
 

Еɥеɤɬɪɨɩɨɫɬачаɧɧя ɬа еɥеɤɬɪɨɭɫɬаɬɤɭваɧɧя 

 8 

ɍȾɄ 622.272:621.3.016 

 

Ⱥ.ȼ. Ɋɭɯɥɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɘ.Ⱥ. Ɇɢшɚɧɫɤɢɣ 

(ɍɤɪɚɢɧɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ȼɍɁ “ɇɚɰɢɨɧɚɥɶɧɵɣ ɝɨɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ”) 

 

ȺɇȺɅɂɁ ɎȺɄɌɂɑȿɋɄɂɏ ɊȿɀɂɆɈȼ ɗɅȿɄɌɊɈɉɈɌɊȿȻɅȿɇɂə ɉɈȾɔȿɆɇɕɏ 
ɍɋɌȺɇɈȼɈɄ ɍȽɈɅɖɇɕɏ ɒȺɏɌ 

 
ȼɜɟɞɟɧɢɟ. ɒɚɯɬɧɵɟ ɩɨɞɴɟɦɧɵɟ ɦɚɲɢɧɵ ɨɬɧɨɫɹɬɫɹ ɤ ɭɫɬɚɧɨɜɤɚɦ ɰɢɤɥɢɱɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɪɟɠɢɦ ɪɚ-

ɛɨɬɵ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɹɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɰɢɤɥɨɜ. Ʉɚɠɞɵɣ ɪɚɛɨɱɢɣ ɰɢɤɥ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɪɟɞɨɜɚɧɢɟ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ (ɩɭɫɤ, ɪɚɡɝɨɧ, ɬɨɪɦɨɠɟɧɢɟ) ɢ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 
(ɞɜɢɠɟɧɢɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ) ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɩɨɞɴɟɦɚ ɜ ɫɭɬɤɢ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɝɥɭɛɢɧɚ ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ ɝɨɪɢɡɨɧɬɚ, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɤɢɩɚ ɢ ɞɢɚɝɪɚɦɦɚ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɩɨɞɴɟɦɧɨɝɨ ɫɨɫɭɞɚ ɡɚ ɰɢɤɥ ɩɨɞɴɟɦɚ (ɬɚɯɨɝɪɚɦɦɚ ɩɨɞɴɟɦɚ), ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɪɚɠɚɟɬ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɩɨɞɴɟɦɧɨɣ ɫɢɫɬɟɦɵ. ȼɢɞ ɪɟɚɥɢɡɭɟɦɨɣ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɞɢɚɝɪɚɦɦɵ 
ɫɤɨɪɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɞɴɟɦɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɉɍ) ɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɨɬ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɣ ɫɯɟɦɵ, ɬɢɩɚ ɫɨɫɭɞɚ, ɫɩɨɫɨɛɚ ɟɝɨ ɪɚɡɝɪɭɡɤɢ ɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɨɞɴɟɦɧɨɣ ɦɚɲɢɧɵ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɨɩɪɟɞɟɥɟɧɢɟ ɮɚɤɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɩɨɞɴɟɦɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɫɢɫɬɟɦɚɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɩɨɞɴ-
ɟɦɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɡɚ ɪɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ, ɡɚɜɢɫɢɬ ɨɬ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɢ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ Д1]: 
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ɝɞɟ Ʉɩ = 2,95·10-3
 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɩɨɞɴɟɦɚ 

ɢ ɩɟɪɟɜɨɞ ɢɫɯɨɞɧɵɯ ɜɟɥɢɱɢɧ ɜ ɫɢɫɬɟɦɭ ɋɂ; Ʉɞ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɨɞɴɟɦ ɢ ɫɩɭɫɤ ɥɸɞɟɣ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ: Ʉɞ = 1,0 – ɞɥɹ ɭɝɨɥɶɧɨɝɨ ɢ ɩɨɪɨɞ-
ɧɨɝɨ ɩɨɞɴɟɦɨɜ, Ʉɞ = 1,2 – ɞɥɹ ɨɞɧɨɝɨ ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ ɝɨɪɢɡɨɧɬɚ ɢ ɨɞɧɨɷɬɚɠɧɵɯ ɤɥɟɬɟɣ, Ʉɞ = 1,25–1,3 – 

ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɝɨɪɢɡɨɧɬɨɜ ɢɥɢ ɦɧɨɝɨɷɬɚɠɧɵɯ ɤɥɟɬɟɣ; Ʉɫɞ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɞɜɢɠɟɧɢɸ: Ʉɫɞ = 1,15 – ɞɥɹ ɫɤɢɩɨɜɵɯ ɢ Ʉɫɞ = 1,2 – ɤɥɟɬɶɟɜɵɯ ɩɨɞɴɟɦɨɜ, Ʉɫɞ = 1,15–1,5 – ɞɥɹ ɧɚɤɥɨɧ-
ɧɵɯ ɩɨɞɴɟɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ ɧɚɤɥɨɧɚ ɢ ɞɥɢɧɵ ɜɵɪɚɛɨɬɤɢ; αɮ – ɮɚɤɬɢɱɟɫɤɢɣ ɦɧɨɠɢɬɟɥɶ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ; Gɩ – ɨɛɳɢɣ ɜɟɫ ɩɨɞɧɢɦɚɟɦɨɝɨ ɡɚ ɪɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ ɝɪɭɡɚ, ɬ; ɇɩ – ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ, ɦ;                
ηɩ = ηɪηɞηɫηɩɪ – ɄɉȾ ɩɨɞɴɟɦɧɨɣ ɦɚɲɢɧɵ, ɝɞɟ ηɪ, ηɞ, ηɫ ɢ ηɩɪ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɄɉȾ ɪɟɞɭɤɬɨɪɚ, ɞɜɢɝɚɬɟɥɹ, 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɟɝɨ ɧɚɥɢɱɢɢ. 

Ɇɧɨɠɢɬɟɥɶ ɫɤɨɪɨɫɬɢ ɞɥɹ ɉɍ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɛɚɪɚɛɚɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 
ɫɨɫɭɞɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɞɴɟɦɚ: 
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ɝɞɟ Vmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɴɟɦɧɨɝɨ ɫɨɫɭɞɚ, ɦ/ɫ; Ɍɩ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ 
ɰɢɤɥɚ ɩɨɞɴɟɦɚ, ɫ; β – ɭɝɨɥ ɧɚɤɥɨɧɚ ɫɬɜɨɥɚ, ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɞɴɟɦɚ sТЧβ = 1. 

Ɇɢɧɢɦɚɥɶɧɵɦ ɪɚɫɯɨɞɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɨɞɴɟɦɧɨɣ ɦɚɲɢ-
ɧɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɟ ɦɧɨɠɢɬɟɥɹ ɫɤɨɪɨɫɬɢ ɫɬɪɟɦɢɬɶɫɹ ɤ 1 (ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ). ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɭɫɤɨɪɟɧɢɟ ɢ ɡɚɦɟɞɥɟɧɢɟ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɩɟɪɢɨɞɚɯ ɬɚɯɨɝɪɚɦɦɵ ɩɨɞɴɟɦɚ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟ-
ɞɭɟɬ ɫɨɛɥɸɞɚɬɶ ɢɯ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ, ɬɚɤɢɯ ɤɚɤ 
ɉɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɉɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɪ. 

ɋ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɚ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 15–30% ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ "ɬɪɚɞɢɰɢɨɧɧɨɝɨ" ɪɟɨɫɬɚɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɞɴɟɦɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɢɟ 
ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɢ ɪɹɞ ɞɪɭɝɢɯ ɩɪɟɢɦɭɳɟɫɬɜ Д2Ж: 

- ɩɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɢ ɪɚɛɨɬɵ ɉɍ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɧɨɪɦɚɥɶɧɭɸ 
ɪɢɬɦɢɱɧɭɸ ɪɚɛɨɬɭ ɜɫɟɝɨ ɩɪɟɞɩɪɢɹɬɢɹ; 



 

Еɥеɤɬɪɨɩɨɫɬачаɧɧя ɬа еɥеɤɬɪɨɭɫɬаɬɤɭваɧɧя 

 9 

- ɛɨɥɟɟ ɬɨɱɧɨɟ ɢ ɩɥɚɜɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ 
ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɞɭɤɬɨɪɨɜ ɢ ɞɪɭɝɨɣ ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɦɟɯɚɧɢɱɟ-
ɫɤɭɸ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ) ɫɯɟɦɭ, ɩɨɜɵɲɚɟɬ ɟɟ ɧɚɞɟɠɧɨɫɬɶ ɢ ɫɧɢɠɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 

- ɪɟɝɭɥɢɪɭɟɦɵɣ ɩɭɫɤ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɝɚɬɟɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɩɥɚɜɧɵɣ ɛɟɡ ɩɨɜɵɲɟɧɧɵɯ ɩɭɫɤɨɜɵɯ 
ɬɨɤɨɜ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɭɞɚɪɨɜ ɪɚɡɝɨɧ, ɱɬɨ ɫɧɢɠɚɟɬ ɧɚɝɪɭɡɤɭ ɧɚ ɞɜɢɝɚɬɟɥɶ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɟɬ 
ɫɪɨɤ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

- ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɉɍ ɧɚ 10–15% ɡɚ ɫɱɟɬ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɚɯɨɝɪɚɦɦɵ 
ɩɨɞɴɟɦɚ, ɜɵɞɟɪɠɢɜɚɧɢɹ ɩɚɭɡ ɦɟɠɞɭ ɰɢɤɥɚɦɢ ɩɪɢ ɡɚɝɪɭɡɤɟ-ɪɚɡɝɪɭɡɤɟ ɫɤɢɩɨɜ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɫɩɨɦɨɝɚ-
ɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ (ɤɨɧɬɪɨɥɶ ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ-ɞɨɡɚɬɨɪɚ, ɜɡɜɟɲɢɜɚɧɢɟ ɞɨɡɵ ɞɥɹ ɡɚɝɪɭɡɤɢ ɫɤɢɩɨɜ ɢ ɞɪ.); 

- ɜɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɉɍ (ɧɚɩɪɢɦɟɪ, ɩɨɥɨɠɟɧɢɟ ɫɤɢɩɚ ɜ ɫɬɜɨɥɟ, ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚ ɫɭɬɤɢ, ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɢ-
ɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ). 

Ʉ ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɚɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɬɢɪɢɫɬɨɪɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

- ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɢɫɤɚɠɟɧɢɢ ɫɢɧɭ-
ɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɤɪɢɜɵɯ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ; 

- ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɝɥɭɛɨɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ; 

- ɜɨɡɦɨɠɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɫɪɨɤɚ ɫɥɭɠɛɵ ɞɜɢɝɚɬɟɥɟɣ, ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɯɭɞɲɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 

- ɡɧɚɱɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɞɪ. 
ɇɚɥɢɱɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɷɧɟɪɝɢɢ ɨɛɭɫɥɨɜɢɥɨ ɢɯ ɲɢɪɨ-

ɤɨɟ ɜɧɟɞɪɟɧɢɟ ɜ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɉɍ 
ɭɝɨɥɶɧɵɯ ɲɚɯɬ. ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɮɚɤɬɢɱɟɫɤɢɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ (Ƚɗɇ) 

ɭɝɨɥɶɧɵɯ ɫɤɢɩɨɜɵɯ ɩɨɞɴɟɦɨɜ ɫ ɫɢɫɬɟɦɚɦɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɄɌɗɍ ɧɚ ɛɚɡɟ ɞɜɢɝɚɬɟɥɹ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ) ɦɨɳɧɨɫɬɶɸ 4000 ɤȼɬ (ɚ) ɢ ȺɌɄ ɧɚ ɛɚɡɟ ɞɜɭɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȺȾ) ɦɨɳ-
ɧɨɫɬɶɸ 400 ɤȼɬ ɤɚɠɞɵɣ (ɛ).  

ɚ

0

500

1000

1500

2000

2500

0
:3

0

1
:3

0

2
:3

0

3
:3

0

4
:3

0

5
:3

0

6
:3

0

7
:3

0

8
:3

0

9
:3

0

1
0
:3

0

1
1
:3

0

1
2
:3

0

1
3
:3

0

1
4
:3

0

1
5
:3

0

1
6
:3

0

1
7
:3

0

1
8
:3

0

1
9
:3

0

2
0
:3

0

2
1
:3

0

2
2
:3

0

2
3
:3

0

ȼɪɟɦɹ ɫɭɬɨɤ, ɱ

ɉ
ɨɬ

ɪɟ
ɛɥ

ɹɟ
ɦɚ

ɹ 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɶ

Q, ɤɜɚɪ
Ɋ, ɤȼɬ

 

ɛ

0

100

200

300

400

500

600

0
:3

0

1
:3

0

2
:3

0

3
:3

0

4
:3

0

5
:3

0

6
:3

0

7
:3

0

8
:3

0

9
:3

0

1
0
:3

0

1
1
:3

0

1
2
:3

0

1
3
:3

0

1
4
:3

0

1
5
:3

0

1
6
:3

0

1
7
:3

0

1
8
:3

0

1
9
:3

0

2
0
:3

0

2
1
:3

0

2
2
:3

0

2
3
:3

0

ȼɪɟɦɹ ɫɭɬɨɤ, ɱ

ɉ
ɨɬ

ɪɟ
ɛɥ

ɹɟ
ɦɚ

ɹ 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɶ

Q, ɤɜɚɪ
Ɋ, ɤȼɬ

 
Ɋɢɫ. 1. Ɏɚɤɬɢɱɟɫɤɢɟ ɫɭɬɨɱɧɵɟ Ƚɗɇ ɭɝɨɥɶɧɵɯ ɩɨɞɴɟɦɨɜ ɫ ɫɢɫɬɟɦɚɦɢ ɄɌɗɍ (ɚ) ɢ ȺɌɄ (ɛ) 
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Ⱦɥɹ ɞɜɢɝɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ ȺɌɄ ɯɚɪɚɤɬɟɪɧɨ ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɫɟɬɢ 6 ɤȼ ɢ ɫɬɚɬɨɪɚ (ɧɚɩɪɹɦɭɸ) ɢ ɪɨɬɨɪɚ 
(ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪ). ɉɨɷɬɨɦɭ ɧɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɞɢɚɝɪɚɦɦɵ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɟɣ ɫ 
ɧɚɤɨɩɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɚ ɨɬɞɟɥɶɧɨ ɞɥɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɞɜɢɝɚɬɟɥɹ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɯ ɞɨɥɢ ɜ ɨɛɳɟɦ ɡɧɚ-
ɱɟɧɢɢ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ (ɭɝɨɥɶɧɚɹ ɫɤɢɩɨɜɚɹ ɉɍ ɫ ɫɢɫɬɟɦɨɣ ȺɌɄ ɧɚ ɛɚɡɟ ȺȾ 800 ɤȼɬ). Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ 

Ƚɗɇ ɧɟ ɩɨɤɚɡɚɧ ɨɛɴɟɦ ɝɟɧɟɪɢɪɭɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɟɟ ɪɟɤɭɩɟɪɚɰɢɢ ɜ ɫɟɬɶ (ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 
ɤɚɫɤɚɞɧɵɯ ɫɯɟɦ), ɬɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ ɝɟɧɟɪɢɪɭɟɦɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 1–2% ɨɬ ɩɨɬɪɟɛɥɹɟ-
ɦɨɝɨ ɡɧɚɱɟɧɢɹ. 
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Ɋɢɫ. 2. Ɏɚɤɬɢɱɟɫɤɢɟ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɚɤɬɢɜɧɨɣ (ɚ) ɢ ɪɟɚɤɬɢɜɧɨɣ (ɛ) ɧɚɝɪɭɡɨɤ  

ɍɉ ɫ ɫɢɫɬɟɦɨɣ ȺɌɄ 800 ɤȼɬ 

 

Ⱦɚɧɧɵɟ ɪɢɫ. 1 ɢ 2 ɝɨɜɨɪɹɬ ɨ ɫɭɳɟɫɬɜɟɧɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ Ƚɗɇ ɭɝɨɥɶɧɵɯ ɩɨɞɴɟɦɨɜ (ɫɪɟɞɧɟɟ ɡɧɚ-
ɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɨɪɦɵ kɮ = 1,2 – 1,25), ɨɩɪɟɞɟɥɹɟɦɨɣ ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ ɩɨɞɴɟɦɚ ɡɚ ɩɨɥɭ-
ɱɚɫɨɜɨɣ ɢɧɬɟɪɜɚɥ (ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɨɫɬɢɝɚɟɬ 30% ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ); 
ɯɚɪɚɤɬɟɪɧɨɦ ɧɢɡɤɨɦ ɭɪɨɜɧɟ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɪɟɦɨɧɬɧɭɸ ɫɦɟɧɭ, ɜɵɡɜɚɧɧɨɦ ɨɬɫɭɬɫɬɜɢɟɦ ɬɪɚɧɫɩɨɪ-
ɬɢɪɭɟɦɨɝɨ ɭɝɥɹ ɢɡ-ɡɚ ɩɟɪɟɪɵɜɚ ɜ ɜɟɞɟɧɢɢ ɞɨɛɵɱɧɵɯ ɪɚɛɨɬ; ɩɪɟɜɵɲɟɧɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɤɬɢɜɧɨɣ (ɨɫɨɛɟɧɧɨ ɞɥɹ ȾɉɌ), ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɧɢɡɤɨɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɧɚ ɭɪɨɜɧɟ 0,3 – 0,55. 

ɉɨɞɬɜɟɪɞɢɬɶ ɩɨɫɥɟɞɧɢɣ ɧɟɞɨɫɬɚɬɨɤ ɧɚɝɥɹɞɧɨ ɩɨɦɨɝɭɬ ɮɪɚɝɦɟɧɬɵ ɡɚɦɟɪɨɜ ɜ ɜɢɞɟ ɤɪɢɜɵɯ ɢɡɦɟɧɟɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɰɢɤɥɚɯ ɪɚɛɨɬɵ ɝɥɚɜɧɵɯ ɉɍ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 3. Ɏɨɪɦɚ ɤɪɢɜɵɯ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢ Мosφ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɡɧɚ-
ɱɢɬɟɥɶɧɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɩɟɪɢɨɞɵ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɫɤɢɩɚ, ɬ.ɟ. ɜ ɩɪɨ-
ɰɟɫɫɟ ɟɝɨ ɪɚɡɝɨɧɚ, ɬɨɪɦɨɠɟɧɢɹ ɢ ɪɚɡɝɪɭɡɤɢ. ȼ ɷɬɨ ɜɪɟɦɹ ɟɟ ɜɟɥɢɱɢɧɚ ɜ 1,5–2 ɪɚɡɚ ɛɨɥɶɲɟ ɩɨɬɪɟɛɥɹɟɦɨɣ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɢɱɟɦ ɞɥɹ ɫɢɫɬɟɦɵ ȺɌɄ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɛɨɥɶɲɟ. ȼ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨ-
ɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɫɤɢɩɚ ɧɚɛɪɨɫɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɚ ɟɟ ɜɟɥɢɱɢɧɚ 
ɫɪɚɜɧɢɦɚ ɫ ɚɤɬɢɜɧɨɣ. ɉɪɢɜɟɞɟɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɟɳɟ 
ɪɚɡ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ "ɝɥɭɛɨɤɨɟ" ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɫ ɩɨɦɨɳɶɸ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 
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Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɰɢɤɥɚɯ ɍɉ ɫ ɫɢɫɬɟɦɚɦɢ ɗɄɌɐ (ɚ) ɢ ȺɌɄ (ɛ) 

 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɮɚɤɬɢɱɟɫɤɢɟ ɫɭɬɨɱɧɵɟ Ƚɗɇ ɩɨɪɨɞɧɨɝɨ (ɚ) ɢ ɥɸɞɫɤɨɝɨ (ɛ) ɩɨɞɴɟɦɨɜ ɫ  
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Ɋɢɫ. 4. Ɏɚɤɬɢɱɟɫɤɢɟ ɫɭɬɨɱɧɵɟ Ƚɗɇ ɩɨɪɨɞɧɨɝɨ (ɚ) ɢ ɥɸɞɫɤɨɝɨ (ɛ) ɩɨɞɴɟɦɨɜ ɫ ɫɢɫɬɟɦɚɦɢ ɄɌɗɍ 
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ɫɢɫɬɟɦɚɦɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɬɢɩɚ ɄɌɗɍ ɧɚ ɛɚɡɟ ȾɉɌ ɦɨɳɧɨɫɬɶɸ 1200 ɢ 900 ɤȼɬ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. Ʉɪɢɜɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ Ƚɗɇ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɨɞɴɟɦɨɜ, 
ɨɫɨɛɟɧɧɨ ɩɨɪɨɞɧɨɝɨ (kɮ = 1,6), ɨɩɪɟɞɟɥɹɟɦɨɣ ɦɚɥɨɣ ɡɚɝɪɭɡɤɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɞɚɱɢ ɩɨɪɨ-
ɞɵ; ɩɨɜɵɲɟɧɢɢ ɧɚɝɪɭɡɤɢ ɥɸɞɫɤɨɝɨ ɩɨɞɴɟɦɚ, ɨɫɨɛɟɧɧɨ ɜ ɩɟɪɢɨɞɵ ɩɟɪɟɫɦɟɧɨɤ (800–9

00
, 14

00–15
00

, 20
00–

21
00

, 2
00–3

00), ɜɵɡɜɚɧɧɨɦ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɩɪɨɰɟɫɫɚ ɫɩɭɫɤɚ-ɩɨɞɴɟɦɚ ɥɸɞɟɣ. ȼɫɟ ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦ ɩɪɟɜɵɲɟɧɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɤɬɢɜɧɨɣ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɝɨɥɶ-
ɧɵɯ ɩɨɞɴɟɦɨɜ), ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɨɱɟɧɶ ɧɢɡɤɨɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɧɚ ɭɪɨɜɧɟ 
0,15 – 0,25. 

ɇɚ ɪɢɫ. 5 ɪɚɫɫɦɨɬɪɟɧɵ ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɯɚɪɚɤɬɟɪɧɨɦ ɰɢɤɥɟ ɪɚɛɨɬɵ 
ɩɨɪɨɞɧɨɣ ɩɨɞɴɟɦɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɜɢɞ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɪɟɚɤɬɢɜɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɜ ɩɟɪɢɨɞɵ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɫɤɢɩɚ. ɉɨɪɨɞɧɵɣ ɩɨɞɴɟɦ – ɨɞɧɨɫɤɢɩɨɜɨɣ 
(ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɜɭɯɫɤɢɩɨɜɨɝɨ ɭɝɨɥɶɧɨɝɨ), ɩɨɷɬɨɦɭ ɢ ɮɨɪɦɵ ɢɯ ɰɢɤɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ (ɫɦ. ɪɢɫ. 
3 ɢ 5). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɢ ɪɟɠɢɦɵ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ: ɪɟɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɞɥɹ ɩɨɪɨɞɧɨɝɨ 
ɩɨɞɴɟɦɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɚɤɬɢɜɧɨɣ ɜɨ ɜɫɟɯ ɩɟɪɢɨɞɚɯ ɰɢɤɥɚ, ɤɪɨɦɟ ɩɚɭɡɵ (ɞɚɠɟ ɜ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟ-
ɠɢɦɚɯ ɞɜɢɠɟɧɢɹ). 

 

 
Ɋɢɫ. 5. ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɰɢɤɥɟ ɩɨɪɨɞɧɨɝɨ ɩɨɞɴɟɦɚ ɫ ɫɢɫɬɟɦɨɣ ɄɌɗɍ 

 

ȼɵɜɨɞɵ 

1. Ⱥɧɚɥɢɡ ɮɚɤɬɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɭɝɨɥɶɧɵɯ ɩɨɞɴɟɦɨɜ ɫ ɫɢɫɬɟɦɚɦɢ ɪɟɝɭɥɢɪɭɟɦɨ-
ɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ȾɉɌ ɢ ȺȾ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɡɧɚɱɢɬɟɥɶɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ (kɮ = 1,2 –
 1,25), ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ ɩɨɞɴɟɦɚ ɡɚ ɨɫɪɟɞɧɹɟɦɵɣ ɩɨɥɭɱɚɫɨɜɨɣ ɢɧɬɟɪ-
ɜɚɥ, ɱɬɨ ɜɵɡɜɚɧɨ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɩɨɫɬɭɩɥɟɧɢɟɦ ɭɝɥɹ ɜ ɡɚɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɟɤɜɚɞɪɚ-
ɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬ 30% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɞɜɢɝɚɬɟɥɹ. ɉɨɞ-
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ɬɜɟɪɠɞɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɣ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɪɟɦɨɧɬɧɭɸ ɫɦɟɧɭ, ɜɵɡɜɚɧɧɵɣ ɨɬɫɭɬ-
ɫɬɜɢɟɦ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɝɨ ɭɝɥɹ ɢɡ-ɡɚ ɩɟɪɟɪɵɜɚ ɜ ɜɟɞɟɧɢɢ ɞɨɛɵɱɧɵɯ ɪɚɛɨɬ. 

2. Ɋɟɠɢɦɵ ɪɚɛɨɬɵ ɩɨɞɴɟɦɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɫɢɫɬɟɦɚɦɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɬɢɪɢ-
ɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɯɚɪɚɤɬɟɪɢɡɢɪɭɸɬɫɹ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ – ɩɨɬɪɟɛ-
ɥɟɧɢɟ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ ɧɚ ɫɭɬɨɱɧɨɦ ɢɧɬɟɪɜɚɥɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɚɤɬɢɜɧɨɣ. ɍɫɬɚɧɨɜ-
ɥɟɧɵ ɮɚɤɬɢɱɟɫɤɢɟ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɩɨɞɴɟɦɨɜ: ɭɝɨɥɶɧɵɯ – 0,3 – 0,55 (ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɹɬɫɹ ɤ ȾɉɌ, ɛɨɥɶɲɢɟ – ɤ ȺȾ), ɩɨɪɨɞ-
ɧɵɯ ɢ ɥɸɞɫɤɢɯ ɧɚ ɛɚɡɟ ȾɉɌ – 0,2. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 
1. ȾɋɌɍ 3224–95. ȿɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ. Ɇɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɧɨɪɦ ɜɢɬɪɚɱɚɧɧɹ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɝɿɪɧɢɱɢɦɢ ɩɿɞɩɪɢєɦɫɬɜɚ-
ɦɢ. – ȼɜɟɞ. 1997-07-01. – Ʉ.: Ⱦɟɪɠɫɬɚɧɞɚɪɬ ɍɤɪɚʀɧɢ, 1996. – 55 ɫ. 
2. Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɟɥɟɤɬɪɨɩɪɢɜɿɞ ɦɚɲɢɧ ɬɚ ɭɫɬɚɧɨɜɨɤ ɲɚɯɬ ɿ ɪɭɞɧɢɤɿɜ: ɧɚɜɱ. ɩɨɫɿɛ. / Ʉ.Ɇ. Ɇɚɪɟɧɢɱ, ɘ.ȼ .Ɍɨɜɫɬɢɤ, 
ȼ.ȼ. Ɍɭɪɭɩɚɥɨɜ ɬɚ ɿɧ. – Ⱦɨɧɟɰɶɤ: ȾȼɇɁ "ȾɨɧɇɌɍ", 2012. – 245 ɫ. 
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ȼɜɟɞɟɧɢɟ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɹɜɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɟɲɟ-
ɧɢɹ ɫɥɨɠɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢ-
ɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɲɚɯɬ. ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ 

ɮɚɤɬɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɫɧɨɜɧɵɯ ɷɧɟɪɝɨɟɦɤɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɞɬɜɟɪɠɞɚ-
ɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢ ɜɚɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 
ɬɚɤ ɢ ɧɚ ɫɬɚɞɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɲɚɯɬɵ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɨɬ ɤɨɪɪɟɤɬɧɨ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɜɟɥɢɱɢɧɵ ɤɚɤ ɤɚɩɢɬɚɥɶɧɵɯ, ɬɚɤ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. 

Ɇɟɬɨɞɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɚɧɚɥɢɡɭ ɢɯ ɝɪɚɮɢɤɨɜ 
ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ [1–13], ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɭɝɨɥɶɧɵɯ ɲɚɯɬ [6–11], ɜ ɤɨɬɨɪɵɯ ɨɬɪɚ-
ɠɟɧɵ ɧɟ ɬɨɥɶɤɨ ɬɟɨɪɟɬɢɱɟɫɤɢɟ, ɧɨ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɞɚɧɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. ɉɨɦɢɦɨ ɷɬɨɝɨ 

ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɦɟɬɨɞɵ ɢ ɫɚɦ ɩɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ [13–15]. Ʉ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ, ɧɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɚɛɨɬɵ Ƚ.Ɇ. Ʉɚɹɥɨɜɚ, ȼ.ɂ. Ƚɨɪɞɟ-
ɟɜɚ, ɘ.Ⱥ. Ɏɨɤɢɧɚ, ȿ.Ɇ. Ʉɭɪɟɧɧɨɝɨ [1–4]. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɭɝɨɥɶɧɨɣ ɲɚɯɬɵ ɜɚɠɧɨ ɡɧɚɬɶ, ɤɚɤɢɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ 

ɛɨɥɟɟ ɜɫɟɝɨ ɜɥɢɹɸɬ ɧɚ ɫɭɦɦɚɪɧɭɸ ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɛɢɪɚɸɬ ɧɟɨɛɯɨɞɢɦɵɣ ɦɟɬɨɞ, 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɝɨ ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ. Ⱥɧɚɥɢɡɢɪɭɹ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩɨɬɪɟɛɥɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɩɨ ɭɝɨɥɶɧɨɣ ɲɚɯɬɟ, ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ [12]: 

- ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɞɨ 1000 ȼ, ɤ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɩɨɞɡɟɦɧɨɟ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɨɫɜɟɳɟɧɢɟ, 

ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɤɨɧɜɟɣɟɪɧɵɣ ɬɪɚɧɫɩɨɪɬ, ɨɱɢɫɬɧɵɟ ɢ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɡɚɛɨɢ, ɤɨɬɟɥɶɧɭɸ, ɫɤɥɚɞɵ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɰɟɯɚ, ɫɭɦɦɚɪɧɨ ɩɨɬɪɟɛɥɹɸɬ ɨɤɨɥɨ 30–35 % ɦɨɳɧɨɫɬɢ ɨɬ ɨɛɳɟɣ ɩɨ ɲɚɯɬɟ; 

- ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ ɫɜɵɲɟ 1000 ȼ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜɟɧɬɢɥɹɬɨɪ ɝɥɚɜɧɨɝɨ ɩɪɨɜɟɬɪɢɜɚɧɢɹ, ɭɝɨɥɶ-
ɧɵɟ, ɝɪɭɡɨ-ɥɸɞɫɤɢɟ ɢ ɩɨɪɨɞɧɵɟ ɩɨɞɴɟɦɵ, ɜɨɞɨɨɬɥɢɜ ɢ ɤɨɦɩɪɟɫɫɨɪɵ, ɬ.ɟ. ɫɬɚɰɢɨɧɚɪɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɜ 
ɫɪɟɞɧɟɦ ɩɨɬɪɟɛɥɹɸɬ 65–70% ɦɨɳɧɨɫɬɢ. 

ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɭɦɦɚɪɧɭɸ ɧɚɝɪɭɡɤɭ ɨɤɚɡɵɜɚɸɬ ɫɬɚɰɢɨɧɚɪɧɵɟ ɭɫɬɚɧɨɜɤɢ ɧɚɩɪɹ-
ɠɟɧɢɟɦ ɫɜɵɲɟ 1000 ȼ. Ȼɥɚɝɨɞɚɪɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɤɚɱɟɫɬɜɟ ɩɨɬɪɟɛɟɬɟɥɟɣ-ɪɟɝɭɥɹɬɨɪɨɜ (ɉ–Ɋ) ɦɨɝɭɬ 
ɜɵɩɨɥɧɹɬɶɫɹ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɹ (ɊɊɗ), ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ 

ɫɦɟɳɟɧɢɢ ɪɚɛɨɱɢɯ ɰɢɤɥɨɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɜɨ ɜɪɟɦɟɧɢ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɞɤɥɸɱɟɧɢɟ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɧɚɩɪɢɦɟɪ ɞɜɢɝɚɬɟɥɟɣ ɧɚɫɨɫɨɜ ɝɥɚɜɧɨɝɨ ɜɨɞɨɨɬɥɢɜɚ. Ⱥɧɚɥɢɡ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɉ–Ɋ 
ɩɪɢ ɧɚɥɢɱɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɪɚɮɢɤɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ (Ƚɗɇ), ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɩɨɥ-
ɧɟɧɢɹ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɊɊɗ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɦɟɬɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɤɚɤ ɩɪɢ ɪɚɫɱɟɬɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, 
ɬɚɤ ɢ ɧɚ ɭɪɨɜɧɟ ɢɯ ɨɛɨɛɳɟɧɢɹ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɤɚɫɚɸɳɢɯɫɹ ɢɡɭɱɟɧɢɹ 


