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ɦɨɞɟɥɟɣ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɞɥɹ ɦɟɬ-
ɪɨɥɨɝɢɢ ɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɦɧɨɠɟ-
ɫɬɜɚ ɞɪɭɝɢɯ ɰɟɥɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ, 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɧɢɦɚɰɢɟɣ, ɪɟɧɞɟɪɢɧɝɨɦ ɢ ɩɪɢɥɨ-
ɠɟɧɢɣ ɦɚɫɫɨɜɨɣ ɤɚɫɬɨɦɢɡɚɰɢɢ. 

 
Ɋɢɫ. γ. Ɉɛɥɚɤɨ ɬɨɱɟɤ 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ(-ɨɜ), ɩɪɨɢɫɯɨ-
ɞɢɬ ɫɪɚɜɧɟɧɢɟ ɫ ɛɚɡɨɣ ɢ ɞɟɥɚɟɬɫɹ ɡɚɤɥɸɱɟɧɢɟ, ɱɬɨ 
ɷɬɨ ɡɚ ɮɢɝɭɪɚ. ȼ ɫɥɭɱɚɟ ɥɢɰɚ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤ-
ɬɟɪɧɵɟ ɡɨɧɵ ɢ ɩɨ ɫɭɦɦɟ ɦɨɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɦɭ ɷɬɨ ɥɢɰɨ ɩɪɢɧɚɞɥɟɠɢɬ. ȼɵɲɟɨɩɢɫɚɧɧɵɣ ɦɟ-
ɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɪɟɞɦɟɬɵ ɢ ɥɢɰɚ ɫ ɜɵ-
ɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɧɨ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶɸ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɧɨɫɢɬɶ ɜɫɟ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɜɢ-
ɞɟɨɤɚɪɬɭ, ɧɚɩɪɢɦɟɪ ɬɟɯɧɨɥɨɝɢɹ CUDA. 
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ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥɢ 

ɢɡɭɱɟɧɵ ɦɧɨɝɢɟ ɚɫɩɟɤɬɵ ɪɚɫɩɨɡɧɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ 
ɢ ɥɢɰ. Ⱦɚɥɟɟ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫ-
ɩɨɡɧɚɜɚɧɢɹ. ȼɧɟɞɪɢɬɶ ɫɢɫɬɟɦɭ ɜ ɞɪɭɝɨɝɨ ɪɨɛɨɬɚ ɢ 
ɩɪɨɱɢɟ ɫɢɫɬɟɦɵ. 
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ȼɜɟɞɟɧɢɟ 
Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɚ-

ɦɨɧɚɫɬɪɚɢɜɚɸɳɢɯɫɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ), ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚ-
ɰɢɢ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɰɟɧɢɬɶ 
ɬɨɱɧɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ 
ɢɫɯɨɞɧɭɸ ɮɭɧɤɰɢɸ ɜɪɟɦɟɧɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɮɭɧɤɰɢɟɣ, ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ. ɋ ɷɬɨɣ 
ɰɟɥɶɸ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɨɛɪɚɳɟɧɢɹ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ. ɗɬɚ ɠɟ ɡɚɞɚɱɚ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɤɪɢɬɟɪɢɹɦ ɢ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. ɗɬɨ 
ɨɬɧɨɫɢɬɫɹ, ɧɚɩɪɢɦɟɪ, ɤ ɩɪɨɜɟɪɤɟ ɦɨɞɟɥɢ ɧɚ ɪɨ-
ɛɚɫɬɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ, ɪɟɚɤɰɢɢ ɧɚ ɜɧɟɲɧɢɟ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɢ ɬ.ɞ. 

 
Ɉɛɪɚɳɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɧɚ ɨɫ-

ɧɨɜɟ ɱɢɫɥɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɚɪɢɚɧɬ ɪɟɲɟɧɢɹ ɡɚɞɚ-

ɱɢ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟ-
ɧɢɣ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ. ɋ 
ɷɬɨɣ ɰɟɥɶɸ ɩɪɢɜɥɟɤɚɸɬɫɹ ɩɨɞɯɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ 

ɩɟɪɟɜɟɫɬɢ ɨɫɧɨɜɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɞɭɪɵ ɜ 
ɨɛɥɚɫɬɶ ɢɡɨɛɪɚɠɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɧɢɠɟɧɢɟ 
ɨɛɴɟɦɚ ɨɩɟɪɚɰɢɣ. Ɉɞɢɧ ɢɡ ɧɢɯ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɜɟ-
ɳɟɫɬɜɟɧɧɨɦ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɦ ɦɟɬɨɞɟ (ȼɂɆ) [2], 
ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɷɤɨɧɨɦɢɱɧɨ-
ɫɬɶɸ ɜ ɪɚɫɱɟɬɚɯ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧ 
ɯɨɪɨɲɨ ɫɨɱɟɬɚɟɬɫɹ ɫ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ 
ɰɢɮɪɨɜɵɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

ȼ ɨɫɧɨɜɟ ȼɂɆ ɥɟɠɢɬ ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɣ 
ɫɥɭɱɚɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ  

(p) ( ) ,p j
0

ptF f t e dt  
        (1) 

ɩɪɢ Ȧ=0. 
ɉɪɢɛɥɢɠɟɧɧɨɟ ɨɛɪɚɳɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Ʌɚɩɥɚɫɚ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɨɪɢɝɢɧɚɥɚ ɜ ɜɢɞɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɪɹɞɚ. Ɍɚ-
ɤɨɣ ɦɟɬɨɞ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜ ɞɢɫɫɟɪɬɚɰɢɢ Д6Ж, ɤɨ-
ɬɨɪɵɣ ɛɵɥ ɜɡɹɬ ɡɚ ɨɫɧɨɜɭ ɜ ɪɚɛɨɬɟ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɛɪɚɳɟɧɢɹ ɩɪɟɨɛ-
ɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɩɪɢ ɩɨɦɨɳɢ ȼɂɆ, ɜ ɨɫɧɨɜɟ 
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ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (1). Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɮɭɧɤɰɢɸ 

( )f t ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɬɚɤɨɦ ɜɢɞɟ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ 
ɛɵ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ɗɮɮɟɤ-
ɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ, ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ, 
ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ ( )f t  ɜ ɜɢɞɟ ɪɚɡ-
ɥɨɠɟɧɢɹ ɩɨ ɤɚɤɨɣ-ɥɢɛɨ ɫɢɫɬɟɦɟ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧ-
ɧɵɯ ɮɭɧɤɰɢɣ 

( ) ( )
0

f t c tj j
j




 


    (2) 

ɉɪɢ ɷɬɨɦ, ɩɨɞɫɬɚɜɥɹɹ ɫɨɨɬɧɨɲɟɧɢɟ (β) ɜ ɮɨɪ-
ɦɭɥɭ (1) ɩɨɥɭɱɢɦμ  

1
F( ) ( ) ( ), [0, )

0 00

Ntc t e dt c Tj j j j
j j

   
       

 
 (3) 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɨɪɞɢɧɚɬɧɵɯ ɮɭɧɤɰɢɣ ( )tj  ɛɭɞɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɢɧɨɦɵ ɑɟɛɵɲɟɜɚ I ɪɨɞɚ ɜ ɫɢɥɭ 
ɢɯ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɧɢ 
ɧɚɢɦɟɧɟɟ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɧɭɥɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɞɟɹɬɶɫɹ ɧɚ ɫɧɢɠɟɧɢɟ ɨɲɢɛɤɢ ɩɪɢɛɥɢɠɟɧɢɹ ɧɚ 
ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. ȼɵɛɪɚɧɧɵɟ 
ɩɨɥɢɧɨɦɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

( )
0

j katT t b ej jk
k

 


 

ɝɞɟ jο0,1…N-1, ɚ – ɦɚɫɲɬɚɛɧɵɣ ɦɧɨɠɢɬɟɥɶ. 
Ⱦɥɹ ɡɚɩɢɫɢ ɩɨɥɢɧɨɦɨɜ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ, 

ɭɞɨɛɧɨɣ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɜɜɟɞɟɦ ɫɥɟ-
ɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹμ 
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   (4) 

2(1, , ,....)at atɎ О О   
T B Ɏ       (5) 
Ɇɚɬɪɢɰɚ B ɢɡɜɟɫɬɧɚ Д6Ж, ɬɚɤɠɟ ɟɟ ɦɨɠɧɨ 

ɩɪɨɜɟɪɢɬɶ, ɜɵɪɚɡɢɜ ɢɡ ɜɵɪɚɠɟɧɢɹ (5). 
ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɮɨɪɦɭɥɟ (1), ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ . ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɢ 
ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɜ ɜɢɞɟ 

1C [(U ) ] ( )T T T T TB U B U B F  
   (6) 

ȼ ɮɨɪɦɭɥɟ (6) ɢɡɜɟɫɬɧɵ ɡɧɚɱɟɧɢɹ ɜɟɤɬɨɪɚ B, 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ U , ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦ 
ɜɵɪɚɠɟɧɢɟɦμ 

1/ 1/( ) ... 1/( ( 1) )1 1 1
1/ 1/( ) ... 1/( ( 1) )2 2 2

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

1/ 1/( ) ... 1/( ( 1) )

a N a

a N a
U

a N a

  

  


    

    
 

    
 
 
    
 

   (7) 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɧɚɣɞɟɦ ɦɚɬɪɢɰɭ U , ɦɨɠɧɨ 
ɩɪɢɫɬɭɩɢɬɶ ɤ ɧɚɯɨɠɞɟɧɢɸ ɜɟɤɬɨɪɚ ɋ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɡɚɬɟɦ ɩɨɥɭɱɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɜɵɪɚɠɟɧɢɟ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɢ ( )f t ɩɨ 
ɮɨɪɦɭɥɟ (β). Ɉɞɧɚɤɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɮɭɧɤɰɢɢ ( )f t ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɪɹɞ ɱɚɫɬɧɵɯ 
ɡɚɞɚɱμ ɜɵɛɪɚɬɶ ɢɧɬɟɪɜɚɥ ,1 

 
  

, ɨɩɪɟɞɟɥɢɬɶ 

ɪɚɡɦɟɪɧɨɫɬɶ ɱɢɫɥɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ș, ɧɚɣɬɢ 
ɡɧɚɱɟɧɢɟ ɦɚɫɲɬɚɛɧɨɝɨ ɦɧɨɠɢɬɟɥɹ ɚ , ɚ ɬɚɤɠɟ 

ɩɪɢɧɹɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ ɱɢɫɥɨ N ɱɥɟɧɨɜ 
ɭɫɟɱɟɧɧɨɝɨ ɪɹɞɚ.  

 
ɉɪɢɦɟɪ ɧɚɯɨɠɞɟɧɢɹ ɮɭɧɤɰɢɢ  
Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɨɞɯɨɞɚ 

ɨɛɪɚɬɢɦɫɹ ɤ ɪɚɫɱɟɬɧɨɦɭ ɩɪɢɦɟɪɭ. Ⱦɚɧɨ 
ɢɡɨɛɪɚɠɟɧɢɟ (ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɞɜɢɝɚɬɟɥɹ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨ ɜɡɦɭɳɚɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ – 
ɦɨɦɟɧɬɭ ɧɚɝɪɭɡɤɢ) 

4 2
(p)

(p 1)(p 2)
p

F



 

. 

Ɍɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɨɪɢɝɢɧɚɥ –ɢɦɩɭɥɶɫɧɭɸ 
ɩɟɪɟɯɨɞɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɜɢɝɚɬɟɥɹ. 

ɋɧɚɱɚɥɨ ɨɩɪɟɞɟɥɹɟɦ ɪɚɡɦɟɪɧɨɫɬɶ ɱɢɫɥɟɧɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭμ 

1m n    , ɝɞɟ m ɢ n – ɩɨɪɹɞɨɤ ɩɨɥɢɧɨɦɨɜ 
ɱɢɫɥɢɬɟɥɹ ɢ ɡɧɚɦɟɧɚɬɟɥɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. 
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɪɚɡɦɟɪɧɨɫɬɶ ɱɢɫɥɟɧɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɜɧɚ 4 , ɞɚɥɟɟ ɧɚɯɨɞɢɦ ɱɢɫɥɨ 
ɱɥɟɧɨɜ ɭɫɟɱɟɧɧɨɝɨ ɪɹɞɚ, ɨɩɢɪɚɹɫɶ ɧɚ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɪɚɛɨɬɵ Д6Ж. ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɨɧɨ 
ɪɚɜɧɨ 3N . ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɧɚɣɞɟɦ ɷɬɢ ɜɟɥɢɱɢɧɵ, 
ɩɟɪɟɯɨɞɢɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɫɲɬɚɛɧɨɝɨ 
ɦɧɨɠɢɬɟɥɹ Д6Ж,ɨɧ ɪɚɜɟɧ 0.64a ɉɨɫɥɟ ɩɟɪɟɯɨɞɢɦ ɤ 
ɧɚɯɨɠɞɟɧɢɸ ɢɧɬɟɪɜɚɥɚ. ɉɨɥɭɱɢɥɢ ɧɢɠɧɸɸ ɢ 
ɜɟɪɯɧɸɸ ɝɪɚɧɢɰɵμ 0.0011  , 1ii   .Ɂɧɚɱɟɧɢɹ  

ɩɪɢɦɟɦ ɜ ɢɧɬɟɪɜɚɥɟ , ɬɨɝɞɚ ɧɚɣɞɟɦ ɡɧɚɱɟɧɢɹ 
ɭɡɥɨɜ ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɢɹ 

0,0.001,0.002,0.003,0.004. ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɜ ɫɥɟɞɭɸɳɟɟ ɢɡɨɛɪɚɠɟɧɢɟμ  

4 2
( )

( 1)( 2)
F


 




 
, 

ɩɨɥɭɱɢɦ ( ) [1 1.001 1.002 1.003 1.004]ɌF i   

ɉɨ ɮɨɪɦɭɥɟ (6) ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ U  

 

1.56006 0.78064 0.52056

1.55763 0.78003 0.52029

1.55521 0.77942 0.52002

1.55279 0.77882 0.51975

U

 
 
 
 
 
 

 

Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɦɚɬɪɢɰɭ B ɪɚɡɦɟɪɧɨɫɬɶɸ 
N N .ɉɨ ɮɨɪɦɭɥɟ (5) ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɹ 
ɜɟɤɬɨɪɚ ɋ 

0.97674

2.13859

1.01022

C

 
  
  

 

ɇɚɣɞɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɜɟɥɢɱɢɧɵ, ɦɨɠɧɨ 
ɩɟɪɟɯɨɞɢɬɶ ɤ ɩɨɥɭɱɟɧɢɸ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɮɭɧɤɰɢɢ ( )f t  ɩɨ ɮɨɪɦɭɥɟ 

1
( ) ( ),

0 0

jN katf t C B ej j k
j k

       
   

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɣɞɟɦ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ Mathcad 
ɢɦɩɭɥɶɫɧɭɸ ɩɟɪɟɯɨɞɧɭɸ ɮɭɧɤɰɢɸμ 

2( ) 6 2t tk t e e      
Ⱦɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɨɛɪɚɡɢɦ ɢɯ ɜ 

ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫɭɧɤɟ 1. 
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f t( )

k t( )

t  
Ɋɢɫ. 1. ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ ɢ 

ɦɨɞɟɥɢ 
 

ȼɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 
ɫɢɫɬɟɦɵ Mathcad ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɞɥɹ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ ɫɨɜɩɚɞɚɸɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ.  

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ 

ɯɚɪɚɤɬɟɪɢɫɡɭɟɬɫɹ ɦɚɥɵɦ ɨɛɴɟɦɨɦ ɜɵɱɢɫɥɟɧɢɣ ɢ 
ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɜɫɬɪɨɟɧɧɵɟ ɜ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɫɬɪɭɤɬɭɪɵ. ȼ ɨɫɧɨɜɟ ɩɨɞɯɨɞɚ ɥɟɠɢɬ ɢɧɬɟɝɪɚɥɶɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ.. 
ɉɨɥɭɱɚɟɦɵɟ ɫ ɩɨɦɨɳɶɸ ȼɂɆ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ 
ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɢ ɜɫɬɪɨɟɧɧɵɯ 

ɭɫɬɪɨɣɫɬɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɢɯ ɫɬɨɢɦɨɫɬɶ ɡɚ 
ɫɱɟɬ ɨɬɤɚɡɚ ɨɬ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɫɢɫɬɟɦ. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɫɨɫɬɚɜ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɝɨ ɡɚɜɨɞɚ 

(ɇɉɁ) ɨɛɹɡɚɬɟɥɶɧɨ ɜɯɨɞɢɬ ɩɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɣ 
ɩɭɧɤɬ (ɉɋɉ), ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɭɸ 
ɢ ɪɟɡɟɪɜɧɭɸ ɫɯɟɦɵ ɭɱɟɬɚ, ɯɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɭɸ 
ɥɚɛɨɪɚɬɨɪɢɸ, ɨɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɢɣ ɩɭɧɤɬ 
(ɨɩɟɪɚɬɨɪɧɭɸ) ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɟɦɨ-ɫɞɚɱɟɣ ɧɟɮɬɢ ɢ 
ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, 
ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɉɋɉ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɜɬɨɦɚɬɢɡɢ-
ɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɦɢɦɨ ɫɨɤɪɚɳɟ-
ɧɢɹ ɡɚɬɪɚɬ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɪɭɞɚ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɮɬɟɩɪɨ-
ɞɭɤɬɨɜ, ɩɨɜɵɲɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

 
ɇɚɡɧɚɱɟɧɢɟ ɢ ɮɭɧɤɰɢɢ ɉɋɉ 
ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ  ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɜ ɧɟ-

ɩɪɟɪɵɜɧɨɦ ɤɪɭɝɥɨɫɭɬɨɱɧɵɦ ɪɟɠɢɦɟ ɢ ɢɦɟɬɶ 
ɜɫɬɪɨɟɧɧɵɟ ɢ ɩɟɪɟɧɨɫɧɵɟ ɫɪɟɞɫɬɜɚ ɤɨɧɬɪɨɥɹ ɢ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ. 

ɉɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɟ ɩɭɧɤɬɵ  ɫɨɡɞɚɸɬɫɹ ɧɚ ɬɟɪ-
ɪɢɬɨɪɢɢ ɇɉɁ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɤɚ-
ɱɟɫɬɜɚ) ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɬɨɜɚɪɧɨɣ ɧɟɮɬɢ ɫɨɝɥɚɫɧɨ 
ȽɈɋɌ Ɋ κ.5λ5 Ƚɋɂ «Ɇɚɫɫɚ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤ-
ɬɨɜ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɟɬɨɞɢɤɚɦ ɜɵɩɨɥɧɟɧɢɹ 
ɢɡɦɟɪɟɧɢɣ», Ɇɂ βκβ5 «ɋɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɤɨɥɢ-
ɱɟɫɬɜɚ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɧɟɮɬɢ. Ɇɟɬɪɨɥɨɝɢ-
ɱɟɫɤɢɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɸ» ɢ  Ɇɂ βκγ7-β00γ «ɉɪɢɟɦɨ-ɫɞɚɬɨɱɧɵɟ ɩɭɧɤ-
ɬɵ ɧɟɮɬɢ. Ɇɟɬɪɨɥɨɝɢɱɟɫɤɨɟ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɟɫ-
ɩɟɱɟɧɢɟ». 

Ɉɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɟ ɉɋɉμ 
ɨɩɟɪɚɬɢɜɧɵɣ ɤɪɭɝɥɨɫɭɬɨɱɧɵɣ ɭɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɤɚɱɟɫɬɜɚ ɩɪɢɧɢɦɚɟɦɨɣ, ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ, ɧɚɯɨɞɹ-
ɳɟɣɫɹ ɧɚ ɯɪɚɧɟɧɢɢ ɢ ɫɞɚɜɚɟɦɨɣ ɧɟɮɬɢ ɢ ɩɟɪɟɞɚɱɭ 
ɢɧɮɨɪɦɚɰɢɢ ɤɚɠɞɵɟ ɞɜɚ ɱɚɫɚ ɞɢɫɩɟɬɱɟɪɫɤɢɦ 
ɫɥɭɠɛɚɦ, ɢɧɜɟɧɬɚɪɢɡɚɰɢɸ (ɨɩɟɪɚɬɢɜɧɵɣ ɪɟɝɭɥɹɪ-
ɧɵɣ ɫɛɨɪ ɦɚɫɫɨɜɵɯ ɢ ɨɛɴɟɦɧɵɯ ɞɚɧɧɵɯ ɨ ɧɟɮɬɢ) ɜ 
ɪɟɡɟɪɜɭɚɪɚɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 

ɄɂɉɢȺ ɨɛɜɹɡɤɚ ɨɬɞɟɥɶɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɥɢ-
ɧɢɣ ɉɋɉ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.1. ɑɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ 


