
. 

.

.

.

2010



 519.8: 004.9 (075)

:

,
,  ,

. 

  ,

. 

., .
. 

: . – : 
 « », 2010. – 120 .

: 
, , 

. 
, 

 «Excel» .

.

 519.8: 004.9 (075)

 « », 2010
.,

                                             ., 2010



3

................................................................................................... 5
1. ................................................ 6

1.1. ) ......... 6
..................... 6

..................................... 8
.............................. 9

1.2. ................................................ 10
1.3. ............... 17

.......................................................................... 17
...................................................... 19

................................................................. 20
1.4. ( )....... 25
1.5. MS EXCEL ........................................... 30
1.6. .............. 37

...................... 39
. ... 41

  ...................................................... 43
2. ................................................................. 53

2.1. ........................... 53
............................................................................... 53

......................... 54
. 

. .......................................................................................... 54
........................................ 56

................... 57
2.2. ................................. 61

................ 61
 2x2.............................................................. 62
 2 x n  m x 2................................................ 66

............................................................... 71
  ....... 73

2.3. .................... 76
 (  « »).................... 76

............................................................... 76
.............................................. 80

3. ................... 87
3.1. ............................................... 87
3.2. , .... 92

................................................................... 93
 (i, j) ............................................................. 93

........................................................................ 95

4

3.3. .....................................................96
3.4. .................................................................... 102
3.5. « –

».......................................................................................... 106
........................................ 109

........................... 112
........................................................................................ 119

................................................... 120



5

, 
, 

, 
 - . -

-
-
-

. , -
, .

-
 ( ) , -

. 

.
-

.  ( ) 
.  

, 
. 

. , 
, , , 

.
,  ,  -

 ( , 
, -

.)

-
.

-
, -

, -
.

6

1. 

 – , -
-

 ( ) 
, . -

, . -
-

, 
 ( ) ; 

.

1.1. 
)

, . -
 ,  =. ,  -

, , -
.

 ( ) 
: 1,

2,…, n,  

nxncxcxf ...11)(max (1.1)

:

m)(kk,1,...,i,
n

1=j
ijij bxa (1.2)

m1,...,ki,
n

1=j
ijij bxa (1.3)

n)(hh1,...,j0,jx
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jx  (j=1,2,…,n) 

nxxX ,..,1
nR .

. -
nR , -

.
 (1.1)

– (1.3)  D.
 1.1  D -

 ( ) .
 D   , -

, .
,  D nR -

,  1X 2X
, 

1X , DX 2 , 

21)1( XXX , 0  1
 D.

, 
,  

.
. 1.1.  R2: 

D - ,  D1 – .

. 1.1. 

, , -
.

L

K

N

A

D

B

M
D1

A
B

8

nxxX ,..,1
nR , -

bnxncxc ...11 -
nR .

nxxX ,..,1
nR , 

bnxncxc )(...11 -

  nR .
,  -

nR .
, 0X  D  -

 ( ),   D 1X 2X , 1X 2X ,

21)1( XXX , )1,0( .
,  -

, . 
.

.  1.1   D  
 K, L, M, N.

. **
1

* ,.., nxxX
, 

)(max)( * xfxf
Px

. , -
, .

,

.
: 

nxxx ,...,, 21 , 

nxncxcxf ...11)( (1.4)
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m1,...,i,
n

1=j
ijij bxa (1.5)

nx 1,...,j0,j (1.6)

max),()( XCXf (1.7)

BXA (1.8)
0X , (1.9)

C =( 1 2,…, n), B =(b1,b2,…,bm), =(aij) – 
 (1.5).  (1.4)- (1.6)  (1.7) – (1.9) 

. 
 k=m, h=n.

, 
 ( ).

1.
;

2. ;
3.

, 

max)(
1

n

j
jj xcxf (1.10)

j

n

j
jij bxa

1

, mi ,...,1 (1.11)

,0ix ;,...,1 nj ;0ib mi ,...,1 (1.12)

max),()( XCXf (1.13)

BXA (1.14)
,0X 0B (1.15)

 k=0, h=n.

10

, 
:

) f x( ) -

  - f x( ) ;
) , , 3 1+2 2 3 6, 

 3 1+2 2 3 4=6, 
4  . 1 - 2+3 3 10 

1 - 2+3 3 5=10, 5 -
;

) k , 
, , 

kkk XXX , kX 0 kX 0.

1.2. 

, 
 x1  x2. -

. 
.

 1. :  1  2.  -
. 

 –  ,  .  -
 6, 8  5 .

:

 1 
1 2

,

1 2 6
2 1 8
1 0,8 5

, . 3 2

, 2
1  .

, , 2  2
.
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 ( ) -
, -

?
.

: X1 – 1;
X2 - 2 .

, : f  = 3X1 + 2X2 . .
:

1  X1
2  X2 : 1X1+2X2 -

 6 . :
X1+2X2 6.

: 2 1 +  2 8
: 1+0,8 2 5.

:
1 +  2 1 ( 1 2);

2 2 ( 2).
, . . -

: 1 0, 2 0.
, :

)(max xf 1 + 2 2  (1.16)

                       1 + 2 2 6           ( )
                      2 1 +  2 8           ( )
     D :             1+0,8 2 5           ( )  (1.17)
                       - 1 +  2 1           ( )
                                 2 2           ( )
                      1 0, 2 0          ( )

, 
.

 1.  (1.17) -  D,
. , -

.  ( )-( ) -
 (1.17) -

:
                1 + 2 2 = 6          ( )
                2 1 +  2= 8          ( )
                1+0,8 2= 5          ( )
                - 1 +  2= 1           ( )
                          2= 2           ( )

12

-
. , , -

, ,   ( ) 1 + 2 2 = 6, -
   1 + 2 2 6, -

, , ,
(0,0).  « » -
, ,
. -

, , 
.

, : 0+2*0 6, -
,  ( ) , 

 ( ).
 ( ) 

. , -
 (1.17) , 

, 
. 1.2).

           .1.2.   D

 (1.17) , 
, .

 D - -
 ( . 1.2)  ABCDEF - , -
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, : A,
B, C, D, E, F.

 2. )(xf :

21

__________
;)(

x
f

x
ffgrad .  );( 21 ccC , . 

-

. C ( , )3 2 . 
  f .

 3. 1 1 + 2 2  = const - -

f x( ) , C :
              3 1 + 2 2  = const   ( .1.3)

.1.3.  - 

 4. )(Xf

1 + 2 2 = const C , -
 D.  ( ) , -

,   ( . 1.4).

14

.1.4.  D, -
.

 - )(Xf ,   = *X -
 ( )  ( ). -

:
1 + 2 2 = 6
1 +  2 = 8.

*
1 = 10/3; X*

2 = 4/3 X
*

= (10/3 ; 4/3).
*
1  X*

2 )(Xf , 

          max )(Xf = )(
*Xf = 3 . 10/3 + 2 . 4/3 = 38/3.

:  3 
1/3  ,   –  1   1/3  .  

 12,67 . .

.
1. )(Xf 1 1 + 2 2 = const  

 ( C ), C .
2.  D -

-

 D, , )(Xf -

 ( ), . )(max Xf )(min Xf .
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3. 
, 

). 1X

2X , -

: 21)1( XtXtX , 
10 t .

 2.
            max (2 1 + 2)

            1 -   2  2          (1)
            1 + 3 2  3         (2)
          7 1  -   2  2         (3)
                   1,2  0.

 1.  D ( . 1.5). .

 2.  - C ( , )2 1 .

 3. f x( ) :  2 1 + 2 = const.
 4.  ( ) 

C ( , )2 1 , -

f x( ) , max ( )f x

.1.5.  2

2 31

1

-2

x1

(1)

(2)

(3)

c

x2

16

 3. . 

max ( )f x 1 + 3 2

               2 1 + 3 2  6 (1)
                1 + 2 2  5 (2)
                1  4 (3)
                0 2  3 (4)

. 1.6 ,  (D= ).
.

.1.6.  3

 4.
)(min xf 1 + 2 2

               2 1 + 2  4 (1)
               1 + 2 2  5 (2)
                1  0,5 (3)
                0 2  5 (4)

1 +  2 2 =const ( ) 
: – C = (-1;-2). . 1.7 , 

 D,  (2). 
. -

x1

(3)

(2)

x2

(1)

2

3 5

2,5
3

(4)
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,  (2) 

(5;0) (1;2):
2
1

0
5

)1(* ttX , 10 t .

.1.7.   4

1.3. 

)

max)(
1

n

j
jj xcxf

j

n

j
jij bxa

1

, mi ,...,1 (1.18)

,0ix ;,...,1 nj ;0ib mi ,...,1

, -
BXA  m ,  m < n. , -

x1

(3)

(2)

x2

(1)

5

2 5

2,5

4
(4)

0,5

B

A

18

, 

nxxxX ,...,, 21
* , xf .

 (1.18)  – , -
:

mnmnmmmm

nnmm

nnmm

bxaxax

bxaxax
bxaxax

...
.......

...
...

11

221122

111111

(1.19)

mxxx ,...,, 21  - , nmm xxx ,...,, 21  - 
. , 
 (1.19) , .

-
 (1.18).

nmnmmmmm

nnmm

nnmm

xaxabx

xaxabx
xaxabx

...
.......

...
...

11

211222

111111

(1.20)

nmm xxx ,...,, 21
,  (1.20) 

.
.  (1.19), 

,  0, 
  .

, 0...21 nmm xxx , -

mm bxbxbx ;...;; 2211 . -

: 0,...,0,0,,...,, 21 mbbbX .
 m -

 ( mxxx ,...,, 21 ), , -
, 

m
nC  m  n ). 

, .
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. , -
, -

 ( ) .
. -

 0, . 
, 

.

. nxxxX ,...,, 21
* , 

xf , 
.

:
1. -

, . -
.

2. -
.

3.
 (1.18) .

 – 
, -

, .
:

1. .
2. , 

, .
3. , 

.
 - , -

.

 1.2 ( )
)(xf -

 D, , Dx* ,

)(max)( * xfxf
Dx

.

20

 1.3 ( )

nxxxX ,...,, 21
*  (1.18) -

, j ,
____
,1 nj 0j , 

j

m

i
ijij cac

1
(1.21)

 – .

 1.4 ( )

0k  k ika ,
____
,1 mi -

, . ,0ika
____
,1 mi , -

-
.

 1.5 ( )

nxxxX ,...,, 21  (1.18) 

0k  k,  ika ,
____
,1 mi

, . ,0ika
____
,1 mi , 

nxxxX ,...,, 21 , -

, : )()( XfXf .

1. . 
, . -

 ( , ,
 m )  –

 (  (1.19)). 
0,...,0,0,,...,, 21 mbbbX .

2. -
 ( . 1.1).  « » -

;  «cj » 



21

; -
;

 «bi» - . -
 – , 

(1.21) 

)(xf =
m

i
ji cb

1
. ,  – -

.

 1.1
1 2 …  m cm+1 …  cncj

x1 x2 ... xm xm+1 …  xn
bi

ip

i

a
b

1 x1 1 1 0 0 11ma na1 1b
2 x2 2 0 1 0 12ma na2 2b
… … … … … … … … …  … … …
m  xm m 0 0 1 1mma mna mb

j 1 2 … m 1m  … n )(xf

3.  – , . 0j , 
.

4.  – , 0j , 
, 

, . maxf .

5.  – , 0j , 
, , 

, .
6.  « », 

.
7.  « », -

-

ip

i

a
b

. , -

22

kpa
.

8.  – , 
:  « » - 

px . -
. 

kpa , -
. 

. -
.

 3.

.
 –

, -
. -

,  (
). , 

, 
  , .

-
-

:
s

i
ii XtX

1

** , 0;1
1

i

s

i
i tt .

 5. :
21 23)(max xxxf

0,
2
1
82
62

21

2

21

21

21

xx
x
xx

xx
xx

(1.22)

  (1.22) 
, -

. :
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___

62

521

421

321

5,1,0

2
1
82
62

jx

xx
xxx
xxx
xxx

j

(1.23)

654321 000023)(max xxxxxxxf .
 – :

 1.2
1=3  2=2  c3=0  4=0  c5=0  c6=0

 cj x1 x2 x3 x4 x5 x6
bi

ip

i

a
b

1 x3 0 1 2 1 0 0 0 6 6/1
2 x4 0 2 1 0 1 0 0 8 8/2
3 x5 0 -1 1 0 0 1 0  1
4 x6 0 0 1 0 0 0 1  2

j -3 -2 0 0 0 0  0

2,1,8,6,0,0X , . 

1  = - 3 2  = - 2. -
 – , . -

1  = - 3. -

ip

i

a
b

. 

: 42/8;1/6minmin
ip

i
i a

b
. 

, , . ,
221a ,  -

 x4,  x1. 
 –  ( . 1.3). 

.  (-1/2) ,
 – ; -

24

,  (1/2) ;  -
 2; .

 1.3
1=3  2=2  c3=0  4=0  c5=0  c6=0

 cj x1 x2 x3 x4 x5 x6
bi

ip

i

a
b

1 x3 0 0 3/2 1 -1/2 0 0 2 4/3
2 x1 3 1 1/2 0 1/2 0 0  4 8
3 x5 0 0 3/2 0 1/2 1 0 5 10/3
4 x6 0 0 1 0 0 0 1 2 2/1

j 0 -1/2 0 3/2 0 0 12

: 06531 , ;

2/12102/302/132/302 ;

2/30002/102/13)2/1(04 ;

1220504320xf .

2,5,0,2,0,41X , 

, . 2  = -1/2.
, 

3/41/2;
2
3/5;

2
1/4;

2
3/2minmin

ip

i
i a

b
.

,  x3  x2.
 – :

 1.4
1=3  2=2  c3=0  4=0  c5=0  c6=0- cj -
x1 x2 x3 x4 x5 x6

bi
ip

i

a
b

1  x2 2 0 1 2/3 -1/3 0 0 4/3
2  x1 3 1 0 -1/3 2/3 0 0 10/3
3  x5 0 0 0 -1 1 1 0 3
4  x6 0 0 0 -2/3 1/3 0 1 2/3

j 0 0 1/3 4/3 0 0 38/3
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, -
3/2;3;0;0;3/4;3/102X -

, . -
. 

xf =38/3.
, 
 -  , .

1.4. 
)

-
-

. 
.

, . 
-

.
:

nn xcxcxf ...)(max 11

mnmnmm

nn

nn

bxaxaxa

bxaxaxa
bxaxaxa

...
.......

...
...

2211

22222121

11212111

(1.24)

___
,1,0 njx j

, 

(1.24) , .
___
,1,0 mibi . 

myyy ,..,, 21 . 
 1 

 (- ),  –
.

26

)..(...)(max 2111 mnn yyyMxcxcxf

mmnmnmm

nn

nn

byxaxaxa

byxaxaxa
byxaxaxa

...
.......

...
...

2211

222222121

111212111

(1.25)

___
,1,0 njx j  ;

___
,1,0 miyi ;

___
,1,0 mibi .

.

mbbbX ,...,,,0,...,0,0 210 .  – -
.

-
.

 1.6
**

1
**

1
* ,...,,,..., mn yyxxX -

 (1.25) ,
___
,1,0 miyi , **

1
* ,..., nxxX

 (1.24), .

 1.7
**

1
**

1
* ,...,,,..., mn yyxxX -

 (1.25) 
,  -

.

 1.8     (1.25) 
, 

.

:
1. -

,  « -
» .
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2. -
 xj Mjjj , 

:   m+1 –  j ,  

m+2 – j .  .   -  -
, 

j .
3.  - -

, , 
.

4. , -
, 

j .

 6.
1 2, 

1  200 . 
1  .  1  2  .,  2 – 4 . 

 1 . -
 1.5.

 1.5

 1 . 
1 2

120 0,2 0,2
160 0,4 0,2

,
.

:
: X1 –  1 -

; X2 - 2  ( .).

: f  = 2X1 + 4X2 .
:

0,2X1+0,2X2 120; ( )
0,4X1+0,2X2 160. ( )

1 : 1 200.
, .  .  -

: 1,2 0.

28

, :

)(min xf 1 + 4 2

0,2 1 + 0,2 2 120
0,4 1 +  0,2 2 160

                1 200
1 0, 2 0.

 5,  
.

)(max xF – 2 1 – 4 2 + 0X3+ 0X4 + 0X5

1 + 2 –X3 = 600
1 +  2 – X4 = 800

            1 +X5 =200
j 0,  j=1,..,5.

, 
 X5, 

. :

)(max xF – 2 1 – 4 2 + 0X3+ 0X4 + 0X5 – Y1 – MY2

1 + 2 –X3  + Y1 = 600
1 +  2 – X4  + Y2 = 800

            1 +X5 =200
j 0,  j=1,..,5; Y1,Y2 0.

:
 1.6

– 2 – 4 0 0 0 –  –
 cj x1 x2 x3 x4 x5 y1 y2

bi
ip

i

a
b

1 y1 –M 1 1 -1 0 0 1 0 600 600
2 y2 –M 2 1 0 -1 0 0 1 800 400
3 x5 0 1 0 0 0 1 0 0 200 200

j 2 4 0 0 0 0 0 0

j -3 -2 1 1 0 0 0 -1400

 – , ,
.  -
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ip

i

a
b

. -

:

200200;400;600minmin
ip

i
i a

b
. -

, , . , -
131a ,  x5,

 x1.  –
 ( . 1.7). .

 (-2) , 
 – ; , -

 (-1) ; 
.

 1.7
–2 –4 0 0 0 –  –

 cj x1 x2 x3 x4 x5 y1 y2
bi

ip

i

a
b

1 y1 –M 0 1 -1 0 -1 1 0 400 400
2 y2 –M 0 1 0 -1 -2 0 1 400 400
3 x1 –2 1 0 0 0 1 0 0 200

j 0 4 0 0 –2 0 0 –400

j 0 –2 1 1 3 0 0 –800

. -

:  ,  
ip

i

a
b

-

. .  – :
 1.8

–2 –4 0 0 0 –  –
 cj x1 x2 x3 x4 x5 y1 y2

bi
ip

i

a
b

1 x2 –4 0 1 -1 0 -1 1 0 400
2 y2 –M 0 0 1 -1 -1 -1 1 0
3 x1 –2 1 0 0 0 1 0 0 200

j 0 0 4 0 2 -4 0 –2000

30

j 0 0 -1 1 1 2 0 0

-
 y2,  x3.

 1.9
–2 –4 0 0 0 –  –

 cj x1 x2 x3 x4 x5 y1 y2
bi

ip

i

a
b

1 x2 –4 0 1 0 -1 -2 0 1 400
2 x3 0 0 0 1 -1 -1 -1 1 0
3 x1 –2 1 0 0 0 1 0 0 200

j 0 0 0 4 6 0 -4 –2000

j 0 0 0 0 0 1 1 0

, 

)0;0;0;0;0;400;200(*X

2000)( *
max XFF . , -

. , 

)400;200(*X 2000)( *
min Xff .

: -
 200 . 1  400  .  2. 

-
 2000 .

1.5.  MS EXCEL

 MS Excel -
,   « -

» ( . 1.8).
 Excel, , -

 « »,  -
 « » 

 « » ( . 1.9).
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. 1.8.
. 1.9.

. 
, -

 1. :

)(max xf 1 + 2 2

                       1 + 2 2 6           ( )
                      2 1 +  2 8           ( )

      1+0,8 2 5           ( )
                       - 1 +  2 1           ( )
                                 2 2           ( )
                      1 0, 2 0          ( )

 Excel, . 1.10

.1.10.  .

32

 ( .1.11).

.1.11.  

 ( -
) , 

.
 B4 – 4  Excel  ( -

), ., 
. , 

,  (
).

. 
, -

. , 
21 23 XX  (3,2) -

 ( 1 2).
 Excel ,  

. 4 -
  ,  

,  ( ,
5: 5) , -
  1 2 ( 4: 4) ( . 1.12).
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.1.12.  .

-
: -

.  , 1+2 2 1

+ 2 2  6)  -
 (1,2)  ( 1 2).

,  -
 (D9), . -

9: 9 
4: 4 ( . 1.13).

.1.13.

34

 « » -
, .

.1.14.

.1.14.

!  « » -

.
. 

:
)   -

4;
) »  « »,

. ,  ;
)

4: 4;
) , ,

 « », -
 ( . 1.15)

.1.15. - .1.16. -

)  « »  -
    D9, 
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 ( , <=),   « » 
  F9 ( . 1.16).

) , -
 « ».

,  « » -
 ( .1.17):

.1.17.

, 
» « »  « », 

,  6) -
 ( .1.18).

.1.18. 

 « », « », -
 ( .1.19).

36

.1.19. 

», 
, -

. , -
 « ».  1.
.1.20).

.1.20.  « »

 ( .1.21), , 
 (

,  « » -
.).

.1.21. 
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-
 Excel. , 

.

1.6. 

.
,  m -

i i  (i = 1, ..., m) , 
 n j  bj  (j = 1,..., n). 

ij  i-  j- -
.

, -
-

.
ij , 

 i-  j- .  i- -
 j- ij ,  

ijxij.

Z = cij ij
j=1

n

i=1

m

x

:
) , .

x a  ,    i = 1..mij i
j=1

n

) , .

x b  ,   j = 1..nij j
i=1

m

, 
: 

m

i

n

j
ijij xcZ

1 1
(1.26)

:

38

miax
n

j
iij ,..,1,

1
(1.27)

njbx
m

i
jij ,..,1,

1
(1.28)

xij  0, i = 1,…,m; j = 1,…,n; (1.29)

, 
, .

a bi j
j=1

n

i=1

m

(1.30)

, 
, .  (1.30), -

;  – . 
:

) 

a bi j
j=1

n

i=1

m

) 

a bi j
j=1

n

i=1

m

.
 ( ), -

, n + 1, 

b a bn+1 i
i=1

m

j
j=1

n

 ( ), 
, m + 1, 

a b am+1 j
j=1

n

i
i=1

m

-
, -

, .
 n + m  mn .
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 = ( ij)m,n,  (1.26)-(1.29), -
   ( ij – ).

. *,  (1.26) -
, .

 1.9  
, 

a bi
i=1

m

j
j=1

n

, -

Pij

(i = 1. . m, j = 1. . n), Pij  – ij (i = 1. . m, j = 1. .
n)  (1.27)-(1.28).

 1.10 ,  m + n – 1 -

, Pij , -
 ( ij > 0), .
,  m +

n – 1 . 
.

. , -

.

-
.

:
1)

11 = min(a1,b1).
:

)  a1 < b1, 11 = 1 , 
, .

)   a1 >  b1,  11 =  b1, 
.

40

)  a1 = b1, 11 = 1 = b1, -
.

.
2)  k , ( )k .

. x k( ) .

x min( , ),a b(k) (k)

a a x(k)
j

j=1

-1

b b x(k)
i

i=1

-1

a b(k) (k) , 

( )1 .
.

-
,  = ( ij)mxn. 

.
: , -

,  
0.

ij
0.

ij
0 = min(ai, bj)

:
)  min(ai,  bj) = ai,  i- -
;
)  min(ai, bj) = bj,  j- -
.
) i = bj, -

.
.

 k- x (k) .

x a , b(k) (k) (k)min( ) , 
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a a x   g = 1..k -1

b b x   u = 1..k -1

(k)
j

(g)

j=1

-1

(k)
i
(u)

i=1

1

:
) a < b(k) (k) ,    

;
) a > b(k) (k) , x (k) (k)b -
;
) a = b(k) (k) , -

.
, , ,

,  xij = 0.

. -
.

 ( ),  ,  
.

m

i

n

j
ijij xcZ

1 1
(1.26)

:

miax
n

j
iij ,..,1,

1
(1.27)

njbx
m

i
jij ,..,1,

1
(1.28)

xij  0, i = 1,…,m; j = 1,…,n; (1.29)

 (1.27)  Ui (i = 1,...,m)  (1.28) – Vj (j = 1,...,n), -

x(k) (k)a
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max a U b Vi i
i=1

m

j
j=1

n

j (1.31)

U + V C i = 1, m j = 1,ni j ij , , (1.32)

 Ui  Vj
.

 1.11  X = (Xij)mxn -
 ( ) V1,  V2,..., Vn  U1,

U2,..., Um , 
U + V Ci j j  i = 1,...,m, j = 1,...,n,

U + V Ci j j ,  Xij>0.
: -

, :
)  ( -

) -

U + V Ci j j (1.33)
)  (Xij = 0) -

U + V Ci j ij (1.34)
, 

. -

U + V Ci j j , Xij>0.
-

.  m + n – 1 , -
 m + n – 1 

 (1.33)  Ui  Vj. -
, , 

 (  Ui) . -
.

-
 (1.34), . , -

.  Ui +
Vj  Cij, . 0ijjiij CVU ,  1.11 
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. 
0ijjiij CVU , . 

.
, ij
, 

, .

  

, -
, . 

.  -
, -

max((Ui + Vj) – Cij).
. 

. , 
, , -

. 
, . ,

. 
.  ( . 1.22).

.1.22.  

, -
,  «+», , -

.  «-» 
«+».  r = min Xij,   Xij – , 

,  «–». , 
. -

 r  ,   «+».  ,
r , , 

+
+

+ +

+
_ _

_

_

_

_
_

_
+

+

+
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 «–», , 
,  «+». r -

, 
, -

 m + n – 1.
. 

-
. -

, 
.  ,  

 (1.34).

 7. .  1.5 
. , 

.
 1.5

1 2 3 4

1 5 4 6 3 200
2 1 10 2 1 300
3 2 3 3 1 100

 150 150 250 50 600

. : 200+300+100 =
150+150+250+50. , .

 1.  X°  « -
 ». 

ij,  xij.
 1.6

1 2 3 4

1 5 4
150

6
50

3 200  50 0

2 1
150

10 2
150

1 300 150  0

3 2 3 3
50

1
50

100 50 0

150   0 150  0 250 100 50 0 50  0 600

 1: 
2 1)  min(300, 150) = 150, -

, . 
, 

,  300 – 150 = 150 . .
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   ( 3 4) ( -
),  min(50, 100) = 50 .

, 
, . -

, ,  100 –
50 = 50 . .

 2   ( 2 3), 
 min(150, 250) = 150 . , 

, . -
, ,

 250 – 150 = 100 . .
 3   ( 3 2)  

3 3),   ( 3 3) min(50, 100) = 50 . , -
, . 

, 
,  100 – 50 = 50 . .

 4   ( 1 2), 
 min(200, 150) = 150 . , -

, -
 200 – 150 = 50 . .
 50 

1 3). .

 6  m + n – 1 = 3 +
4 – 1 = 6, , .

 2. -
 (xij>0).

, ,  V3 = 0 (  V3 = 0 -
. 1.7).

 1.7
1 2 3 4

V1 = -1 V2 = - 2 V3 = 0 V4 = -2
1 U1 = 6 5 4

150
6

50
3 200

2 U2 = 2 1
150

10 2
150

1 300

3 U3 = 3 2 3 3
50

1
50 100

150 150 250 50

,  (1,3), (2,3)  (3,3)  U1 = 6
– 0 = 6, U2 = 2 – 0 = 2, U3 = 3 – 0 =3 ( ). -

–

+–

+
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 (2,1)   V1 =  1  –  2  =  –1,  
(1,2)  V2 = 4 – 6 = - 2;  (3,4)  V4 = 1 – 3= –2.

ijjiij CVU -

 (
 0).

11  =6 + (– 1) – 5 = 0; 14 = 6 + (–2) – 3 = 1;

22 = 2 + (–2) – 10 = – 10; 24 = 2 + (–2) – 1 = – 1;

31 = 3 + (–1) – 2 = 0; 32 = 3 + (–2) – 3 = – 2.

0020
10100

1000

 (1,4)  (  1.34) 
: U1 + V4 = 4 > 3, -

. ,
. :  (1,4)  (3,4)  (3,3)

 (1,3)  (1,4).  +  – ,  (1,4),
 +. 

 ( . 1.7).

.1.23.  

, 
: min(50; 50) = 50. ,  «+», -

 50 . ; ,  «–»,  50 
.   (1,4)   50;   (3,4)  

(1,3) ;  (3,3)  50+50 = 100 . 
 6 , -

, -
 0. 

, .  (3,4).

– (3,4)

+ (1,4)(1,3) –

(3,3) +
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, , -
.  X(1)  1.8.

 1.8
1 2 3 4

V1 = -1 V2 = - 1 V3 = 0 V4 = -2
1 U1 = 5 5 4

150
6 3

50 200

2 U2 = 2 1
150

10 2
150

1 300

3 U3 = 3 2 3 3
100

1
0 100

150 150 250 50

 3.   X(1) . -
.  1.8 ,

:

11  =5 + (– 1) – 5 = – 1; 13 = 5 + 0 – 6 = – 1;

22 = 2 + (–1) – 10 = – 9; 24 = 2 + (–2) – 1 = – 1;

31 = 3 + (–1) – 2 = 0; 32 = 3 + (–1) – 3 = – 1.

0010
1090

0101

-
 0, 

010000
01500150

5001500
*

1X .

 Z ( *X )=
150*4+50*3+150*1+150*2+100*3 = 1500 .

:
 0  ( 31 = 0), 

 1500 . 
,  (3,1).

: (3,1)  (2,1)  (2,3)  (3,3)  (3,1). 
 min (150; 100) = 100 . 

. 1.9. , .
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 (1.33),  –  (1.34).
 1.9

1 2 3 4
V1 = -1 V2 = - 1 V3 = 0 V4 = -2

1 U1 = 5 5 4
150

6 3
50 200

2 U2 = 2 1
50

10 2
250

1 300

3 U3 = 3 2
100

3 3 1
0 100

150 150 250 50

:

000100
0250050

5001500
*

2X .

, 

: .10,)1( *
2

*
1

* tXtXtX

 8. :
1 2 3

1 7 3 4 80
2 5 7 8 60
3 3 8 2 60
 30 70 60

. : 80+60+60=200 -
: 30+70+60=160  40 ., , 

.  ( ) -
 b4 = 40  c14 = c24 = c34 = 0. -

.
 1. x ( )0  « -

» ( .  1.10).  « »
. 

60 .  (3,3), . , 
-

.  (1,2)  min (70, 80) = 70 . 
.  (2,4)  40 . .
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 1.10
1 2 3 4

V1 = 7 V2 =  3  V3 = 4 V4 = 2

1 U1 = 0 7
10

3
70

4 0 80  10 0

2 U2 = - 2 5
20

7 8 0
40

60 40  0

3 U3 = -2 3 8 2
60

0
0

60  0

30  20 0  70  0  60   0 40  0

,  «0» – -
 cij, , -

 ( ).  c14 = c34 = 0, -
 (1,4) , : (1,4)  (2,4)  (2,1) 

(1,1)  (1,4).  «0»  (3,4).
 2. x ( )0 . u1 0 ,

 ( . ). 
:

0072
0660
2000

 ( 14 = 0 + 2 – 0 =

2; 31 = – 2 + 7 – 3 = 2), x0 .
 (1,4)  (3,1) , -

 – (1,4). ,   «+» 
«–»: (1,4)  (2,4)  (2,1)  (1,1)  (1,4) ( . 1.10). 

 min (40; 10) = 10 . .
 (1.11).

 1.11
1 2 3 4

V1 = 5 V2 =  3  V3 = 2 V4 = 0

1
U1 = 0 7 3

70
4 0

10
80

2 U2 = 0 5
30

7 8 0
30

60

3 U3 = 0 3 8 2
60

0
0

60

30 70 60 40

–

+

+

–

–

+

+

–

50

 3.  (6 
),  ( . . 1.11).

:

0052
0640
0202

.

 (3,1): 31 =
0 + 5 – 3 = 2 > 0.

 4.  (3,1):  (3,1)  (2,1)  (2,4) 
(3,4)  (3,1) ( . 1.11).  min
(30; 0) = 0 . . , , 

.  
(1.12).

 1.12
1 2 3 4

V1 = 5 V2 =  3  V3 = 4 V4 = 0

1 U1 = 0 7 3
70

4 0
10

80

2 U2 = 0 5
30

7 8 0
30

60

3 U3 = - 2 3
0

8 2
60

0 60

30 70 60 40

. 
.

2070
0440
0002

, 

6000
0030
0700

*
1X .

 480 .  -
,  10 . 

, 30 . – .

– +

+

–
+

–
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, . 
: 13 = 0 + 4 – 4 = 0. ,  min (10;

30; 60) = 10 .  (1,3) : (1,3)  (1,4)  (2,4)  (2,1)
 (3,1)  (3,3)  (1,3) ( . 1.12). 

.

50010
0020

10700
*
2X .

 40 
. 

:

.10,)1( *
2

*
1

* tXtXtX

.
1. . 

.  60%  40% 
,  - 80%  20% .

, 
,  50000 

30000 .  1  10
.,  - 12 .

2.  100000 . . -
, 

. -
: , ,  D.  6% , -

 — 8% , — 10%,  D — 9% . 

. , 
, 

.  ,  
25%   D.  

, ,
 20%  ,  
, 

 30% . 
-

.  MS Excel.

52

3. . 
-

 50, 70  40 . 
,  1 

60 , 2 – 45, 3 – 65 4 – 30 . 
, -

 140, 130, 160  110 ; 
 – 120, 170, 140, 180 . ;  – 150, 120, 110,

130 . .

:
1. 70000  10000 ;  820 .
2.  – 30 .,   – 20 .  .,   – 20

. .,  D – 30 . .,  – 8100 -
.

3.  20 2  30 4; 
 60  1   10  3;  
 40 3;  2  25 -

,  3  - 15 . -
 18900 . .
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2. 

2.1. 

.  ( ) - -
: 

, ".
, , -

. , -
, .

: , -
, , -

, , .
  n

. .
-
-

.
.

, 
.  -

, .
:

, ;
 ( ) – .

.
: 

-  ( , -
; 

) .
: , -

, , .
 –  -

,    (
,

 – ; 
, -

).
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, , 

.
 –  

, -
 ( -

,  – , 
-

,  –  )
,  -

. , -
, 
.

, -
. ,

 (
) -

. .

  ( . 2.1.)

B 1 B 2 … B n
A 1 1 1 1 2 . . .  1 n
A 2 2 1 2 2 . . .  2 n
… . . . . . . . . .  . . .
Am m 1 m 2 . . .  m n
. 2.1. 

 Ai  – , Bj  – -
, aij – -

 i  –  ,   –  j  –  .  
, 

, -
.

. -
.

. -
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, , 

ijnjmi
a

11
minmax .

, 
, 

.  
.

, -
, . 

ijminj
a

11
maxmin .

, -
, 

. -
.
, , -

 (  aij ) , 
. -

 =  = V. , 
,  

i  Bj ,   V
.  ( i;Bj) – .  V -

.
,  ( . 2.2) -

.

B 1  B 2  B 3 B 4  m i n j
A 1 7 6 5 4 4
A 2 1 8 2 3 1
A 3 8 1 3 2 1

m a x i 8 8 5 4
. 2.2. , 

 A1,   –  B4.
 ( . 2.3) ,

 A1

56

2,  B4 -
 3.

B 1  B 2  B 3 B 4  m i n j
A 1 7 6 5 2 2
A 2 1 8 2 3 1
A 3 8 1 3 2 1

m a x i 8 8 5 3
. 2.3. , 

 ( ) 
-

.
 Ak

Ar,  -

akj  arj,  j=1,…,n
 akj  arj - ,

,  Ak  Ar.
k

r, -

aik  air,  i=1,…,m
 aik  air - , ,

,  Ak  Ar.
, 

.
,  akj = arj,  j=1,…,n,

 aik = air,  i=1,…,m,  Ak  Am k m, -
, .

, 

B 1 B 2 B 3 B 4 B 5 B 6
A 1 1 2 3 4 4 7
A 2 7 6 5 4 4 8
A 3 1 8 2 3 3 6
A 4 8 1 3 2 2 5
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 A1  A2,
 B6  B3, B4

B5,  B5  B4 .
,  -

, -
. 
.

, 
, -

 ( , -
)

:

B 1 B 2 B 3 B 4
A 2 7 6 5 4
A 3 1 8 2 3
A 4 8 1 3 2

,
, 

.

 1.
. 

, -
.

-
. 

, , -
 10, 6  2 -

. 
 (  2.1).

-
:

S = 6 – 0,5 R,
 S – , -

 ( . .),  R – , .

58

 2.1
, .

-
, .

, .  1, C1  2, C2
I 10 5 8
II 6 3 4
III 2 1,5 1

 2.2.
 2.2

, . .
 1 . ,
.

 1
R1

 2
R2

 1 .
, .

R

-
, . .

S=5-0,5R

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

 1, -
,  1 -

 2. 
 (  2.3).

 2.3
 1, -

 1 . , .
 1

R1

 2
R2

-
 1, 

, p
10 10 0,31
10 6 0,33
10 2 0,18
6 10 0,7
6 6 0,3
6 2 0,2
2 10 0,92
2 6 0,85
2 2 0,72
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 2  -
. , 

, -
.

. 
. -

:
1. 

?
2.  ,  

?
3. ?

?

1. 
. -

. , , -
.  

. 
. -

 1
 2  . , 
,  1,  , -

 –  2.
2. . 

 1 -
 2 . 

:
- ;
- , ;
- , .

, , -
, 

:
D = p S (R1-C1) – (1-p) S (R2-C2),

 D – -
 1  2;

p –  1, ;
S – , ;
R1  R2 -  1  2;

60

C1  C2 – , 
 1  2.

.
, ,   1 -

 III,  2 – -
 II. 

 1  2 . 
1,5 .  2 
6 .  4 . ( . 2.1).

, 
 4 .,  4 . . (  2.2). , -

 1,  0,85, -
 2 – 0,15 ( . 2.3).  a32

:
a32 = 0,85 4 (2-1,5) – 0,15 4 (6-4) = 0,5 . .

 i=3 – ,  j=2 – -
.

:
a11 = 0,31 1 (10-5) – 0,69 1 (10-8) = 0,17;
a12 = 0,33 2 (10-5) – 0,67 2 (6-4) = 0,62;
a13 = 0,18 3 (10-5) – 0,82 3 (2-1) = 0,24;
a21 = 0,7 2 (6-3) – 0,3 2 (10-8) = 3;
a22 = 0,3 3 (6-3) – 0,7 3 (6-4) = -1,5;
a23 = 0,2 4 (6-3) – 0,8 4 (2-1) = -0,8;
a31 = 0,92 3 (2-1,5) – 0,08 3 (10-8) = 0,9;
a32 = 0,85 4 (2-1,5) – 0,15 4 (6-4) = 0,5;
a33 = 0,72 5 (2-1,5) – 0,28 5 (2-1) = 0,4.

 A1,  2,  A3 – 
 1,

 B1, 2, B3 – -
 2,  – 

 1  2.

B1 B2 B3 minj
A1 0,17 0,62 0,24 0,17
A2 3 -1,5 -0,8 -1,5
A3 0,9 0,5 0,4 0,4

maxi 3 0,62 0,4
. 2.4.  «

»
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, -
. , 

. 
.  1 -

-
. 

: 0,17; -1,5; 0,4.
. -

 2 -
-

. : 3;
0,62, 0,4.  0,4. -

 0,4. , -
,  .  .   ( .2.4).  

, , -
. 

  III,  A3  1  B3
 2.  A3  B3 – -

.
 1  2 

. , 
 1 .  1 

0,4  .  .   5  .  .  
,  2.2).  

 2 . -
 1,5 ., 

 – 1  (  2.1).  1 
, .

2.2. 

-
.  ,  

. 
, . . , 

, , -
 1 , ,

. -

62

. -
, .

.
, 

.
:

m

m

ppp
AAA

....

....

21

21 (0  pi  1 , i=1,…,m; .1
1

m

i
ip )

:

n

n

qqq
BBB

....

....

21

21 (0  qj  1 , j=1,…,n; .1
1

n

j
jq )

, -
, .

, , , -
.

,  -
, 

:
 V .

 V .
, , , 

, -
 V, , -

, -
. , 

-
.

 2x2

, -
. 

2221

1211

aa
aa

A .
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:
ppP 1; ,  0  1 )1; qqQ , 0

q  1 .
, -

.
  , -

 0  1. -
 ( ; 1- ),  = 0  = 1 – 

2 1 .
-

. 
 ( ; 1- ), -

1 2

)1(),( 21111 papaBP
)1(),( 22122 papaBP .

, 

:   =  0   =  1,  .  ,
1 1  (0, 21), (1, 11);  2 2

 (0, 22), (1, 12). , -
, . ( . 2.5)

.2.5.  2x2 

, . -

p1

a22

a21

B1

0

B2

a11

a12

*

p*

B1

B2

N

64

P , -
:

))1((minmax 21 papa jjjP
.

-
1 2 ). 

N( *p ; * ) -
.

.
 q  , -

 0  q  1. -
 (q; 1-q),  q = 0  q = 1 – 

 B2  B1 .

. 
 (q; 1-q), -

1 2

)1(),( 12111 qaqaQA
)1(),( 22212 qaqaQA .

-
:  1 1  (0,  12), (1, 11);  2 2

 (0,  22), (1, 21).  ,  -
, -

. ( . 2.6)

.2.6.  2x2 

q1

a22

a12

1

0

A2

a11

a21

*

q*

(k)

1

A2

N
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, . -
Q , -

:
))1((maxmin 21 qaqa iiiQ

.

-
2 1 ). 

N( *q ; * ) -
.

 2.
05
32

A .

. ,  .  
00;2max , 33;5min .

, , . -
. 

ppP 1; ,  0  1.
: 1 1: = -2  + 5(1- ) 2 2: =  3  +

0(1- ). ( .2.7)

.2.7.   

p1

5B1

0B2

3

-2

* =1,5

p*=0,5

B1

B2

N
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 N -
. 

:

)1(03
)1(52

pp
pp

 N(0,5; 1,5) 5,1,,50,5;0*P .

qqQ 1; ,
 0  q  1.

: A1A1: = -2q + 3(1-q)  A2A2: =  5q  +
0(1-q). ( .2.8)

.2.8.    

 N 
. -

:

)1(05
)1(32

pp
pp

 N(0,3; 1,5) 5,1,,70,3;0*Q .

: ,50,5;0*P ; 5,1,,70,3;0*Q .

 2 x n  m x 2

, , , 
, .

 m x n, -
,   m x n 

, , 

q
-2

3
1

0
A2

5

1q*=0,3

1

A2

N
* =1,5
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min(m, n). ,  2 x n  m x 2 -
P Q -

. ,  2 x n  m x 2 -
 2 x 2 . 

.

 3.

3015120
604530

A .

.  15, 
,  bij=aij/15. -

, 15/AB .

218
432

B

, .
22;2max , 

34;3;8min . , , . -
.

 (- 2 < 8; 3 > - 1; 4 > - 2). -
 (- 2 < 3; 8 > - 1), (- 2 < 4; 8 > - 2)  (3 < 4; - 1 > - 2).

, . 
, . 

ppP 1; ,  0  1.
, 

, -
:    1 1: = -2  + 8(1- ),

2 2: = 3  -1(1- ),
3 3:  =4  – 2(1- ).  ( . 2.9)

68

.2.9.   

:
3NMB1.  M 

. -
, .  - 

1 1 2 2:

)1(3
)1(82

pp
pp

(9/14;22/14) 57,1,
14
5;

14
9*

BP .

321 ;; qqqQ ,
 0  q1,2,3  1.  -
, .

: 
 k-  l- , -

-
 k-  l- . . -

 m x 2: 
 k-  l- , 

k-  l- . .

, , , 321 ;; qqqQ
 ( -

), . . 
: 0;-1; qqQ .

p
1

8B1

0
B2

3

-2

* =1,57

p*=9/14

B1

B2
N

-1

B3

B3

-2

4
M
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, -
,  -

:    A1A1: = -2q + 3(1-q) + 4*0 
A2A2: = 8q -(1-q) – 2*0. ( .2.10)

.2.10.   

 N 
. -

:

)1(8
)1(32

pp
pp

N(4/14;22/14) 57,1,0;
7
5;

7
2*

BQ .

,  ,  

BA 15 , . 55,2357,115A .

: ,
14
5;

14
9*P 55,23,0;

7
5;

7
2*Q .

 4.

44
51
62
25

A .

. , -
.

q
-2

3
1

0

A2

8

1q*= 2/7

1

A2

N
* =1,57

-1
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44;1;2;2max , 

56;5min . , , . 
.

.
, . 

, . 
qqQ 1; ,  0  q  1.

, -
, 

:     1 1: = 5q + 2(1-q),
2 2: = -2q + 6(1-q),
3 3:  = -q + 5(1-q)
4 4: = 4q + 4(1-q).  ( .2.11)

.2.11.    

:
2NM 1.  – 

 NM. , .
: N -

; .

)1(44
)1(62

qq
qq

N(1/4;4) 4,
4
3;

4
1*

1Q .

)1(44
)1(25

qq
qq

(2/3;4) 4,
3
1;

3
2*

2Q .

q
1

5

1

0

2

-1
-2

q2
*=2/3

1

2

N

6
3

3

2
4

M
4 4

5

q1
*=1/4
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, :

.10,)1( *
2

*
1

* tQtQtQ
-

4,  .  
, 

, 4.

: 4; 10,
3
1;

3
2)1(

4
3;

4
1* tttQ ; 4 .

-

,  -
.  m x n, 

, -
. , 

mnmm

n

n

aaa

aaa
aaa

A

...
...

...

...

21

22221

11211

,

: , -
 1 (p1, p2 ,…, pm) -

 2 (q1,  q2 ,…,  qn), -
.

-
,  ,  ,  

 V.  
:

:

0;...;0;0
1...

...
...

...
...

21

21

2211

2222112

1221111

m

m

mmnnn

mm

mm

ppp
ppp

Vpapapa

Vpapapa
Vpapapa
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:

0;...;0;0
1...

...
...

...
...

21

21

2211

2222121

1212111

n

n

nmnmm

nn

nn

qqq
qqq

Vqaqaqa

Vqaqaqa
Vqaqaqa

 V, 
 V.  pi/V  xi,  qj/V –  yj.

 1 , 
 1/v:

0;...;0;0
/1...

1...
...

1...
1...

21

21

2211

2222112

1221111

m

m

mmnnn

mm

mm

xxx
vxxx

xaxaxa

xaxaxa
xaxaxa

 1  (V).
,   1/V .

:
min Z = min 1/V = min (x1 + x2 + … + xm)
 2 , 

 1/v:

0;...;0;0
/1...

1...
...

1...
1...

21

21

2211

2222121

1212111

n

n

nmnmm

nn

nn

yyy
Vyyy

yayaya

yayaya
yayaya

 2  (V). -
,   1/V .

:
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max F = max 1/V = max (y1 + y2 + … + yn)

: xi =  pi/V,   yi =  qj/V.  pi   qj
, 

. ,  V 
. 

. , , 
, , 
. ,

-
 K, 

. 
,  V* = V + K.

, -
.

), -
 xi  yj .

 V* : V* = 1/z
: 

1: Pi = xi V*;   2: qi = yi V*.
  V  V* -

 K (
).

  

 5.
.  

 1, 
1,  ( .
2.4).

 2.4
 1, -

 1 . , .
 1  2

-
 1, 

10 10 0,31
10 6 0,33
10 2 0,18
6 10 0,7

74

 2.4
 1 . , .

 1  2

-
 1, 

6 6 0,3
6 2 0,2
2 10 0,9
2 6 0,85
2 2 0,69

 1  2
. 

 ( . 2.12)

B1 B2 B3 minj
A1 0,17 0,62 0,24 0.17
A2 3 -1,5 -0,8 -1.5
A3 0,75 0,5 0,175 0,175

maxi 3 0.62 0.24
.2.12.  «

».

 ( . 2.12) 
.  0,175,  0,24.

.  -
-

.

1. . 
-
-

. -
 1,5 – 

. 
, 

. 2.13)
B1 B2 B3

A1 1,67 2,12 1,74
A2 4,5 0 0,7
A3 2,25 2 1,675

.2.13.  , 
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2.   -
:

 1:
min Z = x1 + x2 + x3
1,67 x1 + 4,5 x2 + 2,25 x3  1
2,12 x1 + 0 x2 + 2 x3  1
1,74 x1 + 0,7 x2 + 1,675 x3  1
x1  0; x2  0; x3  0

 2:
max F = y1 + y2 + y3
1,67 y1 + 2,12 y2 + 1,74 y3  1
4,5 y1 + 0 y2 + 0,7 y3  1
2,25 y1 + 2 y2 + 1,675 y3  1
y1  0; y2  0; y3  0

3. , 
 « »  MS Excel (  1).

-
:

Z = 0,5771
V* = 1/0,5771 = 1,7328
x1 = 0,5144; x2 = 0; x3 = 0,0626
y1 = 0,0582; y2 = 0; y3 = 0,5189
4. -

 1  2,    V*.
p1 = x1 V* = 0,8914,
p2 =0,
p3 = x3 V* = 0,1083;
q1 = y1 V* = 0,1008,
q2 = 0,
q3 = y3 V* = 0,8991.
5. .  V* -

 1,5 ( ).
V = 1,7328 - 1,5  = 0,2328

,  1 (
 V > 0).  ( -

)  1 
 1  0,8914,  3 – -

 0,1083.  2, , -
 1  0,1008,  3 – 

0,8991.  1
 0,2328 . .
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2.3. 

 (  « »)

-

.  
, -

, . 
. 

-
, 

, 
.

, 
, , -

, 
« ».  , 

 ( ).

 2.14.

S 1 S 2 …  S n
A 1  a 1 1  a 1 2 . . .  a 1 n
A 2  a 2 1 a 2 2  . . .  a 2 n
… . . . . . . . . .  . . .
An a m 1 a m 2 . . .  a m n

.2.14. 

 (Ai )  -  ,   
 (Sj) – .

, .
-

. , -
, -

 ( ) .  (Ai)  -
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  Wi, -
. 

 W, -
.

, 
. , 

-
:

n

j
jiji paw

1
, (2.1)

 pj –  j- .
,
-

:
W = max wi

, , , , -
, :

1. ;
2. -

, 
.

-
.

-
-

. -
, 

, :

n

a
w

n

j
ij

i
1 (2.2)

78

,
:

W = max wi
-

:
1. , 

;
2. -
;

3.  -
, 

.

 ( )

-
: 

, -
:

wi = minj aij (2.3)
,

:
W = max wi

.
, -

, , . 
.

, , 
:

1. 
;

2. ;
3. .

-
, , -

.  ( ijj a ), j -  j – 
, ,

 Sj
, , 
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. -
-

 i  –  
. -

-
.

, -
 (rij) :

ijjij ar
, -

 rij :
Ri = maxj rij (2.4)

, -
 Ri :

W = min Ri
, ,

, 
-

.

 ( )

-
 (  " "  " -

”), 
.

-
 aij :

wi = maxj aij (2.5)
, -

 wi :
W = max wi

, ,
. -

-
,  « ».

, , 

80

. -
, , -

,  [0,  1] 
, -

.  

.
:  - -

 - 
)1( .

, -
:

ijjijji aaw max1min (2.6)

– .
, 

 wi :
W = max Wi

-
.  = 1 

.  = 0 
 “ ”, ,  « » -

.
, :

1. 
;

2. -
;

3. ;
4. .

 6.  « » -
.

. -

 – .  

:



81

A1 - , 
;
A2 -  -

;
A3 – 
.

, 
-

 20, 30  40 . .
-

:
S1 - -

;
S2 - -

, . -
 – -

-
;

S3 - 
,  .  ,    

, . 
.

-
   2.5.

 2.5.
, . .

, . .

S1 S2 S3
A1 30 25 22
A2 30 40 33
A3 30 40 60

:
1. , -

: 0,3, 0,6
 0,1 ;

2. , 

:

82

) ;
) ;
) , 

 0,3;
3. -

.

1. . 
,  -

,
 ( . 2.15.).

S1 S2 S3
A1 10 5 2
A2 0 10 3
A3 -10 0 20

.2.15. 

2. -
 (2.1):

W1 = 10 0,3 + 5 0,6 + 2 0,1 = 6,2
W2 = 0 0,3 + 10 0,6 + 3 0,1 = 6,3
W3 = -10 0,3 + 0 0,6 + 20 0,1 = -1

S1 S2 S3 Wi
Pj 0,3 0,6 0,1
A1 10 5 2 6.2
A2 0 10 3 6.3
A3 -10 0 20 -1

.2.16. 

W = max Wi = W2
-

 A2 (W = 6,3) ( .
2.16).

3. -
, , 

   (  - 2.10).
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 S1 S2 S3 Wi Wi Wi Wi

A1 10 5 2 2 10 5,67 7,6
A2 0 10 3 0 10 4,33 7
A3 -10 0 20 -10 20 3,33 11

.2.17. 
, 

 Wi  (2.3):
W1 = min (10, 5, 2) = 2
W2 = min (0, 10, 3) = 0
W3 = min (-10, 0 20) =-10
W = max Wi = W1

 A1 (W = 2).
 (  (2.5)) -

 A3

 (  (2.2)). 
 A1 (W = 5,67).

,  0,3 (  (2.6)) –  A3 (W = 11).
4. -

 (  (2.4)). 
,  2.17.

S1 S2 S3 Ri
A1 0 5 18 18
A2 10 0 17 17
A3 20 10 0 20

.2.17.  

-
 A2 (W = 17).

5. 
.

, 
-

84

 (  6,3 . .). 
, -

 (  17 . .).
, 

-
, ,

, 
 (

 2 . .). , , 
 (

 5,67 . .)
, -

-
, 

, -
-

, -
 (  20  11

. .).

 ( ).
1. , 

.
2. 

: , -
.

3. , 
.

4. , 
.

5. , -
.

.

1. , 
 3 , -

 i (i = 1, 2, 3).
 D,

, ,
 j (j=1,2,3). -
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 - ,  ,   D,
. 

, 
. 
. -

, , ,
,  ,  ,  

 ( -
). -

 4 .
, -

, 
. ,

  . 
.

2. :  - 
;  – 

,  13 % .
. 1 – -

; 2  – -
:

-  13 % , 
;

-   13  %   7%,  -
, -

.
: 1 – 

; 2 – 
 7%; 3 – , -

.

. -
.

3. :

54385
42163
82654
82653
54385

A .

86

, 
.

4. , :

35
62
47

53
01

A .

:

1.

244
448
846

A .  

: ( 1 2)  ( 2 2).  ,  
 1  2 , .  = 4

.

2.
0713
202013

A . -

: ( 1 1). , -
, . -

,  – -
.  = 13 %.

3.
43
26

. =3 -

5; = 4
4.

4. *(0; 0,5; 0; 0; 0,5), Q*(0,5; 0,5), =4.
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3. 

3.1. 

 ( ) -

), -
. :

, -
, , 

, , 
, . -

,  .  -
, .

 – -
 ( ) 

, -

, -
.

 ( ) -
, , -

.
, 

.
: -

 ( 1, 2, …, xn), , 
, (e1, e2, …, en). -

, . , -
, ;  – -

. , 
, . .

,  ,  
. . -

 (i, j) (Cij), 
. , 

,  ( ), , 
 –  ( ),  – .

, ,
.

: , , .

88

, -
. , 

, .
.

(i, j), i – , , j
– , , 

. , ,
. -

t(i, j).
:                           ;

:
                          .

-
. . -

, , 
. , -

. -
 (  0),  ( N) -

 ( i). 
,  – .

– , -
.  L – ,

,   –  -
. -

. , -
, L ). -

t . , -
, . 

.
:

1. .
2.  (i, j) i < j.
3. .
4. ,  .  -

, .
-

.
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i j

1

2

3 4

(a) )

A

A

B

C

.3.1. 

. 3.1( ) -
 A  i  j. .3.1( ) -

, ,  C
 A  B .  

, 
.

.
 1.  ( -

).
 2.

.
-

, -
. 

.

A

B

1

2

3

1

3

2

1

2

3

1

3

2

(a) -

A

B

D

A

D

B

D
A

B

A

D

B

) - 

.3.2. , 

90

.3.2( ) 
 D.  A  B -

, -
, . , 

, .
-

, . -
,  A  B 

 C, .
.3.3( ) , , 

,  ,  ,  

.  ( ), 
 D.  D

, , -
.

A

B

C

E

A

B

C

E

D

) )
.3.3. 

 3. -
-

.
) 

?
) -

?
) -

?

 1.
,  A, B, C, D, E, F, H, G,

I, J, K, L, .
1. ,  – , -

.
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2.     D.
3. B     E, F  H.
4. F  C     G.
5. E  H     I  J.
6. C, D, F  J    K.
7. K    L.
8. I, G  L  –  .

, , 
.3.4.

A

B

C

D1 H

E

F

D3

D2

D

J

I

K

L

G

.3.4.  1

 D1    D2 , 
.  D3 -

 E  H .
-

:
 1.  (  x1  G), -

 ( ), . 01xd ,
 1. -

.  G\{x1}.
 2.    2  G\{x1}, 

02xd ,  .  .  .  
, . 

. -
 G\{x1; x2}.
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 2 , -
.

:  1  0.
:

1

3

2 6

4

7

5

8

9

A

B

C

D1 H

E

F

D3

D2

D

J

I

K

L

G

.3.5. 

, -
.

3.2. , 

-
, -

. -
-

. -
, . -

. -
, 

  . 
, -

 ( ) -
.  ,  -

, .
-

. -
.
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1. 00
pt , ij

p
ii

p
j ttt max , j =

1,…,N , 
.  « » -

, .

2. p
NN tt , ijjji ttt min , i =

0,…,N–1 , 
, ,

.  «
» , .

3. p
iii ttR , -

,  
.

,
R(i) = 0.

, -
i, :

.3.6. 

 (i, j)

1. : tij. (
, )

2. : p
iij tt .

3. : ij
p

i
o

ij ttt .

4. : ij
n
jij ttt .

5. : n
j

no
ij tt .

i

ti

Ri

ti
p

94

6. :

• ij
p

i
n
jijij

n
ij tttttR – 

, -
. 

, 0n
ijR ;

• ij
n
i

n
ji

n
ijij tttRRR1 – -

, ,
-

;

• ij
p

i
p
jijijj

n
ijij tttttRRR2

– , -
 ( ) -

, , . -
;

• ij
n
i

p
jji

n
ij

c
ij tttRRRR – ,

-
,  – .

-
. 

3.7.

.3.7. (i,j)

i j
tij

ti
n

tj
p tj

n

Ri Rj

ti
p

tij

tij

tij

tij

Rij Rij
1

Rij
2

Rij

 1 

 2 
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.
, , -

. L i  (i, j),
Rij

n= Rij
1. L j  (i, j), Rij

n=
Rij

2. L i, j  (i, j), 
, Rij

n= Rij
2= Rij .

-
. , 

. , -
.

, -
, -

 ( , , 
) 

, 
. , 

.

.

. 
.

. 
, , . -

, 
.  ,  

.
-

, -
.

-
, -

.

1.  L
: tL.

2. -
: RL= t  - tL. -

, , -

96

, -
.

.
L  (i, j), -
Rij

n= 0, , Ri -
i  0. 

t  =  tp(N) =  t (N). ,  -
.

3.

:
n
ijjiL

tt
R

tt
tt

jiK 11),( ),(max ,

jiLt ,max
– Lmax(i, j), -

 (i, j); t' – Lmax(i, j),
.

, (i, j) < 1.  (i, j)  1, -
. 

 1. -
 3 :  ( (i, j) > 0,8),  (0,6 < (i,

j) < 0,8)  ( (i, j) < 0,6).

, 
.

3.3. 

, 
.  - . ,

. -

.

 2.
 10 , 

 3.1. -
 0. , .
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 3.1
- -

, 
- 2

B - 3
C A 2
D B 3
E B 2
G C,D 3
H C,D 2
I E,C,D 7
K E,C,D 5
L I,G 6

0

1

2

3

4

5 6

3
B

2A

2

C

3

D

2
E

0 F

5
K7I

3 G 2

H

6
L

.3.8.  2

. -
  . 

, -

.  j p
jt , -

 (
,  j; , -

 j).
, , -

,  
.  i 

98

n
it ,  ( -

,  i, 
,  i).

.
j = 0, . , 

, pt0 =0. 

ij
p

ii

p
j ttt max ,  max 

,  j- . , 
p
jt  j, p

it
 (i,j),  j.

. 3.8 pt0 = 0. 
:

pt1 = pt0 + t01= 0 + 2 = 2,
pt2 = pt0 + t02 = 0 + 3 = 3,
pt3 = 32,1

max i
p

ii
tt  = max {2 + 2; 3 + 3} = 6,

pt4 = 43,2
max i

p
ii

tt  = max {3 + 2; 6 + 0} = 6,

pt5 = 54,3
max i

p
ii

tt = max {6 + 3; 6 + 7} = 13,

pt6 = 65,4,3
max i

p
ii

tt = max {6 + 2; 6 + 5;13 + 6} = 19.

.

, -

p
NN tt ,   N- . ,  i

ijjji ttt min ,   min ,   i-

. :

1966
ptt ,

136195665 ttt nn ,
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6519;713minmin 46,54 j
n
jj

n ttt ,

6219;313;06minmin 36,5,43 j
n
jj

n ttt ,

326;36minmin 24,32 j
n
jj

n ttt ,

4261331 ttt nn ,

033;24minmin 02,10 j
n
jj

n ttt .

, .
, 

, .  (i,j)
, 

:
        ti

n= ti
p, (3.1)

        tj
n = tj

p, (3.2)
   tj

p – ti
p= tj

n – ti
n=tij            (3.3)

, , -
 ( )  ( ) -

. ,
, -

, , -
-

.
.3.9  ( ) -

 {B,  D,  F,  I,  L}. 
, . 
 t =19 , ,  19
. 

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

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

, 
.

 – 
. , -

: p
iii ttR .

100

pttR 000 = 0 – 0 =0,
pttR 111 = 4 – 2 =2,

R2 = 3 – 3 =0,
R3 = 6 – 6 =0,
R4 = 6 – 6 =0,
R5 = 13 – 13 =0,
R6 = 19 – 19 =0.

,  L :
0 2 3 4 5 6 : B, D, F, I, L.

.3.9. 

 3.2.
 3.2

-

(i,j)

tij tij tij
po tij tij

no Rij Rij
1 Rij

2 Rij

0 1 2 3=1+2 4=5-
1 5 6=4-2 7 8 9

A-(0,1) 2 0 2 2 4 2 2 0 0
B- (0,2)  3 0 3 0 3 0 0 0 0
C – (1,3) 2 2 4 4 6 2 0 2 0

1
4

2
2

2
3

0
3

3
6

0
6

0
0

0
0

4
6

0
6

5
13

0
13

6
19

0
19

2

3

2

3

D 2

H

3

G

0
F

2

E

5

K
7

I
6

L
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 3.2

-

(i,j)

tij tij tij
po tij tij

no Rij Rij
1 Rij

2 Rij

D – (2,3) 3 3 6 3 6 0 0 0 0
E – (2,4) 2 3 5 4 6 1 1 1 1
F – (3,4)  0 6 6 6 6 0 0 0 0
G – (3,5) 3 6 9 10 13 4 4 4 4
H – (3,6) 2 6 8 17 19 11 11 11 11
I – (4,5)  7 6 13 6 13 0 0 0 0
K – (4,6) 5 6 11 14 19 8 8 8 8
L – (5,6) 6 13 19 13 19 0 0 0 0

 – -
 ( ).

, , .
 R01 = 2 -    -

 (0,1), 
, ., 

2  ,   19  -
. , .

 R01
1 =2 - 

, -
, . -

, 
.

 R01
2 =  0  -    

, -
. -

, , -
. 

. , . -
, 

, .
 R01  = 0. 

. 
. -

, -
. .
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 (0,1):
n

L

tt
R

tt
tt

K 01)1,0( 11)1,0( max ,

1,0maxLt – Lmax(0, 1), -

 (0, 1); t' – 
Lmax(0, 1), . 
Lmax(0, 1): 0 1 3 4 5 6, , 

: 3 4 5 6, , t' = 0+7+6 = 13.

66,03/2
1319

211)1,0( 01
n

tt
RK .

3.4. 
 3.

. 3.3. 
, , 

.
 3.3

A B C D E F G H J K  L
- - - A A A B,D C E,G E,G J,H

, 
4 5 4 1 7 8 4 2 1 3 4

.  3.3  ( .
3.10) .
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.3.10. 

. 
-

00
pt , max ij

p
ii

p
j ttt , j = 1,…,N.

-
p
NN tt ,

ijjji ttt min , i = 0,…,N–1.

 4
. , 

ti
p i,   – 

ti
n i, 

Ri i.  3.4, -
.

 3.4
 i 1 2 3 4 5 6 7

ti
p 0 4 5 4 11 12 16

ti
n 0 4 7 10 11 12 16

Ri 0 0 2 6 0 0 0

, 
 L : 1 2 5 6 7, t = 16.

. 
, -

2
4

0
4

3
7

2
5

4
10

6
4

1
0

0
0

5
11

0
11

6
12

0
12

7
16

0
16

C, 4

B, 5

H, 2

E, 7

L, 4

A, 4

G, 4

D, 1

F, 8

J, 1

K, 3
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. , , 
.

, .
 3.5 (  2-9).

 3.5
tij tij tij

po tij tij
no Rij

n Rij
1 Rij

2 Rij
0 1 2 3=1+2 4=5-

1
5 6=4-

2
7 8 9=7+8-

6
10

(1,2) 4 0 4 0 4 0 0 0 0 1
(1,3) 5 0 5 2 7 2 2 0 0
(1,4) 4 0 4 6 10 6 6 0 0
(2,3) 1 4 5 6 7 2 2 0 0
(2,5) 7 4 11 4 11 0 0 0 0 1
(2,7) 8 4 12 8 16 4 4 4 4
 (3,5) 4 5 9 7 11 2 0 2 0 0,71
(4,6) 2 4 6 10 12 6 0 6 0
(5,6) 1 11 12 11 12 0 0 0 0 1
(5,7) 3 11 14 13 16 2 2 2 2
(6,7) 4 12 16 12 16 0 0 0 0 1

:
 L : 1 2 5 6 7, t

= 16.
 L :  1 2 5 6 7

 16 .
, ,  (3, 5) , -

, :
L1: 1 2 3 5 7; t(L1)=12;
L2: 1 3 5 7; t(L2)=12;
L3: 1 3 5 6 7; t(L2)=14;
L4: 1 2 3 5 6 7; t(L3)=14.

 (3,5)  14.
. t' = 9 –  (1-2, 5-6-7)  (1-2-

3-5-6-7),  (1-2-5-6-7). 
:

n
ijjiL

tt
R

tt
tt

jiK 11),( ),(max ,

, 
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71,0
7
5

916
211)5,3( 35

n

tt
RK .

. -
, 

 « », .

.

1.  « » 
 1- .

 (n  +  1)- , , 
,  (n) 

. 
.

2. 
. 

-
.

 « » :

.3.11. 

,  8 :
L1:1 2 3 5 6 7; tL1=14;

1

3

7

4 6 7

7

6

5

5

7

5

3

2

6

7

7

7

6

7
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L2: 1 2 3 5 7;       tL2=12;
L3: 1 2 5 6 7;      tL3=16;
L4: 1 2 5 7;               tL4=14;
L5: 1 2 7;                       tL5=12;
L6: 1 3 5 6 7;        tL6=14;
L7: 1 3 5 7;                tL7=12;
L8: 1 4 6 7;                tL8=10.

3.5.  «  –
»

. -
.

: , ,
.

-
. :

1. , 
-

;
2.

, 
;

3. -
 (

, -
);

4.
, 

-
. ( )

.

-
, . -

-
.

-
 ( , .). -

. ,
, 
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, ,
, .

-
, 

. 
.

, -
.

, -
.

, 
-

, .
, -

 « »:
1. 

t p.
2. t p
.

 «  - »
. -

, -
. 

.
:

-
;

 (i, j) tij

ijijij bta , ij – -
; bij – -
;

ij Cij
max Cij

min.
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.3.12. -

. 3.12 
 (i,j) , 
.  (bij , Cij

min), bij – 
, Cij

min – , , , -
.

bij  ( ), -
 ( . ,

), , -
, . , -

ij. ,
 ( -

), 

. . 3.12 
( ij, Cij

max).
 «  - » -

, , , 

.  ( . 3.12)
. -

. 
, 

aij bijtij

Cij
min

Cij
max

Cij

C(t)

t

A

B

Cij
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. , 

.
-

 ( . 3.12). ij
tij

ijijij thC , (3.4)
hij -

 (i, j) 

ijij

ijij
ij ab

CC
tgh

minmax

.

tkp

, . 
.

 (i, j) 

ijt , 
, 

 (i, j), .

ijijij

ijijijij

thC

Rtbt 2;min

 =  ij
 = Cij.

 4. . 
. 3.13. ij, tij, bij,

ij tij
hij  3.6.  

 1204 . .

110

.3.13. 

. .
3.6. , -

, Rij
2 > 0. -

-
 293  .  .   911,  .  

24,3%.
-

t = 61:
0 1 3 4 7 10 11, 0 3 5 8 9 11,
0 1 3 4 6 7 10 11, 0 3 5 6 8 9 11 .

 64  28 .

5
20

0
20

1
9

1
8

3
13

0
13

0
0

0
0

7
4333

10

10
48

0
48

11
61

0
61

9(14)

8

13

4(5)

8

6(9

3(6)6(10)

5(15)

4

13

2
40

23
17

4
26

3
23

8
38

1
37

9 42
0

42

6
29

0
29

9

8(10)
3(7)

10

7

9

10(17)

6(12)

4(5)

5(10)

13
17(19)
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 3.6

(i,j) aij tij bij tij tij
po tij tij

no Rij
n Rij

2 Cij hij ijt ijC ijij tt
0 1 2 3 4 5=4+2 6=7-2 7 8=6-4 9 10 11 12=min(3-2;9) 13=11*12 14=2+12

(0,1) 5 8 9 0 8 1 9 1 0 20 1
(0,3) 6 13 15 0 13 0 13 0 0 35 3
(0,5) 5 9 14 0 9 11 20 11 11 60 8 5 40 14
(1,2) 2 9 12 8 17 31 40 23 0 32 5
(1,3) 3 4 6 8 12 9 13 1 1 37 12 1 12 5
(1,4) 4 6 10 8 14 20 26 12 9 28 4 4 16 10
(2,7) 2 3 7 17 20 40 43 23 13 86 6 4 24 7
(3,4) 3 10 16 13 23 16 26 3 0 55 7
(3,5) 3 7 9 13 20 13 20 0 0 86 8
(3,6) 4 6 9 13 19 23 29 10 10 92 10 3 30 9
(4,6) 1 3 6 23 26 26 29 3 3 64 12 3 36 6
(4,7) 3 8 14 23 31 35 43 12 2 48 5 2 10 10
(5,6) 4 9 11 20 29 20 29 0 0 44 6
(5,8) 5 10 18 20 30 28 38 8 7 15 1 7 7 17
(5,9) 3 6 12 20 26 36 42 16 16 86 7 6 42 12
(6,7) 2 4 6 29 33 39 43 10 0 92 3
(6,8) 6 8 10 29 37 30 38 1 0 57 4
(6,9) 10 13 17 29 42 29 42 0 0 45 7

(6,10) 2 5 10 29 34 43 48 14 14 44 5 5 25 10
(7,10) 1 5 15 33 38 43 48 10 10 74 4 10 40 15
(8,9) 2 4 8 37 41 38 42 1 1 20 3 1 3 5

(9,10) 3 6 8 42 48 42 48 0 0 25 10
(9,11) 11 17 23 42 59 44 61 2 2 40 4 2 8 19
(10,11) 7 13 18 48 61 48 61 0 0 19 2

1204 293
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, 
L p. 

 (4). -
, -

. :
1. -

. -
.

2. -
. -

, 
. 

,   
,  «  - » -

.
3. , . , -

, , .
4.

 «  - ».
5. , 

. -
-

, .

 5.
. . 3.13. -

ij, tij, bij, ij
hij  3.6.  

 1204 . .
:

,  tij. ,
,  L :

0 3 5 6 9 10 11 t = 61.

 aij.
1)  (10,11), . -

 h10,11=2, . . .
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 (10,11)  13  7, -

11,1011,1011,10 thC =2(13-7)=12 . . -
: L : 0 3 5 6 9 11, t = 59.

2) -
 h0,3=3  (0,3).  13  6 , 

3,03,03,0 thC =3(13-6)=21 . . :
L :  0 1 3 5 6 9 11, t = 58. -

.
3)  (0,1),  h0,1=1   8   5,

1,01,01,0 thC =1(8-5)=3 . . :
L :  0 1 3 5 6 9 11, t =
56.
4)  (9,11),  h9,11=4  17  11,

11,911,911,9 thC =4(17-11)=24 . . -
:  L :  0 1 3 5 6 9 10 11, -

t = 51.
5)  (5,6),  h5,6=6  9  4, 6,56,56,5 thC
=6(9-4)=30 . . : L :
0 1 3 4 6 9 10 11, t =
48. ( . 3.14)

.3.14.  (5,6)

5
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5
16

1
5
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9
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0
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7
3627
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10
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41 11
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6)  (3,4)  (6,9), . 
 h=7.  (3,4),  10  3, 4,34,34,3 thC  =7(10-

3)=49 . . : L :
0 1 3 5 6 9 10 11, t =
46.  ( . 3.15)

.3.15.  (3,4)

7)  (6,9),  13  10, 9,69,69,6 thC =7(13-10)=21
. . : L :

0 1 3 5 6 8 9 10 11, 
t = 45. ( . 3.16)
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3424
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39 11

46
0

46

9(14)
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.3.16.  (6,9)

8)  (8,9),  h8,9=3  4  2, 9,89,89,8 thC
=3(4-2)=6 . . :
L 1: 0 1 3 5 6 8 9 10 11 
L 2:  0 1 3 5 6 9 10 11, 
t = 43.
9)  (6,8),  h6,8=4   8   6,

8,68,68,6 thC =4(8-6)=8 . . : L :
0 1 3 5 6 9 10 11, t =
43.
10) ,  (3,5) 
h3,5=8.   7   3, 5,35,35,3 thC  =8(7-3)=32 . .

: L : 0 1 3 5 6 9 10 11,
t = 39. ( . 3.17)
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.3.17.  (3,5)

11) ,  (9,10) 
h9,10=10.  6  3, 10,910,910,9 thC  =10(6-3)=30 .

. : L : 0 1 3 5 6 9 11, 
t = 37.

12)  (1,3).  4
 3, 3,13,13,1 thC  =12(4-3)=12 . . -

: L :  0 1 3 5 6 9 11, -
t = 36. ,  ( . 3.18):

.3.18.  (1,3)
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,  (6,8)  (8,9) ,  .  .

. -
h6, 8 =  4  ,  h8, 9 =  3,    (6,8),  

 8 . ., .
, 

12+21+3+24+30+49+21+6+32+30+12=240 . ., ( . 
20% ),  

 61  36 , .  41 %.
-

. 3.19, -
.

, -
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