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1
3A  5 12 t 1 1 1 0 0

2 4A  0 8 4t 2 –1 0 1 0

3
5A  –4 10 6t –2 2 0 0 1

1m j jF C 20 29F t 10 –1 0 0 0

*
0X

{0,0,12+t,

8+4t, 10–6t}

1 3A  5 7 4t 2 0 1 0 –1/2

2 4A  0 13 t 1 0 0 1 1/2

3 2A  –2 5 3t –1 1 0 0 1/2

1m j jF C 25 26F t 9 0 0 0 1/2

*
1X

{0, 5–3t, 7+4t,

13+t, 0}
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)  2.8
*
1 {0;5 3 ;7 4 ;13 ;0}X t t t 0t

. ,
*
1X , 

, 

5 3 0t ;7 4 0t ;13 0t 7 5
4 3

t .

, 7 5;
4 4

t , 
*
1 {0;5 3 ;X t 7 4 ;13 ;0}t t

 (2.26) – (2.28), max 25 26F t .

) , 5
3

t . 

5
3

t , 5 3 0t , , *
1 {0;5 3 ;7 4 ;13 ;0}X t t t . 

5
3

t , 

. , 2A

2 jx . . 

, 1A

2A  ( . . 2.9).

 2.9. 

1 3c 2 2c 3 5c 4 0c 5 4c
i C 0A

1A 2A 3A 4A 5A

1 3A 5 17 2t 0 2 1 0 1/2

2 4A 0 18 2t 0 1 0 1 1

3 1A 3 5 3t 1 –1 0 0 –1/2

1m j jF C 70F t 0 9 0 0 5

 2.9
*
1 { 5 3 ;0;17 2 ;18 2 ;0}X t t t  – 
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t , 17 2   0;  18 2   0;  5 3   0t t t ,  

5 17
3 2

t . , 5 17;
3 2

t , 
*
1 5 3 ;0;17 2 ;18 2 ;0X t t t

, max 70F t .

) 17
2

t , 1 5 3 ;0;17 2 ;18 2 ;0X t t t ,

17 2t . 

 2.9 , 17
2

t

.

) 7
4

t . 

0;5 3 ;7 4 ;13 ;0X t t t  ( . . 2.8) , 

7 4t . 

 ( , 3A

1
2

), 3A

5A  (  2.10).

 2.10. 

1 3c 2 2c 3 5c 4 0c 5 4c
C 0A

1A 2A 3A 4A 5A

1 5A –4 14 8t –4 0 –2 0 1

2 4A 0 20 5t 3 0 1 1 0

3 2A –2 12 t 1 1 1 0 0

1m j jF C 32 30F t 11 0 1 0 0

 2.10
*
2 {0;12 ;0;20 5 ; 14 8 }X t t t
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t , 

14 8 0, 20 5 0, 12 0t t t , 74
4

t . , 

74
4

t ,  (2.26)–(2.28) 

*
2 0;12 ;0;20 5 ; 14 8X t t t , max 32 30F t .

 2.10 , 4t , 

4A .

, , 4t , ; 

74;
4

t , 
*
2 0;12 ;0;20 5 ; 14 8X t t t  – , 

max 32 30 ;F t 7 5, ,
4 3

t 0

*
0;5 3 ;7 4 ; 13 ;0X t t t  –

, max 25 26 ;F t 5 17, ,
3 2

t

1

*
5 3 ;0;17 2 ;18 2 ;0X t t t  – , max 70 ;F t

17 , ,
2

t .

 2.5

A , B C

. , 

 180, 210  244 . 

 2.11.

, 

, 

.
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 2.11. 

 ( )

A B C

I 4 2 1

II 3 1 3

III 1 2 5

 ( .)
10 14 12

, A 1x , 

B  – 2x C  – 3x . 

, 

1 2 310 14 12 maxF x x x (2.29)

1 2 3

1 2 3

1 2 3

4 2 180 ,
3 3 210 ,

2 5 244

x x x
x x x

x x x
(2.30)

1 2 30, 0, 0x x x . (2.31)

 (2.29)–(2.31) 

2.12 , 

 82 B  16 C . 

 1340 .
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 2.12. 

1 10c 2 14c 3 12c 4 0c 5 0c 6 0c
i 0A

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

1 4A 0 180 4 2 1 1 0 0

2 5A 0 210 3 1 3 0 1 0

3 6A 0 244 1 2 5 0 0 1

1m j jF C 0 0F -10 -14 -12 0 0 0

1 2A 14 90 2 1 1/2 1/2 0 0

2 5A 0 120 1 0 5/2 -1/2 1 0

3 6A 0 64 -3 0 4 -1 0 1

1m j jF C 1 1260F 18 0 -5 7 0 0

1 2A 14 82 19/8 1 0 5/8 0 -1/8

2 5A 0 80 23/8 0 0 1/8 1 -5/8

3 3A 12 16 -3/4 0 1 -1/4 0 1/4

1m j jF C 2 1340F 57/4 0 0 23/4 0 5/4

) 

.  I . , 

 180  I , 1180 t , 1t  – 

, , 

. , 

1t , , 

1 2 310 14 12 maxF x x x (2.32)
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1 2 3 1

1 2 3

1 2 3

4 2 180 ,
3 3 210,

2 5 244;

x x x t
x x x

x x x
(2.33)

1 2 30, 0, 0x x x , (2.34)

*
0,82,16X .

)  (2.32)–(2.34).

 (2.32)–(2.34)

 2.13, 

2.12 0A , 2b , 5b 3b .

0A , 

, 2A , 5A , 3A . :

2

5 1
0

3

b
b

B A

b

,

1B  – , , 

2A , 5A 3A . 1B –  2.13 

, , 

4A , 5A , 6A . ,

1

2 1

0 5 1

3

1

5 1 50 82
8 8 8180
1 5 11 210 80
8 8 8

2441 1 10 16
4 4 4

t
b t

P b t
b

t

.

0P
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1 1
5 10; 82 ; 16
8 4

X t t

 (2.32)–(2.34) , 

1 1
182 , 80
8

t t 1
116
4

t .  X

*
0,82,16X  (2.29)–(2.31) 1 0t . , 

, ,  I 

 (2.25)–(2.31). ,  I ,

,  8 , 

:
* 5 10; 82 8; 16 8 0, 87, 14

8 4
X

 87    B  14    C .

 1386 ,  46 .

 2.13. 

1 10c 2 14c 3 12c 4 0c 5 0c 6 0c
i 0A

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

1 2A 14 2b 19/8 1 0 5/8 0 -1/8

2 5A 0 5b 23/8 0 0 1/8 1 -5/8

3 3A 12 3b -3/4 0 1 -1/4 0 1/4

1m j jF C 0F 57/4 0 0 23/4 0 5/4

) , , 

 II , ,  80 , 

, 

 82 B  16 C . ,

 (2.29)–(2.31) 

 II .
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) , , 
*

0, 82, 16X  (2.25)–(2.31) 

 III .

, t

, .

 2.6.

1 2 3 48 5 9 3 3 5 2 4 maxF t x t x t x t x

1 2 3

1 2 4

1 2

24 12 ,
2 18 10 ,

, 0, ; .

x x x t
x x x t

x x t

t ,  2 (  2 

), 

 ( .  2.14).

 2.14. 

1 8 5c t 2 9 3c t 3 3 5c t 4 2 4c t
i 0A

1A 2A 3A 4A

1
3A

3 5t 24 12t 1 -1 1 0

2
4A

2 4t 18 10t -1 2 0 1

1m j jF C 0
2

36

208 100

F
t t

14 9t 10 10t 0 0
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1
3A

3 5t 15 7t 1/2 0 1 1/2

2
2A 9 3t 9 5t -1/2 1 0 1/2

1m j jF C 1

2

126

168 50

F

t t
9 14t 0 0 5 5t

 2.14 , 2t , *
0 0; 9 5 ; 15 7 ; 0X t t  –

. t , 

9 14 0t 5 5 0t , *
0X .

14
9

t . t

.

) *
0X

15 7 0, 9 5 0t t , 9 15
5 7

t . , 9/ 5;15/ 7t , 

* 0; 15 7 ; 9 5 ; 0X t t  – , 

2
max 126 168 50F t t .

) 9
5

t , 9 5 0t 0; 15 7 ; 9 5 ; 0X t t

. 9
5

t , 

, 2A  –1/2. 

, , , 

2A 1A .
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 2.15. 

1 8 5c t 2 9 3c t 3 3 5c t 4 2 4c t
i 0A

1A 2A 3A 4A

1 3A
3 5t 6 2t 0 1 1 1

2 1A 8 5t 18 10t 1 –2 0 –1

1m j jF C
2

126
134 40
F

t t
0 28 18t 0 14 9t

 2.15 , 
*
1 18 10 ; 0; 6 2 ; 0X t t

t  ( , 

14
9

t ), 6 2 0t 18 10 0t , 9/5t . , 

14 9;
9 5

t , 
*
1 18 10 ; 0; 6 2 ; 0X t t , 

2
max 126 134 40F t t .

) 15
7

t . 

0; 9 5 ; 15 7 ; 0X t t , 

15 7 0t . 3A  ( . . 2.15) 

, 15
7

t .

) t  14/9 .

 14/9. 14 9t ,  

 2.15 18 28t .  

, 2A

3A  ( . . 2.16).
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 2.16. 

1 8 5c t 2 9 3c t 3 3 5c t 4 2 4c t
i 0A

1A 2A 3A 4A

1 2A 9 3t 6 2t 0 1 1 1

2 1A 8 5t 30 14t 1 0 2 1

1m j jF C
2

294
298 76
F

t t
0 0 28 18t 19 4t

 2.16 , 14/9t , 
*
2 30 14 ; 6 2 ; 0; 0X t t

, 2
max 294 298 76F t t .

, ; 14 /9t , 

*
2 30 14 ; 6 2 ; 0; 0X t t ; 14/9;9 /5t , 

*
1 18 10 ; 0; 6 2 ; 0X t t ; 9/ 5;15/ 7t , 

*
0 0; 9 5 ;15 7 ;0X t t ; 15

7
t .

2
max 50168126 ttF

2
max 76298294 ttF

5
9

7
150

9
14 t
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1

 1.

1 2

1 2

2 3 1 min
3

x xF
x x

1 2 3 4

1 2 4

1 2 5

1 2 6

4 2 20 ,
3 10 ,
2 3 11,
2 5 35 ;

x x x x
x x x
x x x
x x x

0 1,6jx .

 2.

1 2

1 2

2 min
3 2

x xF
x x

1 2

1 2

1 2

3 7 ,
4 5 ,

4 3 17 ;

x x
x x
x x

1 20, 0x x .

 3.

1 2

1

2 3 max
2

x xF
x
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1 2

1 2

1 2

5 ,
2 1,

3 1;

x x
x x

x x

1 20, 0x x .

 4.

1 2 3 4 5 6

1 2 3 4 5 6

2 3 4 5 8 maxx x x x x xF
x x x x x x

1 2 3 4 5 6

1 2 3 4 5 6

5 3 4 2 120 ,
2 9 5 7 4 2 320 ;
x x x x x x

x x x x x x

0 1,6jx .

 5. , t , 

1 3 26 4 12 maxF x t x t x

1 2 3

1 2 4

1 2 5

28,
3 20,

1/ 2 2 24;

x x x
x x x

x x x

0 1,5jx j .

 6. , t , 
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1 2 45 3 4 maxF x t x t x

1 2 3

1 2 4

1 2 5

2 12,
2 10,
3 2 24;

x x x
x x x
x x x

0 1,5jx j .

 7. , t , 

1 3 46 4 12 maxF x t x t x

1 2 3

1 2 4

1 2 5

28,
3 20,

1/ 2 2 24;

x x x
x x x

x x x

0 1,5jx j .

 8. , t , 

1 22 5 maxF x x



56

1 2 3

1 2 4

1 2 5

2 4 2 ,
2 6 ,

3 8 3 ;

x x x t
x x x t

x x x t

0 1,5jx j .

 9. , t , 

1 2 3 42 maxF x x x x

1 2 3

1 2 4

1 5

1 2 ,
2 2 ,
3 3 ;

x x x t
x x x t
x x t

0 1,5jx j .

 10. , t , 

1 26 15 maxF x x

1 2 3

1 2 4

1 2 5

2 4 2 ,
2 6 ,

3 8 3 ;

x x x t
x x x t

x x x t

0 1,5jx j .
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 11. , t , 

1 2 42 3 4 2 6 maxF t x tx t x

1 2 3

1 2 4

1 2 5

12,
2 6 8 ,

2 10 12 ;

x x x
x x x t
x x x t

0 1,5jx j .

 12. , t , 

1 2 52 3 3 2 4 maxF t x t x t x

1 2 3

1 2 4

1 2 5

2 4 6 ,
3 9 12 ,

8 9 ;

x x x t
x x x t

x x x t

0 1,5jx j .

 13. , t , 

1 2 42 3 4 2 6 maxF t x tx t x
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1 2 3

1 2 4

1 2 5

12,
1 1 3 4 ,
2 2
2 10 12 ;

x x x

x x x t

x x x t

0 1,5jx j .
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2

 3. 

3.1. . 

,  (

) 

.

, 

 ( ) 

 ( ).

– , 

, , 

, 

.

.

1 2, ,... nF f x x x extr (3.1)

, 

1 2

1 2

, ,... 1, ,

, ,... 1, ,

i n i

i n i

g x x x b i k

g x x x b i k m
(3.2)

f ig – n , ib – .

, 

, .

, 

1 2, ,..., ,nX x x x  (3.2) ,
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1 2, ,..., ,nX x x x ,  (3.2),

:

1 2 1 2, ,..., , ,...,n nf x x x f x x x

1 2 1 2, ,..., , ,...,n nf x x x f x x x .

f ig  – ,  (3.1)–(3.2) 

.

, 

.

 (

) 

(3.1) – (3.2).

 (3.2) . 

.

 (3.1)–(3.2)

.

1) ,  (3.2)

, ).

2) 1 2, ,..., nf x x x h .

3)  ( ) 

 (3.1)

 ( ) .

4) , 

 ( ) , 

 (3.1).
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3.2. 

, 

1 2, ,..., ,nx x x F .

(3.1)–(3.2), ,  (3.2) ,

, 1 2, ,..., nf x x x 1 2, ,...,i ng x x x  –

, .

1 2, ,..., nF f x x x extr (3.3)

:

1 2, ,...,i n ig x x x b 1,i m . (3.4)

 (3.3)–(3.4) 

.

, 1 2, ,..., m , 

1 2 1 2 1 2 1 2
1

, ,..., , , ,..., , ,..., , ,..., .
m

n m n i i i n
i

F x x x f x x x b g x x x (3.5)

1,
j

F j n
x

1,
i

F i m

n m

1

1 2

0 1, ,

( , ,..., ) 0 1,

m
i

i
ij j j

i i n
i

F f g j n
x x x

F b g x x x i m
(3.6)

n m : 1 2 1 2, ,..., , , ,...,n mx x x .  (3.6)

0 0 0
1 2, ,..., ,nX x x x
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1 2, ,..., nf x x x . ,  (3.6), , 

 (3.3) . 

, .

,  (3.3)–(3.4) 

.

1) .

2) jx i

.

3)  (3.6), , 

.

4) , , 

,  (3.3) .

, ,Z f x y , 

,  ,

0, 0z z
x y

.

, , 

. 

, , 

.

.

, 

, 2B AC , 

2 2 2

2 2, ,z z zA B C
x x y y

,

. :

) 2 0B AC , Z : 

0 0A C ; 0 0A C ;
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) 2 0B AC , Z ;

) 2 0B AC , , 

.

,Z f x y

.

 3.1.

2
2 1 16 maxF x x x (3.7)

1 2

1 2

1 2

2 3 24,
2 15,

3 2 24;

x x
x x
x x

(3.8)

1 2 20, 0, 4x x x . (3.9)

 (3.7) ,  (3.7)–(3.9) 

. 

OABC  ( . . 3.1).

, 

,  (3.7) .

2
2 1 16 ,F x x x h

h  – , h . 
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h , 10 ,x

h . , F

. 

D  ( . 3.1), 2
2 1 16 13F x x x

. D

2
2 1 1

2

6 13,
4.

x x x
x

(3.10)

, 1 23; 4x x . , max 13F , 

3,4 .X

 3.1.

,  (3.7)–(3.9) 

. 

, , 

.

2 4 6 8 10 12 14 16

2

0

2x1+3x2=24
 x1

F=13

4

8
6

10
12

16
14

 x2

F=11
F=10

3x1+2x2=24

x1+2x2=15
F=9D
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 3.2.

2 2
1 23 4F x x extr (3.11)

1 2

1 2

1 2

3 2 7,
10 8,

18 4 12;

x x
x x

x x
(3.12)

1 20, 0x x . (3.13)

 (3.11)–(3.13) ABC  ( . 3.2).

 3.2.

 (3.11), h ,

 x1

2 4 6 8 10 12 14  x10-2

2

8

6

10

12

14

C

B
 A

 D4

10x1-x2=8

(x1-3)2+(x2-4)2=65

-18x1+4x2=12

3x1+2x2=7
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, 2 2
1 23 4x x h . 3,4E

h .  ( ) h F

 ( ).

, , 

D , .

1 210 8x x D . 

2 110 8x x , D  10.

D

2x 1x  .

2x 1x

, 

1 2 22 3 2 4 0x x x ,

2 1 23 / 4 .x x x

 10, 

. , 

, 

1 2

1 2

10 43,
10 8;
x x

x x

1 123/101;x 2 422/101.x

2 2
min 123/101 3 422/101 4 324/101.F

. 3.2, 

2,12 . 

, . , 

max 65.F
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 3.3.

2 2
1 24 3F x x extr (3.14)

1 2

1 2

1 2

2 3 6,
3 2 18,

2 8;

x x
x x
x x

(3.15)

1 0x , 2 0x . (3.16)

 ( . 3.3),  –
2 2

1 24 3x x h 4,3F R h . . 3.3

, 4,3F ,  

 – 13;10,5C . , min 0F max 137,25.F

 3.3.

B

A –(x1–4)2+(x2–3)2=137,25

2 4 6 8 10 12 14 16 x1

2

4

8

6

10

12

16

14

x2

0–2
–2

3x1–2x2=18

–x1+2x2=8

2x1+3x2=6

F

 E D

C
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 3.4.

1 23 4 maxF x x (3.17)

2 2
1 2

1 2

25,
4;

x x
x x

(3.18)

1 0x , 2 0x . (3.19)

 (3.17)–(3.19) . 3.4. 

, . . 3.4 , 

E , 
2 2
1 2 25.x x E

1 23 4x x h  ( h  – ) 

E . 2x 1x , 

2 2
1 2 25x x 1 2 22 2 0x x x , 

2 1 2/x x x . 3/ 4k , 

. 

.

, 

1 2
2 2
1 2

3 4 0,
25;

x x
x x

1 4;x 2 3.x 2 2
max 3 4 25.F
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 3.4.

 3.5.

180 . 

. 1x  I 

2
1 14x x ., 2x  II 

2
2 28x x . , ,

.

2 2
1 1 2 24 8 minf x x x x (3.20)

1 2 180x x , (3.21)

x1

3x1+4x2=25

2 4 6 8 10 12

2

4

8

6

10

x2

0–2
–2

x1*x2=4

x1
2+x2

2=25



70

1 0,x 2 0x . (3.22)

, 

.  ( . . 3.5),

 – 2, 4 .

 3.5.

, , 

D . 

, , k 2 2
1 1 2 24 8x x x x c

D 1 2 180x x  –1.

2x 1x ,

1 2 2 24 2 8 2 0x x x x 1
2

2

2 .
4

xx
x

 –1, 

D . , 

D , 

1 2

1 2

2,
180;

x x
x x

x1

x2

x1+x2=180

D

0
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1 91;x 2 89x . ,  91 

I  89  II , 

 17278 .

, .

 (3.20)  (3.21), 

. 

2 2
1 2 1 1 2 2 1 2, , 4 8 180 ,F x x x x x x x x

1 2, ,x x :

1
1

2
2

1 2

4 2 0,

8 2 0,

180 0.

F x
x
F x
x
F x x

, 

1 24 2 8 2x x 1 2 2x x .

1 2 180,x x

1 91x 2 89,x D , 

(3.22). . 

, , D f .  

.

, ,

f

1f , f . 

,  (3.21) 2 1180x x

 (3.20), 1x :
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22
1 1 1 1 14 8 180 180 .f x x x x

1
1 1

1

4 2 8 2 180 0f x x
x 14 364 0,x

1 91;x 2 89x . , , f

.

 3.6.

2 2
1 2f x x 1 2 5.x x

2 2
1 2 1 2 1 2, , 5F x x x x x x .

1 2, ,x x . 

1
1

2
2

1 2

2 0,

2 0,

5 0.

F x
X
F x
X

F x x

(3.23)

1 2 0x x . 

 (3.23), 1
5 ,
2

x 2
5
2

x . 

5 5,
2 2

. 
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. ,

, , 

min
25.
2

F

, 

. , 

Z f x g x b , 

Z f x 0
k

f
x

1,k n , 

, g x b ,  

, 

0, 1, ,

.
k k

f g k n
x x

g x b

, , , 

g x b , 

, .
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 4. 

4.1. . 

– , 

, 

.

, 

.

X XOY ,

, , 

.  (

, 

). 

.  ( ) .

: 

1 2, ,..., maxnF f x x x (4.1)

1 2, ,..., 1,i n ig x x x b i m (4.2)

0 1, ,jx j n (4.3)

f ig  – n 1 2, ,..., nx x x .

. , 

f ig , 

. , 

 (4.1)–(4.3) , f  –  ( )



75

,  (4.2)–(4.3) .

f 1 2, ,..., nx x x , X, 

, 1x 2x X 0 1

2 1 2 11 1f x x f x f x . (4.4)

 4.1. 

,  (4.1)–(4.3) 

, ix , , 

1,i i ig x b i m .

 (4.1)–(4.3) ,

1 2, ,..., nf x x x ), 1,ig x i m  – .

 1.

.

 (4.1)–(4.3) 

1 2 1 2 1 2 1 2
1

, ,..., , , ,..., , ,..., , ,..., ,
m

n m n i i i n
i

L x x x y y y f x x x y b g x x x  (4.6)

1 2, ,..., my y y  – .

0 0 0 0 0 0
0 0 1 2 1 2, , ,..., , , ,...,n mx y x x x y y y

, 0 0 0 0 0 0 0 0 0
1 2 1 2 1 2 1 2, ,..., , , ,..., , ,..., , , ,...,n m n mL x x x y y y L x x x y y y

 f(x)

0  x1
 x

 x2

 f(x2)

12 )1( xxx

 f(x1)  f(x)
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1 2 1 2, ,..., , , ,...,n mL x x x y y y 0 1,jx j n 0 1,iy i m .

4.2. 

 (4.1)–(4.3), 

, 0 0 0
0 1 2, ,..., nx x x x

, 0 0 0 0
0 1 2, ,..., , 0 1,m iy y y y y i m ,

0 0,x y  – .

, 

, .

, f ig , 

, 

, , 0 0,x y

, 

. 

0 0 1,
j

L j n
x

, (4.7)

0 0 0 1,j
j

Lx j n
x

, (4.8)

0 0 1,jx j n , (4.9)

0 0 1,
i

L i m
y

, (4.10)

0 0 0 1,i
i

Ly i m
y

, (4.11)

0 0 1,iy i m ; (4.12)
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 4.1.

2 2
1 2 1 22 4 2 maxf x x x x (4.13)

1 2

1 2

2 8,
2 12;
x x

x x
(4.14)

1 20, 0.x x (4.15)

f , 1 1 22 4f x x  (

) 2 2
2 1 22f x x ,  

. 

. , .

2 2
1 2 1 2 1 1 2 2 1 22 4 2 8 2 12 2L x x x x y x x y x x
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1 1 2
1

2 1 2
2

1 2
1

1 2
2

2 2 2 0,

4 4 2 0,

8 2 0,

12 2 0;

L x y y
x
L x y y
x
L x x
y
L x x
y

(4.16)

1 1 1 1 2
1

2 2 2 1 2
2

1 1 1 2
1

2 2 1 2
2

2 2 2 0,

4 4 2 0,

8 2 0,

12 2 0;

Lx x x y y
x
Lx x x y y
x
Ly y x x
y
Ly y x x
y

(4.17)

1 2 1 2, , , 0x x y y . (4.18)

 (4.16) :

1 1 2

2 1 2

1 2

1 2

2 2 2,
4 2 4,

2 8,
2 12.

x y y
x y y

x x
x x

(4.19)

1 2 1 2, , ,v v w w , 

 (4.16) , 

1 1 2 1

2 1 2 2

1 2 1

1 2 2

2 2 2,
4 2 4,

2 8,
2 12.

x y y v
x y y v

x x w
x x w

(4.20)

1 2 1 2 1 2 1 2, , , , , , , 0x x y y v v w w . (4.21)

(4.20), :
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1 1 0,v x 2 2 0,v x 1 1 0,w y 2 2 0w y . (4.22)

 (4.20) 

 (4.22), 

, .

 (4.20)

. 

(4.20) 1Z 2Z

, 

1 2 maxF Mz Mz (4.23)

1 1 2 1 1

2 1 2 2 2

1 2 1

1 2 2

2 2 2,
4 2 4,

2 8,
2 12.

x y y v z
x y y v z

x x w
x x w

(4.24)

1 2 1 2 1 2 1 2 1 2, , , , , , , , , 0.x x y y v v w w z z (4.25)

 (4.23)–(4.25)  (4.22)

 (4.24) ( .

. 4.1).

0 0 0 0
1 2 1 2 1 2 1 21; 1; 5; 11; 0.x x w w y y v v

0 0 0 0
1 1 2 2 1 1 2 20; 0; 0; 0,x v x v y w y w 0 0, 1,1,0,0x y

. , 1,1x  –

max 3f .
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 4.1. 

1 0c 2 0c 3 0c 4 0c 5 0c 6 0c 7 0c 8 0c 9c M 10c M
i bC 0A

1xA 2xA 1A 2A 1vA 2vA 1wA 2wA 1yA 2yA

1 1yA –  2 2 0 1 2 -1 0 0 0 1 0

2 2yA –  4 0 4 2 -1 0 -1 0 0 0 1

3 1wA 0  8 1 2 0 0 0 0 1 0 0 0

4 2wA 0 12 2 -1 0 0 0 0 0 1 0 0

1m 0 0 0 0 0 0 0 0 0 0 0

2m -6 -2 -4 -3 -1 1 1 0 0 0 0

1 1yA –  2 2 0 1 2 -1 0 0 0 1 0

2 1xA 0  1 0 1 1/2 -1/4 0 -1/4 0 0 0 1/4

3 1wA 0  6 1 0 -1 1/2 0 1/2 1 0 0 -1/2

4 2wA 0 13 2 0 1/2 -1/4 0 -1/4 0 1 0 1/4

1m 0 0 0 0 0 0 0 0 0 0 0

2m -2 -2 0 -1 -2 1 0 0 0 0 1

1 1xA 0  1 1 0 1/2 1 -1/2 0 0 0 1/2 0

2 2xA 0  1 0 1 0 0

3 1wA 0  5 0 0 1 0

4 2wA 0 11 0 0 0 1

1m
J JF C 0 0 0 0 0
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1 2 2 1
1 2

2 2 2

2 2
1 2 1 2

4 5; 2 6;

4; 2; 1.

F Fx x x x
x x
F F F

x x x x

2 2

2
1 1 2
2 2

2
1 2 2

4 1
, 7 0,

1 2

F F
x x x

A A
F F

x x x

1 4 4 0  – .

, F x .

)

2
2 1

1 2 1 21 2 1 2 1 2

1; ; ;
2 2 4

G x G x G
x x x xx x x x x x

2 2
2 1

2 2
1 1 1 2 2 2

1 1; .
4 4

G x G x
x x x x x x
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1 11
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x xx
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;

2
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1 1 0.
16 16

A
x x x x

, G , 1 0x , 2 0x .
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n

1 1 2 2 n nF a x a x a x ,

. 
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1 2, , , nx x x

, 

1 2
1 1
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n n

n kj k j
k j

M x x x c x x

k j jkc c .

, 2n

2 2
2 2

1 2 11 1 12 1 2 21 2 1 22 2
1 1

, ,k j k j
k j

M x x c x x c x c x x c x x c x

1 2 1 11 1 12 2 2 21 1 22 2( , )M x x x c x c x x c x c x .
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11 12 1

21 22 2
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c c x

A X
c c x

1 2, ,M x x X A X

A .

1 2, ,..., nx x x

1 1
.

n n

k j k j
k j

Z c x x

Z , 0Z x ,

, 0Z x

1 2, , ..., ,nX x x x 0X .

Z , 

0Z x , , 0Z x

1 2, , ..., ,nX x x x , 

1 2' ' , ' , , 'nX x x x , 

, ( ) 0.Z X

. , –

, , .

.

1 1 1

n n n

j j kj k j
j k j

f x d x c x x extr (5.1)

1
1,

n

ij j i
j

a x b i m (5.2)
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0 1,jx j n , (5.3)

1 1

n n

kj k j
k j

c x x  – .

1 1 1 1

n n n n

j j k j k j i i i j j
j k j j

L d x c x x y b a x .

L

0 0 0 0 0 0
0 0 1 2 1 2, , , , , , , ,n mX Y x x x y y y ,

, 1,jV j n 1,iW i m ,

, 

, 

, 

0 0 1,j
j

L V j n
x

, (5.4)

0 0 1,i
i

L W i m
y

, (5.5)

0 0 1,j jx V j n , (5.6)

0 0 1,i iy W i m ; (5.7)

0 00, 0, 0, 0 1, ; 1,j j i ix V y W j n i m . (5.8)

,  (5.1)–(5.3),

 (5.4)  (5.5),

 (5.6)  (5.7).
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,

1

m

i
i

F M y

 (5.4), (5.5), (5.8)  (5.6)  (5.7). iy  – ,

 (5.4)  (5.5).

(5.6)  (5.7), ,

.

, 

(5.1)–(5.3) .

1) .

2)  (5.4)–(5.8) 

.

3) 

, .

4) 

.

, 

0 0 1,j jx V j n , (5.6)

0 0 1,i iy W i m , (5.7)

x V , y W

.  (5.6)  (5.7) 

, x ,

y , V W , 0 0,jx 0jV ,  ,  0 0,jx 0jV ;

0iy , 0iW .
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0S RS .

U , ,

W U  ( , 
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 6.1. S

, 

S , *U , 
*W U .
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, S . . 

 – ix . 
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.

1
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i i
i

F f x (6.1)

1
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i
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x S , (6.2)

0 1,ix i n . (6.3)
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0  x1

0S
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k kW X u , 

n

( 1)

1

,
n
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k
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. 

. 

, S n
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, ., 
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. 

. 0
nF X

, n S
0X nX

1 2, , , nU u u u , ( )k
n kF X  – 

, kX
nX n k , .

0 10
1 1max , ,

k j

n
n n nu

F X W X u W X u , (6.5)

1

1
1 1 1max ,

k

k k k
k k n kn k u

F X W X u F X 0, 1k n . (6.6)

. , .

.

1k n  (6.6), 

1 1
1 0max ,

n

n n n
n nu

F X W X u F X . (6.7)

0
nF X . 

 (6.7) S

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

mX X X

1

1 1 10 0 0
2, , , ,n n n

n n n mu X u X u X

 (6.7)

1 1 10 0 0
1 1 1 2 1, , , ,n n n

mF X F X F X .

, n
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1

1 2 1
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n
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n nu

F X W X u F X . (6.8)

, 2F 2nX ,

, 2
1 1,n
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nF X . 

1
1

nF X , . 

2
1 1,n

n nW X u 2nX
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1nu 2nX . 
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1 1
max

m n

ij ij
i j

H g x (6.9)

1
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n

i ij ij
j

S x i m , (6.10)

1
1

1,
n

ij i
j

x S i m , (6.11)

0 1, ; 1,ijx i m j n . (6.12)

 (6.9) 

;  (6.10) i

,  (6.11) , i

, .

 (6.12) , 

.

 (6.11) , 

, , 
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. , , inx  (6.11)

1

1
1

1,
n

in i ij
j

x S x i m , (6.13)

inx  (6.10)

1 1

1
1 1

1,
n n

i ij ij in i ij
j j

S x S x i m . (6.14)

, 

, – . 

, 

. , 
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1
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1 1

1 1
1 1

, ,
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i i i ij ij in i ij
j j

h S u g x g S x (6.16)
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1 2 , 1, ,..., 1,i i i i nu x x x i m . (6.17)

1,ih S ui i i . 

 (6.16),  (6.15) 
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1
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i
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 6.1. 

1 0 0A 0,3 0A 2

2 0 0,3 0,09 0A 0,18

3 0 0,09 0A 0,027 0,02

 3 2,20

  , 

, 

, 

, . B

 6.2.

 6.2. 

1 0A 0 0,8
2
0A

2 0,8 0 0,64 0A 0,64

3 0,64 0 0,512 0,41

 3 2,05
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, .

, . , 

, 

, .

. 

A  – , ,

 – x , , 

 ( A x ),

 – P , .

i  ( ). 

10,8 0,3 1,3i i i iA x A x i ,

ip i .

22
12 1,3i i i ip x A x i .

n , 4i n . 

22
10

max 2 0,8 0,3 1,3n nx A
p A x A x p x A x n . (6.19)

np A  – n ,  

A .

nu A

, n

A .

0 0p A 1p A , 

1n , 

22
1 0

max[ 2 ]
x A

p A x A x .
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22 2y x A x 0, A .

2 2 2 1 6 4y x A x x A . 
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3

x A A , . 

: 6y x 2
3
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0, A . 0x 22y A , x A 2y A .

0x 22A . 
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.
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222
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max 2 2 0,8 0,3
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, 2
1 2p A A , 

1 0,8 0,3p x A x .  0, A

222 2 2 0,8 0,3y x A x x A x . 

, , 22,28y A

x A . 2
2 2,28 ,p A A 2u A A  – 

 ( ) . 

3n , 1i .

3n

222
3 0

max 2 2,28 0,8 0,3 .
x A

p A x A x x A x

, 

2 0,8 0,3p x A x . , 

2
3 2,46p A A , 3u A A  – 
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3 0 0,64 0A  0,192 0A 0,82 2
0A

 3 2,46 2
0A



102

, , , 

,  ( ).

, ,

 ( ).

 6.2.

, k

, K . . 

m . 

( 1 2, , ..., )mt t t

. 

. , i –

j j
ix .

. j
ix , 

, m

. 

.

, j i j
ix . .,

iu .

, iu , i
1

ix . ., 2
ix . . . 

1 2, , ..., k
i i ix x x 1 2, , ..., mu u u m

m k .

, 

, , m ,  



103

1 2, ,..., mW W u u u . , 

iu , , 

W .

.

 6.3.

. 

, 

 6.4.

 6.4. 

, 

 ( )

0 1 2 3 4 5

R

 ( . .)
80 75 65 60 60 55

Z ,

 ( . .)

20 25 30 35 45 55

, , 

, ,  40 . ., 

,  5

, .

 ( ), 



104

S . 

 ( ) ,

. 

, 

. 1u  – , 

2u  – . 

, , 

, 

. , 

. .

, , 

.  5-

 1-

 ( ), 

 1-  5- . 

.

.

, k 1,5k

 – 

, k

1

2

,
,

0 0 ,

k k

k
k k k kk

n

R Z u
F U

R Z C u

k  – k 1,5k ; ku – , 

k ; nC – .

, 



105

1
1

1
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k k k
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k k k k
n k

R Z F
F

R Z C F
(6.20)

 (6.20), 

. 

 ( )  (5– ) , 

. 
1 0 ,  5-  1, 2, 3  4
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5
5F . 
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R Z
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5 0
5 2 1

65 30
max 35,
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F u u ;

5 0
5 3 1

60 35
max 25,

80 20 40
F u u ;

5 0
5 4 2
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max 20,
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F u u .

 6.5.
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5
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1 50 1u
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4 0
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60 35 20
max 70,

80 20 40 50
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 6.6.

 6.6. 
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0u
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3 70 2u
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3 3
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1

2

1

1 1 10

2 2 2 1 20

1 1 1 2 10

max ;

max ;

. . . . . . . . . . . . . . . . .

max .
n

x x

x x

n n n n nx x

x f x

x f x x x

x f x x x

(6.22)

 6.10. 
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 ( . .)-
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. .) 1 2 3

0 0 0 0
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X . . i

. n x
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 (6.22) 
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500 max 170, 500;
90

110
170

x

0
1 1

0
30
50

600 max 180, 600;90
110
170
180

x

0
1 1

0
30
50
90

700 max 210, 700.
110
170
180
210

x

 6.11.
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 6.11. 

-

, 

. .)

i x

. .)

0
1x ,

. .)

0 0 0

100 30 100

200 50 200

300 90 300

400 110 400

500 170 500

600 180 600

700 210 700

 6.11  6.10, 

, .

2
2 2 2 1 2

0
,max

x x
x f x x x

x ,  0, 100, 200, 300, 400, 500,

600  700:

0
2 20 0, 0x ;

0
2 2

0 30
100 max 50, 100

50 0
x ;

0
2 2

0 50
200 max 50 30 80, 100

80 0
x ;
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0
2 2

0 90
50 50

300 max 110, 200
80 30
90 0

x ;

0
2 2

0 110
50 90

400 max 150, 40080 50
90 30
150 0

x ;

0
2 2

0 170
50 110
80 90

500 max 190, 500
90 50

150 30
190 0

x ;

0
2 2

0 180
50 170
80 110

600 max 220, 10090 90
150 50
190 30
210 0

x ;

0
2 2

0 210
50 180
80 170
90 110

700 max 250, 200
150 90
190 50
210 30
220 0

x .
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, , 

6.12.

 6.12. 

-

x , 

. .)

2 x

. .)

0
2x ,

. .)

0 0 0

100 50 100

200 80 100

300 110 200

400 150 400

500 190 500

600 220 100

700 250 200

3
3 3 3 3 30

max
x x

x f x x x ,

 6.12  6.10. 

 3, 

700x :
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0
3 3

0 250
40 220
50 190

110 150
300 max 270, 600

120 110
180 80
220 50
240 0

x .

,  270 . . 

,  600 . ., 

 – 100 . . ,  6.12,

 100 . .

, 

, 

.

2

 1.

1 2 maxF x x

1 2

1 2

1 2

6 4 12,
2 3 24,
3 4 12;

x x
x x
x x

1 20, 0.x x
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 2.

9F 2 2
1 25 4 6 minx x

1 2

1 2

2

3 2 12,
6,

4;

x x
x x
x

1 20, 0x x .

 3.

1 24 3 maxF x x

2 2
1 1 2 2

1

2

2 2 34 0,
1,
1.

x x x x
x
x

 4.

1 2 maxF x x

2 2
1 1 2 2

1 2

2 2 14 0,
2 10;
x x x x

x x

1 20, 0.x x



119

 5.

2 2
1 2 3f x x x

1 2 3

1 2

4,
2 3 12.
x x x

x x

 6.

1 2 3F x x x

1 2 2 3

1 2

2 12,
2 8.

x x x x
x x

 7.

1 2 2 3F x x x x

1 2

2 3

4,
4.

x x
x x

 8.

2 2
1 2 1 2 1 24 2 2 maxF x x x x x x

1 2

1 2

2 12,
3 15;
x x
x x
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1 2, 0.x x

 9.

2 2
1 2 1 28 maxF x x x x

1 2

2

7,
5;

x x
x

1 20, 0x x .

 10.

2 2
1 2 1 22 8 maxF x x x x

1 2

1 2

2 12,
8;

x x
x x

1 2, 0x x .

 11.

2 2 2
1 2 3 2 32 2 3 maxF x x x x x

1 2 3

2

1 3

18,
12,
2 14;

x x x
x
x x
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1 2 30, 0, 0.x x x

 12.

2 2
1 2 1 232 120 4 15 maxF x x x x

1 2 3

1 2 4

2 5 20,
2 8,

x x x
x x x

0 1,4jx j .

 13.

2
1 2 32 minF x x x

1 2

1 2

3 2 6,
2 4,

x x
x x

1 20, 0.x x

 14.

2 2
1 2 1 28 10 minF x x x x

1 2 3

1 2 3

3 2 6,
0, 0, 0.

x x x
x x x
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 15.

2 2
1 2 1 22 3 3 maxF x x x x

1 2 3 4

1 2 3 4

3 16,
3 4,

x x x x
x x x x

0 1,4jx j .

 16.

2 2
1 2 1 22 maxF x x x x

1 2

1 2

2 6,
2 10,

x x
x x

1 20, 0.x x

 17.

2 2 2
1 2 3 1 22 minF x x x x x

1 2 3

1 2 3

2 6,
2 3 12,

x x x
x x x

1 2 30, 0, 0.x x x
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 18.

2
1 2 1 32 maxF x x x x

1 2

2 3

8,
4,

x x
x x

1 2 30, 0, 0.x x x

 19.

2
1 2 3 minF x x x

1

2

3

0 2,
0 4,
0 6.

x
x
x

 20.

2 2
1 1 2 32 maxF x x x x

1 2 32 6;x x x

0 1,3jx j .

 21. 0,0O , 0,6A , 5,8B , 10,4D

8,0E :

2 2
1 2 1 21) 6 4 min;F x x x x
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2 2
1 2 1 1 2 22) 18 16 3 5 max;F x x x x x x

2 2
1 2 1 23) 20 16 max;F x x x x

1 24) max;F x x

2 2
1 2 1 25) 2 3 40 48 min;F x x x x

2 2
1 1 2 26) 2 2 min.F x x x x

 22.

2
1 2 22 minF x x x

1 2

1 2

3 2 6,
2 4,

x x
x x

1 20, 0x x .

 23.

6.3 

, . , , 

, ,

 10 . .

0 1 2 3 4 5 6 7 8 9

R

. .)

25 24 24 23 23 23 22 22 21 20
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Z

. .)

15 15 16 16 17 17 18 18 19 20

 24.

 6.4 ix

i if x , , ,  S=100 . .

i if x

 ( . .)
-

ix

. .)
1 2 3 4

0 0 0 0 0

20 12 14 13 18

40 33 28 38 39

60 44 38 47 48

80 64 56 62 65

100 78 80 79 82
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