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+,-./.01, 234356 .7/6839:+.;. <703=9,+6> FIFO-.5,0,4>86* 

,. 3. 3(?"#%&*, 3. =. 4@*A, 3. =.  %(%)%& (7"!@%B*&%$?() 

 ! "#!$%& '(%)!*+#%,& -(+./+-0, (1.!-1 0 #+02!)32%"% FIFO-!4+(+5,"%, (10-

'!)!*+##6"% 7 !.8+" '(!0-(1#0-7+ '1",-%. 9), :-!$! '(%"+#,;- (1<)%4#6+ '(!-

$(1""#6+ %)% 1''1(1-#6+ (+=+#%,[1–3].   (1.!-1& [5–10] '(+5)1$1)%03 "1-+"1-%4+-

02%+ "!5+)% 5), '!0)+5!71-+)3#!$! >%2)%4+02!$! % 07,<1##!$! 0'!0!.!7 '(+50-17)+-

#%, !4+(+5+?. @1 !0#!7+ '(+5)!*+##6& "!5+)+? (+=1)%03 <1514% !'-%"1)3#!$! #1-

41)3#!$! (10'(+5+)+#%, '1",-% 5), !4+(+5+? '(% (1<)%4#6& 2(%-+(%,& !'-%"1)3#!-

0-%. A0)% 7 214+0-7+ 2(%-+(%, !'-%"1)3#!0-% (100"1-(%71)103 "%#%"1)3#1, 5!), '!-+-

(,##6& :)+"+#-!7 '(% .+02!#+4#!" 7(+"+#% (1.!-6 !4+(+5+?, -! '(+5'!)1$1)!03, 4-! 

'(% '+(+'!)#+#%% !4+(+5% 70+ '!0)+5/;8%+ :)+"+#-6, '!0-/'1;8%+ 7 #++, !-.(106-

71;-0, 5! -+& '!(, '!21 #+ '!,7%-0, 07!.!5#1, '1",-3. A0)% 7 214+0-7+ 2(%-+(%, !'-%-

"1)3#!0-% (100"1-(%71)!03 "120%"1)3#!+ 0(+5#++ 7(+", 5! '+(+'!)#+#%, '1",-%, -! 

'(+5'!)1$1)!03, 4-! '(% '+(+'!)#+#%% !4+(+5% (1.!-1 '(!$(1""6 <121#4%71+-0,. B1-

2!? "+-!5 (1.!-6 0 !4+(+5,"% #+!.&!5%", 2!$51 FIFO-!4+(+5% %0'!)3</;-0, 7 '(!-

$(1""#6& 0%0-+"1& % '!-+(% :)+"+#-!7 !4+(+5+? #+5!'/0-%"6.  

<C@*&)"#D" $&EFG FIFO-%H"@"$GFD & ?)EH*" DI $&DJ"#DG $@EK B* $@EK%F C% 

(@EKE 

C00)+5/+" #!76? "+-!5 '(+50-17)+#%, #+02!)32%& '!0)+5!71-+)3#6& >%2)%4+02%& 

FIFO-!4+(+5+? 7 !.8+? '1",-%, '(+5)!*+##6? 7 [5].   :-!" "+-!5+ !4+(+5% 57%$1;-0, 

'! 2(/$/, 5(/$ <1 5(/$!", #14%#1, 0 #+2!-!(!$! #141)3#!$! "+0-1 7 '1",-%. D1",-3 <1-

(1#++ #+ 5+)%-0, "+*5/ !4+(+5,"%.   0)/41+  +0)% !5#1 %< !4+(+5+? 0-1)1 '/0-!?, 7-!-

(1, "!*+- <1#%"1-3 70; 5!0-/'#/; '1",-3, '!21 #+ 5!$!#%- 01"1 0+.,. A0)% *+ !*%7+- 

7-!(1, !4+(+53, -! ++ "!*#! '/0-%-3 0 0+(+5%#6 07!.!5#!$! /410-21 %)% 0 #+2!-!(!? 

!'-%"1)3#!? -!42% ('!%02 :-!? -!42% ,7),+-0, #1=+? <1514+?), 2!-!(1, <17%0%- !- 7+-

(!,-#!0-#6& &1(12-+(%0-%2 !4+(+5+?.   214+0-7+ 2(%-+(%+7 !'-%"1)3#!0-% (100"!-(+-

#6 "120%"1)3#!+ 0(+5#++ 7(+", 5! '+(+'!)#+#%, '1",-% % "%#%"1)3#1, 5!), '!-+(,#-

#6& :)+"+#-!7. D(+5)!*+#1 % %00)+5/+-0, "1-+"1-%4+021, "!5+)3 5), :-!$! 0'!0!.1 

(1.!-6 0 57/", FIFO-!4+(+5,"%. 91##6? "+-!5 0(17#%71+-0, 0 '!0)+5!71-+)3#6" % 

07,<1##6" "+-!51"% '(+50-17)+#%, FIFO-!4+(+5+?. 

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

E100"!-(%" 57+ !4+(+5%, #1&!5,8%+0, 7 '1",-% (1<"+(1 m +5%#%>.  (+", 5%0-

2(+-#! % #1 21*5!" =1$+ 7!<"!*#1 !5#1 %< 0)+5/;8%& !'+(1>%?:  

  72);4+#%+ :)+"+#-1 7 '+(7/; !4+(+53 0 7+(!,-#!0-3; p1, 

  %02);4+#%+ :)+"+#-1 %< '+(7!? !4+(+5% 0 7+(!,-#!0-3; q2, 

  72);4+#%+ :)+"+#-1 7 '+(7/; !4+(+53 0 7+(!,-#!0-3; p2, 

  %02);4+#%+ :)+"+#-1 %< '+(7!? !4+(+5% 0 7+(!,-#!0-3; q2, 

  4-+#%+ :)+"+#-1 7 !5#!? %< !4+(+5+? .+< +$! %02);4+#%, 0 7+(!,-#!0-3; r, 

p1 + q1 + p2 + q2 + r = 1.  

 0+ :)+"+#-6 %"+;- !5%#12!76? (1<"+(,  <17+(=+#%+ (1.!-6 #+ '(!%0&!5%- 7 

0)/41+ '!'6-2% %02);4+#%, :)+"+#-1 %< '/0-!? !4+(+5%. E1.!-1 #14%#1+-0, 0 '/0-6& 

!4+(+5+?, x % y – 5)%#6 !4+(+5+?, z – (100-!,#%+ !- $!)!76 '+(7!? !4+(+5% 5! &7!0-1 

7-!(!? ((%0. 1). A0)% x = 0 %)% y = 0, -.+. &!-, .6 !5#1 %< !4+(+5+? '/0-1,, -! z, 7!!.8+ 

$!7!(,, #+ !'(+5+)+#!, '!:-!"/ ./5+" 04%-1-3 7 :-!" 0)/41+ z = 0. B(!?21 (x, y, z) !5#!-

                                                 
* E1.!-1 76'!)#+#1 '(% F%#1#0!7!? '!55+(*2+ EGGC, $(1#- H09-01-00330. 
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<#14#! <151+- '!)!*+#%+ !4+(+5+? 7 '1",-%. D+(+'!)#+#%+ 7!<#%2#+- 7 -!" 0)/41+, +0-

)% '+(71, !4+(+53 5!$!#%- 7-!(/; ('(% z = 0) %)% 7-!(1, '+(7/; ('(% x+y+z=m). 

 

 

0D?. 1. 4&DJ"#D" %H"@"$"L C% (@EKE  

 

,-.)%.. &-./0 -$1!#2 )! 3.-.3!4%.%+0 

I/5+" 04%-1-3, 4-! 7 0)/41+ '+(+'!)#+#%, '(!%0&!5%- 171(%?#!+ <17+(=+#%+ 

(1.!-6. J(%-+(%+" !'-%"1)3#!0-% ,7),+-0, "120%"%<1>%, 0(+5#+$! 7(+"+#% (1.!-6 5! 

'+(+'!)#+#%, T.   214+0-7+ "1-+"1-%4+02!? "!5+)% (100"!-(%" .)/*51#%+ '! >+)!-

4%0)+##!? -(+&"+(#!? '%(1"%5+ 0 7+(=%#!? (0; 0; 0), (+.(1"% x = 0; y = 0; z = 0 % !0#!-

71#%+" x + y + z = m. D!$)!81;8%+ :2(1#6: x + y + z = m+ 1 % z = -1. K-(1*1;8%+ :2-

(1#6: x = -1 % y = -1. L)/41?#!+ .)/*51#%+ (100"1-(%71+-0, 212 !5#!(!5#1, '!$)!-

81;81, >+'3 M1(2!71. E1<(1.!-1# 1)$!(%-" $+#+(1>%%  "1-(%>6 '+(+&!5!7 0!!-7+-0--

7/;8+? >+'% M1(2!71 % 1)$!(%-" 764%0)+#%, 0(+5#+$! 7(+"+#% (1.!-6 5! '+(+'!)#+-

#%,.  

53-$&4.%+. %$ 1."'!%.*%!/ &-./.%+ 

D+(+'!)#+#%+ !5#!? %< !4+(+5+? #+ 70+$51 ,7),+-0, 171(%?#!? 0%-/1>%+?.   -!" 

0)/41+, +0)% !4+(+53 <1'!)#%)1 70; !-7+5+##/; +? '1",-3, -! 70+ '!0)+5/;8%+ :)+-

"+#-6 !-.(10671;-0, 5! -+& '!(, '!21 #+ '!,7%-0, 07!.!5#1, '1",-3. B12!+ '!7+5+#%+ 

!4+(+5% #1<671+-0, «0.(!0!" &7!0-1» [2].   :-!" 0)/41+ 2(%-+(%? !'-%"1)3#!0-% – 

"%#%"%<1>%, 7(+"+#%, 2!-!(!+ 0%0-+"1 '(!7!5%- 7 0!0-!,#%% «0.(!01 &7!0-1».   214+-

0-7+ "1-+"1-%4+02!? "!5+)% (100"!-(%" .)/*51#%+ '! -(+&"+(#!? '%(1"%5+, 212 7 

'(+565/8+" 0)/41+. 9!'!)#%-+)3#! 5), 21*5!$! 0!0-!,#%, #1 ')!02!0-,& z + y + z = m 

% z = 0 77+5+" 0!0-!,#%, «0.(!01 &7!0-1».  (+",, 2!-!(!+ 0%0-+"1 '(!7!5%- 7 0!0-!,-

#%% «0.(!01 &7!0-1» P
*
, "!*#! !'(+5+)%-3 0 '!"!83; 1''1(1-1 (+$/),(#6& >+'+? 

M1(2!71. 9), :-!$! #+!.&!5%"! #1?-% '(+5+)3#6? 7+2-!( 6 % '(!0/""%(!71-3 +$! 

2!"'!#+#-6, 0!!-7+-0-7/;8%+ 0!0-!,#%," «0.(!01 &7!0-1». 

,-$&%.%+. -$(4+*%27 &$-+$%#!& 3-.)"#$&4.%+8 

I6)% (1<(1.!-1#6 %"%-1>%!##6+ "!5+)% (1.!-6 FIFO-!4+(+5+? 5), (1<#6& "+-

-!5!7 '(+50-17)+#%,. E+</)3-1-6 764%0)+#%? #1 %"%-1>%!##!? "!5+)% 0!7'1)% 0 (+-

</)3-1-1"% 764%0)+#%? 0 %0'!)3<!71#%+" "1(2!702!? "!5+)%. C<  '(!7+5+##6& :20'+-

(%"+#-!7 "!*#! 05+)1-3 767!5, 4-! 5), 2(%-+(%, "120%"%<1>%% 0(+5#+$! 7(+"+#% (1-

.!-6 5! '+(+'!)#+#%, '(+5'!4-%-+)3#++ %0'!)3<!71-3 '(+50-17)+#%+ !4+(+5+? 7 7%5+ 

57%*+#%, 5(/$ <1 5(/$!" '! 2(/$/ %)% 07,<1##!+ '(+50-17)+#%+ 7 -!" 0)/41+, +0)% #1 

/21<1-+)% -(1-%-0, #+<#14%-+)3#1, 410-3 '1",-%. 9), 2(%-+(%, "%#%"%<1>%% 7(+"+#%, 

2!-!(!+ 0%0-+"1 '(!7!5%- 7 0!0-!,#%% «0.(!01 &7!0-1», '(+5'!4-%-+)3#++ %0'!)3<!-

71-3 '!0)+5!71-+)3#!+ '(+50-17)+#%+. L7,<1##!+ '(+50-17)+#%+ % '(+50-17)+#%+ 7 7%-

5+ 57%*+#%, 5(/$ <1 5(/$!" '! 2(/$/ '(+5'!4-%-+)3#++ )%=3 7 #+2!-!(6& 0)/41,&, 2!-
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$51 7+(!,-#!0-% %02);4+#%, :)+"+#-!7 %< !4+(+5+? .!)3=+, 4+" 7+(!,-#!0-% 72);4+-

#%,. 

.C!DF*)M#'L F"!%$ C"@"@*?C@"$")"#DG %NO"L C*FG!D $)G $&EI  C%?)"$%-

&*!")M#'I AD()DH"?(DI FIFO-%H"@"$"L 

 !"#$%!&'$ ($)$*+ + /$#./$#+*."'$0 /!).49 

E100"!-(%" 57+ FIFO-!4+(+5%, (10'!)!*+##6+ 7 '1",-% (1<"+(1 m +5%#%>.   

21*56? "!"+#- 7(+"+#% "!*+- '(!%<!?-% 72);4+#%+ :)+"+#-1 (%#F!("1>%%) 7 !4+-

(+53, %02);4+#%+ :)+"+#-1 %< !4+(+5%, 4-+#%+ %)% !-0/-0-7%+ !'+(1>%%.   !4+(+5,& 

&(1#,-0, :)+"+#-6 (17#!? 5)%#6. D/0-3 <151#6 7+(!,-#!0-#6+ &1(12-+(%0-%2% !4+(+-

5+?: 

  pi – 7+(!,-#!0-3 72);4+#%, :)+"+#-1 7 i-/; !4+(+53, i=1,2; 

  qi – 7+(!,-#!0-3 %02);4+#%, :)+"+#-1 %< i-? !4+(+5%, i=1,2; 

  r – 7+(!,-#!0-3 -!$!, 4-! !4+(+5% #+ "+#,;- 07!; 5)%#/ (4-+#%+ %)% !-0/-0--

7%+ !'+(1>%%).  

 
 

0D?. 2.  .N)*?!M N)EJ$*#DG  

 65+)%" '+(7!? !4+(+5% s +5%#%> '1",-%, -!$51 7-!(!? !4+(+5% !0-1#+-0, m-s 

+5%#%>. K.!<#14%" -+2/8%+ 5)%#6 !4+(+5+? x1 % x2.   214+0-7+ "1-+"1-%4+02!? "!5+-

)% (100"!-(%" 0)/41?#!+ .)/*51#%+ '! >+)!4%0)+##!? (+=+-2+ 7 '(,"!/$!)3#!? !.-

)10-% #1 ')!02!0-% 0Nx1<s+1, 0Nx2<m-s+1 ((%0. 2). I)/*51#%+ #14%#1+-0, 7 -!42+ x1=0, 

x2=0. D+(+'!)#+#%; '+(7!? !4+(+5% 0!!-7+-0-7/;- -!42% #1 '(,"!? x1=s+1, '+(+'!)-

#+#%; 7-!(!? – -!42% #1 '(,"!? x2=m-s+1. D(,"6+ x1=-1 % x2=-1 – !-(1*1;8%+ :2(1-

#6, -.+. '(% %02);4+#%% :)+"+#-1 %< '/0-!? !4+(+5% (1.!-1 #+ <17+(=1+-0,.  

B(+./+-0, !'-%"1)3#! '+(+(10'(+5+)%-3 07!.!5#/; '1",-3 "+*5/ !4+(+5,"% 

'!0)+ '+(+'!)#+#%, !5#!? %< !4+(+5+?.   51##!? <1514+ '(+5'!)1$1+", 4-! '(% '+(+-

'!)#+#%% !5#!? %< !4+(+5+? '(!%0&!5%- '+(+(10'(+5+)+#%+ 07!.!5#!? '1",-% "+*5/ 

!4+(+5,"% % (1.!-1 0 '(!$(1""#!? 0%0-+"!? '(!5!)*1+-0,. 9(/$%"% 0)!71"%, '(% '!-

'6-2+ 72);4+#%, :)+"+#-1 7 <1'!)#+##/; !4+(+53, 2!$51 x1=s (%)% x2=m-s), -(+./+-0, 

!'(+5+)%-3 #!7/; !.)10-3 .)/*51#%, 0N x1 < s
*
+1, 0Nx2 < m-s

*
+1 , -.+. -12!+ <#14+#%+ s

*
 

, $5+ s
* 

> s ( %)%  m-s
*
 > m-s), 4-!.6 7(+", 5! 0)+5/;8+$! '+(+'!)#+#%, 212!?-)%.! 

!4+(+5% .6)! "120%"1)3#6" ((%0. 3). O-!- '(!>+00 '+(+(10'(+5+)+#%, "!*#! '(!5!)-

*1-3 5! '!)#!$! %04+('1#%, 07!.!5#!? '1",-%.  

B12!? '!5&!5 !'(1751#, +0)% '(% '+(+'!)#+#%% !5#!? %< !4+(+5+? 7 !.)10-% 

'1",-%, 765+)+##!? 5), 5(/$%& !4+(+5+?, +0-3 5!0-1-!4#! 07!.!5#!? '1",-%.   2)10-

0%4+02!? (1.!-+ 9. J#/-1 [1] 5), (1.!-6 0 n '!0)+5!71-+)3#6"% 0-+21"% % !4+(+5,"% 

(100"1-(%71)0, 1)$!(%-" P1(7%21.   :-!" 1)$!(%-"+ '(% '+(+'!)#+#%% 212!?-)%.! 

0-(/2-/(6 51##6& '(%.)%<%-+)3#! 10% 07!.!5#!? '1",-% 5+)%-0, '!(!7#/ "+*5/ 
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0-(/2-/(1"% 51##6&, 1 !0-17=%+0, 90% 5+),-0, '(!'!(>%!#1)3#! (!0-/ (1<"+(!7 

0-(/2-/( 51##6& 0 "!"+#-1 '(+565/8+$! (10'(+5+)+#%, '1",-%.  

 

 
 

0D?. 3. ='N%@ #%&%L %N)*?!D N)EJ$*#DG  

:4;!-+#/ -.<.%+0 

M1-+"1-%4+021, '!0-1#!721 <1514% 07!5%-0, 2 (+=+#%; <1514% #+)%#+?#!$! >+-

)!4%0)+##!$! '(!$(1""%(!71#%, 0 2(%-+(%+" !'-%"1)3#!0-%, <151##6" 1)$!(%-"%4+-

02%. L)/41?#!+ .)/*51#%+ '! >+)!4%0)+##!? (+=+-2+ ./5+" (100"1-(%71-3 212 2!#+4-

#/; !5#!(!5#/; '!$)!81;8/; >+'3 M1(2!71 0 "1-(%>+? 7+(!,-#!0-+? '+(+&!5!7 P 

[4]. 9), (+=+#%, <1514% -(+./+-0, "1-(%>1 Q 7+(!,-#!0-+? '+(+&!5!7 %< #+7!<7(1-#6& 

0!0-!,#%? 7 #+7!<7(1-#6+ (Q – '!5"1-(%>1 "1-(%>6 P).  7!5%-0, #/"+(1>%, 0!0-!,#%? 

"1(2!702!? >+'%, :-! '!<7!),+- !'(+5+)%-3 0-(/2-/(/ "1-(%>6 Q 5), );.!$! (1<"+(1 

'1",-% m % );.!$! <#14+#%, s. L(+5#++ 7(+", (1.!-6 5! '+(+'!)#+#%, ./5+" %021-3 0 

'!"!83; F/#51"+#-1)3#!? "1-(%>6 N=(E-Q)
-1

. D(+5'!)1$1+", 4-! 7 01"!" #141)+ (1-

.!-6, 2!$51 !.+ !4+(+5% '/0-6+ (x1=0, x2=0), '1",-3 "+*5/ #%"% -!*+ #/*#! (1<5+)%-3 

!'-%"1)3#!, -.+. 76.(1-3 -12!+ s, 4-!.6 7(+", (1.!-6 0 !4+(+5,"% 5! '+(+'!)#+#%, 

.6)! "120%"1)3#6". 

D(+5)!*+##6? 1)$!(%-" (+1)%<!71# #1 ,<62+ L++, '(!7+5+#6 4%0)+##6+ :20-

'+(%"+#-6 0 "1(2!702!? "!5+)3;. 9), (100"1-(%71+"!? >+'% M1(2!71 "!*#! 764%0-

)%-3 7+(!,-#!0-% '!'151#%, 7 0!0-!,#%, '!$)!8+#%,, 2!-!(6+ (10'!)!*+#6 #1 '(,"6& 

x1=s+1 % x2=m-s+1, -. +. 7+(!,-#!0-% '+(+'!)#+#%, !4+(+5+?. I6)! .6 %#-+(+0#! '!-

0-(!%-3 % '(!1#1)%<%(!71-3 7+03 '(!>+00 '+(+(10'(+5+)+#%, 5! '!)#!$! %04+('1#%, 

'1",-% 0 /4+-!" 7+(!,-#!0-+? '+(+'!)#+#%, % 0(17#%-3 0 %"%-1>%!##!? "!5+)3; 51#-

#!$! '(!>+001. 

9D!"@*!E@* 
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6. 4@*A 3. =.  %(%)%& 3. =. K'-%"1)3#!+ (1<"+8+#%+ 7 '1",-% !5#!$! /(!7#, n 0-+-

2!7 %/%)% !4+(+5+?. //L-!&10-%4+021, !'-%"%<1>%, 7 %#F!("1-%2+,  6'.5. LD..: 

C<5-7! L.-D+-+(./($02!$! /#%7+(0%-+-1, 2009. C. 72–90. 

7. 3(?"#%&* ,. 3. 4@*A 3. =.  %(%)%& 3. =. K'-%"1)3#!+ /'(17)+#%+ n FIFO-

!4+(+5,"% #1 .+02!#+4#!" 7(+"+#%. //C#F!("1>%!##!-/'(17),;8%+ 0%0-+"6. 

LD..: D!)%-+&#%21, 2009. C. 46–55. 

8. 3(?"#%&* ,. 3.,  %(%)%& 3. =. @+2!-!(6+ <1514% !'-%"1)3#!$! /'(17)+#%, FIFO-

!4+(+5,"%//B(/56 II  0+(!00%?02!? #1/4#!? 2!#F+(+#>%% «M+-!56 % 0(+50-71 !.-

(1.!-2% %#F!("1>%%». M.: C<5. !-5+)  MJ MPS, 2005. L. 318–322. 

9. 3(?"#%&* ,. 3.  K'-%"1)3#!+ /'(17)+#%+ FIFO-!4+(+5,"% #1 .+02!#+4#!" 7(+"+-

#%// L-!&10-%4+021, !'-%"%<1>%, 7 %#F!("1-%2+. M+*7/<. 0.. LD..: C<5-7! 

LD.PS, 2006. L. 71–76. 

10. 3(?"#%&* ,. 3., 4@*A 3. =.,  %(%)%& 3. =. K. !'-%"1)3#!" /'(17)+#%% FIFO-

!4+(+5,"% #1 .+02!#+4#!" 7(+"+#%// K.!<(+#%+ '(%2)15#!? % '(!"6=)+##!? "1-

-+"1-%2%. 2009. B. 16.  6'. 3. L. 401–415. 


