










1 

……………………………………………………... 4 
 1. …………………………………… 5 
1.1. ……………………… 5 
1.2.  – -

 ( , , , -
)…………………………………………… 8 

1.3.  ( , -
, -

, -
)……………………………………………………………… 15 

1.4. …………………………… 23 
1.5. …………………….. 24 

…………………………………… 31 
2. ……………….. 32 
2.1. . ……… 32 
2.2. ……………………………………… 34 
2.3. …………… 39 
2.4. ……. 42 
2.5. ……… 48 
2.6. ………………………………………… 60 
2.7. ………………………………………… 80 
2.8. ……………………………………… 86 

…………………………………… 88 
3. …………………………………………… 89 
3.1. ……………… 89 
3.2. -

……................................................................................. 93 
3.3. -

………………………………………………………………….. 97 
3.4. ……………………… 105 
3.5. ……… 112 
3.6. ………………………… 116 

…………………………………….. 131 
4. ………………………………………………. 132 
4.1. ………………………….. 132 
4.2. …………. 138 
4.3. ……………………………… 141 
4.4. -

…………………………………………………………………... 151 



2 

4.5. -
………………………………………………………………… 159 

4.6. …………………………. 162 
4.7. …………………. 167 
4.8. ……………………. 173 
4.9. …………………. 180 
4.10. ………………………….. 184 
4.11. …………………. 189 

…………………………………….. 190 
5. ………………………… 192 
5.1. . 

…………………………………………….............. 192 
5.2. ………… 193 
5.3.  ( -
. )………………… 206 

…………………………………….. 215 
6. …………………... 216 
6.1. 

( , , -
)…………………………………………………. 216 

6.2. -
 ( ……………………………… 218 

6.3. …………………………… 221 
6.4. -

………………………………………………………. 223 
6.5. -

…………………………………………………………………. 224 
6.6. -

………………………………….. 227 
6.7. -

…………………………………. 230 
6.8. -

……………………………………………………………… 233 
6.9. -

………………………… 236 
6.10. 

…………………………… 240 
6.11. …………… 

…………………………………….. 
7. ……………………….. 

243 
249 
250 

7.1. ……………… 250 



3 

7.2. -
……………................................................................................. 252 

7.3. ………… 256 
7.4. …………………… 259 
7.5. -

……………………………….. 261 
7.6. 

…………………………… 264 
7.7. -

………………………….. 267 
7.8. 

-
………………………………………………………………… 271 

7.9. 
………………………………… 275 

7.10. 
-

…………………………………………………………………… 279 
…………………………………….. 282 

………………………………………………………  283 
……………………………………………………….  319 

  



4 

, -
-

. 
-
-

, -
, 

, -
.  

, , 
, , 

. -
, , 

, 
. 

, , -
, -

-
. 

.  
-

, -
, -

, . 
 «

-
». 



5 

1. 

1.1. 

-
-

. 

 40- . 
. .  « -

», 
 1939 . , -

,  1947 . 
 1939-40 . -

, -
. . 

 1965 . . 
, . . , . . 

.  1975 . . .  ( -
.) 

. , 

, 
. 

-
. -

-
, , , -

, , , . . 

- , 
, , -

. . 
-

. , . , . , . , . -
, . , .  ( ), . , .  ( ) . 

, . . , 
. . , . . , . . . 

, 

. , 



6 

-
, 

, ; 
, , 

, 
-

; 
-

; -
, -

. . 

. -
 60- -

,  – . 
, -

, . 
-

,  « », -
, , .  

-
, -

-
. 

, 
. -

, -
, , 

. . 
 – , 

 ( -
) -

. , 
 ( -

, , ), 
 ( ), 

 ( ) -
. 

-
, 

. 



7 

, -
 ( ), , , 

 ( ) 
. 

. -
. 

, . . -
. 

, -
. 
-

. 
. 

-
, 

. 
, -

, . . , , . ., 
, , -

: , , . . 

. 
, -

, -
, -
.  

, -
, , -

. , 
. -

, 
. . 

, 
, : , -

, , 
. ., , 

, . . , -
, , , , 



8 

, . . 

1.2.  – 
( , , ,  

) 

, -
. 

-
, -

. -
, -

, , -
, . -

, -

. 
. 

, .  
-

. -
.  – , -

. 
, 

. -
-

. -
, . . , -

. 
, -

, 
.  

, -
. . .  – 

, 
  . 

  
, -



9 

, . . , -
. ,  – 

, -
, . 

-
, 

, -
. , 

. 
. 

-
, -

, 
, , 

. : , 
, -

, , -
 – . , 
 ( , ). 

, 
.  

, , -
-

. 
-

, . 

, -
. , -

-

. ,  – 
, 

, . 
-

. 
. -

. : 
, -



10 

. 
-

.   -
. -

. 
, 

, 
-

. 
 ( ) -

 ( ) .  – 
. . . , , 

, 
. 

-
. 

: 
1. ; 
2. ; 
3.  ( -

),  ( . . - ), -
, ; 

4. -
; 

5. 
. 

-
. 

, . . -

, , . . 
. 

, -
, . 

, , -
 ( . . -

) ,  ( . . 
). 

 – , -
, , 

. 



11 

, -
, 

. 
. -

, . 
-

, , 
. , 

. :  – 
,  ( . . ). 

. 
, 

-
. 

. 
-

  . 
, 

, -
, , - -

. 
-

, 
. -

, -
-

 ( ). -
, 

, -
, -

. 
-

, , 

, . . , 
. 

, , 
 (

, , ). 
- -

, . 



12 

, . . , 

, -
. 

, 
, -

, , , -
, 

. 
, , -

-
, 

. 
, 

, 
, -

. 
. 

1. 
, -

. : -
 100$  01.08.2016 . 

2. 
. : -

 3 -
 25%. 

3. 
. : 

. 
. 
, 

, -
, 

, -
. 

 ( , -
, )  ( . . -



13 

, ). 
,  - , . 

-
. , -

, -
. : . 

. 
.  – , 

-
, . : , -

.  – , -
. : , 

. 
. . 

, -
: 

1) ; 
2) ; 
3) 

-
. , -

, . : 
. , 

. 
: . 

, -

. : 
.  ( . . , 

) 
-
-

. : . 
 « » -

 « » . -
, ,  - 

. 
, -

. 
: 

1. , -



14 

. -
-

, . , -
. -

-
. , 

, , 
. 

2. -
, 

. , -
. 

3. -
, 

. -
- . 

, 
. -

. 
4.  ( -

, , 
,  ( . . -
)). 
. 

5. 

. -
. 

, , -
. 

, , 
. 

1. 
, 

, -
. , 

, , 
-

. -
 ( , -



15 

) -
 ( ) -

, -
. 

2. -
. -

, . . ,  « -
». , -

 ( . . , 
). 

, -
, . 

3. , 
. -

. -
, -

. 
, , . 

4. . -
, , -

. , -

, -
. 

1.3.  ( , 
, 

- , 
) 

, 
-

.  

, , -
. 
-

.  – -
, , 

. , 



16 

. 
-

. -
, , . . -

 – , , 
-

. -
 – , 

. 
, 

 ( , ), -
. 

-
.  

– 

, . 

, 
 ( -

). 

-
.  

. 
 ( . . ) 

: 
1)  (  5-10 ); 
2)  (  3-5 ); 
3)  (1-3 ); 
4)  (  1 ). 

. 
: 

1)  – , -
. 

 ( -
), -

.  
2)  – , -

, . 



17 

, , , , 

, 
 ( -

). 
, -

: 1) 
; 2) 

; 
3) . . 

:  
1) ; 
2) . 

, -
- -

. - -
, . 

-
: 

1) , . . , 
; 

2) , . . , 
; 

3) ; 
4) .  

-
, : 1) ; 2) 

, . . -
, , 

, 
, . 

: 
1) , 

( , ). -
, , , -

, ; 
2) , . . , -

, 



18 

; 
3) -

. -
, , . . 

. -
, -

, . . 
. -

, 
, ,  ( ), -

, , , , -
. 

, , -
-

, , -
, 

. .; 
, 

. -
, , , -

. -
, 

. -
, -

. , 
. 

- , 
. -

, . . 
, -

, -
. -

, 
, . . . 

4)  – , -
, -

, 
, . . , -

, 
, 



19 

, , . . 
; 

5) , 
-

, , , -
-

. -
, -

. 
6) -

, -
. -

, 
, , -

, -
. .; 

7) 
, . . -

, , . 
, , -

, -
, 

; 
8) -

 ( ) . 
:  

1) ; 
2) . 

 - , -
, 

. 
-

, 
. 

. 
, 

, -
, -

, , -



20 

-
. 

, 
. 

, , -

, -
. -

-
, . , 

-
: 

-
. 

. -
.  - 

 I  II .  5- -
.  6-

- , 
. , 

. -
, . . -

-
. 

-
. 

1. -
, , 

-
. 

2. 
, -

, . 
3. 

, 
, -

. 
4. -

. 



21 

5. -
, 

. 
6. , -

 ( , , 
. .). 

7. , , -
, 

, 
. 

:
1) -

. -
. 

, - . 

-
.  

 3 
: 

1. -
. 

; 
2. -

. ; 
3. -

. . 
2) 

.  3 : 
1. 

, 
( ) ( ). 

, -
-

; 
2. -
, . 

: ) 
-



22 

; ) 

, ; ) 
. 

, , 
; 

3. 
. 

3) 
. , -

, - . . 
- , 

. -
 ( ) , -

, . 
, 

-  ( . . 
, ). 

, , 
-

. 
4) -

. , , 
, -

 ( , 
). -

, -
, 

. . 
-

, , , 
; 

5) 
. 

. -
, , 

. 
, -

. 

; 



23 

6) , 
, -

. , , 
. -

.  – -
-

; 
7) -

.  

. -
. -

. 

1.4. 

-
. 
1.  ( ) . -

. -
: 

) , 
; 

)  ( . . , -
, ); 

) 
, 

; 
) -

. 
2. -
. , 

. -
, 
. 
-

. 
. 

. 
3. . -



24 

, , 
, 

. : ) -
; ) , , -

- ; ) -
, , -

. , -
, -

, , 
. 

4. 
. -

-
, . 

5. . 

. 

1.5. 

-
, -

. 
. 

 « », «
», « ». -

, 
-

. -
: 

– , . . ; 
– , . . -

; 
– , . . -

; 
– , . . -

. 
-

. 
-

, -



25 

, . . -
, -

, . 
 – , -

. -
. , -

. 
, 

. , -
, : 

=
. ,0

;  ,1

-
. , 

, . 
-

,  ( ) 
 ( ) , 

. 
-

- . 
, . , 

, 
. -

, . . -
, , 

. . 
, 

. -
, . . . -

-
: 

1) , . . 
-

, -
; 

2) . -
-



26 

. -
. -

1f -
*

1f . -
, . . 1f

, 
2f , , -

. 

. . , 
, -

, . 
3)  ( -

), 
: 

1) : 

=

=
n

i
ii f

1

υ

2) : 
i

i

n

i
f υ

1=
=

3) - : 

i

n

i
i flnln

1=
= υ , 

if  – i, nii ,=   

iυ  – i, nii ,= . 

1
1

=
=

n

i
iυ iυ 0, nii ,= .                                              

iυ =( 1υ , 2υ … nυ ) -
. 

-
 ( ). -

. -
, -

, , -
. -

. 
-

, , -
, . . -



27 

, 
. 

: 
1. , -

 ( ), 
 1  10. , 

, , , 
. -

, 
. , 

235,0
34
8

11 ==υ , 242,0
33
8

21 ==υ , 239,0
2

242,0235,0
1 =+=υ  ( . 1.1). 
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, 1υ 2υ + 3υ + 4υ , 1υ
,  0,7+0,5+0,2=1,4. 

1υ , ,  1,5. 2υ 3υ + 4υ . 
, 3υ + 4υ , 2υ , 

2υ  0,6. 3υ 4υ . , 

3υ > 4υ , , . 
-

: 1υ =1,5; 2υ =0,6; 3υ =0,5; 4υ =0,2. -
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ii ttT

1

3
1 )(12/1 , ti –   i- -

, h – i- . 
 0 

1. W=0, -
W=1. , 

, W 0,5 , W 0,7. 
,  (m=5)  (n=4) 

 10-  ( . 1.3). 

 1.3. 

  
f1 f2 f3 f4

: 1 
                               2 
                               3 
                               4 
                               5 

3 
4 
2 
2 
2 

10 
7 
9 
5 
7 

7 
8 
8 
6 
6 

6 
5 
4 
3 
3 

: 1 
                                        2 
                                        3 
                                        4 
                                        5 

1 
1 
1 
1 
1 

4 
3 
4 
3 
4 

3 
4 
3 
4 
3 

2 
2 
2 
2 
2 

 5 18 17 10 

m=5 n=4 5,12)1(
2

1 =+nm . 

: 
[ ]

904,0
)44(5

)5,1210()5,1217()5,1218()5,125(12
32

2222

=
−

−+−+−+−=W

W=0,904 , -
. -

2χ -
1−= nv . 

56,13)14(5904,0)1(2 =−⋅=−⋅= nmWχ . 
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56,132 =χ -

838,122 =χ 005,0=α , 
 ( 2χ > 2χ ) ( -

) . 

1. . 
2. -
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3. ? 
4. ? 
5. ? 
6. , , . 
7. ? 
8. ? 
9. . 
10. . 
11. . 
12. . 
13. ? 
14. . 
15. -
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16. ? 
17. , , -

, , , , -
, . 

18. . 
19. . 
20. . 
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22. -
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23. ? 
24. -

 2-  2- ? 
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. , -
. 

-
. 

, -
, 

.  
, : ) -

 ( -
; ) -

-
 (

); ) -
 ( -

). 
.

, 
. 

: -
 ( 1, 2, 3). -

. 
. , 

 ( 1, 2, 3). 
, 

. 2.1. 

 2.1. , . . . 

1 2 3

1 2,2 2,3 2,2 
2 2,1 2,4 2,3 
3 2,0 2,2 2,5 

-
: 

1. , -

.  
: 
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1. (2,2+2,3+2,2):3=2,23 
2. (2,1+2,4+2,3):3=2,27 
3. (2,0+2,2+2,5):3=2,23 

max (2,23; 2,27; 2,23)=2,27 
-

.  – -
, ,  « », 

, j- . 

 ( . 2.2.). 

 2.2. 

1 2 3

1 2,2-2,2=0 0,1 0,3 
2 2,2-2,1=0,1 0 0,2 
3 2,2-2,0=0,2 0,2 0 

-
: 

1. (0+0,1+0,3):3=0,133 
2. (0,1+0+0,2):3=0,100 
3. (0,2+0,2+0):3=0,133 

min (0,133; 0,100; 0,133)=0,100 
-

. , -
-

. 
2. -

-
-

. , 
-

1-0,2; 2-0,4; 3=0,4. 
: 

1. 2,2 0,2+2,3 0,4+2,2 0,4=2,24 
2. 2,1 0,2+2,4 0,4+2,3 0,4=2,30 
3. 2,0 0,2+2,2 0,4+2,5 0,4=2,28 
max  (2,24; 2,30; 2,28)=2,30. 

:  
1. 0 0,2+0,1 0,4+0,3 0,4=0,16 
2. 0,1 0,2+0 0,4+0,2 0,4=0,10 



37 

3. 0,2 0,2+0,2 0,4+0 0,4=0,12 
min (0,16; 0,10; 0,12)=0,10 

, -
. 

3. , 
. -

 « ». -
 ( -

 – ) , -
: 

1. min (2,2; 2,3; 2,2)=2,2 
2. min (2,1; 2,4; 2,3)=2,1 
3. min (2,0; 2,2; 2,5)=2,0 
max (2,2; 2,1; 2,0)=2,2. 

, -
, . . 

, -
, . 

, 
 ( , -

), 
. 

4. , 
(  – . 2.2). 

, -

.  

. 
. 

: 
1. max (0; 0,1; 0,3)=0,3 
2. max (0,1; 0; 0,2)=0,2 
3. max (0,2; 0,2; 0)=0,2 
min (0,3; 0,2; 0,2)=0,2. 

-
.  

5. 
, , 
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, , . ., 
: 

]max)1(minmax[ ij
i

ij
i

aa λλ −+ , 

 – , , 0 1. 
-

.  

, -
: 

]max)1(min[min ij
i

ij
ij

aa λλ −+ . 

, -
=0,5. 

, 
. 

=0 . -
: 

1. 3,2]3,2)01(2,20max[ =⋅−+⋅

2. 4,2]4,2)01(1,20max[ =⋅−+⋅

3. 5,2]5,2)01(0,20max[ =⋅−+⋅
5,2)5,2;4,2;3,2max( =

, -
 2,5 . . . 

. 
=1, : 

1. 2,2]3,2)11(2,21max[ =⋅−+⋅

2. 1,2]4,2)11(1,21max[ =⋅−+⋅

3. 0,2]5,2)11(0,21max[ =⋅−+⋅
2,2)0,2;1,2;2,2max( =

, -
, 

. 
=0,4,   

1. 26,2]3,2)4,01(2,24,0max[ =⋅−+⋅

2. 28,2]4,2)4,01(1,24,0max[ =⋅−+⋅

3. 30,2]5,2)4,01(0,24,0max[ =⋅−+⋅
30,2)30,2;28,2;26,2max( =

. . 
. 
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-
, . . 

-
-

.  

-
. 

2.3. 

, -
, . . . -

 m  – 1, 2… m,  – n-
 – 1, 2… n. 
, -

, aij – 
. 

aij  ( i, Bj) -
, , 

: 
Ai Bj

B1 B2 … Bn

A1 a11 a12 … a1n

A2 a21 a22 … a2n

… … … … … 
Am am1 am2 … amn

, 
, , . 

: 
 ( . . , -

iα ). , , 
 ( , 

jβ ). , 
: 

Ai Bj i 

B1 B2 … Bn

A1 a11 a12 … a1n 1

A2 a21 a22 … a2n 2

… … … … … … 
Am am1 am2 … amn m

j 1 2 … n  
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.
, -

.  30 . . ., -
 40 . . .,  – 45,  50 . . . 

: 
 40 ,  – 50 ,  – 60 . -

, , -
, 

, . 
, -

. . 
 ( 1 – , 2 – , 3 – 

). , 
 ( 1),  ( 2), 

 ( 3) . 
aij ( . 2.3). 

 4.3. 

1 2 3

1 40·30=–1200 40·30+10·45=–1650 40·30+20·50=–2200 
2 50·30=–1500 50·30=–1500 50·30+10·50=–2000 
3 60·30=–1800 60·30=–1800 60·30=–1800 

1)  40  ( -
1): )  ( 1), -

; ) 
( 2),  10 ; ) 

 ( 3), 
20 ; 

2)  50  ( -
2): )  ( 1) 10 -

, ; )  ( -
2) ; )  ( 3) -

,  10 ; 
3)  60 

 ( 1, 2, 3) , 
 1800 . . . 

, -
,  – -

. , 
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, -
. 

, , 
.  

 – , -
, , 

-
. 

),1(min miaij
j

i ==α , i

iαα max= , , 
, -

: 
ij

ji
aminmax=α . 

 ( -
). , 

, -
. 

, , 
. 

),1(max njaij
i

j ==β , 

j j
j

ββ min= , 

, . . , -
: 

ij
ij

amaxmin=β . 

. 
, 

( . 2.4). 

 2.4. 

j 

Ai

1 2 3 i 

A1 –1200 –1650 –2200 –2200 
A2 –1500 –1500 –2000 –2000 

3 –1800 –1800 –1800 –1800 
j –1200 –1500 –1800 –1800 

min=iα  (–2200, –2000, –1800). 
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max=α (–2200, –2000, –1800)=–1800. 
3 – . 

max=jβ    (–1200, –1500, –1800). 

min=jβ (–1200, –1500, –1800)=–1800. 

3 – . 
-

, . . βα = , , 
, -

:  
ij

ij
ij

ji
aa maxminminmax ==υ . 

=–1800. 
i

j.  60 
, . 

2.4. 

, 
: 

1. 
 ( ), -

 ( ). 
2.  ( ) 

, . . -
, . -

, -
 ( ) 

 ( ). 
3. , 

, -
. 

4. 
, -

. 
.

. 
. 

: 1)  2) . -
: 1) 

 1 



43 

; 2)  1 
 20% 

. 
 ( ) -

, . 
, . 

. -
 1 . 

, -
-

. -
 1 

-
. , 

, -
 1 , -

: 

1 2

1 60 30 
2 40 50 

, 
: 

50maxmin

40minmax

==

==

ij
ij

ij
ji

a

a

β

α

βα ≠ , . . 40 50, 
. 

-
-

. -
. 

.  
1. , , 

 2  n  m  2. -
-

. , , 
. 

2. . 
 – ,  – -

. 
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3. ,  ( ) 
. 

4.  ( ) . 
5.  ( ) , -

,  ( -
) . 

6. -
. 

 ( ) 
 [ 1, 2] 1 2 -

, 
 ( . 2.1). 

-
,  60 . . . (

1, 1). , 
 30 . . . ( 1, -

2). -
.  40 . . . ( /

1) 
 –  50 . . . ( /

2). 
 [ 1, 1] -

, 
.  [ 2,

2] 
, 

. 2 1 -
. -

. N . 
N -

*
1

*
2 1 2

.  
                     
                                        1 

  50 
                                                  60                                                             2

  

                                                              1

                                                                                                            40   
                                         2       30                         
                                               
                                                                                    N 

                                          0      1          *2                           *1          2

. 2.1. 
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, 
, -

, . 
, 

: 60 1 + 40 2 = , 
, : 

30 1 + 50 2 = . -

1 ,  – 2 , -
: 1 + 2 =1. 

: 

=+
=+
=+

1

5030

4060

21

21

21

pp

pp

pp

υ
υ

, 1 : 1 =1– 2 : 

=+−
=+−

υ
υ

22

22

503030

406060

pp

pp

=+
=−

υ
υ

2

2

2030

2060

p

p

, : 
υ290 = . 

, =45. 
, 

: 

25,01

75,0

1520

452060

21

2

2

2

=−=
=

=
=−

pp

p

p

p

-
1 =0,25, 2 =0,75, . . -

* =(0,25; 0,75). 

. 
. , -

: 
1 2 3 4

1 8 10 15 9 
2 12 7 6 11 
3 6 7 10 8 
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 2 n m  2. -
, 

, -
, 

, : 

1 2 3 4

1 8 10 15 9 
2 12 7 6 11 

, 
, , 

, 
. 

, ,  – 
. . 2.2. 
. 2.2 ,  [ 1, 1]  [ 2, 2], -

. 
, : 

=+
=+
=+

1

710

128

21

21

21

pp

pp

pp

υ
υ

                                        3 

                                                15                                                              1 

                                                                                                            12 
                                4

                                                                                                            11    
                                        2      10 
                                               
                                        4      9               
                                        1                                                                                                   7    2

                                                                             8                                                                       

                                                                6    3

                                                                                                            
                                          0       
                                             1     *2      N                    *1                  2

. 2.2. 

1 2 : 1=1– 2 : 

=−
=+

υ
υ

2

2

310

48

p

p

=9,14; 2=0,286; 1=0,714. 
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: 
286,0;714,0(* =p ) 

 9,14. 
.   .  

: 

1 2

1 7 1 
2 4 6 
3 2 8 
4 3 8 

 4 ,  – , -
, .  

  
                                         1                                                                
                                                                                                              8    3, 4

                                                   7                                                            
                                                                         6 2

                                         2        4                                                                                                           

                                         4    
                                                   3 
                                         3    2             v                                           1   1

                                                                                                          

  
                                          0    
                                                1       q*2         N                q*2               2 

. 2.3. 

1 4  ( -
) .   

. 
 2.3 ,  [ 1, 1]  [ 4, 4]. 

, -
: 

=+
=+
=+

1

83

17

21

21

21

qq

qq

qq

υ
υ

1q 2q : 1q =1– 2q . 
: 

=+−
=+−

υ
υ

22

22

833

177

qq

qq

=+
=−

υ
υ

2

2

53

67

q

q
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=4,818; q2=0,364; q1=0,636. 
*q =(0,636; 

0,364), 
4,818. 

2.5. 

.  

. , n
- . -

 1000 . , 
, -

,  – , -
 ( . 2.5). 

 2.5. 

1 2 3 4 5 6 7 
-

, . . . 
42 42 42 42 42 42 42 

, . . . 2 6 7 8 5 1 3 

, -
-

. 
, -

.  7 , 
. . i – j – -

, . . . 
: 

Bj 

i

1 2 3 4 5 6 7 

1 42 –2 –2 –2 –2 –2 –2 
2 –6 42 –6 –6 –6 –6 –6 
3 –7 –7 42 –7 –7 –7 –7 
4 –8 –8 –8 42 –8 –8 –8 
5 –5 –5 –5 –5 42 –5 –5 
6 –1 –1 –1 –1 –1 42 –1 
7 –3 –3 –3 –3 –3 –3 42 
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: 

42maxmin

1minmax

==

−==

ij
ij

ij
ji

a

a

β

α

βα ≠ , . . –1 42, , -
, . -

 –  – -

. 
. . , -

. )...,( 21 mi   -
, 

mAAA ..., 21 . ),1(0 mii =≥ 1
1

=
=

m

i
i )...,( 21 nj qqqq   – -

, 

nBBB ..., 21 . ),1(0 niqi =≥ 1
1

=
=

n

i
iq . 

-
, 

 ( ), 
 ( qp, ) qp : 

ji

m

i

n

j
ij qpaqpf

= =
=

1 1

),( . 

-
, :  

),(minmax qpf
qp

=α , 

, -
: 

),(maxmin qpf
pq

=β . 

: 
  

βαυ === *)*,( qpf

),(minmax qpf
qp

=υ = ),(maxmin qpf
pq

. 

**,qp -
. 

-
. 
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. 

),(minmax qpf
qp

=α , ),(min qpf
q

=υ . -

 ( ) 
, 

: 

1) njpa
m

i
iij ,1,

1

=≥
=

υ

  
2) mipi ,1,0 =≥ . 

: υ=maxF . 
, : 

1) nj
p

a i
m

i
ij ,1,1

1

=≥
= υ

2) mi
pi ,1,0 =≥
υ

. 

i
i x

p =
υ

.                                                                       

: 

1) njxa i

m

i
ij ,1,1

1

=≥
=

2) mixi ,1,0 =≥ . 

, 1
1

=
=

m

i
ip . , 

υυ
1

1

=
=

m

i

ip . i
i x

p =
υ

, 
υ
1

1

=
=

m

i
ix . υ=maxF , -

  

υ=maxF
υ
1

min =F , . . 
=

=
m

i
ixF

1
min . 

, 
: 

1) njxa i

m

i
ij ,1,1

1

=≥
=

2) mixi ,1,0 =≥

=

=
m

i
ixF

1
min . 
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-
);(maxmin qpf

pq
=β . );(max qpf

p
=υ , , -

, -
: 

miqa
n

j
jij ,1,

1

=≤
=

υ

njq j ,1,0 =≥

: υ=minF . 
, : 

mi
qan

j

jij ,1,
1

=≤
= υ

υ
υ

nj
q j ,1,0 =≥
υ

. 

υ
j

j

q
y = .                                                                      

: miya
n

j
jij ,1,1

1
=≤

=
, njy j ,1,0 =≥ .  

, 1
1

=
=

n

j
jq , , -

: 

υυ
1

1

=
=

n

j

jq
, . . 

υ
1

1

=
=

n

j
jy . 

υ=minF , 
υ
1

max =F
=

=
n

j
jyF

1
max .  

, 
: 

1) miya
n

j
jij ,1,1

1

=≤
=

; 

2) njy j ,1,0 =≥ . 

=

=
n

j
jyF

1
max . 

. 
, 

-
, 

-
. , 

=8: 
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Bj 

i

1 2 3 4 5 6 7 

1 50 6 6 6 6 6 6 
2 2 50 2 2 2 2 2 
3 1 1 50 1 1 1 1 
4 0 0 0 50 0 0 0 
5 3 3 3 3 50 3 3 
6 7 7 7 7 7 50 7 
7 5 5 5 5 5 5 50 

: 

≥+++++
≥+++++
≥+++++

≥++++++
≥+++++
≥+++++
≥+++++

15073126

15503126

15750126

157350126

15735026

15731506

15731250

765321

765321

765321

7654321

765321

765321

765321

7654321minF ++++++= . 
, -

: 
1 = 0,0148 
2 = 0,0136 
3 = 0,0133 
4 = 0,0130 
5 = 0,0139 
6 = 0,0151 
7 = 0,0145

Fmin = 0,0981. 
, 

: Excel, LPX.88. 

: 

: j
j y

q
=

υ
, 

υ
1

max =F , j
j y

F

q
=

max

1
, 

jj yFq =max  . , : 

maxF

y
q j

j =  . 
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: i
i x

p ≥
υ

, 
υ
1

min =F , 
min

1

F
=υ i

i x

F

p =

min

1
, -

ii xFp =min  . , : 

minF

x
p i

i = . 

, -
, . 

1 = 0,0148 : 0,0981 = 0,150 
2 = 0,0136 : 0,0981 = 0,138 
3 = 0,0133 : 0,0981 = 0,135 
4 = 0,0130 : 0,0981 = 0,133 
5 = 0,0139 : 0,0981 = 0,142 
6 = 0,0151 : 0,0981 = 0,154 
7 = 0,0145 : 0,0981 = 0,148 

19,28
0981,0
11

min
max =−=−= C

F
F . . . 

ip , -
. -

 1000 , *p =(0,150; 0,138; 
0,135; 0,133; 0,142; 0,154; 0,148)  150 -

, 138 – ; 135 – ; 133 – ; 142 – 
; 154 – ; 148 – . 

, . . 
maxF=υ = 2,19 . . . 

. , -

 ( -
, . .). . 

.  ( )  6 -
 ( 1, 2… 6).  ( ) –  6 -

 ( 1, 2… 6). -
. , 

 1000 . ij

i j , ij ·  
1000 – ,      
(1– ij)·1000 – . -

,  1 . . . -
 1000: ij·1000+(1–
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ij)·1000=1000, . . -
. 

. 2.6.
 2.6. 

Bj 

i

1 2 3 4 5 6 

1 0,5 0,5 0,4 0,3 0,2 0,6 
2 0,1 0,4 0,7 0,1 0,6 0,5 
3 0,2 0,3 0,4 0,2 0,7 0,5 
4 0,3 0,6 0,1 0,3 0,2 0,4 
5 0,4 0,4 0,3 0 0,1 0,6 
6 0,7 0,2 0,2 0,4 0,5 0,1 

 1000 , 
: 

Bj 

i

1 2 3 4 5 6 

1 500 500 400 300 200 600 
2 100 400 700 100 600 500 
3 200 300 400 200 700 500 
4 300 600 100 300 200 400 
5 400 400 300 0 100 600 
6 700 500 200 400 500 100 

-
, . .  100, , : 

Bj 

i

1 2 3 4 5 6 

1 5 5 4 3 2 6 
2 1 4 7 1 6 5 
3 2 3 4 2 7 5 
4 3 6 1 3 2 4 
5 4 4 3 0 1 6 
6 7 5 2 4 5 1 

,  ( 5) 
 ( 1), -

, , . 
,  ( 2) -

 ( 4), , 
, . -

: 
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Bj 

i

1 3 4 5 6 

1 5 4 3 2 6 
2 1 7 1 6 5 
3 2 4 2 7 5 
4 3 1 3 2 4 
6 7 2 4 5 1 

  
 ( 1) -

 ( 4), 
. 

 ( 4) -
 ( 4), 

, : 
Bj 

i

3 4 5 6 

1 4 3 2 6 
2 7 1 6 5 
3 4 2 7 5 
6 2 4 5 1 

, α =2, β =4, 
. 

: 

≥+++
≥+++
≥+++
≥+++

11556

15762

14213

12474

6321

6321

6321

6321

xxxx

xxxx

xxxx

xxxx

6321min xxxxF +++= . 
: 

≤+++
≤+++
≤+++
≤+++

11542

15724

15617

16234

6543

6543

6543

6543

yyyy

yyyy

yyyy

yyyy

6543max yyyyF +++= . 
-

: 
1 = 0,172 
2 = 0,011 

3 = 0 
4 = 0 
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5 = 0 
6 = 0,1183 

Fmin = 0,301. 
-

: 
1 = 0 
2 = 0 

3 = 0,1075 
4 = 0,1828 

5 = 0,01075 
6 = 0 

Fmax = 0,301. 
-

. :  

minF

x
p i

i =

571,01 =p

036,02 =p

03 =p

04 =p

05 =p

393,06 =p . 

: 2,332100322,3100
1

min
max =⋅=⋅=

F
F . 

. 

maxF

y
q j

j =

01 =q

02 =q

357,03 =q

607,04 =q

036,05 =q

06 =q . 

2,332100
1

max
min =⋅=

F
F , : 

1000–332,2=667,8. 
*p = (0,571; 

0,036; 0; 0; 0; 0,393),  – *q = (0; 0; 
0,357; 0,607; 0,036; 0). 
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,  ( ) -
, -

 0,571; 0,036; 0,393, , . . 
, -

 0,357; 0,607; 0,036. 
 332,2 . . . 

-

. ,  – , 
 1000  ·  1 

. . . = 1000, -
 1000–332,2=667,8 . . . 

. 1 2

, n . 
. . . 

2, , 1

. , -
. -

-
, , , , 

, . -
, -

. 
1 2 -

, 
1 ,     

2 – . 
: 1) . 

1 2 . -
),1( miAi = , 

, i- , -
),1( njB j = – , 

j- . , 
i- , -

, , j-
, . 

, 
: 

1) 1 i, 
2 , j ( i < j), 

1,  (j – i) , -



58 

(j–i) . . .   j
2 -

1 ; 
2) i>j, 1,

, i
n,  (n–i+1) . 1

(n–i+1) . . .; 
3) i=j, . . 

, , 
1 2  0,5· (n–i+1) 

. . . 
1

: 

>+−
=+−

<−
=

j),iip(n

j),iip(n,

ji),ip(j

aij

1

150 . 

n=6, : 

Bj 

i

1 2 3 4 5 6 

1 0,5  (6– 
–1+1) 

(2–1) (3–1) (4–1) (5–1) (6–1) 

2 (6–2+1) 0,5 (6– 
–2+1) 

(3–2) (4–2) (5–2) (6–2) 

3 (6–3+1) (6–3+1) 0,5 (6– 
–3+1) 

(4–3) (5–3) (6–3) 

4 (6–4+1) (6–4+1) (6–4+1) 0,5 (6– 
–4+1) 

(5–4) (6–4) 

5 (6–5+1) (6–5+1) (6–5+1) (6–5+1) 0,5 (6– 
–5+1) 

(6–5) 

6 (6–6+1) (6–6+1) (6–6+1) (6–6+1) (6–6+1) 0,5 (6– 
–6+1) 

: 

Bj 

i

1 2 3 4 5 6 i

1 3  2  3  4  5
2 5  2,5  2  3  4
3 4  4  2  2  3
4 3  3  3  1,5  2
5 2  2  2  2
6  0,5  0,5 
j 5  4  3  3  4  5   
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: 
paij

ji
== minmaxα

paij
ij

3maxmin ==β

)3()( pp =≠= βα
βα ≠ . 

, -
. 

-
, -

. , -
, : 

Bj 

i

1 2 3 4 5 6 

1 3 1 2 3 4 5 
2 5 2,5 1 2 3 4 
3 4 4 2 1 2 3 
4 3 3 3 1,5 1 2 
5 2 2 2 2 1 1 
6 1 1 1 1 1 0,5 

: 
123453 654321 ≥+++++ xxxxxx

12345,2 654321 ≥+++++ xxxxxx

12322 654321 ≥+++++ xxxxxx

125,123 654321 ≥+++++ xxxxxx

1234 654321 ≥+++++ xxxxxx

15,012345 654321 ≥+++++ xxxxxx

654321min xxxxxxF +++++= . 
: 

≤+++++
≤+++++

≤+++++
≤+++++

≤+++++
≤+++++

15,0

12222

125,1333

132244

14325,25

1543213

654321

654321

654321

654321

654321

654321

yyyyyy

yyyyy

yyyyyy

yyyyyy

yyyyyy

yyyyyy

654321max yyyyyyF +++++= . 
: 

pp
F

F ⋅=⋅== 182,2
4583,0

11

min
max
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545,0
4583,0
25,0

min

1
1 ===

F

x
p

0652 === ppp

273,0
4583,0

125,0

min

3
3 ===

F

x
p

182,0
4583,0

0833,0

min

4
4 ===

F

x
p

0,1431 =++ ppp . 
: 

pp
F

F ⋅=⋅== 182,2
4583,0

11

max
min

0,0,0 651 === qqq

364,0
4583,0

1667,0

max

2
2 ===

F

y
q

091,0
4583,0

0417,0

max

3
3 ===

F

y
q

545,0
4583,0

25,0

max

4
4 ===

F

y
q

0,1432 =++ qqq . 
, , -

, 652 ,, ppp =0. , -

182,0;273,0;545,0 431 === ppp

F ⋅= 182,2max . . . 
, 

;091,0;364,0 32 == qq 545,04 =p -
F ⋅= 182,2min . . . 

, -
, , -

 0,545; 0,273  0,182, 
, 

-
 0,364; 0,091; 0,545. 

 2,182· . . . 

2.6. 

, -
. , -
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-
. 

 – . 
 (1, 2  0,  «0» -

 ( ), -
.  

, 
 ( . 2.4). -

. , 
, 

.  

 (1  2). 

. 2.4. 

, , , 
. -

, , 
. q1 , -

, . -
q1  ( ) , -

. . , 
. 

ti, -
,  1, -

. 
, , -

 ( ),  ( ), -
,  «0».  

2

t1 

221

1
2

2
1 

t6 

1

t8 

t2 
t3

t4 

t5 t7

1

2

1 

q4

q2
q3

q7

q6
q5

2 2 1 1

2

0

1
q1

1

1

1 2
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, 
 ( . . ), 

. -
. -

-
, . . 

. 
 ( ), 

, , 
. 

, : 
1. ; 
2. , , 

 1, t; 
3.  ( ), 

, 
; 

4. , . . -
, ( ) -

 (1  2); 
5. , 

: 
) , -
, ; 

) , -
, , -

; 
)  0 ( ), , -

 ( ); 
)  ( . . , -

) -
 ( ). 

. , 
. 
, -

. -

 ( . 2.5). 
, . 

: -
: 1  2. : , -
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, 
: 1  2. : , -

, , , -
, z -

: 1  2. 

. 2.5. 

,  ( ) 
 2- : 1-  – -

, 2-  – -
.  (  2) , , 

, -
: 1-  – -

-
; 2-  – 

-
. -

, 
, -

: 1-  – -
, 2-  – -

. 
, ,  3 , 

, f ( ; ; z),  – 
1  2 ;  –  1  2 ; z –  1 

 2 . 

1

22

2

1

–2

2

2
1

1 2

2
1

2
1 1

–1 
4 –4 5

3

2

1

2

7

1
1 1

1
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, 
, , , , -

, -
. 

-
, , -

:  
f ( ; ; z) 

f (1;1;1)=–2 
f  (1;1;2)=–1 
f (1;2;1)=4 
f (1;2;2)=–4 
f (2;1;1)=5 
f (2;1;2)=3 
f (2;2;1)=2 
f (2;2;2)=7 

, , 
. -

. 
. , 

 1  2, . . 
. , 

 1, , , 
, , . . -

, , -
: 

1-  – =1, ; 
2-  – =2, ; 
3-  – ; 
4-  – =1, =2 =2, 

=1. 
.  

-
, . . , -

, , 
. 

 (i0; i1; i2), i0 – -
 1 ; i1 – 

,  1; i2 – 
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, 
 2. 

: 

(i0; i1; 
i2) 

=1,  =2,  = =1, =2; 
=2, =1 

1, 1, 1 1, 1, 1= –2 1, 2, 1= 4 1, 1, 1= –2 1, 2, 1= 4 
1, 1, 2 1, 1, 1= –2 1, 2, 2= –4 1, 1, 1= –2 1, 2, 2= –4 
1, 2, 1 1, 1, 2= –1 1, 2, 1= 4 1, 1, 2= –1 1, 2, 1= 4 
1, 2, 2 1, 1, 2= –1 1, 2, 2= –4 1, 1, 2= –1 1, 2, 2= –4 
2, 1, 1 2, 1, 1= 5 2, 2, 1= 2 2, 2, 1= 2 2, 1, 1= 5
2, 1, 2 2, 1, 1= 5 2, 2, 2= 7 2, 2, 2= 7 2, 1, 1= 5
2, 2, 1 2, 1, 2= 3 2, 2, 1= 2 2, 2, 1= 2 2, 1, 2= 3
2, 2, 2 2, 1, 2= 3 2, 2, 2= 7 2, 2, 2= 7 2, 1, 2= 3

: 

Bj 

i

1 2 3 4 

1 –2 4 –2 4 
2 –2 –4 –2 –4 
3 –1 4 –1 4 
4 –1 –4 –1 –4 
5 5 2 2 5 
6 5 7 7 5 
7 3 2 2 3 
8 3 7 7 3 

, 
=4: 

Bj 

i

1 2 3 4 iα

1 2 8 2 8 2 
2 2 0 2 0 0 
3 3 8 3 8 3 
4 3 0 3 0 0 
5 9 6 6 9 6 
6 9 11 11 9 9 
7 7 6 6 7 6 
8 7 11 11 7 7 

jβ 9 11 11 9 9 

:  
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9minmax == ij
ji

aα

9maxmin == ij
ij

aβ

9=== υβα –  = 9 – 4 = 5, 
. 

. 

 (  1 -
 2),  ( ) -

 (  2 
 1), 

 (  3 -
 2). 

. , 
, 

. 
, 

, . . -
,  – . 

-
, , 

, 
 ( . 2.6). 

. 2.6. 

. 
, . 

1 

2 2 

2

1

–2 

2

21

1 2

21

2
1 1

–1
4 –4 5 3

2

1

2

7

1
1 1

1
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-
, , 

 ( , z), . . -
=1 =2,  z=1 

 z=2, , : (1,1); 
(1,2); (2,1); (2,2). 

: 

( , z) =1,  =2,  = =1, =2; 
=2, =1 

(1,1) 1, 1, 1= –2 1, 2, 1= 4 1, 1, 1= –2 1, 2, 1= 4
(1,2) 1, 1, 1= –1 1, 2, 2= –4 1, 1, 2= –1 1, 2, 2= –4 
(2,1) 2, 1, 1= 5 2, 2, 1= 2 2, 2, 1= 2 2, 1, 1= 5 
(2,2) 2, 1, 2= 3 2, 2, 2= 7 2, 2, 2= 7 2, 1, 2= 3 

, -
=4, : 

j 

Ai

iα
1 2 3 4 

1 2 8 2 8 2 
2 3 0 3 0 0 
3 9 6 6 9 6 
4 7 11 11 7 7 

jβ 9 11 11 9  

7minmax == ij
ji

a ;  

9maxmin == ij
ij

aβ . 

ji βα ≠  – -

. 
: 

4321min

431

4321

431

4321

1798

111632

11168

17932

xxxxF

xxx

xxxx

xxx

xxxx

+++=
≥++

≥+++
≥++

≥+++

: 
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4321max

4321

4321

31

4321

1711117

19669

133

18282

yyyyF

yyyy

yyyy

yy

yyyy

+++=
≤+++

≤+++
≤+

≤+++

: 
: 

1 = 0 
2 = 0 

3 = 0,702 
4 = 0,0526 

Fmin = 0,1228 
: 

1 = 0,0877 
2 = 0,0351 

3 = 0 
4 = 0 

Fmax = 0,1228. 
: 

: 
1 = 0 
2 = 0 

3 = 0,57 
4 = 0,43 

: 
q1 = 0,71 
q2 = 0,29 

q3 = 0 
q4 = 0 

* =(0; 0; 0,57; 0,43),  – *q =(0,71; 
0,29;0,0), : 

14,44
1

min
max =−=

F
F . . . . 

, . 
. , -

, , , 
, . -

, -
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. -
 ( . 2.7). 

 (1,1); (1,2); (2,1); 
(2,2)  ( , z). 

: 1-  –  1  2-
 2. 

. 2.7. 

: 

(x, z) 
1 2 

(1,1) 1,1,1=–2 1,2,1=4 
(1,2) 1,1,2=–1 1,2,2=–4 
(2,1) 2,1,1=5 2,2,1=2 
(2,2) 2,1,2=3 2,2,2=7 

=4, : 

(x, z) iα
1 2 

(1,1) 2 8 2 
(1,2) 3 0 0 
(2,1) 9 6 6 
(2,2) 7 11 7 

jβ 9 11  

7minmax == ij
ji

a ; 9maxmin == ij
ij

aβ . 

1 

2 

2

1

–2 

2

2
1

1 2

2
1

21 1

–1
4 –4 5 3

2

1

2

7

1
1 1

1

2 
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, . . ji βα ≠ , 

 (  2.8). 
3 4

2.  2 .  
, . 

                                                                                                                            11   4

                     
                                               3    9                                                                      
                                                                         1

                                                                                                                              8 
                                                      7                                                                                                       
                                               4       
                                                                        
                    2    3                                                                                3 

                                                                                                                                            6
                                             1     2                                                                           2 

                                                                                                    
                      0 
                                                  1      q

*
2     N                            q*

1                                         2 

. 2.8. 

, :  

=+
=+

=+

1

117

69

21

21

21

qq

qq

qq

υ
υ

21 1 qq −= . 1q , -
: 

=+
=−

υ
υ

2

2

47

39

q

q

2q , . 
, 2q =0,286, 1q =0,714, =8,143–4=4,143 . . . . 

,  2 
*q =(0,714; 0,286),  2 

4,143 . . . . 
. .  – -

,  – . -
. -
 {1,2}. 

,  1, 
, 

 {1,2}, 
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, z  {1,2}. 
 2, -

, -
 {1,2},  – z

 {1,2}. , , z
f ( , , z), -

: 
f (1,1,1)=–2 
f (1,1,2)=–1 
f (1,2,1)=4 
f (1,2,2)=–4 
f (2,1,1)=5 
f (2,1,2)=3 
f (2,2,1)=2 

( . 2.9).  2 
, , , 

, .  1 
, : 1-  – 

 1; 2-  –  2. 

. 2.9. 

 2 : 
1-  –  1 
2-  –  1,  2 
3-  –  1,  2 

–2 

1 

2

2

1 2

2
1

1 2

2
1

2
1 1

–1 
4 –4 5 3 

2 

1

2

7

2
2 2

2

2
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4-  –  2. 
. -

: 

=1 =1; =2 =2; =1 =2 
1 111=–2 112=–1 121=4 122=–4 
2 211=5 221=2 212=3 222=7 

, =4: 

=1 =1; =2 =2; =1 =2 
iα

1 2 3 8 0 0 
2 9 6 7 11 6 

jβ 9 6 8 11 6 

, =6 =6. , 
. 

(212),  6–4=2 . . . . 
. , . . 

 1  0,5  2 . 
. , , -

 {1,2}. -
, , , z

 {1,2}. -
f( , ,z). 

 ( . 2.10).  «0», 
.  

. 2.10. 

–2 

0 

1 1 

2

1 2

2
1

1 2

2
1

2
1 1

–1 
4 –4

5 
3 

2 

1

2

7 

2
2 2

2
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-
, , .  

 1 . 
1-  – =1 ; 
2-  – ; 
3-  – =1, =2 =2, 

=1; 
4-  – =2 . 

. 
1-  – z=1 y; 
2-  –  z y; 
3-  – z=1, y=2 z=2, 

y=1; 
4-  – z=2 y. -

 ( . 2.7) 
 0 -

 0,5,  ( . . 
 1) , -
,  1 -

. 

 2.7. 

z=1, - z= z=1, =2; 
z=2, =1 

z=2, -

=1, - 111·0,5+ 
+211·0,5= 

=–2·0,5+5·0,5= 
=1,5 

111·0,5+ 
+211·0,5= 

=1,5 

112·0,5+ 
+212·0,5= 
=–1·0,5+ 
+3·0,5=1 

112·0,5+212·0,
5==1 

=  111·0,5+ 
+221·0,5= 

=–2·0,5+2·0,5= 
=0 

111·0,5+ 
+222·0,5= 

=–2·0,5+7·0,5= 
=2,5 

112·0,5+ 
+221·0,5= 

=–1·0,5+2·0,5= 
=0,5 

112·0,5+ 
+222·0,5= 
=–1·0,5+ 
+7·0,5=3 

=1, 
=2; 

=2,   
=1 

121·0,5+ 
+211·0,5= 

  =4·0,5+5·0,5= 
=4,5 

122·0,5+ 
+211·0,5= 

=–4·0,5+5·0,5= 
=0,5 

121·0,5+ 
+212·0,5= 

=4·0,5+3·0,5= 
=3,5 

122·0,5+ 
+212·0,5= 
 =–4·0,5+ 

+3·0,5=–0,5 
=2, - 121·0,5+ 

+221·0,5= 
=4·0,5+2·0,5=3 

122·0,5+ 
+222·0,5= 

=–4·0,5+7·0,5= 
=1,5 

121·0,5+ 
+221·0,5=3 

122·0,5+ 
+222·0,5==1,5 
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, -
: 

 1 2 3 4 
1 1,5 1,5 1 1 
2 0 2,5 0,5 3 
3 4,5 0,5 3,5 –0,5 
4 3 1,5 3 1,5 

, 
=0,5.  

: 

 1 2 3 4 i

1 2 2 1,5 1,5 1,5 
2 0,5 3 1 3,5 0,5 
3 5 1 4 0 0 
4 3,5 2 3,5 2 2 

j 5 3 4 3,5  

, =2, =3 
. 

4321min

421

4321

4321

4321

125,35,1

15,345,1

1232

15,355,02

xxxxF

xxx

xxxx

xxx

xxxx

+++=
≥++

≥+++
≥+++

≥+++

:  

4321max

4321

321

4321

4321

125,325,3

145

15,335,0

15,15,122

yyyyF

yyyy

yyy

yy

yyyy

+++=
≤+++

≤++
≤+++
≤+++

: 
: 

1 = 0 
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2 = 0,1579 
3 = 0 

4 = 0,2632 
Fmin = 0,421 

: 
1 = 0,1053 
2 = 0,3458 

3 = 0 
4 = 0 

Fmax = 0,421. 

: 
1 = 0 

2 = 0,375 
3 = 0 

4 = 0,625 
Fmax = 2,375–0,5=1,875 

: 
q1 = 0,25 
q2 = 0,75 

q3 = 0 
q4 = 0 

Fmin = 1,875. 
. 

( . 2.11). 

. 2.11. 

0 

2 1 

2

1

–2 

2

2
1

1 2

2
1

2
1 1

–1 
4 –4 

5 
2 

1

2

7

2
2 1

1

3 
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 «0» – , 
1/3  {1,2} , 

 2/3  {1,2} 
 ( . . ).  
 «0» , 

 1,  {1,2} 
 2, -

 {1,2} z. 
 «0» , 

 2,  {1,2} 
 1, -

 {1,2} z. 
f( , ,z). 

. 
 1 , 

 (i0, i1, i2),  
i0 – ,  1 , -

 «0» ; 
 i1 – ,  1 , 

 «0» , 
 –  2;  

i2 – ,  1 , 
. 

 8 . -
),,( 210 jjjj = ,  

j0 – ,  2 , -
 «0» ;  

j1 – ,  2 , 
 «0» ,  – 

 1 ;  
j2 – ,  2 , 

 «0» ,  – 
 1 . 

. 

 ( . 2.8). 
 ( . 2.9). 

: 
ij

ji
aminmax=α =2,67;  
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ij
ij

amaxmin=β =2,67. 

 2.8. 

- (1,1,1) (1,1,2) (1,2,1) (1,2,2) (2,1,1) (2,1,2) (2,2,1) (2,2,2) 

(1,1,1) 
1/3 1,1,1+
2/3 2,1,1

1/3 1,1,1+
2/3 2,1,1

1/3 1,1,2+
2/3 2,1,1

1/3 1,1,2+
2/3 2,1,1

1/3 1,1,1+
2/3 2,2,1

1/3 1,1,1+
2/3 2,2,1

1/3 1,1,2+
2/3 2,2,1

1/3 1,1,2+
2/3 2,2,1

(1,1,2) 
1/3 1,1,1+
2/3 2,1,1

1/3 1,1,1+
2/3 2,1,1

1/3 1,1,2+
2/3 2,1,1

1/3 1,1,2+
2/3 2,1,1

1/3 1,1,1+
2/3 2,2,2

1/3 1,1,1+
2/3 2,2,2

1/3 1,1,2+
2/3 2,2,2

1/3 1,1,2+
2/3 2,2,2

(1,2,1) 
1/3 1,1,1+
2/3 2,1,2

1/3 1,1,1+
2/3 2,1,2

1/3 1,1,2+
2/3 2,1,2

1/3 1,1,2+
2/3 2,1,2

1/3 1,1,1+
2/3 2,2,1

1/3 1,1,1+
2/3 2,2,1

1/3 1,1,2+
2/3 2,2,1

1/3 1,1,2+
2/3 2,2,1

(1,2,2) 
1/3 1,1,1+
2/3 2,1,2

1/3 1,1,1+
2/3 2,1,2

1/3 1,1,2+
2/3 2,1,2

1/3 1,1,2+
2/3 2,1,2

1/3 1,1,1+
2/3 2,2,2

1/3 1,1,1+
2/3 2,2,2

1/3 1,1,2+
2/3 2,2,2

1/3 1,1,2+
2/3 2,2,2

(2,1,1) 
1/3 1,2,1+
2/3 2,1,1

1/3 1,2,2+
2/3 2,1,1

1/3 1,2,1+
2/3 2,1,1

1/3 1,2,2+
2/3 2,1,1

1/3 1,2,1+
2/3 2,2,1

1/3 1,2,2+
2/3 2,2,1

1/3 1,2,1+
2/3 2,2,1

1/3 1,2,2+
2/3 2,2,1

(2,1,2) 
1/3 1,2,1+
2/3 2,1,1

1/3 1,2,2+
2/3 2,1,1

1/3 1,2,1+
2/3 2,1,1

1/3 1,2,2+
2/3 2,1,1

1/3 1,2,1+
2/3 2,2,2

1/3 1,2,2+
2/3 2,2,2

1/3 1,2,1+
2/3 2,2,2

1/3 1,2,2+
2/3 2,2,2

(2,2,1) 
1/3 1,2,1+
2/3 2,1,2

1/3 1,2,2+
2/3 2,1,2

1/3 1,2,1+
2/3 2,1,2

1/3 1,2,2+
2/3 2,1,2

1/3 1,2,1+
2/3 2,2,1

1/3 1,2,2+
2/3 2,2,1

1/3 1,2,1+
2/3 2,2,1

1/3 1,2,2+
2/3 2,2,1

(2,2,2) 
1/3 1,2,1+
2/3 2,1,2

1/3 1,2,2+
2/3 2,1,2

1/3 1,2,1+
2/3 2,1,2

1/3 1,2,2+
2/3 2,1,2

1/3 1,2,1+
2/3 2,2,2

1/3 1,2,2+
2/3 2,2,2

1/3 1,2,1+
2/3 2,2,2

1/3 1,2,2+
2/3 2,2,2

 2.9. 

1 2 3 4 5 6 7 8 i

1 2,67 2,67 3,00 3,00 0,67 0,67 0 0 0 
2 2,67 2,67 3,00 3,00 4,00 4,00 4,33 4,33 2,67 
3 1,33 1,33 1,67 1,67 0,67 0,67 0 0 0 
4 1,33 1,33 1,67 1,67 4,00 4,00 4,33 4,33 1,33 
5 4,67 2,00 4,67 2,00 2,67 2,67 1,67 1,67 1,67 
6 4,67 2,00 4,67 2,00 3,33 3,33 6,00 6,00 2,00 
7 3,33 0,67 3,33 0,67 2,67 2,67 1,67 1,67 0,67 
8 3,33 0,67 3,33 0,67 3,33 3,33 6,00 6,00 0,67 

j 4,67 2,67 4,67 3,00 4,00 4,00 6,00 6,00 2,67 

, βα = =2,67.  
 (1,1,2), -

 2,67 . . . . 
. -

-
-

.  1 -
,  2 – . -

 ( 1
1

1
2

2
1 , 2

2 ). -
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. 
 ( -

 1, . .  1),  (  2, 
. .  4). -

1
1

1
2 ,  ( -

 1, . .  2),  ( -
 2, . .  3).  1  2 -

2
1 -

t1, 2
2 t2.  1 

3 , t3 t4
2

1
2
2

.  1 -
, 1

1
1
2 , 

 (  1, . .  5),  (
2, . .  6).  4  5 2

1
2
2 -

t9 t10, 
 4  6 – t11 t12 -

2
1

2
2 . 

 ( . 2.12).  

  

. 2.12. 

 1, 
, : 

.   2, 
-

1

22

1 1 1 1

2

1 2

21

1 2 1 2

2
1

21 1

22 2 2 2 2 2 2

10 8 11 7 9 6 10 5 11 9 10 8 5 11 4 6 

1 1 1 1 1 1 1 12 2 2 2 2 2 2 2
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 2 : 1
1  – -

 (  1) 1
2  – -

 (  2). 
 1, : 

; 
.  

 2, -
: 

2
1  (  1), -

2
2  (  2). 

 2  (j1, j2),  
j1 – ,  (j1=1,2);   

j2 – ,  (j1=1,2).  
 1  (i0, i1, i2),  

i0 – ,  (i0=1,2);  
i1 – , ,  2 -

 (i1=1,2);  
i2 – , ,  2 -

 (i2=1,2). 
. -
 ( . 2.10).  

 2.10. 

j1, j2 

i0, i1, i2
(1,1) (1,2) (2,1) (2,2) 

(1,1,1) 1,1,1,1 1,1,1,2 1,2,1,1 1,2,1,2 
(1,1,2) 1,1,1,1 1,1,1,2 1,2,2,1 1,2,2,2 
(1,2,1) 1,1,2,1 1,1,2,2 1,2,1,1 1,2,1,2 
(1,2,2) 1,1,2,1 1,1,2,2 1,2,2,1 1,2,2,2 
(2,1,1) 2,1,1,1 2,1,1,2 2,2,1,1 2,2,1,2 
(2,1,2) 2,1,1,1 2,1,1,2 2,2,2,1 2,2,2,2 
(2,2,1) 2,1,2,1 2,1,2,2 2,2,1,1 2,2,1,2 
(2,2,2) 2,1,2,1 2,1,2,2 2,2,2,1 2,2,2,2 

 ( . 2.11). 
, βα = =6, . . 

,  (1,2,1,2) -
 1 

t6=6. 
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 2.11. 

 (1,1) (1,2) (2,1) (2,2) 
iα

(1,1,1) 10 8 9 6 6 
(1,1,2) 10 8 10 5 5 
(1,2,1) 11 7 9 6 6 
(1,2,2) 11 7 10 5 5 
(2,1,1) 11 9 8 5 5 
(2,1,2) 11 9 11 4 4 
(2,2,1) 10 6 8 5 5 
(2,2,2) 10 6 11 4 4 

jβ 11 9 11 6 6 

2.7. 

-
, -

. , -
),...,,( 21 mi AAAA = , mi ,1= ,  – -

),...,,( 21 nj BBBB = , ni ,1= . -

: 

j 

i

B1 … Bk … Bn j 

i

B1 … Bk … Bn

1 a11 … a1k … a1n  1 11 … 1k … 1n

… … …  …   … … …  …  
Ar ar1 … ark … arn  Ar r1 … rk … rn

… … … … … …  … … … … … … 
Am am1 … amk … amn  Am m1 … mk … mn

, -  
 – . -
, , r-   , -

 – k- , 
rk,  – rk. 

, , 
. , 

 ( -
), . 

. -
 2 2: 
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j 

i

1 2 j 

i

1 2 

1 11 12 1 11 12

2 21 22 2 21 22

i, 2,1=i j, 2,1=j

p q. 
, = 1, 2=1– , q=q1, 

q2=1–q. 
-

: 
)1)(1()1()1(),( 22211211 qpaqpaqpapqaqpf A −−+−+−+= , 
)1)(1()1()1(),( 22211211 qpbqpbqpbpqbqpfB −−+−+−+= , 

 0 1  0 q 1. 
. , 

 ( ) 
. 

,  ( *, q*),  0 * 1, 0 q* 1, -
, q,  0 1  0 q 1, 
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*)*,(*),( qpfqpf AA ≤
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+−+−+=

: 



82 

=1, ,   
qaaaqaaaaqf A )()(),1( 22211222211211 −+++−−= . 
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: 

122222

21121122122221

12112221122221

12112222212212

22211211

)

()()

()()

()()(

)(),1(),(

aaqa

aaapaapqaa
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 ( . 
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. -
 (k=50). 

3 4

 ( . 3.6). 

50 
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. 

 3.6.   

-
  

-   
1 2 3 4 1 2 3 4 

1 60 1 1 1 0 1 0 0 0 
2 1396 12 33,5 14,5 0 0 1 –0,5 0 
4 16,16 –0,24 –0,3 –0,5 1 0 0 0,02 0 

4 36 0 0 0 0 0 0 
1 

Fmax 1131,2 –66,8 –41 –35 0 0 0 1,4 0 

1. , , , 
, . -

. 
2. 

 ( . 
 G). 

3. -
 ( .  G). 

, -
, , -

 ( . 3.7  3.8). 

 3.7.   

-
  

-   
1 2 3 4 1 2 3 4 

1 24 0 1 0 1 0 0 –1 

2 964 0 33,5 14,5 0 0 1 –0,5 –12 
4 24,8 0 –0,3 –0,5 1 0 0 0,02 0,24 
1 36 1 0 0 0 0 0 0 1 

Fmax 3536 0 –41 –35 0 0 0 1,4 66,8 

, -
,  ( . 

). 

1

1
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. 3.8 
. 

 3.8.   

-
  

-   
1 2 3 4 1 2 3 4 

2 24 0 1 1 0 1 0 0 –1 
2 160 0 0 –19 0 –33,5 1 –0,5 21,5 
4 32 0 0 –0,2 1 0,3 0 0,02 –0,06
1 36 1 0 0 0 0 0 0 1 

Fmax 4520 0 0 6 0 41 0 1,4 25,8 

. 3.8 -

: 

24
3,0

32
;

1

24
minmin

1 ==ΔA

776,4
5,33

160
maxmax

1 =
−

=ΔA . 

, 
: 

[ ] [ ] [ ]776,64 ;36776,460 ;2460; max
11

min
11 =+−=Δ+Δ− AAAA

-
 ( 2=160), , -

. -
: 

160
1

160
minmin

2 ==ΔA , 

[ ] [ ] [ ] ;1640 ;1601800 ;min
22 =−=Δ− AA . 

-
-

: 

1600
02,0

32
minmin

3 ==ΔA , 

320
5,0

160
maxmax

3 =
−

=ΔA , 

[ ] [ ] [ ]1128 ;792320808 ;1600808; max
33

min
33 −=+−=Δ+Δ− AAAA ; 

442,7
1

36
;

5,21

160
minmin

4 ==ΔA , 
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24
06,0

32
;

1
24

maxmax
4 =

−−
=ΔA , 

[ ] [ ] [ ]60 ;558,282436 ;442,736; max
44

min
44 =+−=Δ+Δ− AAAA . 

-
. 

, 
iF )( maxΔ

*
iu iAΔ . 

. 3.3 
: 

4520 ;8,25 ;4,1 ;0 ;0,41 min
*
4

*
3

*
2

*
1 ===== Fuuuu . 

: 
( ) 984)6036(411max −=−⋅=ΔF , 
( ) 0)18001640(02max =−⋅=ΔF , 

( ) 2240)808792(4,13max −=−−⋅=ΔF , 
( ) 0,192)36558,28(8,254max −=−⋅=ΔF . 

: 

34160,19222400984)(
1

maxmax −=−−+−=Δ=Δ
=

i

m

i

FF . 

: 
( ) 8,195)60776,64(411max =−⋅=ΔF , 
( ) 0,448)8081128(4,13max =−⋅=ΔF , 
( ) 2,619)3660(8,254max =−⋅=ΔF , 

0,12632,6190,4488,195)(
1

maxmax =++=Δ=Δ
=

m

i
iFF . 

-
Ai

. 
-

 LPX.88 (  I)  Excel (  J). 
 LPX.88 -

 (  F1 (PRIMAL 
VALUES OUTPUT MENU)); 
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(  F2 (DUAL VALUES OUTPUT MENU)); 
 (  F3 (COST 

RANCES OUTPUT MENU));  ( -
 F4 (RHS RANCES OUTPUT MENU)); -

 (  F5 (INVERSE MATRIX)). 
-

, 

.  

. -
, -

-
. 

, -
, . -

 (
), . , 

2  20 
 [14; 45,8] 

24  [336; 1099,2], 
2  24 . 

-
, , -

. 
, 

. , -
 [36; 64,776], 

 ( )  1179,82 . . .: 
82,1179)36776,64(41)( *

11max =−⋅=Δ⋅=Δ iAuF . . . 

,  ( ) -
yi , 

ui=0. 

3.5. 

-
-

. 
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, -
-
-
-

. , -
 (  – -

,  – , ), 
, -

. , 
, -

, -
. , , -

 ( , -
, ), 

, 
. 

-
 ( , . .). , 

-
, , 

. -
-

, , 
. -

. 
-

, -
 ( . 3.4). 

    

  

1 

2 

 …  

n 

  

. 3.4. -
. 
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, n  ( , ), 
-

 ( ),...,,( 21 nj xxxx = ). -

j Ai ( ),...,,( 21 mi AAAA = ), 
-

aij (aij – i -
j). -

, , -
, , . . . . -

-
. -

. 
-

. 
, -

n . , -
-

 ( ). 
j aij

bij (bij – i
j). 

, - -
: -

∈

=
0

max
Jj

jj xcF , 

: 

0,
0

IiAxa i
Jj

jij ∈=
∈

;                                (3.1) 

1,
0

IiBxb i
Jj

jij ∈=
∈

; 

0,0 Jjx j ∈≥ . 

: 
i – ; 
0I  – ; 

1I  – ; 
j – ; 
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0J  – ; 
: 

jx  – j; 

: 
ija  – i

 j; 
iA  – i; 

ijb  – i -

 j; 
iB  – i; 

jc  –  ( , . .) 

 j. 
 (3.1): 

1. -
. -

-  ( . .  – ). 
- -

. 
-

i , . . iy , 
: 

1,
1

IiBy i
Ii

j ∈≤
∈

,  ( ): 
0,

0

IiAxa i
Jj

jij ∈=
∈

                                          (3.2) 

1,
0

Iiyxb i
Jj

jij ∈=
∈

∈

=
0

max
Jj

jj xcF

 (3.1). 
2. -

 – - . ( . .  – -
). -

. 
 (

) , -
,  (3.1). 
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. . 
iu ,  ( ): 

0,
0

IiAxa i
Jj

jij ∈=
∈

                                          (3.3) 

jiij xBucF ⋅+= )(max

 (3.1). 
 (3.1) 

: -
 ( ), 

, -
. 

iy

iu , -
 (3.2)  (3.3) . 

-
. 

,  4-5 
. -

-

 (3.1). 
, -

, 

, -
- . 

3.6. 

( ). , -
, -

, 
. 

, : 
, . . 

. 
 ( ) 

:  
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=

=
n

j
jj xcF

1
max(min) . 

: 

1) { } miAxa i

n

j
jij ,1,,,

1

=≥=≤
=

                                                                        (3.4) 

2) 0≥jx jx  – nj ,1= . 

. 
1. : 

-
. ijx -

i j
 ( ijij xx ,0≥  – ). 

. -
, -

. 
: 

=
. ,0 

;    ,1 ji
xij

,  – 0  1, -
. 

: 

ij

n

i

n

j
ij xcF

= =

=
1 1

max . 

: 

nix
n

j
ij ,1,1

1

==
=

: 

njx
n

i
ij ,1,1

1

==
=

, 

ijc  – i j.   

2. . 
, : 

, , , 
Ai . n -

, aij -
pj. , 
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 (Ai) -
. 

xj ,   
=

=
. - 0

),1( -  ,1 njj
x j

: 

=

=
n

j
jj xpF

1
max . 

: 
1) : 

miAxa i

n

j
jij ,1,

1

=≤
=

2) : 
{ } njxx jj ,1,1;0;0 =∈≥ . 

3) . -
. -

, 
. 

: 

≠=
=

) ;,1,(  - 0

;     ,1

jinji

ji
xij

: 

ij

n

i

n

j
ij xcF

= =

=
1 1

min . 

: 
1) : 

nix
n

j
ij ,1,1

1

==
=

2) : 

njx
n

i
ij ,1,1

1

==
=

. 

-
 ( , 

): 
)( ,1 ;,2 ,1 jinjninnxuu ijji ≠==−≤+− , 

xij – i j; 
ij – i j. 
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4) . -
, -

. 
, 

. -
. 

,  2 , -
i j -

: 

=

>+
=

,0 ,0

,0 ,

ij

ijijijij

ijij
x

xdxc
xc , 

ij – i -
j; 

dij – 
i j. 

: 

ij

m

i

n

j
ij xcF

= =

=
1 1

min

, -
. 

yij, 
 – 0  1: 

10 =∨= ijij yy , 

{ } ijjiij ybax ),(min≤                                                            

: 

)(
1 1

min ijijij

m

i

n

j
ij ydxcF +=

= =

. 

- -
. 

, -
. -

, -
. , 

. -
 ( . 3.5).  

, -
. 
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N, -
. 

                            2                                     

                             2
*                                                                  C 

                             
                                                                                       N 

                          0           D                        1
*      1

. 3.5. 

-
: 

1. ; 
2. ; 
3. . 

, 
. 
, 

, 
: – ; – 

; – -
. 

. 3.6, 
. 

                   2 

                2 

                           2 
                  4                              D
                 3             
                                      N 
                                                           
                   2                                   

                  Fmax 

                  Fmin ( ) 
                  
                0                      2                   4                     1 

. 3.6.   
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, -
D D. -

, -
N. -

-
 – .  

 (2, 2). 
.  ( ) 

, -
.  – , -

.  
, 

 (3.4). 
, 

: 

mixax
n

j
jijii ,1,

1

=−=
=

                                           (3.5) 

ix  – , i- , -
; 

jx  – , j- , -

; 
ija  – , i- j-

; 
i  – , i- -

. 
, i ia  – . 

i ija ,  [ i ] 

[ ija ],  –  { i }  { ija }. : 
[ ] { }
[ ] { }ijijij

iii

aaa +=

+=
                                              (3.6)

{ } 10 << i ;    { } 0≥i ; 
{ } 10 << ija ;       { } 0≥ija . 

 (3.6)  (3.5), : 

{ } { } )()][]([
11

j

n

j
ijij

n

j
ijii xaxax ⋅−+⋅−=

==

.                            (3.7) 
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j

n

j
iji xa ⋅−

=1

][][  – , 

ix , , 

{ } { } j

n

j
iji xa ⋅−

=1

. , 

{ } { } 0
1

<⋅−
=

j

n

i
iji xa ,                                    (3.8) 

, { } 10 ≤≤ iA ; { }ija≤0 { } 0≥ija , 0≥jx , -

: 

{ } { } 1
1

<⋅−
=

j

n

i
iji xa                                       (3.9) 

 (3.8)  (3.9) -
 (3.7). , -

, -
 (3.8): 

{ } { } 0
1

≤⋅−
=

j

n

j
iji xa { } { }ij

n

j
ij Axa ≥⋅

=1

               (3.10) 

 (3.10) . 
, -

: 
1.  (3.4) 

.  – -
, . -

, 
.  

2. , 
-

. 
3. , , -

, , 
. 

4. 
,  2, 

. 
.  680 . . . . -

, -
 60 2. -

 ( . 3.9). -
 8 . 
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   3.9. 

    

,  4 3 
, 2 5 3 

, . . . . 80 60 

. 
. : 

1 2 – 
. 

: 
21max 34 xxF += . 

: 
: 

6035 21 ≤+ xx

: 
6806080 21 ≤+ xx

: 
82 ≤x

: 
0,0 21 ≥≥ xx

: 
1, 2 – . 

, -
. : 

8

6806080

6035

32

221

121

=+
=+
=++

0,0 21 ≥≥
21max 34 xxF +=

 ( . 3.10). 
, -

 3 (  8), . 3.11. 

, 1  ( 1=8,5). 



124 

 3.10.   

  
x1 x2

1 60 5 3 

2 680 
60 

3 8 0 1 
Fmax 0 –4 –3 

 3.11.   

  
2 x2

1 17,5 –0,0625 –0,75 
1 8,5 0,0125 0,75 
3 8 0 1 

Fmax 34 0,05 0 

 8,5 (8,5–8=0,5), -
 0,0125  0,75 ( . 3.11) (0,0125–0=0,0125; 

0,75–0=0,75), -
. 3.11: 
0,0125 2+0,75 2 0,5. 

: 
–0,0125 2–0,75 2+ 4= –0,5. 

. 3.11, . 
3.12. 

 3.12.   
1

    
2 x2

1 17,5 –0,0625 –0,75 
1 8,5 0,125 0,75 
3 8 0 1 

4 –0,5 
–0,75 

Fmax 34 0,05 0 

8

–0,0125 
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-
, , 

 (–0,0125), 
 ( . 3.13). 
. 3.13 , , -

 60 ( . 3.14). 
. 3.14 , -

2=0,667 . 
. 3.14 , -

. 
: 0,667; –1,333; 0,0167, :  

0,667–0=0,667; 
–1,333+2=0,667; 
0,0167–0=0,0167. 

 3.13.   
1

  
4 x2

1 17,25 –5 3 
1 8 1 0 
3 8 0 1 

2 40 –80 

Fmax 32 4 –3 

 3.14.   
1

  
4 2

1 15,25 –1 –0,05 
1 8 1 0 
3 7,333 1,333 –0,0167 
2 0,667 –1,333 0,0167 

Fmax 34 0 0,05 

. 3.14: 
0,667 4+0,0167 2 0,667, 

: 
–0,667 4–0,0167 2+ 5= –0,667   

60 
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. 3.14, . 3.15. 

 3.15.   
2

  
4 2

1 15,25 –1 –0,05 
1 8 1 0 
3 7,333 1,333 –0,0167 
2 0,667 –1,333 0,0167 

5 –0,667 
–0,0167 

Fmax 34 0 0,05 

. 3.15 ,  ( . 3.16). 

 3.16.   
2

  
5 2

1 16,25 –1,499 0,025 
1 7 1,499 –0,025 
3 6 1,999 –0,050 
2 2 –1,999 0,050 
4 1 –1,499 0,025 

Fmax 34 0 0,05 

. 3.16 : 
1=7;  
2=2;  

Fmax=34 . 
-

. -
 1960 . , 

1963 . , , 
. 

-
, -

.  
: 

1.  (3.4) 
. 

–0,667 
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2. -
, 

. 
3. 

, -
, 

, 
 ( : 1=3,5, 

1 3, 1 4, 
1). 

4. 
,  ( ) -

. 
5. -

, , , -
 2 -

-
. 

 ( . 3.7). 

             F1>F2

                                               F3<F4 

. 3.7. 

-
 (  K). 

-
 Excel. 

.
, . . 

, , , 
. 

  
 (F) 

-
 (F1) 

-
 (F2) 

-

 (F3) 

-

 (F4) 
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: 
1. :  – 40 
,  – 1400 .- ,  – 1000 

. . 
2. . 3.17 

 3.17. 

-
  

-
  

, .- . 8 25 5 20 
, . . – – – 50 

 1 , . . 10 8 15 – 
, . . . 600 3500 200 1300 

,  30 250 – 40 

3. -
, :  – 500;  – 4000;  – 

800. 
4. , . . ./ :  – 30;  – 20;  – 

60. 
5.  30 . 

- -
: 1 – , ; 2 – -

, ; 3 – , ; 4

– , . 
: 

Fmax=30⋅30 1+250⋅20 2+40⋅60 3–600 1–3500 2–200 3–1300 4. 
: 

1) , 
1 + 2 + 3  ≤ 40; 

2) , .- . 
8 1 + 25 2 + 5 3 + 20 4 ≤ 1400; 

3) , . . 
50 4 ≤ 10 1 +8 2 +20 3 +1000; 

4) , 
30 1 ≥ 500; 

5) , 
250 2 ≥ 4000; 

6. , 
40 4 ≥ 800; 
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7) , . 
4 ≤ 30. 

 Excel : 

, ,  ( -
), . 

, -
, . -

 F13 ( ), -
 « …». 

 « » (  J). 
 « » , 

 ( 3, 
3, D3 4). , -

. 
, , 

 « », 
 « ».  « » -

.  « -
»  « » 

B3:D3; E4. , -
 ( ) -

 « ». 
: 

B3:D3  0 
F3  G3 

F5  G5 -
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F8  500 
F9  4000 
F10  800 

, 

 E4  0    
F7  G6 -

E4  30 -
B3:D3; 4 

,  « », -
 « »  ( . 3.8). 
 « », 

 ( . 3.18). 

. 3.8.  « » 

. 3.18 : 
1=17; 2=23; 3=0; 4=27, Fmax=69300 . . . 

 3.18.   

- -
-

- -

1 2 3 4 5 6 7 
,  17 23 0  40 40 

, .    27   
, 

.- . 
136 575 0 540 1251 1400 

, 
. . 

170 184 0  354 1354 

, . . 
   1350 1350  

-
, 

510    510  
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. 3.18
1 2 3 4 5 6 7 

-
, 

 5750   5750  

-
, 

   1080 1080  

-
, . . . 

10200 80500 0 35100 125800  

-
, . . . 

15300 115000  64800 195100  

, . . . 
    69300  

1. - . 
2. -

. 
3. -

. 
4. , 

. 
5. -

. 
6. -

. 
7. -

- ? 
8. . 
9. - - -

. 
10. -

. 
11. -

. 
12. -

. 
13. -

. 
14.  ( ) -

. 
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15. -
, -

. 
16. - -

. 
17. -

. 
18. -

- . 
19. -

.  
20. 

. 
21. -

. 
22. , 

. 
23. . 
24. . 
25. -

. 
26. -

. 
27. . 
28. -

. 
29. 

. 
30. -

. 

4. 

4.1. 

, 
. -

, : -
, , 

-
, , -
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, , 
, , -

. . 
-

. 
.  1736 . ( -

 L). -
 30- -

. .  
: -

, , -
, . 

( , …)  ( , …),  (1, 2…), 
 ( 1, 2, …, m). 

, , 
, , 

,  – : 

                                                          Ei                           Ej 

                                                           

. 
 ( , ); (1 ,3); ( , ); 

→
=EE ji ),( . , -

 ( ) U
→

, 

),( UXG = ),(
→

= EG . 
 ( . . 

), . 
, , -

. , 
 ( ),  ( ) . -

,  ( . 4.1). 

                                                 1       2

              
    
               3 

. 4.1. 
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, 
 ( . 4.2). 

                                                                2 

   
                                                  1                                3

                                                                 4 

. 4.2. 

, , 
- . , 

. 
,  ( ) 

. Xi ( i) 
, ( )iρ )( iEρ . -

Xi ( i) , -
Xi ( i), , Xi (

i). 
, 

. , -
, -

 ( . 4.3). 

                        2      3

→
           3                                7      

                                               1

→
                       5

→
      7

→
               8

→

                                            1                                           11

→
      9

→
      8 

                                                  2

→
                    6

→
        6                             

                                                       4       4

→
     5                 10    10

→
     9                 

                                                                                                              
. 4.3. 

. 
, -

. 
.  – 

. 
,  ( . 4.4). 
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. 4.4. 

-
. , -
, , 

. 

-  ( . 4.5). 

                             2                                                                   2                                                4                                    

                                 2  
                 1                          3      1                4 

                                                                                                                                3 

                              4                                                                 3                                             1 

. 4.5. 

, 
, . . 

. 
: 

. 
:  

1)  ( , 
. 4.1);  

2) 
( . 4.2; 4.3).  

:  
1) ;  
2)  ( ) ( );  
3)  (  N). 
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 4.1. 
 (  (i, j)) , 

1, 2 3 
1, 3 5 
2, 3 4 
2, 4 2 
2, 5 6 
3, 4 3 
4, 5 2 
4, 6 1 
5, 6 7 

 4.2.

→

1e
– 

→

2e
– 

→

3e
– 

→

4e
→

1e
→

5e
→

1e
→

6e
→

2e , 
→

4e
→

7e
→

3e
→

8e
→

6e , 
→

7e
→

9e
→

5e , 
→

8e
→

10e
→

6e , 
→

7e

 4.3.   
-
  

( )ji, - -
, 

1 2 3 4 5 
→

1e (1,2) 
– 

2 

→

2e (2,6) 
- →

1e 28 

→

3e (2,5) -
→

1e 34 

→

4e (2,3) 
→

1e 4 

→

5e (3,4) 
→

1e 6 
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. 4.3
1 2 3 4 5 
→

6
(4,5) 

→

5
5 

→

7
(5,6) 

→

3 , 
→

6
3 

→

8
(6,7) 

- →

2 , 
→

7
2 

→

9
(7,8) 

→

8
1 

: 
 ( ) , 

:  
1) , -

;  
2) -

;  
3) , . . 

. 
 ( ) -

. 

, -
: ( ) 0=+ρ . , ( ) 0=+ρ , -

. , 
, . -

. . 
, . 

, . 
. , -

: ( ) 0=−ρ , -
. . . , , 

. 4.6  ( -
). 

                        2                          3               6 

  
                                         1                             5 

  
                                                   4                      7 

. 4.6. 
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, , , . . 
( ) 0=+ρ . 1. 

, 1 . -
2, 5, 4. 

. 3, 6, 
7, . 

 ( . 4.7). 
                        2                         3 

        
                                                              5 

                      1                                                     6 

                         4                   7 

                       I          II                III 

 4.7. 

 ( ). -
 ( ). 

. 

4.2. 

 – ,  ( ) 
 ( . 4.8).

  4 
                                                 1             1                                  2 

. 4.8. , . 4.9 
                                                     
                                                                                   5 

                                                    3                      4   
                                                                                                 8 
                                           1                            2 
                                        1 
                 
                                                                                            7 

. 4.9. 

1 

2 

3

4 

5 

1 

3 

2 

5 

4 
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-

. 
, -

.  
N. Ek – -

, -
k- , kE  – , 

Ek k- -
. 

. 
1. i

{ }iE =1 , {}iNE −=1 . 
2. 1 j, 

 ( ) -
1 . j 1

1 , : { }jE += 12 ; { }jEE −= 12 . 
3.  2 

kE . 
. -

. -
-
. 

4.10. . 
. . , 

1 ( ). 
{ }11 =E , { }6,5,4,3,21 =E .  

                  4 
                        3 
                     8            2        11 
             
    
                     6 
                       7         12 
                 9                            10 
                                                        5 

. 4.10. 

2 

4 

3 

5 

6 

1 
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 1  2, 3, 4  6, -
1 , 

.  (1,4) 
( . . -

). 
( . 4.11).  4 1 -

1 , { }4,12 =E { }6,5,3,22 =E . 
-

2 2 .  (4,2) , 
3.  2 2

2 , { }2,4,13 =E { }6,5,33 =E . 
{ }2,4,1 { }6,5,3 . 

(4,5), ,  4. -
{ }5,2,4,14 =E { }6,34 =E . 

4 4 . -
 (1,3) ,  7.  3 

4 4 . -
{ }3,5,2,4,15 =E { }65 =E .  (3,6) 

,  5 ( . 4.11). 

 ( . 4.12). -
 2+3+4+7+5=21 . 

  
                                                                                     4 
                           3 
                       8             2     11 
                    
   
                            6 
                        7          10             12           
                                                  9                                   5            
                              

  
. 4.11. 

4              4 
                  3 
                                2 
           
  
  
                7      
  
                  5 

. 4.12.  ( . 4.10) 

2

4

3

5

6

1

2 

4 

3 

5 

6 

1 
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4.3. 

, 
, 

. , -
-

. 
 ( . 4.13). 

. 

                        8                       7 

                    2 
                      4                   6           3                 4          

                       10 
                         9 

                       7                          5                         

. 4.13. 

, : 
1) , 
2) . 

. -
-

. j
: 

[ ] [ ]ituiu ijij ,, += , 0≥ijt , 

i –  ( ) (i, j); 
j –  ( ) (i, j); 
uj – j; 
ui – i; 
tij –  ( ) (i, j). 

. -
, 

. 
, . 

. 
1.  [0, –]. 

2 4 

3 

6 

5 

1 
7 
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2. , i=1. 
j, i

: 
[ ]itu iji ;+ . 

3. j [ ]ru j , , r, 

[ ]itu iji ;+ , jiji utu <+ . 

4. , -
. 

5. - s [ ]sur , , 
, ru , 

. 1. 
6. , 

, . 
. ,  1  [0, –] 

(1),  ( . 4.14).  
 1  2  3. 

. -
 1, 2  1, 3. ,  4 < 7, , -

 2 . 
 (  2)  3  4. -

. : [10,2] (2)  [12,2] (2), 
 2, 3  2, 4. 

                                                                        [13,3] (3)                  [27,5] (5) 
                            [4,1] (1)                [12,2] (2)                  [20,4] (4) 
                                      8                7 

                                                                                                                        2 
                              4                    6                 3          4          

                                       10 
                       

                                                  7                         5                         9 
                                                                                                        [22,6] (6) 

                                [0,–] (1)                                                                                   [26,5] 
                                [7,1] (1)                   [15,3] (3) 
                                                         [10,2] (2)                 [17,4] (4) 

. 4.14. 

 10 < 12,  3 . -
 3  4  5.  [13,3] (3) 

[15,3] (3) .  4 , 
 13 < 15.  4  5  6. 

 [17,4] (4)  [20,4] (4).  17 < 20, -
 5 . 

2 4 

3 

6 

5 

1 
7 
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 5  6  7, 
 [27,5] (5)  [26,5] (5) .  6 

 26 < 27,  7 
 [26,5] (5). -

, . 
 6  7.  6 

: [20,4] (4)  [27,5] (5). , 
, . .  [20,4] (4). -

, .  6 
 7, : [22,6] 

(6).  7  [22,6] (6),  22 < 
26.  7 , 

. -
 7. 

 1  7, 
, . 

(7)  [22,6]  (6)  [20,4]  (4)  [13,3]  (3)  [10,2]  (2) 
[4,1]  (1). 

,  1  2  3 
4  6  7  22 . 

, 
. 

. -
,  ( . 

4.15). 
-

i j (uij). ,  (3.5) 
 3  5, 

. 
: 

U0 0, 
. 

                                         7 

                      5 
                                                8            6 

                          12          17 

. 4.15. 

2 4 

3 5 

1 
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-
kjik UU + ijU , kjikij UUU +>  ( . 4.16). 

. 

                                       Uij         
                                                   Ukj 

                          

                                                                        Uik

. 4.16. 

U0

0 ( . 4.4  4.5). 

 4.4. U0

         U0

Ej 

Ei
1 2 3 4 5 

1 – 5 12 
2 5 –  7 

3 12  – 8 17 

4  7 8 – 6 
5  6 – 

0 , -
U0  . 

 4.5. 0

            0

Ej 

Ei
1 2 3 4 5 

1 – 2 3 4 5 
2 1 –  4 5 

3 1  – 4 5 

4 1 2 3 – 5 
5 1 2 3 4 – 

-
: i j i j, -

j 

k i 

3 

2 
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Uij , 
. U0 -

, 
U35=17 U53= ,  3  5 , . 

. 
1. k=1. U0 -
R  k. -

Uij U0. 
, -

U0 , -
. , U12 + U31 < U32, . -

U32. U13 + U23 < U23, . . 
U23. , , k=1 -

U0. 
2. U32 U23 U1, 

-
0 -

Uij kjik UU + . 

, U23= U21 + U13 =
5+12, U32= U31 + U12 = 12+5. -

U1 ( . 4.6). 

 4.6. U1

U1

Ej 

Ei
1 2 3 4 5 

1 – 5 12  

2 5 – 17 7 
3 12 17 – 8 17 
4  7 8 – 6 

5  6 – 

3. -
1, 0, ije   

k. k=1 32e =2 23e =3 

1  ( . 4.7). 
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 4.7. 1 

1 

Ej 

Ei
1 2 3 4 5 

1 – 2 3  5 

2 1 – 1 4 5 
3 1 1 – 4 5 
4  2 3 – 5 

5 1 2 3 4 – 

4. k=k+1  1 , -
. 

, U1. -
. , 

414231 uuu <+ 142413 uuu <+ . -
. , k=2, -

U1 1, 
U2 2 ( . 4.8  4.9). 

 4.8. U2  
U2

Ej 

Ei
1 2 3 4 5 

1 – 5 12 12 

2 5 – 17 7  

3 12 17 – 8 17 
4 12 7 8 – 6 
5  6 – 

 4.9. 2 

2 

Ej 

Ei
1 2 3 4 5 

1 – 2 3 2 

2 1 – 1 4  

3 1 1 – 4 5 
4 2 2 3 – 5 
5 1 2 3 4 – 

5

5

4

1
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, k=3, -
. U15 U25 U2, 

U3 3 ( . 4.10  4.11). 

 4.10. U3

U3

Ej 

Ei
1 2 3 4 5 

1 – 5 12 12 

2 5 –  7  

3 12  – 8  

4 12 7 8 – 6 
5    6 – 

k=4, 
. U4 4 ( . 4.12 

4.13). 

 4.11. 3

2 

Ej 

Ei
1 2 3 4 5 

1 – 2 3 2 

2 1 –  4  

3 1  – 4  

4 2 2 3 – 5 
5    4 – 

 4.12. U4

U4

Ej 

Ei
1 2 3 4 5 

1 – 5 12 12 18 
2 5 – 15 7 13 
3 12 15 – 8 14 
4 12 7 8 – 6 
5 18 13 14 6 – 

29

34 

3

3 

17 

17 17

1

1 5 

2 1 3 
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k=5, , -
, . U4 4 -

-
. 

 4.13. 4

4 

Ej 

Ei
1 2 3 4 5 

1 – 2 3 2 4 
2 1 – 4 4 4 
3 1 4 – 4 4 
4 2 2 3 – 5 
5 4 4 4 4 – 

5. 
-

, 
.  (i, j) 

 (i, j) , eij

j. , i j
. , 

 1  5. 15 -
4  4,  1  5 -

 4.  1  4. 
14 4  2. 

 1  2. 12  2, , 
1  2 . 

: 1  2  4  5. -
 18  ( U15=18 U4). 

-
, .  

, 
, 

. -
 xij – ,  (i, j) -

ij. 
xij – ,  0  1: 

),1(,10 nixij =∪= . 

, : 
ij

eji
ij xcF

∈

=
ρ

),(
min . 
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, -
: -

. 
, -

. 
 1  7. 

 1  7 ( . 
4.17). 

                       50                          5 

                        30       10                                               45 
                        15                                                             18   
                          20                           12 

                       6 

. 4.17. 

, -
: 
1.  1: 1 – 12 – 13 = 0; 
2.  2:  12 – 23 – 24 = 0; 
3.  3: 13 + 23 – 34 – 35 = 0; 
4.  4: 24 + 34 – 46 = 0; 
5.  5: 35 – 56 – 57 = 0; 
6.  6: 46 + 56 – 67 = 0; 
7.  7: 67 + 57 – 1 = 0; 
8. : )7,1(,10 =∪= ixij . 

.45618

5121050302015

675756

46353424231312min

xxx

xxxxxxxF

+++
+++++++=

,  Excel 
: 

12 = 0                  34 = 0               57 = 1 
13 = 1                  35 = 1               67 = 0 
23 = 0                  46 = 0               Fmin = 38 
24 = 0                  56 = 0     

 1  3  5  7  1  7 
 38 . 

, . -
Ui – -

i. 
1max uuF n −= , : ijij cuu ≤− . 

2 4 

3 

6 

5 
1 7 
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, i -
j  (i, j). 

, j
i . 

. -
 ( . 4.18). 

                          16                         20 

                                 5 
                   8                    12                  26 
                      10    
                       40                            30 

. 4.18. 

. 
1.  (1,2) 512 ≤− uu

2.  (1,3) 1013 ≤− uu

3.  (2,4) 1624 ≤− uu

4.  (3,4) 834 ≤− uu

5.  (3,5) 4035 ≤− uu

6.  (4,5) 1245 ≤− uu

7.  (4,6) 2046 ≤− uu

8.  (5,7) 3057 ≤− uu

9.  (6,7) 2667 ≤− uu

10.  1 : 01 =u . 17max uuF −= . 
 Excel, : 

u1 = 0                  u4 = 18               u7 = 60 
u2 = 3                  u5 = 30               Fma  = 60 
u3 = 10                u6 = 35                

u1 , : 
1.  (1,2) 503 ≤−
2.  (1,3) 10010 =−
3.  (2,4) 16318 ≤−
4.  (3,4) 81018 =−
5.  (3,5) 401030 ≤−
6.  (4,5) 121830 =−
7.  (4,6) 201835 ≤−
8.  (5,7) 303060 =−
9.  (6,7) 263560 ≤−

2 4 

3 

6 

5 

1 

7 
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, , 
: 1  3  4  5  7. 

-
, -

 1, , , -
. -

yi, : 
1 = 0 4 = 1       7 = 0 
2 = 1 5 = 0       8 = 1 
3 = 0 6 = 1       9 = 0. 

: 1  3  4  5  7  60 . 

4.4. 

 ( , 
, )  ( -

)  (  – , -
. .). -

,  – -
.  ( , 

, , . .) . -
bij, 

, 
, . -

, xij

, , 
. 

. 
 ( ), 

. -

 ( ) . 
.  

 – , -

. 
 ( ) .  (i, j) 

bij, , 
, 
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 (j, i) . 0== jiij bb ,  (i, j)  (j, i) -

. 

.  ( -
) ,  4.19 ( . 4.14). 

                                                 12

                        13 
                5          10                    20
                   15                   7 
  

                  11 

. 4.19. 

 4.14. V0 

          (*)                  (1)                  (1)                 (2)                 (3) 
Ej 

Ei

E1 E2 E3 E4 E5 

E1  13 15 –   
E2 0  5 12  
E3 0 + 5  10 11 –

E4  12 7  20 
E5   0 + 0  

: 
1. , 

E1 En

. E1  *. E1

 ( 0>ijb ) , 

, . 
, E1, E2  E3  1. 

, , -
 E1 En.  

, : 
)  En, . . ; 
) , 

E1 En, -
. 

E2, -
E4, 3, E5, -

. 

2 4 

3 
5 

1 
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2. E1 En, . 
bij  «–», 
bji –  «+». -

,  ( E1) 
 «–»  «+» – 
. 

,  (E1, E3,  E5), 
b13, b35 . 

3. , -
, : 

{ }
ijji

i bQ
),(

min= . 

{ } { } 1111;15min;min 3513 === bbQi . 
4. 

. −
ijb , -

 «–» iQ , 
+
ijb ,  «+» iQ . -

V1

( . 4.15) -
, E1 En

. 
5. . 4.15, , E1

En: (E1, E2, E4, E5). ,    «–» 
: 

{ } { } 1220,12,13min;;min 4524121 === bbbQ . 
Q1, . 4.16.  

 4.15. V1 

                               (*)                 (1)                  (1)                (2)                 (4) 
Ej 

Ei

E1 E2 E3 E4 E5 

E1  13 – 4   
E2 0 +  5 12 –

E3 11 5  10 0 
E4  12 + 7  20 –

E5   11 0 +

6. , : (E1, E2, E4, 
E5). : { } 48,10,4min2 ==Q . -

 ( . 4.17). 
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 4.16. V2 

                                  (*)                (1)                (1)              (3)               (4) 
Ej 

Ei

E1 E2 E3 E4 E5 

E1  1 4 –   
E2 12  5 0
E3 11 + 5  10 – 0 
E4  24 7 +  8 –

E5   11 12 +

 4.17. V3 

                                 (*)                  (1)              (2)                  (3)                (4) 
Ej 

Ei

E1 E2 E3 E4 E5 

E1  1 – 0   
E2 12 +  5 – 0
E3 15 5 +  6 – 0 
E4  24 11 +  4 –

E5   11 16 +

7. : (E1, E2, E3, E4, E5). 
: { } 14,6,5,1min3 ==Q . V3 ( . 

4.18). 

 4.18. V4 

                                 (*)                     
Ej 

Ei

E1 E2 E3 E4 E5 

E1  0 0   
E2 13  4 0
E3 15 6  5 0 
E4  24 12  3
E5   11 17

8. 1  *. 1, -
, , 

-
1 5. 

9. . 4.14 -
. 4.18, . 4.19. 

. 4.19 -
, . . 12=13; 13=15; 23=1; 24=12; 34=5; 35=11; 45=17, 

.  
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 4.19.   

Ej 

Ei

E1 E2 E3 E4 E5 

E1  13 15   
E2 –13  1 12  
E3 –15 –1  5 11 
E4  –12 –5  17 
E5   –11 –17  

-
1 ( ) 5 

( ):  

281513
1

0 =+=
=

n

j
jx ; 281711

0

=+=
=

n

i
inx . 

, 
1, 

 – 5. . ., 
: 

{ }),();,();,( 534342 . , -
. : b24+b34+b35 = 

12+5+11=28. . 
, 

-

 ( 0)  ( n+1), 
 (E0, Ej)  (Ei, En+1). 

. xij – 
 (Ei, Ej), , 

. 
xij

: 
1) , , 

: 

=

=
n

j
jxF

1
0max ,  

2) , , -

−

=

=
1

1
max

n

i
inxF . 
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: 
1. 

ijij bx ≤≤0 , nji ,0, = , ji ≠ . 

2. , 

0
1

1

0

=−
=

−

=

n

j
kj

n

i
ik xx , 1,1 −= nk . 

3. 
0≥ijx . 

. - -
, -

, ,  ( . 4.20). 

                                                         14                        5 
                                     14 
                                8                        
      11      6                     13           15
                            
                                      6              7                        12                     13 
                                      
                                       10        8                     
       16       
                        
    

. 4.20. 

- . 
: 1213max1 xxF += 7989max2 xxF += . 

: 
I. : 
1. 12 6   9. 47 12 
2. 13 8   10. 56 10 
3. 23 11   11. 57 8 
4. 32 11   12. 67 13 
5. 24 7   13. 68 5 
6. 25 16   14. 78 15 
7. 34 6   15. 87 15 
8. 36 14   16. 89 14 
    17. 79 13. 
II. : 
18.  2: 12+ 32– 23– 24– 25=0 
19.  3: 13+ 23– 32– 34– 36=0 
20.  4: 24+ 34– 47=0 

3 6 

2 

8 

4 

1 9 

7 

5 
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21.  5: 25– 56– 57=0 
22.  6: 56+ 36– 67– 68=0 
23.  7: 47+ 57+ 67+ 87– 78– 79=0 
24.  8: 68+ 78– 87– 89=0 

: 
14max1 =F     14max2 =F

12=6 47=9   12=6 47=9 
13=8 56=0   13=8 56=0 
23=0 57=0   23=0 57=0 
32=1 67=0   32=1 67=0 
24=7 68=5   24=7 68=5 
25=0 78=9   25=0 78=9   
34=2 87=0   34=2 87=0 
36=5 89=14  36=5 89=14 

  79=0.    79=0. 
-

.  14. , -
{ }),();,();,( 634342 EEEEEE { }),();,( 8786 EEEE , -

. 
. 

-

, -
 ( ij).  

, , -
. 

, 
. 

, 

: 
ij

eji
ij xcF

∈

=
ρ

),(
min . 

: 
1. : 

ijij bx ≤≤0 , nji ,0, = , ji ≠ . 

2. , 
: 
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0
1

1

0

=−
=

−

=

n

j
kj

n

i
ik xx , 1,1 −= nk . 

3. , -
: 

) Bx
n

j
j =

=1
0 ; 

) Bx
n

i
in =

−

=

1

0

. 

4. : 
0≥ijx . 

.  ( . . 
4.20) =12. -

. 4.20 
,  ( . 

4.21). 

         14 (15)                  5 (7) 
                                                                                                         14 (7) 
                          8 (20)                 
                                                      6(8)                       13 (17) 
                                           11 (13)              15 (10) 
                      6 (18)                                          10 (20) 
                                                                                                     13 (5) 
               7 (10)               12 (19) 

          16 (12)                8 (9) 

. 4.21. 

- -
: 

III. , -
: 

25. 12+ 13=12 
26. 79+ 89=12 

: 

897987786867575647

3625342432231213min

75151571792019

151281013131820F

+++++++++
++++++++=

: 
561min =F . . . 

12=6 47=1    
13=6 56=0    
23=0 57=6    
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32=0 67=0    
24=0 68=5    
25=6 78=0      
34=1 87=0    
36=5 89=5    

  79=7. 
 12,  – 561 . . . 

 12 
{ }),();,();,( 634352 EEEEEE { }),();,();,( 867574 EEEEEE . -

. 

4.5. 

-
. ),( UXG = , 

. 
,  – . , 

-
 ( ).  

– , -
, 

. -
, , 

, . 
-

- . -
),( ji , i – 

, , j – , 
. , -

, . 
),( jit . , 4)5,2( =t , 

 (2,5)  4 . 
, -

, . 
. , , -

, . -
. 

.  
-

. , 
, . 
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. , 
 ( , . .), 

 ( Ni ,...2,1= ). 
 1 . n

.  
 –  ( 1) 

 ( 2).  ( 2) -
, . . 3: 

: 

: 

  
, -

, , -
. , 

,  (4) 
.  

         
  
                 ( )                              ( ) 

-
,  (5,6) 

 (2,5); (3,5); (4,5), 
(5,7)  5 
4,5.  

, -
,  (5,7) -

: 

3 

4 5 

2

4
4

42

4
5

3 5 

6 

7 

2 

4 

1 2 3 

4 
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 4/ -
 (4/,5): 

, -
: 

                                      

  
 ( ) -

-
. -

. :  

: 
1) , . . , -

 ( -
); 

2)  ( ), 
; 

3) , 
; 

4) , . . , -
; 

5) , . . 
. 

3 
5 6 

7 

2 

4 4 

5

72

4
8

6

5 8 

1

2

53

4
7

1

6

3
2

4
7

4 6

6
3 5
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. 
. , 

. 
, 

, . -
. , -

, . , 
, , -

. , -
, , . . 

. 

. 
. 

4.6. 

 ( . 
4.22). 

  

. 4.22. 

 ( . 
4.20). 3,  1, 2, 4, 5, 6 -

,  16 . 
4,  1, 4, 5, 6 , 

 15 . 

 4.20. 

1 1, 4, 6 12 
2 1, 2, 4, 6 13 
3 1, 2, 4, 5, 6 16 
4 1, 4, 5, 6 15 
5 1, 3, 4, 6 11 
6 1, 3, 4 5, 6 14 

1

2

53

4
6

2

5

3
1

4
7

4 5
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, 4 . 
 10 . 

: 

)(it p

)(itn

  )(iR

  ),( jit

),( jit p

  ),( jit po

),( jitn

),( jitno

),( jiRn

),( jiRc

),( jiR

)(it p , -

, 
)(itn , . 

,  4 
: 

i – ; 
tp(i) – i; 
t (i) – i; 
Ri – i; 

. 
- j -

i,  j -
i -

, j ( . 4.23). 
j -

i, i -
j -

, i ( . 4.24). 

i 

tp(i)

Ri

tn(i)
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})({max)( ),(
),(

jip
uji

p titjt
j

+=
+∈

. 

  
                                      +

jU                   +
jU  – ,  

                                         j. 

. 4.23. 

})({min)( ),(
),(

jin
uji

n titjt
i

−=
−∈

. 

                             −
iU

  
−
iU  – ,  

       i. 

. 4.24. 

:  
)()( ititR pni −= . 

 ( . 4.25). 

. 4.25. 

-

1

2 6

3

2
4

7

9(5)

3

5 4
6

1

0
0

0

2 2
0

3 5
2

6
0

6

16 16
0

4

5

0

10 10

j 

i

i

i

i 

j

j

j
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 «0». , 
: 

1) , 
- , , . .  

)()( itit p = ; 

2) , 
- , , . .  

)()( jtjt p = ; 

3) 
-

:  
( )jinpp titititjt ,)()()()( =−=− . 

, -
.  

. -
, . 4.25. 

:  
)(),( itjit pp = . 

: 
),(),(),( jippo tjitjit += . 

),( jit p

),( jit po . -

),( jit

),( jit . 
-

, . .  
),(),( jitjit = . 

-
: 

( )jitjitjit ,),(),( −= . 

-
: 

( )jip tjitjitjiR ,),(),(),( −−=

( )jipn titjtjiR ,)()(),( −−= . 

 – -
, -
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, 
-

. , -
. 

 ( . 
4.21). 

 4.21. 

-
-

 ( ji, ) 

-
-
-
),( jit

  
-

tp (i,j)

-

tpo(i,j)
tn (i,j)

-

t o(i,j)

-

Rn(i,j)

-
-

R (i, j)

-
-
R

(i, j)
(1,2) 2 0 2 0 2 0 0 0 
(1,3) 3 0 3 2 5 2 0 0 
(1,4) 5 0 5 1 6 1 1 1 
(2,4) 4 2 6 2 6 0 0 0 
(3,4) 1 3 4 5 6 2 2 0 
(4,5) 4 6 10 6 10 0 0 0 
(4,6) 7 6 13 9 16 3 3 3 
(5,6) 6 10 16 10 16 0 0 0 

-
, . 

, 
, , 

, 
. 

 – , 
, -

: 
),()()(),( jippc titjtjiR −−= . 

, -
.  

 – , 
, -

,  – 
:  

),()()(),( jip titjtjiR −−= . 

-
. -
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 (i,j)  0t -
, -

t(i,j). -
. 

,  ( . 4.26). 
 (i,j) 

       (5,6) 

       (4,6) 

       (4,5) 

       (3,4) 

       (2,4) 

       (1,4) 

      (1,3) 

      (1,2) 
                 
                 
                 0      2           4       6    8     10     12    14    16                t

. 4.26. 

4.7. 

. 
.

, 
 ( . 4.27). 

         

. 4.27. 

 ( , 
. . ),( jiν . 

1

5

3

1(8)
2(6) 

0(0)
6(17)

5(10)

5(9)

3(8) 

3(14) 

5(15) 
4

6
2
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 26 -
. , . . 

, 
.  

. 
.  

1. .  
2. -

.  16 . 
3.  ( . 4.22). 

 4.22. 

-
-

ji,

-
-
-

, )(ijt

-
-

),( jiν

-

-

tp (i,j)

-

tpo(i,j)

-

tn (i,j)

-

t o(i,j)

Rn(i,j)

1,2 1 8 0 1 1 2 1 
1,3 5 18 0 5 0 5 0 
2,3 3 8 1 4 2 5 1 
2,4 2 6 1 3 9 11 8 
3,4 6 17 5 11 5 11 0 
3,5 5 9 5 10 8 13 3 
4,5 0 0 11 11 13 13 2 
4,6 5 15 11 16 11 16 0 
5,6 3 14 11 14 13 16 2 

4. 
 ( ) ( . 

4.28). 
5. , -

, -
 ( . 4.29).  – 

, . . , 
. 

 (0t) 
, 0τ , 

1τ . . , : 
1. )1,0(),( 10 =ττ  4. )5,4(),( 43 =ττ  7. )14,11(),( 76 =ττ

2. )3,1(),( 21 =ττ  5. )10,5(),( 54 =ττ  8. )16,14(),( 87 =ττ

3. )4,3(),( 32 =ττ  6. )11,10(),( 65 =ττ . 
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                   (i,j) 

 5,6 

4,6 

4,5 

3,5 

3,4     

2,4 

2,3 

                   1,3 
                                    
                          1,2 
                              
                               0          2      4         6    8    10   12       14       16       t
    
           

. 4.28. 1 

                                    ),( jiν       

                                               32       
                                  30                                                   29 
                                         26        26             26                  
                                  20                    18                   17 
                                                                             15 
                                                               
                                  10         
                                   

                                           
                                     0      2          4     6     8      10  12     14      16      t

. 4.29. 1   

6. 
, ),( 21 ττ ),( 76 ττ , -

, -
, : 

) )1,0(),( 10 =ττ . -
 (1,2)  (1,3). 

8+18  26 ., -
; 

) )3,1(),( 21 =ττ , -
 (1,3); (2,3); (2,4). 

18+8+6+32>26 . 

14

15

0
9

17 

6 

8 

18 

8 

0τ 1τ 2τ 3τ 4τ 5τ 6τ
7τ
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. , -
, . .  (1,3).  18 

. 
, , -

.  (2,3) , -
,  (2,4) – 8 8)4,2(( =nR ). , -

 (2,3).  (1,3) 
(2,3)=18+8=26, , , 

 (2,4) 32 =τ  ( . 4.30); 

 (i,j) 
5,6                                           14 
                                                  15  
4,5                                     
                                         0 
3,5                          9    
                                                   
3,4                          17 
                      6 
2,4                       
               8 
2,3        18 
1,3 

1,2 

                                       0      2         4     6    8  10  12        14     16           t 

                                                     0τ 1τ     2τ 3τ 4τ                5τ 6τ             7τ       8τ

. 4.30. 2 

)  (2,4) 2τ , , 
),( 32 ττ 4,23,23,1 ννν ++  = 

=18+8+6=32>26 . ,  (1,3)  (2,3) -
,  (2,4) 43 =τ  ( . 

4.31); 
) )5,4(),( 43 =ττ -

 18+6 )( 4,23,1 νν + <26. 
 ( . 4.31). 

) , )6,5(),( 43 =ττ

5,34,34,2 ννν ++ =6+17+9=32>26 . 
 (2,4) , -

,  (3,4)  (3,5). -
0)4,3( =nR ; 3)5,3( =nR , , 53 =τ
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 (3,4),  (3,5) 64 =τ . 
 ( . 4.32). 

    (i,j)                                                           
     5,6                                                          14 
                                                                       
     4,6                                                            15                   
                                                                                 
     4,5                                                  0 
                                             9              
     3,5                                  
                                            17         
     3,4 
                               6      
     2,4                           
                     8         
     2,3 
                      18             
     1,3 
      1,2         8               
       

         0            2      4        6       8      10    12          14       16        t

               0τ   1τ              2τ 3τ 4τ                    5τ     6τ                    7τ         8τ

. 4.31. 3 

       
      (i,j)                                                     14 
      5,6 
      4,6                                                     15 
                                                         
      4,5                                           0 
                                             9 
     3,5                                           
                                            17 
     3,4 
                                6 
     2,4 
                      8 
     2,3 
                     18 
     1,3 
                     8        
     1,2 

           0          2      4        6    8   10    12        14     16        t

                  0τ   1τ            2τ 3τ 4τ                    5τ               6τ          7τ         

. 4.32. 4 
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) )11,6(),( 54 =ττ  – 
 (17+9)=26, . . , , 

 (3,4); (3,5) ; 
) )14,11(),( 65 =ττ

262914156,56,4 >=+=+νν ., . . . 0)6,4( =R , 
2)6,5( =R ,  (5,6) 167 =τ .  

 3 , . .  16+3=19 , . 
, -

, , . . -
 3  4 , 

, .  (5,6) -
 14 .  3  = 42 - . 

(5,6)  4  42 .- .: 4 ≈ 11 . -
,  ( . 4.33) 

 ( . 4.34). 
      (i,j) 
      5,6                                                  11 
                              
     4,6                                                     15 
                                                             0 
     4,5  
     3,5                                   9 
                                             17 
     3,4           
                             6 
     2,4           
     2,3 
                    18 
     1,3 
      1,2        8 
          
        0          2     4           6    8  10     12      14        16        t

                   0τ   1τ           2τ 3τ 4τ                    5τ     6τ                7τ         

. 4.33. 5 
                      v(I,j) 

30 
             26       25                 26  
            23 
  
20                                                                      15 
                                                                           

10 

                                   0        2       4        6      8   10   12             14   16     t 
. 4.34. 2   
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4.8. 

xij , 
t0.  

. -
tij. xij

 (i,j) ijt′ , ijijijij xktt ⋅−=′ , 

ijk  – -

. 
. -

xij, 
 (i,j), H

ijt O
ijt -

, . 
. 

. 
I. : 
i –  ( ); 
j –  ( ); 
r – ; 
n – ; 
1 – ; 
E – ; 

 – . 
II. : 
xij – ij, 

; 
H
ijt  – ij; 
O
ijt  – ij. 

III. : 
t0 – ; 

ijd  – ij; 

kij – 
,   ij; 

tij – ij. 
 – 

: 
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∈

=

eji

ijxF

),(

min . 

: 
1) , . . 

 – 
enitt ni ∈≤ ),(,0

0
, , 

2) , . . 
-  

 – 
ejidtt ij

H
ijij ∈≥− ),(,0 , 

3) , . . -
, 

 – 
ejixkttt ijijij

H
ijij ∈−=− ),(,0 , 

4) , . . -

 – 
) jt H

j ∈= ),1(,0,1 ; 

) 0
ij

H
jr tt ≥ , Erji ∈),,( , 

5)  – 
ejixtt ijij

H
ij ∈≥ ),(     ,0    ,   , 0 . 

.  ( -
 ( . 4.35). 

. 4.35.   

-
 (tij)  – -

 (dij). t0=15 . 4,045 =k . 

1

2 4

3

4(2)

6(2) 

0(0) 

8(4) 

10(5)

7(5) 

4(1) 5
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-
,2,012 =k 5,013 =k , 1,023 =k , 3,024 =k , 2,035 =k .  

ijij
H
ij xtt     ,   , 0 , : 

1. -
;  

2. t0; 
3. 

dij. 
 21  ( . 4.36), -

 15 . 

. 4.36.   

- : 
 – 

Fmin= 12+ 13+ 23+ 24+ 35+ 45. 
: 

I.  –  
1. 150

35 ≤t

2. 150
45 ≤t

II.  – 
3. 212

0
12 ≥− Htt  5. 323

0
23 ≥− Htt   7. 034

0
34 =− Htt

4. 413
0
13 ≥− Htt  6. 224

0
24 ≥− Htt   8. 135

0
35 ≥− Htt

      9. 545
0
45 ≥− Htt

III.  –  
10. 1212

0
12 2,04 xtt H −=−  13. 2424

0
24 3,06 xtt H −=−

11. 1313
0
13 5,08 xtt H −=−  14. 3535

0
35 2,04 xtt H −=−

12. 2323
0
23 1,010 xtt H −=−  15. 4545

0
45 4,07 xtt H −=− . 

IV.  – 
16. 012 =Ht   20. 0

1334 tt H ≥   24. 0
3445 tt H ≥

17. 013 =Ht   21. 0
2334 tt H ≥   25. 0

2445 tt H ≥

1

2 4

3

4(2

6(2)

0(0)

8(4)

10(5)
7(5)0

0
0

4 4
0

1 1
0

14 14
0

4(1) 5

0
21 2
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18. 0
1223 tt H ≥   22. 0

2335 tt H ≥

19. 0
1224 tt H ≥   23. 0

1335 tt H ≥
- -

:  
1. -

,  – ; 
2. : )  «≤», «=»  «≥» -

)( iB− ; )  «≤» 

 0 (≤0), -
 (–1) . 

-
 ( . . , 

). 
. -

: 12=10; 13=0; 
23=20; 24=0; 35=0; 45=5; 012 =Ht ; 013 =Ht ; 223 =Ht ; 424 =Ht ; 1034 =Ht ; 1035 =Ht ; 

1045 =Ht ; 20
12 =t ; 80

13 =t ; 100
23 =t ; 100

24 =t ; 100
34 =t ; 140

35 =t ; 150
45 =t ; Fmin=35. 

, t0=15 , 
 35 . . .  ( . 4.37).  

 (1,2); (2,3)  (4,5) 
 10, 20  5 . . ., -

 4  2 ,  10  8  7 
5 . 

. 4.37.   

. 

, 
 ( . . ). 

-

1

2 4

3

2

6

0

8 

8
5

0 0

2 2

1

10 10

4 5
15 151

0

0 0

00
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 (dij). H
ijt O

ijt -

xij, -
-

 (ij).  
: 

, . -
 – , -

. 
-

:                                            
→

∈

=
ni

itF
),(

0
min , 

. . . 
: 

1. , . . -

: 
Bx

eji

ij ≤

∈),(

, 

2. : 
ejidtt ij

H
ijij ∈≥− ),(,0 , 

3. : 
ejixkttt ijijij

H
ijij ∈−=− ),(,0 . 

4. : 
) 01 =H

jt , Ej ∈),1( ; 

) 0
ij

H
jr tt ≥ , Erji ∈),,( , 

5. : 
ejixtt ijij

H
ij ∈≥ ),(     ,0    ,   , 0 . 

. -
 ( . 4.38). 

. 4.38. 

1

2

6

3

5(3) 
6(3)

12(6)

10(4)
7(3)

0(0)

4

5(2) 

10(2)

5
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-
 (tij) 

(dij). -
,2,012 =k 8,013 =k , 5,034 =k , 1,025 =k , 3,045 =k , 6,046 =k , 

7,056 =k . -
 30 . . .  

ijij
H
ij xtt     ,   , 0 , :  

1. ;  
2. 

;  
3. 

dij. 

 36  ( . 4.39). 
. 

- . 
, 
7, -

 (6,7)  0. 

. 4.39.   
  

Fmin  : 
0

7,6min tF = , . . . 

: 
I. , 

: 
1. 12+ 13+ 25+ 34+ 45+ 46+ 56 30
II. . 
2. 312

0
12 ≥− Htt   7. 245

0
45 ≥− Htt

1

2

6

3

5(3) 
6(3)

12(6) 

0(0)

10(4)
7(3) 

0(0) 

4

5(2)

10(2)

7

5
5

5
10

0 0
0

10 10
0

20 20
0

24 24
0

36 36
0

36 36
0
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3. 413
0
13 ≥− Htt   8. 346

0
46 ≥− Htt

4. 023
0
23 =− Htt   9. 656

0
56 ≥− Htt

5. 234
0
34 ≥− Htt   10. 067

0
67 =− Htt

6. 325
0
25 ≥− Htt         

III. : 
11. 2,05 1212

0
12 ⋅−=− tt H   14. 5,010 3434

0
34 ⋅−=− tt H

12. 8,010 1313
0
13 ⋅−=− tt H  15. 3,04 4545

0
45 ⋅−=− tt H

13. 1,06 2525
0
25 ⋅−=− tt H   16. 6,07 4646

0
46 ⋅−=− tt H

     17. 7,012 5656
0
56 ⋅−=− tt H

IV. : 
18. 012 =Ht    24. 0

3445 tt H ≥

19. 013 =Ht    25. 0
4556 tt H ≥    

20. 0
1223 tt H ≥   26. 0

2556 tt H ≥
21. 0

1334 tt H ≥   27. 0
3446 tt H ≥

22. 0
1234 tt H ≥   28. 0

5667 tt H ≥
23. 0

1225 tt H ≥   29. 0
4667 tt H ≥

- -
: 

12=0;       012 =Ht   4,1156 =t 50
12 =t        4,170

56 =t         

13=6,25;      013 =Ht   4,1767 =t 50
13 =t         4,170

67 =t

25=0;      523 =Ht     50
23 =t

34=15,18;     41,525 =Ht               4,110
25 =t

45=0;      534 =Ht      4,70
34 =t

46=0      4,745 =Ht               4,110
45 =t

56=8,57     4,1046 =Ht                4,170
46 =t

Fmin=17,4. 
, 

-
: 

55108,025,61013
0
13 =−=⋅−=− Htt

4,25,018,151034
0
34 =⋅−=− Htt

67,057,81256
0
56 =⋅−=− Htt . 

, 
 36 ( . . 4.39)  17,4  ( . 4.40) 

 (  6,25; 15,18 
8,57 . . .)  (1,3), (3,4)  (5,6). 
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 10  5 ,  10  24  12 
6 . 

. 4.40. 

4.9. 

. ),( eEG =

( . 4.41).  -
ijd  ( . . ), 

ij. -
 ( ) Dij, 

ij. 

. 4.41. 

, 
. -

ijij

ijij
ij dD

cC
h

−
−

= , -

 (i,j) -
. 

. 4.23. 

2

6

3

5(2)
6(4)

10(6)

7(4)
8(3)

12(5)

59(7)

4

1

2

3

5 

6 

6
0

5 

7 

0 

4

4 

2,4 

5
5

0
5

0 0
0

5 5
0

7,4 7,4
0

11,4 

0
7

17,4 17,4

0

11,4 

6
17,4 17,4

0
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 4.23. 
  

(1,2) (1,3) (2,3) (2,4) (3,5) (4,6) (5,6) 
dij 2 4 5 4 7 6 3 
Cij 50 30 85 60 40 70 90 
Dij 5 7 12 6 9 10 8 
cij 20 10 30 40 30 60 25 
hij 10 6,67 7,86 10 5 2,5 13 

: 1) -
;  2) -

 34 , 
=

∈eji
ijc

ρ
),(

215 . . . ( . 4.42). 

=
∈eji

ijρ
),(

425 . . ., -

 – 17  ( . 4.43).  
-

=0t 20 -
. 

. 4.42. 

. 4.43. 

1

2

6

3

5 

6 

10

7 

8 

12

5
9 

4
5

0
5

0 0
0

17 17
0

26 26
0

11 24
13

34 34
0

1

2

6

3

2 

4 

6

4 

3

5

5
7 

4
2

0
2

0 0
0

7 7
0

14 14
0

6 11
5

17 17
0
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- -

∈

−−−=
ji

ij
H
ijijijij dtthCF

ρ
),(

0
min )]([ . 

: 
1. : 

jiDttd ij
H
ijijij

ρ
∈≤−≤ ),(,0

2. : 
enitt ni
ρ

∈≤ ),(,0
0
,

3. : 
) Ejit H

j ∈= ),(,0,1

) Erjitt ij
H
jr ∈≥ ),,(,0 . 

4. : 
ejitt ij

H
jr

ρ
∈≥ ),(,0, 0 . 

3) - . 
Fmin=50–10 )2( 2,1

0
2,1 −− Htt +30–6,67 )4( 3,1

0
3,1 −− Htt +85– 

– 7,86 )5( 3,2
0

3,2 −− Htt +60–10 )4( 4,2
0

4,2 −− Htt +40– 
–5 )7( 5,3

0
5,3 −− Htt +70–2,5 )6( 6,4

0
6,4 −− Htt +90–13 )3( 6,5

0
6,5 −− Htt . 

I. : 
1. 212

0
12 ≥− Htt   8. 512

0
12 ≤− Htt

2. 413
0
13 ≥− Htt   9. 713

0
13 ≤− Htt

3. 523
0
23 ≥− Htt   10. 1223

0
23 ≤− Htt

4. 424
0
24 ≥− Htt   11. 624

0
24 ≤− Htt

5. 735
0
35 ≥− Htt   12. 935

0
35 ≤− Htt

6. 646
0
46 ≥− Htt   13. 1046

0
46 ≤− Htt

7. 356
0
56 ≥− Htt   14. 856

0
56 ≤− Htt . 

II. : 
15. 200

56 ≤t . 
III. : 
16. 012 =Ht    21. 0

2335 tt H ≥
17. 013 =Ht    22. 0

1335 tt H ≥
18. 0

1223 tt H ≥   23. 0
2446 tt H ≥

19. 0
1224 tt H ≥   24. 0

3556 tt H ≥ . 
20. 0

1224 tt H ≥     
: 

Fmin=50–10 2010 2,1
0

2,1 ++ Htt +30–6,67 68,260
3,1 +t +6,67 Ít 3,1 +85– 

–7,86 0
3,2t +7,86 Ht 3,2 +39,3+60–10 0

4,2t +10 Ht 3,2 ++−++ Htt 5,3
0

5,3 554040
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.13135,25,255

101086,786,767,667,61010

98,639133913905,2155,27035

6,5
0

6,56,4
0

6,45,3
0

5,3

4,2
0

4,23,2
0

3,23,1
0

3,12,1
0

2,1

0
6,56,5

0
6,46,4

HHH

HHH

HH

tttttt

tttttttt

tttt

+−++−+−

−+−+−+−+−

−=−−+++−++++

-
: 

012 =Ht 735 =Ht    20
12 =t        140

35 =t

013 =Ht 846 =Ht    70
13 =t        180

46 =t

223 =Ht   1456 =Ht    70
23 =t        200

56 =t . 
224 =Ht     80

24 =t

 ( . 4.44).  

. 4.44. 

 (i,j) ( . 4.24): 
)( 0

ij
H
ijijijijijopt dtthC −−−= . 

 4.24.   

  
(1,2) (1,3) (2,3) (2,4) (3,5) (4,6) (5,6) 

Cij 50 30 85 60 40 70 90 
hij 10 6,67 7,86 10 5 2,5 13 

tij =
0
ijt – H

ijt 2 7 5 6 7 10 6 

dij 2 4 5 4 7 6 3 
ijopt 50 10 85 40 40 60 51 

ij
20 10 30 40 30 60 25 

, -
Fmin=639,98–303,99=336,0 . . . 

∈eji
ijoptρ

),(

=336,0 . . . 

 20 ,  34 , 
 336 . . .  215 . . . ( . . 

 121 . . .:  (1,2) – 50–20=30 . . ., 

1

2

6

3

2(2)

6(4) 

10(6) 

7(4) 
6(3) 

5(5) 

57(7) 

4
2

0
2

0 0
0

7 7
0

14 14
0

8 10
2

20 20
0
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 5  2 ;    
(2,3) – 85 – 30 = 55 . . .,  12  5 

;  (3,5) – 40 – 30 = 10 . . ., -
 9  7  (5,6) – 51 – 25 = 26 . . . -

 8  6 . 

4.10. 

, 

.  

, -
Ai,  – -

Bj. , 

. 
, 

, , Ai=1; Bj=1, -
: 

≠=
=

);,1,( , - 0

-  - 1

jinji

ji
xij

xij

: 

1. njx
n

i
ij ,1,1

1

==
=

2. nix
n

j
ij ,1,1

1

==
=

3. , { }1,0;0 ∈≥ ijij xx . 

, , 
: 

= =

=
n

i

n

j
ijij xcF

1 1
max

= =

=
n

i

n

j
ijij xcF

1 1
min , 

cij – i
j j

i. 
.  8 

8 . 
. 4.25. 
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 4.25. 

-
, Ai 

, Bj , . . . 
1 2 3 4 5 6 7 8

1 4 6 5 1 7 2 9 13 
2 7 8 12 5 4 – – 10 
3 1 3 5 8 9 – – 14 
4 15 13 10 6 3 – – 2 
5 3 – – 2 10 8 12 5 
6 8 – – 7 12 6 1 3 
7 7 – – 4 8 5 6 1 
8 2 5 9 10 13 1 16 4 

5, 6 7 -
2 3, 6 7 -

2, 3 4. 
- -

: 
I. : 
1. 1 – 11+ 21+ 31+ 41+ 51+ 61+ 71+ 81=1 
2. 2 – 12+ 22+ 32+ 42+ 82=1 
3. 3 – 13+ 23+ 33+ 43+ 83=1 
4. 4 – 14+ 24+ 34+ 44+ 54+ 64+ 74+ 84=1 
5. 5 – 15+ 25+ 35+ 45+ 55+ 65+ 75+ 85=1 
6. 6 – 16+ 56+ 66+ 76+ 86=1 
7. 7 – 17+ 57+ 67+ 77+ 87=1 
8. 8 – 18+ 28+ 38+ 48+ 58+ 68+ 78+ 88=1 
II. 
9. 1 – 11+ 12+ 13+ 14+ 15+ 16+ 17+ 18=1 
10. 2 – 21+ 22+ 23+ 24+ 25+ 28=1 
11. 3 – 31+ 32+ 33+ 34+ 35+ 38=1 
12. 4 – 41+ 42+ 43+ 44+ 45+ 48=1 
13. 5 – 51+ 54+ 55+ 56+ 57+ 58=1 
14. 6 – 61+ 64+ 65+ 66+ 67+ 68=1 
15. 7 – 71+ 74+ 75+ 76+ 77+ 78=1 
16. 8 – 81+ 82+ 83+ 84+ 85+ 86+ 87+ 88=1 

888786858483

82817877767574716867

666564615857565354

514845444342413835

343332312825242322

211817161514131211max

416113109

5216584731

612785128102

3236101315149

85311045128

7139271564F

++++++
+++++++++++

++++++++++
++++++++++

++++++++++
+++++++++=
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 « » 
 Excel. xij – , . .  1 

 0. 
-

: 
              15=1   56=1   

23=1 61=1 
44=1 78=1 
52=1 87=1 

115max =F

xij ,  – 
, 

 115 . . . 

, . 
.

-
. -

. 4.26. 

 4.26.   

Ai Bj ijcmin

1 2 3 4 5

1 6 7 9 6 8 6 
2 8 9 7 8 9 7 
3 9 7 8 7 8 7 
4 7 8 9 8 9 7 
5 10 7 8 7 10 7 

. 
1. cij ( . 4.26) 

 ( ij
j

cmin ). 

2. cij 

,  ( . 
4.27). 

3. 
( . 4.27)  ( ij

i
cmin  ). 

4. -
, , -
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 ( . 4.28). 

 4.27.   

Ai Bj

1 2 3 4 5

1 0 1 3 0 2 
2 1 2 0 1 2 
3 2 0 1 0 1 
4 0 1 2 1 2 
5 3 0 1 0 3 

ijcmin 0 0 0 0 1 

5. , 
. 

6. , 
. 

. 4.28. 2 4 -
, 23=1 41=1. 

 4.28. 

Ai Bj

1 2 3 4 5

1 0 1 3 0 1 

2 1 2 0 1 1 

3 2 0 1 0 0

4 0 1 2 1 1 

5 3 0 1 0 2 

, , -
. 2 4 1 3. 

. 
, 1, , , -

14=1 
.  

5 , , 52=1. 
3 35=1. 

14, 23, 35, 41, 52 -
, -

: minF =6+7+8+7+7=35 . . . 



188

-
: 
) , -

, , -
. -

: 
1. 

 ( ) , -
. 

2. , 
. 

3. 
: 

) , -
; 
) 

, ; 
) , 

. 
4. , 

. 
.  ( . 4.29). 

 4.29. 

Ai Bj

1 2 3 4

1 0 1 5 6 
2 0 2 3 7 
3 7 4 0 2 
4 3 0 0 0 

, 2 4 4, 
, . 

-
, -

, -
 ( . 4.30).  

, , -
 1. , -

 ( . 4.31). 
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 4.30. 

Ai Bj

1 2 3 4

1 0 1 5 6 
2 0 2 3 7 
3 7 4 0 2 
4 3 0 0 0 

 4.31. 

Ai Bj

1 2 3 4

1 0 0 5 5 

2 0 1 3 6 

3 7 3 0 1 

4 4 0 1 0

. 
12= 21= 33= 44=1. 

) -
. -

, 
(–1)  ( ) 

, -
. -

. 
) , -

cij, -
. 

) m n, 
. 

4.11. 

-
, ,  n , 

, 
.  

 – , 
, -

. 
: 
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=
. - 0

;    - 1 ji
xij

: 

ij

n

i

n

j
ij xcF

= =

=
1 1

min ,  

cij – i j.  
: 

1. : njx
n

i
ij ,1,1

1

==
=

. 

2. : nix
n

j
ij ,1,1

1

==
=

3. , 
{ }1,0,0 ∈≥ ijij xx . 

-
: 

. 
-

, 
, -

. 
)2()1( −⋅− nn . : 

  
1−≤+− nnxuu ijji , nji ,2, = , ji ≠ . 

-
-

. 

1. , , , , . 
2. , ? 
3. ? 
4. ? 
5. ? 
6. ? 
7. ? 
8. ? 
9. . 
10. . 
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11. 
. 

12. ? 
13. -
. 
14. 

. 
15. . 
16. -

? 
17. 

. 
18.  ( ) 

? 
19. 

. 
20. -

. 
21. -

. 
22. , , , 

. 
23. , -

? 
24. ? 
25. ? 
26. , -

. 
27. ? 
28. . 
29. ? 
30. 

? 
31. - -

. 
32. - -

. 
33. -

? 
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34. -
? 

35. . 
36. - -

. 
37. 

. 
38. 

. 
39. . 
40. - -

. 

5. 

5.1. .  

- -
 20 . -

, 
 ( - ). 

- -
, . -

, , , , 
.  – -

. -
, , -

. 
, , -

. -
, -

, 
.  

, 
. 

, -
. , -

, -
. 

. , -
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-
. , . . -

. -
, . .  ( -

) , 
.  

, , 
, . . 

, -
. 

:  
1. ; 2. -

; 3. 
; 4. . 

, 
 ( -
), -

 ( , , 
). 

-
. , : 

1) -
; 2) 

.  ( ) -
, -

, , -
; 3) -

; 4) -
; 5) 

; 6) 
; 7) -

. 

5.2. 

. -
. , -

, -
N={1,2,…n}. , 
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. -
, , , 

; , -
, , . . 

, -
, -
. 

, -
, 

. , , 
. . .  – -

, 
π (n)=(i1, i2…in), i2 – N, -

π (n) . 
, 

. -
 ( . . ), -

. -
. 

, 
. 

, 
. . , , 

, . 
-

. 
I) -

, , -
, , -

, -
. 

, -
. -

, , 

n! . -
. 

, 
. 
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. 
it  – i;  

it  – i;  

it  – i, Ni ∈ . 
di – i -

. , -

. π (n) : 

i

n

i
in td ⋅=

=1
1 )(π . 

, , 
1π (n) . 

.  
, . . , -

i

n

i
in td ⋅=

=1
1 )(π -

i

i

d

t , Ni ∈ -

, . .  

1

1

+

+≤
i

i

i

i

d

t

d

t , Ni ∈ . 

, -
, , -

, 
. 5.1 . 

 5.1. 

    
1 2 3 4 5 6 7

-
, ti

5 2 7 10 6 8 4 

-
-

, iα
10 8 20 2 3 1 20 

. 
, . 5.1. : 

) : 
iii ttt +=+1 , 
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. . 

; 
) , 

. 5.1 ( ). 
1 , -

2 –  0+5=5, 3 – 
 5+2=7 . . ( . 5.2); 

) , 
: ii t⋅α  ( . 

5.2). 

) i

n

i
i t⋅

=1

α . 

 0+40+140+28+72+30+760=1070. 
. . π (n)=( 1, 2, 3, 4, 5, 6, 7) -

1 (π n)=1070 . . ; 

) 
i

it

α
 ( . 5.2). 

 5.2. 

    
1 2 3 4 5 6 7

-
, ti

5 2 7 10 6 8 4 

-
, i

10 8 20 2 3 1 20 

-
  

1 2 3 4 5 6 7 

-
, it

0 5 7 14 24 30 38 

, 
, i it

0 40 140 28 72 30 760 

i

it

α
0,5 0,25 0,35 5 2 8 0,2 

- 4 2 3 6 5 7 1 

-
, it

13 4 6 24 18 34 0 

, 
, i it

130 32 120 48 54 34 0 
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) , . . 

1

1

+

+≤
i

i

i

i tt

αα
, Ni ∈ -

 ( . 5.2); 
) -

 ( iii ttt +=+1 ) . 5.2. 
) , 

 ( i it ); 

)  ( i

n

i
i t⋅

=1

α ). 

130+32+120+48+54+34+0=418 . . . 
. . π (n)=( 7, 2, 3, 

1, 5, 4, 6) i

n

i
in t⋅=

=1
1 )( απ =418 . . .; 

) 
, , =1070–418=652 . . . 

II) 
.  

, 

N, . . 
=

=
n

i
itT

1

. 

i  – , i
, 

, 
:  

)()(
1

2 i

n

i
in tT −=

=

γπ , 

it  – i- . 
-

:  
iii ttt += . 

, -
, -

-
.  

i

it

γ
, Ni ∈ , . .: 
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1

1

+

+≥
i

i

i

i tt

γγ
, Ni ∈ . 

, -
, -

-
. 5.3. , -

, 
. 

. , 
, , . 5.3 ( -
). 

 5.3. 

    
1 2 3 4 5 6

-
, ti

3 5 4 2 6 8 

, -

, i

3 2 8 1 2 5 

) 
( iii ttt += )  ( . 5.4). 

, 1

 3 , , 
 3 . 2 -

 5 
, . .  3+5=8 

. .;  
) 

: 

=

=
n

i
itT

1

. 

=3+5+4+2+6+8=28 ; 
) 

-
: it− . . 5.4; 
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 5.4. 

     
1 2 3 4 5 6

, ti
3 5 4 2 6 8 

, -

, i

3 2 8 1 2 5 

-
1 2 3 4 5 6 

-
, it

3 8 12 14 20 28 

, it− 25 20 16 14 8 0 

, -
-

, )(i it−γ
75 40 128 14 16 0 

i

it

γ 1 2,5 0,5 2 3 1,6 

 5 2 6 3 1 4 
-

, it
24 11 28 13 6 21 

, itT − 4 17 0 15 22 7 

, -
-

, )( ii tT −γ
12 34 0 15 44 35 

) , 
-

: )(i it−γ ; 
) , -

-

: )(i
1

i

n

i
t−

=
γ . 

 75+40+128+14+16+0=273 . . ., . . π (n)=( 1, 2, 
3, 4, 5, 6) 2π (n)=273 . . .; 

) 
i

it

γ
 ( . 5.4). 



200

) , . . 

1

1

+

+≥
i

i

i

i tt

γγ
, Ni ∈ -

 ( . 5.4); 
) -

: ( itT − ); 
) , -

-
: ( )( ii tT −γ ); 

) , -
-

: ( )(i
1

i

n

i

t−
=

γ ). -

π (n)=( 5, 2, 4, 6, 1, 3), 

)()(
1

2 i

n

i
in tT −=

=

γπ =12+34+15+44+35=120 . . .; 

) 
, , =273–120=153 . . . 

III) . 
, Di – i, 

Ni ∈ , . . , -
. 

, i
Di. iz

 ( . . 
) i -

: 
{ }iii Dtz −= ,0max , Ni ∈ , 

iδ  – i
. , , -

, : 
ii

Ni
n z⋅=

∈
δπ max)(3 . 

-
. 

, -
π n, -

3(π n). 
-

: 
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1. 

: 
=

=
n

i
itT

1

; 

2. -
λ, : 

λλλλ zz ′=⋅ δδ min , 

λz′  –   
, 

. 
λz′ : 

{ }iDTz −=′ ;0maxλ , 

λλz′δ
; 

3. λ -
. -

λ . 
, λtT −  2, -

 – . 
, -

ii
Ni

n zδπ
∈

= max)(3

. 5.5. 

 5.5. 

    
1 2 3 4 5 6

-
, ti  

2 4 3 5 1 6 

-

, iδ
4 3 2 2 5 1 

-
, Di

4 7 6 8 4 10 

. -
: 

) 
( iii ttt += ) . -

. 5.6; 
) 

, : 
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iii Dtz −= . 
, ii Dt < , iz . 
, 1

111 Dtz −= =2–4=0, 3

333 Dtz −= =9–6=3 ( . 5.6); 

 5.6. 

    
1 2 3 4 5 6

1 2 3 4 5 6 7 

, ti  
2 4 3 5 1 6 

, iδ 4 3 2 2 5 1 

, Di
4 7 6 8 4 10 

-
1 2 3 4 5 6 

-
, it

2 6 9 14 15 21 

, iz
0 0 3 6 11 11 

, ii zδ 0 0 6 12 55 11 

, -
, iz′  ( =21) 

17 14 15 13 17 11 

, -
, ii z′δ

68 42 30 26 85 11 

, -
, iz′  ( =15) 

11 8 9 7 11 – 

, -
, ii z′δ

44 24 18 14 55 – 

, -
, iz′  ( =10) 

8 6 7 – 9 – 
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. 5.6.
1 2 3 4 5 6 7 

, -
, ii z′δ

32 18 14 – 45 – 

, -
, iz′  ( =7) 

3 0 – – 3 – 

, -
, ii z′δ

12 0 – – 15 – 

, -
, iz′  ( =3)  

0 – – – 0 – 

, -
, ii z′δ

0 – – – 0 – 

 1 3 4 5 2 6 
-

, it
2 7 10 15 3 21 

, iz
0 0 3 7 0 11 

, ii zδ 0 0 6 14 0 11 

) 
: ii zδ ; 

) -
: 

ii
Ni

n z⋅=
∈

δπ max)(3 =55 . . . 

) , -
 (

): 
=

=
n

i
itT

1

. 

=2+4+3+5+1+6=21 . 
) 

, -
i. -

: 
{ }ii DTz −=′   ;0max
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, 1 11 DTz −=′ =21–
4=17 ; 

) -
, : ii z′δ ; 

) , ii z′δ -
. 6, . 

; 
) 6  ( 1, 2, 3, 

4, 5), ) -
=2+4+3+5+1=15. iz′ . , -

1 11 DTz −=′ =15–4=11 . . 
 ( 1, 2, 3, 4, 5) 

ii z′δ . 

4, . -
) . . -

1 5 ii z′δ , -

, , . 
, , -

3  ([ 1, 5], 2, 3, 
4, 6).  [ 1, 5] , -

1 5 ; 
) , , , -

: 
ii

Ni
n z⋅=

∈
δπ max)(3 =14 . . . 

) , , -
. =55–

14=41 . . . 

. 
, -

. -
, -

. -
- , . . 

 ( . 5.1). 
-

. 
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.    

          i  

                                                                            
        6                                                                    6 
                       
        5               1 
                                                            
        4                                                                           5
                              
        3                                                     3 
                             
        2                         4 
                  
         1            2 

                                     0                       5              10              15               20          t

. 5.1. 

, 
, -

 ( . 5.2). 

-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 1                      
2 5                      
3 2                      
4 3                      
5 4                      
6 6                      

. 5.2. 

 – -
, -

( . 5.3). 
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-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 1                    
2 5                     
3 2                  
4 3                   
5 4                 
6 6                

. 5.3. 

5.3.  ( . 
) 

. -
-

, m- ( )mi ,1= , 
n- ( )nj ,1= . 

n- , -
. 

i- j- tij. 
. . n- , -

. 
: 1) i-

, i–1; 2) 
; 3) 

. 
.  1954 . -

. . 
. 

. 
. 

, -
. 

, 
, 

, . 
,  – . 
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, 
, , 

. 
-

, 
. 

. 5.7. 

 5.7. , 

. .
      

1  60 50 
2   70 60 
3   50 30 
4   120 140 
5   40 20 
6   60 60 
7   130 150 

, , 
-

 ( 1, 2, 3, 4, 5, 6, 7). 
ix  – , . 

 « » 
. , -

, , 1=60 . 
 « -

» . 
, , 

 « »  « » . -
 60  « -

» ,  « » , . .  
2=60+70–50–60=20 . 

, -
 ( , , 
). 

3=130+50–110–60–20=0 
4=180+120–110–30–60–20=80 

5=300+40–140–140–80=0 
6=340+60–280–20–80–80=0 

7=400+130–300–60–80–80=10 ( . 5.8). 
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 5.8. 

. . 
  , -

, 
1  60 50 60 
2   70 60 20 
3   50 30 0 
4 120 140 80 
5   40 20 0 
6   60 60 0 
7   130 150 10 

, 
170 ,  – 60 ;  – 
20;  80  – 10 . 

 ( . 5.4). 

                         1      2      3     4          5     6         7  

                           60        70     50      120      40     60       130 

                           60      50   20     60     30     80        140     20      60   10      150 

                     0                                            220                    440                           680   t

. 5.4. 

. 
. 

-
, 

. 
. 

-

-
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1. n 2, -
ijt -

 ( . 5.9). 

 5.9.   

  -
1 2 

1 60 50 5 
2 70 60 4 
3 50 30 6 
4 120 140 2 
5 40 20 7 
6 60 60 1 
7 130 150 3 

2. ijt . 

, 
, , 

,  – .  
3. 

. 2 
. 

4. , 
. 

5. 
, 

. 
. .  20, 

, 5 -
. -

5,  30. -
, , 3

.  50. -
, , 1

.  60. . 
, , 6 -

, 2 – , 4 – -
, 7 – . 
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-
, . . π (n)=( 6, 4, 7, 2, 

1, 3, 5). : 1=60 
2=60+120–60–60=60 

3=180+130–60–140–60–60=0 
4=310+70–200–150–120=0 
5=380+60–350–60–120=0 
6=420+50–410–50–120=0 

7=470+40–460–30–120=0 ( . 5.10). 

 5.10. 

-
  

  ,   
, 

6  60 60 60 
4  120 140 60 
7  130 150 0 
2  70 60 0 
1  60 50 0 
3  50 30 0 
5  40 20 0 

 120 . . . 
 50  (170–120) %4,29

170

50 = , -

. 
 ( . 

5.5).

                                 1           2           3         4     5      6     7  

                                 60        120          130       70     60      50    40 

                                 60     60   60      140           150       60        50     30    20        

                        0                         180        320           470                               630            t

. 5.5.   

-

-
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. 
m  3 , 

.  m = 3 
, 

-
, -

,  – -
. , 

. , -
, : 

jj ba maxmin ≥ jj bc maxmin ≥ , 

ja  – j- ;  

jb  – j- ;  

jc  – j- . 

: -
jj ba + jj cb + . 

. 
.  3 ,  6 

. -
, . . -

, . 
. 5.11. 

 5.11. 

 ( )   
1 2 3 

1 8 5 9 
2 12 6 15 
3 9 4 10 
4 10 6 12 
5 7 5 8 
6 11 7 14 

π (n)=( 1, 2, 3, 4, 5, 6) 
. 



212

, -
: 

1=8 
2=8+12–5–8=7 

3=20+9–5–6–8–7=3 
4=29+10–5–6–4–8–7–3=6 

5=39+7–5–6–4–6–8–7–3–6=1 
6=46+11–5–6–4–6–5–8–7–3–6–1=6 ( . 5.12). 

 8+7+3+6+1+6=31 . 
, -

. , -
, , -

1=8+5=13 . 

, . . 2=8+12+6–9–13=4. 
, : 

1=8+5=13 
2=8+12+6–9–13=4 

3=20+9+4–9–15–13–4=0 
4=29+10+6–9–15–10–13–4=0 

5=39+7+5–9–15–10–12–13–4=0 
6=46+11+7–9–15–10–12–8–13–4=0 ( . 5.12). 

 13+4=17 . 

 5.12.   

  
( ) 

    
1 2 3 2 3 

1 8 5 9 8 13 
2 12 6 15 7 4 
3 9 4 10 3 0 
4 10 6 12 6 0 
5 7 5 8 1 0 
6 11 7 14 6 0 

-
-

 ( . 5.6). 
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                               1    2      3      4      5     6 

                              8      12        9      10      7      11 

                              8    5    7  6   3  4  6  6  1  5   6    7 

                               13      9     4     15      10       12      8      14       

                      0                  22            41                  63              85                          t

. 5.6. 

-
, 

. 

jj ba maxmin ≥ jj bc maxmin ≥ . 

.  7, . . 7min =ja . 

, jbmax =7. -

 8, . . 8min =jc . . . -

, 
.  

, -

 ( . 5.12). 

 5.12.   
  

jj ba + jj cb +

1 13 14 2 
2 18 21 5 
3 13 14 3 
4 16 18 4 
5 12 13 1 
6 18 21 6 

2 

3 

1
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, . . 
.  12 , 

, 5 , -
. 

13, , , 
-

. 4, 
2 6.  

: 
) 

1=7 
2=7+8–5–7=3 

3=15+9–5–5–7–3=4 
4=24+10–10–4–10–4=6 
5=34+12–14–6–14–6=6 
6=46+11–20–6–20–6=5. 

 31 . 
) 

1=7+5=12 
2=7+8+5–8–12=0 

3=15+9+4–8–9–12=0 
4=24+10+6–17–10–12=1 

5=34+12+6–27–12–12–1=0 
6=46+6–39–15–12–1=0. 

 13  ( . 5.13). 

 5.13.   

-
  

    
1 2 3 2 3 

5 7 5 8 7 12 
1 8 5 9 3 0 
3 9 4 10 4 0 
4 10 6 12 6 1 
2 12 6 15 6 0 
6 11 7 15 5 0 

 ( . 5.7). 



215

                        5     1      3      4      2      6 

                         7      8        9       10     12      11 

                         7   5     3    5    4    4    6     6     6     6     5     7 

                        12        8         9       10       1      12       15        15 

                  0                     20                         40                     67      82               t

. 5.7.   

, -
 48 (31+17)  44 (31+13) 

, . .  8,3%. 

1. , , , 
. 

2. . 
3. . 
4. 

, . 
5. -

-
, -

. 
6. . 
7. 

-
. 

8. -
? 

9. . 

2 

3 

1 

-
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10. -
? 

11. 
? 

12. -
. 

13. ? 
14. 

. 

6. 

6.1. 
( , ,  

) 

 20 -
.  1907 . 

.  1909 . . . -

.  1963 . . . -
, , 

 « -
». 

 (
 « ») -

 ( , -
, , , -
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 I 

  
 LPX.88 

F   SOLUTION IS OPTIMAL    DATE  02-01-2016   TIME 12:17:05 
                       
       
MAXIMUM     ENTERS:      BASIS X:   3       VARIABLES:    4  
                                            
PIVOTS: 3   LEAVES:      BASIS S:   1       SLACKS:       4 

                            
LAST INV: 0   DELTA    0   RETURN   4520    CONSTRAINTS:  4  
                                    

BASIS    X.2     S.2     X.4     X.1                                   
       

PRIMAL   24      160     32      36                                    
    

DUAL     41      0       1.4     25.8                                  
       

       
             
F1  SOLUTION IS MAXIMUM     RETURN  4520    DATE 02-01-2016 
    PRIMAL PROBLEM SOLUTION         TIME   12:17:11 
       
VARIABLE  STATUS  VALUE  RETURN/UNIT VALUE/UNIT  NET RETURN 

      / /   
                           
X.1   BASIS ( )  36       50           50          0  
X.2   BASIS          24       20           20          0  
X.3   NONBASIS ( ) 0    0            6          -6  
X.4   BASIS          32       70           70          0  
S.1   NONBASIS       0        0            41         -41  
S.2   BASIS          160      0            0           0  
S.3   NONBASIS       0        0            1.4        -1.4  
S.4   NONBASIS       0        0            25.8       -25.8  
       
F2    SOLUTION IS MAXIMUM    RETURN  4520   DATE 02-01-2016 
      DUAL PROBLEM SOLUTION         TIME  12:17:11 
      

ROW ID  STATUS   DUAL VALUE    RHS VALUE    USAGE   SLACK 
                    

                          
Y.1 BINDING ( ) 41           60         60        0  
Y.2 NONBINDING ( ) 0       1800       1640      160  
Y.3 BINDING           1.4          808        808       0  
Y.4 BINDING           25.8         36         36        0  
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F3 SOLUTION IS MAXIMUM     RETURN  4520     DATE 02-01-2016 
OBJECTIVE ROW RANGES              TIME   12:25:27 

       
VARIABLE    STATUS   VALUE  RETURN/UNIT  MINIMUM    MAXIMUM 

        /        
                                      

X.1         BASIS      36         50       24.2        NONE 
X.2         BASIS      24         20       14          45.8 
X.3         NONBASIS   0          0        NONE        6 
X.4         BASIS      32         70       0           100 

       
            

F4   SOLUTION IS MAXIMUM      RETURN  4520  DATE 02-01-2016 
     RIGHT HAND SIDE RANGES         TIME  12:25:28 
    
ROW ID   STATUS   DUAL VALUE   RHS VALUE MINIMUM    MAXIMUM 

                    
                               
Y.1    BINDING       41          60        36      64.77612 
Y.2    NONBINDING    0           1800      1640        NONE 
Y.3    BINDING       1.4         808       -792        1128 
Y.4    BINDING       25.8        36        28.55814      60 
       
             

F5    SOLUTION IS MAXIMUM     RETURN  4520  DATE 02-01-2016 
     INVERSE COEFFICIENTS           TIME   12:25:29 
     
     RETURN    X.2       S.2       X.4       X.1                       
X.1    0       0         0         0         1                         
X.2    0       1         0         0         -1                        
X.4    0      .3         0        .02        -.06                      
S.2    0      -33.5      1        -5         21.5                      

 J 

  
 Excel 

: 
1. 60321 ≤++

2. 1800252266 4321 ≤+++
3. 80825151250 3214 +++≤

4. 361 ≤

421max 702050 xxxF ++= . 
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 Excel : 

, ,  ( -
), . 

, , 
.  G8 ( ), 

 « …». 
« » ( . 1). 

. 1.  « » 

 « »: , 
 ( 3, 3, D3 4). 

, . 
, , -

 « » ( . 2),  « -
». 

. 2.  « » 

:  
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-
  

  

3:D3 0 
F3 G3 

F5 G5 -

E4 0 
F7 G6 -

B3 36  40% 
 (36 ) 

,  « », -
 « »  ( . 3). 

. 3.  « » 

 « »,  ( . 
4). 

. 4. 

. 4 :  
1=36            1=0 

2=24            2=160 
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3=0             3=0 
4=32           4=0 

Fmax=4520. 

 « » ( . 5), -
: 

. 5.  « ». 

. 
, 

, , 
. 

.  
, 

( . 6).  

. 6. . 

, -
. 

. -
, ,  ( -

), . 
. 

, 
, ,  ( . 7). 

, -
. , 

, 
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. 
. 

. 7. 

. -
,  ( . 1). 

 1. 

      
1 2 3 

, .-  100 120 130 250 
- -

, . . . . 
80 60 100 180 

, . . . . 80 85 90 – 

. 
. : 1, 2 3 – 

, . 
: 

Fmax=80x1+85x2+90x3

: 
: 100 1+120 2+130 3 250 

- :  
80 1+60 2+100 3 180 

: 
1 0; 2 0; 3 0 
:  

1, 2 3 – . 
, 

 ( . 2). 
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 2. 1  

-
  1 2 3

1 250 100 120 130 

2 180 80 60 

Fmax 0 –80 –85 –90 

 ( . 3-5). 

 3. 1  
  

-
  1 2 2

1 16 –4 
–1,3 

3 1,8 0,8 0,6 0,01 
Fmax 162 –8 –31 0,9 

 4. 1  
  

-
  1 1 2

2 0,381 –0,095 0,024 –0,031 

3 1,571 –0,014 
0,029 

Fmax 173,810 –10,952 0,738 –0,060 

 5. 1  
  

-
  3 1 2

2 0,555 0,111 0,022 –0,028 
1 1,833 1,667 –0,016 0,034 

Fmax 193,889 12,779 0,559 0,311 

. 5 : 1=1,8; 2=0,6; Fmax=183,06 
. . . . 

1 2 – . 2=0,555, -
, 2

, : 

10

42 

0,85
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2. 
Fmax=80x1+85x2+90x3

: 
100 1+120 2+130 3 250 

80 1+60 2+100 3 180 
2 0. 

3. 
Fmax=80x1+85x2+90x3

: 
100 1+120 2+130 3 250 

80 1+60 2+100 3 180 
2 1. 

 ( . 3) 2 3 ( . 6-9  10-13). 

 6. 2 

-
  1 2 2

1 16 –4 
–1,3 

3 1,8 0,8 0,6 0,01 
3 0 0 1 0 

Fmax 162 –8 –31 0,9 

 7. 2 

-
  1 1 2

2 0,381 –0,095 0,024 –0,031 
3 1,571 0,857 –0,014 0,029 

3 –0,381 0,095 
0,031 

Fmax 173,810 –10,952 0,738 –0,060 

 8. 2 

-
  1 3 2

2 0 0 1 0 

3 1,793 –0,583 
0,011 

1 15,875 –3,958 –41,667 –1,292 
Fmax 162,094 –8,031 30,750 0,893 

42 

–0,024 

0,802 
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 9. 2 

-
  1 3 2

2 0 0 1 0 
1 2,25 1,247 –0,727 0,014 
1 24,724 4,935 –44,544 –1,238 

Fmax 180 10 25 1 

3 ( . 10-13). 

 10. 3 

-
  1 2 2

1 16 –4 
–1,3 

3 1,8 0,8 0,6 0,01 
3 –1 0 –1 0 

Fmax 162 –8 –31 0,9 

 11. 3 

-
  1 1 2

2 0,381 –0,095 0,024 –0,031 
3 1,571 0,857 –0,014 0,029 

4 –0,619 –0,095 0,024 

Fmax 173,81 –10,952 0,738 –0,06 

 12. 3 

-
  1 1 4

2 1 0 0 –1 

3 
0,992 

0,0085 
0,935 

2 19,968 3,065 0,774 –32,258 
Fmax 175,008 –10,768 0,692 –1,935 

. 9  13 2 3. 

42

  –0,031 

0,768 
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 13. 3 

-
  3 1 4

2 1 0 0 –1 
1 1,3 1,302 0,011 1,217 
2 16 –3,991 70,774 –35,989 

Fmax 189,0 14 0,8 11 

, max3max2 FF < , -
3 1 -

3 
: 

4. 
Fmax=80x1+85x2+90x3

: 
100 1+120 2+130 3 250 
80 1+60 2+100 3 180 

     1 1.  

5. 
Fmax=80x1+85x2+90x3

: 
100 1+120 2+130 3 250 
80 1+60 2+100 3 180 

     1 2. 

. 11 -
4 5 ( . 14-16  17-18). 

 14. 4 

-
  1 1 4

2 1 0 0 –1 
3 0,992 0,768 0,009 0,935 
2 19,968 3,065 0,774 –32,258 

5 1 0 
0 

Fmax 175,008 –10,768 0,692 –1,935 

 15. 4 

-
  5 1 4

2 1 0 0 –1 

3 0,224 –0,768 0,009 

2 16,903 3,065 0,774 –32,258 
1 1 1 0 0 

Fmax 185,776 –10,768 0,692 –1,935 

1 

0,935 
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 16. 4 
-

  5 1 3

2 1,25 0 0 1,07 
4 0,24 –0,82 0,01 1,07 
2 24,63 –3,065 0,77 34,5 
1 1 1 0 0 

Fmax 186,25 9,17 0,708 2,083 

 17. 5 

-
  1 1 4

2 1 0 0 –1 
3 0,992 0,768 0,009 0,935 
2 19,968 3,065 0,774 –32,258 

6 –2 0 
0 

Fmax 175,008 –10,768 0,692 –1,935 

 18. 5 

-
  6 1 4

2 1 0 0 –1 
3 –0,544 0,768 0,009 0,935 
2 13,838 3,065 0,774 –32,258 
1 2 –1 0 0 

Fmax 196,544 10,768 0,692 –1,935 

5 , 
. 4: 1=1; 

2=1,25; 3=0, , . 6 -
, 2, . . 2 1 

2 2 6 ( . 19-22) 7 ( . 23-27). 

 19. 6 
-

  1 2 2

1 16 –4 42 –1,3 
3 1,8 0,8 0,6 0,01 

3 –1 0 
0 

4 1 1 0 0 
5 1 0 1 0 

Fmax 162 –8 –31 0,9 

–1 

–1 
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 20. 6 

-
  1 4 2

1 –26 –4 
42  

3 1,2 0,8 0,6 0,01 
2 1 0 –1 0 
5 1 1 0 0 
6 0 0 1 0 

Fmax 193 –8 –31 0,9 

 21. 6 

-
  1 4 1

2 20 3,077 –32,308 –0,769 
3 1 0,769 0,923 0,008 
2 1 0 –1 0 

5 1 0 
0 

6 0 0 1 0 
Fmax 175 –10,769 1,923 0,692 

 22. 6 

-
  5 4 1

2 16,923 –3,077 –32,308 –0,769 
3 0,231 –0,769 0,923 0,008 
2 1 0 –1 0 
1 1 1 0 0 
6 0 0 1 0 

Fmax 185,769 10,769 1,923 0,692 

 23. 7 

-
  1 2 2

1 16 –4 42 –1,3 
3 1,8 0,8 0,6 0,01 

4 –1 0 
0 

5 1 1 0 0 
7 –2 0 –1 0 

Fmax 162 –8 –31 0,9 

–1,3 

1 

–1 
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 24. 7 

-
  1 4 2

1 –26 –4 42 –1,3 
3 1,2 0,8 0,6 0,01 
2 1 0 –1 0 
5 1 1 0 0 

7 –1 0 
0 

Fmax 131 –8 –31 0,9 

 25. 7 

-
  1 7 2

1 –68 –4 
42  

3 0,6 0,8 0,6 0,01 
2 2 0 –1 0 
5 1 1 0 0 
4 1 0 –1 0 

Fmax 162 –8 –31 0,9 

 26. 7 

-
  1 7 1

2 52,308 3,077 –32,308 –0,769 

3 0,077 0,923 
0,008 

2 2 0 –1 0 

5 1 
1 

0 
0 

4 1 0 1 0 
Fmax 114,923 –10,769 1,923 0,692 

 27. 7 

-
  3 7 1

2 52,0 –4 –36 –0,8 
1 0,1 1,3 1,2 0,01 
2 2 0 –1 0 
5 0,9 –1,3 –1,2 –0,01 
4 1 0 1 0 

Fmax 178 14 11 0,8 

–1 

–1,3 

0,769
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. 22  27 6 7. 
, max7max6 FF > , 

6 3 -
, 3, . . . 

2 : 3 0 3 1, 
: 8 ( . 28-32) 9 ( . 33-37). 

 28. 8 

-
  1 2 3

1 250 100 120 130 
2 180 80 60 100 

3 –1 0 
0 

4 1 1 0 0 
5 1 0 1 0 
6 0 0 0 1 

Fmax 0 –80 –85 –90 

 29. 8 

-
  1 3 3

1 130 100 120 130 
2 120 80 60 100 
2 1 0 –1 0 
4 1 1 0 0 
5 0 0 1 0 

6 0 0 0 

Fmax 85 –80 –85 –90 

 30. 8 

-
  1 3 6

1 130 100 120 –130 
2 120 80 60 –100 
2 1 0 –1 0 
4 1 1 0 0 

5 0 0 
0 

3 0 0 0 1 
Fmax 85 –80 –85 90 

–1 

1

1 
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 31. 8 

-
  1 5 6

1 130 100 –120 –130 
2 120 80 –60 –100 
2 1 0 1 0 

4 1 0 
0 

5 0 0 1 0 
3 0 0 0 1 

Fmax 85 –80 85 90 

 32. 8 

-
  4 5 6

1 30 –100 –120 –130 
2 40 –80 –60 –100 
2 1 0 1 0 
1 1 1 0 0 
5 0 0 1 0 
3 0 0 0 1 

Fmax 165 80 85 90 

8  ( . 32): 1=1; 2=1; 
3=0; 165max =F . 

 33. 9 

-
  1 2 3

1 250 100 120 130 
2 180 80 60 100 

3 –1 0 
0 

4 1 1 0 0 
5 1 0 1 0 
6 –1 0 0 –1 

Fmax 0 –80 –85 –90 

1 

–1
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 34. 9 

-
  1 3 3

1 130 100 120 130 
2 120 80 60 100 
2 1 0 –1 0 
4 1 1 0 0 
5 0 0 1 0 

6 –1 0 0 

Fmax 85 –80 –85 –90 

 35. 9 

-
  1 3 6

1 0 100 
120  

2 20 80 60 100 
2 1 0 –1 0 
4 1 1 0 0 
5 0 0 1 0 
3 1 0 0 –1 

Fmax 175 –80 –85 –90 

 36. 9 

-
  1 3 1

6 0 
0,923 0,008 

2 20 80 60 –0,769 
2 1 0 –1 0 
4 1 1 0 0 
5 0 0 1 0 
3 1 0,769 0,923 0,008 

Fmax 175 –10,769 –1,923 0,692 

–1 

130

0,769
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 37. 9 

-
  6 3 1

1 0 1,30 1,20 0,01 
2 20 –104,031 –36,021 –1,601 
2 1 0 –1 0 
4 1 –1,30 –1,20 –0,01 
5 0 0 1 0 
3 1 –1 0 0 

Fmax 175 14 11 0,8 

9  ( . 37): 1=0; 2=1; 
3=1; 175max =F . 

8 9. max8max9 FF > , 

, -
 175 . . . . 

 L 

  

.  1736 . 20-
, . 

( ) , . . 
: 

      

    b 

. 
, , -

, , 
. 

 a, b, c, d.  ( . . ), 
 ( . . ). , 

( . 1). 

                                                                                        d 
                                                                     
                                          b 

. 1. 

d
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. -
, . 

. , , 
- -

, .  

,  ( ) 

.  ( . 
1-2) 

        2                                                                       2                                   
                                                                                                                      
                                           3                                                                                 3

             1                                                                                                                      1 

                             4                                                                                 4 

. 1.                     . 2. 

ija , i -

j , ija n n

. : 

j 

i

1 2 3 4

1 0 1 0 1 
2 1 0 1 0 
3 0 0 0 1 
4 0 1 0 0 

 – , ( ) Gji ∈,  -

( ) Gij ∈, : 

     j 

i

1 2 3 4

1 0 2 0 1 
2 2 0 1 1 
3 0 1 0 1 
4 1 1 1 0 

→

i ,
→

j  – 

. 
mjibB ij ,1,, == , m - 
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,   

=
→→

 ,0  

      ,1  b ji
ij

ijb ,   

=
→→

 ,0 

e  ,1 ji
ijb

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

     2                                                                     2 

             1

→
  2

→
            3

→
  3                                     1

→
               3

→
  3

            1         6

→
          4

→
                                      1      2

→
     6

→
       

                        5

→

         4                                                          5

→
           4

→

                                                                                   4 

                   . 3. .                      . 4.  . 

 1.          2. 
                      

j

→

i

→

1

→
2

→
3

→
4

→
5

→
6

→
j

→

i

→

1

→
2

→
3

→
4

→
5

→
6

→

1

→ 0 1 1 0 0 0  
1

→ 0 1 1 0 1 1 

2

→ 1 0 0 0 1 0  
2

→ 1 0 1 0 1 1 

3

→ 0 0 0 1 0 0  
3

→ 1 1 0 1 0 1 

4

→ 0 0 0 0 0 1  
4

→ 0 0 1 0 1 1 

5

→ 0 0 0 0 0 1  
5

→ 1 1 0 1 0 1 

6

→ 0 1 1 0 0 0  
6

→ 1 1 1 1 1 0 

 N 

 ( ) 

, . 1

→
, 2

→
, …, m

→
 – 

, 1, 2, …, n – , . -

ij m n, 
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−=
→

→

→

, ,0

 ,1

 ,1

ij 

ij 

ij 

ijc

. 
, ijd   m n,   

===
→

. ,0

m)1,(j )n1,(i ,1 i j 
ijd

. 
 ( . 3)  ( . 4) 

 ( . 1  2). 

 1.                    2. 
                                                          

j 

→

i

1

→
2

→
3

→
4

→
5

→
6

→
   j 

→

i

1

→
2

→
3

→
4

→
5

→
6

→

1 1 -1 0 0 1 0  1 1 1 0 0 1 0 
2 -1 1 1 0 0 -1  2 1 1 1 0 0 1 
3 0 0 -1 1 0 0  3 0 0 1 1 0 0 
4 0 0 0 -1 -1 1  4 0 0 0 1 1 1 

  

. -
),...,,( 21 iniii aaaV = , ni ,1= . EnEE VVVV +++= ...211 . 

 (n+1)- , { }1,0∈ija , -

 0  1,  V1 - . V1 -
. 

. , 
.  ( ). -

k. EkVVV −= 12 . 

, . . 
, - , -

. , 
, . -

. . 
, . 3.15. 

V1=(0, 1, 2, 1, 1, 2, 3), 11=0, 
1 .   V2=V1-V 1=(0, 1, 
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2, 1, 1, 2, 3)-(0, 1, 0, 1, 1, 0, 0)=(*, 0, 2, 0, 0, 2, 3). 22=0, 24=0, 25=0,
  2, 4, 5 . 

V3=V2–V 2–V 4–V 5=(*0, 2, 0, 0, 2, 3)-(0, 0, 1, 0, 0, 0, 0)-(0, 0, 0, 0, 0, 0, 1)-(0, 0, 1, 0, 
0, 1, 1)=(*, *, 0, *, *, 1, 1), 33=0, 3 . 

V4=V3–Vx3=(*, *, 0, *, *, 1, 1)-(0, 0, 0, 0, 0, 1, 
0)=(*, *, *, *, *, 0, 1), 46=0, 6 . 

V5=V4–V 6=(*, *, *, *, *, 0, 1)–(0, 0, 0, 0, 0, 0, 
1)=(*, *, *, *, *, *, 0), . . 7  ( . 1). 

 1.   

j 

i

1 2 3 4 5 6 7

  
1 0 1 0 1 1 0 0 I  
2 0 0 1 0 0 0 0 II 
3 0 0 0 0 0 1 0 III 
4 0 0 0 0 0 0 1 II 
5 0 0 1 0 0 1 1 II 
6 0 0 0 0 0 0 1 IV 
7 0 0 0 0 0 0 0 IV 

V1 0 1 2 1 1 2 3  
V2 * 0 2 0 0 2 3  
V3 * * 0 * * 1 1  
V4 * * * * * 0 1  
V5 * * * * * * 0  

. 
 ( . 1). 

                            2 

                           1

→
                    4

→
         5

           1               2

→
    3      5

→
                   9

→
      6

                                           6

→
                                            10

→

                            4              7

→

                                                                                7 

                               3

→
                                                       

                                         8

→

              

                 I                                                                                         
                     II                 III                  IV                V 

. 1. 

1

2 

5 

3 

7 

6 
4 
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