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ɃɌɌɆɀȿɉȽȻɈɃɀ ɍɀɊɆɉɉɍȿȻɒɃ Ɍ ɊɉȽɀɋɐɈɉɌɍɃ ɈȻȾɋɀɍɖɐ ɇȻɍɀɋɃȻɆɉȽ  
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ. Ɉɩɪɟɞɟɥɟɧɵ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɧɚɝɪɟɬɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ,  ɩɨɥɭɱɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫ-
ɱɺɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɫ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɝɪɟɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɟɩɥɨɨɛɦɟɧ, ɬɟɩɥɨɨɬɞɚɱɚ,  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩ-
ɥɨɨɬɞɚɱɢ, ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɨɥɭɩɥɚɫɬɢɧɚ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɮɚɤɬɨɪ, ɤɨɧɜɟɤɰɢɹ.  
 

I.V. Kalinich, G.V. Smolnikov, R.T. Emelyanov 
 

THE ANALYSIS OF THE HEAT TRANSFER FROM THE SURFACE OF THE HEATED MATERIALS  

IN THE CONVEYOR TRANSPORTATION IN GALLERIES 

 

The issues of the heat transfer from the surface of the heated materials in the conveyor transporta-
tion are considered in the article. The factors influencing the heat exchange of the heated materials in the 
conveyor transportation are defined, the empirical dependences for the calculation of the heat transfer co-
efficients that allows to calculatetheheat emission from the surface of these materials are received. 

Key words: heated materials, heat exchange, heat emission, heat emission coefficient, cylindrical 
semi-plate, heat stream, temperature factor, convection. 

 
 

Ƚɝɠɟɠɨɣɠ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɤɨɧɜɟɣɟɪɧɵɯ ɝɚɥɟɪɟɣ ɧɚɝɪɟ-
ɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɨ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟ-
ɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɥɭɱɢɬɶ ɢɯ ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɑɠɦɷ ɣɬɬɦɠɟɩɝɛɨɣɤ. ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɧɚɝɪɟɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ. 

ɂɛɟɛчɣ ɣɬɬɦɠɟɩɝɛɨɣɤ. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ; ɩɨɥɭɱɟɧɢɟ ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɪɚɫɱɺɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ. 

ɇɠɭɩɟɣɥɛ ɣ ɫɠɢɮɦɷɭɛɭɶ ɣɬɬɦɠɟɩɝɛɨɣɤ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɤɨɧ-
ɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜ ɝɚɥɟɪɟɹɯ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɫɯɟɦɚ 
ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

ɋɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɝɚɥɟ-
ɪɟɢ ɭɫɬɚɧɨɜɤɢ ɩɨɡɜɨɥɢɥɚ ɩɪɨɢɡɜɟɫɬɢ ɢɡɦɟɪɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɩɨ-
ɫɬɭɩɚɸɳɢɯ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɨɫɬɭɩɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ 
ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɥɭɩɥɚɫɬɢɧɵ ɢ ɤɚɪɤɚɫɚ ɤɨɧɜɟɣɟɪɚ, ɜ ɭɫɬɚɧɨɜɤɟ 
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ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɤɚɪɤɚɫɚ ɤɨɧɜɟɣɟɪɚ. ȼɨɞɚ, ɩɨɞɚɜɚɜɲɚɹɫɹ ɨɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɟɤɰɢɢ ɤɨɧɜɟɣɟɪɨɜ, ɩɪɨɢɡɜɨɞɢɥɚ ɨɯɥɚɠɞɟɧɢɟ. Ɋɚɫɯɨɞ ɜɨɞɵ ɪɟɝɭɥɢɪɨɜɚɥɫɹ ɫ ɩɨ-
ɦɨɳɶɸ ɩɟɪɟɠɢɦɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɬɚɤ, ɱɬɨɛɵ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɰɢɪɤɭɥɢ-
ɪɭɸɳɟɣ ɜ ɫɟɤɰɢɢ ɤɨɧɜɟɣɟɪɚ, ɪɚɜɧɹɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɩɨɞ ɤɨɧɜɟɣɟɪɨɦ ɜ ɫɪɟɞɧɟɦ ɫɟɱɟɧɢɢ 
ɫɟɤɰɢɢ. 

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ: 

1 – ɝɚɥɟɪɟɹ; 2 – ɤɨɧɜɟɣɟɪ; 3 – ɤɚɦɟɪɚ ɞɚɜɥɟɧɢɹ ɫ ɤɨɥɥɟɤɬɨɪɨɦ; 4 – ɤɚɦɟɪɚ ɫɦɟɲɟɧɢɹ;  
5 – ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɢɡ ɩɟɧɨɩɥɚɫɬɚ; 6 – ɨɛɨɝɪɟɜɚɟɦɵɟ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ; 7 – ɢɫɫɥɟɞɭɟɦɚɹ 

ɩɥɚɫɬɢɧɚ; 8 – ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ȺɈɆɂ 40-220-74-4ɂ; 9 – ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɊɇɈ-220-40; 
10 – ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɬ Ʉ-505; 11 – ɪɟɝɭɥɹɬɨɪɵ ɪɚɫɯɨɞɚ ɜɨɞɵ;  

12 – ɩɨɬɟɧɰɢɨɦɟɬɪ Ʉɋɉ-4; 13 – ɩɨɬɟɧɰɢɨɦɟɬɪ Эɉɉ-09; 14 – ɩɟɪɟɤɥɸɱɚɬɟɥɶ; 15 – ɬɟɪɦɨɦɟɬɪ; 
16 – ɜɟɧɬɢɥɹɬɨɪ; 17 – ɪɟɝɭɥɢɪɭɸɳɚɹ ɡɚɫɥɨɧɤɚ; 18 – ɬɟɪɦɨɫɬɚɬ Ɍɋ-24 

 
ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 
1) ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɝɚɥɟɪɟɸ; 
2) ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɝɚɥɟɪɟɢ; 
3) ɥɨɤɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ. 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɩɨ ɩɟɪɟɩɚɞɭ ɞɚɜɥɟɧɢɣ ɜ ɤɚɦɟɪɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɤɨɥ-

ɥɟɤɬɨɪɟ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ, ɤɨɬɨɪɚɹ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ Д1]. Ⱦɚɜɥɟɧɢɟ ɢɡɦɟɪɹɥɨɫɶ ɦɢɤɪɨɦɚɧɨ-
ɦɟɬɪɨɦ ɆɄȼ-250-0,02 ɫ ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ 0,02 ɢ ɩɪɟɞɟɥɨɦ ɢɡɦɟɪɟɧɢɣ 0–250 ɤɝ/ɦ2. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɝɚɥɟɪɟɢ ɢɡɦɟɪɹɥɚɫɶ ɬɟɪɦɨɦɟɬɪɚɦɢ ɫ ɰɟɧɨɣ ɞɟɥɟ-
ɧɢɹ 0,1oɋ ɢ ɩɪɟɞɟɥɨɦ ɢɡɦɟɪɟɧɢɣ 0–50oɋ. Ʌɨɤɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɩɥɚɫɬɢɧɵ ɢɡɦɟɪɹɥɢɫɶ ɯɪɨɦɟɥɶ-ɧɢɤɟɥɟɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɟɦɢ ɫɟɱɟ-
ɧɢɹɯ ɩɥɚɫɬɢɧɵ ɩɨ ɬɪɢ ɜ ɤɚɠɞɨɦ ɫɟɱɟɧɢɢ. Ⱦɚɧɧɵɟ ɬɟɪɦɨɩɚɪɵ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɩɪɨɜɨɥɨɤɢ ɞɢɚ-
ɦɟɬɪɨɦ 0,1 ɦɦ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɢɫɬɪɢɪɭɸɳɢɯ ɩɪɢɛɨɪɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɬɟɧɰɢɨɦɟɬɪɵ Ʉɋɉ-4 ɫ 
ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ 0,25 ɢ ɩɪɟɞɟɥɚɦɢ ɢɡɦɟɪɟɧɢɣ 0–100 ɢ 0–600oɋ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɟɠɢɦɨɜ ɛɵɥɢ ɧɚɣɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 
1) ɥɨɤɚɥɶɧɵɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɇɭɫɫɟɥɶɬɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɟɱɟɧɢɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɩɥɚɫɬɢɧɵ: 
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     ɜ      ɜ  ;                                                                 (1)              ɜ  ;                                                               (2) 

 
2) ɫɪɟɞɧɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ, ɇɭɫɫɟɥɶɬɚ, Ƚɪɚɫɝɨɮɚ ɞɥɹ ɜɫɟɣ ɢɫɫɥɟɞɭɟɦɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɩɥɚɫɬɢɧɵ: 
      ɜ     ɜ

 ;                                                                (3)             ɜ
 ;                                                             (4)          ɫ   ɜ   ɜ

    ɜ
 ,                                                          (5) 

 
ɝɞɟ     ɜ  – ɫɤɨɪɨɫɬɶ, ɩɨɞɫɱɢɬɚɧɧɚɹ ɩɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɟɱɟɧɢɢ 
ɝɚɥɟɪɟɢ;  ɜ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɞɫɱɢɬɚɧɧɵɣ ɩɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɦ ɫɟɱɟɧɢɢ ɝɚɥɟɪɟɢ;  ɜ  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɩɨɞɫɱɢɬɚɧɧɵɣ ɩɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɟɱɟɧɢɢ ɝɚɥɟɪɟɢ;  ɜ – ɫɤɨɪɨɫɬɶ, ɨɩɪɟɞɟɥɺɧɧɚɹ ɩɨ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɝɚɥɟɪɟɟ;  ɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɩɪɟɞɟɥɺɧɧɵɣ ɩɨ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭ-
ɯɚ ɜ ɝɚɥɟɪɟɟ;  ɜ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɨɩɪɟɞɟɥɺɧɧɵɣ ɩɨ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɜɨɡɞɭɯɚ ɜ ɝɚɥɟɪɟɟ;       – ɥɨɤɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ;      – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ; 

x – ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɝɚɥɟɪɟɢ; 
l – ɞɥɢɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ; 
g – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ;  ɫ – ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ  ɩɥɚɫɬɢɧɵ (ɨɩɪɟɞɟɥɹɥɚɫɶ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɩɪɨɮɢɥɹ ɥɨɤɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɟɪɯɧɨɫɬɢ);  ɜ – ɫɪɟɞɧɟɨɛɴɺɦɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɝɚɥɟɪɟɟ (ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟ-
ɫɤɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɜ ɝɚɥɟɪɟɸ). 

Ʌɨɤɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɮɨɪɦɭɥɟ:  
         ɫ   ɜ

 ,                                                                       (6) 

 
ɝɞɟ          – ɭɞɟɥɶɧɵɣ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ; 

  ɫ – ɥɨɤɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ; 
  ɜ – ɫɪɟɞɧɹɹ ɩɨ ɫɟɱɟɧɢɸ ɝɚɥɟɪɟɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ (ɨɩɪɟɞɟɥɹɥɚɫɶ ɪɚɫɱɺɬɨɦ ɩɨ ɢɡɦɟ-

ɪɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɝɚɥɟɪɟɢ ɫ ɭɱɺɬɨɦ ɥɢɧɟɣɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɨ ɞɥɢɧɟ ɝɚɥɟɪɟɢ). 

 ɋɪɟɞɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ  ɩɥɚɫɬɢɧɵ ɨɩɪɟɞɟɥɹ-
ɥɢɫɶ ɩɨ ɮɨɪɦɭɥɟ:        ɫ   ɜ

  .                                                                        (7) 

 ɍɞɟɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɦɟɬɨɞɭ ɷɧɬɚɥɶɩɢɢ, ɤɨɬɨɪɵɣ ɩɪɢɜɟɞɺɧ ɜ ɪɚɛɨɬɟ Д2]: 
      ɜ  ɜ   ɜ

     ɜ
    ɫ

 ,                                                                 (8) 
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ɝɞɟ      ɜ – ɦɚɫɫɚ ɜɨɡɞɭɯɚ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ;  ɜ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɺɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ;  ɜ
  ,  ɜ

   – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɝɚɥɟɪɟɢ;  ɫ – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ. 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɨɤɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ 117 ɨɩɵɬɨɜ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɵɬɨɜ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɺɬ ɫɪɟɞɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧ-
ɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɢɡɦɟɧɟɧɢɹɯ: ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɨɬ 8,7*105 ɞɨ 43*105; ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɨɬ 1,8 ɞɨ 14,1; ɭɝɥɵ ɧɚɤɥɨɧɚ ɝɚɥɟɪɟɢ 0 ɢ 300. 

Ʌɨɤɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɤɚɠɞɨɦ ɢɡ ɨɩɵɬɨɜ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɜ ɫɟɦɢ ɫɟɱɟɧɢɹɯ ɩɥɚɫɬɢɧɵ 
ɧɚ ɫɥɟɞɭɸɳɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɜɯɨɞɚ: 0,05; 01; 0,2; 0,4; 0,75; 1,25; 1,75 ɦ. ɉɪɢ ɷɬɨɦ ɜ ɤɚɠɞɨɦ ɫɟɱɟɧɢɢ 
ɥɨɤɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɛɵɥ ɨɩɪɟɞɟɥɺɧ ɜ ɬɪɺɯ ɬɨɱɤɚɯ ɩɥɚɫɬɢɧɵ, ɩɨɫɥɟ 
ɱɟɝɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɟɝɨ ɨɫɪɟɞɧɟɧɢɟ ɩɨ ɫɟɱɟɧɢɸ. Ʌɨɤɚɥɶɧɵɟ ɢ ɫɪɟɞɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɜɟɤɬɢɜ-
ɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɮɨɪɦɭɥɚɦ (6)–(7).  

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ 
ɷɦɩɢɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɪɚɫɱɺɬɚ ɥɨɤɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɜɟɣɟɪɧɵɯ ɝɚɥɟɪɟɹɯ: 

                 .                                                             (9) 
 

Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɩɪɚɜɟɞɥɢɜɚ ɩɪɢ  ɫ = 40–90oɋ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ     = (0,2 – 30)*105.             
ȼ ɭɪɚɜɧɟɧɢɢ (9) ɡɚ ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪ ɩɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ɬɟɤɭɳɟɣ ɤɨɨɪɞɢɧɚɬɵ x, ɨɬɫɱɢɬɵɜɚɟɦɨɟ 
ɨɬ ɧɚɱɚɥɚ ɩɥɚɫɬɢɧɵ, ɡɚ ɨɩɪɟɞɟɥɹɸɳɭɸ ɬɟɦɩɟɪɚɬɭɪɭ –  ɜ. ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɩɨ 
ɫɟɱɟɧɢɸ ɝɚɥɟɪɟɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  ɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɦɨɞɟɥɢ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɝɥɚ ɧɚɤɥɨɧɚ ɦɨɞɟɥɢ ɞɨ 300 ɬɟɩɥɨɨɛɦɟɧ ɭɦɟɧɶɲɚɟɬɫɹ. Ɍɟɩɥɨɨɛ-
ɦɟɧ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 6 ɞɨ 8 %, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɬɨɱɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ, ɩɨɷɬɨɦɭ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜɥɢɹɧɢɟɦ ɭɝɥɚ ɧɚɤɥɨɧɚ ɦɨɞɟɥɢ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧ. 

Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜɵɪɚɠɚɸɬɫɹ ɡɚɜɢɫɢ-
ɦɨɫɬɶɸ Nux = f(Re) ɞɥɹ ɫɪɟɞɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɪɚɡɧɵɯ ɜɟɥɢɱɢɧɚɯ ɱɢɫɟɥ Ƚɪɚɫɝɨ-
ɮɚ. Ʉɪɢɬɟɪɢɣ Ƚɪɚɫɝɨɮɚ ɢɡɦɟɧɹɥɫɹ ɜ ɩɪɟɞɟɥɚɯ Gr = (20,7–55,1)*105. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜɥɢɹɟɬ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɗɬɨ 
ɫɨɝɥɚɫɨɜɚɧɨ ɫ ɞɚɧɧɵɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ Д3]. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɜɵɱɢɫɥɟɧ-
ɧɵɟ ɞɥɹ ɫɪɟɞɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ, ɨɩɢɫɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ 

                ,                                                            (10) 
 

ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɚɧɚ ɜ ɫɥɟɞɭɸɳɢɯ ɢɧɬɟɪɜɚɥɚɯ ɢɡɦɟɪɟɧɢɹ: Re = (9–35)*105; Gr = (20,7–55,1)*1010;                  ɫ = 40–90oɋ; φ = 0–30o. ȼ ɡɚɜɢɫɢɦɨɫɬɢ (10) ɡɚ ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪ ɩɪɢɧɹɬɚ ɞɥɢɧɚ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɨɣ ɩɥɚɫɬɢɧɵ – l, ɡɚ ɨɩɪɟɞɟɥɹɸɳɭɸ ɬɟɦɩɟɪɚɬɭɪɭ –  ɜ , ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ ɫɪɟɞ-
ɧɟɦɭ ɫɟɱɟɧɢɸ ɝɚɥɟɪɟɢ. 

ɂɡ ɩɪɢɜɟɞɺɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɢɞɧɨ, ɱɬɨ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ. ɍɦɟɧɶɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɨɛɴɹɫɧɹɟɬɫɹ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɨɝɥɚɫɨɜɚɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ Д3, 4]. 

ȼɫɥɟɞɫɬɜɢɟ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɪɚɫɱɺɬɚ ɫɪɟɞɧɢɯ ɤɨɷɮɮɢ-
ɰɢɟɧɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ: 
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                       .                                               (11) 
 

ɍɪɚɜɧɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɬɟɪɢɚɥɚ 100–500oɋ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ Ɋɟɣɧɨɥɶ-
ɞɫɚ Re = (8,5–43)*105. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɮɚɤɬɨɪ Ψ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ ɤ ɫɪɟɞɧɟɨɛɴɺɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɝɚ-
ɥɟɪɟɟ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɮɚɤɬɨɪ ɜɥɢɹɟɬ ɧɚ ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Ɉɛɪɚ-
ɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɪɚɫɱɺɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɛ-
ɳɟɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: 

                .                                                    (12) 
 

Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɬɭɚɥɶɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɬɟɪɢɚɥɚ 100–500oɋ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ               
Re = (8,5–45)*105. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɫɨɨɬɧɟɫɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬ [3, 6], ɜ ɤɨ-
ɬɨɪɵɯ ɪɚɫɫɦɨɬɪɟɧ ɬɟɩɥɨɨɛɦɟɧ ɩɥɚɫɬɢɧɵ ɜ ɫɜɨɛɨɞɧɨɦ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ, ɚ ɬɚɤɠɟ ɩɪɢ ɤɨɧɜɟɣɟɪ-
ɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ. ɋɪɚɜɧɢɜ ɭɪɚɜɧɟɧɢɟ (11) ɫ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɨɛɦɟɧɚ ɩɥɚɫɬɢɧɵ ɜ ɫɜɨɛɨɞɧɨɦ 
ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ Д3, 4] 

               ,                                                    (13) 
 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜ 2–2,3 ɪɚɡɚ ɛɨɥɶɲɟ. 
ɗɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɬɟɱɟɧɢɟ ɜɨɡɞɭɯɚ ɨɫɥɨɠɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɨɬɨɪɵɟ 
ɜɵɡɵɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɬɭɪɛɭɥɢɡɚɰɢɸ ɩɨɬɨɤɚ. Ɍɟɩɥɨɨɬɞɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɧɵ ɜ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɧɚɯɨɞɢɬɫɹ ɜ ɹɞɪɟ ɩɨɬɨɤɚ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɪɨɫɬ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɩɭɥɶɫɚɰɢɣ ɫɤɨɪɨɫɬɢ ɜ ɩɨɝɪɚɧɢɱɧɵɣ ɫɥɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ ɤɨɧ-
ɜɟɣɟɪɨɜ ɜɟɞɺɬ ɤ ɩɨɹɜɥɟɧɢɸ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɩɨɬɨɤɨɜ, ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɸɳɢɯ ɬɟɩɥɨɨɛɦɟɧ. 
 

 
 

Ɋɢɫ. 2. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ: 1 – ɞɚɧɧɵɟ ɪɚɛɨɬ Д3, 4];  
2 – ɞɚɧɧɵɟ ɪɚɛɨɬɵ Д5]; 3 – ɞɚɧɧɵɟ ɪɚɛɨɬɵ Д6]; 4 – ɞɚɧɧɵɟ ɧɚɫɬɨɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
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ɋɪɚɜɧɢɜ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ Д5] ɜ ɞɢɚɩɚɡɨɧɟ                   
Re = (5–50)*104 

               ,                                                        (14) 
 

ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɤɚɡɚɧɧɵɦɢ ɜ ɪɚɛɨɬɟ Д6] ɜ ɞɢɚɩɚɡɨɧɟ Re = (5–40) * 105 

                ,                                                     (15) 
 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɨɛɦɟɧ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɚ 40–60 % ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɟɧ. ɗɬɨ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɜ ɪɚɛɨɬɚɯ Д5, 6] ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɞɢɧɚɤɨɜɵɯ ɩɨ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɭɫɬɚɧɨɜɤɚɯ, ɜ ɤɨɬɨɪɵɯ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ, ɢɦɢɬɢɪɭɸɳɢɟ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɵɣ ɦɚɬɟɪɢɚɥ, 
ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɞɜɭɯ ɫɥɨɠɟɧɧɵɯ ɚɫɛɟɫɬɨɰɟɦɟɧɬɧɵɯ ɩɥɚɫɬɢɧ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɛɵɥɚ ɩɪɨɥɨɠɟɧɚ 
ɩɪɨɜɨɥɨɤɚ ɢɡ ɧɢɯɪɨɦɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ  ɬɟɩɥɨɨɬɞɚɱɚ ɜ ɜɨɡɞɭɯ ɝɚɥɟɪɟɢ ɩɪɨɢɫɯɨɞɢɥɚ ɫ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɩɥɚɫɬɢɧɵ, ɚ ɩɪɢ ɪɚɫɱɺɬɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜɟɫɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬɧɨɫɢɥɫɹ 
ɬɨɥɶɤɨ ɤ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ. ɉɨɷɬɨɦɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɚɜɵɲɟɧ-
ɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɞɭɯ ɜ ɦɨɞɟɥɶ ɝɚɥɟɪɟɢ ɩɨɞɚɜɚɥɫɹ ɩɥɨɫɤɨɣ ɧɚɫɬɢɥɚɸ-
ɳɟɣɫɹ ɧɚ ɩɟɪɟɤɪɵɬɢɟ ɫɬɪɭɺɣ, ɢɡ-ɡɚ ɱɟɝɨ ɧɚɪɭɲɚɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɞɚɧɧɵɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɨɥɟɟ ɩɨɥɧɨ ɨɬ-
ɪɚɠɚɸɳɢɦɢ ɩɪɨɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜ ɝɚɥɟɪɟɹɯ. 

 

Ƚɶɝɩɟɶ 

 

1. ɉɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 40–90oɋ ɜɥɢɹɧɢɟ ɭɝɥɚ 
ɧɚɤɥɨɧɚ ɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

2. ɉɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 100–500oɋ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɮɚɤɬɨɪ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɭɦɟɧɶɲɚɟɬɫɹ. 

3. ɉɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 100–500oɋ ɜɥɢɹɧɢɟ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

4. ɉɨɥɭɱɟɧɧɵɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ (9), (10), (1), (12) ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɥɨɤɚɥɶɧɵɟ 
ɢ ɫɪɟɞɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɛɳɟɣ ɢ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 40–500oɋ ɢ ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɨɫɬɭɩɚɸɳɢɣ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
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