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Ba:>KHOH 3a,IJ,a11eii KBaHTOBOH TeopHH nom1 H <l>H3HKH 3ne

MeHTapHblX 'laCTHU HBnHeTCH onuca1rne cneKTpa CBH3aHHblX 

COCTOHHHH., PenHTHBHCTCKYIO 3a,IJ,a11y 0 CBH3aHHbIX C0CT0HHU

HX Y.IJ.06Ho paccMaTpHBaTb Ha 0CH0Be KBa3Hil0Tem1uanhH0ro 

ypaemiiHHH. JloryHOBa-TaexenH,IJ,3e /I< B K0T0p0M C 0,!J,HOH 

CT0p0Hhl, 0TCYTCTBYIOT TPY.IJ.H0CTH, CBH3aHHhle C aH0Manb

HbIMH C0CT0HHHHMH " ",IJ,yxaMu", a, C ,Il,pyroii CT0P0Hhl, 

B03M0:>KHa nocne,IJ,0BaTenhHaH BepoHTH0CTHaH TpaKT.0BKa 

KBa3unoTem1uanhHoii ·eonHoeoii <l>YHKUHH; Pa3nH'IHhle 3a,IJ,a'lu 

06 onucaHuu CBH3aHHblX COCTOHHHH Ha H3b1Ke KBa3Uil0TeH -

uuanhHoro ypaBneHHH JloryHoBa:Taexenu,IJ,3e u ero M0.IJ.H

<l>uKauuii u3y•mnHch paHee B p~.IJ.e pa6oT / 2 •31 . CneayeT oT

MeTHTh penHTHBHCTCKYIO Kyn0H0BCKYIO 3a,IJ,a'ly Ha CBH3aHHhle 

C0CT0HHHH, K0T0paH paccMaTpHBanacb B pa6oTe /I/, Ha 

0CH0Be KBa3Hil0TeHuuanbH0ro ypaBHCHHH Ka,IJ,bIIIJeBCKOro. 

OcHoBoii' muue!,o noJIXO,IJ,a /!i-H/ K penHTHBHCTCKoii 

3a,IJ,a'le Ha CBH3aHHhle C0CT0HHHH HBnHeTCH CBe,IJ,euue HH

TerpanbHhIX ypaBHeHHH K .IJ.H<liqiepeHUHaiibHblM KpaeBbIM 3a

,IJ,a'1aM B HMnynbCH0M npocTpaHCTBe C nocne,IJ,ylOUlHM HX 

pemeHHeM aHanHTH'leCKHMH, aCHMilT0TH'leCKHMH H 'IUCneH

HhlMH MeT0,IJ,aMH. '.3TOT IlO,IJ,XO,IJ,' 0CTaeTCH J<li<lieKTHBHhiM H B 

npuMeHeHuu K 3a,IJ,a'laM pacceHHHH. MHorue 3a,IJ,a'lu KBaH

TOBoii MeXaHUKH H KBaHTOBOH Teopuu nonH CB0,IJ,HTCH K HH

TerpanhH0MY ypaBHeHHIO o6mero BH,IJ,a: 

n 
u (x) = u (x) + ! a. (x) V. ( ,\ ,x ), . 

· 0 · · i=I 1 1 · 
/1/ 

. . X , . 

Vi (i\,;X)=;cJ dy f/.\; y,u(y)); f i = bi(x)gi (X,x,u(x)), /2/ 
x. 

l 
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rAe U O (x) , a. (x) , f •. (,\, X , u ) - H3BeCTHbie <i>YHKJ..{HH, ,\ - He -
I ~ 

KOTOpaH COBOKYilHOCTh napaMeTpOB, Xi - HeKOTOpbie AeH· 
CTBHTenhHhie •rncna / o6hl'IHO xi "'0 An.fl i = 1, .•. , m H 
x. =oo AnH i=m+l, ••. ,n /. TaKHM o6pa30M, 3aAa'-la 3aKnIO'-laeTCH 
BI TOM, '-IT06hI Haii:TH COOTHOllleHHH Me)KJ:{y napaMeTpaMH ,\ ' 
npH KOTOphIX CHCTeMa /1/, /2/ HMeeT perneHHe, H onpe
AenHTh COOTBeTCTBYIOI.QHe <i>YHKJ..{HH u(x ). MO)KHO noKa3aTh, 
'-ITO ypaBHeHHe /1/ KOHe'-IHhIM '-IHCnoM AH<b<l>epeHu;HpOBaHHH 
CBOAHTCH K AH<i><bepeHu;HanhHOMY ypaBHeHHIO n-ro IlOPHAKa 
c n rpaHH'-IHhIMH ycnOBHHMH vi (x i) =0.THilH'-IHhIM npHMepoM 
TaKoro POAa ypaaHeHHH HBnHIOTCH ypaBHeHHH EeTe-Con-
IlHTepa, ~aii:coHa· IllBHHrepa, JIHnnMana-IllBHHrepa, Jlo-
ryHoaa-TaaxenHA3e /l,6 - 9/; HanpHMep, B KBapKoBoii: 
MOAenH, npeAnO)KeHHOH a pa6oTax IJ,', BOnHOBaH <i>YHKJ..{HH 
EeTe -ConnHTepa IlHOHa YAOBneTBOpHeT ypaBHeHHIO: 

½ 
Y J1(Y) · 

------- u1y) + 
.. 2Jµ.2. · 
l ' . 

½ X 

U (x) = - f .!!... f I X 
2 N (x) r clj! 

2 ··· I O /3/ 

½ 00 ½' 
+ x • J (x) J cl y y N ,(y} 

I 2 . 
X y + µ2 

u (y) I, 

rAe f = ± l , J1 (x) H N 1 (x)- qiyHKJ..{HH EeccenH nepaoro H 
BTOporo POAa, COOTBeTCTBeHHO. JlerKO BHAeTh, '-ITO ypaa
HeHHe /3/ 3KBHBaneHTHo cneAYIOl.l\eii: KpaeBoii: 3aAa'-le Ha 
HHTepaane l O, oo ) : 

2 . 
. cl u(x) _ l l __ · _f _f _ 

clx2 x2 + 11 2 

u (O) =0, u (x) -
~~ 

X 

X ➔ :>0 

,\2-1/4 ] u(x)=O, 
x2 

N½(x)·. 
,\ 

Eonee noApo6Ho npoHnnrocTpHpyeM npeAnaraeMLiii Me -
TOA Ha npHMepe KBa3HilOTeHu;HanhHOrO ypaBHeHHH JioryHo
Ba-TaaxenHA3e .nnH napu;HanhHhIX aMnnHTYA pacceHHHHABYX 
CKanHpHhIX ·'-laCTHu; /KBapKOB/ OAHHaKOBOH . MaCChl m , KO -
Topoe HMeeT BHA [ 1 , 8]: 
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·' 

) 

'l 

fr (p.,p' >=Ve (p,p' > t 7 _!9.__ Ve(p,q)fe< q,p') 
O \/q2+m2 k2~~--- /5/ 

r,ne p , p. - COOTBeTCTBeHHO Ha•mnhHhIH H KOHe'IHhlH HM· 

nynhChI B cHcTeMe u;eHTpa Mace. 3HepreTH'-lecKaH noBepx-

2 2 2 2··=2 
HOCTh onpe,nenHeTcn ycnoaHeM p =P' =k, W=2\/k +m -
3HeprHH B CHCTeMe u;eHTpa Mace, a KBa3HilOTeHu;Han B HM· 
nynhCHOM npe,ncTaBneHHH Ve (p,p,) y,noaneTBOpHeT COOT· 

HOilleHHIO: 
00 

Ve (p,p')=ypp' JclrV(r)Jn ½(pr)Jn I/ (p'r). /6/ 
O t + 2 t+ ,2 

EcnH Teneph Vr (p.p') y,naeTCH npe,ncTaBHTh B BH,ne: 

V ( 
, , M (i) (i) , N (i) (il , e p,p )=O(p-,p )_! f 

1 
(p)f

2 
(p )+0(p'-p~!:f 3 (p)f 4 (p ), 

1=l 1= I 

/7/ 

TO ypaaHeHHe /5/ COOTBeTCTBYIOI.QHM '-IHCnOM AH<bqiepeHu;H
poBaHHH MO)KHO CBeCTH K AHq>q>epeHu;HanhHOMY ypaaneHHIO 
,nnH fr (p,p') nopH,nKa W :S M+N. Cy1.QecTayeT o6rnHpHhlii Knacc 
KBa3HilOTeHu;HanoB B KOOPAHIIa THOM npocTpaHCTBe, KOTOphie 
npuao,nHT K npe.nc1:aanenu10 /7 /. HanpHMep, B cny'-lae KBa3u
noTeHu;uanoa au.na V (r).,. gr -2n t I ypaauemie /5/ c n,npoM 
/6/ CBOAHTCH K neo,nHOPOAHOMY ,nuqiqiepenu;uanhHOMY ypaa
ueiIHIO nopH,nKa 2 n c n rpaHH'-IHhlMH ycnoBHHMH Ha 6eCKO -
He'-IHOCTH H C n rpaHH'-IHhIMH ycnoBHHMH B nyne. Cny'-laH 
n ·=2 noApo6Ho paccMaTpuaancH B pa6oTe 5

.··. ~nn K~a3uno

TeHu;uana V (r) =gr -- I ( n = 1) HAPO Ve (p, p ') uMeeM irn,n: 

,f+I pft-1 
Ve (p,p')"' _[_ I O(p-p') _P __ + 0 (p '-p)-,r- I, Rd > _Ji 

U+l Pe p'r 2, 
/8/ 

Tor.na HeTpy,nno npoaepHTh, '-ITO ypaBHeHHe /5/ c HAPOM 
/8/ · CBOAHTCH K HeOAHOPOAHOMY .nuqiqiepenu;uanhHOMY ypaa
HeHHIO BTOporo nopH,nKa C COOTBeTCTBYIOl.l\HMH rpaHH'-lllhIMH 
ycnOBHHMH B Hyne H Ha 6ecKoHe'-IHOCTH /II/. 3'a,na'-la o' CB.fl -

5 



3aHHhIX COCTO.IIHH.IIX (k 2
=-1<.

2 <0; g -•-g), KaK H3BeCTHO, 

caoanTc.11 K pemeHHJO oaHopoaHoro HHTerpanhHoro ypaa

Henn.11 /5/. TaK KaK rpaHH'-IHhie YCJIOBH.11 npH 3TOM He Me -

H.IIIOTC.11, .TO AJIH HaXO)KAeHH.11 CB.113aHHhIX COCTO.IIHHH AOCTa

TO'-IHO pemHTh cneayJOI.I.J.YIO KpaeBylO 3aaaqy; 

2 

_<!_~jx) _ I f(f +/> 
dx2 x 

A2 

(x2+1)½ (x2+E2) lfr {x)=O, 
/9/ 

fy(x)~ /+1 
X·•O 

~ (X) - X -f 
X➔ oo 

/10/ 

rae BBeAeHhl 6e3pa3MepHhie nepeMeHHhie X=pm-· 1, fp(p)'"'r (x) 
H 6e3pa3MepHhie napaMeTphI ,\ 2 =gm- 1

, E =Km-I ,npn'-leM 

o _ E 2 :::_ l. PaCCMOTpHM 3aaaqy Ha CB.113aHHhle COCTO.IIHH.11 

/9/, /10/ noapo6HO AJI.11 s -BOJIHhl, XOT.11 HCnOJih3yeMhie 

HaMH MeTOAhl npnrOAHhl. AJI.11 HCCJieAOBaHH.11 BhIClliHX nap

I.J.HaJihHhIX BOJIH. IlepennmeM KpaeoyJO 3aaaqy AJI.11 S -ooJIHhl 

B 6onee yao6HoM onae: 

if'x' 2 2 -'!, 2 2 -1 -~ +y(x)f(x) = 0; y(x)= ,\ (l+x) · (x +E ), 
dx 2 

f(x) ~ X 
X ➔ O 

f ( x) ~ const, 
)< ➔ 00 

/12/ 

,l],JI.11 Toro, '-IT06hI HaHTH cneKTp CB.113aHHhlX COCTO.IIHHH, 

npHMeHHM K ypaBHeHHIO / 11/ Me TOA 3TaJIOHHOro ypaBHeHH.11 

/M3Y//B,lo,I 3/_ OcHOBHa.11 nae11 M3Y aechMa npocTa. 

YpaaHeHne 

i C(a) + r(a)C(a) = 0. 
da 2 

/13/ 

Ha3LIBalOT 3TaJIOHHhIM no' OTHOllieHHIO K ypaBHeHHJO / 11/, 
ecnH: 1/ pemeHH.11 C(a) H3BeCTHLI aHaJIHTH'-leCKH HJIH '-IHCJieH

Ho; 2/T(a) 3aBHCHT OT a npH6JIH3HTenLHO TaK )Ke, KaK 

6 

~ ,-

1 
! 

y(x) 3aBHCHT OT x. PemeHHe /11/ 6yaeM HCKaTh B anae: 

d -½ 
f(x)= (-2._) ·C(a(x)). 

dx /14/ 

IloacTaBJI.11.11 /14/ B /11/ H HCnOJih3Y.II /13/, nonyqaeM 

ypaBHeHHe an.11 a(x): 

( dda )½ r(a)=y(x) + (~)½ i:_(~-)~½ 
x dx dx2 dx /15/ 

3.To TO'-IHOe OCHOBHOe ypaBHeHHe M3Y, a KOTOpOM BTOpou: 

'-IJieH npaoou: '-laCTH BO MHOrHx CJiyqa.11x, npeacTaBJI.IIIOI.I.J.HX 

3Ha'-IHTeJihHhIH HHTepec AJI.11 npHJIO)KeHHH, MO)KHO paccMaT

pHBaTh KaK Manyro nonpaBKY, H Ha 3TOH OCHOBe yaaeTC.11 

nocTpOHTh npn6JIH)KeHHhIH Me TOA pemeHH.11 ypaoHeHHJI / 15/. 
Ecnn nooeaeHHe l'(o)acicTaTo'-luo Mano oTJIH'-laeTc.11 oT nooe

aeun11 y ( x}, To r, '(x) - MeanenHo Men.1110I.I.J.a.11c.11 <t,yuKun.11 n 

nonpaBO'-IHhIM '-IJieHOM o nepBOM npH6JIH)KeHHH MO)KHO npe

ue6pe'-lh. Toraa H3 ypaaueun11 /15/ cneayeT, '-ITO 

:J I ' I 

f I ' 2 
( ; ) d r ::. J }' 2 

{ t) dt , /16/ 
rJ,l ~ 

') 

rae a,) H x,l -
4
"3KBHBaJieHTHhie TO'-IKH" <t,ynKI.J.HH l'(a) H 

y(x ), HanpHMep, TO'-IKH, rae o6e 3TH <iiYHKI.J.HH HMelOT CHH

ryn11pnocTh HJIH paBHhl HYJIIO. PemHB ypaouenne /16/ OTHo

CHTeJihHO a(x), MO)KHO noJiy'-IHTh pemeune HCXOAHOro ypaa

neHH.11 /11/ no <t,opMyJie /14/, KOTOpa.11 npHHHMaeT BHA: 

r(aJ:l~ ]¼ Q ( a (x )). f(x)= [-y(x) /17/ 

B CB.J13H .c <t,opMyJiaMH /14/ H /17/ OTMeTHM, '-ITO npH yc

JIOBHH 6JIH30CTH noaeaeHH.11 r~(a)H y(x) /T.e. npH OAHHaKo

BOM '-IHCJie n xapaKTepe oco6wx TO'-leK H TO'-leK noaopoTa 

ypaBHeHHH /11/ H /13/ B paccMaTpHBaeMLIX o6naCT.IIX 

H3MeHeHH.II X H a(x) / MO)KH0 ,I:\06HTLC.II, '-IT06LI a'{x) '6LIJia 

aeJae KoHe'-IHOii: ( a'(x)-:/ 0, oo ). l1o3TOMY .11aneHHe CToKca 
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He B03HHKaeT H HeT HHKaKoii npo6JieMbl C qiopMyJiaMH CB.fl3H, 
B03HHKaromeii B o6hJqHoii BKli TeopHH/l l/. 

OcHOBbIBaHCh Ha BhIIIIeH3JIO)KeHHOM, BhI6HpaeM 3TaJIOH· 
HhlM ypaBHeHHeM no OTHOIIIeHHIO_K ypaBHeHHIO /11/ ypan
HeHHe BH;:i;a: 

d 
2 

C(a) 

da 2 

2 
+ ...l._ C (a) =0. 

73 
/18/ 

113 ;:i;aJibHeiimero H3JIO)KeHH.fl .6y;:i;eT BH,D;HO, qTo acHMilTOTH· 
qecKHe CBOHCTBaf'(a):=,\2 a-3 (x) H y(x) O,D;HHaKOBbl. B Ka
qecTBe "3KBHBaJieHTHhlX" ToqeK ecTeCTBeHHO Bhl6paTb 
a'.J ~ x:1 = "" • Tor;:i;a H3 ypanHeHHH nepnoro npH6JIH)KeHHH 
/ 16/ )];JI.fl a(x) npH IlO,D;CTaHOBKe n Hero HBHhIX Bbipa)KeHHH 
r(a) H y(x) noJiyqHM:. 

2 ."° , · . 2 ¼ , 2 2 II· 

a(x)=4<1>- (x,E); <l>(x,E).=f(l+t )-
4

(t +E )-
12
dt_/19/ 

X 

OTCIO,D;a HeTpy;:i;Ho HaiiTH none;:i;eHHe a (x). npH 60JihlIIHX X; 

2 
(1 +2E ) 1 -3 

a (x) ::: x t --- - t O (x ) . 
x ~ oo 10 X 

/20/ 

TaKHM o6pa30M, none;:i;eHHe f'(a(x)) npH x -•oo conna;:i;aeT c 
none;:i;eHHeM y (x) npH x .. C'Q. 11cnoJih3YH 3TY acHMilTOTHKY, 
a TaK)Ke rpaHHqHoe ycJionne /12/, o6mee perueHHe Kpaenoii 
3a;:i;aqn / 11/, / 12/, B nepnoM _npn6JIH)KeHm1, noJiyqHM B cJie -
;:i;yromeM BHAe:. 

f 3 -½ ½ 11 
(x)= [a (x) y(x)] a 2 (x!Ji (2Aa- 2 (x)). /21/ 

CpaBHHM none;:i;eHHe perueHHH /21/ B oco6L1x ToqKax ypan
HeHHH / 11/ c none;:i;euneM ToqHoro pemeHHH. JlerKo no Ka -
3aTh, qTo npu x , = ToqHoe u npu6JIH)KeHnoe /21/pemeHHH 
ne;:i;yT ce6H <>;:J;HHaKono: f(x) - · const f 0. . IlpH - E=0 

X ➔ oo , 

B03HHKaeT peryJIHpHaH oco6aH ToqKa x -"' 0 .. B 3TOM cJiyqae 
;:J;JIH Toro, qTo6w o~ecneqHTh npaBHJihHoe none;:i;eHH~ /21/ 
B oco6oii TOqK,e x"'0 npH Ec,0 Heo6xo;:i;HMO B peIIIeHHH /21/ 
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2 1 /8 .i 
c;:i;eJiaTh 3aMeHy A ➔ VA- 4 · · - aHaJior H3BeCTHoii 3a-
MeHhI KpaMepca, KOTopaH ;:i;eJiaeTC.fl npH peIIIeHHH pa;:i;HaJib -
Horo ypanneHHH Illpe;:i;HHrepa BKli MeTo;:i;oM· 1 , . ,!J;JIH 
noJiyqeHHH cneKTpaJibHoro ycJIOBHH Kpaenoii 3a;:i;aqH /11/, 
/12/ Heo6xo;:i;HMO BOCilOJih30BaTbC.fl rpaHHqHhIM YCJIOBHeM 
B HyJie /12/. 113 /19/ CJie;:i;yeT, qTo a(0) 0 AF-iE), r;:i;e 

• - "X) 2 -1/. 2 2 -~~ 1 1 1 1 1 3 1 
F(E) = f {l+t ) 't +E ) Ht=-B(-- -) F (- -- --·1-E ·122/ o 2 4'2212'4'4' '! 

11cnoJIL3YH /21/, rpauuquoe ycJIOBHe B nyJie /12/ H yqu
ThIBaH TaK)Ke /22/, IlOJiyqaeM ,D;HCKpeTHhlll cneKTp Kpaenoii 
3a;:i;aqu /11/, /12/ B nu;:i;e: 

VA! - \-
B ( 1 1 ) F ( 1 1 . 3 . E2 4' T 2 I y•-4• 4. l- ) 

2 Kn 

·------ , n =1,2,3, ... /23/ 

r;:i;e Kn - HYJIH qiyHKUHH J 1 (x) , 2 F1 (a,b;c; x) - rHnepreo
MeTpnqecKaH qiyHKUHH. IlpH E ➔ 0/cJia6ocBH3aHHhie cocTo.a:
HHH/ runepreoMeTpHqecKHH pH,D; pacxo,D;HTC.fl H Il03TOMY 
ueo6xo;:i;nMo nocnoJib30BaThCH ero aHaJIHTnqecKHM npo;:i;oJI• 
)KeHHeM. Tor;:i;a, OCTaBJI.fl.fl JIHlllh rJiaBHbIH qJieH B 3TOM 
pa3JIO)KeHHH, nonyqHM, qTo B npe;:i;eJie E -• 0 co6cTBeHHhie 
3HaqeHHH Kpaepoii 3a;:i;a<iH /11/, /12/ ne;:i;yT ce6H cne;:i;yro-
mHM o6pa3oM: ' 

h n + i/J {1)- l.. ~1( 1-) - l.. 1/1 ( 1... )I. 

2 l 2 2 2 4 
y,\---

4 

E (A)=expl n /24/ · 

OTCIO,D;a cne;:i;yeT HaJIHqHe TOqKH crymeHH.fl 3HepreTHqecKHX 
yponHeii B npe;:i;ene E ➔ 0, qTo noJIHOCThIO aHanorHqHo cry
meuuro ypoBHeii JHeprefuqecKoro cneKTpa ypanHeHHH Illpe -
;:J;HHrepa c noTeHunaJioM V (r) = - g 'r - 2 . / 12/ O;:i;HaKo, n OT· 
JIHqHe OT nocne;:i;Hero, B HaIIIeM cJiyqae H~ B03HHKaeT 
npo6neMhI "na;:i;eHHH ua ueHTP'.', qTo _onpe;:i;eJIHeT cymecT· 
BeHHOe npeHMyLQeCTBO IlOCJie,D;OBa TeJibHOro peJIHTHBHCTCKO • . 
ro paCCMOTpeHH.fl 3a.[(aqu O CBH3aHHhIX COCT0HHHHX B paM
Kax KBa3nnoTeHuHaJILHoro no;:i;xo;:i;a. B 3aKJIIOqeHHe OTMe· 
THM, qTo /23/ HBJIHeTi::H aciIMnTOTH'-iecKoii qiopMynoii, r.e. 
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COOTBeTCTByeT. JlHWb ,nepnoMy 'IJleHy aCHMilTOTH'leCI<Oro 

pa3no:>KeHHH :1.1,JI.H cneKTpa, KOTopoe Mo:>KeT 6LITL nony'leHo, 

ecnu pemeHue a (x, E ) OCHOBHoro ypanHeHH.H M 3Y / 15/ 
ucKa Th n nu.n.e p.H,11,a no CTeJJeHHM ,\ - l /l ~/ 

MeTo.n; 3TanoHHO_ro , ypanueHHH no3BOJI.HeT necLMa 34i

<lieKTHBHO CTpOHTb Ha OCHOBe xopowo H3y'leHHhlX peweHuii 

3TaJIOHHblX ypanneHnii ,11,0CTaTO'IHO TO'IHbie npu6nmKeHH.H 

,11,Jl.H CilCKTpa H co6CTBeHHbl;J( <iiYHKll,HH KpaeBbIX 3a.n;aq, TO'I· 

Hble peWCHH.H KOTOpblX He y.n;aeTC.H HaHTH cpe,IJ,H H3BeCTHbIX 

cne11.uaJ1bHblX <iiYHKll,HH MaTeMaTU'leC_KOH 4iu3HKH. KpoMe 

paCCMOTpeuuoii BbIWe 3a,11,aqu, 3TOT MeTO,IJ, C ycnexoM 

npuMeHHM K peweHHIO ypanueHH.H ,!J,Jl.H.peJI.HTHBHCTCKOH BOJl• 

HOBOH <iiYHKll,HH rr ·Me3oHa /4/ B COCTaBHOH MO,IJ,enii .' 9 / , 

panuo KaK u ,IJ,n.H peweuu.H Mnorux ,IJ,pyrux nuueiiuwx AH<ii· 

qJepeuuuaJibHblX KpaeBblX 3a,IJ,a'I BTOporo H 6oJiee BbICOKOrO 

nop.H,11,KOD, qacTO D03HHKaIOlll,HX D TeopeTH'leCKOH qJH3HKe. 

Jlu111epa111ypa 

1. A.A.Logunov, A.N. Tavkhelidze. Nuovo Cimento, 29, 
380 /1963/. 

2. P.H.<l>ayc11100. 3l/A.Jl, 3, 238 /1972/. 
3. B.A.Pu300, H. T. Tooopoe. 3l/A.JJ, 6, 669 /1975/. 
4. B.I'.Kao1,1weec1euu, P.M.Mup- KacuMoe, M.<l>puMau. 

.Jl<l>, 9, 646 /1969/. 
5. B.lll.I'ozoxw,, A. T.<l>uAunnoe. TM<l>, 21> 37 /1974/. 
6. B.A.Arbuzov, A.T.FiliPPov. Phys. Lett., 13, 95/1964/. 
7. ,4.ll.MaeAo, H.B.lly3brnuu, A. T.<l>uAunnoe. llpenpuum 

OH.JJH, P2-8689, ,4y6ua, 1975. 
8. B.lll.I'ozoxuR, ,4.ll.MaeAo, A. T.<PuAunnoe. TM<l>, 27, 

323 /1976/ . 
9. A. T.FiliPPov. Preprint JINR, E2--7563, Dubna, 

1973; Preprint JINR, E2-7929, ·Du'bna, 1974; 
Phys. Lett., 51B, 379 /1974/. 

JO.•. T.M. l/eppu. Ma111eMa111u1ea, 9, K..<4-/1965/. 
11. Ax.Xeouuz. Beeoeuue e Memoo (Ja300btx uu111e2paA00. 

/Memoo BKE/, M., Mup, 1965. , . . . 
12. K.M. Case. Phys. Rev., 80, 797 /1950/. ' 
13 .. R.Langer. Trans. Am. Math. Soc., 67;' 461" 

/1949/; Enseignment Math.· [2 I, 8; 218 /1962/. 

• Pj,1<0nuc·b nocmynuAa 6 U30ameAbCKUU omoeA 
· ·• ·. 21 UIOHR 1976 zooa. · 

10 


