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565&7859::9; 69<;=5>9?7:5; >7 @>9 &>7:;:5A  

?5B-5:C;D855 :7 9 :9?;  &9E7 &5B; D5E >;DF>>;:&:GE 

F>7?:;:5H*
 

:. ?. @!(#!-, ?. :. =!',!,"' (9/+") 

?-!0!,$! 

 !"#$ #% #"&'()$*"'+, #&&-*!+,."#/ 0(#"1#0+, 0*(*!.2# # (.%,#'#/ &+1#.-3"+ 
%".2#$45 %.6+-*,."#7 (')6*(8)-*%, 9:;< # !(.) /,-/='&/ $.'*$.'#2*&8#* $+!*-#, +0#-

&4,.=>#* (.&0(+&'(."*"#*, (.%,#'#*, -*2*"#* # 0(*!+',(.>*"#* ?'#5 %.6+-*,."#7. <-/ 
0+&'(+*"#/ $+!*-*7 +642"+ #&0+-3%)='&/ &#&'*$4 "*-#"*7"45 !#@@*(*"1#.-3"45 )(.,-
"*"#7. A.8#* $+!*-# !+0)&8.=' .".-#'#2*&8+* #&&-*!+,."#* # 0+%,+-/=' +6(.6.'4,.'3 
(*.-3"4* !.""4* & 1*-3= ,4/,-*"#/ +&"+,"45 %.8+"+$*("+&'*7 !#".$#8# &+1#.-3"+ %".-
2#$45 %.6+-*,."#7 (&$., ".0(#$*(, [1, 2]).  B$*&'* & '*$, 0(#$*"*"#* !#@@*(*"1#.-3"45 
)(.,"*"#7 !-/ $+!*-#(+,."#/ &+1#.-3"+ %".2#$45 %.6+-*,."#7 #$**' "*8+'+(4* +C(."#-

2*"#/: ,+%"#8.=' &-+D"+&'# & #"'*(0(*'.1#*7 (*E*"#7 , &,/%# & "*0(*(4,"+&'3= 0*(*-
$*""45; %.2.&')= "* )2#'4,.*'&/ !#&8(*'"+&'3 ,(*$*"#, &,/%.""./ & &)'+2"4$ (#'$+$ 

D#%"# #"!#,#!))$+, # &'+5.&'#2*&8./ 0(#(+!. 8+"'.8'+,, 0(#,+!/>#5 8 %.(.D*"#= ,+&-
0(##$2#,45 #"!#,#!))$+,. <-/ )2*'. 0*(*2#&-*""45 @.8'+(+, $+D*' 64'3 #&0+-3%+,." 

0+!5+!, +&"+,.""47 ". 0(#$*"*"## &'+5.&'#2*&8#5 (*8)((*"'"45 )(.,"*"#7, 2#&-*""45 
$*'+!+, F+"'*-G.(-+ # &++',*'&',)=>#5 0(+C(.$$ !-/ ,4&+8+0(+#%,+!#'*-3"45 HBF. 

A.8+7 0+!5+! +0#&.", , 2.&'"+&'#, , (.6+'.5 [3, 4] 0(# #&&-*!+,."## !#".$#8# (.&0(+-
&'(."*"#/ ')6*(8)-*%. , (*C#+".5 I+&&##.  

J*-3= ".&'+/>*7 (.6+'4 /,-/*'&/ 0+&'(+*"#* &'+5.&'#2*&8+7 #$#'.1#+""+7 

$+!*-#, +0#&4,.=>*7 (.&0(+&'(."*"#* B;K-#"@*81## , "*+!"+(+!"+7 0+0)-/1## # 

0(+,*!*"#* ,42#&-#'*-3"45 ?8&0*(#$*"'+, 0+ #&&-*!+,."#= &'.'#&'#2*&8#5 5.(.8'*-
(#&'#8 2#&-*""+&'*7 #%)2.*$45 C()00 ".&*-*"#/ , %.,#&#$+&'# +' ,.(#.1## 0.(.$*'-
(+, $+!*-#.  

F(3-,!,$% /'0!1$ 

B +&"+,) $+!*-# 0+-+D*"4 #!*# # 0+!5+!, 0(*!-+D*""4* , [1, 2]. B ?'#5 (.6+-

'.5 &'()8')(. ".&*-*"#/ (*C#+"+, I+&&## (.&&$.'(#,.*'&/ & '+28# %(*"#/ &'*0*"# &+-

1#.-3"+7 !*%.!.0'.1## #"!#,#!))$+,.  
9-*!)/ [1, 2], ".&*-*"#* "*8+'+(+C+ (*C#+". 0(*!&'.,#$ , ,#!* C()00 #"!#,#-

!))$+, Ai, 8...,2,1 i .  6+%".2#$ 2*(*% )(txi  2#&-*""+&'3 #"!#,#!))$+, C()004 Ai , 

$+$*"' ,(*$*"# t = 0,1,2…,T, 8...,2,1 i . 9#&'*$. )(.,"*"#7 $+!*-# #$**' ,#!: 

.,...,2,1;8,...,2,1,)0(
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* I.6+'. 0+!!*(D.". ILL; (0(+*8' M 09-01-00098-.) # 9  INO (0(+*8' M 26). 
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B ?'+7 &#&'*$* )(.,"*"#7 A1 – &+1#.-3"+ .!.0'#(+,.""4* #"!#,#!))$4, ,+&-
0(##$2#,4* 8 B;K, A2  – ,+&0(##$2#,4* 8 B;K #"!#,#!))$4 & ,4&+8#$ (#&8+$ (.%-
,#'#/ 0.'+-+C##, A3  – ,+&0(##$2#,4* 8 B;K #"!#,#!))$4 & )&'."+,-*""4$ 5(+"#2*-
&8#$ .-8+C+-#%$+$, A4 – ,+&0(##$2#,4* 8 B;K #"!#,#!))$4 & )&'."+,-*""+7 ".(8+-

'#2*&8+7 %.,#&#$+&'3=, A5 – &+1#.-3"+ .!.0'#(+,.""4* #"!#,#!))$4, #"@#1#(+,."-

"4* B;K, A6  – #"@#1#(+,.""4* B;K #"!#,#!))$4 & ,4&+8#$ (#&8+$ (.%,#'#/ 0.'+-

-+C##, A7 – #"@#1#(+,.""4* B;K #"!#,#!))$4 & )&'."+,-*""4$ 5(+"#2*&8#$ .-8+-

C+-#%$+$, A8 – #"@#1#(+,.""4* B;K #"!#,#!))$4 & )&'."+,-*""+7 ".(8+'#2*&8+7 

%.,#&#$+&'3=. 

9-.C.*$4* ,2,1,0)(  # itf i +'(.D.=' 0(#'+8 ".&*-*"#/ , &++',*'&',)=>#* 

C()004  %. 0(+$*D)'+8 ,(*$*"# ],1( tt "  # 0(*!&'.,-/=' &+6+7 "*8+'+(4* &-)2.7"4* 

0(+1*&&4 & %.!.""4$# ,*(+/'"+&'"4$# 5.(.8'*(#&'#8.$#. 9-)2.7"4* ,*-#2#"4  )(ˆ tx j  

+%".2.=' 8+-#2*&',+ #"!#,#!))$+, C()004 Aj, !+D#,E#5 +' $+$*"'. ,(*$*"# 1"t  !+ 

$+$*"'. ,(*$*"# t ; &-)2.7"4* ,*-#2#"4 )(tu jk +0#&4,.=' 8+-#2*&',+ #"!#,#!))$+,, 

0*(*5+!/>#5 #% C()004 Aj , C()00) Ak , '*2*"#* 0(+$*D)'8. ,(*$*"# ].,1( tt "  P.8+"4 

(.&0(*!*-*"#/ ?'#5 ,*-#2#" %.!.='&/ &-*!)=>#$ +6(.%+$. :(# @#8&#(+,.""+$ 

0)1( #"tx j  ,*-#2#". )(ˆ tx j  #$**' 6#"+$#.-3"+* (.&0(*!*-*"#* & 0.(.$*'(.$# 

)1( "tx j , j$ , C!* 10 %$% j – ,*(+/'"+&'3 !+D#'#/ #"!#,#!))$. C()004 Aj  +' $+$*"'. 

,(*$*"# 1"t  !+ $+$*"'. ,(*$*"# t , 8,...,1 j . :(# @#8&#(+,.""+$ 0)(ˆ
1 #tx  ,*-#2#". 

)(12 tu #$**' 6#"+$#.-3"+* (.&0(*!*-*"#* & 0.(.$*'(.$# )(ˆ
1 tx , 12& , C!* )1;0[12 '&  – ,*-

(+/'"+&'3 0*(*5+!. #"!#,#!))$. C()004 A1 , C()00) A2. :(# @#8&#(+,.""45 

0)()(ˆ
121 #" tutx , 0)(ˆ

5 #tx , 0)(ˆ
6 #tx , 0)(ˆ

7 #tx , 0)(ˆ
8 #tx  ,*-#2#". )(15 tu #$**' 6#"+$#-

.-3"+* (.&0(*!*-*"#* & 0.(.$*'(.$# )()(ˆ
121 tutx " , )(15 t( , C!* 

)(ˆ8

5

115 )1(1)(

tx

j

j

j

rt )
 

"" ( +%".2.*' ,*(+/'"+&'3 #"@#1#(+,."#/ #"!#,#!))$. C()004 A1 

%. &2Q' 8+"'.8'+, & #"!#,#!))$.$# C()00 A5, A6, A7, A8. G+"&'."'. jr1  %.!.*' ,*(+/'-

"+&'3 8+"'.8'. +!"+C+ #"!#,#!))$. C()004  A1 & +!"#$ #"!#,#!))$+$ C()004 Aj %. 
0(+$*D)'+8 ,(*$*"# ],1( tt " , 8,...,5,10 1  %* jr j . 9-)2.7"47 ,*8'+( 

))()()()(ˆ),(),(),(( 2423212242321 tutututxtututu """  +0#&4,.*'&/ $)-3'#"+$#.-3"4$ %.8+-

"+$ (.&0(*!*-*"#/, &+!*(D.>#$ 0.(.$*'(4 ),1,,,);(ˆ( 2423212423212 &"&"&"&&&tx  C!* 

0)(ˆ
2 #tx  @#8&#(+,."+, )1;0[,, 242321 '&&& – ,*(+/'"+&'# 0*(*5+!+, #"!#,#!))$. C()0-

04 A2 , C()00) A1, A3, A4 &++',*'&',*""+, 1242321 %&!&!& . B*-#2#". )(26 tu  0(# @#8-

&#(+,.""45 0)()()()(ˆ
2423212 #""" tutututx , 0)(ˆ

5 #tx , 0)(ˆ
6 #tx , 0)(ˆ

7 #tx , 0)(ˆ
8 #tx  

#$**' 6#"+$#.-3"+* (.&0(*!*-*"#* & 0.(.$*'(.$# )()()()(ˆ
2423212 tutututx """ , 

)(ˆ8

5

226 )1(1)(

tx

j

j

j

rt )
 

"" ( , C!* 8+"&'."'. jr2  +%".2.*' ,*(+/'"+&'3 8+"'.8'. +!"+C+ #"-

!#,#!))$. C()004  A2 & +!"#$ #"!#,#!))$+$ C()004 Aj %. 0(+$*D)'+8 ,(*$*"# 

],1( tt " , .8,...,5,10 2  %* jr j
 N".-+C#2"4$ +6(.%+$ +0(*!*-/='&/ +&'.,E#*&/ &-)2.7-

"4* ,*-#2#"4.  

B*8'+( ".2.-3"45 2#&-*""+&'*7 ),,,,,,,( )0(

8

)0(
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)0(
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)0(
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)0(
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)0(
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)0(

2

)0(

1 xxxxxxxx  #$**' "*+'-

(#1.'*-3"4* 8+$0+"*"'4 # +0#&4,.*'&/ "*8+'+(4$ %.!.""4$ %.8+"+$ (.&0(*!*-*"#/.  



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

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

 

 

 !!"#-2011 236 

712'($)/ +)3)$+)$*!+"'2' /'0!1$('-3,$% 

O. 8.D!+$ ,(*$*""+$ +'(*%8* 2#&-*""+&'# C()00 #"!#,#!))$+, ,42#&-/='&/ 
0)'Q$ 0(/$+C+ $+!*-#(+,."#/ &-)2.7"45 ,*-#2#", ,5+!/>#5 , &#&'*$) &'+5.&'#2*-
&8#5 (*8)((*"'"45 )(.,"*"#7, # 0+&-*!)=>*C+ ,42#&-*"#/ %".2*"#7 )(txi  0+ %".2*-

"#/$ )1( "txi , 8,...,2,1 i . <-/ C*"*(.1## #&0+-3%)*$45 &-)2.7"45 ,*-#2#" 0(#$*"/-

='&/ ,42#&-#'*-3"4* $*'+!4 # !.'2#8 &-)2.7"45 2#&*-, +0#&.""4* , (.6+'.5 [5, 6]. 

I.%(.6+'.""47 .-C+(#'$ (*.-#%+,." , ,#!* 8+$0-*8&. $+!*-#()=>#5 0(+C(.$$ 

". /%48* 9++ !-/ 0*(&+".-3"45 # ,4&+8+0(+#%,+!#'*-3"45 HBF. :.(.--*-3"./ ,*(-

&#/ 0(+C(.$$4 &+%!.". ". +&"+,* #"'*(@*7&. MPI. :(+1*!)(. (.&0.(.--*-#,."#/ +&-
"+,.". ". (.&0(*!*-Q""+$ $+!*-#(+,."## (*.-#%.1#7 & 0+&-*!)=>#$ )&(*!"*"#*$ 

(*%)-3'.'+,. <-/ 0(+,*!*"#/ (.&2Q'+, #&0+-3%+,.-#&3 $+>"+&'# 9#6#(&8+C+ &)0*(-

8+$03='*("+C+ 1*"'(. (C. O+,+&#6#(&8). 

9#!,"$ 01% /3)!/3)$*!+"$I 'J$03,$K $LM*3!/.I 4!(!/!,,.I 

<-/ 0(#$*"*"#/ 0+&'(+*""+7 $+!*-# # 0-."#(+,."#/ ,42#&-#'*-3"45 ?8&0*-
(#$*"'+, "*+65+!#$+ #$*'3 .0(#+(")= #"@+($.1#= + 0+,*!*"## (*E*"#7 &#&'*$4 

&'+5.&'#2*&8#5 )(.,"*"#7 , %.,#&#$+&'# +' ".6+(. 0.(.$*'(+,. A.8)= #"@+($.1#= 

$+D"+ 0+-)2#'3 & 0+$+>3= .".-#%. &#&'*$4 )(.,"*"#7 !-/ $.'*$.'#2*&8#5 +D#!."#7 

)()( tExtm ii   2#&-*""+&'*7 &++',*'&',)=>#5 C()00 ".&*-*"#/. :(*!0+-.C./ &)>*&'-

,+,."#* )(),( 21 tEftEf  # 8,...,2,1),0(  imi , 0+-)2.*$, 2'+ &#&'*$. )(.,"*"#7 !-/ $.'*$.-

'#2*&8#5 +D#!."#7 #$**' ,#!: 

.,...,2,1;8,...,2,1,)0(

);()1()1()(

);()1()1()(

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

);()1()1()(

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

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

);()()1(

)1()1()1()1()(

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

)0(
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B &#-) "*-#"*7"+&'# $+!*-# "*,+%$+D"+ )&'."+,#'3 /,"47 ,#! ,4(.D*"#7 !-/ 
)(15 tEu , )(26 tEu , )(37 tEu , )(48 tEu , +!".8+ #5 $+D"+ +1*"#'3 &,*(5), #&0+-3%)/ "*(.,*"-

&',+ R*"&*". !-/ $.'*$.'#2*&8#5 +D#!."#7 ,40)8-45 @)"81#7 +' &-)2.7"45 ,*-#2#". 

:(#$*"// !.-** $*'+! $+"+'+""45 +0*(.'+(+, [7], "*'()!"+ 0+&'(+#'3 &#&'*$) ,*(5-

"#5 +1*"+8 !-/ )(tmi , 8+'+(./ 0+%,+-/*' #&&-*!+,.'3 ,+%$+D"4* ,.(#."'4  !#".$#8#  

0*(*$*""45 )(txi , 8,...,2,1 i . 9#&'*$. ,*(5"#5 +1*"+8 !-/  )(),...,(),( 821 tmtmtm  $+D*' 

64'3 0(*!&'.,-*". , ,#!* !,)5 0+!&#&'*$, 0*(,./ #% 8+'+(45 &+!*(D#' '+-38+ 0*(*-
$*""4* )(),(),(),( 4321 tmtmtmtm , . #$*""+: 
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:(#"#$./, 2'+ )(),( 21 tEftEf  +C(."#2*"4 !-/ ,&*5 ,...,,...,2,1 Tt   (*E*"#/ 

)(),...,( 41 tmtm  0*(,+7 0+!&#&'*$4 $+D"+ +1*"#'3 &,*(5) 8+"&'."'.$# 41
~,,~ mm 2 # 0+!-

&'.,#'3 ?'# +1*"8# , )(.,"*"#/ ,'+(+7 0+!&#&'*$4: 
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H-*$*"'4 $.'(#14 C  ,'+(+7 0+!&#&'*$4 "*+'(#1.'*-3"4. H'+ 0+%,+-/*' 0(#$*-
"#'3 8(#'*(#7 .&#$0'+'#2*&8+7 )&'+72#,+&'# ")-*,+C+ (*E*"#/ &#&'*$4 -#"*7"45 (.%-
"+&'"45 )(.,"*"#7 [8]: *&-# ,&* C-.,"4* $#"+(4 $.'(#14 CI "  0+-+D#'*-3"4 ('.*. 

CI "  /,-/*'&/ "*,4(+D!*""+7 M-$.'(#1*7), '+ 0)( 3tmi 0(# 8,7,6,5,  43 it . B4-

0+-"*"#* ?'+C+ 8(#'*(#/ !-/ $.'(#14 CI "  +6*&0*2#,.*' 0+-"+* #&8+(*"*"#* #"@*81##: 

& '*2*"#*$ ,(*$*"# 2#&-*""+&'# C()00 A5, A6, A7, A8 &'(*$/'&/ 8 ")-= & ,*(+/'"+&'3= 1.  

>!LM1N)3). -.*$+1$)!1N,.I O"+4!($/!,)'- 

O. (#&. 1, 2 0(#,*!*"4 &'.'#&'#2*&8#* +1*"8# $.'*$.'#2*&8#5 +D#!."#7 +6>*7 

2#&-*""+&'# ,+&0(##$2#,45 ( )()()()( 4321 txtxtxtx !!! ) # #"@#1#(+,.""45 

( )()()()( 8765 txtxtxtx !!! ) #"!#,#!))$+, (&++',*'&',*""+) !-/ !,)5 ".6+(+, 0.(.$*'-

(+,. S&(*!"*"#* 0(+,+!#-+&3 & 0+$+>3= &'."!.('"45 @+($)- $.'*$.'#2*&8+7 &'.'#-

&'#8# 0+ ,46+(8.$ #% 1000 (*.-#%.1#7.  

 

>$+. 1  



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

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

 

 

 !!"#-2011 238 

<-/ 0*(,+C+ ".6+(. 0.(.$*'(+, CI "  /,-/*'&/ "*,4(+D!*""+7 M-$.'(#1*7, 2'+ 

+6*&0*2#,.*' #&8+(*"*"#* #"@*81## (?8&0*(#$*"' 1). <-/ ,'+(+C+ ".6+(. 0.(.$*'(+,  
)8.%.""47 !-/ CI "  8(#'*(#7 "* ,40+-"/*'&/, +1*"8. $.'*$.'#2*&8+C+ +D#!."#/ 8+-

-#2*&',. #"@#1#(+,.""45 #"!#,#!))$+, & '*2*"#*$ ,(*$*"# ,45+!#' ". "*")-*,+7 

&'.1#+".("47 )(+,*"3 (?8&0*(#$*"' 2). 

 

>$+. 2  

P3"1Q*!,$! 

:(*!&'.,-*""4* ,4E* $+!*-3, $+!*-#()=>./ 0(+C(.$$. # .".-#'#2*&8#7 (*-
%)-3'.' !+0)&8.=' *&'*&',*""+* +6+6>*"#* !-/ &-)2./, 8+C!. (.&&$.'(#,.*'&/ 0(+#%-
,+-3"+* 2#&-+ C()00 #"!#,#!))$+, nnnn AAAAAA 22,121 ,...,,,...,, !! , +'(.D.=>#5 &)>*&'-

,*"")= "*+!"+(+!"+&'3 0+0)-/1##. ;&0+-3%+,."#* '.8#5 C()00 0+%,+-/*' !+&'.'+2"+ 

!*'.-3"+ #&&-*!+,.'3 0(+6-*$) (.&0(+&'(."*"#/ B;K-#"@*81## & 0+$+>3= $*'+!. 
#$#'.1#+""+C+ $+!*-#(+,."#/. 

=$)!(3)M(3 
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