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ɊȿɎȿɊȺɌ 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «Ɉɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ 

ɝɚɪɚɠɚ – ɫɬɨɹɧɤɢ ɜ ɝ.Ʉɚɧɫɤ» ɫɨɞɟɪɠɢɬ 28 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 12 
ɩɪɢɥɨɠɟɧɢɣ, 10 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉȺɊȺɆȿɌɊɕ ɇȺɊɍɀɇɈȽɈ ɂ ȼɇɍɌɊȿɇɇȿȽɈ ȼɈɁȾɍɏȺ, 
ɌȿɉɅɈɌȿɏɇɂɑȿɋɄɂɃ ɊȺɋɑȿɌ, ɊȺɋɑȿɌ ɌȿɉɅɈɉɈɌȿɊɖ, ɈɌɈɉɅȿɇɂȿ, 
ȽɂȾɊȺȼɅɂɑȿɋɄɂɃ ɊȺɋɑȿɌ, ȼȿɇɌɂɅəɐɂə, ȺɗɊɈȾɂɇȺɆɂɑȿɋɄɂɃ 
ɊȺɋɑȿɌ. 

Ɉɛɴɟɤɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɝɚɪɚɠ - ɫɬɨɹɧɤɚ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɠɟɧɟɪɧɵɟ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɡɞɚɧɢɢ.  
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɹɞ ɬɟɯɧɢɱɟɫɤɢɯ 

ɡɚɞɚɱ: 
ɚ) ɪɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɫɯɨɞ 

ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ; 
ɛ) ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ; 
ɜ) ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ; 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, ɜ ɡɞɚɧɢɢ ɛɵɥɢ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫɢɫɬɟɦɚ ɨɬɨɩɥɟɧɢɹ, ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɩɪɢɬɨɱɧɚɹ ɢ ɜɵɬɹɠɧɚɹ 
ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ.  
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ȼȼȿȾȿɇɂȿ 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦɭ ɡɚɞɚɧɢɸ ɢ ɫɨɫɬɨɢɬ ɢɡ ɪɚɫɱɟɬɧɨ-
ɩɨɹɫɧɢɬɟɥɶɧɨɣ ɡɚɩɢɫɤɢ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ɉɛɴɟɤɬɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɝɚɪɚɠ – ɫɬɨɹɧɤɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɛɚɡɟ  ɜ ɝ. Ʉɚɧɫɤ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɪɟɲɚɟɦɵɟ ɩɪɨɟɤɬɨɦ: ɨɛɟɫɩɟɱɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ ɜ ɩɨɦɟɳɟɧɢɹɯ; ɩɪɢɦɟɧɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ; ɦɢɧɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɨɳɚɞɟɣ ɩɨɞ 
ɜɟɧɬɨɛɨɪɭɞɨɜɚɧɢɟ; ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɫɯɟɦ ɩɪɨɤɥɚɞɤɢ ɜɨɡɞɭɯɨɜɨɞɨɜ. Ⱥ ɬɚɤɠɟ: 
ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɦɮɨɪɬɚ,  ɧɚɞɟɠɧɨɝɨ ɢ ɭɞɨɛɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɚɦɢ, 
ɝɚɪɦɨɧɢɢ  ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɥɢɤɚ ɩɨɦɟɳɟɧɢɹ. 

Ⱦɥɹ  ɷɬɨɝɨ ɜ ɩɪɨɟɤɬɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɜɟɧɬɢɥɹɰɢɢ. Ɍɚɤɠɟ ɜ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɜɨɞɹɧɵɟ ɞɜɭɯɬɪɭɛɧɵɟ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫ ɬɭɩɢɤɨɜɵɦ ɞɜɢɠɟɧɢɟɦ ɜɨɞɵ ɢ ɧɢɠɧɟɣ 
ɪɚɡɜɨɞɤɨɣ.  

ȼ ɱɟɪɬɟɠɚɯ ɩɪɢɧɹɬɵ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɛɨɪɵ, ɦɚɬɟɪɢɚɥɵ, ɢɡɞɟɥɢɹ ɩɨ 
ɞɟɣɫɬɜɭɸɳɢɦ ɬɢɩɨɜɵɦ ɩɪɨɟɤɬɧɵɦ ɪɟɲɟɧɢɹɦ, ɬɢɩɨɜɵɦ ɦɚɬɟɪɢɚɥɚɦ ɞɥɹ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɟɪɢɹɦ, ȽɈɋɌɚɦ.  
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1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

Ƚɚɪɚɠɢ- ɫɬɨɹɧɤɢ: ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɯɪɚɧɟɧɢɹ 
ɢɥɢ ɩɚɪɤɨɜɤɢ ɚɜɬɨɦɨɛɢɥɟɣ, ɧɟ ɢɦɟɸɳɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ ɚɜɬɨɦɨɛɢɥɟɣ, ɤɪɨɦɟ ɩɪɨɫɬɟɣɲɢɯ (ɩɨɫɨɛɢɟ ɤ ɋɉ 
113.13330.2016) ɭɫɬɪɨɣɫɬɜ - ɦɨɟɤ, ɫɦɨɬɪɨɜɵɯ ɹɦ, ɷɫɬɚɤɚɞ.  

Ɋɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɝ. Ʉɚɧɫɤ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ zˑ˕.˒е˓ = 238 ɞɧɹ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ tˑ˕.˒е˓ = - 8,8 °ɋ. 
ɇɚɡɧɚɱɟɧɢɟ ɨɛɴɟɤɬɚ – ɯɪɚɧɟɧɢɟ ɢ ɩɚɪɤɨɜɤɚ ɚɜɬɨɦɨɛɢɥɟɣ. 
Ɏɚɫɚɞ ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɫɟɜɟɪ. 
ɗɬɚɠɧɨɫɬɶ – 1 ɷɬɚɠ. 
Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɪɭɠɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ: 
ɇɚɪɭɠɧɚɹ ɫɬɟɧɚ – ɩɥɢɬɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 2500; 
Ɉɫɬɟɤɥɟɧɢɟ –  ɨɞɧɨɤɚɦɟɪɧɵɣ ɫɬɟɤɥɨɩɚɤɟɬ ɉȼɏ: ɨɛɵɱɧɨɟ; 
ɉɟɪɟɤɪɵɬɢɟ – ɩɥɢɬɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 2500; 
ɉɨɥ – ɧɟɭɬɟɩɥɟɧɧɵɣ ɩɨɥ ɧɚ ɝɪɭɧɬɟ; 
Ⱦɜɟɪɢ – ɛɟɡ ɬɚɦɛɭɪɚ, 5 ɲɬ. 
ɂɫɬɨɱɧɢɤ ɬɟɩɥɚ: ɧɚɪɭɠɧɚɹ ɬɟɩɥɨɜɚɹ ɫɟɬɶ. 
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 ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɬɚɛɥ. 1.2 [1], ɞɥɹ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ 
ɫɨɝɥɚɫɧɨ [2] ɜɵɛɢɪɚɟɦ:  

Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

ɉɟɪɢɨɞ 
ɝɨɞɚ 

ɉɚɪɚɦɟɬɪ Ⱥ ɉɚɪɚɦɟɬɪ Ȼ 

Ɍɟɦɩɟɪɚ
-ɬɭɪɚ, 
t, °ɋ 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ, 
J, ɤȾɠ/ɤɝ 

ɋɤɨɪɨɫɬɶ 
ɜɟɬɪɚ, 
V, ɦ/ɫ 

Ɍɟɦɩɟɪɚ
-ɬɭɪɚ, 
t, °ɋ 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ, 
J, ɤȾɠ/ɤɝ 

ɋɤɨɪɨɫɬɶ 
ɜɟɬɪɚ, 
V, ɦ/ɫ 

Ɍɟɩɥɵɣ 27 50 0    

ɏɨɥɨɞɧɵ
ɣ 

   -40 36,5 3,1 
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1.2 Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

Ʉɚɬɟɝɨɪɢɹ ɪɚɛɨɬ ɜ ɞɚɧɧɨɦ ɩɨɦɟɳɟɧɢɢ ɩɪɢɧɢɦɚɟɦ IIa, ɪɚɫɱɟɬɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ ɩ. 4.2 [2] ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɟɪɢɨɞɚ ɝɨɞɚ. 

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

ɉɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɹɬɵɟ ɩɨ [3] ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 2 
Ɍɚɛɥɢɰɚ 2 – Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

ɉɟɪɢɨɞ ɝɨɞɚ 

Ⱦɨɩɭɫɬɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ
,°ɋ 

Ɉɬɧɨɫɢɬɟɥɶɧ
ɚɹ 

ɜɥɚɠɧɨɫɬɶ 
,% 

Ɍɟɩɥɨɫɨɞɟɪ
ɠɚɧɢɟ, 
ɤȾɠ/ɤɝ 

 
ȼɥɚɝɨɫɨɞɟɪ
ɠɚɧɢɟ, ɝ/ɤɝ 

 
ɋɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ 
ɜɨɡɞɭɯɚV, 

ɦ/ɫ 

Ɍɟɩɥɵɣ +27 65 64 15,5 0,3 

ɏɨɥɨɞɧɵɣ +16 75 37 8,5 0,3 

 
ɋɨɝɥɚɫɧɨ ɩ. 6.3.1 [3] ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɫɬɨɹɧɤɚɯ ɚɜɬɨɦɨɛɢɥɟɣ ɪɚɫɱɟɬɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɞɥɹ ɯɪɚɧɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫɥɟɞɭɟɬ 
ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ 5°ɋ.  ȼɟɧɬɢɥɹɰɢɹ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɞɥɹ ɝɨɪɨɞɚ Ʉɚɧɫɤɚ, ɫ 
ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ +27°C, ɜ ɡɞɚɧɢɢ 
ɩɪɢɧɢɦɚɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɪɚɫɱɟɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɟɩɥɵɣ  ɩɟɪɢɨɞ ɝɨɞɚ. 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɩɪɢɧɢɦɚɟɬɫɹ 0,3 ɦ/ɫ. ȼ 
ɩɨɦɟɳɟɧɢɹɯ ɫ ɜɪɟɦɟɧɧɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ ɫɤɨɪɨɫɬɶ ɧɟ ɧɨɪɦɢɪɭɟɬɫɹ. 

2 Ɉɬɨɩɥɟɧɢɟ 

ɋɨɝɥɚɫɧɨ ɩɭɧɤɬɭ 6.3.3 [3] ɨɬɨɩɥɟɧɢɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ ɡɨɧɵ 
ɯɪɚɧɟɧɢɹ ɢ ɪɚɦɩ ɜ ɡɚɤɪɵɬɵɯ ɨɬɚɩɥɢɜɚɟɦɵɯ ɫɬɨɹɧɤɚɯ ɚɜɬɨɦɨɛɢɥɟɣ. ɉɨɦɟɳɟɧɢɹ 
ɩɨɫɬɨɜ ɦɨɣɤɢ, ɤɨɧɬɪɨɥɶɧɨ – ɩɪɨɩɭɫɤɧɵɯ ɩɭɧɤɬɨɜ, ɞɢɫɩɟɬɱɟɪɫɤɢɯ, ɚ ɬɚɤɠɟ 
ɷɥɟɤɬɪɨɳɢɬɨɜɨɣ, ɧɚɫɨɫɧɨɣ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɭɡɥɚ ɜɜɨɞɚ ɜɨɞɨɩɪɨɜɨɞɚ 
ɩɪɨɟɤɬɢɪɭɸɬ ɨɬɚɩɥɢɜɚɟɦɵɦɢ ɤɚɤ ɜ ɬɟɩɥɵɯ, ɬɚɤ ɢ ɜ ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ ɡɚɤɪɵɬɵɯ ɢ 
ɨɬɤɪɵɬɵɯ ɫɬɨɹɧɤɚɯ ɚɜɬɨɦɨɛɢɥɟɣ. 
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2.1 Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɩɨɦɟɳɟɧɢɣ 

Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɡɞɚɧɢɹ — ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɢ ɩɪɨɰɟɫɫɨɜ, 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɨɛɫɬɚɧɨɜɤɭ ɜ ɟɝɨ ɩɨɦɟɳɟɧɢɹɯ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɦɮɨɪɬɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɡɞɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɩɨɦɟɳɟɧɢɹ. 

2.1.1 Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɨɪɦɚɬɢɜɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ Rˑ, ɩɨɷɬɨɦɭ ɪɚɫɱɟɬ 
ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4]. 

ȼɟɥɢɱɢɧɚ Rˑ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɳɢɧɨɣ ɩɪɢɧɹɬɨɝɨ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 
ɨɝɪɚɠɞɟɧɢɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ, ɜɵɛɨɪ ɤɨɬɨɪɨɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Ʉ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ. 

ɉɪɢɜɟɞɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

Ro ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ, R ˑ̞˓ ,ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɫɯɨɞɹ 
ɢɡ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɢ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɢ ɭɫɥɨɜɢɣ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɩ.5.2 [4] ɧɨɪɦɢɪɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, Rˑːˑ˓ˏ,ɦ2∙ºɋ/ȼɬ, ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɩɨ ɮɨɪɦɭɥɟ 

 Rˑːˑ˓ˏ = R ˑ̞˓ ∙ m˓, ɦ2∙ºɋ/ȼɬ (1) 

 
ɝɞɟ m˓ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɝɢɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 1 R ˑ̞˓  – ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɦ2∙ºɋ/ȼɬ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɪɚɞɭɫɨ-
ɫɭɬɨɤ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ºɋ∙ɫɭɬ, ɩɨ ɮɨɪɦɭɥɟ 

 Rɨ
ɬɪ = a · ȽɋɈɉ + b , ɦ2∙ºɋ/ȼɬ (2) 

 
ɝɞɟ a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ. 
3 [4]. 

Ƚɪɚɞɭɫɨ-ɫɭɬɤɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, °ɋ·ɫɭɬ/ɝɨɞ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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Гʠʝʞ = ሺ𝑡˅ − 𝑡ˑ˕ሻ · 𝑧ˑ˕ , °ɋ·ɫɭɬ/ɝɨɞ (3) 
 
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. 

 
ȽɋɈɉ = ሺʹͳ,ͷ − ሺ−ͺ,ͺሻሻ · ʹ͵ͺ = ͹ʹͳͳ °ɋ·ɫɭɬ/ɝɨɞ 
 
ɍɫɬɪɨɣɫɬɜɨ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɢɡ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɥɢɬ. ɍɬɟɩɥɢɬɟɥɶ ɦɢɧɟɪɚɥɜɚɬɧɵɣ «ɉɚɪɨɤ» ɬɨɥɳɢɧɨɣ, 
ɛ=120ɦɦ, ɝɢɞɪɨɢɡɨɥɹɰɢɹ – ɛɢɬɭɦ ɬɨɥɳɢɧɨɣ, ɛ=50ɦɦ 

ɉɥɢɬɚ ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɞɥɹ ɤɪɨɜɥɢ ɫ ɦɢɧɟɪɚɥɜɚɬɧɵɦ ɭɬɟɩɥɢɬɟɥɟɦ 
«Ɋɨɤɜɭɞ» ɬɨɥɳɢɧɨɣ, ɛ=120ɦɦ, ɝɢɞɪɨɢɡɨɥɹɰɢɹ – ɪɭɛɢɪɨɢɞ ɬɨɥɳɢɧɨɣ, ɛ=10ɦɦ 

Ɉɤɧɚ – ɨɞɧɨɤɚɦɟɪɧɵɣ ɫɬɟɤɥɨɩɚɤɟɬ ɉȼɏ: ɨɛɵɱɧɨɟ. 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɩɪɟɞɟɥɢɥɢ ɜ ɩɪɨɝɪɚɦɦɟ Valtec 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ. 

2.1.2 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɨɦɟɳɟɧɢɹ 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ – ɤɨɦɩɟɧɫɚɰɢɹ ɬɟɩɥɨɩɨɬɟɪɶ ɡɞɚɧɢɹ ɫ 
ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɨɛɨɝɪɟɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Qɩ = Qɨɬ, ȼɬ (4) 
ɝɞɟ Qɩ – ɬɟɩɥɨɩɨɬɟɪɢ ɜ ɩɨɦɟɳɟɧɢɹɯ, ȼɬ; Qɨɬ – ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ȼɬ. 

 
Ɍɟɩɥɨɩɨɬɟɪɢ ɱɟɪɟɡ ɧɚɪɭɠɧɵɟ ɨɝɪɚɠɞɟɧɢɹ ɡɞɚɧɢɹ Qɨɛɳ, ȼɬ, ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 
 Qɨɛɳ = Ʉ · F · ሺtɜ − tɧሻ · n · ቀͳ +  ቁ , ȼɬ (5) 

 
ɝɞɟ F – 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. 
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β – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɱɟɪɟɡ 
ɨɝɪɚɠɞɟɧɢɹ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɞɨɛɚɜɨɱɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɧɚ ɨɪɢɟɧɬɚɰɢɸ ɢ 
ɞɨɛɚɜɤɚ ɜ ɭɝɥɨɜɵɯ ɩɨɦɟɳɟɧɢɹɯ. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɥɨɳɚɞɢ ɩɨɦɟɳɟɧɢɣ ɩɨɥɶɡɭɟɦɫɹ ɩɪɚɜɢɥɨɦ ɨɛɦɟɪɚ.  
Ɍɟɩɥɨɩɨɬɟɪɢ ɱɟɪɟɡ ɩɨɥɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɝɪɭɧɬɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɡɨɧɚɦ 
ɲɢɪɢɧɨɣ 2ɦ, ɩɚɪɚɥɥɟɥɶɧɵɦ ɧɚɪɭɠɧɵɦ ɫɬɟɧɚɦ. Ⱦɨɛɚɜɨɱɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 
ɩɪɢɧɢɦɚɟɦ ɜ ɞɨɥɹɯ ɨɬ ɨɫɧɨɜɧɵɯ ɩɨɬɟɪɶ: ɜ ɩɨɦɟɳɟɧɢɹɯ ɥɸɛɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɱɟɪɟɡ ɧɚɪɭɠɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɧɚɤɥɨɧɧɵɟ (ɜɟɪɬɢɤɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ) ɫɬɟɧɵ, 
ɞɜɟɪɢ ɢ ɨɤɧɚ, ɨɛɪɚɳɟɧɧɵɟ ɧɚ ɫɟɜɟɪ, ɜɨɫɬɨɤ, ɫɟɜɟɪɨ-ɜɨɫɬɨɤ ɢ ɫɟɜɟɪɨ-ɡɚɩɚɞ ɜ 
ɪɚɡɦɟɪɟ 0,1, ɧɚ ɸɝɨ-ɜɨɫɬɨɤ ɢ ɡɚɩɚɞ— ɜ ɪɚɡɦɟɪɟ 0,05; ɜ ɭɝɥɨɜɵɯ ɩɨɦɟɳɟɧɢɹɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ — ɩɨ 0,05 ɧɚ ɤɚɠɞɭɸ ɫɬɟɧɭ, ɞɜɟɪɶ ɢ ɨɤɧɨ, ɟɫɥɢ ɨɞɧɨ ɢɡ 
ɨɝɪɚɠɞɟɧɢɣ ɨɛɪɚɳɟɧɨ ɧɚ ɫɟɜɟɪ, ɜɨɫɬɨɤ, ɫɟɜɟɪɨ-ɜɨɫɬɨɤ ɢ ɫɟɜɟɪɨ-ɡɚɩɚɞ ɢ 0,1 —ɜ 
ɞɪɭɝɢɯ ɫɥɭɱɚɹɯ. 

Ɍɟɩɥɨɩɨɬɟɪɢ ɩɪɢɧɹɬɵ ɫ ɭɱɟɬɨɦ 10% ɢɧɮɢɥɶɬɪɚɰɢɢ ɨɝɪɚɠɞɚɸɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ. 

Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3. 
Ɍɚɛɥɢɰɚ 3 – 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 3 4 5 6 7 8 9 10 11 12 
 Ƚɚɪɚɠ -
ɫɬɨɹɧɤɚ 
tɜ=16°ɋ 

ɇɋ ɋ 30x8,5 255 56 0,96 0,1 0,5 1,15 4860,9 

ɇɋ ȼ 11x8,5 97,75 56 0,96 0,1 0,5 1,15 1863,35 

ɇɋ ɘ 30x8,5 255 56 0,96 0,5 0,5 1,1 4649,6 
ɇɋ Ɂ 11x8,5 97,75 56 0,96 0,5 0,5 1,1 1782 
ɈɄ ɋ 2,4x1,2ɯ5 1,8 56 1,60 0,5 - 1,15 2439 
ɉɅ1 - - 166 56 0,476 - -  4425 
ɉɅ2 - - 118 56 0,233 - -  1540 
ɉɅ3 - - 77 56 0,116 - -  500 
ɉɌ - - 345 56 0,34 - - 6569 
ɂɇɎ - - - - 2788 

- - - -  
  ∑ 31099 

Ɋɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ +16 ɋ ɬɚɤ ɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɜ 
ɩɪɨɝɪɚɦɦɟ Valtec, ɤɚɤ ɢ ɪɚɫɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɪɢ ɞɟɠɭɪɧɨɦ ɨɬɨɩɥɟɧɢɢ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ +5 ɋ ɢ ɩɪɢɜɟɞɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ Ȼ. 

ɋɭɦɦɚɪɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɩɪɢ ɞɟɠɭɪɧɨɦ ɨɬɨɩɥɟɧɢɢ ɪɚɜɧɵ 40344 ȼɬ. 
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2.1.3 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɲɟɧɢɹ ɨɬɨɩɥɟɧɢɹ 

ɂɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɪɭɠɧɚɹ ɬɟɩɥɨɜɚɹ ɫɟɬɶ. ȼɜɨɞ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɡɞɚɧɢɟ ɝɚɪɚɠɚ – ɫɬɨɹɧɤɢ ɜ ɨɫɹɯ 1/Ⱥ ɱɟɪɟɡ 
ɝɟɪɦɟɬɢɱɧɭɸ ɩɟɪɟɝɨɪɨɞɤɭ. ȼɜɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫɨɟɞɢɧɟɧ ɫ ɬɟɩɥɨɜɵɦ ɩɭɧɤɬɨɦ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɩɨɞɜɚɥɟ.  

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɜ ɡɞɚɧɢɢ 
ɝɚɪɚɠɚ - ɫɬɨɹɧɤɢ, ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɭɯɬɪɭɛɧɚɹ 
ɫɢɫɬɟɦɚ ɨɬɨɩɥɟɧɢɹ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɪɚɡɜɨɞɤɨɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ 
ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɢɧɹɬɵ 4-ɯ ɪɹɞɧɵɟ ɪɟɝɢɫɬɪɵ ɢɡ ɝɥɚɞɤɢɯ ɬɪɭɛ 
Ø80ɯ4,0ɦɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɧɚ 
ɩɨɞɜɨɞɤɚɯ ɤ ɨɬɨɩɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ, ɜ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ  
ɪɟɝɭɥɢɪɭɸɳɢɟ ɤɥɚɩɚɧɚ ɬɢɩɚ RA-N ɫ ɬɟɪɦɨɫɬɚɬɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɨɦ RA2994 ɢ 
ɡɚɩɨɪɧɵɟ ɤɥɚɩɚɧɚ RLV-ɉ, ɮɢɪɦɵ Danfoss. ɍɫɬɚɧɨɜɤɭ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɧɚ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɦɨɧɬɚɠ 
ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɟɣ ɝɨɥɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɥɚɩɚɧɚ. ɗɬɨ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɥɢɬɟɥɶɧɭɸ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɧɢɠɟɧɢɢ ɷɧɟɪɝɨɡɚɬɪɚɬ. 

ɍɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɤɪɚɧɵ Ɇɚɟɜɫɤɨɝɨ, ɤɨɬɨɪɵɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɜɟɪɯɧɢɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. Ⱦɥɹ ɫɛɪɨɫɚ ɜɨɞɵ ɢɡ ɫɢɫɬɟɦɵ 
ɨɬɨɩɥɟɧɢɹ, ɜ ɫɥɭɱɚɟ ɪɟɦɨɧɬɚ, ɜ ɧɢɠɧɢɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɤɪɚɧɵ 
ɞɥɹ ɫɛɪɨɫɚ ɜɨɞɵ. Ɍɪɭɛɨɩɪɨɜɨɞɵ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢɧɹɬɵ ɢɡ  ɫɬɚɥɶɧɵɯ 
ɜɨɞɨɝɚɡɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ ɩɨ ȽɈɋɌ 3262-75 Ø15ɯ2,8 – Ø40ɯ3,2ɦɦ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ - 95/70⁰C. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɞɥɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɚɥɨɪɢɮɟɪɨɜ ɩɪɢɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɩɪɢɧɹɬɚ 
95/70⁰C.  

ɇɚɝɪɭɡɤɚ ɧɚ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 40344 ȼɬ 

2.2 ȼɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɪɵɜɚɧɢɹ ɯɨɥɨɞɧɵɯ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫɵ ɜ ɯɨɥɨɞɧɵɣ 
ɩɟɪɢɨɞ ɝɨɞɚ, ɭ ɜɨɪɨɬ ɭɫɬɚɧɨɜɥɟɧɵ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ ɮɢɪɦɵ 
"Ɍɟɩɥɨɦɚɲ", ɪɚɛɨɬɚɸɳɢɟ ɨɬ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. 

ɋ ɩɪɚɜɨɣ ɫɬɨɪɨɧɵ ɨɬ ɤɚɠɞɨɝɨ ɩɪɨɟɦɚ ɜɨɪɨɬ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɟ 
ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ ɞɪɭɝ ɧɚɞ ɞɪɭɝɨɦ ɷɥɟɤɬɪɢɱɟɫɤɚɹ Ʉɗȼ-24ɉ5060ȿ ɫɟɪɢɹ 500 ɢ 
Ʉɗȼ – ɉ4121Ⱥ ɫɟɪɢɹ 400 ɤɨɦɮɨɪɬ. Ɂɚɜɟɫɵ ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɟ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
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ɞɟɣɫɬɜɢɹ ɩɪɢ ɨɬɤɪɵɜɚɧɢɢ ɜɨɪɨɬ. Ɋɚɡɦɟɪɵ ɜɨɪɨɬ 3,6ɯ4,0ɦ – 4 ɲɬ. ɢ 3,0ɯ4,0 – 
1ɲɬ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɯ ɡɚɜɟɫ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ ȼ. 

2.3 Ɋɚɫɱɟɬ 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 ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɩɥɨɬɵ.  

Ɋɚɫɱɟɬ ɛɵɥ ɩɪɨɜɟɞɟɧ ɜ ɩɪɨɝɪɚɦɦɟ Danfoss. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ 
ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ. 

2.4 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 
ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɭɸ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɫɦ. ɪɢɫɭɧɨɤ 1. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ «Danfoss». 
Ⱦɥɹ ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɪɚɡɜɟɪɬɤɚ ɡɞɚɧɢɹ ɩɨ ɩɨɦɟɳɟɧɢɹɦ, ɡɚɩɨɥɧɹɟɬɫɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɧɭɬɪɟɧɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɬɟɩɥɨɩɨɬɟɪɹɯ ɩɨɦɟɳɟɧɢɣ. 
ɉɪɨɤɥɚɞɵɜɚɟɬɫɹ ɬɪɭɛɨɩɪɨɜɨɞ. Ɂɚɬɟɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɫ 
ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɨɣ. Ɋɚɡɜɟɪɬɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɟ Ⱦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȿ. 
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Ɋɢɫɭɧɨɤ 1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 
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3 ȼɟɧɬɢɥɹɰɢɹ 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɜɟɧɬɢɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ 
ɩɨɦɟɳɟɧɢɢ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 
ɬɪɭɞɨɫɩɨɫɨɛɧɨɫɬɢ ɢ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ. 

ȼ ɫɬɨɹɧɤɚɯ ɚɜɬɨɦɨɛɢɥɟɣ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɚɦ ɜɟɧɬɢɥɹɰɢɢ ɫɥɟɞɭɟɬ 
ɩɪɢɧɢɦɚɬɶ ɩɨ ɭɤɚɡɚɧɧɵɦ ɞɨɤɭɦɟɧɬɚɦ ɤɚɤ ɞɥɹ ɫɤɥɚɞɫɤɢɯ ɡɞɚɧɢɣ, ɨɬɧɨɫɹɳɢɯɫɹ 
ɩɨ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɤ ɤɚɬɟɝɨɪɢɢ ȼ. ɩɭɧɤɬ 6.1.1[3] 

ɋɨɝɥɚɫɧɨ ɩɭɧɤɬɭ 6.3.5 [3] ɧɚ ɫɬɨɹɧɤɚɯ ɚɜɬɨɦɨɛɢɥɟɣ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ ɜ 
ɩɨɦɟɳɟɧɢɹɯ ɞɥɹ ɯɪɚɧɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɢɬɨɱɧɨ-
ɜɵɬɹɠɧɭɸ ɜɟɧɬɢɥɹɰɢɸ ɞɥɹ ɪɚɡɛɚɜɥɟɧɢɹ ɢ ɭɞɚɥɟɧɢɹ ɜɪɟɞɧɵɯ ɝɚɡɨɜɵɞɟɥɟɧɢɣ 
ɩɨ ɪɚɫɱɟɬɭ ɚɫɫɢɦɢɥɹɰɢɢ.  

3.1 ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɲɟɧɢɹ ɜɟɧɬɢɥɹɰɢɢ 

Ⱦɥɹ ɡɞɚɧɢɹ ɝɚɪɚɠɚ - ɫɬɨɹɧɤɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɩɪɢɬɨɱɧɨ - ɜɵɬɹɠɧɚɹ 
ɨɛɳɟɨɛɦɟɧɧɚɹ ɜɟɧɬɢɥɹɰɢɹ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ. ɉɪɢ ɩɪɨɟɤɬɢɪɜɨɚɧɢɟ 
ɩɪɢɬɨɱɧɨ - ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜɨɡɭɞɭɯɨɜɨɞɵ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ. 

ɉɪɢɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ ɉ1 ɨɫɧɚɳɟɧɚ ɮɢɥɶɬɪɚɦɢ ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ G4, ɧɚ 
ɩɪɢɬɨɤɟ. ɇɚɝɪɟɜ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɉ1 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  ɩɪɢ ɩɨɦɨɳɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ - ɜɨɞɵ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ 95/70°ɋ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɨɬ 
ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɉ1 ɜ ɫɢɫɬɟɦɭ ɡɚɥɨɠɟɧ ɲɭɦɨɝɥɭɲɢɬɟɥɶ. 

ɋɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɩɨɫɥɟ ɦɨɧɬɚɠɚ ɧɟɨɛɯɨɞɢɦɨ ɨɬɪɟɝɭɥɢɪɨɜɚɬɶ ɧɚ 
ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ.  

3.2 Ɋɚɫɱɟɬ ɜɵɞɟɥɹɟɦɵɯ ɜɪɟɞɧɨɫɬɟɣ ɜ ɩɨɦɟɳɟɧɢɢ 

Ⱦɥɹ ɜɟɧɬɢɥɹɰɢɢ ɩɨɦɟɳɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ 
ɜɟɧɬɢɥɹɰɢɹ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ. ȼɨɡɞɭɯɨɨɛɦɟɧ ɩɨɦɟɳɟɧɢɹ ɩɪɢɧɹɬ ɢɡ 
ɪɚɫɱɟɬɚ ɪɚɡɛɚɜɥɟɧɢɹ ɜɪɟɞɧɨɫɬɟɣ ɜ ɜɨɡɞɭɯɟ ɨɬ ɪɚɛɨɬɚɸɳɢɯ ɞɜɢɝɚɬɟɥɟɣ ɞɨ 
ɧɨɪɦɢɪɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɉȾɄ.   

ȼ ɝɚɪɚɠɟ-ɫɬɨɹɧɤɟ 2 ɚɜɬɨɦɨɛɢɥɹ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ ɢ 4 ɚɜɬɨɦɨɛɢɥɹ ɝɪɭɡɨɜɵɯ 
ɫɪɟɞɧɟɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɦɟɬɨɞɭ ɪɚɫɱɟɬɚ ɜɵɛɪɨɫɨɜ ɨɬ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, 
ɢɡɥɨɠɟɧɧɨɦ ɜ ȽɈɋɌ Ɋ 56162 – 2014. 
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Ɋɚɫɱɟɬ ɜɵɞɟɥɟɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ: ɤɨɥɢɱɟɫɬɜɨ 
ɤɚɠɞɨɝɨ i-ɝɨ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ Mi, ɝ/ɫ, ɜɵɞɟɥɹɟɦɨɝɨ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ  ɡɚɤɪɵɬɵɯ ɫɬɨɹɧɤɚɯ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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KALqМ  (6) 

 
ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɚɜɬɨɦɨɛɢɥɟɣ, ɜɵɞɟɥɹɸɳɢɯ i-ɨɟ ɡɚɝɪɹɡɧɹɸɳɟɟ 
ɜɟɳɟɫɬɜɨ (ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɩɪɨɟɤɬɚ), ɲɬ;  

qi – ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ i-ɝɨ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɨɞɧɢɦ ɚɜɬɨɦɨɛɢɥɟɦ    
i-ɝɨ  ɬɢɩɚ ɫ ɭɱɟɬɨɦ ɜɨɡɪɚɫɬɚ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɜɬɨɦɨɛɢɥɹ (ɝ/ɤɦ, ɬɚɛɥ.4, 
ɩɪɢɥɨɠɟɧɢɟ 5 ɤ ɈɇɌɉ-01-91), ɝ/ɦ3; 

L – ɭɫɥɨɜɧɵɣ ɩɪɨɛɟɝ ɨɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɡɚ ɰɢɤɥ ɩɨ ɩɨɦɟɳɟɧɢɸ ɝɚɪɚɠɚ-
ɫɬɨɹɧɤɢ ɫ ɭɱɟɬɨɦ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ ɧɚ ɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɹ ɢ ɞɜɢɠɟɧɢɟ (ɬɚɛɥ.5, 
ɩɪɢɥɨɠɟɧɢɟ 5 ɤ ɈɇɌɉ-010-91), ɤɦ; 

Аэi – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɜɬɨɦɨɛɢɥɟɣ ɜ ɝɚɪɚɠɟ-ɫɬɨɹɧɤɟ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɵɩɭɫɤɚ (ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɶɸ 
ɩɪɨɟɤɬɚ), ɲɬ; 

 Кɫ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɟɠɢɦɚ 
ɞɜɢɠɟɧɢɹ (ɫɤɨɪɨɫɬɢ) ɚɜɬɨɦɨɛɢɥɹ (ɬɚɛɥ.6, ɩɪɢɥɨɠɟɧɢɟ 5 ɤ ɈɇɌɉ-01-91); 

tɜ – ɜɪɟɦɹ ɜɵɟɡɞɚ ɢɥɢ ɜɴɟɡɞɚ ɚɜɬɨɦɨɛɢɥɟɣ (ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɩɪɨɟɤɬɚ), ɱ. Ɉɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ tɜ=1ɱ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ Lɩ , ɦ3/ɱ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ 
ɚɫɫɢɦɢɥɹɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɞɨ ɧɨɪɦɢɪɭɟɦɵɯ ɜɟɥɢɱɢɧ (ɋɉȾɄ) 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

,
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ȼ ɩɨɫɨɛɢɢ 15.91 ɤ ɋɇɢɉ 2.04.05-91* ɭɤɚɡɚɧɨ, ɱɬɨ ɋɉДК (ɩɪɟɞɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɜ ɜɨɡɞɭɯɟ) ɫɨɝɥɚɫɧɨ ȽɈɋɌ 12.1.005-88 
ɫɨɫɬɚɜɥɹɟɬ 20ɦɝ/ɦ3. 

Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ 
qi –ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ ɫɨɫɬɚɜɥɹɟɬ 20,8ɝ/ɦ3,  L – ɭɫɥɨɜɧɵɣ 

ɩɪɨɛɟɝ ɨɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ: ɜɴɟɡɞ-0,01ɤɦ, ɜɵɟɡɞ-0,5ɤɦ; ɜ ɬɟɱɟɧɢɢ ɱɚɫɚ ɜɵɟɡɠɚɟɬ 
ɨɞɧɚ ɦɚɲɢɧɚ; Кɫ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ=1,4 

ȼɴɟɡɞ ɢ ɜɵɟɡɞ 
 

Mco =10-3 ∗ ଶ଴,8∗ሺ଴,଴ଵ+଴,ହሻ∗ଶ∗ଵ,ସଵ∗ଷ,଺ = Ͳ,ͲͲͺ ˆ/˔ (8) 
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Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɝɪɭɡɨɜɵɯ ɫɪɟɞɧɟɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ 
qi –ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɝɪɭɡɨɜɵɯ ɫɪɟɞɧɟɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 

32,6ɝ/ɦ3,  L – ɭɫɥɨɜɧɵɣ ɩɪɨɛɟɝ ɨɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɚ: ɜɴɟɡɞ-
0,02ɤɦ, ɜɵɟɡɞ-0,8ɤɦ; ɜ ɬɟɱɟɧɢɢ ɱɚɫɚ ɜɵɟɡɠɚɟɬ ɨɞɧɚ ɦɚɲɢɧɚ ɢ ɜɴɟɡɠɚɟɬ ɨɞɧɚ 
ɦɚɲɢɧɚ; Кɫ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ=1,4. 

ȼɴɟɡɞ ɢ ɜɵɟɡɞ 
 

Mco =10-3 ∗ ଷଶ,଺∗ሺ଴,଴ଶ+଴,8ሻ∗ସ∗ଵ,ସଵ∗ଷ,଺ = Ͳ,ͲͶ ˆ/˔ 

 
(9) 

MɈȻɓ
ɋɈ = 0,05 ɝ/ɫ  

ȼɨɡɞɭɯɨɨɛɦɟɧ ɜ ɩɨɦɟɳɟɧɢɢ ɝɚɪɚɠɚ – ɫɬɨɹɧɤɢ ɪɚɜɟɧ 

LȼɕɌ = 
ହ,ଵସ∗ଵ଴6∗଴,଴ହଶ଴  = 12807 ɦ3/ɱ

  
(10) 

Ɋɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ 20% ɩɪɟɜɵɲɟɧɢɹ ɜɵɬɹɠɤɢ 
ɧɚɞ ɩɪɢɬɨɤɨɦ ɩɨ ȼɋɇ 01-89 [5] 

LɉɊ = 10245 ɦ3/ɱ
 ȼ ɩɨɦɟɳɟɧɢɢ ɝɚɪɚɠɚ-ɫɬɨɹɧɤɢ ɭɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ 

ɢɡ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɡɨɧɵ ɩɨɪɨɜɧɭ ɫ ɭɱɟɬɨɦ ɜɵɬɹɠɤɢ ɢɡ ɫɦɨɬɪɨɜɵɯ ɤɚɧɚɜ, ɚ 
ɩɨɞɚɱɭ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ – ɪɚɫɫɪɟɞɨɬɨɱɟɧɨ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɢ ɫɦɨɬɪɨɜɵɟ 
ɤɚɧɚɜɵ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɬɨɱɧɨɝɨ ɢ ɜɵɬɹɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɨɞɢɧ ɤɭɛɢɱɟɫɤɢɣ ɦɟɬɪ 
ɨɛɴɟɦɚ ɫɦɨɬɪɨɜɵɯ ɤɚɧɚɜ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɢɡ ɪɚɫɱɟɬɚ ɢɯ ɞɟɫɹɬɢɤɪɚɬɧɨɝɨ 
ɜɨɡɞɭɯɨɨɛɦɟɧɚ [5]. 

Ɋɚɡɦɟɪɵ ɫɦɨɬɪɨɜɨɣ ɹɦɵ 7,5ɯ1,2ɯ1,1ɦ. V=9,9ɦ3. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɫɦɨɬɪɨɜɨɣ 
ɹɦɵ: ./100 3 чмLВЫɌ  ./100 3 чмLɉɊ   

3.3 ɉɨɞɛɨɪ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ 

ȼ ɝɚɪɚɠɟ – ɫɬɨɹɧɤɟ ɩɪɢɧɢɦɚɟɦ ɫɯɟɦɭ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ 
«ɫɜɟɪɯɭ-ɜɜɟɪɯ». 

ɉɨɞɚɱɚ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ ɄȾɊ ɢ Ⱦɉɍ 
ɮɢɪɦɵ «Ⱥɪɤɬɨɫ»  ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ [6].  

ɍɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ ɄȾɊ ɢ Ⱦɉɍ 
ɮɢɪɦɵ «Ⱥɪɤɬɨɫ» [6].  

Ⱦɚɧɧɵɟ ɩɨ ɩɨɞɛɨɪɭ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ 
ɀ. 
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3.4 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

ɐɟɥɶɸ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɟɱɟɧɢɣ 
ɜɨɡɞɭɯɨɜɨɞɨɜ ɢ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɭɱɚɫɬɤɚɦ ɨɫɧɨɜɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ (ɦɚɝɢɫɬɪɚɥɢ) ɫ ɭɜɹɡɤɨɣ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ Vent – Calc v2.0.  
Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢɡɥɨɠɟɧɚ ɜ [7]. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɚɠɞɵɣ 
ɭɱɚɫɬɨɤ ɢ ɜɵɛɢɪɚɟɬɫɹ ɦɚɝɢɫɬɪɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɧɭɦɟɪɭɸɬɫɹ ɭɱɚɫɬɤɢ. Ⱦɚɥɟɟ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ ɦɚɝɢɫɬɪɚɥɢ, ɮɚɤɬɢɱɟɫɤɚɹ 
ɫɤɨɪɨɫɬɶ, ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɟ, ɄɆɋ ɧɚ 
ɭɱɚɫɬɤɟ. ȼ ɤɨɧɰɟ ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɢ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɜɹɡɤɚ.  

ɄɆɋ – ɫɭɦɦɚ ɤɨɷɮɮɢɰɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ 
ɜɨɡɞɭɯɨɜɨɞɨɜ. 

Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɥɟɠɚɳɢɟ ɧɚ ɝɪɚɧɢɰɟ ɞɜɭɯ ɭɱɚɫɬɤɨɜ, ɫɥɟɞɭɟɬ 
ɨɬɧɨɫɢɬɶ ɤ ɭɱɚɫɬɤɭ ɫ ɦɟɧɶɲɢɦ ɪɚɫɯɨɞɨɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɚɤ ɠɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɩɪɨɝɪɚɦɦɟ Vent-Calc, ɤɨɬɨɪɚɹ ɞɟɥɚɟɬ ɪɚɫɱɟɬɵ ɧɚ ɨɫɧɨɜɟ [8] ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ ɂ. 

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∆𝑃маɝ−∆𝑃ɨɬɜሻ∆𝑃маɝ ∙ ͳͲͲ% ≤ ͳͲ%  (11) 

 
ɝɞɟ ∆𝑃 аˆ – ɫɭɦɦɚ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ, ɉɚ. 

Ⱦɥɹ ɭɜɹɡɤɢ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɨɬɜɟɬɜɥɟɧɢɹɯ ɢɫɩɨɥɶɡɭɟɦ ɧɚɫɬɪɨɣɤɭ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɄȾɊ, Ⱦɉɍ – Ɇ, Ⱦɉɍ- Ʉ  ɢ ɞɪɨɫɫɟɥɶɧɵɟ ɤɥɚɩɚɧɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɉ1, ȼ1 ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4. 
Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɫɢɫɬɟɦ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2, 3. 
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Ɋɢɫɭɧɨɤ 2 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɉ1 
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Ɍɚɛɥɢɰɚ 4 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɉ1 
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1 2 3 4 5 6 7 8 9 10 11 

ʺа̛̭̐т̬аль ʿϭ 

Вˀ                  47 

1 932 2,9 315 3,32 6,72 1,276 0,25 0,4  8,686    55,7    

2 1864 1 355 5,23 10,35 1,421 1,29 0,5  13,551  116,2    

3 2796 2,9 450 4,88 14,53 0,570 0,28 0,6    15,950  179,2    

4 3728 2,9 560 4,20 10,76 0,957 0,25 0,3    12,297  238,5    

5 4660 2,9 630 4,15 10,51 0,812 
 

0,3    11,602  297,1    

6 5592 2,9 630 4,98 15,13 1,131 0,25 0,4    16,901  361,0    

7 6524 2,9 710 4,57 12,8 0,841 0,25 0,3    14,181 422,2    

8 7456 2,9 800 4,12 10,35 0,580 
 

0,2    11,130 480,3    

9 8388 2,9 800 4,63 13,13 0,725 0,25 0,3    14,355 541,7    

10 9320 2,9 900 4,07 10,1 0,493 0,70 0,2    11,463  600,1    

11 10252 9,5 900 4,47 12,24 1,470 

 

0,2    13,920  661,0    

От̏ет̏ле̛̦я ϭ 

Вˀ                  26 

12 100 8,9 100 3,53 7,64 18,63 1,04 2,09 29,7 55,76 

      ∆ = 55,755,76   =0 <10%         

      55,7        

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɨɝɥɚɫɧɨ [11], 
ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɟ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 5. 
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Ɍɚɛɥɢɰɚ 5 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ȼ1 
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1 2 3 4 5 6 7 8 9 10 11 

ʺа̛̭̐т̬аль ʿϭ 

Вˀ                  47 

1 100 8 200 0,88 0,47 0,7 1,41 0,7  3,280  44,3    

2 1370 2,2 315 4,88 14,34 1,958 1,35 0,9  18,538  62,8    

3 2640 2,2 450 4,61 12,79 1,122 0,28 0,5    14,702 118,5    

4 3910 2,2 560 4,41 11,71 0,792 1,25 0,4    14,112  132,6    

5 5180 2,9 630 4,61 12,85 0,812 0,25 0,3    14,426  188,3    

6 6450 2,9 710 4,52 12,35 0,812 1,25 0,3    14,692  203,0    

7 7720 2,9 800 4,26 10,98 0,638 
 

0,2    11,838  255,8    

8 8990 2,9 800 4,96 14,81 0,841 1,25 0,3    17,191  273,0    

9 10260 2,9 900 4,48 12,08 0,58 
 

0,2    12,860  326,9    

10 

11530 2,9 
900 5,03 

15,05 
0,725 1 0,3    

17,025

0 
343,9    

11 12800 2,2 900 5,58 15,05 0,725 
 

0,3    16,025  400,5    

От̏ет̏ле̛̦я ϭ 

Вˀ                  51 

1 1270 5,2 315 4,52 12,35 4,04 0,73 0,77 19,89 68,89 

      ∆ = 62,4-68,89   =10 <10%         

      62,4        

От̏ет̏ле̛̦я Ϯ 

Вˀ                  51 

1 1270 5,2 315 4,52 12,35 4,04 0,73 0,77 19,89 48,15 

        ∆ =  132,9-48,15  =48,15>10

% 

      

        132,9       

От̏ет̏ле̛̦я ϯ 

Вˀ                  51 

1 1270 5,2 315 4,52 12,35 4,04 0,73 0,77 19,89 66,06 

        ∆ =   203-66,06  =66>10%       

        203       

От̏ет̏ле̛̦я ϰ 

Вˀ                  51 

1 1270 5,2 315 4,52 12,35 4,04 0,73 0,77 19,89 74,77 

        ∆ =   273-74,77  =74,8>10%       

        273       

От̏ет̏ле̛̦я ϱ 

Вˀ                  51 

1 1270 5,2 315 4,52 12,35 4,04 0,73 0,77 19,89 79,97 

        ∆ =   343,9-79,97  =79,9>10%       

        343,9       
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ȿɫɥɢ ɧɟɜɹɡɤɚ ɛɨɥɶɲɟ 10%, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɪɨɫɫɟɥɶɧɵɣ 
ɤɥɚɩɚɧ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɧɚ ɥɢɫɬɚɯ 4,5. 

3.5 Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦ ɩɪɢɬɨɱɧɨɣ ɢ ɜɵɬɹɠɧɨɣ 
ɜɟɧɬɢɥɹɰɢɢ 

ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉ1 ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɞɥɹ ɡɞɚɧɢɹ ɝɚɪɚɠɚ - 
ɫɬɨɹɧɤɢ ɩɪɨɢɡɜɟɞɟɧ ɜ ɩɪɨɝɪɚɦɦɟ «WinClim II». Ɉɬɱɟɬ ɩɪɟɞɨɫɬɚɜɥɟɧ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ʉ.  

ɉɨɞɛɨɪ ɜɟɧɬɢɥɹɬɨɪɚ ɞɥɹ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ȼ1 ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 
ɩɪɢɥɨɠɟɧɢɹ Ʌ. 

ȼɵɛɨɪ ɜɟɧɬɢɥɹɬɨɪɚ ɜɵɩɨɥɧɹɸɬ ɩɨ ɬɪɟɛɭɟɦɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Lɜ, 
ɦଷ/ɱ, ɢ ɩɨɥɧɨɦɭ ɞɚɜɥɟɧɢɸ ɜɟɧɬɢɥɹɬɨɪɚ Pɜ, ɉɚ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɞɥɹ ɜɵɬɹɠɧɵɯ 
ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 L˅ = ͳ,ͳ ∙ L, ɦ3/ɱ; (12) Pɜ = ͳ,ͳ ∙ ∆Pɦɚɝ + ∆Pɤɥɚɩɚɧ, ɉɚ. (13) 
 
ɝɞɟ ∆Pɦɚɝ – ɨɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɜɨɡɞɭɯɨɜɨɞɚɯ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɸ, ɉɚ;   ∆Pɤɥɚɩɚɧ –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 Ɇ. 

Ʉɥɚɩɚɧ ɨɛɪɚɬɧɵɣ: RSK 630 ∆Pɦɚɝ=400ɉɚ; L=12800 ɦ3/ɱ L˅= 14080 ɦ3/ɱ Pɜ=400+65=465 ɉɚ 
ɉɨ ɫɜɨɞɧɨɦɭ ɝɪɚɮɢɤɭ ɞɥɹ ɩɨɞɛɨɪɚ ɜɟɧɬɢɥɹɬɨɪɚ 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, 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. 

3.6 Ɍɟɩɥɨɫɧɚɛɠɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ 

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, ɢɡɨɛɪɚɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 4, ɫ ɬɪɟɯɯɨɞɨɜɵɦ 
ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɨɦ. ȼ ɭɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɦɟɫɢɬɟɥɶɧɵɣ 
ɧɚɫɨɫ. Ⱦɥɹ ɢɡɛɟɠɚɧɢɹ 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 4 – ɍɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɜ ɩɪɨɝɪɚɦɦɟ ɫɜɨɛɨɞɧɨɝɨ ɞɨɫɬɭɩɚ DEXMIX. Ɉɬɱɟɬ 
ɩɪɟɞɨɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ɇ. 

4 Ɍȼɂɋ. Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ  

4.1 ɉɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ 

ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɨɛɴɟɤɬɚ ɤ ɦɨɧɬɚɠɭ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɪɚɡɦɟɬɤɭ ɦɟɫɬɚ 
ɭɫɬɚɧɨɜɤɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɦɟɫɬɚ ɩɪɨɯɨɞɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɦɟɫɬɚ 
ɭɫɬɚɧɨɜɤɢ ɧɚɫɨɫɨɜ ɢ ɭɡɥɨɜ ɭɩɪɚɜɥɟɧɢɹ.  
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ɉɪɢ ɩɪɢёɦɤɟ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɛɴɟɤɬɚ ɩɨɞ ɦɨɧɬɚɠ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ 
ɨɛɪɚɳɚɸɬ ɧɚ ɝɨɬɨɜɧɨɫɬɶ ɮɭɧɞɚɦɟɧɬɨɜ ɩɨɞ ɧɚɫɨɫɵ; ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɬɜɟɪɫɬɢɣ ɢ 
ɛɨɪɨɡɞ ɞɥɹ ɩɪɨɤɥɚɞɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɡɚɞɚɧɧɵɦ ɩɪɨɟɤɬɧɵɦ ɜɟɥɢɱɢɧɚɦ ɢɥɢ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɋɇɢɉɚ; ɧɚ ɨɬɞɟɥɤɭ ɧɢɲ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɡɚ 
ɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ.  

ɉɪɢ ɪɚɡɦɟɬɤɟ ɢ ɩɪɨɤɥɚɞɤɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɫɥɟɞɭɟɬ ɫɨɛɥɸɞɚɬɶ ɭɤɥɨɧɵ ɢ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ 
ɨɬɤɥɨɧɟɧɢɹ ɩɪɢ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬɚɯ. ȼɟɪɬɢɤɚɥɶɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɧɟ ɞɨɥɠɧɵ 
ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɜɟɪɬɢɤɚɥɢ ɛɨɥɶɲɟ ɱɟɦ ɧɚ 2 ɦɦ ɧɚ 1 ɦ ɞɥɢɧɵ ɬɪɭɛɨɩɪɨɜɨɞɚ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɲɬɭɤɚɬɭɪɤɢ ɢɥɢ ɨɛɥɢɰɨɜɤɢ ɞɨ ɨɫɢ 
ɧɟɢɡɨɥɢɪɨɜɚɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɪɢ ɨɬɤɪɵɬɨɣ ɩɪɨɤɥɚɞɤɟ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 
ɩɪɢ ɞɢɚɦɟɬɪɟ ɬɪɭɛ ɞɨ 32 ɦɦ ɨɬ 35 ɞɨ 55ɦɦ, ɚ ɩɪɢ ɞɢɚɦɟɬɪɟ 40…50 ɦɦ-ɨɬ 50 ɞɨ 
60 ɦ ɦ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ +-5ɦɦ.  

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɪɟɩɥɟɧɢɹɦɢ ɢ ɨɩɨɪɚɦɢ ɞɥɹ ɫɬɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɛɥɢɰɟɣ 2 ɋɇɂɉ 3.05.01-85. 
ɋɪɟɞɫɬɜɚ ɤɪɟɩɥɟɧɢɹ ɫɬɨɹɤɨɜ ɢɡ ɫɬɚɥɶɧɵɯ ɬɪɭɛ ɜ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ 
ɡɞɚɧɢɹɯ ɩɪɢ ɜɵɫɨɬɟ ɷɬɚɠɚ 3 ɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɩɨɥɨɜɢɧɟ ɜɵɫɨɬɵ ɷɬɚɠɚ. 
ɋɪɟɞɫɬɜɚ ɤɪɟɩɥɟɧɢɹ ɫɬɨɹɤɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɹɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɱɟɪɟɡ 3ɦ. ɉɨɞɜɨɞɤɢ ɤ ɨɬɨɩɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ ɩɪɢ ɞɥɢɧɟ ɛɨɥɟɟ 500 ɦɦ ɬɚɤɠɟ 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɤɪɟɩɥɟɧɢɹ.  

ȼ ɦɟɫɬɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ ɩɟɪɟɤɪɵɬɢɹɦɢ, ɫɬɟɧɚɦɢ ɢ 
ɩɟɪɟɝɨɪɨɞɤɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɝɢɥɶɡɵ ɡɚɩɨɞɥɢɰɨ ɫ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɫɬɟɧ ɢ 
ɩɟɪɟɝɨɪɨɞɨɤ ɢ ɜɵɲɟ ɧɚ 20-30 ɦɦ ɨɬɦɟɬɤɢ ɱɢɫɬɨɝɨ ɩɨɥɚ. Ɂɚɡɨɪ ɦɟɠɞɭ ɬɪɭɛɨɣ ɢ 
ɝɢɥɶɡɨɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɜɨɛɨɞɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɬɪɭɛɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ.  

ɍɤɥɨɧɵ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɚɪɚ, ɜɨɞɵ ɢ ɤɨɧɞɟɧɫɚɬɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɛɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɢɥɢ ɪɚɛɨɱɢɦ ɩɪɨɟɤɬɨɦ, ɧɨ ɞɨɥɠɧɵ ɛɵɬɶ 
ɧɟ ɦɟɧɟɟ 0,002. ɍɤɥɨɧɵ ɩɨɞɜɨɞɨɤ ɤ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ ɜɵɩɨɥɧɹɸɬɫɹ 
ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɩɪɟɞɟɥɚɯ 5...10 ɦɦ ɧɚ ɜɫɸ ɞɥɢɧɭ ɩɨɞɜɨɞɤɢ. 
ɉɪɢ ɞɥɢɧɟ ɩɨɞɜɨɞɤɢ ɦɟɧɟɟ 500 ɦɦ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɫɦɨɧɬɢɪɨɜɚɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ. 

Ɋɚɡɦɟɬɤɚ ɦɟɫɬ ɭɫɬɚɧɨɜɤɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɤɪɟɩɥɟɧɢɣ 
ɭɤɚɡɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɝɥɚɫɧɨ ɪɚɛɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɫ 
ɨɛɟɫɩɟɱɟɧɢɟɦ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢ ɫɩɭɫɤɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɡ ɫɢɫɬɟɦɵ 
ɨɬɨɩɥɟɧɢɹ. Ɇɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɤɪɨɧɲɬɟɣɧɵ ɢɥɢ ɞɪɭɝɢɟ ɜɢɞɵ 
ɤɪɟɩɥɟɧɢɣ ɪɚɡɦɟɱɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɲɚɛɥɨɧɨɜ ɩɨɫɥɟ ɲɬɭɤɚɬɭɪɤɢ ɦɟɫɬ 
ɭɫɬɚɧɨɜɤɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

ɋɪɟɞɫɬɜɚ ɤɪɟɩɥɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɞɸɛɟɥɹɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɨɝɨ ɩɢɫɬɨɥɟɬɚ 
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(ɧɚ ɛɟɬɨɧɧɵɯ, ɤɢɪɩɢɱɧɵɯ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɝɢɩɫɨɥɢɬɨɜɵɯ ɫɬɟɧɚɯ ɢ 
ɩɟɪɟɝɨɪɨɞɤɚɯ) ɢɥɢ ɩɭɬɟɦ ɡɚɞɟɥɤɢ ɰɟɦɟɧɬɧɵɦ ɪɚɫɬɜɨɪɨɦ ɦɚɪɤɢ ɧɟ ɧɢɠɟ 100 ɧɚ 
ɝɥɭɛɢɧɭ ɧɟ ɦɟɧɟɟ 100 ɦɦ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɫɜɟɪɥɟɧɧɵɟ ɨɬɜɟɪɫɬɢɹ. 
ɉɪɢɦɟɧɟɧɢɟ ɞɟɪɟɜɹɧɧɵɯ ɩɪɨɛɨɤ ɞɥɹ ɡɚɞɟɥɤɢ ɤɪɨɧɲɬɟɣɧɨɜ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 

4.2 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɨɧɬɚɠɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ  

Ɇɚɝɢɫɬɪɚɥɶɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɢ ɝɥɚɜɧɵɟ ɫɬɨɹɤɢ ɫɢɫɬɟɦɵ ɩɪɢɧɹɬɵ ɢɡ 
ɫɬɚɥɶɧɵɯ ɜɨɞɨɝɚɡɨɩɪɨɜɨɞɧɵɯ ɬɪɭɛ ɩɨ ȽɈɋɌ 3262-75* ɢ ɫɬɚɥɶɧɵɯ 
ɷɥɟɤɬɪɨɫɜɚɪɧɵɯ ɬɪɭɛ ɩɨ ȽɈɋɌ 10704-91 ɫ ɝɢɞɪɨɢɡɨɥɹɢɟɣ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɦ 
ɚɥɸɦɢɧɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨ ȽɈɋɌ 9.304-87 ɢ ɬɟɩɥɨɢɡɨɥɢɪɭɸɬɫɹ ɲɢɥɢɧɞɪɚɦɢ 
ɢɡ ɫɬɟɤɥɹɧɧɨɝɨ ɲɩɚɬɟɥɶɧɨɝɨ ɜɨɥɨɤɧɚ ɫ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɦ ɩɨɤɪɵɬɢɟɦ. 
ɇɟɢɡɨɥɢɪɨɜɚɧɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɩɨɤɪɵɜɚɸɬɫɹ ɦɚɫɥɹɧɨɣ ɤɪɚɫɤɨɣ ɡɚ 2 ɪɚɡɚ ɩɨ 
ȽɈɋɌ 82-92-75.  

ɍɞɚɥɟɧɢɟ ɜɨɡɞɭɯɚ ɢɡ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ 
ɨɫɭɲɟɫɬɜɥɹɟɬɫɹ ɜ ɜɵɫɲɢɯ ɬɨɱɤɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɨɡɞɭɯɨɨɬɜɨɞɱɢɤɚɦɢ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɬɪɭɛɨɩɪɨɜɨɞɚɯ.  

Ɉɬɜɟɞɟɧɢɟ ɜɨɞɵ ɢɡ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɜɟɬɜɟɣ ɫɢɫɬɟɦ 
ɨɬɨɩɥɟɧɢɹ ɜ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɤɢ ɞɪɟɧɚɠɧɨɣ ɚɪɦɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 
ɩɨɦɨɳɢ ɲɥɚɧɝɚ ɢ ɪɭɱɧɨɝɨ ɧɚɫɨɫɚ. Ɉɬɤɪɵɬɨ ɩɪɨɤɥɚɞɵɜɚɟɦɵɣ ɫɬɨɹɤ 
ɪɚɫɩɨɥɨɠɢɬɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 200 ɦɦ ɨɬ ɨɤɨɧɧɨɝɨ ɩɪɨɟɦɚ.  

Ʉɥɚɩɚɧɵ ɭɫɬɚɧɨɜɢɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɚɩɪɚɜɥɟɧɢɟ ɫɬɪɟɥɤɢ ɧɚ 
ɤɨɪɩɭɫɟ ɫɨɜɩɚɞɚɥɨ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ (ɬɟɩɥɨɧɨɫɢɬɟɥɹ).  

ɍɤɥɨɧɵ ɩɨɞɜɨɞɨɤ ɤ ɨɬɨɩɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ ɜɵɩɨɥɧɢɬɶ 9 ɦɦ ɧɚ ɞɥɢɧɭ 
ɩɨɞɜɨɞɤɢ ɜ ɫɬɨɪɨɧɭ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ.  

ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɩɨɞ ɨɤɧɨɦ ɜɵɫɨɬɚ ɨɬ ɩɨɥɚ ɞɨ ɧɢɡɚ 
ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɜ ɩɪɟɞɟɥɚɯ 60-150ɦɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɫɬɟɧɵ ɩɪɢɧɢɦɚɟɦ 
ɧɟ ɦɟɧɟɟ 25ɦɦ. ɋɨɜɦɟɳɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɨɫɟɣ ɫɢɦɦɟɬɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɪɢɛɨɪɨɜ ɢ ɨɤɨɧɧɵɯ ɩɪɨɟɦɨɜ ɧɟɨɛɹɡɚɬɟɥɶɧɨ. 

Ɋɟɝɢɫɬɪɵ ɢɡ ɝɥɚɞɤɢɯ ɬɪɭɛ ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɤɪɨɧɲɬɟɣɧɚɯ, ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ. Ʉɪɨɧɲɬɟɣɧɵ, ɡɚɞɟɥɚɧɧɵɟ ɜ ɫɬɟɧɵ ɢɥɢ 
ɩɪɢɫɬɪɟɥɹɧɧɵɟ ɤ ɧɟɣ ɭɫɬɚɧɨɜɢɬɶ ɩɨɞ ɲɟɣɤɢ ɪɟɝɢɫɬɨɜ.  

4.3 ɂɫɩɵɬɚɧɢɟ ɢ ɫɞɚɱɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ 

ɉɪɢёɦ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɬɪɢ ɷɬɚɩɚ: ɧɚɪɭɠɧɵɦ ɨɫɦɨɬɪɨɦ, 
ɢɫɩɵɬɚɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɢɥɢ ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɧɫɩɵɬɚɧɢɹ ɧɚ 
ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ.  
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɪɭɠɧɨɝɨ ɨɫɦɨɬɪɚ ɩɪɨɜɟɪɹɸɬ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɱɟɪɬɟɠɢ 
ɢ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬ ɭɬɜɟɪɠɞёɧɧɨɦɭ ɩɪɨɟɤɬɭ, ɩɪɚɜɢɥɶɧɨɫɬɶ 
ɫɛɨɪɤɢ ɢ ɩɪɨɱɧɨɫɬɶ ɤɪɟɩɥɟɧɢɹ ɬɪɭɛ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɭɫɬɚɧɨɜɤɚ 
ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɡɚɩɨɪɧɨɣ ɢ ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ, 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɩɭɫɤɧɵɯ ɢ ɜɨɡɞɭɲɧɵɯ ɤɪɚɧɨɜ, ɫɨɛɥɸɞɟɧɢɟ ɭɤɥɨɧɨɜ, 
ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɨɝɪɟɜɚ ɩɪɢɛɨɪɨɜ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɟɫɲɭɦɧɨɫɬɶ ɪɚɛɨɬɵ ɧɚɫɨɫɨɜ 
ɢ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ, ɨɬɫɭɬɫɬɜɢɟ ɬɟɱɢ ɜ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɭɱɚɫɬɤɚɯ 
ɪɟɝɢɫɬɪɨɜ, ɤɪɚɧɚɯ, ɡɚɞɜɢɠɤɚɯɢ ɞɪ.  

ɉɨɫɥɟ ɧɚɪɭɠɧɨɝɨ ɨɫɦɨɬɪɚ ɩɪɨɜɨɞɢɬɫɹ ɢɫɩɵɬɚɧɢɟ ɩɨ ɩɪɨɝɪɚɦɦɟ, 
ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɢɫɬɟɦɨɣ ɨɬɨɩɥɟɧɢɹ ɢ ɜɪɟɦɟɧɟɦ ɝɨɞɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɜɵɹɜɥɟɧɢɹ 
ɞɟɮɟɤɬɧɵɯ ɦɟɫɬ ɤɚɠɞɚɹ ɫɢɫɬɟɦɚ ɢɫɩɵɬɵɜɚɟɬɫɹ ɩɨ ɭɡɥɚɦ, ɚ ɡɚɬɟɦ ɜ ɰɟɥɨɦ. 
ɂɫɩɵɬɚɧɢɹ ɞɨɥɠɧɵ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɞɨ ɧɚɱɚɥɚ ɦɚɥɹɪɧɵɯ ɪɚɛɨɬ.  

ɂɫɩɵɬɚɧɢɟ ɫɢɫɬɟɦ ɜɨɞɹɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɪɢ 
ɨɬɤɥɸɱёɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢ ɪɚɫɲɢɪɢɬɟɥɶɧɵɯ ɫɨɫɭɞɨɜ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɞɚɜɥɟɧɢɹ, ɪɚɜɧɵɦ 1,5 ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ, ɧɨ ɧɟ 
ɦɟɧɟɟ 0,2 Ɇɉɚ ɜ ɫɚɦɨɣ ɧɢɠɧɟɣ ɬɨɱɤɟ ɫɢɫɬɟɦɵ. ɑɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɞɥɹ 
ɢɫɩɵɬɚɧɢɹ ɜɜɨɞɨɜ ɜ ɡɞɚɧɢɹ ɢ ɬɟɩɥɨɜɵɯ ɭɡɥɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɫɨɝɥɚɫɨɜɚɧɧɨ ɫ 
ɪɭɤɨɜɨɞɫɬɜɨɦ Ɍɗɐ.  

ȼɨɞɹɧɵɟ ɫɢɫɬɟɦɵ ɫɱɢɬɚɸɬɫɹ ɜɵɞɟɪɠɚɜɲɢɦɢ ɢɫɩɵɬɚɧɢɟ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɟɫɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɧɚɯɨɠɞɟɧɢɹ ɟё ɩɨɞ ɩɪɨɛɧɵɦ 
ɞɚɜɥɟɧɢɟɦ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɧɹ ɧɟ ɩɪɟɜɵɫɢɬ 0,02 Ɇɉɚ ɢ ɨɬɫɭɬɫɬɜɭɸɬ ɬɟɱɢ ɜ 
ɫɜɚɪɧɵɯ ɲɜɚɯ, ɬɪɭɛɚɯ, ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɚɪɦɚɬɭɪɟ, ɨɬɨɩɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɚɯ ɢ ɨɛɨɪɭɞɨɜɚɧɢɢ.  

Ɇɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫɥɟɞɭɸɲɢɦ 
ɨɛɪɚɡɨɦ: ɫɢɫɬɟɦɭ ɡɚɩɨɥɧɹɸɬ ɜɨɡɞɭɯɨɦ ɩɪɨɛɧɵɦ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ 0,15 
Ɇɉɚ: ɩɪɢ ɨɛɧɚɪɭɠɟɧɧɢ ɞɟɮɟɤɬɨɜ ɦɨɧɬɚɠɚ ɧɚ ɫɥɭɯ ɫɧɢɠɚɸɬ ɞɚɜɥɟɧɢɟ ɞɨ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɢ ɭɫɬɪɚɧɹɸɬ ɞɟɮɟɤɬɵ; ɡɚɬɟɦ ɫɢɫɬɟɦɭ ɡɚɩɨɥɧɹɸɬ ɜɨɡɞɭɯɨɦ 
ɞɚɜɥɟɧɧɟɦ 0,1 Ɇɉɚ ɧ ɜɵɞɟɪɠɢɜɚɸɬ ɟё ɩɨɞ ɩɪɨɛɧɵɦ ɞɚɜɥɟɧɢɟɦ ɜ ɬɟɱɟɧɢɢ 5 
ɦɧɧ. ɋɢɫɬɟɦɚ ɩɪɢɡɧɚёɬɫɹ ɜɵɞɟɪɠɚɜɲɟɣ ɢɫɩɵɬɚɧɢɟ, ɟɫɥɢ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɟё 
ɩɨɞ ɩɪɨɛɧɵɦ ɞɚɜɥɟɧɢɟɦ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɧɹ ɧɟ ɩɪɟɜɵɫɢɬ 0,01Ɇɉɚ. 

ɉɪɢ ɩɭɫɤɟ ɨɬɨɩɥɟɧɢɹ ɜ ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨɝɨ ɨɩɨɪɨɠɧɟɧɢɹ ɟɝɨ ɨɬ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɜɵɤɥɸɱɟɧɢɹ ɢ 
ɨɬɤɥɸɱɟɧɢɟ ɩɨ ɱɚɫɬɹɦ. 

ɂɫɩɪɚɜɧɨɟ ɢ ɷɮɮɟɤɬɢɜɧɨɟ ɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɫɟɦɢɱɚɫɨɜɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɫ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɜ ɩɨɞɚɸɲɟɦ 
ɬɪɭɛɨɩɪɨɜɨɞɟ. ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɨ ɧɟ ɦɟɧɟɟ 50°ɋ. ɢ ɜɟɥɢɱɢɧɟ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ 
ɫɢɫɬɟɦɟ ɫɨɝɥɚɫɧɨ ɪɚɛɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɢ.  
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ɉɪɢ ɫɞɚɱɟ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɬ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 
ɱɟɪɬɟɠɟɣ. ȼɫɟ ɚɤɬɵ ɩɪɢёɦɤɢ ɫɤɪɵɬɵɯ ɪɚɛɨɬ, ɩɚɫɩɨɪɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚɤɬɵ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢɫɩɵɩɚɧɢɣ ɢ ɚɤɬɵ ɬɟɩɥɨɜɨɝɨ ɢɫɩɵɬɚɧɢɹ ɫɢɫɬɟɦɵ. 
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ɁȺɄɅɘЧȿɇɂȿ 

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 ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ. Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɚ 
ɫɢɫɬɟɦɚ ɨɬɨɩɥɟɧɢɹ – ɞɜɭɯɬɪɭɛɧɚɹ, ɩɨɞɨɛɪɚɧɵ ɨɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ 
ɪɟɝɭɥɢɪɭɸɳɚɹ ɚɪɦɚɬɭɪɚ. Ɍɚɤɠɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɜɟɧɬɢɥɹɰɢɢ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ, ɫɨɡɞɚɸɳɚɹ  ɞɨɩɭɫɬɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ 
ɜ ɡɞɚɧɢɢ. ɉɪɨɢɡɜɟɞɟɧ ɩɨɞɛɨɪ ɨɫɧɨɜɧɨɝɨ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɉɨɫɬɪɨɟɧɵ ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ ɫɢɫɬɟɦ ȼ1, ɉ1, ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɥɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 
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109 ɫ. 
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3    ɋɉ 113.13330.2016 ɋɬɨɹɧɤɢ ɚɜɬɨɦɨɛɢɥɟɣ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
ɪɟɞɚɤɰɢɹ ɋɇɢɉ 21-02-99* (ɫ ɂɡɦɟɧɟɧɢɟɦ N 1).  – ȼɜɟɞ. 08.05.2017. – Ɇɨɫɤɜɚ: 
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 2017  
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ɩɨɫɬɪɨɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. – ȼɜɟɞ. 
30.12.2013 – Ʉɪɚɫɧɨɹɪɫɤ : ɋɎɍ, 2014. – 27 ɫ. 

10 ȽɈɋɌ 34059-2017 «ɂɧɠɟɧɟɪɧɵɟ ɫɟɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɜɧɭɬɪɟɧɧɢɟ. ɍɫɬɪɨɣɫɬɜɨ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ, ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ». – ȼɜɟɞ. 02.01.2018 – Ɇɨɫɤɜɚ, 
ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2018.  
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ  

 



 

32 
 

 
Ɍɟɩɥɨɩɨɬɟɪɢ ɩɪɢ ɞɟɠɭɪɧɨɦ ɨɬɨɩɥɟɧɢɢ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ  
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ɉɊɂɅɈɀȿɇɂȿ Ƚ  
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ  
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ɉɊɂɅɈɀȿɇɂȿ ȿ 
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ɉɊɂɅɈɀȿɇɂȿ ɀ 

ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɞɥɹ ɫɢɫɬɟɦɵ ɉ1 

 

ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɞɥɹ ɫɢɫɬɟɦɵ ȼ1 

 

ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɞɥɹ ɨɬɜɟɬɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɉ1  
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ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɞɥɹ ɩɟɪɜɨɝɨ ɭɱɚɫɬɤɚ ɫɢɫɬɟɦɵ ȼ1 

 

ȼɨɡɞɭɯɨɪɚɡɩɪɟɞɟɥɢɬɟɥɢ ɞɥɹ ɨɬɜɟɬɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ȼ1 
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ɉɊɂɅɈɀȿɇɂȿ ɂ   

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɉ1 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɇɚɡɜɚɧɢɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɨɥɢɱɟɫɬɜɨ ξ ∑ξ 

1 2 3 4 5 
1 Ɋɚɫɲɢɪɟɧɢɟ 1 0,41 1,41 

ɨɬɜɨɞ 90° 2 0,5 
2 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 1,35 

Ɋɚɫɲɢɪɟɧɢɟ 1 0,29 
3 Ɋɚɫɲɢɪɟɧɢɟ 1 0,28 0,28 
4 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 1,25 

ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 
5 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
6 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 1,25 

ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 
8 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 1,25 

ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 
9 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,18 
 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 1 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɢɫɬɟɦɵ ɉ1 

ɇɨɦɟɪ 
ɭɱɚɫɬɤɚ 

ɇɚɡɜɚɧɢɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɨɥɢɱɟɫɬɜɨ ξ ∑ξ 

1 2 3 4 5 
1 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
2 ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 1 1 1,29 

Ɋɚɫɲɢɪɟɧɢɟ 1 0,29 
3 Ɋɚɫɲɢɪɟɧɢɟ 1 0,28 0,28 
4 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
6 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
7 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
9 Ɋɚɫɲɢɪɟɧɢɟ 1 0,25 0,25 
10 Ɋɚɫɲɢɪɟɧɢɟ 1 0,35 0,35 

ɨɬɜɨɞ 90° 1 0,35 
Ɉɬɜ ɨɬɜɨɞ 90° 3 0,35 1,4 

Ɋɚɫɲɢɪɟɧɢɟ 1 0,35 
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ɉɊɂɅɈɀȿɇɂȿ Ʉ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 Ɍɢɩɨɪаɡɦɟɪ PR 120 Кɨɪɩɭɫ 
 Ɋаɫɯɨɞ ɩɪɢɬɨɱ. ɜɨɡɞ. 10252 m?/h Ɍɨɥɳɢɧа ɦɟɬ. ɥɢɫɬа 1.0 ɦɦ ɧɚɪ. / 0.8 ɦɦ ɜɧ. 
 2.85 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 2.41 m/s Иɡɨɥяɰɢя Ɇɢɧɟɪɚɥ. ɜɚɬɚ (35 ɤɝ/ɦ?) 
 / 50 ɦɦ 
 

 Energy Efficiency Class : E  
 
 Кɥаɫɫɢɮɢɤаɰɢя ɩɨ EN 1886 
 ɉɪɨɱɧɨɫɬɶ ɤɨɪɩɭɫа : ɤɥаɫɫ 2A - D1 (PR & TR) Ɍɟɩɥɨɢɡɨɥяɰɢя : 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: 7574 Euro 
 
Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 1 Ⱦɥɢɧа: 1022 mm   ȼɟɫ: 199.5 kg 
 
 (1)  ɋɟɤɰɢя ɫɦɟɲɟɧɢя 
 Наɪɭɠɧɵɣ ɜɨɡɞɭɯ   Кɥаɩаɧ ɧа 1/2 ɮɪɨɧɬ. ɩаɧɟɥɢ   ɋɬаɧɞаɪɬ. 
 Ɇɚɤ. ɪɚɫɯ. ɜɨɡɞ. 10252 m?/h ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢя 51 Pa Ʉɪɭɬ. ɦɨɦɟɧɬ 9 Nm 
 2.85 m?/s 
 
 (2)  Фɢɥɶɬɪ ɫ Ⱦɜɟɪɰа 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ɋаɡɦɟɪ ɢ ɤɨɥ-ɜɨ 
 Ɍɢɩ ɋɢɧɬɟɬɢɱ. ɩɥɨɫɤɢɣ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 10252 m?/h 287x 592 2 
 Ʉɥɚɫɫ G4 2.848 m?/s 592 x 592 2 
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 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯ. 1.115 m? Ʉɨɧɟɱ. ɞɚɜɥɟɧɢɟ 150 Pa 
 Ɋɚɫɱɟɬ. ɞɚɜɥɟɧɢɟ 104 Pa 
 
 (3)  Вɨɡɞɭɯɨɧаɝɪɟɜаɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɍɟɩɥɨɨɛɦɟɧɧɢɤ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 10252 m?/h Ɍɢɩ ȼɨɞɚ 
 Ɇɚɬɟɪɢɚɥ Cu/Al 2.848 m?/s Ƚɥɢɤɨɥɶ 0 % 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 3.2 m/s ȼɯɨɞ. ɜɨɡɞɭɯ 15/90 °C/%r.H. t ɜɯɨɞ./ɜɵɯɨɞ. 80/60 °C 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 0.9 m? ȼɵɯɨɞ. ɜɨɡɞɭɯ 25/48 °C/%r.H. Ɋɚɫɯɨɞ 1521 l/h 
 Ɋяɞɵ/ɯɨɞɵ 1/5 Ʉɨɷɮ. ɛɟɡɨɩɚɫɧ. 47 % ɋɤɨɪɨɫɬɶ 1.4 m/s 
 Ɋɚɫɫɬ. ɦ. ɪɟɛɪ. 2.5 mm ɉɨɥɧɚя ɩɪɨɢɡɜ. 34.6 kW ɉɨɬɟɪя ɧɚɩɨɪɚ 31.3 kPa 
 ɋɨɟɞɢɧɟɧɢя DN25 ɉɚɞɟɧɢɟ ɞɚɜɥ. 23 Pa Ɇɢɧ. ɬɟɦɩɟɪɚɬ. 0 °C 
 
 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 2 Ⱦɥɢɧа: 2422 mm   ȼɟɫ: 446.5 kg 
 
 (4)  Пɪɢɬɨɱɧɵɣ ɜɟɧɬɢɥяɬɨɪ ɫ Ⱦɜɟɪɰа 
 ȼɟɧɬɢɥяɬɨɪ Эɥɟɤɬɪɨɞɜɢɝаɬɟɥɶ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
 Ɍɢɩɨɪɚɡɦɟɪ ADH 400 L Rated Power 4 kW Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 10252 m?/h 
 ɋɬɚɧɞɚɪɬ ɇɚɩɪяɠɟɧɢɟ 230/400V-3ph-50Hz 2.848 m?/s 
 Ʌɨɩɚɬɤɢ Зɚɝɧ. ɜɩɟɪɟɞ Ʉɥɚɫɫ ɡɚɳɢɬɵ IP55 ɋɬɚɧɞɚɪɬ ɉɚɞ. ɞɚɜɥ. ɜ ɚɝɪ. 215 Pa 
 ȼɢɛɪɨɢɡɨɥяɬɨɪɵ Ɋɟɡɢɧɨɜɵɟ Ɍɟɩɥɨɜɚя ɡɚɳɢɬɚ PTO ȼɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ 300 Pa 
 ɋɤɨɪɨɫɬɶ 905 ɨɛ/ɦɢɧ Rated Speed 1440 ɨɛ/ɦɢɧ Ⱦɢɧɚɦ. ɞɚɜɥɟɧɢɟ 73 Pa 
 Эɮɮɟɤɬɢɜɧɨɫɬɶ 64 % Rated Current 8.2 A Ɉɛɳɟɟ ɞɚɜɥɟɧɢɟ 588 Pa 
 Shaft power 2.64 kW ɉɨɬɪɟɛ. ɦɨɳɧɨɫɬɶ 3.67 kW 
 SFP4 1289 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. 80 dB 84 dB 78 dB 80 dB 77 dB 77 dB 73 dB 68 dB 83 dB(A) 
 Lw ɜɨɡɞɭɯɨɜ. ɜɧɢɡ ɩɨ ɩ. 81 dB 84 dB 79 dB 81 dB 77 dB 77 dB 73 dB 68 dB 83 dB(A) 
 Lw ɤɨɪɩɭɫɚ 64 dB 65 dB 53 dB 55 dB 48 dB 51 dB 41 dB 29 dB 57 dB(A) 
 Lp* 47 dB 48 dB 36 dB 38 dB 31 dB 34 dB 24 dB 12 dB 40 dB(A) 
 Lw ɇɚɪɭɠɧɵɣ ɜɨɡɞɭɯ 79.5 dB 82.9 dB 76.4 dB 78.4 dB 74.9 dB 75 dB 70.9 dB 65.9 dB 81 dB(A) 
 Lw ɉɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ 75.9 dB 76.9 dB 67.9 dB 63.9 dB 54.9 dB 57.9 dB 55.9 dB 56.9 dB 67 dB(A) 
 *ɍɪ. ɡɜ. ɞɚɜɥ.. ɪɚɫɫɱ. ɧɚ ɪɚɫɫɬ. 2ɦ ɜ ɭɫɥ. ɫɜ. ɩɪɨɫɬɪ. 
 
 (5)  Дɢɮɮɭɡɨɪ 300mm 
 
 (6)  Шɭɦɨɝɥɭɲɢɬɟɥɶ 
 Шɢɪɢɧɚ ɪɚɡɞɟɥɢɬ. 200 mm Ʉɨɥ-ɜɨ ɪɚɡɞɟɥɢɬ. 4 ɋɤ. ɜɨɡɞɭɯɚ 7 m/s 
 Ⱦɥɢɧɚ ɪɚɡɞɟɥɢɬ. 600 mm ɉɨɬɟɪя ɞɚɜɥ. 37 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. 10252 m?/h 
 2.85 m?/s 
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ɉɊɂɅɈɀȿɇɂȿ Ʌ 
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Ƚɢɛɤɚɹ ɜɫɬɚɜɤɚ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɜɟɧɬɢɥɹɬɨɪɚ 
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ɉɊɂɅɈɀȿɇɂȿ Ɇ 

Ɉɛɪɚɬɧɵɟ ɤɥɚɩɚɧɵ RSK 
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ɉɊɂɅɈɀȿɇɂȿ ɇ 

 
  



 

54 
 

 

 
 



 

55 
 

 



 

56 
 

 

 



 

57 
 

 



 

58 
 

 




