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E. 8. HI',3 (?$0() 

 !"#$%&' (")*+%,-. /"0,"1/- )*0-1$-/%$2,*3 '$4"!-/&") -5%,/-6-7'8-- 

5-,'&-0%17-3 (!"8%11") -&%%/ )'9,"% :,'0%,-%, ("17"$27; ",- -1("$2:;%/1. )" &,"-

4-3 (!'7/-0%17-3 (!-$"9%,-.3, ) 0'1/,"1/-,  5$. 7",/!"$. - 5-'4,"1/-!")',-. 1"-

1/".,-. /%3,-0%17"4" "#"!;5")',-.. <5,'7" /!'5-8-",,*% '$4"!-/&*, "1,")',,*% ,' 

-1("$2:")',-- !%7;!!%,/,"= (!"8%5;!* -17$>0%,-. ,%-:)%1/,*3 (" &%/"5; ?';11' 

[18, 20], /%!.>/ 1)"> !'#"/"1("1"#,"1/2 (!- !%+%,-- ($"3" "#;1$")$%,,*3 1-1/%& 

!':,"1/,*3 ;!'),%,-= -5%,/-6-7'8--.  "@/"&; )":,-7'%/ (!'7/-0%17'. ,%"#3"5--

&"1/2 1":5',-. ,")"4" '$4"!-/&' #%: -1("$2:")',-. !%7;!!%,/,*3 (!"8%5;!  - "(%!'-

8-= 5%$%,-. ,' &'$*% 0-1$' [2, 3].  A'5'0' 1"1/"-/ ) 1":5',-- &"5%$- '$4"!-/&' - ("-

$;0%,-- %% ','$-/-0%17"4" "(-1',-., ) 7"/"!"& #*$' #* ;7':',' 1).:2 !%+%,-. 1-1/%-

&* 1 -13"5,*&- 5',,*&- :'5'0-. B/" (":)"$-$" #* !%'$-:")'/2  (!"8%5;!* -&-/'8--

",,"4" &"5%$-!")',-. '$4"!-/&' [4, 7, 8] 5$. (!")%!7- %4" !'#"/"1("1"#,"1/- (%!%5 

(!'7/-0%17-& (!-&%,%,-%&. B/" )'9," ) :'5'0'3 "#!'#"/7- ("$%/,"= -,6"!&'8-- (" 

1""#!'9%,-.& #%:"('1,"1/- ("$%/' [5, 6]. 

C7':',,'. :'5'0' ,-7%& ,% !%+'$'12, ("17"$27; ,% 1;D%1/);%/ &%/"5") ,'3"95%-

,-. ','$-/-0%17-3 )*!'9%,-= 5$. "#!'/,"= &'/!-8*. E'11&"/!-& 1-1/%&; ;!'),%,-=  

yY  !" , (1) 

) 7"/"!"= &'/!-8' Y - )%7/"! y  6"!&-!;>/1. -: 5-17!%/,*3 -:&%!%,-= 5-,'&-0%17"-

4" (!"8%11': 
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45% !  – )%7/"! 7"@66-8-%,/") ("$-,"&'-:,'&%,'/%$. 5-17!%/,"4" "(%!'/"!', 7"/"!*= 

1).:', 1 ','$"4")*& "(%!'/"!"&-@7)-)'$%,/"& [9] 5-66%!%,8-'$2,"4" ;!'),%,-. 

"#F%7/' )bp(/)p(A)p(W k

n
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$ ! . G%7/"! !  ,%1%/ -,6"!&'8-> " 1"1/".,-- 

/%3,-0%17"4" "#F%7/', /'7 7'7 1;D%1/);%/ 1).:2 5-17!%/,*3 ("$>1") )(zD - ','$"-

4")*3 )( pW : )exp( Tbq ii "# . B$%&%,/* Y - y ) 6"!&;$% (1) 6"!&-!;>/1. -: !'-

)%,1/)' (2) (" (!')-$;  
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/. %. Y -&%%/ /%($-8%) 3'!'7/%! - ("/"&; )1%45' ($"3" "#;1$")$%,' [15, 16]. 

 "@/"&; (!-&%,%,-% /!'5-8-",,*3 )*0-1$-/%$2,*3 '$4"!-/&") 1 !%7;!!%,/-

,*&- (!"8%5;!'&- - 1 (!-&%,%,-%& ) ,-3 "(%!'8-= 5%$%,-. ,' &'$*% 0-1$' 5'%/ 

"8%,7- !  1 #"$2+-&- ("4!%+,"1/.&-.  "17"$27; )*!"95%,,*% 1-/;'8-- ) ,-3 )":,--

7'>/ ,%(!"4,":-!;%&*& "#!':"&, 8%$%1""#!':," !':!'#"/'/2 - (!-&%,./2 #"$%% )*-



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

.,2!1$',3(/$% $ +'!2+)3 (3),.()$4(#$$ .,2!1$',3(/$% 
 

 

 !!"#-2011 53

0-1$-/%$2," ;1/"=0-)*% '$4"!-/&*. E'11&"/!-& '$4"!-/&, 1)"#"5,*= "/ @/-3 ,%5"1-

/'/7"). G ,%& @$%&%,/* "#!'/,"= &'/!-8* )*0-1$.>/1. 0%!%: &-,"!* (!.&"= &'/!--

8* [18]: 

jiMinr )Y,YY()(
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*** """"# % "
21 211 . (4) 

B/" 5%/%!&-,',/ ("5&'/!-8* YH ji +, , "1/')+%=1. ) Y ("1$% )*0%!7-)',-. i- 

1/!"7- - i-4" 1/"$#8', ("@/"&; jiH , &"9," (!%51/')-/2 ) )-5% -,5%71,"= &'/!-0,"= 

1%/7- 1")"7;(,"1/2> ,"&%!") 1/!"7 - 1/"$#8"), "1/')+-31. ("1$% )*0%!7-)',-.: 

( ))/).1();/).1(, jninimsH ji &  (5) 

G !')%,1/)% (4)  -1("$2:;%/1. 1;&&' (!"-:)%5%,-= )1%)":&"9,*3 (%!%1/',")"7 

[21] )*!'9%,-= (3). G "#D%& 1$;0'% ) #;7)%,,"& )-5% %% ,'=/- ,%)":&"9,", ("@/"&; 

/'7"= '$4"!-/& 5" ,'1/".D%4" )!%&%,- ,-7%& ,% (!-&%,.$1.. <5,'7" :'5'0; ,'3"95%-

,-. ','$-/-0%17"4" )*!'9%,-. &"9," !%+-/2, (!-&%,.. 1-&)"$2,*= &%/"5. H:)%1/,", 

0/" !%+'/2 5-66%!%,8-'$2,*% ;!'),%,-., (!-&%,.. 1-&)"$2,*% -:"#!'9%,-. I'($'-

1', :,'0-/%$2," $%40%.   

G [11] #*$' !':!'#"/',' 1-&)"$2,'. 7"&#-,'/"!,'. (JK) &"5%$2 5$. !%'$-:'8-- 

'$4"!-/&' (4) ) 6"!&% )%/).D%4"1. 4!'6' [19]: 
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G &"5%$- -1("$2:;>/1. (!-,8-(* -&-/'8--: @$%&%,/* jiH , :'&%,.>/1. @$%-

&%,/'&- %% -:"#!'9%,-. (5), /'7 0/" 6"!&-!")',-% ','$-/-0%17"4" )*!'9%,-. '$4"-

!-/&' (%!%,"1-/1.  ) "#$'1/2 8%$*3 ("$"9-/%$2,*3 0-1%$, $"7'$2,*3 '5!%1") !':&%-

D%,-. 5-17!%/,*3 :,'0%,-= 5-,'&-0%17"4" (!"8%11' (2).  "@/"&; ,'3"95%,-% (%!%-

1/',")"7 (4) 1)"5-/1. 7 (%!%1/',")7'& @$%&%,/") ) 7"&(",%,/'3, 1"1/')$%,,*3 -: 8%-

$*3 0-1%$, 0/" :,'0-/%$2," ;(!"D'%/ :'5'0;. B/- (%!%1/',")7- ) 4!'6% (!%51/')$%,* 

7'7 7"&(",%,/* ) )%/).3 4!'6'. <,- ;5")$%/)"!.>/ /!%#")',-.& (!')-$' !'17!*/-. 

&-,"!': ) ,-3 ,%/ (")/"!.>D-31. @$%&%,/"), )  &,"9%1/)% )%/)%= ,%/ "5-,'7")*3 

7"&(",%,/. G%/).& 4!'6' (!-1)"%,* :,'7- ) 1""/)%/1/)-- 1 (!')-$"& (4). B/", 7'7 ("-

7':'," ) [7, 8], (!-5'%/ 4!'6; 1)"=1/)" 6-$2/!'8--: ,' )*3"5 4!'6' ,% (!"3"5./ 7"&-

(",%,/*, ) 7"/"!*3 )1/!%0'>/1. "5-,'7")*% @$%&%,/*. L"7':',", 0/" 1%0%,-. 4!'6' 

6"!&-!;>/1. -: ;("!.5"0%,,*3 0-1$")*3 ("1$%5")'/%$2,"1/%= [9, 10], 7"&(",%,/* 

7"/"!*3 @/" – 1"0%/',-., 4%,%!-!;%&*% 7"&#-,'/"!,*&- "(%!'/"!'&-[21]  

]~/).1[(*)( 1#,- ii anKC  -: !':,"1/,*3 &,"9%1/), "1/')+-31. ("1$% 6"!&-!")',-. (!%-

5*5;D-3 1%0%,-=.  "@/"&; (!"8%5;!' 6"!&-!")',-. (%!%1/',")"7 5%/%!&-,-!")',' - 

) ,%= ,% (!-&%,.>/1. &%/"5* (%!%#"!' -$- 7'7-%-$-#" &"5-6-7'8-- &%/"5' M",/%-

K'!$". ?!'6 !%'$-:;%/ &%/"5* ,'3"95%,-. 5%/%!&-,',/' &'/!-8* 5$. !':$-0,*3 )'-

!-',/") %% !':#-%,-. ,' ("$"1* -: 1/!"7 -$- 1/"$#8"). N-!-,' 1%0%,-. 4!'6' 1")('-

5'%/ 1 +-!-,"= ("$"1* !':#-%,-. - :'5'%/1. ('!'&%/!"& i, , )*("$,.%/1. ;1$")-% 

nm  ,$$,$, )( 21  , n  – !':&%!,"1/2 &'/!-8*. O$4"!-/& -: /%"!%&* I'($'1' [15, 

1/!. 30] (!%51/')$.%/ 1"#"= 0'1/,*= 1$;0'=, 4!'6' (6) -: 5);3 1%0%,-=. E%'$2,*= '$4"-

!-/& ,'3"5-/1. "/"#!'9%,-%& (6) ) "#$'1/2 '!-6&%/-0%17-3 "(%!'8-=, 45% -,5%71*-

. 
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'5!%1' :'&%,.>/1. -:&%!%,-.&- (2), ,'3"5./1. (!"-:)%5%,-. @$%&%,/") ) 7'95"= )%/)- 

- !%:;$2/'/* 1;&&-!;>/1. (" )1%& )%/).&. B/- "(%!'8-- ;7':',* ) 6"!&;$% (4) - ;1-

$")," ;7':',* ) "(%!'/"!% Det- , /'7 0/" &"9," :'(-1'/2  

( )).1(*),(** , nnGrafDetHDetMinr jiji ,--&-& . (7) 

J$"9,"1/2 )*0-1$-/%$2,"4" '$4"!-/&' &"9%/ #*/2 &-,-&-:-!")',' ,' ;!"),% 

%4" -:"#!'9%,-. (6).  !"-:)%5%,-. !%:;$2/'/") -:&%!%,-= (!"8%11' (2) ) )%/).3 4!'6' 

&"4;/ #*/2 )*!'9%,* ) 1-&)"$2,"& )-5% [7, 11]: 
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45% m – 0-1$" 1$'4'%&*3 ) )*!'9%,-- (2), n – !':&%!,"1/2 &'/!-8* H (5). A5%12 -1-

("$2:")',* "(%!'/"! !':#-%,-. 0-1$' n ,' i,  0'1/%= ( )nPart i *)(,-  "(%!'/"! 

*)( Perm- , 1":5'>D-= (%!%1/',")7- -: !':#-%,-= [21], - "(%!'/"! -3 !':&%D%,-. 

( ))(
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k

ii qqkArang &-  ) 7'0%1/)% 1/%(%,%= 5-17!%/,*3 ("$>1").  "17"$27; 7"&-

(",%,/*, -&%>D-% (")/"!* @$%&%,/"), ,' )*3"5 &"5%$- (6) ,% (!"=5;/ ) !%:;$2-

/'/% 6-$2/!'8--, "1/',%/1. /"$27" 0'1/2 7"&(",%,/ -: 6"!&;$* (8): 

( ) );;(*)().1(*)().1(** 21 m

n qqqnKCmnKCmGrDet  -&-&-- . (9) 

P"$27" ",' )"=5%/ ) ','$-/-0%17"% "(-1',-%. Q' 7"&(",%,/'3 (9) 1$%5;%/ !':-

&%/-/2 1/%(%,- ,'5 5-17!%/,*&- ("$>1'&-. H: !')%,1/)' (3) )-5,", 0/" ",- "(!%5%$.-

>/1. @$%&%,/'&- -: )*!'9%,-. (5).  "@/"&; (!- (!"3"95%,-- 7"&(",%,/ (9) 0%!%: 

)%/)- 4!'6' ,'5 -3 @$%&%,/'&- !':&%D'>/1. ) 7'0%1/)% 1/%(%,%= 7"&(",%,/* @/-3 

)%/)%=. G -/"4% ,' )*3"5% (6) ("$;0-& 4!;((* 0 1ii
Z

i

Z
q~)1(# ,  7"/"!*% 5'5;/ 6;,78-- 

)()()()~( 13121

)(

##""#"#& nn

n

i qqqqqqqFg  , (10) 

!'),*% :,'0%,-.& "(!%5%$-/%$%= G',5%!&",5'. G !'#"/'3 [7, 8] ("7':',", 0/" (!-  

"/"#!'9%,-- )*!'9%,-. (6) ) (!"1/!',1/)" '!-6&%/-0%17-3 "(%!'8-=, -: 6;,78-= (10) 

6"!&-!;>/1. 5-'4",'$2,*% &'/!-8*, ' -: )%1")*3 7"@66-8-%,/") 

)exp( 0tbAC kkk "#" , 1&. 6"!&;$; (2),  6"!&-!;%/1. &'/!-8' J: 
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ijiji LqFgDgCrqFgDgHDetMinr ),~(),~(*
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, ""&-&  (11) 

L-'4",'$2,*% &'/!-8* ("!":,2 1""/,"1./1. 7 )%7/"!'& ,"&%!") 1/!"7 - 1/"$#-

8"), ;7':',,*& )  (5). B/" )'9,"% 1)"=1/)" ;&%,2+'%/ 1$"9,"1/2 '$4"!-/&' - %4" ','-

$-/-0%17"4" "(-1',-.. <," #*$" -1("$2:")'," ) !'#"/% [13] (!- )*0-1$%,-- "#!'/,"= 

&'/!-8* ?-$2#%!/'[16, 17] – ( ) )/(1, jiG ji $ 20-4" ("!.57', 7"/"!'. #*$' ,'=5%,' 1" 

100%-,"= /"0,"1/2>, 3"/. !',%% 10-/'$"12, 0/" )*+% 10-4" ("!.57' "(!%5%$-/2 %% 1 

(!-%&$%&"= /"0,"1/2> ,%)":&"9," 5'9% (!- -1("$2:")',-- 1;(%!7"&(2>/%!").  

@J3,2J  

 !-&%,%,-% (!-,8-(") -&-/'8-- ("(%!'8-- 1 #;7)%,,*&- 6"!&;$'&- :'&%,.-

>/1. "(%!'8-.&- 1 ;("!.5"0%,,*&- 0-1$")*&- ("1$%5")'/%$2,"1/.&-) (":)"$-$" 

6"!&-!")'/2 )*0-1$-/%$2,*% '$4"!-/&* - -3 ','$-/-0%17-% "(-1',-. ) 1-&)"$2,"& 

(!"1/!',1/)% 8%$*3 ("$"9-/%$2,*3 0-1%$. L"7':',", 0/" ) 1-&)"$2,"& (!"1/!',1/)% 

&"4;/ #*/2 (!-&%,%,* @66%7/-),*% &%/"5* (",-9%,-. 1$"9,"1/- '$4"!-/&") - -3 

','$-/-0%17-3 "(-1',-=.  Q' "1,")% JK-&"5%$%= &"4;/ #*/2 1":5',* ;1/"=0-)*% )*-
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0-1$-/%$2,*% '$4"!-/&*, (":)"$.>D-% (!%5"/)!'/-/2 )":,-7,")%,-% )*!"95%,,*3 

1-/;'8-= ) (!"8%5;!'3 -5%,/-6-7'8--.  "$;0%,,*% ','$-/-0%17-% "(-1',-. '$4"!-/-

&") &"4;/ #*/2 -1("$2:")',* ) (!"8%5;!'3 -&-/'8-",,"4" &"5%$-!")',-. 5$. (!"-

)%!7- -3 !'#"/"1("1"#,"1/- (%!%5 (!'7/-0%17-& (!-&%,%,-%&. G(%!)*% #*$" ("$;0%-

," ','$-/-0%17"% "(-1',-% "#!'/,"= &'/!-8* -5%,/-6-7'8--, ) 7"/"!"& %% @$%&%,/* 

#*$- (!%51/')$%,* ) .),"& )-5% 7'7 6;,78-- ('!'&%/!") "#!'#'/*)'%&"4" 5-17!%/,"-

4" 5-,'&-0%17"4" (!"8%11' - %4" (%!-"5' 7)',/")',-.  . M%/"5 (":)"$-$ ("$;0-/2 &'-

/%&'/-0%17- 6"!&'$-:")',,"% "(-1',-% '$4"!-/&' 1 ('!'$$%$2,"= '!3-/%7/;!"=, 0/" 

5'%/ )":&"9,"1/2 ;)%$-0-/2 #*1/!"5%=1/)-% '$4"!-/&") -5%,/-6-7'8-- - -3 !%4;$.!-

,*% 1)"=1/)'.   "$;0%,,"%  ','$-/-0%17"% )*!'9%,-% 5"7':*)'%/, 0/" )*0-1$%,-. ) 

(!"8%5;!'3 -5%,/-6-7'8-- (!"-:)"5./1. ) "#$'1/- &'$*3 0-1%$, /'7 7'7 ) ,%4" )3"5./ 

(!"-:)%5%,-. !':,"1/%= 5-17!%/,*3 ("$>1") "#F%7/', 7"/"!*% )1%45' &%,2+% %5-,--

8*. B/" ":,'0'%/, 0/" )$-.,-% +;&") )%$-7" - ("@/"&; 16"!&-!")'/2 5"1/")%!,*% 

&'/!-8* ?%11% -: )/"!*3 (!"-:)"5,*3 6;,78-",'$' ,%).:7- ;!'),%,-= – ,%!%'$2,", - 

&%/"5 4!'5-%,/', (!-&%,.%&*= ) 1/"3'1/-0%17-3 &"5%$.3 -5%,/-6-7'8-- [14], ,% (!--

)"5-/ 7 "(/-&'$2,*& "8%,7'&. G'!2-!")',-% 1 !':$-0,*&- :'7",'&- !'1(!%5%$%,-. 

+;&") ,% &"9%/ ;$;0+-/2 1-/;'8-> - -&%%/ 0-1/" ;&":!-/%$2,*= 3'!'7/%!.  
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