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Аɧɧɨɬаɰиɹ. ɇɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪ-
ɝɢɢ ɡɚɤɪɭɱɟɧɧɨɣ ɫɬɪɭɢ. ɉɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ SST-ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɩɪɚɜɤɢ ɧɚ ɤɪɢɜɢɡɧɭ ɥɢɧɢɣ ɬɨɤɚ ɢ ɜɪɚɳɟɧɢɟ ɩɨɬɨɤɚ ɢ ɛɟɡ ɧɟɝɨ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚ-
ɧɨ ɜɵɱɢɫɥɟɧɢɟ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ ɢ ɟɝɨ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
Клɸɱевые ɫлɨва: ɡɚɤɪɭɱɟɧɧɵɟ ɬɟɱɟɧɢɹ, ɤɨɧɮɭɡɨɪ, ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ, 
ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ. 
 

 

Ɂɚɤɪɭɱɟɧɧɵɟ ɬɟɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ 
ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ ɩɪɢɪɨɞɟ. Ɉɧɢ 
ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢ-
ɹɯ ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɟɯɧɢɤɟ: ɝɢɞɪɨ-
ɰɢɤɥɨɧɵ, ɩɵɥɟɭɥɨɜɢɬɟɥɢ, ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ, 
ɜɢɯɪɟɜɵɟ ɤɥɚɩɚɧɵ, ɫɬɪɭɣɧɵɟ ɷɠɟɤɬɨɪɵ, ɦɢɤ-
ɫɟɪɵ ɢ ɰɟɧɬɪɢɮɭɝɢ [1–5]. ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫ-
ɫɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɛɟɡ ɡɚɤɪɭɬɤɢ, ɤɨɬɨɪɵɟ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɫ 
ɩɨɦɨɳɶɸ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɵɯ ɭɪɚɜɧɟɧɢɣ, ɡɚ-
ɤɪɭɱɟɧɧɵɟ ɬɟɱɟɧɢɹ ɬɪɟɛɭɸɬ ɪɚɫɱɟɬɨɜ ɫ ɩɨ-
ɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ–ɋɬɨɤɫɚ, ɢɥɢ ɡɧɚɱɢ-
ɬɟɥɶɧɵɯ ɭɩɪɨɳɟɧɢɣ ɞɥɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ [6].  

 
  

ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɢɯɪɟɜɵɯ 
ɭɫɬɪɨɣɫɬɜ ɱɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ 
ɡɚɤɪɭɱɟɧɧɨɣ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɟɣ [7]. ȼ ɨɬɥɢ-
ɱɢɟ ɨɬ ɩɪɹɦɨɬɨɱɧɨɣ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ, ɞɥɹ 
ɤɨɬɨɪɨɣ ɫɭɳɟɫɬɜɭɸɬ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫɱɟ-
ɬɚ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɞɥɹ ɡɚɤɪɭɱɟɧɧɨɣ 
ɫɬɪɭɢ ɧɟɨɛɯɨɞɢɦɨ ɤɚɠɞɵɣ ɪɚɡ ɩɪɨɜɨɞɢɬɶ ɧɨ-
ɜɵɟ ɪɚɫɱɟɬɵ ɫ ɭɱɟɬɨɦ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ [8]. 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɜɟɞɟɧɨ ɦɧɨɝɨ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɬɚɤɨɝɨ ɬɟɱɟɧɢɹ ɢ ɩɨɥɭɱɟɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ 
ɡɚɜɢɫɢɦɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɦɨɱɶ ɢɫɫɥɟ-
ɞɨɜɚɬɟɥɹɦ ɨɰɟɧɢɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ [9, 
10]. ɇɨ  ɟɫɥɢ ɯɨɬɶ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɜɵɯɨ-
ɞɢɬ ɡɚ ɪɚɦɤɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, 
ɬɨ ɩɪɢɯɨɞɢɬɫɹ ɩɪɨɜɨɞɢɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ 
ɪɚɫɱɟɬɵ ɢɥɢ ɷɤɫɩɟɪɢɦɟɧɬ. ɉɪɨɜɟɞɟɧɢɟ ɫɚɦɨ-
ɫɬɨɹɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ 
ɚɞɟɤɜɚɬɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɢɤ ɪɚɫɱɟɬɚ 
ɡɚɤɪɭɱɟɧɧɵɯ ɫɬɪɭɣ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɚɱɟ-
ɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɢɦɟɟɬ ɧɟ 

ɬɨɥɶɤɨ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ, ɧɨ ɢ ɩɪɚɤɬɢ-

ɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. ȼɨ ɦɧɨɝɢɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɭɫɬɪɨɣɫɬɜɚɯ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɡɚɤɪɭɱɟɧɧɨɣ ɫɬɪɭɢ: 
ɜɢɯɪɟɤɚɦɟɪɧɵɟ ɧɚɝɧɟɬɚɬɟɥɢ, ɬɭɪɛɢɧɵ, ɧɚɫɨ-
ɫɵ, ɰɢɤɥɨɧɵ [1–11]. ɑɚɳɟ ɜɫɟɝɨ ɡɚɤɪɭɱɟɧɧɵɣ 
ɩɨɬɨɤ ɢɥɢ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɧɚɪɭɠɭ, ɢɥɢ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫ ɩɨɦɨɳɶɸ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɜ ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɤɢ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɯ ɞɥɹ ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɣ. 
Ⱦɚɠɟ ɩɪɢɦɟɧɟɧɢɟ ɤɨɧɮɭɡɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɸ «ɜɢɯɪɟɜɨɝɨ ɷɮɮɟɤɬɚ ɤɨɧɮɭɡɨɪɚ» 
[12].  ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɨɞɯɨɞɚ ɤ ɢɫɫɥɟɞɨɜɚ-
ɧɢɸ ɜɪɚɳɚɸɳɢɯɫɹ ɩɨɬɨɤɨɜ: ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɣ ɢ ɪɚɫɱɟɬɧɵɣ ɩɪɢ ɩɨɦɨɳɢ ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ [13]. ɇɚ ɫɟɝɨɞ-
ɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɜɟɞɟɧɨ ɨɝɪɨɦɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɝɟɪɟɧɬɧɵɯ ɜɢɯ-
ɪɟɜɵɯ ɫɬɪɭɤɬɭɪ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɢɫɬɟɱɟɧɢɢ 
ɡɚɤɪɭɱɟɧɧɵɯ ɫɬɪɭɣ [8–10]. Ɉɞɧɚɤɨ ɞɨ ɫɢɯ ɩɨɪ 
ɧɟɬ ɱɟɬɤɨɝɨ ɩɨɧɢɦɚɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ 
ɜɪɚɳɟɧɢɹ ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɜɨɥɶɧɨ ɭɫɥɨɠɧɟɧɨ ɩɪɢɦɟ-

ɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ ɪɚɛɨɬ, ɩɨɥɭɱɟɧɧɵɯ 
ɡɚɱɚɫɬɭɸ ɫ ɩɨɦɨɳɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ (PIV-ɬɟɯɧɢɤɢ, DNS ɢ LES ɦɟɬɨɞɵ ɱɢɫ-
ɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ) ɫ ɢɧɠɟɧɟɪɧɵɦɢ ɰɟɥɹɦɢ. 
ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ ɫɬɚɧɨɜɢɬɫɹ ɩɨɢɫɤ ɩɪɨ-
ɰɟɞɭɪ ɚɞɟɤɜɚɬɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɢ ɢɯ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɢɧɠɟɧɟɪɧɨɦ ɚɧɚɥɢɡɟ, ɨɫɨɛɟɧɧɨ 
ɩɪɢ ɜɜɟɞɟɧɢɢ ɜɨ ɜɪɚɳɚɸɳɢɣɫɹ ɩɨɬɨɤ ɜɧɟɲ-
ɧɢɯ ɩɪɨɬɨɱɧɵɯ ɱɚɫɬɟɣ, ɧɚɩɪɢɦɟɪ ɞɢɮɮɭɡɨ-
ɪɨɜ ɢ ɤɨɧɮɭɡɨɪɨɜ. 
ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɱɟɧɢɹ 

ɧɚɢɥɭɱɲɢɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɸɬɫɹ CFD-ɪɚɫɱɟɬɵ 
ɫ ɞɚɥɶɧɟɣɲɟɣ ɩɪɨɜɟɪɤɨɣ ɚɞɟɤɜɚɬɧɨɫɬɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ [14].  
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ɐɟɥɶɸ ɪɚɛɨɬɵ ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɛɨɬɵ 
ɤɨɧɮɭɡɨɪɚ ɧɚ ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɹɯ ɫ ɩɨɦɨ-
ɳɶɸ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɭɬɟɦ ɪɟ-
ɲɟɧɢɹ ɨɫɪɟɞɧɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-
ɋɬɨɤɫɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɬɟɱɟɧɢɟ ɡɚɤɪɭɱɟɧ-
ɧɨɣ ɫɬɪɭɢ ɩɨɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɹ ɨɫ-
ɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɢ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɡɚɤɪɭɱɟɧɧɨɝɨ ɩɨɬɨɤɚ ɢ 
ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

 

   

ɋɥɨɠɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɬɟɱɟɧɢɹ ɡɚɤɪɭɱɟɧɧɨɣ ɫɬɪɭɢ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ 
ɧɚɛɥɸɞɚɟɬɫɹ, ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, ɱɟɬɵɪɟ ɪɚɡ-
ɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚ ɩɨɜɟɞɟɧɢɹ ɫɬɪɭɢ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɟɟ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ, ɱɬɨ ɩɪɨɢɥɥɸ-
ɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫ. 1 [15].  

Ⱦɥɹ ɡɨɧɚɥɶɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɹ ɪɚɧɶɲɟ ɢɦɟɥɨ ɡɧɚɱɟɧɢɟ, ɤɚɤɨɣ ɢɡ 
ɱɟɬɵɪɟɯ ɫɥɭɱɚɟɜ ɢɦɟɟɬ ɦɟɫɬɨ; ɞɥɹ CFD-
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɬɨ ɭɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɦɟ-
ɟɬ ɡɧɚɱɟɧɢɹ. 
ȼɨɨɛɳɟ ɝɨɜɨɪɹ, ɨɫɧɨɜɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢ-

ɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɡɚɜɢɫɹɬ 
ɨɬ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɡɚɤɪɭɬɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɨɫɟɜɚɹ ɡɨɧɚ ɧɢɡ-
ɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɬɟɱɟɧɢɹ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜ-
ɥɟɧɢɢ [15]. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɬɧɨɧɚɩɪɚɜ-
ɥɟɧɧɨɝɨ ɬɟɱɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɧɟɫɤɨɥɶɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɱɚɳɟ ɜɫɟɝɨ ɨɛɴɟɞɢɧɹɸɬ 
ɜ ɨɞɢɧ ɤɨɦɩɥɟɤɫ ɢ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɡɚɤɪɭɬɤɢ ɢɥɢ ɫɬɟɩɟɧɶɸ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ. Ɍɨɬ 
ɢɥɢ ɢɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɤɪɭɬɤɢ ɢɫɩɨɥɶɡɭɸɬ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɡɚɤɪɭɱɢɜɚɧɢɹ ɩɨ-
ɬɨɤɚ [16]. 
 

 

 
 
Ɋɢɫ. 1. ɗɩɸɪɚ ɚɤɫɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɫɜɨɛɨɞɧɨɣ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ:  
ɚ) ɫɥɚɛɨ ɡɚɤɪɭɱɟɧɧɚɹ ɫɬɪɭɹ; ɛ) ɭɦɟɪɟɧɧɨ ɡɚɤɪɭɱɟɧɧɚɹ ɫɬɪɭɹ; ɜ) ɫɢɥɶɧɨ ɡɚɤɪɭɱɟɧɧɚɹ ɫɬɪɭɹ;  
ɝ) ɫɢɥɶɧɨ ɡɚɤɪɭɱɟɧɧɚɹ ɪɚɡɨɦɤɧɭɬɚɹ ɫɬɪɭɹ 

 

Ɂɚɤɪɭɬɤɭ ɩɨɬɨɤɚ ɦɨɠɧɨ ɫɨɡɞɚɬɶ ɫ ɩɨɦɨ-
ɳɶɸ ɡɚɜɢɯɪɢɬɟɥɟɣ (ɪɢɫ. 2). ɉɨ ɦɟɫɬɭ ɪɚɫɩɨ-
ɥɨɠɟɧɢɹ ɡɚɜɢɯɪɢɬɟɥɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 
ɚɩɩɚɪɚɬɵ ɫ ɬɨɪɰɟɜɵɦ ɡɚɜɢɯɪɢɬɟɥɟɦ ɢ ɫ ɡɚ-
ɜɢɯɪɢɬɟɥɟɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ. Ɂɚɜɢɯɪɢɬɟɥɢ ɦɨɝɭɬ 
ɛɵɬɶ ɥɨɩɚɫɬɧɵɦɢ, ɳɟɥɟɜɵɦɢ, ɭɥɢɬɨɱɧɵɦɢ, 
ɬɚɧɝɟɧɰɢɚɥɶɧɵɦɢ ɫ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ 
ɩɚɬɪɭɛɤɚɦɢ [16]. 
ȼ ɩɟɪɜɵɟ ɝɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɪɭɱɟɧɧɵɯ 

ɫɬɪɭɣ ɜ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɫɬɟɩɟɧɟɣ ɡɚɤɪɭɬɤɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɚ-
ɜɢɯɪɢɬɟɥɟɣ, ɧɨ ɷɬɨɬ ɩɨɞɯɨɞ ɩɨɡɞɧɟɟ ɩɪɢɜɟɥ ɤ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟ-
ɱɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɧɵɯ ɫɩɨ-
ɫɨɛɨɜ ɫɨɡɞɚɧɢɹ ɡɚɤɪɭɬɤɢ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɜ 

ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɭɛɥɢɤɚɰɢɣ ɞɥɹ ɜɢɯɪɟ-
ɜɵɯ ɤɚɦɟɪ ɢɫɩɨɥɶɡɭɸɬ ɱɢɫɥɨ Ɋɨɫɫɛɢ [16, 17]. 
ɑɢɫɥɨ Ɋɨɫɫɛɢ ɢ ɫɬɟɩɟɧɶ ɜɪɚɳɟɧɢɹ ɠɢɞɤɨɫɬɢ 
ɨɩɪɟɞɟɥɹɸɬ ɨɬɧɨɲɟɧɢɟɦ ɪɚɞɢɚɥɶɧɨɣ ɤ ɬɚɧ-
ɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɜɨɡɥɟ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɦɟɪɵ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɞɥɹ ɜɪɚɳɚɸɳɢɯɫɹ ɩɨɬɨɤɨɜ ɫɬɟɩɟɧɶ ɡɚ-
ɤɪɭɬɤɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: 
ɨɬɧɨɲɟɧɢɟɦ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɤ ɪɚ-
ɞɢɚɥɶɧɨɣ (ɫɩɢɪɚɥɶɧɨɟ ɞɜɢɠɟɧɢɟ) ɢɥɢ ɨɬɧɨ-
ɲɟɧɢɟɦ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɤ ɚɤɫɢɚɥɶ-
ɧɨɣ (ɜɢɧɬɨɜɨɟ ɞɜɢɠɟɧɢɟ) [18]. ɑɚɫɬɨ, ɞɥɹ 
ɩɪɨɫɬɨɬɵ ɪɚɫɱɟɬɚ, ɨɫɨɛɟɧɧɨ ɜ ɜɢɯɪɟɜɵɯ ɤɚ-
ɦɟɪɚɯ, ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸɳɟɟ ɱɢɫɥɨ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɟɟ ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ: 
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ɝɞɟ V  – ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ; zV  – ɚɤɫɢ-

ɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ.  
ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ, ɚ ɨɫɨɛɟɧɧɨ ɤɨɝɞɚ 

ɫɪɚɜɧɢɜɚɸɬ ɨɝɪɚɧɢɱɟɧɧɵɟ ɢ ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ 

ɡɚɤɪɭɱɟɧɧɵɟ ɬɟɱɟɧɢɹ, ɬɚɤɨɟ ɥɟɝɤɨɜɵɱɢɫɥɹɟ-
ɦɨɟ ɱɢɫɥɨ Ɋɨɫɫɛɢ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɫɪɚɜɧɟɧɢɹ 
ɩɨɬɨɤɨɜ. ɉɨɷɬɨɦɭ ɩɨɡɞɧɟɟ ɧɚɱɚɥɢ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫ ɭɱɟɬɨɦ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ ɜ ɬɚɧ-
ɝɟɧɰɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ ɬɚɤɠɟ 
ɰɢɪɤɭɥɹɰɢɸ ɫɤɨɪɨɫɬɢ.  

 

 
 
Ɋɢɫ. 2. Ɂɚɜɢɯɪɢɬɟɥɢ: ɚ – ɥɨɩɚɫɬɧɨɣ; ɛ – ɳɟɥɟɜɨɣ; ɜ – ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɩɚɬɪɭɛɤɨɦ;  
ɝ – ɭɥɢɬɨɱɧɵɣ; ɞ, ɠ – ɬɨɪɰɟɜɵɟ ɥɨɩɚɫɬɧɵɟ 

 

ȼ ɤɚɱɟɫɬɜɟ ɟɞɢɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɵɣ 
ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɭɱɢɬɵɜɚɟɬ ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧ-
ɧɨɫɬɢ ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɫɩɨɫɨɛɚ ɢɯ ɝɟɧɟɪɚɰɢɣ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɡɚɤɪɭɬɤɢ 
S  (ɩɚɪɚɦɟɬɪ ɏɢɝɟɪɚ–Ȼɟɪɚ) [19]. 
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ɝɞɟ   – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; R  – ɪɚɞɢɭɫ ɤɚ-
ɧɚɥɚ.  
ɉɨ ɫɜɨɟɣ ɫɭɳɧɨɫɬɢ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɚɪɚ-

ɦɟɬɪ ɡɚɤɪɭɬɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 
ɜɟɥɢɱɢɧɭ ɩɨɬɨɤɨɜ ɢɦɩɭɥɶɫɚ, ɤɨɬɨɪɵɟ ɩɟɪɟ-
ɧɨɫɹɬɫɹ ɜ ɭɝɥɨɜɨɦ ɢ ɚɤɫɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢ-
ɹɯ, ɢ ɢɦɟɧɧɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɢɫɩɨɥɶɡɨɜɚɧ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɩɭɛɥɢɤɚɰɢɣ ɩɨɫɜɹɳɟɧɧɵɯ ɡɚ-
ɤɪɭɱɟɧɧɵɦ ɬɟɱɟɧɢɹɦ ɤɚɤ ɭ ɧɚɫ ɜ ɫɬɪɚɧɟ, ɬɚɤ ɢ 
ɡɚ ɪɭɛɟɠɨɦ [8–10, 15–17, 19].  
ɋɥɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɤɪɢɬɟ-

ɪɢɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɥɨɦ Ɋɨɫɫɛɢ, ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ-

ɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɥɢ 
ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ȿɫɥɢ ɩɚɪɚɦɟɬɪɵ, 
ɜɯɨɞɹɳɢɟ ɜ ɮɨɪɦɭɥɭ (1), ɥɟɝɤɨ ɡɚɞɚɬɶ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɬɨ ɢɧɬɟɝɪɚɥɵ, ɜɯɨɞɹɳɢɟ ɜ 
ɭɪɚɜɧɟɧɢɟ (2), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɚɬɶ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɫɥɟɞɫɬɜɢɟ 
ɫɥɨɠɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɤɨɪɨɫɬɟɣ (ɨɫɨɛɟɧɧɨ 
ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ) ɨɬ ɪɚɞɢɭɫɚ. ɉɨɷɬɨɦɭ, 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ, ɫɧɚɱɚɥɚ ɜɵɩɨɥɧɹɸɬ ɷɤɫɩɟ-
ɪɢɦɟɧɬ ɢɥɢ ɱɢɫɥɟɧɧɵɣ ɪɚɫɱɟɬ, ɚ ɭɠɟ ɡɚɬɟɦ 
ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɚɪɚɦɟɬɪ ɡɚɤɪɭɬɤɢ, ɱɬɨ 
ɭɫɥɨɠɧɹɟɬ ɫɪɚɜɧɟɧɢɟ ɩɨ ɬɚɤɨɦɭ ɤɪɢɬɟɪɢɸ. ȼ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɫɪɚɜɧɟ-
ɧɢɹ ɬɟɱɟɧɢɣ, ɩɚɪɚɦɟɬɪ ɏɢɝɟɪɚ–Ȼɟɪɚ ɧɚ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɫɥɟɞɭ-
ɸɳɢɦ ɨɛɪɚɡɨɦ. Ⱥɤɫɢɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ zV , ɫ 
ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɜɟɪɨɹɬɧɨɫɬɢ, ɦɨɠɧɨ  ɫɱɢ-
ɬɚɬɶ ɧɟ ɡɚɜɢɫɹɳɟɣ ɨɬ ɪɚɞɢɭɫɚ. Ɍɚɧɝɟɧɰɢɚɥɶ-
ɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɭɪɨɜɧɟ, ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ ɩɪɨ-
ɝɪɚɦɦ CFD-ɪɚɫɱɟɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ ɩɨ 
ɡɚɜɢɫɢɦɨɫɬɹɦ ɤɜɚɡɢɬɜɟɪɞɨɝɨ ɜɪɚɳɟɧɢɹ 
V r   , ɯɨɬɹ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɩɪɚɜɟɞɥɢɜɵɦ 

ɬɨɥɶɤɨ ɜ ɹɞɪɟ ɜɪɚɳɟɧɢɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɨɟ 
ɡɚɞɚɧɢɟ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɢɦɟɟɬ ɞɨ-
ɫɬɚɬɨɱɧɨ ɛɨɥɶɲɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
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ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ, ɨɞɧɚɤɨ, ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɦ ɷɬɚɩɟ, ɞɨ ɨɰɟɧɤɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ, 
ɬɚɤɨɣ ɫɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟ-
ɦɵɦ. Ɍɨɝɞɚ, ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ: 
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Ɂɧɚɱɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛ-

ɪɚɡɨɜɚɧɢɣ (3), ɛɥɢɡɤɨ ɤ ɡɧɚɱɟɧɢɸ (1) ɡɚ ɢɫ-
ɤɥɸɱɟɧɢɟɦ ɦɧɨɠɢɬɟɥɹ 2. 

 
   

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɞɨɜɨɥɶ-
ɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɜɵɱɢɫ-
ɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ CFD-
ɪɚɫɱɟɬɨɜ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɧɨɝɨ 
ɪɚɡɧɵɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɧɚ ɩɥɚɬɧɨɣ 
ɢ ɛɟɫɩɥɚɬɧɨɣ ɨɫɧɨɜɟ [20].  ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɝɟɨɦɟɬɪɢɢ ɩɪɨɬɨɱɧɨɣ 
ɱɚɫɬɢ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ 3D-ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɝɟɨɦɟɬɪɢɢ [21]. Ɇɧɨɝɢɟ ɚɜɬɨɪɵ ɩɪɢɯɨɞɹɬ ɤ 
ɜɵɜɨɞɭ, ɱɬɨ ɨɞɧɨɣ ɢɡ ɧɚɢɥɭɱɲɢɯ ɩɨ ɜɵɱɢɫ-
ɥɢɬɟɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɢ ɩɨɝɪɟɲɧɨɫɬɹɦ ɪɚɫɱɟɬɚ 
ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧɧɚɹ ɞɜɭɯɫɥɨɣɧɚɹ « k  » ɦɨɞɟɥɶ  
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɟɪɟɧɨɫɚ ɫɞɜɢɝɨɜɵɯ ɧɚɩɪɹ-
ɠɟɧɢɣ Ɇɟɧɬɟɪɚ (SST ɦɨɞɟɥɶ [22–24]), ɭɱɢ-
ɬɵɜɚɸɳɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɱɟɧɢɹ ɜɨɡɥɟ ɬɜɟɪ-
ɞɵɯ ɫɬɟɧɨɤ ɢ ɜɨ ɜɧɟɲɧɟɦ ɩɨɬɨɤɟ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɹɦɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ (DNS) ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɛɨɥɶɲɢɯ ɜɢɯɪɟɣ (LES), ɚ ɬɚɤɠɟ ɝɢɛɪɢɞɧɵɯ 
ɦɨɞɟɥɟɣ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɛɨɥɟɟ ɬɨɱɧɵɦ 
ɪɟɲɟɧɢɹɦ [25], ɨɞɧɚɤɨ ɷɬɨ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɨɱɟɧɶ ɛɨɥɶɲɢɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɡɚɬɪɚɬɚɦɢ 
ɫɟɣɱɚɫ ɢ ɛɭɞɟɬ ɤ ɧɢɦ ɩɪɢɜɨɞɢɬɶ ɟɳɟ ɤɚɤɨɟ-ɬɨ 
ɜɪɟɦɹ ɜ ɛɥɢɠɚɣɲɟɣ ɩɟɪɫɩɟɤɬɢɜɟ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɛɵɥɨ ɫɞɟɥɚɧɨ ɫɪɚɜɧɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ 
SST-ɦɨɞɟɥɢ ɫ ɭɱɟɬɨɦ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɧɚ ɤɪɢ-
ɜɢɡɧɭ ɥɢɧɢɣ ɬɨɤɚ ɢ ɛɟɡ ɟɟ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɨɫ-
ɧɨɜɟ ɩɨɞɯɨɞɚ ɜɵɱɢɫɥɟɧɢɹ RANS-ɭɪɚɜɧɟɧɢɣ. 
ɋ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ SST ɦɨɞɟɥɢ ɫ ɤɨɪ-

ɪɟɤɬɢɪɨɜɤɨɣ ɧɚ ɤɪɢɜɢɡɧɭ ɥɢɧɢɣ ɬɨɤɚ ɢ ɜɪɚ-
ɳɟɧɢɟɦ ɩɨɬɨɤɚ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɪɚɛɨ-
ɬɚɯ [11, 18, 24, 26]. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ 

ɜɵɩɨɥɧɟɧɨ ɫ ɬɚɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ  ɭɫɥɨɜɢɹ-
ɦɢ: ɧɚ ɬɜɟɪɞɨɣ ɫɬɟɧɤɟ – ɭɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ 

ɠɢɞɤɨɫɬɢ 0
b

V  , ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɡɚɞɚ-

ɜɚɥɨɫɶ ɡɧɚɱɟɧɢɟ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ: 
ɚɤɫɢɚɥɶɧɨɣ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ V r   , ɜ ɜɵ-

ɯɨɞɧɵɯ ɤɚɧɚɥɚɯ – ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɞɚɜɥɟɧɢɹ 
0

b
p  . Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɟɧɨ ɜ ɩɚ-
ɤɟɬɟ ɩɪɨɝɪɚɦɦ OpenFoam [20]. Ɋɚɫɱɟɬ ɩɪɨɜɟ-
ɞɟɧ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɞɥɹ ɧɟɫɠɢ-
ɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ – ɜɨɞɵ.  
ɂɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɧɞɚɪɬɧɵɣ ɫɨɥɜɟɪ 

OpenFoam ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɤɨɧɬɪɨɥɶɧɵɯ 
ɨɛɴɟɦɨɜ ɢ PISO-ɚɥɝɨɪɢɬɦɚ. Ɋɚɫɱɟɬ ɩɪɨɞɨɥ-
ɠɚɥɫɹ ɞɨ ɫɧɢɠɟɧɢɹ ɧɟɜɹɡɨɤ ɜɫɟɯ ɭɪɚɜɧɟɧɢɣ 

ɞɨ ɡɧɚɱɟɧɢɣ 510 . ȼɫɟ ɫɟɬɨɱɧɵɟ ɪɚɡɛɢɟɧɢɹ  
ɨɛɟɫɩɟɱɢɜɚɥɢ ɩɚɪɚɦɟɬɪ 2y  .  

 
   

   
ȼɥɢɹɧɢɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ, ɜɜɟɞɟɧɧɨɣ ɜ ɦɨ-

ɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3. ȿɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ ɜ ɤɚɪɬɢɧɟ ɬɟɱɟɧɢɹ ɡɚɬɨɩɥɟɧɧɨɣ 
ɫɬɪɭɢ. Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɩɪɢɜɨɞɢɬ ɤ ɧɟɛɨɥɶɲɨ-
ɦɭ ɭɜɟɥɢɱɟɧɢɸ ɨɛɥɚɫɬɢ ɡɚɤɪɭɱɟɧɧɨɝɨ ɬɟɱɟ-
ɧɢɹ (ɪɢɫ. 3, ɛ).  

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 3. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɧɚ ɤɪɢɜɢɡɧɭ 
ɥɢɧɢɣ ɬɨɤɚ: ɚ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ; ɛ – 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɢɯɪɟɣ 

 
ɏɨɬɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ SST-ɦɨɞɟɥɢ ɬɭɪɛɭ-

ɥɟɧɬɧɨɫɬɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɧɨɦɭ ɫɨɜɩɚɞɟ-
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ɧɢɸ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚ, ɨɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɢ ɫ ɟɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɩɨɥɧɟ ɤɨɪɪɟɤɬɧɨ ɩɪɟɞɫɤɚ-
ɡɵɜɚɟɬ ɜɢɯɪɟɜɵɟ ɫɬɪɭɤɬɭɪɵ ɜɛɥɢɡɢ ɨɫɢ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɠɟɥɚ-
ɬɟɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ.  
ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɜɟɤɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɫɬɪɭɢ. ɋɪɚɜɧɟɧɢɟ ɜɟɤɬɨɪ-
ɧɨɝɨ ɩɨɥɹ ɫ ɪɢɫ. 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɥɭɱɟɧ-
ɧɚɹ ɤɚɪɬɢɧɚ ɬɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɥɶɧɨ 
ɡɚɤɪɭɱɟɧɧɨɣ ɫɬɪɭɟ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɡɨɧɵ 
ɨɛɪɚɬɧɨɝɨ ɬɟɱɟɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ RANS-
ɩɨɞɯɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧ-
ɧɨɣ SST-ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɨɜ 
ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɬɶ ɜɫɟ ɨɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɤɪɭɱɟɧɧɨɝɨ ɩɨɬɨɤɚ. 

 
Ɋɢɫ. 4. ȼɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɢ 

  
ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɟɣ 

ɩɨɬɨɤɚ ɡɚɤɪɭɱɟɧɧɨɣ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɩɪɢ 
ɨɞɧɨɣ ɫɬɟɩɟɧɢ ɡɚɤɪɭɬɤɢ. ɋɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ 
ɞɜɭɯ ɪɚɡɧɵɯ ɫɥɭɱɚɟɜ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɨɞɧɨ-
ɜɪɟɦɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɞɢɚɦɟɬɪɚ ɜɵɯɨɞɧɨɝɨ 
ɫɨɩɥɚ, ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɯɨɞɧɨɝɨ 
ɩɨɬɨɤɚ ɢ ɚɤɫɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. 

 

 
 

Ɋɢɫ. 5. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɞɜɭɯ 
ɪɚɡɧɵɯ ɫɥɭɱɚɟɜ ɢɫɬɟɱɟɧɢɹ ɡɚɤɪɭɱɟɧɧɨɣ 
ɫɬɪɭɢ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɡɚɤɪɭɬɤɢ 

ɏɨɬɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ ɜɵ-
ɛɪɚɧɚ ɤɚɤ ɨɫɧɨɜɧɨɣ ɩɚɪɚɦɟɬɪ ɞɥɹ ɫɪɚɜɧɟɧɢɹ, 
ɪɢɫ. 5 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɨɫɧɨɜ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɮɨɪɦɭɥɭ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɟɪɢɹ ɡɚɤɪɭɬɤɢ (2), ɜ ɚɛɫɨ-
ɥɸɬɧɵɯ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ, ɤɚɪɬɢɧɵ ɬɟɱɟ-
ɧɢɹ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɨɩɪɟɞɟ-
ɥɟɧɧɨɝɨ ɜɧɢɦɚɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɣ ɢɧɠɟɧɟɪɚɦɢ. ɗɬɨ ɬɚɤ-
ɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɨɜ 
ɜɵɯɨɞɧɨɝɨ ɫɨɩɥɚ ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɡɚɬɭɯɚ-
ɧɢɹ ɫɬɪɭɢ ɢ ɫɤɨɪɨɫɬɟɣ ɜ ɚɛɫɨɥɸɬɧɵɯ ɟɞɢɧɢ-
ɰɚɯ. 
Ȼɨɥɟɟ ɤɨɪɪɟɤɬɧɵɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɤɪɭɱɟɧɧɨɝɨ ɬɟɱɟɧɢɹ, ɨɬɧɟ-
ɫɟɧɧɵɯ ɤ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɚɦ. 
 

    

   
ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɤɨɧɮɭɡɨɪ – ɷɬɨ ɧɚɩɨɪ-

ɧɚɹ ɬɪɭɛɚ, ɫɭɠɚɸɳɚɹɫɹ ɩɨ ɬɟɱɟɧɢɸ. Ⱦɥɹ 
ɩɪɹɦɨɧɚɩɪɚɜɥɟɧɧɵɯ ɩɨɬɨɤɨɜ ɞɜɢɠɟɧɢɟ ɠɢɞ-
ɤɨɫɬɟɣ ɜ ɤɨɧɮɭɡɨɪɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢ-
ɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ.  
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɮɭɡɨɪɚ ɩɪɢ ɪɚɜɧɵɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɜɫɟɝɞɚ ɦɟɧɶ-
ɲɟ, ɱɟɦ ɜ ɞɢɮɮɭɡɨɪɟ. Ɂɚɤɪɭɱɟɧɧɨɟ ɬɟɱɟɧɢɟ 
ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɡɚ-
ɤɥɸɱɟɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɧɢ-
ɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨɡɥɟ ɨɫɢ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟ-
ɧɢɹ ɟɝɨ ɧɚ ɩɟɪɢɮɟɪɢɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞ-
ɫɬɜɢɟɦ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ. 
ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɦɨɠɟɬ 
ɛɵɬɶ ɨɰɟɧɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ ( 1,4S  ).  

 

 
 

Ɋɢɫ. 6. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɜɢɯɪɟɣ ɜ ɫɬɪɭɟ ɩɪɢ 
ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɧɮɭɡɨɪɚ ɪɚɡɧɨɝɨ ɭɝɥɚ 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɞɜɭɯ ɤɨɧɮɭɡɨɪɨɜ ɫ ɪɚɡɧɵɦ ɭɝɥɨɦ ɪɚɫ-
ɤɪɵɬɢɹ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɡɚɤɪɭɱɟɧɧɨɣ ɡɚɬɨɩ-
ɥɟɧɧɨɣ ɫɬɪɭɢ, ɫ ɬɨɣ ɫɬɟɩɟɧɶɸ ɡɚɤɪɭɬɤɢ, 
ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɜɢɯɪɟɤɚɦɟɪɧɵɯ ɧɚɝɧɟ-
ɬɚɬɟɥɹɯ [26].  

 

 
 

Ɋɢɫ. 7. ȼɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɢ 
 
ȼɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɞɥɹ ɬɟɱɟɧɢɹ ɱɟɪɟɡ ɤɨɧ-

ɮɭɡɨɪ (ɪɢɫ. 7) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɨɧɮɭɡɨɪ 
ɩɨɡɜɨɥɹɟɬ ɜɨ ɦɧɨɝɨɦ ɜɵɩɪɹɦɢɬɶ ɩɨɬɨɤ, ɢ 
ɷɩɸɪɚ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɮɭɡɨɪɚ ɜɵ-
ɝɥɹɞɢɬ ɤɚɤ ɷɩɸɪɚ ɫɤɨɪɨɫɬɢ ɧɟɡɚɤɪɭɱɟɧɧɨɣ 
ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ.  

 
 

ɑɢɫɥɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ ɬɟ-
ɱɟɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ ɡɚɤɪɭɱɟɧɧɨɣ ɫɬɪɭɢ.  

1. Ɉɰɟɧɟɧɨ ɜɥɢɹɧɢɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɧɚ 
ɤɪɢɜɢɡɧɭ ɥɢɧɢɣ ɬɨɤɚ ɢ ɜɪɚɳɟɧɢɟ ɩɨɬɨɤɚ 
SST-ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. Ʉɨɪɪɟɤɬɢɪɨɜɤɚ 
ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɫ ɩɨɦɨɳɶɸ 
ɤɨɦɩɶɸɬɟɪɨɜ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɬɶ 
ɜɫɟ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɤɪɭɱɟɧɧɨɝɨ 
ɩɨɬɨɤɚ. 

2. ɏɨɬɹ ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ ɜɵɛɪɚɧɚ ɤɚɤ ɨɫ-
ɧɨɜɧɨɣ ɩɚɪɚɦɟɬɪ ɞɥɹ ɫɪɚɜɧɟɧɢɹ, ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɫɬɟɩɟɧɶ ɡɚɤɪɭɬɤɢ ɜ 
ɚɛɫɨɥɸɬɧɵɯ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ ɤɚɪɬɢɧɵ 
ɬɟɱɟɧɢɹ, ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɨɩɪɟ-
ɞɟɥɟɧɧɨɝɨ ɜɧɢɦɚɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɣ ɢɧɠɟɧɟɪɚɦɢ. ɗɬɨ ɬɚɤ-
ɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɨɜ 
ɜɵɯɨɞɧɨɝɨ ɫɨɩɥɚ ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɡɚɬɭɯɚ-
ɧɢɹ ɫɬɪɭɢ ɢ ɫɤɨɪɨɫɬɟɣ ɜ ɚɛɫɨɥɸɬɧɵɯ ɟɞɢɧɢ-
ɰɚɯ. 
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Аɧɨɬаɰіɹ. ɍ ɩɪɢɪɨɞɿ ɣ ɬɟɯɧɿɰɿ ɱɚɫɬɨ ɡɭɫɬɪɿɱɚ-
ɸɬɶɫɹ ɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɡɚɤɪɭɱɟɧɿ ɬɟɱɿʀ.  Ɋɨɡ-
ɦɚʀɬɿɫɬɶ ɡɚɜɞɚɧɶ, ɳɨ ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɭ ɩɪɚɤɬɢɰɿ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɜɢɯɪɨɜɢɯ ɩɪɢɫɬɪɨʀɜ, ɱɚɫɬɨ ɩɪɢɜɨ-
ɞɢɬɶ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ ɨɰɿɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ɡɚɬɨɩ-
ɥɟɧɨɝɨ ɡɚɤɪɭɱɟɧɨɝɨ ɫɬɪɭɦɟɧɹ ɣ ɧɟɨɛɯɿɞɧɨɫɬɿ ɣɨɝɨ 
ɱɢɫɟɥɶɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ. ɋɭɱɚɫɧɿ ɦɟɬɨɞɢ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɿ ɱɢɫɟɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɢɦɚɝɚɸɬɶ 
ɜɟɥɢɤɢɯ ɜɢɬɪɚɬ ɮɿɧɚɧɫɨɜɢɯ ɪɟɫɭɪɫɿɜ ɿ ɱɚɫɭ ɧɚ 
ɪɨɡɪɚɯɭɧɨɤ. Ɍɨɦɭ ɞɥɹ ɿɧɠɟɧɟɪɧɢɯ ɰɿɥɟɣ ɩɨɬɪɿɛɧɿ 
ɫɩɪɨɳɟɧɿ ɚɥɝɨɪɢɬɦɢ ɨɛґɪɭɧɬɨɜɚɧɢɯ ɿ ɚɞɟɤɜɚɬɧɢɯ 
ɦɨɞɟɥɟɣ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɬɟɱɿʀ ɡ ɦɿɧɿɦɚɥɶ-
ɧɢɦɢ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɜɢɬɪɚɬɚɦɢ, ɹɤɨɸ є ɞɨɫɥɿ-
ɞɠɟɧɚ ɜ ɪɨɛɨɬɿ ɦɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ SST ɡ 
ɤɨɪɢɝɭɜɚɧɧɹɦ ɧɚ ɤɪɢɜɢɡɧɭ ɥɿɧɿɣ ɫɬɪɭɦɭ ɣ ɨɛɟɪ-
ɬɚɧɧɹ ɩɨɬɨɤɭ. Ɇɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɦɿɫɬɢɬɶ ɭ 
ɫɨɛɿ, ɤɪɿɦ ɦɨɞɟɥɿ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ, ɪɿɜɧɹɧɧɹ 
ɇɚɜ’є–ɋɬɨɤɫɚ, ɨɫɟɪɟɞɧɟɧɿ ɡɚ Ɋɟɣɧɨɥɶɞɫɨɦ. ɍ ɪɨ-
ɛɨɬɿ ɨɰɿɧɟɧɨ ɜɩɥɢɜ ɤɨɪɢɝɭɜɚɧɧɹ ɧɚ ɤɪɢɜɢɡɧɭ ɥɿɧɿɣ 
ɫɬɪɭɦɭ ɣ ɨɛɟɪɬɚɧɧɹ ɩɨɬɨɤɭ SST-ɦɨɞɟɥɿ ɬɭɪɛɭɥɟ-
ɧɬɧɨɫɬɿ. ɏɨɱɚ ɫɬɭɩɿɧɶ ɡɚɤɪɭɱɟɧɧɹ ɨɛɪɚɧɢɣ ɹɤ 
ɨɫɧɨɜɧɢɣ ɩɚɪɚɦɟɬɪ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ, ɞɨɫɥɿɞɠɟɧɧɹ 
ɩɨɤɚɡɚɥɢ, ɳɨ ɩɪɢ ɡɦɿɧɿ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ 
ɜɩɥɢɜɚɸɬɶ ɧɚ ɫɬɭɩɿɧɶ ɡɚɤɪɭɱɟɧɧɹ, ɜ ɚɛɫɨɥɸɬɧɢɯ 
ɨɞɢɧɢɰɹɯ ɜɢɦɿɪɭ, ɤɚɪɬɢɧɢ ɬɟɱɿʀ ɦɨɠɭɬɶ ɜɿɞɪɿɡ-
ɧɹɬɢɫɹ, ɳɨ ɜɢɦɚɝɚє ɩɟɜɧɨʀ ɭɜɚɝɢ ɩɿɞ ɱɚɫ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧɧɹ 
ɡɚɤɪɭɱɟɧɢɯ ɬɟɱɿɣ ɿɧɠɟɧɟɪɚɦɢ. ɐɟ ɬɚɤɨɠ ɩɿɞɬɜɟ-
ɪɞɠɭє ɧɟɨɛɯɿɞɧɿɫɬɶ ɫɚɦɨɫɬɿɣɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɢ 
ɡɦɿɧɿ ɪɨɡɦɿɪɿɜ ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ɞɥɹ ɨɰɿɧɤɢ ɫɬɭɩɟɧɹ 
ɡɚɝɚɫɚɧɧɹ ɫɬɪɭɦɟɧɹ ɿ ɲɜɢɞɤɨɫɬɟɣ ɜ ɚɛɫɨɥɸɬɧɢɯ 
ɨɞɢɧɢɰɹɯ. Ɋɨɡɪɚɯɭɧɨɤ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɢɯɨɪɿɜ ɩɪɢ 
ɩɪɨɯɨɞɠɟɧɧɿ ɡɚɤɪɭɱɟɧɨɝɨ ɫɬɪɭɦɟɧɹ ɱɟɪɟɡ ɤɨɧɮɭ-
ɡɨɪ ɩɨɤɚɡɚɜ, ɳɨ ɛɿɥɶɲɢɣ ɤɭɬ ɤɨɧɮɭɡɨɪɧɨɫɬɿ ɩɪɢ-
ɜɨɞɢɬɶ ɞɨ ɛɿɥɶɲɨɝɨ ɫɬɭɩɟɧɹ ɡɚɤɪɭɱɟɧɧɹ ɩɨɬɨɤɭ 
ɧɚ ɜɢɯɨɞɿ ɡ ɧɶɨɝɨ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɤɨɧɮɭɡɨɪɚ ɞɨ-
ɡɜɨɥɹє ɜɢɩɪɹɦɢɬɢ ɩɨɬɿɤ, ɣ ɟɩɸɪɚ ɲɜɢɞɤɨɫɬɿ ɧɚ 
ɜɢɯɨɞɿ ɡ ɤɨɧɮɭɡɨɪɚ ɜɢɝɥɹɞɚє ɹɤ ɟɩɸɪɚ ɲɜɢɞɤɨɫɬɿ 
ɧɟɡɚɤɪɭɱɟɧɨɝɨ ɡɚɬɨɩɥɟɧɨɝɨ ɫɬɪɭɦɟɧɹ. Кɨɪɢɝɭɜɚɧ-
ɧɹ ɦɨɞɟɥɿ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɧɚ ɤɪɢɜɢɡɧɭ ɥɿɧɿɣ 
ɫɬɪɭɦɭ ɣ ɨɛɟɪɬɚɧɧɹ ɩɨɬɨɤɭ ɞɨɡɜɨɥɹє ɞɨɫɢɬɶ 
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ɲɜɢɞɤɨ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɩ'ɸɬɟɪɿɜ ɫɟɪɟɞɧɶɨʀ 
ɩɨɬɭɠɧɨɫɬɿ, ɜɢɡɧɚɱɚɬɢ ɜɫɿ ɨɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɢ ɡɚɤɪɭɱɟɧɨɝɨ ɩɨɬɨɤɭ. 
Клɸɱɨві ɫлɨва: ɡɚɤɪɭɱɟɧɚ ɬɟɱɿɹ, ɤɨɧɮɭɡɨɪ, ɱɢɫɟ-
ɥɶɧɟ ɦɨɞɟɥɸɜɚɧɧɹ, ɬɭɪɛɭɥɟɧɬɧɿɫɬɶ, ɫɬɭɩɿɧɶ ɡɚ-
ɤɪɭɱɟɧɧɹ 
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Numerical studies of the swirling flooded jet flow 

through the confuser 

Problem. Swirling currents are often found and used 

in nature and technology. The variety of tasks en-

countered in the practice of designing vortex devices 

often leads to the need to evaluate the parameters of 

a flooded swirling jet and the need for its numerical 

calculation. Modern methods of experimental and 

numerical research require large expenditures of 

financial resources and time for calculation. Goal. 

Therefore, for engineering purposes, simplified algo-

rithms of justified and adequate models for calculat-

ing flow parameters with minimal computational 

costs are required, which are the SST turbulence 

model investigated in the work, adjusted to rotation 

and curvature. Methodology. The mathematical 

model includes, in addition to the turbulence model, 

the Navier-Stokes equations averaged by Reynolds. 

Results. The influence of the rotation-correction of 

the SST turbulence model is estimated. Although the 

swirl number is chosen as the main parameter for 

comparison, studies have shown that when the main 

parameters affecting the swirl number change in ab-

solute units, the flow patterns may differ, which re-

quires some attention when using the published study 

by engineers. This also confirms the need for inde-

pendent calculations when changing the size of the 

output nozzle to assess the degree of jet attenuation 

and velocities in absolute units. Originality. The cal-

culation of the vortex intensity during the passage of 

the swirling jet through the confuser showed that a 

larger confuser angle leads to a greater degree of 

swirling of the flow at the exit from it. Practical val-

ue. Using a confuser allows to straighten the flow, 

and the velocity distribution at the exit from the con-

fuser looks like the velocity distribution of an un-

twisted flooded jet. The rotation-curvature correction 

allows us to quickly determine all the main charac-

teristics of the swirl flow with the help of medium 

power computers. 

Key words: swirling flows, confuser, numerical simu-

lation, turbulence, swirl number. 
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