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1.BBenenne. Pusuyeckas Teopus aJAeKBATHA PeaJIbHOMY MUPY, €CJIH B paMKax
OIHKCHIBAEMOTO €10 KPYTra ABJEHHI HET HU OJHOrO SKCMEePHMEHTANIbHOro aKTa, Ipo-
THBOpeYalllero ee BbiBOAaM. Teopusi rPaBHTALMOHHOIrO MOJIA, BBUAY 4YPe3BbIYaliHO
MaJioif MHTEHCHBHOCTH T'PaBHTALMOHHOTO B3aHMOAEHCTBHSA, He HMeeT JOCTaTOYHO
HaJe>XKHOH IKcnepuMeHTaJbHON 6a3bl. HemocpeacTBenHble H3MEpPEHHs BBINOJHEHBI
JIMIIb JJIsE CNIaBbIX TPaBHTAMOHHBIX noJiell B npejenax ConHe4HOM! cuCTeMBI, a BO3-
ZelicTBHe CUIbHOM IpaBHTALMU HAOGIIOJAIOT KOCBEHHO IO SBJIEHUSM, PEaju3yeMbIM
B Maciutabax Bcenennoit. [TosTomy st TeOpUH TArOTeHMs CYIIECTBEHHBIMH CTaHO-
BATCS ee JIOTHYecKasi HeNPOTHBOPEYUBOCTb M PyHAaMeHTaIbHble TPUHIMIIbI, HCTHH-
HOCTb KOTODBIX CJleflyeT M3 XOPOIIO NMOATBEPXKAEHHBIX 3KCIHEPUMEHTAJIbHO TeOpHH
Apyrux bU3NYEeCKHX NoJielf.

Eciii B KayecTBe Mephl HHTEHCUBHOCTH I'PABMTALMOHHOTO MOJIst NPHHATL 6e3pa3-
MepHoe oTHowenue r,/r = 2GM/c*R (M - macca, R — xapakTepHblii pa3mep HCTO4-
HHMKa nosisi, G — KOHCTAHTA HbIOTOHOBCKOTO TATOTEHHMs), TO AJisl c1abbix 74/T K 1 (B
npegenax ColHeYHON CHCTeMBbI) M yMepeHHBIX 74/r < 1/3 (B oKkpecTHOCTH mMyJsbCa-
POB) IPaBHTALMOHHDIX MOJIeHl TEOPUs TArOTEHHs DUHIITEHHA XOPOLIO COIIACYeTCst ¢
SKCnepuMeHTabHbiMu TecTamu [1]. C npyroit cTopoHs,

® OCHOBBIBasCh Ha 06061eHKHH 60bIWOro KosnvyecTBa HakToB HAB/IONATENbHOM]
acrpodusuxu B.A. AMGapuyMsH chopMynIHpoBasl KOCMOTOHHYECKYIO KOHUEN-
uuio (2], [3] o cymecTBOBaHMM CTATHYECKHX J03BE3JHBIX TeJ C Ty/T ~ 1, KoTO-
past He HonyyHaa OGbACHEHHS M, CKOpee BCEro, He MoXKeT 6bITb OObsACHeHa B
paMkax obwieit Teopun otHocuteabHoctn (OTO),

e cornacuo B.JI. Tunsbypry [4] ”...He0GXOAMMOCTb aHAJIM3a IIPUMEHHMOCTH 06-
el TEOPHH OTHOCHTENLHOCTH B CHJIbHBIX TPABHTALMOHHBIX MOJNSAX, 0COOEHHO
BOJIM3M CHHTYJISIPHOCTH, HE BbI3bIBAET COMHEHHN”

e H3y4eHMe JUHAMMKH YePHbIX AbIp 06HApY KMBAeT NOBeNeHNe, He CBOACTBEHHOE
MeTpHYecKHM TeopusM (cM., Hanpumep, [5], (6], uHade roBopsi, no-BuAUMOMY,
B ycaoBusx cuibHolt rpasutanuu OTO cTaHOBHTCA BHYTDEHHE NPOTHBODEYH-
BO#i.

[Tepeuncientoe no3BoJseT nojaraTh, 4ro pe3yabraThl OTO MOXKHO CUHTATD HAJEXK-
HBIMH B 00J1acTH c1abbIX H yMEPEHHBIX TPABUTAUMOHHBIX MOJIeH, TOrAa KaK B CHJIb-
HBIX TI0JISIX ee IpHMMeHUMocTh coMHuTenbHa. Cymecrseroit Tpyasocrsio OTO ocra-
eTcsl TaKyKe NnpobjieMa IHEPruH, KOTOpast, ABJIsSACh IPeAMETOM AMCKYCCHH M CEroJHsA
[7] - [11], nopoauIa HECKOJIBKO JOCTATOYHO KM3HECTIOCOOHBIX HEIMHIUTEAHOBCKHX
BapHaHTOB Teopuu TaroTenus [12] - [21]. Hacrosimuii 0630p nocsiuieH B OCHOBHOM
TensopHo—cKasipHoii Teopun tarorenns (TCTT) Mopnana-Bpanca-ukxke (1B 1),
KoTopas sBjsieTcs HaubGosiee pa3pabGOTaHHON M, HAa HalI B3rsl, Hanbosee 6au3KoH
monudukauueir OTO. OcraHoBuMCs, BKpaTlle, Ha OCHOBONOJIAraloWIMX MAEAX 3TOH
TEOpHH, OTChLIAs YHTATEA 3a noapobHocTaAMH K paGoram [15] - [21].

B coBpemenHno#t Teopernyeckodt ¢pusuke npobaeMe o6beauHEHMA U3BECTHBIX B3a-
HMOJeHCTBHI! OTBOANTCS OHA U3 KJK0o4YeBbIx mo3uunit. Ha cerogusamnnit nenp MOX-



HO CYMTATh ODOCHOBaHHBIM BeChbMa NPAaBIONOA0OHOE 3aKJYEHHE, COTJIACHO KOTO-
poMy u3HIeCKHe B3aNMOAEHCTBHS SIBJISIIOTCS MPOsIBJIEHHEM Bce DoJiee BHICOKUX Pa3-
MEPHOCTEHl MPOCTPAHCTBa-BpeMeHH. IlepBoe mocTuKeHHe, WITIOCTPUDYIOIIEE 3Ty
UIel0, TPUHAAIEXKUT MHUHKOBCKOMY, KOTODBIH#, PAcCMaTpuBas TPEXMEPHOE MPOCT-
PAHCTBO M BpeMsi KaK 4D-IceBIoeBKINI0B KOMILJIEKC, [TOKa3aJsl, YTO mpd 3toM 3D-
BEKTOPBI HANPSKEHHOCTEH 3JIEKTPHYECKOTO W MATHUTHOTO MOJiel OObeIHHAITC B
TEH30p 3JIEKTPOMATHUTHOTO TOJISI.

PasMpbiiigaa Han “noanopyeHHbIM” CXOACTBOM OIpPENE/eHUl HAIPSIXKeHHOCTeH
3JIeKTPOMArHATHOTO
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noJieil yepe3 morenuuainb A* = {yp, E} 1 gop(z®), Kanyna [22], scren 3a Mun-
KOBCKHM, MPEIJIOKUI CIocod oObeAuHEeHHsT SUHIITEHOBCKO! TEOPHH TATOTEHHS U
TEOPUH JEKTPOMArHUTHOrO moJjsi MakcBesia, OCHOBaHHBIH Ha BBEJEHMH JOIOTHH-
TeJIbHOM, IPOCTPAHCTBEHHO-NIOJO00HOH KOODAMHATHI

o = {z*,2°}; «=0,1,2,3; A=aq,5.

Teopus Kanyust — Kueitna [22] — [24] chopmysupoBana B ayxe obuieli Teopun oT-
HOCHTEJIbHOCTH U COAEPAKHT CJICAYIONMEe €CTECTBEHHbIE MPEANON0XKEHHS:

1. Merpuueckas dopma
d22 = GABdl‘AdIL‘B

JIOJI2KHA ObITh KOBAPHAHTHA OTHOCUTENBHO NMPeoOpa3oBaHUi

U npeobpa30oBaHUil JONMOJHUATEJbHONR KOOPIHHATHI
z° = 2°(2°, £°).

910 TpeboBaHME MO3BOJISET PACHIENUTb 5-MEPHYIO METPHYECKYI0 (hOpMy Tak,
4TOObI
dZ? = ds® — d)? = gnpda®dz? — M\ s\ pda?dz®;

_ G50G5ﬂ. _ G5a . _ ]
Gop = Gaﬂ G55 ) /\a - \/:—C;,—E);: A5 - G55‘

2. TeomeTpuyeckue BeJMYMHBI He JOJXKHBI 3aBHCETh OT JONOJHUTENbHON MATOH
koopauHaThl 8/0z5 = 0. Jro TpeboBaHUe CyKaeT KJaacc obIuX npeobpa3oBa-
Huit ° 1o

° = z° + f(2°),



4YTO NPpUBOOUT K Ka.JII/I6p0BO‘IHbIM npeo6pa,3013aH1«mM JIEKTPOAUHAMHUKHN
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3. st Toro 4ToObl PH PEAYKIUU B YeTbIpEXMepHe MOJYUYHUTh CUCTEMY YpaBHe-
HMii MakcBelljla U AHIITEAHOBCKON Teopum TAroreHus, Kajyua BBIHYXIeH
6611 MoJ10KUTh G55 = —1. B 3TOM Cily4ae KOMIIOHEHTHI TEH30Pa JIEKTPOMAr-
HHUTHOTO 10N Fjg C TOYHOCTBIO JO NMOCTOSAHHOM COBNAJAIOT ¢ KOMIOHEHTaMH
5-mepHoro cumBosia Kpucrobdess:

c2

Faﬂ = ﬁrasg.

PaccmarpuBasi cBoiicTBa cumMeTpun Teopun Kamyner - Kieitna, Vopman [15]
HpHIIeJ K 3aKJI0YeHHI0 00 OrPaHMYEHHOCTH OZHOro M3 mpeamosioxeHuil Kamynpi,
BBISICHUB, 4TO KOMIIOHeHTa G55 He KOHCTaHTa a ckassp. Janee, B peanman,mo u3-
BecTHO# rumnotesbt upaka [25], [26] o ” apsixsieromeit rpasutanun”, Vlopman npes-
MOJIOXKUJI, YTO B KaXKZOW IPOCTPAHCTBEHHO-BPEMEHHOM TOYKe 3TOT cKajsap y(z®)
(ero NpuHATO HA3BIBATH PABUTALMOHHBIM CKAJISIPOM) 3aMEHsIeT HbIOTOHOBCKYIO KOH-
cranty tarorenus G, npudeM y ~ 1/G, 910 n03B0IMIO eMy cHOPMYJIUPOBATH OT-
Jnunyio or OTO Teopuio Tsrorenus:

W= /\/_[ (<4)R ny“)-i—L sm

d K = 0—4, (11)

rae ¢ - 6espa3MepHasl KOHCTAHTA CBSI3HM CKAJISPHOrO noJist y(z*) ¢ BEIeCTBOM U Her-
paBuTALMOHHBIME TonaMu. B 1961 rogy ukke u Bpanc [17], [18], ucnosnb3ys 98-
PHCTHYECKYIO Hel0 Maxa O BJMSHUY YAAJIEHHBIX MAcC HA IPONCXOXK AeHUEe HHEPIUH,
T.e. UCHOJBb3Ys (PU3NYECKHE NPEANOCHIIKH, OTIINYHbIE OT HOPJAHOBCKUX, IIPUILIH K
HeoOX0AMMOCTH (POPMYIHPOBKH TEH30DHO-CKAJIIPHOH TEOPHM TATOTEHH:, NOJIEBbIE
yDaBHEHHs KOTOPO# B TOYHOCTH COBNAJIAIOT C MOJEBBIMU yPaBHEHHAMH Teopuu Vop-
JaHa. XoJ HX PacCyKJIEHUH MOXKHO NPOMJUTIOCTPHUPOBATH IMPOCTON OLEHKOM: 4ac-
THIA NaJaeT Ha TeJO MacChl m ¢ yckopenueM a ~ Gm/r?, ¢ apyroit cTOpoHbI, ciepys
JIyXy MaXOBCKOTO NIDHHIMITA M U3 Pa3MEPHBIX coobpaskenuit a ~ ¢ /r ~ c*mR/r Mr,
rae M — coBOKyNHasi Macca yJajleHHbIX 00beKTOB, a R — pacCcTosiHUe [0 MX LIEHTpa
macc. CpaBHMBasi 9TH BbIDaXKEHHs], IOJYyYUM M3BecTHOe cooTHomeHue [llambr [27],

GM

COIJIaCHO KOTOpOMY pa3Mepbl Habmiomaemoit 4actu BcesieHHO# mopsiika ee rpaBu-
TAlMOHHOrO paauyca. Vcxoad U3 3TOro MOXKHO NPEANOJIOKHTh, YTO OZHOPOIHAS
pacunpsitorasicss BeesenHas siBsieTcs TMTAHTCKOR cesiieil cucteMoit ¢ o6paTHoit
CB#A3bIO, OATOHSAIONIEH 3HaYeHus burypupyromux B (1.2) BeIMInH K OpeANNCaHHBIM



3HAYEHUSAM. ITO, B YACTHOCTH, O3HAYAET, YTO B IIPOM3BOJBHON TOYKE HAOMIONEHUS
BesnuynHa G IlepeMeHHa U OINPeJeJisieTcs PACHpPeNeJIeHHeM BEelIeCcTBa, YTO JIErKo 00-
HapyKuTb nepenucas (1.2) B BUIe CHMBOJNYECKOTO COOTHOIIEHHSI

1/G(r) = Zm,—/cz(r -3,

OTKyJa U CjlefyeT HeoOXOOMMOCTb 3aMeHbl KOHCTAHTHI TAIOTEHHs MPaBHTALMOHHBIM
CKAJISIPOM.

B reopun Mopnana — Bpanca — /Iukke rpaBHTAIMOHHBINA CKAJISAD NMOPOXKIAETCH
BEIIECTBOM M HEPABUTAIMOHHBIMHE MOJISIMH, & TOYHEe [TOIYHHsIeTCs] YPABHEHUIO THIIA
BOJIHOBOTO C MCTOYHHKOM B BHJIE CJieJa TEH30pa SHEPrHMH — MMILYJIbCa BEIIeCTBa U
HerpaBUTAIMOHHBIX ToJiedl (myTh 1 Ha cxeMe).

87T
Vaoy* = ———. (1.3)
3+2¢
3nmech V, — KOBapHaHTHasl IPOU3BOJHAS B METPUKe g, (%) puMaHOBa MPOCTPAHC-
TBA,

Oy
@ — aﬂ — aﬁ——_
v =9"ys =955

BemecTso u I'paBHTaIHOHHEIH
HErPaBHUTALHOHHEIE *“@——’, cKaysap
nons T(X) t y(x)
I

Merpuka
8™

[ paBUTALMOHHEIl CKAJISAD BMECTE C BEIECTBOM M HETPABHTALAOHHLIMHU MOJISAMU
reHepupyeT METPUKY g, () (myTn 2 Ha cXeme) COINIACHO
8 Vgt iyt Vay®  CYay®
Gy= Zmp 4 2l 4 (M (e Bl ),
(] Yy Yy Yy 2y
npHuYeM BIIMSHME CKAJSPHOTO MOJA HA ABMXKEHHE JaCTHUI IPOSBJISAETCA HE 3a CYeT

HenocpeICTBEHHOI'0 B3aUMOJEHCTBHUsI, a 6arogaps o0yCI0BIEHHBIM 3THM II0JIEM U3-
MEHEHHSAM METPHYeCKOro TeH3opa (IIyTb 3 Ha cXeMe).

(1.4)



TensopHo-ckansapHas Teopust tarorenus VIB/l cdopmynuposana Tak, 4To0BI CO-
xpanuTh ogHo u3 pocrmxkenuit OTO — u3 ypaBHeHuit nons cnenyer obpaiieHue B
HyJIb KOBADHAHTHON JUBEPreHIMH T€H30pa SHEPIMH — UMIIYJIbCA BEIECTBA M HErpa-

BUTAIIMOHHBIX l'IOJIeI"‘I7
®o— " o__
VGt =0 = V,T*=0,
49TO o6ecneqHBaeT corJjiacue C TpeGOBaHHeM CJI&601"O IIPpUHIUAIIA 3KBUBAJIEHTHOCTH —

B OTCYTCTBHE HErpaBUTAIlHOHHBIX noJse MeTpHUKa NpealuCbiBaeT HpOGHbIM He3apd-
2KE€HHBIM, 6eCCIIMHOBBIM YacTHLAM U Jy4aM CBE€Ta ABHUXKEHHE 110 I'e0Je3nIEeCKUM

d?ze  _, difdz?

ds? Prds ds
e 3ameuanue 1. BemecTBo U HerpaBUTAIMOHHbLIE NOJS B TEOPHM IPaBHTALUH

IpeCTaBjIeHbl TEH30POM SHEPrHH-HUMIIYJIbCA, KOTOPHIA ONpenesseTcss BapbH-
poBanuem W,

1
oW, = 6/Lm\/—gd4z = §/Ta36g°‘ﬂ\/—gd4z,

rae L., — narpaH»keBa IJIOTHOCTb MaTepud. B pedyabraTte, 1151 TEH30pa SHEp-
CMH-MMITYJIbCA MMEEM

6L 2 6(v/=9Lm)
TO =2 — Yo Lm = —_— -
# = ges T 9 V-9 69°%

(HecMoTpsi Ha TOXKIECTBEHHOCTH ONpeJeseHHi, BTOpoe NpeioyYTHTEbHEE,
T.K. CPa3y BbIJA€T CHMMETPHYHBIH PE3yJIbTaT.)

B ruapoguHaMuyeckoM NpUOJIMXKEHHH, T.€. MPH YCIOBHU JIOKAJIBHOTO TE€PMO-
JMHAMHYECKOTO PAaBHOBeCHS B Cpefle, OOBIYHO NPUHUMAIOT, YTO BELIECTBO —
MjeabHas XXUJKOCTh C M30TPONHBIMH JaBjieHHeM P ¥ NMJIOTHOCTBIO SHEPTUHU
€, MAKpPOCKOPOCTb MepeMeleHus 1eMenTa 4-obbemMa KOTOpoi ecTh u®, IpH-
yeM u®u, = 1. Ecan pna mirornoctu dyskiuu Jlarpan»ka Takoro BeIIeCTBa
¢dopmanbHO TPHUHATH

L,= [P(l + UQUgguﬂ) —e(1- uauﬂgaﬂ)] ,

N =

TO .
0L, = -2—6g°“3(P + €)uqug.

(CootHomenue u,ugg®® = 1 cremyer y4uTHIBATbH TOJIBKO NOCJTE BAPbUPOBa-
HHsA), U JUUIS TEH30pa SHEPrUU-MMIYJIbCa BEUIECTBA MOJIYYHUM

Top = (€ + P)uqug — Pgop. (1.5)

TeH3op 9HEePruu-uMIIyJibCa BC€X U3BECTHBIX KJIACCUYECKHUX (bOpM MaTEpHUH noa-
YUHAETCA eCTECTBEHHBIM YCJIOBUAM 3HEProJOMHUHAHTHOCTH!



1. C Touku 3peHus J060ro NpUINHHOrO HabIIOAATE s, MUPOBAs JIMHUS KO-
TOPOro 3aJaeTCs BEKTOPOM tH, MJIOTHOCTb SHEPIUH (PU3UIECKON CHCTEMBI
JOJKHA ObITh HEOTPUIATEIbHA, [T09TOMY

T, "t > 0.

2. OTHOcHTENBbHO NPUYHHHOTO Habmoparens (t#t, > 0) MUIOTHOCTH MOTOKA
SHEPIUH JOJI)KHA ONUCHIBATHCSA HENPOCTPAHCTBEHHOMNOIOOHBIM BEKTOPOM,
YTO NPUBOIUT K

T T,et,t° > 0.

OTMQTI/IM, 4TO B KBaHTOBOH TEOPHUH H3-3a IMOJAPHU3AINA BaKyyMa YCJIOBHUA
9HEeProaOMMHAHTHOCTA MOryT OBITH HapyUIeHbI.

VYcenoBue 3HEproIOMMHAHTHOCTH HAKJAIblBaeT OrpaHHYEHHs] HA QUIYypHPYIO-
L[He B BbIPasKEHHUH TE€H30pPa SHEPIHH-MMIIYJIbCA BEIECTBA MJIOTHOCTh YHEPTrHH

U JaBJICHHE:
e>0, —e<P<e.

KoBapnaHTHOE MOCTOSIHCTBO TE€H30pa SHEPIHH-UMIYJIbCA COAEPIKHUT JOCTATO-
4yHO GoraTyio nHGOPMAIUIO O NBHXKeHUH MaTepuu. [IpoaeMoHCcTpHpYyeM 31O Ha
npuMepe TeH30pa SHepPruHu-uMIlyJIbca Bemectsa (1.5), noncrapus ero B VT =
0. B pesyabpTaTe nonyyum

Pg= (P +¢€),quug+ (P +¢e)(ugVau® + uVaupg).
Cripoelupyem 3TO BhIpaXkeHHe Ha u® u yuuThiBas
ulug =1, u uﬁvau,g =0,
[IOJIyYUM ypaBHEHHE HEIPePHIBHOCTH

UBE,g

Vou® = .
u P+e

(1.6)

IIpoenupys TO e BhIpasKeHHe Ha THIepPHOBEPXHOCTb, OPTOrOHAIbHYIO uP, He-
[10J1b3Ysl POEKTOP

Lf =66 —wPu,, LPu = LBus=0,

v v
[OJIy4dM ypaBHeHHe Diiiepa

P,ﬂ —’U.QU.ﬂP,u

P+e (L.7)

u*Voug =



OJHO U3 BO3MOXKHBIX MCTOJKOBAHHH NPUHIHUIIA KBABAJIEHTHOCTH JIOKAJIHHO HC-
KJII0YaeT IPaBUTALMIO KaK CHJIOBOE BO3JEHCTBHE, TPAKTYSl I'PDABUTAIMOHHBIE CHJIBI
KaK MHepUHaJbHble, UCKJIOYas TeM CaMbIM MACCHBHYIO IPABUTALIMOHHYIO MACCY, 3a-
MeHssd ee HHEPTHOW. AJIbTePHATHBHBIM SIBJISIETCS MAaXOBCKOE MpeICTaBJIEHHE, CO-
[JIACHO KOTOPOMY HHEPIHMsI WHTEPHPEeTHPYeTCs KaK I'DABHTAIMOHHOE B3aHMOIEHC-
TBHE. DKBHUBAJIGHTHOCTb WHEPUUH U TAroTeHHs, mo Maxy, O3Ha4aer, 4TO CHJIbI
MHEPUMH CBOAATCA K TPABUTAIIMOHHBIM, & HHEPTHAS MACCa — K TPABUTAUMOHHOMN U MC-
KJI04Yaercs u3 paccMmorpenus. Eciu npunnun Maxa copaBensius, TO, COMJIACHO DiH-
wreiiny [28], ” MHEPTHOCTH HEKOTOPOrO TeJNa J0JXKHA BO3PACTH, €CJIH MOBIN30CTH OT
Hero CKoHUEHTpupyoTcs Tskesnbie maccs”. B OTO mnwoboe sokanu3oBaHHOE pac-
npejesieHde MacC CO3/aeT 'PABUTAIMOHHOE MOJie, KOTOPOMY aCHMITOTHYECKH COOT-
BETCTBYET IJIOCKOE IPOCTPAHCTBO ¥ KOTOPOE B 00JIACTSAX, YAAJIEHHBIX OT BEUIECTBA, B
nporuBoBec npuHuuny Maxa, obsanaer abCOMIOTHHIMU MHEPTHBIMH CBOHCTBaMu. B
teopun VIBJI curyanust nHas — CKaJspHOe I0Je 06yCIOBIHBAET IPUTSKEHNe, IPH-
MEPHO COOTBETCTBYIOIIEE CHJIAM TpaBHTanyy [29].

Cornacno Jdukke [30], ny1st Toro 4yTo6bl OBITH CHPABEJIMBOI, TEOPUS TATOTEHUS

® JI0J2KHA OBITH MOJHOH. DTO 03HAYAET, YTO AHAJIHU3 PE3YJIbTATOB JIOOBIX 10CTO-
BEPHBIX IKCIIEPHMEHTOB MOXET OBbITh BBHINOJIHEH HAa OCHOBE " IE€PBBIX HPHUHIA-
moB”;
e [0JKHA OBITH CaMOCrOJIACOBAHHOM, MHAYue TOBOPs, NPEACKA3aHHS Pe3YJIbTa-
TOB J1I000r0 IKCIEPHUMEHTA, MOJYyUEeHHBIX Pa3HBIMH CHOCODAMH, TOJIKHBI CO-

BllaJaThb;

® [0JIKHA OBITh PEJSTHBUCTCKOM, T.€. HEIPABHUTAIIMOHHBbIE 3aKOHBI (DU3MKH NPU
BHIK/JIIOYEHHOU I'PAaBUTAIMH JOJIXKHBI CBOIUThCH K 3akoHOMepHocTsM CTO;

e 0JKHA OBITH CIIpaBeJJINBOI B HBIOTOHOBCKOM IIpeJeJie.

C uesbio yCTaHOBUTH HBIOTOHOBCKHiT npenes Teopun MB/I paccMorpuM cinyvait
c1abbiX rpaBUTALMOHHBIX Moselt Gm/c*r < 1 u MenyennbIx apmxennit v?/c? < 1,

2 2Gm
gooz1+—f=1— 7 9oi =0, gik = —0ix.
c c’r

Ypaeuenus Teopun B/l ecsiu uckaTh UX pelieHus B BUAE

Y~ yo(l +o0), goo =~ 1+g,
JAI0T \
2¢ ) 4c*(2 +¢)
2V e anp (22219
(3 +20) 9= P B+ 20)
TIlockonbKy g = 2¢/c?, a rpaBUTAIMOHHBIN TOTEHIMAJ yAOBJETBOPAET ypPaBHEHHIO
Ilyaccona Ay = 47Gp, T0O

_2cM(2+Q) _ @ g 2Gm

WEGErn) CT kv s YT e Y

No = 47rp(—




YpaBHeHue
8w

3+2¢

KOTOPOMY VJIOBJIETBOPSIET 'PABUTAIMOHHBINA CKAJISP, IO3BOJISIET TPYyOO OLEHUTDH Cpe-
Hee 3HAYEHHUK Y, BBIYHCJIMB UEHTPAJbHBbIN NOTeHnHaa cdepbl ¢ KOCMOJOIHYECKOH
MJIOTHOCTBIO P ~ 10_29F/CM3 H C paJuycoM, PaBHBIM PaauyCy HabmIonaeMoi 4acTu
Bcenennoit R ~ 10%8cm

Vay®* = AT, A=

<y>~ ApR?* ~ A-107%r/cm.

JonycTuB Teneppb, UTO BEJMYHHA Yy UMEET NOPSIIOK, CDABHHUMBIA ¢ < y >, s
6e3pa3MepHOil KOHCTAHTHI CBsI3d moaydum ( ~ 50.

Jlerko 3ameTuTh, 4TO lim(0Yo = 1/G, ¢ APYTroii CTOPOHBI, SICHO, YTO B Ipejese
y = yo u ( — oo neitcreue Teopun VIBJI (1.1) ob6pamaerca B neiicreue OTO,
nosToMy MOXKHO yrBepkKAaTh — OTO, B HEKOTOPOM CMBICJIE, SIBJSETCS YACTHHIM
ciayuaeM teopun MBI

OKCIepHUMEHTHI B IpeJiesiaX COJTHEYHO CHCTeMb! JAIOT A/ OTHOIIEHUs] KOHCTaH-
ThI CBSI3M BELIECTBO — CKAJISIPHOE II0JI€ K KOHCTAHTE CBSI3HM BELIECTBO — METPHKA Ma-
ayio Beumauny (< 1073), 4To mpaxkTHYECKU MOXKHO DACHEHHTH KaK IPAHUYAILILYIO C
OTCYTCTBHEM MAaJIOCTh CKajIsspHOro noss. C Apyroit CTOPOHBI, CYLIECTBYIOT ONpeje-
JIEHHBIE OCHOBaHHUsI JIJIs TOrO, YTOObI CYMTATh POJIb CKAJISIPHOIO IOJIs B paHHel Bce-
JICHHOM CyIIeCTBEHHOH, a pa3jii4yue MexXJy NpeJCKa3aHHAMHU TEH30DPHO-CKaJISApHOH
teopun Tarorenus # OTO 3amMeTHBIMH, OJHAKO B X0OJ€e 3BOJIOLUU BcejleHHOH HHTeH-
CHBHOCTb CKAJISIPDHOTO MOJIsI YMEHBIINJIACh OO CeroAHsIIHero 3HadeHusi. B HacTOsi-
mee BpeMsl B JOCTYIHBIX HAaGMIONEHHMSAM CJabbIX IPAaBHTAMOHHBIX NOJSAX (B MOCT-
HbIOTOHOBCKOM TPHUOJINKEHHH) BJIASIHEE CKAJSPHOTO MOJIsA CPABHUTEJIHHO MAJIO, HO
B CHJIbHBIX IDABUTALMOHHBIX MOJISIX (YEPHBIE JBIPbI, CUHTYJISIPHOCTH, PABUTALUOH-
Hble BOJIHBI) OHO MOXKeT Oka3arbcst 3aMeTHbIM. OTmernyM, yro TCTT, B orimune or
OTO, npeacka3biBaeT rpaBUTALMOHHOE U3JIyY€HHE MOHONOJIBHOTO (0T cpepuiecknx
00bEKTOB) M AMNOJBLHOrO (B JBOHHBIX CHCTEMAX) XapaKTepa, 4TO B CBS3M C IPOEK-
TOM IO 3aIyCKy 0OCepBATOpPHM Ha JIa3epHBIX MHTepdepoMeTpax N0 OOHAPYKEHHIO
IPaBUTAIMOHHBIX BOJIH 03BOHMT TecTupoBaTh T'CTT. DTo BbI3BaSIO HOBYIO BOJIHY
HCCJIEIOBAHUH HeCTalMOHAPHBIX fBJIEHHH B HE3WHIUTEHHOBCKMX BapHaHTaX rPaBHU-
TAIUOHHBIX TEOPHUA.

2.Kondopmuoe coorsercreue teopuii B u OTO. Ponb konbOpMHBIX
npeo6pa3oBaHuil B IPaBATALMOHHBLIX Teopusx obcyxkzaanachk Beisiem [31], Tlaynn
[32], Herposbim [33], dukke [34] u ap. B HacTosimieM u ciexyouieM pa3zesax Ha
OCHOBaHMH pe3ynbraToB [35], [36] 6ymer nokasano, yro OTO u TCTT naxonarca B
KOH(OPMHOM COOTBETCTBHUH.

IIycts B OIHOM M TOM Xe MHOrOOOpa3uu 33JaHbl J1Ba KOH(POPMHO-COOTBETCTBYI0-
IIMX NPOCTpaHcTBa Vy u V}, HaJeeHHBIX PUMAHOBON CTPYKTYDOM

ds? = o*(z)ds* = o*(z) - gudatdz”, G = 02(T) * Guo- (2.1)



[ToM¥MO U3BECTHOIO MaTEMATHIECKOIO COJAEPXKaHMs1, KOH(MOPMHBIM Ipeobpa30BaHu-
aM (2.1) MOXKHO NPUIATH TAKXKe W ONpeJeeHHbIl DU3NUECKU CMBICH, CBA3bIBasA
HX C MacIITaOHBIMH NpeoOpa3oBaHUsIMH eIUHUI] u3MepeHus. Unes o cBs3u wuc-
HOJB30BaHUs Pa3JIMYHBIX CHCTEM €IUHHI[ U3MepeHHs (DU3NUeCKUX BEJHYUH C JIO-
KaJbHBIMH KOH(OPMHBIMH NPeoOpa30BaHASIME BOCXOAUT K paboram Beiinsa [31], Da-
nunrtona [37] u dukke [34]. EcTeCTBEHHO IPEANOJIOXKHUTH, YTO NPH KOHMDOPMHBIX
npeoOpa30BaHUAX HEU3MEHHBIMH OCTAIOTCs (YHAaMeHTaJIbHble (DHU3UYECKHe KOH-
CTaHTBl — CKOPOCTb CBeTa ¢ (111 obecneveHns JOKAIbHON JIOPEHI-HHBAPUAHTHOCTH
Teopun), noctosinHas [lnanka A u sjementapHbiil 3apsn e. IIpunAB 3TO, Jierko
YCTAHOBUTD, KAK CBSA3AHBI €IUHHUIIBI H3MEPEHHS PA3JIHYHBIX (HDUHUECKHX BEJIMYUH B
KOH(OPMHO-COOTBETCTBYIOIIMX MPOCTPAHCTBAX. B 4acTHOCTH, JJ1s1 e IUHUIL HU3Mepe-
HHUSA

paccrosinuit - [ =0 - [,
BpeMenun — t = o - t,

Macchl — M = o~ ! -m,

4

MJIOTHOCTH dHEPTUHU € = 0~ - € U T.II.

[IpnMem TakkKe, 9ro npeobpasoBanus (2.1) He 3arparuBatoT 1-bopmy A, — moTeH-
IMas 3JeKTpoMarHuTHoro nons, T.e. A, = A, (o A* = g* - A, = (0)"2A4*), B TO
BpeMs KaK KOMIIOHEHTHl BEKTOPa 4-CKOPOCTH, HAIpUMEp, Peobpa3yloTcst COrJIACHO
dz# dz*
L — — A~k — v . _—1-
ut = — = —— =0l Uy = Guy - U =070y,
ds o-lds ’ B "
(Kak u no/kHO 65110 ObITH B IpocTpancTee Vy, 4# - 4, = 1).
JonycTuM, 9YTO METPUYECKHH TEH30p NPOCTPAaHCTBA Vi MOLUMHSETCS] ypaBHEHH-
fIM TEH30PHO-CKaJISPHOH TEOPHH IPABUTALMHA, KOTOPbIE NIOJIyYaI0TCsl BADbHPOBAHAEM
IeHCTBUSA

1
W= / N [—F(¢)R + 58(8)9" du + Ln|d'z. (2.2)
epeitgeM B KOHDOPMHO-COOTBETCTBYIOLIEE IPOCTPAHCTBO V; COLIACHO
F
Guw = 9) /7 Fy = const,
Fy
TOrJA )
W=/M%P%Jh5¢”m%+aw% 2.3)
F)Ie
F2 o . OF

= but[3F e + Py, F=9"
Yo =@ 30F7+ o 99

COOTBGTCTBy}OLU,PIe YpaBHEHUA UMEKOT BHUI

Gap = (Tt;nﬂ + T;B)v gaﬂvawﬂ =0,

1
2F,



a[i - wcﬂ/"ﬂ 290}99 lﬁu%
Buibepem Fy = ¢t /16nG, uto nossoser cchOpMyIUpOBATD

e VrBepxkaenue 1. TeH3opHO-CKaJisipHble Teopum rpasurauum (2.2) B
KOH(OPMHO-COOTBETCTBYIOIIIEM IIPOCTPAHCTBE C METPUYECKHM TEH-
30poM

G = (F(9)/Fo) - g
KoH(opmHO-3kBUBaJIEHTHBI OTO € NCTOYHUKOM B BUJIE€ MUHUMAJIBHO
CBSI3aHHOTO CKAJIFPHOrO IOJId.

JomycTuM Temnepb, 4TO METPHYECKHH TeH30D g, (z) mpocTpancTBa Vy nmomgym-
HseTcss ypasHenusiM Teopuu VIBJI (1.3), (1.4). Coorsercrsyiomee neiicrsue (1.1)
ecTh YacTHHIA caydai (2.2) mpu F = y/2k, ® = (y/8n, ¢, = y,/y u npespaia-
ercs B gedicrBue ['mibbepra — DifHmTeHA IpH ¥ = Yo U ( — oo. B kondopmHO-
COOTBETCTBYIONIEM IIPOCTPAHCTBE V3, ¢ METPHYECKHM TEH30POM

n

~ Y

Guv = (_> Guv, (24)
Yo

BmecTo (1.1) umeem

~_£~aﬁyaya) ] 4
W= [y- [%yo (R gt l) 4 L] ata, 2.5)

rie BBeJeHbl 0003HAYEHHUS

— (3+20) - 3(1—n)% n=1—\/w. (2.6)

Bapbupys aeitcreue (2.5), nonyyum

G = (L) T + (4 —n(1 - n)) 2L + 55(n(1 - )

y 1=n[X7 .0 & avy il (2.7)
—AJA) B 1 1[G 548 — 63V,
5 Yay*  Vay®
(1-n)R—A(1+n) 57 + A ” =0 (2.8)
Kombunupys cseprky (2.7)
5 Ynois (A ) Yay® Vay®
—R =kr(= T—|=-3n(l—-n —3(1
(L7 - (5 - 3n(1 - ) 2L 30—y Y2
¢ (2.8), moyuum ypaBHeHHe, ONpeJeNsollee IPABUTAMOHHbIH CKAJISAD
Voy®  Y*Ya ( y )"“1 T
— -7 =k(l—n)|— . 2.9
y y? (1=n) Yo 3+2(¢ (29)

Taxum 00pa3omM, B pe3ysbraTe KOHPOPMHBIX NPeoOpa30BaHuil MOJEBblE yPaBHEHHS
(1.3) u (1.4) B mpocrpancrse V; npespamatorca B (2.9) u (2.7).
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e 3ameuanue 2. IlepeonpenenumM rpaBUTALMOHHBIN CKAJIAD TEODHH VB rak,

4TOOBI
~ 1-n
¥ (z) , (2.10)
Yo Yo
U BBeJEM HOBYIO 0e3pa3MepHYyI0 KOHCTAHTY CBSI3U
< A 3 342
C:—z——+—c (2.11)

20-n)2 2 2(1-n2

B HOBHIX 0603HauYeHHsAX AeiicTBHe (2.5) IpUHUMAET BHUJ
. i [~ -0k i
W= /,/_g Y (R— L y") + (yi)l—"zLm d'z.
0

167 72
Conep:kaHue 9TOrO 3aMe4YaHusl JOKa3bIBAET

e VrBepxkaeHne 2. YpapHenus teopum VIBJI mHBapMaHTHBI OTHOCH-
TenbHO KOHGOPMHBIX npeobpa3osannii (2.4) aas aobeix n # 1, ecan
nepeonpeneuTh IPABUTAIMOHHBIN CKaIAp U nepeobO3HAYUTH KOH-
CraHTy cBsi3u corsiacHo (2.10) u (2.11) (mpm n = 2,{ = ().

3.3iinmTeliHOBCKOE npeacTaBiaeHne Teopun VB I, PaccMoTpuM 4acTHBIH ciy-
qait geficrBus (2.5) ¢ mokasareneM cTelleHH KoHQOpPMHOro mpeoGpasoBanus (2.4)
n=1(A=3+2(¢). Beexem

_ Ya [(3+2()y0
G = WV Ter (3.1)

1 nepenuiem geiicreue (2.5) B Buze

. R 1 .
— _al_t 4 ZzaB 4
W= [y=3|-5.+33 ¢a¢ﬂ+Lm]d .. (3.2)
3nech ( |
16 8mG(3+ 2¢
2k = — = —————, 3.3
Yo 2+¢ (3.3)
Heiictsuio (3.2) cOOTBETCTBYIOT ypaBHEHHUsI
~ - - - 1. .,
Gap = &( orr?? + T;B)v Tz:ﬂ = ¢adp — §gaﬁgu Budy, (3.4)
GV aps = 0. (3.5)

OtmeruMm, 4TO

e ypaBHeHue (3.5) MOXKHO MOJIyYUTh TAKXKe KaK CJIEICTBHE KOBAPHAHTHOIO I10-
crosaHcTBa Gop 1 Pu3MYecKoro TpeboBaHusA 0OpallleHHs B HY/Ib KOBAPUAHTHON
JMBEPreHIMM T€H30Pa SHEPrUU-UMIIYJIbCA BEleCTBa U HErPABUTALMOHHBIX IIO-

Jei.



® SHHMITEHHOBCKAA KOHCTAHTa TATOTEHHUHA IIepeHOpMHPpOBaHa B COOTBETCTBHU C

(3.3).
Takum 06pa3oM, MOXKHO CYHUTATH JOKA3AHHBIM

e VrBepkaenue 3. Ypapuenus teopun MIBJI B pesynbrate konbOpM-
HOro npeobpasosanusi (2.4) ¢ n = 1 npeBpamalOTCs B ypaBHEHHS
OTO c nepeobo3HavyeHHON 3UHIITEIHOBCKOM KOHCTAHTON TATrOTEHUS
M MCTOYHMKOM B BHJ€E CYMMBbI TEH30POB YHEPIrUN-NMIIYJIbCA BEIIECTBA
1 HErPaBUTAIMOHHBIX MOJIEHl # MUHUMAJIIbHO CBA3aHHOTO CKAaJIIPDHOT'O
moJisi.

Wnaue rosopst, KoHopMuble npeobpa3osanus (2.4) ¢ n = 1 nepesoaar teopuio UB]]
13 cOOCTBEHHOTIO npeJCcTaBieHus B siiHmTeliHOBCKOe. [IpuiyeM ecam B cobcet-
BEHHOM MPEJICTAaBJIEHUH IIPONOPIMOHATBHO IPAaBUTAIUOHHOMY CKAJISAPY OT
TOYKH K TOYKE U3MEHSIETCA KOHCTAHTA TAroreHus (G, HO OCTAIOTCA HEM3-
MEHHBIMHI YHHBepCAJbHbI€ KOHCTAHTHI C, i 1 MAaCChI YaCTHIL, TO B SAHIITEH-
HOBCKOM mipeAcTaBjeHnn G, ¢ 1 i IOCTOAHHEI, HO MAaCChl YaCTHIL B Pa3HBIX
POCTPAHCTBEHHO-BPEMEHHBIX TOYKAX pasimuHel M = (y/yo)~ /% - m.

HUcnonw3ys pesyibrar Bekenmreiina [38] nepeiisieM B Apyroe npocTpaHCTBO Vi,
COIJIACHO

1
gﬂu — Ez(n+l)/n[1 + z—n]Zgum (36)

62" —1 342
¢=E§n+1; "=\/+TC5 2= (y/yo)™ (3.7)

B sroMm cayuae (1.1) npeobpa3yercs B
” 1 . 1 1 -
= —9|—5= 1-= 2) ~§*f () L, 4 .
W /\/ g[ 2KR( 6m/) + 59 s + dz, (3.8)
9TO J0KA3BIBAET

e YrBepxxaenue 4. Ypasuenns reopun B ]I npeobpasosanusimu (3.6),
(3.7) npuBogsirca k ypaBHennamM OTO ¢ uCTOYHNMKOM B Buae Herpa-
BHUTAIIMOHHBIX IOJIell M KOH(OPMHO-CBA3aHHOrO 6€3MaccoBOro Cka-
JIIPHOrO MOJIsSA 1, yOOBJIETBOpsAIONIIEro ypaBHeHuio Ilenpoyza—Yep-
nukoBa—Taruposa [39], [40]

cap 1
GV 5 — g =0. (3.9)

e 3ameuanne 3. Or6pocum B geiicteun (3.8) craraemoe (—R/2k) u no6asum
xurrcockuit norenuan (Ap?/12). INoayyennoe B peysbTaTe BbIpajkKeHHe

. —01l., 1., 1 »
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KOTOpO€ II0 CYTH OIpeesseT AedcTBHe KOH(POPMHO-CBS3aHHOIO CKAJISPHOTO

nons Ha (OHE MCKPHBJIEHHOTO HpOCTpaHCTB&-BpEMa{'H ¢ 100GaBJEHHBIM XHUI-

ICOBCKHM HOTEHIHAJIOM, Npeobpa3yeM KOHGMOPMHO, momobpaB KOH(OPMHBIM

dakTop Tak, 4TOOBI B pe3yJbTaTe MOTEHIHAJ CKAJISPHOrO MOJis 0OpaTWJICsa B
*2 77

KOHCTaHTY, a ” KWHeTUYECKHii” dYJIeH MOIJIOTHICS Obl JoOaBKaMu, 0OyCaI0BIEH-
HBIMH KOH(MODPMHBIM (hAKTOPOM. DTHUM YCJIOBHSIM YJOBJETBODsiET peodbpa3o-

BaHHUE ~ ¥
b=Y=¢ = const,zv Y =ex (3.11)
9ap = X" GaB-
Bseznem aanee
K= ___6_ n A= 1/\62
=z =3 )
TOrJa 1
. _ . __R 2A imd‘; . 3.12
i = [ Vg (R4 20) + Lold'a (312

B nHeckos1bK0 KaTeropu4uHoit GopMe 3TOT Pe3yJbTaT MOXKHO HHTEPIPETHPOBATH
cienyoumM o6pa3oM: BCIEOCTBME HapyHmieHMsi KOH(OPMHOI cmMMeT-
puu KOH(OPMHO-CBA3aHHOE CKAJISPHOE IOJie NHAYIUPYeT rpaBUTa-
om0 (cM. Takxke [41]).

4.CranuoHapHble rpaBATANUOHHBIE NMOJsA. CoBpeMeHHBIE TEODHH I'PABUTAIHN
- 3T0 HabOp MaTeMaTUYeCKUX MOoJejiel, KOTOpbi€ BKJIIOYAIOT, BO-IIEPBbIX, CHCTEMY
auddepeHINaTbHBIX YPaBHEHU ¢ NOZOOpAHHBIMH aJeKBATHO (u3uyuecKoil 3aate
IPAHUYHBIMA M HAYaJIbHBIMH YCJIOBHSMH M, BO-BTOPBIX, aJTOPUTMBI II€PEBOJA Ma-
TeMaTHYECKUX BBIBOJOB HA SI3BIK CONEP’KATENbHBIX BBICKA3BIBAHMH OTHOCHTEJILHO
dusnyeckoil KapTUHBI. ['paBUTAHOHHOE B3aMMOJAEHCTBHE YHHBEPCAJIBHO, TO3TOMY
HCCaeJ0BaHME BO3AEHCTBHSI 'PABUTALMM HA BEIIECTBO M JAPYTHE HOJsS OTHOCHTCS K
pa3psiay npobsieM, KOTOpbIe He TePSIIOT CBOeil akTyaibHOCTH. Heobxoaumoit ocHOBOM
TAKOTO M3YYEHUs SIBJISIETCS MOCTPOEHHE Pa3HOOOPA3HBIX CEMEHCTB pelleHni ypas-
HeHW# rpaBUTALMOHHBIX Teopwit. OcoOEHHO BaX*KHO MMETh TOYHbIE PELIeHHs], MO-
CKOJIbKY OHH MO3BOJISIOT BbISICHUTb KaueCTBEHHble OCODEHHOCTH PAaCCMATPHBAEMBIX
3aJa4. YPaBHEHHs] U3BECTHBIX TEOPUN TATOTEHHsl CYIIECTBEHHO HEJMHEHHBI, 4TO
HECOMHEHHO 3aTpPyJHsIeT MX TOYHbIEe pellleHus. TeM He MeHee, B HACTOsIIEE BpeMsi
M3BECTHO 3HAYUTEJIbHOE KOJM1ecTBO ToYHbIX pemenuit OTO (cm., HanpuMmep, [42]) u
CpaBHUTEIBbHO HeGobIIoe uncao pemennit Teopun VB [21]. K coxanenuo, 60i1b-
1Iasl YacTh 3THUX PEUIeHHH JMieHa PU3UYECKOro CMBICIA W JHMIIb UX MaJjas 4acTb
COYeTaeTcss C MCTUHHO ¢du3nyeckumu npobsieMamu. Kak npasusio, Hauboabmuii HH-
Tepec C TOYKH 3peHusi (PU3MYECKHX H, OCOOEHHO, aCTPOMDU3UYECKUX NPHIIOKEHUN
NPEICTABIAIOT 33a4d, CBI3aHHBIE C HCCJIEIOBAHHEM TDABUTALMOHHBIX IOJeH, Ha-
JIeJIeHHBIX ONpee/IeHHOM cuMmMmerpueil. Yauie Bcero 3To 10Jsi, COOTBETCTBYIOIIUE
CTAIMOHAPHOMY HJI CTATHYECKOMY, aKCHAJIbHO- MJIH ChepuyecKH-CAMMETPUIHOMY
IPOCTPAHCTBY-BPEMEHH.
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Vpapuenus teopun VIBJ] obmexoBapHaHTHBI, T.e. TPABMTAIMOHHBI CKAIAD W
KOMIIOHEHTbl METPHYECKOTO TEH30Da OINPEEIHIOTCS OJE€BBIMH YPABHEHUAMH C TOY-
HOCTBIO 10 NPOM3BOJIbHBIX IPeobpa30oBaHHil KOODAMHAT, HHAYE rOBOpsi, ecin yY(T) u
9 (T) — peleHns Kakoi-1u6o 3a7a4u, TO pelleHreM TO¥ e 3a1a4un apsgercd y(£)
1 ., (Z). B obmem ciydae 3Ta HEOQHO3HAUHOCTH yCTpaHAeTCA BEIOOPOM 4-X byHK-
uuii, PUKCHPYOIUX Npeofpa3oBaHue KOOPAMHAT, YTO OOBIYHO MMEHYIOT BEIGODOM
KOOPJMHATHBIX YCJIOBHI HJIH, IO aHAJOIHH C IeKTPOAUHAMUKOlM, KaJIHOPOBKOIL.

e 3ameuanne 4. Cornacuo Qoky [43], Hanbosiee MOAXONAUMMA KOOPAHUHAT-
HBIMH YCJIOBHSIMH SIBJISIIOTCS YCJIOBHS FADMOHHYHOCTH. YIOBJIETBOPSAIOLINE
STHM YCJIOBHMS KOOPJMHATHI HA3LIBAlOT rapMOHMYeCKHMMH. B KadecTse rapmo-
HMYeCKHX KOOPAMHAT MOTYT CJIy>KHTb JII0ObIE 9eThIpe HE3aBUCHMbIE BeJTMYMHBI,
KOTOpHIe Y0BJeTBOPAIOT ypaBHeHuo Janambepa u Ha GOMbIIMX PACCTOSAHUAX
aCHMIITOTHYECKH COBNAJAIOT C KOOPAMHATAMH ILJIOCKOTO MHUPA.

[ycry {7} - HAGOp NMPOM3BOJBLHBIX KOOPAMHAT, B KOTOPBIX HailJI€HO pelue-
HHE 3aJa44 KaKoi-J1u060 MeTpU4ecKoii reopuu rpaputanui. COOTBETCTBYIOLIAE
rapMOHHYECKHe KOOPAMHATHI {77} MOXHO HallTH Kak pelleHus ypaBHEHHUs

1 9 <\/_—ggaﬂ§§i) —0, (4.1)

yAOBJIETBODSAIONIEE YCJIOBHIO ACAMITOTAYECKOH eBKiauzoBocta. U3 (4.1) cie-
JIyeT, 9TO KOOPAMHATH {Z®} GyAyT rapMOHHYECKHMH, €CJIA BBIIOJHEHO YCJIO-
BHE

0
e
KOTOpbI€ HAa3bIBAIOT YC/JIOBUAMHU I'aPMOHHUYHOCTH.

(\/—gg“f’) = ( wuim paBHOCHIbHOE eMy ['¢ = §ﬂ7f‘27 =0, (4.2)

['paBUTanMOHHBIN cKayiAp y(x) — JonosHATeabHas no cpasHenuio ¢ OTO xapakTe-
PHCTHKA IDABHTALMOHHOrO mons Teopuu VIBJI. VHTepecHO BHIACHHTH, MOXKHO JIH,
BbIpasuB akTop 0(T) KoHbOPMHBIX Npeobpa3oBanuit J,, = 02g,, depe3 rpaBuUTa-
IMOHHBIH CKaJIsAp, MOA0OPATh 3Ty CBsI3b TaK, 4TOOBl B OJHOM M3 KOH(OPMHO-COOT-
BETCTBYIOLIMX NPOCTPAHCTB Obuin Obl ymosyierBopeHsl ypasuenus OTO, a B mpy-
rom — teopun WBJI. MHaue roBopsi, CyNIeCTBYeT JIM Takasd CBA3b Mexay o(zr) u
y(z), Koropasi B pe3ysbrare KOHGOPMHBIX IPe0OPa30BaHMil IPeBpAIET yPaBHEHHUS
B/ 8 ypasnenus OTO. B paborax [44], [45] moka3aHo, 4TO B CTAalMOHAPHOM,
aKCHAJIbHO-CUMMETPUYHOM IPOCTPAHCTBE-BPEMEHK M B KAHOHMYECKUX KOODIUHATAX
Beiina MOXHO J0OUTBHCS MOJHOrO coBnaieHusi Buaa vactu ypaBHeruit OTO u Te-
opun VIBJI. B sT0oM ciyuae ypaBHEHMe, onpejeJsiolliee TPABUTAIMOHHLIN CKAJIsD,
HHTETPUPYETCS HEe3aBUCHMO OT OCTAJIbHBIX, 3 OCTABLIMECS YDABHEHWs IIPH M3BECT-
HoM y(z) cBomsaTca K kBaaparypam. Crenys [44], [45], npogemMoHCTpHpPYeM, Kak 3TO
OCYUIECTBUTb.
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CranuoHapHble, aKCHAJbHO-CHMMETPHYHbIE I'DABUTALMOHHBIE IO JOMYCKAEeT
IpYIIy ABUXKEHHH C JBYyMsl KOMMYTHDYIOUIMMH M JMHEHHO-HE3aBUCUMBIMH BEKTO-
pamu Kunmanra £, . B coorBercTBuE ¢ cumMmerpueil 3a1a4y BbibepeM KOODAHHATHI
Tak, YTOObI

z* = (t,z',2%,¢), wrv=0,1,23,

rie ¢ — asuMyTajbHblit yroa. Torga
§=¢"o/ox", & =p, n=n"8/0z", 7’ =08,

a METpUKa CTallMOHAPHOTO, AKCHAJBHO-CHMMETPDUYHOrO IPOCTPAHCTBA-BPEMEHH, B
camMoM o011eM BHJIe, MOXKeT ObITh MpeCTaB/IeHa KakK

ds? = ds? — ds?;,

ds? = e% (dt — qdp)? — e27dy?,
ds?; = €% (dz' - ldng)2 + e (dz2)2 , (4.3)

\/‘_‘_“g— = e B+t

DyHKIHH 1, 4 3aBHCAT TOJBLKO OT ”cymiecTBeHHbIX” Koopaunat x!, z2. Ta-
K b 7 17y 7
Kas METPUKA MHBADMAHTHA OTHOCHUTEJIHHO

e 11peobpa3oBaHusd

b

¢ = opt’, ap =const, a,b,=0,3,

T
KOTOpOEe B 4aCTHOCTH BKJIIOYaeT HHBepCHIo (¢, ) — (—t, —¢).

e 00mux npeobpa3oBaHuit

Ha JByMepHOI moBepxHOCTH T z?.

VIHBapHAHTHOCTb OTHOCHTEJILHO 3ePKAJIbHOrO oTpakeHus (t, @) — (—t, —p) busu-
YEeCKM O3HAYaeT, YTO JBHXKEHHE UCTOYHHKA I'DABHTALMOHHOIO IOJIs SIBJISETCS 4HC-
TBHIM BpAllleHMEM BOKPYL OCH CHMMETDHH, T.€. COOTBETCTBYIOIIEE 3TOH MeTpHKe
NPOCTPAHCTBO-BPEMSs CBSI32HO C BPALIAIOMIMMCS TEJIOM.

OpToHOpMHpOBaHHbIE TETPAAbI OOIIEro  KOOPAUHATHOrO 6a3ucoB MeTpHKH (4.3)
OIpeAEISIOTCS COIVIACHO

d$2 = n(a)(,g)w(")w(ﬁ), w("‘) = Lfga)dlﬁ, dz® = L?M)w(u),

npuyeM
Maye = diag{l,—1,-1,-1}, LEVL{, =5(3),
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M UMEIOT BUJ,

L(#) — 0 € —leﬁ 0
v 0 0 e 0 ’
0 0 0 e’
e 0 0 gqe™” (4.4)
v 0 e?B le* 0
(O 0 0 e* 0
0 0 0 e 7

Hcnonb3ya cBoboay B BHIGODE ”CYIeCTBEHHBIX” KOODAMHAT !, 2%, mpUMeM B Ka-
7 b

YyecTBe OJHOrO M3 KOOpAMHATHBIX ycsosuii [ = 0, Toraa (4.3) mepemnminercst B BUzE
2 2
ds? = €% (dt — qdyp)® — * (dzl) + e (dx2) — eMdy?. (4.5)
[Tpeo6pasyem kondopMHO MeTpuKy (4.5) coryacHo
Guw = g
e Yo w

H HCII0JIb3yeM OCTaBIIYIOCS KAJIUOPOBOUYHYIO CBOOOLY JJIs TOTO, YTOOBI OKOHYATEbHO
CleNMaIM3UPOBaTh KOOpAHHATH = u z2 BEHIbopoM 3 = fi. Toraa oama u3 KoMGuHA-
unit nosteBsix ypasnenuit MBI ana dyuxkuuu D = ye®t) npeppamaerca B 06bI9HOE
ypaBuenue Jlannaca. Bsenem, scien 3a Beiinem [46], 2 = p(z!,2%) = D u conpsa-
JKEHHYIO eii rapMOHHYecKyIo byHknmio £' = z(x!, %) B KauecTBe HOBBIX KOODAHHAT,
Ha3BaB ux, no anajgorun ¢ OTO, xanonuveckumu. B pesyabrare BmectTo (4.5) 1m0-
JIy4UM
5% = U (dt — qdp)® — & (d2? + dp?) — &dy?,

U = yee, & =ye*th (4.6)

B npocrpancTse ¢ MeTpuKoif (4.6) 31eKTpoBaKyyMHble ypaBHenus Teopuu V1B /] npu-
06peTaT JOCTATOYHO NMPOCTOH BUA:

V(Vy/y) =0,
2 _ 2
2(n®y), =yay2/y7, (4.7)

2 (ndy), = (v5 - y3)/y"
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v (Z‘I’g) + “I)’_jquq = % (VAVA - VBVB),

V (%Vq) =4 (42B, - A1B,),

o2
4.8
%(ln@o),1=%+ zQ1Q2“—(A1A2+Ble) (48)
w2 92 2
5 (In®o) , = =3 — %7 (q:{, - 4,21) -3 (A —Ap+ B - le) :
V(VT) =1 (Q1B2—Q2B )
49
v(%‘):‘((I?AI_QIAZ) ( )
3nech 5 5
V= 6;5 + 6p6—p
u BMecto ® = ye*t? noncrasieno
® = @ - P

Urak, cucreMa NONEBBbIX ypaBHeHHH Teopun VIBJI a1s paccMaTpHBaeMbIX CTALU-
OHAPHBIX, AKCHCHMMETPHYHBIX T'PDABUTAIIMOHHBIX IOJIEil 9JIEKTPOBAKYyMa pacrala-
erca Ha Tpu rpynnbl. [lepsas rpynna (4.7) COAEPXKHUT ypaBHEHHs!, ONpPEAEISIOLINE
N0oBeIeHHe TPaBUTAIMOHHOTO CKalIApa M cBA3aHHO# ¢ HUM ynkuuu $,, 1 uaTerpn-
pyeTcss He3aBMCHMO OT OCTAJIbHBIX ypaBHeHu# cucrembl. Bropas rpynna (4.8) — aro
ypaBHeHHUsl, ONpeJe/saionue KOMIOHeHTbl MeTpudeckoro Tensopa B (4.6). U nako-
Hell, TpeTbs rpynna (4.9) npeacraBiser ypaBHeHusl MakcBeJla BHE HCTOYHHKOB C
HETPaJAMLUHUOHHO ONpeneJeHHbIMA ~ MOTeHIAIaMH”’

Ar ) _ gars [ Flon
B, Flazy )’

4.10
A2 ) _ paru [ Flo (410
B, Fay )’

KOTOpble CBSI3aHbl ¢ 0OBIYHO BBOAMMBIM moTeHnuanoM A, = {A;,0,0, A,} cornacno

_ 24 _ o4
Ay=-54 Ap=-%4
_ v (A A . w (A A (4.11)
Bi=3% (5 +a5), Ba=-%(3+a3).

ITo Buay ypaBHenus (4.8) u (4.9) He OTIMYAIOTCSA OT ypaBHEHUH COOTBETCTBYIO-
mieit 3agaum OTO c Toit pasuuueit, uro B ypasHennsx UB/L ¢purypupyer o BmecTo
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® B ananornunbix ypasaenuax OTO, omnako ypasHeHus (4.7) MO3BOJAIOT onpeje-
nurs ®, u Tem caMbiM BoccTaHOBHTE ¢ = P - @1(/3*25). OT0 HABGMIOJEHHE CIIYKHUT
JOCTATOYHBIM OCHOBAHHEM JJIs TOTO, YTOOBI BHICKA3ATh

e Vreepxxaenue 5. Ecau coBokymmocts y, e**, e?/, q, A, B sBaa-
ercs peureHneM cOpPMYJNPOBAHHON B KAaHOHMYECKHX KOOPAMHATAX
Beiinga crarmmmoHapHO# aKkCMCUMMETPUYHONH 3JIEKTPOBaKYyMHOI 3a1a-
YM TEOpPHUH fIB,D;, TO peureHueM aHajiorm4uoi 3axaunm OTO 6yner

Goo = ye*®, gu = gn = —ye /DI,

_ —2a _ = — 4.12
G = —pPe )y, Gm=q, A=A B=B. (412)

Bepro u obpaTHoe yTBepXkKJIeHHe: B coorBercTBmu C (4.12) mo u3BeCTHOMY
pemrernio OTO MmoxkeT ObITH HAAEHO pEIIEHNE AHAJIOTMYHOM 3aa4u Te-
opun MB/I, ecin npeaBapuTe/bHO HalileHb! peleHns: ypasHenuit (4.7) —
y(z,p) 1 @y(2,p)-

Cucrema (4.7) — (4.9) cuMMeTpUYHA OTHOCHTEIBHO OHOBPEMEHHOM 3aMeHBl A >
B u ¢ — q. 910 3aMedanue n03BoJisieT cHOPMYIHPOBATH

o Yreepxaenue 6. Ecau HailigeHo 3jieKTpocTaTMyecKoe pelleHne Cuc-
tems! ypasuenuit MBI (A # 0, ¢ =0, B = 0), To 3ameHoit A Ha B ero
MO>KHO I€penucarh AJjisi MarHuTOCTaTH4eckKoro ciaydas (A = 0, g =
0, B # 0), n HaoGopoT.

CootsercrByomue ciydaio yucroro Bpamenus (A; = A, = 0) uim MarHurocTa-
tnueckoMmy ciaydawo (¢ = A; = 0) (KOTOpBIN, B COOTBETCBTHH C YTBEPXKIECHHEM
2, SKBHBAJIEHTEH 3JeKTPOCTaTHIecKoMy) ypabhenus VIBJI mpuoGpeTaioT 10BOJBHO
KOMIIAKTHBINH BUJ. [leficTBUTEIBbHO, BBEIEM

o (5) () o (8) 2 ()

U YCJIOBMMCSI BEDXHIOIO CTPOYKY CTONGUOB (4.13) OTHOCHTH K CTALMOHAPHOM BaKy-
YMHOI 3aJa4e, a HHXKHIOIO K MarHUTOCTaTH4YecKoMy cay4dalo. Herpynno ybennrncs,
YTO B 3THUX 0003HAYEHUAX YPaBHEHHUs, ONpeJeNsAioue peleHns: obenx 3aa4, 3amu-
CBIBAIOTCS €JJMHOODPA3HO:

= 9% 4 90 4 180 _
Aa'_az2+'%7 pap—O,

Ay + S VwVw =0,
621/ _
v (5Vw) =0, (4.14)
20\ 1/p=v, Vs —e*wiwa/p? + (3+2()0 102,

42 /p = (1/22 - 1/21) - (w?z - w?l) e*/p* + (3+2¢) (0?2 - 0:"1) ,
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YeM IJO0Ka3bIBACTCA

e YrBepxKaeuune 7. Ecau HaligeHo cranmmoHapHOe aKCHAaJIbHO-CHIMMeET-
pHYHOE pelleHNe BaKyyMHOM 3amaum Teopun MBJI (y, e*, q, %),
TO €ro MO>XHO Nepenucarb Jjisd MarHUTOCTaTH4ecKoil (aaekrpocra-
T4eckoit) 3agaum B Buge (,/7, €%, iA,, €//?).

MarauTocTaTH4eckoe (JeKTPOCTATHYECKOE) M CTALMOHAPHOE BaKyyMHOE pellleHHsI
ypaprenuii VIBJ] B3auMorenepupyembl. YTBepxiaenue 7 neiicrpurensno u B OTO
(o = const), B pamMkax KoTopo#t copmyanposano Bonnopom [47].

Taxkum 06pa3omM, KoHGOPMHbIE TPEOOPA30OBAHUA ABJISIOTCA JAeHCTBEHHBIM HHCT-
DYMEHTOM J1J1s1 B3aHMHOM TeHeDAIUy pellleHHil KaK B Ipefesax camoi Teopun NBJT
(cm. yTBepxzenus 6 u 7), tak un mexay eo 1 OTO (cM. yTBep:kenue 5).

e 3ameuanue 5. [Ipeo6pasyem koHbOPMHO HCXOAHYIO MeTpHKY (4.5), nepenu-
caB ee B KAHOHHYECKUX KoopAuHaTax Beiins, Tak 4TobbI

ds? = e—Po [e" (dt — qdp)? — e (d22 + dp2) - er_"dgoz] , (4.15)

p=4/3+2C.

CocraBum u3 merpuueckux Kosdodbuuuenton (4.15) maTpuy

g= e’ P ( ! _q2 —2v ) ) (416)

-q ¢*—pe

raoe

BBeIEM TaK>Ke MAaTPHILY f COrJIaCHO
f,i=§_1 'éi, i7k=27p' (417)

Jlerko mpoBepUTh, YTO 1JIsi CTALMOHAPHBIX IPABUTALMOHHBIX moneit (A, = 0)
He3aBUCHUMbIE JI€MEHTbl MATPUYHOIO yPaBHEHHS

V(g"-vg) =0 (4.18)

COBIIAJAIOT CO BTOPHIM H TPETbUM ypaBHeHHsiMu cucTeMbl (4.14), a cymMMa aua-
roHaJIbHBIX 3J1eMeHTOB (4.18) ¢ mepBbIM ypaBHeHHeM 3ot cucreMbl. Octas-
mesics napa ypasHenuii (4.14) nepenuchiBaeTcss Kak

(gik),z = %PSP (f,z ' f,rho) )

- 4.19
(G8), = 1+ 85p (/20 — 12). (4.19)

®opmasbho (4.18) u (4.19) uMeOT BUA, COBNAIAIOMMI C COOTBETCTBYIOLMMU
ypasrenuamu OTO (a1 cpaBuenust cM.[48] — [50]). s sjexTpoBakyyMHO#M
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3ajadn npu yciaosuu F,, F* = 0 (F,, — TeH30p 3JIEKTPOMATHUTHOIO IIOJIs)
ypaBrenust (4.18) u (4.19) He MeHsIOT cBoOeil (POPMBI, €CIH BMECTO § BBECTH
PaCUIUPEHHYI0 MATPHILY

G ( G +EePTALA, €74, ) .

e P7A, e P

Marpuuynas ¢dopMa ypaBHEHHH TeOpHH VMB/I no3BossieT MCIOIB30BATH AJIS
UX DeIleHHsi, C OLHON CTOPOHBI, METOIbI OOPATHOM 3aJauyd PACCesHUs, pa3-
paborannble Ais anagorudnsix 3aza4 OTO B [48] — [51] u ycoBepueHcTBO-
BaHHBIe AJstekceeBbIM [52], [53], a ¢ Apyroit — uCnoab30BaTh NPeOOPa3OBAHUA
Bskiynzaa, koropble paGoTaloT N0oA06HO HEJHHEHHBIM OllepaTopaM POXKIeHHs],
PeHEePUPYIOIMM DABUTAIMOHHbIE NOJIs HA IMPOU3BOJILHO BbIOpaHHOM (4alie
Beero 1wiockoM) domue [54], [55].

Sameuanne 6. B kaHOHHYECKHX KOOPAMHATAX Z U p rpynna ypasHeHui (4.7)
HHTETPUPYETCsl HE3ABMCHMO. BBIIO MOKAa3aHO, YTO B 3JIEKTPOBAKYYMHOM CJIy-
Jae MOACTaHOBKOU y = e’ ypaBHEHHE, ONpeJesIolee NOBeJeHHe IPABUTAIA-
OHHOT'O CKaJIsipa, CBOANTCA K AByMepHOMY ypaBHenuio Jlamiaca

No = 0.

Herpyano ybeauThesi, 4TO €CJIM M3BECTHO KaKOe-JIU0O pelleHre 0y 3TOro ypas-
HEHHUs, TO MOXKHO HAMTH LeJIBIH KJ1aCC HOBBIX pelIeHHH COIJIaCHO

an

2
o =09+ An,Lnoy, L, =k*=—, k= const.

ozn
JeiicTBUTENIbHO, ONepaTop Jlamiaca KOMMYTHDYET C OEpaTopoM L,,, mosTomy,
o Hapsay ¢ GoHOBBIM 0y byner pemenneM ypaBHenus Jlamnaca. IIpakTuyeckn
IPEJJIOXKEHHBIM aJITOPUTM 3KCIUIyaTUPYeT HU3BECTHOE CBOWCTBO rapMOHHYEC-
KUX (YHKIMIA — IPOU3BOJHAS FAPMOHUYECKONH DYHKUMH €CTh TapMOHUYecKas

by,

— Ilpumep: B kayectBe poHOBOro BO3bMEM

g9 = 0,0/\/22 + p2.

ITo HHAYKIHMHU JIETKO NOKa3aTh, 4YTO

o 1 — (<1)" n! P z
02" 2T+ p2 (22 + p2) DR\ 22+ p2 )
Tenepb sICHO, YTO BBIPAXKEHHE

[e o)
an P, (cosh)
=2 o T=VEEA

n=0

onpeneder nmoBpeaeHne rpaBUTAlJMOHHOIO CKaJidpa Yy = e’.
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B HekoTOpBIX CiyyYasX WHTerpupoBaHue cucTeMsl (4.7) obsieryaercs BBee-
HHEM KOMJIEKCHOM IepeMeHHOM & = z + ip, 4To BMecTo (4.7) maeT

, O 1 (_82__3_0_)
ocogr  £—-¢\oE  og)’

4 0lnd, (&;)2

£-¢& o€ 9
4 am@y__(a_a>’"
E—¢ o \ogr)

5.Craruueckne rpaButanmoHHasie nouas. ComiacHo [57] pemenne ypaBHenuii e-
opuu UBJI nis cratuyeckux cepuyecKu-CUMMETPHYHBIX FPABHTALUOHHBIX IOJIeH
MOKHO NPEJICTABUTH B BUJE

ds? = (52)"" a2 — (1) de2 + (€2 - 1)d0?),

i1 1
a/2n
v=1 ()", ll>1, an=const, yo= etk (5.1)

= (a—1)7+a+3d,

B koopaunarax kpusususl z = {t,7,0, ¢}

£ 41\ 00/
T=T0\/fz—l<m) .

2 é:_ll/n 2_52—_1 2 _ 2502
ds —(§+1) dt (5_(1_a)/n)2dr red2”.

Ilepenuiem mocnesHee B IapaMeTPHIECKOM BUJE, H3BECTHOM Kak pemrenue [ekmana
(em. [15]), ucnonb3ys

o\ /2h
r= (%TD . h=1/2(1 - a).

ITocne mpocTeix npeobpa3oBaHUil MOTYYHM

2r _ — 1\
T:\/F(T-ho_Th)’ y=yor ", (§+1> =

-1 _ 16h?
€-Q- fl)/n)2 [Th(1 4 2R) — 7=A(1 — 2R)]*
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B oanoponnbix koopauHartax o = {t, R, 0, ¢}

2
ﬁ §+,/§2_1, §:}M.

Ro 2Ro/R
nMeemM / 2/
_ 1+Ro/R\ %" _ (1=Ro/R\4/M
v=w (E5)" ", 4’ =(5rdm) -
o (5.2)
~(+ %) ()" @ 4 )

e 3ameuanne 7. s omnpeesieHnst KOHCTAHT @ W 1) BbinumeM ypasHenus VBT
BHYTPH CTaTHYeCKOM, chepruIecKn-CHMMETPUYHON, CAaMOrPaBUTHPYIOMIEH KO-
HUrypalyy, BEIecTBO KOTOPOH — HeaIbHas KHAKOCTD C IJIOTHOCTHIO SHEP-
rud € ¥ gapjaeHneM P. B ogHOpOOHBIX KOOpAHHATAX

ds? = P2 — (P (dR? + R?dQ?)

noJieBbie ypaBuenusi Teopun VIB]] 3anucwiBaioTcs B Buze

X1 _ UX _(a4p _ MX__(atp __UX _atp) 8T
—X———ﬁe(+), al—ﬁ€(+)7 ,31——ﬁ€(+)7 X=0
—3p e(2+¢) +3P(1+)
— R2ea+38 — R2e0+36
vEe g ™MT e 3+2¢ ’
u =R26"‘+356(1+O_<P m — (u+v)
! 3+2¢ R

WnTerpupys ux BHe pacupenesnenus Macc (¢ = P = 0) ¢ yuerom 0603HaYeHUH

v(R) =vs, m(R)=ms;, R > R
(unzexcoM ”s” cHab>KeHbI 3HAYEHHUs BEJIMYMH HA rpaHuue KoHdurypamuu R;),
MOJIy4HM BHEIIHee DelleHHe 33Ja4H B y»Ke u3BecTHOM Buze (5.2), HO ¢ ompe-
JIeJIEHHBIM 3HAYE€HHEM KOHCTAHT

a=E u =5 772:(a—1)2+a+-2-a2.

Cucrema 3Tux ypaBHeHHﬁ MO3BOJIAET HAWTH KaK MaCCy HCTOYHHKA II0JIdA

R, 1+¢ 47 (3 + 2¢)
— 2 _a+30 P
M 47r/0 R [s+3 3+2<]dR+ v OF
rae ,
m(0) = g_% alieawy

X
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B omnoponmbix koopaunatax z* = {t, R, 0, ¢}
1+ (Ry/R)?
= _ 2], g= O
=g+, 6=

_— (%)‘””, ds? = (Rl m)*"

nMeeM

(5.2)

- (1) GER)TT e 4 rea).

e 3ameuanme 7. J[jis onpeneneHus KOHCTAHT @ U 1) BbIIHIIeM ypasHenus VIBJT
BHYTPH CTaTHYECKOH, cHepruIecKH-CHMMETPUYHON, CAaMOrPaBUTHPYIONIEH KO-
HGUrypaluH, BEIIECTBO KOTOPOU — HieaJIbHasl XKUJKOCTDb C IJIOTHOCTHIO SHEP-
Uy € U AaBjieHneM P. B oqHOpOIHBIX KOOpAMHATAX

ds? = e2(R) g2 _ 2B(R) (dR2 + R2d92)

noJieBbie ypaBuenusi Teopun VIB]I 3anmucwiBatoTcs B Buze

X1 _ VX (ot =M tatp) g = X —tarp) 8T
;—EE (+) al—R2e(+aﬁ1'— R2 + X—ya
RZ a+33€ 3P my = R2ea+3ﬁ5(2 + C) + 3P(1 + <)
3+2¢° 34+ 2¢ ’
— R% at3pE(1+CQ) = (P m— (u+v)
3+2¢ R '

Wnrerpupys ux BHe pacnpegeienns mMacc (¢ = P = 0) ¢ yyeTrom 0603HaueHHI

v(R) =v,, m(R)=m,, R>R,
(unmexcoM ”s” cHaGxKeHBbl 3HAYEHUS BEJIMYMH Ha rpanuue Koudurypamuu Ry),
MOJIyYHM BHEIHee DelleHue 33Ja4YM B yrKe u3BecTHOM Buge (5.2), HO ¢ ompe-
JIeJIeHHbIM 3Ha4Y€HHMEeM KOHCTAHT

77m3 2 ¢

a=— u Ry= n=(a—1)2+a+§a2.

Cucrema, 3Tux ypaBHeHHﬁ [O3BOJIAET HAWTH KaK MAacCy UCTOYHHUKA IOJIA

1+¢
3+2¢

4 (3 +2¢)

M=4/ R2e+ (¢ 4 3PS 0),
™ €+ Ee m(0)

|ar+

rae
2

m(0) = }lzin}) alﬁ‘_eaw,
- X
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B rapmonnueckux koopauaartax z* = {t,7,0, ¢} ypaBHeHue, onpenesionee Koop-
JUHATY 7 yepe3 £ TOCJIe HECIOXKHBIX MPeoOpa30BaHuUil, HCHIOIB3YIOIHAX YACTh T0JIe-
BBIX ypaBHeHHil Teopuu (cM. [57]), npuBomuTCs K

437 dr
Po1)—+(2 — —2F =
(€ - 1)gg + (6 +a/n)g - 27 =0
C YaCTHBIM pe€UIeHHuEeM
2n’

03TOMY OOUIMM pelenneM Gyaer (cM., Hanpumep, [58])

F= (§+5‘%) Cl+02/(§i)a/2n (52—1)é§+a/277)]'

BOTO (a=0, n=1)
o G, [E-1
r=elaSn ()

e 3ameuanue 8. B pemennn crarnyecknx ypasaennit OTO s cocpegoroyen-
HOM Macchl B KHHUTe [43] COmepXKHTCs HETOYHOCTh — KOHCTaHTa Cp mpenbliy-
IEr0 COOTHOLIEHUS MOJI0XKeHa PaBHOi Hymo. OmuGOYHOCTb STOTO IOy IEeHHs]
obcyxaanach AcanoBbM [59] M He3aBHCHMO OT Hero ABaksiHOM [60], KOTODBIH
I0Ka3aJl, YTO B TADMOHAYECKAX KOODJHHATAX BHYTPEHHEE U BHEIIHee PElIeHHs]
cuiuBaloTcs TobKo npu Cp # 0.

Onnopoanble koopauaarsl o# = {t, R, 0, ¢}, IOMEMO TOYHOrO peIleHUs], ONUCHIBa-
IOIIETO0 T'PABUTALMOHHOE II0JIe COCPeJOTOYEHHOH HEHTPabHOM MAacChl, NO3BOJISIOT
HaWTH TaKyKe TOYHOe 3JeKTPOBAKYYMHOE pellleHHe ypapHenuit Teopun WBJI mns
cjly4asi, KOrJa MCTOYHHKOM T'PABHTALMOHHOTO MOJs SBJISAETCS 3aps’KEHHHOE TeJIO
(anasior pemenus Peiicuepa — Hopacrpema OTO) [61], [62]. TloncTaBus MeTpuky

ds? = e P dt? — €7 [dR? + R? (d6? + sin® 0dy?) |
B ypaBHenus VIBJI, nony4nm cucremy
¢, + ¥ =0,
¥, +92-V/R=0,
Z,+9(Z-1/R)=0, (5.3)
Zy—B®+a2+(Z-d)/R—-(D%/2=0,

@:%, Z=a1+Mh+2/R, ¥Y=2+79,
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C peleHneM

0= (- ) ()" o

2R0:nm7 q:1+ 1_?(?(%2_)27

2F =g+ (2 - q) (ke

R+R0)(2_a)/n .

Haitnem rapMoHHYeCKHe KOODAMHATHI T#, COOTBETCTBYIOIINE METPHYECKOi hbopme
(4.6) ¢ or6pomenHbiM HeauaroHaabHbM ciaraembiM (g = 0). IMoncraBus mMeTpuKy
(4.6) B ypasmenue (4.1), momyuum zZ° = t, Z° = @, a ocrambhbie F (i = 1,2),
NOJIYMHAIOTCS yPABHEHHIO

AT = wiﬁ, (5.5)
Y
IJ1S pellleHHsl KOTOpOro Heobxoammo mMmerh nogxonsuee y u3 Ao = A(lny) = 0
(cM. 3amedanue 5). B BHTAHYTHIX chEPOHIAIBHBIX KOOPDAUHATAX

Y) = (e £ r0) )2k, 1= (24K + 0%

z=kuv, p*=k*(u®-1)(1-?), k=const

(5.6)

peryJsipHoe npu v = +1 peleHue 3TOro ypaBHEHUs! C TPAHMYHBIM yCJIOBHEM o (u —
00,v = 0) = 0 umeer BuL,

o(u,v) = ialQl(u)P,(v), lu] <1, |v] <1,
=0

P, u Q; — nomuaoMe! Jlexkanapa 1-ro u 2-ro poga. Ilpunsas a;>; = 0 u noacrasus

u+ 1\ %/2
yzyo( )
u—1

B (5.5), nocie pa3neneHus NEPEMEHHBIX M B COOTBETCTBHHU C OIIPEJe/IeHHeM rapMo-
HAYECKUX KOODAMHAT (CM. 3aMedaHue 3) MOJyYUM

= A(u+ %), 7% = v = cosf.

KoncranTsl A 1 ag MOXKHO onpeneauthb ucnonbsys (4.1) u pemenue (5.2) kak onop-
HOE, 4YTO JaeT
2
Ry

1 = a _ a
$1:7‘—R(1+‘R‘§)+5R0——2R0 (u+55) (57)
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Brllrecka3anHoe T03BOJISIET, BO-IEPBbIX, KOHKPETU3UPOBATh 3HAaUeHHe KOHCTAHTHI k
cdeporgaabHbIX KoopauHaT B (5.6)

k = 2R,,

M, BO-BTOPBIX, BBECTH KOODJIUHATY

R,
:c—r—f-QRg—u
n

KOTOpY10 6yIeM Ha3blBaTh MOAU(MUIUAPOBAHHOM KOODAUHATON KPUBU3HBI, TOCKOJIBKY
npu nepexoge Kk OTO (a =0, 7 = 1) u paBHOM HYJIIO 3apsiie OHa NIPEBPAIALTCH B
paauaibHyIo KoopauHary peutenusi [IIBapumunibiaa.

[Mepenumem Teneps (5.4) B BHITAHYTHIX ¢PepOUAAIbHBIX KOODAMHATAX U, U

y=yo- f7™,

ds? = & fY1dt? — K2F? OV [qu? 4 L=ldv? + (u? = 1)(1 - v?)dy?]

f=11 k=2Ry=n/m?— Q7 2F =q+(2—q)fC 9/, (5.8)

g=1+/1+2Q/k(2 - 0a)?, E =t/

3nech E — equHCTBEHHAS HEMCYE3AMONU[Ast KOMIOHEHTA HANPSI’KEHHOCTH 3JIeKTpUYec-
KOTO I0JIsI, CBA3b KOOPAMHAT U, U C FapMOHUYECKO# 7, MOoAuUIMPOBAHHON KpH-
BU3HBI T, ONHOPOJHON R u KaHOHW4ecKuMH Beitnia z, p 3amaercsi COOTHOLUIEHUSIMH

_ ak _ R\
ku—r—%—z k—R(1+R2)—

7’++T._

5 v = cosf,

KaK u mpexae r+ = (z £ k)% + p?.

o 3ameuanme 9. B OTO pewmenne Paiichepa — Hopacrpema B KoopamHaTax
KPUBH3HBI MOXKHO IIE€PEIIHCATh TAKXKE U B BUJE
2

o (r—m)®>—drg , r 2 2
ds® = 2 dt” — (r—m)2—4r2dr -7 (dﬂ + sin 9d<p)

Q
E==, 2ry= \yym? — Q2.

r

Koopaunara kpusususl OTO r u ogHopoanasi koopaunara R cBsi3aHBI COOT-
HOLIEHHEM

Gm\? r—Gm Gm \?
r=r(1+35)  R=TE )

r—Gm

1+ 1—(
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B touke Ry = Gm/2 dbyukuus r = r(R) umeer MUHUMYM (TOUKa MaKCHMyMa
Ry = —Gm/2 naxomurcs B Hedm3nyeckoit obaacty), mosromy (cM. puc. 1)

R= 0,7 mpur — 00,
~ | Gm/2 upu r = 2Gm.

r

2Gm e

(_?'m/2 R
Puc. 1.

Taxkum 006pa3oM, obaacts 2Gm < 7 < 0O B OJHOPOJHBIX KOOpAUHATAX 0TOOpa-
JKaeTcsd ABaXKIbl, a obaacth 0 < r < 2Gm He 0TOOpaXkaeTcsi BOBCE.

6.l'enepanmsa HOBbIX pemreHmii. IIpommiocTpupyeM pe3ysbTaThl IpeIblAYIIHX
pa3zesioB npuMepamu resepauuu HoBbix perrenuit OTO 1o u3BECTHBIM pelIeHHAM
Teopuu VB/I.

1. Ecau geiicTBOBaTh COIVIACHO COJEPXKAHHMIO YTBEPXKIEHHS 3, TO KOHGPOPMHOE
npeobpa3osanue pemenus (5.8) Brymact HoBoe pemenne OTO aysa rpaButa-
HUOHHOTO T0JIs 3apsiKeHoro chepruIecKoro Tejla ¢ MUHHMAJbHO CBS3aHHBIM
CKAJISIPHBIM TIOJIEM:

n 2
ds® = f—zdﬁ — kKR (u? - 1) [ du + sz] , dQ? = db® + sin*0dy?,

F u? -1
rae )
f= % F=(1+m/k)+Q-m/k)f*, k2=m?— Q%
B HoBBIX TIepeMmenHbIX T = kt, £ = —Inf/2, a Takxke ¢ H = kF oHo nepenu-
CHIBA€TCA B BHIE
e—2nz H262nz de
ds® = dr? — 2 1
s mz sh?z [sh% +af ] ’ (6.1)

npuyYeM NOTEHIHAJ CKAJSAPHOrO MOJIs
®=21vV1-n2 n<l.

B uacrHoM cayvae n = 1 (6.1) coBmamaer c¢ pemennem Paiicepa — Hopa-
crpeMma, a B orcyrcreue 3apana (H = k) ¢ pemenvem CraniokoBnya u Mesb-
HuKOBa [63].
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2. Jlpyras BO3MOXKHOCTbH reHepaunuu HoBoro pemenunss OTO npenocrasisercs co-
neprKaHueM yTBepXKAeHus1 5. B KadecTse m3BecTHOro pemenus Teopun VBJI,
Kak u panee, BoiGepeMm (5.8). [lelCTBYsI COIIacHO YTBEPXKIEHHIO 5, B Iep-
ByI0 o4epesb onpenennM ¢ynxuuo P,, mpouHTErpHpoBaB ypaBHeHus (4.7),
HCIIOb3Ys BhIpakeHue JJis rPABATALMOHHOTO cKajspa u3 (5.8), 4ro maer

R? — k2
2(3+2
@y( +2¢) ( ) ,

Ty —7T-

= T++7'-

R= , re=(z2x£k)?+p% =Y _Q.

2 n
IMocjie 4Yero NpeANMHCaHUS YTBEpXKJEHHA 5 MO3BOJAIOT, 6€3 BCAKOTO TPYAA,
HaiiTu HOBOe 3;ekTpoBakyymuoe pemenue OTO [64]):

k2 2 D2 _ k2 n
ds* = 2 fRdt* - %f}%" [(5_—) (d2* + dp?) + pzdw] . (62)

T+

C HANIPAXKEHHOCTBIO JIEKTPUYECKOI'O ITOJIA

2 B_ 1\ /P2 _ 12\ (1-n?)/2
o K@ (Rok) (o)
F2(R?2-k2) \R+k T4T_

L R—-k Fe 2ro+m 1 2ro—m (R—k\"

E=Ryk T on [+2ro+m(R+k>]'
Kak n nomxHO Ob110 ObITH IpH 7 = 1, OHO OoOpaiaercs B peuienne Pajicuepa —
Hopacrpema, a B orcyTcrBue 3apsga @@ = 0 coBOaJaer ¢ aKCHaJIbHO-CHMMET-
PHYHBIM pemeHneM 3unos [65], YTO CJIy>KAT OCHOBaHHEM IJIsi TOTO, YTOGHI
cuntath (6.2) aKCHAILHO-CAMMETPHYHBIM. OTO MOATBEPXKAAETCS HAJIHIHEM
KBaAPYIOJbHOTO MOMeHTa DD B aCUMIOTOTUYECKOM IIOBEJEHUH (oo HA OOJIBIINX

PACCTOAHHUAX

rae

8rin? — 1
m

2m 2 D
goo =1— —T—+T—2+T—3P2(680)+..., D=—

3 n?
B BbITAHYTBbIX CepOnJaNbHBIX KOOPJMHATAX I, Y, KOTOPBIE ONpPeesIsioTCs
COIJIACHO )
- 2m
E(z? - 1)1 - =1r? (1 -—+ Q—2> 5in?0,
T T

kzy = (r —m)cosf, r=R+m,

pewenune (6.2) nepenuceiBaeTcs B BHIE

ds? = 7 (552)" dt? - F? (;—j—%)" (22 — 1)(1 — y2)dg?

T+1

(6.3)

—Pr ()" (221" (0 - o) [ + 5],

29



rae

F:2r0+m[1+2r0—m(a:—1>”],

2n 2ro+m \z +1

2
—1\" 2 _1 (1-n%)/2
E-—_9 E5) (3 .
F2(z2—-1) \z+1 2 — y?
e 3ameuanne 10. Pemenne (6.3) BHIBOOUTCS Tak»Ke C HUCHOJb30BAHHEM
MeTona DpHcTa [66], [67], yTo sMuMIUHMI pa3 HOATBEpXKIAeT CIIpaBelJIy-

BOCTb yTBepXKJeHHA 5. JleHCTBHUTEJNHHO, COMMACHO DPHCTY peLIeHHEM
3aMkHyTOl cucremsl ypasHenuit OTO (ypaeuenus (4.8) mpu ¢ = 0 u

Y = Yo)
YAY = ViV + 29V AV Ay,
YV A, = VYV A,
ABJIAETCSA
£2-1

p=— )2 Atz—B__
(E+1/V1-B2 Vi—-BZ+1

rae B — KoHcTaHTa, a £ — pellleHre ypaBHEHUAs DPHCTA
(€2 — 1)AE = 26V TiVE.
Jlerko yb6eauTbCsl, YTO MOCJIEAHEMY YPABHEHHUIO YIOBJIETBOPAET

(z+1)"+(z-1)"
(z+ 1) —(z—1)™’

&=

KoTopoe npuBoauT K (6.3). (YpaBHeHHIO DDHCTA yIOBJIETBOPSET TaKXKe
u £ = u, cooTBeTCTBYIOIEe pemennio Pajicaepa — Hopacrpema.)

7.Hosoe pemenne cranpnonapHoii 3agaun OTO. OToxecTBieHne myabCapos C
BPAIAIONIUMHCS CBEPXIIOTHHIMH 3B€3JJAMH CYMTAETCS YCTAHOBJIEHHBIM (DAKTOM, M0~
3TOMY aKTYaJbHOCTb 3aJa4l O IPABUTALMOHHOM II0JI€ CTAIHOHAPHO Bpallalomeics
3Be3/Ibl HE BHI3bIBaeT cOMHeHui. Ha ceropHsmumit JeHpb 9Ty 3aJady HeJb3s OTHECTH
K pa3psy TOYHO pelaeMbIX. Pe3yJbTaTsl NpUOINKEHHBIX HCCIeN0BaHIM:, paccMar-
PHUBAIONIUX BDAIIEHHE KAaK Majioe Bo3MylieHHe [68] — [72], BbHI3BIBAIOT CKENTHYECKOe
OTHOIIEHHKE, XOTs 6bl IOTOMY, YTO B HEJHMHEHHBIX TEOPHUSAX METOJ BO3MYIIEHHI TaHT
B cebe CKPBITbIe OMACHOCTH, B YaCTHOCTH, CYIIECTBEHHBIH BOIPOC O CXOAUMOCTH psija
110 apaMeTpy BO3MYIIEHHs OCTAeTCs OTKPHTHIM. IIpHrofgHOCTD NPUOIHIKEHHBIX Me-
TOJOB MOXKHO OLEHATH MMesl TOYHOE PellleHHe, IPHYeM JJisl TOro, YTOOH UMeThb (hu-
3UYECKHH CMBICJI, OHO JOJKHO OBITH PEryJIsipHbIM Ha OCH CHMMETPHM H aCHMIITOTH-
4eCKH TJIOCKMM Ha GOJIbIIMX PACCTOSIHUAX OT MCTOYHHKA, KPOMe TOTO, BHYTPEHHee 1
COOTBETCTBYIOIEe BHEIIHEE PELICHHs JO/DKHBI HEIIPEPBIBHO CIIMBATLCA HA IPaHMIE
koHburypauu. Hu 0fHO M3 OrpaHHYEHHOrO YMCJIa M3BECTHBIX CErOAHs peLIeHHit
3THMH CcBolfcTBaMu He obnajaer. [lonbiTkyu ClMTH nomyJsproe pewerne Keppa (73]
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¢ KaKuM-JI100 BHYTpeHHHM HATAJIKHBAIOTCA Ha CyllecTBeHHble Tpyanocty [74]. Hano
rosaraTh, 4To pemenue Keppa MoxeT 6bITh CUIHTO JIMUIb CO BHYTPEHHUM DELIEHHEM
[J1s BPAIAIOIErocs IIapa, T.. ONMCHIBAET €ro BHEIHee T'PABUTALMOHHOE IOJIe H,
cJ1e10BaTeNbHO, 1oJe cOpoCHBIIEro ”BOJIOCH” CKOJIAIICHPOBABIIErO 00beKTa. MeHee
usBecTHBIH Knace pemenuit Tomumarcy — Caro [75] B OTCyTCTBHE BpAUIEHUs! COXPa-
HAET aKCHAJbHYIO CHMMETPHIO, CKOPee BCEero CBSI3aHHYIO C OCTATOYHBIMHU HAIpsixKe-
HUSMU BHYTDH 3Be3Jbl, 4TO He MOAJAETCS Pa3yMHOU (bU3MYEeCKON HHTEepPIpeTaluH.

B macrosmeM pa3jeie Ha OCHOBaHHHM pe3yJbTaToB [76] — [78] mosydeHo HOBOe
pellleHHe OceCMMMeTPUYHOl craiumonapHoi 3axa4n OTO. XapakrepHbiMu 31€Ch 5B
JISIIOTCA HeOOBIYHBIH BHIGOD KOODAMHAT M MPEIIOJN0KEHAE O NOTeHIHANLHOCTH 10
BEKTOpA, YIJIOBOH CKOPOCTH KOHIDYSHIIMM MHPOBBIX JHMHHH, 00pa3yiOmuX CONYTCT-
BYIOILLYIO CHCTEMY OTCYETA.

[Ipn pelmeHMH CTaMOHAPHBIX OCECHMMETDHYHBIX 3a]ad METPHKY KaJubpyloT,
PacCYUTBIBas MCIOJb30BATh XOPOIWIO pa3paboTanHble MeToas [42], [48] - [55], [66],
[67], npuyemM TpPaZMUMOHHO YNOGHBIM CUMTAETCH BBIGOP KAHOHMYECKUX KOOPIMHAT
Beitna. Jlns BHYTPeHHHMX 3aJ]a4, KOTOpble OObIYHO PEIAIOTCsl YMCJIEHHO, Beisies-
CKHe KOODAHHATHI TEPAIOT CBOIO ecTeCTBEHHOCTh. OJJHO M3 HEMHOIMX TOYHBIX pellle-
HUi U1 HeCXKMMAeMOl XKUIKOCTH C TBEpAOTeIbHbIM BpalleHneM Haiineno Banksuc-
ToM [79] B 060GIEHHBIX JJLUIMIICONJANBHBIX KoopauHaTaX. Bonanoc n CkiaBeHHTHC
[80], [81] mpeanokuIKM HCMOMB30BATH CBOOOLY KAJIMOPOBKH TaK, 4TOOBI YaCTh MeT-
puueckux Ko3dduuuentor urpasna 6ul poap koopauHat. Breibepem Bcien 3a HEMH
7 cyliecTBeHHble” KOODAMHATHI TaK, 4TOOBI

acl = p = @33, 1‘2 =d= Joo, (71)
u nepenuineM (4.3) B 9TUX KOOpAMHATAX

ds? = ®2(dt — qdyp)? — e22®) (dp — 1d®)? — e26(P®)dD? — p?dy? )
a=4q(p,p), 1=1Up )

HerpyaHo noHsTh, 4TO Takoi BHIOOD KOOPIMHAT JOCTATOYHO ecTecTBeH. [leiicTBH-
TeJIbHO, B CIabbIX rpaBUTALUOHHBIX monsax & =~ 1 + 2¢ u oka3piBaeTCs IIPOIOp-
UOHAJILHBIM HBIOTOHOBCKOMY HOTEHIHAJNYy v, a p JIOKAJbHO COBNaJaeT C LUJIHH-
JIPHYECKON KOOPIMHATON IIOCKOro Mupa. KoopauHaThl 06eCcneYnBaloT HyMepaluio
Pa3IMYHBIX TOYEK-COOBITHM, a BHIOOD TOM UM MHON CHCTEMBl KOODIWMHAT JUKTYETCs
coobparkeHusiMU ya06cTBa. KOMIIOHEHTH! BEKTOPHBIX HJIM T€H30PHBIX BEJIHMYHH, KO-
TOpbIe ABJSIOTCS OOBEKTAMH TEOPHH, 3aBUCAT OT CIOco0a HyMepaluM TOYKH, T.e.
HCIIOJb3YyeMOM CHCTeMbl KOOpAMHAT. [lJIsi COMOCTaBJIeHNS 3TUX KOMIOHEHT HAaOJIIO-
JlaeMbIM BeJIMYMHAM HeoOXOAMMO 3aJaTh cucTeMy orcyera. OObIYHO KOODAUHATHAS
cucTeMa JAHHOrO BHIA METPUKH BBIOODOM ONpeeseHHOM KOHTDYSHIMH BpPEMEHH-
HOMOOHBIX JTMHUN NPHUBA3BIBAETCA K CHCTEMe OTCYeTa. B comyTcTByIoIIeil cucreme
otcuera (CO) dusnyecku u3Mepumble Beandunbl (HabiogaeMble) He MEHSIIOTCS IPH
3aMeHe OJHOro Habopa 4acoB JADYTHM, T.e. XPOHOMETPUYECKH WHBADUAHTHBHI, a 4-
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CKOPOCTb UM€eT eANHCTBEHHYIO OTJIMYHYIO OT HYJd KOMIOHEHTY
1
ut = {6, 0, 0, 0},

[O3TOMY OHA OKa3bIBAaeTCs MOIXOIANIEH NP PEelIeHHH IMAPOKOro Kpyra 3aaad.

PaccMoTpuM KOoHGHUIYpaILUI0, KOTOpas BPAIIAETCS C MOCTOSHHONW YIVIOBOM CKO-
poctbio 2 = dp/dt BOKpyr ocu, coBnajamomeii ¢ ocblo cuMMmerpun. IIpeamosoxnm,
4TO BEIECTBO KOHMDUIypauuyu — HaealbHasi XKUAKOCTb C

T = (¢ + P)u*u, — Pé!
M OJIHOIAPAMETPUYECKHM YPABHEHHEM COCTOSIHUS
P = P(e).

B merpuke (7.2) u B conyrcrByomeii CO u3 ycioBust oGpalleHusl B HY/lIb KOBapHu-
AHTHOM JMBEPreHI[MH TeH30Da SHEPrUM-UMIYJIbCA CJIeAyeT

oP oP _E+P

a_p:07 a_q)_ d )

(7.3)

orkyaa P = P(®) u ¢ = £(®). Unaue rosops, uzobapudeckas (P = const) noBepx-
HOCTb COBNAJAET C MOBEPXHOCTHIO MOCTOSTHHOrO 3HadeHuss ® = @g, yro HarusmHO
JEMOHCTPUDPYET PeMMYIECTBAa HCIOJIb3YyeMbIX KoopauHaT U comyrcrByiomeit CO.
Takum ob6pa3om, u3obapuiecKasi HOBEPXHOCTD ecTh cdepa paauycoMm Py, a 3To 03Ha-
4yaeT, 4To abCOJIIOTHAsl BEJIWYMHA YCKOPEHHsI CBODOMHOTO MajeHHs MPOOHOro Tena
(em.[82))
e B
a=,/F,Fr= 3 Fy = 2u%up, o

na nmosepxaoct ® = Py Takke nocrosinHa, nosromy u S = B(P). Beemem HOBbIi
norenuman ¥ = ¥(p, ) cornacuo

g1 ="bp(¥s+ p1)e* P /D3,

go+1lg) =bpy,1ef~2 /D3 b= const. (7.4)

Torxa, A7 BEKTOpa YIVIOBOH CKOPOCTH KOHIPYEHIMH MUDPOBBIX JIMHAH, 06pa3yomux
CONYTCTBYIOULYIO CACTEMY OTcYera [82]

1 (s}
w* = —3€ ot (u[ﬂ,ﬂ + u[gFA,])u,;,

umeeMm




(3mecw (...)1 = 8(...)/0p, (...)2 = 8(...)/0P), uro npeBpamE@eT B TOXKAECTBO OLHO
U3 ypaBHEHHH DHHIITEHHA U JaeT

b’l[)yl _ 8w2 8(4)1

®» " 9p 0%’
OTKY/Id, OCHOBBIBAsICh HA NIPEANOJIOKEHHH O [OTEHIMAIBHOCTH MOJIA BEKTOPA W, NO-

JydHuM
Y1=0, w=>bePy,/20% go+1g;=0. (7.6)

Y4eT npeaplAYIIHX COOTHOLIEHHH U ABYX (H3NYeCKNX TpeboBaHMil

® B MaJioi OKPECTHOCTH OCH CHMMETPHH NPOCTPAaHCTBO-BpeMdA AOJI2KHO ObITh
IICEeBJ0EBKINI0OBbIM (yCJ’IOBI/Ie peryjiapHoCTH OCPI)Z

e2%(p — g,19%)° + e (lp - ¢*®)°
02 — 202 lp—s0

—1;

® C TOYKH 3pEHHs] YAAJEHHOrO MOKOAUIerocs HabJomaTesss yrjoBasi CKOPOCTb
JIOKAJIbHO HEBpAIIAIOUIMXCA HabJIofaTeNeil J0JKHA ObITh KOHEYHOM Ha ocH
BpaleHust (YCI0BHe KOHEYHOCTH YIVIOBOH CKOPOCTH):

oz _ q®’

= —const, = q(p—0)~ p%
953 p*— q*®P? ( )

HO3BOJISIET 3HAYUTEJbHO YIIPOCTUTh CUCTEMY JMHINTEHHOBCKUX ypaBHEHUH 33Ja4H
IepenucaTh UX B BUIE

Ba = L(®) + 20e*’|w? — 27(c + 3P)). (7.7)
Ly~ L{L/2+1/® +2®e¥[w? - 2n(c + 3P)]} = 8
2e?#[w? — 4 (e + P)],
wa/w+L—-1/® =0, (7.9)
g1 = —2pe*w/P, go+1g1=0, (7.10)
b _ P)/® 7.11
75 = "(t+P)/2 (7.11)
“2 =1 p2f(®), | =LpL(®
e P f(@) 3pL(2) (712)

F(®) = —87P — w? + Le~26(4 + L&) /49.

Urak, pemenue craupoHapHO# ocecumMerpudnoit 3anaun OTO BHyTpu pacnpene-
JIEHUS] MACC MOYKHO HAalTH KaK Pe3yJIbTaT MHTeTPUPOBAHHUS CHCTEMBI OOBIKHOBEHHBIX
muddepeHnuaIbHbIX ypaBHeHn# 1-ro nopsagka (7.7) — (7.11), yuuTbiBas anrebpu-
ueckue cooTHowenus (7.12) u ypaBHeHue cocTosiHus BemectBa P = P(e).
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Haitnem Bakyymuoe (¢ = P = 0) pemenune. KmoueBoe ypasnenne (7.8) moxcra-
noekoit y = Lv/a* — b2®4/® cBomurca k ypaBHeHnuio Pukarru

_B(y? +4b)
Y2 = 2v/at — p2o’
unTerpupys koropoe ans L = L(P) naitnem
20 a*(1 — k%) + (1 + k?b%)Va? — b2 P!
Vat — bt 2ka? — (1 + k2b%)¢? ’

rae a u k — HOBbIe KOHCTaHTHl. Mcmosb3ys Bhiparxenue (7.13) u ypasuenus (7.7) u
(7.10), 1erko moJIyYMTH

L= (7.13)

1+ k262 (1 — k2b2)v/a® — 6207 + a2(1 + k?b?) — 2kb2?

f = 20a? , (714
© VT T [2ka? — (1 + k262)22)° (714)
bC(1+k%?) , _,
BseneM HOByI0 nepeMeHHyio R corjacHo
dp — 1d® = pd(InR), (7.16)
TOT A
2 = W— Vat - 6201 (7.17)
P = 4Car(1 + k2?) '
B pe3yJibTaTe
ds? = ®%(dt — qdy)® — e2PdD?—
-1 (7.18)
%22 [(1 - 202a2k(1121k2b2)) dR? + R2d¢2:| )
bC(1 + k2b?) kR?
7 ka? i+ e L) (7.19)
C(1+ k%?) L? L b2®?
B _ 4 _pRPpt | — 4 = — —
e Sha? Vat - v?P i (7.20)

Boipaxkenus (7.18 — 7.20) npeicTaBisiioT HOBOE PellleHHE CTALMOHAPHON aKCHCHM-
MeTpu4HOU BakyyMmHO# 3agaun OTO.
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e Crarudeckue nous (b= 0).

1. IMonoxum 2ka® = 1 u nepeiigeM K KoopauHaTaM T 1 ¥ TaK, 4TOOBI

@2:1——2-1—\4—, R=2Msind, M = Cd’
T

Toraa u3 (7.18) — (7.20) nomyunm ussecrHoe peuenne Bapumuibia.
2. Tlonoxum 2ka? = 0 u BBeseM 2z = 1/®%. B srom cayuae

dt?
ds? = — — 22(dR? + R*dy®) — 4C%a*zdz?,
z

UJIM B 9KBHBAJIEHTHOMN (opme
2 _ 2 _ 2
d82 — eu/?Ca dt2 —e u/Ca (d.’l:2 + dy2) —e 3u/2Ca duQ,

dz? + dy? = dR* + R%dy?, u = 4Ca%lnd.

910 pewenne coBnagaer ¢ pewendem Tay6a [83], onucsiBaomero rpabBu-
TALMOHHOE I10JIe TJIOCKOr'0 OJHOPOJHOLO CJIO.

3. Monoxum 2ka® = —1 u BBemeM
2Ca? 9
z = m, R =2Ca’shr.
B srom ciyvae nosmyuyum
2Ca? dz?
ds? = —1}dt? — ———— — 2%(dr? + sh®rdy?).
s < ; ) ©Ca2/7 = 1) z°(dr® + sh®rdy®)

4. Hecxxumaemas xkugkocts. [lonoxum p = P/ey, tae g = const. Unrer-
pHpYs YCJIOBHE THAPOCTATHYECKOIO PABHOBECHS, IIOJIYYHM
o, ,

Pe=——1

14p==2
=g o,

N N

Wnpeke ”¢” o603HavaeT BeJIMYMHBI B IEHTPE, a HHJEKC s’ — Ha rpaHule
pacrnpejenenust Macc. Beeaem

=30, — 20 nu=e?
4ro BMecTo ypasHenwuii (7.7), (7.8) maer

u(ug + 4megds)

Ulgy = Eu 2 + dmeor(ug + TEOT) —
TT e T 30, — z
YacTHOe pelieHHe 3TOr0 ypaBHEHHs eCThb
2m

u = -—?;-—50(1 — .’L‘2).
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CrenoBaTesbHO,
9 -1
e?a — [1 __ 8meg p ]
3 1-(3%,-2%) ’

—28 _ 2n 2
| = 2p(3%s —29)

20(30,-20)
1—(3%,-20)

Pemenne (7.21) MOXKHO nepenucaTb B KOOPAUMHATAX KPUBH3HBI, IOJCTABHB
BMecTo ¢ U p KoopauHATHI 7 U 1 cortacHo

[ 2M
30, — 20 =4/1— —, p=rsind
T

36,-1 & dn
St I Ve
2 1+p. 3 co”

H YYHUTbIBAA

@,

B pesysbrare noayunm BHyTpensee pemrenue IlIBapumuibaa [84], exun-
CTBEHHOCTb KOTOPOro JjoKa3aHa B [85].

91K yacTHbIE pelieHus (3a UCKIII0YEeHNEeM OCJIeHEr0), COMIACHO KIacCuduKa-
uuu ([42]), oTHOCATCA K peleHUusIM KJiacca A sl CTATHYECKUX BBIPOXKIEHHBIX
rPABUTALMOHHBIX 10JIell BHE UCTOYHHUKA.

Moandumupoannoe pemenne HYT u pemenne Keppa. ®Pusnveckas
vHTepIpeTanus oxHoro u3 u3sectHbix pemeHuit OTO - pemenus HYT [86]
HATANKABAETCS Ha CyIeCTBEHHble TpyAHOCTH [87], [88], uTO, Ha HauI B3TAAL,
00yCJIOBJIEHO HAPYIIEHHEM YCIIOBHIA PErYJISPHOCTH Ha OCH CHMMETDHH M aCHMII-
TOTHYECKOHN NICeBA0EBKINI0BOCTH. Bakyymuoe pemenue (7.18) — (7.20) B wact-
HOM CJilydae

2ka2 =1 +k2b2, M2 — 02(04 _ b"..’)7 n= Cb,

JIMLIEHO 9THX HEJOCTATKOB U IO CyTH OKa3bIBAETCS MOAUGDUIUPOBAHHBIM pe-
menneM HYT. JleiicTBuTebHO, epeiiieM K KOOPAMHATAM

2 _9Mr — n?
o2 = T——M#, p? = (r* + n?)sin,
M +/M? + n2(1 — 39

"= 1— @2 :
TOraa, y‘{PITbIBaﬂ BCIIOMOraTe/JIbHOE€ COOTHOIIIeHUue

(1- K%)= 4k (" - 1)
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[OJTy YUM

2 2 2, 2
9 [r°=2Mr—n 2 r°+n 2
ds _<7r2+n2 )(dt+qdcp) —<————————————r2_2MT_n2) dr*—

(r? +n?) (11192 + sinzﬂdgpz) , (7.22)

g =2n(1 —|cosd|).

Buemmnee cxoncrso (7.22) ¢ pemennem HYT ciyxuT ocHOBaHMeM Ijisi TOTO,
4yro6sl HazBarb ero MHYT (moauduuuposarnsiMm HYT), Ho B ominume or
HYT ono Hensmenno npu 3amene ¥ — m — 9 u peryaspHo Ha ocu. Herpyaxo
HOHATL NPHYMHY TAKOrO OTIM4usi — npd BbiBoge (7.18) — (7.20), wacTHBIM
cay4yaeM KoToporo sBasiercs peienne MHYT, yureHno TpeboBanue JI0KaJIbHOM
[CEeB/I0EBKJINI0BOCTH Ha OCH CUMMeTpHH. TakuMm oOpa3oM, ONMH U3 HeOCTaT-
koB pemenuss HYT, ckopee Bcero, o0ycsioBien npeHebpexkenueM (U3NIECKH
00OCHOBAaHHBIM YCJIOBHEM peryisipHocTd. IlosTomy mombeiTku ¢pu3nydeckoit uH-
repuperanuu pemenuss HYT oka3biBatorcst 6e3ycneniasiMa. JTo KacaeTcs o1-
CYTCTBHSL aCHMIITOTHYECKOH IICEBIOEBKJINIOBOCTH, TO ITUM HEJIOCTATKOM 00-
Jaaer Takxke moaucdunuposanHoe peirenre. Ha Ham B3rugn, 3To CBA3aHO C
YIPOIIAOMIKUM PellleHre 3a4a44 BeioopoM conyrcrByomeit CO, unaye ropops,
TO 06CTOSTEILCTBO, YTO o3 He OOpAIAeTCs B HYJIb Ha OONBIINX PACCTOSHUAX,
MOXKHO O0bACHUTD JIOKaJIbHBIM 3¢ dexTom ”Bpamenus” ucnosnb3yemoit CO.

3ameuanue 11. Merpudeckoit dopme (4.3) B HEKOTODPBIX CydasX NPEANOYH-
TAIoT

ds® = ds? — ds2,, d5° = e¥di* — e (dp — qdb)®, d5%, = ds?,.

OrMmeTnM, 4TO BHIpaskeHHne d3+ nonyyaercs u3 (4.3) B pesynbraTe popmabHOM
3aMeHbI ” HeCyleCTBEHHbIX” KOOPAUHAT:

t=1ip; p=it; a=% ¢=¢ y=a

CoorsercTyomas d3? Terpafa 6a3UCHBIX BEKTOPOB MMeET BH[,

L(ﬂ) 0 Cﬂ —le‘ﬂ 0
v 0 0 et o |’
—ge’ 0 0 €
e ™ 0 0 0
v 0 eP le* 0
(v) — 0 0 e* 0 ’




a KOMIIOHEHTHI 4-CKOPOCTH

— B KOOpAUHATHOM 6asuce

o dt e~@ o .=d_g;i ﬁ3_d<ﬁ 0
dt’ ds

i V1i-v?
V2 = 28205l _ [52)2 4¢P (52)2 4 o2V26(() _ )2, Q=%
— B TerpannoM bazuce ©H = LWy

1 5 (0 — 1o 5
a® = a0 = a0 1) ey s

V1= V? Vi-v?’ Vi-Vv?

a®) = 7@ (Q — (I)’E(O).

CpaBHHUBas 3TH BBIPAXKEHHS 3aKJIIOYaeM, YTO

— TOYKA ONHUCHIBAIOIAA KPYTOBYIO OpPOHTY, COOCTBEHHAs AJIMHA KOTOPOI
2meY, B KOOpOMHATHOM 0a3uce HMeET CKOPOCTH §), a B JIOKAJIbHO-UHED-
IHAJIbHOR CHUCTeMe OTCYeTa BPAILAeTCs C YIJIOBOH CKOPOCTBIO

(- q);

— TO4YKA, MOKOAIAACA B JIOKaJIbHO-uHepuuaibHoi cucreme (4 = 4?) =
@®) = 0), B KoOpAUHATHOM 6a3HCe HMEeT YIJIOBYIO CKOPOCTD

Q=g
T.e. JIOKAJbHO-UHEpPLUAJIbHAA CHCTEMa OTCYeTa BOBJIEKaeTcs BO Bpalle-
HHe MATePHHCKOro Teja (yBJ€YeHHe HHEPUMATIBbHOM CHCTEMBI OTCYETa) —
YTO COCTABNISET COAEPXKaHUe SIBJICHUS, U3BECTHOrO Kak 3ddexr Jlenze —
TuppuHra, KOTOpbINi He HMeEeT aHAJIOra Kak B HbIOTOHOBCKOI TE€ODHH, TaK
U B CIENUAJIbHOM Teopuu oTHocuTeabHocTH. Habop KoopAauHAT B MeTpH-
KaX C 4epToit u 6e3 4epThl OAUH U TOT XK€, IOITOMY

62(1

9= "9 _ e’
Scno, uTo obe meTpuueckue GOPMbI OMHCHIBAIOT OJHO U TO e IPOCTPaH-
CTBO-BpeMsl, HO ¢ TOYKHM 3peHus pasubix CO.

ITyctb wp - YIiI0Bas CKOPOCTb YBJIEYEHHs JIOKAJIbHO-UHEPUUAJILHON CHCTEMBI
(CO3) orHOCHTEILHO HenoapuxkHOro Habmonarens (HH), npuyem ecin wy ~
2I/R3 (I- momenT ummynbca, R - paccTosHHe OT MCTOYHMKA TOJA), TO CO-
OTBETCTBYIOLIEe NPOCTPAHCTBO-BpeMsl OyAeT acCHMOTOTHYECKH IUIOCKHM, [89)].
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Honycrum, uro pemenne MHYT nosyueno B cucreme orcyera CQOyp, Bpamato-
meiica otHocuteabHo HH, ¢ yriosoit ckopocthio wy. [Ipeobpazosanuem

q%®?
(r? 4+ n?) sin 92 — g2 P2

d(p = d(ﬁ + wldt, wp =

pemerne MHYT M0KHO JIOK&JIBHO IIPUBECTH K BUJY C HCUE3aIOIUM MeTpHYec-
KM KO3(DOMUIMEHTOM @o3. DTO O3HAYAET NEPeXoJ| K HOBOH CHCTeMe OTCYeTa
- CO,, xoropas ”Bpamaerca’ orHocuteabHo COg ¢ yIiioBoi CKOPOCTHIO W .
Ionsarno, yro yriossie ckopoctu COy, CO; u CO, cBA3aHBI COOTHOIIEHHEM
Wy = Wy +w; , moaroMy COy, B KoTOpOI BeiBeaeHo pemenne MHYT, B kaxkxoi
touke (r, ¥) ”Bpamaerca” ornocurensno HH c¢ yrioBoit ckopocTsio

Wy = We — Wh.

Ha 6osbmmx paccTosnuax we ~ 1/R3, a wy ~ 1/R?, cregosarenbHo, JuHei-
Hasg CKOPOCTb Uy = wyp - R asuxenusa kaxaoit Touku COq orrocuressHo HCO
CTPEMMTCA K HYJIO Ha GECKOHEeYHOCTH, a 3TO o3Hadaet, 4ro CO¢ Moxker ObITH
OCyLIeCTBJIEHa peajibHbiMU Tenamu, T.e. peuresne MHYT ynosiersopsier bu-
3U9eCKMM TpeOOBAaHHUSM, MPEIbABISEMBIM K CTAIMOHADHBIM OCECHMMETDHY-
HBIM DELIeHHSIM BAKYYMHBIX yPaBHEHHI DUHIITEHHA.

CranuonapHoe Bakyymuoe pemenne (7.18) — (7.20) gomyckaer emje 0JHO 4acT-
Hoe pemenne. Ilongoxum 2ka? = 1 u mepeobosnauum koncranTsl Ca? =
A, b/a® = B, toraa smecro (7.18) — (7.20) umeem

e = [1-p* ()],
B? i
f(®) = [Aef’ (1 + T) V1 - B2<I>4] ,
B? 1
qg= 2AB<1 + -4~) (e*“ - 1) , U=5pL(®),
4 4 @ 1+ B2

o 20 (1-2)+(1+5)vVi-B2
L( )_\/I—Bz@“ 1_(1+B72)¢‘2 .

2 2 252
eﬂ=A(1+B—)m[L_+£ e ]

HepennmeM 610K (t, cp) HUCXOJHON MeTpHYeCKOn (bOprI B 3KBHBAJIECHTHOM
BUIE
p2q)2

2 _
v ew

dt* — (p* — ¢*®%)(dp + wdt)?,
rae
__q®
W= p2 _ q2q)2'
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[ToBTOpsAst paccyKAeHusl, KOTOPble ITO3BOJIMJIN OCYIIECTBHTH Iepebpoc perie-
ansg MHYT B nosyio CO, npeobpasyem do? ucnonb3ya

2aMr

d = dip + (0 — wp)dt, w = (r? + a?)R? + 2Ma?rsin?y ’

R? = r? + a%cos?d.

IToacraBus nanee

2Mr
2 __
P =1-— R
2Mr 2Mrsin®9
2: 2 2 1—
pF=rta ( M R )

nosyuum pemenue Keppa [73].

8.Bpemennas 3amada. OTO ycranaBiuBaeT orpaHMyYeHHe Ha IpPeAEbHOE 3Ha-
YeHHe Macchl GesIbIX KapJMKOB M HEATPOHHBIX 3Be3x. Jljisi Mojesieil ¢ pa3In4HBIM
COCTOSIHMEM BEIeCTBA KpuTH4ecKas Macca My, ~ 1.5Mg + 3Mg [90]. IIpunsaro
CYHUTATH, YTO €CJIX 3BE37a [VIABHOM MOC/e0BaTeNbHOCTH ¢ Maccoit M > My, B xoze
cBoeii 3BosOLMK He cOpOCHT u3nuuiek maccel 6M = M — My, , TO mocje ucyep-
NaHKHs MCTOYHUKOB SIIEPHOIO FOPIOYEro HAYHETCsl ee KAaTacTpoduyeckoe CxKaThe, B
pe3y/bTaTe KOTOpOro obpasyercsi yepHasi Ablpa. Takoe 3aBeplieHHe rPaBUTAIMOH-
HOro KoJutamnca obyciioBieHo cTpykTypoit ypasuenuit OTO — Bo3nukaiomue B Xozue
C>KaTus ynpyrue CHJIbl He MOTYT NPOTHBOCTOSTH CUJIaM TSroTeHusi. (YMeCTHO 3ame-
THTb, YTO B PEJIATHBUCTCKON Teopuu rpasutanuu Jlorysosa [13] B oGiacty, 6au3Koi
K TOPHM30HTY COOBITHIi, HAUNHAET paboTaTh AHTHIPABUTALMOHHBIN MEXaHHU3M, KOJ-
JIAIIC OCTAHABJIMBAETCSA M CXKATHE CMEHSETCS] PACIIMPEHHEM).

Ckansiproe noste Teopun VB/I He MoXeT He 0Ka3aTh BIMSHHSA KaK HA JMHAMUKY
CaMOTPaBUTUPYIOIMX OOBEKTOB, TAK W HA YCTOWYMBOCTH PABHOBECHBIX MOJEJIel.
Bonpoc 06 ¢popMupOBaHKK YEpHBIX JbIP B 3TOH Teopuu obcyxkaancsa B paborax [91]
- [94]). Tak B pabore [91] yrBepxnaaercs, uto B Teopun WNBJI, Tak e Kak u B
OTO, rpaBUTAUMOHHBINA KOJUIAIC 3aBeplIaeTcss 00pa30BaHUEM YEPHOM IJBIPHI. DTO
3aKJIIOYEHHE OCHOBAHO HA CJENYIOUIMX COOOpaKeHHUsIX

e pemenune [lIBapinmunapaa ectb Tounoe pemerue Teopun VMB]I ¢ mocrosiHEBIM
CKAJSPHBIM T0JIEM,

® CKaJIsIpHOE MoJie MpH chepUIeCKU-CAMMETPUIHOM KOJIIaNce CTPEMHUTCS K I10-
CTOSTHHOMY 3Ha4eHMIO Ipu t — o0.

C apyroit croponnl, Marcyza [92], ocHoBbIBasich Ha pe3yabratax paborst [95], moka-
3aJ1, yTo peuenue [IIBapuInIbaa SIBISIETCS TOYHBIM, HO He €JMHCTBEHHBIM pellle-
HueM Teopun MBJ] B npenesie MOCTOSHHOIO CKAJISIPHOrO IOJs, ¥ I03TOMY cdeph-
YEeCKU-CAMMETPUYHBIN KOJIJIAIIC B 3TOH TEOPHH He 00sS3aTeIbHO NPUBOAUT K 00pa3o-
BAHUIO YepHOU JbIpbl. JlomoJiHUTE bHBIE COOOParXKeHUsI O BO3MOXKHOCTH (POPMHUPO-
BaHMS YEPHBIX JBIP B TEOPHH MBJI MoXKeT 1aTh KaYeCTBEHHBIH aHAIN3 MPOBIEMSI.
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Byzmem ciegoBaTh paccyKOEHHSIM aHAJOrMYHOro axamusa mis ciaydas OTO, us-
noxenHoro B [96]. PaccMoTpuM pacmpocTpaHeHuWe cBeTa M CBOOOJHOE INBHXKEHHE
" Ipo6HLIX” YacTHll B paJuajbHOM HanpasieHuu (0, = const) B rpaBUTALMOHHOM
noJie CTaTHYIECKOro chepuyecKu-CAMMETPpUYHOro teja maccoit M. CooTBeTcTBYIO-
IIee BHIPaKEHHE HHTEPBAJIA B BHITSIHYTHIX C(hePOHIAIBHBIX KOODAMHATAX UMEET BUJL
(5.8)

d82 = g()()CQClt2 — gnd’u,2’ Joo = 7'2’1/777 g1 = k27-2h(a_1)/77'

Bnecs k =nM, h = n/2(1 — a), T — napamerp pemenus I'ekmana (cm. [15]),
u—1 1/2h
=)
u+1
CBSI3b KOTOPOTO € PaJAMAJIbHON TIepeMeHHOH KOOPAMHAT KPUBU3HbI ONPEAEJISETCH CO-
OTHOLICHHEM

,rh-l/Z

Iepeiinem K HOBbIM KoopauHaTaM 1 u R, Tak 4T00BI

S 1 ——
cdT = cdt + f gu/goodu, dR = cdt + 7 gu/gogdu.

fcHo, yTo
cdT — f2dR dR — cdT
cdt = ——5—, du= f———F—1/g00/911-
1-f 1-f
BoiGepeM f2 = 1 — ggo, 4TO NMO3BOJIAET U3BABUTLCA OT OCOGEHHOCTH M TEPEHTH B
CHMHXDOHHYIO CHCTEMY OTCYeTa, TOrJa

Tah/" d
V1 — 72h/n -

B HOBBIX KOOpAMHATaX METPUKA HECTAIMOHAPHA, KOOPAMHATa [ BCIOAY IMPOCTPaHCT-
BeHHas, a T — BpeMeHHas. JIMHUN BpeMeHM, KaK U BO BCSIKOM CHHXPOHHOI cHcTeMe
oTCYeTa, ABJAIOTCA Ie0Je3WYeCKHMMH, T.e. MOKOSUIMECs B BHIODAHHOM cHcTeMe OT-
cyera ”npo6GHBIE” YACTHMIBI — TO YACTHIbI, CBOOOLHO ABHKYIIUECS B PACCAMaTPHUBa-
emoM noste. DUKCHpOBaHHbBIE 3HAYEHHS] KOODAUHATHI T (KJIH, 9TO TO K€, IapamMeTpa
T) mapamerpusyioT ceMefcTBO MUpoBbIX JuHuE R — ¢T' = const (310 HakJIOHHBIE
npamble Ha guarpamme {cT,R}, oxHa u3 xoropsix, coorBercrByomas r = 0, Ipoxo-
AT Yepe3 Hayayio KoopauHaT). MupoBbie JUHEA " TPOGHBIX” 4aCTHIl, TOKOSIIMXCH B
BLIOPAHHOHN CHCTEMEe OTCYeTa, Ha TOil XKe AuarpamMMme H300parkaloTcsl BEPTHKAJISMH,
napaJuieibHbiME ocH ¢1'. [[j1s CBETOBBIX CHIHAJIOB, PACIPOCTPAHSIOIUXCS B PAH-
aJIbHOM HaIpaBJjieHuy, ypasHenue ds® = 0 maer

% =4y/1 — 72h/7

dst = dT? — (1= 7%/"), R—cT =qM [
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(nBa 3HAKA COOTBETICTBYIOT JBYM IDAHHMI@AM CBETOBOI'O KOHYCA C BEPLIMHON B 33/aH-
HOM MHMDOBOM# TOYKE).
B npeneasrom ciaysae OTO (n=1, a=0, h =1/2)
oM
T1-7

OTKyJIa sICHO, 9TO HHTepBal —oo < 7 < 0 oroGpaxkaerca Br € {0,2M},a0<7< 1
- B 71 € {2M, 00}. IosTOMY U3

cdl

dR
3amerus, uyro uHrepBany r € {0,2M} coorsercrByer |cdT/dR| > 1, a uarepsaiy
r € {2M, 00} — nepasencrBo |cdT/dR| < 1, 3axki04aeM — MHpPOBasi JIMHHS IOKOSI-
Imelicsa JacTHIBI BHe obsactu 7 = 2M momajaeT B CBETOBOI KOHYC, & BHYTPH ITOMN
00JIaCTH — HET, HHAYe TOBOPs, MOCKOJbKY MHPOBBIE JIMHUH JIIOOBIX MPAYMHHO CBSi-
3aHHBIX COOBITHII HE MOTYT HAXOJUTHCS BHE CBETOBOTO KOHYca, TO B obsactu 7 < 2M
HE MOXKeT CYLIeCTBOBATh MOKOSUIMXCS YACTHUII.

Jns anamorm4sOro aHanu3a B reopuu VIBJI HeO6XOMMMBI OLEHOUHbIE BEJINIHHBI
durypupyomux B dopmysax koHcTaHT. COINIACHO JAaHHBIM HAOMIOAEHHH Ge3pas-
MepHasi KOHCTaHTa CBsI3M ( MOJIOXKUTENIbHOE YHuciIo, He npesbimatomee 500 [1]. Mc-
0JIb3ysl 9TO 3HAUEHHE M MOJyYeHHYIO Bbiuie ¢opmyny (cm. 3amevanue 7), cBs-
3LIBAIOILYI0 KOHCTAHTH 7), @, # (, 3akmouyaeM, 4To 7 > 1 nna mobeix a # 0.
HabmonareapHble OLEHKH MOCT-HBIOTOHOBCKOTO IapaMeTpa ¥ = 1 —a JaloT J4Jj1s ero
BEJIMYMHBI 3HaUeHHe, O/IM3KOe K eIHHHIE, HO HEe pDaBHOE eif. Pe3ysbTaThl YHCIEHHOrO
pacyera [97] 103BOJAIOT yCTaHOBUTDH orpanudenue |h| > 1/2. Urak, jjs OTIRYHBIX
OT HYJIS 3HA4YEHUH a, 3aK/II0UYEHHBIX B HHTepBayle —1 < a < 1, uMmeeM

+v1 -1,

1 1
h>§npnn>1 " h<—§npnn<—1.

B nepsom ciydae (h > 1/2) Best obaacts 0 < r < 0o orobpaxkaerca B 0 < 7 < 1,
npu 3toM |cdT/dR| < 1, T.e. MHpPOBble JIMHMHM TOKOSIIUMXCS YaCTHI JJIs BCEX T
HAXOASATCS BHYTDHM CBETOBOrO KOHyca. B ciyyae h < —1/2 unrepBany 1 < 7 <
oo coorBercTByeT 0 < r < 00, a |edT/dR| < 1, Kak ¥ B NpeAblIyIEM CIyyae,
T.e. He BO3HMKAaeT HUKaKuX aHoMaiuii. Taxkum o0pa3oM, KayeCTBEHHBIH aHaIu3
[I03BOJIMJI BBISIBUTH OTJIMYUsl B IOBEJEHNH NPOOHBIX YACTHI] B TPABUTALMOHHOM I10JI€
crarnyeckoro cepuyecku-cummerpuanoro Tena 8 OTO u Teopun MBI, onnako 31o
He MOXKeT CJIY>KHTb JOCTATOYHBIM OCHOBAHHEM JJIsl OKOHYATEJIbHOIO 3aK/IIOYEHHs O
npenckaszanusx Teopun VIBJI mo BOmpocy 0O CyIECTBOBAHHH YepHBIX AbIp. OTBer
Ha 3TOT BONIPOC MOXHO OyJeT MOJYy4YUTh TOJbKO MOCJIe pelleHds BpEMEeHHOM 3a1a4u,
KOTOpasi, 10 pe3ynpraTaM pador [98] u [99], chopMyaupoBaHa B HACTOsLIEM pa3zelle,

[IpeobpazoBannemM KOOpAHHAT CAMOro OOINEr0 BHIPAXKEHHMsSI METPHKH cdepuyec-
KU-CHMMETPHYHOrO0 NpocTpaHcTBa-BpeMeHu [100] o6patuM B HyJIb eJMHCTBEHHYIO
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HEeJUOTaHAJbHYI0 KOMIIOHEHTY METPHKHM M IepeiiieM B COIMYTCTBYIOUIYIO CHCTEMY
oTcYera, 4TO AaeT

ds® = €0 di® — TNdr® — R (r, 1)d0?,

ﬂt

t .
u = {u%,0,0,0}, a= —r
IMoacrasus 310 B ypasHenus (1.3), (1.4) monyuuM cucTeMy ypaBHEHHH BPEMeHHOM
cdepuuecku-cuMMeTpudHO 3anaun Teopuu VIBJl, KoTopsle ajis KpaTkocTH Oymem

Ha3bIBaTb BPDEMEHHBIMH YDABHEHHUAMMU:

el 0 (5 o 2B\]_ e[V V(4 2R] _8n(c=3P)
e [y+y(5 a+R>] e [y+y(a [3+R)}__——y(3+20,
—2a R R A y b 2R 1 C —2a _ ,
e”? [E(E+2ﬁ)+§(ﬂ+7¥—)}+ﬁ—@i( 2y +e 2‘91/2)—

.5 |2R" R (R y' y' 2R 8me
28 2 =9 LA Bk -] —2rc.
‘ [ R 'R ( B) v Ty ( R ﬁ)] y

2R E E_Q +g+g g_' +i_

AV v y\R Y| TR
5 |R (R y 2R C 1 _op. _ 87 P
2 | IV [ 1T / s S (2.2 28,12\ _ _ .
e [R(R+2a) y( +R>}+2y2(e 7+ e Py?) = =

2R, (2R gy (2R Y\ ¥
R—a<R+y) ﬂ<R+y +y+< =0.

[Ipu pemrenuy BHYTPEHHHX 3a1a4 yJOGHO MCIOJb30BATh TAKXKe 3aKOH COXPAHEHMS
uucia Gapuonos V,(nu*) = 0 (n - mWIOTHOCTD 4ncia 6apHOHOB) H BBITEKAIOIIME H3

(1.6) u (1.7) ypaBHeHus
. 2R lid
=—(ﬁ+§), E+P=—a’. (8.1)

é —
e+P

313

3aech Touka obo3Havaer auddepeHIrpOBaHUe 10 BpEMEHH, a IITPUX — N0 KOOPJAH-
HaTe T.

e 3ameuanue 12. B OTO, kak caeacrsue Teopembl Bupkroda, macca craTu-
YECKOro TeJla ¥ TAKOI'O XK€ TeJa, OCHUJINPYIOIIEro paauaibHO, HMEeT OJHY H
Ty e BesmunHy. B Teopun V1B /I aHamorn4HOe yTBEpK IeHHe He CIIPaBe;IJTHBO,
nockosbKy § # 0. OxHako BeCbMa NMPaBAONOAOHBIM NPEACTABIETCS IpeNIo-
JIOKEHHEe O TOM, YTO BPEMEHHble H3MEHEHMS CKAJIIPHOIO MOJIsl MPOUCXOIAT
3a BpeMs, CPaBHMMOE C KOCMOJIOTHYeCcKUM. Vcxods u3 3TOro, mpu paccMor-
peHHH JMHAMUKH W30JIMPOBAHHOrO OObeKTa Lesecoobpa3Ho cyutarh § = 0.
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Ecnu npuHATH 9TO MpeanooKeHne U UCIOJIb30BaTh BHICBOOOAMBILEECS KOOD-
JMHATHOE yciioBue (BHE Tesa u® — eIMHCTBeHHAs HeMCYe3aolas KOMIOHEHTA
4-ckopoctu) aJis Beibopa R = T, TO U3 ypaBHEHUS] CO CMELIAHHBIMHM POM3BOJ-
HbIMM BPEMEHHOH CHCTeMbl Haillem

B(2+y_’):0_
Ty

[ToncTaBUB B 3TO COOTHOLIEHHE DEllleHHe yPAaBHEHUsI, ONPEIEIsSIONIero noBee-
HHIe TPABHTAIMOHHOIO CKAJspa BHe paclpeiesenus Macc i = const - e/~ /r?
npu ﬁ # 0, nonyyum y = —const - ef~= /2r ¢ HepU3MUECKON ACUMIITOTHKOH.
[Tosromy HEOBXOAMMO CUYMTATH B = 0. Torma U3 BHINHCAHHON BHILIE CHCTEMbI
ypaBHeHuit ciexyer, uro U & = 0. Takum obpasom, eciu npeHebpeyb BpeMeH-
HOM 3aBHCHMOCTBIO I'DaBUTALMOHHOIO CKAaJsipa, TO BHE pacIpelesieHhsl Macc
H30JIMPOBAHHOTO Teja chepuyueckoit ¢GopMbl rpaBUTALMOHHOE MOJIE OKa3bIBa-
eTCa TAaKUM 2Ke, KaK ¥ CTaTHYeCKOro TeJa, T.K. B COOTBETCTBUHU C YPABHEHUSIMH
sagatn y = y(r), a=«a(r), B =B(r).

CoriacHO BBIBOJAM YTBEpKAeHHS 3 KOHMDOPMHOe mpeobpa3oBaHue
G = g
wy — uv
Yo

nepeBoAuT ypaBHeHusi Teopun VBl u3 cobcTBEHHOro mpeicTaBjieHUst B JMHIITEN-
HOBCKO€, YTO MTO3BOJISET, OTOPOCUB THJIbY, 3alIUCATh UX B OoJlee KOMIIAKTHOM BHJIE

0 - D2 _B-a 0 P2 _a—pB
E(aRe )—E(aRe )=0, (8.2)
R(R _. 2R" R (R 1 8
—2at [ 24 ) _ 28 |20 - __21 = -2 * )
e R<R+ ,8) e R+R R B +R2 y0(5+s), (8.3)
2R R (R R (R 1 8
—2a | 277 2 __on _ —2ﬂ_ il 2 = 27 P P* 4
e [R+R<R 2a>] e R(R+a)+R2 yo(+ ), (8.4)
»J > 7
% - a'% — /J"% = —50'. (8.5)
31ech
& = p* = é/_:r (e—2ad.2 + 6—25012) Y= eV2/(3+20)0 (8.6)
Cucrema ypasHenuii (8.2) - (8.5) monyckaer masipHeiliee ynpOLIEHUE, €CJIH BBECTH
_R —2ap2 _ 28 pr
M—E(1+e R?— e ¥R?). (8.7)
Torna BmMecTo KoMbuHauuu ypaBHeHuit (8.3) - (8.5) moaydum
M = z—” (e +€*) R*R' — R?Réo’, (8.8)
) 0
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M= —‘;—” (P+ P )R*R+ R’R'¢0’. (8.9)
0

Hobasus k (8.7)-(8.9) ypasuenus (8.2), (8.5), (8.1) u ypaBHeHHE COCTOAHHUS Be-
IeCTBa, MOJYYUM 3AMKHYTYI0 CHCTEMY AJIsl PEleHHs] BPEMEHHOH 3a1aué TEeOpHH

1B/

e 3ameuanue 13. B yactHoMm ciyuae ¢ = const, € = P = 0 cucrema BpeMeH-
ubix ypasuennit YIBJI npespamaercs: B ypaBuenns OTO. Baiimemcs o6cyx-
JeHHeM HHTEePUPYEMOCTH BaKyYMHBIX ypaBHeHH# BpemenHo# 3amaun OTO.
IIpuMeyaTesibHO, YTO BHE pacIpefieieHusl Macc BeauduHa M, onpenesisemast
cooTHomenueM (8.7), okasbiBaeTcs KoHCTanTOH. [leficTBuTesbHO, (8.8) 1 (8.9),
[OJIyYeHHble KaK KOMOWHAIMM ypaBHeHmii Bpemennoii 3amaun, B OTO cBo-
aarca kK M' =0 u M = 0, nosTomy

dM = Mdt + M'dr =0 => M = const.

OTO 03HAYaeT, YTO CHCTeMa ypaBHeHuit BpeMeHHO# 3ama4u OTO skBHBaIEHT-
Ha JBYM HE3aBHCHMbBIM — ’ JHHAMHYECKOMY’ YPaBHEHHIO

R ,R .R
U ypaBHEHHIO ’CBs3u”
2M = R (1+eR? — e ¥ R?), (8.11)

INocnenneMy MOXKHO NPHIIMCATH IPOCTON reOMEeTPUYECKHil cMmbIca: ~daszoBoe

IPOCTPAHCTBO” PacCMATPUBAEMOl JUHAMHUYECKONH CHCTEMBI €CTh MHIepOOoTonT
2M
R

Takast HUHTEepIpeTanuda JONYCKaeT ABa BapuaHTa NlapaMeTpHU3allkuy, €CJiu BMeC-
TO 3-X HEU3BECTHBIX BBECTHU JABe He3aBHUCHMbIE II€DEeMEHHBIE.

— v +6%=1, e y=€e°R, § =e PR

1. Ilyets 0 < R < 2M. Bsemem v(r,t) u ¥(r,t) Tak, 910066 06PATHTDH
ypaBHeHHE CBA3M B TOXKJIECTBO:

2M .
= =ch®v, y=e *R=shv-chy, § =e PR = shv-shiy;

_2M , AM b, AM
T ch2u’ "~ chip ch3v’ ~ sha ch3v’

nocJIe 4ero BMecTo ypasHeHus (8.10) momydaem

2, _ 2.h2
v - Mv -v' — (In chy))'v — (In shy)v' =0,

cosS V- Sin v
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KOTOpO€e IOACTaHOBKOMN

N 1, 1 R| 1 R
w—f(v)—ln|thv|+2thv—zln|1 — 2(1 2M> (8.12)

obpaiaercs B
@' — (In chyp)'w — (In shyp)w' = 0. (8.13)

Uccaeays (8.12) 3akmodaeM, 9T0 00JaCTH JOIIYCTUMBIX 3HAYEHHH w <
—1/2 cOOTBETCTBYIOT ABa pEIIEHHs

Ry(w) > 2M (1 + 2w) > Ry(w).

. Ilyets R > 2M > 0. Beeaem u(r,t) u t(r,t) Tak, 4To6H 0OpaTHTDH
YPaBHEHHE CBSA3M B TOXKJECTBO:

2M .
7= cos’u, v=e R =sinu-shyp, §=e PR = sinu-chi;

2M 4M  a aM o
= T—5 ea:_____’ eﬂ=_—a

cos?u shap cosdu chi cos®u
nocJjie yero BMecTo ypasHenus (8.10) mosyyaem

., cos*u —3sin*u

W — ———————u-u — (In shyp)4 — (In chyp)u’ = 0,

cOS U - SIn U
KOTOpPO€e NOACTaHOBKO

w = f(u) = In|tg u| + %thU = % [ln (% — 1) + (5% - 1)} (8.14)

IPHBOAMTCS K BHAY
W' — (In sht)'w — (In chyp)w’ = 0. (8.15)

Jns moboro 3HaYeHUs w CYIECTBYeT eAMHCTBEHHbIH KopeHb R = R(w)
ypaBHenus (8.14), nosTomy Kaxaomy pemenuto u(r,t) ypasuenus (8.15)
npu 060k 3ananHoi GyHKIME (T, t) COOTBETCTBYET €JMHCTBEHHOE pe-
menune Bpemennoii 3agauu OTO «(r,t), B(r,t), R(r,t).

B oboux cnygasx dbyukuus (r, t) — npou3BosbHasi GYHKIMsI, HIKAK He Orpa-
HUYEHHAs] yDABHEHUAMHU DMHUITEHHA.

TakuMm 06pa3oM yJaJjioCh, BO-IEPBbIX, HANTH MpeoOpa30BaHUs, JUHEAPH3YIO-
e ypaBHEeHHs] JUHINTEHHA, IOCJIe 4ero OHH CBOAATCA K JIMHEHHOMY ypaB-
HeHu1o Broporo nopsijaka (8.13) uiu (8.15), H, BO-BTOPHIX, IOKA3aTh, YTO, B
paccMaTpUBAaeMOM CJIyyae pelleHdsl ypaBHeHu# DUHIITeHHAa 3aBUCAT OT Of-
HO# mpou3BoJbHON byHkuuK (7, t) U npoussBoabHbix ynknumi Ci(t) u Cy(r)
OJHOT'O apryMEeHTa, KOTOPbIE ONPENESIOT IPOU3BOJ MHOXKECTBA PEIIeHuH JIU-
neitnoro ypasHerus (8.13) unu (8.15) mpu 3amannsix ¢(r,t). Urak, ecTsb BCe
OCHOBaHHSI CYUTATh OOOCHOBAHHBIM
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o Vreepxkaenue 8. Pemienue cucrembl BaKyyMHBIX ypaBHEHHMil DiiH-
mreiiHa, KOTOPHIE COOTBETCTBYIOT chepUIECKN-CHMMETPUYHON MeT-
pHUKe caMoro o0Iuero BUAa, CBOAUTCH K PENIEHUIO JIUHEHHOro runep-
60/IM9eCKOT0 ypaBHeHHsI Broporo nopsaka (8.13) nam (8.15) ¢ mpo-
u3BoabHO-duKcuposanHoii dyukumei ¢¥(r,t).

9.Kocmosiornuyeckue perieHns. Kak CBHAETEIbCTBYIOT acTpodu3nvecKue Ha-
Gmonenns, B Macmrabax ~ 108 ceToBrix JieT u 6osee Beenennas omHOpPOaHA U H30-
tponHa. C KpynHoMacmTabHON TOYKHM 3PEHHs TaJlaKTHKH MOXKHO PacCMaTPHUBATH
KakK ”gacTuuku’ 3amnoJiHsiioue BceseHHYIO OAHOPOAHOM, M30TPOIIHON, HENpephIB-
HO#M CpeJbl, IPUHSATON MOAEIBIO KOTOPO# CJIYKUT HJeabHad »KUIKOCTb C TEH30POM
sHepruu-umnyabca (1.5). Ecin B HekoTOpBIi MOMEHT BpeMeHH ty, Ha TPEXMEpPHO
IPOCTPAHCTBEHHON TUIEPIOBEPXHOCTH 33JlaHa HAavaJlbHAsd NeOMeTpHs, T.e. B Ha-
YaJIbHBI MOMEHT BpEMEHH B HEKOTODOI OIpeesIeHHbIM 006pa3oM BbIOPaHHOIM CHC-
TeMe KOODJHUHAT W3BECTHBHI

7ik(xl) = gik(tﬂvml)v i; k= 172)37

TO MOXKHO TOKa3aTh, 4TO B JI0OOH MOMEHT BpeMeHH, KaK CJIeICTBHE OJHOPOIHOCTH
U M30TPOIHOCTH CPeIbl MPOCTPAHCTBEHHbIE KOMIIOHEHTHl METPUKH H3MEHSIOTCS B
COOTBETCTBHHU C
gik(t, 2') = a® () ().

QakTop a(t) XapakTepusyeT H3MEHEHHe DPACCTOSHUS MEXAY JBYMsSI MHDOBBIMH JIH-
HUAMH 3a BpeMs t — tp 1 Ha3bIBaeTCsd KOCMHMYECKMM MaciuTabHbiM (pakToOpoM
WM KOCMUYIEeCKHMM Macmrabom. MoxHO Noka3aTb, 4TO MOJEIH OZHOPOJHON U
u3oTponHoit BeesenHoit anekBaTHa reomeTpus ¢ Merpukoit @puamana — Pobeprcona

- Yoxkepa (DPVY)

dr?

1_—,{:7‘—5 + Tz(d02 + sin29d<p2) , k= “1, 0, + 1. (91)

ds® = dt* — a*(t)

WNHorma BMECTO T BBOLAT X, TAK YTOOHI
siny mnpu k=1,
r=X(x) = X npu k=0,
sinhy npu k=-1,
torga dr?/(1 — kr?) =dx® u
ds? = dt? — a*(t) [dx® + S(x)(d6? + sin®0dy?)] . (9.2)

B HekoTOpBIX Cly4asx yaoOHO HCIOJb30BaTh KOH(POPMHOE BpeMs



4YTO JaeT

ds® = a*(t) [d7]2 - (dx2 + 2%(x) (d6* + sz'n20dcp2))] . (9.3)
Panuanbabie koopauaatel MeTpuku @®PY — r u cdepudeckux koopaunar — R cBs-
3aHbl COOTHOIIIEHHEM R
" Ty ERYA

nosromy B chepuuecknx koopaunHarax (9.1) npuobperaer Bux

dR? + R?(d9? + sin0dy?)
(14 kR?%/4)? ’

ds® = dt* — a*(t) (9-4)

a B JIEKAPTOBHIX
dz? + dy? + d2?
(1 + kR2/4)2
HTak, B KOCMOJOIHYECKHX 3aJa4aX OOLIYHO HCIOJb3YIOT METPHYECKH# TEH30D C

KOMIIOHEHTAMH

ds* = dt* — a®(t) (9.5)

goo =1, gix=—-a’)vk, 9° =1,

g% = —y*1a’(t), V=g=d(t)y7,
npudeM

® B JIEKapTOBBIX KOOpAMHATAX {I,y, 2}

d; ) .
,yik:F_l; ,sz:FZ_ész27
kR? 1
F=1+=—r, B=2"+y"+2" 7=

e B cepuueckux koopaunarax {R, 6, o}

11 1 R
T = 11—F27 722—722_F21

2

o B xoopaunatax OPY {r, 0, ¢}

1 1 1,

W=m7 Y22 = =T

Y11 =
,Yzz

1 r2sin @
Y33 = —x =17 sin? 6,

~33 ﬁ‘ \/—k‘_Q’
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o cumBosibl Kpucrobdess

)

i L i (0Ymk | OV OYm
ox! ozk  Ozm

. i a
F?k = aavi, Loy = 55;7 k= 5’)’
e KOMIIOHEeHTHI TeH3opa Pumana
0 .. i ag
Ry, = davie, Ry = 551:7
Ry = &> (8} Yem — 6 et) + O Rigny O Ri = k(6 7km — S5 v00);

® KOMIIOHEHTbI TeH30pa Puuuu

3
Roo = ==, Ri = yax(ai +2d®) + @Ry, © Ry = 2k,
a

s w2k
R=—6<9+a—+—), ®R = 6k,

a a? a®

bl

3a . (6 2% 2k
0o _ _ -7 T 5= - -
R) = = R; 6k<a+a2+a2)

® KOMIIOHEHTBHI TeH30pa JHHILITelHa
.9 . .o
a k ; (24 a k
G = —2+—2 , 2:5; —+—2+—2 .
a a a a a

HenasHee OTKpbiTHE yCKOpeHHOro pacimupenust Beesennoit [101], [102] BbHy kK-
JlaeT NepecMOTPETh YCTAHOBUBILIMECS NPEACTABIIEHHS O €e COCTAaBe H XapaKTepe IBO-
monun. [Ipyu 3T0M mo-IpeKHeMy NONYJNSPHBIM OCTAETCH MPEeIIONIOKeHHe 0 HeobX0-
JIAMOCTH BKJIIOYEHHS] KOCMOJIOTHYECKOH NIOCTOSIHHOM B yPaBHEHHS TPABUTALMOHHOIO
nosist (0 mpoGJieMe KOCMOJIOTMY€ECKOH MOCTosHHOM ¢cM. 0630p [103]), uTo, Kak Gymer
NIOKa3aHO HHXKe, SKBHBAJIEHTHO PACCMOTPEHHIO HEHYJIEBOH SHEPIUH BaKyyMa H CBs-
3aHHOTO C Hell OTPHLATENBHOrO AaBinenus [104] — [106]. AibrepHaTUBHBIM 0ObsCHE-
HHEeM HabJII0aeMOro yCKOPEHNUS sIBIISIeTCst THIIOTe3a O CyIeCTBOBaHMH BO Bcestennoi
ocoboit cy6eranumn — "kBuaTICcCeHmMu” [107] ¢ ypaBHEHHEM COCTOSTHUS

P,=-(1-v)g, 0<v<2/3.

B pensrusucrckoii Teopun rpasutanuu (PTT) Jlorynosa [13] Hajmune KBUHTICCEH-
UMM NPHBOIAT K MHTEPECHBIM IOCIEACTBHSIM — yCKOpeHHe BcesieHHON cMeHsercs
3aMeJyIeHHeM C TOCIEeAYIOIeli OCTAHOBKOM, [IOC/e Yero HaYMHAeTCsl CXKATHe 10 He-
KOTOPOTr0 MHHHMAJIBHOTO 3HAYeHHs] MAcITabHOro aktopa, 3aTeM CJIeLyeT HOBBIA
uuka pacmupenus [108]. OrMerumM, 4TO Haes 06 OCUMIIMDPYIOLIEM XapaKTepe 3BO-
monua BceesleHHOH BblABHrasach U paHee, HO IPEUMYILIECTBEHHO U3 dunocodbeknx
coobpaxenuii [109], [110], nockonbky B 3akpbiToil Mogenn PpuaMaHa OCLUILIADY-
OlIeMy PeXKUMY NPENSITCTBYET POCT SHTPOIUM OT LHMKJA K LHKJIY W IIEPeXol Yepe3
KOCMOJIOTHYEeCKYI0 ocobernocts [111], [112].
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o 3ameuanme 14. BBezem KoCMOJIOrHYeCKYIO NOCTOSHHYIO B AeiicTBue ['mib-
Oepra — DitHIITENHA:

w=[ [——-l—(R +20) + LmJ V=gd'z, ko= 8rG.
2K}0

O6paTHB B HYJIb €ro Bapuanuio no ¢°° monyunm ypaBaenus DiHmTeiina
A
GaB = Ko TaB + H_gaﬂ ) A > 0.
0

B kocMmosoruyeckux 3aJa49aX COCTOAHHE BEIIeCTBa ONHUCHIBAIOT YPDaBHEHUEM

-1 MOJIeJIb BaKyyMma,
P=qae, a= 0 3pa npeobJiaiaHUs BelleCTBA, ,
1/3 JIOMHHAHTHOCTbH W3JIyYeHHS,

a TEH30p SHEpTHU-MMITYJILCa B CONYTCTBYMONIeH cucTeMe oTcyeTa ul = u? =

u3 =0, u®uy = 1 UMeeT KOMIOHEHTHI
To=¢, T =T:=T;=-P, T=¢-3P.
C yuerom 3TOro ypaBHeHus JiiHmreiiHa B MeTpuke ®PY npuobperalor Bun

d2 k_K,()‘E+A

2teT T3
i a
2L S -k PHA (9.7)

a a? a2

(9.6)

Ins Toro 4T06b1 PU3HUECKH OCMBICJIHUTH Haju4due A-4jieHa, paCCMOTPUM IIPOC-
TYI0 MOJEJb — MYCTh HA MOBEPXHOCTH U B LEHTPE MBICJIEHHO BBIAEJIEHHOTO B
MPOCTPAHCTBE IIAPHKA MAJIOrO DAJMyCa To HAXOAATCS B3aWMOIEHCTBYIOLIHE
npoGHble yacTuubl. Kak Gyaer MeHATbCS DAcCTOSIHHE MeXKIy LEHTPOM 3ITOro
ImapuKa ¥ Kakoi-ubo Toukoit ero nosepxuoctu? OAHO M3 KOCMOJOIHYECKHX
ypaBHeHH# DHHIITeRHA ¢ A-4JI€HOM MOXKHO IIEPENHCaTh B BUIE
d*(arg) 1 A GM
ez 37 (aro) - (arg)?’

rie a — MacmTabubil dbakTop, M = 4x(arg)3(e + 3P)/3 — macca mapuka. Ilo
€ro BUJLY JIETKO 3aKJIOYMTh, YTO HAJIMYIHE KOCMOJIOTHYECKOrO YIEHA IPUBOAUT
K JeiACTBUIO CUJIbI

1
Fy = -A-(ar),
3
HoJle KOTOPO# fABJIAeTcs 106aJbHBIM M OJHODOJHBIM, IPHYEM CHJIA PaCTeT
C yBeJIMYEHHeM DACCTOSHHA MeXKJAY B3aMMOICHCTBYIOIIMMH NPOGHBIMH Yac-

THnaMHu (CHTyalusi HAOMMHAET KapTHHY B3aumozeiicTBus ksapkos!). Ilpnm
A > 0 cuna F COOTBETCTBYET OTTAJKHUBAHUIO.
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B kBaHTOBO# TeopuM 3HEPrHsi OCHOBHOI'O COCTOSAHHA BaKyyMmMa OTJHYHa OT
HyJ4:

T =< Bak|T), |BaK >= €pax Gy,
no3TomMy A/Kg MOXKHO CYMTAThb CPefHeil IJIOTHOCTBIO SHEPIMH BaKyyMa (310
NPEITOJOKEHNE MOAKPEIUIsieTcs TakyKe W TeM, 4TO oOe BeJIMYHHBI JIOPEeHII-
MHBAPUAHTHBI). 3aMETUM, YTO €CJIH B BBIPaXKEHHH TEH30Pa SHEPTHU-UMITYJIbCA
HJI€aJIbHON >KHUIKOCTU

Ty = (P +¢€)uuuy — Py

MoJIOKUTb P = —¢, To Bhipaxkenus 1ia TOU Bakyyma u TOU mpeanbnoi
>KMJIKOCTH COBIAJAIOT, €CJIH CYATATDb, YTO Egax = A/Kg, T.€. MOXKHO IIOJIAraTh
yto TOW mueanbHOR KHUIKOCTH C YypaBHEHHEM COCTOsiHUs P = —& sBisercs
yIoBJieTBopuTesibHON Monenbio TOU BakyyMma.

JonycTuM, 9YTO ypaBHEHHE COCTOSIHUS 3aIllMCAHO B HesIBHOM (opme

P = P(n), € =¢(n),

rae n = 1/V — nyorHocTh 4Mcaa 4acTHI B eaumHune oobema. Ilockosibky
dE = d(e/n) = —PdV, 10
de _(e+P)
dn  n
CJIeJOBATEJILHO,
e~n'® nmpu P=¢/3,

E~MN npu P =0,
de/dn=0 npu P = —c¢.

Ilpu P = —¢ uu € uu P oT n He 3aBUCAT, T.e. He CYIECTBYET 1apaMeTPOB, Me-
HAA KOTOpble, MOXKHO H3MEHUTD IUIOTHOCTh 3Hepruu. JIerko BUIAETh, YTO B Ta-
KHX CpeJax P U3MeHeHHH 06'beMa IIJIOTHOCTb SHEPTHH OCTAELTCs IIOCTOAHHOM.
Heitcreutensho, dE = d(eV) = —PdV, caenosarenbro, Vde = —(e + P)dV
u npu € = —P mioTHOCTh 3Hepruu € = const, ecan dV # 0. Takum obpa-
30M, €CTb BCE OCHOBaHUs Jylsl yTBepKAeHus npu € > 0 8 cpedax ¢ ypasheruem
cocmoanus € = —P moorcem npoasumvca aHmuzpasumMayuoHHbLl METAHUIM.

CrescTBHEM MMIPOAMHAMHYECKOTO cOOTHOIIEHUs (1.6) B KOCMOJIOTHYECKOl 3a-

Jade daBJideTcd
3
é= ——aa (e + P) (9.8)

HJIA 3KBHUBAJIEHTHOE eMY

5,3 d 3
Pa* = ~Za*(e + P)) (9.9)
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[TockoJibKy COCTOsIHME BellecTBa MOJYMHSIETCsI ypaBHeHMIO P = ag, pemenne
(9.8) s pa3sHBIX 3HAYEHHI ( 3aIMCHIBAETCS] B BUAE

G\ 0 mpn a=-1,
e(t) =€ (_}1) ,tmem=3(1+a)=¢ 3 mpu a=0, (9.10)
a
4 opu a=1/3

Wngekcom 0 cHabGKeHbl BeJUYMHBI B (DMKCHPOBAHHBIH MOMEHT tg, KOTOPBIH
0OBIYHO OTHOCSIT K TEKYIIEMY MOMEHTY.

BosblunHCTBO KOCMOJIOrOB, OCHOBBIBASICH HA JAHHBIX COBPEMEHHBIX HAOJIIOZE-
Hull (CM.NPHJIOKEHHE), CKIOHSIIOTCS K MBICJIH O KBa3HEBKJIMIOBOM XapaKTepe
TUNIEPIIOBEPXHOCTH ¢ = CONSt MPOCTPAHCTBA-BPEMEHH, CBI3aHHOIO C MOJIEJIBIO
onHOpoaHO# U u3oTponHoil Beenenunoii. Ilosromy nonoxum k = 0 B (9.6) u
(9.7), moxcraBuB 3aTEM NEPBOE BO BTOPOE, MOJIYYUAM

. b2 A 2 Ko
a=-——"0 + 3% The b* = —6—(1 + 3a)eoay’, (9.11)
peleHreM KOToporo npu « = —1 Gyner

(9.12)

Koo+ A a
a = gpet) Hy = V % Ta

Jnst Toro 9robbl HAalTH pelleHHs, COOTBETCTBYIOIHe HPHIMAHOBCKON 3II0Xe,
sBezeM f(a) = a B (9.11)

t=to

f=d=J0n_mmm+6p

3(m — 2)am2 ’

0003HAYUB 3aTeM U = a"‘, IIOJIYy4YUM YpaBHEHHE

= m\/5 u? + ul
Vs A(m —2)
C pelIeHueM

1 6b? 1 6b? _ m/A73(to—1)
2u 1+uA(m—2) {1—1— 1+uA(m—2)]—e .

Hpn A=0sB paaualilMOHHO-JOMHUHAHTHY1O 3Dy
a(t) = Qg (2H0t)1/2 ;
a JJ1d NBLJIeBUIHONR Bcenennoit (B 3py npeo6naaamm BemeCTBa)
3 2/3
a(t) = Qo (-Z-Hot) ;

rae Hy — nocrosinnaa Xa66ia (cM. npusioxkeHue).
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ApryMeHnTHl B 1OJIb3y BBeleHHs KocMoJiormdeckoit nocrosiuaoit B OTO moxuo
CYUTATbh JOCTATOYHO YOEIUTEeNbHBIMH, IIO3TOMY IIONPOOYEeM BBECTH AHAJIOTHYHYIO
BEJUYHHY B TEOPHIO B /. [peanono:KuM Ipu STOM, YTO HOBOE IIOJIe JOMAKHO BbITh
CKaJISPHBIM, HO HE MOXET OBITh IUHAMHMYECKMM — €rO M3MeHEHHsl JOJIKHBI yIpPaB-
JIATHCSA TPABUTALMOHHBIM cKassipoM y = y(z#). [Ipunss 310, BBEIEM B NeiicTBHE Te-
opun VIBJI ”kocMomornueckuit” ckanap ¢ = ¢(y) aHANOTMYHO TOMY, KAK BBOJUTCA
KocMogsioruyeckas nocrosinnas B geiicreue OTO. OyHKUHOHANBHYIO 3aBHCHUMOCTH
#(y) MoxxHO GyIeT yCTaHOBHTb, HCXOAA U3 (AKTa CyILIeCTBOBAHHSA ~COOCTBEHHOro” M
”sfiHImTeHOBCKOro” npeacraBiennii Teopun B/l B KOHGOPMHO-COOTBETCTBYIOLIAX
npocrpaHcTBax (cM. yTBepxieHue 3), Tpebys, 4To0bl B ”IMHINTEHHOBCKOM” Npel-
craByiennd ¢(y) oOpaiasoch B KOCMOJIOTHYECKYIO MOCTOsIHHY0. JleficTBys Tak Jisi
teopun VIBJ] ¢ kocMomorudeckum ckaiasapoM ¢ = ¢(y) Hatizem

W= /\/—[——<R+2¢( ) - gyyy“>+L ]d (9.13)

o 8T 2y 0¢
VoV = s Y 3vac (d’ yay) (9.14)
8w uy“ wyt 1%y
ot (i) S CE ) o

o9
T [(1+ 2)¢+2y5 ]
Cornacno (9.14) kocMoOruyecKuit ckaIsap ¢ = ¢(y) ABIAETCS OJHUM U3 HCTOYHHU-
KOB, nopoxkaaromux y = y(z*). B sornueckom miiase 310 06CTOATENBCTBO BbITJIAJUT
Hey6enuTenbHO. ECTeCTBeHBIM MpEACTABIAETCS MM OTCYTCTBHE Cj1araeMoro ¢ ¢(y)
B (9.14), 4TOo BO3MOXKHO IpPH ¢ = const - y, UK oOpalleHue ero B KOHCTAHTY MpH
¢ = const/y. CdopmynupoBanHoe Bbllle TpeGoBaHHe obpaleHus ckajuspa ¢(y)
B KOCMOJIOTMYECKYIO MOCTOSIHHYIO A B ”3iHIITEAHOBCKOM” NpPEICTaBIEHUN TEOPHU
JIaeT OXKMJAEMBIHl pe3yJIbTaT

3+2¢ A
2(2+Q) w0

B merpuke OPY (¢ nepeobo3nadenHbiM Bo uzbexkanne nytanuup ¢ OTO macmTab-
ubiM dakropoMm — R(t) Bmecro a(t)) ypaBuenns (9.14) u (9.15) Bmecre ¢ (9.8) npe-
BPAIAIOTCS B CUCTEMY, ONpEJeIsIONYI0 PellleHHe KOCMOJIOTHYECKO! 33124l TEOPHH
VB/I:

dly)=A-y, A= (9.16)

R k (9* 3Ry  3+2 A

=)= S5 2. 1

3<R2+R2) T T Ry T 0w Y (6-17)
1 d(yR3) 8w
R da (3+20°

e(1 - 3a), (9.18)
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d(e R3(1-+—a))
dt
CoracHO yTBepAKJeHHUI0 3, B 7 3MHINITEAHOBCKOM” IpeICTaBIEHHH, NI0CIe KOHDOPM-
HbIX npeobpasoBanuii (9.17) - (9.19) obpauatorcsa B ypaBHernus OTO ¢ MuHEMaIBHO
CBSI3aHHBIM CKAJIPHBIM IOJIEM H N€Pe00O3HAYEHHOH KOHCTAHTON TATOTEHHUS:

=0. (9.19)

a® k 1. y 87
3(L+5) = - 2) A a=,2R k=2 2
(a2 +a2) n(e—k 21/1 +A, a w = (9.20)
d 3\ - [3+2Cy
o (a%0) =0, =4/ o (9.21)
d(€a3(1+a)) ag 3(14+a)
fee—t o0, = c=s (;) . (9.22)

s pelrenus 3TOM CHCTeMbl MCKJIIOYMM 1, cioxkuB (9.20) ¢ ocraBmuMcs ypaBHe-
HHeM ”3WHIITeAHOBCKOro” NpeJCTaBlIeHHsl TEOPUH

26 a* k 1.

= —5+—2—n<aa+—w2>+/\,

a a a 2

4o ¢ yyeroMm (9.22) gaer

. 2
gd0+) [g +2 (% + §> = A] = By, Eo=5(1-a)eoay" ™, (9.23)
HOCJ'le OJHOKPATHOI'O HHTEIrpUpOBaHUA UMEEeM
Ak 2E
b= aaf = — — 4 ——20 _-3(1+a), 9.24
4 a\/3 2 30-a)” (9:24)
VnuTerpupys nociennee, s ciaydas o = —1 moaydum
H
a+1/a2 —k/x% = ao (1 + ;) e~ X(to=t) (9.25)
roe
s Reo+A 4nGB42) ., k
X =g =T e

Jlna noTeHnmalia MUHUMAJbHO CBSI3aHHOTO CKAJISIPHOTO HOJIsi ”3HHIITEHOBCKOro”
npeacrasienus u3 (9.21) npu k = 0 Haiigem

3 = ghoe™ (70, (9.26)
a IJid FpaBHTaHHOHHOFO CKaJisgpa

2K
3+2¢

Yy =1yoe"¥ V), = (9.27)
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4TO MO3BOJIAET ONpeeuTh KocMosiorudeckuil ckanap (9.16), macurrabubiit hakTop
B ”cobcrBenHoM” npexacraBiennu teopun MBI

R=%,— A(t)exto=8 - A(t) = goe P V0) (9.28)
Y

¥ TeM caMbIM HafiTn aHajor pemenus e-Cutrepa [115] B Teopuu MBI,

[Monoxwus B (9.24) A = 0, TaKHM Ke ITyTeM MOXXHO HOJYYHUThH PelleHHs, aHaJIo-
ruyHbe HPHIMAHOBCKUM.

Cucrema (9.17) — (9.19) cocTouT U3 OZHOTO ypaBHEHHsI BTOPOTO NOPsIIKA U IBYX
ypaBHEHMI IMEePBOTO MOPsiKA, MOITOMY ONpeJesieHHe TpeX HEeM3BeCTHbIX (bYHKUHMit
R(t), y(t), €(t) TpebyeT 3aaHusT HBIHELIHETO 3HAYEHNS YETHIPEX BEIMUHH, CKAXKeM,
Ry, Ro, Yo H €9, B TO Bpemsi Kak B OTO gocraTouno 3nanus aByx. Ilosaras, 4ro Bece
pelleHrs] UMEIT CHHIYJASPHOCTb Npu R = (0 B KOHeYHBI!I MOMEHT BpeMeHH (t =to
nmu t = 0), pemenne (9.18) MOoXKHO 3amucaTb Kak

R () = —— [ () (1 = 30) R (t)dt') + C
y T 3320 '
[Monoxus C = 0, nosy4anm

yRsiR—»()_) 0,

Toraza cemeiicTBo pemrenuit cucremsl (9.17) — (9.19) Gyaer TpexmapaMeTpHYECKHM.
IIpu C # 0 npuxoauTcs MPHUBJIEKATb KOCBEHHBIE COOOparKeHHs, B YACTHOCTH, BO3-
MOKHO, TOJIE3HOM OKAaXKeTCH 3aJIOKEHHAs B OCHOBY TEOPHHM UZesl O 3aMeHe HbIOTO-
HOBCKOI}i [TOCTOSHHOM TATOTEHUsS] TPABMTALAOHHBIM CKAJISPOM TaK, YTOOBI B KaXKIOM
Touke y ~ 1/G, nonoxus panee y(t) = 2(2+¢)/(3+2¢)G(t), moxno GbLIO BBHIGPATH
c 2(2+¢) R} - G
=——"—"Kp 0= —= .
3+2¢ Gy G li=t

(YMecTHO OTMETHTBH, YTO Ha CErOHALIHUI JEeHb MMEIOTCHA JaHHbIEe O MeJJIEHHBIX,
Ha yposue 10~ ron~!, Bapuanusax rpaBUTALMOHHON KOHCTaHTHI CO BpemeHeM [113],
[114].) Hpyrast BO3MOXHOCTb COCTOMT B coryacyiomemcsa ¢ coorHourenuem Lllambr
(1.2) BbiGoOpe orapudMUYECKHX CKOPOCTell yGhIBAaHHSI IPABUTALHOHHOTO CKAAPA U
pacimpenns BcesleHHOM MPONOPUHMOHATBHBIME APYT ApYry [116]

~ .
Y R

PasymeeTca ToYHas CBA3b MEX/Y STUMH BeJMYHHAMHU JOJKHA ObITh momoOpaHa B
COOTBETCTBUM C CUCTEMOHl ypaBHEHMH 3aJa4H.

Kocmosornueckue ypaBaenns teopun VIB]I 061a4a10T JOBOJILHO TOHKHMH CBOJiC-
TBaMH, U JHUIIb B PeIKUX CJIy4asiX yJaeTcsl peUIuTh UX aHAJUTHYecKH. B gacTHOCTH,
IIONBLITKA HaWTH aHaquTH4Yeckoe peurenue cucreMmbl (9.17) — (9.19) naxke B mpoc-
TOM C/Iydae OTCYTCTBHs BeumecTBa M mpu k = () oka3biBaloTCsA 0e3pe3yJIbTaTHBIMU.
JlelicTBUTEIbHO, BBEAEM
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toraa Bmecto (9.17) — (9.19) nosy4um
¥+ 9?2 = —3Hvy, 2H + (y* = 4Hy.
Uckmounm H u mnocye psiga npeobpa3oBaHuil HaiizeM

3(3+2()

g=¢§(ClyX+Czy”x), X= 3

Y
Tenepb ACHO, YTO JJIs ONpeneeHns 3aBucuMocty y(t) u R(t) HeobxoaumMo KCIoJIb30-
BaThb YucjJeHHbe MeToAbl. OJHAKO €CM CYy3UTh KJACC PEellleHHi, HAJO0XKHUB HA 3TOM
Jrane TpeboBaHHe
yl(—»oo: 07

TO 3aJa4a yNpOIIAETCS U JOMYCKAET aHAJINTHYECKOE pelIeHue.

10.3akntouenune. O630p MIAHKPOBAJICS KaK Kpamxoe OMUCAHUE OCHOBHBIX IIO-
JIO’KEHHH M HEKOTOPBIX Pe3yJIbTATOB TEH30PHO-CKAJIAPHO# Teopuu TaroTenus Mopaa-
na-Bpanca-/lukke, 4TO ajeKBaTHO OTPaXkeHO B ero Ha3BaHuu. [loxpobroe obcyx ae-
HHe H3JIOKEHHBIX Pe3y/IbTaTOB NMPHBEJO Obl K 3HAYUTEJBHOMY YBEJIHYEHHIO 06beMa
paboThl U He BXONUJIO B HAINY IUIaHbl. HacKOJbKO yHajoch OCYyLIECTBUTH 33 yMaH-
HOE, CYIUTb YHTATEIO.

ITpuinoxxenue. HabaromaeMbie KOCMOJIOrHYeCKUe MapaMeTphl
1. ITapamerp Xab6a.
a

H(t) = o H(t)|,o= Ho — — mocroannaaXab6a.

(unpmexcom 707 cHabXKeHb! BeJIWYMHBI B Hacrosimumii MomeHt). CoBpeMeHHBbIE
u3mepenns (sxcnepument WMAP [117]) maror

Hy = h(9.7778 - 10°1er) ™}, h =0.71 4 0.07,

Hy =65+ 7% 1k = 3.0857- 10 e,
Mnk

Bo3pacT BcesieHHO# onpenesieHHBIH B TOM ke 3cknepumenre WMAP

to = (13.74£0.2) - 10°ner.

2. ITapameTp 3amMeznJjieHUsI.

aa

q(t) = 2 q(t) li=0 = qo-
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3. Kpurnyeckasi maoTHOCTH (He 3Heprum!).

_ 3H}
P = 876G

4. CoBpeMeHasi MJIOTHOCTh BCEX THIIOB MaTEPHUHU.

3 [k
=— | =+ H?
= %G (a?, + 0) ’

k Po
— = (2g0 — 1)HE; 2y = —.
ag ( o ) 0 0 Pxp
Okcnepument WMAP naer
2qo = 1.02 £ 0.02.
5. IlapameTp KpacHOTO CMEILEHNS.
st _alt) o d
/\1 a(tl) ’ )\1 1)) ’

uHaekc 0 oTHOCHTCA K HabI10aeMOit B TeKYIIUi MOMEHT BeJHYHHE, a HHIEKC
1 x TO#t >Ke BeIMYHMHE B MOMEHT HM3JIy4eHHd 1;.

6. PenukToBbIit (pOH. YCTAHOBJIEHO HAJUYHE B BBICUIEH CTENEHH H30TPOIHOTO
3JIEKTPOMArHUTHOrO (POHOBOIO M3JIyUeHHs C IUIAHKOBCKOH popMoii criekTpa

70cm > A > 1mm, T ~ 3°K.
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ITanosH B. B. P2-2003-159
Qqepx TEH30PHO-CKIIPHOH TEOPHH TATOTEHHS
Hopnana-bpanca—/lukke

O630p NOCBALIEH KPAaTKOMY H3JIOXEHHIO TEH30PHO-CKAIAPHONH TEOPUH TATOTeE-
nus Mopnana-Bpanca-[lukke. OGCYXal0TCS €€ JIOTMKO-TEOPETHIECKHE OCHOBBI U
HaiifieH HbIOTOHOBCKHH mpegen. [lokaszaHo, 4TO TeopHs MMEET JBa KOHGOPMHO-
CBSI3aHHBIX IPENCTABJICHUS — «COOCTBEHHOE» H «3HHIUTEiHOBCKOe». Ilocnennee
nocsie nepeobo3HaueHUs] KOHCTAHThI TATOTEHHs IpeBpallaeTcs B TEOpHI0 DHH-
LITEHHA C NOMOMHUTEIbHBIM HCTOYHHKOM B BUE MUHHMAJILHO CBA3aHHOI'O CKaJIsAp-
Horo mnond. KoH¢opMHOE COOTBETCTBHE HCMONB3YETCS I TFEHEPalMH HOBBIX
TOYHBIX pelieHHi. [1oMyTHO MojIydeHO HOBOE YETHIPEXIAPAMETPHYECKOE CTALHO-
HapHoe peuwieHde OTO, koTopoe B pa3jIMUHbIX YaCTHBIX Clly4yasx COBMNANaeT C M3-
BECTHbIMH. PaccmaTpuBaeTcsl 3BONIIOLMOHHAs (BpEMEHHad) 3alaya, M HaHIeHO
ycnosue ee MHTerpupyeMocTH. CcopMynHpoBaHa M B YaCTHBIX CjydasX pelleHa
KOCMOJIOTHYECKas 3aJaya ¢ KOCMOJIOTHYECKHM CKaIIpOM, KOTOPBIN BBOJAMUTCA B TeE-
OpHI0 aHATIOTMYHO BBEAEHHIO KOCMOJIOTHYECKOM ITOCTOSHHOM B TEOPHIO DHHIUTEMH-
Ha.

Pa6ora BbinonHeHa B Jlabopatopuu Teopernyeckoit ¢usuku um. H. H. Boro-
mobosa OMSH.

[MpenpuntT O6bEIMHEHHOrO HHCTHTYTA SIEPHBIX HccnenoBaHui. IybHa, 2003

[Tepeson aBTOpOB

Papoyan V. V. P2-2003-159
An Outline of the Jordan—Brans—Dicke Tensor-Scalar
Theory of Gravitation

The Jordan—Brans-Dicke tensor-scalar theory of gravitation is briefly out-
lined. Its logical and theoretical Basic principles are discussed and the Newton
limit is found. The theory is shown to have two conformally connected representa-
tions — «proper» and «Einstein» ones. After redefinition of the gravity constant
the Einstein representation turns into the Einstein theory with an additional source
as a minimally coupled scalar field. The conformal correspondence is used for
generation of new exact solutions. A new four-parameter stationary GR solution is
obtained which in different particular cases coincides with the known ones. The
evolution (time) problem is treated and the condition for its integrability is found.
The cosmological problem with the cosmological scalar, which is introduced in
the theory by analogy with the cosmological constant in the Einstein theory, is for-
mulated and solved in particular ones.

The investigation has been performed at the Bogoliubov Laboratory of Theo-
retical Physics, JINR.
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