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B ,n;aHHOH pa6oTe paccMaTpHBaeTCH, Kai< Be,n;eT ce6H ,HeiiTpHHO a 

MHpe <l>pH,D;MaHa. Ilo,n;o6Horo po,n;a B0ilp0Cbl BblJhIBaIOT ceii•mc 6onbWOH 

HHTepec, 0 qeM CBH,D;eTenhCTBYIOT, HanpHMep, TeJHCbl ,D;0Kna,n;oB III CO· 

BeTCKOH rpaBHTal.(HOHHOH KOH<pepeHl.(HH ! 1/ . . 

3,n;ech Mbl 6y,n;eM npeHe6peraTb BCeMH B3aHMO,n;eiiCTBHHMH d>epMno­

H0B, KpoMe HX BJaHMO,D;eHCTBHH C rpaBHTal.(H0HHbIM noneM. B TaK0M 

npn6nm1<eunn noee,n;eHne cpepMHOHOB enonm~ xapaKTepnJyeTcH ypaeueHH· 

eM ,!J;npaKa 

V 

im C 4 
= --II t/1, 

h 

CKanHpHbIM np0H3Be,n;eHHeM 

(v,u) =if vll
4 

[Q 1 Q2 Q3 ]u, 
~ 

/1/ 

/2/ 

onpe,n;em110mnM anre6py noneBbIX onepaTopon, n TeHJopoM :rneprnn-nM­

nynbca 

= !..!:._ [ J II t/1 ;_ t/I H t/1 + · t/1 H· t/1 - t/1 H t/1 ] • ;· a/ r µ V 4 µ , V V µ , • . . _v µ µ ·. ',V , 

/YnoTpe6nHeMbie J,D;eCh o6o3HaqeHHH CM. B /
2

-
51 /. ,!J;nHpaccMa~pHBa-

. . . -

eMbIX J,D;eCh B0ilp0C0B HeBamH0, 0ilHCbIBaTb nn HeiiTpHHHOe npne qeTbI· 

peXK0Mil0~eHTHblM CilHH0P0M HnH ABYXK0Mil0HeHTHblM nonycnHH0p0M. 

Ilo3TOMY 6y,n;eM ero onHCbIBaTh, nonpocTy nonaraH B /1/ m = 0 • 
,!J;oKameM, qTo noee,n;eHne HeiiTpHHO KOH!pOpMHO HHBapHaHTH0. 3TO 

3HaqnT' qTo HeHTPHHO ee,n;eT ce6H B MHpe C HeKOTopoii MeTpHKOH d s 2
TaK 

me' KaK H B MHpe C MeTpHKOH 

/4/ 
2 

)];Ba rpaBHTal.(H0HHblX nonH, HJ K0T0pblX 0,D;H0 0TBeqaeT 3a MeTpHKy d S , 

d ,2 u II 
a ,n;pyroe • 3a MeTpHKY S , C T0qKH 3peHHH HeHTpHH0 0,D;HHaK0Bbl. o.-

HCHHM 3T0 Ha Ba)KH0M npHMepe, K0r,n;a 0,D;H0 HJ TaKOH napbl rpaBHTal.(H0H· 

HbIX none ii CTa THqec1<oe. OHO 0TBeqaeT Ja MeTpHKY' Ill)HB0,D;HMYIO K KaHo-

' HHqecK0MY BHAY 
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3 
2 - 1 · 2 3- · i Ao 2 

d s = :£ g;
1 

( g , g , g ) dg d g - d 0 . 
i.l=l 'I 

/5/ 

BnonHe noHHTHO, qTo CTaTHqecKoe none He MO)KeT nopO)K,IJ,aTb HeiiTpH· 

HO, KaK, BnpoqeM, H 
0
,IJ,pyrHe 4'epMHOHhl HnH 6030Hhl. YTBep)K,IJ,CHHC 0 

KOH<l>OPMHOH HHBapHaHTHOCTH noBe,IJ,CHHH HeiiTpHHO, B qacTHOCTH, 03Ha­

qaeT, qTO H rpaBHTaUHOHHOe none, OTBeqaroJ.Qee 3a MeTpHKy /4/, r)J,e 

ds 2 paBHO /5/' TO)Ke He MO)KCT nopO)K,IJ,aTL HeiiTpHHO. rpaBHTaUHOHHoe 
none B MHpe «l>pH,IJ,MaHa npHHa,1J,ne)KHT KaK pa3 K qHcny TaKHX noneii. B 

MHpe «l>pH,IJ,MaHa MHO)KHTenh B 3aBHCHT TOnhKO OT 0,. npocTpaHCTBeH­

HaH )KC qacTb B /5/ HBnHeTCH MeTpHqecKoii 4>opMoii nH6o eBKnH,IJ,OBa npo­

CTpaHCTBa, nH6o c4'epHqecKOro npocTpaHCTBa, nH6o rrpocTpaHCTBa no-

6aqeacKoro. 

qT06bI ,IJ,OKa3aTb Hawe YTBep)K,IJ,CHHe, ,IJ,OCTaToqHo ,IJ,OKa3aTh KOH· 

4>opMHYIO HHBapHaHTHOCTh ypaBHCHHH 

V 
H t/1 = 0, /6/ 

V 

CKanHpHoro 1IpOH3Be,IJ,eHHH /2/ H HHTerpana 

,,_ fl V 

K- = f K T da µv 
:£ i 

/7/ 
µ 

r,D,e K - HCKOTOpoe BCKTOPHOe none. ,IloKa3aTenbCTBO 6y,neM rrpoBo-

,Il,HTL .nn.11 n ·MepHoro MHpa. )lnH ypaBHCHHH )lHpaKa CYJ.QCCTBCHHO, o,nHa­

KO, qTo6LI n 6LinO qeTHLIM. Pea'1:LHbIH cnyqaii, pa3yMeeTCJI ' n = 4 • 
IlyCTh B MHpe C MeTp~Koii d s 

2 
BhI6paH OpToroHanLHhIH penep ra . 

TaK qTo d s 
2 = 7/ a f3 f a f . lfa / 4/. cne,nyeT t qTo B MHpe C MeTpHKOH 

d s '
2 

MO)KHO BLI6paTL penep f 'a= Bf~- liMeeM TaK)Ke ea = Be' a 
TaKHM o6pa3oM, 

a a 
f't3 = Bff3, 

"'a "' 
f {3 = Bf'-; .· /8/ 

IIITpHXOBaHHhle aenHqHHhl H ,nanee 6YAJT CB'13hIBaTLCJI C MCTPHKOH d s,: 
a HeWTpHxoaaitnL1e - c MeTpmrn:ii d s • lfa /8/ cne,nyeT, qTo 

n-1 
[ Q' ,. • Q' ] = B [ Q · ·• Q 11 · 1 n-1 1 n-

n-1 n-1 

Benn cp;enaeM rrop;cTaHOBKY u = B - 2 - u ', -;;= B-2 -· v: To p;o6I>eMcJI pa­

aeHcTna 

4-



KaK JierKO IlOHHTh, Mbl .[IOJI)KHhl npu6erHyTh K IlO.[ICTaHOBKe 

n-1 

1/1 = B 
2 

/9/ 

/IO/ 

lfa /8/ HaXO.[IHM, .nanee, CBH3h Me)K.ny K03$$HI.(HeHTaMH HeroJIOIIOMHOCTH 

c:{j = B c'a~ + o; e~ B - o: e'fJB 

H K03$<PHUHeHTaMH Bpa~eHHH penepoB 

w =Bw'f3 + 11fJ e' B - 1/ e'/3B. a{-3v a v v a av 

OTc10.na IlOJiytiaeM 

n+l n-1 

t/1 = B 
l' 

-
1 B -i-t/I' + (ne' B-H H 

V 2 V V 

-2-

n+l n-1 

a 
e'B)t/,', 

a 

t/1 - 2 - .~' + .. LB - 2 -,°i:,(ne' R- e' BH all ) 
B 'l'v. 2 'I' v a l' 

V 

Cne.noBaTeJihHO, 
n + 1 --

l' 2 H V 1/1 , II t/1 = B ' V V 

n 

T/lV = B ]'/lV 

/11/ 

/12/ 

/13/ 

B CHJIY /12/ ypaBHeHne /6/ KOH<POPMHO HHBapnaHTHO. ,nanee, Ka)K.[IOMY 

BeKTopnoMy IlOJIIO K µ B O.[IHOM Mnpe COOTBeTCTByeT BeKTO{)HOe none 
µ -· d , v B n - ld v K' µ = BK B .npyroM. KpoMe Toro, a = a . B CHJIY 

/13/, CJie,AoBaTeJihHO, 
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µ. T' K, µ. V d ,v = K µ. T 
a µ.v 

da v 
/14/ .. 

Mhl IIO'-ITH .D;OKa3aJIH Harne YTBep)KJ];eHHe. lJT06bI .D;OKa3aTenbCTBO CTano 
nonHhIM, OCTaeTCH npe.n;nonO)KHTb, '-ITO <}JyHKl.(HH 8 H <}JyHKl.(HH n-1 Ja.n;a­
Hbl BCIO.D;Y n Hnr.n;e n Hynh He o6paI.QaIOTCH. 

MO)KHO,O.D;HaKo,ocna6nTb 3TO ycnoBH~ H IIOTpe6oBaTb, '-IT06bI o6e 
$YHKl.(HH 6hinH Ja.n;aHbl H He o6pa~anHCb B Hynh B HeKOTOPOH o6naCTH, 
co,nep)KaI.Qen nonHyID rHneprioBepxHoCTh I . IlpH 3TOM HHTerpanhI /2/ H_ 
/7 / ocTaIOTCH KoH<iJopMHO HHBapuaHTHhIMH. B yKaJaHHoii o6nacTH ocTa­
eTCH KOH$0PMHO llHBapHaHTHbIM ll IIOBe,neHHe neiITpHHO. 3TO ocna6nennoe 
ycnoBHe BeCbMa llHTepeCHO C TO'-IKH 3peHHH Harnen 3a,na'-IH, IIOCKOnhKY 
B Mllpe <l>pH,nMana <}Jyn;r<n;HH B ne 3aBHCHT OT npocTpaHCTBeHHbIX Koop,nH­
naT ,a B Ka'-leCTBe nonHblX rHnepnoBepxnocTeH i !, MO)KHO BhI6npaTb rH­
nepnoBepXHOCTH 0 = canst . Mbl Bll,L(HM, '-ITO IIOBe,ne1rne neiITpllHO B 
MHpe <l>pH.n;MaHa onpe.n;en11eTCH TOnhKO 3HaKOM KPHBH3Hbl runepnoBepx­
HOCTH 0 = canst . Cne.n;oBaTenbHO, '-IT06bI ll3)''-lllTb IIOBe.n;e1rne neiITpllHO 
BO BCex ~rnpax <l>pH.n;MaHa, .n;ocTaTO'-IHO paCCMOTpeTb nnocKHH MHP C MeT­
pHKOH 

2 2 2 2 2 2 2 2 
ds=dl;,+l;,d71 +/;,sin 71dt -d0, 

c<iJepH'-leCKHH MHP c MeTpnKon 

2] 2 2 2 2 2 
d s = --- ( d I;, + sin I;, d T/ + sin I;, sin T/ 

cos 2 0 . 
dt

2
-d0

2
) 

u MIIp Jio6aqeBCKOro c MeTpHKOH 
2 ] 2 2 2 2 2 2 2 

d s = -. -2 - ( d I;, + sh I;, d T/ + sh I;, sin T/ d g - d 0 ) . 
ch 0 

3TH MHpbl JaMe'-laTenbHbl TeM, '-ITO HMelOT IIOCTOHHHYIO KPHBH3Hy. Ilep­
Bblll cny<Jaii, paJyMeeTc11, xoporno HJyqen. BTopoiI cnyqan paccM~T9eH 

, HaMH B ! 2 , 51 . TpeTnn cnyqan paccMaTpnBanc11 E.A.JleBHTCKllM 1 • 

Ecnn na <iJynKn;nn B .n B-1 ne naKna.n;hrnaTb . orpaHH'-lennn, TO 
B o6nacTH, r.n;e OHH o6e He 06pa1.Qa10TCH B nynh, coxpaHHIOTCH ne Bee 
qepTbl KOH$0PMHO HHBapnanTnoro IIOBe,neHHH HeHTPHHO, a TOnhKO Te, 
KOTOpbie OIIHChIBaIOTCH .n;H<iJ<iJepenn;nanbHblMll xapaKTepHCTHKaMH, HO He 
IIHTerpanbHbIMH xapaKTepHCTHKaMH THIIa /2/ H /7/. B CBH3H C 3THM 
HHTepecno JaMeTHTb, lJTO n106bie .n;Ba MHpa <I>pn,nMana MOryT 6bITb npn-
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BeAeHbl B KOHqJOpMHoe C00TBeTCTBHe' II0CK0JihKY B TaKoe C00TBeTCTBHe 

c IIJI0CKHM MHp0M MoryT 6hITh IIPHBeAeHhl ccpepH'-leCKHH MHP H MHp Jlo -

6a'-leBCKoro. 3TO A0CTHraeTCH c II0M0il.\hlO CTepeorpaqJH'-leCKOH npoeI<U:HH 

1IyaH1<ape. / / 

B pa6oTe 
3 

AJIH Ka)KA0ro H30MeTpH'-leCK0r0II0JIH KHJIJIHHra, T.e. 

AJIH BeKT0puoro II0JIH, II0A'-IHHeHH0ro ypaBHeHHIO 

/15/ 

HaiiAen onepaTop, AeiicTBYIOII.\HH B npocTpaucTBe pemeuttii ypaaneHHH 

/1/. -.TaKHM )Ke MeT0A0M M0)KH0 6bIJIO 6hI uaiiTH onepaTop, AeHCTBYIOII.\HH 

B Ilp0CTpancTBe pemeHHH ypaBHeHHH /6/ H 3aAaBaeMhIH I<OHqJOpMHhIM 

II0JieM KHJIJIHHra' T .e. BeI<T0pHblM II0JieM' II0A'-IHHeHHhlM ypaBHeHHIO 

/16/ 

OAHaI<o 3AeCb Mhl npeAII0'-ITeM APYrOH MeT0A. ,lJ;JIH ABYX I<OHqJOpMHhIX 

MHP0B HMeeM 

K V B 
e II 

B 

CneAoBaTeJILHO, ecJIH K /3 - 1<oucpopMHoe none KHJIJIHHra B 0AH0M MHpe, 

TO K /3 = BK /3 - 1<outopMuoe none KHJIJIHHra B ApyroM MHpe, npH'-leM 

K e v B 
F' = F + 

.B 
/18/ 

B MaJIOH 0KpeCTH0CTH T0'-IKH Beer Aa M0)KH0 HaHTH <PYHKU:HIO B 'TaKylO, 

'-IT06bI F'= 0, T.e. '-IT06hI II0Jie K'13 CTaJI0 H30MeTpH'-leCI<HM II0JieM 

Kmumura. HaiiAeHHhIH uaMH onepaTop nepeB0AHT CIIHH0P t/J'a cnttuop 

-ih [K'vt/1, + _!__(D' K'f3)HaH/3t/J,]. 
V 4 a 

C II0M0il.\hlO II0ACTaH0BI<H /10/ H cpopMyJI /11/, /17/, /18/ 0TCIOAa ue­

TPYAH0 II0JIY'-IHTh, '-IT0 I<OHqJOpMHOMY II0JilO KHJIJIHHra A0JI)KeH 0TBe'-laTb 

onepaTop 

F] 

7 



v 1 a /3 n-2 
= - i h [ K D + - ( D K,/3 ) H H + 4 F ] . 

V 4 a /19/ 

3TO onepaTop KOH<POPMHOro MOMeHTa cnHHOpHoro nom1. TaK KaK 
A A 

V V V 

II D v K - K H Dv = - i h H Dv , /20/ 
A 

To onepaTo'p K .neiicTayeT B npocTpancTBe pewennii ypaa11e11m1 /6/. 
B pa6oTe I 3/ 6hmo ycTaHoaneHo, qTo ,nm1 H30MeTpnqecKoro nom1 

KnnnnHra HHTerpan /7 / npe,ncTaBmieTCH B BH,ne 

A ,-. 
µ V -

K=JK Tµvda =(tf,,Ktf,). 
~ 

/21/ 

)];oKa3aTenhCTBO OCHOBhIBanocb Ha TOM, qTo B 3TOM cnyqae BeKTOpHoe 
none 

A 

T v = K µ r,L v + if, II v K if, /22/ 

HBnHeTCH ,IJ;HBepremi;Heii aHTHCHMMeTpHqHoro TeH3opa 

ih a ih a a 
T v = ,r D a if, [ II i· K H ] iµ + 2 D a if, ( K v H - K H v ) 1/1 , / 2 ~ / 

{3 V 
r.ne K = K (311 , a 3HaqHT, no TeopeMe CToKca, J Tv da =0 . HeTpy,n:-

~ . . 

no, o,nHaKo, y6e,nHThCH, qTo n ,nnH KOH<POPMHOro nonH KnnnHHra Bhmon-
1rneTCH paBeHCTBO /23/, a, cne,noBaTenhHO, BhlnonHHeTCH H paBeHCTBO 
/21/. 11nTe rpan /2 l/ HBnHeTCH BTOpHqHo KBaHTOBaHHhIM one pa TOPOM 
KOH<POPMHOro MOMenTa. B cnyqae m 0

' 0 KOHqiopMHhlH MOMeHT coxpa1rn­
eTCH. HanpOTHB, B cnyqae m =I O KOH<POPMHhlH MOMeHT He coxpaHHeTCH. 
CoxpaHeHHe KOH<POPMHOro MOMeHTa B nepBOM cnyqae TeCHO CBH3aHO 
c TeM, qTo cne.n 

T =-mctf,H if, 
4 

TeH3opa 3HeprHH ·HMnynhca npH m = 0 paBHHeTCH Hyn10 / 
61 

· 

/24/ 

IlOCKOnhKY MHP <l>pH,nMaHa KOHqiopMeH MHPY C noCTOHHHOH KpHBH3 • 
noii, TO OH llMeeT nHTHa,nu:aTb nnHeii~o He3aBHCHMhIX KOH<POPMHhIX noneii 
K11nnnnra. Ooco6enHo Ba)l(HbIM cpe,nH HHX HBnHeTCH BeKTopuoe none 

8 



a 
-c a0 · OHO HBJUieTCH KOH4JOpMHblM noneM H B 6onee o6meM Cilyt-Iae 
KOH~OPMHO cTaTHqecKoro MHpad 

B 'cTaTHqecKOM MHpe -c a0 HBmleTCH H30MeTpHqeCKHM noneM 
KunnHHra. EMy COOTBeTCTByeT onepaTop 3HeprHH HnH raMHilbTOHHaH 

" K 0
• B 6a3HCe 

{
0 = d0, 

3 
le le le l 2 3 ; 

t=I r.re,e,e Jdg 
i= l 1 /25/ 

cornacHo /19/ onepaTop 3HeprHH paBHHeTCH 

K.110 .h a = i C - • 

a 0 
/26/ 

CornaCHO /21/ BTOpHqHo KBaHTOBaHHblH onepaTop 3HeprHH paBHHeTCH 

" 
K0 = -cfT dv = JiihcH 0 at/I dv. 

oo a e 

3neMeHT o6'beMa dv runepnoBepxttocTH 0=const onpe.n:enHeTCH 
CKOH 4JopMOH /5/ H paBeH: 

J ' l 2 3 
dv =\gilt \ d~ d~ d~ . 

B3HB npOH3B0.D:HYIO no 0 H3 ypaBHeHHH /1/' HaXOJJ:HM 
A 

O _ le 2 4 
K =. f !/, (-ihc H D le - me II )!/, dv . 

/27/ 

/28/ 

/29/ 

3TOT onepaTop a CTaTHqeCKOM MHpe coxpaHHeTCH H BnonHe onpe.n:en»eT 
BaKYYMHOe COCTOHHHe 4JepMHOHHOro non.JI. 

B KoH<iiopMHO CTaTHqecKOM MHpe /4/ BTopnqHo KBaHTOBaHHbIH 
one pa Top KOH<iiopMHOro MOMeHTa, COOTBeTCTBYIOU-lHH nonro - C at , 
nocne IlO.D:CTaHOBKH /10/ npeo6pa3yeTCH K BH.D:Y /27/. lllTpHXOBaHHOe 
:>Ke ypaaHeHne ,nnpaKa nepeii.n:eT He B ypaBHeHne /1/, a B ypaBHeHne 

11 imc 4 

H "'II =-h - BH "' . /30/ 

IlpOH3B0.D:HYIO no 0 B /27 / Mbl .n:on:>KHbl 6paTb Tenepb He H3 /1/, a H3 
/30/. B pe3ynhTaTe 3TOro nonyqnM raMHilbTOHHaH B BH.n:e 

9 



:('~ 

K 
_ le 2 4 

-o = J 1/1 (-ihc H D,. - m"'b B H )1/1 dv /31/ 

A 

IIocKOJILKY B JaBHCHT OT 0 , TO npH m t O H K' 0 
JaBHCHT OT 0 • 

HanpoTHB, npH m = 0 K,'0 OT 0 He JaBHCHT H coana.n;aeT c /29/. 
TaKHM o6pa30M, .Mhl ,Il;OKaJaJIH, lJ:TO B KOHqJopMHO CTaTHlJ:eCKOM 

MHpe HMeeTCH He JaBHCHI.QHH OT B onepaTop :rneprHH 
A A . .I\. 

f, = K' 0 = K0 = J~(-ihcH,.D,.)iµdv /32/ 

HeHTPHHIIOI'O IlOJIH. 3TOT onepaTop coxpaHHeTCH H onpe.n;enHeT BaKyyM­

HOe COCTOHHHe HeiiTpHHHOro IlOJIH. IIOHHTHO, lJ:TO H BaKYYMHOe COCTOHHHe . 

HeHTPHHIIOrO IlOJIH He JaBHCHT OT B . 
KoHqJOpMHaH HHBapHaHTHOCTh noae.n;eHHH HeiiTpHHO HMeeT OlJ:eBH,D;· 

HYIO IlpH'IHHy: m = 0.He Bhl3hIBaJIO COMHeHHii, lJ:TO lJ:aCTHUhl 6e3 MaCChl 

)];OJI)KHhl pearHpoaaTb TOJihKO Ha CBeTOBOH KOHYC,H,CTano 6bITh, HX 

noae.n;eHHe ,Il;()JI)KHO OilHChIBa Th CH KOHqJOpMHO HHBapHaHTHhlMH xapaKTe­

pIICTHKaMH. B lJ:aCTHOCTH, KaK YTBep)K,D;aJIOCh B /6/, ypaaueHHH ,Il;BH)Ke­

HHH npn m = 0 .n;oJI)KHhl 6LITh KOH<POPMHO mrnapHaHTHhIMH, a cne.n; TeHJo­

pa 3HeprHH·m.mynLca ,D;OJI)KeH paBHHThCH Hymo. 3TOMY He npoTHBope­

lJ:HJia TeopHH H30TPOilHhlX reo.n;eJHlJ:eCI<HX, onpe.n;eJIHIOIUHX noae.n;eune 

6eJMaCCOBhIX qacTHU B peJIHTHBHCTCKOH KJiaCCHlJ:eCKOH MeXaHHKe. 3'67-

MY He npoTHBopeqnna KHHeTHlJ:eCI<aH TeopHH penHTHBHCTCKOro ra3a 
6 

• 

3TOMY He npoTHBOpe'IHJIH TaK)Ke TeOpHH HeiiTpHHHOro IlOJIJI /3.n;ech Mhl 

HMeJIH cnyqaii B 3TOM y6e.n;HThCH/ H TeopHJI 3JieKTPOMarHHTHOro IlOJIH. 

lfa H3BeCTHhlX npuMepoB npOTHBOpelJ:HBOH OKa3aJiaCh TeOpHH CKaJIHpHoro 

nomi:. IIpH m = 0 OHO OilHChlBaJIOCh ypaBHeHHeM ,ll;anaM6epa, KOT~poe 

H B caMOM .n;ene HHBapnaHTHO OTHOCHTeJibHO KOHqJOpMHhlX npeo6pa3oBa­

HHH IlJIOCI<Oro MHpa. Me)K,D;y TeM cne.n; TeHJopa 3HeprHH·HMilYJILCa 6e3-

MaCCOBoro cKaJIJipHoro non.11 He paBHHJICJI HyJIIO. P .IIeHpoyJ hi o6pa THJI 

BHHMaHHe Ha TO, lJ:TO ypaBHeHHe 

R 
□¢ + 6 cp = 0 

)];JIH CKaJIHpnoro IlOJIH HHBapHaHTHO a 6onee WHPOKOM CMhlCJie, lJ:eM . 

ypaaHeHHe · ,ll;anaM6epa. 3TO ypaBHeHHe HIIBapHaHTHO OTHOCHTeJihHO 

KOHqJOpMHhIX OT06pa)KeHHH O,Il;HOI'O MHpa ua .n;pyroii. KaK 6bIJIO ,Il;OKaJa­

HO a !B/, ypaBHeHHe IIeupoyJa YAOBJieTBOpHeT BCeM Tpe6oBaHHHM, KO· 

TOpble MO)KHO npe.n;'bHBHTh I< 6eJMaCCOBhIM CKaJIHPHhlM lJ:aCTHUaM, H 
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,11;om1rno 3aMeHHTh n .OTO ypanHeHne ,D;anaM6epa. TaM )Ke 6hm Haii,11;eH 
npanHnb11h1ii TeH3op :rneprnn-nMnynbca cKamIpHoro nonH n 6hmo ,11;0Ka-
3aHo, 'ITO one pa Top 

2 R 
h (□ + 6) 

HBnHeTCH onepaTOpOM KBa,D;paTa 4-nMnynbca, TaK 'ITO ypanHeHHe ,D;nH 

cKanHpHoro nonH c Maccoii ,11;on)KHO HMeTh nn,11; 

R 
□ ¢ + 6 cp 

me 2 

(-} '¢ 
h 

.H XOTH B nnOCKOM MHpe 3TO ypanHeune conna'a'T C o6menpHHHThlM 
ypanHeHneM o ¢ = ( T / ¢ , , nony'leHHhiii n 8 TeH3op 3Heprnn-m4-
rrynhca HMeeT cne,11; 

me 2 2 
T = -(-) cp ' 

h 

o6pall.\aIOIIlHHCH n Hynh npH m = 0 . 
MbI He 6y.n;eM 3.n;ecb no.n;po6HO .D;OKa3bIBaTh KOHqJOpMHYIO HHBapH­

aHTHOCTb rrone.n;eHHH 6e3Macconoii CKanHpHOH qacTHUhl, noCKOJJhKY .n;o­
Ka3aTenbCTBO BO BCeM aHanorH'IHO rrpone,11;eHHOMY Bhlllle .n;nH HeiiTpHHO. 
YKa)KeM TOnbKO OCHOBHbie MOMeHTbl. 

B n ·MepHOM MHpe none.n;eHHe CKan.HpHbIX qacTHU, xapaKTepn3y­
eTCH ypanHeHHeM 

n-2 me 2 

□ ¢ + 4 ( n - 1) R cp = (-h-) cp /33/ 

CKan.HpHblM npOH3Be.n;eHHeM 

(v,u)= f (uv - vu )da/l, 
/l /l . 

~ 

/34/ 

onpe.n;enHIOIIlHM anre6py noneBhIX orrepaTopon,n TeH3opoM 311eprn11-nM· 

rrynhca 

can 
Tµv 

n - 2 2 
---(R +D

11
Dv-TJ □ )¢ 

4(n-1} µv µ.v /35/ 

can J 
T = -2 ( cp ¢ + ¢ ¢ ) - L TJ µv ' • 

/lV /l V V /l 

II 



L 
J f3 n-2 2 1 me Z 2 

2 71 a cpacpf3- B(n-l)Rcp + 2(,:)¢ 

.HuTerpan /34/ nbnc1<a3LIBaeT no.IJ,cTauoe1<y 

¢ = B 

n-2 
2 ¢,. 

B cnny 3Toii noncTaHOBKH 

n-2 
□ ¢ + ---c-Rcp = B 

· ,1 ( 11 - I ) 

n+2 

2 
n -2 

(o'¢'+ ---R'¢'), 
4(n -1) 

a ecJIH B r,1 I' cornacHO /33/ IlOJIO>KHTb 

_ 1 a/3 _!_ _ .!_ 2 
/, - T 7I' ¢ a ¢ f3 + 2 ¢ 0 ¢ - 4 1:1 ¢ ' 

/36/ 

TO )),ml Tµv IlOJiy<IHTCH paBeHCTBO /13/, a CJie.IJ,OBaTeJibHO, n paBeHCTBO 
/ 14/. AnanorH'LfHO MO>KHO )),Ol<a3a Tb H l<OHqJOpMHYIO HHBapnaHTHOCTh no­
Be.IJ,eHHH qJOTOHOB. ' a 

B l<OHqJOpMHO CTaTH'LfeCKOM MHpe HHTerpan /7 /, r.IJ,e K µ eµ = -c - , 
3a.IJ,aeT He 3aBHCHLQHH OT 8 onepaTop 3HeprHH He TOJibl<O )),Jlj{ HeiiTpilJJ­
HOro, Ho n .IJ,JIH c1<anHpnoro 6e3Maccoeoro, a Ta1<>Ke u nmi 3ne1<TpoMar­
HHTHoro noneii. Bo ecex cny'LfaHx onpenenHeMoe HM Ba1<yyMHoe cocToH· 
uue He 3aBUCHT OT 8 . 

TeopuH c1<anHpnoro nonH BLI.IJ.BHraeT eec1<ue apryMeHTLI B nonh3Y 
o6meii Teopuu 0THOCUTeJibHOCTH, cornacHO l<OTOpoii )),JIH onucaHHH cpu-
3U'LfeCKUX HBJieHHii cnenyeT npu6eraTL 1< Heee1<nunoeoii reoMeTpun. Oc­
TaBaHCh e YCJIOBHHX nnoc1<oro MHpa, TPY.IJ.HO 6Lrno 6LI npuBeCTH y6enu­
TeJibHhie apryMeHThl B Il0:Jlh3Y HOBoro TeH30pa 3HeprHH·HMilYJILCa. 
TeopHH CKaJIHpHoro IlOJIH IlOY'LfHTeJILHa H B TOM OTHOUieHHH, 'ITO npen­
OCTeperaeT OT pacnpocTpaHeHHoro npenpaccyn1<a, 6y.IJ,To npu nepexone 
oT CTO 1< OTO B ypaeHeHHHX MaTeMaTH'l.fec1<oiicpu3u1<u eo ecex cJiy'LfaHx 
)),OCTaTO'LfHO 3aMeHHTb qacTHhie npOH3B0)),Hbie no .IJ,e1<apTOBbIM l<OOp.IJ,u· 
HaTaM l<OBapuaHTHhIMH npOH3B0)),HbIMH. 
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