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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɉɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ 

Ʉɨɧɬɪɨɥɶɧɨ-ɩɪɨɩɭɫɤɧɨɝɨ ɩɭɧɤɬɚ ɁȺɈ «ɂɫɤɪɚ»» ɫɨɞɟɪɠɢɬ 74 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 10 ɩɪɢɥɨɠɟɧɢɣ, 19 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. 

ɉȺɊȺɆȿɌɊɕ ɇȺɊɍɀɇɈȽɈ ɂ ȼɇɍɌɊȿɇɇȿȽɈ ȼɈɁȾɍɏȺ, 

ɌȿɉɅɈɌȿɏɇɂɑȿɋɄɂɃ ɊȺɋɑȿɌ, ɊȺɋɑȿɌ ɌȿɉɅɈɉɈɌȿɊɖ, ɈɌɈɉɅȿɇɂȿ, 

ȽɂȾɊȺȼɅɂɑȿɋɄɂɃ ɊȺɋɑȿɌ, ȼȿɇɌɂɅəɐɂə, ȺɗɊɈȾɂɇȺɆɂɑȿɋɄɂɃ 

ɊȺɋɑȿɌ 

Ɉɛɴɟɤɬ – ɝ. ɍɠɭɪ. 

ɐɟɥɢ ɪɚɛɨɬɵ: 

1) ɪɚɫɱɟɬ ɬɟɩɥɨɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ 

ɧɚɝɪɟɜ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ; 

2) ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ; 

3) ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ; 

ȼɵɩɨɥɧɟɧ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɉ 

131.13330.2012 ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. ȼ ɡɞɚɧɢɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ 

ɞɜɭɯɬɪɭɛɧɚɹ ɧɟɡɚɜɢɫɢɦɚɹ ɫɢɫɬɟɦɚ ɨɬɨɩɥɟɧɢɹ. Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɟɬɢ 

ɨɬɨɩɥɟɧɢɹ ɜɵɩɨɥɧɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ 

ɨɛɳɟɨɛɦɟɧɧɵɯ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ ɩɨɞɨɛɪɚɧɵ ɞɢɚɦɟɬɪɵ, ɜɟɧɬɢɥɹɬɨɪɵ, ɤɨɧɮɭɡɨɪɵ 

ɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɫɟɬɢ. ɉɨɞɨɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ 

ɩɪɢɬɨɱɧɵɯ ɤɚɦɟɪ. 

Ɍɟɩɥɨɫɧɚɛɠɟɧɢɟ ɡɞɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ 

ɤɨɬɟɥɶɧɨɣ. Ɇɚɬɟɪɢɚɥɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ 

ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɤɨɧɬɪɨɥɶɧɨ-ɩɪɨɩɭɫɤɧɨɝɨ ɩɭɧɤɬɚ ɜ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤ.  
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ɋɨɯɪɚɧɟɧɢɟ ɩɨɞɯɨɞɹɳɢɯ ɭɫɥɨɜɢɣ ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɫ ɰɟɥɶɸ 
ɩɨɞɞɟɪɠɚɧɢɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɯ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɢɧɠɟɧɟɪɧɵɟ ɫɢɫɬɟɦɵ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɨɬɨɩɥɟɧɢɟ 
ɢ ɜɟɧɬɢɥɹɰɢɹ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ 
ɜ ɞɚɧɧɨɦ ɨɛɴɟɤɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɪɟɛɭɸɬ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ ɞɥɹ ɩɪɢɧɹɬɢɹ ɜɟɪɧɵɯ 
ɪɟɲɟɧɢɣ. 

 Ƚɥɚɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɨɬɨɩɢɬɟɥɶɧɨ-ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ ɫɱɢɬɚɟɬɫɹ 
ɩɨɞɞɟɪɠɚɧɢɟ ɜ ɤɨɦɧɚɬɚɯ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɜɥɚɠɧɨɫɬɢ ɢ ɞɪɭɝɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɦɮɨɪɬɧɨɝɨ ɫɚɦɨɱɭɜɫɬɜɢɹ ɢ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɬɪɭɞɨɫɩɨɫɨɛɧɨɫɬɢ ɭ ɱɟɥɨɜɟɤɚ. ɍɫɩɟɲɧɨɟ ɪɟɲɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-
ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɫɢɫɬɟɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ, ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɩɪɚɜɢɥɶɧɨ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ, ɧɨ ɢ ɨɬ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɨɧɬɚɠɚ, ɧɚɥɚɞɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ɍɚɤɠɟ, ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɬɪɟɛɭɸɬ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɡɚɳɢɬɟ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɧɠɟɧɟɪɧɵɯ ɫɢɫɬɟɦ, ɬ.ɤ. ɷɤɨɥɨɝɢɱɟɫɤɚɹ 
ɨɛɫɬɚɧɨɜɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬɫɹ ɜ ɯɭɞɲɭɸ ɫɬɨɪɨɧɭ ɜ ɫɜɹɡɢ ɫ ɚɧɬɪɨɩɨɝɟɧɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ. ɋɨɤɪɚɳɟɧɢɟ ɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɢɧɠɟɧɟɪɧɵɯ ɫɢɫɬɟɦ, ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɟɲɟɧɢɹɦ ɩɨ ɡɚɳɢɬɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
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1 ɂɋɏɈȾɇɕȿ ȾȺɇɇɕȿ ȾɅə ɉɊɈȿɄɌɂɊɈȼȺɇɂə 
 
Ɋɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɝ. ɍɠɭɪ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ 𝑧ˑ˕.˒ˈ˓ = 233 ɞɧɹ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ 𝑡ˑ˕.˒ˈ˓ = - 6,7 °ɋ. 
Ɏɚɫɚɞ ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɫɟɜɟɪ. 
Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɪɭɠɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ: 
ɇɚɪɭɠɧɚɹ ɫɬɟɧɚ – ɫɬɟɧɨɜɚɹ ɫɷɧɞɜɢɱ-ɩɚɧɟɥɶ; 
Ɉɫɬɟɤɥɟɧɢɟ – ɉȼɏ ɫ ɞɜɭɯɤɚɦɟɪɧɵɦ ɫɬɟɤɥɨɩɚɤɟɬɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɪɚɫɱɟɬɨɦ; 
ȼɨɪɨɬɚ – ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɭɬɟɩɥɟɧɧɵɟ ɛɟɡ ɬɚɦɛɭɪɚ 
Ⱦɜɟɪɢ – ɦɟɬɚɥɥɨɩɥɚɫɬɢɤɨɜɵɟ ɭɬɟɩɥɟɧɧɵɟ ɝɥɭɯɢɟ ɫ ɬɚɦɛɭɪɨɦ; 
ɉɟɪɟɤɪɵɬɢɟ – ɤɪɨɜɟɥɶɧɚɹ ɫɷɧɞɜɢɱ-ɩɚɧɟɥɶ. 
ɉɨɥ – ɧɟɭɬɟɩɥɟɧɧɵɣ ɩɨɥ ɧɚ ɝɪɭɧɬɟ. 
Ɍɟɩɥɨɧɨɫɢɬɟɥɶ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ: ɜɨɞɚ. 
ɉɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ: ʡଵ/ʡଶ = 95/70 °ɋ. 
  
1.1 Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

 
Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɨɩɥɟɧɢɹ ɢ 

ɜɟɧɬɢɥɹɰɢɢ ɩɪɢɧɢɦɚɟɦ ɩɨ [1], ɞɥɹ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ ɫɨɝɥɚɫɧɨ [2] 
ɜɵɛɢɪɚɟɦ: 

ɉɚɪɚɦɟɬɪ Ⱥ – ɞɥɹ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ. 
ɉɚɪɚɦɟɬɪ Ȼ – ɞɥɹ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ.  
ȼ ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫɥɟɞɭɟɬ 

ɩɪɢɧɢɦɚɬɶ: 10 °ɋ, ɭɞɟɥɶɧɭɸ ɷɧɬɚɥɶɩɢɸ 26,5 ɤȾɠ/ɤɝ. 
Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

ɉɟɪɢɨɞ 
ɝɨɞɚ 

ɉɚɪɚɦɟɬɪ Ⱥ ɉɚɪɚɦɟɬɪ Ȼ 
Ɍɟɦɩɟɪɚɬɭɪɚ

, 
t, °ɋ 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ, 
J, ɤȾɠ/ɤɝ 

ɋɤɨɪɨɫɬɶ 
ɜɟɬɪɚ, 
V, ɦ/ɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ
, 

t, °ɋ 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ, 
J, ɤȾɠ/ɤɝ 

ɋɤɨɪɨɫɬɶ 
ɜɟɬɪɚ, 
V, ɦ/ɫ 

Ɍɟɩɥɵɣ 23 47,9 1 26 55,5 1 
ɏɨɥɨɞɧɵ

ɣ 
-23 -22,3 4,1 -37 -37 4,1 
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1.2 Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 
 
ɉɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɫɨɝɥɚɫɧɨ ɩ. 4.2 [2] ɩɪɢɧɢɦɚɟɦ ɜ ɩɪɟɞɟɥɚɯ 

ɞɨɩɭɫɬɢɦɵɯ ɧɨɪɦ ɩɨ ɬɚɛɥɢɰɟ 1 [3] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɟɝɨɪɢɢ ɪɚɛɨɬ ɩɨ ɭɪɨɜɧɸ 
ɷɧɟɪɝɨɡɚɬɪɚɬ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɟɧɬɢɥɹɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɜɚ ɩɚɪɚɦɟɬɪɚ: ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɟ ɢ ɟɝɨ ɩɨɞɜɢɠɧɨɫɬɶ. 

Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
Ɍɚɛɥɢɰɚ 2 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

№ 
ɩɨɦɟɳɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɦɟɳɟɧɢɹ Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜ 
ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 
Ɍɟɦɩɟɪɚɬɭɪɚ t,°C 

1 Ɍɚɦɛɭɪ 18 
2 Ɍɚɦɛɭɪ 18 
3 Ʉɨɪɢɞɨɪ 20 
4 ɗɥɟɤɬɪɨɳɢɬɨɜɚɹ 20 
5 Ⱦɟɡɛɚɪɶɟɪ 20 
6 ɉɨɦɟɳɟɧɢɟ Ɉɯɪɚɧɵ 20 
7 ɍɛɨɪɧɚɹ 20 
8 ȼɜɨɞ ɜɨɞɵ ɢ ɬɟɩɥɚ 18 
9 Ʉɨɦɧɚɬɚ ɩɪɢɟɦɚ ɩɢɳɢ 20 
10 ɋɤɥɚɞ ɞɟɡɢɧɮɢɰɢɪɭɸɳɢɯ ɫɪɟɞɫɬɜ 18 
11 Ɋɚɡɞɟɜɚɥɤɚ 20 
12 Ⱦɭɲɟɜɚɹ 25 
13 Ʉɥɚɞɨɜɚɹ 20 
14 ɉɨɦɟɳɟɧɢɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɞɟɡɢɧɮɢɰɢɪɭɸɳɟɝɨ 

ɪɚɫɬɜɨɪɚ 
20 

ȼ ɬɟɩɥɵɣ ɩɟɪɢɨɞ, ɞɥɹ ɪɚɛɨɱɢɯ ɦɟɫɬ, ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 18-28°C [3]. Ɍɚɤ ɤɚɤ ɜɟɧɬɢɥɹɰɢɹ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɞɥɹ 
ɝɨɪɨɞɚ ɍɠɭɪ, ɫ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ 
+23°C, ɬɨ ɢ ɜ ɩɨɦɟɳɟɧɢɹɯ ɩɪɢɧɢɦɚɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɪɚɫɱɟɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɩɪɢɧɢɦɚɟɬɫɹ 0,3 ɦ/ɫ. Ⱦɥɹ 
ɩɨɦɟɳɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɥɸɞɢ ɧɚɯɨɞɹɬɫɹ ɜ ɩɨɥɭɪɚɡɞɟɬɨɦ ɜɢɞɟ ɫɤɨɪɨɫɬɶ ɪɚɜɧɚ 0,2 
ɦ/ɫ. ȼ ɩɨɦɟɳɟɧɢɹɯ ɫ ɜɪɟɦɟɧɧɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ ɫɤɨɪɨɫɬɶ ɧɟ ɧɨɪɦɢɪɭɟɬɫɹ. 
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2 ɌȿɉɅɈɌȿɏɇɂɑȿɋɄɂɃ ɊȺɋɑȿɌ ɈȽɊȺɀȾȺɘЩɂɏ 
ɄɈɇɋɌɊɍɄɐɂɃ 

 
Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ [4] ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ Rɨ. 
ȼ ɡɞɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧ, ɩɨɬɨɥɤɨɜ ɢ ɩɨɥɨɜ ɩɪɢɧɹɬɵ ɩɨ ɚɪɯɢɬɟɤɬɭɪɧɨ-

ɫɬɪɨɢɬɟɥɶɧɵɦ ɱɟɪɬɟɠɚɦ. 
ȼɟɥɢɱɢɧɚ Rɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɳɢɧɨɣ ɩɪɢɧɹɬɨɝɨ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɨɝɪɚɠɞɟɧɢɹ 

ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ, ɜɵɛɨɪ ɤɨɬɨɪɨɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ Ʉ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 

ɍɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɨɧ 
ɜɥɚɠɧɨɫɬɢ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɨ ɬɚɛɥɢɰɟ 2 [4]. 
Ⱥ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɧɢɯ, ɧɢɠɟ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɉɪɢɜɟɞɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ Ro 
ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ, Rˑ̞˓,ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɫɯɨɞɹ ɢɡ 
ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɢ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɢ ɭɫɥɨɜɢɣ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ.  
Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɨɝɪɚɠɞɟɧɢɣ ɛɟɪɟɦ ɫɨɝɥɚɫɧɨ ɩɪɢɥɨɠɟɧɢɸ Ɍ 

[4]. 
Ƚɪɚɞɭɫɨ-ɫɭɬɤɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, °ɋ·ɫɭɬ/ɝɨɞ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ȽɋɈɉ = ሺ𝑡˅ − 𝑡ˑ˕ሻ · 𝑧ˑ˕ , (1) 

ɝɞɟ 𝑡ɨɬ, 𝑧ɨɬ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °C, ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, 
ɫɭɬ/ɝɨɞ, ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ [1] ɞɥɹ ɩɟɪɢɨɞɚ ɫɨ ɫɪɟɞɧɟɣ 
ɫɭɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɟ ɛɨɥɟɟ 8 °ɋ. 𝑡ɜ – ɪɚɫɱɟɬɧɚɹ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɡɞɚɧɢɹ, °C. 

ȽCɈɉ = ሺʹͲ − ሺ−͸,͹ሻሻ · ʹ͵͵ = ͸ʹʹͳ °ɋ · ɫɭɬ/ɝɨɞ. 
Ȼɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ܴɨɝɪ

ɬɪ , (ɦ2·°C)/ȼɬ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɪɭɠɧɨɣ , ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

Rɨɝɪ
ɬɪ =a·ȽɋɈɉ+b , (2) 

ɝɞɟ a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ. 3 
[4]. Rˑ̞˓ = Ͳ,ͲͲͲͲʹͷ · ͸ʹʹͳ + Ͳ,ʹ = Ͳ,͵͸ (ɦ²·°C)/ȼɬ 

Ȼɚɡɨɜɵɟ ɡɧɚɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ: 
– Ⱦɥɹ ɧɚɪɭɠɧɵɯ ɫɬɟɧ: 
Rɫɬ

ɬɪ=0,0002·6221+1=2,24 (ɦ²·°C)/ȼɬ; 
– Ⱦɥɹ ɱɟɪɞɚɱɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ: 
Rɩɬ

ɬɪ = Ͳ,ͲͲͲʹͷ · ͸ʹʹͳ + ͳ,ͷ = ͵,Ͳ͸ (ɦ²·°C)/ȼɬ; 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Rɨ ɞɥɹ ɧɟɭɬɟɩɥɟɧɧɵɯ ɩɨɥɨɜ ɧɚ ɝɪɭɧɬɟ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Ȝ ≥ 1,2 ȼɬ/(ɦ·°C) ɩɨ ɡɨɧɚɦ ɲɢɪɢɧɨɣ 2 ɦ, 
ɩɚɪɚɥɥɟɥɶɧɵɦ ɧɚɪɭɠɧɵɦ ɫɬɟɧɚɦ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦɢ: 2,1 – ɞɥɹ I ɡɨɧɵ; 4,3 – ɞɥɹ II 
ɡɨɧɵ; 8,6 – ɞɥɹ III ɡɨɧɵ ɢ 14,2 – ɞɥɹ ɨɫɬɚɜɲɟɣɫɹ ɩɥɨɳɚɞɢ ɩɨɥɚ [5]. 
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ɉɨ ɬɪɟɛɭɟɦɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚɯɨɞɢɦ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩ 
ɫɷɧɞɜɢɱ-ɩɚɧɟɥɟɣ ɞɥɹ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ȽɄ «Ɇɚɹɤ» ɜ 
ɤɚɬɚɥɨɝɟ [6]. 

Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɝɪɚɠɞɟɧɢɣ ɪɚɜɧɵ: 
Rɫɬ

ɮ =2,6(ɦ²·°C)/ȼɬ;  R˒˕˗ =3,09ሺˏ²·°Cሻ/В˕. 
ɍɫɥɨɜɢɟ Rɨɝɪ

ɮ ≥Rɨɝɪ
ɬɪ  ɜɵɩɨɥɧɹɟɬɫɹ. 

Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Rɮ ɧɟɭɬɟɩɥɟɧɧɨɝɨ ɩɨɥɚ ɧɚ ɝɪɭɧɬɟ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ ɬɪɟɛɭɟɦɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Rɬɪ ɩɨ ɡɨɧɚɦ ɩɨɥɚ: 

Rɩɥ(I)
ɮ = ʹ,ͳ (ɦ²·°C)/ȼɬ , 

Rɩɥ(II)
ɮ =4,3 (ɦ²·°C)/ȼɬ, 

Rɩɥ(III)
ɮ =8,6 (ɦ²·°C)/ȼɬ, 

Rɩɥ(IV)
ɮ =14,2 (ɦ²·°C)/ȼɬ/. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɦɟɬɚɥɥɨɩɥɚɫɬɢɤɨɜɵɯ ɭɬɟɩɥɟɧɧɵɯ ɝɥɭɯɢɯ 
ɞɜɟɪɟɣ ɫ ɬɚɦɛɭɪɨɦ  ܴɞ

ɮ , ɨɤɨɧ ɉȼɏ ɫ ɞɜɭɯɤɚɦɟɪɧɵɦ ɫɬɟɤɥɨɩɚɤɟɬɨɦ ܴɨ
ɮ ɢ ɜɨɪɨɬ ܴɜ

ɮ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɩɪɨɝɪɚɦɦɟ VALTEC[7]. Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ: 

Rɞ
ɮ = ͳ,Ͳ͹ (ɦ²·°C)/ȼɬ; 

Rɨ
ɮ = Ͳ,͵͸ (ɦ²·°C)/ȼɬ; 

Rɜ
ɮ = Ͳ,Ͷ (ɦ²·°C)/ȼɬ; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

К = ͳܴ
ɨɝɪ
ɮ , (3) 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 3 
Ɍɚɛɥɢɰɚ 3 – Ɏɚɤɬɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱ 
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  
ɨɝɪɚɠɞɟɧɢɹ 

Rɮ, (ɦ2·℃)/ȼɬ K, ȼɬ/(ɦ2·℃) 

ɋɬɟɧɚ 2,6 0,45 
ɉɨɤɪɵɬɢɟ 3,09 0,33 

Ɉɤɧɨ 0,36 2,81 
Ⱦɜɟɪɶ 1,07 0,932 
ȼɨɪɨɬɚ  0,4 2,45 
ɉɨɥ(I) 2,1 0,48 
ɉɨɥ(II) 4,3 0,23 
ɉɨɥ(III) 8,6 0,12 
ɉɨɥ(IV) 14,2 0,07 
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3 ɊȺɋɑȿɌ ɌȿɉɅɈɉɈɌȿɊɖ 
 
Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ – ɤɨɦɩɟɧɫɚɰɢɹ ɬɟɩɥɨɩɨɬɟɪɶ ɡɞɚɧɢɹ 

ɫ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɨɛɨɝɪɟɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
Qɩ=Qɨɬ, В˕ (4) 

ɝɞɟ ܳ˒ – ɬɟɩɥɨɩɨɬɟɪɢ ɜ ɩɨɦɟɳɟɧɢɹɯ, ȼɬ; ܳˑ˕ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ȼɬ. 
 
3.1 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
 
Ɍɟɩɥɨɩɨɬɟɪɢ ɱɟɪɟɡ ɧɚɪɭɠɧɵɟ ɨɝɪɚɠɞɟɧɢɹ ɡɞɚɧɢɹ ܳˑ˄щ, ȼɬ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

Qɨɛɳ=Ʉ·F·ሺtɜ-tɧሻ·n· ቀ1+  ቁ , ȼɬ  (5) 

ɝɞɟ ܨ – ɪɚɫɱɟɬɧɚɹ ɩɥɨɳɚɞɶ ɨɝɪɚɠɞɟɧɢɣ, ɦ2; 𝑡ɜ, 𝑡ɧ  – ɪɚɫɱɟɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɨɡɞɭɯɚ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɢ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, 0ɋ; 𝑛 – ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɚɪɭɠɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡɞɭɯɭ, 
ɧɚɪɭɠɧɚɹ ɫɬɟɧɚ, ɨɤɧɨ, ɞɜɟɪɢ, ɩɨɥ 𝑛 = ͳ, ɱɟɪɞɚɱɧɨɟ ɩɟɪɟɤɪɵɬɢɟ 𝑛 = Ͳ,ͻ. 𝛽 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɱɟɪɟɡ 
ɨɝɪɚɠɞɟɧɢɹ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɞɨɛɚɜɨɱɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɧɚ ɨɪɢɟɧɬɚɰɢɸ ɢ ɞɨɛɚɜɤɚ ɜ 
ɭɝɥɨɜɵɯ ɩɨɦɟɳɟɧɢɹɯ [8]. 

Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 4. 
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Ɍɚɛɥɢɰɚ 4 – Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 

ɇɨɦɟɪ ɩɨɦɟɳɟɧɢɹ 
(ɧɚɡɜɚɧɢɟ) tɜ=  °ɋ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɨɝɪɚɠɞɟɧɢɹ 

(t
ɜ-

t ɧ
)n

 

K
, ȼ

/(ɦ
2 ×ɋ

) 

Ⱦɨɛɚɜɨɱɧɵɟ 
ɩɨɬɟɪɢ 

ɬɟɩɥɨɬɵ 
β Q0, ȼɬ 

ɧɚ
ɡɜ

. 

ɨɪ
ɢɟ

ɧɬ
. 

ɪɚ
ɡɦ

ɟɪ
ɵ

,ɦ
 

ɩɥ
ɨɳ

ɚɞ
ɶ,

ɦ2  

ɧɚ
 ɨ

ɪɢ
ɟɧ

ɬ. 

ɩɪ
ɨɱ

ɢɟ
 

  

1 2 3 4 5 6 7 8 9 10 11 
1 (Ɍɚɦɛɭɪ)  

tɜ=20°ɋ 
ɇɋ ȼ 1,5x4,4 4,6 57 0,45 0,1 0,15 1,25 150 
Ⱦ ȼ 1ɯ2,1 2,1 57 0,93 0,1 0,567 1,67 190 

ɉɌ - - 31,5 57 0,45 - - 1 130 
ɉɅ1 - - 21,4 57 0,48 - 0,05 1,05 90 
ɉɅ2 - - 10,1 57 0,23 - 0,05 1,05 40 

∑600 
2 (Ɍɚɦɛɭɪ)  

tɜ=20°ɋ 
ɇɋ ɘ 4,06x1,67 4,7 57 0,45 - 0,15 1,15 140 
Ⱦ ɘ 1x2,1 2,1 57 0,93 - 0,567 1,567 180 

ɉɌ - - 3,5 57 0,45 - - 1 90 
ɉɅ1 - - 3,1 57 0,48 - 0,05 1 90 
ɉɅ2 - - 0,4 57 0,23 - 0,05 1 10 

∑510 
3 (Ʉɨɪɢɞɨɪ) 

tɜ=20°ɋ 
ɉɌ - - 12,9 57 0,45 - - 1 330 

ɉɅ2 - - 12,9 57 0,23 - 0,05 1,05 180 
∑510 

4 
(ɗɥɟɤɬɪɨɳɢɬɨɜɚɹ) 

tɜ=20°ɋ 

ɇɋ ȼ 2,65ɯ4,16 11,0 57 0,45 0,1 0,05 1,15 330 
ɇɋ ɘ 4,45ɯ4,06 18,1 57 0,45 - 0,05 1,05 490 
ɉɌ - - 13,1 57 0,45 - - 1 230 

 ɉɅ1 - - 12,6 57 0,48 - 0,05 1,05 370 
 ɉɅ2 - - 0,5 57 0,23 - 0,05  10 

∑1430 
5 (Ⱦɟɡɛɚɪɶɟɪ) 

tɜ=20°ɋ 
ɇɋ ȼ 8,6ɯ6,2 37,1 57 0,45 0,1 0,05 1,15 1090 
ɇɋ Ɂ 8,6ɯ6,2 36,9 57 0,45 0,05 0,05 1,1 1040 
ɇɋ ɋ 24,5ɯ4,06 24,8 57 0,45 0,1 0,05 1,15 730 

 ȼ ȼ 3,6ɯ4,5 16,2 57 2,45 0,1 3 4,1 9280 
 ȼ Ɂ 3,65ɯ4,5 16,4 57 2,45 0,05 3 4,05 9280 
 Ⱦ Ɂ 0,8ɯ1,9 1,5 57 0,93 0,05 0,418 1,468 120 
 ɉɌ - - 197,5 57 0,45 - - 1 5020 
 ɉɅ1 - - 80,8 57 0,48 - 0,05 1,05 2330 

 ɉɅ2 - - 56,8 57 0,23 - 0,05 1,05 790 
 ɉɅ3 - - 40,8 57 0,12 - 0,05 1,05 300 
 ɉɅ4 - - 27,1 57 0,07 - 0,05 1,05 120  

∑30110 
6 (ɉɨɦɟɳɟɧɢɟ 

ɨɯɪɚɧɵ)  
tɜ=20°ɋ 

ɇɋ ȼ 2,41ɯ4,56 9,2 57 0,45 0,1 0,15 1,25 300 
ɈɄ ȼ 1,5ɯ1,2 1,8 57 2,81 0,1 0,05 1,15 340 
ɉɌ - - 12,2 57 0,45 - - 1 310 

 ɉɅ1 - - 4,6 57 0,48 - 0,05 1,05 140 
 ɉɅ2 - - 4,8 57 0,23 - 0,05 1,05 70 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4          
1 2 3 4 5 6 7 8 9 10 11 

 ɉɅ3 - - 3 57 0,12 - 0,05 1,05 30 
  ∑1190 

7 (ɍɛɨɪɧɚɹ) 
tɜ=16°ɋ 

ɇɋ ɘ 1,64ɯ4,06 6,7 53 0,45 - 0,15 1,15 200 
ɉɌ - - 3,4 53 0,45 - - 1 90 

 ɉɅ1 - - 3 53 0,48 - 0,05 1,05 90 
 ɉɅ2 - - 0,4 53 0,23 - 0,05 1,05 10 

∑390 
8 (ȼɜɨɞ ɜɨɞɵ ɢ 
ɬɟɩɥɚ) tɜ=20°ɋ 

ɇɋ ɘ 4,02ɯ4,06 16,3 57 0,45 - 0,15 1,15 480 
ɉɌ - - 8,8 57 0,45 - - 1 220 

 ɉɅ - - 7,8 57 0,48 - 0,05 1,05 230 
∑730 

9 (Ʉɨɦɧɚɬɚ ɩɪɢɟɦɚ 
ɩɢɳɢ) tɜ=20°ɋ 

ɈɄ ɘ 1,2ɯ1 1,2 57 2,81 - - 1 200 
ɉɌ - - 7,9 57 0,45 - - 1 200 

ɉɅ1 - - 7 57 0,48 - 0,05 1,05 210 
 ɉɅ2 - - 0,9 57 0,23 - 0,05 1,05 20 

∑1030 
10 (ɋɤɥɚɞ 

Ⱦɟɡɢɧɮɢɰɢɪɭɸɳɢɯ 
ɫɪɟɞɫɬɜ)  
tɜ=20°ɋ 

ɇɋ ɘ 9,12ɯ4,06 37 57 0,45 - 0,1 1,1 1040 
ɇɋ Ɂ 6,6ɯ4,5 20,5 57 0,45 0,05 0,1 1,15 600 
ȼ1 Ɂ 3ɯ3,05 9,2 57 2,45 0,05 3 4,05 5180 
ɉɌ - - 53,9 57 0,45 - - 1 1370 

 ɉɅ1 - - 29,8 57 0,48 - 0,05 1,05 860 
 ɉɅ2 - - 17,9 57 0,23 - 0,05 1,05 250 
 ɉɅ3 - - 9,8 57 0,12 - 0,05 1,05 70 
 ɉɅ4 - - 0,5 57 0,07 - 0,05 1,05 10 

∑9380 
11 (Ɋɚɡɞɟɜɚɥɤɚ) 

tɜ=23°ɋ 
ɉɌ - - 2,3 60 0,45 - - 1 150 

ɉɅ2 - - 0,1 60 0,23 - 0,05 1,05 10 
 ɉɅ3 - - 2,1 60 0,12 - 0,05 1,05 40 
 ɉɅ4 - - 0,2 60 0,07 - 0,05 1,05 10 

∑210 
12 (Ⱦɭɲɟɜɚɹ) 

tɜ=25°ɋ 
ɉɌ - - 2,3 62 0,45 - - 1 60 

ɉɅ2 - - 0,1 62 0,23 - 0,05 1,05 10 
 ɉɅ3 - - 2,1 62 0,12 - 0,05 1,05 20 
 ɉɅ4 - - 0,2 62 0,07 - 0,05 1,05 10 

∑100 
13 (Ʉɥɚɞɨɜɚɹ) 

tɜ=18°ɋ 
ɉɌ - - 3,7 55 0,45 - - 1 100 

ɉɅ2 - - 0,3 55 0,23 - 0,05 1,05 10 
 ɉɅ3 - - 3,2 55 0,12 - 0,05 1,05 30 
 ɉɅ4 - - 0,3 55 0,07 - 0,05 1,05 10 

∑150 
14 (ɉɨɦɟɳɟɧɢɟ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɞɟɡɢɧɮɢɰɢɪɭɸɳɟɝɨ 
ɪɚɫɬɜɨɪɚ) tɜ=20°ɋ 

ɉɌ - - 9,2 57 0,45 - - 1 240 
ɉɅ2 - - 0,6 57 0,23 - 0,05 1,05 10 

 ɉɅ3 - - 8,1 57 0,12 - 0,05 1,05 60 
 ɉɅ4 - - 0,7 57 0,07 - 0,05 1,05 10 

∑320 
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ɋɭɦɦɚɪɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɪɚɜɧɵ 46670 ȼɬ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɡɚɧɨɫɹɬ ɜ ɬɚɛɥɢɰɭ 5 

3.2 Ɍɟɩɥɨɩɨɬɟɪɢ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ 

ɂɡ-ɡɚ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɢ ɫɧɚɪɭɠɢ ɩɪɨɢɫɯɨɞɢɬ 
ɢɧɮɢɥɶɬɪɚɰɢɹ ɜɨɡɞɭɯɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɬɟɩɥɨɩɨɬɟɪɢ ɡɚ ɫɱɟɬ ɧɚɝɪɟɜɚ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ.  

ɂɧɮɢɥɶɬɪɚɰɢɹ ɱɟɪɟɡ ɫɬɟɧɵ ɢ ɩɨɤɪɵɬɢɹ ɧɟ ɜɟɥɢɤɚ, ɩɨɷɬɨɦɭ ɪɚɫɱɟɬ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɱɟɪɟɡ ɞɜɟɪɢ, ɨɤɧɚ ɢ ɜɨɪɨɬɚ.  

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ [8], ɫɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɧɚ, ɞɜɟɪɢ ɢɥɢ ɜɨɪɨɬ 
ɩɨ ɮɨɪɦɭɥɟ 

∆p=0,5∙H∙(ρɧ-ρɜ)∙g-h∙(ρɧ-ρɜ)∙g+0,5∙
ρɧ∙v2

2  ∙Kɞɢɧ∙ሺɫɧ-ɫɡሻ (6) 

ɝɞɟ Н – ɜɵɫɨɬɚ ɡɞɚɧɢɹ, ɦ; 
h – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɟɦɥɢ ɞɨ ɰɟɧɬɪɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɚ ɜ ɡɞɚɧɢɢ, ɦ; 𝜌ː ɢ 𝜌˅ – ɩɥɨɬɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚɪɭɠɧɨɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3; 𝑔 – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; 
v – ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɡ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ ɜ ɹɧɜɚɪɟ ɩɨ ɪɭɦɛɚɦ, ɦ/ɫ; 
Kɞɢɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɦɟɫɬɧɨɫɬɢ 

ɢ ɧɚ ɪɚɡɧɨɣ ɜɵɫɨɬɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [8, ɬɚɛɥ. 22], ɩɪɢɧɢɦɚɟɦ 0,65; ˔ː ɢ ˔ˊ – ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɧɚɜɟɬɪɟɧɧɨɦ ɢ ɩɨɞɜɟɬɪɟɧɧɨɦ 
ɮɚɫɚɞɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [8, ɫɬɪ. 82], ɩɪɢɧɢɦɚɟɦ ɫɡ = −0,6, ɫɧ =0,8.  

Ɋɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɧɚ: 

∆p=0,5∙4,6∙ሺ1,5-1,2ሻ∙9,8-2∙ሺ1,5-1,2ሻ∙9,8+0,5∙
1,5∙4,12

2  ∙0,65∙ሺ0,8+0,6ሻ=6,58 ɉɚ 

Ɋɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɜɟɪɢ: 

∆p=0,5∙4,6∙ሺ1,5-1,2ሻ∙9,8-1,1∙ሺ1,5-1,2ሻ∙9,8+0,5∙
1,5∙4,12

2  ∙0,65∙ሺ0,8+0,6ሻ=9,15 ɉɚ. 

Ɋɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɪɨɬ: 

∆p=0,5∙6,3∙ሺ1,5-1,2ሻ∙9,8-2,3∙ሺ1,5-1,2ሻ∙9,8+0,5∙
1,5∙4,12

2
 ∙0,65∙ሺ0,8-0,6ሻ=8,29 ɉɚ. 

Ɋɚɫɯɨɞ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ ܩˑˍ , ɤɝ/(ɦ2·ɱ) ɱɟɪɟɡ ɨɤɧɚ: 

Gɨɤ=
1

Rɢɧɮ.ɨɤ
 ∙ ቆ ∆p

∆p0
ቇ2

3, (7) 

ɑɟɪɟɡ ɞɜɟɪɢ ɢɥɢ ɜɨɪɨɬɚ ܩˇ˅ , ˍˆ/ሺˏଶ · чሻ: 
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Gˇ˅ = ͳRˋː˗.ˇ˅  ∙ ( ∆p∆p଴)ଵଶ, (8) 

 
ɝɞɟ ܴɢɧɮ.ɨк ɢ ܴɢɧɮ.ɞɜ – ɩɪɢɜɟɞɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɧɢɸ, ɞɚɧɧɭɸ 
ɜɟɥɢɱɢɧɭ ɛɟɪɟɦ ɢɡ ɨɬɱɟɬɚ ɩɪɨɝɪɚɦɦɵ VALTEC [7] (ɩɪɢ ∆݌଴ =10ɉɚ), ɦ2 ∙ ɱ/ɤɝ; ∆݌ –  ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (6); ∆݌଴ – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɜɨɡɞɭɯɚ ɫ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧ 
ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɧɢɸ, ∆݌଴ =10ɉɚ. ܩɧ – ɧɨɪɦɢɪɭɟɦɚɹ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ [8, 
ɬɚɛɥ. 23], ɤɝ/(ɦ2 ∙ ɱ). 

Rɢɧɮ.ɨɤ=
1
8  =0,125 ɦ2∙ɱ/ɤɝ; 

Rɢɧɮ.ɞɜ=
1
8

 =0,125 ɦ2∙ɱ/ɤɝ; 

Rɢɧɮ.ɜ=
1
8  =0,125 ɦ2∙ɱ/ɤɝ; 

ˍˑܩ = ͳͲ,ͳʹͷ  ∙ (ͳ,͸͹ͳͲ )ଶଷ = ʹ,Ͷ ɤɝ/(ɦ2·ɱ); 

˅ˇܩ = ͳͲ,ͳʹͷ  ∙ (Ͷ,ʹͶͳͲ )ଵଶ = ͷ,ʹ  ɤɝ/(ɦ2·ɱ); 
˅ܩ = ͳͲ,ͳʹͷ  ∙ (͵,͵ͻͳͲ )ଵଶ = Ͷ,͹  ɤɝ/(ɦ2·ɱ). 

Ɋɚɫɱɟɬ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ 
ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ: ܳɢɧɮ = Ͳ, ʹ͹ͺ ∙ ଴ܩ ∙ ܿ ∙ ܣ ∙ ሺ𝑡˅ − 𝑡ːሻ ∙ 𝑘, (9) 
ɝɞɟ Go – ɪɚɫɯɨɞ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ, ˍˆ/ሺˏଶ · чሻ; ܿ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ· ͦ ɋ); ɫ = 1,005 ɤȾɠ/(ɤɝ· ͦ ɋ); ܣ – ɩɥɨɳɚɞɶ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɝɨ ɨɝɪɚɠɞɟɧɢɹ, ɦ2; 𝑘 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɜɫɬɪɟɱɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ 
ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,8; 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ 
ɱɟɪɟɡ ɜɴɟɡɞɧɵɟ ɜɨɪɨɬɚ ɜ ɞɟɡɛɚɪɶɟɪ (ɩɨɦɟɳɟɧɢɟ №5). ܳˋː˗ = Ͳ, ʹͺ ∙ Ͷ,͸ͷ ∙ ͳ,ͲͲͷ ∙ ͳ͸,ʹ ∙ ሺʹͲ − ሺ−͵͹ሻሻ ∙ Ͳ,ͺ = ͳʹͳͲ ȼɬ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɜɨɞɢɦ ɪɚɫɱɟɬɵ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɝɞɟ ɢɦɟɸɬɫɹ 
ɨɤɧɚ ɢ ɞɜɟɪɢ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɩɥɨɬɵ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 
ɜɨɡɞɭɯɚ ɡɚɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ 5.  
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3.3 Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɣ 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɨɦɟɳɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɬɟɩɥɨɜɭɸ 
ɧɚɝɪɭɡɤɭ ܳʝ˓ʡ, ȼɬ, ɧɚ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ, ɭɱɢɬɵɜɚɸɬɫɹ ɬɟɩɥɨɩɨɬɟɪɢ: ɱɟɪɟɡ 
ɨɝɪɚɠɞɟɧɢɹ ɡɞɚɧɢɣ ܳˑ, ȼɬ; ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ, 
ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɨɤɧɚ, ɞɜɟɪɢ ɢ ɜɨɪɨɬɚ. Ⱦɚɧɧɵɟ ɛɚɥɚɧɫɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 

Ɍɚɛɥɢɰɚ 5 – Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ  
ɇɨɦɟɪ ɩɨɦɟɳɟɧɢɹ Qɨ, ȼɬ Qɢ, ȼɬ Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ QP

ɈɌ 

1 600 260 860 
2 510 260 770 
3 510 - 510 
4 1430 - 1430 
5 30110 3800 33910 
6 1190 140 1330 
7 390 - 390 
8 950 - 950 
9 1030 120 1150 
10 9380 1070 10450 
11 210 - 210 
12 100 - 100 
13 150 - 150 
14 320 - 320 

ɋɱɢɬɚɟɦ ɫɭɦɦɭ ɜɫɟɯ ɩɨɬɟɪɶ ɡɞɚɧɢɹ, ∑Qɨɛ = 52530 ȼɬ. 
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4 ɋɂɋɌȿɆȺ ɈɌɈɉɅȿɇɂə 
 
4.1 ɇɚɝɪɭɡɤɚ ɧɚ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ, ɜɵɛɨɪ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɧɹɬɚ ɞɜɭɯɬɪɭɛɧɚɹ ɫɢɫɬɟɦɚ ɫ ɧɢɠɧɟɣ ɪɚɡɜɨɞɤɨɣ 

ɨɬɨɩɥɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 95/70˚ɋ, ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ 
ɧɟɡɚɜɢɫɢɦɚɹ. Ɍɪɭɛɵ ɫɬɚɥɶɧɵɟ ɜɨɞɨɝɚɡɨɩɪɨɜɨɞɧɵɟ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɪɭɛ ɭɤɚɡɚɧɵ ɜ [9].  

ȼ ɞɟɡɛɚɪɶɟɪɟ (ɩɨɦɟɳɟɧɢɟ № 5) ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɪɟɝɢɫɬɪɵ GS-4-80, ɜ 
ɤɨɦɧɚɬɟ ɨɯɪɚɧɵ (ɩɨɦɟɳɟɧɢɟ № 6) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɟɤɰɢɨɧɧɵɣ ɩɪɢɛɨɪ Big Super 
350/100, ɚ ɜ ɤɨɦɧɚɬɟ ɩɪɢɟɦɚ ɩɢɳɢ (ɩɨɦɟɳɟɧɢɟ № 9) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɚɧɟɥɶɧɵɣ 
ɩɪɢɛɨɪ PLAN-10V-30.  

ɇɚɝɪɭɡɤɚ ɧɚ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 52530 ȼɬ. 
ɍɜɹɡɤɚ ɩɪɢɛɨɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɦɢ ɤɥɚɩɚɧɚɦɢ ɮɢɪɦɵ 

«Danfoss».  
ɍɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɤɪɚɧɵ Ɇɚɟɜɫɤɨɝɨ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ 

ɜ ɜɟɪɯɧɢɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. Ⱦɥɹ ɫɛɪɨɫɚ ɜɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɜ 
ɫɥɭɱɚɟ ɪɟɦɨɧɬɚ, ɜ ɧɢɠɧɢɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɤɪɚɧɵ ɞɥɹ ɫɛɪɨɫɚ 
ɜɨɞɵ. 

Ɋɚɫɱɟɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɜɵɩɨɥɧɟɧ ɜ ɩɪɨɝɪɚɦɦɟ Danfoss C.O. 3.8 [10]. 
ȼ ɩɨɦɟɳɟɧɢɢ ɷɥɟɤɬɪɨɳɢɬɨɜɨɣ (ɩɨɦɟɳɟɧɢɟ 4) ɬɪɭɛɵ ɭɥɨɠɟɧɵ ɜ 

ɫɩɟɰɢɚɥɶɧɨɦ ɡɚɳɢɬɧɨɦ ɮɭɬɥɹɪɟ. Ɉɫɬɚɥɶɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɜ ɩɨɦɟɳɟɧɢɢ 
ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɤɚɥɨɪɢɮɟɪɨɦ Ensto Panel Heaters Beta Electronic 
Mini 750 ȼɬ EPHBEM07. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ ɭɤɚɡɚɧɵ ɜ 
ɉɪɢɥɨɠɟɧɢɢ ȼ. 
 

4.2 ȼɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ 

ɇɚɞ ɜɴɟɡɞɧɵɦɢ ɜɨɪɨɬɚɦɢ ɜ ɞɟɡɛɚɪɶɟɪ ɢ ɫɤɥɚɞ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ ɁȼɌ2.00.000-0, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɨɬɨɪɨɣ ɩɨ ɜɨɡɞɭɯɭ ɪɚɜɧɚ Gɞ =40 ɬ/ɱɚɫ [11]. Ɂɚɜɟɫɵ ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɟ 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɢ ɨɬɤɪɵɜɚɧɢɢ ɜɴɟɡɞɧɵɯ ɜɨɪɨɬ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ. 
Ɍɟɩɥɨɜɚɹ ɡɚɜɟɫɚ ɩɨɞɨɛɪɚɧɚ ɩɨ ɧɟɨɛɯɨɞɢɦɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɨɟ 
ɜɪɵɜɚɟɬɫɹ ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɩɪɨɟɦ ɜɨɪɨɬ G, ɤɝ/ɱ [12] ɩɨ ɮɨɪɦɭɥɟ: ܩ = ͳ͸ͲͲͲ𝜇ܨ√∆ܲ˒ ˓𝜌ː · 𝜏͸Ͳ ; (10) 

  ∆ܲ˒ ˓ = 𝛽ʟ; (11) 
  ܲ = ℎ𝑔 ሺ𝜌ː − 𝜌˅ሻ; (12) 

ɝɞɟ: ܣ – ɩɥɨɳɚɞɶ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɝɨ ɨɝɪɚɠɞɟɧɢɹ, ɦ2; 
G - ɤɨɥɢɱɟɫɬɜɨ ɜɪɵɜɚɸɳɟɝɨɫɹ ɜɨɡɞɭɯɚ, ɤɝ/ɱ; 
ȝ = 0,62 - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɩɪɢ ɭɝɥɟ ɨɬɤɪɵɬɢɹ ɜɨɪɨɬ 90º; 
F –ɩɥɨɳɚɞɶ ɜɨɪɨɬ, ɦ2; 
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Ɋ - ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 
∆Ɋɩɪ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɩɪɨɯɨɞɟ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɪɢɬɨɱɧɵɟ ɩɪɨɟɦɵ, ɉɚ; 
h – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɜɨɪɨɬ ɢ ɜɵɬɹɠɧɵɯ ɩɪɨɟɦɨɜ, ɦ; 
ρȼ , ρɇ – ɩɥɨɬɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɧɭɬɪɟɧɧɟɝɨ ɢ ɧɚɪɭɠɧɨɝɨ  ɜɨɡɞɭɯɚ,   ɤɝ/ɦ3, 
ɩɪɢ ɊȻ=101,33 Ʉɉɚ; 
β = 2,6 – ɞɨɥɹ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɩɪɨɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ 
ɩɪɢɬɨɱɧɵɟ ɩɪɨɟɦɵ [11]; ܩ = ͳ͸ͲͲͲ · Ͳ,͸ʹ · ͳ͸,Ͷ͵ · √ͳ,ʹͺ · ͸,Ͷʹ · ͷ͸Ͳ = ͵ͺͻ͸ͷ ɤɝ/ɱ 

 
 ∆ܲ˒ ˓ = Ͳ,ʹ͸ · Ͳ,Ͷʹ = ͳ,ʹͺ; 

 
 ܲ = ʹ,͵ · ͻ,ͺ · ሺͳ,ͶͺͶ − ͳ,ʹͲͷሻ = ͸,Ͷʹ ʞ˃ 

 
 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɯ ɡɚɜɟɫ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ ȼ. 

 
4.3 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 

 
Ɋɚɫɱɟɬ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɥɨɳɚɞɢ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɱɢɫɥɚ ɫɟɤɰɢɣ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɟɪɟɞɚɱɭ ɜ 
ɩɨɦɟɳɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ.   ȼ ɞɚɧɧɨɣ 
ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɚɧɟɥɶɧɵɟ ɩɪɢɛɨɪɵ PLAN-10V-30 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ «KERMI», ɫɟɤɰɢɨɧɧɵɟ ɩɪɢɛɨɪɵ Big Super 350/100 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ «NOVA FLORIDA» ɢ ɨɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢɡ ɝɥɚɞɤɢɯ 
ɬɪɭɛ (ɪɟɝɢɫɬɪɵ) GS-4-80, GS-2-80 ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ «Ⱥɜɬɨɪɫɬɚɥɶ». 

ɋɨɝɥɚɫɧɨ ɩ.6.2.8 [2], ɩɪɢ ɪɚɫɱɟɬɟ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɫɥɟɞɭɟɬ 
ɭɱɢɬɵɜɚɬɶ 90% ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɩɪɢ ɨɬɤɪɵɬɨɣ ɩɪɨɤɥɚɞɤɟ ɨɬ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ 
ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
 
4.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 
ɞɢɚɦɟɬɪɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɬɪɭɛɟ, ɜ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ 
ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɞɟɬɚɥɹɯ, ɜ ɦɟɫɬɚɯ ɪɟɡɤɢɯ ɩɨɜɨɪɨɬɨɜ ɢ ɢɡɦɟɧɟɧɢɣ ɞɢɚɦɟɬɪɚ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɵɱɟɪɱɢɜɚɸɬ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ 
ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɫɦ. ɪɢɫɭɧɨɤ 1.  
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Ɋɢɫɭɧɨɤ 1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ (ɝɥɚɜɧɚɹ ɦɚɝɢɫɬɪɚɥɶ, ɨɬɜɟɬɜɥɟɧɢɟ 1). 
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Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ Danfoss C.O. 3.8 [10]. 
Ⱦɥɹ ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɪɚɡɜɟɪɬɤɚ ɡɞɚɧɢɹ ɩɨ ɩɨɦɟɳɟɧɢɹɦ, ɡɚɩɨɥɧɹɟɬɫɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɧɭɬɪɟɧɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɬɟɩɥɨɩɨɬɟɪɹɯ ɩɨɦɟɳɟɧɢɹ. 
ɉɪɨɝɥɚɞɵɜɚɸɬɫɹ ɬɪɭɛɨɩɪɨɜɨɞ. Ɂɚɬɟɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɫ 
ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɨɣ.  

Ɋɚɡɜɟɪɬɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ. 
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5 ȼȿɇɌɂɅəɐɂə 
 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɜɟɧɬɢɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ 

ɩɨɦɟɳɟɧɢɢ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɬɪɭɞɨɫɩɨɫɨɛɧɨɫɬɢ 
ɢ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ. 

 
5.1 Ɉɛɳɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ 
 
ȼ ɤɨɧɬɪɨɥɶɧɨ-ɩɪɨɩɭɫɤɧɨɦ ɩɭɧɤɬɟ ɩɪɢɧɹɬɵ ɨɛɳɟɨɛɦɟɧɧɵɟ ɫɢɫɬɟɦɵ 

ɜɟɧɬɢɥɹɰɢɢ.  
Ⱦɟɡɛɚɪɶɟɪ (ɩɨɦɟɳɟɧɢɟ № 5) ɨɛɫɥɭɠɢɜɚɸɬ ɩɪɢɬɨɱɧɚɹ (ɉ2) ɢ ɜɵɬɹɠɧɚɹ (ȼ2) 

ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ. ɍɞɚɥɟɧɢɟ ɢ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɜɟɪɯɧɟɣ ɡɨɧɵ 
ɩɨɦɟɳɟɧɢɹ ɫɨɝɥɚɫɧɨ [13], ɫ ɩɨɦɨɳɶɸ ɤɪɭɝɥɵɯ ɞɢɮɮɭɡɨɪɨɜ. ȼɨɡɞɭɯɨɨɛɦɟɧ 
ɪɚɫɫɱɢɬɚɧ ɩɨ ɬɟɩɥɨɢɡɛɵɬɤɚɦ ɢ ɜɵɞɟɥɟɧɢɹɦ ɋɈ2. 

ɇɚ ɫɤɥɚɞɟ ɞɟɡɢɧɮɢɰɢɪɭɸɳɢɯ ɫɪɟɞɫɬɜ (ɩɨɦɟɳɟɧɢɟ № 10) ɩɪɟɞɭɫɦɨɬɪɟɧɚ 
ɫɢɫɬɟɦɚ ɉ1 ɢ ȼ1. ɉɪɢɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɢɤɪɟɩɥɟɧɚ ɤ ɩɨɬɨɥɤɭ. ȼɨɡɞɭɯɨɨɛɦɟɧ 
ɪɚɫɫɱɢɬɚɧ ɩɨ ɬɟɩɥɨɢɡɛɵɬɤɚɦ. ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 
ɩɨ ɫɯɟɦɟ «ɫɜɟɪɯɭ-ɜɜɟɪɯ». ɉɨɞɚɱɚ ɢ ɭɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ – ɞɢɮɮɭɡɨɪɨɜ. ȼ ɫɚɧɭɡɥɟ ɨɪɝɚɧɢɡɨɜɚɧɚ 
ɧɟɡɚɜɢɫɢɦɚɹ ɜɵɬɹɠɧɚɹ ɫɢɫɬɟɦɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ. 

ȼ ɞɭɲɟɜɨɣ ɢ ɷɥɟɤɬɪɨɳɢɬɨɜɨɣ ɨɪɝɚɧɢɡɨɜɚɧɵ ɧɟɡɚɜɢɫɢɦɵɟ ɜɵɬɹɠɧɵɟ 
ɫɢɫɬɟɦɵ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɨɛɭɠɞɟɧɢɟɦ. 

ȼ ɨɫɹɯ ɡɞɚɧɢɹ A-Ȼ ɩɨɦɟɳɟɧɢɹ ɫɢɫɬɟɦɚ ɉ1 ȼ1. ɉɪɢɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ 
ɨɛɨɪɭɞɨɜɚɧɚ ɩɨɞ ɩɨɬɨɥɤɨɦ ɬɚɦɛɭɪɚ (ɩɨɦɟɳɟɧɢɟ № 1). ȼɨɡɞɭɯɨɨɛɦɟɧ ɪɚɫɫɱɢɬɚɧ 
ɩɨ ɧɨɪɦɢɪɭɟɦɨɣ ɤɪɚɬɧɨɫɬɢ. ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɫɯɟɦɟ «ɫɜɟɪɯɭ-ɜɜɟɪɯ». ɉɨɞɚɱɚ ɢ ɭɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ – ɞɢɮɮɭɡɨɪɨɜ. 

Ⱦɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢɡ ɩɨɦɟɳɟɧɢɣ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɤɪɭɝɥɵɟ ɜɨɡɞɭɯɨɜɨɞɵ ɢɡ ɨɰɢɧɤɨɜɚɧɧɨɣ ɫɬɚɥɢ ɩɨ ȽɈɋɌ 19904-90 [14]. ɉɪɨɤɥɚɞɤɚ 
ɦɚɝɢɫɬɪɚɥɟɣ ɢ ɨɬɜɟɬɜɥɟɧɢɣ ɩɪɢɧɹɬɚ ɫ ɭɱɟɬɨɦ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɪɟɲɟɧɢɣ. 

 
5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɞɟɡɛɚɪɶɟɪɟ ɢ ɫɤɥɚɞɟ 

ɞɟɡɢɧɮɢɰɢɪɭɸɳɢɯ ɫɪɟɞɫɬɜ 
 
5.2.1 ȼɵɞɟɥɟɧɢɟ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɨɬ ɚɜɬɨɦɨɛɢɥɟɣ 

 
Ɋɚɫɱɟɬ ɜɟɥɫɹ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɢ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ [15]. 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɣɫɹ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɜ ɞɟɡɛɚɪɶɟɪɟ 

(ɩɨɦɟɳɟɧɢɟ № 5) 
Ʉɨɥɢɱɟɫɬɜɨ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ G, ɤɝ/ɱ, ɜɵɞɟɥɹɸɳɟɣɫɹ ɩɪɢ ɪɚɛɨɬɟ ɞɢɡɟɥɶɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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ܩ = ሺͳ͸Ͳ + ͳ͵,ͷܤሻ ܲͳͲͲ ∙ 𝑡͸Ͳ ∙ 𝑛, (13) 

ɝɞɟ n – ɱɢɫɥɨ ɚɜɬɨɦɨɛɢɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɛɨɬɟ, n = 1; 
В – ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɰɢɥɢɧɞɪɨɜ ɞɜɢɝɚɬɟɥɹ, ɥ, В = 10,85; 
P – ɦɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɨɫɬɟɣ ɜ ɨɬɪɚɛɨɬɚɧɧɵɯ ɝɚɡɚɯ, %; P = 0,07% ɩɪɢ 

ɡɚɜɨɞɤɟ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ; P = 0,05% ɩɪɢ ɦɚɧɟɜɪɢɪɨɜɚɧɢɢ ɢ ɜɵɟɡɞɟ. ɉɪɢ ɜɵɟɡɞɟ 
ɡɧɚɱɟɧɢɟ Ɋ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ k=0,55 ɞɥɹ ɞɢɡɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ [15]; 

t – ɜɪɟɦɹ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɦɢɧ. 
ɉɪɢ ɜɵɟɡɞɟ ɢɡ ɩɨɦɟɳɟɧɢɹ: ܩɜɵɟɡɞ = ሺͳ͸Ͳ + ͳ͵,ͷ ∗ ͳͲ,ͺͷሻ Ͳ,Ͳͷ ∙ Ͳ,ͷͷͳͲͲ ∙ ͷ͸Ͳ = Ͳ,ͲͲ͹Ͳ ɤɝ/ɱ. 
ɉɪɢ ɜɴɟɡɞɟ ɜ ɩɨɦɟɳɟɧɢɟ: ܩɜɴɟɡɞ = ሺͳ͸Ͳ + ͳ͵,ͷ ∗ ͳͲ,ͺͷሻ Ͳ,Ͳ͹ͳͲͲ ∙ ͸ʹͲ = Ͳ,ͲͲ͹ʹ ɤɝ/ɱ. 
ȼɫɟɝɨ ɜɵɞɟɥɹɟɬɫɹ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ, ɤɝ/ɱ: ܩɨɛɳ = ɜɵɟɡɞܩ + ɨɛɳܩ ɜɴɟɡɞ (14)ܩ = Ͳ,ͲͲ͹Ͳ + Ͳ,ͲͲ͹ʹ = 0,014 ɤɝ/ɱ. 
5.2.2 Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɢ ɫɨɥɧɟɱɧɨɣ 

ɪɚɞɢɚɰɢɢ 
 
Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ, ȼɬ, ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜ 

ɩɨɦɟɳɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ [15] ɩɨ ɮɨɪɦɭɥɟ ܳɨɫɜ = ܧ ∙ ܨ ∙ ɨɫɜݍ ∙ 𝜂ɨɫɜ, (15) 
ɝɞɟ ȿ – ɧɨɪɦɢɪɭɟɦɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɩɨɦɟɳɟɧɢɹ, Ʌɤ [15]; 

qɨɫɜ – ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɨɬ ɥɚɦɩ, ȼɬ/(ɦ2ɥɤ) [15]; 
F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɩɨɦɟɳɟɧɢɹ, ɦ2; 
ηɨɫɜ– ɞɨɥɹ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɩɨɦɟɳɟɧɢɟ, ɩɪɢɧɢɦɚɟɦ η=1 ɩɨ [15]; 

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɜ ɞɟɡɛɚɪɶɟɪɟ 
(ɩɨɦɟɳɟɧɢɟ № 5): ܳɨɫɜ = ʹͲͲ ∙ ͳͻͺ ∙ Ͳ,Ͳͺʹ ∙ Ͳ,Ͷͷ = ͳͶ͸Ͳ ȼɬ  

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɧɚ ɫɤɥɚɞɟ 
ɞɟɡ. ɫɪɟɞɫɬɜ(ɩɨɦɟɳɟɧɢɟ № 10) ܳɨɫɜ = ͳͷͲ ∙ ͷͶ ∙ Ͳ,Ͳͺʹ ∙ Ͳ,Ͷͷ = ͵ͲͲ ȼɬ.  

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ, ȼɬ, ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɜ 
ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɟ ɨɝɪɚɠɞɟɧɢɹ ɧɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɬɚɤ ɤɚɤ ɞɚɧɧɵɟ 
ɨɝɪɚɠɞɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɹɯ ɫɤɥɚɞɚ ɢ ɞɟɡɛɚɪɶɟɪɚ ɨɬɫɭɬɫɬɜɭɸɬ. 

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ, ȼɬ, ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɜ 
ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɦɚɫɫɢɜɧɨɟ ɨɝɪɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ [16] ɩɨ 
ɮɨɪɦɭɥɟ ܳɩɬ = ݍ ∙  (16) ,ܨ
ɝɞɟ q – ɭɞɟɥɶɧɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɬɟɩɥɚ ȼɬ/ɦ2, ɜ ɩɨɦɟɳɟɧɢɹ ɱɟɪɟɡ ɦɚɫɫɢɜɧɨɟ 
ɨɝɪɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɹ, ɩɪɢɧɢɦɚɟɦ 5 ȼɬ/ɦ2 [16]; 

F – ɩɥɨɳɚɞɶ ɩɨɤɪɵɬɢɹ, ɦ2; 
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Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ, ȼɬ, ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ ɦɚɫɫɢɜɧɨɟ 
ɨɝɪɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɹ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɜ ɞɟɡɛɚɪɶɟɪɟ (ɩɨɦɟɳɟɧɢɟ № 5): ܳɩɬ = ͷ ∙ ͳͻͺ = ͻͻͲ ȼɬ.  

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ, ȼɬ, ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ ɦɚɫɫɢɜɧɨɟ 
ɨɝɪɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɹ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɧɚ ɫɤɥɚɞɟ ɞɟɡ. ɫɪɟɞɫɬɜ (ɩɨɦɟɳɟɧɢɟ № 10): ܳɩɬ = ͷ ∙ ͷͶ = ʹ͹Ͳ ȼɬ.  

ȼ ɯɨɥɨɞɧɵɣ ɢ ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɱɟɪɟɡ ɦɚɫɫɢɜɧɵɟ 
ɨɝɪɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɟ ɭɱɢɬɵɜɚɟɦ. 

ɋɜɟɞɟɦ ɜɫɟ ɩɨɥɭɱɢɜɲɢɟɫɹɪ ɞɚɧɧɵɟ ɩɨ ɜɪɟɞɧɵɦ ɜɵɞɟɥɟɧɢɹɦ ɜ ɬɚɛɥɢɰɭ 6. 
Ɍɚɛɥɢɰɚ 6 – ȼɪɟɞɧɵɟ ɜɵɞɟɥɟɧɢɹ ɜ ɞɟɡɛɚɪɶɟɪɟ ɢ ɫɤɥɚɞɟ ɞɟɡ. ɫɪɟɞɫɬɜ 

№ ɢ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɦɟɳɟɧɢɹ 
ɉɟɪɢɨɞ 

Ɍɟɩɥɨɩɨɫɬɭɩɥɟ
ɧɢɹ ɨɬ 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɨɫɜɟɳɟɧɢɹ, ȼɬ 

Ɍɟɩɥɨɩɨɫɬɭɩɥɟ
ɧɢɹ ɨɬ 

ɫɨɥɧɟɱɧɨɣ 
ɪɚɞɢɚɰɢɢ, ȼɬ 

ȼɵɞɟɥɟɧɢɟ ɋɈ, 
ɝ/ɱ 

5 Ⱦɟɡɛɚɪɶɟɪ 
ɯɨɥɨɞɧɵɣ 1460 - 15 

ɬɟɩɥɵɣ 1460 990 15 

10 ɋɤɥɚɞ ɞɟɡ. 
ɫɪɟɞɫɬɜ 

ɯɨɥɨɞɧɵɣ 300 - - 

ɬɟɩɥɵɣ 300 270 - 

 
5.2.3 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɢ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɜ ɪɟɦɨɧɬɧɨɦ 

ɛɨɤɫɟ ɢ ɛɨɤɫɟ ɚɜɬɨɦɨɣɤɢ 
 
Ⱦɟɡɛɚɪɶɟɪ (ɩɨɦɟɳɟɧɢɟ № 5) 
ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɪɚɜɧɚ 17 ⁰ɋ, ɜ ɰɟɥɹɯ 

ɚɫɫɢɦɢɥɹɰɢɢ ɱɚɫɬɢ ɬɟɩɥɨɢɡɛɵɬɤɨɜ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɫ ɜɟɪɯɧɟɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ 

ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ 𝑡˖.˅ˊ = 𝑡ɜ + 𝑔ݎ𝑎݀𝑡 ∙ ሺܪ − ℎ˓.ˊ.ሻ, (17) 
ɝɞɟ tɜ –ɜɧɭɬɪɟɧɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɦɟɳɟɧɢɢ, ⁰ɋ; 

gradt – ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɵɫɨɬɟ ɩɨɦɟɳɟɧɢɣ, ɩɪɢɧɢɦɚɟɦ ɩɨ [15] 
H – ɜɵɫɨɬɚ ɦɟɫɬɚ ɡɚɛɨɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ; 
hɪ.ɡ. – ɜɵɫɨɬɚ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ, 2 ɦ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɫ ɜɟɪɯɧɟɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ: 𝑡˖.˅ˊ = ʹͲ + Ͳ,ͳ ∙ ሺ͸ − ʹሻ = ʹͲ,Ͷͷ ⁰ɋ  
Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɩɨ 

ɩɚɪɚɦɟɬɪɭ Ⱥ = 23 ⁰ɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɫ ɜɟɪɯɧɟɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ ɪɚɜɧɚ: 𝑡˖.˅ˊ = ʹ͹ + Ͳ,ʹ ∙ ሺ͸ − ʹሻ = ʹ͹,ͻ ⁰ɋ  
ɋɤɥɚɞ ɞɟɡ. ɫɪɟɞɫɬɜ (ɩɨɦɟɳɟɧɢɟ № 10) 
ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɪɚɜɧɚ 17 ⁰ɋ, ɜ ɰɟɥɹɯ 
ɚɫɫɢɦɢɥɹɰɢɢ ɱɚɫɬɢ ɬɟɩɥɨɢɡɛɵɬɤɨɜ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (17) 𝑡˖.˅ˊ = ʹͲ + Ͳ,ͳ ∙ ሺͶ,ͷ − ʹሻ = ʹͲ,Ͷ ⁰ʠ.  
Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɩɨ 

ɩɚɪɚɦɟɬɪɭ Ⱥ = 23 ⁰ɋ 
Ɍɟɦɩɟɪɚɬɭɪɭ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (17) 𝑡˖.˅ˊ = ʹ͹ + Ͳ,ʹͷ ∙ ሺͶ,ͷ − ʹሻ = ʹ͹,͸ ⁰ʠ  
 
5.2.4 Ɋɚɫɱɟɬɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ 
 
ȼɨɡɞɭɯɨɨɛɦɟɧ, L, ɦ3/ɱ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɚɫɫɢɦɢɥɹɰɢɢ ɬɟɩɥɨɜɵɯ ɢɡɛɵɬɤɨɜ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [15] ܮ = ͵,͸ ∙ ∑ܳɢɡɛ

ɫ ∙ ݌ ∙ ሺ𝑡ɭɞ − 𝑡ɩɪሻ, (18) 

ɝɞɟ ∑Qɢɡɛ – ɹɜɧɵɟ ɬɟɩɥɨɢɡɛɵɬɤɢ ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɢ ɢɫɬɨɱɧɢɤɨɜ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ; 

ɫ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɫ = 1,005 ɤȾɠ/(ɤɝ∙⁰ɋ); 
p – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, p = 1,2 ɤɝ/ɦ3; 
tɭɞ – ɬɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɩɪɟɞɟɥɚɦɢ ɢɥɢ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɣ 

ɡɨɧɟ ɩɨɦɟɳɟɧɢɹ; 
tɩɪ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 
ȼɨɡɞɭɯɨɨɛɦɟɧ, L, ɦ3/ɱ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɚɫɫɢɦɢɥɹɰɢɢ ɜɵɞɟɥɟɧɢɹ ɋɈ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [15] ܮ = ɦ.ɨܮ + ˑ˄щܩ − ɦ.ɨሺПȾКܮ − 𝑞ሺПȾКܭሻ˓˒ݍ − ሻ˓˒ݍ , (19) 

ɝɞɟ Gɨɛɳ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (14); 
Lɦ.ɨ. – ɜɨɡɞɭɯ, ɭɞɚɥɹɟɦɵɣ ɦɟɫɬɧɵɦɢ ɨɬɫɨɫɚɦɢ, Lɦ.ɨ.= 0 ɦ3/ɱ; 
ПȾК – 20 ɦɝ/ɦ3 [15]; 
qɩɪ – 5 ɦɝ/ɦ3 [15]; 
Кq – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ, ɩɪɢɧɢɦɚɟɦ 1 ɩɨ [15]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. Ɂɚ ɪɚɫɱɟɬɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ 
ɩɪɢɧɢɦɚɟɦ ɧɚɢɛɨɥɶɲɢɣ. 
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Ɍɚɛɥɢɰɚ 7 – Ɋɚɫɱɟɬɧɵɟ ɜɨɡɞɭɯɨɨɛɦɟɧɵ 

№ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɦɟɳɟɧɢɹ 

ɉɟɪɢɨɞ ɉɨ ɹɜɧɵɦ 
ɬɟɩɥɨɢɡɛɵɬɤɚɦ, 

ɦ3/ɱ 

ɉɨ 
ɜɵɞɟɥɟɧɢɸ 

ɋɈ, ɦ3/ɱ 

Ɋɚɫɱɟɬɧɵɣ, ɦ3/ɱ 

5 Ⱦɟɡɛɚɪɶɟɪ ɯɨɥɨɞɧɵɣ 1270 1000 1500 

ɬɟɩɥɵɣ 1500 1000 1500 

10 ɋɤɥɚɞ ɞɟɡ. 
ɫɪɟɞɫɬɜ 

ɯɨɥɨɞɧɵɣ 260 - 340 

ɬɟɩɥɵɣ 340 - 340 

 
5.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɩɨ ɧɨɪɦɢɪɭɟɦɨɣ ɤɪɚɬɧɨɫɬɢ 
 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ ɩɭɧɤɬɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ 

ɜɨɡɞɭɯɨɨɛɦɟɧ L, ɦ3/ɱ; ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɟɝɨ ɧɨɪɦɢɪɭɟɦɨɣ ɤɪɚɬɧɨɫɬɢ: ܮ =  𝑘 · 𝑉,      (20) 
ɝɞɟ k – ɧɨɪɦɢɪɭɟɦɚɹ ɤɪɚɬɧɨɫɬɶ ɜɨɡɞɭɯɨɨɛɦɟɧɚ,1/ɱ; ɡɚɜɢɫɢɬ ɨɬ ɧɚɡɧɚɱɟɧɢɹ 
ɩɨɦɟɳɟɧɢɹ ɢ ɩɪɢɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ [4], [2]; 

V – ɨɛɴɟɦ ɩɨɦɟɳɟɧɢɹ, ɦ3. 
Ɂɧɚɱɟɧɢɹ ɧɨɪɦɢɪɭɟɦɨɣ ɤɪɚɬɧɨɫɬɢ ɢ ɜɨɡɞɭɯɨɨɛɦɟɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8. 
Ɍɚɛɥɢɰɚ 8 – Ɂɧɚɱɟɧɢɹ ɧɨɪɦɢɪɭɟɦɨɣ ɤɪɚɬɧɨɫɬɢ ɢ ɜɨɡɞɭɯɨɨɛɦɟɧ 

ɉɨɡ. ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɦɟɳɟɧɢɹ 

tɜ
, °

ɋ 

Ɉ
ɛɴ

ɟɦ
, 

ɦ3  ɇɨɪɦɢɪɭɦɚɟɦɚɹ 
ɤɪɚɬɧɨɫɬɶ 

Ɋɚɫɱɟɬɧɵɣ 
ɜɨɡɞɭɯɨɨɛɦɟɧ, ɦ3/ɱ 

ɉɪɢɬɨɤ ȼɵɬɹɠɤɚ ɉɪɢɬɨɤ ȼɵɬɹɠɤɚ 
4 ɗɥɟɤɬɪɨɳɢɬɨɜɚɹ 20 55 - 1 - 55 
6 ɉɨɦɟɳɟɧɢɟ ɨɯɪɚɧɵ 20 56 2 2 112 112 
7 ɍɛɨɪɧɚɹ 16 14 - 50ɦ3/ɱ 

ɭɧ. 
- 100 

8 ȼɜɨɞ ɜɨɞɵ ɢ ɬɟɩɥɚ 20 34 - 1 - 34 
9 Ʉɨɦɧɚɬɚ ɩɪɢɟɦɚ ɩɢɳɢ 20 31 3 4 94 125 
11 Ɋɚɡɞɟɜɚɥɤɚ 23 24 - - 75 - 
12 Ⱦɭɲɟɜɚɹ 25 10 - 75ɦ3/ɱ 

ɞɭɲ 
- 75 

13 Ʉɥɚɞɨɜɚɹ 18 15 1 1 - 15 
14 Ɍɚɦɛɭɪ 20 38 2 3 75 114 

 
5.4 ɋɨɫɬɚɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ  
ȼɨɡɞɭɲɧɵɣ ɛɚɥɚɧɫ ɫɨɫɬɚɜɥɹɸɬ ɞɥɹ ɬɪɟɯ ɩɟɪɢɨɞɨɜ ɝɨɞɚ ɩɨ ɜɫɟɦ 

ɩɨɦɟɳɟɧɢɹɦ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɜɵɬɹɠɤɢ ɩɪɟɜɵɲɚɟɬ ɩɪɢɬɨɤ, 
ɩɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɭɸ ɪɚɡɧɨɫɬɶ ɪɚɫɯɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɬɶ ɞɥɹ ɫɨɛɥɸɞɟɧɢɹ 
ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɤɨɪɢɞɨɪɵ ɢ ɯɨɥɥɵ. ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ 
ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɤɨɥɢɱɟɫɬɜɭ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ. 

Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɛɚɥɚɧɫɚ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 9. 
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Ɍɚɛɥɢɰɚ 9 – ȼɨɡɞɭɲɧɵɣ ɛɚɥɚɧɫ  

ɉɨɡ. ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɦɟɳɟɧɢɹ 

tɜ
, °

ɋ 

Ɉ
ɛɴ

ɟɦ
, 

ɦ3  ɇɨɪɦɢɪɭɦɚɟɦɚɹ 
ɤɪɚɬɧɨɫɬɶ 

Ɋɚɫɱɟɬɧɵɣ 
ɜɨɡɞɭɯɨɨɛɦɟɧ, ɦ3/ɱ 

ɉɪɢɬɨɤ ȼɵɬɹɠɤɚ ɉɪɢɬɨɤ ȼɵɬɹɠɤɚ 
4 ɗɥɟɤɬɪɨɳɢɬɨɜɚɹ 20 55 - 1 - 55 
6 ɉɨɦɟɳɟɧɢɟ ɨɯɪɚɧɵ 20 56 2 2 112 112 
7 ɍɛɨɪɧɚɹ 16 14 - 50ɦ3/ɱ 

ɭɧ. 
- 100 

8 ȼɜɨɞ ɜɨɞɵ ɢ ɬɟɩɥɚ 20 34 - 1 - 34 
9 Ʉɨɦɧɚɬɚ ɩɪɢɟɦɚ ɩɢɳɢ 20 31 3 4 94 125 
11 Ɋɚɡɞɟɜɚɥɤɚ 23 24 - - 75 - 
12 Ⱦɭɲɟɜɚɹ 25 10 - 75ɦ3/ɱ 

ɞɭɲ 
- 75 

13 Ʉɥɚɞɨɜɚɹ 18 15 1 1 - 15 
14 Ɍɚɦɛɭɪ 20 38 2 3 75 114 
3 Ʉɨɪɢɞɨɪ 20 58 - - 272 - 

 
5.5 ɉɨɞɛɨɪ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ 
 
ȼ Ʉɉɉ ɩɪɢɧɢɦɚɟɦ ɫɯɟɦɭ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ «ɫɜɟɪɯɭ-ɜɜɟɪɯ». ȼ 

ɞɟɡɛɚɪɶɟɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɭɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɛɳɟɨɛɦɟɧɧɨɣ ɜɟɧɬɢɥɹɰɢɟɣ ɫ 
ɜɟɪɯɧɟɣ ɡɨɧɵ.  

ɉɨɞɚɱɚ ɢ ɭɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ 
ȺȾɇ ɮɢɪɦɵ «Ⱥɪɤɬɨɫ» ɫɜɟɪɯɭ-ɜɧɢɡ ɧɚɫɬɢɥɚɸɳɢɦɢ ɧɚ ɩɨɬɨɥɨɤ ɫɬɪɭɹɦɢ, ɢ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ Ⱦɉɍ-Ɇ ɮɢɪɦɵ «Ⱥɪɤɬɨɫ», ɫɜɨɛɨɞɧɵɦɢ ɢ 
ɧɚɫɬɢɥɚɸɳɢɦɢɫɹ ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ.  

Ⱦɚɧɧɵɟ ɩɨ ɩɨɞɛɨɪɭ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ 
ȿ. 

5.6 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 
 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɫɟɱɟɧɢɣ 
ɜɨɡɞɭɯɨɜɨɞɨɜ ɢ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɭɱɚɫɬɤɚɦ ɨɫɧɨɜɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
(ɦɚɝɢɫɬɪɚɥɢ) ɫ ɭɜɹɡɤɨɣ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ [17], ɪɚɫɱɟɬ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɜɵɱɟɪɱɢɜɚɧɢɹ ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ Ɇ1:100, ɩɪɨɫɬɚɜɥɟɧɢɹ ɧɨɦɟɪɨɜ 
ɭɱɚɫɬɤɨɜ, ɢɯ ɧɚɝɪɭɡɨɤ L ɦ3/ɱ, ɢ ɞɥɢɧ l, ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ 
ɚɷɪɨɞɢɧɚɦɢɱɫɤɨɝɨ ɪɚɫɱɟɬɚ – ɨɬ ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɨɝɨ ɢ ɧɚɝɪɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɞɨ 
ɜɟɧɬɢɥɹɬɨɪɚ. 

Ɋɚɫɱɟɬ ɧɚɱɢɧɚɸɬ ɫ ɭɞɚɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɪɚɫɫɱɢɜɚɟɬɫɹ ɟɝɨ ɞɢɚɦɟɬɪ D, ɦ ɩɨ 
ɮɨɪɦɭɥɟ D = √ Lʹͺ͵Ͳ ∙ V˓ˈˍ (21) 

ɝɞɟ L – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɭɱɚɫɬɤɟ ɦ3/ɱ; 
V – ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɤɨɪɨɫɬɶ, 5 ɦ/ɫ, ɩɨ [17]. 
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ɉɨɥɶɡɭɹɫɶ ɬɚɛɥɢɰɟɣ 1 [18], ɩɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɢɟ ɫɬɚɧɞɚɪɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɞɢɚɦɟɬɪɨɜ ɜɨɡɞɭɯɨɜɨɞɨɜ. 

Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɦ ɮɚɤɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ, V_ɮɚɤɬ, ɦ/ɫ, ɩɨ ɮɨɪɦɭɥɟ V˗˃ˍ˕ = Lʹͺ͵Ͳ ∙ D˗˃ˍ˕ଶ  , ˏ/˔, (22) 

ɝɞɟ L – ɬɨ ɠɟ, ɱɬɨ ɢ ɮɨɪɦɭɥɟ (21), ɦ3/ɱ; 
Dɮɚɤɬ – ɮɚɤɬɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɜɨɞɚ, ɦ. 

Ɉɩɪɟɞɟɥɹɟɦ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɩɨ ɮɨɪɦɭɥɟ 

Re=0,001∙Dɮɚɤɬ∙Vɮɚɤɬ/Ȟ  (23)/

ɝɞɟ V_ɮɚɤɬ – ɮɚɤɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 
D_ɮɚɤɬ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (22); 
Ȟ − ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ2/ɫ. 
Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

Ȟ= η ρ, ɦ2/ɫ ⁄  (24) 

ɝɞɟ η – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ; 
ρ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3. 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɉɚ∙ɫ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

Ɇɢɥɥɢɤɟɧɚ 

η=17,11845∙10-6+49,3443∙10-9∙t, ɉɚ∙ɫ (25) 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ρ=
353

273+t , ɤɝ/ɦ3 (26) 

ɝɞɟ t – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ⁰C. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

Ȝ=0,11 (k
d +

68
Re)0,25. (27) 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ, ΔɊ, ɉɚ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ΔɊ= ቆ Ȝ∙l
Dɮɚɤɬ

+ ∑ ɄɆɋቇ ∙
ρ∙Vɮɚɤɬ

2

2 , ɉɚ (28) 

ɝɞɟ V_ɮɚɤɬ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (22) 
D_ɮɚɤɬ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (21); 
l – ɞɥɢɧɚ ɭɱɚɬɫɤɚ, ɦ; 
ρ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3. 
Ȝ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ; 
ɄɆɋ – ɫɭɦɦɚ ɤɨɷɮɮɢɰɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ 

ɜɨɡɞɭɯɨɜɨɞɨɜ. 
Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɥɟɠɚɳɢɟ ɧɚ ɝɪɚɧɢɰɟ ɞɜɭɯ ɭɱɚɫɬɤɨɜ, ɫɥɟɞɭɟɬ 

ɨɬɧɨɫɢɬɶ ɤ ɭɱɚɫɬɤɭ ɫ ɦɟɧɶɲɢɦ ɪɚɫɯɨɞɨɦ. 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɩɪɨɝɪɚɦɦɟ Vent-
Calc, ɤɨɬɨɪɚɹ ɞɟɥɚɟɬ ɪɚɫɱɟɬɵ ɧɚ ɨɫɧɨɜɟ [18].Ɉɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɪɚɜɧɵ ɫɭɦɦɟ ɩɨɬɟɪɶ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɭɱɚɫɬɤɚɯ ɩɨ 
ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ, ɤɨɬɨɪɵɟ ɡɚɧɨɫɹɬ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɪɚɮɭ. 

Ɋɚɫɱɟɬ ɨɬɜɟɬɜɥɟɧɢɣ ɩɪɨɢɡɜɨɞɹɬ ɚɧɚɥɨɝɢɱɧɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ 
ɢ ɜɵɩɨɥɧɸɬ ɭɜɹɡɤɭ ɨɬɜɟɬɜɥɟɧɢɣ. Ɋɚɡɦɟɪɵ ɫɟɱɟɧɢɣ ɨɬɜɟɬɜɥɟɧɢɣ ɫɱɢɬɚɸɬɫɹ 
ɩɨɞɨɛɪɚɧɧɵɦɢ, ɟɫɥɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɧɟɜɹɡɤɚ ɩɨɬɟɪɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 % ∆= ሺ∆ ɦܲɚɝ − ∆ ɨܲɬɜሻ∆ ɦܲɚɝ

∙ ͳͲͲ% ≤ ͳͲ% (29) 

ɝɞɟ ∆Pɦɚɝ – ɫɭɦɦɚ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ, ɉɚ. 
Ⱦɥɹ ɭɜɹɡɤɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɨɬɜɟɬɜɥɟɧɢɹɯ ɢɫɩɨɥɶɡɭɟɦ ɧɚɫɬɪɨɣɤɭ 

ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ Ⱦɉɍ-Ɇ ɢ ɞɪɨɫɫɟɥɶɧɟ ɤɥɚɩɚɧɵ. 
Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɉ3, ȼ3 ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɚɯ10, 12. 

Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɫɢɫɬɟɦ ɉ3, ȼ3 ɧɚ ɪɢɫɭɧɤɚɯ 2, 3. 
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Ɋɢɫɭɧɨɤ 2 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɉ1



 

27 

Ɍɚɛɥɢɰɚ 10 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɉ3 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

Ɋɚɫɯɨɞ 
ɜɨɡɞɭɯɨɜɨɞɚ, 

L ɦ3/ɱ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, 

I, ɦ 

Ⱦɢɚɦɟɬɪ D, 
ɦɦ 

ɋɤɨɪɨɫɬɶ 
ɜɨɡɞɭɯɚ V, 

ɦ/ɫ 

Ʉɪɢɬɟɪɢɣ 
Ɋɟɣɧɨɥɶɞɫɚ, 

Re ɉɚ/ɦ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɬɪɟɧɢɟ, Ȝ 

ɋɭɦɦɚ 
ɤ.ɦ.ɫ, 

ε 

ɉɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɧɚ 

ɭɱɚɫɬɤɟ,  
ΔɊ, ɉɚ 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɫɢɫɬɟɦɟ, ΔɊ, ɉɚ 

1 2 3 4 5 6 7 8 9 10 
Ɇɚɝɢɫɬɪɚɥɶ ɉ3 

ȼɊ                 14,0 
1 75 2,80 100 2,7 17420 0,0275 1,43 9,25 23,25 
2 202 1,80 125 4,6 37535 0,0249 0,26 7,72 31,0 
3 277 2,30 160 3,8 40212 0,0241 0,13 4,17 35,1 
4 372 1,38 160 5,1 54003 0,0229 0,25 7,06 42,2 
5 500 2,72 160 6,9 72585 0,0219 0,13 14,30 56,5 
6 610 0,65 160 8,4 88554 0,0213 0,70 33,35 89,9 

Ɉɬɜɟɬɜɥɟɧɢɟ 1 
ȼɊ  

             16,0 
7 127 0,30 125 2,9 23599 0,0255 1,36 7,0 23,0 

    
   ∆ = 

23,31-23,01  
=0,9<10%  ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ  

    
    23,31     

Ɉɬɜɟɬɜɥɟɧɢɟ 2 
ȼɊ                 14,0 
8 75 1,00 100 2,7 17420 0,0275 2,16 10,3 24,3 

    
   ∆ = 

31,01-24,31  
=21,6>10% ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  
    31,01   
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 

1 2 3 4 5 6 7 8 9 10 
Ɉɬɜɟɬɜɥɟɧɢɟ 3 

ȼɊ                 22,0 
9 95 1,00 125 2,1 17653 0,0275 2,29 7,0 29,0 

    
   ∆ = 

 35,11-29,01  
=17,6>10%  ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  
    35,11   

Ɉɬɜɟɬɜɥɟɧɢɟ 4 
ȼɊ                 16,0 
10 127 0,30 125 2,9 23599 0,0255 1,28 6,6 22,6 

    
   ∆ = 

 42,21-22,61  
=46,4>10% ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  
    42,21   

Ɉɬɜɟɬɜɥɟɧɢɟ 5 
ȼɊ                 12,0 
11 110 1,00 125 2,5 20440 0,0265 2,03 8,3 20,3 

    
   ∆ =  

 23,01-20,31  
=11,8>10%  ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  
    23,01   
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɨɝɥɚɫɧɨ [18], 
ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɟ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 11. 
Ɍɚɛɥɢɰɚ 11 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɉ1 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɇɚɡɜɚɧɢɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɨɥɢɱɟɫɬɜɨ ȟ ∑ȟ 

1 ɨɬɜɨɞ 90° 2 0,35 1,43 
ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,73 

2 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,26 0,26 
3 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,13 0,13 
4 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,25 0,25 
5 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,13 0,13 
6 ɨɬɜɨɞ 90° 2 0,7 0,7 
7 ɨɬɜɨɞ 90° 1 0,35 1,36  

ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,01 
 

8 ɨɬɜɨɞ 90° 1 0,35 2,16  
ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,81 

 

9 ɨɬɜɨɞ 90° 1 0,58 2,29  
ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,94 

 

10 ɨɬɜɨɞ 90° 1 0,35 1,28 
ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 0,93 

11 ɨɬɜɨɞ 90° 1 0,35 2,03 
ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,68 
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Ɋɢɫɭɧɨɤ 3 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ȼ3 
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Ɍɚɛɥɢɰɚ 12 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ȼ3 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

Ɋɚɫɯɨɞ 
ɜɨɡɞɭɯɨɜɨɞɚ, 

L ɦ3/ɱ 

Ⱦɥɢɧɚ 
ɭɱɚɫɬɤɚ, 

I, ɦ 

Ⱦɢɚɦɟɬɪ D, 
ɦɦ 

ɋɤɨɪɨɫɬɶ 
ɜɨɡɞɭɯɚ V, 

ɦ/ɫ 

Ʉɪɢɬɟɪɢɣ 
Ɋɟɣɧɨɥɶɞɫɚ, 

Re ɉɚ/ɦ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɬɪɟɧɢɟ, Ȝ 

ɋɭɦɦɚ 
ɤ.ɦ.ɫ, ε 

ɉɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ 

ɧɚ 
ɭɱɚɫɬɤɟ,  
ΔɊ, ɉɚ 

ɉɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɜ 

ɫɢɫɬɟɦɟ, ΔɊ, 
ɉɚ 

1 2 3 4 5 6 7 8 9 10 
Ɇɚɝɢɫɬɪɚɥɶ ȼ3 

ȼɊ         30,0 
1 111 1,38 100 3,9 25782 0,0270 1,00 12,64 42,64 
2 223 17,25 125 5,0 41438 0,0245 1,05 67,32 110,0 
3 257 5,30 160 3,5 37309 0,0245 0,23 7,83 117,8 
4 380 0,60 160 5,2 55165 0,0228 0,51 9,80 127,6 

Ɉɬɜɟɬɜɥɟɧɢɟ 1 
ȼɊ  

       12,0 
5 112 0,3 100 4,0 26015 0,0270 1,25 12,5 24,5 

    
    ∆ = 

 42,61-24,51  
=42,5>10%  ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  
   42,61   

Ɉɬɜɟɬɜɥɟɧɢɟ 2 
ȼɊ                 3,0 
6 34 0,3 100 1,2 7897 0,0336 -3,40 -2,9 0,1 

    
   ∆ = 

 117,81-0,11  
=99,9>10%  ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ 

  
    117,81   

Ɉɬɜɟɬɜɥɟɧɢɟ 3 
ȼɊ                 38,0 
7 125 0,3 100 4,4 29034 0,0264 1,35 16,7 54,7 

    
    ∆ = 

 127,61-
54,71  =57,1>10%  ɍɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɬɚɜɢɦ ɞɪɨɫɫɟɥɶ-ɤɥɚɩɚɧ  

  

    127,61   
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɨɝɥɚɫɧɨ [18], 
ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɟ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 13. 
Ɍɚɛɥɢɰɚ 13 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ȼ3 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɇɚɡɜɚɧɢɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɨɥɢɱɟɫɬɜɨ ȟ ∑ȟ 

1 ɨɬɜɨɞ 90° 1 0,35 1,0 
ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,65 

2 ɨɬɜɨɞ 90° 3 0,35 1,05 
3 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,23 0,23 
4 ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ 1 0,51 0,51 
5 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,25 1,25 
6 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 -3,4 -3,4 
7 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1,35 1,35 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɦ ɞɪɭɝɢɟ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɧɚ ɥɢɫɬɚɯ 5, 6. 

 
5.7 Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɬɨɱɧɨɣ ɢ ɜɵɬɹɠɧɨɣ ɜɟɧɬɢɥɹɰɢɢ  
 
ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉ1, ɉ2, ɉ3 ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ ɞɥɹ Ʉɉɉ ɩɪɨɢɡɜɨɞɢɦ 

ɜ ɩɪɨɝɪɚɦɦɟ «WinClim II», ɩɨɞɪɨɛɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɜ ɩɪɢɥɨɠɟɧɢɢ ɀ. 
ɉɨɞɛɨɪ ɤɚɧɚɥɶɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɞɥɹ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ȼ3 ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɥɨɠɟɧɢɹ ɂ. 
ȼɵɛɨɪ ɤɚɧɚɥɶɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɜɵɩɨɥɧɹɸɬ ɩɨ ɬɪɟɛɭɟɦɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ L˅, ˏଷ/ɱ, ɢ ɩɨɥɧɨɦɭ ɞɚɜɥɟɧɢɸ ɜɟɧɬɢɥɹɬɨɪɚ P˅ , ɉɚ, ɡɧɚɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɞɥɹ ɜɵɬɹɠɧɵɯ ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ L˅ = ͳ,ͳ ∙ L, ɦ3/ɱ;  (30) P˅ = ͳ,ͳ ∙ ∆Pˏ ˃ˆ + ∆P̱ ˎ˃˒˃ː, ɉɚ.   (31) 

ɝɞɟ ∆Pˏ ˃ˆ – ɨɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɜɨɡɞɭɯɨɜɨɞɚɯ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ 
ɧɚɩɪɚɜɥɟɧɢɸ, ɉɚ;   ∆P̱ ˎ˃˒˃ː –ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɨɛɪɚɬɧɨɦ ɤɥɚɩɚɧɟ, ɉɚ. 

Ɉɛɪɚɬɧɵɟ ɤɥɚɩɚɧɵ RSK ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɟɪɟɤɪɵɜɚɧɢɹ ɤɪɭɝɥɵɯ ɜɨɡɞɭɯɨɜɨɞɨɜ ɩɪɢ ɜɵɤɥɸɱɟɧɢɢ ɜɟɧɬɢɥɹɬɨɪɚ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɪɚɡɦɟɪɚ ɤɥɚɩɚɧɚ ɢ 
ɬɪɟɛɭɟɦɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɦ3/ɱ, ɩɨ ɢɯ ɩɟɪɟɫɟɱɟɧɢɸ ɢ ɧɚɯɨɞɹɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ. ɉɪɢɥɨɠɟɧɢɟ Ʉ. 

Ʉɥɚɩɚɧ ɨɛɪɚɬɧɵɣ: RSK 160 ∆Pˏ ˃ˆ=128ɉɚ;L=380ɦ3/ɱ L˅= 418 ɦ3/ɱ P˅ =ͳ,ͳ ∙128+35=176 ɉɚ 
ɉɨ ɫɜɨɞɧɨɦɭ ɝɪɚɮɢɤɭ ɞɥɹ ɩɨɞɛɨɪɚ ɤɚɧɚɥɶɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɧɚɯɨɞɢɦ ɬɨɱɤɭ 

ɩɟɪɟɫɟɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ L˅ ɢ P˅  ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ “ɪɚɛɨɱɭɸ ɬɨɱɤɭ” 
ɜɟɧɬɢɥɹɬɨɪɚ. ɉɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɜɟɧɬɢɥɹɬɨɪɚ ɧɚɯɨɞɢɦ 
ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ n , ɨɛ/ɦɢɧ, ɢ ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ N, ɤȼɬ. 

ȼɵɛɢɪɚɟɦ ɜɟɧɬɢɥɹɬɨɪ ɋɄ 160 ɋ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦ ɧɚ ɥɢɫɬ 1 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
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Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɞɪɭɝɢɟ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɧɚ ɥɢɫɬɟ 1. 
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6 ɌȿɉɅɈɋɇȺȻɀȿɇɂȿ ɄȺɅɈɊɂɎȿɊȺ 
 
Ɉɛɜɹɡɤɚ ɤɚɥɨɪɢɮɟɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɬɪɭɛ, ɪɟɝɭɥɢɪɭɸɳɟɝɨ 

ɤɥɚɩɚɧɚ, ɡɚɩɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. ɋɭɳɟɫɬɜɭɟɬ 
ɧɟɫɤɨɥɶɤɨ ɫɯɟɦ, ɩɨ ɤɨɬɨɪɵɦ ɫɬɪɨɢɬɫɹ ɨɛɜɹɡɤɚ, ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɱɚɳɟ ɜɫɟɝɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɬɢɩɨɜɚɹ ɫɯɟɦɚ, ɢɦɟɸɳɚɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ 
ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ. 

ɉɪɢɦɟɦ ɫɯɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 4, ɫ 
ɬɪɟɯɯɨɞɨɜɵɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɨɦ. ȼ ɭɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɫɦɟɫɢɬɟɥɶɧɵɣ ɧɚɫɨɫ. Ɍ.ɤ. ɟɫɥɢ ɷɬɨɝɨ ɧɟ ɫɞɟɥɚɬɶ ɨɫɬɚɟɬɫɹ ɨɞɢɧ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɦ 
ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ - ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɚɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɬɟɦ ɫɚɦɵɦ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɟɫɬɶ ɜɟɪɨɹɬɧɨɫɬɶ “ɭɪɨɧɢɬɶ ɜ ɦɢɧɭɫ” 
ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɬɧɨɣ ɜɨɞɵ. ȿɳɟ ɨɞɢɧ ɮɚɤɬɨɪ, ɭɤɚɡɵɜɚɸɳɢɣ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɫɦɟɫɢɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɷɬɨ ɬɨ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ 
ɛɵɫɬɪɨ ɩɟɪɟɦɟɪɡɚɸɬ ɜ ɫɬɨɹɱɟɣ ɜ ɧɟɣ ɜɨɞɟ. Ⱦɥɹ ɢɡɛɟɠɚɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ, ɧɟɨɛɯɨɞɢɦɚ ɰɢɪɤɭɥɹɰɢɹ, ɤɨɬɨɪɚɹ ɧɟ ɩɨɡɜɨɥɢɬ 
ɡɚɫɬɚɢɜɚɬɶɫɹ ɜɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ. 

 
1 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ, 2 – ɬɪɟɯɯɨɞɨɜɨɣ ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧɚ, 3 – ɤɥɚɩɚɧ 

ɨɛɪɚɬɧɵɣ, 4 – ɤɪɚɧ ɲɚɪɚɜɨɣ ɫ ɪɭɤɨɹɬɤɨɣ, 5 – ɤɪɚɧ ɲɚɪɨɜɨɣ ɩɪɨɯɨɞɧɨɣ, 6 – ɤɪɚɧ ɬɪёɯɯɨɞɨɜɨɣ 
ɞɥɹ ɦɚɧɨɦɟɬɪɚ, 7 – ɦɚɧɨɦɟɬɪ, 8 – ɬɟɪɦɨɦɟɬɪ ɧɚɤɥɚɞɤɨɣ, 9 – ɤɚɥɨɪɢɮɟɪ, 10 – ɮɢɥɶɬɪ ɫɟɬɱɚɬɵɣ 

ɮɥɚɧɰɟɜɵɣ , 11 – ɩɪɢɜɨɞ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ. 
Ɋɢɫɭɧɨɤ 1 – ɍɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɜ ɩɪɨɝɪɚɦɦɟ ɫɜɨɛɨɞɧɨɝɨ ɞɨɫɬɭɩɚ DEXMIX. Ɉɬɱɟɬ 
ɩɪɟɞɨɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ʌ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

Ⱦɚɧɧɚɹ ɜɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɡɚɞɚɧɢɹ ɢ ɜɵɩɨɥɧɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɦɢ, ɩɪɚɜɢɥɚɦɢ ɢ 
ɫɬɚɧɞɚɪɬɚɦɢ.  

Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɢɧɠɟɧɟɪɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɡɞɚɧɢɢ. ȼ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ. Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ 
ɨɬɨɩɥɟɧɢɹ – ɞɜɭɯɬɪɭɛɧɚɹ ɬɭɩɢɤɨɜɚɹ, ɩɨɞɨɛɪɚɧɵ ɨɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ 
ɪɟɝɭɥɢɪɭɸɳɚɹ ɚɪɦɚɬɭɪɚ. Ɍɚɤɠɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ, ɫɨɡɞɚɸɳɢɟ  ɞɨɩɭɫɬɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ 
ɜ ɡɞɚɧɢɢ. ɉɪɨɢɡɜɟɞɟɧ ɩɨɞɛɨɪ ɨɫɧɨɜɧɨɝɨ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1 ɋɉ 131.13330.2012 ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
ɪɟɞɚɤɰɢɹ ɋɇɢɉ 23-01-99*. – ȼɜɟɞ. 01.01.2013. – Ɇɨɫɤɜɚ: ɎȺɍ «Ɏɐɋ», 2012. – 
109 ɫ. 

2 ɋɉ 60.13330.2012 Ɉɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ 
ɜɨɡɞɭɯɚ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 41-01-2003. – ȼɜɟɞ. 01.01.2013. – 
Ɇɨɫɤɜɚ.: ɎȺɍ «Ɏɐɋ», 2012. – 76 ɫ. 

3 ɋɚɧɉɢɧ 2.2.4.548-96 Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɢɤɪɨɤɥɢɦɚɬɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ ɢ ɧɨɪɦɵ. – Ɇ.; 
ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ Ɇɢɧɡɞɪɚɜɚ Ɋɨɫɫɢɢ, 2001. – 20 ɫ. 

4 ɋɉ 50.13330.2012 Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ ɡɞɚɧɢɣ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɜɟɪɢ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɤɧɚ 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɨɪɨɬ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
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ɉɊɂɅɈɀȿɇɂȿ E 
Ɂɚɝɨɥɨɜɨɤ ɪɚɫɱɟɬɚ 

 

 
ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ: Ⱦɉɍ-Ɇ 125 
ɉɨɥɨɠɟɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɮɨɪɦɵ ɫɬɪɭɢ: 0.2 A 

 
ɋɯɟɦɚ Ƚ 

 
ȼɵɫɨɬɚ ɩɨɦɟɳɟɧɢɹ h = 4,5 ɦ 
ȼɵɫɨɬɚ ɭɫɬɚɧɨɜɤɢ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ h0 = 4 ɦ 
ȼɵɫɨɬɚ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɡɨɧɵ hɨɡ = 2 ɦ 
Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ L0 = 111 ɦ3/ɱ 
ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɬɪɭɹ 
 
Ɋɚɡɦɟɪɵ ɩɨɦɟɳɟɧɢɹ: 2,41 x 5,1 x 4,5 ɦ 
Ɍɢɩ ɩɨɦɟɳɟɧɢɹ: ɉɨɦɟɳɟɧɢɟ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɥɸɞɟɣ 
Ʉɨɥɢɱɟɫɬɜɨ ɜɫɟɯ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɜ ɩɨɦɟɳɟɧɢɢ: 1 
Ʉɨɥɢɱɟɫɬɜɨ ɛɥɢɠɚɣɲɢɯ ɤ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ȼɊ, ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɤɨɬɨɪɵɯ Ri <= 
5Rmin (Rmin - ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ȼɊ): 3 
Ɋɚɫɫɬɨɹɧɢɹ ɞɨ ɛɥɢɠɚɣɲɢɯ ɤ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ȼɊ: 1.7, 2.2, 3.5 ɦ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

ɉɨɬɟɪɢ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ P = 12 ɉɚ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɨɛɫɥɭɠɢɜɚɟɦɭɸ ɡɨɧɭ 
Vx = 0,16 ɦ/ɫ 
 
ɍɪɨɜɧɢ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɨɤɬɚɜɧɵɯ ɩɨɥɨɫɚɯ ɱɚɫɬɨɬ:  
Lp(63 Ƚɰ) = 46 ɞȻ 
Lp(125 Ƚɰ) = 42 ɞȻ 
Lp(250 Ƚɰ) = 32 ɞȻ 
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Lp(500 Ƚɰ) = 21 ɞȻ 
Lp(1000  Ƚɰ) = 22 ɞȻ 
Lp(2000  Ƚɰ) = 11 ɞȻ 
Lp(4000  Ƚɰ) = <10 ɞȻ 
Lp(8000  Ƚɰ) = <10 ɞȻ 
ɍɪɨɜɟɧɶ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɩɨ ɤɪɢɜɨɣ Ⱥ: 
Lp(Ⱥ) = 30 ɞȻ(Ⱥ) 
 



 

62 
 

ɉɊɂɅɈɀȿɇɂȿ ɀ 
   
 Ɍɟɯɧɢɱɟɫɤɢɟ ɞаɧɧɵɟ 
 
 Ɍɢɩɨɪаɡɦɟɪ PR 020 Кɨɪɩɭɫ 
 Ɋаɫɯɨɞ ɩɪɢɬɨɱ. ɜɨɡɞ. 610 m?/h Ɍɨɥɳɢɧа ɦɟɬ. ɥɢɫɬа 1.0 ɦɦ ɧɚɪ. / 0.8 ɦɦ ɜɧ. 
 0.17 m?/s ȼɧɭɬɪ. ɥɢɫɬ Ɉɰɢɧɤɨɜ. ɫɬɚɥɶ 
 Ɍɢɩ аɝɪɟɝаɬа ȼɧɭɬɪɟɧ. ɭɫɬɚɧɨɜɤɢ Наɪɭɠ. ɥɢɫɬ ɋ ɷɦɚɥɟɜɵɦ ɩɨɤɪɵɬɢɟɦ 
 ȼɵɫɨɬа ɧаɞ ɭɪ.ɦ. 0 m Кɪɟɩɟɠ Ɉɰɢɧɤɨɜ. ɫɬɚɥɶ 
 Velocity in air tunnel 0.65 m/s Иɡɨɥɹɰɢɹ Ɇɢɧɟɪɚɥ. ɜɚɬɚ (35 ɤɝ/ɦ?) 
 / 50 ɦɦ 
 

 Energy Efficiency Class : A  
 
 Кɥаɫɫɢɮɢɤаɰɢɹ ɩɨ EN 1886 
 ɉɪɨɱɧɨɫɬɶ ɤɨɪɩɭɫа : ɤɥаɫɫ 2A - D1 (PR & TR) Ɍɟɩɥɨɢɡɨɥɹɰɢɹ : ɤɥаɫɫ T2(PR) / T4(TR) 
 Ƚɟɪɦɟɬɢɱ. Кɨɪɩɭɫа : ɤɥаɫɫ B/B - L2/L2 (PR & TR) Ɍɟɩɥɨɜɵɟ ɦɨɫɬɢɤɢ : ɤɥаɫɫ TB2(PR) / TB3(TR) 
 ɍɬɟɱɤɢ ɧа ɮɢɥɶɬɪɟ : ɤɥаɫɫ F9 (PR & TR) ɋɟɪɬɢɮɢɤаɬ EUROVENT № 04.12.068(PR) / 07.01.337(TR) 
 
 

 
 
 ȼɢɞ ɫɛɨɤɭ 
 
 
 
 
 
 Аɝɪɟɝɚɬ ɜ ɤɨɦɩɥɟɤɬɟ ɫ Ɉɩɨɪɧ. ɪɚɦɚ ɜɵɫ.150 ɦɦ (ɨɰɢɧɤɨɜ. ɫɬɚɥɶ) 
 
 Ɍɨɪɝɨɜая ɰɟɧа: 3793 Euro  
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 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 1 Ⱦɥɢɧа: 2122 mm   ȼɟɫ: 233 kg 
 
 (1)  ɋɟɤɰɢя ɫɦɟɲɟɧɢя 
 Наɪɭɠɧɵɣ ɜɨɡɞɭɯ   Наɪɭɠ. ɤɥаɩаɧ ɧа ɩɨɥɧɭɸ ɮɪɨɧɬ. ɩаɧɟɥɶ   ɋɬаɧɞаɪɬ. 
 Ɇɚɤ. ɪɚɫɯ. ɜɨɡɞ. 610 m?/h ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢя 1 Pa Ʉɪɭɬ. ɦɨɦɟɧɬ 2.2 Nm 
 0.17 m?/s 
 
 (2)  Фɢɥɶɬɪ ɫ Ⱦɜɟɪɰа 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ɋаɡɦɟɪ ɢ ɤɨɥ-ɜɨ 
 Ɍɢɩ ɋɢɧɬɟɬɢɱ. ɩɥɨɫɤɢɣ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 610 m?/h 287x 592 1 
 Ʉɥɚɫɫ G4 0.169 m?/s 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯ. 0.186 m? Ʉɨɧɟɱ. ɞɚɜɥɟɧɢɟ 150 Pa 
 Ɋɚɫɱɟɬ. ɞɚɜɥɟɧɢɟ 80 Pa 
 
 (3)  Вɨɡɞɭɯɨɧаɝɪɟɜаɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɍɟɩɥɨɨɛɦɟɧɧɢɤ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 610 m?/h Ɍɢɩ ȼɨɞɚ 
 Ɇɚɬɟɪɢɚɥ Cu/Al 0.169 m?/s Ƚɥɢɤɨɥɶ 0 % 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 1 m/s ȼɯɨɞ. ɜɨɡɞɭɯ 15/90 °C/%r.H. t ɜɯɨɞ./ɜɵɯɨɞ. 95/70 °C 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 0.16 m? ȼɵɯɨɞ. ɜɨɡɞɭɯ 25/48 °C/%r.H. Ɋɚɫɯɨɞ 74 l/h 
 Ɋяɞɵ/ɯɨɞɵ 1/2 Ʉɨɷɮ. ɛɟɡɨɩɚɫɧ. 157 % ɋɤɨɪɨɫɬɶ 0.2 m/s 
 Ɋɚɫɫɬ. ɦ. ɪɟɛɪ. 2.5 mm ɉɨɥɧɚя ɩɪɨɢɡɜ. 2.1 kW ɉɨɬɟɪя ɧɚɩɨɪɚ 0.3 kPa 
 ɋɨɟɞɢɧɟɧɢя DN25 ɉɚɞɟɧɢɟ ɞɚɜɥ. 3 Pa Ɇɢɧ. ɬɟɦɩɟɪɚɬ. 0 °C 
 
 (4)  Пɪɢɬɨɱɧɵɣ ɜɟɧɬɢɥяɬɨɪ ɫ Ⱦɜɟɪɰа 
 ȼɟɧɬɢɥɹɬɨɪ Эɥɟɤɬɪɨɞɜɢɝаɬɟɥɶ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
 Ɍɢɩɨɪɚɡɦɟɪ ADH 180 L Rated Power 0.25 kW Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 610 m?/h 
 ɋɬɚɧɞɚɪɬ ɇɚɩɪяɠɟɧɢɟ 230/400V-3ph-50Hz 0.169 m?/s 
 Ʌɨɩɚɬɤɢ Зɚɝɧ. ɜɩɟɪɟɞ Ʉɥɚɫɫ ɡɚɳɢɬɵ IP55 ɋɬɚɧɞɚɪɬ ɉɚɞ. ɞɚɜɥ. ɜ ɚɝɪ. 91 Pa 
 ȼɢɛɪɨɢɡɨɥяɬɨɪɵ Ɋɟɡɢɧɨɜɵɟ Ɍɟɩɥɨɜɚя ɡɚɳɢɬɚ PTO ȼɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ 90 Pa 
 ɋɤɨɪɨɫɬɶ 1299 ɨɛ/ɦɢɧ Rated Speed 1350 ɨɛ/ɦɢɧ Ⱦɢɧɚɦ. ɞɚɜɥɟɧɢɟ 6 Pa 
 Эɮɮɟɤɬɢɜɧɨɫɬɶ 40 % Rated Current 0.77 A Ɉɛɳɟɟ ɞɚɜɥɟɧɢɟ 187 Pa 
 Shaft power 0.08 kW ɉɨɬɪɟɛ. ɦɨɳɧɨɫɬɶ 0.2 kW 
 SFP3 1180 W/(m?/s) 
 
 ɍɪɨɜɟɧɶ ɲɭɦа 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz ɉɨɥɧ. 
 Lw ɜɨɡɞɭɯɨɜ. ɜɜɟɪɯ ɩɨ ɩ. 67 dB 70 dB 65 dB 67 dB 62 dB 58 dB 53 dB 47 dB 68 dB(A) 
 Lw ɜɨɡɞɭɯɨɜ. ɜɧɢɡ ɩɨ ɩ. 62 dB 65 dB 62 dB 66 dB 61 dB 58 dB 53 dB 47 dB 67 dB(A) 
 Lw ɤɨɪɩɭɫɚ 51 dB 51 dB 40 dB 42 dB 33 dB 32 dB 21 dB 8 dB 42 dB(A) 
 Lp* 34 dB 34 dB 23 dB 25 dB 16 dB 15 dB 4 dB 0 dB 25 dB(A) 
 Lw ɇɚɪɭɠɧɵɣ ɜɨɡɞɭɯ 66.5 dB 68.9 dB 63.4 dB 65.4 dB 59.9 dB 56 dB 50.9 dB 44.9 dB 66 dB(A) 
 Lw ɉɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ 56.9 dB 57.9 dB 50.9 dB 48.9 dB 38.9 dB 38.9 dB 35.9 dB 35.9 dB 50 dB(A) 
 *ɍɪ. ɡɜ. ɞɚɜɥ.. ɪɚɫɫɱ. ɧɚ ɪɚɫɫɬ. 2ɦ ɜ ɭɫɥ. ɫɜ. ɩɪɨɫɬɪ. 
 
 (5)  Дɢɮɮɭɡɨɪ 200mm 
 
 (6)  Шɭɦɨɝɥɭɲɢɬɟɥɶ 
 Шɢɪɢɧɚ ɪɚɡɞɟɥɢɬ. 200 mm Ʉɨɥ-ɜɨ ɪɚɡɞɟɥɢɬ. 2 ɋɤ. ɜɨɡɞɭɯɚ 1.9 m/s 
 Ⱦɥɢɧɚ ɪɚɡɞɟɥɢɬ. 600 mm ɉɨɬɟɪя ɞɚɜɥ. 7 Pa 
 
 ɍɪɨɜɟɧɶ ɲɭɦа 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
 Зɚɬɭɯɚɧɢɟ 5 7 11 17 22 19 17 11 
 
 (7)  Вɵɯɨɞ ɜɨɡɞɭɯа 
 ɉɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ   ɉɨɥɧɨɟ ɨɬɜɟɪɫɬɢɟ ɜɨ ɮɪɨɧɬ. ɩаɧɟɥɢ 
 Ɇɚɤ. ɪɚɫɯ. ɜɨɡɞ. 610 m?/h 
 0.17 m?/s 
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Ʉɚɧɚɥɶɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ CK 
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Ɉɛɪɚɬɧɵɟ ɤɥɚɩɚɧɵ RSK 
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