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Ocywecmenena axcuomamusayusi obueri meopuu omuocumenvrocmu (OTO). Axcuomvr OTO
CPABHUBAIOMCSL C AKCUOMAMU MEMPUUECKOU Meopuu OMHOCUMENbHOCMU U KOSAPUAHMHOU mMeopuu
epasumayuu. Yrkasvieaemcs Ha He0OX0OUMOCHb UCNONb306AHUSL KOBAPUAHMHOU GOpMbL NOIHOU
NPOU3600HOU NO COOCMBEHHOMY GPEMEHU OM UHBAPUAHMHBIX GEIUYUH, 4-8eKMOPO8 U MEH30PO8.
llaémces onpedenenue 4-eexmopa nAIOMHOCIU CUbL 8 PUMAHOBOM NPOCIPAHCINEE-8PEMEHU.
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The axiomatization of general theory of relativity (GR) is done. Axioms of GR are compared with the
axioms of the metric theory of relativity and the covariant theory of gravitation. The need to use the
covariant form of total derivative with respect to proper time of the invariant quantities, the 4-vectors
and tensors is indicated. The definition of the 4-vector force density in a Riemannian spacetime is
deduced.
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VYCTaHOBICHHE aKCHOMATHYECKMX OCHOB CUMTACTCSd BaXHBIM JTarioM Pa3sBUTUA 000
COBpeMCHHOﬁ (1)H3I/I‘ICCKOI>'I TCOpUHU. DTO CBS3aHO C TEM, YTO H3 BaﬂaHHOfI MOJIHOM CHCTEMBI B3aHMHO

HC3aBHCUMBIX AaKCHMOM MOXHO C€IWHCTBCHHBIM M OJHO3HA4YHBIM 06p3.30M BBIBECTU BCIO TCOPUIO.
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Kpome 3Toro, Ha OCHOBE aKCHOM JIETKO OTIPEACTUTh 00J1aCTh MPUMEHUMOCTH TEOPUU U €€ OTIINIHE OT
ANBTEPHATUBHBIX TIOJXO/IOB.

[IpencraBnennsie B 1915 r. Ansbeprom DitHmTeitHOM [1] u JlaBugom ['unsbeprom [2] ypaBHeHHS
obmeit Teopun otHocuTenbHOCTH (OTO) onupanuck Ha psii MPUHIKUIIOB U 3BPUCTHYECKUX aHAJIOTHH,
HO He Opmia axcumomarusupoBasbl. Hmetommiics B OTO MaTeMaTHuecKuid ammapaT JgaBajl
BO3MOXKHOCTh peIIaTh pa3IMuHbIC 33Jadd, YTO MO3BOJMIO TEOPHH CTAaTh OOLIETIPHHATONW MOAEIBIO
rpaButanun. [Ipobnema c akcuomatuzauueir OTO cTana Ha3peBaTh yXKe B cepeiMHE JBAILIATOTO BEKa,
Korja BeIACHMIIOCH, YTO OTO He MOXeT ObITh NMPOKBAaHTOBAaHA TaKUM e 00pa3oM, Kak HampuMep
anekrpomarauTHas Teopus. B OTO Taxoke He onpenenéH TeH30p TPaBUTALMOHHOTO OIS, YTO MEIIaeT
Ha3zBaTe OTO momHOUEHHOW TeopHell rpaBuTaroHHOro mois. YpaBHeHus OTO mpenckasbiBaioT
CUHTYJIAPHOCTH C OECKOHEYHOM IUIOTHOCTBIO JHEPTHMH, U UYEPHBIE JBIPBl C TaKOH BEITUYHMHOM
TpaBUTAINH, YTO OHA JOJDKHA YIEpXKHBaTh BHYTPU ce0sl HE TOJBKO BEIIECTBO, HO JaK€ M KBAHTBI
cBera. OmgHako B pamkax OTO math OTBET O peaqbHOM CYIIECTBOBAHWU IMOJOOHBIX IK30THICCKUX
00BEKTOB 10 BCEW BUAMMOCTH HE TIPECTABISETCS BO3MOXHBIM.

Jlns reopetraeckoro o6ocHOBaHUS OTO 00BIYHO TPUMEHSIOTCS CICIYIONTHE TIPHHITHITHL:

1) IIpuHOMT S5KBUBAJIEHTHOCTH B Pa3UYHBIX (hopMax, B TOM YHCIE:

1.1) PaBeHCTBO MHEPIIMOHHOHN ¥ TPaBUTAIIMOHHOW Macc.

1.2) DKBHUBaIEHTHOCTh HHEPIIMOHHOTO W TPABUTAIMOHHOTO YCKOPEHUH TIPH OMUCAHHUHN SBIICHHI
B OECKOHEYHO MaJloi Mo pa3MepaM CHCTeMe OTCUYETa MPOOHOM YaCTHIIBL.

1.3) DKBHBaNEHTHOCTh COCTOSIHUSI CBOOOJHOTO MaJeHUS B JIOOOM TPAaBHTAIMOHHOM TIOJNE H
JIBUKEHUS TI0O MHEPIIUHN B OTCYTCTBHE TPABUTALMOHHOTO IIOJIA, TIPH YCIOBUU PaBEHCTBA MTHOBEHHBIX
CKOpOCTEH MaJieHus U CKOPOCTEH IBUXKEHUS 10 HHEPLHU.

1.4) DxBUBaNIEHTHOCTH POPMBI ABMKEHHUS MPH OJUHAKOBBIX HAYAIbHBIX YCIOBHAX IJISI THOOBIX
He3apsHKEHHBIX M HEBPAIAIOUIMXCS MPOOHBIX YacTHI B TPAaBUTALIMOHHOM TIOJE€ HE3aBHCHUMO OT
CTPYKTYpPBI U COCTaBa UX BEILLECTBA.

1.5) DKBUBaJICHTHOCTh NPOTCKaHHMS (U3MUCCKUX SIBICHUH JUIs CBOOOJHO TaJAIOIIETO0 B
TPaBUTAIIMOHHOM TIOJe HaOJrofaTenss B CHUCTEME €ro OTcuéTa, MOHMMaeMas Kak He3aBHCHMOCTH
(hopMBI SIBIICHUI OT CKOPOCTH TIaJICHUSI 1 MECTOTIONIOKEHHS B TPABUTAIIHOHHOM ITOJIE.

1.6) DOxBHUBaNeHTHOCTh JPQEKTOB TpaBUTAUUMK U AeOpMalUU NPOCTPAHCTBA-BPEMEHH,
OTHMCaHUe TPABUTAIIUH Yepe3 METPHUECKUI TEH30P U €ro IMPOU3BOIHBIE IO KOOPAMHATAM U BPEMEHH.

2) IlpuHIIUTT ABMKCHMS 110 TEOAE3MIECKAM, BRITEKAIOMUN 13 MMyHKTOB 1.1), 1.3) u 1.4).

3) IlpuHUMIT WCKPWBJIEHHUS MPOCTPAHCTBA-BPEMEHH BEIIECTBOM, J3JIEKTPOMATHUTHBIM IMOJIEM U
JIPYTHMHA HETPaBUTAIMOHHBIMH TTOJISIMH.

4) TlpuHOWTT AUHEWHOW CBA3M MEXIY HCKPHBICHHEM IPOCTPAHCTBA W IHEPTUEH-HMITYIECOM
BEIlECTBA ¥ HETPaBUTAIIMOHHBIX ToJNiel (TeH30pHOe YypaBHeHHMe OWHIITelHa-[ mnpbepra s
METPUKH).

5) llpuHtun ompeeneHus CHIIbl U YpaBHEHHS JBM)KCHUS Yepe3 KOBapHUaHTHYIO MPOU3BOAHYIO OT

TCH30pa SHCPIrunu-uMIlyJbcCa.



6) Ilpuanun cootBeTcTBHs: B cimabom mone ypaBHeHuss OTO mepexomsT B KiaccHdyecKkoe
ypaBHeHHEe TAroTeHHs HpIOTOHA, a MeTpHKa NPOCTPAaHCTBA-BPEMEHH — B METPHUKY IUIOCKOTO
NPOCTPAaHCTBAa-BpeMeHH MHUHKOBCKOTO.

7) IlpyHUMO KOBapuUaHTHOCTH: Qu3nyeckue BenuurHbl U ypaBHeHHs OTO mOMKHBI OBITH

3allMCaHbI B KOBapHaHTHOfI (I)OPMC, HE 3aBHUCAIICH OT BLI60pa CHCTEMBI OTCUETA.

Haubonee ynoOHO m3mepsats MeTpuky B OTO ¢ MOMOMIBIO 3IEKTPOMATHUTHBIX BOJH, MyTEM
oTpeeNieHus OTKIIOHEHHS JIy4eH cBeTa u 3 eKTa 3aMeJIeHUs] BpEMEHH 3JICKTPOMArHUTHBIX 4acoB, B
3aBHCHMOCTH OT KOOpAMHAT W BpeMeHH. OTCrofa HaxXOAWTCS METPHUYECKHH TEeH30p, 3aJalolluii
rpaButanonHoe nojue. ITosromy B OTO mosararoT, 4To CKOPOCTh M3MEHEHHUS U PAaCIpPOCTPaHEHHS
TPaBUTAIH paBHA CKOPOCTH CBETA, C KOTOPOM pacIpoCTpaHseTCs 3JeKTPOMarHuTHas BOJIHA B JAHHOM
TOYKE MPOCTpaHCTBa-BpeMeHU. CKOPOCTh CBETa B T'PAaBUTAIIMOHHOM II0JI€ 3aBUCUT OT KOOPIHMHAT U
BPEMEHHU M CUMTAETCS MAKCHUMAJIBbHOM CKOPOCTHIO IMepeadu B3auMoJeHCTBU. MeTpuiecKkuil TeH30P
B OTO onwmerBopseT TpaBUTAMOHHOE IMOJIE, TaK YTO KOBAPHMAHTHOCTH METPHUUYECKOTO TEH30pa
OTHOCHUTENHHO ITPeoOpa3oBaHM JIFOOBIX CUCTEM OTCUETa 334aéT KOBAPHAHTHOCTD W TPABUTAIMOHHOTO
OIS,

[Mocne nosiBnennst B 2009 roxy Merpuyeckoid Teopuu oTHocuTensHOCTH (MTO) 1 KOBapHaHTHOM
teopun rpaButarmu  (KTT), xoropble W3HaYadhbHO aKcHOMATH3MpOBaHBl [3], BO3HHWKIA
HeoOXoauMOCTh TpoBecTH akcuomaruzanuio OTO ¢ Tem, 4TOOBI CPaBHHUTH (PUINUIECKHE OCHOBAHHS
JAHHBIX TEOpUN ¢ eAMHOU TOoukH 3peHus. Akcuomaruzanusi OTO MoeT oKa3aTbesl MOJE3HOM U s
CPaBHEHUS C PYTHMMHU aTbTepHATHBHBIME TeopusimMu rpaButanui. Ananu3 OTO moka3siBaeT, 4TO OHA
COICpKUT B ceOe JBEe TECHO CBA3aHHBIE KOMIIOHEHTHI. IlepBas M3 HuUX sABIseTcs oOIIei
OTHOCUTEIBHOCTBIO SIBICHUN B pa3HBIX CHCTEMaxX OTCYETa. DTa 4acTh TCOPUU IMO3BOJSET CBA3BIBATH
MEXIy COOOH pe3yibTaThl MPOCTPAHCTBEHHO-BPEMEHHBIX WU3MEPECHUN DPa3IMYHBIX HAOIIOJaTenei u
MIEPEeCUYUTHIBATh (PU3NUYCCKHE BEIIMYMHBI U3 OJHON CUCTEMBI OoTC4éra B Apyryr. Bropas dacte OTO
€CTh TEOPHsI TPABUTAIMOHHOTO IO U ero B3aumojekictBus ¢ emectBoM. Ob6e wactu OTO moryT
OBITH MTOJIHOCTBHIO BBIBENIEHBI M3 COOTBETCTBYIONINX CHCTeM akcuoM [4]. brmaromaps cnusauio oOrieit
OTHOCHUTEIBHOCTH U Teopuu rpasuranuu, B OTO B naHHBIX CHCTeMax aKCHOM MMeeTcs OJHa oOrmias

aKCHoMa, OIMUChIBarOIas CBA3b METPUKH U MaTCPHUU B YPAaBHCHUU IJISA BBIYMUCICHUA MCTPUKU.

Axcuombl oouieit oTHocuTeabHocTH OTO
1. CaoiicTBa MIPOCTPAHCTBA-BPEMEHH, ompeesieMbIe He3apsHKCHHBIMHU u
HEB3aMMOJICHCTBYIONUMH IPYT C APYTOM MPOOHBIMH YAaCTHIIAMH W BOJHAMH, HE 3aBHCAT OT THIIA
HCITOJIb3YEMBIX YaCTHIT ¥ BOJIH.

2. XapakTepUCTUKOW IPOCTPAHCTBA-BPEMEHH SIBIISICTCS CHUMMETPUYHBIH METPUUECKHH TEH30p

s 3aBUCSIIMM B 00meM cliydae OT KoOpAMHAT W BpemeHH. C IMOMONIBIO TEH30pa g

BBIYHCIIAAIOTCA Pa3JIMYHbIC MHBAPUAHTBI, CBA3aHHEIC C 4-BeKTOpaMI/I " TCH30paMHu.



3. Ksagpar untepBana Ds 3amaér kBaapar JuMHbBI 4-BekTopa muddepeHnnana KoopauHaT, He

3aBHCSIIAN OT BBIOOPA CHCTEMBI OTCUETA:
2 _ /] v _ 7’ ru vo_ ~n2
(Ds) =g, Dx"Dx" =g, Dx*Dx" =(Ds’)",

€ CHMBOJIOM D 0603Ha4eH MOTHBIH ﬂnd)(pepeHuHan B I/ICKpI/IBJ'IéHHOM IMPOCTPaHCTBC-BPECMCHU.

[IpocTpaHCTBEHHO-BpEMEHHBIE M3MEPEHUs M (PUKcalKsd METPUYECKHX CBOWCTB OCYIIECTBIAIOTCA
KaK TpaBWJIO C TIOMOIIBIO D3JEKTPOMArHUTHBIX BOJIH, CKOPOCTh KOTOPBIX MOXKET 3aBUCETh OT
KOOpAMHAT M BPEMEHH B JaHHOHN cHCTeMe OTCUéTa, HO HE OT CKOPOCTH u3nmyuateneil. [Ipu atom s
3JIEKTPOMArHUTHBIX BOJIH HHTEPBAN Beerna paseH Hyimo: Ds =0 .

4. dusnyeckue CBOWCTBAa BEUIECTBA M IIOJIEH, KpPOME€ TPaBUTAMOHHOIO TIOJIA, 3aJal0TCs

COOTBCTCTBYIOIIMMU TCEH30paAMU IUJIOTHOCTU SHCPrUr-UMILYJIbCA. CYH_[CCTByCT MareMaTudecKas

(yHKIHST OT METPUYECKOTrO TeH30pa g, (Hampumep TeHsop ['miubbepra-DHHINTEHHA B JICBOH YacTH

ypaBHEHUS I METPHKH ), TPOMTOPIIHOHATBHAS CYMMapHOMY TE€H30py YHEPTHH-UMITYJIbCa BEIIECTBA U

T0JIs1 B TIPABOM YacTH:

R &ry
R, _Egﬂv"'Agﬂv =c_4(¢/1V+W#V)’ (1)

rac R,uv_ TCH30p PI/I‘I‘II/I, R - CKaJIsIpHasd KPHUBHU3HA, A — KocMmomnoruueckas IIOCTOsAAHHA, 7 -
rpaBUTallUOHHAsA MMOCTOsIHHAA, C — CKOPOCTH CBETA, ¢yv — TEH30p IUIOTHOCTU SHCPIrUH-UMITYJIbCa

Beuecrsa, W, — TEH30p IUIOTHOCTH 3HEPrHU-UMIIYJIbCA SJIEKTPOMArHUTHOIO IOJS U APYTHX

HErpaBUTAIUOHHBIX moiei. C MNOMOMIBIO HJAaHHOTO YPAaBHCHUS OCYHICCTBIIACTCA CBA3b MCXKAY

reoOMCTPpUICCKUMU CBOICTBAMH IpoOCTpaHCTBAa-BPpEMCHU, C OHHOﬁ CTOPOHBI, " (l)HBI/ILIeCKI/IMI/I

CBOICTBAMH HUMCHOIICTOCH BCUICCTBA U HCTPABUTALITMOHHOTO IMOJIA, C ,Z[perﬁ CTOPOHEIL.

5. IMeroTcs IOMOIHUTCIBHBIC YCJI0BHUsA, C TOMOLIBIO KOTOPBIX 3amaéTes HCO6XOZ[I/IMOG JJIs
paC‘{éTOB KOJIHMYECTBO COOTHOIICHUM s CABUIOB U TOBOPOTOB CpPAaBHUBACMBLIX CUCTEM OTCLIéTa,
CKOpOCTeﬁ UX OBWXCHUA APYT OTHOCHUTCIILHO ApyTa, U YYUTLIBAIOIIUEC CBOMCTBa CUMMCTPHUU CUCTEM

oTcuéra.

Jns BbIBOJa TpeoOpa3zoBaHuWil, CBs3bIBalomUX AuddepeHnransl KOOpAWHAT M BPEMEHH JIBYX
MOOBIX CHCTEM OTCY&Ta, MCTOJb3yeTcsl YCIOoBHME paBeHcTBa MHTepBaioB Ds = Ds’ B akcuome 3.
WnTepBan sABiIseTCS HHBAPHAHTOM, AJISI BBIYUCICHHUSI KOTOPOTO B KaXKA0OH cucTeMe oTcuéra Tpedyercs
3HaHHE METPHYECKOTO TEH30pa, yKa3zaHHOro B akcuome 2. Kpome s3Toro, cormacHo akcuome 5
HEOOXOIMMBbI TOIIOJTHUTEIEHBIE COOTHOLICHUS M CBSA3M MEXIY 3TUMH cucTeMamu otcuéra. Hanpumep,

npeo6pa3013aHI/m JIopeHua A ABYX MHCPUHUAIBHBIX CUCTEM oTcuéTa YYUTBIBAOT: PACIIOJIOKCHUEC U
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B3aHMHYI0 OpPHEHTAllMI0O CHUCTEM OTCU€Ta; UX CKOPOCTH JPYr OTHOCHUTEIBHO IpYra; CHMMETPHIO
npeoOpa3oBaHui Uil OCEH, MEPIEHIUKYJISPHBIX CKOPOCTH MABWXXCHUS, BKIIOYas OAWHAKOBYIO
BEJIMYUHY CKOPOCTH CBETa.

IIpyHIUI SKBUBAIEHTHOCTH MOXKHO CUMTATh CJIEICTBUEM HE3aBUCUMOCTH METPUKU OT THIA H
CBOWCTB MPOOHBIX YaCTHIl M BOJH, mpexanojaraeMoil B akcuome 1. M3 akcuomsl 4 ciemyer, 4to
nepexon oT obmeil orHocutenbHOcTH OTO K YacTHOHW OTHOCHUTENBHOCTH CIEHHAIbHON TEOpuu
OTHOCUTENBHOCTA JOJDKEH COIPOBOXKAATHCS YCTPEMIICHUEM K HYJIO IUIOTHOCTH BELIECTBA U
CKOpoCcTel MpOOHBIX YacTWIl, a TaKKe€ W BEIWYMH HaNnpsHKEHHOCTEH HErPaBUTAI[MOHHBIX ITOJIEH,
neiicTByronx Ha dacTHbl. C y4éToM aKCHOMBI 5 3TOro JAOCTaTOYHO, 4YTOOBI TOJIYYUTH BCE

COOTHOIICHUS CHCHI/IEUII)HOﬁ TCOPUN OTHOCUTCIILHOCTH.

Akcuombl rpaBuTanMoHHoro nojast OTO
1. CBolicTBa TPaBUTAIMOHHOTO OIS 33/Ial0TCS CKOPOCTHIO PACIpPOCTPaHEHHs TPaBUTAI[IOHHOTO

BO3NICHCTBUSA, PAaBHOW CKOPOCTH CBETA W 3aBHUCSIICH B 00IEM ciiydae OT KOOPAWHAT M BPEMEHH, a
TaK)Ke HEBBIPOJKACHHBIM METPUICCKUM TCH30POM BTOPOTO paHra g, .
2. 'paBuTallMOHHOE TIOJE€ CBOJUTCS K TCOMETPUYCCKOMY HCKPHUBJICHUIO (nedopMarum)

IMPpOCTpaHCTBA-BPEMCHHU, BbBI3BIBACMOI'O0 HMCTOYHUKAMH BCIIECTBAa U TTFOOBIM HErpaBUTAllUOHHBIM

nosieM. CTeneHb MCKPHUBIIEHUS MPOCTPAHCTBA-BPEMEHU (PHUKCHPYETCs TEH30pOM KpHUBM3HBI PumaHa-

Kpucropdens R SBISOIUMCS. YHKIKEH OT g, M ero MPOM3BOJHBIX IIEPBOTO M BTOPOrO

puov

TNOPSIIKA 10 KOOPAMHATaM M BpeMeHH. ITyTém CBEPTKM ¢ METPUYECKNM TEH30pOM M3 TeHzopa R,
o0pazytoTcs TeH30p Puaun Rﬂv ¥ CKaJsspHast KpuBHu3Ha R .

3. I'paBHTalMOHHOE YCKOPEHHE CBOAUTCS K IPAJMCHTAM OT METPUYECKOro TeH30pa g, , TO €CTh K

CKOpPOCTHU U3MEHCHUA KOMIIOHCHT MCTPUUCCKOI'0 TCH30pa B MPOCTPAHCTBE U BPECMCHHU.

4. CpolicTBa MaTepuH, OIpPENCIIEMON KaK BEIIeCTBO M HETPaBUTAIMOHHBIC IOJIA, 3aal0TCS

TEH30POM TUIOTHOCTH dHepruu umnyinsca 1, =@, +W,,

5. CBs3b MCKAY T'paBUTAIUOHHBIM (MCTpI/ILIeCKI/IM) ImoJjieM, 3aaaBaCMbIM METPUYCCKUM TCH30POM

8,y 'epe3 KpUBH3HY HPOCTPAHCTBA-BPEMCHH, M MATCpHEil ompenensercs: ypaHeHneM ['minpbepra-

OWHIITEHHA AT METPHKH:

R &y
R, —ng +Ag, =—T,.
c
N3 akcmombl 3 37aeCh MOXKET OBITH BBIBEICH NPHUHIMI DSKBUBAJICHTHOCTH. KoBapuwaHTHas
MIPOU3BOIHAS, JACHCTBYIONIAs HA 00€ YacTW yYpaBHEHHUS JII METPUKH B aKCHOME 5, oOpamiaeT ux B
HYJIb. OTO (UKCUPYET CBOMCTBA TeH30pa [ miabbepTa-OHHINTelHHA, U OTHOBPEMEHHO 331aéT ypaBHEHHUE

JBHXXCHHUS BCIICCTBA.



CpaBHeHUe TeOpHii OTHOCUTEJILHOCTH

Axcrombl MeTpudeckoi Teopun oTHOcuTeabHOCTH (MTO) nmerot Bun [3]:

1. CBolicTBa HCIOJIE3YEMOTO MPOCTPAHCTBEHHO-BPEMEHHOTO MHOT000pa3us B TON WM HHOM
CUCTEME OTCYETA 3aBUCAT OT CBOMCTB MPOOHBIX TEJ WK BOJIH, C TOMOIIIBIO KOTOPHIX OCYIIECTBISIOTCS
MPOCTPAaHCTBEHHO-BPEMEHHBIE U3MEpPEHUs B JNaHHON cucteMe oTcuéra. BaxkHeHmmm cBoHCTBOM
MPOOHBIX TET WM BOJH SIBJISIETCS CKOPOCTh C HMX PACIPOCTPAHEHUS, MOCKOJIbKY OHAa (PUTYypHUpYyeT B
(opMynax Kak Mepa CKOPOCTH JAPYTHMX Tel M 3ala3[blBaHUs TONYYeHUS WHOOpPMAIUU TpH
JUCTAHIIMOHHBIX U3MEPEHUSX.

2. l'eomeTpuyeckre CBOWCTBA TPOCTPAHCTBA-BPEMEHH (PHUKCHPYIOTCS  COOTBETCTBYIOIIMM
MaTeMaTUYECKUM OOBEKTOM, SBISIOIIUMCS (QYHKIMEH NPOCTPAaHCTBEHHO-BPEMEHHBIX KOOpPIUHAT
CUCTEMBI OTcuéTa. [ MKUPOKOro Kiiacca CUCTEM OTCUETA MOAXOAAIIUM MaTeMaTHYECKUM O00BEKTOM

SIBJIAETCS. HEBBIPOKICHHBIN YEThIPEXMEPHBIH CUMMETPUYHBIN METPUYECKMH TEH30p BTOPOTO paHra

gﬂv’ KOMIIOHEHTAMH KOTOPOI'O SBJIAIOTCA CKAISAPHBIC ITPOU3BEACHUSA C€AMHHUYHBIX BEKTOPOB oceit

KOOpAWHAaT BBI6paHHOI>'I CHCTEMBI OTCUETA. TCH30p g,uv MMO3BOJIAICT HAXOOUTH TI00BIE HWHBApUaHTEHI,

CBs3aHHBIC C 4—BeKTOpaMI/I " TCH30paMHu.

2 o N
3. Ksagpar unrepBana (Ds)” Mexmy AByMs OJH3KHMH COOBITHSIMH, TOHUMaeMbId Kak CBEPTKA

METPHUYECKOTO TEH30pa ¢ mpoussenenuemM audpdepenunanos koopaunar Dx“ Dx”, ssnsercs
p pa g, ¢ 1p I mddepenty pa ,

WHBAapUAHTOM, MEpPOH COOCTBEHHOTO TWHAMHUYECKOTO BPEMEHH 7 IBIDKYIICHCS YacTHIBI, W HE

3aBUCUT OT BBI60pa CHUCTEMBI OTCUETA:
(Ds)* =c*(Dr)’ = g, Dx* Dx* = g/, D" Dx'* = (Ds')’.

WntepBan Ds nans AByX ONM3KMX COOBITHH paBEH HYJIO, €CIH OTH COOBITHS CBSI3aHBI C
pacmpocTpaHeHHEM TPOOHBIX TEel WIM BOJH, C TOMOINBI0 KOTOPBIX  OCYIIECTBIISIOTCS
MPOCTPAaHCTBEHHO-BPEMEHHEIE U3MEPEHUS U (PUKCALIUS METPUKH.

4. Ou3nyecKkrue CBOMCTBA BEIIECTBA U JFOOBIX MOJICH, BKIIIOYAs TPAaBUTAIMOHHOE TIOJIC, B TOW WIIH

WHOW CHUCTEME OTCYETA 3aJal0TCS COOTBETCTBYIOIIMMHU TEH30paMM IUIOTHOCTH 3HEPTUHU-UMITYJIbCa.

Cyu[eCTByCT MaTreéMaTHu4dccKas (I)yHKLII/Iﬂ OT METPHUYECKOTO TCH30pa g,uv’ Haxogumas II0

OIpeeNEHHBIM [IpaBUIaM, U MIPONOPLUOHAIIBHAS CYMMapHOMY TEH30pPY SHEPrUU-UMITYJIbCa BELIECTBA
U TIOJNIeH, AEHCTBYIOIIEMY B JaHHOH cucteMe oTcuéra. B mpocrteiiiieM ciaydae Takoil (yHKImen

siBIIsieTCsl TeH30p | miibOepTa-DHHIITeHA, SBISIOLIMICS JIEBOW YacThIO YPAaBHEHUS ISl METPUKH:

R 8xyp
Rﬂv_Eg,uv-l_Ag,uv:c—4(¢yv+Uﬂv+W,uv)’ (2)

g



rae [ — HOCTOSAHHBIA KO3((HIMEHT, 3aBUCAIIMNA OT TUMA MCHOIb3YEMbIX MPOOHBIX YACTHIL I

BOJIH, OTIpeleIIeMblil IyTEM CpaBHEHUS C SKCIEPUMEHTOM JIM00 ¢ popMynaMu KIacCHUecKon (HU3UKU

B HpI/I6J'II/I)KeHI/II/I ¢7a00r0 TMOJISI MITH MaJIbIX CKOpOCTefI,

€, — CKOPOCTb PAaCIPOCTPAHEHNs TPABUTALNY, IPEANIOIOKHUTEILHO PaBHasi CKOPOCTH CBETa,

U/IV — TCH30p IUIOTHOCTU SHCPTUU-UMITYJIbCA I'PABUTAIITMOHHOIO ITOJIA.

VYpaBHeHue (2) OCYIIECTBISET CBSI3b MEXKIYy I'€OMETPUYECKHMHU CBOMCTBAMM MCIIOJIB3YEMOTO
NPOCTPaHCTBEHHO-BPEMEHHOTO MHOT000pa3usi, C OIHOM CTOPOHBI, M (PU3MYECKUMH CBOHCTBaMHU
HMEIOIIErocs BELIeCTBa U JEHCTBYIOIUX IOJIeH, ¢ Apyroil croponsl. KoBapuaHTHas mpousBoIHad,
JeiicTByIoNas Ha 00e 4acTH ypaBHEHHS st MeTpuk: (2), oOpamiaer Mx B Hylb. JTO (UKCHPYET
cBoiicTBa TeH3opa ['mipbepra-OlHIITelHA (WM 3KBUBAJICHTHOIO €My TEH30pa), U OJHOBPEMEHHO
3a1a€T ypaBHEHUE ABUKECHUS BEIIECTBA MO/ IEUCTBUEM TOJEM.

5. MmeroTcsi AOMOTHUTETBHBIE YCIOBHS, C IOMOIIBI0 KOTOPBIX 33HaéTCs HEOoOXOAMMOe s
pacdéToB KOJMYECTBO COOTHOIIEHWH IJISi CIBUIOB M TIOBOPOTOB CPAaBHMBAEMBIX CHCTEM OTCUETa,
CKOpPOCTEH UX IBM)KECHUA APYT OTHOCHUTENBHO JPYrd, U YUUTBHIBAIOIIHE CBOMCTBA CUMMETPHH CHUCTEM

oTcuéra.

N3 cpaBHeHms akcwoMm oOmiet otHocutenbHOCTH OTO C akcmoMaMu METPHYECKON TeopHuu
OTHOCHTEIBHOCTH BBITEKAIOT OCOOCHHOCTH 3TUX TEOPHH, yKkazaHHbIe B Tabmuie 1.

DOKBHUBAJCHTHOCTh YCKOPEHUS MOJ JCUCTBHEM CHIIBI TSDKECTH U MHEPLIHMOHHOTO YCKOPEHHS MOJ
JICHCTBHEM OJTHOPOIHO pacmpeneN€HHOM Mo 00bEMY MPOOHOT0 Tella HErPaBUTAIMOHHOMN CHIIBI TOH ke
BCJIMYMHBI TPHUBOAUT K PABCHCTBY TIPABUTAIMOHHOW W WHEPIMOHHOW Macc. OTHOPOIHOCTH
NPUJIOXKEHHON CHIIBI 03HAYACT, YTO B CHUCTEME MAJOr0 pa3Mepa BCE YAaCTH CHCTEMBI YCKOPSIOTCS
OJIMHAKOBO M OTHOCHTENIbHBIC BHYTPCHHHE YCKOPEHUS OTCYTCTBYIOT. B TakoM ciyuae OT/IENBbHBIC
3JIEMEHTBI MPOOHOTO TEJa HE OKA3hIBAIOT JABJICHUS JPYT HA pyra U BeIyT ce0s Tak jKe, KaKk eciu Obl
MPOOHOE TeJNO JBUTAIOCH 1O WHEPIMH B OTCYTCTBHE CHJI. Macchl Tell MOTYT HaXOJIUThCS
B3BCIIMBAHUEM I10 OTHOIICHWIO K CTaHJAPTHOW Macce B TPABUTALMOHHOM TIIOJE, MPUYEM MAaCCHI
OKa3bIBAIOTCA IIPOINOPHIHMOHAIbHBIMUA HeﬁCTBYIOIHHM Ha HUX TI'paBUTAUOHHBIM CHJIAM. OTCIOI[a
BBITCKA€CT HE3aBHUCHUMOCTH (bOpMI)I JABMKCHHA ITaJarolmiux TEJI OT MaCChl MW COCTaBa JOTUX TCII.
[Mockonbky B 000N TOYKE TIPAaBUTALMOHHOTO TMOJISl MAJaroliee Teno BeAST cedsl Tak ke, Kak
ABMIKYHICECA 110 HMHEPLUU (HO C M3MCHCHHUEM CKOPOCTHU IIBI/I)KGHI/IH), TO mpeamnojaracrcsa, 4T1o B
nasfaroIeM Telle OCYLIECTBISIETCS JIOPCHI-MHBAPUAHTHOCTh. Torja Takas JOpEHI-WHBApUAHTHOCTD
JIOJDKHA OBITh B JIIO00H TOYKE TPACKTOPUH TaJJAIOIIETo Tela U He 3aBHCUT OT CKOPOCTH JBIDKCHUS, a
MaIAI0NIMKA HAOII0IaTeNNb He JOJDKEH BHYTPCHHUMH OIBITAMH OOHApyKUBATh CBOE YCKOPSIOIIESCs
JBIDKEHHE. B WTOTe MPHHIUI SKBHBAJICHTHOCTH IMPHBOJUT K OTOXACCTBICHHIO 3ddekra oT momus
TpaBUTAIUN MACCHUBHOTO Tena ¢ 3 dexToM JedopMariuy mpocTpaHCTBA-BPEMEHU BOKPYT MacCUBHOTO

Tena. TakoBbl cnencTBUs NpuHIUNa 3kBuBasieHTHOCTH B OTO.
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Taoauna 1

OcoOeHHocTH Teopuii

O011a9 OTHOCUTEJILHOCTD

oToO

MeTpnquKaﬂ Teopus

OTHOCHUTCJIBbHOCTH

Mertpuueckue cBoiicTBa

IPpOCTpaHCTBA-BPEMCHU:

He 3aBucsar ot tuna
HCIIOJIb3yEeMBIX MPOOHBIX

JacTUIl U BOJIH

3aBHUCAT OT THUIIA HCIMOJIB3YCMbIX

HpO6HBIX HaCTull U BOJIH

PaBenctBo HYJIFO UHTCpBaIa:

Ds=0

Tonbko mst SJICKTPOMAarHuTHBIX

BOJIH

Jlst moOBIX TPOOHBIX YaCTHI U
BOJIH, C ITOMOIIBIO KOTOPBIX
MIPOU3BOIATCS
MIPOCTPAHCTBCHHO-BPEMEHHBIE
M3MepeHus U (puKcarms

METPHKH

Hcrounuku OHCPrun-uMIlyJjibCca,

OIpeACIAOINNEC MCTPUKY

BemectBo u 1r00b1e

HETrpaBUTALUOHHBIC TTOJIL

BemecTBo 1 1100BIE 11O,

BKJIFOYasi rpaBUTAlITUOHHOC T10JIC

HpI/IHLII/IH OKBHUBAJICHTHOCTH

IIOHUMACTCS KaK:

DKBUBAJICHTHOCTD SBJICHUH B
JIBYX CHCTeMaXx OTCUYETa MaJjioro
pasMepa, OJIHa U3 KOTOPBIX
YCKOPSIETCS] TPaBUTALlUOHHOU
CWJIOH, a Ipyras Mojiy4aet
TaKoE e YCKOPEHHE MOJ
JIEHCTBUEM OJJHOPOJIHO
pacnpenenéHHou
HETPaBUTALIMOHHOW CUJIBI TON

K€ BCIINYHUHBI

OKBUBAJIEHTHOCTH SHEPTUU-
uMItysbca: «B yckopeHHoi
cucTeMe oTcuéra MeTpuKa

JIOKAJIBHO 3aBHUCHUT HEC OT BH A
JIEUCTBYIOILEH CUJIBI,
BBI3BIBAIOILIEH TAHHOE

YCKOpEHHE, a OT KOHPHUTYpaluu
3TOM CHJIBI B IPOCTPAHCTBE-

BPEMEHH CUCTEMBI OTCUETA,

OTPEeIeIISIEMOI TEH30POM

SHEPTUH-UMITYITBCa»

B MeTpH‘ieCKOﬁ TCOPUHU OTHOCUTCIBHOCTHU (MTO) BMCECTO INPUHIUIIA SKBHUBAJICHTHOCTU CHII

paccMaTpUBarOT MPHUHLMI SKBUBAICHTHOCTU SHEPrUM-UMITyNbca. JleiicTBUTEenbHO, U3 ypaBHEHHS (2)

OunmreriHa-I unpbepra mis mMerpukun B MTO BHAHO, YTO MeETpHKa TOJIHOCTHIO OIpEAETSeTCS

HUCTOYHUKAMHU B BUJC TCH30POB MJIOTHOCTHU-DHCPTUU HUMITYJIbCAa BCHICCTBA U HOHCﬁ, BKJIIO4Yasa U CaMo

TpaBUTALITMOHHOC II0JIC [3] JIuiip OHEPTHUA-UMITYJILC CUCTCMbI HeO6XOI[I/IMBI I OIIPEACIICHUSA KakK

MCTPUKHU, TaK U YPABHCHHUA NBUKCHUA HpO6HOFO tena. Ecau gBa Pa3JINYHbIX BSHHMOﬂeﬁCTBHH HUMCIOT

OOHY U Ty XK€ 3aBUCUMOCTL 3HCPrun-uMITyJibCa, TO KaK MCTPHUKA, TAK U 3daKOH ABUXXCHHUA B obomx

cinydasx comanyT. YpasHenue OTO mns metrpuku (1) oTnmdaercs oT ypaBHEHHS (2) AN METPUKH

MTO TteMm, 4ro B mpaBoil dYacTH (2) MNPHUCYTCTBYET TEH30p IUIOTHOCTH SHEPTHU-UMITYJIbCA

IPaBUTAIMOHHOTO TmoJis. Bximag ot 3Toro TeH3opa B cnaObix monsix Man, u merpuka MTO

HE3HAYUTECIBHO OTINYACTCA OT METPUKHU OTO. O)Z[HaKO B CUJIBHBIX T'PaBUTALIMOHHBIX ITOJIAX HaHHBIM
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TCH30pOM npeHe6peraTL YKC€ HCJIB3s, TAK KaK BO3HUKACT 3HAYUTCIIHHOC CaMOZ[efICTBPIC II0JI1 Ha

HNCTOYHHK I10JIA.

CpaBHeHue TeOpPHUii TPABUTALMOHHOIO MOJIA
Axcuombl koBapuanTHOM Teopun TpaButauuu (KTI) B 4-MepHOM BEKTOPHO-TEH30PHOM
¢dopmanuzme umeroT Bua [3]:
1) CpoiicTBa TpaBUTALMOHHOTO IOJISI 33/Ial0TCSI CKOPOCTBIO PACIPOCTPaHEHUS TPaBUTAIMOHHOTO
BO3ACHCTBUSA €, , & TAKKE CKAJSIPHBIM IOTCHUMANOM Y/ M BEKTOPHBIM NoTeHUnanom D .
2) [loTeHumansl TpPaBUTAIIMOHHOTO TIONS MOXXHO OOBEAWHHUTH B 4-BEKTOP TPaBUTAI[HIOHHOTO

noTeHuuasia, 3alMCaHHBIA C HIKHUM KOBAapHAHTHBIM HHACKCOM:

CKOpOCTB HU3MCHCHUA MOTCHIINAJIOB B IPOCTPAHCTBC-BPEMCHHA BBI6paHHOI>'I CHCTEMBI OTCUETa
3aI[aéTC$I TCH30pOM HaHpSDKéHHOCTCfI TpaBUTALIMOHHOTO MOJIA, COCTABJICHHBIM U3 lIeTpréXMCpHI:IX

HPOU3BOJHBIX OT KOMIIOHEHT 4-BEKTOpA rPaBUTAIIMOHHOTO MMOTCHIMANA:
b, = V#DV —VVD# = a#DV —avDﬂ ,

rne V , 0003HAYACT KOBAPHAHTHYO IPOU3BOAHYIO, [,V — OOBIYHBIC 4-HH/CKCHI, TAK YTO

5.9 _0 9 9 R CRE.
0 -3 0 A, 1= 5.1 "~ -3 2 -

o0x’  cot’ ox ox T ox a9y DT oar o9z

HpI/I COOTBCTCTBYIOLIEM BI)I60pe TMMOTCHIHAJIOB I10JIA BBIIIOJIHACTCA COOTHOMICHUE CUMMCTPUYHOCTHU

MMOTECHIINAJIOB:
VP@#V +V#@Vp +VV@W :ap¢/w +aﬂ¢vp +av®pﬂ =0. (3)

3) CaoiicTBa BemecTBa 3aJalOTCA €ro IUNIOTHOCTBIO L, B COIYTCTBYIOIIEH CHCTEME OTCYETa M

CKOPOCTBIO IBHXKEeHHS V.

4) Bemuuunsl P, 1 V' BX0OmAT B 4-BEKTOp IIOTHOCTH MAacCOBOTO TOKA MM INIOTHOCTH HMITyJIbCa:



J* = pyut = € Po VP,

I EEEN G

=(c,p,J),

e

4
Ji-r3je Ji-v?/e
Po

pP= ﬁ — IJIOTHOCTh ABUKYIIETOCA BCILICCTBA,
J1-r?/e

J — 3-BeKTOp MIIOTHOCTH MAacCOBOTO TOKA.

roe u” =

- 4-CKOpOCTI) 9JICMCHTAa BCIICCTBA,

5) CBs3b MCXKAY TIpaBUTAIMUOHHBIM IIOJIEM W BCHICCTBOM MOKECT OBITH BbIpaXXC€Ha 4Yepe3
B3alMOCB3b 4—BeKTOpa TpaBUTALIMOHHOI'0 MOTCHIHAJIa D# u 4—B€KTOpa IIJIOTHOCTH MAaCCOBOI'0O TOKa

J*, mu6o uepes cBa3b Mexay Tensopom P u JY:

2 pu u
a_D_V2Dﬂ+R# D":_ﬂ:_v M ()
2 2 v 2 v
c, ot c

g

o’ D =

2 . o .
rae 0 O3HaA4YacCT YCThIPCXMCPHBIU ﬂaﬂaM6epTI/IaH B UCKPUBJICHHOM PHUMAaHOBOM IIPOCTPAHCTBE,
R N &
+—t
2 2 2
ox~ dy” oz

TCH30p Puyun co cMelaHHBIMU HHACKCAMMU.

JIeHCTBYIOLUI Ha 4-BEKTOP D* s V2=

ectb 3-oneparop Jlarnaca, R”, ectb

Ocobennoctu Teopun rpaButaionHoro mois B OTO u B KOBapUAHTHON TEOPHM T'PaBUTAIUH,
BBITEKAIOIINE U3 UX aKCUOM, puBeIeHbI B Tadmme 2.

HecMmoTpst Ha paznuume cucteM akcuoM rpaButanioHHoro mojis B OTO u B KTT', Mo>kHO TIOKa3aTh,
gyto ypaBHeHHUe aABkeHUS OTO sBisgeTcs 9acTHBEIM ciydaeMm ypaBHeHus nemkenus KTT'. Kak Obuto

HaiifeHo B [3], mpousBoaHas Jlarpamka 1mo coOCTBEHHOMY BPEMEHH B CaMOM OOIIEM CITydae MOXKET

OBITh 3aNKMcana B BUJIE ONIEPATOPA C MOMOIILIO 4-CKOPOCTH 3IEMEHTA BEMECTBA U’ :

D
E:M#Vﬂ, (5)

re cuMBOJIoM ) 0003HaueH MONHBIN AuddepeHnran B UCKPUBIEHHOM MTPOCTPAHCTBE-BPEMEHH, a

Vﬂ CCTb KOBapHaHTHAasA MPOU3BOAHAA.
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Taoaumna 2

Oco0eHHoCTH Teopui

Teopml rpaBUTAllTUOHHOI'O

noJuas OTO

KOBapI/IaHTHaH TeoOpus

rpaBuTaluu

FpaBI/ITaLII/IOHHOG I0JIC €CTh:

Metpuueckoe TEH30pHOE TOJIE,

XapakTepu3yeMoe TEH30pOM

g/lv " €T0 rpagJu€HTaMu B BUJC

k03¢ pureHToB (CUMBOJIOB)

Kpucroddes

@u3nUecKoe BEKTOPHOE MOJIE,

xapakTepuzyeMoe 4-BeKTOpOM

norenmuana D u ero
rpafveHTaMH B BUJE
AHTHCUMMETPUYHOTO TEH30DPa
HamnpspKEHHOCTEH

TPaBUTALITMOHHOTO IMOJIA

Kanmubposka:

CBépTKa METPHYECKOTO TEH30pa

BBUIC g, 8" =0, maér

0
cumBos Kponekepa 5#

KomnonenTs! 4-BekTopa

norennuana D* kanubpyrorcs
TakK, YTOOBI BBITIOJHSIIOCH
YCIIOBHE CHMMETPHYHOCTH
MTOTEHITHAIOB (3) ¥ BOJIHOBOE

ypaBHeHUE (4)

CKOpOCTh TpaBUTAITMOHHOTO

TIOJISl paBHA!

CkopocTu cBeTa

CKOpoCTH pacpocTpaHEeHUs
rpaBUTalUH (OPSIKA CKOPOCTH

cBeTa)

CBs3b MECKAY Ir'paBUTAllUOHHBIM
IIOJIEM U BEUICCTBOM B CIy4dae

OTCYTCTBUS JPYTUX ITOJIEH:

IlocpencTBoM TEH30pHOTO
ypaBHeHus [ mnbbepra-
Oitamrreitna ana Mmetpuku (1),
CBS3BIBAIOIIMM (DYHKITUIO OT
METPHUYECKOTr0 TeH30pa U
TEH30p IUIOTHOCTH YHEPTUHU-

MUMITyJIbCa BEIECTBA

[TocpencTBoMm ypaBHEHUS (4)
UL TIOTEHIIAJIOB HIIN
HanpspKEHHOCTEH
IPaBUTALIOHHOTO I10JIs, U 4-

BCKTOPOM IINIOTHOCTHU

MaccoBoro Toka J*

HcTouHnky 3HEprHU-UMITYIIbCA,

OTIpEAETISIONINE METPUKY:

BemectBo u 10061

HETrpaBUTAlUOHHBIC I1OJIA

BerecTBo 1 1100BIE 11O,

BKJIFOYas I'paBUTAIITHOHHOEC I10JI€

Cormacuo OIIPEACICHUIO B KTF, IJIOTHOCTb CHJIBI €CThb IIOJIHAsA CKOPOCTb M3MCHCHUS 4—BeKTOpa

IUIOTHOCTH MaccoBOro Toka .J“ 10 cOGCTBEHHOMY BpEMEHHM B PUMAHOBOM MPOCTPAHCTBE-BPEMEHH:

_DJ

/ Dt

=u*V,J" =u"©@,J" +I,,J")=

rne I, — cumpon Kpuctoderns.

11
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drt
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C npyroil CTOpOHBI, BBIpaKEHHE IUIS IUIOTHOCTH CHJIBI, ACHCTBYIOIEH Ha 3JEMEHT BEILECTBa CO
CTOPOHBI TPABUTALIMOHHOT'O U BJIEKTPOMArHUTHOTO TOJEH, IMOJIydyaeTcsl OCie B3SATUSI KOBAPHAHTHOM
NPOU3BOIHOM B ypaBHEHUH (2), 3aIIMCAHHOM B KOHTPaBapUAHTHBIX MHAEKcaX. JIeBas yacTb ypaBHEHUs

JUTSE METpUKH (2) OOHYJISETCS, @ U3 MPABOM YaCTU ATOTO YPAaBHEHHS CICIIYCT:
f”:vab”V:—VvU”V—VVW”V:g”"(@/)‘,JV—FFijV). (7)

roe F oy — TEH30D HanpsHKEHHOCTEH 3JIEKTPOMArHUTHOTO MO,
Jj =p, g u” — 4-BeKTOp MIOTHOCTH >JIEKTPOMATHUTHOTO TOKA,

qu — INIOTHOCTB JJICKTPHUYCCKOTO 3apsiaaa 3JIEMEHTaA BEIIECTBA B CUCTEME €TI0 ITOKO.

CpaBuenne (6) u (7) naét ypaBHeHHE NBIKEeHUS deMeHTa BemectBa B KTI mox nefictBuem

TPaBUTAIIMOHHOM U 3JIEKTPOMATHUTHOM CHIT:

dJ’
dr

+ 0, utJ? =g (D, J+F,, j"). (8)

VYpaBHenrne (8) TMO3BOMAET TONHOCTHIO VYECTh pEaKTHBHYIO cmiry Memepckoro [5],

MOABJIAIOIIYIOCA 3a CUET U3MEHEHHUS MIIOTHOCTH 3JIEMEHTA BEIIECTBA. IInorHoOCTH BC€IICCTBA BXOOUT B

cocTaB 4-BeKTOpa IIIOTHOCTH MaccoBoro Toka J', or kotoporo B (8) Gepérca Mpou3BOAHAS IO
COOCTBEHHOMY BpEMEHH, XapaKTepH3YIomas CHIy peaklid B MeXaHHKE Tel C HW3MEHSIoIeics
Maccoil.

Hnsa mepexona k gopmyrne mist cunsl B OTO B (8) ciemyer chenaTh ClEQYONIUE YIPOUICHUS:
moJjiaraTh PaBHBIM HYIJIIO ch 4 (8 OTO rpaBHTaliHOHHOE TOJE €CTh METPUYECKOE IIoJe, HEe
obnagaroree CBOMCTBOM CAaMOJICHCTBHS, B CBS3M C YEM TI'PaBUTAIIMOHHOE ITIOJIE B TPABOW YacTH
ypaBHeHHs (1) Kak HCTOYHWK WCKPHBIEHHUS TPOCTPAHCTBA-BPEMEHH OTCYTCTBYET), M CUWTATh

IJIOTHOCTh BEILECTBA [, TOCTOSHHOH 1O 00bEMY HMpPOOHON YacTUIBI U HEU3MEHHOW BO BPEMEHH.
Toraa BenuuuHy L, B JIeBOM 4acTh (8) MOKHO OyAeT COKpaTuTh, u oT 4-Bekropa J' mepeiith k 4-

BEKTOPY CKOPOCTH U :

du"” 1
+ I u'u? =— "’ F j*. 9
dr “p 20 8 pul ©)

[Hanee cnenyer ydecTb, 4To ¢ Y4EToM (5) 4-BEKTOpP CKOPOCTH ONpEAESIeTCs] OTHON MPON3BOAHON
OT KOOPJHMHAT 10 COOCTBEHHOMY BPEMEHH:
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D v |4
u’ = D)f[ =u”Vﬂx"=u”(aﬂxV+FﬂVpxp)=CZ;

+ 1, ufx". (10)

IToncrauss 4-BeKTOp CKOPOCTH B (9) ¢ y4€TOM TOr0, YTO MHTEPBAJ MOXKET OBITH BHIPAKEH 4epes3

auddepennuan codcTBeHHOro BpeMeHu B Bune Ds = ¢ DT win ds = cdT , nonyaum:

d(dx" 1 dx* 1 dx’ 1 1
— +=I" u'x? |+ T T Au*x?P || =—+—-T2u’x’ |= PR
ds[ds c " j ”p(ds c j[a’s c °f 2 & Fout

Po€
(11)

B nmpocteiimieM crmydae paccMaTpUBAETCS CHUTyallWs JIBUXKCHHS BEIIECTBA B  OTCYTCTBHE
3JIEKTPOMAarHUTHOTO TOJst: » #:0, WIM TIPH OTCYTCTBHMM 3apsioB y yacTul Bemectsa: j* =0.
Torma mpaBas 4dacte ypaBHeHHsS nBrkeHus (11) Oymer paBHa Hymo. Ecim namee mpeHeOpedn

npousBeneHusIMA cUMBOJIOB Kpuctoddens n mpou3BoIHEIMA OT HUX KaK YiIeHaMH BTOPOTO TMOpPsAKa

1

MaJIOCTH M3-3a MHOXKHTENEH —, TO MOoJy4aeTcs CTaHAapTHOE BhlpakeHne ypaBHeHus aAsrkeHus OTO
c

AJI BEUICCTBA B I'PaBUTAIITMOHHOM I10JIC:

v uog.p
i(dx ]+FV dx” dx” . (12)

ds\ ds 1P ds  ds

Jlast ciydasi pacmpoCTpaHEHHsi CBeTa JOKHO ObiTh: ds =cd7=0. Cuenoarensho, B (9)
HEOOXOUMO YCTPeMJIATh K Hylto Benuuuny d7. [lanee ¢ yuérom (10) u mocie yMHOXEHHUs Ha

(d7)* umeewm:

, 2
drd(i;; +Flpuﬂpr+Fip(dx“+d7%uﬂxﬁ)(dxp+d7r6@”5x8):(CZ) & Fpu"
0

(13)

Jig mepBoro usnena B jeBoi yacTH (13) MOXKHO 3amucarh:

drd (‘;—"VJ =dr- lim ( e (9)—dx (l)j = lim (dx"(2)—dx"(1)).

4 T ST, dr T T,
2 2
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2
B npubmmkeHud Caaboro mois MOKHO TpeHeOpedb BemuwuuHamu tuma  d7 1 /{,’,),u x? mo

CpaBHCHUIO C 4-BeKTOpaMI/I a’x” , HAXOOJAIIUMHUCS B c1<061<ax, IMOCKOJIBKY OHMU COOTHOCATCA APYT C

JpyroM MpUOTU3UTEIBHO TaK K€, KaK MOTCHIHaJ T'PaBUTALMOHHOTO IOJISI C KBAAPaTOM CKOPOCTH
cera. [lomaras Ttemeps B (13) d7=0, nomydaem HyJeByl0 NpaByl 4YacTh M MPUXOIHM K

CIEeIYIONIEMY:

lim (dx"(2)—dx’(1))+1,, dx"dx" =0.
T,

BribepeM B KauecTBE COOCTBEHHOTO BPEMEHH ISl CBETOBOIO MMITyJIbCa BPEMEHHOI mapamerp A
BJIOJb TPACKTOPHH, OTMEYAIOMIMHA MECTONOJOXKEHHE HWMITyJIbca B TIPOCTPAHCTBE, W DPa3IeiIuM

IpeablIyIIee PaBEHCTBO Ha KBaapaT auddepennuana dA :

v u P
d[d ) A A (14)
dA\ dA " dA dA

VYpaBHenue (14) npeacrasinsier coboii cTaHIapTHOE YpaBHEHHUE JBIKECHUS I CBETOBOTO KBaHTA B
OTO. Kak 6puto BugHo mpu BeiBone (12) u (14) u3 ypasrenus nemwxenus KT (8), ypaBHeHus
nBkenns OTO ans yacTH U cBeTa CIpaBeUIMBLI JIMIIb B IPUOIMKEHUU CIa00ro MOJsl U SBIISIOTCS
cnencreueM KTI'. B cBsisu ¢ 3TMM cHOBa BCTaéT BONpoC O TOM, ModeMmy B mpenenax ComHeuHOH
CHCTEMBl OOHApYXHMBAIOTCS Takue HeoOBsicHseMble ¢ momoupio OTO sBreHus, kak 3PQexT
«IIuonepa» [6] u flyby-spdexr [7]? Omno wu3 oOwsicHeHH# wumeercs B pabore [3], Tme
paccmatpuBaerca paznnuue ypaBHeHus IBikeHus (12) OTO wu ypaBHenus asmxenus (8) KTI.

Celfyac MBI CHOBa yKa3blBaeM Ha TO, YTO BMECTO OIpeaeseHus 4-BeKTOpa CKOPOCTH B BHUJE

4
, _dx

u , mpunsToro B OTO, cnenyer ucnonb3oBatk Oosiee TouHoe onpeaenenue (10), mpuHsTOE B

KTI. B pesynbsrare mpu pacuérax ¢ momomsio OTO B dopmynax MOABISAIOTCA paHee HEyYTEHHBIC
YIEHBI, CBA3aHHBIE C KPUBU3HOW IIPOCTPAHCTBA-BPEMEHH.

Takum 00pa3oM, U3 CHCTEMbI aKCHOM it 001el oTHocuTeabHOCTH OTO, U cCHCTEMBI aKCHOM IS
TPaBUTAIIMOHHOTO TI0JIs1 BEIBOASTCS Bece ocHOBHBIC 4epThl OTO. Ilpu stom akcmomsr OTO manbl B
TaKOM BHUJE, KOTOPHIH TO3BOJIAET CPABHUTH UX C aKCHOMaMH KOBapHaHTHOW TEOPHUHU TpaBUTAIIUU
(KTTI") u meTpudeckoii Teopun oTHOocuTenbHOCcTH (MTO). Kak cneactBue aToro okaspiBaercs [4], 9To
obmas otHOcuTenbHOCTE OTO sBmsercs dwacTHEIM ciiydaeM MTO. Yro KkacaeTcss akCHOM
rpaBuTanoHHoro monst, To B OTO mnpuHOUI TreoMeTpW3alMy TPaBUTAMH W TPUHITUI
SKBHUBAJCHTHOCTH MPHUBOIAT K KOHIIETIIIUY TEH30PHOTO METPHYECKOTO TOJIS Kak IO TpaBuTanun. B

KTI' rpaButaiimoHHO€ MoJie XapaKTepu3yeTcs BEKTOPHBIM IMojeM 4-MOTeHIMala U MOCTPOCHHBIM C
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€ro TOMOIIbI0 TEH30PHBIM AHTHCHMMETPUYHBIM TIOJEM HAMPSHKEHHOCTEHW TPaBUTALIMOHHOTO MO,
COCTOSIIIIAM W3 JBYX KOMIIOHGHT — T'PABUTAIIMOHHOTO YCKOPCHHS W MONSA KpydeHWs. [IpuHIun
onpeneneHus rpaButanuonHoro moys B KTT' aHanoruyeH onpeneneHUI0 3JIEKTPOMAarHUTHOTO MO,
BCJICICTBUE uero rpaBuTanmoHHoe mnone B KT cumrTaeTcs He MeHee peallbHbIM, 4YeM
3JIEKTPOMATHUTHOE TI0JI€, BMECTE C KOTOPBIM OTHOCUTCS K (hyHIaMeHTanbHBIM moiisM. [locnemnee
03HAYaeT, YTO JJICKTPOMArHUTHOE W TPaBUTAI[MOHHOE TOJs CYIIECTBYIOT HE TOJBKO B 00JacTH
UCCIICZIOBaHUH, TOCTYIHBIX COBPEMCHHOW HayKe, HO COIJIACHO TEOPUH OCCKOHEYHOU BJIOXKCHHOCTH
MaTepuu JCHCTBYIOT HA PAa3HBIX YPOBHAX Marepuu. IIpu 3TOM IpaBUTALIMOHHOE IIOJE HA YPOBHE
JJIEMEHTAPHBIX YaCTHI[ NPHUBOAMT K CHIBHOM TpaBHTAllMM, & Ha MaKpOypOBHE — K OOBIYHOMN
rpaBuTanyu [§].

AHaJII/IS HpI/IHHI/IHa OKBHUBAJICHTHOCTU B OTO IIOKa3bIBa€T, 4YTO OH CHpaBeZUII/IB TOJIBKO B
6CCKOHC‘IHO MaJIbIX O6J'IaCT$IX, B KOTOpBIX BO3MOXHO HpI/I6JII/I)KeHI/Ie JIOpeHI_[-I/IHBapI/IaHTHOCTI/I.
OmHako 3TO MPUONMIKEHNE CTAHOBUTCS HETOYHBIM B IOCTATOYHO OONBININX 00JACTIX, TAC YKE HEIb3sI
npeHeOpeyb HCKPUBJICHUEM IPOCTpaHCTBa-BpeMeHn. Hampumep, eciii mpoOHas 4acTUIla MaCCUBHA, TO
e€ coOCTBEHHOE IPaBUTALMOHHOE I10JIE€ JOKHO YUHUTBIBATHCSA B YPABHCHHM JBMIKCHHS YACTHIIBI BO
BHEIIIHEM TIPaBUTAIMOHHOM TIOJ€. OITO MPOUCXOAUT IOTOMY, 4YTO METPHKAa OT JBYX
B3aUMOJICUCTBYIOIIMX TNl HEMMHEWHBIM 00pPa30M 3aBUCHT OT 3HAYCHHH METPUKU JTHX TeJ, B3ATBHIX
oTAenbHO Apyr oT apyra. [loatomy OTO, ucnone3yroinee B pacuérax MPHUHIUI SKBUBAICHTHOCTH U
FEOMETPHU3ALMH TPABUTAIMOHHOTO TOJSI, SIBIACTCS JIUIL MPOMEKYTOYHOH Teopuell Ha MyTH
MOCTPOCHUST OoJliee MOTHOW TEOPUU OTHOCHTENBHOCTH M YIIyONEHHOW TEOPHU TPABUTAI[HOHHOTO
NOJIs, B TMOJHOW Mepe YYHTBHIBAIOUICH B3aMMOJCHCTBHE TPABUTAIIMOHHOTO TOJI C BEIIECTBOM U

JPYTUMH MOJISIMH.
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