
 127 

ȽɊАɎИɑȿɋɄɈȿ ɉɊȿȾɋɌАȼɅȿɇИȿ ɊȿɁɍɅɖɌАɌɈȼ 

ИɋɋɅȿȾɈȼАɇИɃ ɊАɋɉɕɅȿɇИə ɌɈɉɅИȼА ȼ ɁАȾАɑАɏ 

ȼɕɑИɋɅИɌȿɅɖɇɈɃ ȽИȾɊɈȾИɇАɆИɄИ 

Ɇɚɫɥɟɧɧɢɤɨɜ Ⱦɦɢɬɪɢɣ Аɥɟɤɫɚɧɞɪɨɜɢɱ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ⱦɨɧɟɰɤ 

В ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɝɪаɮɢɱɟɫɤɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɪɟɡɭɥɶɬаɬɨɜ ɢɫɫɥɟ-
ɞɨɜаɧɢɣ ɜ ɡаɞаɱаɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɞɢɧаɦɢɤɢ Пɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɧаɭɱɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɱɢɫɥɟɧɧɨɣ ɮɨɪɦɟ ɢ ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɜ ɜɢɞɟ ɝɪаɮɢɱɟɫɤɨɣ 
ɢɧɮɨɪɦаɰɢɢ.  

Ʉɥɸɱеɜые ɫɥɨɜа: ɝɪаɮɢɱɟɫɤɨɟ ɨɬɨɛɪаɠɟɧɢɟ, ɜɵɱɢɫɥɢɬɟɥɶɧаɹ ɝɢɞɪɨɞɢɧаɦɢɤа, 
ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ. 
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ȼɜеɞеɧие 

Мɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɹɜɥɹɸɬɫɹ ɜаɠɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɩɪɟɞɨɩɪɟɞɟɥɹɸɳɢɦ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨ-
ɫɬɢ, ɢ ɜɨɫɬɪɟɛɨɜаɧɵ ɜɨ ɦɧɨɝɢɯ ɨɛɥаɫɬɹɯ ɡɧаɧɢɹ, ɧаɭɤɢ ɢ ɢɧɠɟɧɟɪɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. ɂɯ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜ ɡɧаɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɨɤɪа-
ɬɢɬɶ ɢ ɨɩɬɢɦɢɡɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɢɫɫɥɟɞɨɜаɧɢɹ. А ɤɨɦɩɶɸɬɟɪɧаɹ ɝɪаɮɢɤа 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɫɬаɜɢɬɶ ɪɟɡɭɥɶɬаɬɵ ɧаɭɱɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ, ɜɵɪаɠɟɧɧɵɟ 
ɜ ɱɢɫɥɟɧɧɨɣ ɮɨɪɦɟ, ɜ ɜɢɞɟ ɜɢɡɭаɥɶɧɵɯ ɨɛɪаɡɨɜ. Ƚɪаɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬаɜ-
ɥɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɞаɧɧɵɯ ɨɛɥɟɝɱаɟɬ ɪаɛɨɬɭ ɫ ɢɧɮɨɪɦаɰɢɟɣ. 

В ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧаɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɜ ɢɫɫɥɟɞɨ-
ɜаɧɢɹɯ ɦɟɯаɧɢɤɢ ɠɢɞɤɨɫɬɢ ɩɨɥɭɱɢɥɢ ɦɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢ-
ɪɨɜаɧɢɹ. В ɨɫɧɨɜɧɨɦ ɷɬɨ ɫɜɹɡаɧɨ ɫ ɨɱɟɧɶ ɞɢɧаɦɢɱɧɵɦ ɪаɡɜɢɬɢɟɦ аɩɩа-
ɪаɬɧɵɯ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
ɂɫɩɨɥɶɡɨɜаɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɧа ɧаɱаɥɶɧɵɯ ɷɬаɩаɯ 
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ɩɪɨɟɤɬɢɪɨɜаɧɢɹ ɡɧаɱɢɬɟɥɶɧɨ ɫɧɢɠаɟɬ ɡаɬɪаɬɵ ɢ ɭɫɤɨɪɹɟɬ ɜɧɟɞɪɟɧɢɟ ɧɨ-
ɜɨɝɨ ɪɟɲɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭаɬаɰɢɨɧɧɵɯ ɪаɫɯɨɞɨɜ. 

Пɪɢɦɟɪɨɦ ɩɪɢɦɟɧɟɧɢɹ ɧа ɷɬаɩаɯ ɩɪɨɟɤɬɢɪɨɜаɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢɹ ɹɜɥɹɟɬɫɹ аɜɬɨɦɨɛɢɥɶɧаɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ [1]. Мɨɞɟɥɢ-
ɪɨɜаɧɢɟ ɢ ɜɢɡɭаɥɢɡаɰɢɹ ɪɟɡɭɥɶɬаɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ 
аɷɪɨɞɢɧаɦɢɱɟɫɤɨɝɨ ɨɛɜɟɫа аɜɬɨɦɨɛɢɥɹ, ɢɫɫɥɟɞɭɟɬɫɹ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨ-
ɫɬɟɣ ɢ ɝаɡɨɜ ɜ ɫɢɫɬɟɦаɯ ɞɜɢɝаɬɟɥɹ (ɬɭɪɛɭɥɟɧɬɧɵɣ ɩɨɬɨɤ ɜɧɭɬɪɢ ɤаɦɟɪɵ 
ɫɝɨɪаɧɢɹ, ɬɟɱɟɧɢɟ ɝаɡа ɜ ɜɵɯɥɨɩɧɵɯ ɤɨɥɥɟɤɬɨɪаɯ, ɫɢɫɬɟɦа ɨɯɥаɠɞɟɧɢɹ, 
ɩɪɨɰɟɫɫɵ ɜɩɪɵɫɤа ɢ ɢɫɩаɪɟɧɢɹ ɬɨɩɥɢɜа), ɜɟɧɬɢɥɹɰɢɢ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨ-
ɜаɧɢɹ ɜɨɡɞɭɯа ɫаɥɨɧа, ɫɰɟɩɥɟɧɢɟ ɲɢɧ ɫ ɞɨɪɨɠɧɵɦ ɩɨɤɪɵɬɢɟɦ ɜ ɪаɡɥɢɱ-
ɧɵɯ ɭɫɥɨɜɢɹɯ. 

Вɵɱɢɫɥɢɬɟɥɶɧаɹ ɝɢɞɪɨɞɢɧаɦɢɤа (аɧɝɥ. computational fluid dynamics, 
CFD) – ɩɨɞɪаɡɞɟɥ ɦɟɯаɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, ɜɤɥɸɱаɸɳɢɣ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɮɢɡɢɱɟɫɤɢɯ, ɦаɬɟɦаɬɢɱɟɫɤɢɯ ɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɩɪɟɞɧаɡɧаɱɟɧɧɵɯ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɯаɪаɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɜɢɡɭаɥɢɡаɰɢɢ ɷɬɢɯ 
ɩɪɨɰɟɫɫɨɜ [2]. 

Пɪɨɝɪаɦɦɵ CFD (ɜɵɱɢɫɥɢɬɟɥɶɧаɹ ɝɢɞɪɨɞɢɧаɦɢɤа) ɩɨɡɜɨɥɹɸɬ ɩɪɨ-
ɜɨɞɢɬɶ ɩɨɞɪɨɛɧɵɣ аɧаɥɢɡ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢ ɷɬɨɦ 
ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɛɨɥɶɲɢɯ ɡаɬɪаɬаɯ ɜɪɟɦɟɧɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɷɤɫɩɟ-
ɪɢɦɟɧɬаɥɶɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɹɯ ɜɨ ɜɪɟɦɹ ɰɢɤɥа ɪаɡɪаɛɨɬɤɢ ɢ ɦɨɞɟɪɧɢɡа-
ɰɢɢ. Вɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦаɰɢɸ ɨ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ 
(ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ, ɩɨɥɹ ɞаɜɥɟɧɢɹ), ɞɜɢɠɟɧɢɢ ɬɟɩɥа (ɬɟɦɩɟ-
ɪаɬɭɪɧɨɝɨ ɩɨɥɹ) ɢ ɦаɫɫɵ, а ɬаɤɠɟ ɩɨɥɭɱɢɬɶ ɞɟɬаɥɶɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɷɬɢɯ 
ɩɪɨɰɟɫɫɨɜ. Эɬɨ ɞɨɫɬɢɝаɟɬɫɹ ɩɭɬɟɦ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɣ, ɨɩɢ-
ɫɵɜаɸɳɢɯ ɨɛɦɟɧ ɢɦɩɭɥɶɫɨɦ, ɦаɫɫɵ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛаɥаɧɫа. А ɝɪаɮɢ-
ɱɟɫɤɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɪɟɡɭɥɶɬаɬɨɜ ɢɫɫɥɟɞɨɜаɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱаɟɬ 
ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɧɬɪɨɥɹ ɢ ɥɭɱɲɟɝɨ ɩɨɧɢɦаɧɢɹ ɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨɜ 

Пɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɡɧаɧɢɣ ɨ ɫɥɨɠɧɵɯ ɦɟɯаɧɢɡɦаɯ ɝɢɞɪɨɞɢɧаɦɢɤа 
ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɡа ɫɱɟɬ ɩɪаɜɢɥɶɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ ɩɪɨɜɟɪɤɢ 
ɦɨɞɟɥɟɣ. Ɉɫɧɨɜɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɞɢɧаɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫа ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɫɥɟɞɨɜаɧɵ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ аɧаɥɢɡа ɩɨɬɨɤɨɜ: 

♦ ɰɢɮɪɨɜɨɣ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɢɧɞɢɤаɬɨɪɧɵɯ ɱаɫɬɢɰ, ɤɨɬɨɪɵɣ ɨɫɧɨɜаɧ ɧа ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɣ ɤɨɪɪɟɥɹɰɢɢ 
ɞɜɭɯ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɩɨɬɨɤа; 

♦ ɜɢɡɭаɥɢɡаɰɢɹ ɫɬɪɭɤɬɭɪ ɬɟɱɟɧɢɹ. Цɢɮɪɨɜаɹ ɡаɩɢɫɶ ɢɡɨɛɪаɠɟɧɢɣ 
ɢ ɩɨɫɥɟɞɭɸɳаɹ ɢɯ ɨɛɪаɛɨɬɤа ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɵ ɱаɫɬɢɰ, 
ɜɡɜɟɲɟɧɧɵɯ ɜ ɩɨɬɨɤɟ. Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɫɨɡɞаɟɬɫɹ ɨɛɪаɡ ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤа 
ɢ ɨɛɥɟɝɱаɟɬɫɹ ɢɧɬɟɪɩɪɟɬаɰɢɹ ɨɫɧɨɜɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ. 
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ɂɫɩɨɥɶɡɨɜаɧɢɟ ɷɬɨɣ ɢɧɮɨɪɦаɰɢɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɨɰɟɧɤɢ 
аɞɟɤɜаɬɧɨɫɬɢ ɝɪаɮɢɱɟɫɤɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɪɟɡɭɥɶɬаɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢɹ [7]. 

Ɇɨɞеɥиɪɨɜаɧие ɩɪɨцеɫɫа ɪаɫɩыɥеɧия ɬɨɩɥиɜа 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɩɪɨɰɟɫɫа ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа ɩɪɟɠɞɟ ɜɫɟɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞаɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

CFD-ɦɨɞɟɥɢɪɨɜаɧɢɟ ɢɫɩɨɥɶɡɭɟɬ ɝɟɨɦɟɬɪɢɸ (ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪаɫ-
ɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬа ɨɛɴɟɦа). Мɨɞɟɥɢɪɨɜаɧɢɟ ɩɪɨɰɟɫɫа ɪаɫɩɵɥɟɧɢɹ ɬɨɩ-
ɥɢɜа ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɡаɦɤɧɭɬɨɦ ɨɛɴёɦɟ, ɮɨɪɦа ɤɨɬɨɪɨɝɨ – ɰɢɥɢɧɞɪ ɜɵɫɨ-
ɬɨɣ ɢ ɞɢаɦɟɬɪɨɦ 90 ɦɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɨɪɦɟ ɤаɦɟɪɵ ɫɝɨɪаɧɢɹ. Ɉɛɴ-
ёɦ ɰɢɥɢɧɞɪа ɪаɡɛɢɬ ɧа ɪаɜɧɵɟ ɤɭɛɢɱɟɫɤɢɟ ɹɱɟɣɤɢ ɫ ɞɥɢɧɨɣ ɪɟɛɪа 1 ɦɦ. 
Ⱦɥɹ аɞɟɤɜаɬɧɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɝɪаɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɦɨɞɟɥɶ ɪаɫɩɵ-
ɥɟɧɢɹ ɬɨɩɥɢɜа ɞɨɥɠɧа ɨɯɜаɬɵɜаɬɶ ɦɧɨɝɨɮаɡɨɜɵɟ ɹɜɥɟɧɢɹ ɢ ɬɪɟɛɭɟɬ ɨɞ-
ɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɣ ɞɥɹ ɠɢɞɤɨɣ ɢ ɝаɡɨɜɨɣ ɮаɡɵ. Мɨɞɟɥɶ 
ɩɪɨɰɟɫɫа ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа ɨɫɧɨɜаɧа ɧа ɩɨɞɦɨɞɟɥɹɯ, ɤɨɬɨɪɵɟ ɜ ɡɧаɱɢ-
ɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɸɬ ɧа ɤаɱɟɫɬɜɨ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɩɪɨɰɟɫɫа ɜɩɪɵɫɤа 
ɬɨɩɥɢɜа. ɂɫɩɨɥɶɡɭɟɦаɹ ɦɨɞɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɨɞɦɨɞɟɥɟɣ: 

♦ ɬɭɪɛɭɥɟɧɬɧаɹ ɦɨɞɟɥɶ ɪаɫɩаɞа ɤаɩɟɥɶ ɬɨɩɥɢɜа, 
♦ ɦɨɞɟɥɶ ɢɫɩаɪɟɧɢɹ ɬɨɩɥɢɜа, 
♦ ɦɨɞɟɥɶ ɪаɫɩаɞа ɤаɩɟɥɶ. 
ɂɡ аɧаɥɢɡа ɥɢɬɟɪаɬɭɪɵ [8, 9] ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɩɨɞɦɨ-

ɞɟɥɢ ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа: 
♦ ɬɭɪɛɭɥɟɧɬɧаɹ ɦɨɞɟɥɶ ɪаɫɩаɞа ɤаɩɟɥɶ ɬɨɩɥɢɜа – ɫɬɨɯаɫɬɢɱɟɫɤаɹ 

ɦɨɞɟɥɶ, 
♦ ɦɨɞɟɥɶ ɢɫɩаɪɟɧɢɹ ɬɨɩɥɢɜа – ɦɨɞɟɥɶ Ⱦɭɤɨɜɢɱа, 
♦ ɦɨɞɟɥɶ ɪаɫɩаɞа ɤаɩɟɥɶ – KHRT (ɦɨɞɟɥɶ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ 

Кɟɥɶɜɢɧа–Ƚɟɥɶɦɝɨɥɶɰа (KH) ɢ ɪаɫɩɪɟɞɟɥɟɧɢɟ Ɋɷɥɟɹ–Ɍɟɣɥɨɪа (RɌ)). 
Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɜɢɡɭаɥɶɧɨɟ ɨɬɨɛɪаɠɟɧɢɟ ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа ɭɱɢ-

ɬɵɜаɟɬ ɞɜɢɠɟɧɢɟ ɢ ɪаɫɩаɞ ɤаɩɟɥɶ ɬɨɩɥɢɜа, ɜɥɢɹɧɢɟ ɧа ɷɬɨɬ ɩɪɨɰɟɫɫ 
ɜɧɟɲɧɢɯ ɫɢɥ. Пɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɦɨɞɟɥɢ KHRT ɩɪɟɞɩɨɥаɝаɟɬɫɹ, ɱɬɨ 
ɢɧɠɟɤɬɨɪ ɨɛɪаɡɭɟɬ ɤɨɧɢɱɟɫɤɭɸ ɫɬɪɭɸ. 

Пɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɦɨɞɟɥɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥɹ ɦɨɞɟɥɢɪɨɜа-
ɧɢɹ ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа ɜ ɛɟɧɡɢɧɨɜɨɦ ȾВɋ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɩɪɵ-
ɫɤɨɦ ɜ ɤаɦɟɪɭ ɫɝɨɪаɧɢɹ. Вɟɪɢɮɢɤаɰɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɜɵɩɨɥɧɟ-
ɧа ɧа ɨɫɧɨɜаɧɢɢ ɨɩɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜаɧɢɣ [11]. 

Ⱦɥɹ ɧаɝɥɹɞɧɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢɹ ɢ аɧаɥɢɡа ɪɟɡɭɥɶɬаɬɵ ɱɢɫɥɟɧɧɨɝɨ 
ɪɟɲɟɧɢɹ ɩɪɨɰɟɫɫа ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа ɩɪɟɞɫɬаɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɝɪаɮɢ-
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ɤɨɜ, ɰɜɟɬɧɵɯ ɩɨɥɟɣ ɪаɫɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢɥɢ ɜɟɤɬɨɪɧɵɯ ɩɨɥɟɣ, 

ɥɢɧɢɣ ɬɨɤа, ɱɢɫɥɨɜɵɯ ɡɧаɱɟɧɢɣ ɩаɪаɦɟɬɪɨɜ ɜ ɡаɞаɧɧɵɯ ɨɛɥаɫɬɹɯ, ɬɪɟɯ-
ɦɟɪɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫа. Ɏɨɪɦа ɝɪаɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬаɜɥɟɧɢɹ ɪɟɡɭɥɶɬа-
ɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢɹ ɞɨɥɠɧа ɧаɢɥɭɱɲɢɦ ɨɛɪаɡɨɦ ɨɬɪа-
ɠаɬɶ ɮɢɡɢɱɟɫɤɭɸ ɫɭɳɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɇɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬаɬɵ ɦɨɞɟɥɢɪɨɜаɧɢɹ, ɫɜɹɡаɧɧɵɟ ɫ ɮɢɡɢɱɟɫɤɨɣ ɤаɪ-
ɬɢɧɨɣ ɩɪɨɬɟɤаɸɳɢɯ ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɨɤаɡаɧɵ ɧа ɪɢɫ. 1–4. 

ɇа ɪɢɫ. 1 ɩɨɤаɡаɧа ɬɪɟɯɦɟɪɧаɹ ɦɨɞɟɥɶ ɪаɫɩɪɟɞɟɥɟɧɢɹ ɤаɩɟɥɶ ɪаɫ-
ɩɵɥɟɧɧɨɝɨ ɬɨɩɥɢɜа ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢɹ. Ⱦɥɹ ɧаɝɥɹɞɧɨɫɬɢ ɝɪаɮɢɱɟɫɤɨɝɨ 
ɨɬɨɛɪаɠɟɧɢɹ ɩɪɨɰɟɫɫа ɢɫɩаɪɟɧɢɹ ɬɨɩɥɢɜа ɝɪаɞɢɟɧɬɵ ɩɨɤаɡɵɜаɸɬ ɪаɫ-
ɩɪɟɞɟɥɟɧɢɟ ɞɢаɦɟɬɪа ɤаɩɟɥɶ. 

 

Ɋɢɫ. 1. Ɍɪɟɯɦɟɪɧаɹ ɦɨɞɟɥɶ, ɩɨɤаɡɵɜаɸɳаɹ ɪаɫɩɪɟɞɟɥɟɧɢɟ  
ɤаɩɟɥɶ ɪаɫɩɵɥɟɧɧɨɝɨ ɬɨɩɥɢɜа 

Мɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧаɝɥɹɞɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜаɬɶ ɩɪɨɰɟɫɫ ɪаɫɩɵ-

ɥɟɧɢɹ ɬɨɩɥɢɜа ɩɪɢ ɩɨɦɨɳɢ ɬɪɟɯɦɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤа ɜɨɡɞɭɯа (ɪɢɫ. 2). 

ɇа ɪɢɫ. 3 ɩɨɤаɡаɧɨ ɜɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢɹ 
ɜ ɦɨɦɟɧɬ ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа. Аɧаɥɢɡ ɷɬɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɫɬɟɩɟɧɶ ɜɡаɢɦɨɞɟɣɫɬɜɢɹ ɬɨɩɥɢɜа ɫ ɜɨɡɞɭɯɨɦ. Ɂаɜɢɯɪɟɧɢɹ ɧа ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɬɨɩɥɢɜɧɨɣ ɫɬɪɭɢ ɜɥɢɹɸɬ ɧа ɫɤɨɪɨɫɬɶ ɢɫɩаɪɟɧɢɹ ɤаɩɟɥɶ ɢ ɩɪɨɰɟɫɫɵ 

ɩɟɪɟɦɟɲɢɜаɧɢɹ. 
Пɨɫɥɟ ɡаɜɟɪɲɟɧɢɹ ɜɩɪɵɫɤа ɪаɫɩɪɟɞɟɥɟɧɢɟ ɬɨɩɥɢɜа ɜ ɤаɦɟɪɟ ɫɝɨ-

ɪаɧɢɹ ɧɟɪаɜɧɨɦɟɪɧɨɟ, ɷɬɨ ɩɨɤаɡаɧɨ ɧа ɪɢɫ. 4. Мɨɠɧɨ ɜɵɞɟɥɢɬɶ ɨɛɥаɫ-
ɬɢ ɫ ɪаɡɥɢɱɧɵɦ λ-ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤа ɜɨɡɞɭɯа ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲ-

ɧɨɣ ɫɦɟɫɢ. 
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Ɋɢɫ. 2. Пɪɨɰɟɫɫ ɪаɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜа (ɬɪɟɯɦɟɪɧɨаɹ ɩɨɜɟɪɯɧɨɫɬɶ  
ɫ ɩɨɫɬɨɹɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤа ɜɨɡɞɭɯа) 

         

Ɋɢɫ. 3. Вɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢɹ 

 

Ɋɢɫ. 4. Ɋаɫɩɪɟɞɟɥɟɧɢɟ ɬɨɩɥɢɜа ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢɹ 
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ɂɡ ɜɫɟɝɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɪа-
ɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɞаɧɧɵɯ ɡаɱаɫɬɭɸ ɫɬаɧɨɜɢɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ, ɫɩɨɫɨɛɧɵɦ ɩɪɨɹɫɧɢɬɶ ɫɭɬɶ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫа. 

Вɵɱɢɫɥɢɬɟɥɶɧаɹ ɝɢɞɪɨɞɢɧаɦɢɤɢ (Computational fluid dynamics) ɩɨ-
ɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜаɬɶ ɯɢɦɢɱɟɫɤɢɟ ɢ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. 

Кɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɢ ɝɪаɮɢɱɟɫɤɨɟ ɨɬɨɛɪаɠɟɧɢɟ ɪɟ-
ɡɭɥɶɬаɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɤɨɝɞа ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɧаɛɥɸɞɟɧɢɟ ɡа ɩɨɜɟ-
ɞɟɧɢɟɦ ɨɛɴɟɤɬа ɧɟ ɩɪɟɞɫɬаɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɢɥɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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