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ObLIAA XAPAKTEPHCTUKA PABOTBI
AKTYyaJIbHOCTb TE€Mbl JHCCEPTALMH

Opnoii W3 akryansheix npobiem coBpeMeHHOH ¢u3ukKH  sBngercs
NOCTPOEHHE DPEANMCTHYHLIX Mojeneid pa3sutha Bceenennoil. CoBpemeHHbie
Ha0roxaTenbHBle NAHHBIE NPOTHBOPEYAT CTAaHJAPTHBIM KOCMOJNOTUYECKHM
MOJEIAM B paMKax oOiueil Teopuy 0THOCHTENBHOCTH. PetueHue 3Toii npodnemMsr
WAET 4Yepe3 NOCTPOEHME AaNbTEPHATHBHbIX (MOAM(UUUPOBAHHBIX) TEOpUU
rpaBuraudd. OTH TEOPHH HCMONB3YIOT HOBBE MOAXOAbI U METOMAbl (TEOPHR
rPaBUTALMK C BHICHINM NPOW3BOIHBIMHU, CO CIEHMANBHBIM I'DaBHTALHOHHBIMH
YCAOBHSIMH, C BBICIUMMH Pa3MEPHOCTAMHM), B 3TUX NOAXOAAX HCIONB3YIOTCH
JIONONIHUTE IbHbIE OOBEKTHI 1718 ONMCAHUA IPaBUTALMOHHBIX 3(deKxToB (TeMHaA
JHEPIUA M MATEPUA CO CIEUHATbHBIMM CBOHCTBaMM, jwiarod u T.n.). Ilpu
MOCTPOEHHH COBPEMEHHBIX KOCMOJOIHUECKUX MOJEIeH UCNOAb3YIOTCA CaMble
MOC/EHUME AOCTIDKEHHA PAa3TMUHbIX (DU3UUECKHX TeopHil, TAKUX KaK TEOpPHH
CTPYH, TeopuM OpaH, TEOPHH C NarpaHXKHaHAMMW, HENHHEHHBIMH 0 KPHBU3HE.
[lpy »TOM nomaraerca 4TO MM3HECHOCOOHAd TEOPUA JOJKHA ABIATHCH
METPHYECKOH TEOPHEN.

YcnoxkHeHUe NOABHBUIMXCA MPH 3TOM TEOPHH W MOnenedl NPHBOAHT K
TPYAHOCTH HMHTEIPUPOBAHHMA MOJIEBBIX YDPABHEHWH Jake TNPH pPacCMOTPEHUH
cambiX OpOCTHIX Moaenel. Yucno TOUHO PEHIaeMbIX MOAEEH B TAKUX TEOPHAX
HeBeIMKO. HeBO3MOXHOCTE aHATUTHYECKOIO HCCIECAOBAHUA NPHBOOUT K
HEOOXOAMMOCTH HKCTONB30BAHWUA YHCIEHHBIX METOXOB MHTETPHUPOBAaHMA, YTO
CBA3aHO C U3yueHHeM NnpoblieM CXOMHMOCTH W KOHTPOIA TOYHOCTH pacuera, rae
1A BblBEPKH METOA0B OOABILYIO POJib MIPAIOT TOYHO peluaeMbie 3anaqd. [Ipu
KBAaHTOBAHMM TEOPHIl TaKXKe 3HAUMTENbHYIO POJib HIPAIOT TOYHO DEIAcMbie
K/1aCCHUYECKHE MOAEIIH.

Ho umciieHHbIE METOABI HE BCErAa AOCTATOUHBI AJig U3yUYeHRA PU3UMECKHX
CBOHCTB NPOCTPAHCTB, B KOTOPHIX PACCMaTPHBAIOTCA KOCMOJIOTHYECKHUE 33a9H.
Jas sroro HeoOXOAMMO MNOIy4YeHHE AHAJIMTHYECKHX pEIUEHHH MONEBBIX
ypaBHeHui. B cBs3u, ¢ em cyuecTByer npobneMa TOUHOrO MHTErPUPOBAHUA M
KJacCHpHMKALKUK NONYYeHHBIX PENICHHH A1 TONEBBIX YPABHEHUH B Pa3IMYHBIX
MOJIENAX B paMKax MoauduuupoBaHHbIX Teopdid. Knaccudukaums pemeHui -
9TO HaxXOXAEHHE BCEX HE3KBHUBAICHTHbIX PEIUEHUH NONEBbIX YPaBHEHUH
OTHOCHMTENIbHO ONpeAeneHHoi rpynnbl npeobpazosanuii. [lo 3TOH npuunHe
BbIOMPAIOTCA  OPOCTPAHCTBA, B  KOTOPHIX PACCMaTPHBAIOTCA  METPHKH,
obaamaromine Kakoi-nubo cummerpuedt. CHcTeMaTH4eckoe WCCIEqOBanne
npoGieMbl AHATUTHYECKOTO MHTErPUPOBaHMA NOJEBBIX ypaBHeHHH Diininreiina
ObuUl0 CBA3aHO ¢ Kiaccuukalued NPOCTPAHCTB, AOMYCKAIOUIMX TPYNNBI
aBuxeHus (cM. padotel buankuy, Tlerposa).

O000ueHHeM TAKMX MPOCTPAHCTB ABAAIOTCA NMPOCTPAHCTBA, COAEPXKALIME
0onee CIOXKHBIC T'eOMeTpUdecKHe OOBEKTH (TEH30pPHbIE M BEKTOPHEIE TIOJIA

3



Kwumnra). Ha 3T 00BeKkThl OOBMMHO HAKIAABIBAIOTCA [OMNOIHMUTENbHBIE
ycnoeua. TlpobGnema mnocTpoeHus knaccudyKalMi A48 TPOCTPAHCTBEHHO-
BPEMEHHBIX METPHK, JONYCKAIOMHUX HabOPhl TAKHX F€OMETPHUECKHX OOBEKTOB,
YOOBJIETBOPSIOUMX  [ONOJHHTENBHBIM  YCIOBHAM, HMEIOWNM  (pusmdeckuit
CMBICT  paccMarpuBamack B pabGorax Robertson HP., Eisenhart LP_,
Hlanosanosa B.H., Barposa B.I'., O6yxosa B.B., lllanosanosa A.B. u a.p.

IlpoctpancrBa Pumana, MO3BONAMIOWIME TPOHMHTETPHPOBATL YPABHEHHS
reOfe3ndecKNX METOHNOM MOJIHOrO pa3iiesieHHs TNEPEMEHHBIX B YPaBHEHHH
TamunsToHa-SIKOOM [ He3apsHKEHHOM MACCHBHOH HacTHLBI, Ha3bIBAOTCA
MITEKKEICBBIMH POCTPAHCTBAMH. Te€OpHs NMOJIHOTO Pa3JieZICHHS NEPEMEHHBIX B
OTHOYACTUYHBIX YPABHCHHSAX [BIKEHHs pa3paboTana yCHIUAMHM MHOTHX
uccnenosareneii, HaunHas ¢ @ypoe, OcTtporpaackoro, Slko6u. B Hactosmiee
BpPEMA HAM[EHBl YCIOBHA MOJMHOTO pa3fe/ieHUs TEePeMEHHBIX B YPaBHCHHMN
aMunsToHA-SIKOGH B MPOU3BONILHOM MCKDUBJIEHHOM IPOCTPaHCTBe (B paboTax
Benenti S., Miller Jr W., Illanosanosa B.H. w xp.). IlepBeie mnpumep
IUTEKKEJIEBBIX  TPOCTPAHCTB, YAOBNETBOPSIONIMX TOJIEBBIM  YPaBHEHUAM
Oi#Hwrefina, nonyunn eme [HIBapmumnsn. K wrrekkeneBsiM IPOCTPAHCTBAM
OTHOCHTCSL LIMPOKO M3BECTHBIC PeleHns, Takie kak peiieHns Keppa, Kasnepa,
ne Currepa m 1.4 (cM. Hanpumep pabotsi Boyer C.P., Kalnins E.G.,
Miller Jr.W.). YcraHOoBieHO, YTO NPHHAMIEKHOCTH MPOCTPAHCTBA K KJIaccy
DITEKKEJICBBIX ABJISETCA HEOOXOOMMbIM YCJIOBHEM JUIS MMOJTHOTO Pa3AcleHus
TIepEeMEHHBIX BO BCEX OCHOBHBIX ONHOYACTHYHBIX YPAaBHEHUAX MaTeMaTHICCKOR
dusukn: Krneiina-I'opnaona, upaka, [upaxa-Qoka-HBanenko u apyrux (cm.,
Hanpumep pabotsl barposa B.I'., O6yxora B.B.). 3tum o0bacHseTca TOT dax,
YTO BCE H3BECTHHIE AHAIMMTAYCCKHE DEIICHHS YPaBHCHHH MaTeMaTHUeCKOH
¢u3nkn nmonyuyeHsl B KJIacce LUTEKKEJEBBIX MNPOCTPAHCTB (CM. HampuMep
moHorpagpmo OOyxoa BB.). B wHactosimee spems kiaccuduxalmoHHble
3aJaym AJis WTEeKKeNeBbIX MPOCTPAHCTE B JOCTATOMHOM Mepe n3ydeHsl. Peluensr
npobyieMbl  knaccuuKauMM — IUTEKKENEBBIX METDUK B MPOCTPAHCTBAaX
DHHIITeHHA, PHYYH-IIOCKUX NPOCTPAHCTRAX, MPOCTPAHCTBAX ITEKTPOBAKYYMa
u 1.4. Tak e naHHas nmpo6reMa AccrnenoBanach AN OMHOPOJAHBIX MPOCTPAHCTB,
U OOJYYEHO MHOXECTBO TOUHBIX PEIICHWHA CaMBIX pPa3fIHYyHBIX T0AEBBIX
ypaBHeHM#H (K npumepy, coBmecthbie pabotet Obyxosa B.B., Ocerpura K.E.,
Owmnnosa A E. u a.p.). Ilpy u3ydyeHnn WITEKKENEBBIX TPOCTPAHCTB ObLIM
YCTaHOBJICHB! KOBApWAHTHBIC KPHTEPHH TPHHAMLIC)KHOCTH TMPOCTPAHCTB K
KJ1accy WTEKKENEBBIX, YTHM KPUTEpHEM ABJACTCA HATMYHE B IPOCTPAHCTBE TakK
Ha3bIBAEMOr0 MOJIHOr0 HA0Opa B3aMMHO KOMMYTHPYIOMIMX BEKTOPOB H
Ten3opos Kwumnara., TIpocTpancTBa, B KOTOPBIX WUMEIOTCS TIONHBIE Habophi
B3aMMHO KOMMYTHPYIOLIMX BEKTOPOB W TCH30pPOB KunmmHara gaBasioTcs
IITEKKEJIEBBIMH MIPOCTPAHCTBAMH.

IIpu 3TOM pa3geneHNe TMEePEeMEHHBIX BO3MOXHO TONBKO B CHEHMANBHBIX
CHCTEMax KOODAMHAT, Ha3bIBAEMBIX IIPUBWICTHPOBAHHBIMH. Tak ke

IUTEKKENEB TPOCTPAHCTRR-XAPARTERERACTLA HAMINEM (MIU OTCYTCTBHEM) B
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LIPMBUJIETMPOBAHHON CHCTEME KOOPAMHAT U3OTPOIIHBIX IEPEMEHHBIX, B CBA3H C
yeM BBEACHO OOO3HAUEHHE IITEKKENEBBIX MPOCTPAHCTB C IOMOLUBIO Maphl
auce: (N.N,), yncio N orBeyaer 3a pa3MepHOCTb Tpymnmei, 0O6pa3oBaHHOM
B3alUMHO KOMMYTHpYIOIMMH BekTopaMu Kumnudra, Ny - 4HCIO M30TPOMHBIX
nepeMeHHbiX. llpocTpaHcTBa, AOMYCKAOLME NPUBUNETHPOBAHHbIE CHCTEMBI
KOOP/WHAT, B KOTOPBIX NPUCYTCTBYIOT H30TPONHbBIE MEPEMEHHbIE, HA3bIBAKOTCA
W30TPOTNIHBIMH ~ WITEKKENEeBHIMH  MpoOcTpaHcTBaMH. MHTepec k  Takum
APOCTPAaHCTBaM BEI3BAH TEM, YTO OHUM MOTYT OBITH MCMONB30BAHbL 115 U3Y4EHHUA
3a/1a4 O PACNPOCTPAHEHUH [PABUTALMOHHBIX BOJSH M APYTHX BHAOB U3TyUEHHUS.
Takum 00pa3oM. LITEKKENEBI ([POCTPAHCTRA BbI3bIBAKOT K cebe HHTEpEC B CBA3U
C TEM, YTO B HHX BO3MOXHO AHAJIATHYECKOE HHTETPUPOBAHHE DPA3THUYHBIX
MOIEBBIX YpaBHEHWH (ypaBHEHHMA [IpaBUTaUMM OHIUTEHHA, YpaBHEHHA
CKAIAPHO-TEH30pHOA Teopuu rpasutauuu bpanca-/lukke). Bmecre ¢ Tem
LMPOKOE NNPUMEHEHHE TAKHX NPOCTPAHCTB OCJIOKHEHO TEM. YTO OHH 33aJaHbl C
[JOCTATOYHO OO/bLIMM TIPOM3BOJIOM, H METPUKH 3THX MPOCTPAHCTB B 0OLIEM
cTy4ae HMEIOT A0CTAaTOUHO CT0kKHBIH BUA. [1o3TOMY BO3HHKaeT HEOOXOAUMOCTD
chopMyTHPOBATH tusuyecku " reOMETPHYICCKH 060CHOBaHHBIE
JONOJNHMUTENIbHbIE YC/AOBHSA, OrPAHUYMBAIOIIME I3TOT NPOU3BON. M3yuenue
JONOAHMTENbHbIX CUMMETPHII B  MPOCTPAHCTBAX TNPU3BAHO MOMOYL B
HATOKEHHH JONOJIHMUTENbHBIX CBOHCTB, UYTO pelaer npobneMmy OGOmbIIOro
MPOM3BOIa B METPUKAX LITEKKENEeBBIX mpocrpaHcTs. Kak pononHurtensHOe
OrpaHNUYEHHE HA METPUKW LUTEKKEJIEBBIX MPOCTPAHCTE MOXHO PAacCMATPUBATH
YCAOBHE HX NPHUHALNEKHOCTH K KIACCY KOHDOPMHO-MIIOCKUX NPOCTPAHCTB.

KoudopMHO-TIIOCKIE NpPOCTpaHCTBa ABIAIOTCA Hanbolee TNPOCTBIM
00001EHHEM TUTOCKMX MIPOCTPAHCTB M MPEACTaBIAKT HHTEpec Kak Haubonee
MPOCTOM  KI1acC MPOCTPAHCTB, MMEIOLIMX OTHOLIEHHE K MOCTPOEHHIO
KOCMOOrHyeckux Mogetedd. C MX DOMOLIBI0 MOXHO CTPOMTh (DU3HUECKH
HHTEPECHblE KOCMOJIONMYECKHE MOJENH (HANIOMHHM, 4YTO NPOCTPAHCTBA A€
Currepa, ®dpuamana-Pobeprcona-Yokepa 0THOCATCA K KOH(POPMHO-TIIIOCKUM).

KondopMHO-1LITeKKEIEBB NPOCTPAaHCTBA B 4aCTHOCTH BO3HUKAIOT MpPU
pPaccMOTPeHUH KOH(POPMHOrO OTOOpPaKEHHA IITEKKEIEBbIX NPOCTPAHCTB Ha
npocTpaHcTBa  DiiHwireiiHa.  [Ipobnema  xoHpopmHOro  OTOOpaxkeHus
PHMAHOBBIX MPOCTPAHCTB HA MPOCTPAHCTBa DHHILUTEHHA BrEepBbie H3yyanach B
paGore Bpunkmana, rae Obita MOMyuyeHa MepBast Cepusd  ypaBHEHHH
COBMECTHOCTH (yc.108us bpuHkMana). [Ipy paccMOTpeHUH METPHK NPOCTPAHCTB
C Y4YeTOM YC/OBWIl COBMECTHOCTH B METPHUECKMH TEH30pP MNpPOCTPAaHCTBA
BiouaeTca  KoHdopmuniii  dakrop. KondopMHO-ILTOCKME  WITEKKENEeBbI
NPOCTPAHCTBA - ITO IITEKKEJIEBBHl MPOCTPAHCTBA, HA KOTOPbIE HAKIA/BIBAETCA
JOTMOMHUTETLHOE YC/IOBME - PABEHCTBO HYJIIO TeH30pa KOHPOPMHOH KPHBH3HbI
Befia.

MeTpuKy KOH(OPMHO-MIIOCKOTO MNPOCTPAHCTBA B HEKOTOPOH CHCTEME
KOOPJMHAT MOMKHO 3aIIMCATb B BUJAE!

ds* = e:uu‘ o x‘»(dxu —dy -’ —dx3),
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Tensop koH}opMHOIi kpuBM3HE! Beiins onpenensiercs B cneayomei dpopme:
. i R
Copot = R +E(gndec +8. R~ 8. s - 8 RL) +g(ga:gbd = &oul:)

Vcnosue paBeHCTBa HYyJDO TeH3opa Beiis mokasbIBaeT, 4TO KOH(OPMHO-
MIOCKHE BaKyyMmHbsle pewedns (R, =0=R ) sBnfOTCA TUIOCKMMH. Bcee
KOH(}OPMHO-ILNIOCKUE pPELUEHMs AJA UAEATbHON KHIKOCTH, 3JIEKTPOMATHHTHOTO
TMONS MM NOJA YWHCTOTO M3ITyYEeHUs B OOliell TEOpHUM OTHOCHTENTLHOCTH
M3BECTHBI (CM. 0030p 10 TOUHBLIM pELIEHHSAM YypaBHeHWH DiiHIOTeHHa noa
penaxnneii IlImyTuepa).

Kondopmuo-niockne pelieHns B ciTydae WAEANbHOW KHIAKOCTH - 3TO HIIK
0600menHsIe BHyTpeHHHe pelteHus LIBapimuuneaa wiy o6061eHHbIE pELICHH
dpuaMana, s UM pemeHHAMH Oynyr Tonbko Mogzenn Opuamana, a
C©IHHCTBEHAbLIM  CTAl[AOHAPHBIM  PELIIEHWEM  SBIBIETCH  CTAaTUCTHYECKOE
BHyTpeHHee pewenue [Isapumuomisaa. KondopMHo-nnockue nons DRHWITEHHA-
MakcBemia pawotr JiM6o Merpuky bBepToTTH-PoOuHCOHA (C HEM30TPOMHBIM
3MIEKTPOMArHWTHLEIM TIONIEM), JIMOO OHHM SABJIAIOTCH CMELUHATBLHBIMH TLIOCKHMHU
BONHaMH (C W3OTPOMHBIM 3JIEKTPOMArHUTHEIM TosieM). KoHdopMHO-TIOCKHE
TIONA YHACTOTO M3JIYYECHHA COAEPkKATCA B DPELUCHHUAX CHEUHANBHBIX TUTOCKHX
BOJIH, MX BCErAa MOXXHO HHTEpPNPETHPOBATh B TEPMUHAX M30TPOIHOrO
371EKTPOMArHHTHOTO TIONA.

KoHdopmHO-IITeKKENEBB POCTPAHCTBA PACCMATPUBAIMCE B COBMECTHBIX
paborax Barpoa BT., O6yxosaB.B.,, Ocerpuna K.E. Knaccuduxaums
M30TPOMHEIX KOH(OPMHO-IITEKKENEBBIX METPHK paccMaTpHBasiach B paboTax
3THUX XK€ aBTOPOB.

B aumccepranMd  paccMarpuBaeTCs  KJacC  KOH(GOPMHO-ILTOCKHX
HU30TPOMHLIX LUTEKKEIEBHIX MPOCTPAHCTB, HHTEPECYIOUIMX HAC C TOUKM 3PEHUS
BO3MOXKHOCTH TOJTY9CHHS AHATMTHUSCKUX PELICHHH VIS MOJIEBBIX YPABHEHHH
Pa3IMYHBIX PABUTALMOHHLIX Teopu#t (He Tonsko OTO), npH 5TOM NonyyeHHsIe
peLIeHHA MOXHO (PH3HUECKH HHTEPIIPETHPOBATh, UTO ABJIAETCA HEMAJIOBAXHLIM
KpUTEpHEM /I aHATM32 ATbTEPHATUBHBIX TEOPHIA MPaBHTALMH.

Knacc KOH(OPMHO-TIOCKHX W3OTPOIHBIX IITEKKEIEBBIX ITPOCTPAHCTB
ABJIAETCA HHTEPECHHIM HHCTPYMEHTOM I HCCIENOBAHMs albTEPHATHBHBIX
Teopui rpaBuTauMH. B gWcceprauMM  M3ydeHHe  KOH(POPMHO-TIIOCKHX
W30TPONHEIX INTEKKENEBEIX TIPOCTPAHCTB HauMHaeTcss ¢ Hambonee TPOCThIX
KOCMOJIOTMUECKHX MofeJeit: BakyyMHO#H KoH(dopMHO-iocko# BceneHHOH, H
BaKyyMHO#M KOH(OPMHO-NIIOCKO#H BeeneHHol ¢ KOCMOIOTHIECKOH NOCTOSHHOW.
B utore monyyeHsl Bce HE3KBUBAICHTHBIC PEIMEHHA U1 BAKYYMHBIX ypaBHEHUH
rpaBuTauMH DiHWITEHHa (¢ yuetomM A - uneHa) B KOH()OPMHO-ILTOCKHX
LITEKKENEBBIX TPOCTPAHCTBAX.

B Hacrosmiee BpeMs npobieMa TNOMCKa HOBBIX TOUHBIX pPEUICHHA
ypaBHEHUi rpaBuTalUyM DHHIITeHHa He OTHOCHTCA K Haubosee MonysapHBIM
3afauaM oOmied TeopuHd OTHOCHTENBHOCTH, TOCKOJBKY YHC/IO H3BECTHBIX
pemieHHit ® 6e3 TOro BHYIMTENBHO. B JHCCEpPTAaLUMH Ke KiIacCuHKaums
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OCYLIECTBIAETCA C ULENBIO MEPEUUCIEHUs BCEX HEIKBUBAJIEHTHBIX PEIICHMIA
MOIEBBIX  YPAaBHEHMH —  MCTPHK  IUTEKKENEBBIX  MPOCTPAHCTB B
TTPUBUAETHPOBAHHBIX CHCTEMAX KOOPAWHAT A KOHKPETHBIX 3a1ay.

Cneayromum 3TanoM B AMCCEPTAlMH ABIAETCA MONYYEHUE BCEX METPHK
At KOHGOPMHO-INOCKUX IUTEKKENEeBhIX MPOCTPAHCTB B 3ajaye Baiiapa
(BcenenHnas ¢ usnyuenuem). 3agaua Bailapa y100Ha [ M3yueHUs ABHIKEHHA
6e3MaccoBbIX YacTHIl M ABNIAETCA Oosiee CIIOXKHOM M B TOXe BpeMsA (H3MYECKU
HHTEPECHON MOJEIHIO C W3TTYYEHHEM (IPAaBUTALMOHHEBIM, ). IEKTPOMArHHTHHIM H
T..). JIOrHYHBIM  3aBEPIUEHHEM  HCCNEAOBAHMA  KOH(OPMHO-TIIOCKMX
LUTEKKEJIEBbIX MPOCTPAHCTB KAaK KJIACCA LUTEKKEIEBLIX IIPOCTPAHCTB B PaMKax
JUCCEPTAllHOHHON paboTH ABJAETCA HAXOXKICHHE BCEX METPUK KOH(POPMHO-
MAOCKUX IUTEKKEJIEBBIX TMNPOCTPAHCTB B  CKAIAPHO-TEH30DHOH  TEOpHH
rpasutauun bpanca-Jukke. CkanapHO-TeH30pHas Teopua rpasutauuu bBpanca-
JIMKKe SBJAETCA OJHOH U3 MEPBbiX MOAMPUUMPOBAHHBIX TEOPHIl IPABUTALHUM.
B HacTosulee BpeMs CKanApHO-TEH3OPHbIE TEOPUHM BbI3BIBAIOT UHTEPEC Kak
HHU3KO3HEpreTHUeCKHe NPHOMMKEHUsT KBAHTOBO-NIONEBRIX Teopuit. Ha ocHoBe
PACCMOTPEHHLIX 33/la4 MOXHO CAEAAaTh BBIBOJ O BO3MOXHOCTH HCIONB30BaHUA
KOHQOPMHO-IUIOCKMX  IUTEKKEJIEBBIX ~ HNPOCTPAHCTB A HaXOXIACHUA
aHAIMTHYECKUX pelleHni B 0ofee CIOXKHBIX KOCMOJIOFMYECKMX MOJEAX,
MO.Ty4aeMbIX B PaAMKax JAPYIMX METPUUYECKHX TEOPHH rPaBUTALHH.

Lean paboThi

1. Knaccudukauus koHGOPMHO-IIIOCKMX IUTEKKENEBLIX MPOCTPAHCTB
tina (N.1) Kak MaTeMaTHYecKOro MHCTPYMEHTa AN MOCTPOEHHA
AHAJIMTHYECKH UHTErPUPYEMBIX MOJENEH B METPHYECKHX TEOPUAX
l"paBHTal.lHH.

Anpodauns KOH(OPMHO-IUIOCKMX LUTEKKENEBbIX MPOCTPAHCTB
1na (N.1) B KOHKpeTHBIX KOCMOJIOTHYECKUX 334a4ax, B TOM HHCe
B IbTCPHATUBHBIX TEOPUAX MPaBUTALIMH.

[3%)

Hay4ynast HoBu3Ha paboThl

B micceprauun BrepBble TPOBOAWIOCH HCCIENOBaHHE KOHGOPMHO-
NAOCKHUX M30TPOMHBIX IUTEKKENEBbIX NPOCTPAHCTB C LENbIO MOCTPOEHUA Ha MX
OCHOBE KOCMOJIOTMYECKMX MoOJefeld Al MOCHEAYIOIEro HCNONb30BaHUA B
aHaju3e CYIIECTBYIOMIMX ATbTEPHATUBHLIX TEOPUA IDaBHTALMM M TOJYYEHHA
peleHui, MOAXoaAMX A1 GpU3HYecKol HHTepnpeTauuy. Brniepepie nomyueHsl
clieayrolMe pe3yabTaThi:

1. W3 MHOXeCTBA H30TPOMHbIX WITEKKENEBBIX IPOCTPAHCTB BbiAEJIEHbI
K1acCbl KOH(OPMHO-IUTOCKMX LITEKKENEBbIX NPOCTPAHCTB Kak



yHAOOHBIH  MHCTPYMEHT  ANA  NOAYYEHHA  AHATUTHYECKH
HHTETPHPYEMBIX KOCMOTAOrHHECKNX MOAECEH.

2. TIpoBeaeHa kiaccHuKauus xOH(OPMHO-TUIOCKUX INTEKKEIEBBIX
npocrpadcTs thna (1.1) w tuna (2.1) 175 BaKyyMHBIX VPaBHEHHH
rpaBHTalMM ODWHIUTEHHA W BaKyyMHBIX YPaBHEHWH TIpaBHTaLMH
DiHITEHA € A - WIeHOM.

3. IlpoBeneHa kimaccudukauusi KOHGQOPMHO-TUTIOCKHX LITEKKENEBBIX
npoctpadcts Ttuna (1.1) B 3apmaue Badiapa (rpasutanus ¢
H3NYUCHUEM).

4. Haiinensl Bce peweHns A7 KOH(OPMHO-IUTOCKMX LITEKKEIEBbIX

npocTtpadHcte  Tuma  (1.1) B CKaNApHO-TEH3OPHOH  TEOpHH
rpasuTaumn bpanca-Jlukke.

Hayunas n npakTHdecKas 3HAYHAMOCTH paboThl

B nanbHeiiueM Ha 6a3e MONMY4eHHBIX KOH(OPMHO-TUIOCKHX H30TPONHBIX
IUTEKKEJIEBBIX IIPOCTPAHCTB MOXKHO MPOBOJAMTH aHATM3 M CpaBHEHHE Ooiee
CIIOXXHBIX KOCMOJIOTHYECKMX MOZeNeH I OpYruX albTEepHATUBHBIX TEOpHiH
rPaBUTAUMH ([OMIATOHHbIE TEOPHH, TEOPHMM C HENUHEHHBIMHM CJIAracMbIMH 10
KpHBH3HE H I.Pp.).

Tlony4eHHble  AHANWTHYECKHW  WHTETPUPYEMblE  MOAENM  MOXKHO
WCTIONB30BaTe As 330434 KBAHTOBAHWA HIM HAYAILHOTO TNPHUOIMKEHHA TIPH
YHCIEHHOM WHTErPHPOBAHUH.

PesymsTarsl paboThl MOXHO PEKOMEHAOBAThH /Ui HCNOIb30BAHMA B
Hay9HBIX W YueOHBIX OpraHM3alMsaX, B KOTOPBIX BEOYTCA HCCIEAOBAHMA B
00IaCTH TEOPUHM TPAaBUTALMHM, B OONACTH WHTErPUPOBAHHSA KIACCHUECKHX H
MOOM(HUUHMPOBAHHEIX ypPAaBHEHMH MaTeMaTHUeckod (U3UKHM B HCKPHBIEHHOM
npoctpaHcTBe-BpeMenn: B MockosckoM, Tomckom, Caukrt-Iletep6yprekom,
KaszaHckoM yHuBepcHTeTax, B TaTapckoM TIyMaHMTapHO-TIEJarorHueckom
YHHBEPCHTETE.

Pe3lelzTaTbl, BBIHOCUMBIC HA 3AUIHTY:

B muccepraunonHoit pabote MpeasokeH W anpoOHpoBaH HOBBIA MOAXO K
MONIYYEHHIO aHAJINTHYECKH WHTEIPHPYEMBIX MOZENEH B METPUUYECKHX TEOPHAX
rpaBuTaliMM Ha 0aze KOH(POPMHO-IUTOCKHX HM30TPOMHBIX  INTEKKEJIEBBIX
npoctpadcTs. C NMOMOLUBIO NPELTOKEHHOTO MOAX01a HaMICHbl aHATHTHYECKUE
pemeHus Ut psifia MOLENeH M MOCTPOeHa WX Kilaccndukaims:

1. M3 MHO>X€CTBA H3OTPOIHBIX IITEKKENEBBIX MPOCTPAHCTB BbIAEIICHEI
KIacchl KOH(OPMHO-IUIOCKHMX LITEKKENEBBIX MPOCTPAHCTB Kak
yaoOHBI ~ HMHCTPYMEHT  JIf  MNOJYYCHHW]  AHATMTHYECKM
WHTErPUPYEMBIX MoJIeJiEH )18 METPHYECKNX TEOPHH IPABUTALIHH.
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2. [ToctpoeHa  moaHas  wiaccupukauus  KOHGOPMHO-MIIOCKUX
LITEKKEIEeBBIX NpocTpadcTs tuna (1.1), Tuna (2.1) and BakyyMHBIX
VPaBHEHHH TpaBUTaUMM OWHIUTEHHA W BAaKyyMHBIX YypaBHEHH
rpaBuTaLMK DHHIITEHHA € A - UNEHOM.

3. [loctpoena  moanas  knaccupukauus  KOHPOPMHO-IIOCKHUX
IITeKKeaeBbIX npocTpaHcte Ttunma (1.1) B 3agaue Baiiass
(rpaBHTaLNA C H3TyUCHHEM).

4. [loctpoena  mnoaHas  kimaccHdHKauMa  KOHGOPMHO-TLIOCKHX
IUTEKKE]IEBbIX NpOCTPAHCTB Tuna (1.1) B CKanApHO-TEH30pHOK
Teopuu rpaBuTaunu bpauca-Jlukke.

Anpotauns paboTs

Pe3yabTaThl AMCCEPTAUHOHHON paboThl AOK/IAIbiBAIUCD HA!

1. International School/Seminar QUANTUM FIELD THEORY AND
GRAVITY, Tomsk State Pedagogical University, July 2 — 7, 2007,
Tomsk.

2. Poccwuiickoii JeTHEH UIKOjIe-CEMHHape "CoBpeMeHHbIE

TeopeTHUYeckue npodneMs! rpasutauuu ¥ kocmonorun” GRACOS-
2007, 9-16 ceursbpa 2007 r., Kasaub-Slavuuk, Tarapckwuii
rOCYJApCTBEHHbIA N'YMAHHTAPHO-TIEAArOrHYECKUH YHHBEPCHUTET.

3. 13- Poccuiickoit T'paBuTaumoHHoO#M Kondepenunu -
MEX(IYHapoaHas KOH(EpeHUMs NO IPaBUTALMM, KOCMOJOTHH H
actpodmsuke, RUSGRAV-13, 23-28 wuronsa 2008r, PYJH,
Mocksa.

HcenepoBanus, NpoBeAeHHbIE B AWCCEPTALMOHHOMH paboTe, moaaepxasbt
rpautom POOU, npoext Ne 06-01-00609. u [Ilpesuwsenrckoit nporpammoit
noAaePXKA Beaywx Hayudeix wmkon PO, npoext Ne 4489.2006.2 u mpoekt
Ne 2553.2008.2.

ITy6auxkaumuu
ITo MaTepuanam auccepraudu omybaukoBaHo 5 neyarHbix padot (3 cratbu

onyONHKOBaHb B BEAYLIHX peleH3upyeMblx xypHanax PD), nepeuncieHnsix B
3aKIFOUMTEIbHON JacTu aBropedepara.



O06beM U CTPYKTYpa ZHCCEPTALHH

Huccepraums COCTOUT U3 BBEAEHMS, YETHIPEX TNIaB, 3aKIIFOUEHHUsS W CIIMCKA
UUTHpYeMo# maTepaTypsl. CIIHCOK MTepaTyphl cocTOUT U3 181 HaMMeHOBaHHS.
O6mwnit 06bEeM JHCCEPTAUMM COCTABNAET 122 CTpaHUUbI.

CoaepxaHye auccepTallH

Bo BBeaenHH 000CHOBaHAa  aKTyalbHOCTh TEMBl  AMCCEPTALAH,
chopMynHpoBaHE UenH paboTsl, yKa3aHbl HAaydHas HOBH3HA, HAaydHaa M
NpakTHYECKas 3HaYMMOCTh pe3yNbTaToB paboThl, caenmaH KpaTkHi o63op mno
npobneMaTHKe AWCCEPTALMHM, TIEPEUMCIEHBl DPE3YJILTAThl, BBIHOCHMbIE Ha
3aLUMTY, IPHBEAEHKI CTPYKTYPa H COAEPKaHHE TUCCEPTALMH.

TlepBas raaBa HocuT O030pHBIA XapakTep M mpu3BaHa o0ecneunThb
OCHOBY IJIfi [JANBHEHIIEro HW3NOKEHUs MaTepuana aucceprauvu. B Hei
NpHBOIATCS  OOLME TMONOXEHHA TEOPMM  IOTEKKEIeBbIX  TMPOCTPAHCTB,
pPaccMOTpeHa Teopus pa3leNieHHsd MNEPEMEHHBIX B YpaBHEHMH [ aMUIbTOHa-
Axobu, Kneina-T'opaona-doka HM  OCHOBHBIE CBOMCTBA  M3OTPOIHBIX
IITEKKENEBbIX IIPOCTPAHCTB,

B ofme# Teopnm OTHOCHTENBHOCTH [BHKEHWE NPOGHOM uYacTHUBI B
TPaBUTALHOHHOM IIOfIE€ OTIMCHIBAETCSA YPABHEHUAMH re01e3UMECKHX

£+ 2% =0, )
KOTOpBIE TpPEACTABAAIOT co00M cHcTeMy muddepeHUMaNbHBIX  YpaBHEHUIH
BTOPOTO TOpAJIKa C YAaCTHBIMH TIPOM3BOAHBIMH. 3nech i, j.k/=1.mT, -

camBonsl Kprcroddens, Toukoi 06o3HaueHa npou3BogHas N0 KAHOHHYECKOMY
napameTpy T.
3nece W gatee 1O TEKCTY OyaeM UPHAEPXHBATHCA  CIEAYIOUIHX
0603HauEHHH.
1. ®yHkumu, 3aBUCALIME TONBKO OT OJHON MEPEMEHHOR x' (H, BO3MOXHO, OT
napameTpoB 4,) 0003HaYAOTCA MaabIME OyKBaMH C 00A3aTENbHBIM

€IWHHIHBIM TIPaBbIM HIXKHHM HHIEKCOM, B 3TOM CJTyuae NpPOU3BOIHBIE
no x' o6o3HavaroTCs TouKkaMu. lpumepsr:

. , , ., do ., dg
o =0(x.4). ol =¢/(x") ¢ = % :F‘ (2)
2. MHOXECTBO KOOPIMHATHBLIX HHACKCOB i, j,k=1.n pasbusaerca aByms

(UKCHPOBaHHBIMH LEMBIMH HEOTPHLUATEBHEIMM YHCIIAMH N, N, Ha TpH

noamMHoxectea. MHAOEKCH H3 3THX TNOAMHOXECTB O0003HAYAIOTCH
creayronmm odpasom

p.gr=1..N uwv, r,=N+1.N+N,

uv,er=N+l.n v pu,r,=N+N +1l n

3)
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3. TlpuMeHsieTCs NpaBMIO CYMMHPOBAHUSA DHHIUTEHHA, COTNIACHO KOTOPOMY
a
L P
Ax5 =Y X"
~

Peunrenne ypaBHenns I'amunbToHa- A kobu
g's.S, =m )
YIOBJIETBOPSAIOLIEE YCIIOBHIO NMOJTHOTH
i _‘ﬁ_ - = 5)
det i} oy |#0, 4 = const, (
FI03BONIAET CBECTH npo0.leMy WHTErDHPOBAHUA YPABHEHHH JBHKEHHMA K

. as
peweHuo anrebpanuecknx ypaBHEHHI BMAA q:q =const. 3umecb 4 - n
[¢

CyuIeCTBEHHbIX napamerpoB. Ha pgaHHbeIi MOMeHT 3((EeKTHBHBIM METOUOM
NIOCTPOCHUS TaKWX MHTETPANOB HBHXEHUS SABIAETCS METOA pa3fcneHHs
NepeMeHHbIX.

Wnes Mertoaa pasaencHHs NMEpPeMEHHHIX B JAMHEHHBIX AHQEpPEHLHANbHBIX
YPaBHEHHAX B YACTHEIX MPOH3BOAHBIX Obina Beickasana ®ypee B Hauane XIX
Beka. [lo3mHee mMeToa ObIT YCOBEPLICHCTBOBAH M VCMOJB3OBAH LUTA PEIICHHS
ypaBHeHus:  TemnonposogHocth B paborax  Ilyaccona,  Jupuxie,
OcTtporpanckoro.

Ilas  ypaBHenus TamunbToHa-Skobm mnpobrema MOMHOTO  pasiesieHus
nepeMeHHbIX Obima moctasneda [lrekkenem. B cepun pabor oH pemma
npobneMy [ chaydas, Korja B TIDMBHJIETHPOBAHHOM CHCTEME KOOpAMHAT
METpHKAa MPOCTPAHCTBA 33/1A€TCA [AHATOHANBHBIM METPHUECKHM TEH30POM.
HeoOxoauMmeie ¥ JOCTATOYHBIE YCIOBHA TIOMHOTO Pa3/cfCHHsA, 3AMCAHHLIE B
BUJAEe HelmHeHHbIX auddepeHnManbHBIX  yPaBHEHHH HAa  KOMITOHEHTHI
METPUYECKOTO TeH30pa, OblM nomyveHbl (HO He peiensl) B paborte Jlesn-
YusuTa. Spos-Aposoii 0606wma Metoa IlITekkens na cnyyail HeqHaroHaTbHBIX
METPHUYECKHUX TEeH30pOB. OKOHYATEIBHO TEOPHS pa3feieHHs (BEUIECTBEHHBIX)
NEPEMEHHBIX B ypaBHeHMH [ amuneToHa-fkobum  Obina  10CTpoeHa
WanosanoseiM B.H.. Tlo mnpennoxenwio IllanosanoBa npocTpaHcTBa, B
KOTOPBIX YPaBHEHMS TCOHE3MYECKHX MOXXHO IIPOHHTCTPHPOBATh METOAOM
MOJTHOrO  pasfeneHus MEePEeMEHHBIX B  ypaBHeHHd [‘amuneToHa-5K00M,
Ha3bIBAIOTCS  WITEKKENEeBBIMH  rnpocTpaHcTBamMu. OOmmilt  BUI  METPHKH
IITEKKENEBa NPOCTPaHcTBa 06l ony6mkosad uM B 1973 r. Tocne 3toro OuumH
ony6nuKoBaHs! paboThl, B KOTOPHIX aBTOPHI B TOH WK HHOH (popme noBTOpUIH
pesyabratel [Ilanosanosa. HoBbiM MOXHO mpn3HaTe pe3ysbTat bBeHeHTw,
3aMETHBLLIErO CBA3bL MEXIY ONEPATOPAMH CHMMETPHH YpaBHeHUs | aMuibToHa-
SIko6H ¥ CHMMETPHEI CaMOro NMPOCTPAHCTBA, COepiKallero Habop, COCTONIIHE
13 KOMMYTHPYIOUX BEKTOPHLIX M TEH30PHBIX nosei Kunmmera.
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CornacHo onpeaeneHuo ypasHedue (4) jonlyckaer HOJHOE pa3aelieHHe
OCPEeMEHHBIX,  €CIH  CYMIECTBYET CHCTEMAa  KOOpAMHAT,  HalbiBaeMas
NMPUBHSIETUPOBAHHOI, B KOTOPOH MOTHBIH MHTErpa1 ypaBHeHHA (4) UMeeT BUI:

S = Zlql,(x',)., ) A =const, A =K (6)

JlaHHOe COOTHOIEHHE AOCTHIAeTCs B TOM M TOJIBKO B TOM Cllyvae, eciid
CYWIECTBYCT MNPHUBUIETHPOBAHHAA CUCTEMA KOOPAMHAT x', B KOTOPOW
METPHUYECKHIT TEH30p UMEeT BU

gU = (@TRN g (TR, gt ST (7
B ¢opmynax (7) no uHaekcaM v,.r, CyMMHUPOBAaHME OTCYTCTBYET. (P )
aneMeHThl n-ro crosnbua Mmarpuusl, o0paTHOM K TaK Ha3bIBAEMOW Marpuue
[Urexkens, nmeroweii Bu:

D, - D (), det®’ # 0. (8)

[lpu »ToM dyHkunn @ A" A B A - NPOH3BOIBHBIE QYHKUMM OT CBOHX
apryMeHTOB.

[lepBbie N nepeMeHHBIX B MPUBMAErHPOBAHHON CUCTEME KOOPAMHAT X' He
BXOJAT ABHO B KOMMOHEHTbl METPUUYECKOrO TEH30pa M MO3TOMY HA3blBAIOTCA
HTHOPHPYCMBIMH (S:/i,‘,vx" + Z o(x',1)).

1 N-i

[MpoctpancTBo ¢ MeTpuueckuMm TeH3opom (7) gomyckaer N -
napaMeTpuueckylo afexesy rpynny ABvkeHdd. Y3 MHOXKeCTBA [OIMBIX
HabOPOB 1UTEKKEIEBA MPOCTPAHCTBA MPUHATO BCErAd PaccMaTpHBaTh TONLKO
Habop, BEKTOPHbIE [0 KOTOPOrO 00pasyior abeiieBy Ipyrlny MakCHMaIbHO
BO3MOXHOro padra. Toraa MMeercs MHBapHaHTHAs XapakTepUCTHKAa Habopa,
3afasaemad uuciaMn N W N, =N-rank(g Y ¥'), rae Y, - BeKTOpHBIE MOIA,

uep
BXOJAILKHE B MOJAHbIA HaOOP WHTErpanoB ABMXKEHUS YpaBHeHUA | aMHLTOHA-
Skobu. Yucna N B N, 33ar0T THN LITEKKENeBAa MPOCTPAHCTBA (M THI NOJIHOIO

pa3neneHna NepeMeHHBIX, a TAKKe THI NojHoro HaBopa). CooTBeTcTBYIOLUEE
WITEKKEJIEBO NMPOCTPAHCTBO MPHUHATO HA3BIBATh LUTEKKEIEBBIM MPOCTPAHCTBOM
THNA (N, N,) (WIKH IPOCTO — NPOCTPAHCTBOM THMA ( N, N,) B TEX civyasx, Koraa
3TO HE BbI3LIBAET HEAOPA3yMEHHIA).

B wuckpupieHHOM mpoctpaHcTBe N <pn. Ecnu 3agana nopenuesckas
cursarypa (—,—.-,+), T0 B 3TOM Cay4ae N, MOXET APUHMMATh OJAHO U3 JABYX

7]

2

3Hauenuid - 0,1. Ecam N, =1, 04Ha U3 KOMIIOHEHT METPUUECKOrO TEH30pa g

(7) obpawaercs B Hynb. CoOOTBETCTBYIOWAN NEpEMEHHAs HA3LIBAETCH
H30TPOMHOH, C€aMO € MPOCTPAHCTBO - M30TPONHBIM  LUTEKKEIEBBIM

"

[IPOCTPAHCTBOM, INpPH N, =0 BCE KOMIIOHEHTHI OTAUYHBI OT HY.,
0 g )

B

NPOCTPAHCTBO HA3biBAETCH HEM30TOMHBIM ILUTEKKENEBHIM NPOCTPAHCTBOM. B
TEOPHH T[PaBUTAUMH WMMEHHO M30TPONHBIE IUTEKKE/IEBH  MPOCTPAHCTBA
OpEeACTaBIAOT Han60ﬂbmlflﬁ HHTEpEC, MOCKOJIBKY OHH OIMUCBIBAKOT
MIPOCTPAHCTBO - BPEMA C rPaBUTALMOHHBbIM H3nyyeHueM. [‘unmepnosBepxHocTu
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YPOBHA HM30TPOMHOH MNEPEMEHHOH COBMAJAIOT € (JPOHTOM TPABUTALMOHHOM
BOMHbBI, B Cjlyyae MPOCTPAHCTB C 3IEKTPOMATHHTHBLIM M3ITYUEHHEM TaKKE C
(PpOHTOM 27IEKTPOMArHATHO# BOJHBI (MPOCTPAHCTBA JJICKTPOBAKYYMa).

To, 4TO ypaBHEHHS TreOIEe3MUYECKUX MOTYT ObITh TPOHHTErPHPOBAHBI
METOZOM MNOJIHOTO PA3ZICNICHHA MCPEMEHHBIX, HACT BO3MOXHOCTb HE TOJIbKO
M3YYHUTh NOBEACHHE NPOOHBIX TEN B AAHHBIX NPOCTPAHCTBAX, HO H OCYILECTBHTH
NEPEX01 K CHHXPOHHBIM CHCTEMaM OTCYeTa (KOTOpHIE CYLIECTBYIOT BCEraa), B
ABHOM BM/E BO3MOXXHBIH JIMILIL 1IPH YCJIOBHH, UTO YPABHEHHE Ie0iE€3HYECKHX
MOXHO TOYHO NPOMHTETPUPOBATL. B CHMHXPOHHBIX CHUCTEMAX OTCYHETA MOXKHO
JaTh OTBETbl Ha BaXkHbie (PU3HYECKHE BOMPOCHI, CBA3AHHBIE, HAMpUMED, C
HaXOK/JIEHUEM HCTOUYHHKOB TPaBHTALHOHHOrO mosis. CHHXPOHHBIE CHCTEMBI
oTCUEeTa MOXKHO WCTONB30BaTL AT (U3MIECKON WHTEPNPETAUMH  TOYHBIX
peleHn# ypaBHeHnH DHRIOTeHHa. V3BecTHBI MpUMepsl, KOTAa HHTEPNPETALHIO
YAAETCA NPOBECTH /14 LUTEKKEIEBBIX IPOCTPAHCTB.

B nepBo#t rnaBe Tak ke npuBedeH oOuMil BHA METPHUK IUTEKKEIEBBIX
OPOCTPAHCTB B 4-MEPHOM NMPOCTPAHCTBE-BPEMEHH C JIOPEHUEBCKOM CUTHATYPOH,
Ha OCHOBE BBEICHHOH 00leH KnacCu(UKAUMKU IITEKKENEBBIX MPOCTPAHCTB MO
TUITAM.

B naparpade 1.3 npuBeneHnl OCHOBHBIC CBOWCTBA  H3OTPOIHBIX
LITEKKEIEBBIX NPOCTPAHCTB.

Bo BTopoit rmaBe pewaercs 3amaua 0  KIacCH(PUKALMHE  METPHK
KOH(POPMHO-NNOCKKX IUTEKKEIEBBIX NPOCTpaHeTs Tuna (1.1) v Tuna (2.1) ana
BaKyyMHBIX YpaBHeHWH DifHurrefiHa ¢ A - uneHoM u 6e3 A - unena. Ha Oaze
PEUICHNA BAaKyYMHBIX YpaBHEHUH DHHIITEHA MOXKHO IPOBEPHTL BO3MOKHOCTH
HCMONB30BaHHA KOHPOPMHO-TUTOCKHX H30TPOTNHBIX LUTEKKENEBLIX NPOCTPAHCTE,
Ha 0a3e KOTOPHIX BO3MOXKHO HAXOXEHME AHAIMTHYECKUX pelleHuH B Gonee
CIOXKHBIX W (PM3NUECKH WHTEPECHBIX KOCMONOrMUECKNX 3anadax. [losydyenHsle
NpH 3TOM PEMICHHA MOMHO AHAJIM3UPOBATh M (PU3HUYECKH HHTEPNPETHPOBATD,
UYTO HEMAJIOBAYKHO.

PaccMoTpeHHe HWauaTo ¢ knacca KOH(OPMHO-MIOCKMX LOTEKKEJIEBBIX
npoctpancts thna (1.1), mo wiaccuuKaUMM WITEKKEIEBHIX TNPOCTPAHCTB
uMeeTcs oanmd BexkTop KisuivHra W ogHa M30TpONHAsA NepeMeHHas. Tak ke
paccMaTpHUBaeTCs KJIAcC KOH(OPMHO-TINOCKKX LITEKKESICBbIX MPOCTPAHCTB THIA
(2.1), uMeromuit ABa KOMMYTHPYIOLIMX BeKTOPa KW/ITMHIA M OIHY M30TPOIHYHO
HepeMeHHy0. MeTpuky KOHGPOPMHO-ILIOCKMX IUTEKKEIEBBIX NPOCTPAHCTB
3anHCcaHbl B NPUBWICTHPOBAHHOH CUCTEME KOOPAMHAT, HpocTpaHcTea Tuna (1.1)
3aBHCAT OT TPeX TEPEMEHHBIX, NMPOCTPaHCTBA THMa (2.1) 3aBHCAT OT ABYX
nepeMerHblX.  MccienoBaHME  MpPOCTPAHCTB  JONYCKAOWMX  HATHuYHE
U30TPOMHBIX MEPEMEHHBIX O0YCIOBIEHO BO3MOKHOCTBIO H3YYEHHA BOTHOBBIX
ABJICHHH (3JIeKTPOMarHMTHBIE, TPABHTALMOHHBIC U [1. BOJIHBI), YTO MPEACTABASCT
MHTEpPEC IS MOCTPOCLHHS KOCMONIOTHUYeCKHX Moaeied. Hcenonb3oBanue

13



KJIACCUYECKOM TEOPMH TIpaBMTaUMU OHHWTEHHA [03BONWIO  OTJIAAWTD
MIPEATAraeMyI0 METOIUKY.

IMpy Ha10XEeHNMHU Ha HCXOAHYIO METPHKY IUTEKKENEBBIX MPOCTPAHCTB THITA
(1.1) v TMna (2.1) ycnoBHs NPUHAWIEKHOCTH K KIACCY KOH(POPMHO-ITOCKHX
[POCTPAHCTB BO3HUKAET HECKOIbKO K1acCOB.

Kondopmuo-nnockux wrekkenessix npoctpaicTs tvaa (1.1) coaepxar 2
Klacca:

1)
ds* :%(2(12(.\'2)+/,(x‘)):b-°dx' + G W Y =1, ()Y ~ 1, (W)Y, (9)
;oA 2 3 1 1
G(x*,x" ) =(,(x ) +1,(x ))[r+q(’2(x2) —m)]_
rae £,(x*) 1 1,(x') YAOBIETBOPSIOT YPaBHEHHAM
"= (a4 bt +c), "=t (-ar] +bt,—c), (10)

0 2.3
a.b. c, 1, q- koncrants, A(x", x'. X%, x") - npousBoibHas GyHKIMA.

2)
d? = %(2p¢ix“dx' LGOA XN — 1, (XY - (-, W), (1)
G X)) == pg () + 7. (XN g (x ) - £ (x7)), (12)
rae r,(x') yAOB1eTBOPAET YPaBHEHUAM
(r,"y =¥(z,). (13)

2% (x~ pY[x*(@- B)+ 2pPx—p’ Bl +3p(2x = p)Y (x) - px(x— p)Y (x)= 0. (14)
a,f.y,p - KOHCTaHTBI, g,(x’) U g,(x") ONpeAensAtoTCs YCNOBHEM
& "(Y=const=Ip*,  g."(x*)=const =sp*. [ s-const, (15)
A(x", ¥, x*,x") - NpoN3BOIBHAA PYHKIMA.
JlaHHble METPHKH MCIIONB3VIOTCA NPH PELIEHWH BaKYYMHBIX yPaBHEHHIi
O#Mwreiina 6e3 A - wiena:
R =0 (16)
rae R, - TeHsop Puuum.
Taxoxe noiydeHsl pelleHUs BaKYYMHBIX ypaBHeHMH DiHiuTeiiHa ¢ A -
4IEHOM:
R,-Ag, =0, (17)
rae A - KocMOOr4ecKas NOCTOSHHAS.
KondopmHuo-niiockue iurexkeneesl npocrpancrsa tuna (2.1) coaepxar 3
Knacca;

1)
ds’ = .llg(a‘(x")(d\’“): +2p,(x)dx"dx + 2a dx + ¢, (3 W' ) + (d ), (18)
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rae A(x",x',x’, x') - npon3BonbHas QYHKUKA, ApyrHe QYHKLMH HMEIOT BU]

o'y s ————, 19
R s (19)
_2r+2lbx' +la(x') 0)
’ 2(ax’ +b) ’ -
2ar-1b°y )
;_Za—:—(a—xu—b)z+k(ax‘+b) 8. 2h
2)
ds' = %(a,(x‘ Webx®)? +2p,(x Yl d' + 2dx" e +c(ddx' ) +(ax')’), (22)
rae A(x',x',x*.x')- npousBonbHas GyHKUMUA, APYTHE PYHKUHH UMEIOT BH
p.=px' +q.  p.g-const, (23)
q
a, =p—-(x;)l +ax’ +b, a,b-const. (24)
-
3)
ds* = (e (W' + 2’ b (WY + (), (25)
rae A(x’,x',x’,x') - npon3BoNbHas GyHKUMS, Apyrue GpyHKUHAM UMEIOT BUA
a,=a(x'V +hx* +¢, ¢, =c\qe. —4a,  a,b,c,q-const. (26)

HAns koHpOPMHO-TIIOCKHX LITEKKENEBEIX npocTpaucTs Tuna (1.1) u (2.1)
HaWCHB! BCC PEIIEHHA 11 BAKYYMHBIX YPaBHEHHH rpaBuTalMHd DHHWTEeHHa
(16)n (17).

JIns  monyueHHBIX KJIACCOB METPUK OBINO TMPOBENEHO pa3fielieHue
NEPEMEHHBIX B YpaBHeHUN [ aMunbToHa-5Iko6n (4) M ypaBHeHHMH SHKoHaNa:

g's,s =o0. 27

B rTperbeii rnaBe pelwaercs 3amada o0 Ki1acCH(MKALMA  METPHK
KOH(OPMHO-TUIOCKKX LITEKKENEBLIX npocTpaHcTs Tuma (1.1) B 3anaue Baiinbs.

3ajava WHTETPHPOBAHMS YypaBHEHMH DHIUTEHHA, B KOTOPBIX TEH30P
IHEPTUR-MMITYJIbCA HIMEET BH,

T, = -0 XN, =0 (28)
7T

HOCHMT Ha3BaHMe 3a7a49M Baigpa. O(x',x',x° x*) - IUIOTHOCTs MOTOKA M3TYUYEHHA,
! - H30TPOITHBIT BEKTOP.

K 3apmaue Baiigps, B 9acCTHOCTH CBOOSATCA YpaBHEHMs OWHIUTEHHA,
OMHUCHIBAIOLIHE BBICOKOYACTOTHOE H3jlyueHHE (rpaBUTALHOHHOE,
INMEKTPOMArHUTHOE, W T.A.) Mano#i aMIUINTYIbl, pacnpocTpaHAIoWMecsa Ha (oHe
MCKPHBJICHHOTO HPOCTPAHCTBA-BPEMEHM.

DTa 3a7a4a MOCTPOEHA HAa OCHOBE MOMEH, B KOTOPOH TEH30p JHEPrum-
HMIYJBECA BBICOKOYACTOTHOTO HHU3KO-aMIUIMTYAHOrO M3JIydeHMs CBOOUTCA K
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Buly (28). M3yuenune asuxeHus 6e3maccoBbix yactuu srasercs YPpdexTuBHbIM
CPeJCTBOM M3YUCHHS CTPYKTYPBl TNPOCTPaHCTBAa-BPEMCHM H  MPOLICCCOB,
MPOXOAALIMX B HEM. B CBA3M € 3TMM HpeNCTaBNseT HHTEPEC HCMONB30BAHUE
IITEKKENEBbIX TMPOCTPAHCTB B 3ajaue Bailapa, uYTO MO3BONAET MONYYHTH
AHANUTHYECKUE PELICBUs LIS IBHXKEHUA O€3MacCOBbIX YACTHU.

B nuccepraunoHHo#i padore 3agava Bailps HccneayeTtca ©  HEIbHO
anpobauuu KOHHOPMHO-TINTOCKKHX M30TPOIMHBIX LITEKKENEBLIX 3a1a4 B PEIIEHUH
KOCMOJIOTHUMECKHX 3a/1aU € H3Ty4EeHHEM.

Paccmatpusarorcs Metpuku (9). (11) ¢ ycnoBusamu Ha @vHKUMH,
MpUBEAEHHBIE BbiLe. PelatoTcs HosieBble ypaBHEHUS

R, =1],. (29)
[py 3TOM OTMETHM, UTO W3OTPONHBIE BEKTOPHI 3a1aHbI B BHAE!
A S NAC WACS FAC I (30)
Creacteue yCNOBUA H30TPOMHOCTH M3 (28):
R=0. (31)

HMcxoas 3 BUga KOMMOHEHT NONEBBIX YPaBHEHHH (29), MOXKHO MPOBECTH
paa npeodpa3oBaHMIt METPHYECKOTO TEH30pa MPHBOLALUMX K YNPOLUECHHIO
KCCIIEAYEMBIX YPABHEHHIA.

B utore Mbl nonyuaeM METPUKH:

ds® = A2 d + G Y + T Y +(1=TH ")), (32)
rae ¢ynxkuun G, T uMeroT pasnnuHbiii BUa ans (9) u (11)

1)

rae 4,1, uMerot Bua (10).

2
) T-r, G=—(@(x*yY ~a x +a)t. - (B(V + B X" )W(-71,), (34)
rae 7, yaoBnersopseT ypaBueHuaMm (13)u (14).
B wurore noctpoeHa xiaacCHGUKALMA KOHGOPMHO-TILIOCKHX IUTEKKENEBBIX
npoctpaucts Tuna (1.}) B 3amaue Bailiaesn (BcenenHas ¢ u3iyueHuem).
Monyueno 4 wiacca pelmeHnii.

B uerBeproii raaBe pelwraerca 3azaua 0 KlaccMPUKAUMM  METPHK
KOH(OPMHO-IIOCKUX  LUTEeKKelleBbIX mpoctpancTe Tuna (1.1) B ckanspHo-
TEH30pHOW TeopHd rpasuTauui bpanca-ukke.

B cBoe Bpems ckamipHO-TeH30pHas Teopua rpaBuTauuu bpauca-/lukke
paccMaTpyBanach Kak BecbMa nepcnekrusHoe o600wenue OTO.

Hmerownecs Ha JaHHbIA MOMEHT HA0NIOAATENbHBIE NAHHBIE HOKA3bIBAOT.
uro paMmok OTO HeZ0CTAaTOHUHO A4 NOCTPOCHUA aAEKBATHBIX KOCMOJIOTHYECKUX
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Mozeseit. 1To3ToMy B HacTosmee BpeMs MACT MOUCK aTbTEPHATHBHBIX TEOPHH
rpaBuTaunn. Teopus rpasutaitmn BpaHca-/[nkke sABfiseTca OJHOH M3 MEPBBIX
AIbTEPHATHBHBIX CKAISSPHO-TEH3OPHBIX TEOPWH IPAaBUTALMH M MHTEPEC K HEH
CENYac 3HAUUTENBHO BBIPOC.

Teopus Bbpanca-/{ukke otnnyaetcs ot OTO BMAOM HONEBLIX YPABHCHHUMA,
HO BO3ACHCTBHE TPABUTAUMM HA QU3HUECKHE CUCTEMBI B TeopuM bpanca-Jlnkke
H OTO O>KBMBANIEHTHO M ONPeIesIACTCS METPHYECKHM TeH30poM. B Teopun
bpanca-[ukke kak u B OTO, npobHble YaCTHLBI ABHKYTCS 110 TEOACIHIECKHUM.
fo3TOMYy B Teopwn bpanca-/lMkke TNpPeCTaBASIOT MHTEPEC IMTEKKENeBbl
NPOCTPAHCTBA. KOTOPBIE JOMYCKAIOT IO OMPEIENCHHI0 HWHTErpHPOBaHHE
ypaBHEHMI IBHXEHHA NPOOHMX wacTHI B (opMe ypaBHeHHH [ aMHJIbTOHa-
AxoOn MeToaOM TONHOTO pasgeneHus nepeMeHHbIX. C ApYyTo¥ CTOpPOHBI, MpH
HaX0)XKOCHNM TOYHBIX pELIEHMH YypaBHeHWil mons B TeopWn bpaHca-/Inkke
LITEKKENEBbl MPOCTPAHCTBA WrpalwT Oonee BaxHyto posab, yeM B OTO,
TIOCKOJIBKY B JTHX TPOCTPAHCTBAX HMEETCH BO3MOXKHOCTL HAaWTH obuiee
pEIEHNE CKAIAPHOTO YPABHEHUSA, BXOMSIUErO B CHCTEMY MOJEBBIX YPaBHEHUH
teopun bpanca-Jlukke. B wnacTosuiee Bpemsi CKaISIPHO-TEH30PHBIC TEOPHH
BBI3BIBAIOT MWHTEPEC KaK HHW3KOIHEPreTHYECKUE TNPHUONHIKEHHS KBAHTOBO-
nonesslX Teopui. IlodtoMy mHTepec k Teopum Bpanca-/Iiukke kak MozensHoi
TCOPHHM 3HAUMTENBHO BBIPOC (B YACTHOCTW, B Teopun cynepcrpyH [ puHa-
lBapua BO3HMKAIOT ypaBHEHMs, aHATOTHYHbIE ypaBHeHWsM Teopuu bparnca-
Jukke).

HnTepec k 3710 TeopuM B IMCCEPTALMOHHOM HCCIEAOBAHHH BBI3BAH TeM,
4YTO Ha OCHOBE CKaJAPHO-TEH30pHON Teopun bpanca-/lnkke MOXHO
MPONITFOCTPHPOBATE TIpEUlaraeMblil B IMCCEPTALMNA  TIOJAXOA HAXOXKIACHUS
AHATHTHYECKNX PEICHHA U181 QTbTCPHATMBHBIX (METPHYECKHX) TCOpHH
IDABMTALIHH.

MeTpHkH KOHGOPMHO-IUIOCKMX LITEKKENEBBIX mnpocTtpaHcTe Tima (1.1)
3ajanbl B Buae (2) 1 (4) ¢ ycnosusaMH Ha (PYHKIHH, NPUBEACHHBIMH BBILIE.

B iuccepraumonHoi pabore MCIONBL3YIOTCH TMOJIEBIE YDABHEHHS TEOPHH
Bpanca-/Inkke ans BakyyMa HMEIOLUHE BUIL

42 =0

1 i 35
| Rul‘ ;:guvR = - _;)Ttguv¢."¢u ¢.u¢1 ) 7E(gu»¢: - ¢}<’|‘)‘ ( )
L N

3nech ¢ - cKasIpHOE 110J1e; w - KOHCTaHTa. PasnereHne repeMeHHsIX B
CKTAPHOM YPABHEHHU 1IPUBOAMT K ClIeRYOLeMY BUAY QYHKIMH ¢

#=TTox) (36)

(MYTbTHIJIMKATHBHOE pa3elieHHe nepeMeHubix). Bun ypasHeHnit (35) MoxHO
YNPOCTHTS, €CJIM HCKMIOUHTS CKAISPHYIO KPHBH3HY M BMECTO ¢ BBECTH HOBYIO
BEITUYUHY



©=lnigl T (x), (37)

il
ZOTYCKAOUIYIO Pa3eNeHHe NEPEMEHHBIX aJIUTHBHOTO THITA.
Toraa ypaBHenus (35) npumyT BuA
[ el-0®, =0
R, =(0=1)D 0 +D,
Jns  ympouwleHHs pelnaeMblX YpaBHEHHH aenaerca npeobpdazoBaHue
METPUKH, aHAJIOrMuHOe npeobpa3oBaHuaM 3anauu Baiiaesa. B urtore monyunm
metpuky Buaa (32) ¢ ycnosusmu Ha byukwau (33) u (34). [poseaem
JOTONHUTENbHOE TpeoOpa3oBaHue, BoiOHMpaem BHA KOHGOPMHOrO dakropa

A=AF(D). ®=3 O,

(38)

INonyuyeHHble B pe3ynbraTe YPAaBHEHUA 3HAUMTENBLHO NPOLIE HCXOAHBIX, B
urore Obli1a MOCTPoeHa KiaccHu(PUKaLHA KOHDOPMHO-ILTOCKHX ILTEKKENEBhIX
npocTpaHcTB Tuna (1.1) B CKaIAPHO-TEH30PHOH TEOPHH IpaBUTaUMM bpaHca-
Jukke. Takum 06pa3zoM, Obi10 nosyueHo 9 K1accoB pelteHui.

B saxkawuyeHuM TMEPEYUCICHBl OCHOBHBIC PE3YyAbTaThl, IMNOJIYYEHHBIC B
AUCCepTaUMu:

1. HalizneHnl Bce MeETpUKH [/ BaKyyMHbIX KOH(OPMHO-ITOCKHX
IUTEKKEAEBbIX MpocTpaHcTB THna (1.1) ¢ A - uneHoM, HafineHbl Bce
METPHKM IS BaKyYMHbIX KOH(POPMHO-TUIOCKMX  LUTEKKEJIEBbIX
npoctpancTs TMna (1.1) 6e3 A - unena.

2. Haiigenbl Bce MeTpUKH a1 BAKYYMHBIX  KOHGOPMHO-IIIOCKHX
IITEKKENEeBHX npocTpaHcTs Tuna (2.1) ¢ A - uneHOM, HaM/1eHbl Bce
METPHKH 718  BaKyyMHbIX KOHGOPMHO-TIIOCKHX  LUTEKKENERBIX
npoctpaHcT THNa (2.1) 6e3 A - unena.

3. [lonyueHst pewieHus ypaBHeHus [ amui1bTOHa-SIkOOM M ypaBHeHMA
3MKOHANA ANA HAHJCHHBIX KJIACCOB METPUK BAKYYMHbIX KOH(GOPMHO-
NJIOCKUX IUTEKKeNneBbIX NpocTpancTs THna (1.1) 1 thna (2.1).

4. HaiizeHsl Bce  METPUKH  KOH(OPMHO-TIIIOCKHX  IUTEKKENEBBIX
npoctpadcTs Tdna (1.1) B 3anaue Baidaps (rpaBuTaLids ¢ H3IYYEHHEM ).

5. Haitipenst  Bce  MeTpUKM  KOH(DOPMHO-MIIOCKMX  LITEKKEEBBIX
npocTpascTs thna (l.1) B ckanApHO-TEH30PHOH TEOPHY CPaBUTALHMH
Bpanca-/lukke.
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