






ȺɇɇɈɌȺɐɂə 

 ɇɚ ɜɵɩɭɫɤɧɭɸ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ȼɚɥɢɬɨɜɚ Ȼɭɥɚɬɚ Ⱥɣɧɭɪɨɜɢɱɚ 

ɜɵɩɨɥɧɟɧɧɭɸ ɧɚ ɬɟɦɭ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ». 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɩɨɹɫɧɢɬɟɥɶɧɨɣ ɡɚɩɢɫɤɢ ɧɚ ИИ ɥɢɫɬɟ ɩɟɱɚɬɧɨɝɨ 

ɬɟɤɫɬɚ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɧɚ  ИИ ɥɢɫɬɚɯ ɮɨɪɦɚɬɚ Ⱥ1, ɫɨɞɟɪɠɢɬ  ИИ 

ɪɢɫɭɧɤɨɜ, ИИ ɬɚɛɥɢɰ, ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɫɨɞɟɪɠɢɬ ИИ 

ɧɚɢɦɟɧɨɜɚɧɢɣ. 

Ɍɟɤɫɬɨɜɵɟ ɞɨɤɭɦɟɧɬɵ ɪɚɛɨɬɵ ɫɨɞɟɪɠɚɬ ɩɨɹɫɧɢɬɟɥɶɧɭɸ ɡɚɩɢɫɤɭ, 

ɫɨɫɬɨɹɳɭɸ ɢɡ ɜɜɟɞɟɧɢɹ, 3 ɪɚɡɞɟɥɨɜ, ɡɚɤɥɸɱɟɧɢɹ ɢ ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ 

ɥɢɬɟɪɚɬɭɪɵ, ɩɪɢɥɨɠɟɧɢɹ ɢ ɫɩɟɰɢɮɢɤɚɰɢɸ. 

ȼ ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɨɜ. ɉɪɢɜɟɞɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ. 

ȼɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɢɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 

ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ. ɉɪɢɜɟɞɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 

ɛɟɡɨɩɚɫɧɨɣ ɪɚɛɨɬɵ ɢ ɭɥɭɱɲɟɧɢɸ ɬɪɭɞɚ, ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɩɥɚɧɢɪɭɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ȼ ɬɪɟɬɶɟɦ ɪɚɡɞɟɥɟ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ. 

ɉɪɢɜɟɞɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɭ. Ɉɩɢɫɚɧɚ ɪɚɛɨɬɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, 

ɜɵɩɨɥɧɟɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɫɱɟɬɵ. Ɋɚɡɪɚɛɨɬɚɧɚ ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɛɟɡɨɩɚɫɧɨɣ 

ɪɚɛɨɬɟ ɫ ɭɫɬɪɨɣɫɬɜɨɦ. Ⱦɚɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ. 

ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ ɡɚɜɟɪɲɚɟɬɫɹ ɡɚɤɥɸɱɟɧɢɟɦ ɢ ɫɩɢɫɤɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ. 
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ȼɜɟɞɟɧɢɟ 

 ɉɧɟɜɦɨɫɟɩɚɪɢɪɨɜɚɧɢɟ ɡɟɪɧɨɜɨɝɨ ɫɵɪɶɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɨɬ 

ɧɟё ɦɢɧɟɪɚɥɶɧɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ. ȼ ɩɪɨɰɟɫɫɟ 

ɨɬɞɟɥɟɧɢɹ ɨɬ ɧɟɟ ɪɚɡɧɵɯ ɩɪɢɦɟɫɟɣ ɩɪɢɦɟɧɹɸɬ ɫɩɨɫɨɛ ɦɨɪɮɨɥɨɝɢɣ ɢ 

ɮɢɡɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɬ. ɟ. ɭɱɢɬɵɜɚɸɬ ɟɝɨ ɩɚɪɚɦɟɬɪɵμ ɪɚɡɦɟɪ, ɩɥɨɬɧɨɫɬɶ, 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɞɪ. 

 ɋɨɜɪɟɦɟɧɧɵɣ ɚɧɚɥɢɡ ɭɱɟɧɵɯ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɢɫɯɨɞɧɵɟ 

ɡɟɪɧɨɜɵɟ ɤɭɥɶɬɭɪɵ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɵɟ ɩɭɧɤɬɵ, ɧɟ 

ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɭɟɦɵɦ ɫɬɚɧɞɚɪɬɚɦ. ɉɨɫɬɭɩɢɜɲɟɟ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ 

ɡɟɪɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɭɞɚ ɜɯɨɞɹɬ ɡɟɪɧɨ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɪɧɵɟ ɩɪɢɦɟɫɢ.  Ɂɚɫɨɪɟɧɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ 

ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɤɭɥɶɬɭɪɵ ɡɟɦɥɟɞɟɥɢɹ, ɜɪɟɦɟɧɢ ɢ ɩɨɝɨɞɧɵɯ 

ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɭɛɨɪɨɱɧɵɯ ɪɚɛɨɬ.  

ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɚɹ ɩɨɞɬɜɟɪɠɞɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɩɪɚɜɢɥɶɧɨɫɬɶ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɡɟɪɧɚ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ 

ɩɨɩɚɞɚɧɢɹ ɤɪɭɩɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɞɚɥɶɧɟɣɲɭɸ ɩɟɪɟɪɚɛɨɬɤɭ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 

ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɢɡ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɩɵɥɟɜɢɞɧɵɯ ɢ 

ɫɨɥɨɦɢɫɬɵɯ ɩɪɢɦɟɫɟɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɥɨɦɨɤ ɜ ɫɭɲɢɥɤɚɯ, ɧɚ ζ0–60% ɩɨɜɵɲɚɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɧɚɝɪɟɜɚ ɡɟɪɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɢɯ 

ɭɱɟɧɵɯ, ɧɚ 3–η% ɭɦɟɧɶɲɚɟɬ ɡɚɬɪɚɬɵ ɬɟɩɥɚ ɧɚ ɟɝɨ ɫɭɲɤɭ.  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɭɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɛɨɬɵ, ɪɚɡɪɚɛɨɬɚɬɶ 

ɤɨɧɫɬɪɭɤɰɢɸ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ. Ɋɚɫɫɱɢɬɚɬɶ ɟɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, 

ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 

ɩɪɨɜɟɫɬɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

 

 

 

 



1 ɅɂɌȿɊȺɌɍɊɇɈ-ɉȺɌȿɇɌɇɕɃ ɈȻɁɈɊ 

  

1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

 

ɗɬɚɩ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ. Ɍɚɤ ɤɚɤ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɚ ɢɡ ɜɚɠɧɟɣɲɢɯ 

ɨɩɟɪɚɰɢɣ – ɫɟɩɚɪɢɪɨɜɚɧɢɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɞɟɥɟɧɢɟ ɨɬ ɡɟɪɧɨɜɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɞɚɧɧɭɸ ɨɩɟɪɚɰɢɸ 

ɩɪɨɜɨɞɹɬ ɫɨ ɫɥɟɞɭɸɳɟɣ ɰɟɥɶɸμ 

- ɨɱɢɫɬɤɚ ɨɬ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ ɥɟɝɤɢɯ, ɦɟɥɤɢɯ ɢ ɞɪɭɝɢɯ 

ɩɪɢɦɟɫɟɣ; 

- ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɡɟɪɧɚ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 

ȼ ɩɪɨɰɟɫɫɟ ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɡɟɪɧɨ ɩɨ ɩɪɢɡɧɚɤɚɦ ɢ 

ɫɜɨɣɫɬɜɚɦ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ 

ɩɧɟɜɦɨɫɟɩɚɪɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 1). 

 

 Ɋɢɫɭɧɨɤ 1.1 – ɋɩɨɫɨɛɵ ɩɧɟɜɦɨɫɟɩɚɪɚɰɢɢ ɡɟɪɧɨɜɨɣ ɦɚɫɫɵ 



ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɢɯ ɭɱɟɧɵɯ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ, 

ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɚ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɬɚɧɞɚɪɬɚɦ ɤɚɱɟɫɬɜɚ. ɉɪɢ ɷɬɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɧɚ ɩɪɚɤɬɢɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵ ɢ ɷɧɟɪɝɨёɦɤɢ, ɚ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɵɩɨɥɧɹɸɳɟɟ ɜɟɫɶ ɩɪɨɰɟɫɫ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

ɨɛɵɱɧɨ ɨɱɟɧɶ ɞɨɪɨɝɨɟ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɵɯɨɞ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟɟ ɤɚɱɟɫɬɜɨ 

ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɢɳɟɜɨɣ ɰɟɧɧɨɫɬɢ ɧɟ ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɧɞɚɪɬɚɦ 

ɤɚɱɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɳɟ ɡɟɪɧɭ. 

ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɨɥɠɧɨ 

ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɟɟ ɩɟɪɟɪɚɛɨɬɤɭ, ɭɦɟɧɶɲɟɧɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ, ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ, 

ɷɮɮɟɤɬɢɜɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɟɪɧɚ ɢ ɩɪɨɞɭɤɬɨɜ ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɢ, 

ɪɚɡɪɚɛɨɬɤɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɦɚɲɢɧ, ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ 

ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɡɟɪɧɚ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɚɫɫɨɪɬɢɦɟɧɬɚ 

ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ ɫ ɧɚɩɪɚɜɥɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. 

ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɫɜɨɣɫɬɜ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ, ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɢ ɫɨɪɬɢɪɨɜɚɧɢɹ ɡɟɪɧɚ, ɚ ɬɚɤɠɟ ɦɚɲɢɧɵ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɢɯ ɪɟɚɥɢɡɨɜɵɜɚɬɶ (ɬɚɛɥ. 1.1).  

Ɍɚɛɥɢɰɚ 1.1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɫɩɨɫɨɛɨɜ ɢ ɦɚɲɢɧ ɞɥɹ ɫɟɩɚɪɢɪɨɜɚɧɢɹ 

ɉɪɢɦɟɫɢ ɋɩɨɫɨɛ ɭɞɚɥɟɧɢɹ Ɍɢɩ ɦɚɲɢɧɵ 

Ʌɟɝɤɢɟ 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ 

ȼɨɡɞɭɲɧɵɟ ɫɟɩɚɪɚɬɨɪɵ 

Ʉɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ (ɩɨ ɲɢɪɢɧɟ 
ɢ ɬɨɥɳɢɧɟ) ɋɢɬɨɜɨɟ ɫɟɩɚɪɢɪɨɜɚɧɢɟ ɋɢɬɨɜɵɟ ɫɟɩɚɪɚɬɨɪɵ 

ɍɤɨɪɨɱɟɧɧɵɟ ɢ ɭɞɥɢɧɟɧɧɵɟ 
əɱɟɢɫɬɨɟ 
ɫɟɩɚɪɢɪɨɜɚɧɢɟ 

Ɍɪɢɟɪɵ 

Ɍɹɠɟɥɵɟ (ɦɢɧɟɪɚɥɶɧɵɟ ɢ 
ɡɟɪɧɨɜɵɟ) 

ɋɟɩɚɪɢɪɨɜɚɧɢɟ ɩɨ 
ɩɥɨɬɧɨɫɬɢ 

Ʉɚɦɧɟɨɬɞɟɥɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ ɢ 
ɤɨɧɰɟɧɬɪɚɬɨɪɵ 

Ɇɟɬɚɥɥɨɦɚɝɧɢɬɧɵɟ 
Ɇɚɝɧɢɬɧɨɟ 
ɫɟɩɚɪɢɪɨɜɚɧɢɟ 

Ɇɚɝɧɢɬɧɵɟ ɫɟɩɚɪɚɬɨɪɵ 

 

ɉɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɚ ɨɬ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ ɢɥɢ 

ɩɧɟɜɦɨɫɟɩɚɪɢɪɨɜɚɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɪɚɡɥɢɱɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ 



ɨɤɚɡɵɜɚɸɬ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɬɨɤɭ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɨɟ 

ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. 

 

1.2 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɡɟɪɧɚ  

1.2.1 ɋɩɨɫɨɛ ɨɱɢɫɬɤɢ ɢ ɫɭɲɤɢ ɡɟɪɧɚ ɢ ɥɢɧɢɹ ɞɥɹ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨ 

ɩɚɬɟɧɬɭ №217ζ6η8 

 

Ʌɢɧɢɹ ɞɥɹ ɨɱɢɫɬɤɢ ɢ ɫɭɲɤɢ ɡɟɪɧɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

Ɍɪɚɧɫɩɨɪɬɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɞɚɟɬ 

ɤɨɧɬɟɣɧɟɪ 1 ɫ ɢɫɯɨɞɧɵɦ ɜɨɪɨɯɨɦ ɧɚ ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 2 ɢ ɞɨɡɢɪɨɜɚɧɧɨ 

ɩɨɞɚɟɬɫɹ ɧɚ ɦɚɲɢɧɭ  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ 3, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ 

ɝɪɭɛɵɯ, ɤɪɭɩɧɵɯ, ɳɭɩɥɵɯ, ɥɟɝɤɨɜɟɫɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɪɚɡɞɟɥɟɧɢɟ 

ɨɱɢɳɟɧɧɨɝɨ ɡɟɪɧɚ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɚ ɞɜɟ ɮɪɚɤɰɢɢ. ɉɪɢɦɟɫɢ ɩɨɫɬɭɩɚɸɬ ɜ 

ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɨɬɯɨɞɨɜ 6, ɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɟ ɫɟɦɟɧɚ - ɜ 

ɤɨɧɬɟɣɧɟɪɵ ζ ɢ η. ȿɫɥɢ ɡɟɪɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɨɱɢɫɬɤɢ ɭɠɟ ɢɦɟɸɬ ɤɨɧɞɢɰɢɨɧɧɭɸ ɜɥɚɠɧɨɫɬɶ, ɬɨ ɤɚɠɞɚɹ ɮɪɚɤɰɢɹ ɨɬɞɟɥɶɧɨ 

ɩɨɞɚɟɬɫɹ ɩɨɨɱɟɪɟɞɧɨ ɧɚ ɩɟɪɜɢɱɧɭɸ ɨɱɢɫɬɤɭ. ȿɫɥɢ ɠɟ ɡɟɪɧɨ ɢɦɟɟɬ 

ɧɟɤɨɧɞɢɰɢɨɧɧɭɸ ɜɥɚɠɧɨɫɬɶ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ, ɬɨ ɤɚɠɞɭɸ 

ɮɪɚɤɰɢɸ ɜ ɨɬɞɟɥɶɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ ζ,η ɩɨɞɚɸɬ ɜ ɫɭɲɢɥɤɭ 7 ɞɥɹ ɫɭɲɤɢ.  



 

 1-ɤɨɧɬɟɣɧɪ; 2-ɩɨɜɨɪɨɬɧɚɹ ɷɫɬɚɤɚɞɚ; 3-ɦɚɲɢɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ;  

4,5-ɤɨɧɬɟɣɧɟɪ; 6-ɤɨɧɬɟɣɧɟɪ; 7-ɫɭɲɢɥɤɚ; 8-ɩɨɜɨɪɨɬɧɚɹ ɷɫɬɚɤɚɞɚ; λ-ɦɚɲɢɧɚ ɩɟɪɜɢɱɧɨɣ 

ɨɱɢɫɬɤɢ; 10-ɤɨɧɬɟɣɧɟɪ; 11-ɤɨɧɬɟɣɧɟɪ; 12-ɩɨɜɨɪɨɬɧɚɹ ɷɫɬɚɤɚɞɚ; 13-ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɵɣ 

ɫɬɨɥ; 1ζ-ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɯɪɚɧɟɧɢɹ; 1η-ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɬɹɠɟɥɵɯ ɩɪɢɦɟɫɟɣ; 16-ɤɨɧɬɟɣɧɟɪ 

ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ. 

 Ɋɢɫɭɧɨɤ 1.2 – ɋɩɨɫɨɛ ɨɱɢɫɬɤɢ ɢ ɫɭɲɤɢ ɡɟɪɧɚ ɢ ɥɢɧɢɹ ɞɥɹ ɟɝɨ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨ ɩɚɬɟɧɬɭ №217ζ6η8 

 

ȼɵɫɭɲɟɧɧɵɟ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɨ ɤɚɠɞɨɣ ɮɪɚɤɰɢɢ 

ɨɬɞɟɥɶɧɨ ɜ ɤɨɧɬɟɣɧɟɪɟ ζ (η) ɩɨɞɚɸɬ ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨ 

ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɧɚ ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 8,  ɝɞɟ ɨɧɨ ɞɨɡɢɪɨɜɚɧɧɨ 

ɩɨɫɬɭɩɚɟɬ ɜ ɦɚɲɢɧɭ ɩɟɪɜɢɱɧɨɣ ɨɱɢɫɬɤɢ λ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɥɶɧɟɣɲɟɟ 



ɜɵɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ 11, ɚ ɨɫɧɨɜɧɨɣ ɜɵɯɨɞ 

ɡɟɪɧɚ ɨɬɞɟɥɶɧɨɣ ɮɪɚɤɰɢɢ ɫɨɛɢɪɚɟɬɫɹ ɜ ɤɨɧɬɟɣɧɟɪ 10, ɤɨɬɨɪɵɣ 

ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɞɚɟɬɫɹ ɧɚ 

ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 12, ɢ ɡɟɪɧɨ ɞɨɡɢɪɨɜɚɧɧɨ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɵɣ ɫɬɨɥ 13, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɟ ɤɚɠɞɨɣ ɮɪɚɤɰɢɢ 

ɩɨ ɩɥɨɬɧɨɫɬɢ. Ɍɹɠɟɥɵɟ ɩɪɢɦɟɫɢ ɫ ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɨɝɨ ɫɬɨɥɚ ɩɨɫɬɭɩɚɸɬ ɜ 

ɤɨɧɬɟɣɧɟɪ 1η, ɥɟɝɤɢɟ ɩɪɢɦɟɫɢ - ɜ ɤɨɧɬɟɣɧɟɪ 16, ɚ ɱɢɫɬɚɹ ɮɪɚɤɰɢɹ ɩɨɫɬɭɩɚɟɬ ɜ 

ɤɨɧɬɟɣɧɟɪ 1ζ ɧɚ ɯɪɚɧɟɧɢɟ.  

 

 1.2.2 ɋɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɨɜɵɯ ɫɦɟɫɟɣ ɩɨ ɩɚɬɟɧɬɭ № 21λ163λ 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨ ɩɚɬɟɧɬɭ № 21λ163λ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ. Ʌɢɧɢɹ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɍɪɚɧɫɩɨɪɬɢɪɭɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɞɚɟɬ ɤɨɧɬɟɣɧɟɪ 1 ɫ ɢɫɯɨɞɧɵɦ 

ɜɨɪɨɯɨɦ ɧɚ ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 2 ɢ ɞɨɡɢɪɨɜɚɧɧɨ ɩɨɞɚɟɬɫɹ ɧɚ ɦɚɲɢɧɭ  

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ 3, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɝɪɭɛɵɯ, ɤɪɭɩɧɵɯ, 

ɳɭɩɥɵɯ, ɥɟɝɤɨɜɟɫɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɪɚɡɞɟɥɟɧɢɟ ɨɱɢɳɟɧɧɨɝɨ 

ɡɟɪɧɚ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɚ ɞɜɟ ɮɪɚɤɰɢɢ. ɉɪɢɦɟɫɢ ɩɨɫɬɭɩɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ ɞɥɹ 

ɨɬɯɨɞɨɜ 6, ɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɟ ɫɟɦɟɧɚ - ɜ ɤɨɧɬɟɣɧɟɪɵ ζ ɢ η. ȿɫɥɢ 

ɡɟɪɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɭɠɟ ɢɦɟɸɬ 

ɤɨɧɞɢɰɢɨɧɧɭɸ ɜɥɚɠɧɨɫɬɶ, ɬɨ ɤɚɠɞɚɹ ɮɪɚɤɰɢɹ ɨɬɞɟɥɶɧɨ ɩɨɞɚɟɬɫɹ ɩɨɨɱɟɪɟɞɧɨ 

ɧɚ ɩɟɪɜɢɱɧɭɸ ɨɱɢɫɬɤɭ. ȿɫɥɢ ɠɟ ɡɟɪɧɨ ɢɦɟɟɬ ɧɟɤɨɧɞɢɰɢɨɧɧɭɸ ɜɥɚɠɧɨɫɬɶ 

ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ, ɬɨ ɤɚɠɞɭɸ ɮɪɚɤɰɢɸ ɜ ɨɬɞɟɥɶɧɵɯ 

ɤɨɧɬɟɣɧɟɪɚɯ ζ,η ɩɨɞɚɸɬ ɜ ɫɭɲɢɥɤɭ 7 ɞɥɹ ɫɭɲɤɢ.  

 



 

 1-ɜɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɚɹ ɦɚɲɢɧɚ; 2-ɜɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɚɹ ɦɚɲɢɧɚ; 3,ζ,η,6-ɩɪɢɟɦɧɢɤ; 7-

ɜɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɚɹ ɦɚɲɢɧɚ; 8,λ-ɫɬɚɧ; 10,1η-ɪɟɲɟɬɨ; 11.16-ɧɟɩɟɪɮɨɪɢɪɨɜɚɧɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ; 13,17-ɩɨɞɫɟɜɧɨɟ ɪɟɲɟɬɨ; 14,20-ɪɟɲɟɬɨ; 12-ɫɤɚɬɧɚɹ ɞɨɫɤɚ; 18,1λ-ɥɨɬɤɢ; 21-

ɬɪɢɟɪɧɵɟ ɰɢɥɢɧɞɪɵ; 22-ɦɚɲɢɧɚ ɜɬɨɪɢɱɧɨɣ ɨɱɢɫɬɤɢ; 23-ɜɢɛɪɨɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪ; 2ζ-ɬɪɢɟɪ; 

25-ɦɚɲɢɧɚ ɜɬɨɪɢɱɧɨɣ ɨɱɢɫɬɤɢ. 

 Ɋɢɫɭɧɨɤ 1.3 – ɋɩɨɫɨɛ ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɨɜɵɯ ɫɦɟɫɟɣ ɩɨ ɩɚɬɟɧɬɭ  

№ 21λ163λ 

 

ȼɵɫɭɲɟɧɧɵɟ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɨ ɤɚɠɞɨɣ ɮɪɚɤɰɢɢ 

ɨɬɞɟɥɶɧɨ ɜ ɤɨɧɬɟɣɧɟɪɟ ζ (η) ɩɨɞɚɸɬ ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨ 

ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɧɚ ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 8,  ɝɞɟ ɨɧɨ ɞɨɡɢɪɨɜɚɧɧɨ 

ɩɨɫɬɭɩɚɟɬ ɜ ɦɚɲɢɧɭ ɩɟɪɜɢɱɧɨɣ ɨɱɢɫɬɤɢ λ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɥɶɧɟɣɲɟɟ 

ɜɵɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ 11, ɚ ɨɫɧɨɜɧɨɣ ɜɵɯɨɞ 

ɡɟɪɧɚ ɨɬɞɟɥɶɧɨɣ ɮɪɚɤɰɢɢ ɫɨɛɢɪɚɟɬɫɹ ɜ ɤɨɧɬɟɣɧɟɪ 10, ɤɨɬɨɪɵɣ 

ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɞɚɟɬɫɹ ɧɚ 

ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 12, ɢ ɡɟɪɧɨ ɞɨɡɢɪɨɜɚɧɧɨ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɵɣ ɫɬɨɥ 13, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɟ ɤɚɠɞɨɣ ɮɪɚɤɰɢɢ 

ɩɨ ɩɥɨɬɧɨɫɬɢ. Ɍɹɠɟɥɵɟ ɩɪɢɦɟɫɢ ɫ ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɨɝɨ ɫɬɨɥɚ ɩɨɫɬɭɩɚɸɬ ɜ 

ɤɨɧɬɟɣɧɟɪ 1η, ɥɟɝɤɢɟ ɩɪɢɦɟɫɢ - ɜ ɤɨɧɬɟɣɧɟɪ 16, ɚ ɱɢɫɬɚɹ ɮɪɚɤɰɢɹ ɩɨɫɬɭɩɚɟɬ ɜ 

ɤɨɧɬɟɣɧɟɪ 1ζ ɧɚ ɯɪɚɧɟɧɢɟ.  



1.2.3 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ 

 

Ɍɟɯɧɨɥɨɝɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɪɚɛɨɬɚɟɬ ɩɨ 

ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ. ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɨɟ ɡɟɪɧɨ ɝɪɟɱɢɯɢ ɩɨɫɬɭɩɚɟɬ ɜ 

ɩɪɢёɦɧɵɣ ɛɭɧɤɟɪ 1 ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɢ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɣ 

ɧɨɪɢɟɣ 2 ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɛɭɧɤɟɪ ɚɤɬɢɜɧɨɝɨ ɜɟɧɬɢɥɢɪɨɜɚɧɢɹ 3. ɉɪɢ ɪɚɛɨɬɟ 

ɥɢɧɢɢ ɱɚɫɬɶ ɡɟɪɧɚ ɨɫɬɚɟɬɫɹ ɜ ɛɭɧɤɟɪɟ 3, ɚ ɞɪɭɝɚɹ ɩɨɥɨɜɢɧɚ ɞɨɡɢɪɨɜɚɧɨ 

ɩɨɞɚёɬɫɹ ɜ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ ɦɚɲɢɧɭ ζ, ɤɨɬɨɪɚɹ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɚ ɫ 

ɬɪɢɟɪɨɦ η. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɨɬ ɡɟɪɧɚ ɩɵɥɢ, ɡɟɦɥɢ, 

ɫɟɦɹɧ ɫɨɪɧɹɤɨɜ ɢ ɤɚɦɧɟɣ. ɉɪɨɲɟɞɲɟɟ ɱɟɪɟɡ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ ɦɚɲɢɧɭ 

ɡɟɪɧɨ ɞɚɥɟɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɨɪɢɟɣ 6 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɜɚ ɛɭɧɤɟɪɚ ɚɤɬɢɜɧɨɝɨ 

ɜɟɧɬɢɥɢɪɨɜɚɧɢɹ 7, ɤɨɬɨɪɵɟ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɵ ɫ ɞɜɭɦɹ ɩɪɨɩɚɪɢɜɚɬɟɥɹɦɢ 

8 ɢ λ. Ɉɛɪɚɛɨɬɤɚ ɡɟɪɧɚ ɩɪɨɢɫɯɨɞɢɬ ɜɨɞɨɣ ɢ ɨɛɪɚɡɨɜɚɜɲɢɦɫɹ ɩɚɪɨɦ, ɩɨɷɬɨɦɭ 

ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɭɫɬɚɧɨɜɨɤ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɷɤɨɧɨɦɢɢ ɩɚɪɚ ɢ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɞɜɚ 

ɷɬɚɩɚ. Ɍɨ ɟɫɬɶ, ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ ɢɡ ɭɫɬɚɧɨɜɤɢ 8 ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɬɟɱɟɧɢɢ 

3…η ɦɢɧɭɬ  ɩɟɪɟɩɭɫɤɚɸɬ ɜ ɭɫɬɚɧɨɜɤɭ λ, ɢɫɩɨɥɶɡɭɹ ɨɫɬɚɜɲɟɟɫɹ ɬɟɩɥɨ ɧɚ 

ɩɟɪɜɢɱɧɵɣ ɪɚɡɨɝɪɟɜ ɡɟɪɧɚ.  

ɉɨɫɥɟ ɷɬɨɝɨ ɡɟɪɧɨ ɜ ɭɫɬɚɧɨɜɤɟ λ ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɉɨɞɜɟɪɠɟɧɧɨɟ ɞɜɭɯɫɬɚɞɢɣɧɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɨ 

ɢɡ ɭɫɬɚɧɨɜɤɢ λ ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚɟɬɫɹ ɜ ɨɬɜɨɥɚɠɢɜɚɸɳɢɣ ɚɝɪɟɝɚɬ 10. ɉɪɨɰɟɫɫ 

ɨɬɜɨɥɚɠɢɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ  ɜ ɞɨɜɟɞɟɧɢɢ ɡɟɪɧɚ ɞɨ ɜɥɚɠɧɨɫɬɢ 1η…18%. ɗɬɨ 

ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɛɨɥɟɟ 18% ɛɨɥɶɲɨɣ ɜɵɯɨɞ 

ɧɟɞɨɲɟɥɭɲɟɧɧɨɝɨ ɡɟɪɧɚ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɦɟɧɟɟ 1η% 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɣ ɜɵɯɨɞ ɞɪɨɛɥɟɧɨɝɨ ɡɟɪɧɚ ɢ ɫɟɱɤɢ.  



 

 1-ɩɪɢёɦɧɵɣ ɛɭɧɤɟɪ; 2-ɧɨɪɢɹ; 3-ɛɭɧɤɟɪ; ζ-ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ; η-ɬɪɢɟɪ; 6-

ɧɨɪɢɹ; 7-ɛɭɧɤɟɪ; 8-ɩɪɨɩɚɪɢɜɚɬɟɥɶ; λ-ɩɪɨɩɚɪɢɜɚɬɟɥɶ; 10-ɨɬɜɨɥɚɠɢɜɚɬɟɥɶ; 11-ɧɨɪɢɹ; 12-

ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɢɣ ɲɟɥɭɲɢɬɟɥɶ; 13-ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ; 1ζ-ɧɨɪɢɹ; 1η-ɛɭɧɤɟɪ 

ɤɪɭɩɵ; 16,17-ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɭɲɢɥɶɧɵɣ ɚɩɩɚɪɚɬ; 18-ɮɚɫɨɜɨɱɧɚɹ ɦɚɲɢɧɚ; 19-ɬɪɭɛɨɩɪɨɜɨɞ; 

20-ɰɢɤɥɨɧ; 21-ɛɭɧɤɟɪ; 22,23-ɛɚɬɚɪɟɣɧɵɣ ɰɢɤɥɨɧ; 2ζ-ɛɭɧɤɟɪ; 2η-ɜɟɧɬɢɥɹɬɨɪ; 26-

ɬɪɭɛɨɩɪɨɜɨɞ. 

 Ɋɢɫɭɧɨɤ 1.3 –Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ  

 

Ⱦɨɜɟɞɟɧɧɨɟ ɞɨ ɨɩɬɢɦɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɨ ɞɚɥɟɟ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 

ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɢɣ ɲɟɥɭɲɢɬɟɥɶ 12, ɝɞɟ ɡɟɪɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɪɚ 

ɪɚɡɪɭɲɚɟɬɫɹ ɢ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɹɞɪɢɰɭ, ɨɛɨɥɨɱɤɭ ɢ ɩɵɥɶ. ɉɪɢɦɟɧɟɧɢɟ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɦɢ ɩɧɟɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɲɟɥɭɲɢɬɟɥɹ ɩɨɡɜɨɥɢɬ ɲɟɥɭɲɢɬɶ 

ɡɟɪɧɨ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ ɛɟɡ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. Ɉɬɲɟɥɭɲёɧɧɨɟ ɡɟɪɧɨ ɩɨɫɥɟ 

ɷɬɚɩɚ ɪɚɡɞɟɥɟɧɢɹ ɨɛɨɥɨɱɤɢ ɨɬ ɹɞɪɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ 

ɦɚɲɢɧɭ 13, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɞɟɥɟɧɢɟ ɤɪɭɩɵ. ɉɨɥɭɱɟɧɧɚɹ 

ɤɪɭɩɚ ɧɨɪɢɟɣ 1ζ ɜɵɝɪɭɠɚɟɬɫɹ ɜ ɛɭɧɤɟɪ ɞɥɹ ɤɪɭɩɵ 1η ɢ ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚɸɬ ɜ 

ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɭɲɢɥɶɧɵɟ ɚɩɩɚɪɚɬɵ 16 ɢ 17. ɉɨɞɫɭɲɟɧɧɭɸ ɤɪɭɩɭ 

ɞɨɜɟɞɟɧɧɭɸ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɮɚɫɭɸɬ ɮɚɫɨɜɨɱɧɨɣ ɦɚɲɢɧɨɣ 18. 

Ɉɬɯɨɞɵ ɨɬ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ 13 ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ 19 

ɩɨɫɬɭɩɚɸɬ ɜ ɰɢɤɥɨɧ 20, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɲɟɥɭɯɢ, ɤɨɬɨɪɚɹ 

ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɛɭɧɤɟɪ 21. ȼ ɛɚɬɚɪɟɣɧɨɦ ɰɢɤɥɨɧɟ 22 ɩɪɨɢɫɯɨɞɢɬ ɨɬɟɞɟɥɟɧɢɟ 

ɦɭɱɤɢ, ɤɨɬɨɪɚɹ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɛɭɧɤɟɪ 2ζ, ɩɪɢɱɟɦ ɩɨɥɭɱɟɧɧɵɟ ɨɬɯɨɞɵ ɩɨɫɥɟ 



ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ ɧɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɭɲɤɟ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɪɚɫɯɨɞɵ 

ɷɧɟɪɝɢɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɪɭɩɵ. 

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɝɪɟɱɧɟɜɨɣ, ɩɲɟɧɧɨɣ ɢ ɪɢɫɨɜɨɣ ɤɪɭɩɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɡɟɪɧɨ 

ɝɪɟɱɢɯɢ ɢ ɞɪɭɝɢɯ ɤɭɥɶɬɭɪ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 

ɲɟɥɭɲɟɧɢɹ ɛɟɡ ɞɟɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɡɟɪɧɚ ɧɚ ɮɪɚɤɰɢɢ ɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɫɨɜɪɟɦɟɧɧɵɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹɦɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɭɸ ɤɪɭɩɵ. 

Ɂɟɪɧɨ, ɨɱɢɳɟɧɧɨɟ ɨɬ ɫɨɪɧɵɯ ɢ ɡɟɪɧɨɜɵɯ ɩɪɢɦɟɫɟɣ ɧɚ ɡɟɪɧɨɜɨɦ 

ɫɟɩɚɪɚɬɨɪɟ ɢ ɬɪɢɟɪɟ, ɢ ɩɪɨɩɭɳɟɧɧɨɟ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɮɟɪɪɨɩɪɢɦɟɫɟɣ ɱɟɪɟɡ 

ɦɚɝɧɢɬɵ, ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɡɟɪɧɚ 1, 

ɚ ɡɚɬɟɦ ɩɨɞɚɸɬ ɜ ɩɪɨɩɚɪɢɜɚɬɟɥɶ 2 ɫ ɩɨɦɨɳɶɸ ɩɢɬɚɬɟɥɹ 3 ɢ ɩɨɞɜɟɪɝɚɸɬ 

ɨɛɪɚɛɨɬɤɟ ɩɚɪɨɦ. ɉɨɫɥɟ ɩɪɨɩɚɪɢɜɚɬɟɥɹ ɡɟɪɧɨ ɫ ɜɥɚɠɧɨɫɬɶɸ 16…18% 

ɩɨɫɪɟɞɫɬɜɨɦ ɩɢɬɚɬɟɥɹ ζ ɩɨ ɥɢɧɢɹɦ ɧɚɩɪɚɜɥɹɸɬ ɜ ɛɭɧɤɟɪɵ ɞɥɹ 

ɬɟɪɦɨɜɥɚɝɨɜɵɪɚɜɧɢɜɚɧɢɹ η, ɝɞɟ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧɭɬ ɜɵɞɟɪɠɢɜɚɸɬ ɞɥɹ 

ɭɫɢɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ. 

ȼɵɞɟɪɠɚɧɧɨɟ ɜ ɛɭɧɤɟɪɚɯ η ɡɟɪɧɨ ɩɨɞɚɸɬ ɜ ɫɭɲɢɥɤɭ 6, ɝɞɟ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɟɝɨ ɞɨɜɟɞɟɧɢɟ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɞɨ 1η % ɫ 

ɩɨɦɨɳɶɸ ɩɚɪɚ , ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɝɨ ɛɨɥɟɟ 1000ɋ 

Ɉɬɯɨɞɵ ɢ ɧɟɞɨɲɟɥɭɲɟɧɧɵɟ ɫɟɦɟɧɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɫɥɟ 

ɲɟɥɭɲɟɧɢɹ, ɢɡ ɛɭɧɤɟɪɨɜ 2ζ ɲɧɟɤɨɜɵɦɢ ɩɢɬɚɬɟɥɹɦɢ ɩɨɞɚɸɬ ɜ ɜɟɫɨɜɨɣ 

ɞɨɡɚɬɨɪ, ɨɬɤɭɞɚ ɡɚɬɟɦ ɞɨɡɢɪɭɸɬ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ ɫɦɟɫɢɬɟɥɶ 

ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 2λ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɜ ɫɦɟɫɢɬɟɥɶ 2λ ɢɡ ɛɭɧɤɟɪɨɜ 23 ɫ 

ɩɨɦɨɳɶɸ ɲɧɟɤɨɜɵɯ ɩɢɬɚɬɟɥɟɣ 2η ɢ ɜɟɫɨɜɨɝɨ ɞɨɡɚɬɨɪɚ 27 ɞɨɡɢɪɭɸɬ 

ɨɫɬɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. ɉɨɫɥɟ ɫɦɟɫɢɬɟɥɹ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɜɧɚɱɚɥɟ 

ɧɚɩɪɚɜɥɹɸɬ ɜ ɨɩɟɪɚɬɢɜɧɵɣ ɛɭɧɤɟɪ 30, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɞɚɥɟɟ ɨɛɟɫɩɟɱɢɬɶ 

ɧɟɩɪɟɪɵɜɧɭɸ ɩɨɞɚɱɭ ɫɦɟɫɢ ɜ ɷɤɫɬɪɭɞɟɪ 31, ɨɫɧɚɳɟɧɧɵɣ ɝɪɟɸɳɟɣ ɪɭɛɚɲɤɨɣ. 



 

 1-ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 2-ɩɪɨɩɚɪɢɜɚɬɟɥɶ; 3,ζ-ɩɢɬɚɬɟɥɢ; η-ɛɭɧɤɟɪ; 6-ɫɭɲɢɥɤɚ;  

7-ɤɨɧɞɟɧɫɚɬɨɪ-ɪɟɤɭɪɩɟɪɚɬɨɪ; 8-ɜɟɧɬɢɥɹɬɨɪ ɞɥɹ ɩɚɪɚ; λ-ɤɚɦɟɪɚ ɨɯɥɚɠɞɟɧɢɹ; 10-ɷɠɟɤɬɨɪ; 

11,12,13-ɧɚɫɨɫɵ; 1ζ-ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ; 1η-ɢɫɩɚɪɢɬɟɥɶ; 16-ɯɨɥɨɞɨɩɪɢёɦɧɢɤ;  

17-ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ; 18-ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 1λ-ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 20-

ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ; 21,22-ɜɟɧɬɢɥɹɬɨɵ ɞɥɹ ɜɨɡɞɭɯɚ; 23,2ζ-ɛɭɧɤɟɪɵ ɞɥɹ ɫɵɪɶɹ; 

25,26-ɲɧɟɤɨɜɵɟ ɩɢɬɚɬɟɥɢ; 27,28-ɜɟɫɨɜɵɟ ɞɨɡɚɬɨɪɵ; 2λ-ɫɦɟɫɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 

ɞɟɣɫɬɜɢɹ; 30-ɛɭɧɤɟɪ; 31-ɷɤɫɬɪɭɞɟɪ; 32-ɤɚɦɟɪɚ ɨɯɥɚɠɞɟɧɢɹ; 33-ɢɡɦɟɥɶɱɢɬɟɥɶ; 3ζ-

ɩɪɨɫɟɢɜɚɸɳɚɹ ɦɚɲɢɧɚ. 

 Ɋɢɫɭɧɨɤ 1.ζ - ɋɩɨɫɨɛ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɤɪɭɩɹɧɵɯ 

ɤɭɥɶɬɭɪ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨ ɩɚɬɟɧɬɭ 

№2ζλ26λ7 

 

ɗɤɫɬɪɭɞɚɬ ɨɯɥɚɠɞɚɸɬ ɜ ɤɚɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ 32, ɚ ɡɚɬɟɦ ɩɨɞɚɸɬ ɧɚ 

ɢɡɦɟɥɶɱɟɧɢɟ ɜ ɢɡɦɟɥɶɱɢɬɟɥɶ 33 ɢ ɞɚɥɟɟ ɧɚ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜ 

ɩɪɨɫɟɢɜɚɸɳɭɸ ɦɚɲɢɧɭ 3ζ. ȼɵɞɟɥɟɧɧɭɸ ɜ ɦɚɲɢɧɟ 3ζ ɤɪɭɩɧɭɸ ɮɪɚɤɰɢɸ 



ɜɨɡɜɪɚɳɚɸɬ ɧɚ ɞɨɢɡɦɟɥɶɱɟɧɢɟ ɜ ɢɡɦɟɥɶɱɢɬɟɥɶ 33, ɦɟɥɤɭɸ ɜɨɡɜɪɚɳɚɸɬ ɜ 

ɷɤɫɬɪɭɞɟɪ 31, ɚ ɫɪɟɞɧɸɸ ɮɪɚɤɰɢɸ ɜɵɜɨɞɹɬ ɢɡ ɦɚɲɢɧɵ. 

ȼ ɞɚɧɧɨɣ ɥɢɧɢɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɩɚɪɨɷɠɟɤɬɨɪɧɭɸ ɯɨɥɨɞɢɥɶɧɭɸ 

ɦɚɲɢɧɭ, ɜɤɥɸɱɚɸɳɭɸ ɩɚɪɨɝɟɧɟɪɚɬɨɪ 18, ɫɧɚɛɠɟɧɧɵɣ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɦ 

ɤɥɚɩɚɧɨɦ 1λ, ɷɠɟɤɬɨɪ 10, ɢɫɩɚɪɢɬɟɥɶ 1η, ɤɨɧɞɟɧɫɚɬɨɪ-ɪɟɤɭɩɟɪɚɬɨɪ 7, 

ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ 1ζ, ɯɨɥɨɞɨɩɪɢɟɦɧɢɤ 16, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚɟɬ ɩɨ 

ɡɚɦɤɧɭɬɨɦɭ ɰɢɤɥɭ. 

ɉɨɥɭɱɟɧɧɨɟ ɬɟɩɥɨ ɢɡ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 18, ɫ ɞɚɜɥɟɧɢɟɦ ɞɨ 1 Ɇɉɚ 

ɞɜɢɠɟɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɜ ɩɚɬɪɭɛɨɤ ɷɠɟɤɬɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 10. 

ɉɨɥɭɱɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɪɨɢɡɜɨɞɹɬ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ 21, ɝɞɟ ɜ 

ɤɚɱɟɫɬɜɟ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜɬɨɪɭɸ ɫɟɤɰɢɸ ɤɨɧɞɟɧɫɚɬɨɪɚ 

2-ɣ ɫɬɭɩɟɧɢ 20 ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ. ɉɨɥɭɱɟɧɧɵɣ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ 21 

ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ ɜɦɟɫɬɟ ɫ ɨɬɪɚɛɨɬɚɧɧɵɦ ɩɚɪɨɦ ɢɡ ɫɭɲɢɥɤɢ 8 ɩɨɞɚɸɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɩɪɨɩɚɪɢɜɚɬɟɥɶ 1 

ɉɨɞɩɢɬɤɭ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 21 ɨɫɭɳɟɫɬɜɥɹɸɬ ɤɨɧɞɟɧɫɚɬɨɦ, 

ɨɛɪɚɡɨɜɚɜɲɢɦɫɹ ɜ ɢɫɩɚɪɢɬɟɥɟ 2-ɣ ɫɬɭɩɟɧɢ 16 ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ, ɤɨɬɨɪɵɣ 

ɜɧɚɱɚɥɟ ɨɬɜɨɞɹɬ ɜ ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ 28, ɚ ɡɚɬɟɦ ɱɟɪɟɡ ɜɬɨɪɭɸ ɫɟɤɰɢɸ 

ɤɨɧɞɟɧɫɚɬɨɪɚ 1-ɣ ɫɬɭɩɟɧɢ 18 ɧɚɩɪɚɜɥɹɸɬ ɧɚɫɨɫɨɦ 27 ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪ 21. 

Ɉɯɥɚɠɞɟɧɢɟ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɨɡɞɭɯɨɦ, 

ɨɯɥɚɠɞɟɧɧɵɦ ɜ ɢɫɩɚɪɢɬɟɥɟ 2-ɣ ɫɬɭɩɟɧɢ 1η ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɡɚ ɫɱɟɬ 

ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɯɥɚɞɚɝɟɧɬɚ, ɞɪɨɫɫɟɥɢɪɭɟɦɨɝɨ ɜ 

ɢɫɩɚɪɢɬɟɥɶ 1η. 

 

1.2.4 ɋɩɨɫɨɛ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ ɩɨ 

ɩɚɬɟɧɬɭ № 2η868λ8 

 

ɋɩɨɫɨɛ ɜɥɚɝɨɬɟɩɥɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ 

ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɂɟɪɧɨ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ, ɨɱɢɳɟɧɧɨɟ ɨɬ 

ɫɨɪɧɵɯ ɢ ɡɟɪɧɨɜɵɯ ɩɪɢɦɟɫɟɣ ɧɚ ɡɟɪɧɨɜɨɦ ɫɟɩɚɪɚɬɨɪɟ ɢ ɬɪɢɟɪɟ ɢ 

ɩɪɨɩɭɳɟɧɧɨɟ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɮɟɪɪɨɩɪɢɦɟɫɟɣ ɱɟɪɟɡ ɦɚɝɧɢɬɵ, ɩɨɞɚɸɬ ɩɨ 



ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɜ ɩɪɨɩɚɪɢɜɚɬɟɥɶ 1 ɫ ɩɨɦɨɳɶɸ ɩɢɬɚɬɟɥɹ 2 ɢ 

ɩɨɞɜɟɪɝɚɸɬ ɨɛɪɚɛɨɬɤɟ ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ, ɩɨɫɥɟ ɱɟɝɨ ɩɢɬɚɬɟɥɟɦ 3 

ɧɚɩɪɚɜɥɹɸɬ ɜ ɛɭɧɤɟɪɵ ɞɥɹ ɬɟɪɦɨɜɥɚɝɨɜɵɪɚɜɧɢɜɚɧɢɹ ζ. 

ȼɵɞɟɪɠɚɧɧɨɟ ɜ ɛɭɧɤɟɪɚɯ ζ ɡɟɪɧɨ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ ɩɨɫɪɟɞɫɬɜɨɦ ɧɨɪɢɢ 

η ɩɨɞɚɸɬ ɜ ɤɚɦɟɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 6, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɟɝɨ ɧɚɝɪɟɜ 

ɜ ɜɢɛɪɨɤɢɩɹɳɟɦ ɫɥɨɟ ɜɨɡɞɭɯɨɦ, ɩɨɞɚɜɚɟɦɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ 7. Ⱦɚɥɟɟ ɡɟɪɧɨ 

ɧɚɩɪɚɜɥɹɸɬ ɜ ɫɭɲɢɥɤɭ 8, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɫɭɲɤɚ ɩɟɪɟɝɪɟɬɵɦ ɩɚɪɨɦ ɜ 

ɤɢɩɹɳɟɦ ɫɥɨɟ, ɚ ɡɚɬɟɦ ɩɨɞɚɸɬ ɜ ɤɚɦɟɪɭ ɨɯɥɚɠɞɟɧɢɹ λ. 

Ɉɬɪɚɛɨɬɚɧɧɵɣ ɜɨɡɞɭɯ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɡɟɪɧɚ ɤɪɭɩɹɧɵɯ 

ɤɭɥɶɬɭɪ ɧɚɩɪɚɜɥɹɸɬ ɜ ɰɢɤɥɨɧ 2λ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɟɦ 

ɜɡɜɟɲɟɧɧɵɯ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɨɬɜɨɞɢɦɵɯ ɜ ɨɬɯɨɞɵ, ɚ ɡɚɬɟɦ ɩɨɞɚɸɬ ɜ 

ɢɫɩɚɪɢɬɟɥɶ 2-ɣ ɫɬɭɩɟɧɢ 16 ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ. ȼ ɢɫɩɚɪɢɬɟɥɟ 

16 ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɞɨɜɨɞɹɬ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ «ɬɨɱɤɢ ɪɨɫɵ» ɡɚ ɫɱɟɬ 

ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɯɥɚɞɚɝɟɧɬɚ, ɞɪɨɫɫɟɥɢɪɭɟɦɨɝɨ ɜ 

ɢɫɩɚɪɢɬɟɥɶ 16 ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɦ ɜɟɧɬɢɥɟɦ 2-ɣ ɫɬɭɩɟɧɢ 1ζ ɢ ɞɚɥɟɟ 

ɜɟɧɬɢɥɹɬɨɪɨɦ 2η ɧɚɩɪɚɜɥɹɸɬ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɜ ɩɟɪɜɭɸ ɫɟɤɰɢɸ 1-ɣ ɫɬɭɩɟɧɢ 17 

ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɩɨɞɚɸɬ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ 

ɡɟɪɧɚ ɜ ɤɚɦɟɪɭ 6 ɜ ɪɟɠɢɦɟ ɡɚɦɤɧɭɬɨɝɨ ɰɢɤɥɚ. ɉɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ ɜ 

ɤɨɧɞɟɧɫɚɬɨɪɟ 17 ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɬɟɩɥɨɬɵ ɤɨɧɞɟɧɫɚɰɢɢ ɯɥɚɞɚɝɟɧɬɚ. 



 

1-ɩɪɨɩɚɪɢɜɚɬɟɥɶ; 2-ɩɢɬɚɬɟɥɶ; 3-ɩɢɬɚɬɟɥɶ; ζ-ɛɭɧɤɟɪ; η-ɧɨɪɢɹ; 6-ɤɚɦɟɪɚ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ; 7,2ζ,2η,26-ɜɟɧɬɢɥɹɬɨɪ; 8-ɫɭɲɢɥɤɚ; λ-ɤɚɦɟɪɚ ɨɯɥɚɠɞɟɧɢɹ; 10,11-

ɤɨɦɩɪɟɫɫɨɪ; 12-ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɨɫɭɞ; 13,1ζ-ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ;  

15,16-ɢɫɩɚɪɢɬɟɥɶ; 17,18-ɤɨɧɞɟɧɫɚɬɨɪ; 1λ,20-ɤɨɧɞɟɧɫɚɬɨɪ; 21-ɩɚɪɨɝɟɧɟɪɚɬɨɝɪ; 22-

ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 23-ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɩɨɬɨɤɨɜ ɩɚɪɨɜ; 27-ɧɚɫɨɫ; 28-ɫɛɨɪɧɢɤ 

ɤɨɧɞɟɧɫɚɬɚ, 2λ-ɰɢɤɥɨɧ. 

Ɋɢɫɭɧɨɤ 1.η - ɋɩɨɫɨɛ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɤɪɭɩɹɧɵɯ 

ɤɭɥɶɬɭɪ ɩɨ ɩɚɬɟɧɬɭ № 2η868λ8 

ɉɨɥɭɱɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɪɨɢɡɜɨɞɹɬ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ 21, ɝɞɟ ɜ 

ɤɚɱɟɫɬɜɟ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜɬɨɪɭɸ ɫɟɤɰɢɸ ɤɨɧɞɟɧɫɚɬɨɪɚ 

2-ɣ ɫɬɭɩɟɧɢ 20 ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ. ɉɨɥɭɱɟɧɧɵɣ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ 21 

ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ ɜɦɟɫɬɟ ɫ ɨɬɪɚɛɨɬɚɧɧɵɦ ɩɚɪɨɦ ɢɡ ɫɭɲɢɥɤɢ 8 ɩɨɞɚɸɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɩɪɨɩɚɪɢɜɚɬɟɥɶ 1.  



ɉɨɞɩɢɬɤɭ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 21 ɨɫɭɳɟɫɬɜɥɹɸɬ ɤɨɧɞɟɧɫɚɬɨɦ, 

ɨɛɪɚɡɨɜɚɜɲɢɦɫɹ ɜ ɢɫɩɚɪɢɬɟɥɟ 2-ɣ ɫɬɭɩɟɧɢ 16 ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ, ɤɨɬɨɪɵɣ 

ɜɧɚɱɚɥɟ ɨɬɜɨɞɹɬ ɜ ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ 28, ɚ ɡɚɬɟɦ ɱɟɪɟɡ ɜɬɨɪɭɸ ɫɟɤɰɢɸ 

ɤɨɧɞɟɧɫɚɬɨɪɚ 1-ɣ ɫɬɭɩɟɧɢ 18 ɧɚɩɪɚɜɥɹɸɬ ɧɚɫɨɫɨɦ 27 ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪ 21. 

Ɉɯɥɚɠɞɟɧɢɟ ɜɵɫɭɲɟɧɧɨɝɨ ɡɟɪɧɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɨɡɞɭɯɨɦ, 

ɨɯɥɚɠɞɟɧɧɵɦ ɜ ɢɫɩɚɪɢɬɟɥɟ 2-ɣ ɫɬɭɩɟɧɢ 1η ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɡɚ ɫɱɟɬ 

ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɯɥɚɞɚɝɟɧɬɚ, ɞɪɨɫɫɟɥɢɪɭɟɦɨɝɨ ɜ 

ɢɫɩɚɪɢɬɟɥɶ 1η. 

 

1.3 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɨɜ 

 

ɉɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ ɡɟɪɧɚ ɧɚ ɧɚɱɚɥɶɧɨɦ 

ɷɬɚɩɟ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ 

ɫɟɩɚɪɢɪɭɸɳɢɯ ɦɚɲɢɧ, ɤɨɬɨɪɵɟ ɮɪɚɤɰɢɨɧɢɪɭɸɬ ɩɪɨɞɭɤɬ ɧɚ ɨɞɧɨɪɨɞɧɵɟ 

ɱɚɫɬɢ. Ƚɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ ɬɚɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɞɝɨɬɨɜɤɚ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɬɚɧɞɚɪɬɚɦɢ ɤɚɱɟɫɬɜɚ ɬɪɟɛɭɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɨɧɟɱɧɨɝɨ 

ɩɪɨɞɭɤɬɚ [1…ζ].  

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɢ ɨɩɟɪɚɰɢɹɦɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 

ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɮɪɚɤɰɢɢ ɹɜɥɹɟɬɫɹμ 

- ɨɱɢɫɬɤɚ ɡɟɪɧɨɜɵɯ ɫɦɟɫɟɣ ɨɬ ɩɪɢɦɟɫɟɣ;  

- ɫɨɪɬɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɦɟɫɟɣ ɧɚ ɮɪɚɤɰɢɢ ɪɚɡɥɢɱɧɨɝɨ ɤɚɱɟɫɬɜɚ; 

- ɤɚɥɢɛɪɨɜɚɧɢɟ ɡɟɪɟɧ ɧɚ ɮɪɚɤɰɢɢ ɩɨ ɪɚɡɦɟɪɚɦ. 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ [7…λ]. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚ ɜɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɭɸ ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɭɸ ɦɚɲɢɧɭ ɩɨ 

ɩɚɬɟɧɬɭ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ №3η737 (ɪɢɫɭɧɨɤ 1.3). ɉɧɟɜɦɨɫɢɫɬɟɦɚ ɦɚɲɢɧɵ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 1, ɩɟɪɜɵɣ 2, ɜɬɨɪɨɣ 3 ɫ 



ɩɟɪɟɝɨɪɨɞɤɨɣ ζ ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɟ ɤɚɧɚɥɵ, ɩɢɬɚɸɳɢɣ ɜɚɥɢɤ η ɩɟɪɜɨɝɨ 

ɤɚɧɚɥɚ, ɩɢɬɚɸɳɢɣ ɜɚɥɢɤ 6 ɜɬɨɪɨɝɨ ɤɚɧɚɥɚ, ɜɟɧɬɢɥɹɬɨɪ 7, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɡɚ 

ɤɚɧɚɥɚɦɢ, ɨɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ 8, ɩɵɥɟɭɥɨɜɢɬɟɥɶ λ, ɜɵɝɪɭɡɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 10 ɢ 

11, ɡɚɫɥɨɧɤɢ 12, 13, 1ζ [5]. 

 
1-ɡɚɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 2-ɩɟɪɜɵɣ ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; 3-ɜɬɨɪɨɣ 

ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; ζ-ɩɟɪɟɝɨɪɨɞɤɚ; η-ɩɢɬɚɸɳɢɣ ɜɚɥɢɤ; 6-ɩɢɬɚɸɳɢɣ ɜɚɥɢɤ; 7-

ɜɟɧɬɢɥɹɬɨɪ; 8-ɨɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ; λ-ɩɵɥɟɭɥɨɜɢɬɟɥɶ; 10, 11-ɜɵɝɪɭɡɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 12,13,1ζ-

ɡɚɫɥɨɧɤɢ. 

Ɋɢɫɭɧɨɤ 1.3 - ȼɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɚɹ ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ ɩɨ 

ɩɚɬɟɧɬɭ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ №3η737 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɜɨɡɞɭɲɧɨ-ɪɟɲɟɬɧɚɹ ɦɚɲɢɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɤɚɱɟɫɬɜɨ ɨɱɢɫɬɤɢ ɡɟɪɧɚ ɡɚ ɫɱɟɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɲɧɵɦ 

ɩɨɬɨɤɨɦ ɤɚɠɞɨɣ ɢɡ ɮɪɚɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɟɲɟɬɧɵɯ 

ɫɬɚɧɚɯ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɦɚɲɢɧɵ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɨɱɢɫɬɤɢ ɫɟɦɹɧ 

ɜɫɥɟɞɫɬɜɢɟ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɞɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɜɭɯ ɮɪɚɤɰɢɣ, ɪɚɡɥɢɱɧɵɯ 

ɧɨ ɫɨɫɬɚɜɭ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɟɲɟɬɧɵɯ ɫɬɚɧɚɯ. 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪ ɫ ɩɨɜɨɪɨɬɧɵɦɢ ɛɚɪɶɟɪɚɦɢ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɚ ɢ ɞɪɭɝɢɯ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨɫɯɨɞɹɳɢɦ ɜɨɡɞɭɲɧɵɦ 

ɩɨɬɨɤɨɦ ɩɨ ɩɚɬɟɧɬɭ №2ζζ8783 (ɪɢɫɭɧɨɤ 1.ζ).  



 
1-ɩɟɪɟɞɧɹɹ ɫɬɟɧɤɚ; 2-ɡɚɞɧɹɹ ɫɬɟɧɤɚ; 3,4-ɛɨɤɨɜɵɟ ɫɬɟɧɤɢ; 5-ɫɟɬɤɚ; 6-ɡɚɝɪɭɡɨɱɧɵɣ 

ɛɭɧɤɟɪ; 7-ɨɤɧɨ; 8-ɜɵɝɪɭɡɧɨɣ ɛɭɧɤɟɪ; λ-ɨɤɧɨ; 10-ɩɨɜɨɪɨɬɧɵɣ ɛɚɪɶɟɪ;  

11-ɡɚɳɢɬɧɚɹ ɫɟɬɤɚ; 12-ɜɵɝɪɭɡɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 13-ɤɥɚɩɚɧ; 14-ɜɟɧɬɢɥɹɬɨɪ;  

15-ɫɬɟɪɠɟɧɶ. 

Ɋɢɫɭɧɨɤ  1.ζ - ɉɧɟɜɦɨɫɟɩɚɪɚɬɨɪ ɫ ɩɨɜɨɪɨɬɧɵɦɢ ɛɚɪɶɟɪɚɦɢ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɚ ɢ ɞɪɭɝɢɯ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨɫɯɨɞɹɳɢɦ ɜɨɡɞɭɲɧɵɦ 

ɩɨɬɨɤɨɦ ɩɨ ɩɚɬɟɧɬɭ №2ζζ8783 

 

ɂɡɨɛɪɟɬɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɯɧɢɤɟ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɡɟɪɧɚ ɢ ɞɪɭɝɢɯ 

ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɢ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ 

ɨɱɢɫɬɤɟ ɡɟɪɧɚ ɢ ɫɟɦɹɧ ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɢ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɡɟɪɧɚ ɜ 

ɦɭɤɨɦɨɥɶɧɨ-ɤɪɭɩɹɧɨɣ ɢ ɤɨɦɛɢɤɨɪɦɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ. 

ɉɧɟɜɦɨɫɟɩɚɪɚɬɨɪ ɫɨɞɟɪɠɢɬ ɩɨɜɨɪɨɬɧɵɟ ɛɚɪɶɟɪɵ, ɤɚɧɚɥ ɞɥɹ ɫɟɩɚɪɚɰɢɢ ɡɟɪɧɚ 

ɫ ɜɨɫɯɨɞɹɳɢɦ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ, ɨɛɪɚɡɨɜɚɧɧɵɣ ɩɟɪɟɞɧɟɣ, ɡɚɞɧɟɣ ɢ 

ɛɨɤɨɜɵɦɢ ɫɬɟɧɤɚɦɢ, ɢ ɫɨɞɟɪɠɚɳɢɣ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɫ ɧɚɤɥɨɧɨɦ ɨɬ ɩɟɪɟɞɧɟɣ 

ɫɬɟɧɤɢ ɤ ɡɚɞɧɟɣ ɩɨɞɞɟɪɠɢɜɚɸɳɭɸ ɫɟɬɤɭ ɢ ɨɤɧɚ ɞɥɹ ɩɪɢɟɦɚ ɢɫɯɨɞɧɨɝɨ ɢ 

ɜɵɜɨɞɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɡɟɪɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨɜɨɪɨɬɧɵɟ ɛɚɪɶɟɪɵ 

ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɩɟɪɟɤ ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ ɧɚɞ ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ ɫɟɬɤɨɣ ɫ 

ɢɡɦɟɧɹɟɦɵɦ ɡɚɡɨɪɨɦ [6]. 



ɉɪɟɞɥɚɝɚɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɥɢɹɧɢɟ ɜɧɟɲɧɢɯ 

ɮɚɤɬɨɪɨɜ (ɡɚɫɨɪɟɧɢɟ ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ ɫɟɬɤɢ ɱɭɠɟɪɨɞɧɵɦ ɱɚɫɬɢɰɚɦɢ ɢ 

ɱɪɟɡɦɟɪɧɨɟ ɡɚɫɨɪɟɧɢɟ ɮɢɥɶɬɪ-ɷɥɟɦɟɧɬɚ ɥɟɝɤɢɦɢ ɩɪɢɦɟɫɹɦɢ) ɧɚ 

ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɜɢɬɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɡɟɪɧɨɜɨɣ 

ɫɦɟɫɢ ɜ ɜɨɫɯɨɞɹɳɟɦ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɨɜɵɫɢɬɶ ɩɨɥɭɱɟɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɰɟɧɧɵɯ ɫɟɦɹɧ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ. 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪ ɩɨ ɩɚɬɟɧɬɭ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ 

№2ζ000η3, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɨɬ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ 

ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ [6]. 

Ɇɚɲɢɧɚ ɪɚɛɨɬɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜɨɡɞɭɯ 

ɡɚɫɚɫɵɜɚɟɬɫɹ ɜ ɜɨɡɞɭɲɧɵɣ ɤɚɧɚɥ 6 ɜɪɚɳɟɧɢɟɦ ɤɨɥɟɫɚ 2 ɞɢɚɦɟɬɪɚɥɶɧɨɝɨ 

ɜɟɧɬɢɥɹɬɨɪɚ 1. Ⱦɚɥɟɟ ɨɧɨ ɢɡ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ ζ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 

ɤɚɧɚɥ ɫɟɩɚɪɚɰɢɢ η.  

ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɞɜɢɠɟɧɢɟɦ ɜɨɡɞɭɯɚ ɡɚɝɪɭɠɚɟɬɫɹ ɢɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ 

ɩɟɪɟɪɚɛɨɬɤɢ ɱɟɪɟɡ ɡɚɝɪɭɡɨɱɧɭɸ ɝɨɪɥɨɜɢɧɭ λ ɩɪɢ ɩɨɦɨɳɢ ɩɢɬɚɸɳɟɝɨ ɜɚɥɢɤɚ 

10 ɢ ɬɚɤɠɟ ɜɜɨɞɢɬɫɹ ɜ ɤɚɧɚɥ ɫɟɩɚɪɚɰɢɢ η. Ɍɪɚɧɫɩɨɪɬɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨ 

ɫɩɟɰɢɚɥɶɧɵɦ ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɞɚɟɬ ɤɨɧɬɟɣɧɟɪ 1 ɫ ɢɫɯɨɞɧɵɦ ɜɨɪɨɯɨɦ ɧɚ 

ɩɨɜɨɪɨɬɧɭɸ ɷɫɬɚɤɚɞɭ 2 ɢ ɞɨɡɢɪɨɜɚɧɧɨ ɩɨɞɚɟɬɫɹ ɧɚ ɦɚɲɢɧɭ  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɨɱɢɫɬɤɢ 3, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɝɪɭɛɵɯ, ɤɪɭɩɧɵɯ, ɳɭɩɥɵɯ, 

ɥɟɝɤɨɜɟɫɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɪɚɡɞɟɥɟɧɢɟ ɨɱɢɳɟɧɧɨɝɨ ɡɟɪɧɚ ɩɨ 

ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɚ ɞɜɟ ɮɪɚɤɰɢɢ. ɉɪɢɦɟɫɢ ɩɨɫɬɭɩɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɨɬɯɨɞɨɜ 

6, ɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɟ ɫɟɦɟɧɚ - ɜ ɤɨɧɬɟɣɧɟɪɵ ζ ɢ η. ȿɫɥɢ ɡɟɪɧɨ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɭɠɟ ɢɦɟɸɬ ɤɨɧɞɢɰɢɨɧɧɭɸ 

ɜɥɚɠɧɨɫɬɶ, ɬɨ ɤɚɠɞɚɹ ɮɪɚɤɰɢɹ ɨɬɞɟɥɶɧɨ ɩɨɞɚɟɬɫɹ ɩɨɨɱɟɪɟɞɧɨ ɧɚ ɩɟɪɜɢɱɧɭɸ 

ɨɱɢɫɬɤɭ. ȿɫɥɢ ɠɟ ɡɟɪɧɨ ɢɦɟɟɬ ɧɟɤɨɧɞɢɰɢɨɧɧɭɸ ɜɥɚɠɧɨɫɬɶ ɩɨɫɥɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ, ɬɨ ɤɚɠɞɭɸ ɮɪɚɤɰɢɸ ɜ ɨɬɞɟɥɶɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ ζ,η 

ɩɨɞɚɸɬ ɜ ɫɭɲɢɥɤɭ 7 ɞɥɹ ɫɭɲɤɢ.  



 

1 – ɜɟɧɬɢɥɹɬɨɪ; 2 – ɥɨɩɚɬɨɱɧɨɟ ɤɨɥɟɫɨ; 3 – ɤɨɪɩɭɫ; ζ – ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ ɩɚɬɪɭɛɨɤ; η – 

ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; 6 – ɜɨɡɞɭɯɨɩɨɞɜɨɞɹɳɢɣ ɤɚɧɚɥ; 7 – ɨɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ; 8 – 

ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɜɵɜɨɞɚ ɥɟɝɤɢɯ ɫɨɪɧɵɯ ɩɪɢɦɟɫɟɣ; λ – ɡɚɝɪɭɡɨɱɧɨɟ ɨɤɧɨ; 10 – ɩɢɬɚɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ; 11 – ɫɟɬɤɚ; 12 – ɨɤɧɨ; 13 – ɩɵɥɟɨɬɞɟɥɢɬɟɥɶ; 1ζ – ɠɚɥɸɡɢɣɧɚɹ ɫɬɟɧɤɚ; 1η – 

ɜɵɝɪɭɡɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 16 – ɨɫɧɨɜɧɨɣ ɩɧɟɜɦɚɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; 17 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; 18 – ɫɬɟɧɤɚ;1λ – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɡɚɫɥɨɧɤɚ; 20 – ɨɬɜɨɞ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɚɧɚɥɚ; 21 – ɠɚɥɸɡɢɣɧɨɟ ɨɤɧɨ; 22 – ɩɵɥɟɨɬɜɨɞɹɳɢɣ ɤɚɧɚɥ; 23,2ζ – 

ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɡɚɫɥɨɧɤɢ. 

Ɋɢɫɭɧɨɤ 1.5 – ɉɧɟɜɦɨɫɟɩɚɪɚɬɨɪ ɩɨ ɩɚɬɟɧɬɭ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ № 2ζ000η3 

 

Ⱦɨɜɟɞɟɧɧɨɟ ɞɨ ɨɩɬɢɦɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɨ ɞɚɥɟɟ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 

ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɢɣ ɲɟɥɭɲɢɬɟɥɶ 12, ɝɞɟ ɡɟɪɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɪɚ 

ɪɚɡɪɭɲɚɟɬɫɹ ɢ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɹɞɪɢɰɭ, ɨɛɨɥɨɱɤɭ ɢ ɩɵɥɶ. ɉɪɢɦɟɧɟɧɢɟ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɦɢ ɩɧɟɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɲɟɥɭɲɢɬɟɥɹ ɩɨɡɜɨɥɢɬ ɲɟɥɭɲɢɬɶ 

ɡɟɪɧɨ ɤɪɭɩɹɧɵɯ ɤɭɥɶɬɭɪ ɛɟɡ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. Ɉɬɲɟɥɭɲёɧɧɨɟ ɡɟɪɧɨ ɩɨɫɥɟ 

ɷɬɚɩɚ ɪɚɡɞɟɥɟɧɢɹ ɨɛɨɥɨɱɤɢ ɨɬ ɹɞɪɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ 

ɦɚɲɢɧɭ 13, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɞɟɥɟɧɢɟ ɤɪɭɩɵ. ɉɨɥɭɱɟɧɧɚɹ 



ɤɪɭɩɚ ɧɨɪɢɟɣ 1ζ ɜɵɝɪɭɠɚɟɬɫɹ ɜ ɛɭɧɤɟɪ ɞɥɹ ɤɪɭɩɵ 1η ɢ ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚɸɬ ɜ 

ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɭɲɢɥɶɧɵɟ ɚɩɩɚɪɚɬɵ 16 ɢ 17. ɉɨɞɫɭɲɟɧɧɭɸ ɤɪɭɩɭ 

ɞɨɜɟɞɟɧɧɭɸ ɞɨ ɤɨɧɞɢɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɮɚɫɭɸɬ ɮɚɫɨɜɨɱɧɨɣ ɦɚɲɢɧɨɣ 18. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɦɚɲɢɧɵ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɨɱɢɫɬɤɢ ɫɟɦɹɧ 

ɜɫɥɟɞɫɬɜɢɟ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɞɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɜɭɯ ɮɪɚɤɰɢɣ, ɪɚɡɥɢɱɧɵɯ 

ɧɨ ɫɨɫɬɚɜɭ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɟɲɟɬɧɵɯ ɫɬɚɧɚɯ. 

 Ɂɚɦɤɧɭɬɵɣ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ ɫɟɩɚɪɚɬɨɪ ɡɟɪɧɨɜɵɯ ɫɦɟɫɟɣ (ɩɚɬɟɧɬ № 

227λλ33) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ ɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɫɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Д7Ж. 

 Ɂɚɦɤɧɭɬɵɣ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ ɫɟɩɚɪɚɬɨɪ ɡɟɪɧɨɜɵɯ ɫɦɟɫɟɣ ɪɚɛɨɬɚɟɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɨɟ ɡɟɪɧɨ ɝɪɟɱɢɯɢ ɩɨɫɬɭɩɚɟɬ ɜ ɩɪɢёɦɧɵɣ ɛɭɧɤɟɪ 1 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ ɢ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɨɪɢɟɣ 2 ɡɚɝɪɭɠɚɟɬɫɹ 

ɜ ɛɭɧɤɟɪ ɚɤɬɢɜɧɨɝɨ ɜɟɧɬɢɥɢɪɨɜɚɧɢɹ 3. ɉɪɢ ɪɚɛɨɬɟ ɥɢɧɢɢ ɱɚɫɬɶ ɡɟɪɧɚ ɨɫɬɚɟɬɫɹ 

ɜ ɛɭɧɤɟɪɟ 3, ɚ ɞɪɭɝɚɹ ɩɨɥɨɜɢɧɚ ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚёɬɫɹ ɜ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ 

ɦɚɲɢɧɭ ζ, ɤɨɬɨɪɚɹ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɚ ɫ ɬɪɢɟɪɨɦ η. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 

ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɨɬ ɡɟɪɧɚ ɩɵɥɢ, ɡɟɦɥɢ, ɫɟɦɹɧ ɫɨɪɧɹɤɨɜ ɢ ɤɚɦɧɟɣ. 

ɉɪɨɲɟɞɲɟɟ ɱɟɪɟɡ ɫɟɦɹɨɱɢɫɬɢɬɟɥɶɧɭɸ ɦɚɲɢɧɭ ɡɟɪɧɨ ɞɚɥɟɟ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɧɨɪɢɟɣ 6 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɜɚ ɛɭɧɤɟɪɚ ɚɤɬɢɜɧɨɝɨ ɜɟɧɬɢɥɢɪɨɜɚɧɢɹ 7, ɤɨɬɨɪɵɟ 

ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɵ ɫ ɞɜɭɦɹ ɩɪɨɩɚɪɢɜɚɬɟɥɹɦɢ 8 ɢ λ. Ɉɛɪɚɛɨɬɤɚ ɡɟɪɧɚ 

ɩɪɨɢɫɯɨɞɢɬ ɜɨɞɨɣ ɢ ɨɛɪɚɡɨɜɚɜɲɢɦɫɹ ɩɚɪɨɦ, ɩɨɷɬɨɦɭ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɭɫɬɚɧɨɜɨɤ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɷɤɨɧɨɦɢɢ ɩɚɪɚ ɢ 

ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɞɜɚ ɷɬɚɩɚ. Ɍɨ ɟɫɬɶ, 

ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ ɢɡ ɭɫɬɚɧɨɜɤɢ 8 ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɬɟɱɟɧɢɢ 3…η ɦɢɧɭɬ  

ɩɟɪɟɩɭɫɤɚɸɬ ɜ ɭɫɬɚɧɨɜɤɭ λ, ɢɫɩɨɥɶɡɭɹ ɨɫɬɚɜɲɟɟɫɹ ɬɟɩɥɨ ɧɚ ɩɟɪɜɢɱɧɵɣ 

ɪɚɡɨɝɪɟɜ ɡɟɪɧɚ.  

 



 

1 – ɜɟɧɬɢɥɹɬɨɪ; 2 – ɤɨɥɟɫɨ ɜɟɧɬɢɥɹɬɨɪɚ; 3 – ɜɫɚɫɵɜɚɸɳɢɣ ɩɚɬɪɭɛɨɤ; ζ – ɜɵɯɥɨɩɧɨɣ 

ɞɢɮɮɭɡɨɪ; η – ɜɨɡɞɭɯɨɩɨɞɜɨɞɹɳɢɣ ɤɚɧɚɥ; 6 – ɨɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ; 7 – ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ 

ɜɵɜɨɞɚ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ; 8 – ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ ɤɚɧɚɥ; λ – ɡɚɝɪɭɡɨɱɧɨɟ ɨɤɧɨ;  

10 – ɩɢɬɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 11 – ɪɟɝɭɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 12 – ɩɪɢɟɦɧɢɤ ɮɪɚɤɰɢɢ 

ɩɨɥɧɨɜɟɫɧɨɝɨ ɡɟɪɧɚ; 13 – ɩɪɢɟɦɧɢɤ ɮɭɪɚɠɧɨɣ ɮɪɚɤɰɢɢ; 1ζ,1η – ɨɬɜɨɞɧɵɟ ɭɫɬɪɨɣɫɬɜɚ;  

16 – ɫɬɟɧɤɚ; 17 – ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɫɬɟɧɤɢ; 18 – ɠɚɥɸɡɢɣɧɨɟ ɨɤɧɨ; 1λ – ɠɚɥɸɡɢɣɧɚɹ 

ɩɥɨɫɤɨɫɬɶ; 20 – ɩɟɪɟɩɭɫɤɧɨɣ ɤɚɧɚɥ; 21 – ɪɟɝɭɥɹɬɨɪ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ. 

 Ɋɢɫɭɧɨɤ 1.6 –  ɋɯɟɦɚ ɡɚɦɤɧɭɬɨɝɨ ɩɧɟɜɦɚɬɢɱɟɫɤɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɡɟɪɧɨɜɵɯ 

ɫɦɟɫɟɣ (ɩɚɬɟɧɬ № 227λλ33). 

 

ɉɨɫɥɟ ɷɬɨɝɨ ɡɟɪɧɨ ɜ ɭɫɬɚɧɨɜɤɟ λ ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɝɢɞɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɉɨɞɜɟɪɠɟɧɧɨɟ ɞɜɭɯɫɬɚɞɢɣɧɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɨ 

ɢɡ ɭɫɬɚɧɨɜɤɢ λ ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚɟɬɫɹ ɜ ɨɬɜɨɥɚɠɢɜɚɸɳɢɣ ɚɝɪɟɝɚɬ 10. ɉɪɨɰɟɫɫ 

ɨɬɜɨɥɚɠɢɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ  ɜ ɞɨɜɟɞɟɧɢɢ ɡɟɪɧɚ ɞɨ ɜɥɚɠɧɨɫɬɢ 1η…18%. ɗɬɨ 

ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɛɨɥɟɟ 18% ɛɨɥɶɲɨɣ ɜɵɯɨɞ 

ɧɟɞɨɲɟɥɭɲɟɧɧɨɝɨ ɡɟɪɧɚ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɡɟɪɧɚ ɦɟɧɟɟ 1η% 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɣ ɜɵɯɨɞ ɞɪɨɛɥɟɧɨɝɨ ɡɟɪɧɚ ɢ ɫɟɱɤɢ.  

 



2 ɌȿɏɇɈɅɈȽɂɑȿɋɄȺə ɑȺɋɌɖ 

 

2.1 ɉɪɟɞɥɚɝɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɱɢɫɬɤɢ 

ɡɟɪɧɚ  

 

ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɨɟ ɡɟɪɧɨ ɜ ɥɢɧɢɸ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɱɢɫɬɤɢ ɩɨɩɚɞɚɟɬ ɢɡ 

ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɤɨɬɨɪɵɣ ɜɵɝɪɭɠɚɟɬ ɟɝɨ ɜ ɡɚɜɚɥɶɧɭɸ ɹɦɭ. ɂɡ ɡɚɜɚɥɶɧɨɣ ɹɦɵ 

ɡɟɪɧɨ ɩɨɫɬɭɩɚɟɬ ɜ ɞɜɚ ɧɚɤɨɩɢɬɟɥɶɧɵɯ ɛɭɧɤɟɪɚ 1. Ⱦɚɥɟɟ ɧɚɤɨɩɥɟɧɧɨɟ ɡɟɪɧɨ 

ɞɨɡɢɪɨɜɚɧɨ ɩɨɞɚɟɬɫɹ ɧɚ ɲɧɟɤɨɜɵɣ ɩɢɬɚɬɟɥɶ 2, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɨɪɢɟɣ 3. ɑɟɪɟɡ ɜɟɪɬɢɤɚɥɶɧɭɸ ɧɨɪɢɸ ɡɟɪɧɨ ɪɚɡɝɪɭɠɚɟɬɫɹ ɜ 

ɦɚɝɧɢɬɧɵɣ ɫɟɩɚɪɚɬɨɪ ζ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ. 

Ɉɬɞɟɥɟɧɧɨɟ ɨɬ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɡɟɪɧɨ ɞɚɥɟɟ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ 

ɫɤɚɥɶɩɟɪɚɬɨɪ η. ɉɨɫɥɟ ɨɱɢɫɬɤɢ ɧɚ ɫɤɚɥɶɩɟɪɚɬɨɪɟ ɩɨɜɵɲɚɟɬɫɹ ɫɵɩɭɱɟɫɬɶ 

ɩɪɨɞɭɤɬɚ, ɨɧ ɛɭɞɟɬ ɥɭɱɲɟ ɩɨɞɝɨɬɨɜɥɟɧ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɪɚɛɨɬɤɢ. ɂɡ 

ɡɟɪɧɚ ɭɞɚɥɹɸɬɫɹ ɥɟɝɤɨɜɟɫɧɵɟ ɢ ɤɪɭɩɧɵɟ ɩɪɢɦɟɫɢ, ɚ ɬɚɤɠɟ ɨɱɚɝɢ ɢɧɮɟɤɰɢɢμ 

ɡɟɦɥɹ, ɨɫɬɚɬɤɢ ɪɚɫɬɟɧɢɣ, ɦɢɧɟɪɚɥɵ. Ɉɬɞɟɥɟɧɧɨɟ ɨɬ ɪɚɡɧɵɯ ɩɪɢɦɟɫɟɣ ɡɟɪɧɨ 

ɧɨɪɢɟɣ 6 ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɢɬɨɜɵɣ ɫɟɩɚɪɚɬɨɪ 7, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɪɚɡɞɟɥɟɧɢɟ 

ɧɚ ɮɪɚɤɰɢɢ. Ƚɨɬɨɜɨɟ ɤ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɪɚɛɨɬɤɟ ɡɟɪɧɨ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪ 8, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ. ɉɪɨɲɟɞɲɟɟ 

ɜɨɡɞɭɲɧɭɸ ɨɱɢɫɬɤɭ ɡɟɪɧɨ ɧɨɪɢɟɣ 8λ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɬɪɢɟɪ-ɤɭɤɨɥɟɨɬɛɨɪɧɢɤ 

10. ɉɨɫɥɟ ɬɪɢɟɪɚ-ɤɭɤɨɥɟɨɬɛɨɪɧɢɤɚ ɡɟɪɧɨ ɧɨɪɢɟɣ 11 ɪɚɡɝɪɭɠɚɟɬɫɹ ɜ 

ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɵɣ ɫɬɨɥ 12. ɉɨɫɥɟ ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɚɥɶɧɨɝɨ ɫɬɨɥɚ 

ɩɟɪɟɪɚɛɨɬɚɧɧɨɟ ɡɟɪɧɨ ɧɨɪɢɟɣ 13 ɩɨɫɬɭɩɚɟɬ ɧɚ ɬɪɚɧɫɩɨɪɬɟɪ 1ζ, ɤɨɬɨɪɵɣ 

ɞɨɡɢɪɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬ ɟɝɨ ɜ ɫɢɥɨɫɵ 1η.  



 

1–ɧɚɤɨɩɢɬɟɥɶɧɵɣ ɛɭɧɤɟɪ; 2–ɩɢɬɚɬɟɥɶ; 3–ɧɨɪɢɹ; ζ–ɦɚɝɧɢɬɧɵɣ ɫɟɩɚɪɚɬɨɪ;  

5–ɫɤɚɥɶɩɟɪɚɬɨɪ; 6-ɧɨɪɢɹ; 7–ɫɢɬɨɜɵɣ ɫɟɩɚɪɚɬɨɪ; 8–ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪ; λ–ɬɪɢɟɪ-

ɤɭɤɨɥɟɨɬɛɨɪɧɢɤ; 10-ɧɨɪɢɹ; 11–ɬɪɢɟɪ-ɨɜɫɸɝɨɨɬɛɨɪɧɢɤ; 12–ɩɧɟɜɦɨɫɨɪɬɢɪɨɜɨɱɧɵɣ ɫɬɨɥ; 13-

ɧɨɪɢɹ; 1ζ–ɬɪɚɧɫɩɨɪɬёɪ; 16 – ɫɢɥɨɫ. 

Ɋɢɫɭɧɨɤ 2.1 – ɉɪɟɞɥɚɝɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ 

ɨɱɢɫɬɤɢ ɡɟɪɧɚ  

 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɧɚɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ 

ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɨɜɨɞɢɬɶ ɩɨɫɥɟɭɛɨɪɨɱɧɭɸ ɨɱɢɫɬɤɭ ɡɟɪɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɚɲɢɧ ɫ ɜɵɫɨɤɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. 

 

2.2 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

 

Ɉɩɪɟɞɟɥɹɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ 

ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

В Мɉ Q   , ɤɝ/ɱ                                                (2.1) 

ɝɞɟ Qȼ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ3/ɱ;  

ρɋ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ, ρɋ =0,ζ ɤɝ/ɦ3. 

 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɟ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟμ 



ВQ B L V   , ɦ3/ɫ                                           (2.2) 

ɝɞɟ    ȼ – ɲɢɪɢɧɚ ɫɟɩɚɪɢɪɭɸɳɟɝɨ ɤɚɧɚɥɚ, ɦ; 

L – ɞɥɢɧɚ ɫɟɩɚɪɢɪɭɸɳɟɝɨ ɤɚɧɚɥɚ, ɦ; 

V – ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ. 

 

Ɉɩɪɟɞɟɥɹɟɦ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ 

ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɩɨɞɛɢɪɚɟɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɜɢɬɚɧɢɹ ɡɟɪɧɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɢɯ ɭɱɟɧɵɯ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɞɥɹ ɨɬɞɟɥɟɧɢɹ 

ɨɬ ɡɟɪɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ ɩɨɞɛɢɪɚɸɬ ɫɤɨɪɨɫɬɶ ɪɚɜɧɨɣ  

0,7 – 0,λ·Vɤɪ, ɨɬ ɨɫɧɨɜɧɨɣ ɤɭɥɶɬɭɪɵ Д3Ж.  

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɨɩɪɟɞɟɥɹɟɦ: 

V=0,λ·11,η=10,ζ ɦ/ɫ. 

ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦμ ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɫɟɩɚɪɚɰɢɢ – 0,36 ɦ, ɞɥɢɧɚ ɤɚɧɚɥɚ 

ɫɟɩɚɪɚɰɢɢ – 1,η ɦ, ɨɩɪɟɞɟɥɹɟɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɜɨɡɞɭɯɚμ 

Qȼ = 0,36⋅ 1,5⋅ 10,4 = 5,61 ɦ3/ɫ =20196 ɦ3/ɱ.  

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɹɟɦ ɩɪɢɦɟɪɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚμ 

ɉ=20196⋅0,4=8078 ɤɝ/ɱ 

 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɪɶ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɵɯ 

ɤɚɧɚɥɚɯ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ ɢɥɢ ɜɵɯɨɞɟ ɢɡ ɧɟɝɨ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [3]: 

Ɋɩɧ=Ɋɤ+Ɋɞɜ+Ɋɩɭ,                                               (2.3) 

ɝɞɟ - Ɋɩɧ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɧɟɜɦɨɫɢɫɬɟɦɵ, ɉɚ; 

Ɋɤ – ɩɨɬɟɪɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɵɯ ɤɚɧɚɥɚɯ, ɉɚ; 

Ɋɞɜ – ɩɨɬɟɪɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɚɧɚɥɚ, ɉɚ; 

Ɋɩɭ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɵɥɟɭɥɨɜɢɬɟɥɢ, ɉɚ. 



Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɪɢɦɟɧɹɸɬ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ ɨ 

ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ  [3]: 

                              Ɋɬɪ=Ȝ·l/d·ρV2/2                                                   (2.4) 

ɝɞɟ  Pɬɪ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ; 

Ȝ - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ; 

l ɢ d - ɞɥɢɧɚ ɢ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɦ; 

ρ - ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3; 

V - ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ. 

ɉɨ ɮɨɪɦɭɥɟ Ȼɥɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ 

ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ [3]: 

                                        Ȝ=0,012η+0,0011/dɷɤɜ                                         (2.5) 

ɝɞɟ  dɷɤɜ - ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ, ɦ. 

ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [3]: 

dɷɤɜ=2·a·b/(a+b),                                               (2.6) 

ɝɞɟ a ɢ b - ɝɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ. 

Ɂɧɚɹ, ɱɬɨ l=ɇ1+ɇ2=0,λ+0,27=1,17 ɦ; ρ=1,2 ɤɝ/ɦ3; V=10,ζ ɦ/ɫ; ɚ=0,18 ɦ; 

b=0,λ ɦ. 

ɉɨɥɭɱɢɦ, ɱɬɨμ 

dɷɤɜ=2·0,18·0,λ/(0,18+0,λ)=0,3 ɦ 

Ȝ=0,012η+0,0011/0,3=0,0162 

Ɋɬɪ=0,0162·1,17/0,3·1,2·λ,81·10,ζ2/2=ζ0,22 ɉɚ 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [3]: 



Pɦ.ɫ=ȗ·ρ·V2/2,                                                (2.7) 

ɝɞɟ  Ɋɦ.ɫ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɉɚ; 

        ȗ - ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɩɪɢ ɜɯɨɞɟ ɜ ɬɪɭɛɭ ɫ ɨɫɬɪɵɦɢ 

ɤɪɚɹɦɢ ȗ=0,η). 

Ɋɦ.ɫ=0,η·1,2·10,ζ2/2=3ζ,ζη ɉɚ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɞɥɹ ɱɢɫɬɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɭɩɪɨɳɟɧɧɨɣ 

ɮɨɪɦɭɥɟ Д3Жμ 

Pɫɦ=Ɋɜ· (1+Ʉ0 ·ȝ),                                                (2.8) 

ɝɞɟ  Ɋɫɦ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ, ɉɚ; 

        Ɋɜ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɉɚ; 

        Ʉ0 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɜɢɞɚ ɩɪɢɦɟɫɟɣ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɦɟɫɢ, 

ɫɤɨɪɨɫɬɢ ɢ ɫɨɫɬɨɹɧɢɹ ɩɨɬɨɤɚ, ɪɚɡɦɟɪɨɜ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ 

(ɩɨ ɬɚɛɥɢɰɟ η.2 ɢɡ Д3Ж,Ʉ0=0,75); 

  ȝ0 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɦɟɫɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɨɬɧɨɲɟɧɢɟɦ 

ɦɚɫɫɵ ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤ ɦɚɫɫɟ ɜɨɡɞɭɯɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (ɩɨ 

ɬɚɛɥɢɰɟ η.2 ɢɡ Д3Ж, ȝ0≤0,3). 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ [3]: 

Ɋɜ=Ɋɬɪ+Ɋɦɫ,                                                  (2.9) 

ɝɞɟ  Ɋɜ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɉɚ; 

Ɋɬɪ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ ɨ ɫɬɟɧɤɢ, ɉɚ; 

Ɋɦɫ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɉɚ. 

Ɂɧɚɹ, ɱɬɨ Ɋɬɪ=ζ0,22 ɉɚ; Ɋɦɫ=3ζ,ζη ɉɚ; ɧɚɯɨɞɢɦμ 

Ɋɜ=ζ0,22+3ζ,ζη=7ζ,67 ɉɚ 

Ɋɫɦ=7ζ,67· (1+0,7η 0,3)=λ1,ζ7 ɉɚ 



ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɴɟɦ ɢ ɨɩɭɫɤɚɧɢɟ ɡɟɪɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɬɪɭɛɨɩɪɨɜɨɞɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д3Ж: 

Ɋɜɟɪɬ=ρ·ġ·lɧ ·ЬТЧα·ȝ0                                            (2.10) 

ɝɞɟ - Ɋɜɟɪɬ - ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɴɟɦ ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚɯ, ɉɚ; 

 ρ - ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3; 

 ġ - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; 

 l - ɞɥɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ; 

         α - ɭɝɨɥ ɧɚɤɥɨɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɤ ɝɨɪɢɡɨɧɬɭ, ɝɪɚɞ. 

Ɋɜɟɪɬ=1,2·λ,81·1,17·sin12·0,3=0,77 ɉɚ 

ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [3]: 

Ɋɤ=Ɋɫɦ+Ɋɡ+Ɋɜɟɪɬ,                                            (2.11) 

ɝɞɟ  Ɋɤ – ɨɛɳɢɟ ɫɬɚɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ, ɉɚ. 

Ɋɤ=λ1,ζ7+1η0+0,77=2ζ2,2ζ ɉɚ 

Ɉɛɳɢɟ ɩɨɬɟɪɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ Д3Ж: 

Pɞɜ=ρ·V2/2,                                                  (2.12) 

ɝɞɟ  Ɋdv – ɩɨɬɟɪɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɉɚ. 

Ɋɞɜ=1,2·10,ζ2/2=6ζ,λ ɉɚ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

Ɉɛɳɢɟ ɩɨɬɟɪɢ ɫɨɫɬɚɜɥɹɸɬ: 

Ɋɩɧ=2ζ2,2ζ+6ζ,λ+300=607,1ζ ɉɚ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  



ɉɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ[3]: � = ொ˅∙௉�ଵ଴଴଴∙�˅∙�˒,                                     (2.13) 

ɝɞɟ Pk – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɫɟɩɚɪɚɬɨɪɟ, ɉɚ; 

Șȼ – ɄɉȾ ɜɟɧɬɢɥɹɬɨɪɚ (ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɟɧɬɢɥɹɬɨɪɚ); 

Șɩ – ɄɉȾ ɩɪɢɜɨɞɚ. 

Ɂɧɚɹ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɢ ɜɵɛɢɪɚɟɦ ɄɉȾ ɜɟɧɬɢɥɹɬɨɪɚ (ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɟɧɬɢɥɹɬɨɪɚ) Șȼ = 0,η; ɄɉȾ ɩɪɢɜɨɞɚ Șɩ = 0,782. Ɉɬɫɸɞɚμ � = ͷ,͸ͳ ∙ ʹͶʹͳͲͲͲ ∙ Ͳ,ͷ ∙ Ͳ,͹ͺʹ = ͵,Ͷ͹ кВ˕ 

ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɩɪɢɧɢɦɚɟɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɦɨɳɧɨɫɬɶɸ N=3,η ɤȼɬ, 

ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ Ч=28ζ0ɨɛ/ɦɢɧ, ɦɚɪɤɢ 

ζȺɆλ0L2ɍ3 ȽɈɋɌ 1λη23-89. 

 Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɦɚɲɢɧɵ. 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

,ɡ ɫɦЭ σ t                                                       (2.14) 

ɝɞɟ  tɫɦ  – ɜɪɟɦɹ ɪɚɛɨɬɵ ɦɚɲɢɧɵ ɡɚ ɫɦɟɧɭ, ɱ (tɫɦ=8 ɱ);  

         N – ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɤȼɬ (N=3 ɤȼɬ).  Эз = ͵,ͷ ∙ ͺ = ʹͺ ɤȼɬ∙ɱ. 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  



 

2.3 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɭɥɭɱɲɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɬɪɭɞɚ  ɩɪɢ  ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɚ 

  

ɍɫɥɨɜɢɹ ɬɪɭɞɚ - ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 

ɜɥɢɹɸɬ ɧɚ ɡɞɨɪɨɜɶɟ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɱɟɥɨɜɟɤɚ, ɭɞɨɜɥɟɬɜɨɪɟɧɧɨɫɬɶ 

ɪɚɛɨɬɨɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ. 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɨɛɳɢɟ ɢ ɨɫɨɛɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. Ʉ ɨɛɳɢɦ ɭɫɥɨɜɢɹɦ 

ɬɪɭɞɭ ɨɬɧɨɫɹɬɫɹμ ɨɛɟɫɩɟɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɟɣ ɩɟɪɫɨɧɚɥɚ, ɦɟɞɢɰɢɧɫɤɢɯ 

ɭɱɪɟɠɞɟɧɢɣ, ɛɚɡ ɢ ɡɚɥɨɜ ɨɬɞɵɯɚ, ɤɥɭɛɨɜ, ɩɢɬɚɧɢɟ, ɫɩɟɰɨɞɟɠɞɚ. ɂɧɨɝɞɚ ɨɛɳɢɟ 

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɤɨɦɩɚɧɢɢ ɜɤɥɸɱɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ 

ɤɨɦɩɚɧɢɢ, ɧɚɥɢɱɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɨɮɢɫɧɵɯ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɱɢɫɬɨɬɭ ɜ ɧɢɯ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɨɫɬɨɹɧɢɟ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. 

 Ʉɨɧɤɪɟɬɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɞɟɥɹɬɫɹ ɧɚ ɱɟɬɵɪɟ ɝɪɭɩɩɵμ ɪɚɛɨɬɧɢɤ, 

ɨɫɭɳɟɫɬɜɥɹɹ ɫɜɨɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɰɟɥɨɦɭ ɤɨɦɩɥɟɤɫɭ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 

ɩɪɨɹɜɥɟɧɢɣ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. Ɉɰɟɧɤɚ ɜɟɥɢɱɢɧɵ ɜɥɢɹɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɹɜɥɟɧɢɣ ɧɚ ɮɢɡɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɬɧɢɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɩɟɰɢɚɥɶɧɨɣ ɨɰɟɧɤɢ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɤɨɧɤɪɟɬɧɵɯ ɲɬɚɬɧɵɯ ɟɞɢɧɢɰ.

 ɂɫɯɨɞɹ ɢɡ ɫɬɟɩɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɮɚɤɬɨɪɨɜ ɬɪɭɞɚ ɧɚ ɫɩɟɰɢɚɥɢɫɬɚ, ɜɫɟ 

ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤμ ɨɩɬɢɦɚɥɶɧɵɦ; ɩɪɢɟɦɥɟɦɨ; ɜɪɟɞɧɵɟ (ɫɨɫɬɨɹɬ 

ɢɡ ζ ɩɨɞɤɥɚɫɫɨɜ ɜɪɟɞɨɧɨɫɧɨɫɬɢ); ɨɩɚɫɧɨ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɪɟɞɢ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɛɨɬɚɸɳɟɝɨ 

ɝɪɚɠɞɚɧɢɧɚ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɝɚɬɢɜɧɵɟ ɚɬɦɨɫɮɟɪɧɵɟ ɹɜɥɟɧɢɹ - ɬɚɤɢɟ 

ɮɚɤɬɨɪɵ, ɤɨɦɩɥɟɤɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɧɚ ɫɩɟɰɢɚɥɢɫɬɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ 

ɤ ɜɪɟɦɟɧɧɨɦɭ ɢɥɢ ɩɨɫɬɨɹɧɧɨɦɭ ɭɯɭɞɲɟɧɢɸ ɡɞɨɪɨɜɶɹ ɢɥɢ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɡɚɛɨɥɟɜɚɧɢɸ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌɨɦД8Ж ɩɪɨɜɨɞɢɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɨɰɟɧɤɚ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɞɧɨɫɬɢ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɤɨɧɤɪɟɬɧɵɯ ɪɚɛɨɬɧɢɤɨɜ. 



ɋɟɪɬɢɮɢɤɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɷɤɫɩɟɪɬɚɦɢ, ɭɱɢɬɵɜɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɹɤɨɛɵ 

ɧɟɝɚɬɢɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɹɜɥɟɧɢɣ ɢ ɭɪɨɜɟɧɶ ɩɪɟɜɵɲɟɧɢɹ ɢɦɢ 

ɞɨɩɭɫɬɢɦɵɯ ɧɨɪɦ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɦɟɫɬɟ ɪɚɛɨɬɵ Д6Ж. 

Ɋɭɤɨɜɨɞɢɬɟɥɢ ɨɪɝɚɧɢɡɚɰɢɢ ɨɛɹɡɚɧɵ ɩɪɨɜɨɞɢɬɶ ɬɚɤɭɸ ɨɰɟɧɤɭ ɭɫɥɨɜɢɣ 

ɬɪɭɞɚ ɪɚɛɨɬɧɢɤɨɜ ɤɚɠɞɵɟ η ɥɟɬ. Ɉɰɟɧɤɚ ɧɚɥɢɱɢɹ ɜɪɟɞɧɵɯ ɢ ɨɩɚɫɧɵɯ 

ɮɚɤɬɨɪɨɜ ɜ ɪɚɛɨɱɟɣ ɫɪɟɞɟ ɢ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɪɚɛɨɬɧɢɤɚ ɞɨɥɠɧɚ ɩɪɨɜɨɞɢɬɶɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ Д8Ж. 

Ɉɩɚɫɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɬɚɤ ɠɟ ɞɟɥɹɬɫɹ ɧɚ ɮɢɡɢɱɟɫɤɢɟ, 

ɯɢɦɢɱɟɫɤɢɟ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ, ɧɨ ɢɯ ɜɨɡɞɟɣɫɬɜɢɟ ɭɠɟ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɬɪɚɜɦɟ ɫɨɬɪɭɞɧɢɤɚ ɢɥɢ ɤ ɟɝɨ ɫɦɟɪɬɢ.  

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɤ ɨɩɚɫɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹμ 

- ɞɜɢɠɭɳɢɟɫɹ ɦɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ; 

- ɪɚɡɥɢɱɧɵɟ ɩɨɞɴɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɞɜɢɠɭɳɢɟɫɹ ɝɪɭɡɵ; 

- ɧɟɡɚɳɢɳɟɧɧɵɟ ɩɨɞɜɢɠɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ (ɩɪɢɜɨɞɧɵɟ ɢ ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɪɟɠɭɳɢɟ 

ɢɧɫɬɪɭɦɟɧɬɵ, ɜɪɚɳɚɸɳɢɟɫɹ ɢ ɞɜɢɠɭɳɢɟɫɹ ɭɫɬɪɨɣɫɬɜɚ ɢ ɬ. ɞ.); 

   - ɥɟɬɹɳɢɟ ɱɚɫɬɢɰɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɧɫɬɪɭɦɟɧɬɚ, 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ. ɞ.  

 

2.ζ Ɋɚɡɪɚɛɨɬɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɭɥɭɱɲɟɧɢɸ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɩɪɢ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɚ 

  

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɩɨɱɬɢ ɜɫɟ ɤɨɦɩɶɸɬɟɪɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ 

ɱɟɥɨɜɟɤɚ, ɩɨɫɤɨɥɶɤɭ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɢɥɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɱɟɥɨɜɟɤ ɦɨɠɟɬ ɤɚɫɚɬɶɫɹ ɞɟɬɚɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ 

ɧɚɩɪɹɠɟɧɢɟɦ. 

Ɉɛɳɢɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɱɟɥɨɜɟɤɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 

ɜɤɥɸɱɚɸɬ ɡɚɳɢɬɧɵɟ ɛɚɪɶɟɪɵ; ɡɚɡɟɦɥɟɧɢɟ ɤɨɪɩɭɫɨɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, 



ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɟ ɡɧɚɤɢ, 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ. 

ȼ ɩɨɦɟɳɟɧɢɢ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɫɨɫɬɨɹɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɨɜɨɞɨɜ ɧɚɯɨɞɢɬɫɹ ɜ 

ɯɨɪɨɲɟɦ ɫɨɫɬɨɹɧɢɢ. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 

ɛɟɡɨɩɚɫɧɨɫɬɢ.  

 

2.η Ɋɚɡɪɚɛɨɬɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɪɢ 

ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɚ 

 

ɉɪɟɞɩɪɢɹɬɢɹ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɡɟɪɧɚ ɦɨɝɭɬ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɡɚɝɪɹɡɧɹɹ ɚɬɦɨɫɮɟɪɭ ɱɚɫɬɢɰɚɦɢ ɩɵɥɢ, ɡɚɝɪɹɡɧɹɹ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɨɬɯɨɞɚɦɢ ɢ ɩɵɥɶɸ, ɫɥɢɜɚɹ ɧɟɨɱɢɳɟɧɧɭɸ ɜɨɞɭ, 

ɢɫɩɨɥɶɡɭɟɦɭɸ ɞɥɹ ɦɵɬɶɹ ɡɟɪɧɚ, ɢ ɫɨɡɞɚɜɚɹ ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɩɪɢ 

ɪɚɛɨɬɟ ɦɚɲɢɧ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɨɥɢɤɨɜɵɯ ɦɚɲɢɧ, ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ 

ɧɚɝɧɟɬɚɬɟɥɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ 

ɤɪɭɩɧɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɱɚɳɟ ɜɫɟɝɨ ɫɬɪɨɹɬɫɹ ɦɟɥɶɧɢɰɵ ɢ ɡɟɪɧɨɜɵɟ. 

ɉɵɥɶ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɨɱɢɫɬɤɟ ɡɟɪɧɚ, ɫɭɯɨɣ ɨɛɪɚɛɨɬɤɟ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɧɚ ɢ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɟɝɨ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ 

ɢ ɨɬɯɨɞɨɜ. 

ɑɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɩɚɞɚɧɢɟ ɩɵɥɢ ɜ ɚɬɦɨɫɮɟɪɭ ɢ ɡɚɝɪɹɡɧɟɧɢɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬɫɚɫɵɜɚɟɬɫɹ, ɚ ɜɨɡɞɭɯ ɨɱɢɳɚɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɩɵɥɟɭɞɚɥɟɧɢɹ (ɮɢɥɶɬɪɵ, ɰɢɤɥɨɧɵ ɢ ɬ. Ⱦ.). 

Ɉɬɯɨɞɵ ɤɚɬɟɝɨɪɢɣ I ɢ II ɯɪɚɧɹɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɬɜɟɞɟɧɧɨɦ ɩɨɦɟɳɟɧɢɢ 

ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɪɦɨɜ 

ɞɥɹ ɠɢɜɨɬɧɵɯ. Ʉɚɬɟɝɨɪɢɢ ɨɬɯɨɞɨɜ III ɩɨɞɥɟɠɚɬ ɭɧɢɱɬɨɠɟɧɢɸ. 

ȼɨɞɚ, ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɫɬɢɪɚɥɶɧɵɟ ɦɚɲɢɧɵ, ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɧɚ. ɗɬɚ ɜɨɞɚ ɨɩɭɫɤɚɟɬɫɹ ɜ ɤɚɧɚɥɢɡɚɰɢɸ ɬɨɥɶɤɨ ɩɨɫɥɟ 

ɨɱɢɫɬɤɢ ɢ ɞɟɡɢɧɮɟɤɰɢɢ. Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɪɚɡɪɚɛɨɬɤɚ ɬɚɤɨɝɨ ɦɟɬɨɞɚ 

ɨɱɢɫɬɤɢ ɜɨɞɵ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɛɵ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ 



ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɭɠɞ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɜɥɚɠɧɨɣ ɨɱɢɫɬɤɢ ɡɟɪɧɚ, ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɥɹɸɬ ɜ 8-10 ɪɚɡ ɦɟɧɶɲɟ ɜɨɞɵ, ɱɟɦ 

ɫɬɢɪɚɥɶɧɵɟ ɦɚɲɢɧɵ. 

ɍɪɨɜɟɧɶ ɲɭɦɚ ɫɧɢɠɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɦɚɲɢɧ ɧɚ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ ɨɫɧɨɜɚɧɢɹɯ, ɢɯ ɢɡɨɥɹɰɢɢ ɜ ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 

ɭɫɬɚɧɨɜɤɢ ɫɩɟɰɢɚɥɶɧɵɯ ɝɥɭɲɢɬɟɥɟɣ ɜ ɚɫɩɢɪɚɰɢɨɧɧɵɯ ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɟɬɹɯ. 
 

2.6 Ɏɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ 

 

ȼ ɪɚɛɨɱɟɟ ɜɪɟɦɹ ɉɎɄ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 

ɝɢɦɧɚɫɬɢɤɢ. ɗɬɨ ɧɚɡɜɚɧɢɟ ɞɨɜɨɥɶɧɨ ɭɫɥɨɜɧɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ 

ɝɢɦɧɚɫɬɢɤɚ ɦɨɠɟɬ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɜɤɥɸɱɚɬɶ ɧɟ ɬɨɥɶɤɨ ɝɢɦɧɚɫɬɢɱɟɫɤɢɟ 

ɭɩɪɚɠɧɟɧɢɹ, ɧɨ ɢ ɞɪɭɝɢɟ ɫɪɟɞɫɬɜɚ ɮɢɡɢɱɟɫɤɨɝɨ ɜɨɫɩɢɬɚɧɢɹ. 

ȼ ɨɫɨɛɵɯ ɫɥɭɱɚɹɯ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɚɠɟ ɜ ɪɚɛɨɱɟɟ ɜɪɟɦɹ 

ɦɨɝɭɬ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧɵ ɡɚɧɹɬɢɹ ɩɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ-ɩɪɢɤɥɚɞɧɨɣ 

ɮɢɡɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬɵ. 

ɂɧɞɭɫɬɪɢɚɥɶɧɚɹ ɝɢɦɧɚɫɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ 

ɫɩɟɰɢɚɥɶɧɵɯ ɭɩɪɚɠɧɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɨɛɳɟɣ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɫ ɰɟɥɶɸ 

ɩɪɨɮɢɥɚɤɬɢɤɢ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 

ȼɢɞɵ (ɮɨɪɦɵ) ɩɪɨɦɵɲɥɟɧɧɨɣ ɝɢɦɧɚɫɬɢɤɢμ ɧɚɱɚɥɶɧɚɹ ɝɢɦɧɚɫɬɢɤɚ, 

ɮɢɡɢɱɟɫɤɢɣ ɨɬɞɵɯ, ɮɢɡɢɱɟɫɤɢɟ ɭɩɪɚɠɧɟɧɢɹ, ɦɢɤɪɨɩɚɭɡɚ ɚɤɬɢɜɧɨɝɨ ɨɬɞɵɯɚ. 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶμ 

1) ɪɚɛɨɱɟɟ ɩɨɥɨɠɟɧɢɟ (ɫɬɨɹ ɢɥɢ ɫɢɞɹ), ɩɨɥɨɠɟɧɢɟ ɬɟɥɚ (ɫɨɝɧɭɬɨɟ ɢɥɢ 

ɩɪɹɦɨɟ, ɫɜɨɛɨɞɧɨɟ ɢɥɢ ɧɚɩɪɹɠɟɧɧɨɟ); 

2) ɪɚɛɨɱɢɟ ɞɜɢɠɟɧɢɹ (ɛɵɫɬɪɵɟ ɢɥɢ ɦɟɞɥɟɧɧɵɟ, ɚɦɩɥɢɬɭɞɚ ɞɜɢɠɟɧɢɹ, 

ɢɯ ɫɢɦɦɟɬɪɢɹ ɢɥɢ ɚɫɢɦɦɟɬɪɢɹ, ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢɥɢ ɪɚɡɧɨɨɛɪɚɡɢɟ, ɫɬɟɩɟɧɶ 

ɧɚɩɪɹɠɟɧɢɹ ɞɜɢɠɟɧɢɣ); 



3) ɯɚɪɚɤɬɟɪ ɪɚɛɨɬɵ (ɧɚɝɪɭɡɤɚ ɧɚ ɨɪɝɚɧɵ ɱɭɜɫɬɜ, ɩɫɢɯɢɱɟɫɤɚɹ ɢ ɧɟɪɜɧɨ-

ɦɵɲɟɱɧɚɹ ɧɚɝɪɭɡɤɚ, ɫɥɨɠɧɨɫɬɶ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɵɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɷɦɨɰɢɨɧɚɥɶɧɵɣ ɫɬɪɟɫɫ, ɧɟɨɛɯɨɞɢɦɚɹ ɬɨɱɧɨɫɬɶ ɢ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɞɜɢɠɟɧɢɣ, 

ɨɞɧɨɨɛɪɚɡɢɟ ɬɪɭɞɚ); 

ζ) ɫɬɟɩɟɧɶ ɢ ɯɚɪɚɤɬɟɪ ɭɫɬɚɥɨɫɬɢ ɩɨ ɫɭɛɴɟɤɬɢɜɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ 

(ɨɬɜɥɟɱɟɧɧɨɟ ɜɧɢɦɚɧɢɟ, ɝɨɥɨɜɧɚɹ ɛɨɥɶ, ɨɳɭɳɟɧɢɟ ɦɵɲɟɱɧɨɣ ɛɨɥɢ, 

ɪɚɡɞɪɚɠɢɬɟɥɶɧɨɫɬɶ); 

η) ɜɨɡɦɨɠɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɡɞɨɪɨɜɶɹ, ɬɪɟɛɭɸɳɢɟ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɝɢɦɧɚɫɬɢɤɢ; 

6) ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɫɬɚ ɪɚɛɨɬɵ (ɨɛɵɱɧɨ 

ɤɨɦɩɥɟɤɫɵ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. ɄɈɇɋɌɊɍɄɌɈɊɋɄȺə ɑȺɋɌɖ 

 

3.1 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɪɚɡɪɚɛɨɬɤɚ 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɧɚɦɢ ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɢɣ ɫɟɩɚɪɚɬɨɪ  ɧɟɨɛɯɨɞɢɦ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɨɬ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫɨɪɧɨɣ ɩɪɢɦɟɫɢ (ɥɭɡɝɢ, ɦɭɱɤɢ ɢ ɥɟɝɤɢɯ 

ɩɪɢɦɟɫɟɣ). Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɟɩɚɪɚɬɨɪɚ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɧɚ 

ɥɸɛɵɯ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɩɪɢɟɦɧɵɣ ɛɭɧɤɟɪ 1, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɚɩɥɢɜɚɧɢɟ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɩɪɨɞɭɤɬɚ ɢ ɫɜɚɪɧɨɝɨ ɤɨɪɩɭɫɚ 2, ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɫɦɨɧɬɢɪɨɜɚɧɚ ɩɪɢёɦɧɚɹ 

ɝɨɪɥɨɜɢɧɚ 3, ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɤɚɧɚɥ ɫɟɩɚɪɢɪɨɜɚɧɢɹ ζ, ɨɫɚɞɨɱɧɚɹ 

ɤɚɦɟɪɚ η ɫ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ 6. ȼɧɭɬɪɢ ɨɫɚɞɨɱɧɨɣ ɤɚɦɟɪɚ 

ɜɦɨɧɬɢɪɨɜɚɧ ɜɫɚɫɵɜɚɸɳɢɣ ɜɟɧɬɢɥɹɬɨɪ 7 ɫ ɲɧɟɤɨɦ 8, ɤɨɬɨɪɵɣ ɜɵɜɨɞɢɬ 

ɨɫɚɠɞёɧɧɵɟ ɩɪɢɦɟɫɢ ɢɡ ɫɟɩɚɪɚɬɨɪɚ. 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɦɟɠɞɭ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ ɢ ɤɚɧɚɥɨɦ 

ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɜɜɚɪɟɧɚ ɜɵɩɭɫɤɧɚɹ ɝɨɪɥɨɜɢɧɚ λ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɜɵɜɨɞɢɬɫɹ 

ɨɱɢɳɟɧɧɵɟ ɡɟɪɧɚ ɢɡ ɫɟɩɚɪɚɬɨɪɚ. 

ȼ ɩɪɢёɦɧɨɦ ɛɭɧɤɟɪɟ ɫɛɨɤɭ ɫɦɨɧɬɢɪɨɜɚɧɚ ɪɟɝɭɥɢɪɨɜɨɱɧɚɹ ɩɪɭɠɢɧɚ 10, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɨɞɚɱɭ ɩɪɨɞɭɤɬɚ ɜ ɞɟɥɢɬɟɥɶ ɩɨɬɨɤɚ ɡɟɪɧɚ 

11, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ  ɩɪɢɟɦɧɨɝɨ  ɛɭɧɤɟɪɚ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ  ɞɜɢɠɟɧɢɹ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ,  ɱɬɨ   

ɩɨɡɜɨɥɹɟɬ  ɥɭɱɲɟ  ɪɚɫɩɪɟɞɟɥɢɬɶ  ɡɟɪɧɨ  ɩɨ  ɜɫɟɣ ɞɥɢɧɟ  ɩɪɢɟɦɧɨɣ  ɤɚɦɟɪɵ  ɢ   

ɩɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɟɝɨ ɤɚɧɚɥɚ.  

ȼ ɤɚɧɚɥ ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɡɟɪɧɨɜɨɣ ɦɚɬɟɪɢɚɥ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɧɚɩɪɚɜɥɹɸɳɟɣ ɫɤɚɬ 12, ɤɨɬɨɪɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɨɛɪɚɡɭɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɜɨɞɚ ɡɟɪɧɚ ɜ ɡɨɧɭ ɫɟɩɚɪɢɪɨɜɚɧɢɹ. 

 

 

 

 

Иɡɦ. Лɢɫɬ № дɨкɭɦ. ɉɨдɩɢɫь Дɚɬɚ 
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 1-ɩɪɢёɦɧɵɣ ɛɭɧɤɟɪ; 2-ɫɜɚɪɧɨɣ ɤɨɪɩɭɫ; 3-ɩɪɢёɦɧɚɹ ɝɨɪɥɨɜɢɧɚ; ζ-ɤɚɧɚɥ 

ɫɟɩɚɪɢɪɨɜɚɧɢɹ; η-ɨɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ; 6-ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ; 7-ɜɫɚɫɵɜɚɸɳɢɣ 

ɜɟɧɬɢɥɹɬɨɪ; 8-ɲɧɟɤ; λ-ɜɵɩɭɫɤɧɚɹ ɝɨɪɥɨɜɢɧɚ; 10-ɪɟɝɭɥɢɪɨɜɨɱɧɚɹ ɩɪɭɠɢɧɚ; 11-ɞɟɥɢɬɟɥɶ 

ɩɨɬɨɤɚ; 12-ɧɚɩɪɚɜɥɹɸɳɢɣ ɫɤɚɬ; 13-ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 1ζ-ɪɚɦɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 1η-ɨɤɧɨ 

ɞɥɹ ɜɵɜɨɞɚ ɨɬɧɨɫɨɜ; 16-ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ 

 Ɋɢɫɭɧɨɤ 3.1 – ɉɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɜɨɡɞɭɲɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ 

 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɫɚɞɨɱɧɨɣ ɤɚɦɟɪɵ ɨɬ ɜɫɚɫɵɜɚɸɳɟɣ ɫɬɨɪɨɧɵ 

ɜɟɧɬɢɥɹɬɨɪɚ 7 ɡɚɤɪɟɩɥɟɧɵ ɠɚɥɸɡɢ ɜ ɜɢɞɟ ɬɪёɯ ɩɨɜɨɪɨɬɧɵɯ ɩɥɚɧɨɤ ɞɥɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ. 

ɒɧɟɤ 8 ɢ ɜɫɚɫɵɜɚɸɳɢɣ ɜɟɧɬɢɥɹɬɨɪ 7 ɩɪɢɜɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɨɬ ɨɞɧɨɝɨ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 13, ɤɨɬɨɪɵɣ ɡɚɤɪɟɩɥɟɧ ɛɨɥɬɚɦɢ ɧɚ ɪɚɦɟ 1ζ. 

ȼɚɥ ɲɧɟɤɚ ɡɚɮɢɤɫɢɪɨɜɚɧ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɞɜɭɦɹ ɲɚɪɢɤɨɜɵɦɢ 

ɨɞɧɨɪɹɞɧɵɦɢ ɫɮɟɪɢɱɟɫɤɢɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ. ɋ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ 

ɩɪɢɜɨɞɚ ɜɫɚɫɵɜɚɸɳɟɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɢɦɟɟɬɫɹ ɨɤɧɨ ɞɥɹ ɜɵɜɨɞɚ ɨɬɧɨɫɨɜ 1η ɢɡ 

ɲɧɟɤɚ. 

Ⱦɥɹ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɪɨɰɟɫɫɚɦɢ ɩɨɫɬɭɩɥɟɧɢɹ ɩɪɨɞɭɤɬɚ ɜ 

ɦɚɲɢɧɭ ɢ ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɜ ɩɧɟɜɦɨɫɢɫɬɟɦɟ ɫ ɬɨɪɰɚ ɫɟɩɚɪɚɬɨɪɚ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 

ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ 16. 
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Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɪɚɛɨɬɚɟɬ 

ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ. 

ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɱɟɪɟɡ ɩɪɢёɦɧɵɣ ɛɭɧɤɟɪ 1ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ 

ɜ ɞɟɥɢɬɟɥɶ ɩɨɬɨɤɚ 11. Ⱦɟɥɢɬɟɥɶ ɩɨɬɨɤɚ ɞɚɥɟɟ ɩɨ ɧɚɩɪɚɜɥɹɸɳɟɦɭ ɫɤɚɬɭ 12 

ɜɵɝɪɭɠɚɟɬ ɡɟɪɧɨ ɤɚɧɚɥ ɫɟɩɚɪɢɪɨɜɚɧɢɹ ζ. Ʉɚɤ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬ ɩɨɩɚɞɚɟɬ ɜ 

ɤɚɧɚɥ ɫɟɩɚɪɢɪɨɜɚɧɢɹ, ɨɧ ɩɪɨɞɭɜɚɟɬɫɹ ɩɨɬɨɤɨɦ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɧɚɝɧɟɬɚɟɬɫɹ 

ɜɟɧɬɢɥɹɬɨɪɨɦ. ɇɚɝɧɟɬɚɟɦɵɣ ɜɨɡɞɭɯ ɡɚɯɜɚɬɵɜɚɟɬ ɥɟɝɤɢɟ ɩɪɢɦɟɫɢ ɢ ɜɵɝɪɭɠɚɟɬ 

ɢɯ ɜ ɨɫɚɞɨɱɧɭɸ ɤɚɦɟɪɭ.  

Ɉɬɞɟɥɟɧɧɵɣ ɨɬ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ ɩɪɨɞɭɤɬ ɜɵɝɪɭɠɚɟɬɫɹ ɢɡ 

ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ ɱɟɪɟɡ ɜɵɩɭɫɤɧɭɸ ɝɨɪɥɨɜɢɧɭ λ, ɚ ɨɬɧɨɫɵ, ɨɫɚɠɞɟɧɧɵɟ ɜ 

ɨɫɚɞɨɱɧɨɣ ɤɚɦɟɪɟ, ɜɵɜɨɞɹɬɫɹ ɢɡ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ ɲɧɟɤɨɦ 8.  

Ⱦɚɥɟɟ ɨɫɜɨɛɨɠɞɟɧɧɵɣ ɨɬ ɥɟɝɤɢɯ ɩɪɢɦɟɫɟɣ ɜɨɡɞɭɯ ɜɧɨɜɶ ɡɚɯɜɚɬɵɜɚɟɬɫɹ 

ɥɨɩɚɫɬɹɦɢ ɜɟɧɬɢɥɹɬɨɪɚ 7 ɢ ɱɟɪɟɡ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ 6 ɜɧɨɜɶ 

ɩɨɩɚɞɚɟɬ ɜ ɤɚɧɚɥ ɫɟɩɚɪɚɰɢɢ. ɐɢɤɥ ɡɚɧɨɜɨ ɩɨɜɬɨɪɹɟɬɫɹ ɩɨ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ. 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  
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3.2 Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

 
Ⱦɥɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɢɡɨɛɪɚɡɢɦ ɟɝɨ ɫɯɟɦɭ. 

 

Ɋɢɫɭɧɨɤ 3.2 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜɨɡɞɭɲɧɨɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɫ ɪɟɤɭɩɟɪɚɰɢɟɣ ɜɨɡɞɭɯɚ. 

 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ 

ɭɡɥɨɜ: 

1) Ʉ1 - ɨɬ ɞɜɢɝɚɬɟɥɹ ɤ ɪɨɬɨɪɭ; 

2) Ʉ2 – ɨɬ ɞɜɢɝɚɬɟɥɹ ɤ ɩɪɨɦɟɠɭɬɨɱɧɨɦɭ ɜɚɥɭ; 

3) Ʉ3 – ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɜɚɥɚ ɤ ɲɧɟɤɭ; 

4) Ʉζ – ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɜɚɥɚ ɤ ɩɪɢɜɨɞɧɨɦɭ ɜɚɥɭ. 
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Ɍɨɝɞɚ, ɢɫɯɨɞɹ ɢɡ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɧɚɣɞɟɦ ɩɟɪɟɞɚɬɨɱɧɵɟ ɱɢɫɥɚμ 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɩɟɪɜɨɣ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2
1

1

200
2, 4

0,98 0,98 85
ɪɟɦ

d
U

d
  

 
                                  (3.1) 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɜɬɨɪɨɣ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2
2

1

150
2

0,98 0,98 75
ɪɟɦ

d
U

d
  

 
                                  (3.2) 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɬɪɟɬɶɟɣ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2
3

1

200
2,87

0,98 0,98 71
ɪɟɦ

d
U

d
  

 
                                  (3.3) 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɱɟɬɜɟɪɧɨɣ ɤɥɢɧɨɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2
4

1

200
2,87

0,98 0,98 71
ɪɟɦ

d
U

d
  

 
                                  (3.4) 

Ɉɛɳɢɣ ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

4 4

0 1 2 0,95 0,99 0,782       .
                                 (3.5) 

ɝɞɟ - ɄɉȾ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢμ                  1 0,95  . 

ɄɉȾ ɩɨɞɲɢɩɧɢɤɨɜμ                                      2 0,99  . 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚщɟɧɢɹ: 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹμ 

1 2840 /n ɨɛ ɦɢɧ
 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚμ 

2

1

2840
1183,3 /

2,4ɪɟɦ

Nd
n ɨɛ ɦɢɧ

U
                                    (3.6) 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɜɚɥɚμ 

3

1 2

2840
591,7 /

2,4 2ɪɟɦ ɪɟɦ

Nd
n ɨɛ ɦɢɧ

U U
  

 
                                 (3.7) 
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ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɲɧɟɤɚμ 

4

1 2 3

2840
206,2 /

2,4 2 2,87ɪɟɦ ɪɟɦ ɪɟɦ

Nd
n ɨɛ ɦɢɧ

U U U
  

   
                     (3.8) 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚμ 

5

1 2 3 4

2840
72 /

2,4 2 2,87 2,87ɪɟɦ ɪɟɦ ɪɟɦ ɪɟɦ

Nd
n ɨɛ ɦɢɧ

U U U U
  

     
                 (3.9) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨщɧɨɫɬɢ: 

Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹμ 

1 2,839P ɤВɬ  

Ɇɨɳɧɨɫɬɶ ɧɚ ɪɨɬɨɪɟμ 
2 1 2,839 0,95 0,99 2,67ɪɟɦ ɩP P ɤВɬ                                  (3.10) 

Ɇɨɳɧɨɫɬɶ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɜɚɥɭμ 

3 2 2,67 0,95 0,99 2,511ɪɟɦ ɩP P ɤВɬ                                         (3.11) 

Ɇɨɳɧɨɫɬɶ ɧɚ ɲɧɟɤɟμ 

4 3 2,511 0,95 0,99 2,362ɪɟɦ ɩP P ɤВɬ                                         (3.12) 

Ɇɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞɧɨɦ ɜɚɥɭμ 

5 4 2,511 0,95 0,99 2,221ɪɟɦ ɩP P ɤВɬ                                         (3.13) 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɪɚщɚɸщɟɝɨ ɦɨɦɟɧɬɚ: 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹμ 

1
1

1

9550 9550 2,839
9,55

2840

ɊɌ ɇɦ
n

 
                                    (3.14) 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɪɨɬɨɪɟμ 
2

2

2

9550 9550 2,67
21,5

1183,3

P
T ɇɦ

n

 
                                  (3.18) 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɜɚɥɭμ 

3
3

3

9550 9550 2,511
40,5

591,7

P
T ɇɦ

n

 
                                  (3.15) 
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Ɇɨɦɟɧɬ ɜɪɚɳɟɧɢɹ ɧɚ ɲɧɟɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

4
4

4

9550 9550 2,362
109, 4

206, 2

P
T ɇɦ

n

 
                                  (3.16) 

Ɇɨɦɟɧɬ ɜɪɚɳɟɧɢɹ ɧɚ ɩɪɢɜɨɞɧɨɦ ɜɚɥɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 

5
5

5

9550 9550 2, 221
294,6

72

P
T ɇɦ

n

 
                                  (3.17) 

 

3.3 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɫɱɟɬɵ 

3.3.1 Ɋɚɫɱёɬ ɫɜɚɪɧɵɯ ɭɡɥɨɜ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

Ɉɩɪɟɞɟɥɹɟɦ ɭɫɢɥɢɟ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɫɬɹɠɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

                                 [Ɋ]=ДĲɮЖ∙0,7∙ɤ∙l,                                             (3.18) 

ɝɞɟ ДĲɮ] – ɧɟɨɛɯɨɞɢɦɨɟ ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɜɟ ɩɪɢ ɫɪɟɡɟ, ɇ/ɦ2 ; 

        ɤ – ɤɚɬɟɬ ɬɚɜɪɨɜɨɝɨ ɲɜɚ ɩɪɢ ɫɪɟɡɟ; 

        l – ɞɥɢɧɚ ɩɨɩɟɪɟɱɧɨɝɨ ɲɜɚ; l= 200 ɫɦ. 

                                      ДĲɮЖ=0,6∙ Дıɪ],                                             (3.19)             

ɝɞɟ Дıɪ] – ɧɟɨɛɯɨɞɢɦɨɟ ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɇ/ɫɦ2; 

        Дıɪ]=1200 ɇ/ɫɦ2. 

                                 ДĲɮЖ=0,6∙1200=7200 ɇ∙ɫɦ2 

                                 ДɊЖ=7200∙0,7∙0,5∙200=504000 ɇ 

ɇɚɯɨɞɢɦ ɭɫɢɥɢɟ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɫɬɹɠɟɧɢɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

                                          l

MɊ ɤ


2
,                                                     (3.20) 

ɝɞɟ l  - ɜɟɥɢɱɢɧɚ ɞɥɢɧɵ ɩɨɩɟɪɟɱɧɨɝɨ ɲɜɚ, ɦ. 
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                                    Ɋ= 2∙60∙103/2,6=46153 ɇ            

ɂɬɚɤ, Ɋ<ДɊЖ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

 

3.3.2 Ɋɚɫɱёɬ ɢ ɩɨɞɛɨɪ ɛɨɥɬɨɜ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

 Ɋɚɫɱɟɬ ɛɨɥɬɨɜ ɜɟɞɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

                                            6

ɭɫɬ
ɛ
Ɋ

Ɋ  ,                                                    (3.21) 

ɝɞɟμ Ɋɭɫɬ  - ɜɟɫ ɦɟɯɚɧɢɡɦɚ, ɇ. 

                                 Ɋɭɫɬ=1000 ɇ 

                                Ɋɛ=1000/6=166 ɇ. 

ɍɫɢɥɢɟ ɧɚ ɛɨɥɬɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ 

                                          Ɋɪɚɫɱ.=2,8∙Ɋɛ                                                                                  (3.22) 

ɝɞɟ 2,8 - ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ 

ɪɚɫɬɹɝɢɜɚɧɢɟ.  

Ɇɨɦɟɧɬ ɢɡɝɢɛɚ ɛɨɥɬɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦμ 

                                       Ɇɢɡɝ=0,η∙Ɋɪɚɫɱ∙0,5 d,                                          (3.23) 

ɝɞɟ d - ɞɢɚɦɟɬɪ ɧɟ ɧɚɪɟɡɚɧɧɨɣ ɱɚɫɬɢ ɛɨɥɬɚ; ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɧɵɦ 

ɫɩɨɫɨɛɨɦ, ɦ. 

       Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɫɟɱɟɧɢɢ ɛɨɥɬɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɩɚɪɚɦɟɬɪɚɦ: 

                                            

 
6

8.0 2dd
Wɢɡɝ


                                          (3.24) 
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ɍɫɢɥɢɟ ɧɚ ɨɞɢɧ ɛɨɥɬ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

                                           Ɋɪɚɫɱ=2,8∙166=464 ɇ 

Ⱦɢɚɦɟɬɪ ɛɨɥɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

                                                                  

   
ppɪɚɫɱ

d
FɊ 

4

2

.
                                  (3.25) 

 

  
ɪ

ɪɚɫɱP
d


.4

 √ζ ∙464/3,1ζ∙30 ∙107=0,019 ɦ 

ɝɞɟ ДıЖɪ- ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɰɟɧɬɪɟ ɛɨɥɬɚ; ДıЖɪ=30 ∙107 ɉɚ. 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ ɦɟɯɚɧɢɡɦɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟμ 

                                                

 ɢɡɝ
ɢɡɝ

ɢɡɝ
ɢɡɝ

W

Ɇ   ,                                                   (3.26) 

ɝɞɟ ıɢɡɝ -  ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ, ɉɚ 

Ɇɢɡɝ=0,η ∙464 ∙0,η ∙0,019=2,2 ɇ∙ɦ 

Wɢɡɝ=0,01λ∙ (0,8 ∙0,0192)/6= 914 ɦɦ2 

ıɢɡɝ=8 ∙103/914= 8 ɇ/ɦɦ2=0,087 ɉɚ 

                                 ıɢɡɝ <ДıЖɢɡɝ                                                          (3.27) 

                                          0,087< 1,4 

 

3.3.3 Ɋɚɫɱёɬ ɲɩɨɧɨɱɧɵɯ ɭɡɥɨɜ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

ɍɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɦɹɬɢɟ [13]: 

[ɌmaxЖ=0,η·d·K·l·Дıɫɦ] (3.28) 

ɝɞɟ ДTmax] - ɧɚɢɛɨɥɶɲɢɣ ɞɨɩɭɫɤɚɟɦɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɇ/ɦ; 
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[TmaxЖ=0,η·30·2,η·18·160=108 ɤɇ/ɦ 

ɍɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɫɟɱɟɧɢɹ ɧɚ ɫɪɟɡД13]: 

[Tmax]=0,5(d+K)·b·l·ДĲɫɪ] (3.29) 

ɝɞɟ Л - ɲɢɪɢɧɚ ɲɩɨɧɤɢ, ɦɦ; 

ДĲɫɪ] - ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɪɟɡɚ, Ɇɉɚ. 

 

[Tmax]=0,η·(30+2,η)·8·18·180=421 ɤɇ/ɦ. 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ.  

 

3.3.4 Ɋɚɫɱɟɬ ɜɟɧɬɢɥɹɬɨɪɚ 

Ȼɥɚɝɨɞɚɪɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ (ɫ ɬɨɱɧɨɫɬɶɸ ± 3% ɩɨ ɜɟɫɭ) 

ɞɚɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɨɱɢɳɚɬɶ ɫɟɦɟɧɚ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ 

ɨɬɞɟɥɹɬɶ ɡɟɪɧɨ ɩɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɨɧ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɞɜɚ 

ɢɥɢ ɬɪɢ ɬɢɩɚ ɦɚɲɢɧ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɥɢɧɢɸ, ɪɚɡɞɟɥɢɜ 

ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɪɚɤɰɢɣ.  

Ⱦɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚμ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ, ɬ/ɱ    Q=0,8 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ, ɦɢɧ -1    ɩɜ=1450 

ɞɢɚɦɟɬɪ ɜɟɧɬɢɥɹɬɨɪɚ; ɦ       Dɜ=0,30 

ɞɢɚɦɟɬɪ ɨɫɧɨɜɚɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ     Dɜɨ=0,25 

ɱɢɫɥɨ ɥɨɩɚɫɬɟɣ ɜɟɧɬɢɥɹɬɨɪɚ      Z=20 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɫɟɦɟɧɚɦɢ   К1=0,02 

ɩɥɨɬɧɨɫɬɶ ɫɟɦɹɧ, ɤɝ/ɦ                              ɪɫ=1200…1300 

ɩɪɢɧɢɦɚɟɦ         ɪɫ=1200 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д6Жμ  �˅ = ��ଵ ∙ �� , (3.30) 
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�˅ = Ͳ,ͺͲ,Ͳʹ ∙ ͳʹͲͲ = ͵͵Ͳ м3/ча˔. 
Ɇɨɳɧɨɫɬɶ ɩɨɬɪɟɛɧɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ Д6Жμ �ଵ˅ = �ଵ ∙ �˅ ∙ ʜ�˅ ∙ ͵͸ͲͲ , (3.31) 

ɝɞɟ N1 – ɦɨɳɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɢɜɨɞɚ ɜɟɧɬɢɥɹɬɨɪɚ, ȼɬ,  

ρ1 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɲɧɨ-ɫɟɦɟɧɧɨɣ ɫɪɟɞɵ, ɤɝ/ɦ3.  

ɇ – ɧɚɩɨɪ ɜɟɧɬɢɥɹɬɨɪɚ, ɉɚ (ɧɚɩɨɪ ɫɪɟɞɧɟɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɇ = 

1000... 3000 ɉɚ)  

ɩɪɢɧɢɦɚɟɦ ɇ = 2000 ɉɚ. 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɲɧɨ-ɫɟɦɟɧɧɨɣ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ �ଵ = �˅ ∙ ሺͳ − Кଵሻ + �˔ ∙ Кଵ, (3.32 

ɝɞɟ ρɜ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ρɜ = 1,22 ɤɝ/ɦ3 �ଵ = ͳ,ʹʹ ∙ ሺͳ − Ͳ,Ͳͳሻ + ͳʹͲͲ ∙ Ͳ,Ͳͳ = ͳ͵,ʹͲ͹ͺ кˆ/м3 

ɂɫɯɨɞɹ ɢɡ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ: �ଵ˅ = ͳ͵,ʹͲ͹ͺ ∙ ͵͵Ͳ ∙ ʹͲͲͲͳ,ʹʹ ∙ ͵͸ͲͲ = ʹͲͲʹ В˕. 
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3.ζ ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ 

3.ζ.1  Ɋɚɫɱёɬ ɦɚɫɫɵ ɢ ɫɬɨɢɦɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 

 

Ɇɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ   

 ɤ ɝG G G К                                                     (3.4.1) 

ɝɞɟ     Gɤ – ɦɚɫɫɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɞɟɬɚɥɟɣ, ɭɡɥɨɜ ɢ ɚɝɪɟɝɚɬɨɜ, ɤɝ; 

           Gɝ – ɦɚɫɫɚ ɝɨɬɨɜɵɯ ɞɟɬɚɥɟɣ, ɭɡɥɨɜ ɢ ɚɝɪɟɝɚɬɨɜ, ɤɝ; 

           K – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɚɫɫɭ ɪɚɫɯɨɞɭɟɦɵɯ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɧɬɚɠɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (Ʉ=1,0η…1,1η). 

 

Ɇɚɫɫɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɞɟɬɚɥɟɣ, ɭɡɥɨɜ ɢ ɚɝɪɟɝɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 

ɬɚɛɥɢɰɟ 3.ζ.1. 

 

Ɍɚɛɥɢɰɚ 3.ζ.1 - Ɋɚɫɱёɬ ɦɚɫɫɵ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɞɟɬɚɥɟɣ 

№ 
ɩɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɞɟɬɚɥɟɣ. 

Ɇɚɫɫɚ ɨɞɧɨɣ 
ɞɟɬɚɥɢ, ɤɝ. Ʉɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ. Ɉɛɳɚɹ ɦɚɫɫɚ 

ɞɟɬɚɥɟɣ, ɤɝ 

1 2 5 6 7 

1 Ʉɨɪɩɭɫ  100 1 300 

2 

ɉɪɢёɦɧɚɹ ɱɚɫɬɶ ɫ 
ɩɢɬɚɬɟɥɟɦ 50 1 50 

3 

ɉɧɟɜɦɨɫɟɩɚɪɢɪɭɸɳɢɣ 
ɤɚɧɚɥ 40 1 100 

4 Ɉɫɚɞɨɱɧɚɹ ɤɚɦɟɪɚ 35 1 100 

5 ɒɧɟɤ 30 1 130 

ɂɬɨɝɨμ 600 

 

 

 

 

 

 

 

 



Ɇɚɫɫɚ ɩɨɤɭɩɧɵɯ ɞɟɬɚɥɟɣ ɢ ɰɟɧɵ ɧɚ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.ζ.2. 

Ɍɚɛɥɢɰɚ 3.ζ.2 - Ɇɚɫɫɚ ɩɨɤɭɩɧɵɯ ɞɟɬɚɥɟɣ ɢ ɰɟɧɵ 

№ 
ɩɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɞɟɬɚɥɟɣ Ʉɨɥɢɱɟɫɬɜɨ 

Ɇɚɫɫɚ, ɤɝ ɐɟɧɵ, ɪɭɛ 

Ɉɞɧɨɣ ȼɫɟɝɨ Ɉɞɧɨɣ ȼɫɟɝɨ 
1 2 3 4 5 6 7 

1 Ȼɨɥɬɵ 25 0,02 0,5 60 1500 

2 Ƚɚɣɤɢ 9 0,01 0,09 30 270 

3 ɒɚɣɛɵ 25 0,005 0,125 20 500 

4 ɉɨɞɲɢɩɧɢɤɢ 8 0,2 1,6 2650 21200 

5 ɒɩɨɧɤɚ 2 0,015 0,03 35 70 

6 ɒɤɢɜ ɜɟɞɨɦɵɣ 4 2 8 4700 18800 

7 ɒɤɢɜ ɜɟɞɭɳɢɣ 4 3 12 5800 23200 

8 

Ʉɪɵɲɤɚ 
ɩɨɞɲɢɩɧɢɤɚ 4 0,7 2,8 1400 5600 

9 

Ʉɪɵɲɤɚ 
ɩɨɞɲɢɩɧɢɤɚ 4 0,6 2,4 1500 6000 

10 ȼɟɧɬɢɥɹɬɨɪ  1 4 4 10800 10800 

11 ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 1 14 14 38000 38000 

12 Ɇɚɧɠɟɬɚ 16 0,02 0,32 150 2400 

13 ȼɚɥ 2 10 20 5000 10000 

ɂɬɨɝɨμ 65,865 138340 

 

Ɉɩɪɟɞɟɥɢɦ ɦɚɫɫɭ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɮɨɪɦɭɥɟ 3.ζ.1, ɩɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ 

ɢɡ  ɬɚɛɥɢɰɵ 3.ζ.1: 

G= (600+65,865)·1,05=700 ɤɝ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɟɟ ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɪɚɫɱɟɬɧɨ-

ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɫɩɨɫɨɛɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɧɟɨɬɪɚɫɥɟɜɵɯ ɧɨɪɦɚɬɢɜɨɜ 

ɡɚɬɪɚɬ ɧɚ 1 ɤɝ. ɦɚɫɫɵμ 

 ɛ ɤ ɡ ɦ ɩɞ ɧɚɰC G ɋ Е ɋ ɋ К                                   (3.4.2) 

ɝɞɟ     Gɤ – ɦɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡ ɩɨɤɭɩɧɵɯ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ, ɤɝ; 

          ɋɡ – ɢɡɞɟɪɠɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ 1 ɤɝ, ɦɚɫɫɵ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɪɭɛ. (ɋɡ=0,02…0,1η); 

          ȿ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɪɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɲɢɧ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ ɜɵɩɭɫɤɚ (ɩɪɢɧɢɦɚɟɦ ȿ=1,η); 



          ɋɦ– ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ 1 ɤɝ ɦɚɫɫɵ ɦɚɲɢɧ, ɪɭɛ./ɤɝ. 

(ɋɦ=0,68…0,λη); 

          ɋɩɞ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɨɤɭɩɧɵɟ ɞɟɬɚɥɢ ɢ ɭɡɥɵ, ɪɭɛ.; 

          Ʉɧɚɰ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ ɩɪɟɣɫɤɭɪɚɧɬɧɨɣ ɰɟɧɵ 

ɨɬ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ (Ʉɧɚɰ = 1,1η…1,ζ). ʠ˅ = [͸ͲͲ ∙ ሺͲ,ͳͷ ∙ ͳ,ͷ + Ͳ,ͺሻ + ͳ͵ͺ͵ͶͲ] ∙ ͳ,ʹͷ = ͳ͹͵͸ͻ͵ ɪɭɛ 

         

  3.ζ.2 Ɋɚɫɱёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɢɯ ɫɪɚɜɧɟɧɢɟ 

 

ɉɪɟɠɞɟ ɱɟɦ ɩɪɢɫɬɭɩɢɬɶ ɤ ɪɚɫɱɟɬɭ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, 

ɩɪɢɜɟɞёɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ (ɫɦ. ɬɚɛɥɢɰɭ 3.ζ.3) 

Ɍɚɛɥɢɰɚ 3.ζ.3 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɫɪɚɜɧɢɜɚɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɪɨɟɤɬɢɪɭɟɦɨɣ Ȼɚɡɨɜɨɣ 

1 2 3 

Ɇɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɝ 700 750 

Ȼɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ, ɪɭɛ. ͳ͹͵͸ͻ͵ 250000 

ɉɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 3,5 5 

ɑɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬ/ɱ 8 7 

Ʉɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɱɟɥ. 2 2 

Ɋɚɡɪɹɞ ɪɚɛɨɬɵ IV IV 

Ɍɚɪɢɮɧɚɹ ɫɬɚɜɤɚ, ɪɭɛ./ɱ. 100 100 

ɇɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ, % 12,5 12,5 

ɇɨɪɦɚ ɡɚɬɪɚɬ ɧɚ ɪɟɦɨɧɬ ɌɈ, % 10 10 

Ƚɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɱ 1000 1000 

 

ɋ ɩɨɦɨɳɶɸ ɷɬɢɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɢ ɞɚɟɬɫɹ ɢɯ ɫɪɚɜɧɟɧɢɟ. 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɩɨɤɚɡɚɬɟɥɢ ɛɚɡɨɜɨɝɨ (ɫɭɳɟɫɬɜɭɸɳɟɝɨ) ɜɚɪɢɚɧɬɚ 

ɨɛɨɡɧɚɱɚɸɬɫɹ ɤɚɤ ɏ0, ɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɤɚɤ ɏ1. 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɜɵɪɚɠɟɧɢɹμ 

ɟ
ɟ

z

NЭ
W

  (3.4.3) 

ɝɞɟ     Ne – ɩɨɬɪɟɛɥɹɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɦɨɳɧɨɫɬɶ, ɤȼɬ; 

          Wz – ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ; ɤɝ/ɱ. 



          ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (3.ζ.3) ɩɨɥɭɱɢɦμ 

ɗɟ
଴ = ͷ͹ = Ͳ,͹ ɤȼɬ ∙ ɱ/ɱ 

ɗɟ
ଵ = ͵,ͷͅ = Ͳ,Ͷ ɤȼɬ ∙ ɱ/ɱ 

Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

ɟ
z ɝɨɞ ɫɥ

G
M

W T Ɍ


 
                                          (3.4.4) 

ɝɞɟ     G – ɦɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɝ; 

          Tɝɨɞ – ɝɨɞɨɜɚɹ ɡɚɝɪɭɡɤɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɱɚɫ; 

          Tɫɥ – ɫɪɨɤ ɫɥɭɠɛɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɥɟɬ. ʛ଴̍ = ͹ͷͲ͹ · ͳͲͲͲ · ͳͲ = Ͳ,ͲͳͲ͹ кˆ/˕ ʛଵ̍ = ͹ͲͲͺ · ͳͲͲͲ · ͳͲ = Ͳ,ͲͲͺ͹ͷ кˆ/˕ 

 

Ɏɨɧɞɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

ɛ
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z ɝɨɞ

ɋ
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W T



                                                    (3.4.5) 

ɝɞɟ      ɋɛ – ɛɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɭɛ. Fɟ
଴ = ʹͷͲͲͲͲ͹ · ͳͲͲͲ = ͵ͷ ɪɭɛ./ɟɞ   

. Fɟ
ଵ = ͳ͹͵͸ͻ͵ͺ · ͳͲͲͲ = ʹͳ ɪɭɛ./кˆ   

 

Ɍɪɭɞɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 p

e

z

n
Ɍ

W
                                                       (3.4.6) 

ɝɞɟ      nɪ – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ. 

Ɍɟ
ଵ = ʹͅ = Ͳ,ʹͷ ɱɟɥ · ɱɚɫ/кˆ 

Ɍɟ
଴ = ͹ʹ = Ͳ,ʹͻ ɱɟɥ · ɱɚɫ/кˆ  

 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 ɡɩ э ɪɬɨS ɋ ɋ ɋ А                                             (3.4.7) 



ɝɞɟ     ɋɡɩ – ɡɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ, ɪɭɛ/ɟɞ; 

ɋɪɬɨ – ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɪɭɛ/ɟɞ; 

ɋɷ – ɡɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɪɭɛ/ɟɞ; 

 Ⱥ  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɪɭɛ/ɟɞ. 

 

Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

ɡɩ ɟɋ Z T                                                         (3.4.8) 

ɝɞɟ     Z - ɱɚɫɨɜɚɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ, ɪɭɛ/ɱμ      ɋɡɩଵ = ͳͲͲ ∙ Ͳ,ʹͷ = ʹͷ ɪɭɛ/ɤɝ 

 

ɋɡɩ଴ = ͳͲͲ ∙ Ͳ,ʹͻ = ʹͻ ɪɭɛ./ɤɝ 

 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

э э ɫɋ Ц Э                                                         (3.4.9) 

ɝɞɟ     ɐɷ - ɤɨɦɩɥɟɤɫɧɚɹ ɰɟɧɚ ɡɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɪɭɛ/ɤȼɬ. 

ɋɷ
ଵ = ʹ,ͺ · Ͳ,Ͷ = ͳ,ͳʹ ɪɭɛ./ɤɝ 

 

ɋɷ
଴ = ʹ,ͺ · Ͳ,͹ = ͳ,ͻ͸ ɪɭɛ./ɤɝ 

 

Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɮɨɪɦɭɥɟμ 
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                                         (3.4.10) 

ɝɞɟ     ɇɪɬɨ - ɫɭɦɦɚɪɧɚɹ ɧɨɪɦɚ ɡɚɬɪɚɬ ɧɚ ɪɟɦɨɧɬ ɢ ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɟ, %. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɞɫɬɚɜɢɦ ɜ ɮɨɪɦɭɥɭ 3.ζ.10: 

ɋɪɬɨ
ଵ = ͳ͹͵͸ͻ͵ · ͳͲͳͲͲ · ͺ · ͳͲͲͲ = ʹ,ͳ͹ ɪɭɛ./ ɤɝ  

 

ɋɪɬɨ
଴ = ʹͷͲͲͲͲͲ · ͳͲͳͲͲ · ͹ · ͳͲͲͲ = ͵,ͷ ɪɭɛ./ɤɝ  

 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 
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                                             (3.4.11) 

ɝɞɟ     ɚ - ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ, %. 



Ⱥଵ = ͳ͹͵͸ͻ͵ · ͳʹ,ͷͳͲͲ · ͺ · ͳͲͲͲ = ʹ,͹ͳ ɪɭɛ./ɤɝ 

 

Ⱥ଴ = ʹͷͲͲͲͲ · ͳʹ,ͷͳͲͲ · ͹ · ͳͲͲͲ = Ͷ,Ͷ͸ ɪɭɛ./ɤɝ 

 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɞɫɬɚɜɢɦ ɜ ɮɨɪɦɭɥɭ 3.ζ.7μ Sɷɤɫ
ଵ = ʹͷ + ͳ,ͳʹ + ʹ,ͳ͹ + ʹ,͹ͳ = ͵ͳ ɪɭɛ./ɤɝ  

 Sɷɤɫ
଴ = ʹͻ + ͳ,ͻ͸ + ͵,ͷ + Ͷ,Ͷ͸ = ͵ͻ ɪɭɛ./ɤɝ  

 

ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 ɩɪɢɜ ɧ ɧɋ S E F k                                                 (3.4.12)     

ɝɞɟ     ȿɇ – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ 

ɜɥɨɠɟɧɢɣ (ȿɇ= 0,1);  

          Fɟ – ɮɨɧɞɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɪɭɛ./ɤɝ; 

          k – ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɪɭɛ./ɤɝ. 

ɋɩɪɢɜ
ଵ = ͵ͳ + Ͳ,ͳ ∙ ʹͳ = ͵ʹ,ͳ ɪɭɛ/ɤɝ 

 

ɋɩɪɢɜ
଴ = ͵ͻ + Ͳ,ͳ ∙ ͵ͷ = Ͷʹ,ͷ ɪɭɛ/ɤɝ 

 

Ƚɨɞɨɜɭɸ ɷɤɨɧɨɦɢɸ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 0 1ɝɨɞ ɱ ɝɨɞЭ S S W Ɍ                                         (3.4.13) 

ɗɝɨɞ = ሺ͵ͻ − ͵ͳሻ ∙ ͺ ∙ ͳͲͲͲ = ͸ͶͲͲͲ ɪɭɛ. 
 

Ƚɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

 0 1

ɝɨɞ ɩɪɢɜ ɩɪɢɜ ɱ ɝɨɞE ɋ ɋ W Ɍ                                      (3.4.14) 

ȿɝɨɞ = ሺͶʹ,ͷ − ͵ʹ,ͳሻ ∙ ͺ ∙ ͳͲͲͲ = ͺ͵ʹͲͲ ɪɭɛ 

 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

1ɛ
ɨɤ

ɝɨɞ

ɋɌ
Э

                                                (3.4.15) 

ʡˑк = ͳ͹͵͸ͻ͵͸ͶͲͲͲ = ʹ,͹ ˆˑˇа 



Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 

ɝɨɞ
эɮ

ɛ

ЭЕ
ɋ

                                                             (3.4.16) 

Еэф = ͸ͶͲͲͲͳ͹͵͸ͻ͵ = Ͳ,͵͸  
ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 3.ζ.ζ. 

Ɍɚɛɥɢɰɚ 3.ζ.ζ - ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 

№ 
ɩɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ Ȼɚɡɨɜɵɣ ɉɪɨɟɤɬ 

ɉɪɨɟɤɬ ɜ 
% ɤ 

ɛɚɡɨɜɨɦɭ 

1 2 3 4 5 

1 ɑɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ 7 8 160 

2 Ɏɨɧɞɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɪɭɛ./ɬ 35 21 57 

3 ɗɧɟɪɝɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɤȼɬ./ɤɝ 0,7 0,4 36 

4 Ɇɟɬɚɥɥɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɤɝ/ɬ 0,0107 0,00875 76 

5 Ɍɪɭɞɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɱɟɥ*ɱ/ɤɝ. 0,29 0,25 60 

6 ɍɪɨɜɟɧɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ, ɪɭɛ./ɤɝ 39 31 56 

7 ɍɪɨɜɟɧɶ ɩɪɢɜɟɞёɧɧɵɯ ɡɚɬɪɚɬ, ɪɭɛ./ɤɝ. 42,5 32,1 56 

8 Ƚɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ, ɪɭɛ. 64000 

9 Ƚɨɞɨɜɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɪɭɛ. 83200 

10 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, 
ɥɟɬ 2,7 

11 
Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɟɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ 0,36 

 

Ʉɚɤ   ɜɢɞɧɨ  ɢɡ  ɬɚɛɥɢɰɵ   3.ζ.ζ   ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ   ɤɨɧɫɬɪɭɤɰɢɹ 

ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ  ɹɜɥɹɟɬɫɹ  ɷɤɨɧɨɦɢɱɟɫɤɢ  ɷɮɮɟɤɬɢɜɧɨɣ, ɬɚɤ  ɤɚɤ  ɫɪɨɤ  

ɨɤɭɩɚɟɦɨɫɬɢ ɪɚɜɟɧμ ɦɟɧɟɟ 3 ɥɟɬ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɜɟɧμ 0,36. 

 



3.η Ɍɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɧɟɜɦɨɫɟɩɚɪɚɬɨɪɚ 

ɍɫɥɨɜɢɹ ɬɪɭɞɚ - ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 

ɜɥɢɹɸɬ ɧɚ ɡɞɨɪɨɜɶɟ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɱɟɥɨɜɟɤɚ, ɭɞɨɜɥɟɬɜɨɪɟɧɧɨɫɬɶ 

ɪɚɛɨɬɨɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ. 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɨɛɳɢɟ ɢ ɨɫɨɛɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. Ʉ ɨɛɳɢɦ ɭɫɥɨɜɢɹɦ 

ɬɪɭɞɭ ɨɬɧɨɫɹɬɫɹμ ɨɛɟɫɩɟɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɟɣ ɩɟɪɫɨɧɚɥɚ, ɦɟɞɢɰɢɧɫɤɢɯ 

ɭɱɪɟɠɞɟɧɢɣ, ɛɚɡ ɢ ɡɚɥɨɜ ɨɬɞɵɯɚ, ɤɥɭɛɨɜ, ɩɢɬɚɧɢɟ, ɫɩɟɰɨɞɟɠɞɚ. ɂɧɨɝɞɚ ɨɛɳɢɟ 

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɤɨɦɩɚɧɢɢ ɜɤɥɸɱɚɸɬ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ 

ɤɨɦɩɚɧɢɢ, ɧɚɥɢɱɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɨɮɢɫɧɵɯ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɱɢɫɬɨɬɭ ɜ ɧɢɯ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɨɫɬɨɹɧɢɟ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. 

Ʉɨɧɤɪɟɬɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɞɟɥɹɬɫɹ ɧɚ ɱɟɬɵɪɟ ɝɪɭɩɩɵμ ɪɚɛɨɬɧɢɤ, 

ɨɫɭɳɟɫɬɜɥɹɹ ɫɜɨɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɰɟɥɨɦɭ ɤɨɦɩɥɟɤɫɭ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 

ɩɪɨɹɜɥɟɧɢɣ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. Ɉɰɟɧɤɚ ɜɟɥɢɱɢɧɵ ɜɥɢɹɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɹɜɥɟɧɢɣ ɧɚ ɮɢɡɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɬɧɢɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɩɟɰɢɚɥɶɧɨɣ ɨɰɟɧɤɢ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɤɨɧɤɪɟɬɧɵɯ ɲɬɚɬɧɵɯ ɟɞɢɧɢɰ. 

 

 

 

 

 

 

 

 

 

 

 

 



ȼɕȼɈȾɕ 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɫɟɩɚɪɢɪɨɜɚɧɢɹ, ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɚɝɪɨɬɟɯɧɢɱɟɫɤɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɩɨɥɭɱɟɧɢɹ ɨɱɢɳɟɧɧɨɝɨ ɡɟɪɧɚ. 

ȼɧɟɞɪɟɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɟɬ ɞɚɬɶ ɛɨɥɶɲɨɣ 

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɬ ɩɪɨɛɥɟɦɚ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɚɲɢɧ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɨɫɥɟɭɛɨɪɨɱɧɨɣ ɨɛɪɚɛɨɬɤɟ, 

ɡɟɪɧɨɨɱɢɫɬɢɬɟɥɶɧɵɯ ɥɢɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ. 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɭɫɬɚɧɨɜɤɚ, ɢɦɟɸɳɚɹ ɩɪɨɫɬɨɬɭ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ 21 ɪɭɛ/ɬ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 8 ɬ/ɱ, ɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɚɧɚɥɨɝɢɱɧɵɦɢ ɦɚɲɢɧɚɦɢ,  ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɢɨɛɪɟɬɟɧɚ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ  ɜ ɪɚɡɥɢɱɧɵɯ ɯɨɡɹɣɫɬɜɚɯ. 

ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɚɧɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɦɟɧɟ 3 ɥɟɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɪɚɜɟɧ 0,36, ɱɬɨ ɩɨɤɚɡɵɜɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɭɸ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɟɟ ɩɪɢɨɛɪɟɬɟɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ. 
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