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ȼɜɟɞɟɧɢɟ 
ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɨɣ, ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, ɝɨɪɟɧɢɟɦ 
ɜɟɳɟɫɬɜ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ ɧɚɛɥɸɞɚɸɬɫɹ ɜɪɟɦɟɧɧɵɟ 
ɡɚɞɟɪɠɤɢ (ɢɥɢ ɡɚɩɚɡɞɵɜɚɧɢɹ). Ɉɧɢ ɩɪɢɜɨɞɹɬ ɤ 
ɬɨɦɭ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɩɨɫɬɭɩɚɟɬ 
ɤ ɪɟɝɭɥɹɬɨɪɭ ɩɨɡɠɟ, ɱɟɦ ɷɬɨ ɬɪɟɛɭɟɬɫɹ, ɱɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ. 

 
ɉɨɧɹɬɢɟ ɫɢɫɬɟɦ ɡɚɩɚɡɞɵɜɚɧɢɹ 
Ɂɚɩɚɡɞɵɜɚɧɢɟ – ɷɬɨ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɩɪɢ ɩɨɞɚɱɟ ɧɚ ɜɯɨɞ ɜɨɡɦɭɳɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɜɯɨɞɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɢɡɦɟɧɹɟɬ ɫɜɨɢɯ ɡɧɚɱɟɧɢɣ. 

Ʌɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ – ɷɬɨ ɫɢ-
ɫɬɟɦɚ, ɫɨɞɟɪɠɚɳɚɹ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɯɨɬɹ ɛɵ ɨɞ-
ɧɨ ɡɜɟɧɨ, ɜ ɤɨɬɨɪɨɦ ɟɫɬɶ ɧɟɢɡɦɟɧɧɨɟ ɡɚɩɚɡɞɵɜɚɧɢɟ 
ɜɨ ɜɪɟɦɟɧɢ Ĳ ɢɡɦɟɧɟɧɢɹ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ 
ɩɨɫɥɟ ɧɚɱɚɥɚ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɨɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɋȺɍ ɫ ɡɚ-
ɩɚɡɞɵɜɚɧɢɟɦ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟμ 

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɋȺɍ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ 

 
ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫ 

ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɪɚɜɧɚμ 
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ɋɥɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɫ ɜɪɟɦɟɧ-
ɧɵɦɢ ɡɚɞɟɪɠɤɚɦɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ 
ɜɟɥɢɱɢɧɵ ɡɚɩɚɡɞɵɜɚɧɢɹ ɤ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 
ɨɛɴɟɤɬɚμ ɱɟɦ ɨɧɨ ɛɨɥɶɲɟ – ɬɟɦ ɬɪɭɞɧɟɟ ɞɨɛɢɬɶɫɹ 
ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ɉɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɬɚɤɢɦɢ ɨɛɴɟɤ-
ɬɚɦɢ ɦɨɠɧɨ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢμ 

 ɭɦɟɧɶɲɟɧɢɟɦ ɡɚɩɚɡɞɵɜɚɧɢɹ ɜ ɨɛɴɟɤɬɟ ɩɭ-
ɬɟɦ ɜɧɟɫɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɡɦɟɧɟɧɢɣν 

 ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢ-
ɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɦɟɧɶɲɢɬɶ ɧɟɝɚ-
ɬɢɜɧɨɟ ɜɥɢɹɧɢɟ. 

ɂɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦμ 

 ɦɟɬɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɝɭɥɹɬɨɪɚ Ɋɟ-
ɫɜɢɤɚν 

 ɦɟɬɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɢɤɬɨɪɚ ɋɦɢ-
ɬɚν 

 ɦɟɬɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɢɤɬɢɜɧɵɣ 
ɉɂ-ɪɟɝɭɥɹɬɨɪ (ɉɉɂ-ɪɟɝɭɥɹɬɨɪ)ν 

 ɦɟɬɨɞ Ȼɷɫɫɚ ɞɥɹ ɫɢɧɬɟɡɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ 
ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹν 

  ɤɜɚɡɢɨɩɬɢɦɚɥɶɧɨɟ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ 
ɭɩɪɚɜɥɟɧɢɟ ɨɛɴɟɤɬɚɦɢ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɜ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 

ɇɚ ɩɪɚɤɬɢɤɟ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɩɟɪɜɵɟ ɬɪɢ ɦɟɬɨɞɚ. Ɋɚɫɫɦɨɬɪɢɦ ɢɯ ɩɨɞɪɨɛɧɟɟ. 
 

Ɇɟɬɨɞɵ ɫɢɧɬɟɡɚ ɪɟɝɭɥɹɬɨɪɨɜ 
ɉɪɟɞɢɤɬɨɪ ɋɦɢɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧ-

ɤɟ β, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ 
ɜɟɥɢɱɢɧɵ ɡɚɩɚɡɞɵɜɚɧɢɹ ɤ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 
ɨɛɴɟɤɬɚ, ɨɩɢɫɵɜɚɟɦɨɦ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

 

ɝɞɟ L – ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ, T – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟ-
ɦɟɧɢ ɨɛɴɟɤɬɚ. 

ɐɟɥɶ ɩɪɟɞɢɤɬɨɪɚ ɋɦɢɬɚ – ɩɨɤɚɡɚɬɶ, ɤɚɤɨɣ ɫɢɝ-
ɧɚɥ ɩɨɹɜɢɬɫɹ ɧɚ ɜɵɯɨɞɟ ɨɛɴɟɤɬɚ ɞɨ ɬɨɝɨ, ɤɚɤ ɨɧ 
ɬɚɦ ɩɨɹɜɢɬɫɹ ɧɚ ɫɚɦɨɦ ɞɟɥɟ.  

ɉɉɂ-ɪɟɝɭɥɹɬɨɪ – ɦɨɞɢɮɢɤɚɰɢɹ ɩɪɟɞɢɤɬɨɪɚ 
ɋɦɢɬɚ (ɪɢɫ. γ). Ⱦɚɧɧɵɣ ɪɟɝɭɥɹɬɨɪ ɦɟɞɥɟɧɧɟɟ ɨɬ-
ɪɚɛɚɬɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɡɚɞɚɧɢɸ ɢ ɜɨɡɦɭɳɟ-
ɧɢɸ, ɧɨ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɣ ɢ ɥɟɝɱɟ ɜ ɧɚɫɬɪɨɣɤɟ. 

 
Ɋɢɫ. β. ɋȺɍ ɫ ɩɪɟɞɢɤɬɨɪɨɦ ɋɦɢɬɚ 

 
Ɋɢɫ. γ. ɋȺɍ ɫ ɉɉɂ-ɪɟɝɭɥɹɬɨɪɨɦ 

 
Ɋɟɝɭɥɹɬɨɪ Ɋɟɫɜɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧ-

ɤɟ 4, ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɨɤ – ɫɢɫɬɟɦɚ ɭɫɬɨɣɱɢɜɚ ɬɨɥɶɤɨ 
ɩɪɢ ɬɨɱɧɨɦ ɪɚɜɟɧɫɬɜɟ ɡɚɩɚɡɞɵɜɚɧɢɹ ɨɛɴɟɤɬɚ ɢ 
ɡɚɩɚɡɞɵɜɚɧɢɹ, ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɜ ɨɛɴɟɤɬɟ, ɚ ɦɚɥɟɣ-
ɲɟɟ ɧɚɪɭɲɟɧɢɟ ɪɚɜɟɧɫɬɜɚ ɜɟɞɟɬ ɤ ɩɨɬɟɪɟ ɭɫɬɨɣɱɢ-
ɜɨɫɬɢ. 



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
«Ɇɨɥɨɞɺɠɶ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 

___________________________________________________________________________ 

 201 

 
Ɋɢɫ. 4. ɋȺɍ ɫ ɪɟɝɭɥɹɬɨɪɨɦ Ɋɟɫɜɢɤɚ 

 
Ɇɟɬɨɞɚ Ȼɷɫɫɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɤɨɦɩɟɧɫɚ-

ɰɢɢ ɡɚɩɚɡɞɵɜɚɧɢɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɮɭɧɤɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɜɧɨɫɢɬɫɹ ɭɩɪɟɠɞɟɧɢɟ ɫ ɬɟɦ, ɱɬɨɛɵ 
ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ ɛɟɡ ɡɚɩɚɡɞɵɜɚ-
ɧɢɹ ɢ ɫɢɫɬɟɦɵ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɫɨɜɩɚɞɚɥɢ. Ɇɚɬɟ-
ɦɚɬɢɱɟɫɤɢɣ ɜɢɞμ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ, ɭɩɪɟɠɞɚɸɳɚɹ ɩɨ ɜɪɟɦɟɧɢ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɫɬɪɨɢɬɫɹ ɩɨ ɡɚɞɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɬɨɣ ɠɟ ɫɢɫɬɟɦɵ ɛɟɡ 
ɡɚɩɚɡɞɵɜɚɧɢɹ. 

ɋɪɚɜɧɢɦ ɪɚɫɫɦɨɬɪɟɧɧɵɟ  ɦɟɬɨɞɵ, ɩɪɢɦɟɧɢɜ ɢɯ 
ɤ  ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɢɫɬɟɦɟ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ. 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 
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Ɂɚɦɟɧɢɦ ɟɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɦɨɞɟɥɶɸ ɛɨɥɟɟ ɧɢɡ-
ɤɨɝɨ ɩɨɪɹɞɤɚ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦμ 
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ɂɫɩɨɥɶɡɭɹ ɫɪɟɞɭ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ Matlab/Simulink, ɫɨɛɟɪɟɦ ɞɚɧɧɭɸ ɫɯɟɦɭ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɝɭɥɹɬɨɪɨɜ ɋɦɢɬɚ ɢ Ɋɟɫɜɢɤɚ, ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 5 ɢ 6 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɪɟɝɭɥɹɬɨɪɨɦ ɋɦɢɬɚ 

 

 
Ɋɢɫ. 6. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɪɟɝɭɥɹɬɨɪɨɦ Ɋɟɫɜɢɤɚ 

 
ɉɨ ɡɚɞɚɧɧɨɣ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨɫɬɪɨɢɦ 

ɝɪɚɮɢɤ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɨɜɟɞɟɦ ɨɰɟɧɤɭ 
ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦɵ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪ Ɋɟɫɜɢɤɚ ɞɚɟɬ ɫɥɟɞɭ-
ɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵμ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 0 %, ɜɪɟɦɹ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɤɨɥɨ 3 ɫɟɤɭɧɞɵ (ɪɢɫ. 7). 

ɂɫɩɨɥɶɡɭɹ ɪɟɝɭɥɹɬɨɪ ɋɦɢɬɚ, ɩɨɥɭɱɚɟɦ ɫɥɟɞɭ-
ɸɳɢɟ ɡɧɚɱɟɧɢɹμ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 5 %, ɜɪɟɦɹ 
ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ 74.γ ɫ, ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ 
ɩɪɨɰɟɫɫɚ 10β ɫɟɤɭɧɞɵ (ɪɢɫ. 8). 
 

 
Ɋɢɫ. 7. ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɟɫɜɢɤɚ 
 

 
Ɋɢɫ. κ. ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɪɟɝɭɥɹɬɨɪɨɦ 

ɋɦɢɬɚ 
 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɫ ɡɚɩɚɡɞɵ-

ɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɟ ɪɟɝɭɥɹɬɨɪɵ. ɉɪɟɞɥɚɝɚɟɦɵɟ ɫɢ-
ɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵ ɩɨ 
ɫɬɪɭɤɬɭɪɟ. Ɋɚɫɫɦɨɬɪɟɜ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɫɢɫɬɟ-
ɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɟɝɭɥɹɬɨɪɵ Ɋɟɫɜɢɤɚ ɢ ɋɦɢɬɚ, 
ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɡɚɦɤɧɭɬɨɣ 
ɫɢɫɬɟɦɵ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Ƚɪɨɦɨɜ ɘ.ɘ., ɂɜɚɧɨɜɚ Ɉ.Ƚ., Ɂɟɦɫɤɨɣ 

ɇ.Ⱥ., Ʌɚɝɭɬɢɧ Ⱥ.ȼ., Ɍɸɬɸɧɧɢɤ ȼ.Ɇ.. ɋɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ. 

2. ɍɩɪɚɜɥɟɧɢɟ ɨɛɴɟɤɬɚɦɢ ɫ ɛɨɥɶɲɢɦ ɡɚɩɚɡ-
ɞɵɜɚɧɢɟɦ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. - Ɋɟɠɢɦ ɞɨɫɬɭ-
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ɩɚμ СЭЭЩμ//ааа.ЫЮЬЧКЮФК.МШЦ/1βИEσББIИβ010 
/TОМЧТМ/64λ45.НШМ.СЭЦ, ɫɜɨɛɨɞɧɵɣ. 

3. Ⱦɪɚɥɸɤ Ȼ.ɇ., ɋɢɧɚɣɫɤɢɣ Ƚ.ȼ. ɋɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɫ ɬɪɚɧɫ-
ɩɨɪɬɧɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ (1λ6λ) 

 
ȻȿɋɄɈɇɌȺɄɌɇɈȿ ɈȻɇȺɊɍɀȿɇɂȿ ɈȻɔȿɄɌɈȼ ɊɈȻɈɌɈɆ 

Ȼɭɣ ȼɚɧ ɒɨɧ 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

634050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ, γ0 
E-mail: bui.son1412@gmail.com 

 
ȼɜɟɞɟɧɢɟ 
Ȼɨɥɶɲɨɟ ɪɚɡɜɢɬɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢɥɢ 

ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ, ɫɩɨɫɨɛɧɵɟ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ 
ɤɨɦɚɧɞɵ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 
ɬɪɟɯɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ, ɩɪɟɨɞɨɥɟɜɚɹ ɩɪɢ ɷɬɨɦ ɩɪɟ-
ɩɹɬɫɬɜɢɹ ɢ ɞɜɢɝɚɹɫɶ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. 
Ƚɥɚɜɧɨɣ ɦɨɬɢɜɚɰɢɟɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɢɡɭɱɟɧɢɹ ɬɚ-
ɤɢɯ ɪɨɛɨɬɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ 
ɢ ɰɟɧɧɨɫɬɶ, ɤɚɤ ɨɛɴɟɤɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɡɚɦɟɧɢɬɶ 
ɱɟɥɨɜɟɱɟɫɤɢɣ ɬɪɭɞ ɧɚ ɠɢɡɧɟɨɩɚɫɧɨɦ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟ, ɜɵɩɨɥɧɹɬɶ ɧɟɞɨɫɬɭɩɧɭɸ ɱɟɥɨɜɟɤɭ ɞɟɹɬɟɥɶ-
ɧɨɫɬɶ ɢ ɫɨɜɟɪɲɚɬɶ ɦɨɧɨɬɨɧɧɵɟ ɢ ɨɞɧɨɨɛɪɚɡɧɵɟ 
ɞɟɣɫɬɜɢɹ ɜ ɚɜɬɨɧɨɦɧɨɦ ɪɟɠɢɦɟ. Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨ-
ɥɟɟ ɜɚɠɧɵɯ ɮɭɧɤɰɢɣ ɩɨɞɜɢɠɧɨɝɨ ɪɨɛɨɬɚ ɹɜɥɹɟɬɫɹ 
ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɫ ɞɚɬɱɢɤɨɜ. ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ 
ɩɨɫɜɹɳɟɧɚ ɫɨɡɞɚɧɢɸ ɤɨɥɟɫɧɨɝɨ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨ-
ɬɚ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATЦОРКκ ɢ ɜɵɩɨɥɧɟɧɢɸ 
ɡɚɞɚɧɢɹ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ. 

 
Ɉɛɨɛɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɨɛɨɬɚ 
Ɋɨɛɨɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɥɚɬɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟ-

ɪɚ (ɪɢɫ. 1), ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɞɚɬɱɢɤ GPβD1β0, ɦɨɬɨɪ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɪɟɞɭɤɬɨɪɨɦ. 

 
Ɋɢɫ. 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɥɚɬɟ ɪɨɛɨɬɚ 

 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ κ-ɪɚɡɪɹɞɧɵɣ AVR ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɨɬ 
ɮɢɪɦɵ AЭЦОХ- ATЦОРКκ. Ɉɧ ɨɬɥɢɱɚɟɬɫɹ ɫɥɟɞɭɸ-
ɳɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢμ 10-ɪɚɡɪɹɞɧɵɣ Ⱥɐɉ (ADC), 
ɮɥɟɲ ɩɚɦɹɬɶ ɞɥɹ ɡɚɩɢɫɢ ɩɪɨɝɪɚɦɦ κKB (10,000 
ɰɢɤɥɨɜ ɩɟɪɟɡɚɩɢɫɢ), ɮɥɟɲ ɩɚɦɹɬɶ ɞɥɹ ɡɚɩɢɫɢ ɞɚɧ-
ɧɵɯ 51β ɛɚɣɬ ɢ ɈɁɍ (RAε) 51β ɛɚɣɬ. ɑɚɫɬɨɬɚ 
ɩɪɨɰɟɫɫɨɪɚ 16εHг, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɤɜɚɪɰɟɜɵɦ 
ɪɟɡɨɧɚɬɨɪɨɦ. 5-ɤɚɧɚɥɶɧɵɣ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɩɨɪɬ 
(ɤɚɠɞɵɣ ɤɚɧɚɥ ɫɧɚɛɠɟɧ γ-ɤɨɧɬɚɤɬɧɵɦ ɪɚɡɴɟɦɨɦ). 

Ʉɚɠɞɵɣ ɤɚɧɚɥ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧ ɤɚɤ 
ɰɢɮɪɨɜɨɣ ɜɯɨɞ, ɰɢɮɪɨɜɨɣ ɜɵɯɨɞ ɢɥɢ ɚɧɚɥɨɝɨɜɵɣ 
ɜɯɨɞ. Ʉ ɤɨɧɬɚɤɬɚɦ ɪɚɡɴɟɦɚ ɩɨɞɜɟɞɟɧɨ ɩɢɬɚɸɳɟɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɢɥɢ ɰɢɮɪɨɜɵɟ 
ɞɚɧɧɵɟ ɢ "ɡɟɦɥɹ" ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɂɚɪɟɡɟɪɜɢɪɨ-
ɜɚɧɧɵɣ ɩɨɪɬ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɂɄ ɩɪɢɟɦɧɢɤɚ 
γκФHг. ɗɬɨɬ ɩɨɪɬ ɨɛɴɟɞɢɧɟɧ ɫ ɜɯɨɞɨɦ ɩɪɢɟɦɧɢɤɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɪɬɚ (RбD), ɩɪɟɞɧɚɡɧɚɱɟɧɧɨ-
ɝɨ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ ɫ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɵɦ ɤɚɧɚɥɨɦ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 

Ɍɚɤɠɟ ɢɦɟɟɬɫɹμ ɩɶɟɡɨɢɡɥɭɱɚɬɟɥɶ ɞɥɹ ɜɨɫɩɪɨɢɡ-
ɜɟɞɟɧɢɹ ɡɜɭɤɨɜν ɞɜɟ ɤɧɨɩɤɢν ɤɧɨɩɤɚ «ɋɛɪɨɫ»ν ɞɜɚ 
ɫɜɟɬɨɞɢɨɞɚ, ɫɜɟɬɹɳɢɯɫɹ ɩɪɢ ɩɨɞɚɱɟ ɥɨɝɢɱɟɫɤɨɣ 
ɟɞɢɧɢɰɵν ɞɜɭɯɤɚɧɚɥɶɧɵɣ ɞɪɚɣɜɟɪ ɦɨɬɨɪɨɜ ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ. ɉɚɪɚɦɟɬɪɵ ɞɪɚɣɜɟɪɚμ ɨɬ 4,5 ɞɨ 6ȼ, 
600ɦȺν ɫɜɟɬɨɞɢɨɞɵ ɢɧɞɢɤɚɰɢɢ ɚɤɬɢɜɧɨɫɬɢ. 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɨɬ +4.κ ɞɨ +6ȼ (4 ɛɚɬɚɪɟɣɤɢ 
ɪɚɡɦɟɪɚ AA). Ȼɚɬɚɪɟɣɧɵɣ ɨɬɫɟɤ ɫɦɨɧɬɢɪɨɜɚɧ ɧɚ 
ɡɚɞɧɟɣ ɫɬɨɪɨɧɟ ɩɥɚɬɵ. ȼɫɬɪɨɟɧɧɵɣ ɢɦɩɭɥɶɫɧɵɣ 
ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ +5ȼ ɢ 
ɡɚɳɢɬɵ ɨɬ ɩɪɨɜɚɥɨɜ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɦɨɬɨɪɨɜ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɥɚɬɵ ɪɨɛɨɬɚ 
ɋɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ β. ɋɟɪɞɰɟɦ 

ɤɨɧɬɪɨɥɥɟɪɧɨɣ ɩɥɚɬɵ ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 
ATЦОРКκ. Ɉɧ ɪɚɛɨɬɚɟɬ ɫ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɨɣ 
16εHг, ɡɚɞɚɜɚɟɦɨɣ ɤɜɚɪɰɟɜɵɦ ɪɟɡɨɧɚɬɨɪɨɦ, ɩɨɞ-
ɤɥɸɱɟɧɧɵɦ ɤ ɜɵɜɨɞɚɦ PB6 ɢ PB7. 

 
Ɋɢɫ. β. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɥɚɬɵ ɪɨɛɨɬɚ 

 
ɇɚ ɤɨɧɬɪɨɥɥɟɪɧɨɣ ɩɥɚɬɟ ɫɦɨɧɬɢɪɨɜɚɧ ɞɜɭɯɤɚ-

ɧɚɥɶɧɵɣ ɞɪɚɣɜɟɪ ɦɨɬɨɪɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 
Ⱦɪɚɣɜɟɪ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɦɢɤɪɨɫɯɟɦɟ δβλγD. Ⱦɥɹ 


