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1 06m;a5£ XapaKTepMCTMKa )l;MCCepTaiJ,MM. 

1.1 AKTYa.JibHOCTh TeMbi 

B nacTOHIIJ,ee npeMa roTOBHTCH 6y.n;ylll,IIe acTpoqm3H'lecKHe aKcnepuMeHTbi na · 

KOCMH'lecKIJX ycTaHOBKax, TaKHe KaK GAlA (rJio6aJibHhli1: AcTpOJI .. feTp'rrqe

cKnii IfnTep~epoMeTp ,IJ;JIH AcTpocpll3HKH), LISA (Laser Interferometer Space 

Antenna), STEP (Satellite Test of the Equivalence Principle) u'.n;pyrne, oc

HOBnoii 0C06eHHOCTblO KOTOpbiX 6y.n;yT CBBCpXIIpeiJ,II3IIOHHhie II3MCpeHHH ' aCT'-. • 

pOMeTpii'leCKIIX (KoOp,IJ;HHaThl H CKOP.OCTII) II cpoTOMeTpH'leCKIIX napaMeTpOB. 

HarrpnMep, crryinnK GAIA .n;ocTIITHeT TO'IHOCTH: 10 pas Mni<poapKceKyn.n; (1 

pas = 10-6 arcsecond) ,IJ;JIH 3Be3,IJ; C BeJIII'lHHO:il: V = 15 (TO CCTh OH B 1000 

p83 6oJiee TO'IIIbiH ITO cpaBHeHIIIO C rrepBbiM acTpOMeTpii'leCKIIM CIIYTIIHKOM 

Hipparcos EBporreiicKoro KocMII'lecKoro ArencTBa). 

,[l;pyraa oqerih ncpcrreKTHBnaH 3a.n;aqa ,n;JIH o6Iiapy)KenuH ropn3onTa cnepx.:. 

MaccnBnhrx qepnhrx ,Il;hrp (S.MBH- Super Massive Black Holes) Tpe6yeT yrJio

noro p83perrrennH nopH,IJ;Ka 1 pas MHKpoapKceKyn.n;hr·. O.n;uaKo, ,IJ;JIH (rrpe.n;

rroJiaraeMhrx) SMBH .n;pyrnx AKTIIBHhiX ranaKTH'leCKIIX 5I.n;ep TaKIIX KaK 

NGC4258, NGC3227, NGC5548 Tpe6yiOTcH eiiJ,e MenhiiiHe yrJioBhre p83pe

rrrennH IIOpH,IJ;Ka 0.5 pas, 0.2 pas, 0.09 pas, KOTOpbie ITOKa 3KCUepiiMeHTaJihHO 

ne.n;ocTH)KIIMhi. 

TaKaH BhrcoKaa aKcnepH:MeHTaJihHM TO'lHOCTh rrpe,ll;hHBJIB:eT ue TOJihKO Bhi

COKIIe Tpe6onannH K anrraparype, no Tpe6yeT u irepecMoTpa caMo:H: TeopeTH'le

CKoii KOHIJ,CIIIJ,IIH1 Ua KOTOpOil: IIOCTpOena TeOpHB: OTKJIOi'l:eiiiiH CBCTOBOrO Jiyqa B 

rpaBIITaiJ,IIOHHOM noJie - 3TIIM 3!JHIIMaeTca p~JIHTHBHCTCKa.SI acTpoMeTpH.a 

( CM. Monorpacpnro c anTOpaMn ·Sergei KopeikiiJ, Michael Efroimsky, George 

Kaplan, 11 Relativistic Celestial Mechanics of the Solar· System 11 
, WILEY-VCH 

Verlag, 2011 r., 860 cTp.). 3.n;~cb na.n;o OTMeTIITb ,n;Ba ?cnoBnwx cJiyqmr,·K Ko

TOphiM liMeiOT OTHOIIIenne p83pa60TaHHhie B ,n;aHHOll )J;HccepTaiJ,HII ITO,LQCO,ll;hi: 

A. PacrrpocTpaiiCIIIIC cBeTonoro Jiyqa ·B CIIJihHOM rpaBnTaiJ,IImmoM noJie 

BOKpyr qepnhrx ,Il;hlp, Heil:TpOHHhiX 3BC3,ll;, BeJihiX KapJIHKoB, ,n;Boiinbrx pa

.n;norryJihcapoB (uaupnMep - J0737 '_ 3039) - rrpe.n;noJiaraeTcH 'ITO CKaJIHpnaa 

KpUBII3Ua UpOCTpaHCTBa- BpeMeHU B 100 p83 60Jihiiie, '!eM KpUBU3fla IIpOCTpaH-

HAYliHO-TEXfH!IIECJl:A51 
EMEJIIlOTE ~;: 



CTBO - BpCMCHII B CoJIHC'lliOH CIICTCMC. ITpii TaKHx rromrx oco6enuo CIIJihHO 

6y):IYT npORBmiTCH 3cpcpeKThi OTHOCIITCJihHOrO JCKopeHIIH a = '\7 uU, KOTOpOC 

6y)J.CT C)J.BIIraTh paCCT05IHII5l MC2K)J.y Ka2K)J.biMII )J.BJMR TO'IKaMII ua )J.BJX UpO

II3BOJihllhiX TpaeKTOpiiHX. )JJ>yriiMII CJIOBm.m, CJIIJ;CCTBCHIIO OTMCTIITb, 'ITO 3TO 

ycKopeniie 6Jiaro)J.apR csoeii: 11 KOBapiianTnoi1" cpopMJJIIIposKe 6y)J.eT )J.eilcTBo

saTh BO BCeX HanpaBJieHIIHX, a He TOJibKO nepneH)J.IIKJmipHO K TpaeKTOpiiRM. 

Ha)J.O no)J.'lCpKHJTh, TIO caMbre IDITepecnhle n HOBbie cpopMJJihi B 3TOM )J.Hccep

Tau;IIouuoM Tpy)J.e o pa3JI02Kemm Teu3o:pa )J.ecpopMaU,IIII II o nepeHoce ci>epMII -

YoKepa B JCKOpeHIIOH CHCTeMe OTC'leTa, CBH3aHbl IIMeHIIO C 3cpcpeKTffi;Ili OTHO

CIITeJibHOrO JCKopeHIIH. 

· B. CBepxrrpell,li3IIOHHhie acpcpeKThi cna6oro rpaBIITau,IIoHnoro noJIH Ha pac

npocTpanenne CBeTOBOrO Jiyqa (IIJIII pa,ll.IIOCIIrHana)- 3TOT CJIJ'laii: 3aTparHBaeT 

Jla3epnyro Jlo.KaiJ,IIIO Jlyllbi (B JIIITepaType - Lunar Laser Ranging), a TaK2Ke 

)J.eRTeJibHOCTb NASA no nocTpOeHIIIO rJio6a.rrbHOH HaBnrau;nOHHOH Cn

CTeMbl (S. Kopeikin, E. Pavlis, V. A. Brumberg et all (2008)-10 aBTOpoB ) 

B npOCTpaHCTBe Me2K)J.y 3eMJiei1 II JlyHOH Ha OCHOBe OnTII'leCKIIX Jia3epHhlX 

TeJieKOMMJHIIKaiJ;HOHHbiX JCTpOHCTB, KOTOpbie Tpe6yiOT yqeTa OTKJIOHeUHH Jia-

3epuoro Jiy'la C TO'IHOCTbiO ;IJ,O 1 MHJIJIHMCTpa Ha paCCTOHHHH )J.CCHTKOB Tbl

CH'l· KHJIOMCTpOB, npli'ICM. Ha BpCMCHHblX HHTepBaJiax B HCCKOJibKO )J.CCRTKOB 

JieT .. CorJiacuo )J.HpeKTHBhi I1pe3n)J.enTa CiliA, TaKnM npn6opoM ;IJ,OJI2Ken 6hiTb 

ocuam;eu Ka2K)J.brn 6y)J.Ylli,IIH KOCMII'leCKHH KOpa6Jih. TaK2Ke, C 2010 ro)J.a TO'l

HOCTb Jia3epuoii: noKau;nn Jlynhr cocTaBJIHeT 2 - 4 mm, nuor;IJ,a n 1 mm. 3a;IJ,aqa 

IIOCTaBJICHa TaK2Ke H )J.mi II3MCpCHliH paCCTOHHHH B T. H. 11 cy6-MHJIJIHMCTpOBOM 11 

(T. e. MeHbme 1 mm) ;IJ,nana3one. KaK II3BeCTHO, KJiaccn'lecKnii 3aKon HbroTona 

IlpOBepen 3KCnepnMCHTaJibHO TOJlbKO na paCCTOHHIIHX npeBhiiDaiOIII,IIX 1 mm. 

' · Q6a 3TH nanpaBJieHHH HCCJie)J.OBaHHH HBJIHIOTCH HOBbiMli H HaXO)J.HTCH Ha 

naqaJibnoM 3Tarre pa3pa6oTKH na TeopeTn'leCKOM ypoBne. Bonee Toro, na Teo

peTII'leCKOM ypoBHe 6y)J.YT 3aMe'ICHO neKOTOpoe CXO;IJ,CTBO Me2K)J.y )J.BJMR 3a;IJ,a

qa:~.m. B 3a)J.a'!e A )J.eii:cTBne OTHOCHTCJibuoro ycKopeHHH npnBe)J.eT K II3Mene

nnro pacCTOHHIIH II MaCIIITa6a paccTOHHIIH - 3TO BH)J.HO II3 npOCTOH cpopMJJibl 

'Vul = l,IL = ('Vug)(u,u) +2g('Vuu,u) 

r)J.e onepaTop KOBapuanTuoro ,r~ucpcpepenli,HpOBamm '\7 u )J.eiicTByeT na 

···':--'" 
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cpyHKII,IIIO )J.JIIIHbl l = g( U, U). I13MCIICHHC cpyHKII,HII )J.JIIIIIhl npnBe)J.eT K CJie

)J.YIOIII,IIM nOCJie)J.CTBliHM: 

1. Taurenu,naJihHhiii BeKTop K MnpoBoii: JIHHHH na6Jiro)J.aTemr y2Ke ne 6y)J.eT 

HOpMIIpOBaHHhlM K C)J.llliUilC, KaK 06hl'lll0 IIpe)J.IIOJiaraeTCR B pCmiTIIBIICTKOH 

rn)J.pO)J.HnaMIIKe, 'IT06br BhiiiOJIHRJICR ITprmu,nn 9Knnna.rrenTnocTn B ero CTaii

)J.apTnoii: cpopMynnpoBKe ( 11 cBo6o)J.u_o na)J.aiOIII,IIil JIHcpT" - (CIIJ1)). Iloa~oMy, 

Ha)J.O ncrroJih3oBaTh 6onee a,rr.eKBaTJibii'i - Mo,LJ;ncp:nu;:npoBruiHoii Ilpnuu;nrr 

9KB:UBaJieHTHOCTH (MII9), cornacno KOTopoMy rrpo6aoe . .TeJio He :nc

llhiThiBaeT HHKaKoro B03)J.eHCTBH.H, eCJIII nepeHTII K CHCTeMe OTC'leTa 

(CO), KOTOpa.H )J.BII)KeTC.H BMeCTe C OTHOCIITeJibHbiM ycKopeHIIeM. Ma

TeMaTII'leCKHe OCHOBhi 3TOrO nO)J.XO)J.a 6hiJIII Bbi)J.BIIHJTbl BnepBbie 6oJirapCKliM 

cpn3HKOM - TeopeTIIKOM BmKH)J.apoM I1nneBhiM (B. Iliev) (eM. Monorpacpmo 

B. Z. Iliev, Handbook of Normal Frames and Coordinates, Progr. in Mathern. 

Physics, vol.42, Birkhauser Verlag, 2006, 440 cTp.), n noTOM KOHKpeTHo 'npnMe

nenhr )J.pyrnM 6onrapcKIIM TeopeTIIKOM Canoii: MauoBhiM (S. Marioff). TaK KaK 

Bhi60p CliCTCMhi OTC'IeTa COrJiaCIIO l\i£IJ9 3aBIICIIT TOJlhKO OT OTHOCIITeJihiiOrO 

JCKOpCHIIR, TO erO M02KHO llpiiMCHRTb II K CIIJlbHbiM rpaBUTall,liOHHhiM nOJIRM, 

)J.JIH KOTOphiX y)f{e IIC 6y)J.eT cnpaBe)J.JIIIBO orpaHII'IIITCJlhiiOe npe)J.nOJI02KeiiiiC 

o IIX o,rr.nopO)J.HOCTII. KpoMe 3To~o, (ciiJihuoe) rpaBIIT~onnoe none o6na,rr.aeT 

II neMeTpii'IIIOCThiO, KpyqeuiieM n pacmiipeniicM, no MII9 6y,n;eT BhiiiOJIHHTh

cR. Ho rpaBIITau;IIonnoe none Me2K)J.Y 3eMJieii: II Jlynoii: (xoTH II cna6oi1) TaK2Ke 

6y)J.eT neo,n;nopo,n;nhrM, II3-3a npiiJIIIBHoro B03,n;eii:cTBII5I Jlyuhl (3a,n;a•ra B). 
2. Bbr6op CQ, OTHOCHTeJibHO KOTOpOii: npo6uoe TeJIO IIMCeT nyJieBoe OTHQ

CHTeJibHOe ycKopeHIIe 03HaqaeT, 'ITO ero )J.BII)f{CHIIe 6-r,n;eT ocym;ecTBJIRTbCH no 

( 'leTblpCXMepHbiM) aBTOIIapaJIJieJibllbiM TpaeKTOpHRM, KOTOpbre 3a)J.aiOTCH KaJ{ 

pemeHIIHMH aBTOnapaJIJieJibHOI'O ypaBHeill·IH· )J.JIR ( '!eTblpCXMCpHOrO) TaHreHIJ,II

aJibHOrO BeKTopa K 3TIIM KpHBhiM. B 3TOM II ocnoBononaraiOm;ee II npiiHII,IIIIII

anhnoe OTJIII'lne OT ypaBnennR )J.JIR reo,n;e3n'lecK~\ KOTOphre 3a)J.aiOTCH. ,n;mr 

(TpexMepuhrx) npocTpaucTnenuhrx TpaeKTOpiiii:. Ta~ KaK 3TO OTJIII'lne IIMeeT 

Ba)f{HOe 3Haqeune )J.JIH )J.OCTII2KeHH5! 6oJiee BbiCOKOH TO'IHOCTII B peJIHTHBHCT

KOH acTpOMeTpiiii, TO B )J.aHHOII )J.IICCCpTau;IIII nOKa3aHo, 'ITO aBTOIIapaJIJICJib

HOe ypannenne cnpaBe,n;JIIIBO II npn neuyJieBoil MeTpii'lliOCTII '\7 u9 # 0 n npn 

H3MeHeJUIH )J.JIIIHbi BeKTOpuoro IIOJm. 



cTBO - npeMCHII B Comre'!Hoii CIIcTeMe. Ilpu TaKlix rronax oco6enno ciiJihHO 

6y,rzyT rrpOHBIDITCH 3cpcpeKTbl OTHOCIITCJibHOrO JCKOpCHHH a = 'iJ.,u, KOTOpoe 

6y)J,CT C)J,BIIraTb paCCTOHHIIH MC)K,Ll,J KaJK,LI.biMII ,Ll;BYMH TO'!KaMII na ,LJ;ByX npo

ll3BOJlbHblX TpaeKTOpiiHX. ,lJ,pyriiMII cnonaMII, cyrn;ecTnenno oTMCTIITh, 'ITO 3TO 

JCKOpCHIIC 6naro)J,apa CBOCll 11 KOBapiiaHTIIOH 11 cpopMJJIIIpOBKC 6y)J,CT )J,CHCTBQ

BaTh BO BCCX narrpaBJICHIIHX, a HC TOJibKO IICpiiCH)J,HKJIDipHO K TpaCKTOpiiHM. 

Ha)J,o rro)J,'ICPKHJTh, 'ITO caMbie IIHTepeciihie u HOBbie cpopMJJihi B 3TOM )J,Ilccep

T~onnoM Tpy)J,e o p83JI02KeHIIII TCH3oPa )J,ecpopMaD;IIII II o nepenoce <I>epMII -

"YoKepa B JCKOpennoii: CHCTCMC OTC'ICTa, CBH3aHhl IIMCIIHO C 3cpcpCKTaMH OTHO

CHTCJibHOrO JCKOpCHHH. 

: • B. CBepxrrpen;n3nOHHhiC 3cpcpeKThi cna6oro rpaBnTan;nonnoro nona na pac

IIPOCTpauenne cBeTOBoro nyqa (unn pa.n;nocnruana)- 3TOT cnyqaii: 3aTparnBaeT 

J183epuyiO JloK~IO Jlynhi (B nnTepaType- Lunar Laser Ranging), a TaK2Ke 

)J,CHTCJlbHOCTb NASA no IIOCTpoenniO rJio6a.rrbHOH Haaurau;nonnoii Cn

CTeMhl (S. Kopeikin, E. Pavlis, V. A. Brumberg et all (2008)-10 aBTopon ) 

B IIpOCTpaiiCTBC MC)K,Ll,J. 3CMJICH Il JlyHOll Ha OCHOBC OIITif'ICCKilX JI83CpHbiX 

TCJICKOMMymiKaiJ;HOHHbiX JCTpOHCTB, KOTOpbiC Tpe6yiOT J'ICTa 0TKJIOHCHI1H Jia-

3Cpuoro Jiyqa C TO'IHOCThiO ;IJ,O 1 MHJIJIIfJI.ICTpa Ha paCCTOHHHH )J,CCHTKOB Tbl

CH'I · KlfJIOMCTpOB, IIpH'ICM. Ha BpCMeliHhlX IfHTCpBaJiax B HCCKOJihKO )J,eCHTKOB 

neT .. CorJiacno ).1,11peKTI1Bhi Ilpe3n,n;enTa CiliA, TaKnM rrpn6opoM )J,OJI2Ken 6biTh 

ocnarn;en KaJK,LI.hrn 6y,rzyrn;Hii: KOCMH'IeCKHll KOpa6Jib. TaK2KC, C 2010 rD)J,a TO'I

HOCTh JI83CpHOH JIOKaiJ;HH JlyHhl COCTaBJIHeT 2 - 4 mm, HUOr)J,a II 1 mm. 3a,n;aqa 

IIOCTaBJICHa TaK2Ke II )J;JIH ll3MCpCHI1H paCCTOHHifH B T. H. 11 cy6-MHJIJIHMeTpOBOM 11 

(T. e. MeHhiiiC 1 mm) .n;uarr83one. KaK ll3BCCTHO, KnaccuqecKUii: 3aKOH HbiOTOHa 

IIpOBCpeH 3KCrrepHMCHTaJihHO TOJibKO na paCCTOHHifiDC rrpeBbiUialoiiJ,IIX 1 mm. 

06a 3TH uarrpaBJieHHH 11CCJie)J;OBaHI1H HBIDIIOTCH HOBbiMif 11 HaxO)J;HTCH Ha 

na'laJihHOM 3Tane p83pa60TKH ua TeopeTn'leCKOM yponne. Bonee Taro, ua Teo

peTH'IecKoM ypOBHe 6y,rzyT 3aMC'ICHO HCKOTOpOe CXO,LJ;CTBO MC)K,Ll,J )J,BYMH 3a)J,a

'18.MH. B 3a,LJ;a'le A )J,eii:cTBne oTnocuTeJibHoro ycKopeHIIH rrpuBe.n;eT K ll3Mene

HI1IO paCCTOHHUH II MaCUITa6a paCCTOHHifH - 3TO BH)J;HO U3 rrpOCTOH cpopMJJibl 

'\1 ul = l,Jl = ('il.,g)( u, u) + 2g('V .,u, u) 

r)J,e orrepaTop KOBapnaHTnoro )J,IIcpcpepenn;uponamrn 'V., )J,eiicTnyeT na 

2 
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cpJHKIIIIIO )J;JIIIHbl l = g( U, U). li3MeHeHIIe cpyHKIJ;Illl )J;JIIIHhl IIpiiBe)J;eT K CJie

,lzyiOrn;IIM IIOCJie)J,CTBIIHM: 

1. Tanrenn;naJihHhifi neKTop K Mnponoii JIHIDIH na6JIIO)J,aTeiDI y2Ke ne 6y,n;eT 

HOpMHpOBaHHblM K C).I,IlHI1IJ;C, KaK 06bl'IHO IIpC,D;IIOJiaraeTCH B pClliiTIIBIICTKOll 

rn.n;po.n;nnaMHKe, 'IT06bi BhiiiOJIHHJIC51 IlpnHIJ;HII 9KBHBaJieHTHOCTII B ero CTaii

.n;apTHOH cpopMJJIIIponKe ( 11 cno6o.n;n_o rra,n;aiOIII,IItl nncpT 11 
- ( CIIJI)). Ilo3.~oMy, 

na.n;o ncrroJib3onaTh 6once a.n;eKBaTIIblii - Mo.n;ucpun;upoaauuo:H llpiinn;urr 

9KBnaaJieHTHOCTH (MTI9), cornacno KOTopoMy npo6uoe ,TeJio ue uc

rrhiThiBaeT HIIKaKoro B03,ll;eMCTBli}I, ecJIH nepeMTU K CUCTeMe OTC'IeTa 

(CO), KOTOpa}l )J,BU)KeTC}I BMeCTe C OTHOCHTeJihHhlM ycKopeHUeM. Ma

TCMaTH'ICCKHe OCHOBbl 3TOrO IIO)J;XO,LJ;a 6hiJIII Bbl)J;BHHJTbl BIIepBbiC 6onrapCKIIM 

cpir3HKOM - TeopeTHKOM Bo2Kn.n;apoM MnneBbiM (B. Iliev) (eM. MOHorpacpHIO 

B. Z. Iliev, Handbook of Normal Frames and Coordinates, Progr. in Mathern. 

Physics, vol.42, Birkhauser Verlag, 2006, 440 cTp.), H IIOTOM KOHKpeTHo 'rrpin.1e

nenhi .n;pyrnM 6onrapcKHM TeopeTIIKOM Canoii: ManoBbiM (S. Marioff). TaK KaK 

Bhi6op CliCTeMbl OTC~IeTa COrJiaCHO J\1Il9 3aBJICUT TOJihKO OT OTHOCHTeJibHOrO 

ycKopenna, TO ero M02KHO llpHMCHHTb UK CUJihHbiM rpaBIITan;IIOHHblM IIOJIHM, 

)J;JI51 KOTOpblX y)f{e HC 6y)J,eT CIIpaBe)J;JIHBO orpaHH'IHTeJibHOe rrpe)J;IIOJI02KCHIIC 

o nx o.n;nopO)J,HOCTH. K poMe 3To~o, ( cnJihnoe) rpaBIITan;Honnoe rrone o6na.n;aeT 

n neMeTpwmocThiO, Kpyqe~neM H paciiinpenncM, no MII9 6y)J,eT BhiiiOJIHHTh

ca. Ho rpannTan;nonnoe none Me2K,rzy 3eMJieii n Jlynoii: (xoTa u cna6oii) TaK2Ke 

6y)J,eT neo.n;nopo.n;nhiM, H3-3a rrpHJIIInnoro B03)J;eii:cTBIIH Jiynhi (3a,n;a•ra B). 

2. Bb160p CO, OTHOCIITCJihHO KOTOpOH rrpo6noe TeJIO HMeeT HJJICBOe OTHD

CIITCJibHOC JCKOpCHIIe 03naqaeT, 'ITO era )J,BU2KCHI1C 6~)J;CT OCJUJ;CCTBJIRTbCH IIO 

( 'leTblpCXMepHbiM) aBTOIIapanJieJibllbiM TpaeKTOp11HM, KOTOpbie 3a,LJ;aiOTCH KaK 

peiiiennaMn aBTorrapanneJibHOI'o ypannenua·.n;.Jia ('IeTbipeXMepnoro) Tanrenu;u

anhHoro neKTopa K 3TIIM KpiiBhiM. B 3TOM II ocuonorronaraiDrn;ee II npiinu;mm

anhnoe OTJIII'IIIe OT ypannenna .n;na reo)J,e3n'lecKJ?C;, :KoTophie 3a,D;aiOTca .n;na 

(TpexMepHhix) npocTpancTBCHHhiX TpaeKTopnfi. Ta~ KaK 3TO OTJIII'IIIe IIMeeT 

Ba2KHOC 3Ha'!CHIIC )J;JIH ,Ll;OCTIJ)f{eHIIH 6onee BbiCOKOll TO'IHOCTII B pelliiTIIBIICT

KOll acTpOMCTpliii, TO B )J,aHHOll )J,IICCCpTaiJ;IIII IIOK83aUo, 'ITO aBTOIIapanJieJib

HOe ypannenne CIIpaBC)J,JIHBO. II IIpii HeHyJieBOH MeTpll'IHOCTU \7 .,g =/= 0 II IIpii 

II3MeHeHIIII )J,JIIIHbl BeKTOpHOrO IIOJIH. 
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" 3. ITo aBTOrrapam:reJihHhiM TpaeKTOpiHIM 'peaJIII3IIpyiOTCf! 
11

cBo6o.n;m>Ie OT 

B03Mym;eHIIii 11 )l;BIDKeHim, II B 3TOM CMbiCJie OHH f!BJif!IOTCf!aHaJIOrOM o6bi'IHhiX 

reoj!,"e3H'ICCKHX JIHHIIii B 9HHHITCHHOBCKOH TCOpiiii rpaBIITaiJ;IIH. 9TOT <J>aKT 

11 neB03Mym;eHHOrO )l;BII2KeHIIfl 11 B)l;OJib reO)l;e3II'!eCKIIX JIIIHnll 6biJI IICIIOJib30BaH 

em;e B 1963 ro.n;y ci>. MaHacce II LI.MII3tiepoM (F. K. Manasse, C. W. Misner) 

)l;Jif! ime,n;eHIIfl T.,H. 11 MCTpii'IeCKIIH TeH30p B TCpMUHax HOpMaJihHhiX KOOp,lJ;H

HaT cp·epMII 11 B OKpeCTHOCTII 3TOH. reo,n;e3II'IeCKOH JIIIHIIII ( <J>opMyJia uanucaHa 

TOJibKO ,[\Jif! npoCTpaHCTBCHHhiX KOMITOHeHTOB) 

J: 1R l m 
gij = Uij + 3 iljmjG X X + . ·· · ·. 

cl>aKTII'IeCKII, Ka2K,ll;af! TO'!Ka MIIpOBOH JIIIHIIII JIOKaJihHO (!) arrpOKCIIMIIpy

eTCf! IIJIOCKIIM llpOCTpaHCTBOM- BpeMeHeM MIIHKOBCKOrO, B KOTOpOM BblllOJIHf!

eTCf! ilpUHIJ;Illl 9KBIIBaJieHTHOCTII B CTaH.n;apTHOH <J>~pMyJIHpOBKe 11
na,n;aiOIIJ;ero 

JIIIq>Ta 11 : 9TO 03HaqaeT, 'ITO BblllOJIHCHhi yCJIOBIIf! cl>epMII ITO HanpaBJieHUIO reo

,n;e3U'IeCKOH JIHHIIII 

gp,viG = 'r/p,v ' f~viG = 0 

Terreph ITOHf!THO, 'ITO npu HaJIII'IIIII OTHOCUTeJibHOrO ycKopeHUf! (OY) 3TOT 

rro.n;xo.n; 6y.n;eT HenpuMeHIIMhiM, TaK KaK OY .n;eiicTByeT BO Bcex nanpaBJiennf!X 

u neB03M02KHO npoBeCTII 11 HeB03Mym;ennyro 11 reo.n;e3n'!ecKyro nnnuro. KpoMe 

3Toro, no.n;xo.n; Manacce u Mu3nepa uMeeT cne.n;yroiiJ;ne ne.n;ocTaTKII,. KOTOpbie 

ycTpaHElHhi B HOBml no.n;xo.n;e )l;Jif! onpe.n;eneHnf! nepenoca ci>epMII - YoKepa B 

3TOM )l;IICCepTaiJ;IIOIIHOM Tpy,n;e: 
/ 

· 3a. ,IIjm onpe.n;eneHnf! 11 neB03Mym;ennoro ,n;Bn:acennf!
11 

ucnoJih3yeTcf! Mo-

,ll;II<pHu;HponaHHbiH IJpHHIJ;HIT 9KBHBaJieHTHOCTH (MIJ9), KOTOpbiH pac

niup1!eT ITOHf!THC 11 JIOKaJibHOCTb 11 He TOJibKO B OKpeCTHOCTH TO'IKH, HO II 

B,ll;OJib JII06oii: JIHHHH (He TOJibKO reop;e3H'!eCKOH). 9TO BqOJIHC OnpaB,n;a

HO, TaK KaK ITOHf!THe 11 paBHOMCpHOe ,li;BII2KeHUe 11 B I19 Ha CaMOM ,[\eJIC f!BJif!CT

Cf! u.n;eanu3au;IIeii. HanpuMep, Bhi'IIICJienue B paMKax .n;pyrnx (He3nHrriTeii:Hon

cKHX) Teopnii TaKHX KaK Teopnfl CKaJiflpHo - TeH30pHoii rpannTau;IIIl Ha ocHone 

BHYTpenneii rpaBilTau;IIOHHOH 3Heprnn, ITOK8.3biBaeT, 'ITO CHCTeMa 3eMJISI -

Jlyna, B03Mo:acno, ne "na,n;aeT" cno6o,n;no B rpaBnTaiJ;HOHHOM none Co.JIHIJ;a, 
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': 

a rra,n;aeT c ycKopenneM, KOTopoe nponopu;uonanhno pa3HHI~e 

( U ) ( U ) -W Mc2 E- Mc2 M = -4.45.10 (1) 

II TaK:ace ITocTh -HhiOTOHOBCKOMY napa.'Vl:eTpy T} = 4{3- 1- 3 (n OTO rt = 0). 

ilpnMe'IaTCJihHO, 'ITO 3TO 6y,n;eT np01!BJif!TbCf! B T.H. 11 IIOJI1!pii3aiJ;IIII op6IITbl Jly- . 

Hhi 11 (3¢¢eKT HopTne.n;m) - CMem;ennii op6IIThi Jlynhi B,IJ;OJih JiniDrn K Connu;y 

, II 3KCITepnMeHTaJihHO 3TOT 3¢¢eKT 6y,n;eT IIp01!BJif!ThCf! IIpil TO'IHOCTII JI8.3ep

HOH JIOKau;nii JlyHhi MeHhee '!eM 4 mm, 'ITO cooTBeTcTnyeT TO'IHOCTil I13Mepe

HIIfl OTHOCilTCJihHOro ycKopennfl ~a = ±1.5 X w-13 (J. G. Williams, Sl. G. 

Turyshev, Th. Murphy, IJMP D13, (2004)). 9TO nnonne .n;ocTH:acnMo HhlHe II c 

em;e 6onee BhiCOKOH TO'IHOCThiO - n 6nii2KaiirneM 6y.n;ym;eM. O.n;HaKo, cym;ecTBY

IOT II nnhie,xoporno o6ocnonamihie Mnemm (S. Kopeikin, PRL (2007); (2009)), 

'ITO Il3-3a Kann6poBO'IHOH cno6o,n;hi ITocT - HhiOTOHOBCKoii cnJihi II ee 3aBn

CilMOCTil OT op6nTaJihUOii CKOpOCTII CilCTeMbl 3eMJif! - Jlyna IIO OTHOIIICHiliO K 

Connu;y, 3cpcpeKT rroJiapn3au;ni1 op6nThi He 6y,n;eT ,n;ocTyrreH o6napy

)KeHHIO MeTop;aMII Jia3epnoii JIOKau;nn Jlynhi, no Kpaiineii: Mepe, rrpn 

HbiHeiiiHOM COCTOSIHllll TeOpllll. ilpii'IUHa B TOM; _'ITO JIOKaJibHhie II3Mepe

HIIf! Jia3epHOH JIOKaiJ;IIIl f!BJif!IOTCf! He'IyBCTBIITCJihH~IMII ~ Kpl1Bli3He ( acliMII

TOTH'IeCKll HeiiJIOCKOro) IIpOCTpaHCTBa.,-npeMeHn, KOTOpaSI B03HHKaeT 

n3-3a rrpnJIHBHhlX cnJI co cTopoHhi _CoJinu;a n ,n;pyrnx rrJian.eT. HMeHHO 

3TH BHernnne. B03,n;eiicTBIIf! n o6ycJIOBJIUBaiOT necno6o.n;Hoe na.n;eHne CIICTeMhi 

3eMJif! - JlyHa, Il HhiHelllHaf! !eOpiUI He B COCTOf!HIIII Y'IIITbiBaTb 3TII 3¢¢eKThl 

y:ace Ha <J>onOBOM, aCilMITTOTil'IeCKII- HCIIJIOCKOM llpOCTpaHCTBe- BpeMeHII. 

36. 11 ilepTyp6aTIIBHOe 11 (B OKpeCTHOCTil reo,n;e3II'IeCKOH JIIlHilil) OIIpe,n;eJie

IIIIe KOMITOHeHT MeTpH'IecKoro T~H3opa B no,z:r.x:o.n;e Manacce ~ Mii3nepa ne .n;aeT 

OTBCTa Ha BOITpOC 11 COXpaHSIIOTCSI Jill .p;eii:CTBJ!TeJI~HO yrJibl ll ,ll;JiliH~I 6~-

3liCHbiX BeKTOpOB IIpll rrepeHOCe B,ll;OJib JlliHllll 11 ? .il03TOMy, B ,[\IICCepTa-
• \ _. 

IJ;IIII HOBOe onpe,n;eJieHIIe nepeHOCa cl>epMII -YoKepa bC~OBaHO HMCHHO Ha 3TOM 

cTporoM MaTeMaTH~recKOM Tpe6onaHIIII, KoTopoe o6ec'ne'IImaeT To~moe coxpa

nenue 3TIIX ,[\JIIIH II yrJIOB, a He B nepryp6aTIIBHOM, Ilpi16JIII2KCHHOM CMhlCJIC. 

4. ToT ¢aKT, 'ITO aBTonapanneJihnoe ypannenne onpe.n;e.TJ:eno ,lJ;Jif! neKTop

noro ITOJif! (a He ,[\Jif! IIpOCTpaHCTBCHHhiX KOOp,lJ;IIHaT) ,n;aeT HeKOTOpble ,[\OITOJI

HIITeJihHhie B03M02KHOCTII llpHMeHeHirn 3TOrO ypaBHeHIIf! K MaCCIIBHhiM TCJiaM. 
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Hanpn:Mep, ecmr B u;miTpe Macchi Maccn:BHoro TeJia onpe,n;eJieu BeKTop nJIOT

HOCTH H.MllYJihCa p = pu ( U BeKTOp CKOpOCTH u;eHTpa MaCChi, p - llJIOTHOCTh 

Maccn:mmro TeJia), TO ycJIOBn:e )l.JISI coxpaneHn:e n~OTHOCTII HMIIYJihca M02KIIO 

c<PopMyJIHpOBaTh Ha reoMeTpiiqeCKOM SI3hiKe KaK yCJIOBHe ,ll;JISI napaJIJieJihHOrO 

nepenoca BeKTopa p = pu , T.e. VuP = Vu(pu) = 0, npJiqeJ\r 3TOT neKTop ne 

,n;oJDKeH TaiOKe MeHSITb II cnoro ,ll;JIHHY lP.= g(p,p) = const.TaKHM o6p~oM, n 

,n;n:ccepTaiJ;llli IIOJIY'IeHO CJie,llYIOIIJ;ee yCJIOBHe )l.JISI H3MeHeHIISI llJIOTHOCTH1 qTo6r.I 

MaCCHBHOe TeJIO )l.BHraJIOCh ITO aBTOllap<t;'IJieJibHOH TpaeKTOpHH 

p =Po exp ( -~ J ~(Vug(u, u))(u, u)) dT 

cha <Popl\qJia MOLKeT naiiTH npnMeHl:mn:e B Teopn:n: PeJISITHlmCTKHX Cn:cTeM 

0TcqeTa (PCQ) ( 6apnu;enTpH'ICCKHe, reou;eHTpnqecKne, cnyTHHKOBbiC), KOTO

paa BnepBhie (B nepn:o.n;e 1988 - 1992 r., HO n ropa3,n;o paHee) 6hma pa3pa-

60TaHa pyccKn:Mn: yqeHaMII B. A. BpyM6eproM, C. M. KoneiiKHHhiM, C. KJIH

OHepoM:. PCO - 3TO MaTeMaTn:qecKaa npou;e,n;ypa ,n;Jia KOHCTpynpoBaHn:a T.H. 

"llocT - HhiOTOHoncKn:x (PPN) 11 JIOKa.'IhHhiX Koop,n;nHaT B ncKpHBJieHHOM npo

~TpaHcTne - npeMeHH noKpyr MaCCHBHhiX, )l.nHLKyiiJ;IIXCSI He6eCHhiX TeJI, KOTOpbie 

n:i:noJih3yroTcR ,n;Jia yToqHemm 3<l>eMepii.n. He6eCHhiX TeJI, ,n;Jia HaBurau;un Koc

Mn:q~cKIIX. ~opa6Jieii B CoJIHeqHoii Cn:cTeMe n ,n;Jia pe.n;yKu;n:n acTpoHoMn:qecKIIX 

Ha6hro,zi,ennif. TeopiD! .PCO 6hma o¢nu;n~JihHO npn:3HaHa B Pe3oJimu;n:ax 24-oii 

r~Hep~~HOfi AccaM6JieH MeLK,n;yHapO)l.HOro AcTpOHOJ\IHqecKoro Com3a (IAU) 

B imrycTe 2000 r. (eM. G. Kaplan, US Naval Obs. Circ. N2 179, Washington 

D.C., 2005): 

O,n;HaKo, npu HaqaJihHOM KOHCTpyn:poBaHHH reou;eHTpn:qecKOH PCO (Bo

Kpyr 3eMmi) OCHOniiOC npe)l.nOJIOLKeHHe 6biJIO 06 H30JIHponaHOCTH UpOCTpaH

CTBil; B·~~PYr 3eMJIH OT BHemHnx B03,n;eiicTBnii, KOTopoe 03HaqaeT, qTo Bee npn:-' 

. JIHBHhie B03,1J;eHCTBHSI CO CTOpOHhi JlyHhi (n ,n;pyrnx BHeiDHIIX TeJI) yqnThUlaiOT

CSI KaK nepTyp6au;nn. KaK cJie,n;cTBne, u;eHTp MaCChi 3eMJIH coBna,n;aeT c u;eH

TpoMteou;en.J.pn:qecKoil: PCO, II B CIIJIY cBoero 11HeB03MyiiJ;eHHoroil .n.nnLKeHn:a 

OH .Ll.~HLKCT~a no reo.n.roiiqecKoi! JIIIHHII. A TaK KaK aBTonapaJIJieJibHoe ypaB

nenne SIBJISieTca 6oJiee o6Iu;IHI, qeM ypaBHeniie reo.n;ronqecKIIX, TO ,ll;BHLKeHIIe 

u;eHTpa MaCChi 3eMJIII 6y,n;eT OCyiiJ;eCTBJISITCSI TaiOKe II no aBTOnapaJIJieJibHOH 

6 

.. 

., ,. 

TpaeKTOpiin, noaToMy n Bhlne.n;ennaa-<l>opMyJia 6y,n;eT cnpane.n.JIIInoil:. Ho n reo

cPH3nqecKoii JIHTeparype (eM. MOHorpa¢nro V. A. Ferronsky, S. A. Denisik, 

and S. V. Ferronsky, Jacobi Dynamics. A Unified Theory with Applications 

to Geophysics, Celestial Mechanics, Astrophysics and Cosmology, 2nd ed., 

Springer, 2011, 323 cTp.) Ha ocHone Teopiin cTpoemm 3eMJIII (nonce ne cBa3aH- · 

noil: c PCO) TaKLKe MOLKHo HaiiTH pacnpe.n.eJieHIIe nJIOTHOCTH BHYTPH 3eMJIH 

p(r) =Po ( 1- ~) ( 
kr

2
) p(r) =Po 1- R2 

KoM6nHnpoBaniie ,n;Byx npe,n;hi,llYIOiu;IIx ¢opMyJI no3BOJIHT HaiiTn MeTpiiqecKnii 

Ten3op rpaBIITau;nomroro noJia BHYTPII 3eMJIII. Ha.n;o OTMeTHTh, qTo · nepBoHa.:. 

qaJibHaa MO,ll;eJih reou;eiiTpnqecKOH PCO npe)l.IloJiaraJia nOCTO.HHHbH~ )l.aBJieHIIe. 

II IIJIOTHOCTb BeiiJ;eCTna n 3eMJie, HO COBpeMeiiHhiC CIIYTHIIKH (:KaK, H·aiipHMCp 

GRACE HJIH GPS-cnyTHHKH CncTeiibi rJio6arrbHoro Il03HIJ;HOHHpOBaHn.H) uo

cpe,n;cTBOM H3MeHeiiH5I B TeccapaJibHhiX 1\IOMeHTaX IIOTeHI~IIaJia 3eMJIII n COCTO

.HHHH o6Hapy)KHTh H3Menenna IIJIOTHOCTH na rrmiepxnocTn n anyTpn 

3eMJIH (uarrpiiMep, IB-3a nepeMCIIJ;CIIII.H orpOMHhiX OKeaHCKITX BO,ll;HbiX Mace), 

a TaKLKe IIOcpe,n;cTBOM rpa,ll;IIOMeTpOB II aKCeJiepOMeTpOB H3MepHTb YCKOpe

HH.H TeJI n3-3a neccjJepn~IHoc1-n n neo.n;nopo.n;nocTn 3eMJin (5 x I0-'5 

m / s2 
) HJIII II3-3a rrpnJIHBHhiX B03,ll;eiicTBnii Jlynhi n · .n;pyrnx rrJianeT 

( 5 X 10-6 mj s2 
- nhi3hlnaeT OTKJIOHenne Op6IITbl CIIYTHHKa 3a 2 qaca OT 5 

MCTpon ,ll;O 150 ·MeTpOB, qTo BOnce He .HnJI.HeTC.H rrpene6peLKHMO MaJibiM ITO 

CpaBHCHHIO C npe,lJ;hi,llYIOIIJ;IIM )_. 

5. ,ll;eiicTBHe OTHOCHTeJihHoro ycKopemm n pe3yJihTnpyroru;ee ll3Menenne 

paccTO.HHll.H .HBJISIIOTCSI cPll3H.J:ecK<::iii MOTliBllpOBKOH ,ll;JI; pa3BHTHSI MaTeMaTH

qecKoro uo.n;xo.n;a anre6pauqecKoil: reoMeTpnn -B 3Toil: .n;nccepTau;mr. EcJIH TaH

reHIJ;HaJibHhrfi BeKTop K MnpoBoil: JIHHIIII Ha6mo,L~aTeJi.a nocTO.HH~H, B cooTBeT

CTBHII co cTan.n.apTHOit ¢opMyJinpoBKoti: II9 )l.JI.H "cBo6o.n.no na.n.aroiiJ;ero =<P-, . 
Ta" T.e. UaU

0 = 1 , To anaJioroM 3Toro ycJioBu.a B iedpnn rpannTau;nn .HBJI.H-

eTc.a 9a{39f3'Y = 6J. Ho ,n;aLKe B paMKax CoJIHequoii CncTeMhr, He cyiiJ;eCTBY

eT orrpe,n;eJieHHoro "cTan,n;apTa" ,ll;JISI II3MepeHn.H ,ll;JIIIHhi - corJiacHo pa6oThi 

(G. A. Krasinsky, V. A. Brumbe;g (2004)), Ha6mo.n.aeTc.a ceKymrpnoe H3Me-
.. . . 

HeHJie AcTponoMn:qecKoii E,n;nHIID;hi (Astronomical Unit), KOTopoe cocTaBJia-

eT fkAU = 15 ± 4 mjsu. EcJIII eCTh OTKJIOHeHIIe OT HOpMIIpOBKH BCKTOpHD-
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rO IIOJUI u, TO 6y.n,eT BIIOJIHe ecTeCTBeHHO rrpe)l.IIOJIO:lKliTb, 'ITO· 901(3gf3'Y = lJ. 

Ha caMOM .n,eJie, 9ihrnrreiin orrpe.n,emm KOHTpaBapnaHTHbie MeTpWieCKIIe KOM

rronenThi KaK o6paTHbie K KOBapnaHTHbiMII KOMIIOHeHTaM )l.JIH y.n,ofiCTBa II Ha 

OCHOBe 'IIICTO MaTeMaTWieCKHX coofipa:lKeHIIii: . <lJaKTII'!eCKII, IIOCJie.n,Hee pa

BeHCTBO 03Ha'!aeT, 'ITO BBO)l.IITC.H 11 aHH30TpOTIHasi IIIKaJia paCCTO.HHHH 11
, II 

KaK 6y.n,eTb )l.aJibillC IIOKa3aHO, 3TY illKaJIY )l.JI» CJiy'lrui gik = dXidXk MO:lK

IIO C'!IITaTb CCTCCTBCHHbll\1 o6o6m;emieM IIOH.HTH.H 0 MeTpHKe npOCTpaHCTBa

BpeMeHH, KOTOpa» B Cym;HOCTII rrpe.n,craBJI.HCT. co6oii: 11 H30TpOTIHYIO IIIKaJIY 

paccTO,HHHH 11
• K CO:lKaJieHIIIO, ypaBHeHII» Teopiiii rpaBnTaiiiiii cTaB»T u;eJibiO 

naii:TII MCTpii'IeCKIIH TeH30p, HO CaM OH mKaJiy paCCTO.HHnH He .n,aeT. HaBepHO 

II03TOMY 3a IIOCJie)l.HIIC HCCKOJlbKO JieT 3Ta rrpo6JieMa CTaJia OC06eHHO aKTYaJib

HOH n .n,ncKyccnonnoii- narrpm.rep, B cepnn pa6oT (eM. Carrera, Giulini, 2010, 

RMP) 6brJio BbiCKa3aHO Mnenne, 'ITO "uepapXH» B3aHMHD-BJI02Kennhrx cncTeM, 

TaKIIX KaK CoJIHC'!HaR CIICTeMa - raJiaKTIIKa - JIOKa.JlbHa» rpyrrrra raJiaKTIIK 

- CKOIIJienHe - CBBepxcKOIIJienHe - KocMOJIOrim neB03MO:lKHO eMo.n,eJIHpoBaTb 

B TCpMIIHa:x TO'!HbiX pemCHIIH, TaK KaK K<UK,LJ;asl CliCTeMa OTipe,n;eJI,HeT Xa

paKTepHyiO (,ZJ;JI,H nee) IIIKaJIY paCCTO,HHHH, li BHe 3TOH, IIIKa.Jihl MO:>K

HO C'IHTaTb 3TY CHCTeMy KBa3H - H30JIHp0BaHHOH 11
• Ilo3TOMY II CCI'O)l.IIR 

oco6enno aKTYaJibHbiMII CTaHOBRTC,H (cBepxrrpe!IH3IIOHHbie) a¢¢e~Tbl B03MO:lK

HOrO yqacTIIR CoJine•moii CHcTCMbi B rrpo!Iecce Xa66JioBcKoro pacmnpennR 

BceJICHHOH. <lJH3H'!eCKa» CYITJ;HOCTb 3TOI'O RBJieHII.H CB»3ana IIMeHHO C BJIII.HHII

eM BHeiiiHeii )l.JI» CoJine•moii CncTeMbi MaTepiiH (narrpuMep, MaTepmi uameii 

raJiaKTIIKII MJie'IHbiil: rryTh). 9To BneiiiHee B03.n,eil:cTBIIe MO:lKHO CIIW)l.eJiupo

B~Tb rrocpe.n,cTBOM BBe.n,ennR ¢onoBoro rpaBHTa!IIIOHnoro IIOJI» (S. Kopeikin, 

J. Ramirez, B. Mashhoon, M. Sazhin, PLA (2001); J. Ramirez, S. Kopeikin, 

PLB (2002)). TaKIIM o6pa3oM, )l.aJibHei1mee pa3BIITne TeopHH PeJIRTIIBMCTKIIX 

CncTeM 0Tc'leTa na ocnoBe nx 11 rrpHB»3annocTn 11 K 6oJiee y.n,aJieHHbiM KOCMH'!e

CKIIM o6beKTal\1 (KBa3apbi, pa)l.HOIIYJibCapbl II T . .n,.) HCH3MCHHO CB.H3aHa C HOBOH 

¢n3IIKOH - C KOCMOJIOI'II'!eCKOII Teopuefr rrepTyp6au;nfi II rrepTyp6aTIIBHOH rpa

BUTa!IUeii: na ucKpUBJieHHOM ¢onoBOM rrpocTpancTBe (S. Kopeikin, PRD (2012); 

S. Kopeikin, A. Petrov, PRD (2013)), KOTOpa» 6bma paHee pa3BIITa pyccKIIM 

yqenbii\1 AJieKcan.n.poM H. IleTpOBbiM (rAI1III mr. II. K. IllTepn6epra, MrY, 

MocKBa). 
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Ho ecJIII cyiiieCTByeT ¢onoBoe rroJie 9af3 = g0113 + h 01 13 ( ¢ononoe rro

Jie g0113 MO:lKeT 6biTh Bbr6pano KaK MeTpiiKa <llpn.n,lltaHa - Po6epTcona - Yo

Kepa), TO MO:lKIIO YBH)l.HTh, 'ITO KOIITpaKIJ;IIR KOBapiiaHTHbiX II KOHTpana

piiaHTHbiX MeTpii'ICCKHX KOI\tiiOHCHTOB )l.JTII IIOJIHOI'O MeTpH'ICCKOI'O TeH30pa 

g11vgv01 = J~ - h11vhv01 = l~ onpe.n,eJI»eT aHH30Tponnyro TeH3opnyro IIIKa

Jiy. CJie.n,oBaTeJihHO, rrepryp6aTnBnyiO TeopniO rpaBIITa!IIIII BToporo rropR)l.Ka 

MO:lKHO IIIITeprrpeTnpoBaTb B paMKa:x rro.n,xo.n,a rTKKCM. 

TaK:lKe, rrpo6JieMa JIOKaJihnoro Xa66JioBcKoro pacmnpenn» CoJineqnofi Cn

CTCMbi IIMCCT II O)l.IIH 'IIICTO IIpiiKJia)l.HOH acrreKT - IIpe)l.IIOJia:raeTC», 'ITO aHQ

MaJibHOe ycKopenne (K !IeHTPY CoJIH!Ia) KOCMH'!eCKHX a:IIIIapaToB, TaKIIX KaK -Pioneer 10/11, CBH3ano nMenno c Xa66JIOBCKIIM pacmupenneM. Ilpo6JieMa rroKa 

Hepemena, II3BeCTHO TOJlbKO, 'ITO YCKOpenHe COCTaBmieT ap = 8.5.10-8 smj s2 

(J. Anderson (1998)) IIJIII no .n,pyriiM .n,annhiM (8.60 ± 1.34).10-8 smjs2 (G. 

Markwardt .(2002)). 

CyiiieCTBYIOT TaK:lKe HeKOTOpbie IIHTepeCHbie, 3aCJIY2KHBaiOm;He BHIIMaHII.H 

MHCHII» .n.pyrHX aBTopon (J. Rosalez (2002)), KOTopbre rrpe.n,rroJiararoT 11 B03-

MO:>Knoe ,n;eHCTBHe JIOKaJihHOH KpHBH3Hhl Ha CBeTOBhiX reo,n;e3H'!eCKHX 

Jlllllll,HX 11 
• BrroJIIIe BepmiTIIO,, 3TO CBR3auo C a¢¢eKTaMH OTHOCHTeJihHOI'O 

ycKopeHH,H. 

1.2 ~eJih pa6oThi · 

lJ,eJibiO pafiOTbl .HBJIReTC,H IIOCTpOeHIIe MaTeMaTII'ICCKOI'O aJII'OpiiTMa )l.Jl,H Ha

XO:lK)l.eHII,H pemeHHH MHOI'OKOMIIOHeHTHbiX aJire6paii;ecKHX ypaBHeHIIH B Teo

pHI! rpaBIITa:IIIIII, a TaK:lKe BbiBO)l. HOBOH ¢opMyJihl )l.Jlli pa3JI02Kemm TCII30pa 

.n,e¢opMa!IIIII II orrpe.n,eJieHIIe rrepenoca <Depl\m-YoKepa B paMKa:x oco6oro KJiac

ca pacmHpeHHbiX rpaBIITa!IIIOIIHbiX TeopHii - rpaBIITa!IIIOHHbie Teopnn c KoBa

piiaiiTHbiMII II KoHTpaBapna:riTHbiMII CBR3HOCT»MII n.MeTpiiKaMII (rTKKCM). 

BbiJIII rrocTaBJieHbi n pemeHbi cJie.n.yiOru;ne 3a.n,a'III;. · ,{ 

- o6ocnoBaTb c ¢ri3II'IecKoil: ri MaTeMaTII'lecKof~ TO'!Kn 3pemm neo6xo.n,u

!ltocTb II IIpaBIIJlbHOCTb IIpiiMeHeHII.H IIO)l.XO)l.a aJire6paWieCKOH reoMeTpiiii B 

Teopnn rpamiTa:u;uu II nafiTn rrpu111enenue )l.JI» 3Toro rro.n,xo.n,a B rpamiTa!IHOII

HhiX TeOpi!RX C )l.OIIOJibHIITeJibHbiMU IIpOCTpaHCTBeHHO - BpeMeHHbiMU II3Mepe-
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IUHIMHj 

- HaUTH MaTeMaTH'!eCKHfi aJII'OpHTl\1 AJUl HaxmK,LJ;CHID:l perneHHfi B TepMH

nax 3JIJIIIIITH'!eCKOU ¢ynKIJ,HH BeueprnTJ)acca ,n;JIB nau,n;eHnoro 11 Ky6H'!ecKoro 

anre6paH'!CCKOI'O ypaBHCHIIa perrapaMeTpH3aiJ,IIOHHOU HHBapHaHTHOCTH rpaBH

TaiJ,IIOHHOI'O JiarpaiDKHana 11 j 

- ,LJ;Jia rTKKCM, HaUTH pa3JI01Kenne TeH3opa ,n;e¢opMaiJ,HH II HaUTH ycJio

BIIa ,D,Jia cy.rn;eCTBOBaHIDI CB060,n;IIbiX OT C,ll,HBHra II paCIIIIIpeHIDI TC'ICHUU, a. 

TaK1Ke II ycJIOBIIC ,ll,Jl}l ,ll,BII)KCHU}l MaCCUBHOI'O TCJia ITO aBTOIIapaJIJICJibHOU Kpii

BOUj 

- HaUTII ycJIOBII}l ,ll,Jl}l ocy.rn;ecTBJICHU}l rrepeHoca <PepMII- YoKepa B rTKK

CM u Boo6.rn;e B Teopnax c KpyqeHIIeM, HeMeTpii'IHOCThiO n C,D,BnroM; 

1.3 HayqHa51 HOBH3Ha 

B ,n;annou ,n;IIccepTau,IIII B paMKax T.H. rTKKCM BIICpBhiC npe,n;iroJKCH II o6oc

HOBaH HOBhiH MeTO,ll, anre6paH'!eCKOU reOMeTpiiii B TeOpiiH rpaBHTaiJ,HII II 'rro

Ka3ano, 'ITO MOJKno napaMeTpii3oBaTh c ¢ynKIJ,ncu BeuepniTpacca (u ee npo

H3BO,ll,HOU) MHOI'OKOMIIOHeHTHbie anre6pauqecKne ypaBnenua. 

- IloKa3ano, 'ITO IIOCJIC BBC,ll;CHIIR II30TpOIIHOU lliKaJibi paCCTORIIUR Ha OC

HOBC rTKKCM, MOJKHO HaUTH HOBbie COOTHOmeHIDI (B ¢opMe nepaBeHCTB) 

Me)K,ll,y rrapaMeTpaMH B rpaBIITaiJ,UOHHbiX TeOpiiiDC C ,ll,OIIOJIHHTeJihHhiMII II3l\18-

pCHIDIMIIj 

- BrrepBbie ,D,OKa3ano, 'ITO M01KHO BbiBeCTH KOHKpeTHbre MaTeMaTII'!eCKIIe 

ycJIOBUR ,n;Jia rrepeHoca <PepMII -YoKepa B 6oJiee o6IIJ,Hx rpaBHTall,IIOHHhiX Teo

pHRX Ha OCHOBC I'COMCTpH'ICCKOI'O Tpe6oBaHHR ,ll,JI}l COXpaneHHR ,D,JIHH 6a3HCHbiX 

BCKTOpOB II yrJIOB MC)K,ll,y HIIMII (neo6a3aTCJibHO IIpRMhiMH) IIpH rrepeHOCC 3THX 

BCKTOpOB B,ll,OJib KpiiBOUj 

-: Bhme,n;eno 6oJiee o6.rn;ce pa3JI01Keniie ,n;Jia TCH3opa ,n;e¢opMaiJ,IIH, KOTopoe 

BaJIH,n;HO ll ,ll,JIR cnyqaa, KOr,n;a BCKTOpbi OTHOCHTCJibHOI'O YCKOpCHIIR a = \7 u U 

ll CKOpOCTII }!BJiaiOTCB HCOpTOI'OHaJihHhiMll. IloKa3aHO, 'ITO YCJIOBUe 

£ug = 'Vug 

}!BJiaeTca O,ll,HOBpeMCHHbiM YCJIOBIIei\1 ,n;Jia: 
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a. OpTOI'OllaJihHOCTII 3TIIX BCKTOpOBj 

6. cy.rn;ecTBOBanna CB060,ll,HhiX OT C,lJ,BHra II paciiiiipenna TeqeHHfi B rTKK

CM, 

II TeM caMhiM, ,LJ;aHO HOBOe ¢H3H'leCKOe TOJIKOBaHHe 11HeJIOKaJihHhiX 11 II 11 JID

KaJihHhiX11 rpamiTaiJ,IIOHHhiX TeOpliX -· IIOCJie,LJ;HIIe aBJI}llOTC}l TC, ,ll,Jl}l KOTOphiX 

BhiiiOJIHeHhi YCJIOBua a. If 6. 

1.4 TeopeTHqecKa51 H rrpaKTHqecKa51 3HaqHMOCTh 

Pa3BIIThiU MaTeMaTII'lecKHu rro,n;xo,n; na ocnoBe rrpiiMeHeHIIa arrriapaTa aJire6-

paH'IecKou reoMeTpnH (rrapaMeTpii3'li.u,Ha c ¢YHKIJ,neu BeuepniTpacca) OTKphr

BaeT HOBhre rrepcneKTIIBhi ,D,Jia HaxmK,n;eHna HOBhiX perneHnfi ypaBHeHnil: 9il:n

mTeil:Ha. 9Ta 3a,n;a•ra oco6eHno aKTyaJihna ,n;Jia KOCMOJiorH'!ccKIIX McTpnK TIIrra 

<Ppu,n;MaHa- Po6epTCOHa- YoKepa- paHee pa3Hhre a~TOphr (M. Dabrowski, J. 

Stelmach, R. Coquereaux, A. Grossmann , J. Garecki, Th. Stachowiak) naxo

,n;HJIII pemenHa B TepMHHaX 3JIJIHITTH'leCKIIX ¢yHKIJ,ufi, HO He na OCHOBe pa3-

rpaHII'leHIIR MeJK,n;y KOBapHaHTIIhiMU H KOHTpaBa~HaHTIIbiMH MeTpH'ICCKIIMH 

KOMIIOHeHTaMH, a B paMKax CTaH,n;apTHOil: 9il:HIIITeil:HOBCKOU TeOpiiii rpaBHTa-

IJ,IIII. 

Hau,n;ennbre cooTnomenua B ¢op.Me nepaBencTB 6biJiu 6hr rroJie3HhiMn ,n;Jia 

6y,D,y.rn;HX aKcrrepii.MenTOB na LHC (BoJibmofr A,n;ponnhru KoJIJiau,n;ep), ecmr 6y: 

,D,yT YTO'IHCHhi rrapa.MeTphr B cTpynno.M ,n;eucTBHH (aJieKTpoMarHIITnaa u cTpyn

naa KOHCTaHTa cBa3u, cTpynnaa IIIKaJia, 4-Mepnaa IlJiaHKOBCKaa KOHCTaHTa). 

Tor,n;a BhiiiOJinenue nau,n;eHHhiX B ,n;uccepTall,HH Hepa.BencTB 6y,n;eT 03na:.mTh, 

'ITO MeTpnKa rrpocTpaHCTBa - Bpe.Menu 6y,n;eT c noJIO)KffTeJihnou KPHBH3nou 

(T.e. KBa,n;paT ,ll;JlllHbi IIOJI02KIITCJibHbiU). B TO )Ke C~MOe BpeMR, rro,n;xo,n; M02KCT 

6hiTb IIpHMeHeH K rpaBIIT~HOHHbiM TeOpHaM,~60JI~C TCCHO CBR3aHHhie C rpa

BHTai~IIOHHbiMII aKcrrepiiMenTa.MH - narrpn.Mep, K T. II. "IIocT - HhiOTOIIOBCKOM . .. - . .~ 
¢opMaJIH3Me 11 B Teopnn rpaniiTall,IIH. 

Honoe p~JIOJKeniie ,ll,JIR TCH30pa ,n;e¢opMaiJ,IIH II HOBOC onpe,n;eJierme rre

penoca <PepMn - YoKepa MoryT HauTn rrpiiMenenne rrpu pa3pa6oTKe HOBhiX 

Mo,n;eJieu B Teopuu PeJiaTHBIICTCKI~ CIIcTeM 0Tc'leTa na ¢one HCKpiiBJieirno

ro IIpOCTpaHCTBa - BpeMeHH, KOI',D,a Ha,lJ,O Y'IIIThiBaTh acpcpeKTbi OTHOCIITeJ!h-
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uoro ycKopenna. TaiOKe, 3TH 3cpcpeKThi na.n,o yqnThiBaTb n npn pacnpocTpa

ue.HIDI CBeTOBOrO nyqa B CIIJibHbiX rpaBIITaiillOHHblX IlOJIHX (BOKpyr qepUbiX 

,lJ,bip, Heii:TpOHHhiX 3ne3.n,) nnn npn oqenh npeiJ,n3nonnhiX 3cpcpeKTax rpannTa

IJ,liOHHOro noJIH npn pacnpocTpanennn Jia3epnoro nyqa n npocTpancrne Me)K,Ily 

3el\1Jlell II Jlynoii:, KOTOpbie oqenb CyiiJ,eCTBeHHbi )J,JIH Jia3epnoii: JIOKaiJ,IIII Jlynhi 

(Lunar Laser Ranging). 

1.5 . ,LI;oCTOBepHOCTb pe3yJibTaTOB 

MeTO,ll;bi anre6paii'IeCKOii: reoMeTpnn B Teopnn rpannTaiJ,nn ocnonanbr na TO'I

HbiX·MaTeMaTII'IeCKH.X MeTo,n;ax, a He Ha Ilpii6JIIDKeHHblX 1\IeTO,lJ;ax. 11cnOJib3Y

eMoe B 3TOM no.n,xo,n;e npe.n,cTaBJienne ,n;mi KOHTpanapnaHTHbiX 1\IeTpii'IeCKH.X 

KOMilOHeHT TaKH.X KaK gik = dXidXk II BBe.n,ennaa na 3TOH OCHOBe aHII30Tpon

HaR IliKaJia pacCTORHIIH gijdXi dXk = lf RBJIHIOTCR e~TeCTBeHHbiM o6o6IIJ,eHIIeM 

IlOHRTIIR 0 MeTpnKe ds2 = l = gijdXidXi , KOTopyiO MO:lKHO HHTepnpeTnpo

BaTh KaK-II30Tp0IlHYIO IliKaJiy paCCTORHllll. 

MaTeMaTII'IeCKHe Bbipa:lKenna .n,na nepenoca <I>epMH- YoKepa u .n,na pa3JI0-

2Kenna TeH30pa ,n;ecpopMaiJ,IIII RBJIHIOTCR pe3yJibTaTOM TO'IHbiX anaJIIITII'IeCKIIX 

Bblpa:lKCim:ii. 

1.6 Anpo6au;Ha pa6oTbi 

Pe3ynhTaTbi,lJ;HccepTall,IIn .n,oKna,n;hrnannch n o6cy)K)J.aJIIICh na ceMnnapax JIT<I> 

- OH.Hii (,II,y6na) (2005, 2008, 2010, 2012, 2013 r. ), ua ceMnnape oT,n;ena Teo-. ' . 

peTnqecKo:ii n MaTeMaTn'IecKoii <l>n3IIKH 11ucTnTyTa 5I,n;epnhlx 11ccne.n,onaunii 

II 5I,n;ep~oii: 9nepreTIIKII (115I115IE) Bonr~pcKOii: AKa,n;eMIIII HayK (BAH) (2005 

r.) , na ceMIInape IIM. A6paMa Jleonii)J,OBII'Ia 3enbManona B focy.n,apcTnennoM 

AcTponm.ill'IeCKOM 11ncTnTyTe nM. llhepn6epra (fA11III) (2012 r.), na cel\m

n.ape K~cpe.n,phi TeopeTII'IeCK~ii: cpii3IIKII PocciiiicKoro YniinepcnTeTa ,Il,py2K6hr 

Hapo,n;on (PY,II,H) (2013 r.) r. MocKBa, a TaK)Ke n na cne,n;yiOIIJ,H.X Koncpepen

IJ,Irnx: 

• IX Me)K,IJ,ynapo.n,Hhi:ii ceMnnap "fpaniiTall,IIonnaa 9neprnB II rpaniiTa

ll,IIOHHhie BOJIHbl ,lJ,y6na, 8-12 ,lJ,eKa6p}l 1996 r. 
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• 5th International Workshop on Complex Structures and Vector Fields, 

St. Konstantin, Bulgaria, 3-9 September 2000. 

• First Advanced Workshop on Gravity, Astrophysics, and Strings at the 

. Black Sea (GASES 2002), Kiten, Bulgaria, 10-16 Jun 2002. 

• International Seminar on Non- Euclidean (Lobachevsky) Geometry, 26-

30 February, 2004, JINR, Dubna, dedicated to the 75th Anniversary of 

Prof. N.A. Chernikov. 

• Poccii:iicKaa IliKOJia-ceMHHap no conpeMeHHhiM npo6neMaM rpannTaiJ,HH 

II KOCMOJIOriiii, 5IJib'IIIK-Ka3aH•h, PoccnH, 10-15 CeHTR6pa, 2007. 

• Me)K,n;ynapo,n;naa KoncpepeHIJ,IIH "1136pannhie npo6neMhi conpeMennoii: 

TeopeTII'leCKOll cpii3IIKII 11 (23-27 IIIOHb 2008 r., JIT<f>, 0115!11, ,lJ,y6na), 

nocneiiJ,ennhiii 100-neTniO co ,n;n51 po)K,n;enna ,II,. 11. Bnoxnm~ena (1908-

2008). 

• APCTP-BLTP JINR Joint Workshop on Frontiers in Black Hole Physics 

in Dubna, JINR and APCTP (Acian Pacific Center for Theoretical 

Physics), Dubna, Russia, May 2009. 

• II Poccn:iicKaa IliKOJia no rpamiTaiJ,IIII II KOCMonoriin. Me)K,n;ynapo)J.Hbi:ii 

CeMIIHap no COBpeMCHHbiM npo6JICMaM TeOpiiii rpamiTall,IIII II KOCMQ

JIOriiii; 24-29 anrycTa· 2009 r., Poccii:iicKoe rpaBIITaJIIIOHnoe o6IIJ,eCTBO, 

Ka3anb-5IJih'IIIK, Poccn51. 

• The Grassmannian Conference · in Fundamental Cosmology 

(Grasscosmofun'09), University of Szczecin .:._ celebration of Hermann . . 
Gunther Grassmann birth bicentennial anniversary, Szczecin, Poland 

(13-21 September 2009). 

• PoccniicKIIii Cel\tnnap "Henuneilnble nonn n pennTIIBIICTKaR cTaTIICTIIKa 

n Teopnn rpanl!TaiJ,IHI II KOCMonornn" , 6- 10 CenTB6pa 2010 r., Ka3aHh-

5IJih'IIIK. 
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1.7 Ily6JIMKaD;lHI 

ITo MaTepmwaM ,n;HccepTaiJ,HH ony6nHKonaHo 7 pa6c>T n pecpepepHpyeMhiX 2Kyp

Hanax, II3 HHX 5 pa6oT B 3ana,n;HhiX 2KypHanax (II3 cnHcKa BAK): Journal 

of Mathematical Physics, General Relativity and Gravitation, 

International Journal of Geometric Methods in Modern Physics, 

Classical and Quantum Gravity, Annalen der Physik (Berlin); TaK2Ke 

II3 3THX 7 pa60T 2 Ony6JIHKOBaHHbie B pecpepHpJCMhiX 2KJpHaJiaX (BHC CIIHCKa 

BAK-a): Aerospace Research in Bulgaria. HtmiOTC.H TaK2Ke 6 ny6nHKaiJ,Hii 

B c6opHHKax KOHcpepeHIJ;IDi. 

KoJIH'ICCTBO ony6nHKOBaHHhiX cTpaHHIJ; B 2KJpHanax II3 cnncKa BAK - 93, 

no ncex pecpepiipyeMhiX 2KYPHaJiax (113 cniicKa H BHe cnncKa BAK)- 108, B 

Tpy,n;ax KOHcpepCHIJ;HH - 53. 

1.8 06beM M CTPYKTypa ,IJ;MCcepTan;MM 

,lJ;HCCepTaiJ;H.H COCTOHT H3 BBC,ll;CHH.H, II.HTH rJiaB, 3aKJIIO'ICllll.H . IlOJIIIhiH 06'b

CM ,ll;IICCepTau;HII - 175 CTpaHHu; r-miiiHHOIIIICHoro TeKCTa. CrrHCOK JIIITepaTyphi 

CO,LJ;Cp2KHT OOJiee 'ICM 100 HaHMCHOBaHHH. 

2 Co,n;epLKaHHe pa6oThi 

Bo BBe,n;eHHH rrpHBO,ll;HTC.H KpaTKHii o63op HMeHHO Tex cpii3II'ICCKIIX TeopHii, 

,ll;aJibHCHIDee pa3BHTHC KOTOpbiX (110 JIH'IHOMJ y6e)K,ll;CHIIIO aBTOpa 3TOI'O ,ll;HC

CepTaiJ;'IHOHHOI'O Tpy,n;a) M02KCT IIOTpe6onaTh 1IpHMCHCHII.H pa3BIITbiX B )l,IIC

cepTaiJ;HH MaTeMaTH'ICCKHX MCTO,ll;OB anre6paH'ICCKOH I'COMCTpHII H cpii3II'Ie

CKHX MCTO,ll;OB, CB.H3aHHbiX C HOBhiM pa3JI02KCHHCM ,ll;Jl.H TCH30pa ,n;ecpopMaiJ;HH B 

rTKKCM II c HOBbiM orrpe.n;eneHHCM ,ll;JI.H rrepeHoca CI>epMH- YoKepa Ha OCHOBe 

coxpaHeHHa ,LJ;JIIIH II yrnon. 9TIIMII cPH3II'IeCKIIMII TeopH.HMII .HBJI.HIOTca: Pena

THBIICTKIIe CncTeMbi 0Tc'IeTa, peJI.HTIIBHCTKa.H acTpoMeTpH.H, TeopH.H Jla3ep

HOii JloKau;mi JlYHhl (Lunar Laser Ranging). Bo nne,n;eHnn TaK2Ke co.n;ep2KnTca 

KpaTKOe onncaHne Ka)K,ll;Oii rnaBhi .n;nccepTaiJ,HII. 

B rrepBoii rJiaBe c nanMenonanneM "MeTO,lJ;hi aJire6paH"'ecKoii reo

MeTpHH B TeOpHH rpaBHTau;HH 11
, OCHOBaHHa.H na orry6JIIIKOBaHHbiX pa6o-
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Tax [1], [2] II [3], IlpC,ll;CTaBJICIIbi OCHOBHhiC ypaBHCIIII.H, KOTOpbiC 6y,D,JT pac

CMaTpHBaTbC.H B paMKax HOBOI'O, pa3BIITOI'O B ,lJ;HCCCpTaiJ;IIOHHOM Tpy,n;e IIO,ll;XQ

,LJ;a anre6panqecKoii reoMeTpiiii B Teopnii rpamiTau;nii. OcHony 3Toro no.n;xo.n;a 

cocTaBJI.HIOT T.H. 'TpaBIITaiJ,HOHHhre Teopnn c KonapnaHTHhlMII n KoHTpana

pnanTIIhiMII Cmr3nocT.HMII II MeTpiiKatm 11 (rTKKCM), n KOTOphiX .n;enaeTca 

pa3rpaHII'ICHHC MC2K,D,y KOBapiiaH"FHhiMII II KOHTpanapiiaHTHhiMII K01illOHCHTa

MII MCTPII'ICCKOI'O TCH30pa. C MaTC11aTII"'CCKOH TO"'KH 3pCHII.H, 3TO orrpaB,LJ;aiiO, 

TaK KaK 6a3HCHhiC BCKTOpa TaHI'CHIJ;HaJibHOI'O II KOTai!I'CHIJ;H8w'IbHOI'O pacCJIQ

CHII.H tmoroo6pa3IIH MoryT 6biTb 3a,ll;aBhi BIIOJIHe He3aBIICIIMO ( CM. Ko6aacn:, 

HoMn3y, I T.). B ,ll;IIccepTau;n:II KOHTpanapnaHTHbre MeTpnqecKne KOMIIOHeHThi 

6hiJIII Bhi6paHhl B cpopMe 

gii = dXidXi (2) 

KoTopaa npe.n;rronaraeT, 'ITO Ha n-MepHoM MHoroo6pa3n:n 3a,LJ;aHbi .n;ne cn:

cTeMhl KOOp,LJ;IIHaT (,n;ne pa3HhiX pa36IICHII.H Ha KapThi) (x1 , x 2 , ..... , xn) II 

Xi = Xi ( x 1 , x 2 , x 3 ... , xn). Ho B03M02KeH n .n;pyroii cnyqaii, Kor.n;a 3TH .n;ne 

CIICTCMbi KOOp,ll;IIIIaT 3a,LJ;aJibi Ha ,ll;BJX 1IIIOI'006pa3H.HX - 3Ta MaTeMaTII'ICCKaa 

KoncTpyKIJ;H.H (eM. H3BCCTHhlii Kypc A. C. Mmu;enKo, A. T. CI>oMCHKO) 6y,n;eT 

HMCTb II cpH3H'ICCKOe COOTBCTCTBIIC - 3TO 6y.n;yT KOOp,ll;IIHaTbi COOTBCTCTBCII

HO Bapiiu;enTpii'ICCKOii II reou;enTpii'ICCKOH PCO. B JII060M cnyqae, H3BCCTHa.H 

cpopMyna 

dxJ.L( 1 2 n) _ ~ 8XJ.Ld a 
X 'X •.•. 'X - D 8xn X 

a=l 

3a,D,aeT rJia,LJ;KOe OT06pa2KCHIIC MC2K,D,y KaCaTCJihHbiMII BCKTOpaMII dXJ.L II dxa 

B COOTBCTHbiX KaCaTeJibHbiX IIpOCTpaHCTBax (pacc.JtoeHII.HX). Ilo3TOMJ, CJIIIC

CTBCHIIO no,n;qepKHJTh, 'ITO a;rn neKTOpa HE 5!BJI.HIOC5! 6ccKOHe'Ino MaJieHbKII

Mn. CnepTKa KOBapiiaHTHbiX KOMIIOHCHTOB (.~ane~ OHH 6y.n;yT IIpC,ll;IIOJiaraTbC5! 

3a,LJ;aHHbiMn) C KOIITpanapiiaiiTHbiMII, 11 TIIJI,LJ;a 11 MCTp~I'ICCKHMH KOMIIOHCHTaMII 

9ijdX1dXk = lf = 9ij?fjk' 6y,n;eT orrpe.n;enaTh T.H .. ('IeTbipexMepHyro) 11 aHH3o

TporrHyro IDKaJIY pacCT05lllliH (,n;nnn) 11 KOTOpaa 5IBJI5!CTC5! CCTCCTBCHHbiM o6o6-

IIICHIICM 11H30Tp01IHOH illKaJibl paCCT05IHIIi1 11 
- 11eTpnKa IlpOCTpaHCTBO- BpeMe

HII, TaK KaK npn i = k nonyqaeTc» ds 2 = l = 9ijdXidXi. IloHRTIIe "ann3o

Tponnaa mKana paccToRHni1 11 nnepnhre 6biJIO nne.n;eno B pa6oTax [2], [14] II B 

3TOI'i ,n;IIccepTau;rm. 
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,l];a.nee, na OCHOBe HaJIO:tKCHHOrO ycJIOBIUI )J,JI51 paBCIICTBa rpaBIITaJIUOH

HOrO JlarpaiDKnana B 11THJI)J,a 11 npe)J,CTaBJICHIIH ·u 06bl'IHOM rpaBHTaiJ;HOHHOM 

Jlarpan:tKnane (npu ycnoBHB TaiOKc coxpanmum Ten3opa Puqqn) BhiBe,D,eno oc

HOBnoe ypaBHCHIIC, KOTOpoe )J,aJICC 6y,D,CT pemaTC51 OTHOCHTCJibHO nepeMCHHhiX 

dXi 

d id id k rr R d id i 0 X X X p j(i9k)r - ij X X = (A) 

YpaBneniie (A) naniicano npn npe,D,TIOJio:tKennn d2Xi = 0 II B )J,IIccepTau;nii 
,.S 

II B pa6oTe [1] ono Ha3Bano "Ky6nqecKnM a.rrre6pruPieCKHM ypannenneM 

perrapaMeTpn3an;noHHoii HHBapnaHTHOCTH rpaBnTan;noHHoro Jiarpan

)l<:naHa" (KAYPHT JI). 

0,D,HaKO, OKa3biBaCTCR 11 aHH30TpOTIHaa lliKaJia paCCTORHIIfi 11 MO:tKCT 6biTb 

BBC)J,CHa HC cornaCOBaHHOfi C MCTpHKofi, T.e. gik =/= dXidXk. C 3TliM CB51-

3aHO KOHKpCTHOC cPII3li'lCCKOC TipiiMCHCHIIC, KOTOpoe B 3TOH rJiaBe Haii)J,eHO 

)J,JI51 T. H. rpaBHTaiJ;HOHHbiX TeOpHH C ,lJ;OTIOJIHHTeJibHbiMH H3MepeHH

BMH npocTpaHCTBa-npeMeHn. B aTnx TeopnBx, KOTOpbie c 1998 r. pa3pa6a

Th!BaJIIICb TaKIIMH aBTOpaMH KaK rna ,ll;BaJIH (G. Dvali), 11. AnTOHIIa)J,IIC011 (I. 

Antoniadis) u ,D,p., ,D,eficTBne )J,Jia nn3KoalrepreTII'leCKofi cTpynnoii Teopnn (TIIII 

. I) 3a)J,aeTcB B 10 - MepnoM npocTpanCTBe 

10 ms ms 2 J ( 8 1 6 ) 
S= d X (27r)1A.2R+4(27r)1A.F + ... = j d4xV6 = (: ..... ) (3) 

II TIOCJIC 3TOrO npOCTpaHCTBO KOMTiaKTIIcPIIIJ;IIpycTCR )1,0 4-ex II3MCpCHIIll 

f 4 ( 2 1 1 2) = dx Mc4lR+ 49~F 

Ilocne cpaBnenna ('IHCJIOBbiX) Koacl>cl>nu;neHTOB nepe.u; R n F 2 B no.n;

Xo)J,e G. Dvali II I. Antoniadis noJiy'laiOTCR cooTnomenna Me)K)J,Y napaMeTpaMn 

B CTPYHHOM )J,CHCTBIIH. 

B uacToaru;eii )J,nccepTau;un, 3TOT no)J,XO,ll, MO,li,HcPIIll,IIpoBan nyTcM BBe

)J,euua )J,OTIOJIHIITCJibuoii onepau;IIII "nepeMacmTa6nponannB", cornac

no CJIC)J,yiOliJ;CrO nepeonpC)J,CJICIIII51 KOHTpaBapiiaHTHbiX TIIJI)J,a KOMIIOHCHT 

gij = gik[{(t,x) = gik[(t,x)t5f.(x), npii KOTOpOM BBO)J,IITCR H30TpOTIHaSI lllKa

Jia paccTOBHHH l(t, x) . Ho TaK KaK nepeMaciiTTa6upoBaniie MO:tKCT npon30HTII 
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) 
) 

) 
) 

)1,0 KOMIIaKTIIcPIIKaiJ;IIII II ITOCJIC Km.maKTIIcPIIKaJIIIII, TO CJIC)J,y51 ITO)J,XO)J,y ,[I;Ba

JIII, AnTOHIIa)J,IIC II ,ll;u~mrronyc ·II cpaBHIIBaa Koac:Pq}nu;neHTHbie BbipruKe

HHB nepe,D, R II F 2, )J,JIB Ka)K)J,oro cnyqaa "KOMTiaKTHcPHKan;nB + ne

peMacmTa6nponanne" u "nepeMacmTa6nponanne + KOMIIaK"rncl>nKa

n;nB 11 TIOJIY'laiOTCR KBa3IIJIIIHCHHblC ypaBUCHIIR B '!aCTHbiX npOII3BO)J,IIbiX ( OT

HOCIITCJibHO cPYHKIJ;IIII )J,JIIIHbi [ ( t, q;)) II anre6pall'ICCKOC COOTHOlliCHIIC .. EcJIH 

KOMIIaKTIIcPIIKaiJ;Illl II nepe:~omcmTa6upoBaiiHC npOHCXO)J,RT O,lJ;HOBpeMeHHO, TO 

OT o6onx KBa3UJIIIHCllHbiX ypaBHCHIIll MO:tKHO HallTII CJIC)J,yiOru;IIC nepaBCHCTBa 

MC)K)J,Y napaMcTpaMII B CTpynHOM ,IJ;CHCTBIIH 

2 b
2 

a
3 ~2 a

3 
[a1 + 6a a1 V ] 3 

p = - + - - b - + - > + - a2 + 12a 
2 27 2 27 18 18 1 (I) 

IIJIII 

2 b
2 

a
3 ~2 a

3 
[a1 + 6a a1 V 2 ] 

3 

p = - + - - b - + - < - - a 1 + 12a 
2 27 2 27 18 18 

(II) 

IIpnMe'!aTeJibHO n o'!eHb cyiiJ;eCTBeHHO To, 'ITO B aTnx,HepaneHCTBax 

cpyHKIJ;HSI ,z::t;JIHHbl ne yqaCTByeT, II03TOMY OHH crrpane,z::t;JIHBhie H ,z::t;JIB 

cTanp;apTnoro rrop;xop;a ,LI;na.rrn, AHTonnap;nca n ,il;nMorryJiyca • 

Bo BTopoii rJiane c ~anMenosauneM "9JIJIHTITH'leCKne KpHBbie n KY-

6nqecKne a.rrre6panqecKne ypanneHHB - H3BeCTHbie cl>aKTbi n HOBbie 

pe3yJibTaTbi 11
, OCHOBaHHOll Ha ouy6JIHKOBaHHbiX pa60Tax [1],[2], npe)J,CTaBJICH 

HOBblll MaTeMaTII'lCCKIDI cP?PMaJIII3M )J,JIR HaXO)K)J,CHIIR pemennfi BbiBC)J,CHHOrO 

B rnase I Ky6nqecKoro anre6paii'lCCKoro ypaBHCHHR (A) KAYPMTJI B Tep

~mnax annnnTII'lCCKofi ¢ynKll,HII BefiepmTpacca (9'<PB) n e; npon3BO)J,HOfi. 

cho Ha f!3biKC aJire6paH'lCCKQll reOMCTpHn 03HaqaeT, 'ITO )J,aHHOC ypaBHCHliC 

(A) 6y,D,eT napaMeTpli3HpOBano c 9ci>B 

. 1 [ 1 1 ] 
p(z) = z2 + L (z- w)2 ~ '12 

w . 

(1) 

n ee npou3BO)J,HOfi. HanoMHHM, 'ITO 9<DB onpe,D,enena na KOMITJieKcnoii nnoc

KOCTII (cyMMnposannc no seeM _nepno,D,aM na )J,By~mpnoii pemeTKe), TaK 'ITO 

"rrapaMeTpH3aiJ;HB 11 o3naqaeT BBC)J,enne ,D,o6asoqnofi KOMTIJICKCHoii nepe.Men

nofi. 

17 



OcnoBIIrui IIpo6Jiel\ra B .n;amroM CJIY'Iae cocTonT B ToM, qT0 ypanHenne (A) 

~IBmiCTC}I MHOrOKOMIIOHeHTHbiM (T.e. ,lJ;JISI MHOrMX rrepeMeHHbiX) a.nre6-

pa~eCKHM ypaBHenneM, a cTan.n;apTHaa rrpou;e.n;ypa .n;na rrapaMeTpH3au;nn B 

a.nre6panqecKoii: reoMeTpnn (eM. MOHorpa¢mo B. B. IlpacoJIOBa. IO. II. Co

.,'10BbeBa, 8JIJIIIIITnqecKne ¢ynKu;nn n a.nre6panqccKne ypamrennR, MocKBa, 

11 clJaKTOpHaJI 11 
, 1997 r., 286 CTp.) pa3pa60TaHa )l;JI5I ,ll;ByMepHbiX KyfiMqe

CKMX anre6p~ecKIIX ypamrennii: TIIrra 

• .J 

2 4 3 y = X - 92X - 93 , (1) 

KOTOpOe IIapaMeTpH3IIpyeTC5I KaK X = p(z) , y = p' (z) . il03TOMy, B )l;HC

cepTaiJ;UH pa3pa6oTaH HOBhiii: MaTeMaTnqccKnii: no,n;xo,n; ,n;JIR napaMeTpH3arwn 

MHOrOKOMIIOHCHTHbiX a.nre6panqecKUX ypaBHCHHii: TIIIIa A, KOTOpbiii: OCHOBaH 

na cne.n;yiOn~nx qeTbrpex marax: 

.illar 1: YpaBHCHHC (A) 3aiiHCbiBaeTC5I KaK Ky6nqecKoe OTHOCHTCJibHO 0,11;

IIOii: 113 nepeMCUHbiX, II 110 OTIIOmCIIIIII 3TOfi nepeMCIIIIOfi IIpiiMCII}ICTC5I ~po6H0-
-3 

JIMHeHHrui TpaHc<JlopMaiJ;MSI dX3 = a 3 (z)dX +b3 (z) (,n;JI5I y,n;o6CTBa paCCMaT
c3(z)dX +dg(z) 

JliiBaeTcR TpexMepnbrii: cnyqaii:). Ilocne 3aHyneurm BbipiDKeHIIR rrepe.n; Bbrcmcii: 
-3 

(TpeTbeii:) cTerrenbiO dX nonyqaeTCR a.nre6paiiqecKoe ypaBHeHne, 3aBIIcmu;ee 

OT ,ll;BYX UepeMCHHbiX (OliO ¢aKTnqecKH }IBJI5ICTC5I YCJIOBMeM ~JISI rrapaMeT

pM3aiJ;MM rrepBOHaqaJibHOrO ypaBHeHMSI) 

pr~(a9!3)rdX'1 dX 0 dX13 + K~~ dX0 dX13 + Ki2) dXa + 2p ( ~:) 
3 

r~393r = 0 , 

(B) 

a rrepBOHaqaJibHOe ypaBHeHMe 3aiiHCbiBaCTC5I B ¢opMe 

n2 = Pr(n) m 3 + P2(n) m 2 + P3(n) m + P4(n) , (C) 

r,n;e p 1 (n) , p 2 (n), p 3 (n) II p 4 (n) }IBJI5IIOTCa CJIQ)KHbiMII Ky6nqecKHMII IIOJIH

HOMal\UI. 

liiar 2. Ecnn 3TII K03¢¢IIu;IIeHTHbie ¢ynKu;nn 5IBJI5IIOTC5I paBHbi

Mn qiicJIOBbiMn Ko3¢¢nu;ncnTaMn 4, 0, -g2, -g3 , TO Tor.n;a ypamremre 
-2 3 - ' d n = 4m - g2m- g3 M02KHO napaMeTpii30BaTb KaK n = p (z) = ¥z , ~ = 
m = p(z). 
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illar 3 (rrapaMeTpM3aiJ;MSI BJIO)KeHHOH IIOCJie~oBaTeJibHOCTM aJirefi

paMqeCKMX ypaaHeHIIii). TaK KaK rr'epeMelllibre B ypaBHeHHH (B) Ha O.n;HY 
. . 

MCHbiiiC ITO cpaBHCHIIIO C rrepBOHaqaJibHbiM ypaBIICHIICM (A),TO CJIC,II;yiO~ii: 

mar CB5I3aH C napaMeTpii3au;neii: ypaBHCHII5I (B), IIpiiMCH}I5I Bbime OIIIICamibiii: 

a.nropnTM liiara 2. B pe3yJibTaTe, Ha Ka2K.n;OM cne.n;yiO~eM mare rrapaMeTpn-
. . . ' 

3au;nn IIOJiyqaiOTC5I ypaBHCHIIa TIIIIC: (B) II (C) - 3TO II 6y,n;eT Ta IJ;CIIOqK:a ypaB-

HCIIIIfi, KOTOpaa B )l;IICCCpTaiJ;IIII Ha3Baua 11 BJIO)KeUHOH u;errO'IKOH KyfiMqe

CKMX aJirefipaM'IeCKMX ypaBHeHMH 11 .8Ta u;enoqKa ypaBHCUIIii: o6Jia,n;aeT 

IICKJIIO'IMTCJibHO IIHTepeCHbiM CBOii:CTBOM - CCJIII pemeHIIC ,n;mi dX1 3a,n;aeTCa 

Haii:,n;eHHOrO B ,n;IICCepTau;nn II B pa6oTe [2] Bblpa2KCHIICM 

dXI = -;}t;p(z)p' (zh/ Frp2 + F2p(z) + K~2) + frp3 + hP2 + fap + /4 

kp' (z)V Frp2(z) + F2p(z) + Ki2
) + grp2(z) + g2p(z) + g3 

TO pemeHIIe .n;na dX2 annaeTca "o6aepTbiBaroiiJ;eii" (T.e. 3aBnca~eii oT dX 1 

), a pemeurre .n;na dX3 - "o6aepTbiBaiOIIJ;eii" ,n;Jia dX2. 

liiar 4 (yHM<JlopMM3a~IISI). TaK KaK Haii,n;eHHbie pemenna .n;na dXl, dX2 

II dX3 (l = 1, 2, 3) 

dX1(X 1
, X 2

, X 3
) = Fl(9ii(X), rt(X), p(z), p' (z)) = F1(X, z) 

3aBIICaT OT IIpOCTpaHCTBCHO-BpCMCHHbiX KOOp)l;IIHaT II OT KOMIIJICKCUOH rrepe-
., . ' ' :' 

MenHoii z, TO 3TII pemeHIIa annaiOTCa rrapaMeTpM3aiJ;MOHHhiMM. Terrepb, 

CCJIII KOOp,ll;IIHaTbi 3aBIICaT II OT KOMIIJICKCHOH rrepeMCUHOH Z ITO ¢opMyJie 

X 1 = X 1(x 1(z),x2 (z),x3(z)) = X 1(x, z) ' 3TH pemeurrn 6y.n;yT TaK2Ke II 

yHH<l>OpMM3aiJ;MOHHhiMM. B • 3TOii: rJiane ~OKa3ano, KaK M02KIIO nx Haii:TII. 

YqnTbJBaa nepBOHaqaJibHOe ycJIOBIIe d2 X 1 = 0 = dFt(X(z), z) ' IIOCJIC peme-
... , 1 

UIIR CIICTCMbi HerOMOrCHHbiX aJirC6paiiqCCKIIX ypamieH~fl OTHOCHTCJibHO 8lfz , 
a:2 

II a;3 
, M02KHO HaRTH CIICTeMy II3 HemmeHHhiX ~M<JlcPepeHIJ;MaJih-

z z l ' • 

HhiX ypaBHeHMii nepBoro rropa,n;Ka 8lfz = G1 (%fi) = G1 (Xl,X2,X3,z) , 
pemeHH}I KOTOpOH 6y.n;yTb ,n;aBaTb 3aBIICIIMOCTb IlpOCTpaHCTBCHHG-BpCMCHHbiX 

KOOp,n;IIHaT OT Z • 

B ,n;IIccepTau;IIII paccMaTpiiBaJIC5I n cnyqaii, Kor.n;a ¢ynKu;H5I Beii:epmTpac-
t • . . - . 

ca n ee npoH3BO,ll;Haa Jl:10rYT napaMeTpi130BaTb 6onee o6~ee ypaBHeurre 
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[/ (z)] 
2 

= 4p3(z)- g2(z)p(z)- g3(z) - ¢aKTHqecKH no "napaMeTpH3HpyeMa.H 

<!JopMa 11 Ky6HqecKoro aJITe6paHqeCKOrO ypaBHeHII.H, HO C K03¢¢IIIIHeHTHhiMH 

q)ymrn;H.HMH BMeCTO qHCJIOBhiX Koa¢¢mVfeHTOB (HHBapHaHThl 8ibeHIIITeH

Ha). YpaBHeHIIe TaKOBa TIIIIa B MaTeMaTHqecKOH JIHTeparype IIOKa He HCCJie,n;o

BimO. I13 rroJiyqeuuoil u;eno~ ypaBHermii: )l;JI.H Koa¢¢IIIVIeHTOB JlopaHoBcKo

ro pa3JIO:;.KeHH.H 3TIIX ¢YHKIIIIH Haii:,n;eHhl Bee Koa¢¢HIIHeHThl II )l;OKa3aHO, qTo 

cy~tMhl G1 =I:.!. II G2 =I:~ ,n;oJI:;.KHhi 6hiTh cxo,D,.HIII;HMHC.H. 9ToT pe3yJih-w w . w w . 
TaT He IIpOTHBOpeqlfT ll3BeCTHOII Teopeite II3 TeOpiiii 3JIJilliiTIIqecKHX KpiiBhlX 

(8. KHarrrr, 8JIJIIInTIIqecKIIe KpiiBhie, 2004) o paBHOMepHoii cxo,D,HMOCTH 

p.a,n;oB Tnna Gm = I: w~ rrpii m 2: 3, TaK KaK 3Ta Teopel\ta He 03Ha~a-
w 

eT, ~To ncer,D,a p.s,lJ,hi rrp:n: m = 1, 2 ,li,OJDKHhi 6biTh pacxo,D,.HIII;HMHC.H. B 

qacTHOCTII, )l;OKa3aTeJihCTBO )l;JI.H CXO)l;IIMOCTII 6hiJIO npiiBe)l;eHO B pa6oTe B 3JieK

TpOHHOM apxnne [20]. Mo)KHO TaK:;.Ke rrpnBeCTII ,n;onoJIHIITeJihHhie apryMeHThi 

II3 MOHorpa¢nn KHanna II II3 l\10Horpa¢nn ToMa AnocTOJia no Teopnn qnceJI 

(T. Apostol, Introduction to Analytic Number Theory, Springer-Verlag, 1976). 
HarrpiiMep, Ha cTp. 315 B l\10Horpa¢Hu KHanna noKa3aHo, qTo ecJiii B cyMMe 

G(T) = I: I: 'rn~nr, r,n;e w = m + nT (T = ~ ), cyMMHponaa:n:e rrpOH3BO-
n m 

,li,HTh B yKa3aHHOM rrop.H,D,Ke, TO TOr,D,a nec'b p.s,D, cxo,D,HTC.H. BHyTpeHHa.a 

cyMMa 6epeTC.H no nceM m, TaKIIM, qTQ (m,n) =f=. (0,0). 

B TpeTheii: rJiane c HaiiMeHoBaHneM "TeopeT:n:'IecKue orpaau'!eHH.H B 

CTaH,LJ;apTHoii: rpaBuTau;uoHHoii: Teopuu ,D,eQ1opMupyeMhiX cpe,lJ,. IIpuH

u;urr 8KBHBaJieHTHOCTH B rrpOCTpaHCTBax C KpyqeHHeM li HeMeTpH'I· 

HOCThl0 11 He CO)l;ep:;.KaTC.H HOBbie pe3yJihTaThl, OHa HMCCT o63opHbiH XapaKTep. 

Ho_ B aToii: rJiaBe npe,n;cTaBJieH MaTepuaJI, 6e3 KOToporo 6y,n;eT HeB03MO:;.KHO 

ITOH.HTh HoBoe oiTpe,n;eJienne rrepcnoca <l>epMII - YoKepa, TaK KaK MaTepnaJI 3a

TpariiBaeT TCOpeTIIqeCKIIe pa3pa60TKH, B 06IIIeM He3HaKOMbie cneiJ;IIaJIHCTaM

rpaBIITaiiiiOHHCTaM. B rJiaBe npc,n;cTaBJieH o63op no aBTOnapaJIJieJihHOMY ypaB

Henmo - ero KaHOHIIqeCKIIH H HeKaHOHHqecKIIH BII)l;, H3 KOTOporo Bll,I\HO qTo 

TOJihKO rrpii oiTpe,n;eJieHIIOM Bhi6ope ITapaMeTpa 3TO ypanneHIIe CBO,ll;IITC.H K reo

,n;e3uqecKoMy ypaBneHIIIO. TaK)Ke rrpe,n;cTaBJieH o63op ITO TeopeTirqecKoMy ¢op

MaJIII3MY o BhiiiOJIHeHIIII II8 B ITpocTpaHcTnax c KpyqeHneM, HeMeTpii'IHOCThiO, 

paciiiiipeHIIeM u c,n;BIIroM, KOTopm1 pa3pa6oTaH 6oJirapcKIIM TeopeTIIKOM B. 
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J1JIIICBbiM. 3,n;ecb OCHOBHOH II HeTpiiBIIaJihHhlH MOMeHT COCTOIITC.H B TOM, qTo 

,n;JI.H BhiiTOJIHemrn II9 B TaKIIX Teopii.HX. 6y,n;eT Heo6xo.iV!Mo He 3aHyJieHne KO

a¢¢IIIIIICHTOB a¢¢mmoii: CB.H3HOCTII, a T.n. ,D,epunau;u.s. CaMo onpe,n;eJieHue 

S-,n;epiiBaiiiiii ,n;aBHO II3BecTHo II3 ,n;II¢¢epeHIJ,IIaJihHOfi reoMeTpnn ( Cl\1. Ko6a.a

cu, HoMu3y, I ToM) - S-,n;epiiBaiiH.H TeH3opnofi aJire6phi ua Mnoroo6pa3IIII !11. 

- 3TO oTo6pa:;.Kerme D.: X-+ Dx:= Lx + Sx, r,n;e X .HBJI.HeTc.a BeKTOpllhiM 

ITOJieM, Lx rrpoii3Bo,n;na.a Jln no HaiTpaBJieHnn X II Sx TeH3opHoe noJie Turra 

(1, 1), KOTopoe cqiiTaeTc.H TaK:;.Ke,n;epiiBaiiiiefi. YCJIOBIIe, KOTopoe 6y,n;eT ITOJiyqe

HO B ITOCJIC)l;Hefi rJiaBe )l;JI.H BhiiTOJIHCHII.H. rrepeHoCa <l>epMn-:YoKepa 6y,n;eT <!JaK-, 

TnqecKII yCJIOBIIeM )l;JI.H HyJieBofi ,n;epiiBaiiiiH. TaK:;.Ke, ,IJ;JI.H nepexo.n;a K CIICTeMe 

OTcqeTa, B KOTOpOfi ITp06Ha.H qaCTlli!~ He 6y,n;eT IICIIhiThiBaTh HIIKaKOrO ycKope7 

HH.H ( II3-3a rrpOCTpaHCTBeHHo-BpeMeHHOH KpiiBII3Hhl), ITpUMeH.HeTC.H 11 ,li,8Ql0p· 

Mau;H.H acpcPHHHOH CB.H3HOCTH 11 
- Ha CaMOl\1 )l;eJie 3TO TO:;.Ke ,n;epiiBaiiM.H ITO 

CBOefr MaTeMaTJiqecKOM CYIIIHOCTII 

V~ =Vu -Au (-1) 

r,n;e V~ .HBJI.HeTC.H paCIIIHpeHHhiM orrepaTOpOM KOBapuaHTHOro ,ll,liQlQl8-

peHIJ;HpOBaHH.H II Au .HBJI.HeTC.H, cMernaHIIhiM TeH3opoM TpeThero paura. 

B 3TOM rJiaBe npe,IJ;CTaBJICHbi. TaK:;.Ke HCKOTOpbiC CTaii,n;apTIIbie OITpe,n;eJie

HII.H ITepeHOCa <l>epMII - YoKepa, OCHOBaHHhie Ha II3BeCTHhlX MOHOrpa<IJII.HX (Ho

YKIIHr, 9JIJIIICj MeJIJiep). 

qeTnepTa.H rJiaBa "IlepTyp6aTHBHa.H Teop:n:.s rpanuTau;uu Ha uc-

KpHBJieHHOM QlOHOBOM IIpOCTpaHCTBe- HOBbie pe3yJihTaTbi 11 , OCHOBaHa 

Ha orry6JIHKOBaHHhiX B pe¢epupyeMhiX :;.KYPHaJiax (BHe crrucKa BAK-a) pa6o

Tax [6],[7] (TaK:;.Ke II [8]), II CO,IJ;Cp)KIIT HeKOTOpbie HCOCHOBHhie ,IJ;JI.H ,IJ;IICCepTaiiiill 

HOBbie pe3yJibTaTbi. 9Ta rJiaBa ITOCBCIIICHa HOBOMY. IICpTyp6aTIIBHOMY pa3JIO-

:;.KeHIIIO rpaBIITaiiiiOHHoro JiarpaH)KllaHa ,n;o BToporo. ITOp.H,IJ;Ka ITPH ITpe.n;rroJio-

)KCIIHII, 'ITO KOIITpaBapnaHTHhiC MeTpnqeCKIIe KOMIIO~eHTbl ¢JIYKTyail,IIOIIIIOrO 

( ITepTyp6aTIIBHOro) IIOJI.H OITpe,n;eJieHbi KaK 

gll-!3 = g(O)p.f3 - h"'f3 + h~ haf3 (-1) 

IJpii 3TOM OITpe,n;eJieHIIII KOHTpaBapiiaHTHhie MeTpii'ICCKIIC KOMITOHeHThl )l;JI.H 

IIOJIHOrO MeTpuqeCKOrO TeH30pa .HBJI.HIOTC.H o6paTHhiMII (T.e. 9p.pgpv = 8~) IIO 
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OTHOlliCIDIIO K KOBapMaUTIIhiM KOMIIOIIeiiTaM C TO'IIIOCThiO ,Il;O BTOporo IIOp.H,IJ;Ka. 

TaK KaK"pa3Jio:>Kenne B JIMTepaType .n;o cMx nop 6bmo ocym;ecTBJieuo TOJihKO 

IlpM CTaH,n;apTIIOM OllpC,I!;CJICHMM g!.LV = g(O)I.Lv - h!.LV, TO 3TO 11pMBC,IJ;CT K HCKQ

TOpbiM Mo,Il;M<PMK~.HM B 11epTyp6aTMBHOM pa3JIO:>Kemrn BToporo nop.H,n;Ka ,IJ;JI.H 

;eH3opaPm.mua 110 cpamrenMIO c pa6oTO:ii anTopa Bapue6n (Barneby, 1974 r.) 

B nsiTOM rJiaBe c naMMenosanMeM ."MeTprPiecKJI-A<P<PIIHHhie Teo

piiii rpaBIITaD;IIII (MATr) II rpaBIITaD;IIOHHbie Teopiiii c Kosa

piiauTHblMII II KonTpasapiiauTHhiMH MeTpiiKaMII II CssrsuocTSIMII 

(rTKKMC) - II3BeCTHbie <iJaKThl II HOBbie pesyJihTaTbi
11 

11pe,n;cTaBJICHhl 

coBMCCTHhie pe3yJihTaThi c npo<P. C. ManoBhiM, o11y6JIMKOBaHHhie B pa6oTax [4] 
M [5]. OcnoBHhie pe3yJihTaThi B 3TO:ii rJiaBe CB.H3aHhi c HOBhlM pa3JIO:>KeHMeM ,IJ;JI.H 

Temopa ,n;e<l>opMaiJ;MM B rTKKCM, a TaK:>Ke II c HOBhiM Ollpe,n;eJICHMCM nepeHO

ca <PepMM-YoKepa Ha OCHOBC reOMCTpM'ICCKOrO Tpe6oBaHM.H 0 COXpaHCHMM ,II;JIMH 

MC:>K,II;Y 6a3MCHhiMM BCKTOpaMM M yrJiaMM MC:>K.n;y HMMH. B Ha'!aJie rJiaBbi 11pe,n;

CTaBJICH o63op MaTeMaTM'ICCKMX CBOHCTB rTKKCM - oco6o:ii aKIJ;CHT c,n;eJiaH 

ua 'To, 'ITO rTKKCM .HBJI.HIOTC.H 6oJiee o6Iu;MMM 110 cpasnenmo c MeTpii'ICCKM 

- A<P<PMHIIhiMM TeopM.HMM rpaBMTaiJ;MM (MATr), TaK KaK B rTKKCM BBO

,Il;MTC.H anH3oTp011Ua.H mKaJia ,IJ;JIIUihr. IIpe,n;cTaBJieua TaK:>Ke nosa.H (s11epnhiC B 

pa6oTe [4]) KJiaccM<l>MKaiJ;II.H 11pOCTpaHCTB B rTKKCM B 3aBMCIIl\10CTM OT TMIIa 

OllepaTOpa · KOIITpaKD;IIII II COOTHOlliCIIII.H MC:>K,II;Y KOMIIOHCHTal\!M KOHTpanapM

aHTHOH II KOBapMaHTHOH CB.H3HOCTe:ii. ,Ii.JI.H CJIY'Ia.H rTKKCM TaK:>Ke ,n;aeTC.H 

uosoe Ollpe,n;eJienMe npocTpaHCTBa BeiiJisr - ,IJ;JI.H nero BhiiiOJIHeno ycJIOBMe 

1 
'Vug := -Qug 

n 
(-1) 

r,n;e Qu OllpC,Il;CJI.HCTC.H KaK Qu := Qj.Uj M KOBapMaHTHOC BCKTOpiiOC IIOJIC 

Qu = ~Q Ha3hmaeTc.H KOBaprmHTHhiM KOBeKTopnhiM IIOJieM Be:iiJI.H. McrroJih3Y.H 

. <PopMyJihi ,Il;JI.H M3MCHCHM.H ,IJ;JIIIH M yrJIOB, IIOKa3aHO TaK:>Ke, 'ITO napaJIJieJib

Hble nepeuocbi B npocTpaucTBe BeiiJisr SIBJISIIOTCSI TaiOKe Kou<!JopM

HhiMII nepeuocaMII. TaK:>Ke H3 <Popl\fJJihi ,IJ;JI.H H3Meneuii.H ,IJ;JIMHhi BCKTopuoro 

rroJI.H B npocTpancTBe Be:iiJI.H 

dlu 1 
dr = 2n Q~lu (-1) 
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II 11pM Qj = -ncp,j CJIC,IJ;yCT, 'ITO CKaJISipHOe IIOJie (j5 BhiCTyrraeT B pOJIII 

KaJIM6poBO'IHOrO <l>aKTOpa, M3MCH.HIOITJ;CrO ,IJ;JIMHY BCKTOpa ~' II03TOl\ty II 3TO 

CKaJI.Hpuoe IIOJie Ha3hiBaeTc.H ,D,IIJiaTOHHhiM IIOJieM B 11pocTpancTBe Be:iiJI.H. 

8TOT 11pOCTOH BhiBO,Il; IIO,IJ;CKa3biBaeT CJIC,IJ;yiOITJ;YIO MHTCpllpeTau;MIO: K<UK)J,aSI 

(MeTpiiqeCKaSI) CKaJISipHO-TeH30pHaSI TeOpiiSI rpaBIITaD;IIH B (nceB

,D,O)PnMaHOBOM IIpOCTpaHCTBe (c IIJIII 6e3 KpyqeuiiSI, HOC napaJIJieJib

HbiM nepeHOCOM ) MO:>KeT 6biTb Il~pe<!JopMyJIIIpOBaHa B COOTmiTCTB{m

HOM npocTpaucTBe BeiiJisr c MeTpHKOM BeiiJisr H ,D,HJiaTouuoe noJie, 

nopo)K)J.asr TaKHM o6pasoM KOBeKTOp BeiiJisr B npocTpaucTBe BeiiJisr. 

Oco6euno nnTepec~hil\1 11 Ba:>KHhiM .HBJI.HeT~ pa3JIO:>Kenne ,II;JI.H Teu3opa 

CKOpOCTH ,LJ,e<!JopMaD;IIII B rTKKGM, KOTOpoe B 3TIIX TeOpiiSIX OTJIH

qaeTCSI OT OTHOCIITeJibHOM CKOpOCTII 

Vrel. :=g[pu('Vu~)] =g(pu) (~a- £~u) +g[d(~)] (E) 

TaK KaK B o6bi'IHhiX · rpaBIITaiJ;IIOHHhiX Teopmrx rrepsoe Bhipa:>Keniie B CK06Kax 

paBH.HCTC.H HYJIIO, TO B 3TMX TeOpH.HX pa3JI02KCHIIC TCH30pa CKOpOCTH ,n;e<PopMa

D;IIII 

c . le 
PbUa;c = Wab + aab+3- Pab (F) 

ua Teu3op nparn;euiisr, Ten3op C,lJ,BIIra II Teu3op pac_m1Ipeu1Isr .HBJI.HeTc.H 

Ha caMOM ,IJ;CJIC pa3JI02KCHIICM ,IJ;JI.H OTHOCIITCJihHOH CKOpOCTII, II03TOMY uey,D,H-

BIITeJibHO, qTO HaJIO:>KeHO )J,OIIOJIHIITeJibHOe ycJIOBIIe, ,opTOrOHaJibHO

CTII BeKTOpuoro IIOJISI U ua TeH30p Bparn;eniiSI II TeH30p C)J,BIIra. 

B ,n;nccepT~IIII BhlBC,Il;CHO IIOBOC pa3JIO:>KCHIIC ,II;JISI . TCH30pa CKOpOCTM 

,n;e<PopMaD;IIII, KOTOpoe aHaJIOrii'IHO ITO BHCIIIHCMY BH,IJ;y pa3JIO:>KCHMIO (F) 

d := a+ W + n~l 8pu , no, 6JI~ro,n;ap.H CBO~MY OTJI~IqlJIO OT OTHOCIITCJihHOH 

CKOpOCTII, 3TO pa3JIO:>KCHIIC 06Jia,n;aeT 60JICC Heo6bl'IHiiM~ M MHTCpCCHhiMII <l>II-

3IIqCCKIIMII CBOHCTBaMn. Bo hepBhiX, Ka)K,Il;hiH Ten;30p :B pa3JIO:>KCHIIII IIl\leeT 

KOMIIOHCHTy, CB06o,n;nyiO OT Kpyqenn.H H IIH.n;yiJ;HpOBaHHYIO KpyqenneM. IJo-

3TOMy, OTCIO,II;a M02KIIO npe,n;rrOJI02KIITh, _'ITO KJ>yqeuiie 6y,D,eTb ueH3MeHHOM 

xapaKTepiiCTIIKOM rpaBIITau;IIOHHOro IIOJISI C OTHOCIITeJibHbiM ycKope

HIIeM. Bo BTOphlX, TaK.KaK TeH3ophi C,Il;BHra u pacrrrnpemrn 3a,IJ;aiOTC.H Bhrpa-
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JKCHIUIMII 

1 1 
a= 2[pu (V'u!J- £u9)Pu- (n _

1
) (Pu (V'u!J- £ug))pu] (G) 

- 1 [p ( - -)) - 1 (-ij k -ij) 8-2 u Y'ug-£ug -2Pi] 9;ku -£ug , (H) 

TO OTCIO,IJ;a MOJKHO BhiBCCTII C.ITC,IJyiOTIJ;CC YC.ITOBIIC \7 u!J = £ug )l;JHI cym;eCTBQ

BaHIDI CB060,n;HbiX OT C,Il;BIIra II paclilllpCHIIR TC'lCHUH. 9TO IIpOCTOC MaTCMaTII

'fCCKOC yc.rrOBIIC lll\lCCT Harmr,n;noe II 6ora'Toe ITO CBOCMY ¢II3U'lCCKOMY CMhiC.rry 

TOJIKOBaHIIC - B CBOfiO,IJ;HhiX OT C,IJ;BHra ll pacrnnpeHH51 Te'leHH.HX Ha-

6.rriO,IJ;aTeJih no Mnponoii JIHHHH .n;nnraeTC.H BMecTe c conyTcTnyrorn;eii 

MaTepneii, npH'leM B KCUK,IJ;OH TO'!Ke TpaeKTOpHH BeKTOp CKOpOCTll 

.HBJI.HeTC.H opToroHaJihHhiM K neKTopy OTHocnTeJihHOro ycKopeHH.H. B 

cym;HOCTII, 9TO MOJKHO paCCMaTpiiBaTb II KaK 11 060~IIJ;CHHbiM 11 KpiiTCpiiH )l;JIR 

cym;ecTBOBaiiiiR 11 JIOKaJihHOH 11 rpaBIITaU.IIOHHOM TCOpiiii - panee TaKOM KpiiTC

piiil: Ha OCHOBC OpTOrOHa.IThHOCTII BCKTOpOB CKOpOCTII II YCKOpCHIDI (noB CMhiC

.rre HhroTononcKoro onpe,n;eneniiRl) 6hiJI Bbi,IJ;BIIHYT aMepnKancKIIM ¢II3IIKOM

TeopeTIIKOM BaapaMOM MaiiiXyHoM (B. Mashhoon). 

O,n;naKo, OKa3hiBaeTcR, 'ITO cno6o,n;Hbre OT c,n;BIIra II paciiiiipeHIIR Te'leHIIR (n 

,n;e¢opMIIpyeMOM cpe,n;e, TaK KaK COOTHOIIICHIIC (E) BhiiiO.ITHReTCR) He RBJIRIOT

CR ycnomi:eM ,n;.rrR orrpe,n;eneniiR rrepenoca <PepMII-'YoKepa, ec.ITII paccMaTPIIBaTh 

9TOT rrepeHOC C TO'fKII 3pCHIIR reOMeTpii'lCCKOrO KpiiTepiiR 0 COXpaHCHIIII )l;JIIIH 

6a3IICHbiX BeKTOpOB II yrJIOB Me:iK,IJy HIIMII, a He Ha OCHOBe 11 HeB03MYTIJ;CHHOr0 11 

,n;BII:iKeHIIR B oKpecTnocTII reo,n;e3II'lCCKoil: JIIIHIIII. ITocne,n;nnfr rro,n;xo,n; (MaHacce 

II MII3Hepa) HeiipiiMeHIIM II3-3a ,n;e¢opMau.IIII cpe,IJ;bl II Ha.ITII'liiS OTHOCIITeJibHQ

ro ycKopemm. 

"I:JT06hi HaMTII KOHKpeTHhie MaTeMaTII'leCKIIe YCJIOBIIR )l;JIR COXpaHCHIIR 

. ,Il;JIIIII II yrJIOB, B ,IJ;IICCCpTaU.IIII paCCMOTpeHhi HC CaMII 9TII BCKTOpa, a BCKTD

pa B opTorona.rrhHOM K HIIM rro,n;npocTpancTBe. B HeM ,n;eil:cTnyeT rrpoeKTIIBHaR 

MeTpnKa Pu := g- ~u 0 u, KOTopaR Y'IIIThiBaeT II3MeHeHIIe ,IJ;JIHHhi BCKTopnoro 

IIOJIR U, B OT.ITII'liiC OT o6bl'lHO IICIIOJih3yeMOM B peJIRTIIBIICTKOM rn,IJ;pO,IJ;IIHaMIIKC 

MeTpuKa Pu := 8- u 0 u , KOTopaR ne o6na,n;aeT 3TII1,r cnoil:cTBOM. 

I10Jih3YRCh 9TOM MeTpiiKOM, MOJKHO orrpe,n;eJIIITh II3MeHCHIIR ,Il;lliiH BeKTOpOB 

U[t;.L B 3T01\I IIO,IJ;IIpOCTpaHCTBe II yrJihi Me:iK,IJy HliMII u[cos(l;_t_, 7J_t_)], KOTOphie 
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6biJIH nail:,n;enhr, ,n;eil:CTBYR orrepaTOpOM KOBapnanTHorO· ,n;n¢¢epenu.nponaniDI 

Ha COOTBCTHble Bbipa:iKCHIDI )l;JIR )l;JIIIH II KOCnnyca yrna. TaK KaK )l;JIIIHhi H yrJihi 

HC ,IJ;OJI)f(Hhl MCHRTbCR, IIOJIY'lCHHhlC Bblpa:iKCHIIR rrpnpaBHIIBaiOTCR K nynro: 

1 
ult;.L = ±-

1 
[(V' uPu) (l;_t_, l;_t_) + 2pu (V'uh, l;_t_)] = 0 

€J. 

(K) 

1 . 
u[cos(l;_t_, 7]_t_)) = -

1 
-
1
- [(V' uPu) (l;_t_, 7J_t_)+ Pu (\7 ul;_t_, 1J_t_) + Pu (\7 ul;_t_, V' u1J_t_)]-

€J. TJJ. 

1 [ 1 1 ] --
1 

-
1
- -

1
- (ult;.L) + -

1
- (ul'1.L) cos(l;_t_, 1J_t_) = 0 . 

€J. TJJ. €J. T]J. 

(L) 

Terreph, rronh3yRch aHa.rrorneil: c rro,n;x~,n;oM Manacce n MII3Hepa, na,n;o rrepeil:TII 

K CHCTeMe OTC'lCTa, B KOTOpoil: rrpo6noe TCJIO He 6y,n;eT IICIIbiTbiBaTh HJIKaKHX 

B03,rieil:CTBIIM. 9TO 6y,n;eT CIICTeMa OTC'lCTa, IIOJiy'leHHa IIOCpC,IJ;CTBOM 
11 
,n;e¢op

Mau.HII11 a¢cPHHHOM CBR3HOCTII rryTCM BBC,IJ;eHIIR T.H. 11 paCIIIHpeHHOrO OITe

paTopa KOBapnaHTHOro .n;ncpcpepeH~HpOBaHH51 11 ev u. = V' u - Au, r,n;e 

Au = g(Au) RBJIRCTCR CMeiiiaHHhiM TCH30pOM TpeThero panra, KOTOphiM RB

JIRCTCR JIHHCMHblM OTHOCHTCJibHO KOHTpaBapnaHTHOrp BCKTOpHOrO IIOJI.H U, T.C. 

Au = C(u) = A(u). Cym;ecTBC~Ho, 'ITO IIMenno rrpii 3TOM Bhr6ope cucTCMhi 

OTC'ICTa y,n;aeTC.H nail:TH COBMCCTHOC peiiiCHHC ypaBUCHHM (K) II (L) II IIOCJie OT

,n;eJieHIDI CIIMMeTpii'lCCKOM OT aHTIICIIMMCTpii'leCKOM 'laCTII, IIOJIJ'liiTb JCJIOBHe 

,IJ;JI.H onpe,n;eJieHH.H nepeHoca Cl>epMn-YoKepa 

1 
Y'uPu· = -2(a + (n -l) Gpu) 

9To ycnoniie ¢aK'l'II'lCCKII n ecTh ycJIOBne ,n;n.a nyJienoii .n;epnnau;nn., a ,n;epn

BaU.IDI orrpe,n;eJI.HCT IIOH.HTIIe JIOKa.IThHOCTII B 6onee o6m;eM CMhiCJIC - He TOJibKO 

B (IIHcPUHliTC3IIMa.IThHOH) OKpeCTHOCTil, HO Il B;Il;OJih;:KpllBOM IlJIII na ITO,IJ;MHO

roo6pa3I1II. B ,n;annoil: ¢op:Myne Ten3op npam;enuR w ile yqaCTnyeT, no, TaK 
• I 

KaK IIOJIJ'lCHO ,IJ;OIIOJIHIITeJihHOC yCJIOBJIC [Pu(Pu)(C(upla = W , TO 3TO 03Ha'la

eT, 'ITO ¢opMyna crrpane,n;mma ,n;n.a Ka:iK,IJ;Oro TeH3opa npam;ennR. 9To BIIOJIHe 

eCTCCTBCHHO, TaK KaK aHTilCIIUMCTpii'lCCKilM TeH30p Bpam;emrn He 6y,n;eT CKa-

3biBaTbCR Ha CliMMeTpll'lCCKOM TCH30pe V' uPu· O,n;naKo, BIIOJIHC B03110:iKHO, '!"TO 
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IIOJIY'ICIIIIhlll pe3yJibTaT 51BJI5IeTCI TOJibKO rrepBbiM IIIarOM B )J;aHHOM IICCJIC)J;G

BaHIIII II TCH30p Bpam;eHII51 6y,n;eT OIIpe)J;CJI51TbCI ,n;pyriiMII 6oJiee CJIO:/KHbiMII 

COOTHOIIICHII.liMII. 

B Ka'IeCTBe rrp1IMeHeHII51 Hosoro orrpe,n;eJieHII.ll rrepeHoca <I>epl\III - YoKepa 

B ,n;uccepTaii,IIII paccMoTpeHo )J;BII)KCIIIIe 6eccrrrmonon MaccnBHOil: qacTIIIJ;hi c 

IIJIOTHOCTbiO IIMIIYJibCa p = p.u, r,n;e p CYTb IIJIOTHOCTb MaCChi IIOKO.ll II U -

TaiirCIIIJ;IIaJihHblll BCKTOp K TpaeKTOpiiH (MHpOBOll JIHHIIII) IJ;CIITpa Mace. 8Ta 

qacTIIu;a IIMCCT CJIC)J;yiO:rn;IIC CBOHCTBa, KQTOpbiC BbiproKaiOT 3aKOHbl COXpaHCHII.ll 

Ha reoMeTpii'ICCKOJ\1 513biKe: 

A. Ilpu ,IJ;BII)KCHIIII no MIIposofi JIIIHIIII BeKTop IIJIOTHOCTII IIMIIYJihca He 

MCH.liCT CBOero HarrpaBJICHII.ll - Ha reOMCTpii'ICCKOM 513biKC 3TO 03HaqaeT rra

paJIJICJibHblll rrepeHoc B)J;OJih TpaeKTOpiiii, T.e. '\7 uP = f.p (asTorrapaJIJICJihHOe 

ypaBHCHIIC B HCKaHOHII'ICCKOJ\1 BII)J;C) IIJIII '\J uP = 0 aBTOrrapaJICJibHOC ypaB

HCHIIC B KaHOHII'ICCKOM BII)J;C). 8TO CBOHCTBO ,n;aeT CJIC)J;yiOIIJ;CC ypaBHCHIIe )J;JI.ll 

runorrapa.rrJieJibHOH TpaeKTOpiiH 'Vuu = ie [ue- ('Vug) (u,u)].u, KOTOprui 

.SIBJI.SieTOI 6oJiee ofirn;eii ITO cpaBHeHHIO C reo,n;e3H"'IeCKOH JIHHHH. 

B. CoxpaneHIIe IIJIOTHOCTII IIMIIYJibca 03Ha'IaeT coxpanemie ,IJ;JIIIHhi 
1 

lp =I g(p,p) 12 neKTopa IIJIOTnocTn IIMIIYJibca, T.e. ulv = 0. TaK 

KaK COXpaHCHIIe )J;JIIIHbl CCTb CBOHCTBO IIepeHOCa <l>epMII, TO OII.liTb 1Ip1I

Meli5ICTC51 paCIIIHpCHHbiH OIIepaTOp KOBapnaiiTIIOrO )J;IlcPcPCPCIII~IIpOBaHII.ll 

F'\J u =e '\J u = '\J u- g(C(u)) , r,n;e BTOpofi 'IJICHb IIpC)J;CTaBJI.liCT .T.H. "orrepa

TOp «PepMH" C(u) :=F w- ~.'\7 u9· MO)KHO 3aMCTIITh, 'ITO BTOpoe CJiaraeMoe c 

KOBapiiaiiTHOH 1Ip01I3BO,Il;IIOH B 3TOM OIIepaTOpe 51BJI51CTC51 CJIC,IJ;CTBIICM OT paBCH

CTBa (K) ,IJ;JI51 COXpaHCHII.li ,IJ;JIIIHbl. IJpiiMCHCHIIC OIIepaTopa <i'>epMH K BCKTOpy 

p IIpii IIpC)J;IIOJIO)KCHIIII, 'ITO IIJIOCKOCTb Bpam;eHII.li 51BJI51CTC51 OpToronaJibHOH 

K BCKTopy U , T.e. w(p) = pw(u) = 0 ,n;aeT paBCHCTBO '\J uP = -~g('\J u9)(p), 
OTKy,n;a CJIC)J;yCT II Tpe6yeMOC ypaBHCIIIIC )J;JI.li aBTOIIapaJICJIIIOH TpaeKTOpHII (B 

HCKaHOHII'ICCKOM BII)J;C), KOTOpoe 3aBIICIIT OT paciipC,IJ;CJICHIHI IIJIOTIIOCTII MaC

CHBHOrO TCJia 

'Vuu =- { u(logp).u + ~g('Vug) (u)} 

0T 3anyJICIIII51 IIpanofi '!aCTII 3TOrO BblpaMeHII.li II perneHHC COOTBCTHOro )J;II¢

cPCPCHIJ;IlaJibHOrO ypasnenn.li II Haxo,n;nTc.li yrroM.liHyTa.li B pa3,n;eJie 11 A:KTyaJih-

26 

HOCTb TCMbl 11 ¢~pMyJia ,Il;JI51 pacJipC,IJ;CJICHII.SI IIJIOTHOCTII sem;ecTBa. 

B 3aKJIIO"'IeHHe. c¢opMyJIIIpoBaHbi OCHOBHbie pe3yJihTaThi ,n;nccepTau;nii. 

3 OcHOBHhie pe3yJihTaThi 

Ha 3alll;HTY BbiHOC.SITC.SI cJie,n;yiOrn;He ocnoBHbie pe3yJihTaTbi: 

e ,.QJI5I TCOpiiH C KOBapHaHTHbiMJI H KOHTpasapHaHTHbiMH CB513HOCT51MII II 

MCTpiiKal\III , IIpC)J;JIO)KCHO T. H. 11 KyfiH"'IeCKOe a.rrrefipaH"'IeCKOe ypaB

HeHHe perrapaMeTpH3a~HOHHOH HHBapHaHTHOCTH rpaBHT~HOH

HOro JiarpaHLKHana" n naii,n;enhi ero pernenn.li. 

• ,.QoKa3aHa TeopeMa ,IJ;JI.li IIapaMeTpH3aiJ;IIII ¢ynKIJ;II.liMH Beii:epniTpac

ca II ee IIpOII3BO,IJ;IIOH 6oJiee o6~ero Kyfiii'ICCKOrO ypaBUCHII.li 

[p'(z)r = 4p3(z) -·gz(z)p(z)- g3(z) (c HCIIOCT051HHb!Mli K03cPcPHIJ;II

eHTIIbiMII cPYHKIJ;II5IMII). , 

e Ha OCIIOBe BBC)J;eUHOH 11 TeH30pHOH IIIKa.Tibl ,ll;JIHHhl
11 

li IIepe:~>JaCHITa-

6npoBaHHOro ~eiicTBIIR ,n;JIR TIIIIa I CTpyuuofi Teopmi B rpaBnTau;noH

HhiX TCOpiiRX C ,IJ;OIIOJIIIliTCJibHbiMII II3MepeHII51Mli, BhlBC)J;CHbl HepaBeH

CTBa MC)K)J;y IIapal\IeTpaMH B 3TOM ,IJ;CHCTBIIII. 

• Hall,n;eno yCJiosne )J;JIR cym;ecTsosannR cso6o,n;HhiX oT c,n;snra n pacrnn

peHHR TC'ICHIIH B rpaBII'J'aiJ;IIOHIIbiX TeOpliRX C KOBapiiaHTHbiMII II KOH

TpaBapiiauTHbiMH CBR3HOCTRMII n 1\:ieTpiJKaMII (rTKKCM), a TaiOKe n 

He06XO,n;IIMOC II ,IJ;OCTa~O"'IHOC ycJIOBIIC ,IJ;JI51 ,Il;Bli)KCHII.li IIO aBTOIIapaJIJICJib

HOH KpHBOH CB06o,n;nofi 6eCCIIIIHOBOH '!aCTIIU:bi .C IIJIOTUOCTbiO IIJ\1IIYJibCa. 

• ,.QaHO HOBOC OIIpe,n;eJICHIIC 0 IIpOCTpaHCTBC Beii:JI51 II IIOKa3aHO, 'ITO rra

pa.rrJieJibHbie IICpCHOCbl B 3TOM IIpOCTpaHCTBC 51BJI51IOTC51 KOH<lJOpM

HbiMH IICpCHOCaMII, a TaiOKe 'ITO CKaJI51pHOC IIOJIC BbiCTyriaeT B pOJIII 

KaJill6pOBO'IIIOrO ¢aKTOpa, II3MCH5IIO:rn;ero ,ll;Jinny BCKTOpHOrO IIOJI51. 
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• C¢opMyJIIIpoBaHhl :~.raTeMaTII'IeCKIIe ycJIOBIDI .u:mi cyii!eCTBOBanmr rnpo

cKona (rrepeHOC BeKTOpHbiX IIOJie:ti:, COXpamiiOIIIIIH )l;JIIIHbi II yrJihl Me:JK

)l;y HIIMII) B rTKKCM II )l;OK33aHO cym,ecTBOBaime nepeHoca ([>epMII

YoKepa B 6oJiee o6IIIIIX rpaBIITarrnoHHhiX TeopiiHX c HeMeTpii'IHOCThiO, 

KpyqeniieM II pacrrmpeHneM. 
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MeTO,lJ;hi anre6pruPiecKoii: reoMeTpin'l H nepeHoc <J)epMH-YoKepa 

B paCIIIHpeHHbiX TeOpH5IX rpaBHTaD;HH 

,LI;MMMTPOB Bor,n;aH feoprHeB 

B ,II,IIccepT~II p33BIIT rro~o.n; aJITe6paHqecKoii: reoMeTprrrr B Teoprrrr rpa

BIIT~II. MaTeMaTrrqecKaH OCHOBa ;:noro rro.n;Xo.n;a CBH3aHa c p33rpaHIIqeiDieM 

1\-ie:>K,ll;Y KOBapllaHTHbiMII II KOHTpaBapiiaHTHbiMII MeTpfJqeCKIIMII KOMIIOHeHTa

Mll (fTKKCM), a !f>II3nqecKM OCHOBa - II3MeHeHIIe paccTOHHIIH Me:>K.n;y Ka:>K-
--' 

,LJ;biMII ,LJ;BYM.H TOqKaMU IIpOCTpaHCTB0-BpeMeHH II3-3a ,LJ;CMCTBII.H OTHOCIITeJihHOrO 

ycKopeHII.H. PaccMoTpeHo rrpnMeHeHIIe K rpaBIITaiJ;IIOHHhiM Teopii.HM c .n;orroJIHn

TeJihHhiMII rrpOCTPaHCTBeHo-BpeMeHHhiMII II3MepeHII.HMII. IJpe,LJ;CTaBJieHO HOBOe 

p33JIO:>KeHIIe ,LJ;JI.H TeH30pa CKOpOCTII ,n;e<lJopMlliJIIII B fTKKCM, a TaK:>Ke Haii:

,n;eHbi HOBbie ycJIOBII.H ,LJ;JI.H rrepenoca <PepMII - YoKepa B fTKKCM II B cpe.n;ax c 

C,LJ;BIIrOM,pacmiipeHIIeM, Bpall!eiiiieM II HeMeTPUqHOCThiO. 06aCHOBaHO B03MO:>K

HOe rrpnMeHeHIIe 3TIIX pe3yJibTaTOB B Teopmrx PeJ:mTIIBIICTKHX CIIcTeM 0TcqeTa 

(PCO), J133epHoii: JloK~H Jlyahi n PeJI.HTHBIICTCKOii: AcTpoMeTpiiii. 

Methods of Algebraic Geometry and Fermi - Walker Tr~msports 

in Extended Gravitational Theories 

DIMITROV Bogdan Georgiev 

In this dissertation the approach of algebraic geometry in the theory of 

gravitation has been developed. The mathematical grounds for this approach 

are related with the distinction between the covariant and the contravariant 

metric tensor components (GTCCMC) and the physical grounds - to the 

change of the length between every two space-time points due to the action of 

the relative acceleration. An application has been considered to gravitational 

theories with extra spacetime dimensions. A new decomposition of the velocity 

tensor deformation has been given, as well as new conditions for Fermi-Walker 

transport in GTCCMC and in spaces with shear, expansion, rotation and non

metricity. The possible application of these results to theories of Relativistic 

Reference Systems (RRS), Lunar Laser Ranging and Relativistic Astrometry 

has been motivated. 

32 

-« 
I 


