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567879:6;<6:< =:5<>?9:6@;?< @6&:&9@; A:9&;B8 A:&:C:6 

;@ : ;:6< C><&:D;B8 @6&:=@&:6 ?  ? &<=   :D<9<5E=?
*
 

5. F. 5'12GH$,, 6. ;. I30'('J,.K (:/+"), 

 . 6. C'"'($, ( 3,")-A!)!(LG(2) 

6-!0!,$! 

 !"#$%&!'()%# "!&!*)!+! "'%*#)%, - .&%/#)#)%#/ 0#!&%% 1$#0!2)34 ('0!/(-

0!' (56) ' 0#2#)%# "'74 .!-$#")%4 "#-,0%$#0%8 -0($! !")%/ %9 0&("%:%!))34 -.!-!-

;!' !0!;&(*#)%, "%)(/%1% ('0!0&()-.!&0)34 .!0!1!'.  !"#$% "())!+! 0%.( .!9'!$,-

<0 '!-.&!%9'!"%0= &," 4(&(10#&)34 "$, .!0!1!' ('0!/(>%) ,'$#)%8, )(;$<"(#/34 ' 

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

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

?!-1!$=17 !")%/ %9 !-)!')34 -'!8-0' 56 ,'$,#0-, .(&($$#$=)!# !;)!'$#)%# 

1!)@%+7&(:%%, % )!'!# -!-0!,)%# 1(*"!8 1$#01% 9('%-%0 $%>= !0 ## 0#17A#+! -!-0!,-

)%, % -!-0!,)%8 ;$%*(8>%4 -!-#"#8, #-0#-0'#))3/ )(.&('$#)%#/ &(9'%0%, .&!+&(//-

)!8 &#($%9(:%% -$!*)34 /!"#$#8 )( 56 ,'$,#0-, &(-.(&($$#$%'()%# .&!:#--( /!"#-

$%&!'()%,. B(1(, &#($%9(:%, /!"#$#8 "!&!*)!+! "'%*#)%, .!9'!$,#0 ' &#($=)!/ /(--

>0(;# '&#/#)% .!""#&*%'(0= .&%),0%# &#>#)%8 .&% .&!#10%&!'()%% % &#1!)-0&71:%% 

7$%2)!-"!&!*)34 -#0#8 (CDE) /#+(.!$%-!'. 

F 0! *# '&#/, .&% &#>#)%% !.0%/%9(:%!))34 9("(2 ' 4!"# .&!#10%&!'()%, %$% 

&#1!)-0&71:%% 0&()-.!&0)34 .!0!1!' % CDE, -!"#&*(A%4 /)!+%# -!0)% "!&!+ % .#&#-

1&#-01!', '!9/!*)!-0%  /!"#$#8 )( 56 !+&()%2#)3. ?&#"$(+(#/38 .!"4!", !-)!'()-

)38 )( -!'/#-0)!/ %-.!$=9!'()%% 56 % /!"#$#8 /(--!'!+! !;-$7*%'()%,, .!9'!$,#0 

)( .!&,"1% 7-1!&%0= &#>#)%# 9("(2 !.0%/%9(:%%. 

?/$)3#$',,3% /'0!1M 0'('J,'2' 0-$J!,$% ,3 "1!)'*,.N 3-)'/3)3N 

F &(;!0# [2] .&#"-0('$#)( /!"#$=, !-)!'())(, )( -0!4(-0%2#-1!/ /)!+!.!$!--

)!/ 0&()-.!&0)!/ 56 % '1$<2(<A(, .&('%$( “/#"$#))!+! -0(&0(” (slow-to-start) % 

“.&!-0&()-0'#))!+! 7.&#*"#)%,” (spatial anticipation) [1]. F&#/, ' /!"#$% "%-1&#0)!; 

!")( %0#&(:%, (!;)!'$#)%# 1!)@%+7&(:%% ('0!/(0() -!!0'#0-0'7#0 !")!8 -#17)"# – 

-&#")#/7 '&#/#)% &#(1:%% '!"%0#$, )( %9/#)#)%# "!&!*)!8 -%07(:%%. G;)!'$#)%# 

1!)@%+7&(:%8 '#"#0-, .! 9(&()## 9("())!/7 )(;!&7 .&('%$, !.&#"#$,<A#/7 &#(1:%< 

1(*"!+! ('0!/!;%$, (7-1!&#)%#, 0!&/!*#)%#, .#&#-0&!#)%#) )( "!&!*)7< -%07(:%< 

()($%2%# '3;!%), "&7+%4 /(>%), -%+)($3 -'#0!@!&( % .&.). F!9/!*)!-0= 72#0( H1--

.$7(0(:%!))!+! -!-0!,)%, "!&!*)!+! .!1&30%, % $!1($=)34 -1!&!-0)34 !+&()%2#)%8, 

( 0(1*# '1$<2#)%# '#&!,0)!-0)!+! .&('%$( “.&#'3>#)%, -1!&!-0%” !0$%2(#0 /!"#$= 

!0 -7A#-0'7<A%4 ()($!+!' (-/. .!"&!;)38 !;9!& ' &(;!0# [1]). 

I( ;(9# "())!8 /!"#$% - :#$=< %--$#"!'()%, "'%*#)%, 0&()-.!&0)34 .!0!1!' 

.!  !"# $%&%' &(9&(;!0()( /!"#$= CDE [3, 4], 1$<2#'3/ H$#/#)0!/ 1!0!&!8 ,'$,#0-, 

79#$. D())38 H$#/#)0 .&#")(9)(2#) "$, -',93'()%, "!&!+ % .#&#"(2% /(>%) /#*"7 

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

/38 % )#&#+7$%&7#/38), .#>#4!")38 .#&#4!". J-.!$=9!'()%# "())34 H$#/#)0!' .!-

9'!$,#0 -0&!%0= .&!%9'!$=)3# 1!)@%+7&(:%% CDE. 

F!9/!*)!-0= %/%0(:%% %)"%'%"7($=)!+! .!'#"#)%, 1(*"!8 /(>%)3, '30#1(<-

A(, %9 '3-!1!8 &(9&#>(<A#8 -.!-!;)!-0% 56, &#($%97#0-, 9( -2#0 %-.!$=9!'()%, 

;!$=>%4 '32%-$%0#$=)34 /!A)!-0#8. ?!-1!$=17 - 7'#$%2#)%#/ /(->0(;!' /!"#$%-

                                                 
*J--$#"!'()%, .&!'!"%$%-= .&% @%)()-!'!8 .!""#&*1# KLLJ (.&!#103 M10-08-00906, M10-08-

90027_N#$-(, 11-08-01016, 11-08-00641, 11-08-00767), GIJB K6I (.&!#10 2.3). 
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&7#/34 CDE '!9&(-0(#0 % '&#/,, 0&#;7#/!# "$, .&!"'%*#)%, /!"#$% )( !"%) >(+ !;-

)!'$#)%,, #-0#-0'#))! %-.!$=9!'(0= &(9"#$#)%# /!"#$% CDE +!&!"( )( ;!$## /#$1%# 

(&(8!)3, 1'(&0($3), .#&#"('(#/3# &(9)3/ %-.!$)%0#$,/ – .&!:#--!&(/ /)!+!,"#&)34 

-%-0#/, 79$(/ '32%-$%0#$=)34 1$(-0#&!' % 0.".  

A3(311!1M,.! -.*$+1!,$% 

6;-0&(+%&7,-= !0 0#4)%2#-1!8 &#($%9(:%% /)!+!.&!:#--!&)!8 !;&(;!01% 56, 

/!*)! -1(9(0=, 20! -7A#-0'7#0 ()$)*), .!" 1!0!&!8 .!)%/(#0-, )#1!0!&(, 2(-0= /!"#-

$%&7#/!8 CDE (-!'!17.)!-0= -',9())34 79$(/% "!&!+), 1!0!&(, "!$*)( ;30= .#&#"()( 

# +%,-#"!,. (.&!:#--!&7, 79$7 1$(-0#&(). J-.!$)%0#$=, &(;!0(<A%8 .!" 1!)0&!$#/ 

)#1!0!&!+! 1!!&"%)%&7<A#+! !;O#10( (/%%&$#-)"%&)), .! -!!0'#0-0'7<A#/7 -%+)($7 

'3.!$),#0 !")7 %0#&(:%<. ?! '3.!$)#)%% >(+( !;)!'$#)%, ('0!/!;%$%, "!-0%+>%# 

'&)-#*-01 2(,%3 CDE ('34!"3 %$% '4!"3 1!0!&34 -',9()3 - 79$(/% "&7+!8 9("(2%), 

"!$*)3 .#&#"('(0=-, )( -!!0'#0-0'7<A%# 79$3, .&%)("$#*(A%# "&7+%/ 9("(2(/. 6)(-

$!+%2)! ('0!/!;%$% %9 "&7+%4 9("(2, "!-0%+>%# +&()%2)34 - "())!8 9("(2#8 79$!', 

"!$*)3 ;30= .#&#"()3 % &(9/#A#)3 )( ## +&()%2)34 79$(4. 

I( &%-. 1 .&%'#"#) .&%/#& /!"#$% "!&!*)!8 -#0% (:#)0& G/-1(), &(9"#$#))!8 

)( "'# 9("(2%. P#&)3/ :'#0!/ )( &%-7)1# 9(1&(>#)3 +&()%2)3# 79$3. 
 

 

9$+. 1. A($/!( (3OL$!,$% /'0!1$ 75  ,3 O303*$ 

?&!+&(//)(, &#($%9(:%, /!"#$% ()( .&%/#&# @&(+/#)0( CDE G/-1(, &%-. 1) .!-

9'!$,#0 '!-.&!%9'!"%0= "'%*#)%# .!0!1!' ('0!/(>%) - #+! '%97($%9(:%#8 ' 7-1!&#)-

)!/ &#*%/# )( .#&-!)($=)!/ 1!/.=<0#&# -&#")#8 /!A)!-0%. ?&%'#"Q))38 @&(+/#)0 

'1$<2(#0 45 79$!', -!#"%),<A%4 170 .&,/!$%)#8)34 72(-01!' "!&!+. I(2(03 &(;!03 

.! &#($%9(:%% .(&($$#$=)!8 '#&-%% /!"#$% )( '32%-$%0#$=)!/ 1$(-0#&# G/RBC. 

7('-!,M +!)$ /3++'-'2' 'L+1GJ$-3,$% 

S-$% !.0%/%9(:%, '3.!$),#0-, ' !;>%&)!/ .&!-0&()-0'# '(&%()0!', 0! H@@#1-

0%')! &#($%9!'(0= ## /!*)! .70#/ .&#"-0('$#)%, CDE ' '%"# -#0% /(--!'!+! !;-$7*%-

'()%, (E# G), -!4&(),<A#8 -0&7107&7 CDE % !-)!')3# .(&(/#0&3, 1!0!&3/% !.&#"#-

$,<0-, '#&!,0)!-0)!-'&#/#))3# 4(&(10#&%-0%1% (FFT) "'%*#)%, 0&()-.!&0(. B(17< 

-#0= - !2#&#",/% ;7"#/ "($## )(93'(0= 0&()-.!&0)!8 E# G. 

E!4&(),, @7)1:%!)($=)!# .&!-0&()-0'! CDE, 0&()-.!&0)(, E# G (;-0&(+%&7-

#0-, !0 .&!-0&()-0'( @%9%2#-1!+!, 72%03'(#/!+! )( 7&!')# 56, % !0 -!!0'#0-0'7<A%4 

,'$#)%8, !.&#"#$,#/34 '9(%/)3/ &(-.!$!*#)%#/ ' )#/ ('0!/!;%$#8. N7"72% !&%#)-

0%&!'())!8 -#0=< - !")!)(.&('$#))3/% "7+(/%, 0&()-.!&0)(, E# G )# 72%03'(#0 

'9(%/!"#8-0'%, ('0!/!;%$#8, "'%*7A%4-, .! '-0&#2)3/ .!$!-(/: "'7)(.&('$#))(, 

"!&!+( .&#"-0('$,#0-, ' E# G "'7/, )#9('%-%/3/% "7+(/%, .#&#"(<A%/% 9(,'1% !0 
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!")%4 79$!' E# G 1 "&7+%/. C9#$ E# G – -%-0#/( /(--!'!+! !;-$7*%'()%, (E G) – 

.&#"-0('$,#0 -!;!8 /#-0! @!&/%&!'()%, !2#&#"% )( "())!/ ('0!0&()-.!&0)!/ /(&-

>&70#, 0.#. .#>#4!")38 .#&#4!", .#&#1&#-0!1 % 0... U%1$%2#-17< -/#)7 -%+)($!' &(9-

&#>#)%, % 9(.&#0( "'%*#)%, 2#&#9 .#&#1&#-0!1 /!*)! 72%03'(0=, 9("('(, ' E G -!!0-

'#0-0'7<A%/ !;&(9!/ -$72(8)!# '&#/, !;-$7*%'()%, 9(,'!1. E&#")## '&#/, !;-$7*%-

'()%, "!$*)! ;30= &(')! -&#")#/7 '&#/#)% .&!#9"( 2#&#9 .#&#1&#-0!1 (;#9 !2#&#"%), ( 

"%-.#&-%< H0!+! '&#/#)% /!*)! !.&#"#$%0= 0(1, 20!;3 -&#"),, "$%)( !2#&#"% ' E G 

;3$( &(')( -&#")#8 "$%)# !2#&#"% 7 .#&#1&#-01( )( "())!/ )(.&('$#)%%. D$, 7$72>#-

)%, 1(2#-0'( (..&!1-%/(:%% /!*)! %-.!$=9!'(0= /)!+!1()($=)3# E G. L%9%2#-1% 

#"%)38 .#&#1&#-0!1 &(9"#$,#0-, ' 0&()-.!&0)!8 E# G )( )#-1!$=1! )#9('%-%/34 

E G, $#*(A%4 )( -!!0'#0-0'7<A%4 &(9)34 /(&>&70(4 9(,'!1. 

G-!;#))!-0=< 0&()-.!&0)!8 E# G ,'$,#0-, % 0!, 20! .&!4!*"#)%# 9(,'1% !0 

!")!+! ## 79$( - !2#&#"=< "! "&7+!+! .&!%-4!"%0 )# /+)!'#))!. I( H0! 0&(0%0-, '&#/,, 

-&(')%/!# -! '&#/#)#/ .&!4!*"#)%, 79$( - !2#&#"=<. J 20!;3 !-0('(0=-, ' &(/1(4 

0&("%:%!))34 .&#"-0('$#)%8 E# G, 1(*"7< "7+7, -!!0'#0-0'7<A7< "!&!+#, /!*)! 

.&#"-0('$,0= ' '%"# E G - ;#-1!)#2)3/ (%$% !2#)= ;!$=>%/) 2%-$!/ 1()($!', '&#/, 

!;-$7*%'()%, ' 1!0!&34 &(')! '&#/#)% .&!#9"( .! H0!8 "!&!+#. 

SA# !")( '(*)(, !-!;#))!-0= 0&()-.!&0)!8 E# G -!-0!%0 ' 0!/, 20! ## .#&#-

4!")3# '#&!,0)!-0% ,'$,<0-, @7)1:%,/% %9'#-0)34 %)0#)-%')!-0#8 /(&>&70!', -$%-

'(<A%4-, % &(-4!",A%4-, )( .#&#1&#-01(4. S-$% /(&>&70 .&#"-0('$,#0 -!;!8 .72!1 

/(&>&70!', 0.#. 7 )#+! %/#<0-, ($=0#&)(0%'3, 4(&(10#&%97#/3# '#&!,0)!-0,/% %4 '3-

;!&(, 0! H0% '#&!,0)!-0% 0(1*# '$%,<0 )( .#&#4!")3# '#&!,0)!-0% E# G. 

?&#"-0('$#)%# CDE ' '%"# 0&()-.!&0)!8 E# G .!9'!$,#0 )( "'(-0&% .!&,"1( 

7-1!&%0= %/%0(:%!))!# /!"#$%&!'()%# (J ) % &#>(0= !.0%/%9(:%!))3# 9("(2%.  #-

0!"3 ()($%0%1!-%/%0(:%!))!+! /!"#$%&!'()%, )#/(&1!'-1%4 E# G [5–7] .!9'!$,<0 

#A# )( .!&,"1% 7-1!&,0= &#>#)%# !.0%/%9(:%!))34 9("(2 % - "!-0(0!2)! 4!&!>#8 "$, 

.&(10%2#-1%4 :#$#8 0!2)!-0=< !.0%/%9%&!'(0= E# G, -!"#&*(A%# -!0)% 79$!'. 

A($/!( '4)$/$O3#$$ )(3,+4'(),'K  !=:  

F 1(2#-0'# .&%/#&( &(--/!0&%/ !.0%/%9(:%< 0&()-.!&0)!8 E# G, .&#"-0('-

$#))!8 )( &%-. 2. D$, .&!-0!03 ;7"#/ -2%0(0= &(-.&#"#$#)%, '&#/#)% !;-$7*%'()%, 

H1-.!)#):%($=)3/%, '4!")!8 .!0!1 – .7(--!)!'-1%/. 

9$+. 2. A($/!(  !=:, +'')-!)+)-GPQ!K ,!"')'('/G R(32/!,)G 75  

P#&#9 -#0= .&!4!",0 .,0= ;#9($=0#&)(0%')34 /(&>&70!' 9(,'!1, -!"#&*(A%4 

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

)%8 1!0!&!8 71(9()! -2#02%1!/ nj. J)0#)-%')!-0= '4!"( ' -#0= 9(,'!1 i-+! ;#9($=0#&)(-

1,0p = 0.25, 2,0p = 0.36, 3,0p = 0.39, 4,2p = 0.86, 5,2p = 0.14, 

6,4p = 0.17, 7,4p = 0.64, 9,4p = 0.19, 8,5p = 0.31, 9,5p = 0.69. 

1 ! , 

8

8

82

2

1

3

4

5

6

9

! 7
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0%')!+! /(&>&70( !;!9)(2#)( 2#&#9 "j. V0% /(&>&703 -!!0'#0-0'7<0 /(&>&70)!/7 

.(--(*%&-1!/7 0&()-.!&07. 5&!/# 0!+!, 2#&#9 -#0= .&!4!",0 0&% /(&>&70)34 .721( - 

%)0#)-%')!-0,/% #i. F#&!,0)!-0= '3;!&( %9 .721( i ($=0#&)(0%'3 j !;!9)(2#)( qij. 

&3L1$#3 1 

=3(H(G). $ $N N3(3")!($+)$"$ 

j 
S!O31M)!(,3)$-,.! 

/3(H(G). 
"i ni 

AG*'" 1, 

B1 = 0.1 
q1j

AG*'" 2,

B2 = 0.3 
q2j

AG*'" 3, 

B3 = 0.2 
q3j 

1 1-4-(6-4)-9 0.1 2.333 1-4-6-4-9 0.1 1-4-9 0.1 2-5-8-5-9 0.1 

2 1-4-(7-4)-9 0.1 9 1-4-7-4-9 0.1 2-4-9 0.1 3-5-8-5-9 0.9 

3 2-4-(6-4)-9 0.1 2.333 2-4-6-4-9 0.1 2-5-9 0.1 – – 

4 2-4-(7-4)-9 0.1 9 2-4-7-4-9 0.7 3-5-9 0.7 – – 

 

C1(9())3# ' 0(;$. 1 .(&(/#0&3 E# G !.&#"#$,<0 %)0#)-%')!-0% 9(,'!1 )( ## 

"7+(4 % 9(0#/ .#&#4!")3# '#&!,0)!-0% (9)(2#)%, 1!0!&34 .&%'#"#)3 )( &%-. 2). L!&-

/7$( 1(*"!8 0(1!8 '#&!,0)!-0% .&#"-0('$,#0 -!;!8 "&!;= – !0)!>#)%# -7//3 %)0#)-

-%')!-0#8 /(&>&70!', .&!4!",A%4 .! -!!0'#0-0'7<A#8 '34!")!8 "7+# 79$(, 1 -7//# 

%)0#)-%')!-0#8 /(&>&70!', '4!",A%4 ' 79#$. E$(+(#/3# ' 2%-$%0#$# % 9)(/#)(0#$# 

"&!;% ' !;A#/ -$72(# ,'$,<0-, %)0#)-%')!-0,/% "i ;#9($=0#&)(0%')34 /(&>&70!' 

('!9/!*)!, .!/)!*#))3/% )( -2#02%1% ni) % %)0#)-%')!-0,/% $ij = qij#i ($=0#&)(0%'. 

D($## -&#")## '&#/, E .&!4!*"#)%, 9(,'!1 2#&#9 -#0= &(--2%03'(#0-, %9'#-0-

)3/% /#0!"(/% - 72#0!/ %)0#)-%')!-0#8 !;-$7*%'()%,, !2#&#"#8 % -&#")%4 9("#&*#1 

%ij )( "7+(4 (i, j). F !;A#/ -$72(# – - %-.!$=9!'()%#/ J . D$, E# G )( &%-. 1 H0! '&#-

/, -!-0('%$! E = 340.7 .&% 71(9())34 ' 0(;$. 2 -&#")%4 9("#&*1(4 )( "7+(4 % %)0#)-

-%')!-0,4 !;-$7*%'()%, ' 79$(4 &1, &2, …, &9, &(')34 0.31, 0.22, 0.48, 3.60, 0.79, 0.60, 

2.31, 0.08, 1.23 -!!0'#0-0'#))!. 

&3L1$#3 2 

 (!0,$! O30!(J"$ %ij ,3 0G23N (i, j) - $+N'0,'/ -3($3,)!  !=: 

%'() %'*) %'+) %*,) %*-) %,.) %,/) %,0) %-1) %-0) %(,) %+-) %.,) %/,) %1-)

5.71 6.10 6.21 5.92 5.13 6.61 83.3 6.94 5.55 6.41 5.71 6.21 6.61 83.3 5.55 

 

E&#")%# 9("#&*1% )( "7+(4-"!&!+(4 !.&#"#$,<0-, - 72#0!/ %)0#)-%')!-0% "'%-

*#)%, .! )%/ % @7)"(/#)0($=)34 "%(+&(// "!&!+, "(<A%4 9('%-%/!-0% -&#")#8 -1!-

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

?&% !.0%/%9(:%% -#0% .#&#&(-.&#"#$,$-, !;A%8 &#-7&- ## 79$!' (-7//( '9'#-

>#))34 %)0#)-%')!-0#8 &i), !;A%8 &#-7&- 7$72>#)%, "!&!+ (' -0!%/!-0)!/ '3&(*#-

)%%) % '#&!,0)!-0% qij '3;!&( ($=0#&)(0%')34 /(&>&70!' ' .721(4. 5(1 .!1(9($% .!$#-

'3# %-.30()%, /!"#$% )( 56, .&!'#"#))3# ' G/-1#, H0( /!"#$= .!-$# ## 1($%;&!'1% 

4(&(10#&%97#0-, '3-!1!8 0!2)!-0=< .&!+)!9( '&#/#)% .&!4!*"#)%, ('0!/!;%$,/% 

&(9)!!;&(9)34 /(&>&70!'. ?&%/#& "%(+&(// )( &%-. 3 -$#'(, .!$72#))34 - .!/!A=< 

/!"#$% )( 56, .!1(93'(#0, 20! H@@#10 7$72>#)%, "!&!+% /!*)! 72%03'(0= -!!0'#0-0-

'7<A%/ 1!H@@%:%#)0!/, '4!",A%/ ' 9('%-%/!-0= -1!&!-0% "'%*#)%, !0 .$!0)!-0% 

.!0!1(. ?&% !.0%/%9(:%% E# G )( &%-. 1 H0!0 1!H@@%:%#)0 "!.7-1($!-= %9/#),0= )( 

20% .&% -!4&()#)%% -7//3 %9/#)#)%8. F &#97$=0(0# !.0%/%9(:%% &(-.&#"#$#)%, "'74 

'%"!' &#-7&-( (79$!' % "!&!+) % '#&!,0)!-0#8 '3;!&( ($=0#&)(0%' .!1(9(0#$= E -)%9%$-

-, - 340.7 "! 187.7. W("#&*1% )( "!&!+(4 ' .!-$#")#/ 9)(2#)%% -!-0('$,<0 154,0. ?!-

$72#))38 '(&%()0 &(-.&#"#$#)%, &#-7&-( .&!'#&#) )( 7-0!82%'!-0= .! !0)!>#)%< 1 
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H'!$<:%!))!/7 7&(')!'#>%'()%< -&#")#8 "$%0#$=)!-0% ($=0#&)(0%')34 /(&>&70!', 

$#*(A%4 ' .&#"#$(4 .721( [8]. ?!-$# %4 7&(')!'#>%'()%, ')70&% .721!' !.0%/($=)3# 

'#&!,0)!-0% '3;!&( /(&>&70!' %9/#)%$%-= )#9)(2%0#$=)!, % .!1(9(0#$= E 7'#$%2%$-, 

-! 187.7 "! 188.2. J9/#)#)%# .#&#4!")34 '#&!,0)!-0#8 E# G ' &#97$=0(0# !.0%/%9(-

:%% $#*($! ' .&#"#$(4 15%. F#&!,0)!-0% q12 % q14 -)%9%$%-= "! )7$,.  

F -',9% - !+&()%2#))3/ !;O#/!/ -0(0=% ' &(--/!0&#))!/ .&%/#&# !.0%/%9(:%% 

0&()-.!&0)!8 E# G .!1(9()( $%>= !;A(, $!+%1( &#>#)%, 9("(2%. 

 

9$+. 3. TG,03/!,)31M,.! 0$32(3//., 4'1G*3!/.! C@-/'0!1MP:  

-$#'( – 9('%-%/!-0= -1!&!-0% ('0!/!;%$#8 !0 .$!0)!-0% .!0!1(,  

-.&('( – 9('%-%/!-0= .!0!1( !0 .$!0)!-0%.  

?!1(9()! %9/#)#)%# "%(+&(// .!-$# 9(/#)3 (-@($=0!'!+! .!1&30%, ($=0#&)(0%')3/ 

D'747&!')#'!# /!"#$%&!'()%#, ' 1!0!&!/ %-.!$=97<0-, 56 % 0&()-.!&0)3# 

E# G, .!9'!$,#0 .&!"!$*(0= !.0%/%9(:%< 9( -2#0 '!9'&(A#)%, &#97$=0(0!' &#>#)%, 

9("(2% )( E# G ' /!"#$= )( 56. E ## .!/!A=< -'!8-0'( .!$72#))!+! '(&%()0( 70!2-

),<0-,, ' 0!/ 2%-$# % H1-.#&0)3/% /#0!"(/%, .!-$# 2#+! /!*#0 ;30= '3.!$)#) )!'38 

:%1$ !.0%/%9(:%% )( E# G, )(2%)(<A%8-, %9 '(&%()0(, .!$72#))!+! )( 7&!')# 56. 

 !"#$%&!'()%# .!"0'#&"%$! .&#".!$!*#)%#, 20! ' -$72(# )#'3-!1%4 1!H@@%-

:%#)0!' 9(+&791% "$, ("#1'(0)!+! !.%-()%, E# G "!-0(0!2)! 9)(0= %)0#)-%')!-0% .!-

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

'&#/#)% .&!4!*"#)%, /(>%)(/% 1!)1&#0)34 72(-01!' "!&!+ % @&(+/#)0!' CDE. B(-

1%/ !;&(9!/, 0&()-.!&0)(, E# G .!9'!$,#0 !.&#"#$,0= 0&#;!'()%, 1 0!2)!-0% !:#)1% 

H0%4 4(&(10#&%-0%1 56-/!"#$=<. ?&#"$(+(#0-, ' 1(2#-0'# 0%.%2)!8 4(&(10#&%-0%1% 

'&#/#)% .&!#9"( 72(-01!' % @&(+/#)0!' !.&#"#$,0= #+! 1!H@@%:%#)0 '(&%(:%% [9]. 

B&()-.!&0)(, E# G /!*#0 ;30= %-.!$=9!'()( 1(1 (+&#+%&7<A(, /!"#$=, .!-

9'!$,<A(, ;3-0&! &(--2%03'(0= +$!;($=)3# (!;A#-%-0#/)3#) FFT CDE )( !-)!'# $!-

1($=)34 .!1(9(0#$#8, !:#)%'(#/34 56-/!"#$=<. K(9&(;!0())3# 2%-$#))3# /#0!"3 

()($%9( [10] % !.0%/%9(:%% [11] E# G $%>= ' &#"1%4 -$72(,4 0&#;7<0 !;&(A(0=-, ' 

4!"# %4 %-.!$=9!'()%, 1 J . N!$=>%# @&(+/#)03 ;!$=>%4 CDE /!*)! -)(2($( .#&#-

'!"%0= )( 7&!'#)= -!!0'#0-0'7<A%4 %/ E# G, ( 9(0#/ .!$72#))7< -',9)7< -!'!17.-

)!-0= E# G &#($%9!'(0= - .&%/#)#)%#/ .(&($$#$=)34 '32%-$#)%8. 

6.-'0. 

?!-0&!#)%# "!&!*)34 -#0#8 )( ;(9# .&#"$(+(#/!+! "'747&!')#'!+! .!"4!"( - 

.&%/#)#)%#/ .(&($$#$=)34 '32%-$#)%8 .!9'!$,#0: 

2 %--$#"!'(0= '!9/!*)!-0= % :#$#-!!;&(9)!-0= &#-0&7107&%9(:%% CDE; 

2 !:#)%'(0= -4#/3 -'#0!@!&)!+! &#+7$%&!'()%,; 

2 '3"#$,0= !.0%/($=)3# .! '&#/#)% .&!4!*"#)%, /(&>&703 "'%*#)%,; 
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2 .&!+)!9%&!'(0= &(-.&#"#$#)%# ('0!0&()-.!&0)34 .!0!1!' .! "!&!*)!8 -#0% 

.&% 9("())34 "!&!*)34 7-$!'%,4 (.$!0)!-0= "'%*#)%,, -4#/3 &#+7$%&!'()%,, '!9-

/!*)!-0= .#&#1&30%, "'%*#)%, )( !0"#$=)34 "!&!+(4); 

2 H@@#10%')! -%)4&!)%9%&!'(0= &(-.&#"#$Q))3# %/%0(:%!))3# /!"#$%.  
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