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qepHMKOB H.A . 
TeH3op,rroTepHHHbill B 
0'1'0. 
P2-B9-224. 

HHCTHTYT ll.llepawx Hccne.o;oa&HHii Jly6aa, 1989 

8 o6~e~ Teop~~ OTHOC~TenbHOCT~ /010/ noTep~H Ba~H~~ reoMeT-
~ 6 ~ / 1 / <+. p~~ecK~~ o beKT - xopowo ~3secTH~~ reoMeTpaM TeH3op a~(f>~H-

Ho~ Ae(f>opMa~~~. 3Ta onnOWHOCTb, nOAOPBaB cpeA~ 4>~3~KOB Bepy 
8 TeH30pH~~ aHan~3, nopOA~na nce8AOTeH30pHy~ cy6KynbTypy, BeH
~OM KOTopo~ ~8~nc~ cypporaT TeH3opa 3HeprH~ - 11nce8AOTeH3op 
3Hepr~~~~ rpa8~Ta~HoHHoro non~ * . BoKpyr 3Toro noH~T~~ 6onee 
CeM~AeC~T~ neT 8eAeTc~ HeyracaiO~a~ A~C.KYCC~~, OCTaHOB~Tb KOTO
py~ Henb3~, ecn~ He pea6~n~T~p08aTb TeH30pH~~ aHan~3. Qn~ 3TO
ro Heo6xoA~Mo 8BecT~ B OTO noTep~HHbl~ TeH3op. 

rnaBHbiM pe3ynbTaTOM OTO, HeCOMHeHHO, ~8~nacb 3Tf - 3~HWTe~
H08CKa~ Teop~~ rpa8~Ta~~~. 3Ha~~T, Tpe6yeTc~ nocTpo~Tb Teop~~ 
rpa8~Ta~~~. ~en~KOM OCH08aHHy~ Ha TeH30pHOM aHan~3e, 6e3 Ka
K~X-n~6o cypporaTo8. A8Topy YAanocb pewHTb 3Ty 3aAa~y: H~~e 
n p~80A~TC~ peweH~e. 

Ha nepeAH~~ nnaH Bb1A8~ra~Tc~ A8a C~MMeTp~~HbiX TeH30PHbiX no
n~ gab ~ p a . Ycno8~e c~MMeTp~~ 03Ha~aeT mn 

ab ba 
g = g P a = P a • 

mn nm /1/ 

np~ 3TOM ycn08~~ OCTa~TC~ B CTOpoHe BOnpoc~ eA~HO~ Teop~~ no
n~ 3~HWTe~Ha. 

C~~TaeTc~, ~TO onpeAen~Tenb MaTp~~~ (gab) He 
TaK ~TO cy~eCT8YeT TeH30p gab• o6paTH~~ TeH30PY 
BaTenbHO, KaK ~ 8 3Tf, M~ PacnonaraeM PHMaH080~ 
C MeTp~~eCKOH 4>oPMO~ 

ds2 = g dxadx b 
ab 

~ C 3neMeHTOM 06beMa 

a 
dV = fUdx, 

a 

rAe U - 3HaK npOH38eAeHH~, 

( v l gl . 

pa8eH Hyn~, 
ab C g . neAo-

reoMeTpHeH 

/2/ 

13/ 

/4/ 

* 3 ~ 3 ~ ~ / 2/ AeCb TepMHH B3RT B KaBb~KH He MHOH, a HHWTeHHOM • 

I 



g- onpeAena.tTenb MaTPH4bl (gat) • no3TOMY, KaK H S 3Tr, sSeAeM 

csRsHoeTb Kpa.tcTo~enR 

a 1 as(a . a a ) 
rmn = 2 g mgsn + ngsm- sgmn • 

Ho S OTnH4He OT 3Tr, S pa3SHSaeMOH 3Aeeb TeOpHH Ha 
eoM MHoroo6pa3HH e MeTpa.t4eeKoH $0PMOH /2/ RSHo 3aAaHo 
HOe none p~n.3TO AaeT HaM S03MOmHOeTb sseeTH,4TO Mbl H 

e~e OAHY eSR3HOeTb - $OHOSY~ CSR3HOeTb 

~a a a 
'1 -mn = ·r mn + P mn • 

.... 

/51 

PHMaHo-
TeH3op-
eAenaeM, 

!61 

. !31 T 
KoTopaR HrpaeT ponb, noxomy~ Ha ponb ea.teTeMbl oTe4eTa • aK 
KaK eSR3HOeTb KpHCTO$$enR eHMMeTpH4Ha, TO no yenOSH~ /1/ eHM-
MeTpH4Ha H $OHOSaR CSR3HOCTb. v 

EenH 3aAaHa $0HOSaR CSR3HOCTb r :n H 3aAaH TeH30P gab , TO 
TeH30P Pa paseH TeH30PY a~HHHOH Ae$opMa4HH 

mn 
a va a 

P =r -r . mn mn mn 
171 

CneAosaTenbHO, 3aAaTb ASa TeH30PHbiX nonR /1/ - 3TO see pas
Ha, 4TO 3aAaTb CHMMeTpH4HOe TeH30PHOe none gab H $0HOSY~ CSR3-

"a 
HOeTb r 6e3 Kpy4eHHR. 

mn Pa3yMeeTcR, 3TO yTsepmAeHHe sepHo npH yenosHH 

g "' o. /8/ 

· TeH30P KPY4eHHR $0HosoH esR3HoeTH paseH 

va va va s = r -·r mn mn nm' 
/9/ 

see HanHeaHHble 3AeCb $OPMYnbl sepHbl npa.t ycnOSHH 

va 
s = 0. mn 

/10/ 

~nR SbiRCHeHHR sonpoea 0 Heo6XOAHMOeTH SSeAeHHR S 3Tr TeH-
a . 

30pHoro nonR Pmn HeT HYmAbl S KOHKpeTHbiX npeAeTasneHHRX 0 eTpoe-
HHH se~eeTsa. ~OCTaT04HO paeeMOTpeTb rpaSHTa4HOHHOe none S sa
KyyMe, 4TO 3AeCb H AenaeTCR. 

AeReTsHe rpasHTa4HOHHoro nonR 3aAaeTcR s SHAe 

&=ffdV, /11/ 

rAe f. - CKanRP, paSHbiH 

mn 
f.=g p· • /12/ 
J mn 

2 

'i" 

"' 

l\ 

) 

B cao~ 04epeAb, Pmn - TeH3op, pasHbiH 

a b s 
P =P P -P P , 
mn mb an s mn /r13/ 

a P - KOSeKTOP, paBHbiH CBepTKe s . 
a 

p = p /14/ · s . as 

YpaeHeHHR rpaBHTa4HOHHoro nonR nony4a~TCR H3 ycnoBHH 

8& = 0, 
''a ar = o. mn /15/ 

BTopoe H3 3THX ycnOBHH 03Ha4aeT, 4TO CBR3HOCTb /6/ - $OHOBaR. 
HMeeM 

8&= f[(P · mn 
1 ~<> mn mn a 

- - ~ g ) a g + e · a P 1 dV , 
2 mn a mn /16/ 

rAe 

0 mn = <llmn _ .!_ (om<lln + 0n.<llm). 
·a a 2 a a /17/ 

B 
~m u ,..mn 

CBO~ 04epeAb, ua - eAHHH4HbiH TeH30P - a$¢HHOP, w~ - TeH30P, 
paBHbiH 

<llmn _ mBp n nsp m _ m11p 
a - g as + g as g a• 

m u 

a ·<IJ - eeKTop, paBHbiH ceepTKe 

.<llm _ <llms _ abpm 
- s - g ab" 

Cor nacHo /7 I e ¢opMyny /16/ Mbl AOnmHbl noAcTaBHTb 

8Pa =Bra· -Bra. 
mn mn mn 

KaK H3BeCTHO 
/U 

/eM., HanpHMep, /, 

a · 1 as ar =- g cv Bg + v Bg - v Bg ) mn 2 m sn n sm s mn ' 

/18/ 

}i9} 

'/20/ 

/21/ 

rAe Vs - KosapHaHTHaR npoH3BOAHaR co eBR3HOCTb~ /5/. Y4HTbiBaR 
sTopoe H3 ycnoea.tR /15/, nony4aeM BTopoe cnaraeMoe 8 KBaApaT
HbiX CK06KaX B ¢opMyne /16/ B BHAe 

0 mn BPa = _ ..!_ ( 0 snm + 0 smn _ e mns) V 8 g ' /22/ 
a mn 2 , s mn 

-3 



rAe 

emns = am~ as. 
a 

npHHHMaR S pac4eT /17-19/, HaXOAHM 

~ (esnm +esmn _ 8 mns) =gmkgnf(o:f- ~ os~f), 
s 

rAe Okf - TeH30P, pasH~H 

s· s 1 s s -"' 
ok2 = P k2 - 2 (P k B f + P2 B k) • 

a 0 8 - seKTOp, paSH~H 

s kf a s · sa 
o = g ok2 = <ll - g Pa. 

Jlanee, HMeeM 

kf 
Og =- g _g D 0 g • 

mn mlt"m:. 

TaK KaK 

V 8gmk = 0 • 

TO H3 ./27/ nony4aeTCR paseHCTSO 

k2 
V 8 ° gmn = - gm~ nfV s0 g 

123/ 

124/ 

/25/ 

/26/ 

1271 

'/28/ 

/29/ 

CneAOSaTenbHO, s~pameHHe /22/ npHSOAHTCR K cneAyo~eMY SHAY 

mn a s 1 a mn a oP =(O --o g )v og • /30/ a mn mn 2 · mn . s 

HTaK, ecnH sapHaqHR a~HHHOH CSR3HOCTH /6/ pasHa Hyn~, TO 
sapHaqHR HHTerpana /11/ pasHa 

1 mn 8 1 s mn 
o&=f((P --fg ) og· + (0 --0 g ) V 8g ]dV. /31/ 

' mn 2 mn mn 2 mn s 

Tenepb npHMeHHM TeopeMy raycca, cornacHo KOTOPOH AnR no6oro 
seKTOPHOro nonR F8 o6oeMH~H HHTerpan 

s 
Jv F dV 

s 
/32/ 

paseH nosepxHocTHOMY 151 •· nonaraR 

s s 1 s mn s 
F =(0 --0 g 'g =(1-N/2)0, 

mn 2 md' 
/33/ 

] 

) 

rAe N - pa3MepHOCTb MHOroo6pa3HR, H OT6pac~saR nosepXHOCTH~H 
HHTerpan, 3aMeHReM sapHaUHO /31/ Ha 

~ 1 mn 
D\!J=((S --Sg 'og dV, 

mn 2 mn 

rAe S - TeH30p, pasH~H 
mn 

8mn=Pmn-Vs0 :m= Pmn+ ~·(VmPn+VnPm)- VsP.:n, 

a S - CKanRp, paSH~H 

s sa a 
S=.f-v o =f+V g P- v <ll. a s a a 

/34/ 

/35/ 

/36/ 

CneAosaTenbHo, ypasHeHHR rpasHTaqHOHHoro nonR. s saKYYMe 

HMeOT SHA 
1 

Smn- 2Sgmn= O. /37/ 

YMHomaR /37/ Ha smn, HaXOAHM s = 0. 3Ha4HT, H3 /37/ cneAyeT, 
4TO S SaKyyMe 

s = 0, 
mn 

TO eCTb cornacHo /35/ 
s 1 

vP =P +-(vP +vP). 
8 mn mn 2 m n n m 

TeH30P 3HeprHH rpasHTaqHoHHoro nonR paseH 

~a a . mn a 
\!]b = 0 mn<llb -fob. 

/38/ 

/39/ 

/40/ 

TaK me, KaK H narpaHmHaH f, OH flHHeHHO 3aBHC~T OT TeH3opa gab 

H KSaApaTH4HO ~ OT TeH30pa P~n· 
PacnonaraR ASYMR CSR3HOCTRMH /5/ H /6/, AnR KamAOrO TeH30p-v 

Horo nonR T MOmHo cocTaSHT b Kosa pHaHTH~e npoH3SOAH~e V T H v T. 
6SHAY Toro, 4TO o6e 3TH CSR3HOCTH CHMMeTpH4H~, 3aKOH H3MeHe
HHR TeH30pa KPHSH3H~ npH nepeXOAe OT OAHOH CSR3HOCTH K APY
roH/l/ MOmHO 3anHCaTb S cneAYO~HX ASYX sapHaHTaX: 

Ra -Ra = pa. - pa. +Pa. 
mnb mnb vn mb vm nb mnb • 

/41/ 

a. va. v a. v a. a 
R -R =V P - V P -P mnb · mnb n mb Ill"' nb mnb 

/42/ 

rAe 

Pa. .= p s pa _ Ps Pa. • 
mnb mb 8n nb sm 

/43/ 



3,qecb', no onpe,qeJleHI-110 / 

Ra _ a _ · a a s a. s 
mnb- amrnb anr rob+ rmsrnb- ~s ~b· /44/ 

&a =a ra -a ra+·rars -rars 
mnb m nb n mb ms nb ns rob /45/ 

3TO onpe,qe11eH11e B CKPbiTOH (t>opMe CO,qep>KI1TCfl B C(jJOPMY1111pOBaHHOM 
Bb1we 3aKoHe. 

Cor11acHo /35/ 11 /41/ 11MeeM 
..J 

1 " v S =R--(R+R"\ 
mn . mn :.2 mn : .nnf ' 

r,qe 

s 
R =R mn ,l;l!pn' 

,, vs 
R =R mn smn' 

TaK KaK 

p = PB • 
mn smn 

,_, 
' 

/46/ 

1471 

'/48/ 

no3TOMY ypaBHeHI1fl rpaBI1Tai.II10HHOrO nOilfl /39/ MO>KHO 3arii1CaTb 
B B11.Qe 

1 v 

Rmn = - ( limn+ Rnm) • 
'2 ' . ' . 

Ho cor11acHo /46/ 11 /42/ 

1" " "s 
S =-(o P +o P) .-o P -P • mn 2 v m n · v n m v s mn mn 

'.' 
' ' 

/49/ 

/50/ 

no3TOMy·ypaBHeHI1fl rpaBI1Tai.II10~HOr6.hoJ1~ /39/ MO>KHO~ 3ani1CaTb'e~e 
B O.QHOM BI1.Qe- i• 

v .a 1 v · v . ' 
'il p. = - ('V p + 'il p ) .., p • 

a mn 2 m n n m mn /51/ 

nocTpoeHHafl Teopl1fl 'rpaBI1Tal.ll111 Y'AOBJleTBOpReT nPI1H1.111nY COOT
BeTCTBI1fl: np11 YC110BI111, 4TO TeH30P KPI1BI13Hbl /45/ (jJOHOBOH CBR3-
HOCTI1" /6/ paeeH HYiliO, OHa nepexo,qHT B .3Tr. ,[\e~CTBI1Tell.bHO,. 
B 3TOM CJ1y4ae Hai:i,qeTCfl KOOP.Q11HaTHafl KapTa, B KOTOPOH Bee K03(jJ
$111.111eHTbl /6/ paBHbl HYiliO, TaK 4TO B 3T9H KapTe 

a a 
P = -r . /52/ 

mn mn 

np11 3TOM ypaBHeHI1fl /49/ COBna,qaiOT C ypaBHeH11flM11 rl11lb6epTa -
3i1HWTei1Ha 

6 

,; 

R =0, mn /53/ 

a TeH30P 3HeprHI1 /40/ coena,qaeT c ••ncee,qoTe.H30poM 3Hepn1H11 

3i1HWTei1Ha. 
YpaeHeHI1R /49/ coena,qaiOT c ypaeHeHHRMI1 /53/ "" npH 6o11ee 

CilaOOM YCilOBI-111 

v v 

Rmn + Rnm= O. /54/ 

no3TOMY Ba>KHO paCCMOTpeTb Teop1110 rpaBI1Tai.IHH c_ypaBHeHHflMH 3Tr 
Ha (jJoHe nollynpi1MI1T11BHoi1 CBR3HOCTH, y,qoBileTBOPRIO~ei1 yc11oB1110 
/54/, 11 C TeH30POM 3Hepr11H, paBH~M /40/. 

no W11POKO pacnpocTpaHeHHOMY MHeHI110,3H~prHR B OTO HeJ10KaJ111-
3YeMa, nOCKOilbKY ee nllOTHOCTb onpe,qeJlReTCH nceB.QOTeH30POM 3Hep
rl111*. HanpoTI1B, B pa3BI1eaeMoi1 3,qecb TeH30PHOH Teop111.1 rpaBI1Ta-
1.11111 3Heprl1fl IlOKaJ1113YeMa, 11 ee nllOTHOCTb onpe,qeJlReTCfl TeH30POM 
3Heprl111, a He nceB.QOTeH30POM. napa 04HYTbCfl OT HaBa>K.QeHI1fl . 
11 npi1CTYnHTb K n011CKaM cnoco6oB H3MepeHI1fl nllOTHOCTI1 3Heprl111 
rpaBI1Tai.II10HHoro nollR. 
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* B OTJIHtme OT 3:HHmTe:HH~, COBpeMeHHbJe aBTOPbl He 6epyT 3TOT Tep

MHH B KaBbJllKH. 
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