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BBE.D:EHl1E 

IIepBhle IlOilhITKH peJUITHBH3a~ rpaBHTa~ B paMKax cneIJ,Ham,1-10:u Teo

PHH OTHOCHTeJihHOCTH (CTO) Bocxoii;.s1T em;e K IIyaHKape [l] u MH.HKOBCKOMY 

[2 ]. Oii;ttaKO TaK CJiyqHJIOCh, qTO JiopeHI.~-KOBapHaHTHa.sI HJIH PeJI.sITHBHCTCKa.sI 

TeopH.s1 rnroTeHH.sI (PTT) KaK TaK0Ba.s1 q>aKTHqecKH 6hIJia OTBepmyTa y)Ke B ne

puoii; CBoero CTaHOBJieHH.sI • .D:eno B TOM, qTo HeKOBapHaHTHOe npeii;CTaBJieHHe 0 

poCTe MaCChl* CO CKOpOCThIO Il{)HBeJIO,. B qaCTHOCTH, K BhIBOAY O HeB03MO)KHOCTH 

OilHCaHH.sI noTeHD;HaJia T.sII'OTeHH.si: c IlOMOlll;hIO 4-BeKTOpa [3, c.219 ]. BoJI&me 

TOI'O, 3TO npeii;cTaBJieHHe noCJiy)KHJIO OCHOBOH TaK Ha3hIBaeMOI'O 3aKOHa (npHH

D;Hna) 3KBHBaJieHTHOCTH. MaCChl H 3Hepnm, HJIH 3aKOHa HHepu;HH 3HeprnH 

(3113). Boo6m;e, KaK 3aMeqaeT 3ii:ttmTeii:H, «Macca " 3Heprn.s1, comactto CJieii;

CTBH.sIM CTO, npeii;cTaBJI.sIIOT co6oii: oii;tto H TO )Ke>> [3, c.613 ]. 

HmKe Mhl IlOilhITaeMC.sI·, HaCKOJihKO 3TO Boo6m;e B03MO)KHO, npoCJie;J;HTb co

o6pa:>KeHH51, npHBeii;nrne K OTKa3y OT PTT H nocTpoeHHIO o6m;eii: TeopHH OTHO

cuTeJihHOCTH (OTO). O6paTHM BHHMaHHe Ha oco6y10 pon& 3113 B 3TOM npou;ec

ce. Mhl oCTaHOBHMC.sI TaK)Ke Ha xapaKTepHhIX oco6eHHOCT.s1x OTO, ee OTJIHqHH B 

HepeJI.sITHBHCTCKOM npeii;ene OT TeOpHH HhIOTOHa. IloKa)KeM HeCOCTO.sITeJib-
,; . ,, 

HOCTh H3BeCTHhIX apryMeHTOB B Il0Jlh3Y TeH30PHOI'O xapaKTepa IlOTeHD;HaJia T51-

I'OTeHH51 " He3BKJlffAOBOH 4-reoMeTpHH BO Bpam;aIOID;HXC.sI CHCTeMax OTcqeTa. 

KpoMe Toro, Mhl npHBe;J;eM xapaKTepHhle q>OpMyJihl JIOpeHD;-KOBapHaHTHOH Teo

PHH T.sII'OTeHH.sI, OilHpaIOm;HeC.sI Ha 4-BeKTOpHbIH IlOTeHD;HaJI, BpeMeHHYIO KOM

IlOHeHTY KOTOporo npe;!;CTaBJI.sieT «co6cTBeHHO HhIOTOHOB>> IlOTeHD;HaJI. 

f> 

1. TPY.D:HOCTl1 IIOCTPOEHl1SI PTT. 

BO3Hl1KHOBEHl1E OTO 

HaqHeM co CTaThH 3ii:HmTeii:Ha 1912 r. [3, c.219 ], rii;e Mhl qHTaeM: <<O;J;HHM 

H3 Ba)KHeii:mHX pe3yJI&TaTOB TeopHH OTH0CHTeJihHOCTH 51BJI51eTC51 YTBep)l{AeHHe, 

qTQ BC.s1Ka.s1 3Heprn.s1 E o6naii;aeT nponopu;HoHaJihHOii: eii: Maccoii: (El c2
). IIo

CKOJihKY )Ke BC.sIKa.sI HHeJ)THa.sI Macca 51BJI51eTC51, HaCKOJihKO HaM H3BeCTHO, B TO 

*S!BlllllOIJlCHCll JJOpCHLtCBLIM CKaJJllpOM. (HHBapHaHTOM). 



)Ke BpeMSI TSl)KeJIOH Maccoir, Mhl He MO)KeM He npnnncaTh BCSIKOH 3Heprnn £ TaK

)Ke n TSl)KeJIYIO Macey El c2. OTCIOAa HeMeAJieHHo CJieAyeT, l!TO c1ma TSl)KeCTn 

Aeii:CTByeT Ha ABH)Kymeec.si: TeJIO CHJihHee, tJeM Ha TO )Ke caMoe TeJIO, HO IlOKOSl

meec.si:. 

ECJIH IlOJie TSl)KeCTH MO)KeT 6h1Th HCTOJIKOBaHO B CMhICJie Hameir Tenepem

HeH Teopnn OTHOCHTeJihHOCTH, TO 3TO MO)KeT 6bITh CAeJiaHo, Bepo.sITHO, TOJihKO 

ABYMSI cnoco6aMH. BeKTOP rpaBHTaU,HOHHOI'O IlOJISI MO)KHO npeACTaBHTh JIH6o 

KaK 4-BeKTOp, JIH6o KaK 6-BeKTOp ••• OAI-IaKO npn 3TOM IlOJiytJaIOTCSI pe3yJihTa

Thl, KOTOphle npOTIIBopetiaT yKa3aHHhIM Bhlme CJieACTBHSIM H3 IlOJIO)KeHHSI O TSl

)KeJIOH Macce 3Heprnn. TaKHM o6pa30M, BeKTop rpaBHTaU,HOHHOI'O IlOJISI (T.e. 

ynOMSIHYThle 4..:BeKTOp" 6-BeKTOP Hanp.si:)KeHHOCTH, a 3Hal!HT' CKaJISlpHhIH Jin6o 

BeKTOpHhIH noTeHu,naJI. - 'B.C.), no-BHAHMOMY, He MO)KeT 6h1Th BBeAeH 6e3 

npOTHBOpel!HH B cxeMy TenepemHeH Teopnn OTHOCHTeJihHOCTH». 

IlOATBep~eHne CKa3aHHOMY MO)KHO HaHTH H B IlOCJieAyIOm;nx BOCilOMHHa

HHSIX 3irHmTeirHa 1933 r. [ 4, c.404 ], rAe ~rnTaeM: <<IlepBhIH mar Ha nyTn peme

Hn.si: 3TOH 3a~aqn SI BnepBhle CAeJiaJI, IlhITa.sICh paccMaTpHBaTh 3aKOH TSII'OTeHHSI 

B paMKax CTO ••• IlyTh K 3TOMY 6hIJI He CTOJih otJeBUAeH, nocKOJihKY nHepTHa.si: 

Macca MOrJia 3aBHCeTh OT rpaBHTaU,HOHHOI'O IlOTeHU,HaJia. 3Toro Aa)Ke CJieAOBa

JIO O)KUAaTh B cHJiy 3113. 

OAHaKo 3TH HCCJieAOBaHHSI npHBeJIH K pe3y JlhTaTy' KOTOphIH Bhl3hIBaJI y Me

H51 my6oKOe HeAOBepne. CorJiaCHO KJiaCCHl!eCKOH MeXaHHKe, ycKopeHne TeJia B 

BepTHKaJihHOM IlOJie T51I'OTeHH51 He 3aBHCHT OT ropn30HTaJihHOH COCTaBJI51IOll.l,eH 

CKOpOCTH. C 3THM CB513aHO TO o6CT051TeJihCTBO, l!TO ycKope~ne MeXaHHl!eCKOH 

cncTeMhl HJIH ee a;eHTpa TH)KeCTH B noAo6HoM rioJie TSiroTeHnH He 3aBncnT OT ee 

BHyTpeHHeir KHHeTntJeCKOH 3Heprnn. ComacHo )Ke pa3pa6aThIBaBmeirrn MHOIO 

Teopnn, ycKopeHHe naAeHH51 3aBHCeJIO OT ropH30HTaJihHOH CKOPOCTH H, CJieAO

BaTeJihHO, OT BHyTpeHHeH 3Heprnn CHCTeMhl. 

3ro npOTHBOpel!HJIO AaBHO H3BeCTHOMY OilhITHOMY <t>aKTY, l!TO BCe TeJia na

miIOT B IlOJie T51)KeCTH C OAHHaKOBhIM ycKopeHHeM. 3TOT 3aKOH, KOTOphIH HHatJe 

MO)KHO c<t>opMyJinpoBaTh KaK 3a.KoH paBeH~TBa. nH.epTHoir n · TH)KeJioir Mace ••• 

TorAa 51 OTKa3aJIC51 OT IlOilhITKH paccMaTpHBaTh ynoMHHYThIM Bhime o6pa30M 

npo6JieMy rpaBnrliu,nn n paMKax CTO». . 

B cym;HOCTH, TO )Ke caime nnmeT
0

3HHmTeHH B'<<ABT06norpa(pHl!eCKHX 3a

MeTKaX>> 1948 r. [5, c.282 ]. Kom:ipynpyeM~rn ;eopnH, KaK OH noJiaraJI, <<AOJI)K-

Ha 6hma COeAHH51Th B ce6e CJieAyIOm;ne Bem;n: . . . 

1) H3 o6mnx C006pa)KeHHH tJaCTHOii ~eopnn OTHOCHT~hHOCT~ 6hIJIO 5ICHO, 

l!TO HHepTH~l51 Macca (pH3Hl!eCKOH CHCTeM~ npn y~eJIHl!eHHH IlOJI~OH 3Heprnn ••• 

AOJI)KHa B03pacTaTh; 

2) 113 Ol!eHh TOl!HhIX OilhITOB B oco6eHHOCTH H3 OilhIT0B 3TBeuia.:. 6hIJIO 3M

nnpntieCKH H3BCCTHO C OlICHh 6oJihlliOH TOl!HOCThIO, l!TO T51)KeJia51 Macca·TeJia B 

TOl!HOCTH paBHa ero HHepTHOH Macce ••• 
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OAHaKO Bhl51CHHJIOCh, l!TO B paMKax HaMetJeHHOH nporpaMMhl 3TO 3JieMeH

TapHoe IlOJIO)KCHHe Bem;eir He MOX<eT fo>1Th YlITeHO HaAJieX<am;nM o6pa30M ••• 3To 

y6eAnJio MCHH B TOM, l!TO B paMKax CTO HeT MeCTa AJIH y,noBJICTBopnTeJihHOH 

Teopnn T.si:roTemrn». 

KaK BUAHO 113 npnBe,neHHhIX BhICKa3hIBaHHH, HMeHHO npe,nCTaBJICHHe O 3a

BHCHMOCTH Macchi OT cKopocTn noCJiyX<HJIO npnl!HHOH OTKa3a OT PTT. BoJihme 

Toro, 3113 o6yCJioBHJI <t>aKTHtJeCKH no3HHKHOBeHne OTO n CTaJI ocHOBOH ee no

cTpoeHn.si:. B tJaCTHOCTH, 3TO Bhlpa3H'.710Ch B TOM, l!TO rpannTaU,HOHHOMY IlOTeH

l.l,HaJIY 6hIJIH npnnncaHhl CBOHCTBa TCH30pa, l!TO Il03BOJIHJIO OTO~eCTBHTh ero C 

MeTpnqecKnM TeH3opoM, oTpaX<aIOll.l,HM reoMeTpnqecKyIO CTPYKTYPY npocrpaH

CTBa-npeMeHn. TeM caMhIM OTO CTaJia Hap.si:,ny c Teopneir rpaBHTau,nn o,niioBpe

MeHHO Teopueir npocTpaHCTBa-npeMeHn. 

• 2. OCOBEHHOCTl1 OTO 

Be3yCJioBHO, caMoir xapaKTepHoir oco6eHHOCThIO OTO Ha,no Cl!HTaTh np.si:

MYIO CBSl3h IlOTCHU,HaJia T51I'OTCHH51 C MeTpHl!CCKHM TeH30pOM. 3To, B CBOIO Ol!e

pe,nh, SIBJISleTCSI CJICACTBHeM <PYHAaMeHTaJihHOI'O IlOJIOX<eHHSI, l!TO rpannTaU,HOH

HhIC CBOHCTBa JII06oir CHCTeMhl AOJIX<Hhl onpe,neJISIThCSI ee 3HepreTHl!eCKHMH 

cBOHCTBaMH [3, c.271 ]. CaMo X<e noJioX<eHne, KaK H3BeCTHO, Henocpe,nCTBCHHO 

onnpaeTCSI Ha 3113. B pe3yJihTaTe B ypaBHeHHH IlyaccoHa IlJIOTHOCTh MaCChl 3a

MCHSleTCSI Ha IlJIOTHOCTh 3Heprnn - KOMilOHeHTY TCH30pa 3HeprnH-HMilYJihCa 

[3, c.489 ]. 11 KaK 3aMetJaeT 3irHmTeirH [4, c.64 ]: <<ECJin n OTO cymecTBYeT 

ypanHeHne, aHaJIOrHl!HOe ypaBHeHHIO IlyaccoHa, TO OHO AOJI)KHO 6h1Th TeH30p

HhIM ypaBHCHHeM AJISI TeH3opa rpaBHTal.l,HOHHOI'O IlOTeHU,HaJia gik». 

TaKnM o6pa3oM, B paMKax 'OTO rpaBnTau,noHHhlH noTeHu,HaJI SIBJISICTC.si: 

10-KOMilOHeHTHOH BCJIHl!HHOH, npH 3TOM CHMBOJihl KpHCTO<t><l>eJISI, HJIH a<t>nH-

HaSI CBSl.3HOCTh r it• nrpaIOT POJih Hanp51X<CHHOCTCH rpaimTaU,HOHHOI'O IlOJISI [4, 

c.63 ]. B o6m;eM CJiyqae 3TO 40 BeJIHlJHH. 

,ll.JI.si: xapaKTepHoro u,eHTpaJihHO-CHMMeTplll!HOI'O rpaBHTaU,HOHHOI'O IlOJISI 

pemeHnSI ypanHeHnir T.si:roTeHn.si: 3irHmTeirHa 3a,na10T MeTpnKy lllBapu,mHJihAa 

ds' ,a ( I + j) c2dt2 
- r2(sin

2D<¼>2 + d,1
2

) - ( I + j ( dr2, (I) 

r,ne ip - noTCHU,HaJI HhIOTOHa. B tJaCTHOCTH, B HhIOTOHOBOM npn6JIHX<CHHH HMe

eM [4, c.69] 

ds
2 = ( 1 + :~) c2

dt2 - ( 1 - :~) (dx
2 ~ d/ + dz

2
). 
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Ilpn 3TOM MeTpnqeCKHH TeH30p npeACTaBJUIIOT B BHAe 

gik = 1Jik + hik' 

rAe 1J ik - TeH30p MHHKOBCKOro. 

(3) 

KaK CJieAyeT H3 (2)' B HblOTOHOBOM npn6Jm)KeHHH rpaBHTaU:HOHHbIH no

TeHU:HaJI nMeeT no KpaiiHeii Mepe 4 KOMnOIIeHThl h00 = haa = 2cp/c2 
n 6 aenn

qnH Hanp51)KeHHOCTett. OAHaKO, KaK 3aMeqaeT 3ttHIIITeHH (4, c.68 ]: «3TO He 

6b1Jlo o6Hapy)KeHO paHee, nOCKOJibKY B ypaBHeHH51 ABH)KeHH51 MaTepHaJihHbIX 

TeJI a nepBOM npn6Jitt)KeHHH BXOAHT TOJihKO OAHa KOMnOHeHTa goo»-TeM He Me-

Hee 3AeCh Mbl HMeeM BeChMa cymeCTBeHHOe OTJIHqne OT BCex Apyrnx peJI51THBH

CTCKHX Teopnii, KOTOpbie npn MaJlhIX CKOpOCT51X TO)l(AeCTBeHHO nepeXOA51T B 

npe)KHHe <<AOPeJI51THBHCTCKHe» Teopnn*. XapaKTepHbIM npnMepoM 3AeCh MO)KeT 

CJIY)KHTb peJI51THBHCTCKa51 MexaHHKa: B HepeJI51THBHCTCKOM npeAeJie OHa nOJIHO

CTblO coanaAaeT c KJiaccnqecKoii MexaHnKoii. B CJiyqae )Ke OTO, KaK BHAHO, 

HeJih351 roaopHTb O CTpOroM BhlnOJIHeHHH npm1u:nna COOTBeTCTBH51. XOT51, KaK 

CJieAyeT H3 npHBeAeHHOro 3aMe'laHH51 3ttHIIITettHa B HH3IIIeM npn6JIH)KeHHH no 

{3(13°), rAe/3 OTHOIIIeHne CKOpOCTH ABH)KeHH51 K CKOpOCTll CBeTa, <<JIHIIIHHe» KOM

noHeHTbl noTeHu:na.na H Hanp51)KeHHOCTH He np051BJI~IOTC51 (OCTalOTC51 CKpbITbl

MH). 

3. APrYMEHTbl TTPOTl1B TEH3OPHOrO XAPAKTEPA 

ITOTEHU,11AJIA T.51TOTEHl15l 

HacKOJibKO MO)KHO CYAHTh, peIIIaIOIIIHM cpaKTOpOM B nOJih3Y onncaHH51 rpa

BHTaU:HOHHOro noTeHu:na.na C nOMOIIIhlO 4-TeH30pa noCJiy)KHJIO npeACTaBJieHHe 

0 pOCTe MaCChl co CKOpOCTblO: mv = my. IlpnBeAeM MblCJIHMhle 3AeCh paccy)KAe-

HH51 (CM., Hanp., (6 ]). HaqHeM c Toro, qTo noTeHu:naJihl KynoHa n HhIOTOHa 

HMelOT aHa.nornqHhlH BHA. Ilpn 3TOM 3JieKTpnqecKHH noTeHU:HaJI npeo6pa3yeT

C51 KaK KOMnoHeHTa 4-BeKTOpa. ECJIH yqeCTh, qTo <<rpaBHTaU:HOHHbIH 3ap51A>> 

(Macca) B OTJinqne OT 3JieKTpnqecKoro, pacTeT co CKOPOCThlO, TO rpaBHTaU:HOH

HbIH noTeHU:HaJI 3a cqeT AOnOJIHHTeJibHOro nopeHu:-cpaKTOpa AOJIX<eH BeCTH ce651 

nOA06Ho TeH30py 2-ro paHra • .LJ:pyrne, HO no cyIIIeCTBY CXO)KHe C npeAhIAYIIIH

MH, paccy)KAeHH51 OCHOBhIBaIOTC51 Ha TOM, 'ITO B COOTBeTCTBHH C 3113 HCTOqHH

KOM rpaBHTaU:HOHHOro nOJI51 CTaHOBHTC51 3Heprn51. A noCKOJihKY 3Heprn51 51BJI51-

eTC51 KOMnoHeHTOH 4-BeKTOpa, TO 3TO )Ke KaqeCTBO npno6peTaeT H «rpaBHTa

U:HOHHbIH 3ap51A>> HT.A. 

*TeM caMbIM B cornac,,m C npHHI.\HilOM COOTBeTCTBH!I o6ecne•mBaeTC!I npeeMCTBeHHOCTb TeO

pHH. 
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OAHaKo B paMKax CTO Macca, KaK n 3JieKTpnqecKii:ii 3ap5JA, 51BJI51eTC51 HH

BapnaHTOM (nopeHU:eBhIM CKaJI51pOM). IT03TOMY npHBeAeHHhle coo6pa)KeHH51 B 

n0Jih3Y TeH30pHoro xapaKTepa noTeHI1,na.na T51roTeHH51 Tep5110T CMbICJI. B pe-

3Y JihTaTe aHaJIOrH51 C 3JieKTPOAHHaMHKOH, Ka3aJIOCb 6bl, AOJI)KHa coxpaHHTbC51. 

C Apyroii CTOp0Hhl, KaK Mbl 3HaeM, B qnCJIHTeJie Bhlpa)KeHH51 AJI51 3JieKTpH

qecKoro noTeHu:nana JlneHapa - Bnxeprn cpnrypnpyeT npon3BeAeHne ey 3ap51-

Aa Ha BpeMeHHYIO K0MnOHeHTY 4-CKOPOCTH, HJIH nopeHu:-cpaKTOp. fI03TOMY npn 

6oJiblIIHX CK0p0CT51X MO)KHQ roB0pHTb 06 3cpcpeKTHBHOM pocTe 3ap51Aa, 11TO no 

cyTn AeJia cp0AHH npeACTaBnemi:10 o pocTe Macchi. TeM He MeHee AJI51 3JieKTpo

MarnnTH0ro noTeHU:HaJia Mbl HMeeM TOJibK0 4-BeKTOp (KCTaTH, KaK pa3 6naro

Aap51 yKa3aHHOMY npOH3BeAeHHIO). TaKHM o6pa30M, Aa)Ke OCTaBa51Cb B paMKaX 

HeK0BapnaHTHOro npeACTaBJieHH51 0 3aBHCHMOCTH MaCChl OT CKOP0CTH, Mhl He 

HMeeM HHKaKHX OCH0BaHHH AJI51 BBeAeHH51 TeH30pHoro IlOTeHU:HaJia T51roTeHH51. 

HaKoHeu:, TpeTHH apryMeHT CB513aH c peJI51THBH3au:neii ypaBHemrn ITyacco

Ha. BBHAY HeKonapHaHTHOCTH 3113 3aMeHa nJIOTH0CTH Macchi (p) Ha nJIOTH0CTh 

3HeprnH (e) B npaBOH qacTH ypaBHeHH51 TaK)Ke SIBJI51eTC51 HeKOBapHaHTHOH, a 

CJieAoBaTeJihH0, He3aKOHuoii onepau:Heii. TeM caMhIM cpnrypnpyIOIIIHH B neaoii 

qacTH rpaBHTaU:HOHHbIH IlOTeHU:HaJI AOJI)KeH npeACTaBJI51Tb co6mo (KaK H p) 

KOMn0HeHTY 4-BeKTOpa [7 ]. 

4. COMHl1TEJibHOCTb APrYMEHTOB 

B TTOJib3Y HE3BKJll1.LJ:OBOtt 4-rEOMETPl111 

IlpeACTaBJieHHhle BhIIIIe apryMeHTbl y)Ke cpaKTHqecKH 03HaqaroT C T011Kll 

3peHH51 MaTeMaTHKH He3aKOHH0CTb OTO)l(AeCTBJieHH51 rpaBHTaU:HOHH0ro IlOTeH

U:HaJia C MeTpnqecKHM TeH30pOM, a TeM CaMhIM BBeAeHHe pHMaHOBOH reoMeT

pnn. CyIIIecTByIOT, OAHaKo, no KpaiiHeii Mepe eme ABa coo6pa)KeHH51, KOTOphle 

TaK)Ke paccMaTpHBaIOTC51 KaK apryMeHThl B IlOJih3Y He3BKJIHAOBOH re0MeTPHH. 

HanoMHHM Hx. 

B paBH0MepHO BpaIIIaIOIIIeHC51 CHCTeMe OTClleTa BCJieACTBHe JI0peHu:eaa co

KpaIIIeHH51 OTHOIIIeHne AJIHHhl 0KPY)KH0CTH K AHaMeTpy AOJI)KHO OTJIHqaThC51 OT 

:rt: [3, c.190 ]. OTCIOAa AeJiaeTC51,BbIBOA, qTQ npH BpaIII~HHH 3aKOHhl KOHcpHrypa

U:HH TBepAbIX TeJI «He cornacy10TC51 C TeMH 3aK0HaMH KOHcpHrypau:HH TBepAhlX 

TeJI, KOT0phle COOTBeTCTBYIOT 3BKJIHA0BOH reoMeTpHH» [ 4, c.47 ]. 

OAHaKo 3AeCh Heo6xoAHMO noA11epKHYTh, 11To, Boo6IIIe roaop51, B CTO Mhl 

TaK)Ke He HMeeM 3BKJIHAOBOH reoMeTpHH, n0CKOJihKY npocrpaHCTBeHHa5111aCTb 

HHTepBa.na yTpaqHBaeT, CBOHCTBa HHBapHaHTa. fI03TOMY, CTporo roBOp51, H B 

CJiy11ae BpaIIIemrn pellh MO)KeT HATH TOJibKO O cnpaBeAJIHBOCTH nceBA03BKJIHAO
BOH reoMeTpHH BO BCeM 4-npocrpaHCTBe [8 ]. 

C APYroii cropoHhl, paccMaTpHBaIOT nepexoA K paBHOMepHo BpaIIIaroIIIeiic51 
CHCTeMe Ha OCH0Be npeo6pa30BaHH51 (CM., Hanp., [9 ]) 
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x = x• cos wt - y* sin wt, y = x• sin wt + y* cos wt, • z = z • (4) 

B pe3yJihTaTe IIOJiy11aIOT Bblpa)KeHHe Ami HHTepBaJia, KOTOpoe y)Ke He SIBJISieTCSI 

cyMMOH KBaApaTOB AHcpq>epeHU.HaJIOB. Ha OCHOBe :noro 3aKJIIOllaIOT [9 ]: «IIo 

KaKOMY 6bl 3aKOHY HH npeo6pa30BblBaJIOCb BpeMSI, 3TO Bblpa)KeHHe He MO)KeT 

6h1Tb npHBeAeHO K cyMMe KBaApaTOB AHq>cpepeHU.HaJIOB 11eThlpex KOOPAHHaT». 

3TO AaeT OCHOBaHHe AJISI 3aKJIIOlleHHSI O He3BKJIJmOBOCTH reoMeTpHH B HeHHep

U.HaJibHblX CHCTeMax OTClleTa. 

BMeCTe C TeM, KaK 6blJIO IlOKa3aHO paHee [ 10,8 ], cpopMHHBapHaHTHOCTb HH

TepBaJia, 3anHCaHHOro B U.HJIHffAPHlleCKHX KOOPAHHaTax 

ds2 = c2dt 2 
- r2dcp2 - dr2 . . . •' (5) 

6yAeT 06ecne11eHa, eCJIH BMeCTO npH6JimKeHHblX cpopMyJI (4) Mbl B03bMeM CJie

AYIOIIJ;He TOllHble (TaHreHU.HaJibHble) npeo6pa30BaHHSI 

t* = [t - (/Plw)cp] 'Yw• cp* = (cp - wt) 'Yw• * r = r=const, (6) 

rAe y w = (1 - /P)- 112, f3 = wrl c (z-KOOPAHHaTa onym;eHa). O11eBJmHO, tITO no 

CBoeMy CMhICJIY npeo6pa3oBaHHe (6) AOJI)KHO onHChIBaTh peJISITHBHCTCKoe Bpa

m;eHHe, T.e. BKJII011aTh CJiy11au, KOrAa npoH3BeAeHHe wr 6JIH3KO K cKopocTH cBe

Ta c. 

JIOPEHQ-KOBAPHAHTHA.5I TEOPH.SI T.SITOTEHH.SI [11,12] 

HanOMHHM, llTO peJISITHBHCTCKOe o6o6m;eHHe ypaBHeHHSI IIyaccoHa HMeeT 

BJm 

□ gi = 4nGi. (7) 

3AeCb cnpaBa qmrypHpyeT 4-BeKTOP IlJIOTHOCTH TOKa MaCCbl, OTKyAa CJieAyeT, 

llTO peJISITHBHCTCKHH IlOTeHU.HaJI TSII"OTeHHSI TaK::>Ke AOJI)KeH OilHChIBaTbCSI 4-neK-

TOpOM. Bbipa:x<~HHe g i AJISI MO%eT 6b1Tb noJiylleHO c IlOMOIIJ;bIO JiopeHu.-npeo6pa-

30BaHHSI noTeHU.HaJia HbIOTOHa [7 ].H HMeeT :aim · · 
i MVi · (8) g=--.-.. 

R1V. 
I 

3AeCb M - Macca ABH)Kym;eii:CSI 11aCTHU.bl,. Vi - ee 4-CKOPOCTb, Ri - 3ana3Abl

narom;ee paccTOSIHue; 

.Il:JISI peJISITHB
0

HCTCKOH CHJibl TSII"OTeHHSI HbIOTOHa 6yAeM HMeTb 

pi= -mdkuk, 

6 

(9) 

~ ' . 
rAe GI - TeH30p Hanpsi:x<eHHOCTH rpaBHTaU.HOHHOro IlOJISI, u I - 4-CKOpOCTb 

<<Ilp06HOH>> llaCTHU.bl MaCCbl. 

B COOTBeTCTBHH C TeM, SIBJISieTCSI JIH G ik aHTH~HMMeTpHt.J:HbIM HJIH CHMMeT

Pllt.J:HbIM TeH30p0M AJISI Hanpsi:x<eHHOCTH rpanHTaU.H0HHOro Il0JISI, B OTCYTCTBHe 

ycKopeHHSI IlOJIYt.J:HM 

2 
G ik = G ~c (RivK - R .kvi). 

(R'v/3 + 
(10) 

B pe3yJihTaTe Ha OCHOBaHHH (10) AJISI peJISITHBHCTCKOH CHJibl HbIOTOHa Haii:AeM 

Mr-2 
F = -G :; y 

3 
[n(l + p B) :;: B(l + f3 n) ], 

R (l - Bn) 
(11) 

I P al O • 2 -1/2 al O 2 -1/2 
rAe n = R R, . = u u ,.'Y = (l - f3 ) , B = V V , r = (1 - B ) . 

KoHet.J:HO, AaX<e HeCMOTpSI Ha AOCTaTOt.J:HYIO y6eAHTeJihHOCTb npeACTaBJieH

HblX Bhime coo6pa:x<eHHH HaM He H36e:x<aTh nonpoca OTHOCHTeJibHO om,sicHeHHSI 

t.J:eTblpex H3BeCTHblX rpaBHTaU.HOHHblX 3q>q>eKTOB. 8 3TOH CBSl3H OTMeTHM npeA

napHTeJibHO CJieAyIO~ee. 

Tpu H3 ynm,rnHyTblX 3cpq>eKTOB cpaKTHt.J:eCKH CBSI3aHhl C H3MeHeHHeM 

(yMeHbmeHtteM) CKOpOCTH CBeTa B rpaBHTaU.HOHHOM no.ne. J:I MOX<HO CKa3aTb, 

t.J:TO 3AeCh Mbl HMeeM onpeAeJieHHYIO aHaJI0rHIO C yMeHhWeHHeM CKOPOCTH CBeTa 

n cpeAe 3a Ct.J:eT 3JieKTpoMarHHTHOro n3aHMOAettCTBHSI · cornacHo cpopMyJie 

en = cl n, .rAe n - noKa3aTeJih npenoMJieHHSI. B CJiyt.J:ae (CJia6oro) rpaBHTau,u-

OHHoro IlOJISI, KaK npeACTaBJISieTCSI, Mbl 6yAeM HMeTb n = l + acpl c 2
• rJiaBHaSI 

)Ke TPYAIJOCTh, nO-BJmHMOMY, 6yAeT 3aKJirot.J:aThCSI B om,sicHeHHH CMe~eHttSI ne

pureJIHSI MepKypHSI. B 3Toii: CBSI3H 3aMeTnM CJieAyro~ee. KaK HaM Ka:x<eTCSI, n 

JII06oM CJiyt.J:ae' OTO AOJI:x<Ha 6hIJia om,sicHSITh He Bech Ha~JIIOAaeMbltt 3cpq>eKT, a 

TOJibKO pa3HHU.Y Me:x<Ay 3KCnepHMeHTaJibHblM 3Hat.J:eHHeM II npeACKa3aHHeM JIO

peHU,-KOBapHaHTHOH TeOpHH TSiroTeHHSI. 

3AKJII01IEHHE 

3l:13 Ct.J:HTaeTCSI OAHHM H3 na:x<Heii:mux pe3yJihTaTon CTO. HacKOJihKO 

MO:x<Ho CYAHTh, n cnoe Bpei.rn OH noCJiy:x<HJI npHtIHHOii: OTKa3a OT PTT. C Apyroii: 

cropoHhl, OH CTaJI OAHOH H3 ocHon OTO. l:IMeHHO, Ha ocHoBamrn 3l:13 rpaBttTa

U.HOHHOMY IlOTeHu.uany 6blJIH npnnHCaHbl CBOHCTBa 4-TeH30pa 2-ro paHra. 3TO 

Il03BOJIHJIO OT0)KAeCTBHTb rpaBHTaU,HOHHblH noTeHU.HaJI C MeTpHlleCKHM TeH30-

poM, a OTO CTaJIO OAHOBpeMeHH0 TeopueiI He3BKJIJmOBa npocTpaHCTBa-npeMe

HH. YcTaHOBJieHHe Toro, t.J:TO 3l:13 npOTHB0pet.J:HT JIOpeHU,-KOBapuaHTHOCTH CTa-
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BHT IlOA eOMHCHHe enpaBCAJIHBOeTh IlOJIO)KCHHSI O TCH30pHOM xapaKTepe IlOTCH
U:HaJia TSII"OTCHHSI. C APYI"OH eTOpOHhl, ACTaJihHhIH aHaJIH3 IlOKa3hIBaeT HeeoeTo
SITCJihHOCTh H H3BCCTHhIX apryMCHTOB B Il0Jlh3Y HC3BKJIHAOBOH rem,ieTpHH BO 
Bpa:ma10:mmce.s1 eHCTCMaX OTeQCTa. Bee 3TO 3aeTaBJISICT Hae o6paTHTheSI K JIO
pCHIJ,-KOBapHaHTHOH TCOpHH TSII"OTCHml; oeHOBOH KOTOpOH SIBJISICTeSI pCJISITHBH
CTeKHH (4-BCKTOpHblH) IlOTeHU:HaJI TSII"OTeHHSI HhIOTOHa. 
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