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56789: ;:<:9&7<= &=9 ><=5<=&7&85? @5A7B= CD78: >7<7A:E= 

A:88F; @GBH&= 7<5D= 85? 95@>HI&7<85?  7&= 

B. :. @J(3-K!-3-D$)"'-+"3% ( 3,")->!)!(LJ(2) 

D-!0!,$! 

 !"#$%&'()%&*+' ,-./#0$'(*+' &'$% ( 12) – &/'3%4%5'&,%' &%&$'.+, /('-

6-&$7)"809%' !&"!:% ,7, ,-./#0$'(*+;, $7, % $'"',-..!*%,73%-**+; &'$'<. 2-)('-

.'**+'  12 ;7(7,$'(%=!0$&8 (7=*-->(7=%'. /('6-&$7)"8'.+; /-"#=-)7$'"8. !&"!:, 

!)'"%5'*%'. 5%&"7 /-"#=-)7$'"'< % ->?'.-) /'('67)7'.+; 67**+;, /-)+@'*%'. !(-)-

*8 $('>-)7*%< , ,75'&$)! ->&"!A%)7*%8 /-"#=-)7$'"'<, *'-6*-(-6*-&$#0 $(74%,7. B'-

-6*-(-6*-&$# $(74%,7 =7,"057'$&8 ) /'('675' /-  12 /7,'$-) *'&,-"#,%; $%/-) ()%-

6'-- % 7!6%--, ('5')+; % $',&$-)+; /7,'$-) % $.6.), , 6-&$7),' ,-$-(+; /('6?8)"80$&8 

(7="%5*+' $('>-)7*%8. C6%* %= &/-&->-) (7&/('6'"'*%8 &'$')+; ('&!(&-) – (7&/('6'-

"'*%' ) &--$)'$&$)%% & &!9'&$)!09%.% *7 67**+< .-.'*$ /(%-(%$'$7.%. D-E$-.! ) 

,75'&$)' .-6'"% =)'*7 /'('675% 67**+;, &-&$-89':- %= .7(@(!$%=7$-(7 % ,7*7"-) &)8-

=%, %&/-"#=!'$&8 (7=-.,*!$78 /(%-(%$'$*78 &'$# .7&&-)-:- ->&"!A%)7*%8, /'()+< !='" 

,-$-(-< &--$)'$&$)!'$ .7(@(!$%=7$-(!, !="+ & *-.'(7.% 2 – n &--$)'$&$)!0$ ,7*7"7. 

&)8=% ((%&. 1). 

 

<$+. 1. @'0!1K M-!,3 4!(!03*$ 03,,.N 

B'-6*-(-6*-&$# $(74%,7, 7 $7,A' *7"%5%' /(%-(%$'$-) .'A6! /7,'$7.% (7="%5-

*+; $%/-) ('=,- !&"-A*80$ 7*7"%$%5'&,%< (7&5'$ ;7(7,$'(%&$%, 4!*,3%-*%(-)7*%8 

 12 *7 &'$')+; .-6'"8;. B'&.-$(8 *7 $-, 5$- ) *7&$-89'' )('.8 %.'0$&8 *',-$-(+' 

('=!"#$7$+ /- (7&5'$! /(%-(%$'$*+; &'$')+; .-6'"'< & /(-&$-< ,-*4%:!(73%'< % 57-

&$*+.% 6%&3%/"%*7.% ->&"!A%)7*%8 (FC) [1], =76757 7*7"%$%5'&,-:- (7&5'$7 &'$% & 

/(-%=)-"#*-< ,-*4%:!(73%'< % FC ->9':- )%67 *' /-"!5%"7 &)-':- ('@'*%8. 

 -6'"# =)'*7 /'('675% 67**+; /('6&$7)"'*7 ) )%6' (7=-.,*!$-< &'$')-< .-6'-

"%, ) !="7; ,-$-(-< ->&"!A%)7*%' =78)-, (7="%5*+; ,"7&&-) )+/-"*8'$&8 ) &--$)'$&$-

)%% & FC ->9':- )%67 %= ,"7&&7 6%&3%/"%* ->&"!A%)7*%8 &- &.'@7**+.% /(%-(%$'-

$7.% (FC 2D). D(% E$-. ;7(7,$'(%&$%,% ->&"!A%)7*%8 =78)-,, $7,%' ,7, )('.8 -A%67-

*%8 % /('>+)7*%8, 5%&"- =78)-, ) -5'('6%, (7&&5%$+)70$&8 *7 !(-)*' &('6*%; =*75'-

b1(1), ..., bH(1) 

FC 

. . . 

 7(@(!-

$%=7$-( 

 1(2) 

 H(2)

. . .

 

9 2 

. . .

 

9 n 

 1(n) 

 H(n)

 1(1) 

 H(1) 

b1(2), ..., bH(2) 

b1(n), ..., bH(n) 

. . . 
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*%< & !5'$-. 6)!; /'()+; .-.'*$-) (7&/('6'"'*%< %*$'()7"-) .'A6! /-&$!/709%.% 

) !="+ =78),7.% % 6"%$'"#*-&$'< ->&"!A%)7*%8 =78)-, ) !="7;. 

 '$-6 (7&5'$7 %="7:7'$&8 /(%.'*%$'"#*- , (7=-.,*!$-< &'$')-< .-6'"% 3'*-

$(7"#*-:- ->&"!A%)7*%8, ,-$-(78 *7%>-"'' /-6;-6%$ 6"8 -$->(7A'*%8 (7>-$+ .7(@(!-

$%=7$-(7 & ,7*7"7.% &)8=%. C6*7,- 67**+< .'$-6 .-A'$ %&/-"#=-)7$#&8 6"8 (7&5'$7 

;7(7,$'(%&$%, &'$'< "0>-< ,-*4%:!(73%%. D(% E$-. "%@# !)'"%5%)7'$&8 (7=.'(*-&$# 

=7675% % &$7*-)%$&8 >-"'' :(-.-=6,%. %="-A'*%' .7$'(%7"7. 

>'+)3,'-"3 M303*$ 

G7&&.7$(%)7'$&8 .-6'"# 4!*,3%-*%(-)7*%8 4(7:.'*$7  12 ) )%6' (7=-.,*!$-< *'-

-6*-(-6*-< &'$% .7&&-)-:- ->&"!A%)7*%8 (2' C), &-6'(A79'< n -6*-,7*7"#*+; !="-). 

H='" 1 &'$')-< .-6'"% *7=+)7'$&8 3'*$(7"#*+. % -$->(7A7'$ =76'(A,%, )-=*%-

,709%' /(% .7(@(!$%=73%% /7,'$-) ) /(%-(%$'$*-. .7(@(!$%=7$-(', *7;-689'.&8 ) 

67**-. !="' /'('675% 67**+;.  7(@(!$%=7$-( ) &--$)'$&$)%% & =767**+. 7":-(%$.-. 

.7(@(!$%=73%% *7/(7)"8'$ /7,'$ ) -6%* %= ,7*7"-) &)8=%, )+;-689%< %= 67**-:- !="7 

/'('675%. 17*7"+ &)8=% -$->(7A70$&8 ) .-6'"% /'(%4'(%<*+.% !="7.% 2 – n. I76'(A-

,%, )-=*%,709%' ) E$%; !="7;, &--$)'$&$)!0$ )('.'*% /'('675% /7,'$7 /- &--$)'$&$-

)!09'.! ,7*7"!. J 2' C 3%(,!"%(!0$ H ,"7&&-) =78)-,, -$->(7A709%; /7,'$+ (7=-

*+; $%/-), /'('6709%'&8 /-  12. 

I78),% ,"7&&7 h, /-&$!/709%' ) &%&$'.! %= )*'@*'< &('6+, ->-=*75'**-< ) .--

6'"% ,7, *!"')-< !='" 0h, ->(7=!0$ &"!57<*+< /-$-, & %*$'*&%)*-&$#0 )0(h  % ,-E4-

4%3%'*$-. )7(%73%% )0(h!  %*$'()7"-) )('.'*% .'A6! /-&"'6-)7$'"#*- /-&$!/709%-

.% =78),7.%. F"%$'"#*-&$# ->&"!A%)7*%8 =78)-, ,"7&&7 h ) !="' j -/%&+)7'$&8 /(-%=-

)-"#*+. =7,-*-. (7&/('6'"'*%8 & .7$'.7$%5'&,%. -A%67*%'. )( jb h  % ,-E44%3%'*-

$-. )7(%73%% )...,,1;...,,1,0()( Hhnjjh ""# . 

C>&"!A%)7*%' =78)-, ) 3'*$(7"#*-. !="' )+/-"*8'$&8 ) &--$)'$&$)%% & *',-$--

(-< FC ->9':- )%67 %= .*-A'&$)7 6%&3%/"%* &- &.'@7**+.% /(%-(%$'$7.%. 

 7(@(!$+ =78)-, ,"7&&7 h ) &'$% -/%&+)70$&8 .7$(%3'< )'(-8$*-&$'< /'('675 

)],([ jipP hh " , :6' ),( jiph  – )'(-8$*-&$# $-:-, 5$- /-&"' ->&"!A%)7*%8 ) !="' i =78),7 

,"7&&7 h /-/767'$ ) !='" j )...,,1;...,,1,0,( Hhnji "" . I78),%, /-,%6709%' &'$# % -$--

>(7A709%' =7)'(@'*%' /'('675% /7,'$7 /- ,7*7"! &)8=%, )-=)(7970$&8 )- )*'@*00 

&('6!, ->-=*75'**!0 ,7, !="+ 01, …, 0h. F"8 (7&&.7$(%)7'.-< .-6'"% 3'*$(7"#*-:- 

->&"!A%)7*%8 6"8 !="-) i = 0, 2, 3, n )'(-8$*-&$% /'('675 (7)*+: )1,(iph = 1 % 

),( jiph = 0 6"8 )&'; 1$j . J'(-8$*-&$% /'('675 )0,1(hp , )2,1(hp , …, ),1( nph  6"8 !="7 1 

) ->9'. &"!57' -$"%570$&8 -$ *!"8 % '6%*%3+, /(%5'. %
"

""
n

j

h Hhjp
0

)...,,1(1),1( . 

F7**-' !&"-)%' -=*757'$, 5$- =78),% ) &'$% *' $'(80$&8 % *' (7=.*-A70$&8, $.'. 

&'$')78 .-6'"# 8)"8'$&8 "%*'<*-<. 

I76757 -3'*,% ,75'&$)7 4!*,3%-*%(-)7*%8  12 =7,"057'$&8 ) -/('6'"'*%% ;7-

(7,$'(%&$%, &'$')-< .-6'"%, -&*-)*+.% &('6% ,-$-(+; 8)"80$&8 &('6*%' =*75'*%8 

)('.'*% -A%67*%8 % /('>+)7*%8 =78)-, ) &'$%. C&$7"#*+' ;7(7,$'(%&$%,% (6"%*+ -5'-

('6'<, 5%&"- -6*-)('.'**- *7;-689%;&8 ) &'$% =78)-,) .-:!$ >+$# /-"!5'*+ *7 -&*-)' 

4!*67.'*$7"#*+; &--$*-@'*%<, &/(7)'6"%)+; 6"8 &'$')+; .-6'"'< ->9':- )%67. H,7-

=7**+' ;7(7,$'(%&$%,% (7&&5%$+)70$&8 6"8 -$6'"#*+; ,"7&&-) =78)-, % 6"8 =78)-, 

->?'6%*'**-:- /-$-,7 ,7, ) ,7A6-. !="' &'$% (!="-)+' ;7(7,$'(%&$%,%), $7, % 6"8 &'$% 

) 3'"-. (&'$')+' ;7(7,$'(%&$%,%). 
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<3+*!) N3(3")!($+)$" +!)!-'O /'0!1$ 

 '$-6 (7&5'$7 (7=-.,*!$-< 2' C & /(%-(%$'$7.% -&*-)7* *7 6',-./-=%3%% &'-

$%, $.'. /('6&$7)"'*%% '' ) )%6' -$6'"#*+; *'=7)%&%.+; !="-) & *'-6*-(-6*+. /-$--

,-. =78)-, (7="%5*+; ,"7&&-), .'A6! ,-$-(+.% .-:!$ >+$# !&$7*-)"'*+ /(%-(%$'$+. 

F"8 E$-:- ) &'$')-< .-6'"% )+6'"80$&8 !="+ ,-./-=%3%%  , ) ,-$-(+; /(-%&;-6%$ 

->?'6%*'*%' *'&,-"#,%; /-$-,-) =78)-, ) -6%*, % !="+ 6',-./-=%3%% !, ) ,-$-(+; =7-

8),% -6*-:- /-$-,7 (7=)'$)"80$&8 /- *'&,-"#,%. *7/(7)"'*%8.. 

G7&&.-$(%. *',-$-(+< )+6'"'**+< !='" j = 1, …, n ) )%6' 2 C GH /GH /1 ((%&. 2), ) 

,-$-(+< /-&$!/7'$ ) ->9'. &"!57' H ,"7&&-) =78)-, & %*$'*&%)*-&$8.% )( jh  % ,-E44%-

3%'*$7.% )7(%73%% %*$'()7"-) .'A6! =78),7.% )( jh! . F"%$'"#*-&$# ->&"!A%)7*%8 =78-

)-, ,"7&&7 h -/%&+)7'$&8 &('6*%. =*75'*%'. )( jbh  % ,-E44%3%'*$-. )7(%73%% )( jh# . B7 

)+;-6' !="7 =78),% ,"7&&7 h ->(7=!0$ /-$-,, %*$'*&%)*-&$# ,-$-(-:- (7)*7 %*$'*&%)*-&$% 

/-&$!/"'*%8 )( jh , 7 ,-E44%3%'*$ )7(%73%% (7)'* )...,,1()( Hhjh "& . 

 

<$+. 2. @'0!1K -.0!1!,,'2' JM13 4($'($)!),'O +!)!-'O /'0!1$ 

K*$'*&%)*-&$% /-$-,-) =78)-, ,"7&&7 h ) !="7; "%*'<*-< &'$% (7&&5%$+)70$&8 

,7, )0()()( hhh jj  ' " , :6' )( jh'  – ,-E44%3%'*$ /(-/-(3%-*7"#*-&$%, *7=+)7'.+< ,--

E44%3%'*$-. /'('675% % /-,7=+)709%< &('6*'' 5%&"- /-/767*%< =78),% ,"7&&7 h ) 

!='" j =7 )('.8 /('>+)7*%8 ) &'$%, -/('6'"8'$&8 %= &"'6!09'< &%&$'.+ "%*'<*+; 7"-

:'>(7%5'&,%; !(7)*'*%< [2]: 

%
"

"'"'
n

i

hhh njijipj
0

)...,,1,0()(),()( . 

F"8 (7&&.7$(%)7'.-< .-6'"% 3'*$(7"#*-:- ->&"!A%)7*%8 

)0,1(/),1()();0,1(/1)1( hhhh" pjpjp "'"'  6"8 j = 2, …, n. 

D(-3'&&+ /-&$!/"'*%8 % ->&"!A%)7*%8 =78)-, ) )+6'"'**-. !="' j = 1, …, n 

-/%&+)70$&8 &"'6!09%.% )+(7A'*%8.%: 

• %*$'*&%)*-&$# % ,-E44%3%'*$ )7(%73%% ->?'6%*'**-:- /-$-,7 =78)-,, /-&$!-

/709%; ) !='": 

%%
""

""
H

h

hh

H

h

h jjjjj
1

22

1

);()()();()( !(!    (1) 

• &('6*'' =*75'*%' % ,-E44%3%'*$ )7(%73%% 6"%$'"#*-&$% ->&"!A%)7*%8 =78)-, 

->?'6%*'**-:- /-$-,7 ) !="': 

);()()(
1

jbjjb
H

h

hh%
"

("  (2) 

j

 1(j), &1(j) 

 h(j), &h(j) 

. . . F 

FC 

. . . 1 

 h(j), !h(j) 

 (j), 

!(j) (j), 

bh(j), #h(j) 

b(j), #(j) 

 1(j), !1(j) 
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%
"

)#*("#
H

h

hhh jbjjbjj
1

2222 1)(/)](1)[()()( . (3) 

J )+(7A'*%8; (1)–(3) )'"%5%*7 )(/)()( jjj hh   "(  ;7(7,$'(%=!'$ )'(-8$*-&$# 

$-:-, 5$- /-&$!/%)@78 ) !='" j =78),7 /(%*76"'A%$ ,"7&&! h (h = 1, …, H). 

1-E44%3%'*$ )7(%73%% )+;-689':- %= !="7 /-$-,7 =78)-, -/('6'"8'$&8 /- &"'-

6!09'< 4-(.!"' [3]: 

)(/)()](1[)(2)()( 22 jbjwjRjRjj )*!"& , 

:6' )()()( jbjjR  "  – &!..7(*78 =7:(!=,7 !="7; %
"

("
H

h

hh jwjjw
1

)()()(  – &('6*'' )('.8 

-A%67*%8 =78)-, ->?'6%*'**-:- /-$-,7; )( jwh  – &('6*'' )('.8 -A%67*%8 =78)-, 

,"7&&7 h ) !="' j /(% =767**-< 6%&3%/"%*' ->&"!A%)7*%8. 

1-E44%3%'*$+ )7(%73%% )+;-689':- /-$-,7 =78)-, ,7A6-:- ,"7&&7 -/('6'"8-

0$&8 ,7, )....,,1(]1)([)(1)( 22 Hhjjj hh ")&(*"&  

F"8 (7&5'$7 &('6*':- )('.'*% -A%67*%8 )( jwh  ) !="' j =78)-, ,"7&&7 h %&/-"#-

=!'$&8 /(%>"%A'**+< .'$-6, !5%$+)709%< *'E,&/-*'*3%7"#*+< ;7(7,$'( /-&$!/70-

9%; ) !='" /-$-,-) =78)-,. L$-$ .'$-6 -&*-)7* *7 /'('&5'$' &('6*':- )('.'*% -A%67-

*%8 )( jw#

h , /-"!5'**-:- ) /('6/-"-A'*%% - /(-&$'<@'. ;7(7,$'(' /-$-,-) =78)-,, 5'-

('= &('6*%' )('.'*7 -A%67*%8 /(% /(-%=)-"#*-. )( jw  % /(-&$'<@'. )( jw#  ->?'6%-

*'**-. /-$-,' =78)-,, /-"!5'**+.% ) /('6/-"-A'*%% - >'&/(%-(%$'$*-. ->&"!A%)7-

*%% =78)-, (7=*+; ,"7&&-) ) 67**-. !="': 

)(/)()()( jwjwjwjw ##

hh " , 

:6' )( jw#

h  -/('6'"8'$&8 ,7, 4!*,3%8 E"'.'*$-) .7$(%3+ /(%-(%$'$-) [4]: 

)(1

)()(

))(1))((1(2

)()(])[,(

)(
)3(

)1()3(

)5()4(

1

)2(

6

jR

jbjR

jRjR

jbjjhir

jw
h

hh

hh

h

i
i

i

#

h )
*

))

 
"
%
" . (4) 

J 67**-< 4-(.!"' %&/-"#=!0$&8 &"'6!09%' E"'.'*$+: 

r1(i,h)[j] = 0.5(1 – qih[j] – qhi[j])(2 – qih[j] – qhi[j]); r2(i,h)[j] = qih[j](2 – qih[j]); 

r3(i,h)[j] = 0.5 qih[j](qih[j] – 1); r4(i,h)[j] = r2(i,h)[j] +  r3(i,h)[j]; 

r5(i,h)[j] = r1(i,h)[j] + r4(i,h)[j]; r6(i,h)[j] = r2(h,i)[j] + r5(i,h)[j]; 

%
"

 "
h

i

iig
g

h jbjhirjR
1

)1()( )(])[,()(  (g = 3, 4, 5); 

1,2,...)(   ])[()(
0

)( "+++" ,
-

ldjbjb i
ll

i . 

2!..7(*78 %*$'*&%)*-&$# -/('6'"8'$&8 ,7, )(])[,()(
1

)( jjhirj
h

i

ig
g

h %
"

 ". . 

J+(7A'*%' (4) .-A*- %&/-"#=-)7$# 6"8 -/('6'"'*%8 )( jw# , '&"% )&' E"'.'*$+ 

.7$(%3+ /(%-(%$'$-) ( D) /-"-A%$# (7)*+.% *!"0. 

2('6*'' )('.8 -A%67*%8 )( jw  ) &"!57' /(-%=)-"#*-:- /-$-,7 =78)-,, ,-:67 ,--

E44%3%'*$ )7(%73%% /-$-,7 -$"%5'* -$ '6%*%3+, )+5%&"8'$&8 /- /(%>"%A'**-< 4-(-

.!"', /('6"-A'**-< ) [5]: 
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))(1/(])[()()()(5,0)( 22 jRjgjRjbjw )!#*!" . (5) 

J /-&"'6*'. )+(7A'*%% )'"%5%*7 ])[( jg !  -/('6'"8'$&8 ) =7)%&%.-&$% -$ =*75'*%8 

,-E44%3%'*$7 )7(%73%% )( j!  ->?'6%*'**-:- /-$-,7 =78)-,, /-&$!/709%; ) !='" j: 

/
/

0

/
/

1

2

0
1
2

3!
#*!

)!)
)

0
1
2

4!
#*!
!))

)

"!

.1)(,
)(4)(

)1)())((1(
exp

;1)(,
))()()((3

))(1))((1(2
exp

])[(

22

2

22

22

j
jj

jjR

j
jjjR

jjR

jg  (6) 

J+>-( 4-(.!"+ (5) 6"8 (7&5'$7 w(j) ->!&"-)"'* $'., 5$-, ,7, /-,7=7"% %&&"'6--

)7*%8, E$- )+(7A'*%' /-=)-"8'$ & *7%.'*#@'< /-:('@*-&$#0 /- &(7)*'*%0 & 6(!:%.% 

/(%>"%A'*%8.% /-"!5%$# =*75'*%' &('6*':- )('.'*% -A%67*%8 ) @%(-,-. 6%7/7=-*' 

%=.'*'*%< ,-E44%3%'*$7 )7(%73%% )j(!  %*$'()7"-) )('.'*% .'A6! /-&$!/709%.% 

=78),7.% % ,-E44%3%'*$7 =7:(!=,% R. M7,, 6"8 R>0,3 /(% %=.'*'*%% ,-E44%3%'*$7 )7-

(%73%% )( j!  ) 6%7/7=-*' -$ 0 6- 2 /-:('@*-&$# ('=!"#$7$-) (7&5'$7 /- 4-(.!"' (5) *' 

/(')+@7'$ 15% % ('=,- !.'*#@7'$&8 & !)'"%5'*%'. =7:(!=,% R. J $- A' )('.8 6(!:%' 

/(%>"%A'*%8, /-"!5'**+', ) $-. 5%&"', *7 -&*-)' 6%44!=%-**-< 7//(-,&%.73%%, 670$ 

!6-)"'$)-(%$'"#*+' ('=!"#$7$+ "%@# /(% >-"#@%; =*75'*%8; =7:(!=,%: R > 0,5–0,7. 

D(-3'6!(7 (7&5'$7 &'$')-< .-6'"% =)'*7 /'('675% 67**+;  12 >7=%(!'$&8 *7 

.'$-6' %$'(73%<, ,-$-(+< %&/-"#=!'$&8 6"8 -/('6'"'*%8 ,-E44%3%'*$-) )7(%73%% 

)( j!  %*$'()7"-) )('.'*% .'A6! /-&$!/709%.% ) !='" j = 1, …, n =78),7.% ,"7&&7  

h = 1, …, H. K$'(73%-**+< /(-3'&& /(-6-"A7'$&8 6- $'; /-(, /-,7 ) *',-$-(-. !="', ) 

,75'&$)' ,-$-(-:- >!6'. %&/-"#=-)7$# 3'*$(7"#*+< !='", ,-E44%3%'*$+ )7(%73%% 

);-689%; /-$-,-) =78)-,, )+5%&"'**+' ) /('6+6!9'. % /-&"'6!09'. @7:7;, *' &-)-

/7670$ & 7/(%-(% =767**-< $-5*-&$#0 5 . 

K$'(73%-**78 /(-3'6!(7 ('7"%=!'$&8 /- &"'6!09'< &;'.'. 

1. J+6'"8'$&8 3'*$(7"#*+< !='" 1, % *7 -&*-)' )+(7A'*%< (1)–(6) (7&&5%$+)7-

0$&8 ,-E44%3%'*$+ )7(%73%% )+;-689':- /-$-,7 =78)-, )1(h&  ) /('6/-"-A'*%%, 5$- 

)0()1( hh !"! . 

2. C/('6'"80$&8 ,-E44%3%'*$+ )7(%73%% )( j!  /-$-,-) =78)-,, /-&$!/709%; ) 

!="+ j = 2, …, n /- 4-(.!"' (1), :6' ]1)1()[,1(1)( 22 )&*"! hhh jpj . 

3. D-&"'6-)7$'"#*- 6"8 !="-) j = 2, …, n (7&&5%$+)70$&8 ,-E44%3%'*$+ )7(%7-

3%% )+;-689':- /-$-,7 =78)-, )( jh& . 

4. G7&&5%$+)70$&8 *-)+' =*75'*%8 ,-E44%3%'*$-) )7(%73%% )1(~
h!  /-&$!/70-

9%; ) 3'*$(7"#*+< !='" /-$-,-) =78)-,: %
$
"

&"!
n

j
j

hhh jjp

1
0

22 )(),1()1(~ . 

5. D!*,$+ 2–4 )+/-"*80$&8 6- $'; /-(, /-,7 )1()1(~
hh !)!  6"8 )&'; h = 1, …, H 

*' &$7*'$ .'*#@' 5 . 

F"8 /-"!5'**+; =*75'*%< ,-E44%3%'*$-) )7(%73%% )( jh!  /-$-,-) =78)-, & %&-

/-"#=-)7*%'. 4-(.!" (4)–(6) (7&&5%$+)70$&8 &('6*%' )('.'*7 -A%67*%8 wh(j) =78)-, 

,"7&&7 h = 1, …, H ) !="7; j = 1, …, n &'$')-< .-6'"%. 

F7"'' -/('6'"80$&8 !="-)+' % &'$')+' ;7(7,$'(%&$%,% /- &"'6!09%. 4-(.!"7.. 

H="-)+' ;7(7,$'(%&$%,% j = 1, …, n 6"8 =78)-, ,"7&&7 h = 1, …, H: 

• &('6*'' )('.8 /('>+)7*%8 =78)-, )()()( jbjwju hhh *" ; 
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• &('6*%' =*75'*%8 6"%*+ -5'('6% % 5%&"7 =78)-, ) !="' 

)()()();()()( jujjmjwjjl hhhhhh  " " . 

N*7"-:%5*+' ;7(7,$'(%&$%,% 6"8 ->?'6%*'**-:- /-$-,7 =78)-,: 

% %
" "

 " "("("
H

h

H

h

hhhh jujjmjwjjljwjjwjujju
1 1

).()()();()()();()()();()()(  

2'$')+' ;7(7,$'(%&$%,% 6"8 =78)-, ,"7&&7 h = 1, …, H: 

• &('6*%' )('.'*7 /('>+)7*%8 % -A%67*%8 =78)-, ) &'$% 

%%
""

'"'"
n

j

hh

n

j

hhhh jwjWjujU
11

);()();()(  

• &('6*'' 5%&"- =78)-,, *7;-689%;&8 ) &'$% % ) -5'('68; 

%%
""

""
n

j

h

n

j

hhh jlLjmM
11

).();(  

N*7"-:%5*+' &'$')+' ;7(7,$'(%&$%,% 6"8 ->?'6%*'**-:- /-$-,7 =78)-,: 

%%
""

("("
H

h

hh

H

h

hh WWUU
11

;)0(;)0(  

.)(;)(
111 1

%%% %
""" "

""""
n

j

H

h

h

H

h

n

j

h jlLLjmMM  

D-:('@*-&$% ('=!"#$7$-) (7&5'$-), ,7, /-,7=7"- %.%$73%-**-' .-6'"%(-)7*%', 

) >-"#@%*&$)' &"!57') &-&$7)"80$ *' >-"'' 20–30% 6"8 &'$')+; ;7(7,$'(%&$%,, /(%-

5'. & !)'"%5'*%'. =7:(!=,% !="-) $-5*-&$# )+/-"*8'.+; (7&5'$-) /-)+@7'$&8. B7"%-

5%' .'$-6%5'&,-< /-:('@*-&$% ->!&"-)"'*- %&/-"#=-)7*%'. /(%>"%A'**+; =7)%&%.--

&$'< 6"8 -/('6'"'*%8 &('6*':- )('.'*% -A%67*%8 =78)-, ) !="7; &'$% & *'E,&/-*'*3%-

7"#*+.% );-689%.% /-$-,7.% =78)-,, ,-E44%3%'*$-) )7(%73%% ) !="7; ,-./-=%3%% % 

)+;-689%; %= !="-) ->&"!A%)7*%8 /-$-,-) =78)-,, 7 $7,A' %&/-"#=-)7*%'. %$'(73%-

-**-< /(-3'6!(+ 6"8 -/('6'"'*%8 ,-E44%3%'*$-) )7(%73%% );-689%; /-$-,-) =78)-, 

) !="7; &'$')-< .-6'"%. 

D('6"-A'**+< .'$-6 /-=)-"8'$ /-"!5%$# $-5*+' =*75'*%8 ;7(7,$'(%&$%, ->-

&"!A%)7*%8 =78)-, ) &"'6!09%; &"!578;: 

• 6"8 -6*-(-6*-< (7=-.,*!$-< &'$')-< .-6'"%, ) ,-$-(!0 /-&$!/7'$ /(-&$'<-

@%< /-$-, =78)-,, /(% 6"%$'"#*-&$8; ->&"!A%)7*%8 =78)-, ) !="7;, (7&/('6'"'**+; /- 

E,&/-*'*3%7"#*-.! =7,-*!; 

• 6"8 *'-6*-(-6*-< (7=-.,*!$-< &'$')-< .-6'"% & /(%-(%$'$7.%, ) ,-$-(!0 /--

&$!/70$ /(-&$'<@%' /-$-,% =78)-,, /(% 6"%$'"#*-&$8; ->&"!A%)7*%8 =78)-, (7=*+; 

,"7&&-) ) /('6'"7; -6*-:- !="7, (7&/('6'"'**+; /- E,&/-*'*3%7"#*-.! =7,-*! & -6*%. 

% $'. A' &('6*%. =*75'*%'.. 

>($/!( (!31$M3#$$ /!)'03 

G7&&.-$(%. (7=-.,*!$!0 &'$')!0 .-6'"# =)'*7 /'('675% 67**+;  12, &-6'(A7-

9!0 $(% !="7: 3'*$(7"#*+< !='" 1, -$->(7A709%< (7>-$! /(%-(%$'$*-:- .7(@(!$%=7$--

(7, % /'(%4'(%<*+' !="+ 2 % 3, -$->(7A709%' ,7*7"+ &)8=%, )+;-689%' %= !="7 /'('675% 

67**+;. D!&$# )  12 /'('670$&8 /7,'$+ $('; ,"7&&-), ,-$-(+. ) .-6'"% &--$)'$&$)!0$ 

=78),% $('; ,"7&&-), /-&$!/709%' ) &'$# & %*$'*&%)*-&$8.% 1

1 01,0)0( )" $ % 
1

32 05,0)0()0( )" " $ . I78),% /'()-:- ,"7&&7 ) /(-3'&&' ->(7>-$,% ) &'$% /-&"' ->&"!-

A%)7*%8 ) !="' 1 .-:!$ /'('<$% $-"#,- ) !='" 2, 7 =78),% )$-(-:- % $('$#':- ,"7&&-) – ) 

!="+ 2 % 3, /(%5'. )'(-8$*-&$% /'('675 (7)*+: p1(1,0)= 0,005; p1(1,2)= 0,995; p2(1,0) = 0,02; 

p2(1,0) = 0,02; p2(1,2) = 0,58; p2(1,3) = 0,40; p3(1,0) = 0,01; p3(1,2) = 0,09; p3(1,3) = 0,90. 2('6-



 !"#$% 1 &!'(!)$*!+"$! '+,'-. $ /!)'0'1'2$%  

$/$)3#$',,'2' $ "'/41!"+,'2' /'0!1$('-3,$% 

 

 

 !!"#-2011 213

*%' 6"%$'"#*-&$% ->&"!A%)7*%8 =78)-, ) !="7; &'$% =7670$&8 &"'6!09%.% =*75'*%8.%: 

b1(1) = 0,05 &; b2(1) = 0,2 &; b3(1) = 0,04 &; bh(2) =  bh(3) = 0,1 & (h = 1, 2, 3). 

J $7>"%3' /(%)'6'*+ &('6*%' =*75'*%8 )('.'*% /('>+)7*%8 U1, U2, U3 /7,'$-) 

,"7&&-) 1, 2, 3 ) &'$% 6"8 (7="%5*+; =*75'*%< ,-E44%3%'*$-) )7(%73%% /-$-,-) )0(h!  

% 6"%$'"#*-&$'< ->&"!A%)7*%8 )( jh#  /7,'$-) ) !="7; j = 1, …, n (h = 1, 2, 3) /(% %&-

/-"#=-)7*%% FC >'= /(%-(%$'$-) (FC OD), FC & 7>&-"0$*+.% /(%-(%$'$7.% (FC ND) 

% FC 2D, =767**-<  D )%67 

.

0003

1002

2101

321

"Q  

 (!0,$! M,3*!,$% -(!/!,$ 4(!L.-3,$% (0'+)3-"$) 43"!)'- [+] 

)0(h! =1; )( jh# =1 )0(h! =0,5; )( jh# =0,5 )0(h! =0; )( jh# =0 
A5 

U1 U2 U3 U1 U2 U3 U1 U2 U3 

P> 163,0 49,5 86,7 102,1 33,6 53,2 81,1 28,1 41,5 

:> 43,2 34,5 169,7 37,6 25,6 98,1 35,7 22,6 73,9 

 > 65,2 34,5 164,5 49,3 25,4 94,2 43,9 22,3 70,4 

G7&&5%$7**+' &('6*%' =*75'*%8 )('.'*% /('>+)7*%8 ) &'$')-< .-6'"% &--$)'$-

&$)!0$ &('6*%. =*75'*%8. )('.'*% 6-&$7),% /7,'$-) -$ -6*-:- )+6'"'**-:- !="7 

 12 6- 6(!:-:-. 

C3"1Q*!,$! 

G7=(7>-$7**+< /(%>"%A'**+< 7*7"%$%5'&,%< .'$-6 (7&5'$7 .-6'"'<  12, 

/('6&$7)"8'.+; ) )%6' /(%-(%$'$*-< 2' C, /-=)-"8'$ "%@# -3'*%$# =*75'*%8 ;7(7,-

$'(%&$%, 4!*,3%-*%(-)7*%8 &'$%, /(% E$-. ('=!"#$7$+ .-:!$ %.'$# >-"#@!0 /-:('@-

*-&$#. C3'*,7 /-:('@*-&$% (7=(7>-$7**-:- .'$-67 (7&5'$7 & %&/-"#=-)7*%'. %.%$73%-

-**-:- .-6'"%(-)7*%8 /-,7=7"7, 5$- /-:('@*-&$# ;7(7,$'(%&$%, ) ->"7&$% >-"#@%; 

*7:(!=-, (&)+@' 0,75) *' /(')+@7'$ 20%, 7 ) ->"7&$% *7:(!=-, -$ 0,2 6- 0,5 .-A'$ 6-&-

$%:7$# 45%. J /-&"'6*'. &"!57' 6"8 /-)+@'*%8 6-&$-)'(*-&$% ('=!"#$7$-) &"'6!'$ 

/(%.'*8$# ,-.>%*%(-)7**+< .'$-6 .-6'"%(-)7*%8, -&*-)7**+< *7 &-5'$7*%% 7*7"%-

$%5'&,%; % %.%$73%-**+; .'$-6-) [6]. 
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