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3aMe4aTenbHoro B~Aa TeH30p 3Hepr~~ rpaB~TaU~OHHOrO nOnR 
B oro* nOnY4~n nananeTpy/1/ , nOrpY3~B rpaB~TaU~OHHOe none gab 
B M~p M~HKOBCKoro c MeTp~KO~ ryab.3TO n03Bon~no eMY np~MeH~Tb 

K nceBAOTeH30py 3~HWTe~Ha/21 MeTOA 6en~H~aHTe. 3Aecb M~ nony• 
4~M TeH30p nananeTpy MeTOAoM r~nb6epTa. nnR 3Toro, OAHaKO,Tpe
6yeTcR norpY3~Tb rpaB~TaU~OHHoe none gab B M~p C npO~3BonbHO 

3aAaHHO~ MeTp~KO~ gab ~ B3RTb Bap~aU~OHHY~ npO~3BOAHY~ OT na
rpaHmeBO~ ~YHKU~~ Ae~CTB~R S no gab np~ ~~Kc~pOBaHHOM 3Ha4eH~~ 
gabo TaK~M 06pa30M nonY4a~TcR 0606~eHH~e pe3ynbTaT~ nananeTpy. 
Op~r~HanbH~e me pe3ynbTaT~ nananeTpy nonY4a~TcR, ecn~,B3RB 

\, npo~3BoAHY~, nortoa-rr s gab = ryab' MeTp~KY gab aansure 
"I 

6YAeM Ha3~Ba~b rnaBHO~, a MeTp~KY ~ab - ~OHOBO~. MeTp~Ka gab 
~ rpaB~Tau~oHHoe none gab oTomAecTBnR~TcR. 

~YHKU~~ Ae~CTB~R B~6~paeM B B~Ae 

S r L f dx 1 dx 2 dx 3 dx 4 , /1/ 

rne 

- 1
 
mn (P a b as) /2/
L :=: g mb P ao - P sa P mn ' 

J I g ] /3/ 

g - onpeAen~Tenb MaTp~u~ (gab)' gas - TeH30p, cBR3aHH~~ 
C gsb ycnoB~eM 

g as g =ôa /4/ 

I 
t sb b ' 

ô~ - KoMnOHeHTbl eA~H~4Horo a<t><fl~Hopa/3. c. 351 , P'~n- TeH30p 
a~~~HHO~ Ae~oPMau~~ 13, c.128/, paBHbl~ paaaocru 

( P a :=: r v
a _ r a /5/

mn mn mnI
 

l ~OHOBO~ CBR3HOCT~ r a ~ 6a3~CHO~ CBR3HOCT~
 mo 
/6/t ,. r ~n:=: : g ak (a m g kn + an g km - ak g mn) ,\ 

ft( ,I 

}', a - C~MBOn 4aCTHOro A~~~epeHu~pOBaH~R.

l~ ,_--------~------l 
*OTO - 06maH TeopHH OTHOCHTenbHOCTH... © ,OÕ'he.D.HHelIlfl>!H 'HRC'J;~T ~epHt:>IX ,3iC~tmOB8HH'ií Jly6Hll~ ... \1:987 

t iIl1>ClhdftiHhiil RllCTllTyT I 
Q~Jj!HrJX ~U,:: ,~~llD3IU8fJ ~ 
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CTpeMRCb pa306paTbCR B CTpYKType TeÓp~~, OTnOm~M Ha BTOPO~ 

nnaH BBeAeH~e B /1/ $OHOBO~ MeTp~K~ gab ~ np~MeM nOHa4any n~Wb 
cneAy~~ee ycnoB~e C~MMeTp~4HOCT~ AnR $OHOBO~ CBR3HOCT~ 

r
IV 

a = ,r a /7/
mn nm 

Bap~a4~R $YHK4~H Ae~cTB~R /1/ np~ $~KC~pOBaHHoM none gab 

pa aaa 

as = remn a,r' a ( dx 1dx 2dx 3dx 4	 /8/
• .	 a mn ' 
rrie 

emn = '<1J mn _ ..!:.. (<I> mÔ n + '<1J na m )	 /9/
a a 2' a a' 

<1J mn = g ms p n g na p m _ p mn 
a as + as a 

{f 

6 ,	 /10/ 

n 
p a = p an ' /11/ 

<1J m = '<1J	 ma s abpm /12/
a . ab 

1. TEH30P nPA3HEPr~~ rPAB~TAUHOHHOrO nOnB 

TeH30p /9/ RBnReTCR $YHK~~OHanOM rnaBHoro TeH30pa gab 

~ $OHOBO~ CBR3HOCT~ r a • Ha30BeM ero r euaopoa npaaaepraa rpa• mn ~ 
B~Ta~~OHHoro nona g ab Ha $OHe CBR~HOCT~ r ~n' 3AeCb $OHOBaR 
CBR3HOCTb ~q~QeT pons , aHanor~4HYIO poria c-HcTeMbl OTC4eTa. B 4aCT
HOcT~,KorAa r~n= 'r~n /TaK cKa3aTb,B c06cTBeHHo~ C~CTeMe OTC4e
Ta/, TeH30p npa3Hepr~~ rpaB~Ta~~oHHoro nonR paBeH Hyn~. 

PacnonaraR ABYMR CBR3HOCTRM~, AnR Ka~Aor~,TeH30pHoro nonR 
T MO~HO õpar b xoaapaaaruae npoaaaonuue V T ,~ V T. BTopaR nony
4aeTCR ~3 nepaoã 3aMeHo~ C~MBonOB V Ha V ,a Ha V ~ CBR3HOCT~ 
/6/ Ha TeH30p /5/. Hanp~Mep, 
v	 

/13/V g mn	 = V g mn + P m g sn + P Q g ma • 
a a as as 

~OKa~eM, 4TO KOBeKTopHoe none 

® == ( V - p ) (V - p ) ® mn + Ra ® mn	 /14/ 
a m m n n a amn s, 

paBHO 

® = V [g ma (R + R ) _ ô m g na R l .	 /15/ 
a m sa as a ns 

2 

3AeCb 
," a IV a v a v a 'V a v a v s 

= am ,rn b - an r mb + r ma r nb - r na r mb /16/Rmn b 

Rmn	 R 
"s 

smn ' /17/ 

TeH30p /t6/ /HapRAY c 04eB~AHo~ aHT~C~MMeTp~4HOCTb~ no '~H
AeKcaM m, n / 06IlaAaeT cneAY~~~M~ CBo~cTBaM~ /3, c.130-132/ : 

f<a Va Va
 
tt b + Rb + R b == O , /18/


mn mn n m 

V R~nb + VnR~mb + V' mR~kb = O.	 /19/k 

H3 CBO~CTBa /18/ cneAyeT, 4TO CBepTKa 

/20/
Omn == R~na 

CBR3aHa co caepTKo~ /17/ cneAY~~~M 06pa30M: 

" " v /21/
0mn =: •R nm- R mn 

~3 CBO~CTBa /19/ cneAyeT, 4TO 
" v v'V ",,, /22/
V k 0mn + V n O km + V(TI O nk = O. 

CornaCHO /16/ ~ /20/ 
" v v 

/23/O mn = am r n - an r m ' 

rAe 

r = f	 a • /2 l. / 
m ma 

~3 /23 TaK~e cneAyeT /22/.
 
BCR,,3Ta ~H$OpMa4~R O TeH30pe Kp~B~3H~ /16/ a$$~HHO~ CB~3


HOCT~ r ~n nonaoc r so nepeHOC~TCR Ha, TeH30p l<p~B~3Hbl
 

a _ a a _ a r a r 8 _ r a r S	 /25/I:t mnb - mr nb an r mb + ma nb ns mb 

a$$~HHO~ CBR3HOCT~ /6/ /HaAo TonbKO B $OpMynax /17-24/ y6paTb 
" r an04KH"/, nOCKonbKY, KaK ~ B 60nee 06~eM cnY4ae /7/, 

/26/ra. =ra. . 
mn nm 

Ho CBR3HOCTb Kp~CTO$$enR /6/ 3aMe4aTenbHa He OAH~M TonbKO 
CBO~CTBOM /26/. Bo-nepB~x, ~3 $OpMyn~ /6/ cn~AyeT, 4TO 

3 



1 ab' 1 1 ' r = -g a g b = - a g = - a ( /27/ 
m 2 m a 2g m e m 

nb3TOMY B c~ny $opMyn~ /23/ 

Orno = O , /28/ 

a B c~ny $opMynw /21/ 

R == R nm • /29/mo 

BO-BTOP~X, ~3 $opMyn~ /6/ cneAyeT, 4TO•
 
'V a g mo = O , /30/
 

T.e. 

/31/aa g mn = r:m g sn + r :0 g ma 

CPOPMYIlbl /26/ 1-1 /31 / anr-eôpaauecxa 3KBI-1BaneHTHbl oopayne /6/. 
nOcneAHee 3aMe4aH~e,MemAY np041-1M,n03BonReT 3aKIl~4I-1Tb, 4TO 
B AaHH~X ycnoB~RX 

a 1 ak v v v /32/ 
-p mo = "2 g ( 'V m g k n + 'V n g krn - 'V k g mo ) , 

nOCKOIlbKY B cl-1ny $opMyn /7/ 1-1 /26/ 

pa = pa /33/ 
mo nrn • 

a B c~ny $opMyn~ /30/ 

~g =_ps s _ps g • /34/
Vamo. am ao ao ms 

HaKOHe~, CBR3HOCTb KPI-1CTo$cpeIlR /6/ 3aMe4aTeIlbHa TeM, 4TO 
ee TeH30p Kpl-1BI-13Hbl /25/ o6naAaeT CI1eAY~~~M anre6pa~4ecK~M 

CBO~CTBOM: 

RS B /35/g sb + R rnnb g s a = mna O. 

Ae~CTB~TenbHO, onepaTOp 

/36/'V 'V - 'V 'V + (r S - r a ) 'V 
m o ,o m mn nrn s 

v 
Ae~cTByeT Ha TeH30pHOe none TaK me, KaK ~ onecaroo v k- 'Vk : 
HaAO TonbKO TeH30p P:b 3aMeHI-1Tb Ha TeH30p Ra b' n03TOMY AnR 

mo 
CBR3HOCTI-1 /26/ 

'\ 

(v n _ n n ) g =_Rs g _ R B g /37/ 
Vmv o v n v m ab moa ab moti as 

OTc~Aa, Y4~TbIBaR /30/, nonyvaea /35/. 

4 

Aanee~ 1-13 /4/ 1-1 /30/ cneAyeT, 4TO 

'V g mn = o. /38/a 

n03TOMY, y6~paR 1-13 $opMynbl /19/ II ran04K~11 1-1 YMHO>KaR nony-raouree
CR TO>KAeCTBO Ha a:g kb , Ha oCHdBaHl-11-1 $opMyn~ /35/ 3aKn~4aeM, 
4TO 

n gkb G = O 
v k , nb ' /39/ 

rne 

/40/= R ab - ~ Rg ab' R = gmn R mo •G a b 

XOPOWO ~3BeCTHoe YTBep>KAeH~e /39/ RBnReTCR 4aCTH~M cnY4aeM 
YTBep>KAeH~R, KOTopoe M~ HaMepeH~ 3AeCb AOKa3aTb, a ~MeHHO: 

nepB~e 4aCTI-1 $opMyn /14/ ~ /15/ COBnaAa~T. Ae~cTB~TenbHo, ec
n~ nOnO>KI-1T b ,ta == r a ,TO nonY41-1TCR 

mo mo 

p a. = O, ® mo = O, ® = O, fi = R • 
mn a. a s a sa 

B pe3ynbTaTe OCTaBWaRCR $opMyna /15/ OKa3blBaeTCR 3KB~BaneHTHO~ 

$OpMyne /39/. 
nepexoA~M K AOKa3aTenbCTBY Hawero YTBepmA~H~R. npeH<Ae Bce

ro, 1-13 /13/ 1-1 /3à/ nOnY4aeM 

v g mn = p m g Bo P o g ma /41/ 
a as + as • 

CneAOBaTenbHO, TeH30p /10/ paBeH 
mo'~ mo /42/'<IJ a = ('V a - p a ) g , 

a BeKTOp /12/ paBeH 

/43/'<IJ m ('V o - p n ) g mn 

B cl-1ny nocneAHe~ $opMyn~ 

(;0 -p ) '<IJ môo = (~ _ p ) <IJ m = (V _p ) (;; _ p ) g mn. /4'4/ 
o a a a. a a Vo n 

n03TOMY 
,~ v v v " 

( 'V _ P ) ® mo = [( 'V _ P ) (V _ p ) _ ('V _ P ) ('V _ P )]g mn + 
n n a n O a a a a o o 

/45/ 

+ 1-(V _p ) (<IJ m 8 o _'~ o Ô m ) • 
2 n n a a 

5 



v 

1 v s mn 
PaCCMOTp~M KOMMYTaTOp U a = - "'2 Rmna U s • /55/ 

v v V v 

(V n - Pn ) (Va - Pa) - ( Va - Pa)(Vn - Pn ) C nOMO~b~ 3Toro pe3ynbTaTa HaXOA~M 

/46/ 
v v " m n n m m" /56/

" v " v " (V m - P m ) (V n - Pn ) (<Xl 8 a - '<Il 8 a ) = '<Il R ma
=Vn~a -v,v, + (VaPn) (V P ).

o a 

K 3TOMY Ao6aB~M nonY4a~~eec~ ~3 /9/ ~ /21/ cneACTB~erl 
VTaK KaK v S '" mo v a ,;p, mn v ,m 1 , m R /57/ 

v R a mn6 e = Ramn~8 +R am <Il - '2 <Xl ma 

~aPo -v.r. aa Pn - ao P a + (r ~a - r :n ) P a • 
/47/ 

'1' Pacnonara~ $OpMynaM~ /14/, /51/, /56/ ~ /57/, nonY4aeM 

TO B c~ny $OpMyn /7/ ~ /27/ 
" e mn " m(3 +::: R amn <J) e + R am '<Xl 

v v v v "a /48/ a 
'V P - V P ::: a r - a r = íl =-R /58/naaa o o a a o n a ao 

v v m 80 v em 
TaK~M o6pa30M, KOMMYTaTOp /46/ paBeH + (V m - Pm ) (R na a g + R sa g ) • 

" v v v v S /49/ 1 

VO Va - VaV n - R nas Tenepb 3aMeT~M, 4TO cornaCHO /42/ 
Y4~TbIBa~, 4TO v v m ao v m ao sn" " m /59/ 

v ( V - P ) R g :a R '<Xl + g V R m m nas na s m moas'(V V -VV)g mn ::: lim g sn + RO g sm /50/ 
oa.s ' o a a o na s 

~ 4TO nepBoe, B3~Toe ~3 npaBo~ 4aCT~ /58/, cnaraeMoe ~ TaKoe 
~e no nop~AKY cnaraeMoe ~3 /59/ B CYMMe Aa~T Hynb. AeHCTB~oTC~Aa B c~ny /18/ nonY4aeM 
TenbHO, cornaCHO /19/ CYMMa 

(V _P ) em n = fi m g an + R g am + 
n n a na s sa Ra '<Xl mn Rm <Xl an = _ RS<IJ mn /60/

/51/ amo 8 + nas m mna a 

+ 1-(V - P ) (<J) m 8 o _ <Xl o am )
2 o o. a a' paBH~eTC~ Hyn~, nOCKonbKY nepB~H MHO~~Tenb B npaBOH 4aCTH /60/ 

aHT~CHMMeTpH4eH no HHAeKcaM m,n, a BTOPOH no TeM ~e HHAeKcaM 
Ha BTOpOM arane , AOKa3bIBa~, 4TO KO,~eKTopbl / 14/ ~ /15/ COB CHMMeTpH4eH. Y4HT~Ba~ Bce 3TO, nonY4aeM 

nanaor , Mbl AOml<Hbl np~MeH~T b oneparop Vm- P m K Han~caHHblM v v v v "sm /61/Sa = Ram<J)m + gsnVm R~a.s + (Vm~Pm)R.sagB $OpMyne /51/ cnaraeM~M. B CB~3~ C 3T~M paCCMOTp~M B~pa~eH~e 

v /52/ Aanee, H3 TO~AeCTBa /19/ cneAyeT, 4TOU a ::: (V"m - Pm) (V - Pn ) U :0 Io 
v V v v "Vm /62/V m Roas ::: V o R as - V a R ns Irne TeH30p U ~o aHT~C~MMeTp~4eH no ~HAeKcaM m, n , B c~ny aroro 
a TaK KaK 

v v mo /53/

U a ::: - (V n - Po )(V m" Pm)U a • v ,m an v v v am
 

R am <Xl + g Vn R as = (V m - P m) R 
v 

aa g , 

Ckrtanua aa ABe nocneAH~e $opMynbl, CHOBa np~XOA~M K KOMMYTaTOpy ~l 
TO cornaCHO /61//46/, paBHOMY /49/, TaK 4TO 

v v 
v v V mo " ma v " ns R'\ 

1 v v a /54/ S a ::: (V m - P m)[ g (R sa + R as )] - g Va oa' /63/U ::: -(V V -VV -R )U Jo m mns a,'a 2 m o Tenepb 3aMeTHM, 4TO
 
CneAoBaTenbHo, B c~ny $OpMyn~ /21/ B~pa~eH~e /52/ paBHO
 

mV li =V fi _'pmR p li /64/a na a ns a;.o ms aa nm 

7 6 



1-1, CJ1eAOaaTeJ1bHO, 

gOS V fi = V (gns R ) _ g ns p m di + R ) . /65/a os a ns an ms sm 

Ho 1-1 
'V ms v v v '" 

(V·m - Pm _ V ) [ g (R sa + R )] = -- p o g mB (R + R ) • /66/ 
m as ma os ao 

nOACTaBJ1RR /65/ 1-1 /66/ B /63/, n0J1Y4aeM /15/, 4TO 1-1 Tpe6osa
J10Cb n0J1Y4I-1Tb, I-1CXOAR 1-13 onpeAeJ1eHI-1R /14/. 

2. TEH30P 3HEPr~~ rPAB~TAU~OHHOrO non~ 

AJ1R J1106oro eexropaoro nOJ1R T k 

/67/(~' k - P k ) T k = V k T k = ~ ak (f ~ k ) • 

3TI-1M 06CTORTeJ1bCTBOM MomHO BOCn0J1b30BaTbCR, 4T06~ npl-1MeHI-1Tb 
TeopeMY raycca K CJ1araeM~M, BXOAR~I-1M B COCTaB I-1HTerpaJ1a /8/. 
TaKl-1e CJ1araeM~e nORBJ1HIOTCR, eCJ11-1 BBeCTI-1 ~OHOBYIO MeTpl-1KY i a b 
1-1 C4I-1TaTb, 4TO CBR3HOCTb fa B~pamaeTCR 4epe3 3TY MeTpl-1KY 
no ~opMyne KPI-1CTO~~eJ1R /6/~~ TaKOM cnY4ae, nOAo6Ho /27/, I-1Me
eM 

r 
v 

J:... a /68/f
 
m 

f 
'" m
 

rAe 

v r;-;;-- '. /69/
f =V!gl. 

n03TOMY 

" P = _f_ a _f_, /70/ 
m '" m f 

f 

1-1 AnR KamAoro TeH30pa T 

" f ( " f /71/- V - P )T = V (-T). 
v m m m " 

• ( f 

npOBapbl-1pyeM CBR3HOCTb KPI-1CTO~~enH /6/ no gabe ~MeeM 

S B /72/
V k ôg mo = akag - r km ôg sn - r kn 8g m s ' mo 

n03TOMY 

V,rriôgko + V o.ôg km - Vk ôg mo 

S 
= amôg kn + aoôg km - akôg mo -2rmn ôg k a /73/ 

1 

I OTCIOAa yme HeTpYAHO n0J1Y4I-1Tb, 4TO 

sr a -.1 ak ( ô + Ô - Ô ) /74/
mn - 2 g V m g kn V o g km V k g .mo •

[i
u npl-1MeHI-1B 3TY ~opMyny K Bapl-1a~1-11-1 KpI-1CTO~$eneBO~ CBR3HOCTI-1 ra, nonyuaea 

mo
 

mo mk n Ok m /75/
11 e ôra = !...(e +e - e kmn ) Vk ô~ mo ' a mo 2
(' 

rAe 

t.:.\ krnn v ka t.:.\ mn /76/
Ó = g Ó a • 

06paTI-1MCR K ~opMyne /67/, nonaraR 

T k = (e mkn + eotro _ e k mn ) ôg" 
• /77/mo
 

B AaHHOM cnY4ae
 

" k mn " a mn v
( /78/V k - P k ) T = 2 e a Ôr mn + e ô g mn ' 

rAe 

e mn = (V _Pk)(e mkn + e nk m _ e k mn ). /79/
k 

B cl-1ny TeopeM~ raycca B I-1HTerpan /8/, KaK 3TO BI-1AHO 1-13 $OpMyn~ 

/78/, 3Ha4eHI-1H BeKTopa /77/ BXOART TonbKo Ha rpaHI-1~e 06naCTI-1 
I-1HTerpl-1pOBaHI-1R. C4I-1TaR, 4TO Ha rpaHI-1~e ôgmn=O, n o n Y4a e M Bapl-1a~1-11O 

rMnb6epTa 

1 mo" v /80/ôS = - -- r TI ô g f dx ldx 2dx 3dx 4 2 . mn 

rne 

TI mn =_~ e mo =;; _f_ (e mkn + e nkm _ ® kmn ). /81/ 
" V k v 
f f 

,i 3TOT TeH30p Ha3blBaeM TeH30pOM 3Heprl-11-1 rpaBI-1Ta~1-10HHOrO nonR
 
" 

g ab Ha $OHe MeTpl-1KI-1 gab •
 
11 AOKameM, 4TO

d.; 

v v mo /82/
( V n - Pn ) g am e = e a 

~ I 
rAe ®a - KOBeKTOp /14/. Ae~CTBI-1TenbHO, cornaCHO /76/ 1-1 /79/i (v n - P o) garn e mn = ( v'n - P o )( Vk - P k ) e ~k + ,I,í 

,I 

8 
~ '":1 . 9 
.;! 
, I 



,+(\7n -Pn)(;k -Pk)~am (enkm_e imm). /83/ 

npHMeHRR $opMyn~ /52/ H /55/, HaXOAHM
 

(V _P ) (V _P ) v . (Snkm _ e knm ) _ Fi s v e knm /84/
 
n n k k g am - nk a. g sm 

~3 B~wenepe4HcneHH~X an~e6paH4ecKHx CBO~CTB TeH30pa KpHBH3H~ . 
B cnY4ae CBR3HOCTH KpHcTo~enR cneAyeT, 4TO 
v 8 v " S v /85/R nka g em = R amn g sk • 

n03TOMY
 

li 8 g e knm = Fi s e mn • /86/

nk a srn amn s 

TaKHM 06pa30M, $opMyna /82/ AOKa3aHa, a ~3 Hee H H3 $opMyn 
/71/ H /81/ cneAyeT, 4TO 

ti nmn f v am t.:.\ /37/
v =-v--g ~a'n 

f 

npH BblBOAe $OPMY.(lbl /87/ MbJ eocnons aoaannc s TeM, 4TO ~n gam = O. 
AOKa>t<eM Tenepb, 4TO npH li' ab ::: 71 ab TeH30p /81/ COBnaAaeT 

c TeH30pOM nananeTpy. Ae~cTBHTenbHo, cornaCHo /9/ H /76/ 

e kmn = <b kmn _~(<1lmgnk + <I> fi gmk) I /88/ 
2

rAe
 

'<b kmn = gka <b mn. /89/
 
a 

CneAo~aTenbHo, SXOAR~H~ B /81/ TeH30p 

T kmn ::: e mkn + e nkm _ e kmn /90/ 

paBeH
 

T kmn = <Il mkn+ <1l nkm _ <1> kmn _ <Il k gmn /91/
 

Y4HT~saR /42/, oTC~Aa nonY4aeM 

Tkmn:::(Ve _PE)SEkmn • /92/ 

rAe
 

S fkmn = gme g kn + gnE g km _ gEk g mn _ gmn g Ek /93/
 

Co6HPaR $opMynbl 179/ H /90-94/, HaxOAHM 
mn v v ekrnn
 e =(V'k -Pk)(V'E-Pe)S
 

10. 

... 

( v ) (v . kEmn /94/::: V' E - PE V' k - P k ) S 

Aanee, S cHny $opMyn~ /70/s AaHHOM cnY4ae 

(VE - PE)(Vk -Pk) -(V'k -Pk)(VE -Pe) :::~EVk -VkVE /95/ 

, n03TOMY,"

t.:.\mn (;; P )(" P )SkEmn YRk spEmn 
~ ::: V k - k V'e - E + kep + 

/96/ 
fie 8 kpmn li fi Skepn Fi n S kemp 

+ kep + kep + ltEp . 

Y4TeM, 4TO" li mn ::: Fi nm » nOCK<;>nbKY Mbl paCcMaTpHeaeM KpHCTo$$enesy 
CSR3HOCTb r a • Cnenoaa'rens ao , 

mn 

iik Spemn + Re S kpmn::: li (8 penm_ SEpmn ) = o. /97/
 
~ kep kEp ep


I Y4TeM e~e, 4TO 
i I 

S kemn :::S kEnm • /9~/I 
H 3anHweM $opMyny /96/ S SHAeI 

mn e ::: (V - P )(VE - Pe )Skemn +k kI 
/99/I 

v m kEpn v n kEp mI 
I + R kEp S + R kep S 

Tenepb 3aMeTHM, 4TO cornaCHO /71/, /81/, /90/ H /92/I 
/100/TI mn = _f_ e mn = V ._E_ T kmn :::" V ~!- 8 ekmn
 

v k " V'k E "
 
E E f 

a cneAosaTenbHo, 

TI mn =V'V _f_ S kemn + _E_ 8 kepm Rn + _~ 8 kEpn Rm /101/
k E v v kep" kEp

f e e 

npH gab = 71 ab ,rAe 71 ab - MeTpHKa MHHKOSCKoro, TeH30p KPH
SH3H~ $OHOSO~ CSR3HOCTH paseH Hyn~, a TeH30p /100/ OTnH4aeTCR 
OT TeH30pa, nonyveuaoro [lananerpy , nHw'b MHO}\(HTeneM -16 TT. 

3. rAPMOH~4~tKA~ CB~3HOCTb~ 
. i 

I 
$OHOSY~ CSR3HOCTb fa. Ha30seM rapMOHH4eCKO~ no OTHoweHH~t" mn 

! K rnaSHOH
u 

MeTpHKe gab I e cna 

li /102/'<1l a = (Vm - Pm) g a m= O. 

! npH 3TOM ycnosHH MHorHe $OpMynbl, Ha4~HaR C /9/, CHnbHO ynpo
~a~TCR, S 4aCTHOCTH,

I 
.l 
, I 

I
11 



v v kEmn v kE v v rnn
 
(Vk-Pk)(VE -PE)S =-g (V -Pk)(VE -Pe)g ,
k 

/1031 
v kf v v € mn_€_ SkEmnVV =-g V git	 e v kV e 7 

€	 e 
B 4eM HeTPYAHO y6eA~TbCH. 

4.	 nonHA~ BAP~AU~~ $YHKUHH AE~CTBH~ 

C nOMO~b~ B~wenp~BeAeHH~X ~opMyn ~ np~BeAeHHO~ B/3 , 0. 130 /
 
~opMyn~
 

a	 S S'R a ==R a +V p -v pa +p a p _pa p /104/ 
mnb mn b m bn n bm ms nb n s mb 

B~pa~a~~e~ 3aKOH H3MeHeHHR TeH30pa Kp~B~3HW np~ nepeXOAe OT 
CBR3HOCT~ r: K CBR3HOCT~ r: , MO*HO CAenaTb B~BOA o TOM, 4TOn	 n 
nOnHaR Bap~a~~R HHTerpana /1/ paBHa 

óS	 = r 8 e dx 1 dx 2 dx 3 dx 4 , /105/ 

rne 
1 v v 1 v8==emn 8r a +[0 --(R +R ) + --R gab g ]ogmna mn mn 2 mn nm 2 a b mn • 

/106/ 

nonaraR, 4TO 8 3TO~ $OpMyne MHO~~Tenb np~ '8gmn paBeH Hyn~, 

np~XOA~M K ypaBHeHHRM, 8 c~ny KOTOp~X KOBeKTOp /15/ paBeH HY
n~. B 4aCTHOM cnY4ae, KorAà KpHB~3Ha $OHOBO~ MeTp~K~ nOCTORHHa, 
r axue, YPdBHeHI-1R 5blnl-1 noc r ynapoaaaa B paõor e /4/ . 

3aMe4aH~e. HH4TO B ~opMynax He H3MeHI-1TCR, ecnH pa3MepHOCTb 
MHoroo5pa31-1R C4~TaTb paBHO~ n~50MY HaTypanbHOMY 4Hcny N. CYM
Ml-1pOBaHl-1e no nOBTopR~~~MCR TeH30pHwM I-1HAeKCaM nOApa3YMeBaTb 

N
OT 1 AO N. a np0l-138eAeHI-1e dx1 dx2 dx3'dx 4 3aMeH~T b Ha n dx k 

k == 1 
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1 ~~, 
, ~l. 

~'i 

4epHHKOD H.A. 'I	 fi-87-613j, '.:, ~t' 
Bap10101l\l1Ol'.t1b1H MeTOA í'\o1nb6ep'Fa ,H T.el1~OP' nananeTP~ " '?: 

Ha ~CTblpC)(MePHOM MHQ.(oo6pa3H'H :P~CCM~TPIo1BaeTCR napa ·He3-~Spm"'Mbl.l$. ,reo""~TP'~~tÚ: 
.;~ 

'{';. 
1<11X ot5'bel<TOa • O,AIo1H ~3 'HIo1X~..oTO}KAeCTà:nReMblH <rpa9~n::al\HqHH~IM, nOJ;leM .. onPeA«;!.Rfler 
HeBblpOIllAeHHYIO MeTplllKY l-1 Ha3blBgel'CR rJlaBHblM. Apyr,oH 06l>~KT iià3'blsae.rCR $à~OBblM 
+ia nepOblX nopax :lTO' êl4>ql~~AaR' CBRSHOCn:. 6~3l<Py4eA}ofR.113, RBYX '06~eKl".o,B -coc rea-].

t llJ'IeTCR 3~I'1WTeHHOl1CKoro ,9101,qa J.1HBapHaHT~bl~ J.o1HTerpán 'f1l!). "IeT.bípeXMe-PHói1 06naCT.JIl •." .r
 310T l1HT-erpárl .J-laSblBàeTCH narpaHlKeBoJi1 4lYHKlllllel:1 ',[l'ei1CTBl-1R .paCt~·á:r·PJ'l,BaeMI>1X 'o6"éK

rce , íl1" l!JYHI('411H .J\.eHCT~j.1R {)~peTCR l\>YHK'4Hàt;lanbHall' Q.P0I13SoAHaR '"0 l!lOHQBoi1 CBR3,

+!ocru nplo1 llJlo1t<Cl1pOSaHHOM rl1aBHOM oõsexre , {lHa, ttaSblBaefcfl Te1'l30pOM l1Ipa3Heprm-t 
'I	 rpaBIo1Tà!\1010HHór.o nona, AnA renaopa J;lpa,:meprJ1~ .llJ0P,,:\'Y.RI1PyeTcR <H +\oKa3bisae:rcR oc

HOBH'aR reopexa. 3a TeM BBO,qIoUÇR $OHOBa~ Merlllo1Ka" ,$OHOaaf,l lKe <:BJ'I'3HOC'T':!b -C4ldTpeT'

CR ,~nR 'aTO~ MerpJ'lKH K~crO$llJefieBoH. Bap~aqHoHHa~ npOH3BOAHas ~T ~YHK4J'l11 Âe~~ 
CT-'Bl1R' rio 4>OHO.sOi1 't-teTpa.'fKe 1npOH3.B0,AHàR r'lo111bÕép,.-al Hà3bIBaeTCR'reH30pOM :Uieprl1~ 
rpaSPlTpllHÓHHoro nena , J{ 3T-QM,y TeHSopy' ~~!'~eHRe:rCfI 9~IWeYKa,3aHH~ T~9peMa. 

,lia J<oHe~HOM. '3T:qne Te~sop ~pvt BI-1SHb1 4>OliOBO~' M~r.pIo;11(i-1 Jl\<nKHO nÇ>Ií'OlKH.Fb PilBHblM HYno , 
B pê=1YfibTaTe nony:4ae,TcA Io1'3B-eCTl1blH T-eH30P llan~n:e~py ~ 

l~~ 

P.a60T? Bb1nÔfiH~Ha'B naõo'Pa~opwl1 -reopeTI'lLfEi.C,j(oH $l-l3Ht<101 {)lHn1~ 
,,'frl,. 

•Coo'6UleH,He 061oeJl~eHHOrO,HHCTHTYTa R.n;epHhlX ~~cneJJ.OBaH}lH. .llyooa:iY81~, 

""1 

,.'
,1.'

,~epeBOA.4,m~~YMÕpaHC 

..... 1!be.n Fko,V tL A., fi 
'P2-;8] - 6B ~ 

1he ~i'hert,Var~a~.onal ~ethod and PapapettQu, TensQr 

A. <pah", ~f,1fldep'endent -geometd.ca1 ob)etts i s cons i dcere\3" op,:a, !fGlt..('-,.dlmen
,,)' s~ol1Ql manH'Old~ One of them lõentlf Ied wlth the gTavH:a;tioTf~1 fleH:i 3efi nes 

, tne norúiegene'rate 11letdc. an'd 'h taned t~ baste obj ec r ; ~~'lle',C;tfle"r h. c~Ued., 
the ·ba'CKgreund ôbj-ect;- -At ./'hst stage"s tJ1i 5 ; 5 the affi'Áe <CQnnexij,n .wHhdí:.rt 

, '·~r:si,on. 'C'GJllpoSe9 -of i:wo -ob jec ts ;5 an ~fivar I ant ·l.ntegrC\:} or <t'he ,~t'flst..e'Í:t1 
f-p"f'fll over the .fc;>a:r-:d~ mens~ ona l T~!J ion. T'h15 ln t'e9r~ 1 15 ,ca.n~d t'be 1..agl"'-éIn':' 

:' '9 i.:1.·n ..aCt-;i.pn of 't.. he consIder ed ob jec t-s , ;rhe fUllC:tl one-l >de~l:"tat iV.e. ~j ,th'e ac

t ion flHl"Ct':í-aR 15..tãken w:ft'h r espec't to the backqround toor-fexJtm':at g·f1xe-d'
t, , pa-s Ic ob]~t. h.'~.5 .c'a11'ed rhe .t ensor Qf ~re-ene"'gy of tt)e ..tJravl tat'Joo'a1 

. fieJd; f~-r h, ..:í4:)asl-<: theuf"em ls formulated anc1 prOvetl. Theri ,the baokgT'bUrrd 
roetJ:"À1: i 5 '4n"troduced,.. the .:b-ac1<gf'ound connex1'on be~ n9 cbn~~<IéTéJl<Cbri,s.tóff~l 
t'Or t'ha~ mét.t"k , 'The Y;arj~t,'iona'14'ef'ivatlv.eof the act~'On "ftlnt:t$.QlJ w.it3) 1"ê5
peJ::t, >to 'tlle ·baek.yr.ound meU1 C~ the tH 1.bert der j~at·i v.e} 1'1<5 "càp~-d ,lhe 'en-er'9~" 
t,ellSor' 'Oi -t11-e .g1"av'i ti3:t·ional fi e~l-cl. Ttle above ,theorellJ 1--3 apl'>h-ed 't't> l:"Rat 
'~ensor;.~ -At' a f.i-nne st'e'p the cur~a<ture te(lst»" of t.he bac..k.çf".ound meb"l:lC "máy, 

.~ lle s~t ,zer"O. ~S a resuh.. we ,ob-wln the .knowR .,papap~trolJ t~:nSOf". . 

J-h'e ~.A'\}estig·at.i~n nas 'been .:perr-ormeGl ~t ,i,tre .l~~ra:tóry ~f Theof'e.l:';-têÍ'i
 
f,:p~ys~.c"5-., J l-KR. .
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