


rnaBH~M 06beKTOM B Teop~~ 6opHa-HH$enbAa /l/,KaK ~ B eA~HOA 
Teop~~ nonR 3AHWTeAHa/ 2/, RBnReTCR napa TeH30pH~X noneA, ga~ 
~ gBa• aaAaeaeMbiX e npocTpaHCTBeHHo-epeMeHHOM M~pe M. 06oaHa-
4ael-l 

1 
-(g 1'>-gt> )=¢ t>• 2 al-' 1-'a al-' 

/1/ 

C~MMeTp~4Hoe none ha~ HeceT ~H$opMa~~~ o rpae~Ta~~~. aHT~c~M
MeTp~4Hoe none ¢ 8 - o6 3neKTpoMarHeT~3Me. B AaHHoA cTaTbe Teo
P~R 6opHa-HH$enbAa npeACTaBnReTCR KaK 4aCTb Teop~~ 3AHWTeHHa. 

M~p M M~ noH~MaeM KaK n-MepHoe MHoroo6paa~e Knacca cv 131 
c AOCTaT04HO e~coKoA cTeneHb~ rnaAKOCT~. B peanbHOM cny4ae 4~c
no n paeHo 4eT~peM, OAHaKo ~HTepecH~ ~ APYr~e ero 3Ha4eH~R. 
C ynoTpe6nReM~M~ 3AeCb reoMeTp~4eCK~M~ 06beKTaM~ MO~HO n03Ha
KOM~TbCR no KH~raM / 4•5/. Bee 06beKTbl OTHOC~M K KOOPA~HaTHOMy 
6aa~cy da = dxa ~ AYanbHOMY 6aa~cy a a • KOOPA~HaTbl X I' ... ' X n 
COCTaBnRIIJT KapTy MHOroo6pa3~R M. C~MBOn aa 03Ha4aeT 4aCTHy~ 
npo~3BOAHYIO no KOOPA~HaTe X a. 

npeAnonaraeTCR, 4TO MeTp~4eCKaR $OpMa 

ds 
2 

= ha ~ d a 81 d ~ /2/ 

~MeeT HOpManbH~A r~nep6on~4ecK~A B~A· B c~ny 3Toro npocTpaHcTeo 
CKOpocTeA 4aCT~~~, np~no~eHHOe K n~6oA ~3 M~POBbiX T04eK X~ M, 
RBnReTCR (n- 1)-MepH~M npOCTpaHCTBOM no6a4eBCKOrO, ecn~ Macca 
nOKOR 4aCT~~~ 6onbWe HynR, ~ (n- 2)-MepH~M KOH$OpMHbiM npocTpaH
CTBOM, ecn~ Macca noKoR 4aCT~~~ pasHa Hyn~/6 1. 

Ha cKaaaHHoro cneAyeT, 4TO onpeAen~Tenb MaTp~.~~ (ha~) oT_p~~a
TeneH. nocKOnbK~ OH He o6pa~aeTCR B Hynb, BBOA~M TeH30p hap 
TaKd 4TO haahap = 8 ~, rAe (8~)- eA~H~4HaR MaTp~~a. C nOMO~b~ 

p a a 
ha ~ ha ~ 6yAeM noH~MaTb ~ onycKaTb ~HAeKc~, Hanp~Mep, 

T t> = Ta t>h • 
al-'y al-' ay 

TaK KaK 

ga~=hau( 8~-¢~). g~a=haa(8~+c/>~), 

To onpeAen~Tenb g = ~et ( gaf3) = det ( g B ) 
onpeAen~Tenb, paeH~~ a 

paeeH g = hJ, rAe J -

/3/ 

/4/ 

/51 

I 



nocneAHH~ R8nReTcR CKanRpoM. EcnH HeT 3neKTpoMarHHTHoro nonR, 
TO ¢a{3 =0 H J = 1. Mbl 6yAeM paCCMaTpH8aTb He 04eHb CHnbHOe 
3neKTPOMarHHTHOe none, TaK 4T06bl 8blnOnHRnOCb Hepa8eHCT80 J>O. 
npH 3TOM ycn08HH g<O H cy~eCT8yeT TaKaR napa TeH30pHbiX none~ 
gaf3 H gf3a, 4TO 

g guf3 = af3= g g f3u 
ua a au • 

161 

KaK 8 111, o6oaHa4aeM 

;.af3=! (gaf3+ gf3a), ;paB = ~ (gaf3_ gf3a). 171 

HMeeM h = hg 2 , rAe h - onpeAenHTem MaTpH~bl (haf3). 3To cneAyeT 
H3 TOrO, 4TO 

h guf3=g huf3. 181 
au au 

Ko8apHaHTHoe AH$$epeH~Hpo8aHHe co C8R3HOCTb~ 

Ia~ I=~ hllu (a{Jhua +aa huf3-auhaf3) 191 

o6o3Ha4aeM g) a • npHMeHRR K 161 onepa~H~ Cf;f3yJ, MO>KHO nony4HTb 
A8a TOJKAeCT8a: 

hua CfJfJ( yJ ;puf3) + ¢ua ']{3 ( /j huf3) = JJ h uf3 ¢auf3 ' 1101 

h u a '£ f3 ( yJ h u {3) + ¢ u a '£ f3 ( yJ ~ u f3 ) = ~ IJ ¢ u f3 ¢ (a u f3 ) ' 1111 

rAe ¢a{3y= 'JJY¢af3" CKo6KH 80Kpyr Tpex HHAeKC08 n~6oro TeH30pa 
T f3 oaHa4a~T 

a y 
1 

T( f3 ) = - ( T f3 + T a + Tf3 ) • I 1 21 a y 3 a y yafJ ya 

B 4acTHOCTH, 

1 
¢(af3y) =-a(aa¢f3y+af3¢ya +ay¢af3). 1131 

HapRAY co C8R3HOCTb~ KpHCT0<!>4>enR 191 napa none~ gaB H g Ba 
3aAaeT napy C8R3HOCTe~ r~ f3 H rllf3 a• C8R3HOCTb r ~ f3 onpeAenRef-CR 
4epea none ga f3 KaK peweHHe ypa8HeHHR 

a g f3- g f3r u - g r uf3 = o , I 1 4 I y a u ay au y 

npeAnO>KeHHOrO 3~HWTe~HOM/l/ 8 nOHCKaX eAHHO~ TeopHH rpa8HTa~HH 
H 3neKTPoMarHeTH3Ma. TaKHM >Ke o6paaoM onpeAenReTCR C8R3HOCTb 

r /3a 4epe3 none gf3a· 

2 

) 

) 

06o3Ha4aeM 
0

1l 1 ll ll ll 
0

/L till IL 1 IL IL 
raf3=T(raf3+rf3a), Paf3=raf3- af3 • saf3=2(raf3-rf3a) 1151 

cpeAH~~ C8R3HoCTb, npH6a804Hbl~ TeH3op H TeHaop KPY4eHHR. Ypa8-
HeHHe 1141 3K8H8aneHTHO nape ypa8HeHH~ 

u C1 3 
s = ¢ p -¢ p + ¢ -- ¢( • 

af3y f3 yau a {3yu af3y 2 a{3y) 

P ¢uS ¢uS 
af3y = fJ yau- a f3yu· 

Ha ypa8HeHHR 1141 cneAYeT, 4TO 
0 0 

ra =r~ll=aalnV-i, Pa =Ptp.=aaln/J: P(af3y) =0, 

2S(af3y) + ¢(af3y) = 0, 

hp.a sa= ;___ ay <'¢1LY M). 
-g 

s = g hll- 11 g 1 a c¢f3r y::g) 
a a IL f3 v ,;-::g y ' 

1161 

1171 

1181 

1191 

1201 

1211 

rAe Sa= S~ll - K08eKTOp Kpy4eHHR. 
R TPn~~IA ~na.vTnnu~r~IATunrn M::::.vr-oc.nn::::. c.rn•A ucT "'l.nc.vTniA-

4eCKHX TOK08, C4HTaeTCR, 4TO 

¢(af3y) = 0, all (¢ap. y-h ) = o. 122/ 

BTopoe H3 3THX ypa8HeHH~ 8 TeopHH 6opHa-HH$enbAa aaMeHReTCR 
ypa8HeHHeM 

aiL c¢ap. v-::r:) = o. 1231 

CornacHo 1201 H 1211 ypa8HeHHe 1231 3K8H8aneHTHo ypa8HeHH~ 

sa= 0, 1241 
npHHHMaeMOMY 8 eAHHOH TeopHH nonfl 3~HWTeHHa. nepeoe H3 ypa8He
HH~ MaKc8enna 1221 6opH H HH$enbA He MeHR~T. CornacHo 1191 oHo 
3K8H8aneHTHO ypa8HeHH~ 

s(af3y) = 0, 
1251 

KOTOpOe HaAO 88eCTH 8 TeopH~ 3HHWTe~Ha, 4T06bl TeOpHR 6opHa-HH
$enbAa 8Kn~4Hnacb 8 Hee KaK 4aCTb. 

3 



Tenepb aaMeTHM, 4To 
1 · -ap. - 1 - ap. ---==.a"'<rt> .,;-g) = - o"'<rt> .,;n. 

y-g yJ /26/ 

no3TOMy B TeOpHH 6opHa-HH~enbAa, rAe 

/27/ 

H3 TO>t<AeCTB /10/ H /11/ BbiTeKaiOT ABa cneACTBHR: 

Dll(ha"'vJ) =0, 'h 13
Y¢af:Jy =0, /28/ 

TaK 4TO ypaeHeHHR /27/ MOmHO npHBeCTH K 3KBHBaneHTHOMy BHAY: 

r/>(af:Jy). = 0 , h f:Jy¢ af:Jy = 0. /29/ 

B TeopHH 6opHa-HH~enbAa TeHaop 3HeprHH-HMnynbca 3neKTPOMarHHT
Horo nonR paeeH 

/30/ 

B cHny nepeoro H3 cneACTBHH /28/ AHBepreH~HR 3Toro TeHaopa pasHa 
HyniO. 
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