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ɋȿɄɐɂə 19. ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ ɉɊɂ ɌɊȺɇɋɉɈɊɌɂɊɈȼɄȿ 
ɇȿɎɌɂ ɂ ȽȺɁȺ. 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɇȺɉɊəɀȿɇɇɈ-ȾȿɎɈɊɆɂɊɈȼȺɇɇɈȽɈ ɋɈɋɌɈəɇɂə ɅɈɉȺɌɈɄ 
ȽȺɁɈɌɍɊȻɂɇɇɕɏ ɍɋɌȺɇɈȼɈɄ 

ɉ. ɋ. Ɇɚɤɚɪɟɧɤɨ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɩɪɨɮɟɫɫɨɪΝΝɉέΝȼέȻɭɪɤɨɜΝ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɩɟɪɟɤɚɱɢɜɚɸɳɢɯ ɚɝɪɟɝɚɬɨɜ (ȽɉȺ) ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɩɪɢɜɨɞɨɦ ɩɨ 
ɫɭɦɦɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɫɬɢɝɥɨ 80 % ɨɬ ɨɛɳɟɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɨɜ ɧɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɵɯ 
ɫɬɚɧɰɢɹɯ. 

 
Ɋɢɫ.1 ȼɪɟɦɹ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ȽɉȺ ɡɚ 2011 ɝɨɞ 

 
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌɍ ɡɚ β011 ɝɨɞ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɩɨɤɚɡɚɥ, ɱɬɨ  

ɧɚɢɛɨɥɶɲɚɹ ɞɨɥɹ ɜɵɧɭɠɞɟɧɧɨɝɨ ɩɪɨɫɬɨɹ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɨɬɤɚɡɵ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ȽɉȺ — ζ7,ζ%, ɞɥɢɬɟɥɶɧɵɟ ɩɪɨɫɬɨɢ ɩɪɨɢɫɯɨɞɹɬ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ ɢ ɛɨɥɶɲɨɣ 
ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɪɟɦɨɧɬɨɜ, ɚ ɢɦɟɧɧɨμ ɪɚɡɪɭɲɟɧɢɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɨɫɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɢ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɗɬɢ ɪɚɡɪɭɲɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ ɢɥɢ ɩɨɩɚɞɚɧɢɹ ɜ 
ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ, ɚ ɬɚɤ ɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ  ɞɥɢɬɟɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

Ʌɨɩɚɬɤɢ ɬɭɪɛɨɦɚɲɢɧ ɢɫɩɵɬɵɜɚɸɬ ɞɟɣɫɬɜɢɟ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɜɪɚɳɟɧɢɹ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ 
ɩɨɬɨɤɚ ɩɚɪɚ ɢɥɢ ɝɚɡɚ. ɗɬɢ ɭɫɢɥɢɹ ɜɵɡɵɜɚɸɬ ɪɚɫɬɹɠɟɧɢɟ, ɢɡɝɢɛ ɢ ɤɪɭɱɟɧɢɟ ɪɚɛɨɱɟɣ ɥɨɩɚɬɤɢ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɫɢɥɵ ɨɬɧɨɫɹɬɫɹ ɤ ɫɬɚɰɢɨɧɚɪɧɵɦ ɢɥɢ ɦɟɞɥɟɧɧɨ ɦɟɧɹɸɳɢɦɫɹ ɫɢɥɚɦ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬ 
ɧɢɯ ɡɚɜɢɫɢɬ ɫɬɚɬɢɱɟɫɤɚɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɢ ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɥɨɩɚɬɨɤ. ɗɬɢ ɫɢɥɵ ɜɵɡɵɜɚɸɬ ɫɬɚɬɢɱɟɫɤɨɟ 
ɪɚɫɬɹɠɟɧɢɟ, ɢɡɝɢɛ ɢ ɤɪɭɱɟɧɢɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ ɢɦɟɸɬ ɫɬɚɰɢɨɧɚɪɧɵɟ ɢ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. ɉɟɪɜɵɟ ɜɵɡɵɜɚɸɬ 
ɫɬɚɬɢɱɟɫɤɢɣ ɢɡɝɢɛ ɢ ɤɪɭɱɟɧɢɟ ɢ, ɤɚɤ ɰɟɧɬɪɨɛɟɠɧɵɟ ɫɢɥɵ, ɜɥɢɹɸɬ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɜɬɨɪɵɟ ɜɵɡɵɜɚɸɬ 
ɤɨɥɟɛɚɧɢɹ ɢ ɨɩɪɟɞɟɥɹɸɬ ɜɢɛɪɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɥɨɩɚɬɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɫɩɵɬɵɜɚɸɬ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɪɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ (ɩɭɫɤ, 
ɧɚɝɪɭɠɟɧɢɟ, ɪɚɡɝɪɭɡɤɚ, ɨɫɬɚɧɨɜɤɚ) ɜ ɪɚɛɨɱɢɯ ɥɨɩɚɬɤɚɯ ɬɭɪɛɨɦɚɲɢɧ ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɨɝɪɟɜɚ ɢɥɢ 
ɨɯɥɚɠɞɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɢ ɩɨɜɬɨɪɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɹɸɬ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ. 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ. 
Ɉɫɶ Ы ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɤɨɪɧɟɜɨɝɨ ɫɟɱɟɧɢɹ. Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ 

ɷɥɟɦɟɧɬ , ɡɚɦɟɧɹɟɬɫɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɫɢɥɨɣ. 
 

 

 
 

Ɋɢɫ.2 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
 

ɇɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɫɩɵɬɵɜɚɸɬ ɜɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, 
ɨɫɨɛɟɧɧɨ ɩɪɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. ɇɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɨɯɥɚɠɞɚɟɦɨɣ ɥɨɩɚɬɤɢ ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɜ ɬɪɟɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. ȼɜɢɞɭ ɟɝɨ ɫɥɨɠɧɨɫɬɢ ɢ 
ɬɪɭɞɨɟɦɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɟɬɨɞɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɜ ɞɨɫɬɨɜɟɪɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɭɦɟɪɧɵɟ ɪɚɫɱɟɬɵ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ 
ɫɟɱɟɧɢɹɯ ɥɨɩɚɬɨɤ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɬɟɩɥɨɜɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɱɟɧɶ ɬɨɱɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɝɟɨɦɟɬɪɢɸ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɥɨɫɤɨɣ ɞɜɭɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ 
ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɬɪɟɬɶɟɝɨ ɪɨɞɚ (ɬɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɫɱɟɬɧɨɣ 
ɨɛɥɚɫɬɢ). ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɣ ɛɟɪɭɬɫɹ ɩɥɨɫɤɢɟ ɫɟɱɟɧɢɹ ɩɟɪɚ ɥɨɩɚɬɤɢ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɹɯ ɪɚɞɢɭɫɚ 
(ɨɛɵɱɧɨ ɨɬ γ ɞɨ 7 ɫɟɱɟɧɢɣ ɧɚ ɩɟɪɟ). Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ ɧɚ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ  ANSYS. [1] 

ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɪɚɡɪɚɛɨɬɚɧɨ ɢ ɬɪɭɞɧɨɫɬɟɣ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ. 

ɉɪɢ ɩɪɚɤɬɢɱɟɫɤɨɦ ɪɟɲɟɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ ɨɫɧɨɜɧɵɟ ɫɥɨɠɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɡɚɞɚɧɢɢ ɝɪɚɧɢɱɧɵɯ 
ɭɫɥɨɜɢɣ - ɧɟɨɛɯɨɞɢɦɨ ɜ ɤɚɠɞɨɦ ɝɪɚɧɢɱɧɨɦ ɭɡɥɟ ɫɟɬɤɢ ɡɚɞɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɫɪɟɞɵ. 

Ɋɚɡɥɢɱɚɸɬ ɜɧɟɲɧɢɟ ɝɪɚɧɢɰɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɫɨ ɫɬɨɪɨɧɵ ɝɚɡɚ ɢ ɜɧɭɬɪɟɧɧɢɟ ɝɪɚɧɢɰɵ ɫɨ ɫɬɨɪɨɧɵ 
ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ƚɪɚɧɢɰɭ ɫɨ ɫɬɨɪɨɧɵ ɝɚɡɚ ɪɚɡɛɢɜɚɸɬ ɧɚ ɯɚɪɚɤɬɟɪɧɵɟ ɡɨɧɵ ɬɟɩɥɨɨɬɞɚɱɢ (ɜɯɨɞɧɚɹ ɤɪɨɦɤɚ, 
ɤɨɪɵɬɨ, ɫɩɢɧɤɚ, ɜɵɯɨɞɧɚɹ ɤɪɨɦɤɚ), ɜ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. ɂɯ ɨɛɳɢɣ ɜɢɞμ 

Nu = Ⱥ  Ren       (1) 
ɝɞɟ Nu   - ɱɢɫɥɨ ɇɭɫɫɟɥɶɬɚν Re   - ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, Ⱥ, ɩ -ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɝɟɨɦɟɬɪɢɢ 

ɥɨɩɚɬɨɱɧɨɣ ɪɟɲɟɬɤɢ.ДβЖ 
ȼ ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɨɹɧɧɵɦ ɢɥɢ ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɤɚɤɨɣ-ɧɢɛɭɞɶ 

ɩɪɨɫɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜɨ ɜɫɟɯ ɡɨɧɚɯ ɡɚɞɚɟɬɫɹ (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ) ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɜɯɨɞɟ ɜ ɥɨɩɚɬɨɱɧɵɣ ɜɟɧɟɰ (ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɱɟɪɟɡ ɧɟɟ 
ɜɵɱɢɫɥɹɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ, ɜɯɨɞɹɳɢɟ ɜ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ). 

Ⱦɥɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɧɚ ɤɨɪɵɬɟ ɡɚɞɚɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɫɩɢɧɤɟ - ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɚ 
ɫɟɝɪɟɝɚɰɢɢ. Ⱦɥɹ ɫɨɩɥɨɜɵɯ ɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɡɚɞɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɪɚɞɢɚɥɶɧɨɣ, ɚ ɞɥɹ ɫɨɩɥɨɜɵɯ - ɢ 
ɨɤɪɭɠɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɡɚ ɤɚɦɟɪɨɣ ɫɝɨɪɚɧɢɹ. 

ȼɧɭɬɪɟɧɧɢɟ ɝɪɚɧɢɰɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɫɨ ɫɬɨɪɨɧɵ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɬɚɤɠɟ ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ 
ɯɚɪɚɤɬɟɪɧɵɟ ɡɨɧɵ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ 
ɚɧɚɥɨɝɢɱɧɨɝɨ ɜɢɞɚ. 

Ʌɨɩɚɬɤɢ ɫ ɩɥɟɧɨɱɧɵɦ (ɡɚɝɪɚɞɢɬɟɥɶɧɵɦ) ɨɯɥɚɠɞɟɧɢɟɦ ɢɦɟɸɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɱɟɬɚ. ɇɚɥɢɱɢɟ 
ɨɬɜɟɪɫɬɢɣ ɩɟɪɮɨɪɚɰɢɢ ɢ ɬɟɩɥɨɫɴɟɦ ɜ ɧɢɯ ɭɱɢɬɵɜɚɟɬɫɹ ɢɥɢ ɜɜɟɞɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɨɧ ɬɟɩɥɨɨɬɞɚɱɢ ɜɧɭɬɪɢ 
ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɜ ɦɟɫɬɚɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɹɞɨɜ ɩɟɪɮɨɪɚɰɢɢ ɢɥɢ ɡɚɞɚɧɢɟɦ ɜ ɷɬɢɯ ɦɟɫɬɚɯ ɫɬɨɤɨɜ ɬɟɩɥɚ. ȼɥɢɹɧɢɟ 
ɜɵɞɭɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɬɟɩɥɨɨɬɞɚɱɭ ɫɨ ɫɬɨɪɨɧɵ ɝɚɡɚ ɭɱɢɬɵɜɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɜɛɥɢɡɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɤɢ, ɤɨɬɨɪɨɟ ɱɢɫɥɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɥɟɧɤɢμ 

 (2)      .(TȽ-Tȼ)/(TȽ-Tɉ)= ڧ
 ɤɚɤ ɮɭɧɤɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɭɜɚ ɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɪɹɞɚ ɩɟɪɮɨɪɚɰɢɢ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ڧ

ɮɨɪɦɭɥɚɦ.ДγЖ 
Ɍɟɩɥɨɡɚɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ, ɧɚɧɨɫɢɦɨɟ ɧɚ ɜɧɟɲɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɥɨɩɚɬɤɢ, ɜ ɪɚɫɱɟɬɟ ɭɱɢɬɵɜɚɟɬɫɹ ɢɥɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɬɪɨɟɧɢɟɦ ɧɚ ɧɟɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢɥɢ ɩɟɪɟɫɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɫɨ 
ɫɬɨɪɨɧɵ ɝɚɡɚ ɩɨ ɮɨɪɦɭɥɟμ  

Į = (1/Į + į/Ȝ)-1       (3) 
ɝɞɟ į ɢ Ȝ- ɬɨɥɳɢɧɚ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɥɨɩɚɬɤɢ ɧɚ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ ɩɪɨɜɨɞɢɬɫɹ ɧɟɫɬɚ-
ɰɢɨɧɚɪɧɵɣ ɪɚɫɱɟɬ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɸɬɫɹ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɚɫɱɟɬɟ, ɧɨ ɤɚɤ ɮɭɧɤɰɢɹ ɜɪɟɦɟɧɢ. 
ɉɪɢ ɷɬɨɦ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɬɚɤ ɤɚɤ ɡɚɩɚɡɞɵɜɚɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɜɟɥɢɱɢɧɵ, ɫɨɢɡɦɟɪɢɦɨɣ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɥɨɩɚɬɤɢ, ɚ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɧɚ ɩɟɪɟɦɟɧɧɵɯ ɪɟɠɢɦɚɯ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɧɚ 
10... 1η%. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɩɪɢ ɩɟɪɟɯɨɞɧɨɦ ɢ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɩɟɪɟɯɨɞɧɨɦ 
ɪɟɠɢɦɟ ɧɚ ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɟɣɫɬɜɭɸɬ ɧɚɝɪɭɡɤɢ ɛɥɢɡɤɢɟ ɤ ɩɪɟɞɟɥɶɧɵɦ. ɉɨɷɬɨɦɭ 
ɨɰɟɧɤɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɪɚɛɨɱɟɣ 
ɥɨɩɚɬɤɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɥɨɜɢɣ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɚɡɨɩɟɪɟɤɚɱɢɜɚɸɳɢɯ 
ɚɝɪɟɝɚɬɨɜ. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɜ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ  ɫɢɫɬɟɦ 
ɨɯɥɚɠɞɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɩɨɥɨɫɬɢ ɥɨɩɚɬɨɤ, ɚ ɬɚɤ ɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɧɨɜɵɟ ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ, 
ɨɛɥɚɞɚɸɳɢɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 

1. Dailey, G.M. Design and Calculation Issues. Aero-Thermal Performance of Internal Cooling Systems in 
Turbomachines. Lecture Series 2000-03. Von Karman Institute for Fluid Dynamics, 2000. 

2. ɂɜɚɧɨɜΝ Ɇέəέ,Ν ɉɨɱɭɟɜΝ ȼέɉέΝ ɉɪɨɛɥɟɦɵΝ ɫɨɡɞɚɧɢɹΝ ɜɵɫɨɤɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯΝ ɬɭɪɛɢɧΝ ɫɨɜɪɟɦɟɧɧɵɯΝ ɚɜɢɚɰɢɨɧɧɵɯΝ
ɞɜɢɝɚɬɟɥɟɣέΝɄɨɧɜɟɪɫɢɹΝɜΝɦɚɲɢɧɨɫɬɪɨɟɧɢɢ,Νʋ5,Ν2ίίίέ 

3. ȺέȽέΝɄɨɫɬɸɤ,ΝȾɢɧɚɦɢɤɚΝɢΝɩɪɨɱɧɨɫɬɶΝɬɭɪɛɨɦɚɲɢɧμΝɍɱɟɛɧɢɤΝɞɥɹΝɜɭɡɨɜΝ– ɆɨɫɤɜɚμΝɂɡɞɚɬɟɥɶɫɤɢɣΝɞɨɦΝɆɗɂΝ2ίίιέΝΝ– 
311ΝɫέΝ 


