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H3BeCTHO, 4TO onepa4~R OTpameH~R BPeM7H~ rMeeT 60nbwoe 3Ha

4eH~e B eBKn~AOBOH KBaHTOBOH TeOp~~ nonR l-a , B HaCTOR~eM CO

06~e~~~ M~ 06pa~aeMCR K OTpameH~RM npOCTpaHCTBa ~ YCTaHaBn~Ba


eM CBR3b MemAY.CBoHCTsaM~ C~MMeTpH~ rpaB~Ta4~OHHoro nonR np~
 

npOCTpaHCTBeHHblX OTpameH~~X ~ cy~ecTBoBaH~éM ABYX COCTORH~H
 
nonRp~3a4~~ 3neKTpOMarH~THoro nonR, HaxoAR~erOCR B paCCMaTp~


BaeMOM rpaBMTa4~OHHOM none. npeABap~TenbHO CAenaeM HeCKonbKO
 
Heo6xOA~M~X AnR AanbHeHwero 3aMe4aH~H o CSOHCTsax C~MMeTp~~
 

ypaBHeH~H rpaB~Ta4HOHHoro nonR ~ 3aKOHax coxpaHeH~R 3Hepr~H
 

~ ~Mnynbca 3neKTpOMarH~THoro nonR B 06~eH Teop~~ OTHOC~Tenb-


HOCT~. 

nYCTb a = DiffM - rpynna A~<tl<tleOMop<tl~3MOB npOCTpaHCTseHHO
apeMeHHoro MHoro06pa3~R M H h ; lxfll => Iffl (x) 1 - 3neMeHT 3Th~ 
r pyrmu , rAe ffl(x) - rnaAK~e <tlYHK4~~, 3aAalOl!.\~e oroõpaseaae M 
Ha ~e5R. YpaBHeHHR rpaB~Ta4~OHHoro nonR a - ~HBap~aHTH~ ~, 

cnenoaarens ao , rpaBIt'tTa41-10HHble noreauaana g v (x) ~ gflV(X), KOH
rpY3HTH~e B CM~cne rpynn~ a, on~C~BaIOT OAH~ ~ TO me rpaB~Ta
4~OHHoe none. CBOHCTBa 3neKTpOMarHHTHoro nonR 3aB~CRT 

OT gJLV(X)' TaK, npH nepexoae OT g/lV (x) K APyrlo1M nOTeH4~anaM 
g (~ M~, Boo6~e rOBOps, nonY4~M ypaBHeHI-1R MaKC6enna, He 3KBH

IlvBaneHTHwe ypaBHeHI-1RM, COOTBeTCTBYIO~HM gflV(~' 3KBHBaneHTHOCTb
 
6YAer HMeTb MeCTO, ecna gflv (x) H g v (x) 6YAYT KOHrpY3HTHbl.,
 
B 3TOM cnyuae Ka>t<AOMY peWeHl-1iO FflV(X) ypaBHeHHH MaKcaenna ,. aa


...	 AaBaeMblx gllv (x), 6YAeT cooTBeTCTBoaaTb peuieuae ypaBHeH~~ MaKc
aenna , aanaaaeaux gflv (x), npl-14eM 

f3 
F (x) = F (f(x» ara(x) ar (x) /11
 

flV af3 v
 ax: 
ü 

ax
 

~3 /1/ cnenyer , 4TO ecnu Fllv(X) - Te':30pljjOe none , TO FflV(X) 
TaKme TeH30pHoe none . nOJlR (x) \i1 FIl V (x) 6YAYT onHCblBaTb OAFll v 
HO ~ TO me 3neKTPOMarHVlTHoe none, ecnH 

/2/g (x) ga/l( [(x)) arG!xl ~ gflv (x) •
 
flv
 aX.fl ax v 

r'PYI1flbl t l , YI\0tll1C rnnr"'110U\H O /2/ IrOBOpAT, 4TO npco6pIJ:)ODilW111 
'I .....•• ......Ul., .	 .~ -i --""''- --- .......nr
 

:aAaIOT H30MeTpH'lOC~HO 11"1' ' '"'".". I 

H~ C KBaApaT~4HoH <POPMOH ds 2 = gflv dxfl dx ". Bexropuoe none u ll (x), 
3aAalO~ee 6eCKOHe4HO Manoe H30MeTp~4eCKoe AB~meH~e, eCTb BeKTOp
Hoe none KHnn~Hra. Ecn~ ufl(x) - BeKTopHoe none K~nn~Hra MeTp~
4eCKoro nona gflV (x), TO HHTerpan no nOBepXHOCT~ P(u) = 

v 
=[u fl TflV da He 3aB~C~T OT ~, r ae TflV - TeH30p 3Hepr~~-~Mnynb

ca	 3neKTpOMarHMTHoro non~, HaXOAR~erOCR B rpaB~Ta4~OHHOM none 

g	 (x), nYCTb L = ufl ~, L b = -: L 1... = ufl
b -L - reHepaTopbl

flV	 a aKJ1 UI:I. axJla a a 
rpynn~ nyaHKape, a., b = 0, 1, 2, 3. TaK KaK BeKTopHble nonR 
u fl , ufl Bo06~e rOBopR, He RBnRIOTCR BeKTopHblMH nonRMH K~nn~H

a a b, 2 fl v ra	 MeTpHKIo1 ds = gflV(X) dx dx, TO 3Hepr~R-~Mnynbc Pa = 

=	 J u fl T da 
V H MOMeHT KOnH4eCTBa AB~)I(eH~R Ma b = { uI:b T IIV da a 

~ a flV 'I r 

He coxpaHRIOTCR. ,HMeR nepeA C060H CBR3b MemAY 3aKOHaM~ coxpa
HeHHR H CBOHCTBaM~ CHMMeTpHIo1 rpaB~Ta4~OHHblX noneH no OTHoweH~1O 

K HenpepblBH~M CHMMeTp~RM, eCTeCTBeHHO nOCTaB~Tb Bonpoc O 3Ha
4eHHH AHCKpeTHblX onepa4HH B Teop~~ 3neKTpOMarH~THoro nonR, Ha
XOAR~erOCR BO BHeWHeM rpaBHTa4~OHHOM none. nYCTb 3neKTpOMarH~T

Hoe none HaXOAHTCR B KaKOM-nVl60 rpaBHTa4HOHHOM none. CpeAH 
rpaBHTa4HOHHblX nOTeH4HanOB, COOTBeTCTBYIO~HX 3TOMY non~, HaH
AYTCR TaKHe, AnR KOTOpblX goo = 1, goi = 0, ds 2 :::: (dxO)2 + 
+	 g'k (x 0, xl, x ~ x 3) dxi dx k, i, k = 1, 2, 3. 3anHweM ypaBHeHHR

1	 •
MaKCBenna, nPHYP04eHH~7 , 3THM nOTeH4HanaM, B TpeXMepHOH BeK-
TOpHOH $OpMe. Cor naCHO 4. ~MeeM 

1 a ~ ~ .... 
-- -- (y'y H) + rotE = O, div H = o-	 at
cy'y 

/3/ 

- _1_ ._a_ (y'r Ê) + rot li = o, div Ê = o, 
atcyy 

r ne y - cnpenerurrens rpexaepaoro MeTpH4ecKoro nona Yik = -gik' 
i, k = 1, 2, 3. nOCTaSHM Bonpoc o perynRpHoM onpeAeneHHH ABYX 
He3aBHCHM~X nonRpH3a4HH 3neKTpOMarHHTHoro nonR. CHa4ana pac
CMOTpHM cnY4aH, KorAa rpaB~Ta4~OHHoro nonR HeT H ypaBHeHHR 
MaKCBenna Ilyauxape HHBapHaHTHbI. EcnH pa, M a b - oneparopu 
4-HMnynbca H 4-MOMeHTa KonH4eCTBa ABH)I(eHHR, TO BpeMe7HtR KOM
nOHeHTa nceBAOBeKTopa naynH - nlO6aHbCKoro - 6aprMaHa 5 W, = 

1 ' b ed a 
= "2(abcd P M paaua , W = C nOMO~blOo L1L23 + L 2L31 + L aL12 , 

$OpMyn~ 

~.	 a a 
õ F = u a F + Fov a u + F a u 

flV a flV fl flO v 
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B~pama~~e~	 ~aMeHeH~e 6~BeKTOpa np~ 6eCKOHe4HO ManOM npe06paao
BaH~~ rpynn~ a, MomHO B~4~cn~Tb peaynbTaT np~MeHeH~B onepaTO
pa cv K F . 3an~cblBaR ero B TpexMepHó~ <popMe, ~MeeM 

o I1V 

cv E=rotÊ, cv H=rotH. /4/o o
 

BoaBpa~aRcb Tenepb K Hawe~ aaAa4e ~ Y4~T~BaR /3/, /4/,
 
a TaKme TOT CM~cn, KOTOP~~ np~AaeTCR onepaTOpy CV B Teop~~ 6ea
o 
Mac~oBblX noneã ~, B 4aCTHOCT~, B npo õnexe nOKan~aa~~~ <POTO
HOB 6/, MomHO AaTb cneAy~~ee 06~ee onpeAeneH~e. Ecn~ BeKTOp~ 1.
 
3neKTp~4eCKO~ ~ MarH~THO~ HanpRmeHHOCT~ YAOBneTBopR~T ypaBHe
 'I' 
H~~ 

-+ ~ 

rot 'I' = fL 'I' t	 /5/ 

TO COCTORH~R C 11 > O eCTeCTBeHHO HaaBaTb' npeeononapaaoaanau-us , 
a COCTORH~R c 11 < O - neBononBp~aOBaHH~M~. OTMeT~M HeKOTop~e 

CBO~CTBa oneparopa rot ~ ero c06CTBeHHblX BeKTopOB. Ilpermoria
-+ -+ ..... 3	 -+ -+ ik 

r as , 4TO ~HTerpan J'I'. <I>W d XCXOA~TCB, rAe '1'. <I> = t/J, CPkY1 
onpenerue« cxanapuoe npoaaaeneuae <WI <$>, OTHOC~Tenb~O «oroporo 
onepaTOp rot caMoconpRmeH/7/. CneAOBaTenbHO, ero c06CTBeHH~e 
BeKTOp~ 06paaY~T nonHy~ C~CTeMY, no KOTOPO~ MomeT 6~Tb paano
meH BeKTOp tI', YAOBneTBopB~~~~ ycnoaao KOHe4HoCT~ <W I\fi> ~ ypaa
HeH~~ ilivW = O, TaK KaK BCRK~~ c06CTBeHH~~ BeKTOp rot YAOBneT
BopReT 3TOMY ypaBHeH~~. np~ paCCMOTpeH~~ ypaBHeH~B /5/ BpeMB 
t MomHO paCCMaTp~BaTb KaK napaMeTp, a Yik - KaK MeTp~4eCK~~ 

TeHSOp OAHonapaMeTp~4eCKoro ceMe~CTBa p~MaHOB~X npOCTpaHCTB 
V 3(t). B 06~eM cnyuae fL aa'B~c~T OT t , BamHO r axxe nOA4epKHYTb, 
4TO onepaTOp rot He4eTH~~, ~ ero c06cT,eHH~e aHa4eH~B CYTb 
cKanRP~ He4eTHoro pOAa /nceBAoCKanBp~/ 8/. 

Ilpennonoxaa r eneps , 4TO ace V3(t) op~eHT~pyeMble, TO ecr s 
4TO ace C~CTeMbl, KOOPA~HaT B KamAoM V3 (t) pacnanaorca Ha ABa 
Knacca/9/. K OAHOMY ~a KnaCCOB OTHOCBTCB Te C~CTeM~ KOOPA~HaT, 
B KOTOpblX opneurauaa /TO ec r s nceanocxanap E, TaKO~, 4TO E 2 
= l} paBHBeTCR eA~H~~e; OH~ Haa~Ba~TCB npaB~M~. K APyroM~ 
knaccy OTHOCRTCR nesue C~CTeMbl KOOPA~HaT, B KOTOpblX E = -1. 
Ecn~ 06e C~CTeM~ KOOPA~HaT npaB~e /neB~e/, TO BK06~aH J = 

3)D(x 1 , x 2, x

B nepece4eH~~ ~X 06naCTe~ onpeAeneH~B 60nbwe
 

-1 - 2 -3
D(x , x , x	 ) 

HynR. ~K06~aH MeHbwe HynR B TOM cnY4ae, KorAa OAHa C~CTeMa KO -I' 
OPA~H~T npaBaR /neBaR/, a APyraB - neBaB /npaBaB/. Ecn~ WfL 

,~
c06CTBeHH~~ BeKToprot c c06CTBeHH~M aHa4eH~eM fL, TO ero KOOP
A~HaT~ B HeKoTopo~ npaBo~ C~cTeMe KoopA~HaT BBnR~TCR peweH~BM~ 

C~CTeM~ A~<p<pepeH~~anbH~x ypaBHeH~~ 

.4 

a t/J, (x) at/J (x) ,1_ e.. (x) (_D_ _ fi ) yfiJ (x) y nk (x) = 
2 1Jk fi a nax x 

r ne e123 = y'i. KOOPA,~HaTbl ~i (i) Toro me 
C~CTeMe KOOPA~HaT 'Xl 
HblX ypaBHeH~~ 

1 - a"2 e ij k (Xl (	 o/n(X) 
ai fi 

r ne = \J\,e123 e123 

CpaBH~BaB /6/ ~ /7/, 

e"'k (X)yfij(X) ynk (x) = 
1J 

<PYHK~~~ ~. (x) 6YAYT 
u 1 

HeH~~ 

_1. e., (x) ( at/Jn(x) 
2 1Jk -~fi 

ax 

~ .cnenoaarens ao , 
cnyuae cyaec r eyer 

BBnB~TCB peweH~BM~ 

/6/fL t/J. (x) , 
1 

caxoro eekropa B neaoü 
C~CTeMbl A~<p<pepeH~~anb

a~fi(i) ) -yfi j (x) ynk (x) = - fL ~ i (X), /7/ 
ai n
 

ykD ai i ai j
 

yij (x) 
k n 

ax ax 

aaMe4aeM, 4TO np~ ycnoB~~ 

,e"k (x) yfi j (x)ynk (x) /8/
1J 
peweH~RM~ C~CTeMbl A~<p<pepeH~~anbHblx ypaB

-
at/Jfi(x) ) yfij(x)ynk(x) = -fLt/Ji (x)
 

n
 
ax . 

HapRAY c c06CTBeHHblM BeKTopOM 'P/J. ' B TéiKOM 
c06cTBeHHbl~. aexrop WfL c C06CTB~HHbIM aHa4e

H~eM -fL . HeTpYAHo y6eA~TbcB, 4TO ecn~ 

yij (x) = yij (x), /9/ 

TO /8/ 6YAeT cneACTB~eM /9/., B 3TOM cnY4ae T04e4Hoe npe06paao. . 1-1 
BaH~e lx1 I => tcp1 (x) }, r Ae cp (x) = x , 6YAeT ~aOMeTp~4eCK~M or 
pameH~eM npOCTpaHCTBa Ha ce6B. TaK~M 06paaoM, ecn~ rpaB~Ta~~OH

Hoe none AonYCKaeT HaOMeTp~4eCK~e OTpameH~B, TO 06ecne4eHO cy
~eCTBOBaH~e ABYX HeaaB~C~MbIX nonBP~aa4~~ y 3neKTpOMarH~THoro 

nonB, HaxOAB~erOCR B TaKOM rpaB~Ta~~OHHOM none. B CBRa~ c 3T~M 

3Kcnep~MeHTanbHoe ~aY4eH~e nonRp~aa~~OHH~X CBO~CTB 3neKTpOMar
H~THoro ~anY4eH~R, oc06eHHO np~XOAB~ero ~a KOCMoca, B~A~MO, 

npeACTaBnBeT ~HTepec. 

npOBeAeHHoe paCCMOTpe~~e noaBonReT B~CKaaaTb TaKme cneAY~
~ee cymAeHHe 06 3HeprH~ rpaB~Ta4HoHHoro nonB. M~ aHaeM, 4TO 
3neKTpOMarHHTHoe none nepeA~eT BaaHMOAe~cTBHe MemAY HOCHrenR
MH 3neKTp~4eCKoro aapBAa. npH 3TOM caMO 3neKTpOMarH~THoe none 
aapBAa He ~MeeT. C APyro~ CTOpOH~, rpaBHTa~~oHHoe none nepe
AaeT Baa~MoAe~cTBHe MemAY Hoc~T~nBM~ 3HeprH~-HMnynbca. Cnpa
wHBaeTcB, ~MeeT n~ caMO rpaBHTa4HOHHoe none 3HeprH~ ~ HMnynbC?' 

.5 



Ha HaW B3rn~A, B nOnb3Y OTpH~aTenbHOrO OTBeTa Ha nOCTaBneHH~~
 
Bonpoc CBHAeTenbcTByeT TOT ~aKT, 4TO H3 rpaBHTa~HOHH~X nOTeH

~HanOB g~v(x) Henb3~ nOCTpOHTb nOKanbHO~ BenH4HH~, HHBapHaHT

HOH OTHOcHTenbHO npeo6pa30BaHHH rpynnbl G. ~MeR TaKoe CBO~CTBO,
 
rpaBHTa~HOHHoe none MOrnO 6~ npORBnRTb ce6R KaK ~H3H4ecKaR li
 
peanbHocTb 4epe3 BnHRH~e Ha BHYTpeHHHe xapaKTe~clHKH 3neMeH

TapH~x 4acTH~. He HCKnID4eHo, KOHe4HO, H APyroe 10 . rpaBHTa

~HOHHoe none, BHAHMO, MO~HO HaAenHTb 3HeprHe~ nYTeM cnOHTaH Ih
 

Horo .HapyweH~R np~cy~e~ eMY C~MMeTp~H, Bblpa~aeMO~ rpynno~
 

G = DiffM. B nID60M cnY4ae Bonpoc ynHpaeTCR B 8~RCHeH~e ~H3H

4eCKoro cM~cna rpynnw G. 
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ne~enbxonb~ ID., TIecToB A. P2-87-Sü3 
Fp aaa-rauaa H nonxpas auaoaasre CBOHCTBa 
3neKTpOMarHHTHoro nonH 

\ lloKasaHo, qTO ecnH 3neKTpOMarHUTHoe none HaxoAuTCH 
B 3aAaHHOM rpaBHTaU;HOHHOM none, TO H3 HHBapHaHTHOCTU rpa
BHTaD;HoHHWX nOTeHD;HanOB npH npOCTpaHCTBeHHWX OTpa~eHHHX 

CJ1eAYEJT cym;ecTBoBaHHe ABYX He3aBHCHMWX nonHpH3aU;HH 3neKT
poxar-aa'rnoro rrorra , BbICKasaHO oõme e aaxeuaaae 06 3HeprHH 
rpaBHTa~HOHHoro nonH. 

PaõoTa BwnonHeHa B na50paTopuH TeOpeTBqeCKOH ~U3HKH 

OI15IH. 
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IIepeBOA aBTopOB 

Loffelholz J., Pestov A. P2-87-S03 
Gravitation and Polarization Properties 
of Electromagnetic Field 

It is shown that when an electtomagnetic field is in 
a given gravitational field, the invariance of gravitati 
onal potentials under spatial reflections leads to elect
romagnetic field having two independent polarizations. 
A general comment is given on the energy of the gravitati 
onal field. 

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