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ɊȿɎȿɊȺɌ  
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɉɛɟɫɩɟɱɟɧɢɟ 

ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɫ. Ȼɚɣɤɢɬ» ɫɨɞɟɪɠɢɬ     

ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ – 71, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ – 36,  ɥɢɫɬɨɜ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ– 6.  

 ɉɈɋȿɅɈɄ ȻȺɃɄɂɌ, ɉɊɈɎɂɅɖ ȽɊɍɇɌȺ, ȼɈȾɈɋɇȻɀȿɇɂȿ, 

ɇȺɋɈɋɇȺə ɋɌȺɇɐɂə, ɋɌȺɇɐɂə ȼɈȾɈɈɑɂɋɌɄɂ, ɌȿɏɇɈɅɈȽɂə 

ɋɌɊɈɂɌȿɅɖɋɌȼȺ. 

 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɨɫɟɥɨɤ Ȼɚɣɤɢɬ. 

 ɐɟɥɶ ɪɚɛɨɬɵ: 

 -ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ; 

 -ɩɨɞɛɨɪ ɦɟɬɨɞɚ ɨɱɢɫɬɤɢ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 

 -ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ 

ɦɚɬɟɪɢɚɥɵ ɬɪɭɛ ɢ ɩɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɜ ɫɢɫɬɟɦɚɯ ɯɨɥɨɞɧɨɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɉɪɨɜɟɞɟɧ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ ɩɨɫɟɥɤɚ. Ɋɚɫɫɱɢɬɚɧɚ 

ɜɨɞɨɨɱɢɫɬɧɚɹ ɫɬɚɧɰɢɹ. ɉɨɞɨɛɪɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɨɱɢɫɬɤɢ ɜɨɞɵ. 

ɉɨɞɨɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɱɢɫɬɤɢ: ɤɚɪɤɚɫɧɨ-

ɳɟɥɟɜɨɣ ɮɢɥɶɬɪ ɧɚ ɜɨɞɨɡɚɛɨɪ, ɨɫɜɟɬɥɢɬɟɥɶɧɵɟ ɢ ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ, ɪɟɡɟɪɜɭɚɪ 

ɱɢɫɬɨɣ ɜɨɞɵ, ɪɟɡɟɪɜɭɚɪ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ, ɪɚɫɯɨɞɧɵɟ ɢ ɪɚɫɬɜɨɪɧɵɟ ɛɚɤɢ, 

ɤɨɧɬɚɤɬɧɚɹ ɤɚɦɟɪɚ, ɤɚɜɢɬɚɰɢɨɧɧɚɹ ɨɛɟɡɡɚɪɚɠɢɜɚɸɳɚɹ ɭɫɬɚɧɨɜɤɚ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɋɚɫɫɱɢɬɚɧ ɤɚɥɟɧɞɚɪɧɵɣ 

ɩɥɚɧ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɢ ɝɪɚɮɢɤ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ. ɉɨɞɨɛɪɚɧɵ 

ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ ɢ ɤɨɧɫɬɪɭɤɰɢɢ. 
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ȼȼȿȾȿɇɂȿ 

ɉɨɫɟɥɨɤ Ȼɚɣɤɢɬ ɪɚɫɩɨɥɨɠɟɧ ɜ ɗɜɟɧɤɢɣɫɤɨɦ ɦɭɧɢɰɢɩɚɥɶɧɨɦ ɪɚɣɨɧɟ. 
Ȼɚɣɤɢɬ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ ɪɟɤɢ ɉɨɞɤɚɦɟɧɧɚɹ Ɍɭɧɝɭɫɤɚ, ɜ ɦɟɫɬɟ 
ɜɩɚɞɟɧɢɹ ɜ ɧɟɟ ɪɟɤɢ Ȼɚɣɤɢɬɢɤ.  

ɘɠɧɚɹ ɝɪɚɧɢɰɚ ɩɨɫɟɥɟɧɢɹ, ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 2843 ɦɟɬɪɚ, ɩɪɨɯɨɞɢɬ ɩɨ 
ɩɪɚɜɨɦɭ ɛɟɪɟɝɭ ɪɟɤɢ ɉɨɞɤɚɦɟɧɧɚɹ Ɍɭɧɝɭɫɤɚ. 

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɫ. Ȼɚɣɤɢɬ ɫɨɫɬɚɜɥɹɟɬ 12,53 ɤɜ. ɤɦ , ɢɡ ɧɢɯ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 0,19 ɤɜ.ɤɦ, ɩɪɨɱɢɟ ɡɟɦɥɢ 12,34 ɤɜ.ɤɦ.  

Ɉɫɧɨɜɧɨɣ ɜɨɞɧɵɣ ɨɛɴɟɤɬ – ɪɟɤɚ ɉɨɞɤɚɦɟɧɧɚɹ Ɍɭɧɝɭɫɤɚ, ɩɪɚɜɵɣ ɩɪɢɬɨɤ 
ȿɧɢɫɟɹ. 

ɉɨɞɤɚɦɟɧɧɚɹ Ɍɭɧɝɭɫɤɚ ɩɟɪɟɫɟɤɚɟɬ ɫɪɟɞɧɟɬɚɟɠɧɨɟ ɬɪɚɩɩɨɜɨɟ ɩɥɚɬɨ ɜ 
ɫɪɟɞɧɟɣ ɟɝɨ ɱɚɫɬɢ ɫ ɜɨɫɬɨɤɚ ɧɚ ɡɚɩɚɞ. ɇɚ ɛɨɥɶɲɟɦ ɫɜɨɟɦ ɩɪɨɬɹɠɟɧɢɢ ɨɧɚ 
ɬɟɱɟɬ ɩɨ ɞɧɭ ɭɡɤɨɣ ɞɨɥɢɧɵ ɜ ɩɨɪɨɠɢɫɬɨɦ ɪɭɫɥɟ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɫɭɞɨɯɨɞɫɬɜɨ 
ɜɧɟ ɩɟɪɢɨɞɚ ɩɨɥɨɜɨɞɶɹ.  

ȼɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɜ 7 ɤɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɥɚ Ȼɚɣɤɢɬ ɜ ɪ. ɉ.Ɍɭɧɝɭɫɤɭ 
ɜɩɚɞɚɟɬ ɪ.ɑɭɧɹ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɫɟɥɚ ɜ ɪɟɤɭ ɜɩɚɞɚɸɬ ɪɭɱɶɢ ɢ ɦɚɥɵɟ ɪɟɤɢ: 
Ɇɚɥɵɣ ɢ Ȼɨɥɶɲɨɣ Ȼɚɣɤɢɬɢɤ, ɪɭɱ. Ɍɟɩɥɢɱɧɵɣ, ɛɟɡɵɦɹɧɧɵɟ ɪɭɱɶɢ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɫɟɥɤɨɜ ɜ ɪɚɣɨɧɚɯ ɤɪɚɣɧɟɝɨ 
ɫɟɜɟɪɚ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɨɱɢɫɬɤɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɢɯ ɧɟɮɬɟɩɪɨɞɭɤɬɵ. ɋɥɨɠɧɨɫɬɶ ɭɞɚɥɟɧɢɹ 
ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɩɪɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɵɟ 
ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɨɞɭ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ. 
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          1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

1.1 ɋɨɜɪɟɦɟɧɧɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɨɫɟɥɤɚ 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɩɨɫ. Ȼɚɣɤɢɬ ɞɟɣɫɬɜɭɟɬ ɡɨɧɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɞɨɫɧɚɛɠɟɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 
ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɨɬɨɩɢɬɟɥɶɧɵɟ ɤɨɬɟɥɶɧɵɟ. ȼɨɞɨɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ, 
ɩɨ ɞɚɧɧɵɦ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɶɸ ɢɡɧɨɫɚ. 

Ɉɛɳɟɫɬɜɟɧɧɨ-ɞɟɥɨɜɚɹ ɢ ɠɢɥɚɹ ɡɚɫɬɪɨɣɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɜɨɡɧɨɣ 
ɜɨɞɨɣ.  

ɋɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɫɨɫɬɚɜɟ: 
- ɥɨɤɚɥɶɧɵɟ ɫɟɬɢ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 
- ɜɨɞɨɡɚɛɨɪɧɵɟ ɫɤɜɚɠɢɧɵ  

ɋɟɬɢ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɨɥɨɠɟɧɵ ɩɨɞɡɟɦɧɨ, ɱɚɫɬɢɱɧɨ ɜ ɤɚɧɚɥɚɯ, 
ɫɨɜɦɟɫɬɧɨ ɫ ɫɟɬɹɦɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ƚɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ ɜɨɞɨɩɪɨɜɨɞɨɜ 
2,7-3ɦ. Ɇɚɬɟɪɢɚɥ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɬɚɥɶ. 

1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ 

ȼɨɞɨɩɨɬɪɟɛɢɬɟɥɹɦɢ ɩɨɫɟɥɤɚ Ȼɚɣɤɢɬ ɹɜɥɹɸɬɫɹ: 
-  ɧɚɫɟɥɟɧɢɟ; 
- ɨɛɴɟɤɬɵ ɫɨɰɤɭɥɶɬɛɵɬɚ; 
- ɩɪɟɞɩɪɢɹɬɢɹ ɦɟɫɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
ȼɦɟɫɬɟ ɫ ɷɬɢɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɡɟɥɟɧɵɯ 

ɧɚɫɚɠɞɟɧɢɣ, ɭɥɭɱɲɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɞɨɪɨɝ ɢ ɧɚ ɧɭɠɞɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 
ɇɚɫɟɥɟɧɢɟ ɫ. Ȼɚɣɤɢɬ ɫɨɫɬɚɜɥɹɟɬ ɧɚ ɪɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ 5,200 ɬɵɫɹɱ 

ɱɟɥɨɜɟɤ. 
Ɂɚɫɬɪɨɣɤɚ ɫ. Ȼɚɣɤɢɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɧɨ- ɢ ɞɜɭɯɷɬɚɠɧɵɦɢ 

ɡɞɚɧɢɹɦɢ. 
ɇɨɪɦɵ ɪɚɫɯɨɞɚ ɜɨɞɵ ɩɪɢɧɹɬɵ ɩɨ ɋɇɢɉ 2.04.02-84 ɢ ɫɨɫɬɚɜɥɹɸɬ ɞɥɹ 

ɛɥɚɝɨɭɫɬɪɨɟɧɧɨɣ ɡɚɫɬɪɨɣɤɢ – 300 ɥ/ɫɭɬ ɧɚ 1 ɱɟɥɨɜɟɤɚ, ɞɥɹ ɧɟɛɥɚɝɨɭɫɬɪɨɟɧɧɨɣ 
ɡɚɫɬɪɨɣɤɢ – 50 ɥ/ɫɭɬ ɧɚ 1 ɱɟɥɨɜɟɤɚ.   

ȼɨɞɨɩɨɬɪɟɛɢɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɜɨɞɭ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɧɟɪɚɜɧɨɦɟɪɧɨ ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɜ ɪɚɡɥɢɱɧɵɟ ɱɚɫɵ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɬɪɟɛɭɟɦɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɬɪɭɛ ɢ ɞɪɭɝɢɯ 
ɫɨɨɪɭɠɟɧɢɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ. Ⱦɥɹ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ 
ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɤɚɠɞɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢ ɫɨɫɬɚɜɢɬɶ ɝɪɚɮɢɤ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

Ɋɚɫɱɟɬɧɵɣ (ɫɪɟɞɧɢɣ ɡɚ ɝɨɞ) ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-
ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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Q˔˖˕˔˓ = ∑ሺ𝑞ˉ∙𝑁ˉሻଵ଴଴଴ , (1.1) 

ɝɞɟ qɠ – ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɥ/ɫɭɬ ɧɚ 1 ɱɟɥ. [1];  
  N – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɠɢɬɟɥɟɣ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ, ɱɟɥ. N1 = 1664 ɱɟɥ – 

ɞɥɹ ɛɥɚɝɨɭɫɬɪɨɟɧɧɨɣ ɡɚɫɬɪɨɣɤɢ (ɤɜɚɪɬɢɪɵ), N2 = 3536 ɱɟɥ – ɞɥɹ 
ɧɟɛɥɚɝɨɭɫɬɪɨɟɧɧɨɣ ɡɚɫɬɪɨɣɤɢ (ɭɫɚɞɶɛɵ). Q˔˓.˔˖˕ሺଵሻ = ଵ଺଺ସ∙ଷ଴଴ଵ଴଴଴ = Ͷͻͻ,ʹ ˏଷ/˔˖˕ = ʹͲ,ͺ ˏଷ/˚ = Ͳ,ͲͲ͸ ˏଷ/˔; Q˔˓.˔˖˕ሺଶሻ = ଷହଷ଺∙ହ଴ଵ଴଴଴ = ͳ͹͸,ͺ ˏଷ/˔˖˕ = ͹,͵͸ ˏଷ/˚ = Ͳ,ͲͲʹ ˏଷ/˔; Q˔˓.˔˖˕ = Ͷͻͻ,ʹ + ͳ͹͸,ͺ = ͸͹͸ ˏଷ/˔˖˕ = ʹͺ,ͳ͸ ˏଷ/˚ =  Ͳ,ͲͲͺ ˏଷ/˔. 

Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɜ ɫɭɬɤɢ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ Q˔˖˕ ˏ˃˘ = k˔˖˕ ୫ୟ୶ ∙ Q˔˓.˔˖˕ (1.2) Q˔˖˕ ˏˋː = k˔˖˕ ୫୧୬ ∙ Q˔˓.˔˖˕ (1.3) 

ɝɞɟ kɫɭɬ max ɢ kɫɭɬ min  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 (ɩɪɢɧɢɦɚɸɬɫɹ kɫɭɬ.max =1,1-1,3; kɫɭɬ.min = 0,7-0,9). 

ȿɫɥɢ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɢɦɟɸɬɫɹ ɡɨɧɵ ɫ ɪɚɡɥɢɱɧɵɦ ɫɚɧɢɬɚɪɧɨ-
ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɡɞɚɧɢɣ, ɬɨ ɫɪɟɞɧɟɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ 
ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɧɚɫɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɫɭɬɨɱɧɨɦɭ ɪɚɫɯɨɞɭ 
ɜɨɞɵ ɞɥɹ ɤɚɠɞɨɣ ɡɨɧɵ, ɚ ɡɚɬɟɦ ɧɚɯɨɞɢɦ ɢɯ ɫɭɦɦɭ. 

Ⱦɥɹ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬ ɫ ɭɱɟɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ  ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
kɱ.max ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ kɱ.min, ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ k˚.୫ୟ୶ = Ƚ୫ୟ୶ ∙ Ⱦ୫ୟ୶  (1.4) k˚.୫୧୬ = Ƚ୫୧୬ ∙ Ⱦ୫୧୬ (1.5) 

ɝɞɟ α  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɡɞɚɧɢɣ, ɪɟɠɢɦ  
ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ ɭɫɥɨɜɢɹ (αmax = 1,2-1,4; αmin = 0,4-0,6)  

 ȕ  ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ [1], ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɥɢɱɟɫɬɜɨ 
ɠɢɬɟɥɟɣ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ (ȕmax = 1,4; ȕmin = 0,25) k˚.୫ୟ୶ = ͳ,ʹ ∙ ͳ,Ͷ = ͳ,͸ͺ; 
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k˚.୫୧୬ = Ͳ,Ͷ ∙ Ͳ,ʹͷ = Ͳ,ͳ; Q˔˖˕ ୫ୟ୶ = ͳ,ʹ ∙ ͸͹͸ = ͺͳͳ,ʹ ˏଷ/˔˖˕; Q˔˖˕ ୫୧୬ = Ͳ,ͺ ∙ ͸͹͸ = ͷͶͲ,ͺ ˏଷ/˔˖˕. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ ɧɚɫɟɥɟɧɢɟɦ ɢɡ 
ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ, ɦ3/ɱ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɚɦ q˚.୫ୟ୶ = ୩˚.ౣ౗x∙୕˔˖˕ ౣ౗xଶସ ; (1.6) 

q˚.୫୧୬ = ୩˚.ౣi౤∙୕˔˖˕ ౣi౤ଶସ . (1.7) q˚.୫ୟ୶ = ଵ,଺଼∙଼ଵଵ,ଶଶସ = ͷ͸,ͺ  ˏଷ/˚; q˚.୫୧୬ = ଴,ଵ∙ହସ଴,଼ଶସ = ʹ,ʹͷ  ˏଷ/˚. 

Ⱦɥɹ ɩɨɥɢɜɨɱɧɵɯ ɪɚɫɯɨɞɨɜ ɩɨ ɋɇɢɉ 2.04.02-84* ɩɪɢɧɢɦɚɟɦ 50 ɥ/ɫɭɬ ɧɚ 
ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ (ɤɜɚɪɬɢɪɵ) ɢ 90 ɥ/ɫɭɬ ɧɚ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ(ɭɫɚɞɶɛɵ): Q˒ˑˎˋ˅ = N∙୯˒ˑˎˋ˅ଵ଴଴଴ , (1.8) 𝑄˒ˑˎˋ˅ ሺଵሻ = ଵ ଺଺ସ∙ହ଴ଵ଴଴଴ = ͺ͵,ʹ ˏଷ/˔˖˕ = ͵,Ͷ͹  ˏଷ/˚ = Ͳ,ͲͲͳ ˏଷ/˔; 𝑄˒ˑˎˋ˅ ሺଶሻ = ଽ଴∙ଷହଷ଺ଵ଴଴଴ = ͵ͳͺ,ʹ ˏଷ/˔˖˕ = ͳ͵,ʹ͸ ˏଷ/˚ = Ͳ,ͲͲͶ ˏଷ/˔; 𝑄˒ˑˎˋ˅ = ͺ͵,ʹ + ͵ͳͺ,ʹ = ͶͲͳ,Ͷ ˏଷ/˔˖˕ = ͳ͸,͹ ˏଷ/˚ = Ͳ,ͲͲͷ ˏଷ/˔. (1.9) 

Ɋɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɦɟɫɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɤɚɤ 10% 
ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ: Qʛʞ = Ͳ,ͳ ∙ Q˔˖˕ ୫ୟ୶, (1.10) Qʛʞ = Ͳ,ͳ ∙ ͺͳͳ,ʹ = ͺͳ,ͳʹ ˏଷ/˔˖˕ = ͵,͵ͺ  ˏଷ/˚ = Ͳ,ͲͲͳ ˏଷ/˔.  

ɇɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɩɪɢɧɢɦɚɟɦ 10% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ 
ɪɚɫɯɨɞɚ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ: Qʠʜ = Ͳ,ͳ ∙ Q˔˖˕ ୫ୟ୶, (1.11) Qʠʜ = Ͳ,ͳ ∙ ͺͳͳ,ʹ = ͺͳ,ͳʹ ˏଷ/˔˖˕ = ͵,͵ͺ  ˏଷ/˚ = Ͳ,ͲͲͳ ˏଷ/˔.  
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Ɍɚɤ ɠɟ ɩɨ [1] ɩɪɢɧɢɦɚɟɦ ɨɞɢɧ ɩɨɠɚɪ, ɧɚ ɧɚɪɭɠɧɨɟ ɬɭɲɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɩɨɬɪɟɛɭɟɬɫɹ 15 ɥ/ɫ. ɇɚ ɩɟɪɢɨɞ ɩɨɩɨɥɧɟɧɢɹ ɩɨɠɚɪɧɨɝɨ ɡɚɩɚɫɚ ɜɨɞɵ 
ɞɨɩɭɫɤɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɨɞɚɱɢ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɞɨ 70% 
ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ, ɚ ɩɨɞɚɱɚ ɜɨɞɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɚɜɚɪɢɣɧɨɦɭ ɝɪɚɮɢɤɭ. 

ȼɪɟɦɹ ɩɨɩɨɥɧɟɧɢɹ ɩɨɠɚɪɧɵɯ ɡɚɩɚɫɨɜ – 24 ɱɚɫɚ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ – 3 ɱɚɫɚ. Ɍɭɲɟɧɢɟ ɩɨɠɚɪɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɢɡ ɩɨɠɚɪɧɵɯ 
ɝɢɞɪɚɧɬɨɜ ɢ ɩɨɠɚɪɧɵɯ ɤɪɚɧɨɜ.  Q˒ˑˉ = 𝑞˒ˑˉ ∙ ୬˒ˑˉଵ଴଴଴ , (1.12) 

ɝɞɟ qɩɨɠ = 10 ɥ/ɫɭɬ – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɧɚɪɭɠɧɨɟ ɩɨɠɚɪɨɬɭɲɟɧɢɟ ɜ ɧɚɫɟɥɟɧɧɨɦ 
ɩɭɧɤɬɟ ɧɚ ɨɞɢɧ ɩɨɠɚɪ; 

 nɩɨɠ = 1 – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɨɠɚɪɨɜ. Q˒ˑˉ = ଵହ ∙ଵଵ଴଴଴ = Ͳ,Ͳͳͷ ˏଷ/˔ = ͷͶ,ͲͲ  ˏଷ/˚ = ͳ͸ʹ,Ͳ ˏଷ/˔˖˕. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɧɟɮɬɟɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɈɈɈ «ɇɄ 
«Ɋɨɫɧɟɮɬɶ»-ɇɌɐ» ɫɨɝɥɚɫɧɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ ɁȺɈ 
«ȼɚɧɤɨɪɧɟɮɬɶ» ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɚɧɨɜɤɢ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɵ (ɍɉȼ – ɋɟɜɟɪ) 
ȼɚɧɤɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɢɧɢɦɚɟɦ Qɉɉ = 54 088,7 ɦ3/ɫɭɬ = 
= 2 253,7 ɦ3/ɱ = 0,626 ɦ3/ɫ. Qˑ˄˜ = Q˔˖˕ ୫ୟ୶ + Q˒ˑˎˋ˅ + Qʞʞ + Qʠʜ + Q˒ˑˉ + Qʞʞ. (1.13) Qˑ˄˜ = ͺͳͳ,ʹ + ͶͲͳ,Ͷ + ͺͳ,ͳʹ + ͺͳ,ͳʹ + ͳ͸ʹ,Ͳ + ͷͶ Ͳͺͺ,͹ =  = ͷͷ ͸ʹͷ,ͷ ˏଷ/˔˖˕ = ʹ ͵ͳ͹,͹ ˏଷ/˚ = Ͳ,͸Ͷ ˏଷ/˔. 

Ɉɛɴɟɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɨɫ. Ȼɚɣɤɢɬ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ №1.4 
Ɋɚɫɱɟɬ ɨɛɴɟɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɵɟ ɧɭɠɞɵ, 

ɩɨɥɢɜ, ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɭɤɚɡɚɧ ɜ ɬɚɛɥɢɰɚɯ №1.1-1.3. 
Ʉɚɬɟɝɨɪɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɨɞɚɱɢ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦ ɜɬɨɪɚɹ ɩɨ ɩ.4.4 [1] 

ɞɨ 50 ɬɵɫ. ɠɢɬɟɥɟɣ. Ⱦɨɩɭɫɤɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɨɞɚɱɢ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦ ɧɚ 
30 %  ɜ ɬɟɱɟɧɢɢ 10 ɫɭɬɨɤ. ɉɟɪɟɪɵɜ ɜ ɩɨɞɚɱɢ ɜɨɞɵ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 6 ɱɚɫɨɜ.  
  



10 
 

Ɍɚɛɥɢɰɚ 1.1 – Ɋɚɫɱɟɬ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 
ɉɨɬɪɟɛɢɬɟɥɢ ɢ ɫɬɟɩɟɧɶ 

ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ 
ɇɨɪɦɚ ɥ/ɫɭɬ 
ɧɚ ɱɟɥɨɜɟɤɚ 

ɇɚɫɟɥɟɧɢɟ, 
ɱɟɥ 

Ɋɚɫɯɨɞ ɜɨɞɵ 
ɦ³/ɫɭɬ ɦ3/ɱ ɦ³/ɫ 

Ɂɚɫɬɪɨɣɤɚ ɡɞɚɧɢɹɦɢ, 
ɨɛɨɪɭɞɨɜɚɧɧɵɦɢ ɜɧɭɬɪɟɧɧɢɦɢ 
ɜɨɞɨɩɪɨɜɨɞɚɦɢ, ɤɚɧɚɥɢɡɚɰɢɟɣ ɢ 
ɫɢɫɬɟɦɨɣ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 
ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

300 1664 499,2 20,8 0,006 

Ɂɚɫɬɪɨɣɤɚ ɡɞɚɧɢɹɦɢ ɫ 
ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡ 
ɜɨɞɨɪɚɡɛɨɪɧɵɯ ɤɨɥɨɧɨɤ  

50 3536 176,8 7,36 0,002 

ɂɬɨɝɨ    676 28,16 0,008 
ɋ ɭɱɟɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ 

  811,2 33,8 0,009 

ɇɟɭɱɬɟɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɧɭɠɞɵ 
ɦɟɫɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

  81,12 3,38 0,001 

ȼɫɟɝɨ   757,12 31,54 0,009 

 
Ɍɚɛɥɢɰɚ 1.2 – Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɡɟɥɟɧɵɯ ɧɚɫɚɠɞɟɧɢɣ ɢ ɞɨɪɨɝ 

ɉɨɬɪɟɛɢɬɟɥɢ ɢ ɫɬɟɩɟɧɶ 
ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ 

ɇɨɪɦɚ ɥ/ɫɭɬ ɧɚ 
ɱɟɥɨɜɟɤɚ 

ɇɚɫɟɥɟɧɢɟ, 
ɱɟɥ 

Ɋɚɫɯɨɞ ɜɨɞɵ 
ɦ³/ɫɭɬ ɦ³/ɱ ɦ³/ɫ 

ɉɨɥɢɜ ɡɟɥɟɧɵɯ ɧɚɫɚɠɞɟɧɢɣ 
ɢ ɩɨɤɪɵɬɢɣ ɭɥɢɰ ɢ ɞɨɪɨɝ 

50 1664 83,2 3,47 0,001 
90 3536 318,2 13,26 0,004 

ȼɫɟɝɨ   401,4 16,7 0,005 
 

Ɍɚɛɥɢɰɚ 1.3 – Ɋɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɩɨɠɚɪɨɬɭɲɟɧɢɟ 
Ɉɛɴɟɤɬɵ 

ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɇɚɫɟɥɟɧɢɟ, 

ɱɟɥ 
Ʉɨɥ-ɜɨ 

ɩɨɠɚɪɨɜ 
Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ 

1 ɩɨɠɚɪ, ɥ/ɫ 
Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ 

ɦ3/ɫɭɬ ɦ³/ɱ ɦ³/ɫ. 
ɀɢɥɚɹ ɡɚɫɬɪɨɣɤɚ 5200 1 15 162,0 54,00 0,015 

 
Ɍɚɛɥɢɰɚ 1.4 – Ɉɛɴɟɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɫ.Ȼɚɣɤɢɬ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ 
Ɋɚɫɯɨɞ ɜɨɞɵ 

ɦ³/ɫɭɬ. ɦ³/ɱ ɦ³/ɫ 
ɏɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɪɚɫɯɨɞɵ ɩɨ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɟ ɢ 
ɦɟɫɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɧɭɠɞ «ɍɉȼ-ɋɟɜɟɪ» 
ɁȺɈ «ȼɚɧɤɨɪɧɟɮɬɶ» 

54 852,0 2285,5 0,634 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɡɟɥɟɧɵɯ ɧɚɫɚɠɞɟɧɢɣ, ɞɨɪɨɝ ɢ 
ɭɥɢɰ 

401,4 16,7 0,005 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɠɚɪɨɬɭɲɟɧɢɟ 162,0 54,00 0,015 
ȼɫɟɝɨ 55 415,4 2317,7 0,654 
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Ƚɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɩɨ ɱɚɫɚɦ ɫɭɬɨɤ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 1.5. 
 
Ɍɚɛɥɢɰɚ 1.5 – ȼɨɞɨɩɨɬɪɟɛɥɟɧɢɟ ɩɨ ɱɚɫɚɦ ɫɭɬɨɤ 

ɑɚɫɵ 
ɫɭɬɨɤ 

ɏɨɡɹɣɫɬɜɟɧɧɨ-
ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 

ɧɚɫɟɥɟɧɢɹ 
Qɩɨɥɢɜ, ɦ3/ɱ Qɉɉ, 

ɦ3/ɱ Qɍɉȼ, ɦ3/ɱ ȼɫɟɝɨ % 

Ʉ = 2,1% Qɱɚɫ, ɦ3/ɱ ɪɭɱɧɚɹ 
ɦɟɯɚɧɢɡɢɪ

ɨɜɚɧɧɚɹ 

0-1 0,90 7,30   16,70 3,38 2 253,70 2281,08 4,12 

1-2 0,90 7,30   16,70 3,38 2 253,70 2281,08 4,12 

2-3 0,90 7,30     3,38 2 253,70 2264,38 4,09 

3-4 1,00 8,11     3,38 2 253,70 2265,19 4,09 

4-5 2,35 19,06     3,38 2 253,70 2276,14 4,11 

5-6 3,85 31,23   16,70 3,38 2 253,70 2305,01 4,17 

6-7 5,20 42,18   16,70 3,38 2 253,70 2315,96 4,19 

7-8 6,20 50,29 16,70   3,38 2 253,70 2324,07 4,20 

8-9 5,50 44,62 16,70   3,38 2 253,70 2318,40 4,19 

9-10 4,85 39,34 16,70   3,38 2 253,70 2313,12 4,18 

10-11 5,00 40,56 16,70   3,38 2 253,70 2314,34 4,18 

11-12 6,50 52,73 16,70   3,38 2 253,70 2326,51 4,20 

12-13 7,50 60,84 16,70   3,38 2 253,70 2334,62 4,22 
13-14 6,70 54,35 16,70   3,38 2 253,70 2328,13 4,21 

14-15 5,35 43,40 16,70   3,38 2 253,70 2317,18 4,19 

15-16 4,65 37,72 16,70   3,38 2 253,70 2311,50 4,18 

16-17 4,50 36,50 16,70   3,38 2 253,70 2310,28 4,18 

17-18 5,50 44,62 16,70   3,38 2 253,70 2318,40 4,19 

18-19 6,30 51,11 16,70   3,38 2 253,70 2324,89 4,20 

19-20 5,35 43,40 16,70   3,38 2 253,70 2317,18 4,19 

20-21 5,00 40,56 16,70   3,38 2 253,70 2314,34 4,18 

21-22 3,00 24,34 16,70   3,38 2 253,70 2298,12 4,15 

22-23 2,00 16,22 16,70   3,38 2 253,70 2290,00 4,14 

23-24 1,00 8,11 16,70   3,38 2 253,70 2281,89 4,12 

ɂɬɨɝɨ 100 811,20 283,90 66,80 81,12 54 088,80 55331,82 100,0 
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2 Ɋɚɫɱɟɬ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

2.1 Ɍɢɩ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ 

ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ ɞɨɛɵɜɚɸɬ ɫɩɟɰɢɚɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ – 
ɜɨɞɨɡɚɛɨɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɡɚɥɟɝɚɧɢɹ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞ,ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ, ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɬɪɟɛɧɨɝɨ ɪɚɫɯɨɞɚ ɜ 
ɬɟɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɫɪɨɤɚ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢ ɜ ɩɟɪɫɩɟɤɬɢɜɟ. 

ɏɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɢɦɟɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ 
ɩɪɢɨɪɢɬɟɬ ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɩɪɟɫɧɵɯ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢ ɢɯ ɥɭɱɲɟɣ ɡɚɳɢɳɟɧɧɨɫɬɶɸ ɨɬ 
ɡɚɝɪɹɡɧɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɚ ɜɨɞɨɡɚɛɨɪɧɵɯ ɭɡɥɨɜ ɢ ɫɨɫɬɚɜ ɢɯ ɫɨɨɪɭɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɭɫɥɨɜɢɹɦɢ ɡɚɥɟɝɚɧɢɹ, ɦɨɳɧɨɫɬɶɸ, ɜɨɞɨɨɛɢɥɶɧɨɫɬɶɸ, ɝɥɭɛɢɧɨɣ ɢ 
ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɫɬɪɨɟɧɢɟɦ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɞɡɟɦɧɨɝɨ ɩɨɬɨɤɚ (ɧɚɩɨɪɨɦ, ɫɤɨɪɨɫɬɶɸ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɞɜɢɠɟɧɢɹ, ɫɜɹɡɶɸ ɫ ɞɪɭɝɢɦɢ ɜɨɞɨɧɨɫɧɵɦɢ ɦɚɫɫɢɜɚɦɢ, ɩɥɚɫɬɚɦɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɜɨɞɚɦɢ), ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ ɬɟɪɪɢɬɨɪɢɢ, 
ɨɛɳɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. 

ɉɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ S ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ S = Ͳ,ʹ ∙ m,  (2.1) 

ɝɞɟ m – ɦɨɳɧɨɫɬɶ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, m = 35 ɦ, 
0,2 – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɢɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. S = Ͳ,ʹ ∙ ͵ͷ = ͹ ˏ.  

Ɋɚɞɢɭɫ ɜɥɢɹɧɢɹ ɫɤɜɚɠɢɧɵ ɩɪɢɧɢɦɚɟɦ, ɫɨɝɥɚɫɧɨ [2], ɞɥɹ ɫɭɝɥɢɧɤɨɜ 
R = 400 ɦ. 

ɉɨ ɮɨɪɦɭɥɟ Ⱦɸɩɸɢ ɨɩɪɟɞɟɥɹɟɦ ɩɪɢɬɨɤ ɜɨɞɵ ɤ ɫɤɜɚɠɢɧɟ (ɞɟɛɢɬ) Q˔ˍ˅ = ଶ,଻ଷ∙୩˗∙୫∙ୗ୪୥R౨ , (2.2) 

ɝɞɟ kɮ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, kɮ = 12 ɦ/ɫ ɞɥɹ 
ɫɭɝɥɢɧɤɨɜ; 

m – ɦɨɳɧɨɫɬɶ ɩɥɚɫɬɚ, ɦ; 
S – ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ ɩɪɢ ɨɬɤɚɱɤɟ, ɦ; 
R – ɪɚɞɢɭɫ ɜɥɢɹɧɢɹ ɞɟɩɪɟɫɫɢɨɧɧɨɣ ɜɨɪɨɧɤɢ, ɦ; 
r – ɪɚɞɢɭɫ ɫɤɜɚɠɢɧɵ, ɦ. ɉɪɢɧɢɦɚɟɦ r = Dɧ/2 +0,5 = 0,218/2 +0,5 = 0,609 ɦ. Q˔ˍ˅ = ଶ,଻ଷ∙ଵଶ∙ଷହ∙଻୪୥ రబబబ,లబ9 = ʹ ͺ͵ͻ,͵ ˏଷ/˔˖˕ = ͳͳͺ,͵ ˏଷ/˚ = Ͳ,Ͳ͵ ˏଷ/˔. 
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ɉɨɞɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɫɤɜɚɠɢɧ ɩɨ ɮɨɪɦɭɥɟ n = ୕ˑ˄˜୕˔ˍ˅ , (2.3) 

ɝɞɟ Qɨɛɳ – ɨɛɳɢɣ ɪɚɫɯɨɞ, ɦ3/ɫɭɬ. n = ହହ ଷଷଵ,ଶ ଼ଷଽ,ଷ = ͳͻ,ͷ ≈ ʹͲ ˔ˍ˅˃ˉˋː. 

ɉɨ ɩ. 5.13 [1] ɦɵ ɨɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɪɟɡɟɪɜɧɵɯ ɫɤɜɚɠɢɧ: 10 % ɨɬ 
ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ. ɉɨɥɭɱɚɟɦ:  n˓ˈˊ = ଴,ଵ∙୕ˑ˄˜୕˔ˍ˅   (2.4) 

n˓ˈˊ = ଴,ଵ∙ହହ ଷଷଵ,଼ଶଶ ଼ଷଽ,ଷ = ͳ,ͻ ≈ ʹ ˔ˍ˅˃ˉˋːы. 

Ⱦɢɚɦɟɬɪ ɮɢɥɶɬɪɚ, ɦ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ Dɮ = ୕ౣ౗xπ∙୪ɮ∙୚ɮ
, (2.5) 

ɝɞɟ Qɦɚɯ – ɩɨɞɚɱɚ ɧɚɫɨɫɚ, ɦ3/ɫɭɬ;  
lɮ - ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɜɨɞɨɩɪɢɟɦɧɨɣ ɱɚɫɬɢ ɮɢɥɶɬɪɚ, ɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 

ɩɥɚɫɬɚɯ ɫ ɦɨɳɧɨɫɬɶɸ ɦɟɧɟɟ 10 ɦ – ɧɚ 1 – 2 ɦ ɦɟɧɶɲɟ ɦɨɳɧɨɫɬɢ ɩɥɚɫɬɚ, ɜ 
ɩɥɚɫɬɚɯ ɫ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 10 ɦ - ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ lɮ = ሺͲ,ͷ − Ͳ,ͺሻ ∙ m. (2.6) lɮ = Ͳ,͸ ∙ ͵ͷ = ʹͳ ˏ. 

Vɮ - ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ, ɦ3/ɫɭɬ. Ⱦɥɹ ɞɵɪɱɚɬɵɯ, ɳɟɥɟɜɵɯ, ɩɪɨɜɨɥɨɱɧɵɯ 
ɢ ɫɟɬɱɚɬɵɯ ɮɢɥɶɬɪɨɜ Vф ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Vɮ = ͸ͷ √kɮ

య  (2.7) Vɮ = ͸ͷ √ͳʹయ = ͳͶͺ,ͺ ɦଷ/ɫɭɬ. Dɮ = ଶ଴଻,଴ଷ,ଵସ∙ଶଵ∙ଵସ଼,଼ = Ͳ,Ͳʹͳ ɦ = ʹͳͲ ɦɦ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɮɢɥɶɬɪɚ 219 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ, ɦɦ, ɨɛɫɚɞɧɵɯ ɬɪɭɛ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ  
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Dɷ = Dɮ + ͷͲ (2.8) Dɷ = ʹͳͻ + ͷͲ = ʹ͸ͻ ˏˏ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ 273 ɦɦ. 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɧɚɩɪɚɜɥɹɸɳɟɣ ɬɪɭɛɵ, ɦɦ, ɪɚɜɟɧ Dɧ = Dɷ + ͳͲͲ (2.9) Dɧ = ʹ͹͵ + ͳͲͲ = ͵͹͵ ˏˏ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɧɚɩɪɚɜɥɹɸɳɟɣ ɬɪɭɛɵ 377 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɡɚɛɨɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Dˊ = ୈଷ̠  (2.10) Dˊ = ଶଵଽଷ = ͹͵ ˏˏ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɡɚɛɨɹ 100 ɦɦ. 

2.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɬɢɩɚ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɜɵɛɪɚɧ ɩɨɞɡɟɦɧɵɣ ɜɨɞɨɢɫɬɨɱɧɢɤ – ɚɪɬɟɡɢɚɧɫɤɢɟ ɜɨɞɵ, ɬɢɩ ɜɨɞɨɡɚɛɨɪɧɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ – ɫɤɜɚɠɢɧɚ.  

2.3 ɉɨɞɛɨɪ ɮɢɥɶɬɪɚ 

ȼɵɛɢɪɚɟɦ ɬɢɩ: ɮɢɥɶɬɪ-ɤɚɪɤɚɫ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɳɟɥɟɜɨɝɨ ɬɢɩɚ. 
Ɇɚɬɟɪɢɚɥ ɩɪɨɞɭɤɰɢɢ: ɤɨɥɶɰɟɜɵɟ ɷɥɟɦɟɧɬɵ ɢɡ ɩɥɚɫɬɦɚɫɫ 

(ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ, ɜɨɥɨɤɧɢɬɚ, ɞɪɟɜɟɫɧɨɣ ɩɪɟɫɫ-ɤɪɨɲɤɢ ɫ ɚɦɢɧɨɩɥɚɫɬɨɦ, 
ɞɟɤɨɪɪɨɡɢɬɚ, ɩɨɥɢɷɬɢɥɟɧɚ), ɫɬɟɪɠɧɢ, ɫɬɹɠɧɵɟ ɛɨɥɬɵ ɞɢɚɦɟɬɪɨɦ 10…18 ɦɦ 
ɢɡ ɩɪɨɫɬɨɣ ɫɬɚɥɢ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ: ɫɤɜɚɠɧɨɫɬɶ ɤɚɪɤɚɫɨɜ ɮɢɥɶɬɪɚ ɩɨ 
ɧɚɪɭɠɧɨɦɭ ɞɢɚɦɟɬɪɭ 50-70%, ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɞɢɚɦɟɬɪɭ – 15-25%. Ɋɚɡɦɟɪ 
ɨɬɜɟɪɫɬɢɣ ɪɟɝɭɥɢɪɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ ɜɤɥɚɞɵɲɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɦɟɠɞɭ 
ɤɨɥɶɰɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 
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2.4 Ɋɚɫɱɟɬ ɞɟɩɪɟɫɫɢɨɧɧɨɝɨ ɜɥɢɹɧɢɹ  

Ⱦɥɹ ɜɨɞɨɡɚɛɨɪɚ ɢɡ ɩɨɞɡɟɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ 
ɩɪɢɦɟɧɹɸɬ ɝɪɭɩɩɢɪɨɜɚɧɧɵɟ ɜɨɞɨɡɚɛɨɪɵ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɤɜɚɠɢɧ. Ʉɨɝɞɚ 
ɫɤɜɚɠɢɧɵ ɬɚɤɢɯ ɜɨɞɨɡɚɛɨɪɨɜ ɡɚɛɢɪɚɸɬ ɜɨɞɭ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɡ ɨɞɧɨɝɨ ɢ ɬɨɝɨ 
ɠɟ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɦɟɧɶɲɟɦ 
ɫɭɦɦɵ ɢɯ ɪɚɞɢɭɫɨɜ ɜɥɢɹɧɢɹ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɫɧɢɠɚɟɬɫɹ. 
ȿɫɥɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɩɪɟɜɵɲɚɟɬ ɫɭɦɦɭ ɢɯ ɪɚɞɢɭɫɨɜ ɜɥɢɹɧɢɹ, ɨɧɢ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɚɤ ɧɟɡɚɜɢɫɢɦɵɟ ɨɞɢɧɨɱɧɵɟ ɫɤɜɚɠɢɧɵ. 

ȼɟɥɢɱɢɧɚ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɨɜ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɩɪɢ 
ɜɡɚɢɦɧɨɦ ɜɥɢɹɧɢɢ ɪɚɛɨɬɚɸɳɢɯ ɫɤɜɚɠɢɧ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɩɪɢɱɢɧ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ, ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɤɜɚɠɢɧɚɦɢ, 
ɦɨɳɧɨɫɬɢ ɩɥɚɫɬɚ, ɜɨɞɨɨɛɢɥɶɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɩɢɬɚɧɢɹ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, 
ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɤɜɚɠɢɧ ɢ ɦɟɫɬɧɨɫɬɢ ɢ ɬ. ɩ. 

ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɜ ɩɟɪɜɨɣ ɫɤɜɚɠɢɧɟ ɭɪɨɜɧɹ ɜɨɞɵ, ɜɨ ɜɬɨɪɨɣ ɫɤɜɚɠɢɧɟ 
ɩɪɨɢɫɯɨɞɢɬ ɫɪɟɡɤɚ ɭɪɨɜɧɹ. Ⱥɧɚɥɨɝɢɱɧɨ, ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɜɨɞɵ ɜɨ 
ɜɬɨɪɨɣ ɫɤɜɚɠɢɧɟ. Ɋɚɫɯɨɞ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɜɨɞɵ ɧɚ S 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  Qଵ′ = Qୡ ቀͳ − tଵ,ଶ Sଵ⁄ ቁ; (2.11) 

Qଶ′ = Qୡ ቀͳ − tଶ,ଷ Sଶ⁄ ቁ; (2.12) 

Qଷ′ = Qୡ ቀͳ − tଷ,ସ Sଷ⁄ ቁ; (2.13) 

Qସ′ = Qୡ ቀͳ − tସ,ଵ Sସ⁄ ቁ. (2.14) 

ɝɞɟ ti,j ɫɪɟɡɤɚ ɜ i-ɨɣ ɫɤɜɚɠɢɧɟ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ j-ɨɣ ɫɤɜɚɠɢɧɵ, ɦ. t୧,୨ = S୨ − S୧,  (2.15) 

ɝɞɟ S – ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ. Sଵ = S; (2.16) Sଶ = ͳ,ͳ ∙ Sଵ; (2.17) Sଷ = ͳ,ͳͷ ∙ Sଵ; (2.18) Sସ = ͳ,͵ͷ ∙ Sଵ; (2.19) Sଶ = ͳ,ͳ ∙ ͹ = ͹,͹ ˏ; 
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Sଷ = ͳ,ͳͷ ∙ ͹ = ͺ,Ͳͷ ˏ; Sସ = ͳ,͵ͷ ∙ ͻ,Ͷͷ ˏ. tଵ,ଶ = ͹,͹ − ͹,Ͳ = Ͳ,͹ ˏ; tଶ,ଷ = ͺ,Ͳͷ − ͹,͹ = Ͳ,͵ͷ ˏ; tଷ,ସ = ͻ,Ͷͷ − ͺ,Ͳͷ = ͳ,Ͷ ˏ; tସ,ଵ = ͻ,Ͷͷ − ͹,Ͳ = ʹ,Ͷͷ ˏ; Qଵ′ = ͳͳͺ,͵ ∙ ቀͳ − ଴,଻଻,଴ቁ = ͳͲ͸,ͷ  ˏଷ/˚ ; 
Qଶ′ = ͳͳͺ,͵ ∙ ቀͳ − ଴,ଷହ଻,଻ ቁ = ͳͳʹ,ͻ  ˏଷ/˚; 

Qଷ′ = ͳͳͺ,͵ ∙ ቀͳ − ଵ,ସ଼,଴ହቁ = ͻ͹,͹  ˏଷ/˚; 

Qସ′ = ͳͳͺ,͵ ∙ ቀͳ − ଶ,ସହଽ,ସହቁ = ͺ͹,͸  ˏଷ/˚. 

 

Ɋɢɫɭɧɨɤ 2.1  ȼɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɫɤɜɚɠɢɧ 

2.5 ɍɫɬɪɨɣɫɬɜɨ ɭɫɬɶɹ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ  

Ɍɚɤ ɤɚɤ ɫɤɜɚɠɢɧɚ ɛɭɞɟɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɤɪɭɝɥɨɝɨɞɢɱɧɨ, ɜ ɰɟɥɹɯ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɦɟɪɡɚɧɢɹ ɭɫɬɶɹ ɫɤɜɚɠɢɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɤɟɫɫɨɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ (ɭɬɟɩɥɢɬɟɥɶɧɵɣ ɮɭɬɥɹɪ). Ʉɟɫɫɨɧ ɭɫɬɪɚɢɜɚɟɬɫɹ ɨɬ 
ɜɵɫɬɭɩɚɸɳɟɣ ɱɚɫɬɢ ɭɫɬɶɹ ɢ ɞɨ ɝɥɭɛɢɧɵ ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɚ. Ⱦɟɥɚɟɬɫɹ 
ɝɥɢɧɹɧɵɣ ɡɚɦɨɤ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɥɢɜɧɟɜɵɯ ɜɨɞ ɫ ɪɚɞɢɭɫɨɦ 1,5 ɦ, ɩɨɞ ɭɤɥɨɧɨɦ 
0,1 ɩɪɨɜɨɞɢɦ ɩɪɹɦɭɸ ɞɨ ɤɟɫɫɨɧɚ. ɀɟɥɟɡɨɛɟɬɨɧɧɨɟ ɭɤɪɟɩɥɟɧɢɟ – ɨɬɦɨɫɬɤɭ, 
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ɞɟɥɚɟɦ ɩɨɜɟɪɯ ɝɥɢɧɹɧɨɝɨ ɡɚɦɤɚ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɦɢɤɪɨɛɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɫ 
ɪɚɞɢɭɫɨɦ 3,5 ɦ.  

ɉɪɨɟɤɬɢɪɭɟɦ ɤɟɫɫɨɧ ɩɥɚɫɬɢɤɨɜɵɣ ɫ ɭɬɟɩɥɢɬɟɥɟɦ, ɞɢɚɦɟɬɪɨɦ 700 ɦɦ 
(ɪɢɫɭɧɨɤ 2.2) ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɟ ɀɂɅɄɈɆɋɇȺȻ, ɩɨ 
Ɍɍ 2291-001-86917423-2010, ɫɟɪɬɢɮɢɤɚɬ ɫɨɨɬɜɟɬɫɬɜɢɹ ȽɈɋɌ-Ɋ №0260760 ɨɬ 
21.10.2010 ɝ. 

ɇɚɞ ɭɫɬɶɟɦ ɤɚɠɞɨɣ ɱɟɬɜɟɪɬɨɣ ɫɤɜɚɠɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɩɚɜɢɥɶɨɧ ɧɢɠɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ – ɡɚɝɥɭɛɥɟɧɧɚɹ ɤɚɦɟɪɚ ɞɥɹ ɩɨɝɪɭɠɧɨɝɨ ɧɚɫɨɫɚ 

 
 

 

2.6 Ɂɚɳɢɬɚ ɨɬ ɡɚɢɥɢɜɚɧɢɹ 

ȼ ɦɟɪɡɥɵɯ ɝɪɭɧɬɚɯ ɡɚɢɥɢɜɚɧɢɟ ɫɤɜɚɠɢɧ ɩɪɨɢɫɯɨɞɢɬ ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɨ, 
ɦɟɥɤɢɦɢ ɱɚɫɬɢɰɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɦ ɨɱɢɫɬɤɭ ɮɢɥɶɬɪɚ 
ɜɪɭɱɧɭɸ. 

Ɋɢɫɭɧɨɤ 2.2 – Ʉɟɫɫɨɧ ɫ ɭɬɟɩɥɢɬɟɥɶɧɵɦ ɤɨɠɭɯɨɦ 
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2.7 Ɋɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɩɵɥɢ ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ ɫɤɜɚɠɢɧ 

ɉɪɢ ɪɚɫɱɟɬɟ ɡɚɝɪɹɡɧɟɧɢɣ ɚɬɦɨɫɮɟɪɵ ɩɵɥɟɜɵɦɢ ɜɵɛɪɨɫɚɦɢ ɩɪɢ 
ɛɭɪɟɧɢɢ ɫɤɜɚɠɢɧ ɢɫɯɨɞɹɬ ɢɡ ɬɨɝɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɛɭɪɨɜɵɟ ɫɬɚɧɤɢ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɫɨ ɫɪɟɞɫɬɜɚɦɢ ɩɵɥɟɨɱɢɫɬɤɢ. 

Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɡɨɜɵɯ ɜɵɛɪɨɫɨɜ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ Qଷ = ୬∙z∙ሺଵ−ηሻଷ଺଴଴ , (2.20) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ɛɭɪɨɜɵɯ ɫɬɚɧɤɨɜ  ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɭɪɨɜɨɝɨ ɫɬɚɧɤɚ Ȼɋɒ-1 ,ɜɟɥɢɱɢɧɚ n = 3;  

z – ɤɨɥɢɱɟɫɬɜɨ ɩɵɥɢ, ɜɵɞɟɥɹɟɦɨɟ ɩɪɢ ɛɭɪɟɧɢɢ ɨɞɧɢɦ ɫɬɚɧɤɨɦ, ɝ/ɱ;  
Ș – ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɵɥɟɨɱɢɫɬɤɢ ɜ ɞɨɥɹɯ (ɞɥɹ ɪɭɤɚɜɧɨɝɨ 

ɮɢɥɶɬɪɚ 0,95%). Qଷ == ଷ∙ଷଽ଺∙ሺଵ−଴.ଽହሻଷ଺଴଴ = Ͳ,Ͳͳ͸ ˆ/˔. 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ ɩɵɥɢ ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ 
ɫɤɜɚɠɢɧ ɩɪɟɞɥɚɝɚɟɦ ɩɪɢɦɟɧɢɬɶ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ ɛɭɪɢɥɶɧɵɣ ɦɨɥɨɬɨɤ ɞɥɹ 
ɛɭɪɟɧɢɹ ɦɨɤɪɵɦ ɫɩɨɫɨɛɨɦ. ɤɨɥɢɱɟɫɬɜɨ ɩɵɥɢ, ɜɵɞɟɥɹɟɦɨɟ ɩɪɢ ɛɭɪɟɧɢɢ 
ɨɞɧɢɦ ɫɬɚɧɤɨɦ z = 360 ɝ/ɱ: 𝑄ଷ = ଷ∙ଷ଺଴∙ሺଵ−଴.ଽହሻଷ଺଴଴ = Ͳ,Ͳͳͷ ˆ/˔. (2.21) 

Ʉɨɥɢɱɟɫɬɜɨ ɫɧɢɠɟɧɢɹ ɩɵɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 
ɬɪɚɞɢɰɢɨɧɧɵɦ ɛɭɪɟɧɢɟɦ ɢ ɩɪɟɞɥɚɝɚɟɦɵɦ 𝑄 = 𝑄˕˓˃ˇ − 𝑄˒˓ˈˇˎ = Ͳ,Ͳͳ͸ − Ͳ,Ͳͳͷ = Ͳ,ͲͲͳ ˆ/˔. (2.22) 

ȼɵɛɪɨɫ ɩɵɥɢ ɨɬ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ 
ɜɵɛɪɨɫɚ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ. ȼ ɭɫɥɨɜɢɹɯ ɫɟɜɟɪɚ ɪɟɤɨɦɟɧɞɭɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɛɭɪɨɜɨɣ ɫɬɚɧɨɤ. 
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3 Ɋɚɫɱɟɬ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ 

3.1 ɇɚɫɨɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

Ⱦɥɹ ɩɨɞɴɟɦɚ ɜɨɞɵ ɢɡ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɤɜɚɠɢɧ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɝɪɭɠɧɵɟ ɧɚɫɨɫɵ. Ɋɚɛɨɬɭ ɧɚɫɨɫɨɜ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɜ 
ɩɨɜɬɨɪɧɨ-ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɪɟɠɢɦ, ɫɨɜɦɟɫɬɧɨ ɫ ɪɟɝɭɥɢɪɭɸɳɟɣ ɟɦɤɨɫɬɶɸ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɨɟɤɬɢɪɭɟɬɫɹ 
ɚɜɬɨɧɨɦɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɉɨɥɧɵɣ ɧɚɩɨɪ ɧɚɫɨɫɧɨɣ ɭɫɬɚɧɨɜɤɢ ɇɪ, ɦ 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

HP=Hgeom+ ∑ Htotl +Hf, (3.1) 

ɝɞɟ ɇgeom – ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ ɨɬ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ 
ɜɨɞɵ ɜ ɜɨɞɨɡɚɛɨɪɧɨɦ ɫɨɨɪɭɠɟɧɢɢ ɞɨ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ (ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨ 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɩɪɢɛɨɪɚ), ɦ; 

Σɇtotl – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɨɞɵ ɞɨ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ, ɦ, 
ɧɚɯɨɞɢɦ: ɤ ɨɬɦɟɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɩɪɢɛɚɜɥɹɟɦ ɜɵɫɨɬɭ ɨɬɦɨɫɬɤɢ ɛɟɡ 
ɝɥɢɧɹɧɨɝɨ ɡɚɦɤɚ ɢ ɨɬɧɢɦɚɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɜɵɫɨɬɭ ɩɨɞɴёɦɚ ɜɨɞɵ, ɬ.ɟ. 

Hf  - ɧɟɨɛɯɨɞɢɦɵɣ ɫɜɨɛɨɞɧɵɣ ɧɚɩɨɪ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɦ, ɩɪɢɧɢɦɚɟɦ 4 ɦ 
ɞɥɹ ɫɤɜɚɠɢɧ ɝɥɭɛɢɧɨɣ ɡɚɥɨɠɟɧɢɹ ɞɨ 105 ɦ. 

ɇgeom = Zɞɢɧ – (Zɫɬ – Zɜɟɪɯ. ɜ/ɭ),; (3.2) 

ɝɞɟ Zɞɢɧ –ɨɬɦɟɬɤɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ, ɦ; 
Zɫɬ – ɨɬɦɟɬɤɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ, ɦ; 
Zɜɟɪɯ. ɜ/ɭ – ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɜɨɞɨɭɩɨɪɚ, ɦ. 

ɇgeom = 173,0 – (180,0 – 186,3) = 179,3 ɦ; 

Σɇtotl = Zɡɟɦɥɢ +0,5 – ɇgeom; (3.3) 

ɝɞɟ Zɡɟɦɥɢ – ɚɛɫɨɥɸɬɧɚɹ ɨɬɦɟɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, ɦ; 

Σɇtotl = 187,0 + 0,5 – 179,3 = 8,2 ɦ. 

ɇɪ = 179,3 +8,2 + 4=191,5 ɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɦ ɫɤɜɚɠɢɧɧɵɣ ɧɚɫɨɫ Grundfos SP 125-9. 
Ɉɬɦɟɬɤɚ ɨɫɢ ɧɚɫɨɫɚ, ɦ: Zʝʜ = 𝑍ˊˈˏˎˋ − LʟК ∙ Ͳ,ͷ, (3.4) 

ɝɞɟ LɊɄ – ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɦ: 
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Zʝʜ  = ͳͺ͹,Ͳ − ͵͹,ͷ ∙ Ͳ,ͷ = ͳ͸ͺ,ʹ ˏ. 

 
Ɍɚɛɥɢɰɚ 3.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɫɤɜɚɠɢɧɧɨɝɨ ɷɥɟɤɬɪɨɧɚɫɨɫɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɞɥɹ ɜɨɞɵ (ɩɨɝɪɭɠɧɨɝɨ ɧɚɫɨɫɚ)  

ɉɨɞɚɱɚ, 
ɦ3/ɱ 

ɇɚɩɨɪ, 
ɦ 

Ɇɨɳɧɨɫɬɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, 

ɤȼɬ 

ɄɉȾ 
ɚɝɪɟɝɚɬɚ, 

% 

Ɇɚɫɫɚ, 
ɤɝ 

Ƚɚɛɚɪɢɬɵ 
ɧɚɫɨɫɚ 

BxH, ɦɦ  

ȼɧɭɬɪɟɧɧɢɣ 
ɞɢɚɦɟɬɪ 

ɫɤɜɚɠɢɧɵ, 
ɦɦ 

120 192 90 78 409 218x3729 373 
 

 
Ɋɢɫɭɧɨɤ 3.1 - Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɝɪɭɠɧɨɝɨ ɧɚɫɨɫɚ Grundfos ɬɢɩɚ SP 

3.2 Ɋɚɫɱёɬ ɪɟɝɭɥɢɪɭɸɳɟɣ ёɦɤɨɫɬɢ. 

Ɉɛɴɟɦ ɪɟɝɭɥɢɪɭɸɳɟɣ ёɦɤɨɫɬɢ Wɪɟɝ, ɨɩɪɟɞɟɥɹɟɦ ɧɚ ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ 4 
ɫɤɜɚɠɢɧ: W˓ˈˆ = ሺQଵ + Qଶ + Qଷ + Qସሻ ∙ ʹͶ, (3.5) W˓ˈˆ = ሺͳͲ͸,ͷ + ͳͳʹ,ͻ + ͻ͹,͹ + ͺ͹,͸ሻ ∙ ʹͶ = ͻ͹ͳʹ,ͺ ˏଷ/˔˖˕, 
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ɉɨɥɧɭɸ ɜɦɟɫɬɢɦɨɫɬɶ ɟɦɤɨɫɬɟɣ V,ɦ3, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
ɞɥɹ ɛɟɡɧɚɩɨɪɧɨɝɨ ɛɚɤɚ:  V = B ∙ W˓ˈˆ, (3.6) 

ɝɞɟ ȼ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɜɦɟɫɬɢɦɨɫɬɢ ɛɚɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ 1,2. V = ͳ,ʹ ∙ ͻ͹ͳʹ,ͺ = ͳͳ ͸ͷͷ,͵͸ ˏଷ. 

ɉɪɢɧɢɦɚɟɦ  6 ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ  ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɜ ɩɥɚɧɟ, 
ɨɛɴɟɦɨɦ 12 000 ɦ3, Ⱥɯȼɯɇ = 54ɯ48ɯ4,8. 

3.3 ɇɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ II ɩɨɞɴɟɦɚ 

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

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. 

3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɊЧȼ 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɪɟɡɟɪɜɭɚɪɨɜ ɱɢɫɬɨɣ ɜɨɞɵ, WɊɑȼ, ɦ3 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ WʟЧʑ = W˓ˈˆ + W˒ˑˉ + Wʠʜ, (3.7) 

ɝɞɟ Wɪɟɝ – ɪɟɝɭɥɢɪɭɸɳɢɣ ɨɛɴɟɦ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ;  
Wɩɨɠ – ɧɟɩɪɢɤɨɫɧɨɜɟɧɧɵɣ ɡɚɩɚɫ ɜɨɞɵ ɧɚ ɬɭɲɟɧɢɟ ɩɨɠɚɪɚ;  
Wɫɨɛ.ɧ – ɨɛɴɟɦ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ. 

ɇɟɩɪɢɤɨɫɧɨɜɟɧɧɵɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɨɛɴɟɦ Wɩɨɠ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɬɭɲɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɨɠɚɪɨɜ n ɜ ɬɟɱɟɧɢɟ 
ɜɫɟɝɨ ɧɨɪɦɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ Ɍɩɨɠ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ W˒ˑˉ  =  T˒ ˑˉ ∙ ͵,͸ ∙ ሺnː.˒. ∙ qː.˒. + n˒.˒. ∙ q˒.˒.ሻ, ɦ3, (3.8) 

ɝɞɟ n – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɠɚɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɢ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɋɇɢɉ 2.04.02 – 84*;  
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q– ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɬɭɲɟɧɢɟ ɨɞɧɨɝɨ ɩɨɠɚɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɧɚɫɟɥɟɧɧɨɦ 
ɩɭɧɤɬɟ ɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɥ/ɫ;  

Ɍɩɨɠ – ɧɨɪɦɚɬɢɜɧɨɟ ɜɪɟɦɹ ɬɭɲɟɧɢɹ ɨɞɧɨɝɨ ɩɨɠɚɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ 3 ɱ. W˒ˑˉ = ͵ ∙ ͵,͸ ∙ ሺͳ ∙ ͳͲሻ = ͳͲͺ,Ͳ ˏଷ; 

Ɉɛɴɟɦ ɪɟɝɭɥɢɪɭɸɳɟɣ ɟɦɤɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 8% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ ɪɚɫɯɨɞɚ Wʠʜ = Ͳ,Ͳͺ ∙ Q˔˖˕ ୫ୟ୶, (3.9) Wʠʜ = Ͳ,Ͳͺ ∙ ͺͳͳ,ʹͲ = ͸Ͷ,ͻ ˏଷ. 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɪɟɡɟɪɜɭɚɪɨɜ ɱɢɫɬɨɣ ɜɨɞɵ: WʟЧʑ = ͻ͹ͳʹ,ͺ + ͳͲͺ,Ͳ + ͸Ͷ,ͻ = ͻͺͺͷ,͹ ˏଷ. 

ɉɪɢɧɢɦɚɸ 1 ɪɟɡɟɪɜɭɚɪ  ɨɛɴɟɦɨɦ 10 000 ɦ3. Ɋɚɡɦɟɪɵ ɬɢɩɨɜɨɝɨ 
ɪɟɡɟɪɜɭɚɪɚ – 60×36×4,8 ɦ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɫɥɨɹ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ ɢ ɫɥɨɹ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɡɚɩɚɫɚ ɜɨɞɵ ɫɨɫɬɚɜɢɬ: h୫ୟ୶ = ୛ʟЧʑ୊˓ ; (3.10) 

h˒ˑˉ = ୛˒ˑˉ୊˓ , (3.11) 

ɝɞɟ Fɪ – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ Ɋɑȼ, ɦ2; h୫ୟ୶ = ଽ ଼଼ହ,଻ ଺଴∙ଷ଺  = Ͷ,͸ ˏଷ; h˒ˑˉ =  ଵ଴଼,଴ ଺଴∙ଷ଺ = Ͳ,ͷ ˏଷ. 

Ɂɚɝɥɭɛɥɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɡɚɞɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɜɵɟɦɤɢ 
ɝɪɭɧɬɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɫɨɨɪɭɠɟɧɢɟ, ɪɚɜɧɨɟ ɩɨɥɨɜɢɧɟ ɜɵɫɨɬɵ ɪɟɡɟɪɜɭɚɪɚ 
ɇɪ = 4,8 ɦ: Zˇ = Zˊˈˏˎˋ − Ͳ,ͷ ∙ ʜ˓,  (3.12) Zˇ = ͳͺ͹,Ͳ − Ͳ,ͷ ∙ Ͷ,ͺ = ͳͺͶ,͸ ˏ. 

ɉɨ ɜɵɱɢɫɥɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɦɟɬɤɚ ɫɥɨɹ 
ɩɨɠɚɪɧɨɝɨ ɡɚɩɚɫɚ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ: Z˒ˑˉ = Zˇ + h˒ˑˉ, (3.13) 
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ɝɞɟ Zɞ – ɨɬɦɟɬɤɚ ɞɧɚ Ɋɑȼ, ɦ. Z˒ˑˉ = ͳͺͶ,͸ + Ͳ,ͷ = ͳͺͷ,ͳ ˏ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ: Z˓.୫ୟ୶ = Zˇ + h୫ୟ୶, (3.14) Z˓.୫ୟ୶ = ͳͺͶ,͸ + Ͷ,͸ = ͳͺͻ,ʹ ˏ. 

ɇɚɣɞɟɧɧɵɟ ɨɬɦɟɬɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 

 
Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɚ Ɋɑȼ 

3.5 Ɋɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ ɜɫɚɫɵɜɚɸɳɢɯ ɢ ɧɚɩɨɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 

Ⱦɢɚɦɟɬɪ ɜɫɚɫɵɜɚɸɳɢɯ ɢ ɧɚɩɨɪɧɵɯ ɬɪɭɛ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɪɚɫɱɟɬɧɨɦɭ 
ɪɚɫɯɨɞɭ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɜɨɞɨɡɚɛɨɪɚ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɜɨɞɵ ɜ ɬɪɭɛɚɯ: 

D = √ ୕భ଴,଻଼ହ∙୚ɬ
 (3.15) 

ɝɞɟ Q1 – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɞɧɨɝɨ ɧɚɫɨɫɚ,ɦ3/ɫ; 



24 
 

Vɬ – ɞɨɩɭɫɬɢɦɚɹ ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɞɥɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ V˕˅ ˔ = 1,0 ɦ/ɫ ɢ V˕ː ˃˒ = 2,0 ɦ/ɫ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɫɚɫɵɜɚɸɳɢɯ ɥɢɧɢɣ ɧɚ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɹɯ 1 ɢ 2 ɤɚɬɟɝɨɪɢɢ, 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɝɪɭɩɩ ɧɚɫɨɫɨɜ, ɜɤɥɸɱɚɹ, ɩɨɠɚɪɧɵɟ, ɞɨɥɠɧɨ ɛɵɬɶ 
ɧɟ ɦɟɧɟɟ ɞɜɭɯ. ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɤɪɭɩɧɵɯ ɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ ɱɢɫɥɨ 
ɜɫɚɫɵɜɚɸɳɢɯ ɬɪɭɛ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɱɢɫɥɭ ɧɚɫɨɫɨɜ. 

Ⱦɢɚɦɟɬɪ ɜɫɚɫɵɜɚɸɳɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ: 

D˅˔ = √ ଴,଴ଷ଴,଻଼ହ∙ଵ,଴ = Ͳ,ͳͻͷ ˏ, 

Dː˃˒ = √ ଴,଴ଷ଴,଻଼ହ∙ଶ,଴ = Ͳ,ͳ͵ͺ ˏ, 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɜɫɚɫɵɜɚɸɳɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ Dɜɫ = 219 ɦɦ, 
ɞɢɚɦɟɬɪ ɧɚɩɨɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ Dɧɚɩ = 140 ɦɦ. 

3.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɧɚɩɨɪɚ ɧɚɫɨɫɨɜ 

ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ ɧɚɫɨɫɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Hʜ = Hʒ + h୵.˅˔.ˎ + h୵.ː.ˎ, (3.16) 

ɝɞɟ HȽ – ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ, ɦ 
 hw.ɜɫ.ɥ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɦ;  
 hw.ɧ.ɥ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɧɚɩɨɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɹɯ ɢ ɜ ɜɨɞɨɜɨɞɟ ɨɬ ɇɋII . 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Hʒ = HZ = Zʓ.ʡ. − Z˒ˑˉ, (3.17) 

ɝɞɟ HZ – ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɭ ɞɢɤɬɭɸɳɟɣ ɬɨɱɤɢ ZȾ.Ɍ. .ɢ 
ɪɚɫɱɟɬɧɨɝɨ (ɩɨɠɚɪɧɨɝɨ) ɭɪɨɜɧɹ ɜ ɪɟɡɟɪɜɭɚɪɟ ɱɢɫɬɨɣ ɜɨɞɵ Zɩɨɠ: Hʒ = HZ = ʹʹͷ,Ͳ −  ͳͺͷ,ͳ =  ͵ͻ,ͻ ˏ; h୵.˅˔.ˎ = S଴ ˅˔ ∙ L˅˔ ∙ Q˅˔ଶ + hˍ.˅˔, (3.18) 

ɝɞɟ S0 ɜɫ – ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛ, ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɬɚɛɥɢɰɚɦ Ɏ. Ⱥ. 
ɒɟɜɟɥɟɜɚ;   

 Lɜɫ– ɞɥɢɧɚ ɜɫɚɫɵɜɚɸɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ, ɟɝɨ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɝɟɧɩɥɚɧɭ; 

 Qɜɫ – ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɜɫɚɫɵɜɚɸɳɢɯ ɥɢɧɢɣ,ɦ3/ɫ; 
 hk.ɜɫ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɤɨɦɦɭɧɢɤɚɰɢɹɯ ɜɧɭɬɪɢ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ, ɧɚ 

ɜɫɚɫɵɜɚɸɳɟɣ ɥɢɧɢɢ, ɦ; ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ hk.ɜɫ= 1,5 ɦ. 
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h୵.˅˔.ˎ = ͸,ͷͻͷ ∙ ͳͲ−଺ ∙ ͵Ͳ,Ͳ ∙ Ͳ,Ͳ͵ଶ + ͳ,ͷ ≈ ͳ,ͷ ˏ; h୵.ː.ˎ = h୵.˖˚ + hˍ.ː, (3.19) 

ɝɞɟ hɤ.ɧ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɤɨɦɦɭɧɢɤɚɰɢɹɯ ɜɧɭɬɪɢ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ, ɧɚ 
ɧɚɩɨɪɧɨɣ ɥɢɧɢɢ; ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 2,0 ɦ; 

hw.ɭɱ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɭɱɚɫɬɤɚɯ ɞɨ ɞɢɤɬɭɸɳɟɣ ɬɨɱɤɢ, ɦ: h୵.˖˚ = h˒˖˕ + hˆˈˑˏ + h˖ˊˎ, (3.20) 

ɝɞɟ hɩɭɬ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɩɨ ɞɥɢɧɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ; 
hɝɟɨɦ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ  
hɭɡɥ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɭɡɥɚɯ, ɦ. ɉɪɢɧɢɦɚɸɬɫɹ ɩɪɢ ɩɨɜɨɪɨɬɟ 90○ – 0,5 ɦ, 

ɩɪɢ ɩɨɜɨɪɨɬɟ 45○ – 0,3 ɦ, ɩɪɢ ɩɨɜɨɪɨɬɟ ɦɟɧɟɟ 45○ – 0,1 ɦ. h˒˖˕  =  ∑ i ∙ L, ɦ (3.21) 

ɝɞɟ i – ɭɤɥɨɧ ɫɟɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɚɦ Ɏ. Ⱥ. ɒɟɜɟɥɟɜɚ. 
 

                            Ɍɚɛɥɢɰɚ 3.2 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɭɬɟɜɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ 
№ 

ɭɱɚɫɬɤɚ 
Ⱦɥɢɧɚ 

ɭɱɚɫɬɤɚ, ɦ 
ɍɤɥɨɧ 

ɉɭɬɟɜɵɟ 
ɨɬɛɨɪɵ, ɦ 

ɇɋ-14 139,85 0,00159 0,22 
14-15 454,20 0,0027 1,23 
15-16 131,10 0,0027 0,35 
16-17 225,30 0,0027 0,61 
17-18 344,00 0,0027 0,93 
24-18 503,10 0,0027 1,36 
24-25 632,50 0,00256 1,62 
25-26 361,50 0,00157 0,57 
26-27 239,70 0,00199 0,48 
27-28 345,3 0,0065 2,24 
28-30 240,8 0,0147 3,54 

ɋɭɦɦɚ 
  

13,15 

 hˆˈˑˏ  =  𝑍ˇ.˕. − 𝑍ː˔, (3.22) hˆˈˑˏ = ʹʹͷ,Ͳ − ͳͺ͹,Ͳ = ͵ͺ,Ͳ ˏ. h୵.ː.ˎ = ͳ͵,ʹ + ͵ͺ,Ͳ + ʹ,ͺ = ͷͶ,Ͳ ˏ; Hʜ = ͵ͻ,ͻ + ͳ,ͷ + ͷͶ,Ͳ = ͻͷ,Ͷ ˏ. 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɧɚɫɨɫɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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Hʞ = Hʜ + H˔˅, (3.23) 

ɝɞɟ Hɫɜ – ɬɪɟɛɭɟɦɵɣ ɫɜɨɛɨɞɧɵɣ ɧɚɩɨɪ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ ɜ ɞɢɤɬɭɸɳɟɣ 
ɬɨɱɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ H˔˅ = Ͷ ∙ ሺ𝑛 − ͳሻ + ͳͲ, (3.24) 

ɝɞɟ n – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɷɬɚɠɟɣ ɫɚɦɨɝɨ ɜɵɫɨɤɨɝɨ ɡɞɚɧɢɹ. H˔˅ = Ͷ ∙ ሺʹ − ͳሻ + ͳͲ = ͳͶ ˏ; 

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɧɚɫɨɫɨɜ: Hʞ = ͻͷ,Ͷ + ͳͶ = ͳͲͻ,Ͷ ˏ. 

3.7 ɉɨɞɛɨɪ ɧɚɫɨɫɨɜ 

ɇɚɫɨɫɵ ɜ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɢ II  ɩɨɞɴɟɦɚ ɪɚɛɨɬɚɸɬ ɫɨɜɦɟɫɬɧɨ, ɜ 
ɩɚɪɚɥɥɟɥɶɧɨɦ ɪɟɠɢɦɟ ɩɨɞɚɱɢ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞ, ɬ.ɟ. ɧɟɫɤɨɥɶɤɨ ɧɚɫɨɫɨɜ ɩɨɞɚɸɬ 
ɜɨɞɭ ɜ ɨɞɧɭ ɫɢɫɬɟɦɭ. ɉɨɞɛɨɪ ɦɚɪɤɢ ɧɚɫɨɫɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɪɟɛɭɟɦɵɦ 
ɩɨɞɚɱɟ Qɇ = 118,3 ɦ3/ɱ ɢ ɧɚɩɨɪɭ ɇɇ = 109,4 ɦ. ɉɨ ɫɜɨɞɧɨɦɭ ɝɪɚɮɢɤɭ ɪɚɛɨɱɢɯ 
ɡɨɧ ɧɚɫɨɫɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɦɟɱɚɟɬɫɹ ɦɚɪɤɚ ɧɚɫɨɫɨɜ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ 
ɜɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɪɚɛɨɱɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɚɫɨɫɨɜ: 

ɉɪɢɧɢɦɚɟɦ 6 ɪɚɛɨɱɢɯ ɢ 3 ɪɟɡɟɪɜɧɵɯ ɧɚɫɨɫɚ Grundfos HS 350-250-630. 
Ɋɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3. 

 

                Ɍɚɛɥɢɰɚ 3.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɨɜ ɇɋ-II  

ɉɨɞɚɱɚ, 
ɦ3/ɱ 

ɇɚɩɨɪ, 
ɦ 

Ɇɨɳɧɨɫɬɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, 

ɤȼɬ 

Ɇɚɫɫɚ, 
ɤɝ 

Ƚɚɛɚɪɢɬɵ 
ɧɚɫɨɫɚ AxBxH, 

ɦɦ  

190,0 120,0 5,4 155 795x400x565 

3.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɫɨɬɵ ɩɚɜɢɥɶɨɧɚ 

ȼɵɫɨɬɚ ɩɚɜɢɥɶɨɧɚ ɛɟɪɟɝɨɜɨɝɨ ɤɨɥɨɞɰɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ H˒ = hଵ + hଶ + hଷ + hସ + hହ + h଺, (3.25) 

ɝɞɟ h1 – ɜɵɫɨɬɚ ɦɨɧɨɪɟɥɶɫɚ; 
h2 – ɦɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɬɚɥɢ ɨɬ ɤɪɸɤɚ; 
h3 – ɜɵɫɨɬɚ ɫɬɪɨɩɨɜɤɢ, 0,5ɦ; 
h4 – ɜɵɫɨɬɚ ɝɪɭɡɚ; 
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h5 – ɜɵɫɨɬɚ ɨɬ ɝɪɭɡɚ (ɧɚɫɨɫɚ) ɞɨ ɩɨɥɚ, 0,5 ɦ; 
h6 – ɜɵɫɨɬɚ ɮɭɧɞɚɦɟɧɬɚ ɩɨɞ ɧɚɫɨɫ. 

Hɩ = 1,16 + 1, Ͷͻ+ 0,5 + ͳ,Ͷ + 0,5 +͵ = ͺ,Ͳͷ ɦ   

ɋ ɭɱɟɬɨɦ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɲɚɝɚ (0,3 ɦ) ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɩɚɜɢɥɶɨɧ ɜɵɫɨɬɨɣ 
8,1 ɦ. 
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          4 ȼɨɞɨɡɚɛɨɪɧɵɟ ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 

Ⱦɥɹ ɧɟɮɬɟɫɨɞɟɪɠɚɳɢɯ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɮɢɪɦɵ 
«ɇɚɰɢɨɧɚɥɶɧɵɟ ɜɨɞɧɵɟ ɪɟɫɭɪɫɵ» ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɨɱɢɫɬɤɢ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ ɪɹɞ ɦɢɧɭɫɨɜ, ɧɨ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɦɨɠɟɬ 
ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɹɬɶɫɹ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 
- ɩɨɞɨɝɪɟɜ; 
- ɚɷɪɚɰɢɹ (ɨɬɞɭɜɤɚ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɩɨɜɵɲɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɨɞɵ); 
- ɞɨɡɢɪɨɜɚɧɢɟ ɨɤɢɫɥɢɬɟɥɹ (ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɢɥɢ ɝɢɩɨɯɥɨɪɢɞɚ 

ɧɚɬɪɢɹ); 
- ɞɨɡɢɪɨɜɚɧɢɟ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ (ɩɪɢ ɧɢɡɤɨɦ pH ɢ ɦɚɥɨɦ ɳɟɥɨɱɧɨɦ 

ɪɟɡɟɪɜɟ); 
- ɞɨɡɢɪɨɜɚɧɢɟ ɤɨɚɝɭɥɹɧɬɚ; 
-   ɨɫɜɟɬɥɢɬɟɥɶɧɨɟ ɮɢɥɶɬɪɨɜɚɧɢɟ; 
- ɫɨɪɛɰɢɨɧɧɨɟ ɮɢɥɶɬɪɨɜɚɧɢɟ ɱɟɪɟɡ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ; 

- ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɨɛɥɭɱɟɧɢɟɦ 
ɋɭɦɦɚɪɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɧɟɮɬɪɟɩɪɨɞɭɤɬɨɜ ɢɡ ɩɪɢɪɨɞɧɨɣ 

ɜɨɞɵ ɧɚ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 35%, ɚ 
ɡɧɚɱɢɬ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ ɩɢɬɶɟɜɨɣ ɜɨɞɵ (0,1 ɦɝ/ɦ3). 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɣ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɤɨɦɩɚɤɬɧɨɣ 
ɫɯɟɦɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɞɥɹ ɜɚɯɬɨɜɵɯ ɩɨɫɟɥɤɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɟɮɬɹɧɵɯ 
ɫɤɜɚɠɢɧ. 

4.1 Ʉɚɱɟɫɬɜɨ ɜɨɞɵ ɜɨɞɨɢɫɬɨɱɧɢɤɚ 

Ʉɚɱɟɫɬɜɨ ɜɨɞɵ ɜ ɢɫɬɨɱɧɢɤɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɋɚɧɉɢɇ, ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ: ɰɜɟɬɧɨɫɬɶ, ɠɟɫɬɤɨɫɬɶ, ɪɇ, ɨɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ 
ɩɪɟɜɵɲɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ, ɤɚɥɢɹ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. 

ɉɨɥɧɵɣ ɫɨɫɬɚɜ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.1 
 
                       Ɍɚɛɥɢɰɚ 4.1 – ɋɨɫɬɚɜ ɜɨɞɵ ɜɨɞɨɢɫɬɨɱɧɢɤɚ 

ɉɨɤɚɡɚɬɟɥɶ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ °ɋ 4,0 
ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ   6,1 
ɐɜɟɬɧɨɫɬɶ, ɝɪɚɞ ɝɪɚɞ 235,0 
Ɉɤɢɫɥɹɟɦɨɫɬɶ ɦɝ Ɉ2/ɥ 10,0 
ɀɟɥɟɡɨ ɨɛɳɟɟ ɦɝ/ɥ 16,0 
ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɦɝ/ɥ 0,8 
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         Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.1 

ɉɨɤɚɡɚɬɟɥɶ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 
Ʉɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ 

ɉɥɨɬɧɵɣ ɨɫɬɚɬɨɤ ɦɝ/ɥ 768,8 
ɀɟɫɬɤɨɫɬɶ ɨɛɳɚɹ ɝɪɚɞ 25,2 
ɀɟɫɬɤɨɫɬɶ ɭɫɬɪɚɧɢɦɚɹ ɝɪɚɞ 22,4 
ɀɟɫɬɤɨɫɬɶ ɤɚɪɛɨɧɚɬɧɚɹ ɝɪɚɞ 25,2 
ɇɢɬɪɢɬɵ ɦɝ/ɥ 0,002 
ɇɢɬɪɚɬɵ ɦɝ/ɥ 23,8 
ɇɚɬɪɢɣ ɦɝ/ɥ 61,1 
Ʉɚɥɢɣ ɦɝ/ɥ 119,5 
ɏɥɨɪ-ɢɨɧ ɦɝ/ɞɦ3 6510,0 
Ʉɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 30,0 
Ƚɢɞɪɨɤɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 630,3 
Ʉɚɥɶɰɢɣ ɦɝ/ɞɦ3 145,0 
Ɇɚɝɧɢɣ ɦɝ/ɞɦ3 46,4 
Ɉɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɝ/ɞɦ3 11 150,0 

4.2 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ  

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɨɩɪɟɞɟɥɟɧɚ ɫ 
ɭɱɟɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɝɨɪɨɞɟ, ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ. Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 

 
Ɍɚɛɥɢɰɚ 4.2 – Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɨɞɨɡɚɛɨɪɧɵɯ ɨɱɢɫɬɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ 

 

4.3 ɋɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɞɵ  

ȼɨɞɨɡɚɛɨɪɧɵɟ ɨɱɢɫɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ.  

ȼɵɛɨɪ ɫɨɫɬɚɜɚ ɫɨɨɪɭɠɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɩɨɤɚɡɚɬɟɥɟɣ 
ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɬɪɟɛɨɜɚɧɢɣ ɤ  ɤɚɱɟɫɬɜɭ ɩɢɬɶɟɜɨɣ  ɜɨɞɵ,  ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ  
ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ.  

 
 
 

Qɫɭɬ,  ɦ3/ɫɭɬ Qɱɚɫ,  ɦ3/ɱ Qc, ɦ3/ɫ 
55331,82 2317,7 0,640 
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Ɋɢɫɭɧɨɤ 4.1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 

1 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ, 2 – ɷɠɟɤɬɨɪ. 3, 7, 9 – ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ, 4 – ɤɨɧɬɚɤɬɧɚɹ 
ɤɚɦɟɪɚ; 5 - ɨɫɜɟɬɥɢɬɟɥɶɧɵɟ ɮɢɥɶɬɪɵ, 6 – ɫɨɪɛɰɢɨɧɧɵɟ ɮɢɥɶɬɪɵ, 

8 -  ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ, 10 – ɤɚɜɢɬɚɬɨɪ 

4.4 ɉɨɞɛɨɪ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɢɫɬɨɱɧɢɤɟ ɫɨɫɬɚɜɥɹɟɬ 0,1-4○ɋ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɟɟ 
ɨɱɢɫɬɤɭ. Ⱦɥɹ ɧɚɝɪɟɜɚ ɜɨɞɵ ɧɚ 2○ɋ ɢɫɩɨɥɶɡɭɟɦ ɩɪɨɬɨɱɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
ɬɢɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ» ɩɪɨɢɡɜɨɞɫɬɜɚ «Ɇɟɬɚɥɥɗɤɫɩɨɪɬɉɪɨɦ», ɪɚɛɨɱɚɹ ɫɪɟɞɚ – 
ɩɚɪ. ɂɫɬɨɱɧɢɤɨɦ ɩɚɪɚ ɫɥɭɠɚɬ ɬɟɩɥɨɝɟɧɟɪɢɪɭɸɳɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɫɟɥɤɚ. 
Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɢɫɩɨɥɧɟɧɢɹ ɌɌɆ - ɦɧɨɝɨɩɨɬɨɱɧɵɣ ɪɚɡɛɨɪɧɵɣ. ɉɪɢɦɟɧɹɟɬɫɹ 
ɬɚɦ, ɝɞɟ ɟɫɬɶ ɛɨɥɶɲɢɟ ɪɚɫɯɨɞɵ ɪɚɛɨɱɢɯ ɫɪɟɞ (ɨɬ 10 ɞɨ 300 ɬɨɧɧ ɜ ɱɚɫ). ɇɚ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɨɪɝɚɧɢɡɨɜɚɧɵ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɨɛɦɟɧɚ ɬɢɩɚ: 
ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ, ɝɚɡ-ɝɚɡ, ɠɢɞɤɨɫɬɶ-ɝɚɡ. Ɇɨɠɧɨ ɨɱɢɳɚɬɶ ɢ ɜɧɭɬɪɟɧɧɸɸ ɢ 
ɧɚɪɭɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ. 
 
Ɍɚɛɥɢɰɚ 4.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɬɢɩɚ 

ɉɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɝɥɚɞɤɢɯ ɬɪɭɛ, ɦ2 3,9-93,0 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ, ɦɦ 38; 48; 57 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɤɨɠɭɯɨɜɵɯ ɬɪɭɛ, ɦɦ 89; 108. 
ɍɫɥɨɜɧɨɟ ɞɚɜɥɟɧɢɟ, Ɇɉɚ,  ɧɟ ɛɨɥɟɟ 1,6; 4,0 
Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ, ɋ Ɉɬ ɦɢɧɭɫ 30 ɞɨ 400 
Ⱦɥɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ,  ɦɦ 3000; 4500; 6000; 9000. 

4.5 ɉɨɞɛɨɪ ɷɠɟɤɬɨɪɚ (ɢ ɤɨɦɩɪɟɫɫɨɪɚ) 

Ⱦɥɹ ɨɬɞɭɜɤɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɦɟɬɚɧɚ, ɤɚɤ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɝɚɡɨɜ 
ɧɟɮɬɟɫɨɞɟɪɠɚɳɢɯ ɜɨɞ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɪɟɡɟɪɜɭɚɪ ɫ ɷɠɟɤɬɨɪɨɦ. Ⱦɥɹ ɧɚɝɧɟɬɚɧɢɹ 
ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɹɟɦ ɛɟɡɦɚɫɥɹɧɵɣ ɤɨɦɩɪɟɫɫɨɪ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
«Ɉɬɟɱɟɫɬɜɟɧɧɵɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶ», ɬɢɩ ɢ ɦɨɞɟɥɶ: ȼɋ 75-2,0. 

 
  Ɍɚɛɥɢɰɚ 4.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɪɟɫɫɨɪɚ 

ɉɨɤɚɡɚɬɟɥɢ Ⱦɚɜɥɟɧɢɟ, 
ɛɚɪ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɦ3/ɱ 

Ɇɨɳɧɨɫɬɶ, 
ɤȼɬ 

ȼɟɫ, ɤɝ 

Ɂɧɚɱɟɧɢɹ 2,0 989,0 55,0 1160,0 
ɉɪɢɧɢɦɚɟɦ 2 ɷɠɟɤɬɨɪɚ ɩɨɝɪɭɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚ Tsurumi, ɦɨɞɟɥɶ 

150TRN440. 

1 2 3 4 5 6 7 8 9 10

http://www.v-p-k.ru/compressors/kompressory_vintovye/nizkogo_davleniya/vc8.html


31 
 

Ɍɚɛɥɢɰɚ 4.5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɠɟɤɬɨɪɚ 
ɉɨɤɚɡɚɬɟɥɢ Ⱦɚɜɥɟɧɢɟ, 

ɛɚɪ 
ɉɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶ, 

ɦ3/ɱ 

Ɇɨɳɧɨɫɬɶ, 
ɤȼɬ 

ȼɟɫ, ɤɝ Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɝɥɭɛɢɧɚ 

ɭɫɬɚɧɨɜɤɢ, ɦ 
Ɂɧɚɱɟɧɢɹ 2,0 630,0 40,0 635,0 6,0 

 
ɉɪɢɧɢɦɚɟɦ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɪɟɡɟɪɜɭɚɪ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɜ ɩɥɚɧɟ ɧɚ 

ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ Qɱ = 2317,7 ɦ3 ɪɚɡɦɟɪɚɦɢ Ⱥɯȼɯɋ = 24ɯ18ɯ4,8 ɦ, ɨɛɴɟɦɨɦ 
2500 ɦ3. 

Ⱦɥɹ ɩɟɪɟɤɚɱɤɢ ɜɨɞɵ ɜ ɤɨɧɬɚɤɬɧɵɣ ɪɟɡɟɪɜɭɚɪ ɩɪɢɧɢɦɚɟɦ 3 ɧɚɫɨɫɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ DAB KDNE 125-250/230. 

4.6 Ɋɚɫɱɟɬ ɪɟɚɝɟɧɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢɧɹɬ «Ⱥɤɜɚ-Ⱥɭɪɚɬ 30» (ɩɨɥɢɨɤɫɢɚɥɸɦɢɧɢɭɦ 
ɯɥɨɪɢɞ). Ʉɨɚɝɭɥɹɧɬ ɩɨɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ  Al2O3 – 30,0 %. Ⱦɨɡɚ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ 2-4 ɦɝ/ɥ 
ɩɨ Al2O3.  

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ ɧɚ ɨɱɢɫɬɧɵɯ ɫɬɚɧɰɢɹɯ 
ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɪɚɫɬɜɨɪɧɵɟ ɛɚɤɢ, ɪɚɫɯɨɞɧɵɟ ɛɚɤɢ, ɧɚɫɨɫɵ 
- ɞɨɡɚɬɨɪɵ ɢ ɬ.ɞ. Ⱦɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɫɭɯɨɝɨ ɤɨɚɝɭɥɹɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɪɚɫɬɜɨɪɧɵɟ 
ɛɚɤɢ, ɜ ɤɨɬɨɪɵɯ ɝɨɬɨɜɹɬ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 9 %. 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 ɬɪɟɛɭɟɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (5 %). Ɂɚɬɟɦ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ ɧɚɫɨɫɨɦ - 
ɞɨɡɚɬɨɪɨɦ ɩɨɞɚɟɬɫɹ ɜ ɫɦɟɫɢɬɟɥɶ.  

Ɋɢɫɭɧɨɤ 4.2 – Ȼɚɤ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɫ ɩɨɞɜɨɞɨɦ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ: 
1 – ɠ/ɛ ɪɟɡɟɪɜɭɚɪ; 2 - ɨɬɜɨɞ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ; 3 - ɤɨɥɨɫɧɢɤɨɜɚɹ ɪɟɲɟɬɤɚ; 

4 - ɤɭɫɤɢ ɤɨɚɝɭɥɹɧɬɚ; 5 - ɩɨɞɚɱɚ ɜɨɞɵ; 6 - ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ; 7 - ɜɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
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ȿɦɤɨɫɬɶ ɪɚɫɬɜɨɪɧɨɝɨ ɛɚɤɚ, ɦ3: W˓ = ୯˚୬ʓˍଵ଴ ଴଴଴∙ʑ˓ஓ, (4.1) 

ɝɞɟ n – ɜɪɟɦɹ, ɡɚ ɤɨɬɨɪɨɟ ɢɡɝɨɬɨɜɥɹɸɬ ɪɚɫɬɜɨɪ ɤɨɚɝɭɥɹɧɬɚ, n=6-12 ɱ; 
Ⱦɤ – ɞɨɡɚ ɤɨɚɝɭɥɹɧɬɚ, Ⱦɤ = 300 ɦɝ/ɥ; 
ȼɪ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ, ȼɪ= 9 %; 
Ȗɤ – ɨɛɴɟɦɧɵɣ ɜɟɫ ɤɨɚɝɭɥɹɧɬɚ, Ȗɤ=1,163 ɬ/ɦ3. W˓ = ଶଷ଴ହ,ହ∙଺∙ଷ଴଴ଵ଴ ଴଴଴∙ଽ∙ଵ,ଵ଺ଷ = ͵ͻ,͸ ɦ3. 

ȿɦɤɨɫɬɶ ɪɚɫɯɨɞɧɨɝɨ ɛɚɤɚ, ɦ3: W = ୛˓୆˓ʑ , (4.2) 

ɝɞɟ B – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ ɜ ɪɚɫɯɨɞɧɨɦ ɛɚɤɟ, ȼɊ = 5 %. W = ଷଽ,଺∙ଽ,଴ହ = ͹ͳ,͵ ˏଷ. 

ɉɪɢɧɢɦɚɟɦ ɪɚɡɦɟɪɵ ɛɚɤɚ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɪɟɡɟɪɜɭɚɪ ɤɪɭɝɥɵɣ ɜ ɩɥɚɧɟ 
ɞɢɚɦɟɬɪɨɦ 3,4 ɦ ɢ ɜɵɫɨɬɨɣ 2 ɦ. ɉɪɢɧɢɦɚɟɦ 1 ɪɚɫɬɜɨɪɧɵɣ ɛɚɤ, 2 ɪɚɫɯɨɞɧɵɯ 1 
ɪɟɡɟɪɜɧɵɣ. 

Ɉɩɪɟɞɟɥɹɟɦ ɨɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɥ/ɫ: Qʑ = Fଵωଵ + Fଶωଶ,  (4.3) 

ɝɞɟ F1 ɢ F2 – ɩɥɨɳɚɞɢ ɪɚɫɬɜɨɪɧɵɯ ɢ ɪɚɫɯɨɞɧɵɯ ɛɚɤɨɜ, ɦ2; 
ω1, ω2 – ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɪɚɫɬɜɨɪɧɵɣ ɢ ɪɚɫɯɨɞɧɵɣ ɛɚɤɢ. 

ɉɪɢɧɢɦɚɟɦ ω1=3÷10% ɥ/ɫ∙ɦ2, ω2=3÷5% ɥ/ɫ∙ɦ2. Fଵ = Fଶ = πୢమସ  (4.4) 

ɝɞɟ d – ɞɢɚɦɟɬɪ ɛɚɤɚ, ɦ Fଵ = Fଶ = ଷ,ଵସ∙ଷ,ସమସ = ͻ ˏଶ, Qʑ = ͻ ∙ ͹ + ʹ ∙ ͻ ∙ ͷ = ͳͷ͵ ˎ/˔. 

ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɩɨɞɛɢɪɚɟɦ ɤɨɦɩɪɟɫɫɨɪ Fiberpool 
ɇɊȿ-5026, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 318 ɦ3/ɱɚɫ = 88,3 ɦ3/ɦɢɧ, ɦɨɳɧɨɫɬɶ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 2,2 ɤȼɬ, ɞɚɜɥɟɧɢɟ 1,2 ɦɉɚ. ɉɪɟɞɭɫɦɚɬɪɢɜɚɟɦ, ɤɪɨɦɟ ɬɨɝɨ, 
ɪɟɡɟɪɜɧɵɣ ɤɨɦɩɪɟɫɫɨɪ. 
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ɇɚɯɨɞɢɦ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ: V = ୛଺଴∙ሺ୮+ଵሻ∙଴,଻଼ହୢమ (4.5) 

ɝɞɟ W – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɭɯɨɞɭɜɤɢ, ɦ3/ɦɢɧ; 
p – ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɪɚɜɧɨɟ 1,5 ɤɝ/ɫɦ2. V = ଼଼,ଷ଺଴∙ሺଵ,ହ+ଵሻ∙଴,଻଼ହ∙଴,଴ଷమ = ͺ͵͵,ʹ ˏଷ. 

Ɉɩɪɟɞɟɥɹɟɦ ɜɟɫ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ, ɤɝ/ɱ: G = W ∙ ͸Ͳ ∙ γ, (4.6) 

ɝɞɟ Ȗ - ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɡɞɭɯɚ, ɪɚɜɧɵɣ 1,9 ɤɝ/ɦ3. G = ͺͺ,͵ ∙ ͸Ͳ ∙ ͳ,ͻ = ͳͲͲ͸͸,ʹ ˍˆ/˚. 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɦ: Pଵ = ଵଶ,ହஒୋమ୪ஓୢఱ . (4.7) 

ɝɞɟ ȕ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ȕ=1,2; 
l – ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, l=20 ɦ. Pଵ = ଵଶ,ହ∙ଵ,ଶ∙ଵ଴଴଺଺,ଶమ∙ଶ଴,଴ଵ,ଽ∙ଷ଴ఱ = ͸,͸ ˏ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɮɚɫɨɧɧɵɯ ɱɚɫɬɹɯ, ɦɦ.ɜɨɞ.ɫɬ.: Pଶ = Ͳ,Ͳ͸͵Vଶ ∙ ∑ ξ , (4.8) 

ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ; 
∑ȗ - ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: ∑ ξ = ͳ,ͷn, (4.9) 

ɝɞɟ n – ɱɢɫɥɨ ɤɨɥɟɧ, ɪɚɜɧɨɟ ɱɢɫɥɭ ɪɚɫɬɜɨɪɧɵɯ ɢ ɪɚɫɯɨɞɧɵɯ ɛɚɤɨɜ.  ∑ ξ = ͳ,ͷn = ͳ,ͷ ∙ ͵ = Ͷ,ͷ. Pଶ = Ͳ,Ͳ͸͵ ∙ Ͳ,ͻଶ ∙ Ͷ,ͷ = Ͳ,ʹ͵ ˏˏ. ˅ˑˇ. ˔˕.  
ɋɭɠɟɧɧɵɣ ɭɱɚɫɬɨɤ ɞɥɹ ɜɜɨɞɚ ɪɟɚɝɟɧɬɚ 
Ɉɩɪɟɞɟɥɹɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɨɞɚ, ɦ: 
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ʓ = √ ସ୯π୚భ, (4.10) 

ɝɞɟ q – ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞɟ, ɦ3/ɫ; 
V1 – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɩɨɞɜɨɞɹɳɟɦ ɜɨɞɨɜɨɞɟ, V1=1÷1,2 ɦ/ɫ. 

ʓ = √ସ∙଴,଴ଵ଼ଷ,ଵସ∙ଵ,ଵ = Ͳ,ͳͶͶ ˏ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɨɞɚ 146 ɦɦ. 
Ⱦɢɚɦɟɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ: d = ʓଶ,  (4.11) d = ଵସ଺ଶ = ͹͵ ˏˏ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ 76 ɦɦ. 
 

 
Ɋɢɫɭɧɨɤ 4.2 – Ɍɪɭɛɨɩɪɨɜɨɞ ɩɨɞɚɱɢ ɪɟɚɝɟɧɬɚ 

Ⱦɢɧɚɦɢɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞɟ, ɦ: hˇˋːଵ = ୚భమଶ୥, (4.12) 

hˇˋːଵ = ଵ,ଵమଶ∙ଽ,଼ଵ = Ͳ,Ͳ͸ ˏ. 

Ⱦɢɧɚɦɢɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɫɭɠɟɧɧɨɦ ɭɱɚɫɬɤɟ, ɦ: hˇˋːଶ = ୚మమଶ୥, (4.13) 

hˇˋːଶ = ଷ,଴మଶ∙ଽ,଼ଵ = Ͳ,Ͷ͸ ˏ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɫɭɠɟɧɧɨɦ ɭɱɚɫɬɤɟ, ɦ: 
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hୡ = ୚మమ−୚భమଶ୥ , (4.14) 

ɝɞɟ V2 ɢ V1 - ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɪɭɛɟ ɧɨɪɦɚɥɶɧɨɝɨ 
ɫɟɱɟɧɢɹ ɢ ɜ ɫɭɠɟɧɧɨɣ ɱɚɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, V1=1÷1,2 ɦ/ɫ, V2=3 ɦ/ɫ. hୡ ଷ,଴మ−ଵ,ଵమଶ∙ଽ,଼ଵ = Ͳ,͵ͻ ˏ. 

ɑɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ hɫ = 0,30,4 ɦ. 
ɉɥɨɳɚɞɶ  ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɨɞɚ, ɦ2: fଵ = πୈమସ , (4.15) 

fଵ = ଷ,ଵସ∙଴,ଵସ଺మସ = Ͳ,Ͳͳ͹ ˏଶ. 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ2: fଶ = πୢమସ , (4.16) 

fଶ = ଷ,ଵସ∙଴,଴଻଺మସ = Ͳ,ͲͲͶ ˏଶ. 

Ɉɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɫɟɱɟɧɢɣ: mଵ = ୤భ୤మ, (4.17) 

mଵ = ଴,଴ଵ଻଴,଴଴ସ = Ͷ,ʹͷ. 

Ɋɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɩɶɟɡɨɦɟɬɪɚɯ, ɦ: 

√ℎ = 𝑞𝑐∙√௠భమ−ଵ𝜇௙భ√ଶ௚ , (4.18) 

ɝɞɟ μ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, μ=0,98. √h = ଴,଺଺ଷ∙√ସ,ଶହమ−ଵ଴,ଽ଼∙଴,଴ଵ଻∙√ଶ∙ଽ,଼ଵ = ͵͹,Ͳ. 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɢ ɢɡɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɨɣɫɬɜɨ ɫɤɥɚɞɚ, 
ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɧɚ 15-30 ɫɭɬɨɱɧɭɸ ɧɚɢɛɨɥɶɲɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɟɚɝɟɧɬɚɯ. 

ɉɥɨɳɚɞɶ ɫɤɥɚɞɚ ɤɨɚɝɭɥɹɧɬɨɜ, ɦ2: 
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F˔ˍˎˍ = ୕ˑ˔ʓˍ୘஑ଵ଴଴଴୔˔̱ ୦ˍୋబ̱, (4.19) 

ɝɞɟ Ⱦɤ - ɞɨɡɚ ɤɨɚɝɭɥɹɧɬɚ, Ⱦɤ=3 ɦɝ/ɥ; 
 Ɍ - ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɯɪɚɧɟɧɢɹ ɤɨɚɝɭɥɹɧɬɚ ɧɚ ɫɤɥɚɞɟ, Ɍ=60 ɫɭɬ; 
 α - ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɩɪɨɯɨɞɨɜ, α=1,15;  P̝ˍ  - ɫɨɞɟɪɠɚɧɢɟ ɛɟɡɜɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɤɨɚɝɭɥɹɧɬɟ, P̝ˍ = 33,5; 
 hɤ - ɜɵɫɨɬɚ ɫɥɨɹ ɤɨɚɝɭɥɹɧɬɚ, hɤ=2 ɦ;  G଴̱ - ɨɛɴɟɦɧɵɣ ɜɟɫ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢ ɡɚɝɪɭɡɤɟ ɫɤɥɚɞɚ ɧɚɜɚɥɨɦ, G଴̱ = 1,1 ɬ/ɦ3. F˔ˍˎˍ = ଶଷ଴ହ,ହ∙ଷ∙଺଴∙ଵ,ଵହଷଷ,ହ∙ଵ଴଴଴଴∙ଶ∙ଵ,ଵ = ͸,ͷ ˏଶ. 

4.7 Ɋɚɫɱɟɬ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ 

ɇɟɨɛɯɨɞɢɦɚɹ  ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ ɜ 
ɩɥɚɧɟ Fˍ = ୕˚˃˔୘୬ୌ , (4.20) 

ɝɞɟ Ɍ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɤɨɚɝɭɥɹɧɬɚ ɫ ɜɨɞɨɣ; ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 5 ɦɢɧ. 

 n – ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɧɵɯ ɤɚɦɟɪ; 
 ɇ – ɝɥɭɛɢɧɚ ɫɥɨɹ ɜɨɞɵ ɜ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɟ ɜ ɦ; ɩɪɢɧɢɦɚɟɬɫɹ 5 ɦ. 

ɉɪɢ Qɱɚɫ = 2317,7 ɦ3/ɱ , Ɍ = 0,1ɱ, n = 2 ɢ ɇ = 5ɦ Fˍ = ଶଷଵ଻,଻∙଴,ଵଶ∙ହ = ʹ͵,ͳ ˏଶ. 

ɉɪɢɧɢɦɚɟɦ  ɤɨɧɬɚɤɬɧɭɸ ɤɚɦɟɪɭ ɪɚɡɦɟɪɚɦɢ Ⱥɯȼɯɋ = 6ɯ6ɯ3,6 
Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɤɨɚɝɭɥɹɧɬɚ ɭ ɞɧɚ 

ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ ɪɚɡɦɟɫɬɢɦ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɬɪɭɛɵ. ɉɪɢɧɢɦɚɟɦ 
ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɨɪɢɫɬɵɟ ɬɪɭɛɵ. 

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 = 500 ɦɦ, 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: f˒ = Ͳ,ʹͷπDːl, (4.21) f˒ = Ͳ,ʹͷ ∙ ͵,ͳͶ ∙ Ͳ,Ͳ͸Ͷ ∙ ͳ = Ͳ,Ͳͷ ˏଶ. 
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ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɦɚɝɢɫɬɪɚɥɶɧɨɣ(ɤɚɪɤɚɫɧɨɣ) 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɬɪɭɛɵ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ d = 49 ɦɦ  ɪɚɜɧɚ: fɬɪ = 0,002 
ɦ2=20 ɫɦ2. 

ɉɪɢɧɢɦɚɟɦ ɜ ɤɚɠɞɨɣ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɟ ɩɨ ɱɟɬɵɪɟ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɬɪɭɛɵ, ɭɥɨɠɟɧɧɵɯ ɧɚ ɜɡɚɢɦɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ(ɦɟɠɞɭ 
ɨɫɹɦɢ) ɩɨ 0,9 ɦ. Ʉɚɠɞɚɹ ɬɪɭɛɚ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɛɥɨɤɨɜ. ɉɪɢ 
ɬɚɤɨɦ ɪɚɡɦɟɳɟɧɢɢ ɬɪɭɛ ɩɪɢɧɢɦɚɟɦ ɪɚɡɦɟɪɵ ɤɨɧɬɚɤɬɧɨɣ ɤɚɦɟɪɵ  ɜ ɩɥɚɧɟ 3,7 
ɯ 5,4ɦ. 

4.8 Ɋɚɫɱɟɬ ɨɫɜɟɬɥɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɨɜ 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɜɟɬɥɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɨɜ ɩɪɢɦɟɧɹɟɦ ɬɢɩɨɜɵɟ ɧɚɩɨɪɧɵɟ 
ɨɞɧɨɩɨɬɨɱɧɵɟ ɮɢɥɶɬɪɵ, ɫ ɡɚɝɪɭɡɤɨɣ ɢɡ ɞɪɨɛɥɟɧɧɨɝɨ ɚɧɬɪɚɰɢɬɚ ɢ ɤɜɚɪɰɟɜɨɝɨ 
ɩɟɫɤɚ. 

Ɋɚɫɱɟɬ ɮɢɥɶɬɪɨɜ ɩɪɨɢɡɜɨɞɹɬ ɢɫɯɨɞɹ ɢɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫ ɭɱɟɬɨɦ 
ɪɚɫɯɨɞɚ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɯ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɮɢɥɶɬɪɨɜ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɮɢɥɶɬɪɨɜɚɧɢɹ F, ɦ2, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ F = ୕˚୚˗,  (4.22) 

ɝɞɟ Vɮ – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɮɢɥɶɬɪɨɜ, 
ɦ/ɱ. Vɮ = 10 ɦ/ɱ. F = ଶଷଵ଻,଻ଵ଴ = ʹ͵ͳ,͹ ˏଶ. 

ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɤɚɠɞɨɝɨ ɮɢɥɶɬɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɩɨɞɛɨɪɚ 
ɩɨ ɮɨɪɦɭɥɟ f′ = ୊ୟ,  (4.23) 

ɝɞɟ ɚ – ɱɢɫɥɨ ɮɢɥɶɬɪɨɜ.  f′ = ଶଷଵ,଻ଽ = ʹͷ,͸ ˏଶ. 

ɉɪɢɧɢɦɚɟɦ 9 ɮɢɥɶɬɪɨɜ ɬɪɟɯɤɚɦɟɪɧɵɯ, d = 3,4 ɦ, ɩɥɨɳɚɞɶɸ f = 25,6 ɦ. 
ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: Vː = ୕˚୤ୟ . (4.24) Vː = ଶଷଵ,଻ଶହ,଺∙ଽ = ͻ,Ͷ ˏ/˚. 
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ɋɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɬɢɜɧɨɦɭ ɡɧɚɱɟɧɢɸ 5-10 ɦ/ɱ. 
ɋɪɟɞɧɟɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɪɨɦɵɜɤɭ ɮɢɥɶɬɪɨɜ: q = ୢ୰ୟଶସ , (4.25) 

ɝɞɟ r – ɱɢɫɥɨ ɩɪɨɦɵɜɨɤ ɤɚɠɞɨɝɨ ɮɢɥɶɬɪɚ ɜ ɫɭɬɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ 1-2; 
d – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɞɧɭ ɩɪɨɦɵɜɤɭ ɮɢɥɶɬɪɚ: d = ୧଺଴୲୤ଵ଴଴଴, (4.26) 

ɝɞɟ i – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ, ɥ/(ɫ-ɦ2), ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɮɢɥɶɬɪɨɜ ɫ 
ɡɚɝɪɭɡɤɨɣ ɚɧɬɪɚɰɢɬɨɦ i = 12 ɥ/(ɫ-ɦ2); 

t – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɡɪɵɯɥɹɸɳɟɣ ɩɪɨɦɵɜɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ 20 ɦɢɧ 
(0,33 ɱɚɫɚ). d = ଵଶ∙଺଴∙଴,ଷଷ∙ଶ଻,ଶଵ଴଴଴ = ͸,ͷ ˏଷ; q = ଺,ହ∙ଶ∙ଽଶସ = Ͷ,ͺ ˏଷ/˚. 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ: V˗ = ୕˚୤ሺୟ−ଵሻ.  (4.27) 

V˗ = ଶଷଵ଻,଻ଶହ,଺∙ሺଽ−ଵሻ = ͳͲ,͸ ˏ/˚. 

Ɋɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ ɫɯɨɞɢɬ ɜ 
ɞɢɚɩɚɡɨɧ ɞɨɩɭɫɬɢɦɵɯ ɫɤɨɪɨɫɬɟɣ ɞɨ 7,5-12 ɦ/ɱ. 

 
         Ɍɚɛɥɢɰɚ 4.6 – ɋɨɫɬɚɜ ɜɨɞɵ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɧɚ ɨɫɜɟɬɥɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɚɯ 

ɉɨɤɚɡɚɬɟɥɶ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɋɨɫɬɚɜ 
ɢɫɯɨɞɧɨɣ 

ɜɨɞɵ 

ɗɮɮɟɤɬɢɜ-
ɧɨɫɬɶ, ɞ. ɟ. 

ɋɨɫɬɚɜ ɧɚ 
ɜɵɯɨɞɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ °ɋ 4,0   4,0 
ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ   6,1   6,1 
ɐɜɟɬɧɨɫɬɶ, ɝɪɚɞ ɝɪɚɞ 235,0 0,75 58,8 
Ɉɤɢɫɥɹɟɦɨɫɬɶ ɦɝ Ɉ2/ɥ 10,0 0,75 2,5 
ɀɟɥɟɡɨ ɨɛɳɟɟ ɦɝ/ɥ 16,0   16,0 
ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɦɝ/ɥ 0,8 0,1 0,7 
ɉɥɨɬɧɵɣ ɨɫɬɚɬɨɤ ɦɝ/ɥ 768,8 0,6 307,5 

ɀɟɫɬɤɨɫɬɶ ɨɛɳɚɹ ɝɪɚɞ 25,2 0,6 10,1 
ɀɟɫɬɤɨɫɬɶ ɭɫɬɪɚɧɢɦɚɹ ɝɪɚɞ 22,4 0,6 9,0 
ɀɟɫɬɤɨɫɬɶ ɤɚɪɛɨɧɚɬɧɚɹ ɝɪɚɞ 25,2 0,6 10,1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.6 

ɉɨɤɚɡɚɬɟɥɶ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɋɨɫɬɚɜ 
ɢɫɯɨɞɧɨɣ 

ɜɨɞɵ 

ɗɮɮɟɤɬɢɜ-
ɧɨɫɬɶ, ɞ. ɟ. 

ɋɨɫɬɚɜ ɧɚ 
ɜɵɯɨɞɟ 

ɇɢɬɪɢɬɵ ɦɝ/ɥ 0,002 0,6 0,0008 
ɇɢɬɪɚɬɵ ɦɝ/ɥ 23,8 0,6 9,5 
ɇɚɬɪɢɣ ɦɝ/ɥ 61,1 0,6 24,4 
Ʉɚɥɢɣ ɦɝ/ɥ 119,5 0,6 47,8 
ɏɥɨɪ-ɢɨɧ ɦɝ/ɞɦ3 6510,0 - 6510,0 
Ʉɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 30,0 0,6 12,0 
Ƚɢɞɪɨɤɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 630,3 0,6 252,1 
Ʉɚɥɶɰɢɣ ɦɝ/ɞɦ3 145,0 0,6 58,0 
Ɇɚɝɧɢɣ ɦɝ/ɞɦ3 46,4 0,6 18,6 
Ɉɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɝ/ɞɦ3 11 150,0 0,6 4460,0 

4.9 Ɋɟɡɟɪɜɭɚɪ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ 

W˒˓ˑˏ = ଶ୧୲ଷ଺଴଴୤ୟଵ଴଴଴ , ɦ3  (4.28) W˒˓ˑˏ == ଶ∙ଵଶ,଴∙଴,ଷଷ∙ଷ଺଴଴∙ଶ଻,ଶ∙ଽଵ଴଴଴ = ͸ͻ͹͸,͹ ˏଷ. 

ɉɪɢɧɢɦɚɟɦ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɪɟɡɟɪɜɭɚɪ ɧɚ 7000 ɦ3 ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ 
AxBxC = 43x36x4,8 ɦ. 

4.10 Ɋɚɫɱɟɬ ɫɨɪɛɰɢɨɧɧɵɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɨɱɢɫɬɤɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɜɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɝɪɭɡɤɢ ɮɢɥɶɬɪɨɜ ɢɫɩɨɥɶɡɭɟɦ ɛɨɧɵ ɫ ɚɞɫɨɪɛɟɧɬɨɦ 
«ɍɧɢɫɨɪɛ-Ȼɢɨ» ɜ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɮɢɥɶɬɪɚ, ɤɨɥɨɧɧɭ ɮɢɥɶɬɪɚ 
ɡɚɝɪɭɠɚɟɦ ɩɨɪɨɲɤɨɜɵɦ ɚɞɫɨɪɛɟɧɬɨɦ ɬɨɣ ɠɟ ɦɚɪɤɢ.  

Ɂɚɹɜɥɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɪɛɟɧɬɚ: ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ 30-60 ɝ 
ɡɚɝɪɹɡɧɟɧɢɣ ɧɚ 1 ɝ ɫɨɪɛɟɧɬɚ; ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ  98,0-99,5 %. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ (ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ 0,1-4,0○ɋ): 
ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ aୱୠ୫ୟ୶ = ɦɝ/ɥ; ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ 72 %. 

ɇɚɯɨɞɢɦ ɨɛɳɭɸ ɩɥɨɳɚɞɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ 
ɚɞɫɨɪɛɟɧɬɨɜ: F˔ = ୕୚̊ , (4.29) 

ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɵ ɱɟɪɟɡ ɫɨɪɛɟɧɬ, ɩɪɢɧɢɦɚɟɦ V = 12 ɦ/ɫ. 
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F˔ = ଶଷଵ଻,଻ଵଶ = ͳͻʹ,ͳ ˏଶ.  

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ɥɢɧɢɣ 
ɚɞɫɨɪɛɟɧɬɨɜ ɩɪɢ Dabs = 3,4 ɦ: Nୟୠୱୠ = ୊౗ౘ౩୤౗ౘ౩ , (4.30) 

ɝɞɟ fabs – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ ɮɢɥɶɬɪɚ, ɦ2: fୟୠୱ = πୈ౗ౘ౩మସ , (4.31) 

Ⱦɥɹ ɬɪɟɯɤɚɦɟɪɧɨɝɨ ɮɢɥɶɬɪɚ: fୟୠୱ = ͵ ∙ ଷ,ଵସ∙ଷ,ହమସ = ʹ͹,ʹ ˏଶ; Nୟୠୱୠ = ଵଽଶ,ଵଶ଻,ଶ = ͹,ͳ ˛˕. 

ɉɪɢɧɢɦɚɟɦ ɤ ɪɚɛɨɬɟ 8 ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ɥɢɧɢɣ 
ɚɞɫɨɪɛɟɧɬɨɜ ɩɪɢ ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ 12 ɦ/ɱ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɨɡɚ ɫɨɪɛɟɧɬɚ: Dୱୠ୫ୟ୶ = େː−ʠˍୟ౩ౘౣ౗x ,  (4.32) 

ɝɞɟ ɋɧ, ɋɤ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɜ ɢɫɯɨɞɧɨɣ ɢ ɮɢɥɶɬɪɨɜɚɧɧɨɣ ɜɨɞɟ, 
ɦɝ/ɥ. ɋɧ = 0,8 ɦɝ/ɥ, ɋɤ = 0,22 ɦɝ/ɥ; aୱୠ୫ୟ୶ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɫɨɪɛɟɧɬɚ, ɦɝ/ɥ: aୱୠ୫ୟ୶ = ʹͷ͵√ʠː, (4.33) aୱୠ୫ୟ୶ = ʹͷ͵√Ͳ,ͺ = ʹʹ͸,͵ ɦɝ/ɥ; Dୱୠ୫ୟ୶ = ଴,଼−଴,ଶଶଶଶ଺,ଷ = Ͳ,ͲͲ͵ ˏˆ/ˎ. 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɜɵɫɨɬɚ ɡɚɝɪɭɡɤɢ, ɪɚɜɧɚɹ ɜɵɫɨɬɟ ɚɞɫɨɪɛɟɪɚ: H = ୈ౩ౘౣ౗x୲౗d౩౥౦୩౗d౩ୟ౩ౘౣ౗x, (4.34) 

ɝɞɟ tୟୢୱ୭୮  - ɨɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɞɨ 
ɩɪɨɫɤɨɤɚ; 
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kads - ɡɚɞɚɧɧɚɹ ɫɬɟɩɟɧɶ ɢɫɱɟɪɩɚɧɢɹ ɟɦɤɨɫɬɢ ɫɨɪɛɟɧɬɚ. ɋɨɝɥɚɫɧɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ kads= 0,5.  H = ଴,଴଴ଷ∙ଶଽ଼,ସ∙ଶସ଴,ହ∙ଶଶ଺,ଷ = Ͳ,ͷ ˏ. 

Ⱦɥɹ ɩɟɪɟɤɚɱɤɢ ɜɨɞɵ ɜ Ɋɑȼ ɩɪɢɧɢɦɚɟɦ 3 ɧɚɫɨɫɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ DAB 
KDNE 125-250/230. 

 
    Ɍɚɛɥɢɰɚ 4.7 – ɋɨɫɬɚɜ ɜɨɞɵ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɧɚ ɫɨɪɛɰɢɨɧɧɵɯ ɮɢɥɶɬɪɚɯ 

ɉɨɤɚɡɚɬɟɥɶ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɋɨɫɬɚɜ 
ɢɫɯɨɞɧɨɣ 

ɜɨɞɵ 

ɗɮɮɟɤɬɢɜ-
ɧɨɫɬɶ, ɞ. ɟ. 

ɋɨɫɬɚɜ ɧɚ 
ɜɵɯɨɞɟ 

Ɍɟɦɩɟɪɚɬɭɪɚ °ɋ 4,0   4,0 
ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ   6,1 - 6,7 
ɐɜɟɬɧɨɫɬɶ, ɝɪɚɞ ɝɪɚɞ 235,0 0,5 29,4 
Ɉɤɢɫɥɹɟɦɨɫɬɶ ɦɝ Ɉ2/ɥ 10,0 0,3 1,8 
ɀɟɥɟɡɨ ɨɛɳɟɟ ɦɝ/ɥ 16,0 0,72 4,5 
ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɦɝ/ɥ 0,8 0,42 0,4 
ɉɥɨɬɧɵɣ ɨɫɬɚɬɨɤ ɦɝ/ɥ 768,8 0,72 86,1 
ɀɟɫɬɤɨɫɬɶ ɨɛɳɚɹ ɝɪɚɞ 25,2 0,72 2,8 
ɀɟɫɬɤɨɫɬɶ ɭɫɬɪɚɧɢɦɚɹ ɝɪɚɞ 22,4 0,72 2,5 
ɀɟɫɬɤɨɫɬɶ ɤɚɪɛɨɧɚɬɧɚɹ ɝɪɚɞ 25,2 0,72 2,8 
ɇɢɬɪɢɬɵ ɦɝ/ɥ 0,002 0,72 0,0002 
ɇɢɬɪɚɬɵ ɦɝ/ɥ 23,8 0,72 2,7 
ɇɚɬɪɢɣ ɦɝ/ɥ 61,1 0,72 6,8 
Ʉɚɥɢɣ ɦɝ/ɥ 119,5 0,72 13,4 
ɏɥɨɪ-ɢɨɧ ɦɝ/ɞɦ3 6510,0 0,6 2604,0 
Ʉɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 30,0 0,72 3,4 

Ƚɢɞɪɨɤɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 630,3 0,72 70,6 
Ʉɚɥɶɰɢɣ ɦɝ/ɞɦ3 145,0 0,72 16,2 
Ɇɚɝɧɢɣ ɦɝ/ɞɦ3 46,4 0,72 5,2 
Ɉɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɝ/ɞɦ3 11 150,0 0,72 1248,8 

4.11 ɉɨɞɛɨɪ ɤɚɜɢɬɚɬɨɪɚ 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɢ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɩɪɢɦɟɧɹɟɦ 
ɤɚɜɢɬɚɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɫ ɍɎ ɢɡɥɭɱɟɧɢɟɦ «Ʌɚɡɭɪɶ Ɇ-500». 

Ʉɚɜɢɬɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɥɢɧɞɪ ɫ ɜɪɚɳɚɸɳɢɦɢɫɹ 
ɤɪɵɥɶɱɚɬɤɚɦɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɨɮɢɥɹ ɢ ɝɢɞɪɨɬɨɪɦɨɡ. Ʉɚɜɢɬɚɰɢɹ ɜɨɡɧɢɤɚɟɬ 
ɡɚ ɫɱɟɬ ɪɚɡɪɟɠɟɧɢɹ ɩɨɬɨɤɚ ɡɚ ɥɨɩɚɫɬɶɸ. 
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Ʉɚɜɢɬɚɰɢɹ — ɷɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɠɢɞɤɨɫɬɢ ɪɚɡɪɵɜɨɜ ɜ ɜɢɞɟ ɩɭɡɵɪɶɤɨɜ, 

ɡɚɩɨɥɧɟɧɧɵɯ ɝɚɡɨɦ, ɩɚɪɨɦ ɢɥɢ ɢɯ ɫɦɟɫɶɸ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɡɨɧɚɯ 
ɥɨɤɚɥɶɧɨɝɨ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ. 

ȼ ɮɚɡɟ ɫɠɚɬɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɫɢɥ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɩɨɥɨɫɬɶ ɡɚɯɥɨɩɵɜɚɟɬɫɹ, ɚ ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɧɚ 
ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ. ȼ ɦɨɦɟɧɬ ɫɯɥɨɩɵɜɚɧɢɹ, ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ 
ɞɨɫɬɢɝɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ 100 Ɇɉɚ ɢ 10 000 ɋ. ȼɵɞɟɥɹɸɳɟɣɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɫɯɥɨɩɵɜɚɧɢɹ ɩɭɡɵɪɶɤɚ ɷɧɟɪɝɢɢ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ 
ɢɨɧɢɡɚɰɢɢ ɢ ɞɢɫɫɨɰɢɚɰɢɢ ɦɨɥɟɤɭɥ ɜɨɞɵ ɢ ɝɚɡɨɜ ɜɧɭɬɪɢ ɤɚɜɢɬɚɰɢɨɧɧɨɣ 
ɩɨɥɨɫɬɢ.  

ȿɫɥɢ ɞɚɜɥɟɧɢɟ ɫɧɢɠɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɪɚɫɬɚɧɢɹ ɦɟɫɬɧɵɯ ɫɤɨɪɨɫɬɟɣ 
ɩɨɬɨɤɚ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɬɨ ɤɚɜɢɬɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ, 
ɟɫɥɢ ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɵɡɜɚɧɨ ɩɪɨɯɨɠɞɟɧɢɟɦ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ, ɬɨ 
ɤɚɜɢɬɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɚɤɭɫɬɢɱɟɫɤɨɣ. 

Ʉɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɵɜ ɠɢɞɤɨɫɬɢ, 
ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ: ɨɬ ɱɢɫɬɨɬɵ ɠɢɞɤɨɫɬɢ, ɫɨɞɟɪɠɚɧɢɹ ɜɨɡɞɭɯɚ, 
ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɚɟɬ ɤɚɜɢɬɚɰɢɹ. 

Ʉɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɜ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ, ɢɦɟɸɳɟɦ ɩɟɪɟɦɟɧɧɨɟ 
ɩɨɥɟ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɛɥɢɡɢ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ – ɜ 
ɦɟɫɬɚɯ ɧɚɢɛɨɥɶɲɟɝɨ ɪɚɡɪɟɠɟɧɢɹ. ɉɟɪɟɦɟɧɧɨɟ ɩɨɥɟ ɞɚɜɥɟɧɢɹ ɫɨɡɞɚɟɬɫɹ 
ɪɚɡɥɢɱɧɵɦ ɨɛɪɚɡɨɦ: ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ (ɞɜɢɠɟɧɢɹ 
ɬɟɥɚ), ɜɥɢɹɧɢɹ ɮɨɪɦɵ ɬɟɥɚ, ɜɫɥɟɞɫɬɜɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ 
ɠɢɞɤɨɫɬɶ. 

Ɋɚɡɥɢɱɚɸɬ ɞɜɟ ɷɬɚɩɚ ɤɚɜɢɬɚɰɢɢ: ɧɚɱɚɥɶɧɭɸ ɢ ɪɚɡɜɢɬɭɸ. 
ɇɚɱɚɥɶɧɚɹ ɫɬɚɞɢɹ ɩɨɹɜɥɹɟɬɫɹ ɩɪɢ ɛɨɥɶɲɢɯ ɪɚɡɪɹɠɟɧɢɹɯ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɪɚɡɪɵɜɭ ɠɢɞɤɨɫɬɢ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɤɚɜɢɬɚɰɢɢ: ɩɭɡɵɪɱɚɬɚɹ, ɩɥɟɧɨɱɧɚɹ, ɜ ɜɢɞɟ ɜɢɯɪɟɜɵɯ ɲɧɭɪɨɜ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɠɢɞɤɨɫɬɶ ɧɚɱɢɧɚɟɬ ɤɢɩɟɬɶ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɜ ɧɟɤɨɬɨɪɵɯ 
ɭɱɚɫɬɤɚɯ ɩɨɬɨɤɚ ɫɧɢɠɚɟɬɫɹ ɞɨ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. ȼ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɱɢɧɚɟɬɫɹ ɤɚɜɢɬɚɰɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɫɬɢ. ȿɫɥɢ ɠɢɞɤɨɫɬɶ ɫɨɞɟɪɠɢɬ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɬɨ ɭɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ 
ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɜɨɡɞɭɯɚ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɝɚɡɨɜɵɯ ɩɨɥɨɫɬɟɣ 
(ɤɚɜɟɪɧ), ɜ ɤɨɬɨɪɵɯ ɞɚɜɥɟɧɢɟ ɜɵɲɟ, ɱɟɦ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 
ɠɢɞɤɨɫɬɢ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɠɢɞɤɨɫɬɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ, ɧɟ ɜɢɞɢɦɵɯ ɝɥɚɡɨɦ 

Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
«Ʌɚɡɭɪɶ Ɇ-500» 
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ɩɭɡɵɪɶɤɨɜ ɤɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɞɚɜɥɟɧɢɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ 
ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ. Ʉɚɠɞɵɣ ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɩɭɡɵɪɟɤ, ɮɨɪɦɢɪɭɹɫɶ 
ɢɡ ɹɞɪɚ, ɪɚɫɬɟɬ ɞɨ ɤɨɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɫɯɥɨɩɵɜɚɟɬɫɹ. ȼɟɫɶ ɩɪɨɰɟɫɫ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɫɟɤɭɧɞ. ɉɭɡɵɪɶɤɢ ɦɨɝɭɬ ɩɨɹɜɥɹɬɶɫɹ 
ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɧɚɫɬɨɥɶɤɨ ɛɵɫɬɪɨ, ɱɬɨ ɤɚɠɭɬɫɹ ɨɞɧɨɣ ɤɚɜɟɪɧɨɣ. 

ȼ ɬɟɤɭɳɟɣ ɠɢɞɤɨɫɬɢ ɜ ɬɨɱɤɚɯ ɧɚɢɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɢ, ɝɞɟ ɞɚɜɥɟɧɢɹ 
ɧɚɢɦɟɧɶɲɢɟ, ɜɨɡɧɢɤɚɸɬ ɤɚɜɢɬɚɰɢɨɧɧɵɟ ɩɨɥɨɫɬɢ (ɤɚɜɟɪɧɵ), ɤɨɬɨɪɵɟ ɡɚɬɟɦ, 
ɩɨɩɚɞɚɹ ɜ ɨɛɥɚɫɬɢ ɩɨɬɨɤɚ ɫ ɧɢɡɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɢ ɜɵɫɨɤɢɦɢ ɞɚɜɥɟɧɢɹɦɢ, 
ɫɯɥɨɩɵɜɚɸɬɫɹ ɢ ɪɚɡɪɭɲɚɸɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɵɣ 
ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɯɥɨɩɵɜɚɧɢɹ ɩɭɡɵɪɶɤɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɪɚɡɦɟɪɵ ɤɚɜɟɪɧɵ, ɤɨɬɨɪɚɹ ɧɚɛɥɸɞɚɬɟɥɸ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɫɬɚɰɢɨɧɚɪɧɨɣ. Ʉɚɜɟɪɧɚ ɨɛɪɚɡɭɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɢɥɢ ɛɥɢɡɤɨ ɤ 
ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɠɢɞɤɨɫɬɢ. 

Ȼɥɚɝɨɞɚɪɹ ɭɩɪɚɜɥɹɟɦɨɦɭ ɩɪɨɰɟɫɫɭ ɤɚɜɢɬɚɰɢɢ ɜ ɠɢɞɤɢɯ ɫɪɟɞɚɯ, ɢɯ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɛɥɚɫɬɢ ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ 
ɜɨɞ ɹɜɥɹɟɬɫɹ ɢɧɧɨɜɚɰɢɨɧɧɵɦ ɢ ɜɵɫɨɤɨɪɟɧɬɚɛɟɥɶɧɵɦ. 

 
Ɍɚɛɥɢɰɚ 4.8 – ɋɨɫɬɚɜ ɜɨɞɵ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɧɚ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 

ɉɨɤɚɡɚɬɟɥɶ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɋɨɫɬɚɜ 
ɢɫɯɨɞɧɨɣ 

ɜɨɞɵ 

ɗɮɮɟɤɬɢɜ-
ɧɨɫɬɶ, ɞ. ɟ. 

ɋɨɫɬɚɜ 
ɧɚ 

ɜɵɯɨɞɟ 

ɉȾɄ ɜ ɜɨɞɟ 
ɩɢɬɶɟɜɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ 
Ɍɟɦɩɟɪɚɬɭɪɚ °ɋ 4,0   4,0 4,5 
ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ   6,1   7,0 6-9 
ɐɜɟɬɧɨɫɬɶ, ɝɪɚɞ ɝɪɚɞ 235,0 0,97 0,9 20,0 
Ɉɤɢɫɥɹɟɦɨɫɬɶ ɦɝ Ɉ2/ɥ 10,0 0,98 0,04 - 
ɀɟɥɟɡɨ ɨɛɳɟɟ ɦɝ/ɥ 16,0 0,97 0,1 0,3 
ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɦɝ/ɥ 0,8 0,995 0,002 0,0 
ɉɥɨɬɧɵɣ ɨɫɬɚɬɨɤ ɦɝ/ɥ 768,8 0,98 1,7 - 
ɀɟɫɬɤɨɫɬɶ ɨɛɳɚɹ ɝɪɚɞ 25,2 0,98 0,1 7,0 
ɀɟɫɬɤɨɫɬɶ ɭɫɬɪɚɧɢɦɚɹ ɝɪɚɞ 22,4 0,98 0,1 - 
ɀɟɫɬɤɨɫɬɶ ɤɚɪɛɨɧɚɬɧɚɹ ɝɪɚɞ 25,2 0,98 0,1 - 
ɇɢɬɪɢɬɵ ɦɝ/ɥ 0,002 0,98 0,00004 3,0 
ɇɢɬɪɚɬɵ ɦɝ/ɥ 23,8 0,98 0,1 45,0 
ɇɚɬɪɢɣ ɦɝ/ɥ 61,1 0,98 0,1 200,0 
Ʉɚɥɢɣ ɦɝ/ɥ 119,5 0,98 0,3 12,0 
ɏɥɨɪ-ɢɨɧ ɦɝ/ɞɦ3 6510,0 0,98 52,1 350,0 

Ʉɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 30,0 0,98 0,1 - 
Ƚɢɞɪɨɤɚɪɛɨɧɚɬɵ ɦɝ/ɞɦ3 630,3 0,98 1,4 - 
Ʉɚɥɶɰɢɣ ɦɝ/ɞɦ3 145,0 0,98 0,3 100,0 
Ɇɚɝɧɢɣ ɦɝ/ɞɦ3 46,4 0,98 0,1 50,0 
Ɉɛɳɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɝ/ɞɦ3 11 150,0 0,98 25,0 1000 

ɋɨɫɬɚɜ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɋɚɧɉɢɇ ɤ ɩɢɬɶɟɜɨɣ ɜɨɞɟ.  
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5 Ɍɪɚɫɫɢɪɨɜɤɚ ɜɨɞɨɜɨɞɨɜ ɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ 

ɉɪɢ ɬɪɚɫɫɢɪɨɜɤɟ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɫɥɟɞɭɟɬ 
ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɯ ɩɪɢɧɰɢɩɨɜ:  

- ɜɨɞɨɩɪɨɜɨɞɧɚɹ ɫɟɬɶ ɞɨɥɠɧɚ ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɷɤɨɧɨɦɢɱɧɨɝɨ ɢ 
ɤɪɚɬɱɚɣɲɟɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɧɟɣ ɤɪɭɩɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜɨɞɵ, ɚ ɬɚɤɠɟ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɯ ɢ ɡɚɩɚɫɧɵɯ ɟɦɤɨɫɬɟɣ;  

- ɭɱɚɫɬɤɢ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɩɨ ɭɥɢɰɚɦ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɧɢɦ ɥɢɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 
ɫɟɬɢ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɬɪɚɧɡɢɬɧɵɯ ɭɱɚɫɬɤɨɜ ɫɟɬɢ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɚ. 
ɍɱɚɫɬɤɢ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɨɬɛɨɪɨɦ ɜɨɞɵ ɦɨɝɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜ ɪɚɣɨɧɚɯ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɡɚɫɬɪɨɣɤɢ.  

- ɦɚɝɢɫɬɪɚɥɶɧɵɟ ɥɢɧɢɢ ɧɚɦɟɱɚɸɬ ɜɞɨɥɶ ɨɫɧɨɜɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɫ ɫɨɟɞɢɧɟɧɢɟɦ ɷɬɢɯ ɥɢɧɢɣ 
ɩɟɪɟɦɵɱɤɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɨɞɨɜɨɞɵ ɛɭɞɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɡɚɦɤɧɭɬɵɟ 
ɤɨɧɬɭɪɵ (ɤɨɥɶɰɚ), ɜɵɬɹɧɭɬɵɟ ɜɞɨɥɶ ɨɫɧɨɜɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜɨɞɵ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɚ ɬɪɭɛ, 
ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜɫɥɟɞɫɬɜɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɜɨɞɵ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɤɨɥɶɰɟɜɨɣ ɫɟɬɢ ɫɥɟɞɭɟɬ ɡɧɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɜɨɞɵ ɩɨ ɟɟ ɭɱɚɫɬɤɚɦ.  

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; 
4) Ɉɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɨɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɟ; 
5) Ɉɩɪɟɞɟɥɢɦ ɩɭɬɟɜɨɣ ɪɚɫɯɨɞ ɩɨ ɤɚɠɞɨɦɭ ɭɱɚɫɬɤɭ; 
6) ɇɚɣɞɟɦ ɡɧɚɱɟɧɢɟ ɭɡɥɨɜɵɯ ɪɚɫɯɨɞɨɜ 
7) 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; 

8) ɉɪɨɜɟɪɢɦ ɛɚɥɚɧɫ ɪɚɫɯɨɞɨɜ. 

5.1 Ɋɚɫɱɟɬ ɫɟɬɢ ɜɨ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɪɚɡɛɨɪɚ 

ɉɪɢ  ɨɩɪɟɞɟɥɟɧɢɢ  ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɜ  ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 
ɫɟɬɢ ɩɪɢɦɟɦ ɞɜɚ ɞɨɩɭɳɟɧɢɹ:  

1) Ɉɬɛɨɪ  ɜɨɞɵ  ɩɨ  ɞɥɢɧɟ  ɭɱɚɫɬɤɚ  ɦɚɝɢɫɬɪɚɥɢ  ɢɞɟɬ  ɪɚɜɧɨɦɟɪɧɨ  ɩɨ  
ɜɫɟɣ ɞɥɢɧɟ. ɂɫɯɨɞɹ  ɢɡ  ɷɬɨɝɨ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɭɞɟɥɶɧɵɣ  ɪɚɫɯɨɞ  ɜɨɞɵ  ɥ/ɫ  ɧɚ  
1ɦ ɬɪɭɛɨɩɪɨɜɨɞɚ:  
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q˖ˇ = ቀ୕−୕˔ˑ˔˓∑ L ቁ (5.1) 

ɝɞɟ Q – ɨɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɝɨɪɨɞɨɦ ɜ ɪɚɫɱɟɬɧɵɣ ɱɚɫ, ɥ/ɫ; 
Qɫɨɫɪ – ɫɭɦɦɚ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɨɬɛɨɪɨɜ ɜɨɞɵ (ɩɪɨɦɵɲɥɟɧɧɵɟ 

ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɧɭɠɞɵ); 
∑L – ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ (ɭɱɚɫɬɤɢ ɫɟɬɢ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ 

ɨɬɛɨɪɨɦ ɜɯɨɞɹɬ ɧɚ ɩɨɥɨɜɢɧɭ, ɚ ɬɪɚɧɡɢɬɧɵɟ ɭɱɚɫɬɤɢ ɢɫɤɥɸɱɚɸɬɫɹ).  
2) Ɉɬɛɨɪ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɭɡɥɚɯ ɫɟɬɢ ɬ. ɟ. ɩɨɥɨɜɢɧɚ ɪɚɫɱɟɬɧɨɝɨ 

ɨɬɛɨɪɚ ɭɱɚɫɬɤɚ ɦɟɠɞɭ ɞɜɭɦɹ ɭɡɥɚɦɢ ɨɬɛɢɪɚɟɬɫɹ ɜ ɨɞɧɨɦ ɭɡɥɟ, ɚ ɞɪɭɝɚɹ 
ɩɨɥɨɜɢɧɚ – ɜ ɞɪɭɝɨɦ. 

Ɋɚɫɱɟɬ ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɞɜɭɯ ɫɥɭɱɚɟɜ: ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ (qɭɞ max, ɩɪɢɯɨɞɢɬɫɹ ɧɚ 11-12 ɱɚɫɨɜ) ɢ ɩɪɢ ɩɨɠɚɪɟ (qɭɞ ɩɨɠ). 
Ɉɩɪɟɞɟɥɢɦ ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɞɥɹ ɜɫɟɯ ɫɥɭɱɚɟɜ:  q˖ˇ ୫ୟ୶ = ଵ଴,଼ଽସ ହ଻଴,ଽ = Ͳ,ͲͲʹ ˎ/˔;  q˖ˇ ୫ୟ୶ = ଶଷଵ଻,଻−ଶଶ଻ଵ,଴ସ଻ ଵଽଵ,଼ = Ͳ,Ͳͳ ˎ/˔. 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɩɭɬɟɜɵɟ ɨɬɛɨɪɵ ɞɥɹ ɩɟɪɜɨɣ ɫɢɫɬɟɦɵ ɤɨɥɟɰ (ɬɚɛɥɢɰɚ 
5.1) ɢ ɞɥɹ ɜɬɨɪɨɣ (ɬɚɛɥɢɰɚ 5.2). 

  
                           Ɍɚɛɥɢɰɚ 5.1 –  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɭɬɟɜɵɯ ɨɬɛɨɪɨɜ ɜ ɫɢɫɬɟɦɟ 1 

ɍɱɚɫɬɨɤ Ⱦɥɢɧɚ 

ɉɭɬɟɜɵɟ ɨɬɛɨɪɵ, ɥ/ɫ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɜɨɞɨɪɚɡɛɨɪ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɜɨɞɨɪɚɡɛɨɪ 

+ɩɨɠɚɪ 

1-2 280,4 0,67 0,00 
2-3 138,6 0,33 0,00 
3-4 323,0 0,77 0,00 
4-5 298,4 0,71 0,00 
5-6 430,4 1,03 0,00 
6-7 427,9 1,02 0,00 
7-8 363,1 0,86 0,00 
8-1 101,6 0,24 0,00 
1-9 153,1 0,36 0,00 
9-10 363,0 0,86 0,00 
10-11 502,2 1,20 0,00 
11-12 176,9 0,42 0,00 
12-13 741,2 1,77 0,00 

13-7 271,1 0,65 0,00 

ȼɫɟɝɨ 4 570,9 10,89 0,00 
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                           Ɍɚɛɥɢɰɚ 5.2 –  Ɉɩɪɟɞɟɥɟɧɢɟ ɩɭɬɟɜɵɯ ɨɬɛɨɪɨɜ ɜ ɫɢɫɬɟɦɟ 2 

ɍɱɚɫɬɨɤ 
 

Ⱦɥɢɧɚ 
 

ɉɭɬɟɜɵɟ ɨɬɛɨɪɵ, ɥ/ɫ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɜɨɞɨɪɚɡɛɨɪ 

ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɜɨɞɨɪɚɡɛɨɪ 

+ɩɨɠɚɪ 

14-15 454,2 0,36 0,00 
15-16 131,1 0,10 0,00 
16-17 225,3 0,18 0,00 
17-18 344,0 0,27 0,00 
18-19 451,0 0,36 0,00 
19-20 592,3 0,47 0,00 
20-21 503,0 0,40 0,00 
21-14 588,2 0,46 0,00 
19-22 413,2 0,33 0,00 
22-23 424,2 0,33 0,00 
23-24 218,7 0,17 0,00 
24-18 503,1 0,40 0,00 
24-25 632,5 0,50 0,00 

25-26 361,5 0,28 0,00 
26-27 239,7 0,19 0,00 
27-28 396,2 0,31 0,00 

28-23 713,6 0,56 0,00 
ȼɫɟɝɨ 7 191,8 5,67 0,00 

 
Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɭɡɥɨɜɵɟ ɨɬɛɨɪɵ ɞɥɹ ɩɟɪɜɨɣ ɫɢɫɬɟɦɵ ɤɨɥɟɰ (ɬɚɛɥɢɰɚ 

5.3) ɢ ɞɥɹ ɜɬɨɪɨɣ (ɬɚɛɥɢɰɚ 5.4). 
 

                             Ɍɚɛɥɢɰɚ 5.3 –  Ɉɩɪɟɞɟɥɟɧɢɟ ɭɡɥɨɜɵɯ ɨɬɛɨɪɨɜ ɜ ɫɢɫɬɟɦɟ 1 
ɍɡɟɥ ɍɱɚɫɬɤɢ Ɉɬɛɨɪɵ ɜ ɭɡɥɚɯ, ɥ/ɫ 

1 1-2, 1-8, 1-9 0,64 
2 1-2, 2-3 0,50 
3 2-3, 3-4 0,55 
4 3-4,4-5 0,74 
5 4-5, 5-6 0,87 
6 5-6, 6-7 1,02 
7 6-7, 7-8, 13-7 1,26 
8 7-8, 8-1 0,55 
9 1-9, 9-10 0,61 
10 9-10, 10-11 1,03 
11 10-11, 11-12 0,81 
12 11-12, 12-13 1,09 
13 12-13, 13-7 1,21 

ɋɭɦɦɚ 
 

10,89 
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                                Ɍɚɛɥɢɰɚ 5.4 –  Ɉɩɪɟɞɟɥɟɧɢɟ ɭɡɥɨɜɵɯ ɨɬɛɨɪɨɜ ɜ ɫɢɫɬɟɦɟ 2 

ɍɡɟɥ ɍɱɚɫɬɤɢ 
Ɉɬɛɨɪɵ ɜ 
ɭɡɥɚɯ, ɥ/ɫ 

14 14-15, 14-21 0,41 
15 14-15, 15-16 0,23 
16 15-16, 16-17 0,14 
17 17-18, 18-19 0,22 
18 17-18, 18-19, 18-24 0,51 
19 18-19, 19-20, 19-22 0,57 
20 19-20, 20-21 0,43 
21 20-21, 14-21 0,43 
22 19-22,22-23 0,33 
23 22-23, 23-24, 23-28 0,53 
24 18-24, 23-24, 24-25 0,53 
25 24-25, 25-26 0,39 
26 25-26, 26-27 0,24 
27 26-27, 27-28 0,25 
28 27-28, 23-28 0,44 

ȼɫɟɝɨ 
 

5,67 
 
ɋɯɟɦɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ ɧɚ ɪɢɫɭɧɤɚɯ 
5.1-5.4 
 

 

Ɋɢɫɭɧɨɤ 5.1 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɟɪɜɨɣ 
ɫɢɫɬɟɦɵ ɤɨɥɟɰ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɢ 
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Ɋɢɫɭɧɨɤ 5.2 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɟɪɜɨɣ 
ɫɢɫɬɟɦɵ ɤɨɥɟɰ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɢ ɢ ɩɨɠɚɪɟ 

 
 

 

Ɋɢɫɭɧɨɤ 5.3 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɬɨɪɨɣ 
ɫɢɫɬɟɦɵ ɤɨɥɟɰ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɢ 
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Ɋɢɫɭɧɨɤ 5.4 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɬɨɪɨɣ 
ɫɢɫɬɟɦɵ ɤɨɥɟɰ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɢ ɢ ɩɨɠɚɪɟ 

5.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ 

ɉɨɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɨɫɧɨɜɚɧɨ ɧɚ ɛɚɥɚɧɫɟ 
ɪɚɫɯɨɞɨɜ ɜ ɭɡɥɚɯ ɫɟɬɢ: ɫɭɦɦɚ ɪɚɫɯɨɞɨɜ, ɩɨɞɯɨɞɹɳɢɯ ɤ ɭɡɥɭ, ɪɚɜɧɚ ɫɭɦɦɟ 
ɪɚɫɯɨɞɨɜ, ɜɤɥɸɱɚɹ ɭɡɥɨɜɨɣ ɨɬɛɨɪ, ɨɬɜɨɞɢɦɵɯ ɨɬ ɧɟɝɨ. 

Ɍɚɤɠɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɭɜɹɡɤɟ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ, ɱɬɨɛɵ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɩɨɩɚɞɚɸɳɢɯ ɜ 
ɨɞɧɨ ɯɚɪɚɤɬɟɪɧɨɟ ɫɟɱɟɧɢɟ ɫɟɬɢ ɛɵɥɢ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɦɢ. Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɭɜɹɡɤɚ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɚɯ 5.5 – 5.8.  

 
Ɍɚɛɥɢɰɚ 5.5 – Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɫɟɬɢ (ɫɢɫɬɟɦɚ 1) ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɜɨɞɨɪɚɡɛɨɪɟ 

№ 
ɤɨɥɶɰɚ 

№ 
ɭɱɚɫɬɤɚ 

l, ɦ 
q, 

ɥ /ɫ 
d, 

ɦɦ 
v, 

ɦ / ɫ  σ So 
S = 
Soδl Sq h=Sq2,ɦ 

1 

1-2 280,4 3,20 80 0,56 1,13 0,00017 0,055 0,175 0,561 

2-3 138,6 2,70 80 0,87 1,04 0,00017 0,025 0,067 0,182 

3-4 323,0 2,15 80 0,35 1,24 0,00017 0,069 0,149 0,320 

4-5 298,4 1,41 80 0,28 1,28 0,00017 0,066 0,093 0,131 

5-6 430,4 0,54 80 0,28 1,28 0,00017 0,095 0,051 0,028 

6-7 427,9 0,48 80 0,28 1,28 0,00017 0,095 0,045 -0,022 

7-8 363,1 3,30 80 0,56 1,13 0,00017 0,071 0,234 -0,773 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.5 
№ 

ɤɨɥɶɰɚ 
№ 

ɭɱɚɫɬɤɚ 
l, ɦ q, d, v,  σ So 

S = 
Soδl Sq h=Sq2,ɦ 

1 8-1 101,6 3,85 80 0,56 1,13 0,00017 0,020 0,076 -0,294 

                 0,892 0,133 

4 

7-8 363,1 3,30 80 0,56 1,13 0,00017 0,071 0,234 0,773 

8-1 101,6 3,85 80 0,56 1,13 0,00017 0,020 0,076 0,294 

1-9 153,1 3,19 80 0,56 1,13 0,00017 0,030 0,095 -0,304 

9-10 363,0 2,58 80 0,87 1,04 0,00017 0,065 0,168 -0,434 

10-11 502,2 1,55 80 0,28 1,28 0,00017 0,111 0,172 -0,267 

11-12 176,9 0,74 80 0,28 1,28 0,00017 0,039 0,029 -0,021 

12-13 741,2 0,35 80 0,28 1,28 0,00017 0,164 0,057 0,020 

13-7 271,1 1,56 80 0,28 1,28 0,00017 0,060 0,094 0,146 

                  0,927 0,206 

 
Ɍɚɛɥɢɰɚ 5.6 – Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɫɟɬɢ (ɫɢɫɬɟɦɚ 1) ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɜɨɞɨɪɚɡɛɨɪɟ ɢ ɩɨɠɚɪɟ 

№ 
ɤɨɥɶɰɚ 

№ ɭɱɚɫɬɤɚ l, ɦ 
q, 

ɥ /ɫ 
d, 

ɦɦ 
v, 

ɦ / ɫ σ So S=Soδl Sq 
h=Sq2,

ɦ 

1 

1-2 280,4 6,40 100 0,59 1,115 0,00017 0,054 0,346 2,214 

2-3 138,6 5,90 80 0,85 1,05 0,00117 0,170 1,003 5,917 

3-4 323,0 5,35 100 0,71 1,085 0,00017 0,061 0,324 1,734 

4-5 298,4 4,61 100 0,49 1,15 0,00017 0,059 0,274 1,261 

5-6 430,4 3,74 100 0,39 1,2 0,00017 0,089 0,334 1,249 

6-7 427,9 2,72 100 0,29 1,24 0,00017 0,092 0,250 0,679 

7-8 363,1 7,75 100 0,78 1,06 0,00017 0,067 0,516 -3,597 

8-1 101,6 8,30 80 1,13 1,015 0,00117 0,120 1,000 -8,298 

   
 

   
 

 
4,046 0,360 

4 

7-8 363,1 7,75 100 0,78 1,060 0,00017 0,067 0,516 3,997 

8-1 101,6 9,00 80 1,13 1,02 0,00117 0,120 1,084 9,756 

1-9 153,1 10,55 125 0,79 1,06 0,00008 0,012 0,131 -1,379 

9-10 363,0 9,94 125 0,72 1,07 0,00008 0,030 0,295 -2,530 

10-11 502,2 8,91 100 0,88 1,04 0,00017 0,090 0,805 -7,169 

11-12 176,9 8,10 80 1,13 1,015 0,00117 0,210 1,699 -13,76 

12-13 741,2 8,00 100 0,78 1,06 0,00017 0,136 1,087 8,894 

13-7 271,1 9,21 125 0,65 1,1 0,00008 0,023 0,210 1,932 

   
 

     
5,825 -0,260 
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Ɍɚɛɥɢɰɚ 5.7 – Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɫɟɬɢ (ɫɢɫɬɟɦɚ 1) ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɜɨɞɨɪɚɡɛɨɪɟ 

№ 
ɤɨɥɶɰɚ 

№ 
ɭɱɚɫɬɤɚ 

l, ɦ 
q, 

ɥ /ɫ 
d, 

ɦɦ 
v, 

ɦ / ɫ  σ So 
S =       
Soδl Sq h=Sq2,ɦ 

2 

14-15 454,20 400,00 500 1,91 1,00 5,78E-08 2,63E-05 0,01 -4,20 

15-16 131,10 399,77 600 1,34 1,00 2,26E-08 2,97E-06 0,00 -0,47 

16-17 225,30 399,63 600 1,34 1,00 2,26E-08 5,10E-06 0,00 -0,81 

17-18 344,00 399,41 600 1,34 1,00 2,26E-08 7,78E-06 0,00 -1,24 

18-19 451,00 100,00 350 0,97 1,03 3,73E-07 1,73E-04 0,02 1,73 

19-20 592,30 362,41 600 1,23 1,00 2,26E-08 1,34E-05 0,00 1,76 

20-21 503,00 362,84 600 1,23 1,00 2,26E-08 1,14E-05 0,00 1,50 

21-14 588,20 363,27 600 1,23 1,00 2,26E-08 1,33E-05 0,00 1,76 

                  0,05 0,01 

3 

18-19 451,00 100,00 350 0,97 1,03 3,73E-07 1,73E-04 0,02 -1,73 

19-22 413,20 261,84 600 0,90 1,04 2,26E-08 9,72E-06 0,00 0,67 

22-23 424,20 261,51 600 0,90 1,04 2,26E-08 9,98E-06 0,00 0,68 

23-24 218,70 100,00 350 0,97 1,03 3,73E-07 8,40E-05 0,01 0,84 

24-18 503,10 498,90 800 0,98 1,03 1,10E-08 5,51E-09 0,00 0,00 
                  0,03 0,45 

5 

23-24 218,70 100,00 350 0,97 1,03 3,73E-07 8,40E-05 0,01 -0,84 

24-25 632,50 398,69 600 1,34 1,00 2,26E-08 1,43E-05 0,01 -2,27 

25-26 361,50 180,62 400 1,37 1,00 1,91E-07 6,89E-05 0,01 -2,25 

26-27 239,70 28,30 200 0,82 1,06 6,96E-06 1,77E-03 0,05 1,42 

27-28 396,20 160,54 500 0,88 1,04 1,91E-07 5,78E-08 0,00 0,00 

28-23 713,60 160,98 400 1,25 1,00 1,91E-07 1,36E-04 0,02 3,53 

                  0,10 -0,42 

 
Ɍɚɛɥɢɰɚ 5.8 – Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɭɜɹɡɤɚ ɫɟɬɢ (ɫɢɫɬɟɦɚ 2) ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɜɨɞɨɪɚɡɛɨɪɟ ɢ ɩɨɠɚɪɟ 

№ 
ɤɨɥɶɰɚ 

№ 
ɭɱɚɫɬɤɚ 

l, ɦ 
q, 

ɥ /ɫ 
d, 

ɦɦ 
v, 

ɦ / ɫ σ So 
S =       
Soδl Sq h=Sq2,ɦ 

2 

14-15 454,2 400,00 500,00 1,91 1,00 5,78E-08 2,63E-05 0,01 -4,20 

15-16 131,1 399,77 600,00 1,34 1,00 2,26E-08 2,97E-06 0,00 -0,47 

16-17 225,3 399,63 600,00 1,34 1,00 2,26E-08 5,10E-06 0,00 -0,81 

17-18 344,0 399,41 600,00 1,34 1,00 2,26E-08 7,78E-06 0,00 -1,24 

18-19 451,0 100,00 350,00 0,97 1,03 3,73E-07 1,73E-04 0,02 1,73 

19-20 592,3 377,41 600,00 1,28 1,00 2,26E-08 1,34E-05 0,01 1,91 

20-21 503,0 377,84 600,00 1,28 1,00 2,26E-08 1,14E-05 0,00 1,62 

21-14 588,2 378,27 600,00 1,28 1,00 2,26E-08 1,33E-05 0,01 1,90 

         
0,05 0,44 

3 

18-19 451,0 100,00 350,00 0,97 1,03 3,73E-07 1,73E-04 0,02 -1,73 

19-22 413,2 276,84 600,00 0,94 1,03 5,78E-08 2,46E-05 0,01 1,89 

22-23 424,2 276,51 600,00 0,94 1,03 2,26E-08 9,88E-06 0,00 0,76 

23-24 218,7 100,00 350,00 0,97 1,03 3,73E-07 8,40E-05 0,01 0,84 

24-18 503,1 498,90 700,00 1,28 1,00 1,10E-08 5,52E-06 0,00 -1,37 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.8 
№ 

ɤɨɥɶɰɚ 
№ 

ɭɱɚɫɬɤɚ 
l, ɦ q, d, v, σ So 

S =       
Soδl Sq h=Sq2,ɦ 

         
0,04 0,37 

5 

23-24 218,7 100,00 350,00 0,97 1,03 3,73E-07 8,40E-05 0,01 -0,84 

24-25 632,5 398,69 600,00 1,34 1,00 2,26E-08 1,43E-05 0,01 -2,27 

25-26 361,5 180,62 400,00 1,37 1,00 1,91E-07 6,89E-05 0,01 -2,25 

26-27 239,7 28,30 200,00 0,82 1,06 6,96E-06 1,77E-03 0,05 1,42 

27-28 396,2 160,54 500,00 0,88 1,04 1,91E-07 5,78E-08 0,00 0,00 

28-23 713,6 175,98 400,00 1,31 1,00 1,91E-07 1,36E-04 0,02 4,21 

         
0,10 0,27 
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6 Ɍɟɯɧɨɥɨɝɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

6.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

1) ȼɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɥɟɬɨ;  
2) Ɇɚɬɟɪɢɚɥ ɬɪɭɛ – ɫɬɚɥɶ;  
3) Ⱦɥɢɧɚ ɬɪɚɫɫɵ – 254 ɦ;   
4) Ƚɪɭɧɬɵ ɩɨ ɬɪɚɫɫɟ – ɫɭɝɥɢɧɤɢ;   
5) Ⱦɥɢɧɚ ɬɪɭɛɵ – 12 ɦ;   
6) Ⱦɢɚɦɟɬɪ ɬɪɭɛɵ – 250 ɦɦ; 
7) Ƚɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ – 2,5 ɦ. 

6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɨɛɴɟɦɵ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɧɚ ɭɱɚɫɬɤɟ ɨɬ ɇɋ-II  ɞɨ Ⱥ. 
ɍɱɚɫɬɨɤ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɢɡ ɫɬɚɥɶɧɵɯ ɷɥɟɤɬɪɨɫɜɚɪɧɵɯ ɩɪɹɦɨɲɨɜɧɵɯ ɬɪɭɛ ɩɨ 
ȽɈɋɌ 10704-2006 dɭ = 200 ɦɦ, ɫ ɭɤɥɨɧɨɦ ɤ i=0,002. Ɍɪɭɛɵ ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɜ 
ɥɨɬɤɟ ɫɨɜɦɟɫɬɧɨ ɫ ɞɜɭɦɹ ɬɪɭɛɚɦɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɞɢɚɦɟɬɪɨɦ 100 
ɦɦ. 

Ⱦɥɹ ɩɨɞɫɱɟɬɚ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɪɚɧɲɟɣ 
ɨɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɪɚɧɲɟɢ ɧɚ ɩɢɤɟɬɚɯ. ɉɪɢ 
ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɟ ɫɟɱɟɧɢɹ ɬɪɚɧɲɟɢ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɨɩɟɪɟɱɧɢɤɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ F = ୦ሺ୆+୉ሻଶ = h˔˓ሺB + mh˔˓ሻ, (6.1) 

ɝɞɟ hɫɪ – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɬɪɚɧɲɟɢ;  
ȼ – ɲɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨ ɞɧɭ;  
m – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɤɨɫɚ. Ⱦɥɹ ɫɭɝɥɢɧɤɚ m = 0,73. h˔˓ = ୦భ+୦మଶ , (6.2) 

ɝɞɟ h1 – ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ ɧɚɱɚɥɟ ɭɱɚɫɬɤɚ, ɦ, ɩɨ 
ɮɨɪɦɭɥɟ (7.3); 

h2 – ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ, ɦ. ɩɨ 
ɮɨɪɦɭɥɟ (7.4). hଵ = h˒˓ + Ͳ,ͷ, (6.3) 

ɝɞɟ hɩɪ=2,5 ɦ – ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɚ. hଵ = ʹ,ͷ + Ͳ,ͷ = ͵,Ͳ ˏ. 

Ƚɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɜ ɤɨɧɰɟ ɭɱɚɫɬɤɚ: 
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hଶ = hଵ + iL, (6.4) 

ɝɞɟ L – ɞɥɢɧɚ ɬɪɚɫɵ, ɦ. hଶ = ͵,Ͳ + Ͳ,ͲͲʹ ∙ ʹͷͶ = ͵,ͺ ˏ. h˔˓ = ଷ,଴+ଷ,଼ଶ = ͵,Ͷ ˏ.  

ɒɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨ ɞɧɭ ȼ ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɢɪɢɧɨɣ ɥɨɬɤɚ ȼɥ, ɤɨɬɨɪɚɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ʑ = ʑˎ = ʹ ∙ Dː˃˓ + ʹ ∙ dː˃˓ + Ͷ ∙ Ͳ,͵, (6.5) 

ɝɞɟ Dɧɚɪ – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ, Dɧɚɪ =0 ,219 ɦ; 
dɧɚɪ – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɣ ɜɨɞɵ, dɧɚɪ = 0,102 ɦ. ʑ = ʑˎ = ʹ ∙ Ͳ,ʹͳͻ + ʹ ∙ Ͳ,ͳͲʹ + Ͷ ∙ Ͳ,͵ = ͳ,ͺͶʹ ˏ.  

ɉɪɢɧɢɦɚɟɦ ɥɨɬɨɤ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ȽɈɋɌ 13015-03 ɪɚɡɦɟɪɚɦɢ 
LxBxH = 2980x2380x1040 ɦɦ. ɒɢɪɢɧɚ ɬɪɚɧɲɟɣ – 2,4 ɦ. ɉɪɢɧɢɦɚɟɦ ɩɥɢɬɭ 
ɩɟɪɟɤɪɵɬɢɹ ȽɈɋɌ 9561-91 ɪɚɡɦɟɪɚɦɢ LxBxH = 2980x2400x220 ɦɦ. 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɪɚɧɲɟɢ ɪɚɜɧɚ F = ͵,Ͷ ∙ ሺʹ,Ͷ + Ͳ,͹͵ ∙ ͵,Ͷሻ = ͳ͸,͸ ˏଶ. 

ɒɢɪɢɧɚ ɬɪɚɧɲɟɢ ɩɨ ɜɟɪɯɭ ɪɚɜɧɚ E = B + ʹmh, (6.6) Eଵ = ʹ,Ͷ + ʹ ∙ Ͳ,͹͵ ∙ ͵,Ͳ = ͸,ͺ ˏ; Eଶ = ʹ,Ͷ + ʹ ∙ Ͳ,͹͵ ∙ ͵,ͺ = ͹,ͻ ˏ. E˔˓ = ୉భ+୉మଶ , (6.7) E˔˓ = ଺,଼+଻,ଽଶ = ͹,͵ ˏ. 

Ɉɛɴɟɦ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ, ɦ3: Vˑ˄˜ = F˔˓L, (6.8) Vˑ˄˜ = ͳ͸,͸ ∙ ͶͲͲ = ͸͸ͶͲ,Ͳ ˏଷ. V = Vˏ + V˓, (6.9) 
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ɝɞɟ Vɦ – ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ, ɦ; 
Vɪ - ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɜɪɭɱɧɭɸ, ɦ. Vˏ = Vˏଵ + Vˏଶ, (6.10) 

ɝɞɟ Vɦ1 – ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɢ ɨɬɪɵɜɤɟ ɬɪɚɧɲɟɢ ɷɤɫɤɚɜɚɬɨɪɨɦ 
ɩɨ ɮɨɪɦɭɥɟ (6.11); 

Vɦ2 - ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɢ ɨɬɪɵɜɤɟ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ 
ɤɨɥɨɞɰɵ ɷɤɫɤɚɜɚɬɨɪɨɦ ɩɨ ɮɨɪɦɭɥɟ (7.15). Vˏଵ = Lଵ ∙ {F˔˓ + ୫∙[ሺ୦భ−଴,ଶሻ+ሺ୦మ+଴,ଶሻ]మଵଶ }. (6.11) 

ɝɞɟ L1 – ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɚɪɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜɫɟɯ ɤɨɥɨɞɰɟɜ, 
ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Lଵ = L − aଶNˍˑˎ, (6.12) 

ɝɞɟ a2 = b2 – ɞɥɢɧɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ ɤɨɥɨɞɟɰ ɩɨɧɢɡɭ ɩɨ ɮɨɪɦɭɥɟ (6.13),ɦ;  
Nɤɨɥ – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ ɤɨɥɨɞɰɵ ɧɚ ɭɱɚɫɬɤɟ ɩɨ ɮɨɪɦɭɥɟ (6.15): Lଵ = ʹͷͶ − ͺ,ʹ ∙ Ͷ = ʹʹͳ,ʹ ˏ; Vˏଵ = ʹʹͳ,ʹ ∙ {ͳ͸,͸ + ଴,଻ଷ∙[ሺଷ,଴−଴,ଶሻ+ሺଷ,଼+଴,ଶሻ]మଵଶ } = ʹ ͷͺͺ,ͷ ˏଷ. Nˍˑˎ = Lଵ଴଴ + ͳ, (6.13) Nˍˑˎ = ଶହସଵ଴଴ + ͳ = Ͷ. aଶ = bଶ = aଵ + ʹmh˔˓, (6.14) 

ɝɞɟ a1 = b1 = 3,2 ɦ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ ɤɨɬɥɨɜɚɧɚ ɩɨɞ 
ɤɨɥɨɞɟɰ ɩɨɧɢɡɭ. aଶ = bଶ = ͵,ʹ + ʹ ∙ Ͳ,͹͵ ∙ ͵,Ͷ = ͺ,ʹ ˏ. Vˏଶ = Nˍˑˎ୦˔˓∙[ሺଶୟభ+ୟమሻୠభ+ሺଶୟమ+ୟభሻୠమ]଺ , (6.15) 

Vˏଶ = ସ∙ଷ,ସ∙[ሺଶ∙ଷ,ଶ+଼,ଶሻ∙ଷ,ଶ+ሺଶ∙଼,ଶ+ଷ,ଶሻ∙଼,ଶ]଺ = Ͷͺ͹,͹ ˏଷ. Vˏ = ʹ ͷͺͺ,ͷ + Ͷͺ͹,͹ = ͵ Ͳ͹͸,ʹ ˏଷ. 

Ɉɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɜɪɭɱɧɭɸ: 
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V˓ = V˓ଵ + V˓ଶ, (6.16) 

ɝɞɟ Vɪ1 – ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɟɞɨɛɨɪɚ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7.17); 

Vɪ2 - ɨɛɴɟɦ ɝɪɭɧɬɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɢ ɪɵɬɶɟ ɩɪɢɹɦɤɨɜ ɜɪɭɱɧɭɸ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7.18). V˓ଵ = hːˈˇ ∙ ሺBLଵ + aଵbଵNˍˑˎሻ, (6.17) 

ɝɞɟ hɧɟɞ – ɝɥɭɛɢɧɚ ɧɟɞɨɛɨɪɚ, hɧɟɞ = 0,2 ɦ. V˓ଵ = Ͳ,ʹ ∙ ሺʹ,Ͷ ∙ ʹʹͳ,ʹ + ͵,ʹ ∙ ͵,ʹ ∙ Ͷሻ = ͳͳͶ,Ͷ ˏଷ. V˓ଶ = V˒˓N˒˓, (6.18) 

ɝɞɟ Vɩɪ – ɨɛɴɟɦ ɩɪɢɹɦɤɚ, ɦ3; 
Nɩɪ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɹɦɤɨɜ. V˒˓ = a′b′c′, (6.19) 

ɝɞɟ a’, b’, c’ – ɞɥɢɧɚ, ɲɢɪɢɧɚ, ɝɥɭɛɢɧɚ ɩɪɢɹɦɤɚ, ɦ: a’ = 0,6 ɦ; b’ = 0,719 ɦ; 
c’ = 0,2 ɦ. V˒˓ = Ͳ,͸ ∙ Ͳ,͹ͳͻ ∙ Ͳ,ʹ = Ͳ,Ͳͻ ˏଷ. 

N˒˓ = L−ୈ˓.ˍ.˅ː˖˕˓∙Nˍˑˎ௟˕˓ , (6.20) 

ɝɞɟ D˓.ˍ.˅ː˖˕˓ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ, ɦ. D˓.ˍ.˅ː˖˕˓ = 2.0 ɦ; 
lɬɪ – ɞɥɢɧɚ ɨɞɧɨɣ ɬɪɭɛɵ, ɦ. lɬɪ = 12 ɦ. N˒˓ = ସ଴଴−ଶ,଴∙ସଵଶ,଴ = ͵ʹ,͹ ≈ ͵͵; V˓ଶ = Ͳ,Ͳͻ ∙ ͵͵ = ͵,Ͳ ˏଷ; V˓ = ͳͳͶ,Ͷ + ͵,Ͳ = ͳͳ͹,Ͷ ˏଷ. 

ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɪɚɡɪɚɛɨɬɤɢ V = ͵ Ͳ͹͸,ʹ + ͳͳ͹,Ͷ = ͵ ͳͻ͵,͸ ˏଷ. 

Ɉɛɴɟɦɚ ɝɪɭɧɬɚ, ɜɵɜɨɡɢɦɨɝɨ ɡɚ ɩɪɟɞɟɥɵ  ɫɬɪɨɢɬɟɥɶɫɬɜɚ: Vˑ˕˅ = ሺV˕˓ + Vˍˑˎሻk˒˓, (6.21) 
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ɝɞɟ Vɬɪ, Vɤɨɥ – ɨɛɴɟɦ ɝɪɭɧɬɚ, ɜɵɬɟɫɧɹɟɦɵɣ ɥɨɬɤɨɦ ɢ ɤɨɥɨɞɰɚɦɢ, ɦ3; 
kɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɝɪɭɧɬɚ ɩɪɢ 

ɪɵɯɥɟɧɢɢ. Ⱦɥɹ ɫɭɝɥɢɧɤɚ kɩɪ = 1,25. 
Ɉɛɴɟɦ ɝɪɭɧɬɚ, ɜɵɬɟɫɧɹɟɦɵɣ ɥɨɬɤɨɦ Vɬɪ, ɦ3, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɫ 

ɭɱɟɬɨɦ ɨɛɴɟɦɚ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ V˕˓ = ሺʑˎʜˎ + ʑ˒ʜ˒ሻLଵ,  (6.22) 

ɝɞɟ ȼɥ, ȼɩ – ɲɢɪɢɧɚ ɥɨɬɤɚ ɢ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ; 
ɇɥ, ɇɩ – ɜɵɫɨɬɚ ɥɨɬɤɚ ɢ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ V˕˓ = ሺʹ,͵ͺ ∙ ͳ,ͲͶ + ʹ,Ͷ ∙ Ͳ,ʹʹሻ ∙ ʹʹͳ,ʹ = ͸͸Ͷ,͵ ˏଷ. Vˍˑˎ = πୈ˓.ˍ.ː˃˓మ  ୦ˍˑˎNˍˑˎସ , (6.23) 

ɝɞɟ Dɪ.ɤ. ɧɚɪ – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ, ɦ. Dɪ.ɤ ɧɚɪ = 2,2. 
hɤɨɥ – ɜɵɫɨɬɚ ɤɨɥɨɞɰɚ, ɦ: hˍˑˎ = h˔˓ + Ͳ,ʹͷ, (6.24) hˍˑˎ = ͵,Ͷ + Ͳ,ʹͷ = ͵,͸ͷ ˏ; Vˍˑˎ = ଷ,ଵସ∙ଵ,଺଼మ∙ଷ,଺ହ∙ସସ = ͶͲ,Ͷ ˏଷ. Vˑ˕˅ = ሺ͸͸Ͷ,͵ + ͶͲ,Ͷሻ ∙ ͳ,ʹͷ = ͺͺͲ,ͻ ˏଷ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɝɪɭɧɬɚ, ɢɡɜɥɟɤɚɟɦɨɝɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɪɚɧɲɟɢ, 

ɩɨɧɚɞɨɛɢɬɫɹ ɞɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɩɨɫɥɟ ɦɨɧɬɚɠɚ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɢɫɩɵɬɚɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɱɚɫɬɶ ɝɪɭɧɬɚ ɨɤɚɠɟɬɫɹ ɥɢɲɧɟɣ, ɬɚɤ 
ɤɚɤ ɜɵɬɢɫɧɢɬɫɹ ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɢ ɤɨɥɨɞɰɚɦɢ. ɗɬɨɬ ɨɛɴɟɦ ɡɟɦɥɢ ɩɨɞɥɟɠɢɬ 
ɜɵɜɨɡɭ ɜ ɨɬɜɚɥ ɡɚ ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɪɚɧɲɟɢ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɦɨɧɬɚɠ ɬɪɭɛɨɩɪɨɜɨɞɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɹɬ ɱɚɫɬɢɱɧɭɸ 
ɡɚɫɵɩɤɭ ɬɪɚɧɲɟɢ ɝɪɭɧɬɨɦ ɢ ɩɪɨɜɨɞɹɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. ɋɬɵɤɢ ɬɪɭɛ ɩɪɢ ɷɬɨɦ ɨɫɬɚɜɥɹɸɬ ɧɟ ɡɚɫɵɩɚɧɧɵɦɢ ɨɬ ɜɟɪɯɚ 
ɬɪɭɛ ɧɚ 0,1 ɦ. ɉɪɢ ɱɚɫɬɢɱɧɨɣ ɡɚɫɵɩɤɟ ɬɪɭɛ ɫɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɛɢɜɤɚ 
ɩɚɡɭɯ ɫɥɨɹɦɢ ɩɨ 0,1 ɦ ɫ ɭɩɥɨɬɧɟɧɢɟɦ ɝɪɭɧɬɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɯ ɫɬɨɪɨɧ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. ɉɨɫɥɟ ɱɚɫɬɢɱɧɨɣ ɡɚɫɵɩɤɢ ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɢɫɩɵɬɚɧɢɸ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɭɫɩɟɲɧɨ ɜɵɞɟɪɠɚɜɲɢɣ 
ɢɯ ɬɪɭɛɨɩɪɨɜɨɞ ɨɤɨɧɱɚɬɟɥɶɧɨ ɡɚɫɵɩɚɟɬɫɹ ɝɪɭɧɬɨɦ. Ɂɚɫɵɩɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
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ɛɭɥɶɞɨɡɟɪɨɦ, ɞɥɹ ɱɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɭɧɬ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɬɪɚɧɲɟɢ ɢ ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɨɬɜɚɥɟ. 

 

Ɍɚɛɥɢɰɚ 6.1 – Ȼɥɚɧɤ ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɦɚɫɫ 

ȼɢɞ ɪɚɛɨɬɵ 

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɟɦɤɢ Ɉɛɴɟɦ ɝɪɭɧɬɚ 

ɒɢɪɢɧɚ, ɦ Ƚɥɭɛɢɧɚ, 
ɦ 

Ⱦɥɢɧɚ, 
ɦ 

Ɉɛɨɡɧɚ-
ɱɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ, 
ɦ3 ɉɨɜɟɪɯɭ, ɉɨɧɢɡɭ, 

Ɇɟɯɚɧɢɡɢɪɨɜɚɧɧɵɟ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ 

Ɋɚɡɪɚɛɨɬɤɚ ɬɪɚɧɲɟɢ 16,65 2,4 3,4 221,2 Vɦ1
 2588,5 

Ɋɚɡɪɚɛɨɬɤɚ 
ɤɨɬɥɨɜɚɧɨɜ ɩɨɞ 
ɤɨɥɨɞɰɵ 

6,7 3,2 3,4 16 Vɦ2
 487,7 

ȼɵɜɨɡ ɝɪɭɧɬɚ ɜ ɨɬɜɚɥ 
ɡɚ ɩɪɟɞɟɥɵ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

84,4 84,4 0,2 400 Vɨɬɜ 880,9 

Ɋɭɱɧɵɟ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ 

Ɋɚɡɪɚɛɨɬɤɚ ɧɟɞɨɛɨɪɚ 
ɝɪɭɧɬɚ 

2,4 2,4 0,20 400 Vp
1 114,4 

Ɋɵɬɶɟ ɩɪɢɹɦɤɨɜ 0,6 0,6 0,71 0,2 Vp
2 3,0 

Ɉɛɳɢɣ ɨɛɴɟɦ 
ɪɚɡɪɚɛɨɬɤɢ:     V 3193,6 

ɜ ɬ. ɱ. 
ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɣ;     Vɦ 3076,2 

ɜ ɬ. ɱ. ɪɭɱɧɨɣ     Vɪ 117.4 

6.3 ɉɨɞɛɨɪ ɤɨɥɨɞɰɚ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɞɜɢɠɤɢ: 
Ɇɚɬɟɪɢɚɥ: ɫɬɚɥɶ, ȽɈɋɌ 9698-86 
ȼɵɫɨɬɚ ɡɚɞɜɢɠɤɢ: h =1,22 ɦ. 
Ɇɚɫɫɚ ɡɚɞɜɢɠɤɢ: m = 0,140 ɬ. 
Ⱦɥɢɧɚ ɡɚɞɜɢɠɤɢ: l = 0,33 ɦ. 
 
Ɋɚɡɦɟɪɵ ɤɨɥɨɞɰɚ ɜ ɩɥɚɧɟ: 
Ɍɪɟɛɭɟɦɵɣ ɪɚɡɦɟɪ: ɫɬɪɨɢɬɟɥɶɧɚɹ ɞɥɢɧɚ ɡɚɞɜɢɠɤɢ + 1ɦ = 1,33 ɦ. 

ɉɪɢɧɢɦɚɟɦ ɪɚɡɦɟɪ ɤɨɥɨɞɰɚ ɜ ɩɥɚɧɟ 2,0 ɦ; 
ȼɵɫɨɬɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ: ɜɵɫɨɬɚ ɡɚɞɜɢɠɤɢ + 0,7ɦ = 1,92 ɦ. ɉɪɢɧɢɦɚɟɦ 

ɞɜɚ ɤɨɥɶɰɚ ɜɵɫɨɬɨɣ 0,6 ɦ ɢ ɨɞɧɨ 0,9 ɦ. ɋɭɦɦɚɪɧɚɹ ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 
2,1 ɦ. 

ɉɪɢɧɢɦɚɸ ɤɨɥɶɰɚ ɞɥɹ ɫɛɨɪɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ: 
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Ɇɚɪɤɚ ɤɨɥɟɰ Ʉɐ-2,0-0,6 (4 ɲɬ.) 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ, ɦ 2,0 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ, ɦ 2,2 
ȼɵɫɨɬɚ, ɦ 0,6 
Ɇɚɫɫɚ ɤɨɥɟɰ, ɤɝ  1000 
 
ɉɥɢɬɚ ɞɧɢɳɚ ɄɐȾ-20 (ɤɪɭɝɥɚɹ ɜ ɩɥɚɧɟ): 
Ⱦɢɚɦɟɬɪ ɩɥɢɬɵ 2,5 ɦ,  
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ 0,12 ɦ,  
Ɇɚɫɫɚ ɩɥɢɬɵ 940 ɤɝ. 

 
ɉɥɢɬɚ ɩɟɪɟɤɪɵɬɢɹ Ʉɐɉ-20: 
Ⱦɢɚɦɟɬɪ ɥɚɡɚ 0,7 ɦ,  
Ⱦɢɚɦɟɬɪ ɧɚɪɭɠɧɵɣ 2,2  ɦ. 
 
ȼɵɫɨɬɚ ɝɨɪɥɨɜɢɧɵ: Hˆˑ˓ˎ = h˔˓ − ሺH˓.ˍ.˗˃ˍ˕ + Ͳ,ͳͷ + Ͳ,͵ሻ, (6.25) 

ɝɞɟ Hɪ.ɤ.ɮɚɤɬ – ɮɚɤɬɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɦ. Hɪ.ɤ.ɮɚɤɬ = 2,4 ɦ. Hˆˑ˓ˎ = ͵,Ͷ − ሺʹ,Ͷ + Ͳ,ͳͷ + Ͳ,͵ሻ = Ͳ,ͷͷ ˏ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɨɪɥɨɜɢɧɚ ɧɟɨɛɯɨɞɢɦɚ, ɩɪɢɧɢɦɚɟɦ ɤɨɥɶɰɚ ɫɬɟɧɨɜɵɟ 
ɞɥɹ ɝɨɪɥɨɜɢɧɵ: 

Ɇɚɪɤɚ ɤɨɥɟɰ Ʉɐ-7-3 (2 ɲɬ.) 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 0,7 ɦ; 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ 0,84 ɦ; 
ȼɵɫɨɬɚ 0,29 ɦ; 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ 0,7 ɦ; 
Ɇɚɫɫɚ ɤɨɥɟɰ 130 ɤɝ. 

 
ɇɚ ɩɥɢɬɭ ɩɟɪɟɤɪɵɬɢɹ ɨɩɢɪɚɟɬɫɹ ɩɥɢɬɚ ɨɩɨɪɧɚɹ: 
Ɇɚɪɤɚ ɩɥɢɬɵ ɄɐɈ-2 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 1 ɦ,  
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ ɫɨɫɬɚɜɥɹɟɬ 0,15 ɦ,  
Ⱦɥɢɧɚ ɢ ɲɢɪɢɧɚ 1,7 ɦ,  
Ɇɚɫɫɚ 800 ɤɝ. 
 
Ʉɨɥɶɰɨ ɨɩɨɪɧɨɟ ɜɫɬɚɜɥɹɟɬɫɹ ɜɧɭɬɪɶ: 
Ɇɚɪɤɚ ɤɨɥɶɰɚ ɄɐɈ-1 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 0,58ɦ,  
ɇɚɪɭɠɧɵɣ 0,84ɦ,  
Ɍɨɥɳɢɧɚ 0,07ɦ, 
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Ɇɚɫɫɚ 50 ɤɝ. 

6.4 ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɛɨɪ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ 

ɋɨɫɬɚɜ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɢɞɚɦɢ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɛɵɬɶ ɦɟɯɚɧɢɡɢɪɨɜɚɧɵ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: ɪɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɜ ɬɪɚɧɲɟɢ; ɜɵɜɨɡ 
ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ ɜ ɨɬɜɚɥ ɡɚ ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; ɪɚɡɪɚɜɧɢɜɚɧɢɟ ɝɪɭɧɬɚ 
ɜ ɨɬɜɚɥɟ; ɨɛɪɚɬɧɚɹ ɡɚɫɵɩɤɚ ɬɪɚɧɲɟɢ; ɩɥɚɧɢɪɨɜɤɚ ɬɪɚɧɲɟɢ. 

6.4.1 ȼɵɛɨɪ ɷɤɫɤɚɜɚɬɨɪɚ 

ȼɟɞɭɳɟɣ ɦɚɲɢɧɨɣ ɜ ɞɚɧɧɨɦ ɤɨɦɩɥɟɤɬɟ ɹɜɥɹɟɬɫɹ ɷɤɫɤɚɜɚɬɨɪ. Ɇɚɪɤɢ ɢ 
ɬɢɩ ɨɫɬɚɥɶɧɵɯ ɦɚɲɢɧ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ [26] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɷɤɫɤɚɜɚɬɨɪɚ. ɉɨɞɛɨɪ ɷɤɫɤɚɜɚɬɨɪɚ ɧɚɱɢɧɚɟɦ ɫ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɚ ɟɝɨ ɤɨɜɲɚ. 

ɉɪɢ ɦɟɫɹɱɧɨɦ ɨɛɴɟɦɟ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɯ ɪɚɛɨɬ ɛɨɥɟɟ 20 ɬɵɫ. ɦ3 ɝɪɭɧɬɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɨɛɴɟɦ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ 1,0 – 1,25 ɦ3. 

ɉɪɢɧɢɦɚɟɦ ɩɨ ɨɞɧɨɤɨɜɲɨɜɵɣ ɷɤɫɤɚɜɚɬɨɪ ɬɢɩɚ ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ, ɦɚɪɤɢ 
ɗɈ-4121Ⱥ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 
ȼɦɟɫɬɢɦɨɫɬɶ ɤɨɜɲɚ Vɤ = 1,0 ɦ3;  
ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɤɨɩɚɧɢɹ ɇɤ = 7,1 ɦ; 
ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɜɵɝɪɭɡɤɢ ɇɜ = 5,2 ɦ; 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ ɜɵɝɪɭɡɤɢ Rɜ = 10,2 ɦ; 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ ɪɟɡɚɧɢɹ Rɪ = 10,2 ɦ. 
 
Ɇɚɪɤɚ ɞɪɚɝɥɚɣɧɚ ɗɈ-625 Ȼ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ȼɦɟɫɬɢɦɨɫɬɶ ɤɨɜɲɚ Vɤ = 1,0 ɦ3; 
ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɤɨɩɚɧɢɹ ɇɤ = 7,3 ɦ; 
ɇɚɢɛɨɥɶɲɚɹ ɝɥɭɛɢɧɚ ɜɵɝɪɭɡɤɢ ɇɜ = 5,5 ɦ; 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ ɜɵɝɪɭɡɤɢ Rɜ = 14,5 ɦ; 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɞɢɭɫ ɪɟɡɚɧɢɹ Rɪ = 12,4 ɦ. 
 

ɋɪɚɜɧɢɦ ɧɚɢɛɨɥɶɲɭɸ ɝɥɭɛɢɧɭ ɤɨɩɚɧɢɹ ɷɤɫɤɚɜɚɬɨɪɚ ɇɤ ɢ ɧɚɢɛɨɥɶɲɭɸ 
ɝɥɭɛɢɧɭ ɬɪɚɧɲɟɢ h2: Hˍ ≥ hଶ. (6.26) Hэ̱ˑ = ͹,ͳ ˏ > hଶ = ͵,ͺ ˏ; Hэ̱ˑ = ͹,͵ ˏ > hଶ = ͵,ͺ ˏ. 
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ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɨɛɨɢɯ ɷɤɫɤɚɜɚɬɨɪɨɜ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ 
ɦɚɪɤɢ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ. 

6.4.2 ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ ɡɚ 
ɩɪɟɞɟɥɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɇɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɝɪɭɧɬɚ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ ɛɨɥɟɟ 0,5 ɤɦ ɹɜɥɹɸɬɫɹ ɚɜɬɨɫɚɦɨɫɜɚɥɵ. Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 
ɫɚɦɨɫɜɚɥɚ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ [26] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢ ɨɛɴɟɦɚ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ. 

ɉɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ ɝɪɭɧɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 2 ɤɦ ɢ ɨɛɴɟɦɟ ɤɨɜɲɚ 1,0 
ɦ3 ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 10 ɬ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ 
ɩɨɞɛɢɪɚɟɦ ɚɜɬɨɫɚɦɨɫɜɚɥ: 

Ɇɚɪɤɚ: ɄȺɆȺɁ-5511 
ȼɵɫɨɬɚ ɛɨɪɬɚ ɤɭɡɨɜɚ ɇɛ = 2,5 ɦ; 
 
Ʉɨɥɢɱɟɫɬɜɨ ɤɨɜɲɟɣ ɷɤɫɤɚɜɚɬɨɪɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɡɚɝɪɭɡɤɢ ɫɚɦɨɫɜɚɥɚ, 

ɪɚɜɧɨ n = ୋஓε୩ˏ, (6.27) 

ɝɞɟ G – ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ, ɬ. G = 10 ɬ;  
  – ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ, ɬ/ɦ3.  = 1,6 ɬ/ɦ3;  
  – ɟɦɤɨɫɬɶ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɦ3.  = 1,0 ɦ3; 
 kɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɤɨɜɲɚ. kɧ = 0,85. n = ଵ଴ଵ,଺∙ଵ,଴∙଴,଼ହ = ͹,͵ͷ ≈ ͺ. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɨɝɪɭɡɤɢ ɨɞɧɨɝɨ ɫɚɦɨɫɜɚɥɚ ɪɚɜɧɚ t˒ˑˆ = ୬୬˖୩˕, (6.28) 

ɝɞɟ nɭ – ɱɢɫɥɨ ɰɢɤɥɨɜ ɷɤɫɤɚɜɚɰɢɢ ɜ ɦɢɧɭɬɭ. = 1;  
kɬ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɩɨɞɚɱɢ ɫɚɦɨɫɜɚɥɚ ɜ ɡɚɛɨɣ. 

kɬ = 0,85. t˒ˑˆ = ଼ଵ∙଴,଼ହ = ͻ,Ͷ ˏˋː. 

Ʉɨɥɢɱɟɫɬɜɨ ɪɟɣɫɨɜ ɫɚɦɨɫɜɚɥɨɜ ɜ ɫɦɟɧɭ ɪɚɜɧɨ: 
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ʞ˓ = ଺଴୲˔ˏ୲˒ˑˆ˓+మL∙లబV +୲˓+୲ˏ, (6.29) 

ɝɞɟ L – ɞɚɥɶɧɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɪɭɧɬɚ, ɤɦ;  
V – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɤɦ/ɱ;  
tp – ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡɝɪɭɡɤɢ, ɱ;  
tɦ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɦɚɲɢɧɵ, ɱ;  
tɫɦ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ, ɱ. ʞ˓ = ଺଴∙଼ଵ଻,଺+మ∙మ,బ∙లబమబ +ଵ+ଷ = ͳͶ,͵ ≈ ͳͶ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɚɦɨɫɜɚɥɚ ɜ ɫɦɟɧɭ, ɜɵɪɚɠɟɧɧɚɹ ɜ ɦ3 ɝɪɭɧɬɚ ɜ 
ɩɥɨɬɧɨɦ ɬɟɥɟ ʞ˃.˔. = 𝐺𝛾 ʞ˓, (6.30) 

ʞ˃.˔. = ଵ଴ଵ,଺ ∙ ͳͶ = ͺ͹,ͷ ˏଷ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɚɦɨɫɜɚɥɨɜ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ: Ɍɚ=1 ɫɦɟɧɚ. 
Ɍɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɧ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɜɨɡɚ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ ɨɞɧɢɦ 
ɫɚɦɨɫɜɚɥɨɦ ʡ˃.˔. = ୚ˑ˕˅ʞ˃.˔. , (6.31) 

ʡ˃.˔. = ଼଼଴,ଽ଼଻,ହ = ͳͲ,Ͳ ˔ˏ. 

Ⱦɥɹ ɩɟɪɟɜɨɡɤɢ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ ɩɪɢɧɢɦɚɟɦ 3 ɫɚɦɨɫɜɚɥɚ, ɜɵɜɨɡ 
ɝɪɭɧɬɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɡɚ ɲɟɫɬɶ ɫɦɟɧ. 

6.4.3 ȼɵɛɨɪ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɢ ɩɥɚɧɢɪɨɜɤɢ 
ɬɪɚɧɲɟɢ 

Ɉɛɪɚɬɧɚɹ ɡɚɫɵɩɤɚ ɬɪɚɧɲɟɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɭɫɩɟɲɧɵɯ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

Ⱦɥɹ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ ɢɫɩɨɥɶɡɭɸɬ ɝɪɭɧɬ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɨɬɜɚɥɟ. ɉɨɫɥɟ 
ɡɚɫɵɩɤɢ ɬɪɚɧɲɟɢ ɩɪɨɢɡɜɨɞɹɬ ɩɥɚɧɢɪɨɜɤɭ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɨɛɪɚɬɧɨɣ 
ɡɚɫɵɩɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɭɥɶɞɨɡɟɪ. ɉɪɢɧɢɦɚɟɦ ɩɨ [26] 
ɛɭɥɶɞɨɡɟɪ Ⱦ3-117. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɟ ɬɪɚɧɲɟɢ ɢ 
ɩɥɚɧɢɪɨɜɤɟ ɬɪɚɧɲɟɢ ɢ ɨɬɜɚɥɚ ɪɚɜɧɚ T˄ = ୗˑ˄˜ୌ˅˓ଵ଴଴଴୘˔ˏ, (6.32) 
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ɝɞɟ Sɨɛɳ – ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(7.33); 

ɇɜɪ – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɩɥɚɧɢɪɨɜɤɭ ɟɞɢɧɢɰɵ ɩɨɜɟɪɯɧɨɫɬɢ (ɦɚɲ.ɱ.). 1,2 ɱ 
ɧɚ 1000 ɦ2; 

1000 – ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɩɥɨɳɚɞɢ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ;  
Ɍɫɦ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɫɦɟɧɵ. Sˑ˄˜ = Sଵ + Sଶ, (6.33) 

ɝɞɟ S1 – ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɦɟɫɬɟ ɬɪɚɧɲɟɢ, ɦ2, ɩɨ 
ɮɨɪɦɭɥɟ (6.34); 

S2 - ɩɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɦɟɫɬɟ ɜɵɜɨɡɚ ɢɡɛɵɬɨɱɧɨɝɨ 
ɝɪɭɧɬɚ, ɦ2, ɩɨ ɮɨɪɦɭɥɟ (6.37). Sଵ = (E˔˓ + b + ͳ)L, (6.34) 

ɝɞɟ b – ɲɢɪɢɧɚ ɨɬɜɚɥɚ, ɦ: b = ʹHˑ˕˅, (6.35) 

ɝɞɟ Hɨɬɜ – ɜɵɫɨɬɚ ɨɬɜɚɥɚ, ɦ: Hˑ˕˅ = √F˔˓k˒˓k, (6.36) Hˑ˕˅ = √ͳ͸,͸ ∙ ͳ,ͳʹͷ ∙ Ͳ,ͻ͸ = Ͷ,ʹ ˏ; b = ʹ ∙ Ͷ,ʹ =  ͺ,Ͷ ˏ; Sଵ = ሺ͹,͵ + ͺ,Ͷ + ͳሻ ∙ ͶͲͲ = ͸͸ͺͲ,Ͳ ˏଶ. 

ɉɥɨɳɚɞɶ ɩɥɚɧɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɦɟɫɬɟ ɫɜɚɥɤɢ ɢɡɛɵɬɨɱɧɨɝɨ 
ɝɪɭɧɬɚ ɪɚɜɧɚ Sଶ = ୚ˑ˕˅୦ˑ˕˔, (6.37) 

ɝɞɟ hɨɬɫ – ɜɵɫɨɬɚ ɫɥɨɹ ɨɬɫɵɩɤɢ, ɦ. hɨɬɫ = 0,2 ɦ. Sଶ = ଼଼଴,ଽ଴,ଶ = Ͷ ͶͲͶ,ͷ ˏଶ; Sˑ˄˜ = ͸ ͸ͺͲ,Ͳ + Ͷ ͶͲͶ,ͷ = ͳͳ ͲͺͶ,ͷ ˏଶ. T˄ = ଵଵ ଴଼ସ,ହ∙ଵ,ଶଵ଴଴଴∙଼ = ͳ,͸ ˔ˏ. 
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Ⱦɥɹ ɩɥɚɧɢɪɨɜɤɢ ɩɥɨɳɚɞɤɢ ɩɪɢɧɢɦɚɟɦ 1 ɛɭɥɶɞɨɡɟɪ, ɩɥɚɧɢɪɨɜɤɚ ɛɭɞɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɡɚ 2 ɫɦɟɧɵ. 

6.4.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɬɪɟɯ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ, 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 ɝɪɭɧɬɚ ɢ ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 
ɝɪɭɧɬɚ. 

1) ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɷɤɫɤɚɜɚɬɨɪɚ ɩɨ ɨɬɪɵɜɤɟ ɬɪɚɧɲɟɢ Ɍɷ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ʡэ = ୚ˏʞэ , (6.38) 

ɝɞɟ ɉɷ – ɧɨɪɦɚɬɢɜɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ, ɦ3/ɫɦɟɧɚ: ʞэˑ.ˎ. = ͳͲͲt˔ˏ [ଵ−ʟʜ˅˓భˑ.ˎ. + ʟʜ˅˓మˑ.ˎ. ]; (6.39) 

ʞэ̌˓ = ͳͲͲt˔ˏ [ଵ−ʟʜ˅˓భˇ˓ + ʟʜ˅˓మˇ˓ ], (6.40) 

ɝɞɟ Ɋ – ɤɨɥɢɱɟɫɬɜɨ ɢɡɛɵɬɨɱɧɨɝɨ ɝɪɭɧɬɚ, ɩɨɝɪɭɠɚɟɦɨɝɨ ɜ ɬɪɚɧɫɩɨɪɬ ɜ ɞɨɥɹɯ 
ɟɞ. ɩɨ ɮɨɪɦɭɥɟ (7.41); ʜ˅˓ଵˑ.ˎ. , ʜ˅˓ଵˇ˓  - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɷɤɫɤɚɜɚɬɨɪɨɦ 

ɞɪɚɝɥɚɣɧ ɢ ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɬɜɚɥ. ʜ˅˓ଵˑ.ˎ. =1,8 ɱ, ʜ˅˓ଵˇ˓ =1,9 ɱ; ʜ˅˓ଶˑ.ˎ. , ʜ˅˓ଶˇ˓  - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɷɤɫɤɚɜɚɬɨɪɨɦ 

ɞɪɚɝɥɚɣɧ ɢ ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ ɩɪɢ ɩɨɝɪɭɡɤɟ ɜ ɬɪɚɧɫɩɨɪɬ. ʜ˅˓ଶˑ.ˎ. =2,4 ɱ, ʜ˅˓ଶˇ˓ =2,5 ɱ; ʟ = ୚ˑ˕˅୚ˏ , (6.41) 

ʟ = ଼଼଴,ଽଷ଴଻଺,ଶ = Ͳ,ʹͻ  ˇ. ˈ.; 

ʞэˑ.ˎ. = ͳͲͲ ∙ ͺ ∙ [ଵ−଴,ଶଽଵ,଼ + ଴,ଶଽଶ,ସ ] = ͶͲͺ,Ͳ ˏଷ/˔ˏˈː˖; 

ʞэ̌˓ = ͳͲͲ ∙ ͺ ∙ [ଵ−଴,ଶଽଵ,ଽ + ଴,ଶଽଶ,ହ ] = ͵ͻʹ,Ͳ ˏଷ/˔ˏˈː˖. 

Tэˑ .ˎ. = ଷ଴଻଺,ଶସ଴଼,଴ = ͹,ͷ ≈ ͺ ˔ˏˈː; 
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Tэ̌ ˓ = ଷ଴଻଺,ଶଷଽଶ,଴ = ͺ,ͺ ≈ ͻ ˔ˏˈː. 

2) ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɪɵɜɤɢ 1 ɦ3 ɝɪɭɧɬɚ ɬɪɚɧɲɟɢ C˕˓ = ଵ,଴଼∙ሺସଶ,଺ସ୘э+ସ଼,ହ଺ʡ˄+ଷ଺,଼଴ʡэሻ+ଵ,ହ ∑ З˓୚ , (6.42) 

ɝɞɟ Ɍɷ, Ɍɛ  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɧɚ ɫɬɪɨɣɤɟ ɜ ɫɦɟɧɚɯ ɷɤɫɤɚɜɚɬɨɪɚ ɢ 
ɛɭɥɶɞɨɡɟɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ʡэˑ .ˎ. = 11 ɫɦɟɧ, ʡэ̌˓ = 12 ɫɦɟɧ, Ɍɞɪ = 1 ɫɦɟɧɚ. 

Ɂɪ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɚɛɨɱɢɯ, ɜɵɩɨɥɧɹɸɳɢɯ ɪɭɱɧɵɟ ɪɚɛɨɬɵ, ɪɭɛ: ∑ З˓ = З˓V˓, (6.43) 

ɝɞɟ Ɂɪ – ɪɚɫɰɟɧɤɚ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɝɪɭɧɬɚ, ɪɭɛ/ɦ3. Ɂɪ = 0,544 ɪɭɛ/ɦ3. ∑ З˓ = Ͳ,ͷͶͶ ∙ ͳͳ͹.Ͷ = ͻͺ,ͻ ˓˖˄.  C˕˓ˑ.ˎ. = ଵ,଴଼∙ሺସଶ,଺ସ∙଼+ସ଼,ହ଺∙ଶ+ଷ଺,଼଴∙଼ሻ+ଵ,ହ∙ଽ଼,ଽଷ ଵଽଷ,଺ = Ͳ,ʹͶ ˓˖˄; 

C˕˓̌˓ = ଵ,଴଼∙ሺସଶ,଺ସ∙ଽ+ସ଼,ହ଺∙ଶ+ଷ଺,଼଴∙ଽሻ+ଵ,ହ∙ଽ଼,ଽଷ ଵଽଷ,଺ = Ͳ,ʹͷ ˓˖˄. 

Ɍɪɭɞɨёɦɤɨɫɬɶ ɨɬɪɵɜɤɢ 1 ɦ3 ɝɪɭɧɬɚ ʛ˕˓ = ∑ ʛˏ+∑ ʛ˓୚ , (6.44) 

ɝɞɟ ΣɆɦ – ɡɚɬɪɚɬɵ ɬɪɭɞɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɢ ɨɛɫɥɭɠɢɜɚɧɢɸ ɦɚɲɢɧ,                   
ɱɟɥ-ɱ/ɦɚɲ-ɱ; 

ΣɆɪ – ɡɚɬɪɚɬɵ ɬɪɭɞɚ ɧɚ ɪɭɱɧɵɟ ɨɩɟɪɚɰɢɢ, ɱɟɥ-ɱ. ∑ ʛ˓ = ʜ˅˓V˓, ɱɟɥ-ɱ (6.45) ∑ ʛˏ = ʛэ + ʛ˄ + ʛ˃.˔. = ଶ,଺ହʡэ୲˔ˏ+ଵ,ସ଼ʡ˄୲˔ˏ+ଵ,଻ଽʡэ୲˔ˏ୚ , ɱɟɥ-ɱ/ɦɚɲ-ɱ (6.46) 

ɝɞɟ Ɇɷ, Ɇɛ, Ɇɚ.ɫ. – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɤɫɤɚɜɚɬɨɪɚ, ɛɭɥɶɞɨɡɟɪɚ ɢ 
ɚɜɬɨɫɚɦɨɫɜɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɟɥ-ɱ/ɦɚɲ-ɱ. ∑ ʛˑ˕˓ˑ.ˎ. = ଶ,଺ହ∙଼∙଼+ଵ,ସ଼∙ଶ∙଼+ଵ,଻ଽ∙଼∙଼+଴,ଽ∙ଵହହ,ହଷଵଽଷ,଺ = Ͳ,ͳʹ ɱɟɥ-ɱ/ɦɚɲ-ɱ; ∑ ʛˑ˕˓ˇ˓. = ଶ,଺ହ∙ଽ∙଼+ଵ,ସ଼∙ଶ∙଼+ଵ,଻ଽ∙ଽ∙଼+଴,ଽ∙ଵହହ,ହଷଵଽଷ,଺ = Ͳ,ͳ͵ ɱɟɥ-ɱ/ɦɚɲ-ɱ. 
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ɋɪɚɜɧɟɧɢɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɫɤɚɜɚɬɨɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 6.2 

Ɍɚɛɥɢɰɚ 6.2 − Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 
ɗɤɫɤɚɜɚɬɨɪ 

ɫ ɨɛɪɚɬɧɨɣ ɥɨɩɚɬɨɣ ɞɪɚɝɥɚɣɧ 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, Ɍ ɫɦɟɧɚ 8 9 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ, 1 ɦ3 
ɝɪɭɧɬɚ, ɋ ɨɬɪ 

ɪɭɛ./ɦ3 0,24 0,25 

Ɍɪɭɞɨɟɦɤɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 1 ɦ3 ɝɪɭɧɬɚ, 
Ɇɨɬɪ 

ɱɟɥ.- ɱ/ɦ3 0,12 0,13 

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 6.2 ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɩɨ ɜɫɟɦ ɩɨɤɚɡɚɬɟɥɹɦ 
ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɫ ɷɤɫɤɚɜɚɬɨɪɨɦ ɨɛɪɚɬɧɚɹ ɥɨɩɚɬɚ. 

6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɡɚɛɨɹ 

Ɋɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɡɚɛɨɹ ɨɩɪɟɞɟɥɹɸɬ ɢɫɯɨɞɹ ɢɡ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɪɚɡɦɟɪɨɜ ɬɪɚɧɲɟɢ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɛɪɨɜɤɢ ɬɪɚɧɲɟɢ ɞɨ ɨɫɧɨɜɚɧɢɹ ɨɬɜɚɥɚ a = hଶሺͳ − mሻ, (6.47) a = ͵,ͺ ∙ ሺͳ − Ͳ,͹͵ሻ = ͳ,Ͳ͵ ɦ. 

Ɉɛɳɚɹ ɲɢɪɢɧɚ ɡɚɛɨɹ, ɜɤɥɸɱɚɹ ɨɬɜɚɥ, ɪɚɜɧɚ A = E˔˓ + a + b, (6.48) A = ͹,͵ + ͳ,͸ + ͺ,Ͷ = ͳ͹,͵ ˏ. 

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

ɉɟɪɜɵɣ ɫɥɭɱɚɣ ɜɵɛɢɪɚɟɬɫɹ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: R˅ ≥ ʏଵ, (6.49) 

ɝɞɟ Ⱥ1 – ɧɨɪɦɚɬɢɜɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: Aଵ = ୉˔˓+ୠଶ , (6.50) Aଵ = ଻,ଷ+଼,ସଶ = ͹,ͺ ˏ. R˅ = ͳͲ,ʹ ˏ > ʏଵ = ͹,ͺ ˏ. 
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ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɨɫɶ ɷɤɫɤɚɜɚɬɨɪɚ ɫɨɜɩɚɞɚɟɬ ɫ ɨɫɶɸ ɬɪɚɧɲɟɢ. 

6.6 ȼɵɛɨɪ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɦɨɧɬɚɠɚ ɬɪɭɛɨɩɪɨɜɨɞɚ 

Ⱦɥɹ ɭɤɥɚɞɤɢ ɬɪɭɛ, ɦɨɧɬɚɠɚ ɷɥɟɦɟɧɬɨɜ ɤɨɥɨɞɰɟɜ ɢ ɚɪɦɚɬɭɪɵ, 
ɪɚɡɦɟɳɚɟɦɨɣ ɜ ɤɨɥɨɞɰɚɯ, ɢɫɩɨɥɶɡɭɸɬ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɢɥɢ ɩɧɟɜɦɨɤɨɥɟɫɧɵɟ 
ɤɪɚɧɵ. 

ɉɪɢ ɜɵɛɨɪɟ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɱɢɬɵɜɚɟɦ ɦɚɫɫɭ ɫɚɦɨɝɨ 
ɬɹɠɟɥɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɬɪɟɛɭɟɦɵɣ ɜɵɥɟɬ ɫɬɪɟɥɵ ɤɪɚɧɚ. 

ɋɚɦɵɦ ɬɹɠɟɥɵɦ ɷɥɟɦɟɧɬɨɦ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɥɨɬɨɤ ɦɚɫɫɨɣ m = 3860 ɤɝ.  
Ɍɪɟɛɭɟɦɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɪɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ G = Qkˆ˓, (6.51) 

ɝɞɟ Q – ɦɚɫɫɚ ɫɚɦɨɝɨ ɬɹɠɟɥɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ ɦɨɧɬɚɠɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, 3860 ɤɝ; 
 kɝɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɚɫɫɭ ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ 

ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ. kɝɪ = 1,1. G = ͵ͺ͸Ͳ ∙ ͳ,ͳ = ͶʹͶ͸ ˍˆ. 

Ʉɪɚɧ ɪɚɫɩɨɥɚɝɚɟɦ ɧɚ ɫɜɨɛɨɞɧɨɣ ɨɬ ɨɬɜɚɥɚ ɫɬɨɪɨɧɟ ɬɪɚɧɲɟɢ. Ɂɚɝɨɬɨɜɤɢ 
ɬɪɭɛ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɪɚɡɦɟɳɟɧɵ ɭ ɛɪɨɜɤɢ ɬɪɚɧɲɟɢ, ɚ ɤɪɚɧ ɡɚ ɧɢɦɢ. Ɉɫɶ 
ɞɜɢɠɟɧɢɹ ɤɪɚɧɚ ɩɚɪɚɥɥɟɥɶɧɚ ɨɬ ɬɪɚɧɲɟɢ. Ɍɪɟɛɭɟɦɵɣ ɜɵɥɟɬ ɫɬɪɟɥɵ ɤɪɚɧɚ 
ɪɚɜɟɧ L˔ = ୆ଶ + ͳ,ʹmhଶ + ʐˍ˓ଶ , ˏ (6.52) L˔ = ଶ,ସଶ + ͳ,ʹ ∙ Ͳ,͹͵ ∙ ͵,ͺ + ଶ,ହଶ = ͷ,͹ ˏ. 

ɝɞɟ Ȼɤɪ – ɲɢɪɢɧɚ ɛɚɡɵ ɤɪɚɧɚ (ɲɢɪɢɧɚ ɤɨɥɟɢ), ɦ;  
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɬɪɟɛɭɟɦɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɢ ɜɵɥɟɬɟ ɫɬɪɟɥɵ ɤɪɚɧɚ, 

ɩɨɞɛɢɪɚɟɦ ɦɚɪɤɭ ɦɨɧɬɚɠɧɨɝɨ ɤɪɚɧɚ. 
ɉɪɢɧɢɦɚɟɦ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɫɬɪɟɥɨɜɨɣ ɤɪɚɧ ɩɨ [26] Ʉɋ–5363Ȼ ɧɚ ɛɚɡɟ 

ɆȺɁ–5334, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɵɥɟɬɟ ɫɬɪɟɥɵ – 4,2 ɬ, 
ɞɥɢɧɚ ɨɫɧɨɜɧɨɣ ɫɬɪɟɥɵ – 15,9 ɦ, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 30 ɬ. 
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ɁȺɄɅɘЧȿɇɂȿ 

 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɨɛɟɫɩɟɱɟɧɢɟ 

ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɫ. Ȼɚɣɤɢɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɪɚɫɯɨɞɨɜ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɩɨɫɟɥɤɟ, ɪɚɫɱɟɬ 

ɩɨɞɡɟɦɧɨɝɨ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɫ ɩɨɞɛɨɪɨɦ ɮɢɥɶɬɪɚ ɢ ɧɚɫɨɫɚ. Ɍɚɤɠɟ 

ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɜɨɞɨɡɚɛɨɪɧɵɯ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜɤɥɸɱɚɹ ɩɨɞɛɨɪ ɢ 

ɪɚɫɱɟɬ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɨɫɜɟɬɥɢɬɟɥɶɧɵɟ (1 ɫɬ.) ɢ ɫɤɨɪɵɟ (2 ɫɬ.) ɮɢɥɶɬɪɵ, 

ɪɚɫɯɨɞɧɵɟ ɢ ɪɚɫɬɜɨɪɧɵɟ ɛɚɤɢ, ɩɨɞɨɛɪɚɧɵ ɪɟɚɝɟɧɬɵ ɢ ɤɨɧɬɚɤɬɧɚɹ ɤɚɦɟɪɚ, 

ɬɚɤɠɟ ɪɟɡɟɪɜɭɚɪɵ ɱɢɫɬɨɣ ɢ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ, ɤɚɜɢɬɚɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ 

ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ «Ʌɚɡɭɪɶ-Ɇ500»).  

ɉɪɨɢɡɜɟɞɟɧ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ, ɫ ɩɨɞɛɨɪɨɦ ɫɯɟɦɵ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɢɚɦɟɬɪɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ɉɨɞɨɛɪɚɧɵ 

ɦɚɬɟɪɢɚɥɵ ɬɪɭɛ.  

Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚɪɭɠɧɨɝɨ 

ɜɨɞɨɩɪɨɜɨɞɚ (ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɚ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɤɨɥɨɞɰɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɛɚɥɚɧɫɚ ɨɛɴёɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ, 

ɩɨɞɛɨɪ ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɞɥɹ ɬɪɚɧɲɟɣɧɨɣ ɩɪɨɤɥɚɞɤɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ 

ɬɪɚɧɲɟɢ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɩɪɢɧɹɬɵɟ ɜ ɪɚɛɨɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɟɣɫɬɜɭɸɳɢɦ 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɨɪɦɚɬɢɜɧɵɦ, ɩɪɚɜɨɜɵɦ ɞɨɤɭɦɟɧɬɚɦ ɜ 

ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕХ ɂɋɌɈЧɇɂɄɈȼ 

1) ɋɇɢɉ 2.04.02-84*. ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ 
ɫɨɨɪɭɠɟɧɢɹ/Ɇɢɧɢɫɬɟɪɫɬɜɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɊɎ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1985. – 136 
ɫ. 

2) ɋɇɢɉ 2.04.01-85*. ȼɧɭɬɪɟɧɧɢɣ ɜɨɞɨɩɪɨɜɨɞ ɢ ɤɚɧɚɥɢɡɚɰɢɹ ɡɞɚɧɢɣ/ 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɤɨɦɢɬɟɬ ɋɋɋɊ, Ɇ. 1985. 

3) ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. 
ɋɩɪɚɜɨɱɧɢɤ/Ȼ.ɇ. Ɋɟɩɢɧ. – Ɇ.: ȼɵɫɲ. ɲɤ., 1995. – 431 ɫ. 

4) Ɍɚɛɥɢɰɵ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɨɞɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ/Ɏ.Ⱥ. 
ɒɟɜɟɥɟɜ, Ⱥ.Ɏ. ɒɟɜɟɥɟɜ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1984. – 116 ɫ. 

5) ȼɨɞɨɡɚɛɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ/ɉɨɞ ɪɟɞ. Ʉ.Ⱥ. Ɇɢɯɚɣɥɨɜɚ, Ⱥ.ɋ. Ɉɛɪɚɡɨɜɫɤɨɝɨ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 
1976. – 368 ɫ. 

6) ȼɨɞɨɫɧɚɛɠɟɧɢɟ/ɇ.ɇ. Ⱥɛɪɚɦɨɜ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1974. – 480 ɫ. 
7) ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɢ ɫɨɨɪɭɠɟɧɢɣ: ȼ 3-ɯ ɬ. – 

Ɍ 1. ɋɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼɨɞɨɡɚɛɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ / ɇɚɭɱɧɨ-
ɦɟɬɨɞɢɱɟɫɤɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɢ ɨɛɳɚɹ ɪɟɞɚɤɰɢɹ ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ɀɭɪɛɵ 
Ɇ.Ƚ. ȼɨɥɨɝɞɚ – Ɇɨɫɤɜɚ: ȼɨȽɌɍ, 2001. – 209 ɫ. 

8) ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜɨɞɨɩɪɨɜɨɞɨɜ / 
Ʌ.Ⱥ. Ʉɭɥɶɫɤɢɣ, Ɇ.ɇ. Ȼɭɥɚɜɚ, ɂ.Ɍ. Ƚɨɪɨɧɨɜɫɤɢɣ, ɉ.ɂ. ɋɦɢɪɧɨɜ. – Ʉɢɟɜ, 
Ȼɭɞɜɟɥɶɧɢɤ, 1972. – 424 ɫ. 

9) .Ɉɛɨɪɭɞɨɜɚɧɢɟ ɜɨɞɨɩɪɨɜɨɞɧɨ-ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ/ɉɨɞ 
ɪɟɞ. Ⱥ.ɋ. Ɇɨɫɤɜɢɬɢɧɚ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1979. – 430 ɫ. 

10) Ʉɨɠɢɧɨɜ ȼ.Ɏ. Ɉɱɢɫɬɤɚ ɩɢɬɶɟɜɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ. Ɇ., 
ɋɬɪɨɣɢɡɞɚɬ, 1971. 304 ɫ. 

11) ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɢ ɫɨɨɪɭɠɟɧɢɣ: ȼ 3-ɯ ɬ. – 
Ɍ 2. Ɉɱɢɫɬɤɚ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɜɨɞ / ɇɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ 
ɪɭɤɨɜɨɞɫɬɜɨ ɢ ɨɛɳɚɹ ɪɟɞɚɤɰɢɹ ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ɀɭɪɛɵ Ɇ.Ƚ. ȼɨɥɨɝɞɚ – 
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