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ȼȼȿȾȿɇɂȿ 

  

 Ɉɬɪɚɫɥɶ ɀɄɏ ɨɛɥɚɞɚɟɬ ɨɝɪɨɦɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɧɟɪ-

ɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ – ɧɚ ɧɟɟ ɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 20% ɩɨɬɟɧɰɢɚɥɚ ɩɨ ɫɧɢɠɟɧɢɹ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ɍɞɟɥɶɧɵɣ ɜɟɫ ɩɨɬɪɟɛɥɟɧɢɹ ɪɟ-

ɫɭɪɫɨɜ ɜ ɦɧɨɝɨɤɜɚɪɬɢɪɧɵɯ ɞɨɦɚɯ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ ɩɪɨɢɡɜɟɞёɧɧɵɯ ɜ ɫɬɪɚɧɟ ɪɟ-

ɫɭɪɫɨɜ ɫɨɫɬɚɜɥɹɟɬ 52% ɩɨ ɬɟɩɥɨɷɧɟɪɝɢɢ, 30% – ɩɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [1]. 

 Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɡɞɚɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡ-

ɦɟɳɟɧɢɟ ɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɡɞɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ 

ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ (ɆɂɎɋ). ɗɬɢ ɦɚɬɟɪɢɚɥɵ ɩɨɝɥɨɳɚɸɬ ɢɡɛɵɬɨɤ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɢ ɜɨɫɩɨɥɧɹɸɬ ɟɟ ɞɟɮɢɰɢɬ ɜ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɞɟɪɠɤɟ ɩɪɨɯɨɠɞɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫɤɜɨɡɶ ɤɨɧ-

ɫɬɪɭɤɰɢɸ, ɤ ɫɝɥɚɠɢɜɚɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɜ ɬɟɱɟɧɢɟ ɞɧɹ 

ɢ ɤ ɩɨɧɢɠɟɧɢɸ ɫɩɪɨɫɚ ɧɚ ɷɧɟɪɝɢɸ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɢ ɤɨɧɞɢɰɢɨ-

ɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. 

 Аɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɧɢɠɟɧɢɹ ɩɨɬɪɟɛ-

ɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɜɵɡɜɚɧɧɚɹ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɡɚɩɚɫɚɦɢ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ ɨɛɟɫɩɟ-

ɱɟɧɢɟɦ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ.   

 ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɹɯ ɡɞɚɧɢɣ ɫ ɩɨɥɭɱɟɧɢɟɦ ɷɮɮɟɤɬɚ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɤɨ ɤɨɧɬɢ-

ɧɟɧɬɚɥɶɧɨɝɨ ɤɥɢɦɚɬɚ.   

 Ɂɚɞɚɱɢ ɞɢɫɫɟɪɬɚɰɢɢ: 

   ɚ) ɢɡɭɱɟɧɢɟ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢ ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɆɂɎɋ ɢɡ 

ɢɦɟɸɳɢɯɫɹ ɬɨɪɝɨɜɵɯ ɦɚɪɨɤ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹ, ɪɚ-

ɛɨɬɚɸɳɢɯ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

         ɛ) ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɆɂɎɋ ɜ ɫɨɜɪɟɦɟɧ-

ɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ;        
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 ɜ) ɜɵɹɜɥɟɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɜɟɥɢɱɢɧɭ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɨ-

ɯɨɞɹɳɟɝɨ ɫɤɜɨɡɶ ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɆɂɎɋ; 

 ɝ) ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

c ɆɂɎɋ; 

 ɞ) ɨɰɟɧɤɚ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɪɢ ɡɚɦɟɧɟ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɭɬɟɩɥɟɧɢɟɦ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ ɫ 

ɆɂɎɋ.  

 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹ-

ɧɢɟɦ. 

 ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɪɨɰɟɫɫ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɨɝɪɚɠɞɚɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɹɯ. 
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Ƚɥɚɜɚ 1. ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ, ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

1.1 ɉɪɚɜɨɜɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ ɫɮɟɪɟ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ                                 
ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɊɎ 

 

 ȼ ɰɟɥɹɯ ɞɨɫɬɢɠɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɨɧɨɦɢɤɢ, ɜ ɷɧɟɪ-

ɝɟɬɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɢ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ [2] ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ. ȼ 

ɢɯ ɱɢɫɥɟ – ɪɚɡɪɚɛɨɬɤɚ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ, ɪɟɝɢɨɧɚɥɶɧɵɯ ɢ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɩɪɨ-

ɝɪɚɦɦ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢɯ ɜɵɩɨɥɧɟɧɢɹ; ɜɧɟɞɪɟ-

ɧɢɹ ɧɨɜɵɯ ɨɛɹɡɚɬɟɥɶɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦ ɢ ɩɪɚɜɢɥ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɨɛɴɟɤɬɨɜ ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, 

ɧɨ ɢ ɞɥɹ ɨɛɳɟɫɬɜɟɧɧɵɯ, ɤɨɦɦɟɪɱɟɫɤɢɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ; ɫɬɢɦɭɥɢ-

ɪɨɜɚɧɢɟ ɪɚɡɜɢɬɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɨɡɞɚɸ-

ɳɢɯ ɩɪɨɞɭɤɰɢɸ ɫ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɦɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɡɚɤɨɧɨɦ, ɪɟɝɭɥɢɪɭɸɳɢɦ ɜɨɩɪɨɫɵ ɷɧɟɪɝɨ-

ɫɛɟɪɟɠɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɞɚɧɢɣ, ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶ-

ɧɵɣ Ɂɚɤɨɧ ɨɬ 23.11.2009 N 261–ɎɁ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ ɩɨɜɵɲɟɧɢɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ…» [3]. Ɂɚɤɨɧ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɩɨɪɹɞɨɤ ɨɛɟɫɩɟ-

ɱɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɞɚɧɢɣ, ɫɬɪɨɟɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ.  

 Ɋɹɞ ɨɛɹɡɚɬɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ɤ ɨɬɚɩɥɢɜɚɟɦɵɦ ɡɞɚɧɢɹɦ ɢɡɥɨɠɟɧɵ ɜ ɩɪɢɤɚɡɟ 

Ɇɢɧɢɫɬɟɪɫɬɜɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɊɎ ɨɬ 17 

ɧɨɹɛɪɹ 2017 ɝ. N 1550/ɩɪ «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ Ɍɪɟɛɨɜɚɧɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɡɞɚɧɢɣ, ɫɬɪɨɟɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ» [4]. ȼ ɫɨɫɬɚɜɟ ɬɪɟɛɨɜɚɧɢɣ: 

   – ɫɨɛɥɸɞɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ   ɧɚ 

ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɩɭɬɟɦ ɞɨɫɬɢɠɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɭɞɟɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɸ ɡɧɚɱɟɧɢɣ ɧɨɪɦɢ-

ɪɭɟɦɨɣ; 
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   – ɫɨɛɥɸɞɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 

ɨɛɳɟɞɨɦɨɜɵɟ ɧɭɠɞɵ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ (ɞɥɹ ɦɧɨ-

ɝɨɤɜɚɪɬɢɪɧɵɯ ɞɨɦɨɜ); 

   –  ɞɪɭɝɢɟ ɨɛɹɡɚɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɵɯ ɜɥɟɱɟɬ ɨɫɭ-

ɳɟɫɬɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɪɟɲɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɧɠɟɧɟɪ-

ɧɵɦɢ ɫɢɫɬɟɦɚɦɢ; 

   –  ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɫɚɸɳɢɟɫɹ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɢ ɜɬɨɪɢɱɧɵɯ ɷɧɟɪ-

ɝɨɪɟɫɭɪɫɨɜ. 

  ɉɨɪɹɞɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɭɞɟɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧ ɜ ɫɜɨɞɟ 

ɩɪɚɜɢɥ «Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ ɡɞɚɧɢɣ» [5]. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɞɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɩɨɤɚɡɚɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɹɞ ɞɪɭɝɢɯ, ɭɞɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɬ.ɱ. ɭɞɟɥɶɧɚɹ 

ɬɟɩɥɨɡɚɳɢɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ – ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ ɪɚɜ-

ɧɚɹ ɩɨɬɟɪɹɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɟɞɢɧɢɰɵ ɨɬɚɩɥɢɜɚɟɦɨɝɨ ɨɛɴɟɦɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟ-

ɦɟɧɢ ɩɪɢ ɩɟɪɟɩɚɞɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 1°ɋ ɱɟɪɟɡ ɬɟɩɥɨɡɚɳɢɬɧɭɸ ɨɛɨɥɨɱɤɭ ɡɞɚɧɢɹ. 

Ɂɧɚɱɟɧɢɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɡɚɜɢɫɢɬ, ɜ ɬɨɦ ɱɢɫɥɟ, ɨɬ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɮɪɚɝɦɟɧɬɨɜ ɬɟɩɥɨɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɡɞɚɧɢɹ. 

 ɋɨɝɥɚɫɧɨ ɬɨɦɭ ɠɟ ɋɉ, ɬɟɩɥɨɡɚɳɢɬɧɚɹ ɨɛɨɥɨɱɤɚ ɡɞɚɧɢɹ ɞɨɥɠɧɚ ɨɬɜɟɱɚɬɶ 

ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

    – ɩɪɢɜɟɞɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɬɞɟɥɶɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɧɨɪɦɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ (ɩɨɷɥɟɦɟɧɬɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ); 

   – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɡɚɳɢɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 

ɛɨɥɶɲɟ ɧɨɪɦɢɪɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ (ɤɨɦɩɥɟɤɫɧɨɟ ɬɪɟɛɨɜɚɧɢɟ); 

   –  ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɣ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ (ɫɚɧɢɬɚɪɧɨ-ɝɢ-

ɝɢɟɧɢɱɟɫɤɨɟ ɬɪɟɛɨɜɚɧɢɟ). 
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 ȼ ɞɟɣɫɬɜɭɸɳɟɣ ɪɟɞɚɤɰɢɢ ɫɜɨɞɚ ɩɪɚɜɢɥ ɢɦɟɟɬɫɹ ɭɤɚɡɚɧɢɟ ɨ ɧɟɨɛɯɨɞɢɦɨ-

ɫɬɢ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨ-

ɜɢɹɯ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. Ɉɞɧɚɤɨ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 

ɡɞɚɧɢɣ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɢ ɜɥɚɠɧɨ-

ɫɬɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. 

 

1.2 Аɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɡɞɚɧɢɹɯ 

 

 Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɚɤɤɭɦɭɥɢɪɨɜɚɬɶɫɹ: ɜɟɳɟɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɢ ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɬɢɦɨ ɦɟɧɹɸɬ ɫɜɨɟ ɚɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɫɬɪɭɤ-

ɬɭɪɭ ɢɥɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɬ.ɟ. ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 

ɢɡɦɟɧɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ); ɡɚ ɫɱɟɬ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ; ɡɚ ɫɱɟɬ ɢɡɦɟɧɟ-

ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɳɟɫɬɜɚ.  

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɚɤɤɭɦɭɥɹɬɨɪɵ ɬɟɩ-

ɥɨɬɵ ɧɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ [6]. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɫɢɫɬɟɦɚɯ ɜɟɧɬɢɥɹɰɢɢ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ [7,8], ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹ-

ɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ [9], ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ (ɧɚɩɪɢ-

ɦɟɪ, ɜ ɝɟɥɢɨɫɢɫɬɟɦɚɯ [10]).  

 ȼ ɫɥɭɱɚɟ ɪɚɡɦɟɳɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ 

(ɆɂɎɋ) ɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɡɞɚɧɢɣ, ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɩɨɜɵɲɟɧɢɟ 

ɬɟɩɥɨɜɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɝɥɚɠɢɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ, ɭɦɟɧɶ-

ɲɟɧɢɟ ɢ/ɢɥɢ ɫɞɜɢɝ ɩɢɤɨɜɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ. ȼ 

ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɬɚɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɆɂɎɋ ɜ ɰɟɥɹɯ ɷɧɟɪɝɨɫɛɟ-

ɪɟɠɟɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɟ. 
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1.3 Ɇɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ.                         
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɫɩɨɫɨɛɵ ɢɯ ɭɩɚɤɨɜɤɢ 

 

 «Ɉɛɵɱɧɨ ɆɂɎɋ ɩɨ ɩɪɨɢɫɯɨɠɞɟɧɢɸ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɨɪɝɚɧɢɱɟɫɤɢɟ (ɞɥɹ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɩɚɪɚɮɢɧɵ, ɠɢɪɧɵɟ ɤɢɫ-

ɥɨɬɵ), ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ (ɝɢɞɪɚɬɵ ɫɨɥɟɣ), ɨɬɞɟɥɶɧɨ ɜɵɞɟɥɹɸɬ ɫɦɟɫɢ ɢ ɷɜɬɟɤɬɢɤɢ 

(ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɦɟɫɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɝɢɞɪɚɬɨɜ ɫɨɥɟɣ), ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɤɚɤ 

ɩɨɥɧɨɫɬɶɸ ɫɨɫɬɨɹɬɶ ɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢɥɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ 

ɫɨɞɟɪɠɚɬɶ ɨɪɝɚɧɢɤɭ ɢ ɧɟɨɪɝɚɧɢɤɭ ɨɞɧɨɜɪɟɦɟɧɧɨ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɟɷɜɬɟɤɬɢɱɟ-

ɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɷɜɬɟɤɬɢɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɪɨɞɧɭɸ ɤɨɦɩɨɡɢɰɢɸ ɢɡ 

ɞɜɭɯ ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɨɧɝɪɭ-

ɷɧɬɧɨ: ɫɨɫɬɚɜ ɠɢɞɤɨɫɬɢ ɫɨɜɩɚɞɚɟɬ ɫ ɫɨɫɬɚɜɨɦ ɬɜɟɪɞɨɣ ɮɚɡɵ. ɉɨɦɢɦɨ ɩɟɪɟɱɢɫ-

ɥɟɧɧɵɯ ɤɥɚɫɫɨɜ, ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɨɬ 0°C ɞɨ, 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ, 30°C ɧɚɯɨɞɹɬɫɹ ɤɥɚɬɪɚɬɵ, ɨɬ 90°C ɞɨ 200°C ɫɚɯɚɪɧɵɟ ɫɩɢɪɬɵ. 

ɉɪɢ ɬɪɟɛɭɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɧɢɠɟ 0°C ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ 

ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɜɨɞɧɨ-ɫɨɥɟɜɵɟ ɪɚɫɬɜɨɪɵ, ɚ ɜɵɲɟ 150°C ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɪɚɡɥɢɱɧɵɯ ɫɨɥɟɣ ɢ ɢɯ ɫɦɟɫɟɣ [11, 12]» [13]. 

 «Ɍɚɤ ɤɚɤ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɟ ɦɚɬɟɪɢɚɥɵ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɬɟɤɭɱɢ, 

ɭɞɟɪɠɚɧɢɟ ɆɂɎɋ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɨɫɬɢɝɚɸɬ 

ɩɨɫɪɟɞɫɬɜɨɦ ɭɩɚɤɨɜɤɢ (ɢɧɤɚɩɫɭɥɹɰɢɟɣ, ɦɢɤɪɨ- ɢ ɦɚɤɪɨɢɧɤɚɩɫɭɥɹɰɢɟɣ, ɫɦ. ɪɢ-

ɫɭɧɨɤ 1) ɢɥɢ ɩɨɥɭɱɟɧɢɟɦ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɮɨɪɦɵ (shape-stabilized PCM, SS 

PCM).  Ɇɢɤɪɨɤɚɩɫɭɥɹɰɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ, 

ɡɚɤɥɸɱɟɧɧɵɣ ɜ ɤɚɩɫɭɥɚɯ ɫ ɪɚɡɦɟɪɚɦɢ ɨɬ ɦɟɧɟɟ 1 ɦɤɦ ɢ ɞɨ, ɩɪɢɦɟɪɧɨ, 300 ɦɤɦ 

(ɪɢɫɭɧɨɤ 2). ȼɨɡɦɨɠɧɵ ɤɚɤ ɩɪɢɛɥɢɠɟɧɧɵɟ ɤ ɩɪɚɜɢɥɶɧɵɦ ɮɨɪɦɵ ɤɚɩɫɭɥ, ɬɚɤ ɢ 

ɧɟɩɪɚɜɢɥɶɧɵɟ.  ɂɡ-ɡɚ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ, ɦɚɬɟɪɢɚɥ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɦɨ-

ɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɢɥɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧ ɜ ɠɢɞɤɨɫɬɶ, ɨɛɵɱɧɨ ɜɨɞɭ 

(ɫɭɫɩɟɧɡɢɹ). ȼ ɜɢɞɟ ɝɪɚɧɭɥ ɆɂɎɋ ɩɨɦɟɳɚɸɬɫɹ ɜ ɩɥɚɫɬɢɤɨɜɵɟ, ɫɬɟɤɥɹɧɧɵɟ, 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɫɫɢɜɧɵɟ ɤɨɧɬɟɣɧɟɪɵ, ɩɚɤɟɬɵ ɢɡ ɮɨɥɶɝɢ ɢɥɢ ɧɟɩɨɫɪɟɞ-
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ɫɬɜɟɧɧɨ ɜ ɫɬɪɨɢɬɟɥɶɧɵɟ ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹ-

ɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɡɚɬɜɟɪɞɟɜɚɧɢɸ/ɬɚɹɧɢɸ ɩɨ ɤɪɚɹɦ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɛɨɥɟɟ ɦɟɞ-

ɥɟɧɧɨɦɭ ɩɨɝɥɨɳɟɧɢɸ ɢ ɜɵɫɜɨɛɨɠɞɟɧɢɸ ɷɧɟɪɝɢɢ. ȼɢɞɨɦ ɆɂɎɋ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɭɩɚɤɨɜɤɢ: ɝɢɞɪɚɬɵ ɫɨɥɟɣ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɤɨɪɪɨɡɢɸ, ɚ ɩɚ-

ɪɚɮɢɧɵ ɪɚɡɦɹɝɱɟɧɢɟ ɩɥɚɫɬɢɤɚ [11]» [13]. 

 

 

a) ɩɪɨɡɪɚɱɧɵɟ ɨɤɨɧɧɵɟ ɦɨɞɭɥɶɧɵɟ ɤɨɧɬɟɣɧɟɪɵ ɫ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɧɟɨɪɝɚɧɢɱɟ-

ɫɤɢɦ PCM – Dörken GmbH & Co, Ƚɟɪɦɚɧɢɹ ɛ) ɩɚɤɟɬɵ ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɢ ɩɥɚ-

ɫɬɢɤɨɜɨɣ ɮɨɥɶɝɢ, ɫɨɞɟɪɠɚɳɢɟ PCM – Products Ltd, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ ɜ) ɦɚɤɪɨ-

ɤɚɩɫɭɥɢɪɨɜɚɧɢɟ PCM ɜ ɜɢɞɟ ɫɮɟɪ – Products Ltd, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ ɝ) ɞɨɛɚɜɥɟ-

ɧɢɟ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɧɨɝɨ PCM ɜ ɰɟɥɥɸɥɨɡɭ –ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɞɭɤ-

ɰɢɹ 

Ɋɢɫɭɧɨɤ 1 – ȼɢɞɵ ɭɩɚɤɨɜɨɤ ɞɥɹ ɆɂɎɋ [12]  

ɚ) ɛ) 

ɜ) ɝ) 
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 «A. Jamekhorshid, S. Sadrameli ɢ M. Farid [14] ɫɪɚɜɧɢɥɢ 12 ɫɩɨɫɨɛɨɜ ɦɢɤ-

ɪɨɢɧɤɚɩɫɭɥɹɰɢɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɮɢɡɢɱɟɫɤɢɯ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟ-

ɫɤɢɯ ɦɟɬɨɞɨɜ ɫɨɡɞɚɧɢɹ ɫɬɟɧɤɢ ɦɢɤɪɨɤɚɩɫɭɥɵ. ȼɵɛɨɪ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɡɚɜɢɫɢɬ ɨɬ 

ɬɪɟɛɭɟɦɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɪɚɡɦɟɪɚ ɢ ɫɬɪɨɟɧɢɹ ɤɚɩɫɭɥɵ, 

ɬɨɥɳɢɧɵ ɨɛɨɥɨɱɤɢ, ɦɚɬɟɪɢɚɥɚ ɹɞɪɚ ɢ ɨɛɨɥɨɱɤɢ. Ɇɚɬɟɪɢɚɥɨɦ ɹɞɪɚ ɨɛɵɱɧɨ ɫɥɭ-

ɠɚɬ ɩɚɪɚɮɢɧɵ, ɢɡ-ɡɚ ɯɨɪɨɲɨ ɩɪɨɪɚɛɨɬɚɧɧɨɝɨ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɝɨ ɩɪɨ-

ɰɟɫɫɚ ɢɯ ɦɢɤɪɨɢɧɤɚɩɫɭɥɹɰɢɢ» [13]. 

 «J. Kosny, A.M. Farid ɢ ɞɪ. ɪɚɫɫɦɨɬɪɟɥɢ ɜɤɥɸɱɟɧɢɟ ɦɢɤɪɨɤɚɩɫɭɥ ɢ ɜ ɪɚɡ-

ɥɢɱɧɵɟ ɜɢɞɵ ɜɨɥɨɤɨɧɧɨɣ ɢɡɨɥɹɰɢɢ [12]. Ɇɢɤɪɨɤɚɩɫɭɥɹɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨ-

ɜɵɲɟɧɧɭɸ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɧɨɣ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɶɲɟɪɚɡɦɟɪɧɵɦɢ ɭɩɚɤɨɜɤɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɢ 

ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬ ɩɪɨɱɧɨɫɬɶ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɂɚɱɚɫɬɭɸ ɦɢɤɪɨɤɚɩɫɭɥɹɰɢɹ 

ɆɂɎɋ ɬɪɟɛɭɟɬ ɫɥɨɠɧɵɯ ɩɪɨɰɟɞɭɪ ɩɨɞɝɨɬɨɜɤɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɟɟ ɦɚɫɫɨɜɨɟ 

ɩɪɨɢɡɜɨɞɫɬɜɨ [15]» [13]. 

 

Ɋɢɫɭɧɨɤ 2 – ɂɡɨɛɪɚɠɟɧɢɟ ɫ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɦɧɨɝɢɯ ɤɚɩɫɭɥ (ɫɥɟɜɚ) 

ɢ ɨɬɤɪɵɬɨɣ ɦɢɤɪɨɤɚɩɫɭɥɵ (ɫɩɪɚɜɚ) [16] 

 «Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɭɫɬɨɣɱɢɜɨɣ ɮɨɪɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸ-

ɳɢɟ ɩɪɢɟɦɵ: ɩɪɨɩɢɬɤɚ ɦɟɯɚɧɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵɯ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ; ɩɨɥɭ-
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ɱɟɧɢɟ ɤɨɦɩɨɡɢɬɚ ɢɡ ɆɂɎɋ ɢ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɫɥɭɠɢɬɶ ɩɨɞɞɟɪɠɢɜɚ-

ɸɳɟɣ ɫɬɪɭɤɬɭɪɨɣ; ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɨɛɨɢɯ ɫɩɨɫɨɛɨɜ – ɡɚɩɨɥɧɟɧɢɟ ɩɨɪ ɫɬɚɛɢɥɶ-

ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɬɟɪɢɚɥɨɦ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɢ ɫɬɪɭɤɬɭɪɨɣ, ɤɨɬɨɪɚɹ ɩɨɞ-

ɞɟɪɠɢɜɚɟɬ ɟɝɨ ɜ ɩɨɪɚɯ [11]» [13].  

 «Ⱥɜɬɨɪɵ [17-19] ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɩɨɫɨɛ ɩɨɝɪɭɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɆɂɎɋ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɝɥɨɳɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɴɟɦɚ ɜ 

ɩɨɪɵ ɬɚɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɝɢɩɫ, ɤɢɪɩɢɱ ɢɥɢ ɛɟɬɨɧ, ɢɦɟɟɬ ɬɟɯ-

ɧɨɥɨɝɢɱɟɫɤɢɟ ɫɥɨɠɧɨɫɬɢ» [13]. 

 ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɢɡɜɨɞɢɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ 

ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ. 

 



                     Ɍɚɛɥɢɰɚ 1 – ɉɪɨɢɡɜɨɞɢɦɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚ-
ɧɢɟ ɦɚɬɟɪɢ-

ɚɥɚ, ɟɝɨ 
ɦɚɪɤɚ 

Ɍɟɦɩɟɪɚ-
ɬɭɪɚ 

ɩɥɚɜɥɟ-
ɧɢɹ / 

ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ, 

°C 

Ɍɟɩɥɨ-
ɩɪɨɜɨɞ-
ɧɨɫɬɶ 

ɠɢɞɤɨ-
ɫɬɢ/ 

ɬɜɟɪɞɨɣ 
ɮɚɡɵ,  

ȼɬ/(ɦ·K) 

ɋɤɪɵ-
ɬɚɹ ɬɟɩ-

ɥɨɬɚ, 
ɤȾɠ/ɤɝ 

№ 
ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɦɚɬɟɪɢɚɥɚ, ɟɝɨ 

ɦɚɪɤɚ 

Ɍɟɦɩɟ-
ɪɚɬɭɪɚ 
ɩɥɚɜɥɟ-

ɧɢɹ / 
ɤɪɢ-

ɫɬɚɥɥɢ-
ɡɚɰɢɢ, 

°C 

Ɍɟɩɥɨ-
ɩɪɨɜɨɞ-
ɧɨɫɬɶ 

ɠɢɞɤɨ-
ɫɬɢ/ 

ɬɜɟɪɞɨɣ 
ɮɚɡɵ, 

ȼɬ/(ɦ·K) 

ɋɤɪɵ-
ɬɚɹ ɬɟɩ-

ɥɨɬɚ, 
ɤȾɠ/ɤɝ 

1. Climator [20]  
1 ClimSel C-21 -21/-24 0.33/1.45 285 7 ClimSel C28 31/27 0.72/0.98 170 
2 ClimSel C-18 -18/-23 0.56/2.17 288 8 ClimSel C32 32/29 1.08/0.76 160 
3 ClimSel C7 8/4 0.59/0.78 123 9 ClimSel C48 53/48 0.53/0.76 180 
4 ClimSel C10 6/11 0.70/0.83 116 11 ClimSel C58 58/55 0.47/0.57 260 
5 ClimSel C21 26/21 0.75/0.93 134 12 ClimSel C70 77/70 0.81 144 
6 ClimSel C24 27/24 0.93/0.74 140      

2. Croda International Plc [21] 

13 
Croda-

Therm™ -22 
-23/-24 0.19/0.16 120 21 

CrodaTherm™ 
24W 

23.8/22.
2 

0.16/0.22 184/-182 

14 
Croda-

Therm™ 5 
5.1/2.7 0.15/.0.23 191/-190 22 

CrodaTherm™M
E29D 

28.8/23.
5 

ɧ.ɞ. 183/-179 

15 
CrodaTherm

™ 6.5 
6.8/2.5 0.15/.0.24 184/-182 23 

CrodaTherm™M
E29P 

28.8/23.
5 

ɧ.ɞ. 183/-179 

16 
CrodaTherm

™ 9.5 
9 0.15/.0.24 135 24 

CrodaTherm™ 
29 

29/26 0.15/0.22 207/-205 

17 
CrodaTherm

™ 15 
15/9.5 0.10/0.29 177/-176 25 

CrodaTherm™ 
32 

32/29.5 0.16/0.22 190 

18 
CrodaTherm

™ 19 
19.3/17.9 0.16/0.23 175/-176 26 

CrodaTherm™ 
37 

36/8/35 0.17/0.24 204/-202 

19 
CrodaTherm

™ 21 
21/19 0.15/0.18 190 27 

CrodaTherm™ 
53 

53/51 0.16/0.28 226/-225 
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20 
CrodaTherm

™ 24 
24.1/20.1 0.16/0.29 183 28 

CrodaTherm™ 
60 

59/8/58/
4 

0.17/0.29 217/-212 

3. Insolcorp [22] 

29 
18 C⁰ Infinite 

R 
18 0.54/1.09 200 32 25 C⁰ Infinite R 25 0.54/1.09 200 

30 
21 C⁰ Infinite 

R 
21 0.54/1.09 200 33 29 C⁰ Infinite R 29 0.54/1.09 200 

31 23 C⁰ Infinite 
R 

23 0.54/1.09 200      

4. Microtek laboratories, inc [23] 
34 fibratek 28S 28 

ɧ.ɞ. 

160 50 nextek 18D 50 

ɧ.ɞ. 

190 
35 fibratek 24S 24 97 51 nextek 24D 51 170 
36 fibratek 28D 28 160 52 nextek 28D 52 180-190 
37 fibratek 24D 24 160 53 nextek 32D 53 170 
38 Micronal 28S 28 160 54 nextek 37D 54 190 
39 Micronal 24S 24 105 55 PCM-30 55 150-160 
40 Micronal 28D 28 160 56 PCM-10 56 175-185 
41 Micronal 24D 24 97 57 PCM6 57 180-190 
42 nextek 6 6 170 58 PCM18 58 205-215 
43 nextek 18 18 190 59 PCM24 59 165-175 
44 nextek 24 24 170 60 PCM28 60 195-205 
45 nextek 28 28 180-190 61 PCM32 61 180-190 
46 nextek 29 31 170 62 PCM37 62 210-220 
47 nextek 32 32 170 63 PCM43 63 235-245 
48 nextek 37 37 190 64 PCM58 64 160-180 
49 nextek 6D 6 170 65 vivtek 29 65 170 

5. PCM Products, Ltd [24] 
66 A2 2 0.21 230 117 E-21 -21 0.51 285 
67 A3 3 0.21 230 118 E-22 -22 0.57 305 
68 A4 4 0.21 235 119 E-26 -26 0.58 265 
69 A5 5 0.22 170 120 E-29 -29 0.64 250 
70 A6 6 0.21 185 121 E-32 -32 0.56 225 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
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71 A6.5 6,5 0.22 190 122 E-34 -34 0.54 200 
72 A7 7 0.22 190 123 E-37 -37 0.54 225 
73 A8 8 0.21 180 124 E-50 -50 0.56 175 
74 A9 9 0.21 190 125 E-65 -65 0.56 240 
75 A10 10 0.22 210 126 H105 104 0.500 125 
76 A12 12 0.22 215 127 H115 114 0.503 100 
77 A13 13 0.22 225 128 H120 120 0.506 120 
78 A14 14 0.22 200 129 H160 162 0.509 105 
79 A15 15 0.18 205 130 H190 191 0.512 170 
80 A16 16 0.18 225 131 S8 8 0.44 130 
81 A17 17 0.18 235 132 S10 10 0.43 170 
82 A18 18 0.22 155 133 S13 13 0.43 150 
83 A19 19 0.22 150 134 S15 15 0.43 180 
84 A20 20 0.22 160 135 S17 17 0.43 155 
85 A21 21 0.22 160 136 S18 18 0.43 145 
86 A22 22 0.18 160 137 S19 19 0.43 175 
87 A23 23 0.18 155 138 S20 20 0.54 195 
88 A24 24 0.18 155 139 S21 21 0.54 220 
89 A25 25 0.18 150 140 S22 22 0.54 215 
90 A26 26 0.21 230 141 S23 23 0.54 200 
91 A27 27 0.22 250 142 S24 24 0.54 180 
92 A28 28 0.21 265 143 S25 25 0.54 175 
93 A29 29 0.18 225 144 S27 27 0.54 185 
94 A32 32 0.21 120 145 S32 32 0.51 220 
95 A32H 32 0.22 240 146 S34 34 0.52 140 
96 A36 36 0.18 130 147 S44 44 0.43 100 
97 A36H 36 0.22 300 148 S50 50 0.43 125 
98 A39 39 0.22 135 149 S58 58 0.69 145 
99 A42 42 0.21 140 150 S70 70 0.57 100 
100 A43 43 0.18 280 151 S72 72 0.58 155 
101 A46 46 0.22 155 152 S83 83 0.62 100 
102 A48 48 0.18 230 153 S89 89 0.67 145 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
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103 A50 50 0.18 190 154 S117 117 0.70 125 
104 A52 52 0.18 220 155 X25 25 0.36 110 
105 A53 53 0.22 155 156 X30 30 0.36 115 
106 A58 58 0.22 215 157 X40 40 0.36 150 
107 A58H 58 0.18 240 158 X55 55 0.36 115 
108 A62 62 0.22 205 159 X70 70 0.36 160 
109 A70 70 0.23 225 160 X80 80 0.36 160 
110 E0 0 0.58 395 161 X90 90 0.36 170 
111 E-2 -2 0.58 325 162 X95 95 0.36 140 
112 E-3 -4 0.6 330 163 X120 120 0.36 185 
113 E-6 -6 0.56 300 164 X130 130 0.36 315 
114 E-11 -12 0.57 310 165 X165 165 0.36 225 
115 E-15 -15 0.53 320 166 X180 180 0.36 275 
116 E-19 -19 0.58 300      

6. Phase Change [25] 
167 BioPCM Q4 4 0.15-2.5 210-250 173 BioPCM Q18 18 0.15-2.5 210-250 
168 BioPCM Q5 5 0.15-2.5 210-250 174 BioPCM Q20 20 0.15-2.5 210-250 
169 BioPCM Q6 6 0.15-2.5 210-250 175 BioPCM Q23 23 0.15-2.5 210-250 
170 BioPCM Q8 8 0.15-2.5 210-250 176 BioPCM Q25 25 0.15-2.5 210-250 
171 BioPCM Q12 12 0.15-2.5 210-250 177 BioPCM Q27 27 0.15-2.5 210-250 
172 BioPCM Q15 15 0.15-2.5 210-250 178 BioPCM Q29 29 0.15-2.5 210-250 

7. Pluss® [26] 
179 HS 33N -30/-31 ɧ.ɞ. 224 194 HS 24 26/25 0.55/1.05 199 

180 HS 26N -24/-26 ɧ.ɞ. 272 195 HS 29 29 
0.382/0.4

78 
190 

181 HS 23N -21/-23 
0.702/4.9

76 
262 196 OM 29 29/26 

0.172/0.2
93 

194 

182 HS 18N -18 0.44/ɧ.ɞ. 242 197 FS 29 29/28 ɧ.ɞ/0.45 158 

183 HS 15N -15/-16 0.53/5.26 308 198 OM 30 32/30 
0.146/0.2

24 
230 

184 HS 10N -10 
0.602/4.2

5 
290 199 FS 30 31/30 

0.340/0.4
96 

172 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
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185 HS 7N -6 0.55/1.76 296 200 OM 32 33/30 
0.145/0.2

19 
187 

186 HS 3N -2/-3 0.35/2.2 346 201 HS 34 35/34 0.47/0.5 150 
187 HS 01 1 0.55/2.2 270 202 OM 35 35/34 0.16/0.20 202 

188 OM 03 4/3 
0.146/0.2

24 
140 203 OM 37 37/36 0.13/0.16 231 

189 OM 05P 6.1/5 0.37/3.83 242 204 OM 42 44/43 0.1/0.19 221 
190 FS 03 4/1 0.16/0.22 161 205 FS 42 42/41 2.91/3.01 181 

191 OM 18 19 
0.175/0.1

82 
212 206 OM 46 48/45 0.10/0.20 196 

192 OM 21 22/19 0.14/0.21 174 207 OM 48 51/48 0.10/0.20 172 
193 HS 22 23/22 0.56/2.27 167.6      

8. PureTemp LLC [27] 
208 PureTemp -37 -37 0.15/0.25 145 220 PureTemp 28 28 0.15/0.25 190 
209 PureTemp -21 -21 0.55/2.39 239 221 PureTemp 29 29 0.15/0.25 202 
210 PureTemp -15 -15 0.55/2.34 301 222 PureTemp 37 37 0.15/0.25 210 
211 PureTemp -2 -2 0.60/2.21 277 223 PureTemp 44 44 0.15/0.25 180 
212 PureTemp 4 5 0.15/0.25 187 224 PureTemp 48 48 0.15/0.25 230 
213 PureTemp 8 8 0.14/0.22 178 225 PureTemp 53 53 0.15/0.25 225 
214 PureTemp 15 15 0.15/0.25 182 226 PureTemp 58 58 0.15/0.25 225 
215 PureTemp 18 18 0.15/0.25 192 227 PureTemp 60 61 0.15/0.25 220 
216 PureTemp 20 20 0.14/0.23 171 228 PureTemp 63 63 0.15/0.25 206 
217 PureTemp 23 23 0.15/0.25 227 229 PureTemp 68 68 0.15/0.25 213 
218 PureTemp 25 25 0.15/0.25 187 230 PureTemp 108 108 0.15/0.25 180 
219 PureTemp 27 27 0.15/0.25 202 231 PureTemp 151 151 0.15/0.25 217 

9. RGEES, LLC [28] 

232 PCM-HS26N -24/-26 ɧ.ɞ. 210 236 PCM-OM18P 
19.3/18.

8 
ɧ.ɞ. 233 

233 PCM-HS10N -10 
0.605/4.2

5 
230 237 PCM-HS22P 23/22 0.56/1.13 185 

234 PCM-OM05P 6.6/5.4 ɧ.ɞ. 216 238 PCM-OM37P 37/38 0.13/0.16 218 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
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235 PCM-OM06P 6.4/3.9 ɧ.ɞ. 252 239 PCM-OM65P 
66-

68/65 
0.33/0.19 183 

10. Rubitherm® Technologies GmbH [29] 
240 GR 42 42 0.2 55 275 RT 47 47 

0.2 

165 
241 GR 82 82 0.2 55 276 RT 50 50 160 
242 PX 15 15 0.2 85 277 RT 54 HC 54 200 
243 PX 25 25 0.1 95 278 RT 55 55 170 
244 PX 52 52 0.2 100 279 RT 60 60 160 
245 PX 82 82 0.1 105 280 RT 62 HC 62 230 
246 RT - 9 HC -9 

0.2 
 

250 281 RT 64 HC 64 250 
247 RT - 4 -4 180 282 RT 65 65 150 
248 RT 0 0 175 283 RT 69 HC 69 230 
249 RT 2 HC 2 200 284 RT 70 HC 70 260 
250 RT 3 HC 3 190 285 RT 82 82 170 
251 RT 4 4 175 286 RT 80 HC 78 0.14 220 
252 RT 5 5 180 287 RT 90 HC 90 ɧ.ɞ. 170 
253 RT 5 HC 5 250 288 RT100 ~100 

0.2 
120 

254 RT 8 8 175 289 RT100HC 100 180 

255 RT 8 HC 8 190 290 SP -30 
-29 – -

28 

0.6 

250 

256 RT 9 9 175 291 SP-28 
-28 – -

29 
260 

257 RT 10 10 160 292 SP-24 
-22 – -

23 
250 

258 RT 10 HC 10 200 293 SP-21 
-21 – -

19 
285 

259 RT 11 HC 11 200 294 SP-17 
-17 – -

18 
300 

260 RT 12 12 155 295 SP -11 UK 
-12 – -

10 
330 

261 RT 15 15 155 296 SP -11 
-11 – -

12 
240 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
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262 RT 18 HC 18 260 297 SP-7_2 -7 – -5 290 
263 RT 21 21 155 298 SP 5 4 – 6 170 
264 RT 21 HC 21 190 299 SP 15 15 – 17 180 
265 RT 22 HC 22 190 300 SP 21 EK 21 – 23 170 
266 RT 24 24 160 301 SP 24 E 24 – 25 180 
267 RT 25 HC 25 210 302 SP 25 E2 24 – 26 180 
268 RT 26 26 180 303 SP 26 E 25 – 27 180 
269 RT 28 HC 28 250 304 SP 29 Eu 29 – 31 200 
270 RT 31 31 165 305 SP 31 31 – 33 ɧ.ɞ. 210 
271 RT 35 35 160 306 SP 50 * 50 – 51 

0.6 

220 
272 RT 42 42 165 307 SP 58 * 56 – 59 250 
273 RT 35 HC 35 240 308 SP 70 67 – 73 150 
274 RT 44 HC 44 250 309 SP 90 * 88 – 90 150 

11. Teappcm [30] 
310 Latest™18T 18/17 

1 

175 315 Latest™32S 32 

0.6 

220 
311 Latest™20T 20/19 175 316 Latest™34S 34 230 
312 Latest™22T 22/21 175 317 Latest™36S 36 200 
313 Latest™25T 25/24 175 318 Latest™48S 48 230 
314 Latest™29T 29/28 175      

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 



1.4 Ɇɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ.                         
ɋɜɨɣɫɬɜɚ ɆɂɎɋ 

 

 ȼ [31, 32] ɩɟɪɟɱɢɫɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɠɟɥɚɟɦɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡ-

ɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ: 

   – ɫɩɨɫɨɛɧɨɫɬɶ  ɩɨɝɥɨɳɚɬɶ ɢ ɜɵɞɟɥɹɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɩɪɢ 

ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (ɬ.ɧ. ɫɤɪɵɬɭɸ ɷɧɟɪɝɢɸ, ɢɥɢ ɫɤɪɵɬɭɸ ɬɟɩɥɨɬɭ);  

   – ɩɨɞɯɨɞɹɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ;  

   – ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ (<1 ɛɚɪ) ɜɨ ɢɡɛɟɠɚɧɢɟ ɪɚɡɪɵɜɚ ɝɟɪɦɟɬɢɡɢɪɭɸ-

ɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɭɩɚɤɨɜɤɭ; 

    – ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɬɟɪɢɚɥɭ ɭɩɚɤɨɜɤɢ ɢ ɜɨɫ-

ɩɪɨɢɡɜɨɞɢɦɚɹ ɛɟɡ ɞɟɝɪɚɞɚɰɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɞɥɹ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɝɨ ɫɪɨɤɚ 

ɫɥɭɠɛɵ;  

  – ɜɵɫɨɤɚɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɢ ɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ;  

  – ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ;  

  – ɧɟɛɨɥɶɲɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɜɨ ɜɪɟɦɹ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ;  

  – ɞɨɫɬɭɩɧɨɫɬɶ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɞɟɲɟɜɢɡɧɚ. 

 

1.4.1 ɋɜɨɣɫɬɜɚ ɆɂɎɋ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

 

 ɍ ɩɚɪɚɮɢɧɨɜɵɯ ɆɂɎɋ ɨɛɵɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɬɪɵɣ ɩɪɨɮɢɥɶ ɷɧɬɚɥɶ-

ɩɢɢ ɫ ɯɨɪɨɲɨ ɡɚɦɟɬɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɧɢ 

ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɩɚɪɨɜ, ɧɨ ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɫɬɨɢ-

ɦɨɫɬɶ ɢ ɧɟɫɨɜɦɟɫɬɢɦɵ ɫ ɩɥɚɫɬɢɤɨɜɵɦɢ ɤɨɧɬɟɣɧɟɪɚɦɢ. ɋɪɟɞɧɹɹ ɬɟɩɥɨɩɪɨɜɨɞ-

ɧɨɫɬɶ ɩɚɪɚɮɢɧɨɜ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,2 ȼɬ/(ɦ·°C), ɚ ɬɟɩɥɨɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 150 ɞɨ 270 ɤȾɠ/ɤɝ [12, 32].  
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 ɋɪɟɞɢ ɧɟ ɩɚɪɚɮɢɧɨɜ, ɜ ɰɟɥɹɯ ɫɨɤɪɚɳɟɧɢɹ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɡɞɚɧɢɹɯ, 

ɧɚɢɛɨɥɶɲɟɟ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɨɥɭɱɢɥɢ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ. ɋɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɦɧɨ-

ɝɢɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ 150 ɢ 220 ɤȾɠ/ɤɝ, ɚ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɢ 

ɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɭ ɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ɋɪɟɞɧɹɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɢɫɥɨɬ ɦɟɧɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,15 ɞɨ 0,17 

ȼɬ/(ɦ·°C) [12, 32].     

 ȼ ɨɫɧɨɜɧɨɦ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨ-

ɹɧɢɟɦ ɧɟ ɢɫɩɵɬɵɜɚɸɬ ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ ɩɨɫɥɟ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟ-

ɪɟɡ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ. 

 

1.4.2 ɋɜɨɣɫɬɜɚ ɆɂɎɋ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

 

 ȼ ɝɪɭɩɩɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɩɪɢɦɟ-

ɧɹɸɬ ɬɨɥɶɤɨ ɝɢɞɪɚɬɵ ɫɨɥɟɣ. Ƚɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɫɨɥɢ ɫɨɫɬɨɹɬ ɢɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɥɟɣ ɢ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɦɨɥɟɤɭɥ ɜɨɞɵ. ȼ ɩɪɨɰɟɫɫɟ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟ-

ɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɝɢɞɪɚɬɚɰɢɹ ɢɥɢ ɞɟɝɢɞɪɚɬɚɰɢɹ ɫɨɥɟɣ. ɉɪɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɝɢɞ-

ɪɚɬ ɫɨɥɢ ɦɨɠɟɬ ɩɪɟɜɪɚɬɢɬɶɫɹ ɜ ɛɟɡɜɨɞɧɭɸ ɮɨɪɦɭ ɫ ɩɨɥɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ ɫɨɥɢ 

ɢ ɜɨɞɵ, ɥɢɛɨ ɜ ɝɢɞɪɚɬ ɫɨɥɢ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ. ɋɪɟɞɧɹɹ ɫɤɪɵɬɚɹ 

ɬɟɩɥɨɬɚ ɝɢɞɪɚɬɨɜ ɫɨɥɟɣ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 250 ɤȾɠ /ɤɝ, ɚ ɢɯ 

ɫɪɟɞɧɹɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢɦɟɪɧɨ 0,5 ȼɬ/(ɦ·°C), ɱɬɨ ɜɵɲɟ, ɱɟɦ ɭ ɨɪɝɚɧɢɱɟ-

ɫɤɢɯ ɆɂɎɋ [12, 32]. Ƚɢɞɪɚɬɵ ɫɨɥɟɣ ɞɨɫɬɭɩɧɵ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɪɚɫɩɨ-

ɥɚɝɚɸɬ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɧɟ ɝɨɪɸɱɢ, ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɫɤɪɵ-

ɬɭɸ ɬɟɩɥɨɬɭ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ.  ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɦ ɩɪɢɫɭɳɟ ɭɦɟɪɟɧɧɚɹ ɤɨɪ-

ɪɨɡɢɨɧɧɨɫɬɶ, ɡɚɦɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɮɚ-

ɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɧɟɤɨɧɝɪɭɷɧɬɧɨ. 

 ɉɪɢ ɧɟɤɨɧɝɪɭɷɧɬɧɨɦ ɩɥɚɜɥɟɧɢɢ ɩɪɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɩɥɨɬɧɨɫɬɶ ɛɟɡɜɨɞɧɨɣ 

ɫɨɥɢ ɦɨɠɟɬ ɡɚɫɬɚɜɢɬɶ ɟɟ ɨɩɭɫɬɢɬɫɹ ɧɚ ɞɧɨ ɤɨɧɬɟɣɧɟɪɚ. Ʉɨɝɞɚ ɧɚɫɬɭɩɢɬ ɬɟɦɩɟ-
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ɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɨɥɶ ɛɭɞɟɬ ɭɥɨɠɟɧɚ ɧɚ ɞɧɟ, ɢ ɱɚɫɬɶ ɟɟ ɧɟ ɫɦɨɠɟɬ ɪɟɚɛ-

ɫɨɪɛɢɪɨɜɚɬɶ ɜɨɞɭ. Ɉɛɳɢɣ ɨɛɴɟɦ ɫɨɥɢ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ ɢɡɦɟɧɟɧɢɢ ɮɚɡɵ, ɫɧɢ-

ɡɢɬɫɹ, ɜɦɟɫɬɟ ɫ ɱɟɦ ɭɦɟɧɶɲɢɬɫɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɆɂɎɋ. ɉɪɟɞɨɬɜɪɚɬɢɬɶ ɧɟ-

ɤɨɧɝɪɭɷɧɬɧɨɝɨ ɩɥɚɜɥɟɧɢɟ ɜɨɡɦɨɠɧɨ ɜɤɥɸɱɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɜɨɞɵ (ɢɡɛɵ-

ɬɨɤ ɛɨɥɟɟ 10%) ɢɥɢ ɫɩɟɰɢɚɥɶɧɵɯ ɡɚɝɭɫɬɢɬɟɥɟɣ. 

 Ƚɢɞɪɚɬɵ ɫɨɥɟɣ ɫɨɜɦɟɫɬɢɦɵ ɫ ɩɥɚɫɬɦɚɫɫɚɦɢ, ɱɬɨ ɞɟɥɚɟɬ ɩɪɨɰɟɫɫ ɢɯ ɭɩɚ-

ɤɨɜɤɢ ɩɪɨɳɟ ɢ ɞɟɲɟɜɥɟ. 

 ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɆɂɎɋ, ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ 

ɨɛɵɱɧɨ ɢɦɟɸɬ ɫɯɨɞɧɵɟ ɷɧɬɚɥɶɩɢɢ ɩɨ ɦɚɫɫɟ, ɧɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɨ ɨɛɴɟɦɭ ɢɡ-

ɡɚ ɢɯ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ. 

 

1.4.3 ɋɜɨɣɫɬɜɚ ɷɜɬɟɤɬɢɤɨɜ 

 

 ɂɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɷɜɬɟɤɬɢɤɨɜ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɫɥɟɞɭɟɦɵ ɫɦɟɫɢ ɠɢɪɧɵɟ 

ɤɢɫɥɨɬ. Ɇɧɨɝɢɟ ɤɨɦɛɢɧɚɰɢɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɦɟɫɟɣ ɟɳɟ ɩɪɟɞ-

ɫɬɨɢɬ ɩɪɨɜɟɪɢɬɶ ɢ ɩɨɞɬɜɟɪɞɢɬɶ.  

 Ⱦɥɹ ɷɜɬɟɤɬɢɤɨɜ ɯɚɪɚɤɬɟɪɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

 

1.5 Ɉɩɵɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ   
 

 «F. Kuznik ɢ J. Virgone [33] ɢɡɭɱɢɥɢ ɬɟɩɥɨɜɭɸ ɪɚɛɨɬɭ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ 

Energain ɬɨɥɳɢɧɨɣ 5 ɦɦ, ɫɨɫɬɨɹɳɢɯ ɧɚ 60% ɩɨ ɦɚɫɫɟ ɢɡ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚ-

ɧɨɝɨ ɩɚɪɚɮɢɧɚ ɢ ɧɚ 40% ɢɡ ɫɨɩɨɥɢɦɟɪɨɜ, ɫ ɨɛɨɥɨɱɤɨɣ ɢɡ ɚɥɸɦɢɧɢɹ ɬɨɥɳɢɧɨɣ 

0,1 ɦɦ, ɜ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɤɨɦɧɚɬɟ. ɉɨɥɧɨɫɬɶɸ ɤɨɧɬɪɨɥɢɪɭɹ 

ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɩɨɬɨɤ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɢɫɩɵɬɵɜɚɟɦɭɸ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧ-

ɫɬɪɭɤɰɢɟɣ, ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɢɫɬɨɪɢɹ ɫɭɬɨɤ ɥɟɬ-
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ɧɟɝɨ, ɡɢɦɧɟɝɨ ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ ɜ ɞɜɭɯ ɫɟɪɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ: ɫ ɩɚɧɟ-

ɥɹɦɢ Energain, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɩɨɦɟɳɟɧɢɹ, ɢ ɛɟɡ ɧɢɯ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɚɧɟɥɟɣ ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɧɚɛɥɸɞɚɟɦɵɟ ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɬɟɦɩɟ-

ɪɚɬɭɪɵ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɥɟɬɨɦ ɫɧɢɡɢɥɚɫɶ ɧɚ 3,9°C; ɦɢɧɢɦɚɥɶɧɚɹ 

ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 0,8°C. Ʉɨɷɮɮɢɰɢɟɧɬ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɢɥ 0,79. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɦɟɠɫɟɡɨɧɶɹ: 2,3°C; 

0,4°C; 0,78; ɞɥɹ ɡɢɦɵ: 4,2°C; 0°C; 0,73. ɉɪɢ ɷɬɨɦ ɜɧɟɲɧɹɹ ɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɡɢɦɨɣ ɤɨɥɟɛɚɥɚɫɶ ɦɟɠɞɭ 5°C ɢ 15°C, ɜ ɦɟɠɫɟɡɨɧɶɟ 10°C ɢ 18°C, ɥɟ-

ɬɨɦ 15°C ɢ 30°C. ȼ ɱɢɫɥɟ ɩɪɨɱɢɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɷɮɮɟɤɬɨɜ ɨɬɦɟɱɚɥɨɫɶ ɭɫɢɥɟ-

ɧɢɟ ɤɨɧɜɟɤɰɢɨɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ ɭɦɟɧɶɲɟɧɢɟ ɚɦ-

ɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ» [13]. 

 «G. Evola ɢ L. Marletta [34] ɩɪɟɞɫɬɚɜɢɥɢ ɦɟɬɨɞɨɥɨɝɢɸ ɜɵɛɨɪɚ ɩɨɞɯɨɞɹ-

ɳɟɝɨ ɆɂɎɋ ɢɫɯɨɞɹ ɢɡ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɤɨɦɮɨɪɬɭ. Ɉɧɢ ɩɪɨɜɟɥɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɦɭɥɹɰɢɢ ɜɫɟɝɨ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ ɜ 

ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ EnergyPlus ɧɚ ɩɪɢɦɟɪɟ ɨɮɢɫɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɩɪɹ-

ɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɞɥɹ ɱɟɬɵɪɟɯ ɦɟɫɬ ɜ ɘɠɧɨɣ ɢ ɋɟɜɟɪɧɨɣ ȿɜɪɨɩɟ ɢ ɨɰɟɧɢɥɢ 

ɜɥɢɹɧɢɟ ɧɚɥɢɱɢɹ ɢ ɫɩɨɫɨɛɚ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ ɫ ɆɂɎɋ ɜ ɩɨɦɟ-

ɳɟɧɢɢ, ɫɤɨɪɨɫɬɶ ɧɨɱɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬɢɜ-

ɧɨɫɬɶ ɪɚɛɨɬɵ ɆɂɎɋ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɚ ɜɢɞɚ ɩɚɧɟɥɟɣ. ɉɟɪɜɚɹ ɜɤɥɸɱɚɥɚ ɜ 

ɫɟɛɹ ɫɦɟɫɶ ɩɨɥɢɦɟɪɚ ɢ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɨɝɨ ɩɚɪɚɮɢɧɚ (60%), ɫ ɚɥɸɦɢɧɢɟ-

ɜɵɦɢ ɥɢɫɬɚɦɢ ɬɨɥɳɢɧɨɣ 100 ɦɤɦ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɢ ɨɛɳɟɣ ɬɨɥɳɢɧɨɣ ɩɚɧɟɥɢ 5 

ɦɦ. ȼɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɚɥɸɦɢɧɢɟɜɭɸ ɫɨɬɨɜɭɸ ɦɚɬɪɢɰɭ, ɬɚɤɠɟ ɧɚ 60% 

ɩɨ ɜɟɫɭ ɡɚɩɨɥɧɟɧɧɚɹ ɩɚɪɚɮɢɧɨɦ ɜ ɩɨɥɢɦɟɪɧɵɯ ɦɢɤɪɨɫɮɟɪɚɯ ɫ ɞɢɚɦɟɬɪɨɦ ɩɪɢ-

ɛɥɢɡɢɬɟɥɶɧɨ 5 ɦɤɦ, ɡɚɩɟɱɚɬɚɧɧɚɹ ɞɜɭɦɹ ɬɨɧɤɢɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɥɢɫɬɚɦɢ, ɨɛ-

ɳɟɣ ɬɨɥɳɢɧɨɣ 20 ɦɦ, ɢ ɨɩɢɫɚɧɧɭɸ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɜ [35]. Ɉɛɟ ɩɚɧɟɥɢ ɩɨɤɚ-

ɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɧɟɥɟɣ ɨɰɟɧɢɜɚɥɚɫɶ ɫ ɩɨ-

ɦɨɳɶɸ ɢɧɞɢɤɚɬɨɪɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɞɢɫɤɨɦɮɨɪɬɚ (ITD), ɨɩɪɟɞɟ-

ɥɹɟɦɵɣ ɤɚɤ ɢɧɬɟɝɪɚɥ ɨɬ ɜɪɟɦɟɧɢ ɩɨ ɩɟɪɢɨɞɭ ɡɚɧɹɬɨɫɬɢ, ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɪɚɡ-

ɧɢɰɵ ɦɟɠɞɭ ɬɟɤɭɳɟɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɟɪɯɧɟɝɨ ɩɨɪɨɝɚ 
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ɤɨɦɮɨɪɬɧɨɫɬɢ. Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɨɤɚɡɚɥɫɹ ɦɨɧɬɚɠ ɩɚɧɟɥɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɬɪɟɯ ɩɟɪɟɝɨɪɨɞɨɤ, ɱɟɦ ɧɚ ɩɨɬɨɥɤɟ (ɫɨɤɪɚɳɟɧɢɟ ITD 51% ɩɪɨɬɢɜ 9,5% ɞɥɹ ɩɚ-

ɧɟɥɢ ɩɟɪɜɨɝɨ ɜɢɞɚ ɜ Ɇɢɥɚɧɟ), ɩɪɢ ɩɥɨɳɚɞɢ ɫɬɟɧ 17,5 ɦ2 ɢ ɩɨɬɨɥɤɚ 27 ɦ2.  ɉɪɢ 

ɩɨɤɪɵɬɢɢ ɩɚɧɟɥɹɦɢ ɢ ɫɬɟɧ, ɢ ɩɨɬɨɥɤɚ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɵɥɚ ɛɥɢɡɤɚ ɤ ɫɥɭɱɚɸ, 

ɤɨɝɞɚ ɬɨɥɶɤɨ ɫɬɟɧɵ ɛɵɥɢ ɩɨɤɪɵɬɵ ɩɚɧɟɥɹɦɢ. Ɍɚɤ ɠɟ ɢɧɞɟɤɫ ITD ɩɪɨɞɟɦɨɧ-

ɫɬɪɢɪɨɜɚɥ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɫɤɨɪɨɫɬɢ ɧɨɱɧɨɣ ɜɟɧɬɢɥɹɰɢɢ, ɬɚɤ ɤɚɤ ɩɨɜɵɲɚ-

ɥɚɫɶ ɪɚɡɪɹɞɤɚ ɬɟɩɥɚ, ɩɨɝɥɨɳɚɟɦɨɟ ɩɚɧɟɥɹɦɢ ɜ ɞɧɟɜɧɨɟ ɜɪɟɦɹ.  Ɉɞɧɚɤɨ ɚɜɬɨɪɵ 

ɧɟ ɪɟɤɨɦɟɧɞɭɸɬ ɭɜɟɥɢɱɢɜɚɬɶ ɫɤɨɪɨɫɬɶ ɛɨɥɶɲɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ. ɗɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɯɪɚɧɟɧɢɹ ɆɂɎɋ (ƞPCM), ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɫɨɯɪɚɧɟɧɧɨɣ ɬɟɩ-

ɥɨɜɨɣ ɷɧɟɪɝɢɢ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɟɦɤɨɫɬɢ ɯɪɚɧɟɧɢɹ, ɛɵɥɚ ɜɵɲɟ ɜ ɬɟ ɞɧɢ, ɤɨɝɞɚ 

ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɧɟɥɟɣ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ. ɉɨ-

ɦɢɦɨ ƞPCM, ɚɜɬɨɪɵ ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ ɡɚɞɟɣɫɬɜɨɜɚɥɢ ɱɚɫɬɨɬɭ ɚɤɬɢɜɚɰɢɢ (FA), ɬɨ 

ɟɫɬɶ ɩɪɨɰɟɧɬ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ PCM ɩɨɞɜɟɪɝɚɥɫɹ ɮɚɡɨɜɨɦɭ ɩɟɪɟ-

ɯɨɞɭ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɜɵɛɨɪ ɆɂɎɋ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ, ɩɪɢɧɢɦɚɹ ɜɨ 

ɜɧɢɦɚɧɢɟ ɭɫɥɨɜɢɹ ɦɟɫɬɧɨɝɨ ɤɥɢɦɚɬɚ» [13]. 

 «A. Castell ɢ M. Farid [36] ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ FA ɧɟ ɜɫɟɝɞɚ ɫɜɹɡɚɧɚ ɫ 

ɭɥɭɱɲɟɧɢɟɦ ɬɟɩɥɨɜɨɝɨ ɤɨɦɮɨɪɬɚ» [13]. 

  

Ɋɢɫɭɧɨɤ 3 – ɉɚɧɟɥɶ Energain (ɫɥɟɜɚ) [34] ɢ ɫɨɬɨɜɚɹ ɦɚɬɪɢɰɚ (ɫɩɪɚɜɚ) [35] 
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 ȼ [37] ɩɪɨɜɟɥɢ ɫɪɚɜɧɟɧɢɟ ɨɛɵɱɧɨɝɨ ɲɬɭɤɚɬɭɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɪɚɫɬɜɨɪɚ, 

ɫɨɞɟɪɠɚɳɟɝɨ ɩɨ ɫɜɨɟɣ ɦɚɫɫɟ ɨɤɨɥɨ 20%  ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɧɵɯ ɩɚɪɚɮɢɧɨɜɵɯ 

ɆɂɎɋ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɪɟɯ ɦɚɪɨɤ, ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ 10°ɋ, 26°ɋ ɢ 

28°ɋ. Ⱥɜɬɨɪɵ ɧɚɧɟɫɥɢ ɲɬɭɤɚɬɭɪɧɵɟ ɪɚɫɬɜɨɪɵ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɞɜɭɯ ɩɪɨɬɨɬɢɩɨɜ ɡɞɚɧɢɹ, ɤɨɬɨɪɵɟ ɪɚɡɦɟɫɬɢɥɢ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ. ɍɦɟɧɶ-

ɲɟɧɧɵɟ ɩɪɨɬɨɬɢɩɵ ɤɨɦɧɚɬɵ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɷɤɫɬɪɚɞɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢ-

ɫɬɢɪɨɥɚ ɬɨɥɳɢɧɨɣ 3 ɫɦ ɢ ɢɦɟɥɢ ɮɨɪɦɭ ɤɭɛɚ; ɬɨɥɳɢɧɚ ɲɬɭɤɚɬɭɪɧɨɝɨ ɫɥɨɹ ɧɚ 

ɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɪɚɜɧɹɥɚɫɶ 2 ɫɦ. ȼ ɤɚɦɟɪɟ ɩɨɨɱɟɪɟɞɧɨ ɛɵɥɢ ɫɨɡɞɚɧɵ ɬɟɦɩɟɪɚ-

ɬɭɪɵ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɥɟɬɚ ɢ ɡɢɦɵ ɜ ɉɨɪɬɭɝɚɥɢɢ.  

 Ⱦɥɹ ɥɟɬɚ, ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɪɨɬɨɬɢɩɟ ɫɨ 

ɲɬɭɤɚɬɭɪɤɨɣ ɫ ɆɂɎɋ ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɨɣ 8,9°ɋ, ɚ ɜ ɩɪɨɬɨɬɢɩɟ ɫ ɨɛɵɱɧɨɣ ɲɬɭ-

ɤɚɬɭɪɤɨɣ 13°ɋ. Ɇɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 

ɢ ɜ ɩɪɨɬɨɬɢɩɟ ɫ ɆɂɎɋ ɧɚɛɥɸɞɚɥɚɫɶ ɡɚɞɟɪɠɤɚ ɜ 4,5 ɱɚɫɚ, ɞɥɹ ɩɪɨɬɨɬɢɩɚ ɛɟɡ 

ɆɂɎɋ – 3 ɱɚɫɚ. Ⱦɥɹ ɡɢɦɵ, ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɛɵɥɚ 

ɬɚɤɠɟ ɦɟɧɶɲɟ ɜ ɩɪɨɬɨɬɢɩɟ ɫ ɆɂɎɋ (4°ɋ ɩɪɨɬɢɜ 5,6°ɋ), ɨɞɧɚɤɨ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɜɨɡɞɭɯɚ ɜ ɨɛɨɢɯ ɩɪɨɬɨɬɢɩɚɯ ɛɵɥɚ ɧɢɠɟ ɤɨɦɮɨɪɬɧɨɣ ɞɥɹ ɱɟɥɨɜɟɤɚ.  

 ȼ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɜɬɨɪɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɭɱɢɥɢ ɱɟɬɵɪɟ 

ɬɢɩɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɲɬɭɤɚɬɭɪɤɢ ɫ ɆɂɎɋ (ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 

10°ɋ, 24°ɋ, 26°ɋ ɢ 28°ɋ). Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɆɂɎɋ ɚɜɬɨɪɵ ɜɜɟɥɢ ɫɩɟ-

ɰɢɚɥɶɧɵɣ ɢɧɞɟɤɫ, TT (ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ: °C∙ɱ), ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɫ ɩɨ-

ɦɨɳɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɪɨɬɨɬɢɩɟ ɩɨ ɜɪɟɦɟɧɢ, ɜ ɩɪɟ-

ɞɟɥɚɯ, ɤɨɝɞɚ ɨɧɚ ɛɵɥɚ ɜɵɲɟ 26°ɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɛɵɥ ɢɧɞɟɤɫ, ɬɟɦ 

ɜɵɲɟ ɛɵɥɚ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɨɯɥɚɠɞɟɧɢɢ ɜɨɡɞɭɯɚ. ɂɧɞɟɤɫ ɌɌ ɨɤɚɡɚɥɫɹ ɧɢɠɟ  ɭ 

ɩɪɨɬɨɬɢɩɚ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ ɛɵɥ ɧɚɧɟɫɟɧ ɲɬɭɤɚɬɭɪɧɵɣ ɪɚɫɬɜɨɪ, ɜɤɥɸ-

ɱɚɸɳɢɣ ɫɪɚɡɭ ɬɪɢ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ; ɭ ɩɪɨɬɨɬɢɩɨɜ ɫ 

ɆɂɎɋ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɜ 10°ɋ ɢ ɜ 24°ɋ,  ɢɧɞɟɤɫ ɨɤɚ-

ɡɚɥɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɩɪɨɬɨɬɢɩɚ ɫ ɨɛɵɱɧɨɣ ɲɬɭɤɚɬɭɪɤɨɣ. Ⱥɜɬɨɪɵ ɫɱɢɬɚɸɬ, ɱɬɨ 

ɤɨɧɰɟɩɰɢɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɲɬɭɤɚɬɭɪɧɵɣ ɪɚɫɬɜɨɪ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɦɚ-

ɪɨɤ ɦɚɬɟɪɢɚɥɨɜ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɨɛɟɳɚɸɳɟɣ. 
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  «L. Shilei, Z. Neng ɢ F. Guohui [38] ɩɪɨɜɟɥɢ ɷɤɫɩɟɪɢɦɟɧɬɵ c ɆɂɎɋ ɧɚ 

ɫɟɜɟɪɨ-ɜɨɫɬɨɤɟ Ʉɢɬɚɹ ɜ ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ, ɫɦɟɲɚɜ ɤɚɩɪɢɧɨɜɭɸ ɢ ɥɚɭɪɢɧɨɜɭɸ 

ɤɢɫɥɨɬɵ (82:18). Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɬɨɣ ɫɦɟɫɢ ɠɢɪɧɵɯ 

ɤɢɫɥɨɬ ɨɤɚɡɚɥɚɫɶ 20,394°C ɢ 19,138°C, ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ 150,305 Ⱦɠ/ɝ ɢ 144, 183 Ⱦɠ/ɝ. ɆɂɎɋ ɛɵɥ ɜɤɥɸɱɟɧ ɜ ɝɢɩɫ ɩɭɬɟɦ ɩɪɨ-

ɩɢɬɤɢ.  ɂɡɝɨɬɨɜɥɟɧɧɚɹ ɫɬɟɧɨɜɚɹ ɩɚɧɟɥɶ ɢɦɟɥɚ ɬɨɥɳɢɧɭ 9,5 ɦɦ ɫ 26% ɩɨɝɥɨ-

ɳёɧɧɨɝɨ ɆɂɎɋ ɨɬ ɨɛɳɟɝɨ ɜɟɫɚ, ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

18,491°C ɢ 18,587°C, ɫɨ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 39,126 

Ⱦɠ/ɝ ɢ 36,965 Ⱦɠ/ɝ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɜɭɯ ɩɨɞɨɛɧɵɯ ɤɨɦɧɚɬɚɯ, ɧɨ 

ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɢɡ ɧɢɯ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɚɧɟɥɢ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɢɪɩɢɱɧɨɣ ɫɬɟɧɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɤɨɥɟɛɚ-

ɥɚɫɶ ɨɬ ɦɢɧɭɫ 1°C ɞɨ ɩɥɸɫ 9°C, ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹɫɶ ɜ ɬɟɱɟɧɢɢ ɬɪɟɯ ɫɭɬɨɤ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɤɨɦɧɚɬɟ ɫ ɩɚɧɟɥɹɦɢ ɢ ɛɟɡ ɧɢɯ ɤɨɥɟɛɚɥɢɫɶ ɦɟɠɞɭ 19°C…24°C ɢ 

18,5°C…22°C ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫɭɧɨɤ 4). ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫ ɨɛɵɱɧɨɣ ɤɨɦɧɚ-

ɬɨɣ ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɸɠɧɭɸ ɫɬɟɧɭ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 34 ȼɬ/ɦ2 

ɞɨ 60 ȼɬ/ɦ2 (ɪɢɫɭɧɨɤ 5), ɱɟɪɟɡ ɸɠɧɭɸ ɫɬɟɧɭ ɜ ɤɨɦɧɚɬɟ ɫ ɆɂɎɋ ɨɬ 33 ȼɬ/ɦ2 ɞɨ 

52 ȼɬ/ɦ2. ɉɪɢɦɟɧɟɧɢɟ ɩɚɧɟɥɟɣ ɭɦɟɧɶɲɢɥɨ ɢ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɜɨɡɞɭɯɚ ɜ ɤɨɦɧɚɬɟ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫɭɧɨɤ 6). Ɍɟɦ 

ɫɚɦɵɦ ɩɚɧɟɥɢ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɫɨɯɪɚɧɟɧɢɸ ɬɟɩɥɚ ɢ ɜɵɪɚɜɧɢɜɚɧɢɸ ɬɟɦɩɟɪɚ-

ɬɭɪɵ. Ⱥɜɬɨɪɵ ɭɜɟɪɟɧɵ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɵɯ ɩɚɧɟɥɟɣ ɫɦɨɠɟɬ ɭɦɟɧɶɲɢɬɶ 

ɫɬɨɢɦɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɫ ɧɢɦ ɡɚɬɪɚɬɵ» [13]. 
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Ɋɢɫɭɧɨɤ 4 – Ʉɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɦɟɳɟɧɢɢ [38] 
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Ɋɢɫɭɧɨɤ 5 – Ʉɪɢɜɵɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɫɬɟɧɭ [38] 
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Ɋɢɫɭɧɨɤ 6 – Ʉɪɢɜɵɟ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦ ɜɨɡɞɭɯɨɦ   

ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ [38] 

 Ⱦɪɭɝɢɟ ɚɜɬɨɪɵ ɜɵɩɨɥɧɹɥɢ ɩɪɨɩɢɬɤɭ ɝɢɩɫɚ ɆɂɎɋ, ɩɪɢɦɟɧɹɹ ɞɥɹ ɷɬɨɝɨ 

ɛɭɬɢɥɫɬɟɚɪɚɬ [39], ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɦɟɫɢ ɤɚɩɪɢɧɨɜɨɣ ɢ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬ [40-

42], ɫɦɟɫɶ ɛɭɬɢɥɫɬɟɚɪɚɬ-ɩɚɥɶɦɢɬɚɬɚ [43-45], ɧɟɤɨɬɨɪɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ [46]. 

ȼ [47] ɞɨɛɚɜɥɹɥɢ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɧɵɣ ɩɚɪɚɮɢɧ. 

 «E.  Alawadhi [48] ɢɫɫɥɟɞɨɜɚɥ ɞɟɣɫɬɜɢɟ ɆɂɎɋ (ɩɚɪɚɮɢɧɵ ɨɤɬɚɞɟɤɚɧ, ɷɣ-

ɤɨɡɚɧ, ɢ P116) ɜ ɠɚɪɤɨɦ ɤɥɢɦɚɬɟ, ɤɨɬɨɪɵɦɢ ɡɚɩɨɥɧɹɥɢɫɶ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɩɭ-

ɫɬɨɬɵ ɜ ɤɢɪɩɢɱɟ. Ɍɟɩɥɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤɢɪɩɢɱ-ɆɂɎɋ ɛɵɥɚ ɨɰɟ-

ɧɟɧɚ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ ɫɬɟɧɨɣ 

ɛɟɡ ɆɂɎɋ ɜ ɬɟɱɟɧɢɟ ɬɢɩɢɱɧɨɝɨ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ⱥɧɚɥɢɡɢɪɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɢ ɬɢɩɚ ɆɂɎɋ ɜ ɤɢɪɩɢɱɟ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɆɂɎɋ ɨɤɚɡɚɥɨɫɶ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ» [13]. 

 ȼ [49] ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɚɛɢɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɤɢɪɩɢɱɟɣ ɢ ɦɚɪ-

ɤɚɦɢ ɆɂɎɋ. ȼɫɟɝɨ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ ɩɹɬɶ ɬɢɩɨɜ ɤɚɛɢɧ. Ɍɪɢ ɬɢɩɚ ɤɚɛɢɧ ɛɵɥɢ 

ɩɨɫɬɪɨɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɵɱɧɨɝɨ ɩɭɫɬɨɬɟɥɨɝɨ ɤɢɪɩɢɱɚ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ 

ɩɭɫɬɨɬɚɦɢ: ɤɚɛɢɧɚ ɛɟɡ ɢɡɨɥɹɰɢɢ, ɤɚɛɢɧɚ ɫ ɩɨɥɢɭɪɟɬɚɧɨɦ ɬɨɥɳɢɧɨɣ 5 ɫɦ ɢ ɬɚ 

ɠɟ ɤɚɛɢɧɚ ɫ ɩɨɥɢɭɪɟɬɚɧɨɦ, ɧɨ ɞɨɩɨɥɧɟɧɧɚɹ ɫɥɨɟɦ ɆɂɎɋ RT27 ɧɚ ɩɨɬɨɥɤɟ ɢ 
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ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɬɟɧ . ȼ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɪɭɝɢɯ ɬɢɩɨɜ ɩɪɢɦɟɧɹɥɫɹ ɩɭ-

ɫɬɨɬɟɥɵɣ ɤɢɪɩɢɱ ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɨɛɴɟɦɨɦ ɩɭɫɬɨɬ; ɨɞɧɚ ɤɚɛɢɧɚ ɛɵɥɚ ɛɟɡ ɤɚɤɨɣ-

ɥɢɛɨ ɢɡɨɥɹɰɢɢ, ɧɚ ɩɨɬɨɥɤɟ ɢ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɟ ɫɬɟɧ ɞɪɭɝɨɣ ɛɵɥ ɧɚɧɟɫɟɧ 

ɆɂɎɋ SP25. ȼɫɟ ɤɚɛɢɧɵ ɢɦɟɥɢ ɨɞɢɧɚɤɨɜɵɣ ɪɚɡɦɟɪ ɢ ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ 

ɂɫɩɚɧɢɢ.  

 ȼɧɭɬɪɢ ɤɚɛɢɧɵ ɨɛɨɪɭɞɨɜɚɥɢɫɶ ɫɢɫɬɟɦɨɣ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ 

ɩɨɞɞɟɪɠɢɜɚɥɚ ɩɨɫɬɨɹɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ 24°ɋ; ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɫɢɫɬɟɦ.   

 Ⱥɜɬɨɪɵ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

ɤɚɛɢɧɚɯ ɫ ɦɚɬɟɪɢɚɥɨɦ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɢ ɫ ɩɨɥɢɭɪɟɬɚɧɨɦ ɛɵɥɨ ɫɧɢɠɟɧɨ 

ɩɪɢɦɟɪɧɨ ɧɚ 15-17% (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɛɢɧɚɦɢ ɫ ɩɨɥɢɭɪɟɬɚɧɨɦ, ɧɨ ɛɟɡ 

ɆɂɎɋ). Ȼɨɥɶɲɚɹ ɷɤɨɧɨɦɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚɛɥɸɞɚɥɚɫɶ ɜ ɤɚɛɢɧɟ ɢɡ ɤɢɪɩɢɱɚ 

ɫ ɭɜɟɥɢɱɟɧɧɨɣ ɞɨɥɟɣ ɩɭɫɬɨɬ; ɚɜɬɨɪɵ ɨɛɴɹɫɧɹɸɬ ɪɚɡɥɢɱɢɟɦ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-

ɫɬɢ ɤɢɪɩɢɱɚ. 

 Ⱦɥɹ ɨɛɵɱɧɵɯ ɤɢɪɩɢɱɧɵɯ ɤɚɛɢɧ ɛɟɡ ɢɡɨɥɹɰɢɢ ɜ ɬɟɱɟɧɢɢ ɜɫɟɝɨ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹ ɛɵɥɢ ɯɚɪɚɤɬɟɪɧɵ ɜɵɫɨɤɢɟ ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ. ɇɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟ-

ɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ 

ɜ ɤɚɛɢɧɚɯ ɫ ɆɂɎɋ (ɩɪɢɦɟɪɧɨ ɧɚ 1°ɋ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɛɢɧɚɦɢ ɛɟɡ ɢɡɨɥɹɰɢɢ). 

 «Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɟɧɢɹ ɆɂɎɋ ɧɚ ɨɫɧɨɜɟ ɩɚɪɚɮɢɧɚ RT18 

ɜ ɤɢɪɩɢɱɧɭɸ ɤɥɚɞɤɭ ɩɪɢɜɟɞɟɧɵ ɜ [50, 51], ɜ [52] - ɨɤɬɚɞɟɤɚɧɚ.  Z. Chang, Y. 

Chen, L. Wu ɢ M. Shi ɩɪɨɜɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨ ɫɦɟɫɶɸ ɝɢɞɪɚɬɨɜ ɫɨɥɢ [53]. M. 

Huang, P. Eames ɢ N. Hewitt ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɦɟɪɱɟɫɤɢɟ ɤɨɦɩɨɡɢɬɵ GR41 ɢ 

GR27 [54]» [13]. Ⱥɜɬɨɪɵ ɨɬɦɟɱɚɥɢ ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. 

 J. Lei, J. Yang, E-H. Yang  [55] ɜɵɩɨɥɧɢɥɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɧɚ ɨɫɧɨɜɟ ɭɩɪɨɳɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ  ɪɚɡɦɟɪɚɦɢ 3,0x3,0x2,8 ɦɟɬɪɨɜ ɜ ɩɪɨ-

ɝɪɚɦɦɟ EnergyPlus ɜ ɬɪɨɩɢɱɟɫɤɨɦ ɤɥɢɦɚɬɟ ɋɢɧɝɚɩɭɪɚ. ȼɫɟ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɦɨɞɟɥɢ ɢɦɟɥɢ ɬɨɥɳɢɧɭ 150 ɦɦ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

https://sci-hub.st/10.1016/j.apenergy.2015.10.031
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ɛɟɬɨɧɚ, ɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɫɬɟɧ ɛɵɥ ɞɨɛɚɜɥɟɧ ɫɥɨɣ ɆɂɎɋ. ȼ ɤɚɱɟɫɬɜɟ ɜɚ-

ɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (ɨɬ 

22°ɋ ɞɨ 32°ɋ), ɬɨɥɳɢɧɚ ɫɥɨɹ ɆɂɎɋ (ɨɬ 3 ɞɨ 20 ɦɦ), ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɫɥɨɹ (ɧɚ 

ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɬɟɧ ɢɥɢ ɧɚ ɜɧɭɬɪɟɧɧɢɯ). ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɫɱɟɬ-

ɧɨɝɨ ɩɟɪɢɨɞɚ ɜ ɨɞɧɨɦ ɜɚɪɢɚɧɬɟ ɫɨɫɬɚɜɢɥɚ ɫɭɬɤɢ, ɜ ɞɪɭɝɨɦ ɨɞɢɧ ɝɨɞ.  

 ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɆɂɎɋ ɨɰɟɧɢɜɚɥɚɫɶ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɡɚ 

ɜɟɫɶ ɪɚɫɱɟɬɧɵɣ ɩɟɪɢɨɞ, ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ, ɜɵ-

ɱɢɫɥɹɟɦɵɣ ɤɚɤ ɪɚɡɧɨɫɬɶ ɟɞɢɧɢɰɵ ɢ ɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɟɧ ɫ ɆɂɎɋ ɤ  ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɩɪɢ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɢ ɨɛɵɱɧɵɯ ɫɬɟɧ, ɭɦɧɨɠɟɧɧɚɹ ɧɚ ɫɬɨ ɩɪɨɰɟɧɬɨɜ.  

 Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɵɛɨɪ ɩɨɞɯɨɞɹɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟ-

ɪɟɯɨɞɚ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ. Ɉɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟ-

ɯɨɞɚ ɆɂɎɋ, ɧɚɧɨɫɢɦɵɯ ɧɚ ɧɚɪɭɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɣ, ɹɜɥɹɥɚɫɶ ɫɚɦɚɹ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɥɧɵɣ ɰɢɤɥ ɩɥɚɜ-

ɥɟɧɢɹ-ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɫɟɝɨ ɫɥɨɹ ɆɂɎɋ; ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɧɨɫɢɦɵɯ ɧɚ ɜɧɭɬ-

ɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɚɡɚɥɚɫɶ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚ-

ɬɭɪɚ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

 Ⱥɜɬɨɪɚɦɢ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɮɚɡɨ-

ɜɨɝɨ ɩɟɪɟɯɨɞɚ ɦɨɠɟɬ ɭɥɭɱɲɢɬɶ ɚɞɚɩɬɚɰɢɸ ɆɂɎɋ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɨ ɭɯɭɞɲɢɬɶ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

 Ɇɚɬɟɪɢɚɥɵ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɧɚ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɬɟɧ ɩɪɨ-

ɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɛɨɥɟɟ ɥɭɱɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɱɟɦ ɦɚɬɟɪɢɚɥɵ ɧɚ ɜɧɭɬɪɟɧ-

ɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. Ⱥɜɬɨɪɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɚɬɟɪɢɚɥ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨ-

ɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɫɧɢɠɟɧɢɸ ɩɨɫɬɭɩɚɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɧɚ 

21%–32% ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɝɨɞɚ. 

 «L.F. Cabeza, C. Castellón ɢ ɞɪɭɝɢɟ [56, 57] ɞɨɛɚɜɥɹɥɢ Micronal ɮɢɪɦɵ 

BASF ɜ ɛɟɬɨɧ. ȼ ɢɯ ɷɤɫɩɟɪɢɦɟɧɬɟ ɭɱɚɫɬɜɨɜɚɥɨ ɞɜɟ ɤɚɛɢɧɵ ɢɡ ɛɟɬɨɧɚ: ɫ ɆɂɎɋ 

ɢ ɛɟɡ ɧɟɝɨ. B ɛɨɥɟɟ ɪɚɧɧɢɯ ɪɚɛɨɬɚɯ [7, 58] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɆɂɎɋ ɢɦɟɸɬ ɷɮɮɟɤɬ, 
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ɤɨɝɞɚ ɨɧɢ ɪɚɫɩɥɚɜɥɹɸɬɫɹ ɢ ɡɚɬɜɟɪɞɟɜɚɸɬ ɤɚɠɞɵɣ ɞɟɧɶ. ɇɨ ɜ ɤɨɧɰɟ ɨɫɟɧɢ ɢ ɡɢ-

ɦɨɣ ɧɚɪɭɠɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɟ ɞɨɫɬɢɝɚɥɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɜ [58] 

ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɫɬɟɧɚ Trombe. Ɍɚɤ ɤɚɤ ɥɟɬɨɦ ɜɵɫɨɤɢɣ ɩɢɤ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɵ (ɨɤɨɥɨ 40 ºC) ɢ ɠɚɪɤɢɟ ɧɨɱɢ ɩɪɟɩɹɬɫɬɜɭɸɬ ɡɚɬɜɟɪɞɟɜɚɧɢɸ ɆɂɎɋ, ɜ [57] 

ɤɚɛɢɧɵ ɷɤɫɩɥɭɚɬɢɪɨɜɚɥɢɫɶ ɫ ɧɚɜɟɫɚɦɢ ɥɟɬɨɦ. ȼɥɢɹɧɢɟ ɧɚɜɟɫɨɜ ɩɨɡɜɨɥɢɥɨ ɷɤɫ-

ɩɥɭɚɬɢɪɨɜɚɬɶ ɆɂɎɋ ɜ ɬɟɱɟɧɢɟ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɇɚɛɥɸɞɟɧɢɹɦɢ 

ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧ ɢ ɩɨɤɪɵɬɢɹ ɤɚɛɢɧɵ 

ɫ ɆɂɎɋ ɧɚ 6 ºC ɢ 11 ºC ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ» [13]. 

 «H. Alqallaf ɢ E. Alawadhi [59] ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɦɚɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɧɨɝɨ 

ɆɂɎɋ ɜ ɛɟɬɨɧɧɭɸ ɤɪɨɜɥɸ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɪɬɢɤɚɥɶɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɬ-

ɜɟɪɫɬɢɹ. ɋɨɫɬɚɜɥɟɧɧɚɹ ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨ. ɋɨɨɛɳɚɟɬɫɹ, ɱɬɨ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɟɧ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɞɢɚɦɟɬɪɚ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɆɂɎɋ.  Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɪɚɛɨɬɟ 

ɫɥɭɱɚɟɜ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɵɲɢ ɫɧɢɠɚɥɫɹ ɧɚ 9% –

17% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɆɂɎɋ (ɩɚɪɚɮɢɧɵ A28, A32 ɢ A39 ɨɬ 

PlusICE), ɜɪɟɦɟɧɢ ɢ ɦɟɫɹɰɚ» [13]. 

 «L. Royon, L. Karim ɢ A. Bontemps [60] ɡɚɩɨɥɧɹɥɢ ɫɨɡɞɚɧɧɵɣ ɤɨɦɩɨɡɢ-

ɰɢɨɧɧɵɣ ɆɂɎɋ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɭɫɬɨɬɵ ɜ ɛɟɬɨɧɧɨɣ ɩɥɢɬɟ ɩɟɪɟɤɪɵɬɢɹ, 

ɫ ɩɨɫɬɚɧɨɜɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɟɦ ɜ COMSOL Multiphysics. Ⱥɜɬɨɪɵ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (>100°C) 

ɫɦɟɲɚɥɢ ɩɚɪɚɮɢɧɨɜɵɣ ɆɂɎɋ RT 27 ɨɬ ɤɨɦɩɚɧɢɢ Rubitherm ɫɨ ɫɬɢɪɨɥ-ɛɭɬɚ-

ɞɢɟɧ-ɫɬɢɪɨɥɶɧɵɦ ɛɥɨɤɨɦ ɨɬ Sigma Aldrich. Ȼɥɨɤ-ɫɨɩɨɥɢɦɟɪ ɞɟɣɫɬɜɨɜɚɥ ɜ ɤɚ-

ɱɟɫɬɜɟ ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ. ɇɨɜɵɣ ɦɚɬɟɪɢɚɥ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ 

ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɢɧɟɪɰɢɢ ɡɞɚɧɢɹ» [13]. 

 «A. Pasupathy ɢ R. Velraj [61] ɢɡɭɱɚɥɢ ɜɥɢɹɧɢɟ ɆɂɎɋ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 

ɤɪɵɲɢ ɩɨɫɪɟɞɫɬɜɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɇɚɬɟɪɢɚɥɨɦ ɫ 

ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ – ɷɜɬɟɤɬɢɤɨɦ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 26–28°C 

ɢ ɫ ɬɟɩɥɨɬɨɣ ɩɥɚɜɥɟɧɢɹ 188 ɤȾɠ/ɤɝ – ɡɚɩɨɥɧɢɥɢ ɩɚɧɟɥɶ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, 



32 
 

ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɡɦɟɳɟɧɚ ɦɟɠɞɭ ɜɟɪɯɧɟɣ ɤɪɨɜɟɥɶɧɨɣ ɩɥɢɬɨɣ ɢ ɧɢɠɧɟɣ ɛɟɬɨɧ-

ɧɨɣ ɩɥɢɬɨɣ. Ⱥɜɬɨɪɚɦɢ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɢɫɬɟɦɚ ɫ ɟɳɟ ɨɞɧɨɣ ɜɟɪɯ-

ɧɟɣ ɩɚɧɟɥɶɸ ɫ Climsel C32 (ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 32°C) ɫɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ 

ɬɟɱɟɧɢɟ ɜɫɟɯ ɫɟɡɨɧɨɜ ɜ ɂɧɞɢɢ» [13].  

 «Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɪɚɡɦɟɳɟɧɢɹ ɆɂɎɋ ɜ ɤɪɵɲɟ ɛɵɥ ɩɪɟɞɥɨɠɟɧ H.-M. 

Chou. C.-R. Chen, ɢ V.-L Nguyen. ȼ ɢɯ ɷɤɫɩɟɪɢɦɟɧɬɟ ɭɱɚɫɬɜɨɜɚɥɢ ɤɪɨɜɟɥɶɧɵɟ 

ɝɨɮɪɢɪɨɜɚɧɧɵɟ ɥɢɫɬɵ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɛɵɥ ɦɚɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧ ɆɂɎɋ [62]» 

[13]. 

 ȼ [63] ɚɜɬɨɪɵ ɨɩɪɟɞɟɥɹɥɢ  ɨɩɬɢɦɚɥɶɧɭɸ ɬɨɥɳɢɧɭ ɫɥɨɹ ɆɂɎɋ ɜ ɫɜɟɬɨ-

ɩɪɨɡɪɚɱɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɫɫɥɟɞɨɜɚɜ ɨɤɧɨ, ɫɬɟɤɥɨɩɚɤɟɬ ɤɨɬɨ-

ɪɨɝɨ ɛɵɥ ɡɚɩɨɥɧɟɧ ɤɨɦɦɟɪɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨ-

ɫɬɨɹɧɢɟɦ ɦɚɪɤɨɣ RT27 (ɨɤɧɨ ɫ ɆɂɎɋ), ɢ ɨɤɧɨ, ɫɬɟɤɥɨɩɚɤɟɬɨɦ ɤɨɬɨɪɨɝɨ ɛɵ 

ɡɚɩɨɥɧɟɧ ɜɨɡɞɭɯɨɦ (ɨɛɵɱɧɨɟ ɨɤɧɨ), ɢɫɩɨɥɶɡɭɹ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɞɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ.  

 ɉɟɪɜɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɞɜɟ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɤɚɦɟɪɵ, ɤɨɬɨ-

ɪɵɟ ɩɨɦɟɳɚɥɢɫɶ ɜ ɟɫɬɟɫɬɜɟɧɧɭɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɭ. ɇɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɤɚ-

ɦɟɪ ɜɧɭɬɪɢ ɭɫɬɚɧɨɜɤɢ ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɦɨɞɟɥɢ ɨɤɨɧ: ɜ ɨɞɧɨɣ ɤɚɦɟɪɟ  – ɦɨɞɟɥɶ 

ɨɤɧɚ ɫ ɆɂɎɋ, ɜɨ ɜɬɨɪɨɣ – ɦɨɞɟɥɶ ɨɛɵɱɧɨɝɨ ɨɤɧɚ. Ʉɚɦɟɪɵ ɛɵɥɢ ɨɪɢɟɧɬɢɪɨ-

ɜɚɧɵ ɨɤɧɚɦɢ ɧɚ ɸɝ. 

 Ɋɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɚɯ ɢ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɨɫɬɟɤɥɟɧɢɣ. ɇɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɢɡɦɟɪɹɥɨɫɶ ɤɨɥɢ-

ɱɟɫɬɜɨ ɩɨɫɬɭɩɚɸɳɟɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. 

ɉɢɤɨɜɨɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɚɰɢɢ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ ɡɚ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹ ɫɨɫɬɚɜɢɥɨ 500 ȼɬ/ɦ2, ɚ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɹɥɚɫɶ 

25°ɋ. 

 ȼɬɨɪɚɹ ɭɫɬɚɧɨɜɤɚ ɬɚɤɠɟ ɫɨɫɬɨɹɥɚ ɢɡ ɞɜɭɯ ɤɚɦɟɪ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɩɨɦɟ-

ɳɚɥɚɫɶ ɦɨɞɟɥɶ ɨɤɧɚ, ɧɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɛɥɨɤɚɯ ɪɟɝɭɥɢɪɨɜɚɥɚɫɶ ɢɫɤɭɫɫɬɜɟɧɧɨ. ȼ 

ɨɞɧɨɦ ɢɡ ɛɥɨɤɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɧɹɥɚɫɶ ɫɢɧɭɫɨɢɞɚɥɶɧɨ, ɨɬ 17°ɋ ɞɨ 35°ɋ ɜ 
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ɬɟɱɟɧɢɢ 24 ɱɚɫɨɜ, ɩɭɬɟɦ ɩɨɞɚɱɢ ɧɚɝɪɟɬɨɝɨ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ. ȼ ɞɪɭɝɨɦ ɢɡɨɥɢɪɨ-

ɜɚɧɧɨɦ ɛɥɨɤɟ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɨɫɬɨɹɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ (24°ɋ). Ɋɟɝɢ-

ɫɬɪɢɪɨɜɚɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɟɤɥɟɧɢɹ, ɤɨ-

ɬɨɪɚɹ ɫɨɩɪɢɤɚɫɚɥɚɫɶ ɫ ɜɨɡɞɭɯɨɦ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɜ ɩɟɪɜɨɣ ɭɫɬɚɧɨɜɤɟ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ-

ɫɪɟɞɫɬɜɨɦ ɢɡɥɭɱɟɧɢɹ, ɤɨɧɜɟɤɰɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɨɝɞɚ ɤɚɤ ɬɟɩɥɨɩɟɪɟ-

ɞɚɱɚ ɜɨ ɜɬɨɪɨɣ ɭɫɬɚɧɨɜɤɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɬɨɥɶɤɨ ɱɟɪɟɡ ɤɨɧɜɟɤɰɢɸ ɢ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɶ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɨɤɨɧ, ɜɵɯɨɞɹɳɢɯ ɧɚ 

ɫɟɜɟɪ. Ɍɨɥɳɢɧɚ ɫɬɟɤɨɥ ɢ ɤɚɦɟɪɵ ɜɨ ɜɫɟɯ ɧɚɬɭɪɧɵɯ ɦɨɞɟɥɹɯ ɨɤɨɧ ɪɚɜɧɹɥɚɫɶ 4 

ɢ 12 ɦɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

 ȼ ɱɢɫɥɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɬɟɪɹɥɚ ɢɥɢ ɩɨɥɭɱɚɥɚ ɬɟɩɥɨ 

ɨɬ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟɧɢɹ, ɤɨɧɜɟɤɰɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞ-

ɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɛɵɥ ɜɜɟɞɟɧ ɪɹɞ ɞɨɩɭɳɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬɫɭɬɫɬɜɢɟ ɷɮɮɟɤɬɚ 

ɝɢɫɬɟɪɟɡɢɫɚ ɭ ɦɚɬɟɪɢɚɥɚ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ. Ɍɨɥɳɢɧɚ ɫɬɟ-

ɤɨɥ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɪɚɜɧɹɥɚɫɶ 4 ɦɦ, ɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɟɤɥɚɦɢ ɜɚɪɶɢ-

ɪɨɜɚɥɨɫɶ ɨɬ 6 ɞɨ 30 ɦɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɦɟɧɹɥɨɫɶ ɩɨ ɫɢɧɭɫɨɢɞɟ, 

ɨɬ 17°ɋ ɞɨ 35°ɋ ɜ ɬɟɱɟɧɢɢ 24 ɱɚɫɨɜ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɫɪɟɞɵ  ɨɫɬɚɜɚ-

ɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ (24°ɋ). 

 ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ (ɫ ɢɡɥɭɱɟɧɢɟɦ ɢ ɛɟɡ ɧɟɝɨ), ɚɜɬɨɪɵ ɧɚɛɥɸɞɚɥɢ ɛɨɥɟɟ ɧɢɡ-

ɤɭɸ ɚɦɩɥɢɬɭɞɭ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɟɤɥɟɧɢɹ ɩɪɢ ɡɚ-

ɩɨɥɧɟɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɠɞɭ ɫɬɟɤɥɚɦɢ ɦɚɬɟɪɢɚɥɨɦ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨ-

ɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɚ ɧɟ ɜɨɡɞɭɯɨɦ. ȼ ɰɟɥɨɦ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɆɂɎɋ, ɩɢɤɨɜɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɭɦɟɧɶɲɢɥɚɫɶ ɩɪɢɦɟɪɧɨ ɧɚ 3°C,  ɚ ɡɚɞɟɪɠɤɚ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɜɨ ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɫɨɫɬɚɜɢɥɚ 3 ɱɚɫɚ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɥɚɜ-

ɥɟɧɢɹ ɚɜɬɨɪɚɦɢ ɨɬɦɟɱɟɧ ɪɟɡɤɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟ-

ɧɢɹ. 

 ȼɚɪɶɢɪɭɹ ɬɨɥɳɢɧɭ ɫɬɟɤɥɨɩɚɤɟɬɚ, ɚɜɬɨɪɵ ɫɞɟɥɚɥɢ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜ ɫɥɭ-

ɱɚɟ ɧɚɥɢɱɢɹ ɢɡɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɫɥɨɹ ɆɂɎɋ ɫɨɫɬɚɜɥɹɟɬ  24 ɦɦ, 
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ɚ ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɢɡɥɭɱɟɧɢɹ – 19 ɦɦ, ɬ.ɤ. ɛɨɥɶɲɚɹ ɬɨɥɳɢɧɚ ɩɪɢɜɟɞɟɬ ɤ 

ɬɨɦɭ, ɱɬɨ ɧɟ ɜɫɹ ɠɢɞɤɚɹ ɮɚɡɚ ɩɟɪɟɣɞɟɬ ɜ ɬɜɟɪɞɭɸ ɞɨ ɧɚɱɚɥɚ ɧɨɜɨɝɨ ɩɪɨɰɟɫɫɚ 

ɩɥɚɜɥɟɧɢɹ ɧɚ ɫɥɟɞɭɸɳɢɣ ɞɟɧɶ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɥɨɯɚɹ ɩɪɨ-

ɡɪɚɱɧɨɫɬɶ ɬɜɟɪɞɨɣ ɮɚɡɵ ɦɨɠɟɬ ɨɝɪɚɧɢɱɢɬɶ ɩɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹ-

ɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɹɯ. 

 Ʉɨɥɥɟɤɬɢɜ ɚɜɬɨɪɨɜ [64] ɢɫɫɥɟɞɨɜɚɥ ɫɨɥɧɰɟɡɚɳɢɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫ-

ɧɨɜɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɢ ɧɟɤɨɬɨɪɵɟ ɚɫɩɟɤɬɵ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɆɂɎɋ ɜ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɢɧɬɟɝɪɢɪɨɜɚɜ ɢɯ ɜ 

ɩɨɥɢɤɚɪɛɨɧɚɬɧɵɟ ɩɚɧɟɥɢ. ɉɚɧɟɥɢ ɪɚɡɦɟɳɚɥɢɫɶ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɜɨɣ-

ɧɨɝɨ ɨɫɬɟɤɥɟɧɢɢ ɜ ɫɬɟɧɟ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɤɚɦɟɪɵ, ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɨɬɨɪɨɣ ɩɨɞ-

ɞɟɪɠɢɜɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ 26°ɋ; ɤɚɦɟɪɵ ɧɚɯɨɞɢɥɢɫɶ ɧɚ ɤɪɵɲɟ ɡɞɚɧɢɹ, ɪɚɫɩɨɥɨ-

ɠɟɧɧɨɝɨ ɜ ɭɦɟɪɟɧɧɨ ɫɭɛɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦ ɤɥɢɦɚɬɟ ɧɚ ɫɟɜɟɪɨ-ɡɚɩɚɞɟ ɂɬɚɥɢɢ.  

 ɉɪɨɜɨɞɢɥɢɫɶ ɞɜɟ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɨɫɬɟɤɥɟɧɢɣ. ȼ ɩɟɪɜɨɣ ɫɟɪɢɢ ɭɱɚɫɬɜɨɜɚɥɢ ɩɚɧɟɥɢ ɫɢɧɟɝɨ, ɡɟɥɟɧɨɝɨ ɢ ɨɩɚɥɨ-

ɜɨɝɨ ɰɜɟɬɨɜ, ɡɚɩɨɥɧɟɧɧɵɟ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɩɚɪɚɮɢɧɨɜɵɦ ɆɂɎɋ ɦɚɪɤɢ P35. 

ȼɫɟ ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɢɦɟɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɮɚ-

ɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɞɢɚɩɚɡɨɧɟ 31-36°ɋ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɫɭɳɟɫɬɜɥɟ-

ɧɢɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɬɟɱɟɧɢɢ ɜɫɟɯ ɞɧɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ʉɨɧɬɪɨɥɶɧɨɣ ɜ ɷɬɨɣ 

ɫɟɪɢɢ ɹɜɥɹɥɚɫɶ ɩɭɫɬɚɹ ɩɪɨɡɪɚɱɧɚɹ ɩɚɧɟɥɶ.  

 ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ, ɬɪɢ ɡɟɥɟɧɵɟ ɩɚɧɟɥɢ ɡɚɩɨɥɧɹɥɢɫɶ ɩɚɪɚɮɢɧɨ-

ɜɵɦ ɦɚɬɟɪɢɚɥɨɦ P35, ɫɨɥɟɜɵɦ ɝɢɞɪɚɬɨɦ SH31 ɢ  ɨɪɝɚɧɢɱɟɫɤɢɦ ɆɂɎɋ B35, ɚ 

ɤɨɧɬɪɨɥɶɧɨɣ ɹɜɥɹɥɚɫɶ ɩɭɫɬɚɹ ɡɟɥɟɧɚɹ ɩɨɥɢɤɚɪɛɨɧɚɬɧɚɹ ɩɚɧɟɥɶ. 

 Ⱦɜɨɣɧɨɟ ɨɫɬɟɤɥɟɧɢɟ ɫɨɫɬɨɹɥɨ ɢɡ ɩɪɨɡɪɚɱɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥɳɢɧɨɣ 6 ɦɦ, 

ɧɢɡɤɨɷɦɢɫɫɢɨɧɧɨɝɨ ɫɬɟɤɥɚ ɬɨɥɳɢɧɨɣ 6 ɦɦ ɢ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɦɟɠɞɭ ɧɢɦɢ ɬɨɥ-

ɳɢɧɨɣ ɜ 15 ɦɦ, ɡɚɩɨɥɧɟɧɧɨɝɨ ɚɪɝɨɧɨɦ. 
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 ȼ ɩɟɪɜɨɣ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ, ɩɨɥɢɤɚɪɛɨɧɚɬɧɵɟ ɩɚɧɟɥɢ ɜɫɟɯ ɬɪɟɯ ɰɜɟɬɨɜ 

(ɫɢɧɟɝɨ, ɡɟɥɟɧɨɝɨ ɢ  ɨɩɚɥɨɜɨɝɨ) ɨɤɚɡɚɥɢ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɦɩɟɪɚ-

ɬɭɪɭ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɬɟɤɥɟɧɢɣ, ɦɚɤɫɢɦɚɥɶɧɨ ɫɧɢɡɢɜ ɟɟ ɩɪɢɦɟɪɧɨ 

ɧɚ 5°ɋ (ɡɟɥɟɧɚɹ ɢ ɨɩɚɥɨɜɚɹ ɩɚɧɟɥɢ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɶɧɨɣ ɩɚɧɟɥɶɸ. Ɂɚ-

ɞɟɪɠɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 3 ɱɚɫɨɜ. ȼɟɥɢɱɢɧɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ɛɵɥɚ ɫɧɢɠɟɧɚ ɧɚ 30% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɡɟɥɟɧɨɣ ɢ  ɫɟɪɟɛɪɢɫɬɨ-ɝɨɥɭɛɨɣ ɩɚ-

ɧɟɥɢ, ɢ ɧɚ 50% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɧɟɣ ɩɚɧɟɥɢ. 

 ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ, ɜɫɟ ɬɪɢ ɬɢɩɚ ɆɂɎɋ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɫɨɤɪɚ-

ɳɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɪɨɯɨɞɹɳɟɣ ɫɤɜɨɡɶ ɩɚɧɟɥɢ, ɧɨ ɧɟɦɧɨɝɨ ɥɭɱɲɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ ɩɚɧɟɥɶ ɫ ɫɨɥɟɜɵɦ ɝɢɞɪɚɬɨɦ. 

 Ⱥɧɚɥɢɡɢɪɭɹ ɮɨɬɨɝɪɚɮɢɢ ɩɚɧɟɥɟɣ, ɫɞɟɥɚɧɧɵɟ ɜɨ ɜɪɟɦɹ ɩɟɪɜɨɣ ɫɟɪɢɢ ɢɡ-

ɦɟɪɟɧɢɣ, ɚɜɬɨɪɵ ɫɞɟɥɚɥɢ ɜɵɜɨɞ, ɱɬɨ ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨ-

ɫɬɨɹɧɢɟɦ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɤɚɡɚɥɢɫɶ ɫɨɜɟɪɲɟɧɧɨ ɩɪɨɡɪɚɱɧɵɦɢ, ɛɟɡ ɞɟɮɟɤɬɨɜ ɢ 

ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ. ɉɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɆɂɎɋ ɩɪɨɢɫɯɨɞɢɥ ɩɨɫɬɟɩɟɧɧɨ, ɧɚɱɢ-

ɧɚɹ ɫ ɤɨɧɰɨɜ ɩɚɧɟɥɟɣ. ɉɚɪɚɮɢɧ ɜ ɫɢɧɟɣ ɩɚɧɟɥɢ ɪɚɫɩɥɚɜɢɥɫɹ ɛɵɫɬɪɟɟ, ɚ ɫɢɧɹɹ 

ɢ ɡɟɥɟɧɚɹ ɩɚɧɟɥɶ ɨɛɟɫɩɟɱɢɥɢ ɛɨɥɟɟ ɥɭɱɲɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ɤɚɦɟɪ ɜ ɬɨ ɜɪɟɦɹ, 

ɤɨɝɞɚ ɆɂɎɋ ɩɥɚɜɢɥɫɹ ɢɥɢ ɧɚɯɨɞɢɥɫɹ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. 

 ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ, ɥɭɱɲɭɸ ɨɞɧɨɪɨɞɧɨɫɬɶ ɜ ɨɛɨɢɯ ɮɚɡɚɯ ɩɪɨ-

ɞɟɦɨɧɫɬɪɢɪɨɜɚɥ  ɨɪɝɚɧɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ. ȼɨ ɜɪɟɦɹ ɢɡ-

ɦɟɧɟɧɢɹ ɮɚɡɵ ɷɬɨɬ ɆɂɎɋ ɪɚɜɧɨɦɟɪɧɨ ɨɛɪɚɡɨɜɵɜɚɥ ɧɟɛɨɥɶɲɢɟ ɚɝɥɨɦɟɪɚɬɵ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɣ ɩɚɧɟɥɢ ɩɨɥɢɤɚɪɛɨɧɚɬɚ. ɏɭɞɲɚɹ ɨɞɧɨɪɨɞ-

ɧɨɫɬɶ ɨɤɚɡɚɥɨɫɶ ɭ ɫɨɥɟɜɨɝɨ ɝɢɞɪɚɬɚ: ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧ ɤɚɡɚɥɫɹ ɦɭɬɧɵɦ ɢ 

ɜɤɥɸɱɚɥ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ; ɟɝɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫ-

ɯɨɞɢɥɚ ɧɟɤɨɧɝɪɭɷɧɬɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɪɢɫɬɚɥɥɨɜ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. ɉɚɪɚɮɢ-

ɧɨɜɵɣ ɠɟ ɦɚɬɟɪɢɚɥ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɩɨɤɚɡɚɥ ɧɚɢɥɭɱɲɭɸ ɩɪɨɡɪɚɱɧɨɫɬɶ ɜ 

ɠɢɞɤɨɣ ɮɚɡɟ ɫɪɟɞɢ ɜɫɟɯ ɞɪɭɝɢɯ ɆɂɎɋ. 
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 Ⱥɜɬɨɪɵ ɫɱɢɬɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɪɟɚɥɢɡɚɰɢɢ ɫɜɟɬɨɩɪɨɡɪɚɱ-

ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɩɨɦɨɳɢ ɩɚɧɟɥɟɣ ɫ ɆɂɎɋ ɹɜɥɹɟɬɫɹ ɭɯɭɞɲɟɧɢɟ ɜɢɞɚ ɩɚ-

ɧɟɥɟɣ ɢɡ-ɡɚ ɫɢɥɶɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ, ɤɨɬɨɪɚɹ 

ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɜ ɬɜɟɪɞɨɣ, ɬɚɤ ɢ ɜ ɠɢɞɤɨɣ ɮɚɡɟ, ɢ 

ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɭɫɥɨɠɧɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɧɟɫɤɨɥɶ-

ɤɢɦɢ ɩɚɧɟɥɹɦɢ ɫ ɆɂɎɋ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚ ɪɚɡɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟ-

ɪɟɯɨɞɚ,  ɧɟ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɬ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɡɚɬɟɧɟɧɢɹ, ɧɨ ɢ 

ɭɫɬɪɚɧɢɬ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ. 

 

1.6 ɂɫɫɥɟɞɨɜɚɧɢɹ ɆɂɎɋ ɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ 
 

 ȼ [65] ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ ɢ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɦɢ ɦɚɬɟɪɢɚɥɚ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɢɦɟɜɲɢɦ ɬɟɦɩɟ-

ɪɚɬɭɪɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 0°C, ɢ ɤɨɬɨɪɵɣ ɛɵɥ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɛɵɥɚ ɜɡɹɬɚ ɩɨ ɞɚɧɧɵɦ 

ɦɟɬɟɨɫɬɚɧɰɢɢ ɜɛɥɢɡɢ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ. Ⱥɧɚɥɢɡɢɪɨɜɚɥɨɫɶ ɨɤɚɡɵɜɚɟɦɨɟ ɧɚ ɫɪɟɞ-

ɧɸɸ ɝɨɞɨɜɭɸ ɜɟɥɢɱɢɧɭ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɥɢɹɧɢɟ ɱɟɬɵɪɟɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 

ɮɚɤɬɨɪɨɜ (ɬɨɥɳɢɧɚ ɆɂɎɋ, ɤɨɥɢɱɟɫɬɜɨ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ, C* ɢ λ*), ɡɧɚɱɟɧɢɹ 

ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɧɚ ɬɪɟɯ ɭɪɨɜɧɹɯ (ɬɚɛɥɢɰɚ 2). 

Ɍɚɛɥɢɰɚ 2 – Ɂɧɚɱɟɧɢɹ ɜɚɪɶɢɪɭɟɦɵɯ ɮɚɤɬɨɪɨɜ ɜ ɧɚɬɭɪɚɥɶɧɵɯ ɢ ɤɨɞɢɪɨɜɚɧɧɵɯ 

ɟɞɢɧɢɰɚɯ 

ɍɪɨɜɟɧɶ  
Ɍɨɥɳɢɧɚ 
ɆɂɎɋ 

ɋɤɪɵɬɚɹ ɬɟɩ-
ɥɨɬɚ 

C* λ* 

ɫɦ ɤɨɞ. ɟɞ. Ⱦɠ/ɤɝ ɤɨɞ. ɟɞ. — ɤɨɞ. ɟɞ. — ɤɨɞ. ɟɞ. 

1 1 -1 166500 -1 1 -1 1,5 -1 

2 2 0 249750 0 1,5 0 1,75 0 

3 3 +1 333000 +1 2 +1 2 +1 
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 ȼ ɬɚɛɥɢɰɟ 1 ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ C* ɢ λ* – ɷɬɨ ɨɬɧɨɲɟɧɢɟ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɜ ɪɚɡɥɢɱɧɵɯ 

ɮɚɡɚɯ: 

∗ܥ  = C𝐿C𝑆,                                                                                                        (1)              

 λ∗ = λ𝑆λ𝐿,                                                                                                         (2) 

ɝɞɟ CS, λS – ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ;  

 CL, λL – ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

 Ɍ.ɤ. ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɨɤɚɡɚɥɨɫɶ ɫɥɨɠɧɵɦ ɞɥɹ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ, ɛɵɥɚ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɜɫɬɪɨɟɧɧɚɹ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ 

STATISTICA ɮɭɧɤɰɢɹ ɠɟɥɚɬɟɥɶɧɨɫɬɢ, ɬ.ɟ. ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɟɪɟɜɨɞ ɡɧɚɱɟɧɢɣ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ, ɢɥɢ ɜɵɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ) ɢ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɯ ɟɦɭ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɆɂɎɋ (ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ) ɜ ɟɞɢɧɭɸ 

ɛɟɡɪɚɡɦɟɪɧɭɸ ɱɢɫɥɨɜɭɸ ɲɤɚɥɭ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɝɪɚɧɢɰɚɦɢ. ɉɪɢ ɷɬɨɦ ɝɪɚ-

ɧɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ, 0 ɢ 1, ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɝɪɚɞɚɰɢɢ «ɩɥɨɯɨ – ɯɨɪɨɲɨ». 

Ɂɚ ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɧɹɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ (ɩɨ ɦɨɞɭɥɸ) ɡɧɚɱɟɧɢɟ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɚ ɡɚ ɟɞɢɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ – ɦɢɧɢɦɚɥɶɧɨɟ (ɩɨ ɦɨɞɭɥɸ), ɤɚɤ 

ɧɚɢɛɨɥɟɟ ɠɟɥɚɬɟɥɶɧɨɟ. ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɢ ɠɟɥɚɬɟɥɶɧɨɫɬɢ ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7. 
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Ɋɢɫɭɧɨɤ 7 – ɇɚɢɛɨɥɟɟ ɠɟɥɚɟɦɵɟ ɭɪɨɜɧɢ ɮɚɤɬɨɪɨɜ [65] 

 ɋɨɝɥɚɫɧɨ ɝɪɚɮɢɤɚɦ, ɞɥɹ ɬɚɤɨɝɨ ɮɚɤɬɨɪɚ, ɤɚɤ ɬɨɥɳɢɧɚ ɆɂɎɋ, ɧɚɢɛɨɥɟɟ 

ɨɩɬɢɦɚɥɶɧɵɦ ɨɤɚɡɚɥɫɹ ɬɪɟɬɢɣ ɭɪɨɜɟɧɶ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɬɭɪɚɥɶɧɨɦɭ ɡɧɚ-

ɱɟɧɢɸ 3 ɫɦ); ɞɥɹ ɮɚɤɬɨɪɚ ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɬɪɟɬɢɣ ɭɪɨɜɟɧɶ (333000 Ⱦɠ/ɤɝ), ɞɥɹ 

ɨɬɧɨɲɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɟɣ C* ɬɪɟɬɢɣ ɭɪɨɜɟɧɶ (2) ɢ ɞɥɹ ɨɬɧɨɲɟɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ*  ɩɟɪɜɵɣ ɭɪɨɜɟɧɶ (1,5). 

 

1.12 ȼɵɜɨɞɵ 
 

 Ɇɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɚɯɨɞɹɬ ɜɫɟ ɛɨɥɟɟ ɲɢ-

ɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɟ. ȼ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ 

ɡɞɚɧɢɣ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɬɟɧɨɜɵɯ ɨɝɪɚɠɞɟɧɢɹɯ, ɩɥɢɬɚɯ ɩɨɤɪɵɬɢɹ ɢ ɜ ɫɜɟ-

ɬɨɩɪɨɡɪɚɱɧɵɯ ɨɝɪɚɠɞɟɧɢɹɯ. ɉɪɢɦɟɧɟɧɢɟ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɠɚɪɤɨɦ ɤɥɢɦɚɬɟ 
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ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɨɝɪɚɠɞɟɧɢɣ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, ɫɧɢɠɚɟɬ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɩɨɞɞɟɪɠɚ-

ɧɢɟ ɤɨɦɮɨɪɬɧɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɩɨɦɟɳɟɧɢɹɯ. 

 ɇɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɆɂɎɋ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɤɥɢɦɚɬɢɱɟɫɤɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɪɟɝɢɨɧɚ. Ɉɧɚ ɛɭɞɟɬ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɩɨɥɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟ-

ɯɨɞɨɜ ɛɭɞɟɬ ɢɫɩɵɬɵɜɚɬɶ ɬɚɤɨɣ ɦɚɬɟɪɢɚɥ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤ-

ɰɢɢ. ɋɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɵɦ ɜɚɠɧɨɫɬɶ ɜɵɛɨɪɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨ-

ɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɫɬɟɧɨɜɵɯ ɨɝɪɚɠɞɟɧɢɣ. Ⱦɥɹ ɸɠɧɵɯ ɢ ɫɟɜɟɪɧɵɯ 

ɫɬɟɧ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɡɞɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɦɚɬɟɪɢɚɥɵ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɬɟɩɥɨɜɵɦɢ ɷɮɮɟɤɬɚɦɢ. 

 Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞɟɧɨ ɜ ɪɟɝɢɨɧɚɯ ɫ ɬɟɩɥɵɦ ɤɥɢɦɚɬɨɦ, 

ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɢɫɬɟɪɟɡɢɫ – ɧɟɫɨɜɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ. ȼɨɩɪɨɫ ɨ ɩɨɜɟɞɟɧɢɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɆɂɎɋ ɜ ɭɫɥɨɜɢɹɯ 

ɩɪɟɨɛɥɚɞɚɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ ɝɢɫɬɟɪɟɡɢɫɚ ɨɫɬɚ-

ɟɬɫɹ ɨɬɤɪɵɬɵɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 

ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɰɢɣ ɆɂɎɋ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 

ɚ ɬɚɤɠɟ ɪɚɫɱɟɬɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ. 

 ȼɧɟɞɪɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɆɂɎɋ ɞɨɥɠɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɢɯ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ.   

 

Ƚɥɚɜɚ 2. ɉɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ. ɉɪɢɛɨɪɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɜɧɭɬ-

ɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɪɨɝɪɚɦɦ-

ɧɵɣ ɩɪɨɞɭɤɬ Comsol Multiphysics. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɧɬɟɪɚɤɬɢɜɧɭɸ 

ɫɪɟɞɭ ɞɥɹ ɪɚɫɱɟɬɨɜ ɛɨɥɶɲɢɧɫɬɜɚ ɧɚɭɱɧɵɯ ɢ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 
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ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ 

ɷɥɟɦɟɧɬɨɜ [66]. Ȼɥɚɝɨɞɚɪɹ ɦɨɞɭɥɸ Ɍɟɩɥɨɩɟɪɟɞɚɱɚ, ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɷɬɨɝɨ 

ɩɪɨɞɭɤɬɚ, ɡɚɞɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɜɨɡɦɨɠɧɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɤɨɧɜɟɤɰɢɟɣ ɢ 

ɢɡɥɭɱɟɧɢɟɦ [67].  

 

2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

2.1.1 Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
 

 ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɤɪɚɟɜɵɯ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɢɫ-

ɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɛɨɬɵ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ. 

Ɍɚɛɥɢɰɚ 3 – Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ   

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɨɤɚɡɚɬɟɥɶ Ɉɛɨɫɧɨɜɚɧɢɟ 

ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

ɧɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

qɧ = αɧ∙Δt 

αɧ=23 

ȼɬ/(ɦ2∙Ʉ) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ 

ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, αɧ: 

ɬɚɛɥ. 6 

ɋɉ 50.13330.2012 [5] 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ, τɜ 
17 °C 

– ɧɨɪɦɢɪɭɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪ-

ɧɵɣ ɩɟɪɟɩɚɞ Δtɧ=4°C 

(ɬɚɛɥ. 5 ɋɉ 50.13330.2012) 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɜɨɡɞɭɯɚ tɜ=21°C 

(ɩ. 5.2 ɋɉ 50.13330.2012 ɢ 

ɬɚɛɥ. 1 ȽɈɋɌ 30494-2011 

[68]) 

ɇɚɪɭɠɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, tɧ f(τ) °C 
ɞɚɧɧɵɟ ɦɟɬɟɨɫɬɚɧɰɢɢ [69] 

ɜ ɱɟɪɬɟ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ 
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 Ƚɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɜɪɟɦɟɧɢ ɪɚɫ-

ɱɟɬɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɜɪɟɦɟɧɢ ɪɚɫ-

ɱɟɬɚ 

 

2.1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ 
 

 Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɨɝɥɚɫɧɨ ɋɉ «Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ ɡɞɚɧɢɣ» (ɬɚɛɥɢɰɚ 3). Ɍɚɤɢɟ ɡɧɚ-

ɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɢ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɤɚɤ 

ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɟɦɤɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɚ, ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɤɚɬɚɥɨɝɨɜ [20-30] 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɆɂɎɋ. ɑɚɫɬɶ ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4. 
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 Ɍɚɛɥɢɰɚ 4 – ɍɱɢɬɵɜɚɟɦɵɟ ɫɜɨɣɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɉɨɥɧɨɟ ɧɚɢɦɟɧɨ-
ɜɚɧɢɟ 

ɉɥɨɬɧɨɫɬɶ 𝜌଴, 
ɤɝ/ɦ3 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨ-
ɟɦɤɨɫɬɶ ܿ଴, 
ɤȾɠ/(ɤɝ∙°C) 

Ɍɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɶ 𝜆А, 
ȼɬ/(ɦ2∙°C) 

Ʉɢɪɩɢɱɧɚɹ 
ɤɥɚɞɤɚ ɢɡ ɫɩɥɨɲ-
ɧɨɝɨ ɝɥɢɧɹɧɨɝɨ 
ɤɢɪɩɢɱɚ ɧɚ ɰɟ-

ɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɦ 
ɪɚɫɬɜɨɪɟ 

1800 0,88 0,7 

ɉɥɢɬɵ ɦɢɧɟɪɚɥɨ-
ɜɚɬɧɵɟ ɢɡ ɤɚɦɟɧ-

ɧɨɝɨ ɜɨɥɨɤɧɚ 
180 0,84 0,045 

 

2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɬɟɩɥɨ- ɦɚɫɫɨɩɟɪɟɧɨɫɚ 
 

 Ɍɟɩɥɨɜɨɟ ɩɨɥɟ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ 

(x, y, z) ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ T 

 ܶ = ܶሺݔ, ,ݕ ,ݖ 𝑡ሻ                                                                                                       (1)  

                                  

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɨɱɤɚɯ ɫɪɟɞɵ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟ-

ɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȼ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, 

ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ  [70] 

 ܿ𝜌  𝜕்𝜕௧ = ݀𝑖𝑣ሺ𝜆  ݃𝑟ܽ݀ܶሻ + ݂,                                                                                       (2) 

 

ɝɞɟ ܿ –ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɪɟɞɵ; 

 𝜌 – ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ; 

 𝜆 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; 

 gradT – ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ; 
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 f – ɦɨɳɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ. 

 Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɝɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: ܿ = ˔ሺܶሻ, 𝜌 = 𝜌ሺܶሻ, 𝜆 = 𝜆ሺܶሻ ɢ  ݂ = ݂ሺܶሻ, ɜ ɫɥɭɱɚɟ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɵ – ɨɬ ɬɨɱɤɢ ɩɪɨ-

ɫɬɪɚɧɫɬɜɚ: ܿ = ˔ሺܶሻ, 𝜌 = 𝜌ሺܶሻ, 𝜆 = 𝜆ሺܶሻ ɢ  ݂ = ݂ሺܶሻ. 

 ȼ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɵ, ɭɪɚɜɧɟɧɢɟ (2) ɭɩɪɨɳɚɟɬɫɹ ɢ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 𝜕்𝜕௧ = 𝛼𝛥ܶ + ௙𝑐𝜌 ,                                                                                                       (3) 

 

ɝɞɟ  𝛼 = 𝜆/ሺ˔𝜌ሻ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ; 

 𝛥 = ݀𝑖𝑣 ݃𝑟ܽ݀ – ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ. 

 ɉɪɨɰɟɫɫ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ ɞɢɮ-

ɮɭɡɢɢ. ɍɪɚɜɧɟɧɢɟ ɞɢɮɮɭɡɢɢ ɜ ɫɥɭɱɚɟ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ  

D ɨɬ ɤɨɨɪɞɢɧɚɬɵ (D≠ D(x,y,z)) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ C (D≠ D(C)) 

 𝜕𝐶ሺ௫,௬,௭,௧ሻ𝜕௧ = ,ݔ𝛥ܿሺܦ ,ݕ ,ݖ 𝑡ሻ.                                                                                      (4)              

 

2.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 
 

 ȼ ɪɚɛɨɬɟ ɪɟɲɚɥɚɫɶ ɡɚɞɚɱɚ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡ-

ɦɟɧɹɸɳɢɦɢɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ. Ɋɟɲɟɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ ɫ ɨɬɫɥɟɠɢɜɚɧɢɟɦ 

ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɩɨ ɜɪɟɦɟɧɢ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɋɬɟɮɚɧɨɦ. 

 

2.3.1 Ɂɚɞɚɱɚ ɋɬɟɮɚɧɚ 
 

 ȼ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɨɪɦɟ ɡɚɞɚɱɚ ɋɬɟɮɚɧɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛ-

ɪɚɡɨɦ [70, 9]. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɛɥɚɫɬɶ Ω, ɫɨɞɟɪɠɚɳɚɹ ɞɜɟ 
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ɩɨɞɨɛɥɚɫɬɢ: Ωௌ  (ɱɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ) ɢ Ω𝐿 (ɱɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɜ 

ɠɢɞɤɨɣ ɮɚɡɟ). Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɡɚɞɚɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ܶ∗ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ܵ = ܵሺ𝑡ሻ – ɩɨɜɟɪɯɧɨɫɬɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟ-

ɯɨɞɚ, ɝɞɟ 

 

   Tሺx, y, z, tሻ = ܶ∗.                                                                                                   (5) 

                          

 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɬɜɟɪɞɨɣ ɮɚɡɵ ɢɞɟɧɬɢɱɧɨ (2) 

 ܿௌ 𝜌ௌ  𝜕்𝑆𝜕௧ = ݀𝑖𝑣(𝜆ௌ  ݃𝑟ܽ݀ܶ) + ௌ݂ ,                                                                               (6) 

 

ɝɞɟ ɧɢɠɧɢɣ ɢɧɞɟɤɫ «ܵ» ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɩ-

ɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤ ɬɜɟɪɞɨɣ ɮɚɡɟ. 

 ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɠɢɞɤɨɣ ɮɚɡɵ, ɩɪɢ ɭɱɟɬɟ ɧɚɥɢɱɢɹ ɤɨɧ-

ɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɜ ɧɟɣ 

 ܿ𝐿 𝜌𝐿 ሺ𝜕 𝐿்𝜕௧ + ѵ݃𝑟ܽ݀ܶሻ = ݀𝑖𝑣(𝜆𝐿  ݃𝑟ܽ݀ܶ) + 𝐿݂ ,                                                           (7) 

 

ɝɞɟ ɧɢɠɧɢɣ ɢɧɞɟɤɫ «𝐿» ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ ɤ ɬɜɟɪɞɨɣ ɮɚɡɟ; 

 ѵ – ɥɨɤɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɪɟɞɵ. 

 Ɍ.ɤ. ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ/ɩɨɝɥɨɳɟɧɢɟɦ ɧɟɤɨ-

ɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɝɪɚɧɢɰɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɪɚɡ-

ɪɵɜɟɧ ɢ ɪɚɜɟɧ   
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[𝜆  𝜕  ்𝜕௡] = −𝐿𝑉௡, (x,y,z) ∈ S,                                                                                                        (8) 

 

ɝɞɟ L – ɬɟɩɥɨɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ; 

 𝑉௡ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɨ-

ɜɟɪɯɧɨɫɬɢ S n. 

 Ⱦɪɭɝɢɦ ɭɫɥɨɜɢɟɦ ɋɬɟɮɚɧɚ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɧɚ ɝɪɚɧɢɰɵ ɤɨɧɬɚɤɬɚ ɞɜɭɯ ɫɪɟɞ, ɬ.ɟ. ɫɤɚɱɨɤ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɟɧ ɧɭɥɸ 

 

 [ܶ] = Ͳ, (x,y,z) ∈ S.                                                                                                                 (9) 

 

 ȼ ɨɛɨɛɳɟɧɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɟ ɭɫɥɨɜɢɹ (5), (8) ɢ (9) ɜɤɥɸɱɟɧɵ ɜ ɭɪɚɜɧɟ-

ɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɚ ɭɱɟɬ ɬɟɩɥɨɬɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɷɤɜɢɜɚɥɟɧɬɟɧ ɡɚɞɚ-

ɧɢɸ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ [70] 

𝜌 ܥ)  + 𝐿𝛿ሺܶ − ܶ∗ሻ) ቀ𝜕்𝜕௧ + 𝑣 grad ܶቁ = divሺ𝜆 grad ܶሻ + ݂,                             (10) 

 

ɝɞɟ δ – ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɝɪɚɧɢɰɭ S. 

 ȼ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɪɟɞɚɯ, ɝɞɟ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ 

(ɨɞɧɢɯ ɜɟɳɟɫɬɜ) ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɬɥɢɱɧɨɣ ɨɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɞɪɭɝɨɝɨ ɜɟɳɟɫɬɜɚ (ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ), ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ Ωௌ𝐿, ɝɞɟ ɨɞɧɚ 

ɱɚɫɬɶ ɜɟɳɟɫɬɜ ɛɭɞɟɬ ɧɚɯɨɞɢɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɞɪɭɝɚɹ ɱɚɫɬɶ – ɜ ɬɜɟɪ-

ɞɨɦ. ɉɪɢ ɦɚɥɨɣ ɲɢɪɢɧɟ ɞɜɭɯɮɚɤɬɨɪɧɨɣ ɡɨɧɵ, ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɩɪɟɞɩɨɥɨ-

ɠɟɧɢɟɦ ɨ ɡɚɞɚɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɫɟɯ ɤɨɦɩɨ-

ɧɟɧɬɨɜ ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ܥ ǀ 
[70] 
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 ܶሺݔ, ,ݕ ,ݖ 𝑡ሻ = ܥ)∗ܶ ǀ ), ሺݔ, ,ݕ ሻݖ ∈  Sሺtሻ.                                                                  (11) 

 

2.3.2 ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɋɬɟɮɚɧɚ 
              

 Ɉɛɵɱɧɨ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɭ ɫɜɨɞɹɬ ɤ ɨɞɧɨɮɚɡɧɨɣ ɛɟɡ ɧɟɩɨ-

ɫɪɟɞɫɬɜɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɷɧ-

ɬɚɥɶɩɢɣɧɵɣ ɩɨɞɯɨɞ ɢɥɢ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ [9].  

 ɍɱɢɬɵɜɚɹ, ɱɬɨ ɬɟɩɥɨɟɦɤɨɫɬɶ C – ɱɚɫɬɧɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɷɧɬɚɥɶɩɢɢ H ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ܥ = ሺ𝜕𝐻𝜕்ሻ𝑃, ɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɩɟɪɟɧɨɫɨɦ 

ɬɟɩɥɚ ɜ ɆɂɎɋ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ [71],  ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ 

ɨɛɨɢɯ ɮɚɡ ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ 

 𝜕ሺ𝜌𝐻ሻ𝜕௧ = ݀𝑖𝑣ሺ𝜆 ݃𝑟ܽ݀ܶሻ + ݂.                                                                                                           (12) 

 

 ɗɧɬɚɥɶɩɢɣɧɵɣ ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɧɟɧɢɢ ɷɧɬɚɥɶɩɢɢ ɜ ɨɛɥɚɫɬɢ ɮɚɡɨ-

ɜɨɝɨ ɩɟɪɟɯɨɞɚ ɧɚ ɜɟɥɢɱɢɧɭ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ. Ɇɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɜɹɡɶ ɷɧ-

ɬɚɥɶɩɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɤ ɥɢɧɟɣɧɭɸ [72] 

 T = ܽ + ܾ ∙ 𝐻,                                                                                                         (13) 

 

ɝɞɟ a – ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɸɳɢɟ ɡɧɚɱɟɧɢɹ a1, a2, a3 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɡɵ 

ɜɟɳɟɫɬɜɚ; 

 b – ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɸɳɢɟ ɡɧɚɱɟɧɢɹ b1, b2, b3 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɮɚɡɵ ɜɟɳɟɫɬɜɚ. 



47 
 

 Ɉɬɫɥɟɠɢɜɚɧɢɟ ɮɚɡɵ ɜɟɳɟɫɬɜɚ (ɠɢɞɤɚɹ, ɬɜɟɪɞɚɹ, ɫɦɟɲɚɧɧɚɹ) ɦɨɠɟɬ ɜɟ-

ɫɬɢɫɶ ɩɨ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɷɧɬɚɥɶɩɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɧɚɱɚɥɨ ɢ ɡɚɜɟɪɲɟ-

ɧɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

 

{ܽ = ܽଵ, ܾ = ܾଵ      𝐻 < 𝐻௦௢௟ ሺ˕˅ˈ˓ˇая ˗аˊаሻ,ܽ = ܽଶ, ܾ = ܾଶ      𝐻௦௢௟ ൑ 𝐻 ൑ 𝐻௟𝑖௤   ሺ˔ˏˈ˛аːːая ˗аˊаሻܽ = ܽଷ, ܾ = ܾଷ      𝐻 > 𝐻௟𝑖௤  ሺˉˋˇˍая ˗аˊаሻ. ,                                      (14)             

 

ɝɞɟ 𝐻௟𝑖௤ – ɷɧɬɚɥɶɩɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɥɢɤɜɢɞɭɫɚ; 

 𝐻ௌ௢௟ – ɷɧɬɚɥɶɩɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɢɞɭɫɚ. 

 ȼɨ ɜɬɨɪɨɦ ɦɟɬɨɞɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ܥ௘௙௙, ɤɨɬɨ-

ɪɚɹ ɡɚɦɟɧɹɟɬ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (2) 

 

௘௙௙ሺܶሻܥ = ܶ                                 ,ௌܥ} < ௦ܶ௢௟ ,𝐿்𝑙𝑖𝑞−்𝑠𝑜𝑙 + 𝐶𝑙𝑖𝑞+𝐶𝑠𝑜𝑙ଶ ,   ௦ܶ௢௟ ൑ ܶ ൑ܥ𝐿 ,                                 ܶ > ௟ܶ𝑖௤ .  ௟ܶ𝑖௤ ,                                                      (15)     

 

Ƚɥɚɜɚ 3. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ             
ɧɚ ɨɫɧɨɜɟ ɆɂɎɋ 

3.1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɨɞɵ 

 

  Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɤɚɠɭɳɟɣɫɹ ɬɟɩɥɨɟɦɤɨɫɬɢ 

[73]. Ʉɪɢɬɟɪɢɟɦ ɜɟɪɢɮɢɤɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɥɚɫɶ ɫɯɨɞɢɦɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɬɟɪɦɨɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɯɨɞɟ ɰɢɤɥɚ ɩɥɚɜɥɟɧɢɹ-ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɆɂɎɋ, ɫ ɬɟɪɦɨɝɪɚɦɦɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɩɭɬɟɦ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɬɨɝɨ 

ɰɢɤɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɆɂɎɋ ɛɵɥɚ ɜɵɛɪɚɧɚ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 
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 Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɫɨɛɪɚɧɚ ɭɫɬɚɧɨɜɤɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɲɚɪɚ ɞɥɹ 

ɧɚɫɬɨɥɶɧɨɝɨ ɬɟɧɧɢɫɚ, ɧɚɩɨɥɧɟɧɧɨɝɨ ɜɨɞɨɣ, ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ (ɪɢɫɭ-

ɧɨɤ 9).  

 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 ɒɚɪ ɛɵɥ ɩɨɦɟɳɟɧ ɜ ɫɪɟɞɭ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ, ɚ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ – ɜ ɫɪɟɞɭ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɲɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. Ɍɟɪɦɨɩɚɪɵ ɮɢɤɫɢɪɨɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ, ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɧɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɰɟɧɬɪɟ ɲɚɪɢɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤɢ ɬɟɦɩɟɪɚɬɭɪ 

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 10, ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ – ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɢɫɬɟɪɟɡɢɫ. Ƚɢɫɬɟɪɟɡɢɫ 

ɛɵɥ ɭɱɬɟɧ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɰɟɥɹɯ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ ɲɚɪɢɤɚ.  

 Ɍɚɤɠɟ ɧɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɰɟɧɬɪɟ ɲɚɪɚ ɨɩɭɫɬɢɥɚɫɶ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ ɜɨɞɵ. 

ɗɬɨɬ ɷɮɮɟɤɬ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ, ɤɨɬɨɪɵɣ ɫɜɨɣɫɬɜɟɧɟɧ ɞɥɹ ɜɨɞɵ, ɧɟ ɯɚɪɚɤɬɟɪɟɧ 

ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɷɬɨɦɭ ɨɧ ɧɟ ɪɚɫɫɦɨɬɪɟɧ ɜ 

ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ. 
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3.2 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɝɢɫɬɟɪɟɡɢɫɚ           
ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɱɢɫɥɟɧɧɵɦ ɪɚɫɱɟɬɨɦ 

 

 ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɫɬɟɪɟɡɢɫɚ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɩɪɨɝɪɚɦɦɟ 

Comsol Multiphysics ɫ ɩɨɫɬɪɨɟɧɢɟɦ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɜ ɨɞɧɨɦɟɪɧɨɣ ɪɚɛɨɱɟɣ 

ɨɛɥɚɫɬɢ. Ƚɟɨɦɟɬɪɢɹ ɦɨɞɟɥɢ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɟɦɹ ɨɬɪɟɡɤɚɦɢ (ɪɢɫɭɧɨɤ 11). 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɬɨɱɤɚɯ A ɢ D ɩɪɟɞɫɬɚɜɥɹɥɚ ɮɭɧɤɰɢɸ ɨɬ ɜɪɟɦɟɧɢ T(t), ɬɨɱɧɨ ɩɨ-

ɜɬɨɪɹɸɳɭɸ ɝɪɚɮɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɪɚ (ɪɢɫɭɧɨɤ 10). 

 

Ɋɢɫɭɧɨɤ 11 – Ƚɟɨɦɟɬɪɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 

 ɑɬɨɛɵ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ, ɛɵɥɚ ɜɜɟɞɟɧɚ ɩɟɪɟɦɟɧɧɚɹ SorL,  
ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɥɚ, ɜ ɠɢɞɤɨɣ (SorL=0) ɢɥɢ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ (SorL=1) ɧɚɯɨɞɢɬɫɹ 

ɆɂɎɋ. ɗɬɚ ɩɟɪɟɦɟɧɧɚɹ ɧɚɯɨɞɢɥɚɫɶ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɜɪɟ-

ɦɟɧɧɨɝɨ ɲɚɝɚ 

 

SorLሺ 𝑖ܶሻ = {Ͳ ˒˓ˋ 𝑖ܶ > Tt୭୮,ͳ ˒˓ˋ 𝑖ܶ < Tb୭t,SorLሺ 𝑖ܶ−ଵሻ ˒˓ˋ Tb୭t ൑ 𝑖ܶ  ൒ Tt୭୮,                                                    (16) 

 

ɝɞɟ 𝑖ܶ – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɥɟɦɟɧɬɟ; 

    𝑖ܶ−ଵ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ; 

    Tt୭୮ – ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɥɧɨɫɬɶɸ ɡɚɜɟɪɲɚɟɬɫɹ ɩɨɝɥɨɳɟɧɢɟ ɬɟɩ-

ɥɨɬɵ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ; 

    Tb୭t – ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɥɧɨɫɬɶɸ ɡɚɜɟɪɲɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɨɬɵ 

ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 



51 
 

 Ɍɟɦɩɟɪɚɬɭɪɚ T  ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ  ɭɪɚɜɧɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɵɯ 

ɬɟɥɚɯ (2). Ɍɟɩɥɨɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɡɚɞɚɜɚɥɚɫɶ ɢɡɦɟɧɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɆɂɎɋ C 

 C = SorL ∙ d Hୗt୭Lሺ୘ሻ୘ + ሺͳ − SorLሻ ∙ d HLt୭ୗሺ୘ሻ୘ ,                                                     (17) 

 

ɝɞɟ HStoLሺTሻ  ɢ HLtoSሺTሻ  – ɮɭɧɤɰɢɢ ɷɧɬɚɥɶɩɢɢ ɩɥɚɜɥɟɧɢɹ  ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 Ɍ.ɤ. ɩɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɧɚɥɨɠɟɧɢɟɦ ɤɪɢɜɵɯ ɷɧɬɚɥɶɩɢɣ, 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɢɦɟɟɬ ɜɢɞ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 12, ɜɵɞɟɥɟɧɢɟ/ɩɨɝɥɨɳɟɧɢɟ 

ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ dTLtoS (ɜ 

ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɢ dTStoL (ɜ ɫɥɭɱɚɟ ɩɥɚɜɥɟɧɢɹ). ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɮɭɧɤ-

ɰɢɢ ɷɧɬɚɥɶɩɢɣ ɪɚɫɩɪɟɞɟɥɹɥɢ ɫɤɪɵɬɭɸ ɬɟɩɥɨɬɭ ɜ ɧɟɛɨɥɶɲɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɩɪɨɦɟɠɭɬɤɟ, ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Tfreeze ɢ ɩɥɚɜɥɟɧɢɹ Tmelt  
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Ɋɢɫɭɧɨɤ 12 – ɉɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ 

 ɂɡ ɫɯɟɦɚɬɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɫɥɟɞɭɸɬ ɮɨɪɦɭɥɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɜɵɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɧɟɜɨɡɦɨɠɧɨ 

(Tbotሻ, ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɵɲɟ ɤɨɬɨɪɨɣ ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɧɟɜɨɡɦɨɠɧɨ ሺTtopሻ 

 

 dʡLtoS = ʹ ∙ ሺTfreeze − Tbotሻ,                                                                            (18)  dʡStoL = ʹ ∙ ሺTtop − Tmeltሻ.                                                                               (19) 

                                                                                                      

 Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɆɂɎɋ ɩɨ ɪɢɫɭɧɤɭ 10 ɢ ɩɨ ɮɨɪɦɭɥɚɦ (18) ɢ (19) ɛɵɥɢ 

ɧɚɣɞɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɬɚɛɥɢɰɚ 5). 
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Ɍɚɛɥɢɰɚ 5 – ɇɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɜɨɞɵ ɢ ɥɶɞɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɫɱɟɬɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ, °C Tfreeze -0,28 Tmelt 1.44 dʡLtoS 0.56 dʡStoL 0.2 Ttop 1.45 Tbot -0.56 

 

 Ɏɭɧɤɰɢɹ ɷɧɬɚɥɶɩɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

 

  HLtoSሺTሻ = C𝐿 ∙ T + LH ∙ stepͳ ∙ ሺT − T୤rୣୣzୣሻ,                                                (20) 

 

ɝɞɟ   C𝐿 = Ͷ,ʹ ˍДˉ/ሺˍˆ ∙ °Cሻ      – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ [74]; 

 LH = ͵͵ͷ ˍДˉ/ˍˆ  – ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [74]; 

 step1 – ɫɝɥɚɠɢɜɚɸɳɚɹ ɮɭɧɤɰɢɹ (ɪɢɫɭɧɨɤ 13, ɚ). 

 

 Ɏɭɧɤɰɢɹ ɷɧɬɚɥɶɩɢɢ ɩɥɚɜɥɟɧɢɹ 

 

  HܵtoLሺTሻ = Cௌ ∙ T + LH ∙ stepʹ ∙ ሺT − T୫ୣ୪tሻ,                                                     (21) 

 

ɝɞɟ   Cௌ = ʹ,ͳ ˍДˉ/ሺˍˆ ∙  ;ሻ      – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɥɶɞɚ [74]ܥ°

 LH = ͵͵ͷ ˍДˉ/ˍˆ  – ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ [74]; 

 step2 – ɫɝɥɚɠɢɜɚɸɳɚɹ ɮɭɧɤɰɢɹ (ɪɢɫɭɧɨɤ 13, ɛ).  
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ɚ) ɛ)  

a) ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɪɵɬɨɣ ɷɧɟɪɝɢɢ (ɜ ɞɨɥɹɯ ɟɞɢɧɢɰɵ) ɨɬ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɬɟɤɭɳɟɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛ) ɬɨɠɟ, 

ɩɪɢ ɩɥɚɜɥɟɧɢɢ 

Ɋɢɫɭɧɨɤ 13  – Ɏɭɧɤɰɢɢ ɫɝɥɚɠɢɜɚɧɢɹ step1 ɢ step2 ɞɥɹ ɞɚɧɧɨɝɨ ɆɂɎɋ 

 ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɆɂɎɋ  𝜆 ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ 

ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɨɣ  ɩɪɨɢɫɯɨɞɢɥɨ ɫɨɝɥɚɫɧɨ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ 

 

𝜆 = { ଵ݂ሺܶሻ ˒˓ˋ SorL = Ͳ,                  ɩɪɢ  ܶ ൑ Tb୭t + dTLtoS ˋ ܶ > Tb୭t,ଶ݂ሺܶሻ ˒˓ˋ SorL = ͳ,                  ɩɪɢ   ܶ ൒ Tt୭୮ − dTStoL ˋ ܶ < T௧୭୮,𝜆 ௌ ∙ SorL + 𝜆 𝐿 ∙ ሺͳ − SorLሻ    ˅ˑ ˅˔ˈ˘ ˑ˔˕аˎ˟ː˞˘ ˔ˎ˖˚ая˘,        (22) 

 

ɝɞɟ 𝜆 𝐿 = Ͳ,ͷ͸ В˕/ሺˏ ∙ °ʠሻ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɠɢɞɤɨɣ ɮɚɡɵ [74]; 

 𝜆 ௌ = ʹ,ʹʹ В˕/ሺˏ ∙ °ʠሻ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɜɟɪɞɨɣ ɮɚɡɵ [74]; 

 fଵሺTሻ = ሺ−ͳ.͸͸ ∗ T + ͳͺͲ.ͷͻሻ/dTLtoS – ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɞɚɧɧɨɝɨ ɆɂɎɋ; 

 fଶሺTሻ = ሺ−ͳ.͸͸ ∗ T + ͳͺʹ.ͻͷሻ/dTStoL – ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɥɚɜɥɟɧɢɢ  ɞɥɹ ɞɚɧɧɨɝɨ ɆɂɎɋ. 
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 Ɏɨɪɦɭɥɚ ɩɥɨɬɧɨɫɬɢ ɆɂɎɋ 

 𝜌 ௌ ∙ SorL + 𝜌 𝐿 ∙ ሺͳ − SorLሻ,                                                                                   (23)  

 

ɝɞɟ 𝜌 ௌ = ͻͳ͹ ˍˆ/ˏଷ  – ɩɥɨɬɧɨɫɬɶ ɥɶɞɚ [74];  

 𝜌 𝐿 = ͳͲͲͲ ˍˆ/ˏଷ  – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ [74]. 

 ɉɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɫɬɟɧɤɢ ɬɟɧɧɢɫ-

ɧɨɝɨ ɲɚɪɚ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺȻɋ-ɩɥɚɫɬɢɤɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ ɩɨ ɞɚɧɧɵɦ [75] 

ɉɥɨɬɧɨɫɬɶ 1030 ɤɝ/ɦ3 

Ʉɨɷɮɮ. ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 0,13 ȼɬ/(ɦ2∙°С) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ 1300 Ⱦɠ/(ɤɝ∙°С) 

 

 ɋɪɚɜɧɟɧɢɟɦ ɝɪɚɮɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɜɪɟɦɟɧɢ (ɪɢɫɭɧɨɤ 14) ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɭɱɟɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɤɪɢɜɭɸ. 
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Ɋɢɫɭɧɨɤ 14 – ɋɪɚɜɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɰɟɧɬɪɟ ɲɚɪɚ     

                                      

3.3 Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɪɨɯɨɞɹɳɟɟ ɱɟɪɟɡ ɫɬɟɧɵ ɡɚ ɫɭɬɤɢ,         
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ,                                               

ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ Tbot ɢ Ttop 

 

 Ⱦɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɬɢɩɨɜ ɫɬɟɧ (ɪɢɫɭɧɨɤ 15) ɛɵɥɢ ɡɚɞɚɧɵ ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɚɦɩɥɢɬɭɞɨɣ Ⱥ ɪɚɜɧɨɣ 10,5°ɋ, 16,5°ɋ, 

23,5°ɋ, 30,5°ɋ (ɪɢɫɭɧɨɤ 16). Ȼɵɥɨ ɪɟɲɟɧɨ ɜɧɚɱɚɥɟ ɫɨɫɪɟɞɨɬɨɱɢɬɶɫɹ ɩɪɟɠɞɟ 

ɜɫɟɝɨ ɧɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ. Ⱥɧɚɥɢɡɢɪɭɹ 

ɝɨɞɨɜɨɣ ɯɨɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤɟ (ɪɢɫɭɧɨɤ 8), ɩɨ ɤɚɬɚɥɨɝɨɦ [20-30] 

ɛɵɥɢ ɜɵɛɪɚɧɵ ɆɂɎɋ ɫ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ ɢ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨ-

ɫɬɨɹɧɢɟɦ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 7. 
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Ɍɚɛɥɢɰɚ 7 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆɂɎɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɆɂɎɋ 1 [26] ɆɂɎɋ 2 [26] ɆɂɎɋ 3 [26] 

Ɇɚɪɤɚ HS23N HS15N HS10N 

௠ܶ௘௟௧, °C -21,0 -15,0 -10,0 

௙ܶ௥௘௘௭௘, °C -23,0 -16,0 -10,0 𝐿, ɤȾɠ/ɤɝ 262 308 290 ܥௌ, ɤȾɠ/(ɤɝ∙°C) 1,58 1,87 1,90 ܥ𝐿, ɤȾɠ/(ɤɝ∙°C) 3,40 3,40 3,40 𝜆ௌ , ȼɬ/(ɦ2∙°C) 4,976 5,26 4,25 𝜆𝐿, ȼɬ/(ɦ2∙°C) 0,702 0,53 0,602 𝜌ௌ, ɤɝ/ɦ3 1078 1016 1057 𝜌𝐿, ɤɝ/ɦ3 1140 1070 1125 

dT, °C 1 1 1 

  

 Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɩɪɨɯɨɞɹɳɟɟ ɫɤɜɨɡɶ ɨɝɪɚɠɞɟɧɢɹ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧ-

ɤɚɯ  17-20. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɨɫɬɚɜɢɥɚ 10 °ɋ.  
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ɚ) ɤɢɪɩɢɱɧɚɹ ɤɥɚɞɤɚ ɧɟɭɬɟɩɥɟɧɧɚɹ ɛ) ɤɢɪɩɢɱɧɚɹ ɤɥɚɞɤɚ ɭɬɟɩɥɟɧɧɚɹ ɦɢɧ. ɜɚɬɨɣ 

ɜ) ɤɢɪɩɢɱɧɚɹ ɤɥɚɞɤɚ ɫ ɆɂɎɋ  

Ɋɢɫɭɧɨɤ 15 – Ɉɫɧɨɜɧɵɟ ɜɚɪɢɚɧɬɵ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ 

 

Ɋɢɫɭɧɨɤ 16 – Ɉɞɢɧ ɩɟɪɢɨɞ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɫɬɟɧ 
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Ɋɢɫɭɧɨɤ 17 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɡɚ 24 ɱɚɫɚ (Ⱥ=10,5°ɋ) 

 

Ɋɢɫɭɧɨɤ 18 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɡɚ 24 ɱɚɫɚ (Ⱥ=16,5°ɋ) 
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Ɋɢɫɭɧɨɤ 19 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɡɚ 24 ɱɚɫɚ (Ⱥ=23,5°ɋ) 

 

Ɋɢɫɭɧɨɤ 20 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɡɚ 24 ɱɚɫɚ (Ⱥ=30,5°ɋ) 

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɡɚ ɫɭɬɤɢ ɩɨɬɟ-

ɪɹɥɚ ɤɢɪɩɢɱɧɚɹ ɫɬɟɧɚ (ɫɬɟɧɚ ɩɟɪɜɨɝɨ ɬɢɩɚ), ɧɚɢɦɟɧɶɲɟɟ – ɫɬɟɧɚ ɫ ɦɢɧɟɪɚɥɶɧɨɣ 

ɜɚɬɨɣ (ɜɬɨɪɨɝɨ ɬɢɩɚ).  
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 Ȼɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɢɪɩɢɱɧɨɣ ɫɬɟɧɨɣ 

ΔQ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɦɩɥɢɬɭɞɵ Ⱥ ɩɨ ɮɨɪɦɭɥɟ  

 

 ΔQ௡ = ܳ௡А − ܳଵА,                                                                                                       (24) 

 

ɝɞɟ ΔQ௡ – ɷɤɨɧɨɦɢɹ ɷɧɟɪɝɢɢ ɞɥɹ n-ɨɝɨ ɬɢɩɚ ɫɬɟɧɵ (n=2; 3); 

 ܳ௡𝐴 – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɞɥɹ n-ɨɝɨ ɬɢɩɚ ɫɬɟɧɵ (n=2;3) ɩɪɢ ɚɦɩɥɢɬɭɞɟ А, °ʠ  (Ⱥ=30,5; 23,5; 16,5; 10,5); 

 ܳଵ𝐴 – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɞɥɹ ɤɢɪɩɢɱɧɨɣ ɫɬɟɧɵ ɩɪɢ ɚɦɩɥɢɬɭɞɟ А, °ʠ  
(Ⱥ=30,5; 23,5; 16,5; 10,5); 

 ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ΔQ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ΔȺ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 21.  

 

Ɋɢɫɭɧɨɤ 21 – ɗɤɨɧɨɦɢɹ ɷɧɟɪɝɢɢ (ɨɬ ɛɚɡɨɜɨɝɨ ɭɪɨɜɧɹ) 

 ɉɨ ɪɢɫɭɧɤɭ 21 ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ ɩɨ ɚɦɩɥɢɬɭɞɚɦ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɆɂɎɋ. 
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3.4 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ ɨɞɢɧ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ                                    
(ɧɚ ɤɜ.ɦ. ɧɚɪɭɠɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ) 

 

  ɂɫɫɥɟɞɨɜɚɥɫɹ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɱɟɬɵɪɟ ɬɢɩɚ ɧɚɪɭɠ-

ɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ – ɱɟɪɟɡ ɨɫɧɨɜɧɵɟ ɜɚɪɢɚɧɬɵ ɫɬɟɧ (ɪɢɫɭɧɨɤ 15) 

ɢ ɱɟɪɟɡ ɤɢɪɩɢɱɧɭɸ ɫɬɟɧɭ ɫ ɬɨɥɳɢɧɨɣ 73 ɫɦ (ɫɬɟɧɚ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ), ɬ.ɟ. ɫ ɬɨɥ-

ɳɢɧɨɣ, ɪɚɜɧɨɣ ɬɨɥɳɢɧɟ ɫɬɟɧɵ ɫ ɆɂɎɋ. Ɉɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, ɫɨɝɥɚɫɧɨ [76], 

ɞɥɹ 2019 ɝɨɞɚ  ɧɚɱɚɥɫɹ 13 ɫɟɧɬɹɛɪɹ, ɚ ɡɚɜɟɪɲɢɥɫɹ 20 ɦɚɹ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɫɬɟɧ ɜ 

ɩɪɨɝɪɚɦɦɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɨɞɧɨɦɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ, ɫɨɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 8. 

Ɍɚɛɥɢɰɚ 8 – Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ ɨɬɨɩɢ-

ɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 

ɋɬɟɧɚ q, ȼɬ∙ɱ/ɦ2 Q, ɤȾɠ/ɦ2 Ɉɬ ɬɢɩɚ 1, % 

Ɍɢɩ 1 

(ɤɢɪɩɢɱ 64 ɫɦ) 
-75497-60150=-135647 -488329 100,0 

Ɍɢɩ 2 

(ɫ ɦɢɧ. ɜɚɬɨɣ) 
-24390-17614=-42004 -151214 31,0 (-69,0%) 

Ɍɢɩ 3 

(ɫ ɆɂɎɋ) 
-69384-50161=-119545 -430362 88,1 (-11,9%) 

Ɍɢɩ 4 

(ɤɢɪɩɢɱ 73 ɫɦ) 
-69762-51194=-120956 -435442 89,7 (-10,8%) 

  

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɩɪɢ ɫɨɩɨɫɬɚɜɢɦɨɣ ɫ ɭɬɟɩɥɢɬɟɥɟɦ ɬɨɥɳɢɧɟ ɡɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɟ, ɱɟɦ ɭɬɟɩɥɢ-

ɬɟɥɶ, ɩɪɨɜɨɞɹɬ ɬɟɩɥɨ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɬɟɩɥɨɟɦɤɨɫɬɶɸ, ɱɟɦ ɦɢɧɟɪɚɥɶ-

ɧɚɹ ɜɚɬɚ, ɧɨ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɜ ɨɛɨɢɯ ɮɚɡɚɯ (ɨɫɨɛɟɧɧɨ ɜ 

ɬɜɟɪɞɨɣ – ɞɚɠɟ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɤɢɪɩɢɱɚ). ɂɡ-ɡɚ ɷɬɨɝɨ, ɪɚɡɧɢɰɚ ɜ ɩɨɬɟɪɹɯ ɷɧɟɪɝɢɢ 

ɦɟɠɞɭ ɫɬɟɧɚɦɢ ɬɪɟɬɶɟɝɨ ɢ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɨɜ ɤɪɚɣɧɟ ɦɚɥɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɱɭɬɶ 
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ɛɨɥɶɲɟ ɩɪɨɰɟɧɬɚ (1,2%). ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɡɧɚɱɟɧɢɹ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ ɩɨ ɨɬɧɨ-

ɲɟɧɢɸ ɤ ɫɬɟɧɟ ɩɟɪɜɨɝɨ ɬɢɩɚ ɜ ɷɬɨɦ ɪɚɫɱɟɬɟ ɨɱɟɧɶ ɩɪɢɛɥɢɠɟɧɵ ɤ ɡɧɚɱɟɧɢɹɦ 

ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ,  ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ ɡɚɞɚɧɢɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜ 3.3. 

 

3.5 ȼɥɢɹɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɆɂɎɋ ɧɚ ɷɤɨɧɨɦɢɸ ɷɧɟɪɝɢɢ 
 

 ɋɧɢɠɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɫɥɭɱɚɟ ɭɫɬɚɧɨɜɤɢ ɆɂɎɋ ɜɨɡɦɨɠɧɨ ɧɟ 

ɬɨɥɶɤɨ ɩɭɬɟɦ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɧɨ ɢ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɟɩɥɨɩɪɨ-

ɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɚ ɷɤɨɧɨɦɢɸ 

ɷɧɟɪɝɢɢ, ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɪɨɯɨɞɹɳɟɟ ɱɟɪɟɡ ɫɬɟɧɭ ɜɬɨ-

ɪɨɝɨ ɬɢɩɚ, ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ.  

 ȼ ɷɬɨɦ ɪɚɫɱɟɬɟ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɹɥɚɫɶ -25°ɋ, ɚ ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 21°ɋ. ɋɬɟɧɚ ɪɚɫɫɱɢɬɚɥɚɫɶ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ 

ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɚɯɨɞɢɥɢɫɶ ɩɨɥɧɨɫɬɶɸ ɜ 

ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ሺ˔ˑ˒˓ˑ˕ˋ˅ˎˈːˋˈ ˕ˈ˒ˎˑ˒ˈ˓ˈˇа˚ˈ ˅˔ˈˌ ˍˑː˔˕˓˖ˍ˙ˋˋ R =ͳ,ʹ͹ ሺˏଶ ∙ °ʠሻ/В˕ሻ ɢ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɧɢ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɥɚɜɥɟɧɵ ሺܴ =ͳ,ͶͲ ሺˏଶ ∙ °ʠሻ/В˕ሻ. 

 ɇɚ ɪɢɫɭɧɤɟ 22 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɬɨɥɳɢɧɟ 

ɫɬɟɧɵ. 
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Ɋɢɫɭɧɨɤ 22 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɆɂɎɋ 

 Ʌɢɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɆɂɎɋ ɜɵɲɟ, ɱɟɦ ɥɢɧɢɹ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɩɪɢ  ɩɪɟɛɵɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɜ 

ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɬɟɩɥɨ-

ɩɟɪɟɞɚɱɟ. 

 Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 23 

ɜ ɮɨɪɦɟ ɝɢɫɬɨɝɪɚɦɦɵ.  

 

Ɋɢɫɭɧɨɤ 23 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɪɹɟɦɨɣ ɷɧɟɪɝɢɢ 
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 Ɋɚɡɧɢɰɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɢɥɚ 16,19 ɤȾɠ/ɦ2 ɢɥɢ 

10,7% . 

 Ⱦɚɥɟɟ ɜɥɢɹɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ 

ɫɨɫɬɨɹɧɢɟɦ ɧɚ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɛɵɥɨ ɨɰɟɧɟɧɨ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ 

ɪɟɠɢɦɟ. ɇɚ ɪɢɫɭɧɤɟ 24 ɩɨɤɚɡɚɧɨ, ɤɚɤ ɢɡɦɟɧɹɸɬɫɹ ɩɨɬɟɪɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ 

ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɢɦɟɸɳɢɯɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨ-

ɜɨɞɧɨɫɬɢ ɧɚ 20 ɢ 40 ɩɪɨɰɟɧɬɨɜ. 

 

Ɋɢɫɭɧɨɤ 24 – ɂɡɦɟɧɟɧɢɟ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ                              

ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɆɂɎɋ 

 ȼ ɰɟɥɨɦ, ɪɚɡɧɢɰɚ ɩɨ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ ɦɟɠɞɭ  ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɢ ɆɂɎɋ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (λL), ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨ-

ɫɬɨɹɧɢɢ (λS) ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɨɢɯ ɮɚɡ (λL ɢ λS ) ɧɚ ɨɞɢ-

ɧɚɤɨɜɵɯ ɦɧɨɠɢɬɟɥɹɯ ɧɟ ɫɭɳɟɫɬɜɟɧɧɚ. ɇɚɢɛɨɥɶɲɟɟ ɫɨɤɪɚɳɟɧɢɟ ɩɨɬɟɪɶ ɷɧɟɪ-

ɝɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λL ɫɨ 

100% (ɦɧɨɠɢɬɟɥɶ 1) ɞɨ 80% (ɦɧɨɠɢɬɟɥɶ 0,8) – ɧɚ 72,8%. ɉɨɥɭɱɟɧɧɨɟ ɩɪɢ ɷɬɨɦ 

ɡɧɚɱɟɧɢɟ ɩɨɬɟɪɶ ɦɟɧɶɲɟ, ɱɟɦ ɩɨɬɟɪɢ ɱɟɪɟɡ ɭɬɟɩɥɢɬɟɥɶ, ɧɚ  22,6%. 

 ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɛɵɥɨ ɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɆɂɎɋ ɫ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɦɢ, ɭɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 6, ɧɨ ɫ ɦɟɧɶɲɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɠɢɞɤɨɣ 

ɢɥɢ ɬɜɟɪɞɨɣ ɮɚɡɵ,  ɢɥɢ ɨɛɨɢɯ ɮɚɡ, ɧɚ 20%. 
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3.6 ȼɥɢɹɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɆɂɎɋ ɧɚ ɷɤɨɧɨɦɢɸ ɷɧɟɪɝɢɢ 
 

 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨ-

ɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜ ɫɬɟɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɚ. Ɋɚɡɦɟɳɟɧɢɟ ɫɥɨɟɜ ɫ ɆɂɎɋ ɜ 

ɫɬɟɧɟ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɬɟɦɩɟɪɚ-

ɬɭɪɵ, ɪɚɜɧɵɟ ɬɟɦɩɟɪɚɬɭɪɚɦ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɛɭɞɭɬ ɱɚɳɟ ɜɫɟɝɨ ɩɨɜɬɨɪɹɬɶɫɹ 

ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɆɂɎɋ. Ɉɞɧɚɤɨ, ɜɨɡɦɨɠɧɨ, ɪɚɰɢɨɧɚɥɶɧɟɟ ɛɵɥɨ ɪɚɡɦɟ-

ɫɬɢɬɶ ɫɥɨɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜ ɞɪɭɝɨɦ ɩɨ-

ɪɹɞɤɟ (ɪɢɫɭɧɨɤ 25,ɛ).  

 Ⱦɚɥɟɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɩɨ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɬɚɤɭɸ ɫɬɟɧɭ. 

Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɫɬɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɬɨɥɶɤɨ ɨɞɢɧ ɫɥɨɣ 

ɆɂɎɋ (ɪɢɫɭɧɨɤ 25, ɜ-ɞ).  

 

Ɋɢɫɭɧɨɤ 25 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɆɂɎɋ, ɥɢɫɬ 1 

ɚ) 

ɛ) 

ɜ) 
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Ɋɢɫɭɧɨɤ 25, ɥɢɫɬ 2 

 Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɪɨɯɨɞɹɳɟɟ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɱɟɪɟɡ ɫɬɟɧɭ 

ɆɂɎɋ123, ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɜ 3.4 (ɬɚɛɥɢɰɚ 8). Ⱥɧɚɥɨɝɢɱɧɨ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ 

ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɪɨɯɨɞɹɳɟɟ ɱɟɪɟɡ ɫɬɟɧɵ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 27, ɛ-

ɞ (ɬɚɛɥɢɰɚ 9). 

Ɍɚɛɥɢɰɚ 9 – Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ ɨɬɨɩɢ-

ɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 

ɋɬɟɧɚ q, ȼɬ∙ɱ/ɦ2 Q, ɤȾɠ/ɦ2 Ɉɬ ɬɢɩɚ 1, % 

Ɍɢɩ 3 (ɆɂɎɋ123) -69384-50161=-119545 -430362 88,1 (-11,9%) 

Ɍɢɩ 3 (ɆɂɎɋ321) -70595-50393=-120988 -435557 89,2 (-10,8%) 

Ɍɢɩ 3 (ɆɂɎɋ1–9ɫɦ) -70481-50527=-121008 -435629 89,2 (-10,8%) 

Ɍɢɩ 3 (ɆɂɎɋ2–9ɫɦ) -69381-49230=- 118611 -427000 87,4 (-12.6%) 

Ɍɢɩ 3 (ɆɂɎɋ3–9ɫɦ) - 71368-51283=-122651 -441544 90,4 (-9,6%) 

 

 Ɋɚɡɧɢɰɚ ɜ ɩɨɬɟɪɹɯ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɪɚɫɩɨɥɨɠɟɧɢɹɦɢ ɆɂɎɋ321 ɢ 

ɆɂɎɋ123 ɫɨɫɬɚɜɢɥɚ 5195 ɤȾɠ/ɦ2 ɢɥɢ 1,2 %. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɟɦ ɜɵɲɟ ɬɟɦɩɟ-

ɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɭ ɆɂɎɋ, ɬɟɦ ɛɥɢɠɟ ɤ ɩɨɦɟɳɟɧɢɸ ɫɥɟɞɭɟɬ ɟɝɨ ɪɚɡ-

ɦɟɳɚɬɶ. 

ɝ) 

ɞ) 
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 ɇɚ ɪɢɫɭɧɤɚɯ 26 ɢ 27 ɩɨɤɚɡɚɧɵ ɪɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɆɂɎɋ. 

    

 

Ɋɢɫɭɧɨɤ 26 – Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɞɨ 20 ɦɚɹ 
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Ɋɢɫɭɧɨɤ 27 – Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɫ 13 ɫɟɧɬɹɛɪɹ 

 ɇɚ ɪɢɫɭɧɤɚɯ 28 ɢ 29 ɩɨɤɚɡɚɧɵ ɪɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɧɵ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ (ɤɢɪɩɢɱɧɚɹ ɤɥɚɞɤɚ ɬɨɥɳɢɧɨɣ 73 ɫɦ). Ɉɬ-

ɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚ ɷɬɢɯ ɪɢɫɭɧɤɚɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɷɤɨɧɨɦɢɢ ɷɧɟɪ-

ɝɢɢ. 
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Ɋɢɫɭɧɨɤ 28 – Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɞɨ 20 ɦɚɹ 

(ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɧɵ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ) 

 

Ɋɢɫɭɧɨɤ 29 – Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɫ 13 ɫɟɧɬɹɛɪɹ 

(ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɧɵ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ) 

 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ 28-29, ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɭɪɨɜɧɹ 

ɫɬɟɧɵ ɱɟɬɜɟɪɬɨɝɨ ɬɢɩɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɆɂɎɋ ɢɦɟɟɬ ɦɟɫɬɶ ɥɢɲɶ ɧɚ ɨɬɞɟɥɶ-

ɧɵɯ ɨɬɪɟɡɤɚɯ ɜɪɟɦɟɧɢ.  

 Ɋɢɫɭɧɨɤ 30 ɫɨɞɟɪɠɢɬ ɫɪɚɜɧɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɬɢɩɨɜ ɫɬɟɧ ɩɨ ɩɨɬɟɪɹɦ 

ɷɧɟɪɝɢɢ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ. 

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

0
1

.0
1

.2
0

1
9

0
5

.0
1

.2
0

1
9

1
0

.0
1

.2
0

1
9

1
5

.0
1

.2
0

1
9

2
0

.0
1

.2
0

1
9

2
5

.0
1

.2
0

1
9

2
9

.0
1

.2
0

1
9

0
3

.0
2

.2
0

1
9

0
8

.0
2

.2
0

1
9

1
3

.0
2

.2
0

1
9

1
8

.0
2

.2
0

1
9

2
2

.0
2

.2
0

1
9

2
7

.0
2

.2
0

1
9

0
4

.0
3

.2
0

1
9

0
9

.0
3

.2
0

1
9

1
4

.0
3

.2
0

1
9

1
8

.0
3

.2
0

1
9

2
3

.0
3

.2
0

1
9

2
8

.0
3

.2
0

1
9

0
2

.0
4

.2
0

1
9

0
7

.0
4

.2
0

1
9

1
1

.0
4

.2
0

1
9

1
6

.0
4

.2
0

1
9

2
1

.0
4

.2
0

1
9

2
6

.0
4

.2
0

1
9

0
1

.0
5

.2
0

1
9

0
5

.0
5

.2
0

1
9

1
0

.0
5

.2
0

1
9

1
5

.0
5

.2
0

1
9

2
0

.0
5

.2
0

1
9

Вт
/̥

2

И̥̚е̦е̛̦е тепло̏о̐о поток̌ ̭ ϭ я̦̬̏̌я по ϮϬ ̥̌я

МИФСϯϮϭ МИФСϭϮϯ
МИФСϭ-9 ̭̥ МИФСϮ-9 ̭̥
МИФСϯ-9 ̭̥

-6

-4

-2

0

2

4

6

8

1
3

.0
9

.2
0

1
9

1
8

.0
9

.2
0

1
9

2
2

.0
9

.2
0

1
9

2
7

.0
9

.2
0

1
9

0
2

.1
0

.2
0

1
9

0
7

.1
0

.2
0

1
9

1
2

.1
0

.2
0

1
9

1
6

.1
0

.2
0

1
9

2
1

.1
0

.2
0

1
9

2
6

.1
0

.2
0

1
9

3
1

.1
0

.2
0

1
9

0
5

.1
1

.2
0

1
9

0
9

.1
1

.2
0

1
9

1
4

.1
1

.2
0

1
9

1
9

.1
1

.2
0

1
9

2
4

.1
1

.2
0

1
9

2
9

.1
1

.2
0

1
9

0
3

.1
2

.2
0

1
9

0
8

.1
2

.2
0

1
9

1
3

.1
2

.2
0

1
9

1
8

.1
2

.2
0

1
9

2
3

.1
2

.2
0

1
9

2
7

.1
2

.2
0

1
9

Вт
/̥

2

И̥̚е̦е̛̦е тепло̏о̐о поток̌ ̭ ϭϯ ̭е̦тя̬̍я по ϯϭ дек̬̌̍я

МИФСϯϮϭ МИФСϭϮϯ

МИФСϭ-9 ̭̥ МИФСϮ-9 ̭̥

МИФСϯ-9 ̭̥



71 
 

 

Ɋɢɫɭɧɨɤ 30 – ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɟɟ ɷɤɨɧɨɦɢɹ (ɜ % ɨɬ ɫɬɟɧɵ ɩɟɪɜɨɝɨ ɬɢɩɚ) 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɤɨɧɨɦɢɹ ɷɧɟɪɝɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɢ ɆɂɎɋ2 ɬɨɥɳɢɧɨɣ 9 ɫɦ. 

 

3.7 ȼɤɥɸɱɟɧɢɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
 

 ɇɚ ɪɢɫɭɧɤɚɯ 28 ɢ 29 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 

ɥɟɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ ɱɟɪɟɡ 0°ɋ ɢ 10°ɋ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɛɵɥɨ 

ɪɟɲɟɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɧɨɜɵɟ ɜɚɪɢɚɧɬɵ ɫɬɟɧ (ɪɢɫɭɧɨɤ 31), ɩɪɢɦɟɧɢɜ ɜ ɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɆɂɎɋ ɫ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 
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Ɋɢɫɭɧɨɤ 31 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɆɂɎɋ ɫ ɦɚɥɨɣ  

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 

 ȼ ɬɚɛɥɢɰɟ 10 ɞɚɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɆɂɎɋ. ɉɟɪɟɯɨɞɧɚɹ 

ɡɨɧɚ dT = 1°C. 

Ɍɚɛɥɢɰɚ 10 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆɂɎɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɆɂɎɋ 4 

[21] 

ɆɂɎɋ 5 

[26] 

ɆɂɎɋ 6 

[26] 

ɆɂɎɋ 7 

[21] 

Ɇɚɪɤɚ Minus 22 HS01 OM03 9.5 

௠ܶ௘௟௧, °C -23,0 1,0 4,0 9 



73 
 

௙ܶ௥௘௘௭௘, °C -24,0 1,0 3,0 9 𝐿 , ɤȾɠ/ɤɝ 120 270 140 135 ܥௌ, ɤȾɠ/(ɤɝ∙°C) 2,2 2,0 1,76 2,2 ܥ𝐿, ɤȾɠ/(ɤɝ∙°C) 2,6 3,9 1,91 2,1 𝜆ௌ , ȼɬ/(ɦ2∙°C) 0,16 2,2 0,224 0,24 𝜆𝐿, ȼɬ/(ɦ2∙°C) 0,19 0,55 0,146 0,15 𝜌ௌ, ɤɝ/ɦ3 903 924 912 963 𝜌𝐿, ɤɝ/ɦ3 887 1010 835 858 

 

 ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɬɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 32. 

 

Ɋɢɫɭɧɨɤ 32 – Ʉɨɥɢɱɟɫɬɜɨ ɬɟɪɹɟɦɨɣ ɷɧɟɪɝɢɢ 

 ɂɫɯɨɞɹ ɢɡ ɪɢɫɭɧɤɚ ɜɵɲɟ, ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɧɨɜɚɹ ɤɨɦɛɢɧɚɰɢɹ ɪɚɡɦɟɳɟ-

ɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɜ ɤɨɬɨɪɭɸ ɧɟ ɛɵɥ 

ɜɤɥɸɱɟɧ ɆɂɎɋ ɦɚɪɤɢ HS01 (ɆɂɎɋ 5), ɬ.ɤ. ɨɧ ɩɨɤɚɡɚɥ ɧɚɢɯɭɞɲɢɣ ɪɟɡɭɥɶɬɚɬ 

ɜ ɫɨɯɪɚɧɟɧɢɢ ɬɟɩɥɚ. ɇɨɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɆɂɎɋ ɩɨɤɚ-

ɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 33. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 
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Ɋɢɫɭɧɨɤ 33 – Ɋɚɡɦɟɳɟɧɢɟ ɬɪɟɯ ɆɂɎɋ ɫ ɦɚɥɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ  

 ɉɨɬɟɪɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɷɬɨɣ ɫɬɟɧɵ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɢɥɢ  

341813 ɤȾɠ/ɦ2. ɑɬɨɛɵ ɞɨɫɬɢɱɶ ɛɨɥɶɲɟɣ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ, ɢɡ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 33, ɛɵɥ ɢɫɤɥɸɱɟɧ ɆɂɎɋ ɦɚɪɤɢ 9.5 (ɆɂɎɋ 7), ɬ.ɤ. 

ɩɨɫɥɟ ɆɂɎɋ HS01 ɨɧ ɯɭɠɟ ɨɫɬɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɯɪɚɧɹɥ ɬɟɩɥɨ (ɪɢɫɭɧɨɤ 

32). ɇɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɟɧɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 34. 

 

Ɋɢɫɭɧɨɤ 34 – ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɆɂɎɋ ɫ ɦɚɥɨɣ                   

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 

 Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɤɚɡɚɥɚ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɫɪɟɞɢ ɫɬɟɧ ɬɪɟɬɶ-

ɟɝɨ ɬɢɩɚ (ɪɢɫɭɧɨɤ 35).  



 

Ɋɢɫɭɧɨɤ 35 – ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɟɟ ɷɤɨɧɨɦɢɹ (ɜ % ɨɬ ɫɬɟɧɵ ɩɟɪɜɨɝɨ ɬɢɩɚ), ɬɨɥɳɟɧɚ ɫɬɟɧ ɫ ɆɂɎɋ 730 ɦɦ 
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 ɉɨ ɪɢɫɭɧɤɭ 35 ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧɵ 

ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫ ɦɚɥɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-

ɫɬɶɸ (ɆɂɎɋ4, ɆɂɎɋ6 ɢ ɆɂɎɋ7) ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɥɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɪɹɟɦɨɣ 

ɷɧɟɪɝɢɢ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɷɤɨɧɨɦɢɹ ɷɧɟɪɝɢɢ ɨɬ ɆɂɎɋ4-ɆɂɎɋ7 ɦɟɧɶɲɟ 

ɨɠɢɞɚɟɦɨɣ ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 24, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɦɟɧɶɲɟɣ ɜɟɥɢɱɢɧɨɣ ɫɤɪɵɬɨɣ ɷɧɟɪɝɢɢ ɭ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤɠɟ ɡɚɦɟɱɟɧɨ, ɱɬɨ 

ɆɂɎɋ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɰɟɥɨɦ ɞɚɸɬ 

ɥɭɱɲɭɸ ɷɤɨɧɨɦɢɸ ɷɧɟɪɝɢɢ, ɱɟɦ ɆɂɎɋ ɫɨ ɫɯɨɠɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɩɥɨɩɪɨɜɨɞ-

ɧɨɫɬɢ ɢ ɫɤɪɵɬɨɣ ɷɧɟɪɝɢɢ, ɧɨ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ ɢ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɆɂɎɋ1-3 ɢ ɆɂɎɋ5, ɆɂɎɋ4 ɢ ɆɂɎɋ6-7). 

 Ⱦɥɹ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɫɬɟɧɵ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɵ ɫɥɨɢ 

ɆɂɎɋ, ɫɨ ɫɬɟɧɨɣ ɫ ɭɬɟɩɥɢɬɟɥɟɦ, ɬɨɥɳɢɧɚ, ɡɚɧɢɦɚɟɦɚɹ ɦɚɬɟɪɢɚɥɚɦɢ ɫ ɢɡɦɟ-

ɧɹɸɳɢɦɢɫɹ ɮɚɡɨɜɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧɵ, ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ ɫ 90 ɦɦ ɞɨ 120 

ɦɦ. Ɋɚɫɫɦɨɬɪɟɧɵ ɧɨɜɵɟ ɜɚɪɢɚɧɬɵ ɨɝɪɚɠɞɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɆɂɎɋ 4 ɢ ɆɂɎɋ 6 (ɪɢɫɭɧɨɤ 36). 
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Ɋɢɫɭɧɨɤ 36 – ȼɚɪɢɚɧɬɵ ɪɚɡɦɟɳɟɧɢɹ ɆɂɎɋ 4 ɢ ɆɂɎɋ 6 

 ɋɪɚɜɧɟɧɢɟ ɫɬɟɧ ɫɨ ɫɥɨɹɦɢ ɆɂɎɋ ɨɛɳɟɣ ɬɨɥɳɢɧɨɣ 120 ɦɦ ɫ ɞɪɭɝɢɦɢ 

ɬɢɩɚɦɢ ɫɬɟɧ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 37. 
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Ɋɢɫɭɧɨɤ 37 –  ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɟɟ ɷɤɨɧɨɦɢɹ (ɜ % ɨɬ ɫɬɟɧɵ ɩɟɪɜɨɝɨ ɬɢɩɚ), 

ɬɨɥɳɢɧɚ ɫɬɟɧ ɫ ɆɂɎɋ 760 ɦɦ 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɟɧɢɟ  ɨɛɳɟɣ ɬɨɥɳɢɧɵ ɆɂɎɋ ɫ 9 ɫɦ ɞɨ 12 ɫɦ ɩɨ-

ɜɥɟɤɥɨ ɭɜɟɥɢɱɟɧɢɟ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ ɥɢɲɶ ɧɚ 6,3% (ɆɂɎɋ446 ɢ ɆɂɎɋ 

4446). 

 Ʌɭɱɲɢɣ ɷɮɮɟɤɬ ɷɤɨɧɨɦɢɢ ɬɟɩɥɚ ɫɪɟɞɢ ɫɬɟɧ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɩɨɤɚɡɚɥɚ ɤɢɪ-

ɩɢɱɧɚɹ ɫɬɟɧɚ, ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧɵ ɬɪɢ ɫɥɨɹ ɆɂɎɋ4 

ɢ ɨɞɢɧ ɫɥɨɣ ɆɂɎɋ6 (ɫɬɟɧɚ ɩɨ ɫɯɟɦɟ ɆɂɎɋ4446). ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɢɪɩɢɱɧɨɣ 

ɤɥɚɞɤɨɣ ɬɨɥɳɢɧɨɣ 64 ɫɦ (ɩɟɪɜɵɣ ɬɢɩ ɫɬɟɧɵ),   ɬɚɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ 

ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɧɢɡɢɥɨ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚ 37,8 %. 

ɋɪɟɞɧɹɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɫɟɯ ɫɥɨɟɜ ɆɂɎɋ ɜ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɪɚɫɩɥɚɜ-

ɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɫɬɚɜɢɥɚ 0,179 ȼɬ/(ɦ2∙°C), ɚ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ 

0,176 ȼɬ/(ɦ2∙°C). 

 ɍɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ ɫ 64 ɫɦ ɞɨ 76 ɫɦ ɩɨɧɢɡɢɥɨ ɩɨ-

ɬɟɪɢ ɷɧɟɪɝɢɢ ɬɨɥɶɤɨ ɧɚ 13,9%. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɢɧɟɪɚɥɶɧɨɣ ɜɚɬɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧɵ ɨɛɟɫɩɟɱɢɥɨ ɫɚ-

ɦɭɸ ɛɨɥɶɲɭɸ ɷɤɨɧɨɦɢɸ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ – 69,0%, ɱɬɨ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 
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ɷɤɨɧɨɦɢɢ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɆɂɎɋ (37,8%) ɧɚ 83%. ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɬɟɩɥɢɬɟɥɹ (0,045 ȼɬ/(ɦ2∙°C)) ɛɵɥɚ ɜ 3,96 ɪɚɡɚ ɦɟɧɶɲɟ ɫɪɟɞ-

ɧɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɜ ɫɬɟɧɟ ɆɂɎɋ4446. 
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ɁАɄɅɘɑȿɇɂȿ 
 

 ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɚ ɧɨɦɟɧɤɥɚɬɭɪɚ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚɡɨɜɵɦ 

ɫɨɫɬɨɹɧɢɟɦ, ɚ ɬɚɤɠɟ ɨɩɵɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɹɯ.  

 ɂɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɤɪɵɬɨɣ ɷɧɟɪɝɢɢ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɮɚɡɨɜɨɦ ɩɟɪɟɯɨɞɟ ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɝɢ-

ɫɬɟɪɟɡɢɫɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɟɬɥɟɣ ɝɢɫɬɟɪɟɡɢɫɚ. ȼ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ 

ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫɚ ɩɪɢ ɩɥɚɜɥɟɧɢɢ-ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ. Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫ ɨɩɵɬɧɵɦɢ 

ɞɚɧɧɵɦɢ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚ-

ɦɨɪɚɠɢɜɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɜɨɞɵ. ɉɨɤɚɡɚɧɚ ɯɨɪɨɲɚɹ 

ɫɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 ȼɵɹɜɥɟɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɜ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ ɆɂɎɋ  ɫ ɨɬɥɢɱɧɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɡɚ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ ɢ ɧɢɠɟ ɧɭɥɹ ɩɨ ɜɪɟɦɟɧɢ ɛɵɥɨ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɵɦ, 

ɆɂɎɋ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɨ-

ɫɨɛɫɬɜɨɜɚɥɢ  ɫɨɯɪɚɧɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɆɂɎɋ ɫ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ.  

 Ɉɝɪɚɠɞɟɧɢɟ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɭɬɟɩɥɟɧɢɟɦ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɩɨɬɟ-

ɪɹɥɨ ɧɚ 90% ɦɟɧɶɲɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɱɟɦ ɨɝɪɚɠɞɟɧɢɟ ɫ ɆɂɎɋ ɩɪɨɢɡɜɨɞɢ-

ɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. Ɉɞɧɚɤɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɯ ɆɂɎɋ, ɚ ɢɦɟɧɧɨ: ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɨɬɪɢɰɚɬɟɥɶ-

ɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɧɚ ɭɪɨɜɧɟ 260-310 ɤȾɠ/ɤɝ, ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɶ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɪɚɣɨɧɟ 0,4-0,6 ȼɬ/(ɦ2∙°C), ɚ ɬɜɟɪɞɨɣ – 3,4-4,2 

ȼɬ/(ɦ2∙°C), ɫɬɟɧɚ ɫ ɆɂɎɋ ɫɨɯɪɚɧɢɬ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɞɨ 22% ɷɮɮɟɤɬɢɜɧɟɟ 

ɫɬɟɧɵ ɫ ɦɢɧɟɪɚɥɶɧɨɣ ɜɚɬɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɩɨ 

ɫɨɡɞɚɧɢɸ ɆɂɎɋ  ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
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 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɚɬɟɪɢɚɥɵ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɮɚ-

ɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɩɨɫɨɛɧɵ ɭɦɟɧɶɲɢɬɶ ɩɨɬɟɪɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ ɨɬɨɩɢ-

ɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɝɨ ɤɥɢɦɚɬɚ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶ-

ɡɨɜɚɥɢɫɶ ɆɂɎɋ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɛɥɢ-

ɠɟɧɵ ɤ ɱɚɫɬɨ ɩɨɜɬɨɪɹɸɳɢɦɫɹ ɬɟɦɩɟɪɚɬɭɪɚɦ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɢ ɪɚɫɩɨɥɚɝɚ-

ɥɢɫɶ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ. 
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[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  https://www.jim.or.jp/jour-

nal/e/pdf3/47/11/2737.pdf, ɫɜɨɛɨɞɧɵɣ. – Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 

24.01.2020). 

73. Thermal Modeling of Phase-Change Materials with Hysteresis [ɗɥɟɤ-

ɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  https://www.comsol.com/blogs/thermal-mod-

eling-of-phase-change-materials-with-hysteresis/, ɫɜɨɛɨɞɧɵɣ. – Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ 

(ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 24.01.2020). 

74. ɉɥɨɬɧɨɫɬɶ ɥɶɞɚ ɢ ɫɧɟɝɚ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɥɶɞɚ [ɗɥɟɤ-

ɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  http://thermalinfo.ru/svojstva-materialov/ma-

terialy-raznye/plotnost-lda-i-snega-teploprovodnost-teploemkost-lda, ɫɜɨɛɨɞɧɵɣ. 

– Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 24.01.2020). 

75. ɉɨɥɧɚɹ ɬɚɛɥɢɰɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢ-

ɚɥɨɜ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  https://termoizol.com/polnaya-
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76. ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 06.05.2011 N 354 "Ɉ ɩɪɟɞɨɫɬɚɜ-

ɥɟɧɢɢ ɤɨɦɦɭɧɚɥɶɧɵɯ ɭɫɥɭɝ ɫɨɛɫɬɜɟɧɧɢɤɚɦ ɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɩɨɦɟɳɟɧɢɣ ɜ 
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ɦɧɨɝɨɤɜɚɪɬɢɪɧɵɯ ɞɨɦɚɯ ɢ ɠɢɥɵɯ ɞɨɦɨɜ" [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨ-

ɫɬɭɩɚ:  http://docs.cntd.ru/document/902280037, ɫɜɨɛɨɞɧɵɣ. – Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ 

(ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 24.01.2020). 
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