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Ⱥɧɧɨɬɚɰɢɹ. ȼɵɩɨɥɧɟɧɨ ɬɪɟɯɦɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɝɢ-
ɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ (ȽȾɌ) ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɥɭɱɲɟɝɨ ɩɨɧɢɦɚɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɱɟɧɢɹ; ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɫɬɪɨɟɧɚ ɜɧɟɲɧɹɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȽȾɌ ɢ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɥɨɩɚɬɨɤ ɟɝɨ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɚ, ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 
ɩɨɬɨɤɚ, ɜɧɟɲɧɹɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. 
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Ⱥɧɨɬɚɰɿɹ. ȼɢɤɨɧɚɧɨ ɬɪɢɜɢɦɿɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɨɬɨɤɭ ɪɿɞɢɧɢ ɜ ɩɪɨɬɨɱɧɿɣ ɱɚɫɬɢɧɿ ɝɿɞɪɨɬɪɚɧ-
ɫɮɨɪɦɚɬɨɪɚ (ȽȾɌ) ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɤɪɚɳɨɝɨ ɪɨɡɭɦɿɧɧɹ ɨɫɨɛɥɢɜɨɫɬɟɣ ɩɨɬɨɤɭ, ɧɚ ɩɿɞɫɬɚɜɿ 
ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɛɭɞɨɜɚɧɨ ɡɨɜɧɿɲɧɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ȽȾɌ ɿ ɜɢɤɨɧɚɧɨ ɚɧɚɥɿɡ ɧɚɩɪɭ-
ɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɥɨɩɚɬɨɤ ɣɨɝɨ ɪɨɛɨɱɢɯ ɤɨɥɿɫ. 
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ɩɨɬɨɤɭ, ɡɨɜɧɿɲɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ. 
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Abstract. In the paper the 3D fluid flow simulation within a torque converter flow passage was carried 

out to provide a better understanding of  flow features; on the basis of obtained results the torque con-

verter’s external characteristic is plotted and the torque converter wheel blades deflected mode analy-

sis is carried out. 
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ȼɜɟɞɟɧɢɟ 
 

Ƚɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪ ɹɜɥɹɟɬɫɹ ɥɨɩɚɫɬɧɨɣ 

ɦɚɲɢɧɨɣ ɫ ɡɚɦɤɧɭɬɵɦ ɤɪɭɝɨɦ ɰɢɪɤɭɥɹɰɢɢ, 

ɤɨɬɨɪɚɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɟ-
ɪɟɞɚɟɬ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɨɬ ɞɜɢɝɚɬɟɥɹ ɤ ɤɨ-
ɪɨɛɤɟ ɩɟɪɟɞɚɱ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 
ɬɪɟɯ ɧɚɢɦɟɧɨɜɚɧɢɣ: ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɧɚɫɨɫɚ, 
ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɨɣ ɬɭɪɛɢɧɵ ɢ ɧɟɩɨɞɜɢɠɧɨɝɨ 

ɪɟɚɤɬɨɪɚ. 

Ƚɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɬɪɚɧɫ-
ɦɢɫɫɢɹɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɨ-
ɪɨɠɧɵɯ ɦɚɲɢɧ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɥɚɜɧɨɟ ɢɡɦɟ-
ɧɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɞɟɦɩɮɢɪɭɹ ɤɪɭ-

ɬɢɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢ ɬ.ɞ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɢɞ-

ɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɫɧɨɜɵɜɚɥɨɫɶ ɝɥɚɜɧɵɦ 
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ɨɛɪɚɡɨɦ ɧɚ ɨɞɧɨɦɟɪɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɨɞɧɚɤɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɞɨɪɨ-
ɝɨɫɬɨɹɳɢɦ ɢ ɬɪɭɞɨɺɦɤɢɦ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ-
ɬɨɤɚ ɜ ȽȾɌ ɩɪɨɜɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ (ȼȽȾ ɢɥɢ CFD).  

 

Ʉɪɨɦɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɩɪɨɜɨɞɹɬɫɹ ɪɚɫɱɟɬɵ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɧɨɪɦɚɬɢɜ-
ɧɵɟ ɦɟɬɨɞɢɤɢ ɤɨɬɨɪɵɯ ɧɟ ɜɫɟɝɞɚ ɭɱɢɬɵɜɚɸɬ 
ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ȽȾɌ: ɩɨɫɬɨɹɧɧɨ 
ɢɡɦɟɧɹɸɳɢɟɫɹ ɫɨɨɬɧɨɲɟɧɢɹ ɭɝɥɨɜɵɯ ɫɤɨɪɨ-
ɫɬɟɣ ɧɚɫɨɫɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɤɨɥɟɫ, ɭɜɟɥɢɱɟ-
ɧɢɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɩɨ-
ɜɵɲɟɧɢɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɧɚɫɨɫɧɨɦ 

ɤɨɥɟɫɟ, ɪɚɫɩɪɟɞɟɥɹɸɳɟɝɨɫɹ ɤɪɚɣɧɟ ɧɟɨɞɧɨ-
ɪɨɞɧɨ ɜ ɩɥɨɫɤɨɫɬɢ ɥɨɩɚɬɤɢ [1], ɜɨɡɧɢɤɧɨɜɟ-
ɧɢɟ ɜɬɨɪɢɱɧɵɯ ɩɨɬɨɤɨɜ, [2], ɤɚɜɢɬɚɰɢɢ ɫɨ 

ɫɜɨɛɨɞɧɵɦ ɜɨɡɞɭɯɨɦ [3]), ɜɨɥɧɨɜɵɯ ɫɥɟɞɨɜ, 
ɫɬɪɭɣ, ɢ ɨɛɥɚɫɬɟɣ ɫɦɟɲɟɧɢɹ [4, 5] – ɜɫɟ ɷɬɢ 

ɹɜɥɟɧɢɹ ɜɥɢɹɸɬ ɧɚ ɢɡɧɨɫɨɭɫɬɨɣɱɢɜɨɫɬɶ ɝɢɞ-

ɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɨɱɟɧɶ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɹ-
ɡɚɧɧɵɟ ɪɚɫɱɟɬɵ – ɬ.ɟ. ɪɚɫɱɟɬɵ, ɝɞɟ ɪɟɚɥɢɡɨ-
ɜɚɧɚ ɫɜɹɡɶ ɦɟɠɞɭ ɚɧɚɥɢɡɨɦ ɧɚɩɪɹɠɟɧɧɨ-ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɢ ɝɢɞɪɨ-
ɞɢɧɚɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɨɦ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼ ɪɚɛɨɬɟ ɫ ɩɨɦɨɳɶɸ CFD-ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨ-
ɰɟɫɫɨɜ ɜ ɬɪɟɯɤɨɥɟɫɧɨɦ ȽȾɌ ɍ358011Ⱦ, ɢɫɩɨ-
ɥɶɡɭɟɦɨɦ ɜ ɫɚɦɨɯɨɞɧɵɯ ɤɪɚɧɚɯ. Ⱥɤɬɢɜɧɵɣ 

ɞɢɚɦɟɬɪ ȽȾɌ D = 0,325ɦ, ɤɨɥɢɱɟɫɬɜɨ ɥɨɩɚɬɨɤ 
ɜ ɧɚɫɨɫɧɨɦ ɤɨɥɟɫɟ – 20, ɜ ɬɭɪɛɢɧɧɨɦ – 24,  

ɜ ɪɟɚɤɬɨɪɧɨɦ – 12 (ɪɢɫ. 1, 2).  

 

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ CFD-ɜɵɱɢɫɥɟɧɢɣ ɜɵ-

ɩɨɥɧɟɧ ɚɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧ-

ɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɥɨɩɚɬɨɤ ɞɚɧɧɨɝɨ ȽȾɌ. 

 

ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 

ɡɚɞɚɱɢ 

 

Ɋɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ ȽȾɌ ɪɚɡɛɢɬɚ ɩɨɷɥɟɦɟɧɬɧɨ 

ɧɚ ɧɚɫɨɫ, ɬɭɪɛɢɧɭ ɢ ɪɟɚɤɬɨɪ. Ɍɟɱɟɧɢɟ ɜ ɤɚɠ-

ɞɨɣ ɪɚɫɱɟɬɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɨɩɢɫɚɧɨ ɫɢɫɬɟɦɨɣ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ, 
ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ Ɋɟɣɧɨɥɶɞɫɭ. Ɋɚɫɱɟɬɧɵɟ ɩɨ-
ɞɨɛɥɚɫɬɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɧɟɫɬɪɭɤɬɭɪɢɪɨ-
ɜɚɧɧɵɦɢ ɝɟɤɫɚɷɞɪɚɥɶɧɵɦɢ ɫɟɬɤɚɦɢ. ɂɫɫɥɟ-
ɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨ-
ɝɨ ɤɨɦɩɥɟɤɫɚ MTFS®oftware ɜ ɪɚɦɤɚɯ 
ɦɨɞɟɥɢ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 
ɪɚɫɱɟɬɧɨɝɨ ɦɟɬɨɞɚ [6]. ȼ ɪɚɫɱɟɬɚɯ ɜɵɩɨɥɧɹɥ-
ɫɹ ɨɛɦɟɧ ɨɫɪɟɞɧɟɧɧɵɦɢ ɩɨ ɲɚɝɭ ɞɚɧɧɵɦɢ 

ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
Ɍɜɟɪɞɵɟ ɫɬɟɧɤɢ ɩɪɟɞɩɨɥɚɝɚɥɢɫɶ ɚɞɢɚɛɚɬɢɱɟ-
ɫɤɢɦɢ, ɧɚ ɧɢɯ ɫɬɚɜɢɥɨɫɶ ɭɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ 
ɢ ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɷɮɮɟɤɬɢɜɧɨɣ ɜɢɯɪɟɜɨɣ ɜɹ-
ɡɤɨɫɬɢ. Ɍɭɪɛɭɥɟɧɬɧɵɟ ɷɮɮɟɤɬɵ ɭɱɢɬɵɜɚɥɢɫɶ 
ɫ ɩɨɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɦɨɞɟɥɢ ɬɭɪ-
ɛɭɥɟɧɬɧɨɫɬɢ SST Ɇɟɧɬɟɪɚ [7]. Ɋɚɫɱɟɬɧɚɹ ɨɛ-

ɥɚɫɬɶ ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ ɫɨɞɟɪɠɚɥɚ ɨɤɨɥɨ 3ɟ+5 

ɹɱɟɟɤ, ɱɬɨ ɨɛɟɫɩɟɱɢɥɨ ɩɟɪɟɦɟɧɧɭɸ ɩɨɝɪɚɧɢ-

ɱɧɨɝɨ ɫɥɨɹ 4y+ < . 

 

ɂɫɫɥɟɞɨɜɚɥɢɫɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɬɪɭɤɬɭɪɚ 
ɩɨɬɨɤɚ ɧɚ ɬɹɝɨɜɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ȽȾɌ ɩɪɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɧɨɝɨ 

ɤɨɥɟɫɚ ɇ 1800 ɨɛ ɦɢɧ ,ω =  ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɬɭɪɛɢɧɵ ɢɡɦɟɧɹɥɚɫɶ ɨɬ 0 ɞɨ 1 800. ȼ ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢɧɹɬɨ ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɟ 
ɦɚɫɥɨ ɩɥɨɬɧɨɫɬɶɸ 3840 ɤɝ/ɦρ =  ɫ ɤɢɧɟɦɚɬɢ-

ɱɟɫɤɨɣ ɜɹɡɤɨɫɬɶɸ 6 24 10 ɦ / ɫ.−ν = ⋅  

 

 
 

Ɋɢɫ. 1. ɉɪɨɬɨɱɧɵɟ ɱɚɫɬɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɍ358011Ⱦ  
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Ɋɢɫ. 2. Ʉɪɭɝ ɰɢɪɤɭɥɹɰɢɢ ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɍ358011Ⱦ 

 

 
 

Ɋɢɫ. 3. Ʉɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɱɢɫɥɨɦ Ɋɨɫɫɛɢ ɢ ɩɨɥɟɦ ɫɤɨɪɨɫɬɟɣ 

 

 

Ⱥɧɚɥɢɡ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɬɨɤɚ ɜ ȽȾɌ 

 

Ɏɟɧɨɦɟɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɬɪɭɢ ɢ ɫɥɟɞɚ, ɨɩɢ-

ɫɚɧɢɟ ɤɨɬɨɪɨɝɨ ɞɚɧɨ ɜ [7, 8, 9] ɞɥɹ ɰɟɧɬɪɨɛɟ-
ɠɧɵɯ ɧɚɫɨɫɨɜ, ɩɪɢɦɟɧɢɦɨ ɤ ɪɚɛɨɱɢɦ ɤɨɥɟ-
ɫɚɦ ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ 

ɢɧɟɪɰɢɚɥɶɧɵɯ ɢ ɤɨɪɢɨɥɢɫɨɜɵɯ ɫɢɥ ɩɨɝɪɚɧɢ-

ɱɧɵɣ ɫɥɨɣ ɧɚɛɭɯɚɟɬ ɧɚ ɫɬɨɪɨɧɟ ɪɚɡɪɟɠɟɧɢɹ 
ɥɨɩɚɬɨɱɧɨɝɨ ɤɚɧɚɥɚ ɢ ɫɬɚɧɨɜɢɬɫɹ ɬɨɧɶɲɟ ɧɚ 
ɫɬɨɪɨɧɟ ɞɚɜɥɟɧɢɹ. ɑɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɜ ɪɚɫ-
ɲɢɪɢɜɲɟɦɫɹ ɩɨɝɪɚɧɢɱɧɨɦ ɫɥɨɟ ɧɟ ɦɨɝɭɬ 

ɩɪɨɧɢɤɧɭɬɶ ɜ ɨɛɥɚɫɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟ-
ɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɟɣ ɤɢɧɟɬɢɱɟ-
ɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɬɨɤ ɪɚɡɞɟɥɹ-
ɟɬɫɹ ɧɚ ɞɜɟ ɡɨɧɵ: ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɡɨɧɭ 
(ɫɥɟɞ), ɢ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ (ɫɬɪɭɸ), ɩɪɢ 

ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ ɜɬɨɪɢɱɧɵɟ ɬɟɱɟɧɢɹ, ɭɜɟɥɢ-

ɱɢɜɚɸɳɢɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ. Ⱦɥɹ ɨɰɟɧɤɢ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬɢ ɩɨɬɨɤɚ ɜ ɪɚɞɢɚɥɶɧɵɯ ɦɚɲɢɧɚɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɫɧɨɜɧɨɟ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ 
ɱɢɫɥɚ Ɋɨɫɫɛɢ [4] 
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ɝɞɟ R  – ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɥɨɩɚɬɨɱ-
ɧɨɝɨ ɤɚɧɚɥɚ. Ⱦɥɹ ɤɚɧɚɥɨɜ ȽȾɌ ɛɨɥɟɟ ɩɪɟɞ-

ɫɬɚɜɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɱɢɫɥɨ mRo  ɜɫɥɟɞɫɬ-
ɜɢɟ ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɜɥɢɹɧɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɫɢɥ. 
 

ȼ [10] ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ mRo  ɧɚ ɩɨɥɨɠɟ-
ɧɢɟ ɫɥɟɞɚ, ɜ [4, 5] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ mRo , ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɨɬɟɪɢ ɧɚɩɨɪɚ, 
ɫɜɹɡɚɧɧɵɟ ɫɨ ɜɬɨɪɢɱɧɵɦɢ ɩɨɬɨɤɚɦɢ, ɩɥɨ-
ɳɚɞɶ ɜɨɥɧɨɜɨɝɨ ɫɥɟɞɚ, ɫɤɨɪɨɫɬɶ ɫɬɪɭɢ; ɜɟɤ-
ɬɨɪɵ ɜɬɨɪɢɱɧɵɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɬɟɱɟɧɢɣ.  

 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɬɨɤɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 

ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  
 

ɇɚ ɪɢɫ. 3 ɩɨɫɬɪɨɟɧɵ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɧɚ ɩɨɜɟ-
ɪɯɧɨɫɬɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɬɪɟɦɚɥɶɧɵɦ 

ɡɧɚɱɟɧɢɹɦ mRo . Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɹɯ ɩɨɥɭɱɟɧɵ ɨɫɪɟɞɧɟɧɢɟɦ ɩɨɥɟɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ. ɇɚ ɩɨɜɟ-
ɪɯɧɨɫɬɹɯ 2, 3, 5, 9 ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɧɚɩɪɚɜ-
ɥɟɧɵ ɯɚɨɬɢɱɧɨ, ɨɬɦɟɱɚɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɩɨɬɨ-
ɤɚ; ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ 1, 4, 6, 7, 8, 10  

(ɜ ɦɟɫɬɚɯ ɥɨɤɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ mRo ) ɩɨɬɨɤ 
ɨɞɧɨɪɨɞɟɧ, ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɫɨɧɚɩɪɚɜɥɟɧɵ. 

 

 
 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ mRo  ɜ ɤɪɭɝɟ ɰɢɪɤɭɥɹɰɢɢ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɟɪɟɞɚɬɨɱɧɵɯ ɱɢɫɥɚɯ 

ȼ ɪɚɫɱɟɬɚɯ ɜɵɹɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɬɨɤɚ ɨɬ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬ-
ɧɨɲɟɧɢɹ (ɪɢɫ. 4) 

(ɚ) ɉɪɢ 0i =  (ɨɫɬɚɧɨɜɥɟɧɧɚɹ ɬɭɪɛɢɧɚ) ɧɚɢ-

ɛɨɥɶɲɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɬɨɤɚ ɧɚɛɥɸ-

ɞɚɟɬɫɹ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɪɟɚɤɬɨɪɚ. ɇɚ 
ɷɬɨɦ ɪɟɠɢɦɟ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɦɨɦɟɧɬɚ 
.T ɇK M M=  

(ɛ) ɉɪɢ 0,2i =  360 ɨɛ ɦɢɧ,Tω =  ɬ.ɟ. ɭɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ ɬɭɪɛɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵ-

ɫɨɤɚ, ɜ ɟɟ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɜɨɡɧɢɤɚɟɬ ɡɧɚ-
ɱɢɬɟɥɶɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɩɨɬɨɤɚ (max mRo ). 

(ɜ) ɉɪɢ 0,8i =  (ɦɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ) ɩɨɬɨɤ ɜ 
ɬɭɪɛɢɧɟ ɨɞɧɨɪɨɞɟɧ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɫɤɨ-
ɪɨɫɬɶ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ; ɜ ɧɚɫɨɫɟ ɩɪɢ 

ɷɬɨɦ – ɧɚɨɛɨɪɨɬ, ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɶ ɩɨɬɨɤɚ.  

 

ɂɧɬɟɝɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȽȾɌ 

 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɚ ɩɪɢ-

ɜɟɞɟɧɧɚɹ ɜɧɟɲɧɹɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȽȾɌ  

(ɪɢɫ. 5), ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɄɉȾ, ɚ ɬɚɤɠɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɦɨɦɟɧɬɨɜ ɧɚɫɨɫɚ ɢ ɬɭɪɛɢɧɵ ɨɬ ɩɟɪɟ-
ɞɚɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ, ɩɪɢ ɭɫɥɨɜɢɢ 

ɩɨɫɬɨɹɧɫɬɜɚ ɜɹɡɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɫɨɫɚ. Ȼɟɡɪɚ-
ɡɦɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢ-

ɜɚɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɞɨɛɧɵɟ ȽȾɌ ɩɨ ɭɞɟɥɶ-
ɧɵɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ.  

 

ɉɨɝɪɟɲɧɨɫɬɶ CFD-ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɨɤɚɡɚɥɚɫɶ ɦɟɧɟɟ 1 % 

(ɪɢɫ. 5). ɇɚ ɪɢɫɭɧɤɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɛɨɡɧɚɱɟ-
ɧɢɹ:  
 

 
Ɋɢɫ. 5. ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽȾɌ ɍ358011Ⱦ 
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 – ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɦɨɦɟɧɬɚ;  
/T ɇi = ω ω  – ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ;  

T T T

ɇ ɇ ɇ

N M
K i

N M

⋅ω
η = = = ⋅

⋅ω
 – ɄɉȾ ȽȾɌ.  

 

Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɥɨɩɚɬɨɤ ȽȾɌ 

 

Ⱥɧɚɥɢɡ ɇȾɋ ɥɨɩɚɬɨɤ ɞɚɧɧɨɝɨ ȽȾɌ ɛɵɥ ɩɪɨ-
ɜɟɞɟɧ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ CFD-ɜɵɱɢɫ-
ɥɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɩɨɥɹ ɤɚɫɚɬɟɥɶɧɵɯ ɢ ɧɨɪɦɚ-
ɥɶɧɵɯ (ɪɢɫ. 6) ɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 
ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɥɨ-
ɩɚɬɨɤ ȽȾɌ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ.  
 

 
 

Ɋɢɫ. 6. ɉɨɥɹ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɹɯ ɥɨɩɚɬɨɤ ɩɪɢ 0i =  

 

 
 

Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɧɚ ɫɬɨ-
ɪɨɧɚɯ ɥɨɩɚɬɨɤ  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɩɟɪɟɞɚɬɨɱɧɨɝɨ 

ɨɬɧɨɲɟɧɢɹ i  ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɹɟɬɫɹ (ɪɢɫ. 7), ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɛɟɡ ɬɪɟɯɦɟɪɧɨɝɨ CFD-ɚɧɚɥɢɡɚ. 
 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ, ɢɡ 
ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɵ ɥɨɩɚɬɤɢ ɪɚɛɨɱɢɯ  
ɤɨɥɟɫ:  
 

11 20,7 10 ɇ ɦE = ×  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ,  

0,33µ =  – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ,  
8 22,8 10 ɇ ɦɌσ = ×  – ɝɪɚɧɢɰɚ ɬɟɤɭɱɟɫɬɢ.  

 

Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɝɟɤɫɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɢ 

ɧɚ ɥɨɩɚɬɤɚɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɞɚɧɧɨɝɨ ȽȾɌ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 8. 

 

 
 

Ɋɢɫ. 8. ɋɟɬɤɚ ɞɥɹ ɪɚɫɱɟɬɚ ɇȾɋ ɥɨɩɚɬɨɤ ɪɚɛɨ-
ɱɢɯ ɤɨɥɟɫ 

 

ɇɚ ɪɢɫ. 9 ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɤɬɨɪɚ 
ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɤɢ ɧɚ-
ɫɨɫɧɨɝɨ ɤɨɥɟɫɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 

ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɧɚɫɨɫɚ ɢ ɬɭɪɛɢɧɵ, ɚ ɧɚ 
ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɥɢɧɢɢ, ɷɤɜɢɜɚɥɟɧɬ-
ɧɵɯ ɩɨ Ɇɢɡɟɫɭ ɧɚɩɪɹɠɟɧɢɣ. 

 

ɇɚ ɪɢɫ. 11 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɜɟɥɢɱɢɧ, ɜɵɱɢɫɥɟɧɧɵɯ ɞɥɹ 
ɬɪɟɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɨɬ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬɧɨ-
ɲɟɧɢɹ 
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0,0      0,2      0,4     0,6          0,8  1,0 

 

Ɋɢɫ. 9. ɉɨɥɟ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨɱɟɤ ɥɨɩɚɬɤɢ ɧɚɫɨɫɧɨɝɨ ɤɨɥɟɫɚ 
 

 
0,0      0,2      0,4     0,6   0,8  1,0 

 

Ɋɢɫ. 10. ɂɡɨɥɢɧɢɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨ Ɇɢɡɟɫɭ ɧɚɩɪɹɠɟɧɢɣ ɥɨɩɚɬɤɢ ɧɚɫɨɫɧɨɝɨ ɤɨɥɟɫɚ  
 

 
    ɚ       ɛ 

 

Ɋɢɫ. 11. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ (ɚ) ɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨ Ɇɢɡɟɫɭ ɧɚɩɪɹɠɟɧɢɣ (ɛ) ɨɬ ɩɟɪɟɞɚ-
ɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ȽȾɌ 



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 

 
104 

ȼɵɜɨɞɵ 

 

ɉɪɢɦɟɧɟɧɢɟ CFD ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɬɨɤɚ ɜ 
ɝɢɞɪɨɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ 
ɟɝɨ ɬɨɱɧɭɸ ɜɧɟɲɧɸɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɚ ɬɚɤ-
ɠɟ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ. 

 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ Ɋɨɫɫɛɢ ɹɜɥɹɟɬɫɹ 
ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧ ɪɚɡɞɟɥɟɧɢɹ 
ɩɨɬɨɤɚ, ɭɜɟɥɢɱɢɜɚɸɳɟɝɨ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ 
ȽȾɌ. 

 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚ-
ɩɪɹɠɟɧɢɣ ɩɨ Ɇɢɡɟɫɭ ɧɚ ɥɨɩɚɬɤɚɯ ɪɚɛɨɱɢɯ 
ɤɨɥɟɫ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɝɪɚɧɢɰɵ ɬɟɤɭɱɟɫ-
ɬɢ ɦɚɬɟɪɢɚɥɚ. 
 

Ɋɚɡɜɢɬɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɨɣ ɞɥɹ 
ɚɧɚɥɢɡɚ ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɥɨɩɚɬɨɤ ɩɪɢ 

ɭɱɟɬɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɪɚɛɨɱɢɯ ɤɨɥɟɫ. 
 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ Ʌ.Ƚ. Ɋɨɦɚ-
ɧɟɧɤɨ ɡɚ ɩɨɥɟɡɧɵɟ ɨɛɫɭɠɞɟɧɢɹ. 
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