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565&7859 :;<8=  7 :>7?5;<@7?59 ;7A<&B &=C?<><D5E= F<G 

>5?55 :;<5H@<I &@7 

@. I. E!()'-+"'J ( 3,")-:!)!(KL(2) 

@-!0!,$! 
  !"#$%&'( !)*'-, (+,$&'- $ -#$.'#'!/#'$/"01&'( -#'$23'*!/3" -0+&$#'3+&$" 

4+4 -#'5"!! (#$!. 1) 6+#+4/"#$2)"/!7 /#"6)#'3&"3'% !/#)4/)#'% [1]. 8/0$9$/"01&'% "" 

'!'."&&'!/1: 7307"/!7 32+$('*"%!/3$" !/#)4/)#&;6 <0"("&/'3 #+2&;6 )#'3&"% h = 3 

(#)4'3'*!/3') $ h = 1 (&+9+01&$4$ 5"6'3) ! )#'3&"( h = 2 (*$!-"/9"#) -' 3"#/$4+0$ $ 

32+$('*"%!/3$" <0"("&/'3 )#'3&7 h = 2 -' ='#$2'&/+0$ (/"6&'0'=$9"!4+7 5"-'94+). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

;$+. 1 

>#'5"!! '-/$(+01&'=' (&'=')#'3&"3'=' -0+&$#'3+&$7, -'23'07:?"=' &+$0)9-

,$( '.#+2'( $!-'012'3+/1 $(":?$"!7 #"!)#!;, ! -#$("&"&$"( 2+*+9$ !/+/$9"!4'=' 

0$&"%&'=' -#'=#+(($#'3+&$7 (@A>) *07 '-$!+&$7 '/*"01&;6 <0"("&/'3 3 /"'#"/$9"-

!4'( -0+&" #+!!('/#"& 3 #+.'/" [1]. B+*+9+ @A> $(""/ 3$* 

DN CX C DV ;   (1) 

BN CAX C BV ;   (2) 

G = CX   max ,   (3) 

=*" X – 3"4/'# $!4'('=' -0+&+; DN, DV – 3"4/'#; &$D&"=' $ 3"#6&"=' '=#+&$9"&$% &+ 

-0+&; A – (+/#$5+ &'#( #+!6'*'3 #"!)#!'3; C – 3"4/'# -#$.;0$ '/ "*$&$5; -0+&'-

3'% -#'*)45$$; BN, BV – 3"4/'#; &$D&"% $ 3"#6&"% =#+&$5 #"!)#!'3.  ;6'*'( 

7307"/!7 3"4/'# X, 36'*'( – 3"4/'# B = (BN, BV). E#)*&'!/$ 9$!0'3'=' ('*"0$#'-

3+&$7 <0"("&/+ 2+40:9+:/!7 3 !-"5$F$4" 2+*+9$ (&'=')#'3&"3'=' -0+&$#'3+&$7 $ 

-'0)9"&$$ $&F'#(+5$$ *07 /+4$6 #+!9"/'3 $2 #"+01&'% !$!/"(;. 

>#$40+*&'" (&'=')#'3&"3'" -0+&$#'3+&$" 3;-'0&7"/!7 -#"$()?"!/3"&&' *07 

'/*"01&;6 !/#)4/)#&;6 <0"("&/'3.   /' D" 3#"(7 /#".)"/!7 (+/"(+/$9"!4+7 ('*"01 

*07 -#'5"*)#; 32+$('*"%!/3$7 <0"("&/'3 $ -#"D*" 3!"=' -' ='#$2'&/+0$. G!!0"*'3+-

&$: /+4'% ('*"0$ -'!37?"&+ &+!/'7?+7 #+.'/+. 

:'+)3,'-"3 M303*$. >#$40+*&'" ('*"0$#'3+&$" -#'5"*)#; ='#$2'&/+01&'=' 

!'=0+!'3+&$7 <4'&'($9"!4$6 $&/"#"!'3, '-#"*"07"(;6 5"0"3;($ F)&45$7($, 6+#+4/"-

#$2)"/!7 *3)(7 ('("&/+($. 

H$!-"/9"#, h = 2 

>0+&$#'3+&$" 

>0+&$#'3+&$" 

>0+&$#'3+&$" >0+&$#'3+&$" 

I)4'3'*$-

/"01, h = 3 

J+9+01&$4$ 5"6'3, 

h = 1 
>0+&$#'3+&$" 

XK 

BK X1 B1 … 
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1. K/'.; -#'3"!/$ #+!9"/ -0+&'3, &"'.6'*$(' $("/1 &" /'014' #"+01&;" 9$!0'-

3;" *+&&;", &' $ '/0+D"&&): ('*"01. 

2. 8/0+*4+ ('*"0$ !372+&+ ! &"'.6'*$('!/1: !'9"/+&$7 +0='#$/('3 '/*"01&;6 

!/#)4/)#&;6 <0"("&/'3: 2&+9"&$7 3;6'*'3 -#"*;*)?"=' <0"("&/+ *'0D&; .;/1 2&+9"-

&$7($ 36'*'3 -'!0"*):?$6 <0"("&/'3. 

G!-'012'3+&$" *07 /+4'=' ('*"0$#'3+&$7 2+*+9 @A> -#$ «*3$D"&$$» '/ -"#3'-

=' <0"("&/+ 4 -'!0"*&"() !372+&' !' !0"*):?$($ 2+/#)*&"&$7($: 

2+*+9$ '/*"01&;6 <0"("&/'3 ('=)/ .;/1 &"!'3("!/&;($ $ -'/#".)./!7 *'-'0&$-

/"01&;" #","&$7; 

*+D" "!0$ 2+*+9$ '/*"01&;6 <0"("&/'3 !'3("!/&;, #","&$7 4'&"9&'=' <0"("&/+ 

('=)/ &" !'3-+!/1 ! 2+*+&&;($. H'.$/1!7 !'3-+*"&$7 -'*.'#'( – 2+*+9+ 4'(.$&+/'#-

&+7 $ &" 3!"=*+ )!-",&+7. 

E#".)"/!7, /+4$( '.#+2'(, F'#($#'3+&$" 2+*+9$, -'23'07:?"% #+!!9$/;3+/1 

-0+& 3 /"6&'0'=$9"!4'% 5"-'94" '/ 4'&5+ 4 &+9+0) $ 7307:?"%!7, -' !)/$, 3 '-#"*"-

0"&&'% !/"-"&$ 2+*+9"%, '.#+/&'% 2+*+9" @A>. 

  #","&$$ 2+*+9$ $($/+5$$ !0"*)"/ 3;*"0$/1 *3+ </+-+: F'#($#'3+&$" &+ !/+-

/$!/$9"!4'% '!&'3" '-$!+&$7 '/*"01&;6 <0"("&/'3 !/#)4/)#;, '."!-"9"&$" '-$!+&$7 

$6 32+$('*"%!/3$7 ! -'2$5$% !'=0+!'3+&$7 <4'&'($9"!4$6 $&/"#"!'3. 

;!N!,$! M303*$.   F'#($#'3+&$$ '-$!+&$7 &"'.6'*$(' #+!!('/#"/1 '-$!+&$" 

'/*"01&;6 <0"("&/'3 $ $6 !372"%. 

H07 9$!0'3'=' ('*"0$#'3+&$7 '/*"01&'=' +3/'&'(&'=' <0"("&/+ $!-'012'3+& 

+0='#$/( !/+/$!/$9"!4'=' !$&/"2+ I. L+.+!'3+ [2]. 

M0='#$/( '-$!+&$7 '/*"01&'=' <0"("&/+ )#'3&7 h = 2 ! $!-'012'3+&$"( 2+*+9$ 

0$&"%&'=' -#'=#+(($#'3+&$7 !'!/'$/ $2 !0"*):?$6 ,+='3. 

N+= 1.  B+*+&$" #+2("#&'!/$ 2+*+9$. 

N+= 2. @/+/$!/$9"!4$% !$&/"2 9$!0'3;6 2&+9"&$% *07 3"4/'#+ -0+&+ (3;6'*+):  

for j:=1 to N do 

    begin 

      X[j]:=Rand1(30.0,50.0); /*X 3 -#"*"0+6 [Xmin, Xmax]*/ 

      if X[j]<33 then 

        begin 

          DN[j]:=X[j]; 

          DV[j]:=50; 

          DEL[j]:=Rand1(35.0,39.0); 

        end; 

=*" DEL – 3"4/'# '5"&'4. 

N+= 3. @/+/$!/$9"!4$% !$&/"2 4'<FF$5$"&/'3 (+/#$5; A -' !6"(", +&+0'=$9-

&'% $!-'012'3+&&'% &+ ,+=" 2. 

N+= 4. 8-#"*"0"&$" &"'.6'*$(;6 #"!)#!'3 $ 4'<FF$5$"&/'3 5"0"3'% F)&45$$ 

-' +0='#$/(), -#"*!/+30"&&'() !0"*):?$( F#+=("&/'( 1: 

 !"#$%&' 1 

CX:=0; 

    for j:=1 to N do 

      begin 

        C[j]:=DEL[j]; 

        for i:=1 to M do 
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          C[j]:=C[j]+A[i,j]*Y[i]; 

        CX:=CX+C[j]*X[j]; 

      end; 

=*" Y – 3"4/'# -'/"&5$+0'3. 

H+0"" $!-'012'3+& ('*$F$5$#'3+&&;% +0='#$/(, 3 4'/'#'( 3!" -"#"9$!0"&&;" 

-+#+("/#; &"'/#$5+/"01&;, DN = BN =0, 9/' $(""/ ("!/' 3 '#=+&$2+5$'&&'-

<4'&'($9"!4$6 !$!/"(+6. J+2'3"( ('*$F$5$#'3+&&;% +0='#$/( $!6'*&;(. 

>#$3"*"( -#$("# ="&"#+5$$ (+/"(+/$9"!4'=' '-$!+&$7 <0"("&/+ 3 3$*" 2+*+9$ 

@A>: 

3<==M  3<==N 

C, 390.78  371.73  267.23   

DN    DV 

  0.00    0.00    0.00     363.16  274.26  310.24   

BN    BV 

  0.00    0.00    0.00      341.29  423.53  291.46 

A 

 11.50    8.80    5.60   

 11.40   12.90    8.50   

  8.20    7.50    6.80   

 

>#+3$01&'!/1 F'#($#'3+&$7 $ *'!/'3"#&'!/$ #"2)01/+/+ -'*/3"#D*"&+ (&'='-

9$!0"&&;($ #","&$7($ !="&"#$#'3+&&;6 2+*+9 @A> 3 #+(4+6 /+.0$5 Excel $ -+4"/+ 

MatLab. 

8-$!+&&;% +0='#$/( ('D"/ $!-'012'3+/1!7 *07 $!!0"*'3+&$7 <0"("&/'3 )#'3&7 

h = 1 $ -#$("&"& *07 ="&"#+5$$ '-$!+&$7: 

)#'3&7 h = 2 3 !/+/$9"!4'( $ *$&+($9"!4'( 3+#$+&/+6; 

)#'3&7 h = 3. 

H07  F'#($#'3+&$7 ('*"0$ !'=0+!'3+&&'% /"6&'0'=$9"!4'% 5"-'94$ 3 !/+/$9"-

!4'( 3+#$+&/" 33"*"&; *'-'0&$/"01&;" )!0'3$7 (0, BV)k = (0, DV)k-1, BVk = DVk-1, =*" k 

(k = 1, K) – &'("# <0"("&/+. 

H07 -'!0"*&"=' <0"("&/+ 2&+9"&$7 -0+&+ 33'*7/!7 3 #"D$(" *$+0'=+.   </'( D" 

#"D$(" ('D"/ .;/1 2+*+&+ $ (+/#$5+ A. 

H07 $($/+5$$ -#'5"!!+ ='#$2'&/+01&'=' !'=0+!'3+&$7 /#".)"/!7 F'#($#'3+&$" 

&"!'=0+!'3+&&'% /"6&'0'=$9"!4'% 5"-'94$, 3 4'/'#'% 3;6'* X $ (+/#$5+ A 2+*+:/!7 3 

#"D$(" *$+0'=+. 

G($/$#'3+/1 -#'5"!! ='#$2'&/+01&'=' !'=0+!'3+&$7 <4'&'($9"!4$6 $&/"#"!'3 

<0"("&/'3 3'2('D&' -' !0"*):?"() +0='#$/(). 

N+= 1.   !''/3"/!/3$$ ! 3+#$+&/'( 4 &+6'*7/!7 -+#+("/#; B1, XK, A, @ 3 -#"*-

-'0'D"&$$, 9/' $&/"#"!; !'=0+!'3+&;. 

N+= 2. G2("&7:/!7 3 *$+0'='3'( #"D$(" 4'<FF$5$"&/; 5"0"3'% F)&45$$ *07 

-'0)9"&$7 «&"!'=0+!'3+&&'='» <0"("&/+. O/$( <0"("&/'( ('D"/ .;/1, &" !&$D+7 '.?-

&'!/$, -"#3;% <0"("&/. 

N+= 3. J+6'*7/!7 -' -#"*0'D"&&'() +0='#$/() 2&+9"&$7 5"0"3;6 F)&45$% 

Gk
(1)

, k = K, 1 '/ 4'&5+ 5"-'94$ 4 &+9+0). 

N+= 4. 8-#"*"07:/!7 ! -'('?1: 2+*+9 HA> 2&+9"&$7 5"0"3;6 F)&45$% Gk
(2)

, 

k = 1, K -#$ «*3$D"&$$» '/ &+9+0+ 5"-'94$ 4 4'&5). 
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N+= 5.  ;9$!07:/!7 3"0$9$&;  Gk = Gk
(1)

 – Gk
(2)

. H+0"" 3 !''/3"/!/3$$ ! #+.'-

/'% [1] ('D&' $!-'012'3+/1 ("/'* #+3&'3"!$7 -' J<,). 

>'0'D$(, 9/' 0'4+01&;" '=#+&$9"&$7 3;-'0&7:/!7 -'0&'!/1:. 

K/'.; '."!-"9$/1 -0+&, &)D&' *3$D"&$" -' 5"-'94" '/ 4'&5+ 4 &+9+0). 

P'D&' !9$/+/1, 9/' *07 <0"("&/'3 k = 1, n 3"0$9$&+  Gk < 0, + *07 <0"("&/'3 k = 

n +1, K (n, n + 1 ! 1, K)   Gk > 0. 

E'=*+ 3 $&/"#"!+6 !$!/"(; 3 5"0'( 5"0"!''.#+2&' *'-'0&$/"01&;% 3;$=#;, 

 K 

" Gr 
r = n + 1 

-"#"#+!-#"*"0$/1 ! )9"/'( <0"("&/'3 k = 1, n -' -#+3$0) 

                                                                        K              K 

#Fk = ("| Gr| | Gk|)/"| Gk| .           (4) 
                                                                       r = n + 1          k = 1

 

  </'( !0)9+" 4'(-#'($!!&;( (#+3&'3"!&;() #","&$"( .)*)/ 2&+9"&$7 5"0"-

3;6 F)&45$% 

 

Gk + #Gk, k = 1, n, 

Gk =          (5) 

Gk  #Gk, k = n + 1, K. 

 

>#"*0'D"&&+7 !6"(+ $($/+5$$ '.0+*+"/ ,$#'4$($ 3'2('D&'!/7($. Q4+D"( 

0$,1 &"4'/'#;". 

1. @ -'('?1: -#"*0'D"&&'=' 3+#$+&/+ $($/+5$$ 3'2('D&' ()%*'+ 3#"("&-

&): *$&+($9"!4): !'!/+307:?):. H07 </'=' 33'*$/!7 -'&7/$" 3#"("&&;6 $&/"#-

3+0'3 r =1, R, &+ 4'/'#;6 #+.'/+"/ 5"-'94+ <0"("&/'3. >#'=#+((&' $&/"#3+0; 

33'*7/!7 5$40+($, 9$!0' 4'/'#;6 2+*+"/!7 3 #"D$(" *$+0'=+. J+ 4+D*'( $&/"#3+-

0" 3#)9&): 33'*$/!7 (+/#$5+ A *07 4+D*'=' <0"("&/+. H07 $&/"#3+0+ r = 1 2+*+"/-

!7 3 *$+0'=" -0+& *07 -'!0"*&"=' <0"("&/+ 3 5"-'94". R#'(" /'=', *07 3!"6 $&/"#-

3+0'3 ! $&*"4!'( r > 1 33'*$/!7 !'!/+307:?+7 SB *'-'0&$/"01&;6 #"!)#!'3 *07 

4'##"4/$#'34$ -0+&+ -#$ -"#"6'*" '/ <0"("&/+ 4 <0"("&/). I"2)01/+/; #","&$7 

-#$3"*"&; 3 /+.0$5", 3 4'/'#'% -"#3'" 9$!0' 3 &+23+&$$ F+%0+ – &'("# 3#"("&&'-

=' $&/"#3+0+, + 3/'#'" 9$!0' – &'("# 2+*+9$ 3 5"-'94". @'=0+!'3+&$" $&/"#"!'3 

('D"/ -#'3'*$/1!7 &+ 4+D*'( $&/"#3+0" 3#"("&$. 

2. @6"(+ -'23'07"/ !$&/"2$#'3+/1 -#'5"!! -0+&$#'3+&$7 *07 .'0"" 3;!'-

4'=' )#'3&7 $"#+#6$$ (h = 3, #)4'3'*!/3'). H07 </'=' !'6#+&7:/!7 2&+9"&$7 #"-

!)#!'3 (36'*+) B1 $ -0+&+ (3;6'*'3) XK /"6&'0'=$9"!4'% 5"-'94$, + <43$3+0"&/-

&+7 (+/#$5+ A = A1A2…AK, =*" K – 4'0$9"!/3' <0"("&/'3 3 /"6&'0'=$9"!4'% 0$-

&$$. R'<FF$5$"&/; 3"4/'#+ 5"0"3'% F)&45$$ @ '-#"*"07:/!7 $2 3;#+D"&$% 

F#+=("&/+ 1. 

3. E"-"#1 3'2('D&' -#'3"!/$ ('*"0$#'3+&$" -#'5"!!+ -"#"6'*+ &+ 3;-)!4 

&'3'% -#'*)45$$. >)!/1 *' ('("&/+ 3#"("&$ r = 1 -0+& '-#"*"070!7 3;#+D"&$7($ 

(1)–(3). 
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>)!/1 3 ('("&/ 3#"("&$ r = 1 -'7307"/!7 3'2('D&'!/1 3;-)!4+ &'3'% -#'*)4-

5$$. J'3+7 ('*"01 )#'3&7 h = 3 ('D"/ .;/1 -#"*!/+30"&+ 3;#+D"&$7($ 
OUT_1_1.TXT 
 
 3<==N 
 2<==M 
C, CX=1031.40 
108.30  111.30   92.40   
DN 
  0.00    0.00    0.00   
DV 
  4.00    4.00    4.00   
BN 
  0.00    0.00   
BV 
 26.00   30.00   
A 
  1.00    4.00    2.00   
  5.00    2.00    3.00   
X 
  4.00    4.00    4.00   
Xopt 
  2.00    4.00    4.00   
B 
 26.00   30.00   
 

OUT_1_2.TXT 
 
 2<==N 
 4<==M 
C, CX=77746.00 
1541.00  1256.00   
DN 
  0.00    0.00   
DV 
 26.00   30.00   
BN 
  0.00    0.00    0.00    0.00   
BV 
172.00  142.00  190.00  164.00   
A 
  2.00    4.00   
  2.00    3.00   
  5.00    2.00   
  4.00    2.00   
X 
 26.00   30.00   
Xopt 
 26.00   30.00   
B 
172.00  142.00  190.00  164.00   

OUT_2_1.TXT 
 
C, CX=2562.50 
431.20  491.00  383.10   
DN 
  1.00    0.00    0.00   
DV 
  3.00    2.00    3.00   
BN 
 15.00   18.00   
BV 
190.00  190.00   
A 
  1.00    4.00    2.00   
  5.00    2.00    3.00   
X 
  3.00    2.00    3.00   
Xopt 
  1.00    2.00    3.00   
B 
 15.00   18.00   

OUT_2_2.TXT 
 
C, CX=43630.40 
1153.70  960.70   
DN 
 15.00   18.00   
DV 
190.00  190.00   
BN 
  0.00    0.00    0.00    0.00   
BV 
134.00  109.00  135.00  118.00   
A 
  2.00    4.00   
  2.00    3.00   
  5.00    2.00   
  4.00    2.00   
X 
190.00  190.00   
Xopt 
 17.00   25.00   
B 
134.00  109.00  135.00  118.00   

 

BN A A1  X& C BV 

BN1 

C 

0 A2  X1  BV1 
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CX  + C1X1   max,  (5) 

!"# $%"&'()*+, A1, A2, -#.(%), C1, X1, BV1 %( %/0(/0 .  %-%1 $)%"2.+**. 

3%/(%* /(-%& "'  %!% )'/4#(' 0-50#(/0 $)*-06.' -#)7 #!% 2)%- 0 /*/(#&, . 

(#7 %5%!*4#/.%1 +#$%4.# (5* **). 

8%!"' +#5#/%%9)'6 % $#)#7%"*(:  ' -,$2/.  %-%1 $)%"2.+** $)* -,$%5 # ** 

2/5%-*0 

CX  + C1X1   CX. 

;/# $)#"5%<#  ,# -')*' (, 2/$#= % $)%-#)# ,  ' 4*/5%-,7 $)*&#)'7. 

53"16*!,$!. >/7%" ,1 '5!%)*(& "'5 -%6&%< %/(: *&*(*)%-'(: $)%+#// $5'-

 *)%-' *0 - (#7 %5%!*4#/.%1 5* ** - /('(*4#/.%& * "* '&*4#/.%& )#<*&'7. ?  $%-

6-%5*5 )'//&%()#(: $)%+#"2)2 /%!5'/%-' *0 @.% %&*4#/.*7 * (#)#/%- - +#$%4.# (!%)*-

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

"2.+** / %" %-)#&#  %1 @.% %&*4#/.%1 %+# .%1 +#5#/%%9)'6 %/(* ('.%!% $#)#7%"'. 

A)#"5'!'#&,1 '5!%)*(& &%<#( 9,(: $)*&# #  "50 $)%+#"2), %(5'".* '"'$(*- %1 '--

(%&'(*6*)%-'  %1 /*/(#&, 2$)'-5# *0 $)%*6-%"/(-%&. 

;%6&%< %/(* $)#"5%<#  %!% '5!%)*(&'  # */4#)$' , * ()#92B( "%$%5 *(#5:-

 ,7 *//5#"%-' *1. 

7$)!(3)8(3 

1.  '-!)'- 9. :., ;!<3,'-+"$= >. >., ?!()'-+"'= >. @. 8#%)*0 '"'$(*- %!% '-(%&'(*-

6*)%-'  %!% 2$)'-5# *0. CA9.: CA9DE8F, 2009. 256 /. 
2. A1B+!-$* >. >., C3D3+'- E, C18F!,"'- >.  . ?$(*&*6'+*0 5* #1 ,7 @.% %&*4#/.*7 &%"#-

5#1. C('(*4#/.*# 6'"'4*. G .: HDF, 2000. 210 /. 

 

 

 

 

 

 

 

 

 

 

 


