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1. IlOC1/IQH06KQ 3QOQ'lU 

B e.noHoo Teopoo non.H 38HwTeBHa a<WJoHHa.H CBJI3HOCTb 

r:/3 3a,IJ;aeTCJI 'lepe3 HeCHMMeTpH'IHbiB TeH30p ga{i Hero 

qac'rHLie npoo 3BO.IJ;Hble no I<oop.noHa TaM x r cne.nyiOU(eo 

CHCTeMoB ypaBHeHHB /I/ : 

g I , a + I , a = a g a/3 
uf3 ay gaa y{-3 JxY /1/ 

;z, 
B HOBbiX pa6oTax ' , no e.noHoB TeopHH nonJI TaK)f(e npHHH-

MaiOTCJI ypaBHeHHJI /1/. C a¢cjJHHHOB CBJI3HOCTbiO H .n.pyru­

MH reoMeTpH'IeCI<HMH llOH.HTHJIMH, I<OTOpbie 3.IJ.eCb BCTpe-
':l 

T.HTCJI, peKOMeH.IJ;yeM ll03HaKOMHTbCJI DO KHHre ' 

Bo BTopou H3 pa6oT 
1 

.. .noKaJaHo, 'ITO 

I' u + r a = _L _i!_E_ , /2/ 
ay ya g JxY 

r.ne g - onpe.nenoTenb MaTpHUbi (g(43 ). Cne.nooaTeJILHo, 

Cpe,IJ;HJIJI CBJ13HOCTb 

I' Jl = L (I' Jl + I' 11 ) 
a{3 2 a{-3 a{3 /3/ 

3KBHa4J4JHHHa. )l,n.H BbiBO,IJ;a 4JopMyJILI /2/ 3BHUITeBH BBO.IJ.HT 

TeH30p g a(3, B3aHMHhiB TeH30py ga{-3 , TaK 'ITO 

g g a {3 = 6 {1 = g. g f3a' /4/ 
aa u aa 

{-J 
r.n.e Oa - CHMBOJI KpoHeKepa. 3BHUITeBH He CTaBHT 3Hai<a 

'~"Ha.IJ. B3aHMHhiM TeH30pOM. TeM He MeHee Mbl CTaBHM 

3TOT 3HaK, 'IT06LI He BCTynHTb B npOTHBOpe'IHe C HaUIHMH 

,IJ;pyrHMH 0603Ha'leHH.HMH. QqeBH.IJ;HO, g a{3 paBHJieTCJI no-
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)],eJieHHOMy Ha g anre6paHY:eCKOMY )].OllOJIHeHHIO 3JleMeHTa 

g a8 B MaTpHI(e (g a{3) PaBeHCTBa /4/ B/>IPa)f(aJO: H3BeCTHOe 
np~BHno KpaMepa .LJ.JIR peweHHR cHcTeMhl JIHHeHHhlX ypaa­

HeHHil:. YMHO)f(HM Terre ph /1/ Ha g a{-3 H caepHeM npoH3Be­

.LJ.eHHe no HH.LJ.eKcaM a H {3. B pe3yJihTaTe nony'-IHM 

g,af3 ~=o ar a + 8 !3r a= f' a + [' a 
ax y a ay a y{-3 ay ya /5/ 

ITo H3BecTHOMY npaBHJiy .LJ.Hti><PepeHI(HpoaaHHH onpe.LJ.enHTenH 

H3 /5/ nonyY:aeM /2/. Mhi ocTaHOBHnHch Ha BhlBO.LJ.e paaeH­

CTBa /2/ llOTOMy, '-ITO HaM llOTpe6yeTCR KaK CaMO paBeH­
CTBO /2/, TaK H TeH30p g af3. 

4T06hi nonyl.fHTh /2/, Tpe6yeTCR TOnhKO O)].HO ycnOBHe: 
g =I 0. 0)].HaKO )],nR Cyl.l(eCTBOBaHHR peweHHH CHCTeMhl /1/ 

HY)f(HO ITO KpaifHeH Mepe el.l(e O)].HO ycnOBHe, a HMeHHO, 

h =I 0, r.LJ.e h- onpe.LJ.enHTenh MaTpHI(hi 

h R.=~(g r~+gf3 ). 
at-' 2 at-> · a /6/ 

IJ • 
3TO YTBep)f(.LJ.eHHe )].OKa3aHO B TpeTheH H3 pa6oT" . llpH-

HHMaR o6a ycnOBHR g J. 0 , h ~ 0, Mhl HaH)].eM 3)].eCh KOBeK­

TOp Kpyl.feHHR, T.e. cne)].yiOI.l(YIO CBepTKy: 

S =S 11 
a a11 /7/ 

TeH30pa Kpy'-leHHH 

11 1 11 11 s f3 = -- < r f3 - r 13 ) . a 2 a a 
/8/ 

2. Ilpeo6pa3oeaHue cucmeMbl ypaeHeHuii /1/ 

PaccMoTpHM pHMaH~Bo npocTp~HCTBO N H3MepeHHH c 
MeTpHl.feCKOH $opMOH d s 2= h R.dxadx P( ~ g dx 0 dx {3 ) . 

at-' aB 

KaK o6hi1.fHo a pHMaHoaoH: reoMeTpHH, c noMOI.l(hiO TeH3opa 

haB H B3aHMHoro eMy TeH3opa h a{3 6y)].eM onycKaTh H 
nonHHMaTh HH.LJ.eKcw. HanpHMep, 
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sa.,haaS , 
a 

S =h Sa 
a aa ' 

h ¢ af3 = ¢ {3 = ¢ h af3, 
aa a aa 

a 
T R = T Rh , 

at-'y at-' ay 
11 

TR=TR at-' at-'a 
h GfL /9/ 

PaccMaTpHaaeMoe npocTpaHCTBO cHa6.LJ.HM CBR3HOCThiO KpH­

cTo$1lenH, paBHOH 

l 11 I= ..l hl1a ( ~haa + !_~ - !_~- ). 
a{3 2 axf3 axa axa 

/10/ 

KoaapHaHTHoe .LJ.Hti><PepeHI(HpoaaHHe c TaKoii CBR3HOCThiO 

6y.LJ.eM o6o3Hal.faTh 6yKBOH D. HanpHMep, 

acpaP. a a 
D ¢ =-~-1 l¢ -1 l¢ 

}' a{3 a X y Y a a {3 Y {3 a a 
/11/ 

AHTHCHMMeTpH'-IHYIO l.faCTh TeH30pa g a{3 0603Hal.fHM cp a{3: 

¢af3= }<ga{3-g{3a). /12/ 

ECJIH cp =0, TO CBH:3HOCTh /10/ H:BnReTCR peweHHeM CH­

CTeMhl )/i,aaHeHHH /1/. llo3TOMY B o61.l(eM cnyqae ecTecT­

aeHHO HCKaTh peweHHe CHCTeMhl /1/ B BH)].e CYMMhl 

r 11 =I 11 l+T 11 , 
af3 a {3 a{J 

/13/ 

B KOTopou nepaoe cnaraeMoe sanseTCR 3a.LJ.aHHOH cas3-

HOCThiO /10/, a BTOpoe - HCKOMhlM TeH30pOM. llO)].CTaBnRR 

/13/ a /1/, nonyqaeM ypaaHeHHe .LJ.nH: TeH3opa T: 

T +T +cp 0 T -cbaT +¢ =0, 
{3ya ya{3 {3 yaa · a {3ya a{Jy 

/14/ 

r.LJ.e ¢af3y = Dy¢ af3 ecTh KoaapHaHTHaR npoH3BO.LJ.HaH /11/. 
Ha.LJ. BCeMH cnaraeMhlMH, BXO)].RI.l(HMH B paBeHCTB0/14/, Bhi­

nonHHM onepal(HIO, npeapal.l(aiOI.l(YIO TeH30P BH.LJ.a T af3 a 

TeH3op T _.R. , paBHhlH Y 
\Uf-'y) 

T( f3 )=~(T R +T R+TR ). /15/ 
a y 3 at-'y yat-' t-'Ya 
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a a 
TaKaJI onepauHJI Ha.n TeHJopoM ¢ {3Tyaa - ¢aT (3ya .naeT 

Hynh. llo3ToMy H3 1151 nonyqaeM cne.ncTBHe 

2T(afjy) -1 ¢(a{3y)=0' 1161 

TaK 'ITO 

3 
T +T J --T r~ --¢ {-jyu ya{J - at->y 2 (afjy) 

flO.IJ;CTaBnJIJI 3TO B 1141, npHXO.IJ;HM K CHCTeMe ypaBHeHHH 

T = q/'T -¢aT + ¢ - J.. ¢ I 1 7 I 
a{~y {3 (tW a {3ya a{3y 2 ( a{3y ) 

PaJo6beM Tenepb TeH30p T a{iy Ha 'laCTH 

p =l(T +T ) H s = .l.(T -T ). 1181 
a~iy 2 a{iy {:Jay a{:Jy 2 afiy {Jay 

B peJynLTaTe HJ I 17 I nony'IHM CHCTeMy ypaBHeHHH 

a a 
P =¢S -¢S 

a{3y {1 yaa a {3ya ' 1191 

ap ¢aP +¢ _l_¢ 
S a{iy = ¢ {3 yaa - a {3ya af:Jr 2 (a{3y) 1201 

3KBHBaneHTHYIO cHcTeMe ypaBHeHHH /1/ . Cpa3y )l(e JaMe­

THM, 'ITO TeH30p S a{Ja h 0
f1 = S J/3 eCTh TeH30p Kpy'leHHJI 

181' llOCKOflhKY I ·IL(~ - r~/ ~' 1 ~~ - T J f1 . liTO KacaeTCJI TeH-
fltJ fJa at-> fw 

f1 Ufl 
30pa p r~ = p p h .TO OH paBHHeTCJI pa3HOCTH at-> apa · 

f1 0 f1 f1 
Paf:J~raf3-!a{3l 1211 

Cpe.IJ;HeH CBJ13HOCTH 131 H CBJ13HOCTH 1101. l1J 1161, paBHO 

KaK H3 1191 H 1201, cne.nyeT, 'ITO 

p(a{3y( 0, /22/ 

2S (a{3y)+ ¢ (a{3yl 0. /23/ 
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"" 

.. 

B cHny paBeHCTBa 122/ ypaBHeHHJI reo.neJH'IeCKHX 

dxfL dpfL fL {3 0 __ = p 11 , -- -+ r_R pap = 
dr d1· l.l.fJ 

HMeiOT nepBbiH HHTerpan 

() afjh a{3 p, p =gaf3 p p = a{3 p p ' 

paBHbiH KBa.IJ;pa TY MaCChi qacTHUbl. 

{3 s y 3. fl>opMyAa OA.R ceepmKu cf>y a{-3 

113 1211, 131 H 121 cne.IJ;yeT paBeHCTBO 

pfL = 1 _q_g_ _ I 11 l, 
a11 2g ()x a a fl 

a H3 1101 - paBeHCTBO 

1 11 1 ~ _1 ah 
Uf1 2 h ax a 

3Ha4HT, 

pfL ~ _L.h_ jj_ (~). 
a /1 2 g ax a h 

TaK KaK 

1241 

1251 

tJ (1 

g afi ~ h au ( (j (1 -d) {i ) , 1261 

h 
a u 

TO g = j, r .ne j - onpe.nenHTenh Ma TPHUhi ( o13 - ¢ ) 
. # 

J = det < o fla ~ cb r/ ). 121 I 

liJ 1251 HaXO.IJ;HM 

P f1 = h {:ly P = _i_ fn v' Iii- 1281 
afl a{:Jy i)x a 

C .IJ;pyroH CTOpOHhl, H3 paBeHCTBa 1191 HaXO.IJ;HM 

{3y {-3 y 
h P .. R =d) s f3 

l.l.fJY y a 
1291 

Cne.noBa TenLHo, 

f3 Y a .-
¢ s ~-fnv!JI· 

y af3 ax a 
1301 
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4. CucmeMa ypaeHeHuii OAJI meH3opa Kpy'leHUJI 

IlO)J.CTaBHM Tenepb /19/ B /20/ H llOJIY'IHM cne)J.yiOII.{YIO 
CHCTeMy ypaBHeHHH )J.JIJI TeH30pa KpyqeHHJI: 

S -cpP.¢aS +¢11¢aS 
a{3y - a y p.(3a (3 y a11a 

p. II 3 
- (¢ ¢ ( s + s ) + ¢ - - ¢ . 
- a 7J 11yp. y p.11 a(3y 2 (a{3y) 

1311 

Cornacuo 1231 
S + S = -S 11yp. yp.11 p.11y 

3 
2 ¢(p.11y) 

IlO)J.CTaBJIB:B: 3TO B /31/, nonyqaeM 

11 "a 11a 
S +rl.. p. ¢ S + rl.. r rp S {3 +¢ ¢ S -'P 1331 a{3y '+'a (3 p.11y '+'a y P. a (3 y a11a - a{3y' 

r.D.e 

lp -¢ _.2...¢ _.l.cp p. ¢II cp 
a{3y - a{3y 2 (a(3y) 2 a (3 (p.vy) 1341 

BMeCTO TOro, 'IT06bl pewaTb CHCTeMy ypaBHeHHH 111 
c N 3 

HeHJBeCTHblMH rt(3 , MO)f(HO pewaTb CHCTeMy ypaa-

2 
HeHHH 1331 C li.__lli_=.!.l_ HeH3BeCTHblMH S a(3 . ,l].eHCTBH-

2 y 

TeJibHO, ecnH H3BeCTeH TeH30p S, TO H3 1191 HaXO)J.HM 
TeH30p P, a BMeCTe C TeM H CBB:3HOCTb 

p. 1 11 ! p. p. 
1 (3 = + p (3 +S (3 ' a a(3 a a 135/ 

YJJ.OBneTBOpJiroll.{yro cucTeMe ypaaueuuB: I 11. 
,D,nH JJ.anbueiiwero HaM YJJ.o6uo JanucaTb cucTeMy ypaa­

ueuuB: /331, llO)J.HJIB HH)J.eKC y : 

S y(3 + ¢P. ¢ 11 S y - ¢ P. ¢ y S af3 -¢ 11 ¢ y S a = 'P (3y . /36/ 
a a (3 1111 a a p. (3 a av a 
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5. Crzpaelw o6 a(xjjuHopax 

liyJJ.eM o6oJHa'iaTb cp-a<W>uuop, T.e. cMewaHHblH JJ.Byx­
aaneHTHbiH TeH30p C KOMllOHeHTaMH cp (3. CHMBOJI cp" 0603-
uaqaeT cTeneub n a<W>uuopa ¢. EJJ.HHH&HblH acMJuuop IKoM­
noueHTbi KOToporo npeJJ.CTaBJIJIIOTCJI CHMBonoM KpoHeKe­
pa 8 afJ I, KaK H qucno 1, 6y)J.eM o6oJHa'iaTb CHMaonoM 1 . 
TaK, <p 0 "" 1. Ecnu F - qucno , TO cKanJipHblH atl>clJuuop F · 1 
lou HMeeT KOMUOHeHTbl F a}3 I 6y)J.eM o6o3Ha'iaTb npoCTO F. 

PaccMoTpHM JJ.anbwe xapaKTepucTH'ieCKHii nonuuoM J( p) 
ati>clJuuopa.p, paBHbiH 

J(p),det(po (3_¢ f3). 
a a 

B qacTHOCTH, J(l),J, r)J,e J ecTbl27/. BBHJJ.yaHTHCHM­
MeTpHH TeHJopa <Pa{3 nonHHOM}(p) npu qeTHblX N""2K co­
JJ.ep)f(HT TOJibKO 'ieTHble CTeneHH apryMeHTa p, a npH He­
'leTHbiX N ""2K + 1 - TOJibKO ue'ieTHble. TaKHM o6pa3oM, 
ecnu N ,2K, TO J(p),!l(p2 ),a ecJIH N=2K+l, TO j(p)=pH(p2 ), 

r.11.e IT( p 2 ) a o6oux cnyqagx HMeeT BHJJ. 

II(p2) =<r2 -u. Hr2- u2 ) ... (p2 -uK ). 

Cor naCHO TeopeMe raMHJibTOHa- K3nH 141 acllclJuuop JIBJIB:eTCJI 
KopHeM csoero xapaKTepucTH'ieCKoro MHoroqneua, T.e. 
J(¢)=0. 

Ecnu ace qucna U1 , ••• , U K ue paBHbl 1 IT .e. ec-
nu J J 0 I, To cymecTayeT a4>c1Juuop ( 1-¢2)-~ IloJJ.C'IHTaeM 
ero cuaqana npu qeTHbiX N=2K. PaJHOCTb 11(1)- II(¢

2
)JJ.e­

nHTCH 6eJ ocTaTKa ua 1-¢2 ITeopeMa lieJy/. CneJJ.oaa­
TeJibHO, 

II (1 )- II ( ¢ 
2

) = Q ( ¢ 
2 

)( 1- ¢ 
2

), 

r)J.e Q(¢2 )- llOJIHHOM OT rj> 2 .TaK KaKII(¢
2

)=0 HII(l)=J , TO 
1 Q(¢2) 

1:'¢2 ""-J-

EcnH 

( 2 ) 2K 2K-2 TO II p =p +Cip + ... +CK, 

2 2K-2 2K-4 h 
Q(¢)=¢ +b1¢ + ... +'"K-l' r.D.e 
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b I = 1 + c I , b 2 = 1 +CI + c2 , ... , 

b =1+c + ... +C 
K-1 I K-1 

llpu uel.feTHbiX N =2K + 1 HMeeM 

1 !¢ 2 = -r- Q (¢ 2}. 

2 llOCKOnbKY no~ 3HaKOM cf> nOJIHHOM fi(cf> ) paBHJieTCJI Hymo. 
Tenepb uaxo..u.uM npu N =2K +1 

1 ,/.. 2 ,~..2 2 
-"2= 1 + ~-:r= 1 + ::t:...Q(¢ ). 
l-ei> 1-¢ J 

EcnH Bee "'HCJia U I, ... , U 2 no MO~ymo MeHbWe 1, TO 
actHilHHOp 0-¢2r 1 MO:>KHO pa3nO:>KHTb B PJI~ 

1 1 2 4 --2= t-¢ +¢ + .... 
1-¢ 

B ciiHJH"'ecKH Ba:>KHOM cnyqae N = 4 
KHH nonuuoM HMeeT BH~ 

n < P2 ) = ( P2 - u) < P2 - v ) , 
a cne~oBaTenbHO, 

_1_ = _l.=-~!._-t._~ . 
1- ci> 2 (1-u )(1-v) 

xapaKTepHCTH"'ec-

,nanee, B ciiHJH"'eCKH Ba:>KHOM CJiyqae TeH30p ha,B HMeeT 
curua TYPY I 1, -1, -1, -11. C noMOll.lbK> aHTHCHMMeTpH"'­
uoro no BCeM 3Ha"'KaM TeH3opa (a 1-Lv , npuqeM ( 012\i=l1=1, 

BBe~eM ~yanbHbiH K cp 1::,. TeH30p cf> *a{3 = l_ f af3!-Lv cf> • 0603-
Ha"'HM UtJ 2 /-LV 

F= -}(¢aa ¢{3{3 -¢/¢a{3)= 2l_q;af3q;a{3 

1 * af3,~,. G =- ¢ 'P a{3 4 
cf>o, ci>23 + ci>o2 ¢31 +¢b3ci>12 

~. 

v-h 
Acllclluuop ¢ H acllclluuop ¢* CBJIJaHbl ~pyr c ~pyroM ~BYMJI 
paBeHeTBaMH 

¢¢* = -G ' ¢2 + F = ¢ * 2 . 
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J 

YMHO:>KaJI BTOpoe H3 3THX paBeHeTB Ha cf> H nOJib3YJICb 
nepBbiM, nonyqaeM 

¢3 + F ¢ = - G ¢ * . 
YMHo:>KaJI nonyqeuuoe paBeHeTBO 
TepHCTH"'eCKOMy ypaBHeHHK> 

Ha cf>, npHXO~HM K xapaK-

q;4 + f¢2=G2. 

TaKHM o6paJoM, 
U+V=-f, 

Cne~oBaTenbuo, 

u v ~- G2 

J = 1 + F- G2 

2 
1 l+F +¢ 

--= -2 
1-¢ 2 1 + F - G 

1 + ¢ *2 
2 

1+ F -G 

2 
lloene~HK>IO cllopMyJiy MO:>KHO nony"'HTb, nepeMHO:>KHB }- </> H 

2 1 +- ¢ * . HaKoHel\, HMeeM 

__:£_ = _j:_~_P._-!__1:_::__ = c/> -G ¢ * -. 
1-¢2 1 t-f-G2 1+F-G 2 

6. lPopMyAa OA.R KoeeKmopa KpytleHU.R 

YMHO:>KHM paBeHeTBO 1361 Ha (¢" ){3, r~e 0=0,1,2, ... , H y 
cBepueM npoHJBe~euue no uu~eKeaM {3 H Y· B peJynbTaTe 
nony"'HM 

(¢ n ) f3s Y = ( ¢ n) f3 'I' Y + ( ¢ n+2 ) f3 S Y 
y a{3 y af3 y af3 

1371 

PaecMOTpHM euaqana enyqaii, Kor~a Bee "'Rena U 1 , ... ,UK 
no Mo~yn10 MeHbWe 1. llpoeyMMHpyeM paBeHeTBO 137 I no 
n OT p ~0 O<J H nOJIY"'IJM 

( ¢ p) {3 s y = ( £ ) {3 '!' y . 1381 
y a{3 1-cf>'Z Y a{3 

TeHJop (¢")af3 eHMMeTpH"'eH npu l.feTHbiX n=2k H aHTH­
eHMMeTpuqeu npH Hel.feTHbiX n = 2k+l. ll03TOMY 
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(¢ 2k} f3IJI Y = (¢ 2klY ¢ + .l.p p. (¢ 2k+~f3J¢ , 1391 
Y af3 af3y 2 a (p.{3y) 

2k+I f3 Y 2k+l )f3y [ 3 _ ¢ ] . 
( ¢ ) y IJI af3 = ( ¢ 2 ¢(a{3y) af3y 1401 

Cne~oBaTenLHO, BMpa~eHHe 

T(k) =(¢ 2k)f31J1y _ ¢ P.(.p2k+I)f3IJI Y 
a y a{3 a y a{3 

1411 

paBHJieTCJI 

T (k) =(¢ 2k )f3y ¢ + ¢ P.(¢ 2k+I )f3y ¢ 1421 
a af3y a 11f3Y 

Ilpo~a4xtJepeHI~HpOBaB TO~~eCTBO 

( ¢ n+l ) : = { ¢ n) Y ¢ 11 , 
nony'IHM 11 a 

(¢ ")f3Y.p = D (¢n+l) y -¢110 (¢") y 
af3y y a a Y 11 

Ilo~cTaBHB :no BMpa~eHHe B I 421, nony'IHM 

T(k)=(1-¢2)11 D (¢2k+l) y +¢1b (¢2k+2_¢2k{ 1431 
a a y 11 a y 11 

Cne~oaa TenLHO, 
00 (k) .r/.. 2p+l 
IT =(1-¢2 /D (-'~-' )y -¢110 (¢

2
P/ 1441 

k=p a a y 1 - '¢2 11 a y 11 

Ho H3 4JopMynM 1381 nerKo BH,IJ;eTL, 'ITO 
{3 (~ y 00 (k) 

(¢2P) sY -¢11(.p 2P+ 1 )~--'S =IT , 1451 
Y a{3 a Y 11f3 k=p a 

(k) 
r,11;e Ta ecTL 1411, a cne,IJ;oBaTenLHO, H 1431. 3Ha'IHT, 
B 'laCTHOCTH, npH p=0 HMeeM 

S -¢ 11¢{3 S y =(1-¢ 2) 110 ( ¢ /. 
a a y 11f3 a y 1-¢ 11 

/461 

11:3 4JopMyn 1461 H 130/ HaXO,II;HM KOBeKTOp Kpy'leHHJI B BH,IJ;e 

(1 2>-P. .-s = -¢-Ia. D ( <j>vl_ll)Y. 147/ 
a viTI y 1- ¢2 11 

12 

B TaJ<oM BH,IJ;e 4JopMyna I 4 7 I oKaJLIBaeTcJI aepHoii, H B 
o6LQeM cnyqae 1 f,. 0. qTo6w AOKaJaTL :no, Ha~o ~nJI acWJa­
HopoB (1-¢2)-l H cp (1-cp2)-hOCllOllb30BaTbCJI BMpa~eHHJIMH, 
npaae~eHHLIMH B ~a3,11;ene /51. Ha ocHoBaHHH 137 I HMeeM 

s = [ _QiiLJ ] IJI f3y 
a J y a 

B cnyqae N =2K H 

Sa= [ 1 + f2 Q ( ¢ 2) ly IJI :{3 

B cnyqae N = 2K +1. Ha ocaoaaHHH TOii ~e 4JopMynLI 137 I B 
o6oax cnyqaJix HMeeM 

3 
c;b f3 s ~ = [ _2 Q ( ¢ 2)] {31)1 yf3 =[ ¢ +!.. Q( ¢ 2)] {31)1 ~~ 

y at-' J y a J y at-' 

)J,anbWe COCTaBnJieM KOM6HHaUHIO 1461, KOTOpaJI paBHa 
.!_ I T (K-l) b T (K-2) b T (O) l 

a +1 + ... +Kl J a - a 
B cnyqae N = 2 K H paaHa 

T (O) 1 l T(K) b T (K-1) b T(l) l 
+- + l + ... + K l a J a a - a 

B cnyqae N =2K+l. 3Aecb T (K) ecTL 1411. IlonLJYJICL cl>opMy-
a * noii I 431, B o6oax cnyqaJix Haxo,IJ;HM 

S - ¢11¢{3 S y =0-¢ 2 )/lD [j_Q(¢ 2 )]y. 1481 
a a y p.f3 a y 1 p. 

11:3 4JopMyn 1481 H 1301 nonyqaeM KOBeKTOp Kpy'leHHJI B BH­
~e 

(1 2t S = -¢ a_D [ ¢ Q(¢2)]y. 

a v I J I Y v!J I ll 

CornacHo paJ~eny 5 <IJopMyna 1491 
Mynoii 1471. 

1491 

coana~aeT c cl>op-

* Bnpo'leM, ecna cl>opMyna I 481 ,IJ;oKaJaHa ,IJ;nJI N = 2K+ 1 , 
To TeM caMLIM oHa ,IJ;OKa3aHa H ,IJ;nJI N = 2 K . 
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7. B3aUMHbiU meH30p g af3 

B3aHMHbiH TeH3op g af3, onpe.neneuublii ycnoaueM /4/, 
paBH.IIeTC.II 

- a.{i 1 a{i 
g =(---}' 

1- c,b 
TaK KaK 

-/1 - R } {3 
g o- lJ g Up= ( --) 

a aa 1-¢ a 
Ecnu o6o3Ha'IHM 

haf~= i (gafi +gfia ), ¢afi= ~ {gafi_g fia ), 

TO 

hafi ~0 ( _1 -i afi, J;afi = ( _j;__
2

) a(i 
1-</> 1-¢ 

Cne.u.oaaTeJibHO, KoBei<Top I<py'leHH.II /47 I paBH.IIeTC.II 

S = (1- c,6 ~~ D ( ?> flY V fjij. /50/ 
a viTI y -

Bau.u.y /24/ u auTHCHMMeTpHH TeH3opa c,6 JlY 

s = (I-¢2 ~ _a_ ( J>llY v'Ti"l ). /51/ 
a V~ axY 

B 'IHcno .nu~epeuuuaJibHbiX ypaaueuuii e.nuuoii Teopuu 

DOJI.II BXO,IJ..IIT ypaBHCHH.II S =0. 113 tPOPMYJibl /51/ BH,IJ.HO, 
(l 

'ITO OHH 3I<BHBaJieHTHbl ypaBHCHH.IIM 

_] _a_ (~19' Vfil) = o. /52/ 
Vlgl axY 

Me)K,ny npo'IHM, 'IT06LI cocTaBHTb ypasueuu.11 /52/, Tpe6y­

eTC.II TOJibi<O C.IJ.HHCTBCHHOe YCJIOBHe g f 0. 

8. YpaaHeHUR EopHa-J1H¢eA&oa 

B tPH3H'Ieci<u Ba)KHOM cnyqae 

¢ VI.Ll = _j:__ Q ( ¢ 2) = ¢ - G ¢ *_ . 
1-¢ 2 vffi y1 1+ F-~ 

Cornacuo tPoPMyne /49/ 

14 

{j/l_Jv¢11 cJ-G¢*y 
S = _:_£ __ ~':,g_--1-~- D _:__]!-____ __!! __ 

a -, -------.,- y . -~---2-
yl +F-G~ yl+F-G 

/53/ 

a 3Ha'IHT, 
J1 J' J1 

¢ y -G dJ * y o ~ c,~ * ¢ * 
D __ a ___ .:_ _ _£_~ -~---fl----~-- S 

y ' 2 --- 2 11 
/54/ 

yl+F-G yltF- G 
113 /53/ u /54/ cne.u.yeT, 'ITO ypaaueuu.11 3iiurnTeiiua Sa =0 
3KBHBaJieHTHbl ypaBHeHH.IIM HeJIHHeHHOH 3JieKTpO,IJ.HHaMHKH 
1i opua -11u4>enb,na 

¢Y-G¢*Y 
D ..LL.-= 0 

y I 2 
y 1 + F- G 

/55/ 
2 (l f-5 

B PHMaHOBOM MHpe C MeTpH'IeCKOH tPOPMOH ds =ha{fX dx . 
BBH.IJ.Y /24/ ypaBHeHHH /55/ MO)KHO 3aDHCaTb B BH.IJ.e 

l . c,)llY _ G¢ r flY --
- _j}_ r ---------- v - h 1 ~ o. 
l_h rJxY ----2 

v \' 1 t F- G 
/56/ 

3TOT pe3yJibTaT BMeCTC C tPOpMyJiaMH /53/, /54/ H /47/ 
coo6~eH B uarneM DHCbMe (, 

2p t I {~ }' 
9. rJ>opMyAa OAR C6epmKU ( <.') ) ) s of! 

He T?JibKo npu P=O. uo u npu acex p=1,2,3, ... cBepll\a 

(c,6 2P+I ) ~ S ~/) HBJI.IIeTCH rpa,nHeH_TOM CKamlpHOH tPYHKUHH. 
):(eifcTBH~eJibHo, nycTb f ~ Ac/>0- A</})- 1, r.ne A - KOMnneKc­
HbiH napaMeTp. Tor,na 

fi J' fir 3 1 flr 
f 111 = f I - <P - ,1) I = - f QJ • 
Y a(l 2 (a{!;) a{iy 2 {ip1 

)l.aJibllle OrpaHHlJHMC.II l}JH3H'IeCKH Ba)KHbiM CJ1yYaeM, KOr )la 
2 I '2 G . A cj) (1 + A 9 * ) A 'P - t\ </J ' 

f = ----------· ---------·--
? 2 2 ? 1 t A F - A- G l t AF - A G-

TaK Kal\ ~<qaapHaHTHa}l npoH3BO.IJ.Ha.ll D
0 

01 MeTpHYecKoro 
1CH30pa h (;) H OJ 06bCMHOf0 1C'H30pa ,fll'(3) paBH.IICTl.ll 
HYJIIO, 10 

¢ f1> ,1) , = ( '_E 
(>)II ,I\ a 

(/ ( 1 0) I 

CJ . '·' r: >.,, (I X" 

C ne.u.oaa 1 enbHo, 
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A¢ f3 r 1 a 2 2 
( ---2 ) 'I' n= - - En (1 +A F - .A G ) . 

1->..¢ y at-> 2 axa • 
/57/ 

Ilonara.JI A"" 1, OTCIO)J.a a cHny /38/ nonyqaeM 

f3 r 1 a 2 ¢ S n == -
2 

- fn (1 + F - G ) , 
y at-> axa 

/58/ 

'ITO .s~an.JieTc.JI qacTHbJM cnyqaeM $opMynhi /30/. )l.anee, 
H3 paaeHCTBa /37 I cne)J,yeT 

n r.3 y P 2k+ I j3 v 
(¢ 2 P+3)f-> s y = ¢1- s - l ( ¢ ) 111' 0 

y a{3 y a{3 k==O y a{1 

Pa3nO)KHM /571 a pH)). no creneH.JIM A.H.MeeM 

r)J,e 

_ >..¢ _ = ~ ¢ 2k+l A k+I 

1 -A rp 2 k=O ' 

2 00 k+l 
En (1 +A F -G ) = ! z kA 

k=O 

( 
k (k-s)! 2s k+l-<2s 

z = -1) ! G F 
k s s!(k+1-2s)! 

/59/ 

CyMMHpoaaHHe no s B $opMyne )J,n.JI z k Be)l,eTC.JI OT Hyn.JI 

Jl.O ueno~ qacrH l.fHcna 
k + 1 

2 
IlpHpaBHHBa.JI KO 3cP<ilH-

UHeHThi npH OJl.HHaKOBhiX creneH.JIX A, nonyqaeM 

(c/>2k+l f 'I' Y == -~(¢2k+l /Y¢ = l_ _Q_ z 
Y a{3 2 {3ya 2 a X a k 

11.3 /59/, /58/ H /60/ HaXO)J,HM 

(¢ 2 P+3 l S y n = 
2
1 _j}__ ! Pn (1 + F- G 

2 
) - ~ z k l . 

y at-> a X a k-0 
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/60/ 

1. A. 3iiuwmeiiu. Co6pauue Hay'IHblX mpyooe. m. I I, HayKa, 
M., 1966, cmambu 79, 127, 130, 134, 138, 141, 143-146. 

2. B.Kursunoglu. Phys.Rev., D, v.9, No. 10, 2723-2745 
j1974j. 

16 

3. A.II.Hopoeu. IlpocmpaHcmea arfo/JuuHoii C8JI3Hocmu. 
rocmexu3oam, M.-JI., 1950. 

4. cP.P.FaHmMaxep. TeopUJI Mamput~. rocmeXU30am, M., 
1953. 

5. M.Born and L.Infeld. Proc. Roy. Soc., A144, 
425/1934/. 

6. H. A. lJepHUKOB. IlpenpuHm OHJIH, P2- 9681, ,4y6Ha, 
1976. 

PyKonucb nocmynUAa B u3oameAbcKuii omoeA 
14 anpeAJI 1976 zooa. 

17 


