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

5-6(/%&! $ 0/*(7#!/%8 !906(#$1 

:$;$ ( 7 !28#$ !& /%-,7$3 *,!:$28-

#'3  2-//!& $ /%0.(#%!& I–II  0,/!& 

%(3#$6(/ !"! &0;- ;-&$/1% & !/#!&#!) 

!% 0,!&#1 ,-;&$%$1 $3  !"#$%$&#'3 

 !)*(%(#+$4. < 06(9#!) *,!+(//(  !"-

#$%$&#'(  !)*(%(#+$$ 3-,- %(,$;0=% 

&!;)!>#!/%8 &(.(#$1 06-?$)/1 *!-

;#-&-%(28#'3 *,!+(//!& &!/*,$1%$1, 

*-)1%$, )'72(#$1 $ &!!9,->(#$1, 

- %- >( *,!+(//!& *(,(,-9!% $ $ 

!/)'/2(#$1 $#:!,)-+$$, *,!+(//!& 

,(7(#$1 *,!92() $ ;-.-6 $ *,!+(//!& 

*(,(.-6$ ,(;028%-%!& ,(7(#$1 [2]. 

@/#!&0   !"#$%$&#'3   !)*(%(#-

+$4 !9,-;0=% .&- /%,0 %0,#'3 92! -. 

A(,&'4 92!  *,(./%-&21(% /!9!4 /$-

/%()-%$;$,!&-##'( $ /%,0 %0,$,!&-#-

#'( ;#-#$1 & &(,9-28#!4 $ !9,-;#!4 

:!,)(. B3 6-/%8 )!>(% 9'%8 !,"-#$-

;!&-#- & %-  #-;'&-()'( !9!9?(##'( 

/3()', $2$  !"#$%$&#'( /%,0 %0,', 

*,(.#-;#-6(##'( .21 $;&2(6(#$1 $; 

! ,0>-=?("! )$,- $#:!,)-+$$ $ (( 

*!/2(.0=?("! -#-2$;-. <%!,!4 92!  

*,(./%-&21(% /!9!4 #( )(#(( ;#-6$-

)'4, 6()  !"#$%$&#'( /%,0 %0,', !*(-

,-+$!#-28#'4  !)*!#(#%  !"#$%$&#'3 

 !)*(%(#+$4, /!.(,>-?$4 )#!>(/%&! 

!*,!9!&-##'3 $ *,!&(,(##'3 #- *,- -

%$ ( /3() $2$ 7-92!#!& 0)/%&(##'3 

.(4/%&$4 $ /!/%!1?$4, & !/#!&#!) 

$; ,-;2$6#'3 /!6(%-#$4 !*(,-+$4 

-#-2$;-, /$#%(;-, /,-&#(#$1, -9/%,-"$-

,!&-#$1,  !# ,(%$;-+$$, !9!9?(#$1, 

/$/%()-%$;-+$$ $  2-//$:$ -+$$, #--

;'&-()'3 *,$()-)$ 0)/%&(##'3 .(4-

/%&$4, $2$  !"#$%$&#')$ !*(,-+$1)$. 

C9-2-#/$,!&-##!( ,-;&$%$( D%$3 

/%,0 %0,#'3 92! !& 1&21(%/1 &->#') 

0/2!&$() :!,)$,!&-#$1 $ ,-;&$%$1 

 !"#$%$&#'3  !)*(%(#+$4. @.#- ! 

& 06(9#'3 *2-#-3 /%-,7(4 7 !2' $ 

&'/7(4 %(3#$6(/ !4 7 !2' - +(#% 

%,-.$+$!##! /)(?(# #- *,(.)(%#!(, 

;#-#$(&!( /!.(,>-#$( .$/+$*2$#, 
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+(28 &/("! !9,-;!&-%(28#!"! *,!+(//-. 

C!&,()(##'( %(3#!2!"$$  !#%,!21 

,(;028%-%!& 06(9#!"! *,!+(//- *,(.-

#-;#-6(#' *,(>.( &/("! .21 !*,(.(-

2(#$1 /%(*(#$ 0/&!(#$1 06-?$)$/1 

.$.- %$6(/ $3 (.$#$+ 06(9#!"! *2-#-. 

E(; .!2>#!"! &#$)-#$1 !/%-(%/1 $;)(-

,(#$( 0,!&#1 ,-;&$%$1 )'/2$%(28#'3 

!*(,-+$4. F%! #( *,(.0/)!%,(#! #$ 

& ,-9!6(4 *,!",-))(, #$ & 06(9#!-

)(%!.$6(/ !)  !)*2( /( .$/+$*2$#' 

$ *,(./%-&21(% /(,8(;#0= *,!92()0. 

G21 $;)(,(#$1 0,!&#1 :!,)$,!-

&-#$1 !*(,-+$!#-28#!"!  !)*!#(#%- 

& 06(9#!) *,!+(//( #(!93!.$)- ,-;-

,-9!% - .$/+$*2$#-,#'3 .$-"#!/%$6(-

/ $3 )(%!.$ . <  0,/( :$;$ $ #-$9!-

2(( *!.3!.1?(4 9-;!4 .21 ,-;,-9!% $ 

.$-"#!/%$,0=?$3 %(/%!& $ )(%!.$ $ 

$3 $/*!28;!&-#$1 1&21(%/1 *,- %$ 0) 

*! ,(7(#$= ;-.-6. 

 !"#$%%"!&' (')*%"!&'+$!,'- &$-

!&".. H-.-6$ &'/%0*-=%  -  /,(./%&! 

*,(./%-&2(#$1  /%,0 %0,'  :$;$6(-

/ $3 !9I( %!&, *! -;'&-1 /2!>#!/%8 $ 

)#!"!*2-#!&!/%8 $3 /&1;(4 / .,0"$)$ 

1&2(#$1)$ $ !9I( %-)$. B3 ,(7(#$( 

/*!/!9/%&0(% #( %!28 ! 0/&!(#$= /!-

!%#!7(#$4 :$;$6(/ $3 &(2$6$#, #! $ 

 !"#$%$&#!)0 ,-;&$%$= !906-()'3. 

A,!+(// ,(7(#$1 ;-.-6 1&21(%/1 !6(#8 

/2!>#') *! /%,0 %0,( $ *(,(6#= .(4-

/%&$4,  !%!,'( #(!93!.$)! /!&(,7$%8 

06-?()0/1 .21 *!206(#$1 ,(;028%-%- 

$2$ !%&(%- #- *!/%-&2(##'4 &!*,!/. 

J(/%!&'( ;-.-6$ )!"0% 9'%8 $/*!28-

;!&-#' &  -6(/%&( .$-"#!/%$,0=?("! 

&!;.(4/%&$1, ,(- +$1 #-  !%!,!( /!-

.(,>$% $#:!,)-+$= !9 0,!&#( /!&(,-

7-()'3 & *,!+(//( ,(7(#$1 !/#!&#'3 

)'/2$%(28#'3 !*(,-+$4,  !%!,'(,  -  

*,-&$2!, & 06(9#'3 :$;$6(/ $3 ;--

.-6-3 &/%,(6-=%/1 2$78 & ,-;2$6#'3 

 !)9$#-+$13 .,0" / .,0"!). @.#!4 $; 

;#-6$)'3  !)9$#-+$4 )'/2$%(28#'3 

!*(,-+$4 1&21(%/1 0)!;- 2=6(#$(, 

/.(2-##!( #- !/#!&( $/3!.#'3 /0>-

.(#$4 $2$ *!/'2! . @#! )!>(% 9'%8 

*,-&$28#') $2$ !7$9!6#'). K!,)$-

,!&-#$( 0)!;- 2=6(#$1 *,(./%-&21(% 

/!9!4 /2!>#!( /!6(%-#$( !*(,-+$4 

-#-2$;-, /$#%(;-, /,-&#(#$1 $ .,. 

G21 $;)(,(#$1 0,!&#1 ,-;&$%$1 

2!"$6#!/%$ 0)!;- 2=6(#$4 & *,!+(/-

/( !906(#$1 :$;$ ( ;- $;)(,1()'4 

$#.$ -%!, )!>#! &;1%8  -6(/%&! :!,-

)$,!&-#$1 $ *!/2(.0=?(4 *,!&(, $ 

"$*!%(;, &'.&$"-()'3 & *,!+(//( ,(-

7(#$1 :$;$6(/ $3 ;-.-6. <  -6(/%&( 

*,$)(,- #$>( ,-//)!%,(# %(/%, *,(.-

#-;#-6(##'4 .21 $;)(,(#$1 0,!&#1 

,-;&$%$1 2!"$6#!/%$ 0)!;- 2=6(#$4 

#- !/#!&( -#-2$;- $ /,-&#(#$1. J(/% 

)!>(% 9'%8 $/*!28;!&-#  -  & .$-"#!-

/%$6(/ !), %-  $ & !906-=?() ,(>$)( 

/ *,(.I1&2(#$() D%-2!#- !%&(%- $ ("! 

/,-&#$%(28#') -#-2$;!) / *!206(#-

#') ,(7(#$(). <  -6(/%&( /%$)028#!-

"! )-%(,$-2- & ;-.-#$13 $/*!28;!&-#' 

06(9#'( D2()(#%' ,-;.(2- «L(3--

#$ - $ )!2( 021,#-1 %(!,$1»  0,/- 

!9?(4 :$;$ $ %(3#$6(/ !"! &0;- $ 

*,!:$28#'3 /%-,7$3  2-//!& /,(.#(4 

7 !2'. A(,(. #-6-2!) %(/%$,!&-#$1 

*,!&!.$%/1 $#/%,0 %->: «M- 92-# ( 

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

,1.' ;#-6(#$4 :$;$6(/ $3 &(2$6$#. 

< %-92$+( &)(/%! ;#- - “?” #(!93!.$-

)! ;-*$/-%8 *,-&$28#'4 !%&(%». 

1
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<'*!2#(#$( %(/%- *,(.*!2-"-(% 

&'1&2(#$( &#0%,(##$3 2!"$6(/ $3 

/&1;(4 )(>.0 D2()(#%-)$ $/3!.#!4 

$#:!,)-+$$, -#-2$; D%$3 /&1;(4 $ 

:!,)$,!&-#$( ,-9!6(4 "$*!%(;' !9 

$3 3-,- %(,(. A!/2( *,!&(, $ #- #(-
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*,!%$&!,(6$&!/%8 "$*!%(;' $ /!&(,-

7(#$1 *!/2(.!&-%(28#!/%$ 0)!;- 2=-

6(#$4 &',-9-%'&-(%/1 !%&(%. 

J- , #-*,$)(,, !%&(% #- &!*,!/ 

N 7 %(/%- :!,)$,0(%/1 & ,(;028%-%( 

/2(.0=?(4 *!/2(.!&-%(28#!/%$ ,-/-

/0>.(#$4:

1. O#-2$; ,-;)(,#!/%(4 &(2$6$#, 

*,$&(.(##'3 & *(,&!4 /%,! ( %-92$-

+', *!;&!21(% *,(.*!2!>$%8, 6%! D%! 

3-,- %(,$/%$ $ /!/%!1#$1 $.(-28#!"! 

"-;- – .-&2(#$(, !9I() $ -9/!2=%#-1 

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

/!9!4 !9I(.$#(##') "-;!&') ;- !-

#!) const
PV

T
 , ;-*$/-##') .21 *!-

/%!1##!4 )-//' "-;-. 

2. A,!&(, - "$*!%(;' #- D2()(#%-3 

&%!,!4 /%,! $ *! -;'&-(% (( *,-&.!-

*!.!9$( $ *!;&!21(% !*,(.(2$%8 ;#--

6(#$(  !#/%-#%'.

3. A! $;&(/%#') 6$/2!&') ;#-6(-

#$1)  !#/%-#%' $ 3-,- %(,$/%$  $.(-

-28#!"! "-;- .-&2(#$1, !9I()- 2(" ! 

*!206$%8 !%&(% – ;#-6(#$( -9/!2=%#!4 

%()*(,-%0,' "-;-   = 600 5.

C%,0 %0,- %(/%- )!>(% 9'%8 0/2!>-

#(#- &&(.(#$() .!*!2#$%(28#!4 $#-

:!,)-+$!##!4 /%,! $. M-*,$)(,, & 

,-//)!%,(##'4 %(/% N 7 )!>(% 9'%8 

&&(.(#- %,(%81 $#:!,)-+$!##-1 /%,!-

 -, /!.(,>-?-1 ;#-6(#$1 .-&2(#$1, 

!9I()- $ %()*(,-%0,' "-;-, /!!%-

&(%/%&0=?$( $;)(#(##!4 )-//( "-;-, 

%.(. $;)(#(##!)0 ;#-6(#$= const & 

!9I(.$#(##!) "-;!&!) ;- !#(. J!".- 

& 6(%&(,%!4 /%,! ( %(/%-, /!.(,>-?(4 

&!*,!/, ;#-6(#$( -9/!2=%#!4 %()*(-

,-%0,' "-;- .!2>#! 9'%8 !*,(.(2(#! 

*,$ #!&!) ;#-6(#$$ const. @.#- ! 

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

0 -;'&-=% #- $;9'%!6#0= /2!>#!/%8 

;-.-6 D%!"! %$*-.

F%!% *!,1.!  .(4/%&$4 !/%-(%/1 

#($;)(##') *,$ &'*!2#(#$$ &/(3 

%(/%!&'3 ;-.-#$4. @/#!&#')$ & D%!) 

%(/%( 1&21=%/1 2!"$6(/ $( !*(,-+$$ 

$ .(.0 %$&#'( $ $#.0 %$&#'( 0)!;--

 2=6(#$1 #- !/#!&( /:!,)02$,!&-#-

#'3 "$*!%(;. 

/&)&'!&'+$!,)0 "#1)#"&,) 1$2345-

&)&". '26$1$%'7. A,$ %(/%$,!&-#$$ & 

.$-"#!/%$6(/ !) ,(>$)( .!/%-%!6#! 

9!287!"!  !2$6(/%&- 06-/%#$ !& N $ 

&!*,!/!& M ,(;028%-%' #(!93!.$)! 

*!.&(,"#0%8 /%-%$/%$6(/ !4 !9,-9!%-

 (, *,!&!.$)!4 & *!/2(.!&-%(28#!/%$, 

/!!%&(%/%&0=?(4  2-//$6(/ !4 %(!,$$ 

*(.-"!"$6(/ $3 $;)(,(#$4 [1; 3]:

1. < %-92$+0 9$#-,#'3 ,(;028%-%!&, 

/!.(,>-?0= ! ( !2$6(/%&! &!*,!/!&) 

/%!29+!& $ N ( !2$6(/%&! /%0.(#%!& 

& ",0**() /%,! , ;-#!/1% !+(# $ A
ij
 

(0 $2$ 1) !%&(%!& j-"! /%0.(#%- #- i-4 

&!*,!/ %(/%-.

2. @*,(.(21=% !%#!/$%(28#0= !+(#-

 0  ->.!"! /%0.(#%- #- !%,(; ( [0, 1]:

 

 

!
 1

.

M

i
ij

j

A
b

M
 (1)

</( ;#-6(#$1 b
j
 $; %-92$+' ,(;028-

%-%!& .$/ ,(%#! ,-/*,(.(2(#' *! !%-

,(; 0 [0, 1]. 

3. <'6$/21=% !/#!&#'( 6$/2!&'( 

3-,- %(,$/%$ $ /206-4#!4 &(2$6$#':

,-;)-3 7 -2'  – "b = b
max

 – b
min;

)-%()-%$6(/ !( !>$.-#$(  – b
/, 

(/,(.-

#(( ;#-6(#$( !+(#!  b)

 1

1
;

N

cp j
j

b b
N  

 # !  (2)

.$/*(,/$=  – D ,-/*,(.(2(#$1 /20-

6-4#!4 &(2$6$#' b;

/,(.#((  &-.,-%$6#!( !% 2!#(#$(  –

D$  ;

 !D::$+$(#% -/$))(%,$$  – 3

3
s

%
 
$

, 

/&1;-##'4 / %
3
 – %,(%8$) )!)(#-

%!) /206-4#!4 &(2$6$#' b, *,$#$-

)-=?$4 *!2!>$%(28#'( ;#-6(#$1 

(s > 0) *,$ 9!2(( %1>(2!4 *,-&!4 

6-/%$ ,-/*,(.(2(#$1 $ !%,$+-%(28-

#'( (s < 0) – *,$ 2(&!4;

*-,-)(%, D /+(//-  – 4

4
3

%
&  '

$
, *,!-

*!,+$!#-28#'4 %
4
 – 6(%&(,%!)0 
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+(#%,-28#!)0 )!)(#%0 /206-4#!4 

&(2$6$#' b, $/*!28;0()'4 .21 

!*$/-#$1 !/%,!&(,7$##!/%$ (& > 0) 

$2$ *2!/ !&(,7$##!/%$ (&( < 0) 

:0# +$$ ,-/*,(.(2(#$1. 

8$2345&)&9 '26$1$%'7. A! ,-/-

/)!%,(##!)0 %(/%0 9'2$ *,!&(.(#' 

 !#%,!28#'( $;)(,(#$1 & ",0**-3 

/%0.(#%!& I  0,/- #-*,-&2(#$4 «/%,!$-

%(28/%&!» $ «$#:!,)-%$ -». @9?(( 

 !2$6(/%&! %(/%$,0()'3 /%0.(#%!& – 

68 6(2!&( . P$/2!&'( *-,-)(%,' ,-/-

*,(.(2(#$1 ,(;028%-%!& %(/%$,!&-#$1: 

,-;)-3 "b = b
max

 – b
min 

= 0,6; )-%()-%$-

6(/ !( !>$.-#$( b
/,

 = 0,61; .$/*(,/$1 

D = 0,06; /,(.#((  &-.,-%$6#!( !%-

 2!#(#$( Q = 0,23; )(.$-#- b
m 

= 0,61; 

-/$))(%,$1 s = –0,68; D /+(// &(= –0,97. 

R-/*,(.(2(#$( ,(;028%-%!& 92$; !   

#!,)-28#!)0. 

G21 .-28#(47("! -#-2$;- ,-/*,(-

.(2(#$1 ,(;028%-%!& %(/%!&'3 $/*'%--

#$4 &(/8 .$-*-;!# $;)(#(#$1 !+(#!  

b *,(!9,-;0() & Z-7 -20, &  !%!,!4 

!+(# - 0 -;'&-(% #- !%2$6$( $#.$&$-

.0-28#!"! ,(;028%-%- $/*'%0()!"! !% 

/,(.#("! 9-22- *! &'9!, ( & (.$#$+-3 

/%-#.-,%#!"! !% 2!#(#$1. G21 *(,(&!-

.- & Z-7 -20 /',!4 9-22 j-"! /%0.(#%- 

*,(!9,-;0(%/1 *! :!,)02( 

 
,

j cp

j

b b
z

'
 

$
 (3)

".( b
j
 – /',!4 9-22 j-"! $/*'%0()!"!; 

b
/,

 – /,(.#(( ;#-6(#$( $#.$&$.0-28-

#'3 9-22!& N $/*'%0()'3 ",0**'; 

Q – /%-#.-,%#!( !% 2!#(#$(. < Z-7 -2( 

/,(.#(( ;#-6(#$( z 90.(% ,-&#! #02=, 

- /%-#.-,%#!( !% 2!#(#$( 92-"!.-,1 

#!,)$,!&-#$= 90.(% ,-&#! (.$#$+(. 

S/2$ &(2$6$#- ,-;#!/%$ b
j
 – b

/,
 9!287( 

0, %! ,(;028%-% j-"! $/*'%0()!"! &'7( 

/,(.#("! *! %(/%0. < *,!%$&#!) /206-( 

$#.$&$.0-28#'4 9-22 j-"! $/*'%0()!-

"! #$>( /,(.#("!. < /$20 2$#(4#!"! 

3-,- %(,- *,(!9,-;!&-#$4 *,$ *!-

206(#$$ z-!+(#!  #- #$3 *(,(#!/1%/1 

&/( /&!4/%&- $/3!.#!"! ,-/*,(.(2(#$1 

9-22!&. B/*!28;!&-%8 Z-7 -20 )!>#! 

.21 2=9!"! ,-/*,(.(2(#$1 $#.$&$-

.0-28#'3 9-22!&. @#- 0.!9#- .21 

$/*!28;!&-#$1 & /206-( 92$;!/%$ ,-/-

*,(.(2(#$1 *(,&$6#'3 9-22!&   #!,-

)-28#!)0 ;- !#0, *!/ !28 0 )!>#! 

0 -;-%8 *,!+(#% ,(;028%-%!&, 2(>-?$3 

& *,(.(2-3 !.#!"! $ .&03 /%-#.-,%#'3 

!% 2!#(#$4 *!.  ,$&!4 #!,)-28#!"! 

,-/*,(.(2(#$1. 

G21 .-28#(47("! -#-2$;- ,-/*,(-

.(2(#$1 ,(;028%-%!& %(/%!&'3 $/*'%--

#$4 &(/8 .$-*-;!# $;)(#(#$1 z-!+(#!  

,-;!98() #- %,$ 06-/% -:

1. A(,&'4 /!!%&(%/%&0(% #$; !)0 

0,!&#= $;)(,1()!"!  -6(/%&- / #(0.!-

&2(%&!,$%(28#')$ !+(# -)$ z )(1, 6%! 

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

*(,&$6#!4 !+(# $ b:

 0 < b T b
cp

 – $.

2. <%!,!4 06-/%!  !+(#!6#!4 Z-7 --

2' /$))(%,$6(# !%#!/$%(28#! #021 

$ !",-#$6(# /2(&- ;#-6(#$() z = –1, 

/*,-&- z = +1: –1 < z < +1.

F%!% .$-*-;!# /,(.#$3 !+(#!  $;-

)(,1()!"!  -6(/%&- /!!%&(%/%&0(% $;-

)(#(#$= *(,&$6#'3 !+(#!  b & *,(.(-

2-3 !% b = b
cp

 – $ .! b = b
cp

 + $. 

3. J,(%$4 06-/%!  z-!+(#!  z U 1 $2$ 

*(,&$6#'3 9-22!& b U b
cp

 + $ /!!%&(%-

/%&0(% *,(&!/3!.#!)0 0,!&#= %(/%$-

,0()!"!  -6(/%&-.

< ;-&$/$)!/%$ !% *!206(##'3 %(/%!-

&'3 !+(#!  /%0.(#%' *!*-.-=% & !.#0 

$; %,(3 0 -;-##'3 ",0**:

I – ",0**- #(0.!&2(%&!,$%(28#!"!  –

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

6(/%&-;

II – ",0**- /,(.#("! 0,!&#1 ,-;- –

&$%$1;

III – ",0**- / 0,!&#() ,-;&$%$1  –

.$-"#!/%$,0()!"!  -6(/%&- &'7( 

/,(.#("!. 

A! ,(;028%-%-) &'*!2#(#$1 %(/%- 

 !2$6(/%&! /%0.(#%!&, *!*-&7$3 & 

*(,&0= ",0**0 $ *!206$&7$3 !+(# $ 

$; $#%(,&-2- 0 < b < b
cp

 – $ (z < –1), 
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! -;-2!/8 ! !2! 21,5% !% $3 !9?("! 

6$/2-. C%0.(#%' D%!4 ",0**' *! -;-2$ 

#$; $4 0,!&(#8 ,-;&$%$1 2!"$6#!/%$ 

0)!;- 2=6(#$4. <%!,!4 06-/%!  !+(-

#!6#!4 7 -2', !*,(.(2(##'4  -  

(b
cp

 – $) < b < (b
cp

 + $), $2$ –1 < z < +1, 

/!!%&(%/%&0(% .$-*-;!#0 /,(.#$3 !+(-
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