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ɊȿɎȿɊАɌ 

 Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɪɦɩɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ» ɫɨɞɟɪɠɢɬ 57 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 12 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɚ, 40  ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɚ.  

ɄɈɇȼȿɄɐɂə,  ɉɅȿɇɈɑɇɈȿ ɇȺɌəɀȿɇɂȿ, ɇȺȽɊȿȼ, ɗɎɎȿɄɌ 

ɆȺɊȺɇȽɈɇɂ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɢ: ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ 

ɬɟɪɦɩɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɭɬɟɦ ɪɟɲɟɧɢɹ 

ɨɨɞɧɨɦɟɪɧɨɣ 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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ȼȼȿȾȿɇɂȿ 

  

Аɤɬɭɚɥɶɧɨɫɬɶ 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 
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ɬɟɩɥɨ ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɜɨɡɧɢɤɚɸɬ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ, ɜɵɡɵɜɚɟɦɵɟ 

ɧɚɥɢɱɢɟɦ 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 
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ɜɵɡɵɜɚɟɦɵɟ ɩɨɬɨɤɨɦ ɝɚɡɚ, ɚ ɬɚɤɠɟ ɬɟɪɦɨɤɚɩɢɥɥɹɪɢɵɦɢ ɫɢɥɚɦɢ, 

ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɧɟɥɢɧɟɣɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɪɚɡɪɭɲɟɧɢɟ ɩɥɟɧɤɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ, ɬɟɩɥɨɨɛɦɟɧɚ ɢ 

ɢɫɩɚɪɟɧɢɹ ɜ ɥɨɤɚɥɶɧɨ ɧɚɝɪɟɜɚɟɦɨɣ ɩɥɟɧɤɟ ɠɢɞɤɨɫɬɢ ɩɭɬɟɦ ɩɨɫɬɪɨɟɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ. 

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 ɛɭɞɟɬ 

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. 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɨɩɭɛɥɢɤɨɜɚɧɵ ɞɜɟ ɫɬɚɬɶɢ: ɜ ɠɭɪɧɚɥɟ «ɂɡɜɟɫɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 

Ɇɟɯɚɧɢɤɚ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ» ɧɚ ɬɟɦɭ «Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ 
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ɩɥɨɫɤɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɚ» ɢ ɜ 

ɠɭɪɧɚɥɟ «Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ» ɧɚ ɬɟɦɭ 

«Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜɟɪɬɢɤɚɥɶɧɨ ɡɚɜɢɯɪɟɧɧɨɣ ɠɢɞɤɨɫɬɢ». 
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Ƚɥɚɜɚ 1. Ɍɟɱɟɧɢɟ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ, ɝɢɞɪɨɞɢɧɚɦɢɤɚ ɢ 

ɬɟɩɥɨɨɛɦɟɧ 

 

1.1 ɗɮɮɟɤɬ Ɇɚɪɚɧɝɨɧɢ 

 

ɇɚɱɚɥɨɦ ɢɡɭɱɟɧɢɹ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɵ Ȼɟɧɚɪɚ [Benard, 1900, 1901], ɧɚɛɥɸɞɚɜɲɟɝɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 

ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɩɨɞɨɝɪɟɜɚɟɦɨɦ 

ɫɧɢɡɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ (ɹɱɟɣɤɢ Ȼɟɧɚɪɚ). ɇɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɹɱɟɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɞɨ ɷɬɨɝɨ ɧɚɛɥɸɞɚɥɢ Varley ɢ ɞɪɭɝɢɟ. ɑɟɪɟɡ 

ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ Ɋɷɥɟɣ [Rayleigh, 1916] ɪɟɲɢɥ ɡɚɞɚɱɭ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɪɚɜɧɨɜɟɫɢɹ ɫɥɨɹ ɫɨ ɫɜɨɛɨɞɧɵɦɢ ɝɪɚɧɢɰɚɦɢ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 

ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɩɨɞɨɝɪɟɜɚɟɦɨɣ ɫɧɢɡɭ. Ɉɞɧɚɤɨ ɬɟɨɪɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ 

ɬɟɱɟɧɢɣ Ɋɷɥɟɹ ɧɟɫɤɨɥɶɤɨ ɪɚɫɯɨɞɢɥɚɫɶ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ Ȼɟɧɚɪɚ. ɉɨɫɥɟ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ Ȼɥɨɤɚ [Block, 1956] ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɉɢɪɫɨɧɚ 

[Pearson, 1958] ɫɟɣɱɚɫ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɹɱɟɣɤɢ Ȼɟɧɚɪɚ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 

ɜɵɡɜɚɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ, ɱɟɦ ɜɚɪɢɚɰɢɹɦɢ ɩɥɨɬɧɨɫɬɢ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ, ɬɟɨɪɢɹ Ɋɷɥɟɹ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɪɭɝɢɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ, ɜ ɤɨɬɨɪɵɯ 

ɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɚɜɨɦɟɪɧɨ. 

ȼɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 

ɜɨɡɧɢɤɚɟɬ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ. ɂɡɦɟɧɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ 

 ݃𝑟𝑎݀𝜎 = 𝜕𝜎𝜕𝑇 ݃𝑟𝑎݀ܶ                                                                                      (1) 

 

Ⱦɥɹ ɨɛɵɱɧɵɯ ɠɢɞɤɨɫɬɟɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɧɚɬɹɠɟɧɢɹ (𝜕𝜎/𝜕ܶ) <0 ɢ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɢɥɚ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɟɞɢɧɢɰɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɜɧɚ [Ʌɟɜɢɱ 

1959] 
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𝜏௦௨௥ = ݃𝑟𝑎݀𝜎                                                                                                               (2) 

 

ɋɢɥɚ 𝜏௦௨௥ ɧɚɩɪɚɜɥɟɧɚ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ gradT ɢ ɫɬɪɟɦɢɬɫɹ 

ɩɪɢɜɟɫɬɢ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɞɜɢɠɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ ɦɟɫɬ ɫ 

ɦɟɧɶɲɢɦ ɤ ɦɟɫɬɚɦ ɫ ɛɨɥɶɲɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ, ɬ.ɟ. ɜɵɡɵɜɚɟɬ 

ɨɬɬɨɤ ɠɢɞɤɨɫɬɢ ɢɡ ɨɛɥɚɫɬɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ. 

ɑɚɫɬɨ ɜ ɢɫɥɚɪɢɬɟɥɶɧɨ-ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ 

ɫɪɟɞ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɢɧɚɪɧɵɟ ɢɥɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɦɟɫɢ. ɉɪɢ ɢɫɩɚɪɟɧɢɢ 

ɛɢɧɚɪɧɵɯ ɩɥɟɧɨɤ ɠɢɞɤɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɬɚɤ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɨɦɩɨɧɟɧɬɨɜ. ȼɩɚɞɢɧɵ 

ɢ ɝɪɟɛɧɢ ɜɨɥɧ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɱɬɨ ɜɵɡɵɜɚɟɬ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɭɸ ɤɨɧɜɟɤɰɢɸ ɤ ɝɪɟɛɧɹɦ ɜɨɥɧ. Ʌɟɝɤɨɤɢɩɹɳɢɣ ɤɨɦɩɨɧɟɧɬ 

ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜ ɬɨɥɫɬɵɯ ɱɚɫɬɹɯ ɩɥɟɧɤɢ, ɱɬɨ ɜɵɡɵɜɚɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨ-ɤɚɩɢɥɥɹɪɧɭɸ ɤɨɧɜɟɤɰɢɸ ɜ ɠɢɞɤɨɫɬɢ. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɞɜɭɯ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɠɢɞɤɨɫɬɟɣ 

ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɪɚɛɨɬɟ [Sternling and Scriven, 1959]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɛɢɧɚɪɧɵɟ ɫɦɟɫɢ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɧɚ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢ ɧɟɣɬɪɚɥɶɧɵɟ. ɉɨɥɨɠɢɬɟɥɶɧɵɦɢ ɫɱɢɬɚɸɬɫɹ 

ɫɦɟɫɢ, ɭ ɤɨɬɨɪɵɯ ɦɟɧɟɟ ɥɟɝɤɨɤɢɩɹɳɢɣ ɤɨɦɩɨɧɟɧɬ ɢɦɟɟɬ ɛɨɥɶɲɟɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ. ɋɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɝɤɨɤɢɩɹɳɟɝɨ 

ɤɨɦɩɨɧɟɧɬɚ ɜ ɨɛɥɚɫɬɢ ɭɬɨɧɱɟɧɢɹ ɩɥɟɧɤɢ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɧɚɬɹɠɟɧɢɹ (𝜕𝜎/𝜕0> ܥ), ɬ.ɟ. ɜɵɡɵɜɚɟɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɦɭ, ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɩɥɟɧɤɭ. ɉɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɷɮɮɟɤɬ 

ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɫɦɟɫɹɯ (∂σ/∂C>0), ɪɚɡɪɭɲɟɧɢɟ ɤɨɬɨɪɵɯ 

ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɤɨɢɰɟɧɬɪɚɰɢɨɧɧɨ-ɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ.  

ɉɨɥɨɠɢɬɟɥɶɧɨɣ ɛɢɧɚɪɧɨɣ ɫɦɟɫɶɸ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɜɨɞɟ. 

Ⱦɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɪɚɡɪɵɜɚ ɩɥɟɧɨɤ ɹɜɥɹɟɬɫɹ 
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ɜɵɫɵɯɚɧɢɟ ɥɢɛɨ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɟ ɭɬɨɧɱɟɧɢɟ ɞɨ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɥɳɢɧɵ. 

ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨ-ɤɚɩɢɥɥɹɪɢɨɣ ɤɨɧɜɟɤɰɢɢ ɧɚ ɞɜɢɠɟɧɢɟ ɩɥɟɧɨɤ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɧɟ ɛɭɞɟɬ.   

1.2 Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɩɪɢ ɧɚɝɪɟɜɟ ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ 

1.2.1 Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɢ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɫɥɨɟ, 
ɧɚɝɪɟɜɚɟɦɨɦ ɩɨ ɤɪɚɹɦ 

ɀɢɞɤɨɫɬɶ ɩɨɦɟɳɚɟɬɫɹ ɜ ɤɨɧɬɟɣɧɟɪ, ɜ ɤɨɬɨɪɨɦ ɛɨɤɨɜɵɟ ɫɬɟɧɤɢ ɢɦɟɸɬ 

ɪɚɡɥɢɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɱɬɨ ɫɨɡɞɚɟɬ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɫɜɨɛɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ [Leontiev and Kirdyashkin 1968, Ȼɟɪɞɧɢɤɨɜ 1977, Ʉɢɪɞɹɲɤɢɧ 

1982]. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɜɨ ɦɧɨɝɢɯ 

ɪɚɧɧɢɯ ɪɚɛɨɬɚɯ. ɉɨ ɩɪɨɛɥɟɦɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɨɥɨɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɛɟɡ ɧɟɟ 

ɜɵɩɨɥɧɟɧɵ ɨɛɲɢɪɧɵɟ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ, ɧɚɱɢɧɚɹ ɫ ɤɨɧɰɚ 70 ɝɨɞɨɜ. Ɉɛɡɨɪ ɢ 

ɨɛɨɛɳɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɨ ɜ ɪɚɛɨɬɚɯ [ɉɨɥɟɠɚɟɜ 

ɢ ɞɪ. 1987, 1991]. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ ɜ ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɛɪɚɥɚɫɶ ɩɨɫɬɨɹɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɫɬɟɧɤɚɯ ɤɨɧɬɟɣɧɟɪɚ. Ⱦɚɧɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɫɬɨɹɧɢɹ 

ɞɜɭɯɮɚɡɧɵɯ ɫɢɫɬɟɦ ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

ȼ ɪɚɧɧɢɯ ɪɚɛɨɬɚɯ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɤɨɧɜɟɤɰɢɢ 

ɨɛɵɱɧɨ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɧɟ ɜɵɡɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɸ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɨɟ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɬɨɥɫɬɵɯ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ, ɛɨɥɟɟ 4-5 ɦɦ. Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ 

ɦɟɥɤɨɣ ɲɢɪɨɤɨɣ ɤɸɜɟɬɟ ɝɥɭɛɢɧɨɣ h ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɧɨɤ ( ଵܶ 

> ଶܶ) ɛɟɡ ɭɱɟɬɚ ɞɟɮɨɪɦɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɪɚɛɨɬɟ [Ʌɟɜɢɱ 1959]. 

Ɍɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɟɣ ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ. ȼɟɪɯɧɢɣ ɫɥɨɣ ɠɢɞɤɨɫɬɢ (у=0) 
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ɞɜɢɠɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜɵɡɜɚɧɧɨɝɨ 

ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

 

2 1
1( )

T T
T x

L
                                                                                                         (3)                                                                                   

 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɸɜɟɬɵ ɢɦɟɟɬ ɦɟɫɬɨ ɜɨɡɜɪɚɬɧɨɟ ɬɟɱɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ ɜɞɨɥɶ ɤɸɜɟɬɵ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɱɢ 

ɢɦɟɟɬ ɜɢɞ: 

 

2

2

p u

x y
 


 

                                                                                                                    (4) 

 

0
p

y





                                                                                                                             (5) 

 

0

0
h

udy                                                                                                                           (6)       

 

( ) 0,y hu    0( ) y

u
gradT

y T

 
 


 

                                                                           (7) 

 

ɉɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ ɢɦɟɟɬ ɜɢɞ 

 

2 31
(3 4 )

4

dT
u y hy h

h T dx





   


,  0

1

4y

dT
u h

T dx





 


                           (8) 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ   ɫɤɨɪɨɫɬɶ   ɧɚ   ɩɨɜɟɪɯɧɨɫɬɢ   ɠɢɞɤɨɫɬɢ   ɜɨɡɪɚɫɬɚɟɬ   ɫ   

ɪɨɫɬɨɦ ɬɨɥɳɢɧɵ ɫɥɨɹ. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɩɪɚɜɟɞɥɢɜɵ ɩɪɢ 
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2
3 4p L

h
dT

T dx





, 0 2
2

1
Re 1

4
yu h dT

h
T dx


 
 

 


                                           (9) 

 

ȼ ɪɚɛɨɬɟ [Ȼɢɪɢɯ 1966] ɜɵɩɨɥɧɟɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɫɨɜɦɟɫɬɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɬɟɩɥɨɜɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɢ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ 

ɤɨɧɜɟɤɰɢɢ ɜ ɛɟɫɤɨɧɟɱɧɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɬɨɥɳɢɧɨɣ 2h l  ɫ 

ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɝɪɚɧɢɰɚɯ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ / 1bG Gr  ɢɦɟɟɬ ɦɟɫɬɨ ɱɢɫɬɨ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɣ 

ɪɟɠɢɦ ɬɟɱɟɧɢɹ ( 4 2( / ) /bGr dT dx g l  - ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ Ƚɪɚɫɝɨɮɚ). 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ 

 

2

2

3( / )
( )

dT dx l
G

T





 


                                                                                        (10) 

 

ɚ ɩɪɨɮɢɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚɦɟɬɪɨɦ PrG . ɉɚɪɚɦɟɬɪ G  ɹɜɥɹɟɬɫɹ 

ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɡɚɩɢɫɢ ɱɢɫɥɚ Ɇɚɪɚɧɝɨɧɢ. ɂɡ ɭɫɥɨɜɢɹ / 1bG Gr   ɜ ɪɚɛɨɬɟ 

[Ȼɢɪɢɯ 1966] ɩɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ ɯɚɪɚɤɬɟɪɧɨɣ ɬɨɥɳɢɧɵ ɫɥɨɹ, 

ɨɩɪɟɞɟɥɹɸɳɢɣ ɜɤɥɚɞ ɬɟɩɥɨɜɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ 

 

1/212
( )bh

g T


 


 


                                                                                                   (11) 

 

ɉɪɢ bh h  ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜɧɨɫɢɬ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ. Ⱦɥɹ 

ɜɨɞɵ ɩɪɢ Ɍ=25°ɋ bh =27,2 ɦɦ. ɉɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨɟ ɜɥɢɹɧɢɟ ɫɢɥ Ⱥɪɯɢɦɟɞɚ 

ɧɚ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɭɸ ɤɨɧɜɟɤɰɢɸ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɩɪɢ ɬɨɥɳɢɧɟ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɩɨɪɹɞɤɚ 270 ɦɤɦ. 

ȼ ɪɚɛɨɬɟ [Ʉɢɪɞɹɲɤɢɧ 1982] ɜɵɩɨɥɧɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɮɢɥɟɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
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ɧɚɝɪɟɜɚɟɦɨɦ ɫɛɨɤɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ 07 / 90x h   ɞɥɹ ɞɜɭɯ 

ɠɟɫɬɤɢɯ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɜ ɭɫɥɨɜɢɹɯ ɫɨɜɦɟɫɬɧɨɝɨ 

ɜɥɢɹɧɢɹ ɬɟɩɥɨɜɵɯ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɢ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ. 

 

1.2.2 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 
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ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

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

 

3 3

8 ( )( )
cr

k k chk Bi shk shk chk k
Mn

sh k k chk

    



    (ɩɪɢ ɭɫɥ. ɧɚ ɫɬɟɧɤɟ wT const ) 

 

2 2 3

8 ( )( )

2cr

k k chk Bi shk shk chk k
Mn

sh k chk k shk k chk k shk

    


    
 (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. 

[Nield 1964] 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. 

[Ʌɢɧɞɟ ɢ ɞɪ. 1984] ɩɪɢɜɨɞɹɬ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɧɚɦɢɤɢ ɦɧɨɝɨɨɛɪɚɡɧɵɯ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɬɪɭɤɬɭɪ, 
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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. 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 [Hinkebein and Berg 1978, ɋɥɢɧɶɤɨ ɢ ɞɪ. 1983]. Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ 

ɹɱɟɢɫɬɵɯ ɬɟɱɟɧɢɣ ɢɡɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ [Hinkebein and Berg 1978, Boek and 

Thess 1997, Bragard and Velarde 1998] 

ȼ ɪɚɛɨɬɟ [ɉɲɟɧɢɱɧɢɤɨɜ ɢ Ɍɨɤɦɟɧɢɧɚ 1983] 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 
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2 3

2 3

U d d

dY dX dX

 
                                                                                                        (12) 

 

Ɂɞɟɫɶ / , / , / ( / ), ,h l Y y l U u x y      ~ ɤɨɨɪɞɢɧɚɬɵ ɜɞɨɥɶ ɢ 

ɩɨɩɟɪɟɤ ɠɢɞɤɨɝɨ ɫɥɨɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɤɨɪɨɫɬɢ U 

ɢɦɟɸɬ ɜɢɞ: 

 

( 0) 0U Y   , 
3Y

dU d

dY dX

 



  , 
0

3
3

T d
Cr

dT





                                (13) 

 

Ɂɞɟɫɶ 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 

 

2 2 2 ( )x C                                                                               (14) 

 

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]. 

 

1.2.3 Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɞɜɢɠɭɳɟɦɫɹ ɫɥɨɟ 
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ȼ [Ludviksson, Lightfoot, 1968] 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 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 
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ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ, ɬɪɟɛɭɟɦɨɝɨ ɞɥɹ ɧɚɱɚɥɚ ɪɚɡɜɢɬɢɹ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 

 

2
1/32 ( / )

( )
15 3Cr

Cr

i w
V

V

g k d dT q gȽ
Ƚ

  
   

                                                       (15) 

 

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 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). 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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Ɋɢɫɭɧɨɤ 1 - Ⱦɟɮɨɪɦɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ  ɜ ɜɢɞɟ ɪɢɜɭɥɟɬ ɩɪɢ ɫɬɟɤɚɧɢɢ 

ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɩɨ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ [Joo et al. 1996] 

 

 

1.2.4 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). 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 
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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. 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2 - Ɋɟɝɭɥɹɪɧɵɟ ɫɬɪɭɤɬɭɪɵ, 10 % ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ 

ɜɨɞɟ 
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Ɋɢɫɭɧɨɤ 3 - ɋɧɢɦɤɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɒɥɢɪɟɧ ɦɟɬɨɞɚ, 25 % ɪɚɫɬɜɨɪ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ 

ɜɨɞɟ 

ɋ ɰɟɥɶɸ ɨɛɴɹɫɧɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠɟ 

ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɨɝɨ ɜɚɥɚ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɵɩɨɥɧɟɧ ɪɹɞ ɪɚɛɨɬ. ȼ 

[Marchuk&Kabov, 1998, Ɇɚɪɱɭɤ 2000, Ʉɚɛɨɜ ɢ ɞɪ. 2001] 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                                                        (16) 

 

0x yu                                                                                                                      (17) 

 

x y yyuT T aT                                                                                                           (18) 

 

( ,0) ( ,0) 0u x x                                                                                                     (19) 
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( )

0

( , )
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0( , )T y T                                                                                                                (22) 

 

( , ( )) 0yT x h x                                                                                                              (23) 

 

( ,0) ( )( ( ) ( ))yT x q x x x L                                                                            (24) 

 

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], ɩɪɢɱɟɦ ɤɨɧɜɟɤɬɢɜɧɵɦɢ ɱɥɟɧɚɦɢ ɜ ɭɪɚɜɧɟɧɢɢ ɷɧɟɪɝɢɢ ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ. 
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[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 

 

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. 
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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. Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ 

ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ 

 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ 

ɞɥɹ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ 

Ⱦɜɢɠɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɚ ɜɨɡɧɢɤɚɟɬ, ɧɚɩɪɢɦɟɪ, ɜ ɫɪɟɞɧɟɣ 

ɱɚɫɬɢ ɲɢɪɨɤɨɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɤɸɜɟɬɵ ɫ ɩɥɨɫɤɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɞɧɨɦ. 

ȿɫɥɢ ɨɞɧɚ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧɤɚ ɤɸɜɟɬɵ ɝɨɪɹɱɚɹ, ɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɚɹ — 

ɯɨɥɨɞɧɚɹ, ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɢ ɧɟɜɨɡɦɨɠɧɨ ɢ ɞɜɢɠɟɧɢɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 

ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. ɂɦɟɸɬɫɹ ɞɜɚ ɦɟɯɚɧɢɡɦɚ, 

ɜɵɡɵɜɚɸɳɢɯ ɤɨɧɜɟɤɰɢɸ. ɉɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɭ ɝɨɪɹɱɟɣ ɫɬɟɧɤɢ ɦɟɧɶɲɟ, ɱɟɦ 

ɭ ɯɨɥɨɞɧɨɣ (ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɬɟɩɥɨɜɨɦ ɪɚɫɲɢɪɟɧɢɢ), ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ ɜɨɡɧɢɤɚɟɬ ɞɜɢɠɟɧɢɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɷɬɨɦɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ ɠɢɞɤɨɫɬɶ ɬɚɤɠɟ ɞɜɢɠɟɬɫɹ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɯɨɥɨɞɧɨɣ 

ɫɬɟɧɤɟ; ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɠɢɞɤɨɫɬɢ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɬɜɟɪɞɨɦɭ ɞɧɭ, ɜɨɡɧɢɤɚɟɬ 

ɤɨɦɩɟɧɫɢɪɭɸɳɟɟ ɞɜɢɠɟɧɢɟ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ. Ʉɚɤɨɣ ɢɡ ɷɬɢɯ 

ɦɟɯɚɧɢɡɦɨɜ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɜ ɤɨɧɜɟɤɰɢɢ — ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ ɫɥɨɹ 

ɠɢɞɤɨɫɬɢ. ɑɢɫɬɨ ɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɪɚɧɟɟ ȼ. Ƚ. 

Ʌɟɜɢɱɟɦ. 

ȼ ɫɪɟɞɧɟɣ ɩɨ ɞɥɢɧɟ ɱɚɫɬɢ ɤɸɜɟɬɵ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ 

ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɵɦ, ɚ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ — 

ɩɚɪɚɥɥɟɥɶɧɵɦ ɞɧɭ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ — ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɢɞɚ ɞɜɢɠɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ — ɩɟɪɟɣɬɢ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɤɨɧɜɟɤɰɢɢ ɜ 

ɛɟɫɤɨɧɟɱɧɨɦ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɫ 

ɩɨɫɬɨɹɧɧɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ. 
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ɉɭɫɬɶ ɬɨɥɳɢɧɚ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ݀ = ʹℎ. Ɉɫɶ х ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ 

ɜɜɟɪɯ, ɨɫɶ z — ɨɬ ɝɨɪɹɱɟɣ ɫɬɟɧɤɢ ɤ ɯɨɥɨɞɧɨɣ, ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ — ɜ ɰɟɧɬɪɟ 

ɫɥɨɹ ɠɢɞɤɨɫɬɢ. Ɉɬ ɤɨɨɪɞɢɧɚɬɵ у, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɥɨɫɤɨɫɬɢ xz, ɞɜɢɠɟɧɢɟ 

ɧɟ ɡɚɜɢɫɢɬ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɬɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɬɚɤ: 

 

T Az  ɩɪɢ x h                                                                                    (25) 

 

Ɂɞɟɫɶ Т — ɬɟɦɩɟɪɚɬɭɪɚ, ɨɬɫɱɢɬɵɜɚɟɦɚɹ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ, А -  

ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɠɢɞɤɨɫɬɢ. 

ɋɤɨɪɨɫɬɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɛɭɞɟɦ ɢɫɤɚɬɶ ɜ ɜɢɞɟ: 

 

0, 0, ( )x y zu u u u x                                                                                  (26) 

 

ɍɪɚɜɧɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ ɫ ɭɱɟɬɨɦ (25) ɩɪɢɧɢɦɚɸɬ ɜɢɞ: 

 

1
g T

x

 



 


, 
2

2

1

z x

 


 
  
 

                                                                 (27) 

 

2 2

2 2
( )

T T T

z x z
   
   
  

                                                                             (28) 

 

Ɂɞɟɫɶ 𝑝 — ɞɚɜɥɟɧɢɟ, 𝜌 — ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ݒ — 

ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ߚ ɢ 𝜒 — ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ݃ — ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ. 

ɍɪɚɜɧɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɠɞɟɫɬɜɟɧɧɨ. ɇɟɨɛɯɨɞɢɦɨ 

ɬɚɤɠɟ ɧɚɩɢɫɚɬɶ ɭɫɥɨɜɢɟ ɡɚɦɤɧɭɬɨɫɬɢ ɩɨɬɨɤɚ: 
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( ) 0
h

h

x dx


                                                                                                (29) 

 

Ɉɛɳɟɟ ɪɟɲɟɧɢɟ 

 

ɂɡ ɭɪɚɜɧɟɧɢɣ (27) ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɞɚɜɥɟɧɢɟ. ɉɨɥɭɱɢɦ: 

 

2

3

g T

x z

 


 
 

 
                                                                                            (30) 

 

Ʌɟɜɚɹ ɱɚɫɬɶ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ х, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ 𝜕ܶ/𝜕ݖ 

ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (28) ɩɨ z ɢ ɞɜɚɠɞɵ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨ х. 

ɉɨɥɭɱɢɦ: 

 

1 2( )
T

c x c
z g





  


                                                                                    (31) 

 

ɉɨɞɫɬɚɜɥɹɹ (31) ɜ (30) ɢ ɢɧɬɟɝɪɢɪɭɹ ɩɨ х, ɩɨɥɭɱɢɦ: 

 

4 3 2

1 2 3 4 54! 3! 2!

x x x
c c c c x c                                                                   (32) 

 

ɂɧɬɟɝɪɢɪɭɹ (31) ɩɨ z, ɩɨɥɭɱɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ: 

 

1 2( ) ( )T c x c z f x
g




                                                                            (33) 

 

ɝɞɟ ɮɭɧɤɰɢɹ ݂ሺݔሻɞɨɥɠɧɚ ɛɵɬɶ ɧɚɣɞɟɧɚ ɢɡ (28): 
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2

2

d f T

x z
  
  
 

                                                                                          (34) 

ɫ ɢɡɜɟɫɬɧɨɣ ɩɪɚɜɨɣ ɱɚɫɬɶɸ. ȼɫɟ ɤɨɧɫɬɚɧɬɵ ܿ𝑖  ɜ (32) ɢ (33) ɞɨɥɠɧɵ ɛɵɬɶ 

ɧɚɣɞɟɧɵ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ (29). 

ɂɡ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ (25) ɫ ɭɱɟɬɨɦ (33) ɧɚɯɨɞɢɦ: 

 

1 0c  , 2

Ag
c




  , ( ) 0f h                                                                     (35) 

 

Ʉɚɤ ɜɢɞɧɨ, ɩɨɫɬɚɜɥɟɧɧɨɟ ɜɵɲɟ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (25) ɩɪɢɜɨɞɢɬ ɤ 

ɬɨɦɭ, ɱɬɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 𝜕ܶ/𝜕ݖ (ɫɦ. (31) ɫɬɚɧɨɜɢɬɫɹ ɱɟɬɧɨɣ ɮɭɧɤɰɢɟɣ х. 

 

2.2  Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 

 

          2.2.1  Ʉɨɧɜɟɤɰɢɹ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɝɪɚɧɢɰɚɦɢ ɠɢɞɤɨɫɬɢ ɫɥɭɠɚɬ 
ɬɜɟɪɞɵɟ ɩɥɨɫɤɨɫɬɢ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɜɨɛɨɞɧɭɸ ɤɨɧɜɟɤɰɢɸ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɝɪɚɧɢɰɚɦɢ 

ɠɢɞɤɨɫɬɢ ɫɥɭɠɚɬ ɬɜɟɪɞɵɟ ɩɥɨɫɤɨɫɬɢ. ɍɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ 

ɬɜɟɪɞɵɯ ɝɪɚɧɢɰɚɯ ɞɚɟɬ: 

 

1 0c  , 2

Ag
c




  , ( ) 0f h                                                                     (36) 

 

 ɍɫɥɨɜɢɹ (29), (35) ɢ (36) ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɜɫɟ ɤɨɧɫɬɚɧɬɵ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɣ ɩɨɥɭɱɢɦ ɫɤɨɪɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɭ 

ɠɢɞɤɨɫɬɢ: 

 

3( )
6

G
u

h

         
4

2

Ag h
G




    ( )
x

h
                                               (37) 
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5 3(3 10 7 )
360

GP z
T Ah

h
          

 ( )P
x


                                           (38) 

ɡɞɟɫɶ G — ɱɢɫɥɨ Ƚɪɚɫɝɨɮɚ, Р —ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ. 

ȼɵɱɢɫɥɢɦ ɩɨɬɨɤ ɬɟɩɥɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɨɟ ɠɢɞɤɨɫɬɢ. ɉɨɬɨɤ ɬɟɩɥɚ 

Q (ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɜɞɨɥɶ ɨɫɢ у) ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ: ɩɨɬɨɤɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 

ɠɢɞɤɨɫɬɢ, ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ: 

 

2( )
2 1

4725

h h

h h

T GP
Q dx c Tdx Ah

z    
 

 
          

                                 (39) 

 

ɝɞɟ 𝜘 ɢ ܿ𝜌 — ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɢ. 

Ʉɪɨɦɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɨɬɨɤɚ ɬɟɩɥɚ, ɢɦɟɟɬɫɹ ɬɚɤɠɟ ɜɟɪɬɢɤɚɥɶɧɵɣ 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɜɵɡɜɚɧɧɵɣ ɞɜɢɠɟɧɢɟɦ ɠɢɞɤɨɫɬɢ. ȼɟɪɬɢɤɚɥɶɧɵɣ ɩɨɬɨɤ ɬɟɩɥɚ 

ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɩɨ ɝɪɚɞɢɟɧɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɭ ɝɪɚɧɢɰɵ ɠɢɞɤɨɫɬɢ. ɉɨɬɨɤ 

ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ ɩɨɜɟɪɯɧɨɫɬɢ х = h ɪɚɜɟɧ: 

 

45x h

T AGP
Q

x





   


                                                                            (40) 

 

Ɍɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ 

ɩɨɜɟɪɯɧɨɫɬɢ х = — h.   

ɇɚ ɪɢɫɭɧɨɤ №4, ɩɪɢɜɟɞɟɧɧɨɦ ɧɢɠɟ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ 

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

ɫɩɢɪɬ), ɝɪɚɧɢɰɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɞɜɟ ɬɜɟɪɞɵɟ ɩɥɨɫɤɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ №4 – ɋɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ ɜ ɬɪɟɯ ɪɚɡɧɵɯ ɫɪɟɞɚɯ, 

ɨɝɪɚɧɢɱɟɧɧɵɯ ɞɜɭɦɹ ɬɜɟɪɞɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ (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. 

 

2.2.2 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 
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ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɣɫɬɜɭɸɬ ɤɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ, ɜɵɡɜɚɧɧɵɟ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ɍɫɥɨɜɢɟ 

ɪɚɜɧɨɜɟɫɢɹ ɫɢɥ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ: 

 

( )x h

T

x T z

  
  

 
  

                                                                                 (41) 

 

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: 

 

0   ɩɪɢ x h                                                                                          (42) 

 

          ɂɫɩɨɥɶɡɭɹ (41), (42) ɜɦɟɫɬɟ ɫ (29), ɢɡ (32) ɢ (33) ɩɨɥɭɱɢɦ: 

 

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

G G

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

                    (43) 

 

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

 

ɡɞɟɫɶ ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɚɪɚɦɟɬɪ 𝐺𝜎 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɤɚɩɢɥɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. 

Ɉɬɧɨɲɟɧɢɟ: 

 

2

3
( )

G

G g h T
 

 


  


                                                                                 (45) 

 

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

—ɹɜɥɹɟɬɫɹ ɞɨɦɢɧɢɪɭɸɳɟɣ ɜ ɤɨɧɜɟɤɰɢɢ. 
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ɇɚ ɪɢɫɭɧɨɤ №5, ɩɪɢɜɟɞɟɧɧɨɦ ɧɢɠɟ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ 

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

ɫɩɢɪɬ), ɤɨɝɞɚ ɨɞɧɚ ɢɡ ɝɪɚɧɢɰ ɫɥɨɹ ɫɜɨɛɨɞɧɚ. 

 

 

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.                        
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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. 

Ɋɟɡɭɥɶɬɚɬ ɩɨɤɚɡɚɥ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɫɜɨɛɨɞɧɨɣ 

ɤɨɧɜɟɤɰɢɢ ɨɬ ɫɪɟɞɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ. Ɍɚɤ, ɜ ɤɚɱɟɫɬɜɟ 

ɩɪɢɦɟɪɚ, ɛɵɥɢ ɩɪɢɧɹɬɵ ɬɪɢ ɜɟɳɟɫɬɜɚ: ɦɟɬɢɥɨɜɵɣ ɫɩɢɪɬ, ɫɢɥɢɤɨɧɨɜɨɟ ɦɚɫɥɨ, 

ɜɨɞɚ. Ɋɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɜɵɲɟ ɜ ɦɟɬɢɥɨɜɨɦ ɫɩɢɪɬɟ, ɬɚɤ 

ɤɚɤ ɬɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ ɧɢɠɟ, ɱɟɦ ɭ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ Ƚɪɚɫɝɨɮɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 

ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɤɨɧɜɟɤɰɢɢ 

(ɮɨɪɦɭɥɚ 37; 43) . 
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Ƚɥɚɜɚ 3 Ɍɟɪɦɨɤɚɩɢɥɥɹɪɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɥɨɟ 

ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɥɨɹ ɢ 
ɫɜɨɛɨɞɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ 

 

3.1 ɐɟɥɶ ɪɚɛɨɬɵ 

 

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. 

 

 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɤ ɨɞɧɨɦɟɪɧɨɣ ɡɚɞɚɱɟ 
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Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɤ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɟ 

 

3.2 ɉɨɫɬɚɧɨɜɤɚ ɨɞɧɨɦɟɪɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ 

 

ɉɭɫɬɶ ɬɨɥɳɢɧɚ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ℎ. Ɉɫɶ ݕ ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ, 

ɨɫɶ ݔ - ɨɬ ɝɨɪɹɱɟɣ ɫɬɟɧɤɢ ɤ ɯɨɥɨɞɧɨɣ, ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɨɠɟɧɨ ɜ 

ɨɫɧɨɜɚɧɢɢ ɫɥɨɹ ɠɢɞɤɨɫɬɢ. Ɉɬ ɤɨɨɪɞɢɧɚɬɵ ݖ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɥɨɫɤɨɫɬɢ ݕݔ 

ɞɜɢɠɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ. 

ɍɪɚɜɧɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɨɞɧɨɦɟɪɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɱɟɧɢɹ ⃗ݑ = ሺݑሺݕሻ,Ͳሻ, ܶ = ܶሺݔ,  :ሻݕ
 

x yyP u                                                                                                   (46) 

yP g T                                                                                                   (47) 

 x xx yyuT T T                                                                                         (48) 

 

Ɂɞɟɫɶ 𝑝 - ɞɚɜɥɟɧɢɟ, 𝜌 - ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ߥ - ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ 

ɜɹɡɤɨɫɬɶ, ߚ ɢ 𝜒 - ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ݃ - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

ɍɫɥɨɜɢɟ ɡɚɦɤɧɭɬɨɫɬɢ ɩɨɬɨɤɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɞɜɢɠɟɧɢɟ 

ɠɢɞɤɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ. 
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 
0

0
h
u y dy                                                                                                (49) 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: 

 

0:    ;    0;y T Ax u                                                                                (50) 

 :    0;    |y env y h

u T
y h kT T T

y T x

  
  

    
  

                                   (51) 

 

ɝɞɟ 𝜎 - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɛɭɞɟɦ 

ɫɱɢɬɚɬɶ ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɳɢɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ܣ - ɡɚɞɚɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɨɥɭɱɟɧɨ ɜ 

[Ȼɢɪɢɯ Ɋ.ȼ., ɉɆɌɎ, №3, 1966]. ɂɡ ɭɪɚɜɧɟɧɢɣ (46) - (47) ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ 

ɞɚɜɥɟɧɢɟ. ɉɨɥɭɱɢɦ 

 

3

3

u g T

y x




 


 
                                                                                              (52) 

 

Ʌɟɜɚɹ ɱɚɫɬɶ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ݕ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ݔ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ 𝜕ܶ/𝜕ݔ 

ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (48) ɩɨ ݔ ɢ ɞɜɚɠɞɵ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨ ݕ. 

 

 x xx yyuT T T                                                                                         (53) 

   x xx yyuT T T
x x

 
 

 
                                                                           (54) 

 x x xx xxx yyxu T uT T T                                                                             (55) 
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௫ܶݑ = Ͳ ɬ.ɤ. ݑ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ݑ ,ݔ ௫ܶ௫ = ௫ܶ௫௫ = Ͳ ɬ.ɤ. ܶ ɥɢɧɟɣɧɚɹ 

ɮɭɧɤɰɢɹ ݔ (ɫɦ. ɭɪɚɜɧɟɧɢɟ 52). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ ௬ܶ௬௫ = Ͳ. Ⱦɜɨɣɧɨɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ݕ ɞɚɟɬ 

 

 1 2 1 2x

T
T D y D C y C

x g





    


                                                          (56) 

 

ɉɨɞɫɬɚɜɥɹɹ (56) ɜ (52) ɢ ɬɪɢɠɞɵ ɢɧɬɟɝɪɢɪɭɹ ɩɨ ݕ ɩɨɥɭɱɢɦ 

 

3

1 23
;

u
C y C

y


 


                                                                                           (57) 

4 3 2

1 2 3 4 54! 3! 2!

y y y
u C C C C y C                                                               (58) 

 

ɂɧɬɟɝɪɢɪɭɹ (56) ɩɨ ݔ ɩɨɥɭɱɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

 

   1 2T C y C x f y
g




                                                                          (59) 

  

ɝɞɟ ɮɭɧɤɰɢɹ ݂ሺݕሻ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚɣɞɟɧɚ ɢɡ (48). ɉɨɞɫɬɚɜɥɹɹ (59) ɜ (48) 

ɩɨɥɭɱɢɦ 

 

x yyuT f                                                                                                    (60) 

 

ɢɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɫ ɢɡɜɟɫɬɧɨɣ ɥɟɜɨɣ ɱɚɫɬɶɸ, ɧɚɯɨɞɢɬɫɹ ݂ሺݕሻ. 
ȼɫɟ ɤɨɧɫɬɚɧɬɵ ܥ𝑖 ɜ (58) ɢ (59) ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɣɞɟɧɵ ɢɡ (49) ɢ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (50)-(51). 

ɂɫɩɨɥɶɡɭɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (50) ɞɥɹ (49) ɩɨɥɭɱɢɦ 
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 2 0Ax C x f
g




                                                                                   (61) 

 ݂ሺͲሻ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɜɟɧɫɬɜɨ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɪɚɜɧɹɬɶ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɨɜ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ. Ɍɨɝɞɚ ɩɨɥɭɱɚɟɬɫɹ 

 

 0 0f                                                                                                       (62) 

2 /C Ag                                                                                               (63) 

 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ (59) ɩɨ ݕ ɢ ɢɫɩɨɥɶɡɭɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (6) ɩɨɥɭɱɢɦ 

 

   1 1 2|y h env

f
k C x C h C x f h T

g y g

 
 

   
          

                           (64) 

 

ɉɪɢɪɚɜɧɢɜɚɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɨɣ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ ɩɨɥɭɱɢɦ 

ɞɜɚ ɭɪɚɜɧɟɧɢɹ 

 

 1 1 2

k
C C h C

g g

 
 

                                                                                 (65) 

 

  |y h env

f
k f h T

y



 


                                                                            (66) 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ (65) ɩɨɥɭɱɢɦ ܥଵ, ɭɱɢɬɵɜɚɹ ɪɚɧɟɟ ɧɚɣɞɟɧɧɭɸ ܥଶ (63): 

 

1 1 2kC C h C                                                                                            

(67) 

 1 2C k h C                                                                                           (68) 
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     
2

1 2

C Ag Ag Ag
C C

k h k h h k

     
     

           
                         (69) 

 

ȼɵɪɚɠɟɧɢɹ (62) ɢ (66) ɹɜɥɹɸɬɫɹ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɟɪɜɨɝɨ ɢ 

ɬɪɟɬɶɟɝɨ ɪɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ 

ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ (60). 

ɇɚɣɞɟɦ ɩɨɫɬɨɹɧɧɵɟ ܥଷ, ܥସ ɢ ܥହ. ɂɫɩɨɥɶɡɭɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (50) ɢɡ 

ɭɪɚɜɧɟɧɢɹ (58) ɩɨɥɭɱɢɦ 

 

5 0C                                                                                                           (70) 

ɉɪɢɦɟɧɹɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (51) ɤ ɭɪɚɜɧɟɧɢɸ (48) ɩɨɥɭɱɢɦ 

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (58) ɩɨ ݕ ɢ ɩɪɢɦɟɧɢɦ ɝɪɚɧɢɱɧɨɟ 

ɭɫɥɨɜɢɟ (50), ɬɨɝɞɚ ɩɨɥɭɱɢɦ 

 

3 2

1 2 3 43! 2!y

y y
u C C C y C                                                                         (71) 

3 2

1 2 3 4

1

3! 2!

T h h
C C C h C

T x




 
   

 
                                                        (72) 

3 2

4 1 2 3

1
|

3! 2!y h

T h h
C C C C h

T x


 

 
   

 
                                                   (73) 

 

Ɍɟɩɟɪɶ ɢɫɩɨɥɶɡɭɟɦ ɭɫɥɨɜɢɟ (49) ɱɬɨɛɵ ɧɚɣɬɢ ܥଷ ɫ ɭɱɟɬɨɦ ɬɨɝɨ ɱɬɨ ܥହ =Ͳ: 

 

 
0

0
h
u y dy   

4 3 2

1 2 3 40
0

4! 3! 2!

h y y y
C C C C y dy
 

    
 

                                                       

(74) 
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5 4 3 2

1 2 3 4 0| 0
5! 4! 3! 2!

h
y

y y y y
C C C C 

 
    

 
                                                      (75) 

5 4 3 2

1 2 3 4 0
5! 4! 3! 2!

h h h h
C C C C                                                                    (76) 

 

ɉɨɞɫɬɚɜɥɹɟɦ (73) ɜ (76) ɢ ɜɵɪɚɡɢɦ ܥଷ: 

 

5 4 3 3 2 2

1 2 3 1 2 3

1
| 0

5! 4! 3! 3! 2! 2!y h

h h h T h h h
C C C C C C h

T x


 

  
         

       (77) 

5 5 4 4 3 3 2

1 2 3

1
| 0

5! 3!2! 4! 2!2! 3! 2! 2!y h

h h h h h h T h
C C C

T x


 

       
                  

    (78) 

3 3 5 5 4 4 2

3 1 2

1
|

3! 2! 5! 3!2! 4! 2!2! 2!y h

h h h h h h T h
C C C

T x


 

       
                  

       (79) 

3 2
3 1 2

1 1 1 1 1 1
1 |

3 60 6 12 2 y h

T
C h C h C h

T x


 

                        
                 (80) 

3 2
3 1 2

2 3 5 1
|

3 20 12 y h

T
C h C h C h

T x


 

 
   

 
                                              (81) 

2
3 1 2

9 15 3 1
|

40 24 2 y h

T
C C h C h

h T x


 

 
   

 
                                               (82) 

 

ɉɨɞɫɬɚɧɨɜɤɚ 𝜕𝑇𝜕௫ |௬=ℎ = ఔ𝑔ఉ ሺܥଵℎ +  ଶሻ (ɭɪɚɜɧɟɧɢɟ 56) ɞɚɟɬܥ

 

 2
3 1 2 1 2

9 15 3 1

40 24 2
C C h C h C h C

h g T


 


    


                                      (83) 

2
3 1 2

9 3 1 15 3 1

40 2 24 2
C C h C h

g T h g T

 
   

    
            

                      (84) 

 

ɉɨɞɫɬɚɧɨɜɤɚ ܥଵ = ఊ𝐴𝑔ఉఔሺఊℎ−௞ሻ (ɭɪɚɜɧɟɧɢɟ 69), ܥଶ = − 𝐴𝑔ఉఔ  (ɭɪɚɜɧɟɧɢɟ 63) 

ɞɚɟɬ 
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 
2

3

9 3 1 15 3 1

40 2 24 2

Ag Ag
C h h

h k g T h g T

    
      

    
            

        (85) 

 

ɉɨɞɫɬɚɜɤɚ ɧɚɣɞɟɧɧɨɝɨ ܥଷ ɜ (73) ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ܥସ. 

 

 

 

3 2

4 1 2 1 2 3

3 2
2

1 2 1 2 1 2

3 2
3

1 2

1

3! 2!

1 9 3 1 15 3 1

3! 2! 40 2 24 2

1 9 3 1 15

3! 40 2 2! 24

h h
C C h C C C C h

T g

h h
C h C C C C h C h h

T g g T h g T

h h h h
C h C h

T g g T T g

 
 

   
     

    
     


     



      
                   

    
           

2

3
2

1 2

3 1

2

7 1 1 1 1

120 2 8 2

g T

h h
C C h

g T g T


 

 
   

  
     

    
        

   (86) 

 

 

 

 

4 3 2

1 2 3 4 5

4 3

2
2

3
2

4! 3! 2!

4! 3!

9 3 1 15 3 1

40 2 24 2 2!

7 1 1 1 1

120 2 8 2

y y y
u C C C C y C

Ag y Ag y

h k

Ag Ag y
h h

h k g T h g T

Ag h h Ag
h y

h k g T g T

  
  

    
      

    
      

     

 


     
               
     

            

    

 

ȼɜɟɞɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨɣ ɫɤɨɪɨɫɬɢ ݑ∗ = æܣℎ/ሺߥ𝜌ሻ, ɝɞɟ æ = 𝜕𝜎𝜕𝑇, ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɛɟɡɪɚɡɦɟɪɧɭɸ ɫɤɨɪɨɫɬɶ 
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 

 

 

 

 

4 3

2
2

3
2

4 3

4! 3!

9 3 æ 15 3 æ

40 2 24 2 2!

7 1 æ 1 1 æ

120 2 8 2

æ æ

æ 4! æ 3!

æ 9

æ

Ag y Ag y
u

h k

Ag Ag y
h h

h k g h g

Ag h h Ag
h y

h k g g

Ah g y Ah g y

h h k h

Ah g

h h k

  
  

  
      

  
      

   
  

 
 

 


    
              
    

            




 


 

2
2

3
2

3 æ 15 3 æ

40 2 æ 24 2 2!

æ 7 1 æ 1 1 æ

æ 120 2 æ 8 2

g y
h h

g h h g

Ah g h h g
h y

h h k g h g

 
   

   
     

    
       

    
    

           
     

 

Ɍɨɝɞɚ 

 

 

 

 

4 3

*

2
2

3
2

æ 4! æ 3!

9 3 æ 15 3 æ

æ 40 2 æ 24 2 2!

7 1 æ 1 1 æ

æ 120 2 æ 8 2

u g y g y
U

u h h k h

g g y
h h

h h k g h h g

g h h g
h y

h h k g h g

   


   
    

   
    

  


    
              
    

           
    

          

ȼɜɟɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɱɢɫɥɚ: ߟ = ,ℎ/ݕ ܷ = ∗ݑ ,∗ݑ/ݑ =æܣℎ/ሺߥ𝜌ሻ – ɯɚɪɚɤɬɟɪɧɚɹ ɫɤɨɪɨɫɬɶ, ܹ݁ = 𝜌𝐿|௨⃗⃗ |మ𝜎బ = 𝜎బℎఔ𝜒𝜌 – ɱɢɫɥɨ ȼɟɛɟɪɚ, 𝑃𝑟 = ఔ𝜒 

– ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ, 𝑀𝑎 = æ𝐴ℎమఔ𝜌𝜒  – ɱɢɫɥɨ Ɇɚɪɚɧɝɨɧɢ, 𝑅𝑎 = 𝑔ఉ𝐴ℎ4ఔ𝜒  – ɱɢɫɥɨ Ɋɷɥɟɹ, ܤ𝑖 = ఊℎ௞  – ɱɢɫɥɨ Ȼɢɨ. 

Ɍɨɝɞɚ ɩɨɥɭɱɢɦ 
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       

   

4 4 4 3 4 2 4

4

4 4 4

2

æ 4! æ / 1 4! æ 1 4! æ 1 4!

æ 1 4! 1 4!

g y g y h g h g h Bi

h h k hk h k h k Bi Bi

g Ah Bi Ra Bi

Ah Bi Ma Bi

         
 

   


  
   

 
 

    

 

3 3

æ 3! 3!

g y Ra

h Ma

  
  

 

2

æ Ma

g h Ra 
  

 

 

 

 

4 3

*

2

1 4! 3!

9 3 15 3

1 40 2 24 2 2!

7 1 1 1

1 120 2 8 2

u Ra Bi Ra
U

u Ma Bi Ma

Ra Bi Ma Ra Ma

Ma Bi Ra Ma Ra

Ra Bi Ma Ra Ma

Ma Bi Ra Ma Ra

 





  


                  
                

 

 

ɑɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɥɹ ɫɢɥɢɤɨɧɨɜɨɝɨ ɦɚɫɥɚ ɢ 

ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɫɥɟɞɭɸɳɢɟ: 𝜌 = ͹͸Ͳ ɤɝ/ɦ ଷ, ߥ = Ͳ.͸ͷ𝐸 − ͸ ɦ ଶ/c, ߛ = ͷ 

ȼɬ/ɦ ଶɄ, æ = 𝜕𝜎𝜕𝑇 = −ͺ𝐸 − ͷ ɇ/ɦɄ, 𝜒 = Ͳ.Ͳ͸ʹͻͷ𝐸 − ͸ ɦ ଶ/c, ܣ = ͷ Ʉ/ɦ, ߚ =ͳ.͵𝐸 − ͵ K −ଵ, ℎ = ʹ.ͷ ɦɦ, ݇ = Ͳ.ͺ ȼɬ/ɦɄ. Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 8: 
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Ɋɢɫɭɧɨɤ 8 – Ɋɟɲɟɧɢɟ ɨɞɧɨɦɟɪɧɨɣ ɡɚɞɚɱɢ 

 

3.3 ɉɨɫɬɚɧɨɜɤɚ ɞɜɭɦɟɪɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ 

 

Ɉɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ: 
ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 

 

 1
x y x xx yyuu vu P u u


                                                                       (87) 

   0

1
x y y xx yyuv vv P v v g T T 


                                                    (88) 

 

ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ 

 

0x yu v                                                                                                     (89) 
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ɭɪɚɜɧɟɧɢɟ ɷɧɟɪɝɢɢ 

 

 x y xx yyuT vT T T                                                                                 (90) 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ  

ɇɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ݔ = ±݈/ʹ: 

 

, 0,    , 0,    , 0
2 2 2x

l l l
u y v y T y               
     

                                         (91) 

 

ɇɚ ɧɢɠɧɟɣ ɫɬɟɧɤɟ ݕ = Ͳ 

 

     ,0 0,    ,0 0,    ,0u x v x T x Ax                                                       (92) 

 

Ƚɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ݕ = ℎ 

 

 y envkT T T                                                                                         (93) 

 

ɉɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɚɤɬɚ 

ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɱɢɫɬɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɞɟɥɚ ɡɚɜɢɫɢɦɨɫɬɶ 𝜎ሺܶሻ ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ 

ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 

 

     0 0æy envkT T T T T T                                                          (94) 

 

ɢ ɱɢɫɥɨ ȼɟɛɟɪɚ ܹ݁ = 𝜎బℎఔ𝜒𝜌 >> ͳ (ɫɜɨɛɨɞɧɚɹ ɝɪɚɧɢɰɚ ɧɟɞɟɮɨɪɦɢɪɭɟɦɚ). 

Ɇɨɠɟɦ ɡɚɩɢɫɚɬɶ ɩɪɢ ݕ = ℎ ɤɚɫɚɬɟɥɶɧɨɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɥɨɜɢɟ: 

  æy x xu v T                                                                                        (95) 
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3.4 ɉɨɫɬɚɧɨɜɤɚ ɞɜɭɦɟɪɧɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ ɜ ɛɟɡɪɚɡɦɟɪɧɨɦ 

ɜɢɞɟ 

ȼɜɟɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɱɢɫɥɚ: ߦ = ,݈/ݔ ߟ = ,ℎ/ݕ ܷ ,∗ݑ/ݑ= ܸ = ,∗ݑߜ/ݒ 𝒫 = 𝑃ℎమ𝜌௨∗ఔ௟ , Θ = 𝑇−𝑇బ𝐴௟ ߜ , = ℎ/݈-ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 

(aspect ratio), ݑ∗ = æܣℎ/ሺߥ𝜌ሻ - ɯɚɪɚɤɬɟɪɧɚɹ ɫɤɨɪɨɫɬɶ, ܹ݁ = 𝜌𝐿|௨⃗⃗ |మ𝜎బ = 𝜎బℎఔ𝜒𝜌 - 

ɱɢɫɥɨ ȼɟɛɟɪɚ, 𝑃𝑟 = ఔ𝜒 - ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ, 𝑀𝑎 = æ𝐴ℎమఔ𝜌𝜒  - ɱɢɫɥɨ Ɇɚɪɚɧɝɨɧɢ, 𝑅𝑎 =
𝑔ఉ𝐴ℎ4ఔ𝜒  - ɱɢɫɥɨ Ɋɷɥɟɹ, ܤ𝑖 = ఊℎ௞  - ɱɢɫɥɨ Ȼɢɨ. 

Ɍɨɝɞɚ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜ ɛɟɡɪɚɡɦɟɪɧɨɦ ɜɢɞɟ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ: 

 

   2Pr Pr
UU VU U U

Ma Ma                                                      (96) 

   
2

3 2
2

Pr Pr PrRa
UV VV V V T

Ma Ma Ma    
                                  (97) 

0U V                                                                                                    (98) 

   21
UT VT T T

Ma                                                                      (99) 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ  

ɇɚ ɛɨɤɨɜɵɯ ɝɪɚɧɢɰɚɯ ߦ = ±ͳ/ʹ, Ͳ ≤ ߟ ≤ ͳ: 

 

 1 1
, 0,    , 0,    Θ 0

2 2
U V             
   

                                            (100) 

 

ɇɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ −ͳ/ʹ < ߦ < ͳ/ʹ, ߟ = Ͳ: 

 

   ,0 0,    ,0 0U V                                                                             (101) Θ = − 𝜕Θ𝜕క ߦ − 𝑇బ𝐴௟                                                                                        (102) 
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Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ −ͳ/ʹ < ߦ < ͳ/ʹ, ߟ = ͳ: 

 

 Θ Θ ΘenvBi



  


                                                                                 (103) 

2 ΘU V
  

   
     

                                                                                (104) 

 

ɝɞɟ Θ𝑒𝑛௩ = 𝑇బ−𝑇𝑒𝑛𝑣𝐴௟  

 

3.5 ɉɥɚɧ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬɫɹ ɜ 

ɨɞɧɨɦɟɪɧɨɣ ɡɚɞɚɱɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɭɦɟɪɧɨɣ, ɨɬ ɫɬɟɩɟɧɢ ɫɬɟɫɧɟɧɢɹ ɩɨɬɨɤɚ ɢ 

ɱɢɫɥɚ Ɇɚɪɚɧɝɨɧɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. Ⱦɥɹ 

ɷɬɨɝɨ ɡɚɞɚɟɦɫɹ ɬɪɟɦɹ ɡɧɚɱɟɧɢɹɦɢ ɫɬɟɩɟɧɟɣ ɫɬɟɫɧɟɧɢɹ ɢ ɱɢɫɟɥ Ɇɚɪɚɧɝɨɧɢ ɞɥɹ 

ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɦ ɬɨɱɧɵɟ ɨɞɧɨɦɟɪɧɵɟ ɢ ɱɢɫɥɟɧɧɵɟ ɞɜɭɦɟɪɧɵɟ ɪɚɫɱɟɬɵ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɪɚɫɯɨɠɞɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ ɨɲɢɛɤɭ 𝜎ଵ =√∑𝑛𝑖=భ ሺ௨మ−௨ሻమ𝑛  ɢ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɢɰɵ ɫɤɨɪɨɫɬɟɣ 𝜎ଶ ଶݑ|= −  ଶ - ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɜ ɞɜɭɦɟɪɧɨɦݑ ɝɞɟ ,|ݑ

ɪɟɲɟɧɢɢ, ݑ - ɫɤɨɪɨɫɬɶ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɬɨɱɧɨɦ ɨɞɧɨɦɟɪɧɨɦ ɪɟɲɟɧɢɢ, 𝑛 - 

ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɩɨ ɜɵɫɨɬɟ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɨɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɞɜɟ ɬɚɛɥɢɰɵ ɢɥɢ ɝɪɚɮɢɤɚ 𝜎ଵሺߜ,𝑀𝑎ሻ, 𝜎ଶሺߜ,𝑀𝑎ሻ 
ɩɨɤɚɡɵɜɚɸɳɢɟ ɧɚɫɤɨɥɶɤɨ ɜɟɥɢɤɚ ɩɨɝɪɟɲɧɨɫɬɶ ɨɞɧɨɦɟɪɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɭɦɟɪɧɨɝɨ. 
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Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɢ ɞɜɭɦɟɪɧɨɝɨ 

ɪɟɲɟɧɢɣ (ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ ɫɤɨɪɨɫɬɶ, ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɛɟɡɪɚɡɦɟɪɧɚɹ 

ɤɨɨɪɞɢɧɚɬɚ) 

 

ȼɵɜɨɞɵ ɤ ɝɥɚɜɟ 

 

ȼɵɩɨɥɧɹɥɨɫɶ ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ݑ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɞɧɨɦɟɪɧɨɣ 

ɡɚɞɚɱɟ ɢ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɟ ɩɪɢ ɪɚɡɥɢɱɧɨɦ "ɫɬɟɫɧɟɧɢɢ" ɩɨɬɨɤɚ ߜ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ߛ = ʹ ȼɬ/ɦ ଶK, 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ߠ𝑒𝑛௩ = Ͳ଴ܥ, ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɡɚɞɚɧ 

ɝɪɚɞɢɟɧɬ 0,1 Ʉ/ɦ. 

ɋɜɨɣɫɬɜɚ ɫɢɥɢɤɨɧɨɜɨɝɨ ɦɚɫɥɚ ߥ = Ͳ.͸ͷ𝐸 − ͸ ɦ ଶ/c, ɩɥɨɬɧɨɫɬɶ 𝜌 = ͹͸Ͳ 

ɤɝ/ɦ ଷ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ߚ = ͳ.͵𝐸 − ͵ K −ଵ, 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ݇ = Ͳ.ͳ ȼɬ/ɦɄ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 𝜅 = ͺ𝐸 − ͷ ɇ/(ɦK), ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 𝜒 = Ͳ.Ͳ͸ʹͻͷ𝐸 − ͸ ɦ ଶ/c. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɪɢɧɢɦɚɥɨɫɶ ɲɟɫɬɶ ɪɚɜɧɨɭɞɚɥɟɧɧɵɯ ɬɨɱɟɤ ɫ 

ɪɚɫɫɬɨɹɧɢɟɦ ߜ/ͷ (Ɋɢɫ. 6). 
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Ɋɢɫɭɧɨɤ 10 - Ɍɨɱɤɢ ɜ ɤɨɬɨɪɵɯ ɛɪɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ 

 

ɋɪɚɜɧɟɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ ɞɥɹ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ 𝜎 = √∑6𝑖=భ ሺ௨మ−௨ሻమ଺ . Ƚɞɟ ݑଶ - ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɜ 

ɞɜɭɦɟɪɧɨɦ ɪɟɲɟɧɢɢ, ݑ - ɫɤɨɪɨɫɬɶ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɨɞɧɨɦɟɪɧɨɦ ɪɟɲɟɧɢɢ. 

 

Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ 

Aspect ratio 𝜎 ⋅ ͳͲ−଺ 

0.5 6.425 

0.1 0.0126 

0.05 0.006 

0.01 0.001 

 

Cɤɨɪɨɫɬɧɨɟ ɩɨɥɟ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ 
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Ɋɢɫɭɧɨɤ 11 - ɉɨɥɟ ɫɤɨɪɨɫɬɢ ɞɥɹ ߜ = ͷ𝐸 − ͵ 

 

 

Ɋɢɫɭɧɨɤ 12 - ɋɤɚɥɹɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɢ (ɦ/ɫ) ɞɥɹ ߜ = ͷ𝐸 − ͵ 
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Ɋɢɫɭɧɨɤ 13 - ȼɟɤɬɨɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɢ (ɦ/ɫ) ɞɥɹ ߜ = ͷ𝐸 − ͵, 

ɦ/ɫ 
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ɁАɄɅɘɑȿɇɂȿ 

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 ɜɩɟɪɜɵɟ ɜɵɩɨɥɧɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɞɧɨɦɟɪɧɨɣ 

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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