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ɊȿɎȿɊȺɌ 
 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ Ⱥɥɬɚɣɫɤɨɣ Ʉɗɋ 660 
Ɇȼɬ» ɫɨɞɟɪɠɢɬ 78 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 ɗɄɈɇɈɆɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ, ɌɍɊȻɂɇȺ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ, 
ɌȿɏɇɂɄɈ-ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ, ɄɈɌȿɅ, ɈȻɈɊɍȾɈȼȺɇɂȿ, 
ȽɊȺȾɂɊɇə, ɈɏɊȺɇȺ ɈɄɊɍɀȺɘɓȿɃ ɋɊȿȾɕ. 
 Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – Ⱥɥɬɚɣɫɤɢɣ ɤɪɚɣ. 
 ɐɟɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
 - ɜɜɨɞ ɫɨɜɪɟɦɟɧɧɵɯ, ɷɤɨɧɨɦɢɱɧɵɯ ɢ ɷɤɨɥɨɝɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ; 
 - ɫɧɢɠɟɧɢɟ ɞɟɮɢɰɢɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ; 
 - ɫɧɢɠɟɧɢɟ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
 - ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɟɝɢɨɧɚ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɢ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ ɢ 
ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɢɡɜɟɞɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ 
ɨɰɟɧɤɚ ɩɪɨɟɤɬɚ.  
 ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ȼɵɛɪɚɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɩɪɟɞɟɥɚɯ 
ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ. 
 ɋɩɪɨɟɤɬɢɪɨɜɚɧɨ ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɡɨɥɨɨɱɢɫɬɤɚ, ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɟ, 
ɬɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɯɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɚ. Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɵ 
ɜɨɩɪɨɫɵ ɜɨɡɞɟɣɫɬɜɢɹ Ɍɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɨɤɚɡɚɥɢ ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɟɤɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
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ȼȼȿȾȿɇɂȿ 
 
 Ⱦɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɜ ɩɨɥɧɨɦ ɨɛɴёɦɟ ɪɚɫɬɭɳɟɣ ɩɨɬɪɟɛɧɨɫɬɢ ɪɟɝɢɨɧɨɜ 
ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɨɤɪɭɝɚ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ 
ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɨɤɪɭɝɚ, ɫɬɪɨɢɬɶ ɧɨɜɵɟ ɝɟɧɟɪɢɪɭɸɳɢɟ 
ɨɛɴɟɤɬɵ. ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 10,5 ɦɥɪɞ ɤȼɬ∙ɱ ɜ ɝɨɞ, ɢɡ ɧɢɯ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ 
ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɤɨɥɨ 60% ɨɛɳɟɣ ɩɨɬɪɟɛɧɨɫɬɢ, 
ɧɟɞɨɫɬɚɸɳɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɩɨɫɬɭɩɚɟɬ ɩɨ ɦɟɠɫɢɫɬɟɦɧɵɦ ɩɟɪɟɬɨɤɚɦ [1]. 
 ɉɨ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɟ, ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɷɧɟɪɝɨɭɝɨɥɶɧɵɯ ɤɨɦɩɚɧɢɣ, ɤɨɝɞɚ ɭɝɥɟɞɨɛɵɜɚɸɳɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢ ɞɚɧɧɵɟ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɨɬɧɨɫɹɬɫɹ ɤ 
ɨɞɧɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɩɪɨɰɟɫɫɭ - ɪɚɡɪɟɡ ɞɨɛɵɜɚɟɬ ɛɭɪɵɣ ɭɝɨɥɶ, ɤɨɬɨɪɵɣ 
ɩɨɬɪɟɛɥɹɟɬɫɹ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜɵɪɚɛɚɬɵɜɚɸɳɟɣ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. 
 ɋɨɝɥɚɫɧɨ ɷɤɫɩɟɪɬɧɵɦ ɨɰɟɧɤɚɦ, ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ ɩɨ ɞɨɛɵɱɟ ɛɨɥɟɟ 
ɞɟɲɟɜɨɝɨ ɛɭɪɨɝɨ ɭɝɥɹ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ, ɚ ɬɚɤɠɟ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦ 
ɷɧɟɪɝɨɛɟɡɨɩɚɫɧɨɫɬɢ ɜɨɡɦɨɠɧɨ ɩɪɢ ɨɫɜɨɟɧɢɢ Ɇɭɧɚɣɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ ɢ 
ɫɨɡɞɚɧɢɹ ɜɛɥɢɡɢ ɪɚɡɪɟɡɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɦɨɳɧɨɫɬɶɸ 
660 Ɇȼɬ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ɞɨ 1320 Ɇȼɬ. 
 ȼɜɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɨɡɜɨɥɢɬ ɩɨɫɬɚɜɥɹɬɶ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɨɛɴɟɦɟ 4,5 ɦɥɪɞ ɤȼɬ∙ɱ. ɜ ɝɨɞ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 40% ɨɬ 
ɨɛɳɟɣ ɩɨɬɪɟɛɧɨɫɬɢ ɪɟɝɢɨɧɚ ɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɪɟɝɢɨɧɚ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɨ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ 
ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɫɬ ɭɫɥɨɜɢɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɡɟɪɜɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜ 
ɧɨɪɦɟ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɗɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɟɣ Ɋɨɫɫɢɢ, - 17%. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɢɬɵɜɚɹ ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɪɚɟ 
ɷɧɟɪɝɨɝɟɧɟɪɢɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ, ɫɨɛɫɬɜɟɧɧɨɟ ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɟ Ⱥɥɬɚɣɫɤɨɝɨ ɤɪɚɹ 
ɦɨɠɟɬ ɞɨɫɬɢɝɧɭɬɶ 100%. 
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 1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

 1.1 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
 Ⱦɥɹ ɩɨɤɪɵɬɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ Ʉɗɋ ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 660 Ɇȼɬ ɧɚ ɛɚɡɟ Ɇɭɧɚɣɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɛɭɪɨɝɨ 
ɭɝɥɹ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ.  
 Ɍɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, ɢɫɯɨɞɹ ɤɪɢɬɟɪɢɹ 
ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɜɡɚɢɦɨɭɜɹɡɤɭ ɨɬɪɚɫɥɟɜɵɯ ɢɧɬɟɪɟɫɨɜ 
ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɰɟɥɨɦ. Ⱦɚɧɧɵɣ 
ɩɨɞɯɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, 
ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɨɧɤɭɪɫɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɦɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ [2].  
 ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɜɚɪɢɚɧɬɨɜ ɩɨ ɦɢɧɢɦɭɦɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
 1. ɋɪɚɜɧɢɜɚɟɦɵɟ ɜɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɬɟɯɧɢɱɟɫɤɢ ɫɨɩɨɫɬɚɜɢɦɵ ɢ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵ. 
 2. ȼɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɞɢɧɚɤɨɜɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɬ.ɟ. 
ɨɧɢ ɞɨɥɠɧɵ ɭɪɚɜɧɢɜɚɬɶɫɹ ɩɨ ɩɨɥɟɡɧɨɦɭ ɨɬɩɭɫɤɭ ɷɧɟɪɝɢɢ ɧɚ ɨɫɧɨɜɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɡɚɦɵɤɚɸɳɢɯ ɡɚɬɪɚɬ ɢ ɭɫɬɚɧɨɜɨɤ. 
 3. ȼɫɟ ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɮɢɧɚɧɫɢɪɭɸɬɫɹ ɢɡ ɨɞɧɨɝɨ ɢɫɬɨɱɧɢɤɚ. 
 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢɧɢɦɚɟɦ ɞɜɟ ɬɭɪɛɢɧɵ Ʉ-330-240 (ɜɚɪɢɚɧɬ 1) ɢ ɱɟɬɵɪɟ 
ɬɭɪɛɢɧɵ Ʉ-165-130 (ɜɚɪɢɚɧɬ 2).  
 
 
 1.2 Ɋɚɫɱёɬ ɩɪɨɟɤɬɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ Ʉɗɋ ɩɨ 1 ɜɚɪɢɚɧɬɭ 
 
 1.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 
 
 ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ʉɗɋ ɫ ɞɜɭɦɹ ɬɭɪɛɢɧɚɦɢ Ʉ-330-240. 
 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɜ ɩɪɨɟɤɬɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱёɬɚɯ, 
ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ ɭɤɪɭɩɧёɧɧɵɟ ɫɬɚɬɶɢ ɤɚɥɶɤɭɥɹɰɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ [2] 
 
 э ɬ зɩ ɚ ɬɪ ɩɪU U U U U U     ,    (1.1) 

 
ɝɞɟ  ɬU – ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ; 
 зɩU – ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ; 
 ɚU – ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ; 
 ɬɪU – ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ; 
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 ɩɪU – ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ. 
 
 
 1.2.2 Ɋɚɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ 
 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɩɨɫɱɢɬɚɧ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɫɨɫɬɚɜɥɹɟɬ 0,298 ɬ ɭ.ɬ./(Ɇȼɬɱ). 
 ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬ ɭ.ɬ./ɝɨɞ 
 
 .ɨɛɳ э ɝ ɜыɪB b W  ,     (1.2) 

 
ɝɞɟ  эb  – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬ 
ɭ.ɬ./(Ɇȼɬɱ); 
 Wɝ.ɜɵɪ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ, Ɇȼɬ·ɱ; 
 

 
3

ɝ.ɜыɪW 10ɭɫɬɊ Ɍ n     ,   (1.3) 

 
ɝɞɟ  Р – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɛɥɨɤɚ, ɤȼɬ; 
 n – ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ, ɲɬ; 
 Ɍɭɫɬ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ; 
 
 3

ɝ.ɜыɪW 330000 7200 2 10 4752000     , 
 
 0,298 4752000 1416096ɨɛɳB    . 

 
 Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 6

ɬ ɨɛщU Ц В 10   ,    (1.4) 
 
ɝɞɟ  ɐ – ɰɟɧɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬ ɭ.ɬ.; 
 
 6

ɬU 1200 1416096 10 1699,32    . 
  
 
 1.2.3 Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 
 
 Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɪɚɫɱёɬɨɜ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɨ ɫɬɚɧɰɢɢ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 

 6
зɩɭɭзɩ 10ФnNU  ,    (1.5) 
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ɝɞɟ  nɭ – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ [2]; 
 Ɏɡɩ – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ, ɪɭɛ.; 
 
 6

зɩU 660 0,48 480000 10 152,06     . 
 
 

 1.2.4 Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 
 
 Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 ɚɚ HKU  ,   (1.6) 
 
ɝɞɟ ɇɚ – ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ, % [2]; 
 K – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ʉɗɋ, ɦɥɧ ɪɭɛ. [2]; 
 
 3

ɭiɭɞ 10NdKK  ,   (1.7) 

 
ɝɞɟ ɭɞK – ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɝɟɧɟɪɢɪɭɸɳɟɝɨ 
ɨɛɴɟɤɬɚ, ɬɵɫ. ɪɭɛ./ɤȼɬ; 
 id  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɝɢɨɧ ɪɚɡɦɟɳɟɧɢɹ; 
 
 K (74,02 36 (2 1)) 1,13 118 14670,07       , 
 

 ɚ
7

U 14670,07 1026,9
100

   . 

 
 
 1.2.5 Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ 
 
 Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 ɬɪɬɪ HKU  ,    (1.8) 

 
ɝɞɟ ɇɬɪ – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ ɜ Ʉɗɋ, % [2]; 
 

 ɬɪ
5

U 14670,07 733,5
100

   . 
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 1.2.6 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 
 
 Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ [2]: 
 – ɨɛɳɟɰɟɯɨɜɵɟ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 – ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 – ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ; 
 – ɢ ɞɪ. 
 ɂɯ ɜɟɥɢɱɢɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 20 – 30 % ɨɬ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, 
ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɫ ɭɱёɬɨɦ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɦɥɧ 
ɪɭɛ./ɝɨɞ 
 
 ɋɌɊ )UU(U0,2U зɩɬɪɚɩɪ ,    (1.9) 

 
ɝɞɟ ɋɌɊ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɟ ɩɨ 
ɫɬɚɜɤɟ 30% ɨɬ ɪɚɫɯɨɞɨɜ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ; 
 
 ɩɪU 0,2 (152,06 1026,9 733,5) 0,3 45,62 428,11       . 

 
 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɹɬ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 эU 1699,32 152,06 1026,9 733,5 428,11 4039,89      . 
 
 Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɫɱёɬɨɜ ɨɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, % 
 

 ɬ
ɭɞ.ɜ

э

UТ 100
U

  ,    (1.10) 

 

 ɭɞ.ɜ
4039,89Т 100 42,06%
1699,32

   . 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɩɥɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 40% ɨɬ ɩɨɥɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɩɪɢɟɦɥɟɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɢɡɞɟɪɠɟɤ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
 
 
 1.3 Ɋɚɫɱёɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 1 ɜɚɪɢɚɧɬɭ 
 
 ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ 
 
 э

ɨɬɩ э ɝ.ɨɬɩU U /W ,    (1.11) 
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ɝɞɟ Wɝ.ɨɬɩ – ɝɨɞɨɜɚɹ ɨɬɩɭɳɟɧɧɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, ɤȼɬ·ɱ; 
 

 
3

ɝ.ɨɬɩ ɨɬɩW 10ɭɫɬP Ɍ n     ,   (1.12) 

 
ɝɞɟ ɨɬɩP  – ɨɬɩɭɳɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɛɥɨɤɚ, ɤȼɬ·ɱ; 
 n – ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ, ɲɬ; 
 Ɍɭɫɬ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ; 
 
 ɨɬɩ .(1 )ɫɧ ɛɥP P    , 
 
ɝɞɟ .ɫɧ ɛɥ  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɨɞɧɨɝɨ ɛɥɨɤɚ, %; 
 
 ɨɬɩ 330000 (1 0,038) 317460P     , 
 

 
3

ɝ.ɨɬɩW 317460 7200 2 10 4571424     ,  
 
 э 6 3

ɨɬɩU 4039,89 10 /4571424 10 0,88    . 
 
 ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ 
 

 
э
ɜыɪ э ɝ.ɜыɪU U /W ,    (1.13) 

 
ɝɞɟ Wɝ.ɜɵɪ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ·ɱ; 
 

 э 6 3
ɜыɪU 4039,89 10 /4752000 10 0,85    . 

 
 
 1.4 Ɋɚɫɱёɬ ɩɪɨɟɤɬɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ Ʉɗɋ ɩɨ 2 ɜɚɪɢɚɧɬɭ 

 
 ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ʉɗɋ ɫ ɱɟɬɵɪɶɦɹ ɬɭɪɛɢɧɚɦɢ Ʉ-165-130. 
 ɑɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ, ɬ.ɟ. ɤɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ ɡɚ 
ɜɵɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɜ ɤɚɩɢɬɚɥɶɧɨɦ ɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ, ɱɚɫ/ɝɨɞ 
 
 ɪɟɦɪ T8760T  ,   (1.14) 

 
ɝɞɟ  ɪɟɦT – ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɜ ɪɟɦɨɧɬɟ, ɱ; 

 
 ɪT 8760 (384 438) 7938    . 
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 ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɗɋ, Ɇȼɬ·ɱ 
 
 ɭɫɬɭɫɬ TNW  ,    (1.15) 

 
ɝɞɟ  ɭɫɬN  – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; 
 ɭɫɬT  – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ; 

 
 ɭɫɬT 7200 , 

 
 W 660 7200 4752000   . 
 
 ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ 
  
 ɪɤэɫ W/TP  ,    (1.16) 

 
ɝɞɟ  ɪT  – ɱɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ, ɱ; 

  
 ɤэɫP 4752000/7938 598,64  . 

 
 ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ 
 
 ɛɥɤэɫɛɥ /nPP  ,    (1.17) 
 
ɝɞɟ  ɛɥn  – ɱɢɫɥɨ ɛɥɨɤɨɜ, ɲɬ; 
 
 ɛɥP 598,64/4 149,66  . 

 
 Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɛɥɨɤɚɦɢ Ʉɗɋ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ 
 
      ɛɥɪэɤɛɥ12ɛɥ1ɧххɭɫɬ nТPPbbPbɊbВ  , (1.18) 

 
ɝɞɟ  ххb – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɯɨɥɨɫɬɨɣ ɯɨɞ ɚɝɪɟɝɚɬɚ, ɬ 
ɭ.ɬ./Ɇȼɬ∙ɱ;  
 1b  ɢ 2b – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɢɪɨɫɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɬɨɱɤɢ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜ ɡɨɧɟ ɩɟɪɟɝɪɭɡɤɢ, ɬ ɭ.ɬ./Ɇȼɬ∙ɱ;  
 эɤP  ɢ ɧP  – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɢ, Ɇȼɬ; 
 
    ɭɫɬВ (0,0212 150 0,302 149,66 0,302 0,302 149,66 150 ) 7938 4 1536162           . 
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 ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ 
 
 ɛɥх.ɫ.ɉх.ɫ.ɉɛɥч106ɉч106ɉɧɟɭɫɬ nnВnnВВ   , (1.19) 

 
ɝɞɟ  ч106ɉВ   ɢ х.ɫ.ɉВ .– ɩɭɫɤɨɜɵɟ ɩɨɬɟɪɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɨɫɬɚɧɨɜɟ ɧɚ 6–10 ɱɚɫɨɜ, 
ɢ ɩɪɢ ɩɭɫɤɟ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬ ɭ.ɬ.; 
 ч106ɉn   ɢ х.ɫ.ɉn – ɱɢɫɥɨ ɩɭɫɤɨɜ ɢ ɨɫɬɚɧɨɜɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 6–10 ɱɚɫɨɜ, ɢ ɢɡ 
ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; 
 
 ɧɟɭɫɬВ 15 15 4 40 2 4 1220       . 

 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ, ɬ ɭ.ɬ./ɝɨɞ 

 
 ɧɟɭɫɬɭɫɬ ВВВ  ,   (1.20) 

 
 В 1536162 1220 1537382   . 

 
 Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 6

ɬU 1200 1537382 10 1844,86    . 
 
 Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, ɦɥɧ ɪɭɛ./ɝɨɞ 
  
 -6

зɩU 660 0,65 480000 10 205,92     . 
 

 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ɍɗɋ, ɦɥɧ ɪɭɛ. 
 
 K (49,23 23,97 (4 1)) 1,13 118 16152,81       . 
 
 Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
  ɚU 16152,81 7 /100 1130,7   . 

 
 Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
  ɬɪU 16152,81 5 /100 807,64   . 

 
 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 ɩɪU 0,2 (1130,7 807,64 205,92) 0,3 205,92 490,63       . 
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 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɹɬ, ɦɥɧ ɪɭɛ./ɝɨɞ 
 
 эU 1844,86 1130,7 807,64 205,921 490,63 4479,75      . 
 
 Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɫɱёɬɨɜ ɨɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ  
ɫɨɫɬɚɜɥɹɸɳɟɣ 
 

 ɭɞ.ɜ
1844,86Т 100 41,18%
4479,75

   . 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɩɥɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 40% ɨɬ ɩɨɥɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɩɪɢɟɦɥɟɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɢɡɞɟɪɠɟɤ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
 
 
 1.5 Ɋɚɫɱёɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 2 ɜɚɪɢɚɧɬɭ 
 
 Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ∙ɱ 
 

  ɝ.ɨɬɩ ɫɧW W 1 a   ,   (1.21) 

 

ɝɞɟ  ɫɧa – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ; 
  
  ɝ.ɨɬɩW 4752000 1 0,063 4452624    . 

 
 ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ  
 
 э 6 3

ɨɬɩU 4479,75 10 /4452624 10 1,01    . 
  
 ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ∙ɱ  
 

 э 6 3
ɜыɪU 4479,75 10 /4752000 10 0,94    . 

 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ∙ɱ, ɤɝ ɭ.ɬ./ɤȼɬ∙ɱ  
 

 ɨɬɩ ɨɬɩB В/W 1537382 / 4452624 0,345   .  (1.22) 
 
 
 1.6 Ⱥɧɚɥɢɡ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ 
 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɞɜɭɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɬɚɧɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

ɜɚɪɢɚɧɬ 1 ɜɚɪɢɚɧɬ 2 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 660 660 
ɋɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 2×Ʉ-330-240 4×Ʉ-165-130 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ, ɱ/ɝɨɞ 7200 7200 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, Ɇȼɬ·ɱ 4752000 4752000 
Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ·ɱ 4571424 4452624 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 
ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ∙ɱ , ɤɝ ɭ.ɬ./ɤȼɬ·ɱ 

0,31 0,345 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɪɭɛ./ɤȼɬ·ɱ: 
- ɜɵɪɚɛɨɬɚɧɧɨɣ 
- ɨɬɩɭɳɟɧɧɨɣ 

 
 

0,85 
0,88 

 
 

0,94 
1,01 

ɒɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɱɟɥ./Ɇȼɬ 0,48 0,65 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ./Ɇȼɬ 22,23 24,47 

 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɩɪɨɟɤɬɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ ɫ 
ɫɨɫɬɚɜɨɦ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɛɥɨɤɚɦɢ Ʉ-330-240 ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɜ ɜɢɞɭ ɦɟɧɶɲɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɩɪɢɜɟɞёɧɧɵɯ ɡɚɬɪɚɬ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɭɪɨɜɧɟ ɦɢɤɪɨɷɤɨɧɨɦɢɤɢ (ɞɥɹ ɫɬɚɧɰɢɣ), ɦɥɧ 
ɪɭɛ./ɝɨɞ 
 
   ɪɟɤ

э
ɪɟɤ

э
ɫɨɩх.ɪ. WUUЭ  ,    (1.23) 

 
ɝɞɟ э

ɫɨɩU  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 
ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, ɪɭɛ./ɤȼɬ∙ɱ; 
 э

ɪɟɤU  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ./ɤȼɬ∙ɱ;  
 ɪɟɤW – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, Ɇȼɬ∙ɱ; 
 
   3

х.ɪ.Э 1,01 0,88 4571424 10 557,71     . 

 
 
 1.7 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 
 
 ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – ɷɬɨ ɩɟɪɢɨɞ (ɢɡɦɟɪɹɟɦɵɣ ɜ ɦɟɫɹɰɚɯ, ɤɜɚɪɬɚɥɚɯ ɢɥɢ 
ɝɨɞɚɯ), ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨɤɪɵɜɚɸɬɫɹ ɫɭɦɦɚɪɧɵɦɢ 
ɪɟɡɭɥɶɬɚɬɚɦɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɛɳɢɣ 
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ɨɛɴёɦ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɨɫɬɚёɬɫɹ ɛɨɥɶɲɢɦ ɫɭɦɦɵ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 
ɨɬɱɢɫɥɟɧɢɣ ɢ ɩɪɢɪɨɫɬɚ ɩɪɢɛɵɥɢ ɩɪɟɞɩɪɢɹɬɢɹ. 
 Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɟɣ 
ɢɧɜɟɫɬɢɰɢɣ. 
 ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɧɟɛɨɥɶɲɨɣ ɩɟɪɢɨɞ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɡɚɬɪɚɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɞɨɩɭɫɬɢɦɨ ɫɱɢɬɚɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɢɧɜɟɫɬɢɰɢɣ ɪɚɡɨɜɨɣ ɫɭɦɦɨɣ, ɬɨɝɞɚ ɱɢɫɬɵɣ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ NPV , ɦɥɧ ɪɭɛ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

 
 /

0

1
( )

1 0,1

n

э э ɚ n
n

NPV Ⱦ U K


   


 , (1.24)  

 
ɝɞɟ  ээȾ /  – ɞɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
 Uа – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ ɪɭɛ./ɝɨɞ; 
  К – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ.; 
 n – ɬɟɤɭɳɢɣ ɝɨɞ. 
  
 Ⱦɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ээȾ / , ɦɥɧ ɪɭɛ./ɝɨɞ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
 

   6
/ . 10э
э э э ɨɬɩ ɝ ɨɬɩȾ Ɍ U W     ,   (1.25) 

 
ɝɞɟ э

ɨɬɩU  – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./(Ɇȼɬ∙ɱ); 
  Wɝ.ɨɬɩ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ·ɱ; 
 эɌ  – ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ·ɱ ɫ ɭɱёɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, 
ɪɭɛ./(ɤȼɬ·ɱ) 
 
   6

/ 1238 884 4571424 10 1618,28э эȾ      . 

 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɩɪɨɟɤɬ 
Ʉɗɋ 660Ɇȼɬ ɫ ɛɥɨɤɚɦɢ Ʉ-330-240 ɫɜɟɞёɦ ɜ ɬɚɛɥɢɰɭ 1.2. 
  
Ɍɚɛɥɢɰɚ 1.2 – Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

ɉɨɤɚɡɚɬɟɥɢ 
Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ (ɝɨɞ) 

0 1 2 3 4 5 6 7 8 9 
Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ – ɤɚɩ. ɜɥɨɠɟɧɢɹ (Ʉ), ɦɥɧ ɪɭɛ. 
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ɉɨɤɚɡɚɬɟɥɢ 
Ɋɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ (ɝɨɞ) 

0 1 2 3 4 5 6 7 8 9 
Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɨɫɧɨɜɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɦɥɧ ɪɭɛ. 
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Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ ɪɭɛ. 
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Ⱦɨɯɨɞ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥ/ɷɧɟɪɝɢɢ, ɦɥɧ ɪɭɛ. 
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ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ ɪɭɛ.  
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 Ɍɚɤ ɤɚɤ ɑȾȾ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ ɧɭɥɹ ɧɚ ɞɟɜɹɬɨɦ 
ɝɨɞɭ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ Ʉɗɋ 660 Ɇȼɬ ɫɨɫɬɚɜɥɹɟɬ 
ɩɪɢɦɟɪɧɨ ɞɟɜɹɬɶ ɥɟɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɳɟɨɬɪɚɫɥɟɜɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. 
 ȼɵɩɨɥɧɢɦ ɨɰɟɧɤɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɧɜɟɫɬɢɰɢɣ ɤ ɢɡɦɟɧɟɧɢɸ ɜɟɥɢɱɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɰɟɧɵ ɬɨɩɥɢɜɚ. ȼ 
ɬɚɛɥɢɰɚɯ 1.3, 1.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɡɚɜɢɫɢɦɨɫɬɢ ɑȾȾ ɨɬ 
ɜɟɥɢɱɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɰɟɧɵ ɬɨɩɥɢɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
Ɍɚɛɥɢɰɚ 1.3 – Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ ɑȾȾ ɨɬ ɜɟɥɢɱɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ 

ɉɨɤɚɡɚɬɟɥɢ -30% -20% -10% 0 10% 20% 30% 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ. 12469,6 13203,1 13936,6 14670,1 15403,6 16137,1 16870,6 

Cɟɛɟɫɬɨɢɦɨɫɬɶ ɷ/ɷ, ɪɭɛ./(ɤȼɬ∙ɱ) 0,81 0,84 0,86 0,88 0,91 0,93 0,95 

ɑɢɫɬɵɣ ɞɨɯɨɞ, ɦɥɧ ɪɭɛ. 2807,4 2753,2 2698,9 2645,2 2590,3 2536,0 2481,8 

ɑȾȾ, ɦɥɧ ɪɭɛ. 1080,9 1060,0 1039,1 1018,4 997,3 976,4 955,5 

ɑȾȾ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ ɪɭɛ. 4773,7 3706,8 2639,9 1576,6 506,1 -560,7 -1627,6 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 
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dɑȾȾ, ɦɥɧ ɪɭɛ. 3197,0 2130,2 1063,3 0,0 -1070,5 -2137,3 -3204,2 

dɑȾȾ%, % 202,8 135,1 67,4 0,0 -67,9 -135,6 -203,2 

 
Ɍɚɛɥɢɰɚ 1.4 – Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ ɑȾȾ ɨɬ ɰɟɧɵ ɬɨɩɥɢɜɚ 

ɉɨɤɚɡɚɬɟɥɢ -30% -20% -10% 0 10% 20% 30% 

ɐɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬ ɭ.ɬ. 1020,0 1080,0 1140,0 1200,0 1260,0 1320,0 1380,0 

Cɟɛɟɫɬɨɢɦɨɫɬɶ ɷ/ɷ, ɪɭɛ./(ɤȼɬ∙ɱ) 0,83 0,85 0,87 0,88 0,90 0,92 0,94 

ɑɢɫɬɵɣ ɞɨɯɨɞ, ɦɥɧ ɪɭɛ. 2899,5 2814,5 2729,6 2645,2 2559,6 2474,7 2389,7 

ɑȾȾ, ɦɥɧ ɪɭɛ. 1116,3 1083,6 1050,9 1018,4 985,5 952,7 920,0 

ɑȾȾ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ ɪɭɛ. 3138,7 2616,8 2095,0 1576,6 1051,2 529,4 7,5 

dɑȾȾ, ɦɥɧ ɪɭɛ. 1562,0 1040,2 518,3 0,0 -525,4 -1047,3 -1569,1 

dɑȾȾ%, % 99,1 66,0 32,9 0,0 -33,3 -66,4 -99,5 

  
 ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɑȾȾ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɬɨɣ ɠɟ 
ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ɍɚɤ ɤɚɤ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ 
ɑȾȾ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɨ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɧɚɨɛɨɪɨɬ. 
 ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɬɨɩɥɢɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɑȾȾ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɬɨɣ ɠɟ ɜɵɪɚɛɨɬɤɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɉɪɢ ɧɟɢɡɦɟɧɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɧɚɨɛɨɪɨɬ. 
 ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɑȾȾ ɤ 
ɢɡɦɟɧɟɧɢɸ ɜɟɥɢɱɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɰɟɧɵ ɬɨɩɥɢɜɚ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 1.1. 
 

 
Ɋɢɫɭɧɨɤ 1.1 – Ƚɪɚɮɢɤ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
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 Ƚɪɚɮɢɤ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɑȾȾ ɛɨɥɟɟ 
ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɱɟɦ ɤ ɢɡɦɟɧɟɧɢɸ ɰɟɧɵ 
ɬɨɩɥɢɜɚ. 
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 2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 
 
 2.1 Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ Ʉ-330-240 
 
 2.1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ Ʉ-330-240 
  
 Ɍɭɪɛɢɧɚ Ʉ-330-240 – ɫɨɜɪɟɦɟɧɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɢɡɜɟɫɬɧɨɣ ɫɟɪɢɢ ɬɭɪɛɢɧ 
ɅɆɁ ɦɨɳɧɨɫɬɶɸ 300 Ɇȼɬ. Ɍɪɟɯɰɢɥɢɧɞɪɨɜɚɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ ɫ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ, ɬɪɟɦɹ ɜɵɯɥɨɩɚɦɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɪɚɡɜɢɬɨɣ 
ɫɢɫɬɟɦɨɣ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ [3]. 
 ȼɨɡɦɨɠɧɵ ɧɟɪɟɝɭɥɢɪɭɟɦɵɟ ɨɬɛɨɪɵ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɚ 
ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɟɦɵɟ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ.  

ɇɚ Ʉɗɋ ɛɥɨɱɧɚɹ ɫɯɟɦɚ, ɬ.ɟ. ɤɨɬɥɨɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɜ ɛɥɨɤɚɯ ɫ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚɦɢ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ʉ-330-240 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.1 ɢ ɧɚ 1 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 ȼ ɫɯɟɦɟ ɢɦɟɸɬɫɹ ɜɨɫɟɦɶ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɨɬɛɨɪɚɦ ɢɦɟɸɬɫɹ ɨɬɛɨɪɵ ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ, 
ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ: ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ. 
Ⱦɥɹ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɡɞɟɫɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪ ɢɡ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. 
 Ɋɟɝɟɧɟɪɚɬɢɜɧɚɹ ɫɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪёɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
(ɉȼȾ-1, ɉȼȾ-2, ɉȼȾ-3), ɞɟɚɷɪɚɬɨɪɚ ɢ ɱɟɬɵɪёɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
(ɉɇȾ-1, ɉɇȾ-2, ɉɇȾ-3, ɉɇȾ-4). ȼ ɫɯɟɦɟ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 
ɭɩɥɨɬɧɟɧɢɣ (ɉɍ), ɨɯɥɚɞɢɬɟɥɶ ɷɠɟɤɬɨɪɨɜ (Ɉɗ), ɪɚɡɥɢɱɧɵɟ ɧɚɫɨɫɵ. ɇɚ ɩɪɢɜɨɞ 
ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɛɟɪёɬɫɹ ɬɭɪɛɨɩɪɢɜɨɞ, ɤɨɬɨɪɵɣ ɡɚɩɢɬɚɧ ɨɬ ɬɪɟɬɶɟɝɨ ɨɬɛɨɪɚ 
ɨɫɧɨɜɧɨɣ ɬɭɪɛɢɧɵ. ɋɥɢɜ ɫ ɉȼȾ ɤɚɫɤɚɞɧɵɣ ɜ ɞɟɚɷɪɚɬɨɪ. ɋ ɉɇȾ ɫɥɢɜ ɬɚɤɠɟ 
ɤɚɫɤɚɞɧɵɣ ɜ ɉɇȾ-2, ɤɨɬɨɪɵɣ ɞɚɥɟɟ ɞɪɟɧɚɠɧɵɦ ɧɚɫɨɫɨɦ ɫɥɢɜɚɟɬɫɹ ɜ ɬɨɱɤɭ 
ɫɦɟɲɟɧɢɹ ɩɟɪɟɞ ɉɇȾ-3. Ʉɨɧɞɟɧɫɚɬ ɫ ɉɇȾ-1 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɬɨɱɤɭ ɫɦɟɲɟɧɢɹ 
ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ. ɋɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɤɚɫɤɚɞɧɵɣ ɜ ɉɇȾ-
2. Ɉɬɪɚɛɨɬɚɜɲɢɣ ɜ ɬɭɪɛɨɩɪɢɜɨɞɟ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɉɇȾ-3 
ɢ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɨɫɬɚɜɲɚɹɫɹ (ɧɟɛɨɥɶɲɚɹ) ɱɚɫɬɶ ɩɚɪɚ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɐɇȾ ɬɭɪɛɢɧɵ. ȼ ɤɨɧɞɟɧɫɚɬɨɪ ɢɞёɬ ɫɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɢɡ 
ɨɯɥɚɞɢɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɣ ɢ ɷɠɟɤɬɨɪɨɜ. Ɍɚɤɠɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɩɨɫɬɭɩɚɟɬ 
ɞɨɛɚɜɨɱɧɚɹ ɯɢɦɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ. 
 ȼ ɛɥɨɤɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɹɦɨɬɨɱɧɵɣ ɤɨɬёɥ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ. 
 ɉɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ ɞɥɹ ɬɭɪɛɢɧɵ Ʉ-330-240 [3]: 
Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ: 
Ɋ1 (ɉȼȾ-3) = 6,25 Ɇɉɚ; 
Ɋ2 (ɉȼȾ-2) = 4,0 Ɇɉɚ; 
Ɋ3 (ɉȼȾ-1, ɬɭɪɛɨɩɪɢɜɨɞ ɉɇ) = 1,56 Ɇɉɚ; 
Ɋ4 (ɞɟɚɷɪɚɬɨɪ) = 1,03 Ɇɉɚ; 
Ɋ5 (ɉɇȾ-4) = 0,5 Ɇɉɚ; 
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Ɋ6 (ɉɇȾ-3, ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ) = 0,23 Ɇɉɚ; 
Ɋ7 (ɉɇȾ-2, ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ) = 0,085Ɇɉɚ; 
Ɋ8 (ɉɇȾ-1) = 0,015 Ɇɉɚ. 
 
 Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ Ʉ-330-240 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ Ʉ-330-240 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, Ɇȼɬ Wɷ 330 
ɇɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ, Ɇɉɚ Ɋ0 23,54 
ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ɨɋ t0 540 
Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦ. ɩɟɪɟɝɪɟɜɚɬɟɥɹ, Ɇɉɚ Ɋɩɩ 3,44 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦ.ɩɟɪɟɝɪɟɜɚɬɟɥɹ, Ɇɉɚ tɩɩ 540 
Ʉɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɉɚ Ɋɤ 3,4 
ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ n 8 
 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɩɨ ɨɬɫɟɤɚɦ: 
 
ЦȼȾ
i0 = 85,5; ЦCȾ

i0 = 90,1; ЦYȾ
i0  = 84,6. 

 
ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨ ɨɬɫɟɤɚɦ:  
 
ЦȼȾ
ɞɪ = 0,94; ЦCȾ

ɞɪ = 0,95; ЦɇȾ
ɞɪ  = 0,96. 

 
ɄɉȾ ɬɪɚɧɫɩɨɪɬɚ ɌɊ = 0,95 [4]. 
ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ЭɆ = 0,98. 
ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɩɪɨɦ.ɩɟɪɟɝɪɟɜɟ Ɋɩɩ = 9,5%. 
Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɆЗ

ɋɇ = 1,2%. 
Ɋɚɫɯɨɞ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜ ɤɨɬɟɥɶɧɨɦ ɨɬɞɟɥɟɧɢɢ КɈ

ɋɇ =1,2%. 
ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɍɌ = 1,1%. 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ Ɉɍ ɢ Ɉɗ  tɨɭ=  tɨɷ = 3°ɋ. 
ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ ɬɨ = 0,98. 

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɜɞ = 2°ɋ [4]. 

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɧɞ = 4°ɋ [4]. 

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫɩ = 5°ɋ [4]. 
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Ɋɢɫɭɧɨɤ 2.1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ʉ-330-240 

 
 
 2.1.2 Ɋɚɫɱёɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 
 ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢɦɟɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟɯ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɨɬɨɩɥɟɧɢɹ. Ⱦɥɹ 
ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪ ɢɡ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ. ɍ 
ɜɵɛɪɚɧɧɨɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɟɬ 40 Ɇȼɬ. 
 Ⱦɚɜɥɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɢ ɧɢɠɧɟɦ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɩɪɨɜɨɞɚɯ, Ɇɉɚ 
 
 Ɋɜɫ = Ɋ7Șɬɪ = 0,23  0,95 = 0,219.  (2.1) 
  
 Ɋɧɫ = Ɋ6Șɬɪ = 0,085  0,95 = 0,081.  (2.2) 
 
 Ɍɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ [6], °ɋ 
 
 ɧ

ɜɫt  = 123,1, 
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 ɧ
ɧɫt  = 93,8. 

 
 Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 
Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 

 
 ɗɧɬɚɥɶɩɢɢ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɪɢ ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ [6], ɤȾɠ/ɤɝ 
 
 ɧ

ɜɫt  = 517, 
ɧ
ɧɫt  = 393. 

 
 Ɍɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɫ ɭɱёɬɨɦ 
ɧɟɞɨɝɪɟɜɚ ( ɫɩ = 5 ɨɋ, [5]), ɨɋ 
 
 tɜɫ = ɧ

ɜɫt – ș = 123,1 – 5 = 118,1. (2.3) 
 
 tɧɫ = ɧ

ɧɫt – ș = 93,8 – 5 = 88,8. (2.4) 
  
 ɗɧɬɚɥɶɩɢɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɤȾɠ/ɤɝ 
 
 hɜɫ = tɜɫCɜ , (2.5) 
 
ɝɞɟ  ɋɜ = 4,186 ɤȾɠ/(ɤɝ·°ɋ) – ɬɟɩɥɨёɦɤɨɫɬɶ ɜɨɞɵ; 
 
 hɜɫ = 118,1  4,186 = 494,4. 
 
 hɧɫ = tɧɫCɜ = 88,8  4,186 = 371,7. (2.6) 
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 Ɍɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɟɪɟɞ ɧɢɠɧɢɦ ɫɟɬɟɜɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 
ɩɪɢɧɢɦɚɟɦ 70°ɋ. 
 Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ 
 

 
 

ɨɬ
ɫɜ

ɜɫ ɨɫ ɜ

Q
G

t t ɋ


 
, (2.7) 

 

 
 

40000
198,7

118,1 70 4,186ɫɜG  
 

. 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ), ɤɝ/ɫ 
 

   ɬɨ
ɧ
ɜɫ

ɜɜɫɫɜ
ɜɫ ti

ɋtG
D





6

,  (2.8) 

 
ɝɞɟ  Δtɜɫ = tɜɫ – tɧɫ = 118,1 – 88,8 = 29,3°ɋ – ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ «ɜɯɨɞ – ɜɵɯɨɞ» 
ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 
 

 
 
198,7 29,3 4,186

10,6
2870,7 517 0,98ɜɫD

 
 

 
. 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ), ɤɝ/ɫ 
 

 
 

 7

ɧ ɧ
ɫɜ ɧɫ ɜ ɜɫ ɜɫ ɧɫ ɬɨ

ɧɫ ɧ
ɧɫ ɬɨ

G t ɋ D t t
D

i t





     


 
, (2.9) 

 
ɝɞɟ  Δtɧɫ = tɧɫ – tɨɫ = 88,8 – 70 = 18,8°ɋ – ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ «ɜɯɨɞ – ɜɵɯɨɞ» 
ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 
 

 
 

 
198,7 18,8 4,186 10,6 517 393 0,98

6,3
2708,7 393 0,98ɧɫD

     
 

 
. 

 
 ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ 
 
    198,7 118,1 88,8 4,186 24365,9ɜɫ cɜ ɜɫ ɧɫ ɜQ G t t ɋ         . (2.10) 

  
 ɇɚɝɪɭɡɤɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ 
 
    198,7 88,8 70 4,186 15634,1ɧɫ cɜ ɧɫ ɨɫ ɜQ G t t ɋ         . (2.11) 
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 2.1.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 
 
 ɂɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ [3] ɢɦɟɟɦ: 
 ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ: 
 Ⱦɚɜɥɟɧɢɟ Ɋ0 = 23,54 Ɇɉɚ; 
 Ɍɟɦɩɟɪɚɬɭɪɚ t0 = 540°ɋ. 
 
 ɇɚɯɨɞɢɦ ɧɚ i–S ɞɢɚɝɪɚɦɦɟ (ɪɢɫɭɧɨɤ 2.3) ɬɨɱɤɭ A’0. ɋ ɭɱёɬɨɦ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ ɨɪɝɚɧɨɜ ɐȼȾ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ, Ɇɉɚ, ɫɨɫɬɚɜɥɹɟɬ 
 
 12,2294,054,23' 00  ЦȼȾ

ɞɪɊɊ  . (2.12)  

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ Ɋ’0 ɞɨ ɞɚɜɥɟɧɢɹ Ɋ1, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɜɥɟɧɢɸ ɡɚ ɐȼȾ, ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ A’0ȼ0.  
 ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ȼ, 
ɤȾɠ/ɤɝ 
 
  

0 0 0 0
ЦȼȾ

ȼ A A B ii i i i     , (2.13) 

 
ɝɞɟ  iA0 = 3324,4 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ; 
 iȼ0 = 2876,3 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ;  
 ЦȼȾ

i0  = 0,855 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɐȼȾ; 
 
  3324,4 3324,4 2876,3 0,855 2941,3ȼi      . 

 
 Ɍɨɱɤɭ ɋ ɨɩɪɟɞɟɥɢɦ ɫ ɭɱёɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ ΔɊɩɩ = 9,5% 
ɢ ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐɋȾ, Ɇɉɚ 
 
 2 1

ЦɋȾ
ɩɩ ɞɪɊ Ɋ Ɋ    , (2.14) 

 
ɝɞɟ  ЦɋȾ

ɞɪ = 0,95 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɐɋȾ; 

 
  2 4 1 0,095 0,95 3,44Ɋ      . 

 
 ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ D, ɤȾɠ/ɤɝ 
 
  

0 0
ЦCȾ

D C C D ii i i i     ,  (2.15) 

 
ɝɞɟ iɋ = 3542,8ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ; 
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 iD0 = 2796,8 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɐɋȾ;  
 ЦɋȾ

i0  = 0,901 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɐɋȾ; 
 
  3542,8 3542,8 2796,8 0,901 2870,7Di      . 

 
 ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɐɇȾ, ɬɨɱɤɚ D’, Ɇɉɚ 
 
 221,096,023,0' 33  ЦɇȾ

ɞɪɊɊ  , (2.16) 

 
ɝɞɟ  ЦɇȾ

ɞɪ = 0,97 – ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɐɇȾ; 

 
 3' 0,23 0,96 0,221Ɋ    . 
 
 ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ ȿ, ɤȾɠ/ɤɝ 
 
  

0' ' 0
ЦɇȾ

ȿ D D E ii i i i     , (2.17) 

 
ɝɞɟ  iD’ = 2870,7 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɐɇȾ; 
 iE0 = 2223,2 ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɐɇȾ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ Ɋɤ = 0,0034 Ɇɉɚ;  
 ЦɇȾ

i0  = 0,846 – ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɐɇȾ; 
 
  2870,7 2870,7 2223,2 0,846 2322,9ȿi      . 

 
 ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ, ɧɚɯɨɞɢɦ ɧɚ i – S ɞɢɚɝɪɚɦɦɟ 
ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ. 
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Ɋɢɫɭɧɨɤ 2.3 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ 
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 2.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 
 
 ɉɨɬɟɪɸ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɩɪɨɜɨɞɚɯ ɧɚ ɩɭɬɢ ɨɬ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɞɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɪɢɧɢɦɚɟɦ 5%. 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɉȼȾ-3 ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ ɩɚɪɨɩɪɨɜɨɞɟ, Ɇɉɚ 
 
 ɊɉȼȾ1= Ɋ1·0,95 , (2.18) 
 
ɝɞɟ  Ɋ1= 5,94 Ɇɉɚ – ɞɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɟ; 
 

ɊɉȼȾ1= 6,25·0,95 = 5,94. 
 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɡɚ ɉȼȾ-3 [6], °ɋ 
 
 tɇȺɋ= 274,9. 
 
 ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɡɚ ɉȼȾ-3 [6], ɤȾɠ/ɤɝ 
 
 t


ɤ = 1210,4. 

  
 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɉȼȾ-3 ɫ ɭɱёɬɨɦ ɧɟɞɨɝɪɟɜɚ, °ɋ 

 
 tɩɜ= tɇȺɋ – ș = 274,9 – 2 = 272,9.  (2.19) 
  
 ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉȼȾ-3, ɤȾɠ/ɤɝ 
 
 t


ɩɜ= tɩɜ·ɋɜ = 272,9 · 4,186 = 1142,4.  (2.20) 

 
 ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ [6], ɤȾɠ/ɤɝ 
 
 iɨɬɛ = 3027,8. 
  
 ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɜ ɬɭɪɛɢɧɟ, ɤȾɠ/ɤɝ 
 
 h = i0 – iɨɬɛ,  (2.21) 
 
ɝɞɟ  i0 = 3324,4 ɤȾɠ/ɤɝ – ɧɚɱɚɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ; 
 
 h = 3324,4 – 3027,8 = 296,6. 
 
 Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.2. 
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Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ, ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨ 
ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ 
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2.1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 
 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɜɟɪɯɧɟɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ 
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ɩɩk

kɜɫ

qii

ii





0

ɜɫy , (2.22) 

 
ɝɞɟ  qɩɩ = iɩɩ’ – iɩɩ = 3542,8 – 2941,3 = 601,5 – ɬɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ ɩɚɪɭ ɜ 
ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɤȾɠ/ɤɝ; 
 

 342,0
5,6019,23224,3324

9,23227,2870ɭɜɫ 



 . 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɧɢɠɧɟɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ 
 

 241,0
5,6019,23224,3324

9,23227,2708
y

0
ɧɫ 









ɩɩk

kɧɫ

qii

ii
. (2.23) 

 
 ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ Kɪ = 1,2, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɬɨɱɧɟɧɢɟɦ, 
ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

 э
T Ɋ

i эɦ

W
D K ·

H η ɜɫ ɜɫ ɧɫ ɧɫy D y D
 

      
, (2.24) 

 
ɝɞɟ  Hi= 1603 ɤȾɠ/ɤɝ – ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɣ ɬɭɪɛɢɧɨɣ;  
 ɷɦ = 0,98 – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 
 

 T

330000
D 1,2 0,342 10,6 0,241 6,3 258,2

1603 0,98
         

. 

 
 
 2.1.6 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ ɩɪɢɧɹɬ 0,5% ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ 
 
 0,005 0,005 258,2 1,3эɠ ɬD D     . (2.25) 
  
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ 
 
  0,01 0,01 258,2 2,6ɭɩɥ ɬD D     .  (2.26) 

 
 ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ 
 

 Dɭɬ = 
100
ɭɬ
Dɬ = 

1,1

100
 258,2 = 2,8. (2.27)  



 

29 
 

 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ 
 

 Dɫɧ = 
100

ɤɨ
ɫɧ

ɦɡ
ɫɧ   Dɬ = 

100

2,12,1   258,2 = 6,2. (2.28) 

 
 Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɝ/ɫ 
 
 Dɩɟ = Dɬ + Dɷɠ + Dɭɩɥ + Dɭɬ + Dɫɧ , (2.29) 
 
 Dɩɟ = 258,2 + 1,3+ 2,6+ 2,8+ 6,2= 271,1. 
 
 Ɍɚɤ ɤɚɤ ɤɨɬёɥ ɜɵɛɪɚɧ ɩɪɹɦɨɬɨɱɧɵɣ, ɬɨ ɩɨɬɟɪɶ ɫ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɨɣ ɧɟɬ ɢ 
ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɪɚɜɟɧ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, Dɩɟ = Gɩɜ. 
 
 
 2.1.7 Ɋɚɫɱёɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 
 
 Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɉȼȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4. 
 

 
 

Ɋɢɫɭɧɨɤ 2.4 – Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɉȼȾ 
 

 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-3 
 

 '
1 1 ɧ1 ɩɜ ɩɜ ɩɜD (i h )·η G (h h )     . (2.30) 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-3, ɤɝ/ɫ 
 

 
'

ɩɜ ɩɜ ɩɜ
1

1 ɧ1

G (h h )
D

(i h )·η
 




, 

 

 1

271,1 (1142,4 1026,8)
D 17,6

(3027,8 1210,4) 0,98

 
 

 
. 
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 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-2 
 

   ' ''
2 2 ɧ2 1 ɧ1 ɧ2 ɩɜ ɩɜ ɩɜD (i h ) D (h h ) η G (h h )         . (2.31) 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-2, ɤɝ/ɫ 
 

 
' ''

ɩɜ ɩɜ ɩɜ 1 ɧ1 ɧ2
2

2 ɧ2

G (h h ) D (h h ) η
D

(i h ) η
     


 

, 

 

2

271,1 (1026,8 819,2) 17,6 (1210,4 1072,7) 0,98
D 29,4

(2941,3 1072,7)·0,98

     
 


. 

 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1 
 

    ''
3 3 ɧ3 2 1 ɧ2 ɧ3 ɩɜ ɩɜ ɩɧD (i h ) D D (h h ) η G (h h )          . (2.32) 

 
 ɗɧɬɚɥɶɩɢɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-1 ɨɩɪɟɞɟɥɢɦ ɫ ɭɱёɬɨɦ 
ɧɚɝɪɟɜɚ ɟё ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, ɤȾɠ/ɤɝ 
 

 ɩɧ
ɩɧ ɞ

ɧ

ΔP ·V
h h

η
  , (2.33) 

 

ɝɞɟ  ɩɧΔP  – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, Ɇɉɚ; 
  0,001108 ɦ3/ɤɝ – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ;  
 ɧη = 0,75 – ɄɉȾ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ; 
 

3

ɩɧ
(31 0,7) 10 0,001108

h 697,1 741,9
0,75

  
   . 

 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-1, ɤɝ/ɫ 
 

 
 ''

ɩɜ ɩɜ ɩɧ 2 1 ɧ2 ɧ3
3

3 ɧ3

G (h h ) D D (h h ) η
D

(i h ) η
      


  , 

 

 
 

3

271,1 (819,2 741,9) 29,4 17,6 (1072,7 842,1) 0,98
D 4,3

(3302,4 842,1) 0,98

      
 

 
. 
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 2.1.8 Ɋɚɫɱёɬ ɬɭɪɛɨɩɪɢɜɨɞɚ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ Dɬɩ ɧɚ ɩɪɢɜɨɞɧɭɸ ɬɭɪɛɢɧɭ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, ɤɝ/ɫ, 
ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ 
 

 
 

ɬɩ
ɦɧ

ɬɩ
i

ɜɛɧɫɪɩɜ
ɬɩ ɇ

ɊɊVD
D

 


 , (2.34) 

 
ɝɞɟ  Vɫɪ = 0,001108ɦ3/ɤɝ – ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 
 Ɋɛɧ = 31Ɇɉɚ – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ; 
 Ɋɜ = Ɋɞ = 0,7Ɇɉɚ – ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɩɟɪɟɞ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ; 
 ɬɩ

ɦ  = 0,98 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɩɪɢɜɨɞɧɨɣ ɬɭɪɛɢɧɵ; 
 ɧ  = 0,75 – ɄɉȾ ɧɚɫɨɫɚ [8]; 
 Hi

ɬɩ = f(P3; h3; Ɋ6) – ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɚɪɚ ɜ ɬɭɪɛɨɩɪɢɜɨɞɟ, ɤȾɠ/ɤɝ; 
 Hi

ɬɩ = f(1,482Ɇɉɚ; 3302,4 ɤȾɠ/ɤɝ; 0,23Ɇɉɚ) = 478,2; 
 

 
  3271,1 0,001108 31 0,7 10

25,9
478,2 0,75 0,98ɬɩD

   
 

 
. 

 
 
 2.1.9 Ɋɚɫɱёɬ ɞɟɚɷɪɚɬɨɪɚ 
 
 Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɞɟɚɷɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 
 

(D1+D2+D3), hɧ3

D4, i4

Gɩв, hд

Д

Gɨк, hɨк

(D1+D2+D3), hɧ3

D4, i4

Gɩв, hд

Д

Gɨк, hɨк

 
 

Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ 
 
 ɍɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɟɚɷɪɚɬɨɪɚ 
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   ɩɜɨɤ GGDDDD  4321 ,  (2.35) 
 
ɝɞɟ  D4 – ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɞɟɚɷɪɚɬɨɪ; 
 Gɨɤ – ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. 
 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɟɚɷɪɚɬɨɪɚ 
 
  1 2 3 3 4 4ɧ ɨɤ ɨɤ ɩɜ ɞD D D h D i G h G h         ,  (2.36) 

 
ɝɞɟ  hɨɤ = 610,7 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɉɇȾ-4. 
 
 ɋɜɨɞɢɦ ɞɜɚ ɜɵɲɟɫɬɨɹɳɢɯ ɭɪɚɜɧɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 
 
 4 219,8ɨɤD G  , 
 
 43192,1 610,7 145796,5ɨɤD G    . 
 
 Ɋɟɲɚɹ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɚɟɦ 
 
 D4 = 4,5 ɤɝ/ɫ 
 Gɨɤ = 215,3 ɤɝ/ɫ 
 
 
 2.1.10 Ɋɚɫɱёɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 
 
 Ɋɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɉɇȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɉɇȾ-4 
 
    5 5 5 4'ɧ ɬ ɨɤ ɨɤ ɩɧɞD i h G h h      , (2.37) 

 
 ɨɬɫɸɞɚ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-4, ɤɝ/ɫ 
 

  
 

4
5

5 5

'ɨɤ ɨɤ ɩɧɞ

ɧ ɬ

G h h
D

i h 
 


 

, 

 
ɝɞɟ  hɨɤ, h’ɩɧɞ4 – ɷɧɬɚɥɶɩɢɢ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɢ ɞɨ ɉɇȾ-4, ɤȾɠ/ɤɝ; 
 

 
 

 5

215,3 610,7 498,6
10,3

3023,2 631,9 0,98
D

 
 

 
. 
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Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 

  
 ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-3, ɉɇȾ-2 ɢ ɬɨɱɤɢ 
ɫɦɟɲɟɧɢɹ 
 

  6 6 ɧ6 5 ɧ5 ɧ6 ɨɤ ɩɧɞ4 ɩɧɞ3D (i h ) D (h h ) η G (h' h' )         . (2.38) 

 
 ɨɤɨɤɜɫɧɫ GGDDDDD  '765 . (2.39) 
 
 5 7 6 7 7 7 7 7 2 3' " 'ɧ ɧ ɧ ɧɫ ɧ ɜɫ ɧ ɨɤ ɩɧɞ ɨɤ ɩɧɞD h D h D h D h D h G h G h             . (2.40) 
 

 
 

 
7 7 7 5 6 6 7

7 2 2

( ) ( )

( ) ( ) ' " ' .

ɧ ɬ ɧ ɧ ɬ

ɧ
ɧɫ ɜɫ ɧɫ ɧ ɬ ɨɤ ɩɧɞ ɩɧɞ

D i h D D h h

D D t h G h h

 



        

       
  (2.41) 

 
 ɉɨɞɫɬɚɜɥɹɟɦ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 
 

  6 3(2870,7 517) 10,3 (631,9 517) 0,98 215,3 (498,6' )ɩɧɞD h         , 

 6 710,3 6,3 10,6 ' 215,3ɨɤD D G      , 
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 6 7 3393 (10,3 6,3 10,6) ' 371,7 215,3 'ɨɤ ɩɧɞD D G h         , 

 
 

 
7 62708,7 393 0,98 (10,3 ) (517 393) 0,98

(6,3 10,6) (517 393) 0,98 ' 371,7 203 .ɨɤ

D D

G

        

       
 

 
 Ɋɟɲɚɹ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ 
 
 D6 = 10,9 ɤɝ/ɫ, 
 D7 = 10,4 ɤɝ/ɫ, 
 G’ɨɤ = 166,9 ɤɝ/ɫ, 
 3'ɩɧɞh = 376,5 ɤȾɠ/ɤɝ. 
  
 ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-1 ɢ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 
 
    8 8 8 2 1' ' 'ɧ ɬ ɨɤ ɩɧɞ ɩɧɞD i h G h h      . (2.42) 

 
 ɨɤɤ GGD '8  . (2.43) 
 
 8 8 1' 'ɧ ɤ ɤ ɨɤ ɩɧɞD h G h G h     . (2.44) 
 
 ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 
 
    8 12484,5 220 0,98 166,9 203 'ɩɧɞD h      . 

 
 8 166,9ɤD G  . 
 
 8 1220 109,8 166,9 'ɤ ɩɧɞD G h     . 
 
 Ɋɟɲɚɹ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ 
 
 D8 = 6,7 ɤɝ/ɫ 
 Gɤ = 160,2 ɤɝ/ɫ 
 1'ɩɧɞh = 114,2 ɤȾɠ/ɤɝ 
 
 Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɪɚɜɟɧ, ɤɝ/ɫ 
 
 Dɤ = Gɤ – Dɯɨɜ, (2.45) 
 
ɝɞɟ  Dɯɨɜ – ɞɨɛɚɜɨɱɧɚɹ ɯɢɦɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɤɝ/ɫ; 
 
 Dɯɨɜ = Dɷɠ + Dɭɩɥ + Dɭɬ + Dɫɧ (2.46) 
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 Dɯɨɜ = 1,3 + 2,6 + 2,8 + 6,2 = 12,9, 
 
 Dɤ = 160,2 – 12,9 = 147,3. 
 
 ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ, ɤɝ/ɫ 
 
 Dɬ = Dɤ + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D1 + Dɧɫ + Dɜɫ, (2.47) 
 
 Dɬ = 160,2 + 6,7 + 10,4+ 10,9 + 10,3+ 4,5 + 4,3 + 29,4 + 17,6 + 10,6 + 
 + 6,3 = 258,2. 
 
 ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɯɨɞ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɧɟɟ ɧɚɣɞɟɧɧɵɦ ɪɚɫɯɨɞɨɦ. 
ɉɪɨɜɟɪɤɚ ɦɨɳɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

 эɦ

n

i

ɨɬɛ
i

ɨɬɛ
iэ ɇDW 








 

1

, (2.48) 

 
ɝɞɟ  ɨɬɛ

iD  - ɪɚɫɯɨɞ ɩɚɪɚ ɜ i-ɬɵɣ ɨɬɛɨɪ, ɤɝ/ɫ; 
 ɨɬɛ

iH - ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɞɨ i-ɬɨɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; 
 
 Wɷ = (17,6  296,6 + 29,4  383,1 + (4,3+ 25,9)  623,5 + 4,5 733,8 +  
 + 10,3  902,7 + (10,9 + 10,6)  1055,2 + (10,3 + 6,3)  1217,2 + 6,7 
 1441,4 + 147,3  1603)  0,98 = 329888,4. 
 
 ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɥɹɟɬ  
 

 %100



W

WW p , (2.49) 

 
ɝɞɟ  W – ɮɚɤɬɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ, Ɇȼɬ; 
 Wɪ – ɪɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ, Ɇȼɬ; 
 

 330 329,888
100% 0,034%

330
 
   . 

 
 ɉɨɝɪɟɲɧɨɫɬɶ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ( 0,5%ɞɨɩɭɫɬɢɦɚя  ).  

 ȼ ɯɨɞɟ ɪɚɫɱёɬɚ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɧɟɫɤɨɥɶɤɨ ɭɬɨɱɧɹɸɳɢɯ ɩɟɪɟɫɱёɬɨɜ ɩɭɬёɦ 
ɭɬɨɱɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ 
 

 'ɪ ɪ
ɪ

WК К
W

  . (2.50) 
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 2.2 Ɋɚɫɱёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ Ɍɗɋ 
 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ 
 
 Qɬɭ = Dɬ(i0 – hɩɜ) + Dɩɩ(i”ɩɩ – i’ɩɩ),  (2.51) 
 
ɝɞɟ Dɩɩ = 211,2 ɤɝ/ɫ – ɞɨɥɹ ɩɚɪɚ, ɢɞɭɳɟɝɨ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; 
 
 Qɬɭ = 258,2·(3324,4 – 1142,4) + 211,2·(3542,8 – 2941,3) = 690506. 
 
 Ɂɚɬɪɚɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɤȼɬ 
 
 Qɜɫ = Dɜɫ(iɜɫ – ɧ

ɜɫt ) = 10,6· (2870,7 – 517) = 24863,2. (2.52) 
 
 Qɧɫ = Dɧɫ(iɧɫ – ɧ

ɧɫt ) + Dɜɫ( ɧ
ɜɫt  – ɧ

ɧɫt ) = 6,3·(2708,7 – 393) +  
 + 10,6·(517 – 393) = 15953,1. (2.53) 
 
 Qɬ

ɬɭ = Dɜɫ+ Dɧɫ= 24863,2 + 15953,1 = 40816,3.  (2.54) 
 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ 
 
 Qɬɭ

ɷ = Qɬɭ – Qɬ
ɬɭ , (2.55) 

 
 Qɬɭ

ɷ = 690506 – 4816,3 = 649689,7. 
 
 Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, ɤȼɬ 
 
 Qɩɟ = Dɩɟ(iɩɟ – hɩɜ) + Dɩɩ(i”ɩɩ – i’ɩɩ), (2.56) 
 
ɝɞɟ  iɩɟ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɤȾɠ/ɤɝ [6] 
 
 iɩɟ = f(pɩɟ; tɩɟ) = f(25 Ɇɉɚ; 545°ɋ) = 3323, 
 
 Qɩɟ = 271,1·(3323 – 1142,4) + 211,2·(3542,8 – 2941,3) = 718304,1. 
 
 ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ 
 

 ȼ = ɩɟ
ɧ
ɪ ɤɚ

Q

Q 
,  (2.57) 

 
ɝɞɟ  ɧ

ɪQ  = 29310 ɤȾɠ/ɤɝ – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ; 
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 ɤɚ = 0,892 – ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɚ [5]; 

  718304,1
27,474

29310 0,892
B  


. 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɞɥɹ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
 

 0

0 0

1ɜɫ ɤ ɩɩ ɜɫ
ɜɫ

ɤ ɩɩ ɩɩ ɤ

i i i i i
К

i i i i i i


    
          

, (2.58) 

 
ɝɞɟ  Ʉ = 0,42 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ 
[8]; 
 Δiɩɩ = i”ɩɩ – i’ɩɩ = 3542,8 – 2941,3 = 601,5 – ɪɚɡɧɨɫɬɶ ɷɧɬɚɥɶɩɢɣ ɧɚ ɜɯɨɞɟ ɢ 
ɜɵɯɨɞɟ ɢɡ ɩɪɨɦ.ɩɟɪɟɝɪɟɜɚɬɟɥɹ; 
 

 
2870,7 2322,9 3324,4 601,5 2870,7

1 0,42 0,436
3324,4 2322,9 601,5 3324,4 601,5 2322,9ɜɫ

            
. 

 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɞɥɹ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
 

 
















ɤɩɩ

ɧɫɩɩ

ɩɩɤ

ɤɧɫ
ɧɫ iii

iiiК
iii

ii

0

0

0

1 , (2.59)  

 

 
2708,7 2322,9 3324,4 601,5 2708,7

1 0,42 0,317
3324,4 2322,9 601,5 3324,4 601,5 2322,9ɧɫ             

. 

 
 ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱёɬ ɨɬɛɨɪɨɜ 
ɩɚɪɚ, ɤȼɬ 
 

    1 1
ɨɬɛ

э ɬ
ɨɬɛ ɜɫ ɜɫ ɧɫ ɧɫ ɬ

ɬɭ

Q
Q Q Q

Q
            , (2.60) 

 
    24863,2 1 0,436 15953,1 1 0,317 1 24906,7э

ɨɬɛQ           . 

 
 ɇɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɤɨɬɥɚɦɢ 
ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

 
ɨɬ

ɫɧ
ɬɭ

э
ɨɬɛ

э
ɬɭ

ɫɧ
ɬɭ

э
ɨɬɛ

э
ɬɭ

э QQQQ

QQQ
К




 ,  (2.61) 
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ɝɞɟ  0,05 0,05 690506 34525,3ɫɧ
ɬɭ ɬɭQ Q      ɤȼɬ – ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ; 
 

 
649689,7 34525,3 24906,7

0,946
649689,7 34525,3 24906,7 40816,3эК

 
 

   . 

 
 ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ 3,8% [8], ɨɬɩɭɳɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ 
 

 (1 )ɨɬɩ э ɫɧW W ɟ   ,  (2.62) 
 

 330000 (1 0,038) 317460ɨɬɩW     . 
 
 Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɱɟɧɧɵɯ ɬɨɥɶɤɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ 
 

 
ɫɧ ɫɧ
ээ ээ эW ɟ W  , (2.63) 

 

ɝɞɟ 
ɫɧ
ээɟ  = 0,05 – ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [8]; 
 

 0,05 330000 16500ɫɧ
ээW    . 

 
 Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ 
 

 ɨɬɩ
э э ɫɧ

э ээ

W
ȼ ȼ К

W W
  


 , (2.64) 

 

 
317460

27,474 0,946 26,307
330000 16500эȼ    


. 

 
 Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ɫ 
 
 ȼɬ = ȼ – ȼɷ , (2.65) 
 
 ȼɬ = 27,474 – 26,307 = 1,167. 
 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɤɝ/(ɤȼɬɱ) 
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 3600э
э

ɨɬɩ

ȼ
b

W
   , (2.66) 

 

 
26,307

3600 0,298
317460эb    . 

 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ȽȾɠ 
 

 610ɬ
ɬ

ɨɬ

ȼ
b

Q
   , (2.67) 

 

 
61,167

10 29,179
40000ɬb    . 

 
 

 2.3 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 
 
 2.3.1 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
  
 ɇɚ ɛɥɨɤɚɯ 330 Ɇȼɬ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɨ ɨɞɧɨɦɭ ɧɚɫɨɫɭ ɫ ɬɭɪɛɨɩɪɢɜɨɞɨɦ ɧɚ 
100% ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɪɟɡɟɪɜɧɵɣ ɧɚɫɨɫ ɫ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ ɩɨɞɚɱɟɣ 30 – 50% ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ.  
 Ⱦɥɹ ɛɥɨɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
ɜɵɛɢɪɚɸɬ ɩɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɛɥɨɤ ɫ ɡɚɩɚɫɨɦ 5%, ɤɝ/ɫ 
 
 05,1 ɩɜGG ,  (2.68)  
 
ɝɞɟ  ɩɜG  - ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ; 
 
 G 271,1 1,05 284,7   . 
 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɦ3/ɫ 
 
 Q = G/ρ,  (2.69) 
 
ɝɞɟ  ρ = 902,6 ɤɝ/ɦ3 - ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ [6]; 
 
 Q = 284,7/902,6 = 0,315 = 1035,5 ɦ3/ɱ. 
 
 ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɪ, Ɇɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ 
ɧɚ ɫɬɨɪɨɧɟ ɧɚɝɧɟɬɚɧɢɹ ɪɧ ɢ ɧɚ ɫɬɨɪɨɧɟ ɜɫɚɫɵɜɚɧɢɹ ɪɜ 
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 Δɪ = ɪɧ – ɪɜ.   (2.70) 
  

 Ⱦɥɹ ɩɪɹɦɨɬɨɱɧɵɯ ɤɨɬɥɨɜ ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ Ɇɉɚ, 
ɫɨɫɬɚɜɥɹɟɬ 
 
 610  gɇɪɪɪɪ ɞɫɩɤɩɟɧ ,   (2.71) 

 
ɝɞɟ  ɪɩɟ = 25 Ɇɉɚ – ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ;  
 ɇɞ – ɜɵɫɨɬɚ ɤɨɬɥɚ ɪɚɜɧɚ 50,4 ɦ;  
 ρ = 902,6 ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ;  
 Δɪɩɤ = 0,1ɪɩɟ = 2,5 Ɇɉɚ – ɞɥɹ ɤɨɬɥɨɜ ɧɚ ɞɚɜɥɟɧɢɟ ɜɵɲɟ 22,5 Ɇɉɚ – ɡɚɩɚɫ ɩɨ 
ɞɚɜɥɟɧɢɸ ɧɚ ɨɬɤɪɵɬɢɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɯ ɤɥɚɩɚɧɨɜ; 
  ɫɪ  – ɫɭɦɦɚɪɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɇɉɚ 

 
  ɫɪ  = Δɪɤ + Δɪɪɩɤ + Δɪɩɜɞ + Δɪɬɪ, (2.72) 

 
ɝɞɟ  Δɪɤ = 45Ɇɉɚ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɬɨɱɧɨɝɨ ɤɨɬɥɚ; 
 Δɪɪɩɤ = 0,10,2Ɇɉɚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɢɬɚɧɢɹ 
ɤɨɬɥɚ;  
 Δɪɩɜɞ = 0,81,2Ɇɉɚ – ɫɭɦɦɚɪɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɉȼȾ; 
 Δɪɬɪ = 0,150,35Ɇɉɚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɬ ɧɚɫɨɫɚ ɞɨ ɤɨɬɥɚ; 
 
  ɫɪ = 5 + 0,2 + 1,2 + 0,3 = 6,7, 

 
 625 2,5 6,7 50,4 9,81 902,6 10 34,6ɧɪ

        . 
 

 ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɤ ɛɥɨɤɚɦ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 250 Ɇȼɬ 
ɩɪɢɦɟɧɹɸɬ ɛɵɫɬɪɨɯɨɞɧɵɟ ɩɢɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ ɫ ɬɭɪɛɨɩɪɢɜɨɞɨɦ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɞɴёɦɚ ɞɟɚɷɪɚɬɨɪɚ ɧɚ ɜɵɫɨɬɭ 22 – 25ɦ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ 
ɞɚɜɥɟɧɢɹ ɧɚ ɜɫɚɫɟ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɩɪɟɞɜɤɥɸɱёɧɧɵɟ 
ɛɭɫɬɟɪɧɵɟ ɧɚɫɨɫɵ; ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɛɭɫɬɟɪɧɨɝɨ ɧɚɫɨɫɚ (ɪɧ = 2 – 5 Ɇɉɚ) 
ɹɜɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɧɚ ɜɫɚɫɵɜɚɸɳɟɣ ɫɬɨɪɨɧɟ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, ɞɨɫɬɚɬɨɱɧɵɦ 
ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɤɚɜɢɬɚɰɢɢ.  
 ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɪ, Ɇɉɚ 
 
 Δɪ = 34,6 – 3,5 = 31,1. 

 
  ȼɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɉɌɇ-1100-350 [3] ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1100 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 3500 ɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 5150 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 81 %. 
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 ȼ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɜɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ [3] 
ɉɗ-600-300 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 600 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 3000 ɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 6300 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 75 %. 
 
 
 2.3.2 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 
 
 ɑɢɫɥɨ ɧɚɫɨɫɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɧɨ 
ɞɜɭɦ, ɬɪёɦ ɢɥɢ ɱɟɬɵɪёɦ. Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɜɫɟɝɞɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫ 
ɪɟɡɟɪɜɨɦ; ɪɟɡɟɪɜɧɵɣ ɧɚɫɨɫ ɜɤɥɸɱɚɟɬɫɹ ɩɨ ɫɢɫɬɟɦɟ ȺȼɊ. ɉɨ ɜɨɡɦɨɠɧɨɫɬɢ ɱɢɫɥɨ 
ɧɚɫɨɫɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ: ɞɜɚ ɩɨ 100% ɢɥɢ ɬɪɢ ɩɨ 50% 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
 Ɉɛɳɚɹ ɩɨɞɚɱɚ ɧɚɫɨɫɨɜ Dɤɧ, ɤɝ/ɫ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɱɢɬɵɜɚɸɬɫɹ ɞɪɟɧɚɠɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɞɨɛɚɜɨɱɧɚɹ ɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ ɢ ɬ.ɩ. 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɦ3/ɱ 
 
 Dɤɧ = (Gɤ+Dɧɫ+Dɜɫ)/ρ,   (2.73) 
 
 Dɤɧ = (160,2+10,6+6,3)/995,5 = 0,178 ɦ3/ɫ = 640,5. 
 
 ɉɪɢ ɨɞɧɨɩɨɞɴёɦɧɨɣ ɫɯɟɦɟ, ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɪɧ, Ɇɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɢɫɯɨɞɹ ɢɡ ɞɚɜɥɟɧɢɹ ɜ ɞɟɚɷɪɚɬɨɪɟ ɪɞ, ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɤɬɚ ɨɬ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɞɨ ɞɟɚɷɪɚɬɨɪɚ ɢ ɪɚɡɧɨɫɬɢ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɞɟɚɷɪɚɬɨɪɟ ɇɞ ɢ 
ɤɨɧɞɟɧɫɚɬɨɪɟ 
 
 610  ɇgɪɪɪɪ ɫɈȻɍɞɧ ,   (2.74) 

 
ɝɞɟ  Δɪɩɧɞ = 0,550,65Ɇɉɚ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȻɈɍ. 
 
 ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɤɬɚ 
 
  ɫɪ = Δɪɩɧɞ + Δɪɨɷ + Δɪɪɩɤ + Δɪɬɪ, (2.75) 

 
ɝɞɟ  Δɪɨɷ = 0,05 0,07Ɇɉɚ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɯɥɚɞɢɬɟɥɹ ɩɚɪɚ 
ɷɠɟɤɬɨɪɨɜ; 
 Δɪɪɩɤ = 0,04Ɇɉɚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɢɬɚɧɢɹ (ɭɪɨɜɧɹ) 
ɤɨɧɞɟɧɫɚɬɚ;  
 Δɪɩɧɞ = 0,070,1Ɇɉɚ – ɫɭɦɦɚɪɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɉɇȾ;  
 Δɪɬɪ = 0,10,2Ɇɉɚ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɬ ɧɚɫɨɫɚ ɞɨ ɤɨɬɥɚ; 
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  ɫɪ = 0,1 + 0,06 + 0,04 + 0,15 = 0,35, 

 
 27,1105,99581,92235,025,07,0 6  

ɧɪ . 
 
 Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɞ ɧɚɫɨɫɨɦ ɪɜ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɤɚɜɢɬɚɰɢɢ, ɞɥɹ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 960 – 1500 ɨɛ/ɦɢɧ ɨɧ 
ɫɨɫɬɚɜɥɹɟɬ 0,02 – 0,04Ɇɉɚ 
 
 Δɪ = 1,27 – 0,03 = 1,24 Ɇɉɚ. 
 
 ȼɵɛɢɪɚɟɦ ɬɪɢ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɚ Ʉɫȼ-320-210 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ [3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 320 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 210 ɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 1500 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 75 %; 
 - Ⱦɨɩɭɫɬɢɦɵɣ ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ – 1,6 ɦ. 
 
 
 2.3.3 ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 
 
 Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ Dɨɜ, ɤɝ/ɫ, ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 Dɨɜ = mDɤ,   (2.76) 
 
ɝɞɟ  Dɤ = 164,2 ɤɝ/ɫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, m = 45100 – 
ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɤɝ/ɤɝ, ɩɪɢɧɢɦɚɟɦ m = 60; 
 
 Dɨɜ = 60  164,2 = 9852. 
 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɩɪɢ ρ = 1000 ɤɝ/ɦ3 
 
 Dɨɜ = Dɨɜ/ρ,  (2.77) 
 
 Dɨɜ = 9852/1000 = 9,852 ɦ3/ɫ = 35467,2 ɦ3/ɱ. 
 
 Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɤɝ/ɫ 
 
 Dɪ

ɨɜ = 1,11,2Dɨɜ,  (2.78) 
 
 Dɪ

ɨɜ = 1,2  35467,2 = 42560,6 ɦ3/ɱ. 
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 ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɛɥɨɱɧɨɝɨ ɬɢɩɚ ɩɪɢɧɹɬɚ ɛɥɨɱɧɚɹ ɫɯɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 
ɍɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɰɢɪɤ.ɧɚɫɨɫɚ ɩɨ 50% ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɛɟɡ ɪɟɡɟɪɜɚ. Ʉɚɠɞɵɣ 
ɧɚɫɨɫ ɪɚɛɨɬɚɟɬ ɧɚ ɫɜɨɸ ɫɢɫɬɟɦɭ, ɜɤɥɸɱɚɸɳɭɸ ɧɚɩɨɪɧɵɣ ɜɨɞɨɜɨɞ, ɩɨɥɨɜɢɧɭ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɫɥɢɜɧɨɣ ɜɨɞɨɜɨɞ. 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɞɜɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɚ Ɉɉ5-110 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
[3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1476023760 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 11,58 ɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 485 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 80%; 
 - ɞɨɩɭɫɬɢɦɵɣ ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ – 1012 ɦ. 
 
 
 2.3.4 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 

 
 ȼɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɭ. ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɧɚ ɬɭɪɛɢɧɭ, ɪɚɫɫɱɢɬɵɜɚɹ ɢɯ ɧɚ 50 %-ɧɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɤɝ/ɫ 
 

 
2
ɫɜG

G  ,  (2.79) 

 

 G  = 198,7
99,3

2
 . 

 
 Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɦ3/ɫ 
 
 G = G /ρ,  (2.80) 
 
ɝɞɟ  ρ = 940 ɤɝ/ɦ3 - ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ [6]; 
 
 G = 99,3/940 = 0,106 ɦ3/ɫ = 380,4 ɦ3/ɱ. 
 
 ɉɪɢɦɟɧɹɟɦ ɞɜɟ ɫɬɭɩɟɧɢ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ: ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ (ɋɇ-1) 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɜɬɨɪɚɹ (ɋɇ-2) – ɩɟɪɟɞ ɉȼɄ.  
 ȼɯɨɞɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚɫɨɫɨɜ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ 
ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ ɢ ɫɨɫɬɚɜɥɹɟɬ 0,3 0,5 Ɇɉɚ. 
 Ⱦɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɋɇ-1 I

ɇP , Ɇɉɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɫɨɡɞɚɧɢɟ ɞɨɩɭɫɬɢɦɨɝɨ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɡɚɩɚɫɚ ɧɚ 
ɜɯɨɞɟ ɜ ɧɚɫɨɫɵ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
  
 1 2

I II
ɇ ɋɉ ɋɉ ȼP P P P      ,  (2.81) 
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ɝɞɟ  1ɋɉP , 2ɋɉP  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ [8]; 
 II

ȼP  – ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ, ɫɨɫɬɚɜɥɹɟɬ 0,050,4 Ɇɉɚ [8]; 
 
 0,035 0,035 0,3 0,37I

ɇP     . 
 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɋɗ-500-70 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 500 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 0,68 Ɇɉɚ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 3000 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 81 %; 
 - Ɇɨɳɧɨɫɬɶ – 120 ɤȼɬ. 
 Ⱦɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ ɋɇ-2, Ɇɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɧɟɲɧɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɬɟɩɥɨɫɟɬɢ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 2,2Ɇɉɚ.  
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ ɜɬɨɪɭɸ ɫɬɭɩɟɧɶ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɋɗ-500-140 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 500 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 1,37 Ɇɉɚ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 3000 ɨɛ/ɦɢɧ; 
 - ɄɉȾ – 81 %; 
 - Ɇɨɳɧɨɫɬɶ – 240 ɤȼɬ. 
 
 
 2.3.5 ȼɵɛɨɪ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

 
 ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ, ɬɚɤ 
ɱɬɨɛɵ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ 
ɉɌɋ [3]: 
 - ɉȼȾ-1: ɉȼ-1550-380-70, ɝɞɟ 1550 – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2; 
380 – ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɤɝɫ/ɫɦ2; 70 – ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɜ ɤɨɪɩɭɫɟ, ɤɝɫ /ɫɦ2.  
 - ɉȼȾ-2: ɉȼ-1200-380-43. 
 - ɉȼȾ-3: ɉȼ-1250-380-21. 
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ [3]: 
 - ɉɇȾ-4: ɉɇ-550-26-7-II  (ɩɨɫɥɟɞɧɹɹ ɰɢɮɪɚ – ɧɨɦɟɪ ɦɨɞɢɮɢɤɚɰɢɢ). 
 - ɉɇȾ-3: ɉɇ-550-26-7-II . 
 - ɉɇȾ-2: ɉɇ-350-16-7-II .  
 - ɉɇȾ-1: ɉɇ-350-16-7-II . 
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 2.3.6 ȼɵɛɨɪ ɞɟɚɷɪɚɬɨɪɚ 
 
 ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ Gɩɜ= 271,1 ɤɝ/ɫ ɜɵɛɢɪɚɟɦ 
ɞɟɚɷɪɚɬɨɪ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ Ⱦɉ-1600-2 [3] ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɞɚɜɥɟɧɢɟ 0,7 Ɇɉɚ; ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ – 444,4 ɤɝ/ɫ. 
 Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɣ ɛɚɤ: ɬɢɩ ȻȾ-120-2Ⱥ; ɩɨɥɟɡɧɚɹ ɟɦɤɨɫɬɶ 150 ɦ3. 

 
 
 2.3.7 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
 
 ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜɨɞɵ, 
ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɢ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ. 
 ȼɵɛɢɪɚɟɦ ɜɟɪɯɧɢɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɟɬɟɜɨɣ ɜɨɞɵ [3]: ɉɋȽ-800-3-8-I 
(ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɟɬɟɜɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ: 800 ɦ2 – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, 3 
ɤɝɫ/ɫɦ2 – ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɩɚɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, 8 ɤɝɫ/ɫɦ2 - ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ 
ɜɨɞɹɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
 ȼɵɛɢɪɚɟɦ ɧɢɠɧɢɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɟɬɟɜɨɣ ɜɨɞɵ [3]: ɉɋȽ-800-3-8-I. 
 
 
 2.3.8 ȼɵɛɨɪ ɬɭɪɛɨɩɪɢɜɨɞɚ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ 
 
 ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɢ ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɧɚ ɬɭɪɛɨɩɪɢɜɨɞ ɜɵɛɢɪɚɟɦ ɬɭɪɛɢɧɭ 
Ɋ-12-15ɉ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [3]: 
 - ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 12500 ȼɬ; 
 - ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 100 ɫ-1; 
 - Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ – 87,7÷100 ɫ-1 
 - ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ: 
 - Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ – 1,52; 
 - Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ – 450; 
 - ɉɪɨɬɢɜɨɞɚɜɥɟɧɢɟ – 0,24 ɤɉɚ; 
 - Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɫɬɨɩɨɪɧɵɣ ɤɥɚɩɚɧ – 31,7 ɤɝ/ɫ. 
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 3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, 
ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ, ɡɨɥɨɨɱɢɫɬɤɢ 
 
 3.1 ȼɵɛɨɪ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ 
 
 ɇɚ ɛɥɨɱɧɵɯ Ɍɗɋ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ Dɩɟ, ɤɝ/ɫ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ D0 ɫ ɭɱёɬɨɦ ɨɛɳɟɝɨ ɡɚɩɚɫɚ ɩɨ ɩɚɪɭ 3% 
 
 Dɩɟ = 1,03 D0,   (3.1)  
 
 Dɩɟ = 1,03  271,1= 279,3 = 1005,4 ɬ/ɱ. 
 
 ɉɨ ɪɚɫɯɨɞɭ ɩɚɪɚ ɢ ɩɚɪɚɦɟɬɪɚɦ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɤɨɬёɥ ɉɩ-1050-25-545 (ɉ-
50Ɋ). 
 Ʉɨɬёɥ ɉ-50Ɋ – ɫɨɜɪɟɦɟɧɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɢɡɜɟɫɬɧɨɣ ɫɟɪɢɢ ɤɨɬɥɨɜ ɉ-50 
ɉɨɞɨɥɶɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɡɚɜɨɞɚ. Ʉɨɬёɥ ɉ-50Ɋ, ɤɚɤ ɢ ɩɪɟɠɧɢɣ ɉ-50, 
ɩɪɹɦɨɬɨɱɧɵɣ, ɫ ɩɪɨɦɩɟɪɟɝɪɟɜɨɦ ɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɨɣ, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɩɭɫɨɜ ɉ-ɨɛɪɚɡɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɫ ɬɨɩɤɨɣ ɛɟɡ ɩɟɪɟɠɢɦɚ ɫ 
ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 
 ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɬɚɪɨɝɨ ɤɨɬɥɚ ɉ-50, ɧɨɜɵɣ ɤɨɬёɥ ɉ-50Ɋ ɩɨɦɢɦɨ ɭɜɟɥɢɱɟɧɧɨɣ 
ɧɚ 11% ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɨɫɧɚɳёɧ L-ɨɛɪɚɡɧɵɦɢ ɞɜɭɯɫɜɟɬɧɵɦɢ ɷɤɪɚɧɚɦɢ 
("ɳɟɤɚɦɢ") ɜɜɟɪɯɭ ɬɨɩɤɢ. ȼɦɟɫɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɲɢɪɦ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɟ ɫɬɭɩɟɧɢ 
ɜɟɪɬɢɤɚɥɶɧɵɯ: ɩɟɪɜɚɹ - ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɞɨ ɩɟɪɟɜɚɥɚ, ɜɬɨɪɚɹ - ɜ 
ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, ɧɚɜɢɫɚɹ ɧɚɞ ɤɨɧɜɟɤɬɢɜɧɵɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ (Ʉɉɉ). Ɍɨɩɤɚ 
ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɝɚɡɨɯɨɞ ɢɦɟɸɬ ɝɚɡɨɩɥɨɬɧɨɟ ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɰɟɥɶɧɨɫɜɚɪɧɵɦɢ 
ɦɟɦɛɪɚɧɧɵɦɢ ɩɚɧɟɥɹɦɢ. 
 ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɤɨɬɥɚ ɉ-50Ɋ ɩɪɢ 
100%-ɧɨɣ ɧɚɝɪɭɡɤɟ. 
 
Ɍɚɛɥɢɰɚ 3.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ ɉ-50Ɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ ɬ/ɱ 1050 (2×525) 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ Ɇɉɚ 25,0 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ °ɋ 545 
  
 ɉɪɨɞɨɥɶɧɵɣ ɢ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ɉɩ-1050-25-545 (ɉ-50Ɋ) ɢɡɨɛɪɚɠɟɧ 
ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 




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Ɋɢɫɭɧɨɤ 3.1 – ɉɪɨɞɨɥɶɧɵɣ ɢ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ɉɩ-1050-25-545 (ɉ-50Ɋ) 
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 3.2 ȼɵɛɨɪ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɟɯɚɧɢɡɦɨɜ 
 
 Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.2 [10]. 
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ P

ɧQ  ɫɨɫɬɚɜɥɹɟɬ 14700 ɤȾɠ/ɤɝ. 
 
Ɍɚɛɥɢɰɚ 3.2 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ɇɟɫɬɨɪɨɠ- 
ɞɟɧɢɟ 

Ɇɚɪɤɚ 
 

Ɋɚɛɨɱɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ, % ȼɵɯɨɞ 
ɥɟɬɭɱɢɯ, 

ȽV , % PW  PA  PS  PC  PH  PN  PO  
Ɇɭɧɚɣɫɤɨɟ  Ȼ2 33 7,9 0,3 43,4 2,8 0,6 12 43 

  
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ 
 
 PPPɊ

B OHSCV  0333,0265,0)375,0(0889,00 , (3.2)  
 

 0 0,0889 (43,4 0,375 0,3) 0,265 2,8 0,0333 12 4,211BV          . 
 

 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ 
 

 
100

8,079,0 00

2

P

ȼN

N
VV  , (3.3) 

 

 
2

0 0,6
0,79 4,211 0,8 3,331

100NV      . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ 
 

 
100

375,0
866,10

2

ɊɊ

RO

SC
V


 ,  (3.4) 

 

 
2

0 43,4 0,375 0,3
1,866 0,812

100ROV
 

   . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ 
 
 00 0161,00124,0111,0

2 B
PP

OH VWHV  , (3.5) 

 
 

2

0 0,111 2,8 0,0124 33 0,0161 4,211 0,788H OV        . 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɤɝ 
 
 0000

222 NROOHɝ VVVV  ,  (3.6) 
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 0 3,331 0,812 0,788 4,931ɝV     . 
 
 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɬɭ ɨɞɧɨɝɨ ɤɨɬɥɚ ɛɥɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɫɥɟɞɭɸɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, ɤɝ/ɫ 
 

 Вк = 
2

ɩɟ
ɧ
ɪ ɤɚ

Q

Q  
,  (3.7)  

 
ɝɞɟ  ɪ

ɧQ – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; 
 

 718304,1
27,4

14700 0,892 2ɤȼ  
 

. 

 
 Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ ȼɪ, ɤɝ/ɫ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɛɢɪɚɸɬɫɹ 
ɞɭɬɶɟɜɵɟ ɜɟɧɬɢɥɹɬɨɪɵ ɢ ɞɵɦɨɫɨɫɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱёɬɨɦ ɮɢɡɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ 
ɫɝɨɪɚɧɢɹ ɬɜёɪɞɨɝɨ ɬɨɩɥɢɜɚ, % (ɞɥɹ ɛɭɪɵɯ ɭɝɥɟɣ q4 = 0,5) 
 

 4100

100ɪ ɤ
qȼ ȼ 

  ,  (3.8) 

 

 
100 0,5

27,4 27,3
100ɪȼ


   . 

 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ3/ɫ 
 

 
273

273
)(0 
 ɯɜ

ɜɡɩɩɩɬɬɜɪɞɜ
t

VBV  , (3.9) 

 
ɝɞɟ  ɬ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,2 [9]; 
 ɬ - ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,06 [9];  
 ɩɩ  - ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɚɯ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 
0,3 [9]; 
 ɜɡɩ  - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ȼɁɉ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,05 [9];  
 ɯɜt - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ; 
 

 
25 273

27,3 4,211 (1,2 0,06 0,3 0,05) 111,5
273ɞɜV


        = 401,3 ɬɵɫ. ɦ3/ɱ. 

 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɪ

ɞɜV , ɬɵɫ. ɦ3/ɱ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  1 = 1,1 
 
 1,1ɪ

ɞɜ ɜɟɧV V  ,  (3.10) 
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 1,1 401,3 441,5ɪ
ɞɜV    . 

 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɞɢɧ ɤɨɬɟɥ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɨɞɧɨɝɨ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɞɜQ , 3ɦ /ɫ , ɩɨ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ 
ɬɢɩɨɪɚɡɦɟɪɚ ɦɚɲɢɧɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
 

 
2

ɪ
ɞɜ

ɞɜ
V

Q  ,   (3.11) 

 

 441,5
220,7

2ɞɜQ   . 

 
 ɇɚɩɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ. ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɜɨɡɞɭɲɧɨɦɭ 
ɬɪɚɤɬɭ 4ɩɨɬH   ɤɉɚ. Ɋɚɫɱёɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ, ɤɉɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  2 = 1,2 

 
 1,2ɪ

ɞɜ ɞɜɇ ɇ  ,  (3.12) 
 
 1,2 4 4,8ɪ

ɞɜɇ    . 
 
 ȼɵɛɢɪɚɟɦ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ ɬɢɩɚ ȼȾɇ-24-IIɭ ɧɚ ɤɨɬɟɥ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [9]: 

- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 300 ɬɵɫ. ɦ3/ɱ; 
- ɄɉȾ – 86%; 
- ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 590/740 ɨɛ/ɦɢɧ. 

 
 Ɉɛɴёɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɭɯ

ɝV  ɪɚɜɟɧ ɫɭɦɦɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴёɦɚ ɝɚɡɨɜ, 
ɨɛɪɚɡɭɸɳɢɯ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ 0

ɝV , ɢ ɨɛɴёɦɚ ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɩɨ ɬɪɚɤɬɭ ɤɨɬɥɚ 
 
 0 01,0161 ( 1)ɭɯ

ɝ ɝ ɭɯV V V     ,  (3.13) 

 
ɝɞɟ  ɭɯ = 1,33 [9] – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ; 
 
 4,931 1,0161 (1,33 1) 4,211 6,214ɭɯ

ɝV       . 
 
 Ɋɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɞɫV , ɦ3/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 04 273100
( ( ) )

100 273
ɭɯ ɞ

ɞɫ ɪɚɫɱ ɝ ɡɭ ɝɯ ɜ
tq

V B V V  
         , (3.14) 
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100 0,5 150 273

27,3 (6,214 (0,1 0,08) 4,211) 294,4
100 273ɞɫV
 

        =1059,9 ɬɵɫ. ɦ3/ɱ. 

 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɪ

ɞɫV , ɦ3/ɫ, ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ  1 = 1,1 
 
 1,1 1059,9 1165,9ɪ

ɞɫV    .  (3.15) 
 

 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɞɢɧ ɤɨɬɟɥ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɜɚ ɞɵɦɨɫɨɫɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ 
ɞɵɦɨɫɨɫɚ ɞQ , 3ɦ /ɫ , ɩɨ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɦɚɲɢɧɵ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
 

 
2

ɪ
ɞɫ

ɞɫ
V

Q  ,   (3.16) 

 

 1165,9
583

2ɞɫQ   . 

 
 ɇɚɩɨɪ ɞɵɦɨɫɨɫɚ ɇɞ, ɤɉɚ, ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɩɪɟɨɞɨɥɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɟɧɢɹ ɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɫɟɯ 
ɝɚɡɨɯɨɞɨɜ. ɉɪɢɧɢɦɚɟɦ ɫɭɦɦɚɪɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ 

3,75ɩɨɬH   ɤɉɚ. Ɍɨɝɞɚ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɤɉɚ, ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɩɚɫɚ
 2 = 1,2 
 
 1,2 1,2 3,75 4,5ɩɨɬH H     .  (3.17) 
 
 ȼɵɛɢɪɚɟɦ ɞɜɚ ɞɵɦɨɫɨɫɚ ɬɢɩɚ Ⱦɇ-26×2 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [9]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 680 ɬɵɫ. ɦ3/ɱ; 
 - ɄɉȾ – 80 %; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 590 /740 ɨɛ/ɦɢɧ. 
 
 
 3.3 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 
 
 3.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɢ ɫɢɫɬɟɦɚ ɩɪɢёɦɧɵɯ 
ɪɚɡɝɪɭɡɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 
 
 ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ 
 
 ,  (3.18) 

 
ɤɨɛɳ ȼnȼ 
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ɝɞɟ  ȼ – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɲɬ; 
 4 27,4 109,6 394,5ɨɛɳȼ      ɬ/ɱ. 
 
 ɑɢɫɥɨ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɟɣ ɩɪɢɧɹɬɨ ɩɪɢɧɢɦɚɬɶ ɩɪɢ ɪɚɫɯɨɞɟ ɬɨɩɥɢɜɚ ɨɬ 
400 ɞɨ 1000 ɬ/ɱ – 2 (ɨɞɢɧ ɢɡ ɧɢɯ ɪɟɡɟɪɜɧɵɣ). 
 ɉɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɸ ɢɫɩɨɥɶɡɭɟɦ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɶ 
ɛɨɤɨɜɨɝɨ ɬɢɩɚ [12]. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ:  
 - ɱɢɫɥɨ ɨɩɪɨɤɢɞɵɜɚɧɢɣ ɡɚ 1 ɱɚɫ – 20/25; 
 - ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1860/1500 ɬ/ɱ (ɩɪɢ ɪɚɡɝɪɭɡɤɟ 90-
ɬɨɧɧɵɯ ɢ 60-ɬɨɧɧɵɯ ɜɚɝɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ); 
 - ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ – ɤȼɬ; 
 - ɭɝɨɥ ɩɨɜɨɪɨɬɚ – 170÷175 ɝɪɚɞɭɫɨɜ. 

 
 

 3.3.2 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 
 

 Ɍɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɥɟɧɬɨɱɧɵɯ 
ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɢɟ, ɞɪɭɝɚɹ ɪɟɡɟɪɜɧɚɹ.  
 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɧɢɬɤɢ, ɬ/ɱ 

 

 
ȼɫɭɬȼɪɚɫɱ T

 ,   (3.19) 

 
ɝɞɟ  21T   ɱ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ; 
 ȼɫɭɬ– ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ; 

 

 394,5 24
450,8

21
ȼɪɚɫɱ


  . 

  
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɬ/ɱ 
 

 2ȼ b c Kɥ a    ,  (3.20) 

 
ɝɞɟ  b  – ɲɢɪɢɧɚ ɥɟɧɬɵ, ɦ; 
 c  – ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ [12], ɦ/ɫ; 
  – ɧɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ, ɬ/ɦ3 [12]; 
 K

a
= 285 ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ  ɬɨɩɥɢɜɚ 

ɧɚ ɥɟɧɬɟ [12]; 
 

 21,2 2,0 0,76 285 623,8ȼɥ      . 

2100


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 Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɛɟɡ 
ɫɛɪɚɫɵɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ 
 

  1 2 37

1000 1,36
ɥ ɥ

ɛ z
K Z c B Z B H

W K
       

 


, (3.21) 

 
ɝɞɟ  Z  = 50 - ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɨɜ, ɦ; 
 H  = 5 - ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ 
ɤɨɧɰɟɜɨɝɨ ɛɚɪɚɛɚɧɨɜ, ɦ; 
 zK = 1 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɥɢɧɵ ɥɟɧɬɵ [12]; 
 1K  = 629 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ ɥɟɧɬɵ [12]; 
 

 629 50 2,0 2 623,8 50 37 623,8 5
1 177,0

1000 1,36ɛW
       

  


. 

 
 ɇɚ ɤɨɧɜɟɣɟɪɟ ɢɦɟɟɬɫɹ ɫɛɪɚɫɵɜɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ 
ɧɭɠɧɨ ɪɚɫɫɱɢɬɚɬɶ. Ɇɨɳɧɨɫɬɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɥɭɠɤɨɜɨɝɨ ɫɛɪɚɫɵɜɚɬɟɥɹ, ɤȼɬ 

 
 0,0075 0,0075 623,8 1,2 5,6ɫɛ ɥW ȼ b       .  (3.22) 
 
 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɤȼɬ 

 

 ,  (3.23) 

 
ɝɞɟ  = 1,25 - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ [12]; 
  = 0,95 - ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ [12]; 
  = 0,96 - ɄɉȾ ɪɟɞɭɤɬɨɪɚ [12]; 

 

 
1,25 (177,0 5,6)

250,3
0,95 0,96эɩW
 

 


. 

 
 
 3.3.3 Ⱦɪɨɛɢɥɤɢ 

 
 ɉɪɢɦɟɧɹɟɦ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ. Ⱦɥɹ 
ɝɪɭɛɨɝɨ ɞɪɨɛɥɟɧɢɹ ɜɧɚɱɚɥɟ ɬɪɚɤɬɚ ɨɪɝɚɧɢɡɭɟɬɫɹ ɞɪɨɛɥɟɧɢɟ ɜ ɜɚɥɤɨɜɵɯ ɡɭɛɱɚɬɵɯ 
ɞɪɨɛɢɥɤɚɯ. ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ ɜɚɥɤɨɜɭɸ ɞɪɨɛɢɥɤɭ [12] 
ȾȾɁ-1250 1000 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 700 ɬ/ɱ (ɩɪɢ ɤɪɭɩɧɨɫɬɢ ɞɪɨɛɥёɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɨ 250ɦɦ). 
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 Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɭɟɦ ɦɨɥɨɬɤɨɜɵɟ ɧɟɡɚɛɢɜɚɸɳɢɟɫɹ ɞɪɨɛɢɥɤɢ ɫ ɩɨɞɜɢɠɧɵɦɢ 
ɞɪɨɛɢɥɶɧɨɣ ɢ ɨɬɛɨɣɧɨɣ ɩɥɢɬɚɦɢ ɢ ɫ ɨɱɢɫɬɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɨ ɪɚɫɱɟɬɧɨɦɭ 
ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ ɞɪɨɛɢɥɤɢ ɬɢɩɚ Ɇ20-20Ƚ [12] ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 600 800 ɬ/ɱ; 
 - Ɋɚɡɦɟɪɵ ɪɨɬɨɪɚ: 
  ɞɥɢɧɚ – 2000ɦɦ; 
  ɞɢɚɦɟɬɪ – 2000ɦɦ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 595 ɨɛ/ɦɢɧ; 
 - ɇɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ ɡɚɝɪɭɠɚɟɦɵɯ ɤɭɫɤɨɜ – ɞɨ 600ɦɦ; 
 - Ɋɚɡɦɟɪ ɜɵɯɨɞɹɳɢɯ ɤɭɫɤɨɜ – ɞɨ 15ɦɦ; 
 - Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 800 ɤȼɬ. 
 
 ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ɧɚ ɨɞɧɨɦ ɤɨɬɥɟ, ɦ3 
 

 ,  (3.24) 

 
ɝɞɟ  ȼɱ

max – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɨɞɢɧ ɤɨɬёɥ, ɬ/ɱ; 
  = 10 - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɬɨɩɥɢɜɟ, ɡɚɩɚɫɟɧɧɨɦ ɜ 
ɛɭɧɤɟɪɚɯ; 
 = 0,8 – ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ [12]; 
 = 0,76 – ɧɚɫɵɩɧɨɣ ɜɟɫ ɭɝɥɹ [12]; 
 

 98,6 10
1526,4

0,85 0,76
Vɛ


 


. 

 
 Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɨɜ ɢɫɩɨɥɶɡɭɟɦ ɥɟɧɬɨɱɧɵɟ ɩɢɬɚɬɟɥɢ ɫɵɪɨɝɨ ɭɝɥɹ ɫ 
ɲɢɪɢɧɨɣ ɥɟɧɬɵ 800 ɦɦ, ɞɥɢɧɨɣ 3,2 ɦ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ 0,2 ɦ 
– 270 ɦ3/ɱ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ – 4,5 ɤȼɬ. 
 
 
 3.3.4 Ɍɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ 

 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɬɨɩɥɢɜɨɦ ɫɨɡɞɚɸɬ ɟɝɨ ɪɟɡɟɪɜɧɵɟ ɡɚɩɚɫɵ: 
ɨɩɟɪɚɬɢɜɧɵɣ ɪɟɡɟɪɜ – ɜ ɛɭɧɤɟɪɚɯ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɜ ɪɚɫɯɨɞɧɨɦ ɫɤɥɚɞɟ, 
ɞɨɥɝɨɜɪɟɦɟɧɧɵɣ – ɧɚ ɪɟɡɟɪɜɧɨɦ ɫɤɥɚɞɟ.  
 ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɚ ɦɟɫɹɱɧɵɣ ɡɚɩɚɫ ɩɪɢ 20 ɱɚɫɚɯ ɪɚɛɨɬɵ ɜ 
ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɥɨɜ. 
 ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɭɸ ɲɬɚɛɟɥɹɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ2 
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ɝɞɟ  n  – ɱɢɫɥɨ ɫɭɬɨɤ ɡɚɩɚɫɚ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ; 
 h  – ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ, ɦ; 
   = 0,8 – 0,9 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɨɬɤɨɫɚ (ɫɩɨɥɡɚɧɢɹ) ɬɨɩɥɢɜɚ 
ɜ ɲɬɚɛɟɥɟ [12]; 

 

 24 450,8 30
23353,8

20 0,76 0,8
F

 
 

 
. 

 
 
 3.3.5 Ɉɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 

 
 ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɭɝɥɹ ɹɜɥɹɟɬɫɹ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɶ Ʉɥɨ. ȿɝɨ 
ɜɵɱɢɫɥɹɸɬ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɗɷɬ, ɤȼɬ ɱ/ɬ, ɤ 
ɪɚɫɯɨɞɭ ɷɧɟɪɝɢɢ ɗ ɧɚ ɩɨɦɨɥ ɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ 
 

 эɬ
ɥɨ

Э
K

Э
 .  (3.26) 

 
 Ɂɚ ɷɬɚɥɨɧɧɨɟ ɬɨɩɥɢɜɨ ɩɪɢɧɢɦɚɸɬ ɚɧɬɪɚɰɢɬɨɜɵɣ ɲɬɵɛ (Ⱥɒ), ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɥɨK  = 1. ɉɪɚɤɬɢɱɟɫɤɢ ɥɨK  ɩɨɤɚɡɵɜɚɟɬ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɥɶɧɢɰɵ ɩɪɢ ɪɚɡɦɨɥɟ ɞɚɧɧɨɝɨ ɭɝɥɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ 
ɪɚɡɦɨɥɟ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ. 
 ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [7] ɜɵɛɢɪɚɟɦ ɦɟɥɶɧɢɰɭ ɬɢɩɚ Ɇȼ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɨɥ ɭɝɥɹ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɦɚɫɫɢɜɧɵɯ ɦɟɥɸɳɢɯ ɥɨɩɚɬɨɤ.  
 ɋɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [7] ɜɵɛɢɪɚɟɦ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ.  
 Ⱦɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɤɨɬɥɚ ɜɵɛɢɪɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ Z = 4 [7]. 
 Ɋɚɫɱёɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ ȼɪ, ɬ/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɢɡɜɟɫɬɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬёɥ ɢ ɩɪɢɧɹɬɨɦɭ ɱɢɫɥɭ ɦɟɥɶɧɢɰ ɫ ɭɱёɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ, Ʉɡ (ɩɪɢ Z ɪɚɜɧɵɦ ɱɟɬɵɪёɦ Ʉɡ = 1,2 [12]) 
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1,2 98,6

29,6
4ɪȼ


  .  

 
 ɉɨ [7] ɨɩɪɟɞɟɥɹɟɦ ɬɢɩɨɪɚɡɦɟɪ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ – Ɇȼ 
2700/850/590, ɨɬɧɟɫёɧɧɭɸ ɤ ɯɚɪɚɤɬɟɪɧɨɦɭ ɜɢɞɭ ɬɨɩɥɢɜɚ. ɉɟɪɟɪɚɫɱёɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬ/ɱ, ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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 44 1,15
29,8

1,7
ȼ 
  . 

 
 Ⱦɚɧɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɩɨɫɬɚɜɢɦ ɫ ɬɟɦ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥɫɹ ɩɪɢ 
ɩɟɪɟɪɚɫɱёɬɟ ɦɟɥɶɧɢɰɵ, ɨɫɬɚɜɥɹɟɦ Z = 4 ɢ ɜɵɛɪɚɧɧɵɣ ɬɢɩ ɦɟɥɶɧɢɰ. 
 
  
 3.4 Ɂɨɥɨɨɱɢɫɬɤɚ 

 
 ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɚɤɬɢɜɧɨɝɨ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ, ɦ2 

 

 ɝV
F

W
 ,  (3.29) 

 
ɝɞɟ ɝV  – ɪɚɫɯɨɞ ɝɚɡɨɜ ɩɟɪɟɞ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɦ, ɦ3/ɫ;  
 W  = 1,5 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ [11]; 
 

 294,4
196,3

1,5
F   . 

 
 ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɨɥɭɱɢɥɨ ɭɥɚɜɥɢɜɚɧɢɟ 
ɥɟɬɭɱɟɣ ɡɨɥɵ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ. ɗɥɟɤɬɪɨɮɢɥɶɬɪɵ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɝɚɬɶ 
ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɭɥɚɜɥɢɜɚɧɢɹ: ɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɟɛɵɜɚɧɢɹ ɝɚɡɨɜ ɜ ɚɤɬɢɜɧɨɣ 
ɡɨɧɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɧɟ ɦɟɧɟɟ 8ɫ ɢ ɫɤɨɪɨɫɬɢ ɢɯ ɞɜɢɠɟɧɢɹ 1,2 – 1,5 ɦ/ɫ ɫɬɟɩɟɧɶ 
ɭɥɚɜɥɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 99 – 99,8%.  
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɗȽȺ 2-76-12-6-4 [3] ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 - ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜɵɯ ɩɪɨɯɨɞɨɜ – 76 ɲɬ; 
 - ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɟɣ – 4 ɲɬ; 
 - ɩɥɨɳɚɞɶ ɚɤɬɢɜɧɨɝɨ ɫɟɱɟɧɢɹ – 246,6 ɦ2; 
 - ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɨɫɚɠɞɟɧɢɹ – 28500 ɦ2. 

 
 Ɋɚɫɯɨɞ ɥɟɬɭɱɟɣ ɡɨɥɵ ɧɚ ɜɯɨɞɟ ɜ ɮɢɥɶɬɪ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɱ 
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M B a A B q        , (3.30) 

 
ɝɞɟ ɭɧa  = 0,95 – ɞɨɥɹ ɡɨɥɵ ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ [10];  

 pA – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, %; 
 4q = 0,5 % – ɩɨɬɟɪɹ ɫ ɦɟɯɚɧɢɱɟɫɤɨɦ ɧɟɞɨɠɨɝɨɦ [10]; 
 B  – ɪɚɫɯɨɞ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɱ; 
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14700

0,01 98604,9 0,95 7,9 0,01 103042,6 0,5 7621,9
32700

ɜɯ
ɡɨɥM          . 

 
 Ɋɚɫɯɨɞ ɥɟɬɭɱɟɣ ɡɨɥɵ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɤɝ/ɱ 
 

 
100

100
ɡɭɜыɯ ɜɯ

ɡɨɥ ɡɨɥM M


  ,  (3.31) 

 
ɝɞɟ ɡɭ – ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, %; 
 

 100 99,6
7621,9 30,5

100
ɜыɯ
ɡɨɥM


   , 

 
 Ɍ.ɤ. ɧɚ Ɍɗɋ ɞɜɚ ɛɥɨɤɚ, ɬɨ . 4 4 7621,9 /1000 30,488ɜɯ ɜɯ

ɡ ɨɛɳ ɡɨɥɆ Ɇ      ɬ/ɱ, 
. 2 4 30,5 /1000 0,122ɜыɯ ɜыɯ
ɡ ɨɛɳ ɡɨɥɆ Ɇ      ɬ/ɱ. 

 
 
 3.5 Ɂɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɟ 

 
 ɍɞɚɥɟɧɢɟ ɲɥɚɤɚ ɢɡ-ɩɨɞ ɬɨɩɨɤ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ ɫ ɩɨɦɨɳɶɸ ɲɧɟɤɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɟɪɚ, 
ɩɟɪɟɞɜɢɝɚɸɳɟɝɨɫɹ ɜ ɡɚɩɨɥɧɟɧɧɨɣ ɜɚɧɧɟ. ɋ ɬɪɚɧɫɩɨɪɬɟɪɚɦɢ ɲɥɚɤ ɫɛɪɚɫɵɜɚɟɬɫɹ ɧɚ 
ɲɥɚɤɨɜɭɸ ɞɪɨɛɢɥɤɭ, ɝɞɟ ɞɪɨɛɢɬɫɹ ɧɚ ɤɭɫɤɢ ɧɟ ɛɨɥɟɟ 50 ɦɦ, ɡɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɜ 
ɫɦɵɜɧɨɣ ɤɚɧɚɥ. 
 Ⱦɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɡɨɥɵ ɢ ɲɥɚɤɚ ɡɚ ɩɪɟɞɟɥɵ ɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ 
ɛɚɝɟɪɧɵɟ ɧɚɫɨɫɵ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɲɥɚɤɚ ɢ ɡɨɥɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɛɳɟɦɭ 
ɬɪɭɛɨɩɪɨɜɨɞɭ. 
 ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ ɢ ɲɥɚɤɚ, ɭɞɚɥɹɟɦɨɟ ɫ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɬ/ɱ 
 

 . 4

100
0,01 ( ) (1 )

32700 100

ɪ
ɡɭɪ ɧ

ɲɥ ɡ ɨɛɳ ɭɧ
Q

Ɇ B A q a


        , (3.32) 

 
ɝɞɟ  ɪA  – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ, %; 
 4q = 0,5 % – ɩɨɬɟɪɹ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ [10]; 
 ɪ

ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜ, ɤȾɠ/ɤɝ; 
 ɭɧa  = 0,95 – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ [10]; 

 ɡɭ – ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ; 

 

 .

14700 100 99,6
0,01 394,4 (7,9 0,5 ) (1 0,95 ) 31,9

32700 100ɲɥ ɡɆ 
         . 

  
 Ɋɚɫɯɨɞ ɡɨɥɵ, ɬ/ɱ 



 

58 
 

 ɜɯ ɜыɯ
ɡɨɥ ɡɨɥ ɡɨɥM M M  ,  (3.33) 

 
 30,488 0,122 30,366ɡɨɥM    .  

 
 Ɋɚɫɯɨɞ ɲɥɚɤɚ, ɬ/ɱ 
 
  .ɲɥ ɲɥ ɡ ɡɨɥɆ Ɇ Ɇ  ,  (3.34) 
 
 31,924 30,488 1,436ɲɥɆ    . 
  
 Ɋɚɫɯɨɞ ɜɨɞɵ, ɬ/ɱ 
 
 12ɜ ɲɥ ɡɨɥɆ M M   ,  (3.35) 
 
 12 1,436 30,366 523,33ɜɆ     . 

 
 Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɩɭɥɶɩɵ , ɦ3/ɱ 
 

 ɲɥ ɡɨɥ ɜ

ɲɥ ɡɨɥ ɜ

M M M
Q

  
   ,  (3.36) 

 
ɝɞɟ  ɲɥ = 0,5; ɡɨɥ = 0,4; ɜ = 1,0 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɞɟɥɶɧɵɣ ɜɟɫ ɲɥɚɤɚ, ɡɨɥɵ ɢ 
ɜɨɞɵ, ɬ/ɦ3 [12]; 
 

 1,436 30,366 523,33
602,1

0,5 0,4 1
Q     . 

 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɛɚɝɟɪɧɭɸ ɧɚɫɨɫɧɭɸ ɫ ɬɪɟɦɹ ɧɚɫɨɫɚɦɢ (ɨɞɢɧ ɪɚɛɨɱɢɣ, ɨɞɢɧ ɜ 
ɪɟɦɨɧɬɟ, ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ). 
 Ɇɢɧɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɥɚɤɨɡɨɥɨɩɪɨɜɨɞɚ, ɦ 
 

 4

3600

Q
d

 



 

,  (3.37) 

 
ɝɞɟ   = 1,5 – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɩɭɥɶɩɵ, ɦ/ɫ; 
 Q  – ɪɚɫɯɨɞ ɩɭɥɶɩɵ ɧɚ ɛɚɝɟɪɧɵɣ ɧɚɫɨɫ; 

 

 
4 602,1

0,377
3600 3,14 1,5

d


 
  . 
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 ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɯɨɞɭ ɩɭɥɶɩɵ ɢ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɪɚɫɲɢɪɟɧɢɹ Ɍɗɋ ɜɵɛɢɪɚɟɦ ɛɚɝɟɪɧɵɣ ɧɚɫɨɫ ɬɢɩɚ ȽɪɌ 800/71 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
[3]: 
 - ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ –800 ɦ3/ɱ; 
 - ɇɚɩɨɪ – 71 ɦ; 
 - Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ – 710 ɦɦ; 
 - Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 250 ɤȼɬ; 
 - ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 965 ɨɛ/ɦɢɧ. 
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 4 Ɉɛɳɚɹ ɱɚɫɬɶ 
 

 4.1 Ɋɚɫɱɟɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ  
 
 Ɍɚɤ ɤɚɤ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ ɧɟɬ ɢɫɬɨɱɧɢɤɚ ɫ ɞɨɫɬɚɬɨɱɧɵɦ ɪɚɫɯɨɞɨɦ 
ɜɨɞɵ, ɬɨ ɢɫɩɨɥɶɡɭɟɦ ɨɛɨɪɨɬɧɭɸ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɛɚɲɟɧɧɵɦɢ 
ɝɪɚɞɢɪɧɹɦɢ [4]. Ⱦɥɹ ɩɨɞɩɢɬɤɢ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɦ 
ɜɨɞɭ ɢɡ ɪɟɤɢ Ȼɢɹ. 
 ȼ ɤɚɱɟɫɬɜɟ ɨɯɥɚɞɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɫɢɫɬɟɦɚɯ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɝɪɚɞɢɪɧɢ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɜɫɟɯ ɬɢɩɨɜ ɢ ɥɸɛɨɣ 
ɦɨɳɧɨɫɬɢ. Ɉɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɝɪɚɞɢɪɟɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɢɯ 
ɪɚɡɦɟɳɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɚɹ ɩɥɨɳɚɞɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɬɢɩɚɦɢ ɨɯɥɚɞɢɬɟɥɟɣ; ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɪɚɡɦɟɳɚɬɶ ɢɯ ɜ ɩɪɟɞɟɥɚɯ ɨɝɪɚɞɵ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

Ƚɪɚɞɢɪɧɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɛɚɲɟɧ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɢɥɢ ɤɪɢɜɨɥɢɧɟɣɧɵɯ 
ɨɱɟɪɬɚɧɢɣ ɜɵɫɨɬɨɣ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɦɟɬɪɨɜ. 

ɇɚ ɭɪɨɜɧɟ ɡɟɦɥɢ ɜ ɫɬɟɧɤɚɯ ɛɚɲɟɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɨɤɧɚ ɞɥɹ ɩɨɫɬɭɩɥɟɧɢɹ 
ɜɨɡɞɭɯɚ. ȼɵɲɟ ɨɤɨɧ ɧɚ ɨɩɨɪɧɨɦ ɩɨɹɫɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɪɨɫɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. 
ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɛɚɲɧɢ ɫɥɭɠɢɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɨɤɚ ɜɨɡɞɭɯɚ. 

Ɉɪɨɫɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɟɟɤ ɬɪɟɭɝɨɥɶɧɨɝɨ ɢ 
ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɫɥɭɠɚɳɢɯ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɤɚɩɥɢ ɢ 
ɫɬɪɭɣɤɢ. ɉɨ ɩɟɪɢɮɟɪɢɢ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɵɪɱɚɬɵɟ 
ɳɢɬɵ. Ɉɯɥɚɠɞɚɟɦɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɛɚɲɧɸ ɧɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ 
ɜɢɞɟ ɪɚɞɢɚɥɶɧɵɯ ɠɟɥɨɛɨɜ, ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɧɚ 5-10 ɦ ɜɵɲɟ ɨɪɨɫɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. Ɋɚɫɬɟɤɚɹɫɶ ɩɨ ɠɟɥɨɛɚɦ, ɜɨɞɚ ɜɵɬɟɤɚɟɬ ɱɟɪɟɡ ɢɦɟɸɳɢɟɫɹ ɜ ɧɢɯ 
ɨɬɜɟɪɫɬɢɹ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɹɫɶ ɩɨ ɫɟɱɟɧɢɸ ɛɚɲɧɢ. ɉɚɞɚɹ ɧɚ ɨɪɨɫɢɬɟɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɜɨɞɚ ɜ ɜɢɞɟ ɤɚɩɟɥɶ ɢ ɩɥɟɧɨɤ ɫɬɟɤɚɟɬ ɜɧɢɡ ɢ ɫɨɛɢɪɚɟɬɫɹ ɜ ɩɪɢɟɦɧɨɦ 
ɛɚɫɫɟɣɧɟ. Ɉɬɫɸɞɚ ɜɨɞɚ ɩɨ ɫɚɦɨɬɟɱɧɵɦ ɤɚɧɚɥɚɦ ɩɨɞɚɟɬɫɹ ɤ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ 
ɧɚɫɨɫɚɦ. 
 Ɉɯɥɚɠɞɟɧɢɟ ɜɨɞɵ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ ɜɫɬɪɟɱɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜɨɡɞɭɯɚ. 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢɦɟɸɬ ɛɚɲɟɧɧɵɟ ɝɪɚɞɢɪɧɢ. ȼ 
ɛɚɲɟɧɧɵɯ ɝɪɚɞɢɪɧɹɯ ɬɨɤ ɜɨɡɞɭɯɚ ɫɨɡɞɚɟɬɫɹ ɜɵɫɨɤɨɣ ɛɚɲɧɟɣ ɡɚ ɫɱɟɬ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨɣ ɬɹɝɢ. 
 ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫ ɛɚɲɟɧɧɨɣ ɝɪɚɞɢɪɧɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 4.1. 
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1 – ɜɵɬɹɠɧɚɹ ɛɚɲɧɹ; 2 – ɨɪɨɫɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ; 3 – ɐɇ; 4 – ɤɨɧɞɟɧɫɚɬɨɪ; 5 – ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɶ; 6 

– ɨɯɥɚɞɢɬɟɥɶ ɝɚɡɚ ɢ ɜɨɡɞɭɯɚ; 7 – ɩɨɞɲɢɩɧɢɤɢ; 8 – ɏȼɈ; 9 – ɩɨɞɩɢɬɤɚ.  
 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫ ɛɚɲɟɧɧɨɣ ɝɪɚɞɢɪɧɟɣ 
 
 ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 
4.1. 
 
Ɍɚɛɥɢɰɚ 4.1 – ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ 

ɉɨɬɪɟɛɢɬɟɥɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Ɋɚɫɯɨɞ, % 

Ʉɨɧɞɟɧɫɚɰɢɹ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ  100 
Ɉɯɥɚɠɞɟɧɢɟ ɜɨɞɨɪɨɞɚ, ɜɨɡɞɭɯɚ, ɤɨɧɞɟɧɫɚɬɚ ɫɬɚɬɨɪɚ 
ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɤɪɭɩɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

2,5 – 4 

Ɉɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 1 - 3 
Ɉɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 0,3 – 0,8 
ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɢ ɭɬɟɱɟɤ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 0,04 – 0,1 
 
 ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɨɪɨɞɚ, ɜɨɡɞɭɯɚ, ɤɨɧɞɟɧɫɚɬɚ ɫɬɚɬɨɪɚ 
ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɤɪɭɩɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜɨɞD , ɦ3/ɱ 
 
 0,03ɜɨɞ ɨɜD D  ,  (4.1) 
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ɝɞɟ  ɨɜD  – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɤɨɧɞɟɧɫɚɰɢɸ ɩɚɪɚ, ɦ3/ɱ; 
 
 0,03 42560,6 1276,8ɜɨɞD    . 
 
 ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

ɦɚɫD , ɦ3/ɱ 
 
 0,02ɦɚɫ ɨɜD D  ,  (4.2) 
 
 0,02 42560,6 851,2ɦɚɫD    .  
 
 ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɞD , ɦ3/ɱ 
 
 0,005ɩɨɞ ɨɜD D  ,  (4.3) 
 
 0,005 42560,6 212,8ɩɨɞD    .  
 
 ȼɨɞɚ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɢ ɭɬɟɱɟɤ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 
ɩɨɬD , ɦ3/ɱ 

 
 0,001ɩɨɬ ɨɜD D  ,  (4.4) 
 
 0,001 42560,6 42,6ɩɨɬD    . 
 
 Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɝɪɚɞɢɪɧɢ ɝɪD , ɦ3/ɱ 

 
 ɝɪ ɨɜ ɜɨɞ ɦɚɫ ɩɨɞ ɩɨɬD D D D D D     ,  (4.5) 

 
 42560,6 1276,8 851,2 212,8 42,6 44944ɝɪD       . 

 
 Ƚɪɚɞɢɪɧɢ ɫ ɬɚɤɢɦ ɛɨɥɶɲɢɦ ɪɚɫɯɨɞɨɦ ɜɨɞɵ ɧɟɬ, ɩɨɷɬɨɦɭ ɭɫɬɚɧɚɜɥɢɜɚɟɦ 2 
ɝɪɚɞɢɪɧɢ. Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɞɧɭ ɝɪɚɞɢɪɧɸ ɝɪG , ɦ3/ɱ 

 
 ɝɪG  = ɝɪD  / 2,                                             (4.6) 

 
 ɝɪG  = 44944 / 2 = 22472. 

 
Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɞɢɪɟɧ ɫɥɟɞɭɸɳɢɟ [14]: 

        - ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɝɪG , ɬ/ɱ, ɨɯɥɚɠɞɚɟɦɨɣ ɜɨɞɵ. ɂɧɨɝɞɚ ɷɬɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɧɚɡɵɜɚɸɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɝɪɚɞɢɪɧɢ; 
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 - ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ Q = ɝɪG ∙c∙(t2 - t1), ɤȼɬ, ɝɞɟ t2 ɢ t1 - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, ɨɋ; ɫ - ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, 
ɤȾɠ/ (ɤɝ ∙ °ɋ); 
 - ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɝɪG / ɨɪF , ɦ3/(ɦ3 ∙ ɱ), ɝɞɟ F - ɩɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɹ, 
ɹɜɥɹɸɳɚɹɫɹ ɨɫɧɨɜɧɨɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɝɪɚɞɢɪɧɢ. 
 Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɤɚɩɟɥɶɧɨ-ɩɥɟɧɨɱɧɵɯ ɝɪɚɞɢɪɟɧ ɬɟɩɥɨɜɚɹ 
ɧɚɝɪɭɡɤɚ Q, ɤȼɬ  
 
 Q = ɝɪG ∙c∙(t2 - t1),   (4.7) 

 
ɝɞɟ t2 - t1 – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 6 ÷ 12; 
 
 Q = 22472 ∙ 4,186 ∙ 9 = 846610,8. 
 
 ɉɨɜɟɪɯɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɨɪF , ɦ2, ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
 ɭɞэɨɪ fWF  ,                                             (4.8) 

 
ɝɞɟ Wɷ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, ɨɬɧɟɫɟɧɧɚɹ ɧɚ ɨɞɧɭ ɝɪɚɞɢɪɧɸ, ɤȼɬ; 
 ɭɞf  – ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɦ2/ɤȼɬ; 

 

 
330000

0,02 3300
2ɨɪF    . 

 
 ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɞɜɟ ɛɚɲɟɧɧɵɟ ɝɪɚɞɢɪɧɢ ɧɚ ɨɞɢɧ ɛɥɨɤ ȻȽ-3200-73 [3] ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 - ɉɥɨɳɚɞɶ ɨɪɨɲɟɧɢɹ, ɦ2 – 3200; 
 - Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ, ɬɵɫ.ɦ3/ɱ – 20,0 26,0; 
 - ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɦ3/(ɦ2  ɱ) - 6 8; 
 - ȼɵɫɨɬɚ ɩɨɞɴёɦɚ ɜɨɞɵ, ɦ – 10; 
 - Ʉɚɪɚɤɚɫ – ɫɬɚɥɶ; 
 - ȼɵɫɨɬɚ ɛɚɲɧɢ, ɦ – 81; 
 - Ⱦɢɚɦɟɬɪ ɜɧɭɬɪɟɧɧɢɣ ɜɟɪɯɧɟɣ ɱɚɫɬɢ, ɦ – 40,2; 
 - Ⱦɢɚɦɟɬɪ ɜɧɭɬɪɟɧɧɢɣ ɧɢɠɧɟɣ ɱɚɫɬɢ, ɦ – 81,0. 
   
 Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɝɪɚɞɢɪɧɢ ɧɚɣɞёɦ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ q , ɦ3/(ɦ3 ∙ ɱ) 
 

 ɝɪ

ɨɪ

G
q

F
                                              (4.9) 

 

 22472
6,8

3300
q   . 



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 ɇɚɣɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ɛɥɢɡɤɚ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɜɵɛɪɚɧɧɨɣ 
ɝɪɚɞɢɪɧɢ. 
 ȼɨɞɚ ɜ ɝɪɚɞɢɪɧɹɯ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɚɪɟɧɢɹ. 
Ʉɨɥɢɱɟɫɬɜɨ ɢɫɩɚɪɹɟɦɨɣ ɜɥɚɝɢ ɫ ɭɱɟɬɨɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɫɬɚɜɥɹɟɬ 
1,5-2%. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɚɪɟɧɢɹ ɫɨɥɟɫɨɞɟɪɠɚɧɢɟ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ 
ɜɨɡɪɚɫɬɚɟɬ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɪɨɞɭɜɤɭ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢɥɢ ɩɪɢɦɟɧɹɸɬ ɯɢɦɢɱɟɫɤɭɸ 
ɨɛɪɚɛɨɬɤɭ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɫɬɚɧɢɹ ɨɪɨɫɢɬɟɥɟɣ 
ɜɨɞɨɪɨɫɥɹɦɢ ɰɢɪɤɭɥɹɰɢɨɧɧɭɸ ɜɨɞɭ ɯɥɨɪɢɪɭɸɬ. 
 Ƚɪɚɞɢɪɧɹ ȻȽ-3200-73 ɢɡɨɛɪɚɠɟɧɚ ɧɚ 4 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

 
 

 4.2 Ɉɩɢɫɚɧɢɟ ɯɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 
 
ɏɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɢ ɨɛɟɫɤɪɟɦɧɢɜɚɧɢɹ 

ɜɨɞɵ ɢɡ ɪɟɤɢ Ȼɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜ 
ɩɚɪɨɜɨɞɹɧɨɦ ɰɢɤɥɟ Ɍɗɋ. 

Ɍɚɤ ɤɚɤ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɹɦɨɬɨɱɧɵɟ ɤɨɬɥɵ, ɬɨ ɩɪɢɦɟɧɹɟɦ ɬɪɟɯɫɬɭɩɟɧɱɚɬɭɸ 
ɫɯɟɦɭ ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. 

ɉɪɨɟɤɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɪɚɫɲɢɪɟɧɢɹ Ɍɗɋ – 150 ɬ/ɱɚɫ.  

ɏɢɦɜɨɞɨɨɱɢɫɬɤɚ ɪɚɛɨɬɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ. ɂɫɯɨɞɧɚɹ ɜɨɞɚ ɩɨɫɥɟ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ ɩɨɫɬɭɩɚɟɬ ɜ ɫɛɪɨɫɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɜɨɞɨɜɨɞɵ, ɨɬɤɭɞɚ 
ɩɨ ɬɪɭɛɚɦ ɞɢɚɦɟɬɪɨɦ 600 ɦɦ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɥɨɞɟɰ  ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ. ɇɚɫɨɫɚɦɢ 
ɫɵɪɨɣ ɜɨɞɵ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɢ Ɉɍ, ɝɞɟ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɞɨ 30°ɋ ɢ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɨɫɜɟɬɥɢɬɟɥɢ, ɤɭɞɚ ɞɨɡɢɪɭɟɬɫɹ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ ɢ 
ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ. ɉɨɫɥɟ ɨɫɜɟɬɥɢɬɟɥɟɣ ɜɨɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɛɚɤɢ ɤɨɚɝɭɥɢɪɨɜɚɧɧɨɣ 
ɜɨɞɵ, ɨɬɤɭɞɚ ɧɚɫɨɫɚɦɢ ɤɨɚɝɭɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɩɨɞɚɟɬɫɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɮɢɥɶɬɪɵ. 

Ɉɫɜɟɬɥɟɧɧɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɧɚ ɇ-ɤɚɬɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ 1 ɫɬɭɩɟɧɢ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɦɟɧ ɜɫɟɯ ɤɚɬɢɨɧɨɜ ɫɨɥɟɣ, ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ, ɧɚ ɤɚɬɢɨɧ 
ɜɨɞɨɪɨɞɚ. ɇ-ɤɚɬɢɨɧɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɚɧɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ 1 ɫɬɭɩɟɧɢ, 
ɝɞɟ ɢɡ ɜɨɞɵ ɭɞɚɥɹɸɬɫɹ ɜɫɟ ɚɧɢɨɧɵ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ.  

Ⱦɚɥɟɟ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɇ-ɤɚɬɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ II ɫɬɭɩɟɧɢ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɤɚɬɢɨɧɨɜ ɠɟɫɬɤɨɫɬɢ ɢ ɤɚɬɢɨɧɨɜ ɧɚɬɪɢɹ, ɩɪɨɫɤɨɱɢɜɲɢɯ 
ɱɟɪɟɡ 1 ɫɬɭɩɟɧɶ ɇ-ɤɚɬɢɨɧɢɪɨɜɚɧɢɹ ɢ ɜɵɦɵɜɚɟɦɵɯ ɢɡ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 1 
ɫɬɭɩɟɧɢ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɢ ɧɟɩɨɥɧɨɣ ɨɬɦɵɜɤɟ ɢɯ ɨɬ ɳɟɥɨɱɢ. ɇ-
ɤɚɬɢɨɧɢɪɨɜɚɧɧɚɹ ɜɨɞɚ II ɫɬɭɩɟɧɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɞɟɤɚɪɛɨɧɢɡɚɬɨɪɵ, ɝɞɟ ɢɡ ɧɟɟ 
ɭɞɚɥɹɟɬɫɹ ɭɝɥɟɤɢɫɥɨɬɚ ɩɭɬɟɦ ɩɪɨɞɭɜɤɢ ɢɯ ɜɨɡɞɭɯɨɦ. Ⱦɟɤɚɪɛɨɧɢɡɨɜɚɧɧɚɹ ɜɨɞɚ 
ɫɨɛɢɪɚɟɬɫɹ ɜ ɛɚɤɚɯ, ɨɬɤɭɞɚ ɡɚɛɢɪɚɟɬɫɹ ɧɚɫɨɫɚɦɢ ɞɟɤɚɪɛɨɧɢɡɨɜɚɧɧɨɣ ɜɨɞɵ ɢ 
ɩɨɞɚɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚ II ɫɬɭɩɟɧɶ ɚɧɢɨɧɢɪɨɜɚɧɢɹ, III-ɸ ɫɬɭɩɟɧɶ ɇ-
ɤɚɬɢɨɧɢɪɨɜɚɧɢɹ ɢ III-ɸ ɫɬɭɩɟɧɶ ɚɧɢɨɧɢɪɨɜɚɧɢɹ. ɇɚ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɚɯ II 
ɫɬɭɩɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɚɧɢɨɧɨɜ ɫɥɚɛɵɯ ɤɢɫɥɨɬ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 
ɤɪɟɦɧɟɤɢɫɥɨɬɵ ɢ ɨɫɬɚɬɤɨɜ ɭɝɥɟɤɢɫɥɨɬɵ. ɇɚ III ɫɬɭɩɟɧɢ ɇ-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 
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ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɤɚɬɢɨɧɨɜ ɧɚɬɪɢɹ, ɜɵɦɵɜɚɟɦɵɯ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ 
ɮɢɥɶɬɪɨɜ II ɫɬɭɩɟɧɢ ɚɧɢɨɧɢɪɨɜɚɧɢɹ. 
  
 
 4.3 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ (ɝɟɧɩɥɚɧ) ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɧ 
ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɨɫɧɨɜɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɟɟ 
ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. Ƚɟɧɩɥɚɧ - ɜɚɠɧɟɣɲɚɹ ɫɨɫɬɚɜɧɚɹ ɱɚɫɬɶ 
ɫɢɬɭɚɰɢɨɧɧɨɝɨ ɩɥɚɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɸɳɟɝɨ ɤɪɨɦɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɥɨɳɚɞɤɢ ɢɫɬɨɱɧɢɤ ɢ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɡɨɥɨɲɥɚɤɨɨɬɜɚɥɵ, ɩɪɢɦɵɤɚɸɳɢɟ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ ɢ ɚɜɬɨɞɨɪɨɝɢ, ɜɵɜɨɞɵ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɢ ɬɟɩɥɨɩɪɨɜɨɞɨɜ, ɬɨɩɥɢɜɧɵɣ ɫɤɥɚɞ, ɲɥɚɤɨɡɨɥɨɩɪɨɜɨɞɵ. 
Ƚɟɧɩɥɚɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɩɨɞɫɨɛɧɵɟ 
ɡɞɚɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜɚ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɫ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ, 
ɞɵɦɨɫɨɫɚɦɢ; ɞɵɦɨɜɵɦɢ ɬɪɭɛɚɦɢ; ɩɨɜɵɲɚɸɳɢɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ; 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ; ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
ɡɚɤɪɵɬɵɟ ɢ ɨɬɤɪɵɬɵɟ; ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ 
ɡɨɥɨɭɞɚɥɟɧɢɹ; ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ; ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ; 
ɥɚɛɨɪɚɬɨɪɢɢ ɢ ɦɚɫɬɟɪɫɤɢɟ; ɫɤɥɚɞɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ; ɫɥɭɠɟɛɧɵɟ 
ɩɨɦɟɳɟɧɢɹ ɢ ɞɪ. 
 ȼ ɝɟɧɩɥɚɧɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɹɞɨɦ ɫ ɨɫɧɨɜɧɨɣ ɬɟɪɪɢɬɨɪɢɟɣ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɫɬɨ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɨɝɨ ɩɨɥɢɝɨɧɚ, ɧɚ ɤɨɬɨɪɨɦ 
ɜɵɩɨɥɧɹɸɬ ɫɛɨɪɤɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɫɬɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ. 
Ɂɚɪɟɡɟɪɜɢɪɨɜɚɧɨ ɫɜɨɛɨɞɧɨɟ ɦɟɫɬɨ ɞɥɹ ɞɨɫɬɪɨɣɤɢ (ɪɚɫɲɢɪɟɧɢɹ) ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɜ 
ɫɥɭɱɚɟ ɭɜɟɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɜɟɪɯ ɩɪɨɟɤɬɧɨɣ ɜɜɢɞɭ ɩɨɫɬɨɹɧɧɨɝɨ 
ɪɨɫɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɨɤ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
Ɇɟɠɞɭ ɡɞɚɧɢɹɦɢ, ɫɨɨɪɭɠɟɧɢɹɦɢ ɢ ɭɫɬɚɧɨɜɤɚɦɢ ɜ ɝɟɧɩɥɚɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɠɚɪɧɵɟ ɪɚɡɪɵɜɵ ɢ ɩɪɨɟɡɞɵ. 
 Ʉ ɩɨɦɟɳɟɧɢɹɦ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɤɨɬɟɥɶɧɨɣ, ɤ ɨɬɤɪɵɬɨɦɭ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɢ ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ, ɤ ɩɪɢɟɦɧɨ-
ɪɚɡɝɪɭɡɨɱɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɢ ɫɤɥɚɞɭ ɬɨɩɥɢɜɚ, ɤ ɫɥɢɜɧɨɦɭ 
ɭɫɬɪɨɣɫɬɜɭ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɤ ɫɤɥɚɞɚɦ ɦɚɫɥɚ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧ ɩɨɞɜɨɞ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. 
 Ɉɬɞɟɥɶɧɵɟ ɡɞɚɧɢɹ, ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɚɧɨɜɤɢ ɪɚɡɦɟɳɟɧɵ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɫɧɨɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɧɚ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɍɚɤ, ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɩɨɦɟɳɟɧɢɹ 
ɤɨɬɟɥɶɧɨɣ, ɚ ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ - ɫɨ ɫɬɨɪɨɧɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ; 
ɩɨɜɵɲɚɸɳɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɭɫɬɚɧɨɜɥɟɧɵ ɭ ɮɚɫɚɞɧɨɣ ɫɬɟɧɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, 
ɞɵɦɨɜɵɟ ɬɪɭɛɵ ɫɨɨɪɭɠɟɧɵ ɛɥɢɡ ɩɨɦɟɳɟɧɢɹ ɤɨɬɟɥɶɧɨɣ. 
 ȼɚɠɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɧɚ ɝɟɧɩɥɚɧɟ ɹɜɥɹɟɬɫɹ ɝɨɫɩɨɞɫɬɜɭɸɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɫɢɥɚ ɜɟɬɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɟ 
«ɪɨɡɨɣ ɜɟɬɪɨɜ». ɉɨɞ ɪɨɡɨɣ ɜɟɬɪɨɜ ɜ ɦɟɬɟɨɪɨɥɨɝɢɢ ɩɨɧɢɦɚɸɬ ɝɪɚɮɢɱɟɫɤɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɢɥɢ ɡɧɚɱɟɧɢɣ ɫɪɟɞɧɢɯ 
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(ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɵɯ) ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɣ ɩɨ 
ɜɨɫɶɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦ. Ɋɨɡɚ ɜɟɬɪɨɜ ɢɡɨɛɪɚɠɟɧɚ ɜ ɜɢɞɟ ɜɨɫɶɦɢ ɜɟɤɬɨɪ-ɪɚɞɢɭɫɨɜ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɤ ɨɞɧɨɣ ɨɛɳɟɣ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɟ ɩɨ ɫɬɨɪɨɧɚɦ ɫɜɟɬɚ: ɫ ɫɟɜɟɪɚ ɧɚ 
ɸɝ, ɫ ɡɚɩɚɞɚ ɧɚ ɜɨɫɬɨɤ, ɫ ɸɝɚ ɧɚ ɫɟɜɟɪ, ɫ ɜɨɫɬɨɤɚ ɧɚ ɡɚɩɚɞ, ɫ ɫɟɜɟɪɨ-ɜɨɫɬɨɤɚ ɧɚ ɸɝɨ-
ɡɚɩɚɞ ɢ ɬ. ɞ.  
 ɋɨɜɨɤɭɩɧɨɫɬɶ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ Ɍɗɋ ɧɚ ɟё ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɢ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɤɨɦɩɥɟɤɫ, ɤ ɤɨɬɨɪɨɦɭ 
ɩɪɟɞɴɹɜɥɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɧɨ ɢ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ, ɚ ɬɚɤɠɟ ɷɫɬɟɬɢɱɟɫɤɢɟ. 
 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 3 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

 
 

 4.4 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
    
 Ʉɨɦɩɨɧɨɜɤɨɣ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɧɚɡɵɜɚɸɬ ɜɡɚɢɦɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ - ɰɟɧɬɪɚɥɶɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɤɨɪɩɭɫ. ȼ ɧɟɦ 
ɧɚɯɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɚɝɪɟɝɚɬɵ - ɬɭɪɛɢɧɵ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ ɢ ɩɚɪɨɜɵɟ 
ɤɨɬɥɵ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɟɞɢɧɹɸɳɢɟ ɢɯ 
ɬɪɭɛɨɩɪɨɜɨɞɵ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
(Ɋɍɋɇ), ɳɢɬɵ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɤɚɛɟɥɢ ɢ ɬ. ɞ. 
 Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ ɫɨɫɬɨɢɬ ɢɡ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ 
ɬɭɪɛɨɚɝɪɟɝɚɬɵ ɢ ɢɯ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɟɥɶɧɨɣ, ɝɞɟ ɪɚɡɦɟɳɟɧɵ ɩɚɪɨɜɵɟ ɤɨɬɥɵ, ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ. ɇɚ ɜɟɪɯɧɟɦ ɷɬɚɠɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɨɬɞɟɥɟɧɢɹ ɪɚɡɦɟɳɟɧɵ ɞɟɚɷɪɚɬɨɪɵ ɫ ɢɯ ɛɚɤɚɦɢ.  
 ȼ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫ ɷɧɟɪɝɨɛɥɨɤɚɦɢ 330 Ɇȼɬ ɞɟɚɷɪɚɬɨɪɧɨɟ 
ɢ ɛɭɧɤɟɪɧɨɟ ɨɬɞɟɥɟɧɢɹ ɫɨɜɦɟɳɟɧɵ, ɬɨɱɧɟɟ, ɞɟɚɷɪɚɬɨɪɵ ɫ ɢɯ ɛɚɤɚɦɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 
ɛɭɧɤɟɪɧɨɦ ɩɨɦɟɳɟɧɢɢ, ɦɟɠɞɭ ɛɭɧɤɟɪɚɦɢ ɫɨɫɟɞɧɢɯ ɷɧɟɪɝɨɛɥɨɤɨɜ, ɩɨɞ ɜɟɪɯɧɢɦ 
ɷɬɚɠɨɦ ɫ ɥɟɧɬɨɱɧɵɦɢ ɤɨɧɜɟɣɟɪɚɦɢ, ɩɨɞɚɸɳɢɦɢ ɬɨɩɥɢɜɨ ɜ ɛɭɧɤɟɪɚ ɤɨɬɟɥɶɧɨɣ. 
Ɍɚɤɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɦɟɳɟɧɢɟ ɧɚɡɵɜɚɸɬ ɛɭɧɤɟɪɧɨ-ɞɟɚɷɪɚɬɨɪɧɶɦ. 
 Ȼɨɥɟɟ ɩɨɥɨɜɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɸ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 
 Ɋɚɰɢɨɧɚɥɶɧɵɣ ɜɵɛɨɪ ɬɢɩɚ ɤɨɦɩɨɧɨɜɤɢ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɦɨɧɬɚɠɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ 
ɬɟɯɧɢɱɟɫɤɢɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
 - ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɛɟɡɨɩɚɫɧɨɟ ɢ ɧɚɞɟɠɧɨɟ ɨɫɭɳɟɫɬɜɥɟɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɵ ɬɪɭɞɚ. ɍɫɬɪɨɣɫɬɜɚ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɢɯ ɜɡɚɢɦɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɚɞɟɠɧɨɟ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ.  
 Ɍɚɤ, ɫɬɟɧɤɢ ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ɢ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɢɦɟɸɬ ɧɟɨɛɯɨɞɢɦɵɣ 
ɭɤɥɨɧ (60-65° ɞɥɹ ɫɵɪɨɝɨ ɭɝɥɹ, ɞɨ 75° ɞɥɹ ɭɝɨɥɶɧɨɣ ɩɵɥɢ). Ⱦɟɚɷɪɚɬɨɪɵ ɫ ɢɯ ɛɚɤɚɦɢ 
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ɪɚɡɦɟɳɟɧɵ ɧɚ ɧɟɨɛɯɨɞɢɦɨɣ ɜɵɫɨɬɟ (ɩɪɢɦɟɪɧɨ 25 ɦ) ɧɚɞ ɩɢɬɚɬɟɥɶɧɵɦɢ ɧɚɫɨɫɚɦɢ 
ɜɨ ɢɡɛɟɠɚɧɢɟ ɜɫɤɢɩɚɧɢɹ ɜɨɞɵ ɢ ɹɜɥɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɧɚ ɜɯɨɞɟ ɜɨɞɵ ɜ ɧɢɯ ɢ ɬ.ɞ. 
 - Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɢɧɞɭɫɬɪɢɚɥɶɧɵɟ 
ɦɟɬɨɞɵ ɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɦɨɧɬɚɠɚ, ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 
ɭɫɬɚɧɨɜɤɭ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ (ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɨɫɬɨɜɵɯ ɤɪɚɧɨɜ ɢ ɞɪ.) 
ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 - Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɞɨɛɧɵɟ ɭɫɥɨɜɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɵɯ ɩɪɨɯɨɞɨɜ ɦɟɠɞɭ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, 
ɦɨɧɬɚɠɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ ɩɥɨɳɚɞɨɤ, ɫɜɨɛɨɞɧɨɝɨ ɦɟɫɬɚ ɞɥɹ ɜɵɟɦɤɢ ɷɥɟɦɟɧɬɨɜ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ - ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ - ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɛɥɨɱɧɵɯ 
ɳɢɬɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȺɋɍɌɉ ɢ ɬ.ɞ. 
 - ɋɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɜɤɥɸɱɚɸɬ ɫɨɡɞɚɧɢɟ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɩɟɪɫɨɧɚɥɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ, 
ɡɚɳɢɬɭ ɩɪɢɪɨɞɵ ɜ ɪɚɣɨɧɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼ ɩɨɦɟɳɟɧɢɹɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɫɜɟɳɟɧɢɟ (ɢɥɢ ɥɚɦɩɵ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ), ɩɪɢɬɨɤ 
ɫɜɟɠɟɝɨ ɜɨɡɞɭɯɚ (ɚɷɪɚɰɢɹ), ɜɟɧɬɢɥɹɰɢɹ. ɋɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ - ɬɜɟɪɞɵɯ 
ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ (ɨɤɫɢɞɨɜ ɫɟɪɵ ɢ ɚɡɨɬɚ) - ɜ ɭɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɷɥɟɤ-
ɬɪɨɫɬɚɧɰɢɣ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ. ɋɬɨɱɧɵɟ ɜɨɞɵ, 
ɨɬɜɨɞɢɦɵɟ ɜ ɜɨɞɧɵɟ ɛɚɫɫɟɣɧɵ, ɞɨɥɠɧɵ ɨɱɢɳɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɚɧɢɬɚɪɧɵɦɢ 
ɧɨɪɦɚɦɢ. 
 - ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɫɬɢɝɚɟɬɫɹ 
ɤɨɦɩɚɤɬɧɵɦ ɪɚɡɦɟɳɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɤɪɚɳɟɧɢɟɦ ɞɥɢɧɵ ɤɨɦɦɭɧɢɤɚɰɢɣ (ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɩɚɪɚ ɢ ɜɨɞɵ, ɝɚɡɨɯɨɞɨɜ ɢ ɜɨɡɞɭɯɨɜɨɞɨɜ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɥɨɜɵɯ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɤɚɛɟɥɟɣ ɢ ɬ. ɞ.). ɋɨɤɪɚɳɟɧɢɟ ɞɥɢɧɵ ɤɨɦɦɭɧɢɤɚɰɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɢɯ 
ɫɬɨɢɦɨɫɬɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ ɧɢɯ. Ɉɞɧɚɤɨ ɭɞɟɲɟɜɥɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɟ 
ɞɨɥɠɧɨ ɢɞɬɢ ɜ ɭɳɟɪɛ ɧɨɪɦɚɥɶɧɨɦɭ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɸ, ɭɞɨɛɫɬɜɭ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɢ ɭɫɥɨɜɢɹɦ ɬɪɭɞɚ ɩɟɪɫɨɧɚɥɚ. 
 Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɰɟɧɬɪ ɨɛɳɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɪɚɡɦɟɳɟɧɧɨɟ ɜ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ, ɫɨɟɞɢɧɟɧɨ ɪɹɞɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɣ ɫ ɩɪɨɱɢɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɬɨɩɥɢɜɧɨɟ ɢ ɡɨɥɶɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɬɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, 
ɨɱɢɫɬɤɚ ɢ ɭɞɚɥɟɧɢɟ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɞɪ.). ɂɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɨɬɜɨɞɢɬɫɹ 
ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɜ ɧɟɦ ɷɥɟɤɬɪɢɱɟɫɤɚɹ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ. 
 Ɇɚɲɢɧɧɵɣ ɡɚɥ ɪɚɡɞɟɥɹɸɬ ɩɨ ɜɵɫɨɬɟ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɜɟɪɯɧɸɸ, ɜ ɤɨɬɨɪɨɣ 
ɧɚɯɨɞɢɬɫɹ ɬɭɪɛɨɚɝɪɟɝɚɬ, ɢ ɧɢɠɧɸɸ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɚɸɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ - ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ (ɦɟɠɞɭ ɤɨɥɨɧɧɚɦɢ ɮɭɧɞɚɦɟɧɬɚ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚ), ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɤɨɧɞɟɧɫɚɬɧɵɟ ɢ ɩɢɬɚɬɟɥɶɧɵɟ 
ɧɚɫɨɫɵ, ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɞɪ. 
 ɇɢɠɧɸɸ ɱɚɫɬɶ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɧɚɡɵɜɚɸɬ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦ ɩɨɦɟɳɟɧɢɟɦ. 
ȼɜɟɪɯɭ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɦɨɫɬɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɪɚɧ ɫ ɨɫɧɨɜɧɵɦ 
ɤɪɸɤɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɞɨ 125 ɬ ɢ ɦɚɥɵɦ ɤɪɸɤɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɞɨ 20 ɬ. 
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Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɤɪɸɤɚ ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ ɜɵɛɢɪɚɸɬ ɩɨ ɦɚɫɫɟ ɧɚɢɛɨɥɟɟ 
ɬɹɠɟɥɨɣ ɱɚɫɬɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ (ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɢɥɢ ɞɪ.). 
 ȼ ɩɟɪɟɤɪɵɬɢɢ ɧɚɞ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦ ɩɨɦɟɳɟɧɢɟɦ ɭɫɬɪɚɢɜɚɸɬ ɩɪɨɟɦɵ 
(ɥɸɤɢ) ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɪɚɧɨɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ȼɨɤɪɭɝ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɜɞɨɥɶ ɫɬɟɧ ɭɫɬɪɚɢɜɚɸɬ ɝɚɥɟɪɟɢ ɢ ɩɟɪɟɯɨɞɵ. Ɍɚɤɨɟ 
ɪɚɡɦɟɳɟɧɢɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɧɚɡɵɜɚɸɬ ɨɫɬɪɨɜɧɵɦ. 
 ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɛɥɨɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɪɢ ɤɨɬɨɪɨɣ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ 
ɫɨɫɬɚɜɥɹɟɬɫɹ ɢɡ ɨɞɢɧɚɤɨɜɵɯ ɫɟɤɰɢɣ, ɜɤɥɸɱɚɸɳɢɯ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ, ɞɥɹ 
ɝɚɪɦɨɧɢɱɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɤɨɬɟɥɶɧɨɣ ɢ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɩɪɢɧɹɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɨɩɟɪɟɱɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ. Ɍɭɪɛɨɚɝɪɟɝɚɬɵ ɪɚɡɦɟɳɚɸɬ ɬɭɪɛɢɧɚɦɢ ɫɨ 
ɫɬɨɪɨɧɵ ɤɨɬɟɥɶɧɨɣ, ɚ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɝɟɧɟɪɚɬɨɪɚɦɢ ɫɨ ɫɬɨɪɨɧɵ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ 
ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ. ɉɪɢ ɷɬɨɦ ɭɥɭɱɲɚɟɬɫɹ ɩɨɞɜɨɞ ɩɚɪɨɩɪɨɜɨɞɨɜ ɤ ɬɭɪɛɢɧɚɦ ɢ ɨɬɜɨɞ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢɡ ɝɟɧɟɪɚɬɨɪɨɜ, ɫɨɤɪɚɳɚɸɬɫɹ ɞɥɢɧɵ ɩɚɪɨɩɪɨɜɨɞɨɜ ɢ ɜɵɜɨɞɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. ɉɪɨɥɟɬɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ ɩɪɢ ɬɚɤɨɣ 
ɤɨɦɩɨɧɨɜɤɟ ɜɨɡɪɚɫɬɚɸɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 30 %, ɨɞɧɚɤɨ ɨɛɳɚɹ ɞɥɢɧɚ ɦɚɲɢɧɧɨɝɨ 
ɡɚɥɚ ɫɨɤɪɚɳɚɟɬɫɹ. 
 ɍ ɬɨɪɰɟɜɵɯ ɫɬɟɧ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɦɨɧɬɚɠɧɵɟ ɩɥɨɳɚɞɤɢ ɧɚ ɭɪɨɜɧɟ 
ɩɨɥɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɷɬɚɠɚ. ɇɚ ɷɬɨɦ ɠɟ ɭɪɨɜɧɟ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, 
ɛɥɢɡ ɧɚɪɭɠɧɨɣ (ɮɚɫɚɞɧɨɣ) ɫɬɟɧɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ, ɩɪɨɤɥɚɞɵɜɚɸɬ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɩɭɬɶ ɲɢɪɨɤɨɣ ɤɨɥɟɢ. 
 Ʉɨɦɩɨɧɨɜɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ 
ɫɜɨɛɨɞɧɵɟ ɦɟɫɬɚ ɞɥɹ ɜɵɟɦɤɢ ɪɨɬɨɪɚ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɬɪɭɛɨɤ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ. 
 ȼ ɤɨɦɩɨɧɨɜɤɚɯ ɧɨɜɵɯ Ɍɗɋ ɩɨɞɜɚɥɶɧɨɟ ɩɨɦɟɳɟɧɢɟ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɧɟ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜɜɢɞɭ ɱɚɫɬɨɝɨ ɟɝɨ ɡɚɬɨɩɥɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɟɬɟɜɨɣ 
ɜɨɞɵ ɢɥɢ ɝɪɭɧɬɨɜɵɦɢ ɜɨɞɚɦɢ.  
 Ʉɚɪɤɚɫ ɡɞɚɧɢɹ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɢ ɜɫɟɝɨ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɜ ɰɟɥɨɦ ɨɛɪɚɡɭɟɬɫɹ 
ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ (ɫɬɚɥɶɧɵɦɢ) ɢɥɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɤɨɥɨɧɧɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ 
ɦɟɠɞɭ ɫɨɛɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɛɚɥɤɚɦɢ (ɪɢɝɟɥɹɦɢ). 
 ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɤɨɥɨɧɧ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɫɬɢɝɚɟɬ 12 ɦ. ɗɬɚ 
ɜɟɥɢɱɢɧɚ ɤɪɚɬɧɚ ɦɨɞɭɥɸ (ɞɥɢɧɚ ɷɥɟɦɟɧɬɚ 3 ɦ) ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ, ɤɚɤ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɪɚɡɥɢɱɧɵɯ ɞɪɭɝɢɯ ɱɚɫɬɟɣ ɡɞɚɧɢɹ.  
 Ɍɢɩ ɤɨɦɩɨɧɨɜɤɢ ɤɨɬɟɥɶɧɨɣ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɬɨɩɥɢɜɚ, ɫɩɨɫɨɛɚ ɟɝɨ 
ɩɨɞɝɨɬɨɜɤɢ, ɬɢɩɚ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ.  
 ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 2 ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ. 
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 5 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

5.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
 

ɂɡ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɚ ɧɵɧɟɲɧɢɣ ɞɟɧɶ ɜɢɞɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɬɟɩɥɨɜɵɟ 
ɫɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɛɨɥɟɟ ɜɫɟɝɨ ɡɚɝɪɹɡɧɹɸɬ 
ɚɬɦɨɫɮɟɪɭ. Ɉɛɴёɦɵ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɜɢɞ ɡɚɝɪɹɡɧɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ 
ɬɢɩɚ ɢ ɦɨɳɧɨɫɬɢ ɫɬɚɧɰɢɣ [14]. 
 Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɣ ɹɜɥɹɟɬɫɹ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ 
ɭɝɥɟɤɢɫɥɨɬɨɣ, ɜɵɞɟɥɹɸɳɟɣɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ, ɨɤɢɫɶɸ ɭɝɥɟɪɨɞɚ, ɨɤɢɫɥɚɦɢ 
ɫɟɪɵ, ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ, ɨɤɢɫɥɚɦɢ ɚɡɨɬɚ, ɨɝɪɨɦɧɵɦɢ ɤɨɥɢɱɟɫɬɜɚɦɢ ɬɜёɪɞɵɯ ɱɚɫɬɢɰ 
(ɡɨɥɚ) ɢ ɞɪɭɝɢɦɢ ɜɪɟɞɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɬɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɨёɦɨɜ ɩɪɢ ɫɛɪɚɫɵɜɚɧɢɢ ɜ ɧɢɯ ɬёɩɥɨɣ ɜɨɞɵ. 
 ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɭɝɥɟɤɢɫɥɨɬɵ ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ ɜɟɞёɬ ɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɩɚɪɧɢɤɨɜɨɝɨ ɷɮɮɟɤɬɚ». ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ 
ɩɨɝɥɨɳɚɟɬ ɞɥɢɧɧɨɜɨɥɧɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɧɚɝɪɟɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɧɚɝɪɟɜɚɟɬɫɹ ɢ 
ɬɟɦ ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɯɪɚɧɟɧɢɸ ɧɚ ɧɟɣ ɬɟɩɥɚ. ɍɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɭɝɥɟɤɢɫɥɨɝɨ 
ɝɚɡɚ ɜ ɚɬɦɨɫɮɟɪɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɵɲɟɧɢɸ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɚɞɭɫɨɜ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɡɤɢɯ ɫɥɨёɜ ɚɬɦɨɫɮɟɪɵ, ɚ ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɬɚɹɧɢɸ ɥɟɞɧɢɤɨɜ Ƚɪɟɧɥɚɧɞɢɢ ɢ Ⱥɧɬɚɪɤɬɢɞɵ ɢ ɡɚɬɨɩɥɟɧɢɸ ɱɚɫɬɢ ɫɭɲɢ. 
 ɇɚɪɹɞɭ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ 
ɭɦɟɧɶɲɟɧɢɟ ɞɨɥɢ ɤɢɫɥɨɪɨɞɚ ɜ ɚɬɦɨɫɮɟɪɟ, ɤɨɬɨɪɵɣ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɫɠɢɝɚɧɢɟ 
ɬɨɩɥɢɜɚ ɧɚ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɹɯ. 
 ȼɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɠɢɜɨɬɧɵɣ ɢ ɪɚɫɬɢɬɟɥɶɧɵɣ ɦɢɪ ɨɤɚɡɵɜɚɟɬ 
ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ ɨɤɢɫɶɸ ɫɟɪɵ. ɇɚɢɛɨɥɶɲɟɟ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ ɫɟɪɨɣ 
ɩɪɢɯɨɞɢɬɫɹ ɤɚɤ ɪɚɡ ɧɚ ɞɨɥɸ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. 
 ȼɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɧɚ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨ ɨɧɚ, ɫɨɟɞɢɧɹɹɫɶ ɫ ɝɟɦɨɝɥɨɛɢɧɨɦ ɤɪɨɜɢ, ɨɱɟɧɶ ɛɵɫɬɪɨ ɥɢɲɚɟɬ ɨɪɝɚɧɢɡɦ 
ɤɢɫɥɨɪɨɞɚ. 
 ɋɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɭɝɥɟ, ɩɨɬɪɟɛɥɹɸɬ ɟɝɨ ɜ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ 
ɛɨɥɶɲɟ ɜɫɟɝɨ ɜɵɛɪɚɫɵɜɚɸɬ ɡɚɝɪɹɡɧɹɸɳɢɯ ɚɬɦɨɫɮɟɪɭ ɜɟɳɟɫɬɜ. ȼɵɛɪɨɫɵ ɜ 
ɚɬɦɨɫɮɟɪɭ ɡɚɜɢɫɹɬ ɨɬ ɤɚɱɟɫɬɜɚ ɫɠɢɝɚɟɦɨɝɨ ɭɝɥɹ. 
 ɋɛɪɨɫɵ ɝɨɪɹɱɟɣ ɜɨɞɵ ɜ ɜɨɞɨёɦɵ ɢ ɩɨɜɵɲɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɢɯ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɹɬ ɤ ɧɚɪɭɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 
ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɱɬɨ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨ ɜɥɢɹɟɬ ɧɚ ɮɥɨɪɭ ɢ 
ɮɚɭɧɭ. Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɨёɦɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɨ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ 
ɡɚɦɤɧɭɬɵɟ ɰɢɤɥɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɵ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɜɢɞɢɦ, ɱɬɨ ɜɥɢɹɧɢɟ Ɍɗɋ ɧɚ ɛɢɨɫɮɟɪɭ ɨɝɪɨɦɧɨ ɢ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɨ. ɇɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɩɨɤɚ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ 
ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ ɨɫɬɚɸɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ ɞɥɹ ɧɭɠɞ ɱɟɥɨɜɟɤɚ. 
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 5.2 ȼɥɢɹɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 
  
 ɉɟɪɟɱɟɧɶ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ: ɨɤɫɢɞ 
ɠɟɥɟɡɚ, ɦɚɪɝɚɧɟɰ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɞɢɨɤɫɢɞ ɚɡɨɬɚ, ɞɢɨɤɫɢɞ ɫɟɪɵ, ɚɧɝɢɞɪɢɞ 
ɫɟɪɧɢɫɬɵɣ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɮɬɨɪɢɫɬɵɣ ɜɨɞɨɪɨɞ, ɜɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ, ɩɵɥɶ 
ɚɛɪɚɡɢɜɧɚɹ, ɤɨɪɭɧɞ ɛɟɥɵɣ, ɦɨɧɨɤɨɪɭɧɞ, ɡɨɥɚ ɭɝɥɟɣ, ɩɵɥɶ ɤɚɦɟɧɧɨɭɝɨɥɶɧɚɹ. 
ȼɵɛɪɨɫ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɪɚɡɪɟɲёɧ 
Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [14]. 
 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ: 
 - 1 ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ: ɨɬɪɚɛɨɬɚɧɧɵɟ ɪɬɭɬɧɵɟ ɥɚɦɩɵ ɢ ɬɟɪɦɨɦɟɬɪɵ; 
 - 2 ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ: ɧɟɮɬɟɩɪɨɞɭɤɬɵ ɨɬ ɧɟɮɬɟɥɨɜɭɲɤɢ, ɧɟɮɬɟɲɥɚɦ ɩɪɢ 
ɡɚɱɢɫɬɤɟ ɪɟɡɟɪɜɭɚɪɨɜ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɤɨɦɩɪɟɫɫɨɪɧɨɟ ɦɚɫɥɨ, ɨɬɪɚɛɨɬɚɧɧɨɟ 
ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ ɦɚɫɥɨ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ, ɨɬɪɚɛɨɬɚɧɧɨɟ 
ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɟ ɦɚɫɥɨ, ɨɬɯɨɞɵ ɬɟɩɥɨɢɡɨɥɹɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɚɫɛɟɫɬ; 
 - 3 ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ: ɧɟɮɬɟɲɥɚɦ ɨɬ ɮɢɥɶɬɪɨɜ ɨɱɢɫɬɤɢ, ɧɟɮɬɟɲɥɚɦ ɨɬ 
ɩɪɨɦɵɜɤɢ ɞɟɬɚɥɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɩɟɫɨɤ ɡɚɝɪɹɡɧёɧɧɵɣ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ, ɷɦɭɥɶɫɢɹ 
ɨɬ ɦɚɫɥɨɥɨɜɭɲɤɢ; 
  - 4 ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ: ɫɬɪɭɠɤɢ ɢ ɤɭɫɤɨɜɵɟ ɨɬɯɨɞɵ ɞɪɟɜɟɫɢɧɵ, ɥɨɦ ɱёɪɧɵɯ 
ɦɟɬɚɥɥɨɜ, ɥɨɦ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɫɬɪɭɠɤɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ, ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɚɹ 
ɩɵɥɶ, ɥɨɦ ɚɛɪɚɡɢɜɧɵɯ ɢɡɞɟɥɢɣ, ɚɛɪɚɡɢɜɧɨ-ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɵɥɶ, ɨɝɚɪɤɢ ɫɜɚɪɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɚɧɬɢɤɨɪɪɨɡɢɣɧɨɟ ɩɨɤɪɵɬɢɟ, ɩɪɨɦɵɲɥɟɧɧɵɣ ɦɭɫɨɪ, ɬɚɪɚ 
ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɬɪɚɛɨɬɚɧɧɵɟ ɧɚɤɥɚɞɤɢ ɬɨɪɦɨɡɧɵɯ ɤɨɥɨɞɨɤ, ɮɢɥɶɬɪɵ 
ɡɚɝɪɹɡɧɟɧɧɵɟ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ, ɨɫɚɞɤɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ, ɲɢɧɵ ɫ 
ɬɤɚɧɟɜɵɦ ɤɨɪɞɨɦ ɢ ɦɟɬɚɥɥɨɤɨɪɞɨɦ, ɲɩɪɢɰɵ, ɨɬɯɨɞɵ ɨɮɢɫɧɨɣ ɬɟɯɧɢɤɢ, ɜɟɬɨɲɶ 
ɩɪɨɦɚɫɥɟɧɧɚɹ, ɨɬɯɨɞɵ ɨɛɦɭɪɨɜɨɱɧɵɟ, ɨɬɯɨɞɵ ɫɬɪɨɢɬɟɥɶɧɵɟ, ɨɬɪɚɛɨɬɚɧɧɵɟ 
ɚɤɤɭɦɭɥɹɬɨɪɵ ɛɟɡ ɷɥɟɤɬɪɨɥɢɬɚ, ɢɡɦɟɥɶɱёɧɧɵɣ ɤɚɬɢɨɧɢɬ ɨɬ ɮɢɥɶɬɪɨɜ 
ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɨɬɦɵɜɨɱɧɵɟ ɜɨɞɵ ɨɬ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɨɬɯɨɞɵ ɩɚɪɨɧɢɬɚ. 
 
 
 5.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ 
 
 ɋɨɞɟɪɠɚɳɢɟɫɹ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɥɟɬɭɱɚɹ ɡɨɥɚ, ɦɟɥɶɱɚɣɲɢɟ ɱɚɫɬɢɰɵ 
ɧɟɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ ɨɤɚɡɵɜɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɨɪɶɛɚ ɡɚ ɱɢɫɬɨɬɭ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 
ɧɚɪɨɞɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟɣ. Ɉɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɹɜɥɹɸɬɫɹ [13]: 
 1) ɇɚɞёɠɧɚɹ ɝɟɪɦɟɬɢɡɚɰɢɹ ɬɨɩɨɤ, ɝɚɡɨɯɨɞɨɜ, ɝɚɡɨɩɪɨɜɨɞɨɜ, ɧɚɫɨɫɨɜ, 
ɤɨɦɩɪɟɫɫɨɪɨɜ, ɬɪɚɧɫɩɨɪɬёɪɨɜ, ɲɧɟɤɨɜ; 
 2) ɉɪɢɦɟɧɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨɞ ɪɚɡɪɟɠɟɧɢɟɦ; 
 3) ȼɫɬɪɨɣɤɚ ɦɟɫɬɧɵɯ ɜɵɬɹɠɟɤ ɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɡ 
ɦɟɫɬ ɩɟɪɟɫɵɩɤɢ ɬɨɩɥɢɜɧɨɣ ɡɨɥɵ; 
 4) Ɂɚɦɟɧɚ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɧɟɬɨɤɫɢɱɧɵɦɢ; 
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 5) ɍɫɬɪɨɣɫɬɜɨ ɜɵɫɨɤɢɯ ɞɵɦɨɜɵɯ ɬɪɭɛ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ “ɋɚɧɢɬɚɪɧɵɦɢ 
ɧɨɪɦɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ” ɞɥɹ ɨɬɜɨɞɚ ɢ ɪɚɫɫɟɹɧɢɹ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ; 
 6) ɍɜɥɚɠɧɟɧɢɟ ɩɵɥɢ ɬɨɩɥɢɜɚ ɩɪɢ ɟɝɨ ɢɡɦɟɥɶɱɟɧɢɢ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ; 
 7) Ƚɥɭɛɨɤɚɹ ɨɱɢɫɬɤɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɬ ɡɨɥɵ, ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 
ɨɤɢɫɥɨɜ ɚɡɨɬɚ; 
 8) ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɬɨɩɥɢɜɚ ɩɟɪɟɞ ɫɠɢɝɚɧɢɟɦ ɫ ɰɟɥɶɸ 
ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɧɟɝɨ ɫɟɪɧɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ; 
 9) Ɋɚɰɢɨɧɚɥɶɧɨɟ ɜɧɟɞɪɟɧɢɟ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬɚɯ ɞɥɹ 
ɩɨɞɚɜɥɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɢɫɥɨɜ ɚɡɨɬɚ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ; 
 10) ȼɧɟɞɪɟɧɢɟ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 
ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. 
 11) Ɂɚɦɟɧɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɪɬɭɬɧɵɯ ɥɚɦɩ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɧɚɪɭɠɧɨɝɨ 
ɨɫɜɟɳɟɧɢɹ ɧɚ ɧɚɬɪɢɟɜɵɟ ɢɫɬɨɱɧɢɤɢ. 
 ȼ ɬɚɛɥɢɰɟ 5.1 ɭɤɚɡɚɧɵ ɉȾɄ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 
 
Ɍɚɛɥɢɰɚ 5.1 – ɉȾɄ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 

Ɂɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ 
ɉȾɄ, ɦɝ/ɦ3 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɨɜɚɹ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ 

ɋɟɪɧɢɫɬɵɣ ɚɧɝɢɞɪɢɞ 0,5 0,15 

ɋɟɪɨɜɨɞɨɪɨɞ 0,08 0,008 
Ɉɤɫɢɞ ɭɝɥɟɪɨɞɚ 0,03 0,001 

Ɉɤɫɢɞ ɚɡɨɬɚ 0,085 0,085 
 
 
 5.4 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɢ ɜɵɛɨɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
 ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɵɦɨɜɵɯ ɬɪɭɛ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ ɜɵɛɪɨɫɚɦɢ ɢɡ ɬɪɭɛ ɧɟ ɩɪɟɜɵɲɚɥɨ 
ɉȾɄ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 
 ȼɵɛɪɨɫɵ ɡɨɥɵ ɡɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

2NOɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ В – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ; 
 1  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɜɵɯɨɞ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɤɚɱɟɫɬɜɚ 
ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɚ ɲɥɚɤɨɭɞɚɥɟɧɢɹ [10]; 
 K  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɨɬɥɚ, ɤɝ/ɬ; 
 

 
12

200
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D
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D


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
,  (5.3) 

 
ɝɞɟ ɩɟD – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɬ/ɱ; 
 

 12 135,5
4,8

200 135,5
K


 


, 

 

 
2

0,5
0,034 1,8 0,55 109,6 14,7 1 145,3

100NOɆ          
 

. 

 
 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ 

2SɈɆ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 
    

222
"1'120 SOSOSɈ ȼɆ   , (5.4) 

 
ɝɞɟ  

2
'SO  – ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ 

ɤɨɬɥɚ; 
 

2
" SO  – ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ. 

  
    

2
20 109,6 1 0,1 1 0 1972,1SɈɆ        . 

 
 ɉɪɢɜɟɞɟɧɧɭɸ ɦɚɫɫɭ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ Ɇ , ɝ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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2

22
 , (5.5) 

 
ɝɞɟ  ɉȾɄSO2, ɉȾɄNO2, ɉȾɄɡ – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ 
ɫɟɪɵ, ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɡɨɥɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɝ/ɦ3; 
 

 
0,15 0,15

1972,1 145,3 33,8 2262,3
0,085 0,15

Ɇ       . 

 
 ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 
ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɡɨɥɵ ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 
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 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɦɋ , 
ɦɝ/ɦ3, ɩɪɢ ɜɵɛɪɨɫɟ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɨɞɢɧɨɱɧɨɝɨ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫ 
ɤɪɭɝɥɵɦ ɭɫɬɶɟɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɯ, ɦ, ɨɬ ɢɫɬɨɱɧɢɤɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

 3
2ɦ

Ⱥ Ɇ F m nɋ
V tɇ

  
 

 
,  (5.6) 

 
ɝɞɟ  Ⱥ  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ ɚɬɦɨɫɮɟɪɵ;  
 n  – ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɜɵɯ ɬɪɭɛ, ɲɬ; 
 V  – ɨɛɴɟɦ ɭɞɚɥɹɟɦɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ; 
 t  – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 
 F  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ ɜɪɟɞɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɚɷɪɨɡɨɥɟɣ (ɩɵɥɢ, ɡɨɥɵ) F  = 1; 
 m  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ 
ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ; 
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m

f f


 
,   (5.7) 

 
ɝɞɟ f  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ;  
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310 

,   (5.8) 

 
ɝɞɟ  D  = 9,6 – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ, ɦ; 
 0  = 40 – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɚ, ɦ/ɫ [10]; 
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. 

 
 Ɍɚɤ ɤɚɤ ɦC <

2SOɉȾК , ɬɨ ɞɵɦɨɜɚɹ ɬɪɭɛɚ ɜɵɫɨɬɨɣ 300 ɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ. 
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 ɗɮɮɟɤɬɢɜɧɭɸ ɜɵɫɨɬɭ ɜɵɛɪɨɫɨɜ ɞɵɦɨɜɨɣ ɬɪɭɛɵ эɮH , ɦ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 
 

 01,9эɮ
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  
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,  (5.9) 

 
ɝɞɟ    – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 5 
ɦ/ɫ [10];  
   – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ ɜɵɫɨɬɨɣ 
ɬɪɭɛɵ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,63; 
 

 9,6 40
300 1,9 385,8

5 1,7эɮH


   


. 

  
 ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɛɟɧɡɚɩɢɪɟɧɚ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ [11]. 
 Ʉɨɧɰɟɧɬɪɚɰɢɹ ɛɟɧɡɚɩɢɪɟɧɚ ɜ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɤɨɬɥɨɜ ɡɚ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ ɩɪɢ ɮɚɤɟɥɶɧɨɦ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ Ȼɉc , ɦɤɝ/ɦ3, ɩɪɢɜɟɞɟɧɧɚɹ ɤ 
ɢɡɛɵɬɤɭ ɜɨɡɞɭɯɚ ɜ ɝɚɡɚɯ a = 1,4, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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
   ,  (5.10) 

 
ɝɞɟ  A  – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ, ɩɪɢ 
ɬɜɟɪɞɨɦ ɲɥɚɤɨɭɞɚɥɟɧɢɢ А = 0,521; 
 Ɍ   – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ 
 ȾK  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɝɪɭɡɤɭ ɤɨɬɥɚ; 

 ЗɍK  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ ɛɟɧɡɚɩɢɪɟɧɚ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ 
 

 1
100
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 
  ,  (5.11) 

 
ɝɞɟ  ɡɭ  – ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ (ɩɨ ɡɨɥɟ), %; 

 z  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɭɥɚɜɥɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɛɟɧɡɚɩɢɪɟɧɚ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ, ɞɥɹ ɫɭɯɢɯ ɚɩɩɚɪɚɬɨɜ Z = 0,7; 
 

 
99,6 0,7

1 0,303
100ЗɍK
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 1,5 1,2

0,521 14,7
1 0,303 0,383Ȼɉc

e 


    . 

 
 Ɇɚɫɫɚ ɜɵɛɪɨɫɚ ɛɟɧɡɚɩɢɪɟɧɚ ɆȻɉ, ɝ/ɫ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
 610Ȼɉ ɫɝ ȻɉɆ ȼ V c     ,  (5.12) 
 
ɝɞɟ  ȼ  – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ; 
 ɫɝV  – ɨɛɴɟɦ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ a = 1,4, ɦ3/ɤɝ; 
 
 

2

0 0 0( 1)ɫɝ ɝ B H OV V V V     ,  (5.13) 

 
 4,931 (1,4 1) 4,211 0,788ɫɝV      , 
 
 6109,6 5,827 0,303 10 0,00024ȻɉɆ      . 
 
 
 5.5 Ɉɯɪɚɧɚ ɜɨɞɧɨɝɨ ɛɚɫɫɟɣɧɚ 
 
 ɉɪɚɜɢɥɚɦɢ ɨɯɪɚɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ 
ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɟ ɜɨɞɨ-
ɟɦɨɜ ɢ ɜɨɞɨɬɨɤɨɜ, ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɩɨɤɚɡɚɬɟɥɢ ɡɚɩɚɯɚ, 
ɜɤɭɫɚ, ɰɜɟɬɚ, ɪɟɚɤɰɢɢ ɪɇ, ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɞɪ., ɚ ɬɚɤɠɟ ɞɨɩɭɫɬɢɦɵɣ 
ɩɨɞɨɝɪɟɜ ɜɨɞɵ ɜ ɢɫɬɨɱɧɢɤɟ. ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɨɫɬɚɜɭ ɢ ɫɜɨɣɫɬɜɚɦ ɜɨɞɵ ɧɟ ɞɨ-
ɩɭɫɤɚɸɬ ɫɛɪɨɫɚ ɡɚɝɪɹɡɧɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɜɨɞɨɟɦɵ ɢ ɜɨɞɨɬɨɤɢ 
ɛɟɡ ɨɱɢɫɬɤɢ [13]. 
 ɋɬɨɱɧɵɦɢ ɡɚɝɪɹɡɧɟɧɧɵɦɢ ɜɨɞɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ: ɫɛɪɨɫɵ 
ɢɡɛɵɬɨɱɧɵɯ ɜɨɞ ɡɨɥɨɲɥɚɤɨɨɬɜɚɥɨɜ ɩɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɭɞɚɥɟɧɢɢ ɡɨɥɵ ɢ ɲɥɚɤɚ, 
ɡɚɝɪɹɡɧɟɧɧɵɟ ɦɚɫɥɨɦ ɢ ɦɚɡɭɬɨɦ ɜɨɞɵ, ɨɛɦɵɜɨɱɧɵɟ ɜɨɞɵ ɦɚɡɭɬɧɵɯ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɢ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɫɛɪɨɫɵ 
ɯɢɦɜɨɞɨɨɱɢɫɬɨɤ ɢ ɤɨɧɞɟɧɫɚɬɨɨɱɢɫɬɨɤ ɬɭɪɛɢɧ ɢ ɞɪ. 
 ɋɥɨɠɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɨɱɢɫɬɤɢ ɷɬɢɯ ɜɨɞ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɞɨɜɟɞɟɧɢɹ ɫɛɪɨɫɧɨɣ ɜɨɞɵ ɞɨ ɬɪɟɛɭɟɦɨɣ ɤɨɧɞɢɰɢɢ ɜɵɧɭɠɞɚɸɬ 
ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɜɫɟɦɟɪɧɨɦɭ ɫɨɤɪɚɳɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɡɚɝɪɹɡɧɟɧɧɵɯ 
ɜɨɞ, ɩɨɜɬɨɪɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɫɢɫɬɟɦɚɯ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɝɢɞɪɨɡɨɥɨɭɞɚɥɟɧɢɹ, ɚ, ɟɫɥɢ ɩɨɡɜɨɥɹɸɬ ɩɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ, ɤ 
ɩɨɥɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɬɨɱɧɵɯ ɜɨɞ ɛɟɡ ɫɛɪɨɫɚ ɜ ɜɨɞɨɟɦɵ. 

ɇɚ Ɍɗɋ ɩɪɢɦɟɧɟɧɨ ɨɛɨɪɨɬɧɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɫ ɝɪɚɞɢɪɧɹɦɢ. ȼɨɞɚ, 
ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɝɚɡɨɨɯɥɚɞɢɬɟɥɢ ɢ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɢ ɬɭɪɛɢɧ, ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ 
ɝɪɚɞɢɪɧɢ. ȿё ɡɚɝɪɹɡɧɟɧɢɹ ɦɚɫɥɨɦ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɞɚɜɥɟɧɢɟ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɛɨɥɶɲɟ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ. Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ 
ɨɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ 
ɤɨɥɥɟɤɬɨɪ ɡɚɦɚɫɥɟɧɧɵɯ ɫɬɨɤɨɜ, ɚ ɢɡ ɤɨɥɥɟɤɬɨɪɚ ɜ ɤɚɧɚɥ ɝɢɞɪɨɡɨɥɨɭɞɚɥɟɧɢɹ. ȼ 
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ɤɚɧɚɥ ɬɚɤɠɟ ɩɨɫɬɭɩɚɟɬ ɜɨɞɚ ɩɨɫɥɟ ɭɛɨɪɤɢ ɬɟɪɪɢɬɨɪɢɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɡ ɤɚɧɚɥɚ 
ɝɢɞɪɨɡɨɥɨɭɞɚɥɟɧɢɹ ɜɨɞɚ ɛɚɝɟɪɧɵɦɢ ɧɚɫɨɫɚɦɢ ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɜ ɱɚɲɭ 
ɡɨɥɨɲɥɚɤɨɨɬɜɚɥɚ. ȼ ɱɚɲɟ ɜɨɞɚ ɨɬɫɬɚɢɜɚɟɬɫɹ ɢ ɩɨɫɬɭɩɚɟɬ ɜ ɛɚɤɢ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ. 
Ɉɫɜɟɬɥɟɧɧɭɸ ɜɨɞɭ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ ɧɭɠɞ ɫɬɚɧɰɢɢ (ɫɚɥɶɧɢɤɨɜɵɟ 
ɭɩɥɨɬɧɟɧɢɟ ɛɚɝɟɪɧɵɯ ɧɚɫɨɫɨɜ, ɝɢɞɪɨɭɛɨɪɤɚ ɩɨɥɨɜ, ɌɌɐ). 
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ɁȺɄɅɘɑȿɇɂȿ 
 

 ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʉɗɋ 
ɦɨɳɧɨɫɬɶɸ 660 Ɇȼɬ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɞɟɮɢɰɢɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  ɢ 
ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɪɟɝɢɨɧɚ. 
 ɉɥɨɳɚɞɤɚ ɩɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɵɛɪɚɧɚ ɧɚ ɛɚɡɟ Ɇɭɧɚɣɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɛɭɪɨɝɨ ɭɝɥɹ, ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ. 
 ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ 
ɨɩɪɟɞɟɥɟɧ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ ɞɟɜɹɬɶ ɥɟɬ. 
 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ, ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɜɵɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ 
ɩɪɟɞɟɥɚɯ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ. 
 ɋɩɪɨɟɤɬɢɪɨɜɚɧɨ ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɡɨɥɨɨɱɢɫɬɤɚ, ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɟ, 
ɬɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɯɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɚ. 
 ȼ ɪɚɡɞɟɥɟ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɢ 
ɜɢɞɵ ɜɨɡɞɟɣɫɬɜɢɹ Ɍɗɋ ɧɚ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɪɚɫɫɱɢɬɚɧɵ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ ɢ 
ɜɵɛɪɚɧɚ ɞɵɦɨɜɚɹ ɬɪɭɛɚ ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɷɬɢɯ ɜɵɛɪɨɫɨɜ. 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɢ ɬɟɯɧɢɱɟɫɤɭɸ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
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