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ȼ.ɇ. Кɭɡɧɟɰɨɜɚ, ɇ.Ⱥ. Кɢɪɸɲɤɢɧɚ  
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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɞɨɪɨɠ-
ɧɵɯ ɮɪɟɡ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡ-
ɥɢɱɧɵɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɫɯɟɦɚ ɜɟɤɬɨɪɨɜ ɫɢɥ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɡɭɛ ɮɪɟɡɵ ɩɪɢ ɜɫɬɪɟɱɧɨɦ ɢ ɩɨɩɭɬɧɨɦ ɮɪɟɡɟɪɨɜɚɧɢɟ, ɨɞɧɨɦɟɪɧɚɹ 
ɦɨɞɟɥɶ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɨɞɧɨɝɨ ɡɭɛɚ ɮɪɟɡɵ, ɧɚ ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ 
ɪɟɡɚɧɢɹ. ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɪɟɡɟɪɧɨɝɨ ɪɚɛɨ-
ɱɟɝɨ ɨɪɝɚɧɚ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɢɡ-
ɦɟɧɹɸɳɢɯɫɹ ɮɚɤɬɨɪɨɜ. ȼɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɚɡɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɦ ɧɚɭɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɞɨɪɨɠɧɚɹ ɮɪɟɡɚ, ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɟ ɩɨɤɪɵɬɢɹ, ɮɪɟɡɟɪɧɵɣ ɛɚ-

ɪɚɛɚɧ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥ ɪɟɡɚɧɢɹ, ɤɨɧɬɚɤɬ ɮɪɟɡɵ ɫɨ ɫɪɟɞɨɣ, ɝɥɭɛɢɧɚ 
ɪɟɡɚɧɢɹ, ɭɝɨɥ ɫɪɟɡɚɧɢɹ.  
 
ȼɜɟɞɟɧɢɟ 
Ɏɪɟɡɟɪɨɜɚɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵ-

ɬɢɹ ɫ ɞɚɥɶɧɟɣɲɟɣ ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɨɣ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɢ ɩɪɨɝɪɟɫɫɢɜɧɵɯ ɦɟ-
ɬɨɞɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ, ɬɚɤ 
ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɨɤɪɵɬɢɟ ɫɨ ɫɪɨɤɨɦ 
ɫɥɭɠɛɵ, ɚɧɚɥɨɝɢɱɧɵɦ ɞɨɫɬɢɝɚɟɦɨɦɭ ɩɪɢ ɧɨ-
ɜɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. 

ȼɨ ɜɪɟɦɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɪɟɡɟɪɧɨɝɨ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɦ ɜɨɡɧɢɤɚ-
ɟɬ ɩɪɨɰɟɫɫ ɫ ɛɨɥɶɲɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɮɚɤɬɨ-
ɪɨɜ. Ɉɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɯɟɦɵ ɮɪɟɡɟɪɨɜɚɧɢɹ ɢ 
ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ ɫɜɨɢ ɡɧɚɱɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɨɞ-
ɧɨɝɨ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɮɪɟɡɵ. ɉɪɨɜɟɞɟɦ ɚɧɚ-
ɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫ-
ɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ фɪɟ-
ɡɟɪɨɜɚɧɢɹ 

ȼ ɪɚɛɨɬɟ Ƚɭɪɢɧɚ ȼ.Ⱦ Д1] ɩɪɢɜɟɞɟɧɚ ɦɟɬɨ-
ɞɢɤɚ ɪɚɫɱɟɬɚ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɨɤɪɭɠɧɨɣ 
FгТ ɢ ɪɚɞɢɚɥɶɧɨɣ FвТ. ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɥɵ ɪɟ-
ɡɚɧɢɹ ɩɨ ɢɡɦɟɪɟɧɧɵɦ ɜ ɷɬɨɬ ɠɟ ɦɨɦɟɧɬ ɜɪɟ-
ɦɟɧɢ ɪɚɛɨɬɵ ɢɧɫɬɪɭɦɟɧɬɚ ɫɢɥɚɦ FHТ ɢ FвТ : ɫɢ-
ɥɚ FHТ ɩɚɪɚɥɥɟɥɶɧɚ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɤɬɨɪɚ Vs 
ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɥɨɫɤɨɣ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (Б, В) ɩɨ 
ɤɨɨɪɞɢɧɚɬɟ ɏ; ɚ ɫɢɥɚ FЯТ, ɧɨɪɦɚɥɶɧɚɹ ɤ ɫɢɥɟ 
FHТ, - ɩɨ ɤɨɨɪɞɢɧɚɬɟ В. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɢ-
ɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɟɤɬɨ-
ɪɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɥɨɫɤɢɯ 
ɞɟɤɚɪɬɨɜɵɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ. (ɪɢɫ. 1). 
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Ɋɢɫ.1. ɋɯɟɦɚ ɜɟɤɬɨɪɨɜ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɡɭɛ ɮɪɟɡɵ ɩɪɢ ɜɫɬɪɟɱɧɨɦ  

(ɚ) ɢ ɩɨɩɭɬɧɨɦ (ɛ) ɮɪɟɡɟɪɨɜɚɧɢɢ 
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Иɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɤɨɧɬɚɤɬɟ ɪɟɠɭɳɟɣ 
ɤɪɨɦɤɢ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜɨɡ-
ɧɢɤɚɟɬ ɫɢɥɚ ɪɟɡɚɧɢɹ, ɤɨɬɨɪɚɹ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɚ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɫɬɪɭɠ-
ɤɢ ɫ ɪɟɠɭɳɟɣ ɱɚɫɬɶɸ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɜɢɫɢɬ 
ɨɬ ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɭ-
ɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭ-
ɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ 
ɪɟɡɚɧɢɹ. ɉɪɨɚɧɚɥɢɡɢɪɭɟɦ ɞɜɟ ɢɡ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ: 

 ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ 
ɜ Д2]: 

abKF s1 ,                          (1) 

ɝɞɟ Ks - ɭɞɟɥɶɧɚɹ ɫɢɥɚ ɪɟɡɚɧɢɹ, ɇ/ɦɦ2 ; a - 
ɨɫɟɜɚɹ ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ, ɦɦ; b -ɪɚɞɢɚɥɶɧɚɹ 
ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ,ɦɦ;  

 ɧɟɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɪɟɞɥɨɠɟɧ-
ɧɚɹ ɜ Д3]: 

FabKF x
S2 ,                       (2) 

ɝɞɟ б = МonsЭ - ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢ ɪɚɡɧɵɯ 
ɭɫɥɨɜɢɹɯ ɪɟɡɚɧɢɹ ɢɡɦɟɧɹɸɳɢɣɫɹ ɨɬ 0,7 ɞɨ 
0,8. 

ɋɢɫɬɟɦɚ ɪɟɡɚɧɢɹ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 
ɧɟɥɢɧɟɣɧɨɣ. Ɉɞɧɚɤɨ, ɩɪɢɧɹɜ ɪɹɞ ɞɨɩɭɳɟɧɢɢ 
(ɧɚɩɪɢɦɟɪ, ɫɨɤɪɚɬɢɜ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨ-
ɞɵ), ɦɨɠɧɨ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɧɟɥɢ-
ɧɟɣɧɵɯ ɜɟɥɢɱɢɧ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɥɢɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ ɫɢɫɬɟɦɵ ɩɪɨɹɜɥɹɸɬ 
ɫɟɛɹ ɧɟɨɞɢɧɚɤɨɜɨ. ɍɫɬɨɣɱɢɜɚɹ ɩɪɢ ɦɚɥɵɯ 
ɜɨɡɦɭɳɟɧɢɹɯ ɥɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɭɫɬɨɣ-
ɱɢɜɨɣ ɢ ɩɪɢ ɛɨɥɶɲɢɯ ɜɨɡɦɭɳɟɧɢɹɯ. ɋɢɫɬɟɦɚ 
ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɨɣɱɢɜɨɣ 
ɩɪɢ ɦɚɥɵɯ ɢ ɧɟɭɫɬɨɣɱɢɜɨɣ ɩɪɢ ɛɨɥɶɲɢɯ ɜɨɡ-
ɦɭɳɟɧɢɹɯ. 

Кɨɷɮɮɢɰɢɟɧɬ ɭɞɟɥɶɧɨɣ ɫɢɥɵ ɪɟɡɚɧɢɹ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ȼɟɞɭɳɢɟ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɸɬ ɬɚɛɥɢ-
ɰɵ ɩɚɪɚɦɟɬɪɚ Ks ɞɥɹ ɨɫɧɨɜɧɵɯ ɫɩɥɚɜɨɜ Д4]. 
ɉɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɜ ɪɚɞɢ-
ɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɡɚɰɟɩ-
ɥɟɧɢɹ ɦɟɠɞɭ ɮɪɟɡɨɣ ɢ ɡɚɝɨɬɨɜɤɨɣ. Ⱦɚɧɧɵɣ 
ɩɚɪɚɦɟɬɪ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɨɬɧɨɫɢɬɟɥɶ-
ɧɭɸ ɜɟɥɢɱɢɧɭ RI - ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɞɢɚɥɶɧɨɟ 
ɜɪɟɡɚɧɢɟ, %: RI = 100b/D ɝɞɟ D -ɞɢɚɦɟɬɪ ɮɪɟ-
ɡɵ. Ɋɚɫɫɦɨɬɪɢɦ ɨɞɧɨɦɟɪɧɭɸ ɦɨɞɟɥɶ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɨɞɧɨɝɨ ɡɭɛɚ ɮɪɟɡɵ, ɧɚ 
ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ ɪɟɡɚɧɢɹ (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. Ɇɨɞɟɥɶ ɮɪɟɡɟɪɨɜɚɧɢɹ 
 

ɍɪɚɜɧɟɧɢɟ ɫɦɟɳɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɵ ɫ ɨɞɧɨɣ 
ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɢɦɟɟɬ ɜɢɞ: 
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  ,              (3) 

ɝɞɟ q, q, q - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɢɛɪɨɫɦɟɳɟ-
ɧɢɟ, ɜɢɛɪɨɫɤɨɪɨɫɬɶ, ɜɢɛɪɨɭɫɤɨɪɨɟɧɢɟ; ϛ, - 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚ-
ɧɢɹ; ω0 - ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫ-
ɬɟɦɵ, ɪɚɞ/ɫ; Ф - ɤɨɷɮɮɢɰɢɟɧɬ ɠɟɫɬɤɨɫɬɢ, ɇ/ɦ; 
F - ɫɢɥɚ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Д5]. 

Иɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɜɟɥɢɱɢɧɵ ɝɥɚɜɧɨɣ (ɨɤ-
ɪɭɠɧɨɣ) Pг ɢ ɪɚɞɢɚɥɶɧɨɣ Ɋɭ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɫɢɥɵ ɪɟɡɚɧɢɹ ɜɥɢɹɟɬ ɝɥɭɛɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ. 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɧɚɩɪɢɦɟɪ ɬɨɱɟɧɢɹ, ɩɪɢ ɮɪɟɡɟɪɨ-
ɜɚɧɢɢ ɨɬ ɝɥɭɛɢɧɵ ɪɟɡɚɧɢɹ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ 
ɜɟɥɢɱɢɧɵ, ɧɨ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɥ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɧɚɩɪɚɜɥɟɧɢɟ ɜɥɢɹɸɳɟɣ ɧɚ ɬɨɱɧɨɫɬɶ ɢ ɲɟɪɨ-
ɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɟɪɬɢ-
ɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ PЮ ɫɢɥɵ ɪɟɡɚɧɢɹ. 

ȼ ɪɚɛɨɬɟ Д6] ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɩɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɪɢ ɜɫɬɪɟɱɧɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ ɩɥɨɫɤɨɫɬɢ 
ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ PЮ ɫɢɥɵ ɪɟɡɚɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɚ ɤɚɤ ɜɜɟɪɯ, ɬɚɤ ɢ ɜɧɢɡ. 
ȿɟ ɧɚɩɪɚɜɥɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɝɥɭ-
ɛɢɧɵ t ɪɟɡɚɧɢɹ ɢ ɞɢɚɦɟɬɪɚ D ɮɪɟɡɵ. ɗɬɨɬ 
ɜɵɜɨɞ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɩɪɨɫɬɵɦ 
ɪɚɫɱɟɬɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ 
ɧɚɣɞɟɧɚ ɝɥɭɛɢɧɚ t ɪɟɡɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɢɥɚ 
ɊЮ= 0. 

Иɫɯɨɞɹ ɢɡ ɞɨɩɭɳɟɧɢɹ, ɱɬɨ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ 
ɫɢɥɚ Pвг ɞɟɣɫɬɜɢɹ ɮɪɟɡɵ ɧɚ ɡɚɝɨɬɨɜɤɭ ɫɨɫɪɟɞɨ-
ɬɨɱɟɧɚ ɜ ɫɟɪɟɞɢɧɟ ɞɭɝɢ ȼɋ ɢɯ ɤɨɧɬɚɤɬɚ, ɧɚɣɞɟɦ 
ɩɪɨɟɤɰɢɢ ɨɤɪɭɠɧɨɣ Pг ɢ ɪɚɞɢɚɥɶɧɨɣ Ɋɭ ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ ɫɢɥ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ: 
















22
cos  SinPP ZsY ,              (4)

 
 

ɝɞɟ φ - ɭɝɨɥ ɤɨɧɬɚɤɬɚ ɮɪɟɡɵ ɫɨ ɫɪɟɞɨɣ  
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Ɉɛɨɡɧɚɱɢɦ Pв/Pг = Ф, ɬɨɝɞɚ 
















2
sin

2
cos k .                 (5) 

Ɏɭɧɤɰɢɸ ɩɨɥɨɜɢɧɵ (φ/2) ɚɪɝɭɦɟɧɬɚ 
ɜɵɪɚɡɢɦ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɰɟɥɨɝɨ ɚɪɝɭɦɟɧɬɚ φ: 

2
cos1

2
sin  

 ,                   (6) 

2
cos1

2
cos  

 ,                   (7) 

ɉɨɞɫɬɚɜɢɦ ɷɬɢ ɜɵɪɚɠɟɧɢɹ ɜ ɪɚɜɟɧɫɬɜɨ (4) 
ɢ ɩɨɥɭɱɢɦ: 

2
cos1

2
cos1  


k ,               (8) 

Иɡ ɬɪɟɭɝɨɥɶɧɢɤɚ Ɉȼȿ ɢɦɟɟɦ Мos φ = 
Ɉȿ/Ɉȼ, ɬ.ɟ. 

ɉɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɟ (7) ɜ ɪɚɜɟɧɫɬɜɨ (6), 
ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ 

  
R
t

R
tk

22
1  ,                 (9) 

ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ 

2

2

2

2

11
2

k
kD

k
kRt





 .               (10) 

 
 

 
 

 
 

 

 

 
Ɋɢɫ.3 (ɚ, ɛ, ɜ) Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ  

ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɥ ɪɟɡɚɧɢɹ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɝɥɭɛɢɧɟ ɪɟɡɚɧɢɹ 

2

2

1 k
kDt


  ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɫɢɥɚ PЮ = 0. Ɍɚɤ ɤɚɤ u
z

u
y PP   (ɪɢɫ. 3,ɚ). 

ȿɫɥɢ Э > 2

2

1 k
kDt


  ɬɨ PЮ ɧɚɩɪɚɜɥɟɧɚ ɜ 

ɜɜɟɪɯ, ɬɚɤ ɤɚɤ u
z

u
y PP   (ɪɢɫ. 3,ɛ). 

ȿɫɥɢ Э < 2

2

1 k
kDt


 , ɬɨ PЮ ɧɚɩɪɚɜɥɟɧɚ 

ɜɧɢɡ, ɬɚɤ ɤɚɤ u
z

u
y P<P  (ɪɢɫ.3, ɜ). 

Ƚɥɭɛɢɧɚ Э ɪɟɡɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɢɥɚ ɊЮ = 

0, ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ .k
P
P

u
z

u
y =  Ɉɛɵɱɧɨ 

ɩɪɢɧɢɦɚɸɬ 0.60.4k ÷=  ɉɪɢ Ф = 0,4 ɝɥɭɛɢɧɚ 
ɪɟɡɚɧɢɹ t = 0,14D (ɧɚɩɪɢɦɟɪ, ɟɫɥɢ D = 35ɦɦ, 
ɬɨ t = 4,8 ɦɦ); ɩɪɢ Ф = 0,5 t = 0,2 D; ɩɪɢ Ф = 0,6 
Э = 0,26 D. 

ȿɫɥɢ ɝɥɭɛɢɧɚ t ɪɟɡɚɧɢɹ ɛɨɥɶɲɟ ɭɤɚɡɚɧɧɵɯ 
ɡɧɚɱɟɧɢɣ, ɬɨ ɫɢɥɚ PЮ ɧɚɩɪɚɜɥɟɧɚ ɜɜɟɪɯ, ɟɫɥɢ 
ɦɟɧɶɲɟ – ɜɧɢɡ Д7]. 

Ɂɚɤɥɸɱɟɧɢɟ  
Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚ-

ɜɢɫɢɦɨɫɬɟɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɦ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɮɪɟɡɟɪɧɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ ɚɫɮɚɥɶɬɨɛɟ-
ɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɞɨɪɨɝ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵ-
ɜɚɬɶ ɰɟɥɵɣ ɪɹɞ ɢɡɦɟɧɹɸɳɢɯɫɹ ɮɚɤɬɨɪɨɜ: 
ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɪɟɡɰɚ ɧɚ ɛɚɪɚɛɚɧɟ, ɫɤɨɪɨɫɬɶ ɢ 
ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɟ ɛɚɪɚɛɚɧɚ, ɭɝɨɥ ɤɨɧɬɚɤɬɚ 
ɪɟɡɰɨɜ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ, ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɡɰɨɜ ɢ ɮɪɟɡɵ ɢ 
ɞɪɭɝɢɟ. ȼɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɟ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɚɡɵ 
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɦ ɧɚɭɱ-
ɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
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ANALВSIS OF MATHEMATICAL DESCRIBE THE 

INTERACTION CUTTER АORKING BODВ  
DEVELOPS ENVIRONMENT 

 
V. N. KЮгnОЭsoЯa, N.A. KТrвЮsСФТnɚ 

 
Abstract. TСТs arЭТМlО analвгОs ЭСО ТnЭОraМЭТon oП 

аorФТnР boНТОs oП mТllТnР maМСТnОs аТЭС aspСalЭ roaНs. 
VarТoЮs mОЭСoНs oП МalМЮlaЭТnР ЭСО paramОЭОrs oП ЭСО 
mТllТnР proМОss, ЭСО sМСОmО ЯОМЭors oП ЭСО ПorМОs aМЭ-
ТnР on ЭСО ЭooЭС МЮЭЭОr аТЭС a СОaН anН a ЭaТl mТllТnР, 
onО-НТmОnsТonal moНОl oП ЭСО osМТllaЭТnР sвsЭОm Пor 
sТnРlО-ЭooЭС МЮЭЭОr, аСТМС opОraЭОs on ЭСО МЮЭЭТnР 
ПorМО. АСОn ЭСО maЭСОmaЭТМal НОsМrТpЭТon oП ЭСО pro-
МОss oП ТnЭОraМЭТon аТЭС ЭСО аorФТnР boНв oП ЭСО mТllТnР 
aspСalЭ nООН Эo МonsТНОr manв МСanРТnР ПaМЭors nОМ-
Оssarв Эo МrОaЭО a ЭСОorОЭТМal anН ОбpОrТmОnЭal basО 
Пor sМТОnЭТПТМ rОsОarМС Тn ЭСТs НТrОМЭТon. 

 
KОваШrНs: roaН mТllТnР, aspСalЭ МoaЭТnР, mТllТnР 

НrЮm, ЭСО ЯОrЭТМal МomponОnЭ oП ЭСО МЮЭЭТnР ПorМОs, ЭСО 
МЮЭЭОr МonЭaМЭ аТЭС ЭСО ОnЯТronmОnЭ, МЮЭЭТnР НОpЭС, 
МЮЭЭТnР anРlО. 
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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ (ЭɈȽ), 
ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɚɡɪɚɛɨɬɤɭ ɬɪɚɧɲɟɣ, ɚ ɬɚɤɠɟ ɪɚɫ-
ɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ЭɈȽ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɪɚɡɪɚɛɨɬɤɢ ɬɪɚɧɲɟɢ ЭɈȽ ɩɨɡɜɨɥɢɬ ɜɟɫɬɢ ɪɚɡɪɚɛɨɬɤɭ ɬɪɚɧɲɟɢ ɫ ɡɚɞɚɧɧɵɦɢ ɝɥɭɛɢ-
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ɬɢɡɚɰɢɢ, ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɡɪɚɛɨɬɤɚ ɬɪɚɧɲɟɢ. 
 

ȼɜɟɞɟɧɢɟ 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɱɟɧɶ ɨɫɬɪɨ ɫɬɨɢɬ 

ɜɨɩɪɨɫ ɪɚɰɢɨɧɚɥɢɡɚɰɢɢ, ɦɨɞɟɪɧɢɡɚɰɢɢ ɢ ɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɞɨɪɨɠɧɵɯ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɩɨɞɴ-
ɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ. Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɵɯ ɡɟɦɥɟɪɨɣɧɵɯ ɦɚɲɢɧ ɹɜɥɹɟɬɫɹ ɗɈȽ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɜ ɦɢɪɟ ɫɭɳɟɫɬɜɭɟɬ 
ɪɹɞ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɗɈȽ. ɉɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɜɫɟ ɷɬɢ ɫɢɫɬɟɦɵ 
ɹɜɥɹɸɬɫɹ ɢɧɞɢɤɚɬɨɪɧɵɦɢ, ɬɨ ɟɫɬɶ ɨɧɢ ɩɨɡɜɨ-
ɥɹɸɬ ɱɟɥɨɜɟɤɭ-ɨɩɟɪɚɬɨɪɭ ɜɢɡɭɚɥɶɧɨ ɨɬɫɥɟ-

ɠɢɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɤɨɜɲɚ ɜ 
ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨɱɧɵɟ 
ɩɨɤɚɡɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɤɨɜɲɚ 
ɜ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 10 ɦɦ), ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ ɧɢ-
ɱɟɦ ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɢ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɤɚɡɵ-
ɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɤɚɤ ɧɚ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ ɪɚɛɨɬ, ɬɚɤ ɢ ɧɚ ɜɪɟɦɹ, 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɟɱɶ ɩɨɣɞɟɬ ɨ ɪɚɡɪɚɛɨɬ-
ɤɚɯ ɜ ɨɛɥɚɫɬɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨ-


