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ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɍɫɥɨɜɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɟɯɨɞɚ 

ɢɦɟɟɬ ɜɢɞ 1k kD u 
  . 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ 
ɞɚɧɧɵɯ ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ 
ɋɉ ɞɥɹ ɬɟɤɭɳɟɣ 

ɦɚɪɤɢɪɨɜɤɢ

ɇɚɯɨɠɞɟɧɢɟ ɜɨɡɛɭɠɞɟɧɧɵɯ 
ɩɟɪɟɯɨɞɨɜ ɋɉ

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ 
ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɜɨɡɛɭɠɞɟɧɧɵɯ ɩɟɪɟɯɨɞɨɜ

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɥɟɞɭɸɳɟɣ 
ɦɚɪɤɢɪɨɜɤɢ ɋɉ

Ⱥɤɬɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ
ɩɪɨɟɤɬɧɨɣ ɪɚɛɨɬɵ 

ȼɵɩɨɥɧɟɧɢɟ ɚɬɪɢɛɭɬɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɟɤɬɧɵɦɢ 

ɪɚɛɨɬɚɦɢ

Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ
(ɩɪɨɟɤɬɧɵɟ ɪɚɛɨɬɵ)

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɚɬɪɢɛɭɬɨɜ ɭɩɪɚɜɥɟɧɢɹ

ȺɊɆ ɦɟɧɟɞɠɟɪɚ ɩɪɨɟɤɬɨɜ
(ɷɤɪɚɧɧɚɹ ɮɨɪɦɚ)

Ɂɚɩɢɫɶ ɞɚɧɧɵɯ
ɩɪɨɟɤɬɧɨɣ ɪɚɛɨɬɵ 

 
Ɋɢɫ. 1. Ȼɥɨɤ ɫɯɟɦɚ ɫɭɩɟɪɜɢɡɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɟɤɬɧɵɦɢ ɪɚɛɨɬɚɦɢ 
 

ɉɟɪɟɯɨɞɵ ɷɬɢɯ ɦɨɞɟɥɟɣ ɨɬɨɛɪɚɠɚɸɬ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. ɗɬɨ ɦɧɨɠɟɫɬɜɨ ɞɨɩɨɥɧɹɟɬɫɹ 
ɩɟɪɟɯɨɞɚɦɢ, ɦɨɞɟɥɢɪɭɸɳɢɦɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ 
ɨɩɟɪɚɰɢɢ (ɬɪɚɧɫɩɨɪɬ, ɢɡɦɟɪɟɧɢɹ ɢ ɬ.ɞ.). 

Ɇɧɨɠɟɫɬɜɚ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɨɡɢɰɢɣ ɩɟ-
ɪɟɯɨɞɚ ɫɟɬɢ ɨɛɪɚɡɭɸɬ ɩɟɪɟɱɟɧɶ ɩɪɨɞɭɤɬɨɜ ɢ ɪɟ-
ɫɭɪɫɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɡɚɩɭɫɤɚ 
ɨɩɟɪɚɰɢɢ }D)t,p/(p{)t(I jiij   ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɩɟɪɟɱɟɧɶ ɩɪɨɞɭɤɬɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɮɨɪɦɢɪɭɟ-

ɦɵɯ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɜɵɩɨɥɧɟɧɢɹ 
}D)p,t/(p{)t(Q ijij  . 

Ɇɚɬɪɢɰɚ ɢɧɰɢɞɟɧɰɢɣ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɭɪɚɜɧɟɧɢɟ, ɮɨɪɦɢɪɭɸɳɟɟ ɦɟɯɚɧɢɡɦ ɢɡɦɟɧɟɧɢɹ 
ɦɚɪɤɢɪɨɜɤɢ ɫɟɬɢ 1k k kD u     , ɝɞɟ ku  – ɜɟɤɬɨɪ-

ɫɬɨɥɛɟɰ ɞɥɢɧɵ T , ɢɦɟɸɳɢɣ ɟɞɢɧɫɬɜɟɧɧɵɣ ɧɟɧɭ-
ɥɟɜɨɣ ɷɥɟɦɟɧɬ ɜ ɩɨɡɢɰɢɢ j , ɪɚɜɧɵɣ 1 ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɨɩɪɟɞɟɥɹɸɳɢɣ, ɤɚɤɨɣ ɢɡ ɩɟɪɟɯɨɞɨɜ ɫɪɚ-
ɛɚɬɵɜɚɟɬ ɧɚ ɬɟɤɭɳɟɦ ɬɚɤɬɟ ɭɩɪɚɜɥɟɧɢɹ. Ȼɥɨɤ ɫɯɟ-
ɦɚ ɫɭɩɟɪɜɢɡɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɟɤɬɧɵɦɢ ɪɚɛɨ-
ɬɚɦɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

ɩɨɬɨɤɨɜ ɪɚɛɨɬ ɜ ɜɢɞɟ ɋɉ ɹɜɥɹɸɬɫɹ ɜɫɟ ɠɟ ɧɢɡɤɨ-
ɭɪɨɜɧɟɜɵɦɢ ɢ ɧɟɭɞɨɛɧɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ 
ɩɨɞɝɨɬɨɜɤɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. Ɉɞɧɚɤɨ 
ɯɨɪɨɲɨ ɢɫɫɥɟɞɨɜɚɧɧɵɣ ɚɩɩɚɪɚɬ ɋɉ ɩɨɡɜɨɥɹɟɬ 
ɦɨɞɟɥɢɪɨɜɚɬɶ ɫɟɦɚɧɬɢɤɭ ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ ɢ ɨɛɟɫ-
ɩɟɱɢɜɚɟɬ ɫɭɩɟɪɜɢɡɨɪɧɵɟ ɫɜɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ-
ɬɨɤɨɦ ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ДγЖ ɢɧ-
ɜɚɪɢɚɧɬɵ ɋɉ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 
ɫɰɟɧɚɪɢɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ. ɋɉ ɩɨɡ-
ɜɨɥɹɸɬ ɭɬɨɱɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɸɬ ɤɚɱɟɫɬɜɨ 
ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ ɞɨɤɭɦɟɧɬɨɜ. 
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ȼ ɫɜɨɟɦ ɛɨɥɶɲɢɧɫɬɜɟ, ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟ-

ɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɟ 
ɉɂȾ ɪɟɝɭɥɹɬɨɪɵ, ɫɢɧɬɟɡɢɪɭɟɦɵɟ ɧɚ ɨɫɧɨɜɟ ɬɪɚ-
ɞɢɰɢɨɧɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɦɟɬɨɞɨɜ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 
ɩɨɪɹɞɤɚ λ0% ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɝɭɥɹɬɨɪɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɪɚɫɱɟɬɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɪɟɝɭɥɹɬɨɪɨɜ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɱɚɫɬɧɨ-
ɫɬɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɟɣ ɧɟɢɧɟɪɰɢɨɧɧɵɯ ɡɜɟ-
ɧɶɟɜ ɩɟɪɜɨɝɨ ɢɥɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɫ ɡɚɩɚɡɞɵɜɚɧɢ-
ɟɦ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɫɬɪɨɟɤ ɪɟɝɭɥɹɬɨɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɤɚɱɟɫɬɜɟɧɧɭɸ ɪɚɛɨɬɭ ɪɟ-
ɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ 
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ɦɨɞɟɥɟɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. 
Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɳɟ, ɧɨ ɫ 
ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɨɩɪɟɞɟɥɢɬɶ ɷɬɢ ɩɚɪɚɦɟɬ-
ɪɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚ ɪɟɚɥɶɧɨɦ ɨɛɴɟɤɬɟ ɭɩɪɚɜ-

ɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɫɭɬɶɸ ɫɚɦɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɬɚ-
ɥɨ ɫɨɡɞɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ. 

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɟɣ δεγβ4σ 

ɢ RC-ɷɥɟɦɟɧɬɨɜ 
 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɫɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɟɪɚɰɢɨɧ-
ɧɵɯ ɭɫɢɥɢɬɟɥɟɣ LM324N ɢ RC-ɷɥɟɦɟɧɬɨɜ. 

Ȼɥɨɤ Ⱥ ɢɦɟɟɬ ɥɢɲɶ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɭɸ ɮɭɧɤ-
ɰɢɸ, ɬɨ ɟɫɬɶ ɫɜɟɬɨɞɢɨɞɵ ɭɤɚɡɵɜɚɸɬ, ɤɨɪɪɟɤɬɧɨɫɬɶ 
ɩɨɞɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ. 

Ȼɥɨɤ Ȼ ɫɨɞɟɪɠɢɬ ɝɟɧɟɪɚɬɨɪ ɩɪɹɦɨɭɝɨɥɶɧɵɯ 
ɢɦɩɭɥɶɫɨɜ ɢ ɫɭɦɦɚɬɨɪ, ɞɥɹ ɭɱɟɬɚ Ɉɋ, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɨɣ ɩɨɫɬɨɹɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

ɇɚ ɛɥɨɤɟ ȼ ɩɪɟɞɫɬɚɜɥɟɧ, ɫɨɛɫɬɜɟɧɧɨ ɉɂȾ-
ɪɟɝɭɥɹɬɨɪ. Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬ-
ɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɨɫɬɚɬɵ, ɜɦɟɫɬɨ ɩɨɫɬɨɹɧɧɵɯ 
ɪɟɡɢɫɬɨɪɨɜ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɪɚɫɫɱɢɬɚɧɵ ɛɵɥɢ ɧɚ 
ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɍɚɤɠɟ ɤ ɷɬɨɦɭ ɛɥɨɤɭ ɨɬɧɨ-
ɫɢɬɫɹ ɟɳɟ ɨɞɢɧ ɫɭɦɦɚɬɨɪ. 

Ȼɥɨɤ Ƚ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶɸ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 
ɜ ɪɨɥɢ ɤɨɬɨɪɨɝɨ ɜɵɫɬɭɩɚɟɬ ɥɢɛɨ ɢɧɬɟɝɪɚɬɨɪ 1ɨɝɨ 
ɩɨɪɹɞɤɚ ɫ ɢɧɜɟɪɬɨɪɨɦ, ɥɢɛɨ ɢɧɬɟɝɪɚɬɨɪɨɦ βɨɝɨ 
ɩɨɪɹɞɤɚ. Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɫ ɢɧɬɟɝɪɚɬɨɪɨɦ ɛɟɡ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (1), ɧɚ ɤɨɬɨɪɵɣ ɩɨɞɚɧ ɩɪɹɦɨ-
ɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ. Ɍɚɤ ɤɚɤ ɩɨɥɸɫ ɫɢɫɬɟɦɵ ɧɚɯɨ-
ɞɢɬɫɹ ɜ ɧɚɱɚɥɟ ɤɨɨɪɞɢɧɚɬ, ɬɨɝɞɚ ɩɟɪɟɯɨɞɧɚɹ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚ ɛɭɞɟɬ ɥɢɧɟɣɧɨ-ɜɨɡɪɚɫɬɚɸɳɟɣ. ȿɫɥɢ 
ɛɭɞɟɬ β ɢɧɬɟɝɪɚɬɨɪɚ (β), ɬɨɝɞɚ ɩɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚ ɩɪɢɦɟɬ ɭɠɟ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɜɢɞ, ɱɬɨ 
ɬɨɠɟ ɧɟɞɨɩɭɫɬɢɦɨ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɥɨ-
ɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɞɚɫɬ ɜɜɟɞɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɣ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɧɨ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ (1) ɩɪɨɰɟɫɫ 
ɛɭɞɟɬ ɫɯɨɞɹɳɢɦɫɹ, ɛɟɡ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɧɨ ɫ 
ɛɨɥɶɲɢɦ ɜɪɟɦɟɧɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȼ ɫɥɭɱɚɟ (2) 
ɫɢɫɬɟɦɚ ɩɟɪɟɣɞɟɬ ɜ ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɱɬɨ 
ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɩɪɢɟɦɥɟɦɨ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɢ ɜɜɨ-
ɞɢɬɫɹ ɉɂȾ ɪɟɝɭɥɹɬɨɪ, ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɜɪɟɦɟɧɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢɦɟ-
ɧɢɦɨ ɬɨɥɶɤɨ ɞɥɹ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, ɤɨɬɨ-

ɪɵɟ, ɜɩɪɨɱɟɦ, ɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɭɱɟɛɧɨɦ ɩɪɨ-
ɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɢɧɠɟɧɟɪɨɜ. ɇɨ ɜ ɩɪɚɤɬɢɱɟɫɤɨɦ 
ɩɪɢɦɟɧɟɧɢɢ ɧɚɜɵɤɨɜ ɧɚɫɬɪɨɣɤɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɜ 
ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɬɨɱɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫ-
ɱɟɬɵ ɧɟ ɭɱɢɬɵɜɚɸɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɟɚɥɶɧɨɝɨ 
ɨɛɴɟɤɬɚ (ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɧɟɥɢɧɟɣɧɨɫɬɢ, ɧɚɩɪɢ-
ɦɟɪ, «ɧɚɫɵɳɟɧɢɟ»), ɥɢɛɨ ɧɟ ɞɨɫɬɢɠɢɦɵ. Ɏɚɤɬɢɱɟ-
ɫɤɢ ɪɟɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɧɟɦɧɨɝɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɗɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɫɪɚɜ-
ɧɢɜ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨ ɫɧɹɬɨɣ ɨɫɰɢɥɥɨ-
ɝɪɚɦɦɨɣ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫɨɛɪɚɧɧɨɝɨ ɉɂȾ-
ɪɟɝɭɥɹɬɨɪɚ. Ɍɨ ɟɫɬɶ, ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɚɦ ɧɟ ɞɚɟɬ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɨɩɬɢɦɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨ-
ɪɨɜ ɞɥɹ ɪɟɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɳɚɹ 
ɧɟɥɢɧɟɣɧɨɫɬɶ ɬɢɩɚ «ɨɝɪɚɧɢɱɟɧɢɟ» ɞɥɹ ɭɩɪɚɜɥɹɸ-
ɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨ-
ɬɨɪɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
ɗɬɨ ɬɪɟɛɭɟɬ ɩɨɞɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ. ȿɟ ɜɵɩɨɥ-
ɧɹɸɬ ɧɚ ɨɫɧɨɜɟ ɩɪɚɜɢɥ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɨɬɨ-
ɪɵɟ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɧɚ ɫɨɛɪɚɧɧɨɦ ɪɟɝɭɥɹɬɨɪɟ. 

ȼ ɷɬɨɦ ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɨɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ 
ɪɟɚɥɶɧɨɝɨ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ, ɩɟɪɟɞ ɦɨɞɟɥɶɸ, ɤɨɬɨ-
ɪɭɸ ɦɨɠɧɨ ɫɨɡɞɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɩɚɤɟɬɵ ɩɪɨɝɪɚɦɦ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɥɚɝɚɟɦɨɝɨ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɨɜ ɜ ɯɨɞɟ ɨɛɭɱɟɧɢɹ.  

Ɋɭɱɧɚɹ ɧɚɫɬɪɨɣɤɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɫɜɨɞɢɬɫɹ 
ɨɛɵɱɧɨ ɤ ɫɥɟɞɭɸɳɢɦ ɩɨɡɢɰɢɹɦμ 

 ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ ɭɜɟɥɢɱɢɜɚɟɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɫɧɢɠɚɟɬ 
ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢν 

 ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸ-
ɳɟɣ ɨɲɢɛɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɛɵɫɬɪɟɟν 

 ɭɦɟɧɶɲɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɭɦɟɧɶɲɚɟɬ ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢν 
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 ɭɜɟɥɢɱɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹ-
ɸɳɟɣ ɭɜɟɥɢɱɢɜɚɟɬ ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɛɵɫɬɪɨ-
ɞɟɣɫɬɜɢɟ. 

Ɍɚɤɠɟ, ɧɟ ɫɬɨɢɬ ɡɚɛɵɜɚɬɶ, ɱɬɨ ɜ ɥɸɛɨɦ ɪɟɝɭɥɢ-
ɪɭɟɦɨɦ ɩɪɨɰɟɫɫɟ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɧɟɲɧɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɨɫɬɟɣɲɢɟ ɦɨɞɟ-
ɥɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɨɛɭɱɟɧɢɢ, ɧɟ ɭɱɢɬɵɜɚɸɬ ɞɚɧ-
ɧɵɟ ɩɨɦɟɯɢ. 

ɉɨɦɢɦɨ ɷɬɨɝɨ ɫɬɨɢɬ ɬɚɤɠɟ ɭɱɟɫɬɶ, ɱɬɨ ɜ 
MATLAB Simulink ɢɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ ɜɵɯɨɞɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɫɬɪɨɝɨ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɨ, ɬɨ ɟɫɬɶ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱ-
ɧɵɯ ɧɚɛɨɪɚɯ ɩɚɪɚɦɟɬɪɨɜ ɦɵ ɜɢɞɢɦ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɝɪɚɮɢɤɢ, ɱɬɨ, ɫɨɛɫɬɜɟɧɧɨ, ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ «ɩɪɨɱɭɜ-
ɫɬɜɨɜɚɬɶ» ɜɡɚɢɦɨɫɜɹɡɶ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ ɨɬ ɡɧɚ-
ɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɨɜ. ȿɫɥɢ ɠɟ ɫɬɭ-
ɞɟɧɬ ɛɭɞɟɬ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɥɚɜɧɨ ɢɡɦɟɧɹɬɶ 
ɤɚɠɞɵɣ ɩɚɪɚɦɟɬɪ ɜ ɨɬɞɟɥɶɧɨɫɬɢ, ɬɨ ɛɭɞɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟ-
ɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ 
ɩɚɪɚɦɟɬɪɨɜ ɤɚɠɞɨɝɨ ɡɜɟɧɚ ɪɟɝɭɥɹɬɨɪɚ ɦɨɠɧɨ ɩɨ-
ɥɭɱɚɬɶ ɥɢɛɨ «ɫɢɥɶɧɵɟ», ɥɢɛɨ «ɫɥɚɛɵɟ» (ɩɪɢɛɥɢ-
ɠɟɧɧɵɟ ɤ ɪɚɡɦɵɤɚɧɢɸ ɤɨɧɬɭɪɚ) ɧɚɫɬɪɨɣɤɢ [3]. 
ɋɢɥɶɧɵɟ ɧɚɫɬɪɨɣɤɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚɩɪɚɜɥɟɧɵ 
ɧɚ ɭɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɦɟɧɶɲɚɟɬ ɨɛɥɚɫɬɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɨ ɜɬɨ-
ɪɭɸ ɝɪɭɩɩɭ ɜɤɥɸɱɟɧɵ ɤɚɤ ɤɨɧɬɭɪɵ, ɧɚɫɬɪɨɣɤɢ 

ɤɨɬɨɪɵɯ ɨɫɥɚɛɥɟɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɤɨɧ-
ɬɭɪɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ 
(ɞɨɩ. ɧɚɝɪɭɡɤɢ), ɬɚɤ ɢ ɤɨɧɬɭɪɵ ɫ ɩɥɨɯɢɦɢ ɪɟɝɭɥɢ-
ɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ (ɥɸɮɬ, ɜɵɛɟɝ, ɝɢɫɬɟɪɟɡɢɫ ɢ 
ɬ.ɩ.). Ɍɨ ɟɫɬɶ, ɫɥɚɛɵɟ ɧɚɫɬɪɨɣɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ (ɜɟɫɶɦɚ ɩɪɢɛɥɢɠɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɦɨɞɟɥɢ ɨɛɴɟɤɬɭ) ɨɛɧɚɪɭɠɢɬɶ ɢɡɦɟɧɟɧɢɹ ɢ ɨɩɪɟɞɟ-
ɥɢɬɶ ɧɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ. 

ȼ ɢɬɨɝɟ, ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɛɭ-
ɞɭɱɢ ɜ ɪɹɞɚɯ ɫɬɭɞɟɧɬɨɜ, ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ 
ɧɚɜɵɤɨɜ ɪɚɛɨɬɵ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɪɟɲɟɧɢɹ ɨɛɵɞɟɧɧɵɯ ɢ ɧɟ ɬɨɥɶɤɨ ɡɚɞɚɱ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟɧɧɵɯ ɦɚɫɲɬɚɛɨɜ. 
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ȼɜɟɞɟɧɢɟ 
ɍɩɪɚɜɥɟɧɢɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ 

ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. ɍɩɪɚɜɥɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɫɸɞɭ 
ɨɬ ɫɢɫɬɟɦ ɤɨɪɚɛɥɹ, ɪɚɤɟɬ, ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶ-
ɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɪɨɛɨɬɨɜ, ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɜ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢ ɞɚɠɟ ɜ 
ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢμ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɜɥɚɠɧɨɫɬɢ ɢ ɬ.ɩ. ɉɪɢ ɪɚɡɜɢɬɢɢ ɧɚɭɤɢ ɤɨɦɩɶɸɬɟɪɵ 
ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɵɯ ɩɪɨɰɟɫɫɚɯ. Ʉɨɦɩɶɸɬɟɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɬɨɥɶ-
ɤɨ ɞɥɹ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ, ɧɨ ɢ ɞɥɹ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɢɯ ɞɨ ɪɟɚɥɢɡɚɰɢɢ ɪɟ-
ɚɥɶɧɵɯ ɫɢɫɬɟɦ. δКЛЯТОа ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɤɥɚɞɧɨɝɨ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. δКЛЯТОа ɢɫɩɨɥɶɡɭɟɬ ɝɪɚ-
ɮɢɱɟɫɤɢɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧ-
ɧɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦ ɜ ɮɨɪɦɟ ɫɬɪɭɤɬɭɪɧɵɯ 
ɫɯɟɦ. ȼ ɫɟɝɨɞɧɹɲɧɢɟ ɞɧɢ δКЛЯТОа ɲɢɪɨɤɨ ɩɪɢɦɟ-
ɧɹɟɬɫɹ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ [1]. 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨ-
ɝɪɚɦɦɧɨɣ ɫɪɟɞɵ δКЛЯТОа ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɟ-
ɞɹɳɟɣ ɫɢɫɬɟɦɵ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɩɪɢɧ-
ɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɊ (ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ), ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɋȺɊ. Ɍɪɟɛɭɟɬɫɹ ɫɨ-
ɫɬɚɜɢɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɋȺɊ, ɞɚɬɶ ɤɪɚɬɤɨɟ 
ɨɩɢɫɚɧɢɟ ɟɺ ɧɚɡɧɚɱɟɧɢɹ ɢ ɪɚɛɨɬɵ, ɫɨɫɬɚɜɢɬɶ 
ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ, ɨɩɪɟɞɟɥɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢ-
ɫɬɟɦɵ, ɤɚɱɟɫɬɜɨ ɋȺɊ ɞɥɹ ɥɢɧɟɣɧɨɝɨ, ɧɟɥɢɧɟɣɧɨɝɨ 
ɢ ɢɦɩɭɥɶɫɧɨɝɨ ɜɚɪɢɚɧɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ [2]. 

ɉɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ ɋȺɊ ɫɨɫɬɚɜɢɦ ɟɺ 
ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ. 

 
Ɋɢɫ. 1. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɊ 
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