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AHHOTaAUMs

MpepnoxeHa rMnoTtesa, NO3BO/AOWAA NOCTPOEHNE NPOCTPAHCTBA-BPEMEHN C METPUKOM NPOCTPAHCTBA
MWHKOBCKOIO Ha eBK/IMA0BOM NPOCTPAHCTBE 6€3 BpeMeHN U AMHAMMKKU. ITa rMNoTesa TaKKe No3BosseT
NOCTPOEHME UCKPUBIEHHOIO NPOCTPAHCTBA-BPEMEHUN C METPUKOI 06LLEN TEOPUN OTHOCUTENIbHOCTMU.
MNMoKasaHo, YTO M3 MOAENN TMMNOTESbI CAEAYIOT NPUHLMMN NPUYNHHOCTU U AHTPOMHbIN NPUHLMI.
MNMoKasaHo, YTO M3 MOAENN TMMNOTE3bI CIEAYET CUIbHBIA MPUHLNN SKBMBAIEHTHOCTM rPaBUTaLMm 1
YCKOpeHus. BbiBeaeHbl BCe NPUHLMMbI U NOCTYNATbl, HA KOTOPbIX OCHOBAHbI CrieLnanbHas 1 obuas
TEOPWUM OTHOCUTENBHOCTM, BbiBeAeHbI NpeobpasoBaHma JlopeHua.

BBegeHue

B HacToAwee Bpemsa, CyLecTByeT ABa OCHOBHbIX MoAenu npupoapl. lNepsasa moaenb NbiTaeTcA
Mcnosb3oBaTb 3¢uMp, BTOPaAa MoAeNb OCHOBAHA Ha GMU3NYECKOM BaKyyme 1 penatnsmnsme. dPupHolie
TEOPUN UMEIOT PAL HEPA3PELLNMbIX I'IpO6I1€M, n d)aKTM‘-IeCKM nMmeeTCA TO/IbKO O4Ha BO3MOXHOCTb ANA
NoCTPoeHMA Teopmin. MOXKHO /I NOCTPOUTb NPUHLUMIMMAJIBHO HOBYIO MOAEb NPUPOAbI, OT/IMYHYIO OT
nepsbIxX AByX? B aToit cTatbe npegnaraeTca runoTesa, MMeroLwana Takyo moaenb.

BO3MOHO /1M NOCTPOUTb B EKB/IMAOBOM NPOCTPAHCTBE rMNEPNOBEPXHOCTb C IOPEHLLEBCKON METPUKOI?
Kak nokasaHo y C.XoKuHr, sk.9nauc [1, cTp 55], B €BKANAOBOM NPOCTPAHCTBE HEBO3MOXHO NOCTPOUTH
BMUCaHHYIO rMMMNeprnoBepXHOCTb C METPUKOM NPOCTpaHcTBa MUHKOBCKOTO.

BO3MOKHO M NOCTPOUTb B EKB/IMAOBOM NPOCTPAHCTBE rMNEPNOBEPXHOCTb C METPUKOM 0bLei Teopun
OTHOCUTENbHOCTU? ECNM HEBO3MOXKHO NOCTPOUTL B0J1ee NPOCTON C/lydald, C METPMKOM NPOCTPAHCTBA
MMHKOBCKOrO, TO O4E€BUAHO, YTO 3TO HEBO3MOXKHO CAeNaTb.

[ oKa3aTenbCcTBO HEBO3MOXKHOCTM NOCTPOEHMA BNMCAHHOW rMNepnoBepxHoCcTK ¢ meTpukon CTO B
€BK/NNA0BOM NPOCTPAHCTBE BbIMNAAUT YyOeauTeNbHbIM, KaXKeTCA, YTO ero HEBO3MOKHO OMPOBEPTHYTb.
Nioboe foKa3aTeNbCTBO OCHOBAHO HA HEKOTOPbIX MOIOKEHUAX, KOTOPbIE CHUTAIOTCA UCTUHHBbIMU. Ecn
€CTb BO3MOXHOCTb NOCTaBUTb MO COMHEHWE KaKoe-Mbo M3 3TUX NOJIOXKEHUIM, TO BCE 3aBUCUMbIE OT
TAKOro MOJIOXKEHMUA BbIBOAbI TAKXKe CTAHOBATCA COMHUTENbHbIMU. [10N0XKeHWE, KOTOPOE B 3TON CTaTbe
CTaBWTCA NOJ COMHEHWE, 3TO peasn3m.

Bpemsa yyacTByeT M B METPUKE NPOCTPaHCTBa MMHKOBCKOIo U B METpUKe 06Lwein Teopun
OTHOCUTENbHOCTU. [103TOMY, 0 TOTO, KaK PaccMOTpeTb Npeanaraemyto MOAEe b, PACCMOTPUM, YTO
TaKoe Bpems.

Bpema apnsetca AsneHnem, NpoABAEHUA KOTOPOro Mbl NOCTOAHHO Ha6mo,a,aeM. dusmkKa BCe elle He
3HaEeT npupoay spemeHu, cyuecreyrouiee onnmcaHmne spemeHn n ero CBOWCTB AiBNsieTcA
d)eHOMeHOJ'IOI'VI‘-IeCKI/IM. CneumnanbHasa n 06LLI,aFI TEOPUN OTHOCUTE/ZIbHOCTUN YCTAaHOBUTN 3aBUCUMOCTb
meXxay spemeHem, NPpoCTPpaHCTBOM U FpaBMTaLLMEVI. OTO NOKasbIBaeT, 4YTo BpemMA He ABNAETCA
He3aBUCUMbIM ABNEHNEM, U UMEET CBA3b C MPOCTPAHCTBOM U MaTepMGVI, Bbl3bIBaIOLI.I,el7| rpasuTauuio.
dunsmka yCTaHOBWUNa CBOMCTBA BpemeHu. OpaHako OTCYTCTBYET 3HaHWe, No4YemMy CyLeCTBYET BpemaA,
noyemy Bpema oAHOHanNpaB/aEeHHO, CyLWLEeCTBYHOT I KBAHTblI BpEMEHWN, MOYEMY BpEMA MMEET O4HO
namepeHmne, BO3SMOXHO I NyTewecTBoBaTb B NMPOLLJIOE.



,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.

Mpu oTCyTCTBUM Ha PyHAAMEHTAIBHOM YPOBHE BPEMEHMU U AMHAMMKM BO3HUKAET BOMPOC, KakK 3TO
corsiacoBaTb € Habtog4aemol B npnpoae ANHAMUKON N BpEeMEHEM.

Moaesb runoTe3bl

|_|YCTb MMeEETCA YeETbIpeXmepHOe eBKINA0BO NMPOCTPAHCTBO C KAKUMU-TO NONAMMU. BPEMFI N OUHaMUKa
OTCYTCTBYIOT. Tem cambIM, y MOIEN TaK¥Ke OTCYTCTBYET AMHAMMKA. ITO TaKKe 03Ha4vyaeT NoJiHbIN
LEeTEPMUHUIM.

MycTb B 3TOM NPOCTPAHCTBE MOXKHO MOCTPOUTb CEPUIO HEMEPECEKAOLLMXCA TMNEPNOBEPXHOCTEN, Ha
KOTOPbIX KAaKMM-TO 06pa3om MOXKHO NOCTPOUTb NOJIA, TOYHO COBMaZAtoWwme ¢ HabagaeMbIMKU HAMU
nonamu. TakKe NycTb CyLLECTBYET HemnpepbiBHOEe NpeobpasoBaHue coctosiHMA noneit ¥ Ha oaHoM
rMNeproBepxHOCTM L cepun B COCTOAHUA NoNeit Ha APYroi rmnepnosepxHocTu L' 3Toi xe cepun.

Ka4asn ToYKa Ha 04HOMN rMnepnoBepxHOCTN OTOBPaXKaeTca B HEKOTOPYIO TOYUKY Ha Apyroi
rmnepnoBepxHOCTU. Tak Kak npeobpa3oBaHue HenpepbIBHOE, TO UMEETCA KPMBas, COCTOALLANA U3 TOUYEK
0TOBPAYKEHNA HA NPOMEKYTOUYHbIX TMNEPNOBEPXHOCTAX, COeANHAILLAA TOUKY Ha rMnepnoBepxHocTu L ¢
TOYKOI Ha runeprnosepxHocTn L'. Ha3oBy 3Ty KpUBYIO IMHMUEN 3BOIOLMUMN.

MOHO roBOpuTb, YTO NONA HA TMNEepPNoOBEPXHOCTAX IBOJIIOLUMOHNPYIOT BAOb 3TOM NUHUM.

MycTb oTO6paKeHNe COCTOAHMA Noael Ha O4HON rTMNEPNOBEPXHOCTU Ha COCTOAHMA NOE Ha Apyroi
rMnepnoBepxHOCTU BAO/b IMHWUM 3BOIIOLMM B TOUHOCTM COOTBETCTBYET Hab1lo4aeMblM HaMM 3aKOHaM
$U3KNKK, @ pacCcTosiHME MO 3TOMN IMHUK BbIMOJTHAET POJIb BPEMEHU B ypaBHEHMUAX. B 3Tom ciyyae MoKHO
roBOpPMTb NPO BEKTOP BPEMEHM, U 3TOT BEKTOP ABNAETCA KacaTelbHbIM K IMHUUW 3BONOLMMN.

CuuTalo, YTo Ha YpOBHE PYHAAMEHTAIbHOIO YeTbIPEXMEPHOTOo NPOCTPAHCTBA BblAeNeHHOe HanpasieHue
OTCYTCTBYET, BCE HAaNpPaBJAEHUA PaBHOMPABHbI.

Bo3HKMKaeT BONpOC, KyAa HanpaB/ieH BEKTOP BPEMEHMU.

B ¢yHAaMEHTaNbHOM NPOCTPAHCTBE OTCYTCTBYET BblAe/IeHHOE HanpasaeHne. Tem cambiM, STOT BEKTOP
AONKeH 6bITb Hanpae/ieH Hanbonee CUMMETPUYHBLIM 06Pa30M OTHOCUTENBHO FMNEPNOBEPXHOCTU. [aa
C/lyYan rMNepnioCcKoCTU, HaMboblan CUMMETPUA NOMYYAETCA, EC/IM BEKTOP BPEMEHU B KaXKA0MN TOUKe
rMNepnaocKocTM ByaeT HanpasieH NepneHANKYAPHO rMNepnaoCcKoCcTU. s rMnepnoBepxHoCTH
Hanbo/bWan CUMMETPUA AOCTUIAETCA ECIN BEKTOP BPEMEHUW HaNpaBs/eH NepneHANKYAAPHO
KacaTe/IbHOW rMnepnaoCcKoCTH.

B TaKom moaenun rmnotesbl BOSHMKAET BOMNPOC O TOM, YTO TaKOe CO3HaHMeE.

Co3HaHue

B PamMKax npep,nomeHHon moaenun, A NoCTyanpyto, 4To CO3HaHUE ABNAETCA BHVIdDEHOMEHOM, BbI3BAHHbIM
n3mMeHeHmnem ¢M3I/I'~IECKVIX nosneu Ha rmnepnoBepxHOCTAX. M3meHeHue nponcxoguT He BO BPpEMEHU, a B
d)yH,CI,aMGHTaanOM NPOCTPaHCTBE, KOTOPOE OTINYHO OT Ha6mop,aeN\oro NPOCTpPaHCTBA. Ha6mop,aemoe



NPOCTPAHCTBO COOTBETCTBYHOT MPOCTPAHCTBY rMnepnosepxHocTeit. [ns Hablo4aeMoro TpexmepHoro
NPOCTPaAHCTBA HEOBXOANMO, YTOBbI TMNEPNOBEPXHOCTM TaKKe BblIN TPEXMEPHbBIMMU.

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

Habntogaemoe npocTpaHCTBO-Bpems byay Ha3biBaTb MOPOXKAEHHbLIM, AN IMEPAMKEHTHBIM ,
NPOCTPaHCTBOM-BPEMEHEM.

AHTpPONHBIA NPUHLHUI
13 mogenu Teopun cnegyert, 4To HabawgaTenb HeobxoamMm ANs CyLLecTBoBaHMA BceneHHol. Tem
Cambim, N3 Teopun chegyert aHTpOngIlZ npuHUnn.

AHTPONHbIN NpUHUMN 6bln NpegnoxeH [2][3] ans 06bACHEHMA C HAYYHOM TOUYKM 3PEHUS, MOYeMy B
Habnogaemolt BceneHHOM MMeeT MecTo psg, HETPUBMANbHbIX COOTHOLLEHUN MeXay
dyHOAMEHTaNbHBIMU GU3NYECKMMM NApPaMETPAMU, HEODHXO4MMbIX A1A CYLW,EeCTBOBAHUA Pa3yMHOM
KU3HU. UmetoTca pasninyHble GOPMYIMPOBKMU; 0ObIYHO BbIAENAIOT CNAbbIN N CUNbHBIA aHTPOMHbIE
NPUHLANBI.

BapMaHTOM CUAbHOMO aHTPOMHOIO NPUHLIMNA ABAAETCA aHTPOMHbIA NPUHLMN yYacTmA,
cbopmynnpoBaHHbIi [koHOM Yunepom([4]:

Habrnrodamenu Heobxodumbi Ornisi o6pemeHusi BceneHHoli 6bimusi (Observers are necessary
to bring the Universe into being).
B npeanoKeHHOW MOLENM aHTPOMHbIN NPUHLMN y4acTMA ABNAETCA NPAMbIM CeACTBUEM
Cy6BEKTUBHOrO CyLLLeCTBOBaHMA HabNt04aeMOoro NPoCTPaHCTBa-BPEMEHM!.

IIpUHOMI IPUYUHHOCTH

Bce u3BeCTHble MHE MOAEeNN Pa3yMHOM XXN3HW TPebyIoT BbINOMHEHUA NPUHLMNE MPUYNHHOCTH.
Habntopatenn Heobxoanmsl gns cywectsoBaHma BceneHHol. Habatogatenem mMorKeT 6bITb TOIbKO
pa3yMHOe cyL,ecTBo. 3TO 03HaYaeT, YTO pasyMHas KU3Hb HeobxoaMma Ana cyllecTBoBaHMA BceneHHoM.
MCXOLI,FI 13 3TOro, rmnepnoBepxHOCTN C USMEHAKLWNMUNCA Ha HUX ¢M3VI'4€CKVIMVI nonamum HGO6XO,EI,VIMO
CTPOUTb TaKMM 06pa3om, YTobbl BbIMOAHANCA MPUHLMMA NPUYUHHOCTM. Tem caMbiM, NPUHLMN
NPUYNUHHOCTU ABNIAETCA cneaAcTBUEM aHTPONHOIO NpuHUMNa y4acTtuA.

IlocTpoeHue runepnoBepxXHOCTEN U HAO/II0AaTe/Ib

Habntopatens B npeanaraemolt Mogenun ABAAETCA TON OCHOBOW, BOKPYT KOTOPOW CTpouTcA
NOPOKAEHHOE NPOCTPaAHCTBO-BpeMA. Ha 04HOM 1 TOW e rmnepnoBepPXHOCTU MOXKET 6bITb MHOTO
Habnopatenen. Ecnm gna Kakoro-to HabnogaTena NOCTPOEHa cepua rMNepnoBepPxXHOCTEN, 3TO He
3HAYMT, YTO 3Ta XKe cepua NOAXOANUT ANA APYTUX HabaogaTenein. B sTom cnyyae, ANA HEKOTOPbIX
HabnodaTenein nocneayolme rMnepnoBepxHOCTN ByayT OTAMYATLCA.

CMMMeTpHA K TPAHC/ISLMAM IOPOXKAEHHOI0 BpeMeH! U NPOCTPAHCTBA

,D,I'IFI BbINOJIHEHUA NpUHUMNA NPUYNUHHOCTU HEO6XOLI,VIMO MOHATb, KAaKMMU CBOMCTBAMM MO OTHOLLEHUIO K
TPaHCNAUMAM NOPOXKAEHHOIO BpemMeHU U NPOCTPaHCTBA AO0/1XKHbI O6ﬂa,ﬂ,aTb ¢M3MHGCKM€ 3aKOHbI. B
Ccny4vyae eCcnm He 6yp,eT CUMMETPUN K TPAHCNAUNAM NOPOXKAOAEHHOIO BpeMeHU U NPOCTPAHCTBA, HE BUAHO
cnocobos ANnAa BbINO/IHEHNA NPUHLMNA NPUYHUHHOCTU. MCXO,CI,’FI M3 3TOro, MOXXHO CAenathb BbiBOA, YTO
TaKaAd CUMMETPUA, 3TO elle MOXXHO Ha3BaTb OAHOPOAHOCTb, A0J/1XKHA CyLLEeCTBOBATb. 10 O3Ha4aeT, 4YTo
noboe peweHne C NoOpoXAEeHHbIM NPOCTPAaHCTBOM-BpeMEHEM A0/1XKHO COAePXKaTb TaKne CUMMETPUN.
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Hao6/mropaemble pusnyeckue noJjis

Habntogaemble Gpusmyeckme noss, COrnacHo NpeasoxKeHHON Mmoaenu, SBAATCA HEKOTOPbIM
npossaeHnem 6onee pyHAaAMeEHTANbHbIX NOAEN. BO3MOXKHO, OHU ABAAIOTCA NPOABNEHNEM €4ANHOTO
nond. Tak Kak 3T1 6onee dyHAaMeHTaNbHbIEe NOAA UK NOJe onpesesieHbl HA NPOCTPaHCTBe Hbe3
BPEMEHU N ANHAMMUKM, Y HUX OTCYTCTBYET AMHAMMKA.

I/IHepunaﬂbeIe CUCTEMBI OTCUETA

HasoBy MHepLUManbHbIMK CUCTEMAMM OTCUYETA CUCTEMbI OTCUHETA ABUKYLLMECA NPAMOUHENHO U
paBHOMEPHO ApYr OTHOCUTENBLHO ApYra.

Bo3HMKaeT BONPOC, KaK NepenTn U3 04HON MHEPLMAbHOM CUCTEMBI OTCYETA B APYryto. PaccmoTpto
C/lyYai, Korga NopoXKAEeHHOe NPOCTPAHCTBO ABAAETCA NIOCKMM. B 3TOM cyyae, BMecTo
rMnepnoBepXHOCTU MOMKHO FOBOPUTL O TMMNEPNNOCKOCTH.

Ecnv Teno HenoABUMKHO OTHOCUTEIbHO FMNEPNIOCKOCTU, TO OHO 3BOIIOLMOHUPYET BAO/Ib BEKTOPA
BpemeHu. Ecnu Teno MMeeT KaKyto-TO CKOPOCTb OTHOCUTENLHO TMNEPMNIOCKOCTU, TO OHO
3BO/IIOLMOHMPYET BAO/Ib BEKTOPA, COCTOALLENO M3 CYMMbl BEKTOPA BPEMEHM 1 CKOPOCTU. BeKkTopa
BPEMEHM 1 CKOPOCTU NepneHANKYAAPHbI APYT APYrY, Tak Kak BEKTOP CKOPOCTU NIEXKUT B
rMNepnaocKocTy.

XoueTcA HallTK, KaK NepenTn B CUCTEMY OTCYETA, COOTBETCTBYHOLLYIO ABUNKYLLEMYCA Teny. TaK KaK
NoKosLeecs Te/10 3BOJIIOLMOHNPYET BA0/Ib BEKTOPA BPEMEHMU, TO MEPEXOA0M B CUCTEMY OTCHETa,
COOTBETCTBYIOLLYIO ABUratoWemyca Tesy, 6yaeT nepexoq, B Takyto rMnepnaockocTb, r4e CKOpoCTb
Hy/fieBas U TeNo 3BOJIIOLUMOHMPYET BAO/Ib BEKTOPa BpemeHW. 1A Takoro nepexoga HeobxoamMmo
BbIMNOJIHUTL MOBOPOT IMMNEPNIOCKOCTM TaKUM 06pa3om, UTOBbI BEKTOP BPeMeHW HOBOWM r'MnepniockocTu
6bln NapanneneH BEKTOPY U3 BPEMEHM U CKOPOCTU TENA Ha NpeablayLeit rMnepnaocKoCcTy.

M3 paccmoTpeHua nepexoaa M3 ofHON CUCTEMbI OTCYETA B APYryIO NOJyYaeTcsa paa, cAeacTBUi.

MepBoe cneacTsne, OTHOCUTE/IbHOCTb OAHOBPEeMeHHOCTU. CoBbITUA, MpoucxoadaLumne Ha
rMMNepnaoCKOCTH, ABAAIOTCA OAHOBPEMEHHO NpoucxodalumMmun. Nocne NoBopoTa rMNepnaoCcKoCcTM npu
nepexoze B CUCTEMY OTCYETa, COOTBETCTBYIOLLYIO TENY ABUratOLLEMYCA C HEKOTOPOW CKOPOCTbIO
OTHOCWTE/NIbHO NpeablayLlel, paHee o4HOBPEeMEHHble COBbITUA MOryT nepecTtaTtb 6bITb
04HOBPEMEHHbIMW.

[pyroe cneactene — HaboAaeman PasHOCTb X043 YaCoB B PasHbIX CMCTeMax oTcyeTa. Tak Kak B
dyHAaMeHTaIbHOM NPOCTPAHCTBE HET BblAE/IEHHOro HanpaB/ieHna, TO A4/IMHA, COOTBETCTBYIOLLAA
eANHNLIE BPEeMEHMU, A0/XKHa BbITb MOCTOAHHOM M He 3aB1CETb OT NOBOPOTOB. [0 NOBOPOTA 3BOIOLMA
Tena, ABUraloLLLErOCA C HEKOTOPOW CKOPOCTbIO, OMMUCHIBAETCA BEKTOPOM COCTOALLMM U3 BEKTOPA BPEMEHM
C ANVHOW, PaBHOW eANHULIE BPEMEHM, U BEKTOPA CKOPOCTH, C ANIMHOW 3aBMCALLLEN OT ckopocTu. MNocne
MoBOPOTa M Nepexobl B CUCTEMY, A€ TEeNO HEMOABUMXHO, 3BO/IOLMA Tela MAET BAO/b BEKTOpa
BPEMEHM C A/IMHOMN, COOTBETCTBYIOLLEN eANHMLE BpeMeHW. KaK BUAHO, ANNHbI 3TUX BEKTOPOB
pa3/MyYaloTCA, YTO M 03HaYaeT Pa3HOCTb X043 YacoB B PasHbIX CMCTeMax oTcyeTa.

Cnepcteue 06 OAMHAKOBOCTU 3aKOHOB nNpunpoabl. TaK KaK Ha YpoBHE d)YHAaMEHTaﬂbHOFO NPOCTPaHCTBA
OTCYTCTBYET BblAeNNEHHOE Hanpas/ieHNe, 3TO O3HAYYaEeT, 4YTO B NOPOXKAEHHOM MPOCTPAHCTBE-BPEMEHN
¢M3VI'~I€CKI/I€ 3aKOHbI OAMHAKOBbI BO BCEX MHEPLUMNA/IbHbBIX CUCTEMAX OTCHETA.

JHeprus

B pPamKax aTon moaenn, BO3HUKaeT BOMPOC O TOM, YTO TaKO€E 3Heprua. I'Ipe,a,naraeMbu‘/'l OTBET. 3Heprua
3TO NepBbIl MHTErPan ypaBHEHWUIN ABUKeHUA. Ha dyHAAMEHTAIbHOM YPOBHE SHEPTUU HET, TaK Kak Tam
HEeT HN BpeMeHU, HN ABUXKEHNA, HN ANHAMUKNU.

Cl'[e].lI/IaJIbHaﬂ TEoOpUAaA OTHOCHUTEC/IBHOCTH M npe06pa303aHmI JIopeHua
Haingem cooTHOWEHUA ANNTENBHOCTU BpeMeH B ABUXYLLNXCA OTHOCUTENIbHO APYyry Apyra



MHepUuManbHbIX CMcTemax otcyeta. [aa aToro, HasoBy V¢ pacctoAaHne B d)pr,arv\eHTaanom
NPOCTPaHCTBE, COOTBETCTBYIOWEee eanHuLe spemeHn. CornacHo onnMcaHHOMY Bbille, 3TO 3HaYeHne
OZIMHAKOBO BO BCeEX CUCTeMaX OTCYeTa.

|_|YCTb nmMmeeTcAa ABe NHepunaibHbIX CUCTEMDI OTCHETA, ABUXKYLLMECA OTHOCUTENIbHO APYyr Apyra Co
CKOPOCTbO V BAOJIb OCH X, N UX HaYa/IbHblE TOYKN KOOPAMHAT COBMNaaatoT.

t 4

¥

*’

Ha pucyHKe Bbille NoKasaHbl OCU X U t ANA NepBOi cucTeMbl oTcueTa u ocn x’ n t' ana BTopoi cuctemsl
oTcyeTa. BTopas cuctema oTcyeTa, ABUNKYLLAACA C OTHOCUTENIbHOM CKOPOCTbIO 1, HAK/IOHEHa Noj, yriom
Q@ OTHOCUTE/IbHO NepBoi. XoTenochb 6bl NOAYEPKHYTb, YTO OCb t ABAAETCA 06bIYHOW NPOCTPAHCTBEHHOM
OCbl0 B €BK/INA0BOM NpocTpaHcTee. AanHa [ BAoib 3TOM OcK cBA3aHa ¢ Habalogaembim BpemeHem
cliefytoLMM COOTHOLLEHNEM:

t = l/vt

OAHOMOMEHTHbIe cO6bITUA 3TO Te COBbITUA, YTO MPOUCXOAAT HA OAHOM NOCKOCTU, MEPNEHANKYNAPHON
ocu t.

Ha pucyHKe BblaeneHbl HECKOIbKO ToYeK. TouKa 1 3To Hayano KoopanHaT. PaccmaTpumBato ciyyai,
KOrZa Hayano KoopAMHaT coBnaaaer.

TaK KaK v; BO BCeX MHEPLMabHbIX CUCTEMAX OTCYETa OAMHAKOBO, TO V = V; Sin(a)

MycTb t — 3TO BpemMs, Npoluejllee B NepBOi CUCTEME OTCHETa OT TOUKM 1, a t’ - Bpems, KoTopoe NpoLLIo
B ABUXKYLLENCA CMCTeMe OTcUeTa 3a Bpems t. [pomerKyTKy BpemeHU t B NepBOi CUCTEME COOTBETCTBYET
paccTosiHue V,t, 3TO PaccToAHME MeXay TouKamu 1 1 4. Takomy e NPOMeEXKYTKY BpeMeHU t BO BTOPOM
cMCTeM oTcUYeTa COOTBETCTBYET TaKOE e PACCTOAHME, 3TO PACcCTOAHME MeXay Toukamu 1 1 5. Touka 2
3TO nepeceyeHne AMHUK, NepneHanKyNapHOM ocn t’, n npoxoasaiueit Yepes ToUKy 5. AHaNOrMYHO, TOUKa
3 3T0 NepeceyeHne MHUK, NepneHANKYNAPHOM OcU t, M NpoxoaAalleit Yepes TouKy 4. nA Toro, 4Tobbl
onpeaennTb, KaKoW MPOMENKYTOK BPEMEHM B NEPBOI CMCTEME OTCYETa COOTBETCTBYET BpemeHu t’ Bo
BTOPOW, HY>KHO HalTN AJIMHY TMNOTEHY3bl TPEYTrobHMKA M3 ToueK 1, 5 1 2. U3 pucyHKa BUAHO, YTO

t,
t=—
cos(a)

Toraa, U3 N3BeCTHOro 3Ha4yeHuA CUHYyCa, nosy4aem:



v

cos(a) = m = |1-— (Z)z

M3 Toro e PUCYHKa BUOHO, 4YTO

Tenepb paccmoTpum npeobpasoBaHMa KoopanHaT. MycTb CKOPOCTb ¥ HanpaseHa B4Ob Ocu X. Toraa,
npv NOBOPOTE CUCTEMbI KOOPAWNHAT, Y U Z OCTAHYTCA HEM3MEHHBIMM:

!

y=Yy
z=17z
MpUMeEHAA Te e METOAbl, YTO U BbllLe, NOAYYaeM:

x — vt
- ()
,_t—@/vd)x
- ()

ITM ypaBHEHMA NpUOBPeTaoT U3BECTHbLIN BUA, eC/M

x'=(x —vt) /cos(a) =

t

vt=C

[Ae ¢ — cKkopocTb cBeTa. OTO O3HAYaeT, yTo paccTtoAHMe COOTBETCTBYOUWEE eANHNLE ONTNHbI BPEMEHMU,
PaBHO PACCTOAHUIO MPOXOAMMOMY CBETOM 3a TO XKe BpeMA.

Tem cambiM A MOTy YTBEPKAATb, YTO CreLmManbHan Teopus OTHOCUTEbHOCTU C ee Npeobpa3oBaHUAMM
NopeHua, BbiBeAeHa 13 NPeasioKeHHO Mogenu.

OCTaHOB/IOCb Ha BOMPOCE, YEMY PaBHa CyMMa CKOPOCTel. U3 ypaBHEHUI Bbille MOXHO BbIBECTH
YPaBHEHMWE PENATUBUCTCKOTO C/IOXKEHUA CKOPOCTEN. ITO ypaBHEHME OT/IMYAETCA OT YpPaBHEHMUSA
C/IOXKEHUS CKOPOCTEM, KOTOPOE MOXKHO MOYYUTb, EC/IU CYUTATb CYMMY CKOPOCTEW Yepes C0KeHUe
yrnoB. ABAAeTcA M 3Ta pasHMLA NPobaemol 41A pacCMaTPMBAEMONM rMNoTe3bl?

[lna oTBETa Ha 3TOT BONPOC, HYXKHO BCMOMHWTL YTO BCA PU3MKA B 3TOM rMNoTe3e NOCTPOEHA BOKPYT
Habnogatens. Habaogatens 6yaer BUAETb CIOKEHWE CKOPOCTEN B COOTBETCTBUE C PENATUBUCTCKOM
dopmynion cnoxkeHus ckopocteid. Ecnm Bo BTOpoli cucteme oTcyeTa byaeT aApyron Habatogatenb, TO OH
6yAeT BUAETb CBOIO KAPTUHY COBLITUIA, U HAYEro B PaMKaXx 3TOW rMNoTe3bl He YTBEPXKAAET, YTo 3Ta
KapTMHa 0b6sA3aHa BbIBOAUTLCA U3 KapTMHbI Y NepBoro Habatoaatens. OCHOBbLIBAACb HA HANMCAHHOM
BbILIE, MOXHO CAEeNaTb BbIBOA, YTO NEPexos, B Apyryto CUCTEMY OTCYETA ABNAETCA HE M30MOPHbIM.
HapyweHue nsomopdurama npm nepexoe B Apyryto cUcCTeMy O3HAYaeT, YTo y YCKopAtoLWwerocs
HabogaTens MeHaeTca NpoLusoe.

PaccmoTprm MbIC/IEHHBIN 3KCNepumeHT. [iBa HabaogaTens pewnam Habaoaate HEKOTopble ABNEHMUSA B
KaKoM-TO NpocTpaHcTBeHHOM 061acT. Ob6a HabtogaTena BCTpeYatoTCa, Kaxabli 6epeT yncTyto TeTpaab
KyZa byzeT 3anucbiBaTb pe3ynbTaTbl HabAO4EHMIA. 3aTem NepBbl HabatoaaTeNb OCTaeTcs, BTOPOM Ha
YeM-TO PA3rOHAETCA 4O OKOJI0CBETOBOM CKOPOCTU. KarK bl U3 HUX PErynsipHoO 3anucbiBaet



Habntogaemble ABAEHUA B YCAOBAEHHOM 06/1acT NPOCTPaHCTBaA. 3aTem BTOpoi Habatogatenb
BO3BPalLAaeTcA, BCTpeyaeTca ¢ nepsBbiM HabnogaTenem, n OHU CPaBHMBAIOT 3aNUCaHHbIe B TeTpaaax
pe3ynbTatbl. MoryT v B TeTpaaax bbiTb pa3Hble pe3yabTaThbl? [11A OTBETA Ha 3TOT BOMPOC, HYKHO
BCMOMHMTb, YTO NPOCTPAHCTBO-BPEMSA B 3TOM rMMNoTE3e CTPOUTCA BOKPYT BbIDpaHHOrO Habaogatens, n
cTpounTca ¢ TpeboBaHNEM BbINOAHEHUA NPUHLMNA NPUYMHHOCTU. CneaoBaTeNbHO, ANA KaXaoro ms
HabatopaTenel To, YTO OH YBUAUT B TETPAAM, AO/IXKHO YAOBAETBOPATbL NPUHUMNY NPUYMHHOCTU. ITO
03HAYaeT, YTo XOTA 3anncK HabaaaTenen o cobbITUAX U MOTYT Pa3NYaTbCA, HO A5 HUX [AOJ/IKEH
BbIMOJ/IHATLCA MPUHLMN NPUYNHHOCTM. ITO O3HAYaeT, YTo A/1A Itnboro HabtogaTensa cobbiTMA Npu
nepexoAbl B APYryto CUCTEMY OTcYeTa BbIraaAaT nsomopdHo. OaHaKo, ecnm bbl KakMM-1M60 06pasom
HabAopaTeNb CMOT YBUAETb COObITUA OAHOBPEMEHHO B Pa3HbIX CUCTEMAX OTCYETA, OH yBMAEN Obl YTO
Cob6bITMA B pa3HbIX CUCTEMAX OTCYETA HE U3OMOPGHbI OTHOCUTENIbHO APYr ApYyra.

Taknum obpasom, npeobpaszoBaHua JlopeHua nosiydeHbl 6e3 Kaknux-1mbo nNpeanonoXKeHUn o HaIMYMm
npeaenbHOM CKOPOCTM B3aMMOLENCTBMIA B NOPOXKAEHHOM MPOCTPaHCTBe. M3 npeobpasoBaHuii
JlopeHua cneayeT, YTo NpeaebHAaA CKOPOCTb B3aMMOAENCTBUI CYLLECTBYET, OAMHAKOBA BO BCEX
CUCTEMAX OTCYETa U paBHa AAMHbI e AUHULLBI BpEMEHMU.

UcKpHuB/IeHHOE NPOCTPAHCTBO-BpPEMS U rpaBUTALUA

Mpwv nocTtpoeHnn I'VII'IEpI'IOBGpXHOCTEVI MOXeT I'IOTpe6OBaTbCﬂ Haanyme KpuBusHbl, oNA CO6J'HO,£],EHMF|
npuHuuna npu4NHHOCTN N O ANHAKOBOCTU NOSTyHaloLWwmnxca (I)M3W-IECKMX 3aKOHOB. PaccmoTpum cneacrsmA
HaIN4nAa KpUBMU3HbI Ha TMNEPNOBEPXHOCTH.

PaccmoTpmm UCKPUB/IEHHYIO rTMNepnoBepPXHOCTb. Ha PUCYHKE HUXe NO TOPU30HTA/IN paCcCToAHMNE BAOTb
HEKOTODOVI JINHUN Ha TMNEepPnoBEPXHOCTU, NO BEPTUKANIN — KPUBU3HA TMNEPNOBEPXHOCTH. Ha PUCYyHKe
BblgeneHa Touka A. 3T1a rMmnepnoBepxHOCTb 0T06pa)+(36TCﬂ Ha TaKylo XXe nau I'IO[],06HVIO
rMnNepnoBepPxXHOCTb, PAaCNO/IOXKEHHYIO Aa1ee B d)yH,D,aMeHTa!'IbHOM NPOCTpPaHCTBE.

Touka A 6yaet otobparkaTbCA Ha TOUKM Ha NOCAEAYOLWNX TMNePNOBEPXHOCTAX, HAXOAALLMXCA Ha
nepecevyeHnm ¢ IMHUEN 3BONIOLMM STOM TOUKU. B KaxKa0M TOUKe BEKTOP BPEMEHM ABAAETCA
KacaTesibHbIM AN15 3TOM MnHUK. Torga BUAHO, YTO B KaXKAOW Noc/ieaytowei TOYKe BAOIb IMHUK
3BOJIIOLLMM TOUYKM A KacaTeslbHble TMNepnoBepxHOCT ByayT He NapannenbHbl. KpuBMsHa NpuUBOAUT K
NMOBOPOTY KacaTe/IbHOM rMNepnioCcKoCTU B GyHAAMEHTaIbHOM NpocTpaHcTee. CornacHo
paccMOTPeHHOMY paHee, MOBOPOT FMNEPMNI0CKOCTA SKBMBANIEHTEH U3MEHEHUIO CKOPOCTH.
CnepoBaTenbHO, MOCTENEHHbIM MOBOPOT 3KBUBANEHTEH HAJIMYMIO YCKOPEHMA. ITO O3HAYAET, YTO
KpPWMBU3HA NPOCTPAHCTBA-BPEMEHM, C TOYKM 3pEHUA ABUIAIOLLErO C TOUYKOM A Habaogatens u npu
YCNOBUW YTO HEOAHOPOAHOCTM KPUBMU3HbI AOCTaTOYHO Maslbl, HEOT/IMYMMA OT YCKOPEHMA. ITO OAMH U
TOT e NpoLecc NOBOPOTa KacaTe/IbHOM rMNepnioCcKocTN B GyHAAMEHTaIbHOM NPOCTPAHCTBE.

Tem cambim, Hannume KPUBU3HbI NPUBOAUNT K NOABNEHUIO B MOPOXKAEHHOM NPOCTPaHCTBE Bd)CbEKTI/IBHOI'O
nonAa, 3KBUBaZ1IEHTHOIO Ha/IM4YNKO YCKOPEHUA. TaK ke, MOXHO OTMETUTb YTO 3¢¢EKTMBHbIe nonas
NOPOXKAOEHHOM NPOCTPAHCTBE PA3aenA0TCA Ha ABa TUNa:

e T[lonA, ABAAIOWMECA HEKOTOPOM NpoeKumein dyHaameHTaNAbHbIX NOel Ha rMNepnoBepPXHOCTb
e T[lonie, 0bpasyloLLeecs KaKk pesyibTaT Ha/IMuna KPUBU3HbI Y TUTNIEPTIOBEPXHOCTMY.

Mone, o6paayrou.|,eeCH KaK pe3ynbTaTt HaIM4vna KPpUBMU3HbI y rMnepnoBepxHOCTU, 3aBUCUT OT BCEX APYInNX
3¢¢EKTVIBHbIX nosewn. 3Ta 3aBUCUMOCTb BO3HWUKAET M3 TOrO, 4TO 3TO NoJie CTPOUTCA TaKUM 06p330M,
yTOObI BbINOAHANCA npUHUUNN NPUYUHHOCTU ONA OPYTUX 3¢¢eKTMBHbIX nonen. Tem CambiM, MOXXHO



roBOPUTb 3TO NoJe ABASAETCA B MOPOKAEHHOM NPOCTPaAHCTBE YHUBEPCa/bHbIM, B3aMMOENCTBYET CO
BCEMW APYrUMU 3dEKTUBHBIMKN NOAAMU. [TOCKOJIbKY 3TO Noae 3aBUCUT OT KOHPUTypauum Apyrmux
nosnew, To CKOPOCTb €ro USMEHEHUSA A0/1XKHA B TOYHOCTU PAaBHATLCA MaKCMMaibHOM CKOPOCTH
M3MeHeHMA KOHPUrypaumm nosieit. 3ta CKOPOCTb PaBHA MAaKCMMaJIbHOM CKOPOCTU B3aUMOAENCTBUNA.

Mone, o6na,u,arou.|,ee TAKUMU XaPaKTEPUCTUKAMU, NU3BECTHO. o710 rpasuTaymnA.

Ana rpasuTaunm BbINONHAETCA CUNbHbIN NPUHUUNN 3KBUBA/TIEHTHOCTMW. Bbiwe 6b110 NOKa3aHOo, 4YTO
rpaBuTaymAa n yCKopeHme 3T1o npoAaBaeHne ogHoOro n Toro e npotecca, npouecca nosopoTa
KacaTenbHOWM rMmnepnaoCcKkoCTn B d)yHAaMEHTaﬂbHOM NPOCTPaHCTBE. Tem cambim, B pamKax
npe,u,naraemoﬁ moaenu ebiseaeH CUNbHBbIN NPUHUNN 3KBUBANEHTHOCTM. MNokasaHo, 4To ero CKOpPOCTb
AO0/1XKHA PaBHATbLCA MaKCMManbHoOM CKOpOCTH BBaMMOAEﬁCTBMﬁ. JTa CKOPOCTb, KakK U3BECTHO, PaBHa
CKOpPOCTH CBETAa. MNokasaHo, 4To rpaBuTaymnAa ABNAETCA YHUBEPCA/IbHbIM B3aMMO,D,EI7ICTBVIeM. TaK e
rpaBuTaumAa B TaKo Mo4eNn 3aBUCUT TOJZIbKO OT APYrux 3¢¢eKTMBHbIX FIOI'IEﬁ, HO He cama oT cebs.

B 06Lei TeOprM OTHOCUTE/IbHOCTM FPaBUTaLMA YA4,0BNETBOPSAET BCEM OMMUCAHHbIM Bbllle CBOWCTBaM.
Hanpumep, B HeW NPUCYTCTBYET TOJIbKO TEH30P SHEPTUU UMMYbCa APYIMX NONEN, TEH30PA IHEPTUN-
MMNyAbCca rpaBuTaLMK HeT. [paBUTaLMA MMeeT YHUBEPCA/bHbIM XapaKTep, Kak U NpeacKasbiBaeT
npegsoxeHHaa MoAenb.

MOHO OTMETUTb, YTO OMMCaHHasA Bbille Pa3HULA B TUNAX MNOJIei 03HAYaEeT, YTO MHOTUE NOAXOAbl,
NPMMEHMMbIE U YCNeLWHo paboTatowme aAns noaei nepeoro TMna, He byayT paboTaTb BO BTOPOM Cayyae.
Y70 1 HabnlogaeTca, NPy NOMbITKE MPUMEHUTb KBAHTOBAHWE K rpaBUTaLMM.

TaK e oTmeuy, 4To B Npea/iaraemMoli MoAenn Ha ypoBHe GpyHAAMEHTaIbHOTO NPOCTPaHCTBA
OTCYTCTBYIOT CUHTYNAPHOCTU. [PaBUTALLUA MOXKET NPUBOAUTL K FPaBUTALMOHHbBIM CUHTYIAPHOCTAM B
Habto4aeMOM NPOCTPAHCTBE, HO MPU 3TOM CUHTYASPHOCTU B pYyHOAMEHTAIbHOM NPOCTPAHCTBE He
BO3HUKAIOT.

3aK/JII04YeHHue

I'Ipep,n0)+<eHa rmnoTte3a, OCHOBaHHAA Ha Cy6'bEKTVIBHOM naeannime, Nno3sonAowan NOCTpoeHUne
NPOCTPaHCTBA-BpPEMEHMU C METpMKOﬁ NPOCTPAHCTBA MWHKOBCKOro Ha E€BK/INAOBOM NPOCTPaHCTBE bes
BpeEMEHUN N ANHaAMUKWN. 3Ta rMnoTesa TaKXe nossonaer NOCTpOeHne NCKPUBZIEHHOTO NPOCTPAHCTBA-
BpeEMeEHU C MeTpMKOﬁ 06LIJ,EV1 TEOPUN OTHOCUTENBHOCTW. I'I0|<a3aHo, 4YTO U3 TMNOoTeE3bl CAeayoT NpuHUUN
NPUYUHHOCTU M QHTPOMHBIN NPUHLMN. MOKa3aHo, YTO U3 r’MNOTE3bl CAeAyeT CUAbHbIA NPUHLMN
9KBUBANEHTHOCTU rpaBUTaLlMn N YCKOPEHUA. BbIBep,eHbI BCe NnpuHUMNnbl 1 NOCTYyNaTbl, Ha KOTOPbIX
OCHOBaHbI cneunasbHaa n O6I.Ll,aF| TeopUn OTHOCUTENIbHOCTU, NOJTyYEHbI I'IpEO6pa3OBaHVIFI I'IopeHu,a.
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