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ȼȼȿȾȿɇɂȿ 

ɋɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɥɸɛɨɦ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɞɨɥɠɧɚ ɞɚɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɩɨɥɭɱɟɧɢɟ ɧɭɠɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ ɢɡ ɩɪɢɪɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɚ 
ɫɥɭɱɚɟ ɟɟ ɧɟɧɚɞɥɟɠɚɳɟɝɨ ɤɚɱɟɫɬɜɚ, ɩɪɨɜɨɞɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɨɱɢɫɬɤɭ ɢ 
ɞɨɫɬɚɜɥɹɬɶ ɟɟ ɩɨɬɪɟɛɢɬɟɥɸ. 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɲɟɧɢɢ 
ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɜɵɫɨɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɞɟɠɧɨɫɬɢ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

Ƚɥɚɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɚɜɚɪɢɣɧɨɣɪɚɛɨɬɵ 
ɜ ɬɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ.  

Ⱥɜɚɪɢɣɧɚɹ ɪɚɛɨɬɚ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜɧɟɞɨɩɭɫɬɢɦɨɦ 
ɩɚɞɟɧɢɢ ɤɚɱɟɫɬɜɚ ɟɟ ɪɚɛɨɬɵ, ɜɵɡɜɚɧɧɨɦ ɬɚɤɢɦɢ ɫɨɛɵɬɢɹɦɢ, ɤɚɤ: 

- ɨɬɤɚɡ ɜɨɞɨɢɫɬɨɱɧɢɤɚ; 
- ɩɪɨɪɵɜ ɜɨɞɨɜɨɞɚ ɢɥɢ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɫɟɬɢ; 
- ɩɨɜɪɟɠɞɟɧɢɟ ɧɚɫɨɫɨɜ; 
- ɫɛɨɣ ɜ ɩɨɞɚɱɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɧɚɫɨɫɧɭɸ ɫɬɚɧɰɢɸ;  
- ɧɚɪɭɲɟɧɢɟ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɜɨɞɨɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
ɍɥɭɱɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɜɨɞɨɩɪɨɜɨɞɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɚ 

ɫɱɟɬɫɬɪɭɤɬɭɪɧɨɝɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɫɢɫɬɟɦɵ.  
ȼ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɨɛɵɱɧɨ ɢɦɟɸɬɫɹ ɪɚɡɧɵɟ ɤɚɬɟɝɨɪɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɥɢɱɟɫɬɜɭ ɢ ɤɚɱɟɫɬɜɭ ɜɨɞɵ, ɬɚɤɢɟ ɤɚɤ: 
- ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ; 
- ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɰɟɥɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ; 
- ɩɨɠɚɪɨɬɭɲɟɧɢɟ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɢ ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɜɨɞɟ, ɭɱɢɬɵɜɚɹ 

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɞɥɹ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɡɚɞɚɱ,ɜɨɞɚ ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ 
ɨɞɧɢɦ ɜɨɞɨɩɪɨɜɨɞɨɦ ɢɥɢ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɤɚɬɟɝɨɪɢɣ ɜɨɞɨɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɝɭɬ 
ɛɵɬɶ ɩɨɫɬɪɨɟɧɵ ɨɬɞɟɥɶɧɵɟ   ɜɨɞɨɩɪɨɜɨɞɵ.  

Ɉɛɵɱɧɨ ɜ ɝɨɪɨɞɚɯ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɛɳɢɣ ɯɨɡɹɣɫɬɜɟɧɧɨ-
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɜɨɞɨɩɪɨɜɨɞ, ɤɨɬɨɪɵɣ ɩɪɨɜɨɞɢɬ ɜɨɞɭ ɞɥɹ ɯɨɡɹɣɫɬɜɟɧɧɨ-
ɩɢɬɶɟɜɵɯ ɧɭɠɞ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɨɞɚ, ɚ ɢɧɨɝɞɚ ɢ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ ɧɭɠɞ ɬɟɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɞɚ ɩɢɬɶɟɜɨɝɨ ɤɚɱɟɫɬɜɚ.  

Ⱦɥɹ ɨɬɞɟɥɶɧɵɯ ɛɨɥɶɲɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɨɞɚ ɢɥɢ ɞɥɹ 
ɝɪɭɩɩɵ ɩɪɨɢɡɜɨɞɫɬɜ ɨɞɧɨɝɨ ɪɚɣɨɧɚ, ɤɨɬɨɪɵɦ ɞɨɫɬɚɬɨɱɧɨɧɟɨɱɢɳɟɧɧɭɸ ɜɨɞɵ, 
ɪɚɰɢɨɧɚɥɶɧɟɟɩɪɨɜɨɞɢɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɜɨɞɨɩɪɨɜɨɞɵ. 

ȼ ɝɨɪɨɞɚɯ ɨɛɵɱɧɨ ɫɭɳɟɫɬɜɭɸɬ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɨɛɴɟɦ ɜɨɞɵ ɧɟɩɢɬɶɟɜɨɝɨ ɤɚɱɟɫɬɜɚ. ɉɪɢɧɢɦɚɹ ɜɨ 
ɜɧɢɦɚɧɢɟ ɬɨ, ɱɬɨ ɬɚɤɢɟ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɝɨɪɨɞɚ, ɩɨɥɭɱɚɟɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɟɟɧɚɩɪɚɜɥɹɬɶ ɢɦ ɨɱɢɳɟɧɧɭɸ ɜɨɞɭ ɢɡ ɫɟɬɢ ɝɨɪɨɞɫɤɨɝɨ 
ɜɨɞɨɩɪɨɜɨɞɚ, ɱɟɦ ɩɪɨɜɨɞɢɬɶ ɞɥɹ ɧɢɯ ɨɬɞɟɥɶɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 
ɜɨɞɨɩɪɨɜɨɞɵ. 
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1Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɚɬɟɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɨ 
ɨɱɢɫɬɤɟ ɩɪɢɪɨɞɧɵɯ ɜɨɞ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

 
ɋɧɚɛɠɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɨɣ 

ɫɨɰɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɤɚɠɞɨɝɨ ɝɨɫɭɞɚɪɫɬɜɚ. Ⱦɥɹ ɪɨɫɬɚ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ 
ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɭɠɟɧ ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɜɨɩɪɨɫɨɜ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ, ɬɟɯɧɢɱɟɫɤɨɝɨ, ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɢ ɩɪɚɜɨɜɨɝɨ ɯɚɪɚɤɬɟɪɚ ɜ 
ɨɛɳɟɣ ɫɢɫɬɟɦɟ «ɜɨɞɨɢɫɬɨɱɧɢɤ – ɜɨɞɨɡɚɛɨɪ – ɜɨɞɨɩɨɞɝɨɬɨɜɤɚ − ɩɨɞɚɱɚ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ» ɫ ɭɱɟɬɨɦ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ ɡɚɳɢɬɵ ɨɬ 
ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɢɫɬɨɳɟɧɢɹ ɜɨɞɨɢɫɬɨɱɧɢɤɨɜ. 

ɉɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɩɪɢɨɛɪɟɬɚɟɬ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɩɟɪɜɨɫɬɟɩɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɨɱɢɳɟɧɢɹ ɜɨɞɵ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɪɨɞɧɨɝɨ ɢɚɧɬɪɨɩɨɝɟɧɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɨɬ 
ɪɚɡɥɢɱɧɵɯ ɝɪɭɩɩ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɟɟ ɨɡɨɧɢɪɨɜɚɧɢɟ. 
ɋɨɨɛɳɟɧɢɹ ɨɛ ɨɡɨɧɢɪɨɜɚɧɢɢ ɜɨɞɵ ɜɨ Ɏɪɚɧɰɢɢ  ɨɬɧɨɫɹɬɫɹ ɤ 1840-1860 ɝɨɞɚɦ; 
ɩɟɪɜɵɟ ɫɬɚɧɰɢɢ ɨɱɢɫɬɤɢ ɜɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɨɡɨɧ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ, 
ɩɨɹɜɢɥɢɫɶ ɜ 1893-1898 ɝɨɞɚɯ. 

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɡɨɧɢɪɨɜɚɧɢɸ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɧɚɱɚɥɟ 
XXɜɟɤɚ, ɫɚɦɚɹ ɩɟɪɜɚɹ ɜ ɬɨɬ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɨɡɨɧɚɬɨɪɧɚɹ 
ɫɬɚɧɰɢɹɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 44 ɬɵɫ. ɦ3/ɫɭɬ ɛɵɥɚ ɢ ɫɚɦɨɣ ɤɪɭɩɧɨɣ ɧɚɱɚɥɚ 
ɪɚɛɨɬɚɬɶ ɜ ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ ɜ 1911ɝ.  

Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ Ɋɨɫɫɢɢ ɦɟɬɨɞ ɨɡɨɧɢɪɨɜɚɧɢɹ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ ɧɟ ɧɚɯɨɞɢɬ 
ɫɬɨɥɶ ɜɵɫɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɤɚɤ ɡɚ ɪɭɛɟɠɨɦ. Ɉɡɨɧɢɪɨɜɚɧɢɟ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ 
ɜɢɞɟ – ɬɟɯɧɨɥɨɝɢɹ ɨɡɨɧɨɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ – ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɜ Ɇɨɫɤɜɟ 
ɧɚ ɱɟɬɜɟɪɬɨɦ ɛɥɨɤɟ Ɋɭɛɥɟɜɫɤɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɬɚɧɰɢɢ (Ɋȼɋ) 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 240ɬɵɫ.ɦ³/ɫɭɬ, ɚ ɬɚɤɠɟ ɧɚ ɜɜɟɞɟɧɧɨɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 
ɤɨɧɰɟ 2006ɝ.  

ɘɝɨ-Ɂɚɩɚɞɧɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɬɚɧɰɢɢ (ɘɁȼɋ) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 
250 ɬɵɫ.ɦ³/ɫɭɬ. ɇɚ ɘɁȼɋ ɩɪɟɞɭɫɦɨɬɪɟɧɚɬɪɚɞɢɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɱɢɫɬɤɢ 
ɜɨɞɵ ɫ ɨɡɨɧɢɪɨɜɚɧɢɟɦ, ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ 
ɢ ɦɟɦɛɪɚɧɧɵɦ ɮɢɥɶɬɪɨɜɚɧɢɟɦ. 

Ƚɥɚɜɧɵɟ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɨɱɢɫɬɤɟ ɩɪɢɪɨɞɧɵɯ ɜɨɞ ɤɨɚɝɭɥɢɪɨɜɚɧɢɟɦ ɧɚ 
ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɫɬɚɧɰɢɹɯ ɫɜɹɡɚɧɧɵ ɫ ɩɨɜɵɲɟɧɢɟɦ ɦɭɬɧɨɫɬɶɸ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, 
ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɭɞɚɥɟɧɢɟɦ ɪɚɫɬɜɨɪɟɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɬɚɬɨɱɧɨɝɨ ɚɥɸɦɢɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɞɥɹ 
ɨɱɢɫɬɤɢ ɜɨɞɵ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɨɤɫɢɯɥɨɪɢɞɚ ɚɥɸɦɢɧɢɹ (ɈɏȺ)ɜɡɚɦɟɧ ɫɭɥɶɮɚɬɚ 
ɚɥɸɦɢɧɢɹ (ɋȺ) ɩɨɡɜɨɥɢɥɨ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɭɥɭɱɲɢɬɶ ɫɢɬɭɚɰɢɸ.  

Ɉɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɟɝɨɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɭɬɧɵɯ ɜɨɞ ɫ 
ɧɟɜɵɫɨɤɨɣ ɰɜɟɬɧɨɫɬɶɸ (ɞɨ 30-50ɝɪɚɞ), ɚ ɬɚɤɠɟ ɜ ɯɨɥɨɞɧɵɟ ɩɟɪɢɨɞɵ ɝɨɞɚ, ɤɨɝɞɚ 
ɢɡ-ɡɚ ɧɢɡɤɨɣɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɩɪɨɰɟɫɫɤɨɚɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɜɹɥɨ. 

Ɇɟɦɛɪɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɨɡɜɨɥɹɸɬ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɢ ɷɤɨɧɨɦɢɱɧɨ ɨɱɢɳɚɬɶ ɜɨɞɭ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
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ɞɨ ɩɢɬɶɟɜɨɝɨ ɤɚɱɟɫɬɜɚ, ɱɟɦ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɮɢɥɶɬɪɚɰɢɢ 
ɜɨɞɵ ɱɟɪɟɡ ɡɟɪɧɢɫɬɭɸ ɡɚɝɪɭɡɤɭ.  

ɇɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɪɚɬɧɨɨɫɦɨɬɢɱɟɫɤɨɟ 
ɨɛɟɫɫɨɥɢɜɚɧɢɟ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɬɚɤɠɟɚɤɬɢɜɧɨɦɭ ɜɨɜɥɟɱɟɧɢɸ ɜ ɯɨɡɹɣɫɬɜɟɧɧɵɣ 
ɨɛɨɪɨɬ ɜɨɫɨɤɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɦɨɪɫɤɨɣ ɜɨɞɵ, ɭɫɩɟɲɧɨ ɤɨɧɤɭɪɢɪɭɹ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɫ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɦɢ ɢɫɩɚɪɢɬɟɥɶɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɦɝɧɨɜɟɧɧɨɝɨ 
ɜɫɤɢɩɚɧɢɹ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɟɠɟɝɨɞɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 10%. Ɉɛɪɚɬɧɨɨɫɦɨɬɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢɫɭɳɚ 
ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɧɢɠɚɬɶ ɞɨ ɭɪɨɜɧɹ ɉȾɄ ɫɨɞɟɪɠɚɧɢɹ 
ɜɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɟ ɦɢɧɟɪɚɥɶɧɵɯ, ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɢɧɵɯ ɩɪɢɦɟɫɟɣ 
ɩɪɢɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɪɟɛɧɨɫɬɹɯ ɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɚɯ ɢ 
ɜɨɡɦɨɠɧɨɫɬɢɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɢ ɨɩɪɟɫɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɜ ɜɢɞɟɛɥɨɱɧɨ-
ɤɨɦɩɥɟɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ.  

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨ ɦɢɧɢɦɭɦɚ ɫɨɤɪɚɬɢɬɶ ɨɛɴɟɦ ɦɨɧɬɚɠɧɵɯ ɢ 
ɩɭɫɤɨɧɚɥɚɞɨɱɧɵɯɪɚɛɨɬ ɜ ɦɟɫɬɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɹɦ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ. 

ȼ ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɠɟɥɟɡɨ ɦɨɠɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɚ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɫɬɚɧɰɢɹɯ ɨɱɢɫɬɤɢ ɜɨɞɵ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɯ ɤɨɚɝɭɥɹɧɬɨɜ, 
ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ ɩɨɫɬɭɩɚɸɳɟɣ ɜɨɞɵ, ɥɢɛɨ ɢɡ-ɡɚ ɤɨɪɪɨɡɢɢ 
ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ. Ɉɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɨɫɭɳɟɫɬɜɥɹɸɬ ɥɢɲɶ 
ɪɟɚɝɟɧɬɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

Ɇɟɬɨɞ ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɩɪɚɤɬɢɱɟɧ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, 
ɤɨɝɞɚ ɠɟɥɟɡɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɜɢɞɟ ɛɢɤɚɪɛɨɧɚɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.ɉɪɨɰɟɫɫ 
ɤɨɚɝɭɥɹɰɢɢ ɥɢɦɢɬɢɪɭɟɬɫɹ ɳɟɥɨɱɧɵɦ ɪɟɡɟɪɜɨɦ ɜɨɞɵ, ɬ.ɟ. ɧɚɥɢɱɢɟɦ ɜ ɜɨɞɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɨɧɨɜ ɇɋɈ3 (ɝɢɞɪɨɤɚɪɛɨɧɚɬ 
ɤɚɥɶɰɢɹ).Ʉɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɞɵ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ 
ɡɚɜɟɪɲɚɟɬɫɹ ɫɬɚɞɢɟɣ ɮɢɥɶɬɪɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɮɢɥɶɬɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɫɨɪɛɟɧɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, ɝɨɪɟɥɵɟ ɩɨɪɨɞɵ, ɰɟɨɥɢɬɵ. 

Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨɥɭɱɟɧɢɹ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɜɵɫɨɤɨɝɨ 
ɤɚɱɟɫɬɜɚ − ɫɨɡɞɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ, ɛɚɡɢɪɭɸɳɢɯɫɹ ɧɚ ɬɚɤɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɯ ɢ 
ɧɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɚɯ ɨɱɢɫɬɤɢ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ (ɍɎ) ɢ 
ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ (ɇɎ). ɋɨɜɪɟɦɟɧɧɨɟ ɦɟɦɛɪɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢɞɟɦɨɧɫɬɪɢɪɭɸɬ 
ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɩɪɢ ɨɱɢɫɬɤɟ ɜɨɞɵ ɨɬ ɫɚɦɵɯ ɪɚɡɧɵɯ 
ɜɢɞɚɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɂɄɏɏȼ ɢɦ.Ⱥ.ȼ. Ⱦɭɦɚɧɫɤɨɝɨ ɇȺɇ ɍɤɪɚɢɧɵ ɧɨɜɚɹ 
ɤɨɧɰɟɩɰɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɜ ɩɪɚɤɬɢɤɭ ɍɎ ɢ ɇɎ. ɍɎ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɜɨ ɜɫɟɦ ɦɢɪɟ ɧɚɯɨɞɢɬ ɜɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ 
ɜɨɞɨɩɨɞɝɨɬɨɜɤɟ. Ɉɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ 1ɦ³ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ ɦɟɦɛɪɚɧɧɵɦɢ 
ɬɟɯɧɨɥɨɝɢɹɦɢ ɜɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɨɫɬɨɹɧɧɨ ɫɧɢɠɚɟɬɫɹ. ɍɎ – 
ɦɟɦɛɪɚɧɵ (ɪɚɡɦɟɪ ɩɨɪ 0,01 – 0,1) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɩɪɢ 
ɨɱɢɫɬɤɟ ɜɨɞ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ, ɷɮɮɟɤɬɢɜɧɨ ɭɞɚɥɹɸɬɫɹ ɢɡ ɜɨɞɵ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɟ 
ɢ ɤɨɥɥɨɢɞɧɵɟ ɩɪɢɦɟɫɢ, ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɜɟɳɟɫɬɜɚ, ɜɨɞɨɪɨɫɥɢ, 
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ɨɞɧɨɤɥɟɬɨɱɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ, ɰɢɫɬɵ, ɛɚɤɬɟɪɢɢ ɢ ɜɢɪɭɫɵ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɨɧɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɡɚɞɟɪɠɢɜɚɸɬ ɜ ɜɨɞɟ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ ɫɨɥɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɨɯɪɚɧɢɬɶ ɧɚɬɭɪɚɥɶɧɵɣ ɫɨɥɟɜɨɣ ɫɨɫɬɚɜ ɩɪɢɪɨɞɧɨɣ ɜɨɞɵ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɯɟɦɟ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɧɟɫɤɨɥɶɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɞɟɥɚɟɬ ɷɬɭ ɫɯɟɦɭ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 
ɧɚɞɟɠɧɨɣ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɣ. ȼ ɰɟɥɹɯ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɝ. ɇɨɜɨɫɢɛɢɪɫɤɚ ɱɢɫɬɨɣ ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ Ɇɍɉ «Ƚɨɪɜɨɞɨɤɚɧɚɥ» 
ɩɨɫɬɨɹɧɧɨ ɫɨɜɟɪɲɟɧɫɬɜɭɟɬ ɢ ɚɜɬɨɦɚɬɢɡɢɪɭɟɬɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɜɧɟɞɪɹɟɬ ɧɨɜɟɣɲɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ.  

ɋɨɜɪɟɦɟɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɨɫɧɨɜɚɧɚ ɧɚ ɨɞɧɨɜɪɟɦɟɧɧɨɦ 
ɪɚɰɢɨɧɚɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɯɦɟɬɨɞɨɜ, ɬɟɯɧɨɥɨɝɢɢ ɢɬɟɯɧɢɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɢ ɟɟ 
ɦɧɨɝɨɨɛɪɚɡɧɭɸ ɡɚɳɢɬɭ. ɂɫɬɨɱɧɢɤɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɪɟɤɚ Ɉɛɶ. Ɋɚɧɟɟ 
ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɫɤɨɪɵɯ ɮɢɥɶɬɪɚɯ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɜ ɤɚɱɟɫɬɜɟɮɢɥɶɬɪɭɸɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ  ɩɪɢɦɟɧɹɥɫɹ ɞɟɲɟɜɵɣ ɞɪɨɛɥɟɧɧɵɣ ɚɥɶɛɢɬɨɮɢɪ, ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ 
ɤɨɬɨɪɨɝɨ ɧɟ ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɧɨɪɦɚɬɢɜɚɦ.  

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ 
ɫɨɨɪɭɠɟɧɢɣ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɦɟɫɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ 
ɜɯɨɞɟ ɜ ɫɭɳɟɫɬɜɭɸɳɭɸ ɤɚɦɟɪɭɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ.  

Ⱦɥɹ ɷɬɨɝɨ ɮɢɪɦɨɣ ɈɈɈ «ɉɨɥɢɦɟɪ» ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɧɫɬɪɭɤɰɢɹ 
ɮɥɨɤɭɥɹɬɨɪɚ ɧɨɜɨɝɨ ɬɢɩɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɨɡɞɚɧɢɢ ɡɨɧ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɩɨɬɨɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɤɨɪɩɭɫɟ ɭɫɬɪɨɣɫɬɜɚ. ɇɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɛɵɥɢ 
ɢɡɝɨɬɨɜɥɟɧɵ ɮɥɨɤɭɥɹɬɨɪɵ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɤ ɭɫɥɨɜɢɹɦ ɧɚɫɨɫɧɨ-
ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɫɬɚɧɰɢɢ ɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɟɪɟɞ ɤɚɦɟɪɚɦɢ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬɫɬɨɣɧɢɤɨɜ ɩɟɪɜɨɝɨ ɛɥɨɤɚ. 

Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɯɥɨɪɢɪɨɜɚɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɤɬɢɜɧɨɝɨ ɯɥɨɪɚ ɫ ɧɟɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ, ɬ.ɟ. ɧɚ ɫɬɚɞɢɢ 
ɩɟɪɜɢɱɧɨɝɨ ɯɥɨɪɢɪɨɜɚɧɢɹ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɦɦɢɚɤɚ ɫɜɹɡɚɧɧɵɣ 
ɯɥɨɪ ɦɟɧɟɟ ɚɤɬɢɜɟɧ, ɜ ɬɟɱɟɧɢɟ ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɨɯɪɚɧɹɟɬɫɹ ɜ 
ɜɨɞɟ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ,ɱɟɦ ɫɜɨɛɨɞɧɵɣ ɯɥɨɪ, ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɍɎ−ɨɛɥɭɱɟɧɢɹ ɢ ɯɥɨɪɚɦɢɧɨɜ, 
ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɧɚ ɧɚɫɨɫɧɨ –ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɫɬɚɧɰɢɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɚɦɦɨɧɢɡɚɰɢɸ ɜɨɞɵ, ɩɨɞɚɱɭ ɤɨɚɝɭɥɹɧɬɚ ɢ 
ɮɥɨɤɭɥɹɧɬɚ, ɩɟɪɜɢɱɧɨɟ ɯɥɨɪɢɪɨɜɚɧɢɟ, ɫɦɟɲɟɧɢɟ ɜ ɫɦɟɫɢɬɟɥɟ ɦɝɧɨɜɟɧɧɨɝɨ 
ɞɟɣɫɬɜɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɮɥɨɤɭɥɢɪɨɜɚɧɢɟ,ɨɫɜɟɬɥɟɧɢɟ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɨɬɫɬɨɣɧɢɤɚɯ, ɮɢɥɶɬɪɚɰɢɸ ɧɚ ɫɤɨɪɵɯ ɮɢɥɶɬɪɚɯ, ɜɬɨɪɢɱɧɨɟ ɯɥɨɪɢɪɨɜɚɧɢɟ, ɍɎ − 
ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ.  

ɇɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ 
ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, 
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ɧɟ ɬɨɥɶɤɨɞɟɥɚɟɬ ɷɬɭ ɫɯɟɦɭ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚɞɟɠɧɨɣ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɣ, ɧɨ ɢ 
ɩɨɡɜɨɥɹɟɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɧɟɞɨɫɬɚɬɤɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɤɚɠɞɨɦɭ ɢɡ ɦɟɬɨɞɨɜ, ɚ 
ɬɚɤɠɟɞɨɛɢɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

 
 

2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɬɨɱɧɢɤɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
 
ɂɫɬɨɱɧɢɤɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ ɹɜɥɹɟɬɫɹ ɪɟɤɚ, 

ɩɨɥɧɨɫɬɶɸɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɜɨɞɨɣ ɝɨɪɨɞ ɢ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɜ 
ɬɟɱɟɧɢɟ ɝɨɞɚ. ɂɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ ɪɟɤɢ ɹɜɥɹɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɚɥɵɟ 
ɜɨɞɵ,ɫɨɫɬɚɜɥɹɸɳɢɟ − 48 % ɨɬ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ, ɞɨɠɞɟɜɵɟ ɜɨɞɵ − 32 %, 
ɝɪɭɧɬɨɜɵɟ − 20 %. 

Ɉɛɳɚɹ ɞɥɢɧɚ ɪɟɤɢ 457 ɤɦ, ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɚ 25300 ɤɦ, ɚɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɟɣ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ 2.5 ɦ. 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɪɟɤɢ – 2,56 ɦ; 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ – 4,74 -5,56 ɦ; 
ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜɨɞɵ − 0,7-1,5ɦ/ɫ 
ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜ ɦɟɠɟɧɧɵɣ ɩɟɪɢɨɞ − 0,8 ɦ/ɫ; 
ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜ ɩɚɜɨɞɨɤ − 1,2 ɦ/ɫ 
ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɦɭɬɧɨɫɬɶ ɜɨɞɵ ɜ ɢɫɬɨɱɧɢɤɟ − 60 ɦɝ/ɥ. ȼ ɜɟɫɟɧɧɢɣɩɚɜɨɞɨɤ 

ɦɭɬɧɨɫɬɶ ɜɨɞɵ ɞɨɫɬɢɝɚɟɬ ɞɨ 250 + 300 ɦɝ/ɥ. ȼ ɨɫɬɚɥɶɧɨɣ ɩɟɪɢɨɞ ɝɨɞɚ ɜɨɞɚ ɜ 
ɪɟɤɟ ɢɦɟɟɬ ɦɭɬɧɨɫɬɶ 20-30 ɦɝ/ɥ.; 

Ɉɛɳɚɹ ɠɟɫɬɤɨɫɬɶ ɜɨɞɵ 2 - 4  ɦɝ-ɷɤɜ/ɥ, ɪɇ = 6,5-8. 
Ɋɟɤɚ ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɚɪɬɟɪɢɟɣ ɪɟɝɢɨɧɚ, ɫɭɞɨɯɨɞɧɚ, ɚ 

ɩɨɬɪɟɛɨɜɚɧɢɹɦ ɪɵɛɨɨɯɪɚɧɵ ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ. 
Ʉɥɢɦɚɬ ɪɚɣɨɧɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. ɉɨ ɞɚɧɧɵɦ 

ɛɥɢɠɚɣɲɟɣ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɪɠɢɬɫɹ ɫ 
ɨɤɬɹɛɪɹ ɩɨ ɦɚɪɬ ɦɟɫɹɰ. ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ 0,2°ɋ. ɋɚɦɵɦɢ 
ɯɨɥɨɞɧɵɦɢ ɦɟɫɹɰɚɦɢ ɹɜɥɹɸɬɫɹ ɹɧɜɚɪɶ ɢ ɮɟɜɪɚɥɶ ɫɨ ɫɪɟɞɧɟɝɨɞɨɜɵɦ ɡɧɚɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɧɨɣ − 18,4°ɋ. Ⱥɛɫɨɥɸɬɧɵɣ ɦɢɧɭɫ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɹɧɜɚɪɶ ɦɟɫɹɰ, (−43°ɋ). ȼ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɢɛɨɥɟɟɬɟɩɥɵɣ ɦɟɫɹɰ 
ɢɸɥɶ, ɫɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ + 18,2°ɋ, ɦɚɤɫɢɦɭɦ + 35,4°ɋ. 

ɋɪɟɞɧɟɝɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ 394 ɦɦ/ɝɨɞ. ȼ ɬɟɩɥɵɣ ɩɟɪɢɨɞɜɵɩɚɞɚɟɬ 
ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ − ɞɨ 80%. 

ɉɪɟɨɛɥɚɞɚɸɳɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɨɜ ɸɝɨ-ɡɚɩɚɞɧɨɟ ɢ ɡɚɩɚɞɧɨɟ. ɘɝɨ-ɡɚ-
ɩɚɞɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɨɛɥɚɞɚɟɬ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɡɚ ɫɱɟɬ ɫɢɛɢɪɫɤɨɝɨ ɚɧɬɢ-
ɰɢɤɥɨɧɚ. 

ȼ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɝɨɫɩɨɞɫɬɜɭɸɬ ɜɟɬɪɚ ɡɚɩɚɞɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. ɇɚɢɛɨɥɶɲɚɹ 
ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɡɚɩɚɞɧɵɯ ɜɟɬɪɨɜ ɢ ɪɚɜɧɚ 5,8 ɦ/ɫ. 

ɍɫɬɨɣɱɢɜɵɣ ɫɧɟɠɧɵɣ ɩɨɤɪɨɜ ɥɨɠɢɬɫɹ ɜɨ 2-ɨɣ ɞɟɤɚɞɟ ɞɟɤɚɛɪɹ ɢ ɫɯɨɞɢɬ ɜ 
ɬɪɟɬɶɟɣ ɞɟɤɚɞɟ ɚɩɪɟɥɹ. ɋɪɟɞɧɹɹ ɦɧɨɝɨɥɟɬɧɹɹ ɜɵɫɨɬɚ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ ɩɨ-
ɞɟɤɚɞɧɨ ɡɚ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɥɹɟɬ 25 ɫɦ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚɫɧɟɠɧɨɝɨ 
ɩɨɤɪɨɜɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 3-ɸ ɞɟɤɚɞɭ ɮɟɜɪɚɥɹ, ɦɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ - ɧɚ ɜɬɨɪɭɸ 
ɞɟɤɚɞɭ ɨɤɬɹɛɪɹ. 
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Ⱦɥɢɬɟɥɶɧɵɣ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɢ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ ɩɪɨɦɟɪɡɚɧɢɹ. ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ 
ɩɪɨɦɟɪɡɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 2200 ɦɦ. 

 

3 Ɋɚɫɱɟɬ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ 
 
3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ. ɋɨɫɬɚɜɥɟɧɢɟ ɬɚɛɥɢɰɵ 

ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ 
 
ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶɬɪɟɛɭɟɦɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɬɪɭɛ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ. Ⱦɥɹ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɤɚɠɞɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢ 
ɫɨɫɬɚɜɢɬɶ ɝɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

Ⱦɥɹ ɧɚɱɚɥɚ ɧɚɯɨɞɢɦ ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɠɢɬɟɥɟɣ 
 

iii FPN  , (3.1.1) 

 
ɝɞɟ Pi – ɩɥɨɬɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ, ɱɟɥ/ɝɚ; 

Fi – ɩɥɨɳɚɞɶ ɪɚɣɨɧɚ. 
 

7899096,315250 N (ɱɟɥ.) 
 
Ɋɚɫɱɟɬɧɵɣ (ɫɪɟɞɧɢɣ ɡɚ ɝɨɞ) ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ³/ɫɭɬ, 

ɧɚɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 

 

1000.

Nq
Q ɠ

ɫɪɫɭɬ


 (3.1.2) 

 
ɝɞɟ ɠq − ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɥ/ɫ ɧɚ 1 ɱɟɥ., ɩɪɢɧɢɦɚɟɦɚɹ ɩɨ ɬɚɛɥɢɰɟ ɋɇɢɉ 
2.04.02 – 84; 
N – ɱɢɫɥɨ ɠɢɬɟɥɟɣ, ɱɟɥ. 
 

5,27646
1000

78990250



ɫɭɬQ (ɦ3/ɫɭɬ) 

 
Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɜ ɫɭɬɤɢ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 
 

ɫɪɫɭɬɦɚɤɫɫɭɬɦɚɤɫɫɭɬ QКQ ...  ,(3.1.3) 
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ɫɪɫɭɬɦɢɧɫɭɬɦɢɧɫɭɬ QКQ ...  ,(3.1.4) 

 
ɝɞɟ ɦɢɧ.ɫɭɬК ɢ ɦɚɤɫ.ɫɭɬК –ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɭɬɨɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ 
ɭɤɥɚɞ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ, ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɬɟɩɟɧɶ 
ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɡɞɚɧɢɣ ɢ ɢɡɦɟɧɟɧɢɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɨ ɫɟɡɨɧɚɦ ɝɨɞɚ ɢ ɞɧɹɦ. 
 

)/(08,4285255,15,27646 3
max. ɫɭɬɦQɫɭɬ 

  
)/(6,110584,05,27646 3

min. ɫɭɬɦQɫɭɬ 
  

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɧɚɫɟɥɟɧɢɟɦ ɢɡ 
ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ, ɦ3/ɱ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 

 

24
max.max.

max.
ɫɭɬɱ

ɱ

QК
q




,
(3.1.5) 

 

24
min.min.

min.
ɫɭɬɱ

ɱ

QК
q




,
(3.1.6) 

 
ɝɞɟ ɦɚɤɫ.ɱК  ɢ ɦɢɧ.ɱК – ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, 
ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

 

ɦɚɤɫɦɚɤɫɦɚɤɫɱК  . ,(3.1.7) 

 

ɦɢɧɦɢɧɦɢɧɱК  . ,(3.1.8) 

 
ɝɞɟ α–ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɡɞɚɧɢɣ, ɪɟɠɢɦ 
ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ ɭɫɥɨɜɢɹ ( ;4,12,1ɦɚɤɫ  )6,04,0ɦɢɧ  ;  
ȕ–ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɢɦɚɟɦɵɣ  ɩɨ ɬɚɛɥɢɰɟ ɋɇɢɉ 2.04.02 – 84, ɭɱɢɬɵɜɚɸɳɢɣ 
ɤɨɥɢɱɟɫɬɜɨ ɠɢɬɟɥɟɣ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ; 
ȕɦɚɤɫ=1,1; 
ȕɦɢɧ=0,7. 

55,1113,14,1. ɦɚɤɫɱК  
 

4,0674,06,0. ɦɢɧɱК  
Ɋɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɦɟɫɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɤɚɤ 10% 

ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 

24

1,0 max.

..

ɫɭɬ
ɩɦ

Q
Q




,
              (3.1.9)
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55,178
24

08,428521,0
.. 


ɩɦQ (ɦ3/ɱ) 

 
ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɯɨɞɵ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 1, ɪɚɡɛɢɜɚɟɦ ɩɨ ɱɚɫɚɦɫɭɬɨɤ. 



Ɍɚɛɥɢɰɚ 1 Ɋɟɠɢɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ  
 

ɑɚɫɵ ɫɭɬɨɤ 
 

ɏɨɡ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 
ɧɚɫɟɥɟɧɢɹ 

 

 
ɉɨɥɢɜ ɭɥɢɰ ɢ ɡɟɥɟɧɵɯ 

ɧɚɫɚɠɞɟɧɢɣ 

 
Ɇɟɫɬɧɚɹ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ 

 
ɉɉ2 

 
ȼɫɟɝɨ 

 
% 

ɩɪɢ Ʉ=1,5% ɦ3/ɱɚɫ ɦɚɲɢɧɵ ɞɜɨɪɧɢɤɢ 
0-1 1,5 642,8 263,3 394,9 178,55 720 1967,88 2,94 
1-2 1,5 642,8 263,3 394,9 178,55 720 1967,86 2,94 
2-3 1,5 642,8 263,3 394,9 178,55 720 1967,86 2,94 
3-4 1,5 642,8 263,3 394,9 178,55 720 1967,86 2,94 
4-5 2,5 1071,3   178,55 720 1969,85 2,94 
5-6 3,5 1499,8   178,55 720 2398,37 3,58 
6-7 4,5 1928,3   178,55 720 2826,89 4,22 
7-8 5,5 2356,9   178,55 720 3255,41 4,86 
8-9 6,25 2678,3   178,55 720 3576,81 5,34 
9-10 6,25 2678,3   178,55 720 3576,81 5,34 
10-11 6,25 2678,3   178,55 720 3576,81 5,34 
11-12 6,25 2678,3   178,55 720 3576,81 5,34 
12-13 5 2142,6   178,55 720 3041,15 4,54 
13-14 5 2142,6   178,55 720 3041,15 4,54 
14-15 5,5 2356,9   178,55 720 3255,41 4,86 
15-16 6 2571,1   178,55 720 3469,67 5,18 
16-17 6 2571,1   178,55 720 3469,67 5,18 
17-18 5,5 2356,9   178,55 720 3255,41 4,86 
18-19 5 2142,6   178,55 720 3041,15 4,54 
19-20 4,5 1928,3   178,55 720 2826,89 4,22 
20-21 4 1714,1   178,55 720 2612,63 3,90 
21-22 3 1285,6   178,55 720 2184,11 3,26 
22-23 2 857,0 263,3 394,9 178,55 720 2182,12 3,26 
23-24 1,5 642,8 263,3 394,9 178,55 720 1967,86 2,94 
  42852,1     66976,48 100,00 

 



3.2 ɉɪɢɧɰɢɩ ɬɪɚɫɫɢɪɨɜɤɢ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ 
 
1)ɋɟɬɶ ɞɨɥɠɧɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɫɟɥёɧɧɨɝɨ 

ɩɭɧɤɬɚ ɫ ɭɱёɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɨɝɨ (ɤɪɚɬɱɚɣɲɟɝɨ)ɩɨɞɤɥɸɱɟɧɢɹ 
ɤ ɧɟɣ ɤɪɭɩɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɧɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɯɡɚɩɚɫɧɵɯ ёɦɤɨɫɬɟɣ. 

2) ɍɱɚɫɬɤɢ ɫɟɬɢ ɩɪɨɤɥɚɞɵɜɚɸɬ ɩɨ ɭɥɢɰɚɦ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ 2ɯɫɬɨɪɨɧɧɟɝɨ 
ɩɨɞɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ. ɉɪɨɬɹɠёɧɧɨɫɬɶ ɬɪɚɧɡɢɬɧɵɯ 
ɭɱɚɫɬɤɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨɣ. 

3) ɉɪɨɤɥɚɞɤɚ ɦɚɝɢɫɬɪɚɥɢ ɜɧɟ ɭɥɢɰ (ɩɨ ɜɧɟɲɧɟɣ ɱɟɪɬɟ ɝɨɪɨɞɚ) 
ɞɨɩɭɫɤɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɡɨɧɚɯ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

4) Ɇɚɝɢɫɬɪɚɥɶɧɵɟ ɥɢɧɢɢ ɧɚɦɟɱɚɸɬ ɜɞɨɥɶ ɨɫɧɨɜɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹɞɜɢɠɟɧɢɹ ɜɨɞɵ 

5) Ɂɚɦɤɧɭɬɵɟ ɤɨɧɬɭɪɵ ɜɵɬɹɧɭɬɵ ɜɞɨɥɶ ɨɫɧɨɜɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹɞɜɢɠɟɧɢɹ 
ɜɨɞɵ ɢ ɢɦɟɸɬ ɪɚɡɦɟɪɵ. 

 
3.3 Рˈˉиˏы ˓˃˄ˑ˕ы ˔и˔˕ˈˏы ˅ˑˇˑ˔ː˃˄ˉˈːия 

 
Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɧɚ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ. ɇɚ ɝɟɧɩɥɚɧɟ ɢɡɨɛɪɚɠɚɟɦ ɫɯɟɦɭ 
ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ. 

ɇɚɫɨɫɧɚɹ  ɫɬɚɧɰɢɹ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɦɟɫɬɚ 
ɡɚɛɨɪɚ ɜɨɞɵ ɢɡ ɢɫɬɨɱɧɢɤɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

Ʉɨɥɢɱɟɫɬɜɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɪɚɛɨɱɢɯ ɧɚɫɨɫɨɜ nɧɩɪɢɧɢɦɚɟɦ ɫɨɝɥɚɫɧɨ 
ɫɭɬɨɱɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ. Qɫɭɬ = 27646,5 
ɦ3/ɫɭɬ,ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɞɜɚ ɧɚɫɨɫɚ. ȼɪɟɦɹ  ɪɚɛɨɬɵ  ɤɚɠɞɨɝɨ ɢɡ ɧɚɫɨɫɨɜ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ: t1 = 24 ɱ; t2 = 19 ɱ; t3 =6 ɱ; 

ɉɨɞɚɱɚ, %, ɨɞɧɢɦ ɪɚɛɨɱɢɦ ɧɚɫɨɫɨɦ ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 
 

)(

100

332211 tatata
QI 

 ,                                        (3.3.1) 

 
ɝɞɟ α1,α2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɨɜɥɢɹɧɢɹ ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɚɛɨɬɟ ɧɚɫɨɫɨɜ; 
t1,t2 – ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɧɚɫɨɫɨɜ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, 
ɱɚɫɵ. 
 

%34,2
)66,0198,0241(

100



IQ  

 
Ⱦɥɹ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɧɚɫɨɫɨɜ ɜɟɥɢɱɢɧɚ ɩɨɞɚɱɢ, %, ɪɚɜɧɚ 
 

121 )( QQ III                                                                                         (3.3.2) 
 

%21,434,2)8,01( IIIQ  
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1321 )( QQ IIIIII   (3.3.3) 
 

%.61,534,2)6,08,01(  IIIIIIQ  
 
ȼɵɛɨɪ ɜɟɥɢɱɢɧɵ ɩɨɞɚɱɢ ɜɨɞɵ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧ ɬɚɤɢɦɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɨɫɬɚɬɨɤ ɜɨɞɵ ɜ ɛɚɤɟ ɧɟ ɛɵɥ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɢ ɧɟ ɩɪɟɜɵɲɚɥ ɞɥɹ ɬɪɟɯ 
ɧɚɫɨɫɨɜ – 2 %. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

 
Ɍɚɛɥɢɰɚ 2– Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɠɢɦɚ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ 

ɑɚɫɵ ɫɭɬɨɤ 
ȼɨɞɨɩɨɬɪɟɛ

ɥɟɧɢɟ ɜ 
ɝɨɪɨɞɟ 

ɉɨɞɚɱɚ ɜɨɞɵ 
ɜ ɫɟɬɶ, % 

ɉɨɫɬɭɩɥɟɧɢ
ɟ ɜɨɞɵ ɜ 

ɛɚɤ 

Ɋɚɫɯɨɞ 
ɜɨɞɵ ɢɡ 

ɛɚɤɚ 

Ɉɫɬɚɬɨɤ 
ɜɨɞɵ ɜ 

ɛɚɤɟ 
1 2 3 4 5 6 
0-1 2,94 2,34  -0,6 -0,99 
1-2 2,94 4,21 1,27  0,28 
2-3 2,94 2,34  -0,6 -0,32 
3-4 2,94 4,21 1,27  0,95 
4-5 2,94 2,34  -0,6 0,35 
5-6 3,58 4,21 0,63  0,98 
6-7 4,22 4,21  -0,01 0,97 
7-8 4,86 4,21  -0,65 0,32 
8-9 5,34 5,61 0,27  0,59 
9-10 5,34 5,61 0,27  0,86 
10-11 5,34 5,61 0,27  1,13 
11-12 5,34 5,61 0,27  1,4 
12-13 4,54 4,21  -0,33 1,07 
13-14 4,54 4,21  -0,33 0,74 
14-15 4,86 4,21  -0,65 0 
15-16 5,18 5,61 0,43  0,43 
16-17 5,18 5,61 0,43  0,86 
17-18 4,86 4,21  -0,65 0,21 
18-19 4,54 4,21  -0,33 -0,12 
19-20 4,22 4,21  -0,01 -0,13 
20-21 3,90 4,21 0,31  0,18 
21-22 3,26 4,21 0,95  1,13 
22-23 3,26 2,34  -0,92 0,21 
23-24 2,94 2,34  -0,6 -0,39 

ɋɭɦɦɚ 100 100    
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɱɢɫɥɟɧɢɣ ɝɪɚɮɵ 6 ɧɚɯɨɞɹɬ  ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

Pmax ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ Pmin ɨɫɬɚɬɤɨɜ ɜɨɞɵ ɜ ɛɚɤɟ ɜɨɞɨɧɚɩɨɪɧɨɣ  ɛɚɲɧɢ. Ɉɧɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ 1,13 % ɢ  –0,99 %. Ɋɟɝɭɥɢɪɭɸɳɚɹɟɦɤɨɫɬɶ, %, ɛɚɤɚ 
ɫɨɫɬɚɜɥɹɟɬ 

 
%min%max% ppW p  (3.3.4) 



15 
 

 
0

0
% 12,2)99,0(13,1 pW  

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɨɜ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ, ɞɢɚɦɟɬɪɚ ɛɚɤɚ ɢ ɟɝɨ ɜɵɫɨɬɵ. 
ɉɨɥɧɚɹ ɜɦɟɫɬɢɦɨɫɬɶ ɛɚɤɚ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɮɨɪɦɭɥɟ 
 

100
max%
ɫɭɬ

p QW
Wɪ




,
(3.3.5) 

 
ɝɞɟ WɊ – ɨɛɴɟɦ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɝɥɚɠɢɜɚɧɢɹ ɧɟɪɨɜɧɨɫɬɢ ɩɨɞɚɱɢ ɜɨɞɵ ɇɋ – II . 

 
346,908

100

08,4285212,2 ɦWɪ 



 

 
ɩɉ QW  16,0 ,(3.3.6) 

 
ɝɞɟ Wɉ – ɧɟɩɪɢɤɨɫɧɨɜɟɧɧɵɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɡɚɩɚɫ ɜɨɞɵ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ 10 
– ɦɢɧɭɬɧɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

 
332,4025216,0 ɦWɉ   

 
nɩ qnQ  6,3 (3.3.7) 

 
32523526,3 ɦQɩ   

 
ɉɊȼȻ WWW  ,(3.3.8) 

 
ɝɞɟ WȼȻ – ɩɨɥɧɵɣ ɨɛɴɟɦ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ. 
 

378,94832,4046,908 ɦWȼȻ   
 

32,1 ȼȻɛ WȾ  ,(3.3.9) 

 
ɝɞɟ ɛȾ  – ɞɢɚɦɟɬɪ ɛɚɤɚ. 
 

ɦȾɛ 8,1178,9482,1 3   
 

3855,0 ȼȻɛ Wɇ  ,(3.3.10) 

 
ɝɞɟ ɛɇ  – ɜɵɫɨɬɚ ɛɚɤɚ. 
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ɦɇ ɛ 4,878,948855,0 3   

 
3.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
 
Ⱦɥɹ ɫɢɫɬɟɦ ɫ ɛɚɲɧɟɣ ɜ ɧɚɱɚɥɟ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɜɵɩɨɥɧɹɟɬɫɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɧɚ ɞɜɚ ɫɥɭɱɚɹ: 
I – ɱɚɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ; 
II  – ɱɚɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɥɸɫ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɬɭɲɟɧɢɟ 

ɩɨɠɚɪɚ. 
Ⱦɥɹ ɫɢɫɬɟɦ ɫ ɛɚɲɧɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɤɨɧɰɟ ɫɟɬɢ, 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɧɚ ɫɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ ɜɨɞɵ ɜ 
ɛɚɲɧɸ. Ɍɚɤɨɣ ɠɟ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ, ɟɫɥɢ ɜɨɞɨɧɚɩɨɪɧɚɹ ɛɚɲɧɹ ɪɚɫɩɨɥɨɠɟɧɚ 
ɜɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɬɢ ɢ ɪɚɛɨɬɚɟɬ ɤɚɤ 
ɤɨɧɬɪɪɟɡɟɪɜɭɚɪ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɞɢɚɦɟɬɪɚ ɬɪɭɛ, ɩɨɬɟɪɶ 
ɧɚɩɨɪɚ ɜɫɥɟɞɫɬɜɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɫɤɨɪɨɫɬɢ ɭɱɚɫɬɤɚɦ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɟɟ: 

 
3.4.1 Ɋɚɫɱɟɬ ɫɟɬɢ ɜɨ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨɜɨɞɨɪɚɡɛɨɪɚ 
 

1) ɇɚ ɝɟɧɩɥɚɧɟ ɧɚɧɟɫɟɦ ɤɨɥɶɰɟɜɭɸ ɫɟɬɶ ɬɚɤ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ ɩɨɞɤɥɸɱɢɬɶ ɤ 
ɧɟɣ ɜɫɟ ɤɜɚɪɬɚɥɵ ɢ ɩɪɟɞɩɪɢɹɬɢɹ; 

2) ɉɪɨɧɭɦɟɪɭɟɦ ɭɡɥɨɜɵɟ ɬɨɱɤɢ ɢ ɨɩɪɟɞɟɥɢɦ ɞɥɢɧɭ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ; 
3) ɉɪɨɧɭɦɟɪɭɟɦ ɤɨɥɶɰɚ. ɑɢɫɥɨ ɤɨɥɟɰ ɫɟɬɢ ɜ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 

ɦɟɧɶɲɟ ɱɟɬɵɪɟɯ; 
4) ɇɚɯɨɞɢɦ ɭɞɟɥɶɧɵɣ ɨɬɛɨɪ ɞɥɹ ɷɬɨɝɨ ɪɟɠɢɦɚ 

 

qɭɞ=

 
3600

1000





l

QQ ɫɨɫɪɪɚɫɱ




,(3.4.1.1) 
 

ɝɞɟ Qɦɚɤɫ – ɪɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɝɨɪɨɞɨɦ, ɦ3/ɱ; 
Qɫɨɫɪ – ɪɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɜɫɟɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɝɨɪɨɞɚ, 
ɦ3/ɱ; 
Σl – ɫɭɦɦɚ ɞɥɢɧ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɦ. 

ȼ ɱɚɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ (10-11 ɱ) ɝɨɪɨɞ ɩɨɬɪɟɛɥɹɟɬ 3576,81 ɦ3/ɱ 
(993,6 ɥ/ɫ), ɢɡ ɤɨɬɨɪɵɯ ɉɉ ɨɬɛɢɪɚɟɬ 898,55 ɦ3/ɱ (249,6 ɥ/ɫ). ȼ ɷɬɨ ɜɪɟɦɹ ɇɋ II  
ɩɨɞɴɟɦɚ ɩɨɞɚɟɬ ɜ ɝɨɪɨɞ 5,61 % (3757,38 ɦ3/ɱ = 1043,7 ɥ/ɫ), ɚ ɢɡɛɵɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ -50,2 ɥ/ɫ ɢɞɟɬ ɜ ɜɨɞɨɧɚɩɨɪɧɭɸ ɛɚɲɧɸ. 

 

6,3
max ɇɋ

ȼȻ
QQ

Q


 (3.4.1.2) 
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ɫɥQȼȻ /2,50
6,3

48,3757993,6



  

 
ɉɨɞɚɱɚ ɜɨɞɵ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɟɣ 
 

100

61,5max 


Q
Qɇɋ (3.4.1.3) 

 

ɱɦQɇɋ /48,3757
100

61,548,66976 3



 

 
Ɂɚɬɟɦ ɪɚɡɛɢɜɚɟɦ ɜɫɸ ɜɨɞɨɩɪɨɜɨɞɧɭɸ ɫɟɬɶ ɧɚ ɭɱɚɫɬɤɢ ɢ ɧɚɯɨɞɢɦ ɞɥɹ 

ɤɚɠɞɨɝɨ ɫɜɨɣ ɩɭɬɟɜɨɣ ɨɬɛɨɪ ɜɨɞɵ 
 

iɭɞi lqq  ,(3.4.1.4) 

 
ɝɞɟ li – ɞɥɢɧɚ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ. 
 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɡɥɨɜɵɯ ɨɬɛɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɭɦɦɢɪɨɜɚɬɶ ɩɭɬɟɜɵɟ 
ɨɬɛɨɪɵ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɜɵɛɪɚɧɧɨɦɭ ɭɡɥɭ ɭɱɚɫɬɤɨɜ ɢ ɩɨɞɟɥɢɬɶ ɢɯ ɧɚ 2 

 

2
n

ɭɡ
q

q



,
(3.4.1.5) 

 
ɝɞɟ Σqn – ɫɭɦɦɚ ɩɭɬɟɜɵɯ ɨɬɛɨɪɨɜ ɩɪɢɥɟɝɚɸɳɢɯ ɭɱɚɫɬɤɨɜ, ɥ/ɫ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɭɡɥɨɜɵɯ ɪɚɫɯɨɞɨɜ ɜɵɱɟɪɬɢɦ ɫɯɟɦɭ ɜɨɞɨɜɨɞɨɜ ɢ ɫɟɬɢ, 
ɧɚ ɤɨɬɨɪɨɣ ɭɤɚɠɟɦ ɫɬɪɟɥɤɚɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɩɨ ɥɢɧɢɹɦ ɫɟɬɢ, ɫɨɛɥɸɞɚɹ ɛɚɥɚɧɫ ɪɚɫɯɨɞɨɜ ɜ ɭɡɥɚɯ (ɩɟɪɜɵɣ ɡɚɤɨɧ 
Ʉɢɪɯɝɨɮɚ). 

 
ɉɪɨɜɟɪɢɦ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ 
 

ɇɋȼȻɉɉɭɡɥ QQQQ  . (3.4.1.6) 

 
)2,50(7,104360,24963,743   

 
6,9934,993   (ɥ/ɫ) – ɪɚɫɱɟɬ ɜɟɪɟɧ. 

 
3.4.2 Ɋɚɫɱɟɬ ɫɟɬɢ ɜ ɦɨɦɟɧɬ ɩɨɠɚɪɚ 
 
ɋɱɢɬɚɟɦ, ɱɬɨ ɜ ɱɚɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ ɜ ɫɚɦɵɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 

ɬɨɱɤɚɯ ɫɥɭɱɢɥɫɹ ɩɨɠɚɪ. Ɍɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɦ ɤɚɤ 
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Qɦɚɤɫ+Qɩ. Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɩɭɬɟɜɵɟ ɨɬɛɨɪɵ ɧɚɭɱɚɫɬɤɚɯ ɢ ɭɡɥɨɜɵɟ ɩɪɢɧɢɦɚɟɦ 
ɬɚɤɢɟ ɠɟ ɤɚɤ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɪɚɡɛɨɪɟ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɠɚɪɨɜ ɜɵɛɢɪɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚɩɪɨɠɢɜɚɸɳɢɯ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ. ɉɪɢɧɢɦɚɟɦ 2 ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɜ 
ɞɚɧɧɨɦ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɩɪɨɠɢɜɚɟɬ ɠɢɬɟɥɟɣ ɜ ɞɢɚɩɚɡɨɧɟ ɞɨ 100 ɬɵɫɹɱ 
ɱɟɥɨɜɟɤ ɫ ɪɚɫɯɨɞɨɦ ɜɨɞɵ 35 ɥ/ɫ. 

ɉɪɨɜɟɪɢɦ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ 
 

70.  ɇɋȼȻɉɉɭɡɥ QQQQ (3.4.2.1) 

 
707,10432,506,24962,813   

 
5,106322,1063   (ɥ/ɫ) – ɪɚɫɱɟɬ ɜɟɪɟɧ. 

 
3.4.3 Ɋɚɫɱɟɬ ɫɟɬɢ ɜ ɬɨɱɤɚɯ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ 
 
1) ɇɚ ɝɟɧɩɥɚɧɟ ɧɚɧɟɫɟɦ ɤɨɥɶɰɟɜɭɸ ɫɟɬɶ ɬɚɤ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ 

ɩɨɞɤɥɸɱɢɬɶ ɤ ɧɟɣ ɜɫɟ ɤɜɚɪɬɚɥɵ ɢ ɩɪɟɞɩɪɢɹɬɢɹ; 
2) ɉɪɨɧɭɦɟɪɭɟɦ ɭɡɥɨɜɵɟ ɬɨɱɤɢ ɢ ɨɩɪɟɞɟɥɢɦ ɞɥɢɧɭ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ; 
3) ɉɪɨɧɭɦɟɪɭɟɦ ɤɨɥɶɰɚ. ɑɢɫɥɨ ɤɨɥɟɰ ɫɟɬɢ ɜ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɞɨɥɠɧɨ 

ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɱɟɬɵɪɟɯ; 
4) ɇɚɯɨɞɢɦ ɭɞɟɥɶɧɵɣ ɨɬɛɨɪ ɞɥɹ ɷɬɨɝɨ ɪɟɠɢɦɚ 
 

qɭɞ=
 

3600

1000





l

QQ ɫɨɫɪɬɪɚɧɡ

,
(3.4.3.1) 

 
ɝɞɟ Qɬɪɚɧɡ – ɪɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɝɨɪɨɞɨɦ ɜ ɱɚɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ, ɦ3/ɱ; 
Qɫɨɫɪ – ɪɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɜɫɟɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɝɨɪɨɞɚ, 
ɦ3/ɱ; 
Σl – ɫɭɦɦɚ ɞɥɢɧ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ, ɦ. 
 

6,3
ɬɪɚɧɡɧɫ

ȼȻ

QQ
Q


 (3.4.3.2) 

 

ɫɥQȼȻ /62,236
6,3

86,19673,783



  

 
ɉɨɞɚɱɚ ɜɨɞɵ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɟɣ 
 

100

21,4max 


Q
Qɇɋ           (3.4.3.3) 
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ɱɦQɇɋ /3,783
100

21,448,66976 3



 

 
Ɂɚɬɟɦ ɪɚɡɛɢɜɚɟɦ ɜɫɸ ɜɨɞɨɩɪɨɜɨɞɧɭɸ ɫɟɬɶ ɧɚ ɭɱɚɫɬɤɢ ɢ ɧɚɯɨɞɢɦ ɞɥɹ 

ɤɚɠɞɨɝɨ ɫɜɨɣ ɩɭɬɟɜɨɣ ɨɬɛɨɪ ɜɨɞɵ 
 

iɭɞi lqq  ,  (3.4.3.4) 
 

ɝɞɟ li – ɞɥɢɧɚ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ. 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɡɥɨɜɵɯ ɨɬɛɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɭɦɦɢɪɨɜɚɬɶ ɩɭɬɟɜɵɟ 

ɨɬɛɨɪɵ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɜɵɛɪɚɧɧɨɦɭ ɭɡɥɭ ɭɱɚɫɬɤɨɜ ɢ ɩɨɞɟɥɢɬɶ ɢɯ ɧɚ 2 
 

2
n

ɭɡ
q

q



,
(3.4.3.5) 

 
ɝɞɟ Σqn – ɫɭɦɦɚ ɩɭɬɟɜɵɯ ɨɬɛɨɪɨɜ ɩɪɢɥɟɝɚɸɳɢɯ ɭɱɚɫɬɤɨɜ, ɥ/ɫ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɭɡɥɨɜɵɯ ɪɚɫɯɨɞɨɜ ɜɵɱɟɪɬɢɦ ɫɯɟɦɭ ɜɨɞɨɜɨɞɨɜ ɢ ɫɟɬɢ, 
ɧɚ ɤɨɬɨɪɨɣ ɭɤɚɠɟɦ ɫɬɪɟɥɤɚɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɪɚɫɯɨɞɨɜ ɩɨ ɥɢɧɢɹɦ ɫɟɬɢ, ɫɨɛɥɸɞɚɹ ɛɚɥɚɧɫ ɪɚɫɯɨɞɨɜ ɜ ɭɡɥɚɯ (ɩɟɪɜɵɣ ɡɚɤɨɧ 
Ʉɢɪɯɝɨɮɚ). 

ɉɪɨɜɟɪɢɦ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ 
 

ɇɋȼȻɉɉɭɡɥ QQQQ  . (3.4.3.6) 

 
3,78362,2366,24905,297   

 
3,7833,783   (ɥ/ɫ) – ɪɚɫɱɟɬ ɜɟɪɟɧ. 

 
ȼɫɟ ɪɚɫɱɟɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɵ 3, 4 ɢ 5. 

 
Ɍɚɛɥɢɰɚ 3– Ɉɩɪɟɞɟɥɟɧɢɟ ɭɞɟɥɶɧɵɯ ɨɬɛɨɪɨɜ 

Ɋɟɠɢɦ 

ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ 

Ɇɚɤɫɢɦɚɥɶɧɵɣɜɨ

ɞɨɪɚɡɛɨɪ 

 

Ɇɚɤɫɢɦɚɥɶɧɵɣɜɨ

ɞɨɪɚɡɛɨɪ 

ɫ ɭɱɟɬɨɦ ɩɨɠɚɪɚ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɬɪɚɧɡɢɬ 

 

Q, ɦ3/ɱ 3576,81 3576,81 1967,86 

Qɫɨɫɪ, ɦ3/ɱ 898,55 898,55 898,55 

l, ɦ 10090 10090 10090 

qyɞ, ɥ/ɫ ɧɚ 1ɦ 0,0737 0,074 0,02944 
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Ɍɚɛɥɢɰɚ 4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɭɬɟɜɵɯ ɨɬɛɨɪɨɜ 

№ 

ɭɱɚɫɬɤɚ 

 

Ɋɚɫɱɟɬɧɚɹ 

ɞɥɢɧɚ 

ɭɱɚɫɬɤɚ, ɦ 

ɉɭɬɟɜɵɟ ɨɬɛɨɪɵ ɜɨɞɵ, qni-k = qɭɞli-k,ɥ/ɫ, 

ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦɜɨɞ

ɨɪɚɡɛɨɪɟ 

ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦɜɨɞ

ɨɪɚɡɛɨɪɟ 

ɫ ɭɱɟɬɨɦ ɩɨɠɚɪɚ

ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ 

ɬɪɚɧɡɢɬɟ 
1-2 560 41,27 41,27 16,49 
2-3 850 62,65 62,65 25,02 
3-4 520 38,32 38,32 15,31 
4-5 900 66,33 66,33 26,50 
5-6 560 41,27 41,27 16,49 
7-6 1000 73,70 73,70 29,44 
4-7 1000 73,70 73,70 29,44 
7-8 660 48,64 48,64 19,43 
8-9 580 42,75 42,75 17,08 
9-10 1300 95,81 95,81 38,27 
6-10 570 42,01 42,01 16,78 
10-11 500 36,85 36,85 14,72 
1-11 830 61,17 61,17 24,44 
2-5 260 19,16 19,16 7,65 

ɂɬɨɝɨ 10090 743,63 743,63 297,05 

 

Ɍɚɛɥɢɰɚ 5 – Ɉɩɪɟɞɟɥɟɧɢɟ ɭɡɥɨɜɵɯ ɨɬɛɨɪɨɜ 
 

№ 

ɭɡɥɨɜ 

 

 

 

№ ɩɪɢɥɟɝɚɸɳɢɯ 

ɭɱɚɫɬɤɨɜ 

 

 

ɍɡɥɨɜɵɟ ɨɬɛɨɪɵ, qyɡ= 0,5 ∑qn ɥ/ɫ 

ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦɜɨɞɨɪ

ɚɡɛɨɪɟ 

ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦɜɨɞ

ɨɪɚɡɛɨɪɟ 

ɫ ɭɱɟɬɨɦ ɩɨɠɚɪɚ

ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 

ɬɪɚɧɡɢɬɟ 

 

∑qn qyɡ qyɡ ∑qn qyɡ 

1 1-2,1-11 102,44 51,22 51,22 40,92 20,46 
2 1-2,2-3,2-5 123,08 61,54 61,54 49,16 24,58 

3 2-3,3-4 100,97 50,48 85,48 40,33 20,17 

4 3-4,4-5,4-7 178,35 89,18 89,18 71,24 35,62 

5 4-5,5-6,2-5 126,76 63,38 63,38 50,64 25,32 

6 5-6,7-6,6-10 156,98 78,49 78,49 62,71 31,35 

7 7-6,4-7,7-8 196,04 98,02 98,02 78,31 39,16 

8 7-8,8-9 91,39 45,69 80,69 36,51 18,25 
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9 8-9,9-10 138,56 69,28 69,28 55,35 27,67 

10 9-10,6-10,10-11 174,67 87,33 87,33 69,77 34,89 

11 10-11,1-11 98,02 49,01 49,01 39,16 19,58 

   743,63 813,62  297,05 

 

3.5 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ 
 
ɉɨɩɪɚɜɨɱɧɵɟ ɪɚɫɯɨɞɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɧɨɫɹɬɫɹ ɜɨ ɜɫɟ ɷɥɟɦɟɧɬɚɪɧɵɟ 

ɤɨɥɶɰɚ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɢɯ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧ ɧɟɜɹɡɨɤ ɜ ɤɨɥɶɰɚɯ 

 

  j

j

qs

h
qj






2 ,(3.5.1) 
 

ɝɞɟ qi – ɩɨɩɪɚɜɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ j-ɦ ɷɥɟɦɟɧɬɚɪɧɨɦ ɤɨɥɶɰɟ, ɥ/ɫ;  
hj – ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ (ɫ ɭɱɟɬɨɦ ɡɧɚɤɨɜ) ɫɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ (ɧɟɜɹɡɤɚ) ɜ j-ɦ 
ɤɨɥɶɰɟ, ɦ; 
(sq)j – ɫɭɦɦɚ ɩɪɨɢɡɜɟɞɟɧɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ s ɧɚ ɪɚɫɯɨɞ q ɭɱɚɫɬɤɨɜ, 
ɨɛɪɚɡɭɸɳɢɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɷɥɟɦɟɧɬɚɪɧɨɟ ɤɨɥɶɰɨ j. 

ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ, ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢ ɫɥɭɱɚɣ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 6-8. 
 
Ɍɚɛɥɢɰɚ 6 – ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨɜɨɞɨɪɚɡɛɨɪɚ 

 

№ 

Ʉɨɥɨɞ

ɰɚ 

 

ɍɱɚɫɬɨɤ 

 

l,ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

 

q, ɥ/ɫ 

 

d,ɦɦ 

 

v, ɦ/ɫ 

 

δ 

 

S0 

 

S=S0·δ·l 

 

S·q 

 

h=S·q2 

 

 

 

I  

1-2 560 446,14 700 1,14 1 1,10E-08 0,0000061 0,00274 -1,22 

2-5 260 192,30 400 1,37 1 1,91E-07 4,96E-05 0,00953 -1,83 

5-6 560 63,26 250 1,21 1 2,19E-06 1,22E-03 0,07748 4,90 

6-10 570 205,01 500 1,13 1 5,78E-08 3,30E-05 0,00676 1,39 

10-11 500 497,36 700 1,28 1 1,10E-08 5,49E-06 0,00273 1,36 

11-1 830 497,36 700 1,28 1 1,10E-08 9,11E-06 0,00453 -2,25 

 0,10378 2,33 

 

 

II  

2-3 850 192,30 400 1,37 1 1,91E-07 1,62E-04 0,03117 -5,99 

3-4 520 91,62 300 1,18 1 8,47E-07 4,40E-04 0,04033 -3,70 

4-5 900 192,18 400 1,37 1 1,91E-07 1,72E-04 0,03298 6,34 

2-5 260 192,30 400 1,37 1 1,91E-07 4,96E-05 0,00953 1,83 

 0,11402 -1,52 

 
 
 

5-4 900 192,18 400 1,37 1 1,91E-07 1,72E-04 0,03298 -6,34 

4-7 1000 194,62 400 1,37 1 1,91E-07 1,91E-04 0,03711 -7,22 
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III  7-6 1000 63,26 250 1,21 1 2,19E-06 2,19E-03 0,13835 8,75 

5-6 560 63,26 250 1,21 1 2,19E-06 1,22E-03 0,07748 -4,90 

 0,28592 -9,71 

    

    

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 

 
 
 
IV 

6-7 1000 63,26 250 1,21 1 2,19E-06 2,19E-03 0,13835 -8,75 

7-8 660 159,86 400 1,19 1 1,91E-07 1,26E-04 0,02012 -3,22 

8-9 580 135,73 350 1,28 1 3,73E-07 2,16E-04 0,02937 3,99 

9-10 1300 205,01 500 1,13 1 5,78E-08 7,52E-05 0,01542 3,16 

6-10 570 205,01 500 1,13 1 5,78E-08 3,30E-05 0,00676 -1,39 

         0,21002 -6,21 

         ∑S·q ∆h 

 
Ɍɚɛɥɢɰɚ 7 – ɋɥɭɱɚɣ ɩɨɠɚɪɚ 

 

№ 

Ʉɨɥɨɞ

ɰɚ 

 

ɍɱɚɫɬɨɤ 

 

l,ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

 

q, ɥ/ɫ 

 

d,ɦɦ 

 

v, ɦ/ɫ 

 

δ 

 

S0 

 

S=S0·δ·l 

 

S·q 

 

h=S·q2 

 

 

 

I  

1-2 560 456,025 700 1,18 1 1,10E-08 6,15E-06 0,0028 -1,28 

2-5 260 197,24 400 1,37 1 1,91E-07 4,96E-05 0,00978 -1,93 

5-6 560 65,73 250 1,21 1 2,187E-06 1,22E-03 0,0805 5,29 

6-10 570 209,96 400 1,37 1 1,91E-07 1,09E-04 0,02282 4,79 

10-11 500 507,245 700 1,28 1 1,10E-08 5,49E-06 0,00278 1,41 

11-1 830 507,245 700 1,28 1 1,10E-08 9,11E-06 0,00462 -2,34 

 0,12331 5,94 

 

 

II  

2-3 850 197,24 400 1,37 1 1,91E-07 1,62E-04 0,03197 -6,31 

3-4 520 111,76 350 1,06 
1,00

5 
3,73E-07 1,95E-04 0,02179 -2,44 

4-5 900 199,59 400 1,37 1 1,91E-07 1,72E-04 0,03426 6,84 

2-5 260 197,24 400 1,37 1 1,91E-07 4,96E-05 0,00978 1,93 

 0,0978 0,02 

 
 
 
III  

5-4 900 199,59 400 1,37 1 1,91E-07 1,72E-04 0,03426 -6,84 

4-7 1000 222,17 500 1,13 1,01 5,78E-08 5,84E-05 0,01298 -2,88 

7-6 1000 65,73 250 1,21 1 2,187E-06 2,19E-03 0,14375 9,45 

5-6 560 65,73 250 1,21 1 2,187E-06 1,22E-03 0,0805 -5,29 

 0,27149 -5,56 

 
 
 
IV 

6-7 1000 65,73 250 1,21 1 2,187E-06 2,19E-03 0,14375 -9,45 

7-8 660 189,88 400 1,37 1 1,91E-07 1,26E-04 0,0239 -4,54 

8-9 580 140,68 350 1,35 1 3,73E-07 2,16E-04 0,03044 4,28 
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9-10 1300 209,96 500 1,13 1,01 5,78E-08 7,59E-05 0,01595 3,35 

6-10 570 209,96 500 1,13 1,01 5,78E-08 3,33E-05 0,00699 -1,47 

         0,22103 -7,82 

         ∑S·q ∆h 

 
Ɍɚɛɥɢɰɚ 8 – ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ 

 

№ 

Ʉɨɥɨɞ

ɰɚ 

 

ɍɱɚɫɬɨɤ 

 

l,ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

 

q, ɥ/ɫ 

 

d,ɦɦ 

 

v, ɦ/ɫ 

 

δ 

 

S0 

 

S=S0·δ·l 

 

S·q 

 

h=S·q2 

 

 

 

I  

1-2 560 361,4 600 1,19 1 2,262E-08 1,27E-05 0,00458 -1,65 

2-5 260 22,87 200 0,87 1,05 6,959E-06 1,90E-03 0,04345 0,99 

5-6 560 71,07 250 1,34 1 2,187E-06 1,22E-03 0,08704 6,19 

6-10 570 173,485 400 1,31 1 1,91E-07 1,09E-04 0,01886 3,27 

10-11 500 381,86 600 1,28 1 2,262E-08 1,13E-05 0,00432 1,65 

11-1 830 381,86 600 1,28 1 2,262E-08 1,88E-05 0,00717 -2,74 

 0,16541 7,71 

 

 

II  

2-3 850 359,69 600 1,19 1 2,262E-08 1,92E-05 0,00692 -2,49 

3-4 520 102,9 300 1,32 1 8,47E-07 4,40E-04 0,0453 -4,66 

4-5 900 22,87 200 0,87 1,05 6,959E-06 6,58E-03 0,1504 3,44 

2-5 260 22,87 200 0,87 1,05 6,959E-06 1,90E-03 0,04345 -0,99 

 0,24606 -4,70 

 
 
 
III  

5-4 900 22,87 200 0,87 1,05 6,959E-06 6,58E-03 0,1504 -3,44 

4-7 1000 90,15 300 1,18 1 8,47E-07 8,47E-04 0,07632 -6,88 

7-6 1000 71,07 250 1,34 1 2,187E-06 2,19E-03 0,15543 11,05 

5-6 560 71,07 250 1,34 1 2,187E-06 1,22E-03 0,08704 -6,19 

 0,46919 -5,46 

 
 
 
IV 

6-7 1000 71,07 250 1,34 1 2,187E-06 2,19E-03 0,15543 -11,05 

7-8 660 122,06 350 1,16 1 3,73E-07 2,46E-04 0,03006 -3,67 

8-9 580 145,82 350 1,39 1 3,73E-07 2,16E-04 0,03156 4,60 

9-10 1300 173,485 400 1,31 1 1,91E-07 2,48E-04 0,04301 7,46 

6-10 570 173,485 400 1,31 1 1,91E-07 1,09E-04 0,01886 -3,27 

         0,27891 -5,92 

         ∑S·q ∆h 

 
3.6 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɨɞɨɜɨɞɨɜ 

 
Ɋɚɫɱɟɬ ɜɨɞɨɜɨɞɚ ɨɬ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ (ɇɋ) ɞɨ ɝɨɪɨɞɫɤɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 

ɫɟɬɢ: 
ȼɟɞɟɬɫɹ ɞɜɚ ɜɨɞɨɜɨɞɚ, ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɧɚ ɤɚɠɞɵɣ ɜɨɞɨɜɨɞ ɜ 

ɨɬɞɟɥɶɧɨɫɬɢ, ɭɱɢɬɵɜɚɟɬɫɹ ɫɥɭɱɚɣ ɚɜɚɪɢɢ. ɉɪɢɧɢɦɚɟɦ ɪɚɫɯɨɞ: 7,0max  QQ  
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Ɋɚɫɱɟɬ ɜɨɞɨɜɨɞɚ ɨɬ ɝɨɪɨɞɫɤɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɞɨ ȼȻ: 
ȼɟɞɟɬɫɹ ɞɜɚ ɜɨɞɨɜɨɞɚ, ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɧɚ ɤɚɠɞɵɣ ɜɨɞɨɜɨɞ ɜ 

ɨɬɞɟɥɶɧɨɫɬɢ, ɭɱɢɬɵɜɚɟɬɫɹ ɫɥɭɱɚɣ ɚɜɚɪɢɢ. ɉɪɢɧɢɦɚɟɦ ɪɚɫɯɨɞ: 7,0max  QQ  
ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ, ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢ ɫɥɭɱɚɣ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 9-11. 
 

Ɍɚɛɥɢɰɚ 9 – ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨɜɨɞɨɪɚɡɛɨɪɚ 

№ 

ɤɨɥɶɰɚ 

Ⱦɥɢɧɚɭɱ

ɚɫɬɤɚ 

ℓ, ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

q, 

ɥ/ɫ 

d, 

ɦɦ 

, 

ɦ/ɫ 
 S0 S = S0 ·· ℓ S · q h = S · q2 

ɇɋ 420 730,6 800 1,48 1 5,514∙10-9 0,0000023 0,00097 0,7 

ȼȻ 860 35,14 200 0,87 1,05 6,959∙10-6 0,0063 0,22 7,73 

 
Ɍɚɛɥɢɰɚ 10 – ɋɥɭɱɚɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɪɚɧɡɢɬɚ 

№ 

ɤɨɥɶɰɚ 

Ⱦɥɢɧɚɭ

ɱɚɫɬɤɚ 

ℓ, ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

q, 

ɥ/ɫ 

d, 

ɦɦ 

, 

ɦ/ɫ 
 S0 S = S0 ·· ℓ S · q h = S · q2 

ɇɋ 420 548,1 700 1,43 1 1,098∙10-8 0,0000046 0,0025 1,37 

ȼȻ 860 165,63 400 1,31 1 1,907∙10-7 0,00016 0,026 4,39 

 
Ɍɚɛɥɢɰɚ 11 – ɋɥɭɱɚɣ ɩɨɠɚɪɚ 

№ 

ɤɨɥɶɰɚ 

Ⱦɥɢɧɚɭ

ɱɚɫɬɤɚ 

ℓ, ɦ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 

q, 

ɥ/ɫ 

d, 

ɦɦ 

, 

ɦ/ɫ 
 S0 S = S0 ·· ℓ S · q h = S · q2 

ɇɋ 420 744,45 800 1,48 1 5,514*10-9 0,0000023 0,0017 1,26 

 
 

3.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɯ ɨɬɦɟɬɨɤ 
 

ɂɡ Ƚɟɧɩɥɚɧɚ ɫɥɟɞɭɟɬ, ɱɬɨ «ɞɢɤɬɭɸɳɟɣ» ɬɨɱɤɨɣ ɛɭɞɟɬ ɬɨɱɤɚ 3, ɬɚɤ ɤɚɤ ɨɧɚ 
ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɭɸ ɨɬɦɟɬɤɭ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɨɱɤɚɦɢ. 

ɇɚɩɨɪ «ɞɢɤɬɭɸɳɟɣ» ɬɨɱɤɢ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɛɭɞɟɬ ɪɚɜɟɧ 
ɫɜɨɛɨɞɧɨɦɭ 

 
  4110  nH ɫɜ ,(3.7.1) 

 
ɝɞɟ n – ɱɢɫɥɨ ɷɬɚɠɟɣ ɡɞɚɧɢɣ. 
 

  ɦH ɫɜ 58411310   
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ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɨɬɦɟɬɤɚ 3 ɛɭɞɟɬ ɛɨɥɶɲɟ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ 

ɭɱɚɫɬɤɟ 4-3. 
Ⱥɧɚɥɨɝɢɱɧɨ ɧɚɯɨɞɢɦ ɞɪɭɝɢɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɟ ɨɬɦɟɬɤɢ ɧɚ ɩɭɬɢɪɚɫɱɟɬɚ ɨɬ 

ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ (ȼȻ) ɞɨ ɇɋ. 
ɂɫɯɨɞɧɨɣ ɬɨɱɤɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɣ ɥɢɧɢɢ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɬɪɚɧɡɢɬɟ ɹɜɥɹɟɬɫɹ ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɪɟɝɭɥɢɪɭɸɳɟɦ ɛɚɤɟ. 
ɉɶɟɡɨɦɟɬɪɢɱɟɫɤɭɸ ɥɢɧɢɸ ɞɥɹ ɫɥɭɱɚɹ ɩɨɠɚɪɚ ɧɚɱɢɧɚɸɬ ɨɬ ɨɬɦɟɬɤɢ, ɝɞɟ 

ɟɫɬɶ ɩɨɠɚɪ ɢ ɫɜɨɛɨɞɧɵɣ ɧɚɩɨɪ ɦɟɧɶɲɟ. 
 

4 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɧɚɫɨɫɧɵɯ 
ɫɬɚɧɰɢɣ 

 
4.1 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɨɞɨɡɚɛɨɪɚ 
 
Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɞɨɡɚɛɨɪɚ 

ɛɥɚɝɨɩɪɢɹɬɧɵɟ: ɪɭɫɥɨ ɪɟɤɢ ɫɥɨɠɟɧɨ ɚɥɥɸɜɢɚɥɶɧɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ ɫɱɚɫɬɢɰɚɦɢ 
ɤɪɭɩɧɨɫɬɶɸ d = 1,6ɦɦ, ɜɪɟɡɚɧɨ ɜ ɦɨɪɟɧɵɟ ɫɭɝɥɢɧɤɢ,ɭɫɬɨɣɱɢɜɨ. ȼ ɫɚɦɵɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɩɟɪɢɨɞɵ ɪɟɤɚ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬ ɧɚɧɨɫɵ (ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɫɟɣ 
1,35 ɤɝ/ɦ³), ɤɨɬɨɪɵɟ ɧɟ ɨɤɚɡɵɜɚɸɬɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɩɨɞɜɨɞɧɵɯ ɫɤɥɨɧɨɜ ɪɭɫɥɚ. ȼɧɭɬɪɢɜɨɞɧɵɣ ɥɟɞ ɜ ɪɟɤɟ ɛɵɜɚɟɬ ɥɢɲɶ 
ɩɟɪɟɞɥɟɞɨɫɬɚɜɚɦ ɢ ɧɟ ɜɵɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɪɭɫɥɚ ɲɭɝɨɣ ɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɠɨɪɨɜ. Ʌɟɞɨɫɬɚɜ ɭɫɬɨɣɱɢɜɵɣ, ɬɨɥɳɢɧɚ ɥɶɞɚ ɞɨɫɬɢɝɚɟɬ 0,45ɦ.ɋɨɪ 
ɜ ɪɟɤɟ ɢ ɞɪɭɝɢɟ ɩɥɚɜɚɸɳɢɟ ɡɚɝɪɹɡɧɢɬɟɥɢ ɧɟ ɜɵɡɵɜɚɸɬ ɨɫɨɛɵɯ ɡɚɬɪɭɞɧɟɧɢɢ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɡɚɛɨɪɚ. Ɋɟɤɚ ɢɦɟɟɬ ɪɵɛɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɟ 
ɡɧɚɱɟɧɢɹ,ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɢ ɫɥɭɠɢɬ ɦɟɫɬɨɦ 
ɨɬɞɵɯɚ. ȼɵɫɨɬɚ ɜɨɥɧ ɩɪɢ ɜɟɬɪɟ ɞɨɫɬɢɝɚɟɬ 0,2ɦ, ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 
0,7ɦ/ɫ, ɞɢɚɦɟɬɪ ɪɭɫɥɨɨɛɪɚɡɭɸɳɢɯ ɮɪɚɤɰɢɣ - 0,8ɦɦ. 

ɋ ɭɱɟɬɨɦ, ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɫɬɜɨɪɟɪɚɫɩɨɥɨɠɟɧɢɹ 
ɫɨɨɪɭɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɹ ɡɚɛɨɪɚ ɜɨɞɵ ɢ ɪɵɛɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɜɨɞɨɢɫɬɨɱɧɢɤɚ ɩɪɢɧɹɬ ɡɚɬɨɩɥɟɧɧɵɣɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɨɝɨɥɨɜɨɤ. ɇɚ ɜɯɨɞɟ 
ɨɛɨɪɭɞɨɜɚɧ ɮɢɥɶɬɪɭɸɳɢɦɢɤɚɫɫɟɬɚɦɢ ɬɨɥɳɢɧɨɣ 80ɦɦ, ɡɚɩɨɥɧɟɧɧɵɣ 
ɳɟɛɟɧɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦɤɪɭɩɧɨɫɬɶɸ 30÷40ɦɦ. Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɦ ɧɚ 
ɧɨɪɦɚɥɶɧɵɟ ɢ ɩɨɜɟɪɨɱɧɵɟ ɭɫɥɨɜɢɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ: 

− ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɜɨɞɨɡɚɛɨɪɚ; 
− ɧɚɢɜɵɫɲɟɣ ɨɬɦɟɬɤɢ ɨɫɢ ɧɚɫɨɫɨɜ ɢ ɧɚɢɦɟɧɶɲɢɯ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ 

ɛɟɪɟɝɨɜɨɦ ɤɨɥɨɞɰɟ. 
ɉɨɞ ɧɨɪɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɪɚɛɨɬɚ 

ɜɫɟɯ ɫɟɤɰɢɣ ɜɨɞɨɡɚɛɨɪɚ (ɤɪɨɦɟ ɪɟɡɟɪɜɧɵɯ). ɉɪɢ ɩɪɨɜɟɪɨɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɞɧɭ ɢɡ 
ɫɟɤɰɢɣ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɜɵɤɥɸɱɟɧɧɨɣ, ɚ ɜɟɫɶ ɪɚɫɯɨɞ ɢɥɢ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ 
ɟɝɨ ɩɪɨɩɭɫɤɚɬɶ ɩɨ ɞɪɭɝɢɦ ɫɟɤɰɢɹɦ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɜɨɞɨɡɚɛɨɪɚ 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧɨɪɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ, ɚ ɪɚɫɱɟɬ ɧɚɢɛɨɥɶɲɟɣ 
ɞɨɩɭɫɬɢɦɨɣ ɨɬɦɟɬɤɢ ɨɫɢ ɧɚɫɨɫɨɜ − ɤ ɩɪɨɜɟɪɨɱɧɵɦ ɭɫɥɨɜɢɹɦ. 
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4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɜɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɛɟɪɟɝɨɜɨɝɨ ɤɨɥɨɞɰɚ 
 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɨɞɨɡɚɛɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ 

ɪɟɠɢɦ − ɧɨɪɦɚɥɶɧɵɣ (ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɪɚɛɨɬɚ ɜɫɟɯ ɫɟɤɰɢɣ). 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ 
 

,
n

Q
Q ɨɛɳ

c                            (4.2.1) 

 
ɝɞɟ n=4 − ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ ɜɨɞɨɡɚɛɨɪɚ; 
Qc − ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɨɡɚɛɨɪɚ, ɦ³/ɫɟɤ. 
 

ɫɟɤɦ
n

Q
Q ɨɛɳ

c /19,0
4

775,0 3  

 
Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɜɨɞɨɩɪɢɟɦɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɨɞɧɨɣ ɫɟɤɰɢɢ 
 

,kk 21 1

ɜɬ

ɫɟɤ
ȼɏ V

Q
               (4.2.2) 

 
ɝɞɟ k1− ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɡɚ 
ɫɱɟɬ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɧɢɦɚɟɦ 1,25 
k2 − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɫɧɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɫɬɟɪɠɧɹɦɢ ɪɟɲɟɬɨɤ ɢɥɢ 
ɫɟɬɨɤ. 2,1

50

1050
k 2 







a

Dɚ
; 

D − ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɹ=10ɦɦ; 
ɚ− ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ=50ɦɦ; 
ɜɬV − ɫɤɨɪɨɫɬɶ ɜɬɟɤɚɧɢɹ ɜɨɞɵ ɜ ɜɨɞɨɡɚɛɨɪɧɨɟ ɫɨɨɪɭɠɟɧɢɟ=0,1ɦ/ɫ (ɫ ɭɱɟɬɨɦ 

ɪɵɛɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɨɞɨɩɨɬɨɤɚ). 
 

2
1 85,2

1,0

19,0
2,125,1 ɦȼɏ   

 
Ɋɟɲɟɬɤɭ ɩɪɢɧɢɦɚɟɦ ɬɢɩɨɜɭɸ, ɪɚɡɦɟɪɵ ɜɨɞɨɩɪɢɟɦɧɨɝɨ ɨɤɧɚ 1750ɯ2500 

ɦɦ, ɪɚɡɦɟɪɵ ɪɟɲɟɬɤɢ 1870ɯ2604 ɦɦ. 
 
4.3 Ɋɚɫɱɟɬ ɜɪɚɳɚɸɳɢɯɫɹ ɫɟɬɨɤ 
 
ȼɪɚɳɚɸɳɢɟɫɹ ɫɟɬɤɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ 

ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɢ ɩɥɚɧɤɬɨɧɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɱɟɪɟɡ ɧɢɯ ɛɨɥɶɲɢɯ ɦɚɫɫ ɜɨɞɵ. 
Ɋɚɫɱɟɬ ɜɪɚɳɚɸɳɢɯɫɹ ɫɟɬɨɤ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɫɟɬɨɱɧɵɯ 

ɤɚɦɟɪɚɯ ɛɟɪɟɝɨɜɵɯ ɤɨɥɨɞɰɟɜ ɢ ɜɨɞɨɡɚɛɨɪɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɩɨ 
ɪɚɫɱɟɬɭ ɪɟɲɟɬɨɤ. 

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɜɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ 
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,kk зɫɬ
ɜ

ɫ
ɛɪ V

Q
               (4.3.1) 

 
ɝɞɟ ɜV −ɫɤɨɪɨɫɬɶ ɜɬɟɤɚɧɢɹ ɜɨɞɵ ɜ ɫɟɬɤɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ ɜɪɚɳɚɸɳɢɯɫɹ 0,2-0,4 
ɦ³/ɫ; 

ɫɬk − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɫɧɟɧɢɹ ɜɨɞɨɩɪɢɟɦɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 

ɫɬɟɪɠɧɹɦɢ ɫɟɬɤɢ 6,2
2

2,12
k

22

ɫɬ 





 







 


a

ɫɚ ; 

ɚ− ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ ɫɟɬɤɢ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɣ 1,5. 
 

271,3
2,0

19,0
5,16,2 ɦɛɪ   

 
ɉɪɢɧɢɦɚɟɦ ɜɪɚɳɚɸɳɢɟ ɫɟɬɤɢ ɫ ɥɨɛɨɜɵɦ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɪɢɜɨɞɨɦɜɨɞɵ 

ɧɨɪɦɚɥɶɧɨ ɤ ɩɥɨɫɤɨɫɬɢ ɫɟɬɤɢ. 
ȼɪɚɳɚɸɳɚɹɫɹ ɫɟɬɤɚ ɫ ɥɨɛɨɜɵɦ ɩɨɞɜɨɞɨɦ ɛɟɫɤɚɪɤɚɫɧɨɝɨ ɬɢɩɚ ɢɦɟɟɬ ɪɹɞ 

ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɬɤɚɦɢ ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ: ɧɚɢɥɭɱɲɢɟ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɷɮɮɟɤɬɢɜɧɨɟ ɩɪɨɦɵɜɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ.Ɉɬɫɭɬɫɬɜɢɟ ɤɚɪɤɚɫɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɫɟɬɤɢ ɢ 
ɞɟɥɚɟɬ ɜɫɸ ɤɨɧɫɬɪɭɤɰɢɸ ɚɝɪɟɝɚɬɚ ɧɟɫɥɨɠɧɨɣ ɢ ɤɨɦɩɚɤɬɧɨɣ. 

 
4.4 Ɋɚɫɱɟɬ ɜɫɚɫɵɜɚɸɳɢɯ ɢ ɧɚɩɨɪɧɵɯ ɜɨɞɨɜɨɞɨɜ 
 
Ⱦɢɚɦɟɬɪɵ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɤɨɦɦɭɧɢɤɚɰɢɣ ɜɨɞɨɡɚɛɨɪɚ ɩɨɞɛɢɪɚɟɦ 

ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɪɟɤɨɦɟɧɞɚɰɢɢ ɋɇɢɉ 2.04.02-84. 
Ⱦɢɚɦɟɬɪ ɫɚɦɨɬɟɱɧɵɯ ɜɨɞɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɦ ɩɪɢ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɜɨɞɵ 

0,7-1,5ɦ/ɫ ɩɨ ɮɨɪɦɭɥɟ 
 

2/1

.

.4
D 












ɥɜɫ

ɥɜɫ
ɫɚɦ V

Q


(4.4.1) 

 

ɦɦɫɚɦ 416,0
4,114,3

19,04
D

2/1












  

 
Ⱦɢɚɦɟɬɪɵ ɜɫɚɫɵɜɚɸɳɟɝɨ ɢ ɧɚɩɨɪɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɧɚɯɨɞɹɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ 
 

2/1

.

.
.

4
D 












ɥɜɫ

ɥɜɫ
ɥcɜ V

Q


(4.4.2) 
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ɦɦɥcɜ 35,0
93,114,3

19,04
D

2/1

. 










  

 

,
4

D
2/1

.

.
. 












ɧ

ɥɜɫ
ɥcɜ V

Q


 (4.4.3) 

 
ɝɞɟ .ɜɫV ɢ .ɧV  − ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ, ɦ/ɫ. 
 

ɦɦɥcɜ 32,0
37,214,3

19,04
D

2/1

. 










  

 
4.5 ɇɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ Iɩɨɞɴɟɦɚ 

 
ɇɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ 

ɤɨɦɩɥɟɤɫ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɨɞɚɱɭ ɜɨɞɵ 
ɜɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɭɠɞɚɦɢ ɩɨɬɪɟɛɢɬɟɥɹ.  

ɉɨ ɫɜɨɟɦɭ ɧɚɡɧɚɱɟɧɢɸ ɢ ɪɚɫɩɨɥɨɠɟɧɢɸ ɜ ɨɛɳɟɣ ɫɯɟɦɟ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɧɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɬɚɧɰɢɢ 1–ɝɨ ɩɨɞɴɟɦɚ, 2–ɝɨ ɩɨɞɴɟɦɚ, 
ɩɨɜɵɫɢɬɟɥɶɧɵɟ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ. 

ɇɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ 1–ɝɨ ɩɨɞɴɟɦɚ ɡɚɛɢɪɚɸɬ ɜɨɞɭ ɢɡ 
ɢɫɬɨɱɧɢɤɚɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɩɨɞɚɸɬ ɟё ɧɚ ɜɨɞɨɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɢɥɢ, ɟɫɥɢ 
ɧɟɬɪɟɛɭɟɬɫɹ ɨɱɢɫɬɤɚ ɜɨɞɵ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɡɟɪɜɭɚɪɵ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 
ɫɟɬɶ, ɜɨɞɨɧɚɩɨɪɧɭɸ ɛɚɲɧɸ, ɥɢɛɨ ɞɪɭɝɢɟ ɫɨɨɪɭɠɟɧɢɹ.  

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ ɧɟ ɫɥɟɞɭɟɬ ɞɨɩɭɫɤɚɬɶ ɢɡɥɢɲɟɫɬɜ ɜ 
ɫɨɫɬɚɜɟ ɢ ɪɚɡɦɟɪɚɯ ɫɨɨɪɭɠɟɧɢɣ, ɤɭɛɚɬɭɪɟ ɡɞɚɧɢɣ, ɨɫɧɨɜɧɨɦ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ, ɨɛɴɟɦɚɯ ɜɪɟɦɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɚɪɯɢɬɟɤɬɭɪɧɨɦ ɨɮɨɪɦɥɟɧɢɢ 
ɢ ɬ. ɩ. 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɛɵɫɬɪɨ ɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ. ɍɳɟɪɛ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɱɢɧɟɧ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɫɨɨɪɭɠɟɧɢɣ 
ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɡɚɬɨɩɥɟɧɢɹ ɢɩɨɞɬɨɩɥɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ, ɡɚɢɥɟɧɢɟ ɢ 
ɪɚɡɦɵɜɚɧɢɟ ɪɭɫɥɚ, ɩɟɪɟɮɨɪɦɢɪɨɜɚɧɢɟ ɛɟɪɟɝɨɜ, ɢɡɦɟɧɟɧɢɟ ɥɟɞɨɜɨɝɨ ɪɟɠɢɦɚ ɢ 
ɧɚɪɭɲɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ, ɫɥɟɞɭɟɬ ɫɜɨɞɢɬɶ ɞɨ ɦɢɧɢɦɭɦɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɜɧɨ ɤɚɤ ɢ ɜɫɹ ɫɯɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɰɟɥɨɦ, ɞɨɥɠɧɵ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɹɦ ɛɭɞɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ 
ɧɟɩɪɟɪɵɜɧɨɢɡɦɟɧɹɸɳɢɯɫɹ ɪɚɡɦɟɪɚɯ ɢ ɪɟɠɢɦɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɞɚɧɧɨɦ 
ɪɚɣɨɧɟ ɧɚɨɫɧɨɜɟ ɩɥɚɧɚ ɪɚɡɜɢɬɢɹ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ.  

Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ I ɩɨɞɴɟɦɚ ɫɨɜɦɟɳɟɧɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɚɹ 
ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɤɪɭɩɧɨɝɨ ɜɨɞɨɡɚɛɨɪɚ ɛɟɪɟɝɨɜɨɣ ɬɢɩɚ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨɜɨɞɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ ɢ ɡɚɜɨɞɚ. 
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4.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɧɚɩɨɪɚ ɧɚɫɨɫɨɜ 
 
Ɍɪɟɛɭɟɦɵɣ ɧɚɩɨɪ ɧɚɫɨɫɨɜ ɇɋ-I ɩɪɢ ɩɨɞɚɱɟ ɜɨɞɵ ɧɚ ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

,1.. ɦhhHH ɥwɧɥwɜɜȽ  (4.6.1) 

 
ɝɞɟ Hɝ – ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ (ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɭɪɨɜɧɟɣ ɜɨɞɵ 
ɜ ɫɦɟɫɢɬɟɥɟ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɫɬɨɱɧɢɤɟ), ɦ; 

hwɜɫ.ɥ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɩɪɢɧɢɦɚɟɦ -1,5ɦ ; 
hwɧ.ɥ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɧɚɩɨɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɹɯ ɢ ɜ ɜɨɞɨɜɨɞɟ ɨɬ ɧɚɫɨɫɧɨɣ 

ɫɬɚɧɰɢɢ ɞɨ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɢɧɢɦɚɟɦ 2,0ɦ; 1,0 – ɡɚɩɚɫ ɧɚɩɨɪɚ, ɦ. 
Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɜɨɞɵ ɜ 

ɧɚɩɨɪɧɨɦ ɛɚɤɟ ɜɨɞɵ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɩɨɥɧɨɦ ɟɝɨ ɡɚɬɨɩɥɟɧɢɢ ɢɫɚɦɨɝɨ 
ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɤɚɦɟɪɟ ɛɟɪɟɝɨɜɨɝɨ ɤɨɥɨɞɰɚ, ɩɨ ɮɨɪɦɭɥɚɦ 

 
,

.. ɤɜɫɫɨȽ zzH  (4.6.2) 

 
ɝɞɟ zɨ.ɫ.– ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɚɩɨɪɧɨɦ ɛɚɤɟ, ɦ; 

zɜɫ.ɤ – ɨɬɦɟɬɤɚ ɧɚɢɧɢɡɲɟɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɤɚɦɟɪɟ ɛɟɪɟɝɨɜɨɝɨ 
ɤɨɥɨɞɰɚ, ɦ. 

 
ɦH Ƚ 88,835,24723,256  ɦ. 

 
4,13125,188,8 H ɦ. 

 
ɉɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɦɚɪɤɢ Ⱦ1600-90Ⱥ (2 ɪɚɛ., 1 ɪɟɡ.) ɫɨ 

ɫɥɟɞɭɸɳɢɦɢɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
−ɩɨɞɚɱɚ – 1000 ɦ3/ɱɚɫ; ɧɚɩɨɪ – 40 ɦ; 
−ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 155 ɤȼɬ; 
−ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 980 ɨɛ.ɦɢɧ; 
−ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ – 400 ɦɦ. 
Ⱦɨɩɭɫɬɢɦɵɣ ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ –5ɦ 
 
4.7 Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ II 

ɩɨɞɴɟɦɚ 
 
ɇɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ II  ɩɨɞɴɟɦɚ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɨɱɢɫɬɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ, ɩɨɥ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɡɚɝɥɭɛɥɟɧ ɧɚ ɨɬɦɟɬɤɭ −3,0 ɦ. ɍɫɬɚɧɨɜɥɟɧɧɵɟ 
ɧɚɫɨɫɵ ɜ ɧɟɦ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɡɚɥɢɜɨɦ. 

ɇɚɫɨɫɚɦɢ ɷɬɨɣ ɫɬɚɧɰɢɢ ɩɨɞɚɟɬɫɹ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ ɢɡ ɪɟɡɟɪɜɭɚɪɨɜ ɱɢɫɬɨɣ 
ɜɨɞɵ (Ɋɑȼ) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɨɬɪɟɛɢɬɟɥɸ. ɉɨɷɬɨɦɭ ɩɨɞɚɱɭɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ 
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II  ɩɨɞɴɟɦɚ ɨɩɪɟɞɟɥɹɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɧɚɫɟɥɟɧɧɨɝɨ 
ɩɭɧɤɬɚ. 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɫɬɪɨɢɦ 
ɝɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɝɨɪɨɞɚ. Ƚɪɚɮɢɤ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ II  
ɩɨɞɴɟɦɚ ɩɪɢɧɹɬ ɢɡ ɭɫɥɨɜɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɟɝɨ ɤ ɝɪɚɮɢɤɭ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ.  

ɇɚɩɨɪ ɧɚɫɨɫɨɜ ɫɬɚɧɰɢɢ II  ɩɨɞɴɟɦɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɪɚɫɱɟɬɚ 
ɫɟɬɢ. ɇɚɩɨɪ ɧɚ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ 
ɫɜɨɛɨɞɧɨɝɨ ɧɚɩɨɪɚ ɜ ɫɟɬɢ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɫɟɬɢ ɢ 
ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ 

 
  Hɜɪɱɜɜɛɪɱɜɜɛ hhɇɇZZɇ  ,    (4.7.1) 

 
ɝɞɟ Zɜɛ − ɨɬɦɟɬɤɚ ɡɟɦɥɢ ɭ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ 231 

Zɪɱɜ − ɨɬɦɟɬɤɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜ ɪɟɡɟɪɜɭɚɪɚɯ ɱɢɫɬɨɣ ɜɨɞɵ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɜ ɧɢɯ ɧɟɩɪɢɤɨɫɧɨɜɟɧɧɨɝɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɡɚɩɚɫɚ ɜɨɞɵ 204,6 

 
  48,721268,482,524536 ɇ ɦ. 

 
Ɂɧɚɹ ɩɨɥɧɭɸ ɟɦɤɨɫɬɶ ɛɚɤɚ ɨɞɧɨɣ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ, ɡɚɞɚɜɚɹɫɶ 

ɜɟɥɢɱɢɧɨɣ ɞɢɚɦɟɬɪɚ ɛɚɤɚ DȻ=10ɦ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɵɫɨɬɭ ɩɨɥɧɨɝɨ 
ɧɚɩɨɥɧɟɧɢɹ ɛɚɤɚ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ. 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɛɚɤɚ 
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Ȼɇ ɦ. 

 
ȼɵɫɨɬɚ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɬɚɤ ɱɬɨɛɵ ɩɪɢ ɩɢɬɚɧɢɢ ɢɡ 

ɛɚɲɧɢ ɛɵɥ ɨɛɟɫɩɟɱɟɧ ɬɪɟɛɭɟɦɵɣ ɫɜɨɛɨɞɧɵɣ ɧɚɩɨɪ ɜ ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɨɣ 
(ɞɢɤɬɭɸɳɟɣ) ɬɨɱɤɟ ɩɪɢ ɧɢɡɤɨɦ ɭɪɨɜɧɟ ɜɨɞɵ ɜ ɛɚɤɟ ɥɢɛɨ ɩɨ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɦɭ 
ɝɪɚɮɢɤɭ, ɤɚɤ ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɢ ɝɟɨɞɟɡɢɱɟɫɤɨɣ 
ɜɵɫɨɬɵ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ, ɥɢɛɨ ɩɨ ɮɨɪɦɭɥɟ 

 

 ȼȻȾɌɋȼȾɌȼȻ hɇɇ . ,                             (4.7.3) 

 
ɝɞɟ ȾɌ  – ɝɟɨɞɟɡɢɱɟɫɤɚɹ ɨɬɦɟɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 
ɞɢɤɬɭɸɳɟɣ ɬɨɱɤɟ ɢ ɦɟɫɬɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ; 

 ȼȻȾɌh .  – ɫɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɭɱɚɫɬɤɚɯ ɫɟɬɢ ɜ ɩɟɪɢɨɞ ɧɚɢɛɨɥɶɲɟɝɨ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɦ; ɫɭɦɦɭ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɨɩɪɟɞɟɥɹɸɬ ɩɭɬɟɦ ɪɚɫɱɟɬɚ 
ɜɨɞɨɧɚɩɨɪɧɨɣ ɫɟɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 2,5 ɦ; 
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ɋȼɇ  – ɬɪɟɛɭɟɦɵɣ ɫɜɨɛɨɞɧɵɣ ɧɚɩɨɪ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ ɜ ɞɢɤɬɭɸɳɟɣ 
ɬɨɱɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
10)1(4  nɇɋȼ                  (4.7.4) 

 
2610)15(4 ɋȼɇ ɦ 

 
68,485,226178,20 ȼȻɇ ɦ. 

 
ɉɨɞɛɨɪ ɧɚɫɨɫɨɜ 
ɉɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɦɚɪɤɢ Ⱦ 1250 – 65(2 ɪɚɛɨɱɢɯ ɢ 1 ɪɟɡɟɪɜɧɵɣ) 

ɫɨɫɥɟɞɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
−ɩɨɞɚɱɚ – 820,98 ɦ3/ɱɚɫ; ɧɚɩɨɪ – 72,63 ɦ; 
−ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɢɩɚ ɋȾ12 –42 – 4ɍɁ – 500 ɤȼɬ; 
−ɱɚɫɬɨɬɚ ɨɛɨɪɨɬɨɜ – 1500 ɦɢɧ-1; 
−ɧɚɩɪɹɠɟɧɢɟ – 6000ȼ; 
−ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ – 460 ɦɦ. 
Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɨɫɬɢɠɟɧɢɹ ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɛɥɚɫɬɢ 

ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɹɜɥɹɸɬɫɹ ɜɧɟɞɪɟɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯɷɧɟɪɝɨ- ɢ 
ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɛɚɡɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ 
ɢɦɩɨɪɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɬɶɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɩɨ 
ɫɬɢɦɭɥɢɪɨɜɚɧɢɸ ɩɪɟɞɩɪɢɹɬɢɣ ɩɨ ɨɱɢɫɬɤɢɩɪɢɪɨɞɧɵɯ ɜɨɞ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɢ 
ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɯɨɡɹɣɫɬɜɨɜɚɧɢɸ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɬɚɪɢɮɧɨɣ ɩɨɥɢɬɢɤɢ, ɚ 
ɬɚɤɠɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ, 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯɧɨɜɵɦɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɤɚɱɟɫɬɜɟɧɧɨɝɨ, ɭɫɬɨɣɱɢɜɨɝɨ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨɝɨ ɢ ɫɨɰɢɚɥɶɧɨ 
ɩɪɢɟɦɥɟɦɨɝɨɨɛɫɥɭɠɢɜɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

Ɉɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɜɨɞɨɤɚɧɚɥɚɦɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɩɟɪɟɤɚɱɤɭ ɱɢɫɬɵɯ ɜɨɞ. ɉɨɞɚɜɥɹɸɳɟɟ ɱɢɫɥɨ 
ɧɚɫɨɫɧɵɯɚɝɪɟɝɚɬɨɜ ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɚɯ ɫ ɩɟɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɤɨɝɞɚ ɪɚɫɯɨɞ 
ɜɨɞɵ ɦɨɠɟɬ ɪɟɡɤɨ ɫɧɢɠɚɬɶɫɹ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɚ ɩɨɫɪɟɞɫɬɜɨɦ 
ɡɚɞɜɢɠɟɤ.ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɩɪɨɞɨɥɠɚɸɬ ɩɨɬɪɟɛɥɹɬɶ 
ɩɪɚɤɬɢɱɟɫɤɢ ɫɬɨɥɶɤɨ ɠɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɫɤɨɥɶɤɨ ɩɪɢ ɪɚɛɨɬɟ ɧɚɫɨɫɨɜ ɧɚ 
ɨɬɤɪɵɬɭɸ ɡɚɞɜɢɠɤɭ. Ɋɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɧɟɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɫɯɨɞɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɧɚɫɨɫɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɭɬёɦ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ – ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ 
«CombiVario» ɦɨɳɧɨɫɬɶɸ ɨɬ 200 ȼɬ ɞɨ 300 ɤȼɬ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹɩɪɨɞɭɤɬɨɦ 
ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɣ «Yaskawa» (əɩɨɧɢɹ), «TECO» (Ɍɚɣɜɚɧɶ) ɢ 
«Ʉɨɦɛɚɪɤɨ» (Ɋɨɫɫɢɹ). Ⱦɚɧɧɚɹ ɫɟɪɢɹ ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 



32 
 

ɧɚɛɨɪɨɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɢ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ 
ɨɛɥɚɫɬɹɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ 
ɛɟɡɨɬɤɚɡɧɨɫɬɶɸ ɩɪɢ ɪɚɛɨɬɟ ɜ ɫɟɬɹɯ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɪɨɬɢɜ ɫɛɨɟɜ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ɗɬɨ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ CombiDrive ɢɫɩɨɥɶɡɨɜɚɧɚ ɷɥɟɦɟɧɬɧɚɹ ɛɚɡɚ MitsubishiElectric, 
Yaskawa (əɩɨɧɢɹ), ɫɛɨɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɚɳɟɧɧɨɦ ɫɚɦɵɦ ɫɨɜɪɟɦɟɧɧɵɦ 
ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɦɩɚɧɢɢ ɌȿɋɈ (Ɍɚɣɜɚɧɶ), ɚ 
ɨɪɢɝɢɧɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɞɪɭɠɟɫɬɜɟɧɧɵɣ ɪɭɫɢɮɢɰɢɪɨɜɚɧɧɵɣ 
ɢɧɬɟɪɮɟɣɫ ɪɚɡɪɚɛɨɬɚɧ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɤɨɦɩɚɧɢɢ «Ʉɨɦɛɚɪɤɨ» (Ɋɨɫɫɢɹ). 
ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ɩɪɨɟɤɬɟ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɸɬ: ɫɧɢɠɚɬɶ ɭɪɨɜɟɧɶ ɲɭɦɚ, ɭɪɨɜɟɧɶ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɪɟɝɭɥɢɪɨɜɤɭ ɩɚɪɚɦɟɬɪɨɜ ɢ ɬɟɦ ɫɚɦɵɦ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ 1 ɦ3 
ɜɨɞɵ. 

 
4.8 ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 
 
ɇɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ I-ɨɝɨ ɤɥɚɫɫɚ ɧɚɞɟɠɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɞɨɥɠɧɚ 

ɛɵɬɶɨɛɟɫɩɟɱɟɧɚ ɛɟɫɩɟɪɟɛɨɣɧɵɦ ɩɢɬɚɧɢɟɦ ɷɧɟɪɝɢɟɣ ɩɭɬɟɦ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ 
ɞɜɭɦ ɧɟɡɚɜɢɫɢɦɵɦ ɢɫɬɨɱɧɢɤɚɦ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɪɟɡɟɪɜɧɵɯ 
ɚɝɪɟɝɚɬɨɜ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢɥɢ ɪɟɡɟɪɜɧɵɯ ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜ ɧɚɫɨɫɧɵɯ 
ɫɬɚɧɰɢɹɯ. 

Ⱦɥɹ ɩɭɫɤɚ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɨɫɬɚɧɨɜɤɢ ɩɪɢɜɨɞɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 
ɧɚɫɨɫɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ ɢɦɟɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɯɨɡɹɣɫɬɜɨ,ɨɫɧɨɜɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɦɚɫɥɹɧɵɟ 
ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɢɡɨɥɹɬɨɪɵ, ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ, ɫɢɥɨɜɵɟ ɤɚɛɟɥɹ, 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ. 

 
 
 
 

5. Ɋɚɫɱɟɬ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɬɚɧɰɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 
 
5.1 ɉɪɨɰɟɫɫɵ ɨɫɜɟɬɥɟɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɞɵ ɪɟɚɝɟɧɬɧɵɦ ɦɟɬɨɞɨɦ 

 
ɍɞɚɥɟɧɢɟ ɪɟɚɝɟɧɬɧɵɦ ɦɟɬɨɞɨɦ ɝɟɬɟɪɨɮɚɡɧɵɯ 

ɩɪɢɦɟɫɟɣ,ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɰɜɟɬɧɨɫɬɶ ɢ ɦɭɬɧɨɫɬɶ ɩɪɢɪɨɞɧɵɯ ɜɨɞ, ɨɫɧɨɜɚɧɨ ɧɚ 
ɩɪɢɦɟɧɟɧɢɢ ɤɨɚɝɭɥɹɧɬɨɜ. Ʉɨɚɝɭɥɹɰɢɹ − ɷɬɨ ɩɪɨɰɟɫɫ ɭɤɪɭɩɧɟɧɢɹ ɤɨɥɥɨɢɞɧɵɯ ɢ 
ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ 
ɨɛɴɟɞɢɧɟɧɢɹ ɜ ɚɝɪɟɝɚɬɵ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɞɟɥɟɧɢɟɦ ɚɝɪɟɝɚɬɨɜ 
ɩɭɬɟɦɨɫɚɠɞɟɧɢɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɱɚɫɬɢɰɵ ɩɪɢɦɟɫɟɣ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɡɚɪɹɞɵ, 
ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ, ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ 
ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
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ȼ ɬɟɯɧɨɥɨɝɢɢ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɨ ɧɚɪɭɲɢɬɶ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, 
ɫɧɢɡɢɬɶ ɢɥɢ ɭɫɬɪɚɧɢɬɶ ɡɚɪɹɞ ɱɚɫɬɢɰ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟɦ ɤ ɜɨɞɟ 
ɪɟɚɝɟɧɬɨɜ: ɫɟɪɧɨɤɢɫɥɵɣ ɚɥɸɦɢɧɢɣ Al2(SO4)3, ɠɟɥɟɡɧɵɣ ɤɭɩɨɪɨɫ FeSO4, 
ɯɥɨɪɧɨɟ ɠɟɥɟɡɨ FeCl3, ɨɤɫɢɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ Al2(OH)5Cl6ɇ2Ɉ 

ɑɚɫɬɢɰɵ ɤɨɥɥɨɢɞɨɜ ɧɚɯɨɞɹɬɫɹ ɜ ɜɨɞɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɢɥ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɛɪɨɭɧɨɜɫɤɢɦ ɞɜɢɠɟɧɢɟɦ. ɉɨɞ ɜɥɢɹɧɢɟɦ ɱɚɫɬɢɰ ɫɬɪɟɦɹɬɫɹ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɨɠɢɬɫɹ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ 
ɪɚɡɦɟɪɚɯ ɱɚɫɬɢɰ ɫɢɥɵ ɞɢɮɮɭɡɢɢ ɩɪɟɨɛɥɚɞɚɸɬ ɧɚɞ ɫɢɥɚɦɢ ɬɹɠɟɫɬɢ ɢ ɱɚɫɬɢɰɵ 
ɨɫɬɚɸɬɫɹ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɢɡɨɲɥɨ ɨɫɚɠɞɟɧɢɟ 
ɱɚɫɬɢɰ, ɧɟɨɛɯɨɞɢɦɨ ɢɯ ɭɤɪɭɩɧɟɧɢɟ ɡɚ ɫɱɟɬ ɫɥɢɩɚɧɢɹ. ɇɚɥɢɱɢɟ ɭ ɱɚɫɬɢɰ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɨɞɧɨɝɨ ɡɧɚɤɚ ɜɵɡɵɜɚɸɬ ɢɯɜɡɚɢɦɧɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ, ɢ 
ɦɟɲɚɟɬ ɩɪɨɰɟɫɫɭ ɫɥɢɩɚɧɢɹ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɦɟɠɞɭ ɤɨɥɥɨɢɞɧɵɦɢ ɱɚɫɬɢɰɚɦɢ 
ɢɦɟɸɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɥɵ ɜɡɚɢɦɧɨɝɨɩɪɢɬɹɠɟɧɢɹ – ɫɢɥɵ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫ. 
ɉɨɹɜɥɟɧɢɟ ɷɬɢɯ ɫɢɥ ɜɨɡɦɨɠɧɨ ɩɪɢɧɟɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɧɢɦɢ. ɉɨ ɦɟɪɟ 
ɫɛɥɢɠɟɧɢɹ ɱɚɫɬɢɰ ɜɨɡɪɚɫɬɚɸɬ ɨɛɟ ɫɢɥɵ ɢ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ. ȼ ɧɚɱɚɥɟ 
ɫɢɥɚ ɨɬɬɚɥɤɢɜɚɧɢɹ ɛɨɥɶɲɟ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɪɟɡɭɥɶɬɢɪɭɸɳɢɦ 
ɹɜɥɹɟɬɫɹ ɨɬɬɚɥɤɢɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɧɢɦɢ. ȿɫɥɢɱɚɫɬɢɰɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɩɪɟɨɞɨɥɟɜɚɸɬ ɫɢɥɨɜɨɣ ɛɚɪɶɟɪ, ɬɨ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ, ɢ 
ɱɚɫɬɢɰɵ ɫɥɢɩɚɸɬɫɹ, ɨɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦ ɛɨɥɶɲɨɣ ɡɚɩɚɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɱɚɫɬɢɰ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 
ɫɥɢɩɚɧɢɹ ɱɚɫɬɢɰ ɢ ɤɨɥɥɨɢɞɧɚɹ ɫɢɫɬɟɦɚ ɫɨɯɪɚɧɹɟɬ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
ɉɪɢ ɫɧɢɠɟɧɢɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɱɚɫɬɢɰɵ, ɬ.ɟ. ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ  − 
ɩɨɬɟɧɰɢɚɥɚ, ɫɢɥɚɨɬɬɚɥɤɢɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɨɰɟɫɫ 
ɤɨɚɝɭɥɹɰɢɢ. Ɇɚɤɫɢɦɚɥɶɧɨ ɢɞɟɬ ɤɨɚɝɭɥɹɰɢɹ ɩɪɢ =0. ɗɬɨ ɫɨɫɬɨɹɧɢɟ 
ɧɚɡɵɜɚɟɬɫɹɢɡɨɷɥɟɤɬɪɢɱɟɫɤɢɦ. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ  ɹɜɥɹɟɬɫɹ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɜɨɞɟ ɷɥɟɤɬɪɨɥɢɬɚ, ɩɪɢ ɷɬɨɦ ɜɨɡɪɚɫɬɚɟɬ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɩɪɨɬɢɜɨɢɨɧɨɜ ɢ ɜɫɟ ɛɨɥɶɲɟ ɢɯ ɱɢɫɥɨ ɩɟɪɟɯɨɞɢɬ ɢɡ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɜ ɚɞɫɨɪɛɰɢɨɧɧɵɣ, ɧɟɣɬɪɚɥɢɡɭɹ ɡɚɪɹɞ ɝɪɚɧɭɥɵ ɢ ɫɧɢɠɚɹ − 
ɩɨɬɟɧɰɢɚɥ. ɋɩɨɫɨɛɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ ɜɵɡɵɜɚɬɶ ɤɨɚɝɭɥɹɰɢɸ ɜɨɡɪɚɫɬɚɟɬ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɜɚɥɟɧɬɧɨɫɬɢ ɤɨɚɝɭɥɢɪɭɸɳɟɝɨ ɢɨɧɚ (Fe, Al). 

ɋɬɪɨɟɧɢɟ ɦɢɰɟɥɥɵ ɡɨɥɹ Al(OH)5 ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝɢɞɪɨɥɢɡɟ ɫɨɥɢ AlCl3 
 
{m[Al(OH 3)]nAl 3+, (3n-x)Cl-}3xCl -. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɥɥɨɢɞɧɚɹ ɱɚɫɬɢɰɚ ɫɨɫɬɨɢɬ ɢɡ ɹɞɪɚ, ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ 

ɫɥɨɹ – ɷɬɨ ɢɨɧɵ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɹɞɪɭ ɢ ɨɛɪɚɡɭɸɳɢɟ ɫɥɨɣ 
ɩɨɜɟɪɯɧɨɫɬɧɨ-ɹɞɟɪɧɵɯ ɢɨɧɨɜ. (Ɉɞɧɚɤɨ ɫɭɦɦɚɪɧɵɣ ɡɚɪɹɞ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 
ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɢɨɧɨɜ ɧɟ ɤɨɦɩɟɧɫɢɪɭɸɬ ɡɚɪɹɞ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɹɞɟɪɧɵɯ 
ɢɨɧɨɜ). əɞɪɨ ɫ ɚɞɫɨɪɛɰɢɨɧɧɵɦ ɫɥɨɟɦ ɫɨɫɬɚɜɥɹɟɬ ɝɪɚɧɢɰɭ. ɇɚ 
ɝɪɚɧɢɰɟɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ, ɜɨɤɪɭɝ ɝɪɚɧɢɰɵ 
ɨɛɪɚɡɭɟɬɫɹɞɢɮɮɭɡɢɨɧɧɵɣ ɫɥɨɣ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 
ɡɚɪɹɠɟɧɧɵɟɢɨɧɵ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɡɚɪɹɞ ɝɪɚɧɢɰɵ. Ƚɪɚɧɢɰɚ ɫ ɞɢɮɮɭɡɢɨɧɧɵɦ 
ɫɥɨɟɦ ɧɚɡɵɜɚɟɬɫɹ ɦɢɰɟɥɥɨɣ. ɉɨɬɟɧɰɢɚɥ ɧɚ ɝɪɚɧɢɰɟ ɹɞɪɚ 
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ɧɚɡɵɜɚɟɬɫɹɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ − ɩɨɬɟɧɰɢɚɥɨɦ. Ɉɧ ɪɚɜɟɧ ɫɭɦɦɟ 
ɡɚɪɹɞɨɜ ɜ ɢɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɹɞɟɪɧɵɯ ɢɨɧɨɜ. ɉɪɢ ɨɱɢɫɬɤɟ ɜɨɞɵ ɤɨɚɝɭɥɹɰɢɢ ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɫɥɨɠɧɨɣ ɫɦɟɫɢ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɜɨɞɟ ɢ ɩɨɞ ɜɥɢɹɧɢɟɦ ɢɨɧɨɜ, ɤɨɬɨɪɵɟ 
ɜɧɨɫɹɬɫɹ ɜ ɜɨɞɭ ɫ ɤɨɚɝɭɥɹɧɬɚɦɢ. 

ɋɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɩɪɨɰɟɫɫ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɞɵ 
ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɨɱɢɳɚɟɦɨɣ ɜɨɞɟ ɪɚɫɬɜɨɪɚ 
ɤɨɚɝɭɥɹɧɬɚ (Al(SO4)3 ɢ ɬ.ɞ.) ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 30-180 ɫɟɤ. ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɨɥɢɡ 
ɞɨɛɚɜɥɟɧɧɵɯ ɫɨɥɟɣ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɨɤɫɢɞɨɜ Al  ɢ Fe, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸ 
ɜɵɫɨɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɬ.ɟ. ɜɨɞɚ ɨɱɢɳɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɚɞɫɨɪɛɰɢɢ 
ɪɚɡɥɢɱɧɵɯ ɤɨɥɥɨɢɞɧɵɯ ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɢɦɟɫɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɝɢɞɪɨɤɫɢɞɚ. ɉɪɨɰɟɫɫ ɤɨɚɝɭɥɹɰɢɢ ɝɢɞɪɨɤɫɢɞɨɜ ɮɚɤɬɢɱɟɫɤɢ ɩɪɢɜɨɞɢɬ ɤ 
ɭɞɚɥɟɧɢɸ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɨɪɛɟɧɬɚ ɢɡ ɨɱɢɳɟɧɧɨɣɜɨɞɵ. ɉɪɨɰɟɫɫ ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ 
ɡɚɜɢɫɢɬ ɨɬ ɫɨɥɟɜɨɝɨ ɫɨɫɬɚɜɚ ɜɨɞɵ, ɨɬ ɟɟ ɚɧɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ. ȼ ɩɪɢɪɨɞɧɨɣ ɜɨɞɟ, 
ɫɨɞɟɪɠɚɬɫɹ SO4

2-, Cl- 

 
Ƚɢɞɪɨɥɢɡ AlCl5 
 
Al3++ 3Cl- 

 
Al3++ HOH  AlOH2+ + H+ 
 
AlOH2+ + HOH  Al(OH2)+ + H+ 
 
Al(OH)2

+ + HOH  Al(OH)3
2+ + H+ 

 
Ɍɚɤ ɤɚɤ ɝɢɞɪɨɥɢɡ ɨɛɪɚɬɢɦɵɣ ɩɪɨɰɟɫɫ, ɬɨ ɧɚɤɚɩɥɢɜɚɧɢɟ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ 

ɇ+, ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɦɟɲɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɢɫɯɨɞɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬ.ɟ. 
ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɝɢɞɪɨɤɫɢɞ ɛɭɞɟɬ ɪɚɫɬɜɨɪɹɬɫɹ ɜ ɢɡɛɵɬɤɟ ɤɢɫɥɨɬɵ ɢɡɚɝɪɹɡɧɹɬɶ 
ɜɨɞɭ. ɉɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɩɪɢɪɨɞɧɵɯ ɜɨɞɚɯ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɵɟɢɨɧɵ ɫɜɹɡɵɜɚɸɬ 
ɢɡɛɵɬɨɤ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ, ɨɛɪɚɡɭɹ ɦɚɥɨɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɤɢɫɥɨɬɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɝɢɞɪɨɥɢɡ ɩɪɨɬɟɤɚɟɬ ɧɟɨɛɪɚɬɢɦɨ 

 
ɇ2Ɉ 
 
ɇ+ + ɇɋɈ3

-  ɇ2ɋɈ3    
 
ɋɈ2 

 

ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɳɟɥɨɱɧɨɫɬɢ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɥɹɬɶ ɪɟɚɝɟɧɬɵ 
ɋɚ(Ɉɇ)2, Nɚ2ɋɈ3 

ɉɪɨɰɟɫɫ ɨɫɜɟɬɥɟɧɢɹ ɦɨɠɧɨ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɮɥɨɤɭɥɹɧɬɨɜ, 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɜɟɳɟɫɬɜɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɭɩɧɵɯ, 
ɩɪɨɱɧɵɯ ɢ ɛɵɫɬɪɨ ɨɫɚɠɞɚɸɳɢɯɫɹ ɯɥɨɩɶɟɜ. Ɏɥɨɤɭɥɹɧɬɵ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɫɹ 
ɫɨɜɦɟɫɬɧɨ ɫ ɦɢɧɟɪɚɥɶɧɵɦɢ ɤɨɚɝɭɥɹɧɬɚɦɢ ɢɥɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. Ɉɧɢ ɞɟɥɹɬɫɹ ɩɨ 
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ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɧɚ: ɦɢɧɟɪɚɥɶɧɵɟ (ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ ɤɪɟɦɧɟɜɚɹ ɤɢɫɥɨɬɚ 
ɇ2SiO3), ɨɪɝɚɧɢɱɟɫɤɢɟ (ɩɨɥɢɚɤɪɢɥɚɬ ɧɚɬɪɢɹ,ɩɨɥɢɚɤɪɢɥɚɦɢɞ – ɉȺȺ, ɩɨɥɢɦɟɪɵ ɢ 
ɬ.ɞ.) ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɚɤɬɢɤɟ ɨɱɢɫɬɤɢ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ 
ɮɥɨɤɭɥɹɧɬɨɜ ɩɨɥɭɱɢɥɢ ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ ɤɪɟɦɧɟɜɚɹ ɤɢɫɥɨɬɚ ɢ ɩɨɥɚɤɪɢɥɚɦɢɞ. 

Ⱥɤɬɢɜɢɪɨɜɚɧɧɚɹ ɤɪɟɦɧɟɜɚɹ ɤɢɫɥɨɬɚ ɩɪɢɝɨɬɨɜɥɹɟɬɫɹ ɧɚ 
ɦɟɫɬɟ,ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ. ɂɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɹɜɥɹɟɬɫɹ 
ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɢ ɚɤɬɢɜɚɬɨɪ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɢɦɟɧɹɸɬ ɤɢɫɥɨɬɵ, ɫɨɥɢ 
ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ ɢ ɫɥɚɛɵɯ ɨɫɧɨɜɚɧɢɢ, ɞɚɸɳɢɟ ɜ ɪɚɫɬɜɨɪɟ ɤɢɫɥɨɬɵ ɢ ɞɪɭɝɢɟ 
ɪɟɚɝɟɧɬɵ: 

 
Na2SiO3 + H2SO4 = H2SiO3 + Na2SO4 

 
Na2OmSiO3 + H2O + CO2 + H2O  m[SiO2]y.H2O+Na2CO3 

 
ɗɥɟɤɬɪɨɥɢɡ ɩɨ ɚɤɬɢɜɧɵɦ ɫɜɨɣɫɬɜɚɦ N204928 

 

NaOm
.SiO2

.H2Om[SiO2]y.H2O + NaOH 
 
NaO.mSiO2

.H2O + (NH4)2SO4 m[SiO2]y.H2O + 2NH4OH + Na2SO4 

 
ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ ɫ ɜɨɞɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɞɟɧɫɚɰɢɹ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɞɟɝɢɞɪɚɬɚɰɢɢ ɤɢɫɥɨɬɵ ɇ2SiO3 ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɟɥɢɤɫɚɧɨɜɵɯ ɫɜɹɡɟɣ 

 
 ɇ2SiO3 + HOH = Si(OH)4 
                           OH           OH 
 
 Si(OH)n = HO – Si – OH – Si – OH . . . . + H2O 
OHOH 
 
Ʉɨɥɥɨɢɞɧɵɟ ɱɚɫɬɢɰɵ H2SiO3 ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɜɨɞɟ, ɨɛɪɚɛɨɬɚɧɧɨɣ 

ɤɨɚɝɭɥɹɧɬɚɦɢ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɨɚɝɭɥɹɰɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯɤɨɥɥɨɢɞɨɜ 
ɝɢɞɪɚɬɨɜ ɨɤɢɫɢ ɠɟɥɟɡɚ ɢɥɢ ɚɥɸɦɢɧɢɹ.  

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ H2SiO3, ɤɨɝɞɚ ɜ ɜɨɞɟ ɫɨɞɟɪɠɢɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɢɥɢ ɩɨɥɢɜɚɥɟɧɬɧɵɯ ɚɧɢɨɧɨɜ, ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɣ ɤɨɚɝɭɥɹɰɢɢɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɤɨɥɥɨɢɞɨɜ – 
ɤɨɚɝɭɥɹɧɬɨɜ. 

Ⱥɤɬɢɜɢɪɨɜɚɧɧɚɹ ɤɪɟɦɧɟɜɚɹ ɤɢɫɥɨɬɚ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɦɚɥɨɦɭɬɧɵɯ ɢ ɰɜɟɬɧɵɯ ɜɨɞ. 

ɉɨɥɢɚɤɪɢɥɚɦɢɞ (ɉȺȺ)ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ. ɉɪɢ ɟɝɨ ɞɢɫɫɨɰɢɚɰɢɢ 
ɨɛɪɚɡɭɟɬɫɹ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɩɨɥɢɷɤɜɢɜɚɥɟɧɬɧɵɣ ɚɧɢɨɧ. ɉɪɢ ɜɜɟɞɟɧɢɢ 
ɉȺȺ ɜ ɜɨɞɭ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ ɤɨɥɥɨɢɞɧɵɟ ɱɚɫɬɢɰɵ (ɝɥɢɧɚ, ɢɥ, 
ɩɟɫɨɤ)ɫɨɛɢɪɚɸɬɫɹ ɦɨɥɟɤɭɥɚɦɢ ɉȺȺ ɢ ɩɪɢ ɷɬɨɦ ɱɚɫɬɢɰɵ ɡɚɝɪɹɡɧɟɧɢɹ 
ɨɤɚɡɵɜɚɸɬɫɹ ɫɜɹɡɚɧɧɵɦɢ ɰɟɩɨɱɤɨɣ  ɩɨɥɢɦɟɪɚ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
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ɤɪɭɩɧɵɯ ɛɵɫɬɪɨ ɨɫɚɠɞɚɸɳɢɯɫɹ ɯɥɨɩɶɟɜ. Ⱥɞɫɨɪɛɰɢɹ ɜɨɡɦɨɠɧɚ ɩɪɢ ɭɫɥɨɜɢɢ, 
ɤɨɝɞɚɫɢɥɵ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ ɧɟ ɦɟɲɚɸɬ ɦɨɥɟɤɭɥɚɦ ɉȺȺ 
ɢɜɡɜɟɲɟɧɧɵɦ ɱɚɫɬɢɰɚɦ ɫɛɥɢɠɚɬɶɫɹ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɞɚɜɥɟɧɢɟ 
ɦɢɧɟɪɚɥɶɧɵɯ ɤɨɚɝɭɥɹɧɬɨɜ ɞɥɹ  ɫɧɢɠɟɧɢɹ  - ɩɨɬɟɧɰɢɚɥɚ ɱɚɫɬɢɰ ɜɡɜɟɫɢ. ɉȺȺ ɧɟ 
ɨɛɥɚɞɚɟɬ ɹɜɧɨ ɜɵɪɚɠɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨɪɛɢɪɨɜɚɬɶ ɤɨɥɥɨɢɞɧɵɟ ɱɚɫɬɢɰɵ 
ɝɭɦɭɫɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɷɬɨɦɭ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɞɨɡɭ 
ɤɨɚɝɭɥɹɧɬɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɰɜɟɬɧɵɯ 
ɜɨɞ, ɞɨɛɚɜɥɟɧɢɟ ɉȺȺ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɥɟɡɧɵɦ, ɬ.ɤ. ɨɧ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ 
ɬɹɠɟɥɵɟ ɛɵɫɬɪɨ ɨɫɚɠɞɚɸɳɢɟɫɹ ɯɥɨɩɶɹ. 

Ɉɤɪɚɫɤɚ ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɢɪɨɞɧɵɯ ɜɨɞ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɧɢɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɝɭɦɭɫɨɜɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɨɷɬɨɦɭ ɱɚɫɬɢɱɧɨɟ,  ɚ 
ɢɧɨɝɞɚ ɢ ɩɨɥɧɨɟ ɨɛɟɫɰɜɟɱɢɜɚɧɢɟ ɜɨɞɵ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢɦɟɧɟɧɢɟɦ 
ɨɤɢɫɥɢɬɟɥɟɣ-ɯɥɨɪɚ, ɨɡɨɧɚ ɢ ɬ.ɞ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ ɜɨɞɵ, 
ɨɤɪɚɲɟɧɧɨɣ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɯɥɨɪɚ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɨɬɟɤɚɧɢɟ ɟɝɨ ɨɛɭɫɥɨɜɥɟɧɨ ɨɤɢɫɥɟɧɢɟɦ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɨɫɬɚɜɟ 
ɷɬɢɯ ɜɟɳɟɫɬɜ ɝɢɞɪɨɤɫɢɞɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɪɛɨɧɚɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɗɬɢɦ 
ɨɛɴɹɫɧɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ ɜɨɞɵ.  

 
5.2 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɨɱɢɫɬɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ 
 
1. Ʉɨɥɢɱɟɫɬɜɨ ɠɢɬɟɥɟɣ 78990 ɱɟɥ. 
2. ɇɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ  250 ɥ/ɱɟɥ.ɫɭɬ 
3. Ⱦɚɧɧɵɟ ɨ ɜɨɞɨɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12 
 

Ɍɚɛɥɢɰɚ 12−ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɜ ɪɟɤɟ 
ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 

ɜɨɞɵ ɜɨɞɨɟɦɚ 
ȿɞ.ɢɡɦ. 

 
Ɋɟɡɭɥɶɬɚɬɵ 

ɨɩɪɟɞɟɥɟɧɢɹ 
ɋɚɧɉɢɇ 2.1.4.10.74-01 

ɪɇ  7 69 
Ɇɭɬɧɨɫɬɶ ɦɝ/ɥ 250 ≤1,5 
ɐɜɟɬɧɨɫɬɶ ɝɪɚɞ. 40 ≤20 
ɀɟɫɬɤɨɫɬɶ  ɤɚɪɛɨɧɚɬɧɚɹ ɦɝ-ɷɤɜ/ɥ 0,5  
ɏɥɨɪɢɞ ɦɝ/ɥ 50 ≤350 
    

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 12 
ɋɭɥɶɮɚɬ ɦɝ/ɥ 100 ≤500 

ɇɢɬɪɚɬ ɦɝ/ɥ 45 ≤45 
ɀɟɥɟɡɨ ɦɝ/ɥ 0,3 ≤0,3 

ɐɢɧɤ ɦɝ/ɥ 5 ≤5 
Ɇɟɞɶ ɦɝ/ɥ 1 ≤1 
ɏɪɨɦ ɦɝ/ɥ 0,05 ≤0,05 
ɉȺȼ ɦɝ/ɥ 0,5 ≤0,5 
ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɦɝ/ɥ 0,14 ≤0,1 
Ɏɬɨɪ ɦɝ/ɥ 0,3 0,71,5 
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5.3 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

 
ɞɨɩɫɭɬoc qqQ  .max ,   (5.3.1) 

 
ɝɞɟ   − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɨɱɢɫɬɧɨɣ ɫɬɚɧɰɢɢ,  =1,04 ɩɨ[1] . 

ɫɭɬq .max  − ɪɚɫɱɟɬɧɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɫɭɬɤɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, 
ɦ3/ɫɭɬ 

qɞɨɩ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɠɚɪɨɬɭɲɟɧɢɟ, ɦ3/ɫɭɬ 
 

ɫɭɬɫɭɬ k
Nq

q 



1000.max ,                              (5.3.2) 

 
ɝɞɟ ɫɭɬk ɤɨɷɮɮɢɰɢɟɧɬ ɫɭɬɨɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ, ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,1-1,3; 

q – ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 250 ɥ/ɫɭɬ; 
N – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɠɢɬɟɥɟɣ. 
 

)(6,3 //
ɩɨɠɩɨɠɩɨɠɞɨɩ qmmqtq  ,              (5.3.3) 

 
ɝɞɟ ɩɨɠt  − ɪɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɠɚɪɚ, ɱ (ɩɪɢɧɢɦɚɟɬɫɹ ɜɨ ɜɫɟɯ 
ɫɥɭɱɚɹɯ ɪɚɜɧɨɣ 3); 

m ɢ m/ − ɱɢɫɥɨ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɨɠɚɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɧɚɫɟɥɟɧɧɨɦ 
ɩɭɧɤɬɟ ɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ  2.04.02-84. 
«ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ.» ɪɚɜɧɵɦ 2 ɢ 1; 

qɩɨɠ ɢ qɩɨɠ
/ − ɪɚɫɯɨɞ ɜɨɞɵ, ɥ/ɫ, ɧɚ ɨɞɢɧ ɩɨɠɚɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɧɚɫɟɥɟɧɧɨɦ 

ɩɭɧɤɬɟ ɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ  2.04.02-84. «ȼɨɞɨɫɧɚɛɠɟɧɢɟ. 
ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ.» ɪɚɜɧɵɦ 35ɥ ɢ 20 ɥ. 

 

ɫɭɬɦq ɫɭɬ /236972,1
1000

78990250 3
.max 


  

 
ɫɭɬɦqɞɨɩ /972)201352(36,3 3  

 
ɫɭɬɦQoc /256179722369704,1 3  
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Ɍɚɛɥɢɰɚ 13− Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ 

qɫɭɬ, ɦ3/ɫɭɬ qɱɚɫ , ɦ3/ɱ qɫ , ɦ3/c 

25617 1067,4 0,2965 

 
5.4 ɋɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɞɵ 
 
Ɉɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɟɟ ɨɫɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɫɯɟɦɚɦɢ ɜ ɩɪɚɤɬɢɤɟ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 

ɹɜɥɹɸɬɫɹ ɫɯɟɦɵ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫ ɫɚɦɨɬɟɱɧɵɦ ɞɜɢɠɟɧɢɟɦ 
ɜɨɞɵ.Ɋɟɲɟɧɢɸ ɤɨɦɩɨɧɨɜɤɢ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɟɞɲɟɫɬɜɭɟɬ ɜɵɛɨɪ ɫɯɟɦɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɬɢɩɚ, ɱɢɫɥɚ ɢ 
ɪɚɡɦɟɪɨɜ ɨɬɞɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. Ɉɱɢɫɬɧɵɟ ɫɬɚɧɰɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɦɨɝɭɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɢɥɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɚɦ. 

ȼɵɛɨɪ ɫɨɫɬɚɜɚ ɫɨɨɪɭɠɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
ɜɨɞɵ, ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɱɢɫɬɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɲɟɧɧɵɯ 
ɜɟɳɟɫɬɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɤɨɚɝɭɥɹɧɬɨɦ 

 
 

,6,025,0 ɢɡɤ ȾɐȾКɆɋ                  (5.4.1) 
 
 

ɝɞɟ ɢɡȾ  − ɞɨɡɚ ɢɡɜɟɫɬɢ, ɦɝ/ɥ; 
Ɇ=250ɦɝ/ɥ – ɦɭɬɧɨɫɬɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 
Ц=40ɝɪɚɞ – ɰɜɟɬɧɨɫɬɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 
К=0,55 – ɚɤɬɢɜɧɚɹ ɱɚɫɬɶ ɜ ɤɨɚɝɭɥɹɧɬɟ. 
 
 

,1






  Щ
ɟ
Ⱦ

КȾ ɤ
ɢɡ        (5.4.2) 

 
 

ɝɞɟ К=28ɦɝ/ɥ – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɟɫ ɢɡɜɟɫɬɢ; 

ɤȾ - ɞɨɡɚ ɤɨɚɝɭɥɹɧɬɚ 342 )(SOAl (ɉɨ ɬɚɛɥɢɰɟɋɇɢɉ 2.04.02-84 ɬɚɛɥ. 16 ɤȾ
=40ɦɝ/ɥ; 3,254044  ɐȾɤ ɝɪɚɞ; ɩɪɢɧɢɦɚɟɦ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ); 

ɟ=57ɦɝ/ɦɝ-ɷɤɜ- ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɟɫ ɤɨɚɝɭɥɹɧɬɚ; 
Щ=0,5ɦɝ-ɷɤɜ/ɥ - ɳɟɥɨɱɧɨɫɬɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 
1-ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɡɟɪɜ. 
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ɥɦɝȾ ɢɡ /6,3315,0
57

40
28 






   

 
ɥɦɝɋ /2946,336,04025,03,2555,0250   

 
ɋ ɭɱɟɬɨɦ ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ ɫɨɝɥɚɫɧɨ ɋɇɢɉ 2.04.02-84 ɬɚɛɥ. 15 ɜɵɛɢɪɚɟɦ 

ɫɯɟɦɭ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ. 
Ɉɫɜɟɬɥɢɬɟɥɢ ɫɨ ɜɡɜɟɲɟɧɧɵɦ ɨɫɚɞɤɨɦ – ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ, ɪɢɫɭɧɨɤ 1. 

 
 

Ɋɢɫɭɧɨɤ 1 – Ɉɫɜɟɬɥɢɬɟɥɢ ɫɨ ɜɡɜɟɲɟɧɧɵɦ ɫɥɨɟɦ ɨɫɚɞɤɚ 
 
Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɥɸɛɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɢɫɯɨɞɧɨɣ ɦɭɬɧɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ 50-1500 ɦɝ/ɥ, ɢɫɯɨɞɧɨɣ 
ɰɜɟɬɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 120 ɝɪɚɞɭɫɨɜ. 

 
5.5 ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɞɨɡɢɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɚɪɟɚɝɟɧɬɨɜ 

 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢɦɟɧɹɟɦ  Al2(SO4)3, ɜ ɤɚɱɟɫɬɜɟ 

ɩɨɞɳɟɥɚɱɢɜɚɸɳɟɝɨ ɪɟɚɝɟɧɬɚ – ɢɡɜɟɫɬɶ ɋa(OH)2, ɞɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɩɪɨɰɟɫɫɨɜ ɨɫɜɟɬɥɟɧɢɹ ɢ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ – ɪɚɫɬɜɨɪ ɉȺȺ, ɪɢɫɭɧɨɤ 2. 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɞɨɡɵ ɪɟɚɝɟɧɬɨɜ 

ɞɨɡɚ ɛɟɡɜɨɞɧɨɝɨ ɤɨɚɝɭɥɹɧɬɚ, ɦɝ/ɥ 
 

ɐȾ ɤ  4         (5.5.1) 
 

.3,25404 ɝɪɚɞȾ ɤ   
 

ɝɞɟ Ц – ɰɜɟɬɧɨɫɬɶ, ɝɪɚɞ. ɐ=70ɝɪɚɞ. 
ɤɨɥɢɱɟɫɬɜɨ ɳɟɥɨɱɢ ɞɥɹ ɩɨɞɳɟɥɚɱɢɜɚɧɢɹ, ɦɝ/ɥ 
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ɥɦɝȾ ɢɡ /6,3315,0
57

40
28 






   

 
ɝɞɟ ɤ − ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɟɫ ɳɟɥɨɱɢ,ɦɝ/ɥ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ 2.04.02-84 

ɬɚɛɥ. 6,K = 28 ɦɝ/ɥ; 
ɟ – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɟɫ ɤɨɚɝɭɥɹɧɬɚ, ɦɝ/ɦɝ – ɷɤɜ,  ɟ = 57 ɦɝ/ɦɝ – ɷɤɜ; 
Щ – ɳɟɥɨɱɧɨɫɬɶ ɜɨɞɵ, ɦɝ-ɷɤɜ/ɥ, ɪɚɜɧɚ ɤɚɪɛɨɧɚɬɧɨɣ ɠɟɫɬɤɨɫɬɢ. 
Ⱦɨɡɚ ɩɨɥɢɚɤɪɢɥɚɦɢɞɚ ɉȺȺ 
ɉɨɞɛɢɪɚɟɦ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɨɜ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɩɨ ɬɚɛɥ. ɋɇɢɉ 2.04.02-84 

ɬɚɛɥ. 17, ȾɉȺȺ = 0,5 ɦɝ/ɥ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɲɚɥɤɢ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɉȺȺ, ɤɝ/ɱ 

 

100024


 ɉȺȺɨɫ
ɦ

ȾQ
q             (5.5.2) 

 

ɱɤɝqɦ /53,0
100024

5,025617





  

 

 
 
1 − Ȼɚɤ ɫ ɦɟɲɚɥɤɨɣ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ; 2 − ɉɟɪɟɤɚɱɢɜɚɸɳɢɣ 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ; 3 – ɗɠɟɤɬɨɪɵ; 4 − Ⱦɨɡɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 5 − Ȼɥɨɤ 
ɪɚɫɬɜɨɪɚ ɉȺȺ; 6 − ɉɨɞɚɱɚ ɜɨɞɵ 
 

Ɋɢɫɭɧɨɤ 2 – ɍɡɟɥ ɩɪɢɝɨɬɨɜɥɟɧɢɹɉȺȺ 
 
5.6 Ɋɚɫɬɜɨɪɟɧɢɟ ɤɨɚɝɭɥɹɧɬɚ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ 
 
Ⱦɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɫɭɯɨɝɨ ɤɨɚɝɭɥɹɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɪɚɫɬɜɨɪɧɵɟ ɛɚɤɢ, ɜ 

ɤɨɬɨɪɵɯ ɝɨɬɨɜɹɬ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 10-17%, ɪɢɫɭɧɨɤ 3. Ⱦɥɹ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɞ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɨɣ ɩɨ ɫɢɫɬɟɦɟ 
ɞɵɪɱɚɬɵɯ ɬɪɭɛ ɩɨɞɚɟɬɫɹ ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɜɨɡɞɭɯɨɞɭɜɤɨɣ. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ 
ɩɨ ɩɟɪɟɩɭɫɤɧɨɦɭ ɪɭɤɚɜɭ ɩɨɫɬɭɩɚɟɬ ɜ ɪɚɫɬɜɨɪɧɵɟ ɛɚɤɢ, ɝɞɟ ɞɨɜɨɞɢɬɫɹ ɞɨ 



41 
 

ɬɪɟɛɭɟɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (4-10%). Ɂɚɬɟɦ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ ɧɚɫɨɫɨɦ − 
ɞɨɡɚɬɨɪɨɦ ɩɨɞɚɟɬɫɹ ɜ ɫɦɟɫɢɬɟɥɶ. 

 

 
 

 
1 – ɬɪɭɛɚ ɞɥɹ ɩɨɞɚɱɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ;2 – ɤɨɥɨɫɧɢɤɨɜɚɹ ɪɟɲɟɬɤɚ;3, 4 –  ɜɟɪɯɧɹɹ 
ɢ ɧɢɠɧɹɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜɨɡɞɭɯɚ;5 – ɜɵɩɭɫɤ ɨɫɚɞɤɚ;6 – 
ɩɪɨɛɨɨɬɛɨɪɧɢɤ;7 – ɩɨɞɚɱɚ ɜɨɞɵ 

 
Ɋɢɫɭɧɨɤ 3– Ȼɚɤ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɫ ɩɨɞɜɨɞɨɦ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 

 
 
Ɉɩɪɟɞɟɥɹɟɦ ɟɦɤɨɫɬɶ ɪɚɫɬɜɨɪɧɨɝɨ ɛɚɤɚ 
 

,
10000 




ɪ

ɤɱ
ɪ ȼ

ȾnQ
W              (5.6.1) 

 
ɝɞɟ  − ɪɚɫɯɨɞ ɜɨɞɵ, ɦ3/ɱɚɫ; 

Дɤ – ɞɨɡɚ ɤɨɚɝɭɥɹɧɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɛɟɡɜɨɞɧɵɣ ɩɪɨɞɭɤɬ, ɝ/ɦ3; 
− ɜɪɟɦɹ, ɧɚ ɤɨɬɨɪɨɟ ɡɚɝɨɬɚɜɥɢɜɚɸɬ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ, ɱ;  

Bɪ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ ɜ ɪɚɫɬɜɨɪɧɨɦ ɛɚɤɟ, % (10-17%); 
 − ɨɛɴɟɦɧɵɣ ɜɟɫ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ, ɬ/ɦ3, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,00. 

 
316,2

11010000

3,2584,1067 ɦW ɪ 



  

 

ɱQ

n


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ɑɢɫɥɨ ɪɚɫɬɜɨɪɧɵɯ ɛɚɤɨɜ 1, ɱɢɫɥɨ ɪɚɫɯɨɞɧɵɯ ɛɚɤɨɜ 2 
−ȿɦɤɨɫɬɶ ɪɚɫɯɨɞɧɨɝɨ ɛɚɤɚ 
 

ȼ
ȼW

W
ɪp  ,(5.6.2) 

 
ɝɞɟ Wp – ɟɦɤɨɫɬɶ ɪɚɫɬɜɨɪɧɨɝɨ ɛɚɤɚ,ɦ3; 
Bɪ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ ɜ ɪɚɫɯɨɞɧɨɦ ɛɚɤɟ, % (4-10%). 
 

332,4
5

1016,2 ɦW 


  

 
ɉɪɢɧɢɦɚɟɦ: 1 ɪɚɫɬɜɨɪɧɵɯ ɛɚɤɚ, 2 ɪɚɫɯɨɞɧɵɯ ɛɚɤɚ ɢ 1 ɪɟɡɟɪɜɧɵɣ. 
 
 
5.7 ȼɨɡɞɭɯɨɞɭɜɤɢ ɢ ɜɨɡɞɭɯɨɩɪɨɜɨɞɵ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɨɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ 
 

2211  FFQB  ,(5.7.1) 
 

ɝɞɟ F1 ɢ F2 – ɩɥɨɳɚɞɢ ɪɚɫɬɜɨɪɧɵɯ ɢ ɪɚɫɯɨɞɧɵɯ ɛɚɤɨɜ, ɦ2; 
1 = 10 ɥ/ɫɦ2;2 = 5 ɥ/ɫɦ2 ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɪɚɫɬɜɨɪɧɵɣ ɢ 
ɪɚɫɯɨɞɧɵɣ ɛɚɤɢ. 
 

cɥQB /8,28588,21044,1   
 

H

W
F p1 (5.7.2) 

 
2

1 44,1
5,1

16,2 ɦF   

 

H

W
F 2 (5.7.3) 

 
2

1 88,2
5,1

32,4 ɦF   

 
ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɩɨɞɛɢɪɚɟɦ ɜɨɡɞɭɯɨɞɭɜɤɭ ȼɄ-3 (ɤɨɥɶɰɟɜɚɹ, 

ɩɪɨɫɬɨɝɨ ɞɟɣɫɬɜɢɹ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 3,1 
ɦ3/ɦɢɧ, ɝɚɛɚɪɢɬɵ (1225ɯ527ɯ990), ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 7,5 ɤȼɬ). 
ɉɪɟɞɭɫɦɚɬɪɢɜɚɟɦ, ɤɪɨɦɟ ɬɨɝɨ, ɪɟɡɟɪɜɧɭɸ ɜɨɡɞɭɯɨɞɭɜɤɭ ȼɄ-3 

ɇɚɯɨɞɢɦ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɦ/ɫ 
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2785,0)1(60 dp

W
V


    (5.7.4) 

 
ɝɞɟ W – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɭɯɨɞɭɜɤɢ, ɦ3/ɦɢɧ; 
ɪ – ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɪɚɜɧɨɟ 1,5 ɤɝɫ/ɫ2; 
d – ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ. 
 

ɫɦV /53,10
05,0785,0)15,1(60

1,3
2



  

 
Ɉɩɪɟɞɟɥɹɟɦ ɜɟɫ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ 
 

 60WG ,                 (5.7.5) 
 

ɝɞɟ   − ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ, ɪɚɜɧɵɣ 1,9 ɤɝ/ɦ3. 
 

ɱɤɝG /4,3539,1601,3   
 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ 
 

5

2

1

5,12

d

lG
P






 ,(5.7.6) 

 
ɝɞɟ   − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɹɬɵɣ ɪɚɜɧɵɦ 1,2; 
l – ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ. 
 

2

5

2

1 /063,0
509,1

204,3532,15,12 ɫɤɝɫP 



  

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɮɚɫɨɧɧɵɯ ɱɚɫɬɹɯ , ɦɦ.ɜɨɞ.ɫɬ. 
 

 2
2 063,0 VP         (5.7.7) 

 
ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ; 
  − ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ,  
 = 1,5 n = 1,5. 3 = 4,5 (n–ɱɢɫɥɨ ɤɨɥɟɧ, ɪɚɜɧɨɟ ɱɢɫɥɭ ɪɚɫɬɜɨɪɧɨɝɨ ɢ ɪɚɫɯɨɞɧɵɯ 

ɛɚɤɨɜ). 
 

ɫɬɜɨɞɦɦP ..43,315,453,10063,0 2
2   
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5.8 ɋɭɠɟɧɧɵɣ ɭɱɚɫɬɨɤ ɞɥɹ ɜɜɨɞɚ ɪɟɚɝɟɧɬɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɨɞɚ 
 

V

qȾ





4 ,                   (5.8.1) 

 
ɝɞɟ q – ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞɟ, ɦ3/ɫ. 

 

ɦȾ 6,0
1,114,3

2965,04





  

 
ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɨɞɚ 600 ɦɦ 
Ⱦɢɚɦɟɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 
 

2

Ⱦ
d  (5.8.2) 

 

ɦd 3,0
2

6,0
  

 
ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 300 ɦɦ 
Ⱦɢɧɚɦɢɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞɟ 
 

g

V
hɞɢɧ 


2

2
1

1 (5.8.3) 

 

ɦhɞɢɧ 062,0
81,92

1,1 2

1 


  

 
Ⱦɢɧɚɦɢɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɫɭɠɟɧɧɨɦ ɭɱɚɫɬɤɟ 

g

V
hɞɢɧ 


2

2
2

2 (5.8.4) 

 

ɦhɞɢɧ 46,0
81,92

32

2 


  

 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɫɭɠɟɧɧɨɦ ɭɱɚɫɬɤɟ 
 

g

VV
hc 2

2
1

2
2 

 (5.8.5) 
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ɝɞɟ V2 ɢ V1- ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɪɭɛɟ ɧɨɪɦɚɥɶɧɨɝɨ 
ɫɟɱɟɧɢɹ ɢ ɜ  ɫɭɠɟɧɧɨɣ ɱɚɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ. 
 

ɦhc 4,0
81,92

1,13 22





  

 
ɑɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ hɫ = 0,30,4 ɦ 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɨɞɚ 
 

4

2

1

D
f



                                                        (5.8.6) 

 
2

2

1 28,0
4

6,014,3 ɦf 


  

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 
 

4

2

2

d
f



 ;                (5.8.7) 

 
2

2

2 07,0
4

3,014,3 ɦf 


  

 
Ɉɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɫɟɱɟɧɢɣ 
 

2

1
1 f

f
m  (5.8.8) 

 
2

1 4
07,0

28,0 ɦm   

 

Ɋɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɩɶɟɡɨɦɟɬɪɚɯ 
 

gf

mq
h c

2

1

1

1







,              (5.8.9) 

 
ɝɞɟ  98,0 ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 
h = 10,2 ɦ. 
 

ɦh 19,3
81,9228,098,0

142965,0 2





  
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5.9 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɢɡɜɟɫɬɤɨɜɨɝɨ ɦɨɥɨɤɚ 
 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɢɡɜɟɫɬɤɨɜɨɝɨ ɦɨɥɨɤɚ ɢɥɢ ɪɚɫɬɜɨɪɚ ɢ ɜɵɛɨɪ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢɡɜɟɫɬɤɨɜɨɝɨ ɯɨɡɹɣɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɢ ɤɚɱɟɫɬɜɚ 
ɬɨɜɚɪɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɪɚɫɯɨɞɚ ɢɡɜɟɫɬɢ ɟɟ ɜɜɨɞɚ ɢ ɬ.ɞ.  

ɂɡɜɟɫɬɤɨɜɨɟ ɦɨɥɨɤɨ ɢɡɜɟɫɬɟɝɚɫɢɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɨɫɥɟ 
ɨɱɢɫɬɤɢɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɛɚɤɢ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, 
ɨɫɭɳɟɫɬɜɥɹɟɦɵɦ ɩɪɢ ɩɨɦɨɳɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ. ɉɪɢɦɟɧɹɟɬɫɹ ɬɚɤɠɟ 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɢ ɥɨɩɚɫɬɧɵɦɢ ɦɟɲɚɥɤɚɦɢ. 

ȿɦɤɨɫɬɶ ɛɚɤɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɡɜɟɫɬɤɨɜɨɝɨ ɦɨɥɨɤɚ 
 

uu

uɱ
u b

Dnq
W





10000

,(5.9.1) 

 
ɝɞɟ bu= 5% − ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɡɜɟɫɬɤɨɜɨɝɨ ɦɨɥɨɤɚ; 
Дɢ – 33,6 ɦɝ/ɥ – ɞɨɡɚ ɪɟɚɝɟɧɬɚ. 

 
 

37,5
1510000

6,3384,1067 ɦWu 



  

 
Ⱦɢɚɦɟɬɪ ɛɚɤɚ 
 

3
4




 uW
d                          (5.9.2) 

 
 

ɦd 94,1
14,3

47,5
3 


  

 
Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɦɟɲɚɥɨɤ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɥɨɩɚɫɬɹɦɢ 
 
 

  zdnhN ɥ
4
0

3004,0 ,(5.9.3) 
 
 
ɝɞɟ  = 1000 ɤɝ/ɦ3 − ɨɛɴɟɦɧɵɣ ɜɟɫ ɪɚɫɬɜɨɪɚ; 
hɥ = 0,25ɦ – ɜɵɫɨɬɚ ɥɨɩɚɫɬɢ; 
n = 0,67 – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɦɟɲɚɥɤɢ; 
d0– ɞɢɚɦɟɬɪ  ɨɤɪɭɠɧɨɫɬɢ, ɨɩɢɫɵɜɚɟɦɨɣ ɤɨɧɰɨɦ ɥɨɩɚɫɬɢ; 
z = 2 – ɱɢɫɥɨ ɥɨɩɚɫɬɟɣ ɧɚ ɜɚɥɭ ɦɟɲɚɥɤɢ; 
= 0,6 – ɄɉȾ; 
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 = 1,344 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɭɜɟɥɢɱɟɧɢɹ ɫɬɪɭɢ ɠɢɞɤɨɫɬɢ ɩɟɪɟɦɟɳɚɟɦɨɣ 
ɦɟɲɚɥɤɢ. 

 
ɤȼɬN 45,4344,16,0274,167,025,01000004,0 43   

 
 
5.10 ɋɤɥɚɞɵ ɪɟɚɝɟɧɬɨɜ 
 
Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɢ ɢɡɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɨɣɫɬɜɨ ɫɤɥɚɞɚ, 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɧɚ 15-30 ɫɭɬɨɱɧɭɸ ɧɚɢɛɨɥɶɲɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɟɚɝɟɧɬɚɯ. 

ɉɥɨɳɚɞɶ ɫɤɥɚɞɚ ɤɨɚɝɭɥɹɧɬɨɜ 
 

ɤ
ɤ

ɤ
ɫ

ɤɨɫɤ
ɫɤɥ

GhɊ
ɌȾQ

F
010000 




 ,    (5.10.1) 

 
ɝɞɟ Ɍ =15 ɫɭɬ –  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɯɪɚɧɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɧɚ ɫɤɥɚɞɟ; 

 =1,15 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɩɪɨɯɨɞɨɜ; 
%5,33ɤɫɊ  − ɫɨɞɟɪɠɚɧɢɟ ɛɟɡɜɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɤɨɚɝɭɥɹɧɬɟ; 

ɦhɤ 2  − ɜɵɫɨɬɚ ɫɥɨɹ ɤɨɚɝɭɥɹɧɬɚ; 
3

0 /1,1 ɦɬG ɤ   − ɨɛɴɟɦɧɵɣ ɜɟɫ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢ ɡɚɝɪɭɡɤɟ ɫɤɥɚɞɚ ɧɚɜɚɥɨɦ. 
 

298,23
1,12100005,33

15,1154025617 ɦF ɤ
ɫɤɥ 




  

 
ɉɥɨɳɚɞɶ ɫɤɥɚɞɚ ɢɡɜɟɫɬɢ 
 

ɢ
ɨ

ɢ
ɫ

ɢ
ɫ

ɢocɢ
ɫɤɥ

Gh

ɌȾQ
F








10000

                                         (5.10.2) 

 
256,23

15,15010000

15,1154025617 ɦF ɢ
ɫɤɥ 




  

 
 
5.11 Ⱦɨɡɢɪɨɜɚɧɢɟ ɪɚɫɬɜɨɪɨɜ ɪɟɚɝɟɧɬɨɜ 
 
ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɞɟɥɹɬɫɹ  ɧɚ ɞɜɚ ɬɢɩɚ 

1) ɞɨɡɚɬɨɪɵ ɩɨɫɬɨɹɧɧɨɣ ɞɨɡɵ ɨɧɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ 
ɨɱɢɫɬɧɵɯɫɨɨɪɭɠɟɧɢɹɯ ɫ ɩɨɫɬɨɹɧɧɵɦ ɪɚɫɯɨɞɨɦ ɜɨɞɵ. 

2) Ⱦɨɡɚɬɨɪɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɞɨɡɵ ɪɟɚɝɟɧɬɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ. 

Ɉɛɚ ɬɢɩɚ ɞɨɡɚɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɦɨɝɭɬ ɛɵɬɶ ɧɚɩɨɪɧɵɦɢ ɢ ɛɟɡɧɚɩɨɪɧɵɦɢ. 
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ɒɚɣɛɨɜɵɣ ɞɨɡɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɛɚɤ ɫɨ 
ɫɮɟɪɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ, ɜ ɤɨɬɨɪɵɟ ɜɜɚɪɟɧɵ ɩɚɬɪɭɛɤɢ ɞɥɹ ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɚ 
ɪɟɚɝɟɧɬɚ ɢ ɜɨɞɵ ɞɥɹ ɨɬɜɨɞɚ, ɪɢɫɭɧɨɤ 4. ɉɟɪɟɞ ɩɭɫɤɨɦ ɜ ɪɚɛɨɬɭ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ 
2ɞɨɡɚɬɨɪ ɡɚɩɨɥɧɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ ɪɟɚɝɟɧɬɚ ɫɧɢɡɭ ɢɡ ɛɚɤɚ №1. ȼɨɡɞɭɯ ɩɪɢ ɷɬɨɦ 
ɜɵɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɜɨɡɞɭɲɧɢɤ 3, ɚ ɪɟɡɢɧɨɜɵɣ ɦɟɲɨɤ 8 ɩɨɞɧɢɦɚɟɬɫɹ ɜɜɟɪɯ, 
ɩɪɢɥɟɝɚɹ ɤ ɫɬɟɧɤɚɦ ɞɨɡɚɬɨɪɚ. Ʉɨɝɞɚ ɜɟɫɶ ɞɨɡɚɬɨɪ 4 ɡɚɩɨɥɧɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ 
ɪɟɚɝɟɧɬɚ ɜɨɡɞɭɲɧɢɤ 3 ɩɟɪɟɤɪɵɜɚɸɬ ɜɟɧɬɢɥɟɦ ɢ ɨɬɤɪɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɜɟɧɬɢɥɢ ɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɞɨɡɚɬɨɪɚ. Ɍɚɤ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɟɪɟɞ 
ɞɢɚɮɪɚɝɦɨɣ 9 ɜɵɲɟ, ɱɟɦ ɩɨɫɥɟ ɧɟɟ, ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɟɟ ɪɚɫɯɨɞɭ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɨɣɞɟɬ ɱɟɪɟɡ ɪɨɬɚɦɟɬɪ 6 ɢ 
ɬɪɭɛɨɩɪɨɜɨɞ 5 ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɞɨɡɚɬɨɪɚ ɢ ɜɵɬɟɫɧɢɬ ɢɡ ɧɟɝɨ ɩɨɬɪɭɛɨɩɪɨɜɨɞɭ 
10 ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɧɬɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ, ɬɨ 
ɩɨɩɥɚɜɨɤ ɪɨɬɚɦɟɬɪɚ ɨɩɭɫɬɢɬɫɹ ɧɚ ɧɭɥɟɜɨɟ ɞɟɥɟɧɢɟ, ɷɬɨ ɩɨɫɥɭɠɢɬ ɫɢɝɧɚɥɨɦ ɞɥɹ 
ɜɤɥɸɱɟɧɢɹ ɜ ɪɚɛɨɬɭ ɜɬɨɪɨɝɨ ɞɨɡɚɬɨɪɚ. 

 

Ɋɢɫɭɧɨɤ 4 − ɒɚɣɛɨɜɵɣ ɞɨɡɚɬɨɪ 

 
Ɋɚɫɱɟɬ ɲɚɣɛɨɜɨɝɨ ɞɨɡɚɬɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɟɦɤɨɫɬɢ ɞɨɡɚɬɨɪɚ 

ɢ ɞɢɚɦɟɬɪɚ ɧɚ ɬɪɭɛɨɩɪɨɜɨɞɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 
ȿɦɤɨɫɬɶ ɲɚɣɛɨɜɨɝɨ ɞɨɡɚɬɨɪɚ 
 





ȼ

Ⱦqn
W ɤɱ1,0 ,                                                  (5.11.1) 

 
ɝɞɟ 8n  − ɱɢɫɥɨ ɱɚɫɨɜ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɨɡɚɬɨɪɚ; 

ȼ= 4-10% − ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɨɜ ɪɟɚɝɟɧɬɚ; 
  − ɭɞɟɥɶɧɵɣ ɜɟɫ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ,ɬ/ɦ3. 
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31,4
06,15

3,254,10678
1,0 ɦW 




  

 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɫɥɨɹ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ ɜ ɞɨɡɚɬɨɪɟ 
 

3
1

16


W

H


                 (5.11.2) 

 

ɦH 75,2
14,3

1,416
3

1 


  

 
Ⱦɢɚɦɟɬɪ ɤɨɪɩɭɫɚ ɞɨɡɚɬɨɪɚ 
 

2
1H

d                             (5.11.3) 

 

ɦd 375,1
2

75,2
  

 
ɉɪɢɧɢɦɚɟɦ 1400 ɦɦ 
ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɵɣ ɞɪɨɫɫɟɥɶɧɨɣ ɲɚɣɛɨɣ 
 

   h
K

H
Hh 







  3
100

1 1 ,                                                               (5.11.4) 

 
ɝɞɟɇ=5,5ɦ – ɜɵɫɨɬɚ ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɚ ɢɡ ɞɨɡɚɬɨɪɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɢɫɯɨɞɧɨɣ 
ɜɨɞɵ; 

К=10% − ɬɨɱɧɨɫɬɶ ɞɨɡɢɪɨɜɤɢ; 
ɫɬɜɨɞɦh ..15,0   − ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 

 

  ɫɬɜɨɞɦh ..43,215,03
10

75,2100
5,5106,1 






 

  

 
Ⱦɢɚɦɟɬɪ ɲɚɣɛɵ 
 

h

Q
d ɱ
ɲ





27,4        (5.11.5) 

 
ɝɞɟ  = 0,6 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɬɟɱɟɧɢɹ. 
 

ɦɦdɲ 25,144
43,26,0

4,1067
27,4 


  
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5.12 ȼɟɪɬɢɤɚɥɶɧɵɣ (ɜɢɯɪɟɜɨɣ) ɫɦɟɫɢɬɟɥɶ 
 
ɋɦɟɫɢɬɟɥɢ ɫɥɭɠɚɬ ɞɥɹ ɛɵɫɬɪɨɝɨ ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹɪɟɚɝɟɧɬɨɜ 

ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɟ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ ɩɪɨɬɟɤɚɧɢɸ 
ɩɨɫɥɟɞɭɸɳɢɯ ɪɟɚɤɰɢɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɚɦɟɪɚɯ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ. 

ɉɪɨɟɤɬɢɪɭɟɦ ɜ ɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɜɟɪɬɢɤɚɥɶɧɵɣ (ɜɢɯɪɟɜɨɣ)ɫɦɟɫɢɬɟɥɶ. 
Ɍɚɤɨɣ ɫɦɟɫɢɬɟɥɶ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɩɪɢ ɪɚɫɯɨɞɟ ɧɟ ɛɨɥɟɟ 1400 – 1500 ɦ3/ɱɚɫ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɫɦɟɫɢɬɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɤɜɚɞɪɚɬɧɵɟ ɢɥɢ ɤɪɭɝɥɵɟ ɜ ɩɥɚɧɟ, ɫ 
ɩɢɪɚɦɢɞɚɥɶɧɨɣ ɢɥɢ ɤɨɧɢɱɟɫɤɨɣ ɧɢɠɧɟɣ ɱɚɫɬɶɸ, ɪɢɫɭɧɨɤ 5. Ɉɛɪɚɛɚɬɵɜɚɟɦɚɹ 
ɜɨɞɚɩɨɞɚɟɬɫɹ ɩɨ ɬɪɭɛɟ 1 ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɫɨ ɫɤɨɪɨɫɬɶɸ 1-1,2 ɦ/ɫ. ȼɨɞɚ 
ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɦɟɫɢɬɟɥɶ ɢ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɢ ɩɨɫɬɭɩɚɟɬ ɜ 
ɫɛɨɪɧɵɣ ɥɨɬɨɤ. ɂɡ ɫɛɨɪɧɨɝɨ ɥɨɬɤɚ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɛɨɤɨɜɨɣ ɤɚɪɦɚɧ. Ȼɨɤɨɜɨɣ 
ɤɚɪɦɚɧ ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫ ɬɟɦ, ɱɬɨɛɵ ɜ ɧɢɠɧɟɣ ɟɝɨ ɱɚɫɬɢ 
ɪɚɡɦɟɫɬɢɥɚɫɶ ɬɪɭɛɚ 2 ɞɥɹ ɨɬɜɨɞɚ ɜɨɞɵ. ȼ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɦɟɫɢɬɟɥɹɯ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɱɚɫɬɢɰ ɢɡɜɟɫɬɢ, ɬ.ɤ. ɨɧɢ 
ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɞɜɢɠɭɬɫɹ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ 
ɜɨɫɯɨɞɹɳɟɦ ɩɨɬɨɤɟɜɨɞɵ. 

 

 
 

Ɋɢɫɭɧɨɤ 5−ȼɟɪɬɢɤɚɥɶɧɵɣ (ɜɢɯɪɟɜɨɣ) ɫɦɟɫɢɬɟɥɶ 
 
ɉɪɢɧɢɦɚɟɦ ɨɞɢɧ ɫɦɟɫɢɬɟɥɶ ɫ ɪɚɫɯɨɞɨɦ Qɱ = 1067,4/ɱ  
ɉɥɨɳɚɞɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

ɜ

ɱ
ɜ V

Q
f  ,               (5.12.1) 

 
ɝɞɟ Vɜ = 90100 ɦ/ɱ – ɫɤɨɪɨɫɬɶ ɜɨɫɯɨɞɹɳɟɝɨ ɞɜɢɠɟɧɢɹ ɜɨɞɵ. 
 

267,10
100

4,1067 ɦf ɜ   
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ɋɬɨɪɨɧɚ ɤɜɚɞɪɚɬɧɨɣ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

ɜɜ fB                      (5.12.2) 

 
ɦBɜ 27,367,10   

 
Ⱦɢɚɦɟɬɪ ɩɨɞɜɨɞɹɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 
 

ɧ

c

V

q
d






4

                        (5.12.3) 

 

ɦd 56,0
2,114,3

2965,04





  

 
ɉɪɢɧɢɦɚɟɦ 600 ɦɦ 
 

 dȾ                 (5.12.4) 
 

ɦȾ 628,0028,060,0   
 
ɉɥɨɳɚɞɶ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

2Ⱦf ɧ                    (5.12.5) 
22 39,0628,0 ɦf ɧ   

 
ȼɵɫɨɬɚ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

2
)(5,0


ctgȼȼh ɇȼɧ  ,     (5.12.6) 

 
ɝɞɟ  045 ɜɟɥɢɱɢɧɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɝɥɚ ɜ ɫɦɟɫɢɬɟɥɟ; 

Ⱦȼɧ  . 
 

ɦɫtghɧ 18,3
2

45
)628,027,3(5,0   

 
Ɉɛɴɟɦ ɩɢɪɚɦɢɞɚɥɶɧɨɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

)(
3

1
ɧȼɧȼɧɧ ffffhW                                                                         (5.12.7) 

 
388,13)39,067,1039,067,10(18,3

3

1 ɦWɧ   
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ɉɨɥɧɵɣ ɨɛɴɟɦ ɫɦɟɫɢɬɟɥɹ 
 

60

tQ
W ɱ  ,                   (5.12.8) 

 
ɝɞɟt=1,5ɦɢɧ. − ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɲɟɧɢɹ. 
 

37,26
60

5,14,1067 ɦW 


  

 
Ɉɛɴɟɦ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

ɧȼ WWW   
 

382,1288,137,26 ɦWȼ   
 
ȼɵɫɨɬɚ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ 
 

ȼ

ȼ
ȼ f

W
h               (5.12.9) 

 

ɦhȼ 2,1
67,10

82,12
  

 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɦɟɫɢɬɟɥɹ 
 

ȼɧc hhh         (5.12.10) 
 

ɦhc 38,42,118,3   
 
5.13 ɋɛɨɪ ɜɨɞɵ ɩɟɪɢɮɟɪɢɣɧɵɦ ɥɨɬɤɨɦ 
 
ɋɛɨɪ ɜɨɞɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɦɟɫɢɬɟɥɹ ɩɟɪɢɮɟɪɢɣɧɵɦ 

ɥɨɬɤɨɦ ɱɟɪɟɡ ɡɚɬɨɩɥɟɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. 
Ɋɚɫɯɨɞ ɜɨɞɵ ɜ ɥɨɬɤɟ 
 

2
ɱ

ɥ
Q

Q       (5.13.1) 

 

ɱɦQɥ /7,533
2

4,1067 3  
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ɉɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɥɨɬɤɚ 
 

3600


ɥ
ɥ V

Qɥ ,                                                   (5.13.2) 

 
ɝɞɟ  ɫɦVɥ /6,0 ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɥɨɬɤɟ. 
 

225,0
36006,0

7,533 ɦɥ 


  

 
ȼɵɫɨɬɚ ɫɥɨɹ ɜɨɞɵ ɜ ɥɨɬɤɟ 
 

ɥ

ɥ
ɥ ȼ

h


 ,                        (5.13.3) 

 
ɝɞɟ  ɦȼɥ 27,0 ɲɢɪɢɧɚ ɥɨɬɤɚ. 
 

ɦhɥ 93,0
27,0

25,0
  

 
ɉɥɨɳɚɞɶ ɡɚɬɨɩɥɟɧɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɬɟɧɤɚɯ ɥɨɬɤɚ 
 

3600


o

ɱ
o V

Q
F ,(5.13.4) 

 
ɝɞɟ  ɫɦVo /1 ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ  ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ. 
 

23,0
36001

4,1067 ɦFo 


  

 
ɉɥɨɳɚɞɶ ɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 
 

4

2
o

o

d
f





,                                                 (5.13.5) 

 
ɝɞɟ  ɦɦdo 80 ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ. 
 

2
2

005,0
4

08,014,3 ɦfo 


  

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ 
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o

o
o f

F
n                             (5.13.6) 

 

.60
005,0

3,0 ɲɬno   

 
ȼɧɭɬɪɟɧɧɢɣ ɩɟɪɢɦɟɬɪ ɥɨɬɤɚ 
 

 )06,0(2(4  ɥɜɥ ȼȼP       (5.13.7) 
 

  ɦPɥ 44,10)06,027,0(227,34   
 
ɒɚɝ ɨɬɜɟɪɫɬɢɣ 
 

0n

P
l ɥ

o                    (5.13.8) 

 

ɦlo 17,0
60

44,10
  

 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɬɜɟɪɫɬɢɹɦɢ 
 

00 dll           (5.13.9) 
 

ɦl 09,008,017,0   
 
5.14 Ʉɨɪɢɞɨɪɧɵɣ ɨɫɜɟɬɥɢɬɟɥɶ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɟɦ 
 
Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɫɜɟɬɥɟɧɢɹ ɜɨɞɵ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɟɟ ɧɚ ɮɢɥɶɬɪɵ 

ɜɦɟɫɬɨ ɨɬɫɬɨɣɧɢɤɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɨɫɜɟɬɥɢɬɟɥɢ ɫɨ ɜɡɜɟɲɟɧɧɵɦ ɫɥɨɟɦ 
ɨɫɚɞɤɚ, ɪɢɫɭɧɨɤ 6. ɗɬɨɬ ɦɟɬɨɞ ɨɫɜɟɬɥɟɧɢɹ ɩɪɢɦɟɧɢɦ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ 
ɜɜɟɞɟɧɢɹ ɜɜɨɞɭ ɤɨɚɝɭɥɹɧɬɚ, ɬ.ɟ. ɩɪɢ ɭɫɥɨɜɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ. 
ɉɨɞɞɟɪɠɚɧɢɟ ɬɪɟɛɭɟɦɨɣ ɜɵɫɨɬɵ ɫɥɨɹ ɨɫɚɞɤɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɨɫɜɟɬɥɟɧɢɣ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɨɬɫɨɫɨɦ ɨɫɚɞɤɚ. Ɍɚɤ ɠɟ ɧɚɥɢɱɢɟ ɜ ɜɨɞɟ, 
ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɨɫɜɟɬɥɢɬɟɥɶ ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɧɚɪɭɲɢɬɶ ɧɨɪɦɚɬɢɜɧɭɸ 
ɪɚɛɨɬɭ ɜɪɟɦɟɧɧɨɝɨ ɨɫɚɞɤɚ. ɉɨɷɬɨɦɭ ɨɛɵɱɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɭɞɚɥɟɧɢɟ 
ɜɨɡɞɭɯɚ ɢɡ ɜɨɞɵ ɞɨ ɟɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɨɫɜɟɬɥɢɬɟɥɶ. ȼ ɤɭɪɫɨɜɨɦɩɪɨɟɤɬɟ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɨɫɜɟɬɥɢɬɟɥɶ ɤɨɪɢɞɨɪɧɨɝɨ ɬɢɩɚ. 

Ɋɚɛɨɱɚɹ ɤɚɦɟɪɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɬɞɟɥɟɧɢɣ, ɜ ɧɢɠɧɸɸ ɩɪɢɡɦɚɬɢɱɟɫɤɭɸ 
ɱɚɫɬɶ ɤɨɬɨɪɵɯ, ɩɨ ɞɵɪɱɚɬɵɦ ɬɪɭɛɚɦ 1 ɩɨɞɚɟɬɫɹ ɨɫɜɟɬɥɹɟɦɚɹ ɜɨɞɚ. Ɉɫɜɟɬɥɟɧɧɚɹ 
ɜɨɞɚ ɨɬɜɨɞɢɬɫɹ ɩɨ ɫɛɨɪɧɵɦ ɠɟɥɨɛɚɦ 2 ɜ ɫɛɨɪɧɵɣ ɥɨɬɨɤ ɢ ɞɚɥɟɟ ɩɨ ɨɬɜɨɞɹɳɟɣ 
ɬɪɭɛɟ. Ɉɫɚɞɨɤ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ ɩɨɫɬɭɩɚɟɬ ɜ ɜɟɪɬɢɤɚɥɶɧɵɣ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɶ 
6 ɱɟɪɟɡ ɨɫɚɞɤɨɩɪɢɟɦɧɵɟ ɨɤɧɚ 3, ɩɪɢɤɪɵɬɵɟ ɤɨɡɵɪɶɤɚɦɢ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɜ 
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ɨɤɧɚ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ. Ⱦɥɹ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɨɬɫɨɫɚ ɱɟɪɟɡ ɨɤɧɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɛɨɪ ɜɨɞɵ ɢɡ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ ɩɨ ɞɵɪɱɚɬɵɦ ɬɪɭɛɚɦ 4. 
ɍɩɥɨɬɧɟɧɧɵɣ ɨɫɚɞɨɤ ɜɵɩɭɫɤɚɟɬɫɹ ɩɨ ɨɫɚɞɤɨɨɬɜɨɞɹɳɢɦ ɬɪɭɛɚɦ 5. 

 
 

Ɋɢɫɭɧɨɤ 6−Ɉɫɜɟɬɥɢɬɟɥɶ ɫɨ ɜɡɜɟɲɟɧɧɵɦ ɫɥɨɟɦ ɨɫɚɞɤɚ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ 
ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɟɦ 

 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɩɨɫɬɭɩɚɸɳɢɯ ɜ 

ɨɫɜɟɬɥɢɬɟɥɶ 
 

ɂɐȾКɆɋ ɤ  25,0 ,                                                                 (5.14.1) 
 

ɝɞɟ Ɇ − ɦɭɬɧɨɫɬɶ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ, Ɇ = 250ɦɝ/ɥ; 
К = 0,55 – ɩɟɪɟɜɨɞɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɨɱɢɳɟɧɧɨɝɨ ɫɟɪɧɨɤɢɫɥɨɝɨ 

ɚɥɸɦɢɧɢɹ; 
Дɤ = 50– ɞɨɡɚ ɤɨɚɝɭɥɹɧɬɚ, ɦɝ/ɥ; 
Ц = 40 ɝɪɚɞ – ɰɜɟɬɧɨɫɬɶ ɜɨɞɵ; 
ɂ – ɤɨɥɢɱɟɫɬɜɨ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜɟɳɟɫɬɜ, ɜɜɨɞɢɦɵɯ ɫ ɢɡɜɟɫɬɶɸ ɞɥɹ 

ɩɨɞɳɟɥɚɱɢɜɚɧɢɹ ɜɨɞɵ, ɦɝ/ɥ. 
 

ɢȾɂ  6,0 ,       (5.14.2) 
 

ɝɞɟ Ⱦɢ = 33,6 ɦɝ/ɥ – ɞɨɡɚ ɢɡɜɟɫɬɢ 
 

ɥɦɝɂ /16,206,336,0   
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ɥɦɝɋ /16,30216,204025,04055,0250   
 
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɬɟɪɹɟɦɨɟ ɩɪɢ ɫɛɪɨɫɟ ɨɫɚɞɤɚ 
 

 
%100




ɫɪ

p
ɨɫ

mCK
q


,(5.14.3) 

 
ɝɞɟ Kɪ = 1,2  1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɜɟɫɢ ɜ ɜɨɞɟ ɩɨɫɥɟ 3 –12 ɱ; 
ɫɪ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɝ/ɦ3; 
m – ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɫɢ ɜ ɜɨɞɟ, ɜɵɯɨɞɹɳɟɣ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɨɫɜɟɬɥɢɬɟɥɟ, m = 
812 ɦɝ/ɥ. 
 

 
%4,1%100

30216

916,3024,1



ɨɫq  

 
ɉɥɨɳɚɞɶ ɡɨɧɵ ɨɫɜɟɬɥɟɧɢɹ 
 

ɡɨ

PȼɊ
ɨɡ

QK
F





6,3
.

.. ,                                                                                          (5.14.4) 

 

ɝɞɟ Kɪ.ɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɵ 0,8; 
ɡ.ɨ – ɫɤɨɪɨɫɬɶ ɜ ɡɨɧɟ ɨɫɜɟɬɥɟɧɢɹ 0,8 ɦ/ɫ. 
 

2
.. 5,296

8,06,3

4,10678,0 ɦF ɨɡ 



  

 
ɉɥɨɳɚɞɶ ɡɨɧɵ ɨɬɞɟɥɟɧɢɹ 
 

ɨɡ

ɪȼɊ
ɨɬɞɡ

QK
F

.

.
. 6,3

)1(

 


 (5.14.5) 

 
ɝɞɟ =0,9 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɧɢɠɟɧɢɹ ɜ ɡɨɧɟ ɨɫɜɟɬɥɟɧɢɹ ɨɫɚɞɤɚ. 
 

2
. 36,82

8,09,06,3

4,1067)8,01( ɦF ɨɬɞɡ 



  

 
Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɨɫɜɟɬɥɟɧɢɹ 
 

ɨɬɞɡɨɡɨɫɜ FFF ..  (5.14.6) 
 

286,37836,825,295 ɦFɨɫɜ   
 
Ʉɨɥɢɱɟɫɬɜɨ ɨɫɜɟɬɥɢɬɟɥɟɣ 
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f

F
N ɨɫɜ ,                                    (5.14.7) 

 
ɝɞɟ f = 100150 ɦ2− ɩɥɨɳɚɞɶ ɨɫɜɟɬɥɢɬɟɥɹ. 
 

.4
108

86,378 ɲɬN   

 
ɉɥɨɳɚɞɶ ɤɨɪɢɞɨɪɚ ɨɫɜɟɬɥɢɬɟɥɹ 
 

ɉN

F
f ɨɡ
ɤɨɪ 

 . ,                                                                                              (5.14.8) 

 

ɝɞɟ ɉ=2 – ɤɨɥɢɱɟɫɬɜɨ ɤɨɪɢɞɨɪɨɜ. 
 

2,1,37
24

5,296 ɦf ɤɨɪ 


  

 
ɉɥɨɳɚɞɶ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ 
 

N

F
f ɨɬɞɡ
ɭɨ

.
.  ,                                                                                               (5.14.9) 

 
ɝɞɟ ɲɢɪɢɧɚ ɤɨɪɢɞɨɪɚ, ɦ ȼɤ = 3ɦ. 
 

2
. 6,20

4

36,82 ɦf ɭɨ   

 
ɒɢɪɢɧɚ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ 
 

ɤɨɪ

ɭɨ
ɭɨ l

f
B

.
.  ,(5.14.10) 

 
ɝɞɟ lɤɨɪ – ɞɥɢɧɚ ɤɨɪɢɞɨɪɚ, ɩɪɢɧɢɦɚɟɦ lɤɨɪ=12ɦ. 

 

ɦB ɭɨ 71,1
12

6,20
.   

 
ɉɪɢɧɢɦɚɟɦ 3 ɦ 
 
 
 
 



58 
 

5.15 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ 
 
Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɞɵɪɱɚɬɵɣ ɤɨɥɥɟɤɬɨɪ 
 

2


N

Q
q ɱ
ɤɨɥ (5.15.1) 

 

ɫɦɱɦqɤɨɥ /037,0/4,133
24

4,1067 33 


  

 
ɞɢɚɦɟɬɪ ɤɨɥɥɟɤɬɨɪɚ 
 

ɤɨɥ

ɤɨɥq
Ⱦ

 



4

,                (5.15.2) 

 
ɝɞɟ ɤɨɥ = 0,50,6 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɤɨɥɥɟɤɬɨɪɟ. 
 

ɦɦɦȾ 28028,0
6,014,3

037,04





  

 
ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ 
 

 
0

0 
ɤɨɥq

f ,                                                                                               (5.15.3) 

 

ɝɞɟ 0 = 1,52 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɢɡ ɨɬɜɟɪɫɬɢɹ. 
 

  22
0 6,246024,0

5,1

037,0 ɫɦɦf  

 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɜ ɤɨɥɥɟɤɬɨɪɟ 
 

0

0
0 f

f
n

 ,                                                                                                 (5.15.4) 

 
ɝɞɟ f0– ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ, ɫɦ2; 

d =1020 ɦɦ – ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ. 
 

.79
14,3

6,246
0 ɲɬn   

 
ɒɚɝ ɨɬɜɟɪɫɬɢɹ 
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0
0

2

n

l
l

ɤɨɪ
       (5.15.5) 

 

ɦl 3,0
79

122
0 


  

 
5.16 ɋɛɨɪ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ 
 
ɋɛɨɪ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɞɨɫɛɨɪɧɵɦɢ ɠɟɥɨɛɚɦɢ ɫ ɡɚɬɨɩɥɟɧɧɵɦɢ 

ɨɬɜɟɪɫɬɢɹɦɢ. ɀɟɥɨɛɚ ɪɚɡɦɟɳɚɸɬɫɹ ɜ ɡɨɧɟ ɨɫɜɟɬɥɟɧɢɹ, ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɟɝɨ, 
ɜɞɨɥɶ ɛɨɤɨɜɵɯ ɫɬɟɧ ɤɨɪɢɞɨɪɨɜ. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɜ ɜɨɞɨɫɛɨɪɧɨɦ ɠɟɥɨɛɟ 
 

22 



N

QK
q ɱ
ɠ ,    (5.16.1) 

 
ɝɞɟ K = 0,7 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɵ. 
 

ɫɦɱɦqɠ /013,0/7,46
224

4,10677,0 33 



  

 
ɲɢɪɢɧɚ ɠɟɥɨɛɚ 
 

4,09,0 ɠɠ qɜ                                                                (5.16.2) 
 

ɫɦɦɜɠ 1616,0013,09,0 4,0   
 
ɝɥɭɛɢɧɚ ɠɟɥɨɛɚ ɜ ɟɝɨ ɧɚɱɚɥɟ 
 

2
5,17 ɠ

ɧɚɱ
ɜ

h          (5.16.3) 

 

ɫɦhɧɚɱ 19
2

16
5,17   

 
ɝɥɭɛɢɧɚ ɠɟɥɨɛɚ ɜ ɟɝɨ ɤɨɧɰɟ 
 

2
5,27 ɠ

ɤɨɧ
ɜ

h        (5.16.4) 

 

ɫɦhɤɨɧ 27
2

16
5,27   

 
ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ ɜ ɠɟɥɨɛɟ 
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gh

q
f ɠ
ɨɬɜ

2



,                                                                                         (5.16.5) 

 
ɝɞɟ  = 0,65 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 
h = 0,05 ɫɦ – ɪɚɡɧɨɫɬɶ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɨɫɜɟɬɥɢɬɟɥɟ ɢ ɠɟɥɨɛɟ. 
 

22 20002,0
05,081,9265,0

013,0 ɫɦɦfɨɬɜ 


  

 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɜ ɠɟɥɨɛɟ 
 

ɨɬɜ

ɨɬɜ

f

f
n
          

(5.16.6) 
 

.64
14,3

200 ɲɬn   

 
ɲɚɝ ɨɫɢ ɨɬɜɟɪɫɬɢɣ 
 

n

l
l ɤɨɪ             (5.16.7) 

 

ɦl 19,0
64

12
  

 
5.17 ɋɛɨɪ ɨɫɚɞɤɚ ɜ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɶ 
 
 
Ɋɚɫɯɨɞ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɶ ɫ ɢɡɛɵɬɨɱɧɵɦɨɫɚɞɤɨɦ 
 

pok QKQ )1(               (5.17.1) 

 
ɱɦQok /2,3204,1067)7,01( 3  

 
ɉɥɨɳɚɞɶ ɨɫɚɞɤɨɩɪɢɟɦɧɵɯ ɨɤɨɧ 
 

ok

ok
ok

Q
f


 ,                                                                                                   (5.17.2) 

 
ɝɞɟ ɨɤ = 36 54 ɦ/ɫ. 
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22,8

39

2,320 ɦf ok   

 
ɞɥɢɧɚ ɨɤɨɧ 
 

ok

ok
ok h

f
l  ,                                                                                                    (5.17.3) 

 
ɝɞɟ hɨɤ = 0,2 ɦ – ɜɵɫɨɬɚ ɨɤɨɧ. 
 

ɦlok 41
2,0

2,8
  

 

5.18 Ɉɬɜɨɞ ɜɨɞɵ ɢɡ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ 
 
Ɋɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɫɛɨɪɧɭɸ ɞɵɪɱɚɬɭɸ ɬɪɭɛɭ 
 

2

)1( ocp
ɫɛ

QQK
Q


 ,                                                                               (5.18.1) 

 
ɝɞɟ Qɨɫ – ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɢ ɩɪɨɞɭɜɤɟ ɨɫɜɟɬɥɢɬɟɥɹ, ɦ3/ɱ. 
 

ɫɦɱɦQɫɛ /044,0/160
2

74,34,1067)7,01( 33 


  

 

100




N

PQ
Q

ɨɫp
ɨɫ ,                                                                                             (5.18.2) 

 
ɝɞɟ Ɋɨɫ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɬɟɪɹɟɦɨɟ ɩɪɢ ɫɛɪɨɫɟ ɨɫɚɞɤɚ,%; 

N – ɤɨɥɢɱɟɫɬɜɨ ɨɫɜɟɬɥɢɬɟɥɟɣ. 
 

ɱɦQɨɫ /74,3
1004

4,14,1067 3



  

 
Ⱦɢɚɦɟɬɪ ɫɛɨɪɧɨɣ ɬɪɭɛɵ 
 

ɫɛ

ɫɛ

n

Q
Ⱦ





4

       (5.18.3) 

 

ɦȾ 3,0
5,014,3

044,04





  
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ɉɪɢɧɢɦɚɟɦ 300ɦɦ 
ɉɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ ɜ ɫɛɨɪɧɨɣ ɬɪɭɛɟ 
 

0
0 

ɫɛq
f  ɦ2(5.18.4) 

 
22

0 30003,0
5,1

044,0 ɫɦɦf   

 
ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ 
 

0

0
0 f

f
n


                              (5.18.5) 

 

.96
14,3

300
0 ɲɬn   

 
ɲɚɝ ɨɬɜɟɪɫɬɢɣ 
 

0
0 n

l
l

ɤɨɪ         (5.18.6) 

 

ɦl 125,0
96

12
0   

 
ɜɵɫɨɬɚ ɨɫɜɟɬɥɢɬɟɥɹ 
 

2
2

2


tg

ɜȼ
ɇ ɠɤɨɪ
ɨɫɜ




 ,                   (5.18.7) 

 
ɝɞɟ ȼɤɨɪ – ɲɢɪɢɧɚ ɤɨɪɢɞɨɪɚ ɨɫɜɟɬɥɢɬɟɥɹ; 
ɜɠ – ɲɢɪɢɧɚ ɨɞɧɨɝɨ ɠɟɥɨɛɚ. 
 

ɦ
tg

ɇ ɨɫɜ 5

2

30
2

16,023





  

 
ɜɵɫɨɬɚ ɩɢɪɚɦɢɞɚɥɶɧɨɣ ɱɚɫɬɢ ɨɫɜɟɬɥɢɬɟɥɹ 
 

2
2


tg

ɚȼ
h

ɤɨɪ
ɩɢɪ




 ,                             (5.18.8) 
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ɝɞɟ ɚ = 0,4ɦ ɲɢɪɢɧɚ ɤɨɪɢɞɨɪɚ ɩɨɧɢɡɭ; 
 = 60 - 90 - ɧɚɤɥɨɧ ɫɬɟɧɨɤ ɤ ɝɨɪɢɡɨɧɬɭ. 
 

ɦ
tg

hɩɢɪ 3,1

2

90
2

4,03





  

 
ɜɵɫɨɬɚ ɡɨɧɵ ɜɡɜɟɲɟɧɧɨɝɨ ɨɫɚɞɤɚ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɟɧɨɤ 
 

ɨɤɡɚɳɩɢɪɨɫɜɜɟɪɬ hhhHh /                                                                         (5.18.9) 

 
ɦhɜɟɪɬ 22,05,13,15/   

 
ɨɛɳɚɹ ɜɵɫɨɬɚ ɡɨɧɵ ɜɡɜɟɲɟɧɧɨɝɨ ɨɫɚɞɤɚ 
 

2
/

..
ɩɢɪ

ɜɟɪɬɨɜɡ

h
hh  (5.18.10) 

 

ɦh ɨɜɡ 65,2
2

3,1
2..   

 
ɨɛɴɟɦ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ 
 



















 


2

5,0
2 ./

.
ɭɨɩɢɪ

ɜɟɪɬɭɨɤɨɪ

ɜh
hɜlW ,                                                       (5.18.11) 

 

ɝɞɟ ɜɨ.ɭ – ɲɢɪɢɧɚ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɹ, ɦ. 
 

34,95
2

35,03,1
22312 ɦW 














 
  

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɶ 
 

1000




N

QC
Q p

oc ,                                                                                          (5.18.12) 

 
ɝɞɟ ɋ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. 
 

ɱɤɝQoc /63,80
10004

4,106716,302





  

 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ ɨɫɚɞɤɚ ɜ ɨɫɚɞɤɨɭɩɥɨɬɧɢɬɟɥɟ 
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1000




ɨɫ

ɫɪ

Q

W
Ɍ


                    (5.18.13) 

 

ɱɌ 8,35
1000*63,80

216,30*4,95
  

 
ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɫɚɞɤɨɫɛɨɪɧɭɸ ɬɪɭɛɭ 
 

t

W
Qɨɫ 


2

,  (5.18.14) 

 
ɝɞɟt = 0,3 ɱ – ɜɪɟɦɹ ɨɬɜɟɞɟɧɢɹ ɨɫɚɞɤɚ. 
 

ɫɥɫɦɱɦQɨɫ /44/044,0/159
3,02

4,95 33 


  

 
ɞɢɚɦɟɬɪ ɬɪɭɛɵ 
 

 


 ɨɫQ
Ⱦ

4
,                     (5.18.15) 

 
ɝɞɟ  1 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɤɨɧɰɟ ɬɪɭɛɵ. 
 

ɦɦɦȾ 24024,0
114,3

044,04





  

 
ɩɪɢɧɢɦɚɟɦ d=250 ɦɦ 
ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɟ 
 

0
0 

ɨɫq
f  ,                               (5.18.16) 

 
ɝɞɟ 0 = 3ɦ/ɫ − ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɨɬɜɟɪɫɬɢɹɯ ɬɪɭɛ. 
 

22
0 150015,0

3

044,0 ɦɦɦf   

 
ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ 
 

0

0
0 f

f
n


                            (5.18.17) 
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ɲɬn 50
14,3

150
0   

 
ɲɚɝ ɨɬɜɟɪɫɬɢɣ 
 

0
0 n

l
l

ɤɨɪ                                 (5.18.18) 

 

ɦl 24,0
50

12
0   

 
 
5.19 ɋɤɨɪɵɣ ɮɢɥɶɬɪ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ 
 
Ɏɢɥɶɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɡɟɪɜɭɚɪ, ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɬɨɪɨɝɨ 

ɪɚɫɩɨɥɨɠɟɧɨ ɞɪɟɧɚɠɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɧɚ ɤɨɬɨɪɨɟ ɭɤɥɚɞɵɜɚɸɬ ɫɥɨɣ 
ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɡɚɬɟɦ ɫɥɨɣ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ.  

ȼɤɭɪɫɨɜɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ. 
ɋɤɨɪɵɟ ɮɢɥɶɬɪɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ ɦɭɬɧɵɯ ɢ ɰɜɟɬɧɵɯ ɜɨɞ ɩɨɫɥɟ 
ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ (ɢ ɨɬɫɬɚɢɜɚɧɢɹ) ɩɪɢ ɪɟɚɝɟɧɬɧɨɦ ɭɦɹɝɱɟɧɢɢ.  

ɉɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪ ɜɵɤɥɸɱɚɟɬɫɹ, ɩɪɨɦɵɜɧɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɫɧɢɡɭ 
ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɢ ɩɪɨɯɨɞɢɬ ɫɥɨɢ ɝɪɚɜɢɹ ɢ ɩɟɫɤɚ ɜ ɨɛɪɚɬɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. ɉɪɨɦɵɜɤɚ ɞɥɢɬɫɹ 5-7 ɦɢɧɭɬ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 12-18 ɥ/ɫ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɪɚɤɰɢɢ ɡɚɝɪɭɡɤɢ. Ʉɨɥɢɱɟɫɬɜɨ ɮɢɥɶɬɪɨɜ ɧɚ ɫɬɚɧɰɢɢ ɞɨɥɠɧɨ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɱɟɬɵɪɟɯ. ɋɤɨɪɵɟ ɮɢɥɶɬɪɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ ɪɚɛɨɬɭ ɜ 
ɧɨɪɦɚɥɶɧɨɦ ɢ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɚɯ. Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 14. 

 
Ɍɚɛɥɢɰɚ 14− Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ 

ɫɭɬQ , ɦ3/ɫɭɬ ɱQ , ɦ3/ɱ ɫɟɤQ , ɦ3/c 

25258,4 1052,4 0,2923 

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɮɢɥɶɬɪɨɜ 
 

ɧɪɧɪ

ɫɭɬ

VtntwnVT

Q
F

.21. 6,3 
 ,                                                          (5.19.1) 

 
ɝɞɟ Ɍ=24 ɱ − ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɜ ɬɟɱɟɧɢɢ ɫɭɬɨɤ; 
w =16 ɥ/ɦ2; − ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɜɤɢ; 
t1=0,1 ɱ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɜɤɢ; 
t2=0,33 ɱɚɫɚ – ɩɪɨɫɬɨɣ ɮɢɥɶɬɪɚ ɜ ɫɜɹɡɢ ɫ ɩɪɨɦɵɜɤɨɣ; 
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n =2 – ɱɢɫɥɨ ɩɪɨɦɵɜɨɤ ɮɢɥɶɬɪɚɰɢɢ ɜ ɫɭɬɤɢ; 
Vɪ.ɧ.= 6ɦ/ɱ – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ. 
 

25,196
633,021,01626,3624

4,25258 ɦF 


  

 
FN 5,0                 (5.19.2) 

 
ɲɬN 75,1965,0   

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɢɩɨɜɵɦ ɩɪɨɟɤɬɨɦ ɱɢɫɥɨ ɮɢɥɶɬɪɨɜ ɩɪɢɧɢɦɚɟɦ 5. 
ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɚ 
 

N

F
f                                                                                                         (5.19.3) 

 
23,39

5

5,196 ɦf   

 
(L= 6 ɦ; ȼ= 6 ɦ) 
 
ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ 
 

1
... NN

N
VV ɧɪɮɪ 

 ,                     (5.19.4) 

 
ɝɞɟ N1=1 ɤɨɥɢɱɟɫɬɜɨ ɨɫɜɟɬɥɢɬɟɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɟɦɨɧɬɟ. 
 

ɫɦV ɮɪ /5,7
15

5
6.. 


  

 
5.20 Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɮɢɥɶɬɪɚ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ 
 

 fqɩɪ ,                                                               (5.20.1) 

 
ɝɞɟ  = 16 ɥ/ɫ.ɦ2 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɚ. 
 

ɫɦɫɥqɩɪ /629,0/629163,39 3  

 
Ⱦɢɚɦɟɬɪ ɤɨɥɥɟɤɬɨɪɚ 
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ɤɨɥ

ɩɪ
ɤɨɥ V

q
d







4

    (5.20.2) 

 

ɦɦɦd ɤɨɥ 63063,0
214,3

629,04





  

 
ɒɢɪɢɧɚ 6ɦ, ɞɥɢɧɚ 6ɦ. 
ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɚ ɧɚ ɤɚɠɞɨɟ ɨɬɜɟɬɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 
 

  mDLf ɤɨɥɨɬɜ  ,                                    (5.20.3) 
 

ɝɞɟ m=0,27 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɬɜɟɬɜɥɟɧɢɹɦɢ; 
L – ɞɥɢɧɚ ɮɢɥɶɬɪɚ, ɦ. 
 

  27,027,06,06 ɦf ɨɬɜ   
 

Ɋɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɨɬɜɟɬɜɥɟɧɢɹ 
 

 ɨɬɜɨɬɜ fq        (5.20.4) 
 

ɫɥqɨɬɜ /2,11167,0   
 

Ⱦɢɚɦɟɬɪ ɨɬɜɟɬɜɥɟɧɢɹ 
 

ɨɬɜɥ

ɨɬɜ
ɨɬɜ V

q
d






4

         (5.20.5) 

 

ɦɦɦd ɨɬɜ 8027,0
9,114,3

112,04





  

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ 
 





1000

ɮf
f


   (5.20.6) 

 
222

0 83,99830983,0
100

3,3925,0 ɦɫɦɦf 


  

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɜ ɮɢɥɶɬɪɟ 
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m

ȼ
n  ,                  (5.20.7) 

 
ɝɞɟ ȼ = 6 ɦ – ɲɢɪɢɧɚ ɮɢɥɶɬɪɚ. 
 

.24
25,0

6 ɨɬɜn   

 
ɑɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɨɬɜɟɬɜɥɟɧɢɣ 
 

n

n
nɨɬɜ

 0 ,                 (5.20.8) 

 
ɝɞɟ n0 – ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɮɢɥɶɬɪɚ. 
 

.52
24

1244 ɨɬɜnɨɬɜ   

 
ɑɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɮɢɥɶɬɪɚ 
 

 
0

0
0 f

f
n                (5.20.9) 

 

  ɨɬɜɟɪɫɬɢяn 1244
79,0

983
0  

 

4

2

0

d
f



 (5.20.10) 

 
2

2

0 79,0
4

114,3 ɫɦf 


  

 

Ⱦɥɢɧɚ ɨɬɜɟɬɜɥɟɧɢɹ 
 

20
ɤ

ɬɜ
DL

l


                  (5.20.11) 

 

ɦl ɬɜ 7,2
2

63,06
0 


  

 
ɒɚɝ ɨɫɢ ɨɬɜɟɪɫɬɢɣ 
 

ɬɜ

ɨɬɜ

n

l
l

0
0           (5.20.12) 
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ɦɦɦl 5005,0
52

7,2
0   

 
5.21 Ɉɬɜɨɞ ɜɨɞɵ ɩɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪɨɜ 
 
ɒɢɪɢɧɚ ɠɟɥɨɛɚ 
 

 
5

3

2

57,1 ɚ
q

Кȼ ɠ


 ,                   (5.21.1) 

 
ɝɞɟ ɤ=2,1 – ɞɥɹ ɠɟɥɨɛɚ ɫ ɬɪɟɭɝɨɥɶɧɵɦ  ɥɨɬɤɨɦ; 
ɚ=1-1,5 − ɨɬɧɨɲɟɧɢɟ ɜɵɫɨɬɵ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɱɚɫɬɢ ɠɟɥɨɛɚ ɤ ɩɨɥɨɜɢɧɟ ɟɝɨ 
ɜɵɫɨɬɵ. 
 

 
ɦȼ 62,0

157,1

2,0
1,2 5

3

2




  

 
Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɞɢɧ ɠɟɥɨɛ 
 

ɠ

ɩɪ
ɠ ɉ

q
q  ,                            (5.21.2) 

ɝɞɟ ɉɠ =3 − ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɨɛɨɜ. 
 

ɫɦqɠ /2,0
3

629,0 3  

 
ȼɵɫɨɬɚ ɤɪɨɦɤɢ ɠɟɥɨɛɚ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚɝɪɭɡɤɢ 
 

3,0
100





lH

h
ɮ

ɠ ,                   (5.21.3) 

 
ɝɞɟ ɇɮ = 0,7÷1,2 − ɜɵɫɨɬɚ ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɥɨɹ; 
l − ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ. 
 

ɦhɠ 6,03,0
100

301



  

 
Ɋɚɫɱɟɬ ɜɨɞɵ ɧɚ ɩɪɨɦɵɜɤɭ ɮɢɥɶɬɪɚ 
 

%100
1000

601 





ɪɱ ɌQ

Ntf
Ɋ


      (5.21.4) 
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%4,9%100
10004,114,1052

56063,3916





Ɋ  

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɦɟɠɞɭ ɩɪɨɦɵɜɤɚɦɢ ɱɚɫɬɟɣ 
 

 3210 tttTT  ,       (5.21.5) 
 

ɝɞɟ t1=0,1 ɱ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɜɤɢ; 
t2=0,33 ɱɚɫɚ – ɩɪɨɫɬɨɣ ɮɢɥɶɬɪɚ ɜ ɫɜɹɡɢ ɫ ɩɪɨɦɵɜɤɨɣ; 
t3=0,17ɱ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɛɪɨɫɚ ɩɟɪɜɨɝɨ ɮɢɥɶɬɪɚ ɜ ɫɬɨɤ; 
T0=8-12 − ɪɚɛɨɱɢɣ ɮɢɥɶɬɪɨɰɢɤɥ. 
 

  ɱT 4,1117,033,01,012   
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɞɧɚ ɠɟɥɨɛɚ ɞɨ ɞɧɨ ɫɛɨɪɧɨɝɨ ɤɚɧɚɥɚ 
 

2,073,1 3
2

2





ɤɨɧ

ɤɚɧ
ɤɚɧ ɜq

q
ɇ        (5.21.6) 

 
ɝɞɟ qɤɚɧ = qɩɪ = 0,629ɦ3/ɫ; 
ɜɤɚɧ = 0,7ɦ – ɲɢɪɢɧɚ ɫɛɨɪɧɨɝɨ ɤɚɧɚɥɚ. 
 

ɦɇ ɤɚɧ 95,02,0
7,081,9

629,0
73,1 3

2

2




  

 
ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ 
 

ɤɚɧɤɚɧ ɇȼ канf      (5.21.7) 
2

кан 665,095,07,0f ɦ  
 
ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɤɚɧɚɥɟ 
 

ɤɚɧ

ɤɚɧ
ɤɚɧ f

q
V  (5.21.8) 

 

ɫɦVɤɚɧ /95,0
665,0

629,0
  

 
5.22 ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɩɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪɚ 
 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɮɢɥɶɬɪɚ 
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g

V

g

V
h ɬɪɤɨɥ

ɫɪ 22
1

2,2
2

..
2

2.. 





 


   (5.22.1) 

 

ɦh ɫɪ 73,0
81,92

7,1

81,92

25,1
1

59,0

2,2 22

2.. 













  

 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɮɢɥɶɬɪɭɸɳɟɦ ɫɥɨɟ 
 

  ɮɮ ɇɜɚh   ,                                  (5.22.2) 

 
ɝɞɟɚ = 0,6 ɤɪɭɩɧɨɫɬɶ ɡɟɪɟɧ; 
w – ɢɧɬɟɧɫɢɜɧɨɫɬɶ  ɩɪɨɦɵɜɤɢ. 
 

  ɦhɮ 87,0116017,06,0   

 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɫɥɨɹɯ 
 

 ɫɩɫɩ ɇh .. 022,0        (5.22.3) 
 

ɦh ɫɩ 18,0165,0022,0.   
 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɜɨɞɹɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
 

lih ɬɩ . ,               (5.22.4) 
 

ɝɞɟ i=0,00818 – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɤɥɨɧ. 
 

ɦh ɬɩ 82,010000818,0.   
 

ɉɨɬɟɪɢ  ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɚɩɨɪɚ 
 

g

V
hɇɌ 


2

2

                                                   (5.22.5) 

 

ɦhɇɌ 37,0
81,92

7,2 2




  

 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ  ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 
 


g

V
h ɤɨɥ

ɫɦ 2

2

..  ,                                                              (5.22.6) 
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ɝɞɟ Vɤɨɥ=1,8ɦ/ɫ; 

4321    - ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ; 

1  =0,984 ɞɥɹ ɤɨɥɟɧɚ; 
2 =0,26 ɞɥɹ ɡɚɞɜɢɠɤɢ; 
3 =0,5; 4 =0,92 ɞɥɹ ɬɪɨɣɧɢɤɚ. 

 

ɦh ɫɦ 45,0
81,92

8,1
7,2

2

.. 


  

 
ɋɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ 
 

  .......... ɫɦɫɨɬɩɫɩɮɫɪ hhhhhhh  (5.22.7) 

 
ɦh 418,345,037,082,018,087,073,0   

 
Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ ɨɬ ɞɧɚ ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ ɜɨɞɵ ɞɨ 

ɠɟɥɨɛɚ 
 

5,4 ɮɀȽ Hhh       (5.22.8) 

 
ɦhȽ 1,65,416,0   

 
ɇɚɩɨɪ ɧɚɫɨɫɚ 
 

  ..ɧɡȽ hhhH            (5.22.9) 

 
ɦH 02,115,1418,31,6   

 
ɉɨ ɡɧɚɱɟɧɢɸ ɇ = 15,49 ɦ ɢ qɩɪ = 0,225ɦ3/ɫ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɦɚɪɤɢ Ⱦ-200-

36, ɬɢɩ 4 Ⱥ180 S4. ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 730 ɨɛ/ɦɢɧ-1, ɦɨɳɧɨɫɬɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 22 ɤȼɬ. Ɍɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ ɚɝɪɟɝɚɬ. 

 
5.23 Ɋɚɫɱɟɬ ɨɡɨɧɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ 

 
Ⱦɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɡɨɧɢɪɨɜɚɧɢɹ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɡɨɧɚ Ɉ3. Ɉɡɨɧ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɷɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɥɟɝɤɨɫɬɶ ɨɬɞɚɱɢ ɚɬɨɦɚɪɧɨɝɨ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ. Ɉɤɢɫɥɢɬɟɥɶɧɵɣ 
ɩɨɬɟɧɰɢɚɥ ɨɡɨɧɚ 1,95ȼ, ɚ ɞɥɹ ɯɥɨɪɚ 1,35ȼ. Ȼɥɚɝɨɞɚɪɹɜɵɫɨɤɨɦɭ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ 
ɩɨɬɟɧɰɢɚɥɭ ɨɡɨɧ ɥɟɝɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫɨ ɦɧɨɝɢɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɢ 
ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟɰɢɬɨɩɥɚɡɦɨɣ ɤɥɟɬɨɤ, ɥɟɝɤɨ ɪɚɡɪɭɲɚɹ. 
Ɉɡɨɧ ɞɟɣɫɬɜɭɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɯɥɨɪɜ 15 – 20 ɪɚɡ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɪɇ, ɦɭɬɧɨɫɬɶ 
ɢ ɞɪ. ɫɜɨɣɫɬɜɚ ɨɤɚɡɵɜɚɸɬ ɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ, ɱɟɦ 
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ɩɪɢ ɯɥɨɪɢɪɨɜɚɧɢɢ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɞɨɡɢɪɨɜɚɧɢɟ ɪɟɚɝɟɧɬɚ ɢ ɤɨɧɬɪɨɥɶ ɡɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ.  

ȼ ɨɫɧɨɜɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɨɡɨɧɚ ɥɟɠɢɬ ɪɟɚɤɰɢɹ ɪɚɫɳɟɩɥɟɧɢɹ 
ɦɨɥɟɤɭɥɵ Ɉ2 ɧɚ ɚɬɨɦɵ ɫ ɞɚɥɶɧɟɣɲɢɦ ɞɟɣɫɬɜɢɟɦ ɬɢɯɨɝɨ ɥɭɱɟɜɨɝɨ ɪɚɡɪɹɞɚ 

 
Ɉ2 2Ɉ 
 
2Ɉ2 + 2Ɉ = 2Ɉ3 
 
ɉɨɥɭɱɟɧɢɟ ɨɡɨɧɚ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɡɨɧɚɬɨɪɚɯ, ɪɢɫɭɧɨɤ 7. 
ȼɨɡɞɭɯ ɡɚɛɢɪɚɟɬɫɹ ɱɟɪɟɡ ɮɢɥɶɬɪ 1 ɢ ɤɨɦɩɪɟɫɫɨɪɨɦ 2 ɩɨɞɚɟɬɫɹ 

ɜɨɯɥɚɞɢɬɟɥɶ 3, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɫɭɲɟɧɢɹ 4 ɢ ɩɨɫɬɭɩɚɟɬ 
ɜɨɡɨɧɚɬɨɪɵ 6. Ɉɡɨɧ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɢɯɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ ɜ 
ɜɨɡɞɭɯɟ. Ɍɨɤ ɩɨɞɚɟɬɫɹ ɤ ɨɡɨɧɚɬɨɪɚɦ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 5. Ⱦɥɹɫɦɟɲɢɜɚɧɢɹ 
ɜɨɞɵ ɫ ɨɡɨɧɨɦ ɫɥɭɠɚɬ ɫɦɟɫɢɬɟɥɢ (ɤɨɧɬɚɤɬɧɵɟ ɪɟɡɟɪɜɭɚɪɵ) 10. Ɉɡɨɧ (ɜɦɟɫɬɟ ɫ 
ɜɨɡɞɭɯɨɦ) ɩɨɞɚɟɬɫɹ ɜ ɫɦɟɫɢɬɟɥɶ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ 7 ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 
ɫɢɫɬɟɦɭ 11. ɉɨɞɚɱɚ ɨɡɨɧɚ ɜ ɜɨɞɭ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ ɫɢɫɬɟɦɭ 
ɩɨɪɢɫɬɵɯ ɬɪɭɛ. Ɉɛɪɚɛɚɬɵɜɚɟɦɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɫɦɟɫɢɬɟɥɶ ɩɨ ɬɪɭɛɟ 12. 
Ʉɨɧɬɚɤɬ ɜɨɞɵ ɫ ɦɟɥɶɱɚɣɲɢɦɢ ɩɭɡɵɪɶɤɚɦɢ ɨɡɨɧɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɭɫɥɨɜɢɹɯ 
ɩɪɨɬɢɜɨɬɨɤɚ. Ɉɡɨɧɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɪɦɚɧ (ɨɬɫɟɤ 9) ɢ ɨɬɜɨɞɢɬɫɹ ɩɨ 
ɬɪɭɛɟ 8 ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ. 

 

 
 

Ɋɢɫɭɧɨɤ 7−ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɡɨɧɢɪɨɜɚɧɢɹ ɜɨɞɵ 
 
 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɡɨɧɚ 
 

1000

ɦɚɤɫ
ɨɡɫɭɬ

ɨɡ

qQ
Q


               (5.23.1) 
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ɱɤɝɫɭɬɤɝQɨɡ /2,4/101
1000

54,25258



  

 
ɉɨɞɛɢɪɚɟɦ ɨɡɨɧɚɬɨɪ 
Ɍɢɩ ɨɡɨɧɚɬɨɪɚ ɉ-160 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɨɡɨɧɭ – 4,8ɤɝ/ɱ 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɨɡɨɧɚ ɜ ɨɡɨɧɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ –20ɝ/ɫɦ2 

ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ – 315ɦ3/ɱ 
Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ – 0,7 ɤɝ*ɫ/ɫɦ2 

Ɇɨɳɧɨɫɬɶ – 64ɤȼɬ 
Ɂɚɜɨɞ ɢɡɝɨɬɨɜɢɬɟɥɶ «Ʉɭɪɝɚɧɯɢɦɦɚɲ» 
ɉɪɢɧɹɬ ɨɡɨɧɚɬɨɪ ɬɪɭɛɱɚɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

Gɨɡ=4800ɝ/ɱ 
ɉɪɢɧɢɦɚɟɦ ɨɞɢɧ ɪɚɛɨɱɢɣ ɢ ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ ɨɡɨɧɚɬɨɪ. 
 

))((
2

pɩpaэp UCUUCwUU 


(5.23.2) 

 

ȼɬȼɬU 6262020)5000104.0)500020000(1,26(505000
14,3

2 6   

 
5.24 Ɋɚɫɱɟɬ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ ɞɥɹ ɫɦɟɲɟɧɢɹ ɨɡɨɧɨ-ɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ ɫ ɜɨɞɨɣ. 
 

ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ ɜ ɩɥɚɧɟ 
 

ɇɩ
ɌQ

F ɱɚɫ
ɤ 


 ,                                   (5.24.1) 

 
ɝɞɟ Qɱɚɫ – ɪɚɫɯɨɞ ɨɡɨɧɢɪɭɟɦɨɣ ɜɨɞɵ ɜ ɦ3/ɱ; 
Ɍ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɨɡɨɧɚ ɫ ɜɨɞɨɣ (ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 5-10 
ɦɢɧ.); 
n – ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɧɵɯ ɤɚɦɟɪ; 
ɇ – ɝɥɭɛɢɧɚ ɫɥɨɹ ɜɨɞɵ ɜ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɟ ɜ ɦ (ɩɪɢɧɢɦɚɟɬɫɹ ɨɛɵɱɧɨ 4,5-5 ɦ.). 
 

ɉɪɢ Qɱɚɫ = 1052,4 ɦ3/ɱ, Ɍ=0,1ɱ, n = 2 ɢ ɇ = 5ɦ 
 

25,10
52

1,04,1052 ɦFɤ 



  

 
Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɨɡɨɧɢɪɭɟɦɨɝɨ ɜɨɡɞɭɯɚ ɭ ɞɧɚ ɤɨɧɬɚɤɬɧɨɣ 

ɤɚɦɟɪɵ ɪɚɡɦɟɳɚɸɬ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɬɪɭɛɵ. ɉɪɢɧɢɦɚɟɦ 
ɤɟɪɚɦɢɱɟɫɤɢɟɩɨɪɢɫɬɵɟ ɬɪɭɛɵ. 
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Ʉɚɪɤɚɫɨɦ ɫɥɭɠɢɬ ɬɪɭɛɚ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ(ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ 57 ɦɦ) 
ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 4-6 ɦɦ. ɇɚ ɧɟɟ ɧɚɞɟɜɚɟɬɫɹ ɮɢɥɶɬɪɨɫɧɚɹ ɬɪɭɛɚ – 
ɤɟɪɚɦɢɱɟɫɤɢɣ ɛɥɨɤ ɞɥɢɧɨɣ l=500ɦɦ, ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 64 ɦɦ ɢ ɧɚɪɭɠɧɵɦ 
92ɦɦ. 

Ⱥɤɬɢɜɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɛɥɨɤɚ ɬ.ɟ. ɩɥɨɳɚɞɶ ɜɫɟɯ ɩɨɪ ɪɚɡɦɟɪɨɦ ɩɨ 100 ɦɤ ɧɚ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɪɭɛɟ, ɡɚɧɢɦɚɟɬ 25% ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ, ɬɨɝɞɚ 

 
lDf ɧn  25,0         (5.24.2) 

 
20251,05,0064,014,325,0 ɦf n   

 
ɉɪɢ ɤɨɧɬɚɤɬɟ ɨɡɨɧɚ ɫ ɜɨɞɨɣ ɫɩɨɫɨɛɨɦ ɛɚɪɛɨɬɚɠɚɱɢɫɥɨɩɨɞɚɜɚɟɦɨɝɨ 

ɜɨɡɞɭɯɚ ɧɟ ɧɚɯɨɞɢɬɫɹ ɜ ɠɟɫɬɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ. 
 ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɨɞɚɱɭ ɜɨɡɞɭɯɚ. 
ȼɟɥɢɱɢɧɵ ɷɬɨɝɨ ɨɬɧɨɲɟɧɢɹ   ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ 0,27; 0,5 ɢɥɢ 

1. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
 

ɱɚɫ

ɜɨ

Q

Q ..         (5.24.3) 

 
 

27,0
4,1052

284
  

 
Ɍɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɨɡɨɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ 

ɩɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦɬɪɭɛɚɦ, ɫɨɫɬɚɜɢɬ 
 
 

ɱɦq ɜɨɡ /28427,04,1052 3
..   

 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɦɚɝɢɫɬɪɚɥɶɧɨɣ(ɤɚɪɤɚɫɧɨɣ) 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɬɪɭɛɵ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ d = 49ɦɦ  ɪɚɜɧɚ: fɬɪ=0,00188 
ɦ2=18,8 ɫɦ2. 

ɉɪɢɧɢɦɚɟɦ ɜ ɤɚɠɞɨɣ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɟ ɩɨ ɱɟɬɵɪɟ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɬɪɭɛɵ, ɭɥɨɠɟɧɧɵɯ ɧɚ ɜɡɚɢɦɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ(ɦɟɠɞɭ ɨɫɹɦɢ) 
ɩɨ 0,9ɦ. Ʉɚɠɞɚɹ ɬɪɭɛɚ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɛɥɨɤɨɜ. ɉɪɢ ɬɚɤɨɦ 
ɪɚɡɦɟɳɟɧɢɢ ɬɪɭɛ ɩɪɢɧɢɦɚɟɦ ɪɚɡɦɟɪɵ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ  ɜ ɩɥɚɧɟ 3,7ɯ5,4ɦ. 

Ɋɚɫɯɨɞ ɨɡɨɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɯɨɞɹɳɟɝɨɫɹ ɧɚ ɠɢɜɨɟ ɫɟɱɟɧɢɟ ɤɚɠɞɨɣ 
ɢɡ ɱɟɬɵɪɟɯ ɬɪɭɛ ɜ ɞɜɭɯ ɤɚɦɟɪɚɯ, ɛɭɞɟɬ 

 

4
..




n

q
q ɜɨɡ
ɬɪ           (5.24.4) 
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ɫɟɤɦqɬɪ /0099,0
360042

284 3


  

 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 
 

ɬɪ

ɬɪ

f

q
v            (5.24.5) 

 

ɫɟɤɦv /3,5
00188,0

0099,0
  

 
(ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɤɨɪɨɫɬɶ 10-15 ɦ/ɫɟɤ). 
ɋɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɩɨɪ ɜɫɟɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɬɪɭɛ, ɭɥɨɠɟɧɧɵɯ ɜ 

ɨɞɧɨɣ ɤɚɦɟɪɟ 
 
 

  ɉɉ fmf ,                    (5.24.6) 

 
ɝɞɟ 4 – ɤɨɥɢɱɟɫɬɜɨ ɦɚɝɢɫɬɪɚɥɟɣ; 

8 – ɤɨɥɢɱɟɫɬɜɨ ɤɟɪɚɦɢɱɟɫɤɢɯ ɬɪɭɛ. 
 
 

  28,00251,032 ɦfɉ  

 
Ɋɚɫɯɨɞ ɨɡɨɧɢɪɨɜɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɜɨɞɭ ɱɟɪɟɡ ɩɨɪɢɫɬɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɜɫɟɯ ɬɪɭɛ ɨɞɧɨɣ ɤɚɦɟɪɵ 
 
 




ɉ

ɜɨɡ

fn

q
q

60
..          (5.24.7) 

 
23 /9,2

8,0260

284 ɦɦɢɧɦq 


  

 
Ɉɛɳɟɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚ ɜɵɯɨɞɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 

ɫɢɫɬɟɦɭ ɨɡɨɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɘ.Ȼ. Ȼɚɝɨɰɤɨɝɨ 
 
 

.,,.3,0001,0
2

2

ɫɬɜɨɞɦqȺ
g

vɇɇ ɜɝɢɞɪ              (5.24.8) 
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ɝɞɟ ɇɝɢɞɪ – ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɦ ɜɨɞ. ɫɬ.(ɪɚɜɧɨɟ ɜɵɫɨɬɟ ɫɥɨɹ ɜɨɞɵ ɜ 
ɤɚɦɟɪɟ); 

ɜ  − ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ; 
 
 

1
2,2
2





К

,                       (5.24.9) 

 

ɝɞɟ  



0К  − ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɨɬɧɨɲɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ 

ɪɚɜɧɵɦ ɩɪɢɦɟɪɧɨ 0,5; 
0  − ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɧɚ ɤɚɪɤɚɫɧɨɣ ɬɪɭɛɟ ɜ ɦ2; 

  − ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɤɚɪɤɚɫɧɨɣ ɬɪɭɛɵ ɜ ɦ2; 
Ⱥ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɧɨɝɨ ɞɢɚɦɟɬɪɚ ɩɨɪ ɧɚ ɤɟɪɚɦɢɱɟɫɤɨɣ 

ɬɪɭɛɟ d=100ɦɦ ɢ ɪɚɜɧɵɣ ;
102

9,1

4

d
Ⱥ 
  

0,3 − ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ. 
ȼ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɩɪɢ ɞɢɚɦɟɬɪɟ ɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 0,005ɦ  0 =0,0000196 

ɦ2 ɩɪɢ 50 ɨɬɜɟɪɫɬɢɹɯ ɧɚ 1 ɩɨɝ.ɦ 0 =0,00096 ɦ2, ɚ 200188,0 ɦfɬɪ  . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 52,000188,0/00096,0 К  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
 

...32,53,04,517,3001,0
81,92

39,2
1

52,0

2,2
00125,05

2

2
ɫɬɜɨɞɦɇ 










  

 
 

5.25 ɏɥɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɠɢɞɤɨɝɨ ɯɥɨɪɚ 

 
Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɵ ɫ ɰɟɥɶɸ ɭɧɢɱɬɨɠɟɧɢɹ ɢɦɟɸɳɢɯɫɹ ɜ ɧɟɣ 

ɦɢɤɪɨɛɨɜ, ɛɚɤɬɟɪɢɣ ɞɨɫɬɢɝɚɟɬɫɹ ɨɛɵɱɧɨ ɯɥɨɪɢɪɨɜɚɧɢɟɦ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ 
ɩɪɢɦɟɧɹɟɬɫɹ ɝɚɡɨɨɛɪɚɡɧɵɣ ɯɥɨɪ, ɯɥɨɪɧɚɹ ɢɡɜɟɫɬɶ, ɝɢɩɨɯɥɨɪɢɞ ɧɚɬɪɢɹ NaClO, 
ɝɢɩɨɯɥɨɪɢɞ ɤɚɥɶɰɢɹ. 

ɏɥɨɪɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ: 

1) ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɯɥɨɪɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɤɢɫɥɟɧɢɹ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɭɥɭɱɲɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɤɨɚɝɭɥɹɰɢɢ, ɮɥɨɤɭɥɹɰɢɢ. Ⱦɨɡɚ 
ɯɥɨɪɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ Ⱦɯɥ = 510ɦɝ/ɥ 

2) ȼɬɨɪɢɱɧɨɟ ɯɥɨɪɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɰɟɥɶɸ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ 
ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ. Ⱦɨɡɚ ɯɥɨɪɚ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɫɨɫɬɚɜɥɹɟɬ  510ɦɝ/ɥ. ȼɬɨɪɢɱɧɨɟ 
ɯɥɨɪɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɹɬ ɨɛɵɱɧɨ ɩɟɪɟɞ ɩɨɫɬɭɩɥɟɧɢɟɦ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɜ Ɋɑȼ. 

ɏɥɨɪ ɜɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ ɛɵɥɨ 30 
ɦɢɧɭɬ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɜɨɞɵ ɫ ɯɥɨɪɨɦ ɢ ɭɥɭɱɲɟɧɢɟ ɩɪɨɰɟɫɫɚ 
ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ, ɜ ɜɨɞɭ ɜɜɨɞɢɬɫɹ ɚɦɦɢɚɤ ɢɥɢ ɚɦɦɢɚɱɧɵɟ ɪɚɫɬɜɨɪɵ, 
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ɞɨɡɚɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 1 ɦɝ ɧɚ 4 ɦɝ ɯɥɨɪɚ. ȼɪɟɦɹ ɤɨɧɬɚɤɬɚ ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɷɬɨɦ 
ɧɚ 20-30%. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɜɨɞɟ ɮɟɧɨɥɨɜ ɩɪɨɢɡɜɨɞɹɬ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɚɦɦɨɧɢɡɚɰɢɸ ɜɨɞɵ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ  ɨɛɪɚɡɨɜɚɧɢɹ 
ɞɭɪɧɨ ɩɚɯɧɭɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɡɚɬɟɦ ɜɨɞɚ ɯɥɨɪɢɪɭɟɬɫɹ.  

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɚɦɦɢɚɤɚ ɜɨɞɭɩɟɪɟɯɥɨɪɢɪɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɞɨɡɨɣ 
ɯɥɨɪɚ 510ɦɝ/ɥ. ɉɪɢ ɷɬɨɦɯɥɨɪɮɟɧɨɥɶɧɵɟ ɡɚɩɚɯɢ ɛɭɞɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ, ɧɨ 
ɨɫɬɚɬɨɱɧɚɹ ɞɨɡɚ ɯɥɨɪɚ ɛɭɞɟɬ  ɩɪɟɜɵɲɚɬɶ ɧɨɪɦɚɬɢɜɧɭɸ 0,3-0,5 ɦɝ/ɥ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ, ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɸ ɜɨɞɭ ɞɟɯɥɨɪɢɪɭɸɬ ɫ ɩɨɦɨɳɶɸ 
ɪɟɚɝɟɧɬɨɜ (ɬɢɨɫɭɥɶɮɚɬ Na2S2O3, ɫɭɥɶɮɢɬ ɧɚɬɪɢɹ Na2SO3).  

Ⱦɨɡɭ ɨɛɟɡɡɚɪɚɠɢɜɚɸɳɟɝɨ ɪɟɚɝɟɧɬɚ ɜɵɛɢɪɚɸɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɫɥɟ 
ɨɤɢɫɥɟɧɢɹ ɜɫɟɯ ɩɪɢɦɟɫɟɣ ɜ ɜɨɞɟ ɨɫɬɚɜɚɥɨɫɶ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɛɵɬɨɱɧɨɝɨ 
ɯɥɨɪɚ – ɨɫɬɚɬɨɱɧɵɣ ɯɥɨɪ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜɨɞɵ ɠɢɞɤɢɦ (ɝɚɡɨɨɛɪɚɡɧɵɦ) ɯɥɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɯɥɨɪɧɨɜɚɬɢɫɬɨɣ  ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. 

 
Cl2 + HOH = HClO + HCl 
 

Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɞɢɫɫɨɰɢɚɰɢɹ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɯɥɨɪɧɨɜɚɬɢɫɬɨɣɤɢɫɥɨɬɵ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɩɨɯɥɨɪɢɬ – ɢɨɧɨɜ ClO- ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɥɨɪɨɞɚ O2 ɬ.ɟ. 

 
1) HClO = HCl + O 
 
Ⱥɬɨɦɚɪɧɵɣ ɤɢɫɥɨɪɨɞ Ɉ ɨɛɥɚɞɚɟɬ ɛɚɤɬɟɪɢɰɢɞɧɵɦ ɫɜɨɣɫɬɜɨɦ 

2) HCl = H+ + ClO-  − ɩɨ ɞɚɧɧɨɣ ɬɟɨɪɢɢ ɛɚɤɬɟɪɢɰɢɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɨɛɥɚɞɚɟɬ ɝɢɩɨɯɥɨɪɢɬ – ɢɨɧ ClO-. Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɵ ɯɥɨɪɨɦ ɠɟɥɚɬɟɥɶɧɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɪɇ ɞɨ ɜɜɟɞɟɧɢɹ ɜ ɜɨɞɭ ɢɡɜɟɫɬɢ ɢɥɢ 
ɞɪɭɝɨɝɨ ɳɟɥɨɱɧɨɝɨ ɪɟɚɝɟɧɬɚ. 

ɏɥɨɪ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɬɚɧɰɢɸ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɛɚɥɥɨɧɚɯ ɜ  ɫɠɢɠɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ  600-800 ɤɉɚ. ɋɬɚɧɞɚɪɬɧɵɟ ɛɚɥɥɨɧɵ ɫɨɞɟɪɠɚɬ25-40 
(ɦɚɥɵɟ) ɢ 100 (ɛɨɥɶɲɢɟ) ɤɝ ɠɢɞɤɨɝɨ ɯɥɨɪɚ. ɂɡ ɛɚɥɥɨɧɨɜ ɯɥɨɪ ɩɨɞɚɟɬɫɹ ɜ ɜɨɞɭ 
ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɛɨɪɵ – ɯɥɨɪɚɬɨɪɵ, ɜ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɝɨ 
ɞɨɡɢɪɨɜɚɧɢɟ ɢ ɫɦɟɲɟɧɢɟ ɫ ɧɟɤɨɬɨɪɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ. ɉɨɥɭɱɚɟɦɚɹ ɯɥɨɪɧɚɹ 
ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɭɸ ɜɨɞɭ. 

 
 
Ɋɚɫɯɨɞ ɯɥɨɪɚ ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɯɥɨɪɢɪɨɜɚɧɢɹ 
 

100024

//
//




 ɯɥɫɭɬ

ɯɥ

ȾQ
Q   (5.25.1) 

 

ɱɤɝQɯɥ /05,1
100024

14,25258// 



  

 
Ɉɛɳɢɣ ɪɚɫɯɨɞ ɯɥɨɪɚ 
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ɱɤɝQQ ɯɥɯɥ /05,1//  (5.25.2) 

 
ɑɢɫɥɨ ɛɚɥɥɨɧɨɜ ɞɥɹ ɯɥɨɪɚ 
 

ɛɚɥ

ɯɥ
ɨɛɳ

Q
n

S
 ,             (5.25.3) 

 
ɝɞɟ Sɛɚɥ = 0,50,7 ɤɝ/ɱ – ɨɛɴɟɦ ɯɥɨɪɚ ɫ ɨɞɧɨɝɨ ɛɚɥɥɨɧɚ ɛɟɡ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɩɨɞɨɝɪɟɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ 10ɋ/ 

 

.2
5,0

05,1 ɲɬnɨɛɳ   

 
Ɉɛɴɟɦ ɯɥɨɪɚ ɫ ɛɨɱɤɢ 
 

ɯɥɛɛ SFq  ,                                                                                                (5.25.4) 
 

ɝɞɟ Fɛ= 3,65 ɦ2 – ɩɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɱɤɢ; 
Sɯɥ = 3 ɤɝ/ɱ – ɨɛɴɟɦ ɯɥɨɪɚ ɫ 1ɦ2 ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɱɤɢ. 
 

ɱɤɝqɛ /95,10365,3   
 
Ʉɨɥɢɱɟɫɬɜɨ ɛɨɱɟɤ – ɢɫɩɚɪɢɬɟɥɟɣ 
 

ɛ

ɯɥ
ɛɨɱ q

Q
n                     (5.25.5) 

 

.1
95,10

05,1 ɲɬnɛɨɱ   

 
ɑɢɫɥɨ ɫɬɚɧɞɚɪɬɧɵɯ ɛɚɥɥɨɧɨɜ 
 

ɯɥ

ɯɥ

V

Q
n  ,                     (5.25.6) 

 
ɝɞɟ Vɯɥ = 5 ɤɝ/ɱ – ɨɛɴɟɦ ɯɥɨɪɚ ɫ ɨɞɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɛɚɥɥɨɧɚ. 
 

ɛɚɥɥɨɧn 1
5

05,1
  

 
Ʉɨɥɢɱɟɫɬɜɨ ɫɬɚɧɞɚɪɬɧɵɯ ɛɚɥɥɨɧɨɜ ɯɥɨɪɚɬɨɪɧɨɣ 
 



80 
 

ɫɭɬnN  3                                                                                                    (5.25.7) 

 
.246,03 ɲɬN   

 
ɋɭɬɨɱɧɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɛɚɥɥɨɧɚɯ 
 

55

ɫɭɬ
ɯɥ

ɫɭɬ
Q

n                      (5.25.8) 

 

46,0
55

2405,1



ɫɭɬn  

 
Ʉɨɥɢɱɟɫɬɜɨ ɛɚɥɥɨɧɨɜ ɧɚ ɪɚɫɯɨɞɧɨɦ ɫɤɥɚɞɟ 
 

55

30


ɫɭɬ
ɯɥ

ɛ
Q

n    (5.25.9) 

 

ɛɚɥɥɨɧɨɜnɛ 14
55

3025,25



  

 
ɉɪɢɧɢɦɚɟɦ ɯɥɨɪɚɬɨɪɧɭɸ ɦɚɪɤɢ ɗɇ-5. ɋɪɟɞɧɹɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 0,208 

ɦ3/ɱ, ɪɚɫɯɨɞ ɫɨɥɢ ɧɚ 1 ɤɝ ɚɤɬɢɜɧɨɝɨ ɯɥɨɪɚ 12-15 ɤɝ/ɱ, ɪɚɫɯɨɞɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 7 
ɤȼɬ*ɱ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 2,4-2,6 ɤɝ, ɪɟɤɨɦɟɧɞɭɟɦɨɟɱɢɫɥɨ ɰɢɤɥɨɜ ɡɚ 1 ɫɭɬɤɢ 2  

 
5.26 Ɋɚɫɱɟɬ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ 
 
Ⱦɢɚɦɟɬɪ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ 
 

n

FȾ





4 ,(5.26.1) 

 
ɝɞɟ F – ɧɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ; 

n = 1 − ɤɨɥɢɱɟɫɬɜɨ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɟɣ. 
 

ɪ

ɱQ
F







6,3
,                      (5.26.2) 

 
ɝɞɟ  = 1,31,5; 

ɪ = 0,6 ɦɦ/ɫ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɜɨɞɵ; 
Qɱ – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɭɞɚɥɟɧɢɟ ɨɫɚɞɤɚ. 
 

1067,4 – 100% 
 ɯ      -   1,4%        



81 
 

ɯ = Qɱ = 14,94ɦ3/ɱ 
 

2375,10
6,06,3

94,14
5,1 ɦF 


  

 

ɦȾ 6,3
114,3

375,104





  

 
ɉɪɢɧɢɦɚɟɦ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶd = 3ɦ 
Ɉɛɴɟɦ ɭɩɥɨɬɧɟɧɧɨɝɨ ɨɫɚɞɤɚ 
 

98

94


W
W ɭɩɥ (5.26.3) 

 
ɝɞɟ W = 299,4 ɦ3 − ɨɛɴɟɦ ɩɨɫɬɭɩɚɸɳɟɝɨ ɡɚ ɫɭɬɤɢ ɨɫɚɞɤɚ. 

 
32,287

98

944,299 ɦWɭɩɥ 


  

 
 


mɋQT
W

ɪɫɭɬ 
 ,                                                                                 (5.26.4) 

 
ɝɞɟ Ɍ = 1 ɫɭɬ. − ɪɚɛɨɬɚ ɦɟɠɞɭ ɨɱɢɫɬɤɚɦɢ; 

m = 8-12 ɤɝ/ɥ – ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɫɢ ɩɪɢ ɜɵɯɨɞɟ. 
 

  34,299
25000

1016,302256171 ɦW 


  

 
5.27 Ɋɚɫɱɟɬ ɜɚɤɭɭɦ – ɮɢɥɶɬɪɨɜ 
 
Ɋɚɫɱɟɬ ɜɚɤɭɭɦ – ɮɢɥɶɬɪɚɰɢɢ ɩɨ ɫɭɯɨɦɭ ɜɟɳɟɫɬɜɭ 
 

 
100

100 ɨɫɥɭɩɥ
ɫɭɯ

ȼW
Ɇ


 ,                                                     (5.27.1) 

 
ɝɞɟ ȼɥ = 94% − ɜɥɚɠɧɨɫɬɶ ɨɫɚɞɤɚ ɩɨɫɥɟ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ; 

ɨɫ = 1,1 ɬ/ɦ3 – ɨɛɴɟɦɧɵɣ ɜɟɫ ɨɫɚɞɤɚ. 
 

  ɫɭɬɬɆ ɫɭɯ /8,1
100

1,1941002,287



  

 
Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɜɚɤɭɭɦ – ɮɢɥɶɬɪɨɜ 
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КɌ
Ɇ

F
ɮɜ

ɫɭɯ
ɮɜ 




.
..

1000
,                                                                                       (5.27.2) 

 

ɝɞɟ Ɍɜ.ɮ = 16 ɱ – ɜɪɟɦɹ ɪɚɛɨɬɵ ɜɚɤɭɭɦ-ɮɢɥɶɬɪɨɜ ɜ ɫɭɬɤɢ; 
К = 24 ɤɨɷɮɮɢɰɢɟɧɬ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɚɝɪɭɡɤɭ ɧɚ 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɤɭɭɦ 

ɮɢɥɶɬɪɨɜ. 
 

2
.. 9,4

2416

10008,1 ɦF ɮɜ 



  

 
ɉɨɞɛɢɪɚɟɦ ɜɚɤɭɭɦ-ɮɢɥɶɬɪɵ: 

2 ɪɚɛɨɱɢɯ ɢ 1 ɪɟɡɟɪɜɧɵɣ ȻɈɍ – 5 – 1,75 
ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɨɜɚɧɢɹ 5 ɦ2 
ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚ 1762 ɦɦ 
ɞɥɢɧɚ ɛɚɪɚɛɚɧɚ 960 ɦɦ 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ 0,13 – 2 ɨɛ/ɦɢɧ 
ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɤɨɪɵɬɟ 1300 ɥ 
ɦɨɳɧɨɫɬɶ ɷɥ/ɞɜɢɝɚɬɟɥɹ ɩɪɢɜɨɞɚ ɛɚɪɚɛɚɧɚ 1,1 ɤȼɬ 
ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ  268024102650 ɦɦ 
ɦɚɫɫɚ ɮɢɥɶɬɪɚ ɫ ɩɪɢɜɨɞɚɦɢ  4990 ɤɝ  

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɚɤɭɭɦ ɧɚɫɨɫɚ 
 

5,0 nNWɜɧ         (5.27.3) 
 

ɤȼɬWɜɧ 1,15,021,1   
 
Ɋɚɫɯɨɞ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 
 

1,0.  nNW ɜc     (5.27.4) 
 

ɦɢɧɦW ɜc /22,01,021,1 3
.   

 
5.28 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ ɜɨɞɵ 

 
Ɉɛɴɟɦ ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ ɜɨɞɵ (Ɋɑȼ) 
 

ɫɨɛɞɨɩɚɤɊɑȼ WWWW  ,          (5.28.1) 
 

ɝɞɟ Wɚɤ – ɚɤɤɭɦɭɥɢɪɭɸɳɢɣ ɨɛɴɟɦ ɧɚ 3 ɱɚɫɚ ɧɟɩɪɢɤɨɫɧɨɜɟɧɧɨɝɨ ɡɚɩɚɫɚ, ɦ3; 
Wɞɨɩ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɡɚɩɚɫ ɜɨɞɵ ɜ Ɋɑȼ, ɦ3; 
Wɫɨɛ– ɨɛɴɟɦ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɦ3. 
ɚɤɤɭɦɭɥɢɪɭɸɳɢɣ ɨɛɴɟɦ 
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max3 ɱɚɤ QW              (5.28.2) 
 

32,32024,10673 ɦWɚɤ   
 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɡɚɩɚɫ ɜɨɞɵ ɜ Ɋɑȼ 
 

ɞɨɩɞɨɩ QW  3    (5.28.3) 
 

35,1215,403 ɦWɞɨɩ   
 
ɨɛɴɟɦ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ 
 

Wɫɨɛ =  Wɨɫ.ɢɡɛ+ Wɮɢɥ(5.28.4) 
 

1067,4 – 100% 
     ɯ    −  1,4% 
ɯ = 14,94 ɦ3/ɱ 
 
Wɨɫ.ɢɡɛ = 14,94 . 0,5 = 7,47ɦ3/ɱ 
 
1067,4 – 100% 
    ɯ    −   9,4%           
ɯ = 100,3ɦ3/ɱ 
 

Wɮɢɥ = 100,3.0,1 = 10,03 ɦ3/ɱ 
 

32,33415,175,1212,3202 ɦWɊɑȼ   
 
ɩɥɨɳɚɞɶ Ɋɑȼ 
 

h

W
F Ɋɑȼ ,    (5.28.5) 

 
ɝɞɟ h = 4,5 ɦ – ɝɥɭɛɢɧɚ Ɋɑȼ. 
 

25,742
5,4

2,3341 ɦF   

ɪɚɡɦɟɪɵ ɜ ɩɥɚɧɟ 1816. 
 
5.29 Ɏɬɨɪɢɪɨɜɚɧɢɟ ɜɨɞɵ 
 
Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɩɢɬɶɟɜɵɯ ɰɟɥɟɣ ɩɪɢɪɨɞɧɵɯ ɜɨɞ, 

ɫɨɞɟɪɠɚɳɢɯ ɮɬɨɪ F-, ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜ ɜɨɞɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 
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ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɟɞɟɥɵ. ɇɟɞɨɫɬɚɬɨɤ ɮɬɨɪɚ ɜ ɢɫɩɨɥɶɡɭɟɦɨɣ ɜɨɞɟ ɜɵɡɵɜɚɟɬ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɪɟɞɢ ɧɚɫɟɥɟɧɢɹ ɤɚɪɢɟɫɚ ɡɭɛɨɜ.  

ɋɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜɫɨɨɬɜɟɬɫɬɜɢɢ ȽɈɋɌ 2874 – 82 ɜ ɜɨɞɟ ɞɨɥɠɧɨ ɛɵɬɶ 
0,71,5 ɦɝ/ɥ. ɉɪɢɤɨɧɰɟɧɬɪɚɰɢɢ F- ɦɟɧɟɟ 0,5ɦɝ/ɥ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ 
ɮɬɨɪɢɪɨɜɚɧɢɟ ɜɨɞɵ. ɉɪɢ ɮɬɨɪɢɪɨɜɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ 
ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜ ɜɨɞɟ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,9-1 ɦɝ/ɥ.  

Ɏɬɨɪɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɤ ɜɨɞɟ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɞɨɡɚɯ ɪɚɡɥɢɱɧɵɯ ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɜɟɳɟɫɬɜ. ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɩɨɥɭɱɢɥɢ ɫɥɟɞɭɸɳɢɟ ɮɬɨɪɢɫɬɵɟ ɪɟɚɝɟɧɬɵ: ɮɬɨɪɢɫɬɵɣ ɧɚɬɪɢɣ NaF, 
ɤɪɟɦɧɟɮɬɨɪɢɫɬɵɣ ɧɚɬɪɢɣ Na2SiF6, ɤɪɟɦɧɟɮɬɨɪɢɫɬɵɣ ɚɦɦɨɧɢɣ (NH4)2SiF6 ɢ 
ɞɪɭɝɢɟ (Al2F.SO4

.H2O) 
Ⱦɥɹ ɮɬɨɪɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɮɬɨɪɚɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ (ɪɢɫɭɧɨɤ 8), ɢɯ 

ɨɛɨɪɭɞɭɸɬ ɚɩɩɚɪɚɬɭɪɨɣ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɚɝɟɧɬɚ, ɪɚɫɬɜɨɪɨɜ 
ɮɬɨɪɫɨɞɟɪɠɚɳɢɯ ɜɟɳɟɫɬɜ ɫ ɦɚɥɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ Na2SiF6. 
Ɋɚɫɬɜɨɪɵ ɝɨɬɨɜɹɬ ɧɚɫɵɳɟɧɧɵɦɢ ɢɥɢ ɧɟɧɚɫɵɳɟɧɧɵɦɢ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɭɸɬɫɚɬɭɪɚɬɨɪɵ ɨɞɢɧɚɪɧɨɝɨ ɧɚɫɵɳɟɧɢɹ; ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ – ɪɚɫɯɨɞɧɵɟ 
ɛɚɤɢ ɫɦɟɯɚɧɢɱɟɫɤɢɦ ɢɥɢ ɜɨɡɞɭɲɧɵɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ. 

 

 
 

1 – Ȼɚɱɨɤ ɩɨɫɬɨɹɧɧɨɝɨ ɭɪɨɜɧɹ; 2 – ȼɟɧɬɢɥɶ;3 – Ɋɨɬɚɦɟɬɪ; 4 – Ɍɟɪɦɨɦɟɬɪ; 5 – 
ȼɨɡɞɭɲɧɢɤ; 6 – ȼɨɪɨɧɤɚ ɞɥɹ ɪɟɚɝɟɧɬɚ; 7 –Ɋɟɚɝɟɧɬɨɩɪɨɜɨɞ; 8 – Ɂɨɧɚ ɧɚɫɵɳɟɧɢɹ 
ɜ ɫɚɬɭɪɚɬɨɪɟ; 9 – Ɉɬɫɬɨɣɧɚɹ ɱɚɫɬɶ ɫɚɬɭɪɚɬɨɪɚ; 10 – Ⱦɵɪɱɚɬɚɹ ɬɪɭɛɚ; 11 – 
ȼɨɪɨɧɤɚ; 12 – ɒɥɚɧɝ; 13 –ɉɪɨɛɨɨɬɛɨɪɧɵɣ ɤɪɚɧɢɤ 
 

Ɋɢɫɭɧɨɤ 8− ɍɫɬɚɧɨɜɤɢ ɞɥɹ ɮɬɨɪɢɪɨɜɚɧɢɹ ɜɨɞɵ ɫ ɫɚɬɭɪɚɬɨɪɨɦ 

 
Ɋɚɫɯɨɞ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ 
 

  
K

Fan
K

Q
Q

ɧ

ɱ
ɧ

100
                 (5.29.1) 
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ɝɞɟ Kɧ = 4,3 ɝ/ɥ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɫɚɬɭɪɚɬɨɪɟ, ɝ/ɥ; 
n = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɜɜɨɞɟ ɮɬɨɪɚ ɩɪɟɞ ɫɤɨɪɵɦɢ ɮɢɥɶɬɪɚɦɢ; 

ɚ − ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɚ ɜ ɨɛɪɚɛɨɬɚɧɧɨɣ ɜɨɞɟ ɪɚɜɧɨ ɡɢɦɨɣ 1ɦɝ/ɥ; 
K= 60,6% − ɫɨɞɟɪɠɚɧɢɟ ɱɢɫɬɨɝɨ ɮɬɨɪɚ ɜ ɜɟɳɟɫɬɜɟ Na2SiF6; 
F = 0,5ɦɝ/ɥ – ɫɨɞɟɪɠɚɧɢɟ ɱɢɫɬɨɝɨ ɮɬɨɪɚ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɮɬɨɪɢɫɬɨɝɨ ɪɟɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɤɪɟɦɧɟɮɬɨɪɢɫɬɵɣ ɧɚɬɪɢɣ 
Na2SiF6 

 

   ɱɚɫɥQɧ /6,327
6,60

100
3,01,1

3,4

4,1067
  

 
ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɚɬɭɪɚɬɨɪɚ 
 




3600
ɧ

ɰ
Q

F ,        (5.29.2) 

 
ɝɞɟ  = 0,05-0,1 ɦɦ/ɫ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 

29,0
1,03600

6,327 ɦFɰ 


  

 
Ⱦɢɚɦɟɬɪ ɫɚɬɭɪɚɬɨɪɚ 
 


ɧ

ɫ
F

Ⱦ



4

    (5.29.3) 

 

21,1
14,3

9,04 ɦȾ ɫ 


  

 
ȼɵɫɨɬɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɚɬɭɪɚɬɨɪɚ 
 

tɇ ɰ  6,3 ,            (5.29.4) 

 
ɝɞɟ t – ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɫɚɬɭɪɚɬɨɪɟ, t = 7ɱ. 
 

ɦɇ ɰ 52,21,076,3   

 
Ɉɛɴɟɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɚɬɭɪɚɬɨɪɚ 

ɰɰɰ FɇW          (5.29.5) 

 
327,29,052,2 ɦWɰ   

 
ȼɵɫɨɬɚ ɧɢɠɧɟɣ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɚɬɭɪɚɬɨɪɚ 
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 
2

60

2

1
ctgdȾɇ ɫɤ  ,       (5.29.6) 

 
ɝɞɟ d = 0,35 ɦ. 
 

ɦɇɤ 04,073,1)35,04,0(5,0   
 

Ɉɛɴɟɦ ɧɢɠɧɟɣ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɚɬɭɪɚɬɨɪɚ 
 











 
















4223

1
22

dȾdȾ
hWɤ                                                               (5.29.7) 

 

3
22

004,0
4

35,04,0

2

35,0

2

4,0
04,014,3

3

1 ɦWɤ 










 














  

 
Ɉɛɳɢɣ ɨɛɴɟɦ ɫɚɬɭɪɚɬɨɪɚ 
 

ɤɰɫ WWW              (5.29.8) 

 
3148,0004,0144,0 ɦWɫ   

 
Ɉɛɳɚɹ ɜɵɫɨɬɚ ɫɚɬɭɪɚɬɨɪɚ 
 

ɤɰɫ ɇɇɇ             (5.29.9) 

 
ɦɇ ɫ 84,104,08,1   

 
 
5.30 ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɫɯɟɦɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 
 

Ɉɡɨɧɢɪɨɜɚɧɢɟ – ɨɞɢɧ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɫɰɟɥɶɸ 
ɟɟ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɢ ɭɥɭɱɲɟɧɢɹ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

Ɉɡɨɧɢɪɨɜɚɧɢɟ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɞɪɭɝɢɦɢ 
ɦɟɬɨɞɚɦɢ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɢɟ ɷɮɮɟɤɬ 
ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: ɤɨɦɩɚɤɬɧɨɫɬɶɭɫɬɚɧɨɜɨɤ, 
ɭɞɨɛɫɬɜɨ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɨɬɫɭɬɫɬɜɢɟ ɝɪɨɦɨɡɞɤɨɝɨ ɪɟɚɝɟɧɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ. 

ɋɜɨɣɫɬɜɚ, ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɢ ɭɫɥɨɜɢɹ ɩɪɢɦɟɧɟɧɢɹ ɨɡɨɧɚ. Ɉɡɨɧɹɜɥɹɟɬɫɹ 
ɚɥɥɨɬɪɨɩɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɤɢɫɥɨɪɨɞɚ ɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯɬɟɦɩɟɪɚɬɭɪɟ ɢ 
ɞɚɜɥɟɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɚɡ ɫɜɟɬɥɨ-ɝɨɥɭɛɨɝɨ ɰɜɟɬɚ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
111,90ɋ ɨɡɨɧ ɩɟɪɟɯɨɞɢɬ ɜ ɧɟɫɬɨɣɤɭɸ ɠɢɞɤɨɫɬɶ ɬɟɦɧɨ-ɫɢɧɟɝɨ ɰɜɟɬɚ. 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɨɡɨɧɚ –192,5 0ɋ. ȼ ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ ɜɨɞɵ 
ɩɪɢɦɟɧɹɟɬɫɹ ɝɚɡɨɨɛɪɚɡɧɵɣ ɨɡɨɧ. ɉɪɢ 00ɋ ɢ ɞɚɜɥɟɧɢɢ 0,1 Ɇɉɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɱɢɫɬɨɝɨ ɨɡɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 0,68 ɝ/ɥ, ɦɚɫɫɚ 1 ɥ ɝɚɡɚ - 2,144 ɝ. 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɜɨɡɦɨɠɧɨ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɜɨɞɭ ɭɥɶɬɪɚɡɜɭɤɚ. 

Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɢ ɨɱɢɫɬɤɚ ɜɨɞɵ ɭɥɶɬɪɚɡɜɭɤɨɦ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɧɨɜɟɣɲɢɯ ɦɟɬɨɞɨɜ ɞɟɡɢɧɮɟɤɰɢɢ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɩɨɬɟɧɰɢɚɥɶɧɨ 
ɨɩɚɫɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɧɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɮɢɥɶɬɪɚɯ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ 
ɫɬɨɱɧɵɯ ɜɨɞ, ɨɞɧɚɤɨ ɟɝɨ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ. 

ɉɨɞɛɨɪ ɭɫɬɚɧɨɜɤɢ ɍȾȼ 1000 ɩɨɞɛɢɪɚɟɦ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ: 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 1000ɦ³/ɱ 
ɗɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 12,8 ɤȼɬ 
 

 
6 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɪɢ ɬɪɚɧɲɟɣɧɨɣ ɩɪɨɤɥɚɞɤɟ 

ɧɚɪɭɠɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 
 

Ɉɛɴɟɦɵ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɭɱɚɫɬɤɨɜ 5-4, 4-7 ɤɨɥɶɰɟɜɨɣ 
ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: 
Ɇɚɬɟɪɢɚɥ ɬɪɭɛ – ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ; 
ȼɟɥɢɱɢɧɚ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ – 400 ɦɦ; 
Ƚɪɭɧɬ – ɫɭɝɥɢɧɨɤ; 
ɋɟɡɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɥɟɬɨ; 
Ƚɥɭɛɢɧɚ ɫɟɡɨɧɧɨɝɨ ɩɪɨɦɟɪɡɚɧɢɹ – 2,6 ɦ; 
Ⱦɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ – 1900ɦ; 
ɍɤɥɨɧ ɬɪɭɛɨɩɪɨɜɨɞɚ – 0,002 
ɇɚɢɦɟɧɶɲɚɹ ɝɥɭɛɢɧɚ ɩɪɨɤɥɚɞɤɢ ɧɚɪɭɠɧɵɯ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

5,01  ɬɪHh ,(6.1) 

 
ɝɞɟ h1– ɧɚɢɦɟɧɶɲɚɹ ɝɥɭɛɢɧɚ ɩɪɨɤɥɚɞɤɢ ɬɪɭɛɨɩɪɨɜɨɞɚ (ɜ ɧɚɱɚɥɟ ɬɪɭɛɨɩɪɨɜɨɞɚ); 
Hɬɪ − ɝɥɭɛɢɧɚ ɫɟɡɨɧɧɨɝɨ ɩɪɨɦɟɪɡɚɧɢɹ. 
 

ɦh 1,35,06,21   
 

,12 ɬɪLihh                                                                                                    (6.2) 

 
ɝɞɟ i – ɭɤɥɨɧ ɬɪɭɛɨɩɪɨɜɨɞɚ; 
Lɬɪ– ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 
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ɦh 9,61900002,01,32   
 







 


2

21 hh
hcp (6.3)  

 

ɦhcp 5
2

9,61,3







 

  

 
Ɉɛɴёɦ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɬɪL
FF

V 





 


2

21
,                                              (6.4) 

 
ɝɞɟ F1, F2 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ 
ɬɪɚɧɲɟɢ. 

ɉɪɢ ɬɪɚɩɟɰɢɢɞɚɥɶɧɨɣ ɮɨɪɦɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɪɚɧɲɟɢ 
 

)(
2

)(
11

11
1 hmBh

EBh
F 


                            (6.5) 

 

)(
2

)(
22

22
2 hmBh

EBh
F 


 ,                                   (6.6)  

 
ɝɞɟ ȼ – ɲɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨ ɞɧɭ 
ȿ1, ȿ2 –ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɲɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨɜɟɪɯɭ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɬɪɚɧɲɟɢ; 
m – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɥɨɠɟɧɢɹ ɨɬɤɨɫɨɜ ɬɪɚɧɲɟɢ (m=tgα). 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ m ɞɥɹ ɫɭɝɥɢɧɤɚ ɫ hɫɪ=5 ɦ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 
m=0,75. 

ȽɈɋɌ 18599-2001. ɍɱɚɫɬɤɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɢɡ ɩɨɥɢɷɬɢɥɟɧɨɜɵɯ ɬɪɭɛ 
ȽɈɋɌ 18599-2001 dɭ = 400ɦɦ. Ɇɚɫɫɚ 1 ɦ ɬɪɭɛɵ 34,2 ɤɝ. Ⱦɥɢɧɚ ɬɪɭɛɵ 10 ɦ. 

ɒɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨ ɞɧɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɬɟɪɢɚɥɚ, ɬɢɩɚ 
ɬɪɭɛɵ ɢ ɟɟ ɧɚɪɭɠɧɨɝɨ ɞɢɚɦɟɬɪɚ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ 

 
ɦȼ 7,05,02,0   

 
2

1 4,9)1,375,07,0(1,3 ɦF 
  

2
2 5,40)9,675,07,0(9,6 ɦF 

  

11 2mhȼȿ  (6.7) 
 

22 2mhȼȿ                                                             (6.8) 
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ɦȿ 35,51,375,027,01   

 
ɦȿ 05,119,675,027,02   

 

2,8
2

05,1135,5

2
21 







ȿȿȿɫɪ ɦ       (6.9) 

 
3474051900

2
5,404,9 ɦV 





 


 

 

2
21 FF

Fɫɪ


 (6.10) 

 
295,24

2

5,404,9 ɦFɫɪ 



 

 
ȼɟɫɶ ɨɛɴёɦ ɝɪɭɧɬɚ ɩɨɞɥɟɠɚɳɢɣ ɪɚɡɪɚɛɨɬɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

PM VVV  ,                                                                                    (6.11) 
 

ɝɞɟ Vɦ,Vɪ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴёɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɫɩɨɫɨɛɨɦ ɢ ɜɪɭɱɧɭɸ. 

 
21

MMM VVV  ,                                                                                                (6.12) 
 

ɝɞɟ V1ɦ,V2ɦ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴёɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɷɤɫɤɚɜɚɬɨɪɨɦ ɩɪɢ 
ɨɬɪɵɜɤɟ ɬɪɚɧɲɟɢ ɢ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ. 

 
    

1

2
211

12

2,02,0
l

hhm
FV ɫɪɦ 









 
 ,                  (6.13) 

 
ɝɞɟ 1l  − ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɛɟɡ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ ɧɚ 
ɜɫɟɣ ɬɪɚɫɫɟ. 
 

NaLl  21 ,                                                                                                (6.14) 
 
ɝɞɟ 2a − ɞɥɢɧɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɤɨɥɨɞɟɰ ɩɨɜɟɪɯɭ; 

N – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɜɚɧɨɜ, 201
100

1900
1

100


L
N

 
 

ɫɪhmaa  212 ,                                                                                           (6.15) 
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ɝɞɟ 1a − ɞɥɢɧɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɤɨɥɨɞɟɰ ɩɨɧɢɡɭ. 
ɉɨɞɛɨɪ ɤɨɥɨɞɰɚ. 
Ɍɪɟɛɭɟɦɵɣ ɪɚɡɦɟɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ ɜ ɩɥɚɧɟ ɪɚɜɟɧ ɫɬɪɨɢɬɟɥɶɧɨɣ 

ɞɥɢɧɟ ɡɚɞɜɢɠɤɢ ɩɥɸɫ 1 ɦ. Lɡɚɞ=0,28 ɦ. 
ɉɪɢɧɢɦɚɟɦ ɡɚɞɜɢɠɤɭ ɩɨ ȽɈɋɌ 9698-86 
Ɇɚɬɟɪɢɚɥ ɡɚɞɜɢɠɤɢ – ɱɭɝɭɧ; 
Ƚɚɛɚɪɢɬɵ ɡɚɞɜɢɠɤɢ ɩɨ ɜɵɫɨɬɟ – 1,85 ɦ; 
Ɇɚɫɫɚ ɡɚɞɜɢɠɤɢ – 521 ɤɝ; 
Ɍɢɩ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɬɪɭɛɨɩɪɨɜɨɞɭ- ɮɥɚɧɰɟɜɨɟ; 
ɋɬɪɨɢɬɟɥɶɧɚɹ ɞɥɢɧɚ ɡɚɞɜɢɠɤɢ – 0,28 ɦ. 
Ɍɪɟɛɭɟɦɵɣ ɪɚɡɦɟɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ 
 
Lɡɚɞ+1=0,28+1=1,28 ɦ 
 
Ɏɚɤɬɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ɞɥɢɧɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɜ ɩɥɚɧɟ ɩɪɢɧɢɦɚɟɦ 1,5 ɦ. 
Ɍɪɟɛɭɟɦɵɣ ɪɚɡɦɟɪ ɜɵɫɨɬɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ 
 

ɦHH ɡɚɞɬɪ 8,17,0                                                                                      (6.16) 

 
ɦHɬɪ 8,17,085,1   

 
ɉɪɢɧɢɦɚɟɦ 
ɉɥɢɬɚ ɞɧɢɳɚ ɤɨɥɨɞɰɚ: ɦɚɪɤɚ ɉɇ20-1 ɩɨ ȽɈɋɌ 8020-90; 
Ⱦɢɚɦɟɬɪ – 2,5 ɦ; 
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ −0,12 ɦ; 
Ɇɚɫɫɚ ɩɥɢɬɵ − 1420 ɤɝ. 
Ɋɚɛɨɱɚɹ ɤɚɦɟɪɚ ɤɨɥɨɞɰɚ ɫɨɫɬɨɢɬ ɢɡ: 
Ʉɨɥɟɰ ɦɚɪɤɢ Ʉɐ−15−9 (2 ɲɬ.)  
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ – 1,5 ɦ;  
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ – 1,68 ɦ;   
ȼɵɫɨɬɚ – 0,9 ɦ; 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɤɨɥɶɰɚ −0,09 ɦ;  
Ɇɚɫɫɚ ɤɨɥɶɰɚ −1000 ɤɝ. 
ɉɥɢɬɚ ɩɟɪɟɤɪɵɬɢɹ:  
Ɇɚɪɤɚ Ʉɐɉ 1−15; 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɥɚɡɚ −0,7 ɦ; 
ɇɚɪɠɧɵɣ ɞɢɚɦɟɬɪ ɥɚɡɚ – 1,68 ɦ; 
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ − 0,15ɦ; 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɤɨɥɶɰɚ ɢ ɥɚɡɚ – 0,4 ɦ; 
Ɇɚɫɫɚ − 1280 ɤɝ. 
ȼɵɫɨɬɚ ɝɨɪɥɨɜɢɧɵ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

)2,012,015,0( ...  Ɏ
ɤɤɪcpɝɨɪ HHH    (6.17) 
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ɦH ɝɨɪ 23,0)2,012,015,05,2(25,3   

 
Ƚɨɪɥɨɜɢɧɚ ɫɨɫɬɨɢɬ ɢɡ: 
Ʉɨɥɶɰɚ ɦɚɪɤɢ Ʉɐ 7–3; 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ – 0,7ɦ; 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ –0,84 ɦ; 
ȼɵɫɨɬɚ – 0,3 ɦ; 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ – 0,07ɦ; 
Ɇɚɫɫɚ –130 ɤɝ. 
ɋɜɟɪɯɭ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɥɚɞɟɬɫɹ ɩɥɢɬɚ ɨɩɨɪɧɚɹ ɦɚɪɤɢ ɄɐɈ-2, 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ –1 ɦ; 
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ – 0,15ɦ; 
Ⱦɥɢɧɚ ɢ ɲɢɪɢɧɚ – 1,7ɦ; 
Ɇɚɫɫɚ ɩɥɢɬɵ –800 ɤɝ. 
Ʉɨɥɶɰɨ ɨɩɨɪɧɨɟ ɦɚɪɤɢ ɄɐɈ–1: 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ –0,58 ɦ; 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ –0,84 ɦ; 
Ɍɨɥɳɢɧɚ ɤɨɥɶɰɚ – 0,07ɦ,   
Ɇɚɫɫɚ –50 ɤɝ. 
Ⱦɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɛɟɡ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ ɧɚ 

ɜɫɟɣ ɬɪɚɫɫɟ 
 

ɦa 2,10575,027,22   
 

7,211  ba ɦ. 
 

1696202,1019001 l ɦ. 
 

    
520841696

12

2,09,62,01,375,0
95,24

2
1 







 
ɦV ɦ3. 

 
Ɉɛɴёɦ ɝɪɭɧɬɚ, ɢɡɜɥɟɤɚɟɦɵɣ ɷɤɫɤɚɜɚɬɨɪɨɦ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ 

ɤɨɥɨɞɰɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

    
6

22 212121
2 N

baabaahV ɫɪɦ                                                             (6.18) 

 

     32 4799
6

20
2,107,27,1027,22,107,225 ɦVɦ 

 
 

356883479952084 ɦVM   
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Ɉɛɴёɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɜɪɭɱɧɭɸ 
 

21
ɊɊɊ VVV  ,                                                                                                  (6.19) 

 
ɝɞɟ V1ɪ – ɨɛɴёɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɜɪɭɱɧɭɸ, ɩɪɢ ɪɵɬɶɟ ɧɟɞɨɛɨɪɚ; 
V2ɪ– ɨɛɴёɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɜɪɭɱɧɭɸ, ɩɪɢ ɪɵɬɶɟ ɩɪɢɹɦɤɨɜ. 

 
 NbalBhV H

ɧɟɞp  121
1 ,          (6.20) 

 
ɝɞɟ hɧɟɞ – ɝɥɭɛɢɧɚ ɧɟɞɨɛɨɪɚ, ɪɚɜɧɚɹ 5-20 ɫɦ, ɩɪɢɧɢɦɚɟɦ hɧɟɞ=0,2 ɦ; 

Hl1 − ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɛɟɡ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɩɨɞ ɤɨɥɨɞɰɵ, ɫɱɢɬɚɹ ɩɨɧɢɡɭ. 
 

NaLl H  11            (6.21) 
 

ɦl H 1846207,219001   
 

  31 136207,22,1018467,02,0 ɦVp   

 

ɩɪɩɪp NVV 2 ,                            (6.22) 

 
ɝɞɟ Nɩɪ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɹɦɤɨɜ; 
Vɩɪ – ɨɛɴёɦ ɨɞɧɨɝɨ ɩɪɢɹɦɤɚ. 

 

ɬɪ

ɜɧɤ
ɩɪ l

NDL
N


 . ,                                    (6.23) 

 
ɝɞɟ Dɤ.ɜɧ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ. 

 

187
10

205,11900



ɩɪN

 
 

''' cbaVɩɪ                                  (6.24) 

 
ɝɞɟ 'a , 'b , 'c − ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɚ, ɲɢɪɢɧɚ ɢ ɝɥɭɛɢɧɚ ɩɪɢɹɦɤɚ, 'a =0,6ɦ, 'c =0,2 
ɦ, 7,05,02,05,0'  ɧɚɪdb ɦ. 

 
3084,02,07,06,0 ɦVɩɪ   

 
32 7,15187084,0 ɦVp   

 
37,1517,15136 ɦVp   
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37,570347,15156883 ɦV   
 
6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɚ ɝɪɭɧɬɚ, ɩɨɞɥɟɠɚɳɟɝɨ ɜɵɜɨɡɭ ɜ ɨɬɜɚɥɡɚ 

ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɝɪɭɧɬɚ, ɩɨɥɭɱɚɸɳɟɝɨɫɹ ɩɪɢ ɤɨɩɤɢ ɬɪɚɧɲɟɢ ɢ ɤɨɬɥɨɜɚɧɨɜ 
ɩɨɞ ɤɨɥɨɞɰɵ ɛɭɞɟɬ ɧɭɠɧɚ ɞɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɩɨɫɥɟ ɦɨɧɬɚɠɚ ɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

 ɂɡɛɵɬɨɱɧɵɣ ɝɪɭɧɬ ɩɨɞɥɟɠɢɬ ɜɵɜɨɡɭ ɜ ɨɬɜɚɥ ɡɚ ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
 

  ɩɪɤɨɥɬɪ
ɜ КVVV 0 ,                                       (6.1.1)  

 
ɝɞɟ Ʉɩɪ –ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɝɪɭɧɬɚ ɩɪɢ ɟɝɨ 
ɪɵɯɥɟɧɢɢ; 
Vɬɪ,Vɤɨɥ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴёɦ ɝɪɭɧɬɚ ɜɵɬɟɫɧɹɟɦɵɣ ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɢ 
ɤɨɥɨɞɰɚɦɢ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɝɪɭɧɬɚ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɜɟɥɢɱɟɧɢɹ ɨɛɴёɦɚ: ɞɥɹ ɩɟɫɤɚ Ʉɩɪ =1,24÷1,3, ɩɪɢɧɢɦɚɟɦ Ʉɩɪ=1,27. 

 

ɪ
ɧɚɪ

ɬɪ Кl
d

V 


 1

2

4


,                                  (6.1.2) 

 
ɝɞɟ l1 – ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɩɨɞ ɤɨɥɨɞɰɵ; 

Ʉɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɢɬɵɜɚɸɳɢɣ ɨɛɴёɦ ɡɟɦɥɢ, ɜɵɬɟɫɧɹɟɦɵɣ ɪɚɫɬɪɭɛɚɦɢ ɢɥɢ 
ɦɭɮɬɚɦɢ, ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɬɪɭɛ Ʉɪ= 1,05. 

 
NDLl ɧɚɪɤɨɥ  .1                            (6.1.3) 

 
4,18662068,119001 l ɦ 

 

5,6105,14,1866
4

2,014,3 2




ɬɪV ɦ3 

 

Nh
d

V ɤ
ɧɚɪɤɨɥ

ɤɨɥ 



4

2
.

,                                                                                   (6.1.4) 

 
ɝɞɟ hɤɨɥ – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɤɨɥɨɞɰɚ. 

 
15,515,0515,0  ɫɪɤɨɥ hh ɦ 

 

2,2282015,5
4

68,114,3 2




ɤɨɥV ɦ3 
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  36827,12,2285,610 ɜV ɦ3 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɫɜɨɞɢɦ ɜ 

ɬɚɛɥɢɰɭ 15 
 
Ɍɚɛɥɢɰɚ 15−Ȼɚɥɚɧɫ ɨɛɴёɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ 

ȼɢɞɵ ɪɚɛɨɬ 
Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɟɦɤɢ 

Ɉɛɴёɦ ɝɪɭɧɬɚ ɜ ɩɥɨɬɧɨɦ 
ɬɟɥɟ 

ɲɢɪɢɧɚ, ɦ ɝɥɭɛɢɧɚ,ɦ ɞɥɢɧɚ, ɦ ɨɛɨɡɧɚɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɨ,ɦ3 

ɩɨɜɟɪɯɭ ɩɨɧɢɡɭ 
1. Ɇɟɯɚɧɢɡɢɪɨɜɚɧɧɵɟ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ 

1.1 Ɋɚɡɪɚɛɨɬɤɚ 
ɬɪɚɧɲɟɢ 

8,2 0,7 5 1846 Vɦ
1 52084 

1.2 Ɋɚɡɪɚɛɨɬɤɚ 
ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ 

ɤɨɥɨɞɰɵ 
10,2 10,2 

 
5,25 

 
54 Vɦ

2 4799 

1.3ȼɵɜɨɡ 
ɢɡɛɵɬɨɱɧɨɝɨ 

ɝɪɭɧɬɚ ɡɚ 
ɩɪɟɞɟɥɵ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

42 42 0,2 42 V0
ȼ 368 

2. Ɋɭɱɧɵɟ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ 
2.1 Ɋɵɬɶɟ 
ɧɟɞɨɛɨɪɚ 

0,7 0,7 0,2 1900 Vɪ
1 136 

2.2 Ɋɵɬɶɟ 
ɩɪɢɹɦɤɨɜ 

0,6 0,6 0,7 0,2 Vɪ
2 15,7 

Ɉɛɳɢɣ ɨɛɴёɦ 
ɪɚɡɪɚɛɨɬɤɢ 

- - - - V 57034,7 

-ɜ ɬ. ɱ. 
Ɇɟɯɚɧɢɱɟɫɤɢ 

- - - - Vɦ 56883 

- ɜ ɬ. ɱ. ɪɭɱɧɨɣ - - - - Vɪ 151,7 
 

6.2 ɉɨɞɛɨɪ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɞɥɹ ɬɪɚɧɲɟɣɧɨɣ ɩɪɨɤɥɚɞɤɢ 
 
ɋɨɫɬɚɜ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɢɞɚɦɢ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɦɟɯɚɧɢɡɢɪɨɜɚɧɵ: 
1. ɪɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɜ ɬɪɚɧɲɟɢ ɢ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ, 
2. ɜɵɜɨɡ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ ɜ ɨɬɜɚɥ ɡɚ ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 
3. ɨɛɪɚɬɧɚɹ ɡɚɫɵɩɤɚ ɬɪɚɧɲɟɣ ɢ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ, 
4. ɩɥɚɧɢɪɨɜɤɚ ɝɪɭɧɬɚ ɜ ɨɬɜɚɥɟ ɡɚ ɩɪɟɞɟɥɚɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɧɚ ɦɟɫɬɟ 

ɭɤɥɚɞɤɢ ɬɪɭɛɨɩɪɨɜɨɞɚ. 
ȼɟɞɭɳɟɣ ɦɚɲɢɧɨɣ ɜ ɤɨɦɩɥɟɤɬɟ ɹɜɥɹɟɬɫɹ ɷɤɫɤɚɜɚɬɨɪ. 
 

6.3 Ɇɟɬɨɞɢɤɚ ɩɨɞɛɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ 
 
1. Ⱦɥɹ ɨɬɪɵɜɤɢ ɬɪɚɧɲɟɢ ɤɨɬɥɨɜɚɧɚ ɩɪɢɦɟɧɹɸɬ ɨɞɧɨɤɨɜɲɨɜɵɟ ɷɤɫɤɚɜɚɬɨɪɵ, 

ɨɛɨɪɭɞɨɜɚɧɧɵɟ ɨɛɪɚɬɧɨɣ ɥɨɩɚɬɨɣ ɢɥɢ ɷɤɫɤɚɜɚɬɨɪ ɞɪɚɝɥɚɣɧ. 
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2. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɨɛɴёɦɚ ɤɨɜɲɚ. 
2.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɨ ɋɇ 440-75, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ 
(ɜɨɞɨɩɪɨɜɨɞ ɢɥɢ ɤɚɧɚɥɢɡɚɰɢɹ), ɦɚɬɟɪɢɚɥɚ ɬɪɭɛ, ɞɥɢɧɵ, ɞɢɚɦɟɬɪɚ ɬɪɭɛɨɩɪɨɜɨɞɚ 
ɢ ɫɦɟɧɧɨɫɬɢ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɫɪɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚɞɚɧɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɨ ɋɇ 440-75 
ɪɚɜɟɧ 1 ɦɟɫɹɰɚ ɩɪɢ ɬɪɟɯɫɦɟɧɧɨɣ ɪɚɛɨɬɟ. 

2.2. Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɨɛɴёɦ ɤɨɜɲɚ ɛɟɪɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɟɫɹɱɧɨɝɨ ɨɛɴёɦɚ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɯ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ: 

 

ɜɚɫɬɪɫɪɨɤɊɟɤ
V

V Mɦɟɫ
Ɇ 


..

          (6.3.1) 

 
356883

1

56883 ɦV ɦɟɫ
Ɇ   

 
ɉɪɢɧɢɦɚɟɦ Vɤ=0,65 ɦ3 
3. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɟɤɨɦɟɧɞɭɟɦɨɦ ɨɛɴёɦɟ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɩɨ 

ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɸɬ ɦɚɪɤɭ, ɢ ɜɵɩɢɫɵɜɚɸɬ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɤɫɤɚɜɚɬɨɪɚ 
ɫ ɨɛɪɚɬɧɨɣ ɥɨɩɚɬɨɣ ɢ ɷɤɫɤɚɜɚɬɨɪɚ ɞɪɚɝɥɚɣɧɚ, ɬɚɛɥɢɰɚ 16. 
 
Ɍɚɛɥɢɰɚ 16−Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɤɫɤɚɜɚɬɨɪɨɜ  

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɷɤɫɤɚɜɚɬɨɪɚ 

Ɍɢɩ ɷɤɫɤɚɜɚɬɨɪɚ 
Ɉɛɪɚɬɧɚɹ ɥɨɩɚɬɚ Ⱦɪɚɝɥɚɣɧ 

1. Ɇɚɪɤɚ ɷɤɫɤɚɜɚɬɨɪɚ ɗɈ-4121Ⱥ ɗɈ-652Ȼ 
2. Ɉɛɴёɦ ɤɨɜɲɚ, ɦ3 0,65 0,65 
3. ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ 
ɤɨɩɚɧɢɹ, ɇɤ, ɦ 

7,1 5,8 

4. ɇɚɢɛɨɥɶɲɚɹ ɜɵɫɨɬɚ 
ɜɵɝɪɭɡɤɢ, ɇɜ, ɦ 

5,2 3,1 

5. ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ 
ɜɵɝɪɭɡɤɢ, Rɜ, ɦ 

10,2 7,8 

6. ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ 
ɪɟɡɚɧɢɹ, Rɪ, ɦ 

10,2 7,8 

 
ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɞɜɭɯ ɦɚɪɨɤ ɷɤɫɤɚɜɚɬɨɪɨɜ ɨɰɟɧɢɜɚɟɦ 

ɬɟɯɧɢɱɟɫɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ, ɬ. ɟ. ɫɪɚɜɧɢɜɚɟɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɷɤɫɤɚɜɚɬɨɪɚ ɫ ɬɪɟɛɭɟɦɨɣ ɝɥɭɛɢɧɨɣ ɤɨɩɚɧɢɹ 

 
ɇɤ≥h2 

 
ȼɵɜɨɞ: ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɩɨɞɯɨɞɹɬ 2  ɷɤɫɤɚɜɚɬɨɪɚ. 

ɂɬɨɝɨɜɵɣɜɚɪɢɚɧɬ ɦɚɪɤɢ ɷɤɫɤɚɜɚɬɨɪɚ ɛɭɞɟɬ ɜɵɛɪɚɧ ɡɚ ɫɱɟɬ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ. 
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ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 0,5 ɤɦ ɹɜɥɹɟɬɫɹ ɚɜɬɨɫɚɦɨɫɜɚɥ. ȼɵɛɨɪ ɦɚɪɤɢ 
ɚɜɬɨɫɚɦɨɫɜɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

1. ɜɵɫɨɬɚ ɛɨɪɬɚ ɤɭɡɨɜɚ ɫɚɦɨɫɜɚɥɚ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɦɚɪɤɟ 
ɷɤɫɤɚɜɚɬɨɪɚ (ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ 0,3 ɦ ɦɟɧɶɲɟ ɜɵɫɨɬɵ ɜɵɝɪɭɡɤɢ 
ɷɤɫɤɚɜɚɬɨɪɚ), 

2. ɜɦɟɫɬɢɦɨɫɬɶ ɤɭɡɨɜɚ ɫɚɦɨɫɜɚɥɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɬɪɟɯ ɨɛɴёɦɨɜ 
ɤɨɜɲɟɣ ɷɤɫɤɚɜɚɬɨɪɚ. 

Ɇɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɫɚɦɨɫɜɚɥɚ. 
1. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ ɩɨ 

ɫɩɪɚɜɨɱɧɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢ ɨɛɴёɦɚ ɤɨɜɲɚ 
ɷɤɫɤɚɜɚɬɨɪɚ. 

Ɋɚɫɫɬɨɹɧɢɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɩɪɢɧɹɬɨ 2 ɤɦ.  
Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ – 10 ɬ. 
2. ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɢ 

ɫɚɦɨɫɜɚɥɚ ɩɪɢɧɢɦɚɟɦ ɦɚɪɤɭ ɫɚɦɨɫɜɚɥɚ: ɄȺɆȺɁ 5511;  
ȼɵɫɨɬɚ ɛɨɪɬɚ ɫɚɦɨɫɜɚɥɚ – 2,7 ɦ. 
ɉɪɨɜɟɪɤɚ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫɚɦɨɫɜɚɥɚ ɢ ɷɤɫɤɚɜɚɬɨɪɚ: 
ɇɜ≥ 2,7+0,3=3ɦ 
ɇ ..ɥɨ

ɜ =5,2ɦ > 3ɦ 
ɇ .ɞɪ

ɜ =3,1 ɦ > 3ɦ 
ȼɵɫɨɬɚ ɛɨɪɬɚ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɛɟɢɯ ɦɚɪɨɤ. 
Ʉɨɥɢɱɟɫɬɜɨ ɤɨɜɲɟɣ ɷɤɫɤɚɜɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɡɚɝɪɭɡɤɢ ɫɚɦɨɫɜɚɥɚ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɧk KV

G
n





,                                         (6.3.2)  

 
ɝɞɟ G – ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ, ɬ; 

Ȗ – ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ, ɬ/ɦ3, γ=1,4 ɬ/ɦ3; 
Vɤ – ɨɛɴёɦ ɤɨɜɲɚ, ɦ3; 
Кɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ, Ʉɧ=0,85. 
 

13
85,065,04,1

10



n > 3 ɤɨɜɲɟɣ 

 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɨɝɪɭɡɤɢ ɨɞɧɨɝɨ ɫɚɦɨɫɜɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɬɰ
ɩɨɝ Кn

n
t


 ,                                              (6.3.3) 

 
ɝɞɟ nɰ – ɱɢɫɥɨ ɰɢɤɥɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɦɢɧɭɬɭ, ɩɪɢɧɢɦɚɟɦ nɰ=1,   

Кɬ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɩɨɞɚɱɢ ɫɚɦɨɫɜɚɥɚ ɜ ɡɚɛɨɣ, 
Ʉɬ=0,85. 
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3,15
85,01

13



ɩɨɝt ɦɢɧ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɪɟɣɫɨɜ ɫɚɦɨɫɜɚɥɚ ɜ ɫɦɟɧɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɦpɩɨɝ

ɫɦ
ɪ ttVlt

tɉ





/602

60
,                              (6.3.4) 

 
ɝɞɟ tɪ – ɜɪɟɦɹ ɪɚɡɝɪɭɡɤɢ ɫɚɦɨɫɜɚɥɚ, ɦɢɧ, tɪ=1 ɦɢɧ; 

tɦ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɦɚɲɢɧɵ, ɩɪɢɧɢɦɚɟɦ tɦ=3ɦɢɧ; 
l – ɪɚɫɫɬɨɹɧɢɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ; 
tɫɦ=8 ɱ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ; 
V – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɚɦɨɫɜɚɥɚ, V=20 ɤɦ/ɱ. 
 

15
3120/60223,15

608





ɪɉ
 

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ ɜ ɫɦɟɧɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɪɚɫ ɉGɉ 


           (6.3.5) 

 

ɫɦɦɉɚɫ /1,10715
4,1

10 3  

 
6.4 ȼɵɛɨɪ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɬɪɚɧɲɟɢ ɢ ɟё 

ɩɥɚɧɢɪɨɜɤɢ 
 

Ɉɛɪɚɬɧɚɹ ɡɚɫɵɩɤɚ ɬɪɚɧɲɟɢ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 
ɢɫɩɵɬɚɧɢɣ. 

Ⱦɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɭɧɬ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ 
ɨɬɜɚɥɟ, ɩɨɫɥɟ ɡɚɫɵɩɤɢ ɩɪɨɢɡɜɨɞɹɬ ɩɥɚɧɢɪɨɜɤɭ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɧɲɟɢ. 

Ⱦɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɭɥɶɞɨɡɟɪɵ, ɦɚɪɤɚ 
ɛɭɥɶɞɨɡɟɪɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ: ɞɥɹ ɷɬɨɣ ɨɩɟɪɚɰɢɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɭɥɶɞɨɡɟɪɵ, ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ ɫɬɪɨɢɬɟɥɹ: 

ȾɁ-117 (ɞɢɡɟɥɶɧɵɣ ), ɦɚɪɤɚ ɛɚɡɨɜɨɝɨ ɬɪɚɤɬɨɪɚ Ɍ-130Ɇ-Ƚ.1. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɛɭɥɶɞɨɡɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

ɫɦ

ɜɪ
ɛ t

ɇS
T






1000
,                                             (6.4.1) 

 
ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2; 
ɇɜɪ – ɜɪɟɦɹ ɧɚ ɩɥɚɧɢɪɨɜɤɭ 1000 ɦ2, ɇɜɪ=1,2 ɱ. 
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21 SSS  ,                                                 (6.4.2) 
 

ɝɞɟ S1 – ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɦɟɫɬɟ ɬɪɚɧɲɟɢ; 
S2 – ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɦɟɫɬɟ ɜɵɜɨɡɚ ɢɡɛɵɬɨɱɧɨɝɨ 

ɝɪɭɧɬɚ. 
 

  LbES cp  21 ,                                   (6.4.3) 

 
ɝɞɟ b – ɲɢɪɢɧɚ ɨɬɜɚɥɚ ɩɨɧɢɡɭ, ɦ. 
 

2,0
0

2

BV
S  (6.4.4) 

b=2ɇ0(6.4.5) 
 

00 FH     (6.4.6) 

 
KKFF npcp 0                       (6.4.7) 

 
 

V

VV
K

B
0

                     (6.4.8) 

 
 

975,0
7,14727

3687,14727



K

 
 

ɝɞɟ Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɚɥɚ ɜ 
ɫɥɭɱɚɟ ɜɵɜɨɡɤɢ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ. 

 
3

0 31975,027,195,24 ɦF   
 

5,5310 H ɦ 
 
b=2∙5,5=11 ɦ 
 
S1=(8,2+11+2)∙1900=40280 ɦ2 
 

1840
2,0

368
2 S ɦ2 

 
S=40280+1840=42120 ɦ2 
 

3,6
81000

2,142120





ɛT ɫɦ 
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6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣɞɥɹ 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ 

 
Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɫɪɚɜɧɟɧɢɹ ɬɪɟɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: 
1. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ; 
2. ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 ɝɪɭɧɬɚ; 
3. Ɍɪɭɞɨɟɦɤɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 ɝɪɭɧɬɚ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɞɥɹ ɞɜɭɯ ɬɢɩɨɜ 

ɷɤɫɤɚɜɚɬɨɪɨɜ (ɞɪɚɝɥɚɣɧ ɢ ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ). 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɷɤɫɤɚɜɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɨɥ
э

ɦɨɥ
э ɉ

V
T  ,                                        (6.5.1) 

 
ɝɞɟ ɉɷ

ɨɥ – ɧɨɪɦɚɬɢɜɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɫɦɟɧɭ. 
 














 ɨɥ

ɜɪ
ɨɥ
ɜɪ

ɫɦ
ɨɥ
э H

P

H

P
tɉ

21

1
100 ,                                     (6.5.2) 

 














 ɞɪ

ɜɪ
ɞɪ
ɜɪ

ɫɦ
ɞɪ
э ɇ

Ɋ
ɇ
ɊɌɉ 1

100 ,                                   (6.5.3) 

 
ɝɞɟ ɇɜɪ1, ɇɜɪ2 – ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɞɥɹ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ 
ɷɤɫɤɚɜɚɬɨɪɨɦ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɬɜɚɥ ɢ ɩɪɢ ɩɨɝɪɭɡɤɟ ɜ ɬɪɚɧɫɩɨɪɬ, ɩɨ ȿɇɢɊ 
«Ɂɟɦɥɹɧɵɟ ɪɚɛɨɬɵ», ɱɚɫɚɇ ɨɥ

ɜɪ 2,21  ɱɚɫɚɇ ɨɥ
ɜɪ 4,22  , ɱɚɫɚɇ ɞɪ

ɜɪ 3,21  ɱɚɫɚɇ ɞɪ
ɜɪ 5,22  . 

Ɋ – ɤɨɥɢɱɟɫɬɜɨ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ, ɜɵɜɨɡɢɦɨɝɨ ɡɚ ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɡɚ 
ɟɞɢɧɢɰɭ ɩɪɢɧɢɦɚɸɬ ɜɟɫɶ ɨɛɴёɦ ɝɪɭɧɬɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɷɤɫɤɚɜɚɬɨɪɨɦ). 

 
0064,0

56883

3681


ɦ

ɜ
ɨ

ɜ
ɨɦ V
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P
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V
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4,2
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2,2

0064,01
1008 











ɨɥ

эɉ ɦ3/ɫɦ 

 

6,347
5,2

0064,0

3,2

0064,01
1008 











ɞɪ

эɉ ɦ 3 /ɫɦ 

 

157
362

56883
ɨɥ

эT ɫɦɟɧɵ 

 

164
6,347

56883
ɞɪ

эɌ ɫɦɟɧɵ 
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ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 
V

pɌɋ
C iɫɦɦɚɲɞɪɨɥ
ɬɪ

 
  35,108,1

/ ,                                                (6.5.4) 

 
ɝɞɟ ɋɦɚɲ-ɫɦ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɦɚɲɢɧɨ-ɫɦɟɧ ɨɬɞɟɥɶɧɵɯ ɦɚɲɢɧ; 

Ti – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɬɞɟɥɶɧɵɯ ɦɚɲɢɧ ɜ ɫɦɟɧɚɯ; 
Ɂɪ – ɪɚɫɰɟɧɤɚ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 1 ɦ3 ɝɪɭɧɬɚ ɜɪɭɱɧɭɸ; 
V – ɨɛɳɢɣ ɨɛɴёɦ ɪɚɡɪɚɛɨɬɤɢ, ɦ3. 
 

pɪɪ VɁɁ  ,                                       (6.5.5) 

 
ɝɞɟ Ɂɪ=0,544 ɪɭɛ/ɦ3 5,827,151544,0  ɪɁ ɪɭɛ 

 
 

V

pɌɌɌ
C ɛ

ɨɥ
э

ɨɥ
эɨɥ

ɬɪ



35,1807,686,4833,508,1

,           (6.5.6) 

 
 

24,0
7,57034

5,825,13,6807,615786,4157833,508,1.. 


ɥɨ
ɬɪɋ ɪɭɛ/ɦ3 

 
 

V

pɌɌɌ
C ɛ

ɞɪ
э

ɞɪ
эɞɪ

ɬɪ



35,1807,686,4819,508,1

.        (6.5.7) 

 
 

25,0
65883

5,825,13,6807,616486,4164819,508,1



ɞɪ

ɬɪɋ ɪɭɛ/ɦ3 

 
Ɍɪɭɞɨɟɦɤɨɫɬɶ ɨɬɪɵɜɤɢ 1 ɦ3 ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

,/

V

MM
M ɪɦɞɪɨɥ

ɬɪ

 
              (6.5.8) 

 
ɝɞɟ ΣɆɦ − ɡɚɬɪɚɬɵ ɬɪɭɞɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɢ ɨɛɫɥɭɠɢɜɚɧɢɸ ɦɚɲɢɧ; 

ΣɆɪ – ɡɚɬɪɚɬɵ ɬɪɭɞɚ ɧɚ ɪɭɱɧɵɟ ɨɩɟɪɚɰɢɢ. 
 

ɜɪɪɪ ɇVɆ  ,(6.5.9) 

 
ɝɞɟ ɞɥɹ ɨɛɪɚɬɧɨɣ ɥɨɩɚɬɵ ɩɪɢ 365,0 ɦVɤ  65,2ɦɆ ɱɟɥ.. ɱɚɫ, ɞɥɹ ɞɪɚɝɥɚɣɧɚ ɩɪɢ

365,0 ɦVɤ  62,2ɦɆ  ɱɟɥ.. ɱɚɫ 
ɇɜɪ – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 1 ɦ3 ɝɪɭɧɬɚ ɜɪɭɱɧɭɸ, ɇɜɪ=1,2 ɱ  
 

1822,17,151  ɪɆ  
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003,0
7,57034

18248,179,165,2



ɨɥ

ɬɪM ɱ/ɦ3. 

 

003,0
7,57034

18248,179,162,2. 


ɞɪ
ɬɪM ɱ/ɦ3 

 
Ɍɚɛɥɢɰɚ 17−Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɂɧɚɱɟɧɢɹ 
Ɉ Ʌ Ⱦɪɚɝɥɚɣɧ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ, 
ɫɦɟɧ 

157 174 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ, ɪɭɛ. 0,24 0,25 
Ɍɪɭɞɨɟɦɤɨɫɬɶ ɨɬɪɵɜɤɢ ɱ/ɦ 3  0,003 0,003 

 
Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ: 
ɄȺɆȺɁ -55-11 
ɗɤɫɤɚɜɚɬɨɪ ɫ ɨɛɪɚɬɧɨɣ ɥɨɩɚɬɨɣ ɗɈ-4121Ⱥ 
Ɉɛɴɟɦ ɤɨɜɲɚ- 0,65 ɦ3 
Ȼɭɥɶɞɨɡɟɪ ȾɁ- 117 (ɛɚɡɨɜɚɹ ɦɚɲɢɧɚ Ɍ -130Ɇ –Ƚ.1 ) 

 
 

6.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɡɚɛɨɹ 
 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɛɪɨɜɤɢ ɬɪɚɧɲɟɢ ɞɨ ɨɫɧɨɜɚɧɢɹ ɨɬɜɚɥɚ 
 

)1(2 mhɚ                                                                          (6.6.1) 
 

ɦɚ 725,1)75,01(9,6   
 
Ɉɛɳɚɹ ɲɢɪɢɧɚ ɡɚɛɨɹ ɪɚɜɧɚ (ɪɢɫ. 8) 
 

 
 

Ɋɢɫɭɧɨɤ8 − ɋɯɟɦɚ ɡɚɛɨɹ 
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bɚȿȺ ɫɪ                                                                                                 (6.6.2) 
 

ɦȺ 725,1711725,15   
 

ɉɨɥɨɠɟɧɢɟ ɨɫɢ ɞɜɢɠɟɧɢɹ ɷɤɫɤɚɜɚɬɨɪɚ ɦɨɠɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɨɫɶɸ ɬɪɚɧɲɟɢ 
ɢɥɢ ɦɨɠɟɬ ɛɵɬɶ ɫɦɟɳɟɧɚ ɧɚ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜ ɫɬɨɪɨɧɭ ɨɬɜɚɥɚ. 

ȼɵɛɢɪɚɟɬɫɹ ɩɟɪɜɵɣ ɫɥɭɱɚɣ, ɟɫɥɢ ɜɵɩɨɥɧ6ɹɟɬɫɹ ɭɫɥɨɜɢɟ: 
 

1ARɜ  ,                                (6.6.3) 
 

ba
ȼ

A 
21    (6.6.4) 

 

ɦA 58,7
2

11
725,1

2

7,0
1   

 
ɦAɦRɜ 58,78,7 1  . 

 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ  ɜɵɩɨɥɧɹɟɬɫɹ, ɡɧɚɱɢɬ, ɨɫɶ ɞɜɢɠɟɧɢɹ ɷɤɫɤɚɜɚɬɨɪɚ ɩɨ 

ɫɜɨɟɦɭ ɩɨɥɨɠɟɧɢɸ ɫɨɜɩɚɞɚɟɬ ɫ ɨɫɶɸ ɬɪɚɧɲɟɢ 
 

6.7 ȼɵɛɨɪ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɦɨɧɬɚɠɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, 
ɤɨɥɨɞɰɟɜ ɢ ɚɪɦɚɬɭɪɵ 

 
Ⱦɥɹ ɭɤɥɚɞɤɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɫɛɨɪɤɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɥɨɞɰɟɜ, ɭɫɬɚɧɨɜɤɢ 

ɚɪɦɚɬɭɪɵ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɢɥɢ ɩɧɟɜɦɨɤɨɥɟɫɧɵɟ 
ɤɪɚɧɵ. 

ɉɪɢ ɜɵɛɨɪɟ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɱɢɬɵɜɚɸɬ ɦɚɫɫɵ ɜɫɟɯ 
ɦɨɧɬɢɪɭɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɵɛɢɪɚɸɬ ɫɚɦɭɸ ɛɨɥɶɲɭɸ ɢ ɫ ɭɱɟɬɨɦ ɦɚɫɫɵ 
ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɬɪɟɛɭɟɦɭɸ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 
ɤɪɚɧɚ. 

Ɍɪɟɛɭɟɦɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɪɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɝɪKMG  ,                        (6.7.1) 

 
ɝɞɟ Ɇ – ɦɚɫɫɚ ɫɚɦɨɝɨ ɬɹɠɟɥɨɝɨ ɷɥɟɦɟɧɬɚ, ɬ; 
Ʉɝɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɚɫɫɭ ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, 
Ʉɝɪ=1,1. 

 
1,11,11 G ɬ. 

 
ȼɬɨɪɵɦ ɭɫɥɨɜɢɟɦ ɩɨɞɛɨɪɚ ɤɪɚɧɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ 

ɜɵɥɟɬɚ ɫɬɪɟɥɵ. 
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ɉɟɪɟɞ ɨɩɪɟɞɟɥɟɧɢɟɦ ɬɪɟɛɭɟɦɨɝɨ ɜɵɥɟɬɚ ɫɬɪɟɥɵ ɧɚɦɟɱɚɸɬ ɪɚɛɨɱɟɟ 
ɩɨɥɨɠɟɧɢɟ ɤɪɚɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɪɚɧɲɟɟ ɢ ɦɨɧɬɢɪɭɟɦɵɦ ɷɥɟɦɟɧɬɚɦ. Ʉɪɚɧ 
ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɫɜɨɛɨɞɧɨɣ ɨɬ ɨɬɜɚɥɚ ɫɬɨɪɨɧɟ ɬɪɚɧɲɟɢ. ɇɚ ɷɬɨɣ ɠɟ ɫɬɨɪɨɧɟ 
ɬɪɚɧɲɟɢ ɪɚɫɩɨɥɚɝɚɸɬ ɡɚɝɨɬɨɜɤɢ ɬɪɭɛ ɷɥɟɦɟɧɬɨɜ ɤɨɥɨɞɰɟɜ ɢ ɚɪɦɚɬɭɪɭ. 

Ɉɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɵɣ ɜɵɥɟɬ ɫɬɪɟɥɵ ɩɨ ɮɨɪɦɭɥɟ: 
 

'
4

'
32 2

2,1
2

a
Ȼ

ahm
B

L ɤɪ
ɫɬɪ  ,                             (6.7.2) 

 
ɝɞɟ Ȼɤɪ – ɛɚɡɚ ɤɪɚɧɚ – ɲɢɪɢɧɚ ɤɨɥɟɢ ɤɪɚɧɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 2,5 ɦ; 
A3

’ – ɲɢɪɢɧɚ ɦɟɫɬɚ ɡɚɧɢɦɚɟɦɨɝɨ ɦɨɧɬɢɪɭɟɦɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, a1
’=2,5ɦ; 

a4
’ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɨɧɬɢɪɭɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɞɨ ɤɪɚɧɚ, ɪɚɜɧɨɟ 1 ɦ. 

 

31,111
2

5,2
5,29,675,02,1

2

7,0
ɫɬɪL ɦ 

 
ȼɵɛɢɪɚɟɦ ɤɪɚɧ ɦɚɪɤɢ Ʉɋ 3562Ȼ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ – 10 

ɬ, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɵɥɟɬɟ ɫɬɪɟɥɵ – 1,2ɬ, 
ȼɵɥɟɬ ɤɪɸɤɚ (ɫɬɪɟɥɵ) ɪɚɜɟɧ 4−10 ɦ,  
Ɇɚɪɤɚ ɛɚɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɆȺɁ 5334, 
Ɂɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ – ɡɚɜɨɞ ɂɜɚɧɨɜɫɤɢɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ. 
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ɁȺɄɅɘЧȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɝɪɚɮɢɱɟɫɤɚɹ 
ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɜɨɞɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɪɟɛɨɜɚɧɢɹɦ 
ɋɚɧɉɢɇ 2.1.4.10.74-01. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 
 

ȼȻ – ɜɨɞɨɧɚɩɨɪɧɨɣ ɛɚɲɧɢ; 
ɇɋ – ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ; 
ɇɎ – ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ; 
ɈɏȺ – ɨɤɫɢɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ; 
ɋȺ – ɫɭɥɶɮɚɬ ɚɥɸɦɢɧɢɹ ; 
ɍɎ – ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ; 
ɘɁȼɋ – ɸɝɨ-ɡɚɩɚɞɧɚɹ ɜɨɞɨɩɪɨɜɨɞɧɚɹ ɫɬɚɧɰɢɢ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 
 
1 ɋɉ 31.13330.2012 ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. 
Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 2.04.02-84*  
2 ɂɧɠɟɧɟɪɧɵɟ ɫɟɬɢ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ: ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / 
ȿ.ɇ. Ȼɭɯɚɪɤɢɧ, Ʉ.ɋ. Ɉɪɥɨɜ, Ɉ.Ɋ. ɋɚɦɭɫɶ ɢ ɞɪ./ ɩɨɞ ɪɟɞ. ɘ.ɉ. ɋɨɫɧɢɧɚ– 3 – ɟ 
ɢɡɞ., ɢɫɩɪ. – Ɇ.: ȼɵɫɲ. ɲɤ., 2009. – 415 ɫ. 
3 ȼɨɞɨɫɧɚɛɠɟɧɢɟ, ɜɨɞɨɨɬɜɟɞɟɧɢɟ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ: ɫɩɪɚɜɨɱɧɢɤ. – 
Ɇ.: ɋɬɪɨɣɢɧɮɨɪɦ, 2006. – 456 ɫ. 
4 ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ: ɫɩɪɚɜɨɱɧɢɤ 
ɝ. – 106 ɫ. / Ȼ.ɇ. Ɋɟɩɢɧ, ɋ.ɋ. Ɂɚɩɨɪɨɠɟɰ, ȼ.ɇ. ȿɪɟɫɧɨɜ ɢ ɞɪ./ ɩɨɞ ɪɟɞ. Ȼ.ɇ. 
Ɋɟɩɢɧɚ. – Ɇ.: ȼɵɫɲ. ɲɤ., 1995. – 431 ɫ. 
5 ɀɭɪɛɚ Ɇ.Ƚ. ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɢ ɫɨɨɪɭɠɟɧɢɣ.  
ɜ 3-ɯ ɬ.  /Ɇ.Ƚ. ɀɭɪɛɚ, Ʌ.ɂ. ɋɨɤɨɥɨɜ, ɀ.Ɇ. Ƚɨɜɨɪɨɜɚ / ɩɨɞ ɪɟɞ. Ɇ.Ƚ. ɀɭɪɛɵ. – 
Ɇ.: Ⱥɋȼ, 2010. 
6 ɗɤɫɩɥɭɚɬɚɰɢɹ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɚɧɚɥɢɡɚɰɢɢ ɢ ɝɚɡɨɫɧɚɛɠɟɧɢɹ: 
ɋɩɪɚɜɨɱɧɢɤ/ɉɨɞ ɪɟɞ. ȼ. Ⱦ. Ⱦɦɢɬɪɢɟɜɚ, Ȼ. Ƚ. Ɇɢɲɭɤɨɜɚ. – 3-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ 
ɞɨɩ. Ʌ.: ɋɬɪɨɣɢɡɞɚɬ, Ʌɟɧɢɧɝɪ. ɨɬɞ-ɧɢɟ,1988. – 383 ɫ. 
7 ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. ɋɇɢɉ 2.04.02-84 – Ɇ.: ɎȽɍɉ 
ɐɉɉ, 2007. – 128 ɫ. 
8 ɋɚɧɉɢɇ 2.1.4 1074-01 ɉɢɬɶɟɜɚɹ ɜɨɞɚ. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ 
ɜɨɞɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ. 
ɋɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɚɜɢɥɚ ɢ ɧɨɪɦɵ. – Ɇ.: ɂɂɐ 
Ƚɨɫɤɨɦɫɚɧɷɩɢɞɧɚɞɡɨɪ Ɋɨɫɫɢɢ, 2001. – 104 ɫ.  
9 Ȼɭɯɚɪɤɢɧ ȿ.ɇ., ɂɧɠɟɧɟɪɧɵɟ ɫɟɬɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ Ɇ.: 
ȼɵɫɲ. ɲɤ. 2009. 
10 ɒɟɜɟɥёɜ Ɏ.Ⱥ., Ɍɚɛɥɢɰɵ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ / 
Ɏ.Ⱥ. ɒɟɜɟɥɟɜ, Ⱥ.Ɏ. ɒɟɜɟɥɟɜ Ɇ.: ɈɈɈ «Ȼɚɫɬɟɬ», 2007, 350 ɫ. 
11Ʉɥɚɫɫɢɮɢɤɚɬɨɪɵ ɬɟɯɧɨɥɨɝɢɣ ɨɱɢɫɬɤɢ ɩɪɢɪɨɞɧɵɯ ɜɨɞ /Ɇ.Ƚ. ɀɭɪɛɚ, Ⱥ.ɉ. 
ɇɟɱɚɟɜ, Ƚ.Ⱥ. ɂɜɥɟɜɚ, ɀ.Ɇ. Ƚɨɜɨɪɨɜɚ. - Ɇ.: ɇɂɂ ȼɈȾ ȽȿɈ, 2000. 118 ɫ. 
12Ʌɢɧɟɜɢɱ. ɋ.ɇ., Ʉɨɚɝɭɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɨɞɨɨɛɪɚɛɨɬɤɢ: ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 
ɢ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ / ɋ.ɇ. Ʌɢɧɟɜɢɱ, ɋ.ȼ. Ƚɟɬɦɚɧɰɟɜ−Ɇ.:ɇɚɭɤɚ, 2007. 
−230 ɫ. 
13Ɏɪɨɝ Ȼ.ɇ., ȼɨɞɨɩɨɞɝɨɬɨɜɤɚ / Ȼ.ɇ. Ɏɪɨɝ, Ⱥ.ɉ. Ʌɟɜɱɟɧɤɨ, - Ɇ.: Ⱥɫɫɨɰɢɚɰɢɹ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɜɭɡɨɜ, - 2007. – 655ɫ. 
14Ɇɟɦɛɪɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɢ ɜ Ɋɨɫɫɢɢ, 
ɞɨɤɥɚɞ ɏɪɚɦɟɧɤɨɜ, ɋ.ȼ., Ȼɥɚɝɨɜɚ Ɉ.ȿ., ɆȽɍɉ «Ɇɨɫɜɨɞɨɤɚɧɚɥ», Ɇɨɫɤɜɚ, 
105005, Ɋɨɫɫɢɹ, ɉɥɟɬɟɲɤɨɜɫɤɢɣ ɩɟɪɟɭɥɨɤ, 2., 2008 ɝ, http://www. 
mosvodokanal.ru 2008 ɝɨɞ 
15Ȼɪɟɞɢɯɢɧ Ɇ.ɇ., Ɇɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ ɜɨɞɵ // ɷɥɟɤɬɪɨɧɧɵɣ ɠɭɪɧɚɥ 
«ɂɧɧɨɜɚɰɢɢ. Ɍɟɯɧɨɥɨɝɢɢ. Ɋɟɲɟɧɢɹ 2010ɝ., http://www.infraspac.narod.ru/» 
16Ⱥɥɟɤɫɟɟɜ Ʌ.ɉ., Ɉɡɨɧɢɪɨɜɚɧɢɟ ɜ ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ ɩɪɢɪɨɞɧɵɯ ɜɨɞ / 
Ⱥɥɟɤɫɟɟɜ Ʌ.ɉ., Ⱦɪɚɝɢɧɫɤɢɣ ȼ.Ʌ. // ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɫɚɧɢɬɚɪɧɚɹ ɬɟɯɧɢɤɚ 2007, 
№4,  

http://www.infraspac.narod.ru/
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17ɋɇɢɉ 2.04.03 – 85 Ʉɚɧɚɥɢɡɚɰɢɹ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. – Ɇ.: ɎȽɍɉ 
ɐɉɉ. 2006 – 87 ɫ. 
18Ʉɚɧɚɥɢɡɚɰɢɹ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ 
ɋɇɢɉ 2.04.03-85 ɋɜɨɞ ɩɪɚɜɢɥ ɋɉ 32.13330. 2012 Ɇ.: 2012. 
19Ʉɨɥɨɜɚ Ⱥ.Ɏ., ȼɨɞɨɨɬɜɟɞɟɧɢɟ ɢ ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ. Ɉɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɝɨɪɨɞɫɤɨɣ ɤɚɧɚɥɢɡɚɰɢɢ: ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ / Ⱥ.Ɏ. Ʉɨɥɨɜɚ, Ɍ.ə. ɉɚɡɟɧɤɨ. – Ʉɪɫɧɨɹɪɫɤ, ɋɎɍ 
2012,  48 ɫ. 
20Ⱥɦɛɪɨɫɨɜɚ Ƚ.Ɍ., Ɉɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɤɚɧɚɥɢɡɚɰɢɢ. ɑɚɫɬɶ 5. Ɋɚɫɱɟɬ 
ɧɢɬɪɢɮɢɤɚɬɨɪɚ-ɞɟɧɢɬɪɢɮɢɤɚɬɨɪɚ. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɤ ɤɭɪɫɨɜɨɦɭ ɢ 
ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 290800 
ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ / Ƚ. Ɍ. Ⱥɦɛɪɨɫɨɜɚ, Ɉ.ɉ. ɐɜɟɬɤɨɜɚ, Ɉ.ȼ. 
Ʉɫɟɧɨɮɨɧɬɨɜɚ, ɇ.Ɇ. Ƚɪɟɛɟɧɧɢɤɨɜɚ, Ɍ.Ⱥ. Ȼɨɣɤɨ, ɋɢɛɫɬɪɢɧ, ɇɨɜɨɫɢɛɢɪɫɤ, 2005. 
21ɂɜɚɧɨɜ, ȼ.Ƚ. ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / 
ɉȽɍɉɋ, ɋɉɛ, 2003, 536 ɫ. 
22Ƚɭɫɚɤɨɜɫɤɢɣ, ȼ.Ȼ. ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɍɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ / ȼ.Ȼ. Ƚɭɫɚɤɨɜɫɤɢɣ, ȿ.ɗ. ȼɭɝɥɢɧɫɤɚɹɋɉɛȽȺɋɍ. – ɋɉɛ., 2003, 155 ɫ. 
23ȼɨɥɨɲɟɧɤɨ, Ⱥ. ȼ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / Ⱥ. ȼ. ȼɨɥɨɲɟɧɤɨ, Ⱦ. Ȼ. Ƚɨɪɛɭɧɨɜ. – Ɍɨɦɫɤ: 
ɂɡɞ–ɜɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 2011. – 108 ɫ. 
24Ⱦɶɹɤɨɧɨɜ, ȼ.ɉ. MATLAB 6.5 SP1/7 + Simulink 5/6 ɜ ɦɚɬɟɦɚɬɢɤɟ ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ / ȼ.ɉ. Ⱦɶɹɤɨɧɨɜ. –Ɇ.: ɋɈɅɈɇ-ɉɪɟɫɫ, 2005. – 576 ɫ 
25ɂɜɲɢɧ, ȼ.ɉ. ɋɨɜɪɟɦɟɧɧɚɹ ɚɜɬɨɦɚɬɢɤɚ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ.ɉ. ɂɜɲɢɧ, Ɇ.ɘ. ɉɟɪɭɯɢɧ. 
– Ɇ.: ɇɂɐ ɂɇɎɊȺ-Ɇ, 2014. – 400 ɫ. – (ȼɈ: Ȼɚɤɚɥɚɜɪɢɚɬ). 
26Ɋɭɥɶɧɨɜ, Ⱥ. Ⱥ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɹ / Ⱥ.Ⱥ. 
Ɋɭɥɶɧɨɜ, Ʉ.ɘ. ȿɜɫɬɚɮɶɟɜ. – Ɇɨɫɤɜɚ : ɂɇɎɊȺ-Ɇ, 2012. – 204 ɫ. 
27ɋɇɢɉ 2.01.01-82 ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ ɢ ɝɟɨɮɢɡɢɤɚ /Ƚɨɫɫɬɪɨɣ ɋɋɋɊ 
Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1983. 
28ɋɉ 31.13330. 2012 ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. 
Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉɚ 2.04.02-84*. 
29Ɋɟɩɢɧ Ȼ.ɇ., ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ: 
ɋɩɪɚɜɨɱɧɢɤ / Ȼ ɇ. Ɋɟɩɢɧ, ɋ.ɋ. Ɂɚɩɨɪɨɠɟɰ, ȼ.ɇ. ȿɪɟɫɧɨɜ, ɇ.ɋ. ɢ ɞɪ. ɉɨɞ ɪɟɞ. 
Ɋɟɩɢɧɚ Ȼ.ɇ. Ɇ.: ȼɵɫɲ. ɲɤ. 1995 – 431 ɫ. 
30ɌɭɝɚɣA.M ., ȼɨɞɨɫɧɚɛɠɟɧɢɟ. Ʉɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ /A.M . Ɍɭɝɚɣ, B.E. 
Ɍɟɪɧɨɜɰɟɜ. Ʉɢɟɜ: ȼɵɳɚɲɤ., 1980. 
31Ⱥɛɪɚɦɨɜ ɇ.ɇ., ȼɨɞɨɫɧɚɛɠɟɧɢɟ. Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1974. 
32Ʉɭɪɝɚɧɨɜ Ⱥ.Ɇ., ȼɨɞɨɡɚɛɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɫɢɫɬɟɦ ɤɨɦɦɭɧɚɥɶɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, Ɇ.: «Ⱥɋȼ», ɋɉȻ.: ɝɨɫ.ɚɪɯɢɜ – ɫɬɪɨɢɬ. ɭɧɢɜɟɪ. 1998. 
33ɀɭɪɛɚ, Ɇ.Ƚ. ɉɟɧɨɩɨɥɢɫɬɢɪɨɥɶɧɵɟ ɮɢɥɶɬɪɵ /Ɇ.Ƚ. ɀɭɪɛɚ. - Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 
1992. 173 ɫ. 
34ɉɪɚɜɢɥɚ ɨɯɪɚɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ. Ɍɢɩɨɜɵɟ ɪɟɲɟɧɢɹ. Ƚɨɫɤɨɦɩɪɢɪɨɞɚ 
ɋɋɋɊ, Ɇ.: 1991. 

http://www.twirpx.com/file/15625/
http://www.twirpx.com/file/15625/
http://znanium.com/catalog.php?item=author&code=137493
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35ɉɨɩɤɨɜɢɱ, Ƚ.ɋ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɹ / Ƚ. 
ɋ. ɉɨɩɤɨɜɢɱ, Ɇ.Ⱥ. Ƚɨɪɞɟɟɜ. – Ɇ.: ȼɵɫɲ. ɲɤ., 1986. – 392 ɫ. 
36ɉɨɩɨɜ, ȿ. ɉ. Ɍɟɨɪɢɹ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ 
ɭɩɪɚɜɥɟɧɢɹ / ȿ.ɉ. ɉɨɩɨɜ. – Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ ɇɚɭɤɚ, Ƚɥɚɜɧɚɹ ɪɟɞɚɤɰɢɹ ɮɢɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ, 1989. – 304 ɫ. 
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Условные обозначения
ВБ   -водонапорная башня
НСI -насосная станция I подъема
НСII-насосная станция II подъема
ПП  -промышленное проедприятие

1
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Проектирование системы водоснабжения
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Профиль реки и схема руслового водозабора
М1:100; План берегового колодца М1:50;

Водоприёмный оголовок М1:25;  Вращающиеся
сетки М1:10.

НаименованиеПоз.

1

2

3

4

5

6

7

8

51,6
Hmin=52,2

Hлёд=53,08

Hmax=54,5

D=400мм

Профиль реки и схема руслового водозабора М1:100

А А

А-А

Водоприёмный оголовок М1:25

План берегового колодца М1:50

Б Б

50,7

56,5

59,1

61,2

62,7

5
8

0
0

2
6

0
0

2
7

0
0

51,2

7
3

Вращающиеся
сетки М1:25

Курилина Т.А.

Разраб.
Руковод.

Зав.каф.

Сибирский федеральный университет
Инженерно-строительный институт

 Стадия  Лист
 Лист Изм. № докум.  Подпись Дата

Курилина Т.А.Консульт.
Н.Контр.

 Листов

Кафедра ИСЗиС

Р 2

9

10

Подземная часть станции

Надземная часть станции

Самотечные трубопроводы

Вращающиеся сетки

Насосы марки Д1600-90А

Вакуумные насосы ВВН 1-1,5

Водоприемный оголовок

Всасывающие трубопроводы

Напорные трубопроводы

Кран-балка радиальная

A-A

A

A

Б

Б

Насос марки Д1600-90А Вакуумные насосы ВВН 1-1,5

5 98

2

4
6

10 1

Н
ап

ра
вл

ен
ие

 д
ви

же
ни

я 
си

т

Лоток сбросной

Фланец
промывной
воды
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B7

В1

АО

АО

В1

R3

R1

АО
В1

R3

АО

R6

R2

R6

B8

R5

R5

R5

К5

АО

К5

Бак для хранения промывной
воды

Вихревой смеситель

Осветвлитель со взвешенным слоем осадка

Скорый фильтр

Резервуар чистой воды
Установка ультрафиолетового
обеззараживания

Вакуум-бункер

Сатуратор Вакуум-насос

Песколовка

ШламоуплотнительВакуум фильтр

Резервуар промывной воды

На утилизацию

Растворно-хранилищный бак коагулянта

Расходный бак
коагулянта

Насос дозатор
коагулянта

Кран ручной г/п 1 шт.

Установка для приготовления полиариламида

Расходный бак раствора полиакриламида

Гидромешалка

Гидроциклон

Насос дозатор
Циркуляционный
насос Насос перекачки и циркуляции изв.

молока

Гидромешалка М2

Известегасилка
 СМ 1247А

Бункер

Бак
известкового теста

NaClONaCl

Высотная схема обработки воды

2.400

2.400

-1.800

-1.800

-2.400

-1.800

0.000

6.800

6.500

4.700

3.600

6.000

Условные обозначения:
-В1- Трубопровод чистой и промышленной воды
-В7- Трубопровод исходной воды
-В8- Трубопровод осветленной воды
-R1- Трубопровод раствора коагулянта
-R2- Трубопровод раствора полиакриламида
-R3- Трубопровод ивесткового молока
-R5- Трубопровод подачи хлора
-R6- Трубопровод раствора кремнефтористого натрия
-К5- Трубопровод отвода осадка
-АО- Трубопровод сжатого воздуха

Пандус

Реактор вторичного озонирования

Сорбционный
фильтр

Реактор первичного озонирования

Моторный грейфер

Разраб.
Руковод.

Зав.каф.

Высотная схема обработки воды
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Подача исходной воды
    на станцию
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1

А

К

6

+2.200

1
2
0

0.000

 Песковые
площадки

Котельная

Место для
проходной

Г

В

17

К3⌀500

К5

К5
К3

⌀1
5
0

⌀1
5
0

К3⌀200
⌀100

К3

⌀150К3⌀150

К3 ⌀150К3

К3⌀150

⌀150

⌀150К3

К3

К3⌀100

⌀100

К13 ⌀600

⌀2
0
0

⌀250

13

К1
3

⌀6
0
0

К14 ⌀300

К14

⌀4
0
0

⌀4
0
0

К1
4

⌀5
0
0

⌀4
0
0

⌀400

К1 ⌀150

К3
⌀2

0
0

К1
⌀1

0
0

К1 ⌀150

В1
0

⌀1
5
0

⌀150 В10

В7

⌀4
0
0

⌀4
0
0

В7

В7В1

В1⌀500
В1

⌀6
0
0

⌀6
0
0

К1
4

⌀5
0
0

ПГ-3ПГ-3

В1

ПГ-2
В1В1

ПГ-1
⌀150

⌀500

В1 ⌀250

К1
5

⌀2
0
0

⌀3
0
0

В1

⌀4
0
0

⌀4
0
0

В1
В1

⌀6
0
0

В1

  Отвод воды
к потребителю

 В ливневую
канализацию В производственную

    канализацию

    На сооружения
обезвоживания осадка

К14

R5

1

Генплан очистных сооружений  М 1:500

№ по
плану Наименование здания (сооружения) № типового

проекта
Главный корпус для станции очистки воды поверхностных
источников мутностью до 250 мг/л производительносью 25.6 тыс.
м3/сут.

1

2
Электролизная гипохлорита натрия для обеззараживания
питьевых вод

3
Резервуары для воды прямоугольные железобетонные сборные
емкостью  2000 м3

4
Фильтры поглотители для резервуаров чистой воды
емкостью от 2500 до 3600 м3

5

Сооружения для повторного использования промывки фильтров
для станции очистки воды поверхностных источников с содержа-
нием взвешанных веществ до 2500 мг/л производительностью
12,5-32тыс. м3/сут

6

Сооружения обработки осадка для станции очистки воды
поверхностных источников с содержанием взвешанных веществ
до 2500 мг/л производительностью 12,5-32 тыс. м3/сут

7 Башня для хранения промывной воды с баком емкостью 300м³

901-3-250.88

901-7-6.84

901-4-74.83

901-9-18.1.87

901-3-147

901-3-157

901-3-25

Экспликация зданий и сооружений

Условные обозначения

В1 Хозяйственно-питьевой трубопровод
В7 Трубопровод исходной воды

В10 Трубопровод возврата осветленной воды в голову сооружений

R5 Трубопровод хлорной воды
К1 Трубопровод хозяйственно-бытовой канализации
К3 Трубопровод производственной канализации
К5 Трубопровод отвода осадка

К13 Трубопровод отвода промывной воды от фильтров
К14 Трубопровод переливов от сооружений

Разраб.
Руковод.

Зав.каф.

Генплан очистных сооружений
М1:500

 Стадия  Лист
 Лист Изм. № докум.  Подпись Дата

Курилина Т.А.Консульт.
Н.Контр.

 Листов

Кафедра ИСЗиС

З В

С

Ю

R5

0.000

8

4

1

А

R
4

R4 Трубопровод подачи озона

8
Озонаторная с производительностью озона 4.2 кг/час. Тип
озонаторов П-160. Завод изготовитель "КурганХимМаш"

4

4
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Курилина Т.А.
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21 15 20 21

403938

КС-3562Б

ДЗ-117

ДЗ-117

КС-3562Б

КС-3562Б

ЭО-4121А

бульдозером.
слоя грунта
Срез растительного

2.2т.
грузоп.

800 кг.
масса
50 кг.
масса
1280 кг.
масса

130 кг.
масса
1000 кг.
масса

1420 кг.
масса

Т-130М-Г.1
баз.трак.
10 т.
грузоп.

Vk=0,65 м

144 кг.
масса

342 кг.
масса

20

20

20

20

40

20

1

1

1

1

20

190

КЦО-2

КЦО-1

КЦП1-15

КЦ7-3

КЦ-15-9

ПН20-1

9698-86

КС-3573А

ДЗ-117

КамАЗ-5511

Э 652 Б

18599-2001

Плита опорная

Кольцо опорное

Плита перекрытия

Кольцо стеновое 

Кольцо стеновое 

Плита днища

Кран

Бульдозер

Автосамосвал

Экскаватор драглайн

Задвижка чугунная D400

Труба пластмассовая D400

12.

11.

10.

9.

8.

7.

6.

5.

4.

3.

2.

1.

Прим-е.шт.
Кол-во

ГОСТ
Марка,НаименованиеN

35 36 3733 3431 32 Количество 
рабочих дней.

28 2926 2724 2522 2319 2017 1814 1512 13 16 21

16

14

15

Количество 
рабочих, чел.

11

12

9

10

13

10 118 95 63 4 7

6

7

4

5

2

1

1

3

2

8

30

ИюльИюнь

3х3

3х3

2х3

2х2

2х1

2х6

2х2

3 2

91 2 3 4 5 6 7 8 10 1112 1314 15 16 17 18 19 20 2122 23 24 25 26 27 28 29 30 3132 33 34 35 36 37 38 3940

17 18 193 4 5 6 7 8 9 10 1112 13 14 16 96 7 8 1054302928 1 2 3272625242322

151,7

56883

57034,7

15,7

136

368

4799

52084

0,7 0,2

0.2 1900

1846

54

420.2

5,25

5

0,6

0,7

42

10,2

0,7

0,6

0,7

42

10,2

8,2

2

1

в

2

1

Vр

Vм

V

Vр
Vр

Vо

Vм

Vм

ручной
В том числе
механизированый
В том числе
Объщий объем
Рытье приямков
Разработка недобора

пределы строительства
Вывоз грунта в отвал за
под колодцы
Разработка котлованов

Разработка траншеи

Ручные земляные работы

Механизированые земляные работы
-тво.

Количес-
-чение.

Обозна-
плотном теле.Объем грунта в

м
Длина,

м
Глубина,

понизуповерху
Ширина,м

Основные параметры выемки

Вид работы.

Баланс объемов земляных работ

График передвижения рабочей силы

Календарный план производства работ

113ДЗ-117251,615,58
31000м

3 2

1

3

3

3

2

3

1

6

1

2

1

2

3

3

2

2

1

2

2

1

2

1

1

3

10

5

4

1

6

6

1

5

1

13

Вручную

КамАЗ

Вручную

ЭО-4121А

182,04

5,52

625

1.2

1.5

1.2

18,7

247

682,6

247

118.68

10

-

570

7,362.0

0.3

0.2

0.5

1.2

130

1.2

130

1.215,58

1,9

568,8

1.9

98.9

20

-

1900

3,68

151,7

3,68

520,8

Машинист
6 разряда.

6 разряда.
Машинист

6 разряда.
Машинист

ряда.
Землекоп 1 раз-
ряда.
Землекоп 3 раз-

Шофер II-кл.

6,4,3,2 разряда.
Монтажники

6 разряда.
Машинист

разряда.
провода 5,3,2
ружного трубо-
Монтажники на

1 разряда.

2 разряда.
Землекоп

разряда.
провода 5,4,2
ружного трубо-
Монтажники на

6 разряда.
Машинист

6 разряда.
Машинист

разряда.
провода 5,4,2
ружного трубо-
Монтажники на

100м 3

100м 3

31м

3100м

1п.м.

смена
машина

шт

31м

1км

100м 3

1км

21000м
бульдозером.
площади
Планировка

-тание.
лическое испы-
Приемочное гидрав- 

бульдозером.
Засыпка траншеи

испытание.
гидравлическое
Предварительное

с трамбованием.
пазух трубопрвода
Засыпка грунтом

с помощью крана.
Монтаж колодцев

монтаже труб.
Работа крана на 

помощью крана.
Укладка труб с

8 т.
грузоподъемностью
км. КамАЗом 5511
Вывоз грунта на 3 

ямков вручную.
и разработка при-
Доработка траншеи

в транспорт.
драглайном

Разработка траншеи
экскав-м. с 

тимостью 0.65м  
ной лопатой вмес-   
экскав-м. с обрат-
Разработка траншеи

13.

12.

11.

10.

9.

8.

7.

6.

5.

4.

3.

2.

1.

N количество)
состав,
(профессия,
Состав бригады 

смену.
  в
рабочих
Кол-во

смен.
-во
Кол-

  дни.
сть работ,
-жительно
Продол-

низмов.
-ных меха-
ние машин-
Наименова-

чел*час.
емкость,
Трудо-

час.
чел*

-ни.
време-
Норма

во.
Кол-

изм.
Един.

Объем работ. Наименование 

-5511

работ.

Спецификация

11

41

17

18

19

20

21

22

23

24

25

41

26

27

28

29

30

2х1

1х3

1х1

1х1

42 43

12 13

42 43

1х1

Гидроизоляция 10мм
битумная

Плита днища ПН20-1

Гравийная подготовка
толщиной 150мм

Бетонная подготовка
М50 толщиной 50мм

Место установки
задвижки

Труба полиэтиленовая
Ø400

Кольцо стеновое КЦ-10-9
КЦ-10-6

1500

Плита перекрытия
КЦП1-15700

Кольцо стеновое КЦ7-9
Плита опорная КЦО-2

Кольцо опорное КЦО-1
Люк

Железобетонный колодец
М1:25

КЦ7-3

график передвижения рабочей силы
на строительстве городской

водопроводной сети

график передвижения рабочей силы
на участке сети

Ø

Ø

13.

380 кг.
масса

20КЦ7-9Кольцо стеновое 

Разраб.
Консул.
Руковод.
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Зав.каф.
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400

400

200

Схема укладки труб автокраном М1:100

Схема разработки траншеи экскаватором с обратной лопатой М1:100

Схема засыпки траншеи бульдозером М1:100

1
:1

ЭО4121А

1
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3800

КЦ15-9

ДЗ-117

ГОСТ 18599-2001
Пластмассовые трубы КЦП1-15

КЦО-2
КЦ7-3КЦД-15

ЭО4121А

Ось движения экскаватора

Rв=7800

Ось траншеи

Отрывка траншеиУкладка труб в траншеюЗаделка стыков трубЗасыпка траншеи

Колодец Ж/Б.

КС-3562Б

Заготовленные трубы
колодцев

Заготовленные элементы 

КС-3562Б

ДЗ-1171
:1

Временный водопровод ВК1
В1

В1 В1 ограждение
Временное инвентарное

Освещение

Туалет
Бытовки

Схема производства работ при прокладке пластмассового трубопровода                   , L=1900м,  М1:100

Схема размещения бытовых помещений М1:200
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Проектирование системы водоснабжения

населенного пункта из поверхностного источника

Схема производства работ при прокладки
пластмассового трубопровода, схема размещения

бытовых помещений,  схема укладки труб
автокраном,схема засыпки траншеи бульдозером.
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