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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɛɸɞɠɟɬɧɨɦ ɭɱɪɟɠɞɟɧɢɢ 

ɧɚɭɤɢ Ɉɛɴɟɞɢɧɟɧɧɨɦ ɢɧɫɬɢɬɭɬɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 

ɇɚɭɱɧɵɣ 

ɪɭɤɨɜɨɞɢɬɟɥɶ: 

Ɋɚɡɭɜɚɧɨɜ ɇɢɤɢɬɚ Ƚɟɨɪɝɢɟɜɢɱ  

ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɜɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
ɥɚɛɨɪɚɬɨɪɢɢ №5 ɎȽȻɍɇ «Ɉɛɴɟɞɢɧёɧɧɵɣ ɢɧɫɬɢɬɭɬ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ», ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
ɤɚɮɟɞɪɵ ɂɧɠɟɧɟɪɧɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɢɦ. ȼ.Ⱥ. Ʉɢɪɢɥɥɢɧɚ 
ɎȽȻɈɍ ȼɈ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ «Ɇɗɂ». 

Ɉɮɢɰɢɚɥɶɧɵɟ 
ɨɩɩɨɧɟɧɬɵ: 

 

 

 

 

 

 

 

 

 

 

ȼɟɞɭɳɚɹ 

ɨɪɝɚɧɢɡɚɰɢɹ: 

 

 

Ɂɚɳɢɬɚ ɫɨɫɬɨɢɬɫɹ «  » ɞɟɤɚɛɪɹ 2026 ɝ. ɜ «  » ɱɚɫɨɜ ɧɚ ɡɚɫɟɞɚɧɢɢ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 24.1.193.01 (Ⱦ 002.110.102) ɫɨɡɞɚɧɧɨɝɨ ɧɚ ɛɚɡɟ 
Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɧɚɭɤɢ Ɉɛɴɟɞɢɧɟɧɧɨɝɨ 
ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɨ ɚɞɪɟɫɭ 125412, ɝ. Ɇɨɫɤɜɚ, ɂɠɨɪɫɤɚɹ ɭɥ., ɞ. 13, 

ɫɬɪ. 2. 

ɋ ɞɢɫɫɟɪɬɚɰɢɟɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɛɢɛɥɢɨɬɟɤɟ ɢ ɧɚ ɫɚɣɬɟ 
Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɧɚɭɤɢ Ɉɛɴɟɞɢɧɟɧɧɨɝɨ 
ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ: jiht.ru/science/dissert-council/. 

Ɉɬɡɵɜɵ ɧɚ ɚɜɬɨɪɟɮɟɪɚɬ ɜ ɞɜɭɯ ɷɤɡɟɦɩɥɹɪɚɯ, ɡɚɜɟɪɟɧɧɵɟ ɝɟɪɛɨɜɨɣ ɩɟɱɚɬɶɸ, 

ɩɪɨɫɶɛɚ ɧɚɩɪɚɜɥɹɬɶ ɩɨ ɚɞɪɟɫɭ: 125412, ɝ. Ɇɨɫɤɜɚ, ɂɠɨɪɫɤɚɹ ɭɥ., ɞ. 13, ɫɬɪ. 2, ɧɚ 
ɢɦɹ ɭɱɟɧɨɝɨ ɫɟɤɪɟɬɚɪɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ.  

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɚɡɨɫɥɚɧ «___» ______  2026 ɝ. 
ɍɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 24.1.193.01 

(Ⱦ 002.110.02) ɤ. ɮ-ɦ. ɧ. 

 

Ⱥ.ȼ.Ɍɢɦɨɮɟɟɜ 



3 

ɈȻЩȺə ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊȺȻɈɌɕ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 

ɀɢɞɤɢɟ ɦɟɬɚɥɥɵ (ɀɆ) ɢ ɫɨɥɟɜɵɟ ɪɚɫɩɥɚɜɵ ɚɤɬɢɜɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɜɚɪɢɚɧɬɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɬɟɪɦɨɹɞɟɪɧɵɯ ɭɫɬɚɧɨɜɨɤ. ȼ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɩɪɨɟɤɬɟ ɂɌɗɊ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 
ɚɩɪɨɛɚɰɢɹ ɦɨɞɭɥɟɣ ɫ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɦ ɨɯɥɚɠɞɟɧɢɟɦ. ɉɚɪɚɥɥɟɥɶɧɨ 
ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɨɟɤɬɵ ɝɢɛɪɢɞɧɵɯ ɬɟɪɦɨɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ (ɌəɊ) - 

ɬɟɪɦɨɹɞɟɪɧɵɟ ɢɫɬɨɱɧɢɤɢ ɧɟɣɬɪɨɧɨɜ (Ɍɂɇ), ɝɞɟ ɀɆ ɢ ɪɚɫɩɥɚɜɵ ɫɨɥɟɣ ɹɜɥɹɸɬɫɹ 
ɨɫɧɨɜɧɵɦɢ ɫɪɟɞɚɦɢ ɞɥɹ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɛɥɚɧɤɟɬɚ ɢ ɞɢɜɟɪɬɨɪɨɜ. 

Ɋɬɭɬɶ ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɨɣ ɦɨɞɟɥɶɧɨɣ ɫɪɟɞɨɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɨɬɨɤɚɯ. Ȼɥɚɝɨɞɚɪɹ ɬɟɨɪɢɢ 

ɩɨɞɨɛɢɹ ɢ ɩɪɢɦɟɧɟɧɢɸ ɡɨɧɞɨɜɵɯ ɦɟɬɨɞɨɜ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɪɬɭɬɢ, 

ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ ɞɪɭɝɢɟ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɢ. 

Ʉɨɧɫɬɪɭɤɰɢɢ ɛɥɚɧɤɟɬɚ ɜ ɂɌɗɊ ɢ ɜ Ɍɂɇ ɫɨɞɟɪɠɚɬ ɪɚɡɜɟɬɜɥёɧɧɵɟ ɫɢɫɬɟɦɵ 

ɤɚɧɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɱɚɫɬɤɢ ɫ ɜɧɟɡɚɩɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ, ɧɚ ɤɨɬɨɪɨɦ ɯɚɪɚɤɬɟɪɧɨ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɯɨɞɨɦ ɤ ɪɚɡɜɢɬɨɦɭ 
ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɬɟɱɟɧɢɸ ɜ ɤɚɧɚɥɟ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ 
ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɚɤɨɝɨ ɬɢɩɚ ɬɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɢɡɭɱɟɧɢɹ ɷɮɮɟɤɬɨɜ 
ɦɚɝɧɢɬɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ (ɆȽȾ) ɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɤɚɮɟɞɪɵ ɢɧɠɟɧɟɪɧɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɇɂɍ Ɇɗɂ. 

ɇɚ ɷɬɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɬɢɩɵ ɬɟɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɧɟ 
ɩɨɞɜɟɪɝɚɥɢɫɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ. 

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɡɭɱɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ 

ɩɨɥɟ (ɉɆɉ) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɪɚɧɟɟ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɨɛɫɭɠɞɚɟɦɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɜ ɪɚɦɤɚɯ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ № 075-00270-26-00.  

ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ. Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɢ ɬɟɩɥɨɨɛɦɟɧ ɀɆ ɜ 
ɤɪɭɝɥɨɣ ɬɪɭɛɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢɡɭɱɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ: 
ɢɦɟɸɬɫɹ ɧɚɞёɠɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɹɯ [1, 2], ɚ 
ɬɚɤɠɟ ɞɚɧɧɵɟ ɩɨ ɜɥɢɹɧɢɸ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ [3]. ȼɥɢɹɧɢɟ ɉɆɉ 

ɧɚ ɬɟɱɟɧɢɟ ɜ ɬɪɭɛɟ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ɪɹɞɟ ɪɚɛɨɬ [4, 5]: ɩɨɤɚɡɚɧɨ, ɱɬɨ ɉɆɉ 

ɩɨɞɚɜɥɹɟɬ ɬɭɪɛɭɥɟɧɬɧɵɟ ɩɭɥɶɫɚɰɢɢ, ɡɚɬɹɝɢɜɚɟɬ ɥɚɦɢɧɚɪɧɨ-ɬɭɪɛɭɥɟɧɬɧɵɣ 

ɩɟɪɟɯɨɞ ɢ ɫɧɢɠɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼɥɢɹɧɢɟ ɉɆɉ 

ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɜ ɤɪɭɝɥɨɣ ɬɪɭɛɟ ɢɫɫɥɟɞɨɜɚɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
[6, 7]; ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ ɬɟɩɥɨɨɬɞɚɱɚ ɫɧɢɠɚɟɬɫɹ, ɚ ɩɪɢ 
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ɨɩɪɟɞɟɥёɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɩɭɥɶɫɚɰɢɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɚɧɨɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɵ [8]. Ɉɞɧɚɤɨ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɪɚɛɨɬɵ 

ɜɵɩɨɥɧɟɧɵ ɥɢɛɨ ɩɪɢ ɜɵɧɭɠɞɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɛɟɡ ɨɛɨɝɪɟɜɚ ɫɬɟɧɤɢ, ɥɢɛɨ ɞɥɹ 
ɨɩɭɫɤɧɵɯ ɬɟɱɟɧɢɣ; ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɨɞɴёɦɧɨɦɭ 

ɬɟɱɟɧɢɸ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɞɟɣɫɬɜɢɢ 

ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɨɬɫɭɬɫɬɜɭɸɬ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɚɧɚɥɶɧɵɯ ɬɟɱɟɧɢɣ, ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɡɚɬɨɩɥɟɧɧɵɯ ɫɬɪɭɣ ɀɆ 

ɜ ɉɆɉ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɦ ɨɛɴёɦɟ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɡɚɬɨɩɥɟɧɧɵɯ ɫɬɪɭɣ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɜɨɡɞɭɯɚ ɢɥɢ ɜɨɞɵ ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴёɦɟ 
[9]. ɂɦɟɸɳɢɟɫɹ ɪɚɛɨɬɵ ɩɨ ɆȽȾ-ɫɬɪɭɹɦ [10-12] ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɵɯ 
ɞɢɚɩɚɡɨɧɨɜ ɩɚɪɚɦɟɬɪɨɜ ɢ ɧɟ ɜɤɥɸɱɚɸɬ ɞɟɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɵɯ 
ɩɨɥɟɣ ɫɤɨɪɨɫɬɢ ɢ ɩɭɥɶɫɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɤɚɧɚɥɟ ɫ ɜɧɟɡɚɩɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɩɪɢ ɧɚɥɢɱɢɢ ɩɪɨɞɨɥɶɧɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ – ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢ 

ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɩɨɞɴɟɦɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
(ɪɬɭɬɢ) ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ, ɚ ɬɚɤɠɟ ɢɡɭɱɢɬɶ ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɡɚɬɨɩɥɟɧɧɨɣ 

ɫɬɪɭɢ ɀɆ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɭɫɬɚɧɨɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɟɱɟɧɢɹ ɢ 

ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɪɚɫɱёɬɧɭɸ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɚ ɡɚɞɚɱ.  
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɉɨɞɝɨɬɨɜɤɚ ɢ ɦɨɞɟɪɧɢɡɚɰɢɹ ɪɬɭɬɧɨɝɨ ɫɬɟɧɞɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɤɚɮɟɞɪɟ 
ɂɧɠɟɧɟɪɧɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɇɂɍ Ɇɗɂ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɴɟɦɧɨɝɨ ɬɟɱɟɧɢɹ 
ɀɆ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ 

ɜ ɨɬɫɭɬɫɬɜɢɟ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 
2. ɂɡɝɨɬɨɜɥɟɧɢɟ ɡɨɧɞɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɥɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɬɪɭɛɟ ɩɪɢ ɩɨɞɴɟɦɧɨɦ ɬɟɱɟɧɢɢ ɀɆ. Ɋɚɡɪɚɛɨɬɤɚ 
ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɢɤɪɨɬɟɪɦɨɩɚɪɧɨɝɨ ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɤɨɧɞɭɤɰɢɨɧɧɨɝɨ ɡɨɧɞɚ 
ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ (ɩɪɨɞɨɥɶɧɨɣ, ɪɚɞɢɚɥɶɧɨɣ ɢ 

ɚɡɢɦɭɬɚɥɶɧɨɣ) ɜ ɩɨɬɨɤɟ ɫ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɟɣ. 

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɩɨɞɴɟɦɧɨɦ ɬɟɱɟɧɢɢ ɀɆ 

ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɪɭɛɟ, ɚ ɬɚɤɠɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɩɪɢ 

ɧɚɥɨɠɟɧɢɢ ɉɆɉ ɢ ɩɪɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ. ɉɨɥɭɱɟɧɢɟ ɩɨɞɪɨɛɧɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɨɫɪɟɞɧёɧɧɵɯ ɩɨɥɟɣ ɫɤɨɪɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɯ ɩɭɥɶɫɚɰɢɣ. 

4. ȼɵɩɨɥɧɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɬɟɱɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ, 
ɛɥɢɡɤɢɯ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɨɜ RANS ɢ 
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ɝɢɛɪɢɞɧɨɝɨ ɦɟɬɨɞɚ ɤɪɭɩɧɵɯ ɜɢɯɪɟɣ KDES ɫ ɰɟɥɶɸ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ 

ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 

5. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ ɜ 
ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ ɉɆɉ ɢ ɛɟɡ ɧɟɝɨ. 
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. ȼɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɨɧɞɨɜɨɣ 

ɦɟɬɨɞɢɤɢ ɢɡɦɟɪɟɧɢɣ ɭɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɩɨɞɴɟɦɧɨɦ 

ɬɟɱɟɧɢɢ ɀɆ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɉɆɉ. ȼɩɟɪɜɵɟ 
ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɨɛɧɚɪɭɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɮɮɟɤɬɵ: 

1. ɜ ɨɬɫɭɬɫɬɜɢɟ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɉɆɉ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ ɇɭɫɫɟɥɶɬɚ ɜ ɭɫɥɨɜɢɹɯ 

ɫɦɟɲɚɧɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ Pe≥400 

ɫɧɢɠɚɸɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɜɢɬɵɦ ɬɭɪɛɭɥɟɧɬɧɵɦ ɬɟɱɟɧɢɟɦ ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɜɥɢɹɧɢɹ ɝɪɚɜɢɬɚɰɢɢ, ɚ ɩɪɢ ɦɚɥɵɯ Pe≤400 ɩɨɜɵɲɚɸɬɫɹ;  

2. ɟɫɥɢ ɩɪɢ ɦɚɥɵɯ Re (10500) ɜ ɉɆɉ (Ha≤460) ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɩɨɞɚɜɥɹɟɬɫɹ, 
ɬɨ ɩɪɢ ɛɨɥɶɲɢɯ Re (30400 – 51000) ɜ ɉɆɉ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ 
ɨɛɧɚɪɭɠɟɧ ɪɨɫɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɥɶɫɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɫɱёɬ 
ɩɨɞɚɜɥɟɧɢɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢ ɭɫɢɥɟɧɢɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɝɨɬɨɜɥɟɧ ɨɪɢɝɢɧɚɥɶɧɵɣ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɤɨɧɞɭɤɰɢɨɧɧɵɣ ɡɨɧɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɢɡɦɟɪɹɬɶ ɬɪɢ ɤɨɦɩɨɧɟɧɬɵ 

ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
ȼɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɨɧɞɨɜɨɣ ɦɟɬɨɞɢɤɢ ɭɫɬɚɧɨɜɥɟɧɵ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɀɆ ɜ ɉɆɉ. ȼɩɟɪɜɵɟ ɜ ɷɬɢɯ 

ɭɫɥɨɜɢɹɯ ɨɛɧɚɪɭɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɮɮɟɤɬɵ: 

1. ɫ ɪɨɫɬɨɦ Ha ɨɬ 0 ɞɨ 125 ɪɚɫɲɢɪɟɧɢɟ ɫɬɪɭɢ ɡɚɦɟɞɥɹɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɨɫɟɜɚɹ 
ɫɤɨɪɨɫɬɶ ɫɬɪɭɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨɛɭɫɥɚɜɥɢɜɚɹ ɪɨɫɬ ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɢɧɵ 

ɫɬɪɭɢ; 

2. ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɉɆɉ ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɫɬɪɭɟɣ ɢ ɨɤɪɭɠɚɸɳɟɣ ɠɢɞɤɨɫɬɶɸ 

ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɨɣ, ɫɬɪɭɹ ɫɨɯɪɚɧɹɟɬ ɤɨɦɩɚɤɬɧɭɸ ɮɨɪɦɭ ɩɪɢ 

ɭɞɚɥɟɧɢɢ ɨɬ ɫɪɟɡɚ, ɚ ɚɛɫɨɥɸɬɧɵɣ ɭɪɨɜɟɧɶ ɩɭɥɶɫɚɰɢɣ ɫɧɢɠɚɟɬɫɹ; 
3. ɜɵɹɜɥɟɧɚ ɤɚɱɟɫɬɜɟɧɧɨ ɜɵɪɚɠɟɧɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɩɭɥɶɫɚɰɢɹɦɢ 

ɩɨɩɟɪɟɱɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ; 

4. ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɉɆɉ ɨɛɧɚɪɭɠɟɧɚ ɡɚɤɪɭɬɤɚ 
ɫɬɪɭɢ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ Re = 10000 – 36000 ɢ ɱɢɫɟɥ Ƚɚɪɬɦɚɧɚ 
Ha = 42 – 125.  

ɉɨɤɚɡɚɧɚ ɨɝɪɚɧɢɱɟɧɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ RANS-ɦɨɞɟɥɢ ɤ ɜɥɢɹɧɢɸ ɉɆɉ ɧɚ 
ɨɫɪɟɞɧɟɧɧɨɟ ɬɟɱɟɧɢɟ, ɬɨɝɞɚ ɤɚɤ ɝɢɛɪɢɞɧɵɣ ɩɨɞɯɨɞ KDES ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɞɥɹ 
ɢɧɠɟɧɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɞɚɱ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ.  ɉɪɢ Re = 10000 ɱɢɫɥɟɧɧɨ 
ɨɛɧɚɪɭɠɟɧ ɷɮɮɟɤɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɬɟɥɚ ɫɬɪɭɢ ɩɪɢ Ha = 180. ɉɪɢ 
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ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ ɞɨ Ha = 210 ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɩɟɪɢɨɞɢɱɟɫɤɢɯ 
ɫɦɟɳɟɧɢɣ ɬɟɥɚ ɫɬɪɭɢ ɜ ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɨɫɹɬ ɤɚɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ, ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɟ 
ɡɧɚɱɟɧɢɟ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɪɚɫɱёɬɟ ɞɚɧɧɵɟ ɩɨ ɩɨɥɹɦ ɫɤɨɪɨɫɬɢ, 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɭɥɶɫɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆȽȾ-ɬɟɱɟɧɢɣ.  Ɂɨɧɞɨɜɚɹ ɦɟɬɨɞɢɤɚ ɢ ɨɪɢɝɢɧɚɥɶɧɵɣ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɤɨɧɞɭɤɰɢɨɧɧɵɣ ɡɨɧɞ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɆȽȾ-ɬɟɱɟɧɢɣ ɀɆ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɍɫɬɚɧɨɜɥɟɧɧɵɟ 
ɜ ɪɚɛɨɬɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɥɚɧɤɟɬɨɜ ɢ 

ɞɢɜɟɪɬɨɪɨɜ ɬɟɪɦɨɹɞɟɪɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɂɌɗɊ, DEMO, ɝɢɛɪɢɞɧɵɯ ɌəɊ, Ɍɂɇ) ɞɥɹ 
ɤɨɪɪɟɤɬɧɨɣ ɨɰɟɧɤɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɩɭɥɶɫɚɰɢɨɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ɉɛɨɫɧɨɜɚɧɧɚɹ 
ɪɟɤɨɦɟɧɞɚɰɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɢɛɪɢɞɧɵɣ ɩɨɞɯɨɞ KDES ɜɦɟɫɬɨ RANS ɞɚёɬ 
ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱёɬɨɜ ɩɨɞɨɛɧɵɯ ɬɟɱɟɧɢɣ, 

ɩɨɡɜɨɥɹɹ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɚ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬɚɯ. 
Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɪɬɭɬɧɨɦ ɫɬɟɧɞɟ ɤɚɮɟɞɪɵ ɢɧɠɟɧɟɪɧɨɣ 

ɬɟɩɥɨɮɢɡɢɤɢ ɇɂɍ Ɇɗɂ [13, 14]. ɂɡɦɟɪɟɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɞɜɭɯ ɬɢɩɨɜ ɡɨɧɞɨɜ: ɩɨɝɪɭɠɧɨɝɨ ɡɨɧɞɚ ɬɢɩɚ «ɝɪɟɛɟɧɤɚ» ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɥɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ [15] ɢ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɤɨɪɪɟɥɹɰɢɨɧɧɨ-
ɤɨɧɞɭɤɰɢɨɧɧɨɝɨ ɡɨɧɞɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɪёɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɜ ɡɚɬɨɩɥɟɧɧɨɣ 

ɫɬɪɭɟ. ɉɪɨɞɨɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɜɪɟɦɟɧɢ 

ɡɚɞɟɪɠɤɢ ɫɢɝɧɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɬɟɪɦɨɩɚɪɚɦɢ, ɩɨɩɟɪɟɱɧɚɹ ɢ ɚɡɢɦɭɬɚɥɶɧɚɹ 
ɤɨɦɩɨɧɟɧɬɵ — ɤɨɧɞɭɤɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ 
ɷɥɟɤɬɪɨɞɚɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɜ ɞɢɚɩɚɡɨɧɟ Re = 

10500 – 50100, Ha = 0 – 460 ɞɥɹ ɬɪɭɛɵ ɢ Re = 10000–72000, Ha = 0 – 125 ɞɥɹ 
ɫɬɪɭɢ. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɤɨɞɟ ANES20XE [16] ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ RANS (ɦɨɞɟɥɶ k–ω) ɢ ɝɢɛɪɢɞɧɨɣ LES-ɦɨɞɟɥɢ KDES [17]. 

Ɋɚɫɱёɬɵ KDES ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ ɝɟɧɟɪɚɬɨɪɨɦ 

ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ PIG [18].  

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ:  
1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ 

ɩɨɞɴёɦɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ 
ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ: ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ ɇɭɫɫɟɥɶɬɚ ɜ ɭɫɥɨɜɢɹɯ 

ɫɦɟɲɚɧɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ ɉɟɤɥɟ (Pe ≥ 400) 

ɫɧɢɠɚɸɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɜɢɬɵɦ ɬɭɪɛɭɥɟɧɬɧɵɦ ɬɟɱɟɧɢɟɦ ɛɟɡ ɭɱёɬɚ 
ɝɪɚɜɢɬɚɰɢɢ, ɚ ɩɪɢ ɦɚɥɵɯ (Pe ≤ 400) — ɩɨɜɵɲɚɸɬɫɹ; ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ 
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Ɋɟɣɧɨɥɶɞɫɚ (Re = 10500) ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɨɞɚɜɥɹɟɬ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɜɨ 
ɜɫёɦ ɫɩɟɤɬɪɟ ɱɚɫɬɨɬ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɛɨɥɶɲɢɯ (Re = 30400 – 50100) ɫ ɪɨɫɬɨɦ 

ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ (Ha ≤ 460) ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɢɥɟɧɢɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɭɥɶɫɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɵ ɩɨɥɹ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ; ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ (Ha = 0 – 125) ɷɮɮɟɤɬɢɜɧɚɹ 
ɞɥɢɧɚ ɫɬɪɭɢ ɜɨɡɪɚɫɬɚɟɬ ɫ 15d1 ɞɨ 25d1; ɨɛɧɚɪɭɠɟɧɚ ɡɚɤɪɭɬɤɚ ɫɬɪɭɢ ɫ 
ɚɡɢɦɭɬɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ Va ≤ 0.1V0 ɜ ɞɢɚɩɚɡɨɧɟ Re = 10000 – 36000 ɢ Ha = 

42–125. 

3. RANS-ɩɨɞɯɨɞ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɢ k–ω ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɧɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɥɢɹɧɢɸ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ 
ɨɫɪɟɞɧёɧɧɨɟ ɬɟɱɟɧɢɟ ɢ ɞɚёɬ ɤɚɱɟɫɬɜɟɧɧɨ ɧɟɜɟɪɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɪɢ z/d2 < 3 

ɞɥɹ ɫɬɪɭɢ, ɬɨɝɞɚ ɤɚɤ ɝɢɛɪɢɞɧɚɹ ɦɨɞɟɥɶ KDES ɨɛɥɚɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬ 
ɨɫɧɨɜɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɨɥɹɦ ɫɤɨɪɨɫɬɢ ɢ ɩɭɥɶɫɚɰɢɹɦ. 

4. ɑɢɫɥɟɧɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ KDES ɩɪɢ Re = 10000 ɨɛɧɚɪɭɠɟɧɵ 

ɷɮɮɟɤɬɵ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɬɟɥɚ ɫɬɪɭɢ ɩɪɢ Ha = 180 ɢ 

ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɩɨɩɟɪɟɱɧɵɯ ɫɦɟɳɟɧɢɣ ɫɬɪɭɢ ɩɪɢ Ha = 210 ɢ 250. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɚɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɡɨɧɞɨɜɨɣ ɦɟɬɨɞɢɤɢ ɢɡɦɟɪɟɧɢɣ, 

ɭɫɩɟɲɧɨ ɩɪɨɲɟɞɲɟɣ ɩɪɨɜɟɪɤɭ ɜ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɚ ɤɚɮɟɞɪɟ 
ɂɧɠɟɧɟɪɧɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɇɂɍ «Ɇɗɂ» ɢ ɜ ɎȽȻɍɇ ɈɂȼɌ ɊȺɇ, ɚ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɜɟɪɟɧɧɵɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɫɛɨɪɚ ɞɚɧɧɵɯ. ȼɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɢ ɢɯ ɫɨɝɥɚɫɢɟ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɚɞёɠɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɜɵɜɨɞɨɜ. 
Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱёɬɨɜ ɨɛɨɫɧɨɜɚɧɚ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɫɟɬɨɱɧɨɣ ɫɯɨɞɢɦɨɫɬɢ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ:  
1. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɍɟɩɥɨɮɢɡɢɤɚ ɪɟɚɤɬɨɪɨɜ ɧɨɜɨɝɨ 

ɩɨɤɨɥɟɧɢɹ» (ɝ. Ɉɛɧɢɧɫɤ, 2022 ɝ.).  
2. 8-ɣ Ɋɨɫɫɢɣɫɤɨɣ ɧɚɰɢɨɧɚɥɶɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɬɟɩɥɨɨɛɦɟɧɭ (ɊɇɄɌ-8); 

ɎȽȻɈɍ ȼɈ «ɇɂɍ «Ɇɗɂ» (ɝ. Ɇɨɫɤɜɚ, 2022 ɝ.). 
3. XXIV ɒɤɨɥɟ-ɫɟɦɢɧɚɪɟ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨɞ 

ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɤɚɞɟɦɢɤɚ Ⱥ.ɂ. Ʌɟɨɧɬɶɟɜɚ «ɉɪɨɛɥɟɦɵ ɝɚɡɨɞɢɧɚɦɢɤɢ ɢ 

ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ» (Ʉɚɡɚɧɶ, 2023 ɝ.).  
4. III Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɛɥɟɦɵ ɬɟɪɦɨɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɢ 

ɩɥɚɡɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» (ɝ. Ɍɚɪɭɫɚ, 2023 ɝ.).  
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5. IX Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɍɟɩɥɨɦɚɫɫɨɨɛɦɟɧ ɢ ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɜ 
ɡɚɤɪɭɱɟɧɧɵɯ ɩɨɬɨɤɚɯ» (ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, 2023 ɝ.).  

6. Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɩɪɢɤɥɚɞɧɵɟ ɡɚɞɚɱɢ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ» (ɝ. Ɍɨɦɫɤ, 2025 ɝ.) 
7. Ɂɚɫɟɞɚɧɢɹɯ ɥɚɛɨɪɚɬɨɪɢɢ №5 ɈɂȼɌ ɊȺɇ. 

8. ɋɟɦɢɧɚɪɟ ɮɢɡɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ. 

ɋɨɨɬɜɟɬɫɬɜɢɟ ɩɚɫɩɨɪɬɭ ɫɩɟɰɢɚɥɶɧɨɫɬɢ. 

 ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɨɞɴɟɦɧɨɝɨ ɬɟɱɟɧɢɹ ɀɆ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɜ ɉɆɉ ɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɜ 
ɉɆɉ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɚɫɩɨɪɬɭ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 1.3.14 – ɬɟɩɥɨɮɢɡɢɤɚ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɬɟɩɥɨɬɟɯɧɢɤɚ (ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɧɚɭɤɢ) ɩɨ ɩ.3 «Ɇɚɝɧɢɬɧɚɹ 
ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɯ ɫɪɟɞ». 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɢ ɫɜɨɢɦ ɪɨɞɢɬɟɥɹɦ, ɧɚɭɱɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ 

ɜ.ɧ.ɫ, ɤ.ɬ.ɧ. Ɋɚɡɭɜɚɧɨɜɭ ɇ. Ƚ., ɧɚɭɱɧɨɣ ɝɪɭɩɩɟ əɧɶɤɨɜɚ Ƚ. Ƚ. ɢ ɨɫɨɛɭɸ 

ɛɥɚɝɨɞɚɪɧɨɫɬɶ Ⱥɪɬɟɦɨɜɭ ȼ. ɂ. ɡɚ ɨɩɟɪɚɬɢɜɧɭɸ ɩɨɞɞɟɪɠɤɭ ɤɨɞɚ ANES20XE ɢ 

ɪɚɫɱɟɬɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɲɟɫɬɢ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ 
ɥɢɬɟɪɚɬɭɪɵ ɢ ɫɨɞɟɪɠɢɬ 162 ɫɬɪɚɧɢɰ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, 107 ɪɢɫɭɧɤɨɜ ɢ 1 

ɬɚɛɥɢɰɭ. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɜɤɥɸɱɚɟɬ 99 ɧɚɢɦɟɧɨɜɚɧɢɹ. 
ɋɈȾȿɊɀȺɇɂȿ ɊȺȻɈɌɕ 

ȼɨ ȼɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɶ ɢ 

ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɡɥɨɠɟɧɵ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ 
ɪɚɛɨɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ ɩɨɥɨɠɟɧɢɹ, ɩɪɢɜɟɞɟɧɵ ɫɜɟɞɟɧɢɹ ɨɛ 

ɚɩɪɨɛɚɰɢɢ ɢ ɩɭɛɥɢɤɚɰɢɹɯ. 
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɢ ɨɛɡɨɪ 

ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɢ ɬɟɩɥɨɨɛɦɟɧɭ ɜ ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ. Ɉɩɢɫɚɧɵ ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɢ ɬɟɩɥɨɨɛɦɟɧ ɀɆ ɜ ɤɪɭɝɥɨɣ ɬɪɭɛɟ ɫ ɭɱɟɬɨɦ 

ɜɥɢɹɧɢɹ ɉɆɉ ɢ ɛɟɡ. ȼɥɢɹɧɢɟ ɉɆɉ ɧɚ ɥɚɦɢɧɚɪɧɨɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ ɬɟɱɟɧɢɟ ɜ 
ɤɚɧɚɥɟ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɨɬɫɭɬɫɬɜɭɟɬ. ȼ ɉɆɉ ɬɭɪɛɭɥɟɧɬɧɵɣ ɩɟɪɟɧɨɫ ɢɦɩɭɥɶɫɚ 
ɩɨɞɚɜɥɹɟɬɫɹ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɱɢɫɟɥ Re ɢ 

Ha.  

Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɨ ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɨɞɧɨɪɨɞɧɨɦ ɩɪɨɮɢɥɟ ɫɤɨɪɨɫɬɢ ɧɚ ɜɯɨɞɟ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɟɱɟɧɢɹ ɡɚɬɨɩɥɟɧɧɵɯ ɫɬɪɭɣ ɹɜɥɹɟɬɫɹ ɩɨɞɨɛɢɟ ɩɪɨɮɢɥɟɣ ɫɤɨɪɨɫɬɢ, 

ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɨɫɟɜɭɸ ɫɤɨɪɨɫɬɶ, ɧɚ ɪɚɡɥɢɱɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɫɪɟɡɚ ɫɬɪɭɢ. ȼ 

ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɚɯ ɬɟɱɟɧɢɹ. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɫɜɹɳɟɧɵ ɢɫɬɟɱɟɧɢɸ ɡɚɬɨɩɥɟɧɧɵɯ ɫɬɪɭɣ ɜ 
ɛɨɥɶɲɨɣ ɨɛɴɟɦ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɞɥɢɧɚ ɫɬɪɭɢ ɢ ɫɬɟɩɟɧɶ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɩɨɬɨɤɟ ɡɚɜɢɫɹɬ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫɨɩɥɚ. ɉɪɢ ɷɬɨɦ 

ɛɨɥɶɲɢɧɫɬɜɨ ɚɜɬɨɪɨɜ ɢɫɫɥɟɞɭɸɬ ɡɚɬɨɩɥɟɧɧɵɟ ɫɬɪɭɢ ɜɨɡɞɭɯɚ ɢɥɢ ɜɨɞɵ.  

Ɉɩɢɫɚɧɨ ɜɥɢɹɧɢɟ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɡɚɬɨɩɥɟɧɧɭɸ ɫɬɪɭɸ 

ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɀɆ ɫɬɪɭɣ ɜ ɤɚɧɚɥɚɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɜ ɭɡɤɢɯ ɞɢɚɩɚɡɨɧɚɯ ɪɟɠɢɦɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ. ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬɚɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

ɉɆɉ ɫɧɢɠɚɟɬ ɩɟɪɟɧɨɫ ɢɦɩɭɥɶɫɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɭɦɟɧɶɲɚɟɬ 
ɫɤɨɪɨɫɬɶ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɧɢɠɚɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɭɪɨɜɟɧɶ ɩɭɥɶɫɚɰɢɣ ɜ 
ɩɨɬɨɤɟ; ɜ ɉɆɉ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɚɹ ɞɥɢɧɚ ɫɬɪɭɢ ɢ ɡɚɬɹɝɢɜɚɟɬɫɹ 
ɥɚɦɢɧɚɪɧɨ-ɬɭɪɛɭɥɟɧɬɧɵɣ ɩɟɪɟɯɨɞ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɩɪɢɜɨɞɢɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢ ɱɢɫɥɟɧɧɚɹ ɦɟɬɨɞɢɤɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ.  ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɸɬɫɹ ɞɜɟ ɡɚɞɚɱɢ: ɩɨɞɴɟɦɧɨɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ 
ɬɟɱɟɧɢɟ ɢ ɬɟɩɥɨɨɛɦɟɧ ɪɬɭɬɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ (ɪɢɫɭɧɨɤ 1, ɚ), 
ɚ ɬɚɤɠɟ ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɩɨɞɴɟɦɧɨɝɨ ɬɟɱɟɧɢɹ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɪɬɭɬɢ ɜ 
ɫɨɫɬɚɜɧɨɣ ɬɪɭɛɟ (ɪɢɫɭɧɨɤ 1, ɛ) ɜ ɉɆɉ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɭɧɢɤɚɥɶɧɨɦ ɪɬɭɬɧɨɦ ɫɬɟɧɞɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɇɂɍ Ɇɗɂ. 

ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

  
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 1. ɂɫɫɥɟɞɭɟɦɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɬɟɱɟɧɢɹ: (ɚ) ɩɨɞɴɟɦɧɨɟ ɬɟɱɟɧɢɟ ɜ 
ɤɪɭɝɥɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ; ɛ) ɩɨɞɴɟɦɧɨɟ ɬɟɱɟɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɜ 
ɫɨɫɬɚɜɧɨɣ ɬɪɭɛɟ. 

ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɚ ɪɚɛɨɱɢɯ ɭɱɚɫɬɤɚ: ɬɪɭɛɚ ɞɢɚɦɟɬɪɨɦ 19 ɦɦ ɢ ɫɨɫɬɚɜɧɚɹ 
ɬɪɭɛɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɪɟɯ ɫɟɤɰɢɣ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɞɢɚɦɟɬɪɚɦɢ 18 ɦɦ, d1 = 5 ɦɦ ɢ 

d2 = 25 ɦɦ. Ɉɛɚ ɭɱɚɫɬɤɚ ɪɚɡɦɟɳɚɥɢɫɶ ɜ ɬɪɭɛɟ ɫɨɥɟɧɨɢɞɚ. Ⱦɥɢɧɚ ɪɚɛɨɱɟɝɨ ɭɱɚɫɬɤɚ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɱɟɧɢɹ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɪɭɛɟ ɫɨɫɬɚɜɥɹɥɚ 1 ɦ. Ɉɛɨɝɪɟɜ ɢ 

ɜɨɡɞɟɣɫɬɜɢɟ ɉɆɉ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɭɱɚɫɬɤɚ. ɋɨɫɬɚɜɧɚɹ ɬɪɭɛɚ ɢɦɟɥɚ 
ɨɛɳɭɸ ɞɥɢɧɭ 1.4 ɦ, ɢɡ ɤɨɬɨɪɵɯ ɞɥɢɧɚ ɫɟɤɰɢɢ ɞɢɚɦɟɬɪɨɦ 18 ɦɦ ɪɚɜɧɚ 700 ɦɦ, 

ɫɟɤɰɢɢ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ – 100 ɦɦ, ɫɟɤɰɢɢ ɞɢɚɦɟɬɪɨɦ 25 ɦɦ – 600 ɦɦ. ɇɚ ɫɬɵɤɟ 
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ɬɪɭɛ 5 ɦɦ ɢ 25 ɦɦ ɮɨɪɦɢɪɨɜɚɥɚɫɶ ɡɚɬɨɩɥɟɧɧɚɹ ɫɬɪɭɹ. Ɋɚɛɨɱɢɣ ɭɱɚɫɬɨɤ ɫɨɫɬɚɜɧɨɣ 

ɬɪɭɛɵ ɧɟ ɨɛɨɝɪɟɜɚɥɫɹ. Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ ɧɚɥɨɠɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɞɥɹ ɫɨɫɬɚɜɧɨɣ 

ɬɪɭɛɵ ɪɚɜɧɹɥɚɫɶ 0.7 ɦ. Ȼɟɡɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫ ɨɛɨɝɪɟɜɚɟɦɨɣ 

ɬɪɭɛɨɣ: Re = (1.0÷5.0)∙104; Pe = 250÷1250; Grq = (0÷7.5)∙107; Ha = 0÷460. Ⱦɥɹ 
ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɦɚɥɨɦɭ ɞɢɚɦɟɬɪɭ: 
Re = (3.0÷72)∙103;  Ha = 0÷125. 

 
Ɋɢɫɭɧɨɤ 2. ɋɯɟɦɚ ɪɬɭɬɧɨɝɨ ɫɬɟɧɞɚ. 

ɉɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɞɥɢɧɟ ɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɵ 

ɢɡɦɟɪɹɥɢɫɶ ɩɨɝɪɭɠɧɵɦ ɡɨɧɞɨɦ ɬɢɩɚ «ɝɪɟɛɟɧɤɚ», ɜɤɥɸɱɚɸɳɢɦ ɜ ɫɟɛɹ 10 

ɬɟɪɦɨɩɚɪ. ɉɪɨɮɢɥɢ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɜ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɟ ɢɡɦɟɪɹɥɢɫɶ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɤɨɧɞɭɤɰɢɨɧɧɵɦ ɡɨɧɞɨɦ: ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɩɚɪɚ ɬɟɪɦɨɩɚɪ 
(ɪɚɫɫɬɨɹɧɢɟ 4.37 ɦɦ) – ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɤɨɧɞɭɤɰɢɨɧɧɵɟ ɩɚɪɵ 

ɷɥɟɤɬɪɨɞɨɜ – ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ (ɪɚɫɫɬɨɹɧɢɟ 1.3 ɦɦ) ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ 
(ɪɚɫɫɬɨɹɧɢɟ 1.2 ɦɦ).  ɋɯɟɦɵ ɡɨɧɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 3. ɋɯɟɦɚ ɡɨɧɞɨɜ: ɚ) ɩɨɝɪɭɠɧɨɣ ɡɨɧɞ ɬɢɩɚ «ɝɪɟɛɟɧɤɚ»; 

ɛ)ɤɨɪɪɟɥɹɰɢɨɧɧɨ-ɤɨɧɞɭɤɰɢɨɧɧɵɣ ɡɨɧɞ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɪɚɫɱёɬɧɵɯ ɩɨɞɯɨɞɚ: RANS-ɦɨɞɟɥɶ k-ω ɢ 

ɝɢɛɪɢɞɧɚɹ LES-ɦɨɞɟɥɶ KDES. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɴёɦɧɨɝɨ ɬɟɱɟɧɢɹ ɜ 
ɤɪɭɝɥɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɩɪɢɦɟɧɹɥɚɫɶ ɬɨɥɶɤɨ ɦɨɞɟɥɶ KDES. ȼɵɛɪɚɧɵ 

ɪɟɠɢɦɵ ɩɪɢ Re = 10500 ɢ Ha = 0 ɢ 460. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ 

ɦɟɬɨɞɨɦ RANS ɩɪɨɜɟɞɟɧɨ ɜɨ ɜɫёɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ ɛɟɡɪɚɡɦɟɪɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ Re ɢ Ha, ɚ ɞɥɹ ɦɟɬɨɞɚ KDES ɜɵɛɪɚɧ ɪɟɠɢɦ Re = 10000 ɢ Ha = 0÷250. 
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Ɉɫɪɟɞɧɟɧɧɵɟ ɩɨ Ɋɟɣɧɨɥɶɞɫɭ ɭɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɢ ɞɜɢɠɟɧɢɹ, 
ɡɚɦɵɤɚɟɦɵɟ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ k-ω ɦɨɞɟɥɶɸ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

ɝɞɟ �௞തതത,�పഥ  – ɨɫɪɟɞɧɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ, ɦ/ɫ; �௞ – ɤɨɦɩɨɧɟɧɬɵ 

ɪɚɞɢɭɫ ɜɟɤɬɨɪɚ, ɦ; �̅ – ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɡɚ ɜɵɱɟɬɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɫɬɨɥɛɚ, ɉɚ; ρ – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; Ɋ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɢɣ ɜɹɡɤɨɫɬɢ, ɉɚ·ɫ; Ɋ௧ – ɬɭɪɛɭɥɟɧɬɧɚɹ ɜɹɡɤɨɫɬɶ, ɉɚ·ɫ; �௜ – ɤɨɦɩɨɧɟɧɬɵ ɭɞɟɥɶɧɨɝɨ ɫɢɥɨɜɨɝɨ 
ɢɫɬɨɱɧɢɤɚ (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɜɨɞɹɳɚɹ ɫɪɟɞɚ (σ ് 0) ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɛɴɟɦɧɵɯ 
ɡɚɪɹɞɨɜ); �௜ – ɤɨɦɩɨɧɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, Ⱥ/ɦ²; φ – ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ, ȼ; �௜ – ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ȼ/ɦ; � – ɷɧɟɪɝɢɹ 
ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ, ɦ2/ɫ2; ɭɞɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɢɫɫɢɩɚɰɢɢ ɬɭɪɛɭɥɟɧɬɧɨɣ 

ɷɧɟɪɝɢɢ ω ൌ  
க௞஼ಔ, 1/ɫ; �ஜ= 0.09 , �னଵ = 0.556, σ௞ ൌ σன= 2 – ɤɨɧɫɬɚɧɬɵ ɦɨɞɟɥɢ; � 

– ɞɢɫɫɢɩɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ. Ɏɭɧɤɰɢɢ �௞ , �ன, �ஜ – ɭɱɢɬɵɜɚɸɬ 
ɧɢɡɤɨɪɟɣɧɨɥɶɞɫɨɜɫɤɢɟ ɷɮɮɟɤɬɵ ɬɟɱɟɧɢɹ ɢ ɡɚɜɢɫɹɬ ɨɬ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ, ��்  – ɬɭɪɛɭɥɟɧɬɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ; � ൌ ሺ0, 0,�଴ሻ – ɢɧɞɭɤɰɢɹ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, Ɍɥ; σ – ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, (Ɉɦꞏɦ)-1. 

Ɉɛɳɢɣ ɜɢɞ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɦɨɞɟɥɢ KDES ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɮɢɥɶɬɪɚɰɢɢ 

ɢɦɟɟɬ ɜɢɞ: డ௨෥ೖడ௫ೖ ൌ 0, (8) డ௨෥೔డ௧ ൅ డడ௫ೖ ሺ�෤௞�෤௜ െ ൫ɋ ൅ ɋୱ୥ୱ൯ డ௨෥೔డ௫ೖሻ ൌ െ ଵ஡ ሺడ௣෤డ௫೔ ൅ �௜ሻ, (9) �௜ ൌ   �௜௝௞�௝�௞,   (10) �௜ ൌ �௘൫ �௜ ൅ �௜௝௞�෤௝�௞൯,   (11) �௜ ൌ െ �φ��௜ (12) డ௞ೞ೒ೞడ௧ ൅ డడ௫ೖ ሺ�෤௞�௦௚௦ െ ൫ɋ ൅ ɋୱ୥ୱ൯ డ௞ೞ೒ೞడ௫ೖ ሻ ൌ ɋୱ୥ୱ� െ ε, (13) డడ௫ೖ ቀ�௘ ப஦ப୶ౡቁ െ డడ௫ೖ ሺ�௘�௞௜௝�෤௜�௝ሻ ൌ 0. (14) 

��௞തതത��௞ ൌ 0, 
(1) ���௞ ൬��௞തതത�పഥ െ ሺɊ ൅ Ɋ௧ሻ ��పഥ��௞൰ ൌ െ ��̅��௞ ൅ �௞ , 
(2) 

�௜ ൌ   �௜௝௞�௝�௞, �௜ ൌ σ൫ �௜ ൅ �௜௝௞�௞തതത�௞൯, �௜ ൌ �φ��௜  , (3) ���௞ ൬ρ�௞തതത� െ ൬Ɋ ൅ Ɋ௧σ௞൰ ����௞൰ ൌ Ɋ௧� െ ρ�ஜ�௞��, (4) ���௞ ൬ρ�௞തതതω െ ൬Ɋ ൅ Ɋ௧�ఠ൰ �ω��௞൰ ൌ ρሺ�னଵ�ன� െ �னଶωଶሻ, (5) Ɋ௧ ൌ ρ�ஜ �ω, (6) ���௞ ൬σ �φ��௞൰ െ ���௞ ሺσሺ�௞௜௝�పഥ�௝ሻሻ ൌ 0, 
(7) 
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ɝɞɟ  �෤௞�෤௜ ,�෤ – ɮɢɥɶɬɪɨɜɚɧɧɵɟ ɫɤɨɪɨɫɬɶ ɢ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɡɚ ɜɵɱɟɬɨɦ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɫɬɨɥɛɚ; � – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɦ2/ɫ; � – 

ɜɪɟɦɹ, ɫ; ɋୱ୥ୱ ൌ Ɋୱ୥ୱ/ρ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɩɨɞɫɟɬɨɱɧɚɹ ɬɭɪɛɭɥɟɧɬɧɚɹ ɜɹɡɤɨɫɬɶ, 
ɦ2ɫ. 

ȼ ɦɨɞɟɥɢ KDES ɫɤɨɪɨɫɬɶ ɞɢɫɫɢɩɚɰɢɢ ε ɢ ɩɨɞɫɟɬɨɱɧɚɹ ɜɹɡɤɨɫɬɶ νsgs 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: ɋୱ୥ୱ ൌ �ఓభర�ఓሺ�௞ሻඥ�௦௚௦�ௗ௘௦, (15) ε ൌ �ఓయర�ఌሺ�௞ሻ ௞ೞ೒ೞయమ௅೏೐ೞ , (16) 

ɝɞɟ �ௗ௘௦ ൌ min ሼ�௥௔௡௦, �௟௘௦ሽ; �௟௘௦ ൌ �௦௚௦∆௟௘௦�௅,�௅ ൌ �ఌభర/�ఓయర; �௥௔௡௦ ൌ ��௪; �,�ఓ – 

ɤɨɧɫɬɚɧɬɵ; �ఓ, �ఌ – ɞɟɦɩɮɢɪɭɸɳɢɟ ɮɭɧɤɰɢɢ;  �௞ – ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ 
Ɋɟɣɧɨɥɶɞɫɚ.  

ɇɚ ɜɯɨɞɧɨɣ ɝɪɚɧɢɰɟ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɞɥɹ RANS ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɢ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɚɰɢɨɧɚɪɧɨɦɭ ɬɟɱɟɧɢɸ ɜ ɬɪɭɛɟ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ 

ɛɟɡ ɜɥɢɹɧɢɹ ɉɆɉ. ɍɤɚɡɚɧɧɵɟ ɩɪɨɮɢɥɢ ɹɜɥɹɥɢɫɶ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɞɟɥɶɧɨɣ ɡɚɞɚɱɢ.   

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ KDES ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɯɨɞɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 

PIG (Periodic Inlet Generator). Ⱦɥɹ ɷɬɨɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɢɫɫɥɟɞɭɟɦɨɣ 

ɨɛɥɚɫɬɶɸ ɪɚɡɦɟɳɚɥɫɹ ɨɬɪɟɡɨɤ ɬɪɭɛɵ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ ɢ ɞɥɢɧɨɣ 50 ɦɦ ɫ 
ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ. Ɍɟɱɟɧɢɟ ɜ 
ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɬɟɱɟɧɢɟ ɜ ɨɛɥɚɫɬɢ PIG. ȼɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ 
ɡɨɧɵ PIG ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɥɭɠɢɬ ɜɯɨɞɨɦ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɭɱɚɫɬɨɤ. Ƚɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɬɟɧɰɢɚɥɚ φ ɡɚɞɚɸɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɝɪɚɧɢɰɭ 
ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ (∂φ/∂n = 0, ɡɞɟɫɶ n ‒ ɩɨ ɧɨɪɦɚɥɢ). 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɴɟɦɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ ɜ ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ 
ɉɆɉ ɢ ɜ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ Re=10500÷50100, ɱɢɫɟɥ 
Ƚɚɪɬɦɚɧɚ Ha=0-460 ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ 
ɫɬɟɧɤɟ qc=30 ɤȼɬ/ɦ2. Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 

ɡɚɜɢɫɢɦɨɫɬɹɦɢ 

ȼɵɹɜɥɟɧɚ ɧɟɦɨɧɨɬɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɥɢɹɧɢɹ ɉɆɉ ɧɚ ɬɟɩɥɨɨɬɞɚɱɭ: 
ɩɪɢ Pe≤400 ɧɚɥɨɠɟɧɢɟ ɉɆɉ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ Nu ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɠɢɦɚ ɛɟɡ 
ɩɨɥɹ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ Pe≥400 ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ – ɬɟɩɥɨɨɬɞɚɱɚ 
ɫɧɢɠɚɟɬɫɹ (ɪɢɫɭɧɨɤ 4, ɚ). ȼɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɟɠɢɦɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ Nu ɨɤɚɡɵɜɚɸɬɫɹ ɧɢɠɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ Ʌɚɣɨɧɚ. ɉɪɢ ɷɬɨɦ 

ɜɥɢɹɧɢɟ ɉɆɉ ɧɚ ɬɟɩɥɨɨɬɞɚɱɭ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɫɥɚɛɟɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɨɩɟɪɟɱɧɵɦ ɩɨɥɟɦ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ɉɛɪɚɛɨɬɤɚ ɨɫɰɢɥɥɨɝɪɚɦɦ ɢ ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɭɥɶɫɚɰɢɣ 

ɜɛɥɢɡɢ ɫɬɟɧɤɢ ɜɵɹɜɢɥɚ, ɱɬɨ ɜɥɢɹɧɢɟ ɉɆɉ ɧɚ ɬɟɱɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ. ɉɪɢ Re=10500 ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɨɞɚɜɥɹɟɬ ɬɭɪɛɭɥɟɧɬɧɵɟ 
ɮɥɭɤɬɭɚɰɢɢ ɜɨ ɜɫёɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. ɗɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɫɧɢɠɟɧɢɢ 
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ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɥɶɫɚɰɢɣ ɢ ɜ ɢɫɱɟɡɧɨɜɟɧɢɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

(ɪɢɫɭɧɨɤ 4, ɛ). ɇɚɩɪɨɬɢɜ, ɩɪɢ Re=30400 ɢ Re=50100 ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɩɭɥɶɫɚɰɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɞɚɜɥɟɧɢɢ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ; ɫɩɟɤɬɪ ɫɭɠɚɟɬɫɹ ɫ 10 Ƚɰ ɞɨ 2 Ƚɰ. Ⱦɚɧɧɵɣ 

ɷɮɮɟɤɬ ɨɛɴɹɫɧɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫɢɥ ɩɥɚɜɭɱɟɫɬɢ ɫ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ: ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ ɦɟɥɤɨɦɚɫɲɬɚɛɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜɨɡɪɚɫɬɚɟɬ ɪɨɥɶ 
ɬɟɩɥɨɜɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬɪɵɜɭ ɜɹɡɤɨɝɨ ɩɨɞɫɥɨɹ ɢ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɜɢɯɪɟɜɵɯ ɫɬɪɭɤɬɭɪ. 
 

  
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 4. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɱɢɫɥɚ ɇɭɫɫɟɥɶɬɚ Nu ɨɬ ɱɢɫɥɚ ɉɟɤɥɟ Pe (ɚ) ɢ 

ɛɟɡɪɚɡɦɟɪɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɥɶɫɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɟɱɟɧɢɢ z/d=38 ɬɪɭɛɵ 

ɩɪɢ y/r0=0.8 (ɛ), qɫ=30 ɤȼɬ/ɦ2: 1) Ha = 0; 2) Ha = 150, 3) Ha = 300; 4) Ha=460. 

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢ ɩɨɞɴёɦɧɨɦ ɬɟɱɟɧɢɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɪɬɭɬɢ ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɉɆɉ ɩɪɢ Re = 10000–72000 ɢ Ha = 0–125. ɉɨɥɭɱɟɧɵ 

ɩɪɨɮɢɥɢ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ (ɩɪɨɞɨɥɶɧɨɣ, ɪɚɞɢɚɥɶɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ) ɜ 
ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɹɯ ɢ ɧɚ ɨɫɢ. Ɍɚɤɠɟ ɢɡɦɟɪɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɤɨɦɩɨɧɟɧɬ 
ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɍɜɟɥɢɱɟɧɢɟ Ha ɫɭɳɟɫɬɜɟɧɧɨ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬ ɮɨɪɦɭ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ 

(ɪɢɫɭɧɨɤ 5). ɋ ɪɨɫɬɨɦ Ha ɨɫɟɜɚɹ ɫɤɨɪɨɫɬɶ ɜ ɹɞɪɟ ɫɬɪɭɢ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɟɟ ɲɢɪɢɧɚ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɨɫɬ ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɢɧɵ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɉɆɉ ɩɨɞɚɜɥɹɟɬ ɩɨɩɟɪɟɱɧɵɟ ɩɭɥɶɫɚɰɢɢ, ɨɫɥɚɛɥɹɹ ɬɭɪɛɭɥɟɧɬɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
ɫ ɨɤɪɭɠɚɸɳɟɣ ɠɢɞɤɨɫɬɶɸ. ɉɨɬɟɪɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɬɪɭɢ ɧɚ ɜɨɜɥɟɱɟɧɢɟ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɸɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɬɪɭɟ ɫɨɯɪɚɧɹɬɶɫɹ ɧɚ 
ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɫɪɟɡɚ. ȼɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɪɚɞɢɚɥɶɧɨɦ ɞɜɢɠɟɧɢɢ 

ɩɪɨɜɨɞɹɳɟɣ ɠɢɞɤɨɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɢɥɚ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɪɚɫɲɢɪɟɧɢɸ 

ɫɬɪɭɢ, ɞɟɥɚɹ ɟɟ ɝɪɚɧɢɰɭ ɛɨɥɟɟ ɱɟɬɤɨɣ, ɚ ɬɚɤɠɟ ɫɦɟɳɚɟɬ ɡɨɧɭ ɫɧɢɠɟɧɢɹ ɨɫɟɜɨɣ 

ɫɤɨɪɨɫɬɢ ɜɧɢɡ ɩɨ ɩɨɬɨɤɭ ɫ ɪɨɫɬɨɦ Ha.   

ȼɧɭɬɪɢ ɫɬɪɭɢ ɩɭɥɶɫɚɰɢɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ 

ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɚɦɩɥɢɬɭɞɭ ɢ ɱɚɫɬɨɬɭ, ɱɟɦ ɜɧɟ ɟɟ. ȼ ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ ɉɆɉ 

ɫɧɢɠɚɟɬɫɹ ɭɪɨɜɟɧɶ ɮɥɭɤɬɭɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɞɚɜɥɟɧɢɟɦ 

ɩɨɩɟɪɟɱɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ. ɋ ɪɨɫɬɨɦ Re ɞɚɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
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ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ: ɞɥɹ Re = 72000 ɫɧɢɠɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɩɪɢɦɟɪɧɨ 
ɜ 5 ɪɚɡ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɥɹ Re = 10000 ɚɦɩɥɢɬɭɞɚ ɩɭɥɶɫɚɰɢɣ ɜɛɥɢɡɢ ɫɪɟɡɚ ɢ ɧɚ 
ɭɞɚɥɟɧɢɢ ɫɨɩɨɫɬɚɜɢɦɵ ɩɨ ɜɟɥɢɱɢɧɟ. 

 
Ɋɢɫɭɧɨɤ 5. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ Vz/V0 ɨɬ ɪɚɞɢɚɥɶɧɨɣ 

ɤɨɨɪɞɢɧɚɬɵ r/d2 ɩɪɢ Re = 10000: ɚ) Ha = 0; ɛ) Ha = 42; ɜ) Ha = 83; ɝ) Ha = 125. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɰɢɥɥɨɝɪɚɦɦ ɩɨɩɟɪɟɱɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ 

ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɚɥɢɱɢɟ ɤɚɱɟɫɬɜɟɧɧɨ ɜɵɪɚɠɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ 

ɦɟɠɞɭ ɩɭɥɶɫɚɰɢɹɦɢ ɩɨɩɟɪɟɱɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ: ɫɢɝɧɚɥɵ 

ɢɦɟɸɬ ɫɯɨɠɭɸ ɮɨɪɦɭ, ɩɨɥɨɠɟɧɢɹ ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ ɩɪɚɤɬɢɱɟɫɤɢ 

ɫɨɜɩɚɞɚɸɬ ɩɨ ɜɪɟɦɟɧɢ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɪɢ ɧɚɥɢɱɢɢ ɉɆɉ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɤɪɭɬɤɚ ɫɬɪɭɢ (ɧɚɥɢɱɢɟ 
ɡɚɤɪɭɬɤɢ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɡɧɚɤɚ Va/V0 ɩɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ r/r2 ≈ 0 

(ɪɢɫɭɧɨɤ 7, ɟ). ɇɚɥɢɱɢɟ ɡɚɤɪɭɬɤɢ ɨɛɧɚɪɭɠɟɧɨ ɧɚ ɪɟɠɢɦɚɯ ɩɪɢ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ 
ɜ ɞɢɚɩɚɡɨɧɟ Re = 10000-36000 ɢ ɩɪɢ ɱɢɫɥɚɯ Ƚɚɪɬɦɚɧɚ Ha = 42-125. Ɉɛɧɚɪɭɠɟɧɨ 
ɫɦɟɳɟɧɢɟ ɭɱɚɫɬɤɚ ɡɚɤɪɭɬɤɢ ɜ ɫɬɨɪɨɧɭ ɪɨɫɬɚ z/d2 ɫ ɪɨɫɬɨɦ Re. Ɍɚɤɠɟ ɨɛɪɚɳɚɟɬ ɧɚ 
ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɚɹ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɩɪɨɮɢɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ ɚɡɢɦɭɬɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ σa ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɤɪɭɬɤɢ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɪɟɞɧɟɧɧɵɟ ɚɡɢɦɭɬɚɥɶɧɚɹ ɢ ɪɚɞɢɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɵ 

ɫɤɨɪɨɫɬɢ ɛɥɢɡɤɢ ɤ ɧɭɥɸ, ɩɪɢ ɷɬɨɦ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ɨɫɰɢɥɥɨɝɪɚɦɦ 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɨɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɦɨɝɭɬ ɩɪɟɜɵɲɚɬɶ ɡɧɚɱɟɧɢɟ 
0.1ꞏ|Vr/V0|. 

Ⱥɧɚɥɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɥɶɫɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɫɢ ɫɬɪɭɢ ɜɞɨɥɶ 
ɩɪɨɞɨɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɜɵɹɜɢɥ ɧɟɦɨɧɨɬɨɧɧɨɟ ɜɥɢɹɧɢɟ ɉɆɉ. ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɡɤɢɯ Re = 10000 ɢ 15500 ɫ ɪɨɫɬɨɦ Ha ɞɨ 42 ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɫɪɟɡɚ (z/d2 ≥ 4), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɞɚɜɥɟɧɢɟɦ 

ɦɟɥɤɨɦɚɫɲɬɚɛɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɫɨɯɪɚɧɟɧɢɟɦ ɤɪɭɩɧɵɯ ɜɢɯɪɟɜɵɯ ɫɬɪɭɤɬɭɪ. 
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Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ Ha ɞɨ 125 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɭɥɶɫɚɰɢɣ ɜɨ ɜɫёɦ 

ɫɩɟɤɬɪɟ ɦɚɫɲɬɚɛɨɜ. ɉɪɢ Re ≥ 28000 ɢɧɟɪɰɢɨɧɧɵɟ ɷɮɮɟɤɬɵ ɧɚɱɢɧɚɸɬ 
ɞɨɦɢɧɢɪɨɜɚɬɶ: ɜɛɥɢɡɢ ɫɪɟɡɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɬёɬ ɫ Ha, ɚ ɧɚ ɪɚɡɜɢɬɨɦ ɭɱɚɫɬɤɟ 
(z/d2 ≫ 4) ɜɵɯɨɞɢɬ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɭɪɨɜɟɧɶ, ɨɬɪɚɠɚɹ ɛɚɥɚɧɫ ɦɟɠɞɭ ɝɟɧɟɪɚɰɢɟɣ 

ɢ ɞɢɫɫɢɩɚɰɢɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. ɉɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɫɪɟɡɚ ɫɬɪɭɢ ɫɩɟɤɬɪ ɩɭɥɶɫɚɰɢɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɯɨɞɢɬ ɡɨɧɵ ɪɚɡɜɢɬɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, ɩɟɪɟɫɬɪɨɣɤɢ ɢ 

ɥɚɦɢɧɚɪɢɡɚɰɢɢ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. 
ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɥɶɫɚɰɢɣ ɪɚɞɢɚɥɶɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ 

ɢɦɟɸɬ Ɇ-ɨɛɪɚɡɧɵɣ ɩɪɨɮɢɥɶ (ɪɢɫɭɧɨɤ 8). 

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɀɆ ɜ ɉɆɉ ɜ ɬɪɭɛɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɟɬɨɞɚ RANS ɜɨ ɜɫɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Re 

ɢ Ha. ɉɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɹ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɢ 

ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɢ ɧɚ ɨɫɢ. Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ 
ɚɜɬɨɪɨɜ. 

ɉɪɨɜɟɞɟɧɚ ɜɚɥɢɞɚɰɢɹ ɦɨɞɟɥɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɋɪɚɜɧɟɧɢɟ ɫ 
ɚɜɬɨɦɨɞɟɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɢ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɩɨ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɟ ɜ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴɟɦɟ ɩɨɤɚɡɚɥɨ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɚ ɭɱɚɫɬɤɟ 0<z/d2<2.5. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɞɚɥɟɧɢɢ ɨɬ ɫɪɟɡɚ 
ɩɪɨɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɫɬɟɧɨɤ ɬɪɭɛɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬɤɥɨɧɟɧɢɸ ɨɬ 
ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɨɡɜɪɚɬɧɵɯ ɬɟɱɟɧɢɣ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ RANS-ɩɨɞɯɨɞ ɜ ɞɚɥɶɧɟɣ ɡɨɧɟ ɨɬ ɫɪɟɡɚ (z/d2 ≥ 3) ɤɚɱɟɫɬɜɟɧɧɨ 
ɨɬɪɚɠɚɟɬ ɷɮɮɟɤɬ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɧɵ ɫɬɪɭɢ ɩɪɢ ɪɨɫɬɟ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ, 
ɜɵɹɜɥɟɧɧɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ (ɪɢɫɭɧɨɤ 6). Ɉɞɧɚɤɨ ɜ ɛɥɢɠɧɟɣ ɡɨɧɟ (z/d2 < 3) ɦɨɞɟɥɶ 
ɞɚɟɬ ɤɚɱɟɫɬɜɟɧɧɨ ɧɟɜɟɪɧɵɣ ɪɟɡɭɥɶɬɚɬ.  

  
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 6. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ Vz/V0 ɧɚ ɨɫɢ ɨɬ 
ɛɟɡɪɚɡɦɟɪɧɨɣ ɩɪɨɞɨɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ z/d2 ɩɪɢ Re = 15500 (ɚ) ɢ Re = 28000 (ɛ): 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ: 1) Ha = 0; 2) Ha = 42; 3) Ha = 83; 4) Ha = 125; 

ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ: 5) Ha = 0; 6) Ha = 40; 7) Ha = 80; 8) Ha = 125. 

ɉɪɢɱɢɧɨɣ ɪɚɫɯɨɠɞɟɧɢɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɚɹ k−ω ɦɨɞɟɥɶ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɟɪɟɨɰɟɧɢɜɚɟɬ ɪɨɥɶ ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɩɪɢ 

ɬɨɪɦɨɠɟɧɢɢ ɪɚɞɢɚɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɬɪɭɢ ɫɢɥɨɣ Ʌɨɪɟɧɰɚ, ɢ ɧɟɞɨɨɰɟɧɢɜɚɟɬ 
ɩɪɹɦɨɟ ɩɨɞɚɜɥɟɧɢɟ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ. ȼ RANS ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɉɆɉ 

ɜɥɢɹɟɬ ɧɚ ɩɪɨɞɨɥɶɧɭɸ ɫɤɨɪɨɫɬɶ Vz ɨɩɨɫɪɟɞɨɜɚɧɧɨ – ɱɟɪɟɡ ɩɨɞɚɜɥɟɧɢɟ 
ɪɚɞɢɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ Vr  ɢ ɩɟɪɟɫɬɪɨɣɤɭ ɩɨɥɹ ɞɚɜɥɟɧɢɹ. Ɍɚɤɠɟ ɜ ɦɨɞɟɥɢ 
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ɨɬɫɭɬɫɬɜɭɟɬ ɜɥɢɹɧɢɟ ɉɆɉ ɧɚ ɩɭɥɶɫɚɰɢɨɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɵɟ 
ɜ ɫɬɪɭɣɧɵɯ ɬɟɱɟɧɢɹɯ ɦɨɝɭɬ ɢɝɪɚɬɶ ɤɥɸɱɟɜɭɸ ɪɨɥɶ.  

ȼ ɲɟɫɬɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɦɟɬɨɞɨɦ KDES ɩɨɞɴёɦɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ 
(Re = 10500, Ha = 0 ɢ 460) ɢ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɜ ɫɨɫɬɚɜɧɨɣ ɬɪɭɛɟ (Re = 10000, 

Ha = 0–250). Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɹɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɢɡ 
ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɵ ɪɚɛɨɬɵ ɢ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. 

Ⱦɥɹ ɬɪɭɛɵ ɩɨɥɭɱɟɧɵ ɩɨɥɹ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɟɡɭɥɶɬɚɬɵ ɨɬɪɚɠɚɸɬ ɩɨɞɚɜɥɟɧɢɟ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɢɯɪɟɣ ɜ 
ɫɢɥɶɧɨɦ ɩɨɥɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ ɩɪɨɮɢɥɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɩɪɨɮɢɥɟɣ ɫɤɨɪɨɫɬɢ ɛɟɡ ɉɆɉ ɫ DNS ɪɚɫɱɟɬɨɦ.  

Ⱦɥɹ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ ɩɨɥɭɱɟɧɵ ɩɨɥɹ ɩɪɨɞɨɥɶɧɨɣ, ɩɨɩɟɪɟɱɧɨɣ ɢ 

ɚɡɢɦɭɬɚɥɶɧɨɣ ɫɤɨɪɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɢ ɩɨ 
ɞɥɢɧɟ. KDES-ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɩɨɜɟɞɟɧɢɟ ɫɬɪɭɢ, 

ɧɚɛɥɸɞɚɟɦɨɟ ɜ ɨɩɵɬɚɯ (ɪɢɫɭɧɨɤ 7).  

  
ɚ)  ɛ) 

  
ɜ) ɝ)  

  
ɞ)  ɟ)  

Ɋɢɫɭɧɨɤ 7. Ɋɚɫɱɟɬɧɵɟ (ɚ, ɜ, ɞ) ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ (ɛ, ɝ, ɟ) ɩɪɨɮɢɥɢ 

ɨɫɪɟɞɧɟɧɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɩɪɨɞɨɥɶɧɨɣ Vz/V0, ɪɚɞɢɚɥɶɧɨɣ Vr/V0 ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ 
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Va/V0 ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɨɬ ɪɚɞɢɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ r/r2 ɩɪɢ Re = 10000 ɩɪɢ z/d2 

= 0.6: 1) Ha = 0; 2) Ha = 42; 3) Ha = 83; 4) Ha = 125. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɪɚɫɱёɬɧɵɟ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ ɧɚ ɫɪɟɡɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɟɚɥɶɧɵɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ KDES ɤ ɜɥɢɹɧɢɸ ɉɆɉ. 

  

ɚ)  ɛ) 

Ɋɢɫɭɧɨɤ 8. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɪɨɮɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɵɯ 
ɩɭɥɶɫɚɰɢɣ ɚɡɢɦɭɬɚɥɶɧɨɣ σa ɢ ɪɚɞɢɚɥɶɧɨɣ σr ɫɤɨɪɨɫɬɢ ɨɬ ɪɚɞɢɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ 

r/r2 ɩɪɢ Re = 28000 ɩɪɢ z/d2 = 0: 1) Ha = 42; 2) Ha = 83; 3) Ha = 125.  

ɋ ɪɨɫɬɨɦ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɪɚɫɱɟɬɧɵɯ 
ɤɪɢɜɵɯ ɨɫɟɜɨɣ ɫɤɨɪɨɫɬɢ ɫɬɪɭɢ (ɪɢɫɭɧɨɤ 9). ɉɪɢ Ha = 0 ɢ 42 ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ 

ɢɦɟɟɬ ɜɨɝɧɭɬɭɸ ɮɨɪɦɭ: ɜɛɥɢɡɢ ɨɬ ɫɪɟɡɚ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ 
ɫɬɪɭɢ, ɤɨɬɨɪɨɟ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɦɟɞɥɹɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ z/d2. ɉɪɢ Ha = 83 ɢ 125 

ɩɪɨɮɢɥɶ ɫɬɚɧɨɜɢɬɫɹ ɜɵɩɭɤɥɵɦ: ɧɚɱɚɥɶɧɵɣ ɫɩɚɞ ɫɤɨɪɨɫɬɢ ɧɟɡɧɚɱɢɬɟɥɟɧ, ɚ 
ɨɫɧɨɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɫɪɟɡɚ. Ɍɚɤɨɟ 
ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɦɟɧɭ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ 
ɞɢɫɫɢɩɚɰɢɢ ɢɦɩɭɥɶɫɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɏɨɬɹ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ ɜɵɩɭɤɥɚɹ ɮɨɪɦɚ ɩɪɨɮɢɥɹ ɜɵɪɚɠɟɧɚ ɦɟɧɟɟ 
ɨɬɱɟɬɥɢɜɨ, ɨɛɳɚɹ ɬɟɧɞɟɧɰɢɹ ɤ ɟё ɮɨɪɦɢɪɨɜɚɧɢɸ ɫ ɪɨɫɬɨɦ Ha ɬɚɤɠɟ 
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ. 

ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ Ha (0 ɢ 42) ɨɩɪɟɞɟɥɹɸɳɢɦ ɹɜɥɹɟɬɫɹ ɢɧɟɪɰɢɨɧɧɨ-
ɬɭɪɛɭɥɟɧɬɧɨɟ ɫɦɟɲɟɧɢɟ. Ɉɬɪɵɜ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɧɚ ɫɪɟɡɟ ɝɟɧɟɪɢɪɭɟɬ 
ɤɨɝɟɪɟɧɬɧɵɟ ɜɢɯɪɟɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɚɤɬɢɜɧɨ ɡɚɯɜɚɬɵɜɚɸɬ ɨɤɪɭɠɚɸɳɭɸ 

ɠɢɞɤɨɫɬɶ ɢ ɜɨɜɥɟɤɚɸɬ ɟё ɜ ɹɞɪɨ ɫɬɪɭɢ, ɱɬɨ ɢ ɜɵɡɵɜɚɟɬ ɟё ɢɧɬɟɧɫɢɜɧɨɟ ɧɚɱɚɥɶɧɨɟ 
ɬɨɪɦɨɠɟɧɢɟ. ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɫɪɟɡɚ ɤɪɭɩɧɵɟ ɜɢɯɪɢ ɪɚɡɪɭɲɚɸɬɫɹ, ɪɚɡɧɨɫɬɶ 
ɫɤɨɪɨɫɬɟɣ ɦɟɠɞɭ ɫɬɪɭёɣ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɭɪɛɭɥɟɧɬɧɵɣ ɩɟɪɟɧɨɫ 
ɢɦɩɭɥɶɫɚ ɨɫɥɚɛɟɜɚɟɬ, ɢ ɬɟɦɩ ɫɩɚɞɚ ɫɤɨɪɨɫɬɢ ɫɧɢɠɚɟɬɫɹ. ɇɚ ɪɚɫɫɬɨɹɧɢɢ z/d2 ≈ 4 

ɬɟɱɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɪɟɠɢɦ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɬɪɭɛɵ ɛɨɥɶɲɟɝɨ 
ɞɢɚɦɟɬɪɚ, ɢ ɨɫɟɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɢɬ ɧɚ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɪɚɫɯɨɞɨɦ ɠɢɞɤɨɫɬɢ. 

ɉɪɢ Ha = 83 ɢ 125 ɫɢɥɚ Ʌɨɪɟɧɰɚ ɩɨɞɚɜɥɹɟɬ ɪɚɞɢɚɥɶɧɵɟ ɢ ɚɡɢɦɭɬɚɥɶɧɵɟ 
ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɭɹ ɜɛɥɢɡɢ ɫɪɟɡɚ ɫɬɚɧɨɜɢɬɫɹ ɦɚɝɧɢɬɧɨ 
ɥɚɦɢɧɚɪɢɡɨɜɚɧɧɨɣ, ɚ ɬɭɪɛɭɥɟɧɬɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɫɥɚɛɟɜɚɟɬ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ 
ɧɚɱɚɥɶɧɨɟ ɡɚɦɟɞɥɟɧɢɟ ɩɨɬɨɤɚ ɨɫɥɚɛɟɜɚɟɬ, ɚ ɞɢɫɫɢɩɚɰɢɢ ɢɦɩɭɥɶɫɚ ɜ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɹɡɤɢɦ ɬɪɟɧɢɟɦ ɧɚ ɝɪɚɧɢɰɟ ɫɬɪɭɢ ɢ ɨɤɪɭɠɚɸɳɟɣ 

ɠɢɞɤɨɫɬɢ. ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɫɪɟɡɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫɬɪɭɢ ɫ 
ɨɤɪɭɠɚɸɳɟɣ ɠɢɞɤɨɫɬɶɸ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɹɡɤɨɝɨ 
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ɬɨɪɦɨɠɟɧɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɫɤɨɪɹɟɬ ɫɩɚɞ ɫɤɨɪɨɫɬɢ ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ. ɉɨɥɧɨɟ 
ɪɚɡɪɭɲɟɧɢɟ ɫɬɪɭɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɪɚɫɫɬɨɹɧɢɢ z/d2 ≈ 6, ɩɨɫɥɟ ɱɟɝɨ ɨɫɟɜɚɹ ɫɤɨɪɨɫɬɶ 
ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ. 

ɋ ɭɞɚɥɟɧɢɟɦ ɨɬ ɫɪɟɡɚ ɫɬɪɭɢ ɚɦɩɥɢɬɭɞɵ ɪɚɞɢɚɥɶɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ 

ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɸɬ. ɉɪɨɮɢɥɢ ɪɚɞɢɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

ɫɤɨɪɨɫɬɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ Ɇ-ɨɛɪɚɡɧɭɸ ɮɨɪɦɭ ɢ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɨɦ; ɩɪɢ Ha ≥ 83 ɜ ɪɚɫɱёɬɟ ɨɛɧɚɪɭɠɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɵɯ 
ɜɢɯɪɟɜɵɯ ɫɬɪɭɤɬɭɪ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɝɟɨɦɟɬɪɢɟɣ ɤɚɧɚɥɚ. Ɍɚɤɠɟ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟ ɨɬɪɚɠɚɸɬ ɡɚɤɪɭɬɤɭ ɫɬɪɭɢ, ɩɨɥɭɱɟɧɧɭɸ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ. ɗɬɨ ɪɚɫɯɨɠɞɟɧɢɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɨ ɚɫɢɦɦɟɬɪɢɟɣ 

ɜɯɨɞɧɨɝɨ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɤɨɬɨɪɚɹ ɦɨɝɥɚ 
ɢɧɢɰɢɢɪɨɜɚɬɶ ɚɡɢɦɭɬɚɥɶɧɵɟ ɜɨɡɦɭɳɟɧɢɹ, ɧɟ ɭɱɬёɧɧɵɟ ɜ ɪɚɫɱёɬɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. 
ȼɢɡɭɚɥɢɡɚɰɢɹ ɬɟɱɟɧɢɹ (ɪɢɫɭɧɨɤ 10) ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ DNS, 

ɜɵɩɨɥɧɟɧɧɨɝɨ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ. 

 

Ɋɢɫɭɧɨɤ 9. ɉɪɨɮɢɥɢ 

ɨɫɪɟɞɧɟɧɧɨɣ ɩɨ ɜɪɟɦɟɧɢ 

ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ Vz/V0 ɧɚ 
ɨɫɢ ɩɪɢ Re = 10000. Ha = 0 (1, 5, 

8), 42 (2, 9), 83 (3, 10), 125 (4, 7, 

11) ɢ 80 (6). 1−4 — ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ, 5−7 — ɞɚɧɧɵɟ 
DNS-ɪɚɫɱɟɬɚ [12], 8−11 — 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ. 

ȼ ɨɬɫɭɬɫɬɜɢɟ ɉɆɉ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɨɞɨɥɶɧɨɣ 

ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ Vz/V0 ɧɚ ɨɫɢ (ɪɢɫɭɧɨɤ 10, ɚ), ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɫɪɟɡɚ 
ɚɦɩɥɢɬɭɞɚ ɢ ɱɚɫɬɨɬɚ ɩɭɥɶɫɚɰɢɣ ɭɦɟɧɶɲɚɸɬɫɹ. ɇɚ ɪɚɫɫɬɨɹɧɢɢ z/d2 = 6.2 ɧɚɫɬɭɩɚɟɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɚɹ ɥɚɦɢɧɚɪɢɡɚɰɢɹ. 

 

Ɋɢɫɭɧɨɤ 10. 

Ɇɝɧɨɜɟɧɧɨɟ ɩɨɥɟ 
ɩɪɨɞɨɥɶɧɨɣ 

ɤɨɦɩɨɧɟɧɬɵ 

ɫɤɨɪɨɫɬɢ ɩɪɢ 

Re = 10000: 

ɚ) Ha = 0; ɛ) Ha = 42; 

ɜ) Ha = 83; 

ɝ) Ha = 125.  
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ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ Ƚɚɪɬɦɚɧɚ ɜɛɥɢɡɢ ɫɪɟɡɚ ɩɨɞɚɜɥɹɸɬɫɹ ɩɭɥɶɫɚɰɢɢ 

ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ Vz/V0, ɚ ɩɪɢ Ha = 83 ɢ 125 ɬɟɱɟɧɢɟ ɥɚɦɢɧɚɪɢɡɭɟɬɫɹ ɭɠɟ ɧɚ 
ɫɪɟɡɟ. Ⱥɦɩɥɢɬɭɞɚ ɩɭɥɶɫɚɰɢɣ Vz/V0 ɜɛɥɢɡɢ ɫɪɟɡɚ ɫɬɪɭɢ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɛɟɡ 
ɩɨɥɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɨɩɨɫɪɟɞɨɜɚɧɧɵɦ ɩɨɞɚɜɥɟɧɢɟɦ Vz/V0 ɱɟɪɟɡ ɫɜɹɡɶ 
ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɜ ɭɪɚɜɧɟɧɢɹɯ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɢ ɢɦɩɭɥɶɫɚ, ɚ ɬɚɤɠɟ ɡɚ ɫɱɟɬ 
ɩɨɞɚɜɥɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ Ʌɨɪɟɧɰɚ.  

Ⱥɧɚɥɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦ ɪɚɞɢɚɥɶɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ 

(ɪɢɫɭɧɤɢ 11 ɜ, ɞ) ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɞɟɥɚɧɧɵɟ ɪɚɧɟɟ ɜɵɜɨɞɵ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɉɆɉ 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɮɥɭɤɬɭɚɰɢɣ ɪɚɞɢɚɥɶɧɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬ 
ɫɤɨɪɨɫɬɢ, ɩɪɢɱёɦ ɦɚɤɫɢɦɭɦ ɢɯ ɚɦɩɥɢɬɭɞɵ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɜɵɯɨɞɧɨɝɨ 
ɫɟɱɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɨɛɥɚɫɬɢ.  

  

ɚ) 

  

ɛ) 

  
ɜ) 

  
ɝ) 

  
ɞ) 

  
ɟ) 

Ɋɢɫɭɧɨɤ 11. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɨɞɨɥɶɧɨɣ Vz/V0, ɪɚɞɢɚɥɶɧɨɣ Vr/V0, ɚɡɢɦɭɬɚɥɶɧɨɣ 

Va/V0 ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ  �  ɩɪɢ Re = 10000 ɩɪɢ 
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z/d2 = 6.2 (ɚ, ɛ) ɢ ɩɪɢ z/d2 = 2.2 (ɜ, ɝ, ɞ, ɟ) ɩɪɢ KDES ɦɨɞɟɥɢɪɨɜɚɧɢɢ (ɚ, ɜ, ɞ) ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɟ (ɛ, ɝ, ɟ): 1) Ha = 0; 2) Ha = 42; 3) Ha = 83; 4) Ha = 125. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ: 

ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ɧɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɬ ɨɫɪɟɞɧёɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɢ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɜɟɥɢɱɢɧ ɛɨɥɟɟ 0.1|Vr/V0| ɢ 0.1|Va/V0|. Ɋɚɫɱёɬɧɵɟ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɜɩɚɞɚɸɬ ɢ ɛɥɢɡɤɢ ɩɨ 

ɚɦɩɥɢɬɭɞɧɵɦ ɢ ɱɚɫɬɨɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɉɆɉ ɦɚɤɫɢɦɭɦ ɚɦɩɥɢɬɭɞɵ ɮɥɭɤɬɭɚɰɢɣ ɫɦɟɳɚɟɬɫɹ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɬɟɱɟɧɢɹ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɦɟɳɟɧɢɟ ɡɨɧɵ ɪɚɡɜɢɬɢɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 

ɩɨ ɞɥɢɧɟ ɬɪɭɛɵ. Ɍɚɤɠɟ ɡɚɦɟɬɧɨ, ɱɬɨ ɉɆɉ ɫɨɯɪɚɧɹɟɬ ɢ ɞɚɠɟ ɭɫɢɥɢɜɚɟɬ 
ɧɢɡɤɨɱɚɫɬɨɬɵɟ ɩɭɥɶɫɚɰɢɢ. Ɉɛɧɚɪɭɠɟɧɚ ɩɟɪɟɫɬɪɨɣɤɚ ɬɭɪɛɭɥɟɧɬɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɫɬɪɭɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɉɆɉ: ɡɨɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɫɦɟɳɚɟɬɫɹ ɜɧɢɡ 
ɩɨ ɩɨɬɨɤɭ, ɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɭɥɶɫɚɰɢɣ ɜ ɷɬɨɣ ɡɨɧɟ ɜɨɡɪɚɫɬɚɟɬ. ɉɪɢ ɷɬɨɦ 

ɚɛɫɨɥɸɬɧɚɹ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɫɢɥɶɧɨɦ ɩɨɥɟ (Ha ≥ 83) ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ, ɧɚɛɥɸɞɚɟɦɵɟ ɩɪɢ Ha=0 ɢ Ha=42, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ȼɩɥɨɬɶ ɞɨ Ha = 125 ɫɬɪɭɤɬɭɪɚ ɫɬɪɭɢ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɣ ɤɚɤ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ, ɬɚɤ ɢ ɩɪɢ KDES ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ Ha ɞɨ 180 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɨɜɵɣ ɧɟɭɫɬɨɣɱɢɜɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɣ 

ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨ Ha = 250 

ɧɚɛɥɸɞɚɟɬɫɹ ɟɳɟ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢ ɭɫɬɨɣɱɢɜɨɟ ɫɦɟɳɟɧɢɟ ɮɪɨɧɬɚ ɫɬɪɭɢ. 

ɉɭɥɶɫɚɰɢɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɬɚɧɨɜɹɬɫɹ ɟɳɟ ɛɨɥɟɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɦɢ (ɪɢɫɭɧɨɤ 12). 

 
Ɋɢɫɭɧɨɤ 12. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ Vz/V0 ɩɪɢ 

Re = 10000 ɢ Ha = 250 ɩɪɢ z/d2 = 0.6 ɢ r/r2 = 0.2 (ɚ) ɢ ɫɯɟɦɚɬɢɱɧɨɟ ɩɨɥɨɠɟɧɢɟ 
ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ (ɛ). 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼɵɩɨɥɧɟɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ 

ɪɬɭɬɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɜ ɞɜɭɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɬɟɱɟɧɢɹ: ɜ ɭɫɥɨɜɢɹɯ 

ɫɦɟɲɚɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɬɪɭɛɟ 
(Re = 10500 – 50100, Ha=0 – 460) ɢ ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ - ɜ ɡɚɬɨɩɥɟɧɧɨɣ 

ɫɬɪɭɟ (Re=10000 – 72000 ɢ Ha=0 – 125). 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɪɭɛɟ ɩɪɢ ɩɨɞɴɟɦɧɨɦ ɬɟɱɟɧɢɢ 

ɱɢɫɥɚ Nu ɨɤɚɡɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɬɭɪɛɭɥɟɧɬɧɵɯ ɡɧɚɱɟɧɢɣ (ɩɨ Ʌɚɣɨɧɭ), 
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ɚ ɜ ɉɆɉ ɫɧɢɠɚɸɬɫɹ ɩɪɢ Pe≥400 ɢ ɩɨɜɵɲɚɸɬɫɹ ɩɪɢ Pe≤400. ɋ ɪɨɫɬɨɦ 

ɱɢɫɥɚ Ha ɞɥɢɧɚ ɧɚɱɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɭɱɚɫɬɤɚ ɜɨɡɪɚɫɬɚɟɬ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ 

Re= 10500 ɩɨɥɟ ɩɨɞɚɜɥɹɟɬ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɜɨ ɜɫёɦ ɫɩɟɤɬɪɟ ɢ ɩɭɥɶɫɚɰɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɧɢɠɚɸɬɫɹ. ɉɪɢ Re ≥ 30400, ɧɚɩɪɨɬɢɜ, ɩɭɥɶɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɪɚɫɬɚɸɬ, ɩɪɟɜɵɲɚɹ ɬɭɪɛɭɥɟɧɬɧɵɣ ɭɪɨɜɟɧɶ, ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɛɧɚɪɭɠɟɧɵ ɨɫɧɨɜɧɵɟ ɆȽȾ-ɷɮɮɟɤɬɵ ɩɨ ɝɢɞɪɨɞɢɧɚɦɢɤɟ 

ɫɬɪɭɢ: ɩɨɞɚɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɪɚɞɢɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɭɥɶɫɚɰɢɣ ɫɤɨɪɨɫɬɢ, 

ɨɫɟɜɚɹ ɫɤɨɪɨɫɬɶ ɜ ɹɞɪɟ ɜɨɡɪɚɫɬɚɟɬ, ɷɮɮɟɤɬɢɜɧɚɹ ɞɥɢɧɚ ɫɬɪɭɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ Ha (ɫ 15d1 ɞɨ 25d1). ȼ ɞɢɚɩɚɡɨɧɟ Re=10 000 – 36 000 ɢ Ha=42 – 125 

ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɫɥɚɛɚɹ ɨɫɟɜɚɹ ɡɚɤɪɭɬɤɚ ɫɬɪɭɢ (Va ≤ 0.1V0). ɉɪɢ ɦɚɥɵɯ Re (10000, 

15500) ɜɥɢɹɧɢɟ ɩɨɥɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɭɥɶɫɚɰɢɢ ɧɟɦɨɧɨɬɨɧɧɨ: Ha = 42 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚ ɭɞɚɥɟɧɢɢ z/d₂ ≥ 4 ɜɨɡɪɚɫɬɚɟɬ, ɩɪɢ Ha = 125 – ɩɨɞɚɜɥɹɟɬɫɹ.  
Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ RANS ɩɨɞɯɨɞɚ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ z/d₂ < 3 ɨɬ ɜɵɯɨɞɚ ɫɬɪɭɢ, ɚ ɞɚɥɟɟ ɧɚ z/d₂ ≥ 3 ɬɨɥɶɤɨ 

ɤɚɱɟɫɬɜɟɧɧɨ. 
Ɇɨɞɟɥɶ KDES ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ: 

ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɫɬɪɭɢ ɫ ɪɨɫɬɨɦ Ha, ɫɦɟɧɭ ɦɟɯɚɧɢɡɦɚ ɞɢɫɫɢɩɚɰɢɢ ɢɦɩɭɥɶɫɚ – 

ɨɬ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɫɦɟɲɟɧɢɹ ɤ ɜɹɡɤɨɦɭ ɬɪɟɧɢɸ ɧɚ ɝɪɚɧɢɰɟ ɫɬɪɭɢ ɩɪɢ Re=10000 

ɢ Ha≥83, ɢ ɩɨɡɜɨɥɢɥɚ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ ɩɟɪɟɯɨɞɚ ɤ ɪɚɡɜɢɬɨɦɭ 
ɬɟɱɟɧɢɸ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ Ha ≥ 83 ɩɪɨɢɫɯɨɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɞɚɜɥɟɧɢɟ 
ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ.  

Ɇɨɞɟɥɶ KDES ɧɟ ɜɨɫɩɪɨɢɡɜɟɥɚ ɷɮɮɟɤɬ ɨɫɟɜɨɣ ɡɚɤɪɭɬɤɢ ɫɬɪɭɢ, 

ɧɚɛɥɸɞɚɟɦɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɱɬɨ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɨɛɭɫɥɨɜɥɟɧɨ ɚɫɢɦɦɟɬɪɢɟɣ 

ɪɟɚɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜ ɬɪɭɛɟ. ɉɪɢ Ha = 180 ɜ ɪɚɫɱёɬɚɯ ɨɛɧɚɪɭɠɟɧ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ 

ɪɟɠɢɦ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɫɬɪɭɢ ɛɟɡ ɡɚɤɪɭɬɤɢ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ 
Ha ɞɨ 210 – 250 ɨɛɧɚɪɭɠɟɧɨ ɩɨɩɟɪɟɱɧɨɟ ɫɦɟɳɟɧɢɟ ɬɟɥɚ ɫɬɪɭɢ, ɚ ɩɟɪɢɨɞɢɱɧɨɫɬɶ 
ɜɨɡɦɭɳɟɧɢɣ ɫɨɯɪɚɧɹɟɬɫɹ.  

ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ KDES ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ Ɇɉ, ɱɟɦ RANS, ɢ ɥɭɱɲɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢ DNS. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɢɤɢ ɢ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ 
KDES ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɞɪɭɝɢɯ ɬɭɪɛɭɥɟɧɬɧɵɯ ɦɨɞɟɥɟɣ 

ɜ ɆȽȾ-ɬɟɱɟɧɢɹɯ. 
Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɢɡɥɨɠɟɧɵ 

ɜ ɫɥɟɞɭɸɳɢɯ ɩɭɛɥɢɤɚɰɢɹɯ: 
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22 

ɋɢɫɬɟɦɵ ɰɢɬɢɪɨɜɚɧɢɹ Scopus/ Web Of Science 

3. ɋɨɤɨɥɨɜ Ɇ.Ⱥ., Ɋɚɡɭɜɚɧɨɜ ɇ.Ƚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɬɨɩɥɟɧɧɨɝɨ ɫɬɪɭɣɧɨɝɨ 
ɬɟɱɟɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɬɪɭɛɟ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 
Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ. 2026. № 4. ɋ. 78-87. 

https://doi.org/10.56304/S0040363625600594. 

4. ɋɨɤɨɥɨɜ Ɇ.Ⱥ., Ɋɚɡɭɜɚɧɨɜ ɇ.Ƚ., ɉɨɥɹɧɫɤɚɹ Ɉ. ɇ. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɡɚɬɨɩɥɟɧɧɨɝɨ ɫɬɪɭɣɧɨɝɨ ɬɟɱɟɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 
ɝɢɛɪɢɞɧɵɦ ɦɟɬɨɞɨɦ ɤɪɭɩɧɵɯ ɜɢɯɪɟɣ. ɉɢɫɶɦɚ ɜ ɠɭɪɧɚɥ ɬɟɯɧɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. 

2026. ɬɨɦ 52. ȼɵɩɭɫɤ 12. ɋ. 19-24. 

DOI: https://doi.org/10.61011/PJTF.2026.12.62980.20655. 

5. ɋɨɤɨɥɨɜ Ɇ.Ⱥ., Ɋɚɡɭɜɚɧɨɜ ɇ.Ƚ., ɉɨɥɹɧɫɤɚɹ Ɉ. ɇ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɬɨɩɥɟɧɧɨɣ 

ɫɬɪɭɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɦɟɬɨɞɚɦɢ ɝɢɛɪɢɞɧɨɝɨ LES 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ. 2026. № 10. ɋ. 1-16. 

https://doi.org/10.56304/S0040363626600114. 

6. ɇ. Ⱥ. Ʌɭɱɢɧɤɢɧ, ɇ. Ƚ. Ɋɚɡɭɜɚɧɨɜ, Ɉ. ɇ. ɉɨɥɹɧɫɤɚɹ, Ɇ. Ⱥ. ɋɨɤɨɥɨɜ, ȿ. Ⱥ. 

Ȼɭɪɞɸɤɨɜɚ.  ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɩɨɞɴɟɦɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɬɪɭɛɟ ɩɪɢ ɫɦɟɲɚɧɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɨɫɥɨɠɧɟɧɧɨɣ 

ɜɥɢɹɧɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ // ɂɧɠɟɧɟɪɧɨ-ɮɢɡɢɱɟɫɤɢɣ ɠɭɪɧɚɥ. ɌɈɆ 

95, №6. ɋ. 1577. 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

1. ɂɞɟɥɶɱɢɤ ɂ. ȿ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ/ɉɨɞ ɪɟɞ. 

Ɇ. Ɉ. ɒɬɟɣɧɛɟɪɝɚ. - 3-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ.- Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1997.-672 ɫ.: 
ɢɥ. ISBN 5-217-00393-6 

2. Lyon R. N. Liquid metal heat transfer coefficients./ Chem. Engng Progress. 

1951, vol. 47, №2, p.87-93. 

3. B. S. Petukhov, A. Polyakov. Heat transfer in turbulent mixed convection. Nauka 

Press, Moscow, 1986 

4. Ʉɨɜɚɥɟɜ ɋ.ɂ. ȼɥɢɹɧɢɟ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ 

ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɧɚ ɬɟɩɥɨɨɬɞɚɱɭ ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
(ɷɤɫɩɟɪɢɦɟɧɬ ɢ ɪɚɫɱɟɬɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ): Ⱦɢɫ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. Ɇ., 1988. 109 ɫ. 
5. ȿ. ɉ. ȼɚɥɭɟɜɚ, Ɍɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɟ 
ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɧɚ ɭɱɚɫɬɤɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ, 

ɌȼɌ, 2009, ɬɨɦ 47, ɜɵɩɭɫɤ 4, 568–574 

6. ȿ. ɘ. Ʉɪɚɫɢɥɶɧɢɤɨɜ, ȼɥɢɹɧɢɟ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ 
ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɩɪɨɜɨɞɹɳɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɬɪɭɛɟ, ɌȼɌ, 1964, ɬɨɦ 2, ɜɵɩɭɫɤ 4, 612–615 

7. Ɋɚɡɭɜɚɧɨɜ ɇ. Ƚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɆȽȾ-ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɬɪɭɛɟ: ɞɢɫ. ɞ-ɪɚ. ɬɟɯɧ. ɧɚɭɤ: 01.04.14 / Ɋɚɡɭɜɚɧɨɜ 
ɇɢɤɢɬɚ Ƚɟɨɪɝɢɟɜɢɱ. – Ɇ.: Ɇɗɂ. 2011. 293 ɫ. 
8. I. A. Belyaev, Ya. I. Listratov, Yu. P. Ivochkin, N.G. Razuvanov, V.G. Sviridov 

Temperature fluctuations in MHD flow of liquid metal in a horizontal 

inhomogeneously heated tube // High Temperature. 2015. V. 54. 

9. Ⱥɛɪɚɦɨɜɢɱ Ƚ.ɇ. Ɍɟɨɪɢɹ ɬɭɪɛɭɥɟɧɬɧɵɯ ɫɬɪɭɣ. — Ɇɨɫɤɜɚ: Ɏɢɡɦɚɬɝɢɡ, 1960. 

— 715 ɫ. ɱɟɪɬ.; 23. 



23 

10. ɂɜɥɟɟɜ ȼ.Ɇ., Ʌɟɜɢɧ ȼ.Ȼ. Ʌɚɦɢɧɚɪɢɡɚɰɢɹ ɡɚɬɨɩɥɟɧɧɨɣ ɫɬɪɭɢ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɨɞɨɥɶɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ // ɂɡɜ. Ⱥɇ ɋɋɋɊ. 

ɆɀȽ. 1989. №6. ɋ. 35-40. (English version) https://doi.org/10.1007//BF01050015. 

11. Sajben M., Fay J. A. Measurement of the growth of a turbulent mercury jet in a 

coaxial magnetic field // J. Fluid Mech. 1967. Vol. 27. P. 81-96. 

https://doi.org/10.1017/S0022112067000060 

12. Ʌɢɫɬɪɚɬɨɜ ə.ɂ., Ɋɚɡɭɜɚɧɨɜ ɇ.Ƚ., Ȼɟɥɹɟɜ ɂ.Ⱥ., ɋɜɢɪɢɞɨɜ ȿ.ȼ. Ⱦɢɧɚɦɢɤɚ 
ɡɚɬɨɩɥɟɧɧɨɝɨ ɫɬɪɭɣɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɟ ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 
ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, 15(4), 2022, 480-494. 

https://doi.org/10.7242/1999-6691/2022.15.4.37. 

13. ɋɜɢɪɢɞɨɜ ȼ.Ƚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɤɚɧɚɥɚɯ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɛɥɟɦɟ ɫɨɡɞɚɧɢɹ ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɚɤɬɨɪɚ. 
Ⱦɢɫɫ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ. Ɇ., 1989. 

14. Kovalev S. I., Murav'ev E.V., Sviridov V.G., Novye aspekty teploobmena pri 

techenii zhidkogo metalla v magnitnom pole termoyadernogo reaktora./ Voprosy 

atomnoj nauki i tekhniki, ser. Termoyadernyj sintez,-1990, -V.1, -P.32-37. 

15. Razuvanov N.G. Laboratornoe modelirovanie teploobmena zhidkogo metalla v 

usloviyah reaktora-tokamaka: Candidate’s thesis. – Ɇ., – 1997. – 122 P. (in Russian). 

16. Ⱥɪɬɟɦɨɜ ȼ. ɂ., ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ 
ɜ ɷɥɟɦɟɧɬɚɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ / Ⱥɪɬɟɦɨɜ ȼ. ɂ., 

əɧɶɤɨɜ Ƚ. Ƚ., Ʉɚɪɩɨɜ ȼ. ȿ., Ɇɚɤɚɪɨɜ Ɇ. ȼ.// Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ. 2000. № 7. ɫ. 52–

59. 

17. Ⱥɪɬɟɦɨɜ ȼ.ɂ., Ɇɚɤɚɪɨɜ Ɇ.ȼ., əɧɶɤɨɜ Ƚ.Ƚ., Ɇɢɧɤɨ Ʉ.Ȼ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɝɢɛɪɢɞɧɨɣ LES/RANS-ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɬɪɭɛɚɯ // 

ɋɟɞɶɦɚɹ Ɋɨɫɫɢɣɫɤɚɹ ɧɚɰɢɨɧɚɥɶɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɬɟɩɥɨɨɛɦɟɧɭ (ɊɇɄɌ-7): 

ɬɪɭɞɵ ɤɨɧɮɟɪɟɧɰɢɢ. – Ɇɨɫɤɜɚ, ɂɡɞ-ɜɨ: ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ Ɇɗɂ, – 2018, – Ɍ.1, – 

ɋ.147 

18. Ɇɚɤɚɪɨɜ, Ɇ. ȼ. ɑɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɬɭɪɛɭɥɟɧɬɧɵɯ ɆȽȾ-ɬɟɱɟɧɢɣ ɩɪɢ 

ɫɦɟɲɚɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɬɪɭɛɚɯ: ɞɢɫ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 01.03.14 / Ɇɚɤɚɪɨɜ Ɇɚɤɫɢɦ 

ȼɚɥɟɧɬɢɧɨɜɢɱ. — Ɇɨɫɤɜɚ, 2024. — 155 ɫ. 
 


