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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ 1 

 

Чɢɫɟɥьɧɟ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ Ⱦɿɪɿɯɥɟ ɞɥɹ ɪɿɜɧɹɧɧɹ ɉɭɚɫɫɨɧɚ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
Ɂɧɚɣɞɟɦɨ ɧɚɛɥɢɠɟɧɢɣ ɪɨɡɜ’ɹɡɨɤ ( , )U x y  ɡɚɞɚɱɿ Ⱦɿɪɿɯɥɟ ɞɥɹ 

ɪɿɜɧɹɧɧɹ ɉɭɚɫɫɨɧɚ: 
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ɹɤɢɣ ɡɚɞɨɜɨɥɶɧɹє ɝɪɚɧɢɱɧɢɦ ɭɦɨɜɚɦ: 
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Ⱦɥɹ ɰɶɨɝɨ ɜɢɤɨɪɢɫɬɚєɦɨ ɦɟɬɨɞ ɫɤɿɧɱɟɧɧɢɯ ɪɿɡɧɢɰɶ ɧɚ 

ɩ’ɹɬɢɬɨɱɤɨɜɨɦɭ ɲɚɛɥɨɧɿ “ɯɪɟɫɬ”. Ⱥɩɪɨɤɫɢɦɚɰɿɹ ɩɨɯɿɞɧɢɯ ɜ ɪɿɜɧɹɧɧɿ 
(1.1) ɦɚє ɜɢɝɥɹɞ 
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ɋɢɫɬɟɦɭ ɪɿɡɧɢɰɟɜɢɯ ɪɿɜɧɹɧɶ (1.5) ɬɚ ɝɪɚɧɢɱɧɿ ɪɿɡɧɢɰɟɜɿ ɭɦɨɜɢ 
(1.6) ɧɚɡɢɜɚɸɬɶɫɹ ɪɿɡɧɢɰɟɜɨɸ ɚɩɪɨɤɫɢɦɚɰɿєɸ ɚɛɨ ɪɿɡɧɢɰɟɜɨɸ 
ɫɯɟɦɨɸ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (1.1), (1.2). 
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Чɢɫɟɥьɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ 

Ɋɿɡɧɢɰɟɜɭ ɫɯɟɦɭ (1.5), (1.6) ɦɨɠɧɚ ɪɨɡɜ’ɹɡɭɜɚɬɢ ɪɿɡɧɢɦɢ 
ɦɟɬɨɞɚɦɢ (ɩɪɹɦɢɦɢ, ɿɬɟɪɚɰɿɣɧɢɦɢ).   

 

Іɬɟɪɚɰɿɣɧɢɣ ɦɟɬɨɞ Ʌɿɛɦɚɧɚ 

Ɂɧɚɯɨɞɠɟɧɧɹ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɧɚ ɧɭɥɶɨɜɿɣ ɿɬɟɪɚɰɿʀ: 
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Іɬɟɪɚɰɿɣɧɢɣ ɦɟɬɨɞ Ƚɚɭɫɚ-Ɂɟɣɞɟɥɹ 
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Іɬɟɪɚɰɿɣɧɢɣ ɦɟɬɨɞ ɩɨɫɥɿɞɨɜɧɨʀ ɜɟɪɯɧьɨʀ ɪɟɥɚɤɫɚɰɿʀ 
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ɞɟ   – ɪɟɥɚɤɫɚɰɿɣɧɢɣ ɩɚɪɚɦɟɬɪ 21   ,
11
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 ,  

  – ɧɚɣɛɿɥɶɲɟ ɩɨ ɦɨɞɭɥɸ ɜɥɚɫɧɟ ɡɧɚɱɟɧɧɹ ɦɚɬɪɢɰɿ əɤɨɛɿ, ɹɤɟ ɞɥɹ 

ɩɪɹɦɨɤɭɬɧɨʀ ɨɛɥɚɫɬɿ ɨɛɱɢɫɥɸєɬɶɫɹ 
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Ⱦɥɹ ɦɟɬɨɞɿɜ Ƚɚɭɫɚ-Ɂɟɣɞɟɥɹ ɬɚ ɩɨɫɥɿɞɨɜɧɨʀ ɜɟɪɯɧɶɨʀ ɪɟɥɚɤɫɚɰɿʀ 
ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɧɚ ɧɭɥɶɨɜɿɣ ɿɬɟɪɚɰɿʀ ɡɚɯɨɞɢɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (1.6). 
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Ɂɚɜɞɚɧɧɹ 

 

ɉɪɨɜɟɫɬɢ ɱɢɫɟɥɶɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɫɬɚɰɿɨɧɚɪɧɨɝɨ ɪɨɡɩɨɞɿɥɭ 
ɬɟɦɩɟɪɚɬɭɪɢ ( , )T x y  ɭ ɜɧɭɬɪɿɲɧɿɯ ɬɨɱɤɚɯ ɩɥɚɫɬɢɧɢ, ɹɤɢɣ 
ɨɩɢɫɭєɬɶɫɹ ɪɿɜɧɹɧɧɹɦ Ʌɚɩɥɚɫɚ ɜ ɨɛɥɚɫɬɿ G   
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ɿ ɡɚɞɨɜɨɥɶɧɹє ɝɪɚɧɢɱɧɢɦ ɭɦɨɜɚɦ ( , ), ( , ) .
Г

T x y x y Г   

Ɋɨɡɪɚɯɭɧɤɢ ɩɪɨɜɨɞɢɬɢ ɡ ɬɨɱɧɿɫɬɸ 0,1.   Ɉɛɥɚɫɬɶ G  ɦɚє ɜɢɝɥɹɞ 
 byaxyxG  0  ,0:),( .  

Ƚɪɚɧɢɱɧɿ ɭɦɨɜɢ: 
 

axTbxTTxT  0             ,),(               ,)0,( 21 , 

bykykyaTkykyT ss  0   ,),(   ,),0( 2121 , 

 

ɞɟ                            ...3,2,1  ,  , 12
12

1 


 sTk
b

TT
k

s
    

 

















;3015    ,4

,151      ,3
    
;3015    ,4

,151      ,3

n

n
b

n

n
a  

 
ɞɟ   

n  – ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ,  
1h   – ɤɪɨɤ ɫɿɬɤɢ, 

1T  – ɤɿɥɶɤɿɫɬɶ ɛɭɤɜ ɩɪɿɡɜɢɳɚ,  

2T  – ɤɿɥɶɤɿɫɬɶ ɛɭɤɜ ɿɦɟɧɿ ɫɬɭɞɟɧɬɚ ɡɚ ɩɚɫɩɨɪɬɨɦ, ɳɨ ɩɨɦɧɨɠɟɧɚ 
ɧɚ 30. 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ 2 

 

Чɢɫɟɥьɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɦɿɲɚɧɨʀ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ  
ɞɥɹ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ.  

əɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
ɉɪɨɰɟɫ ɩɨɲɢɪɟɧɧɹ ɬɟɩɥɚ ɜ ɨɞɧɨɜɢɦɿɪɧɨɦɭ ɜɢɩɚɞɤɭ ɨɩɢɫɭєɬɶɫɹ 

ɧɚɫɬɭɩɧɢɦ ɪɿɜɧɹɧɧɹɦ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 
2

2
( , )

T Tɫ F x t
t x

  
 

 
,                              (2.1) 

ɞɟ     – ɝɭɫɬɢɧɚ ɦɚɬɟɪɿɚɥɭ,   - ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, T  – 

ɬɟɦɩɟɪɚɬɭɪɚ, t  – ɱɚɫ, ( , )F x t  – ɮɭɧɤɰɿɹ ɞɠɟɪɟɥɚ, c  – ɩɢɬɨɦɚ 
ɬɟɩɥɨєɦɧɿɫɬɶ ɦɚɬɟɪɿɚɥɭ. 

 
Ʉɪɚɣɨɜɿ ɭɦɨɜɢ ɡɚɞɚɸɬɶɫɹ ɬɚɤ: 

( ,0) ( ),    0T x f x x l   ,  (2.2) 

10     ),(),0( ttttT  ,   (2.3) 

10      ),(),( ttttlT  .  (2.4) 

 
Ɉɫɤɿɥɶɤɢ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɪɟɠɢɦ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɩɪɨɬɹɝɨɦ ɞɟɹɤɨɝɨ 

ɱɚɫɭ 1t , ɬɨ ɨɛɥɚɫɬɶ ɡɚɞɚɧɧɹ ɪɿɜɧɹɧɧɹ (2.1) – ɰɟ ɞɟɹɤɚ ɮɚɡɨɜɚ ɨɛɥɚɫɬɶ 

 1( , ) :  0 ,    0G x t x l t t     . 

 
Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɞɚɧɨʀ ɡɚɞɚɱɿ ɦɟɬɨɞɨɦ ɫɿɬɨɤ. ɉɨɤɪɢєɦɨ 

ɨɛɥɚɫɬɶ G ɪɿɡɧɢɰɟɜɨɸ ɫɿɬɤɨɸ ɡ ɤɪɨɤɚɦɢ h ɩɨ х ɬɚ  ɩɨ ɱɚɫɭ. Ɍɚɤɢɦ 
ɱɢɧɨɦ ɦɚєɦɨ ɫɿɬɤɨɜɭ ɨɛɥɚɫɬɶ  

 












.1,1,

,1,1,

mkkt

niihx
G

k

i
h


  

 
Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ ɡɚɞɚɱɿ ɩɪɨɜɟɞɟɦɨ ɚɩɪɨɤɫɢɦɚɰɿɸ 

ɩɨɯɿɞɧɢɯ ɜ (2.1): 
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2
11

2

2 2
 

),(

h

TTT

x

txT k
i

k
i

k
iki  





,                      (2.5) 

 
1( , ) k k

i k i iT x t T T

t 

 



                             (2.6) 

 
ɚɛɨ   

1( , ) k k
i k i iT x t T T

t 

 



.                            (2.7) 

 
əɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 

 
1

2 1 1
2

2k k k k k
i i i i iT T T T T

a
h


   

 ,                       (2.8) 

 














 


,,1   ,  ,

,,0   ,

,1,0   ,1,1   ),()21(

0

0

11
1

mkTT

nifT

mkniTTTT

k
k

nk
k

ii

k
i

k
i

k
i

k
i





(2.9) 

ɞɟ 
2

2

a

h

  . 
 
Ɋɿɡɧɢɰɟɜɚ ɫɯɟɦɚ є ɫɬɿɣɤɨɸ ɩɪɢ  .5,00     

Ⱦɥɹ ɪɭɱɧɨɝɨ ɪɚɯɭɧɤɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɧɚɫɬɭɩɧɿ ɡɧɚɱɟɧɧɹ  : 
 

1. ))((                 );(5,0     :5,0 2
11

1 hOTTT k
i

k
i

k
i 
       (2.10) 

2. ))((         ).4(
6

1
       :

6

1 4
11

1 hOTTTT k
i

k
i

k
i

k
i 
      (2.11) 
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Ɂɚɜɞɚɧɧɹ 

 

Ɋɨɡɪɚɯɭɜɚɬɢ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɨɞɧɨɪɿɞɧɨɦɭ ɫɬɟɪɠɧɿ (ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɹɜɧɨʀ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ) ɞɨɜɠɢɧɨɸ l , ɳɨ ɜɢɝɨɬɨɜɥɟɧɢɣ ɡ 
ɩɟɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɡ ɬɟɩɥɨɮɿɡɢɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ   , , c  ɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɸ ( , )T x t , ɹɤɚ ɡɚɞɨɜɨɥɶɧɹє ɪɿɜɧɹɧɧɸ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 

 
2

2
12

,      0 ,      0 ,
T T

a x l y t
t x

 
    

 
 

 
ɩɪɢ ɬɚɤɢɯ ɤɪɚɣɨɜɢɯ ɭɦɨɜɚɯ: 
- ɜɿɞɨɦɨ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɩɨɱɚɬɤɨɜɢɣ ɦɨɦɟɧɬ ɱɚɫɭ 
 

12 1
11

( ,0) ( ) ,      0s

s

T T
T x f x x T x l

l





     ; 

 
- ɬɟɩɥɨɜɿ ɪɟɠɢɦɢ (ɩɿɞɬɪɢɦɭєɬɶɫɹ ɡɚɞɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ) ɧɚ ɤɿɧɰɹɯ 

ɫɬɟɪɠɧɹ: 
 

1(0, ) ( )T t t T k   , 

 

2

40 ,                 5,

( , ) ( ) 30 ,          5 10,

50 ,        10 30,

k k

T l t t T k k

k k




    
  

  

 

ɞɟ k  – № ɜɚɪɿɚɧɬɭ, s  – ɧɨɦɟɪ ɩɿɞɝɪɭɩɢ. 
 

Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɜɡɹɬɢ: l  = 0,5ɦ;  h   = 0,1ɦ;  m  = 3. Ɍɟɩɥɨɮɿɡɢɱɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ   , , c  ɡɚɞɚɧɿ ɭ ɧɚɫɬɭɩɧɿɣ ɬɚɛɥɢɰɿ (ɬɚɛɥ.2.1) ɡɝɿɞɧɨ 
ɜɚɪɿɚɧɬɭ k . 
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Ɍɚɛɥɢɰɹ 2.1 

 

k  Маɬеɪіал     ñ  

1. ɋɤɥɨ ɡɜɢɱɚɣɧɟ 2500 0,74 0,670 
2. Ɉɪɝɫɤɥɨ 1180 0,984 1,43 
3. Ɉɥɨɜɨ 7300 66,3 0,222 
4. ɋɜɢɧɟɰɶ 11350 35,1 0,127 
5. ɐɢɧɤ 7150 0,113 0,384 
6 Ɇɿɞɶ 8930 0,390 0,388 
7. Ⱥɥɸɦɿɧɿɣ 2700 0,209 0,896 
8. Ⱥɥɸɦɿɧɿєɜɿ ɫɩɥɚɜɢ 2800 0,163 1,13 
9. Ȼɪɨɧɡɚ 8800 48,2 0,386 

10. Ʌɚɬɭɧɶ 8500 0,109 0,392 
11. Ⱦɟɪɟɜɨ 825 0,20 2,39 
12. Ɇɚɝɧɿɬɧɢɣ ɫɩɥɚɜ 1780 79,1 0,98 
13. ɇɿɤɟɥɶ 8900 67,5 0,427 
14. ɒɥɚɤ ɤɨɬɟɥɶɧɢɣ 1000 0,29 0,76 
15. Ɏɚɪɮɨɪ 2400 1,04 1,09 
16. Ɍɟɤɨɬɨɥɿɬ 1350 0,20 0,293 
17. Ⱥɡɛɟɫɬɨɜɢɣ ɤɚɪɬɨɧ 500 0,184 0,84 

18. 
Ȼɟɬɨɧ ɡ ɤɚɦ’ɹɧɢɦ 
ɳɟɛɧɟɦ 

2000 1,28 0,84 

19. Ɇɚɪɦɭɪ 2800 1,04 1,09 
20. Ƚɥɢɧɚ ɜɨɝɧɟɬɪɢɜɤɚ 1845 1,04 1,09 
21. Ɍɢɬɚɧ 4540 15,1 0,531 
22. Ɍɢɬɚɧɨɜɿ ɫɩɥɚɜɢ 4460 8,7 0,524 
23. ɐɟɝɥɚ ɱɟɪɜɨɧɚ 1800 0,77 0,878 
24. ɐɟɝɥɚ ɫɢɥɿɤɚɬɧɚ 1900 0,81 0,64 
25. Ʉɜɚɪɰɨɜɟ ɫɤɥɨ 2590 0,400 1,55 
26. Ɂɚɥɿɡɨɛɟɬɨɧ 2200 1,55 0,840 
27. Ɂɚɥɿɡɨ 7880 0,74 0,44 
28. ɋɬɚɥɶ 20 7830 51,0 0,494 
29. ɋɬɚɥɶ 45 7830 47,8 0,490 
30. ɇɟɪɠɚɜɿɸɱɚ ɫɬɚɥɶ 7860 16,8 0,494 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ 3 

 

Чɢɫɟɥьɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɦɿɲɚɧɨʀ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ  
ɞɥɹ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ.  

ɇɟɹɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ (2.1)-(2.4) ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɹɜɧɨʀ 
ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ: 

 






















 







.1,0   ,  ,

,,0  ,

,1,0   ,1,1   ,
2

0

0

2

1
1

11
12

1

mkTT

nifT

mkni
h

TTT
a

TT

k
k

nk
k

ii

k
i

k
i

k
i

k
i

k
i




 (3.1) 

ɞɟ                         .21   ,
2

2

  iii c
h

a
ba                           (3.2) 

 
Ɋɨɡɜ’ɹɡɨɤ (3.1) ɡɧɚɯɨɞɢɦɨ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ: 
 

,1
1

11
1





  i
k

ii
k

i TT                             (3.3) 

ɞɟ         

.1,0   ,1,0               

,                  , 11









 

mkni

ac

Ta

ac

b

iii

k
iii

i
iii

i
i 





       (3.4) 

kT011    ,0   . 

Ɂɚɩɢɫ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ ɜ ɛɿɥɶɲ ɡɚɝɚɥɶɧɨɦɭ ɜɢɝɥɹɞɿ ɞɥɹ 
ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɪɿɡɧɨɝɨ ɪɨɞɭ ɦɚє ɜɢɝɥɹɞ 

 



















.   ,

,1,0   ,1,1   ,

2
1

12
1

1
1

11
1

0

1
1

11
1

 k
n

k
n

kk

k
i

k
ii

k
ii

k
ii

TTTT

mkniTTbTcTa
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1. Ƚɪɚɧɢɱɧɿ ɭɦɨɜɢ 1-ɝɨ ɪɨɞɭ 
 

1 1
0 (( 1) ),    (( 1) ),    0, 1,k k

nT k T k k m           

 

,1,0   ),)1((   ,0 11  mkk    

 

.1,0   ),)1((   ,0 22  mkk    

 
2. Ƚɪɚɧɢɱɧɿ ɭɦɨɜɢ 2-ɝɨ ɪɨɞɭ 
 

,            , 2
0

1
lxx x

T
q

x

T
q

 






   

 

,          ,1 111 q
h


    

 

.          ,1 222 q
h


   

 
3. Ƚɪɚɧɢɱɧɿ ɭɦɨɜɢ 3-ɝɨ ɪɨɞɭ 
 

),(),( 21
0

c
lx

c
x

TT
x

T
TT

x

T












  

 

,            ,
1

1
1

1
1 cT

h

h

h 









  

 

,            ,
2

2
2

2
2 cT

h

h

h 









  

 
.            11,11    
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Ɉɛɟɪɧɟɧɚ ɩɪɨɝɨɧɤɚ: 
 













,

,

2
1

2
1

11
1




k
n

k
n

n
k

nn
k

n

TT

TT
 

 

.
1

221

n

nk
nT







   

ɍɦɨɜɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɩɪɨɝɨɧɤɢ: 
 

.1   ,1   ,1,1   ,  ,0   ,0 21  nibacba iiiii  

 
Ɂɚɜɞɚɧɧɹ: ɜɢɤɨɧɚɬɢ ɡɚɜɞɚɧɧɹ ɡ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ 2 ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɹɜɧɨʀ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ. 
 

Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ 4 

 

Чɢɫɥɨɜɢɣ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ ɤɪɚɣɨɜɢɯ ɡɚɞɚɱ ɞɥɹ ɪɿɜɧɹɧɧɹ 
ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɡɿ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ 
ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɡɿ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ 

 

).()0,(

),(),0(

),()0,(

),,(),(),(

xlU

xtU

xfxU

txF
x

T
txK

xx

T
tx




























          (4.1) 

 

Ⱦɥɹ ɞɚɧɨʀ ɡɚɞɚɱɿ ɩɨɛɭɞɭєɦɨ ɪɿɡɧɿ ɪɿɡɧɢɰɟɜɿ ɫɯɟɦɢ: 
1) ɩɪɢ 0  ɨɬɪɢɦɚєɦɨ ɹɜɧɭ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ 

 

    k
i

k
ii

k
i

k
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k
i

k
i UUtxaUUtxa

h

UU
1112

1

),(),(
1









; (4.2) 

 
 
 
 
 
 
 

 
 
 
 
 
 



 
14 

2) ɩɪɢ 5,0  ɨɬɪɢɦɚєɦɨ ɧɟɹɜɧɭ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ 

 

    

    .),(),(
5,0

),(),(
5,0

1112

1
1

111
112

1

k
i

k
ii

k
i

k
ii

k
i

k
ii

k
i

k
ii

k
i

k
i

UUtxaUUtxa
h

UUtxaUUtxa
h

UU















  (4.3) 

 
ɉɪɨɝɨɧɨɱɧɢɣ ɜɢɝɥɹɞ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ (4.3) ɧɚɫɬɭɩɧɢɣ: 
 

)()(
11

11
1

1
11

1
k
i

k
i

k
i

k
i

k
i

k
i

k
i

k
i UUaUUbUbUUbaaU 





 











  (4.4) 

ɞɟ       1,( , ) 0,5( ( , ) ( )),i i i ia a x t K x t K x t    

     )),(),((5,0),( ,11 txKtxKtxab iiii    
2

0,5
.

h

    

Ɂɚɜɞɚɧɧɹ 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɡɿ 
ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ (ɩɨɱɚɬɤɨɜɿ ɬɚ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɜɡɹɬɢ ɡ 
ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ №2). Ɂɦɿɧɧɢɣ ɤɨɟɮɿɰɿєɧɬ )(xK  ɜɢɛɪɚɬɢ ɡɝɿɞɧɨ 
ɜɚɪɿɚɧɬɭ: 

.2824        ),exp1()(

,2420        ),exp1()(

,2016             ),exp1()(

,1612             ),exp1()(

,128             ,exp)(

,84               ,exp)(

,40                    ,exp)(

)1(
0

)1(
0

0

0
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)1(
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1
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1

*
1

1

1




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
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ɞɟ   N - ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ,  ,
1

1
N

a  2
*

1
,  .a x

c N




   
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №5 

 

Ɇɨɧɨɬɨɧɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ ɞɥɹ ɪɿɜɧɹɧɧɹ 

ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɭ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɤɪɚɣɨɜɭ ɡɚɞɚɱɭ ɞɥɹ ɪɿɜɧɹɧɧɹ ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɭ, ɳɨ 
ɦɿɫɬɢɬɶ ɩɟɪɲɭ ɩɨɯɿɞɧɭ 





























),(),(

),(),0(

),()0,(

,)(

2

1

0

2

2

tUtlU

tUtU

xUxU
t

U

x

U
xr

x

U

                   (5.1) 

10 ,    0 ,    1.x l t t l      

 
ɉɨɛɭɞɭєɦɨ ɦɨɧɨɬɨɧɧɭ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ ɞɥɹ ɪɿɜɧɹɧɧɹ (5.1). 

Ɇɨɧɨɬɨɧɧɨɸ ɫɯɟɦɨɸ ɞɥɹ   ɿ h є ɱɢɫɬɨ ɧɟɹɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 
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k
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
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


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




















 


  (5.2) 

ɞɟ  
0|))(|)((5.0)(   ,0|))(|)((5.0)(   iiiiii xrxrxrxrxrxr , 

|)(|5.01

1

i
i

xrh
 . 

 

Ⱦɚɧɚ ɫɯɟɦɚ ɦɚє ɚɩɪɨɤɫɢɦɚɰɿɸ )( 2 hO . ɓɨɛ ɩɨɤɚɡɚɬɢ 
ɦɨɧɨɬɨɧɧɿɫɬɶ ɡɚɩɢɲɟɦɨ ʀʀ ɜ ɤɚɧɨɧɿɱɧɨɦɭ ɜɢɝɥɹɞɿ:  
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.
112 1
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





 






 






  







 (5.3) 
ɞɟ 

.0
1

   ,0
12

  

,0   ,0

2

22







 







 






 










h

r

h

r

h
c

h

r

h
b

h

r

h
a

i

ii

 

 
Ɉɬɠɟ, ɭɦɨɜɢ ɦɨɧɨɬɨɧɧɨɫɬɿ ɜɢɤɨɧɭɸɬɶɫɹ. 
Ɋɨɡɜ’ɹɡɨɤ (5.3) ɡɧɚɯɨɞɢɦɨ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ: 

 

1
1

11
1





  i
k
ii

k
i UU  ,   (5.4) 

ɞɟ 

   ,   , 1i1
iii

iii

iii

i
i ac

fa

ac

b













 
1

011    ,0  kU . 

 
Ɂɚɜɞɚɧɧɹ 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɭ, ɳɨ 
ɦɿɫɬɢɬɶ ɩɟɪɲɭ ɩɨɯɿɞɧɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɨɧɨɬɨɧɧɨʀ ɪɿɡɧɢɰɟɜɨʀ 
ɫɯɟɦɢ. ɉɨɱɚɬɤɨɜɿ ɬɚ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɜɡɹɬɢ ɡɝɿɞɧɨ ɜɚɪɿɚɧɬɿɜ ( m - 
ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ). 

0

2
0 0

2
0

exp         0 10,

( ) sin ,      11 20,

cos ,      29 30.

mxa m

U x a mx m

a mx m
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
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №6 

 

Іɧɬɟɝɪɨ-ɿɧɬɟɪɩɨɥɹɰɿɣɧɢɣ ɦɟɬɨɞ ɩɨɛɭɞɨɜɢ ɪɿɡɧɢɰɟɜɢɯ ɫɯɟɦ  

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɤɪɚɣɨɜɭ ɡɚɞɚɱɭ ɞɥɹ ɪɿɜɧɹɧɧɹ ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɭ ɿɡ 
ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ: 



















x

U
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U
)( ,       (6.1) 

)(
~

)0,( 0 xUxU  ,   (6.2) 

),(
~

),0( 1 tUtU     (6.3) 

)(
~

),( 2 tUtlU  .          (6.4) 

 
Ɂɧɚɣɞɟɦɨ ʀʀ ɪɨɡɜ’ɹɡɨɤ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɬɟɝɪɨ-ɿɧɬɟɪɩɨɥɹɰɿɣɧɨɝɨ 

ɦɟɬɨɞɭ. ɉɿɫɥɹ ɚɩɪɨɤɫɢɦɚɰɿʀ ɩɨɯɿɞɧɢɯ ɨɬɪɢɦɚєɦɨ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ: 
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(6.5) 
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Ɋɨɡɜ’ɹɡɨɤ (6.5) ɡɧɚɯɨɞɢɦɨ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ: 
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i UU  .   (6.6) 
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Ɂɚɜɞɚɧɧɹ 

ɉɨɛɭɞɭɜɚɬɢ ɛɚɥɚɧɫɨɜɭ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ ɞɥɹ ɪɿɜɧɹɧɧɹ 
ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɿɡ ɡɦɿɧɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ 
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
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Ɂɦɿɧɧɢɣ ɤɨɟɮɿɰɿєɧɬ )(xK  ɜɢɛɪɚɬɢ ɡɝɿɞɧɨ ɜɚɪɿɚɧɬɭ: 
 

.2824        ),exp1()(
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ɞɟ  N - ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ,  ,
1

1
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a  2
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1
,  .a x

c N




   

 
Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №7 

 

Ɋɿɡɧɢɰɟɜɢɣ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɤɪɚɣɨɜɢɯ ɡɚɞɚɱ ɞɥɹ  
ɪɿɜɧɹɧɧɹ ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ ɬɢɩɭ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɤɪɚɣɨɜɭ ɡɚɞɚɱɭ ɞɥɹ ɪɿɜɧɹɧɧɹ ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ ɬɢɩɭ 

 
2 2

2 2
,       0 1,      0 ,   

U U
x t T

t x

 
    

 
         (7.1) 
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


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

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


 

 
ȼɜɟɞɟɦɨ ɪɿɜɧɨɦɿɪɧɭ ɫɿɬɤɭ ɡ ɤɪɨɤɚɦɢ h i τ 

 ,   ,,0   ,

,
1

   ,,1   ,

,










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
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T
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n
hniihx

n
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hh








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ɬɚ ɩɨɛɭɞɭєɦɨ ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ ɞɥɹ ɪɿɜɧɹɧɧɹ (7.1) 
 

.1,1   ,1,1  ,
22
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2
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



 



Kkni
h

UUUUUU k
i

k
i

k
i

k
i

k
i

k
i


 

(7.6) 
əɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 

 
1 1

1 12 ( 2 )k k k k k k
i i i i i iU U U U U U 

              (7.7) 

 

Ʉɪɚɣɨɜɿ ɭɦɨɜɢ ɚɩɪɨɤɫɢɦɭɸɬɶɫɹ ɬɚɤ: 
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111

1
0  


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k
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),(  0   ,)(:)10.7()4.7( 0=k ɩɪɢ1 ,,ni=xU ii
k
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)())((  ,,0  ,   :)11.7()5.7( 1k ɩɪɢ201
01




  OniUU
UU

iiii
ii 



ɚɛɨ        )),((   ,
2

2
   2

2
11

2
01  O

h
UU iii

iii
 

      (7.12) 

Ɉɬɠɟ, )12.7(),10.7()7.7(  – ɹɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ ɡɚɞɚɱɿ (7.1)-(7.5). 

 
ɋɬɿɣɤɿɫɬɶ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ ɞɨɫɹɝɚєɬɶɫɹ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɭɦɨɜɢ 

.h                                          (7.13) 
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Ɂɚɜɞɚɧɧɹ 

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɦɟɬɨɞ ɫɿɬɨɤ, ɡɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɡɦɿɲɚɧɨʀ 

ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ ɤɨɥɢɜɚɧɧɹ ɫɬɪɭɧɢ 
2 2

2 2

U U

t x

 


 
 ɡ 

ɩɨɱɚɬɤɨɜɢɦɢ ɭɦɨɜɚɦɢ )10( ),()0,(  xxxU   ɬɚ ɤɪɚɣɨɜɢɦɢ 
ɭɦɨɜɚɦɢ ).(),1(  ),(),0( 21 ttUttU     

Ɋɨɡɜ’ɹɡɨɤ ɡɧɚɣɬɢ ɿɡ ɤɪɨɤɨɦ 0.1,   0.05,h    ɜɢɡɧɚɱɚɸɱɢ 
ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ),( txU  ɡ ɱɨɬɢɪɦɚ ɞɟɫɹɬɤɨɜɢɦɢ ɡɧɚɤɚɦɢ, ɩɪɢɱɨɦɭ 

0 0.5.t    
ȼɢɝɥɹɞ ɜɿɞɩɨɜɿɞɧɢɯ ɮɭɧɤɰɿɣ ɜɢɛɪɚɬɢ ɡɝɿɞɧɨ ɜɚɪɿɚɧɬɭ. 
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ȼɚɪɿɚɧɬ 10 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ  №8 

 

Ɋɿɡɧɢɰɟɜɢɣ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɛɚɝɚɬɨɜɢɦɿɪɧɢɯ 
ɧɟɫɬɚɰɿɨɧɚɪɧɢɯ ɡɚɞɚɱ ɞɥɹ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ. 

əɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɩɟɪɲɭ ɤɪɚɣɨɜɭ ɡɚɞɚɱɭ ɞɥɹ ɞɜɨɜɢɦɿɪɧɨɝɨ ɪɿɜɧɹɧɧɹ 
ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 

2 2

1 22 2
1 2

,       ( , , ) ,
U U U

x x t
t x x

  
  
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                (8.1) 

  

 ,   ,),(  ),,()0,,( 2121021 ÃGGGxxxxUxxU T        (8.2) 

 

1 2 1 2( , , ) ( , , ),    ,    ,TU x x t x x t x G G G Г                (8.3) 
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Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ ɡɚɞɚɱɿ (8.1)-(3.3) ɜɜɟɞɟɦɨ 

ɪɿɡɧɢɰɟɜɭ ɫɿɬɤɭ ɬɚɤɢɦ ɱɢɧɨɦ: 
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h  - ɦɧɨɠɢɧɚ ɝɪɚɧɢɱɧɢɯ ɜɭɡɥɿɜ .Г   
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Ɍɨɞɿ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ ɡ ɜɚɝɚɦɢ ɦɚɬɢɦɟ ɜɢɝɥɹɞ: 
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ij ij hU U x x x                         (8.5) 
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ij xtxxU                             (8.6) 

 
əɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 
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 (8.8) 

 
1 ,    1, 1,    1, 1,    0, 1,k k k

ij ij ijU U U i n j m k K             (8.9) 
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Ɂɚɜɞɚɧɧɹ 

 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɛɚɝɚɬɨɜɢɦɿɪɧɨʀ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ 
ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ. ɉɨɱɚɬɤɨɜɿ ɬɚ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɡɦɿɧɢɬɢ, ɡɝɿɞɧɨ 
ɧɚɜɟɞɟɧɢɯ ɧɢɠɱɟ ɜɤɚɡɿɜɨɤ. 

ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ: 
1 2,     ,x x y x                                   (8.11) 

 
ɉɨɱɚɬɤɨɜɿ ɭɦɨɜɢ: 

,cossin)0,,(
2

2

1

1
21

l

x

l

x
NxxU


                     (8.12) 

ɞɟ N  -ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ, .     , 21 blal     

 
Ƚɪɚɧɢɱɧɿ ɭɦɨɜɢ ɜɢɛɢɪɚєɦɨ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 

2
,

0 lyy
UU


 -   ɬɚɤɿ ɠ ɹɤ  ɿ ɭ ɜɚɪɿɚɧɬɚɯ ɡɚɜɞɚɧɶ, 

0x
U


  ɡɚɜɞɚɧɧɹ ɡɝɿɞɧɨ ɜɚɪɿɚɧɬɭ  sin( ),N t   

1x l
U


  ɡɚɜɞɚɧɧɹ ɡɝɿɞɧɨ ɜɚɪɿɚɧɬɭ  cos( ),k t   

ɞɟ N  -ɧɨɦɟɪ ɜɚɪɿɚɧɬɭ, k  -ɧɨɦɟɪ ɝɪɭɩɢ,  .kN     
 
ɇɚ ɦɟɠɚɯ ɩɪɹɦɨɤɭɬɧɨʀ ɨɛɥɚɫɬɿ (ɪɢɫ. 1) ɿ ɜ ɬɨɱɤɚɯ ɪɨɡɪɢɜɭ 

ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɛɪɚɬɢ  ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 

- ɜ ɬɨɱɤɚɯ A, B  ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɭɦɨɜɭ 
0x

U


, 

- ɜ ɬɨɱɤɚɯ C, D ɛɪɚɬɢ ɭɦɨɜɭ 
1

.
x l

U


 

 
 

Ɋɢɫ.1. ɉɪɹɦɨɤɭɬɧɚ ɨɛɥɚɫɬɶ 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №9 

 

ȿɤɨɧɨɦɿɱɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɛɚɝɚɬɨɜɢɦɿɪɧɢɯ 
ɧɟɫɬɚɰɿɨɧɚɪɧɢɯ ɡɚɞɚɱ ɦɚɬɟɦɚɬɢɱɧɨʀ ɮɿɡɢɤɢ. 

Ɋɿɡɧɢɰɟɜɚ ɫɯɟɦɚ ɉɿɫьɦɟɧɚ-Ɋɟɱɮɨɪɞɚ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɩɟɪɲɭ ɤɪɚɣɨɜɭ ɡɚɞɚɱɭ ɞɥɹ ɞɜɨɜɢɦɿɪɧɨɝɨ ɪɿɜɧɹɧɧɹ 
ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɭ  

2 2

1 22 2
1 2

,       ( , , ) ,
U U U

x x t
t x x

  
  

  
                (9.1) 

  

 ,   ,),(  ),,()0,,( 2121021 ÃGGGxxxxUxxU T        (9.2) 
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1 2 1 2( , , ) ( , , ),    ,    ,TU x x t x x t x G G G Г                (9.3) 

 
ɞɟ 

  TGlxlxG ,0(   ,0,0 2211  , 
4

1
2

1

,    ( ).i
i

Г Г U C


    

 

Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (9.1)-(9.3) ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɪɿɡɧɢɰɟɜɨʀ ɫɯɟɦɢ ɉɿɫɶɦɟɧɚ –Ɋɟɱɮɨɪɞɚ 

 

,      ,
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2
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ij xUU
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

             (9.4) 
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k
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UU





 


         (9.5) 

 
ɉɪɨɝɨɧɨɱɧɢɣ ɜɢɝɥɹɞ ɞɥɹ (9.4) 

  ,1,1,2

1

,11
2

1

1
2

1

,11 






 mjFUbUcUa k
ij

k

ji

k

ij

k

ji        (9.6) 

ɞɟ 
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Ɋɨɡɜ’ɹɡɨɤ (9.6) ɡɧɚɣɞɟɦɨ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ: 
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ɉɪɨɝɨɧɨɱɧɢɣ ɜɢɝɥɹɞ ɞɥɹ (9.5) 
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Ɋɨɡɜ’ɹɡɨɤ (9.8) ɡɧɚɣɞɟɦɨ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ: 
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Ƚɪɚɧɢɱɧɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɩɪɨɦɿɠɧɢɯ ɡɧɚɱɟɧɶ ɮɭɧɤɰɿʀ 2

1
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ijU  

ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɮɨɪɦɭɥɚɦɢ 
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Аɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ 
 

1) Ɂɧɚɯɨɞɢɦɨ mjniU ji ,0   ,,0   ,0
,     

1 2
1 2

1 2

( , ,0) sin cos .
x x

U x x N
l l

 
   

 
2) Ɂɧɚɯɨɞɢɦɨ ɝɪɚɧɢɱɧɿ ɡɧɚɱɟɧɧɹ ɧɚ ɰɿɥɢɯ ɱɚɫɨɜɢɯ ɲɚɪɚɯ 
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3) Ɂɧɚɯɨɞɢɦɨ ɝɪɚɧɢɱɧɿ ɡɧɚɱɟɧɧɹ ɧɚ ɩɿɜɰɿɥɢɯ ɱɚɫɨɜɢɯ ɲɚɪɚɯ ɡɚ 

ɮɨɪɦɭɥɚɦɢ (9.10), (9.11) 

4) Ɂɧɚɯɨɞɢɦɨ ɡɧɚɱɟɧɧɹ ɭ ɜɧɭɬɪɿɲɧɿɯ ɜɭɡɥɚɯ ɫɿɬɤɢ 
1

12 ,  
k

k
ij ijU U
   

ɩɨɱɟɪɝɨɜɨ ɡɚ ɮɨɪɦɭɥɚɦɢ (9.7), (9.9). 
 

Ɂɚɜɞɚɧɧɹ 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (9.1)-(9.3), ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 
ɪɿɡɧɢɰɟɜɭ ɫɯɟɦɭ ɉɿɫɶɦɟɧɚ-Ɋɟɱɮɨɪɞɚ. ȼɚɪɿɚɧɬɢ ɡɚɜɞɚɧɶ ɜɡɹɬɢ ɡ 
ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ №8.  
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №10 

 

ȿɤɨɧɨɦɿɱɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɛɚɝɚɬɨɜɢɦɿɪɧɢɯ 
ɧɟɫɬɚɰɿɨɧɚɪɧɢɯ ɡɚɞɚɱ ɦɚɬɟɦɚɬɢɱɧɨʀ ɮɿɡɢɤɢ. 

Ʌɨɤɚɥьɧɨ-ɨɞɧɨɜɢɦɿɪɧɚ ɫɯɟɦɚ ɋɚɦɚɪɫьɤɨɝɨ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (9.1)-(9.3) ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɥɨɤɚɥɶɧɨ-ɨɞɧɨɜɢɦɿɪɧɨʀ ɫɯɟɦɢ ɋɚɦɚɪɫɶɤɨɝɨ, ɹɤɚ ɦɚє ɜɢɝɥɹɞ 
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ɉɪɨɝɨɧɨɱɧɢɣ ɜɢɝɥɹɞ ɞɥɹ (10.1) 
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ɞɟ 

           1 1 1 1 10.5 ,        1 ,a b c              1 2
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.
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   

Ɇɟɬɨɞ ɩɪɨɝɨɧɤɢ ɞɥɹ (10.3) 
 

,1
,1

2

1

,1
1

,1
2

1

ji

k

jiji

k

ij UU 






          (10.4) 

ɞɟ 

1
1

1

1
11

,1

1
1

1

11
,1         ,

ac

Fa

ac

b

ij

k
ijij

ji

ij

ji 












  ,

2

1

0
1
1

1
1          ,0




k

jjj U . 
 

 
 
 
 
 
 
 

 
 
 
 
 
 



 
33 

ɉɪɨɝɨɧɨɱɧɢɣ ɜɢɝɥɹɞ ɞɥɹ (10.2) 
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Ɇɟɬɨɞ ɩɪɨɝɨɧɤɢ ɞɥɹ (10.5) 
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Ƚɪɚɧɢɱɧɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɩɪɨɦɿɠɧɢɯ ɡɧɚɱɟɧɶ ɮɭɧɤɰɿʀ 2

1
k

ijU  

ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɮɨɪɦɭɥɚɦɢ 
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Ɂɚɜɞɚɧɧɹ 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (9.1)-(9.3), ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 
ɥɨɤɚɥɶɧɨ-ɨɞɧɨɜɢɦɿɪɧɭ ɫɯɟɦɭ ɋɚɦɚɪɫɶɤɨɝɨ. ȼɚɪɿɚɧɬɢ ɡɚɜɞɚɧɶ ɜɡɹɬɢ ɡ 
ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ №8. 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №11 

 

Ɋɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ Ⱦɿɪɿɯɥɟ ɞɥɹ ɪɿɜɧɹɧɧɹ Ʌɚɩɥɚɫɚ 

ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
 

Ɂɧɚɣɞɟɦɨ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ Ⱦɿɪɿɯɥɟ ɞɥɹ ɪɿɜɧɹɧɧɹ Ʌɚɩɥɚɫɚ: 
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ɹɤɢɣ ɡɚɞɨɜɨɥɶɧɹє ɝɪɚɧɢɱɧɢɦ ɭɦɨɜɚɦ: 

 

( , ),        ( , ) .
Г

T x y x y Г                     (11.2) 

 
Ɋɿɜɧɹɧɧɹ ɦɟɬɨɞɭ Ƚɚɥɶɨɪɤɿɧɚ: 
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Ⱥɩɪɨɤɫɢɦɚɰɿɹ ɪɨɡɜ’ɹɡɤɭ: 
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ɞɟ m  – ɡɧɚɱɟɧɧɹ ɭ ɜɭɡɥɚɯ, mN  – ɝɥɨɛɚɥɶɧɿ ɥɿɧɿɣɧɿ ɛɚɡɢɫɧɿ ɮɭɧɤɰɿʀ, 
ɹɤɿ ɞɨɪɿɜɧɸɸɬɶ 1 ɜ i-ɦɭ ɜɭɡɥɿ ɬɚ ɞɨɪɿɜɧɸɸɬɶ ɧɭɥɸ ɜ ɿɧɲɢɯ ɜɭɡɥɚɯ. 

(11.3)  ɧɚ ɨɫɧɨɜɿ ɮɨɪɦɭɥɢ Ƚɪɿɧɚ ɡɚɩɢɲɟɬɶɫɹ ɬɚɤ 
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(11.1)-(11.4)  CɅȺɊ :  ,fK         (11.6) 
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ɞɟ ,0f      K – ɦɚɬɪɢɰɹ, ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɚɫɚɦɛɥɸɜɚɧɧɹɦ 
(ɫɭɦɭɜɚɧɧɹɦ ɜɤɥɚɞɿɜ) ɨɤɪɟɦɢɯ ɟɥɟɦɟɧɬɿɜ. 
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2

1
e  – (ɩɥɨɳɚ ɟɥɟɦɟɧɬɚ). 

 
ȼɤɥɚɞɢ ɟɥɟɦɟɧɬɿɜ 

ȼɤɥɚɞ 1-ɝɨ ɟɥɟɦɟɧɬɚ 

1
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0 1 1
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  
      
    

. 

 
ȼɤɥɚɞ 2-ɝɨ ɟɥɟɦɟɧɬɚ 
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……………………….…………………. 
ȼɤɥɚɞ 24-ɝɨ ɟɥɟɦɟɧɬɚ 
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Ⱦɥɹ ɡɚɞɨɜɿɥɶɧɟɧɧɹ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɩɨɤɥɚɞɟɦɨ: 
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2 -1    -1               
 

-1 4 -1    -2              
 

 -1 4 -1    -2             
 

  -1 2     -2            
 

    4 -2    -1           
 

-1    -2 8 -2    -1          
 

 -2    -2 8 -2    -2         
 

  -2    -2 8 -2    -2        
 

   -2    -2 4     -2       
 

    -1     4 -2    -1      
 

     -1    -2 8 -2    -1     
 

      -2    -2 8 -2    -2    
 

       -2    -2 8 -2    -2   
 

        -2    -2 4     -2  
 

         -1     -2 4     
 

          -1     2 -1    
 

           -2    -1 4 -1   
 

            -2    -1 4 1  
 

             -2    -1 4  
 

              -1    -1  
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ȼ ɪɟɡɭɥɶɬɚɬɿ ɩɟɪɟɬɜɨɪɟɧɶ ɝɥɨɛɚɥɶɧɨʀ ɦɚɬɪɢɰɿ (ɜɢɤɪɟɫɥɸɸɱɢ 

ɪɹɞɤɢ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɿɞɨɦɢɦ i , ɬɚ ɡɚɦɿɧɹɸɱɢ ɜɿɞɨɦɿ i  ʀɯɧɿɦɢ 
ɡɧɚɱɟɧɧɹɦɢ) ɨɬɪɢɦɚєɦɨ ɋɅȺɊ: 
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Ɋɨɡɜ’ɹɡɨɤ ɰɿєʀ ɫɢɫɬɟɦɢ: 
 

;60

;130

141312

987







 

 
ɳɨ ɩɨɜɧɿɫɬɸ ɫɩɿɜɩɚɞɚє ɡ ɬɨɱɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ.  
 

Ɂɚɜɞɚɧɧɹ 

Ɂɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ Ⱦɿɪɿɯɞɟ ɞɥɹ ɪɿɜɧɹɧɧɹ Ʌɚɩɥɚɫɚ ɦɟɬɨɞɨɦ 
ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ. Ɂɚɜɞɚɧɧɹ ɜɡɹɬɢ ɡ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ №1. 
ɉɨɪɿɜɧɹɬɢ ɪɟɡɭɥɶɬɚɬɢ, ɨɬɪɢɦɚɧɿ ɡɚ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɧɢɯ ɪɿɡɧɢɰɶ ɬɚ 
ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ. 
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