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1. BBEAEH~E 

KaK nOKa3aHO B pa60TaX 11,21 , onpeneneaae I-1MnYIlbCHO-3Hepre

'I TI-14eCKI-1X XapaKTepl-1CTI-1K rpaBI-1Ta~1-10HHOrO nOIl~ Tpe6yeT BBeAeHI-1~ 

$OHOBO~ CB~3HOCTI-1. AIl~ OnpeAeIleHI;1~ 3Hepr~1-1 rpaBI-1Ta~1-10HHOrO 

nOIl~ 6~Il ITpeAIl0~eH P~A nceBAOTeH30pH~X 06beKTOB. C nOMO~b~ $0

HOBO~ CB~3HOCTI-1 YAaeTC~ Ha~TI-1 I-1X TeH30pH~e npeACTaBIleHI-1~o 

AIl~ nCeBAOTeH30pa Ilananerpy 3TO 6b/Il0 C:t}eIlaHO B pafore 111, AIl~ 
nCeBAOTeH30pa 3~HWTe~Ha - B pa60TaX 12, / , a AIl1=! nceanoreuaopa 
11aHAay - I11-1$wl-1~a - B patiorax 14.51 0 

~HTYI-1TI-1BHO ~CHO, 4TO Bonpoc 06 I-1HTerpaIlb~~X 3aKOHax coxpa

HeHI-1~ npa HaIl1-141-11-1 Il0KaIlbHO coxpaaaouraxcn BeIl1-141-1H AOJl>KeH 6blTb 

TeCHo CB~3aH C nOABH~~OCTb~ $oHoBoro 06beKTa. B CIlY4ae, eCJlH 
$oHoBa~ CB~3HOCTb MeTpI-14eCKa~, TO eCT~ KorAa BBeAeHa $OHOBa~ 

MeTpHKa, a $OHOBa~ CB~3HOCTb KPHCTO$$eIleBa AIl~ $OHOBO~ MeTpH
KH, peweHHe 3Toro Bonpoca ocy~ecTBn~eTC~ 06b14H~M 06pa30M: nOA
BH*HOCTb $OHOBO~ MeTpHKH 03Ha4aeT cy~ecTBoBaHHe seKTopa KI-1Il

emn IlHHra qm; MeTpH4eCKH~ TeH30p 3HeprHI-1-HMnYIlbCa , ~BIl~~~H~

s~ 060~eHHe"M LeH30pa Ilanane r py , Il0KaIlbHO COxpaH~eTC~, TO ec r s 
Vmemn = 0, rne V m - KOBapl-1aHTHa~ OTHOCHTeIl&HO $OHOBO~ CB~3

HOCTH npOH3BOAHa~. 3TO 03Ha4aeT COXpaHeHi-1e BeIlH4HH~ B = IH JdS J ' 
rA€ HJ = e iJ qj; HHTerpHpOBaHHe I-1AeT no rHnepnOBepXHOCTH, OX

BaTb/Ba~~e~ ace 3-npOCTpaHCTBO. 
Xy~e 06CTOHT AeIl0, eCIlH $OHOBa~ MeTpl-1Ka ciTCYT~TByeT, TO 

eCTb $OHOBa~ CB~3HOCTb He ~BIl~eTC~ KpHCTO$$eIleBO~. TorAa He
B03MO~HO onpeAeIlHTb MeTpH4ecKH~ TeH30p 3Hepr~I-1-HMnYIlbCa, a 

KaHoHH4ecKH~ TeH30p 3HeprHH-I-1MnYIlbCa t:, 0606~a~~H~ nceBAo
TeH30p 3~HWTe~Ha, He YAOBIleTBOp~eTIl0KaIlbHOMY 3aKoHy coxpaHe
HH~ /CM. $OPMYIlY /11//. 60Ilee Toro, Il0KaIlbHO coxpaH~ID~Hec~ 

TOKH, CIleAY~~He 1-13 TeopeM~ HeTep, OKa3~Ba~TC~ KOM6HHa~H~MH 

npaKT1-14eCK~ np0I-13BOIlbH~X $YHK~H~. A coxpaH~~TC~ OHH IlHWb 
BCIleACTBHe cBoe~ TeH30pHo~ CHMMeTpHH. TeM He MeHee, eCIlH $0

HOB~~ 06beKT 06IlaAaeT nOABI-1~HOCTb~, TOK HeTep CTaHOBI-1TC~ He
TpHBHaIlbH~M, H HeKOTopa~ HHTerpaIlbHa~ BeIl1;14HHa A cIla60 coxpa

H~eTC~. 

nOABI-1~HOCTb $oHoBoro 06beKTa 6YAeT 03Ha4aTb cy~ecTBoBaHHe 

BeKTopHoro nOIl~ ~m, np0I-13BOAHa~ 11H BAOIlb KOToporo OT $OHOBO~ 

CB~3HOCTH paBHa HYIl~. CoxpaH~~~a~c~ I-1HTerpanbHa~ BeJlH4HHa 
CTPOHTC~ 1-13 em H 0606~eHHoro cynepnoTeH~HaIla 3~HwTeAHa a!k 
no $opMYIle ~..~~"IJ~'-~

t,.,trTh-t'p-:." " 
.. . '" • t.... ~ :t 

f.Jil-ef~j?:~~. . 
S~ibJj 
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kA = f J j d Sr ' rrie Ji = 2JJ ) Vk( a - Vk«(J:j ea).
a 

B cnyuae , ecru- oouoaaa CBRSHOCTb ~eTP.114eCKaR, Belll14l1Hbi Hj 11 
Jj caaaauu COOTHOWeHl1eM .1j = Hi + \lk SJ~ rne S jk = - Skj - aHTI1
Cl1MMeTpl14HaR TeHsopHaR n1l0THOCTb Beca +1. MomHO npOBepl1Tb, 
4TO AllR 1l~6o~ ABamAbl KOHTpaBapl1aHTHO~ TeHsopHo~ n1l0THOCTl1 Be
ca + 1 cnpaaennueo COOTHOWeHl1e Vj VkS[ik] = 0, TO ecr s Hi 11 Ji 
paSn114a~TCH Hecy~ecTBeHHo. 

2~ COXPAH~~m~EC~ rPAB~TAUHOHH~E TOKH 

.... k k ka
nYCTb r - K03<P<PI1L.tl1eHTbl <POHOBO~ CBRSHOCTI1, f =(1/2)g xmn mn 

. '. . k 
x (a g + a g - a g )- CI1MBOllbl KPI1CTO<p<penR AnR g , P m an n am a mn mn run 
~k k .
 r mn - r rnn - TeHSOp a<p<PI1HHO~ Ae<popMaL.tI1I1.
 

B/ 21 KaK nOKasaHO , ypaBHeHI1R 3~HWTe~Ha B BaKyyMe
 

a := R - (1/2) R g = O·
 
run mn mn 1 /1/ 

rne Rmn - reuaop Pl14411 AnR gmn, MoryT 6blTb nOllY4eHbi I1S nar
paHml1aHa 

L = v- g grnn (P a p b _ pa p 'b ) 
g mb an ba mn /2J 

npl1 ycnOBl111 i\~ =rk~' ecnu R i k = 0, rne r euaop Pl14411 <POHOBO~ 
~ ....p ....p' ....r· ""P ~p ..... s 

SBRS~OCT"" paseu Rik = Rp ik , a R aik = aa ri k - ai r ak + ras r fk
-fi~ r:k - reuaop PI1MaHa - KPI1CTo<p<pellR <POHOBO~ CBRSHOCTI1 0 

PaCCMOTpl1M llarpaHml1aH o6~er9 BI1Aa 

.... k 
L = L ( g ik ; am g ik ; Fm n ) • . /3/ 

C4I1TaeM, 4~O r~n=rn~' TO eCTb KpY4eHl1e OTCYTCTByeT. Belll14l1Ha 
L npeACTaSllReT co6o~ CKallRpHY~ nnOTHOCTb Beca +1. MO~HO nOKa
saTb / 3! , 4TO I1HBapl1aHTHOCTb Ae~CTBI1R 

S = f Ld 4x • /4/ 

npl1BOAI1T K TOMy, 4TO narpaHml1aH /3/ I1MeeT BI1A 

L = L ( g. ; pk ) • /5/
lk mn 

060SHa4~M 4epes 'Vk K0Bapl1aHTHY~ npOI1SBogHY~ OTHOCI1TenbHO ,r:~ 
OnpegenHM cneAY~~l1e BenI14I1H~: 

2 

t k itL _ Lo k /6/'\1 a g mn a'"a ag mn, k 

aL(Jik 
a /7/

11 gmn, j 

oS'l' mn 2~ ..  /8/8gmn 

ewn oS 
/9/k ark 

mn 

rAe 

oS 

og mn 

= 
CtL 

ag 
mn 

- aj 
8L 

ag mn, j 
. o-S 

· .... kor ron 

= 
aL-- ark 

mn 

OObl4Hbie 3i1"nepoBbl npOI1SBOAHbJe, aanaraa nepen I1HAeKCOM OSHa4aeT 
4aCTHY~ npo""SBOAHY~~ Bce BBeAeHHwe Benl14l1HW npeACTaBnR~T co
6o~ reuaopaue nnOTHOCTI1 aeca + 1, (1 Iv -g) t ~ I1MeeT CMblcn KaHO
Hl14eCKOro r euaopa 3Heprl1l1t-I1MnYJTbCa; Belll14l1Ha (l/Y-=i) e;tn 
BnepBwe 6wna BBeAeHa B pa60Te / 11 H HaSBaHa TaM TeHsopOM npa
3Heprl1l1 rpaBl1TaL.tl10HHOrO nonR. npl1 nOMO~11 8apl1a~110HHOrO MeTO
Aa MO>KHO norcaaar s PRA TO~AecTs /3/. B- 4aCTHOCTI1, 

k ..... [k km 
t a + Vi (J a + 'I' g rna. = 0; /1 0/ 

..... k mn .... k mn .... k ron.... 
- V k t a ec @k R a mn + (1~;2) (J It R rona + (b'2) 'I' Vag rnn; /11/ 

a(jk} = _ e jk /12/a a 

v V emn-remn i[k = V ('1Jrnk'g ). /13/m n a k amn k rna 

/ 31 
3anl1WeM BapHaL.tI1~ Ae~CTBI1R o6~ero Bl1Aa : 

. . 
as ....k ss . 8 L j 4os=J1--Br +-og +8 +Lox )]d x , 114/.:»:k mn' mn j(----og. ron armn Bg mn 8g mn•.1 
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~Me~ B B~AY ~HBap~a~THOCTb Ae~CTB~~, nOTpe6yeM 06pa~eH~~ 8S 'V T 
j 

0, /23/ 
jB Hynb np~ Bap~a~~~x n~: 

rne 
ax j == ~ j ; /15/ 

Tj V (a[jk]ca) 
~ ~ k ~k a k as. /24/

ark = -( 'V 'V ~ + R ~) ,
rnn rn n amn /16/ 

Ho COOTHoweH~e /23/ ~Brl~eTc~ Tp~B~anbH~M, TaK KaK OHO B~nonH~

ag =-(gmsV n~s + gns Vrn~s+ ~s Vsg rnn). /17/rn n (.
rAe ~a - npo~3BonbHoe ~H$~H~Te3~ManbHoe BeKTopHoe none. ~c

nonb3Y~ onpeAeneH~e /6/-/9/, nOACTaBn~eM /15/-/17/ B /14/. 
nonYLlaeM 

rnn Rk-as= [[®mn V V ~k+ e ~a + (1/2) 'Pmn V g ~ a +
k m n k amn a ron 

+ 'l'rnng V ~a + a. (O'jk V ~ a+ t j ~a )]d4x . 
rna n J a k a /18/ 

4neH ® rnnV V ~k nerxo npaaec r n K B~AY 
k m n 

eron V V ~k = ~k V Ve rn n + V(®rnnV gk_ ~k V ®nrn )) /19/
k rnn rnnk rn k n nk' 

a 

'Prnlig V ~a +(1/2)'I' mn v g ~a= V ('l'nrn g ga)_~aV ('lJrnng')f 
rna n a mn rn na n rna 

. /20/ 
B LleM HeTPYAHO y6eA~Tbc~, pa~n~caB KOBap~aHTH~~'npo~3Bo~H~e 

~ nOMH~ 0 TOM, LITO 'l'rnn - TeH30pHa~ nnOTHOCTb aeca +1" 
B~pa~eH~e /18/, YLI~T~Ba~ /19/ ~ /20/, npeo6pa3yeM K B~AY 

-OS=f[ga(V V ®rnn+e rnn Rk - 'V ('I'rnn g ) + /21/
rn n a k arnn n rna 

4
+ V (O'jk V {a + t j ~ a+ \II nj ~ a+ ®jn V ~a _ g a V e n] )] d X • 

j a k a g na an, n a 

np~ B~BoAe 3Toro COOTHoweH~~ 6~no yLlTeHo, LITO An~ n~6o~ BeK
TopHo~'nnoTHocT~ Beca +1 cnpaBeAn~BO COOTHoweH~e alAi = ViA!= 
='VAi.

I 
~3 /21/ C YLleTOM /10/, /12/ ~ /13/ nonYLlaeM 

~ V" a[jk] 4 
-8S = r V ['V (0' . C )] d x , /22/

j k a S (1 
OTC~Aa B c~ny npO~3BonbHOCT~ 06naCT~ ~HTerp~pOBaH~~ ~ y~


nOB~~ as =0 cneAyeT nOKanbH~~ 3aKOH coxpaHeH~~
 

4 

eTC~ TO~AeCTBeHHO B c~ny TeH30pH~X CBO~CTB Tj /CM. KOHe~ BBe
AeH~~/. 

ao c~x nop none ga 6~no npO~3BOnbH~M.,aanee 6YAeM CLI~TaTb, 
LITO $OHOBa~ CB~3HOCTb TaKOBa, LITO AonYCKaeT HeKOTOPY~ rpynny 
AB~~eH~~, a ~a reHep~pyeT OAHonapaMeTp~LleCKY~ nOArpynny 3TO~ 

rpyrmu , cnenoaarens ao , neO~3BOAHa~ n~ snons ga QT $OHOBO~ 

CBR3HOCT~ paaua Hyn~: ~ T k = 0 ~ 3TO 03HaLlaeT, LITO BeKTOp eae rnn 

YAOBneTBop~eT ypaBHeH~~ 

v V ~a + Ra gk = O. /251m n kmn 

TorAa /18/ MO~HO npeo6pa30BaTb K B~AY 

4
-8S = ([~aV ('I'nrng ) + V.(O'Jk Vk~a+ r J ga)]d X . 

. n rna J a a /26/ 

rne 

T J = t J + 'IJ jp g • 
a a pa /27/ 

B c~ny npO~3BonbHOCT~ 06naCT~ ~HTerp~pOBaH~R Hj /26/ cneAyeT, 
LITO' ecnu as = 0, TO 

...., jk ~ a j a a nm 
V j ( a a 'V k ~ + Tag ) = ~ 'V n ( 'I' gma) • /28/ 

Ecn~ rpaB~Ta~~oHHoe none on~CbIBaeTC~ ypaBHeH~RM~ 3~HwTe~Ha, 

narpaH~~aH ~MeeT B~A /2/, a $oHoBa~ CB~3HOCTb Aon~Ha YAOBneT
BOP~Tb ycno a-no O. Ben~LI~Ha \limn An~ nar pauxaaua 12/ Ha~AeR1k = 

Ha B/2/ ~ ~MeeT B~A 

'l'mn_ ~ggrnagnb (R +R -R glj g -20 ) /29/- V -~ I ab ba Ij a b ab ": 

nOCKOIlbKY 'V (gna G b) == a, npa Rb == 0 $opMyna /28/ npaofipe r ae r 
n a a 

B~A 

~ jk ~ a j a 
'V.(O' 'Vk~ +T ~ )=0.

J a a /30/ 
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3TO OSHa4aeT cy~ecTBoBaH~e COXpaHRID~eFOCR TOKa / 7! 

jk J j = a V ~ a + Tic a /31/
a. k a~' 

TO eCTb coxpaHReTCR Ben~4HHa 

A = f J t dS 
j 

, /32/ 

.'ji.
rAe ~HTerp~poBaH~e ~p,eT no nID6o~ 6ecKoHe4Ho~ r~nepnoBepxHocT~, 

' 

oXBaTblBalO~ew ace 3-npocTp~HCTBOo 
SBoAR jpOHOBYIO MeTP~KY gik ~ nonaras K03ep$~Lt~eHTI)I epOHOBOH 

CBRSHOCTIif paBHbtMl'l Kpl'lC Toep4JenRM ,qnR g"ik' onpeneriax cnenyicume 

Ben~4l'lHbr: 

emn =-2~ /33/
Siron' 

V jt dL ..... 0 t + g 0 ~ i. /34/--- (groa n naa r;gmn,i 

jk jk
S jk = v . + a a • /35/a a 

MO>l<HO nOKasaTb/ SI , 4TO 
,s s...... ks k s
 e p = t + VkS- p + 'P g k • 136/


p p 

Ve: S = V ('P ks g ) /37/ 
s p s kp • 

S ks = _ S sk /38/

P P ,
 

cs : S v t::.\asrAe ~ ::::':: g ~ p ap --:: mn
Teusop (ltV -g) e - MeTpM4ecKHH TeKSOp 3Hepr~~-~MQYJlbca.
 

AnR narpaH>l<waHa /2/ OH Hai1p,eH B pafiore /11 ~ B cnyuae R ~em = 0
 
COBnap,aeT C TeH30pOM fiananeTPY. KaK B~p,HO ~s /37/ ~ /29/, np~
 
Ii ik = 0 ""MeeT MeCTO TO>l<p,eCTBO
 

V S'k = O. /39/
 
it a
 

n03TOMY np~ Han~4l'l~ BeKTopHoro nonR ",a, YAOBIleTBOp-AID~erO ypaB

HeHHRM K~nn~Hra
 

V .,., + V.,., = 0, /40/
m n n m 

6y,o,eT cyurecr eoaar s coXpaHRIOIl.\~IIICf-I TOK H j =e; .,., a. 3TO oauauaer , 
aHanor~4HO /32/, coxpaueuae ~HTerpanbHo~ Ben~4~Hbl B = IH j dS j • 
Ho BeKTopHoe none '.,.,a, y,o,oBneTBopRIO~ee /40/, aBTOMaT~4eCK~ y,o,OB
neTBopReT /25//8/ . n03TOMY Ben~4~Ha A, onpe,o,eneHHaR epopMynaM~ 
/31 / ~ /32/, rne cf a = Tfa, TaK'>l<e 6y,o,eT coxpauar sca , ~cnonbsYfl 
/35/ ~ /36/, MO>l<HO nOKasaTb, 4TO 

Jj = Hi + VkS[jk] • 

rne 

S [jk] = _ S [kj] = S jk ea. 
a 

npOCTO~ npoaepxoa MO>l<HO y6e,o,~TbcR, 4TO ,o,nR nlO60111 ,0, Ba>l<,o,bl KOHTpa
Bap~aHTHo~ aHT~c~MMeTp~4Ho~ TeHsopHo~ nnOTHOCT~ Beca +1 B~non
HReTCR COOTHoweH~e VmVks mk= O. To eCJ b fj ~ H j onpeneneau KaK 
pas CT04HOCTbIO ,0,0 cnaraeMoro T~na VkSJkJ. 

3. 3AKJlI04EH~E 

np~Be,o,eHH~~ B~we aHan~s nOKaS~BaeT, 4TO B cny4ae, ecn~ epOHO
.BaR CBRSHOCTb He MeTp~4eCKaR, nOKanbH~e saKOH~ coxpaHeH~R np~

06peTaIDT HeCKonbKO cneLt~ep~4eCK~~ B~,o,. n)~ Han~4~~ rpynn~ ,o,BH
>l<eH~H epOHOBO~ ~BRSHOCT~ BOSMO>l<HO nOCTpoeH~e ~HTerpanbHO~ CO
xpaHRID~e~CR Ben~4~H~ A. Ecn~ >l<e BBe,o,eHa epOHOBaR MeTp~Ka, TO 
CTaH,o,apTH~M np~eMOM MO>l<eT 6~Tb nOCTpoeHa' COXpaHRlOll.\aRCR BenH4~
Ha B, ~ OKa>l<eTCR, 4TO B = A. To eCTb He06xo,o,~MOCT~ BO BBe,o,eH~~ 

epoHoBolII MeTp~K~ ,o,nR nOCTpoeH~R ~HTerpanbHblX COXpaHRIOIl.\~XCR Be
n~4~H HeT. 

ABTOP B~pa>l<aeT rny60KYIO 6naro,o,apHocTb npoepeccopy H.A04ep
H~KOBY sa nOCTORHHoe BH~MaH~e ~ 60nbwylO nOMOll.\b B pa60Te. 
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PYKon~Cb nocTyn~na B ~3AaTenbcK~~ OTAen 
12 AeKa6pR 1988 rOAa. 

TeHTIDKoB M.H. P2-88-851 
CoxpaHHID~HecH HHTerpanbHwe xapaKTepHCTHKH 
rpaBHTa~HOHHoro rronH 

PaCCMaTpHBaeTCH AHHaMHKa rpaBHTa~HOHHoro rronH B npo
.CTpaHCTBe a$$HHHOH CBH3HOCTH. IToKa3aHo, qTO HanHqHe r
rrapaMeTpHqeCKOH rpyrrrrbI AB~eHHH $OHOBOH CBH3HOCTH rrpH
BOAHT ~ cy~ecTBoBaHHID r HHTerpanbHb~ 3aKOHOB coxpaHeHHH. 

Pa60Ta BbIllonHeHa B na6opaTopHH TeOpeTHqeCKOH $H3HKH 
onsa, 

Ilpenpaar 06l>eJJ;HHeHHOro HHCTHTyTa anepastx HccneJJ;OB8HHH. .I!y6Ha 1988 

ITepeBoA O.C.BHHorpaAoBoH 

Tentyukov M.N. P2-88-851 
Conserved Integral Characteristics 
of the Gravitational Field 

The dynamics of the gravitational field is conside
red on the affinely connected space. It is shown that 
the presence of the r-parameter g~oup of motions of the 
background connection leads to the r integral conserva-' 
tion laws. 

The investigation has been performed at the Labora
tory of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1988 
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