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

 129 

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

 %./01"-$2,- #*#"-., * #-$+*#, 

45  681.3 

#.&. "3456, +.#. 7849:6;<  

6-$/#.*( 7%#'8!$#"+-33,( "-93*)-#.*( '3*+-$#*"-", 

:!;*%3!<13,( !=$%.%#/*)-#.*( '3*+-$#*"-" */. :.>. ?'.%+#.%7% «@AB», 

(7. @!$1.%+, 4.$!*3!) 

*=>,"%)2,- >!=*#, ?@A  $*"*)-# *7 #*#"-.  

* *2&$!#"$' "'$ B%$%?# %( #$-?,:  

%>C*( /%?7%? * +!$*!2", $-!@*=!D** 

C!D+*+!-"#E 0%89%8 . #%D8!3*2 3!8-F3,9 * G-D%0!#3,9 #*#"-/ * *3&$!-

#"$'."'$ 7%$%8#.%( #$-8,, "%<-$!3"3,9 . %".!D!/ ($!D<*)3,/ 3-7!"*+3,/ +%D-

8-(#"+*E/), .%"%$,( %#3%+,+!-"#E 3! *#0%<1D%+!3** *DG,"%)3,9 G!D*#%+. H&%$-

/'<*$%+!3, %#3%+3,- 0$*3;*0, !+"%/!"3%-G!D*#3%7% 0%89%8!, 0%D+%<E2I-7% 

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

3!E /%8-<1. J0*#,+!-"#E *DG,"%)3,( <%7*)-#.*( G!D*# * 8!2"#E $-.%/-38!;** 

0% -7% !8!0"!;** 8<E *3&$!#"$'."'$ 7%$%8#.%( #$-8,. 

 

 E39:FG: HE<F8: .$*"*)-#.!E *3&$!#"$'."'$! 7%$%8#.%( #$-8,, *DG,"%)3,( 

G!D*#, !+"%/!"3!E /%8-<1, &'3.;*%3!<13%-0%<3,( "%<-$!3"3,( G!D*#, .!"!#"$%&*-

)-#.%- +%D8-(#"+*-. 

 

+F:I:65: 

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

3$)'()"& 1'4+$)"+#!"#+ 5(+(/)!(6 )+-/7. JG-#0-)-3*- 

&'3.;*%3!<13%( G-D%0!#3%#"* *3&%$/!;*%33%-'0$!+<E2I*9 

#*#"-/ (B4H) .$*"*)-#.*/* *3&$!#"$'."'$!/*, ! "!.F- 

G-D%0!#3%#"* *3&$!#"$'."'$ + ;-<%/ E+<E-"#E %83%( *D .<2-

)-+,9 0$%G<-/ #%+$-/-33%( 3!'.* * *3F-3-$**. 6$* ="%/ 

$-)1 *8-" % #*#"-/!9 * *3&$!#"$'."'$!9 («#*#"-/!9 #*#"-/») 

$!D3%( 0$*$%8, * $!D3%7% 3!D3!)-3*E (#*#"-/, '0$!+<-3*E 

!"%/3,/* $-!."%$!/*, !=$%.%#/*)-#.*/* .%/0<-.#!/*, 7%-

$%8#.*/* *3F-3-$3,/* .%//'3*.!;*E/* * 8$.). K 0%#<-83-- 



K-#"3*. 6LM4. 4$G!3*#"*.!. 2011. N 1 

 130 

+$-/E 3! &%3- +%D$!#"!2I*9 7<%G!<13,9 "-93%7-33,9, .<*-

/!"*)-#.*9, "-$$%$*#"*)-#.*9 * 8$'7*9 '7$%D D3!)*/%#"1 

0$%G<-/ G-D%0!#3%#"* 7%$%8#.%( #$-8, /3%7%.$!"3% +%D$%#<!. 

B#"%$*)-#.* #<%F*<%#1 "!., )"% 3!*G%<-- 0$%8'."*+3,- 

*8-* * $-O-3*E 0%E+*<*#1 + %G<!#"* ;*&$%+,9 +,)*#<*"-<1-

3,9 '#"$%(#"+ * #*#"-/, 9%"E %3* 3%#*<* * G%<-- %GI*( 9!$!.-

"-$.  <2)-+,/* D8-#1 G,<*, 0% 3!O-/' /3-3*2, $!G%", J. Von 

Neumann [1], .%"%$,( #&%$/'<*$%+!< 0!$!8*7/' «3!8-F3,9 %$-

7!3*D/%+ *D 3-3!8-F3,9 .%/0%3-3"», A. Avižienis, .%"%$,( 

0$-8<%F*< 0$*3;*0, %".!D%'#"%()*+%#"* * N-+-$#*%33%7% 0$%-

7$!//*$%+!3*E [2], ! D!"-/ (#%+/-#"3% # J.-C. Laprie, B. Randell, 

C. Landwehr) #&%$/*$%+!< /-"%8%<%7*2 7!$!3"%#0%#%G3,9 +,-

)*#<-3*( [3, 4]. 

P+%<2;*E /-"%8%+ * "-93%<%7*( + #&-$- ;*&$%+,9 (* .%/-

012"-$3,9) #*#"-/ 0$%!3!<*D*$%+!3! + $!G%"- [5]. Q! 0%#<-83*- 

8-#E"*<-"*E D8-#1 3!G<28!<!#1 3!$!#"!2I!E 8*3!/*.! $%#"! 

"-$/*3%+ * 0!$!8*7/, 0$-8<%F-33,9 8<E #%D8!3*E 3!8-F3,9 

#*#"-/ [6, 7]: '#"%()*+,9 (fault-tolerant) * «=<!#"*)3,9» (fault-

resilient) . %".!D!/; -#"-#"+-33% 3!8-F3,9 (naturally reliable), 

-#"-#"+-33% 7!$!3"%#0%#%G3,9 (naturally dependable); %".!D%G--

D%0!#3,9 (fault-safe) * -#"-#"+-33% G-D%0!#3,9 (naturally safe); 

+,#%.%( 7%"%+3%#"* (high availability) * F*+')-#"* (high syrviv-

ability); #!/%+%##"!3!+<*+!2I*9#E (self-recovery) * «#!/%*D<--

)*+!2I*9#E» (self-healing) * 8$. 

5<E G%<-- #<%F3,9 #*#"-/ * *3&$!#"$'."'$, .$%/- "%7%, 

0%<')*<* $!D+*"*- *8-*, #+ED!33,- # '#"%()*+%#"12 . .!"!#"-

$%&!/ (disaster tolerance) * +%##"!3!+<*+!-/%#"12 0$* .!"!#"-

$%&!9 (disaster recovery). B3&$!#"$'."'$3,( .%3"-.#" #"!3%-

+*"#E +#- G%<-- !."'!<13,/ + #+ED* # /!#O"!G3%#"12 *3;*8-3-

"%+ * !+!$*(, 0$%*#9%8EI*9 +#<-8#"+*- -#"-#"+-33,9 %".!D%+, 

%".!D%+ * 3!$'O-3*( &*D*)-#.%( *<* *3&%$/!;*%33%( 0$*$%-

8,, .%"%$,- 3%#E" 3-0$-8'/,O<-33,( *<* ;-<-3!0$!+<-33,( 

9!$!."-$. K+-8-3 8!F- "-$/*3 — .$*"*)-#.!E #*#"-/! *3&$!-

#"$'."'$, ( HB). K#- ="% %G'#<%+<*+!-" 3-%G9%8*/%#"1 0%*#.! 

3- 0$%#"% 3%+,9 /-"%8%+, ! * 3%+,9 0!$!8*7/ # ')-"%/ #0-;*-

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

+D!*/%D!+*#*/%#"* #*#"-/, %G$!D'2I*9 *3&$!#"$'."'$,, .!"!-

#"$%&*)-#.*9 +%D8-(#"+*(, +,D,+!2I*9 %".!D, /3%7*9 .%/0%-

3-3" * ".8. 
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*()"$'(8!$ 2$/$91. R%<1O*3#"+% *D *D+-#"3,9 /-"%8%+ 

%G-#0-)-3*E 3!8-F3%#"* #*#"-/ %#3%+,+!-"#E 3! 0$*/-3-3** 

$!D<*)3,9 +*8%+ *DG,"%)3%#"*, 0$*)-/ )!I- +#-7% ="! *DG,-

"%)3%#"1 0$*/-3E-"#E 3! .!3!<13%/ (#*#"-/3%/) '$%+3-, ".-. 

$-!<*D'-"#E %GI-- $-D-$+*$%+!3*- 8<E #*#"-/, + ;-<%/ *<* -- 

3!*G%<-- +!F3,9 0%8#*#"-/. K "% F- +$-/E 9%$%O% *D+-#"3%, )"% 

$!D8-<13%- $-D-$+*$%+!3*- G%<-- =&&-."*+3%.  $%/- "$!8*;*%3-

3,9 &%$/ *DG,"%)3%#"* ($-D-$+*$%+!3*E) — !00!$!"3%(, *3&%$-

/!;*%33%(, +$-/-33%(, 0$%7$!//3%(, "-0-$1 7%+%$E" * % "-$$*"%-

$*!<13%(, G*%<%7*)-#.%(, %$7!3*D!;*%33%( * 0$. 

S"% .!#!-"#E G-D%0!#3%#"* (8!<-- $-)1 *8-" % &'3.;*%-

3!<13%( G-D%0!#3%#"* (safety)), "% + $!/.!9 8!33%( $!G%", G'-

8-/ $'.%+%8#"+%+!"1#E 0$%#",/ 0%#"'<!"%/: 0%.! #*#"-/! 3!-

8-F3! ($!G%"%#0%#%G3!), %3! G-D%0!#3!. P"% #0$!+-8<*+%, -#<* 

'$%+-31, 3! .%"%$%/ 8%<F3! %G-#0-)*+!"1#E $!G%"%#0%#%G3%#"1, 

.%$$-."3% %G%#3%+!3 *, -#<* #&%$/'<*$%+!3, * +,0%<3E2"#E 

"$-G%+!3*E . '$%+32 %".!D%'#"%()*+%#"* (3!0$*/-$, "$-G%+!-

3*-, #+ED!33%- # 0$*3;*0%/ -8*3*)3%7% %".!D! [8]). K ="%/ #<'-

)!- *#.<2)!-"#E #*"'!;*E, .%78! 0-$+,( F- %".!D /%F-" #"!"1 

.$*"*)3,/.  $%/- "%7%, D8-#1 3- $!##/!"$*+!2"#E /-"%8,, #0--

;*&*)-#.*- 8<E %G-#0-)-3*E G-D%0!#3%#"* (3-D!+*#*/!E +-$*-

&*.!;*E, 8*+-$#3%#"1 * 8$. [9]). 

T-<1 $!G%", — $!D$!G%".! 0%89%8!, %#3%+!33%7% 3! %G-#0--

)-3** 3!8-F3%#"* * G-D%0!#3%#"* 3! G!D*#3%/ '$%+3-, ".-. G!-

D*#3%( G-D%0!#3%#"*, %#3%+!33%( 3! #%9$!3-3** 0%#<- .!"!#"-

$%&*)-#.*9 +%D8-(#"+*( 3-.%"%$%7% G!D*#! %#"!+O*9#E &'3.-

;*(, 0%D+%<E2I*9 +%##"!3%+*"1 )!#"1 &'3.;*(, <*G% + #!/%/ 

.$!(3-/ #<')!- — 0-$-+-#"* #*#"-/' + G-D%0!#3%- #%#"%E3*-. 

:!#"%EI!E $!G%"! E+<E-"#E $!D+*"*-/ $!G%", [10], + )!#"* 

!+"%/!"3%-G!D*#3%7% 0%89%8!, * $!G%" [11—14], 78- #&%$/'<*$%-

+!3, 0$*3;*0, * $-!<*D%+!3, /-"%8, #*3"-D! #*#"-/ 3! *DG,-

"%)3,9 <%7*)-#.*9 G!D*#!9. 

!FJ<K8J6<-L8M5H6GN O<IP<I  
; H<MI8653 68I:Q6GP 5 L:M<O8H6GP H5HJ:K 

*+1':137 $8"(.$"'(-,$21)'(5( 3(/;(/$. 6$-8<!7!-/,( 

!+"%/!"3%-G!D*#3,( 0%89%8 %#3%+,+!-"#E 3! #<-8'2I*9 0$*3-

;*0!9. 

1.  %3;-0"'!<13,/ 0$*3;*0%/ E+<E-"#E G!D*#3,( 0%89%8 

. %G-#0-)-3*2 3!8-F3%#"* #*#"-/. 5$'7*/* #<%+!/*, %G-#0-)--

3*- 3!8-F3%#"* %#'I-#"+<E-"#E 3! '$%+3- G!D*#3,9 .%/0%3-3". 
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M!.*/* G!D*#!/* E+<E2"#E <%7*)-#.*( G!D*# 8<E /*.$%#9-/ 

()*0%+ # 0$%7$!//*$'-/%( *<* &*.#*$%+!33%( !$9*"-."'$%(), 

G!D*# /*.$%#9-/ 8<E ;*&$%+%( *<* !3!<%7%+%( #*#"-/,, G!D*# 

0%8#*#"-/ 8<E *3&$!#"$'."'$. 

2. H*#"-/! (*3&$!#"$'."'$!) #"$%*"#E # *#0%<1D%+!3*-/ 

.%/0%3-3", %G-#0-)*+!2I*9 '#"%()*+%#"1 ("%<-$!3"3%#"1) . D!-

8!33%/' 3!G%$' * "*0!/ %".!D%+ *<* +%D8-(#"+*E/, -#<* *D-

+-#"3! /%8-<1 +%D8-(#"+*(, .%"%$!E 0%D+%<E-" 0%<')*"1 /%8-<1 

%".!D%+ *<* 3!$'O-3*( # "$-G'-/%( 8-"!<*D!;*-(. 6%8 +%D8-(-

#"+*-/ 0%3*/!-"#E E+<-3*- <2G%( 0$*$%8, ('/,O<-33%- *<* 

3-0$-83!/-$-33%-, #<')!(3%- *<* 8-"-$/*3*$%+!33%-) * <2G%7% 

/!#O"!G! (%8*3%)3,( #G%( *<* %".!D, /3%F-#"+-33,( %".!D 

+ %83%( #*#"-/-, .!"!#"$%&*)-#.*( *<* .<!#"-$3,( %".!D 8<E 

*3&$!#"$'."'$,). 

3.  %/0%3-3",, *D .%"%$,9 #"$%*"#E #*#"-/!, */-2" /*3*-

/!<13'2 *DG,"%)3%#"1, )"%G, %G-#0-)*"1 "$-G'-/'2 '#"%()*+%#"1 

. %".!D!/. 6$* ="%/ 8%<F-3 %G-#0-)*+!"1#E '$%+-31 '#"%()*+%#"* 

3- 3*F-, )-/ 0$* $-D-$+*$%+!3** #*#"-/, + ;-<%/. 

4. J".!D,, +%D3*.!2I*- + %83%( .%/0%3-3"-, 3- /%7'" 

+<*E"1 3! $!G%"%#0%#%G3%#"1 8$'7*9 .%/0%3-3" (#3*F!"1 *9 '#-

"%()*+%#"1 . %".!D!/). 6$* ="%/ &!."*)-#.* %G-#0-)*+!-"#E 

0$*3;*0 $!D8-<13%7% (0%.%/0%3-3"3%7%) $-D-$+*$%+!3*E, 0%-

#.%<1.' %".!D, .%/0%3-3" 3- $!#0$%#"$!3E2"#E 0% #*#"-/- *<* 

*3&$!#"$'."'$-. 

 8"(.$"'$< .(/-%& )1)"-.7, "(%-+$'"'(6 ! 8(2/-6-

)"81<.. 5%0'#"*/, */--"#E #*#"-/! # 3-.%"%$,/ /3%F-#"+%/ 

&'3.;*(: 

1 2 {! ,! ,...,! }.n  

6'#"1 D!8!3! /%8-<1 ! +%D8-(#"+*( + +*8- /3%F-#"+! 

1 2" {" ," ,...," }.m  

6$*)-/, + %GI-/ #<')!- +%D8-(#"+*- — 3-.%"%$!E ;-0%).! 

(*<* /3%F-#"+% ;-0%)-.) *D *
" , 78- * — *"-$!;*E !. K $-D'<1"!-

"- +%D8-(#"+*E #*#"-/! 8-7$!8*$'-", + )!#"3%#"*, <*O!-"#E 3--

.%"%$,9 &'3.;*(: 

 {! }, 1, , 1, , ,i

j i r j k k n" "
   #  

78- r — )*#<% +!$*!3"%+ 8-7$!8!;** j-( &'3.;**; k — )*#<% %#-

"!+O*9#E &'3.;*(, .%"%$,- "!.F- /%7'" 8-7$!8*$%+!"1. 
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6'#"1 "$-G'-"#E #%9$!3*"1 3-.%"%$%- /3%F-#"+% &'3.-

;*( $%$
R

 0%#<- +%D8-(#"+*E. M%78! ="% /%F3% %0*#!"1 .%/-

0%D*;*-( %#"!+O*9#E &'3.;*( *<* ;-0%).!/* *D 
*"

$ , 78- * — 

#%%"+-"#"+'2I!E *"-$!;*E. 6$* ="%/ /%7'" 8%0%<3*"-<13% D!-

8!3, +$-/-33,- #T  * #"%*/%#"3,- %7$!3*)-3*E # .C  

U'3.;** #*#"-/, 0$-8#"!+<E2"#E !+"%/!"3,/* /%8-<E/*, 

%0*#,+!2I*/* 0$-%G$!D%+!3*- +9%83,9 8!33,9 + +,9%83,-. 

A+"%/!"3!E /%8-<1 0$-8#"!+<E-" #%G%( 0E"-$.' [15]: 

S = <X, Y, Z, &, '>, 

+ .%"%$%(   = {!1, !2,..., !i} — .%3-)3%- +9%83%- /3%F-#"+% 

(+9%83%( !<&!+*"); Y = {y1, y2,..., yj} — .%3-)3%- /3%F-#"+% 

+3'"$-33*9 #%#"%E3*( !+"%/!"! (!<&!+*" #%#"%E3*(); Z = {z1, 

z2,..., zk} — .%3-)3%- +,9%83%- /3%F-#"+% (+,9%83%( !<&!+*");  

& — &'3.;*E 0-$-9%8%+ (*D #%#"%E3*E + 8$'7*- #%#"%E3*E); ' — 

&'3.;*E +,9%8%+; &'3.;*E 0-$-9%8%+ 0$-8#"!+<E-" #%G%( %"%-

G$!F-3*- +*8! &: ;X X Y"   &'3.;*E +,9%8%+ 0$-8#"!+<E-" #%-

G%( %"%G$!F-3*- +*8! ':   " Y ( Z. 

M!.*/ %G$!D%/, +/-#"% !G#"$!."3,9 &'3.;*( #*#"-/, $!#-

#/!"$*+!-"#E /3%F-#"+% !+"%/!"%+ 1 2{ , ,..., },nA a a a  8-7$!8*-

$'2I*9 + $-D'<1"!"- +%D8-(#"+*(
*

! : 

{ }, 1, , 1, , .i

jA a i r j k k n" "
   #  

6$*)-/ #"!+*"#E '#<%+*- %G-#0-)-3*E +%##"!3%+<-3*E )!#"* !+-

"%/!"%+ AAR %  0%#<- +%D8-(#"+*E # D!8!33,/* %7$!3*)-3*E/* 

#
,T

#
.C  K ="%/ #<')!- 3-%G9%8*/! #'0-$0%D*;*E !+"%/!"%+, ".-. 

/3%F-#"+% !+"%/!"%+ G'8-" "%<-$!3"3,/ + #<')!-, -#<* 0%#<- 

+%D8-(#"+*( +%D/%F3% '.!D!33%- +%##"!3%+<-3*-. C-)1 *8-" 3- 

% 0$%#"%/ #"$'."'$3%/ $-D-$+*$%+!3**, ! % $-D-$+*$%+!3** 

#+%(#"+! G!D*#3%#"*, ".-. % #%9$!3-3** G!D*#!, 0%D+%<E2I-7% 

+%##"!3%+<-3*-. 

J83!.% 0$%G<-/! &'3.;*%3!<13%( 0%<3%", 0%#<-8%+!"-<13%-

#"3%7% !+"%/!"! + %GI-/ #<')!- !<7%$*"/*)-#.* 3-$!D$-O*/! 

[16]. M-/ 3- /-3--, <2G%( !+"%/!" /%F-" G,"1 0$-8#"!+<-3 8--

.%/0%D*;*-( <%7*)-#.%7% 0$-%G$!D%+!"-<E * =<-/-3"%+ 0!/E"*, 

! 0$%G<-/! &'3.;*%3!<13%( 0%<3%", <%7*)-#.%7% 0$-%G$!D%+!"--

<E $!D$-O*/! + #%%"+-"#"+** # "-%$-/%( 6%#"! [17]. V%7*)-#.*( 
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0$-%G$!D%+!"-<1 — 3- )"% *3%-, .!. )!#"3,( #<')!( !+"%/!"! — 

.%/G*3!;*%33,( !+"%/!": 

"S = <X, Z, '>. 

K%##"!3%+<-3*- 0!/E"* !+"%/!"! %G-#0-)*+!-"#E *D+-#"3,-

/* /-"%8!/* #"$'."'$3%7% $-D-$+*$%+!3*E * 0%/-9%'#"%()*+%7% 

.%8*$%+!3*E. 6$*/-3*"-<13% . #<%F3,/ #*#"-/!/ %3! $-O!-"-

#E 0'"-/ #%D8!3*E $-D-$+3,9 9$!3*<*I * .%//'3*.!;*(. M!-

.*/ %G$!D%/, 8<E KS 3-%G9%8*/! 3- "%<1.% &'3.;*%3!<13!E 

0%<3%"!, 3% * -- #%9$!3-3*- 0%#<- +%D8-(#"+*( [18]. 

@<R59:H;5N L8M5H 

=(;+$'-'1- ,$21)$ %(519-)!(5( 3+-(,+$2(8$"-%< 3+1 

8(2/-6)"811. K $!G%"!9 [11—14] $!D$!G%"!3! .%3;-0;*E *DG,-

"%)3%7% <%7*)-#.%7% G!D*#! 3! +-3"*<13%/ '$%+3- .!. !<1"-$3!-

"*+! #"$'."'$3%/' $-D-$+*$%+!3*2. J3 0$-8#"!+<E-" #%G%( 

&'3.;*%3!<13%-0%<3,( "%<-$!3"3,( G!D*# (U6MR), #%9$!3E2-

I*( 0$* +%D8-(#"+** 3- #!/' *#9%83'2 &'3.;*2, ! &'3.;*%-

3!<13'2 0%<3%"' 0$* D!8!33%( /%8-<* 3-7!"*+3,9 +%D8-(#"+*( 

(%".!D%+). J8*3 *D +!$*!3"%+ &'3.;*%3!<13%-0%<3%7% "%<-$!3"-

3%7% G!D*#! 8<E /%8-<* .%3#"!3"3,9 %83%.$!"3,9 /%8*&*.!-

;*( 0-$-/-33,9 */--" +*8 

1 2 3 4x x x x)  

*<* 

1 2 3 4( )( ).x x x x) )  

K#- /%8*&*.!;** ="%( &'3.;** 4383 1 2 3 4 :f x x x x )  2 3 4 ,x x x)  

1 3 4 ,x x x)  1 2 4 ,x x x)  3 4 1 2,x x x x**  0$-8#"!+<E2" #%G%( &'3.;**, %G<!-

8!2I*- &'3.;*%3!<13%( 0%<3%"%( + #/,#<- "-%$-/, 6%#"! [16]. 

6$-8#"!+<-3*- + U6MR */--" +*8 

1.1 1.2 2.1 2.2
1 1

V & ,
iSr

i
i j

f x f f f f
  

 ( )  

78- r — )*#<% .%3W23.;*( + 5:U; Si — )*#<% 0-$-/-33,9 + i-( 

.%3W23.;**. K #+%2 %)-$-81 0%8&'3.;**  f1.1, f1.2, f2.1, f2.2 *#9%8-

3%( &'3.;** /%7'" G,"1 0$-8#"!+<-3, + +*8- 

.1.1 1 2 2 1 2 2
,ij ij ij. . ij. . ij. .

f f f f f )  
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* "!. 8!<--, 0%.! 0%8&'3.;** 3! %0$-8-<-33%/ O!7- 3- G'8'" 

$-!<*D%+!3, %83*/ =<-/-3"%/. 

M!.%- 0$-8#"!+<-3*- 8%<F3% G,"1 %0"*/!<13,/ 0% 0%.!-

D!"-<2 .%<*)-#"+! %0-$!;*( +*8! 1 2 3 4.x x x x)  

C!D$!G%"!3 /-"%8, !<7%$*"/, * 0$%7$!//! !+"%/!"*D*$%-

+!33%7% #*3"-D! + 0$-8<!7!-/%/ * %#"!"%)3,9 G!D*#!9. J83!.% 

0%#<- +%D8-(#"+*( &'3.;** ="*9 U6M =<-/-3"%+ *D/-3E2"#E, 

9%"E * #%9$!3E-"#E &'3.;*%3!<13!E 0%<3%"!. P"% '#<%F3E-" 

0$%;-## +%##"!3%+<-3*E, 0%#.%<1.' 3-%G9%8*/% '#"!3%+*"1, .!-

.*- &'3.;** #%9$!3*<*#1, 0%#<- )-7% 0$%*D+-#"* $-.%3&*7'$!-

;*2 + #%%"+-"#"+** # /!.#*/!<13% +%D/%F3,/ %GI*/ G!D*#%/. 

>#<* ="% 3-+%D/%F3%, 3-%G9%8*/% +,G$!"1 /!.#*/!<13%- 0%8-

/3%F-#"+% =<-/-3"%+, %G<!8!2I*9 %GI*/ G!D*#%/. 

=(;+$'-'1- 4#'!:16 %(519-)!(5( 3+-(,+$2(8$"-%< 3+1 

8(2/-6)"811. H%9$!3-3*- *#9%83,9 <%7*)-#.*9 &'3.;*( +%D-

/%F3% /-"%8%/ "!. 3!D,+!-/%( ')-"+-$-33%( <%7*.*: 

1 2 3 4 ,f f f f f )  

1 2 3 4 .f f f f f     

6$* *D/-3-3** <2G%( %83%( *D )-",$-9 &'3.;*( &'3.;*E 

#*#"-/, 3- *D/-3E-"#E: 

2 3 4 11 1.f f f f f ff f, f )  )    

2 3 4 10 0 0.f f f f ff f, f )  )    

2 3 4 11 1
0 .f f f f f f f ff ff f, f f )  )  )    

K ="%/ #<')!- 3-%G9%8*/! )-",$-9.$!"3!E *DG,"%)3%#"1, 

%83!.% 8%#"!"%)3% 0$%#"% %#'I-#"+<E-"#E %GW-8*3-3*- ="*9 )--

",$-9 &'3.;*( — *#0%<1D'-"#E 8*DW23.;*E. 5<E #%9$!3-3*E 

*#9%83,9 &'3.;*( +%D/%F3% "!.F- *#0%<1D%+!3*- "$-9.$!"3%( 

*DG,"%)3%#"*, 3% 0$* ="%/ 0$*/-3E-"#E G%<-- #<%F3!E /!F%-

$*"!$3!E &'3.;*E: 

1 2 1 3 2 3 1 2 3, .f f f f f f f f f f f ) )     

:!0$*/-$: 

2 3 2 3 11 1 , 1.f f f f f f f ff f f ) )  ) )    
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2 3 2 3 10 0 0 0 , 0.f f f f f ff f f ) )  ) )    

2 3 2 3 11 1 1
0 0 , .f f f f f f f ff f f f ) )  ) )    

X%F3% 0%.!D!"1, )"% /!F%$*"*$%+!3*- G!D*#! 0% #$!+3--

3*2 #% #<%F3%#"12 %83%7% G!D*#3%7% =<-/-3"! 0$*+%8*" 3! +-3-

"*<13%/ '$%+3- . O-#"*-, #-/*.$!"3%( *DG,"%)3%#"*. 

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

+!%,",-) .%/-(,*0 12,34-- 565-78 1 2x x  9:!%;",-" 

1 2 3 4 5 6 7 8 .x x x x x x x x  

6"&3* 9-#"'<, ='* 9 ($2=%" 

1.1 2.1 1.2 2.2 1.3 2.3 1.4 2.4x x x x x x x x  

12,34-) 565-78 1 2x x  (*+!%,-'() >!- $?.*0 *#,*3!%',*0 3*,-

('%,',*0 @*#-1-3%4--. 

7%>!-@"!, >!- 1 1 1. !  «*.,2$-'()» $"9%) 3*,A?,34-) - 

*('%"'() 1.3 2.3 1.4 2.4 ,x x x x  ='*, *="9-#,*, (**'9"'('92"' 1 2 ,x x  >*-

(3*$<32 >"!"@",,:" 1 3 1 4 1;. .   ! !  2 3 2 4 2 .. .   ! !  

 !- 1 1 0. !  

2 .1 1 .2 2 .2 1 .3 2 .3 1 .4 2 .4 ,x x x x x x x  

='*, *="9-#,*, (**'9"'('92"' 1 2 ,x x  >*(3*$<32 >"!"@",,:" 

1 2 1 3 1 4 1;. . .    ! ! !  2 1 2 2 2 3 2 4 2.. . . .     ! ! ! !  

B*$"!%,',*('< (*+!%,)"'() - >!- -,9"!(-- >"!"@",,*0, 

,%>!-@"!, 

1.1 1.1 2.1 1.2 2.2 1.3 2.3 1.4 2.4 ,x x x x x x x x x"#   

>!- C'*@ %,%$*&-=,* 1 1 1. !  «*.,2$-'()» $"9%) 3*,A?,34-). 

D$"#*9%'"$<,*, *."(>"=-9%"'() >%!-!*9%,-" (.*"9. B*$"!%,'-

,*('< *."(>"=-9%"'() - >!- /%@:3%,-- (*("#,-+ $-,-0 (9)/-, % 

'%3;" >!- ,"3*'*!:+ 3!%',:+ *'3%/%+. 

E%/!%.*'%,,:0 -/.:'*=,:0 .%/-( @*;"' .:'< -(>*$</*9%, 

3%3 ($*;,:0 (9*(<@- >"!"@",,:+): 

1 2 3 4 5 6 7 8.f x x x x x x x x!   
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7%>!-@"!, @*;"' .:'< !"%$-/*9%, =%('-=,* !"/"!9-!*9%,-

,:0 G B .%/-( 1 2 3 4x x x x  9 9-#" 

1 2 1 2 3 4 3 4 .f x x x x x x x x!   

H$) (*+!%,",-) .%/-(,*0 12,34-- 25-78 21     >!- @*-

#"$- *#,*3!%',:+ 3*,('%,',:+ *'3%/*9 @*;"' .:'< >!"#$*;"-

,* 9:!%;",-" 

$ %$ %1 2 3 4 5 6 7 8 ,x x x x x x x x       

'.". 

$ %$ %1.1 2.1 1.2 2.2 1.3 2.3 1.4 2.4x x x x x x x x      &  

H%$<,"0I-@ !%/9-'-"@ >*#+*#% @*;"' .:'< (*+!%,",-" 

.*$"" ($*;,*&* - .*$"" C11"3'-9,*&* G B .%/-(% 1 2 3 4x x x x  — 

#$) C'*&* ,"*.+*#-@% 12,34-) 

$ %$ % $ %$ %1.1 2.1 1.2 2.2 1.3 2.3 1.4 2.4 3.1 4.1 3.2 4.2 3.3 4.3 3.4 4.4x x x x x x x x x x x x x x x x &  

 !"#$%#&' ()*+&($"&' ,!-&.$*/!-! 0)1&*)  
2,' 0$1!%)*"34 &"5()*6(7/67( 

D$*;,:" *.A"3': -,1!%('!23'2!, 3%3 >!%9-$*, ($%.* 

1*!@%$-/2?'() - 9 >!)@*@ 9-#", $*&-="(3-" >!"*.!%/*9%,-), 

*>-(%,,:" 9:I", 9!)# $- @*&2' .:'< >!-@",",:. J !)#" ($2=%-

"9 *&!%,-=-9%?'() $-I< &!%1*9:@- @*#"$)@-, *>-(:9%?K-@- 

*',*I",-) @";#2 *.A"3'%@-. 7%>!-@"!, >!- %,%$-/" *'3%/*-

2('*0=-9*('- ("'"0 (-(($"#*9%,-" - (*/#%,-" 9:(*3*,%#";,:+ 

;-92=-+ 2>!%9$)?K-+ -,1*!@%4-*,,:+ (-('"@ 9 5 L EM7 

[20]). H!2&*0 >!-@"! — >"!"+*# *' %9'*@%',:+ @*#"$"0 3 %9'*-

@%',*-,">!"!:9,:@ ( 4"$<? %,%$-/% '!%"3'*!-0 (-('"@ 9 3!--

'-="(3-+ (-'2%4-)+ [21]. 

B"@ ," @","", 9 *.K"@ ($2=%", ," 2#%"'() *&!%,-=-'<() 

$-I< >!*('"0I"0 .-,%!,*0 $*&-3*0. N#,%3* C'* ," */,%=%"', 

='* .%/-(,:0 >*#+*# >!-@",-@ $-I< ,% ,-;,-+ 2!*9,)+ -,-

1!%('!23'2!,*0 -"!%!+--. 7%@"'-@ '!- *(,*9,:+ ,%>!%9$",-) 

!%(I-!",-) .%/-(,*&* >*#+*#%.  "!9:0 — >"!"+*# 3 @*#%$<,:@ 

$*&-3%@, ,%>!-@"!, 3 @,*&*/,%=,:@ $*&-3%@. O#"(< -(($"#*9%-

'"$) '%3;" >*#;-#%"' ,"!"I",,%) #* (-+ >!*.$"@% 12,34-*-

,%$<,*0 >*$,*': (* 9("@- 9:'"3%?K-@- >*($"#('9-)@-. 7* 

+*!*I* -/9"(',: >!-@"!: 12,34-*,%$<,* >*$,:+ (-('"@, ,%-
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>!-@"!, (-('"@%, 93$?=%?K%) 9 (".) 3*,('%,': - 12,34-- 

min, max, % '%3;" 12,34--, -(>*$</2?K-" min, max - ($*;"-

,-" >* @*#2$?. J*/@*;", >*-(3 '*$"!%,',*&* .%/-(% - 9 C'*0 

$*&-3" #$) (**'9"'('92?K"0 @*#"$- 9*/#"0('9-0. B*&#% >*$2-

=-@ k-/,%=,:0 '*$"!%,',:0 .%/-(. 

J'*!:@ ,%>!%9$",-"@ @*;"' .:'< -(>*$</*9%,-" ,"="'3-+ 

@,*;"('9, ,"="'3*0 $*&-3- - ,"="'3-+ %$&*!-'@*9, !%(I-!",-

,*0 @%'"@%'-="(3-@ %>>%!%'*@ ,"="'3-+ #"&!%#%4-0. B*&#% ,"-

*.+*#-@ >*-(3 '%3-+ ,"="'3-+ @*#"$"0, 3*'*!:" >!- /%#%,,:+ 

,"="'3-+ #"&!%#%4-)+ $-.* (*+!%,)$- -(+*#,2? @*#"$<, $-.* 

*."(>"=-9%$- .: "" >*$,*" $-.* =%('-=,*" /%#%,,*" 9*(('%,*9-

$",-" >2'"@ ,"3*'*!:+ #*>2('-@:+ 3*@>*/-4-0 (>!"*.!%/*9%-

,-0) #"&!%#-!*9%,,*0 @*#"$-. O#"(< .2#"' -@"'< @"('* ,"="'-

3-0 '*$"!%,',:0 .%/-(. 

B!"'<" ,%>!%9$",-". 5/9"(',*, #$) (-('"@: $?.*0 ($*;,*-

('- @*;"' .:'< >*('!*",% 3*,4">'2%$<,%) (>*,)'-0,%)) @*#"$<, 

% -,*&#% - !"$)4-*,,%). J C'*@ ($2=%" >*)9$)"'() 9*/@*;,*('< 

>"!"+*#% ,% ,*9:0 2!*9",< — ,% 2!*9",< $*&-3- >!"#-3%'*9, -(-

=-($",-) >!"#-3%'*9 - !"$)4-*,,:+ %$&".!: - -(=-($",-). B*-

&#% ,"3*'*!:0 *.A"3' -,1!%('!23'2!: 1*!@%$-/2"'() ," >!*('* 

.2$"9:@ 9"3'*!*@, % 9"3'*!*@ (-$- @,*;"('9*@ 9"3'*!*9), C$"-

@",': 3*'*!:+ — ,"3*'*!:" n-@"(',:" >!"#-3%': (9*/@*;,* ," 

'*$<3* >"!9*&* >*!)#3%), *>-(:9%?K-" -(+*#,:" >*,)'-) - *'-

,*I",-): 

1 2: , ,..., ,..., .i nV P P P P
 

 

J .*$"" ($*;,*@ ($2=%" >!-#"'() -(>*$</*9%'< ," >!*('* 

>!"#-3%':, % >!"#-3%',:" 1*!@2$: F: 

1 2: , ,..., ,..., .i nW F F F F
 

 

E%/@"!,*('< 9"3'*!*9, >!"#-3%'*9 - 1*!@2$ /%9-(-' *' 

('">",- #"'%$-/%4-- *'3%/*9 3*@>*,",' -$- -,:+ 2=-':9%"-

@:+ (*.:'-0. R*#"$< 3%'%('!*1-="(3*0 (-'2%4-- @*;"' .:'< 

>!"#('%9$",% @*#-1-3%4-)@- '%3*&* 9"3'*!%, ,%>!-@"!, 1*!-

@%$<,*0 (-('"@*0 ((-('"@%@-) #"&!%#%4--. H*$;,% .:'< ,%0#"-

,% 9'*!%) 1*!@%$<,%) (-('"@% — 9*(('%,*9$",-). M3(-*@%@- "" 

.2#2' 9:9*#: >"!9*0, % >!*#234-- #*$;,: *."(>"=-'< >*$,*" 

-$- =%('-=,*" 9*(('%,*9$",-" -(+*#,*0 @*#"$-. 5 C'* .2#"' 

>!"#-3%',%) '*$"!%,',*('<. 
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7%-.*$"" *.K%) >*('%,*93% >!*.$"@: >!"#('%9$)"'() %9-

'*!%@ ($"#2?K-@ *.!%/*@. 

5@""'() #9" (-('"@: !"%$<,:+ *.A"3'*9, >!*4"((*9, )9$"-

,-0 C — /%K-K%"@%) (-('"@% - K — 2&!*;%"@%) (-('"@%. S'* 

,"*.)/%'"$<,* '"+,-="(3-" (-('"@:, ,%>!-@"!, C'* @*&2' .:'< 

- (*4-%$<,:", - .-*$*&-="(3-" (-('"@:. 

J,%=%$" '!".2"'() >*$2=-'< @%'"@%'-="(3-" *.A"3': (@*-

#"$-)  C - !K , *>-(:9%?K-" (-('"@:   - K. 

 !-="@ C'- @*#"$- 9 ,%-.*$"" 9%;,:+ #$) *.K"('9% *.-

$%(')+ #*$;,: .:'< ('%,#%!'-/-!*9%,: @";#2,%!*#,:@ ,%2=-

,*-'"+,-="(3-@ (**.K"('9*@, % (%@% ,"*.+*#-@*('< >!*"3'-!*-

9%,-) ."/*>%(,*0 (-('"@: 9 3*,3!"',:+ *.$%(')+ — /%3*,*#%-

'"$<,* *1*!@$",%. 

O%#%=% %,%$-/% ,% C'%>" >!*"3'-!*9%,-) @*;"' /%3$?-

=%'<() 9 >*$2=",--  C
'
 - *>!"#"$",--, ,%(3*$<3* C'% @*#-1--

4-!*9%,,%) @*#"$<  C
'
 (**'9"'('92"' /%#%=" >!*"3'-!*9%,-) 

."/*>%(,*0 (-('"@: - 2('%,*9$",,:@ *&!%,-=",-)@. 

J ($2=%" ,"(**'9"'('9-) >*('%9$",,:@ '!".*9%,-)@ /%#%=% 

(-,'"/% /%3$?=%"'() 9 >*$2=",-- (>*-(3") @*#-1-4-!*9%,,*0 

@*#"$--2 ('*$"!%,',*-.%/-(,*0) 2
 C , - "" >!"*.!%/*9%,-0 R, '%-

3-+, ='* 
2( )CR '
2#*9$"'9*!)"' >*('%9$",,:@ '!".*9%,-)@ - *&-

!%,-=",-)@, % 2
 C  )9$)"'() 3%'%('!*1*2('*0=-9*0 $-.* 3%'%('-

!*1*."/*>%(,*0. 

H%, 9*/@*;,*, ='* 9 *.K"@ 9-#" C'- /%#%=- ," @*&2' .:'< 

!"I",: ((3*!"" 9("&*, *3%;2'() %$&*!-'@-="(3- ,"!%/!"I-@:), 

'*&#% ,%#* .2#"' -(3%'< =%(',:" ($2=%- -+ !"I",-), C9!-('-3-, 

-(>*$</*9%'< 3*@.-,%'*!,:0 >*-(3 ,% *(,*9" &","'-="(3-+ 

- C9*$?4-*,,:+ 9:=-($",-0. J 3*,4" 3*,4*9, - >!-!*#% ," 

(!%/2 ,%I$% ,"*.+*#-@:" 9%!-%,': -, 9*/@*;,* (@: ,% C'* ,%-

#""@()), -K"' ='*-'* #* (-+ >*!, - .2#"' -(3%'< "K" #*$&*. 

8)/,9.$"&$ 

J (**'9"'('9-- ( .%/-(,:@ >*#+*#*@ 3 !%/!%.*'3" ,%#";-

,:+ (-('"@ *."(>"=",-" ,%#";,*('- *(2K"('9$)"'() ,% 2!*9," 

.%/-(,:+ 3*@>*,",'. J #%,,*0 !%.*'" C'*' >*#+*# !%/9-' #$) 

2!*9,) -/.:'*=,*&* $*&-="(3*&* .%/-(%. D-('"@: -,1!%('!23-

'2!, 3*'*!:" ('!*)'() ,% *(,*9" -/.:'*=,:+ .%/-(*9, @*&2' 

.:'< ,%/9%,: "('"('9",,* ,%#";,:@-, >*(3*$<32 !"/2$<'%': 
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9*/#"0('9-0 - *'3%/*9 >%!-!2?'() ,% (%@*@ ,-;,"@ 2!*9," — 

2!*9," 3*@>*,",'. E%((@*'!",,:" 9 !%.*'" 12,34-*,%$<,*-

>*$,:" '*$"!%,',:" .%/-(: *."(>"=-9%?' "('"('9",,2? 9 23%-

/%,,*@ (@:($" ,%#";,*('< '%3-+ (-('"@. 

 !- *>!"#"$",,:+ 2($*9-)+ '%3-" (-('"@: ('%,*9)'() 

- "('"('9",,* ."/*>%(,:@-, '%3 3%3 *."(>"=-9%"'() ,"=29('9--

'"$<,*('< - 3 3!-'-=,:@ *'3%/%@. B*=,"" &*9*!), 3!-'-=,:" 

*'3%/: ," @*&2' 9*/,-3%'< -$- *.:=,:" *'3%/: >!-9*#-'< 

3 3!-'-=,:@. 

J *.K"@ ($2=%" %9'*@%',*-.%/-(,:0 >*#+*# @*;"' .:'< 

>!-@",", #$) (*/#%,-) "('"('9",,* ,%#";,:+ - ."/*>%(,:+ 

-,1!%('!23'2!.  !- C'*@ 9*/,-3%"' >!*.$"@% 9:.*!% .%/-(% 

- *."(>"=",-) "&* 2('*0=-9*('- 3 9*/#"0('9-)@ /%#%,,*&* '->%. 

8" !"I",-" '!".2"' >!*9"#",-) #%$<,"0I-+ '"*!"'-="(3-+ -(($"-

#*9%,-0 - !%/!%.*'*3. J =%(',*('-, *'#"$<,*0 )9$)"'() >!*.$"@% 

(*/#%,-) .%/-(*9, 2('*0=-9:+ 3 -,1*!@%4-*,,:@ 9*/#"0('9-)@. 

F!*@" '*&*, -,'"!"(,:@ >!"#('%9$)"'() -(($"#*9%,-" 4"$"(**.-

!%/,*('- -(>*$</*9%,-) @,*&*9"!(-*,,:+ '"+,*$*&-0 - (**'9"'-

('92?K-+ .%/-(*9 #$) !%/!%.*'3- &%!%,'*(>*(*.,:+ 5B--,1!%-

('!23'2! [19]. 

H%$<,"0I-@ !%/9-'-"@ >*#+*#% .%/-(,*0 ."/*>%(,*('- 

@*;"' .:'< >!"#$%&%"@%) >%!%#-&@% *'3%/*2('*0=-9*&* >!*-/-

9*$<,*&* .%/-(%. J C'*@ ($2=%" 9*/@*;,* ('%9-'< 9 *.K"@ 9-#" 

/%#%=2 (-,'"/% "('"('9",,* ,%#";,:+ (-('"@ >!*-/9*$<,*0 

12,34-*,%$<,*('-.  !"#('%9$)"'() 4"$"(**.!%/,*0 *!-",'%4-) 

,% @,*&*/,%=,:" $*&-3-, 9 '*@ =-($" ,"="'32?, ,% $*&-32 >!"-

#-3%'*9 - 1*!@%$<,:" (-('"@: 9**.K". 
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