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56&756&897 :87 6 ;7:&< ;= &>=7?8@ 6A7?&?=B 5=C7D8 

58A>6E8=??<F ;=&=:=G 

6. D.  3-$,3 (=(!1) 

  !"#$%&%''"& &($% !)*%!+#)%+ &'",%!+#" $-'."# +$)/0, $012(3'-4 .0. 5" 

6%"6$07(3%!."&) 5"2",%'(8, +0. ( 5" 9."'"&(3%!.(& 5".010+%2:&, 3+" 5$(#"/(+ . &(-

6$0;(( $0<"3%= !(2- (1 &%'%% <206"5$(:+'-4 /2: +$)/")!+$"=!+#0 $%6("'"# # <"2%% 

<206"5$(:+'-%. >+0 +%'/%';(: :$." 5$":#2:%+!: # ?@A ( B#$"5%, :#2:8*(4!: ;%'-

+$0&( 5$(+:,%'(: $0<"3%= !(2- (1 $01#(#08*(4!: !+$0' C%'+$02D'"= ( E,'"= A&%-

$(.(, A1((, A7$(.(.  

F+%3%!+#%''-% (!!2%/"#0+%2( (1)308+ 5$"<2%&) &(6$0;(( # /#)4 "!'"#'-4 0!-

5%.+04 [1]: "+G%1/ (1 !+$0'- '0(<"2%% .#02(7(;($"#0''-4 &"2"/-4 !5%;(02(!+"#, +0. 

'01-#0%&0: «)+%3.0 &"16"#», (  5$(%1/ # !+$0') '(1.".#02(7(;($"#0''"= $0<"3%= !(-

2- (1 H1<%.(!+0'0, I0/,(.(!+0'0 ( /$)6(4 !+$0' ?JK. ?$0#'(+%2D'" &02"% #'(&0'(% 

)/%2:%+!: 5$";%!!0& #')+$%''%= +$)/"#"= &(6$0;((. L%'%% 1'03(+%2D'-% 5" &($"#-& 

&0!M+0<0&, "'(, +%& '% &%'%%, 10+$06(#08+ 5"3+( .0,/)8 !%&D8 # '0M%= !+$0'%, 5"/-

/%$,(#0: 10&.')+-= .$)6: '(1.(% +%&5- $01#(+(: $%6("'0 =>  "++". $0<"3%= !(2- => 

%*% <"2DM%% !'(,%'(% +%&5"# $01#(+(: $%6("'0. ?"4$0'%'(% /0''"= +%'/%';(( 5$(-

#"/(+ . )50/.) '%<"2DM(4 6"$"/"# ( ;%2-4 "<20!+%= ( 6(5%$;%'+$02(10;(( &%605"2(-

!"#, # 5%$#)8 "3%$%/D L"!.#-. 

N$( (!!2%/"#0'(( &(6$0;("''-4 :#2%'(= '% !2%/)%+ "6$0'(3(#0+D!: ";%'."= 

"<*(4 !";(02D'" 9."'"&(3%!.(4 5".010+%2%= 6"$"/0 ($%6("'0, !+$0'-). I0.(% ";%'.( 

/"!+0+"3'- /2: 5"!+$"%'(: $%6$%!!("''-4 &"/%2%= ( 5"2)3%'(: 5$"6'"1"# # "+'"!(-

+%2D'" !+0<(2D'-4 )!2"#(:4, "/'0." 5$( "+.2"'%'(( 4"+: <- "/'"6" (1 70.+"$"# "+ 

)!+0'"#2%''-4 5$%/%2D'-4 1'03%'(= &"/%2D )+$03(#0%+ '0/%,'"!+D. [3, c. 11–19] >+" 

"<*%% !#"=!+#" /2: #!%4 !+0+(!+(3%!.(4 &"/%2%=. 

J0 !%6"/':M'(= /%'D <"2%% 0.+)02D'" 5$"6'"1($"#0'(% !";(02D'"-1'03(&-4 

:#2%'(=, "!'"#0''"% '0 (!5"2D1"#0'(( (&(+0;("''-4 &"/%2%=, $%02(1"#0''-4 # !5%-

;(02D'-4 5$"6$0&&'-4 ."&52%.!04. O2: $%M%'(: /0''"= 10/03( '0(<"2%% 5$%/5"3+(-

+%2%' 06%'+'-= 5"/4"/, 5"!."2D.) "' 5"1#"2:%+ 5"2)3(+D .0$+(') (1&%'%'(: !";(02D-

'"= !(+)0;((, "!'"#0'')8 '0 5"!2%/!+#(:4 $%M%'(= ( #-+%.08*(4 (1 9+"6" /%=!+#(= 

"+/%2D'-4 28/%=. N$(':+(% !";(02D'" 1'03(&"6" $%M%'(:, +0."6" .0. $%M%'(% " 5%$%-

%1/% # /$)6"= 6"$"/, 5$"(!4"/(+ '0 "!'"#0'(( !2",'"= !(!+%&- ";%'". $012(3'-4 50-

$0&%+$"# )$"#': ,(1'(, ! "/'"= !+"$"'-, # +"& &%!+%, 6/% 3%2"#%. 5$",(#0%+ # '0-

!+":*(= &"&%'+, ! /$)6"=, – +0&, .)/0 "' &",%+ 5%$%%40+D. 

;($,#$4. 4'1H*!,$% ,!*!)"$I '#!,'" H('-,% J$K,$ 

F!'"#'-&( 70.+"$0&(, #2(:8*(% '0 ";%'.) )$"#': ,(1'(, 0 !2%/"#0+%2D'", '0 

5$(':+(% $%M%'(: " &(6$0;((, :#2:8+!: )$"#%'D 10$0<"+'"= 520+-, ,(2(*'-% )!2"-

#(:, !"!+0# /"&"4"1:=!+#0, #"1&",'"!+D 5"2)3%'(: "<$01"#0'(: ( /$. J( "/(' (1 9+(4 

70.+"$"# '% 5"//0%+!: 5$"!+"= ."2(3%!+#%''"= ";%'.%. P0!!&"+$(&, .0.(% !""<$0,%-

'(: &"6)+ 5"#2(:+D '0 06%'+0 5$( 5"(!.% $0<"+-, # 30!+'"!+(, 5$( ";%'.% 5$%/2060%-

&"= 10$0<"+'"= 520+-.  

 "-5%$#-4, "' <)/%+ !$0#'(#0+D 5$%/2060%&)8 10$0<"+')8 520+) ! 10$0<"+'"= 

520+"=, ."+"$)8 5"2)308+ %6" 1'0."&-% ! 0'02"6(3'-& )$"#'%& "<$01"#0'(: ( .#02(-

7(.0;(%=.  "-#+"$-4, 06%'+ 5$(&%+ $0!3%+ )$"#%'D ,(1'( # !#"%& /"&0M'%& 4"1:=!+-

#%: 3%& "' #-M%, +%& '0 <"2%% #-!".)8 10$0<"+')8 520+) <)/%+ $0!!3(+-#0+D 06%'+.  -

+$%+D(4, 06%'+ /"2,%' )3(+-#0+D ."'G8'.+)$) '0 $-'.% +$)/0 ( 1'0."&!+#0, '0 ."+"-

$-% "' &",%+ $0!!3(+-#0+D 5$( 5"(!.% $0<"+-. B!2( 06%'+) '% )/0%+!: '0=+( # '%-
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<"2DM"& 6"$"/% $0<"+), )/"#2%+#"$:8*)8 #!%& 9+(& )!2"#(:&, +" #-!".0 #%$":+'"!+D 

+"6", 3+" "' 10/)&0%+!: " !&%'% &%!+0 ,(+%2D!+#0. O2: 7"$&02(10;(( 50$0&%+$"# 

)$"#': ,(1'( <-2 #-<$0' 0550$0+ '%3%+."= 2"6(.(, 5"1#"2:8*(= 5"2)30+D '"$&($"-

#0''-% ";%'.( '0 "!'"#% '%+"3'"= ('7"$&0;(( [3]. 

N$%/!+0#(& ";%'.) 06%'+"& 5$%/2060%&"= %&) 10$0<"+'"= 520+- # #(/% '%3%+-

."= 5%$%&%''"= HQ, 10#(!:*%= "+ )$"#': /"4"/"# # /"&"4"1:=!+#% 06%'+0 ( %6" «#"1-

&",'"!+%=», !.20/-#08*(4!: (1 5$($"/'-4 !5"!"<'"!+%=, )$"#': "<$01"#0'(: ( .#0-

2(7(.0;((. F<*(= #(/ 7)'.;(( 5$('0/2%,'"!+(  HQ '%3%+."= 5%$%&%''"= HQ 5$%/-

!+0#2%' '0 $(!. 1. 

 

>$+. 1. =LM$N -$0 OH,"#$$ 4($,301!J,'+)$  PQ 

Q'03%'(: '%3%+."= 5%$%&%''"= HQ '"$&($)8+!: # 5$%/%204 "+ 0 /" 1, 5$(3%& # 

"<20!+( 1'03%'(= #-/%2:8+!: +$( !%6&%'+0: 

1.. 1 – '%5$(%&2%&-= )$"#%'D 10$520+- ( !" = 0); 

 1 .. 2 – )!2"#'"-5$(%&2%&-= )$"#%'D ( !"!(0;1)); 

 2 .. 10 – 5$(%&2%&-= )$"#%'D ( !" = 1). 

R 5%$#"&) !%6&%'+) "+'"!(+!: 10$0<"+'0: 520+0, $01&%$ ."+"$"= 1'03(+%2D'" 

&%'DM% !$%/'%6" /"4"/0 # /"&"4"1:=!+#% 06%'+0; ." #+"$"&) – 10$520+0, !"5"!+0#(&0: 

!" !$%/'(& /"4"/"& (2( #-M%; . +$%+D%&) – 1'03(+%2D'" 5$%#"!4"/:*0: %6". K$0'(;0 

5%$#"6" !%6&%'+0  1 "5$%/%2:%+!: !$%/'(& /"4"/"& # /"&"4"1:=!+#% 06%'+0. K$0'(;0 

#+"$"6" !%6&%'+0  2 +0.,% $%6)2($)%+!: )$"#'%& #"1&",'"!+%= 06%'+0: 3%& "' #-M%, 

+%& '0 <"2DM(= $"!+ /"4"/"# 5" &%$% 5"#-M%'(: .#02(7(.0;(( "' &",%+ $0!!3(+--

#0+D. 

S)'.;(: 5$('0/2%,'"!+( '%3%+."= 5%$%&%''"= HQ (&%%+ #(/: 
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.

 

 (1) 

6/% # – )$"#%'D 10$0<"+'"= 520+- 06%'+0; 

 !" –  7)'.;(: 5$('0/2%,'"!+( '%3%+."= 5%$%&%''"= HQ, 

d – )$"#%'D /"4"/0 # /"&"4"1:=!+#% 06%'+0; 

v – )$"#%'D #"1&",'"!+%= 06%'+0; 

. – '%."+"$"% '0+)$02D'"% 3(!2" (.=1 5".01-#0%+, 3+" 06%'+ /"5)!.0%+ #"1&",-

'"!+D $0<"+- ! )$"#'%& 10$520+- '% <"2%%, 3%& '0 1 5)'.+ '(,% !$%/'%6" /"4"/0 # %6" 

/"&"4"1:=!+#%). 

, 
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F/'0.", %!2( '% !"!+0#2:%+ +$)/0 !7"$&($"#0+D +0.(% ";%'.( /2: 6"$"/0, # ."-

+"$"& 5$",(#0%+ 06%'+, +" /2: /$)6(4 6"$"/"# ";%'.0 )$"#': ,(1'( :#2:%+!: <"2%% 

!2",'"= 10/03%=, 5"!."2D.) !0& 06%'+ '% '04"/(+!: +0&, '% (*%+ $0<"+) ( ,(2D%. T'-

7"$&0;(: "< )$"#'% ,(1'( # /$)6"& 6"$"/% 5"!+)50%+ . 06%'+) (1 $01'-4 (!+"3'(."#, 

."+"$-% /%2:+!: '0 /#% 6$)55-: 

– $0!!%:''-%, +. %. #"1/%=!+#)8*(% "/('0."#" '0 #!%4 06%'+"# (!$%/!+#0 &0!!"-

#"= ('7"$&0;((, T'+%$'%+, "7(;(02D'-% !+0+(!+(3%!.(% !<"$'(.(, !"#$%&%''0: 4)-

/",%!+#%''0: 2(+%$0+)$0 ( .('%&0+"6$07); 

– '05$0#2%''-%, +. %. /%=!+#)8*(% 2(MD '0 "5$%/%2%''"6" 06%'+0 (2( 6$)55) 

06%'+"# ($0!!.01- 1'0."&-4, 5"%1/.(). 

N" &%$% 5"!+)52%'(:, 0'02(10 ( !(!+%&0+(10;(( 9+"= ('7"$&0;(( 06%'+ !+$"(+ 

!#"8 !)<G%.+(#')8 .0$+(') ,(1'( # /$)6"& 6"$"/%. ?2%/)%+ 5$(':+D #" #'(&0'(%, 3+" 

06%'+0 # <"2DM%= !+%5%'( ('+%$%!)%+ '% #!%"<G%&28*0: .0$+('0 6"$"/0, 0 +% %% 30!+(, 

."+"$-% &"6)+ (&%+D . '%&) '%5"!$%/!+#%''"% "+'"M%'(% # !2)30%, %!2( "' $%M(+!: '0 

5%$%%1/.  

F;%'.0 ",(/0%&"6" )$"#': 10$0<"+'"= 520+- (FHQ) 7"$&($)8+!: 0'02"6(3'-& 

"<$01"&, ! +"= $01'(;%=, 3+" ('7"$&0;(:, 2%,0*0: # %% "!'"#%, &%'%% '0/%,'0. T'+%-

6$02D'-% ";%'.( )$"#': ,(1'( (HU) ( ",(/0%&"6" )$"#': ,(1'( (FHU) )3(+-#08+ 

+0.,% )$"#%'D (&%8*(4!: ( ",(/0%&-4 ,(2(*'-4 )!2"#(= 06%'+0. F;%'.( HU ( 

FHU &",'" !$0#'(#0+D, +0. .0. "<% "'( '"$&($)8+!: # 5$%/%204 "+ 0 /" 1. 

N"&(&" 9."'"&(3%!.(4 ( !";(02D'-4, '%"<4"/(&" )3(+-#0+D +0.,% 5!(4"2"6(-

3%!.(% 5$(3('-, # "!'"#% ."+"$-4 2%,(+ !.2"''"!+D 3%2"#%.0 . 5%$%&%'0&, (2(, '0-

"<"$"+, 5$($"/'0: ('%$+'"!+D. ?"620!'" !";("2"6(3%!.(& (!!2%/"#0'(:&, . 9'%$6(3-

'-& ( /%:+%2D'-& 28/:& &",'" "+'%!+( "+ 5:+( /" !%&( 5$";%'+"# '0!%2%'(:, "!-

+02D'-% ,% # <"2DM%= !+%5%'( !.2"''- 5"/!+$0(#0+D!: 5"/ "<!+":+%2D!+#0, # ."+"$-4 

".0102(!D, 3%& 5-+0+D!: (4 (1&%'(+D. 

I%& '% &%'%% 5" &%$% $"!+0 '%/"#"2D!+#0 )!2"#(:&( ,(1'(,) 06%'+0 '0.052(#0-

%+!: 9'%$6(:, !5"!"<'0: 5" /"!+(,%'(( '%."+"$"6" 5"$"60 +"2.')+D %6" '0 $%M(+%2D-

'-% /%=!+#(:. H$"#%'D '%/"#"2D!+#0 06%'+0 10#(!(+ "+ !2%/)8*(4 5".010+%2%=: 

– $01&040 &%,/) (&%8*(&!: ( ",(/0%&-& )$"#'%& ,(1'( (3%& "' <"2DM%, +%& 

#-M% '%/"#"2D!+#" 06%'+0); 

– #$%&%'(, # +%3%'(% ."+"$"6" 06%'+ '04"/(+!: # '%)/"#2%+#"$(+%2D'"& !"!+":-

'((. 

H$"#%'D '%/"#"2D!+#0 $1 $0!!3(+-#0%+!: 5" 7"$&)2% 

" # " # " #txtxtxE %&'%&  , , ,1   )-
,  (2) 

6/%  %&(#, t) –  1'03%'(% 7)'.;(( 5$('0/2%,'"!+( )$"#': ,(1'( 06%'+0 x # !#"%& 6"$"-

/% # +0.+ #$%&%'( t; 

 '%&(#, t) –  1'03%'(% 7)'.;(( 5$('0/2%,'"!+( ";%'.( )$"#': ,(1'(   06%'+0 x # 

/$)6"& 6"$"/% # +0.+ #$%&%'( t; 

$1 – )$"#%'D '%/"#"2D!+#0 06%'+0 x # +0.+ #$%&%'( t. 

J0.052(#0'(% )$"#': '%/"#"2D!+#0 ! +%3%'(%& #$%&%'( #-$01(& ! 5"&"*D8 

"5%$0+"$0 026%<$0(3%!."= !)&&-, !"4$0':8*%6" '"$&($"#0'(% 1'03%'(= ";%'". "+ 0 

/" 1. 

" # " # " # " # ),(,1 ,1 , , 11 txExtStxEtxStxS EEE /))()- , (3) 

6/%  t – +0.+ &"/%2D'"6" #$%&%'(; 

$1(x, t) – )$"#%'D '%/"#"2D!+#0 06%'+0 x # +0.+ #$%&%'( t; 
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SE(t) – )$"#%'D '%/"#"2D!+#0, '0."52%''-= 06%'+"& # . +0.+) t; 

SE(t-1) – )$"#%'D '%/"#"2D!+#0, '0."52%''-= 06%'+"& # . +0.+) t-1. 

N%$%$0!3%+ #%2(3('- SE 5$"#"/(+!: '0 .0,/"& +0.+% &"/%2D'"6" #$%&%'(. N"-

$"6 '0."52%'(: )$"#': '%/"#"2D!+#0 '"$&($)%+!: # 5$%/%204 "+ 0 /" 1 ( :#2:%+!: ('-

/(#(/)02D'-& /2: .0,/"6" 06%'+0. N" /"!+(,%'(( )$"#'%& '0."52%''"6" '%/"#"2D!+-

#0 HJ 5"$"6"#"6" 1'03%'(: NH, 06%'+ 5$('(&0%+ $%M%'(% " 5%$%%1/%. 

5'0!1R 4($,%)$% (!S!,$% 32!,)'/ 

O2: 7"$&02(10;(( 5$";%!!0 5$(':+(: $%M%'(: 06%'+"& <-2 #-<$0' 0550$0+ 

+%"$(( 0#+"&0+"#, 5"!."2D.), ! "/'"= !+"$"'-, "' !""+#%+!+#)%+ 5$(':+"= # 5!(4"2"-

6(( &"/%2( «!+(&)2–$%0.;(:», 0, ! /$)6"=, 2%6." $%02(1)%+!: !"#$%&%''-&( 5$"-

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

I%"$(: <(4%=#("$(1&0, (1)308*0: 5$";%!!- 5$(':+(: $%M%'(= ( $012(3'-% 

0!5%.+- 5"#%/%'(:, "5(!-#0%+ 5$";%!! "!)*%!+#2%'(: '%."+"$"= ;%2%'05$0#2%''"= 

/%:+%2D'"!+( !2%/)8*(& "<$01"&. V%2"#%. (&%%+ '0<"$ 5"+$%<'"!+%=  ( !)*%!+#)%+ # 

'%."+"$"= !$%/%. ?$%/0 #"1/%=!+#)%+ '0 3%2"#%.0 3%$%1 $01'""<$01'-% (&5)2D!-. P%-

1)2D+0+"& !+"2.'"#%'(: 5"+$%<'"!+( ! (&5)2D!"&, !5"!"<'-& )/"#2%+#"$(+D 9+) 5"-

+$%<'"!+D, :#2:%+!: &"+(#0;(:.   10#(!(&"!+( "+ 30!+"+- ( ('+%'!(#'"!+( 5"!+)52%-

'(: (&5)2D!"# 9+"+ 977%.+ &",%+ <-+D 5"/.$%52%' (3+" ! 7(1("2"6(3%!."= +"3.( 1$%-

'(: !""+#%+!+#)%+ )!(2%'(8 $%;%5+"$'"-977%.+"$'-4 !#:1%= &%,/) '%=$"'0&(), 2(<" 

)60!')+D (!#:1( "!20<2:8+!: (2( (!3%108+). ?2%/!+#(%& )!(2%'(: !#:1( /" "5$%/%2%'-

'"= !+%5%'( :#2:%+!: #-1"# $%0.;((. 

L"/%2D 5$(':+(: $%M%'(: " &(6$0;(( !+$"(+!: '0 "!'"#% "<*%= !4%&- 5"#%/%-

'(:, 3+" 5"1#"2:%+ 5$(/0+D $%M%'(:& 06%'+0 '%"<4"/(&)8 5!(4"2"6(3%!.)8 "<"!'"-

#0''"!+D. J0$:/) !" !+$).+)$"= 5$";%!!0 5$(':+(: $%M%'(:, '%"<4"/(&" )3(+-#0+D 

.03%!+#%''-% ( ."2(3%!+#%''-% 40$0.+%$(!+(.( "<20!+( 5$(':+(: $%M%'(=, +. %. 5%$-

!5%.+(# &(6$0;((. 

?"!+":'(% 06%'+0 "5(!-#0%+!: '0<"$"& '%3%+.(4 5%$%&%''-4: 

HU – )$"#%'D ,(1'( 06%'+0 # (1)30%&"& 6"$"/%; 

FHU – ",(/0%&-= )$"#%'D ,(1'( # /$)6"& 6"$"/%; 

HJ – '0."52%''-= )$"#%'D '%/"#"2D!+#0 06%'+0; 

NH –  5"$"6"#-= )$"#%'D '%/"#"2D!+#0. 

  +0<2. 1 "+$0,%'- !"3%+0'(: )5$0#2:8*(4 5%$%&%''-4, "5$%/%2:8*(% .0,/"% 

!"!+":'(% 0#+"&0+0 5$(':+(: $%M%'(: " &(6$0;(( (ANPL). 

&3L1$#3 1 

 '+)'%,$% 6;>5 

H!2"#'"% "<"-

1'03%'(% !"-

!+":'(: 

?"!+":'(% 

?"3%+0'(% 

)5$0#2:8*(4 

5%$%&%''-4 

q0 A6%'+ '% (&%%+ ,%20'(: )%1,0+D (1 6"$"/0 HU * FHU 

q1 A6%'+ 4"3%+, '" '% 6"+"# )%40+D (1 6"$"/0 HU + FHU 

HJ + NH 

q2 A6%'+ 6"+"# )%40+D (1 6"$"/0 HU + FHU 

HJ * NH 

q3 A6%'+ )%402 (1 6"$"/0 5%$%!3%+ 

";%'". 
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N$%/!+0#2%'(% 5%$%4"/"# ANPL # #(/% +0<2(;- '%$0;("'02D'", 5"!."2D.) 5$( 

+"3'"!+( /" !"+-4 !"3%+0'(% #!%4 #"1&",'-4 #4"/'-4 !(6'02"# ( !"!+":'(= (&%%+ 5"-

$:/". 10
8
. W"2%% '062:/'-& :#2:%+!: 6$07(3%!."% 5$%/!+0#2%'(% ($(!. 2). 

 

>$+. 2.  I!/3 4!(!I'0'- 6;>5 
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