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 !" 66.023.23 

 . .  !"#$%, &.'. ()*"+,--"., /.0. 12-*).2%

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

2+,&1!3(&4!$%&' 5(&0!"$&1!1

/034536 &6783953:9/ 534 5 &;:<7;<:<

= :=9; >59?9 &094 /  @@ : ; '

& /A&973B &096B >3179&;3

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

$! 0!$0(+!1&(2( */(3 - #(/(&&(4 !%%!$!+' * *'#5.(&.$"67')

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

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

,'/'&( -/.3&.' *#($(*+. 2!:! . 1.,#(*+. &! -'/.;.&" 2!:(*(,'$-

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

2!:(1.,#(*+&(4 $'!#+($'.

# $%&'()*++ ,-+.) /0) 1$'+$&1213%411 5-(4+&&(,, 5-('+3%6*17
, 8%-8('%9$:7 5;&'('+0:7 3(0($$%7 &'%01 5-1.+$)'<&) -%=01>$:+ ,%-
-1%$': &+341($1-(,%$1) ?%=(91/3(&'$(?( &0() & 1&5(0<=(,%$1+. (/-

$(@ 101 $+&3(0<317 5+-2(-1-(,%$$:7 '%-+0(3 [1–7].  3%=:,%+'&), >'(
5(/8(-(. &((',+'&',;6*17 5%-%.+'-(, – /1%.+'-% (',+-&'1@, «91,(-

?(» &+>+$1) '%-+031, -%&5(0(9+$1) 5+-2(-%411 – ;/%+'&) /(81'<&)
5-%3'1>+&31 5(0$(?( 5+-+-%&5-+/+0+$1) 5('(3% ?%=% 5( &+>+$16 3(-

0($$: [8, 9]. "-(.+ '(?(, =% &>+' -+?;01-(,%$1) ,+01>1$: 5+-+'(3%
91/3(&'1 .+9/; &+341).1 &(=/%+'&) ,(=.(9$(&'< ;5-%,0+$1) -+91-

.(. 5+-+.+A1,%$1) , %55%-%'+ (5+-+7(/ (' -+91.% 5(0$(?( 5+-+.+-
A1,%$1) 3 -+91.;, 801=3(.; 3 5(0$(.; ,:'+&$+$16) [10]. B/$%3(
,01)$1+ &+341($1-(,%$1) 3(0($$ 8+&5-(,%0<$:.1 '%-+03%.1 5-1 5-)-
.('(3+ 2%= $% ?1/-(/1$%.1>+&3;6 (8&'%$(,3; , 8%-8('%9$:7 %55%-%-
'%7 +*+ $+/(&'%'(>$( 1=;>+$(, % 1.+6*1+&) 01'+-%';-$:+ /%$$:+ =%-
>%&';6 5-('1,(-+>1,:. # >%&'$(&'1, ('&;'&',;6' &,+/+$1) ( .+7%$1=-
.+ ,01)$1) &3(-(&'1 91/3(&'1 $% ?%=(&(/+-9%$1+ 1 ,+01>1$;
.+92%=$(@ 5(,+-7$(&'1.

# $%&'()*+@ -%8('+ 5-1,(/)'&) /%$$:+ 5( 1=;>+$16 &'-;3';-:
?%=(91/3(&'$(?( &0() , 3(0($$:7 %55%-%'%7 & ,:&(31.1 &0().1 91/-

3(&'1 & 4+0<6 ,:)&$+$1) .+7%$1=.% 5-('+3%6*17 ?1/-(/1$%.1>+&317
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5-(4+&&(,, , >%&'$(&'1 ,01)$1+ &+341($1-(,%$1), % '%39+ 01$+@$:7
&3(-(&'+@ ?%=% 1 91/3(&'1 $% ,+01>1$; 1$'+?-%0<$(?( 1 0(3%0<$(?(
?%=(&(/+-9%$1) 1 ;/+0<$(@ 5(,+-7$(&'1 3($'%3'% 2%=.

# 3%>+&',+ .(/+0<$:7 ,+*+&', 1&5(0<=(,%01 ,(/; 1 ,(=/;7, '%3
3%3 -%$++ 8:0% 5(3%=%$% &7(9+&'< &'-;3';- 8%-8('%9$:7 &0(+, -%=01>-

$:7 ?%=(91/3(&'$:7 &1&'+. [8, 11–14]. 

!0) ;.+$<A+$1) ,01)$1) 5-1&'+$$:7 C22+3'(, $% 5%-%.+'-:
8%-8('%9% [13] C3&5+-1.+$': 5-(,(/101 $% ;3-;5$+$$(@ &'+$/(,(@
;&'%$(,3+ (-1&. 1), 3('(-%) ,306>%+' , &+8) &'+30)$$;6 3(0($$; 1
,$;'-+$$1. /1%.+'-(. D = 0,2 . 1 ,:&('(@ H = 2,4 .. D%&7(/ ,(=/;7%
3($'-(01-(,%01 /1%2-%?.(@ 6 ('(>$(&'< 1=.+-+$1) ±1,5 %), -%&7(/ ,(/: –

D1&. 1. E7+.% 0%8(-%'(-$(@ ;&'%$(,-
31: 1 – 3(-5;& 3(0($$:; 2 – &+341(-

$1-;6*%) '%-+03%; 3 – /1&5+-?%'(-;

4 – (8F+.$:@ &>+'>13; 5 – 3(.5-+&&-
&(-; 6 – /1%2-%?.%; 7 – $%&(&; 8 – $%-
5(-$:@ 8%3; 9 – 1=.+-1'+0<$:@ =($/;

                10 – 5-18(- GHE-2

(8F+.$:. &>+'>13(. 4 ('(>$(&'<
1=.+-+$1) ±1 %). B8*++ ?%=(&(/+--
9%$1+ , 3(0($$+ 1=.+-)01 .+'(/(.
('&+>31 1 5( 5<+=(.+'-1>+&3(.;
;-(,$6, -%&7(9/+$1+ .+9/; /,;.)
&5(&(8%.1 &(&'%,10( $+ 8(0++ 5 %, 

>'( &((',+'&',;+' 5(?-+A$(&'1,

;3%=%$$(@ , 01'+-%';-+ [15]. 

I(3%0<$:+ 7%-%3'+-1&'131
?%=(91/3(&'$(?( &0() 1=;>%01 C0+3-
'-(3($'%3'$:. .+'(/(. [16]. D+?1-

&'-%41($$%) &1&'+.% &(&'()0% 1=
1=.+-1'+0<$(?( =($/% 9 1 5+-,1>-
$(?( 5-18(-% 10 .%-31 GHE-2, 5(/-

306>+$$(?( 3 412-(,(.; (&4100(-
?-%2; 1 5+-&($%0<$(.; 3(.5<6'+-
-;. J-1,+/+$$%) &3(-(&'< ?%=% $%
&,(8(/$(+ &+>+$1+ 3(0($$: 8:0%
801=3(@ 3 =$%>+$1). /0) 5-(.:A-

0+$$:7 8%-8('%9$:7 3(0($$ 1 &(-
&'%,0)0% (' 5,34·10

–2 /( 8,45·10
–2 ./&,

&3(-(&'< 91/3(&'1 ,%-<1-(,%01 ('
0 /( 2,92·10

–2 ./&.
# 7(/+ C3&5+-1.+$'(, ,(

,&+7 &0;>%)7 1&5(0<=(,%01 &+3-
41($1-;6*;6 '%-+03;, 5(/(8$;6
'+., >'( 5-1.+$)6'&) , (31&01-

'+0<$:7 3(0($$%7 5-(1=,(/&',%
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$+2')$:7 81';.(, [7, 8, 17]. !1%.+'- (',+-&'1@ '%-+031 &(&'%,0)0 5 ..,

&,(8(/$(+ &+>+$1+ – 3 %. K%31+ 7%-%3'+-1&'131 5(=,(0)6' 5-%3'1>+&31
5(0$(&'<6 1&306>1'< (8-%'$(+ 5+-+.+A1,%$1+ 91/3(&'1 [10]. 

L% -1&. 2 5-+/&'%,0+$% =%,1&1.(&'< 1$'+?-%0<$:7 =$%>+$1@ ?%=(-

&(/+-9%$1) (' 5-1,+/+$$:7 &3(-(&'+@ ,(=/;7% w?, /0) 5(0(?( %55%-%'%
1 %55%-%'%, &+341($1-(,%$$(?( '%-+03(@. G= C3&5+-1.+$'%0<$:7 /%$-

$:7 &0+/;+', >'( ,( ,&+. 1&&0+/;+.(. /1%5%=($+ 5-1 ;,+01>+$11 -%&-
7(/% ?%=% ?%=(&(/+-9%$1+ ;,+01>1,%+'&). J(0;>+$$:+ =$%>+$1) ;/(,0+-
',(-1'+0<$( &(?0%&;6'&) & -+=;0<'%'%.1 /-;?17 %,'(-(, [18]. 

D1&. 2. M3&5+-1.+$'%0<$:+ =$%>+$1) 1$'+?-%0<$(?(
?%=(&(/+-9%$1) , 8%-8('%9$(@ 3(0($$+: 1, 2 – /%$$:+
%,'(-(, /0) 5(0(@ 1 &+341($1-(,%$$(@ 3(0($$:,

&((',+'&',+$$(; 3 – 01'+-%';-$:+ /%$$:+ /0)
                            5(0(@ 3(0($$: [18] 

 &'%$(,0+$(, >'( 5-1 1&5(0<=(,%$11 &+341($1-;6*+@ '%-+031
1$'+?-%0<$(+ ?%=(&(/+-9%$1+ 5( &-%,$+$16 & 5(0(@ 3(0($$(@ ;,+01-

>1,%+'&) , &-+/$+. $% 8–11 %. J-1>+. /0) 8(0<A17 &3(-(&'+@ ?%=% C'%
-%=$14% ,:A+. "%3 5(3%=:,%6' ,1=;%0<$:+ $%806/+$1), C'(' C22+3'
,:=,%$ $%3(50+$1+. 1 -(&'(. 5(/ &+341($1-;6*+@ '%-+03(@ &0() ,:-

&(3(';-8;01=1-(,%$$(@ /1$%.1>+&3(@ 5+$: [8].

!0) 1&&0+/(,%$1) ?1/-(/1$%.1>+&317 7%-%3'+-1&'13 /,;72%=$(-

?( 5('(3% 5(/ &+341($1-;6*+@ '%-+03(@ 8:0 ,:5(0$+$ -)/ C3&5+-1-

.+$'(, 5( (5-+/+0+$16 0(3%0<$(?( ?%=(&(/+-9%$1) 1 ;/+0<$(@ 5(-
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,+-7$(&'1 3($'%3'% 2%=. M'1 5%-%.+'-: 1=.+-)01 , 5(5+-+>$:7 &+>+-
$1)7, $%7(/)*17&) $% -%&&'()$11 0,15D, 0,5D 1 1D (' 5+-+?(-(/31.

D+=;0<'%': C3&5+-1.+$'(, 5(3%=%01, >'( 3(01>+&',( ?%=%, =%/+--

91,%+.(+ , 8%-8('%9$(. &0(+, ,(=-%&'%+' 5( .+-+ 5-18019+$1) 3 &+3-
41($1-;6*+@ '%-+03+ 1 /(&'1?%+' &,(+?( .%3&1.;.% , $+5(&-+/&',+$-

$(@ 801=(&'1 (' $++ (-1&. 3). H%=(&(/+-9%$1+ 9+ (&'%0<$(@ >%&'1 8%--

8('%9$(?( &0() (&'%+'&) $+1=.+$$:.. J-1 C'(. ('.+>+$$:@ C22+3' ('
&+341($1-(,%$1) '+. ,:A+, >+. ,:A+ /(0) 5+$$(?( &0() 5(/ 5+-+?(-

-(/3(@ , (8*+. (8F+.+ ?%=(91/3(&'$(@ &.+&1.

"-(.+ '(?(, ('.+>%+'&) ,:-%,$1,%$1+ C56- ?%=(&(/+-9%$1) 5(
5(5+-+>$(.; &+>+$16 3(0($$:, >'( '%39+ ),0)+'&) &,1/+'+0<&',(.
2(-.1-(,%$1) %3'1,$(?( 5+$$(?( &0(). N$%>+$1) ;/+0<$(@ 5(,+-7$(-

&'1 3($'%3'% 2%= 5( .+-+ 5-18019+$1) 3 (&1 3(0($$: &$19%6'&)
(-1&. 4), >'( ?(,(-1' ( &;*+&',(,%$11 , 4+$'-+ %55%-%'% 5;=:-+@ 8(0<-
A+?( /1%.+'-%, >+. $% 5+-12+-11.

"%3 5(3%=:,%+' (5:' C3&50;%'%411 8%-8('%9$:7 3(0($$, 2(-.1-

-(,%$1+ ?%=(91/3(&'$:7 &'-;3';- & 1=8:'(>$:. &(/+-9%$1+. ?%=%
.(9+' 5-1,+&'1 3 $+?%'1,$:. 5(&0+/&',1)., $%5-1.+- 5-1 5-(1=,(/-

&',+ $+2'+81';.(, 5-(1&7(/1' 0(3%0<$(+ $+3($'-(01-;+.(+ ;,+01>+-
$1+ '+.5+-%';-:, 5-1,(/)*++ 3 5-+9/+,-+.+$$(.; =%3(3&(,:,%$16
,$;'-+$$17 ;&'-(@&', 1 &$19+$16 3%>+&',% 5-(/;3411 [5]. 

G= %$%01=% 01'+-%';-: &0+/;+', >'( 1$'+?-%0<$(+ ?%=(&(/+-9%$1+
, &+341($1-(,%$$(@ 8%-8('%9$(@ 3(0($$+ ;.+$<A%+'&) 5( .+-+ ;,+01>+-
$1) 5(/%>1 91/3(&'1 [19]. B/$%3( .+7%$1=. '%3(?( ,01)$1) &(('$(A+$1)
-%&7(/(, 2%= 5(3% $+ 1=;>+$. !0) +?( (5-+/+0+$1) 5-1 1=.+-+$11 0(3%0<-
$:7 ?1/-(/1$%.1>+&317 7%-%3'+-1&'13 ,801=1 &+341($1-;6*+@ 5+-+?(-
-(/31 1=.+$)01 -%&7(/: 91/3(&'1. J-1 1&&0+/(,%$11 0(3%0<$:7 ?1/-(-
/1$%.1>+&317 7%-%3'+-1&'13 5(0;>+$$:+ =$%>+$1) -%&7(/% 91/3(&'1 ;&-
-+/$)01 5( &+>+$16 & 1&5(0<=(,%$1+. 2(-.;0: [20] 

2O

&+>

0 0

1
(P,Q)P P Q,

r

X X d d
S

 !
= " #

$ %
& &

?/+ X&+> – 1$'+?-%0<$%) 7%-%3'+-1&'13% 5( &+>+$16 %55%-%'%; @ – 0(-

3%0<$%) 7%-%3'+-1&'13%; S – 50(*%/< 5(5+-+>$(?( &+>+$1), .2
; P – 5(-

0)-$:@ -%/1;& '(>31 5-(,+/+$1) 1=.+-+$1@, .; Q – 5(0)-$:@ ;?(0 '(>-

31 5-(,+/+$1) 1=.+-+$1@, -%/.

 &'%$(,0+$(, >'( &$19+$1+ ?%=(&(/+-9%$1) 5( .+-+ ;,+01>+$1)
&3(-(&'1 5(/F+.% 91/3(&'1 5-(1&7(/1' '(0<3( , 5+$$(. &0(+, 5-10+-
?%6*+. 3 &+341($1-;6*+@ '%-+03+ (-1&. 5). 
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D1&. 5. N%,1&1.(&'< 1$'+?-%0<$(?( ?%=(&(/+-9%$1) 5( &+>+$16 3(0($$:
(' 5-1,+/+$$(@ &3(-(&'1 91/3(&'1: !, 0, - – $% -%&&'()$11 0,15D, 0,5D, 1D

(' 5+-+?(-(/31 &((',+'&',+$$(; 1 – &3(-(&'< ?%=% $% &,(8(/$(+ &+>+$1+
5,34·10–2 ./&; 2 – 6,54·10–2 ./&; 3 – 7,56·10–2 ./&; 4 – 8,45·10–2 ./&
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M'( .(9+' 8:'< &,)=%$( & 5+-+-%&5-+/+0+$1+. 2%= 5( 5(5+-+>$(.;
&+>+$16 3(0($$:. # 5(0(@ 8%-8('%9$(@ 3(0($$+ ?%= 5-+1.;*+&',+$$(
/,19+'&) , 4+$'-%0<$(@ >%&'1 %55%-%'%, % (&$(,$(+ 3(01>+&',( 91/3(&'1
$%7(/1'&) $% 5+-12+-11. #(=$13%+' 41-3;0)41) 91/3(&'1 5( ,:&('+ &0()
[9, 11, 21], 5-1>+. &3(-(&'1 41-3;0)41($$:7 '+>+$1@ (5-+/+0)6'&) -%&-
7(/(. ?%=%. J-1 ('$(&1'+0<$( -%,$(.+-$(. -%&5-+/+0+$11 &-+/, 3%3 C'(
1.++' .+&'( ,801=1 5+-+?(-(/31, 5('(31 ?%=% 1 91/3(&'1 /,19;'&) (/$(-
$%5-%,0+$$( 5( ,&+.; &+>+$16 1 1$+-41) /,19+$1) /1&5+-&1($$(@ &-+/:
5+-+/%+'&) /1&5+-&$(@ 2%=+. E$19+$1+ ?%=(&(/+-9%$1) .(9$( (8F)&$1'<
8:&'-(@ /1&&1.10)41+@ ?%=(91/3(&'$(@ &'-;3';-:.

#01)$1+ ?%=(&(/+-9%$1) $% ,+01>1$;  J"R 5(3%=%$( $% -1&. 6. 

!( (5-+/+0+$$(?( 5-+/+0% ?%=(&(/+-9%$1) (0,48–0,5 .3
/.3

) .+92%=$%)
5(,+-7$(&'< $+5-+-:,$( ,(=-%&'%+', % =%'+. /(,(0<$( -+=3( ;.+$<A%+'-
&). E$19+$1+ ,+01>1$:  J"R ,:=,%$( 1$,+-&1+@ 2%= , (8F+.+ ?%=(-

91/3(&'$(?( &0(). M'( 7(-(A( &(?0%&;+'&) & -+=;0<'%'%.1 -%$++ 5-(,+-
/+$$:7 1&&0+/(,%$1@ [22, 23]. 

D1&. 6. N%,1&1.(&'< 1$'+?-%0<$(@  J"R
(' 1$'+?-%0<$(?( ?%=(&(/+-9%$1)

S$%01= 5(0;>+$$:7 $%.1 =%,1&1.(&'+@ 5(3%=:,%+', >'( &+341(-

$1-(,%$1+ 3(0($$(?( %55%-%'% 8+&5-(,%0<$(@ 5+-2(-1-(,%$$(@ '%-+0-

3(@ 5(0(91'+0<$( ,01)+' $% ?1/-(/1$%.13; ?%=(91/3(&'$(?( 5('(3%.
N% &>+' ;,+01>+$1) ?%=(&(/+-9%$1) , 8%-8('%9$(. &0(+ &(=/%6'&)
0;>A1+ ;&0(,1) /0) ,=%1.(/+@&',1) ?%=% 1 91/3(&'1. !(5(0$1'+0<$%)
1$'+$&1213%41) 5-(4+&&% 5-(1&7(/1' 80%?(/%-) &(=/%$16 5(/ 5+-+?(-

-(/3(@ %3'1,$(@ 5+$$(@ =($: & -%=,1'(@ 5(,+-7$(&'<6 3($'%3'% 2%=.
!0) 5-+/(',-%*+$1) $+?%'1,$:7 ),0+$1@, &,)=%$$:7 & ,(=.(9$:.

1=8:'(>$:. &(/+-9%$1+. ?%=% , &.+&1, &3(-(&'< 91/3(&'1 , &+341($1-(-
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,%$$(@ 8%-8('%9$(@ 3(0($$+ &0+/;+' 5(//+-91,%'< ,:A+ .1$1.%0<$(?(
=$%>+$1), ?%-%$'1-;6*+?( ('&;'&',1+ C22+3'% 1$,+-&11 2%=. J-1 C'(.
&0+/;+' ('.+'1'<, >'( , $+3('(-:7 &0;>%)7 5(/%>% &,+9+@ 91/3(&'1 , 3(-
0($$; C'(?( $+ (8+&5+>1,%+' [13], ,,1/; >+?( .(9+' 5('-+8(,%'<&) 5-1.+-
$+$1+ &7+. 5-1$;/1'+0<$(@ 101 +&'+&',+$$(@ 41-3;0)411.
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