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ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɬɟɪɦɩɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ» ɫɨɞɟɪɠɢɬ 59 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 17 

ɢɥɥɸɫɬɪɚɰɢɣ, 40 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɪɟɯɦɟɪɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ɧɚ 

ɥɨɤɚɥɶɧɨ ɧɚɝɪɟɬɨɣ ɩɨɞɥɨɠɤɟ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɢ: ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ 

ɬɟɪɦɩɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɭɬɟɦ ɪɟɲɟɧɢɹ 

ɨɞɧɨɦɟɪɧɨɣ ɢ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ. 

Ɂɚɞɚɱɢ: ȼɵɩɨɥɧɢɬɶ ɫɪɚɜɧɟɧɢɟ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɨɞɧɨɦɟɪɧɨɝɨ ɢ 

ɞɜɭɦɟɪɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɩɥɨɫɤɨɝɨ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɢ ɫɜɨɛɨɞɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɡɚɜɢɫɢɦɵɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɩɪɟɞɟɥɢɬɶ 

ɩɨɝɪɟɲɧɨɫɬɶ ɨɞɧɨɦɟɪɧɨɝɨ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɬɟɩɟɧɹɯ ɫɬɟɫɧɟɧɢɹ 

ɩɨɬɨɤɚ ɢ ɱɢɫɥɚɯ Ɇɚɪɚɧɝɨɧɢ, ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɫ ɱɢɫɥɟɧɧɵɦ ɞɜɭɦɟɪɧɵɦ 

ɪɟɲɟɧɢɟɦ. 
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Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ɉɪɨɰɟɫɫɵ ɜ ɩɥɟɧɤɚɯ ɠɢɞɤɨɫɬɢ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɬɚɤ ɤɚɤ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɜɵɫɨɤɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 

ɤɨɧɬɚɤɬɚ ɮɚɡ ɩɪɢ ɦɚɥɵɯ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɚɯ ɠɢɞɤɨɫɬɢ. Ɍɨɧɤɢɟ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ 

ɦɨɝɭɬ ɬɚɤɠɟ ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɞɜɢɠɟɧɢɢ ɞɜɭɯɮɚɡɧɵɯ ɩɨɬɨɤɨɜ ɜ ɤɚɧɚɥɚɯ 

ɢɫɩɚɪɢɬɟɥɶɧɨ-ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. ɉɥɟɧɨɱɧɵɟ ɬɟɱɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨ 

ɫɨɡɞɚɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɚɯ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɢɳɟɜɨɣ, 

ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɤɪɢɨɝɟɧɧɨɣ ɢɧɞɭɫɬɪɢɢ. 

ɋɨɜɦɟɫɬɧɨɟ ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɚɯ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɷɧɟɪɝɟɬɢɤɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɤɨɥɶɰɟɜɨɦ ɪɟɠɢɦɟ 

ɬɟɱɟɧɢɹ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ ɜ ɬɪɭɛɚɯ ɢɥɢ ɧɚ ɫɬɚɞɢɢ ɩɨɞɝɨɬɨɜɤɢ ɬɨɩɥɢɜɚ ɜ 

ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɠɢɞɤɨɫɬɢ, 

ɞɜɢɠɭɳɢɯɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɜ ɫɢɫɬɟɦɚɯ ɨɯɥɚɠɞɟɧɢɹ 

ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɤ ɜ ɡɟɦɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ 

ɦɢɤɪɨɝɪɚɜɢɬɚɰɢɢ [Sherwood and Cray, 1992, Bar-Cohen et al., 1995, Kabov et al., 

2004]. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɩɪɨɰɟɫɫ ɫɩɭɬɧɨɝɨ ɬɟɱɟɧɢɹ ɩɥɟɧɤɢ ɢ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɦɢɤɪɨ ɢɥɢ ɦɢɧɢɤɚɧɚɥɚɯ. ɏɚɪɚɤɬɟɪɧɚɹ ɜɵɫɨɬɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɧɚɥɨɜ 

ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 50 ɞɨ 3000 ɦɤɦ. ɉɪɢ ɷɬɨɦ ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɤɚɤ ɩɪɚɜɢɥɨ 

ɢɦɟɟɬ ɥɚɦɢɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɪɚɛɨɱɢɦɢ ɠɢɞɤɨɫɬɹɦɢ ɞɥɹ ɬɚɤɢɯ 

ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɞɚ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɧɢɠɟ ɚɬɦɨɫɮɟɪɧɨɝɨ, ɚ ɬɚɤɠɟ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɠɢɞɤɨɫɬɶ FC-72. ȼɨɞɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɦɚɬɶ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ, ɧɨ ɨɩɚɫɧɨɫɬɶ ɪɚɡɝɟɪɦɟɬɢɡɚɰɢɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɟ ɩɪɢɦɟɧɟɧɢɟ. 

FC-72 ɨɛɥɚɞɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 

ɬɟɩɥɨɬɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. ȼ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɨɛɟɢɯ ɠɢɞɤɨɫɬɟɣ. 

ɋɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɩɪɢ ɞɜɢɠɟɧɢɢ ɞɜɭɯɮɚɡɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɢɧɢ ɢ 

ɦɢɤɪɨɤɚɧɚɥɚɯ ɢɝɪɚɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ. ȼ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨ 

ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɜɨɡɧɢɤɚɸɬ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ, ɜɵɡɵɜɚɟɦɵɟ ɧɚɥɢɱɢɟɦ 
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ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɤɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ, ɜɵɡɵɜɚɟɦɵɟ ɝɪɚɞɢɟɧɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ 

ɬɟɱɟɧɢɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɠɢɞɤɨɫɬɟɣ. 

Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ, ɧɚɝɪɟɜɚɟɦɨɣ ɫɧɢɡɭ, 

ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ ɞɟɫɹɬɢɥɟɬɢɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɨɩɪɨɫ ɨ 

ɜɥɢɹɧɢɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɹɜɥɟɧɢɹ ɨɫɬɚɟɬɫɹ ɧɟ ɞɨ ɤɨɧɰɚ 

ɢɡɭɱɟɧɧɵɦ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɬɚɬɟɣ ɢɡɭɱɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɫɩɚɪɟɧɢɹ ɢ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɷɮɮɟɤɬɚ ɩɪɨɜɨɞɢɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɠɢɞɤɨɫɬɶ 

ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɬɨɥɶɤɨ ɫ ɫɨɛɫɬɜɟɧɧɵɦ ɩɚɪɨɦ [Burelbach et al., 1988, Oron et al., 

1997, Ajaev, 2004]. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɧɟɤɨɧɞɟɧɫɢɪɭɟɦɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɮɚɡɟ ɩɚɪɚ ɫɢɥɶɧɨ 

ɫɬɢɦɭɥɢɪɭɟɬ ɩɨɹɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɚɪɹɸɳɟɝɨɫɹ ɠɢɞɤɨɝɨ 

ɫɥɨɹ [Haut and Colinet, 2004]. 

ȼ 1994 ɝ. ɜ ɂɧɫɬɢɬɭɬɟ ɬɟɩɥɨɮɢɡɢɤɢ ɋɈ ɊȺɇ ɞ.ɮ.-ɦ.ɧ. Ɉ.Ⱥ. Ʉɚɛɨɜɵɦ ɛɵɥɢ 

ɨɛɧɚɪɭɠɟɧɵ ɪɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ ɜ ɬɨɧɤɨɣ ɞɜɢɠɭɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɝɪɚɜɢɬɚɰɢɢ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɟɟ ɥɨɤɚɥɶɧɨɦ ɧɚɝɪɟɜɟ ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɥɨɠɤɢ. 

ɋɬɪɭɤɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɚɥ ɠɢɞɤɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ 

ɧɚɝɪɟɜɚɬɟɥɹ, ɢɡ ɤɨɬɨɪɨɝɨ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɫɬɟɤɚɸɬ ɫɬɪɭɢ 

ɠɢɞɤɨɫɬɢ ɢ ɬɨɧɤɚɹ ɩɥɟɧɤɚ ɦɟɠɞɭ ɧɢɦɢ. ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɂɧɫɬɢɬɭɬɚ ɬɟɩɥɨɮɢɡɢɤɢ (ɡɚɜ. ɥɚɛ. Ʉɚɛɨɜ Ɉ.Ⱥ.) ɜɟɞɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɩɨɞɨɛɧɵɟ 

ɪɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɬɟɱɟɧɢɢ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ, ɤɚɤ ɜ 

ɡɟɦɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨɝɪɚɜɢɬɚɰɢɢ. Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɡɭɱɢɬɶ ɩɪɨɰɟɫɫɵ ɜ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ, ɞɜɢɠɭɳɟɣɫɹ ɢɨɞ ɞɟɣɫɬɜɢɟɦ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ 

ɢ ɝɚɡɚ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɞɨ ɤɨɧɰɚ ɧɟ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɪɨɛɥɟɦɨɣ (Aktershev and 

Alekseenko 1996, Gambaryan-Roisman and Stepban 2004). Ʉɚɫɚɬɟɥɶɧɵɟ ɢ 

ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɝɚɡ-ɠɢɞɤɨɫɬɶ ɜɵɡɵɜɚɟɦɵɟ ɩɨɬɨɤɨɦ 

ɝɚɡɚ, ɚ ɬɚɤɠɟ ɬɟɪɦɨɤɚɩɢɥɥɹɪɢɵɦɢ ɫɢɥɚɦɢ, ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɧɟɥɢɧɟɣɧɵɟ 
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ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɪɚɡɪɭɲɟɧɢɟ ɩɥɟɧɤɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɪɟɯɦɟɪɧɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɫɥɨɹ 

ɠɢɞɤɨɫɬɢ ɧɚ ɥɨɤɚɥɶɧɨ ɧɚɝɪɟɬɨɣ ɩɨɞɥɨɠɤɟ 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ –ɩɪɨɰɟɫɫ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɇɨɜɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 
Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɭɬɟɦ ɪɟɲɟɧɢɹ 

ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɪɚɧɟɟ 

ɧɟ ɫɭɳɟɫɬɜɨɜɚɜɲɟɣ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɛɭɞɭɬ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɬɚɤ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ. ȼ 

ɤɚɱɟɫɬɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɜ ɪɚɦɤɚɯ 

ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɨɜɵɣ ɷɬɚɩ ɜ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɢɡɭɱɟɧɢɢ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɥɟɧɨɱɧɨɝɨ ɬɟɱɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɲɟɧɢɟ 

ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɳɟ ɛɨɥɟɟ ɬɨɱɧɨ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ. Ɋɹɞ ɜɵɜɨɞɨɜ ɨ 

ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɬɟɱɟɧɢɹ ɩɨɥɭɱɟɧɵ ɜ ɨɛɳɟɦ ɜɢɞɟ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɱɬɨ 

ɦɨɠɟɬ ɢɦɟɬɶ ɨɫɨɛɭɸ ɰɟɧɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɩɪɢɦɟɧɹɟɦɵɯ 

ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɧɨ ɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɰɟɥɨɫɬɧɵɯ ɮɢɡɢɱɟɫɤɢɯ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨɛ ɢɡɭɱɚɟɦɨɦ ɫɥɨɠɧɨɦ ɹɜɥɟɧɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɡɜɨɥɹɸɬ ɛɨɥɟɟ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɢ ɭɝɥɭɛɥɟɧɧɨ ɩɥɚɧɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ. 
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Ƚɥɚɜɚ 1. Ɉɩɢɫɚɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɤɨɧɟɱɧɵɯ ɨɛɴёɦɨɜ  
 

ȼɟɫɶɦɚ ɢ ɜɟɫɶɦɚ ɞɢɧɚɦɢɱɧɚɹ ɢɫɬɨɪɢɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɧɚɫɱɢɬɵɜɚɟɬ ɜɫɟɝɨ ɩɨɥɜɟɤɚ. Ɂɚ ɷɬɨ ɜɪɟɦɹ 

ɦɧɨɝɨɫɬɨɪɨɧɧɟɟ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ (ɆɄɊ), ɨɫɧɨɜɵ 

ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɟɳɟ ɞɨ ɩɨɹɜɥɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɗȼɆ, ɜɨɡɧɢɤ ɢ 

ɞɨɫɬɢɝ ɜɵɫɨɤɨɝɨ ɫɨɜɟɪɲɟɧɫɬɜɚ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ (ɆɄɈ), 

ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɨɬɞɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɤ ɡɚɞɚɱɚɦ 

ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɄɗ), ɫɨɡɞɚɧɧɨɝɨ 

ɢɡɧɚɱɚɥɶɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ɇɟ 

ɩɪɟɬɟɧɞɭɹ ɧɚ ɩɨɥɧɨɬɭ, ɨɯɚɪɚɤɬɟɪɢɡɭɟɦ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɫ ɟɞɢɧɫɬɜɟɧɧɨɣ ɰɟɥɶɸ 

ɩɪɨɹɫɧɢɬɶ ɩɪɢɱɢɧɵ ɥɢɞɢɪɭɸɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɆɄɈ ɜ ɪɚɡɪɚɛɨɬɤɚɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱ 

ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɨɛɥɚɫɬɹɯ ɫɥɨɠɧɨɣ 

ɝɟɨɦɟɬɪɢɢ. Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɨɫɧɨɜɚɧ ɧɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜɯɨɞɹɳɢɯ ɜ 

ɢɫɯɨɞɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɢɯ ɞɢɫɤɪɟɬɧɵɦɢ 

(ɪɚɡɧɨɫɬɧɵɦɢ) ɚɧɚɥɨɝɚɦɢ. ɇɟɫɨɦɧɟɧɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɆɄɊ ɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɫɬɨɬɚ ɪɟɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɚɝɥɹɞɧɨɫɬɶ ɩɪɨɰɟɞɭɪɵ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɞɚɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ 

ɬɨɱɧɨɫɬɢ. Ɉɞɧɚɤɨ ɷɬɢ ɞɨɫɬɨɢɧɫɬɜɚ ɪɟɚɥɢɡɭɸɬɫɹ ɥɢɲɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɨɫɬɚɬɨɱɧɨ «ɯɨɪɨɲɟɣ» ɪɟɝɭɥɹɪɧɨɣ (ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɣ) ɫɟɬɤɢ – ɩɨɱɬɢ 

ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɢ ɫ ɩɥɚɜɧɨ ɦɟɧɹɸɳɢɦɢɫɹ ɪɚɡɦɟɪɚɦɢ ɹɱɟɟɤ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɢɥɨɠɟɧɢɣ ɆɄɊ ɨɝɪɚɧɢɱɟɧɨ ɫɥɭɱɚɹɦɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɯ ɩɨ ɝɟɨɦɟɬɪɢɢ ɪɚɫɱɟɬɧɵɯ ɨɛɥɚɫɬɟɣ. ȼ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɫɬɟɩɟɧɢ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɣ ɜ ɨɛɥɚɫɬɹɯ ɫɥɨɠɧɨɣ 

ɝɟɨɦɟɬɪɢɢ ɛɵɥɨ ɧɚɣɞɟɧɨ ɜ 1970-ɯ ɝɝ., ɤɨɝɞɚ ɞɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭɪɚɜɧɟɧɢɣ 

ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɫɬɚɥ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ. Ɉɬɩɪɚɜɧɨɣ 

ɬɨɱɤɨɣ ɆɄɈ ɹɜɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, 

ɢɦɩɭɥɶɫɚ, ɷɧɟɪɝɢɢ ɢ ɞɪ. Ȼɚɥɚɧɫɨɜɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɡɚɩɢɫɵɜɚɸɬɫɹ ɞɥɹ ɧɟɛɨɥɶɲɨɝɨ 

ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɴɟɦɚ; ɢɯ ɞɢɫɤɪɟɬɧɵɣ ɚɧɚɥɨɝ ɩɨɥɭɱɚɟɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ɜɫɟɦ 
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ɝɪɚɧɹɦ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ ɩɨɬɨɤɨɜ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɬ.ɞ., ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ 

ɤɚɤɢɦ-ɥɢɛɨ ɤɜɚɞɪɚɬɭɪɧɵɦ ɮɨɪɦɭɥɚɦ. ɉɨɫɤɨɥɶɤɭ ɢɧɬɟɝɪɚɥɶɧɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ 

ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɧɟ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɮɨɪɦɭ ɤɨɧɬɪɨɥɶɧɨɝɨ 

ɨɛɴɟɦɚ, ɆɄɈ ɩɪɢɝɨɞɟɧ ɞɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭɪɚɜɧɟɧɢɣ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɤɚɤ ɧɚ 

ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ, ɬɚɤ ɢ ɧɚ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɤɚɯ ɫ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɨɣ 

ɹɱɟɟɤ, ɱɬɨ, ɜ ɩɪɢɧɰɢɩɟ, ɩɨɥɧɨɫɬɶɸ ɪɟɲɚɟɬ ɩɪɨɛɥɟɦɭ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ 

ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ. 

 

1.1 Ɉɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ Ansys 

 

ANSYS CFX – ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɜ ɨɛɥɚɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɟɣ ɢ 

ɝɚɡɨɜ. ANSYS CFX ɫɨɜɦɟɳɚɟɬ ɜ ɫɟɛɟ ɩɟɪɟɞɨɜɭɸ ɬɟɯɧɨɥɨɝɢɸ ɪɟɲɚɬɟɥɹ ɫ 

ɫɨɜɪɟɦɟɧɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ ɢ ɚɞɚɩɬɢɜɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ, ɱɬɨ 

ɞɟɥɚɟɬ ɷɬɨɬ ɢɧɫɬɪɭɦɟɧɬ ɞɨɫɬɭɩɧɵɦ ɤɚɤ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɜɥɚɞɟɸɳɢɯ ɨɛɳɢɦɢ 

ɢɧɠɟɧɟɪɧɵɦɢ ɡɧɚɧɢɹɦɢ, ɬɚɤ ɢ ɞɥɹ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɝɢɞɪɨɞɢɧɚɦɢɤɢ, 

ɪɚɛɨɬɚɸɳɢɦɢ ɫ ɦɨɞɟɥɶɸ ɢ ɟɟ ɫɜɨɣɫɬɜɚɦɢ ɧɚ ɝɥɭɛɨɤɨɦ ɭɪɨɜɧɟ. CFX ɩɨɡɜɨɥɹɟɬ 

ɞɟɬɚɥɶɧɨ ɢɡɭɱɢɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɰɟɫɫɵ ɢɡɧɭɬɪɢ, ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, 

ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ. 

Ɇɨɞɭɥɶ ANSYS CFX ɩɨɥɧɨɫɬɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧ ɜ ɪɚɫɱɟɬɧɭɸ ɫɪɟɞɭ ANSYS 

Workbench - ɩɥɚɬɮɨɪɦɭ, ɨɛɴɟɞɢɧɹɸɳɭɸ ɜɫɟ ɢɧɫɬɪɭɦɟɧɬɵ ɢɧɠɟɧɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɦɩɚɧɢɢ ANSYS. Ⱥɞɚɩɬɢɜɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɵɩɨɥɧɹɬɶ ɥɸɛɵɟ ɞɟɣɫɬɜɢɹ ɨɬ ɫɬɚɧɞɚɪɬɧɨɝɨ ɚɧɚɥɢɡɚ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɞɨ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ. 

ɉɨɥɶɡɨɜɚɬɟɥɢ ɦɨɝɭɬ ɥɟɝɤɨ ɨɰɟɧɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɨ ɦɧɨɠɟɫɬɜɟɧɧɵɯ 

ɪɚɫɱɟɬɧɵɯ ɬɨɱɤɚɯ ɢɥɢ ɫɪɚɜɧɢɬɶ ɧɟɫɤɨɥɶɤɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɡ ɪɚɡɥɢɱɧɵɯ ɪɚɫɱɟɬɧɵɯ ɞɢɫɰɢɩɥɢɧ ɜ ɪɚɦɤɚɯ ɩɥɚɬɮɨɪɦɵ ANSYS 

Workbench ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɭɩ ɤ ɨɛɳɢɦ ɞɥɹ ɜɫɟɯ ɪɚɫɱɟɬɨɜ ɢɧɫɬɪɭɦɟɧɬɚɦ, 

ɬɚɤɢɦ ɤɚɤ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɟɨɦɟɬɪɢɟɣ ANSYS DesignModeler ɢ ɫ 

ɫɟɬɤɨɣ ANSYS Meshing. 
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Ƚɟɨɦɟɬɪɢɹ ɫɨɡɞɚёɬɫɹ ɜ ɦɨɞɭɥɟ ANSYS DesignModeler, ɫɩɟɰɢɚɥɶɧɨ 

ɪɚɡɪɚɛɨɬɚɧɧɧɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɝɟɨɦɟɬɪɢɢ, ɟɟ ɩɨɞɝɨɬɨɜɤɢ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ. ɗɬɚ 

ɩɨɥɧɨɫɬɶɸ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɫɪɟɞɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɨɛɥɚɞɚɟɬ 

ɩɪɹɦɵɦɢ ɢ ɞɜɭɫɬɨɪɨɧɧɢɦɢ ɫɜɹɡɹɦɢ ɫɨ ɜɫɟɦɢ ɨɫɧɨɜɧɵɦɢ CAD-ɩɚɤɟɬɚɦɢ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɫɪɟɞɫɬɜɨ ɫɨɝɥɚɫɨɜɚɧɢɹ ɢ ɜɜɨɞɚ ɝɟɨɦɟɬɪɢɢ ɜɨ ɜɫɟ ɩɪɨɝɪɚɦɦɧɵɟ 

ɩɪɨɞɭɤɬɵ ANSYS ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɜ ɨɛɥɚɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɧɟɨɛɯɨɞɢɦɚ ɫɚɦɚɹ ɫɨɜɟɪɲɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɫɨɡɞɚɧɢɹ ɫɟɬɤɢ. ANSYS Meshing ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɦɧɨɠɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɣ 

ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɜ ɨɞɧɨɦ ɩɪɢɥɨɠɟɧɢɢ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ 

ɩɨɞɯɨɞɹɳɢɣ ɫɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɩɨɞɯɨɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɧɚ ɤɚɠɞɨɣ ɢɡ ɞɟɬɚɥɟɣ ɫɛɨɪɤɢ. 

Ɏɢɡɢɱɟɫɤɢɣ ɩɪɟɩɪɨɰɟɫɫɨɪ ANSYS CFX -ɷɬɨ ɫɨɜɪɟɦɟɧɧɵɣ, ɢɧɬɭɢɬɢɜɧɨ 

ɩɨɧɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɞɢɧɚɦɢɤɢ ɠɢɞɤɨɫɬɟɣ ɢɥɢ 

ɝɚɡɨɜ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɨɫɧɨɜɧɨɦɭ ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɜɫɬɪɨɟɧɧɵɣ ɦɚɫɬɟɪ ɩɨɦɨɝɚɟɬ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɨɣɬɢ ɩɪɨɰɟɫɫ ɩɨɞɝɨɬɨɜɤɢ ɨɛɳɢɯ ɪɚɫɱɟɬɨɜ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɟɣ 

ɢɥɢ ɝɚɡɨɜ.  

Ɇɨɳɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɞɚɬɶ ɨɩɢɫɚɧɢɟ 

ɩɪɨɛɥɟɦɵ ɜ ɱɢɫɥɨɜɨɦ ɜɢɞɟ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɫɨ ɫɥɨɠɧɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, 

ɚɜɬɨɪɫɤɢɦɢ ɦɨɞɟɥɹɦɢ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɩɟɪɟɧɨɫɚ. 

Ⱥɞɚɩɬɢɜɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ CFX-Pre ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɨɡɞɚɜɚɬɶ 

ɫɨɛɫɬɜɟɧɧɵɟ ɩɚɧɟɥɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɱɬɨɛɵ 

ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ ɜɜɨɞ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. 

ɋɟɪɞɰɟɦ ɦɨɞɭɥɹ ɪɟɲɚɬɟɥɹ Ansys CFX Solver ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɨɜɨɣ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɣ ɦɧɨɝɨɫɟɬɨɱɧɵɣ ɫɨɩɪɹɠɟɧɧɵɣ ɪɟɲɚɬɟɥɶ, ɢɫɩɨɥɶɡɭɸɳɢɣ 

ɬɟɯɧɨɥɨɝɢɸ Coupled Algebraic Multigrid, ɹɜɥɹɸɳɭɸɫɹ ɤɥɸɱɨɦ ɤ ɩɨɥɭɱɟɧɢɸ 

ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ. ɉɚɪɚɦɟɬɪɵ ɪɟɲɚɬɟɥɹ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

ɦɨɝɭɬ ɛɵɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɵ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ, ɩɪɢ ɷɬɨɦ ɧɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɫɬɚɧɚɜɥɢɜɚɬɶ ɪɟɲɚɬɟɥɶ. Ɋɟɲɚɬɟɥɶ ANSYS CFX ɢɫɩɨɥɶɡɭɟɬ 
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ɫɯɟɦɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɩɨ ɭɦɨɥɱɚɧɢɸ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɨɥɭɱɟɧɢɟ 

ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫɨɩɪɹɠɟɧɧɵɯ ɪɟɲɚɬɟɥɟɣ ANSYS CFX ɞɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɸɛɨɝɨ ɪɚɫɱɟɬɚ ɢ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɭɫɬɨɣɱɢɜɵɟ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɵɟ ɪɟɲɟɧɢɹ ɞɥɹ ɡɚɞɚɱ ɞɢɧɚɦɢɤɢ 

ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. 

Ɉɩɢɫɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ANSYS CFX, ɜɵɩɨɥɧɹɟɬɫɹ ɜ ANSYS CFD-Post. ȼɨɡɦɨɠɧɨɫɬɶ 

ɧɚɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ, ɩɨɥɧɚɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ, ɝɟɧɟɪɚɰɢɹ ɨɬɱɟɬɨɜ, ɞɚɸɬ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɫɱɟɬɨɜ. 

Ansys CFX ɢ Ansys FLUENT – ɷɬɨ ɨɫɧɨɜɧɵɟ ɩɪɨɞɭɤɬɵ ɞɥɹ ɡɚɞɚɱ 

ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɟɞɥɚɝɚɟɦɵɟ ɤɨɦɩɚɧɢɟɣ ANSYS, Inc. 

Ɉɛɚ ɪɟɲɚɬɟɥɹ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ ɞɟɫɹɬɢɥɟɬɢɣ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

ɢ ɨɛɥɚɞɚɸɬ ɧɟɫɤɨɥɶɤɢɦɢ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɨɬɥɢɱɢɹɦɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɤɨɬɨɪɵɟ 

ɫɯɨɠɢɟ ɱɟɪɬɵ. Ɉɛɚ ɦɨɞɭɥɹ ɨɫɧɨɜɚɧɵ ɧɚ ɦɟɬɨɞɟ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɴɟɦɨɜ, ɞɚɸɳɟɦ 

ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ, ɢ ɢɫɩɨɥɶɡɭɸɬ ɪɟɲɚɬɟɥɶ ɩɨ ɞɚɜɥɟɧɢɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɢɦɟɧɹɬɶ ɷɬɢ ɩɪɨɞɭɤɬɵ ɞɥɹ ɪɟɲɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ. 

Ɉɫɧɨɜɧɵɟ ɨɬɥɢɱɢɹ ɫɨɫɬɨɹɬ ɜ ɫɩɨɫɨɛɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɟɣ ɢ ɜ ɫɬɪɚɬɟɝɢɹɯ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ.  

Ɋɟɲɚɬɟɥɶ ANSYS CFX ɢɫɩɨɥɶɡɭɟɬ ɫɟɬɤɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɱɢɫɥɨɜɵɟ 

ɡɧɚɱɟɧɢɹ ɜ ɭɡɥɚɯ ɫɟɬɤɢ), ɫɯɨɠɭɸ ɫ ɬɟɦɢ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɩɪɨɱɧɨɫɬɢ, 

ɞɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɨɛɥɚɫɬɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ANSYS CFX, ɪɟɲɚɬɟɥɶ ANSYS 

FLUENT ɢɫɩɨɥɶɡɭɟɬ ɫɟɬɤɭ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ (ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɜ ɰɟɧɬɪɚɯ 

ɹɱɟɟɤ). ȼ ɢɬɨɝɟ ɨɛɚ ɩɨɞɯɨɞɚ ɮɨɪɦɢɪɭɸɬ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ, 

ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɯɪɚɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɨɬɨɤɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ 

ɭɫɥɨɜɢɟɦ ɞɥɹ ɬɨɱɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ. ȼ ANSYS CFX ɨɫɨɛɵɣ 

ɭɩɨɪ ɫɞɟɥɚɧ ɧɚ ɪɟɲɟɧɢɟ ɨɫɧɨɜɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ (ɫɨɩɪɹɠɟɧɧɚɹ 

ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɟɬɤɚ), ɚ ANSYS FLUENT ɩɪɟɞɥɚɝɚɟɬ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ ɤ 

ɪɟɲɟɧɢɸ (ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɟ ɩɥɨɬɧɨɫɬɢ, ɪɚɫɳɟɩɥɟɧɧɵɣ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɟ ɞɚɜɥɟɧɢɹ, 
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ɫɨɩɪɹɠɟɧɧɵɣ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɟ ɞɚɜɥɟɧɢɹ). Ɉɛɚ ɪɟɲɚɬɟɥɹ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɫɚɦɵɟ 

ɰɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. [3] 

 

1.1.2. Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴёɦɨɜ 

 

(ȼ ɪɭɫɫɤɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɦɟɬɨɞ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɴёɦɨɜ) ɱɢɫɥɟɧɧɵɣ 

ɦɟɬɨɞ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɵɯ. ȼɵɛɢɪɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɡɚɦɤɧɭɬɚɹ ɨɛɥɚɫɬɶ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɢɥɢ ɝɚɡɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɢɫɤ ɩɨɥɟɣ ɦɚɤɪɨɤɨɩɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ 

(ɧɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɢ, ɞɚɜɥɟɧɢɹ), ɨɩɢɫɵɜɚɸɳɢɯ ɫɨɫɬɨɹɧɢɟ ɫɪɟɞɵ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɦ ɡɚɤɨɧɚɦ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢ. 

ɇɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɹɜɥɹɸɬɫɹ ɡɚɤɨɧ ɫɨɯɪɨɧɟɧɢɹ ɜ ɗɣɥɟɪɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ 

Ⱦɥɹ ɥɸɛɨɣ ɜɟɥɢɱɢɧɵ, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɨɤɪɭɠɟɧɧɨɣ 

ɧɟɤɨɬɨɪɵɦ ɡɚɦɤɧɭɬɵɦ ɤɨɧɟɱɧɵɦ ɨɛɴɟɦɨɦ, ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢɫɭɳɟɫɬɜɭɟɬ 

ɫɥɟɞɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ: ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɥɢɱɢɧɵ ɜ ɨɛɴɟɦɟ ɦɨɠɟɬ 

ɢɡɦɟɧɹɬɶɫɹ ɡɚ ɫɱɟɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: 

 ɬɪɚɧɫɩɨɪɬ ɤɨɥɢɱɟɫɬɜɚ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɭɸ ɤɨɧɬɪɨɥɶɧɵɣ ɨɛɴɟɦ ɩɨɬɨɤ; 

 ɝɟɧɟɪɚɰɢɹ (ɭɧɢɱɬɨɠɟɧɢɟ) ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɥɢɱɢɧɵ ɜɧɭɬɪɢ 

ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɴɟɦɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɮɨɪɦɭɥɢɪɨɜɤɟ ɆɄɈ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɮɢɡɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɪɟɲɟɧɢɢ 

ɡɚɞɚɱ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ ɜ ɤɚɠɞɨɦ 

ɤɨɧɬɪɨɥɶɧɨɦ ɨɛɴɟɦɟ.  

 

1.1.3 ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ  
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ɝɞɟ 
t


 ‒ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ  ; 

  ‒ ɪɟɚɤɬɢɜɧɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ 

ɜɟɥɢɱɢɧɵ  ;  

)( U  ‒ ɤɨɧɜɟɤɬɢɜɧɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ 

ɮɢɡɢɱɧɫɤɨɣ ɜɟɥɢɱɢɧɵ  ; 

)(  D  ‒ ɞɢɮɮɭɡɧɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ 

ɜɟɥɢɱɢɧɵ  ; 

s  ‒ ɢɫɬɨɱɧɢɤɨɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ 

ɜɟɥɢɱɢɧɵ  . 

ɗɬɨɬ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɚɞɚɱ 

ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɜ ɫɜɨɛɨɞɧɨɦ ɩɚɤɟɬɟ OpenFOAM, ɚ ɬɚɤɠɟ ɤɨɦɦɟɪɱɟɫɤɢɯ 

ɤɨɞɚɯ, ɬɚɤɢɯ ɤɚɤ: ANSYS. 

 

  1.1.4. ɊȺȼɇɈɆȿɊɇɕȿ ɉɊɂȻɅɂɀȿɇɂȿ 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɦɧɨɝɨɤɪɚɬɧɨ ɜɵɱɢɫɥɹɬɶ 

ɡɧɚɱɟɧɢɹ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɪɟɫɭɪɫɨёɦɤɨɣ 

ɨɩɟɪɚɰɢɟɣ. ȼɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɮɭɧɤɰɢɢ ɧɚɢɥɭɱɲɟɝɨ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɥɢɧɟɣɧɨɦ 

ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɛɪɚɡɭɸɬ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɡɦɟɪɧɨɫɬɢ 

ɜɫɟɜɨɡɦɨɠɧɵɯ ɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɩɟɪɟɞɟɥɟɧɚ  ɧɨɪɦɚ ɢ 

ɫɭɳɟɫɬɜɭɟɬ ɟё ɬɨɱɧɚɹ ɧɢɠɧɹɹ ɝɪɚɧɶ. ɗɥɟɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɷɬɚ ɝɪɚɧɶ ɞɨɫɬɢɝɚɟɬɫɹ 

ɧɚɡɵɜɚɸɬ ɷɥɟɦɟɧɬɨɦ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɢɥɢ ɩɪɨɟɤɰɢɟɣ. Ɇɨɠɧɨ 

ɞɨɤɚɡɚɬɶ, ɱɬɨ ɜ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɟ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɷɥɟɦɟɧɬ ɧɚɢɥɭɱɲɟɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ, ɚ ɩɪɢ ɭɫɥɨɜɢɢ ɫɬɪɨɝɨɣ ɧɨɪɦɢɪɨɜɚɧɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɬɚɤɨɣ 

ɷɥɟɦɟɧɬ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɫ 

ɧɨɪɦɨɣ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɷɥɟɦɟɧɬ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɧɨ ɭɫɥɨɜɢɟɦ ɟɝɨ 
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ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɧɟ ɛɨɥɟɟɪɚɡɥɢɱɧɵɯ ɧɭɥɟɣ ɨɛɨɛɳёɧɧɨɝɨ 

ɦɧɨɝɨɱɥɟɧɚ ɧɚ ɨɬɪɟɡɤɟ (Ɇɧɨɝɨɱɥɟɧɵ ɑɟɛɵɲёɜɚ). 

 

1.1.5. ɆɇɈȽɈɑȿɅɇɕ ɑȿȻɕɒЁȼȺ 

 

Ɍɟɨɪɢɹ ɮɭɧɤɰɢɣ ɩɪɢɦɟɧɢɦɚ ɤ ɫɢɫɬɟɦɟ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɬɚɤ ɤɚɤ ɨɧɚ 

ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɑɟɛɵɲёɜɚ ɧɚ ɥɸɛɨɦ ɨɬɪɟɡɤɟ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ 

ȼɟɣɟɪɲɬɪɚɫɫɚ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ) ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɩɪɨɟɤɰɢɟɣ ɢ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. ɉɨɪɹɞɨɤ ɷɬɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 

ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɭɧɤɰɢɢ, ɟɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ 

ɩɨɦɨɳɶɸ ɦɧɨɝɨɱɥɟɧɨɜ Ȼɟɪɧɲɬɟɣɧɚ. ɋɢɫɬɟɦɚ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɫɢɫɬɟɦɵ ɑɟɛɵɲёɜɚ ɧɚ ɨɬɪɟɡɤɟɞɥɹ ɧɟё ɬɚɤɠɟ ɪɚɡɧɨɫɬɶ 

ɦɟɠɞɭ ɩɪɨɟɤɰɢɟɣ ɢ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɩɨɤɚɡɚɧɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɧɨɝɨɱɥɟɧɚ ɧɚɢɥɭɱɲɟɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ, ɫɩɨɫɨɛɨɜ ɟɝɨ ɬɨɱɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. ȼɦɟɫɬɨ ɷɬɨɝɨ 

ɢɫɩɨɥɶɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɪɢɛɥɢɠёɧɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɦɧɨɝɨɱɥɟɧɨɜ 

ɧɚɢɥɭɱɲɟɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. 

 

1.1.6. ɋɊȿȾɇȿɄȼȺȾɊȺɌɂɑɇɕȿ ɉɊɂȻɅɂɀȿɇɂə  

 

ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɬɪɟɛɨɜɚɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɢɡɛɵɬɨɱɧɵɦ ɢ ɞɨɫɬɚɬɨɱɧɨ «ɢɧɬɟɝɪɚɥɶɧɨɣ» ɛɥɢɡɨɫɬɢ ɮɭɧɤɰɢɣ, ɤɪɨɦɟ ɬɨɝɨ 

ɡɧɚɱɟɧɢɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɟɫɭɬ ɧɚ ɫɟɛɟ 

ɫɥɭɱɚɣɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɚ ɬɪɟɛɨɜɚɬɶ ɫɨɜɩɚɞɟɧɢɹ ɩɪɢɛɥɢɠɚɸɳɟɣ ɢ 

ɩɪɢɛɥɢɠɚɟɦɨɣ ɮɭɧɤɰɢɢ, ɟɫɥɢ ɩɨɫɥɟɞɧɹɹ ɫɨɞɟɪɠɢɬ ɧɟɬɨɱɧɨɫɬɢ, 

ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. Ɇɟɬɨɞ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɡɚ ɦɟɪɭ 

ɛɥɢɡɨɫɬɢ ɫɥɟɞɭɸɳɭɸ ɜɟɥɢɱɢɧɭ ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɢɧɬɟɪɩɨɥɹɰɢɢ 

ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɢ ɬɪɟɛɨɜɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ, ɫɨɯɪɚɧɢɜ ɬɨɥɶɤɨ 

ɬɪɟɛɨɜɚɧɢɹ ɢɧɬɟɝɪɢɪɭɟɦɨɫɬɢ ɫ ɤɜɚɞɪɚɬɨɦ. 

 



14 
 

1.2 ɑɢɫɥɟɧɧɨɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ 

 

ɍɪɚɜɧɟɧɢɟ ɜɢɞɚ, ɨɩɪɟɞɟɥёɧɧɨɟ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɦɨɠɟɬ 

ɫɨɞɟɪɠɚɬɶ ɨɩɟɪɚɬɨɪɵ ɞɢɮɮɪɟɧɫɢɪɨɜɚɧɢɹ ɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ 

ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ. Ɇɟɬɨɞɵ ɱɢɥɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɨɫɧɨɜɚɧɵ ɧɚ ɢɧɬɟɪɩɨɥɹɰɢɢ. 

Ɉɫɧɨɜɧɨɣ ɮɭɧɤɰɢɢ ɫɱɢɬɚɸɬ ɩɪɢɛɥɢɠёɧɧɨ ɪɚɜɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 

ɢɧɬɟɪɩɨɥɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɧɚɹ ɨɫɬɚɬɨɱɧɨɝɨ ɱɥɟɧɚ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɣ ɮɨɪɦɭɥɵ ɦɨɠɟɬ ɛɵɬɶ ɜɟɥɢɤɚ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɩɪɨɢɡɜɨɞɧɵɯ 

ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ. Ɏɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɨ ɦɧɨɝɨɦ 

ɨɫɧɨɜɚɧɵ ɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɯ ɮɨɪɦɭɥ 

ɇɶɸɬɨɧɚ, Ƚɚɭɫɫɚ, ɋɬɢɪɥɢɧɝɚ ɢ Ȼɟɫɫɟɥɹ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɪɚɫɩɪɟɞɟɥёɧɧɵɯ 

ɪɚɡɧɨɫɬɹɯ, ɧɨ ɟɫɬɶ ɢ ɛɟɡɪɚɡɧɨɫɬɧɵɟ ɮɨɪɦɭɥɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɤɨɝɞɚ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ 

ɞɢɮɮɟɪɟɧɰɢɚɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɮɨɪɦɭɥɚ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɪɚɜɧɵɯ 

ɩɪɨɦɟɠɭɬɤɨɜ ɦɟɬɨɞ ɧɟɨɩɪɟɞɟɥɟɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɢ ɞɪɭɝɢɟ. 

ȼ ɫɥɭɱɚɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɫɚɦɨ ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɝɪɚɥɚ ɝɨɜɨɪɢɬ ɨ 

ɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ ɡɚɦɟɧɵ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɭɦɦɨɣ, ɧɨ ɷɬɨɬ ɩɪɢёɦ ɨɛɥɚɞɚɟɬ 

ɦɟɞɥɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ ɢ ɦɚɥɨ ɩɪɢɝɨɞɟɧ. ɂɧɬɟɝɪɚɥ ɨɬ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɢ 

ɫɱɢɬɚɸɬ ɩɪɢɛɥɢɠёɧɧɨ ɪɚɜɧɵɦ ɢɧɬɟɝɪɚɥɭ ɨɬ ɢɧɬɟɪɩɨɥɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ ɢ ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɭɸɬ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ ɮɨɪɦɭɥɵ ɫ ɤɪɚɬɧɵɦɢ ɭɡɥɚɦɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɝɨ ɜɵɪɚɠɟɧɢɹ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ-Ʌɚɧɝɪɚɧɠɚ ɞɥɹ ɪɚɜɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ ɩɪɢɜɨɞɢɬ 

ɤ ɢ ɟё ɱɚɫɬɧɵɦ ɫɥɭɱɚɹɦ, ɮɨɪɦɭɥɟ ɬɪɚɩɟɰɢɣ, ɤɨɝɞɚ ɤɪɢɜɚɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɝɨ 

ɜɵɪɚɠɟɧɢɹ ɡɚɦɟɧɹɟɬɫɹ ɯɨɪɞɨɣ ɢ ɢɧɬɟɝɪɚɥ ɪɚɜɟɧ ɩɥɨɳɚɞɢ ɬɪɚɩɟɰɢɢ, ɢ ɮɨɪɦɭɥɟ 

ɋɢɦɩɫɨɧɚ, ɤɨɝɞɚ ɤɪɢɜɚɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɡɚɦɟɧɹɟɬɫɹ ɩɚɪɚɛɨɥɨɣ, 

ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɪɢ ɬɨɱɤɢ. Ɉɬɤɚɡɚɜɲɢɫɶ ɨɬ ɬɪɟɛɨɜɚɧɢɹ ɪɚɜɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ ɫ 

ɩɨɦɨɳɶɸ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɦɧɨɝɨɱɥɟɧɚ Ʌɚɝɪɚɧɠɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ 

ɬɨɱɧɵɟ ɮɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɮɨɪɦɭɥɵ Ƚɚɭɫɫɚ, 

ɮɨɪɦɭɥɵ ɗɪɦɢɬɚ, ɮɨɪɦɭɥɵ Ɇɚɪɤɨɜɚ, ɮɨɪɦɭɥɵ ɑɟɛɵɲёɜɚ. Ʉɜɚɞɪɚɬɭɪɧɵɟ 

ɩɪɨɰɟɫɫɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɯ ɮɨɪɦɭɥɚɯ Ƚɚɭɫɫɚ, ɜɫɟɝɞɚ 
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ɫɯɨɞɹɬɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɨɪɦɭɥɵ ɇɶɸɬɨɧɚ— Ʉɨɬɟɫɚ ɷɬɢɦ ɫɜɨɣɫɬɜɚɦ ɜ ɨɛɳɟɦ 

ɫɥɭɱɚɟ ɧɟ ɨɛɥɚɞɚɸɬ. 

ɋɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɧɵɦ ɢɡ 

ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥ ɗɣɥɟɪɚ, ɜ ɤɨɬɨɪɵɯ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ 

ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɱɚɫɬɹɦ ɩɪɢɜɨɞɹɬ ɤ ɮɨɪɦɭɥɟ ɱɢɫɥɟɧɧɨɝɨ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɬɪɚɩɟɰɢɟɣ ɢ ɩɨɩɪɚɜɨɱɧɨɝɨ ɱɥɟɧɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɜɬɨɪɧɨ 

ɩɪɢɦɟɧɹɟɬɫɹ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɱɚɫɬɹɦ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ 

ɮɨɪɦɭɥɚ ɗɣɥɟɪɚ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɢɫɥɚ ɢ ɦɧɨɝɨɱɥɟɧɵ 

Ȼɟɪɧɭɥɥɢ. ȼɨɩɪɨɫ ɩɪɢɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ ɱɢɫɥɟɧɧɨɝɨ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɪɟɞɫɬɜɚ, 

ɬɪɟɛɭɟɦɚɹ ɬɨɱɧɨɫɬɶ, ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ. Ⱦɥɹ ɪɭɱɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɪɚɡɧɨɫɬɢ, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɹɯ — ɛɟɡɪɚɡɧɨɫɬɧɵɟ ɮɨɪɦɭɥɵ, ɜ 

ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɭɥɵ Ƚɚɭɫɫɚ. 

Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɪɚɬɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɩɨɜɬɨɪɧɨ ɩɪɢɦɟɧɹɸɬ 

ɮɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɨɞɧɨɤɪɚɬɧɵɯ ɢɧɬɟɝɪɚɥɨɜ, ɩɪɢ ɷɬɨɦ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɡɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɵɟ ɮɨɪɦɭɥɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɹɬɶ ɩɨɞɵɧɬɟɝɪɚɥɶɧɭɸ ɮɭɧɤɰɢɸ ɜ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɬɨɱɟɤ, ɩɨɷɬɨɦɭ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɵ Ƚɚɭɫɫɚ ɢ ɑɟɛɵɲёɜɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɛɨɥɟɟ ɬɨɱɧɵɦɢ. Ⱦɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɟɬɫɹ ɡɚɦɟɧɚ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɦ ɦɧɨɝɨɱɥɟɧɨɦ ɨɬ ɞɜɭɯ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɩɟɪɟɦɟɧɧɵɯ. 

Ʌɸɫɬɟɪɧɢɤ ɢ Ⱦɢɬɤɢɧ ɩɪɟɞɥɨɠɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɵ Ɇɚɤɥɨɪɟɧɚ ɞɥɹ 

ɩɪɢɛɥɢɠёɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɪɚɬɧɨɝɨ ɢɧɬɟɝɪɚɥɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɤɪɚɬɧɨɫɬɢ ɢɧɬɟɝɪɚɥɚ ɪɟɡɤɨ ɪɚɫɬёɬ ɱɢɫɥɨ ɬɨɱɟɤ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɡɧɚɱɟɧɢɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞɚɦɢ, 

ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɢɧɬɟɪɩɨɥɹɰɢɢ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɪɚɬɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɱɚɳɟ 

ɩɨɥɶɡɭɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɦɢ ɦɟɬɨɞɚɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɨɥɭɱɟɧɢɹ ɪɚɜɧɨɜɨɡɦɨɠɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɩɨɝɪɟɲɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɬɪɭɞɧɨ ɨɰɟɧɢɬɶ.  
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1.2.1 Ɋɚɞɢɚɰɢɨɧɧɵɣ ɧɚɝɪɟɜ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɝɚɡ-ɠɢɞɤɨɫɬɶ 

 

ɇɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɫɨɡɞɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɩɨɥɟ 

ɬɟɦɩɟɪɚɬɭɪ ɩɨɫɪɟɞɫɬɜɨɦ ɥɨɤɚɥɶɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɥɢ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ [Ostrach 

and Pradhan 197S, Shevtsova 1990, ɂɧɞɟɣɤɢɧɚ ɢ ɞɪ. 1991, Shevtsova and Indeikina 

1993, Kamotani et at. 1995, 1996]. Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɩɪɢɥɨɠɟɧɢɟ ɜ ɫɜɚɪɤɟ, ɡɨɧɧɨɣ ɩɥɚɜɤɟ, ɚ ɬɚɤɠɟ ɞɥɹ ɦɟɬɨɞɚ ɮɨɬɨɯɪɨɦɧɨɣ 

ɜɢɡɭɚɥɢɡɚɰɢɢ. ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɢɦɩɭɥɶɫɚ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɥɚɡɟɪɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ 0,08 Ⱦɠ ɱɟɪɟɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɫɥɨɣ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 

ɬɨɥɳɢɧɨɣ 0,5 ɦɦ ɛɵɥɚ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɫɤɨɪɨɫɬɶ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɞɨ 3,5 ɫɦ/ɫ [Ⱥɥɶɜɚɪɟɫ-ɋɭɚɪɟɫ ɢ Ɋɹɡɚɧɰɟɜ 1986]. ȼ ɪɚɛɨɬɟ 

[Ɋɚɫɬɨɩɨɜ ɢ ɋɭɯɨɞɨɥɶɫɤɢɣ 1987] ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɚɡɟɪɢɨ-

ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɷɮɮɟɤɬ Ɇɚɪɚɧɝɨɧɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɠɢɞɤɨɫɬɢ ɫ ɧɚɩɟɪɟɞ ɡɚɞɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ. 

Ɍɚɤɠɟ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɟ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɤɨɝɞɚ ɠɢɞɤɨɫɬɶ 

ɧɚɝɪɟɜɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɧɟɣ ɬɟɥɚ [Ostrach and Kamotani 1996, 

Kamotani ef al. 1995, 1996]. 

Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɨɟ ɞɜɢɠɟɧɢɟ ɜ ɬɨɧɤɢɯ ɧɚɝɪɟɜɚɟɦɵɯ ɫɧɢɡɭ ɫɥɨɹɯ ɠɢɞɤɨɫɬɢ. 

ɇɚɝɪɟɜ ɢɥɢ ɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɩɨɞɥɨɠіɫɭ, ɧɚ ɤɨɬɨɪɨɣ 

ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɥɨɣ ɠɢɞɤɨɫɬɢ [Hershey 1939, ɉɲɟɧɢɱɧɢɤɨɜ ɢ Ɍɨɤɦɟɧɢɧɚ 1983, 

Van Hook et ɟɣ. 1996]. 

[Pearson 1958] ɢɫɫɥɟɞɨɜɚɥ ɦɟɯɚɧɢɡɦ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɜ 

ɬɨɧɤɨɦ, ɧɚɝɪɟɜɚɟɦɨɦ ɫɧɢɡɭ, ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɛɟɫɤɨɧɟɱɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɫɱɢɬɚɥɚɫɶ ɢɟɞɟɮɨɪɦɢɪɭɟɦɨɣ. ɉɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɜɵɪɚɠɟɧɢɹ   ɞɥɹ   ɤɪɢɬɢɱɟɫɤɨɝɨ   ɱɢɫɥɚ   Ɇɚɪɚɧɝɨɧɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ   ɝɪɚɧɢɰɭ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɜɨɥɧɨɜɨɝɨ 

ɱɢɫɥɚ ( 2 /k h  ) ɢ ɱɢɫɥɚ Ȼɢɨ ( / WBi ah  ) 

 

,
))((8

33 chkkksh

kchkshkshkBichkkk
Mncr 


                                                               (1.2) 
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(ɩɪɢ ɭɫɥ. ɧɚ ɫɬɟɧɤɟ wT const ) 

 

,
2

))((8
322 shkkchkkshkkchkksh

kchkshkshkBichkkk
Mncr 


                                                      (1.3) 

 

(ɩɪɢ ɭɫɥ. ɧɚ ɫɬɟɧɤɟ wq const ) 

 

Ʉɪɢɜɵɟ surT
( )crMn k  ɢɦɟɸɬ ɦɢɧɢɦɭɦ ɩɪɢ mh k . ɋ ɪɨɫɬɨɦ Bi ɦɢɧɢɦɚɥɶɧɨɟ 

ɤɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Ɇɚɪɚɧɝɨɧɢ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɦɢɧɢɦɭɦ ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ 

ɤɨɪɨɬɤɢɯ ɜɨɥɧ. Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɧɟ ɫɜɹɡɚɧɚ ɫ ɞɟɣɫɬɜɢɟɦ 

ɝɪɚɜɢɬɚɰɢɢ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɹɱɟɢɫɬɵɟ ɬɟɱɟɧɢɹ ɜ ɫɬɟɤɚɸɳɢɯ 

ɩɥɟɧɤɚɯ. 

[10] ɢɫɫɥɟɞɨɜɚɥ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɫ ɭɱɟɬɨɦ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɯ ɢ ɩɨɞɴɟɦɧɵɯ ɫɢɥ. ɑɢɫɥɟɧɧɨ ɛɵɥɚ ɧɚɣɞɟɧɚ ɫɜɹɡɶ ɦɟɠɞɭ crRa , 

crMn  ɢ k ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ wT const  ɢ ȼі=0 crRa

=669 ɢ crMn =79,6 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ 

ɨɛɭɫɥɨɜɥɟɧɚ ɬɨɥɶɤɨ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɵɦ ɢɥɢ ɬɨɥɶɤɨ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɦ 

ɦɟɯɚɧɢɡɦɚɦɢ. ȼɞɨɥɶ ɤɪɢɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜɨɥɧɨɜɨɝɨ 

ɱɢɫɥɚ ɪɚɜɧɨ 2crk  . ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɪɨɞɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɞɨɝɪɟɜɚɟɦɨɝɨ 

ɫɧɢɡɭ ɫɥɨɹ ɠɢɞɤɨɫɬɢ, ɫɨ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɟɣ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɬɨɥɳɢɧɵ. ɉɪɢ 

hlh h  ɝɪɚɧɢɰɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ Ɇɚɪɚɧɝɨɧɢ. ȼ ɪɚɛɨɬɚɯ 

[Scriven and Sterling 1964, Smith 1966] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɱɟɬ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

[24] ɩɪɢɜɨɞɹɬ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɧɚɦɢɤɢ 

ɦɧɨɝɨɨɛɪɚɡɧɵɯ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɬɪɭɤɬɭɪ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ 

ɮɚɡ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɮɮɟɤɬɨɜ Ɇɚɪɚɧɝɨɧɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɨɬɟɤɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ 

ɬɟɩɥɨ-ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ. ɂɦɟɟɬ     ɦɟɫɬɨ     ɫɩɟɤɬɪ     

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɩɟɪɢɨɞɢɱɟɫɤɢɯ     ɫɬɪɭɤɬɭɪ ɬɢɩɚ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɹɱɟɟɤ. 
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ɋɭɳɟɫɬɜɭɸɬ ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɟɪɢɨɞɚɦɢ ɢ ɪɚɡɥɢɱɧɵɦɢ 

ɩɨɞɫɬɪɭɤɬɭɪɚɦɢ, ɧɟɩɨɞɜɢɠɧɵɟ ɢ ɞɜɢɠɭɳɢɟɫɹ ɦɟɥɤɨɦɚɫɲɬɚɛɧɵɟ ɹɱɟɣɤɢ, 

ɦɟɞɥɟɧɧɨ ɞɜɢɝɚɸɳɢɟɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɹɱɟɣɤɢ, ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɟ ɹɱɟɣɤɢ 

ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ ɫ ɩɨɞɫɬɪɭɤɬɭɪɨɣ ɢɡ ɞɜɢɝɚɸɳɢɯɫɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɹɱɟɟɤ ɢɥɢ 

ɞɜɢɠɭɳɢɯɫɹ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɞɚɧɧɨɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɹɱɟɢɫɬɵɯ 

ɫɬɪɭɤɬɭɪ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɦɚɫɫɨɨɛɦɟɧɚ 

[]. Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ ɹɱɟɢɫɬɵɯ ɬɟɱɟɧɢɣ ɢɡɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ [27] 

ȼ ɪɚɛɨɬɟ [21] ɜɵɩɨɥɧɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɥɨɹɯ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 

ɬɨɥɳɢɧɨɣ 0,1-1,5 ɦɦ. ɀɢɞɤɨɫɬɶ ɩɨɦɟɳɚɥɚɫɶ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɸɜɟɬɵ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ (102x40x20 ɦɦ), ɥɢɛɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ (ɞɢɚɦɟɬɪ 

90 ɦɦ). Ʉ ɞɧɭ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɸɜɟɬɵ ɩɪɢɠɢɦɚɥɫɹ ɧɚɝɪɟɜɚɬɟɥɶ ɞɢɚɦɟɬɪɨɦ 6 ɦɦ. 

ɇɚɝɪɟɜɚɬɟɥɶ ɢ ɫɬɟɧɤɢ ɤɸɜɟɬ ɩɨɞɞɟɪɠɢɜɚɥɢɫɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ 

ɩɨɦɨɳɶɸ ɬɟɪɦɨɫɬɚɬɨɜ. Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɧɚɝɪɟɜɚɟɦɨɣ ɢ ɨɯɥɚɠɞɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɫɨɫɬɚɜɥɹɥɚ 10-30 Ʉ. Ⱦɟɮɨɪɦɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɥɚ ɞɨ 0,7 

ɦɦ. ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɫɬɢɝɚɥ ɞɨ 1,4 ɝɪɚɞɭɫɨɜ. Ⱦɥɹ h=0,4-0,5 ɦɦ ɩɪɢ 

T =20-30 Ʉ ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɨɝɨɥɟɧɢɟ ɧɚɝɪɟɬɵɯ ɭɱɚɫɬɤɨɜ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɬɨɧɤɨɦ 

ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɫ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɋɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɩɥɨɫɤɨɟ 

ɩɨɥɡɭɳɟɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɧɟɥɢɧɟɣɧɵɦɢ ɱɥɟɧɚɦɢ ɩɪɟɧɟɛɪɟɝɚɥɢ. 

ɉɪɨɞɨɥɶɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɫɤɨɪɨɫɬɢ U ɫ ɬɨɥɳɢɧɨɣ ɠɢɞɤɨɝɨ ɫɥɨɹ ( )x ɫɜɹɡɵɜɚɟɬ 

ɭɪɚɜɧɟɧɢɟ (1.4): 
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ɡɞɟɫɶ / , / , / ( / ), ,h l Y y l U u x y      ~ ɤɨɨɪɞɢɧɚɬɵ ɜɞɨɥɶ ɢ ɩɨɩɟɪɟɤ 

ɠɢɞɤɨɝɨ ɫɥɨɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɤɨɪɨɫɬɢ U ɢɦɟɸɬ ɜɢɞ 

(1.5): 
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ɡɞɟɫɶ 2( ) ( ) /x T T T    -‒ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ; 

1 2( ) / 2T T T    ‒ ɩɨɥɭɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɯɨɥɨɞɢɥɶɧɢɤɨɦ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɩɨɬɨɤ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ 

ɫɥɨɹ ɪɚɜɟɧ ɧɭɥɸ, ɞɥɹ ɬɨɥɳɢɧɵ ɫɥɨɹ ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ (1.6): 

 

.)(2 ''2'2 Cx                                                                                     (1.6) 

 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɧɚɣɞɟɧɨ ɜ ɜɢɞɟ ɪɹɞɚ ɩɨ ɫɬɟɩɟɧɹɦ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ є 

ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚ ɤɪɚɹɯ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɤɸɜɟɬɵ (х=±ȼ), ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ 

ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɢ ɪɚɜɟɧ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɟ ɫɥɨɹ ɇ. ɉɪɢ ɇ>0,5 ɦɦ 

ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɞɚɧɧɵɟ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɬɟɪɦɨ 

ɤɚɩɢɥɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɬɨɧɤɨɦ ɧɚɝɪɟɜɚɟɦɨɦ ɨɬ ɩɨɞɥɨɠɤɢ ɫɥɨɟ ɠɢɞɤɨɫɬɢ 

ɜɵɩɨɥɧɟɧɨ ɬɚɤɠɟ ɜ ɪɚɛɨɬɚɯ [Pimputkar and Ostrach 1980, Van Hook et al. 1996]. 

 

1.2.2 Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɞɜɢɠɭɳɟɦɫɹ ɫɥɨɟ 

 

ȼ [9] ɬɟɨɪɟɬɢɱɟɫɤɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɩɥɟɧɤɢ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɠɟɫɬɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ 

ɧɚɥɢɱɢɢ ɧɚ ɧɟɣ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɜ ɫɥɨɟ ɥɢɧɟɣɧɨ 

ɡɚɜɢɫɟɥɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɭɪɚɜɧɟɧɢɹɯ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɢɟ ɭɱɢɬɵɜɚɥɢɫɶ 

ɢɧɟɪɰɢɨɧɧɵɟ ɱɥɟɧɵ, ɩɨɷɬɨɦɭ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɤɚɡɵɜɚɸɬɫɹ ɞɚɠɟ 
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ɤɚɱɟɫɬɜɟɧɧɨ ɧɟɚɞɟɤɜɚɬɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɧɚɛɥɸɞɟɧɢɹɦ ɬɟɯ ɠɟ ɚɜɬɨɪɨɜ. 

ȼ ɪɚɛɨɬɟ [Ⱦɟɦɟɯɢɧ, ɉɨɬɚɩɨɜ, 1989] ɜɩɟɪɜɵɟ ɪɚɫɫɦɨɬɪɟɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɩɨɥɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. ɉɨɥɭɱɟɧɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɚɤ 

ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬɚɤ ɢ ɱɢɫɥɟɧɧɵɟ ɜ ɨɛɳɟɦ 

ɫɥɭɱɚɟ. ɉɨɤɚɡɚɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɱɢɫɥɚ Ɇɚɪɚɧɝɨɧɢ tMa , 

ɹɜɥɹɸɳɟɝɨɫɹ ɮɭɧɤɰɢɟɣ ɬɨɥɶɤɨ ɱɢɫɥɚ 

ɉɪɚɧɞɬɥɹ, ɢ ɬɚɤɨɝɨ, ɱɬɨ ɩɪɢ (0, )Ma Ma  ɜ ɩɥɟɧɤɟ ɪɟɚɥɢɡɭɟɬɫɹ ɜɨɥɧɨɜɨɣ 

ɪɟɠɢɦ ɬɟɱɟɧɢɹ, ɩɪɢ Ɇа > tMa , ɷɬɨɬ ɪɟɠɢɦ ɫɦɟɧɹɟɬɫɹ ɛɟɡɜɨɥɧɨɜɵɦ. ȼ ɪɚɛɨɬɟ 

[Miladinova et al. 2002] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨ ɜɥɢɹɧɢɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɧɚɝɪɟɜɚ 

ɩɨɞɥɨɠɤɢ ɧɚ ɬɟɱɟɧɢɟ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ. Ʌɢɧɟɣɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɱɟɧɢɹ 

ɩɥɟɧɤɢ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɱɟɧɢɹ 

(ɚɦɩɥɢɬɭɞɚ ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ ɭɦɟɧɶɲɚɟɬɫɹ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɥɭɱɚɟɦ ɨɞɧɨɪɨɞɧɨɝɨ ɧɚɝɪɟɜɚ. ɉɪɢ ɧɚɪɚɫɬɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɜɞɨɥɶ 

ɬɟɱɟɧɢɹ, ɬɟɱɟɧɢɟ, ɧɚɨɛɨɪɨɬ, ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜ ɪɚɦɤɚɯ 

ɞɜɭɦɟɪɧɨɣ ɦɨɞɟɥɢ, ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɟ ɷɮɮɟɤɬɵ ɜɥɢɹɸɬ ɬɨɥɶɤɨ ɧɚ ɮɨɪɦɭ ɜɨɥɧ, 

ɧɟ ɜɵɡɵɜɚɹ ɥɨɤɚɥɶɧɨɝɨ ɭɬɨɧɱɟɧɢɹ. 

[Tto el al. 1995] ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɧɚɝɪɟɜɚ ɫɬɟɧɤɢ ɧɚ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ 

ɬɟɱɟɧɢɹ ɩɥɟɧɤɢ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚ ɫɬɟɧɤɟ ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ 

wq const . ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɭɫɥɨɜɢɹ: 1) ɬɟɩɥɨɢɡɨɥɹɰɢɢ (

0iq  ) ɢ 2) i wq q const  . Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɯɨɞɚ 

ɠɢɞɤɨɫɬɢ, ɬɪɟɛɭɟɦɨɝɨ ɞɥɹ ɧɚɱɚɥɚ ɪɚɡɜɢɬɢɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ (1.7): 
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                                                           (1.7) 

 

Ɋɚɫɱɟɬɵ ɞɥɹ =10-30 ɦɦ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɤɪɢɬɢɱɟɫɤɢɯ 

ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ. Ⱦɥɹ "ɛɨɥɶɲɢɯ" ɪɚɫɯɨɞɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ. Ⱦɥɹ "ɦɚɥɵɯ" ɪɚɫɯɨɞɨɜ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɹɜɥɹɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
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ɜɥɢɹɧɢɹ ɷɮɮɟɤɬɚ Ɇɚɪɚɧɝɨɧɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɪɢ 

ɬɟɱɟɧɢɢ ɜɨɞɵ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɬɪɭɛɟ ɜɵɫɨɬɨɣ 1,5 ɦ 

(D=24 ɦɦ). 

ȼ [Joo et al. 1996] ɩɪɨɜɨɞɢɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɜɢɠɟɧɢɹ ɬɨɧɤɨɝɨ ɫɥɨɹ 

ɠɢɞɤɨɫɬɢ ɩɨ ɨɞɧɨɪɨɞɧɨ ɧɚɝɪɟɜɚɟɦɨɣ ɧɚɤɥɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɤɚɡɚɧɨ ɱɬɨ 

ɧɟɥɢɧɟɣɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɤɚɩɢɥɥɹɪɧɵɯ ɜɨɥɧ ɢ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɚɫɫɢɜɚ ɪɢɜɭɥɟɬ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜɞɨɥɶ ɩɨ ɩɨɬɨɤɭ (ɪɢɫ. 1). 

 

Ɋɢɫɭɧɨɤ 1 ‒ Ⱦɟɮɨɪɦɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɪɢɜɭɥɟɬ ɩɪɢ ɫɬɟɤɚɧɢɢ 

ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɩɨ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ [19] 

 

ȼɵɩɨɥɧɟɧɨ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. 

Ɋɚɫɱɟɬɵ ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ Ȼɢɨ Bi = 

1, ɤɨɝɞɚ ɩɪɨɹɜɥɟɧɢɟ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨ. Ⱦɥɹ 

ɜɨɞɹɧɨɣ ɩɥɟɧɤɢ ɬɨɥɳɢɧɨɣ 100 ɦɤɦ ȼі-\ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɬɟɩɥɨɨɬɞɚɱɢ ɪɚɜɧɨɦ 

6040. Ɍɚɤɨɟ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ 

ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ   ɢɧɬɟɧɫɢɜɧɨɦ   ɢɫɩɚɪɟɧɢɢ,  ɚ   ɜ   ɬɚɤɨɦ   ɫɥɭɱɚɟ   

ɧɟɨɛɯɨɞɢɦɨ   ɭɱɢɬɵɜɚɬɶ ɦɚɫɫɨɨɛɦɟɧ [Ʉɚɛɨɜ, 1999, Ɇɚɪɱɭɤ, 2000]. Ⱥɜɬɨɪɵ 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ ɢɯ ɬɟɨɪɢɸ. 

Ɋɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ Ʉɚɛɨɜɚ, ɞɚɧɧɨɣ ɬɟɨɪɢɟɣ ɧɟ 

ɨɩɢɫɵɜɚɸɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɞɥɢɧɚ ɜɨɥɧɵ ɫɬɪɭɤɬɭɪ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ȼі. 
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1.2.3 Ɋɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɥɨɤɚɥɶɧɨɦ ɧɚɝɪɟɜɟ 

ɫɬɟɤɚɸɳɟɣ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ. 
 

ȼ 1994 ɝ. ɜ ɂɧɫɬɢɬɭɬɟ ɬɟɩɥɨɮɢɡɢɤɢ ɋɈ ɊȺɇ ɞ.ɮ.-. ɦ.ɧ Ɉ.Ⱥ. Ʉɚɛɨɜɵɦ ɛɵɥɨ 

ɨɛɧɚɪɭɠɟɧɨ ɹɜɥɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɟɣɫɹ 

ɫɬɪɭɤɬɭɪɵ ɜ ɬɨɧɤɨɣ ɞɜɢɠɭɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɢ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɟɟ ɥɨɤɚɥɶɧɨɦ ɧɚɝɪɟɜɟ ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɥɨɠɤɢ. ɇɚɝɪɟɜ ɩɥɟɧɤɢ ɩɪɢɜɨɞɢɬ ɤ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɜɟɪɯɧɟɣ ɨɛɥɚɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɜɚɥɚ ɠɢɞɤɨɫɬɢ, 

ɤɨɬɨɪɵɣ ɩɪɢ ɩɨɪɨɝɨɜɨɦ ɡɧɚɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɬɟɪɹɟɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɫɬɪɭɢ, ɫɬɟɤɚɸɳɢɟ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ, 

ɢ ɬɨɧɤɭɸ ɩɥɟɧɤɭ ɦɟɠɞɭ ɧɢɦɢ (ɪɢɫ. 2, 3). 

 

 

Ɋɢɫɭɧɨɤ 2 ‒ Ɋɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, 10 % ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɜɨɞɟ 

 

 

Ɋɢɫɭɧɨɤ 3 - ɋɧɢɦɤɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ, 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɒɥɢɪɟɧ ɦɟɬɨɞɚ, 25 % ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɜɨɞɟ 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ ɫ ɩɨɦɨɳɶɸ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɫɤɚɧɟɪɚ ɛɵɥɚ ɞɨɤɚɡɚɧɚ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɩɪɢɪɨɞɚ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɚɥɚ ɢ ɫɬɪɭɤɬɭɪ [Ʉɚɛɨɜ 1999]. ȼ [Kabov et al. 1996] ɩɪɢ ɩɨɦɨɳɢ 

ɒɥɢɪɟɢ ɦɟɬɨɞɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɥɳɢɧɵ ɜɚɥɚ, ɩɪɢ 

ɤɨɬɨɪɨɣ ɮɨɪɦɢɪɭɸɬɫɹ ɪɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɫɨɫɬɚɜɥɹɟɬ 0/h h =l,32. ɒɥɢɪɟɢ 

ɦɟɬɨɞ ɩɨɡɜɨɥɹɥ ɢɡɦɟɪɹɬɶ ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɭɝɥɵ ɧɚɤɥɨɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ, ɩɨɷɬɨɦɭ ɞɟɮɨɪɦɚɰɢɢ ɜ ɩɥɟɧɤɟ ɩɨɫɥɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɢɡɦɟɪɢɬɶ ɧɟ ɭɞɚɥɨɫɶ. ȼ [Ʉɚɛɨɜ, 1998] ɩɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɜɚɥɚ ɠɢɞɤɨɫɬɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɩɨɬɟɡɵ 

ɜɢɯɪɟɜɨɝɨ ɫɩɢɪɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜɧɭɬɪɢ ɜɚɥɚ, ɜɵɡɜɚɧɧɨɝɨ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɰɟɩɢ ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ. 

ɋ ɰɟɥɶɸ ɨɛɴɹɫɧɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠɟ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɜɚɥɚ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɵɩɨɥɧɟɧ ɪɹɞ ɪɚɛɨɬ. ȼ [32] 

ɪɚɫɫɱɢɬɚɧɚ ɞɜɭɦɟɪɧɚɹ ɫɬɚɰɢɨɧɚɪɧɚɹ ɡɚɞɚɱɚ, ɤɚɤ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ, ɬɚɤ ɢ ɛɟɡ ɟɟ ɭɱɟɬɚ, ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɬɨɧɤɨɝɨ ɫɥɨɹ: 

 

00 cos sin ( ( , ) )xxx x y yh g h g x y u                                                             (1.8) 

 

0x yu                                                                                                                          (1.9) 

 

x y yyuT T aT                                                                                                               (1.10) 

 

( ,0) ( ,0) 0u x x                                                                                                         (1.11) 

 

( , ( )) ( )y Y Su x h x T x                                                                                                 (1.12) 
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( )

0

( , )
h x

u x y dy Ƚ                                                                                                          (1.13) 

 

0( , )T y T                                                                                                                   (1.14) 

 

( , ( )) 0yT x h x                                                                                                                  (1.15) 

 

( ,0) ( )( ( ) ( ))yT x q x x x L                                                                                (1.16) 

 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɢ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɫ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ 

Ɋɟɣɧɨɥɶɞɫɚ ɜ ɨɛɥɚɫɬɢ ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɭɳɟɫɬɜɭɟɬ 

ɞɟɮɨɪɦɚɰɢɹ ɩɥɟɧɤɢ ɜ ɜɢɞɟ ɜɚɥɚ ɭɠɟ ɩɪɢ ɦɚɥɵɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɚɯ. ɉɪɨɜɟɞɟɧɨ 

ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ, ɧɚɢɥɭɱɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɧɚɛɥɸɞɚɟɬɫɹ, ɤɨɝɞɚ ɭɱɢɬɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɜɵɲɟ ɜɚɥɚ ɩɨ ɩɨɬɨɤɭ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɬɨɧɱɟɧɢɟ ɩɥɟɧɤɢ ɧɚ 3 % ɟɝɨ ɬɨɥɳɢɧɵ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɨɥɳɢɧɟ 

ɜɚɥɚ, ɧɟ ɡɚɜɢɫɹɳɟɣ ɨɬ ɱɢɫɥɚ Re ɩɥɟɧɤɢ, ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɥɹɟɬ 1,32±0,07. 

Ɉɛɡɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɩɨ ɥɨɤɚɥɶɧɨ 

ɧɚɝɪɟɜɚɟɦɨɣ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ, ɫɬɟɤɚɸɳɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɢ ɜɵɩɨɥɧɟɧ 

ɜ [Frank &Kabov, 2006]. 

ȼ [Sharypov and Medvedko, 2000] ɩɪɨɞɟɥɚɧ ɥɢɧɟɣɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɞɜɭɦɟɪɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɪɟɯɦɟɪɧɵɦ ɜɨɡɦɭɳɟɧɢɹɦ 

ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, Re 1 ɢ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɨɜɟɪɯɧɨɫɬɢ surT . 

ȼ [Kuznetsov, 2000] ɩɨɥɭɱɟɧɨ ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ ɜ 

ɩɪɢɛɥɢɠɟɧɢɢ ɬɨɧɤɨɝɨ ɫɥɨɹ. ɉɪɨɞɟɥɚɧ ɥɢɧɟɣɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɞɜɭɦɟɪɧɨɝɨ ɪɟɲɟɧɢɹ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜ [Skotheim et al., 2003], 
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ɩɪɢɱɟɦ ɤɨɧɜɟɤɬɢɜɧɵɦɢ ɱɥɟɧɚɦɢ ɜ ɭɪɚɜɧɟɧɢɢ ɷɧɟɪɝɢɢ ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ. 

[Kalliadasis et al, 2003] ɩɪɨɞɟɥɚɧ ɥɢɧɟɣɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɭɦɟɪɧɨɝɨ 

ɪɟɲɟɧɢɹ ɤ ɜɨɡɦɭɳɟɧɢɹɦ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɢɱɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɡɚɞɚɧɧɵɦ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ «ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ», 

ɩɪɟɞɥɨɠɟɧɧɚɹ ɒɤɚɞɨɜɵɦ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɟ ɜ 

[Ⱦɟɦɟɯɢɧ, ɉɨɬɚɩɨɜ, 1989]. [Frank, 2003] ɩɪɨɜɟɥ ɜɩɟɪɜɵɟ ɩɪɹɦɵɟ ɱɢɫɥɟɧɧɵɟ 

ɪɚɫɱɟɬɵ ɬɪɟɯɦɟɪɧɨɣ ɡɚɞɚɱɢ ɜ ɩɨɥɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɦɟɬɨɞɨɦ ɱɚɫɬɢɰ, ɱɢɫɥɟɧɧɨ 

ɩɨɥɭɱɟɧɵ ɪɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɦ Ʉɚɛɨɜɚ ɢ ɞɪ.. ɋɟɪɢɹ ɪɚɛɨɬ ɩɨ ɫɬɟɤɚɸɳɟɣ ɩɥɟɧɤɟ 

ɠɢɞɤɨɫɬɢ ɞɥɹ ɧɚɝɪɟɜɚɬɟɥɟɣ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɜɵɩɨɥɧɟɧɚ ɑɢɧɧɨɜɵɦ ɢ ɞɪ. 

[Chinnov et al. 2004, ɑɢɧɧɨɜ ɢ Ʉɚɛɨɜ, 2004]. 

  

ȼɵɜɨɞ ɤ ɝɥɚɜɟ 

 

Ɂɚɤɥɸɱɟɧɢɟ ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɟ ɆɄɈ 

əɜɥɹɟɬɫɹ ɫɚɦɵɦ ɩɨɩɭɥɹɪɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

ɭɪɚɜɧɟɧɢɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɟɝɨ ɝɢɛɤɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɟɬɨɤ, 

ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɮɢɡɢɱɟɫɤɨɣ ɹɫɧɨɫɬɶɸ ɨɫɧɨɜɧɵɯ 

ɩɪɢɧɰɢɩɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɥɨɱɧɨ-ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ ɹɜɥɹɟɬɫɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɦ ɢ, ɜɦɟɫɬɟ ɫ ɬɟɦ, ɷɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɪɟɲɟɧɢɹ 

ɩɪɨɛɥɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɣ ɜ ɨɛɥɚɫɬɹɯ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ. ɉɪɢɦɟɧɟɧɢɟ 

ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ ɨɬɤɪɵɜɚɟɬ ɛɨɥɟɟ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɭɞɨɛɧɵɦ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɧɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɱɬɨ ɞɨɫɬɭɩɧɨ ɥɢɲɶ ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɵɦ 

ɤɨɦɩɚɧɢɹɦ. Ȼɥɚɝɨɞɚɪɹ ɨɪɢɟɧɬɚɰɢɢ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɆɄɈ ɢ ɛɥɨɱɧɨ-

ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ. ANSYS, Ɉɛɟɫɩɟɱɢɜɚɸɳɢɣ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɨ- ɢ 

ɫɜɟɪɯɡɜɭɤɨɜɵɯ, ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ, ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 

ɬɟɱɟɧɢɣ ɜ ɨɛɥɚɫɬɹɯ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ ɫ ɭɱɟɬɨɦ ɫɢɥ ɩɥɚɜɭɱɟɫɬɢ, ɜ ɭɫɥɨɜɢɹɯ 

ɫɨɩɪɹɠɟɧɧɨɝɨ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ, ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɢ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ 
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ɨɬɫɱɟɬɚ. ȼ ɤɨɦɩɥɟɤɫɟ ASYS ɞɨɫɬɭɩɟɧ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɵɫɨɤɨɬɨɱɧɵɟ ɱɢɫɥɟɧɧɵɟ ɫɯɟɦɵ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ, 

ɪɟɚɥɢɡɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɩɨ ɪɹɞɭ 

ɩɨɡɢɰɢɣ ɭɫɩɟɲɧɨ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɤɨɦɦɟɪɱɟɫɤɢɦɢ ɩɪɨɝɪɚɦɦɚɦɢ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ANSYS ɨɩɪɨɛɨɜɚɧ ɧɚ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɬɟɫɬɨɜɵɯ ɢ 

ɦɨɞɟɥɶɧɵɯ ɡɚɞɚɱ ɢ ɫ ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɫɥɨɠɧɵɯ ɬɟɱɟɧɢɣ ɜ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ ɫ ɭɱɟɬɨɦ ɢɯ ɪɟɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɝɢɞɪɨɞɢɧɚɦɢɤɟ, ɧɚɝɪɟɜɭ ɢ ɢɫɩɚɪɟɧɢɸ 

ɞɜɢɠɭɳɢɯɫɹ ɩɥɟɧɨɤ ɜɵɩɨɥɧɟɧɨ ɞɥɹ ɨɛɥɚɫɬɢ ɫɪɟɞɧɢɯ ɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɱɢɫɥɚ 

Ɋɟɣɧɨɥɶɞɫɚ ɠɢɞɤɨɫɬɢ (Re=10-104), ɫɱɢɬɚɸɳɟɣɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɨɣ [Wilke 

1962, Ƚɢɦɛɭɬɢɫ 1988, Ƚɨɝɨɧɢɧ ɢ ɞɪ. 1993, Ⱥɥɟɤɫɟɟɧɤɨ ɢ ɞɪ., 1992, Ⱦɟɦɟɯɢɧ, 

1990]. Ɋɚɛɨɬɵ, ɜ ɤɨɬɨɪɵɯ ɢɫɫɥɟɞɭɟɬɫɹ ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ Re<10 ɤɪɚɣɧɟ ɨɝɪɚɧɢɱɟɧɵ. 

Ɉɬɫɭɬɫɬɜɭɸɬ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɷɮɮɟɤɬɚ, ɢɫɩɚɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɝɚɡɚ ɧɚ ɬɨɧɤɭɸ ɩɥɟɧɤɭ ɠɢɞɤɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɤɚɧɚɥɚ ɧɚ 

ɞɢɧɚɦɢɤɭ ɢ ɬɟɩɥɨɨɛɦɟɧ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ ɦɟɧɶɲɢɯ 5 

ɧɚɱɚɥɨɫɶ ɬɨɥɶɤɨ ɜ ɩɨɫɥɟɞɧɢɟ ɩɹɬɶ ɥɟɬ, ɧɨ ɜ ɨɫɧɨɜɧɨɦ ɨɧɢ ɩɨɫɜɹɳɟɧɵ 

ɨɞɧɨɮɚɡɧɨɦɭ ɬɟɱɟɧɢɸ. Ɉɛɨɛɳɚɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨ ɫɬɟɤɚɸɳɢɯ ɩɥɟɧɨɤ [Marchuk and Kabov 

1998] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɢɧɬɟɧɫɢɜɧɵɯ ɥɨɤɚɥɶɧɵɯ ɧɚɝɪɟɜɚɯ ɞɥɹ ɩɪɨɰɟɫɫɚ 

ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɨɞɢɧɚɤɨɜɨ ɫɭɳɟɫɬɜɟɧɧɵ ɨɛɚ ɦɟɯɚɧɢɡɦɚ - ɤɨɧɜɟɤɬɢɜɧɵɣ ɢ 

ɤɨɢɞɭɤɬɢɜɧɵɣ. 

Ɉɛɳɟɣ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ, ɬɟɩɥɨɨɛɦɟɧɚ 

ɜ ɥɨɤɚɥɶɧɨ ɧɚɝɪɟɜɚɟɦɨɣ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ, ɞɜɢɠɭɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɜ ɤɚɧɚɥɟ ɜ ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɜɥɢɹɧɢɹ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ. 
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Ƚɥɚɜɚ 2. ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ (ɭɪɚɜɧɟɧɢɹ Ȼɭɫɫɢɧɟɫɤɚ, 

ɩɪɢɛɥɢɠɟɧɢɟ Ȼɭɫɫɢɧɟɫɤɚ) 
 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɩɪɢɛɥɢɠɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɭɱёɬɚ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɥɨɬɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɧɧɨ, ɜ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɤɨɧɜɟɤɰɢɢ ɞɚɧɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɦɚɫɫɨɜɵɯ ɫɢɥɚɯ: 

଴݌  ( 𝜕𝜗⃗⃗  𝜕௧ + (𝜗 ⋅ ( 𝜗(׏ = 𝑃׏− + + 𝜗∆ߟ 𝜌ሺ𝑇ሻ  ݃ , ∂T∂t + 𝜗 ⋅ 𝑇׏ =    ,𝑇∆ݔ
div 𝜗 = Ͳ,                                                                                                             (2.1)  

 

ɝɞɟ 𝜗 − ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ; ʡ − ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ; 𝑃 − ɞɚɜɥɟɧɢɟ; ߟ − ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; ݔ −ɤɨɷɮɮɢɰɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ; ݃ −ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɟ. 

ɑɚɫɬɨ ɞɥɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɦɟɧɹɟɬɫɹ ɥɢɧɟɣɧɚɹ 

ɚɩɩɪɨɤɫɢɦɚɰɢɹ: 

ሺ𝑇ሻ݌  = ଴ሺͳ݌ −  ሻ.                                                                               (2.2)ߠߚ

 

ɝɞɟ ߚ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴёɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ; ߠ = 𝑇 − 𝑇଴ − ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; ݌଴ −ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 𝑇଴ − 

ɩɨɫɤɨɥɶɤɭ ߚ ɢ ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɵɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɨ, ɬɨ 
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ɥɢɧɟɣɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɨɛɥɚɞɚɟɬ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɞɚɱ. 

ɉɨɞɫɬɚɧɨɜɤɚ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɢ ɩɟɪɟɧɨɪɦɢɪɨɜɤɚ 

ɞɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɢɫɤɥɸɱɢɬɶ ɫɥɚɝɚɟɦɨɟ. Ɉɤɨɧɱɚɬɟɥɶɧɨ ɡɚɞɚɱɚ ɤɨɧɜɟɤɰɢɢ 

ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɩɪɢɛɥɢɠɟɧɢɢ Ȼɭɫɫɢɧɟɫɤɚ ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

  𝜕జ⃗⃗  𝜕௧ + (𝜗  ⋅ (׏  ߭ = − ଵ௣బ ௣׏ + ∆ߥ  ߭ − ߠߚ  ݃,   𝜕𝜃𝜕௧ + 𝜗  ⋅ ߠ׏ =   ,ߠ∆ݔ
div  ߭ = Ͳ,                                                                                                         (2.3) 

 

ɡɞɟɫɶ  ߥ − ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ.  

ɉɪɢɜɟɞёɧɧɚɹ ɡɚɞɚɱɚ ɤɨɧɜɟɤɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɫɬɚɧɨɜɤɚɯ ɧɟɨɞɧɨɤɪɚɬɧɨ 

ɢɫɫɥɟɞɨɜɚɥɚɫɶ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɚ ɡɚɞɚɱɚ Ɋɷɥɟɹ — Ȼɟɧɚɪɚ  ɨ ɤɨɧɜɟɤɰɢɢ 

ɜ ɩɥɨɫɤɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨ ɬɨɱɧɨɟ 

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɥɚɦɢɧɚɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɫɥɨɟ ɩɪɢ 

ɩɨɞɨɝɪɟɜɟ ɫɛɨɤɭ (ɢɧɨɝɞɚ ɜɫɬɪɟɱɚɟɬɫɹ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɡɚɞɚɱɚ Ƚɟɪɲɭɧɢ»). 

 

2.2 Ⱦɚɜɥɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

 

Ⱦɚɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɧɬɟɧɫɢɜɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ 

ɪɚɜɧɚɹ ɫɢɥɟ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɞɚɧɧɨɣ ɬɨɱɤɟ ɞɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ, ݀ܨ௡ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɦɚɥɵɣ ɷɥɟɦɟɧɬ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɤ ɟɝɨ ɩɥɨɳɚɞɢ ds ݌ = 𝑑𝐹𝑛𝑑ௌ −  ɋɪɟɞɧɟɟ ɞɚɜɥɟɧɢɟ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ 

ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ܨ௡, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɞɚɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɤ ɟё 

ɩɥɨɳɚɞɢ S: 
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2.3 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ   
 

 Ɏɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɨɛɴёɦɚ ɢɥɢ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɬɟɥɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 1ɤ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. 

ɂɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɚɡɥɢɱɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɛɴёɦɧɨɝɨ 

ɢ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɴёɦɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ    ߚ = ଵఔ ሺ𝑑𝑉𝑑், К−ଵሺ℃−ଵሻ − ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɴёɦɚ ɬɟɥɚ, 

ɩɪɨɢɫɯɨɞɹɳɟɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 1ɤ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɞɚɜɥɟɧɢɢ. 

 

2.4 Ʉɨɧɜɟɤɰɢɹ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɫɥɨɹ ɫɜɨɛɨɞɧɚ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɬɟɩɟɪɶ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ 

ɫɥɨɹ ɫɜɨɛɨɞɧɚ. ɇɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɫɭɦɦɚ ɜɫɟɯ ɫɢɥ, 

ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɨɥɠɧɚ ɨɛɪɚɳɚɬɶɫɹ ɜ ɧɭɥɶ. 

Ʉɪɨɦɟ ɫɢɥɵ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɬɟɧɡɨɪɨɦ ɜɹɡɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɧɚ ɫɜɨɛɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɣɫɬɜɭɸɬ ɤɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ, ɜɵɡɜɚɧɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ɍɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɢɥ ɦɨɠɟɬ ɛɵɬɶ 

ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ: 

 

( )x h

T

x T z

  

  
 

  
                                                                                 (2.4) 

 

ɝɞɟ 𝜎 — ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɛɭɞɟɦ ɫɱɢɬɚɬɶ 

ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɳɢɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɛɭɞɟɦ ɩɨ-ɩɪɟɠɧɟɦɭ ɬɪɟɛɨɜɚɬɶ ɢɫɱɟɡɧɨɜɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɬ. ɟ: 
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0   ɩɪɢ x h                                                                                         (2.5) 

 

          ɂɫɩɨɥɶɡɭɹ (2.4), (2.5) ɜɦɟɫɬɟ ɫ (29), ɢɡ (32) ɢ (33) ɩɨɥɭɱɢɦ: 

 

3 2 2( 4 3 6 1) (3 2 1)
24 24

G G

h
                  

           (2.6) 

 

5 4 3 2 4 3 2(4 5 20 10 16 5) ( 3 4 6 4 3)
480 288

GP G P z
T Ah

h
                          

      (2.7) 

 

ɡɞɟɫɶ ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɚɪɚɦɟɬɪ ܩ𝜎 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɚɩɢɥɥɹɪɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. 

Ɉɬɧɨɲɟɧɢɟ: 

 

2

3
( )

G

G g h T
 

 


  


                                                                                         (2.8) 

 

ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤɚɹ ɢɡ ɞɜɭɯ ɫɢɥ — ɫɢɥɚ Ⱥɪɯɢɦɟɞɚ ɢɥɢ ɤɚɩɢɥɥɹɪɧɚɹ ɫɢɥɚ —

ɹɜɥɹɟɬɫɹ ɞɨɦɢɧɢɪɭɸɳɟɣ ɜ ɤɨɧɜɟɤɰɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 5, ɩɪɢɜɟɞɟɧɧɨɦ ɧɢɠɟ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɤɨɧɜɟɤɰɢɢ ɜ ɬɪɟɯ ɪɚɡɧɵɯ ɫɪɟɞɚɯ (ɜɨɞɚ, ɫɢɥɢɤɨɧɨɜɨɟ ɦɚɫɥɨ, ɦɟɬɢɥɨɜɵɣ ɫɩɢɪɬ), 

ɤɨɝɞɚ ɨɞɧɚ ɢɡ ɝɪɚɧɢɰ ɫɥɨɹ ɫɜɨɛɨɞɧɚ. 
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Ɋɢɫɭɧɨɤ 5 – ɋɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ ɜ ɬɪɟɯ ɪɚɡɧɵɯ ɫɪɟɞɚɯ, ɜ ɫɥɭɱɚɟ, 

ɤɨɝɞɚ ɨɞɧɚ ɢɡ ɝɪɚɧɢɰ ɫɥɨɹ ɫɜɨɛɨɞɧɚ (ɨɫɶ ɚɛɫɰɢɫɫ – ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ 

ɦ/c; ɨɫɶ ɨɪɞɢɧɚɬ – ɤɨɨɪɞɢɧɚɬɚ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ) 

 

ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɫɪɟɞɚ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɜɟɤɰɢɹ, ɜɥɢɹɟɬ ɧɚ 

ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɂɫɯɨɞɹ ɢɡ ɮɨɪɦɭɥɵ 37, ɦɨɠɧɨ ɩɨɧɹɬɶ, 

ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɜɵɲɟ ɜ ɦɟɬɢɥɨɜɨɦ ɫɩɢɪɬɟ, ɬɚɤ ɤɚɤ ɬɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ 

ɞɚɧɧɨɣ ɫɪɟɞɵ ɧɢɠɟ ɜ ɫɪɚɜɧɟɧɢɟ ɫ ɞɪɭɝɢɦɢ ɫɪɟɞɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɱɢɫɥɚ Ƚɪɚɫɝɨɮɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɤɨɧɜɟɤɰɢɢ.    

                                  

ȼɵɜɨɞɵ ɤ ɝɥɚɜɟ 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɪɚɡɧɵɯ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɭɞɚɥɨɫɶ ɧɚɣɬɢ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɫɜɨɛɨɞɧɨɣ 

ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ. 
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Ɋɟɡɭɥɶɬɚɬ ɩɨɤɚɡɚɥ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ 

ɨɬ ɫɪɟɞɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ. Ɍɚɤ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɛɵɥɢ 

ɩɪɢɧɹɬɵ ɞɜɚ ɜɟɳɟɫɬɜɚ: ɜɨɞɧɵɟ ɩɚɪɵ, ɛɟɧɡɨɥ. Ɋɚɫɱɟɬ ɩɨɤɚɡɚɥ,  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɡɚ ɫɱɟɬ  ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 

ɝɪɚɧɢɰ. Ɋɚɡɥɢɱɧɭɸ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ, ɚ ɬɚɤɠɟ ɞɢɮɮɭɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɨ 

ɠɢɞɤɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 
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Ƚɥɚɜɚ 3. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɝɚɡɨɝɢɞɪɨɞɢɧɚɦɢɤɢ ɩɪɢ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɨɥɹɯ ɧɚ ɧɚɝɪɟɬɨɣ ɩɨɞɥɨɠɤɟ 

 

ɐɟɥɶ ɪɚɫɱɟɬɨɜ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɧɬɭɪɨɜ ɰɢɪɤɭɥɹɰɢɢ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɥɨɟ ɪɚɡɥɢɱɧɵɯ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 

ɠɢɞɤɨɫɬɟɣ. 

 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɫɨ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɟɣ ɭɪɚɜɧɟɧɢɹ Ɉɛɟɪɛɟɤɚ-

Ȼɭɫɫɢɧɟɫɤɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ 

 

),1(
1

Tguuuu t







 

,0


udi  TT ut  


                                                                           (3.1) 

 

 

ɝɞɟ 


),,,(),,,,(),,,,(( 321 tzyxutzyxutzyxuu  ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ; 

),,,,( ttyxp ɞɚɜɥɟɧɢɟ; 

T x,y,z,t, – ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɪɚɜɧɨɜɟɫɧɨɣ; 

p>0, z>0 – ɩɨɫɬɨɹɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ;  ݃=(0,0 – g), g>0 – ɭɫɤɨɪɟɧɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɫɦ. Ɋɢɫ. 1. 
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Ɋɢɫɭɧɨɤ – 6 ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɬɟɱɟɧɢɹ ɜ ɜɢɞɟ ɩɪɚɜɢɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ 

ȼɟɪɯɧɹɹ ɫɬɟɧɤɚ z= ݈ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɨɣ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɟɣ. ɇɚ ɧɢɠɧɟɣ 

ɫɬɟɧɤɟ ɡɚɞɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɜɢɞɟ: 

 

T(x, y, z, t)=ܽଵ(t)ݔଶ+ܾଵ(t)ݕଶ+ߠଵ(t).          (3.2) 

  

ɋ ɡɚɞɚɧɧɵɦɢ ܽଵሺݐሻ, ܾଵሺݐሻ,  .ሻݐଵሺߠ
ɇɚ ɜɫɟɯ ɬɜɟɪɞɵɯ ɫɬɟɧɤɚɯ ɡɚɞɚɧɨ ɭɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ: 

= ݑ⃗  Ͳ   (3.3) 

  

ɇɚ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɟ ɡɚɞɚɧɨ ɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɥɨɜɢɟ: 

 𝑃݊⃗ ݌஺݊⃗ = ʹ𝜎ܪℎ⃗ + ூூ𝜎  𝑃׏ = ܫ݌− + ,ሻ ݑ𝒟ሺ⃗ߤʹ ݊⃗ = ሺͲ,Ͳ,ͳሻ. 𝜎 = 𝜎଴ − ,𝑇ݔ ݔ > Ͳ =  ݐݏ݊݋ܿ
 

(3.4) 

ɝɞɟ ߤ = 𝜌߭ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɱɢɫɥɨ ȼɟɛɟɪɚ 𝑊݁ = 𝜎଴݈/߭ߤ ɜɟɪɧɨ, 𝑊݁ ≫ ͳ, ɬɚɤ ɱɬɨ 

ɩɪɨɟɤɰɢɹ (4) ɧɚ ɧɨɪɦɚɥɶ ɞɚɟɬ H=0, ɬ.ɟ. z= ݈. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɭɫɥɨɜɢɟ ɬɨɝɨ, ɱɬɨ 

ɫɜɨɛɨɞɧɚɹ ɝɪɚɧɢɰɚ ɩɥɨɫɤɚɹ, ɷɤɜɢɜɚɥɟɧɬɧɨ ɬɨɦɭ, ɱɬɨ We=∞ – ɨɱɟɧɶ ɛɨɥɶɲɨɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ. 

ɇɚ ɛɨɤɨɜɵɯ ɬɜɟɪɞɵɯ ɫɬɟɧɤɚɯ, ɤɪɨɦɟ (3) ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 𝜕்𝜕௡ = Ͳ. 
ɍɫɥɨɜɢɹ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɚɤɬɚ ɩɪɢ z= ݈: 
ܭ  𝜕்𝒟𝑧 + ሺ𝑇ߛ − 𝑇𝑙ሻ = Ͳ.  (3.5) 

 

Ɇɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ ɨ ɦɟɞɥɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ (ܮ, ଵܮ = ∞ሻ. 
ɂɳɟɦ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ: 
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ଵݑ = ሺ݂ሺݖ, ሻݐ + ℎሺݖ, ଶݑ   ,ݔሻݐ = (݂ሺݖ, ሻݐ − ℎሺݖ, ଷݑ  ,ݕ(ሻݐ = −ʹ∫ ݂ሺݖ, ሻ𝑧జݐ 𝑇        ;ݖ݀ = ܽሺݖ, ଶݔሻݐ + ܾሺݖ, ଶݕሻݐ + ,ݖሺߠ  .ሻݐ
 

(3.6) 

ɉɨɞɫɬɚɧɨɜɤɚ ɜ ɫɢɫɬɟɦɭ (1) ɜɢɞɚ ɪɟɲɟɧɢɹ (6) ɩɪɢɜɨɞɢɬ ɤ ɡɚɞɚɱɟ: 

 

    fhhtndztzbtzagvfdztzffhff t

z

v

z

v zzzt 2),().(),(),(2 1
22   

  ),().(),(),(2 2 tndztzbtzagvfdztzfh
z

v

z

v zzz                                                 (3.7) 

               ܽ௧ + ʹܽሺ݂ + ℎሻ − ʹܽ𝑧∫ ݂𝑧జ ሺݖ, ݖሻ݀ݐ = 𝜒ܽ𝑧𝑧, 
ܾ௧ + ʹܾሺ݂ − ℎሻ − ʹܾ𝑧∫ ݂𝑧଴ ሺݖ, ݖሻ݀ݐ = 𝜒ܾ𝑧𝑧, 
௧ߠ + ∫𝑧ߠʹ ݂𝑧జ ሺݖ, ݖሻ݀ݐ − ሺܽݔʹ + ܾሻ = ݖ ,𝑧𝑧ߠݔ א ሺ݋, ݈ሻ, ݐ א ,݋]  [௢ݐ
 

Ⱦɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɜɚɞɪɚɬɭɪɨɣ (3.8) 

 

  )]()(),([
2

)]()(),([
2

),,,(
1

21

2

21

2

tntndztzbg
y

tntndztzag
x

tzyxp
z

v

z

v



 

)()),((2),()(2),(),(2 2 tPdztzfdtfzdztzggztzvf v

z

vt

z

v

z

v
                 (3.8) 

 

  Ⱦɥɹ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢɡ (4), (6) ɢɦɟɟɦ ɩɪɢ z= ݈  
 

,2)( xahf zz   ,2)( xbhf zz     .                                                    (3.9) 
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Ɍɟɩɥɨɜɨɟ ɭɫɥɨɜɢɟ (3.9) ɞɚɟɬ: 

 

,0)(  bz aayka  0)(  bz bbykb                                                       (3.10) 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ ɭɫɥɨɜɢɟ  ݑଷ = Ͳ ˒˓ˋ ݖ = ݈ ɞɚɟɬ ɪɚɜɟɧɫɬɜɨ 

(3.11) 

 

 
l

dztzf
0

0),(                                                                                                     (3.11) 

 

Ⱦɨɛɚɜɢɦ ɤ (3.11) ɭɫɥɨɜɢɟ 

 

 
l

dztzh
0

0),(                                                                                                   (3.12) 

 

Ɂɚɞɚɧɵ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ (3.13) 

 

),(),( zfozf o  ),(),( zhozh o  ),(),( zaoza o  ),(),( zbozb o  ).(),( zoz o          (3.13) 

 

ɢ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ (3.14) 

 

,0)(
0

 dzzf
l

o  ,0)(
0

 dzzh
l

o  ,0)(  lzoAooz aayka  ,0)(  lzoAooz bbykb  

.0)(  lzoAooz yk   

,2)( oozoz xahf   .2)( oozoz xbhf                                                    (3.14) 

 

ȼɜɟɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɮɭɧɤɰɢɢ (3.15) 
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.
x

v
p                                                                                                                (3.15) 

 

Ɂɚɞɚɱɚ (7), (9) – (14) ɩɟɪɟɩɢɲɟɬɫɹ ɬɚɤ: 

 

  ),(),(),(),(2 100

22 






 ndcaGfPdffhff    

  ).(),(),(),(22 200








 ndcaGfPdfhhfh                             (3.16) 

 

 ܽ̅ఛ + ʹܽ̅(݂̅ + ℎ̅) − ʹܽ̅క∫ ݂̅క
௢ ሺߦ, ߬ሻ݀ߦ = ܽ̅కక , ܾ̅ఛ + ʹܾ̅(݂̅ − ℎ̅) − ʹܾక ∫ ݂̅క௢ ሺߦ, ߬ሻ݀ߦ = ܾ̅కక;                                               (3.17) 

ఛߠ̅  − ݂̅)ߠ̅ʹ − ℎ̅) − ʹܾక ∫ ݂̅క௢ ሺߦ, ߬ሻ݀ߦ = కకߠ̅ + ʹ݀∗ሺܽ̅ + ܾ̅ሻ                        (3.18) ߙ∗ = ܽ∗݈ଶߠ∗  

 

ȼ ɭɪɚɜɧɟɧɢɹɯ (16) – (18) ߦ א ሺͲ,ͳሻ, ߬ א [Ͳ, ߬ଵ] 
 

    ܽ ∗ = max ఛא[଴,ఛభ]ሺ|ܽሺ߬ሻ|, |ܾሺ߬ሻ|, ∗ߠ =  ሺ߬ሻ|                         (3.19)ߠ|[଴,ఛభ]אఛݔܽ݉

 

ɝɞɟ ɜɟɥɢɱɢɧɵ ܽሺ߬ሻ, ܾሺ߬ሻ, ߦ ሺ߬ሻ ɡɚɞɚɧɵ, (ɡɚɞɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɞɥɨɠɤɟߠ = Ͳ). 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ (3.20), (3.21) 

 

),(),(  ofof   

),(),(  ohoh   

),(),(  oaoa   

),(),(  obob   
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),(),(  oo                                                                                                    (3.20) 

 

 .1,0                                                                                                              (3.21) 

 

ɇɚ ɬɜɟɪɞɨɣ ɫɬɟɧɤɟ (3.22) 

 

,0),( of  ,0),( oh  ),(),(  aoa   ),(),(  bob   ),(),(  o   

 ., 1 o                                                                                                         (3.22) 

 

ɇɚ ɫɜɨɞɧɨɣ ɝɪɚɧɢɰɟ (3.23) 

 

1  

,0)(  baaBa  

,0)(  bbbBb  

.0)(  bB                                                                                             (3.23) 

 

k

yl
B   ‒ ɱɢɫɥɨ Ȼɢɨ 

 

,2 aMhf    .2 bMhf                                                                  (3.24) 

 

ɂɧɬɟɝɪɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɟɪɟɨɩɪɟɞɟɥɟɧɢɹ (3.25) 

 

,0),(
1

0
  df  .0),(

1

0
  dh                                                                   (3.25) 

  

ɍɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɝɥɚɞɤɨɝɨ ɪɟɲɟɧɢɹ (3.26) 
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,0)(
1

0
  dfo  ,0)(

1

0
  dho ,0)( 1

1

0
    oboo B  

,0)( 1   oboo aaBa  .0)( 1   oboo bbBb                                          (3.26) 

 

,
числоȼиоk

yl
B


  

G ‒ ɱɢɫɥɨ Ƚɪɚɫɝɨɮɚ, 

M ‒ ɱɢɫɥɨ Ɇɚɪɚɧɝɨɧɢ, 

P ‒ ɱɢɫɥɨ ɉɪɚɧɞɬɥ. 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ  

 

,PLMG   .
2

x

gl
L


                                                                                (3.27) 

 

Ⱦɥɹ ɦɧɨɝɢɯ ɠɢɞɤɨɫɬɟɣ ɤɚɤ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ, ɬɚɤ ɢ ɱɢɫɥɨ L – ɤɨɧɟɱɧɵɟ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɢɥɢɤɨɧɨɜɨɝɨ ɦɚɫɥɚ 𝜌 = ͻͷ͸ ˍˆˏయ , ߚ = ͻ,ͷ ∗ ͳͲ−ସ ଵͦʠ , ݃ = ͻ.ͺͳ ˏ/ܿଶ,   ݔ = ͸.Ͷ ∗ ͳͲ−ହ ுˏ∗ͦʠ,  l=ͳͲ−ଶˏ 

ɂɦɟɟɦ ݔ = Ͳ.Ͳ͸͹ͷ ∗ ͳͲ−଺, ߭ = ʹ ∗ ͳͲ−଺ ⇒  .ͳ͵.ʹ   𝑃~ʹͻ.Ͷ~ܮ
 

Ⱦɥɹ ɜɨɞɵ 𝜌 = ͻͻͺ ˍˆˏయ,  𝜒=15.14*ͳͲ−ହ ˍˆ˔మК ߚ = ͵ ∙ ͳͲ−ସ ͳ ℃⁄  ˒ˑˎ˖чˋˏ ܮ − ʹ. ߭ = ͳ,ͲͲͶ ∙ ͳͲ−଺, ݔ = Ͳ,ͳͶ͵ ∙ ͳͲ−଺, ݌ − ͹ 

 

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɩɪɢ 408 ɞɚɧɧɵɟ ɬɨɤɨɜɵɣ 𝜌 = ͺ͸ͺ,ʹ ˍˆˏయ, ߚ = ͹ ⋅ ͳͲ−ସ ଵ℃  , ݔ = ʹ ⋅ ͳͲ−ଷ ˍ℃̂   ɧɚɯɨɞɢɦ L-0,3. X=0.121⋅ ͳͲ−଺ 

υ=18,49∙ ͳͲ−଺, P~ͳͷʹ,ͺ  ɢɳɟɦ  ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ  

M F, ℎ̅=M H, 𝓃𝒾̅̅̅̅ =ܨ̅  = MΝ𝒿,ܽ ̃ =              3.28                                                  ,ܣ
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ɋɢɫɬɟɦɚ (1.8) - (1.10) ɩɟɪɟɩɢɲɟɬɫɹ ɬɚɤ 

 

),(),(),([]),(2[ 1

0

22 


 NdCAPLPFdFHFF    

 

),(),(),([]),(22[ 200








 NdCAPLPHdFHFHMH    

 

,]),()([2
0 



  AdFAHFAMA    

 

,]),()([2
0 



  CdFCHFCMC    

 

).(2),(2 *

0

CAdDdFMDD   



   

 

ɇɚɱɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ  00 )(),(),(),( AAHFF   

),()0,( 0  CC   ).()0,( 0  DD   

 

ɇɚ ɬɜɟɪɞɨɣ ɫɬɟɧɤɟ  

 

,0),0( F  ,0),0( H  ),(),0( 1  AA   

),(),0( 1  CC   ).(),0( 1  DD                                                                      (3.29) 

 

ɋɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɟ ߦ = ͳ. 
కܨ  + కܪ = ,ܣʹ− కܨ − కܪ = కܣ ,ܥʹ− + ܣሺܤ − 𝑏ሻܣ = Ͳ, కܥ + ܥሺܤ − 𝑏ሻܥ = Ͳ, ܦక + ܦሺܤ − ଴ሻܦ = Ͳ 
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ɉɭɫɬɶ Ɇ << 1 ɢ ܨଵ, ,ଵܪ ,ଵܣ ,ଵܥ ,ଵܦ Ν𝒿ଵ, ɬɨɝɞɚ 

 

,11
1  aA  .22

1  aC                                                                               (3.30) 

 

ɩɪɢɱɟɦ  

 

,0),0( F  

 

,0),0( F  ,0),0( H  ),(),0( 1  AA   

),(),0( 1  CC   ).(),0( 1  DD          

 

,, 2221 CA                                                                                                    (3.31) 

 

ɉɨɫɬɨɹɧɧɵɟ ߙ𝒿 ɧɚɯɨɞɢɬɫɹ  ɢɡ.                                                                     (30) 

ଵߙ  = ஻ሺ஺𝑏−஺భయሻଵ+஻ , ଵߙ = ஻ሺ஼Β−஼భయଵ+Β  .                                                                       (3.32) 

 

Ⱦɟɥɚɟɦ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɪɚɜɧɟɧɢɹ (27)  

௦ܦ  = −݀ [ሺߙଵ + ଶሻߙ కయଷ + ሺܣଵ௦ + [ଶߦଵ௦ሻܥ + ߦଷߙ +  ଵ                                  (3.33)ܦ

 

ɝɞɟ ɭɱɬɟɧɨ,  ɱɬɨ ܦ௦ሺͲሻ =  .ଷ ːахˑˇˋ˕я  ˋˊ (30)ߙ ଵ௦.  ʞˑ˔˕ˑяːаяܦ

 

.
1

)]
3

([ 11
21*

1

1 B

CA
aa

dDDB
a

sss
b







                                                                  (3.34) 

 

ɂɡ (33) ߙଵ + ଶߙ = ஻ଵ+஻ ሺܣ଺+ܥ଺ − ଵ௦ܣ −  .ଵ௦ሻܥ
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ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɚ (27) ɬɚɤɨɜɨ 

కక௦ܨ  = ∫ܮ ሻߦ௦ሺܣ] + ߦ݀[ሻߦ௦ሺܥ − ͳ݌క
଴ Νଵ௦ = 

= ܮ [ሺߙଵ + ଶሻߙ ʹଶߦ + ሺܣଵ௦ + [ߦଵ௦ሻܥ − ͳ݌Νଵ௦ 
క௦ܨ  = ܮ [ሺߙଵ + ଶሻߙ ଷ͸ߦ + ሺܣଵ௦ + ଵ௦ሻܮ ξଶʹ] − ͳ݌Νଵ௦ߦ + ସ, F௦ߙ = L [ሺαଵ + αଶሻ ξరଶସ+ ሺAଵ௦Cଵ௦ሻ ξయ଺ ] − ଵଶPΝଵ௦ξ௦ + αସξ                                   (3.35) 

 

ɋ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɨ ܨ௦(0)=߭ ɩɨɫɬɨɹɧɧɚɹ Νଵ௦ ɧɚɯɨɞɢɬɫɹ ɢɡ ɪɚɜɟɧɫɬɜɨ (3.36)  

 ∫ ௦ଵ଴ܨ ሺߦሻ݀ߦ = Ͳ ɢ Νଵ௦ = 𝑃ܮ ቀ𝛼భ+𝛼మଶ଴ + ஺భ𝑠+஼భ𝑠ଷ ቁ + ͵ 𝑃ߙସ                                  (3.36) 

 

ɋ ɩɨɤɚ ɧɟɢɡɜɟɫɬɧɨɣ ߙସ. ɍɪɚɜɧɟɧɢɟ ɞɥɹ Н௦ሺߦሻ ɢɦɟɟɬ ɜɢɞ  

కక௦ܪ  = ܮ ∫ [ሺߙଵ − ߦଶሻߙ + ଵ௦క଴ܣ − ߦ݀[ଵ௦ܥ − ଵ௣Νଶ௦ = ଵߙሺ]ܮ − ଶሻߙ కమଶ ଵ௦ܣ)+ [ߦଵ௦ሻܥ− − − ଵ௣Νଶ௦, ɨɬɫɸɞɚ (ߙଵ-ߙଶ = ஻ଵ+஻ ሺܣ𝒷 − 𝒷ܥ + ଵ௦ܥ −  ଵ௦ሻܣ
௦ܪ  = ܮ [ሺߙଵ − ଶሻߙ కరଶସ + ሺܣଵ௦ − ଵ௦ሻܥ కయ଺ ] − ଵଶ௣Νଶߦଶ +  (3.37)                             .ߦହߙ

 

ɉɨ ɫɤɨɥɤɭ ∫ ߦሻ݀ߦ௦ሺܪ = Ͳ,ଵ଴ ɬɨ Νଶ௦ = 𝑃ܮ ቀ𝛼భ−𝛼మଶ଴ + ஺భ𝑠−஼భ𝑠ଷ ቁ + ͵𝑃ߙହ.              (3.38) 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɟ ߙସˋ ߙହ ɧɚɞɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɩɟɪɜɵɦ ɞɜɭɦ ɭɫɥɨɜɢɹɦ (30): 
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కଷሺͳሻܨ + క௦ሺͳሻܪ = ,ߥ௦ሺܣʹ− క௦ሺͳሻܨ − కሺͳሻܪ =  (௦ሺͳܥʹ−

L(
𝛼భଷ + ଵ௦ሻܣ − ଵ𝑃 ሺΝଵ௦ + Νଶ௦ሻߙସ + ହߙ = −ʹሺߙଵ +  ,ଵ௦ሻܣ

L(
𝛼మଷ + ଶ௦ሻܣ − ଵ௣ ሺ ଵܰ௦ ଶܰ௦ሻ + ସߙ − ହߙ = −ʹሺሺߙଶ +  .ଶ௦ሻܣ

 

ɋɤɥɚɞɵɜɚɹ ɢ ɜɵɱɢɬɚɟɬɫɹ ɷɬɢ ɪɚɜɟɧɫɬɜɨ ɧɚɯɨɞɢɦ  

ସߙ  = ଵ௣Νଵ௦ − ሺߙଵ + ଶߙ + ଵ௦ܣ + ଶ௦ሻܣ − ሺ𝛼భ+𝛼మଷܮ + ଵ௦ܣ + ହߙ ଶ௦ሻ                          (3.39)ܣ = ͳ݌ ଵܰ௦ − ሺߙଵ−ߙଶ + ଶ௦ሻܣ − ଵߙሺܮ − ͵ଶߙ + ଵ௦ܣ + ଶ௦ܣ  
 

12 ɫɬɪ  

ɉɨɞɫɬɚɜɥɹɹ ɜ (3.39) ɪɚɜɟɧɫɬɜɨ (3.36) ɢ (3.38) ɩɨɥɭɱɢɦ (3.40) 

ସߙ  = ଵଶ ሺߙଵ − ଶߙ + ଵ௦ܣ + ଶ௦ሻܣ 𝐿଺ [ଵ଻ଶ଴ ሺߙଵ − ଶሻߙ + ʹሺܣଵ௦ +  ଵ௦ሻ].                       (3.40)ܥ

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɭɧɤɰɢɢ ܨ௦ሺߦሻ, ,ɢ ɩɨɫɬɨɹɧɧɵɟ Νଵ௦ [Ͳ,ͳ]ߝߦ   ,ሻߦ௦ሺܪ Νଶ௦, 
ɩɥɨɬɧɨɫɬɶ ɨɩɪɟɞɟɥɢɦ. ɑɚɫɬɧɨɣ ɫɥɭɱɚɣ  Ι. ଵ௦ܣ = ଵ௦ܥ − ɪɚɞɢɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɞɥɨɠɤɟ ) ɬɢɩɚ  ߙଵ = ˅ܣଶሺߙ = ʠ˅ሻ, ɡɧɚɱɢɬ  

ହߙ = Ͳ,   ߙସ = ଵߙ + ଵ௦ܣ + ܮ͵ (ͳ͹ʹͲߙଵ + Ͷܣଵ௦) Νଶ௦ = Ͳ,Νଶ௦ = 𝑃 ଵߙ͵] + ଵ௦ܣ͵ + ܮ ቀଵ଻ଶ଴ߙଵ + Ͷܣଵ௦ + 𝛼భଵ଴ + ଶଷܣଵ௦ቁ] = 𝑃 [ቀ͵ ++ 9ହ ቁܮ ଵߙ + ቀ͵ + ଵସଷ                                                                              [ଵ௦ܣቁܮ
 

ଵ௦ܣ .2 = ଶ௦ܥ− − ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɞɥɨɠɤɟ 

:X 
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ଵߙ = ସߙ ,ଶߙ− = Ͳ,Νଵ௦ = Ͳ,Νଶ௦ = ଵߙ3]݌ + ଵ௦ܣ͵ +                                                          

ܮ+ (ͳ͹ͳͲߙଵ + Ͷ ܣଵ௦) + ܮ ଵͳͲߙ) + + [ଵ௦ܣ͵ʹ = 𝑃[(͵ + ͻͷܮଵ) ଵߙ + (͵ + ͳͶ͵  ଵ௦ܣ(ܮ
 

ሻߦకሺܨ = ܮ [ ˅ͳ + ˅ ሺܣ˅ + ˅ܥ − ଵ௦ܣ − ଵ௦ሻܥ ସʹͶߦ + ሺܣଵ௦ − ଵ௦ሻܥ ଷ͸ߦ ] − ͳʹ𝑃 ଵܰ௦ߦଶ +  ߦସߙ

ସߙ  = ଵଶሺଵ+˅ሻ ˅ܣሺܤ] + ሻ˅ܥ + ଵ௦ܣ + +[ଵ௦ܥ 𝐿ଵଶ଴ሺଵ+Вሻ [ͳ͹ܤሺܣ˅ + ሻ˅ܥ + +ሺͶͲ + ଵ௦ܣሻሺܤ͵ʹ+ +    [ଵ௦ሻܥ
 

ଵܰ௦ = 𝑃ܮ͸Ͳሺͳ + ˅ܣሺܤ͵] ሻܤ + ሻ˅ܥ + ሺͳ͹ܤ + ʹͲሻሺܣଵ௦ + [ଵ௦ሻܥ + ͵ 𝑃ߙସ 
ሻߦకሺܪ  = ܮ [ ͳܤ + ܤ ሺܣ˅ − ˅ܥ ଵ௦ܥ−+ − ଵ௦ሻܣ [ସʹͶߦ ሺܣଵ௦ − ଵ௦ሻܥ ଷ͸ߦ ] − ͳʹ݌ ଶܰ௦ߦଶ +  ߦହߙ

 

ହߙ = ͳʹሺͳ + ܤ ˅ܣሺܤ] − ሻ˅ܥ + ଵ௦ܣ − [ଶ௦ܣ + ͳʹͲሺͳܮ + ሻܤ [ͳ͹ܤሺܣ˅ − ሻ˅ܥ + 

+ሺͶͲ + ଵ௦ܣሻሺܤ͵ʹ − ଶ௦ܣ  ሻ], 
 

ଶܰ௦ = 𝑃ܮ͸Ͳሺͳ + ሻܤ ˅ܣሺܤ͵] − ሻ˅ܥ + ሺͳ͹ܤ + ʹͲሻሺܣଵ௦ − ଵ௦ሻܥ + ͵𝑃ߙହ 
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 ʟаˇˋаˎьːˑˈ ːа˒˓а˅ˎˈːˋя
{   
  
஻ܣ    = ஻ܥ ⇒ ଵߙ = ଶߙ = ஻ܣሺܤ − ଵ௦ሻͳܣ + ܤ , ହߙ = Ͳ, ଶܰ௦ = Ͳܪ௦ሺߦሻ = Ͳ, ௦ܨ = ]ܮ ͳܤ + ܤ ሺܣ஻ − ଵ௦ሻܣ ʹସͳߦ + ͵ଵ௦ܣ ଷߦ − ͳʹ𝑃 ଵܰ௦ߦଶ + ସߙߦସߙ = ͳͳ + ܤ ሺܣ ܤ஻ + ଵ௦ሻܣ + ͸Ͳܮ + ሺͳ + ሻܤ [ͳ͹ܣ ܤ஻ + ሺͶͲ + [ଵ௦ܣሻܤʹ

ଵܰ௦ = 𝑃ܮ͵Ͳሺͳ + ሻܤ ஻ܣܤ͵] + ሺͳ͹ܤ + ʹͲሻܣଵ௦] + ͵𝑃ߙସ
 

 

ɉɭɫɬɶ  ̅ݔ=ݔ ʢ⁄ ,  ˖̅ = ʢ ℓ⁄   ɬɨɝɞɚ ɛɟɡɪɚɡɦɟɪɧɚɹ ɫɤɨɪɨɫɬɢ ̅ݑ = ℓ𝑥 𝜗̅    ,ݑ = ℓ𝜆 𝜗, 𝜔̅ = ℓ𝑥𝜔  ɛɭɞɭɬ  ̅ݑ = ܨሺܯ + ,ݔሻ̅ܪ  𝜗̅ = ܨሺܯ −  ,ሻ ʢ̅ܪ
𝜔̅ = ∫ܯʹ− ,ߦሺܨ ߬ሻ݀ߦక

଴  

 

Ɍɟɦɩɟɪɚɬɭɪɚ  𝑇̅= 𝜃் =݀ ∗ ,ߦሺܣ) ߬ሻݔଶ̅̅ ̅ + ,ߦሺܥ ߬ሻʢଶ̅̅ ̅] + ,ߦሺܦ ߬ሻ݀∗ = ܽ∗ℓଶ/ߠ∗ 
 

Ⱦɚɜɥɟɧɢɟ 𝑃̅ = ℓమ௣𝜚 ఔ 𝑥 = 𝑥̅మଶ  

 [𝑃ܯܮ∫ ,ߦሺ ܣ ߬ሻ݀ߦ + 𝑃ܯሺ ଵܰሺ߬ሻ] − ܨܯʹ − ߦʹ +క଴  

,ߦሺܦ∫ߦʹ+ ߬ሻ ʹܯ𝑃క
଴ ∫ ሺΖ − ఛకܨሻߝ

଴ ሺߦ, ߬ሻ݀ߦ − ଶ𝑃ܯʹ ሺ∫ܨሺߦ, ߬ሻଶక
଴ + 𝑃଴̅̅ ̅ ሺݐሻ. 

ݖ = ℊ ℯయఔ 𝑥 − ɩɚɪɚɦɟɬɪ ɦɢɤɪɨɤɨɧɜɟɤɰɢɢ$ 

ߝ = ߠߚ −  ɩɚɪɚɦɟɬɪ Ȼɭɫɫɟɧɟɫɤɚ. 

−𝑃̅ ∼ ߦݖ + ߝߞ ∫ ,ߦሺܦ ߬ሻ݀ߦ క଴                      M<<1. 

 

Ⱦɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ (3.41) 
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𝑇௦̅̅ ̅ = ݔሻ̅ߦ௦ሺܣ]∗݀ + ଶ̅̅ݕሻߦ௦ሺܥ ̅] + ሻߦ௦ሺܦ = ௦ܣ∗݀ ∼ ∗௦݀ܣ ∼ ௦ 𝑇௦̅̅ܥ ̅ሺ̅ݔ, ˖̅, Ͳሻ = ଶݔଵ௦̅ܣ + ଶݕଵ௦̅ܥ +𝒟ଵ௦                                                                    (3.41) 

 

Ɋɚɞɢɚɥɶɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ܣ௦ሺߦሻ =  ሻߦ௦ሺܥ
ଵ௦ܣ  = ௦ݑ̅  ଵ௦ܥ = 𝜗̅௦   ,ݔሻ̅ߦ௦ሺܨܯ = ௦ݓ̅ ௦ܨܯ = −ʹˏ∫ ௦௦ܨ

జ ሺߦሻ݀ߦ 
𝑇̅௦ሺߦሻ = ଶݔሻሺ̅ߦ௦ሺܣ − ଶሻݕ̅ + 𝒟௦ሺߦሻ                                                                   (3.42) 

 

ȼɫɟ ɮɨɪɦɭɥɵ ɢɦɟɸɬɫɹ ɜɵɲɟ 

 𝑇௦ = ଶݔଵ௦ሺ̅ܣ + ଶሻݕ̅ + 𝒟ଵ௦ ݑ, ߭, ,𝜆ݑ      ݓ ߭𝜆, ݑ 𝜆ݓ − ,𝜆ݑ ߭ − ߭𝜆, ݓ − ,𝜆ݓ ,ܮ ଵܮ ≫ ͳ ݀∗ = ͳ, ∗ߠ = ܽ∗݈ଶ                                                                                      

 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜɨ: 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɪɚɧɢɱɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ, ɚ ɢɦɟɧɧɨ ɫɪɟɞɚ ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɬɟɪɦɨɤɨɩɟɥɹɧɵɣ ɷɮɮɟɤɬ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɚɧɢɱɧɵɯ ɫɬɟɧɨɤ. ɇɢɠɟ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ. 

Ɏɢɡɢɱɟɫɤɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜɨ: Ȼɟɫɰɜɟɬɧɚɹ ɠɢɞɤɨɫɬɶ ɫɨ 

ɫɜɨɟɨɛɪɚɡɧɵɦ ɪɟɡɤɢɦ ɡɚɩɚɯɨɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ = 5,5 °C, ɬɟɦɩɟɪɚɬɭɪɚ 

ɤɢɩɟɧɢɹ = 80,1 °C, ɩɥɨɬɧɨɫɬɶ = 0,879 ɝ/ɫɦ³, ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ = 78,11 ɝ/ɦɨɥɶ. 

ɉɨɞɨɛɧɨ ɧɟɧɚɫɵɳɟɧɧɵɦ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɛɟɧɡɨɥ ɝɨɪɢɬ ɫɢɥɶɧɨ ɤɨɩɬɹɳɢɦ 

ɩɥɚɦɟɧɟɦ. ɋ ɜɨɡɞɭɯɨɦ ɨɛɪɚɡɭɟɬ ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟɫɢ, ɯɨɪɨɲɨ ɫɦɟɲɢɜɚɟɬɫɹ 

ɫ ɷɮɢɪɨɦ, ɛɟɧɡɢɧɨɦ ɢ ɞɪɭɝɢɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɫ ɜɨɞɨɣ 

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D1%82%D0%B8%D0%BB%D0%BE%D0%B2%D1%8B%D0%B9_%D1%8D%D1%84%D0%B8%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BD%D0%B7%D0%B8%D0%BD
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ɨɛɪɚɡɭɟɬ ɚɡɟɨɬɪɨɩɧɭɸ ɫɦɟɫɶ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ 69,25 °C (91 % ɛɟɧɡɨɥɚ). 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ 1,79 ɝ/ɥ (ɩɪɢ 25 °C). Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ  0,00147 

Ɏɢɡɢɱɟɫɤɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜɨ: ɩɪɢ 25°ɋ ɜɨɡɞɭɯ ɢɦɟɟɬ 

ɩɥɨɬɧɨɫɬɶ 1,185 ɤɝ/ɦ3. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɫɧɢɠɚɟɬɫɹ — ɜɨɡɞɭɯ 

ɪɚɫɲɢɪɹɟɬɫɹ (ɟɝɨ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ). ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɧɚɩɪɢɦɟɪ ɞɨ 1200°ɋ, ɞɨɫɬɢɝɚɟɬɫɹ ɨɱɟɧɶ ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɪɚɜɧɚɹ 0,239 

ɤɝ/ɦ3, ɱɬɨ ɜ 5 ɪɚɡ ɦɟɧɶɲɟ ɟɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɨɛɳɟɦ 

ɫɥɭɱɚɟ, ɫɧɢɠɟɧɢɟ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɝɚɡɨɜ ɩɪɢ ɧɚɝɪɟɜɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɯɨɞɢɬɶ ɬɚɤɨɦɭ 

ɩɪɨɰɟɫɫɭ, ɤɚɤ ɟɫɬɟɫɬɜɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɢ ɩɪɢɦɟɧɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ 

ɜɨɡɞɭɯɨɩɥɚɜɚɧɢɢ. 

ȿɫɥɢ ɫɪɚɜɧɢɬɶ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ, ɬɨ ɜɨɡɞɭɯ 

ɥɟɝɱɟ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ — ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 4°ɋ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɪɚɜɧɚ 1000 ɤɝ/ɦ3, ɚ 

ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ 1,27 ɤɝ/ɦ3. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɡɧɚɱɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɨɪɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ 

ɝɚɡɨɜ ɹɜɥɹɸɬɫɹ ɬɚɤɢɟ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɯ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɜɧɚ 0°ɋ, ɚ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ 

ɧɨɪɦɚɥɶɧɨɦɭ ɚɬɦɨɫɮɟɪɧɨɦɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ, ɩɥɨɬɧɨɫɬɶ 

ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (ɩɪɢ ɇɍ) ɪɚɜɧɚ 1,293 ɤɝ/ɦ3. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 0,0053 

Ɏɢɡɢɱɟɫɤɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜɨ ɜɨɞɵ: Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 0,00258 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%B5%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%BD%D0%B0%D1%8F_%D1%81%D0%BC%D0%B5%D1%81%D1%8C
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Ɋɢɫɭɧɨɤ 7 ‒ ɩɨɥɹ ɞɚɜɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10 ℃ 

  

 

Ɋɢɫɭɧɨɤ 8- ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10 ℃ 
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Ɋɢɫɭɧɨɤ 9 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɞɚɜɥɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10 ℃ 

 

 

Ɋɢɫɭɧɨɤ 10 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 10 ℃ 
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ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10 ℃ ɡɚ ɫɱɟɬ ɪɚɡɧɢɰɵ ɜ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɲɢ ɪɚɡɥɢɱɧɵɦ ɫɪɟɞɚɦ, ɦɵ ɧɚɛɥɸɞɚɟɦ ɫɥɟɞɭɸɳɢɟ 

ɩɪɢɡɧɚɤɢ, ɚ ɢɦɟɧɧɨ ɪɚɡɥɢɱɧɵɦ ɩɨɥɹ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. ɇɚ ɪɢɫɭɧɤɟ 1 ɦɨɠɧɨ 

ɭɜɢɞɟɬɶ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ ɩɨɥɹ ɞɚɜɥɟɧɢɣ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɢɢ  

ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɹɜɧɨ, ɧɚɩɪɢɦɟɪ ɩɨɥɟ ɞɚɜɥɟɧɢɣ ɜɨɡɞɭɯɚ ɢɦɟɟɬ ɛɨɥɟɟ ɱɟɬɤɢɟ 

ɝɪɚɧɢɰɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɹɦɢ ɞɚɜɥɟɧɢɣ ɩɚɪɨɜ ɜɨɞɵ ɢ ɛɟɧɡɨɥɚ. ȿɫɥɢ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɟɤɬɨɪɧɵɟ ɩɨɥɹ ɞɚɜɥɟɧɢɣ, ɬɨ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɩɪɢɡɧɚɤɢ: ɜɢɯɪɢ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɜɨɡɞɭɲɧɨɣ ɢ ɛɟɧɡɨɥɶɧɨɣ ɫɪɟɞɟ ɩɨ 

ɪɚɡɦɟɪɚɦ, ɧɚɩɪɚɜɥɟɧɢɸ ɢɦɟɸɬ ɧɟɤɨɬɨɪɵɟ ɫɯɨɞɫɬɜɨ, ɟɞɢɧɫɬɜɟɧɧɵɦ ɪɚɡɥɢɱɢɟɦ 

ɹɜɥɹɟɬɫɹ ɦɨɞɭɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ. Ⱦɚɧɧɵɣ ɩɪɢɡɧɚɤ ɝɨɜɨɪɢɬ ɧɚɦ 

ɨ ɬɨɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɞɚɧɧɵɯ ɫɪɟɞɚɯ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɹɧɵɦɢ ɩɚɪɚɦɢ. 

 

 

Ɋɢɫɭɧɨɤ 11 ‒ ɩɨɥɹ ɞɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 30 ℃ 
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ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30℃ ɬɚɤ ɠɟ ɡɚ ɫɱɟɬ ɪɚɡɧɢɰɵ ɜ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ, ɩɨ ɪɚɡɥɢɱɧɵɦ ɫɪɟɞɚɦ, ɦɵ ɧɚɛɥɸɞɚɟɦ, ɫɥɟɞɭɸɳɢɟ ɩɪɢɡɧɚɤɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɹɯ ɞɚɜɥɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 5 ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ 

ɩɨɥɹ ɞɚɜɥɟɧɢɟ ɦɟɧɹɟɬɫɹ ɜ ɝɪɚɧɢɱɧɵɯ ɩɨɥɹɯ. ɇɚ ɜɟɤɬɨɪɧɵɯ ɩɨɥɹɯ ɞɚɜɥɟɧɢɣ 

ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ, ɱɬɨ ɜɢɯɪɢ ɫɬɚɧɨɜɢɬɶɫɹ ɛɨɥɶɲɟ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ ɩɪɨɰɟɫɫ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ, ɪɚɜɧɨɦɟɪɧɨ ɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ 

ɭɦɟɧɶɲɚɟɬɫɹ. 

 

 

Ɋɢɫɭɧɨɤ 12 ‒ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 30 ℃ 
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Ɋɢɫɭɧɨɤ 13 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɞɚɜɥɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ℃ 

 

 

 

Ɋɢɫɭɧɨɤ 14 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 ℃ 
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Ɋɢɫɭɧɨɤ 15 ‒ ɩɨɥɹ ɞɚɜɥɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 ℃ 

 

Ɋɢɫɭɧɨɤ 16 ‒ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 ℃ 
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ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50℃  ɧɚ ɪɢɫɭɧɨɤ 9 ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɩɪɢ ɬɚɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɰɟɫɫ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɡɚ ɫɱɟɬ 

ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ 

ɨɬ  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ 50  ɩɪɨɰɟɫɫ  ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟ ɹɜɧɵɦ ɧɚ ɝɪɚɧɢɱɧɵɯ 

ɫɬɟɧɤɚɯ ɧɚɝɪɟɬɨɣ ɩɨɞɥɨɠɤɟ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɜɫɥɟɞɫɬɜɢɟ 

ɱɟɝɨ ɩɨɥɟ ɩɪɨɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. 

 

 

Ɋɢɫɭɧɨɤ 17 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɞɚɜɥɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 ℃ 
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Ɋɢɫɭɧɨɤ 18 ‒ ɜɟɤɬɨɪɧɨɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 50 ℃ 
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ɈɉɂɋȺɇɂȿ ɑɂɋɅȿɇɕɏ ɊɍɁɍɅɖɌȺɌɈȼ 

 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɜɨɡɧɢɤɚɟɬ ɜ 

ɪɚɡɥɢɱɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɡɚɞɚɱɚɯ ɢɧɠɟɧɟɪɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ ɷɧɟɪɝɟɬɢɤɢ, ɦɟɬɚɥɥɭɪɝɢɢ, 

ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɞɪ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɨ ɪɟɲɟɧɢɟ ɬɪɟɯɦɟɪɧɨɣ ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ ɡɚɞɚɱɢ 

ɤɨɧɜɟɤɰɢɢ ɜ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɫ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɬɪɟɬɶɟɝɨ ɪɨɞɚ. Ɍɚɤɠɟ 

ɜɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɢ ɞɜɭɦɟɪɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɧɜɟɤɰɢɢ ɜ 

ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɫɨ ɫɜɨɛɨɞɧɨɣ ɧɟɞɟɮɨɪɦɢɪɭɟɦɨɣ ɝɪɚɧɢɰɟɣ ɢ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ 

ɬɪɟɬɶɟɝɨ ɪɨɞɚ, ɡɚɞɚɧɧɨɝɨ ɧɚ ɧɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɵ ɩɨɝɪɟɲɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɨɞɧɨɦɟɪɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɬɟɩɟɧɹɯ ɫɬɟɫɧɟɧɢɹ ɩɨɬɨɤɚ. 
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