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10. Ɇɟɯɚɧɢɤɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɟɩɟɣ : ɭɱɟɛɧɢɤ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, ɨɛɭɱɚɸɳɢɯɫɹ 
ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ "Ƚɨɪɧɨɟ ɞɟɥɨ" ɫɩɟɰɢɚɥɶɧɨɫɬɢ "ɒɚɯɬɧɨɟ ɢ ɩɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬ-
ɜɨ" / ɂ.ȼ. Ȼɚɤɥɚɲɨɜ, Ȼ.Ⱥ. Ʉɚɪɬɨɡɢɹ. - ɂɡɞ. 3-ɟ, ɫɬɟɪ. - Ɇɨɫɤɜɚ : ɋɬɭɞɟɧɬ, 2012 [ɬ.ɟ. 2011]. - 542 , [1] 

ɫ. : ɢɥ.; 22 ɫɦ. - ISBN 978-5-4363-0027-6  

11. ANSYS 14.5 Help Manual 
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ゑ.ù. でíÑÜçñî, ゑ.ù. ゐñÇ¿　¡Üç, ん.ゐ. ぎâëñ½ñÖ¡Üç 
ùëÇóÖï¡óú öñêÖÜ¿ÜÇóôñï¡óú óÖïöóöÜö (âó¿óí¿) ぞíîóÜÖí¿áÖÜÇÜ óïï¿ñÑÜçíöñ¿áï¡ÜÇÜ 

 どÜ½ï¡ÜÇÜ äÜ¿óöñêÖóôñï¡ÜÇÜ ÜÖóçñëïóöñöí 

652055, とñ½ñëÜçï¡í　 Üß¿., Ç. ùëÇí, Ü¿. ずñÖóÖÇëíÑï¡í　, 26 

Ɉɛɨɫɧɨɜɚɧɢɟ ɤɨɦɩɨɧɨɜɨɱɧɵɯ ɫɯɟɦ ɩɪɢɜɨɞɚ ɝɟɨɯɨɞɚ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɪɚɫɫɦɨɬɪɟɧɨ ɜ 
ɪɚɛɨɬɟ 1. Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɤɨɦɩɨɧɨɜɨɱɧɨɣ ɫɯɟɦɵ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɩɨɞɚɱɟɣ ɧɚ ɡɚɛɨɣ ɫ ɞɜɭɦɹ ɝɪɭɩ-

ɩɚɦɢ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɜ ɪɚɡɧɵɯ ɮɚɡɚɯ ɜɵɞɜɢɠɟɧɢɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

ɉɪɢɜɨɞ ɝɟɨɯɨɞɚ ɫɨɞɟɪɠɢɬ k  ɫɢɥɨɜɵɯ ɞɨɦɤɪɚɬɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɨɪɨɬ 
ɚɝɪɟɝɚɬɚ ɧɚ ɭɝɨɥ 2

k
  , ɫɨɡɞɚɜɚɹ ɫɪɟɞɧɸɸ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ 2

T
   2. ɇɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɶ 

ɩɪɢɜɨɞɚ ɢ ɧɚɥɢɱɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ (ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɢɦɟɧɭɟɦɵɯ ɞɟɮɟɤɬɚɦɢ) ɩɪɢɜɨɞɢɬ ɤ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɫɩɟɤɬɪɟ ɤɨɥɟɛɚɧɢɣ ɫ ɜɵɫɲɢɦɢ ɱɚɫɬɨɬɚɦɢ m  ɢ n . Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɫɱɢɬɚɟɦ 

; , 2,3,...m n m n   . 

 

 
Ɋɢɫ. 1. Ʉɨɦɩɨɧɨɜɨɱɧɚɹ ɫɯɟɦɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɝɟɨɯɨɞɚ 

 

ɉɨ ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɞɨɩɭɫɤɚɸɬɫɹ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɢ ɫɨɫɬɨɹɧɢɹ ɩɪɢɜɨɞɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ 
ɢɡɦɟɧɟɧɢɢ (ɩɭɥɶɫɚɰɢɢ) ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɝɨɥɨɜɧɨɣ ɫɟɤɰɢɢ ɝɟɨɯɨɞɚ, ɜɵɞɟɥɹɟɬɫɹ ɧɟ ɛɨɥɟɟ 2-ɯ ɭɫɬɨɣ-

ɱɢɜɵɯ ɤɨɥɟɛɚɧɢɣ (ɝɚɪɦɨɧɢɤ ö ɢ ä) ɫ ɱɚɫɬɨɬɚɦɢ ɜɪɚɳɟɧɢɹ: 2 2m n
m n

T T

 
     . 

Ɍɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɤɚɤ ɩɪɨɹɜɥɟɧɢɹ ɪɚɡɧɨɝɨ ɪɨɞɚ ɤɪɢɬɢɱɟɫɤɢɯ 
ɞɟɮɟɤɬɨɜ, ɧɨ ɢ ɩɪɢɪɨɞɚ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɩɟɤɬɪɨɜ ɬɚɤɠɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɨɬɤɥɨɧɟɧɢɹɦɢ ɨɬ ɢɞɟɚɥɶɧɨ-
ɝɨ ɦɟɯɚɧɢɡɦɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɟɞɭɟɬ ɪɚɫɫɦɨɬɪɟɬɶ ɬɟ ɜɨɡɦɨɠɧɵɟ ɜɢɞɵ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɤɨɬɨ-
ɪɵɟ ɜ ɨɬɜɟɬ ɧɚ ɜɤɥɸɱɟɧɢɟ ɞɨɦɤɪɚɬɚ ɮɨɪɦɢɪɭɸɬ ɢ ɩɟɪɟɞɚɸɬ ɧɚ ɤɨɪɩɭɫ ɞɜɟ ɭɫɬɨɣɱɢɜɵɟ ɝɚɪɦɨɧɢɤɢ.  

ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɪɭɝɢɟ ɞɨɦɤɪɚɬɵ ɧɟ ɨɛɹɡɚɧɵ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɨɬɦɟɱɟɧɧɵɣ (ɡɚɪɟ-
ɝɢɫɬɪɢɪɨɜɚɧɧɵɣ) ɪɟɠɢɦ, ɢ ɦɨɝɭɬ ɞɚɬɶ ɞɪɭɝɭɸ ɤɚɪɬɢɧɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɝɨɥɨɜɧɨɣ 

ɫɟɤɰɢɢ ɝɟɨɯɨɞɚ. 



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
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Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɩɟɪɟɛɨɪɚ ɜɚɪɢɚɧɬɨɜ ɮɨɪɦɢɪɭɸɳɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɫɧɨɜɚɧɚ ɧɚ ɨɩɟɪɚ-
ɬɨɪɧɨɣ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɱɚɫɬɨɬɨɣ  .  

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɞɚɟɬ 
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ɉɨɷɬɨɦɭ ɨɛɫɭɠɞɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɦɩɨɧɨɜɤɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɜɟɧɶɟɜ ɫ ɩɟɪɟɞɚɬɨɱɧɵɦɢ 

ɮɭɧɤɰɢɹɦɢ 
1( )s i    ɢ 

1( )s i    ɩɪɢ m    ɢ n   . ɉɟɪɟɛɨɪ ɩɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ 
ɫɥɟɞɭɸɳɢɯ ɨɞɢɧɧɚɞɰɚɬɶ ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ ɜɚɪɢɚɧɬɨɜ [74]: 

1-ɚɹ ɝɪɭɩɩɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɜɭɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ: 

- ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 
4

2 2 2 2 2 2

1 1
( ) (2 )

(2 ) (2 )
IY s

s T m s T n


 
  

 
. 

 

 
Ɋɢɫ. 1. ɉɪɨɫɬɟɣɲɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɫ 2-ɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ 

 

- ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɨɞɧɨɝɨ ɡɜɟɧɚ 
4

2 2 2 2 2 2

1 1
( ) (2 ) 2

(2 ) (2 )
IIY s sT

s T m s T n


 
   

 
. 

 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɫ 1,5 ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ 

 

- ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɨɢɯ ɡɜɟɧɶɹɯ  
4 2

2 2 2 2 2 2

1 1
( ) (2 ) (2 )

(2 ) (2 )
IIIY s sT

s T m s T n


 
   

 
. 

2-ɚɹ ɝɪɭɩɩɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

- ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɡɜɟɧɶɹɯ  

2

2 2 2 2 2 2

1 1
( ) (2 )

(2 ) (2 )
IVY s

s T m s T n


 
 

    
. 

- ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɜɨ ɜɬɨɪɨɦ ɡɜɟɧɟ  

2

2 2 2 2 2 2

1 2
( ) (2 )

(2 ) (2 )
V

sT
Y s

s T m s T n


 
 

    
. 

- ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɜ ɩɟɪɜɨɦ ɡɜɟɧɟ  

2

2 2 2 2 2 2

2 1
( ) (2 )

(2 ) (2 )
VI

sT
Y s

s T m s T n


 
 

    
. 

- ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɨɢɯ ɡɜɟɧɶɹɯ  
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2

2 2 2 2 2 2

1 1
( ) (2 ) 2

(2 ) (2 )
VIIY s sT

s T m s T n


 
 

      
. 

3-ɹ ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ ɫ ɨɛɪɚɬɧɨɣ (ɨɬɪɢɰɚɬɟɥɶɧɨɣ) ɫɜɹɡɶɸ (ɚɧɚɥɨɝɨɜ ɩɚɪɚɥɥɟɥɶɧɵɦ) ɫ ɨɫɨɛɟɧ-

ɧɨɫɬɹɦɢ ɫɬɪɭɤɬɭɪɵ, ɩɨɞɨɛɧɵɦɢ ɩɪɟɞɵɞɭɳɟɣ ɝɪɭɩɩɟ 

2

2 2 2 2 2 2

1 1
( ) (2 )

(2 ) (2 )
VIIIY s

s T m s T n


 
 

    
, 

2

2 2 2 2 2 2

1 2
( ) (2 )

(2 ) (2 )
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sT
Y s

s T m s T n
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2

2 2 2 2 2 2

2 1
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(2 ) (2 )
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sT
Y s

s T m s T n
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2

2 2 2 2 2 2

1 1
( ) (2 ) 2

(2 ) (2 )
XIY s sT

s T m s T n


 
 

      
. 

 

Ⱦɢɚɝɧɨɫɬɢɤɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɟɠɢɦɨɜ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɦɨɞɟɥɟɣ ɧɚɝɪɭɠɟɧɢɹ ɚɝɪɟɝɚɬɚ ɜɨɡɦɨɠɧɵ, 

ɟɫɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢɦɟɸɬ ɭɫɬɨɣɱɢɜɵɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ʌɚɩɥɚɫɭ ɫɨɞɟɪɠɚɬ ɩɪɨɫɬɵɟ ɩɨɥɸɫɚ s im    ɢ  s in   . Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ [3], 

ɫɭɳɟɫɬɜɭɟɬ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɦɨɞɟɥɟɣ ɫɢɫɬɟɦ, ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɤɨɬɨɪɵɯ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɷɬɨɦɭ 
ɭɫɥɨɜɢɸ. ɉɪɢ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɢɥɨɜɨɝɨ ɞɨɦɤɪɚɬɚ 

 

0( ) 1( ),V t V t 


 ɝɞɟ 1( )t 


ɫɬɭɩɟɧɱɚɬɚɹ ɮɭɧɤɰɢɹ ɏɷɜɢɫɚɣɞɚ, 
 

ɩɨɞɨɛɧɵɯ ɦɨɞɟɥɟɣ ɫɭɳɟɫɬɜɭɟɬ ɜɫɟɝɨ 11. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɛɥɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ 
ɩɟɪɟɛɨɪɭ ëí£¿óôó½▲ê ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɥɢ ɜɢɞɨɜ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦ ɩɪɢɜɨɞɚ ɢ ɜɵɛɨɪɭ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫ-
ɱɟɬɧɨɝɨ ɯɭɞɲɟɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɩɨɫɬɚɧɨɜɤɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɱɟɪɟɡ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤ-
ɰɢɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɨɩɟɪɚɬɨɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɨɛɳɟɝɨ ɩɪɚɜɢ-

ɥɚ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 0( ) ( )V s V s Y s  . 

ɋɪɚɜɧɟɧɢɟ ɭɞɨɛɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɨɪɞɢɧɚɪɧɨɣ ɫɢɫɬɟɦɨɣ, ɢɦɟɸɳɟɣ 2 ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɩɟɪɟɞɚ-
ɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɤɨɬɨɪɨɣ 
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1 2 2 2 2 2 2 2 2

1 1
( ) (2 )

4 4
Y s

s T m s T n


 
 

 
 

ɉɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɜɟɧɶɟɜ (ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɞɚɧɧɨɦɭ ɜ [4]) ɩɨɥɭɱɚɟɦ 
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ɇɚ ɷɬɨɣ ɨɫɧɨɜɟ ɜɜɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɨɞɟɥɢ ɫɢɫɬɟɦ ɩɪɢɜɨɞɚ 
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V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
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ɉɪɨɫɬɨɟ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɨɞɫɢɫɬɟɦ ɩɪɢɜɨɞɢɬ ɤ ɧɨɜɵɦ ɜɚɪɢɚɧɬɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɡɧɚɤɚ ɫɜɹɡɢ 
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4 2 2 2 2 2
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1 1
( ) (2 )

(2 ) (2 )
Y s

s T m s n


 
 

    
 

ȼɜɨɞɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɬɚɤɢɟ ɠɟ ɫɨɟɞɢɧɟɧɢɹ ɡɜɟɧɶɟɜ ɜ ɩɨɞɫɢɫɬɟɦɚɯ, ɩɨɥɭɱɚɟɦ ɞɜɟ ɧɨɜɵɟ ɝɪɭɩ-

ɩɵ ɦɨɞɟɥɟɣ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɪɹɞɭ ɫ ɨɪɞɢɧɚɪɧɵɦ ɪɟɲɟɧɢɟɦ (ɪɢɫ.1) 

 2 20

1 2 2 2 2

1
( ) 1 cos cos

V
V t n m t m n t

m n n m

       
 

 

ɉɨɥɭɱɚɟɦ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɨɞɟɥɟɣ, ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɧɭɸ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵ-

ɦɢ ɩɪɢɦɟɪɚɦɢ ɧɚ ɪɢɫ.4 ɩɪɢ ɝɚɪɦɨɧɢɤɚɯ 2  ɢ 3  5,6. 
 

 
Ɋɢɫ. 3. Ɇɨɞɟɥɢ ɢɡɦɟɧɟɧɢɹ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ 

ɨɫɧɨɜɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

 

ɂɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɧɵɯ ɡɧɚɱɟɧɢɣ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɩɪɢɜɨɞɨɜ 
ɞɨɫɬɢɝɚɟɬ 3-ɯ ɩɨɪɹɞɤɨɜ, ɱɬɨ ɞɨɤɚɡɵɜɚɟɬ ɱɪɟɡɜɵɱɚɣɧɭɸ ɜɚɠɧɨɫɬɶ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɨɞɟɥɟɣ. ɉɨɧɹɬɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɧɨɣ ɪɚɫɱɟɬ ɞɨɥɠɟɧ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɩɪɢɜɨɞɚ 
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ɩɪɢ ɦɨɞɟɥɢ ʋ3 ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɦɨ-
ɞɟɥɹɯ ʋ6 ɢ ʋ7 7. 

2 ( )V t  

 

3 ( )V t  

 

4 ( )V t  

 

5 ( )V t  

 

6 ( )V t  

 

7 ( )V t  

 
Ɋɢɫ. 4. ɉɪɢɦɟɪɵ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 

ɧɚɥɢɱɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ (ɞɟɮɟɤɬɨɜ) ɜ ɩɪɢɜɨɞɟ ɝɟɨɯɨɞɚ 
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ɇɚɩɪɨɬɢɜ, ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɪɹɞ ɦɨɞɟɥɟɣ ɦɨɠɧɨ ɨɬɮɢɥɶɬɪɨɜɚɬɶ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ ɢɡɛɟ-
ɠɚɬɶ ɩɪɨɩɭɫɤɚ ɜɚɠɧɵɯ ɷɮɮɟɤɬɨɜ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɞɟɥɚɟɬɫɹ ɩɨ ɦɨɞɟɥɹɦ ɩɪɨɟɤɰɢɣ ɨɤɪɭɠ-

ɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ ɦɚɲɢɧɵ 

( ) ( ) cos ; ( ) ( ) sinX YV t V t t V t V t t     

Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ, ɩɨ ɫɭɬɢ, ɩɪɨɢɫɯɨɞɢɬ ɚɦɩɥɢɬɭɞɧɚɹ ɦɨɞɭɥɹɰɢɹ, 
ɩɪɢɜɨɞɹɳɚɹ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ ɫɩɟɤɬɪɚ – ɬɟɩɟɪɶ ɨɧ ɫɨɞɟɪɠɢɬ ɝɚɪɦɨɧɢɤɢ ( 1)m    ɢ ( 1)n   . 

ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɪɚɤɬɨɜɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɩɨɫɨɛɚɯ ɢɡɦɟɪɟɧɢɹ  ɤɨɥɟɛɚɧɢɣ ɦɚɲɢɧ.  

ȼ ɤɚɱɟɫɬɜɟ  ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɦ ɭɪɚɜɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɤɨɥɟɛɚɧɢɣ 

ɩɪɢ ɦɨɞɟɥɢ ʋ3: 

 
2

0

3. 2 2

8
( ) cos( 1) cos( 1) cos( 1) cos( 1)X

V
V t m t m t n t n t

n m


           


 

 
2

0

3. 2 2

8
( ) sin( 1) sin( 1) sin( 1) sin( 1)Y

V
V t m t m t n t n t

n m


           


 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɱɟɪɤɧɭɬɶ ɷɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢɥɥɸɫɬɪɚɰɢɢ ɧɚ ɪɢɫ. 5 ɞɚ-
ɧɵ ɩɪɢ 3; 5m n  . 

 

 

 

 

 
Ɋɢɫ. 5. ɉɪɢɦɟɪɵ ɜɚɪɢɚɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɧɚ ɨɫɢ ɝɟɨɯɨɞɚ 
 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɬɶ ɦɧɨɝɨɨɛɪɚɡɢɟ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɤɨ-
ɨɪɞɢɧɚɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɧɚ ɨɫɢ ɦɚɲɢɧɵ. ɉɪɢ ɧɚɢɛɨɥɶɲɟɣ ɨɩɚɫɧɨɫɬɢ ɦɨɞɟɥɢ ʋ3 ɫ ɩɨɡɢ-

ɰɢɣ ɞɢɚɝɧɨɫɬɢɤɢ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢ ɞɪɭɝɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɩɪɢɜɨɞɚ. 
Ɉɞɧɨ ɢɡ ɨɫɧɨɜɧɵɯ ɭɬɜɟɪɠɞɟɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɧɭɸ ɝɪɭɩɩɭ ɦɨɞɟɥɟɣ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɦɵ ɝɚɪɚɧɬɢɪɭɟɦ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɫɬɶ ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɨɱɧɨɫɬ-
ɧɵɯ ɪɚɫɱɟɬɨɜ ɬɢɩɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɡɚɪɚɧɟɟ 
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ɩɨɥɭɱɢɬɶ ɩɪɚɜɢɥɚ ɩɪɨɜɟɞɟɧɢɹ ɢ ɬɪɚɤɬɨɜɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɛɪɨɞɢɚɝɧɨɫɬɢɤɢ ɛɟɡ ɩɨɢɫɤɚ ɚɧɚɥɨɝɢɣ ɞɥɹ 
ɨɪɢɝɢɧɚɥɶɧɨɣ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ. 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɯɨɞɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɢ ɩɨɜɵɲɟɧɢɟ ɟɟ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɚɧɨ ɧɚ ɭɜɟɥɢɱɟɧɢɢ ɷɧɟɪɝɨɜɨɨɪɭɠɟɧɧɨɫɬɢ ɩɪɨɯɨɞɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ. ɋɨɡɞɚɧɢɟ ɧɚ-
ɩɨɪɧɵɯ ɭɫɢɥɢɣ ɧɚ ɡɚɛɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɪɚɳɢɜɚɧɢɹ ɦɚɫɫɵ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɞɨɛɧɚɹ ɬɟɧ-

ɞɟɧɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɚɧɢɱɟɧɢɸ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɯɨɞɱɟɫɤɢɯ ɤɨɦɛɚɣɧɨɜ ɢ ɳɢɬɨɜ ɩɨ ɭɝɥɚɦ 

ɩɪɨɜɨɞɢɦɵɯ ɜɵɪɚɛɨɬɨɤ, ɭɜɟɥɢɱɟɧɢɸ ɢɯ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɢ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ. ɉɨɷɬɨɦɭ ɫɨɡɞɚɧɢɟ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɜɟɞɟɧɢɹ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɢ ɪɚɡɪɚɛɨɬɤɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɩɪɨ-
ɯɨɞɱɟɫɤɢɯ ɦɚɲɢɧ ɹɜɥɹɸɬɫɹ ɤɪɚɣɧɟ ɧɟɨɛɯɨɞɢɦɵɦ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɩɪɨɜɟɞɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɧɚ-
ɤɥɨɧɧɵɯ ɜɵɪɚɛɨɬɨɤ ɹɜɥɹɟɬɫɹ ɝɟɨɜɢɧɱɟɫɬɟɪɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɛɚɡɨɜɵɦ ɚɝɪɟɝɚɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɝɟɨ-
ɯɨɞ – ɚɩɩɚɪɚɬ, ɞɜɢɠɭɳɢɣɫɹ ɜ ɩɨɞɡɟɦɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɨɫɪɟɞɵ. Ʉ ɝɟɨɯɨɞɚɦ ɧɨɜɨ-
ɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɢɯ ɫɢɫɬɟɦɚɦ ɜɵɪɚɛɨɬɚɧɵ ɬɪɟɛɨɜɚɧɢɹ [1]. Ɉɫɧɨɜɧɨɣ ɫɢɫɬɟɦɨɣ ɝɟɨɯɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ 
ɬɪɚɧɫɦɢɫɫɢɹ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɬɪɚɧɫɦɢɫɫɢɹ ɫɨɡɞɚɟɬ ɧɟɨɛɯɨɞɢɦɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɢ ɬɹɝɨɜɨɟ ɭɫɢ-

ɥɢɟ ɧɚ ɜɧɟɲɧɟɦ ɞɜɢɠɢɬɟɥɟ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɤɨɪɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɧɚɩɨɪɧɨɟ ɭɫɢ-

ɥɢɟ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦ ɨɪɝɚɧɟ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɪɚɡɪɚɛɨɬɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ [2]. 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɩɪɢɜɨɞ [3]. Ⱥɧɚɥɢɡ ɩɪɢɦɟɧɢɦɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦɧɵɯ ɪɟɲɟɧɢɣ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɧɚɫɬɨɹ-
ɳɟɟ ɜɪɟɦɹ ɝɢɞɪɨɩɪɢɜɨɞ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɜɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɬɪɚɧɫɦɢɫɫɢɢ ɢ ɩɪɢ-

ɜɨɞɭ [4, 5], ɱɬɨ ɫɨɡɞɚɟɬ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɜ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ [6]. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ, ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɪɚɧɫɦɢɫɫɢɹɯ ɝɨɪɧɵɯ ɦɚ-
ɲɢɧ (ɡɭɛɱɚɬɵɟ ɷɜɨɥɶɜɟɧɬɧɵɟ, ɱɟɪɜɹɱɧɵɟ, ɩɥɚɧɟɬɚɪɧɵɟ), ɡɚɬɪɭɞɧɟɧɨ ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɧɟɨɛɯɨɞɢ-


