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ɂɧɫɬɢɬɭɬ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɢɦɟɧɢ Ⱥ.ȼ. Ʌɵɤɨɜɚ 
ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ȼɟɥɚɪɭɫɢ1 

ȽȽɌɍ ɢɦ. ɉ.Ɉ. ɋɭɯɨɝɨ, ɝ. Ƚɨɦɟɥɶ, Ɋɟɫɩɭɛɥɢɤɚ Ȼɟɥɚɪɭɫɶ2 
 

Ⱥɧɧɨɬɚɰɢɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɨɫɭɲɟɧɢɹ ɜɥɚɠɧɨɝɨ 
ɜɨɡɞɭɯɚ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɫɢɮɨɧɨɜ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɨɛɴɟɦ ɡɚɩɪɚɜɤɢ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, 
ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɢ ɜɥɚɝɢ ɢɡ ɜɨɡɞɭɯɚ. ɉɪɟɞɥɨɠɟɧɚ 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨ ɨɫɭɲɟɧɢɸ ɜɨɡɞɭɯɚ ɫ ɩɨɦɨɳɶɸ 
ɬɟɪɦɨɫɢɮɨɧɨɜ. ɉɪɟɞɫɬɚɜɥɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɪɦɨɫɢɮɨɧɨɜ, ɡɚɩɪɚɜɥɟɧɧɵɯ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 
ɢ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ. ɋɨɩɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɨɜ ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɟɪɦɨɫɢɮɨɧɚ ɢ 
ɬɟɪɦɨɫɢɮɨɧɚ ɛɟɡ ɜɧɭɬɪɟɧɧɢɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɜɫɬɚɜɨɤ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɪɦɨɫɢɮɨɧ, ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
ɨɫɭɲɟɧɢɟ ɜɨɡɞɭɯɚ, ɜɥɚɠɧɵɣ ɜɨɡɞɭɯ, ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɤɨɦɩɪɟɫɫɨɪ. 

 

ȼɜɟɞɟɧɢɟ. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɨɫɭɲɟɧɢɹ ɜɨɡɞɭɯɚ ɹɜɥɹɟɬɫɹ 
ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɧɞɟɧɫɚɰɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɚɪɢɬɟɥɹ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 
ɗɬɨɬ ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɋɧɢɠɟɧɢɟ ɡɚɬɪɚɬ 
ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɢɜɨɞɚ ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɚ ɡɚɩɪɚɜɤɢ ɜɧɭɬɪɟɧɧɢɯ ɤɨɧɬɭɪɨɜ 
ɯɥɚɞɨɧɨɫɢɬɟɥɟɦ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɪɚɫɩɪɟɞɟɥɢɜ ɱɚɫɬɶ 
ɧɚɝɪɭɡɤɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɜɨɡɞɭɯɚ ɧɚ ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ ɧɚ 
ɨɫɧɨɜɟ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɬɟɩɥɨɩɟɪɟɞɚɸɳɢɯ ɡɚɦɤɧɭɬɵɯ ɞɜɭɯɮɚɡɧɵɯ 
ɭɫɬɪɨɣɫɬɜ – ɬɟɪɦɨɫɢɮɨɧɨɜ, ɡɚɩɪɚɜɥɟɧɧɵɯ ɧɢɡɤɨɤɢɩɹɳɢɦ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɬɟɩɥɨɩɟɪɟɞɚɸɳɢɯ ɡɚɦɤɧɭɬɵɯ ɞɜɭɯɮɚɡɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɟɜɨɡɦɨɠɧɚ ɛɟɡ 
ɡɧɚɧɢɹ ɬɟɩɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɪɚɫɱɟɬɚ 
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ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɢɮɨɧɨɜ ɧɟɨɛɯɨɞɢɦ ɦɟɬɨɞ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɚɩɩɚɪɚɬɵ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɮɢɝɭɪɚɰɢɣ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ. Ɉɞɧɨɣ ɢɡ ɜɨɡɦɨɠɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ 
ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɢɮɨɧɨɜ ɹɜɥɹɸɬɫɹ 
ɭɫɬɚɧɨɜɤɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɨɫɭɲɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɩɥɚɜɚɬɟɥɶɧɨɦ 
ɛɚɫɫɟɣɧɟ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 
1 – ɛɥɨɤ ɮɢɥɶɬɪɚɰɢɢ ɜɨɡɞɭɯɚ; 2 – ɢɫɩɚɪɢɬɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ 

ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 3 – ɢɫɩɚɪɢɬɟɥɶ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ 
ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ; 4 – ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ 
ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 5 – ɤɨɧɞɟɧɫɚɬɨɪ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ 

ɦɚɲɢɧɵ  
Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɨɫɭɲɟɧɢɹ ɜɨɡɞɭɯɚ 
 
ȼɨɡɞɭɯ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 26-31ɨɋ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ 40-

60% ɱɟɪɟɡ ɜɨɡɞɭɯɨɡɚɛɨɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɫɢɫɬɟɦɵ 
ɮɢɥɶɬɪɨɜ ɩɨɞɚɟɬɫɹ ɧɚ ɢɫɩɚɪɢɬɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ 
ɩɚɤɟɬɚ ɬɟɪɦɨɫɢɮɨɧɨɜ, ɩɪɢ ɷɬɨɦ ɨɬɞɚɟɬ ɫɜɨɟ ɬɟɩɥɨ. ɉɪɨɢɫɯɨɞɢɬ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɧɭɬɪɢ ɬɟɩɥɨɜɵɯ 
ɬɪɭɛ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɥɚɧɢɪɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɪɟɨɧ R134К. ɉɚɪɵ ɮɪɟɨɧɚ ɩɨɞɧɢɦɚɸɬɫɹ ɜ ɡɨɧɭ 
ɤɨɧɞɟɧɫɚɰɢɢ. ȼɨɡɞɭɯ ɞɚɥɶɲɟ ɩɨɞɚɟɬɫɹ ɧɚ ɢɫɩɚɪɢɬɟɥɶ ɯɨɥɨɞɢɥɶɧɨɣ 
ɦɚɲɢɧɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɫɧɨɜɧɨɟ ɨɫɭɲɟɧɢɟ. Ɂɚɬɟɦ ɜɨɡɞɭɯ ɩɨɩɚɞɚɟɬ 
ɧɚ ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɢɮɨɧɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɩɚɪɵ ɮɪɟɨɧɚ ɜɧɭɬɪɢ ɬɪɭɛ ɬɟɪɦɨɫɢɮɨɧɚ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ ɢ ɩɨ 
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ɫɬɟɧɤɚɦ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ ɤɨɧɞɟɧɫɚɬ ɮɪɟɨɧɚ ɫɬɟɤɚɟɬ ɜ ɡɨɧɭ 
ɢɫɩɚɪɟɧɢɹ, ɚ ɜɨɡɞɭɯ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɞɨ ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɭɫɬɚɧɨɜɤɢ ɜɨɡɞɭɯ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɜɧɭɸ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɭɫɬɚɧɨɜɤɭ, ɧɨ ɫ ɭɦɟɧɶɲɟɧɧɵɦ 
ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟɦ. 

I-Н ɞɢɚɝɪɚɦɦɚ ɜɨɡɞɭɯɚ ɫ ɢɡɨɛɪɚɠɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢɡɦɟɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 
1-2-3 – ɨɯɥɚɠɞɟɧɢɟ ɢ ɱɚɫɬɢɱɧɨɟ ɨɫɭɲɟɧɢɟ ɜɨɡɞɭɯɚ ɢɫɩɚɪɢɬɟɥɟɦ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 3-4 – ɨɫɧɨɜɧɨɟ ɨɫɭɲɟɧɢɟ 
ɜɨɡɞɭɯɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ; 

4-5 – ɧɚɝɪɟɜ ɜɨɡɞɭɯ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ 
ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 

Ɋɢɫɭɧɨɤ 2 – I-Н ɞɢɚɝɪɚɦɦɚ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɭɫɬɚɧɨɜɤɭ 
 
ɉɪɟɢɦɭɳɟɫɬɜɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɚɧɚɥɨɝɚɦɢμ ɭɦɟɧɶɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɡɚɬɪɚɬ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ 
ɦɚɲɢɧɵ, ɫɧɢɠɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ ɜ ɫɢɫɬɟɦɚɯ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ, 
ɧɚɩɪɢɦɟɪ, ɩɨɥɭɱɚɸɳɢɯ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɨɬ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ. 

Ɍɟɩɥɨ ɨɬ ɤɨɧɞɟɧɫɚɰɢɢ ɮɪɟɨɧɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɦɨɠɧɨ 

1 

2 

3 

4 

5 
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ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɧɚ ɧɭɠɞɵ 
ɜɨɡɞɭɲɧɨɝɨ ɨɬɨɩɥɟɧɢɹ. ȼ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɷɬɨ ɬɟɩɥɨ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɟɢɜɚɬɶ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

 
Ɍɚɛɥɢɰɚ 1 – ɨɫɧɨɜɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɨɱɟɤ ɩɪɨɰɟɫɫɚ 
ɉɨɡɢɰɢɹ 1 2 3 4 5 

Ɍɟɦɩɟɪɚɬɭɪɚ   t, °C 28 19,508 16,923 12,836 28 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɜɥɚɠɧɨɫɬɶ   φ, % 

60 100 100 100 39,211 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ    
Н, ɝ/ɤɝ 

14,22 14,22 12,049 9,22 9,22 

ɍɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ  
Т, ɤȾɠ/ɤɝ 

64,451 55,69 47,527 36,185 51,693 

ɉɥɨɬɧɨɫɬɶ    ρ, ɤɝ/ɦ3 1,162 1,196 1,208 1,227 1,165 
Ɍɟɦɩ. ɦɨɤɪɨɝɨ 
ɬɟɪɦɨɦɟɬɪɚ       Эɦ, °C 

22,074 19,508 16,923 12,836 18,373 

 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɜɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
1 – ɛɥɨɤ ɮɢɥɶɬɪɚɰɢɢ ɜɨɡɞɭɯɚ; 2 – ɢɫɩɚɪɢɬɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ 

ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 3 – ɢɫɩɚɪɢɬɟɥɶ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ 
ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ; 4 – ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ 
ɬɟɩɥɨɜɵɯ ɬɪɭɛ; 5 – ɤɨɧɞɟɧɫɚɬɨɪ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ 

ɦɚɲɢɧɵ  
Ɋɢɫɭɧɨɤ 3 – ȼɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ 

 

1 
2 4 

3 
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Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɭɫɬɚɧɨɜɤɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɬɪɟɯ ɛɥɨɤɨɜ. 
ɉɟɪɜɵɣ ɛɥɨɤ – ɢɫɩɚɪɢɬɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɬɪɭɛ, 
ɜɬɨɪɨɣ ɛɥɨɤ – ɢɫɩɚɪɢɬɟɥɶ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ, 
ɬɪɟɬɢɣ ɛɥɨɤ – ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɬɪɭɛ. 
Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ ɛɭɞɭɬ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɦɟɞɧɵɦɢ ɬɪɭɛɚɦɢ 
ɞɢɚɦɟɬɪɨɦ 12,7 ɦɦ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɜɭɯɯɨɞɨɜɚɹ ɫɯɟɦɚ 
ɞɜɢɠɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɮɪɟɨɧɚ R134К) ɜ ɤɚɠɞɨɦ 
ɛɥɨɤɟ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ ɢɫɩɚɪɢɬɟɥɹ 
ɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɢɮɨɧɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 
ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯɮɚɡɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ 
ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɬɟɪɦɨɫɢɮɨɧɟμ 

1 2 3 4 5R R R R R R= + + + +    (1) 

ɝɞɟ R1 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɟɧɤɢ ɢɫɩɚɪɢɬɟɥɹ ɧɚ 
ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ; R2 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɟ ɢɫɩɚɪɟɧɢɹ, (ɦ2∙Ʉ)/ȼɬ; R3 – ɬɟɪɦɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɟ ɤɨɧɞɟɧɫɚɰɢɢ, (ɦ2∙Ʉ)/ȼɬ; R4 – 
ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɟɧɤɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚ ɟɞɢɧɢɰɭ 
ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ; R5 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɟɪɟɞɚɱɢ 
ɬɟɩɥɚ ɨɬ ɫɬɟɧɤɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɤ ɨɯɥɚɠɞɚɸɳɟɦɭ ɜɨɡɞɭɯɭ ɧɚ ɟɞɢɧɢɰɭ 
ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ. 

2
2

1
1

2

d
d ln

d
R

⋅
=

⋅λ
   (2) 

ɝɞɟ d1 – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ɦ; d2 – 
ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ɦ; Ȝ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ȼɬ/(ɦ∙Ʉ); ɞɥɹ ɦɟɞɧɨɣ ɬɪɭɛɤɢ 
Ȝ=401 ȼɬ/(ɦ∙Ʉ). 

2
2

1
R =

α
    (3) 

ɝɞɟ α2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɢɩɟɧɢɢ ɜ ɳɟɥɢ, ȼɬ/ɦ2∙Ʉ 
[4]. 

0 6 0 154

2
15 6

. .
, q

−
α = ⋅ ⋅δ   (4) 

ɝɞɟ q – ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ȼɬ/ɦ2; δ – ɲɢɪɢɧɚ ɳɟɥɢ, ɦ. 

3
3

1
R =

α
    (5) 

ɝɞɟ α3 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ, ȼɬ/(ɦ2∙ɨɋ). 
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3
1

ɠ.ɧɚɫ.Nu

d

⋅λ
α =    (6) 

ɝɞɟ Nu – ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ Д3Ж; Ȝɠ. ɧɚɫ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɢ, ȼɬ/(ɦ∙Ʉ). 

( )
1 4

1
0 555 0 68

/

ɠ.ɧɚɫ. ɠ.ɧɚɫ. ɩɚɪ
g pɠ.ɧɚɫ.

ɠ.ɧɚɫ. ɠ.ɧɚɫ.

d g
Nu , ( r . c t )

t

 ⋅ρ ⋅ ρ −ρ ⋅
 = ⋅ ⋅ + ⋅ ⋅∆ λ ⋅µ ⋅∆
  

(7) 

ɝɞɟ ρɠ.ɧɚɫ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3; ρɩɚɪ – ɩɥɨɬɧɨɫɬɶ 
ɩɚɪɚ, ɤɝ/ɦ3; ȝɠ.ɧɚɫ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɢ, 
ɇ∙ɫ/(ɦ2∙106); Δt – ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɧɤɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɫɵɳɟɧɢɹ, ɨɋ; rg – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ, 
Ⱦɠ/ɤɝ. 

2
2

1
4 2

d
d ln

d
R

⋅

=
⋅λ

   (8) 

5
5

1
R =

α
    (9) 

5

ɜɨɡɞ.

ɤɚɧɚɥ

Nu

d

⋅λ
α =    (10) 

ɝɞɟ Nu – ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ ɞɥɹ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ 
ɜɨɡɞɭɯɭ; Ȝɜɨɡɞ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ȼɬ/(ɦ∙Ʉ); dɤɚɧɚɥ –ɞɢɚɦɟɬɪ 
ɬɪɭɛɵ ɜ ɤɨɬɨɪɨɣ ɩɪɨɯɨɞɢɬ ɨɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ, ɦ. 

2
vɜɨɡɞ.

ɜɨɡɞ

d
Re

ρ ⋅ ⋅
=

µ
   (11) 

ɝɞɟ v – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɦ/ɫ. 

2
v

3600
4

ɜɨɡɞ.

ɤɚɧɚɥ

Q

d
=
π⋅

⋅

   (12) 

ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɪɦɨɫɢɮɨɧɚ ɛɟɡ 
ɜɧɭɬɪɟɧɧɢɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɜɫɬɚɜɨɤμ 

 

1 2 3 4 5R R R R R R= + + + +    (13) 

ɝɞɟ R1 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɟɧɤɢ ɢɫɩɚɪɢɬɟɥɹ ɧɚ 
ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ; R2 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɟ ɢɫɩɚɪɟɧɢɹ, (ɦ2∙Ʉ)/ȼɬ; R3 – ɬɟɪɦɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɟ ɤɨɧɞɟɧɫɚɰɢɢ, (ɦ2∙Ʉ)/ȼɬ; R4 – 
ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɟɧɤɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚ ɟɞɢɧɢɰɭ 
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ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ; R5 – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɟɪɟɞɚɱɢ 
ɬɟɩɥɚ ɨɬ ɫɬɟɧɤɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɤ ɨɯɥɚɠɞɚɸɳɟɦɭ ɜɨɡɞɭɯɭ ɧɚ ɟɞɢɧɢɰɭ 
ɩɨɜɟɪɯɧɨɫɬɢ, (ɦ2∙Ʉ)/ȼɬ. 

2
2
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1

2

d
d ln

d
R

⋅
=

⋅λ
   (14) 

ɝɞɟ d1 – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ɦ; d2 – 
ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ɦ; Ȝ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɵ ɬɟɪɦɨɫɢɮɨɧɚ, ȼɬ/(ɦ∙Ʉ). 

2

2

1
R =

α
    (15) 

ɝɞɟ α2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɢɩɟɧɢɢ ɜ ɛɨɥɶɲɨɦ 
ɨɛɴɟɦɟ, ȼɬ/(ɦ2∙Ʉ) Д5Ж. 

0 7 0 14 2 2

2
0 434 1 37 10

, ,
, q ( p , p )

−
α = ⋅ ⋅ + ⋅ ⋅   (16) 

ɝɞɟ q – ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ȼɬ/ɦ2; ɪ – ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɢɹ, Ɇɉɚ. 

Ⱦɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɪɚɫɱɟɬɚ ɜ ɮɨɪɦɭɥɟ 16 ɜɜɟɞɟɧ ɤɨɷɮɮɢɰɢɟɧɬ 0,434, ɜɦɟɫɬɨ 4,34, ɞɚɧɧɨɝɨ 
ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɜɢɞɟ ɜɵɪɚɠɟɧɢɹ. 

3
3

1
R =

α
    (17) 

ɝɞɟ α3 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ, ȼɬ/(ɦ2∙Ʉ). 

3
1

ɠ.ɧɚɫ.Nu

d

⋅λ
α =    (18) 

ɝɞɟ Nu – ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ; Ȝɠ. ɧɚɫ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɧɚɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɢ, ȼɬ/(ɦ∙Ʉ). 
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Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɩɨɞɜɨɞɢɦɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɢ ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɬɟɪɦɨɫɢɮɨɧɨɜ, ɡɚɩɪɚɜɥɟɧɧɵɯ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ 

(1 – ɷɤɫɩɟɪɢɦɟɧɬ, ɤɥɚɫɫɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ; 2 – ɷɤɫɩɟɪɢɦɟɧɬ, 
ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ; 3 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɤɥɚɫɫɢɱɟɫɤɢɣ 
ɬɟɪɦɨɫɢɮɨɧ; 4 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ) 

 

( )
1 4

1
0 555 0 68

/

ɠ.ɧɚɫ. ɠ.ɧɚɫ. ɩɚɪ
g pɠ.ɧɚɫ.

ɠ.ɧɚɫ. ɠ.ɧɚɫ.

d g
Nu , ( r . c t )

t

 ⋅ρ ⋅ ρ −ρ ⋅
 = ⋅ ⋅ + ⋅ ⋅∆ λ ⋅µ ⋅∆
  

(19) 

ɝɞɟ ρɠ.ɧɚɫ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3; ρɩɚɪ - ɩɥɨɬɧɨɫɬɶ 
ɩɚɪɚ, ɤɝ/ɦ3; ȝɠ.ɧɚɫ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɧɚɫɵɳɟɧɧɨɣ 
ɠɢɞɤɨɫɬɢ, ɇ∙ɫ/(ɦ2∙106); ΔЭ – ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɫɬɟɧɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɫɵɳɟɧɢɹ, ɨɋ; rg – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ 
ɤɨɧɞɟɧɫɚɰɢɢ, Ⱦɠ/ɤɝ. 

150 200 250 300 350 400 450 500 550
0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

 -1
 -2
 -3
 -4

Q, Вт

R, 
оС/(Вт/м2

)

Q, ȼɬ 

R, (Ʉ∙ɦ2)/ȼɬ 

 

                                           Ⱥɝɪɨɬɟɯɧɢɤɚ ɢ ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɟ. – 2018. – № 2 (19)   14 



 

 
Ɋɢɫɭɧɨɤ 5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɩɨɞɜɨɞɢɦɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɢ ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɬɟɪɦɨɫɢɮɨɧɨɜ, ɡɚɩɪɚɜɥɟɧɧɵɯ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ 

(1 – ɷɤɫɩɟɪɢɦɟɧɬ, ɤɥɚɫɫɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ; 2 – ɷɤɫɩɟɪɢɦɟɧɬ, 
ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ; 3 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɤɥɚɫɫɢɱɟɫɤɢɣ 
ɬɟɪɦɨɫɢɮɨɧ; 4 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɬɟɪɦɨɫɢɮɨɧ) 

 

2
2

1
4 2

d
d ln

d
R

⋅

=
⋅λ

   (20) 

5
5

1
R =

α
    (21) 

5
ɜɨɡɞ.

ɤɚɧɚɥ

Nu

d

⋅λ
α =    (22) 

ɝɞɟ Nu – ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ ɞɥɹ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ 
ɜɨɡɞɭɯɭ; Ȝɜɨɡɞ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ȼɬ/(ɦ∙Ʉ); dɤɚɧɚɥ –ɞɢɚɦɟɬɪ 
ɬɪɭɛɵ ɜ ɤɨɬɨɪɨɣ ɩɪɨɯɨɞɢɬ ɨɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ, ɦ; dɤɚɧɚɥ=0,15 ɦ. 

2
vɜɨɡɞ.

ɜɨɡɞ

d
Re

ρ ⋅ ⋅
=

µ
   (23) 

ɝɞɟ v– ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɦ/ɫ. 
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v

3600
4

ɜɨɡɞ.

ɤɚɧɚɥ

Q

d
=
π⋅

⋅

  (24) 

ȼɵɜɨɞɵ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 
ɬɟɪɦɨɫɢɮɨɧɚɯ, ɩɪɨɜɟɞɟɧɧɵɯ ɫ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɵɯ 
ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɨɫɭɲɟɧɢɹ ɜɨɡɞɭɯɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢɹμ 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɫɭɲɢɬɟɥɹ 
ɜɨɡɞɭɯɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɡɚɦɤɧɭɬɵɯ ɞɜɭɯɮɚɡɧɵɯ ɬɟɩɥɨɩɟɪɟɞɚɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ – ɬɟɪɦɨɫɢɮɨɧɨɜ. Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɢɜɨɞɚ ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɣ 
ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬɶ ɨɛɴɟɦ ɡɚɩɪɚɜɤɢ 
ɜɧɭɬɪɟɧɧɢɯ ɤɨɧɬɭɪɨɜ ɭɫɬɚɧɨɜɤɢ ɯɥɚɞɨɝɟɧɬɨɦ. 

2. Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɜɭɯɮɚɡɧɵɯ ɬɟɩɥɨɩɟɪɟɞɚɸɳɢɯ ɬɟɪɦɨɫɢɮɨɧɨɜ ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɬɟɪɦɨɫɢɮɨɧɨɜ ɫ 
ɤɨɥɶɰɟɜɵɦɢ ɤɚɧɚɥɚɦɢ ɜ ɢɫɩɚɪɢɬɟɥɟ ɢ ɤɨɧɞɟɧɫɚɬɨɪɟ.  

 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ: 
1. ɑɢ ɋ. Ɍɟɩɥɨɜɚɹ ɬɪɭɛɚμ Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ / ɋ. ɑɢ // ɩɟɪ. ɫ ɚɧɝɥ. 

ȼ.ə. ɋɢɞɨɪɨɜɚ – Ɇ.μ Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1λ81 – 207 ɫ. 
2. Ⱦɚɧ ɉ.Ⱦ. Ɍɟɩɥɨɜɵɟ ɬɪɭɛɵ / ɉ.Ⱦ. Ⱦɚɧ, Ⱦ.Ⱥ. Ɋɟɣ // ɩɟɪ. ɫ ɚɧɝɥ. – 

Ɇ.μ ɗɧɟɪɝɢɹ, 1λ7λ – 272 ɫ. 
3. ɍɨɧɝ ɏ. Ɉɫɧɨɜɧɵɟ ɮɨɪɦɭɥɵ ɢ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɨɛɦɟɧɭ ɞɥɹ 

ɢɧɠɟɧɟɪɨɜμ ɉɟɪ. ɫ ɚɧɝɥ. / ɋɩɪɚɜɨɱɧɢɤ. – Ɇ.μ Ⱥɬɨɦɢɡɞɚɬ, 1λ7λ. – 216 ɫ. 
4. ɑɟɪɧɨɛɵɥɶɫɤɢɣ ɂ.ɂ., Ɍɚɧɚɧɚɣɤɨ ɘ.Ɇ. Ɍɟɩɥɨɨɛɦɟɧ ɩɪɢ 

ɤɢɩɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜ ɤɨɥɶɰɟɜɨɣ ɳɟɥɢ // ɂɧɠ.-ɮɢɡ. ɀɭɪɧ. – 1956. – 24, 
№10. – ɫ 2316-2332 

5. ɊȾ 24.035.05-8λ Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ. Ɍɟɩɥɨɜɨɣ ɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱥɗɋ. 

6. Ɋɨɞɢɧ, Ⱥ.ȼ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɟɪɦɨɫɢɮɨɧɚ / Ⱥ.ȼ. Ɋɨɞɢɧ // 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɷɧɟɪɝɟɬɢɤɢ ɢ 
ɭɩɪɚɜɥɟɧɢɹμ ɦɚɬɟɪɢɚɥɵ БIV Ɇɟɠɞɭɧɚɪ. ɧɚɭɱ.-ɬɟɯɧ. ɤɨɧɮ. ɫɬɭɞɟɧɬɨɜ, 
ɦɚɝɢɫɬɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, Ƚɨɦɟɥɶ, 24-25 ɚɩɪ. 2014 ɝ. – Ƚɨɦɟɥɶμ 
ȽȽɌɍ ɢɦ. ɉ.Ɉ. ɋɭɯɨɝɨ, 2013. – ɫ.204-207 

7. ȼɚɫɢɥɶɟɜ Ʌ.Ʌ., ɀɭɪɚɜɥёɜ Ⱥ.ɋ., ɒɚɩɨɜɚɥɨɜ Ⱥ.ȼ., Ɋɨɞɢɧ Ⱥ.ȼ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɧɚ ɬɟɩɥɨɜɵɯ ɬɪɭɛɚɯ ɞɥɹ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɜ ɨɛɥɚɫɬɢ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ 
ɯɨɥɨɞɢɥɶɧɨɣ ɬɟɯɧɢɤɢ // ȼɟɫɰТ ɇȺɇ ȻɟɥɚɪɭɫТ. ɋɟɪ. ɮiɡiɤɚ-ɬɷɯɧiɱɧɵɯ 
ɧɚɜɭɤ. 2014. N 3. – ɋ. 85–90.  
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Ʌ.Ʌ. ȼɚɫɢɥɶɟɜ, ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ, ɜɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, 
Ɋɟɫɩɭɛɥɢɤɚ Ȼɟɥɚɪɭɫɶ, ɝ. Ɇɢɧɫɤ, ɂɧɫɬɢɬɭɬ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ 
ɢɦɟɧɢ Ⱥ.ȼ. Ʌɵɤɨɜɚ ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ȼɟɥɚɪɭɫɢ 

Ⱥ.ɋ. ɀɭɪɚɜɥɟɜ, ɤ.ɬ.ɧ., ɝɥɚɜɧɵɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, Ɋɟɫɩɭɛɥɢɤɚ 
Ȼɟɥɚɪɭɫɶ, ɝ. Ɇɢɧɫɤ, ɂɧɫɬɢɬɭɬ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɢɦɟɧɢ 
Ⱥ.ȼ. Ʌɵɤɨɜɚ ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ȼɟɥɚɪɭɫɢ 
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APPLICATION OF THERMOSYPHONES FOR AIR 
DEHUMIDIFICATION 
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Abstract. The article considers the method for dehumidification of 

moist air with the help of thermosyphones, which makes it possible to 
reduce energy costs and the volume of filling of the refrigeration unit, 
which is used to condense moisture from the air. A schematic diagram of an 
installation for dehumidifying air using thermosyphons is proposed. A 
method for calculating the thermal resistance of thermosyphons filled with 
distilled water and ethyl alcohol is presented. The results of experiments 
with the results of calculations of a parodynamic thermosyphon and a 
thermosyphon without internal circulation inserts are compared. 

Key words: thermosyphone, thermal resistance, air dehumidification, 
moist air, heat exchanger, compressor. 
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