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AHHOTaAUMs

MpepnoxeHa rMnoTesa, OCHOBaHHaA Ha CyObeKTMBHOM MAaeannm3me, NO3BOAIOLLAS NOCTPOEHME
NPOCTPAHCTBa-BPEMEHU C METPUKOM NPOCTPaHCTBa MUHKOBCKOIO Ha eBKAMA0BOM NpocTpaHcTee 6e3
BPEMEHW N AMHAMMUKKN. ITa TMNOTE3aTaKXKe NO3BONAET NOCTPOEHME UCKPUBIEHHOIO NPOCTPAHCTBA-
BPEMEHW C METPUKOI 06L,EeN TEOPUN OTHOCUTENIbHOCTU. [OKa3aHo, YTO U3 MOAENM TMNOTEe3bl CAeAYHoT
NPUHLUN NPUUYNUHHOCTU U aHTPOMHbIN NPUHLMN. NoKa3aHo, YTO M3 MOAENN TMMNOTESbI CAeAYeT CUMIbHbIN
NPUHLWN SKBUBANEHTHOCTU FPaBMTaALLMKM U YCKOPEHMA. BbiBeAeHbl BCe NPUHLMMbI U NOCTYaTbl, Ha
KOTOPbIX OCHOBaHbI cneuynanbHan 1 oban Teopun OTHOCUTENbHOCTU, BbiBeAEHbI Npeobpa3oBaHUsA
JNopeHua. B ctatbe npeanaraeTca NPUHUMNMANABHO HOBasA MOAE/b AN NOCTPOEHUA PUSNYECKUX TEOPUIA.

BBeaeHue

B HacToAllee BpemA, CyLeCcTByeT ABa OCHOBHbIX MOA4eNN Npupoabl. I'IepBaﬂ moaenb NbiTaeTcAa
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 Teopm7|. MoXHOo nn NOCTPOUTb NPUHLUMNMNANbHO HOBYIO MOoAdeNb Npupoabl, OT/IMHHYIO OT
nepsbIx ABYX? B 3TOM cTaTbe npeanaraetca runoresa, MMeoLLas Takyo Modenb.

BO3MOKHO I NOCTPOUTb B EKBANAOBOM NPOCTPAHCTBE rMNEPNoOBEPXHOCTb C NOPEHLLEBCKON METPUKOM?
Kak nokasaHo y C.XokuHr, xk.9nnuc [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
OTHOCUTENBbHOCTU? EC/IM HEBO3MOXHO NOCTPOUTL BoJlee NPOCTON C/yYait, C METPUKOM NPOCTPaHCTBA
MMHKOBCKOrO, TO O4€BUAHO, YTO 3TO HEBO3MOXHO CAeNaTb.

JoKa3aTeNIbCTBO HEBO3MOXHOCTU NOCTPOEHUA BMMCAHHOM rmnepnoBepxHOCTN C METpMKOﬁ CTOsB
€BK/INA0BOM NPOCTPAHCTBE BbIrNAOUT y6e,EI,VITeI'IbeIM, KaXXeTCA, YTO ero HeBO3MOXHO ONPOBEPIrHYTb.
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 CTAaHOBATCA COMHUTENIbHbIMU. [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 PacCMOTPETb NpeasiaraeMyto MoLesb, PaCCMOTPUM, YTO
Takoe Bpems.

BDEN\FI ABNIAETCA AB/IEHUEM, MPOABNEHNA KOTOPOIro Mbl NOCTOAHHO Haﬁ!'II-O,EI,BEM. dusunka sce eue He
3HaeT npupoay spemeHu, cyuecreyrouiee onnmcaHmne spemeHn n ero CBOWCTB AiBNsieTcA
d)EHOMeHO}'IOI'VILIeCKMM. CneumanbHasa n O6LI.I,aFI TEOPUN OTHOCUTE/ZIbHOCTUN YCTAHOBWUIN 3aBUCUMOCTb
mexay spemeHeMm, NPoCTPaHCTBOM U rpasmau,meﬁ. OTO NOKa3bIBaET, 4YTO Bpema He ABNAETCA
HEe3aBUCUMbIM ABNEHNEM, U UMEET CBA3b C MPOCTPAHCTBOM U MaTepMGVI, Bbl3bIBaIOLI.I,el7| rpasuTauuio.
dusuka yCTaHOBUNA CBOWCTBa BpeEMEHMNU. OpHako OTCYTCTBYET 3HaHWe, no4Yemy CylecCTByeT BpemaA,
no4yemy spema o4HOHanNpas/aeHHO, CyLWeCTBYHOT /I KBAHTblI BpEMEHUN, MOYEMY BpEMA MMEET O4HO
namepeHne, BOSMOXKHO i nyTewecTsoBaTb B NMNPOLLJIOE.



,ﬂ,eVICTBMTEHbHO 11 NPOCTPAHCTBO, BpeMA, maTepnAa N NoNA CyLeCTBYHOT CAMOCTOATENIbHO U XKe
ABNIAKOTCA NpPoOABJIEHNEM YETO-TO 6onee d)yH,u,ameHTaanoro?

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

Ecnun Ha dyHAAMeEHTaIbHOM YpPOBHE BPEMS MOJIHOCTbIO OTCYTCTBYET, TO AOJIXKHA OTCYTCTBOBATL U
ONHaMKKA. BapmaHTbl, Korga Ha dyHAAMEHTaIbHOM YPOBHE MMEETCS AMHAMMKA, @ BPeMA Ha
MaKpOypOBHE ABNSAETCA IMEPAKEHTHbBIM, CIOXKHO Ha3BaTb Moaesbio 6e3 BpemeHu. CKopee, Takne
MOAE/IM MOXKHO Ha3BaTb MOAENAMM C MHOXKECTBOM BPEMEH Ha MUKPOYPOBHE.

Mpw OTCYTCTBMM HA GYHAAMEHTA/IbHOM YPOBHE BPEMEHWN U AMHAMMUKM BO3HMKAET BOMPOC, KaK 3TO
corniacoBaTb ¢ HabagaeMon B Npupoge AMHaMUKON U BpemeHeMm. [11a Toro 4tobbl OTBETUTb Ha 3TOT
BONPOC, HEOBXOAMMO PAaCcCCMOTPETb HAa YEM OCHOBaHbl PeasIN3m U UAEeaNnU3M.

Peasiu3m mu naeajin3m

MpuWBbIYHAA HaM KapTUHA MMPA FTOBOPUT, YTO CO3HAHME CYLLLECTBYET NO NPUYMHE NSMEHEHUI 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 ABAAETCA OOHOM U3 KOHLUENUUI peannsma.
MpPOTMBOMNONOXKHASA KOHUEMLMA, YTBEPKAAIOLLAA, YTO MUP 3aBMUCUT OT CO3HAHMA, HA3bIBAETCA
ngeannsmom. B punocodumm naet Hesatyxatolee obCyRaeHUE O TOM, YTO BEPHO, PEASIU3M UK
naeannsm. Y Kaxaoro M3 aTUx HanpaBieHUN UMEHOTCA CBOW aprymeHTbl. HM ogHo mns atux ¢pmnnocodckmx
HanpaB/ieHMI Ha CEroHAWHNA MOMEHT He AIBIAETCA HAaY4YHbIM, TaK KaK OTCYTCTBYET BO3MOXHOCTb X
danbcmdmkaumnn. Tem cambiM, XOTA NPAKTUYECKM BCE COBPEMEHHbIE TEOPUMN B PU3MKE NOCTPOEHDI Ha
OCHOBE peasin3ma, HeT OCHOBAHWUI A/1A 3anpeTa NOCTPOEHMA TEOPUN Ha OCHOBE UAEaNU3Ma.

B cneaytolueit 4actu npeiaraeTca rmnotesa, OCHOBaHHasA Ha uaeanusme.

MO,Z[eJIb rumnoTe3bl

MycTb MMeeTcs YeTbipexMepHOe eBKIMA0BO NPOCTPAHCTBO C KAKMMU-TO NoAAMKU. Bpema 1 AnHamUKa
OTCYTCTBYIOT. TeM CaMbIM, Y NOJIEN TaKKe OTCYTCTBYET AMHAMMKA. ITO TaKKe 03HAYaeT NOHbIN
OETEPMUHU3M.

MycTb B 3TOM NPOCTPAHCTBE MOXHO NOCTPOUTb CEPUIO HEMEPECEKAIOLWMNXCA TMNEepnoBEepPXHOCTEN, Ha
KOTOPbIX KAKMM-TO 06Pa3oM MOKHO NMOCTPOUTb MOJISA, TOYHO COBMNaAatoLLme ¢ HabaaaeMbIMU HAMU
nonsmu. Tak:Ke NycTb CylLecTByeT HenpepbiBHOe NpeobpasoBaHue cocToaHMA nonein ¥ Ha ogHow
rMNeproBepxHoCTM L cepnn B COCTOAHUA NoNeit Ha APyroi runepnosepxHocTu L' 3Toin xe cepun.

Ka4as TouKa Ha 04HOM rMnepnoBepxHOCTN O0TOBpaXKaeTcs 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 runepnosepxHocTH 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 IMHWM 3BOJIIOLMM B TOYHOCTM 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 d)YHLI,aN\EHTaIIbHOI'O YETbIPEXMEPHOTO NPOCTPaHCTBA BblAeNEHHOE HaMpaBaeHne
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 Hanbonee 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 TaKkom moaenun rmnotesbl BO3SHMKAET BOMNPOC O TOM, YTO TaKOe CO3HaHMe.

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 rMnepnoBepxHocTen. [Ans Habtogaemoro TpexmepHoro
NPOCTPaHCTBaA HEO6XO,£I,MMO, YyTObBI rTMNepnoBepPXHOCTU TaKXKe 6blnun TPEXMEPHbIMW.

Habntogaemoe HamMu NPOCTPAHCTBO, BpeMsA U MaTepus ABAAIOTCA NPOAYKTOM CO3HaHUA. be3
HabntoaaTeNna OHM ABAAIOTCA MaTemaTUYecKol abeTpakumein. Tem cambim, 06 bEKTUBHO OHU He
CYLLLECTBYIOT, OHU CYLLECTBYIOT Cy6beKTUBHO.

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

AHTPONHBIA NPUHIUII
N3 moaenu Teopumn cneayet, YTo HabaoaaTeNb Heobxoaum ANA cyllecTBoBaHMA BceneHHon. 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 aHTPOMHOrO NPUHUMNA ABAAETCA aHTPOMHbIA NPUHLMN yYacTua,
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
Cy6BEKTUBHOrO CyLLECTBOBaHMA HAabt0gaeMoro NpoCcTPaHCTBaA-BPEMEHM.

IIpyHLIMI OPUYUHHOCTH

Bce u3BeCTHble MHE MOAEeNN PAa3yMHOM XU3HW TPeBYIOT BbINOAHEHUA NPUHLMNE MPUYNHHOCTH.
Habntopgatenu HeobxoaAnmbl ANS CyllecTBOBaHUA BceneHHon. Habntoaatenem mMoskeT 6biTb TONBKO
pa3yMHoOe cyL,ecTBo. 3TO 03HaYaeT, YTo pasyMHas XU3Hb HeobxoaumMa ANA CyLLecTBoBaHMA BceneHHo.
MNcxoas 13 aToro, runepnoBepxHOCTM C UBMEHSAWUMUCA Ha HUX GU3UYECKMMU NONAMU HEOBXOAMMO
CTPOUTL TaKMM 06pa3om, YTobbl BbIMOAHANCA MPUHLMA NPUYUHHOCTM. TeM caMbiM, NPUHLMN
NPUYUHHOCTU ABNAETCA CIeACTBUEM aHTPOMNHOMO NPUHLUMNAE y4acTmA.

IlocTpoeHue runepnoBepXHOCTEN U HAO/II0AaTe 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 ansa 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/IALDUAM MMOPOXKACHHOIO BpEMEHHU U MMPOCTPAHCTBA

[NnAa BbINOAHEHUA NPUHLMNA NPUYMHHOCTM HEOBXOAMMO MOHATb, KAKUMU CBOMNCTBAMM MO OTHOLLIEHUIO K
TPaHCAALMAM NOPOXKAEHHOrO BPEMEHWN N MPOCTPAHCTBA A0/XKHbI 061aaaTh pUsnYeckue 3aKoHbI. B
cny4Yae ecnu He ByaeT CUMMETPUM K TPAHCAALMAM NOPOXKAEHHOTO BPEMEHU U NPOCTPAHCTBA, HE BUAHO
cnocob0B A1 BbINOJHEHUA NPUHLMNA NPUUNMHHOCTU. McXxoas U3 3TOro, MOXKHO cAenaTh BbiBO, UTO
Takasa CUMMETPUA, 3TO ellle MOMKHO Ha3BaTb 0AHOPOAHOCTb, AO/IKHA CYLLLECTBOBaTb. ITO 03HAYAET, YTO
noboe pelleHne ¢ NOPoXKAEHHbIM NPOCTPAHCTBOM-BPEMEHEM [O/KHO COAEPKATb TaKMEe CUMMETPUN.

Hao6iwaaemebie pusnyecKkue mosas

Habnogaemble dpuanyeckme Nons, COrnacHo NpeasioKeHHo Moaenm, ABNSIOTCA HEKOTOPbIM
npossaeHnem 6onee pyHAaMeHTaNbHbIX NoAeN. BOSMOXKHO, OHU ABAAIOTCA NPOABNEHMEM €4ANHOTO
nons. Tak Kak 3Tn 6osee 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 ApYr OTHOCUTENbHO Apyra.

Bo3HMKaeT BONpOC, KaKk NepenTu U3 0gHOW MHEPLMANbHOM CUCTEMBI OTCYETa B ApYryto. PaccmoTpio
C/lyYait, Korga NopoKAeHHOe NPOCTPAHCTBO ABAAETCA NJIOCKMM. B 3TOM cyyae, BMecTo
rMnepnoBepXHOCTU MOMKHO FOBOPUTL O TMMEPNAOCKOCTH.

Ecnv Teno HenoABUMNKHO OTHOCUTEIbHO TMNEPMNIOCKOCTU, TO OHO 3BOIIOLMOHUPYET BAO/b 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 IEXKUT B
rMNepnaocKocTy.

XoueTcA HallTK, KaK NepenTn B CUCTEMY OTCYETA, COOTBETCTBYHOLLYIO ABUNKYLLEMYCA Teny. TaK KaK
noKoALLeecs TeNo 3BOIOLMOHUPYET BAO/Ib BEKTOPA BPEMEHW, TO MePexo4oM 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
BbINO/IHUTL NOBOPOT FMMNEPNIOCKOCTM TaKUM 06pa3om, YTOBbl BEKTOP BPEMEHW HOBOW MTMNepnioCcKoCTH
6bl1 NapanneneH BEKTOPY 13 BPEMEHM U CKOPOCTU TeNA Ha NpeablayLeit TrMnepnaocKocTy.

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 NnoBOPOTa r’mnepnaoCKOCTK Npn
nepexoge B CUCTeMy OTCYHETA, COOTBETCTBYHOLLYIO TENY ABUTAOWLEMYCA C HeKOTODOﬁ CKOpPOCTbHO
OTHOCUTENBbHO ﬂpeﬂ,blﬂ,yLLI,EI‘/‘I, paHee ogHOBPEMEHHDbIE cobbITuA MOTyT nepecrtaTb 6bITb
OoAHOBPEMEHHbIMU.

[pyroe cneactene — Ha6n|op,aemaﬂ pPa3HOCTb X042 YaCoB B Pa3HbIX CUCTEMaXx OoTcyeTa. TaK Kak B
d)yH,CI,aMeHTaﬂbHOM NPOCTPaHCTBE HET BblAENEHHOIO HanpasaeHUA, TO AJ/IMHA, COOTBETCTBYHOLaA
eagunHuue BpemeHun, 0N1KHa 6bITb NOCTOAHHOM U He 3aBUCETb OT nosopoTos. [lo NnoBopoTa 3BOAOLMA
TE€Na, ABUrarouleroca c HEKOTOpOﬁ CKOPOCTbHO, OMUCbIBAETCA BEKTOPOM COCTOALLMNM N3 BEKTOPA BPEMEHU
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, rae Te€N0 HENOABUMKHO, 3BOTIOLLUA Te€Na NOET BOO/1Ib BEKTOPA
BpeEMEHU C ,EI,J'IVIHOVI, COOTBETCTBYIOLLI,eﬁ egunHuLe BpemMeHMu. Kak BUAHO, ONMHbI 3TUX 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, 4TO B NOPOXKAEHHOM NPOCTPaHCTBE-BPEMEHN
¢M3M‘-IECKME 3adKOHbl OAMHAKOBbI BO BCEX NHEPLUMNAIbHbBIX CUCTEMAX OTCYETA.

JHeprusa

B pamkax aToi mozenun, BO3HMKaeT BOMPOC O TOM, YTO Takoe sHeprusa. Npegnaraemblii OTBET: SHEPrUA
3TO NepBbIM MHTErPan ypaBHEHNIN ABUKEHMA. Ha PyHAAMEHTAIbHOM YPOBHE SHEPTMM HET, TaK KaKk Tam
HET HU BPEMEHMU, HW ABUXKEHUA, HU ANHAMMUKMN.

CnenuasibHas TEOpUA OTHOCHUTEC/IBHOCTH H npeo6pasoBaHnﬂ JIopeHua

Halisem coOTHOLEHUs A/INTEeNbHOCTU BPEMEH B ABUKYLLMXCA OTHOCUMTENbHO ApYry Apyra
WHepUManbHbIX cMcTemax otcyeTa. [11s 3Toro, Ha3oBy Uy PacCTosiHME B PyHAAMEHTA/IbHOM
NPOCTPaHCTBE, COOTBETCTBYHOLLEE eguHMLe BpemeHW. COrlacHO ONMCaHHOMY Bblile, 3TO 3HaYeHne
OZIMHAKOBO BO BCEX CUCTEMAX OTCYeTa.

MycTb MmeeTcA ABE UHEPLMANbHbIX CUCTEMbI OTCHETA, ABUMKYLLMECA OTHOCUMTENLHO APYT APYra CO
CKOPOCTbIO U BAO/Ib OCU X, U UX HaYaibHble TOYKM KOOPAMHAT COBMaAaloT.
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Ha pu1cyHKe Bbllwe NMoKasaHbl OCU X U t 4/1A NepBOi CUCTEMbI OTcHeTa M ocu x' u t' ana BTOpoit cuctembl
oTcyeTa. BTopas cuctema oTcyeTa, ABUAKYLLAACA C OTHOCUTE/IbHOM CKOPOCTbIO V7, HAK/JIOHEHA Mo, Yr/iom
a OTHOCUTE/IbHO NepBoii. XoTenock 6bl NOAYEPKHYTb, YTO OCb t ABASETCA 0ObIYHOM NPOCTPAHCTBEHHOM
OCb}0 B €BK/IMLOBOM NpocTpaHcTee. [nnHa | BAob 3TOM Oocu cBA3aHa ¢ HablogaeMbiM BpeMeHem
CefyroLWmMM COOTHOLLEHNEM:

t=l/vt

OAHOMOMEHTHbIE cobbITMA 3TO Te C06bITMF|, YTO NPONCXOOAT Ha OAHOVI N/TIOCKOCTH, I'IepI'IEH,EI,VIKyﬂHpHOﬁ
ocu t.

Ha pucyHKe BblaeneHbl HECKO/IbKO ToYeK. TouKa 1 aTo Havyano KoopAauHat. PaccmaTpusato cnyqaﬁ,
Korga Ha4asao KoOopAMHAT coBnagaerT.

TakK Kak V¢ BO BCeEX UHEPLUMAIbHbIX CUCTEMAX OTCHETA OAUHAKOBO, TO UV = V¢ sin(a)

MycTb t — 370 BpeMs, NpoLueLee B NepBOi CUCTEME OTCHETa OT TOUKM 1, a t’ - Bpems, KoTopoe NpoLLIo
B ABUXKYLLENCA cMCTeMe oTcyeTa 3a Bpems t. [IPOMEKYTKY BpemMmeHU t B MepBOI CUCTEME COOTBETCTBYET



pacctosHue V. t, 3TO paccToAHne mexay Toukamu 1 n 4. Takomy Ke NpoMerKyTKy BpemeHu t BO BTOPOW
CMUCTEM OTCHETa COOTBETCTBYET TaKOe }Ke PacCTOAHME, 3TO paccToaHne mexay Toukamu 1 n 5. Touka 2
3TO nepeceyeHne AMHUK, NepneHanKYNAapHOM ocu t’, n npoxoasaileit Yepes ToUKy 5. AHaIOrMYHO, TOUKa
3 3TO NepeceyeHne NMHUKN, NePNeHANKYAAPHON ocK t, N Npoxoaallen Yepes Touky 4. [ina Toro, 4tobbl
onpefennTb, Kakol NMPOMEXKYTOK BPpEMEHW B NEPBOI CUCTEME OTCYeTa COOTBETCTBYET BpeMeHu t’ Bo
BTOPOW, HYXXHO HalTN OJIMHY TMNOTEHY3bl TPEYro/bHMKa U3 Touek 1, 5 n 2. U3 pucyHKa BUAHO, 4TO

t,
t=———

cos(a)
Toraa, U3 M3BECTHOTO 3HAYEHMA CUHYCA, MO/Ty4aeMm:

cos(a) = m = |1-— <£>2

v

M3 TOro »ke pMCcyHKa BUAHO, YTO

Tenepb paccMoOTpUM npeobpasoBaHUa KoopamHart. MycTb CKOPOCTb ¥ HanpaBaeHa BAONb OcK X. Toraa,
NP1 NOBOPOTE CUCTEMbI KOOPAMHAT, Y U Z OCTAHYTCA HEM3MEHHbIMM:

!

y=Yy
z=17z
MpUMEHAA Te e MeToApl, YTO U BbllLe, NOAYYaEeM:

x —vt
- ()
,_t—@/vd)x
()

ITH ypaBHEHMA NpUOBpPeTaoT U3BECTHbLIN BUA, eC/u

x' = (x —vt) /cos(a) =

t

vt =C
Fp,e C — CKOpPOCTb CBeTa. 310 O3Ha4aeT, YTO pacCTtoAHMe CooTBEeTCTBYOWEE eANHULE ONTNHBI BPEMEHMN,

PaBHO PAaCCTOAHUIO MPOXOAMMOMY CBETOM 3a TO XKe BpeMA.

Tem cambIM i MOTY YTBEPXKAATb, YTO CreuunasibHas Teopma OTHOCUTENbHOCTM C ee Npeobpa3oBaHUaMHU
JlopeHua, BbiBeAeHa U3 NPeaoKeHHOW Moaenu.

OCTaHOB/OCb Ha BOMPOCE, YEMY PaBHaA CyMMa CKOPOCTel. U3 ypaBHEH U Bbille MOXHO BbIBECTU
YPaBHeEHME PeNaTUBUCTCKOTO C/IOXKEHWUA CKOPOCTEN. ITO ypaBHEHME OT/IMYAETCA OT ypaBHEHMUSA
C/IOXKEHUS CKOPOCTENM, KOTOPOE MOXKHO MOYYUTb, ECIU CYUTATb CYMMY CKOPOCTEW Yepes CoXKeHUe
yrnoB. BAAETCA M 3Ta pasHULa Npobaemolt 4na paccmaTpuMBaemMol rmnoTesbl?

[Ona oTeeta Ha aTOT BOMNPOC, HYyXXHO BCMOMHUTb 4YTO BCA ¢M3I/IKa B 3TOM rMnoTese NOCTPOEHa BOKpPYr



Habntogatens. Habntogatens byaet BUAETb CNOXKEHUE CKOPOCTEN B COOTBETCTBUE C PENATUBUCTCKOM
dbopmynoi cnoxkeHuns ckopocteit. Ecam Bo BTopoit cucteme oTcyeta byaet gpyroit Habatogatenb, TO OH
6yaeT BUAETb CBOKO KapTUHY COBbITUI, M HAYEro B paMKax 3TOM rMNoTe3bl HE YTBEPKAAET, YTO 3Ta
KapTMHa 0b6A3aHa BbIBOANTLCA M3 KapTUHbI Yy NepBoro Habatogatensa. OCHOBbIBAACL HA HANMCAaHHOM
BbILLE, MOXHO CAenaTb BbIBOA, YTO NMEPEXOL B APYTYIO CUCTEMY OTCHETa ABNAETCA HE MU3OMOPPHbBIM.
HapyweHune nsomopdumama npu nepexose B ApYyryro CUCTEMY 03HAYAET, YTO Y YCKOPSAIOLWEeroca
HabnogaTena MeHAeTCA NpoLoe.

PaccmoTprm MbICNEHHBIM 3KCMepuMeHT. [lBa HabaoaaTens pewnam Habaaatb HEKOTOPbIE ABNEHUS B
KaKOM-TO NpOoCTpaHcTBEeHHOM 0b6nacTn. Oba HabatoaaTens BCTpeYatoTCca, Kaxabli 6epeT uMcTyto TeTpaab
Kyaa byzeT 3anucbiBaTb pe3ynbTaTol HAabAO4EHMIA. 3aTem NepBblt HabatloAaTeNb OCTaeTcs, BTOPON Ha
YeM-TO Pa3roHAETCS 40 OKOJIOCBETOBOM CKOPOCTU. KarKablli U3 HUX peryaspHoO 3anmcbiBaeT
Habntogaemble ABAEHUA B YCI0BEHHOM 06/1acTM NPOCTPaHCTBA. 3aTem BTOpoi Habatogatenb
BO3BPALLAETCA, BCTPEYAETCs C NepBbiM HablogaTenem, U OHM CPAaBHUBAIOT 3aNMCaHHbIe B TeTpagAxX
pe3ynbTaTbl. MOryT /M B TeTPaaax bbiTb pasHble pe3ynbTathl? 14 OTBETA Ha 3TOT BOMNPOC, HYXKHO
BCMOMHMTb, YTO MPOCTPAHCTBO-BPEMSA B 3TOM rMNOTE3e CTPOUTCA BOKPYT BbiBpaHHOro Habtogatens, u
CTpouTCA € TpeboBaHNEM BbIMONHEHNA NPUHLMMNA NPUYMHHOCTU. CeaoBaTebHO, AN KaXKA0ro 13
HabntogaTteneit To, YTo OH YBMAUT B TETPAAM, AOKHO YA0BNETBOPATL MPUHLMMY NPUYUHHOCTU. ITO
03Ha4aeT, YTo XOTA 3anucK HabnogaTenen o cCobbITUAX U MOTYT Pa3NNYaTbCA, HO A1 HUX [OJIKEH
BbINOAHATLCA NPUHLNMN MPUUMHHOCTU. ITO O3HAYaET, YTo AN1A Ntoboro HabnwgaTens cobbITMA Npu
nepexobl B Apyryto cUcTemMy oTcyeTa BbirnaasaT nsomopodHo. OgHako, ecnm 6ol KakMm-1nMb6o obpasom
HabogaTenb CMOT YBUAETb COObITUA OAHOBPEMEHHO B Pa3HbIX CUCTEMAX OTCYETA, OH YBMAEN Obl UTO
Cob6bITMA B pa3HbIX CUCTEMAX OTCYETA HE M3OMOPGHbI OTHOCUTENLHO APYr ApYyra.

Taknm obpasom, npeobpa3oBaHua JlIopeHLa NoJiyYeHbl 6e3 Kaknx-1nmbo NpeanonoXKeHUn o HaIMYMn
npefenbHON CKOPOCTM B3aMMOAENCTBUIA B NOPOXKAEHHOM NpocTpaHcTee. M3 npeobpasosaHuii
JlopeHua cneayer, YTo NpeAesibHas CKOPOCTb B3aUMOAENCTBUIA CyLLEeCTBYeT, OAMHAKOBa BO BCeX
cMcTemax oTcyeTa U paBHa ANUHbI e4MHULbI BPEeMEHM.

UcKpHuB/IeHHOE NPOCTPAHCTBO-BpPEMS U rpaBUTALUA

Mpu NOCTPOEHUM TMNEPMOBEPXHOCTEN MOMKET NOTPEOOBATLCA HaMUME KPUBU3HDI, ANA cobatoaeHus
NPUHLMNA NPUYUHHOCTU U OANHAKOBOCTU NoyYatowmxca pUanyeckmx 3akoHoB. PaccmoTpum cneactauma
HA/IMYUA KPMBM3HbI Ha TMNEPNOBEPXHOCTH.

PaccmoTpmm MCKpUBAIEHHYIO r’MNepnoBepXHOCTb. Ha pUCYHKe HUXKe NO FOPU30OHTa M paccToAaHMe BAONb
HEKOTOpOﬁ JIMHUKU Ha TMNepnoBEepPXHOCTM, NO BEPTUKAIN — KPMBU3HA MMMNeprnoBepxXHOCTU. Ha pucyHke
BblgeneHa Tovka A. 3Ta rmnepnoBepxHOCTb OTO6pa)K36TCﬂ Ha TaKylo XKe naun nop,o6Hy|o
rMnNepnoBepxXHOCTb, PaCNOI0OXKEeHHYIO AaNee B (I)pr,aMeHTal'leOM NPOCTpPaHCTBE.

Touka A byaeT oTobparkaTbCA HA TOYKM Ha NOCAEAYIOLNX TMNEePNOBEPXHOCTAX, HAXOAALLMXCA Ha
nepeceyeHnn ¢ IMHUEN 3BOJIIOLMM 3TOM TOYKM. B KaxKa0M TOUKe BEKTOP BPEMEHU ABAAETCS
KacaTe/lbHbIM A8 3TOM IMHUK. Toraa BUAHO, UTO B KaXK4OM nocieaytollein ToUKe BA0/b INHUM
3BOIOLMN TOYKM A KacaTesibHble rTMnepnoBepxHOCTU ByayT He NapannenbHbl. KpuBusHa NpUBOaMT K
NOBOPOTY KacaTe/ibHOM rMNepnaoCcKoCTU B GyHAAMEHTabHOM NpocTpaHcTee. CornacHo
paccMOTPeHHOMY paHee, MOBOPOT FMNEPNI0CKOCTA SKBUBANIEHTEH U3SMEHEHMNIO CKOPOCTHU.
CnepoBaTtenbHO, NOCTENEHHbI MOBOPOT 3KBUBANEHTEH HA/IMUMIO YCKOPEHMA. DTO O3HAYaeT, YTo
KPWMBU3HA NPOCTPAHCTBA-BPEMEHM, C TOUKM 3pEeHMA ABUraAIOLLErO C TOUYKOM A Habatogatens v npu
YCNOBUWN YTO HEOAHOPOAHOCTM KPUBMU3HbI AOCTaTOYHO Maslbl, HEOT/IMYMMA OT YCKOPEHMA. ITO OAMH U



TOT e npoLecc NOBOPOTa KacaTe/IbHOM rMNepnaoCKoCcTU B GyHAAMEHTaIbHOM NPOCTPAHCTBE.

Tem cambim, Hannume KPUBU3HbI NPUBOAUNT K NOABNEHUIO B MOPOXKAEHHOM NPOCTPaHCTBE 3CI)CI)EKTVIBHOI'O
nonAa, SKBUBaZNEHTHOIO Ha/IM4YNKO YCKOPEHUA. TaK e, MOXXHO OTMETUTb YTO 3¢¢6KTMBHbIe nonas
NOPOXKAEHHOM NPOCTPAHCTBE PaA3aeNA0TCA Ha ABa TUNA:

o [lons, ABnAOWMECA HEKOTOPON NpoeKunen pyHAaMeHTaIbHbIX NOSEN HAa TMNEPNOBEPXHOCTb
e [lone, obpasytolleeca Kak pe3yabTaT HaIMUUA KPUBMU3HbI Y TMNEPNOBEPXHOCTU.

Mone, obpasytolieecs KaKk pesyibTaT HaMYUA KPUBU3HbI Y TMMEPNOBEPXHOCTU, 3aBUCUT OT BCEX APYIUX
3pPeKTUBHbIX Nosein. ITa 3aBUCUMOCTb BO3HUKAET U3 TOFO, YTO 3TO MOJie CTPOUTCA TaKUM 06pasom,
YTOObI BbINOAHANCA NPUHLMM NPUUYNHHOCTU ANA APYrux 3bdeKTUBHbIX noseid. Tem cambiM, MOXKHO
roBOPUTb 3TO NoJje ABAAETCA B MOPOKAEHHOM NPOCTPAHCTBE YHUBEPCA/IbHbIM, B3aUMOAENCTBYET CO
BCEMU ApYrummn abdeKTUBHbIMKU NoAAMU. [TOCKOIbKY 3TO Noe 3aBUCUT OT KOHPUTypauum apyrmx
nosien, TO CKOPOCTb €r0 U3MEHEHMA A0/IKHA B TOYHOCTM PABHATLCA MaKCUMa/lbHON CKOPOCTU
M3MeHeHMA KOHOUIypaLmMm nonein. 3Ta CKOPOCTb PaBHa MaKCMMasibHOM CKOPOCTU B3aMMOAENCTBUN.

Mone, obnagarollee TaKUMM XapaKTepPUCTUKaMM, U3BECTHO. ITO rpaBmTaLums.

[ns rpaBuTauMm BbINONHAETCA CUABbHBIN NPUHUMN SKBUBANIEHTHOCTU. Bbiwe 6b110 NOKa3aHo, YTo
rpaBuTaLMA U YCKOPEHMeE 3TO NPOoABIeHNEe O4HOIO U TOTO e MpoLecca, NpoLuecca NoBopoTa
KacaTesibHOW rMNepnaockocTn B GyHAAMEHTaIbHOM NPOCTpaHcTBe. Tem cambiM, B paMKax
npeanaraemoin MoAaenu BbiBeAeH CUbHbIA NPUHLMM SKBUBAIEHTHOCTU. MOKa3aHo, YTO ero CKOpPoCTb
OO0J/IKHA PAaBHATLCA MAaKCMMalbHOM CKOPOCTM B3aMMOZENCTBUIN. ITa CKOPOCTb, Kak MU3BECTHO, paBHa
CKOpoCTU cBeTa. [oKasaHo, YTo rpaBUTaLMA ABASETCS YHUBEPCabHbIM B3aumogenctamem. Tak xe
rpaBMTaLMA B TAaKOM MOAENN 3aBUCUT TOJIbKO OT ApYrnx 3¢dEeKTUBHbIX NOaEN, HO He cama OT cebs.

B 0buieit Teopnn OTHOCUTENLHOCTM rPaBUTaLMA YA0BAETBOPAET BCEM ONUCAHHbIM Bbllle CBOMCTBAM.
Hanpumep, B Helt NpuUCyTCTBYET TO/IbKO TEH30P SHEPTUU UMIYNbCA APYTUX NONEN, TEH30Pa SHEPTUK-
MMMy/ibca rpaBUTaLMM HeT. FpaBUTaLMsa MMeET YHUBEPCA/IbHbIM XapaKTep, KaKk 1 npeacKkasbiBaeTt
npeanoXeHHas Mo4esb.

MOHO OTMETUTb, YTO OMMCaHHanA Bbille Pa3HULA B TUNAX MNOJIei 03HAYaEeT, YTO MHOTME NOAXOAbl,
NPMMEHMMbIE U YCMELWHO paboTatoLime A/ Nosier Nepeoro TMna, He byayT paboTaTb BO BTOPOM C/yyae.
Y710 1 HabntogaeTca, Npu NonbITKE NPUMEHUTb KBaHTOBaHME K rpaBUTaLLUN.

TaK ke 0TMeuy, YTo B Npeanaraemoi Mmoaenn Ha yposHe GpyHAaMEHTaIbHOrO NPOCTPAHCTBA
OTCYTCTBYIOT CUHIYAAPHOCTU. [paBUTaLMA MOXKET MPMUBOAUTDL K PAaBUTALLMOHHBIM CUHTYNSPHOCTAM B
Hab/1l04aEMOM NPOCTPAHCTBE, HO MPU 3TOM CUHTYNAPHOCTU B GYHAAMEHTAIbHOM NPOCTPAHCTBE He
BO3HMKalOT.

3ak/iloueHue

MpepnoxeHa rMNoTesa, OCHOBaHHAA Ha CYObEKTUBHOM MAEaNU3Me, NO3BONAIOLLAA MOCTPOEHME
MPOCTPAHCTBA-BPEMEHM C METPUKOM MPOCTPaHCTBA MUHKOBCKOTO Ha €BKAMA0BOM NPOCTPaHCTBE He3
BPEMEHW U AUHAMMKU. ITa TMMOTE3a TaK¥Ke NO3BONAET NOCTPOEHUE UCKPUB/IEHHOTO NPOCTPAHCTBA-
BPEMEHU C METPUKOW 06LLei TEOPUN OTHOCUTENBHOCTU. [TOKA3aHOo, YTO M3 TMNOTE3bl CEAYIOT MPUHLLMN
NPUYUHHOCTU U aHTPOMHbIV NPUHLMN. [TOKa3aHo, YTO U3 TMNOTE3bl CAeAyeT CUNbHbIN NPUHLMN
3KBMBANIEHTHOCTM rPABUTALLMM U YCKOPEHWUSA. BbiBEAEHbI BCE MPUHLMMbI M MOCTYNATbI, HA KOTOPbIX
OCHOBaHbI cneumanbHas 1 06Las TeEOPUU OTHOCUTENIbHOCTU, NOJTyYeHbl Npeobpa3oBaHusa JlopeHua.
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