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ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈȿ ɂɁɍɑȿɇɂȿ ɌȿɉɅɈɈɌȾȺɑɂ ɉɊɂ 

ȿɋɌȿɋɌȼȿɇɇɈɃ ɄɈɇȼȿɄɐɂɂ ɍ ȽɈɊɂɁɈɇɌȺɅɖɇɈɃ 
ɇȺȽɊȿɌɈɃ ɉɅȺɋɌɂɇɕ 

Ɇɚɤɫɢɦɨɜ ȼ.ɂ., ɤ.ɬ.ɧ., ɍɞɚɪɰɟɜ ȿ.ɂ., ɇɚɝɨɪɧɨɜ Ⱦ.Ⱥ. 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
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ɍɫɬɚɧɨɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 
ɜ ɡɚɦɤɧɭɬɨɣ ɨɛɥɚɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜɨɡɦɨɠɧɨ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɭɫɥɨɜɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɯ ɪɟɚɥɶɧɵɦ ɩɪɨɰɟɫɫɚɦ. Ɍɚɤɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɞɨɫɬɢɠɢɦɨ ɧɚ ɦɨɞɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɣ ɮɢɡɢɱɟɫɤɨɝɨ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɩɨɞɨɛɢɹ. 

ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɥɧɨɫɬɶɸ ɜɨɫɩɪɨɢɡɜɨɞɹɳɢɯ ɪɟɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɡɚɦɤɧɭɬɨɣ ɨɛɥɚɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɟɫɬɟ-
ɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵ ɢɡ-
ɡɚ ɬɪɭɞɧɨɫɬɟɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɜ ɡɚɦɤɧɭɬɵɯ ɨɛɴɟɦɚɯ. 

Ɍɚɤɠɟ ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɨɜɟɞɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɩɪɨɰɟɫɫɨɜ (ɧɚɩɪɢɦɟɪ, ɜɢɞɟɨɫɴɟɦɤɢ) ɫ ɰɟɥɶɸ ɜɵɞɟɥɟɧɢɹ ɞɟ-
ɬɚɥɟɣ ɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɨɩɪɟɞɟ-
ɥɟɧɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. 

ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɬɟɩ-
ɥɨɨɬɞɚɱɢ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɧɚɝɪɟɬɨɣ ɩɥɚ-
ɫɬɢɧɵ. 

Ⱦɢɚɩɚɡɨɧ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
8,223,2 Q  ȼɬ; 8116T  °ɋ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɤɨɷɮɮɢɰɢ-

ɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɩɥɚɫɬɢɧɵ ɤ ɜɨɡɞɭɯɭ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ 
ɫɜɨɣɫɬɜɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɦɟɧɹɸɬɫɹ ɦɚɥɨ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɚɬɦɨɫɮɟɪɧɨɝɨ 
ɜɨɡɞɭɯɚ), ɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɟɧɧɨɣ ɨɩɪɟɞɟɥɹɸɳɟɣ 
ɜɟɥɢɱɢɧɨɣ. ȼɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ǻɌ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɫɬɟɫɬ-
ɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜɨɡɞɭɯɚ (ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ w) ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵ-
ɲɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɨɬɞɚɱɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɨɬɞɚɱɟ ɞɥɹ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɧɚɝɪɟɬɨɣ ɩɥɚɫɬɢɧɵ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ 

7Gr Pr 2 10   ɨɛɨɛɳɚɸɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ (1) ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧ-
ɤɟ 2: 

 1/4Nu=0,54 Gr Pr .  (1) 
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Ɋɢɫ. 1. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɩɨɪɚ 

 
Ɋɢɫ. 2. Ɉɛɨɛɳɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɬɟɩɥɨɨɬɞɚɱɟ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ 

ɤɨɧɜɟɤɰɢɢ ɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɧɚɝɪɟɬɨɣ ɩɥɚɫɬɢɧɵ 

ɉɨɩɪɚɜɤɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ ɜ ɩɨɝɪɚɧɢɱ-
ɧɨɦ ɫɥɨɟ,  0,25

ɚ ɫɬPr / Pr , ɢɧɨɝɞɚ ɩɪɢɦɟɧɹɟɦɚɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɨɨɬ-
ɧɨɲɟɧɢɹɯ, ɡɞɟɫɶ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɞɥɹ ɫɥɭɱɚɹ ɫ ɜɨɡɞɭɯɨɦ ɨɧɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. ɉɪɢ ɪɚɫɱɟɬɟ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ ɩɨ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɢɯ ɫɭɠɚɟɬɫɹ, ɚ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ Nu 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨ-
ɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜɨɡɞɭɯɚ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨ-
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ɪɢɡɨɧɬɚɥɶɧɨɣ ɧɚɝɪɟɬɨɣ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɩɥɚɫɬɢɧɨɣ ɢ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ 
ɡɚɜɢɫɢɬ ɨɬ ɚɷɪɨɞɢɧɚɦɢɤɢ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ ǻɌ ɢ Gr. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ (ɫɦ. ɪɢɫ. 3), ɩɨɤɚ-
ɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɦɟɬɨɞɢɤ ɪɚɫɱɟɬɚ ɱɢɫɥɚ ɇɭɫɫɟɥɶɬɚ, 
ɛɨɥɟɟ ɬɨɱɧɵɦ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ (ɛ), ɩɨɬɨɦɭ ɤɚɤ ɩɪɢ ɟɝɨ ɪɚɫɱɟɬɟ ɦɚɤɫɢ-
ɦɚɥɶɧɨ ɭɱɢɬɵɜɚɸɬɫɹ ɜɫɟ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɩɪɨɜɟ-
ɞɟɧɢɢ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɪɚɫ-
ɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ. 
ȼɚɪɢɚɧɬ (ɚ), ɛɨɥɟɟ ɨɛɳɢɣ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɫɥɭɱɚɟɜ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ. 

 
ɚ)    ɛ) 

Ɋɢɫ. 3. ɋɪɚɜɧɟɧɢɟ ɱɢɫɟɥ ɇɭɫɫɟɥɶɬɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɞɜɭɦ ɦɟɬɨɞɢɤɚɦ: 
ɚ – ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ; ɛ – ɩɨ ɮɨɪɦɭɥɟ Nu= /l  , ɱɟɪɟɡ 

ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɇɂɊ Ƚɨɫɡɚɞɚɧɢɹ «ɇɚɭɤɚ» (ɒɢɮɪ ɮɟ-
ɞɟɪɚɥɶɧɨɣ ɰɟɥɟɜɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 7.3073.2011). 
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