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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɥɥɟɬ ɩɪɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɦɚɥɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɟɬɢɤɟ» ɫɨɞɟɪɠɢɬ 74 

ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 100 ɮɨɪɦɭɥ, 24 

ɬɚɛɥɢɰɵ, 11 ɢɥɥɸɫɬɪɚɰɢɣ ɢ 14 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɌɈɉɅɂȼɈ, ɉȿɅɅȿɌɕ, ɍȽɈɅɖ, ɄɈɌȿɅɖɇȺə, ɌȿɉɅɈȼȺə ɗɇȿɊȽɂə, 

ɗɄɈɅɈȽɂə, ȼɕȻɊɈɋɕ 

 ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɜɨɞɨɝɪɟɣɧɨɣ ɤɨɬɟɥɶɧɨɣ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɧɚɫɟɥɟɧɧɨɝɨ 

ɩɭɧɤɬɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɧɚ ɞɜɭɯ ɜɢɞɚɯ 

ɬɨɩɥɢɜɚ: ɬɪɚɞɢɰɢɨɧɧɨɦ – ɭɝɥɟ ɢ ɛɢɨɬɨɩɥɢɜɟ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ ɩɨɫɟɥɤɚ ɩɨ ɨɬɨɩɥɟɧɢɸ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɨɪɹɱɟɦɭ 

ɜɨɞɨɫɧɚɛɠɟɧɢɸ, ɫ ɰɟɥɶɸ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ 

ɨɬɨɩɥɟɧɢɹ; 

 ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɬɟɥɶɧɨɣ; 

 ɫɪɚɜɧɟɧɢɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɬɟɥɶɧɨɣ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɫɪɚɜɧɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ ɩɪɢ ɪɚɛɨɬɟ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɤɨɬɟɥɶɧɨɣ ɧɚ ɞɜɭɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ.  

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ. 

 ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɷɧɟɪɝɟɬɢɤɟ ɩɟɥɥɟɬɧɨɝɨ 

ɬɨɩɥɢɜɚ, ɜɡɚɦɟɧ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɭɝɨɥɶɧɨɝɨ. 
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ȼȼȿȾȿɇɂȿ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɥɹ ɜɫɟɝɨ ɦɢɪɚ ɚɤɬɭɚɥɶɧɚ ɩɪɨɛɥɟɦɚ ɡɚɝɪɹɡɧɟɧɢɹ 

ɜɨɡɞɭɯɚ. ȼɟɫɨɦɵɣ ɜɤɥɚɞ ɜ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɜɧɨɫɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɷɧɟɪɝɟɬɢɤɟ ɢɫɤɨɩɚɟɦɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɫ ɤɚɠɞɵɦ 

ɝɨɞɨɦ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɛɪɨɫɵ 

ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɝɥɨɛɚɥɶɧɨɦɭ ɩɨɬɟɩɥɟɧɢɸ. ɗɬɢ 

ɩɪɨɛɥɟɦɵ ɩɨɛɭɞɢɥɢ ɦɧɨɝɢɟ ɫɬɪɚɧɵ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ.  

ɗɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɡɞɭɯɚ ɚɤɬɭɚɥɶɧɵɣ ɢ ɞɥɹ ɜɫɟɣ 

Ɋɨɫɫɢɢ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. ȼ ɪɟɝɢɨɧɟ ɨɬɫɭɬɫɬɜɭɟɬ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɝɚɡɨɫɧɚɛɠɟɧɢɟ, ɜ ɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɭɝɨɥɶ ɤɚɤ ɨɫɧɨɜɧɨɟ ɬɨɩɥɢɜɨ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ.  

ȼ ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ: 

ɥɟɬɭɱɭɸ ɡɨɥɭ, ɫɟɪɧɵɣ ɢ ɫɟɪɧɢɫɬɵɣ ɚɧɝɢɞɪɢɬ, ɱɚɫɬɢɱɤɢ ɧɟɫɝɨɪɟɜɲɟɝɨ 

ɩɵɥɟɜɢɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɤɫɢɞ ɚɡɨɬɚ, ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ. 

Ⱦɵɦɨɜɵɟ ɝɚɡɵ ɩɨɞɜɟɪɝɚɸɬɫɹ ɮɢɥɶɬɪɚɰɢɢ, ɧɨ ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ 

ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɱɬɨ ɧɚɧɨɫɢɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɭɪɨɧ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. 

ɏɨɪɨɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɭɝɥɸ ɦɨɝɭɬ ɫɬɚɬɶ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɜɢɞɵ ɬɨɩɥɢɜɚ, 

ɧɚɩɪɢɦɟɪ, ɛɢɨɬɨɩɥɢɜɨ, ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥɶɧɨɣ. ɋɪɚɜɧɢɜ ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɛɵɥ ɫɞɟɥɚɥ ɜɵɜɨɞ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɛɢɨɬɨɩɥɢɜɚ ɬɨɩɥɢɜɚ. 
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1 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɟɣ ɩɪɨɛɥɟɦɵ 

  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɜɟɥɢɤɨɟ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 

ɛɢɨɬɨɩɥɢɜɚ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɢ ɛɢɨɝɚɡ – ɦɟɬɚɧ, ɩɨɥɭɱɚɟɦɵɣ ɡɚ ɫɱɟɬ ɪɚɡɥɨɠɟɧɢɹ 

ɛɚɤɬɟɪɢɹɦɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɫɬɚɬɤɨɜ, ɢ ɬɨɩɥɢɜɨ, ɩɨɥɭɱɚɟɦɨɟ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ 

ɫɵɪɶɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɢ [1]. Ʉ ɬɚɤɢɦ ɜɢɞɚɦ ɛɢɨɬɨɩɥɢɜɚ ɨɬɧɨɫɢɬɫɹ 

ɬɨɩɥɢɜɨ, ɩɨɥɭɱɟɧɧɨɟ ɢɡ ɫɚɯɚɪɧɨɝɨ ɬɪɨɫɬɧɢɤɚ, ɫɨɥɨɦɵ, ɪɚɩɫɚ ɢ ɞɚɠɟ ɜɨɞɨɪɨɫɥɟɣ. 

ȼ ɫɬɪɚɧɚɯ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɥɟɫɨɜ ɢ ɪɚɡɜɢɬɵɦ ɫɟɥɶɫɤɢɦ ɯɨɡɹɣɫɬɜɨɦ, 

ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɨ ɛɢɨɬɨɩɥɢɜɨ, ɩɨɥɭɱɟɧɧɨɟ ɢɡ ɞɪɟɜɟɫɧɵɯ 

ɨɬɯɨɞɨɜ, ɨɬɯɨɞɨɜ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɬɨɪɮɚ. Ɍɚɤɨɟ ɬɨɩɥɢɜɨ ɜɵɩɭɫɤɚɟɬɫɹ 

ɜ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɮɨɪɦɚɯ: ɛɪɢɤɟɬɵ, ɞɪɟɜɟɫɧɵɣ ɩɨɪɨɲɨɤ ɢ ɩɟɥɥɟɬɵ [2]. 

ɉɟɥɥɟɬɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢ ɭɞɨɛɧɵɦɢ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɜɹɡɢ ɫ ɢɯ ɞɨɫɬɭɩɧɨɫɬɶɸ, ɭɞɨɛɫɬɜɨɦ ɯɪɚɧɟɧɢɹ, 

ɬɪɚɧɫɩɨɪɬɚɛɟɥɶɧɨɫɬɶɸ, ɧɢɡɤɨɣ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ 

[2]. 

 

Ɋɢɫɭɧɨɤ 1 - ȼɧɟɲɧɢɣ ɜɢɞ ɩɟɥɥɟɬ 
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ɉɟɥɥɟɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɟ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ, 

ɩɨɥɭɱɟɧɧɨɟ ɢɡ ɨɬɯɨɞɨɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɫɧɨɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɪɚɧɭɥ ɫɥɭɠɚɬ: 

ɨɩɢɥɤɢ, ɤɨɪɚ, ɳɟɩɚ, ɥɭɡɝɚ, ɝɨɪɛɵɥɶ ɢ ɞɪɭɝɢɟ ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɩɪɨɰɟɫɫɟ 

ɝɨɪɟɧɢɹ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɚɬɦɨɫɮɟɪɭ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɱɬɨ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬ ɢɯ ɨɬ ɭɝɥɹ ɢ ɩɨɡɜɨɥɹɟɬ 

ɧɚɡɜɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ. 

ɉɟɥɥɟɬɧɵɟ ɝɪɚɧɭɥɵ ɩɨ ɬɟɩɥɨɬɜɨɪɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɪɚɜɧɢɦɵ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɨɫɯɨɞɢɬ ɟɝɨ ɜ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɚɫɩɟɤɬɟ. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɫ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɪɟɜɟɫɧɵɯ ɩɟɥɥɟɬ ɢ 

ɞɪɭɝɢɯ ɬɨɩɥɢɜɧɵɯ ɝɪɚɧɭɥ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 - ɋɪɚɜɧɟɧɢɟ ɞɪɟɜɟɫɧɵɯ ɝɪɚɧɭɥ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɬɨɩɥɢɜɚ 

ȼɢɞ ɬɨɩɥɢɜɚ 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 

ɋɟɪɚ,% Ɂɨɥɚ,% 

ɆȾɠ/ɤɝ Ʉɤɚɥ/ɤɝ 

Ⱦɢɡɟɥɶɧɨɟ 

ɬɨɩɥɢɜɨ 
43,15 10300 0,2 1 

Ɇɚɡɭɬ 40,61 9750 1,2 1,5 

ɉɪɢɪɨɞɧɵɣ ɝɚɡ, 

ɆȾɠ/ɦ³ 
33,5 8000 0 0 

Ʉɚɦɟɧɧɵɣ ɭɝɨɥɶ 27-29 6450-6950 1-3 10-35 

Ȼɭɪɵɣ ɭɝɨɥɶ 15-25 3600-6000 0,2-3 25-40 

ɉɟɥɥɟɬɵ 

ɞɪɟɜɟɫɧɵɟ 
18 4300 0,01 1 

ɉɟɥɥɟɬɵ ɢɡ 

ɫɨɥɨɦɵ 
14,51 3500 0,02 4 
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ɉɪɟɢɦɭɳɟɫɬɜɚ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ: 

 ɛɨɥɶɲɚɹ ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ; 

 ɫɝɨɪɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ (ɧɢɡɤɢɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɧɟɞɨɠɟɝ); 

 ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɧɚɫɵɩɧɨɣ ɦɚɫɫɨɣ ɢ ɪɚɫɮɚɫɨɜɵɜɚɸɬɫɹ ɜ ɭɞɨɛɧɭɸ ɞɥɹ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɚɪɭ; 

 ɜ ɨɬɥɢɱɢɟ ɨɬ ɭɝɥɹ, ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɸ – 

ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵ;  

 ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɨɜ, ɦɨɠɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɜ ɡɨɧɭ 

ɝɨɪɟɧɢɹ; 

 ɦɢɧɢɦɚɥɶɧɵɣ ɜɵɛɪɨɫ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ; 

 ɹɜɥɹɸɬɫɹ ɜɬɨɪɢɱɧɵɦ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɦ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɬɥɚɯ ɥɸɛɨɣ ɦɨɳɧɨɫɬɢ – ɨɬ ɨɬɨɩɥɟɧɢɹ 

ɱɚɫɬɧɨɝɨ ɞɨɦɚ, ɞɨ ɜɵɫɨɤɨɦɨɳɧɨɣ Ɍɗɋ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɟ ɤɨɬɥɵ;  

 ɹɜɥɹɸɬɫɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ. 

Ȼɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ, ɩɟɥɥɟɬɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ, 

ɨɫɨɛɟɧɧɨ, ɜ ɬɟɯ ɫɬɪɚɧɚɯ, ɝɞɟ ɢɞɟɬ ɬɟɧɞɟɧɰɢɹ ɧɚ ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ 

ɚɬɦɨɫɮɟɪɭ ɢ ɞɨɫɬɭɩ ɬɪɚɞɢɰɢɨɧɧɵɦ ɜɢɞɨɦ ɬɨɩɥɢɜɚ ɨɝɪɚɧɢɱɟɧ.  

ɉɨ ɞɚɧɧɵɦ ɧɚ 2018 ɝɨɞ, ɨɫɧɨɜɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ 

ɹɜɥɹɸɬɫɹ ɫɬɪɚɧɵ ȿɜɪɨɫɨɸɡɚ ɢ ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ (ɞɨ 50 ɩɪɨɰɟɧɬɨɜ ɦɢɪɨɜɨɝɨ 

ɩɨɬɪɟɛɥɟɧɢɹ) ɢ Ʉɢɬɚɣ (33 ɩɪɨɰɟɧɬɚ) [3]. 

ɋɬɚɬɢɫɬɢɤɚ ɩɨ ɞɪɭɝɢɦ ɪɟɝɢɨɧɚɦ: 

 Ɉɤɟɚɧɢɹ 0,06%; 

 ɞɪɭɝɚɹ ȿɜɪɨɩɚ 2%; 

 ɋɟɜɟɪɧɚɹ Ⱥɦɟɪɢɤɚ 5%; 

 ɘɠɧɚɹ Ⱥɦɟɪɢɤɚ 1% 

 ɞɪɭɝɚɹ Ⱥɡɢɹ 9%. 
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Ɋɢɫɭɧɨɤ 2 - ɉɨɬɪɟɛɥɟɧɢɟ ɩɟɥɥɟɬ ɜ ɦɢɪɟ ɧɚ 2018 ɝɨɞ (ɬɨɧɧ) 

ɋɬɪɚɧɵ ɩɨ ɪɟɝɢɨɧɚɦ: 

 Ɉɤɟɚɧɢɹ: Ⱥɜɫɬɪɚɥɢɹ ɢ ɇɨɜɚɹ Ɂɟɥɚɧɞɢɹ; 

 ɞɪɭɝɚɹ ȿɜɪɨɩɚ: Ⱥɥɛɚɧɢɹ, Ȼɨɫɧɢɹ ɢ Ƚɟɪɰɟɝɨɜɢɧɚ, Ȼɟɥɚɪɭɫɶ, ɒɜɟɣɰɚɪɢɹ, 

ɑɟɪɧɨɝɨɪɢɹ, ɇɨɪɜɟɝɢɹ, ɋɟɪɛɢɹ, Ɋɨɫɫɢɹ, ɍɤɪɚɢɧɚ; 

 ɋɟɜɟɪɧɚɹ Ⱥɦɟɪɢɤɚ: ɋɒȺ ɢ Ʉɚɧɚɞɚ; 

 ɘɠɧɚɹ Ⱥɦɟɪɢɤɚ: Ȼɪɚɡɢɥɢɹ ɢ ɑɢɥɢ; 

 ɞɪɭɝɚɹ Ⱥɡɢɹ: ɂɧɞɨɧɟɡɢɹ, əɩɨɧɢɹ, ɘɠɧɚɹ Ʉɨɪɟɹ, Ɇɚɥɚɣɡɢɹ, Ɍɚɢɥɚɧɞ, 

ȼɶɟɬɧɚɦ. 

 ɋɪɟɞɢ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ ɥɢɞɟɪɫɬɜɨ ɩɨ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɩɟɥɥɟɬɧɵɯ ɝɪɚɧɭɥ ɡɚɧɢɦɚɟɬ ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ, ɝɞɟ ɭɠɟ ɫ 2010 ɝɨɞɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ 

«Drɚx» ɧɚɱɚɥɚ ɩɟɪɟɯɨɞ ɫ ɭɝɥɹ ɧɚ ɛɢɨɬɨɩɥɢɜɨ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɬɚɧɰɢɹ 

ɢɦɟɟɬ 4 ɷɧɟɪɝɨɛɥɨɤɚ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɩɟɥɥɟɬɧɵɯ ɝɪɚɧɭɥɚɯ ɢ 2 ɷɧɟɪɝɨɛɥɨɤɚ, 

ɪɚɛɨɬɚɜɲɢɯ ɧɚ ɭɝɥɟ, ɨɞɧɚɤɨ ɨɧɢ ɛɵɥɢ ɜɵɜɟɞɟɧɵ ɜ ɪɟɡɟɪɜ ɜ ɦɚɟ 2021 ɝɨɞɚ. 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 3 906 ɦɟɝɚɜɚɬɬ (Ɇȼɬ) [4]. 
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 ɉɨ ɨɛɴɟɦɚɦ ɩɨɬɪɟɛɥɟɧɢɹ ɞɪɟɜɟɫɧɵɯ ɝɪɚɧɭɥ Ɋɨɫɫɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɫɬɚɟɬ ɨɬ 

ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ. ɉɨɤɚ ɧɚ ɩɟɥɥɟɬɚɯ ɪɚɛɨɬɚɸɬ ɜ ɨɫɧɨɜɧɨɦ ɤɨɬɟɥɶɧɵɟ ɜ ɱɚɫɬɧɵɯ 

ɞɨɦɚɯ, ɨɞɧɚɤɨ, ɜɫɟ ɱɚɳɟ ɩɨɞɧɢɦɚɸɬɫɹ ɜɨɩɪɨɫɵ ɨ ɩɪɢɦɟɧɟɧɢɢ ɛɢɨɬɨɩɨɥɢɜɚ ɢ ɞɥɹ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ 2019 ɝɨɞɭ, ɜ ɩɨɫɟɥɤɟ Ʌɢɫɬɜɹɧɤɚ, 

ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ, ɤɨɬɟɥɶɧɭɸ «Ɇɚɡɭɬɧɚɹ» ɩɟɪɟɜɟɥɢ ɫ ɦɚɡɭɬɚ ɧɚ ɩɟɥɥɟɬɧɨɟ 

ɬɨɩɥɢɜɨ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɫɨɤɪɚɬɢɬɶ ɜɵɛɪɨɫɵ ɨɤɢɫɥɨɜ ɫɟɪɵ ɜ 25 ɪɚɡ, ɜ 1,5 ɪɚɡɚ 

ɫɨɤɪɚɬɢɬɶ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɚ ɬɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɡɛɚɜɢɬɶɫɹ ɨɬ 

ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɯɟ [5]. ɋɜɨɸ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɜ ɞɚɧɧɨɦ ɜɢɞɟ 

ɬɨɩɥɢɜɚ ɩɪɨɹɜɥɹɥɢ ɢ ɜ Ȼɚɪɝɭɡɢɧɫɤɨɦ ɪɚɣɨɧɟ ɪɟɫɩɭɛɥɢɤɢ Ȼɭɪɹɬɢɹ, ɩɪɟɞɥɨɠɢɜ 

ɩɟɪɟɜɟɫɬɢ ɧɚ ɩɟɥɥɟɬɵ ɤɨɬɟɥɶɧɭɸ ɜ ɩɨɫɟɥɤɟ ɍɫɬɶ-Ȼɚɪɝɭɡɢɧ [6]. ɗɬɨ ɩɨɤɚɡɵɜɚɟɬ 

ɩɨɜɵɲɟɧɢɟ ɫɩɪɨɫɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɬɨɩɥɢɜɚ ɜ ɫɬɪɚɧɟ. 

 ȼ ɧɚɲɟɦ ɪɟɝɢɨɧɟ ɩɪɢɦɟɧɟɧɢɟ ɞɪɟɜɟɫɧɵɯ ɝɪɚɧɭɥ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɪɟɣɬɢɧɝɚɯ ɩɨ 

ɜɵɛɪɨɫɚɦ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ. Ȼɢɨɬɥɢɜɨ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɷɬɨɬ 

ɩɨɤɚɡɚɬɟɥɶ ɢ ɜ ɰɟɥɨɦ ɭɥɭɱɲɢɬɶ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ ɜ ɪɟɝɢɨɧɟ. Ʉ ɬɨɦɭ ɠɟ, 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɪɚɹ ɭɠɟ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɸɬ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 

ɩɟɥɥɟɬɧɵɯ ɝɪɚɧɭɥ, ɧɚɩɪɢɦɟɪ, «Ⱥɪɝɨ Ɍɪɟɣɞɢɧɝ», «ȾɨɄ ȿɧɢɫɟɣ» ɢɥɢ «Ʉɫɢɥɨɬɟɤ-

ɋɢɛɢɪɶ». 

2 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɩɨɫɟɥɤɚ 

 

 ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɨɫɟɥɤɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɨɞɨɝɪɟɣɧɨɣ 

ɤɨɬɟɥɶɧɨɣ ɞɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɧɚɛɠɟɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ. Ⱦɥɹ ɧɨɜɨɣ 

ɤɨɬɟɥɶɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ ɞɜɚ ɜɢɞɚ ɬɨɩɥɢɜɚ: ɂɪɲɚ-

Ȼɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɢ ɩɟɥɥɟɬɧɨɟ ɛɢɨɬɨɩɥɢɜɨ. Ɇɨɳɧɨɫɬɶ ɤɨɬɟɥɶɧɨɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɨɣ ɪɚɫɱɟɬɧɵɯ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɫɚɧɢɬɚɪɧɨ-ɛɵɬɨɜɵɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. ɉɨɬɪɟɛɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɠɢɥɵɟ ɞɨɦɚ, ɨɛɳɟɫɬɜɟɧɧɵɟ ɢ 

ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ, ɤɨɬɨɪɵɦ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɢɫɬɟɦɵ 

ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 

ɭɤɪɭɩɧɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. 
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 Ɋɚɫɱɟɬɧɵɣ ɭɫɥɨɜɧɵɣ ɩɨɫɟɥɨɤ «ɇɟɜɟɪɨɜɤɚ» ɫ ɨɛɳɢɦ ɧɚɫɟɥɟɧɢɟɦ 8000 

ɱɟɥɨɜɟɤ. Ʉɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɜɡɹɬɵ ɢɡ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ [7]. 

Ɍɚɛɥɢɰɚ 2 - Ʉɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨɫɟɥɤɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ. 251 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɢɛɨɥɟɟ  ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,92, °ɋ -47 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, °ɋ -9,8 

 

 2.1 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ 

  

 Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ, ȼɬ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܳʝ௠𝑎𝑥 = ߙ  ∙ ʝݍ ∙ ܸ ∙ (𝑡˅ː − 𝑡ː˓)                                                                             ሺʹ.ͳሻ 

ɝɞɟ ݍʝ – ɭɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ, ȼɬ/ɦ³∙ɝɪɚɞ. 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ [8]; 

 ܸ – ɫɬɪɨɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɡɞɚɧɢɹ, ɦ³; 𝑡˅ː – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ, °ɋ. ɉɪɢɧɢɦɚɟɬɫɹ 

ɩɨ [8]; 𝑡ː˓ – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ, ɪɚɜɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɟ 

ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ ɢɡ ɬɚɛɥɢɰɵ 2; ߙ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

ߙ = Ͳ,ͷͶ + ʹʹ𝑡˅ː − 𝑡ː˓                                                                                                ሺʹ.ʹሻ 
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 2.2 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ 

 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, ȼɬ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܳʑ௠𝑎𝑥 = ˅ݍ  ∙ ܸ ∙ (𝑡˅ː − 𝑡ː˓)                                                                                    ሺʹ.͵ሻ 

ɝɞɟ ݍ˅ – ɭɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ, ȼɬ/ɦ³∙ɝɪɚɞ. 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ [8]; 

 ܸ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1); 𝑡˅ː – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1); 𝑡ː˓ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1). 

 2.3 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ Ƚȼɋ 

 

 ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɪɚɜɧɹɟɬɫɹ, ȼɬ: 

ܳʒʑʠ˔˓ =  ͳ,ʹ ∙ ݉ ∙ ሺܽ + ܾሻ ∙ ሺ𝑡ˆ˅ − 𝑡˘˅ሻʹͶ ∙ ͵,͸ ∙ ܿ                                                              ሺʹ.Ͷሻ 

ɝɞɟ m – ɤɨɥɢɱɟɫɬɜɨ ɱɟɥɨɜɟɤ, ɲɬ; 

 a – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦɢ, ɥ/ɫɭɬ. ɉɪɢɧɢɦɚɟɬɫɹ ɢɡ [9]; 

 b – ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɩɪɢɧɢɦɚɟɬɫɹ 25 ɥ/ɫɭɬ 

ɧɚ 1 ɱɟɥɨɜɟɤɚ [10]; 

 𝑡ˆ˅, 𝑡˘˅  – ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɜɨɞɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, °ɋ. 

ɉɪɢɧɢɦɚɟɦ ɩɨ [9]. 

 ܿ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɩɪɢɧɢɦɚɟɦ 4,19 ɤȾɠ/ɤɝ∙ɝɪɚɞ. 
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2.4 ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ 

 

 ȼɫɟ ɡɧɚɱɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɨɜ ɬɟɩɥɚ, ɩɨ ɤɚɠɞɨɣ 

ɤɚɬɟɝɨɪɢɢ ɡɞɚɧɢɹ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨɫɟɥɤɚ 

Ʉɚɬɟɝɨɪɢɹ 

ɡɞɚɧɢɹ 

Ʉɨɥɢɱɟɫɬɜɨ, 

ɲɬ 

ɋɬɪɨɢɬɟɥɶɧɵɣ 

ɨɛɴɟɦ ɡɞɚɧɢɹ V, 

ɦ³

t вн, 

°ɋ 

q o, 

ȼɬ 

q в, 

ȼɬ 

a, 

ɥ/ɫɭɬ 

ɀɢɥɵɟ ɞɨɦɚ 2900 580000 18 0.953 0 65 

Ⱥɞɦɢɧɢ-

ɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 
10 18000 18 0.5 0.106 4.5 

Ƚɨɫɬɢɧɢɰɵ 3 7500 18 0.5 0 60 

Ʉɢɧɨɬɟɚɬɪɵ 2 11200 14 0.372 0.453 1.3 

ɋɬɨɥɨɜɚɹ 8 1600 16 0.406 0.814 3.4 

Ⱦɟɬɫɤɢɟ ɫɚɞɵ 4 18800 20 0.442 0.128 10 

əɫɥɢ 2 7400 20 0.442 0.128 10 

ɒɤɨɥɵ 3 45000 16 0.383 0.081 5 

Ȼɨɥɶɧɢɰɵ 1 9000 20 0.419 0.325 65 

Ȼɚɧɢ  6800 25 0.325 1.164 100 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ 150/70 , °ɋ 

 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɸ ɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɞɟɥɶɧɨ ɩɨ ɜɫɟɦ ɤɚɬɟɝɨɪɢɹɦ ɡɞɚɧɢɣ, ɚ ɡɚɬɟɦ ɧɚɯɨɞɢɬɫɹ ɨɛɳɚɹ 

ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ. 
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ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ɇȼɬ: ܳ =  ܳʝ௠𝑎𝑥 + ܳʑ௠𝑎𝑥 + ܳʒʑʠ˔˓                                                                                     ሺʹ.ͷሻ 

 Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

Ɍɚɛɥɢɰɚ 4 - Ɋɚɫɯɨɞɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

Ʉɚɬɟɝɨɪɢɹ 
ɡɞɚɧɢɹ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɬɟɩɥɚ, ɲɬ 

Ɋɚɫɯɨɞ 
ɬɟɩɥɚ ɧɚ 

ɨɬɨɩɥɟɧɢɟ, 
Qɨ, Ɇȼɬ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ 
ɧɚ 

ɜɟɧɬɢɥɹɰɢɸ, 
Qɜ, Ɇȼɬ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ 
ɝɨɪɹɱɟɟ 

ɜɨɞɨɫɧɚɛɠɟɧɢɟ, 
Qɝɜɫ, Ɇȼɬ 

ɀɢɥɵɟ ɞɨɦɚ 8000 31,561 - 2,305 

Ⱥɞɦɢɧɢ-

ɫɬɪɚɬɢɜɧɵɟ ɡɞɚɧɢɹ 
40 0,514 0,124 0.004 

Ƚɨɫɬɢɧɢɰɵ 40 0,214 - 0,011 

Ʉɢɧɨɬɟɚɬɪɵ 400 0,229 0,309 0,034 

ɋɬɨɥɨɜɚɹ 400 0,036 0,082 0,036 

Ⱦɟɬɫɤɢɟ ɫɚɞɵ 400 0,483 0,161 0,045 

əɫɥɢ 200 0,190 0,063 0,022 

ɒɤɨɥɵ 1600 0,966 0,23 0,154 

Ȼɨɥɶɧɢɰɵ 40 0,219 0,196 0,012 

Ȼɚɧɢ 80 0,135 0,57 0,032 

ɂɬɨɝɨ, Ɇȼɬ 34,548 1,736 2,654 

 

Ɍɨɝɞɚ ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.5) ɢ 

ɪɚɜɧɹɟɬɫɹ, Ɇȼɬ: ܳ =  ͵Ͷ.ͷͶͺ + ͳ,͹͵͸ + ʹ,͸ͷͶ = ͵ͺ,ͻ 

Ɉɛɳɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɨɪɹɱɟɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 38,9 Ɇȼɬ
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2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɨɞɨɜɨɝɨ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɸ 

ɢ Ƚȼɋ ɜ ɬɵɫɹɱɚɯ ɝɢɝɚɤɚɥɨɪɢɣ (ɬɵɫ.Ƚɤɚɥ). 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɬɵɫ.Ƚɤɚɥ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

ܳˑ̂ˑˇ = ʹͶ ∙ ܳʝ௠𝑎𝑥 ∙ Ͳ,ͺ͸ ∙ 𝑡˅ː − 𝑡˔˓.ˑ𝑡˅ː − 𝑡ː˓ ∙ ݊ˑ ∙ ͳͲ−ଷ                                                 ሺʹ.͸ሻ 

ɝɞɟ 24 – ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɜ 

ɬɟɱɟɧɢɢ ɫɭɬɨɤ, ɱ; 

 ܳʝ௠𝑎𝑥 – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ, Ɇȼɬ; 

 0,86 – ɩɟɪɟɜɨɞɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡ Ɇȼɬ ɜ Ƚɤɚɥ/ɱ; 𝑡˅ː – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ, °ɋ, ɢɡ ɬɚɛɥɢɰɵ 3;  𝑡ː˓ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1); 

 𝑡˔˓.ˑ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, 

°ɋ, ɢɡ ɬɚɛɥɢɰɵ 2; ݊ˑ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ., ɢɡ ɬɚɛɥɢɰɵ 2. 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, ɬɵɫ.Ƚɤɚɥ: 

ܳ˅̂ˑˇ = ݊ˑ ∙ ߬ ∙ (𝑡˅ː − 𝑡˔˓.ˑ) ∙ ቆܳʑ௠𝑎𝑥 ∙ Ͳ,ͺ͸𝑡˅ː − 𝑡ː˓ ቇ ∙ ͳͲ−ଷ                                           ሺʹ.͹ሻ 

ɝɞɟ ݊ˑ - ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.6); 

 ߬ - ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ, ɱ; 𝑡˅ː – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.6); 
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𝑡˔˓.ˑ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.6); 𝑡ː˓ - ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1); ܳʑ௠𝑎𝑥 - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, Ɇȼɬ; 

0,86 – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.6). 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɬɵɫ.Ƚɤɚɥ: ܳˆ˅˔ˆˑˇ = [ʹͶ ∙ ܳʒʑʠ˔˓ ∙ Ͳ,ͺ͸ ∙ ݊ˑ] ∙ ͳͲ−ଷ + 

                    + [ʹͶ ∙ ܳʒʑʠ˔˓ ∙ Ͳ,ͺ͸ ∙ 𝑡ˆ˅ − 𝑡˘˅.ˎ𝑡ˆ˅ − 𝑡˘˅ ∙ ߚ ∙ ሺ͵ͷͲ − ݊ˑሻ] ∙ ͳͲ−ଷ          ሺʹ.ͺሻ 

ɝɞɟ 24 – ɜɪɟɦɹ ɩɨɬɪɟɛɥɟɧɢɹ ɝɨɪɹɱɟɣ ɜɨɞɵ ɜ ɬɟɱɟɧɢɢ ɫɭɬɨɤ, ɱ; 

 ܳʒʑʠ˔˓  – ɫɪɟɞɧɢɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, Ɇȼɬ; 

0,86 – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.6); 𝑡ˆ˅ -  ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.4); 𝑡˘˅.ˎ – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ, °ɋ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 

15 °ɋ, ɫɨɝɥɚɫɧɨ [11]; 𝑡˘˅ - ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.4); ߚ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɫɪɟɞɧɟɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ 

ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɬɨɩɢɬɟɥɶɧɨɦɭ, 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,8 [11]; 

 350 – ɱɢɫɥɨ ɫɭɬɨɤ ɜ ɝɨɞɭ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ.  

Ɉɛɳɚɹ ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɚ ɫɨɫɬɚɜɥɹɟɬ, ɬɵɫ.Ƚɤɚɥ: 

ܳˆˑˇ  = ሺܳˑ̂ˑˇ + ܳ˅̂ˑˇ + ܳˆ˅˔ˆˑˇሻ ∙ (ͳ + ͹ͳͲͲ) ∙ (ͳ + ʹͳͲͲ)                                 ሺʹ.ͻሻ 

ɝɞɟ 7 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, % 

[12]; 
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2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɚ ɜ ɤɨɬɟɥɶɧɨɣ, % [12]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 

Ɍɚɛɥɢɰɚ 5 - Ƚɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ, ɬɵɫ.Ƚɤɚɥ 

Ɉɬɨɩɥɟɧɢɟ 76,535 

ȼɟɧɬɢɥɹɰɢɹ 1,927 

Ƚȼɋ 17,273 

ɂɬɨɝɨ 104,485 

 

 ɋɭɦɦɚɪɧɚɹ ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɤɨɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 104,485 ɬɵɫ.Ƚɤɚɥ, ɢɥɢ ɠɟ 437,457 ɬɵɫ.ȽȾɠ. 

 

2.6 ȼɵɛɨɪ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɤɨɬɟɥɶɧɨɣ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 38,9 Ɇȼɬ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɯɨɞɨɜ ɬɟɩɥɚ, ɤɚɤ ɞɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ, ɬɚɤ 

ɢ ɞɥɹ ɤɨɬɟɥɶɧɨɣ ɧɚ ɛɢɨɬɨɩɥɢɜɟ, ɬɪɟɛɭɸɬɫɹ 2 ɤɨɬɥɚ Ʉȼ-Ɍɋ-20 

ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 23,26 Ɇȼɬ ɤɚɠɞɵɣ. Ⱦɚɧɧɵɟ ɤɨɬɥɵ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɤɪɵɬɢɹ ɬɚɤɢɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ. Ɉɧɢ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ 

ɫɟɛɹ ɤɚɤ ɧɚɞɟɠɧɵɟ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɚɝɪɟɝɚɬɵ. 

Ʉȼ-Ɍɋ-20-150 – ɤɨɬɟɥ ɜɨɞɨɝɪɟɣɧɵɣ, ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɣ ɫɨ ɫɨɟɜɵɦ 

ɫɠɢɝɚɧɢɟɦ. ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɨɪɹɱɟɣ ɜɨɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 150 °ɋ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɫɢɫɬɟɦɚɯ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

Ʉɨɬɟɥ ɫɨɫɬɨɢɬ ɢɡ ɬɨɩɨɱɧɨɝɨ ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɛɥɨɤɨɜ. 
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Ɍɨɩɨɱɧɵɣ ɛɥɨɤ, ɢɦɟɸɳɢɣ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɤɨɦɩɨɧɨɜɤɭ, ɫɨɫɬɨɢɬ ɢɡ 

ɷɤɪɚɧɧɵɯ ɬɪɭɛ Ø60×3,5 ɦɦ ɫ ɲɚɝɨɦ 64 ɦɦ, ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɜ ɤɨɥɥɟɤɬɨɪɵ 

Ø219x10 ɦɦ. Ʉɨɧɜɟɤɬɢɜɧɵɣ ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɜɟɪɬɢɤɚɥɶɧɵɣ, ɩɨɥɧɨɫɬɶɸ 

ɷɤɪɚɧɢɪɨɜɚɧɧɵɣ ɝɚɡɨɯɨɞ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɡɦɟɟɜɢɤɢ ɤɨɧɜɟɤɬɢɜɧɵɯ 

ɩɚɤɟɬɨɜ. ɍ ɤɨɬɥɚ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɫɭɳɢɣ ɤɚɪɤɚɫ. Ȼɥɨɤɢ ɤɨɬɥɚ ɢɦɟɸɬ ɨɩɨɪɵ, 

ɩɪɢɜɚɪɟɧɧɵɟ ɤ ɧɢɠɧɢɦ ɤɨɥɥɟɤɬɨɪɚɦ [13]. 

 Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɤɨɬɟɥɶɧɨɣ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɂɪɲɚ-ɛɨɪɨɞɢɧɫɤɨɦ ɛɭɪɨɦ 

ɭɝɥɟ, ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɤɨɬɥɚ, ɨɛɨɪɭɞɨɜɚɧɧɚɹ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɬɨɩɤɨɣ ɌɑɁɆ-2,7/6,5. Ɍɨɩɤɚ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫ ɱɟɲɭɣɱɚɬɨɣ 

ɪɟɲɟɬɤɨɣ ɡɚɞɧɟɝɨ ɯɨɞɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɫɥɨɟɜɨɝɨ ɫɠɢɝɚɧɢɹ ɤɚɦɟɧɧɵɯ ɢ ɛɭɪɵɯ 

ɭɝɥɟɣ. ɉɪɨɰɟɫɫ ɫɠɢɝɚɧɢɹ ɩɨɥɧɨɫɬɶɸ ɦɟɯɚɧɢɡɢɪɨɜɚɧ. ɉɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɢɦ 

ɡɚɛɪɚɫɵɜɚɬɟɥɟɦ ɭɝɨɥɶ ɧɟɩɪɟɪɵɜɧɨ ɩɨɞɚɟɬɫɹ ɧɚ ɜɪɚɳɚɸɳɢɣɫɹ ɪɨɬɨɪ. Ʉɪɭɩɧɵɟ 

ɮɪɚɤɰɢɢ ɪɚɡɛɪɚɫɵɜɚɸɬɫɹ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɪɟɲɟɬɤɢ, ɚ ɦɟɥɤɢɟ ɩɨɩɚɞɚɸɬ ɜ 

ɬɨɩɨɱɧɵɣ ɨɛɴɟɦ. Ƚɨɪɟɧɢɟ ɧɚ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɧɤɨɦ ɫɥɨɟ 

20-25 ɦɦ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɮɪɚɤɰɢɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 40 ɦɦ [13]. 

Ⱦɥɹ ɞɪɟɜɟɫɧɨɝɨ ɛɢɨɬɨɩɥɢɜɚ ɞɨɩɭɫɤɚɟɬɫɹ ɫɠɢɝɚɧɢɟ ɧɚ ɤɨɥɨɫɧɢɤɨɜɨɣ 

ɪɟɲɟɬɤɟ, ɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɟɥɥɟɬ ɢɡ ɥɭɡɝɢ ɢɥɢ ɫɨɥɨɦɵ ɭɠɟ ɦɨɝɭɬ ɜɵɡɜɚɬɶ 

ɩɪɨɛɥɟɦɵ ɜɜɢɞɭ ɪɚɡɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɷɬɢɯ ɬɨɩɥɢɜ [14]. Ɉɞɧɨɣ 

ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɸɛɵɯ ɜɢɞɨɜ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ 

ɹɜɥɹɟɬɫɹ ɫɠɢɝɚɧɢɟ ɜ ɰɢɪɤɭɥɢɪɭɸɳɟɦ ɤɢɩɹɳɟɦ ɫɥɨɟ [15].  

Ⱦɥɹ ɤɨɬɟɥɶɧɨɣ ɧɚ ɩɟɥɥɟɬɚɯ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ ɜɟɪɫɢɸ 

ɜɵɛɪɚɧɧɨɝɨ ɪɚɧɟɟ ɤɨɬɥɚ – Ʉȼ-Ɍɋ-20-150 ȼɐɄɋ. Ⱦɚɧɧɵɣ ɤɨɬɟɥ, ɜɦɟɫɬɨ 

ɫɬɚɧɞɚɪɬɧɨɣ ɬɨɩɤɢ ɌɑɁɆ, ɨɛɨɪɭɞɨɜɚɧ ɬɨɩɤɨɣ ɫ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ 

ɰɢɪɤɭɥɢɪɭɸɳɟɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ (ȼɐɄɋ). Ⱦɚɧɧɚɹ ɬɨɩɤɚ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɚɤɰɢɣ ɦɟɧɟɟ 50 ɦɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɟɥɥɟɬɧɵɟ 

ɝɪɚɧɭɥɵ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ. ȼ ɤɨɬɥɟ Ʉȼ-Ɍɋ-20 ȼɐɄɋ ɫɠɢɝɚɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɭɡɤɨɣ ɪɟɲɟɬɤɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɫɬɨɣ ɩɧɟɜɦɨ-

ɝɪɚɜɢɬɚɰɢɨɧɧɵɣ ɩɢɬɚɬɟɥɶ ɛɟɡ ɡɚɛɪɚɫɵɜɚɬɟɥɹ [16].
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Ɋɢɫɭɧɨɤ 3 - ɑɟɪɬɟɠ ɤɨɬɥɚ Ʉȼ-Ɍɋ-20-150 
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Ɋɢɫɭɧɨɤ 4 - ɑɟɪɬɟɠ ɤɨɬɥɚ Ʉȼ-Ɍɋ-20-150 ȼɐɄɋ
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3 Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɤɨɬɟɥɶɧɨɣ  
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ 

ɬɟɩɥɨɜɵɟ ɫɟɬɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɤɨɬɟɥɶɧɨɣ, ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɤɨɬɟɥɶɧɨɣ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɨɫɟɥɤɟ 

ɩɪɢɦɟɧɹɟɬɫɹ ɡɚɤɪɵɬɚɹ ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ 

ɦɚɤɫɢɦɚɥɶɧɨ ɡɢɦɧɟɝɨ ɪɟɠɢɦɚ. 

3.1 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ 

 

ȼɨɞɚ ɢɡ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ ɩɨ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ Ɍ2 

ɢ ɩɨɞɫɬɭɩɚɟɬ ɤ ɫɟɬɟɜɵɦ ɧɚɫɨɫɚɦ 2. Ɍɭɞɚ ɠɟ, ɱɟɪɟɡ ɩɨɞɩɢɬɨɱɧɵɟ ɧɚɫɨɫɵ 6, 

ɩɨɞɯɨɞɢɬ ɩɨɞɩɢɬɨɱɧɚɹ ɜɨɞɚ ȼ30, ɩɨɤɪɵɜɚɸɳɚɹ ɭɬɟɱɤɢ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ. Ɍɚɤ ɠɟ ɤ 

ɫɟɬɟɜɵɦ ɧɚɫɨɫɚɦ, ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ Ɍ6, ɩɨɞɚɟɬɫɹ ɝɨɪɹɱɚɹ ɜɨɞɚ, ɬɟɩɥɨ ɨɬ ɤɨɬɨɪɨɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɝɪɟɜɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 9 ɢ ɫɵɪɨɣ ɜɨɞɵ 4.  

 Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɪɭɠɧɨɣ ɤɨɪɪɨɡɢɢ ɬɪɭɛ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɫɬɚɥɶɧɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɧɚ 

ɜɯɨɞɟ ɜ ɤɨɬɥɵ 1 ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɞɟɧɫɚɰɢɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ [17]. Ⱦɥɹ ɷɬɨɝɨ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɜɵɲɟɞɲɟɣ ɢɡ ɤɨɬɥɚ 1, 

ɪɟɰɢɤɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ 12 ɩɨɞɚɟɬɫɹ ɨɛɪɚɬɧɨ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɡɚ ɫɟɬɟɜɵɦ 

ɧɚɫɨɫɨɦ 2. 

 ɉɪɢ ɪɚɛɨɬɟ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɡɢɦɧɟɝɨ, ɱɚɫɬɶ 

ɜɨɞɵ ɢɡ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ Ɍ2, ɩɨɫɥɟ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ 2, ɨɬɩɪɚɜɥɹɸɬ ɜ ɩɨɞɚɸɳɭɸ 

ɥɢɧɢɸ Ɍ1 ɱɟɪɟɡ ɥɢɧɢɸ ɩɟɪɟɩɭɫɤɚ, ɦɢɧɭɹ ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ 1. ȼɨɞɚ 

ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɢɡ ȼɄ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɪɚɫɱɟɬɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ.  

 ɋɵɪɚɹ ɜɨɞɵ ɞɥɹ ɩɨɞɩɢɬɤɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ ȼ3, 

ɧɚɫɨɫɨɦ ɫɵɪɨɣ ɜɨɞɵ 3, ɩɨɞɚɟɬɫɹ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɵɪɨɣ ɜɨɞɵ 4, ɩɨɫɥɟ ɱɟɝɨ 

ɩɨɞɨɝɪɟɬɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɢɫɬɟɦɭ ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ 5. 
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1 – ɜɨɞɨɝɪɟɣɧɵɣ ɤɨɬɟɥ; 2 – ɫɟɬɟɜɨɣ ɧɚɫɨɫ; 3 – ɧɚɫɨɫ ɫɵɪɨɣ ɜɨɞɵ; 4 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɵɪɨɣ 

ɜɨɞɵ; 5 – ɯɢɦɜɨɞɨɨɱɢɫɬɤɚ; 6 – ɩɨɞɩɢɬɨɱɧɵɣ ɧɚɫɨɫ; 7 – ɛɚɤ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ; 8 – 

ɨɯɥɚɞɢɬɟɥɶ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ; 9 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ; 10 – 

ɞɟɚɷɪɚɬɨɪ; 11 – ɨɯɥɚɞɢɬɟɥɶ ɜɵɩɚɪɚ; 12 – ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ; Ɍ1 – ɬɪɭɛɨɩɪɨɜɨɞ ɝɨɪɹɱɟɣ 

ɜɨɞɵ ɞɥɹ ɧɭɠɞ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ, ɩɨɞɚɸɳɢɣ; 6 Ɍ2 – ɬɪɭɛɨɩɪɨɜɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ ɞɥɹ 

ɧɭɠɞ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ, ɨɛɪɚɬɧɵɣ; Ɍ5 – ɬɪɭɛɨɩɪɨɜɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ ɞɥɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɭɠɞ, ɩɨɞɚɸɳɢɣ; Ɍ6 – ɬɪɭɛɨɩɪɨɜɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɧɭɠɞ, ɨɛɪɚɬɧɵɣ; ȼ3 – ɜɨɞɨɩɪɨɜɨɞ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ; ȼ6 – ɜɨɞɨɩɪɨɜɨɞ ɭɦɹɝɱɟɧɧɨɣ ɜɨɞɵ; 

ȼ30 – ɜɨɞɨɩɪɨɜɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ; ȿ0 – ɬɪɭɛɨɩɪɨɜɨɞ ɜɵɩɚɪɚ ɞɟɚɷɪɚɬɨɪɚ ɢ 

ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. 

Ɋɢɫɭɧɨɤ 5 - Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɜɨɞɨɝɪɟɣɧɨɣ ɤɨɬɟɥɶɧɨɣ 

 ɉɪɢ ɪɚɛɨɬɟ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɡɢɦɧɟɝɨ, ɱɚɫɬɶ 

ɜɨɞɵ ɢɡ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ Ɍ2, ɩɨɫɥɟ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ 2, ɨɬɩɪɚɜɥɹɸɬ ɜ ɩɨɞɚɸɳɭɸ 

ɥɢɧɢɸ Ɍ1 ɱɟɪɟɡ ɥɢɧɢɸ ɩɟɪɟɩɭɫɤɚ, ɦɢɧɭɹ ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ 1. ȼɨɞɚ 

ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɢɡ ȼɄ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɪɚɫɱɟɬɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɩɚɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ.  
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 ɋɵɪɚɹ ɜɨɞɵ ɞɥɹ ɩɨɞɩɢɬɤɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ ȼ3, 

ɧɚɫɨɫɨɦ ɫɵɪɨɣ ɜɨɞɵ 3, ɩɨɞɚɟɬɫɹ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɵɪɨɣ ɜɨɞɵ 4, ɩɨɫɥɟ ɱɟɝɨ 

ɩɨɞɨɝɪɟɬɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɢɫɬɟɦɭ ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ 5. 

ɏɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ, ɢɞɭɳɚɹ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɭɦɹɝɱɟɧɧɨɣ ɜɨɞɵ 

ȼ6, ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 8,9 ɢ 11, ɩɨɫɥɟ ɱɟɝɨ ɜ ɞɟɚɷɪɚɬɨɪɟ 10 

ɨɱɢɳɚɟɬɫɹ ɨɬ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɧɟɣ ɚɝɪɟɫɫɢɜɧɵɯ ɝɚɡɨɜ.  

Ⱦɟɚɷɪɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ȼ30, ɩɪɨɯɨɞɹ 

ɱɟɪɟɡ ɨɯɥɚɞɢɬɟɥɶ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ 8, ɩɨɫɬɭɩɚɟɬ ɜ ɛɚɤ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ 

7, ɨɬɤɭɞɚ ɭɠɟ ɢɞɟɬ ɧɚ ɩɨɞɩɢɬɤɭ ɜ ɬɟɩɥɨɜɵɟ ɫɟɬɢ.  

ɑɚɫɬɶ ɝɨɪɹɱɟɣ ɜɨɞɵ ɢɡ ɤɨɬɥɚ ɢɞɟɬ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ ɩɨ 

ɬɪɭɛɨɩɪɨɜɨɞɚɦ Ɍ5. Ɉɧɚ ɫɥɭɠɢɬ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 9, ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɫɵɪɨɣ ɜɨɞɵ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 4, ɚ ɬɚɤɠɟ 

ɩɨɞɚɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ 10. 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. ɉɪɢ ɪɚɫɱɟɬɟ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɩɟɪɟɞ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 105 °ɋ, 

ɫɨɝɥɚɫɧɨ [17]. 

Ɍɚɛɥɢɰɚ 6 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɤɨɬɟɥɶɧɨɣ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ Ɇȼɬ 34,548 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ Ɇȼɬ 1,736 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ Ƚȼɋ Ɇȼɬ 2,654 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ °ɋ 150 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ °ɋ 70 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɨɣ °ɋ 105 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɣ ɜɨɞɵ °ɋ 60 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ °ɋ 5 
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3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɜ ɤɨɬɟɥɶɧɨɣ 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ, ɤɝ/ɫ: 

ʝʑܩ = ሺܳʝ + ܳʑሻ ∙ ͳͲଷ(𝑖˒ˑˇ − 𝑖˒˅) ∙ 𝜂ʡʠ                                                                                           ሺ͵.ͳሻ 

ɝɞɟ ܳʝ, ܳʑ – ɪɚɫɯɨɞɵ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Ɇȼɬ, 

ɢɡ ɬɚɛɥɢɰɵ 6; 

 𝑖˒ˑˇ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɫɨɝɥɚɫɧɨ [18]; 

 𝑖˒˅ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɤȾɠ/ɤɝ [18]; 

 𝜂ʡʠ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɚ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ, 

ɩɪɢɧɢɦɚɟɦ 0,98 [17]. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɫɨɫɬɚɜɥɹɟɬ, ɤɝ/ɫ:  

ʝʑܩ = ሺ͵Ͷ,ͷͶͺ + ͳ,͹͵͸ሻ ∙ ͳͲଷሺ͸͵ʹ,ʹͷʹ − ͶͶͲ,ʹͳ͵ሻ ∙ Ͳ,ͻͺ = ͳͻʹ,͹ͻ͹ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ Ƚȼɋ, ɤɝ/ɫ: 

ʒʑʠܩ = ܳʒʑʠ ∙ ͳͲଷ𝑖ˆ˅ − 𝑖˘˅                                                                                                      ሺ͵.ʹሻ 

ɝɞɟ ܳʒʑʠ – ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, Ɇȼɬ, ɢɡ ɬɚɛɥɢɰɵ 6; 

 𝑖ˆ˅ – ɷɧɬɚɥɶɩɢɹ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɤȾɠ/ɤɝ [18]; 

 𝑖˘˅ – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ [18]. 

 Ɍɨɝɞɚ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ, ɤɝ/ɫ: 

ʒʑʠܩ =  ʹ,͸ͷͶ ∙ ͳͲଷʹͷͳ,ͳͷͶ − ʹͳ,Ͳͳͻ = ͳͳ,ͳʹͶ 
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Ɋɚɫɯɨɞ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ, ɤɝ/ɫ: ܩʡʠ = ʝʑܩ  + ʒʑʠܩ = ͳͻʹ,͹ͻ͹ + ͳͳ,ͳʹͶ = ʹͲ͵,ͻʹͳ                                      ሺ͵.͵ሻ 

ɉɨɬɟɪɢ ɜɨɞɵ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɪɚɜɧɵ ɧɟɨɛɯɨɞɢɦɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɯɢɦ. 

ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: ܩʤʑʝ = ʡʠܩ  ∙ Ͳ,Ͳʹ = ʹͲ͵,ͻʹͳ ∙ Ͳ,Ͳʹ = Ͷ,Ͳ͹ͺ                                                  ሺ͵.Ͷሻ 

ɝɞɟ  0,02 – ɞɨɥɹ ɭɬɟɱɟɤ ɜɨɞɵ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ [17]. 

Ʉɨɥɢɱɟɫɬɜɨ ɫɵɪɨɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɡɢɦɧɟɦ ɪɟɠɢɦɟ, ɤɝ/ɫ: ܩ˔˅.ˏˊ = ʤʑʝܩ  ∙ ͳ,ʹ = Ͷ,Ͳ͹ͺ ∙ ͳ,ʹ = Ͷ,ͺͻͶ                                                        ሺ͵.ͷሻ 

ɝɞɟ  1,2 – ɞɨɥɹ ɩɪɨɦɵɜɨɱɧɨɣ ɜɨɞɵ, ɢɞɭɳɟɣ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɮɢɥɶɬɪɨɜ ɜ ɫɢɫɬɟɦɟ 

ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ [17]. 

Ʉɨɥɢɱɟɫɬɜɨ ɫɵɪɨɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɜ ɥɟɬɧɟɦ ɪɟɠɢɦɟ, ɤɝ/ɫ: ܩ˔˅.ˎ = ሺܩʒʑʠ ∙ Ͳ,Ͳʹሻ ∙ ͳ,ʹ = ሺͳͳ,ͳʹͶ ∙ Ͳ,Ͳʹሻ ∙ ͳ,ʹ = Ͳ,ʹ͸͹                           ሺ͵.͸ሻ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ – 

ɨɯɥɚɞɢɬɟɥɹ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ (ɩɨɡ.8 ɧɚ ɪɢɫɭɧɤɟ 5), °ɋ: 

𝑡′′ˑˇ˅ = ʤʑʝܩ˒ˇˑ˒ܩ ∙ ܿ ∙ (𝑖′˒ˑˇ˒ − 𝑖′′˒ˑˇ˒) ∙ 𝜂˒ˑˇ + 𝑡′ˑˇ˅                                             ሺ͵.͹ሻ 

ɝɞɟ ܩ˒ˑˇ˒ – ɪɚɫɯɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɢɡ ɞɟɚɷɪɚɬɨɪɚ ɪɚɜɧɹɟɬɫɹ, ɤɝ/ɫ: ܩ˒ˑˇ˒ = ͳ,ͳͲ ∙ ʤʑʝܩ = ͳ,ͳͲ ∙ Ͷ,Ͳ͹ͺ = Ͷ,Ͷͺ͸                                                     ሺ͵.ͺሻ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɢɡ ɞɟɚɷɪɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɧɚ 10% ɛɨɥɶɲɟ 

ɯɢɦ. ɨɱɢɳɟɧɧɨɣ [17]. 𝑖′˒ˑˇ˒ – ɷɧɬɚɥɶɩɢɹ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɟɚɷɪɚɬɨɪɚ, 

ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ [18], ɩɪɢ 104 °ɋ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɚɷɪɚɬɨɪ ɚɬɦɨɫɮɟɪɧɨɝɨ 

ɬɢɩɚ [17], ɤȾɠ/ɤɝ; 
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 𝑖′′˒ˑˇ˒ – ɷɧɬɚɥɶɩɢɹ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɈȾȼ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ [18], ɩɪɢ 

70 °ɋ, ɫɨɝɥɚɫɧɨ [17], ɤȾɠ/ɤɝ; 

 ܿ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɩɪɢɧɢɦɚɟɦ 4,19 ɤȾɠ/ɤɝ∙ɝɪɚɞ; 𝜂˒ˑˇ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɵɦ 0,98 ɫɨɝɥɚɫɧɨ [17]; 𝑡′ˑˇ˅ – ɬɟɦɩɟɪɚɬɭɪɚ ɯɢɦɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɞɨ ɈȾȼ, ɪɚɜɧɚ 38 °ɋ [17]. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɈȾȼ ɪɚɜɧɹɟɬɫɹ, °ɋ: 

𝑡′′ˑˇ˅ =  Ͷ,Ͷͺ͸Ͷ,Ͳ͹ͺ ∙ Ͷ,ͳͻ ∙ ሺͶ͵͸,Ͷʹ − ʹͻ͵,ͷ͸ͷሻ ∙ Ͳ,ͻͺ + ͵ͺ = ͹Ͷ,͹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ (ɩɨɡ. 

9 ɧɚ ɫɯɟɦɟ), ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɞɟɚɷɪɚɬɨɪ °ɋ: 

𝑡′′ʞʤʝʑ = ˑ˒˓ˆܩ ʤʑʝܩ˒ˇ ∙ ܿ ∙ (𝑖′ˆ˓ − 𝑖′′ˆ˓) ∙ 𝜂˒ˑˇ + 𝑡′′ˑˇ˅                                                 ሺ͵.ͻሻ 

ɝɞɟ ܩˆ˓˒ˑ ˇ˒- ɪɚɫɯɨɞ ɝɪɟɸɳɟɣ ɜɨɞɵ ɨɬ ɤɨɬɥɚ, ɩɪɢɧɢɦɚɟɦ ɧɚ 6% ɛɨɥɶɲɟ ɪɚɫɯɨɞɚ 

ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɤɝ/ɫ; ܩˆ˓˒ˑ ˇ˒ = ͳ,Ͳ͸ ∙ ʤʑʝܩ = ͳ,Ͳ͸ ∙ Ͷ,Ͳ͹ͺ = Ͷ,͵ʹ͵                                                  ሺ͵.ͳͲሻ 𝑖′ˆ˓ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɪɚɜɧɚ ɷɧɬɚɥɶɩɢɢ 

ɜɨɞɵ ɧɚ ɜɵɞɨɯɟ ɢɡ ɤɨɬɥɚ, ɤȾɠ/ɤɝ; 

 𝑖′′ˆ˓ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 130 °ɋ, ɫɨɝɥɚɫɧɨ [1], ɤȾɠ/ɤɝ. 

 Ɉɬɫɸɞɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɢɞɭɳɟɣ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɪɚɜɧɹɟɬɫɹ, °ɋ: 

𝑡′′ʞʤʝʑ = Ͷ,͵ʹ͵Ͷ,Ͳ͹ͺ ∙ Ͷ,ͳͻ ∙ ሺ͸͵ʹ,ʹͷʹ − ͷͶ͸,ͷͶͷሻ ∙ Ͳ,ͻͺ + ͹Ͷ,͹ = ͻ͸ 
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Ⱦɥɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɵɪɨɣ ɜɨɞɵ (ɩɨɡ. 4 ɧɚ ɪɢɫɭɧɤɟ 5) ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: ܩˆ˓˒ˑ ˇ˒ ∙ ሺ𝑖′ʞʠʑ − 𝑖′′ʞʠʑሻ = ˊˏ.˅˔ܩ ∙ ሺ𝑖′ʤʑʝ − 𝑖˘˅ሻ                                               ሺ͵.ͳͳሻ 

Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɣ ɜɨɞɵ ɩɨɫɥɟ ɉɋȼ ɪɚɜɧɚ, °ɋ: 

𝑡′′ʞʠʑ = 𝑖′′ʞʠʑܿ = 𝑖′ʞʠʑܿ − ˑ˒˓ˆܩˊˏ.˅˔ܩ ˇ˒ ∙ ܿ ∙ ሺ𝑖′ʤʑʝ − 𝑖˘˅ሻ                                           ሺ͵.ͳʹሻ 

ɝɞɟ 𝑖′′ʞʠʑ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɣ ɜɨɞɵ ɩɨɫɥɟ ɉɋȼ, ɤȾɠ/ɤɝ; 

 𝑖′ʞʠʑ - ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɣ ɜɨɞɵ ɞɨ ɉɋȼ, ɪɚɜɧɹɟɬɫɹ 𝑖′′ˆ˓ ɷɧɬɚɥɶɩɢɢ 

ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ (ɩɨɡ.9 ɧɚ 

ɪɢɫɭɧɤɟ 5), ɤȾɠ/ɤɝ; 𝑖′ʤʑʝ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɟɪɟɞ ɯɢɦɜɨɞɨɨɱɢɫɬɤɨɣ, ɩɪɢɧɢɦɚɟɦ ɩɨ [18] ɩɪɢ 40 

°ɋ ɫɨɝɥɚɫɧɨ [17], ɤȾɠ/ɤɝ; ܩ˔˅.ˏˊ  - ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.5). 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɣ ɜɨɞɵ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɵɪɨɣ ɜɨɞɵ, °ɋ: 

𝑡′′ʞʠʑ =  ͷͶ͸,ͷͶͷͶ,ͳͻ − Ͷ,ͺͻͶͶ,͵ʹ͵ ∙ Ͷ,ͳͻ ∙ ሺͳ͸͹,ͷͶͳ − ʹͳ,Ͳͳͻሻ = ͻͲ,͹ 

Ɋɚɫɯɨɞ ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚ ɞɟɚɷɪɚɬɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ (ɩɨɡ. 10 ɧɚ ɫɯɟɦɟ), ɤɝ/ɫ: 

̌˓ˆܩ = ˒ˇˑ˒ܩ ∙ 𝑖′˒ˑˇ˒ − ʤʑʝܩ ∙ 𝑖′′ʞʤʝʑ𝑖ˆ˓̌                                                                   ሺ͵.ͳ͵ሻ 

ɝɞɟ ܩ˒ˑˇ˒ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.8); 𝑖′˒ˑˇ˒ – ɷɧɬɚɥɶɩɢɹ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɟɚɷɪɚɬɨɪɚ, ɤȾɠ/ɤɝ; ܩʤʑʝ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.5); 𝑖ˆ˓̌ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɤȾɠ/ɤɝ; 
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𝑖′′ʞʤʝʑ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ, ɢɞɭɳɟɣ ɧɚ ɞɟɚɷɪɚɬɨɪ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡′′ʞʤʝʑ 

ɪɚɜɧɨɣ 95 °ɋ; ɤȾɠ/ɤɝ [18]. 

Ɋɚɫɯɨɞ ɝɪɟɸɳɟɣ ɜɨɞɵ ɪɚɜɟɧ, ɤɝ/ɫ: 

̌˓ˆܩ = Ͷ,͵͸Ͷ ∙ Ͷ͵͸,Ͷʹ − Ͷ,Ͳ͹ͺ ∙ ͵ͻͺ.ͷ͸͵ʹ,ʹͷʹ = Ͳ,ͶͶ 

ɍɬɨɱɧɢɦ ɪɚɫɯɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ: ܩ′˒ˑˇ˒ = ʤʑʝܩ + ̌˓ˆܩ = Ͷ,Ͳ͹ͺ + Ͳ,ͶͶ = Ͷ,ͷʹ                                                 ሺ͵.ͳͶሻ 

ɉɪɨɜɟɪɤɚ ɪɚɧɟɟ ɩɪɢɧɹɬɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɚ ɩɨɞɩɢɨɱɧɨɣ ɜɨɞɵ: 

˒ˇˑ˒ܩ∆ = ˒ˇˑ˒′ܩ − ˒ˇˑ˒′ܩ˒ˇˑ˒ܩ = Ͷ,ͷͺ − Ͷ,Ͷͺ͸Ͷ,ͷͺ ∙ ͳͲͲ% = ʹ%                             ሺ͵.ͳͷሻ 

ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ ɦɟɧɶɲɟ 3%, ɡɧɚɱɢɬ ɪɚɧɟɟ ɩɪɢɧɹɬɵɟ ɞɚɧɧɵɟ 

ɜɟɪɧɵɟ. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ: 

˙ˈ˓ܩ = ˍܩ ∙ (𝑖˒˅ − 𝑖ˑ˄˓)𝑖˒ˑˇ − 𝑖ˑ˄˓ = ʹͲ͵,ͻʹͳ ∙ ሺͶͶͲ,ʹͳ͵ − ʹͻ͵.ͷ͸ͷሻ͸͵ʹ,ʹͷʹ − ʹͻ͵.ͷ͸ = ͺͺ,ʹ         ሺ͵.ͳ͸ሻ 

ɝɞɟ  𝑖ˑ˄˓ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɢɡ [18] ɩɪɢ 70 °ɋ; ɤȾɠ/ɤɝ. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɨɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: ܩˑ˄˓ = ʡʠܩ − ˒ˇˑ˒′ܩ = ʹͲ͵,ͻʹͳ − Ͷ,ͷʹ = ͳͻͻ,Ͷ                                          ሺ͵.ͳ͹ሻ 

ɝɞɟ ܩʡʠ - ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.3). 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɤɨɬɥɵ, ɤɝ/ɫ: ܩ′ˍ = ˓˄ˑܩ + ˒ˇˑ˒′ܩ + ˙ˈ˓ܩ + ˑ˒˓ˆܩ ˇ˒ =                                                             = ͳͻͻ,Ͷ + Ͷ,ͷ + ͺͺ,ʹ + Ͷ,͵ = ʹͻ͸ ሺ͵.ͳͺሻ 

ɝɞɟ ܩˆ˓˒ˑ ˇ˒ -  ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.10). 
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ɍɬɨɱɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɤ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɩɨ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ, 

ɤɝ/ɫ: ܩ′ = ˍ′ܩ  − ̌˓ˆܩ − ˑ˒˓ˆܩ ˇ˒ − ˙ˈ˓ܩ = ʹͻ͸ − Ͳ,ͶͶ − Ͷ,͵ − ͺͺ,ʹ = ʹͲ͵        ሺ͵.ͳͻሻ 

ɝɞɟ ܩˆ˓̌ - ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (3.13). 

Ɉɩɪɟɞɟɥɢɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɧɚɣɞɟɧɧɵɦ ɪɚɧɟɟ ɢ ɭɬɨɱɧɟɧɧɵɦ ɪɚɫɯɨɞɨɦ ɜɨɞɵ 

ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ, %: 

ܩ∆ = ʡʠܩ′ܩ−ʡʠܩ  ∙ ͳͲͲ% = ʹͲ͵,ͻʹͳ − ʹͲ͵ʹͲ͵,ͻʹͳ ∙ ͳͲͲ% = Ͳ,Ͷͷ%                      ሺ͵.ʹͲሻ 

ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɶɲɟ 3%, ɡɧɚɱɢɬ ɪɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɜɟɪɧɨ. 

Ⱦɚɥɟɟ, ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ 

ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 

3.3 ɉɨɞɛɨɪ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɬɟɥɶɧɨɣ 

 

3.3.1 ɉɨɞɛɨɪ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ 

 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɦ: ܪ˔ː = ͳ,ͳ ∙ ሺ∆ܪ˕˔ +  ሻ                                                                                      ሺ͵.ʹͳሻˍܪ∆

ɝɞɟ  ∆ܪ˕˔ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɦ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ 80 [19]; 

 ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɥɚ, ɦ. Ɋɚɜɧɨ 25,5, ɫɨɝɥɚɫɧɨ ɫɚɣɬɭ – ˍܪ∆ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ [13]; 

 Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɪɚɜɟɧ, ɦ: ܪ˔ː = ͳ,ͳ ∙ ሺͺͲ + ʹͷ,ͷሻ = ͳͳ͸ 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɦ³/ɱ: ܩ˔ː = ͳ,ʹ ∙ ͵,͸ ∙ ′ܩ) + ˑ˒˓ˆܩ ˇ˒)                                                                               ሺ͵.ʹʹሻ 
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ɝɞɟ  ܩ ˋ′ܩˆ˓˒ˑ ˇ˒ – ɪɚɫɯɨɞ ɜɨɞɵ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɢ ɪɚɫɯɨɞ ɝɪɟɸɳɢɣ ɜɨɞɵ 

ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɝ/ɫ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ ɪɚɜɧɹɟɬɫɹ, ɦ³/ɱ: ܩ˔ː = ͳ,ʹ ∙ ͵,͸ ∙ ሺʹͲ͵ + Ͷ,͵ʹ͵ሻ = ͺͻͷ,͸ 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɵɛɢɪɚɟɦ 3 ɧɚɫɨɫɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɜ 

ɪɟɡɟɪɜ, Wilo Atmos GIGA-B 100/315-200/2. ɇɚɫɨɫɵ ɩɨɞɤɥɸɱɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ. 

ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɞɥɹ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.  

Ɍɚɛɥɢɰɚ 7 - ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɞɥɹ ɨɞɧɨɝɨ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɉɛɟɫɩɟɱɢɜɚɟɦɵɣ ɪɚɫɯɨɞ, ɦ³/ɱ 451,8 

ɇɚɩɨɪ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɦ 123,5 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ 
ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɤȼɬ 

194,8 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, % 83,09 

 

 

Ɋɢɫɭɧɨɤ 6 - Ɋɚɛɨɱɚɹ ɬɨɱɤɚ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ Wilo Atmos GIGA-B 100/315-200/2
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3.3.2 ɉɨɞɛɨɪ ɧɚɫɨɫɚ ɫɵɪɨɣ ɜɨɞɵ 

 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɫɨɫɚ ɫɵɪɨɣ ɜɨɞɵ, ɦ: ܪ˔˅ː = ͳ,ͳ ∙ (ℎˇ + ʤʑʝܪ∆ +  ˑˇ)                                                                     ሺ͵.ʹ͵ሻ˒ܪ∆

ɝɞɟ  ℎˇ – ɜɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɟɚɷɪɚɰɢɨɧɧɨɣ ɤɨɥɨɧɤɢ, ɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 

10 ɦ - ɜɵɫɲɟɣ ɨɬɦɟɬɤɟ ɤɨɬɥɚ; 

 ʤʑʝ– ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɏȼɈ, ɦ, ɩɪɢɧɢɦɚɟɬɫɹ 40 ɦܪ∆ 

[19]; 

 .ˑˇ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɦ. Ɋɚɜɧɨ 15 ɦ [19]˒ܪ∆ 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɪɚɜɟɧ, ɦ: ܪ˔˅ː = ͳ,ͳ ∙ ሺͳͲ + ͶͲ + ͳͷሻ = ͹ͳ,ͷ 

 Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ ɫɵɪɨɣ ɜɨɞɵ, ɦ³/ɱ: ܩ˔ː = ͳ,ʹ ∙ ͵,͸ ∙  ሺ͵.ʹͶሻ                                                                                             ˊˏ.˅˔ܩ

ɝɞɟ ܩ˔˅.ˏˊ – ɪɚɫɯɨɞ ɫɵɪɨɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ. 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɵ ɫɵɪɨɣ ɜɨɞɵ, ɦ³/ɱ: ܩ˔ː =  ͳ,ʹ ∙ ͵,͸ ∙ Ͷ,ͺͻͶ = ʹͳ 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɵɛɢɪɚɟɦ 2 ɧɚɫɨɫɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɜ 

ɪɟɡɟɪɜ, Wilo Atmos GIGA-B 32/240-15/2 (ɪɢɫɭɧɨɤ 7). 

Ɍɚɛɥɢɰɚ 8 - ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɞɥɹ ɧɚɫɨɫɚ ɫɵɪɨɣ  ɜɨɞɵ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɉɛɟɫɩɟɱɢɜɚɟɦɵɣ ɪɚɫɯɨɞ, ɦ³/ɱ 22,58 

ɇɚɩɨɪ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɦ 82,66 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ 
ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɤȼɬ 

11,57 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, % 47,7 
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Ɋɢɫɭɧɨɤ 7 - Ɋɚɛɨɱɚɹ ɬɨɱɤɚ ɧɚɫɨɫɚ ɫɵɪɨɣ ɜɨɞɵ Wilo Atmos GIGA-B 32/240-15/2

 

3.3.3 ɉɨɞɛɨɪ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ 

 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ, ɦ: ܪ˒ˑˇː = ͳ,ͳ ∙ ˓˄ˑܪ∆) +  ሺ͵.ʹͷሻ                                                                              (˓˕ܪ∆

ɝɞɟ ܪˑ˄˓ – ɧɚɩɨɪ ɜ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɦ, ɩɪɢɧɢɦɚɟɦ 20 ɦ [19]; ܪ˕˓ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɧɚ ɥɢɧɢɢ ɨɬ ɛɚɤɚ 

ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɞɨ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɦ, ɩɪɢɧɢɦɚɟɦ 5 ɦ 

[19]. 

ɇɚɩɨɪ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ, ɦ: ܪ˒ˑˇː = ͳ,ͳ ∙ ሺʹͲ + ͷሻ = ʹ͹,ͷ 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ, ɦ³/ɱ: ܩ˔ː = ͳ,ʹ ∙ ͵,͸ ∙   ˑˇ˒                                                                                          ሺ͵.ʹ͸ሻ˒′ܩ
ɝɞɟ  ܩ′˒ˑˇ˒ – ɪɚɫɯɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ. 
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 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ ɪɚɜɧɹɟɬɫɹ, ɦ³/ɱ: ܩ˔ː = ͳ,ʹ ∙ ͵,͸ ∙ Ͷ,ͷʹ = ͳͻ,ͷ 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɵɛɢɪɚɟɦ 2 ɧɚɫɨɫɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɜ 

ɪɟɡɟɪɜ, Wilo Atmos GIGA-B 32/125-3/2 (ɪɢɫɭɧɨɤ 8). 

Ɍɚɛɥɢɰɚ 9 - ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɉɛɟɫɩɟɱɢɜɚɟɦɵɣ ɪɚɫɯɨɞ, ɦ³/ɱ 20,4 

ɇɚɩɨɪ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɦ 28,5 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ 
ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɤȼɬ 

2,71 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, % 67,2 

 

 

Ɋɢɫɭɧɨɤ 8 -Ɋɚɛɨɱɚɹ ɬɨɱɤɚ  ɩɨɞɩɢɬɨɱɧɨɝɨ ɧɚɫɨɫɚ Wilo Atmos GIGA-B 32/125-3/2
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3.3.4 ɉɨɞɛɨɪ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ 

 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ, ɦ: ܪ˒ˑˇː = ͳ,ͳ ∙  ሺ͵.ʹ͹ሻ                                                                                                     ˍܪ∆

ɝɞɟ ∆ܪˍ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɥɚ, ɦ. 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɪɚɜɟɧ, ɦ: ܪ˒ˑˇː = ͳ,ͳ ∙ ʹͷ,ͷ = ʹͺ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ, ɦ³/ɱ: ܩ˓ˈ˙ː = ͳ,ʹ ∙ ͵,͸ ∙  ሺ͵.ʹͺሻ                                                                                             ˙ˈ˓ܩ

ɝɞɟ ܩ˓ˈ˙ – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɸ, ɤɝ/ɫ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɪɚɜɧɹɟɬɫɹ, ɦ³/ɱ: ܩ˓ˈ˙ = ͳ,ʹ ∙ ͵,͸ ∙ ͺͺ,ʹ = ͵ͺͳ 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɵɛɢɪɚɟɦ 4 ɧɚɫɨɫɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɜ 

ɪɟɡɟɪɜ, Wilo BM-B 80/315-15/4. ɇɚɫɨɫɵ ɩɨɞɤɥɸɱɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ. 

ɇɚɫɨɫɵ ɩɨɞɤɥɸɱɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ. ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɞɥɹ ɫɟɬɟɜɨɝɨ 

ɧɚɫɨɫɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 10.  

Ɍɚɛɥɢɰɚ 10 - ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɞɥɹ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɉɛɟɫɩɟɱɢɜɚɟɦɵɣ ɪɚɫɯɨɞ, ɦ³/ɱ 130 

ɇɚɩɨɪ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɦ 29,5 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɜ 
ɪɚɛɨɱɟɣ ɬɨɱɤɟ, ɤȼɬ 

15,8 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɄɉȾ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ, % 72 
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Ɋɢɫɭɧɨɤ 9 - Ɋɚɛɨɱɚɹ ɬɨɱɤɚ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ Wilo BM-B 80/315-15/4 

ȼɵɛɪɚɧɧɨɟ ɧɚɫɨɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɢɧɢɦɚɟɦ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɚɤ ɧɚ 

ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ, ɬɚɤ ɢ ɧɚ ɤɨɬɟɥɶɧɨɣ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɩɟɥɥɟɬɧɵɯ ɝɪɚɧɭɥɚɯ.

 

4 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɬɟɥɶɧɨɣ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɞɜɚ ɜɢɞɚ ɬɨɩɥɢɜɚ. Ɉɩɪɟɞɟɥɢɦ ɢ ɫɪɚɜɧɢɦ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɫɧɨɜɧɵɯ 

ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ. 

 

 4.1 ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɬɨɩɥɢɜ 

 

ȼɵɩɭɫɤɚɟɦɵɯ ɜɢɞɨɜ ɩɟɥɥɟɬ ɨɝɪɨɦɧɨɟ ɦɧɨɠɟɫɬɜɨ, ɢɯ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ 

ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɫɵɪɶɹ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɧɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ. 
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 Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜɡɹɬɵ ɞɪɟɜɟɫɧɵɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɟ ɩɟɥɥɟɬɵ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ 

ɨɬɯɨɞɨɜ ɞɪɟɜɟɫɢɧɵ ɪɚɡɥɢɱɧɵɯ ɩɨɪɨɞ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɩɟɥɥɟɬɵ ɜɵɩɭɫɤɚɸɬɫɹ 

Ʉɪɚɫɧɨɹɪɫɤɨɣ ɤɨɦɩɚɧɢɟɣ «Ⱥɪɝɨ Ɍɪɟɣɞɢɧɝ», ɞɚɧɧɵɟ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɜɡɹɬɵ 

ɫ ɫɚɣɬɚ ɩɪɨɢɡɜɨɞɢɬɟɥɹ.  

 Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɭɝɨɥɶɧɵɦ ɬɨɩɥɢɜɨɦ ɫɥɭɠɚɬ ɛɭɪɵɟ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɟ 

ɭɝɥɢ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ. ɗɬɢ ɭɝɥɢ ɢɫɩɨɥɶɡɭɸɬ ɦɧɨɠɟɫɬɜɨ 

ɤɨɬɟɥɶɧɵɯ ɢ Ɍɗɐ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  

Ɍɚɛɥɢɰɚ 11 - Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜ 

ȼɢɞ ɬɨɩɥɢɜɚ 
Ɋɚɛɨɱɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ, % Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, 𝑸ː˓, 

ɆȾɠ/ɤɝ Wɪ Aɪ Sɪ Cɪ Hɪ Nɪ 

ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ 
ɭɝɨɥɶ 

33 7,4 0,2 42,6 3 0,6 15,28 

Ⱦɪɟɜɟɫɧɵɟ ɩɟɥɥɟɬɵ 5,6 0,7 0,01 48,1 5,8 0,6 18 

4.2 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɠɢɝɚɧɢɹ ɨɞɧɨɝɨ ɤɝ 

ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, ɦ³/ɤɝ: ܸ˅ˑ = Ͳ,Ͳͺͺͻ ∙ ሺ݌ܥ + Ͳ,͵͹ͷ ∙ ሻ݌ܵ + Ͳ,ʹ͸ͷ ∙ ݌ܪ − Ͳ,Ͳ͵͵ ∙  ሺͶ.ͳሻ                       ݌ܱ

ɝɞɟ  ݌ܥ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; ܵ݌ - ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; 

 ;% ,ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ – ݌ܪ 

 .% ,ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ - ݌ܱ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, ɦ³/ɤɝ: 

ேܸଶˑ = Ͳ,͹ͻ ∙ ܸ˅ˑ + Ͳ,ͺ ∙  ͳͲͲ                                                                                   ሺͶ.ʹሻ݌ܰ

ɝɞɟ  ܰ݌ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %. 
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Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ³/ɤɝ: 

ோܸைଶˑ = ͳ,ͺͺ͸ ∙ ݌ܥ + Ͳ,͵͹ͷ ∙ ͳͲͲ݌ܵ                                                                             ሺͶ.͵ሻ 

ɝɞɟ ݌ܥ – ɬɨ ɠɟ, ɱɬɨ ɜ  ɮɨɪɦɭɥɟ (4.1); 

 .ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (4.1) ݌ܵ 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ³/ɤɝ: 

𝐻ܸଶைˑ = Ͳ,ͳͳͳ ∙ ݌ܪ + Ͳ,ͲͳʹͶ ∙ ݌ܹ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅ˑ                                            ሺͶ.Ͷሻ 

ɝɞɟ  ܹ݌ – ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %; 

 .ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (4.1) - ݌ܪ 

ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ³/ɤɝ: ܸ̂ = ோܸைଶˑ + ேܸଶˑ + ሺߙ − ͳሻ ∙ ܸ˅ˑ + 𝐻ܸଶைˑ + Ͳ,Ͳͳͷͳ ∙ ሺߙ − ͳሻ ∙ ܸ˅ˑ                  ሺͶ.ͷሻ 

ɝɞɟ  α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɩɪɢɧɢɦɚɟɦ 1,51 [20]. 

 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɨɛɴɟɦɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

12. 

Ɍɚɛɥɢɰɚ 12 - Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ƚɚɡ 
Ɂɧɚɱɟɧɢɹ ɞɥɹ ɛɭɪɨɝɨ ɭɝɨɥɶ, 

ɦ³/ɤɝ Ɂɧɚɱɟɧɢɹ ɞɥɹ ɩɟɥɥɟɬ, ɦ³/ɤɝ ܸ˅ˑ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɜɨɡɞɭɯɚ 

4,153 4,52 

ேܸଶˑ  – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ 
ɚɡɨɬɚ 

3,286 3,58 

ோܸைଶˑ  – ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ 
ɝɚɡɨɜ 

0,796 0,898 

𝐻ܸଶைˑ  – ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 0,809 0,786 ܸ̂  – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

7,043 7,6 
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4.3 ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

 

ɗɧɬɚɥɶɩɢɢ 1 ɦ³ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ [20] ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤɨɬɨɪɭɸ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ ϑ = 160 °ɋ. 

Ɍɚɛɥɢɰɚ 13 - ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 

Ƚɚɡ Ɂɧɚɱɟɧɢɟ, ɤȾɠ/ɦ³ 

Ɍɪɟɯɚɬɨɦɧɵɟ ɝɚɡɵ, RO2 283,4 

Ⱥɡɨɬ, N2 208,6 

ȼɨɞɹɧɵɟ ɩɚɪɵ, H20 243,4 

ȼɨɡɞɭɯ 213,4 

 

Ɉɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ: ܪˆˑ = ோܸைଶˑ ∙ ሺܿ𝜗ሻோைଶ + ேܸଶˑ ∙ ሺܿ𝜗ሻேଶ + 𝐻ܸଶைˑ ∙ ሺܿ𝜗ሻ𝐻ଶை                                   ሺͶ.͸ሻ 

ɝɞɟ  ሺܿ𝜗ሻோைଶ, ሺܿ𝜗ሻேଶ, ሺܿ𝜗ሻ𝐻ଶை – ɷɧɬɚɥɶɩɢɢ 1 ɦ³ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɚɡɨɬɚ, ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɢɡ ɬɚɛɥɢɰɵ 13, ɤȾɠ/ɦ³; 

 ேܸଶˑ  -  ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɫ, ɬɚɛɥɢɰɚ 12.  

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ: ܪ˅ˑ = ܸ˅ˑ ∙ ሺܿ𝜗ሻ˅                                                                                                         ሺͶ.͹ሻ 

ɝɞɟ ሺܿ𝜗ሻ˅ – ɷɧɬɚɥɶɩɢɹ 1 ɦ³ ɜɨɡɞɭɯɚ; ɢɡ ɬɚɛɥɢɰɵ 14, ɤȾɠ/ɦ³; ܸ˅ˑ - ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɫ, ɬɚɛɥɢɰɚ 12. 

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ: ܪˆ = ˑˆܪ + ሺߙ − ͳሻ ∙ ˑ˅ܪ                                                                                           ሺͶ.ͺሻ 

ɝɞɟ ߙ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (4.5). 
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ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ 

ɜɨɡɞɭɯɚ 𝑡˘˅ = 30, ɤȾɠ/ɤɝ [20]: 

ˑ˅˘ܪ = ሺଵ଴଴ሻͳˑͲͲ˅ܪ ∙ ͵Ͳ                                                                                                     ሺͶ.ͻሻ 

ɝɞɟ  ܪ˅ሺଵ଴଴ሻˑ  – ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ 100 °ɋ, ɤȾɠ/ɤɝ [20]. 

 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɷɧɬɚɥɶɩɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 

Ɍɚɛɥɢɰɚ 14 - ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɗɧɬɚɥɶɩɢɹ 
Ɂɧɚɱɟɧɢɹ ɞɥɹ ɛɭɪɨɝɨ ɭɝɨɥɶ, 

ɦ³/ɤɝ 
Ɂɧɚɱɟɧɢɹ ɞɥɹ ɩɟɥɥɟɬ, ɦ³/ɤɝ 

ˑˆܪ  ɷɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 1108 1191,6 

ˑ˅ܪ  ɷɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ 886,3 964,6 ܪˆ ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ 

 ˑ ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ˅˘ܪ 1686,38 1560
ɜɨɡɞɭɯɚ 

256,9 289,4 

4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɄɉȾ ɤɨɬɥɚ 

 

ɄɉȾ ɤɨɬɥɚ ɩɨɤɚɡɵɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɜɵɪɚɛɨɬɤɢ 

ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɤɨɬɟɥɶɧɨɣ. əɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ 

ɩɨɤɚɡɚɬɟɥɟɦ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɛɪɭɬɬɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ ɨɩɪɟɞɟɥɹɟɦ 

ɩɨ ɨɛɪɚɬɧɨɦɭ ɛɚɥɚɧɫɭ, %: 𝜂˄˓ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ +  ଺ሻ                                                            ሺͶ.ͳͲሻݍ

ɝɞɟ  ݍଶ – ɩɨɬɟɪɢ ɬɟɩɥɚ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɧɚɣɞɟɧɧɵɟ 

ɪɚɧɟɟ ɷɧɬɚɥɶɩɢɢ, %: 

ଶݍ = ሺܪˆ − ߙ ∙ ˓ˑሻܳː˅˘ܪ ∙ ሺͳͲͲ −  ସሻ                                                                       ሺͶ.ͳͳሻݍ
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ɝɞɟ ܳː˓  – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɆȾɠ/ɤɝ; 

 ;ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ – ߙ 

 % ସ – ɩɨɬɟɪɢ ɬɟɩɥɨ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ, ɞɥɹ ɭɝɥɹ ɩɪɢɧɢɦɚɟɦ 5ݍ 

[20], ɞɥɹ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɪɚɫɱɟɬɚ ɦɨɠɟɦ ɩɪɢɧɹɬɶ 0,5 %. 

 ;ଷ - ɩɨɬɟɪɢ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɟ 0ݍ 

 ;ହ – ɩɨɬɟɪɢ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɩɪɢɧɢɦɚɟɦ 1,5% [20]ݍ 

 :଺ – ɩɨɬɟɪɢ ɫɨ ɲɥɚɤɨɦ, ɪɚɜɧɹɸɬɫɹݍ 

଺ݍ = ܽ˛ˎ ∙ ˎ˛ܥ ∙ ݌ܣ ∙ 𝑡˛ˎܳː˓                                                                                       ሺͶ.ͳʹሻ 

ɝɞɟ ܽ˛ˎ – ɞɨɥɹ ɡɨɥɵ ɬɨɩɥɢɜɚ ɜ ɲɥɚɤɟ, ɩɪɢɧɢɦɚɟɦ 0,15 [21]; 

 ;ɬɟɩɥɨɟɦɤɨɫɬɶ ɲɥɚɤɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0,9 ɤȾɠ/ɤɝ∙ɝɪɚɞ [22] – ˎ˛ܥ 

 ;% ,ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ - ݌ܣ 

 𝑡˛ˎ – ɬɟɦɩɟɪɚɬɭɪɚ ɲɥɚɤɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 600 °ɋ [22]. 

Ⱦɥɹ ɭɝɥɹ ɩɨɬɟɪɢ ɫɨ ɲɥɚɤɨɦ ɫɨɫɬɚɜɥɹɸɬ ݍ଺ = 3,9 %, ɚ ɞɥɹ ɩɟɥɥɟɬ ɷɬɢɦɢ 

ɩɨɬɟɪɹɦɢ ɦɨɠɟɦ ɩɪɟɧɟɛɪɟɱɶ ɜɜɢɞɭ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɡɨɥɵ ɜ ɪɚɛɨɱɟɣ 

ɦɚɫɫɟ ɬɨɩɥɢɜɚ. 

 ɄɉȾ ɛɪɭɬɬɨ ɩɨ ɨɛɪɚɬɧɨɦɭ ɛɚɥɚɧɫɭ ɫɨɫɬɚɜɢɥɢ: 

 82 % ɧɚ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɦ ɭɝɥɟ; 

 91% ɧɚ ɞɪɟɜɟɫɧɵɯ ɩɟɥɥɟɬɚɯ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɭ ɤɨɬɥɚ, ɪɚɛɨɬɚɸɳɟɦ ɧɚ ɩɟɥɥɟɬɚɯ ɜɵɲɟ, 

ɱɟɦ ɭ ɭɝɨɥɶɧɨɝɨ. ɗɬɨ ɝɨɜɨɪɢɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
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4.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 

 

Ƚɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɬɪɟɛɧɨɫɬɶ ɤɨɬɟɥɶɧɨɣ ɜ ɬɨɩɥɢɜɟ. ɇɚ ɨɫɧɨɜɟ 

ɞɚɧɧɵɯ ɨ ɪɚɫɯɨɞɚɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡɞɟɪɠɤɢ ɧɚ ɬɨɩɥɢɜɨ, ɚ ɬɚɤɠɟ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ 

ɞɭɬɶɟɜɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ ɢ ɪɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɱɟɪɟɡ ɞɵɦɨɫɨɫ.  

 Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨɤɚɡɵɜɚɟɬ ɤɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ ɜ ɝɨɞ ɧɟɨɛɯɨɞɢɦɨ ɫɠɟɱɶ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɭɠɞ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɭɠɟɧ ɞɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ.  

ˇʜ̂ˑܤ = ܳˆˑˇ ∙ ቀͳ + ʞ˕ͳͲͲቁ ∙ ͳͲ଺ܳː˓ ∙ ʹ͵ͺ,ͺͷ ∙ 𝜂˄˓                                                                             ሺͶ.ͳ͵ሻ 

ɝɞɟ  ܳˆˑˇ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɚ, ɬɵɫ.Ƚɤɚɥ; 

 ܳː˓  – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (4.12); 

 238,85 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɜɨɞɚ ɢɡ ɆȾɠ/ɤɝ ɜ ɤɤɚɥ/ɤɝ; 

 ɉɬ – ɩɨɬɟɪɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɩɨɝɪɭɡɨɱɧɨ-

ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɚɛɨɬɚɯ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 2% [11]; 

 𝜂˄˓ – ɄɉȾ ɛɪɭɬɬɨ ɤɨɬɥɚ, %. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɬ.ɭ.ɬ: 

ˇˑˆˎ˔˖ܤ = ˇʜ̂ˑܤ ∙ ܳː˓͹ͲͲͲ                                                                                                      ሺͶ.ͳͶሻ 

ɝɞɟ 7000 – ɟɞɢɧɢɰɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɤɚɥ/ɤɝ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ ɧɚɬɭɪɚɥɶɧɨɝɨ ɢ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 15. 
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Ɍɚɛɥɢɰɚ 15 - Ƚɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɍɝɥɹ ɉɟɥɥɟɬ 

ɇɚɬɭɪɚɥɶɧɨɝɨ, ɬ.ɧ.ɬ 35450,5 27208,4 

ɍɫɥɨɜɧɨɝɨ ɬ.ɭ.ɬ 18482,7 16710,7 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɨɬɟɥɶɧɨɣ ɧɚ ɩɟɥɥɟɬɚɯ ɜ ɝɨɞ 

ɬɪɟɛɭɟɬɫɹ ɦɟɧɶɲɟ ɬɨɩɥɢɜɚ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɬɟɥɶɧɨɣ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɛɭɪɨɦ ɭɝɥɟ. 

 

 5 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜɚ 

 

ȼɨɩɪɨɫ ɨ ɫɧɢɠɟɧɢɢ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 

ɚɪɝɭɦɟɧɬɨɦ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɩɟɥɥɟɬɧɨɟ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɡɨɥɵ, ɨɤɢɫɥɨɜ ɫɟɪɵ ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ.  

 

5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɡɨɥɵ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɡɨɥɵ, ɜɵɛɪɚɫɵɜɚɟɦɨɣ ɜ ɚɬɦɨɫɮɟɪɭ, ɝ/ɫ: 

ˎˊܯ = ˓ܤ ∙ ͳͲ଺͵͸ͲͲ ∙ ቀͳ − 𝜂ˊ˖ͳͲͲቁ ∙ [ቀͳ − ସͳͲͲቁݍ ∙ ͳͲͲ݌ܣ +  ସͳͲͲ]                                 ሺͷ.ͳሻݍ

ɝɞɟ  ܤ˓ - ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ, ɪɚɜɟɧ: 

˓ܤ =  ʜ̂ˑˇͺ͹͸ͷ,ͺͳ͵                                                                                                         ሺͷ.ʹሻܤ

𝜂ˊ˖ – ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 90 % [20]; 

 ;% ,ସ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹݍ 

 .% ,ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ - ݌ܣ 
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5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɨɤɢɫɥɨɜ ɫɟɪɵ 
 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɨɤɢɫɥɨɜ ɫɟɪɵ ɫɨɫɬɚɜɥɹɟɬ, ɝ/ɫ: 

ௌைଶܯ = ˓ܤ ∙ ͳͲ଺͵͸ͲͲ ∙ ͳͲͲ݌ܵ ∙ 𝜇ௌைଶ𝜇ௌ                                                                                   ሺͷ.͵ሻ 

ɝɞɟ  ܵ݌ – ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɪɚɛɨɱɟɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ, %; 

 𝜇ௌைଶ, 𝜇ௌ – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ SO2 ɢ S, ɢɯ ɨɬɧɨɲɟɧɢɟ ɪɚɜɧɨ 2. 

 

5.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
 

ɋɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɜɵɛɪɚɫɵɜɚɟɦɨɟ ɜ ɚɬɦɨɫɮɟɪɭ, ɝ/ɫ: ܯேை𝑥 = Ͳ,Ͳ͵Ͷ ∙ ଵߚ ∙ 𝑘 ∙ ˓ܤ ∙ ܳː˓ ∙ ቀͳ − ସͳͲͲቁݍ ∙ ሺͳ − ଶߚ ∙  ሻ                               ሺͷ.Ͷሻݎ

ɝɞɟ  ߚଵ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɚ ɧɚ ɢ ɫɩɨɫɨɛɚ 

ɭɞɚɥɟɧɢɹ ɲɥɨɤɨɡɨɥɨɭɞɚɥɟɧɢɹ ɧɚ ɜɵɯɨɞ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 1 [20]; 

 𝑘 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɵɯɨɞ ɨɤɫɢɞɚ ɚɡɨɬɚ ɧɚ ɬɨɧɧɭ 

ɫɨɠɠɟɧɧɨɝɨ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ: 

𝑘 = ʹ,ͷ ∙ ܳʹͲ + ܳː                                                                                                               ሺͷ.ͷሻ 

ɝɞɟ ܳː ɢ ܳ – ɧɨɦɢɧɚɥɶɧɚɹ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, 

Ƚɤɚɥ/ɱ. 

 ଶ – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɣɫɬɜɢɹߚ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɢɧɢɦɚɟɦ 0,01 [20]; 

 .ɫɬɟɩɟɧɶ ɪɟɰɢɪɤɭɥɹɰɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 20 [20] – ݎ 

Ɍɨɝɞɚ ɜɵɛɪɨɫ ɞɜɭɨɤɢɫɢ ɚɡɨɬɚ, ɝ/ɫ: ܯேைଶ = Ͳ,ͺ ∙  ேை𝑥                                                                                                                                           ሺͷ.͸ሻܯ
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ ɜɟɳɟɫɬɜ ɢɡ ɤɨɬɟɥɶɧɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
16. 

Ɍɚɛɥɢɰɚ 16 - ȼɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ȼɟɳɟɫɬɜɨ 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ, ɝ/ɫ ɉɪɢ  ɫɠɢɝɚɧɢɢ ɩɟɥɥɟɬ, ɝ/ɫ 

Ɂɨɥɚ 13,5 1,032 

Ɉɤɢɫɥɵ ɫɟɪɵ SO2 4,5 0,17 

Ɉɤɫɢɞɵ ɚɡɨɬɚ NO2 1,36 1,26 

 

 

Ɋɢɫɭɧɨɤ 10 - Ɉɛɴɟɦɵ ɜɵɛɪɨɫɨɜ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɟɥɥɟɬɧɨɝɨ 

ɬɨɩɥɢɜɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɭɪɵɦ ɭɝɥɟɦ, ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɡɨɥɵ ɜ ɚɬɦɨɫɮɟɪɭ 

ɫɨɤɪɚɬɢɥɨɫɶ ɜ 13 ɪɚɡ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɩɨɱɬɢ ɜ 26,5 ɪɚɡ.
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 5.4 Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 

Ⱦɥɹ ɨɬɜɨɞɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢɡ ɤɨɬɥɚ ɢ ɪɚɫɫɟɢɜɚɧɢɢ ɢɯ ɜ ɚɬɦɨɫɮɟɪɟ, ɧɚ 

ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɵɦɨɜɚɹ ɬɪɭɛɚ. ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

ɞɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɢ ɤɨɬɟɥɶɧɨɣ ɧɚ ɛɢɨɬɨɩɥɢɜɟ.  

 

5.4.1 Ⱦɵɦɨɜɚɹ ɬɪɭɛɚ ɞɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ 

 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ: 

ܪ = ܣ√ ∙ ݉ ∙ ݊ ∙ ܨ ∙ ʞʓКܯ − ˗ܥ ∙ √ 𝑧ܸ̌ ∙ ∆ܶ3                                                                          ሺͷ.͹ሻ 

ɝɞɟ ܣ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɪɚɜɧɹɟɬɫɹ 

200 ɞɥɹ ɋɢɛɢɪɢ [20]; 

 ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ – ܨ 

ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 2 ɞɥɹ ɱɚɫɬɢɰ ɡɨɥɵ ɢ 1 – ɞɥɹ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ [20]; 

 ∆ܶ – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ϑ = 160 °ɋ ɢ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 13 ɱɚɫɨɜ ɧɚɢɛɨɥɟɟ ɠɚɪɤɨɝɨ ɦɟɫɹɰɚ, 

ɩɪɢɧɢɦɚɟɦ 𝑡˅ = 24 °ɋ [23], ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɪɚɜɧɹɟɬɫɹ: ∆ܶ =  𝜗 − 𝑡˅ = ͳ͸Ͳ − ʹͶ = ͳ͵͸                                                                         ሺͷ.ͺሻ 

m ɢ n – ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ 

ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ; 

 М – ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɜɟɳɟɫɬɜɚ, ɝ/ɫ; 

 ɉȾɄ – ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɚɹ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ [24], ɦɝ/ɦ³; 
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 ;ɮɨɧɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɦɝ/ɦ³ – ˗ܥ 

 z – ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɜɵɯ ɬɪɭɛ; ܸ̌  – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɝɚɡɨɜ, ɦ³/с: 

ܸ̌ = ˓ܤ  ∙ ሺܸ̂ + ሺߙ − ͳሻ ∙ ܸ˅ˑሻ ∙ 𝜗 + ʹ͹͵ʹ͹͵                                                               ሺͷ.ͻሻ 

ɝɞɟ ܤ˓ - ɪɚɫɱɟɬɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɮɨɪɦɭɥɚ (5.2) ɤɝ/ɫ; 

 ܸ̂  - ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɮɨɪɦɭɥɚ (4.5), ɦ³/ɤɝ; ܸ˅ˑ - ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɮɨɪɦɭɥɚ (4.1), ɦ³/ɤɝ;  ߙ – ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (4.5); 𝜗 – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (5.8). 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɪɚɜɧɹɟɬɫɹ, ɦ³/ɫ: 

ܸ̌ = ͳ,ͳʹ͵ ∙ ሺ͹,ͲͶ͵ + ሺͳ,ͷ − ͳሻ ∙ Ͷ,ͳͷ͵ሻ ∙ ͳ͸Ͳ + ʹ͹͵ʹ͹͵ = ͳ͸,͵ 

 ɇɚɢɛɨɥɶɲɢɣ ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɭ ɡɨɥɵ, ɡɧɚɱɢɬ ɪɚɫɱɟɬ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɫɯɨɞɹ ɢɡ ɤɨɥɢɱɟɫɬɜɚ ɜɵɛɪɨɫɨɜ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ. 

Ɏɨɧɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ, ɦɝ/ɦ³: ܥ˗ˊˑˎ = Ͳ,ͳ ∙ ʞʓКˊˑˎ = Ͳ,ͳ ∙ Ͳ,ͷ = Ͳ,Ͳͷ                                                         ሺͷ.ͳͲሻ 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɞɚɞɢɦɫɹ: ܪ = ʹͷ ˏ ɜɵɫɨɬɚ ɬɪɭɛɵ; 

 𝜔˅˞˘ = ʹͲ ˏ/˔ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ [20]. 

Ɍɨɝɞɚ ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɪɚɜɧɹɟɬɫɹ, ɦ: 

˓˕ܦ = √ Ͷ ∙ ߨܸ̌ ∙ 𝜔˅˞˘ = √Ͷ ∙ ͳ͸,͵ߨ ∙ ʹͲ = ͳ,Ͳʹ                                                                ሺͷ.ͳͳሻ 



47 
 

ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɹ ɞɢɚɦɟɬɪɚ ɭɫɬɶɹ ɬɪɭɛɵ ɢɡ 

ɫɬɚɧɞɚɪɬɧɵɯ [20]: ܦ˕˓ = ͳ,Ͳͷ ˏ. 

 Ɉɩɪɟɞɟɥɹɟɦ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

݉ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √𝑓 + Ͳ,͵Ͷ ∙ √𝑓3                                                                       ሺͷ.ͳʹሻ 

ɝɞɟ 𝑓 – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

𝑓 = ͳͲଷ ∙ 𝜔˅˞˘ଶ ∙ ଶܪ˓˕ܦ ∙ ∆ܶ                                                                                                ሺͷ.ͳ͵ሻ 

ɝɞɟ ∆ܶ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (5.7). 

Ʉɨɷɮɮɢɰɢɟɧɬ 𝑓 ɪɚɜɧɹɟɬɫɹ: 

𝑓 = ͳͲଷ ∙ ʹͲଶ ∙ ͳ,Ͳͷʹͷଶ ∙ ͳ͵͸ = Ͷ,ͺ 

 Ɍɨɝɞɚ ݉ ɪɚɜɧɨ: 

݉ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √Ͷ,ͺ + Ͳ,͵Ͷ ∙ √Ͷ,ͺ3 = Ͳ,͸ͺ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ݊ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɧɚɣɞɟɦ ߭ˏ: 

߭ˏ = Ͳ,͸ͷ ∙ √ܸ̌ ∙ ܪܶ∆ = Ͳ,͸ͷ ∙ √ͳ͸,͵ ∙ ͳ͵͸ʹͷ = ͸,ͳʹ                                        ሺͷ.ͳͶሻ 

ɝɞɟ ܸ̌  – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (5.9). 

ɩɪɢ ߭ˏ > ʹ   ݊ = ͳ  

ɇɚɣɞɟɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɩɨ ɮɨɪɦɭɥɟ (5.7), ɦ: 

ܪ = √ʹͲͲ ∙ ͳ͵,ͷ ∙ ʹ ∙ Ͳ,͸ͺͲ,ͷ − Ͳ.Ͳͷ ∙ √ ͳͳ͸,͵ ∙ ͳ͵͸3 = ʹͷ 
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 ɉɪɢɧɹɬɚɹ ɪɚɧɟɟ ɜɵɫɨɬɵ ɬɪɭɛɵ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɫɱɟɬɧɨɣ, ɡɧɚɱɢɬ ɦɨɠɟɦ 

ɨɫɬɚɜɢɬɶ ɢɡɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɛɟɡ ɢɡɦɟɧɟɧɢɹ. ܪ = ʹͷ ˏ ɜɵɫɨɬɚ ɬɪɭɛɵ; 

˓˕ܦ  = ͳ,Ͳʹ ˏ ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

Ɋɚɫɫɱɢɬɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɩɪɢɡɟɦɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ, ɦɝ/ɦ3: 

௠𝑖௡ܥ = ܣ ∙ ܯ ∙ ܨ ∙ ݉ ∙ ݊ ∙ √ 𝑧ܸ̌ ∙ ଶܪ3ܶ∆                                                                      ሺͷ.ͳͷሻ 

Ɇɢɧɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɜɧɹɟɬɫɹ, ɦɝ/ɦ3: 

ˎ௠𝑖௡ˊˑܥ = ʹͲͲ ∙ ͳ͵,ͷ ∙ ʹ ∙ Ͳ,͸ͺ ∙ ͳ ∙ √ ͳͳ͸,͵ ∙ ͳ͵͸3ʹͷଶ = Ͳ,Ͷͷ 

ɉɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɜɧɚ, ɦɝ/ɦ3:  ܥˊˑˎ = ˎ௠𝑖௡ˊˑܥ + ˎˑˊ˗ܥ = Ͳ,Ͷͷ + Ͳ,ͷ = Ͳ,ͷ                                                        ሺͷ.ͳ͸ሻ 

 ɉɪɨɜɟɪɢɦ: ܥˊˑˎ = Ͳ,ͷ ˏˆˏଷ  ≤  ʞʓКˊˑˎ = Ͳ,ͷ ˏˆˏଷ 

ɉɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 

ɉȾɄ. Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɬɪɭɛɭ ɜɵɫɨɬɨɣ 25 ɦ.

 

5.4.2 Ⱦɵɦɨɜɚɹ ɬɪɭɛɚ ɞɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɞɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ.  

ɇɚɢɛɨɥɶɲɢɣ ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɩɪɢ ɭ ɚɡɨɬɚ. Ⱦɢɨɤɫɢɞ ɫɟɪɵ ɢ ɞɢɨɤɫɢɞ ɚɡɨɬɚ 

ɹɜɥɹɸɬɫɹ ɜɟɳɟɫɬɜɚɦɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɩɨɷɬɨɦɭ ɭɱɢɬɵɜɚɟɦ ɢɯ 

ɫɨɜɦɟɫɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. 
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Ɉɩɪɟɞɟɥɢɦ ɦɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɞɢɨɤɫɢɞɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɝ/ɫ: 

ܯ = ௌைଶܯ + ேைଶܯ ∙ (ʞʓКௌைଶʞʓКேைଶ) = Ͳ,ͳ͹ʹ + ͳ,ʹ͸ ∙ (Ͳ,ͷͲ,ʹ) = ͵,͵       ሺͷ.ͳ͹ሻ 

Ɏɨɧɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɚ ɫɟɪɵ ɢ ɚɡɨɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɝ/ɦ³, 

ɪɚɜɧɹɸɬɫɹ: ܥ˗ௌைଶ = Ͳ,ͳ ∙ ʞʓКௌைଶ = Ͳ,ͳ ∙ Ͳ,ͷ = Ͳ,Ͳͷ                                                       ሺͷ.ͳͺሻ ܥ˗ேைଶ = Ͳ,Ͳͻ ∙ ʞʓКேைଶ = Ͳ,Ͳͻ ∙ Ͳ,ʹ = Ͳ,Ͳͳͺ                                              ሺͷ.ͳͻሻ 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.9), ɦ³/с: 

ܸ̌ = Ͳ,ͺ͸ʹ ∙ ሺ͹,͸ͳ + ሺͳ,ͷ − ͳሻ ∙ Ͷ,ͷʹ͸ሻ ∙ ͳ͸Ͳ + ʹ͹͵ʹ͹͵ = ͳ͵,ͷ͸ 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ: ܪ = ʹͲ ˏ ɜɵɫɨɬɚ ɬɪɭɛɵ; 

 𝜔˅˞˘ = ʹͲ ˏ/˔ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ [20]. 

 Ⱦɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ, ɩɨ ɮɨɪɦɭɥɟ (5.11): 

˓˕ܦ = √ Ͷ ∙ ߨܸ̌ ∙ 𝜔˅˞˘ = √Ͷ ∙ ͳ͵,ͷ͸ߨ ∙ ʹͲ = Ͳ,ͻ͵ 

ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɟɟ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɹ ɞɢɚɦɟɬɪɚ ɭɫɬɶɹ ɬɪɭɛɵ ɢɡ 

ɫɬɚɧɞɚɪɬɧɵɯ [20]: ܦ˕˓ = ͳ,Ͳͷ ˏ. 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ݉, 𝑓, ߭ˏ ɨɩɪɟɞɟɥɢɦ ɢɡ ɮɨɪɦɭɥ (5.12), (5.13) 

ɢ (5.14), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɍɨɝɞɚ: 

𝑓 = ͳͲଷ ∙ 𝜔˅˞˘ଶ ∙ ଶܪ˓˕ܦ ∙ ∆ܶ =  ͳͲଷ ∙ ʹͲଶ ∙ ͳ,ͲͷʹͲଶ ∙ ͳ͵͸ = ͹,͹ 
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Ɉɬɤɭɞɚ ݉ ɪɚɜɧɨ: 

݉ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √𝑓 + Ͳ,͵Ͷ ∙ √𝑓3 = ͳͲ,͸͹ + Ͳ,ͳ ∙ √͹,͹ + Ͳ,͵Ͷ ∙ √͹,͹3 = Ͳ,͸ͳ͹ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ݊ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɧɚɣɞɟɦ ߭ˏ: 

߭ˏ = Ͳ,͸ͷ ∙ √ܸ̌ ∙ ܪܶ∆ = Ͳ,͸ͷ ∙ √ͳ͵,ͷ͸ ∙ ͳ͵͸ʹͷ = ͸,ʹ 

ɩɪɢ ߭ˏ > ʹ   ݊ = ͳ 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ: 

ܪ = √ ܣ ∙ ݉ ∙ ݊ ∙ ܨ ∙ ʞʓКௌைଶܯ − ௌைଶ˗ܥ − ேைଶ˗ܥ ∙ ʞʓКௌைଶʞʓКேைଶ ∙ √ 𝑧ܸ̌ ∙ ∆ܶ3                               ሺͷ.ʹͲሻ 

ȼɵɫɨɬɚ ɬɪɭɛɵ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɪɚɜɧɹɟɬɫɹ, ɦ; 

ܪ = √ ʹͲͲ ∙ ͵,͵ ∙ ͳ ∙ Ͳ,͸ͳ͹Ͳ,ͷ − Ͳ,Ͳͷ − Ͳ,Ͳͳͺ ∙ Ͳ,ͷͲ,ʹ ∙ √ ͳͳ͵,ͷ͸ ∙ ͳ͵͸3 = ͻ,ͳ 

ɉɨɥɭɱɢɜɲɚɹɫɹ ɜɵɫɨɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɢɧɹɬɨɣ ɪɚɧɟɟ, 

ɩɨɜɬɨɪɹɟɦ ɪɚɫɱɟɬ. 

ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ: ܪ = ͻ,ͳ ˏ – ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ; ܦ˕˓ = Ͳ,ͻ ˏ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ, ɦ/ɫ: 

𝜔˅˞˘ = Ͷ ∙ ߨܸ̌ ∙ ˓ଶ˕ܦ = Ͷ ∙ ͳ͵,ͷ͸ߨ ∙ Ͳ,ͻଶ = ʹͳ,͵                                                                    ሺͷ.ʹͳሻ 
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ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

 Ʉɨɷɮɮɢɰɢɟɧɬ 𝑓 ɪɚɜɧɹɟɬɫɹ: 

𝑓 = ͳͲଷ ∙ ʹͳ,͵ଶ ∙ Ͳ,ͻͻ,ͳଶ ∙ ͳ͵͸ = ͵͸,ʹͶ 

Ɍɨɝɞɚ ݉ ɪɚɜɧɨ: 

݉ଵ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √͵͸,ʹͶ + Ͳ,͵Ͷ ∙ √͵͸,ʹͶ3 = Ͳ,Ͷͳ͹ 

ɇɚɣɞɟɦ ߭ˏ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ n: 

߭ˏ =  Ͳ,͸ͷ ∙ √ͳ͵,ͷ͸ ∙ ͳ͵͸ͻ,ͳ = ʹ,͸ 

 ɩɪɢ ߭ˏ > ʹ   ݊ଵ = ͳ  

 ȼɵɫɨɬɚ ɬɪɭɛɵ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɪɚɜɧɚ, ɦ: 

′ܪ = ܪ ∙ √ ௠∙௡௠1∙௡1 = ͳͳ,Ͳʹ ∙ √଴,଺ଵ଻∙ଵ଴,ସଵ଻∙ଵ = ͳͳ                                              ሺͷ.ʹʹሻ
 ɍɬɨɱɧɢɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. 

ȼ ɬɪɟɬɶɟɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ:  ܪ = ͳͳ ˏ – ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ; ܦ˕˓ = Ͳ,ͻ ˏ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

 ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

 Ʉɨɷɮɮɢɰɢɟɧɬ 𝑓 ɪɚɜɧɹɟɬɫɹ: 

𝑓 = ͳͲଷ ∙ ʹͳ,͵ଶ ∙ Ͳ,ͻͳͳଶ ∙ ͳ͵͸ = ʹͶ,Ͷͻ 

Ɍɨɝɞɚ ݉ ɪɚɜɧɨ: 

݉ଶ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √ʹͶ,Ͷͻ + Ͳ,͵Ͷ ∙ √ʹͶ,Ͷͻ3 = Ͳ,Ͷ͸ͷ 
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ɇɚɣɞɟɦ ߭ˏ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ n: 

߭ˏ =  Ͳ,͸ͷ ∙ √ͳ͵,ͷ͸ ∙ ͳ͵͸ͳͳ = ͺ,Ͷ 

 ɩɪɢ ߭ˏ > ʹ   ݊ଶ = ͳ  

ȼɵɫɨɬɚ ɬɪɭɛɵ ɜ ɬɪɟɬɶɟɦ ɩɪɢɛɥɢɠɟɧɢɢ ɪɚɜɧɚ, ɦ: 

′ܪ = ܪ ∙ √݉ଵ ∙ ݊ଵ݉ଶ ∙ ݊ଶ = ͳͳ ∙ √Ͳ,Ͷͳ͹ ∙ ͳͲ,Ͷ͸ͷ ∙ ͳ = ͳͲ,ͷ                                                  ሺͷ.ʹ͵ሻ 

ɉɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɜɵɫɨɬɨɣ ܪ = ͳͳ ˏ ɫ ɞɢɚɦɟɬɪɨɦ ɭɫɬɶɹ ܦ˕˓ = Ͳ,ͻ ˏ. 

Ɋɚɫɫɱɢɬɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɩɪɢɡɟɦɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɬ ɜɵɛɪɨɫɨɜ SO2 ɢ 

NO2 ɩɨ ɮɨɪɦɭɥɟ (5.15). 

Ɇɢɧɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɜɭɨɤɢɫɢ ɫɟɪɵ ɪɚɜɧɹɟɬɫɹ, ɦɝ/ɦ3: 

௠𝑖௡ௌைଶܥ = ʹͲͲ ∙ Ͳ,ͳ͹ʹ ∙ ͳ ∙ Ͳ,Ͷ͸ͷ ∙ ͳ ∙ √ ͳͳ͵,ͷ͸ ∙ ͳ͵͸3ͳͳଶ = Ͳ,Ͳͳͳ 

Ɇɢɧɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɚ ɚɡɨɬɚ ɪɚɜɧɹɟɬɫɹ, ɦɝ/ɦ3: 

௠𝑖௡ேைଶܥ = ʹͲͲ ∙ ͳ,ʹ͸͸ ∙ ͳ ∙ Ͳ,ͷ ∙ ͳ ∙ √ ͳͳ͵,ͷ͸ ∙ ͳ͵͸3ͳͳଶ = Ͳ,Ͳ͹ͻ 

Ɉɬɤɭɞɚ: 

ɉɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ SO2 ɪɚɜɧɹɟɬɫɹ, ɦɝ/ɦ3: ܥௌைଶ = ௠𝑖௡ௌைଶܥ   + ௌைଶ˗ܥ = Ͳ,Ͳͳͳ +  Ͳ,Ͳͷ = Ͳ,Ͳ͸ͳ                                        ሺͷ.ʹͶሻ  
ɉɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ NO2 ɪɚɜɧɹɟɬɫɹ, ɦɝ/ɦ3: ܥேைଶ = ௠𝑖௡ேைଶܥ   + ௌைଶ˗ܥ = Ͳ,Ͳ͹ͻ +  Ͳ,Ͳͳͺ = Ͳ,Ͳͻ͹                                     ሺͷ.ʹͷሻ 
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ɉɪɨɜɟɪɢɦ: ܥௌைଶ = Ͳ,Ͳ͸ͳ ˏˆˏଷ  ≤  ʞʓКௌைଶ = Ͳ,ͷ ˏˆˏଷ                 
ேைଶܥ = Ͳ,Ͳͻ͹ ˏˆˏଷ  ≤  ʞʓКேைଶ = Ͳ,ʹ ˏˆˏଷ                 

 ɉɪɢɡɟɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ ɢ ɚɡɨɬɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɫɥɨɜɢɸ ɢ 

ɧɟ ɩɪɟɜɵɲɚɟɬ ɉȾɄ. Ⱦɥɹ ɤɨɬɟɥɶɧɨɣ ɧɚ ɩɟɥɥɟɬɧɨɦ ɬɨɩɥɢɜɟ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ 

ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɜɵɫɨɬɨɣ 11 ɦ. 

Ɍɚɛɥɢɰɚ 17 - ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

ȼɢɞ ɬɨɩɥɢɜɚ ɞɥɹ ɤɨɬɟɥɶɧɨɣ ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ 

Ȼɭɪɵɣ ɭɝɨɥɶ 25 

ɉɟɥɥɟɬɵ 11 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ, ɞɥɹ ɨɛɨɢɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɩɨɥɭɱɚɟɦ, ɱɬɨ 

ɬɪɟɛɭɟɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɧɚ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ 

ɜɵɲɟ, ɱɟɦ ɞɥɹ ɩɟɥɥɟɬɧɨɣ.  

 

 6 Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɤɨɬɟɥɶɧɨɣ 
 

 6.1 ȼɵɛɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 
 

Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɚɱɢ ɱɢɫɬɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɤɨɬɥɚ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɬɫɹ 𝑡˘˅ = ͵Ͳ °ɋ. 

 ȼɵɛɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɫɯɨɞɹ ɢɡ ɟɝɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɚ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ.  
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 Ɋɚɫɯɨɞ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ3/ɫ: 

ܸ˅ = ˓ܤ  ∙ ܸ˅ˑ ∙ ሺߙ˕ − ˕ߙ∆ − ˎ˒ߙ∆ + ሻ˒˅ߙ∆ ∙ 𝑡˘˅ + ʹ͹͵ʹ͹͵                          ሺ͸.ͳሻ 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ, ɮɨɪɦɭɥɚ (5.2); 

 ܸ˅ˑ – ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɫɠɢɝɚɧɢɹ 1 ɤɝ 

ɬɨɩɥɢɜɚ, ɦ3/ɤɝ, ɮɨɪɦɭɥɚ (4.1); 

 ;ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɩɪɢɧɢɦɚɟɬɫɹ 1,3 [20] – ˕ߙ 

 ;ɩɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɪɚɜɧɵɣ 0,1 [20] – ˕ߙ∆ 

 ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɜ – ˒˅ߙ∆ ,ˎ˒ߙ∆ 

ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɪɚɜɧɵ 0 [20]; 𝑡˘˅ – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ. 

Ɋɚɫɯɨɞ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɟɧ, ɦ3/ɫ: 

 Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܸ˅ = ͳ,ͳʹ ∙ Ͷ,ͳͷ͵ ∙ ሺͳ,͵ − Ͳ,ͳ − Ͳ + Ͳሻ ∙ ͵Ͳ + ʹ͹͵ʹ͹͵ = ͸,ʹ 

 Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܸ˅ = Ͳ,ͺ͸ ∙ Ͷ,ͷʹ͸ ∙ ሺͳ,͵ − Ͳ,ͳ − Ͳ + Ͳሻ ∙ ͵Ͳ + ʹ͹͵ʹ͹͵ = ͷ,ʹ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɱ: 

ܳˇ˅ =  ܸ˅ ∙ ଵߚ ∙ ͳͲͳͲͺͲℎ˄ ∙ ͵͸ͲͲ                                                                    ሺ͸.ʹሻ 

ɝɞɟ  ߚଵ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɣ  1,05 

[20]; 

 ℎ˄ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɦɚɲɢɧɵ, ɪɚɜɧɨ 101325 

ɉɚ [20]. 



55 
 

 Ɋɚɫɱɟɬɧɨɟ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ ɫɨɡɞɚɬɶ ɜɟɧɬɢɥɹɬɨɪ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɉɚ: ܪ˓ = ଶߚ  ∙  ሺ͸.͵ሻ                                                                                                ˒ܪ∆

ɝɞɟ ߚଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɧɚɩɨɪɭ, ɪɚɜɟɧ 1,1 [20]; ∆ܪ˒ – ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ: ∆ܪ˒ = ܪ∆  −  ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ – ܪ∆ ሺ͸.Ͷሻ                                                                                             ˔ܪ

1900 ɉɚ [20]; 

 ;ɜɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ, ɩɪɢɧɢɦɚɟɦ 0 ɉɚ [20] – ˔ܪ 

Ɉɩɪɟɞɟɥɢɦ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ ɫɨɡɞɚɬɶ ɜɟɧɬɢɥɹɬɨɪ, ɉɚ: ܪ˓ = ͳ,ͳ ∙ ͳͻͲͲ = ʹͲͻͲ 

 Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ ɦɨɠɟɦ ɩɪɢɧɹɬɶ ɬɚɤɨɟ ɠɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ. [16] 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨ ɮɨɪɦɭɥɟ (6.2), ɦ3/ɱ: 

Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܳˇ˅ =  ͸,ʹ ∙ ͳ,ͳ ∙ ͳͲͳͲͺͲͳͲͳ͵ʹͷ ∙ ͵͸ͲͲ = ʹ͵͵ͺͲ  
Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܳˇ˅ =  ͷ,ʹ ∙ ͳ,ͳ ∙ ͳͲͳͲͺͲͳͲͳ͵ʹͷ ∙ ͵͸ͲͲ = ͳͻͷ͹͵  
Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 18. 

Ɍɚɛɥɢɰɚ 18 - Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɞɛɨɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 

Ɍɨɩɥɢɜɨ ɧɚ ɤɨɬɟɥɶɧɨɣ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 𝑸ˇ˅, 

ɦ3/ɱ  
ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 𝑯˓,ɉɚ 

ɍɝɨɥɶ 23380 2090 

ɉɟɥɥɟɬɵ 19573 2090 
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɨɩɪɟɞɟɥɢɦ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ɞɥɹ ɤɨɬɟɥɶɧɨɣ, 

ɩɨ ɤɚɬɚɥɨɝɭ [25]. 

 Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɜɟɧɬɢɥɹɬɨɪ ȼȾɇ-15ɏ-750. 

ȿɝɨ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 19. 

Ɍɚɛɥɢɰɚ 19 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ȼȾɇ-15ɏ-750 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɞɚɱɚ, ɦ3/ɱ 14000-60000 

ɇɚɩɨɪ, ɉɚ 1200-2400 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ, % 85 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 750 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 37 

 

Ʉɨɬɟɥ ɜ ɛɢɨɬɨɩɥɢɜɧɨɣ ɤɨɬɟɥɶɧɨɣ ɪɚɛɨɬɚɟɬ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ȼɐɄɋ, ɷɬɚ 

ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɫɬɚɧɨɜɤɭ ɞɜɭɯ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ. ȼ ɤɢɩɹɳɢɣ 

ɫɥɨɣ ɩɨɞɚɟɬɫɹ 60% ɜɨɡɞɭɯɚ (ɩɟɪɜɢɱɧɵɣ ɜɨɡɞɭɯ), ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ 

ɬɨɩɥɢɜɚ, ɚ ɜ ɧɚɞɫɥɨɟɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɞɭɜɚɟɬɫɹ ɨɫɬɚɥɶɧɵɟ 40% (ɜɬɨɪɢɱɧɵɣ 

ɜɨɡɞɭɯ). ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬɵ ɩɨ ɪɚɫɯɨɞɭ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɞɜɭɯ ɜɟɧɬɢɥɹɬɨɪɨɜ [16]. 

 Ɋɚɫɯɨɞ ɜɟɧɬɢɥɹɬɨɪɨɦ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɱ: ܳˇ˅′ =  ܳˇ˅ ∙ Ͳ,͸ = ͳͻͷ͹͵ ∙ Ͳ,͸ = ͳͳ͹Ͷ͵,ͻ                                             ሺ͸.ͷሻ 

Ɋɚɫɯɨɞ ɜɟɧɬɢɥɹɬɨɪɨɦ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɱ: ܳˇ˅′′ =  ܳˇ˅ ∙ Ͳ,Ͷ = ͳͻͷ͹͵ ∙ Ͳ,Ͷ = ͹ͺʹͻ,͵                                               ሺ͸.͸ሻ 

Ɍɨɝɞɚ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɞɭɬɶɹ ɜɵɛɢɪɚɟɦ ɜɟɧɬɢɥɹɬɨɪ ȼȾɇ-

11,2ɏ-1000. ȿɝɨ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 20. 
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Ɍɚɛɥɢɰɚ 20 -Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ȼȾɇ-11,2ɏ-
1000 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɞɚɱɚ, ɦ3/ɱ 7000-31000 

ɇɚɩɨɪ, ɉɚ 900-2400 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ, % 83 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 1000 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 18,5 

 

 6.2 ȼɵɛɨɪ ɞɵɦɨɫɨɫɚ 
 

Ⱦɵɦɨɫɨɫ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɫɥɟ ɤɨɬɥɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ 

ɚɬɦɨɫɮɟɪɭ.  

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɱ: 

ܳˇ˔ =  ܸ̌ ∙ ଵߚ ∙ ͳͲͳͲͺͲℎ˄ ∙ ͵͸ͲͲ                                                                    ሺ͸.͹ሻ 

ɝɞɟ  ߚଵ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɣ  1,1 

[20]; 

 ℎ˄ – ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (6.2); 

 ܸ̌  – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɮɨɪɦɭɥɚ (5.9), ɦ³/ɫ; 

Ɋɚɫɱɟɬɧɨɟ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɉɚ: ܪ˓ = ଶߚ  ∙  ሺ͸.ͺሻ                                                                                                 ˒ܪ∆

ɝɞɟ ߚଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɧɚɩɨɪɭ, ɪɚɜɟɧ 1,1 [20]; 

 :ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ ɝɚɡɨɜɨɦ ɬɪɚɤɬɟ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ – ˒ܪ∆ 
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˒ܪ∆ = ℎ′′˕ ܪ∆ + −  ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ – ܪ∆ ሺ͸.ͻሻ                                                                                 ˔ܪ

2500 ɉɚ [20]; 

 ℎ′′˕ – ɪɚɡɪɟɠɟɧɢɟ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 

20 ɉɚ [20]; 

 :ɜɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ, ɉɚ, ɪɚɜɧɚ – ˔ܪ 

˔ܪ = ܪ  ∙ ͻ.ͺͳ ∙ (ͳ,ʹͳ − ݌ ∙ ଴ߩ ∙ ʹ͹͵ʹ͹͵ + 𝜗)                                            ሺ͸.ͳͲሻ 

ɝɞɟ ݌ – ɚɛɫɨɥɸɬɧɨɟ ɫɪɟɞɧɟɟ ɞɚɜɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɵɦ 1, ɉɚ [20]; 

 ;଴ – ɩɥɨɬɧɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ 1,293 ɤɝ/ɦ3 [20]ߩ 

 .ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ; 𝜗 – ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɬɨ ɠɟ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (5.8) – ܪ 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ ɪɚɜɧɹɟɬɫɹ, ɉɚ: 

 Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

˔ܪ =  ʹͷ ∙ ͻ.ͺͳ ∙ (ͳ,ʹͳ − ͳ ∙ ͳ,ʹͻ͵ ∙ ʹ͹͵ʹ͹͵ + ͳ͸Ͳ) = ͻ͸,ͺ 

 Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ: 

˔ܪ =  ͳ͵ ∙ ͻ.ͺͳ ∙ (ͳ,ʹͳ − ͳ ∙ ͳ,ʹͻ͵ ∙ ʹ͹͵ʹ͹͵ + ͳ͸Ͳ) = ͷͲ,͵ 

 Ɉɬɤɭɞɚ ɩɨɥɧɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɪɚɜɟɧ, ɉɚ: 

Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: ∆ܪ˒ =  ʹͷͲͲ + ʹͲ − ͻ͸,ͺ = ʹͶʹ͵,ʹ 
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Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ: ∆ܪ˒ =  ʹͷͲͲ + ʹͲ − ͷͲ,͵ = ʹͶ͸ͻ,͹ 

Ɉɩɪɟɞɟɥɢɦ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ ɫɨɡɞɚɬɶ ɜɟɧɬɢɥɹɬɨɪ, ɉɚ: 

 Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: ܪ˓ = ͳ,ͳ ∙ ʹͶʹ͵,ʹ = ʹ͸͸ͷ,ͷ 

 Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ: ܪ˓ = ͳ,ͳ ∙ ʹͶ͸ͻ,͹ = ʹ͹ͳ͸,͹ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɩɨ ɮɨɪɦɭɥɟ (6.7), ɦ3/ɱ: 

Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܳˇ˔ =  ͳ͸,͵ ∙ ͳ,ͳ ∙ ͳͲͳͲͺͲͳͲͳ͵ʹͷ ∙ ͵͸ͲͲ = ͸ͶͶͺ͸  
Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܳˇ˔ =  ͳ͵,ͷ͸ ∙ ͳ,ͳ ∙ ͳͲͳͲͺͲͳͲͳ͵ʹͷ ∙ ͵͸ͲͲ = ͷ͵ͷ͸͹ 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 21. 

Ɍɚɛɥɢɰɚ 21 - Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɞɛɨɪɚ ɞɵɦɨɫɨɫɚ 

Ɍɨɩɥɢɜɨ ɧɚ ɤɨɬɟɥɶɧɨɣ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 𝑸ˇ˔, 

ɦ3/ɱ  
ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 𝑯˓,ɉɚ 

ɍɝɨɥɶ 64486 2665,2 

ɉɟɥɥɟɬɵ 53567 2716,7 

 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɨɩɪɟɞɟɥɢɦ ɞɵɦɨɫɨɫ ɞɥɹ ɤɨɬɟɥɶɧɨɣ [25]. 

 Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɢ ɞɥɹ ɩɟɥɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɞɵɦɨɫɨɫ 

Ⱦɇ-17ɏ-1000. ȿɝɨ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 22. 
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Ɍɚɛɥɢɰɚ 22 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɵɦɨɫɨɫɚ Ⱦɇ-17ɏ-1000 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɉɨɞɚɱɚ, ɦ3/ɱ 25000-115000 

ɇɚɩɨɪ, ɉɚ 2100-4500 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ, % 85 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 1000 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 132 

6.3 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 
 

ɉɨ ɧɨɪɦɚɬɢɜɧɵɦ ɡɚɩɚɫɚɦ, ɨɛɴɟɦɚ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɞɨɥɠɧɨ ɯɜɚɬɚɬɶ ɧɟ 

ɦɟɧɟɟ ɱɟɦ ɧɚ 7 ɫɭɬɨɤ. [26]. Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ, ɬɨɩɥɢɜɨ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɯɪɚɧɢɬɶ ɜ ɲɬɚɛɟɥɹɯ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɭɯɨɦ ɧɟ 

ɡɚɛɨɥɨɱɟɧɧɨɦ ɦɟɫɬɟ ɩɨɞɝɨɬɨɜɢɬɶ ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɤɥɚɞɚ. ɉɥɨɳɚɞɤɚ ɞɨɥɠɧɚ 

ɛɵɬɶ ɜɵɪɚɜɧɟɧɚ ɢ ɨɱɢɳɟɧɚ ɨɬ ɦɭɫɨɪɚ ɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɨɤɪɵɬɚ ɫɦɟɫɶɸ 

ɲɥɚɤɚ ɢ ɝɥɢɧɵ ɢ ɯɨɪɨɲɨ ɭɬɪɚɦɛɨɜɚɧɚ. ɍɝɨɥɶɧɵɣ ɫɤɥɚɞ ɧɟɥɶɡɹ ɨɛɭɫɬɪɚɢɜɚɬɶ ɧɚɞ 

ɩɨɞɡɟɦɧɵɦɢ ɤɨɦɦɭɧɢɤɚɰɢɹɦɢ ɢ ɫɨɨɪɭɠɟɧɢɹɦɢ.  

 Ɍɚɤ ɤɚɤ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɢɦ ɜɵɯɨɞɨɦ 

ɥɟɬɭɱɢɯ ܸˎ = Ͷ͹%, ɨɧ ɩɨɞɜɟɪɠɟɧ ɫɚɦɨɜɨɡɝɨɪɚɧɢɸ ɩɪɢ ɯɪɚɧɟɧɢɢ. Ⱦɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɚɦɨɜɨɡɝɨɪɚɧɢɹ ɬɨɩɥɢɜɨ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɢɬɶ ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɜɧɭɬɪɢ ɲɬɚɛɟɥɹ, ɨɧɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 60 °ɋ, ɚ ɬɚɤɠɟ ɭɤɚɬɵɜɚɬɶ ɤɚɬɤɚɦɢ, ɬɟɦ 

ɫɚɦɵɦ ɭɩɥɨɬɧɹɹ ɲɬɚɛɟɥɶ ɢ ɨɝɪɚɧɢɱɢɜɚɹ ɟɝɨ ɜɵɫɨɬɭ.  

ɉɨɞɚɱɚ ɭɝɥɹ ɜ ɤɨɬɟɥ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɥɟɧɬɨɱɧɵɯ 

ɤɨɧɜɟɣɟɪɨɜ. ɉɨɝɪɭɡɱɢɤɨɦ ɢɥɢ ɷɤɫɤɚɜɚɬɨɪɨɦ ɭɝɨɥɶ ɩɨɞɚɟɬɫɹ ɧɚ ɥɟɧɬɨɱɧɵɣ 

ɤɨɧɜɟɣɟɪ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɞɪɨɛɢɥɤɭ. 

Ⱦɚɥɟɟ ɪɚɡɞɪɨɛɥɟɧɧɵɟ ɤɭɫɤɢ ɭɝɥɹ ɥɟɧɬɨɱɧɵɦ ɤɨɧɜɟɣɟɪɨɦ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ 

ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɛɭɧɤɟɪɚ ɤɨɬɥɨɜ.  
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Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɬɨɩɥɢɜɚ ɧɚ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ 

ɫɤɥɚɞ-ɫɢɥɨɫ ɨɛɴɟɦɨɦ ɧɚ 613 ɦ3, ɱɬɨ ɩɨɡɜɨɥɢɬ ɯɪɚɧɢɬɶ ɞɨ 920 ɬɨɧɧ ɬɨɩɥɢɜɚ. ɗɬɨ 

ɯɪɚɧɢɥɢɳɟ ɫɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɞɜɭɯɧɟɞɟɥɶɧɵɣ ɡɚɩɚɫ ɩɟɥɥɟɬɧɨɝɨ 

ɬɨɩɥɢɜɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɤɨɬɟɥɶɧɨɣ.  

 ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɨɞɧɨɝɨ ɥɟɧɬɨɱɧɨɝɨ 

ɤɨɧɜɟɣɟɪɚ ɢ ɞɪɨɛɢɥɤɢ. Ɍɨɩɥɢɜɧɵɟ ɝɪɚɧɭɥɵ ɢɡ ɫɤɥɚɞɚ-ɫɢɥɨɫɚ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɝɨ 

ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɩɨɞɚɸɬɫɹ ɧɚɩɪɹɦɭɸ ɜ ɛɭɧɤɟɪɵ ɤɨɬɥɨɜ. 

 

7 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɫɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢɡɞɟɪɠɤɢ 

ɤɨɬɟɥɶɧɨɣ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ. Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ 

ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ.  

  ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢɡɞɟɪɠɤɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 

1. Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ; 

2. Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

3. Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɭ 

4. Ɉɩɥɚɬɚ ɫɬɨɱɧɵɯ ɜɨɞ; 

5. Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ; 

6. ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ; 

7. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 

8. Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

9. ɉɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ; 

10. ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 

 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɬɚɪɢɮɚ ɧɚ ɬɟɩɥɨɜɭɸ 

ɷɧɟɪɝɢɸ, ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɤɚɠɞɵɣ ɫɬɚɬɶɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢɡɞɟɪɠɟɤ. 

 



62 
 

7.1 Ɋɚɫɱɟɬ ɰɟɧɵ ɧɚ ɬɨɩɥɢɜɨ 
 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɪɚɫɯɨɞɭɟɦɨɝɨ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. ȼ ɷɬɭ ɰɟɧɭ ɩɨɦɢɦɨ ɫɬɨɢɦɨɫɬɢ ɫɚɦɨɝɨ ɬɨɩɥɢɜɚ, 

ɜɯɨɞɹɬ ɬɚɤɠɟ ɢ ɪɚɫɯɨɞɵ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɞɨ ɤɨɬɟɥɶɧɨɣ.  

 ɂɡɞɟɪɠɤɢ ɧɚ ɬɨɩɥɢɜɨ ɪɚɜɧɹɸɬɫɹ, ɪɭɛ: ʗʡ = ˇʜ̂ˑܤ ∙ ʥʡ                                                                                                ሺ͹.ͳሻ 

ɝɞɟ ܤʜ̂ˑˇ
  - ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɬ.ɧ.ɬ, ɬɚɛɥɢɰɚ 15; 

 ʥʡ - ɰɟɧɚ ɧɚ ɬɨɩɥɢɜɨ ɫ ɭɱɟɬɨɦ ɞɨɫɬɚɜɤɢ, ɞɥɹ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɰɟɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 1800 ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ, ɚ ɞɥɹ ɩɟɥɥɟɬɧɵɯ ɝɪɚɧɭɥ – 6500 ɪɭɛ/ɬ. 

 

7.2 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 
 

 ɂɡɞɟɪɠɤɢ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɫɨɫɬɚɜɥɹɸɬ, ɪɭɛ: ʗЭ = ʠܹʜ ∙ ʥЭ                                                                                                                                       ሺ͹.ʹሻ 

ɝɞɟ ʥЭ - ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɩɟɪɜɭɸ ɩɨɥɨɜɢɧɭ 2022 ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ, 

ɪɚɜɧɵɦ 4,57 ɪɭɛ/ɤȼɬ∙ɱ [27]; 

 ʠܹʜ – ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɤɨɬɟɥɶɧɨɣ, 

ɤȼɬ∙ɱ, ɪɚɜɧɹɟɬɫɹ: 

ʠܹʜ = ʢܰ ∙ ʢܪ ∙ 𝑘ˠˎ                                                                                                                           ሺ͹.͵ሻ 

ɝɞɟ ܪʢ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɜ ɝɨɞɭ, ɪɚɜɧɹɟɬɫɹ 8400 ɱɚɫɨɜ; 

 𝑘ˠˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɦɨɳɧɨɫɬɢ, ɪɚɜɟɧ 0,75 [12]; 

 ʢܰ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɬɨɤɨɩɪɢɦɧɢɤɨɜ, Ɇȼɬ. Ⱦɚɧɧɵɟ ɨ 

ɩɨɬɪɟɛɢɬɟɥɹɯ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 23. 
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Ɍɚɛɥɢɰɚ 23 - ɉɨɫɬɨɹɧɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɦɩɨɧɨɜɤɚ ɤɨɬɟɥɶɧɨɣ 

ɍɝɨɥɶɧɚɹ ɉɟɥɥɟɬɧɚɹ 

Ʉɨɥ-ɜɨ 
Ɇɨɳɧɨɫɬɶ 

ɬɨɤɨɩɪɢɟɦɧɢɤɨɜ, 
ɤȼɬ 

Ʉɨɥ-ɜɨ 
Ɇɨɳɧɨɫɬɶ 

ɬɨɤɨɩɪɢɟɦɧɢɤɨɜ, 
ɤȼɬ 

ɋɟɬɟɜɨɣ ɧɚɫɨɫ Wilo 
Atmos GIGA-B 
100/315-200/2 

2 389,6 2 389,6 

ɇɚɫɨɫ ɫɵɪɨɣ ɜɨɞɵ 
Wilo Atmos GIGA-B 

32/240-15/2 

1 11,57 1 11,57 

ɉɨɞɩɢɬɨɱɧɵɣ ɧɚɫɨɫ 
Wilo Atmos GIGA-B 

32/125-3/2 

1 2,71 1 2,71 

Ɋɟɰɢɪɤɭɥɹɰɢɨɧɧɵɣ 

ɧɚɫɨɫ 

Wilo BM-B 80/315-15-

3 47,4 3 47,4 

Ⱦɵɦɨɫɨɫ Ⱦɇ-17ɏ-

1000 
1 132 1 132 

Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ 

ȼȾɇ-15ɏ-1000 
1 37 - - 

Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ 

ȼȾɇ-11,2ɏ-1000 
- - 2 37 

ȼɟɧɬɢɥɹɬɨɪ ɜɨɡɜɪɚɬɚ 

ɭɧɨɫɚ  
2 26 2 26 

Ɂɚɛɪɚɫɵɜɚɬɟɥɶ 2 2,2 - - 

ɉɪɢɜɨɞ ɜɚɥɚ 2 1,5 2 1,5 

Ʌɟɧɬɨɱɧɵɣ ɤɨɧɜɟɣɟɪ  4 60 2 30 

Ⱦɪɨɛɢɥɤɚ 2 52 - - 

Ɉɫɬɚɥɶɧɨɟ  

ɨɛɨɪɭɞɨɜɚɧɢɟ 
- 403 - 403 
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Ⱦɚɧɧɵɟ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɧɟ ɜɵɛɢɪɚɥɨɫɶ 

ɪɚɧɟɟ, ɛɵɥɢ ɜɡɹɬɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ ɨɫɧɨɜɟ ɩɪɨɟɤɬɚ ɢɡ [11]. 

 Ɍɨɝɞɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɬɨɤɨɩɪɢɟɦɧɢɤɨɜ ɫɨɫɬɚɜɥɹɟɬ: 

 ˖̟ܰ ˆˑˎ˟ = ͳͳ͸Ͷ,ͻͺ ɤȼɬ; 

 ˖ܰ˒ ˈˎˎˈ˕˞ = ͳͲͺͲ,͹ͺ ɤȼɬ. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɢɬ, ɤȼɬ∙ɱ: 

Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ʠܹʜ = ͳͳ͸Ͷ,ͻͺ ∙ ͺͶͲͲ ∙ Ͳ,͹ͷ = ͹͵͵ͻ͵͹Ͷ 

Ⱦɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ʠܹʜ = ͳͲͺͲ,͹ͺ ∙ ͺͶͲͲ ∙ Ͳ,͹ͷ = ͸ͺͲͺͻͳͶ 

 

7.3 Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɭ 
 

 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɭɬɟɱɟɤ ɜɨɞɵ. ɂɫɬɨɱɧɢɤɨɦ 

ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɦɟɫɬɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ «ȼɨɞɨɤɚɧɚɥɚ». 

 Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɭ, ɪɭɛ.: ʗʑ = ˑ̂˅˔ܩ ˇ ∙ ʥʑ                                                                                                ሺ͹.Ͷሻ 

ɝɞɟ ʥʑ - ɬɚɪɢɮ ɧɚ ɜɨɞɭ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 22,69 ɪɭɛ./ɦ3 [27]; 

ˑ̂˅˔ܩ  ˇ – ɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɫɵɪɨɣ ɜɨɞɵ, ɦ3, ɪɚɜɧɹɟɬɫɹ: ܩ˔˅̂ˑ ˇ = ʹͶ ∙ ݊ˑ ∙ ˊˏ.˅˔ܩ + ʹͶ ∙ ሺ͵ͷͲ − ݊ˑሻ ∙  ሺ͹.ͷሻ                                      ˎ.˅˔ܩ

ɝɞɟ ݊ˑ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ, ɬɚɛɥɢɰɚ 2; 

 ,ɪɚɫɯɨɞ ɫɵɪɨɣ ɜɨɞɵ ɧɚ ɤɨɬɟɥɶɧɨɣ ɜ ɦɚɤɫɢɦɚɥɶɧɨ ɡɢɦɧɟɦ ɪɟɠɢɦɟ – ˊˏ.˅˔ܩ 

ɬ/ɱ, ɮɨɪɦɭɥɚ (3.5); 
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 .ɪɚɫɯɨɞ ɫɵɪɨɣ ɜɨɞɵ ɜ ɥɟɬɧɟɦ ɪɟɠɢɦɟ, ɬ/ɱ, ɮɨɪɦɭɥɚ (3.6) – ˎ.˅˔ܩ

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɫɵɪɨɣ ɜɨɞɵ, ɦ3: ܩ˔˅̂ˑ ˇ = ʹͶ ∙ ʹͷͳ ∙ ͳ͹,͸ + ʹͶ ∙ ሺ͵ͷͲ − ʹͳͷሻ ∙ Ͳ,ͻ͸ͳ = ͳͲͻʹͶͶ,ͷ 

 

7.4 Ɉɩɥɚɬɚ ɫɬɨɱɧɵɯ ɜɨɞ 
 

 

 Ɂɚɬɪɚɬɵ ɧɚ ɫɛɪɨɫ ɫɬɨɱɧɵɣ ɜɨɞ, ɪɭɛ.: ʗ˔˕.˅ = ˇˑˆ˅.˕˔ܩ ∙ ʥ˔˕.˅                                                                                         ሺ͹.͸ሻ 

ɝɞɟ ʥʠʡ.ʑ - ɬɚɪɢɮ ɧɚ ɨɩɥɚɬɭ ɫɬɨɱɧɵɯ ɜɨɞ, ɪɭɛ./ɦ3, ɪɚɜɧɹɟɬɫɹ 14,2 [27]; 

 ˑˇ – ɝɨɞɨɜɨɣ ɨɛɴɟɦ ɫɬɨɤɨɜ, ɦ3. ɉɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ 20% ɨɬˆ˅.˕˔ܩ 

ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɫɵɪɨɣ ɜɨɞɵ, 20 ɩɪɨɰɟɧɬɨɜ ɢɞɟɬ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɮɢɥɶɬɪɨɜ [17]. 

 

7.5 Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 

 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɪɟɞɧɟɣ ɝɨɞɨɜɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɩɟɪɫɨɧɚɥɚ ɧɚ ɤɨɬɟɥɶɧɨɣ. 

 Ɋɚɜɧɹɸɬɫɹ, ɪɭɛ.: ʗʖʞ = ͳʹ ∙ ʖˏˈ˔ ∙ ʦ                                                                                         ሺ͹.͹ሻ 

ɝɞɟ ʖˏˈ˔– ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 58988,7 [12]; 

 ʦ – ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ. ɂ ɞɥɹ ɭɝɨɥɶɧɨɣ ɢ ɞɥɹ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ ɞɥɹ 

ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɦ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɫɨɧɚɥɚ – 42 ɱɟɥɨɜɟɤɚ [12].
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 7.6 ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ 
 

ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ – ɷɬɨ ɩɪɨɰɟɧɬ ɨɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɛɨɬɧɢɤɨɜ, ɤɨɬɨɪɵɟ 

ɨɬɱɢɫɥɹɸɬɫɹ ɜ ɩɟɧɫɢɨɧɧɵɣ ɮɨɧɞ, ɮɨɧɞ ɫɨɰɢɚɥɶɧɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ ɢ ɮɨɧɞ 

ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɦɟɞɢɰɢɧɫɤɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ. ɋɭɦɦɚɪɧɨ ɫɨɫɬɚɜɥɹɸɬ 30 ɩɪɨɰɟɧɬɨɜ 

ɨɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ [12]. 

 ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɪɚɜɧɹɸɬɫɹ, ɪɭɛ.: ʗˑ˕˚ = Ͳ,͵ ∙ ʗʖʞ                                                                                                                                  ሺ͹.ͺሻ 

 

7.7 Ⱥɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ 
 

 

ɍɱɢɬɵɜɚɸɬɫɹ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɩɨɥɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɤɨɬɟɥɶɧɨɣ. ɋɨɫɬɚɜɥɹɸɬ, ɪɭɛ.: 

ʗ˃ˏ = 𝐾ˑ˄ ∙ Аˑ˄ͳͲͲܪ + 𝐾˔˕˓ ∙ А̝˕˓ͳͲͲܪ                                                                     ሺ͹.ͻሻ 

ɝɞɟ 𝐾ˑ˄ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɞɥɹ ɨɛɨɢɯ ɤɨɦɩɨɧɨɜɨɤ 

ɤɨɬɟɥɶɧɨɣ ɩɪɢɧɢɦɚɟɦ 154,548 ɦɥɧ.ɪɭɛ. [12]; 

 Аˑ˄ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɪɚɜɧɚɹ 2 % [12]; 𝐾˔˕˓ – ɤɚɩɢɬɟɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɞɥɹ ɨɛɨɢɯܪ 

ɤɨɦɩɨɧɨɜɨɤ ɤɨɬɟɥɶɧɨɣ ɩɪɢɧɢɦɚɟɦ 213424,5 ɦɥɧ.ɪɭɛ. [12]; 

 .А̝˕˓ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɜɧɚ 6% [12]ܪ 

 

7.8 Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ 
 

ɍɱɢɬɵɜɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɤɚɩɢɬɚɥɶɧɨɝɨ ɢ ɩɥɚɧɨɜɨɝɨ ɪɟɦɨɧɬɨɜ. ɋɨɫɬɚɜɥɹɟɬ 

15 ɩɪɨɰɟɧɬɨɜ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 1 ɩɪɨɰɟɧɬ ɨɬ ɨɛɳɢɯ 

ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ. 
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Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɪɚɜɧɹɸɬɫɹ, ɪɭɛ.: ʗʟ = 𝐾ˑ˄ ∙ Ͳ,ͳͷ + (𝐾˔˕˓ + 𝐾ˑ˄) ∙ Ͳ,Ͳͳ                                                    ሺ͹.ͳͲሻ 

 

7.9 ɉɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 
 

ɉɥɚɬɚ ɡɚ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɨɛɴɟɦɚɦ 

ɜɵɛɪɨɫɨɜ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɫɟɪɵ. 

ɉɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ, ɪɭɛ.:  ʗ˅˞˄ = 𝑘ˠˍ ∙ 𝑘ˋːˇ ∙ ሺܯˊˑˎ ∙ ܵˊˑˎ + ௌைଶܯ ∙ ௌܵைଶ + ேைଶܯ ∙ ܵேைଶሻ        ሺ͹.ͳͳሻ 

ɝɞɟ ܯˊˑˎ, ܯௌைଶ, ܯேைଶ – ɝɨɞɨɜɵɟ ɜɵɛɪɨɫɵ ɡɨɥɵ, ɞɜɭɨɤɢɫɢ ɫɟɪɢ ɢ ɞɜɭɨɤɢɫɢ ɚɡɨɬɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬ/ɝɨɞ; 

 ܵˊˑˎ, ௌܵைଶ, ܵேைଶ - ɝɨɞɨɜɚɹ ɩɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ ɡɨɥɵ, ɞɜɭɨɤɢɫɢ ɫɟɪɢ ɢ ɞɜɭɨɤɢɫɢ 

ɚɡɨɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɭɛ./ɬ. Ɋɚɜɧɹɸɬɫɹ 15,1 ɞɥɹ ɡɨɥɵ, 45,4 ɞɥɹ ɨɤɢɫɥɨɜ ɫɟɪɵ ɢ 

138,8 ɞɥɹ ɨɤɫɢɞɚ ɚɡɨɬɚ [28]; 

 𝑘ˠˍ – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɩɪɧɢɦɚɟɦ ɪɚɜɧɵɦ 1,68 [12]; 

 𝑘ˋːˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɞɟɤɫɚɰɢɢ ɩɥɚɬɵ ɡɚ ɜɵɛɪɨɫɵ, ɪɚɜɧɹɟɬɫɹ 1,08 [12]. 

 

7.10 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 
 

Ʉ ɩɪɨɱɢɦ ɪɚɫɯɨɞɚɦ ɨɬɧɨɫɹɬ, ɧɟ ɜɨɲɟɞɲɢɟ ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɪɚɧɶɲɟ ɫɬɚɬɶɢ: 

ɧɚɥɨɝɢ, ɫɛɨɪɵ, ɩɨɞɝɨɬɨɜɤɚ ɤɚɞɪɨɜ, ɨɯɪɚɧɚ ɬɪɭɞɚ, ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 

 ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɥɹɸɬ 20 ɩɪɨɰɟɧɬɨɜ ɨɬ ɫɭɦɦɵ ɡɚɬɪɚɬ ɧɚ ɡɚɪɚɛɨɬɧɭɸ 

ɩɥɚɬɭ, ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɢ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɪɭɛ.: ʗ˒˓ = Ͳ,ʹ ∙ ሺʗʖʞ + ʗˑ˕˚ + ʗ˃ˏሻ                                                                         ሺ͹.ͳʹሻ 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 24. 

Ɍɚɛɥɢɰɚ 24 - ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɤɨɬɟɥɶɧɨɣ 

ɋɬɚɬɶɹ ɪɚɫɯɨɞɨɜ 

Ɂɧɚɱɟɧɢɹ, ɬɵɫ.ɪɭɛ. 

Ɋɚɡɧɢɰɚ, % 
ɍɝɨɥɶɧɚɹ 
ɤɨɬɟɥɶɧɚɹ 

ɉɟɥɥɟɬɧɚɹ 
ɤɨɬɟɥɶɧɚɹ 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ 63810,9 176854,3 177,15 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 33540,94 31116,74 -7,2 

Ɂɚɬɪɚɬɵ ɧɚ ɜɨɞɭ 2479 2479 0 

Ɉɩɥɚɬɚ ɫɬɨɱɧɵɯ ɜɨɞ 310,25 310,25 0 

Ɋɚɫɯɨɞɵ  ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 29730,3 29730,3 0 

ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ 8919,09 8919,09 0 

Ⱥɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ 

ɮɨɧɞɨɜ 
15896,44 15896,44 0 

Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ 26862,04 26862,04 0 

ɉɥɚɬɚ  ɡɚ ɜɵɛɪɨɫɵ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 
34,021 11,4 -66,5 

ɉɪɨɱɢɟ  ɪɚɫɯɨɞɵ 10909,17 10909,17 0 

ɂɬɨɝɨ ɡɚɬɪɚɬ 192491,9 303101,78 57,46 

 



69 
 

 

Ɋɢɫɭɧɨɤ 11 - ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɤɨɬɟɥɶɧɨɣ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɤɨɬɟɥɶɧɨɣ ɧɚ ɛɢɨɬɨɩɥɢɜɟ, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɬɟɥɶɧɨɣ ɧɚ ɛɭɪɨɦ ɭɝɥɟ, ɡɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɫɨɤɪɚɳɚɸɬɫɹ ɧɚ 7,2 %, ɩɥɚɬɚ ɡɚ ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 

66,5 ɩɪɨɰɟɧɬɨɜ, ɨɞɧɚɤɨ, ɧɚ 177,15 % ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢɡɞɟɪɠɤɢ ɧɚ ɬɨɩɥɢɜɨ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɬɨɝɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ ɧɚ 57,46 %.  

 

7.11 Ɍɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ 
 

Ɉɩɪɟɞɟɥɢɦ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɞɧɨɝɨ Ƚɤɚɥ, ɪɭɛ./Ƚɤɚɥ: 

ܥ = ʗ˔˖ˏˏܳˆˑˇ                                                                                                      ሺ͹.ͳ͵ሻ 

ɝɞɟ ʗ˔˖ˏˏ – ɨɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɤɨɬɟɥɶɧɨɣ, ɬɵɫ.ɪɭɛ.; 

 ܳˆˑˇ – ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɬɵɫ.Ƚɤɚɥ, ɬɚɛɥɢɰɚ 5. 
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ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɞɧɨɣ Ƚɤɚɥ ɪɚɜɧɹɟɬɫɹ, ɪɭɛ./Ƚɤɚɥ: 

Ⱦɥɹ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ: 

ܥ = ͳͻʹͶͻͳ,ͻͳͲͶ,Ͷͺͷ = ͳͺͶʹ,͵ 

Ⱦɥɹ ɤɨɬɟɥɶɧɨɣ ɧɚ ɛɢɨɬɨɩɥɢɜɟ: 

ܥ = ͵Ͳ͵ͳͲͷ,͹͸ͳͲͶ,Ͷͺͷ = ʹͻͲͲ,͹ 

Ɋɚɫɫɱɢɬɚɟɦ ɬɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɭɫɥɨɜɧɨɝɨ ɩɨɫɟɥɤɚ, ɪɭɛ./Ƚɤɚɥ: 

ܶ = ܥ ∙ (ͳ + ܲͳͲͲ)                                                                                     ሺ͹.ͳͶሻ 

ɝɞɟ ܲ – ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɪɨɞɭɤɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 30 % [12]. 

Ɍɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɩɪɨɢɡɜɟɞɟɧɧɭɸ ɧɚ ɭɝɨɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɟɬ, ɪɭɛ./Ƚɤɚɥ: 

ܶ = ͳͺͶʹ,͵ ∙ (ͳ + ͵ͲͳͲͲ) = ʹ͵ͻͶ,ͻ 

Ɍɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɧɚ ɩɟɥɥɟɬɧɨɣ ɤɨɬɟɥɶɧɨɣ, 

ɪɭɛ./Ƚɤɚɥ: 

ܶ = ʹͻͲͲ,͹ ∙ (ͳ + ͵ͲͳͲͲ) = ͵͹͹ͳ 

 ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ ɤɨɬɟɥɶɧɨɣ ɩɟɥɥɟɬɧɨɝɨ ɬɨɩɥɢɜɚ, ɫɟɛɟɫɬɨɢɦɨɫɬɶ 

ɨɞɧɨɣ Ƚɤɚɥ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 1,57 ɪɚɡ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɢ ɭɜɟɥɢɱɟɧɢɸ ɬɚɪɢɮɚ ɧɚ 

ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ. ɗɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ 

ɛɢɨɬɨɩɥɢɜɨ.  
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ɁȺɄɅɘЧȿɇɂȿ 
 

ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɩɨɫɟɥɤɚ «ɇɟɜɟɪɨɜɤɚ» ɛɵɥɢ 

ɪɚɫɫɱɢɬɚɧɵ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɸ ɢ Ƚȼɋ.  

Ɉɩɪɟɞɟɥɟɧɨ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ⱦɥɹ ɨɛɨɢɯ 

ɤɨɦɩɨɧɨɜɨɤ ɤɨɬɟɥɶɧɨɣ ɛɵɥɨ ɜɵɛɪɚɧɨ ɞɜɚ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɚ Ʉȼ-Ɍɋ-20, 

ɦɨɳɧɨɫɬɶɸ 23,26 Ɇȼɬ ɤɚɠɞɵɣ. ɇɚ ɭɝɨɥɶɧɨɦ ɬɨɩɥɢɜɟ ɩɪɢɧɹɬ ɫɬɚɧɞɚɪɬɧɵɣ 

ɜɚɪɢɚɧɬ ɞɚɧɧɨɝɨ ɤɨɬɥɚ, ɚ ɞɥɹ ɛɢɨɬɨɩɥɢɜɚ – ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɹ Ʉȼ-Ɍɋ-20 ȼɐɄɋ ɫ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ. ɂɡ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɚɫɨɫɵ, ɚ ɬɚɤɠɟ ɬɹɝɨɞɭɬɶɟɜɵɟ ɦɚɲɢɧɵ.  

ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɞɥɹ ɞɜɭɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ. Ɉɩɪɟɞɟɥɟɧɵ ɄɉȾ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, 

ɪɚɫɯɨɞɵ ɭɫɥɨɜɧɨɝɨ ɢ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɛɴɟɦɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 

ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ ɞɥɹ ɫɠɢɝɚɧɢɹ ɨɞɧɝɨ ɤɢɥɨɝɪɚɦɦɚ ɬɨɩɥɢɜɚ. 

Ɋɚɫɫɱɢɬɚɧɵ ɜɫɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ ɤɨɬɟɥɶɧɨɣ ɢ ɭɫɬɚɧɨɜɥɟɧ ɬɚɪɢɮ ɧɚ 

ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɨɛɨɢɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ.  

ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɨɫɧɨɜɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 

ɚɬɦɨɫɮɟɪɭ: ɡɨɥɵ, ɨɤɫɢɞɨɜ ɫɟɪɵ ɢ ɚɡɨɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɥɥɟɬɧɨɝɨ 

ɬɨɩɥɢɜɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɸɬɫɹ ɦɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɡɨɥɵ ɢ ɨɤɢɫɥɨɜ ɫɟɪɵ, ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɛɭɪɵɦ ɭɝɥɟɦ. Ⱦɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɜ ɜɨɡɞɭɯɟ ɜɪɟɞɧɵɯ ɞɥɹ ɡɞɨɪɨɜɶɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɜɵɫɨɬɚ ɬɪɭɛɵ ɧɚ ɤɨɬɟɥɶɧɨɣ.  

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ 

ɩɟɥɥɟɬɧɨɟ ɬɨɩɥɢɜɨ ɢɦɟɟɬ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɫɬɨɪɨɧɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɛɢɨɬɨɩɥɢɜɚ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɭɝɥɟɦ, ɭɥɭɱɲɚɟɬ ɷɤɨɥɨɝɢɱɟɫɤɭɸ 

ɨɛɫɬɚɧɨɜɤɭ ɜ ɪɚɣɨɧɟ, ɡɚ ɫɱɟɬ ɛɨɥɶɲɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ 

ɚɬɦɨɫɮɟɪɭ. Ɉɞɧɚɤɨ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɰɟɧɵ ɧɚ ɩɟɥɥɟɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, 

ɱɟɦ ɧɚ ɭɝɨɥɶ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 
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