
ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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ɜɪɟɦɹ ɜ ɫɚɞɨɜɨɞɫɬɜɟ ɷɬɚ ɜɟɥɢɱɢɧɚ ɩɨɤɚ ɧɟ ɞɨɫɬɢɝɧɭɬɚ, ɬ.ɤ. ɜɟɥɢɤ ɜɪɟɦɟɧɧɨɣ ɪɚɡɪɵɜ 
ɦɟɠɞɭ ɡɚɤɥɚɞɤɨɣ ɧɚɫɚɠɞɟɧɢɣ ɢ ɩɨɥɭɱɟɧɢɟɦ ɭɪɨɠɚɟɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ 
ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɩɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɨɯɨɞɢɬ ɧɟ ɨɞɢɧ ɝɨɞ, ɤɨɝɞɚ 
ɷɧɟɪɝɢɹ ɬɪɚɬɢɬɫɹ, ɢ ɧɟ ɜɨɫɩɨɥɧɹɟɬɫɹ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɟɣ, ɞɚ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ 
ɩɥɨɞɨɜ ɧɟɜɟɥɢɤɚ.  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɡɧɚɱɟɧɢɟ ɩɥɨɞɨɜ ɫɨɫɬɨɢɬ ɧɟ ɫɬɨɥɶɤɨ ɜ ɢɯ ɩɢɬɚɬɟɥɶɧɨɣ 
(ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ), ɫɤɨɥɶɤɨ ɜ ɥɟɱɟɛɧɨ-ɨɡɞɨɪɨɜɢɬɟɥɶɧɨɣ ɰɟɧɧɨɫɬɢ. Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɩɥɨɞɵ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɜɢɬɚɦɢɧɨɜ ɢ ɞɪɭɝɢɯ ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ 
ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ. ɂ ɜɫɟ ɠɟ ɩɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɚɞɨɜɨɞɫɬɜɚ 
ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɩɟɪɟɯɨɞɚ ɤ ɫɨɜɪɟɦɟɧɧɵɦ ɫɥɚɛɨɪɨɫɥɵɦ ɬɢɩɚɦ ɫɚɞɨɜ. ɗɬɢ ɫɚɞɵ ɞɨɥɠɧɵ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɛɵɫɬɪɵɦ ɜɫɬɭɩɥɟɧɢɟɦ ɜ ɩɨɪɭ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɥɨɞɨɧɨɲɟɧɢɹ ɢ 
ɤɨɪɨɬɤɢɦ ɩɟɪɢɨɞɨɦ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɤɨɪɨɩɥɨɞɧɵɟ, 
ɜɵɫɨɤɨɭɪɨɠɚɣɧɵɟ, ɭɫɬɨɣɱɢɜɵɟ ɤ ɮɚɤɬɨɪɚɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɫɨɪɬɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɢɯ ɭɪɨɠɚɟɜ ɫ ɦɟɧɶɲɢɯ ɩɥɨɳɚɞɟɣ. ȼɫɟ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɜɥɟɤɚɟɦɨɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɥɨɞɨɜ ɷɧɟɪɝɢɢ ɢ ɨɛɟɫɩɟɱɢɬɶ ɢɯ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɜɵɪɚɳɢɜɚɧɢɟ, ɫɧɢɡɢɜ ɩɪɢ ɷɬɨɦ 
ɚɧɬɪɨɩɨɝɟɧɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

 
ɅɂɌȿɊȺɌɍɊȺ 
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ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ ɉɊȿɈȻɊȺɁɈȼȺɌȿɅə ɇȺɉɊəɀȿɇɂə  
ȾɅə ȻɂɎɍɊɄȺɐɂɈɇɇɈȽɈ ȺɇȺɅɂɁȺ ȿȽɈ ȾɂɇȺɆɂɄɂ 

Ɋɭɫɫɤɢɧ ȼ.Ⱥ., Ɇɢɯɚɥɶɱɟɧɤɨ ɋ.Ƚ.* 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 

*Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ, 
ɝ.Ɍɨɦɫɤ 

 
ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɬɧɨɫɹɬɫɹ ɤ ɫɢɫɬɟɦɚɦ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ 
ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 
Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɧɟɥɢɧɟɣɧɨɫɬɶ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɥɨɜɵɦ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, ɹɜɥɹɟɬɫɹ ɢɦɩɭɥɶɫɧɵɣ ɦɨɞɭɥɹɬɨɪ, ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɜ 
ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɬ ɜɢɞɚ ɦɨɞɭɥɹɰɢɢ [1]. ɇɚɥɢɱɢɟ ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɪɟɲɟɧɢɣ, ɚ ɡɧɚɱɢɬ, ɜɨɡɦɨɠɧɵ ɫɥɭɱɚɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɟɣ KF.  

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɢɦɩɭɥɶɫɧɨ-ɦɨɞɭɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɜɫɟɝɞɚ ɧɟɥɢɧɟɣɧɚ, ɜ ɪɹɞɟ 
ɫɥɭɱɚɟɜ, ɨɩɢɫɚɧɧɵɯ ɜ [3,4], ɜɨɡɧɢɤɚɟɬ ɨɫɬɪɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɚɧɚɥɢɡɚ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 
ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɰɟɧɚɪɢɟɜ ɫɦɟɧɵ ɨɞɧɨɝɨ ɪɟɠɢɦɚ ɧɚ ɞɪɭɝɨɣ. 



ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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Ɂɚ ɨɫɧɨɜɭ ɢɫɫɥɟɞɨɜɚɧɢɣ [5], ɛɵɥ ɜɡɹɬ ɫɬɚɛɢɥɢɡɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɫ ɒɂɆ, 
ɜɵɩɨɥɧɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɩɨɧɢɠɚɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

ɴ ɲ 
ͲɴͼUC

U˄

UER;UCͿ

ͲUˀ;ƚͿ

ʇ;UC͕ƚͿ

ȿ0

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 
ɇɚ ɫɯɟɦɟ ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: E0 – ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ (E0=1040 B); R 

– ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɩɨɬɟɪɢ ɜ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɜ ɪɟɝɭɥɹɬɨɪɟ 
(R=10,6 Ɉɦ);  KF – ɮɭɧɤɰɢɹ, ɨɞɧɨɡɧɚɱɧɨ ɨɩɢɫɵɜɚɸɳɚɹ ɤɨɦɦɭɬɚɰɢɢ ɬɪɚɧɡɢɫɬɨɪɚ VT ɢ 
ɞɢɨɞɚ VD; L ɢ C – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɢ ɟɦɤɨɫɬɶ ɮɢɥɶɬɪɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (L=0,1 Ƚɧ, ɋ=10-
6 Ɏ); Rɇ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ (Rɇ=100 Ɉɦ); ȕ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɞɚɬɱɢɤɚ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɜɵɯɨɞɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ (ȕ=0,01); Uɍ – ɭɩɪɚɜɥɹɸɳɟɟ (ɡɚɞɚɸɳɟɟ) 
ɧɚɩɪɹɠɟɧɢɟ (Uɍ=5 ȼ); Į – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɡɜɟɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ; 
ɱɚɫɬɨɬɚ ɒɂɆ 10 ɤȽɰ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɚɤ ɢ ɜ [1], ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ 
ɞɨɩɭɳɟɧɢɹ: ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɩɪɢɛɨɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɞɟɚɥɶɧɵɦɢ ɦɨɞɟɥɹɦɢ, 
ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɞɪɨɫɫɟɥɶ – ɷɥɟɦɟɧɬɚɦɢ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɟɩɪɟɪɵɜɧɨɣ ɱɚɫɬɢ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɡɚɞɚɱɭ 
Ʉɨɲɢ: 
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 (1) 
ɝɞɟ Ⱥ – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ;   ( , )FK tB X  – ɜɟɤɬɨɪ ɜɵɧɭɠɞɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ; 

   ( , ) ,  ER Ɋt U t U t  X X – ɪɚɡɧɨɫɬɧɚɹ ɮɭɧɤɰɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɨɩɢɫɵɜɚɸɳɚɹ 

ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɨɲɢɛɤɢ    2
(  )ER ɍU U    X X  ɢ ɩɢɥɨɨɛɪɚɡɧɵɦ 

ɧɚɩɪɹɠɟɧɢɟɦ  ɊU t , ɮɨɪɦɢɪɭɟɦɵɦ ɝɟɧɟɪɚɬɨɪɨɦ ɪɚɡɜɺɪɬɵɜɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ; 

   ( , ) 1 ( ) / 2FK t sign  X  – ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ. 
ɇɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɥɢɧɟɣɧɨɫɬɢ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1) ɦɨɠɟɬ ɛɵɬɶ 

ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ: 
   0( ) 1 1

0( )  ( ) .t t
F Ft K K      AX e X A B A B                           (2) 

ɗɬɨ ɪɟɲɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ X0 ɢ t0. Ʉɚɠɞɵɣ 
ɬɚɤɬɨɜɵɣ ɩɟɪɢɨɞ ɒɂɆ Ĳ ɪɚɡɞɟɥɟɧ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɪɟɠɢɦɚ, ɝɪɚɧɢɰɵ ɤɨɬɨɪɵɯ 
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ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɱɚɥɨɦ k-ɬɨɝɨ ɬɚɤɬɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɒɂɆ (k–1)Ĳ ɢ ɦɨɦɟɧɬɨɦ 
ɤɨɦɦɭɬɚɰɢɢ ɬɪɚɧɡɢɫɬɨɪɚ tk. ɂɫɯɨɞɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (2), ɧɚ ɩɟɪɜɨɦ ɭɱɚɫɬɤɟ ɩɨɫɬɨɹɧɫɬɜɚ 
ɫɬɪɭɤɬɭɪɵ (ɨɬ ɧɚɱɚɥɚ ɬɚɤɬɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɒɂɆ ɞɨ ɦɨɦɟɧɬɚ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɚ) (k–
1)Ĳ ≤ t ≤ tk ɜɟɤɬɨɪ ɜɵɧɭɠɞɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ BI, ɚ ɪɟɲɟɧɢɟ ɛɭɞɟɬ 
ɢɦɟɬɶ ɜɢɞ: 

( ( 1) ) 1 1
1 I I( )  ( )t k

kt    
    AX e X A B A B .                           (3) 

Ɂɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ X(t) ɜ ɦɨɦɟɧɬ ɤɨɦɦɭɬɚɰɢɢ ɪɚɜɧɨ: 
( ( 1) ) 1 1

1 I I( )  ( )kt k
k kt    

    AX e X A B A B .                             (4) 
Ɋɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (4) ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɢɝɪɚɬɶ ɪɨɥɶ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɧɚ ɜɬɨɪɨɦ ɭɱɚɫɬɤɟ ɩɨɫɬɨɹɧɫɬɜɚ ɫɬɪɭɤɬɭɪɵ tk ≤ t ≤ kĲ , ɧɚ ɤɨɬɨɪɨɦ ɜɟɤɬɨɪ 
ɜɵɧɭɠɞɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɪɚɜɟɧ BII, ɚ ɪɟɲɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

( ) 1 1
II II( )  ( ( ) )kt t

kt t      AX e X A B A B .                         (5) 
Ɂɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ ɏ(t) ɧɚ ɩɪɚɜɨɦ ɤɨɧɰɟ k-ɬɨɝɨ ɬɚɤɬɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɒɂɆ, 

ɜɵɱɢɫɥɹɟɦɨɝɨ ɩɨ ɭɪɚɜɧɟɧɢɸ (5), ɜɵɫɬɭɩɚɟɬ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɧɚ 
ɫɥɟɞɭɸɳɟɦ (k+1)-ɨɦ ɢɧɬɟɪɜɚɥɟ ɢ ɬ.ɞ  

ɍɩɪɨɳɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ Ʉɨɲɢ (1), ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɮɨɪɦɭɥɚɯ (3)-(5) ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2. Ⱥɥɝɨɪɢɬɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɤɥ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 
ɬɚɤɬɨɜɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫ ɜɥɨɠɟɧɧɵɦ ɜ ɧɟɝɨ ɰɢɤɥɨɦ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɢ ɫ ɩɟɪɟɦɟɧɧɵɦ 
ɲɚɝɨɦ.  

Ɉɬ ɧɚɱɚɥɚ ɬɚɤɬɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɛɨɥɶɲɢɦ ɲɚɝɨɦ, ɪɚɜɧɵɦ 0.1Ĳ. 
ɉɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɬɨɱɤɢ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɚ tk ɜ ɚɥɝɨɪɢɬɦɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɜɨɡɜɪɚɳɟɧɢɟ 
ɤ ɬɨɱɤɟ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɡɚ ɨɞɢɧ ɲɚɝ ɞɨ ɤɨɦɦɭɬɚɰɢɢ. Ɉɬ ɷɬɨɣ ɬɨɱɤɢ ɞɨ 
ɦɨɦɟɧɬɚ ɤɨɦɦɭɬɚɰɢɢ ɪɚɫɱɺɬ ɜɟɞɺɬɫɹ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɲɚɝɨɦ. Ⱦɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ 
ɩɨɡɜɨɥɹɟɬ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɚɫɱɺɬɨɜ, ɚ ɫ ɞɪɭɝɨɣ – 
ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɦɨɦɟɧɬɨɜ ɤɨɦɦɭɬɚɰɢɢ ɢ ɜɟɤɬɨɪɚ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɏ(t). 

ɇȺɑȺɅɈ

ɄɈɇȿɐ

ȼȼɈȾ
X0, t0, dt, 

ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ

FOR
k = 0, k < kmax
k = k+1, t = k∙a

FOR

WHILE
t <( k+1)∙a

Ɋɚɫɱɟɬ ȟ(t)
 t = t+dt

ȟ(t) > 0

Ɋɚɫɱɟɬ KF

KF = 0KF = 1

ɋɨɯɪɚɧɟɧɢɟ X(t)Ɋɚɫɱɟɬ X(t)  ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ KF

WHILE

1

1

ɇȿɌȾȺ

 
Ɋɢɫ. 2. ɍɩɪɨɳɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
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Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɮɭɪɤɚɰɢɨɧɧɵɯ ɹɜɥɟɧɢɣ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɦɨɞɟɥɢ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɨɩɢɫɚɧɧɨɝɨ ɜɵɪɚɠɟɧɢɟɦ (1) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ Į ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. 

 
UɊ, KF, Uȼɕɏ

t, c
a)

UɊ, KF, Uȼɕɏ

t, c
ɛ)

Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɚ) Į = 50; ɛ) Į = 100 
 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ: 

 ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1), ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɟɬ 
ɩɨɝɪɟɲɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ. ȼɵɪɚɠɟɧɢɹ (3,5) ɹɜɥɹɸɬɫɹ ɬɨɱɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 
ɪɟɲɟɧɢɟɦ, ɚ ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɜɟɤɬɨɪɚ ɏ ɡɚɜɢɫɢɬ ɥɢɲɶ ɨɬ ɪɚɡɪɹɞɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɥɚ ɜ ɗȼɆ; 

 ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ, ɤɚɤ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ, ɬɚɤ ɢ 
ɚɧɨɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨɧɢɠɚɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ; 

 ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɩɟɪɟɯɨɞɵ ɨɬ ɨɞɧɨɣ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜɵɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ ɤ ɞɪɭɝɨɣ (ɪɢɫ.3) ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɢɱɢɧɵ, ɜɵɡɵɜɚɸɳɢɟ ɛɢɮɭɪɤɚɰɢɨɧɧɵɟ 
ɹɜɥɟɧɢɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɡɚɦɤɧɭɬɵɯ ɢɦɩɭɥɶɫɧɨ-ɦɨɞɭɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɩɢɫɵɜɚɟɦɵɯ ɧɟɥɢɧɟɣɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɝɨ ɬɢɩɚ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɭɸ ɡɚɞɚɱɭ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɪɟɝɭɥɹɬɨɪɚ, ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɧɚɝɪɭɡɤɢ [5, 6, 8]. ȼ ɪɚɛɨɬɟ 
ɩɪɢɜɨɞɢɬɫɹ ɦɟɬɨɞɢɤɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɢɧɚɦɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɛɢɮɭɪɤɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ. 

ȼɵɜɨɞɵ: 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨ – 

ɚɩɩɚɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ ɩɪɟɜɨɫɯɨɞɢɬ 
ɢɡɜɟɫɬɧɵɟ ɱɢɫɥɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɨɝɪɚɦɦ, ɚ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɨɣ ɢ 
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɥɢɲɶ ɨɲɢɛɤɨɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɥɚ.  
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ȺɇɌɂɊȿɁɈɇȺɇɋɇɕȿ ɌɊȺɇɎɈɊɆȺɌɈɊɕ ɇȺɉɊəɀȿɇɂə ȼ ɋȿɌəɏ 6-35 ɤȼ 
Ɂɚɪɢɩɨɜ Ɋ.Ɏ., Ƚɭɫɚɤɨɜ Ⱦ.ȼ., ɏɚɮɢɡɨɜ Ɋ.Ɋ. 

ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɜɢɚɰɢɨɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɍɮɚ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ (Ɍɇ) ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 6–10 ɤȼ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɛɟɡɨɩɚɫɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɩɢɬɚɧɢɟ ɫɪɟɞɫɬɜ ɭɱɟɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɢɬɚɧɢɟ ɨɩɟɪɚɬɢɜɧɵɯ ɰɟɩɟɣ, ɰɟɩɟɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɚɜɬɨɦɚɬɢɤɢ ɢ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɫɱɟɬɧɵɯ ɫɱɟɬɱɢɤɨɜ ɫɦɨɧɬɢɪɨɜɚɧɨ ɧɚ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹɯ 6–10 ɤȼ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɤ 
Ɍɇ 6–10 ɤȼ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ 
Ɍɇ ɤɨɧɬɪɨɥɹ ɢɡɨɥɹɰɢɢ, ɤɨɬɨɪɵɟ, ɤɪɨɦɟ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɳɢɬɭ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɮɟɪɪɨɪɟɡɨɧɚɧɫɧɵɯ ɩɪɨɰɟɫɫɚɯ. 

Ⱥɧɬɢɪɟɡɨɧɚɧɫɧɵɦ ɧɚɡɵɜɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɡɚɡɟɦɥɹɟɦɵɣ Ɍɇ, ɭɫɬɨɣɱɢɜɨ 
ɪɚɛɨɬɚɸɳɢɣ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɫɟɬɢ ɧɟɩɪɟɤɪɚɳɚɸɳɢɯɫɹ ɮɟɪɪɨɪɟɡɨɧɚɧɫɧɵɯ ɹɜɥɟɧɢɣ ɢ ɧɟ 
ɜɵɡɵɜɚɸɳɢɣ ɢɯ. [1] Ɍɚɤɢɟ Ɍɇ ɞɨɪɨɠɟ ɨɛɵɱɧɵɯ. ɉɨɷɬɨɦɭ ɢɯ ɧɭɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ 
ɬɚɦ, ɝɞɟ ɷɬɨ ɞɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɚɧɬɢɪɟɡɨɧɚɧɫɧɵɦ Ɍɇ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ȽɈɋɌ 1983–2001, ɡɚɜɢɫɹɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɮɟɪɪɨɪɟɡɨɧɚɧɫɚ ɜ ɬɨɣ ɫɟɬɢ, ɞɥɹ 
ɤɨɬɨɪɨɣ ɨɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ. 

ɋɟɬɢ 6-35 ɤȼ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵ – ɝɟɧɟɪɚɬɨɪɧɵɟ, ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫɬɚɧɰɢɣ, ɝɨɪɨɞɫɤɢɟ ɤɚɛɟɥɶɧɵɟ, ɫɟɥɶɫɤɢɟ ɜɨɡɞɭɲɧɵɟ, ɤɚɪɶɟɪɧɵɟ ɢ ɞɪ. Ɉɧɢ ɪɚɡɥɢɱɚɸɬɫɹ 
ɫɩɨɫɨɛɨɦ ɡɚɡɟɦɥɟɧɢɹ ɧɟɣɬɪɚɥɢ, ɞɨɩɭɫɬɢɦɵɦ ɜɪɟɦɟɧɟɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɨɞɧɨɮɚɡɧɵɯ 
ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɢ ɬ.ɞ., ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɨɦɭ ɪɚɡɧɨɨɛɪɚɡɢɸ ɭɫɬɨɣɱɢɜɵɯ 
ɮɟɪɪɨɪɟɡɨɧɚɧɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢɥɢ ɢɯ ɜɨɡɦɨɠɧɨɦɭ ɨɬɫɭɬɫɬɜɢɸ. 

Ʉ ɚɧɬɢɪɟɡɨɧɚɧɫɧɵɦ Ɍɇ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɪɚɛɨɬɵ ɜ ɷɬɢɯ ɫɟɬɹɯ, ɩɪɟɞɴɹɜɥɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɚɧɚɥɢɡɟ ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɮɟɪɪɨɪɟɡɨɧɚɧɫɧɵɯ 
ɹɜɥɟɧɢɣ: 


