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§1. B B e 11. e H 11 e 

Ill 
KaK usBeCTHO , HApa ypaBaean~ ~aAAeeBa npn nonao~ nonomuTenb-

aoil 9Hepruu UMeiDT llBUmymuecg norapU~MH'ieCKUe CHHrynHpHOCTH.Ha AeH-

CTBKrenwoH ocn. 3To o6cTostTenbCTao 3HattHTencao ycno>KHsteT peweHHe 3£l.Qa~ 

'ill n-d-pacceHHHH Bbillle nopora pasBana neilToaa, 

Hau5onee nonynHpHbiM MeTOIJ.OM pellleHHH sTow npo5neMbi 'B aacToHmee 

BpeMH HBnHeTCH MeTOil CMemeHUH KOHTypa IIHTerpUpOBaHHH B KOMnneKCHYID 

nnOCKOCTbl21. 3TOT MeTOil HaKnaAhiBaeT onpeneneHHhie orpaHU'ieHUH Ha dJOPMY 

ABYXHyKnOHHOrO noTeHUUana131 1 'iTO He HBnHeTCH YAOBneTBOpHTenhHblM0 TaK 

KBK norapu~MH'i9CKH9 OC059HHOCTH npOHCXOAHT US-Sa CB050AHOH 3-'iaCTH1iHOH 

· ~YHKUHH fpnHa, T,e, He CBHS8Hbl C ~OpMOH noTeHUUana, 

B CBHSH C 9THM menaTenbHO IIMeTb YHHBepcanbHhie MeTO/lbl pe~eHH.H, 

. npuMeHHMhie npu mo5oil ~opMe BsauMoneilcrBHH. KaK 5hmo noKasaao B pa6o-· 
'• ' . -. 
Tell I, norapu~MH'iecKue oco5eHaocTu Hoep ypaBHeHnil ~anneeBa MoryT 6biTb · .... 

ocna5neahi unH ycTpaaeHhi npu cooTBeTCTByiOmeM qucne uTepauutt .sTux ypaB­

aeauil, TaKoil MeTOil ycTpaaeauH ABnmymnxcs. norapn~MH'ieC.KHX 'cuiirynHpaO:..: 

CTeil Mhi nponeMoHcTpupyeM aa npuMepe ypaBHeHHH CKopHHKOBa- Tep-MapTHpo­

CHHa, KOTOpoe UMeeT AOCT8TO'iHO npocTyiD CTpyKTypy H BMeCTe C TeM COJlep­

·~HT Bee oco5eHHOCTH, npucymne peanbHOMY cnyqaro. 

§2, MeTOil pemeang 

YpaBf!eHne C.-T-M. nnH n-d- pacceHHHH c nonHhiM cnuHoM S = 312 n non­

·.HhiM op5IrT8nbHbiM MOMeHTOM f= 0 UMeeT BUll: 

3 
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I. 
I 

3kT V-;:r- -E-a 

k2-k 2 
0 

G(kk) oo G.(kk') 
a(k,k )=- o , o _]... fk'2dk' o , . 

0 2 kk0 rr o · 2kk' 

a{k',k
0

) 

k'
2
-k

2 
-il 

0 

(1) 

rAe a( k0 .k0 )-.s - KOMnoaeara aMnmiTYAbi KBapreraoro n-d-pacceSIHHSI 

Go(k,k') = / dx . , Q = k2:k' ~E ; 
-I 0+X-£l 

(1) (2) (1) 
1 dx 

G0 (k,k ')=G (k,k')+irrG (k,k '); G (k,k ')= P f-Q- = fn 
Q + 1 

Q- 1 -1 +X 

1 I Ql< 1 
c(

2
Yk,k'J = e (QJ = 1 o 1 Q I> 

1 

E=-a 2 +!Lk 2 

4 0 

2 mEd 
a =----, 

h2 

- nonHaSI BHepi'HSI CHCT9Mhl 

k2- 4 mEn o--·--
3 h2 

BBOASI BMecro ¢YHKURH a (k, k 0 ) ¢YHKUHIO b:(k) no ¢opMyne 

3/4 a{k,ko) 
b (k)= --.-------------, 

[a+v"'}-k 2 -EH1+ik0a(k0,k 0 )] 

ypaBHeHne (i) MO~Ho npaBecrn K Bnay: 
.I 3 k, 2 a+y- -E 

4 

I; 

G0 (k,k 0 ) 
8 

"" 2 G0(k,k ') 
b (k)=- - -P fk' dk' ---

2kk0 3rr o 2kk' k ' 2 - k 2 b (k , ). 
o· 

TiepeiiAeM reneph K 6e3pa3MepHbiM /lepeMeHHbiM: 

k = y j E • x ; k ~ = y ; E y ; k 0 = V ; E K 0 ; a V 
4
3 
E = Y · 

Toraa lWSI ¢YHKUIIR B(x)=1:Ji..b (k) 6yaeM nMerh ypaBHeuue: 
3 . 

B(x)=-G/x,Ko) 

2x Ko 

8 00 . ,.;3 -----
- P Ir 2d r+-vr

2
-1 

3rr 
0 

Y • ~--2 2xy ----- B(y ), 
J.2 - K 2 

0 

(2) 

rae 6e3p83MepHbl9 KOHCT8HTbl K o H y Bb!p8)1(8JOTCSI qepe3 BHepi'HIO CBSI3U 

neiiToHa Ed n eaeprniO Hei!Tpoaa E :n) B na6opaTOpHoii cucTeMe cnenyiO­

IUIIM o6pa30M: 
4 

' ! 

I 

2 1 2 3 l 3 Ed 
K

0 
= --, y = - -- ; · E = - --

1-E 4 1-£ 2 E(n) 
n 

<1. 

l1repupySI ypaBHeHHe (2) R BBOASI o603Ha'ieHHe !!_ :,\, UC 
3TT 

00 Jr. r-;-:; Ga(x,Ko) 2 2 Y+ 2 V z~ -1 
B(x}=- +AR(x,K

0
)+>.PfzdzR(x,z) 2 2 B(z). 

2 XKO · 0 Z -K
0 

J1HTerpanhHbi:ii qneH B ypaBH9HIIH (3) HMeeT TOT )1(9 BRA, qTo 

linn (2), c saMeHoii ¢YHKunn 
G0 (x,y) 

2xy 
Ha !fly HKUHIO R (X, z), on 

BbipalKeHneM: 

1 00 

R(x,z)=--P fdyGofx,y) 
4xz O 

·. 

J . 
y+L...Jy2 .;.1 

2 
y 2_ K 2 G 0 ( y , z). 

0 

B 6e3pa3MepHbiX nepeMeHHbiX x n y ¢YHKURSI Go ·nMeer 

(1) (2) 
G

0
(x,y)=G (x,y)+irrG (x,y) 

(1) 2 2 
G {x,y)=f'n\ x +Y +xy -3/4 

2 2 
x+y -xy-3/4 

I 
(2) 2 -2 

; G (x,y) =fJ( x +y-3/4 
xy 

QqesnnHo, qTo oco6eHHOCTR ¢yHKUHn G ( 1' ( x, y) onpenen:IIIOTCSI 

X =-!_+VJ.I1-y2 
1 2 2 V 

X = _L +V3 '~1 
} 2 2 v -y 

~ 2 
y - ~yl-y 

x4 = 2 2 

v J3 x =- t--"-'- vf-v2 
3 ·J '} .. - -. 

(eM. puc. 1 ). 
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k,k') a{k ',k
0

) 
(1) 

KB8pTeTHOI'O n-d-paccesiHIISI , 

1 

I~ =f'n 
-I Q+x · 

Mbl 

Q + 1 
Q- 1 

b:(k} no ¢opMyne 

-, 

I ; 

__ __:_ ___ b (k , ). 
k '2-k 2_ 

0 

repeMeHHhiM: 

.I 3 . 
2y_--;;y . 

. 4E 

-1en:' ypaBnenue: 

-yy~ 
----B(y}, 

- K 2 
·0 

1)1{8 IOTCSI 'lepe3 81!ept'HIO CB SI31I 

ra6opaTopnoi1 cncTeMe cne.ny10-

r 
-I 

I 

l 

t 
i 
I 

2 1 
Ko =--

1-t: 

'· 

2 3 t: 3 Ed 
y =- -- ;·t:= -- ---<1. 

4 1-t: 2 E(n) 
n 

l1 Tepupyst ypaBnenn:e ( 2) u BBO.OSI o6osna<Ienn:e :
17 

="-, nonyqaeM: 

G0 {x,K 0 ) 2 oo 2 Y+f-0 
B(x)=- +AR{x,K

0
)+A.PfzdzR{x,z) 2 2 B(z). (3) 

2xK 0 o z -K 0 

I1HTei'p8.11bHbiH 'l.lleH B ypaBH8l!IIII ( 3) HMeeT TOT me BH.0 1 qTo H B ypaBHe- : 

G0 (x,y) 
HIIII (2), c saMeHoi1 ¢YHKUIIH Ha ¢yHKUIIJO R ( x, z ), onpe.nenSieMyJO 

2 xy 

BhipamenneM: 

(4) 
1 00 

R( x, z)= -- P f dy Gix,y) 
4xz O 

B 6espasMepHbiX nepeMeHHhiX x 11 y ¢YHKUIISI Go IIMeeT BII.CI: 

( 1) (2) 
G (x,y)=G (x,y)+irrG (x,y) 

0 

2 2 I 2 2 
(1) x +Y +xy -3 4- (2) X +y-3/4). 

G (x,y)=Y.n\ \; G (x,y)=()(....;;_..:....L-...:;.!.....: 
2 2 

x+y-xy-3/4 xy 

(4.') 

QqeBH.OHo, qTo ocooennocTH tflynKuuu G ( 11 ( x, y) onpe.nemiJOTCSI ypaBHeHIIS!Mu: 

x =-!....+...;T_/ 1 _r2 
1 2 2 v . 

-v- ----r 
.X =.x.+2-vl-r 

J. 2 2 

X 
=L _ v3 ,1 -1--2-

4 2 -2- v -y 

( CM, pHC, 1 ) • 

5 

l3 o:sr:s 
2 

:£!....<y<l 
2 - -: 
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Puc. I. 

6 

'13 
~ 

i 
- . 

X 

1: 

I 
j 
1 l1TepnpoBaHHoe siJlpo R(x,z) He collep:>KHT llBH~ymnxcSI cnHrynHpH 

I 
.(. 

'. 
J: 

TOMY ecTeCTBeHHO npellnono:>KHTb, 'ITO ero pasno:>KeHne B pSill no 

CHCTeMaM OpTOI'OHanbHhiX <jlyHKUHfi 6ylleT CXOllHTbC£1 nyqrue, 'leM CO 

mne pasno:>KeHIISI llnSI ucxollHOro Hllpa G 0 (x ,y ). 
• _12).. 

l13 Bb!pa>KeHHll (4) II (4') cnellyeT 1 'ITO tPYHKUHSI & (x,y) 

HynSI B ellHHll'lHOM. KBallpaTe nepeMeHHhiX X , y 

HO npellCT8BHTb B BUlle: 

R(x,z)=RI (x,z)+iR 2 (x,z) 

II 'ITO <jlyHKUIIlC 

(I) (2) (3) (3) 
RI(x,z}=RI (x,z)+R I (x,z)+RI (x,z)+RI (z,x) 

(I) (2) (3) (3) 
R 2 (X' z) = R 2 ( x, z) + R 2 (X' z) + R 2 ( .x' z) + ~ .2 . ( z ' X), 

rlle 

I (I) y . dy (I) (I) "" dy Yf -2-
R I ( x,z)=- J G (x,y)G (y,z)+P f (y+ -yy -1)( 

4xz o y2-Kl . I 4xdv2-K2) .2· . 

· 2 I (2) . TT y dy (2) (2) 
R (x,z)=---f G (x,y)G (y,z) 

I 4xz o y 2_ K2 
0 

R
f3J( ) yJ rr Ifd yl-y2 GfiJ ( )Gf2J( ) 
1 

x,z =---- y x.,y y,z 
2 4xz 0 y2-K2 

0 

(IJ yJ 1 I . yl- 2 
R

2 
(x,z)=-·--fdy __ r_ 

2 4xz o y2 _ K~ 

(I) (I) 
G (x,y)G (y,z) 

(2) .IJ 2 I .JJ7 (2) (2) 
R (x,z)=-~-"- fdy - G (x,y)G (y,z) 

2 2 4xz o • y2 _ K; 

I J 
(3) ) . yrr f dy-R (x,z =--- 2 2 
2 4xz o y-K

0 

(I) . (2) 
G (x,y)G . (y,z). 

7 
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Yl Tepnposannoe srapo R ( x, z) ne coaep*HT aBH*YlllliXCSI cnnrynsrpnocTefi, rroa­

TOMY ecTeCTBenno rrpearrono*HTb, ~To ero pasno*enne B psra rro HeKoTopoiM 

C!!CTeMaM opTOr'OHanbHbiX !jlyHKUI!ll 6yaeT CXOaHTbCSI nyqrue, "!eM COOTB~TCTByiO­

IUI!e pasnO)I{e HIISI ami IICXOaHOr'O Slap a GO (X , Y) · 
. d21 

!13 Bbipa>KeHHll (4) ll (4') cneayeT, ~TO !jly!IKUHSI (x, y) OTnH"liiB OT 

nynsr B eai!Hli~!IoM· KBaapaTe rrepeMeHHoiX x, y 

no rrpeacTaBHTb B Bnae: 

li ~TO !jlyHKUHIOR(x,y)MO)I{-

R(x,z)=R
1 

(x,z)+iR 2 (x,z) 

(1) (2) (3) (3) 
R/x,z)=R

1 
{x,z)+R 

1 
(x,z)+R 1 (x,z)+R 1 (z,x) 

(1) (2) (3) (3) 
R 2 (X' z) = R 2 ( x, z) + R 2 (X' z) + R 2 (X' z) + R 2 ( z ' X), 

. . . 

rae 

R
(1J( ) y f1 dy G(1J( )G(ll( ) p foo dy ( {J'.'/'21).!11( )G(1(l -

x,z =- --- x,y y,z + Y+ -
2 
vY- c; x,y y,z). 

1 4xz 0 y2-K(f 1 4xdv2-K2) 

. 2 I 
(2) . TT y dy (2) (2) 

R (x,z)=----f--G (x,y)G (y,z) 
I 4 XZ 0 y 2_ K2 

' 0 
(5) 

(3J yJrr 1 y1-y2 G(IJ( )G(2J( ) 
R

1 
(x,z)=-- -- f dy ...,;___;:,___ x_,y y,z 

2 4xz 0 y2-K2 
0 

( 1) (I) 
G (x,y)G (y,z) 

(2) .13 TT2 I _ 1-1 .2 (2) (2) 
R {x,z)=-~-fdy Y -L G (x,y)G (y,z) 

2 2 4xz o • y2 -Kr/ 

(3) yrr 1 --1-G(I)(x,y)G.(2J (y,z). R2 (x,z)=-·--fdy 2 2 
4xz o y -K 

0 
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.llnsr pa31IOJKeiiUH Hllpa R ( x, z) He06XO~iiMO BBeCTii_ MBe CHCTeMhi OpTo­

liOpMHpOBaHHhiX .(jJyHKUn:i1; a n:MeliH~ 1 ¢YHKUHH M m'(x) n:.cpv {x), orrpeueneHHbie 

COOTBeTCTBeHHO B lfHTepsanax (0, oo) H ( 0 1 1}: 

fdxMm(x)Mm'(x)=O mm' (m,m '=1,2, •.. M) C6) 
0 > 

1 

fdxcp (x)cp , (x}=O , (v,v'= 1,2 ... N ). 
0. v v w (61} 

Ecn!f M m ,·x) npeLtCT8BlfTb B BlfLte 

M (x)= fr 2 drf(r)j (xr))( (r), 
m 0 0 . m (7) 

I'Lte .f (r )-HeKoTopaH nonomn:TenbHo onpeueneHHaH (jJyliKUlfH1 To n:3 ( 6) cneLtyeT 1 

'ITO (jJyHKI.llllf X m (;) uonmHhi yuosnersopsrTb lfHTerpanbHOMY ypasneHHIO 

00 

X ( r ) = A J r ' 2dr 'K 0 ( r, r ') f{ r ')X ( r ') 
m m 0 m 

K 0 (r,r') = J dxj
0
(xr)j

0 
(xr ') 

0 

If ycnOBHIO OpTOHOpM!ipOB8HHOCTH 

1 00 

- f. r 2 dr f (r) X (r Jx , ( r )= o , , Am 0 m m mm 

T.e. (jJyHKUlflf X m (r) LtonmHhi 6hiTb co6CTBeHHhiM!f (jJyHKUUHMH .lieKoTopoi1 3aLta'llf 

lliTypMa-nlfyB!fnnH. B 'laCTliOCT!i 1 Bbi6!ipaH f(r )= e-f3: rLte f3 - HeKoTophii1 na-

pa~eTp 1 nony'llfM: 

xm(r )=em 1 ( -f3r/2 
r 0 xm e ) ' 

rLte 

3 

=(~)1/2.~ 
· 21T !

1
(x,;,J 

c 
m ; f (X ) =0, 

0 m 

1 (x)~ (jJyHKIIHH Eeccensr rropHJlKa n • TorLta 1 cornacHo onpeueneHn:ro · (7) 1 • 
• • > 

(jJyHKlllflf Mm(x), yuosnersopsriOIU!fe ycnoB!fiO (6)., -MoryT 6biTb npeJlCTaBneHbi. -

B BlfJle: 

. 00 k 

Mm(x}=Cmi.(-1} 
k=O 

X 2k ·1 
{-m) 

2 (k! )2[x2 +f32(1 +k) 2_) 
(8) 

\ 8 

:~. 
•' 
J.r 

1: 
,. 

f:, 
'! 

'! 
\l. 
i. 
j:· 
I' 
I. 

'i . 
I 

~
·j. 

I . .,. 

) 

··l:· .. . \·. . ·.' 
\ ·.· 
( , __ 

1-· 
~ . ' ' 

'.1j· 

..\ 

I 

' 

.. ,, 

B Ka'IeCTBe ¢YHKU!ffi ¢. (x), •. yuosneTsopsrromn:x ycnoB!fiO (6') 
1 

y . v . 

cneuyromn:e (jJyHKlln:lf: · 

cpv (x)=x(l-x)~ [(v+3X2v+4) 
V+ 1 

(1.2) 

rue P ( z) - non!fliOMhi .HKo6n:. v 

~ (1,2) 
] P v (2x-1), 

TaKoi1 Bbi6op cpv (x) Y'llfTbiBaeT xapaKTEp noseueHn:H npn: x-. 

. . . ~) 

lfHTerpanos B ( 5), coLtepmamn:x ¢YHKUHIO G ( x,y ).CneLtyeT 3aMeTJ 

1 x-.oo M (x)---;r-, 
. ,m ·X TOI'Lta KaK npn: X-> oo If KOHe'llibiX Z 1 liaiipl 

. 2 
-1/x . 3To o6cTOHTenbCTBO y'llfTbiBaeTcH npn: pa3nomeHn:n: R(x,; 

liOmeHHH If ·LteneHHH COOTBeTCTBYIOIUHX .BbipameH!fll B (5) Ha x2 :+ 

. CT8HTa a::: 1 • 

l1cnonb3YH (jJyHKUIUI Mm(x) n: cpv(x) If HBliOe Bbipameli!fe (5; 

nerKo nony'llfTb cneLtyiOIU!fe pa3nomelilfH: 

(j) - - (j) -
Ri (x,z)= I ,R , M (x)M , (z)+ I P , cp (x} cp , (z) + 

mm mm m m vv' vv v v · 

.• (j) - - -
+ICv[M (xjcpv(z}+.lf (z).1:(x}] 

mV m m m ~ ( j =1,2 ), 

. I'Lte 

ii (x)=(x 2 +a 2 )M (x}; m m 
~v ( x) =: ¢v(x) 

X 

.Hslibiii: BHLI Kos(jJ(jJ!fUHeliTOB pa3nom"ean:_i1 (1 0) rrprmeLteli B DI 

Ecnn: 3ann:caTb pemean:e. B(x} ypaslieHn:H (3) B BHLte 

B(x)=B
1 

(x)+ iB/x}_ 

H BOCIIOnb30BaTbC5I pa3iiOmeaueM ( 10) 1 TO nerKO IIOKa3aTh 1 'ITO 

HMeiOT BHJl: •. \ 

·" 

:.' 

9 



· .... 

.BBeCTH JlBe CHCTeMbi OpTo-

11 m-(x) u.cpv(x), onpe.oeneHHl>Ie 

(6) 

(6,) 

(7) 

I cpyHKUHH, TO H3 (6) cnenyeT, 

HHTerpanbHOMY ypaBH9HH10 

(r ') 

I cpy!IKUHHMH JieKOTOpOH 38ll8"1H 

-{3~ 
~ e , rne f3 - HeKOTOphiii na-

cornacno onpe.oeneHHIO' ( 7) ,' 

)., -MoryT 5hiTb npencraBneHbi. ·• 

k)'ij·' (8) 

\,~1 ·, 
I . 
·1.. 

. 1. 

B Ka'leCTBe cpyHKUHH cpv(x), •. y.ooBnerBopmoumx ycno_BHIO (6'), y.oo5n6 B:21SITb 

cne.oyiOIUHe cpyHKUIIli: 

(1,2) 
P (z)- nomrHOMhi HKo5u, v 

Yz ( 1,2) 
-1 P v (2x-1), 

(9) 

TaKoil Bhi6op ¢. (x) y'IHThiBaeT xapaKTEp noBe.oeHHH npu x ... O H npu " ... 1 v 
, ~) 

unrerpanoB B ( 5), conepMamux cpyHKUUio G ( x,y ).CnenyeT GaMeTHTb, 'ITO npu 

x->oo M (x)-2_
4 

, 
. m X 

Torna K.aK rrpu x ... oo II KOHe"lHbiX Z 
( 1) , 

, HarrpuMep,R 1 (lC,z).:.. 

..:.1/x 
2 

• 3ro o5crosiTenbCTBO y'IHThmaercH npu pasnoMeHHH R(x,z) nyTeM· yM­

HOMeHHst H · .oeneHHH co'o·rBeTCTBYIOIUHX Bb!paMeHHH B ( 5) Ha X 2 .+a 2, r.oe KOH-

. CTBHTa a ::: 1 , 

I1cnonb3YH cpyHKUHlll Mm(x) H cp (x) u HBHoe BbipaMeHue (5) nnH R(x,z), 
v 

nerKo nony"lHTb cnenyiOulHe pasnolKeHHH: 

(j) - - (j) -
Ri(x,z)~I,R ,M (x)M ,(z)+ I P ,¢ (x)¢ ,(z)+ 

mm mm m m w' VV V v 

,: . 
.. ' 

( 10) :. . 

~ (x)~ ¢v(x) -. 
V . X 

HBHbifl BH.!l K09cpcpHllHeHTOB pasnolKeHHH (10) npHBeneH B UpunoMeHHU 1, 

Ecnu sanucarb perneaue B(x) ypaBHeHHH (3) B BHlle 

u BocrronbGOBaTbCH pasnolKeaueM ( 10), To nerKo rroKasario, 'ITO B /x) H B /x) 

HMeiOT mrn: • 

9 
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~I 
1

!1 
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~. 

I 
I 
I 
r. 

( 1) 

G ( x, Ka ) 2 c 1 I c 1 I 
B

1
(x}=- +AR 1 (x,K 0 )+>..{~D Q(x}-

. 2xKo m m m 

-~ DW Qc21( ) ~ Gc11 F-en()-~ G c21 jC21 ( }}· 
mm mX+v!-' VXVV v x, 

(11) 
2 . (1) (2) (2) (1) 

B2(x}= A.R/x ,K 0 )+A { ~ Dm Q m (x} + ~ D m Q m (x}+ 

+ ~ c~' F-~21 (x} + ~ G~21 F :1) (x) }; 
v . v . 

.· ( j) 
I')le Q m (x) II F ( n ( x) Bhrpa)KaJOTC5I 'lepea cpyHKUIIII M ( x) n f. ( x) cneJlyiO-v . m V 

Ulli:M o6pa30M: 

- (j) 

- k,Mm' (x}'Rm'm 
m . 

+ ~¢ (x)C (j) 
v V mv 

Q Cil (x} 
m 

{11') 
- ( j) - (i) - ( j) 
F ( x) = 1 M ( x) C + 1 rP, , P , . 

V m m mV V ~ V V V ( 

( . J ( . ) 
· llnSI Heii3BeCTHhiX KoacpcpHIUieHTOB D 1 II G 1 

IIMeeM CHCTeMy ypaBHeHIIii: 
· m V 

1JO ,->..2 Wr1J,]D' 1 ~ +A2 1W r2 ~ Dr2 ~->..2 1 wr31 G(l)+A 2 1Wr41 Gr21 =V(11 
m mm mm m m' mm m v mV V v mv V m 

-A2 1,W (2), D (~I +1 [o ,..A2W ( 1 ~] D (2} ->.. 21 W (4.(; ' 11 

m mm m m, mm mm m v mV l! · 
- / ~ W (31 G (21 = V (21 

v mv v m 

(12) 

-.\2 1 W(5~Dr 1}+A.2 1 Wr6~Dr~\-1[o -A2 Wm ]G (ltA 21Wr81 G(21=V(JI 
m' · Vm ·m m, Vm . m Jl VJl VJl Jl Jl VJl Jl V 

-l1W.r
61
'Dr

1! -.\ 21 W r
5! D'

2! ->..2
1 W '

81
G '

11
1[8 ->..

2
W(

71
]G(

21
=V '4 ~ 

m' Vm m m , vm m Jl VJl Jl + Jl VJl VJl Jl v 

.fiBHhlll BHJl K03cpcpHUfleHTOB W II . rrpaBhiX qacrell: V )laercSI B Opii.TIO)!{eHIIII 2, 

TaKnM o6pa30M, 38)l8'18 CBOJlHTC5I K pemeHHIO CHCTeMhl .11HHei1:Hb!X anr-e6-

paH'IeCKHX ypaBHeHHH ( 12) liOp5IJlKa 2 (N +M ), a pemeHHe HCXOJlHOI'O ypa~HeHII5I 
(2) liO.Tiy'laeTC5I B 8H8.11HTH'IeCKOM BHJle, orrpeJle.115IeMOM Bbipa)!{eHII5IMII (11 ) , 

10 

0 O.Tiy'leHHOe pemeHIIe OllpeJle.115IeT cpaay S -paCCe5IHII5I Bhlllle liOp 

JleiiroHa cne)lyiO!llHM o6paaoM: 

8 Retgo(k
0

) = 3 yK
0

B 
1 

(K 
0

), 

/mtg o(k0 )= ~ y'K~B2 (K 0 ). 

TaK KaK Bhillle rropor-a paaaana K
0 
>I, To B Bhipa)!{eHII5IX ( 1 

OllyCTHTh CyMMhi, COJlep)!{B!llHe cpyHKUHII ¢- ( x) ( T.K, if> ( x) OllpeJlE 
1.1 1.1 

repBane l 0,1 j ) • 

.B peanhHOM cnyqae HeTO'Ie'IHOI'O B38HMOJleHCTBH5I llpll liOMI 

.TIH60 cerrapa6e.TihHOI'O rrpeJlCT8B.11eHII5I 2-'laCTH'IHOH t -MaTpiiUh 

cf>a)lJleeBa, KaK H3BeCTHO, CBO)l5ITC5I K Cf!CTeMe O)lHOMepHbiX yp 

.fiJlpa 3TIIX ypaBHeHIIH Jl01lYCK810T 5IBHOe Bbi)le.TieHHe norapncpMH'IeC 

mell:cg qacru, · K Koropoll: BhimeorrucaHHaSI rrpoueJ:typa rv.tO)!{eT 6biTJ 

CTBeHHo rrpnMeHeHa. TaKI!M o6pa30M, rrpennar-aeMhiiJ: MeTOll I!Meer 

HhiiJ: xapaKrep. 

ABTOphi Bhipa)l<;a!Ol; 6nar-onapHocTh ll.ll. <P·anJ:teeay aa IIHrep 

II A.ll. 3y6apeBy 3a rroMOilih B rrpoBeJleHIIII pAAa 'lncneHHhiX oueH 

0 p H .11 0 )!{ e H II e 

KoacpcpHUIIeHThi pa3.1IO)!{eHui1: R/x,z) n R 2 (x,z) no cpyHKUH5IM JJ 

li0.11y'laiOTC5I HerrocpeJlCTBeHHO II3 (5) C y'leTOM XapaKTepa liOBE 

cpyHKUIIll COOTBeTCTBeHHO Ha KOHUaX IIHTepBano_B ( 0, oo) H ( 0,1). T ~ 

no tPYHKUII5IM M (x) n M (z) 
1 

• n n pa3nar-aeTC5I Bhipa)!{eHue [(x 2 +a 2 Xz 2 1 

'· 
no ¢yHKUH5IM¢JxJ n¢v(z)-x_zR~21 (~,z) n T,Jl, Y'IHThiB85I aro 

ny'IHTh c~eJlyiOmue Bhipa)!{eHnSI Jl.TISI Kos.¢¢uuueHro8 ~ · ¢opMyn~ ( 

C1J L c21 I c11 
R -= y a '+- b "· P. , mm 4 mm 4 mm ' VV =·-

R C2J,=~ aC1J ,;· pC2J, =-1lV3 AC2J, 
mm 8 mm VV· · · 8 · VV 

.!f.L A (1), • C (1) __ Tn/3 
4 VV ' mV - 8 

11 

c (2) 

mv 

yrr (2j 

=4 gmv 



I ·:£ D (I) Q (I) (X)- ' 
m m m . 

~ G (2) jv(2) (xJI; 
' v 

( 11 ) 

i l; 

lKUIUI M m (x} H fv (x} cneJlylO-

mv 

HM99M CHCTeMy ypaBH9HHfi: 

(12) 

~fi v )laeTCSI B DpnnoJKeunn 2, 

,HHIO cncTeMhi nnuefiHhiX anre6-

peiiieHH9 HCXOJlHOI'O ypaB!l9HllSI 

U9JlSI9MOM Bblp8lK9HllSIMll ( 11 ) • 

- j 

• I 
I 

J • 

.· 

nony<IeHHoe perneHIIe orrpeJlenHeT $asy s -pacceSIHIISI Bhrrne rropora pasBana 

Jl9HTOHa CJieJlyiOlllllM o5pa30M: 

8 Re tgo (k
0

) = 3 y K 
0 

B I ( K 
0 

) , 

lmtg o(k 0)= ~ yK.~8 2 (K 0 ). 

T aK KaK Bhiiiie rropora pasBana K
0 
>I, TO B BhrpalKeHHSIX ( 11') cneayeT 

orryCTHTh CyMMhl 1 COJl9plKalllii9 <jlyHKUHII cp- ( x) ( T,K, cp ( x) OI1p9Jl9Jl9Hhl B HH-
11 11 

TepBane l 0,1 J ) , 
B peanbHOM cny<Iae H9TO'l9'IHOI'O B3aHMOJl9HCTBHSI IIpH IIOMOIIIII KaKOI'O­

nn5o cerrapa5eJibHOI'O rrpeJlCT8BJ19HHSI 2-<IaCTH'IHOH t -Ma TpiiUhl ypaBH911l!SI 

¢laJl)leeBa, KaK nsBecTHO, CBOJlSITCSI K cncTeMe OJlHOMepHhiX ypaBHeHIII'i/4/, 

Hnpa aTnx ypaBHeHnfi norrycKaiOT SIBHOe BhineneHne norapH<j!MII'IecKI! pacxotlSI­

meficH 'IaCTII 1 ' K KOTOpOH Bhllll90IIIIC8HHaH IIpOUeJlypa ":10lK9T 5b!Tb H9IIOCpE!Jl­

CTB9HHO rrpnMeHeHa. TaKIIM o5pasoM, rrpennaraeMbiti: MeTOJl HMeer yHnBepcanb:­

Hhifi xapaKrep, 

ABTophi Bhrpa>v.aiOJ; 5naroJlapHOCTh JI.JJ.. ¢lanJleeBy sa HHTepec K pa5oTe 

II A~JI. 3y5apeBy sa IIOMOIIIh B IIpOB9Jl9HHH pSIUa 'IHCJleHHhiX OU9HOK, 

D p ll n 0 lK e H II e 

Koa<jl!lJuuHeHThi pasnolKeHnfi R/x,z) n R 2 (x,z) rro <jlyHKUHI1M Mm (x) II ¢v(x) 

IIOJiy'IalOTCSI HerrocpeJlCTBeHHO H3 (5) C y<IeTOM xapaKTepa IIOB9Jl9HIISI 9TIIX 

lPYHKUHH COOTB9TCTB9HHO Ha KOHUaX llHTepBaJIOB ( 0, oo) ll ( 0,1), TaK, HarrpnMep, 

rro lPYHKUHH~Mn(x) II Mn(z) pasnaraeTcSI Bhip~lKeHne [{x 2 +a 2 Xz 2 +a 2)fn~1(x,;), 

~o<jlyHKUHHMcpv(x} n¢v(zJ-x.zR~21 (x,z) II T,Jl, Y<II!ThiBaSI aTo, nerKo uo-. 

ny'II!Th CJ19JlYIOlllll9 BbipalKeHHSI JlJISI K09!lJ<jlnuneHTOB B. '!lJopMyn~ (10): 

R(IJ,=Lya(21 ,+~b ,. 
mm 4 mm 4 mm ' 

p::~ =- .!6_ A (IJ, 
4 vv 

R (2),=':/.!._ a(IJ,; p(2), ,_rr\/3 A (2), 
mm 8 mm VV · 8 VV 

11 

C (1) -=- Tn/3 g (I) 
mv 8 mv 

yrr 
=-

4 

(2) 

gmv 



~ ' 

•: 

i: 

\i 

·)'; 

\~; ., i ,t 

II,; 

! 

.i ,. 
I ,. 
I' 

iJ 

rAe V372 
. (j) (l) (l) l (2) (2) 

amm'= f dyhJy)Fm (y}Fm•(y}+ fdyhi(y}Fm (y}Fm•(y}; j=I,2; 
o VT/2 

·h:(y}= yi-y2 
y2- K 2 

0 

I 
h (y} = 2 

2 2 y -K
0 

(l) 1 dt I+t- X X3 
F (y}=f-ln-.---:--l-1{1 (x

1
t}-!{l (2}+1{1 (x3 t)+!{l (-}]; 

m 0 t 1 -t m m t m m t 

(2 ) 1 dt I t X 3 X 
Fm(y}= f-t-ln--.-±:--t [!{lm (x.3 t)+!{l (-}+!{! (x4 t)+!{l (___i)]; 

0 
1 -t m t m m t 

!{! (x}= Mm( x) 
x2+a2 m 

b ·= p j dy [y+Yl_-..jy2-I]Fc3!(y)Fc;J (y) 
mm 1 Y2 -K 2 2 m m 

0 

OJ 
00 dx (ZJ 

F (y)=f -!{! (x)G (x,y) y>I 
m 0 X m -

A Ci!- B Ci! B CiJ 
w'- vv'+ v'v (j=I,2;) 

1/2 
(y}/. (x

1
)[cllv (y)-cllv(x

3 
)]- fdyc/> ,(y}/.(x

3
}[cll (y)-

1 0 V I V 

(j) {i/2 
B , = f dy </>. , 

vv 0 v 

0/2 1 
-ell (x

1
Jl+ f dycp ,(y H. (x} [ell (y )-ell (x 

1
)]+ f dy </> , (y )I. (x )[ell (y}--

v 1; 2 v 1 3 v v . v1/2 v 1 3 v 

' I 
-CIJ (x

4
Jl- fdycf>,{y}/.(x

4
)[CIJ (y}- CIJ (x

3
Jl; 

v Vf12 v 1 v v 

12 

I Ko- Y VK~-I I +KoY 
f /Y )= --ln-- ; 1

2 
(y )= [arosin -arcsin 

2K
0 

K0+J 2K0 Ko +y 

I -Koy· ---
K 0- J 

H v . ' 
cf>. (y )={1-y) ::£ a(V)yp. ·(v=l 2 N}· (V) _ ( l}p.+v [ 2v+2 ] H 1/L+J v p. ' , , ... , , a - - --

~ 11=1 IL v(v+2) ( v-p.)! (f 

A • p.+1 . A p!{l-y) 
v (V) H ::£ ( I) 

<I>Jrl=P'!;1 apxp(rJ;xP(y)=2{1-y) A=1 - (A-I)!(p-A+I}!(2 

yT/2 . 
( j) . ( 1) 1 . 

g = J dyh.(y}[<J> (x
3

.)-<J> (x
1 

)]F (y)+ f dyh. (y}[<J> (x
3

)-<J> 
mV 

0 
1 V V m 1 V V 

V372 

( j = 1,2 ). 

Tipnno)!(eHne 2 

3JleCb M~I npnBeJleM Kost!JqmuneHThi W n npaBhie 'IaCTii V a1 

ypaBHeHnii (12). 

(1) (1) (1) 

W , = yl ::£ R , S 
mm ml m1 m mm. 1 

(1) (1) ..;3 (2) (2) 

+ ::£ C , T I- - l ::£ R , S + :£C 
V m V mV 2 m 

1 
m1 m m m 1 v ' 

y3 . (1) (3) 

+- ::£ R , S 
2· m1 "'1m mm1 

W m, =YI ::£ R(2 J ; S c1J + ::£ c'(:J T (lj l + yJ I::£ R(l) , S (ZJ + ::£ C c 
mm m 

1 
m-zm mm 1 v m V mV 2 · m 

1 
m 1m mm 1 . v 11 

..j3 ~ R(2J S cJJ · : 
+-~ , ' 2 m

1 
m 1m mm 1 

13 



".1··· 

(2) (2) 
m (y)F;,' {y); j =1,2; · 

. x4 
t}+t/J (-}]; 

m t 

. .l 
1-t J dy cf> , (y )! {x )[<ll (y)-

312 v I 3 v 
v . ' 

I K0 -y YK~-I . I +KoY . I-K0y· 
1/r )= --ln--; 1

2 
(y) [arosm-----arcsm ]- arcsiny; · 

2K
0 

K0+Y 2Ko Ko +y K 0- Y 

,~. ( )-(I- )11 ~ (vi ll ·( -I2 N)· (vi- (-I)Il+v [ 2v+2 ] l2 (/l+V+ I)! 
'1'. y - y ,._ a y , v- , , ... , , a - ---

v ll=I ll ll v(v+2) (v-ll)!(ll+I}!(Il-I)! 

A 
v (V) • !1./l+I A ll! {1- y) 

ll>Jy )=, __ II a, x, {y); X, {y) =2{1-y} , __ II {-I) ~--;-;~--:-~7:-::::-:---;-;--
v ,- r r r 1\ (A-I}!{Il-A+I}!(2A+I} 

yJ12 . 
(i) . . (I) I (2) 

g = J dyh.(y)[ll> (x
3 

)-ll>v(xi ))F (y)+ J dyh, (y)[<ll (x 3 )-ll> (x,)]F (y); 
mV 1 V· m 1 V V .. m 

0 ~2 

( j = I,2 }, 

Dpuno)KeHne 2 

3nech Mbi npuBeneM Koa¢ifluuueHTbi W n npaBhie 'IaCTH V anre5pauqecKux 

ypaBHeHHH (12), 

(I) (I) (I) 
W , = yl I R , S 

mm m 
1 

m1 m mm. 1 

(I) 

+I c , 
V m V 

T
rn l - y3 I "<' R (2! , s (2! (2! (2! 

,.. +IC,T l+ 
mV 2 m I m1 m mm I v m V mV 

+ V3 I Rr2 J ,S rJJ ; 
2 m I m Im mmi 

13 



>· 

·.· ,_ 

, .. 

F .,, •- .1 

-Wr31 =yll: Cr11 S (IJ +l:P (IJT(IJ 1.:.. Y3 1l: C r21 S r2 J + l:~r21 Tr2 J I + 
mv - "'I "'lv "'"'I IL ·pv mp 2 "'I "'tv "'"'I IL pv mp 

•-'.. 

+ y3 l: c (1) s (3) 

2 "'I "'IV "'"'I 

(4) -
W = I l: C r2 J S rtJ +l:Pr21 Tr11 I+ yJ ll: C rtJ Sr21 +l: Pr11 T r211 + 

mV . Y ,.
1 

m1v mm 1 7J. pv miL 2 ,.
1 

m1v mm 1 p pv mp 

+..jj_~ c(2) s (3) • 

2 "'I m1v mm/ 

Wr51 =rl l: R (IJ T rtJ + l: C rtJ U (IJ I - Y:!..1 l: Rr21 T r2 J 
. vm m 1 m 1m m 1 v IL m p vp 

2 
m 

1 
m 1 m m. V 

+ l: c (2) (2) 

IL mp Uvp 

Wr6J~ I l: Rr2 J TrtJ + l:Cr2J- Ur~Jl + yJ ll: R (IJ T r21 +l:C (IJU r2 J I; 
Vm Y -"'I m 1m m l v IL mIL vp 2 m 1 "'1"' "'tv IL mp vp 

wr7~ ll: cr11 rr1 \l:Pr~J ur1! 1- vTil: cr21 rr21 +l:Pr~J u(2).1; 
· vp Y m mp mv v • v p vv 2 

111 
mp mv v' v tJ. vv . 

W rsJ = I l: C r2 1T ro l: P r21 U (1), 
vp Y ., mp mv + v • v P vv 

+vJ ll: c(l) T(2) +l:P~l) u(2)·1· 
2 m mp m v v' v p vv ' 

rAe 

(i) 

s ' , mm 

co z2 dz - - . 
= Pf f. (z)M (z}M ,(z); (i=I,2,3) 

0 z2 _ K2 • m m 
0 

(i) 1 '2 d - - (3) 
T = z z f.{z}M (z}</>.(z}; (i=1,2); T =0; 

mp 0 z 2 - K~ ' "' IL mp 

14 

.· 

:-

·:·-.· 

,<t 

._, 

,.. ·"' 

(i) 1 z 2 dz · , - . -- - (3J 
Upv=f- f:(z}cp·(z)</>(z);(i=I,2);U =0 

. 0 z 2 -;-K~ ' IL v " IL v 

I 
yi-z 2 

f (z)=l; f (z)= _ · 
1 2 " 0 

O_sz,SI; _ ~-o 
{
3

(z)=. 
z>I ; . 

z <I 

yz 2 -I I <-z <co 

(1) 
( 1) l 

v m =rl f z
2

dz 
'2":'2 

- G (z, K 0 ) (1) -(3) · 
M.,(z)[- +ARI rz!Ko)+>..RI(Ko,z)]-1 

0 z -K0 .2zK 0 

co 2 
" (1) .. 

+Pf zdz 
1 -~ 

z 2-K~ 

_ G (z,K0 ) ·m 
M,.(z}[---.-+>..R (z,K Jll-

- 2 ZKO 1 0 

. J7 1 '2d' "--- (1) (3) 
_ ~ f z z yi-z

2 
M (z)>..[R

2 
(z ,K

0
J+R

2 
(K

0
-,zJl+ 

2 0 2· 2 . . .. . 
Z - K 

0 

- rn .· 
.1~- co Z2d; -:z-- :.... : G (z,Ko) (1) 

+'Y..:::....Pf --2---;-- yz -I M,(z)[- +>..R1 (z,K
0

)]; 
2 1 z -KO 2 ZK

0 

_f2J ·_ 1 z2dz - (1) (3) . . - co z2dz - (1) 
V ,.=yl>..j----M,(z)[R2 (z,K

0
)+R 2 (K

0
,z)]+>..P f-

2
-

2
- MJz)R

2 
( 

. z2-K2 1 z - K 
0 " 0 

dl) 
./0 I 2 ---- (z K ) (1) (3) 

+-V"-f z dz yi-zl M,(z)[- . , o +ARI (z,Ko)+>..RI (Ko,z)] 
2 O z 2_ K2 2zK

0 
' 

0 

yJ- co z2 dz 2- - (1) ) -
+>..--P f---yz -I M (z)R (z,K ; 

2122 ... 2 0 z -K
0 

(3) f
1 

z 2 dz 
v =J' ~2 

p o z 
7

K
0 

·G(1
tz,K0 ) (1) · (3) - . 

rpiL(z)[- +AR 1 (z,K
0

}+>..R
1 

(K
0

,z). 
2zK 0 · · . ... · 

..· 15 



} s (3} ; . 

1 mm 1 

•.· ., 

oi ·· ·r21 ·.., (l}u 121.
1 

• 
• T · +k C · · • '~ 1 m m1v . P. mp. vp. 

ii =' I,2,3) 

' . 

. i 
i. 

r J 

';·' 
.'• 

.. ·.· 

l .. ; 
. f : . .• ~ 

·. 

.···. 

. .. •, 

U (i} =lf z2
. dz - (3} 0 

----,,-f(z}f (z}cp (z); (i =I,2); U = 
. p:L' O z 2 -K~ i p. V p. V 

I 
y I- z 2 

f (z)=I; f (z)= 
. l. 2 . 0 

(l} • 

z < I 

I <·z <oo 

· 2 ·· · · · G (z,K
0

) ll! 
.tYL p 

00

f -~...!!;_ y z2-:J M ( z/£- +A R
1 

( z, K
0 
J1; 

· 2 2 m 2ZK 2 1 z -K
0 

o 

..... 

. l 2J. . (l} (3} oo z2dz - (l} • v
121

=·yl>..j_:_z -M (z)[R (z,K )+R (K ,z)]+>..P f -22 Mjz)R
2 

(z,Koll+. 
m 2 2 m 2 0 2 0 1 Z-K · z -K0 o . 

'yJ- p f .. z2dz .,--;-I M- (z)R (lJ (z, Ko ),·. +1\--- ---vz- - 2 2 l 2 2 . -· z -K
0 

. 15 

~ --· . ··~ 



. _r;-1 2 
:.,\::d... f ~ 

2o z2-K2 
0 

1 
v(4) = yA f 

p. 0 

· /az 
Z 

2 -K~ 

2 - (1) (J) 
yl-z cp (z}[R

2 
(z, K

0
)+R 

2 
(K

0
,z)]; 

p. 

- (1) (3) 
cf>/z)[R

2 
(z,K

0
)+R

2
(K 

0
,z)]+ 

(1) 
2 ..J3 1 z dz 

+ f -2-.-2 2 0 z - K 0 

2 - G (z, K 0 ) (1) · (3) 
yl-z cp (z}[- +AR (z,K0 )+AR 1 (i< 0,z)]. 

P. 2 z Ko · 1 · 

n H T e p a T y p a 
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R.Aaron, R.D.Amado. Phys.Rev;, 150, 857, ( 1966); 
R.T.Cahill, I.H.Sloan. Phys.Lett., 33B, 195 ,(1970); 

3. D.D.Brayshaw. Phys.Rev.; '176, r1855,(1968); R.T.Cahill, I.H.Sloan. 
Nucl.Phys., A168, 211 (1971). ' · .. . · 

4. A.r. CnTeHKo, B.<l>. Xap'leHKo. Y<I>H, ·T. 103, cTp. 469, (1971). 

PyKOITHCh rrocTyrrnna B n3JlaTenhCKHH OTJlen 
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16. 

) 

Y CJIOBMll · 06MeHa 
ITperrpHHThi n coo6meami OH.HH paCChrnaroTCH 6ecrrnaTao, aa 

HMHOrO 06MeHa 1 yHHBepCHTeTaM 1 HHCTHTyT8M 1 na6opaTopHHM1 6 
aaytrHhiM rpymraM H oTaenbHhiM yqeahiM 6onee 50 CTpaa. 

ITonytraTenHM nsaaanfi Ol1.HI1 npeaocTaBnHeTCH BOSMO)KHOCTh 
HBHTb HHHUHBTHBY B 6ecnnaTHOfi IIOChinKe ny6nHKaUHfi B fiy6ay 
06MeHa npHHHMaiOTC.SI Hay'!Hbie KHHrH, :lKypaanhi 1 npenpHHThi H 
ny6nHK8UHH IIO TeMaTHKe 0115!11. 

EmiHCTBeHHhifi BHll ny6nHKauHfi1 KOTOpbifi .HaM npHCbinBTb I 
.STO peiipHHTbi ( OTTHCKII CTaTefi 1 y)Ke ony6niiKOB8HHbiX B HaytrHhi: 

tl pHae cnyqaeB Mbi caMu o6pam'aeMcH K Ha.ytrHhiM yqpe)Kae 
6onee KpynHbiM nonytraTenHM aarnHx H3ll8HHfi - c npocb6ofi 6ec 
CnBTb HaM K8KHe-nH60 KHHrH HnH BbinHC8Th llnH Halliefi 6n6nHOT 
)KypHaflbi1 II3ll8IOlliHecg B HX CTpaaax. 

0 TAB.iibHhle 3anpochl 
HsnaTenhCKHfi oTuen e)Kerouao BhlnonHHeT oKono 3000 oTuen 

cos aa BbiChinKY HsaaaHfi OHHH. B TBKHX ·sanpocax. cneayeT 1 
YK83biB8Tb HH!leKC sanpalliHBaeMoro H3llaHH.SI~ 

A.r.peca 

flHCbMa no BCeM BOnpocaM 06MeHa ny6nHK8UHHMH 1 a T8K)Ke 
oTaenhHhre nsaaaHH cneayeT aanpaBnHTh no aapecy: 

MocKBa, 

FnaBHbiH llO'IT8MT1 n/H 79. 
11.s,aarenbCKHii or,aen · 

06be,annennoro HHCTHTyra 
HJJepHbiX HCCneJJOBBHHii. 

Aapec anH nocbrnKH scex ny6nHKaunfi B riopHaKe o6Meaa, 
6ecnnaTaofi noanHcKn Ha aaytrHhre :lKypaanhr: 

MocKBa, 

FnaBHbiH llO'IT8MT1 n/H 79. 
Hayqno-rexnnqecKaH 6n6nnoTeKa 
06be,annennoro HHCTHTyTa 

HIJepHbiX IlCCfleJJOBBHHfi. 


