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1. BBe,ZJ;eHue 

B pa60Tax [1, 2] 6LIJI npe,n;JIO>KeH MeTO,n; 6e3KaJIH6pOBOqHOH pe,n;YKUHH ,n;JIJI 

BLI,n;eJIeHHJI <pH3HqeCKHX CTeneHeH cBo6o.ziLI H nOCTpOeHHJI <pH3HqeCKOrO raMHJIb

TOHHaHa H 3HeprHH. CYTb 3Toro MeTo,n;a COCTOHT n JIBHOM pa3pellIeHHH CBJI3H 

[3] OTHOCHTeJIbHO o,z:uroro H3 KaHOHHqeCKHX HMnYJIbCOB Pa , KOTOPLIH nponopUH

OHaJIeH CJIeAY BTOPOH KBa,n;paTHqHOA <pOPMLI H nOCTpoeHHIO peAYUHpoBaHHoro 

,n;eHCTBHJI H raMHJIbTOHHaHa C yqeTOM Bcex nOBepXHOCTHLIX qJIeHOn n HCXO,z:urOM 

,n;eHcTBHH rHJIb6epTa - 9:HHllITeAHa. 11 3TOT MeTO,n; 6LIJI ycnellIHo onpo6onaH Ha 

npHMepe HeKOTopLIX KOCMOJIOrHqeCKHX Mo,n;eJIeH [1, 2, 3, 4, 5]. 
O,n;HaKo npH o6cyJ:K,1leHHH MeTo,n;a 6e3KaJIH6pOBOqHOH pe,n;YKUHH n03HHRJIa CJIe

AYIOI.U;aJI np06JIeMa: nOCROJIbRY MO>KeT CYI.U;eCTBOBaTb ceMeHcTBoTHnepnonepxHo

cTeH C HYJIeBLIM CJIe,n;oM BTOPOH KBa,n;paTHqHOH <pOPMLI, TO npeo6pa30BaHHJIMR 

Koop,n;RHaT MOJKHO 06paTHTb B HYJIb RMnYJIbC Pa , H n03TOMY MeTO,n; 6e3RaJIH6po

BOqHOH pe,n;YKURH MO>KeT 6LITb He KoppeKTeH H ,n;aeT HencpHoe onpe,n;eJIeHRC 

<pH3HqeCROrO raMHJIbTOHHaHa . 

B HaCTOJII.U;eH pa60Te 3Ta np06JIeMa CHHMaeTCJI YTnep>R.llCHHeM, ,n;OKa3aHHLIM 

B nYHRTe 2.1 . 
B npocmpaHcmBe 9UHw,meuHa npu JaM1CHymou cucmeMe zunepnoBepx

Hocmeu t = const, UAU npu aCUMnmOmU'lteC1CU nAOC1COM npocmpaHcmBe, UJ 

paBeHcmBa HyA'KJ cAeaa Bmopou 1CBaapamU'ltHOU rjJOPM'bt b 0 cAeayem, 'ltmo 

npocmpaHcmBO cmamu'lteC1Coe. 

2.' A,n:M-<popMaJIH3M 

XOPOllIO H3nCCTHa POJIb KHHeMeTpRqCCRHX neJIHqRH C TOqRH 3peHHJI 3a,n;aHRJI 

CHCTCM OTCqCTa HJIH MOHa,z:uroro <popMaJIR3Ma [6]. KHHeMeTpHqeCRHe BeJIHqHHLI 

o,z:uro:maqHO CnJIJaHLI C A.llM-napaMeTpaMH 

(1) 

ROTOPLIC HrpalOT CYI.U;eCTBeHHYIO POJIb B raMHJIbTOHOBOM <popMaJIH3Me [7]. 
A.llM-napaMeTpH3aUHJI MeTpRKR 4-x-MepHoro npOCTpaHCTBa 03HaqaeT pa3

6HCHRC 4-x-npocTpaHcTBa Ha ceMeHCTBO npocTpaHcTBeHHono,n;o6HLIX rHnepno

BepxHocTeH t = cosnt, npH 3TOM hjk - BHYTpeHHJIJI MeTpHKa rHnepnOBepXHOCTH 

t const (nepBaJI KBa,n;paTHqHaJI <popMa), a H3 napaMeTpOB N(JI3nc-<PYHKUHJI) 

H Nk(llIH<pT BeKTOp ) COCTaBJIJIeTCJI 4-X-BeKTOp va = (it, -'1:), KOTOPLIH JIB

JIJIeTCJI e,n;RHHqHOH HOpMaJIblO R rHnepnOBepXHOCTH. KpOMe 3THX napaMeTpOB, 

,n;JIJI nOJIHOrO onpe,n;eJIeHHJI rHnepnOBepXHOCTH t = const Heo6xo,n;HMO 3a,n;aTb 

BTOpylO KBa,n;paTHqHYIO <P0PMY 
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1 . 
b·l. - -(h·· - n·N- - V-No) (2)~I\; - 2N ~] v ~] ~]' 

KOTopaH orrpe,lJ;eJIHeT KaK BJIO}KeHa rRrreprrOBepXHOCTL B 4-x~rrpocTpaHcTBo. I1ep-' 

BaH hile H BTOPaH bile KBa,D;paTH'tJHLIe CPOPMLI HHJIHlOTCH 3-x-TeH30paMH OTHOCH

TeJILHO KHHeMeTpH'tJeCKRX rrpeo6pa30BaHHH 

t' = t'(t), 

x' = x'(t, x). 

9TH rrpeo6pa30BaHRH coxpaHHlOT CCMeHcTBO rHrreprrOBepXHOCTeH t canst, 
MeHHH JIHIllL KOOp,lJ;HHaTHLIe JIRHHH BpeMeHH H BHyTpcHHHe KOOp,lJ;HHaTLI caMHX 

rHrreprroBepXHocTeH. 

I1peo6pa30BaHHH rrapaMeTpOB A,l(M-MeTpHKR rrpH HeKHHeMeTpH'tJecKHX rrpe

o6pa30BaHHHX paccMOTpeHH B pa60Te [8]. 
BLIpa3HM ypaBHeHHH 9HHmTeitHa Ra{3 -- !Ya{3R = 8~K.Ta{3 'tJepe3 A,l(:\1

rrapaMeTpLI. I1PHMaH rrO,lJ;CTaHOBKa BLIpalKeHHH ,lJ;JIH BTOPOit KBa,D;paTH'tJHoit 

CPOPMLI H A,l(M-rrapaMeTpoB .u;aeT CJIe,lJ;YlOIIJ;Hit BH.u; ypaBHeHRit 9:i1HllITenHa: 

87rK 2T. a {3
-4 a{3V V 

C 
o·, (3) 

n b n bi 87rKrp a 
v Ie - v i Ie + -4-.LleaV = 

c 
0 ; (4) 

o 
b -t- 3R-,

'i] -V-V-N+bb.. -- T... +-h··T1 87rK ( 1 )
N ' ] '] c4 Z] 2 t] 

0, (5) 

r,n:e 

0· Ie k k k
b ij = bij - (bile VjN + bjle ViN + N Vlebij ) - 2Nbikbj , 

b = bijhij , b~ = hikbkj , 3R CKaJIHpHaH KpnBH3Ha rro MeTpHKe hij . 
HY}KHO eIIJ;e ,l(06aBHTL BLIpa}KeHHe .u;JIH BTOPOit KBa.u;paTH'tJHoit CPOPMLI (2). 

l{oBapRaHTHaH rrpoH3Bo.u;naH 6epeTcH 3.u;eCL rro MeTpHKe hij . YpaBHeHHH (3) H 

(4) - eCT}' CBH3H, a ypaBHeHHH (5) H (2) Ha30BeM ,lJ;HHaMH'tJeCKRMH ypaBHeHHHMH 

H ux cTyKTYpy MO}KHO 3arrHcaTL B "cTaH.u;apTHon KaHoHH'tJecKon" cpopMe 

b= i(l)(b, h, N, N i
) , (6) 

h i(2)(b, h, N, N i ) • 

,l(JIH rrpOBepKR rrOJIy'tJeHHLIx cpOpMyJI MOlKHO BOCrrOJIL30BaT}'CH Teopnen rHrrep

rroBepxHocTen (CooTHoIlleHHH raycca H I1eTcpcoHa l{o,lJ;aIJ,H), H3JIO}KeHHOH, 

HarrpHMep, B KHHrax [9, 10]. 

2 



2.1. KHHeMeTpH"l.J:eCKHe HHBapHaHThI B ypaBHeHHJlX 

9UHmTeUHa 

B pa60Te [8] nOKa3aHo, lITO 3a ClIeT BhI60pa CHCTeMLI rHnepnOBepXHOCTCH 

JIl060H H3 KHHeMeTpHlIeCKHX HHBapHaHTOB MO}KHO JIOKaJIbHO 06paTHTb B HyJIb 

(B npe,n;eJIaX HeKOTOpOH KOOp,ZJ;HHaTHOH KapTLI).Bonpoc 0 TOM, MO}KHO JIH rJIO

6aJILHO 06paTHTL B HyJIL KaKOH-JIH60 H3 KHHeMeTpHlIeCKHX HHBapHaHTOB, Tpe

6yeT CnellHaJILHOrO paCCMOTpeHHJI. TaK, eCJIH Ha npOCTpaHCTBO 3HHlliTeHHa 

HaJIOIKHTL HeKOTOpLIe TOnOJIOrHlIeCKHe YCJIOBHJI, HanpHMep, lITO rHnepnOBepXHO
2CTH t = const1 3aMKHYTLI HJIH lITO npOCTpaHCTBO aCHMnTOTHlIeCKH nJIOCKOe; 

TO HeJIb3JI 06paTHTb B HyJIb b ,T.K. HHalIe MLI HMeeM CTaTHlICCKYIO MCTpHKy. 

C«p0pMYJIHpyeM 3TO B BH,n;e yTBep~eHHJI . 

B npOCTpaHCTBe 3HHlliTCHHa npH 3aMKHYTOH CHCTeMC rHnCpnOnepXHOCTCH 

t const HJIH npH aCHMnTOTHlIeCKH nJIOCKOM npOCTpaHCTnC H3 panCHCTBa HyJIIO 

BTOPOH KBa,n;paTHlIHOH «pOPMLI b = 0 CJIe,n;yeT, lITO npOCTpaHCTBO CTaTHlICCKOC. 

)l;oKa3aTeJIbCTBO. 

CBepHeM ypaBHeHHe (5) no MeTpHKe hij 

N kb 2 3 1 
(7)- j\j\1kb+ b + R - N!J.N 

YlIHTbIBaJI CBJI3b (3), HMeCM 

. k 
1b N \1 b l!J.N bill 87rK(T. 0 /JN - j\j k - N + j i + -;:T o{3v v 2T) = 0, 

npH YCJIOBHH b = 0 nOJIYlIHM 

1 AN bibj 87rK(T. (l (3 IT)'-u + . . + -- II -- o. (8)(It:lVN )1 (:41' 2 

MHTcrpHpyn no BCCMY npOCTpaHCTBY nOCJIc,llHee BhIpaIKCHHe, nOJIYlIHM 

(9) 

bijbij 
nOJIOIKHTeJILHO-onpe,n;eJIeHHaJI «PYHKllH:JI OT x, KpOMe Toro, ,n;JIn TelpopOB 

~~HeprHH HMnYJIbCa, y,n;OBJIeTBOpJIIOlIlHX CHJIbHOMY 3Hepre'.OllIeCl\OMy YCJIOBHIO, 

13JleCb H Jlanee npe1U10naraeTCH, 'ITO cymeCTByeT rn06aJILHoe pa:IDl'feHHe lJCero.4-x npOCTpaHCTBa Ha 

ceMeikTBO rHnepnOBepxHocTeit t = const, npH~eM 4-X-BeKTopHoe none, HOpM',lJll>Hoe K UI04 I'HIIepnO

BepXHOCTlIM, RBJIlleTCH HenpepHBHLlM. cIIH3HlIeCKH 3TO 03HaqaeT B03MOlKHOCTL CHHXpOHHaalUlH qaCOB BO 

BceM npOCTpaHCTBe. 

2I10Jl aaMKHyTHM MHoro06paaHeM nOHHMaeTC1IKOMllaKTHOe MHoro06paaHe 6ea rpaHHIJ;. 

3HMeeTC1I B BHJlY JlOCTaTO'lHaH CTenem CTpeMneHIDI Ha 6eCKOHe'lHOCTH MeTpHKH K nnocKoA JlJIll 06

pameHIDI B HYm. HYllUlL1X HaM nonepXHOCTHLIX HllTerpanOB (HanpHMep, N -+ 1 +~, £ > 0). 
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HMeeM 

(10) 

Tor,lla H3 (9) CJIe.nyeT bij = 0 ( H (TCl(3yCl y(3 - iT) = 0 ), lJTO H 03HalJaeT 

CTaTHlJHOCTb MeTpHKH . 

3aMellaHHe : B ,llOKa3aTeJIbCTBe CYII(eCTBeHHO YCJIOBHe (10), ,llJIH TeH30pa 

3HeprHH-HMnYJIbCa 3JIeKTpOMarHHTHoro nOJIH OHO, OlJeBH,llHO, BbInOJIHJIeTCH. ,n:JIH 

TeH30pa 3HeprHH-HMnYJIbCa MaKpOCKOnHlJeCKHX TeJI 

, 
TCl(3 = (p + C)UClU(3 - pgCl(3 , P < "3 

c 

(10) TaK}Ke BbIIIOJIHHeTCH. ,n:eitcTBHTeJThHO, 

YlJHTbIBaH, lJTO IIpOH3Be,lleHHe .llByx BpeMeHHIIo,llo6HbIX e~HHlJHbIX BeKTopoB 

BCer,lla 60JIbme e,llHHHD;bI UClYCl 2:: 1, HMeeM 

TaKHM }Ke o6pa30M MO}KHO IIOKa3aTb BbIIIOJIHeHHe YCJIOBHH (10) H ,llJIH TeH30pa 

3HeprHH-HMnYJIbCa CHCTeMbI TOlJelJHbIX lJaCTHD; 

"LITO KacaeTCH TeH30pa 3HeprHH-HMnyJIbCa MHKPOCKOIIHlJeCKHX lJaCTHD;, HaIIpH

Mep CIIHHopHoro nOJIH; TO nOCJIe onepaD;HH BTOpH"tIHOrO KBaHTOBaHHH, YCJIOBHe 

(i0) BbIIIOJIHHeTClI B CMbICJIe BaKYYMHbIX Cpe,n;HHX. 

8TO YTBep}K)leHHe MO}K~O cq>OPMYJIHpOBaTb CJIe.n;yIOII(HM 06pa30M: B HeCTa

THlIeCKOM npOCTpaHCTBe OTO C 3aMKHYThlM ,ceMeHCTBOM rllnepno

BepXHOCTeH t = const II HepaBHhlM HyJlIO TeH30pOM SHeprHH-IIMnYJlh

ca MaTepHH He cy~ecTByeT rJlOOaJlhHOH BpeMeHHnO,Zl;OOHOH KOHrpy

SHI.l;HH (T.e. HeIIpepbIBHoro ceMeAcTBa BpeMeHHIIO,llo6HbIX JIHHHH:) TaKOH, 

lITOOhl nOJle e,Zl;HHHlIHhlX KacaTenhHhlX BeKTopOB rl' K STOH KOHrpYSH

U;HH y,llOBJIe'llBOpIlJIO Ohl CBoHcTBaM: 

1) TeH30p yrJIOBOH CKOPOCTH Bpa~eHIIII CllCTeMW oTclIeTa4 paBeH 

HyJIIO 

4IIOHJITHH H 0603HaQeHHH 3,neCL nOOammTBOBa:Hlll H3·craBIDeA YlIle KJlaCCWIeCKoAMOHOrpaQlHH [11] . 
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2) CJIe,n; TeH30pa CKopocTeH ,n;e<IJopMa~HH TaKme paBeH HyJIIO 

MbI nOKa3aJm, 'tlTO eCJIH npocTpaHcTBo 9HHIIITeHHa aCHMnTOTH'tleCKH nJIOCKOe 
HJIH npH 3aMKHYToH CHCTeMe rHnepnoBepXHOCTeH: t = const, H MbI paccMaTpH
BaeM .n;HHaMH'tlecKYIO MeTpHKY (T.e. MeTpHKY, He CBO.n;HMYIO npeofipa30BaHHeM 
Koop.n;HHaT KCTaTH'tleCKOH), TO MbI He MOiKeM rJI06aJIbHO 06paTHTh B HYJIb b. 9TO 
H eCTh OCHOBHOH pe3YJIbTaT .n;aHHoH pa60TLI, CJIe.n;yIOllJ;HH H3 aHaJm3a CBOHCTB 
KHHeMeTpH'tleCKHX HHBapHaHTOB H .n;aIOllJ;HH reOMeTpH'tleCKOe OfiOCHOBaHHe Me
To.n;a fie3KaJIHfipOBO'tlHOH: pe.n;yK.JJ;HH. 

B 3aKJIIO'tleHHe aBTopLI BblpaiKaIOT rJIY60KYIO fiJIaro.n;apHOCTh r. roreJm.n;3e, 
,ll. MJIa.n;eHOBY, ro. I1aJmH, M. TeHTIOKOBY, A. XBe.n;eJIH.n;3e 3a nOJIe3Hble 
,lUICKYCCHH H ofiCYJR,ll;eHHJI. 
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nepBYUHm RH., CMMpJflJMHCKHH B.I1. P2-97-323 
CJIe,n BTOPOH KBa.n:paTWIHoH <jJOPMbl 
H J(MHaMMKa ypaBHeHHH 3HHmTeHHa 

B pa60Te ,nOKa3aHO, tITO npOCTPaHCTBa o6m.eH TeopMH OTHOCHTeJIbHOCTH co CJIe
,nOM BTOPOH KBa.n:paTMtIHOH <jJOPMbI ceMeHCTBa mnepnOBepXHOCTeH n, paBHblM Hymo, 
H nJIOCKOH aCMMnTOTMKOH (JIM60 3aMKHYTblMM mnepnOBepXHOCTSlMM), jlBJljllOTCjI 
CTaTMtIeCKMMH. 3TOT <jJaKT pa3peruaeT HCnOJIb30BaTb BTeopMH rpaBHTaI.lHM raMMJIbTO
HOBY pe,nYKlJ.HIO, OCHOBaHHYIO Ha jlBHOM pemeHMM CBjl3eH OTHOCMTeJIbHO CJIe,na 
BTOPOH KBa.n:paTMtIHOH <jJOPMbl. 

Pa60Ta BbInOJIHeHa B na60paTopHM TeOpeTHtIeCKOH <jJH3HKH MM.H.H.EoroJII060
Ba OI15II1. 

npenpHHT 061,eJJ.HHeHHoro HHCTHTyra .sIJJ.epHblx HCCJIeJJ.oBaHHH. ,lJ,y6Ha, 1997 

flepeBO,n aBTopoB 

Pervushin V.N., Smirichinskii V.1. P2-97-323 
Trace of the External Curvature 
and Dynamic of the Einstein Equations 

In present work we show that the manifolds of General Theory of Relativity 
with zero trace of the external curvature of spacelike hypesurfaces and with closed 
hypersurfaces (or special flat asymptotic) are static. This fact allows us to use 
Gaugeless Hamiltonian reduction based on the explicit constraint resolving 
with respect to the trace of the external curvature. 

The investigation has been performed at the Bogoliubov Laboratory 
of Theoretical Physics, JINR. 
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