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ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɆɂФɂ, ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 

 

** Ⱦɨɧɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ȾȽɌɍ), Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., 
Ɋɨɫɫɢɹ 

 
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɷɬɚɩɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɞɟɪɧɨ- ɢ 
ɪɚɞɢɚɰɢɨɧɧɨɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ (əɊɈɈ), ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɢɯ ɞɢɜɟɪɫɢɨɧɧɵɯ ɝɪɭɩɩ, ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ. ɐɟɥɶɸ ɪɚɛɨɬɵ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɨɞɯɨɞɚ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ ɩɨɞɜɢɠɧɨɝɨ əɊɈɈ ɤɚɤ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɧɚ ɩɥɨɳɚɞɤɟ, ɬɚɤ ɢ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɩɨ ɦɚɪɲɪɭɬɭ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɹɞɟɪɧɵɣ ɬɟɪɪɨɪɢɡɦ, ɫɢɫɬɟɦɚ ɨɯɪɚɧɵ, ɹɞɟɪɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, 
ɦɨɛɢɥɶɧɵɣ ɚɝɪɟɝɚɬ ɫ ɹɞɟɪɧɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɬɪɚɧɫɩɨɪɬɧɨ-ɭɩɚɤɨɜɨɱɧɵɣ ɤɨɦɩɥɟɤɬ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: 1β.0β.β018 

 
Ⱦɜɚɞɰɚɬɶ ɩɟɪɜɵɣ ɜɟɤ ɧɟ ɫɬɚɥ ɜɟɤɨɦ ɫɬɚɛɢɥɶɧɨɫɬɢ. ɋɬɚɥɤɢɜɚɸɬɫɹ ɢɧɬɟɪɟɫɵ 

ɪɚɡɥɢɱɧɵɯ ɷɬɧɢɱɟɫɤɢɯ, ɪɟɥɢɝɢɨɡɧɵɯ, ɫɨɰɢɚɥɶɧɵɯ ɢ ɩɨɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩ. 
Ɍɟɪɪɨɪɢɫɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɪɚɠɚɸɬ ɢɧɬɟɪɟɫɵ ɜɥɢɹɬɟɥɶɧɵɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɯ ɧɟ 
ɭɫɬɪɚɢɜɚɟɬ ɫɭɳɟɫɬɜɭɸɳɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɳɟɫɬɜɚ. əɞɟɪɧɵɣ ɬɟɪɪɨɪɢɡɦ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɨɪɭɠɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ: ɹɞɟɪɧɨɟ 
ɜɡɪɵɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; ɡɚɪɚɠɟɧɢɟ ɦɟɫɬɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɛɟɡ 
ɩɪɨɜɟɞɟɧɢɹ ɹɞɟɪɧɨɝɨ ɜɡɪɵɜɚ; ɧɚɩɚɞɟɧɢɟ ɬɟɪɪɨɪɢɫɬɨɜ ɧɚ ɹɞɟɪɧɵɣ ɪɟɚɤɬɨɪ ɫ ɧɚɦɟɪɟɧɢɟɦ 
ɟɝɨ ɪɚɡɪɭɲɢɬɶ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɪɚɠɟɧɢɟ ɦɟɫɬɧɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɷɬɚɩɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɞɟɪɧɨ- ɢ 
ɪɚɞɢɚɰɢɨɧɧɨɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ (əɊɈɈ) ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ Д1, βЖ. Ⱦɥɹ 
ɩɟɪɟɜɨɡɤɢ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɹɞɟɪɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ (əɗɍ) ɢ ɹɞɟɪɧɵɯ ɞɟɥɹɳɢɯɫɹ 
ɦɚɬɟɪɢɚɥɨɜ (əȾɆ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɭɩɚɤɨɜɨɱɧɵɟ ɤɨɦɩɥɟɤɬɵ 
(ɌɍɄ). ȼ ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɩɪɨɟɤɬ ɩɨ ɫɨɡɞɚɧɢɸ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ 
ɚɬɨɦɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ (ɆȺɗɍ) ɦɨɳɧɨɫɬɶɸ 100 ɤɢɥɨɜɚɬɬ ɢ 1 ɦɟɝɚɜɚɬɬ ɞɥɹ ɨɫɜɨɟɧɢɹ 
Ⱥɪɤɬɢɤɢ. ȼɩɟɪɜɵɟ ɫɨ ɜɪɟɦɟɧɢ ɫɨɜɟɬɫɤɨɝɨ ɩɪɨɟɤɬɚ «ɉɚɦɢɪ» ɛɭɞɟɬ ɜɨɡɪɨɠɞɟɧɚ ɬɟɦɚ 
ɦɨɛɢɥɶɧɨɝɨ ɚɬɨɦɧɨɝɨ ɪɟɚɤɬɨɪɚ ɫ ɭɱɟɬɨɦ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɇɨɜɵɣ ɷɧɟɪɝɨɢɫɬɨɱɧɢɤ 
ɛɭɞɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɥɚɬɮɨɪɦɟ ɫ ɬɹɝɚɱɨɦ ɜɵɫɨɤɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɟɦɭ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɧɟɪɝɢɟɣ ɤɚɤ ɭɞɚɥɟɧɧɵɟ, ɬɚɤ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɨɛɴɟɤɬɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɵɣ ɚɝɪɟɝɚɬ (ɌȺ) ɫ əɍɗ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɩɥɨɳɚɞɤɟ (ɜ ɩɨɡɢɰɢɨɧɧɨɦ ɪɚɣɨɧɟ). Ɋɚɡɛɢɜɚɟɦ ɩɪɨɰɟɫɫ ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ 
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ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ (ɋɈ) ɧɚ ɷɬɚɩɵ Дγ,4Ж. ȼɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ 

  
..... ɭɧɛɥɨɛɧɜɭ ɊɊɊɊ 
, (1) 

 

ɝɞɟ Pɨɛɧ. – ɜɟɪɨɹɬɧɨɫɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ; 
 Pɛɥ. – ɜɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ ɜ ɪɚɣɨɧɟ ɨɛɧɚɪɭɠɟɧɢɹ;  
 Pɭɧ. – ɜɟɪɨɹɬɧɨɫɬɶ ɭɧɢɱɬɨɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. 

 

ɉɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɚɯ ɜɤɥɸɱɚɟɬ ɢɯ ɨɛɧɚɪɭɠɟɧɢɟ ɢ ɪɚɫɩɨɡɧɚɧɢɟ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɚ ɡɚ ɜɪɟɦɹ ɩɨɢɫɤɚ τ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

 

 
  exp1ɨɛɧɊ

, (2) 

 

ɝɞɟ γ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɢɫɤɚ. 
 

ȿɫɥɢ ɩɨɢɫɤ ɩɪɨɜɨɞɹɬ ɧɟɡɚɜɢɫɢɦɨ n ɫɪɟɞɫɬɜ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 
ɨɛɴɟɤɬɚ, ɯɨɬɹ ɛɵ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ: 
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exp1 
, (3) 

 

ɝɞɟ ui() – ɩɨɬɟɧɰɢɚɥ ɩɨɢɫɤɚ i-ɝɨ ɫɪɟɞɫɬɜɚ. 
 

ȼ ɫɥɭɱɚɟ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɤɚɠɞɨɟ 
ɧɚɛɥɸɞɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ: 

 

 

m

ɨɛɧɨɛɧ ɊɊ )1(1 1
, (4) 

 

ɝɞɟ Pɨɛɧ1 – ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɢ ɨɞɧɨɦ ɦɝɧɨɜɟɧɧɨɦ ɧɚɛɥɸɞɟɧɢɢ, 
 m – ɱɢɫɥɨ ɦɝɧɨɜɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 
 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɦɟɬɨɞɚɦɢ ɬɟɨɪɢɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ. Ɉɞɧɢɦ ɢɡ ɩɪɢɟɦɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ ɞɢɯɨɬɨɦɢɢ –  

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫɧɚɱɚɥɚ ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ ɩɪɢɡɧɚɤɚɦ, ɚ ɡɚɬɟɦ ɩɨ ɛɨɥɟɟ 
ɞɟɬɚɥɶɧɵɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɩɨɞɨɛɢɹ ɨɛɴɟɤɬɨɜ ɩɨ 
ɩɪɢɡɧɚɤɚɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

ɗɬɚɩ ɛɥɨɤɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɞɜɭɯ ɦɨɞɟɥɟɣ: ɦɨɞɟɥɶ ɮɚɡɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢ ɦɨɞɟɥɶ ɮɚɡɵ ɧɚɜɟɞɟɧɢɹ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɢ ɫɪɟɞɫɬɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 
ɛɥɨɤɢɪɨɜɚɧɢɹ ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɩɪɨɬɢɜɧɢɤɚ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɨɞɧɨɡɧɚɱɧɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɤɚɠɞɨɣ ɞɢɜɟɪɫɢɨɧɧɨɣ ɝɪɭɩɩɨɣ ɢ ɫɪɟɞɫɬɜɚɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ 
ɞɥɹ ɟɟ ɭɧɢɱɬɨɠɟɧɢɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɚɤɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɬɢɦɢɡɚɰɢɸ ɩɨ 
ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ ɧɚ ɪɚɫɯɨɞɭɟɦɵɟ ɪɟɫɭɪɫɵ. ȼ ɤɚɱɟɫɬɜɟ 
ɪɟɫɭɪɫɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɢɥɵ ɢ ɫɪɟɞɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ 
ɩɪɨɬɢɜɧɢɤɚ Д5Ж. Ɍɨɝɞɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɨɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɢ ɫɪɟɞɫɬɜ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɬɢɜɧɢɤɚ. Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ 
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ɡɚɞɚɱɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɪɢɰɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
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  (5) 

 

ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɦɢɧɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɧɢɤɚ ɩɪɢ ɫɢɫɬɟɦɟ ɨɝɪɚɧɢɱɟɧɢɣ: 

 

 MnCnCnCnɋ kkii  ......2211 , (6) 

ɝɞɟ im – ɤɨɥɢɱɟɫɬɜɨ ɫɪɟɞɫɬɜ Ȟ-ɝɨ ɬɢɩɚ, ɜɵɞɟɥɹɟɦɵɯ ɧɚ ɤɚɠɞɭɸ ɝɪɭɩɩɭ i-ɝɨ ɬɢɩɚ; 
 ni – ɱɢɫɥɨ ɝɪɭɩɩ ɩɪɨɬɢɜɧɢɤɚ i-ɝɨ ɬɢɩɚ; 
 k – ɱɢɫɥɨ ɬɢɩɨɜ ɝɪɭɩɩ ɩɪɨɬɢɜɧɢɤɚ; 
 Ci – i-ɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɦɚɬɪɢɰɵ ɋ; 

 Ɇ – ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɪɚɫɩɪɟɞɟɥɹɟɦɵɯ ɫɪɟɞɫɬɜ. 
 

ȼ ɫɥɭɱɚɟ ɨɞɧɨɬɢɩɧɵɯ ɫɪɟɞɫɬɜ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɤɬɨɪɨɦ : 
  ki mɬɬɬɋ ,...,,...,, 21 . (7) 

ɋɢɫɬɟɦɚ ɨɝɪɚɧɢɱɟɧɢɣ:  Mnm
k

i

ii 
1

. (8) 

 

ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ 
ɩɪɟɞɟɥɶɧɵɟ ɫɥɭɱɚɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɜɫɟɝɞɚ ɪɟɚɥɢɡɭɸɬɫɹ, ɜ ɦɨɞɟɥɹɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚɞɚɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɟɧɬɪɚɥɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɞɨɥɸ ɫɪɟɞɫɬɜ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɨ. 

Ɏɚɡɚ ɧɚɜɟɞɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɜɵɯɨɞɚ ɫɢɥ ɢ ɫɪɟɞɫɬɜ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ 
ɛɨɪɶɛɵ ɜ ɪɚɣɨɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɜɵɞɟɥɟɧɧɨɣ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɮɚɡɟ 
ɝɪɭɩɩɟ ɩɪɨɬɢɜɧɢɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɜɵɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɞɟɥɢ ɮɚɡɵ ɧɚɜɟɞɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: ɬɨɱɧɨɫɬɶ ɧɚɜɟɞɟɧɢɹ ɧ ; ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɜɟɞɟɧɢɹ  ɧɊ  ɤ ɡɚɞɚɧɧɨɦɭ 
ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ; ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ ɧɚɜɟɞɟɧɢɹ ɧt . Ɇɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɚɩɪɢɦɟɪ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɞɚɥɶɧɨɫɬɶ, ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɞɯɨɞɚ ɢ ɬ.ɞ.).  

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɩɨɥɭɱɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɨɡɢɰɢɨɧɧɨɦ 
ɪɚɣɨɧɟ ɨɠɢɞɚɟɬɫɹ ɞɟɣɫɬɜɢɟ ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɨɣ ɝɪɭɩɩɵ ɩɪɨɬɢɜɧɢɤɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – 

ɨɛɴɟɤɬ ɨɛɧɚɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɞɜɢɠɧɵɦ ɦɚɧɟɜɪɢɪɭɸɳɢɦ. ɋɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ 
(ɬɚɛɥ.1) ɢɦɟɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ:  

n – i-ɝɨ ɬɢɩɚ (ɫɬɚɰɢɨɧɚɪɧɵɟ ɩɭɧɤɬɵ); m – j-ɝɨ ɬɢɩɚ (ɩɚɬɪɭɥɢ, ɞɨɡɨɪɵ);  
p – k-ɝɨ ɬɢɩɚ (ɚɜɬɨɧɨɦɧɵɟ ɩɨɞɜɢɠɧɵɟ ɫɪɟɞɫɬɜɚ ɨɯɪɚɧɵ ɢ ɪɚɡɜɟɞɤɢ);  
q – l-ɝɨ ɬɢɩɚ (ɛɟɫɩɢɥɨɬɧɵɟ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ).  
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɢɫɤɚ ɨɞɧɢɦ ɩɨɞɜɢɠɧɵɦ ɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  
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 ,
2

ɪ

ɫɪɨɛɧ

S

vD
  (9) 

ɝɞɟ ɨɛɧD – ɞɚɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ (ɤɦ); 
 ɫɪv  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ (ɤɦ/ɱ); 
 ɪS – ɩɥɨɳɚɞɶ ɪɚɣɨɧɚ ɩɨɢɫɤɚ (ɤɦ2

). 

 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɜɢɞ (β). ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɵɦ ɩɭɧɤɬɨɦ (ɋɉ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (4). 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɨɧɵ ɧɚɛɥɸɞɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɋɉ ɫɨɩɪɢɤɚɫɚɸɬɫɹ, ɢ ɜɪɟɦɟɧɚ 
ɦɝɧɨɜɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɚɛɥɸɞɟɧɢɹ ɜɟɞɭɬɫɹ ɨɞɧɢɦ 
ɋɉ ɫ ɩɥɨɳɚɞɶɸ ɡɨɧɵ ɧɚɛɥɸɞɟɧɢɹ ɪɚɜɧɨɣ ɫɭɦɦɟ ɩɥɨɳɚɞɟɣ ɡɨɧ ɧɚɛɥɸɞɟɧɢɹ ɜɫɟɯ 
ɩɭɧɤɬɨɜ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ ɧɟ ɩɪɨɫɦɚɬɪɢɜɚɟɦɵɟ ɭɱɚɫɬɤɢ ɦɟɫɬɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɟ 
ɫɨɛɥɸɞɚɟɬɫɹ ɭɫɥɨɜɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɨɛɡɨɪɚ ɤɚɠɞɵɦ ɋɉ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɩɪɨɜɟɞɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɨɢɫɤɚ ɜ ɡɚɞɚɧɧɨɦ ɪɚɣɨɧɟ. 
ȿɫɥɢ Ⱥ – ɨɛɧɚɪɭɠɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ, ɇТ – ɧɚɯɨɠɞɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ 

ɜ Т-ɨɦ ɪɚɣɨɧɟ, ɚ Ɋ¹ɨɛɧ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ, ɬɨ ɞɥɹ m – ɪɚɣɨɧɨɜ 
ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ n – ɫɪɟɞɫɬɜɚɦɢ (ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ – ɨɩɪɟɞɟɥɟɧɧɚɹ 
ɱɚɫɬɶ ɫɪɟɞɫɬɜ ɦɨɠɟɬ ɨɛɫɥɟɞɨɜɚɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɣɨɧ) ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɛɵɬɢɹ Ⱥ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
 

 ),/()/(...)/()/()( 21 mi HAPHAPHAPHAPAP   (10) 

 

ɝɞɟ ki – ɤɨɥɢɱɟɫɬɜɨ ɫɪɟɞɫɬɜ, ɜɵɞɟɥɟɧɧɵɯ ɞɥɹ i-ɨɝɨ ɪɚɣɨɧɚ; 
 i

k

iɨɛɧ
1

i ]P)P(1[1)HP(A / ;    Ɋi – ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ ɜ 

 i-ɨɦ ɪɚɣɨɧɟ, ɩɪɢɱɟɦ   nki .  

Ɍɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 
 

   i

k

iɨɛɧ
1

]P)P(1[1P(A) . (11) 

 

Ɍɚɛɥɢɰɚ 1. – ɋɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ ДDОЭОМЭТШЧ ЭШШХЬЖ 
 

ɋɪɟɞɫɬɜɚ 

ɨɛɧɚɪɭɠɟɧɢɹ 

ɋɬɚɰɢɨɧɚɪɧɵɟ ɉɨɞɜɢɠɧɵɟ 

i j k l 

ɂɧɮɨɪɦɚɰɢɹ  
ɨɬ ɫɪɟɞɫɬɜ  
ɨɛɧɚɪɭɠɟɧɢɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

Ɉɩɪɟɞɟɥɹɟɦɵɟ 

ɩɚɪɚɦɟɬɪɵ 

 ɨɛɴɟɤɬɚ 

ɨɛɧɚɪɭɠɟɧɢɹ* 

   ɢɧɮ  

ɭɫɬt  

ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

ȼɵɯɨɞɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
  ɧɧɧ tP ,,  

* ɢɧɮt  – ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɩɨɫɬɭɩɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ; ɢɧɮ  – ɬɨɱɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ; 

ɭɫɬt  – ɜɪɟɦɹ ɭɫɬɚɪɟɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 
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Ɏɭɧɤɰɢɹ Ɋ(Ⱥ) ɛɭɞɟɬ ɢɦɟɬɶ ɦɚɤɫɢɦɭɦ ɜ ɬɨɱɤɟ, ɝɞɟ ɩɪɨɢɡɜɨɞɧɚɹ ɪɚɜɧɚ ɧɭɥɸ 

dɊ(Ⱥ)/dh =0. 

ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢ ɪɟɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɨɢɫɤɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɣɨɧɨɜ. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ: 

 

 ,ɫɪɩɨT vbW   (12) 

 

ɝɞɟ bɩɨ=(ki – 1)dc + 2Mɨɛɧ – ɷɮɮɟɤɬɢɜɧɚɹ ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɨɛɫɥɟɞɨɜɚɧɢɹ ɝɪɭɩɩɨɣ 
ɫɪɟɞɫɬɜ ki ; 

 dɫ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɪɟɞɫɬɜɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɢ ɩɨɢɫɤɟ; 
 Ɇɨɛɧ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɞɚɥɶɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ;  
 vɫɪ =  ȟ(vɫ + vɞɪɝ) – ɫɪɟɞɧɹɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɢɫɤɚ; 
 vɫ ɢ vɞɪɝ – ɫɤɨɪɨɫɬɢ ɫɪɟɞɫɬɜɚ ɢ ɨɛɴɟɤɬɚ (ȾɊȽ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
 ȟ – ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ β. 
 

Ɍɚɛɥɢɰɚ 2. – Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ȟ [ȟ function values] 
 

vɫ/vɞɪɝ  ɢɥɢ 
vɞɪɝ/vɫ 

0,00 0,10 0,20 0,30 0,50 0,60 0,80 1,00 

ξ 1,00 0,91 0,84 0,79 0,71 0,68 0,65 0,64 

 

Ɋɟɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɢɫɤɚ: 

 ,
nɞɪɝ

P
P

N

cS
W


  (13) 

 

ɝɞɟ ɫ – ɨɛɳɟɟ ɱɢɫɥɨ ɝɪɭɩɩ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɡɚ ɜɪɟɦɹ ɩɨɢɫɤɚ; 
 Nɞɪɝ – ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɬɟɪɪɨɪɢɫɬɨɜ, ɧɚɯɨɞɢɜɲɢɯɫɹ ɜ ɪɚɣɨɧɟ ɡɚ ɜɪɟɦɹ 

ɩɨɢɫɤɚ; 
 Ĳɩ  – ɮɚɤɬɢɱɟɫɤɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨɢɫɤɚ ɜɫɟɦɢ ɫɪɟɞɫɬɜɚɦɢ. 
 

ɇɚ ɨɫɧɨɜɟ ɜɵɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɧɢɦɚɸɬ ɪɟɲɟɧɢɟ ɨ ɛɥɨɤɢɪɨɜɚɧɢɢ ɪɚɣɨɧɚ 
ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. ȿɫɥɢ ɪɭɛɟɠ ɛɥɨɤɢɪɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɜɟɪɧɨ, ɬɨ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɨɞɧɢɦ ɩɨɞɪɚɡɞɟɥɟɧɢɟɦ ɩɨ ɛɥɨɤɢɪɨɜɚɧɢɸ ɨɞɧɨɣ ɝɪɭɩɩɵ ɢɦɟɟɬ ɜɢɞ: 

 

 ,0
1 


ȾɊȽ

ɛȾɊȽ

v

vS 
 (14) 

ɝɞɟ 1S  – ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɦɚɪɲɪɭɬɚ ɝɪɭɩɩɵ ɩɪɨɬɢɜɧɢɤɚ ɞɨ 
ɜɟɪɨɹɬɧɨɝɨ ɪɭɛɟɠɚ ɛɥɨɤɢɪɨɜɚɧɢɹ; 

 ɡɚɧɞɜɥɫɨɩ

n

i

iɛ  
1

; ɨɩ – ɜɪɟɦɹ ɨɬ ɦɨɦɟɧɬɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ ɞɨ 

ɩɨɞɚɱɢ ɫɢɝɧɚɥɚ ɧɚ ɩɪɢɜɟɞɟɧɢɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ ɛɨɪɶɛɵ 
ɜ ɝɨɬɨɜɧɨɫɬɶ ɤ ɜɵɩɨɥɧɟɧɢɸ ɛɨɟɜɨɣ ɡɚɞɚɱɢ; 

 ɥɫ – ɜɪɟɦɹ ɝɨɬɨɜɧɨɫɬɢ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɤ ɜɵɩɨɥɧɟɧɢɸ ɛɨɟɜɨɣ 
ɡɚɞɚɱɢ; 

 
ɩ

ɦɟɫɬɫɟɡɫɭɬɞɜ
v

S
kkk ; ɫɭɬk  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ 



 ɂɋɋɅȿȾɈȼȺɇɂȿ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɋɂɋɌȿɆɕ ɈɏɊȺɇɕ ɉɈȾȼɂɀɇɈȽɈ 41 
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ɞɜɢɠɟɧɢɹ ɜɪɟɦɟɧɢ ɫɭɬɨɤ; 
 ɫɟɡk – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɟɡɨɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ; 
 ɦɟɫɬk – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɯɚɪɚɤɬɟɪɚ 

ɦɟɫɬɧɨɫɬɢ; 
 S – ɪɚɫɫɬɨɹɧɢɟ (ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɦɚɪɲɪɭɬɚ) ɦɟɠɞɭ ɩɭɧɤɬɨɦ ɞɢɫɥɨɤɚɰɢɢ 

ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɢ ɩɥɚɧɢɪɭɟɦɵɦ ɪɭɛɟɠɨɦ ɛɥɨɤɢɪɨɜɚɧɢɹ; 
 ɩv  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; 
 ɡɚɧ  – ɜɪɟɦɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɧɚ ɪɭɛɟɠɟ 

ɛɥɨɤɢɪɨɜɚɧɢɹ; 
 ȾɊȽv  – ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. 
 

ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɭɫɥɨɜɢɟ (14) ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ – ɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɭɫɩɟɲɧɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ [6]. 

Ɋɚɫɫɱɢɬɚɟɦ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ əɗɍ ɧɚ ɭɱɚɫɬɤɟ 
ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ ɌȺ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ (Ⱥɋ), ɚ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɢɦɨɫɬɢ ɢ ɜɤɥɚɞɵ ɤɚɠɞɨɝɨ ɭɤɚɡɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɢɦɟɦ ɜɨ ɜɧɢɦɚɧɢɟ ɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɢɫɯɨɞɧɵɯ 
ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ Ⱥɋ: ɨɝɧɟɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ (ɡɚɫɚɞɚ); ɩɨɞɪɵɜ ɮɭɝɚɫɚ. ȼ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ 
ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɹɬɶ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ: 1X  – ɡɚɫɚɞɚ   1P ; 2X  –ɮɭɝɚɫ ɧɚ 
ɦɚɪɲɪɭɬɟ ɞɜɢɠɟɧɢɹ  2P ; 3X  – ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɪɚɡɜɟɞɤɢ  3P ; 4X  – 

ɛɟɡɨɲɢɛɨɱɧɵɟ ɞɟɣɫɬɜɢɹ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɋɈ  4P ; 5X –ɛɟɡɨɬɤɚɡɧɨɫɬɶ 
ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ  5P . ȼɵɯɨɞɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɮɭɧɤɰɢɢ: 1y – 

ɡɚɫɚɞɚ ɧɚ ɦɚɪɲɪɭɬɟ; 
1

y – ɧɟɬ ɡɚɫɚɞɵ; 2ɭ  – ɮɭɝɚɫ; 
2

y  – ɧɟɬ ɮɭɝɚɫɚ;  3ɭ – ɩɪɨɬɢɜɧɢɤ 
ɨɛɧɚɪɭɠɟɧ; 

3ɭ – ɩɪɨɬɢɜɧɢɤ ɧɟ ɨɛɧɚɪɭɠɟɧ; 4ɭ  – ɥɢɱɧɵɣ ɫɨɫɬɚɜ ɜ ɝɨɬɨɜɧɨɫɬɢ ɤ 
ɧɟɦɟɞɥɟɧɧɨɦɭ ɨɬɪɚɠɟɧɢɸ ɧɚɩɚɞɟɧɢɹ; 

4
y  – ɥɢɱɧɵɣ ɫɨɫɬɚɜ ɧɟ ɝɨɬɨɜ; 5ɭ  – ɌȺ ɧɟ 

ɜɵɯɨɞɢɬ ɧɚ ɭɱɚɫɬɨɤ ɦɚɪɲɪɭɬɚ; 
5

y  – ɌȺ ɜɵɯɨɞɢɬ ɧɚ ɭɱɚɫɬɨɤ ɦɚɪɲɪɭɬɚ; 6ɭ  – ɧɟɬ 
ɢɫɯɨɞɧɵɯ ɩɪɢɱɢɧ Ⱥɋ; 7ɭ  – ɧɟɬ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɧɚ ɭɱɚɫɬɤɟ ɦɚɪɲɪɭɬɚ; 

7
y  – Ⱥɋ ɧɚ 

ɭɱɚɫɬɤɟ ɦɚɪɲɪɭɬɚ. ȼɫɟ ɮɪɚɝɦɟɧɬɵ ɭɫɥɨɜɢɣ ɪɟɚɥɢɡɚɰɢɢ ɜɵɯɨɞɧɵɯ ɮɭɧɤɰɢɣ ɤɚɠɞɵɦ 
ɷɥɟɦɟɧɬɨɦ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɫɯɟɦɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɟɥɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. – ɋɯɟɦɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɟɥɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 

[Scheme of the functional integrity of structural safety model]. 

  



42  ȽɍȻȿɅȺȾɁȿ ɢ ɞɪ. 
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ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
11 xy   ; 455 yxy 

; 133
yxy 

;
  22 xy  ; 216 yyy  ; 

244
yxy  ;  

133 yxy 
; 567 yyy 

;
  

455
yxy 

 ; 
 3244 yyxy 

;   11
xy 

 ; (15) 

216 yyy 
; 22 xy 

;  567
yyy 

.
 

 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ iP  ɢ ɡɚɞɚɸɬɫɹ 
ɥɨɝɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

 

Ʉɪɢɬɟɪɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

5425431217 xxxxxxxxxyYȻО  . (16) 

 

Ʉɪɢɬɟɪɢɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ Ⱥɋ: 

5431542424312317 xxxxxxxxxxxxxxxyYȺɋ  . (17) 

 

ȼ (16) ɢ (17) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɰɢɢ ɢɫɯɨɞɧɵɯ ɨɩɚɫɧɨɫɬɟɣ, ɚ 
ɬɚɤɠɟ ɦɢɧɢɦɚɥɶɧɵɟ ɛɟɡɨɩɚɫɧɵɟ ɢ ɚɜɚɪɢɣɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɛɵɬɢɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ. ɉɪɟɨɛɪɚɡɭɟɦ ɢɫɯɨɞɧɭɸ ɮɭɧɤɰɢɸ «ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ» 
ɫɢɫɬɟɦɵ. Ɍɨɝɞɚ: 

– ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

5422543121 PPPPPPPPPPPȻО  ; (18) 

 

– ɜɟɪɨɹɬɧɨɫɬɶ Ⱥɋ: 

25431542422431231 PPPPPPPPPPPPPPPPPPȺɋ  . (19) 

 

ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ - ɪɚɫɱɟɬ ɫɢɫɬɟɦɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɫɬɚɜɥɹɹ ɜ 
(18) ɢ (19) ɡɧɚɱɟɧɢɹ iP  ɢ iP  ɩɨɥɭɱɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ 
ɞɜɢɠɟɧɢɹ. 

Ʉ ɮɚɤɬɨɪɚɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɜɥɢɹɧɢɟ ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɭɧɢɱɬɨɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ, 
ɨɬɧɨɫɹɬɫɹ: ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɧɚ ɭɧɢɱɬɨɠɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ; ɨɝɧɟɜɚɹ ɦɨɳɶ (ɧɚɥɢɱɢɟ 
ɬɹɠɟɥɨɝɨ ɫɬɪɟɥɤɨɜɨɝɨ ɜɨɨɪɭɠɟɧɢɹ ɢ ɬɟɯɧɢɤɢ) ɢ ɫɨɫɬɨɹɧɢɟ (ɢɫɩɪɚɜɧɨɫɬɶ) ɜɨɨɪɭɠɟɧɢɹ; 
ɯɚɪɚɤɬɟɪ ɞɟɣɫɬɜɢɣ ɩɪɨɬɢɜɧɢɤɚ, ɟɝɨ ɛɨɟɫɩɨɫɨɛɧɨɫɬɶ; ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɥ; 
ɯɚɪɚɤɬɟɪ ɦɟɫɬɧɨɫɬɢ; ɜɪɟɦɹ ɝɨɞɚ ɢ ɫɭɬɨɤ. ɇɚɥɢɱɢɟ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɥɢɹɸɳɢɯ 
ɮɚɤɬɨɪɨɜ ɢ ɫɜɨɣɫɬɜ ɫɨɡɞɚɟɬ ɨɛɴɟɤɬɢɜɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɦɚɬɟɦɚɬɢɡɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɣ 
ɋɈ. ɇɚɩɪɢɦɟɪ, ɬɪɭɞɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɨɪɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɟɧɧɨɫɥɭɠɚɳɢɯ Д7Ж. ȼ ɫɥɭɱɚɹɯ 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ ɟɝɨ ɛɨɟɫɩɨɫɨɛɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɜ 

32  ɪɚɡɚ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɧɚɪɹɞɭ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɩɨɬɟɪɹɦɢ ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ, 
ɜɵɡɵɜɚɟɦɵɟ ɦɨɪɚɥɶɧɨ-ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ. ȼɟɥɢɱɢɧɚ ɷɬɢɯ ɩɨɬɟɪɶ ɞɨɥɠɧɚ 
ɡɚɜɢɫɟɬɶ ɨɬ ɫɬɟɩɟɧɢ ɩɨɞɝɨɬɨɜɤɢ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɜ ɦɨɪɚɥɶɧɨ-

ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɤ ɜɟɞɟɧɢɸ ɛɨɹ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ ɫɨɦɧɟɧɢɹ ɜ ɬɨɦ, ɱɬɨ 
ɫ ɩɨɦɨɳɶɸ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɚɞɟɤɜɚɬɧɨ ɩɨ ɩɪɢɱɢɧɟ ɱɪɟɡɜɵɱɚɣɧɨɣ ɦɚɥɨɱɢɫɥɟɧɧɨɫɬɢ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɝɨ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹ. Ɂɞɟɫɶ ɨɬ ɞɟɣɫɬɜɢɣ ɤɚɠɞɨɝɨ ɜɨɟɧɧɨɫɥɭɠɚɳɟɝɨ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ 
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ɜɵɩɨɥɧɟɧɢɟ ɛɨɟɜɨɣ ɡɚɞɚɱɢ. ɇɚɩɪɢɦɟɪ, ɩɨɬɟɪɹ γ0% ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɨɤɚɠɟɬ ɛɨɥɶɲɟɟ 
ɜɥɢɹɧɢɟ ɧɚ ɦɨɪɚɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɥɞɚɬ ɤ ɩɪɨɞɨɥɠɟɧɢɸ ɛɨɹ, ɱɟɦ ɩɨɬɟɪɹ ɩɨɥɨɜɢɧɵ 
ɱɚɫɬɟɣ ɜ ɫɨɟɞɢɧɟɧɢɢ, ɢɛɨ ɩɨɬɟɪɢ ɜ ɩɨɞɪɚɡɞɟɥɟɧɢɢ ɩɪɨɢɫɯɨɞɹɬ ɭ ɧɢɯ ɧɚ ɝɥɚɡɚɯ, ɚ ɩɨɬɟɪɶ 
ɫɨɟɞɢɧɟɧɢɹ ɜ ɰɟɥɨɦ ɨɧɢ ɫɟɛɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ. 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɟɜɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ 
ɛɨɪɶɛɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬɵ ɩɨ ɦɨɞɟɥɢ ɛɨɟɜɵɯ ɞɟɣɫɬɜɢɣ. ȼ ɤɚɱɟɫɬɜɟ 
ɩɨɤɚɡɚɬɟɥɹ ɛɨɟɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɧɹɬɶ ɫɨɫɬɨɹɧɢɟ ɢ ɩɨɥɨɠɟɧɢɟ ɧɚ 
ɦɟɫɬɧɨɫɬɢ ɤɚɠɞɨɣ ɛɨɟɜɨɣ ɟɞɢɧɢɰɵ ɜɨ ɜɪɟɦɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɛɨɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɢɬɶ ɟɟ ɫɨɫɬɨɹɧɢɟ ɢ ɟɟ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɟ ɜ ɪɚɣɨɧɟ ɛɨɟɜɵɯ ɞɟɣɫɬɜɢɣ ɧɚ ɥɸɛɨɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɰɟɥɶ ɛɨɹ – ɭɧɢɱɬɨɠɟɧɢɟ ɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ (ɩɪɨɬɢɜɧɢɤɚ) 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɛɨɟɜɵɯ ɟɞɢɧɢɰ ɢ ɜɵɯɨɞ ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɪɭɛɟɠ. ɉɪɢɧɢɦɚɟɬɫɹ, 
ɱɬɨ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɩɚɞɚɧɢɹ ɜ ɰɟɥɶ Ɋɩɩ=0,9 ɰɟɥɶ ɩɨɪɚɠɟɧɚ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ Ɋɩɨɪ=0,9. 

ɉɪɢ 8,0ɩɨɪɊ  ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɰɟɥɶ ɭɧɢɱɬɨɠɟɧɚ. ɉɪɢ 8,05,0  ɩɨɪɊ  ɰɟɥɶ ɜɪɟɦɟɧɧɨ 
ɜɵɜɟɞɟɧɚ ɢɡ ɫɬɪɨɹ. ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɛɨɟɜɚɹ ɟɞɢɧɢɰɚ ɫɱɢɬɚɟɬɫɹ ɧɟɩɨɪɚɠɟɧɧɨɣ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ: 

 

 ɮ
ɭɫ

Y

ɭɫ
z

ɬɬɯ
Y

ɬɬɯ
zɛɡɠɰɩɨɪɩɨɪ kȼȼȼȼqkɊɊ ,,,,,, , (20) 

 

ɝɞɟ ɠɰk  – ɤɨɷɮɮɢɰɢɟɧɬ ɠɢɜɭɱɟɫɬɢ ɰɟɥɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɡɚɳɢɳɟɧɧɨɫɬɢ, ɦɚɫɤɢɪɨɜɤɢ 
(ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɦɭɮɥɹɠɚ ɢ ɬ.ɞ.), ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɜɵɭɱɤɢ, ɪɚɡɦɟɪɨɜ; 

 z – ɜɵɫɨɬɚ, Y – ɲɢɪɢɧɚ; 
 ɛɡq  – ɦɨɳɧɨɫɬɶ ɛɨɟɜɨɝɨ ɡɚɪɹɞɚ; 
 ɬɬɯ

Y

ɬɬɯ
z ȼȼ ,  – ɫɭɦɦɚɪɧɵɟ ɫɪɟɞɢɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɢ ɛɨɤɨɜɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɸ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɌɌɏ ɨɪɭɠɢɹ; 
 yc

Y

yc

z BB ,  – ɫɭɦɦɚɪɧɵɟ ɫɪɟɞɢɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɭɫɥɨɜɢɣ 
ɩɪɢɦɟɧɟɧɢɹ; 

 ɮk  – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɝɭɪɧɨɫɬɢ ɰɟɥɢ (ɫɬɟɩɟɧɶ ɨɬɥɢɱɢɹ ɮɨɪɦɵ ɰɟɥɢ ɨɬ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ). 

 

ɉɪɢ ɨɞɧɨɦ ɜɵɫɬɪɟɥɟ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɰɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
[3,6]: 
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1
. (21) 

 

Ɂɞɟɫɶ  Ф  - ɮɭɧɤɰɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɮɭɧɤɰɢɹ Ʌɚɩɥɚɫɚ). 
ɉɪɢ ɧɟɫɤɨɥɶɤɢɯ ɨɞɢɧɨɱɧɵɯ ɜɵɫɬɪɟɥɚɯ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɢɬɫɹ: 

 

 
    nɩɨɪ
n

ɩɨɪ ɊɊ 111  , (22) 

ɝɞɟ   11 ɩɨɪɊ  - ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɦɚɯɚ. 
 

Ⱦɥɹ ɨɞɧɨɣ ɨɱɟɪɟɞɢ: 
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     ɩɩɨɫ

ɩɨɪ
ɩɟɪ
ɩɨɪ

ɨɱ
ɩɨɪ ɊɊɊ  111 , (23) 

 

ɝɞɟ ɩɟɪ
ɩɨɪɊ  – ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɩɟɪɜɨɣ ɩɭɥɟɣ; 

 ɩɨɫ
ɩɨɪɊ  – ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɦɢ ɩɭɥɹɦɢ. 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɰɟɥɟɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɨɝɧɟɦ ɩɨ ɮɨɪɦɭɥɟ 
(βγ) ɞɚɟɬ ɡɚɜɵɲɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɯ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ ɧɚ 5–7%. 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɣ, ɟɫɥɢ ɩɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ. ɇɚ ɦɨɞɟɥɹɯ ɤɢɧɟɦɚɬɢɤɢ ɛɨɹ ɦɨɠɧɨ ɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɯ ɦɚɧɟɜɪɚ, ɦɟɫɬɧɨɫɬɢ, ɟɟ 
ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɨɟɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ. ɉɪɢ 
ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɨɩɪɨɫɵ ɬɟɦɩɨɜ ɧɚɫɬɭɩɥɟɧɢɹ ɢ 
ɦɚɧɟɜɪɚ. Ɍɚɤ ɤɚɤ ɦɚɧɟɜɪ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɦɟɫɬɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɟɥɶɟɮɨɦ, 
ɩɨɤɪɨɜɚɦɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɪɚɡɥɢɱɧɵɦɢ ɦɟɫɬɧɵɦɢ ɩɪɟɞɦɟɬɚɦɢ, ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɢ 
ɷɥɟɦɟɧɬɚɦɢ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ ɜɫɟ ɷɬɨ ɞɨɥɠɧɨ ɧɚɣɬɢ ɜ ɦɨɞɟɥɢ ɫɜɨɟ 
ɨɬɪɚɠɟɧɢɟ. ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɦɟɫɬɧɨɫɬɢ ɜɨɡɦɨɠɧɨ, ɧɨ ɨɧɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɩɨɜɵɲɟɧɢɸ ɨɛɴɟɦɚ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɂɦɟɟɬ ɫɦɵɫɥ ɭɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ ɧɚɢɛɨɥɟɟ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɛɨɟɜɵɯ 
ɩɨɪɹɞɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɶ ɤɢɧɟɦɚɬɢɤɢ ɛɨɹ ɨɩɢɫɵɜɚɟɬ ɦɚɪɲɪɭɬ ɞɜɢɠɟɧɢɹ 
ɛɨɟɜɵɯ ɝɪɭɩɩ (ɩɨɞɪɚɡɞɟɥɟɧɢɣ) ɧɚɫɬɭɩɚɸɳɟɣ ɫɬɨɪɨɧɵ ɜ ɫɬɨɪɨɧɭ ɧɟɤɨɬɨɪɨɝɨ 
ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɭɛɟɠɚ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ. Ɇɚɧɟɜɪ ɜ ɛɨɸ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨ ɩɪɢɧɰɢɩɭ 
ɫɜɟɞɟɧɢɹ ɤ ɧɟɩɪɟɪɵɜɧɨɦɭ ɢɡɦɟɪɟɧɢɸ ɩɪɨɯɨɞɢɦɨɝɨ ɛɨɟɜɨɣ ɟɞɢɧɢɰɟɣ ɩɭɬɢ ɢ 
ɞɢɪɟɤɰɢɨɧɧɨɝɨ ɭɝɥɚ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɜɵɱɢɫɥɟɧɢɸ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɞɚɧɧɵɯ 
ɤɨɨɪɞɢɧɚɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɟɞɢɧɢɰɵ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ. 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɧɟɩɪɟɦɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɫɨɯɪɚɧɟɧɢɟ ɛɨɟɫɩɨɫɨɛɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹ. Ɉɝɧɟɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹ 
ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɫɭɦɦɚɪɧɵɦ ɨɛɴɟɦɨɦ ɨɝɧɟɜɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɟɲɚɬɶɫɹ 
ɲɬɚɬɧɵɦɢ ɨɝɧɟɜɵɦɢ ɫɪɟɞɫɬɜɚɦɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɨ 
ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɋɈ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɪɟɲɚɬɶ ɛɨɟɜɵɟ ɡɚɞɚɱɢ ɫ ɨɞɢɧɚɤɨɜɵɦ 
ɤɚɱɟɫɬɜɨɦ. ȿɫɥɢ ɨɛɨɫɧɨɜɚɧɧɵɟ ɜɵɲɟ ɫɨɫɬɚɜɵ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɨ ɫɜɨɢɦ ɛɨɟɜɵɦ 
ɩɨɬɟɧɰɢɚɥɚɦ ɪɚɜɧɨɡɧɚɱɧɵ, ɬɨ ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɢɯ ɫɬɨɢɦɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɚɥɝɨɪɢɬɦɭ ɨɛɨɫɧɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɛɨɟɜɨɝɨ ɫɨɫɬɚɜɚ. Ɂɚɬɟɦ 
ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ Д8,9,10Ж ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɋɈ. 
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