He
3HaeT npupoay spemeHu, cyuecreyrouiee onnmcaHmne spemeHn n ero CBOWCTB AiBNsieTcA
d)eHOMeHOﬂOI'VILIeCKMM. CneumanbHasa n O6LI.I,aFI TEOPUN OTHOCUTE/ZIbHOCTUN YCTAHOBWUIN 3aBUCUMOCTb
mexay spemeHeM, NPOCTPaHCTBOM U rpasmau,meﬁ. OTO NOKa3bIBaAET, 4YTO Bpema He ABNAETCA
HEe3aBUCUMbIM ABNEHNEM, U UMEET CBA3b C MPOCTPAHCTBOM U MaTepMGVI, Bbl3bIBaIOLI.I,el7| rpasuTauuio.
dusuka yCTaHOBUNA CBOWCTBA BpeEMEHMW. OpHako OTCYTCTBYET 3HaHWMe, no4Yemy CyLecTByeT BpemA,
noyemy spema o4HOHanNpaBaeHHO, CyWeCTBYHOT I KBAHTblI BpEMEHWN, MOYEMY BpeEMA MMEET O4HO
namepeHne, BOSMOXKHO i nyTewecTsoBaTb B NMNPOLLJIOE.



,ﬂ,eVICTBMTEHbHO 1 NPOCTPAHCTBO, BpeMA, maTepnAa N NoNA CYyLWeCTBYOT CAMOCTOATENIbHO U XKe
ABNIAKOTCA NpPoOABJIEHNEM YETO-TO 6onee d)yH,D,aMeHTaﬂbHOFO?

MpeAnonoXum, 4tTo Ha PpyHAAMEHTa/IbHOM YPOBHE BPEMSA MOAHOCTbIO OTCYTCTBYET. PaccmoTtpum
BO3HMKalOLWMeE C/IeACTBMA 3TOro NPEeANoNOKeHUA.

Ecnun Ha dyHAAMeEHTaIbHOM YPOBHE BPEMS MOJIHOCTbIO OTCYTCTBYET, TO A0/1XKHa OTCYTCTBOBATbL U
ONHaMKKA. BapmaHTbl, Korga Ha GyHAAMEHTaIbHOM YPOBHE MMEETCA AMHAMMKA, @ BPEMA Ha
MaKpOypOBHE ABNSAETCA IMEPAKEHTHbBIM, CIOXKHO Ha3BaTb Moaesbio 6e3 BpemeHu. CKopee, Takne
MOAE/IM MOXKHO Ha3BaTb MOAENAMM C MHOYKECTBOM BPEMEH Ha MUKPOYPOBHE.

Mpu OTCYTCTBUMN Ha PYHAAMEHTA/IbHOM YPOBHE BPEMEHU U AUHAMUKM BO3HUKAET BOMPOC, KaK 3TO
cornacosaTb C HabaoAaeMOol B NpMpoae ANHAMUKON U BpemeHem. [N TOro YTobbl OTBETUTbL Ha 3TOT
BOMpPOC, HEOHXOAMMO PaCCMOTPETb Ha YEM OCHOBaHbI peasiu3m U ngeanmsm.

Peasiu3m mu naeajin3m

MpuBbIYHAA HaM KapTUHA MMPA FTOBOPUT, YTO CO3HAHME CYLLECTBYET NO NPUYMHE USMEHEHUI COCTOAHUSA
maTepun Bo BpeMeHn. MaTtepus npu sTom cyLectByeT 06 beKTUBHO M HE3ABMCMMO OT HALLEro CO3HaHuA.
Ho peicTenTenbHO ANT 3TO TaK? Ha AaHHbIM MOMEHT, KakMe-nMbo A0Ka3aTenbCTBa BEPHOCTU
MmaTepuanmama oTCyTCTBYIOT. MaTepuanunsm ABNAETCA OL4HOM M3 KOHLENUMI peanmsma.
MpPOTMBOMNONOXKHASA KOHUEMLMA, YTBEPKAAIOLLAA, YTO MUP 3aBMUCUT OT CO3HAHMA, HA3bIBAETCA
nageannsmom. B punocodumm naet Hesatyxatolee obCyRaeHUE O TOM, YTO BEPHO, PeannU3M Uan
naeannsm. Y KaxKaoro M3 aTUx HanpaBAeHUN MMEKOTCA CBOW aprymeHTbl. HWM ogHO 13 atux punocodckmx
HanpaB/ieHMI Ha CEroHAWHNA MOMEHT He AIBIAETCA HAaY4YHbIM, TaK KaK OTCYTCTBYET BO3MOXHOCTb X
danbcmdmkaumn. Tem cambiM, XOTA NPAKTUYECKM BCE COBPEMEHHbIE TEOPUN B PU3NKE NOCTPOEHbI HA
OCHOBE peasin3ma, HeT OCHOBAHWUI A/1A 3anpeTa NOCTPOEHUA TEOPUIN Ha OCHOBE MAaeaNN3Ma.

B cneaytoluei yactv npeanaraetca MoAesib, OCHOBaHHan Ha naeanansme.

Moaenb

MycTb meeTca YeTbipexmepHoOe eBKANA0BO NPOCTPAHCTBO C KAKUMMU-TO NoAAMU. Bpema 1 aMHammnKa
OTCYTCTBYIOT. Tem CambiMm, Yy nonen Takxe OTCYTCTBYET ANHAMMUKaA. 3T0 TaK»Ke 03HayaeT NOAHbIN
AeTePMUHU3M.

MycTb B 3TOM NPOCTPAHCTBE MOXHO NOCTPOUTb CEPUIO HEMEPECEKAIOLWMNXCA TMNEepnoBEepPXHOCTEN, Ha
KOTOPbIX KAKMM-TO 06Pa3oM MOKHO NMOCTPOUTL MOJIS, TOYHO COBMaAatoLWwme ¢ HabaaaeMbIMU HAMM
nonsmu. Tak:Ke NycTb CyllecTByeT HenpepbiBHOe npeobpasosaHme cocToaHMA nonein W Ha ogHow
rMNeproBepxHoCTM L cepnn B COCTOAHUA NoNeit Ha APyroi runepnosepxHocTu L' 3Toin xe cepun.

Ka4as TouKa Ha 04HOM rMNepnoBepxHOCTN 0TOBpaXKaeTcs B HEKOTOPYIO TOYKY Ha Apyroi
rMneprnoBepxHOCTU. Tak Kak NpeobpasoBaHue HENPEPLIBHOE, TO MMEETCA KPMBas, COCTOALLANA U3 TOYEK
OTOBPANKEHNA HA NPOMENKYTOUHbIX FTMNEPNOBEPXHOCTAX, COEANHAIOLLAA TOUKY Ha rMnepnosepxHocTu L ¢
TOYKOI Ha runeprnosepxHocTM L'. Ha3oBy 3Ty KpMBYIO IMHKUEN 3BOOLMUMN.

MOHO roBOpuTb, 4TO NONA HA TMNEepPNOBEPXHOCTAX IBOIIOLUMOHUPYIOT BAOb 3TOM NUHUMN.

MycTb oTObpaKkeHWe COCTOSHUSA Noael Ha O4HOM rMNEeProBEPXHOCTU Ha COCTOAHWA NOJei Ha Apyrow
rMnepnoBepxHOCTU BAO/b IMHWUM 3BOIOLMM B TOUHOCTM COOTBETCTBYET Hablo4aeMblM HaMM 3aKOHaM
$U3MKK, @ PacCTOsHME NO 3TOM IMHUM BbITIONTHAET POJIb BPEMEHW B ypaBHEHMUAX. B 3ToM c/lyyae MoXKHO
rOBOpPUTb NPO BEKTOP BPEMEHM, U STOT BEKTOP ABNSAETCA KAacaTe/IbHbIM K IMHUU 3BOTIOLMMN.

CyuTato, YTo Ha YpoBHE ¢YH,CI,aMEHTal'IbHOI'O YETbIPpEXMEPHOTO NPOCTPAaHCTBA BblAeNEHHOE HanpaBaeHne
OTCYTCTBYET, BCE€ HanpasaeHNA paBHOMPaBHbLI.

Bo3HuKaer BOMNPOC, Ky4a HalpaB/ieH BEKTOP BpEMEHMN.



B dyHAaMeHTaNnbHOM NPOCTPAHCTBE OTCYTCTBYET BblAe/IeHHOE HanpasieHne. TemM CamMbiM, 3TOT BEKTOP
[OKeH BbITb HanpaBaeH Hanbosnee CUMMETPUYHBIM 06Pa30M OTHOCUTE/IbHO FMNepPnoBepxHocTU. na
C/lydaa rmnepnaoCcKoCcTu, HanbonbLuan CMMMETPUNA NoSTy4HaeTCA, eCQin BEKTOP BpemeHU B Ka)KLI,OVI TOUYKe
rMNepnIoCKOCTM ByaeT HanpaBaeH NeprneHANKYAAPHO FTMNepPnAOCKOCTU. 1A rMnepnoBepxHOCTH
HanboblUas CUMMETPUA SOCTUTAETCA €CIN BEKTOP BPEMEHW HanpaBaeH NepneHaMKyaapHO
KacaTeNbHOW rMNepnaoCKOCTy.

B Takol MoAenn BO3HMKAET BOMPOC O TOM, YTO TaKOe CO3HaHue.

Co3HaHue

B pamkax npeasoxeHHON moaenu, A NOCTY/IMPYIO, YTO CO3HAHUE ABAseTcA aNMPEHOMEHOM, Bbi3BaHHbIM
n3MmeHeHnem ¢M3M‘-IECKVIX nosaeu Ha rmnepnoBepxHOCTAX. M3meHeHue nponcxoguT He BO BpeEMEHU, a B
dyHAAMEHTaIbHOM NPOCTPAHCTBE, KOTOPOE OT/IMYHO OT Habilogaemoro npocTpaHcTBa. Habaogaemoe
NPOCTPAHCTBO COOTBETCTBYIOT MPOCTPAHCTBY rMneprnoBepxHocTei. s Habatogaemoro TpexmepHoro
NPOCTPaHCTBaA HEO6XO,£I,MMO, YyTObBI rTMNepnoBepPXHOCTU TaKXKe 6blnun TPEXMEPHbIMW.

Habntogaemoe HamMu NPOCTPAHCTBO, BpeMsA U MaTepus ABAAIOTCA NPOAYKTOM CO3HaHUA. be3
HabntoaaTena oHM ABAAIOTCA MaTemaTUYeckon abeTpakumen. Tem cambim, 06 bEKTUBHO OHU He
CYLLLECTBYIOT, OHU CYLLECTBYIOT Cy6beKTUBHO.

Habioaaemoe npocTpaHCcTBo-Bpems 6yay Ha3bliBaTb MOPOMKAEHHbBIM, MU SMEPAMKEHTHbIM ,
NPOCTPaHCTBOM-BPEMEHEM.

AHTPONHBIA NPUHIUII
M3 moaenu Teopumn cneayet, YTo HabaogaTelb HeobxoAum A1A CyLLecTBOBaHUA BceneHHol. Tem
CaMbIM, U3 TEOPUM CieayeT aHTPOMHbIA NPUHLMN.

AHTPONHbIN NpUHUMN 6bIN NpegnoxeH [2][3] ans 06bACHEHMA C HAYYHOM TOUYKM 3PEHUSA, MOYEMY B
Habnogaemoli BceneHHOM MMeeT MecTo psag, HETPUBMANbHbIX COOTHOLIEHUN MeXay
byHAAMeHTaNbHbIMU GU3NYECKMMUM NapameTpaMn, HEOBXOAMMbIX ANA CYLLECTBOBAHUA pa3syMHOM
KU3HU. UmetoTca pasnnyHblie GOPMYIUPOBKU; 0BbIYHO BbIAENAOT CNabbli U CUIbHbIA AHTPOMHbIE
NPUHLMNBI.

BapnaHTOM CUIbHOTO aHTPOMNHOrO NPUHUMNA ABAAETCA aHTPOMHbIA NPUHLLMN yYacTus,
cbopmynnpoBaHHbIi [xoHom Yunepom[4]:

Habrirodamenu Heobxodumbi Ornisi obpemeHusi BceneHHoli 6bimusi (Observers are necessary
to bring the Universe into being).
B npep,nomeHHoﬁ moaenu aHTpOI'IHbIl‘/JI npPUHUUN Yy4aCTUA ABNAETCA NPAMbIM cneacTtBnem
Cy6BEKTUBHOIO CyLLECTBOBaHMA HabntogaemMoro NpocTpaHCTBa-BpPEMEHM.

IIpyHLIMI OPUYUHHOCTH

Bce u3BeCTHble MHE MOAEeNN PAa3yMHOM XU3HW TPeBYIOT BbINOAHEHUA NPUHLMNE MPUYNHHOCTH.
Habntopgatenu HeobxoaAnmbl ANS CyllecTBOBaHUA BceneHHon. Habntoaatenem mMoskeT 6biTb TONBKO
pa3yMHoOe cyLl,ecTBo. 3TO 03HaYaeT, YTo pasyMHas KU3Hb HeobxoaumMa ANA CyLLecTBoBaHMA BceneHHoM.
MNcxoas 13 aToro, runepnoBepxHOCTM C UBMEHSAWUMUCA Ha HUX GU3UYECKMMU NONAMU HEOBXOAMMO
CTPOUTL TaKMM 06pa3om, YTobbl BbIMOAHANCA MPUHLMA NPUYUHHOCTM. TeM caMbiM, NPUHLMN
NPUYUHHOCTU ABNAETCA CeACTBMEM aHTPOMHOMO NPUHLUMNAE yYacTus.

IlocTpoeHue runepnoBepxXHOCTEN U HAOGII0AaTe b
Habntopatens B npeasaraemoit Mogenn ABASETCA TOM OCHOBOW, BOKPYT KOTOPOW CTPOUTCSA
nopoX4eHHOE NPOCTPAHCTBO-BPEMA. Ha OAHOVI N TON XKe rmnepnoBepxXHOCTN MOXeET 6bITb MHOTO
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HabntopaTteneit. Ecnv ans Kakoro-to HabaogaTens NocTpoeHa cepua rMneprnoBepxHOCTen, 3To He
3HAUUT, YTO 3Ta }Ke Cepusa NoaxoamT Ana Apyrux Habaoaateneit. B atom cnyyae, 41 HEKOTOPbIX
HabntogaTteneit nocneayoLme rMnepnoBepxHoOCTM byayT OTAUYaTLCS.

CI/IMMeTpI/IH K TPAHC/JIALDUAM IOPOKACHHOI'O BpEMEHHU U IIPOCTPAHCTBA

[NnAa BbINOAHEHUA NPUHLMNAE NPUYMHHOCTM HEOBXOAMMO NOHATL, KAKUMU CBOMNCTBAMM MO OTHOLLIEHUIO K
TPaHCAALMAM NOPOXKAEHHOTO BPEMEHM U MPOCTPAHCTBA A0/KHbI 06/1a4aTb dM3MYEeCcKMe 3aKoHbI. B
cnyyae eciv He ByaeT CUMMETPUMN K TPAHCIALMAM NOPOKAEHHOTO BPEMEHM M NPOCTPAHCTBA, HE BUAHO
cnocoboB A5 BbINOJHEHUS NPUHLMMNE MPUYMHHOCTU. Mcxoaa U3 3TOro, MOXKHO caenaTb BbiBOA, YTO
Takasa CUMMETPUA, 3TO ellle MOMKHO Ha3BaTb 0AHOPOAHOCTb, AO/IKHA CYLLLECTBOBaTb. ITO 03HAYAET, YTO
Ntoboe pelleHne ¢ NOPOXKAEHHbBIM NMPOCTPAHCTBOM-BPEMEHEM AOJIKHO COAEPIKATb TaKUE CUMMETPUMN.

Ha6awaaemeblie pusnyecKkue mosas

Habnogaemble dpuanyeckme Nons, COrnacHo NpeasioKeHHo Moaenm, ABNSIOTCA HEKOTOPbIM
npossaeHnem 6onee pyHAaMeHTaNbHbIX NoAeN. BOSMOXKHO, OHU ABAAIOTCA NPOABNEHMEM €4ANHOTO
nons. Tak Kak 3Tn 6onee pyHAAMEHTabHbIE NOAA UK NoJe onpegeneHbl Ha NPoCTpaHCcTBe 6e3
BpeMeHU N AMHAMMKM, Y HUX OTCYTCTBYET ANHAMMKA.

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. PaccmoTpto
C/lyYait, Korga NopoKAeHHOe NPOCTPAHCTBO ABAAETCA NJIOCKMM. B 3TOM cyyae, BMecTo
rMnepnoBepXHOCTU MOMKHO FOBOPUTL O TMMEPNAOCKOCTH.

Ec/v TeNo HenoABUMKHO OTHOCUTE/IbHO FMNEPMNIOCKOCTU, TO OHO 3BOIHOLMOHUPYET BAO/Ib BEKTOPA
BpemeHu. ECnu Teno MMeeT KaKyto-TO CKOPOCTb OTHOCUTENbHO rMNEPMIOCKOCTU, TO OHO
3BO/IIOLMOHMPYET BAO/Ib BEKTOPA, COCTOALLLENO M3 CYMMbl BEKTOPA BPEMEHM 1 CKOPOCTU. BekTopa
BPEMEHM 1 CKOPOCTU NepneHANKYAAPHbI APYT APYTY, Tak Kak BEKTOP CKOPOCTU NIEXKUT B
rMNepnaocKocTy.

XoueTcA HallTK, KaK NepenTn B CUCTEMY OTCYETA, COOTBETCTBYHOLLYIO ABUNKYLLEMYCA Teny. TaK KaK
noKosALLeecsa 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 3BOJIIOLMOHUPYET BAO/Ib BEKTOPA BpeMeHu. [1ns Takoro nepexoaa Heobxoammo
BbINOHUTL NOBOPOT rMNEPNIOCKOCTM TaKMM 06pa3om, YTobbl BEKTOP BPEMEHW HOBOM rMNepnaoCKoCTH
6bln NapanneneH BEKTOPY U3 BPEMEHM U CKOPOCTU TENA Ha NpeablayLeit rMnepnaocKoCTy.

M3 paccmoTpeHusa nepexosa M3 o4HOM cUCTeMbl OTCYETA B APYrYIO NOYYaeTca pag cAeacTBUi.

MepBoe cneacTeme, OTHOCUTE/IBHOCTb O4HOBPEMEHHOCTMU. CO6bITVIF|, npouncxogAauine Ha
rMnNepnaocKoCTU, ABAAKOTCA O4HOBPEMEHHO NPOUCXo4ALLLNMNA. MNocne noBOPOTa r’mnepnaioCKOCTN Npu
nepexoge B CUCTeMy OTCYHETA, COOTBETCTBYHOLLYIO TENY ABUTAOWLEMYCA C HeKOTODOﬁ CKOpPOCTbHO
OTHOCUTENBbHO ﬂpeﬂ,blﬂ,yLLI,EI‘/‘I, paHee ogHOBPEMEHHDbIE cobbITuA MOTyT nepecrtaTb 6bITb
OoAHOBPEMEHHbIMMU.

[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, COOTBETCTBYHOLaA
eagunHuue BpemeHun, 0N1KHa 6bITb NOCTOAHHOM U He 3aBUCETb OT nosopoToB.. [lo NOBOPOTa 3BONIOLUA
TE€Na, ABUrarouleroca c HEKOTOpOﬁ CKOPOCTbHO, ONMUCbIBAETCA BEKTOPOM COCTOALLUNM U3 BEKTOPA BPEMEHMU
C ILI,I'II/IHOI‘/JI, paBHOVI eanHuLe BpemeHu, N BEKTOPa CKOPOCTH, C FI,]'IVIHOﬁ 3aBVICFILIJ,ef;1 OT CKOpOCTHU. Mocne
NnoBOPOTAa U nepexogbl B CUCTemy, rge Teno Henoasm»XHO, 3BOTIOLLMA TE€N1a NAOET BAO/Ib BEKTOPA
BpeEMEHU C ,EI,J'IVIHOVI, COOTBETCTBYIOLLI,eﬁ egunHuLe BpemMeHMu. Kak BUAHO, OJINHbBI 9TUX BEKTOpPOB



Pa3/InNY4akoTCA, YTO U O3HA4YaeT PAa3HOCTb XO04a YaCoB B pPa3HbIX CUCTEMaX OTCHeETa.

Cnepcteue 06 OAMNHAKOBOCTM 3aKOHOB Npumnpoabl. TaK KaK Ha YpoBHE (I)YHAaMEHTaﬂbHOFO NPOCTPaHCTBA
OTCYTCTBYET BblaeNEHHOE HanpaB/ieHNe, 3TO O3HAYaET, 4YTO B NOPOXKAEHHOM NMPOCTPAHCTBE-BPEMEHU
¢M3M‘-IECKME 3adKOHbl OAMHAKOBbI BO BCEX NHEPLUMNAIbHbBIX CUCTEMAX OTCYETA.

JHeprusa

B pamkax aToi mozenun, BO3HMKaeT BOMPOC O TOM, YTO Takoe sHeprusa. Npegnaraemblii OTBET: SHEPTUA
3TO NepBbIl MHTErPan ypaBHEHWUIN ABUKeHMA. Ha dyHAAMEHTAIbHOM YPOBHE SHEPTUU HET, TaK Kak Tam
HET HU BPEMEHMU, HW ABUXKEHUA, HU ANHAMMUKMN.

CnenuasibHas TEOpUA OTHOCHUTEC/IBHOCTH H npeo6pasoBaHnﬂ JIopeHua

MycTb GU3NYECKME 3aKOHbI B MOPONKAEHHOM MPOCTPAHCTBE-BPEMEHM TaKOBbI, YTO MMEETCA NpeaesibHas
CKOPOCTb B3aMMOAENCTBUI. PacCMOTPMM BO3HMKaIOLLME CAeACTBUA.

CneunanbHasa TeopmnAa OTHOCUTENIbHOCTN OCHOBaAHa Ha ABYX NOCTy/1aTax:

MocTynaT 1 (NPUHLMN OTHOCMTENbHOCTM DUHLWTENHA). 3aKOHbI NPUPOAbI OANHAKOBbI BO BCEX CMCTEMAX
KOOPAMHAT, ABUKYLLMXCA NPAMOIMHENHO M PaBHOMEPHO APYr OTHOCUTE/IbHO ApYra

MocTynaT 2 (MPUHLMN NOCTOAHCTBA CKOPOCTM cBeTa). CKOPOCTb CBETA B BaKyyme O4MHAKOBa BO BCEX
cMcTeMax KoopAMHAT, ABVKYLLMXCA NPAMONNHENHO M PaBHOMEPHO APYr OTHOCMTENbHO Apyra

MepBblii NOCTYNAT BO3HWKAET Kak CieAcTBME OT npeasiaraemoit mogenun. Tak KaKk Ha ypoBHe
dyHAaMeHTaIbHOrO NPOCTPAHCTBA HET BblAE/IEHHOro HanpaB/AeHuA, TO U3 3TOro CieAyeT OANHAKOBOCTb
3aKOHOB MPMPOAbl BO BCEX CUCTEMAX OTcYeTa.

BTopoW MocTynaT Tak:Ke NnoJiyuyeH, B pamMKax npeasaraemoin Moaesnn, BbITeKaeT U3 nepsBoro nocrynara,
€C/IN CYMTaTb, YTO MaKCMMasIbHasA CKOPOCTb B3aMMOAENCTBUIA U CKOPOCTb CBETA PaBHbI.

Tem cambiM 5 MOTY YTBEPXKAATb, YTO CMNELMaNbHAA TEOPUA OTHOCUMTENbHOCTHM C ee NpeobpasoBaHUAMU
NopeHua, BbiBeAeHa 13 NPeasioKeHHO Mogenu.

I/ICKpI/IBJIeHHOQ MNPOCTPAHCTBO-BPEMA U I'PABUTALUA

MpY NOCTPOEHMM TMNEPNOBEPXHOCTEN MOXKET NOTPeboBaTbCA HaMUME KPUBU3HbI, A/1A COBOAEHUA
NPUHLMNA MPUYMHHOCTU U OAMHAKOBOCTM NONYYAOLMXCA GU3MYECKMX 3aKOHOB. PaccMOTpUM CieacTBus
Ha/IMYNA KPMBU3HbI Ha TMNEPNOBEPXHOCTY.

PaccmoTprM UCKPUBAEHHYIO FMNEPNoBEePXHOCTb. Ha pUCYHKE HUMKe NO ropuU3oHTaAN PacCcToAHWE BAO/b
HEKOTOPOW IMHUW Ha TMNEPNOBEPXHOCTU, MO BEPTUKANU — KPUBM3HA rMNEpPnoBepxHOCTU. Ha pucyHke
BblaeneHa To4yKa A. OTa rMneprnoBepxHOCTb OTOBPAXKAETCA Ha TaKyIo e UAn Noao6bHyo
rMNeprnoBepxXHOCTb, PACNON0XKEHHYIO ganee B GyHAAMEHTabHOM NPOCTPaHCTBe.

TouKa A 6yaeT oTobparkaTbCA Ha TOYKM Ha NOC/AeAYIOLINX TMNEPMNOBEPXHOCTAX, HAXOAALLMXCA Ha
nepecevyeHnu ¢ ANHNEN 3BONIOLMM STON TOUKK. B Ka40M TOUKe BEKTOP BPeMeHM ABAAeTCA
KacaTe/ibHbIM 405 3TOM AHUKU. Toraa BUAHO, YTO B KaXKA0W Noc/ieaytoweid TOUKe BAO/b INHUK
3BOJIIOLMN TOUYKM A KacaTelbHble TMnepnoBepxHOCTN ByayT He napannenbHbl. KpususHa NPUBOAUT K
NoBOPOTY KacaTe/IbHOW rMMNepnaocKocTu B dpyHAaMeHTaIbHOM NpocTpaHcTee. CornacHo
paccMOTpeHHOMY paHee, NOBOPOT FMMepnIoCKOCTM 3KBMBANEHTEH U3MEHEHUIO CKOPOCTH.



CnepoBaTtenbHO, NOCTEMNEHHbIA MOBOPOT 3KBUBANEHTEH HA/IMYMIO YCKOPEHMWA. DTO O3HAYaeT, YTo
KPWMBU3HA NPOCTPaHCTBA-BPEMEHM, C TOUKM 3peHMA ABUralOLLErO C TOUYKOM A Habatogatens v npu
YCA0BUWN YTO HEOAHOPOAHOCTM KPUBMU3HbI AOCTATOYHO Maslbl, HEOTIMYMMA OT YCKOPEHMA. ITO OAUH U
TOT e NpoLecc NOBOPOTa KacaTe/IbHOM rMNepnaoCcKocTh B GyHAAMEHTaIbHOM MPOCTPaHCTBE.

Tem cambim, Hannume KPUBU3HbI NPUBOAUNT K NOABNEHUIO B MOPOXKAEHHOM NPOCTPaHCTBE 3¢¢EKTMBHOI’O
nonAa, aKBUBaZIEHTHOIO Ha/IM4YNKO YCKOPEHUA. TaK ke, MOYXXHO OTMETUTb YTO 3¢¢6KTMBHbIe nonas
NOPOXKAOAEHHOM NPOCTPAHCTBE PaA3aeNA0TCA Ha ABa TUNA:

o [lons, ABnAlOWMECA HEKOTOPON NpoeKkunen pyHAaMeHTaIbHbIX NOEN HAa TMNEPNOBEPXHOCTb
e [lone, obpasytolieeca Kak pe3yabTaT HaIMUUA KPUBU3HbI Y TMNEPNOBEPXHOCTY.

Mone, obpasylolLleecs KaKk pesybTaT HaMuMA KPUBM3HBI Y TMMEPNOBEPXHOCTH, 3aBUCUT OT BCEX APYIUX
3bPEeKTUBHBIX Nosei. ITa 3aBUCMMOCTb BO3HWUKAET U3 TOTO, YTO 3TO NOJe CTPOUTCA TakKum o0bpasom,
4TO6bI BBINONHANCA NPUHLMN NPUYMHHOCTU ANA APYrMX 3GDEKTUBHbIX NoNel. Tem cambiM, MOXKHO
rOBOPUTbL 3TO MOJIE ABNAETCA B NOPONKAEHHOM MPOCTPAHCTBE YHNBEPCAIbHBIM, B3aMMOAENCTBYET CO
BCEMU APYTMMM 3P DEKTUBHBIMU NOAAMM. MOCKOIbKY 3TO NO/IE 3aBUCUT OT KOHOUTYpaLUn Apyrnx
nosei, ToO CKOPOCTb Ero U3MEHEHUSA A0/1KHa B TOYHOCTM PAaBHATLCA MaKCMMaslbHOM CKOPOCTU
N3MeHEeHMA KOHOUrypaumm nosen. 3Ta CKOPOCTb PaBHA MAaKCMMa/IbHOM CKOPOCTU B3aMMOAENCTBUIA.

Mone, o6nap,arou.|,ee TAaKUMU XapPaKTEPUCTUKAMU, N3BECTHO. o710 rpasuTaymnA.

[na rpaBuTaLMm BbIMOAHAETCA CUNbHbIA MPUHLMM SKBUBASIEHTHOCTU. Bbilie 6b110 NOKa3aHo, YTo
rpaBuTaLMA U YCKOPEHME 3TO NPOoABAEHME OAHOMO M TOrO e npoLecca, NpoLecca NoBopoTa
KacaTe/IbHOM rMnepnaocKkocTi B GyHAameHTaIbHOM NpocTpaHcTee. Tem cambiM, B pamKax
npegsaraemo MoAEeNM BblBEAEH CUbHbINA MPUHLMUM SKBMBANEHTHOCTU. [OKa3aHo, YTO ero CKOpoCTb
[AONKHA PAaBHATLCA MAKCMMa/IbHOM CKOPOCTM B3aMMOZAEMNCTBMIA. ITa CKOPOCTb, KaK M3BECTHO, PaBHa
CKopocTu cBeTa. [oKasaHo, YTo rpaBMTauMa ABAAETCA YHUBEPCAIbHbIM B3aumoaenctemem. Tak xe
rpaBUTaLMA B TaKOM MOAENMN 3aBUCUT TONIbKO OT ApYyrux 3GeKTUBHbIX NONEN, HO He cama OT cebs.

B 0buieit Teopnn OTHOCUTENLHOCTM rPaBUTaLMA YA0BAETBOPAET BCEM ONUCAHHbIM Bbllle CBOMCTBAM.
Hanpumep, B Helt NpUCyTCTBYET TO/IbKO TEH30P SHEPTUN MMMYAbCA APYIUX NOAEN, TEH30Pa SHEPIUn-
MMMy/ibca rpaBUTaLMM HeT. FpaBUTaLMsa MMEET YHUBEPCA/IbHbIM XapaKTep, Kak U npeacKasbiBaeT
npeasoxeHHaa MoAenb.

MOXHO OTMETUTb, YTO ONUCaHHanA Bbllle Pa3HMLLA B TUNAX NOJIE 03HAYaET, YTO MHOTME NOAX0AbI,
npuMMeHMUMble U ycnelwHo paboTatowme Aaa nonei nepeoro Tuna, He byayt paboTtaTb BO BTOPOM CAyyae.
YTo 1 HabntogaeTca, NPy NOMbITKE MPUMEHUTb KBAaHTOBAHWE K FpaBUTaLUMn.

Tak »e oTmeuy, 4To B Npes/iaraeMoi MoAenu Ha yposHe GyHAaMeHTaIbHOMO NPOCTPAHCTBA
OTCYTCTBYIOT CUHIYAAPHOCTM. [paBUTaLMA MOKET MPUBOAMTD K FPaBUTALMOHHBIM CUHIYAAPHOCTAM B
Hab1t04aeMOM NPOCTPAHCTBE, HO MPU STOM CUHIYAAPHOCTY B GpyHAAMEHTAZIbHOM MPOCTPAHCTBE He
BO3HMKalOT.

3ak/iloueHue

MpepnoxkeHa moaenb, OCHOBaHHaA Ha CY6'I:eKTVIBHOM naeannime, Nno3sonAatowan NOCTpoeHne
NPOCTPaHCTBA-BPEMEHMU C METpMKOﬁ npocTpaHcTBa MMHKOBCKOrO Ha €BKANA0BOM NPOCTPAHCTBE 6es
BpeEMEHUN N ANHAMUKWN. OTa moaenb TaKXKe No3BonseT NnoCTpoeHne NCKpMBAEHHOIO NPOCTPAHCTBA-
BpeEMeHU C MeTpMKOﬁ O6LIJ,€[;1 Teopuun OTHOCUTENbHOCTU. [lOKa3aHo, YTO N3 MoAeNn ceayoT NPUHLUMA
NPUYNHHOCTUN N aHTpOI'IHbIﬁ npuHumn. NMokasaHo, YTo U3 mogenun cnepyet CUIbHbIN npuHUMN
9KBMUBAZIEHTHOCTU rPaBUTaLLlMN N YCKOPEHWUA.

BbiBeaeHbl Bce NPUHLMMbI M NOCTYNATbl, HA KOTOPbIX OCHOBAHbI cheunanbHaa u O6U.l,aﬂ Teopuun
OTHOCUTENTIbHOCTMU.

B 37Ol CTaTbe HeT HU O4HOIro ypaBHEHUA. Muorue BOMPOCHI B Hen He 3aTparnBaroTCA, XOTA OTBETbI Ha
MHOIne n3 HMUX B paMkax npe,u,nomeHHoﬁ mozenn AoBOAbHO o4eBUAHbI. Llenbto ctatbu ABnaeTcA
npegonoxxmntb NpUHUUNNUAZIBHO HOBYHO MO4e/1b ANA NOCTPOEHUA ¢M3M‘-IeCKMX TEODMVI.
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