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 56&78 9:;6; 5<5&;=5>66>?> @A 97B5<76&; C:D 

>9B7C7:765D E7B>D&6> &6FG G;B;A&7B5 &5A 9>A;8;&7:7H 

A;I7 &E;  JC>EFG ;E&><;&585B>E;66FG  5 &7< 

?. 7. K3(L!-+"$M, ;. ;. ?'(%*!- ( 3,")-9!)!(NO(2) 

 !" "##$%&'()*"" #$'+*,- #.&'(,- )(/'0)/"1"!'()**,- #"#/%0 (232) *%'4-

-'&"0' .5"/,()/6 *%7'$*'/. )7!"'!*'8 "*9'!0):"" ' 1*)5%*";- *%<'/'!,- 7)!)0%/-

!'( 232[1]. 

=)##0'/!"0 *%'4-'&"0'#/6 .5%/) !)14!'#) 7)!)0%/!'( " ':%*<" #/%7%*" "- 

($";*"; *) 7!"0%!% &(.- ("&'( #.&'(,- 232: #.&'(,- )(/'0)/"1"!'()**,- >$%</!'-

>*%!?%/"5%#<"- #"#/%0 (@@2) " )(/'0)/"5%#<"- #"#/%0 .7!)($%*"; &("+%*"%0 (32AB) 

#.&'(. 

 !" "##$%&'()*"" " 7!'%</"!'()*"" #.&'(,- )(/'0)/"1"!'()**,- @@2 *%'4-

-'&"0' .5"/,()/6 /%-*'$'?"5%#<"8 !)14!'# 7)!)0%/!'( '/&%$6*,- >$%0%*/'( @@2, ( 

5)#/*'#/", #"*-!'**,- ?%*%!)/'!'(, )#"*-!'**,- &("?)/%$%8, (,7!;0"/%$%8 " &("?)-

/%$%8 7'#/';**'?' /'<). C!'0% /'?', (%#60) #.D%#/(%**,% 'E"4<" ('1*"<)F/ 7!" '7-

!%&%$%*"" 7)!)0%/!'( ><("()$%*/*,- )#"*-!'**,- &("?)/%$%8, ) /)<+% 7!" *%&'#/)-

/'5*' 7'$*'0 .5%/% *)?!.1'5*,- -)!)</%!"#/"< 0'D*,- >$%</!'7!"('&'(. C)< 4.&%/ 

7'<)1)*' *"+%, *%.5%/ !)14!'#) 7)!)0%/!'( ><("()$%*/*'8 @@2 0'+%/ 7!"(%#/" < 

'E"4<)0 !)#5%/) 1*)5%*"8 7'<)1)/%$%8 <)5%#/() 7!':%##'( *) 20–30% 

G% 0%*%% ()+%* .5%/ *%7'$*'8 )7!"'!*'8 "*9'!0):"" ' 7)!)0%/!)- 32AB 

#.&*). H >/"- #"#/%0)- 7'0"0' !)14!'#) 7)!)0%/!'( >$%0%*/'( 232 *%'4-'&"0' .5"-

/,()/6 '/#./#/("% /'5*'8 "*9'!0):"" ' 1*)5%*";- 7)!)0%/!'( '4I%</'( .7!)($%*"; 

#'(!%0%**,- <'!)4$%8 " #.&'(. 

 !" ':%*<% ($";*"; !)14!'#) 7)!)0%/!'( *%'4-'&"0' #'('<.7*'#/6 1*)5%*"8 

7)!)0%/!'( #.&'('8 @@2 x1, x2, …, xn !)##0)/!"()/6 <)< n-0%!*,8 #$.5)8*,8 (%</'!, 

) #'('<.7*'#/6 1*)5%*"8 7'<)1)/%$%8 <)5%#/() 7!':%##'( K1, K2, …, Kn <)< m-0%!*,8 

#$.5)8*,8 (%</'!, '7!%&%$%**,8 *) 0*'+%#/(% !%)$"1):"8 232. J#$" !)#5%/*,% 1*)-

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

*' '/$"5)F/#; '/ "- 0)<#"0)$6*' &'7.#/"0,- 1*)5%*"8, /' ( !%1.$6/)/% !)14!'#) (,-

E%.<)1)**,- 7)!)0%/!'( &%8#/("/%$6*,% 1*)5%*"; >/"- 7'<)1)/%$%8 0'?./ (,8/" 1) 

&'7.#/"0,% 7!%&%$,. 

B$; .5%/) ($";*"; !)14!'#) 7)!)0%/!'( *%'4-'&"0', <!'0% 1*)5%*"8 '/&%$6*,- 

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

#<"% '+"&)*";, &"#7%!#"", ) /)<+% (%!';/*'#/6 /'?', 5/' "- 1*)5%*"; *% (,8&./ 1) 1)-

&)**,% 7!%&%$,. K7!%&%$%*"% (%!';/*'#/*,- -)!)</%!"#/"< (%</'!) 7'<)1)/%$%8 ( #)-

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

 !"0%*%*"% 0%/'&'( #/)/"#/"5%#<"- "#7,/)*"8 7./%0 0*'?'<!)/*'?' 0'&%$"-

!'()*"; 7!':%##'( ( 232 7!"('&"/ < 4'$6E"0 1)/!)/)0 (!%0%**,- !%#.!#'([2].  '-

>/'0. &$; !%E%*"; >/'8 1)&)5" 7!%&$)?)%/#; "#7'$61'()/6 0%/'&, 7$)*"!'()*"; "0"-

/):"'**'?' ><#7%!"0%*/), !%)$"1'()**'?' *) <'076F/%!%. 

L'+*' 7'<)1)/6, 5/', %#$" (#% 0'0%*/, 7$)*) "0"/):"'**'?' ><#7%!"0%*/) 4.-

&./ !)(*, #''/(%/#/(.FD"0 0'0%*/)0 1)<'*'( !)#7!%&%$%*"; 7)!)0%/!'(, /' " 0'0%*-

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

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

'/(%/#/(.FD"- 0'0%*/'( .<)1)**,- 7'<)1)/%$%8.  !" >/'0, 5%0 4'$6E% 1*)5%*"8 0'-

0%*/'( .5"/,()%/#; ( 7$)*% ><#7%!"0%*/), /%0 /'5*%% 7'$.5)F/#; ':%*<" 7'<)1)/%$%8. 
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 $)*, "0"/):"'**'?' ><#7%!"0%*/), #'&%!+)D"% '?!)*"5%**'% 5"#$' !)#5%/-

*,- /'5%<, 1*)5"/%$6*' 0%*6E%, 5%0 5"#$' /'5%< *%'4-'&"0,- &$; 7!'(%&%*"; #/)/"-

5%#<"- "#7,/)*"8 

K/#F&) ('1*"<)%/ 1)&)5) #"*/%1) 7$)*'( "0"/):"'**'?' ><#7%!"0%*/), . <'/'-

!,- 1*)5%*"; *%#<'$6<"- 5%/*,- 0'0%*/'( 7$)*) !)(*, #''/(%/#/(.FD"0 0'0%*/)0 

1)<'*'( !)#7!%&%$%*"; 7)!)0%/!'(. B$; !%E%*"; >/'8 1)&)5" :%$%#''4!)1*' 7'$61'-

()/6#; *%7!%!,(*,0" #"00%/!"5*,0" 7$)*)0" ><#7%!"0%*/). 

G%7!%!,(*,0 "0"/):"'**,0 7$)*'0 *)1,()%/#; #'('<.7*'#/6 (%$"5"* ("&): 
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?&% x(1), x(2),…,x(N) – /'5<" #7%</!) 7$)*); &u – (%$"5"*,, *)1,()%0,% '/*'#"/%$6*,-

0" (%#)0" "$" 5)#/'/)0" 7!'(%&%*"; *)4$F&%*"8 (><#7%!"0%*/)) ( #''/(%/#/(.FD"- 

/'5<)- 7$)*). 

H >/'0 #$.5)% &$; 7'$.5%*"; /!%4.%0,- 1*)5%*"8 0'0%*/'(, 0'+*' 0%*;/6 <)< 

1) #5%/ "10%*%*"; !)10%!'( '/&%$6*,- <'*9"?.!):"8, /)< " 1) #5%/ "10%*%*"; 5)#/'/ 

7!'(%&%*"; ><#7%!"0%*/) ( >/"- <'*9"?.!):";-. 

G)"4'$%% 7!'#/.F 1)&)5. 7!%&#/)($;%/ #'4'8 #"*/%1 7$)*'( "0"/):"'**'?' 

><#7%!"0%*/) #'4#/(%**,- 0'0%*/'(, <'/'!,% '4%#7%5"()F/ !)(%*#/(' '4D%?' " 5)#/-

*'?' 7$)*), #'&%!+)D%?' '&*. <'*9"?.!):"F " *.$%(.F /'5<., 7!"5%0 <'*9"?.!):"" 

#''/(%/#/(.%/ 7$)* 7'$*'?' (&!'4*'?') 9)</'!*'?' ><#7%!"0%*/) "$" 7!%'4!)1'()**,8 

7$)*  $)<%/)–M%!0)*), ) !)1!%E)FD%8 #7'#'4*'#/6F *% 0%*%% 5%/,!%-. 

N)7"E%0 .!)(*%*"; &$; &(.- 7%!(,- 5%/*,- 0'0%*/'( 7$)*): 

Na1
2(1 = )2;   Na1

4(1 = )4 (2) 

?&% N – '4D%% 5"#$' /'5%< #7%</!); a1 – !)10%! ?"7%!<.4); (1 – 5)#/'/) 7!'(%&%*"; 

><#7%!"0%*/) ( &)**'8 <'*9"?.!):"";  )2, )4 – (/'!'8 " 5%/(%!/,8 0'0%*/, 1)<'*'( 

!)#7!%&%$%*"; 7)!)0%/!'(. 

3*)$'?"5*,% !%1.$6/)/, 7'$.5)F/#; &$; )77!'<#"0"!.%0'8 0'&%$", 7!%&#/)(-

$;FD%8 #'4'8 *%7'$*,8 7'$"*'0 /!%/6%?' 7'!;&<), *% #'&%!+)D"8 <.4'( *'!0"!'-

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

( (,!)+%*"" (2) (0%#/' )4 7'&#/)("/6 1*)5%*"% )22. 

 !%'4!)1'()( !)(%*#/('(2) 7'$.5"0 9'!0.$, &$; (,!)+%*"; !)10%!'( ?"7%!<.-

4) " 5)#/'/ 7!'(%&%*"; ><#7%!"0%*/): 
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42
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41
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*
'&
N

; . (3) 

O)< &$; !)(*'0%!*'?' 1)<'*) !)#7!%&%$%*"; ()2=1/3; )4=1/5) a=0,767, ( = 

0,07695; ) &$; *'!0)$6*'?' 1)<'*) ()2=1/9; )4=1/27) a=0,481, ( = 0,024465. 

=)##0'/!"0  *%7!%!,(*,% #"00%/!"5*,% <'07'1":"'**,% 7$)*,, '4%#7%5"-

()FD"% !)(%*#/() *% /'$6<' #'4#/(%**,- 0'0%*/'( "0"/):"'**'?' ><#7%!"0%*/). @/" 

7$)*, (<$F5)F/ ( #%4; &(% #"00%/!"5*,% <'*9"?.!):"". G%5%/*,% 0'0%*/, >/"- 

7$)*'( !)(*, *.$F, ) (,!)+%*"; &$; 5%/*,- 0'0%*/'( 7!"*"0)F/ #$%&.FD"8 ("&: 
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2211

2

111 *'&+& aNaN ; (4) 
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4

2221

4

112 *'&+& aNaN ; (5) 

42

4

2211

4

111 *'&+& aNaN . (6) 
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?&%  Nl1, Nl2 – 5"#$' /'5%< #7%</!) l-8 <'*9"?.!):"", ( <'/'!'8 7)!, 7)!)0%/!'( 7!"*"0)-

F/ *%*.$%(,% 1*)5%*";; N21, N22 – 5"#$' /'5%< #7%</!) 2-8 <'*9"?.!):"", ( <'/'!'8 #''/-

(%/#/(%**' 7)!, " /!'8<" 7)!)0%/!'( 7!"*"0)F/ *%*.$%(,% 1*)5%*";;  a1, a2 – !)10%! 

<'*9"?.!):""; &1, &2 – 5)#/'/) 7!'(%&%*"; ><#7%!"0%*/) ( &)**'8 <'*9"?.!):"".

 
=%E"(  #"#/%0. .!)(*%*"8 (2), (3), 7'$.5"0 #$%&.FD"% (,!)+%*"; &$; 5)#/'/ 

7!'(%&%*"; ><#7%!"0%*/) ( '/&%$6*,- <'*9"?.!):";-: 
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  (7) 

B$; #"*/%1) 7$)*) *%'4-'&"0) 7'$'+"/%$6*'#/6 5)#/'/, #''/(%/#/(.FD"- /'5-

<)0 #7%</!'( 7%!('8 " (/'!'8 <'*9"?.!):"8.  

H(%&%0 7'*;/"% 7!"(%&%**,- 0'0%*/'( 7$)*) ><#7%!"0%*/).  !"(%&%**,% 0'-

0%*/, 5%/(%!/'?' 7'!;&<) 4.&./ '7!%&%$;/6#; #$%&.FD"0 (,!)+%*"%0: 
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C)< ("&*' "1 (8) (,!)+%*"; &$; 7!"(%&%**,- 0'0%*/'( 1)("#;/ /'$6<' '/ -)-

!)</%!"#/"< <'*9"?.!):"8, (-'&;D"- ( #7%</! 7$)*) ><#7%!"0%*/), " '/ 1*)5%*"8 5%/-

(%!/,- 0'0%*/'( 1)<'*'( !)#7!%&%$%*"; "##$%&.%0,- 7)!)0%/!'(. 

 '&#/)("( (,!)+%*"; &$; 7!"(%&%**,- 0'0%*/'( ( (8), 0'+*' .!)(*%*"%, #(;-

1,()FD%% !)10%!, <'*9"?.!):"8 # 7!"(%&%**,0" 0'0%*/)0" 5%/(%!/'?' 7'!;&<) " 

0'0%*/'0 (/'!'?' 7'!;&<), 1)7"#)/6 ( <)*'*"5%#<'0 ("&%: 
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 (9) 

H("&. /'?', 5/' 5%/*,% 0'0%*/, 7$)*) (#%?&) 7'$'+"/%$6*,, .!)(*%*"% (9) 

"0%%/ !%E%*"% /'$6<' 7!" (,7'$*%*"" #$%&.FD"- #''/*'E%*"8: 
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a;aa . 

K7!%&%$"0 .#$'("; 4)$)*#) 5)#/'/. 2 >/'8 :%$6F, (,!)1"(  2 5%!%1  1 " 7'&#/)-

("( (,!)+%*"; &$; 5)#/'/ 7!'(%&%*"; ><#7%!"0%*/) (7), 7'$.5"0: 
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=%E"( *%!)(%*#/(' (7), 7'$.5"0 &'7.#/"0,% 7!%&%$, "10%*%*"; 2

1a : 
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=)##0'/!"0 *)"4'$%% 5)#/' "#7'$61.%0,8 :%*/!)$6*,8 <'07'1":"'**,8 7$)*, 

(<$F5)FD"8 ( #%4; ?"7%!<.4 !)10%!'0 a1 " '&"* <'07$%</ 1(%1&*,- /'5%< !)10%!'0 

a2. L'+*' $%?<' 7'<)1)/6, 5/' &$; >/'?' 7$)*) (,E%7!"(%&%**,% (,!)+%*"; " #''/-

*'E%*"; #.D%#/(%**' .7!'D)F/#;. O)< (,!)+%*"; &$; 7!"(%&%**,- 0'0%*/'( " 5)#-

/'/ 7!'(%&%*"; ><#7%!"0%*/) !)(*,: 
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A!)(*%*"% (9) 7!"*"0)%/ ("&: 
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A#$'("% 4)$)*#) 5)#/'/: 
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c . (15) 

L'+*' 7'<)1)/6, 5/', "#-'&; "1 7!"(%&%**,- '?!)*"5%*"8, &$; PC  7!%&%$, 

"10%*%*"; ?"7%!<.4) 4.&./ '7!%&%$;/6#; *%!)(%*#/('0: 
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2
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1
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/0*
)n(

)n(

a . (16)

 
J#$" 0'0%*/, 7$)*) ><#7%!"0%*/) &'$+*, 4,/6 !)(*, #''/(%/#/(.FD"0 0'-

0%*/)0 !)(*'0%!*'?' 1)<'*) !)#7!%&%$%*"; 7)!)0%/!'(, /' .<)1)**'% *%!)(%*#/(' 

7!"0%/ ("&: 

)n(

n
a,

453

45
3330 2

1 ,
+

/0 .  (17) 

H 5)#/*'#/" *)"4'$6E"% !)10%!, ?"7%!<.4) 7!" !)(*'0%!*'0 !)#7!%&%$%*"" 

"##$%&.%0,- 7)!)0%/!'( 0%*;F/#; '/ 0,882 7!" n=2 &' 0,647 7!" n=7. B$; '#/)$6*,- 

1)<'*'( !)#7!%&%$%*"; >/" '?!)*"5%*"; *'#;/ %D% 4'$%% +%#/<"8 -)!)</%!. 

G) '#*'(% (,E%7!"(%&%**,- (,!)+%*"8 0'?./ 4,/6 '7!%&%$%*, !)10%!, <'*-

9"?.!):"8 " 5)#/'/, 7!'(%&%*"; ><#7%!"0%*/) $F4,- #"00%/!"5*,- 7$)*'( (,5"#$"-

/%$6*'?' ><#7%!"0%*/) # 1)&)**,0" 1*)5%*";0" 0'0%*/'(. 

A<)1)**,8 7'&-'& 4,$ "#7'$61'()* &$; '7!%&%$%*"; (%!';/*'#/*,- -)!)</%!"-

#/"< 232 #' #/)/"5%#<"0" (,7!;0"/%$;0".  

:$)!(3)O(3 
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