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Нɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢя ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɭɱɟɧɵ ɪɟɝɪɟɫɫɢ-
ɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɧɭɥ ɨɬ ɫɤɨɪɨɫɬɧɵɯ ɢ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛɪɚɰɢɨɧɧɨ-ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɝɪɚɧɭɥяɬɨɪɚ. ɍɫɬɚɧɨɜɥɟɧɵ ɪɚɰɢ-
ɨɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢя ɜɚɪɶɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɞɥя ɩɨɥɭɱɟɧɢя ɩɟɪɥɢɬɨɫɨɞɟɪɠɚщɢɯ ɝɪɚɧɭɥ ɡɚɞɚɧɧɨɝɨ ɤɚ-
ɱɟɫɬɜɚ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜа: ɩɟɪɥɢɬ, ɤɨɦɩɨɡɢɰɢɨɧɧɚя ɫɦɟɫɶ, ɜɢɛɪɚɰɢɨɧɧɨ-ɰɟɧɬɪɨɛɟɠɧɵɣ ɝɪɚɧɭɥяɬɨɪ, ɩɥɚ-
ɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɮɚɤɬɨɪɵ, ɭɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢя. 

 

Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɟ ɡɚɩɨɥɧɢɬɟɥɢ ɲɢɪɨɤɨ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɝɪɚɧɭɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɩɨɪɨɲɤɨ-
ɜɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɝɟɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ.  

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɭɥɨɜ-
ɥɟɧɧɚɹ ɩɵɥɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɫɩɭɱɟɧɧɨɝɨ ɩɟɪɥɢɬɨ-
ɜɨɝɨ ɩɟɫɤɚ (ɉɉɉ), ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɨɛɠɢɝɟ 
ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɜɨɞɨɫɨɞɟɪɠɚɳɟɣ ɝɨɪɧɨɣ ɩɨɪɨ-
ɞɵ ɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɟɪɥɢɬ ɨɬɧɨ-
ɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɥɟɝɤɢɯ (ρɧɚɫ = 100 - 200 ɤɝ/ɦ3

, ρɢɫɬ = 

1500 ɤɝ/ɦ3), ɜɥɚɝɨɟɦɤɢɯ (ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɞɨ 400 
% ɦɚɫɫ), ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɯɚɪɚɤɬɟ-
ɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɜɵɫɨɤɨɣ 
ɩɥɨɳɚɞɶɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ. ɂɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɟɪɥɢɬɨɜɨɝɨ 
ɩɟɫɤɚ ɩɪɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɟɟ ɡɧɚɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 
ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɜɥɚɠɧɨɫɬɢ (ɛɨɥɟɟ 50%) [1]. 

ɍɩɥɨɬɧɟɧɢɟ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɩɟɪɥɢɬɨɫɨ-
ɞɟɪɠɚɳɢɯ ɫɦɟɫɟɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɭɫɥɨɜɧɨ ɜɵɞɟ-
ɥɟɧɧɵɦ ɬɪɟɦ ɫɬɚɞɢɹɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɩɟɪ-
ɜɨɣ ɫɬɚɞɢɢ, ɩɪɢ ɦɚɥɵɯ ɭɫɢɥɢɹɯ (ɞɨ 1 Ɇɉɚ), 
ɭɩɥɨɬɧɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 30%. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫ-
ɯɨɞɢɬ ɭɞɚɥɟɧɢɟ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɵ ɦɟɠɞɭ ɬɜɟɪ-
ɞɵɦɢ ɱɚɫɬɢɰɚɦɢ. ɇɚ ɜɬɨɪɨɣ – ɩɪɨɢɫɯɨɞɢɬ ɮɢɥɶ-
ɬɪɚɰɢɹ ɠɢɞɤɨɣ ɮɚɡɵ, ɡɚɩɨɥɧɟɧɢɟ ɩɭɫɬɨɬ ɦɚɬɟɪɢɚ-
ɥɚ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢ-
ɟɣ ɱɚɫɬɢɰ ɫɵɩɭɱɟɣ ɦɚɫɫɵ. ɋɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 30 - 40%, ɚ ɩɪɢɥɚɝɚɟɦɵɟ ɭɫɢɥɢɹ ɜɨɡ-
ɪɚɫɬɚɸɬ (ɞɨ 1 - 3 Ɇɉɚ). ɇɚ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɫɬɟɩɟɧɶ 
ɭɩɥɨɬɧɟɧɢɹ ɞɨɫɬɢɝɚɟɬ 40 - 60 %, ɩɥɚɫɬɢɱɟɫɤɢɟ 
ɞɟɮɨɪɦɚɰɢɢ ɩɟɪɟɯɨɞɹɬ ɜ ɭɩɪɭɝɢɟ ɢ ɫɨɩɪɨɜɨɠɞɚ-
ɸɬɫɹ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɬɪɚɱɢɜɚɟɦɵɯ ɭɫɢɥɢɣ 
(ɞɨ 3 - 10 Ɇɉɚ) [2]. 

ɂɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɫɬɚɞɢɣɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɫɦɟ-
ɫɟɣ, ɜɤɥɸɱɚɸɳɟɝɨ ɜ ɫɟɛɹ:  

 - ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɢɛɪɨɜɨɡ-
ɞɟɣɫɬɜɢɹ, ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ ɢɥɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɦɟ-
ɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɮɢɥɶ-
ɬɪɚɰɢɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɵ (ɨɛɟɡɜɨɡɞɭɲɢɜɚɧɢɹ); 

 - ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ - ɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɚɝɥɨɦɟɪɚɬɨɜ (ɡɚɪɨɞɵɲɟɣ) 
ɛɭɞɭɳɢɯ ɝɪɚɧɭɥ; 

 - ɧɚ ɬɪɟɬɶɟɣ - ɩɨɫɥɟɞɭɸɳɟɟ ɝɪɚɧɭɥɢɪɨɜɚɧɢɟ 
ɦɟɬɨɞɨɦ ɨɤɚɬɵɜɚɧɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɝɪɚɧɭɥ ɡɚɞɚɧ-
ɧɨɝɨ ɤɚɱɟɫɬɜɚ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɪɚɧɭɥ ɢɡ ɤɨɦɩɨɡɢ-
ɰɢɨɧɧɵɯ ɫɦɟɫɟɣ ɹɜɥɹɸɬɫɹ ɛɚɪɚɛɚɧɧɵɟ ɢ ɬɚɪɟɥɶ-
ɱɚɬɵɟ ɝɪɚɧɭɥɹɬɨɪɵ. Ɉɞɧɚɤɨ ɨɧɢ ɧɟ ɜɫɟɝɞɚ ɩɨɡɜɨ-
ɥɹɸɬ ɩɨɥɭɱɚɬɶ ɩɪɨɞɭɤɬ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ, ɨɫɨ-
ɛɟɧɧɨ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɨɣ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨ-
ɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɧɚɦɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜɢɛɪɚ-
ɰɢɨɧɧɨ-ɰɟɧɬɪɨɛɟɠɧɵɣ ɝɪɚɧɭɥɹɬɨɪ (ȼɐȽ) [3], ɜ 
ɤɨɬɨɪɨɦ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɛɨ-
ɱɢɯ ɛɚɪɚɛɚɧɨɜ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ 
ɮɨɪɦɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɝɪɚɧɭɥɵ ɫ ɡɚɞɚɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

Кɨɧɫɬɪɭɤɰɢɹ ȼɐȽ ɢɦɟɟɬ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞ-
ɩɨɞɝɨɬɨɜɤɢ ɝɪɚɧɭɥ, ɜɵɩɨɥɧɟɧɧɨɟ ɜ ɜɢɞɟ ɩɪɨɮɢɥɶ-
ɧɵɯ ɜɚɥɤɨɜ, ɚ ɬɚɤ ɠɟ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɥɡɭɧɧɵɣ ɦɟ-
ɯɚɧɢɡɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɡɚɞɚɧɧɨɟ ɞɜɢɠɟɧɢɟ ɪɚ-
ɛɨɱɢɯ ɤɚɦɟɪ. Ȼɥɨɤ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɟɬ ɬɪɢ 
ɮɨɪɦɭɸɳɢɯ ɛɚɪɚɛɚɧɚ, ɤɨɬɨɪɵɟ ɠɺɫɬɤɨ ɡɚɤɪɟɩɥɟ-
ɧɵ ɧɚ ɩɨɞɜɢɠɧɨɣ ɪɚɦɟ. Кɚɠɞɵɣ ɛɚɪɚɛɚɧ ɫɨɜɟɪ-
ɲɚɟɬ ɞɜɢɠɟɧɢɟ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɡɚ 
ɫɱɺɬ ɬɨɝɨ, ɱɬɨ ɪɚɦɚ, ɧɚ ɤɨɬɨɪɨɣ ɨɧɢ ɭɫɬɚɧɨɜɥɟɧɵ, 
ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɲɚɪɧɢɪɧɨ ɫɨɟɞɢɧɟɧɚ ɫ ɤɪɢɜɨɲɢ-
ɩɚɦɢ, ɚ ɜ ɜɟɪɯɧɟɣ - ɫ ɩɨɥɡɭɧɚɦɢ, ɞɜɢɠɭɳɢɦɢɫɹ ɩɨ 
ɜɟɪɬɢɤɚɥɶɧɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ. 
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Ƚɪɚɧɭɥɹɬɨɪ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɞɢɚɦɟɬɪ ɜɚɥɤɨɜ DB1 = 0,26 ɦ ɢ 
DB2 = 0,18 ɦ; ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɤɨɜ nɜ = 25 - 150 

ɨɛ/ɦɢɧ; ɞɢɚɦɟɬɪ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɛɚɪɚɛɚɧɨɜ D1 = 

D2 = D3 = 0,15 ɦ; ɞɥɢɧɚ L1 = L2 = L3 = 0,50 ɦ; ɞɢɚ-
ɦɟɬɪ ɬɨɪɨɨɛɪɚɡɧɵɯ ɤɚɦɟɪ DT1 = DT2 = 0,24 ɦ; ɱɚ-
ɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɵɯ ɜɚɥɨɜ nɷ =150 - 

450 ɨɛ/ɦɢɧ; ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɟ = 20×10-3
 ɦ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ ɧɚɦɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɫɬɚɜɵ ɧɚ ɨɫ-
ɧɨɜɟ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɫɩɭɱɟɧɧɨɝɨ ɩɟɪɥɢɬɨ-
ɜɨɝɨ ɩɟɫɤɚ (ɉɉɉ). ɋɜɹɡɭɸɳɢɦɢ ɞɨɛɚɜɤɚɦɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɝɪɚɧɭɥ ɛɵɥɢ ɜɵɛɪɚɧɵ: ɛɟɧɬɨɧɢɬ, ɝɢɩɫ 
ɢ ɠɢɞɤɨɟ ɫɬɟɤɥɨ. Ɋɚɫɬɜɨɪ ɫɢɥɢɤɚɬɚ ɧɚɬɪɢɹ ɢɦɟɟɬ 
ɫɪɨɞɫɬɜɨ ɤ ɩɟɪɥɢɬɭ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɞɧɨɪɨɞ-
ɧɭɸ ɫɦɟɫɶ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ (ɞɨ 200 - 300 °ɋ) 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɡɚɦɤɧɭɬɭɸ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ 

ɝɪɚɧɭɥ. Ȼɟɧɬɨɧɢɬ ɩɪɢɞɚɟɬ ɲɢɯɬɟ ɩɥɚɫɬɢɱɧɵɟ 
ɫɜɨɣɫɬɜɚ. Ƚɢɩɫ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɜɥɚɠɧɨ-
ɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɝɪɚɧɭɥ. 

ɋɨɫɬɚɜ ɲɢɯɬɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɩɨ ɪɟɡɭɥɶɬɚ-
ɬɚɦ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɦɨɞɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɫɨɫɬɚɜɥɹɟɬ, % ɦɚɫ.: ɉɉɉ - 42-47; ɛɟɧ-
ɬɨɧɢɬ 13 - 17; ɝɢɩɫ 13 - 17; ɠɢɞɤɨɟ ɫɬɟɤɥɨ (ɧɚ 
ɫɭɯɭɸ ɱɚɫɬɶ) 23 - 26. ȼɥɚɠɧɨɫɬɶ ɫɦɟɫɢ 52 - 56%. 

Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɝɪɚɧɭɥ ɜɤɥɸɱɚɥɚ ɩɨɞɝɨ-
ɬɨɜɤɭ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɯ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɫ ɩɨɫɥɟ-
ɞɭɸɳɢɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɦɟ-
ɫɢ. ɉɪɢɝɨɬɨɜɥɟɧɧɭɸ ɫɦɟɫɶ ɡɚɝɪɭɠɚɥɢ ɜ ɜɚɥɤɨɜɨɟ 
ɭɩɥɨɬɧɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɡɚɞɚɜɚɹ ɱɚɫɬɨɬɭ ɜɪɚɳɟ-
ɧɢɹ ɜɚɥɤɨɜ ɨɬ 80 ɞɨ 120 ɨɛ/ɦɢɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Кɨɷɮ-
ɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɥɢ, ɤɚɤ ɨɬɧɨɲɟ-
ɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɢɤɪɨɝɪɚɧɭɥ ɤ ɢɫɯɨɞ-
ɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ. Ɂɚɬɟɦ ɭɩɥɨɬɧɟɧɧɭɸ ɲɢɯɬɭ 
ɡɚɝɪɭɠɚɥɢ ɜ ɮɨɪɦɭɸɳɢɣ ɛɥɨɤ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɪɟɯ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɛɚɪɚɛɚɧɨɜ. ȼɪɟɦɹ ɝɪɚɧɭɥɢɪɨɜɚ-
ɧɢɹ ɜɚɪɶɢɪɨɜɚɥɢ ɨɬ 2 ɞɨ 5 ɦɢɧɭɬ. ɑɚɫɬɨɬɭ ɜɪɚɳɟ-

ɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ ɢɡɦɟɧɹɥɢ ɨɬ 200 ɞɨ 400 
ɨɛ/ɦɢɧ. ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɧɭɥɵ ɪɚɫɫɟɢɜɚɥɢ ɩɨ 
ɮɪɚɤɰɢɹɦ: -2 ɦɦ, 2-7ɦɦ ɢ +7ɦɦ. ɋɭɲɤɭ ɝɪɚɧɭɥ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 150-200 °ɋ. Ɂɚɬɟɦ ɨɩɪɟɞɟɥɹɥɢ ɩɪɨɱɧɨɫɬɶ 
ɫɥɨɹ ɝɪɚɧɭɥ ɧɚ ɫɠɚɬɢɟ ɢ ɢɯ ɧɚɫɵɩɧɭɸ ɩɥɨɬɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 9758-86. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ 
ɜɢɞɟ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɥɢɱɢɧ ɨɬ ɩɟɪɟɦɟɧɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɦɧɨɝɨɮɚɤɬɨɪɧɵɣ ɩɥɚɧɢ-
ɪɭɟɦɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɐКɊɉ-2

n
 (ɰɟɧɬɪɚɥɶɧɵɣ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɪɨɬɨɬɚɛɟɥɶɧɵɣ ɩɥɚɧ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ). ɉɨɥɭɱɟɧɧɚɹ ɮɭɧɤɰɢɹ ɨɬɤɥɢɤɚ ɛɵɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ: 
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ii xxAxAAy
1,1

0 ,    (1) 

ɝɞɟ  y – ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ 
( ɫɠ  - ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɫɭɯɢɯ ɝɪɚɧɭɥ, Ɇɉɚ; 

ɧɚɫ  - ɩɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ, ɤɝ/ɦ3
; ɝɪq  - ɫɨɞɟɪɠɚɧɢɟ 

ɝɪɚɧɭɥ ɤɨɧɞɢɰɢɨɧɧɨɣ ɮɪɚɤɰɢɢ, %); A0 – ɫɜɨɛɨɞ-
ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; Ai – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɥɢɧɟɣ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ; Aij – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɩɚɪɧɵɯ ɢ 
ɤɜɚɞɪɚɬɢɱɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɮɚɤɬɨɪɨɜ; X i, X j 

– ɢɫɫɥɟɞɭɟɦɵɟ ɧɟɡɚɜɢɫɢɦɵɟ ɩɟɪɟɦɟɧɧɵɟ. 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸ-

ɳɢɯ ɧɚ ɩɪɨɰɟɫɫ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ, ɛɵɥɢ ɜɵɛɪɚɧɵ: 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ – x1 (n, 

ɨɛ./ɦɢɧ.), ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɭɸɳɢɯ ɛɚɪɚ-
ɛɚɧɨɜ – x2 (φ, ɞ.ɟɞ.), ɜɥɚɠɧɨɫɬɶ ɲɢɯɬɵ – x3 (W, %), 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ – x4  

(K = ρ2 / ρ1 ɟɞ.) (ɬɚɛɥ. 1). 
Ɉɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫɨɝɥɚɫɧɨ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨ-
ɞɢɤ [4, 5]. 

Ɍɚɛɥɢɰɚ 1 

ɍрɨвɧи вɚрьирɨвɚɧия фɚктɨрɨв  
Ɏɚɤɬɨɪɵ Ɉɛɨɡɧɚɱɟɧɢɹ 

ɍɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ 

-2 -1 0 +1 +2 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ, n,ɨɛ./ɦɢɧ. x1 200 250 300 350 400 

ɋɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɛɚɪɚɛɚɧɚ ɩɨ ɨɛɴɺɦɭ, φ, ɞ.ɟɞ. x2 0,06 0,08 0,10 0,12 0,14 

ȼɥɚɠɧɨɫɬɶ ɲɢɯɬɵ, W, % x3 50 52 54 56 58 

Кɨɷɮɮɢɰɢɟɧɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɲɢɯɬɵ,  
K = ρ2 / ρ1 ɟɞ. x4 1,5 2,0 2,5 3,0 3,5 

Ⱥɧɚɥɢɡ ɜɟɥɢɱɢɧ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟ-
ɧɢɹɯ ɪɟɝɪɟɫɫɢɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥ-
ɧɟɧɢɹ ɛɚɪɚɛɚɧɨɜ ȼɐȽ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɜɫɟ ɢɫɫɥɟɞɭɟɦɵɟ ɜɵɯɨɞɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ, ɚ ɢɦɟɧɧɨ ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ, ɩɥɨɬɧɨɫɬɢ ɢ ɜɵɯɨɞɭ ɤɨɧ-
ɞɢɰɢɨɧɧɵɯ ɝɪɚɧɭɥ. Ɉɞɧɚɤɨ ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟ-
ɧɢɣ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ. Ɍɚɤ, ɭɜɟɥɢɱɟɧɢɟ ɧɚɫɵɩɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɝɪɚɧɭɥ (ɜ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɩɨɥ-

ɧɢɬɟɥɟɣ ɞɥɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɫɦɟɫɟɣ) ɭɯɭɞ-
ɲɚɟɬ ɢɯ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɫɨ-
ɝɥɚɫɧɨ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɦɚɪɤɚɦ 
ɩɨɪɢɫɬɵɯ ɡɚɩɨɥɧɢɬɟɥɟɣ ɩɨ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ). Ɍɚɤ ɠɟ, ɤɚɤ ɢ 
ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟ-
ɧɢɹ, ɭɜɟɥɢɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢ-
ɤɨɜɨɝɨ ɜɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɜɫɟɯ ɜɵɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɱɚɫɬɨ-
ɬɚ ɜɪɚɳɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɩɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ ɢ ɜɵ-
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ɯɨɞ ɤɨɧɞɢɰɢɨɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟ-
ɩɟɧɢ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

Ɍɚɤ ɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɜɥɢɹɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɜɵ-
ɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ (ɪɢɫ. 1, 2). 

 
Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɭɯɢɯ ɝɪɚɧɭɥ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ  

ɢ ɜɥɚɠɧɨɫɬɢ ɲɢɯɬɵ 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɫɭɯɢɯ ɝɪɚɧɭɥ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

 ɡɚɩɨɥɧɟɧɢɹ ɛɚɪɚɛɚɧɨɜ ȼɐȽ 
 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɪɢɫ. 1, 
2) ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɪɥɢɬɨɫɨɞɟɪɠɚ-
ɳɢɯ ɝɪɚɧɭɥ ɩɪɨɱɧɨɫɬɶɸ 0,6 - 0,8 Ɇɉɚ, ɩɥɨɬɧɨ-
ɫɬɶɸ 250 - 350 ɤɝ/ɦ3, ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ 
ɲɢɯɬɵ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 2,5 - 3,0 ɩɪɢ ɫɬɟɩɟɧɢ 
ɡɚɩɨɥɧɟɧɢɹ ɛɚɪɚɛɚɧɨɜ 0,10 - 0,12 ɢ ɜɥɚɠɧɨɫɬɢ 
ɲɢɯɬɵ 52 - 56 %. ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɧɭɥɵ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɩɟɪɥɢɬɨ-
ɜɵɦ ɡɚɩɨɥɧɢɬɟɥɹɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 
10832-91 «ɉɟɫɨɤ ɢ ɳɟɛɟɧɶ ɩɟɪɥɢɬɨɜɵɟ ɜɫɩɭɱɟɧ-
ɧɵɟ». 

Ɋɚɰɢɨɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟ-
ɧɢɹ ɢ ɫɬɟɩɟɧɢ ɡɚɝɪɭɡɤɢ ɞɥɹ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ ɞɪɭ-
ɝɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɚɠɞɨɦ ɤɨɧ-
ɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɞɴɹɜɥɹɟ-
ɦɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɟɱɧɨɦɭ ɩɪɨɞɭɤɬɭ. 

*ɂɫɫɥɟɞɨɜɚɧɢя ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɱɚɫɬɢɱɧɨɣ 
ɩɨɞɞɟɪɠɤɟ ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ ɉɪɟɡɢɞɟɧɬɚ ɊɎ 
(ɤɨɞ ɩɪɨɟɤɬɚ НШ-588.2012.8). 
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