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Аɧɧɨɬɚɰиɹ. ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɩɪɨɛɥɟɦɟ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɬɨɤ-
ɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɩɪɢ ɪɚɛɨɬɟ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨ-
ɪɚ. ɏɚɪɚɤɬɟɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥɭ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨ-
ɪɚɧɢɹ ɜ ɯɨɞɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ, ɩɪɢɜɨ-
ɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɭɝɚɪɧɨɝɨ ɝɚɡɚ, ɨɤɫɢɞɨɜ ɚɡɨɬɚ, 
ɫɚɠɢ, ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɫɬɚɬɶɟ ɨɩɢɫɚɧ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɞɜɢɝɚɬɟɥɸ ɪɚɛɨɬɚɬɶ ɜ 
ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ. ɍɫɬɚɧɨɜɢɜ ɧɨɦɢɧɚɥɶɧɵɣ ɪɟɠɢɦ, ɨɩɬɢɦɚɥɶɧɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɦɟɠɞɭ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɢ ɞɜɢɠɢɬɟɥɟɦ, ɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɞɧɵɯ ɝɚɡɨɜ.   

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ, ɞɢɡɟɥɶɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɭɝɥɟɜɨɞɨɪɨɞɵ, ɨɤɫɢɞɵ ɚɡɨɬɚ, ɫɚɠɚ. 
 
ȼɜɟɞɟɧɢɟ 
ɉɪɨɛɥɟɦɚ ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 

ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɹɜɥɹɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ. ȼɵɯɥɨɩɧɵɟ ɝɚɡɵ — ɨɬɪɚ-
ɛɨɬɚɜɲɟɟ ɜ ɞɜɢɝɚɬɟɥɟ ɪɚɛɨɱɟɟ ɬɟɥɨ. əɜɥɹɸɬ-
ɫɹ ɩɪɨɞɭɤɬɚɦɢ ɨɤɢɫɥɟɧɢɹ ɢ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚ-
ɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ. ȼɵɛɪɨɫɵ ɜɵ-
ɯɥɨɩɧɵɯ ɝɚɡɨɜ — ɨɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɩɪɟɜɵ-
ɲɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɨɤɫɢɱɧɵɯ 
ɜɟɳɟɫɬɜ ɢ ɤɚɧɰɟɪɨɝɟɧɨɜ ɜ ɚɬɦɨɫɮɟɪɟ ɤɪɭɩ-
ɧɵɯ ɝɨɪɨɞɨɜ, ɨɛɪɚɡɨɜɚɧɢɹ ɫɦɨɝɚ, ɹɜɥɹɸɳɢɯɫɹ 
ɱɚɫɬɨɣ ɩɪɢɱɢɧɨɣ ɨɬɪɚɜɥɟɧɢɹ ɜ ɡɚɦɤɧɭɬɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜɚɯ, ɚ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɩɪɟɞɩɨɫɵɥɨɤ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɪɧɢɤɨɜɨɝɨ ɷɮ-
ɮɟɤɬɚ Д1,2]. 

ɋɧɢɠɟɧɢɟ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢя ɬɨɤ-
ɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɩɪɢ 
ɪɚɛɨɬɟ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ эɤɫɤɚɜɚɬɨɪɚ ɫ 
ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɦ 
ɦɚɲɢɧɚɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɚɳɟɧɧɵɦɢ ɞɢ-
ɡɟɥɶɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɧɟ ɦɚɥɨ ɜɚɠɧɵɦ 
ɮɚɤɬɨɪɨɦ ɜɥɢɹɧɢɹ ɧɚ ɫɨɫɬɚɜ ɨɬɪɚɛɨɬɚɜɲɢɯ 
ɝɚɡɨɜ ɹɜɥɹɟɬɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ Ⱦȼɋ. ȼ ɤɚɱɟɫɬ-
ɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ ɰɟɩɧɨɝɨ ɬɪɚɧ-
ɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɗɌɐ-1616 ɧɚ ɛɚɡɟ ɬɪɚɤ-
ɬɨɪɚ ɈɆɌɁ-82 ɜɵɩɭɫɤɚɟɦɨɝɨ ɨɦɫɤɢɦ ɡɚɜɨɞɨɦ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɨɫɧɚɳɟɧɧɨ-
ɝɨ ɞɢɡɟɥɶɧɵɦ ɞɜɢɝɚɬɟɥɟɦ Н-245.5. Ɍɟɯɧɢɱɟ-

ɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɚɬɟɥɹ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, 
ɱɬɨ ɧɚɢɦɟɧɶɲɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɧɚ ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧ-
ɱɚɬɨɝɨ ɜɚɥɚ ɪɚɜɧɨɣ 1400 ɨɛ/ɦɢɧ ɩɪɢ ɷɬɨɦ 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭ-
ɦɚ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɜɜɨɞ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦ 
ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɧɨɦɢɧɚɥɶɧɵɣ ɪɟ-
ɠɢɦ, ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ. ɂɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɞɜɢɝɚɬɟɥɹ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ 
ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ. 
Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɦɢɧɚɥɶ-
ɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ⱦȼɋ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧ-
ɧɨ ɢɡɦɟɧɹɸɳɢɟɫɹ ɝɪɭɧɬɨɜɵɟ ɭɫɥɨɜɢɹ ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɧɟɫɜɨɟɜɪɟɦɟɧɧɚɹ ɪɟɚɤɰɢɹ ɧɚ ɢɡ-
ɦɟɧɹɸɳɭɸɫɹ ɫɢɬɭɚɰɢɸ ɱɟɥɨɜɟɤɚ ɨɩɟɪɚɬɨɪɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɟɞɥɚɝɚ-
ɟɦ ɨɛɨɪɭɞɨɜɚɬɶ ɐɌɗ ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɨɣ 
ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ. ɋ 
ɜɧɟɞɪɟɧɢɟɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɟ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɨɫɬɚɜɟ ɨɬɪɚɛɨɬɚɜɲɢɯ 
ɝɚɡɨɜ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨ ɩɨɫɬɨɹɧɧɵɦ, ɧɚɩɪɹ-
ɠɟɧɧɨɫɬɶ ɬɪɭɞɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɱɟɥɨɜɟɤɚ ɨɩɟ-
ɪɚɬɨɪɚ ɩɟɪɟɣɞɟɬ ɢɡ ɜɪɟɞɧɨɝɨ ɤɥɚɫɫɚ ɭɫɥɨɜɢɣ 
ɬɪɭɞɚ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ 3.1 ɜ ɞɨɩɭɫɬɢɦɵɟ ɭɫɥɨ-
ɜɢɹ ɬɪɭɞɚ ɤɥɚɫɫ 2, ɚ ɬɚɤ ɠɟ ɧɟɦɚɥɨɜɚɠɧɵɦ 
ɷɮɮɟɤɬɨɦ ɨɬ ɜɧɟɞɪɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɢɫ-
ɬɟɦɵ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɢ ɐɌɗ ɢ ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 
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Ɂɚ ɨɫɧɨɜɭ ɜɡɹɬɚ ɢɞɟɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɟɪɟ-
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɦɟɠɞɭ 2 ɩɨɬɪɟɛɢ-
ɬɟɥɹɦɢ: ɞɜɢɠɢɬɟɥɟɦ ɢ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ. ɋ 
ɞɚɬɱɢɤɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɭɫɬɚ-
ɧɨɜɥɟɧɧɵɯ ɧɚ ɝɢɞɪɨɦɨɬɨɪɚɯ, ɚ ɢɦɟɧɧɨ ɫ ɞɚɬ-
ɱɢɤɨɜ ɜɪɚɳɟɧɢɹ, ɢ ɞɚɬɱɢɤɨɜ ɦɨɦɟɧɬɨɜ ɢɧ-
ɮɨɪɦɚɰɢɹ ɩɨɫɬɭɩɚɟɬ ɜ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɛɨɬɤɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡ-

ɞɟɣɫɬɜɢɟ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɫɢɫ-
ɬɟɦɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ, ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɚɥɝɨ-
ɪɢɬɦɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 1. ȿɫɥɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɉ1 ɢ 
ɞɜɢɠɢɬɟɥɹ ɉβ ɧɟ ɪɚɜɧɵ ɢɥɢ ɫɭɦɦɚɪɧɚɹ ɦɨɳ-
ɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ σ1 ɢ ɞɜɢɠɢɬɟɥɹ σβ ɧɟ 
ɪɚɜɧɵ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ σɞɜ, ɬɨ ɩɨɞɚɸɬɫɹ 
ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɧɚ ɝɢɞɪɨɦɨɬɨɪɵ ɪɚɛɨ-
ɱɟɝɨ ɨɪɝɚɧɚ q1 ɢ ɞɜɢɠɢɬɟɥɹ qβ Д3,4].  

 

 
Ɋɢɫ. 1. Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ Ɋɉ ɐɌɗ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɨɬ-
ɞɟɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ 
ɫɨɫɬɚɜɥɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨ-
ɞɟɥɶ Ɋɉ ɐɌɗ. Ɉɛɨɫɧɨɜɚɧ ɤɪɢɬɟɪɢɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ Ɋɉ ɐɌɗ: 

,
ɉ
NE ɉ                              (1) 

ɝɞɟ ȿ – ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 
ɐɌɗ; σɉ – ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ; ɉ – 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɐɌɗ. 

ȼɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɨɛɳɟɧɧɨɣ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Ɋɉ ɐɌɗ ɹɜɥɹɸɬɫɹ: ɡɚ-
ɞɚɧɧɚɹ ɝɥɭɛɢɧɚ ɤɨɩɚɧɢɹ; ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɫɨ ɫɬɨɪɨɧɵ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚ-
ɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ (ɊɈ) ɢ ɧɚ 
ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɏɈ) ɛɚɡɨ-
ɜɨɣ ɦɚɲɢɧɵ ɫɨ ɫɬɨɪɨɧɵ ɦɢɤɪɨɪɟɥɶɟɮɚ. 

ȼɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɨɛɳɟɧɧɨɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Ɋɉ ɐɌɗ ɹɜɥɹɸɬɫɹ 
Д5]: ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨ-
ɫɬɢ; ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɐɌɗ; ɷɧɟɪɝɨɟɦɤɨɫɬɶ Ɋɉ ɐɌɗ. 

ɋ ɭɱɟɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨ-
ɝɨ ɞɜɢɠɟɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɧɚ 
ɷɥɟɦɟɧɬɵ ɏɈ ɧɟɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɢ 
ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ 
ɊɈ, ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɜɚɥɭ Ⱦȼɋ, ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟ-
ɧɢɹɦɢД1,6]: 

;21



M

Нt
Н

JM
Нt

Н
JɆɆ Ɇ

ɏɈɏɈ
Ɇ

ɊɈɊɈɋ 
 
(2) 

;111 ТɆɆ ɆɊɈ                       (3) 

;222 ТɆɆ ɆɏɈ                      (4) 
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,sin)( 2  ɐɌЭК GТrɆ 
             (5) 

ɝɞɟ Ɇω – ɫɭɦɦɚɪɧɵɣ  ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɣ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɜɚɥɭ Ⱦȼɋ; ɆɏɈ 

– 
ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɬɪɚɤɬɨɪɚ; 
ɆɊɈ – ɦɨɦɟɧɬ, ɜɨɡɧɢɤɚɸɳɢɣ ɨɬ ɫɢɥ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ; ɆΘ – ɩɪɢɜɟɞɟɧɧɵɣ ɤ 
ɜɚɥɭ ɬɪɚɤɬɨɪɚ ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɜɨɡɧɢɤɚɸɳɢɣ ɨɬ ɞɜɢɠɟɧɢɹ ɬɪɚɤɬɨɪɚ ɩɨɞ ɭɤ-
ɥɨɧ; JɊɈ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɊɈ; JɏɈ – ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; ȦɆ1 

– ɭɝɥɨ-
ɜɚɹ ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɦɨɬɨɪɚ ɜɚɥɚ ɪɚɛɨɱɟɝɨ ɨɪ-
ɝɚɧɚ; ȦɆβ  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɦɨɬɨɪɚ 
ɜɚɥɚ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɆɆ1  – ɤɪɭɬɹɳɢɣ 
ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ ɊɈ, ɆɆβ  – ɤɪɭ-
ɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ ɞɜɢɠɢɬɟ-
ɥɹ; Т1 ,Тβ – ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɬɪɚɧɫɦɢɫ-
ɫɢɣ ɊɈ ɢ ɞɜɢɠɢɬɟɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; Ș1, Șβ – 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) 
ɬɪɚɧɫɦɢɫɫɢɣ ɊɈ ɢ ɞɜɢɠɢɬɟɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧ-
ɧɨ; GɐɌЭ – ɫɢɥɚ ɜɟɫɚ ɐɌɗ; rɤ – ɪɚɞɢɭɫ ɤɨɥɟɫɚ; 
ș – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɚ, ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ Ⱦȼɋ ɫɨɜɦɟɫɬɧɨ ɫ ɪɟɝɭ-
ɥɹɬɨɪɨɦ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚ-
ɠɟɧɢɹɦɢ Д5]: 

;),( ɋȾȾȾȾ ɆzɆJ                 (6) 

;)(),( )( zкɆɆzɆ ȾГMINȾȾȾ     (7) 

,0;)()( 2
ɆɆȾɇɌɊ zzzAFzEzzЦ    (8) 

ɝɞɟ JȾ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ Ⱦȼɋ, ɆȾ – ɚɤɬɢɜ-
ɧɵɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ Ⱦȼɋ; ȦȾ –ɭɝɥɨɜɚɹ ɫɤɨ-
ɪɨɫɬɶ ɜɚɥɚ Ⱦȼɋ; ɆȾ(MIσ) (Ȧ) – ɦɨɦɟɧɬ Ⱦȼɋ 
ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɞɚɱɟ ɬɨɩɥɢɜɚ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɯɨɥɨɫɬɨɦɭ ɯɨɞɭ; ɆГ – ɩɪɢɪɚɳɟɧɢɟ 
ɦɨɦɟɧɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɟ ɬɨɩɥɢ-
ɜɚ; г – ɩɟɪɟɦɟɳɟɧɢɟ ɦɭɮɬɵ ɪɟɝɭɥɹɬɨɪɚ, ɨɬ-
ɫɱɢɬɵɜɚɟɦɨɟ ɨɬ ɩɨɥɨɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨ-
ɞɚɱɢ ɬɨɩɥɢɜɚ; Ц – ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɦɭɮɬɟ ɦɚɫɫɚ 
ɜɫɟɯ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ ɪɟɝɭɥɹɬɨɪɚ; υɌɊ – ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ; FH – ɫɢɥɚ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɩɪɭɠɢɧɵ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ 
ɦɭɮɬɟ; A(г)– ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ 
ɫɢɥɵ, ɫɉɊ –ɠɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ ɪɟɝɭɥɹɬɨɪɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɐɌɗ ɯɨɞɨɜɨɟ ɨɛɨɪɭ-
ɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɪɟɥɶɟɮɨɦ ɝɪɭɧ-
ɬɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɪɨɜɧɨɫɬɢ ɤɨɬɨɪɨɣ ɩɪɢ-
ɜɨɞɹɬ ɤ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɢ ɭɝɥɨ-
ɜɵɦ ɩɟɪɟɦɟɳɟɧɢɹɦ ɐɌɗ ɢ ɊɈ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɦɚɲɢɧɵ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɢɤɪɨɪɟɥɶɟɮɚ 
ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɤɨɥɟɢ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚ-
ɥɚɫɶ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɟ-
ɦɚɹ ɜɵɪɚɠɟɧɢɟɦ: 

,)( 2  мОtR y
                  (9) 

ɝɞɟ в – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟ-
ɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ; ɦ, – ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɭɧɤɰɢɢ; Ĳ – ɜɪɟɦɹ ɤɨɪɪɟɥɹ-
ɰɢɢ. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɩɪɨɝɪɚɦɦɵ ɧɚ ɩɟɪɫɨ-
ɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɦɢɤɪɨɪɟɥɶɟɮ ɛɵɥ ɫɝɥɚ-
ɠɟɧ ɩɨ ɩɹɬɧɭ ɤɨɧɬɚɤɬɚ ɲɢɧɵ ɫ ɦɢɤɪɨɪɟɥɶɟ-
ɮɨɦ: 

,)(1)(
0






ФТ

ФТЦ
ɋȽ Тy

x
Цy             (10) 

ɝɞɟ вɋȽ(Ц) – ɨɪɞɢɧɚɬɵ ɫɝɥɚɠɟɧɧɨɝɨ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ; Ф = 0,5(б0 – 1); б0 – ɢɧɬɟɪɜɚɥ ɭɫɪɟɞ-
ɧɟɧɢɹ; в(Т) – ɨɪɞɢɧɚɬɵ ɧɟɫɝɥɚɠɟɧɨɝɨ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɏɈ ɫ ɝɪɭɧɬɨɦ ɨɩɢɫɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢ-
ɫɢɦɨɫɬɹɦɢ Д7]: 

;
coscos 11

n

Ф

Ф

Ф

Ф
Ф FG

FB
FG
FA 























  (11) 

;)1(
3

22 Т
rV к

кɆ                (12) 

;)cos( 1 ɇФФФ RFGFR    (13) 

,))cos(( 312 ТRFGrɆ ɇФФɆ    (14) 

ɝɞɟ Ф - ɤɨɷɮɮɢɰɢɟɧɬ ɛɭɤɫɨɜɚɧɢɹ; FФ – 
ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɥɨɠɟɧɧɚɹ 
ɤ ɐɌɗ; A,ψ,n – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, 
ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɜɨɣɫɬɜ ɝɪɭɧɬɚ ɢ ɩɪɨɬɟɤɬɨɪɚ; 
Gɤ1 – ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɜɟɫɚ ɐɌɗ, ɩɪɢɯɨ-
ɞɹɳɚɹɫɹ ɧɚ ɡɚɞɧɸɸ ɨɫɶ ɦɚɲɢɧɵ; Vβ – ɫɤɨ-
ɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ; rɤ – 
ɪɚɞɢɭɫ ɤɨɥɟɫɚ; Rɤ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɢɥɚ ɪɟ-
ɚɤɰɢɢ ɧɚ ɤɨɥɟɫɟ; Mɤ – ɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ ɫɢɥ 
ɧɚ ɜɚɥɭ ɡɚɞɧɟɝɨ ɦɨɫɬɚ; F – ɫɢɥɚ ɪɟɚɤɰɢɢ ɪɚɡ-
ɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɊɈ; ȥ – ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɫɰɟɩɥɟɧɢɹ Rɇ – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟ-
ɪɟɦɟɳɟɧɢɸ ɡɚɱɢɫɬɧɨɝɨ ɛɚɲɦɚɤɚ; Тγ – ɩɟɪɟɞɚ-
ɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɟɞɭɤɬɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟ-
ɦɨɝɨ ɦɟɠɞɭ ɨɫɶɸ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɢ ɝɢɞɪɨɦɨɬɨ-
ɪɨɦ ɞɜɢɠɢɬɟɥɹ. 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɚɹ ɪɚɛɨɬɭ 
ɞɜɢɠɢɬɟɥɹ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɭɫɚ ɤɨɥɟ-
ɫɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 
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  ;)(1 tqyМyv
Ц

y ШШ
К

    (15) 

,ɋȽɋɌФ yyrr                (16) 

ɝɞɟ ЦK – ɦɚɫɫɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɫɶ ɤɨ-
ɥɟɫɚ; νШ  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɲɢɧ; ɫШ  – ɠɟɫɬɤɨɫɬɶ ɲɢɧ; q(t) – ɫɢɥɚ, ɜɨɡɧɢ-
ɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɟɪɨɜɧɨ-
ɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɧɚ ɏɈ; r – ɫɜɨɛɨɞɧɵɣ ɪɚ-
ɞɢɭɫ ɤɨɥɟɫɚ; вɋɌ – ɫɬɚɬɢɱɟɫɤɢɣ ɩɪɨɝɢɛ ɤɨɥɟɫɚ 
ɩɨɞ ɧɚɝɪɭɡɤɨɣ; в – ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ 
ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɢ. 

Ⱥɧɚɥɢɡ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɝɪɭɧɬɚ ɧɚ ɊɈ ɐɌɗ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɢɥɚ ɪɟɚɤɰɢɢ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɫɥɭɱɚɣɧɵɣ 
ɩɪɨɰɟɫɫ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɢɥɚ 
ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɊɈ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɛɨɬɚɦɢ Ɏɟɞɨɪɨɜɚ Ⱦ.ɂ. ɢ 
Ȼɨɧɞɚɪɨɜɢɱɚ Ȼ.Ⱥ. ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɫɭɦɦɚ 
ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ (ɬɪɟɧɞɚ) 
ɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ (ɮɥɸɤɬɭɚɰɢɢ) Д8,9,10,11]: 

ɎɌ FFF  ,                   (17) 

ɝɞɟ F  – ɫɢɥɚ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɝɪɭɧɬɚ ɧɚ ɊɈ; ɌF  – ɧɢɡɤɨɱɚɫɬɨɬɧɚɹ ɫɨɫɬɚɜ-
ɥɹɸɳɚɹ ɫɢɥɵ ɪɟɚɤɰɢɢ (ɬɪɟɧɞ); ɎF  – ɜɵɫɨɤɨ-
ɱɚɫɬɨɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɚɤɰɢɢ 
(ɮɥɸɤɬɭɚɰɢɹ). 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɮɥɸɤɬɭɚɰɢɣ 
ɩɪɢ ɤɨɩɚɧɢɢ ɝɪɭɧɬɨɜ ɊɈ ɐɌɗ ɚɩɩɪɨɤɫɢɦɢɪɨ-
ɜɚɧɵ ɜɵɪɚɠɟɧɢɟɦ: 

|)|Мos(е)(R KɎɎ
КɎ

Ɏ   2 ,  (18) 

ɝɞɟ ıɎ – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟ-
ɧɢɟ ɫɢɥɵ ɪɟɚɤɰɢɢ; αɎ ɢ ȕɎ – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɢ; ĲК – ɜɪɟɦɹ ɤɨɪɪɟɥɹɰɢɢ. 

Ɇɨɦɟɧɬ ɫɢɥ, ɜɨɡɧɢɤɚɸɳɢɣ ɧɚ ɜɚɥɭ ɝɢɞɪɨ-
ɦɨɬɨɪɚ ɊɈ ɨɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɩɚɧɢɸ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ Д2,3]: 

,ТFrɆ 4Г1Ɇ                     (19) 

ɝɞɟ rГ – ɪɚɞɢɭɫ ɡɜɟɡɞɨɱɤɢ ɊɈ; Т4 – ɩɟɪɟɞɚ-
ɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɟɞɭɤɬɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟ-
ɦɨɝɨ ɦɟɠɞɭ ɊɈ ɢ ɝɢɞɪɨɦɨɬɨɪɨɦ ɊɈ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ 
ɝɢɞɪɨɨɛɴɟɦɧɭɸ ɬɪɚɧɫɦɢɫɫɢɸ, ɛɵɥɚ ɫɨɫɬɚɜ-
ɥɟɧɚ ɫɜɨɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɪɟɞ-
ɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɯ ɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɚ ɡɚɬɟɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɨɡɢɰɢɢ ɛɵɥɚ ɧɚɣɞɟɧɚ ɫɢɫɬɟ-

ɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɝɢɞɪɨɨɛɴɟɦɧɭɸ 
ɬɪɚɧɫɦɢɫɫɢɸ ɦɚɲɢɧɵ ɜ ɰɟɥɨɦ.  

Ƚɢɞɪɨɧɚɫɨɫɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɪɚɜɧɟɧɢɹɦɢ: 

;1 ɇɈɇɇɇ qMPP            (20) 

;
2

qQ Ɇɇɇɇ
ɇ 


                 (21) 

,ТɊȾɇ                        (22) 

ɝɞɟ Qɇ – ɩɨɞɚɱɚ ɧɚɫɨɫɚ; qɇ – ɪɚɛɨɱɢɣ ɨɛɴ-
ɟɦ ɧɚɫɨɫɚ; Ȧɇ  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɧɚɫɨ-
ɫɚ; Ɇɇ – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɧɚɫɨɫɚ; P1, 
Pɇ – ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵ-
ɯɨɞɟ; ȘɈɇɇ, ȘɆɇɇ – ɄɉȾ ɧɚɫɨɫɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɴɟɦɧɵɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ; ТɊ – ɩɟɪɟɞɚ-
ɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɟɞɭɤɬɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟ-
ɦɨɝɨ ɦɟɠɞɭ Ⱦȼɋ ɢ ɝɢɞɪɨɧɚɫɨɫɨɦ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɦɨɬɨɪɚ 
ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɹɦɢ Д6,12]: 

  ;ɆɆɆɆɆɋɆɇɆɆɆɆɆ JPPОqM   (23) 

 ;2 ɆɆɆɈɆɆɆ ОqQ           (24) 

,ɆɆɆɆ qqО                      (25) 

ɝɞɟ QɆ – ɪɚɫɯɨɞ ɝɢɞɪɨɦɨɬɨɪɚ; qɆɆ – ɦɚɤɫɢ-
ɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɝɢɞɪɨɦɨɬɨɪɚ; qɆ – ɪɚ-
ɛɨɱɢɣ ɨɛɴɟɦ ɝɢɞɪɨɦɨɬɨɪɚ; ɟɆ – ɩɚɪɚɦɟɬɪ ɪɟɝɭ-
ɥɢɪɨɜɚɧɢɹ; ȦɆ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɝɢɞɪɨ-
ɦɨɬɨɪɚ; JɆ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɜɪɚɳɚɸɳɢɯɫɹ 
ɦɚɫɫ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ; ɆɆ – 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ; PɆɇ, 
PɆɋ – ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵ-
ɯɨɞɟ; ȘɈɆ, ȘɆɆ – ɄɉȾ ɝɢɞɪɨɦɨɬɨɪɚ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɨɛɴɟɦɧɵɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ. 

Ƚɢɞɪɨɥɢɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɪɚɜɧɟɧɢɹɦɢ: 

;Ф
Нt

НPQQ ɌɊ.ɍɉɊ
ɇ

ɇɆ             (26) 

,
22

8
52 







 







 
 ɆɇɆɇ

ɌɊ

ɌɊ
Ɇɇ

QQQQ
РН
LPP




   (27) 

ɝɞɟ Qɇ ,QɆ – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɫɥɢɜɧɨɣ 
ɝɢɞɪɨɥɢɧɢɢ; Ɋɇ ,ɊɆ – ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧ-
ɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɫɥɢɜɧɨɣ ɝɢɞɪɨɥɢɧɢɢ; 
НɌɊ – ɞɢɚɦɟɬɪ ɝɢɞɪɨɥɢɧɢɢ; LɌɊ – ɞɥɢɧɚ ɝɢɞɪɨ-
ɥɢɧɢɢ; Ȗ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; Р 
– ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ ɢ ɦɨɳ-
ɧɨɫɬɟɣ ɧɚ ɊɈ ɢ ɏɈ ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɨ ɡɚɜɢɫɢ-
ɦɨɫɬɹɦ:

 



ɌɊȺɇɋɉɈɊɌ. ɌɊȺɇɋɉɈɊɌɇɕȿ ɂ ɌȿɏɇɈɅɈȽɂɑȿɋɄɂȿ ɆȺɒɂɇɕ 
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;3600 11 zСVbɉ C                   (28) 

;3600 22 BHVɉ                    (29) 

;
2

1111
1 

 ТɆN ɆɆ                 (30) 

,
2

2222
2 

 ТɆN ɆɆ                  (31) 

ɝɞɟ bω – ɲɢɪɢɧɚ ɫɤɪɟɛɤɚ; г – ɤɨɥɢɱɟɫɬɜɨ 
ɫɤɪɟɛɤɨɜ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɚɛɨɟ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɫɨ-
ɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɢ 
ɩɪɨɜɟɞɟɧ ɦɚɲɢɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɜ ɫɪɟɞɟ 
MATLAψ М ɩɚɤɟɬɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ SТЦuХТnФ. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟ-
ɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫ ɜɧɟɞɪɟ-
ɧɢɟɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɦɨɳɧɨɫɬɢ ɩɨɤɚɡɚɥ, ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ: ɫɨɞɟɪɠɚɧɢɹ 
ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫɧɢɡɢɥɨɫɶ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ 
ɝɚɡɚɯ ɧɚ 12%; ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
14,5%; ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ 19%; 
ɫɨɞɟɪɠɚɧɢɹ ɫɚɠɢ ɧɚ 8%. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 2 ɢ ɪɢɫɭɧɤɨɦ 3 
ɜɢɞɧɨ, ɱɬɨ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɫɬɪɟɦɢɬ-
ɫɹ ɤ ɦɨɳɧɨɫɬɢ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɞɜɢɝɚɬɟɥɟɦ 
ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ. 

 

 
 

Ɋɢɫ. 2 . Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɪɟɛɥɹɟɦɵɯ ɦɨɳɧɨɫɬɟɣ 
ɰɟɩɧɵɦ ɬɪɚɧɲɟɣɧɵɦ ɷɤɫɤɚɜɚɬɨɪɨɦ ɨɫɧɚɳɟɧɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ σɋ ɢ ɧɟ ɨɫɧɚɳɟɧɧɵɦ σȻ. 

 

 
 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ ɰɟɩɧɨɝɨ  
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɨɫɧɚɳɟɧɧɨɝɨ  

ɭɫɬɪɨɣɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ɉɋ ɢ ɧɟ ɨɫɧɚɳɟɧɧɨɝɨ ɉȻ. 
 
 

ȼɵɜɨɞ 
Ɉɫɧɚɳɟɧɢɟ ɦɨɞɟɥɢ ɗɌɐ-1616 ɧɚ ɛɚɡɟ 

ɬɪɚɤɬɨɪɚ ɈɆɌɁ-82 ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɬɪɚɧɫɦɢɫ-
ɫɢɟɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɚɜɬɨɦɚɬɢɡɚɰɢɟɣ ɫɢɫɬɟ-
ɦɵ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ 
ɩɪɢɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɨɬɪɚɛɨɬɚɜɲɢɯ 
ɝɚɡɨɜ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɟ 
ɜɥɢɹɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɨɪɝɚɧɢɡɦ 
ɱɟɥɨɜɟɤɚ ɨɩɟɪɚɬɨɪɚ. 
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USE OF ADAPTIVE SВSTEM OF REDISTRIBUTION 
ENGINE CAPACITIES ON PURPOSE DECREASE 

IN THE HARMFUL IMPACTS OF TOБIC  
SUBSTANCES ON THE HUMAN BODВ 

 
D.S. AХОsСФoЯ, M.V. SЮФoЯТn, V.V. SЭoХвКroЯ 

 
AЛЬtЫКМt. TСО КrЭТМХО Тs НОЯoЭОН Эo ЭСО proЛХОЦ oП 

rОНЮМТnР ЭСО СКrЦПЮХ ОППОМЭs oП ЭoбТМ sЮЛsЭКnМОs on 
ЭСО СЮЦКn ЛoНв Тn ЭСО аorФ oП ЭСО МСКТn ЭrОnМС ОбМК-
ЯКЭor. TвpТМКХ ХoКН ЯКrТКЭТon on ЭСО sСКПЭ oП ЭСО НТОsОХ 
ТnЭОrnКХ МoЦЛЮsЭТon ОnРТnО НЮrТnР ЭСО аorФТnР pro-
МОss КssoМТКЭОН аТЭС МСКnРОs oП soТХ МonНТЭТons ХОКНs 
Эo ТnМrОКsОН МonЭОnЭ Тn ЭСО ОбСКЮsЭ РКsОs oП МКrЛon 
ЦonoбТНО, nТЭroРОn oбТНОs, sooЭ. TСО КrЭТМХО НОsМrТЛОs 
К ЦОЭСoН ЭСКЭ КХХoаs ЭСО ОnРТnО Эo opОrКЭО КЭ rКЭОН 
spООН. Bв ПТбТnР ЭСО noЦТnКХ ЦoНО, opЭТЦКХ rОНТsЭrТЛЮ-
ЭТon oП ОnРТnО poаОr ЛОЭаООn ЭСО аorФТnР ЛoНв КnН 
ЭСО ЦoЯОr, ТЭ Тs possТЛХО Эo КМСТОЯО ЦКбТЦЮЦ МoЦЛЮs-
ЭТon oП ЭСО ПЮОХ, rОsЮХЭТnР Тn rОНЮМЭТon oП СКrЦПЮХ РКsОs. 

 
KОваШЫНЬ: ОбСКЮsЭ РКsОs, НТОsОХ ОnРТnО, roКН 

ЛЮТХНТnР ЦКМСТnОrв, МКrЛon ЦonoбТНО, СвНroМКrЛons, 
nТЭroРОn oбТНОs, sooЭ. 
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ɛȺȾИ» (θ44080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ,η, О-ЦaТХ: 
suФovТn_8@ЦaТХ.ru). 

 
ɋɬɨɥɹɪɨɜ ȼɥɚɞɢɦɢɪ ȼɥɚɞɢɦɢɪɨɜɢɱ (Ɋɨɫɫɢɹ, 

Ɉɦɫɤ) – ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚ-
ɮɟɞɪɵ Ɍɟɯɧɨɫɮɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɎȽȻɈɍ ȼɉɈ 
«ɋɢɛȺȾИ» (θ44080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ,η, О-ЦaТХ: 
stoХвrovbРН@ЦaТХ.ru). 

 
DОnТs S. AХОsСФov (RussТan FОНОratТon, τЦsФ) –

МanНТНatО tОМСnТМaХ sМТОnМОs, proПОssor, HОaН oП tСО 
DОpartЦОnt TОМСnospСОrО SaПОtв, SТbОrТan StatО Au-
toЦobТХО anН HТРСаaв AМaНОЦв (θ44080, MТra, η pro-
spОМt, τЦsФ, О-ЦaТХ: НОnТsaХОsСФov@ЦaТХ.ru). 

 
MТМСaОХ V. SuФovТn (RussТan FОНОratТon, τЦsФ) – 

МanНТНatО tОМСnТМaХ sМТОnМОs, proПОssor, DОpartЦОnt 
oП TОМСnospСОrО SaПОtв, SТbОrТan StatО AutoЦobТХО 
anН HТРСаaв AМaНОЦв (θ44080, MТra, η prospОМt, 
τЦsФ, О-ЦaТХ: suФovТn_8@ЦaТХ.ru). 

 
VХaНТЦТr V. StoХвrov (RussТan FОНОratТon, τЦsФ) 

– МanНТНatО tОМСnТМaХ sМТОnМОs, proПОssor, НОpartЦОnt 
oП TОМСnospСОrО SaПОtв, SТbОrТan StatО AutoЦobТХО 
anН HТРСаaв AМaНОЦв (θ44080, MТra, η prospОМt, 
τЦsФ, О-ЦaТХ: stoХвrovbРН@ЦaТХ.ru). 

 


