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ȼɜɟдɟɧɢɟ 
 

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢя 
ɷɤɫɤɚɜɚɬɨɪɧɨɣ ɬɟɯɧɢɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɤɚɪɶ-
ɟɪɚɯ, ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɡɚ ɫɱɟɬ ɫɧɢɠɟ-
ɧɢя ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɟɜ ɬɚɤɢɯ ɦɚɲɢɧ, ɫɜяɡɚɧ-

ɧɵɯ ɫ ɨɬɤɚɡɚɦɢ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɢ 

ɦɟɯɚɧɢɡɦɨɜ. Кɚɤ ɩɨɤɚɡɚɥ ɚɧɚɥɢɡ ɨɬɤɚɡɨɜ ɨɞ-
ɧɨɤɨɜɲɨɜɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ ɬɢɩɚ ɗКȽ-5 ɢ 

ɗКȽ-10Н, ɩɪɨɜɨɞɢɦɵɣ ɧɚ ɁАɈ НКɆɁ, ɞɨ 

25 % ɨɬɤɚɡɨɜ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɩɪɢɯɨɞɢɬɫя ɧɚ 
ɝɭɫɟɧɢɱɧɵɟ ɦɟɯɚɧɢɡɦɵ ɩɟɪɟɞɜɢɠɟɧɢя. ɉɨ-
ɷɬɨɦɭ ɜɨɩɪɨɫ ɩɨɜɵɲɟɧɢя ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɞɜɢɠɟɧɢя яɜɥяɟɬɫя ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɵɦ.  

 

Аɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢя ɧɚɞɟɠɧɨɫɬɢ ɦɟɯɚɧɢɡɦɨɜ 
ɩɟɪɟɞɜɢɠɟɧɢя ɧɚ ɁАɈ НКɆɁ ɪɚɡɪɚɛɨɬɚɧ  
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ɱɟɬɵɪɟɯɨɩɨɪɧɵɣ ɲɚɝɚɸɳɢɣ ɞɜɢɠɢɬɟɥɶ [1]. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɨɬ ɫɭɳɟɫɬ-
ɜɭɸɳɢɯ ɲɚɝɚɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ яɜɥяɟɬɫя ɧɚ-
ɥɢɱɢɟ ɜ ɬɚɤɨɦ ɞɜɢɠɢɬɟɥɟ ɞɜɭɯ ɩɚɪ ɨɩɨɪɧɵɯ 
ɛɚɲɦɚɤɨɜ, ɜɧɭɬɪɟɧɧɢɯ  ɢ ɜɧɟɲɧɢɯ, ɩɪɢɜɨɞɢ-

ɦɵɯ ɜ ɞɜɢɠɟɧɢɟ ɞɜɭɦя ɩɚɪɚɦɢ ɷɤɫɰɟɧɬɪɢɤɨɜ. 
ȼ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢя ɜ ɬɚɤɨɦ ɦɟɯɚɧɢɡɦɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɴɟɦ ɢ ɨɩɭɫɤɚɧɢɟ ɬɟɥɟɠɤɢ ɡɚ 
ɫɱɟɬ ɩɨɩɚɪɧɨ ɩɨɞɧɢɦɚɟɦɵɯ ɢ ɨɩɭɫɤɚɟɦɵɯ 
ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɨɩɨɪɧɵɯ ɛɚɲɦɚɤɨɜ, 
ɬ.ɟ. ɩɚɪɚ ɨɩɨɪɧɵɯ ɛɚɲɦɚɤɨɜ (ɥɵɠ) ɩɪɢɜɨɞɢɬ-
ɫя ɜ ɞɜɢɠɟɧɢɟ ɫɢɧɮɚɡɧɨ ɜɪɚɳɚɸɳɢɦɢɫя ɜɨ-
ɤɪɭɝ ɨɫɢ ɷɤɫɰɟɧɬɪɢɤɚɦɢ, ɚ ɜɬɨɪɚя ɩɚɪɚ ɥɵɠ – 

ɷɤɫɰɟɧɬɪɢɤɚɦɢ. ɉɪɢ ɪɚɛɨɬɟ ɷɤɫɤɚɜɚɬɨɪɚ ɜ 
ɡɚɛɨɟ ɜɟɫ ɦɚɲɢɧɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥяɟɬ-
ɫя ɧɚ ɜɫɟ ɱɟɬɵɪɟ ɨɩɨɪɧɵɯ ɛɚɲɦɚɤɚ. Уɱɢɬɵ-

ɜɚя ɤɨɧɫɬɪɭɤɰɢɸ ɬɚɤɨɝɨ ɞɜɢɠɢɬɟɥя (ɨɬɫɭɬɫɬ-
ɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɵɫɬɪɨ 
ɢɡɧɚɲɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ, ɧɚɩɪɢɦɟɪ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɝɭɫɟɧɢɱɧɵɦ ɯɨɞɨɦ, ɚ ɬɚɤɠɟ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɦɚɫɫɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɲɚ-
ɝɚɸɳɢɦɢ ɬɪɟɯɨɩɨɪɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ [2], 

ɜɜɢɞɭ ɨɬɫɭɬɫɬɜɢя ɨɩɨɪɧɨɣ ɛɚɡɵ), ɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɬɚɤɨɣ ɞɜɢɠɢɬɟɥɶ ɨɤɚɠɟɬɫя ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜ-
ɧɵɦ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ яɜɥяɟɬɫя ɭɫɬɚ-
ɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢя ɫɢɥɨ-
ɜɵɯ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɱɟɬɵɪɟɯ-
ɨɩɨɪɧɨɝɨ ɲɚɝɚɸɳɟɝɨ ɞɜɢɠɢɬɟɥя ɜ ɩɪɨɰɟɫɫɟ 
ɩɟɪɟɦɟɳɟɧɢя. 

 

Цɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚдɚчɢ 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɫɬɚɬɶɢ яɜɥяɟɬɫя ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɩɟɪɟɞɜɢɠɟɧɢя ɤɚɪɶɟɪɧɨɝɨ ɷɤɫɤɚ-
ɜɚɬɨɪɚ ɫ ɱɟɬɵɪɟɯɨɩɨɪɧɵɦ ɲɚɝɚɸɳɢɦ ɞɜɢɠɢ-

ɬɟɥɟɦ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟдɨɜɚɧɢɣ 

 

ȼ ɪɚɛɨɬɟ ДɨɧȽɌУ [3] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɢɫ-
ɫɥɟɞɨɜɚɧɢя ɝɨɪɧɵɯ ɢ ɩɨɞɴɟɦɧɨ-ɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɦɚɲɢɧ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢя ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɜ ɜɢɞɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢя 
ɫɢɫɬɟɦɵ «ɦɚɲɢɧɚ – ɜɧɟɲɧяя ɫɪɟɞɚ». Ɉɫɧɨɜ-
ɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɷɬɨɣ ɫɢɫɬɟɦɵ яɜɥяɸɬɫя 
ɬɚɤɢɟ ɩɨɞɫɢɫɬɟɦɵ ɤɚɤ ɜɧɟɲɧяя ɫɪɟɞɚ ɢ ɦɚɲɢ-

ɧɚ, ɩɪɢɱɟɦ ɤɚɠɞɚя ɢɡ ɩɨɞɫɢɫɬɟɦ ɢɦɟɟɬ ɫɜɨɸ 

ɫɬɪɭɤɬɭɪɭ, ɚ ɫɬɪɭɤɬɭɪɚ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɦɟɧɬɨɜ; 
ɫɬɪɭɤɬɭɪɧɚя ɢ ɪɚɫɱɟɬɧɚя ɫɯɟɦɵ ɦɟɯɚɧɢɡɦɚ 
ɩɟɪɟɞɜɢɠɟɧɢя ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ [3]. 

 

Нɚ ɨɫɧɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɟɧɚ ɪɚɫ-
ɱɟɬɧɚя ɫɯɟɦɚ ɱɟɬɵɪɟɯɨɩɨɪɧɨɝɨ ɲɚɝɚɸɳɟɝɨ 
ɞɜɢɠɢɬɟɥя, ɤɨɬɨɪɚя ɩɨɡɜɨɥяɟɬ ɭɱɟɫɬɶ ɤɨɧɫɬ-
ɪɭɤɰɢɸ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя, ɟɝɨ ɜɡɚɢɦɨ-

ɫɜяɡɢ ɜ ɫɬɪɭɤɬɭɪɟ ɷɤɫɤɚɜɚɬɨɪɚ, ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɟ ɫ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɧɚɝɪɭɡɨɤ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɳɟɧɢя ɷɤɫɤɚɜɚɬɨ-
ɪɚ. Уɱɢɬɵɜɚя ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢя ɬɟɨɪɢɢ 

ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ [4], ɪɚɡɪɚɛɨɬɚ-
ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɟɪɟɦɟ-
ɳɟɧɢя ɷɤɫɤɚɜɚɬɨɪɚ ɤɚɤ ɫɢɫɬɟɦɵ, ɫɨɫɬɨяɳɟɣ 

ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɨ ɡɚɤɨɧɱɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɎɁɗ); ɩɪɢ 

ɷɬɨɦ ɭɱɬɟɧɨ ɫɥɟɞɭɸɳɟɟ:  
 

– ɷɤɫɤɚɜɚɬɨɪ – ɷɬɨ ɝɨɪɧɚя ɦɚɲɢɧɚ, ɩɪɟɞɫɬɚɜ-
ɥяɸɳɚя ɫɨɛɨɣ ɬɟɯɧɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɜɤɥɸ-

ɱɚɸɳɭɸ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɸ, ɢɫɩɨɥɧɢɬɟɥɶ-
ɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɪɚɛɨɱɟɟ ɢ ɯɨɞɨɜɨɟ ɨɛɨɪɭ-
ɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ ɜɧɟɲɧɟɣ 

ɫɪɟɞɨɣ; 

 

– ɦɟɯɚɧɢɡɦɵ ɷɤɫɤɚɜɚɬɨɪɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɫ 
ɭɱɟɬɨɦ ɢɯ ɪɨɥɢ ɢ ɡɧɚɱɟɧɢя ɞɥя ɮɭɧɤɰɢɨɧɢ-

ɪɨɜɚɧɢя ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥя ɜɵɩɨɥ-
ɧɟɧɢя ɝɨɪɧɵɯ ɪɚɛɨɬ ɩɨ ɜɫɤɪɵɲɤɟ, ɞɨɛɵɱɟ ɢ 

ɩɨɝɪɭɡɤɟ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɩɟɪɟɦɟɳɟ-
ɧɢɸ ɦɚɲɢɧɵ ɜ ɡɚɛɨɟ, ɭɫɬɨɣɱɢɜɨɦɭ ɩɨɥɨɠɟ-
ɧɢɸ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟ-
ɪɚɰɢɣ; 

 

– ɜɧɟɲɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɟɯɚɧɢɡɦ ɩɟɪɟ-
ɞɜɢɠɟɧɢя ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɩɨɫɬɭɩɚɬɟɥɶɧɨ 
ɩɟɪɟɦɟɳɚɸɳɟɣɫя ɦɚɫɫɵ (Ɇɷ) ɫ ɰɟɧɬɪɨɦ ɜ 
ɬɨɱɤɟ ɋ, ɲɚɪɧɢɪɧɨ ɫɨɟɞɢɧɟɧɧɨɣ ɜ ɲɚɪɧɢɪɚɯ, 
(Ɉ1 – Ɉ8) ɫ ɨɩɨɪɧɵɦɢ ɛɚɲɦɚɤɚɦɢ (Ʌ1 – Ʌ4), 

ɧɚ ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɜɧɟɲɧяя 
ɫɪɟɞɚ ɫɨ ɫɬɨɪɨɧɵ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ-
ɛɨя. 
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɟɪɟɞɜɢ-

ɠɟɧɢя ɷɤɫɤɚɜɚɬɨɪɚ ɫ ɭɱɟɬɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɡɚɤɨɧɱɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɎɁɗ) ɯɨɞɨɜɨɝɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢя, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɝɨɪɧɨɣ ɦɚɲɢɧɨɣ, 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɜɟɤɬɨɪɚ 
ɮɭɧɤɰɢɢ, ɡɚɩɢɫɚɧɧɨɣ ɜ ɧɟяɜɧɨɦ ɜɢɞɟ [4] 

 

( , , ) 0,if X P Y         (1) 

 

ɝɞɟ X  – ɜɟɤɬɨɪ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ; P  – 

ɜɟɤɬɨɪ ɫɬɪɭɤɬɭɪɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɵ; Y  – 

ɜɟɤɬɨɪ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
 

Ɉɞɧɢɦ ɢɡ ɧɚɢɦɟɧɟɟ ɢɡɭɱɟɧɧɵɯ ɎɁɗ ɜ ɩɪɟɞ-
ɥɚɝɚɟɦɨɦ ɞɜɢɠɢɬɟɥɟ яɜɥяɟɬɫя ɷɤɫɰɟɧɬɪɢɤɨ-
ɜɵɣ ɩɪɢɜɨɞ. ɗɤɫɰɟɧɬɪɢɤɨɜɵɣ ɩɪɢɜɨɞ ɤɚɤ 
ɎɁɗ (ɪɢɫ. 1) ɩɨɡɜɨɥяɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɫɜяɡɶ 
ɬɪɟɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɩɟɪɟɦɟɳɚɸɳɢɯɫя ɦɚɫɫ 
(ɉɉɆ1…ɉɉɆ3); ɰɟɧɬɪɵ ɦɚɫɫ ɧɚɯɨɞяɬɫя ɜ 
ɬɨɱɤɚɯ ɋ1, ɋ2, ɋ3. 
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ɗɤɫɰɟɧɬɪɢɤɨɜɵɣ ɜɚɥ ɫ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ  

«ɟ = b», ɨɫɶɸ ɜɪɚɳɟɧɢя ɫɪɟɞɧɟɝɨ ɰɢɥɢɧɞɪɢ-

ɱɟɫɤɨɝɨ ɲɚɪɧɢɪɚ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɩɨ ɨɫɢ ZIV ɜ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ IVIVIV ZYAX (c ɰɟɧɬɪɨɦ 

ɲɚɪɧɢɪɚ ɜ ɬɨɱɤɟ А, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɩɨɫɪɟɞɢ-

ɧɟ ɲɚɪɧɢɪɚ ɜ ɦɟɫɬɟ ɩɟɪɟɞɚɱɢ ɤɪɭɬяɳɟɝɨ ɦɨ-
ɦɟɧɬɚ Ɇ),  ɠɟɫɬɤɨ ɫɜяɡɚɧɧɨɣ ɫ ɉɉɆ1, ɬ.ɟ. ɫ 
ɰɟɧɬɪɨɦ ɦɚɫɫ ɬɟɥɟɠɤɢ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɤɪɭɬя-
ɳɟɝɨ ɦɨɦɟɧɬɚ Ɇ ɜ ɬɨɱɤɟ А ɜ ɬɨɱɤɚɯ В ɢ D 

ɜɨɡɧɢɤɚɸɬ ɫɢɥɵ, ɩɪɢɥɨɠɟɧɧɵɟ ɤ ɨɩɨɪɚɦ 

(ɦɚɫɫɚɦ 2 ɢ 3)  FyƎ,  FxƎ ɢ FyƍƎ,  FxƍƎ, ɤɨɬɨɪɵɟ 
яɜɥяɸɬɫя  ɫɨɫɬɚɜɥяɸɳɢɦɢ ɭɫɢɥɢя, ɮɨɪɦɢ-

ɪɭɟɦɨɝɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɉɉɆ2 ɢ ɉɉɆ3 

ɨɩɨɪɧɵɯ ɛɚɲɦɚɤɨɜ ɫ ɝɪɭɧɬɨɜɵɦ ɨɫɧɨɜɚɧɢɟɦ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɫɬɟɦɚɦɢ ɤɨɨɪɞɢɧɚɬ 
C2X''Y''Z'' ɢ C3X'''Y'''Z'''. 

 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɢ-

ɧяɬɵ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢя: 
 

1. ɉɟɪɟɦɟɳɟɧɢя ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɲɚɪɧɢɪɨɜ 
ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɞɨɥɶ ɨɫɢ Z ɨɬ-
ɫɭɬɫɬɜɭɸɬ. 
2. ɋɨɫɬɚɜɥяɸɳɢɦɢ ɫɢɥ ɬɪɟɧɢя ɜ ɲɚɪɧɢɪɚɯ, 
ɧɚɩɪɚɜɥɟɧɧɵɦɢ ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, ɧɚ 
ɞɚɧɧɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɩɪɟɧɟɛ-
ɪɟɱɶ. 
3. Ɍɨɱɤɢ В ɢ D ɩɪɟɞɫɬɚɜɥяɸɬ ɫɨɛɨɣ ɜɵɯɨɞ-
ɧɵɟ ɱɚɫɬɢ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ ɜ ɜɢɞɟ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɢɯ ɲɚɪɧɢɪɨɜ ɫ ɰɟɧɬɪɚɦɢ ɜ ɬɨɱɤɚɯ  
В ɢ D, ɪɚɜɧɨɭɞɚɥɟɧɧɵɯ ɨɬ ɬɨɱɤɢ А ɢ ɲɚɪ-
ɧɢɪɧɨ ɫɜяɡɚɧɧɵɯ ɫ ɨɩɨɪɚɦɢ ɜ ɜɢɞɟ ɉɉɆ2 ɢ 

ɉɉɆ3. 

4. Уɫɢɥɢя ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɨɩɨɪɵ ɜɚɥɚ ɫ ɷɤɫ-
ɰɟɧɬɪɢɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɫɨɫɪɟɞɨɬɨɱɟɧ-

ɧɵɟ ɫɨɫɬɚɜɥяɸɳɢɟ, ɩɪɢɥɨɠɟɧɧɵɟ ɜ ɬɨɱɤɚɯ  
В ɢ D. 

 

ɋɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɚɫ-
ɱɟɬɧɨɣ ɫɯɟɦɟ, ɫɥɟɞɭɸɳɢɟ:  
– OXYZ – ɧɟɩɨɞɜɢɠɧɚя ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, 
ɠɟɫɬɤɨ ɫɜяɡɚɧɧɚя ɫ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ (ɡɚɛɨɟɦ 

ɢɥɢ ɟɝɨ ɝɪɭɧɬɨɜɵɦ ɨɫɧɨɜɚɧɢɟɦ); 

– ɋ1X1Y1Z1 – ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ ɦɚɫɫ 
ɧɢɠɧɟɣ ɪɚɦɵ, ɠɟɫɬɤɨ ɫɜяɡɚɧɧɚя ɫ ɰɟɧɬɪɨɦ 

ɦɚɫɫ ɷɤɫɤɚɜɚɬɨɪɚ, ɢ ɟё ɨɫɢ ɫɨɜɩɚɞɚɸɬ ɫ ɧɚ-
ɩɪɚɜɥɟɧɢɟɦ ɝɥɚɜɧɵɯ ɨɫɟɣ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ; 

– C2X''Y''Z'' ɢ C3X'''Y'''Z'' '– ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-

ɧɚɬ, ɠɟɫɬɤɨ ɫɜяɡɚɧɧɵɟ ɫ ɬɨɱɤɚɦɢ ɲɚɪɧɢɪɧɨɝɨ 
ɤɪɟɩɥɟɧɢя ɨɩɨɪɧɵɯ ɛɚɲɦɚɤɨɜ ɫ ɧɨɝɨɣ ɷɤɫ-
ɰɟɧɬɪɢɤɚ; 
– 

IV IV IVAX Y Z – ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɠɟɫɬɤɨ 
ɫɜяɡɚɧɧɚя ɫ ɫɟɪɟɞɢɧɨɣ ɩɪɢɜɨɞɧɨɝɨ ɷɤɫɰɟɧ-

ɬɪɢɤɨɜɨɝɨ ɜɚɥɚ. 
 

ɋɨɝɥɚɫɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ 
(ɪɢɫ. 1) ɢ ɫ ɭɱɟɬɨɦ ɩɪɢɧяɬɵɯ ɞɨɩɭɳɟɧɢɣ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢя ɧɚɝɪɭɡɨɤ 
ɜ ɷɤɫɰɟɧɬɪɢɤɨɜɨɦ ɩɪɢɜɨɞɟ ɲɚɝɚɸɳɟɝɨ ɞɜɢ-

ɠɢɬɟɥя ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɨɫɬɚɜɥяɸɳɢɯ 
ɛɥɨɤɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɡɜɨɥяɸɬ 
ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɫɢɥɨɜɵɟ ɢ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢяɧɢɟ ɧɚ 
ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɳɟɧɢя.  
 

 
 

Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚя ɦɨɞɟɥɶ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ 
ɩɪɢɜɨɞɚ 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɎɁɗ «ɷɤɫɰɟɧɬɪɢɤɨ-
ɜɵɣ ɜɚɥ» ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ (ɪɢɫ. 1) 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɨɛɳɟɦ ɜɢɞɟ 
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IV

Br  – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɬɨɱɤɢ В ɜ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ IVIVIV ZYAX ; )( IVC  – ɦɚɬɪɢɰɚ ɧɚ-
ɩɪɚɜɥяɸɳɢɯ ɤɨɫɢɧɭɫɨɜ ɜ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢ-

ɧɚɬ IVIVIV ZYAX  ɢ ɤɨɨɪɞɢɧɚɬ 1C X Y Z   ; 
1Cr , 32 , CCr r  – ɪɚɞɢɭɫ-ɜɟɤɬɨɪɵ ɰɟɧɬɪɨɜ ɦɚɫɫ 

ɉɉɆ 1, 2 ɢ 3 ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OXYZ ; 

( )C ,  ( ),C C   – ɦɚɬɪɢɰɵ ɧɚɩɪɚɜɥяɸɳɢɯ 
ɤɨɫɢɧɭɫɨɜ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ 1C X Y Z    

2C X Y Z  ɢ 3C X Y Z   , ɠɟɫɬɤɨ ɫɜяɡɚɧɧɵɯ ɫ 
ɉɉɆ 1, 2 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɫɢɫɬɟɦɟ ɤɨ-
ɨɪɞɢɧɚɬ OXYZ , ɠɟɫɬɤɨ ɫɜяɡɚɧɧɨɣ ɫ ɰɟɧɬɪɨɦ 

ɦɚɫɫ ɯɨɞɨɜɨɣ ɬɟɥɟɠɤɢ; Ar , Br , ,
IV

D Dr r  – ɪɚ-
ɞɢɭɫ ɜɟɤɬɨɪɵ ɬɨɱɟɤ А ɢ В ɢ D ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ, ɠɟɫɬɤɨ ɫɜяɡɚɧ-

ɧɵɯ ɫ ɉɉɆ 1, 2 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ,
IVIV

D Br r – 

ɪɚɞɢɭɫɵ ɜɟɤɬɨɪɨɜ ɬɨɱɟɤ В ɢ D ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɬɨɱɤɢ А; φ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɷɤɫɰɟɧɬɪɢɤɚ; а – 

ɨɫɟɜɨɟ ɫɦɟɳɟɧɢɟ ɬɨɱɟɤ В ɢ D ɨɬɧɨɫɢɬɟɥɶɧɨ 

А; b – ɪɚɞɢɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɬɨɱɟɤ В ɢ D ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ А, ɪɚɜɧɨɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɭ 
«ɟ»; pc , oc  – ɠɟɫɬɤɨɫɬɶ ɲɚɪɧɢɪɚ ɜ ɪɚɞɢɚɥɶ-
ɧɨɦ ɢ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢяɯ; p , o  – ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɞɟɦɩɮɢɪɨɜɚɧɢя ɜ ɪɚɞɢɚɥɶɧɨɦ ɢ 

ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢяɯ; cv  – ɫɤɨɪɨɫɬɶ ɲɚɪɧɢ-

ɪɚ; 1Cv , 2Cv , 3Cv  – ɫɤɨɪɨɫɬɢ ɰɟɧɬɪɨɜ ɦɚɫɫ 
ɉɉɆ 1, 2 ɢ 3 ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OXYZ ; 

1
 , 2

 , 3  – ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɉɉɆ 1, 2  

ɢ 3 ɜ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ 1C X Y Z   , 
2C X Y Z    ɢ 3C X Y Z   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 1

IVF  – 

ɪɟɚɤɰɢя ɜ ɲɚɪɧɢɪɟ, ɩɪɢɥɨɠɟɧɧɚя ɤ ɩɟɪɜɨɣ 

ɉɉɆ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ IV IV IVAX Y Z ; 

1F , 2F , 3F  – ɪɟɚɤɰɢɢ ɜ ɲɚɪɧɢɪɟ, ɩɪɢɥɨɠɟɧ-

ɧɵɟ ɤ ɉɉɆ 1, 2 ɢ 3 ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
OXYZ ; 1M  , 2M  , 3M   – ɦɨɦɟɧɬɵ ɪɟɚɤɰɢɣ ɜ 
ɲɚɪɧɢɪɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɟɤ ɋ1, ɋ2 ɢ ɋ3, 

ɩɪɢɥɨɠɟɧɧɵɟ ɤ ɉɉɆ 1 , 2 ɢ 3 ɜ ɫɢɫɬɟɦɚɯ ɤɨ-
ɨɪɞɢɧɚɬ 1C X Y Z   , 2C X Y Z  ɢ 3C X Y Z    
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
Дɥя ɪɟɲɟɧɢя ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ Ɋɭɧɝɟ–Кɭɬɬɚ, ɤɨɬɨ-
ɪɵɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɱɟɬɵ-
ɪɟɯɤɪɚɬɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɩɪɚɜɨɣ ɱɚɫɬɢ  

( , , )f X Y P ɭɪɚɜɧɟɧɢя (2) ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɚɥɝɨ-
ɪɢɬɦɭ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɤɢ ɢɡ-
ɦɟɧɟɧɢя ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ ɱɟɬɵɪɟɯɨɩɨɪ-
ɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɲɚɝɚɧɢя.  
 
Дɥя ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚ ɢɫɯɨɞ-
ɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɪɢɧяɬɵ ɩɚɪɚɦɟɬɪɵ ɮɢɡɢ-
ɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵ-
ɥɢ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ. 2), ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥяɸɬ ɫɭɞɢɬɶ ɨ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢя ɫɢ-
ɥɨɜɵɯ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɱɟɬɵ-
ɪɟɯɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɲɚɝɚɧɢя. 

 

 
 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɢ ɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ ɱɟɬɵɪɟɯɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 
ɲɚɝɚɧɢя ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
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ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɦɨɦɟɧɬɵ ɧɚ ɜɚɥɚɯ 

ɷɤɫɰɟɧɬɪɢɤɨɜ Ɇɤɪ1 ɢ Ɇɤɪ2 ɢɡɦɟɧяɸɬɫя ɡɚ ɰɢɤɥ 
ɞɜɢɠɟɧɢя (ɜɪɟɦя ɨɞɧɨɝɨ ɰɢɤɥɚ ɫɨɫɬɚɜɥяɟɬ  
4,5 ɫ) ɩɨ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢ-

ɦɨɫɬɢ, ɤɨɬɨɪɚя ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɧɟɟ ɩɪɢɜɟ-
ɞɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬяɦ (1, 2). 

 

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

vɬ(x) ɛɥɢɡɤɨ ɤ ɩɪɢɧяɬɨɦɭ (1,48 ɦ/ɦɢɧ), ɚ ɫɪɟɞ-

ɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ vɬ(max) ɜ 2 ɪɚɡɚ ɩɪɟɜɵ-

ɲɚɟɬ vɬ(min)=0,38 ɦ/ɦɢɧ. 

 

ȼɵɜɨдɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚя 
ɦɨɞɟɥɶ ɩɪɢɜɨɞɚ ɱɟɬɵɪɟɯɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 
ɲɚɝɚɧɢя, ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɣ яɜɥяɟɬɫя 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɟɯɚɧɢɡɦɚ ɜ ɜɢɞɟ 
ɜɡɚɢɦɨɫɜяɡɚɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɡɚɤɨɧɱɟɧ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ 
ɫɨɛɨɣ ɢ ɫɨ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ, ɤɨɬɨɪɚя ɩɨɡɜɨ-
ɥɢɥɚ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɧɨɲɟɧɢя ɫɢɥɨɜɵɯ ɢ ɤɢ-

ɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ, ɨɛɨɫɧɨ-
ɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɨɫɧɨɜɧɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 
ɢ ɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɱɟɬɵɪɟɯɨɩɨɪɧɨɝɨ ɲɚ-
ɝɚɸɳɟɝɨ ɞɜɢɠɢɬɟɥя ɢ ɭɫɬɚɧɨɜɢɬɶ ɜɥɢяɧɢɟ 
ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɧɚ ɢɯ ɜɟɥɢɱɢɧɭ. 
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