
ɌɊȺɇɋɉɈɊɌ. ɌɊȺɇɋɉɈɊɌɇɕȿ ɂ ɌȿХɇɈɅɈȽɂɑȿɋɄɂȿ ɆȺɒɂɇɕ 
 

 
Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 5 (45), 2015                                                                            13 

ɍȾɄ 623.438.3 
 

ХȺɊȺɄɌȿɊɂɋɌɂɄȺ ɍɉɊɍȽɈȽɈ ɗɅȿɆȿɇɌȺ ɉɈȾȼȿɋɄɂ ɋɂȾȿɇɖə 
ȼɈȿɇɇɈɃ ȽɍɋȿɇɂɑɇɈɃ ɆȺɒɂɇɕ 

 
ɋ.ȼ. Ȼɚɝɥɚɣɱɭɤ, ȼ.Ⱥ. ɇɟɯɚɟɜ, ȼ.Ⱥ. ɇɢɤɨɥɚɟɜ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 
 

Аɧɧɨɬɚɰиɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɜɢɛɪɨɡɚɳɢɬɵ ɨɛɨɫɧɨ-
ɜɚɧɚ ɨɩɬɢɦɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɩɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɬɚɧɝɟɧ-
ɫɨɢɞɚ. Ⱦɚɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɝɪɟɫɫɢɜɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɠɟɫɬɤɨɫɬɢ 
ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɝɪɚɧɢɰɚɦ ɫɜɨɛɨɞɧɨɝɨ ɯɨɞɚ ɜɢɛɪɨɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɩɨɡɜɨɥɹ-
ɟɬ ɢɫɤɥɸɱɢɬɶ ɬɟɦ ɫɚɦɵɦ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɪɨɛɨɹ ɫɢɫɬɟɦɵ ɩɨɞɪɟɫɫɨɪɢɜɚɧɢɹ ɨɛɴɟɤɬɚ 
(ɜɢɛɪɨɢɡɨɥɹɬɨɪɚ). Ⱦɚɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɩɨɞɨɛɪɚɬɶ ɫɢɫɬɟɦɭ ɜɢɛɪɨɡɚɳɢɬɵ 
ɫɩɨɫɨɛɧɭɸ ɭɥɭɱɲɢɬɶ ɩɨɞɜɟɫɤɭ ɫɢɞɟɧɶɹ ɦɟɯɚɧɢɤɚ-ɜɨɞɢɬɟɥɹ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢ-
ɧɵ, ɬɟɦ ɫɚɦɵɦ ɡɚɳɢɬɢɬɶ ɨɩɟɪɚɬɨɪɚ ɨɬ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɜɨɟɧɧɚɹ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ, ɜɨɡɞɟɣɫɬɜɢɟ, ɫɢɫɬɟɦɚ ɜɢɛɪɨɡɚ-

ɳɢɬɵ, ɫɢɥɨɜɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɭɩɪɭɝɢɣ ɷɥɟɦɟɧɬ. 
 

ȼɜɟɞɟɧɢɟ 
Ɂɚɳɢɬɭ ɷɤɢɩɚɠɚ ɨɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɞɟɣ-

ɫɬɜɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɞɜɟɫɤɚ ɯɨɞɨɜɨɣ ɱɚɫɬɢ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ 
ɦɚɲɢɧɵ (ȼȽɆ). Ȼɨɥɶɲɢɧɫɬɜɨ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɜ ȼȽɆ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɨɩɟɪɚɬɨ-
ɪɚɦɢ ɱɟɪɟɡ ɫɢɞɟɧɶɹ, ɩɨɷɬɨɦɭ ɜɚɠɧɚ ɢɧɞɢɜɢ-
ɞɭɚɥɶɧɚɹ ɡɚɳɢɬɚ ɤɚɠɞɨɝɨ ɱɥɟɧɚ ɷɤɢɩɚɠɚ ɫ 
ɩɨɦɨɳɶɸ ɫɢɫɬɟɦ ɜɬɨɪɢɱɧɨɝɨ ɩɨɞɪɟɫɫɨɪɢɜɚ-
ɧɢɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɭɩɪɭɝɢɦɢ ɢ ɞɟɦɩɮɢ-
ɪɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɡɚɞɚɱ ɷɤɢɩɚɠɟɦ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ 
ɧɚ ɦɚɪɲɟ ɢ ɜ ɧɚɫɬɭɩɥɟɧɢɢ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ 
ɭɞɚɪɵ ɞɧɢɳɚ ɤɨɪɩɭɫɚ ɨ ɬɜɟɪɞɵɣ ɝɪɭɧɬ (ɤɚɦɧɢ, 
ɛɭɝɪɵ ɢ ɞɪ.) ɜɵɡɵɜɚɹ ɧɟɩɪɟɪɵɜɧɵɟ ɢ ɢɦ-
ɩɭɥɶɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,05 
ɫɟɤɭɧɞ ɢ ɦɟɧɟɟ Д1]. Ⱦɟɣɫɬɜɢɟ ɢɯ ɧɚ ɨɩɟɪɚɬɨɪɚ 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɭɩ-
ɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ, ɬ.ɟ. ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɩɨɞɜɟɫɤɢ ɫɢɞɟɧɶɹ ɩɥɚɫɬɢɱɧɨɝɨ ɫɞɚɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɜɫɬɭɩɚɸɳɟɝɨ ɜ ɪɚɛɨɬɭ ɩɪɢ ɭɫɤɨ-
ɪɟɧɢɹɯ ɜɵɲɟ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ (ɩɨɪɹɞɤɚ 
5 g ). Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢɧɞɢɜɢɞɭ-
ɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɩɟɪɚɬɨɪɚ ɢ 
ɩɪɨɢɡɜɨɞɢɬɶ ɧɚɫɬɪɨɣɤɭ ɫɢɫɬɟɦɵ ɩɨɞɪɟɫɫɨɪɢ-
ɜɚɧɢɹ ɫɢɞɟɧɢɹ ɧɚ ɡɚɞɚɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ. 
ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ 
ɩɨɞɜɟɫɤɚ ɫɢɞɟɧɶɹ ɞɨɥɠɧɚ ɝɚɫɢɬɶ ɢɥɢ ɫɦɹɝ-
ɱɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɧɨ ɬɚɤɠɟ ɜ ɩɪɨ-
ɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɩɥɨɫɤɨɫɬɹɯ. ȼ ɫɭɳɟɫɬ-
ɜɭɸɳɢɯ ɩɨɞɜɟɫɤɚɯ ɫɢɞɟɧɢɣ ɩɪɢ ɩɨɫɚɞɤɟ ɨɩɟ-
ɪɚɬɨɪɚ ɭɩɪɭɝɢɟ ɷɥɟɦɟɧɬɵ ɞɟɮɨɪɦɢɪɭɸɬɫɹ ɧɚ 
45-50 % ɩɨɥɧɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɯɨɞɚ. ɉɪɢ 
ɷɬɨɦ ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ ɷɧɟɪɝɢɹ ɡɚ ɫɱɟɬ ɫɠɚɬɢɹ 
ɭɩɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɢ ɨɛɪɚɬɧɨɦ ɯɨɞɟ ɤɨɪ-
ɩɭɫɚ ɦɚɲɢɧɵ ɩɨɫɥɟ ɩɪɨɛɨɹ ɩɟɪɜɢɱɧɨɣ ɩɨɞ-
ɜɟɫɤɢ ȼȽɆ ɨɩɟɪɚɬɨɪ ɩɪɢɨɛɪɟɬɚɟɬ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ, ɩɨɷɬɨɦɭ ɠɟɫɬɤɨɫɬɶ ɩɨɞɜɟɫ-
ɤɢ ɫɢɞɟɧɶɹ ɞɨɥɠɧɚ ɜɨɡɪɚɫɬɚɬɶ ɜ ɤɨɧɰɟ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɯɨɞɚ Д2,3]. ȼɫɟ ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɩɪɭɝɨɝɨ 
ɷɥɟɦɟɧɬɚ ɩɨɞɜɟɫɤɢ ɫɢɞɟɧɶɹ. 

Ɉɛɨɫɧɨɜɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɭɩɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɚɥɶɧɵɟ ɫɢɫ-
ɬɟɦɵ ɜɢɛɪɨɡɚɳɢɬɵ ɦɚɲɢɧ, ɩɪɢɛɨɪɨɜ ɢ ɱɟɥɨ-
ɜɟɤɚ-ɨɩɟɪɚɬɨɪɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɥɢɧɟɣɧɵ 
Д4,5]. ɇɟɥɢɧɟɣɧɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɢɡɦɟɧɟɧɢɟɦ 
ɫɜɨɣɫɬɜ ɭɩɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ ɜɢɛɪɨɡɚɳɢɬɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɫɜɨɛɨɞɧɨɝɨ ɯɨɞɚ. Ɉɞɧɚɤɨ, 
ɟɫɥɢ ɧɟɥɢɧɟɣɧɵɣ ɭɩɪɭɝɢɣ ɷɥɟɦɟɧɬ ɱɚɫɬɨ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɥɢɧɟɣɧɵɣ, ɩɚɪɚ-
ɦɟɬɪɵ ɤɨɬɨɪɨɝɨ, ɩɪɢ ɧɚɥɢɱɢɢ ɜɨɡɦɭɳɚɸɳɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɢɦɟɸɳɟɝɨ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ. 
Ɉɩɪɟɞɟɥɹɸɬɫɹ ɦɟɬɨɞɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɥɢ-
ɧɟɚɪɢɡɚɰɢɢ, ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɜɟɥɢɱɢɧɵ ɫɜɨ-
ɛɨɞɧɨɝɨ ɯɨɞɚ ɜɢɛɪɨɢɡɨɥɹɬɨɪɚ ɬɪɟɛɭɟɬ ɨɫɨɛɨ-
ɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɨɝɪɚɧɢɱɢɬɟɥɢ ɫɜɨ-
ɛɨɞɧɨɝɨ ɯɨɞɚ ɭɩɪɭɝɨɝɨ ɩɨɞɜɟɫɚ ɫɱɢɬɚɬɶ ɚɛɫɨ-
ɥɸɬɧɨ ɠɟɫɬɤɢɦɢ, ɬɨ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɩɪɢɦɟ-
ɪɵ, ɤɨɝɞɚ ɞɢɫɩɟɪɫɢɹ ɜɢɛɪɨɩɟɪɟɝɪɭɡɤɢ ɡɚɳɢ-
ɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɪɚɜɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ 
ɩɪɢ ɥɸɛɨɣ ɨɬɥɢɱɧɨɣ ɨɬ ɧɭɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɜɢɛɪɚɰɢɢ, ɱɬɨ ɧɟ ɢɦɟɟɬ ɦɟɫɬɚ ɜ ɥɢɧɟɣɧɵɯ 
ɫɢɫɬɟɦɚɯ ɜɢɛɪɨɡɚɳɢɬɵ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɠɟɫɬ-
ɤɨɫɬɶɸ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ. Ⱦɥɹ 
ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɭɸ ɫɢɫɬɟɦɭ 
ɜɢɛɪɨɡɚɳɢɬɵ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ (ɪɢɫ 1), ɝɞɟ x – 
ɫɦɟɳɟɧɢɟ ɦɚɫɫɵ m  ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜɚ-
ɧɢɹ; 1x – ɚɛɫɨɥɸɬɧɨɟ ɫɦɟɳɟɧɢɟ ɨɫɧɨɜɚɧɢɹ; 
  – ɫɜɨɛɨɞɧɵɣ ɯɨɞ ɦɚɫɫɵ m  ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ 
ɨɬ ɩɨɥɨɠɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 
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Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɱɟɫɤɨɣ  
ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ  

ɫɜɨɛɨɞɧɨɝɨ ɯɨɞɚ 
 

ɉɨɥɚɝɚɟɦ, ɱɬɨ ɩɪɭɠɢɧɚ ɢ ɝɚɫɢɬɟɥɶ ɤɨɥɟ-
ɛɚɧɢɣ ɥɢɧɟɣɧɵɟ, ɢɦɟɸɬ ɠɟɫɬɤɨɫɬɶ c  ɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  , ɚ ɨɝ-
ɪɚɧɢɱɢɬɟɥɢ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɟ. ɗɬɭ ɫɢɫɬɟɦɭ 
ɩɨɥɭɱɢɦ ɩɪɟɞɟɥɶɧɵɦ ɩɟɪɟɯɨɞɨɦ ɢɡ ɫɥɟɞɭɸ-
ɳɟɣ ɫɢɫɬɟɦɵ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɭɠɢɧɵ  xf  
ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɭɱɚɫɬɤɨɜ (ɪɢɫ. 2) ɢ ɢɦɟɟɬ ɢɡ-

ɥɨɦ ɩɪɢ x . 

 
Ɋɢɫ. 2. Ȼɢɥɢɧɟɣɧɚɹ ɫɢɥɨɜɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ  

ɜɢɛɪɨɡɚɳɢɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
 

Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɬɚɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɨɠ-
ɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

   ;xcxfF          ɩɪɢ ,x        (1) 

   ;1 sigxxccxxfF      ɩɪɢ x . 

ɋɢɫɬɟɦɭ ɫ ɠɟɫɬɤɢɦɢ ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ ɩɨ-
ɥɭɱɢɦ, ɤɚɤ ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ ɩɪɢ ɫ → ∞.  

ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢɦɟ-
ɟɬ ɜɢɞ  

  .1
1xxf

m
x

m
x  


               (2) 

ȼɢɛɪɚɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɢɟ ɨɫɧɨɜɚɧɢɟ ɩɨɥɚ-
ɝɚɟɦ ɝɚɭɫɫɨɜɫɤɢɦ ɫɬɚɰɢɨɧɚɪɧɵɦ ɫɥɭɱɚɣɧɵɦ 
ɩɪɨɰɟɫɫɨɦ ɬɢɩɚ ɛɟɥɨɝɨ ɲɭɦɚ ɫɨ ɫɩɟɤɬɪɚɥɶɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ 





 


 qS  ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

q2 . Ɉɛɨɡɧɚɱɢɜ  xuW ,  – ɩɥɨɬɧɨɫɬɶ ɫɨɜɦɟ-
ɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ xu   ɢ x , ɡɚɩɢɲɟɦ 
ɭɪɚɜɧɟɧɢɟ Ɏɨɤɤɟɪɚ-ɉɥɚɧɤɚ-Ʉɨɥɦɚɝɨɪɨɜɚ ɞɥɹ 
ɭɪɚɜɧɟɧɢɹ (2) Д6,7]: 

  .2

2

u
WqW

mu
Wu

mx
Wu

u
W

m
xf

t
W


















 

 (3) 

ɉɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ (ɢɫ-

ɫɥɟɞɭɟɦ ɬɨɥɶɤɨ ɷɬɨɬ ɫɥɭɱɚɣ) 
0



t
W

ɢ ɩɥɨɬ-

ɧɨɫɬɶ  ,,uxW  ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɪɚɜɧɟɧɢɸ 

(3) ɢ ɭɫɥɨɜɢɸ   ,0,lim
.




uxW
xu

ɢɦɟɟɬ ɫɥɟ-

ɞɭɸɳɢɣ ɜɢɞ: 

    ;expexp,
0
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
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x

df
qmqm

uxuW 
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  (4) 

    ;exp
0

2 












 

x

x df
qm

xW 

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         (5) 

  .exp 2

2












qm
uuW u


                (6)

 

Ɂɞɟɫɶ ux  ,,  – ɧɨɪɦɢɪɭɸɳɢɟ ɤɨɧɫɬɚɧ-
ɬɵ ɬɚɤɢɟ, ɱɬɨ   

  ,1,  




dudxuxW

        

  

  ,1 




dxxW

    

  .1




duuW

 (7) 
ɍɫɤɨɪɟɧɢɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɜɨɡɞɟɣɫɬɜɢɹ 
ɞɜɭɯ ɫɢɥ: ɫɢɥɵ, ɜɵɡɜɚɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɵɦ 
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 ɫɦɟɳɟɧɢɟɦ ɦɚɫɫɵ m  (ɫɢɥɵ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɭɠɢɧɵ), ɢ ɫɢɥɵ, ɪɚɡɜɢɜɚɟɦɨɣ ɜ ɞɟɦɩɮɟɪɟ 
(ɪɟɡɭɥɶɬɚɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɦɚɫɫɵ m
). Ɍɚɤ ɤɚɤ ɩɥɨɬɧɨɫɬɶ  uW  ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɭɠɢɧɵ  xf , ɬɨ ɞɥɹ ɜɵɹɫɧɟ-
ɧɢɹ ɜɥɢɹɧɢɹ ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɨ ɢɫ-
ɫɥɟɞɨɜɚɬɶ ɬɨɥɶɤɨ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɢɥɵ, ɜɵɡɜɚɧɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɩɪɭɠɢɧɵ. 

ɉɨ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  xW ɨɩɪɟ-

ɞɟɥɢɦ ɞɢɫɩɟɪɫɢɸ ɫɢɥɵ F , ɩɪɢɥɨɠɟɧɧɨɣ ɤ 
ɦɚɫɫɟ m ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɭɠɢɧɵ: 

     .exp
0

2
22

2 dxdf
qm

xfFy
qm

x

x 












 







 (8)

 

ȼ ɪɟɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɬɟɥɚ ɚɛɫɨɥɸɬɧɨ 
ɠɟɫɬɤɢɟ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɨɬɚ ɷɬɢɯ ɭɞɚɪɨɜ ɧɢɡɤɚ, 
ɚ ɫɢɥɚ ɜɨ ɜɪɟɦɹ ɭɞɚɪɚ ɨɝɪɚɧɢɱɟɧɚ Д8]. ɋɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ 
ɦɚɥɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɨɜɟɞɟɧɢɹ ɥɢɧɟɣɧɨɣ ɫɢɫ-
ɬɟɦɵ ɛɟɡ ɨɝɪɚɧɢɱɢɬɟɥɟɣ. ɉɪɢ ɛɨɥɶɲɨɣ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ ɜɢɛɪɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚ-
ɬɟ ɩɨɜɵɲɟɧɢɹ ɱɚɫɬɨɬɵ ɭɞɚɪɨɜ ɫɪɟɞɧɹɹ ɫɢɥɚ, 
ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɦɚɫɫɟ, ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɜɟɥɢɱɢɬɶɫɹ. 

Ɍɚɤ ɤɚɤ ɷɬɢ ɹɜɥɟɧɢɹ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɚɧɚɥɢ-
ɬɢɱɟɫɤɢ ɨɩɢɫɚɧɵ ɩɪɢ ɢɞɟɚɥɢɡɚɰɢɢ ɭɩɨɪɨɜ ɤɚɤ 
ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɯ ɬɟɥ, ɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱ ɜɵɛɨɪɚ ɫɜɨɛɨɞɧɨɝɨ ɯɨ-
ɞɚ ɜɢɛɪɨɢɡɨɥɹɬɨɪɚ ɧɚɥɨɠɢɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɠɟɫɬɤɨɫɬɢ ɭɩɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ 
ɫɨɜɦɟɫɬɧɨ ɫ ɭɩɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɥɢ 
ɛɵ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: ɦɚɤ-
ɫɢɦɭɦ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ ɡɚɳɢɳɚɟ-
ɦɨɝɨ ɨɛɴɟɤɬɚ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɨɫɯɨɞɢɬɶ ɞɨɩɭɫ-
ɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɫɜɨɛɨɞɧɨɝɨ ɯɨɞɚ ɢ ɩɪɢ ɞɨɫ-
ɬɚɬɨɱɧɨ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɢɛɪɚɰɢɢ ɞɢɫ-
ɩɟɪɫɢɹ 2F  ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɟɱɧɨɣ ɢ ɫɬɪɟ-

ɦɢɬɶɫɹ ɤ ɧɭɥɸ ɩɪɢ 0q . 
Ɉɱɟɜɢɞɧɨ, ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɦɧɨɝɨ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢ-
ɹɦ. ȼɵɛɢɪɚɟɦ ɨɩɬɢɦɚɥɶɧɭɸ ɜ ɧɟɤɨɬɨɪɨɦ 
ɫɦɵɫɥɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɚ ɢɦɟɧɧɨ: ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɭ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɦɢɧɢɦɭɦ 2F  ɩɪɢ 

ɞɚɧɧɵɯ  , q  ɢ  . ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ 

 
x

dfy
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.  ɍɱɢɬɵɜɚɹ, ɱɬɨ x  ɧɟ ɦɨɠɟɬ ɩɪɟ-

ɜɨɫɯɨɞɢɬɶ  , ɫɨɨɬɧɨɲɟɧɢɟ (8) ɩɪɟɞɫɬɚɜɢɦ ɜ 
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ɉɪɢɪɨɜɧɹɜ ɧɭɥɸ ɜɚɪɢɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɚ 
(9), ɩɨɥɭɱɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɞɥɹ y  

,
22 2

2
2

22

2
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ɢɥɢ 

     .
22 2

22
2 qm

Fxf
qmdx

xdf 
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Ɋɟɲɟɧɢɟ (11), ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɫɥɨɜɢɸ 
  ,00 f ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  

  .
2 2

2
2 x

qm

F
tgFxf

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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɦɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɨɣ ɭɩɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɬɚɧɝɟɧ-
ɫɨɢɞɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɛɥɢɡɤɢɦɢ ɤ ɧɟɣ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɦɢ ɨɛɥɚɞɚɟɬ ɭɩɪɭɝɢɣ ɩɨɞɜɟɫ, ɫɢɥɨɜɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɤɭɛɢɱɟɫɤɢɦ 
ɩɨɥɢɧɨɦɨɦ. ɉɨɞɫɬɚɜɢɜ (9) ɜ (12) ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɦɢɧɢɦɭɦ 2F : 
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Ɂɚɤɥɸчɟɧɢɟ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ (12) ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨ-

ɝɪɟɫɫɢɜɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɠɟɫɬɤɨɫɬɢ ɩɪɢ ɩɪɢ-
ɛɥɢɠɟɧɢɢ ɤ ɝɪɚɧɢɰɚɦ ɫɜɨɛɨɞɧɨɝɨ ɯɨɞɚ ɜɢɛɪɨ-
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɢ ɢɫɤɥɸɱɢɬɶ ɬɟɦ ɫɚ-
ɦɵɦ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɪɨɛɨɹ ɫɢɫɬɟɦɵ ɩɨɞɪɟɫ-
ɫɨɪɢɜɚɧɢɹ ɨɛɴɟɤɬɚ (ɜɢɛɪɨɢɡɨɥɹɬɨɪɚ). Ɍɪɟɛɨ-
ɜɚɧɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɯɨɞɚ ɡɚ 
ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟ-
ɪɟɦɟɳɟɧɢɣ ɜ ɜɢɛɪɨɢɡɨɥɹɬɨɪɚɯ ɹɜɥɹɟɬɫɹ 
ɨɱɟɧɶ ɜɚɠɧɵɦ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɜɨɡ-
ɦɨɠɧɨ, ɩɨɞɨɛɪɚɬɶ ɫɢɫɬɟɦɭ ɜɢɛɪɨɡɚɳɢɬɵ ɩɨ-
ɡɜɨɥɹɸɳɭɸ ɭɥɭɱɲɢɬɶ ɩɨɞɜɟɫɤɭ ɫɢɞɟɧɶɹ ɦɟ-
ɯɚɧɢɤɚ-ɜɨɞɢɬɟɥɹ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢ-
ɧɵ, ɬɟɦ ɫɚɦɵɦ ɡɚɳɢɬɢɬɶ ɨɩɟɪɚɬɨɪɚ ɨɬ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 
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S.V. BКРХКвМСЮФ, V.A. NОСКОv, V.Ⱥ. NТФoХКОv 

 
AЛЬЭЫКМЭ. On ЭСО РroЮnНs oП КnКХвsТs ОбТsЭТnР 

sвsЭОms vТbroproЭОМЭТon Тs moЭТvКЭОН opЭТmЮm ПОКЭЮrО 
oП ЭСО sprТnРв ОХОmОnЭ, аСТМС Тs ЭКnРОnЭ. GТvОn ПОКЭЮrО 
provТНОs proРrОssТvО РroаЭС Эo КМОrbТЭв аСОn Кpproб-
ТmКЭТon Эo borНОr oП ЭСО ПrОО movО vТbroproЭОМЭТon ob-
УОМЭ КnН КХХoаs Эo ОбМХЮНО СОrОЮnНОr orТРТn brОКФНoаn 
sвsЭОms oП ЮnНОr sprТnР obУОМЭ (vТbroТnsЮХКЭor). TСО 
DКЭК Эo НОpОnНОnМТОs КХХoа Эo sОХОМЭ ЭСО sвsЭОm 
vТbroproЭОМЭТon МКpКbХО Эo pОrПОМЭ ЭСО ХКvКХТОrО К sЭКв-
КЭ-СomО mОМСКnТМs-НrТvОr oП ЭСО mТХТЭКrв МКЭОrpТХХКr 
mКМСТnО, СОrОЮnНОr proЭОМЭ ЭСО opОrКЭor Пrom НвnКm-
ТМ ТnПХЮОnМО. 

 
KОваШЫНЬ: mТХТЭКrв МКЭОrpТХХКr mКМСТnО, ТnПХЮОnМО, 

sвsЭОm vТbroproЭОМЭТon, poаОr ПОКЭЮrО, sprТnРв ОХО-
mОnЭ. 
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