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 !" 519.863 

##" 22.18 + 65.42 

 "$%'()"+-/(% 1"+%$%/(2 

34"/" (5%64(8 -:%/;"+ + 6(6;% % 

«1)"(=+"$(;%'>–1"6)%$/(4–

4"/4?)%/;/@A )@/"4» 

 "#$&'( ). +.
1
,  "#$&'($ ,. ).

2
 

(<(:%>.5,> ?0.@B%#.:')++C> @+,')#.,:):, ?. D%#+%@() 
 

E%..6%:#,'%):.G !#0H()6% @!#%'()+,G .,.:)60> «!#0,I'0B,-

:)(3–!0.#)B+,5–#C+05» . @7):06 0?#%+,7)++0.:, #%2,0+%(3-

+0?0 !0')B)+,G 450+06,7).5,8 %?)+:0' , +).,66):#,7+0> ,8 

,+J0#6,#0'%++0.:,. E)K%L:.G I%B%7, +%80MB)+,G , %+%(,-

:,7).50?0 ,..()B0'%+,G '0I60M+C8 #%'+0').+C8 .0.:0G+,> 

4:0> .,.:)6C ' @.(0',G8 !#)B!0(0M)+,> N@#+0 , O:%5)(3-

H)#?%. P0(@7)+C +0'C) #)I@(3:%:C 0 'I%,60.'GI, 6)MB@ 

!#,HC(3L J,#6C-!#0,I'0B,:)(G , #0.:06 !0.#)B+,7).50> 

.):, +% 50+5@#)+:+06 #C+5). R%5,) ,..()B0'%+,G 60?@: !#)B-

.:%'(G:3 ,+:)#). !#, 0#?%+,I%2,, 'I%,60B)>.:',G %?)+:0' , 

0!:,6,I%2,, !0.#)B+,7).50> .):,. 

 

 !"#$&'$ (!*&,: ./*12&*314$!5, 4*/6*&'$ .*(/$37181, 

&2,19*3$:(4&1$, 9*3$!57'$ 1((!$3*&,71;, 8*78</$747*$ 
/,&7*&$(1$,  </7*, >4,8$!5?$/6, (4/,4$611 6,99,-*317. 

1.  "#%#&'# 

@*/91/*&,71$ .*(/$371#$(8*: ($41 7$ &($63, ./*A*314 
*?*"3*&'6*37* 3!; ./*12&*314$!$: 1 .*(/$3718*&. C$/$38* 

E4*4 ./*G$(( (*./*&*H3,$4(; 8*7I!184,91 9$H3< 7191 1 9$H-

                                           

1
 T)++%B,> V'%+0',7 <(?%I,+, I%'. 5%J)B#0>, B05:0# J,I,50-

6%:)6%:,7).5,8 +%@5, !#0J)..0# (algazin@socio.asu.ru). 
2
 W(,G T)++%B3)'+% <(?%I,+%, 5%+B,B%: 450+06,7).5,8 +%@5, B02)+: 

(algazina@inbox.ru). 
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3< (,9191 .*(/$3718,91 *37*: ($41. J/*12&*314$!5 2,174$/$-
(*&,7 & 9,8(19,!57*9 *?L$9$ ./*3,H 1 91719,!57*9 /1(8$ 1 

.*E4*9< & (!<#,$ ?!,6*./1;47*: 8*7L"784</' (4/$914(; 8 

7,/,M1&,71" #1(!, .*(/$3718*&, /,?*4,"M1A 7, 3,77*9 /'7-

8$. J*(/$3718, 7,./*41&, 2,174$/$(*&,7 & 9*7*.*!57*9 *?(!<-

H1&,711 4$//14*/11. J*E4*9< *#$75 &,H7* &'3$/H,45 *.41-

9,!57': </*&$75 /,2&141; (1(4$9' & G$!*9, ./1 8*4*/*9 

*?$(.$#1&,$4(; ?,!,7( 174$/$(*& <#,(4718*& /'78,. 
N4*?' ./*,7,!121/*&,45 ./*?!$9< I*/91/*&,71; .*(/$3-

71#$(8*: ($41 ?*!$$ 6!<?*8*, 7$*?A*319' 9,4$9,41#$(81$ 
1((!$3*&,71;. 

O?L$84*9 1((!$3*&,71; & 3,77*: (4,45$ ;&!;$4(; 8*78<-

/$747': /'7*8 *37*/*37*6* 4*&,/,, & 8*4*/*9 *6/,71#$77*$ 
#1(!* ,6$74*&-.*(/$3718*& 2,719,$4(; ./*3&1H$71$9 4*&,/, 3* 

.*4/$?14$!$: ?$2 8**.$/,G11 3/<6 ( 3/<6*9.  

Q *4$#$(4&$77*: 1 2,/<?$H7*: !14$/,4</$, .*(&;M$77*: 

&*./*(,9 ?,!,7(, 174$/$(*& & 9*3$!1 4,8*6* /*3,, &$3<M$$ 
9$(4* 2,719,$4 9*3$!5  </7*. J/1 E4*9 /,2!1#7'$ ,&4*/' 

./13,&,!1 ?*!5S$$ 27,#$71$ /,27'9 ,(.$84,9 ./19$7$71; 
9*3$!1  </7*. T;3 ,&4*/*& /,((9,4/1&,"4 9*3$!5, & 8*4*/*: 

&($ I1/9' 13$741#7' [6, 7, 17, 18, 22]. V/<6,; 6/<.., ,&4*/*& 
1((!$3<$4 /,&7*&$(1$ 7, /'78$, 63$ 7$ *?;2,4$!57, 13$741#-

7*(45 &($A I1/9-,6$74*&, 1(.*!52<; 4$ !1 17'$ ./$3.*!*H$71; 
* (&*:(4&,A *?/,47*: I<78G11 (./*(,, I<78G1: 2,4/,4 1 I<78-

G1: ./1?'!1 [13, 20, 21, 23, 26]. Q /;3$ 1((!$3*&,71: &719,71$ 
,8G$741/*&,7* 7, 9$4*3,A .*1(8, /$S$71: [3, 14, 15, 19, 20, 21, 

22]. O4$#$(4&$77'$ <#$7'$ /,((9,4/1&,"4 &9$(4* (4,73,/47*: 

61.*4$2'  </7* 61.*4$2' ?*!$$ *?M$6* &13, [4] 1 9*3$!1 *!1-

6*.*!11 ( /'78,91 ./*12&*3(4&$77'A I,84*/*& [2]. Q 9*7*6/,-
I11 [1] ./*&$3$7' 9*3$!57'$ 1((!$3*&,71; I/,7#,:2176*&'A 

(1(4$9 7, /'78$ *!16*.*!11, & 8*4*/'A I/,7#,:21-8*78</$74' 

7$ /,2!1#,"4(; 8,8 I1/9'-./*12&*314$!1, 4*/6*&'$ 4*#81 1!1 

./$3./1;41; (I$/' <(!<6. 
Q 27,#14$!57*9 /;3$ .<?!18,G1: & 3*.*!7$71$ 8 9*3$!1 

 </7* &&*314(; 9*3$!5 I1/9', 3$:(4&<"M$: .* *(*?'9 ./,&1-

!,9 [1, 3, 4, 7, 15, 24]. Q *4!1#1$ *4 I1/9  </7*, E4, I1/9,, 
*?!,3,; &*29*H7*(45" .$/&*6* A*3,, 3*9171/<$4 7, 8*78<-
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/$747*9 /'78$, 9,8(19121/<; (*?(4&$77<" ./1?'!5 ./1 ;&7*9 

<#$4$ /$,8G11 *(4,!57'A I1/9 7, 129$7$71$ $$ .*&$3$71;. 
O(4,!57'$ H$ I1/9', 8,8 1 /,75S$, 9,8(19121/<"4 (*?(4&$7-

7<" ./1?'!5 7, *(7*&$ ./17G1.,  </7*–CES, * 7$129$77*(41 

.*&$3$71; 3/<61A I1/9. W4< I1/9<-!13$/ 7,2'&,"4 $M$ I1/-

9*: >4,8$!5?$/6,, 4,8 8,8 *7 .$/&'9 &&$! 4,8<" 9*3$!5 .*&$-
3$71; [25]. 

Q 8!,((1#$(8*9 .*3A*3$ ./17G1.' .*&$3$71;  </7* 1 

>4,8$!5?$/6, /,((9,4/1&,"4(; & ./19$7$711 8 I1/9,9-

./*12&*314$!;9. Q 7,(4*;M$: (4,45$ E41 ./17G1.' /$,!12*&,-
7' & ./19$7$711 8 I1/9,9-.*(/$3718,9. Y&4*/(819 /,(S1/$-
71$9 (7* 7$ .1*7$/(819, (9., 7,./19$/, /,?*4' [1, 16]) 4/,31-

G1*77*6* 9*3$!57*6* ./$3(4,&!$71; *!16*.*!1(41#$(8*6* 

/'78, ;&!;$4(; &&$3$71$ & 9*3$!5 7*&*6* ,6$74,, 8*4*/': 9*-

H$4 (<M$(4&$77* &!1;45 7, /'7*8, 19$; &*29*H7*(45 /$6<!1/*-

&,71; #$/$2 G$7< ./$3!*H$71; 4*&,/, (71H$ & 9*3$!1, 1(.*!5-
2<; 3!; E4*6* .,/,9$4/ k), ,841&7*(45 1 8*!1#$(4&* .*(/$3718*& 
7, /'78$. W419 «7*&'9» ,6$74*9 &'(4<.,$4 I1/9, – ./*12&*-

314$!5 4*&,/,. [,819 *?/,2*9, &9$(4* 4/,31G1*77*: (1(4$9' 

«./*12&*314$!5–/'7*8» /,((9,4/1&,$4(; (1(4$9, «./*12&*31-

4$!5–.*(/$3718–/'7*8». 

J/*12&*314$!5, &'(4<.,; & /*!1 ./*3,&G,, 2,174$/$(*&,7 & 
./*3,H$ 4*&,/, .* 9,8(19,!57*: G$7$. J*(/$3718, 3$:(4&<; & 
/*!1 .*8<.,4$!; 1 ./*3,&G,, 2,174$/$(*&,7 & ./1*?/$4$711 

4*&,/, < ./*12&*314$!; .* 91719,!57*: G$7$ 1 /$,!12,G11 $6* 

7, /'78$ .* 9,8(19,!57*: G$7$.  *7I!1847*(45 174$/$(*& 
E8*7*91#$(81A ,6$74*&, 8*78</$747*(45 /'78, 1 *6/,71#$77,; 
E4191 I,84*/,91 /,G1*7,!57*(45 .*&$3$71; ,6$74*&, , 4,8H$ 
7$(199$4/1#7,; 1A 17I*/91/*&,77*(45 *./$3$!;"4 &'?*/ 

9$A,7129*& &2,19*3$:(4&1; E8*7*91#$(81A ,6$74*&. J/1 *4(<4-
(4&11 8,81A-!1?* (*6!,S$71: 9$H3< ./*12&*314$!$9 1 .*(/$3-

718*9 * &'?*/$ 191 /$S$71: *37*: 12 /$,!57* &*29*H7'A 3!; 
*.1(,71; .*&$3$71; ./*12&*314$!; & 4,8*6* /*3, (1(4$9,A 

9*H$4 (!<H145 9*3$!5 (8/'4*6* <./,&!$71;, ;&!;"M$6*(; 
/,27*&137*(45" /$I!$8(1&7*6* <./,&!$71; [6, 9-12]. O#$&137*, 

#4* & E4*: 9*3$!1 <./,&!;"M1: (<?L$84 (,841&7': ,6$74) – 

./*12&*314$!5, , <./,&!;$9': (<?L$84 (.,((1&7': ,6$74) – 
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.*(/$3718.  /14$/1$9 EII$841&7*(41 (8/'4*6* <./,&!$71; 
;&!;$4(; &'16/'S, .*!<#,$9': ,841&7'9 ,6$74*9 [9, 10]. Q 

E4*: (&;21 ,&4*/,91 (4,451 ./*&$3$7' (.$G1,!57'$ 1((!$3*&,-
71; 2,&1(19*(4$: 9$H3< /,2&141$9 .*(/$371#$(8*: ($41 1 

./1?'!5" ./*12&*314$!;. 
J*E4*9< ./*&$3$77'$ 1((!$3*&,71; 9*6<4 ./$3(4,&!;45 

174$/$( 7$ 4*!58* ./1 /,(#$4$ 1 12<#$711 /$,8G11 8,H3*: 

I1/9'-.*(/$3718, /'78, 7, 129$7$71$ ,841&7*(41 $$ 8*78<-

/$74*&-.*(/$3718*&. W4*4 ,(.$84 /,?*4', & *(7*&7*9, <8!,3'-

&,$4(; & /,981 8!,((1#$(81A E8*7*918*-9,4$9,41#$(81A 9*3$-
!$: *!16*.*!11. [,8, ?!1281$ .*3A*3' 9*H7* 7,:41 & /,?*4,A 

[1, 7, 16]. C*&'91 H$ ,(.$84,91 1((!$3*&,71; ;&!;"4(; 12<#$-
71$ 9$A,7129*& .*&'S$71; ./1?'!1 ./*12&*314$!; .*3 &!1;-
71$9 129$7$71; 4$A 1!1 17'A .,/,9$4/*& (I,84*/*&) (1(4$9' 

«./*12&*314$!5–.*(/$3718–/'7*8», (&;2,77*6* ( /,2&141$9 

.*(/$371#$(8*: ($41, , 4,8H$ ,7,!12 I<78G1*71/*&,71; E4*: 

(1(4$9' 1 *.41912,G1; .*(/$371#$(8*: ($41.  

2. )+',.&'# 01%#3'  

C1H$ & /,?*4$ /,((9,4/1&,$4(; I/,69$74 /'78, *37*/*3-

7*6* 4*&,/,, (*(4*;M$6* 12 *37*6* $6* ./*12&*314$!; 1 h 4*/6*-

&'A .*(/$3718*&. J*(/$3718 ./*3,$4 .*4/$?14$!" 4*&,/ .* 

G$7$ p, .*8<.,; $6* < ./*12&*314$!; .* G$7$ (1 – k)p. [,819 

*?/,2*9, &$!1#17, kp $(45 /,271G, 9$H3< G$7*: (./*(, 1 G$7*: 

./$3!*H$71; 7, E4*9 /'78$. W4, /,271G, 1 I*/91/<$4 3*A*3 

.*(/$3718,.  
],21(7*: 3!; 1((!$3*&,71; /'78, ?<3$4 ;&!;45(; 9*3$!5, & 

8*4*/*: 174$/$(' (4*/*7 ./$3(4,&!;"4(; & &13$ G$!$&'A <(4,-
7*&*8 7, 9,8(1912,G1" 1A ./1?'!1. W4, 9*3$!5 &8!"#,$4: 

–  2,3,#< I1/9'-./*12&*314$!;: 

(1) 










∈
∈

→−⋅⋅−=Π

];1,0[

],,0[

,max)()1(),,(
,

k

QQ

QQpkkQp
kQ

ϕ

 

–  2,3,#< .*(/$3718, r: 
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(2) .,,1,max)(),,( hrqqpkkqpR
rq

rrrrr  =→−⋅⋅= ϕ  

^3$(5 qr – E4* 3$:(4&1$ .*(/$3718, r, ./$3(4,&!;"M$$ *?L-

$9 /$,!12*&,77*6* 19 4*&,/, .*4/$?14$!;9; ∑ =
=

h

r rqQ
1

 – *?L$9 

./*12&*319*6* 4*&,/,, 8*4*/': 2,4$9 .*!7*(45" /$,!12<$4(; 
#$/$2 .*(/$3718*& 7, /'78$; Q  – ./$3$!57* &*29*H7': *?L$9 

,841&7*(41 ./*12&*314$!;; Z(·) – I<78G1; 2,4/,4 ./*12&*314$-
!;, , Zr(·) – I<78G11 2,4/,4 .*(/$3718*&. Q,H7* *49$4145, #4* & 
E4*: 9*3$!1 27,#$71$ .,/,9$4/, k *./$3$!;$4(; I1/9*:-

./*12&*314$!$9. 

Q 7,S1A 1((!$3*&,71;A ?<3$9 .*!,6,45, #4* 1 I<78G11 2,-
4/,4 1 G$7, ./*3<8G11 *./$3$!;"4(; (!$3<"M191 &'/,H$71;-
91: 

(3) ,)( dQcQ +⋅=ϕ  

(4) ,)( rrrrr dqcq +⋅=ϕ   ;,,1 hr  =  

(5) .)( QbaQp ⋅−=  

^3$(5 G$7, ./*3<8G11 – !17$:7,; I<78G1; *?L$9, &'.<(8, 
./*12&*314$!$9 (4,81$ 9*3$!1 G$7 3*(4,4*#7* S1/*8* ./19$-
7;"4(; & E8*7*918*-9,4$9,41#$(81A 1((!$3*&,71;A, 7,./19$/ 

& 1((!$3*&,71;A /'78, W&,7(*9 (& #,(47*(41, (9. /,?*4< [7]));  

a – (./*( 7, ./*3<8G1" [6, 9, 16]; b – (71H$71$ G$7' ./1 <&$-
!1#$711 7, $3171G< *?M$6* &'.<(8, I1/9*:-./*12&*314$!$9; 

123$/H81 I1/9 (Z 1 Zr) ;&!;"4(; 4,8H$ !17$:7'91 I<78G1;91, 

, c 1 cr – ./$3$!57'$ .$/$9$77'$ 123$/H81; d 1 dr – .*(4*;77'$ 
123$/H81 I1/9.  ,8 ?<3$4 .*8,2,7* 71H$, (!,6,$9'$-8*7(4,74' 

d 1 dr 7$ ?<3<4 *8,2'&,45 &!1;71; 7, /$S$71$ 2,3,# *.41912,-
G11 ./*12&*314$!; 1 .*(/$3718*&.  

O.419,!57': *?L$9 ,841&7*(41 .*(/$3718, *./$3$!;$4(; 
12 <(!*&1;  

 .0=−+⋅
∂
∂

=
∂
∂

rr

rr

r
ckpq
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J*E4*9< 

(6) .
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∂
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p r
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[*63, .* (5) ( <#$4*9 (6) 19$$9  
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 ,
1







 ⋅+−⋅=

∂
∂

⋅−=
∂
∂

Qba
k

c

qq

Q
b

q

p r

rrr

 

1!1  

 ,
1

1
1

1 r

r

r

rr

r Q
q

f
qq

Q
−

− ⋅−−⋅=
∂

∂
+  

63$ 1(.*!52*&,7' *?*27,#$71;: 

(7) ,
b

k

c
a

f

r

r

−
=   

(8) .∑ ≠− =
rj jr qQ   

J*!<#,$9  

 ,2 rr

r

r
r Qf

q

Q
q −

− −=







∂

∂
+⋅  

1 *8*7#,4$!57*: 

(9) 

r

r

rr
r

q

Q

Qf
q

∂
∂

+

−
=

−

−

2

  3!; r = 1, …, h. 

3. 4."&1"#,'# 679&1 

Q <(!*&1;A 8*78</$7G11 8,H3*: I1/9$ ./1 *./$3$!$711 

(&*$: /'7*#7*: (4/,4$611 7$*?A*319* ./1719,45 & /,(#$4 
.*&$3$71$ 8*78</$74*&. N4*?' .*7;45 .*&$3$71$ 8*78</1/<"-

M1A I1/9,  </7* ./$3!*H1! (3$!,45 ./*(4*$ ./$3.*!*H$71$ 
*47*(14$!57* /$,8G11 8,H3*: I1/9' 7, .*&$3$71$ 8*78</$7-

4*&, , 19$77*: 8,H3,; I1/9, ?<3$4 3$:(4&*&,45 4,8, 8,8 ?<34* 

*7, 7$ *H13,$4 *4 (&*1A 8*78</$74*& 129$7$71; *?L$9*& &'-

.<(8,, 3,H$ $(!1 *7, (,9, (3$!,$4 E4* (Y.  </7* «_((!$3*&,71$ 
* 9,4$9,41#$(81A ./17G1.,A 4$*/11 ?*6,4(4&», J,/1H, 1838 6.).  

V,!$$, 1(.*!52<; ./$3.*!*H$71$  </7*, ?<3$9 (#14,45, #4* 

8,H3,; I1/9,-.*(/$3718 <(4,7,&!1&,$4 *?L$9 (&*1A ./*3,H 

4,8, 8,8 ?<34* *7, *H13,$4, #4* 3/<61$ .*(/$37181 *(4,&;4 (&*1 

*?L$9' ./*3,H 7$129$77'91. 



 

 !#%'()+,) ' .02,%(3+0-450+06,7).5,8 .,.:)6%8 

 89 

[*63,, (*6!,(7* *./$3$!$71" 31II$/$7G1,!*&, ./1 

r = 1, …, h 19$$9  

 ,
1∑ =

−
− ∂

∂
= h

j j

j

r
r dq

q

Q
dQ  

1 12 4/$?*&,71; dQ-r = 0 (!$3<$4, #4* 3!; r-: I1/9' 3*!H7' 

?'45 /,&7' 7<!" 7$ 4*!58* dqj (j [ r), 7* 1 `Q-r a`qr, 4,8 8,8 & 
./*41&7*9 (!<#,$ ./1 dqr [ 0 ?<3$4 dQ-r b 0. _4,8, 19$$9 

(10) .,,1,0 hr
q

Q

r

r
 ==

∂
∂ −  

J* (9) .*!<#19 

 ,
2

rr
r

Qf
q −−

=  

1!1  

(11) .,,1, hrQfq rr  =−=  

c<991/<; .* 173$8(< r !$&'$ 1 ./,&'$ #,(41 .*!<#$77'A 

/,&$7(4& (11), 19$$9:  

 ,
11

hQfq
h

r r

h

r r −= ∑∑ ==  

1!1  

 ,
1

hQfQ
h

r r −= ∑ =  

1 & 14*6$  

 .
1

1
1∑ =⋅

+
= h

r rf
h

Q  

O?*27,#19 E!$9$74' .*!<#$77*6* /,&7*&$(7*6* (*(4*;71; 
3!; 8*78</$747*6* .*  </7* /'78, &$/A719 173$8(*9 «K». 

[*63, .*3(4,7*&8, I*/9<!' (7) & I*/9<!< Q 3,$4 I*/9<!< (12); 

.*3(4,7*&8, I*/9<!' (12) & (5) 3,$4 I*/9<!< (13); I*/9<!< 

(14) .*!<#,$9 .*3(4,7*&8*: & (11) I*/9<! (7) 1 (12); I*/9<!, 
(15) .*!<#,$4(; .*(!$3*&,4$!57*: .*3(4,7*&8*: & &'/,H$71$ 
3!; ./1?'!1 ./*12&*314$!; & (1) I*/9<! (3), (12) 1 (13); ,7,!*-

61#7'9 *?/,2*9 (16) 19$$9 .*(!$ .*3(4,7*&81 & &'/,H$71$ 3!; 
./1?'!1 .*(/$3718, & (2) I*/9<! (4), (13) 1 (14). 
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^3$(5 \r
K
 – (4*19*(45 4*&,/,, 2,8<.!$77*6* .*(/$3718*9 < 

I1/9'-./*12&*314$!;. O7, /,((#14'&,$4(; .* I*/9<!$  
(1 – k)pq, 63$ p *./$3$!;$4(; .* (13), , q – .* (14). Q 4$*/11 

,841&7'A (1(4$9 &$!1#17, \r
K
 e k/(1 – k) 9*H$4 174$/./$41/*-

&,45(; 8,8 (419<!1/*&,71$, 4.$. &*27,6/,H3$71$, &'.!,#1&,$9*$ 
./*12&*314$!$9 (2,8,2#18*9) .*(/$3718< (1(.*!714$!") [8]. 

V!; 12<#$71; /,2!1#7'A &*29*H7*(4$: ./*$841/*&,71; 
(1(4$9 *47*S$71: 9$H3< <#,(4718,91 8*78</$747*6* /'78, 
/,((9*4/19 /,(#$4 .,/,9$4/, k, *./$3$!;"M$6* &$!1#17< 

(4*19*(41 \r
K
, 7, *(7*&$ 4$*/$418*-16/*&'A (4/,4$61: f1 (6,9-

9,-*317), 12&$(47'A 4,8H$ 8,8 (4/,4$611 >4,8$!5?$/6,. W4*4 
&,/1,74 /,(#$4, 3,$4 7,1?*!$$ &'6*37*$ 3!; I1/9'-

./*12&*314$!; 27,#$71$ E4*6* .,/,9$4/, ./1 <(!*&11, #4* 

.*(/$37181 3$:(4&<"4 *.419,!57'9 3!; ($?; *?/,2*9. 
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_2 <(!*&1; `KKa`k = 0, 63$ KK 
 *./$3$!;$4(; .* (15), .*(!$ 

7$(!*H7'A ./$*?/,2*&,71: ./1A*319 8 (!$3<"M$9< «7$.*!-

7*9<» 8<?1#$(8*9< </,&7$71" 3!; *./$3$!$71; :
1

K
kΓ  

(18) .023 =−





 +++−+ ck

h

c
cc

h

a
ak

h

a
 

^3$(5 1(.*!52*&,7* *?*27,#$71$ 
h

c
c

h

r r∑ == 1  – (/$37$$ 27,-

#$71$ ./$3$!57'A .$/$9$77'A 123$/H$8 I1/9-.*(/$3718*&. 

[,819 *?/,2*9, .,/,9$4/ (81381 G$7' (./*(, ,
1

K
kΓ  &'#1(-

!$77': .* (18) 7, *(7*&$ (4/,4$61: f1 3!; (*(4*;71; /,&7*&$(1; 
 </7*, 2,&1(14 4*!58* *4 (/$371A ./$3$!57'A .$/$9$77'A 

123$/H$8 .*(/$3718*& ( c ), ./$3$!57'A .$/$9$77'A 123$/H$8 

./*12&*314$!; (c), #1(!, (,91A .*(/$3718*& (h) 1 .,/,9$4/, a – 

G$7' ./*3<8G11 ./1 7<!$&*9 &'.<(8$ ./*12&*314$!$9. Q (&;21 

( E419 E4*4 .,/,9$4/ 9*H$4 7$ 129$7;45(; 3*(4,4*#7* ./*3*!-

H14$!57': .$/1*3 1 ?'45 ./1$9!$9'9 3!; /$6<!1/*&,71; 
*47*S$71: 9$H3< <#,(4718,91 I/,7S12' ./1 1A (*6!,(11 7, 
(4/,4$611 f1. 

[*63, (**4&$4(4&<"M1$ E!$9$74' /,&7*&$(7*6* (*(4*;71; 
3!; 8*78</$747*6* .*  </7* /'78,, 8*63, $6* <#,(47181 (!$3<-

"4 (4/,4$61;9 f1, *./$3$!;"4(; .* (12)–(17) ./1 .
1

K
kk Γ=   

g(!1 ,0=c  4* 1 ,0
1

=Γ
K

k  4.$. ./*12&*314$!" &'6*37* ./*-

3,&,45 .*(/$3718,9 4*&,/ .* G$7$ .*4/$?14$!$:, , (,91 .*(/$3-

7181 7$ ?<3<4 19$45 ./1?'!1.  

]*!$$ .*3/*?7'$ 1 (.$G1,!57'$ 1((!$3*&,71; 9$A,7129*& 
41., f1 1 f1 ( I18(1/*&,77'91 .!,4$H,91 [5] ./1 &2,19*3$:(4-
&11 ,841&7*6* ,6$74, (./*12&*314$!5, I/,7#,:2$/) 1 .,((1&7'A 

,6$74*& (.*(/$3718*&, I/,7#,:21) 7, .*A*H$: 9*3$!1 9*H7* 

7,:41 & /,?*4,A [1, 16]. 

V,!$$ /,((9*4/19 2,3,#< *.41912,G11 #1(!, .*(/$3718*&. 
Q 9,4$9,41#$(81A &'8!,38,A ?<3$9 1(A*3145 12 4*6*, #4* &($ 
.*(/$37181 7$(<4 *317,8*&'$ ./$3$!57'$ .$/$9$77'$ 123$/H-

81, 4.$. cr = e, r = 1, …, h. 
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c*6!,(7* (1)–(2) *?M,; ((<99,/7,;) ./1?'!5 /,((9,4/1-

&,$9'A <#,(4718*& /'78, (./*12&*314$!; 1 .*(/$3718*&) *./$-
3$!;$4(; &'/,H$71$9 

(19) ∑ =−−=∆ h

r rr qQQQp
1

),()()( ϕϕ  

1!1 ( <#$4*9 (3) 1 (4) 19$$9 

(20) ∑ = +−−−=∆ h

r rrr dqcdcQQQp
1

).()(  

V!; *./$3$!$71; *.419,!57*6* #1(!, .*(/$3718*& 7, /'7-

8$ & (*(4*;711 /,&7*&$(1;  </7* ( 4*#81 2/$71; 9,8(1912,G11 

*?M$: ((<99,/7*:) ./1?'!1 /$S,$9 </,&7$71$ `iKa`h = 0, 63$ 
iK

 *./$3$!;$4(; 7, *(7*&$ (20), (12)–(14). 

J*(!$ /;3, ./$*?/,2*&,71: ./1A*319 8 (!$3<"M$9< $6* 

/$S$71" 

(21) ( ).2 ec
k

ea

eca
h

K

−−−

−−
=∆  

g(!1 ./$3$!57'$ .$/$9$77'$ 123$/H81 cr .*(/$3718*& 
/,&7' 7<!", 4*  

 
ca

ca
hK

+
−

=∆ , 

1 & !<#S$9 (!<#,$ ?<3$4 7$*?A*319*(45 4*!58* & *37*9 .*-

(/$3718$. 
V!; *./$3$!$71; *.419,!57*6* #1(!, .*(/$3718*& ( 4*#81 

2/$71; 9,8(1912,G11 *?M$6* 3*A*3, *4 /$,!12*&,77*: ./*3<8-

G11 (H
K
 = p

K
Q

K
) /$S,$9 </,&7$71$ `H

Ka`h = 0, 63$ p
K
 1 Q

K
 

*./$3$!;"4(; .* (12) 1 (13). J*(!$ /;3, 7$(!*H7'A ./$*?/,2*-

&,71: ./1A*319 8 (!$3<"M$9< $6* /$S$71": 

(22) .
2

k
ea

a
h K

H

−
=  

^3$(5 #$9 &'S$ ./$3$!57'$ .$/$9$77'$ 123$/H81 .*(/$3-

718*&, 4$9 ?*!5S$ 7<H7* .*(/$3718*& 7, /'78$. g(!1 ./$3$!5-
7'$ .$/$9$77'$ 123$/H81 .*(/$3718*& /,&7' 7<!", 4* *.41-

9,!57* 19$45 4*!58* *37*6* .*(/$3718,. 
V!; *./$3$!$71; *.419,!57*6* #1(!, .*(/$3718*& ( 4*#81 

2/$71; 9,8(1912,G11 ./1?'!1 ./*12&*314$!; KK
 /$S,$9 </,&-
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7$71$ `KKa`h = 0, 63$ KK
 *./$3$!;$4(; .* (15). W4* </,&7$71$ 

19$$4 (!$3<"M$$ /$S$71$: 

(23) 
/ (1 )

.
2 / / (1 )

K a c k
h

a e k c k
Π

− −
=

− + −
 

C,?!"3,$4(; 4, H$ 2,8*7*9$/7*(45: #$9 &'S$ ./$3$!57'$ 
.$/$9$77'$ 123$/H81 .*(/$3718*&, 4$9 ?*!5S$ 7<H7* .*(/$3-

718*& 7, /'78$. 
J/*3*!H,; ,7,!12 /'78, & (*(4*;711 /,&7*&$(1;  </7*, 

*49$419 (!$3<"M$$. _2 7$/,&$7(4&,  

 0
)1(

1
2

>
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+
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∂
∂

k

e
a

bhh

Q K

 

(!$3<$4, #4* ( /*(4*9 #1(!, .*(/$3718*& /,(4$4 1 &'.<(8 4*&,/, 
./*12&*314$!$9. C* &9$(4$ ( 4$9 

 0
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q
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4.$. .,3,$4 8*!1#$(4&* ./*3,77'A 8,H3'9 .*(/$3718*9 4*&,-
/*&. [,819 *?/,2*9, /*(4 &'.<(8, *?$(.$#1&,$4(; 1(8!"#1-

4$!57* 2, (#$4 7*&'A .*(/$3718*&. 
J*;(719, *48<3, (!$3<$4 E41 7$/,&$7(4&,. J$/&*$, 1(417-

7*(45 E41A 7$/,&$7(4& &'4$8,$4 12 I*/9<!' (12) 3!; 8*!1#$(4&, 
./*12&*319*6* 4*&,/, 1 4*6*, #4* E4* 8*!1#$(4&* 7$ 9*H$4 ?'45 
*4/1G,4$!57*. Q4*/*$, 1(4177*(45 &'4$8,$4 4,8H$ 1 12 4*6*, #4* 

./1?'!5 .*(/$3718*& 7$ 9*H$4 ?'45 *4/1G,4$!57*:. V$:(4&1-

4$!57*, .* (2), (4) 1 (5) 19$$9 
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J$/&': #!$7 & .*(!$37$: I*/9<!$ 3*!H$7 ?'45 ?*!5S$ 
7<!;, #4*?' ./1?'!5 .*(/$3718, 7$ ?'!, *4/1G,4$!57*:. 

V,!$$ &'.<(8 ./*12&*314$!; .,3,$4 ( /*(4*9 (/$371A 1 (<9-

9,/7'A ./$3$!57'A .$/$9$77'A 123$/H$8 .*(/$3718*&, 4,8 8,8  

 0
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j$7, 4*&,/, /,(4$4 ( /*(4*9 (/$371A 1 (<99,/7'A ./$-
3$!57'A .$/$9$77'A 123$/H$8 .*(/$3718*& –  

 ( ) 0
)1(

1
,0

)1(
1

>
+

=
∂

∂
>

+
=

∂
∂

∑ =
khc

p
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r r

KK

, 

7* .,3,$4 ( /*(4*9 #1(!, .*(/$3718*& –  

 0
)1(
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<





 −

+
−=

∂
∂

k

e
a

hh

p
K

. 

c /*(4*9 #1(!, .*(/$3718*& .,3,$4 (4*19*(45 2,8<.!$77*-

6* .*(/$3718*9 4*&,/, < ./*12&*314$!; –  

 0
)1(

2
)1(

1
3
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 −

+
⋅+

−
−=

∂
∂

k

e
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h
a

bh

k

h

K

rσ
 

1 ./1?'!5 .*(/$3718, –  

 .,,1,0
)1(

2
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3
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∂

∂
 

4. 4."&1"#,'# ;<.>#3?@#9A. 

V*.<(419, #4* .$/&,; I1/9,-.*(/$3718 .*!,6,$4, #4* &($ 
3/<61$ I1/9'-.*(/$37181 ?<3<4 3$:(4&*&,45 .*  </7*. [*63, 
12 dq-r = 0 1 dQ-r = 0 ./1 r = 2, …, h 19$$9 `Q-r a`qr = 0, , 4,8H$  

 ,
2

rr
r

Qf
q −−

=  

63$ fr *./$3$!;$4(; .* (7). 

_2 .*(!$37$6* /,&$7(4&, (!$3<$4 

 ,
2

1

2

1

2

1

2

1
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11
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q rrrr

∂
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∂
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∂

⋅−=
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∂
⋅−=

∂
∂ −−  

1!1  

 ,1
1

1

1 q

Q

q

qr

∂
∂

−−=
∂
∂ −  r = 2, …, h.  

c<991/<; !$&'$ 1 ./,&'$ #,(41 .*(!$371A /,&$7(4& .* r 

./1 r = 2, …, h, .*!<#,$9  
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 ,)1()1(
1

1
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1
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Q
hh

q

Q

∂
∂

⋅−−−−=
∂

∂ −−  

(24) .
1

1
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Q −
−=

∂
∂ −  

[*63, 

(25) ,
1
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11
1

h

h

Qf
q

−
−

−
= −

  

1!1  

 ,
1

)( 11
1 +

+−⋅
=

h

qQfh
q  

(26) .11 hQhfq −=  

_9$$9 4,8H$ ./1 r = 2, …, h 

(27) ,Qfq rr −=  

c<991/<; !$&'$ 1 ./,&'$ #,(41 /,&$7(4& (27) .* r 

(r = 2, …, h), , 2,4$9 ( (26), .*!<#,$9  

 .)12()1(
11 QhffhQ

h

r r −−+−= ∑ =  

_(.*!52<; /,7$$ &&$3$77'$ *?*27,#$71; ((9. (7)) 3!; f1 1 fr, 

.*!<#,$9 I*/9,!57*$ &'/,H$71$ 3!; Q. 

O?*27,#19 (**4&$4(4&<"M$$ /,&7*&$(7*$ .* >4,8$!5?$/6< 

/$S$71$ &$/A719 173$8(*9 «S». [*63,: 

(28) ;
)1(

)12(
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1 1 1










 −+
−−= ∑ =

k

chc
ah

hb
Q

h

r rS  
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Y7,!*61#7'9 *?/,2*9 12 <(!*&1; `KSa`k = 0 9*H7* ./*&$(-
41 /,(#$4' .,/,9$4/, k 7, *(7*&$ 16/ f1. J/1 E4*9 &'A*314, #4*, 
7,/;3< ( .$/&*: I1/9*:-.*(/$3718*9, .* >4,8$!5?$/6< ?<3$4 
3$:(4&*&,45 4,8H$ 1 ./*12&*314$!5. C,:3$77*$ 27,#$71$ E4*6* 
.,/,9$4/, *?*27,#19 8,8 

S
k

1Γ . [*63, (**4&$4(4&<"M1$ .*8,2,4$-
!1 /,&7*&$(7*6* (*(4*;71; 3!; 8*78</$747*6* .* >4,8$!5?$/6< 
/'78,, 8*63, $6* <#,(47181 (!$3<"4 (4/,4$61;9 f1, *./$3$!;"4-
(; .* (28)–(36) ./1 .

1

S
kk Γ=   

V!; *./$3$!$71; *.419,!57*6* #1(!, .*(/$3718*& 7, /'7-

8$ & (*(4*;711 /,&7*&$(1; >4,8$!5?$/6, 4,8H$ 9*6<4 ./171-

9,45(; &* &719,71$ /,2!1#7'$ 8/14$/11. c 4*#81 2/$71; 9,8-
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(1912,G11 *?M$: ((<99,/7*:) ./1?'!1 *.419,!57*$ #1(!* 

.*(/$3718*& 7,A*314(; 12 /$S$71; </,&7$71;  

 ;)(,0
1∑ =

+−−−=∆=
∂
∆∂ h

r r

S

r

SSSS
S

dqcdcQQp
h r

 

9,8(1912,G11 *?M$6* 3*A*3, *4 /$,!12*&,77*: ./*3<8G11 – 12 
</,&7$71;  

 ,0=
∂

∂
h

H S

  SSS QpH = ; 

9,8(1912,G11 ./1?'!1 ./*12&*314$!; – 12 </,&7$71; 
`KSa`h = 0, 63$ KS

 *./$3$!;$4(; .* (32). 

[,8, *.419,!57*$ #1(!* .*(/$3718*& ( 4*#81 2/$71; 9,8-

(1912,G11 *?M$6* 3*A*3, *4 /$,!12*&,77*: ./*3<8G11 H
S
 

*./$3$!;$4(; 8,8 

(37) .
2eka

eka
hS

H −
−

=  

J* (37) ./1 /,&$7(4&$ 7<!" ./$3$!57'A .$/$9$77'A 12-
3$/H$8 .*(/$3718*& *.419,!57* 19$45 *37*6* .*(/$3718,. 
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(81381 G$7' k 3!; 4*#81 7$/,&7*&$(1; >4,8$!5?$/6, 7,A*314(; 
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7* G$7, 4*&,/, /,(4$4: 
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6. )@D'# "E"1%E 

Q 2,8!"#$71$ 3*?,&19 /;3 *?M1A (*3$/H,4$!57'A &'&*-

3*&, *47*(;M1A(; 8 &2,19*(&;21 9$H3< ./1?'!5" ./*12&*314$-
!; 1 /*(4*9 #1(!, .*(/$3718*& & $6* ($41.  

1.  Q* &($A 4/$A (!<#,;A (/,&7*&$(1;  </7* 1 >4,8$!5?$/6,, 
7$/,&7*&$(1; >4,8$!5?$/6,) 7,?!"3,$4(; l-*?/,27,; I*/9, 
2,&1(19*(41 9$H3< ./1?'!5" ./*12&*314$!; 1 #1(!*9 .*(/$3-

718*&. W4* 3,$4 *(7*&,71; 3!; ./$3.*!*H$71; *? *.419,!57*9 

*6/,71#$77*9 #1(!$ .*(/$3718*& 3!; ./*12&*314$!; & $6* 
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9<9, 13$4 3*(4,4*#7* 9$3!$77*$ 9*7*4*77*$ .*71H$71$ ./1-

?'!1 ./*12&*314$!; [1]. 
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(/$3718*& 3$:(4&1$ I,84*/*&, «.*!*H14$!57*» &!1;"M1A 7, 
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/1G,4$!57*: 1!1 /,&7*: 7<!", 4* 1 ./1?'!5 ?<3$4 *4/1G,4$!5-
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7. F.>3GH#&'# 

Q (4,45$ *.1('&,$4(; 9*3$!5 I<78G1*71/*&,71; /'78, *3-

7*/*37*6* 4*&,/,, (*(4*;M$6* 12 *37*6* ./*12&*314$!; 1 /;3, 
8*78</1/<"M1A 3/<6 ( 3/<6*9 4*/6*&'A .*(/$3718*&. C, *(7*-

&$ E4*: 9*3$!1 .*!<#$7' ,7,!141#$(81$ *G$781 /;3, *(7*&7'A 

A,/,84$/1(418 /'78, & <(!*&1;A 8*78</$747*6* /,&7*&$(1; 
 </7*, 8*78</$747*6* /,&7*&$(1; >4,8$!5?$/6, 1 7$/,&7*&$(1; 
>4,8$!5?$/6,, &8!"#,"M1A: *?L$9 ./*12&*3(4&, 4*&,/,; *?L$9 

2,8<.,$9*6* < ./*12&*314$!; 1 /$,!12*&,77*6* .*4/$?14$!;9 

4*&,/, 8,H3'9 .*(/$3718*9; /'7*#7,; G$7, ./*3<8G11; ./1-

?'!5 ./*12&*314$!; 1 .*(/$3718*& 1 3/. J/$3!*H$7' 9,4$9,-
41#$(81$ 9*3$!1 */6,712,G11 *47*S$71: 9$H3< ./*12&*314$-
!$9 1 .*(/$3718,91 7, *(7*&$ 4$*/$418*-16/*&*6* .*3A*3, ( 
./19$7$71$9 (4/,4$61: f1. O(<M$(4&!$7, .*(4,7*&8, 1 ./1&$-
3$7* /$S$71$ 2,3,#1 *.41912,G11 #1(!, .*(/$3718*& 7, /$61*-

7,!57*9 8*78</$747*9 /'78$ .* /,2!1#7'9 8/14$/1;9: 9,8(1-

912,G1; *?M$: ((<99,/7*:) ./1?'!1 ./*12&*314$!; 1 

.*(/$3718*&; 9,8(1912,G1; *?M$6* ((<99,/7*6*) 3*A*3,; 
9,8(1912,G1; ./1?'!1 ./*12&*314$!;. J/*&$3$7 ,7,!12 /'78, 
& (*(4*;711 /,&7*&$(1;  </7*, /,&7*&$(1; >4,8$!5?$/6, 1 

7$/,&7*&$(1; >4,8$!5?$/6,. 
J*!<#$7' 7*&'$ /$2<!54,4', *47*(;M1$(; 8 &2,19*(&;21 

9$H3< ./1?'!5" ./*12&*314$!; 1 /*(4*9 #1(!, .*(/$3718*& & 
$6* ($41. J*8,2,7*, #4* &* &($A 4/$A (!<#,;A: 1) 7,?!"3,$4(; l-

*?/,27,; I*/9, 2,&1(19*(41 9$H3< ./1?'!5" ./*12&*314$!; 1 

#1(!*9 .*(/$3718*&; 2) .*&'S$71$ G$7' ./$3!*H$71; (4.$. 
<9$75S$71$ .,/,9$4/, k) ./1&*314 8 .*&'S$71" ./1?'!1 

./*12&*314$!; 1 .*!*H14$!57* (&;2,7* ( <&$!1#$71$9 #1(!, 

.*(/$3718*&; 3) .*&'S$71$ ,841&7*(41 ./*12&*314$!; (4. $. 
*?L$9, ./*12&*3(4&, 4*&,/, Q) ./1&*314 8 .*&'S$71" ./1?'-

!1 ./*12&*314$!; 1 .*!*H14$!57* (&;2,7* ( /*(4*9 .*(/$371-

#$(8*: ($41; 4) (71H$71$ G$7' 4*&,/, p ./1&*314 8 .*&'S$71" 

./1?'!1 ./*12&*314$!; 1 .*!*H14$!57* (&;2,7* ( <&$!1#$71$9 

#1(!, .*(/$3718*&. 
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