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56789586&6:;  &8&5 &5<= >5; 868?5@ 98AB&:  5 &=C 

DE987?=65F &986 EB9&6:C5 E9BG=  8C5 

 . 8.  !1$-!(+)'- ( 3,")-E!)!(HI(2) 

 !"#$% &'"!()*'&!+, )'*-.((*/ (01) – !.*&2.3#.3"4 5"(&6 78!9-$*!"#6!* 

)*#!*:* *).'"&*'!*:* ;"%$(" '";*&+ #<;*= &'"!()*'&!*= ($(&.3+ (0>) [1]. ?"%"#*(6 

;+, '*#6 (&"&$(&$5.(9$, 3.&*@*/ )'$ .:* /+)*#!.!$$ @*#A!" *;2.9&$/!* /*%'"(&"&6 

)* 3.'. !.89#*!!*:* '*(&" (#*A!*(&$ 0>, '.(8'(!*:* @.7$-$&" ()'.A@. /(.:* B!.':.-

&$5.(9*:* $ 9*338!$9"-$*!!*:*) $ '*(&" !.*)'.@.#C!!*(&$ 9"9 /!.D!.= $!7*'3"-$-

*!!*= ('.@+ 78!9-$*!$'*/"!$4 0>, &"9 $ /!8&'.!!.=, *)'.@.#4.3*= !.)'.@(9"%8.3+-

3$ *&9#*!.!$43$ .C '";*&+ *& '"/!*/.(!*:* ($#$ 8(&*=5$/* '";*&*()*(*;!*:*) (*-

(&*4!$4. E" )'"9&$9. A. !";#<@".&(4 $!"4 9"'&$!" – )'.@)*5&.!$. *&@"C&(4 !. !"85-

!+3 3.&*@"3 "!"#$%" $ 8)'"/#.!$4 (#*A!+3$ ($(&.3"3$ $ )'*-.(("3$, " *)+&8 $ $!-

&8$-$$ *).'"&*'" $#$ @$().&5.'". 1'$5$!+ &"9*:* )*#*A.!$4 9'*<&(4 / &*3, 5&* &'"-

@$-$*!!+. (&"&$(&$5.(9$. 3.&*@+ "!"#$%" 01, *(!*/"!!+. !" :$)*&.%. !.*:'"!$5.!-

!*= *@!*'*@!*= :.!.'"#6!*= (*/*98)!*(&$ (F>) ( ")'$*'!* %"@"!!+3 %"9*!*3 '"()'.-

@.#.!$4 (#85"=!+, (*;+&$= $ !" )"'"3.&'$5.(9*= *-.!9. .:* "@.9/"&!*(&$ !";#<@C!-

!+3 @"!!+3, !.8@*/#.&/*'$&.#6!* '";*&"<& !" 3"#+, /+;*'9", $, :#"/!*., !. 85$&+-

/"<& 7"9&*'" (8G.(&/*/"!$4 /!8&'.!!.= *':"!$%*/"!!*(&$ !";#<@".3*:* )*&*9" (*-

;+&$=. E. (.9'.&, 5&* &*#69* (*:#"(*/"!!*(&6 /!8&'.!!.= *':"!$%*/"!!*(&$ ($(&.3+ ( 

/!.D!$3$ :'"!$5!+3$ 8(#*/$43$ *9'8A"<G.= .C $!7*'3"-$*!!*= ('.@+ )*('.@(&-

/*3 )*(&*4!!*:* /* /'.3.!$ )*$(9" (*(&*4!$4 @$!"3$5.(9*:* '"/!*/.($4 ($(&.3+ 4/-

#4.&(4 %"#*:*3 .C 8(&*=5$/*:* 78!9-$*!$'*/"!$4 [2]. H#4 )'$3.'" @*(&"&*5!* (*-

(#"&6(4 !" :*3.*(&"& I. JD;$ [3], /*)#*G"<G$= / (.;. 89"%"!!+= )'$!-$) *':"!$%"-

-$$ (#*A!+, ($(&.3. 

E8A!* (9"%"&6, 5&* / )*(#.@!.. /'.34 )*4/$#$(6 '";*&+, / 9*&*'+, @"!!8< 

)'*;#.38 !"5$!"<& *(*%!"/"&6. K@!"9* @* ($, )*' !. (&"/$&(4 /*)'*( * )*$(9. (*;(&-

/.!!+, ().9&'*/ !";#<@C!!*= (*/*98)!*(&$ @"!!+,, 5&* *&'$-"&.#6!* (9"%+/".&(4 !" 

B77.9&$/!*(&$ $ 9"5.(&/. '.%8#6&"&*/ "!"#$%" 01, 4/#4<G$,(4 )'.@&.5.= )'*-.((*/ 

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

8)'"/#.!5.(9*:* ).'(*!"#". E. )*&*38 #$ !" )'"9&$9. &"9 '"()'*(&'"!C! :$(&*:'"33-

!+= 3.&*@ "!"#$%" (#85"=!+, )'*-.((*/ //$@8 .:* !":#4@!*(&$ $ )'.@*(&"/#4.3*= 

/*%3*A!*(&$ «A$/*:* *;G.!$4» ( "!"#$%$'8.3+3 )'*-.((*3? E* $ %@.(6 /*%!$9".& 

'4@ /*)'*(*/, !" 9*&*'+. &'"@$-$*!!"4 (&"&$(&$9" !. / (*(&*4!$$ @"&6 *@!*%!"5!+. 

*&/.&+. E")'$3.', $% 9"9$, (**;'"A.!$= /+;$'"&6 5$(#* $!&.'/"#*/ :$(&*:'"33+ )'$ 

(&'"&$7$9"-$$ !";#<@".3*= (*/*98)!*(&$ @"!!+,, 9"9*= @*#A!" ;+&6 /.#$5$!" $!-

&.'/"#", 5&* @.#"&6 ( «/+;'*("3$» / )*&*9. (*;+&$= (85$&+/"&6 $, $#$ !. 85$&+/"&6), 

5&* @.#"&6 ( )'*4/#.!!+3$ /*#!"3$ )#*&!*(&$ '"()'.@.#.!$4 )*&*9" ((:#"A$/"&6 $, 

$#$ !. (:#"A$/"&6) $, !"9*!.-, 9"9 $%;"/$&6(4 *& «)'*9#4&$4» '"%3.'!*(&$ /+;*'9$, 

*9"%+/"<G.= '.D"<G.. /#$4!$. !" '.%8#6&"& $ 9"5.(&/* (&"&$(&$5.(9*:* "!"#$%" 01? 

  /.@6 89"%"!!+= "!"#$% !" )'"9&$9. )'*/*@$&(4 $3.!!* !" /+;*'9", 3"#*= '"%3.'!*-

(&$ //$@8 /+(*9*= %"&'"&!*(&$, " 5"(&* $ !./*%3*A!*(&$ .C 8/.#$5.!$4. 

L+,*@ /$@$&(4 / *&9"%. *& @.9#"'"-$$ F>, *& ")'$*'!*:* %"@"!$4 )"'"3.&'$5.-

(9*:* %"9*!" '"()'.@.#.!$4 %!"5.!$= !";#<@".3+, (*;+&$= $ / )*(&'*.!$$ (*;(&/.!-

!+, ().9&'*/ '"()'.@.#.!$4 ( (*;(&/.!!+3, )'$(8G$3 &*#69* $3, %"9*!*3 '"()'.@.-

#.!$4, !.(8G$, / (.;. (9'+&8< *& :#"% $!7*'3"-$< * /!8&'.!!.= *':"!$%*/"!!*(&$ 

"!"#$%$'8.3+, 01. J&8 $ ).'.5$(#.!!+. /+D. )'*;#.3+ )'.@#":".&(4 '.D"&6, *)$'"-

4(6 !" $!/"'$"!&!8< (&"&$(&$98 [4], (8&6 9*&*'*= %"9#<5".&(4 / )*(&'*.!$$ (&"&$(&$-

5.(9$, $!/"'$"!&*/, ( *@!*= (&*'*!+, !. %"/$(4G$, *& @#$!+ /+;*'9$ (#85"=!+, (*-
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;+&$=, !* %"/$(4G$, *& :'"!$5!+, 8(#*/$= !";#<@".3+, @"!!+,, ( @'8:*=. I9"%"!!+. 

$!/"'$"!&+ *)'.@.#4<& 3"(D&"; 7#89&8"-$= $ (&.).!6 /!8&'.!!.= *':"!$%*/"!!*(&$ 

@"!!+, $ 9#"@8&(4 / *(!*/8 :.!.'"-$$ (*;(&/.!!*:* ().9&'" !";#<@".3*= (*/*98)!*-

(&$ (#85"=!+, (*;+&$=. >&"#* ;+&6, *&)"@".& !.*;,*@$3*(&6 *;'"G.!$4 9 F> @"!!+, 

$ / ")'$*'!*3 %"@"!$$ %"9*!" $, '"()'.@.#.!$4.  

5,-3($3,),.J +)3)$+)$*!+"$J 3,31$K /9#<5".& *)'.@.#.!$.  !"#!$% $ 

 !&'("!!$% :'"!$5!+, 8(#*/$= $ *)'.@.#.!$.  !&'("!!") *'(&+'&(, ().9&'"#6!+, 

'"()'.@.#.!$= (#85"=!+, (*;+&$=. $%&'%(& )*+%(,%-& ./012(3 (*/*98)!*(&$ (#8-

5"=!+, (*;+&$= *;'"%8<& ('.@!.. %!"5.!$. (*/*98)!*(&$ (#85"=!+, (*;+&$=, )'.-

@.#6!+. *&9#*!.!$4 *& ('.@!.:*, @$().'($< $ (&"&$(&$5.(9$. $!/"'$"!&+, /+5$(#4.-

3+. 9"9: 

 
 

(%@.(6 %, n $  k – (**&/.&(&/.!!* )"'"3.&' (#85"=!*:* (*;+&$4, 9*#$5.(&/* (*;+&$=, 

)*'4@*9 -.!&'"#6!+, (&"&$(&$5.(9$, 3*3.!&*/) $ )'.@(&"/#4.3+. / @"#6!.=D.3 @$(-

).'(!+3 '"%#*A.!$.3. 

1'$ *)'.@.#.!$$ 2%.4*&%%(5 )*+%(,%-5 ./012(6 (#*A!*. (*;+&$. )'.@(&"/-
#4.&(4 *-"*./ 0(1*',% * 20($1($ %"@"!!+3 9*#$5.(&/*3 '.%*!"!(!+, '$&3*/. E" 

)'"9&$9. )'.$38G.(&/.!!* $()*#6%8<&(4 )'*(&+. (*;+&$4 ( @/834 $#$ &'.34 '.%*-

!"!(!+3$ '$&3"3$.  K)'.@.#4<&(4  "(13'!1*'$   145&67"!$3 $ %!"5.!$. (24-2%2 +1-

8"52!$)  ("41!2!*!,% ($'-1 . 

$%.4*&%%33 /4*.74.*+ *+/8*&9&0&%(3 /0.,+6%-5 (*;+&$= ,"'"9&.'$%8.&(4 

!"#$5$.3 / $, ().9&'", '.%*!"!(!+, '$&3*/, /*%!$9".& 9"9 (#.@(&/$. 8(&"!*/$/D.:*(4 

'"/!*/.($4 3.A@8 '.(8'(!+3$ /*%3*A!*(&43$ "!"#$%$'8.3*= ($(&.3+ $ /!.D!$3$ 

/*%38G.!$43$ $!7*'3"-$*!!*= ('.@+ $ %"@"C&(4: '"()'.@.#.!$.3 '$&3*/ !";#<@".-
3+, (#85"=!+, (*;+&$=, %!"5.!$43$ /.'*4&!*(&.= $, /*%;8A@.!$4 $ %!"5.!$43$ :'"-

!$- 3.A@8 '.%*!"!(!+3$ '$&3"3$ ($#$ (&'"&"3$ (**&/.&(&/8<G$, $3 !";#<@".3+, 

(#85"=!+, (*;+&$=). 

1*(&'*.!$. '"()'.@.#.!$4 (#85"=!+, /.#$5$!, !"$;*#.. 5"(&* /(&'.5"<G.:*(4 

!" )'"9&$9., )'*(&*:* (*;+&$4 ( &'.34 '.%*!"!(!+3$ '$&3"3$ /+)*#!4.&(4 *&!*($-

&.#6!* ('.@!.:* %!"5.!$4, /,*@4G.:* / (*(&"/ /!.D!$, :'"!$5!+, 8(#*/$=. M$&3+, 

'"()*#*A.!!+. (#./" *& ('.@!.:*, )*#85"<&(4 )*('.@(&/*3 )*(#.@*/"&.#6!*:* /+5$-

&"!$4 $% !.:* /.#$5$!+ %1, " ()'"/" – )*('.@(&/*3 )'$;"/#.!$4 9 !.38 /.#$5$!+ ,2 ( 

85C&*3 /.#$5$!+ S = x2 – %1 '"%3"," 9*#.;"!$= '.%*!"!(!+, '$&3*/ )'*(&*:* (*;+&$4. 

N!"5.!$4 /.'*4&!*(&.= /*%;8A@.!$4 '$&3*/ /+5$(#4<&(4 )* 7*'38#.: 

  

      , 

 

:@. n = n1 + n3 + n2, "  n1, n3, n2 – %!"5.!$4 9*#$5.(&/ '.%*!"!(!+, '$&3*/,   /+;$'".-

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

9'(2'$:$+2;$3 *0"+'(28.!,% (2*0("7"8"!$) /9#<5".& *)'.@.#.!$. 9*#$5.(&-

/" (&'"& $ %!"5.!$= $, :'"!$-. 

?*#$5.(&/* (&'"& %"/$($& *& 9*#$5.(&/" '.%*!"!(!+, '$&3*/, " :'"!$-+ 3.A@8 

(&'"&"3$ *)'.@.#4<&(4 ).'.(.5.!$.3 9*!8(*/, *;'"%*/"!!+, '"((.4!$.3 (#85"=!+, 

/.#$5$! @/8, (*(.@!$, (&'"&. O!/"'$"!&!+= (&"&$(&$5.(9$= "!"#$% %"/.'D".&(4 )*-

(&'*.!$.3 <(2:$+2 *0"+'(28.!1<1 (2*0("7"8"!$3 !";#<@".3+, (#85"=!+, (*;+&$= / 
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9**'@$!"&", «/.'*4&!*(&$ /*%;8A@.!$4 '.%*!"!(!+,  '$&3*/, $, %!"5.!$4» $ *-.!9*= 

.:* "@.9/"&!*(&$ ( :$(&*:'"33*=/ 

7.-'0. 

1. 1'$!4&"4 %@.(6 9*!-.)-$4 %"3.G.!$4 9*!&$!8"#6!*= ($(&.3+ "#:.;'"$5.-

(9*= ( @$(9'.&!+3 3!*A.(&/*3 (*(&*4!$= $()*#6%*/"#"(6 .GC  ',$3.@*3 )'$ )*$(9. 

'"/!*/.($4 AC(&9* (/4%"!!*= ($(&.3+ 3"(( ( )#.5"3$ *& !.)*@/$A!*= &*59$ ($(&.3+ 

(-.!&'" 3"((). 1'$ &"9*3 %"3.G.!$$ ($(&.3" %"39!8&" $ *)'.@.#.!", .(#$ $%/.(&!+ %"-

3.G"<G$. (*(&*4!$4 $ $, /.(". K!* 8().D!* )'$3.!4#*(6 3.,"!$9"3$ )'$ )*$(9. '.-

%*!"!(!+, 5"(&*& / (/4%"!!+, 8)'8:$, 3.,"!$5.(9$, ($(&.3",. >"3 A. 3.&*@ )*#85$# 

!"%/"!$. «3.&*@ %"3.G"<G$, &*5.9». P(#$ 3!*A.(&/* (&"&$(&$5.(9$, 3*3.!&*/ $ (*-

*&/.&(&/8<G$, $3 (&"&$(&$5.(9$, $!/"'$"!&*/ (5C&!*, " 9*#$5.(&/* $!/"'$"!&*/ /+-

;$'".&(4 &"9$3, 5&*;+ %"9*! '"()'.@.#.!$4 (#85"=!+, (*;+&$= /*((&"!"/#$/"#(4 *@-

!*%!"5!* /!. %"/$($3*(&$ *& '"%3.'" $, /+;*'9$ $ ;.% )'$!4&$4 :$)*&.%+ F>. 0"9*= 

3.&*@ %"3.G.!$4 9*!&$!8"#6!+, (#85"=!+, )'*-.((*/ 83.(&!* !"%/"&6 «3.&*@*3 (&"-

&$(&$5.(9$, 3*3.!&*/ $#$ (&"&$(&$5.(9$, $!/"'$"!&*/». 

2.  )'$*'!*. %"@"!$. 9*#$5.(&/" '.%*!"!(!+, '$&3*/ / )'*(&*3 (#85"=!*3 (*-

;+&$$ – .@$!(&/.!!*. *:'"!$5.!$., !"9#"@+/".3*. !" )'.@(&"/#.!$. (#*A!*:* (*;+-

&$4 (3.(6< )'*(&+, $ !.('"/!$3* ;*#.. (#";*., !.A.#$ )'$!4&$. :$)*&.%+ F> ( ")-

'$*'$ %"@"!!+3 %"9*!*3 '"()'.@.#.!$4 !";#<@".3*= (*/*98)!*(&$ (*;+&$=. ? &*38 

A. $3..&(4 "#:*'$&3$5.(9"4 /*%3*A!*(&6 *;*=&$ $ B&* *:'"!$5.!$. )*('.@(&/*3 ).'.-

;*'" )'*(&+, (*;+&$= ( '"%!+3 9*#$5.(&/*3 '.%*!"!(!+, '$&3*/ / !$, (" !. &*#69* 

'"((3*&'.!!+, %@.(6 @/8, $ &'C,) ( -.#6< /+;*'" !"$;*#.. )*@,*@4G.:*. 

3. 1'$/.@C!!+= /+D. )*'4@*9 /+5$(#.!$4 %!"5.!$= /!.D!$, $ /!8&'.!!$, 

:'"!$5!+, 8(#*/$= )*/.@.!$4 !";#<@".3*:* )*&*9" (#85"=!+, (*;+&$= $ *)'.@.#.-

!$. .:* /!8&'.!!.= (&'89&8'+ ,*'*D* )*@@"C&(4 "#:*'$&3$%"-$$ $ 3*A.& ;+&6 )*:'8-

AC! / 9*3)6<&.'!8< )'*:'"338, /,*@!+3$ @"!!+3$ 9*&*'*= ;8@.& (#8A$&6 @$(9'.&-

!+= '4@ %!"5.!$= (#85"=!+, /.#$5$!, " /+,*@!+3$ – :'"7$9 ().9&'"#6!*:* '"()'.@.-

#.!$4 (*;+&$=. L+)*#!44 3*!$&*'$!: (*(&*4!$4 *;2.9&" 8)'"/#.!$4, 3*A!* !. &*#69* 

*;!*/#4&6 89"%"!!+= :'"7$9, !* $ 89"%+/"&6 !" !C3 )*#*A.!$. 7"%*/*= &*59$ )'*-.(-

(" 8)'"/#.!$4 $ )'$!$3"&6 / (**&/.&(&/$$ ( !$3 &'.;8.3+. 8)'"/#.!5.(9$. '.D.!$4. 

4. K :$(&*:'"33",. E" )'"9&$9. )*(&'*.!$. :$(&*:'"33, 9"9 !"5"#6!*:* B&")" 

:'8))$'*/9$ (&"&$(&$5.(9$, @"!!+,, %"@"C&(4 /*#./+3 *;'"%*3. Q!*A.(&/* @"!!+,, 

)*)"@"<G$, / 9"A@8< (&'"&8, (*('.@*&"5$/".&(4 / .C (.'.@$!.. J&* *%!"5".&, 5&* / 

'"39", (&"&$(&$5.(9*= &'"@$-$$ @*)8(9".&(4 )'.@)*#*A.!$. * '"/!*3.'!*(&$ '"()'.-

@.#.!$4 *@!*'*@!+, (*;+&$= /!8&'$ (&'"&+. 0"9*. )'.@)*#*A.!$. *)'"/@"!*, 9*:@" 

'.56 $@C& * !.*':"!$%*/"!!+, $#$ (#";* *':"!$%*/"!!+, )*&*9", (*;+&$=. E* .(#$ 

)*&*9$ (*;+&$= )'*$(,*@4& / ('.@. /!8&'.!!$, $ /!.D!$, :'"!$5!+, 8(#*/$=, ,"'"9-

&.'$%8.3+, "($33.&'$.= '"()'.@.#.!$=, &* 8(#*/$4 *@!*'*@!*(&$ $ '"/!*3.'!*(&$ 

!"'8D"<&(4. I9"%"!!"4 "($33.&'$4 /+%+/".& /*#!+ «'4;$» !" :$(&*:'"33",, *;'"-

%8<G$. &*!98< (&'89&8'8 (&"&$(&$5.(9$, '"()'.@.#.!$= / /$@. @*)*#!$&.#6!*:* 

().9&'" 5"(&*&. J&$ /*#!+ $3.<& '."#6!8< 7$%$5.(98< )'$'*@8, " !. 4/#4<&(4 )"'"-

@*9(*3 3"&.3"&$5.(9*= ";(&'"9-$$ 3.&*@" "!"#$%", !" 5&* / (/*C /'.34 *;'"&$#$ /!$-

3"!$. F$;;( (B77.9& F$;;(") $ )'*7.((*' QFI  . R!*#6. L"A!.=D"4 '*#6 ("3$, :'"-

!$5!+, 8(#*/$= )'*4/#4.&(4 !. &*#69* / /*%3*A!*(&$ 9*''.9&$'*/9$ '.%*!"!(!+, 

().9&'*/ '"()'.@.#.!$=, !* $ / /*%3*A!*(&$ 8)'"/#.!$4 $3$. 0.,!*#*:$4 A. /+4/#.-

!$. /*#! «&*!9*= (&'89&8'+ (&"&$(&$5.(9$, '"()'.@.#.!$=» ;8@.& )*#.%!" / "!"#$%. $ 

)'*:!*%. )*/.@.!$4 (#*A!+, B9*!*3$5.(9$, ($(&.3 $ $!+, (#85"=!+, )'*-.((*/, !" 

5&* / (/*C /'.34 *;'"&$# /!$3"!$. E. ?*!@'"&6./. 0"9$. /*#!+ !"%/"!+ .:* $3.!.3. 
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