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ȼȼȿȾȿɇɂȿ 

 

Ɉɫɨɛɨɟ ɦɟɫɬɨ ɜ ɷɧɟɪɝɟɬɢɤɟ ɋɢɛɢɪɢ ɢ Ɋɨɫɫɢɢ ɜ ɰɟɥɨɦ ɡɚɧɢɦɚɸɬ ɭɝɥɢ 

Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. Ɂɚɩɚɫɵ ɛɭɪɨɝɨ ɭɝɥɹ ɜ ɧɟɦ ɨɰɟɧɢɜɚɸɬɫɹ ɜ 670 ɦɥɪɞ. 

ɬ, ɢɡ ɤɨɬɨɪɵɯ 166,2 ɦɥɪɞ. ɬ ɩɪɢɝɨɞɧɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ 

ɹɜɥɹɟɬɫɹ Ȼɟɪɟɡɨɜɫɤɨɟ (20 ɦɥɪɞ. ɬ), ɧɚ ɛɚɡɟ ɤɨɬɨɪɨɝɨ ɫɨɨɪɭɠɟɧɚ Ȼɟɪɟɡɨɜɫɤɚɹ 

ȽɊɗɋ-1 ɦɨɳɧɨɫɬɶɸ 6,4 ɦɥɧ. ɤȼɬ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɬɪɚɬɟɝɢɹ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2020 ɝɨɞɚ ɨɬɜɨɞɢɬ Ʉɚɧɫɤɨ-

Ⱥɱɢɧɫɤɨɦɭ ɛɚɫɫɟɣɧɭ ɫɬɚɬɭɫ ɮɟɞɟɪɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɫɬɪɚɧɵ ɢ 

ɟɟ ɪɟɝɢɨɧɨɜ. Ɋɨɥɶ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɝɪɨɦɧɵɦɢ 

ɡɚɩɚɫɚɦɢ, ɭɞɨɛɧɵɦ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ, ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɝɨɪɧɨ-

ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚɥɟɝɚɧɢɹ ɢ ɫɬɪɨɟɧɢɹ ɭɝɨɥɶɧɵɯ ɩɥɚɫɬɨɜ, 

ɤɨɧɞɢɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɭɝɥɹ, ɜɵɫɨɤɢɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ, 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ.  

ɋɠɢɝɚɧɢɟ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɯ ɭɝɥɟɣ (ɄȺɍ) ɜ ɬɨɩɤɚɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɲɥɚɤɨɜɚɧɢɟɦ ɢ ɡɚɝɪɹɡɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɚɝɪɟɜɚ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɟɝɨ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɫɧɢɠɚɟɬɫɹ ɢɯ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ.  

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɩɨ 

ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ ɩɨɬɪɟɛɨɜɚɥɨ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɬɨɩɨɱɧɵɯ 

ɭɫɬɪɨɣɫɬɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɫɨɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɥɢ ɜɨɩɪɨɫɵ ɢɡɭɱɟɧɢɹ 

ɜɥɢɹɧɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɬɨɩɨɱɧɨ-ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɲɥɚɤɨɜɚɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɨɤ. 

ɐɟɥɶ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ – ɨɪɝɚɧɢɡɚɰɢɹ ɛɟɫɲɥɚɤɨɜɨɱɧɨɣ ɪɚɛɨɬɵ 

ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ȻɄɁ-210-140Ɏ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦɧɚ ɨɫɧɨɜɟ 

ɢɡɭɱɟɧɢɹɬɨɩɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ ɄȺɍ. 

  



Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɜɥɢɹɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɄȺɍ ɧɚ ɩɪɨɰɟɫɫɵ 

ɲɥɚɤɨɜɚɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɨɜ.  

2. ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɚɯ ɤɨɬɥɨɜ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

3. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɄȺɍ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɥɚ ȻɄɁ-210-140Ɏ ɫ 

ɨɞɧɨɹɪɭɫɧɨɣ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɩɨɜɟɞɟɧɢɟ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɟɝɨ ɜɥɢɹɧɢɟ ɧɚ 

ɬɨɩɨɱɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɭɪɵɯ ɭɝɥɟɣ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 

ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɬɥɨɜ ɢ ɩɨɤɚɡɚɧɵ 

ɩɪɟɢɦɭɳɟɫɬɜɚɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɄȺɍ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢɦɟɸɳɟɝɨɫɹ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɤɨɬɥɚ ȻɄɁ-210-140Ɏ ɫ ɨɞɧɨɹɪɭɫɧɨɣ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɩɪɹɦɨɬɨɱɧɵɯ 

ɝɨɪɟɥɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨ ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ ɧɚɞɟɠɧɭɸ ɢ ɷɮɮɟɤɬɢɜɧɭɸ ɢɯ 

ɪɚɛɨɬɭ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɚɜ ɢ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɟɪɜɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ ɨɤɚɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ, ɩɪɟɞɟɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 0,05 ɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ) ɢɯ 

ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1050 °ɋ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɭɪɨɜɧɟ 

ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɱɧɵɟ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɨɬɥɨɠɟɧɢɹ, ɚ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɦ – 

ɫɵɩɭɱɢɟ, ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɷɤɪɚɧɧɵɯ ɬɪɭɛ.  

ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ 

ɤɨɬɥɚɯ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɭɦɟɧɶɲɢɬɶ ɲɥɚɤɨɜɚɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɡɚ ɫɱɟɬ ɩɨɞɞɟɪɠɚɧɢɹ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 

ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ. 

 

  



1 ɉɪɨɛɥɟɦɵ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɠɢɝɚɧɢɹ ɛɭɪɵɯ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɯ ɭɝɥɟɣ 
 
 
1.1 Ɉɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɟɣ ɜ ɤɨɬɥɟ 
 
ɋɜɨɣɫɬɜɚ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɄȺɍ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɟɟ ɩɨɜɟɞɟɧɢɹ ɜ 

ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɜɵɛɨɪ 

ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɤɨɦɩɨɧɨɜɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞɟɧɵ ɫɪɟɞɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɜɚɪɧɨɝɨ ɭɝɥɹ ɫɚɦɵɯ 

ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ (Ȼɨɪɨɞɢɧɫɤɨɝɨ, 

Ȼɟɪɟɡɨɜɫɤɨɝɨ ɢ ɇɚɡɚɪɨɜɫɤɨɝɨ) [1]. ɍɝɥɢ ɷɬɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢɦɟɸɬ ɦɚɥɭɸ 

ɡɨɥɶɧɨɫɬɶ, ɜɵɫɨɤɢɟ ɜɥɚɠɧɨɫɬɶ ɢ ɜɵɯɨɞ ɥɟɬɭɱɢɯ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 

ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɭɝɥɹɦɢ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɟ ɭɝɥɢ ɢɦɟɸɬ ɥɭɱɲɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɬɟɥɢ. Ɉɞɧɚɤɨ ɪɚɡɥɢɱɢɹ ɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɷɬɢɯ ɭɝɥɟɣ ɨɛɭɫɥɨɜɥɢɜɚɸɬ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɢɯ ɲɥɚɤɭɸɳɢɯ ɫɜɨɣɫɬɜ, ɩɥɚɜɤɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɲɥɚɤɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɬɨɝɨ, ɱɬɨ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ ɬɨɩɤɚɯ 

ɤɨɬɥɨɜ, ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɞɥɹ ɫɠɢɝɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɨɟ, ɩɨ ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ, 

ɫɠɢɝɚɧɢɟ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ. ɉɨɷɬɨɦɭ ɨɫɨɛɟɧɧɨɫɬɢ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɟɣ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɥɹ ɨɰɟɧɤɢ ɩɪɢɝɨɞɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɧɤɪɟɬɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɩɨ ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ ɢ ɜɵɯɨɞɚ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. 

Ɇɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɭɝɥɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɢɧɟɪɚɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɧɟɲɧɢɯ 

ɦɢɧɟɪɚɥɨɜ. ȼ ɷɧɟɪɝɟɬɢɤɟ ɩɪɢɧɹɬɨ ɞɟɥɟɧɢɟ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɢ 

ɜɧɟɲɧɸɸ. ȼɧɭɬɪɟɧɧɹɹ ɦɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɩɪɢ ɪɚɡɦɨɥɟ ɧɟ ɨɬɞɟɥɹɟɬɫɹ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɢɧɟɪɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 

ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɟ ɦɢɧɟɪɚɥɶɧɵɟ ɩɪɢɦɟɫɢ ɜ ɭɝɥɢɫɬɨɦ ɜɟɳɟɫɬɜɟ. ȼɧɭɬɪɟɧɧɹɹ 

ɦɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɧɭɬɪɟɧɧɸɸ ɡɨɥɶɧɨɫɬɶ. ȼɧɟɲɧɹɹ 

ɦɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɧɟɪɚɥɚɦɢ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɩɨɩɚɜɲɢɯ ɜ 

ɬɨɩɥɢɜɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɂɯ ɞɨɥɹ ɜ ɨɛɳɟɦ ɤɨɥɢɱɟɫɬɜɟ ɩɪɢɦɟɫɟɣ 

ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɥɨɝɢɢ ɩɥɚɫɬɚ ɢ ɫɩɨɫɨɛɚ ɟɝɨ ɞɨɛɵɱɢ [2]. 



Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɄȺɍ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ 

ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɤɫɢɞɚ ɤɚɥɶɰɢɹ (ɋɚɈ), ɨɫɨɛɟɧɧɨ ɜ ɦɚɥɨɡɨɥɶɧɨɦ ɛɟɪɟɡɨɜɫɤɨɦ 

ɭɝɥɟ – ɞɨ 60 %. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ ɄȺɍ ɢɦɟɟɬ ɹɪɤɨ 

ɜɵɪɚɠɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɡɨɥɶɧɨɫɬɢ 

ɩɨɜɵɲɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɋɚɈ, ɚ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ (SiO2) ɫɧɢɠɚɟɬɫɹ. 

ɗɬɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɜɫɟɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ 

ɛɚɫɫɟɣɧɚ (ɪɢɫɭɧɨɤ 1.1) [3, 4] ɢ ɨɛɭɫɥɨɜɥɟɧɚ ɪɚɡɥɢɱɧɵɦ ɩɪɨɢɫɯɨɠɞɟɧɢɟɦ 

ɭɤɚɡɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ɉɤɫɢɞɵ ɤɚɥɶɰɢɹ, ɦɚɝɧɢɹ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɫɨɫɪɟɞɨɬɨɱɟɧɵ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɢ ɨɛɪɚɡɭɸɬ ɜɧɭɬɪɟɧɧɸɸ ɦɢɧɟɪɚɥɶɧɭɸ 

ɱɚɫɬɶ. ȼɧɟɲɧɹɹ ɦɢɧɟɪɚɥɶɧɚɹ ɱɚɫɬɶ ɧɚ 70…80 % ɫɨɫɬɨɢɬ ɢɡ ɤɢɫɥɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ (ɜ ɨɫɧɨɜɧɨɦ ɞɜɭɨɤɢɫɢ ɤɪɟɦɧɢɹ). ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɡɨɥɶɧɨɫɬɢ 

ɫɨɞɟɪɠɚɧɢɟ ɜɧɟɲɧɟɣ ɦɢɧɟɪɚɥɶɧɨɣ ɦɚɫɫɵ ɫɨɤɪɚɳɚɟɬɫɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 

ɧɢɡɤɨɡɨɥɶɧɨɝɨ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɫ ɡɨɥɶɧɨɫɬɶɸ Ⱥd = 4…5 % ɜɧɭɬɪɟɧɧɹɹ 

ɦɢɧɟɪɚɥɶɧɚɹ ɦɚɫɫɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 90 % ɨɬ ɜɫɟɣ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ [5, 6]. 

ȼ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɄȺɍ ɫɨɞɟɪɠɚɬɫɹ ɚɤɬɢɜɧɵɟ ɝɪɭɩɩɵ, ɫɤɥɨɧɧɵɟ ɤ 

ɤɚɬɢɨɧɧɨɦɭ ɨɛɦɟɧɭ. ɗɬɢ ɝɪɭɩɩɵ ɧɚɫɵɳɟɧɵ ɤɚɬɢɨɧɚɦɢ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ, ɱɬɨ 

ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɢɯ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ⱦɥɹ ɪɚɡɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɪɚɡɥɢɱɧɚ, 

ɨɞɧɚɤɨ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɨɧɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɭɡɤɢɯ ɩɪɟɞɟɥɚɯ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɡɨɥɶɧɨɫɬɢ (ɪɢɫɭɧɨɤ 1.2). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ 

ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ Ⱥd = 5…15 % ɫɨɞɟɪɠɚɧɢɟ ɤɚɥɶɰɢɹ ɜ ɭɝɨɥɶɧɨɦ ɜɟɳɟɫɬɜɟ 

ɫɨɫɬɚɜɥɹɟɬ 2,5…2,7 % ɞɥɹ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɢ 2,2…2,6 % ɞɥɹ ɛɨɪɨɞɢɧɫɤɨɝɨ 

ɭɝɥɹ [7].  

 
  



Ɍɚɛɥɢɰɚ 1.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɥɟɣ Ȼɨɪɨɞɢɧɫɤɨɝɨ, Ȼɟɪɟɡɨɜɫɤɨɝɨ ɢ 
ɇɚɡɚɪɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɍɝɨɥɶ Ȼɨɪɨɞɢɧɫɤɢɣ Ȼɟɪɟɡɨɜɫɤɢɣ ɇɚɡɚɪɨɜɫɤɢɣ 

ȼɥɚɝɚ, Wr, % 33,0 35,5 38,5 

Ɂɨɥɶɧɨɫɬɶ, Ad, % 10,5 7,0 12,0 

Ɂɨɥɶɧɨɫɬɶ, Ar, % 7,0 4,5 7,4 

ȼɵɯɨɞ ɥɟɬɭɱɢɯ, Vdaf, % 45,2 48,0 48,0 

Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɢɡɲɚɹ, Qr
i, 

ɤȾɠ/ɤɝ (ɤɤɚɥ/ɤɝ) 

15920 

(3800) 

15080 

(3600) 

12900 

(3080) 

ɋɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, Sd, % 0,30 0,31 0,81 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɡɨɥɵ, %:    

ɨɤɫɢɞ ɤɪɟɦɧɢɹ SiO2 52,8 29,1 25,5 

ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ Al2O3 11,8 14,0 12,2 

ɨɤɫɢɞ ɠɟɥɟɡɚ Fe2O3 5,5 8,7 17,6 

ɨɤɫɢɞ ɤɚɥɶɰɢɹ CaO 22,1 41,1 38,1 

ɨɤɫɢɞ ɦɚɝɧɢɹ MgO 3,7 4,1 3,5 

ɨɤɫɢɞ ɤɚɥɢɹ K2O 0,3 0,5 0,1 

ɨɤɫɢɞ ɧɚɬɪɢɹ Na2O 0,2 0,8 0,3 

ɨɤɫɢɞ ɬɢɬɚɧɚ Ɍi2O 0,8 0,6 0,4 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɵ, ɨC: 

 

ɧɚɱɚɥɚ ɞɟɮɨɪɦɚɰɢɢ ta 1130-1280 1250-1500 1150-1190 

ɩɥɚɜɥɟɧɢɹ tb 1170-1250 1420-1340 1170-1320 

ɠɢɞɤɨɩɥɚɜɤɨɝɨ ɫɨɫɬɨɹɧɢɹ tc 1210-1500 1280-1430 1190-1380 

 
  



 
 

 
 

Ɋɢɫɭɧɨɤ 1.1 – ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɨɤɫɢɞɚ 
ɤɚɥɶɰɢɹ ɜ ɡɨɥɟ ɤɚɧɫɤɨ-ɚɱɢɧɫɤɢɯ ɭɝɥɟɣ [3]: 

1 – ɋɚɈ –
ɛɨɪɨɞɢɧɫɤɢɣ; 

2 – ɋɚɈ – 
ɛɟɪɟɡɨɜɫɤɢɣ; 

3 – ɋɚɈ – 
ɧɚɡɚɪɨɜɫɤɢɣ; 

4 – SiO2 – 
ɧɚɡɚɪɨɜɫɤɢɣ; 

5 – SiO2 – 
ɛɟɪɟɡɨɜɫɤɢɣ; 

6 – SiO2 –
ɛɨɪɨɞɢɧɫɤɢɣ. 

 
 

Ʉɚɧɫɤɨ-ɚɱɢɧɫɤɢɟ ɭɝɥɢ ɨɬɧɨɫɹɬɫɹ ɤ ɦɚɥɨɫɟɪɧɢɫɬɵɦ (Sd = 0,30…0,81 %). 

ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɟɪɵ 0,2…0,4 % ɨɧɚ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɬɨɩɥɢɜɚ. ɂɡɛɵɬɨɤ ɫɟɪɵ ɫɜɟɪɯ ɭɤɚɡɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɨɛɭɫɥɨɜɥɟɧ ɜ ɨɫɧɨɜɧɨɦ ɩɢɪɢɬɨɦ (FeS2), 70…90 % ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ 

ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ, ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɫɨɫɬɚɜɟ ɜɧɟɲɧɢɯ 

ɦɢɧɟɪɚɥɶɧɵɯ ɜɤɥɸɱɟɧɢɣ. ɋɭɥɶɮɚɬɧɚɹ ɫɟɪɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,05…0,08 % 

ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ, ɚ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ – ɜɨ ɜɧɟɲɧɟɣ 

ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ [8]. 

ɉɪɢ ɪɚɡɦɨɥɟ ɬɨɩɥɢɜɚ ɜɧɟɲɧɹɹ ɦɢɧɟɪɚɥɶɧɚɹ ɦɚɫɫɚ ɨɬɞɟɥɹɟɬɫɹ ɨɬ 

ɜɧɭɬɪɟɧɧɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɞɟɥɶɧɨɦɭ ɩɨɩɚɞɚɧɢɸ ɜ ɬɨɩɤɭ ɤɢɫɥɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ (ɜɧɟɲɧɢɟ ɦɢɧɟɪɚɥɶɧɵɟ ɩɪɢɦɟɫɢ) ɢ ɨɫɧɨɜɧɵɯ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 

ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ. 

 
 



 
 

Ɋɢɫɭɧɨɤ 1.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɤɚɥɶɰɢɹ ɜ ɬɨɩɥɢɜɟ (2) ɢ 
ɜ ɟɝɨ ɡɨɥɟ (1) ɨɬ ɡɨɥɶɧɨɫɬɢ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ [7] 

 
Ɋɚɡɥɢɱɧɵɣ ɫɨɫɬɚɜ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɦɢɧɟɪɚɥɶɧɵɯ ɱɚɫɬɟɣ ɹɜɥɹɟɬɫɹ 

ɩɪɢɱɢɧɨɣ ɫɭɳɟɫɬɜɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɟɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɬɨɩɤɟ ɨɬ 

ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɇɚɢɛɨɥɟɟ ɨɬɱɟɬɥɢɜɨ ɷɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 

ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɠɢɝɚɧɢɢ. ɉɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɠɢɝɚɧɢɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɢ ɜɧɟɲɧɢɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɟ 

ɤɨɦɩɨɧɟɧɬɵ ɨɫɬɚɸɬɫɹ ɜɟɫɶɦɚ ɬɭɝɨɩɥɚɜɤɢɦɢ, ɧɟ ɜɵɡɵɜɚɸɬ ɲɥɚɤɨɜɚɧɢɹ ɢ 

ɨɤɚɡɵɜɚɸɬ ɚɛɪɚɡɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɛɪɚɡɭɸɳɢɟɫɹ ɡɚɝɪɹɡɧɟɧɢɹ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɟɥɟɤɬɢɜɧɨɦɭ ɜɵɞɟɥɟɧɢɸ ɨɬɞɟɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ, ɨɛɪɚɡɨɜɚɧɢɸ ɥɟɝɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ. 

ɇɚɩɪɢɦɟɪ, ɜ ɨɩɵɬɧɵɯ ɫɠɢɝɚɧɢɹɯ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɜ ɬɨɩɤɚɯ ɫ ɬɜɟɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɧɚ ɷɤɪɚɧɧɵɯ ɬɪɭɛɚɯ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɪɨɱɧɵɟ ɩɟɪɜɢɱɧɵɟ 

ɦɟɞɥɟɧɧɨ ɪɚɫɬɭɳɢɟ ɨɬɥɨɠɟɧɢɹ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɞɨ 80 %. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ ɬɨɥɳɢɧɵ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɫɧɢɠɚɥɨɫɶ. ɗɬɢ 

ɲɥɚɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɢɦɟɥɢ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɛɵɥɢ ɫɢɥɶɧɨ 

ɩɪɨɫɭɥɶɮɚɬɢɡɢɪɨɜɚɧɵ ɢ ɫɨɞɟɪɠɚɥɢ ɞɨ 45 % Fe2Ɉ3 ɢ ɞɨ 20 % ɋɚɈ. ȼɬɨɪɢɱɧɵɟ 

ɨɬɥɨɠɟɧɢɹ ɢɦɟɥɢ ɫɨɫɬɚɜ ɛɥɢɡɤɢɣ ɤ ɥɟɬɭɱɟɣ ɡɨɥɟ [9]. ɉɪɨɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɧɚ 



ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ ɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 

ɧɚɡɚɪɨɜɫɤɨɝɨ ɭɝɥɟɣ. 

ɉɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɠɢɝɚɧɢɢ ɧɚɡɚɪɨɜɫɤɨɝɨ, ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 

ɜɵɫɨɤɨɡɨɥɶɧɨɝɨ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɟɣ (7 % <Ⱥd< 12 %) ɩɪɨɩɥɚɜɥɹɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɚɹ ɦɚɫɫɚ ɡɨɥɵ, ɫɨɡɞɚɸɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ 

ɨɫɧɨɜɧɵɯ ɢ ɤɢɫɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɭɞɚɥɟɧɢɹ ɜ ɲɥɚɤ ɥɟɝɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ, 

ɫɩɨɫɨɛɧɵɯ ɜɵɡɵɜɚɬɶ ɲɥɚɤɨɜɚɧɢɟ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ. ɉɪɢ ɬɚɤɨɦ ɫɩɨɫɨɛɟ 

ɫɠɢɝɚɧɢɹ ɜ ɥɟɬɭɱɟɣ ɡɨɥɟ ɩɨɱɬɢ ɨɬɫɭɬɫɬɜɭɸɬ ɤɪɭɩɧɵɟ ɮɪɚɤɰɢɢ, ɫɩɨɫɨɛɧɵɟ 

ɨɤɚɡɵɜɚɬɶ ɚɛɪɚɡɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɬɥɨɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɨɛɪɚɡɭɸɬɫɹ ɪɵɯɥɵɟ 

ɩɟɪɜɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɢɡ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɮɪɚɤɰɢɣ ɥɟɬɭɱɟɣ ɡɨɥɵ. ɋ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɷɬɨɬ ɫɥɨɣ ɦɨɠɟɬ ɭɩɥɨɬɧɹɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ, 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɩɪɨɰɟɫɫɚɦɢ ɫɭɥɶɮɚɬɢɡɚɰɢɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ʉɪɨɦɟ ɲɥɚɤɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɧɚɞɟɠɧɨɫɬɢ 

ɪɚɛɨɬɵ ɬɨɩɨɤ ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ 

ɜɵɯɨɞɚ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. ɗɬɨ ɬɚɤɠɟ ɨɛɭɫɥɨɜɥɟɧɨ ɫɨɫɬɚɜɨɦ ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɹ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɨɥɶɧɨɫɬɢ ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ 

ɧɚɡɚɪɨɜɫɤɨɝɨ ɭɝɥɹ ɫɜɵɲɟ 12 % ɩɨɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ ɫ ɜɵɯɨɞɨɦ 

ɠɢɞɤɨɝɨ ɲɥɚɤɚ [10].  

ɉɪɢ ɫɧɢɠɟɧɢɢ ɡɨɥɶɧɨɫɬɢ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɩɨɜɟɞɟɧɢɟ ɟɝɨ ɦɢɧɟɪɚɥɶɧɨɣ 

ɱɚɫɬɢ ɢ ɩɪɨɰɟɫɫ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɪɟɡɤɨ ɢɡɦɟɧɹɸɬɫɹ. Ɍɚɤ, ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɡɨɥɶɧɨɫɬɢ ɬɨɩɥɢɜɚ ɧɚ ɫɭɯɭɸ ɦɚɫɫɭ ɨɬ 8 ɞɨ 5 % ɤɨɷɮɮɢɰɢɟɧɬ 

ɲɥɚɤɨɭɥɚɜɥɢɜɚɧɢɹ ɫɧɢɠɚɟɬɫɹ ɨɬ 30 ɞɨ 10 % [11]. ȼɵɯɨɞ ɠɢɞɤɨɝɨ ɲɥɚɤɚ ɧɟ 

ɩɪɟɤɪɚɳɚɟɬɫɹ, ɯɨɬɹ ɤɨɥɢɱɟɫɬɜɨ ɟɝɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬɫɹ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ 

ɢɡ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɨɜɟɞɟɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɢ 

ɨɛɴɹɫɧɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɤɜɚɪɰɟɜɵɯ ɱɚɫɬɢɰ ɜɧɟɲɧɟɣ ɡɨɥɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɫɨɞɟɪɠɚɧɢɢ ɋɚɈ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɟ ɬɨɩɥɢɜɚ. ȼɜɢɞɭ ɧɟɞɨɫɬɚɬɤɚ ɤɢɫɥɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɨɫɧɨɜɧɵɟ ɨɤɫɢɞɵ ɨɫɬɚɸɬɫɹ ɧɟɫɜɹɡɚɧɧɵɦɢ ɜ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɢ ɧɟ 

ɭɞɚɥɹɸɬɫɹ ɜ ɲɥɚɤ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɋɚɈ ɨɫɬɚɟɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ, ɱɬɨ ɢ 

ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɱɧɵɯ ɫɭɥɶɮɚɬɧɨɫɜɹɡɚɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ. ɉɪɢ ɷɬɨɦ ɜ ɭɧɨɫɟ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɋɚɈ ɩɨɜɵɲɚɟɬɫɹ ɨɬ 



34 ɞɨ 50 %, ɚ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ – ɨɬ 12 ɞɨ 23 % [3, 12]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɪɢ ɜɵɛɨɪɟ ɬɨɩɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɫɠɢɝɚɧɢɹ ɄȺɍ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɩɨɜɟɞɟɧɢɟ ɢɯ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɜ ɬɨɩɨɱɧɨɦ 

ɩɪɨɰɟɫɫɟ.  

 
 
1.2 ɉɪɨɰɟɫɫɵ ɲɥɚɤɨɜɚɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 
 
ɇɚ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɞɥɹ ɫɠɢɝɚɧɢɹ ɲɥɚɤɭɸɳɢɯ ɭɝɥɟɣ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɸɬɫɹ ɤɨɬɥɵ ɫ ɠɢɞɤɢɦ ɢ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

Ʉ ɩɟɪɜɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬ ɤɨɬɥɵ ȻɄɁ-320, ȻɄɁ-420, ɉ-49 ɢ 

ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɟ ɤɨɬɥɵ ɉɄ-38. ɇɚɢɛɨɥɟɟ ɭɞɚɱɧɵɦɢ ɢ ɧɚɞɟɠɧɵɦɢ ɞɥɹ 

ɫɠɢɝɚɧɢɹ ɛɨɪɨɞɢɧɫɤɨɝɨ ɢ ɧɚɡɚɪɨɜɫɤɨɝɨ ɭɝɥɟɣ ɹɜɥɹɸɬɫɹ ɤɨɬɥɵ ɫ ɞɜɭɦɹ 

ɜɨɫɶɦɢɝɪɚɧɧɵɦɢ ɩɪɟɞɬɨɩɤɚɦɢ ȻɄɁ-320, ȻɄɁ-420, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ 

Ʉɪɚɫɧɨɹɪɫɤɢɯ Ɍɗɐ-1 ɢ Ɍɗɐ-2, Ʉɪɚɫɧɨɹɪɫɤɨɣ ȽɊɗɋ, Ⱥɛɚɤɚɧɫɤɨɣ Ɍɗɐ, 

ɇɨɜɨɫɢɛɢɪɫɤɨɣ Ɍɗɐ-3, ɂɪɤɭɬɫɤɨɣ Ɍɗɐ-6 ɢ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. ɇɚɥɢɱɢɟ 

ɞɜɭɯɫɬɨɪɨɧɧɟɝɨ ɩɟɪɟɠɢɦɚ, ɨɬɞɟɥɹɸɳɟɝɨ ɤɚɦɟɪɭ ɝɨɪɟɧɢɹ ɨɬ ɤɚɦɟɪɵ 

ɨɯɥɚɠɞɟɧɢɹ, ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɚɷɪɨɞɢɧɚɦɢɤɚ ɩɪɟɞɬɨɩɤɨɜ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɷɮɮɟɤɬɢɜɧɨɟ ɜɵɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɢ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɟɬ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɜɵɯɨɞɚ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. Ɉɞɧɚɤɨ ɢ 

ɧɚ ɷɬɢɯ ɤɨɬɥɚɯ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ ɜɵɲɟ 12 % ɜɨɡɧɢɤɚɸɬ ɫɟɪɶɟɡɧɵɟ 

ɩɪɨɛɥɟɦɵ ɫ ɜɵɯɨɞɨɦ ɠɢɞɤɨɝɨ ɲɥɚɤɚ ɢ ɲɥɚɤɨɜɚɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ.  

ɇɚ ɤɨɬɥɚɯ ɉ-49 ɢ ɉɄ-38, ɜ ɫɜɹɡɢ ɫ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 

ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɧɚɡɚɪɨɜɫɤɨɝɨ ɭɝɥɹ, ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 

ɭɯɭɞɲɟɧɢɹ ɜɵɯɨɞɚ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. ɉɪɢ ɭɞɚɥɟɧɢɢ ɧɚɤɨɩɢɜɲɟɝɨɫɹ ɧɚ ɩɨɞɭ 

ɬɨɩɤɢ ɲɥɚɤɚ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜɡɪɵɜɵ ɜ ɲɥɚɤɨɜɨɦ ɤɨɦɨɞɟ, ɜɵɡɵɜɚɸɳɢɟ ɟɝɨ 

ɪɚɡɪɭɲɟɧɢɟ. ɉɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɢɧɬɟɧɫɢɜɧɨ ɲɥɚɤɭɸɬɫɹ ɢ ɡɚɝɪɹɡɧɹɸɬɫɹ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɪɟɝɭɥɹɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɪɟɞɫɬɜ ɨɱɢɫɬɤɢ, 

ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɜ ɉɄ-38 ɧɟ ɩɪɟɜɵɲɚɟɬ 240 ɬ/ɱ, ɱɬɨ ɧɚ 30 ɬ/ɱ 

ɧɢɠɟ ɧɨɦɢɧɚɥɶɧɨɣ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɜɭɯɤɨɪɩɭɫɧɨɝɨ 



ɤɨɬɥɚ ɉ-49 ɫɨɫɬɚɜɥɹɟɬ 80 % ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ. 

ɉɪɢ ɨɩɵɬɧɨɦ ɫɠɢɝɚɧɢɢ ɦɚɥɨɡɨɥɶɧɨɝɨ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ (Ⱥd = 5…7 %) ɜ 

ɤɨɬɥɟ ȻɄɁ-320 Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-1 ɩɨɜɫɟɦɟɫɬɧɨ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɩɪɨɱɧɵɟ 

ɜɬɨɪɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɬɟɱɟɧɢɟ 22 ɫɭɬɨɤ ɛɵɥ ɩɨɥɧɨɫɬɶɸ 

ɡɚɛɢɬ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɨɝɪɚɧɢɱɟɧɢɸ ɬɹɝɢ ɢ ɤ ɚɜɚɪɢɣɧɨɦɭ 

ɨɫɬɚɧɨɜɭ ɤɨɬɥɚ [1, 7, 12, 13]. Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɬɨɩɤɢ (ɤɚɦɟɪɵ ɨɯɥɚɠɞɟɧɢɹ) 

ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɪɟɝɭɥɹɪɧɨɣ ɜɨɞɹɧɨɣ ɨɱɢɫɬɤɨɣ. ɀɢɞɤɢɣ ɲɥɚɤ ɢɡ ɬɨɩɤɢ ɜɵɯɨɞɢɥ 

ɜ ɨɱɟɧɶ ɦɚɥɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɩɪɢ ɷɬɨɦ ɩɪɨɛɥɟɦ ɫ ɡɚɬɹɝɢɜɚɧɢɟɦ ɥɟɬɨɤ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. ɉɪɢ ɫɠɢɝɚɧɢɢ ɨɬɫɟɜɨɜ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ (Ad = 6,8…9,8 %) ɜ 

ɤɨɬɥɟ ȻɄɁ-320 ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɲɥɚɤɨɜɚɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɨɤɚɡɚɥɚɫɶ ɧɢɠɟ, ɭɜɟɥɢɱɢɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɲɥɚɤɨɭɥɚɜɥɢɜɚɧɢɹ [14], ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɥɨɡɨɥɶɧɵɦ ɭɝɥɟɦ, ɫɨɞɟɪɠɚɧɢɟɦ 

ɜ ɡɨɥɟ ɤɢɫɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ.  

Ⱦɜɭɯɦɟɫɹɱɧɨɟ ɫɠɢɝɚɧɢɟ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɩɨɜɵɲɟɧɧɨɣ ɫ ɡɨɥɶɧɨɫɬɶɸ Ad 

= 6…11 % ɜ ɤɨɬɥɟ ȻɄɁ-420, ɩɪɨɜɟɞɟɧɧɨɟ ɋɢɛȼɌɂ, ɧɟ ɜɵɡɜɚɥɨ ɫɟɪɶɟɡɧɵɯ 

ɨɫɥɨɠɧɟɧɢɣ ɩɨ ɲɥɚɤɨɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ɉɛɶɹɫɧɹɟɬɫɹ ɷɬɨ 

ɫɥɟɞɭɸɳɢɦɢ ɩɪɢɱɢɧɚɦɢ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɬɥɨɦ ȻɄɁ-320 ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ ɤɨɬɥɚ ȻɄɁ-420 ɨɤɚɡɚɥɚɫɶ ɧɚ 50−100 °ɋ ɧɢɠɟ. Ɍɪɟɬɶɹ ɢ 

ɱɟɬɜɟɪɬɚɹ ɫɬɭɩɟɧɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɤɨɬɥɚ ȻɄɁ-420 ɢɦɟɸɬ ɭɜɟɥɢɱɟɧɧɵɣ 

ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ (s1 ⁄ s2 = 240 ⁄ 50 ɦɦ ɩɪɨɬɢɜ s1 ⁄ s2 = 112 ⁄ 73,6 ɦɦ ɤɨɬɥɚ ȻɄɁ-

320), ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɚɥɨɫɶ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɟɝɨ ɪɚɛɨɬɵ ɩɨ ɭɫɥɨɜɢɹɦ 

ɡɚɝɪɹɡɧɟɧɢɹ. ɉɪɢ ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ Ad> 10 % ɧɚɛɥɸɞɚɥɨɫɶ ɭɯɭɞɲɟɧɢɟ ɜɵɯɨɞɚ 

ɠɢɞɤɨɝɨ ɲɥɚɤɚ. 

Ʉɨ ɜɬɨɪɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬ ɤɨɬɥɵ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɤɨɬɨɪɵɟ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

1. ɋ ɜɨɡɞɭɲɧɨɣ ɫɭɲɤɨɣ ɬɨɩɥɢɜɚ, ɪɚɡɦɨɥɨɦ ɟɝɨ ɜ ɦɨɥɨɬɤɨɜɵɯ ɦɟɥɶɧɢɰɚɯ, 

ɫ ɮɪɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ (ɤɨɬɥɵ ɉɄ-38, ɉɄ-10ɒ, ȻɄɁ-75, Ȼ-50). 

2. ɋ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ ɢ ɪɚɡɦɨɥɨɦ ɭɝɥɹ ɜ ɦɟɥɶɧɢɰɚɯ-ɜɟɧɬɢɥɹɬɨɪɚɯ ɢ ɫ 

ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ (ɤɨɬɥɵ Ʉȼ-ɌɄ-100, ȿ-500, ɉ-67). 



ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɡɞɭɲɧɨɣ ɫɭɲɤɢ ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɟ ɪɚɡɜɢɜɚɟɬɫɹ 

ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ (ɞɨ 1400 °ɋ), ɱɬɨ ɩɪɢɜɨɞɢɬ 

ɤ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɲɥɚɤɨɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ, ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɢ ɲɥɚɤɨɜɚɧɢɸ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ʉɨɬɥɵ ɉɄ-38 ɢ ɉɄ-10ɒ ɨɛɨɪɭɞɨɜɚɧɵ ɝɨɪɟɥɤɚɦɢ ɈɊȽɊɗɋ ɫ 

ɪɟɝɭɥɢɪɭɟɦɨɣ ɤɪɭɬɤɨɣ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. Ɋɹɞ ɤɨɬɥɨɜ ɨɫɧɚɳɟɧ ɫɢɫɬɟɦɨɣ 

ɬɪɟɬɢɱɧɨɝɨ ɡɚɞɧɟɝɨ ɞɭɬɶɹ ɪɚɡɥɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ 

ɲɥɚɤɨɜɚɧɢɟ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɢ ɫɧɢɡɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɞɵɦɨɜɵɯ 

ɝɚɡɚɯ. ɉɪɢ ɪɟɝɭɥɹɪɧɨɣ ɜɨɞɹɧɨɣ ɨɱɢɫɬɤɟ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɢ ɩɚɪɨɜɨɣ ɨɛɞɭɜɤɟ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɞɥɢɬɟɥɶɧɚɹ ɛɟɫɲɥɚɤɨɜɨɱɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɜ 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɫɨɫɬɚɜɥɹɟɬ 0,7…0,9 ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ.  

Ɍɨɩɤɢ ɤɨɬɥɨɜ ȻɄɁ-75 ɢ Ȼ-50 ɨɛɨɪɭɞɨɜɚɧɵ ɩɪɹɦɨɬɨɱɧɵɦɢ ɷɠɟɤɰɢɨɧɧɵɦɢ 

ɝɨɪɟɥɤɚɦɢ ɪɚɡɥɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɹɦɨɬɨɱɧɨ-ɜɢɯɪɟɜɵɦɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɨɧɫɬɪɭɤɰɢɣ ɤɨɬɥɵ ȻɄɁ-75 ɛɵɥɢ ɨɫɧɚɳɟɧɵ ɪɚɡɥɢɱɧɵɦɢ ɩɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɢɫɩɨɥɧɟɧɢɸ ɫɢɫɬɟɦɚɦɢ ɧɢɠɧɟɝɨ ɢ ɡɚɞɧɟɝɨ ɞɭɬɶɹ. ɉɪɢ 

ɫɠɢɝɚɧɢɢ ɛɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ ɢ ɩɚɪɨɜɨɣ ɨɛɞɭɜɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɵ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɥɢɬɟɥɶɧɭɸ ɛɟɫɲɥɚɤɨɜɨɱɧɭɸ ɦɨɳɧɨɫɬɶ 80-100 % ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɣ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɥɨɜ Ʉȼ-ɌɄ-100, ȿ-500 ɢ ɉ-67 ɹɜɥɹɟɬɫɹ ɝɚɡɨɜɚɹ ɫɭɲɤɚ 

ɬɨɩɥɢɜɚ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɞɜɭɯ-, ɬɪɟɯ- ɢ ɱɟɬɵɪɟɯɴɹɪɭɫɧɚɹ ɤɨɦɩɨɧɨɜɤɚ 

ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ. ȼ ɬɨɩɤɚɯ ɤɨɬɥɨɜ Ʉȼ-ɌɄ-100 ɢ ȿ-500 ɫɠɢɝɚɟɬɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɛɨɪɨɞɢɧɫɤɢɣ ɭɝɨɥɶ. Ⱦɥɢɬɟɥɶɧɚɹ ɛɟɫɲɥɚɤɨɜɨɱɧɚɹ ɦɨɳɧɨɫɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɦɢɧɚɥɶɧɨɣ. Ɉɛɞɭɜɤɚ ɬɨɩɤɢ ɤɨɬɥɚ Ʉȼ-ɌɄ-100 ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɚɪɨɜɵɦɢ ɚɩɩɚɪɚɬɚɦɢ, ɤɨɬɥɚ ȿ-500 – ɜɨɞɹɧɵɦɢ ɢ ɩɚɪɨɜɵɦɢ ɚɩɩɚɪɚɬɚɦɢ. 

Ʉɨɬɥɵ ɉ-67 ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɬɨɥɶɤɨ ɧɚ ɛɟɪɟɡɨɜɫɤɨɦ ɭɝɥɟ. 

Ȼɟɫɲɥɚɤɨɜɨɱɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɛɥɨɤɨɜ ɫɨɫɬɚɜɥɹɥɚ 700 Ɇȼɬ 

(ɧɨɦɢɧɚɥɶɧɚɹ – 800 Ɇȼɬ). ȼɵɩɨɥɧɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ, 

ɪɟɠɢɦɧɨ-ɧɚɥɚɞɨɱɧɵɯ ɢ ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɛɨɬ ɩɨɡɜɨɥɢɥ ɩɨɞɧɹɬɶ 

ɛɟɫɲɥɚɤɨɜɨɱɧɭɸ ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɛɥɨɤɨɜ ɞɨ 750 Ɇȼɬ.  



ȼɨɩɪɨɫɵ ɛɟɫɲɥɚɤɨɜɨɱɧɨɣ ɪɚɛɨɬɵ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɹɜɥɹɸɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɄȺɍ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ [15] ɞɥɹ 

ɭɦɟɧɶɲɟɧɢɹ ɲɥɚɤɨɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ 

ɝɨɪɟɧɢɹ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1250…1270 °ɋ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɪɟɠɢɦɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ:  

− ɫɧɢɠɟɧɢɟɦ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɹ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɡɚ ɫɱɟɬ 

ɭɜɟɥɢɱɟɧɢɹ ɟɟ ɜɵɫɨɬɵ ɢ ɫɟɱɟɧɢɹ; 

− ɩɨɞɚɱɟɣ ɜ ɡɨɧɭ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ, ɚ ɬɚɤɠɟ 

ɝɨɪɹɱɢɯ ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɫɩɨɫɨɛɵ ɫɧɢɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɥɚɤɨɜɚɧɢɹ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ Ƚɟɪɦɚɧɢɢ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɪɟɣɧɫɤɢɯ ɛɭɪɵɯ ɭɝɥɟɣ [16]. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɚɥɚ ɩɪɚɤɬɢɤɚ, ɞɚɠɟ ɩɪɢ 

ɫɨɛɥɸɞɟɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢ ɫɠɢɝɚɧɢɢ ɄȺɍ ɢɦɟɟɬ ɦɟɫɬɨ 

ɲɥɚɤɨɜɚɧɢɟ ɬɨɩɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɩɥɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɤɨɬɥɨɜ. ɉɪɨɰɟɫɫ ɲɥɚɤɨɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ 

ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɦɧɨɝɨɮɚɤɬɨɪɧɭɸ 

ɡɚɞɚɱɭ, ɜɤɥɸɱɚɸɳɭɸ: 

− ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɢ ɝɨɪɟɧɢɟ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ; 

− ɚɷɪɨɞɢɧɚɦɢɤɭ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ; 

− ɞɜɢɠɟɧɢɟ ɬɜɟɪɞɨɣ ɮɚɡɵ; 

− ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɢ ɬɨɩɨɱɧɵɦɢ ɷɤɪɚɧɚɦɢ; 

− ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɪɭɲɟɧɢɟ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɧɚ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɚɯ; 

− ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɩɨɞɚɜɥɟɧɢɟ ɜɪɟɞɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɵɛɪɨɫɨɜ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

ɉɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɮɚɤɟɥɚ ɤ ɷɤɪɚɧɚɦ ɜ ɬɨɩɤɚɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟɧɢɹ. ɑɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ, 

ɬɟɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ, ɢɧɬɟɧɫɢɜɧɟɟ ɞɨɥɠɟɧ ɛɵɬɶ 

ɬɟɩɥɨɨɛɦɟɧ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɜ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɚɤɟɥɚ ɢ ɬɨɩɨɱɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɚɥɢɱɢɟ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɡɨɧɵ ɜɨɡɥɟ ɧɢɯ 



– ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ. ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ Ɍɚɥɉɂ ɧɚ ɩɵɥɟɫɥɚɧɰɟɜɵɯ ɤɨɬɥɚɯ [17]. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɬɨɦ ɫɥɨɟ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɬɨɩɤɢ. 

Ȼɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɜ ɫɬɨɪɨɧɭ ɷɤɪɚɧɨɜ 

ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɥɭɱɢɫɬɨɝɨ ɩɨɬɨɤɚ qɩ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɨɬ 

ɷɤɪɚɧɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ ɫɥɚɧɰɟɜ [17].ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ 

ɷɤɪɚɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɪɚɫɬɚɧɢɟ qɩ ɧɚ 30…60 ɤȼɬ/ɦ2, ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ – ɧɚ 

100…200 °ɋ. ɇɚɢɛɨɥɟɟ ɪɟɡɤɢɣ ɩɨɞɴɟɦ qɩ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɬɨɩɤɚɯ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɬɥɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ ɫɥɚɧɰɟɜ ɢɦɟɥ ɦɟɫɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 

0,2…0,4 ɦ ɨɬ ɷɤɪɚɧɚ. ȼ ɩɪɟɞɟɥɚɯ ɝɥɭɛɢɧɵ ɬɨɩɤɢ 0,5…1,5 ɦ ɪɨɫɬ ɭɤɚɡɚɧɧɵɯ 

ɜɟɥɢɱɢɧ ɛɵɫɬɪɨ ɡɚɦɟɞɥɹɥɫɹ. 

Ɍɨɥɳɢɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɢ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɟɦ 

ɡɚɜɢɫɹɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ ɢ ɫɬɟɩɟɧɢ 

ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ. ɉɪɢ ɜɵɫɨɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢɡɥɭɱɚɸɳɟɣ 

ɫɪɟɞɵ ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɟɪɦɢɱɟɫɤɨɦ ɩɨɝɪɚɧɢɱɧɨɦ ɫɥɨɟ ɦɨɠɧɨ ɡɚ ɫɱɟɬ 

ɭɜɟɥɢɱɟɧɢɹ ɦɚɫɫɨɨɛɦɟɧɚ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɚɷɪɨɞɢɧɚɦɢɤɭ ɮɚɤɟɥɚ. Ɉɞɧɚɤɨ ɬɚɤɨɣ 

ɫɩɨɫɨɛ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɲɥɚɤɭɸɳɢɯ 

ɬɨɩɥɢɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɫɢɥɟɧɢɸ ɲɥɚɤɨɜɚɧɢɟ ɷɤɪɚɧɨɜ. 

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ ɧɚ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ 

ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɫɨɭɞɚɪɹɸɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɷɤɪɚɧɧɵɯ ɬɪɭɛ. Ɉɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɞɢɫɩɟɪɫɧɵɦ ɫɨɫɬɚɜɨɦ, ɫɤɨɪɨɫɬɶɸ ɢ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɨɣ, ɫɬɟɩɟɧɶɸ ɜɵɝɨɪɚɧɢɹ, ɯɢɦɢɱɟɫɤɢɦ ɢ 

ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ. ɋɨɫɬɨɹɧɢɟ ɱɚɫɬɢɰ ɡɨɥɵ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ ɡɚɜɢɫɢɬ ɧɟ 

ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɪɭɝɢɯ ɭɫɥɨɜɢɣ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ, ɧɨ ɢ ɨɬ 

ɩɚɪɚɦɟɬɪɨɜ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ – ɬɢɩɚ ɢ ɤɨɦɩɨɧɨɜɤɢ ɝɨɪɟɥɨɤ, ɪɟɠɢɦɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɬɨɩɤɢ, ɱɢɫɥɨ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ, ɢɡɛɵɬɤɢ 

ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɚɯ ɢ ɜ ɬɨɩɤɟ ɜ ɰɟɥɨɦ), ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɬɨɩɤɢ ɢ ɪɟɠɢɦɚ ɟɟ 

ɪɚɛɨɬɵ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢɫɬɟɧɧɵɣ ɝɚɡɨɜɵɣ ɫɥɨɣ ɭ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ 

ɹɜɥɹɟɬɫɹ ɩɨɫɥɟɞɧɢɦ ɚɤɬɢɜɧɵɦ ɨɬɪɟɡɤɨɦ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɡɨɥɨɭɝɨɥɶɧɵɯ 



ɱɚɫɬɢɰ ɜ ɬɨɩɤɟ, ɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ 

ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɇɚɫɲɬɚɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɄȺɍ, ɩɨɜɟɞɟɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ 

ɱɚɫɬɢ ɩɪɢ ɫɠɢɝɚɧɢɢ, ɚ ɬɚɤɠɟ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɢɯ 

ɲɥɚɤɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ɉɫɨɛɟɧɧɨ ɷɬɢɦ ɨɬɥɢɱɚɟɬɫɹ ɛɟɪɟɡɨɜɫɤɢɣ ɭɝɨɥɶ. Ⱦɚɠɟ 

ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɬɨɩɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɡɚɱɚɫɬɭɸ ɧɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ ɩɨ ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ ɪɚɛɨɬɭ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ. 

ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɱɚɫɬɢ 

ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɩɪɢɫɬɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ ɫɥɨɹ ɭ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɫ 

ɰɟɥɶɸ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɲɥɚɤɨɜɚɧɢɟ ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɚ 

ɬɚɤɠɟ ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɨɩɤɢ ɧɚ ɩɨɤɚɡɚɬɟɥɢ 

ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɄȺɍ. 

 
 
1.3 ȼɵɜɨɞɵ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɨɩɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯɛɭɪɵɯ ɄȺɍ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɪɚɤɬɢɤɢ ɪɚɛɨɬɵ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɫɠɢɝɚɧɢɢ ɲɥɚɤɭɸɳɢɯ ɭɝɥɟɣ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɜɥɢɹɧɢɹ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɄȺɍ ɧɚ ɩɪɨɰɟɫɫɵ 

ɲɥɚɤɨɜɚɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɨɜ.  

2. ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ 

ɩɵɥɟɭɝɨɥɶɧɨɝɨɬɨɩɥɢɜɚ ɜ ɬɨɩɤɚɯ ɤɨɬɥɨɜ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦɪɚɡɥɢɱɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ. 

3. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɄȺɍ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɥɚ ȻɄɁ-210-140Ɏ ɫ 

ɨɞɧɨɹɪɭɫɧɨɣ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

 
  



2 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɚɯ ɤɨɬɥɨɜ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ 

 
 
2.1 Ɍɨɩɤɚ ɫ ɮɪɨɧɬɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ 
 
ɉɪɢ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɦɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɪɟɞɧɟɯɨɞɧɵɯ ɢ ɦɨɥɨɬɤɨɜɵɯ 

ɦɟɥɶɧɢɰ ɩɟɪɟɞ ɮɪɨɧɬɨɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɜ ɫɥɭɱɚɟ ɬɨɩɨɤ ɫ ɩɪɹɦɵɦ 

ɜɞɭɜɚɧɢɟɦ ɢ ɲɚɪɨɜɵɦɢ ɛɚɪɚɛɚɧɧɵɦɢ ɦɟɥɶɧɢɰɚɦɢ ɧɚɢɛɨɥɟɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɢ 

ɭɞɨɛɧɨɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɮɪɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɜɢɯɪɟɜɵɯ ɢɥɢ 

ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ (ɪɢɫɭɧɨɤ 2.1, ɚ ɢ ɛ).  

 

 
 

Ɋɢɫɭɧɨɤ 2.1 – Ɍɨɩɤɚ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ: 
ɚ – ɫ ɜɢɯɪɟɜɵɦɢ ɝɨɪɟɥɤɚɦɢ; ɛ – ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ ɝɨɪɟɥɤɚɦɢ. 

 
ɉɪɢ ɬɚɤɨɣ ɤɨɦɩɨɧɨɜɤɟ ɩɵɥɟɩɪɨɜɨɞɵ ɩɨɥɭɱɚɸɬɫɹ ɤɨɪɨɬɤɢɦɢ, ɨɞɢɧɚɤɨɜɨɣ 

ɞɥɢɧɵ ɢ ɨɞɧɨɬɢɩɧɵɦɢ. ɉɪɢ ɨɞɧɨɬɢɩɧɵɯ ɩɵɥɟɩɪɨɜɨɞɚɯ ɨɛɥɟɝɱɚɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɩɨ ɨɬɞɟɥɶɧɵɦ ɝɨɪɟɥɤɚɦ. 

Ɉɬɫɭɬɫɬɜɢɟ ɤɪɭɬɵɯ ɫɝɢɛɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɩɵɥɢ ɩɨ ɫɟɱɟɧɢɸ ɩɵɥɟɩɪɨɜɨɞɨɜ. ȼɨɡɞɭɯɨɜɨɞɵ ɤ ɝɨɪɟɥɤɚɦ ɩɨɥɭɱɚɸɬɫɹ 

ɤɨɪɨɬɤɢɦɢ ɢ ɩɪɨɫɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ƚɨɪɟɥɤɢ, ɜɨɡɞɭɯɨɩɪɨɜɨɞɵ ɤ ɧɢɦ ɢ ɢɯ 



ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɟɟ ɞɨɫɬɭɩɧɵ ɞɥɹ ɪɟɦɨɧɬɚ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ. ȼ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɧɨɦ ɰɟɯɟ ɭ ɜɫɟɯ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɝɨɪɟɥɤɢ ɜɵɧɨɫɹɬɫɹ ɧɚ ɟɞɢɧɵɣ, 

ɨɬɤɪɵɬɵɣ ɮɪɨɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɛɨɤɨɜɵɟ ɢ ɡɚɞɧɹɹ ɫɬɟɧɵ ɧɟ ɡɚɝɪɨɦɨɠɞɟɧɵ 

ɩɵɥɟɩɪɨɜɨɞɚɦɢ ɢ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚɦɢ. Ɂɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬɫɹ ɨɛɳɚɹ 

ɤɨɦɩɨɧɨɜɤɚ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɦɨɥɨɬɤɨɜɵɦɢ ɢ ɫɪɟɞɧɟɯɨɞɧɵɦɢ 

ɦɟɥɶɧɢɰɚɦɢ ɢ ɦɟɥɶɧɢɰɚɦɢ-ɜɟɧɬɢɥɹɬɨɪɚɦɢ. 

Ɉɞɧɚɤɨ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɭ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɮɪɨɧɬɨɜɚɹ 

ɤɨɦɩɨɧɨɜɤɚ ɝɨɪɟɥɨɤ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ ɜɫɬɪɟɱɧɨɣ, ɚ ɬɚɤɠɟ ɢ ɭɝɥɨɜɨɣ 

ɤɨɦɩɨɧɨɜɤɚɦ. ȼ ɬɨɩɤɚɯ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɩɥɨɯɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɬɨɩɨɱɧɵɣ ɨɛɴɟɦ, ɡɚɠɢɝɚɧɢɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɫɬɨɣɱɢɜɨ, ɝɨɪɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɦɟɧɟɟ 

ɢɧɬɟɧɫɢɜɧɨ. ɗɬɢ ɬɨɩɤɢ ɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɵ ɲɥɚɤɨɜɚɧɢɸ.  

ɇɟɞɨɫɬɚɬɤɢ ɜ ɪɚɛɨɬɟ ɬɨɩɨɤ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɩɪɨɢɫɬɟɤɚɸɬ ɢɡ 

ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɳɟɥɟɜɵɦɢ ɝɨɪɟɥɤɚɦɢ, ɢɫɫɥɟɞɨɜɚɧɧɚɹ ɧɚ 

ɜɨɡɞɭɲɧɵɯ ɦɨɞɟɥɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

Ɏɨɬɨɝɪɚɮɢɱɟɫɤɢɣ ɫɧɢɦɨɤ (ɪɢɫɭɧɨɤ 2.2), ɫɞɟɥɚɧɧɵɣ ɫɨ ɫɬɨɪɨɧɵ 

ɩɪɨɡɪɚɱɧɨɣ ɛɨɤɨɜɨɣ ɫɬɟɧɤɢ ɦɨɞɟɥɢ ɩɪɢ ɢɫɤɪɨɜɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɩɨɡɜɨɥɹɟɬ 

ɫɨɫɬɚɜɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɨɛɳɟɣ ɚɷɪɨɞɢɧɚɦɢɤɟ ɬɨɩɤɢ. Ɉɬ ɝɨɪɟɥɨɤ «ɮɚɤɟɥ» 

ɞɜɢɠɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, ɭɞɚɪɹɟɬɫɹ ɜ ɡɚɞɧɸɸ ɫɬɟɧɤɭ ɢ ɞɟɥɢɬɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɚ. 

Ɉɞɢɧ ɢɡ ɧɢɯ ɨɩɭɫɤɚɟɬɫɹ ɜɧɢɡ, ɨɛɪɚɡɭɹ ɜɢɯɪɶ, ɡɚɧɢɦɚɸɳɢɣ ɜɫɸ ɯɨɥɨɞɧɭɸ 

ɜɨɪɨɧɤɭ, ɢ ɜɧɨɜɶ ɩɨɫɬɭɩɚɟɬ ɜ ɮɚɤɟɥ ɜɛɥɢɡɢ ɩɟɪɟɞɧɟɣ ɫɬɟɧɵ. ȼɬɨɪɨɣ ɩɨɬɨɤ 

ɜɞɨɥɶ ɡɚɞɧɟɣ ɫɬɟɧɵ ɩɨɞɧɢɦɚɟɬɫɹ ɜɜɟɪɯ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ, ɮɚɤɟɥ 

ɷɠɟɤɬɢɪɭɟɬ ɝɚɡɵ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɫɨɡɞɚɜɚɹ ɧɟɤɨɬɨɪɨɟ ɪɚɡɪɟɠɟɧɢɟ. ɉɨɞ 

ɞɟɣɫɬɜɢɟɦ ɩɨɹɜɥɹɸɳɟɝɨɫɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ 

ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɩɨɬɨɤɚ ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɮɪɨɧɬɨɜɨɣ ɫɬɟɧɟ, ɤɨɦɩɟɧɫɢɪɭɹ ɪɚɫɯɨɞ 

ɝɚɡɚ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɮɚɤɟɥ. 

  



 
 

Ɋɢɫɭɧɨɤ 2.2 – Ⱥɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɩɪɹɦɨɬɨɱɧɵɦɢ 
ɝɨɪɟɥɤɚɦɢ (ɮɨɬɨɫɧɢɦɨɤ ɱɟɪɟɡ ɛɨɤɨɜɭɸ ɫɬɟɧɤɭ ɬɨɩɤɢ ɩɪɢ ɢɫɤɪɨɜɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ) 
 
Ɍɚɤ ɨɛɪɚɡɭɟɬɫɹ ɜɬɨɪɨɣ ɜɢɯɪɶ ɜ ɬɨɩɤɟ ɧɚɞ ɮɚɤɟɥɨɦ ɜ ɨɛɥɚɫɬɢ, 

ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɮɪɨɧɬɨɜɨɣ ɫɬɟɧɟ. Ɉɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɪɚɫɯɨɞɭ ɱɟɪɟɡ ɝɨɪɟɥɤɢ, ɢɡ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɜɵɯɨɞ ɢɡ 

ɬɨɩɤɢ.Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɚɷɪɨɞɢɧɚɦɢɤɟ ɬɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɝɨɪɟɥɨɤ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɟ ɡɨɧɵ: ɛɨɥɶɲɨɣ ɜɟɪɯɧɢɣ ɜɹɥɵɣ 

ɜɢɯɪɶ, ɩɪɢɦɵɤɚɸɳɢɣ ɤ ɮɪɨɧɬɨɜɨɣ ɫɬɟɧɟ, ɧɢɠɧɢɣ ɚɤɬɢɜɧɵɣ ɜɢɯɪɶ, 

ɡɚɧɢɦɚɸɳɢɣ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ, ɢ ɭɡɤɚɹ ɩɨɥɨɫɚ ɲɢɪɢɧɨɣ ɩɪɢɦɟɪɧɨ ɜ ɨɞɧɭ 

ɬɪɟɬɶ ɝɥɭɛɢɧɵ ɬɨɩɤɢ, ɩɨ ɤɨɬɨɪɨɣ ɜɜɟɪɯ ɞɜɢɠɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ.ɉɪɢ 

ɭɫɬɚɧɨɜɤɟ ɝɨɪɟɥɨɤ ɩɨɞ ɧɟɤɨɬɨɪɵɦ ɭɝɥɨɦ ɜɜɟɪɯ ɚɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ 

ɤɚɱɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɬɨɥɶɤɨ ɜɢɯɪɶ ɜ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɟ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ 

ɦɨɳɧɵɦ. 



ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɥɢɹɧɢɹ 

ɚɷɪɨɞɢɧɚɦɢɤɢ ɬɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ ɧɚ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ. ɂɡ ɜɢɯɪɟɣ 

ɝɨɪɹɱɢɟ ɝɚɡɵ ɭɜɥɟɤɚɸɬɫɹ ɜ ɮɚɤɟɥ, ɧɚɝɪɟɜɚɸɬ ɝɨɪɸɱɭɸ ɫɦɟɫɶ ɢ ɩɨɞɝɨɬɨɜɥɹɸɬ ɟɟ 

ɤ ɜɨɫɩɥɚɦɟɧɟɧɢɸ. ɉɨ ɤɨɥɢɱɟɫɬɜɭ ɝɚɡɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɤɨɪɟɧɶ ɮɚɤɟɥɚ, 

ɨɫɧɨɜɧɵɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɢɠɧɢɣ ɜɢɯɪɶ. Ɉɞɧɚɤɨ 

ɜɫɥɟɞɫɬɜɢɟ ɨɯɥɚɠɞɟɧɢɹ ɝɚɡɨɜ ɩɪɢ ɨɦɵɜɚɧɢɢ ɢɦɢ ɫɤɚɬɨɜ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ 

ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɞɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɤɨɪɟɧɶ ɮɚɤɟɥɚ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɧɢɡɢɬɶɫɹ. 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɨɞɦɨɫɤɨɜɧɵɯ ɛɭɪɵɯ ɭɝɥɟɣ ɬɟɦɩɟɪɚɬɭɪɚ 

ɬɨɩɨɱɧɵɯ: ɝɚɡɨɜ ɭ ɤɨɪɧɹ ɮɚɤɟɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 850…900 °ɋ, ɚ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɮɪɟɡɬɨɪɮɚ – 750…800°ɋ, ɬɨɝɞɚ ɤɚɤ ɜ ɹɞɪɟ ɮɚɤɟɥɚ ɬɟɦɩɟɪɚɬɭɪɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1300…1450 ɢ 1100…1300°ɋ. 

Ɉɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɬɚɤɠɟ ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ ɢ 

ɩɪɚɤɬɢɤɭɟɦɚɹ ɜ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚɯ ɩɨɞɚɱɚ ɱɚɫɬɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ 

ɭɫɬɶɟ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ. ɗɬɢ ɩɨɬɨɤɢ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɹ ɜ ɧɢɠɧɢɣ ɜɢɯɪɶ, 

ɩɨɧɢɠɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɞɠɢɝɚɸɳɢɯ ɝɚɡɨɜ. 

ȼɫɥɟɞɫɬɜɢɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɱɚɝɚɯ ɡɚɠɢɝɚɧɢɹ, ɜ 

ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɩɪɢɦɟɧɹɟɦɨɣ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɡɚɦɤɧɭɬɨɣ ɫɯɟɦɟ ɫɭɲɤɢ ɬɨɩɥɢɜɚ 

ɫɨ ɫɛɪɨɫɨɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɡɨɧɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɜ ɮɚɤɟɥɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɝɨɪɟɧɢɹ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɡɚɠɢɝɚɧɢɟ ɦɨɠɧɨ ɭɫɢɥɢɬɶ ɡɚ ɫɱɟɬ 

ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɨɬɜɨɞɚ ɢɡ ɡɨɧɵ ɪɟɚɝɢɪɨɜɚɧɢɹ, ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ 20…25 ɦ/ɫ ɢ ɟɟ ɩɨɩɟɪɟɱɧɵɯ ɝɪɚɞɢɟɧɬɨɜ, ɚ ɬɚɤɠɟ 

ɨɝɪɚɧɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɞɥɹ ɬɨɩɤɢ, 

ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɨɤ 2.1,ɛ, ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ ɜɵɩɨɥɧɟɧɵ ɫ ɜɧɟɲɧɟɣ 

ɩɨɞɚɱɟɣ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɫ ɩɥɚɜɧɨ ɪɚɫɤɪɵɜɚɸɳɢɦɫɹ ɪɚɫɬɪɭɛɨɦ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɡɚɠɢɝɚɧɢɟ ɭɫɢɥɢɜɚɟɬɫɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɬɨɪɦɨɠɟɧɢɟɦ 

ɩɟɪɢɮɟɪɢɣɧɵɯ ɫɥɨɟɜ ɮɚɤɟɥɚ. 



ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɫɬɨɣɱɢɜɨɦ ɡɚɠɢɝɚɧɢɢ ɩɪɢɯɨɞɢɬɫɹ ɫɧɢɠɚɬɶ ɫɤɨɪɨɫɬɶ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɨɪɟɥɨɤ. ɗɬɨ ɩɪɢɜɨɞɢɬ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɯ 

ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɫ ɞɪɭɝɨɣ – ɭɦɟɧɶɲɟɧɢɸ ɫɤɨɪɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɥɢɧɚ ɡɨɧɵ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ. ɗɬɨ ɜɦɟɫɬɟ ɫ ɩɨɧɢɠɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɝɨɪɟɧɢɹ, ɤɨɬɨɪɨɟ 

ɜɵɡɜɚɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩɥɨɨɬɜɨɞɚ, ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɹɞɪɚ ɝɨɪɟɧɢɹ 

ɭ ɡɚɞɧɟɣ ɫɬɟɧɵ ɬɨɩɤɢ ɩɪɢ ɧɟɫɤɨɥɶɤɨ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɧɟɦ. 

ɍɯɭɞɲɟɧɵ ɭɫɥɨɜɢɹ ɪɟɚɝɢɪɨɜɚɧɢɹ ɢ ɜ ɡɨɧɟ ɞɨɝɨɪɚɧɢɹ. Ɋɚɡɜɢɜɚɸɳɢɟɫɹ ɜ 

ɬɨɩɤɟ ɦɨɳɧɵɟ ɜɢɯɪɢ ɡɚɧɢɦɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɬɨɩɨɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, 

ɫɬɟɫɧɹɸɬ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ, ɭɦɟɧɶɲɚɹ ɟɝɨ ɫɟɱɟɧɢɟ, ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɸɬ 

ɡɚɩɨɥɧɟɧɢɟ ɬɨɩɨɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɮɚɤɟɥɨɦ. ɉɪɢ ɷɬɨɦ ɪɟɰɢɪɤɭɥɹɰɢɹ 

ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɞɟɣɫɬɜɭɸɳɭɸ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ. ȼ ɩɨɬɨɤɟ ɫ ɩɨɧɢɠɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɪɨɞɚ ɢ ɫ 

ɧɟɫɤɨɥɶɤɨ ɩɨɧɢɠɟɧɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶɸ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɜɬɨɪɢɱɧɨɣ 

ɬɭɪɛɭɥɢɡɚɰɢɢ ɢ ɭɫɩɨɤɨɟɧɢɹ ɩɨɬɨɤɚ ɩɨ ɦɟɪɟ ɩɚɞɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɟ ɤɨɤɫɚ 

ɜ ɨɫɧɨɜɧɨɦ ɭɱɚɫɬɤɟ ɮɚɤɟɥɚ ɩɪɨɬɟɤɚɟɬ ɡɚɦɟɞɥɟɧɧɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɵɦ 

ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɢ ɯɢɦɢɱɟɫɤɨɦɭ ɧɟɞɨɠɨɝɭ. 

ȼɵɝɨɪɚɧɢɟ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɭɡɤɨɣ ɩɨɥɨɫɟ ɜɨɫ-

ɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɡɚɞɧɟɣ ɫɬɟɧɟ ɢ ɡɚɧɢɦɚɸɳɟɝɨ ɩɪɢɦɟɪɧɨ 

ɬɪɟɬɶ ɝɥɭɛɢɧɵ ɬɨɩɤɢ. ɋɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɜ ɷɬɨɦ ɩɨɬɨɤɟ 

ɫɨɤɪɚɳɚɸɬ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɬɨɩɨɱɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɨɛɴɟɦ ɬɨɩɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɫɨɬɚ,ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɨɛɴɟɦ 

ɬɨɩɤɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɠɢɝɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɫɥɨɜɢɹɦɢ ɝɨɪɟɧɢɹ ɜ 

ɷɬɨɣ ɭɡɤɨɣ ɩɨɥɨɫɟ. ɋ ɭɱɟɬɨɦ ɜɵɝɨɪɚɧɢɹ ɜ ɧɢɠɧɟɦ ɜɢɯɪɟ ɢɫɩɨɥɶɡɭɟɦɵɣ ɨɛɴɟɦ 

ɬɨɩɤɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 55…65% ɟɟ ɨɛɳɟɝɨ ɨɛɴɟɦɚ. 

ɇɟɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɜ ɹɞɪɟ ɮɚɤɟɥɚ ɢ 

ɟɝɨ ɪɚɫɬɹɧɭɬɨɫɬɶ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɮɚɤɟɥɟ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɜɵɫɨɤɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɬɟɩɥɨɨɬɞɚɱɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ. 

ɍɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɨɬɜɨɞɚ ɨɬ ɮɚɤɟɥɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ 

ɞɨɥɢ ɬɨɩɥɢɜɚ, ɫɝɨɪɚɸɳɟɝɨ ɜ ɡɨɧɟ ɞɨɝɨɪɚɧɢɹ, ɩɪɢɜɨɞɹɬ ɤ ɩɨɜɵɲɟɧɢɸ 



ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ. ɗɬɨ ɫɨɡɞɚɟɬ ɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɲɥɚɤɨɜɚɧɢɹ 

ɜɟɪɯɚ ɬɨɩɤɢ ɢ ɩɟɪɜɵɯ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɂɦɟɟɬɫɹ 

ɬɚɤɠɟ ɨɩɚɫɧɨɫɬɶ ɲɥɚɤɨɜɚɧɢɹ ɡɚɞɧɟɣ ɫɬɟɧɵ ɬɨɩɤɢ ɩɨɞ ɞɢɧɚɦɢɱɟɫɤɢɦ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɮɚɤɟɥɚ. 

ȼ ɬɨɩɤɚɯ ɫ ɮɪɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ ɨɝɪɚɧɢɱɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɜɵɝɨɪɚɧɢɹ. ȼɫɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɚɷɪɨɞɢɧɚɦɢɤɭ ɮɚɤɟɥɚ 

ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɝɨɪɟɥɨɤ, ɧɚɩɪɚɜɥɟɧɢɹ 

ɫɬɪɭɣ ɢ ɜɟɥɢɱɢɧɵ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ. ɉɨ ɦɟɪɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɬɪɭɣ ɜ ɬɨɩɤɟ 

ɭɤɚɡɚɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɫɥɚɛɟɜɚɟɬ. Ɂɨɧɚ ɡɚɠɢɝɚɧɢɹ ɮɚɤɟɥɚ ɫɬɚɧɨɜɢɬɫɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɭɩɪɚɜɥɹɟɦɨɣ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɹɞɪɚ ɮɚɤɟɥɚ ɭ ɡɚɞɧɟɣ ɫɬɟɧɵ ɢ 

ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɧɟɟ ɩɪɢɜɨɞɹɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ 

ɨɛɨɝɪɟɜɭ ɫɬɟɧ ɬɨɩɤɢ. ɇɚɢɛɨɥɶɲɟɦɭ ɨɛɨɝɪɟɜɭ ɩɨɞɜɟɪɠɟɧɚ ɡɚɞɧɹɹ ɫɬɟɧɚ, ɚ 

ɦɟɧɶɲɟɦɭ – ɮɪɨɧɬɨɜɚɹ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɥɨɬɤɨɜɵɯ ɦɟɥɶɧɢɰ, ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ 

ɫɪɟɞɧɟɯɨɞɧɵɯ ɦɟɥɶɧɢɰ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ, 

ɨɛɥɚɞɚɸɳɢɟ ɦɟɧɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɒȻɆ 

ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɦɭ ɪɚɫɩɨɥɚɝɚɟɦɨɦɭ ɧɚɩɨɪɭ ɦɟɥɶɧɢɱɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɱɚɳɟ 

ɩɪɢɦɟɧɹɸɬ ɜɢɯɪɟɜɵɟ ɝɨɪɟɥɤɢ. 

Ɍɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɩɪɢɦɟɧɹɸɬɫɹ 

ɨɝɪɚɧɢɱɟɧɧɨ. ɂɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɫɬɨɣɱɢɜɨɝɨ ɡɚɠɢɝɚɧɢɹ ɷɬɢ ɬɨɩɤɢ ɧɟ 

ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɫɥɚɛɨɪɟɚɤɰɢɨɧɧɵɯ ɬɨɩɥɢɜɚɯ ɫ ɦɚɥɵɦ ɜɵɯɨɞɨɦ 

ɥɟɬɭɱɢɯ, ɩɨɥɭɚɧɬɪɚɰɢɬɚɯ, ɬɨɳɢɯ ɢ ɤɚɦɟɧɧɵɯ ɭɝɥɹɯ, ɞɥɹ ɪɚɡɦɨɥɚ ɤɨɬɨɪɵɯ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɪɢɦɟɧɹɸɬ ɲɚɪɨɜɵɟ ɛɚɪɚɛɚɧɧɵɟ ɦɟɥɶɧɢɰɵ. ȼ ɫɥɭɱɚɟ ɬɨɩɨɤ ɫ 

ɲɚɪɨɜɵɦɢ ɛɚɪɚɛɚɧɧɵɦɢ ɦɟɥɶɧɢɰɚɦɢ ɩɪɢɦɟɧɟɧɢɟ ɮɪɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɢ 

ɝɨɪɟɥɨɤ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɢɧɹɬɢɟɦ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɢɥɢ ɫ ɨɬɞɟɥɶɧɵɦ ɤɨɧɤɪɟɬɧɵɦ ɫɥɭɱɚɟɦ. Ɍɨɩɤɢ ɫ ɦɨɥɨɬɤɨɜɵɦɢ 

ɦɟɥɶɧɢɰɚɦɢ ɩɪɢ ɮɪɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɨɪɟɥɨɤ ɩɪɢɦɟɧɹɸɬɫɹ ɪɟɞɤɨ. Ɉɧɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɜɵɫɨɤɨɜɥɚɠɧɵɯ ɬɨɩɥɢɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɨɫɬɚɬɨɱɧɨɣ ɢɯ ɩɨɞɫɭɲɤɢ ɢɥɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. ɋɥɟɞɭɟɬ 



ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɪɨɧɬɚɥɶɧɭɸ ɤɨɦɩɨɧɨɜɤɭ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɧɚ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ ɢ ɦɚɡɭɬɟ. 

2.2 Ɍɨɩɤɚ ɫ ɜɫɬɪɟɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ 
 
Ⱦɥɹ ɫɠɢɝɚɧɢɹ ɛɭɪɵɯ ɢ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ ɜ ɬɨɩɤɚɯ ɫ ɬɜɟɪɞɵɦ ɢ ɠɢɞɤɢɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɧɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 64 ɤɝ/ɫ (230 ɬ/ɱ) 

ɤɚɤ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɭɸ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɤɨɦɩɨɧɨɜɤɭ ɜɢɯɪɟɜɵɯ ɢɥɢ 

ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ ɬɨɩɤɢ, ɚ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɛɨɥɶɲɟɣ 

ɦɨɳɧɨɫɬɢ – ɧɚ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɚɯ. ȼ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 64 ɤɝ/ɫ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɲɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɜɫɬɪɟɱɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɜɢɯɪɟɜɵɯ ɝɨɪɟɥɨɤ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ ɬɪɟɭɝɨɥɶɧɢɤɨɦ, 

ɧɚɩɪɚɜɥɟɧɧɵɦ ɧɚ ɨɞɧɨɣ ɫɬɟɧɟ ɜɟɪɲɢɧɨɣ ɜɜɟɪɯ, ɚ ɧɚ ɞɪɭɝɨɣ - ɜɧɢɡ (ɪɢɫɭɧɨɤ 2.3).  

 

 
 

Ɋɢɫɭɧɨɤ 2.3 – Ɍɨɩɤɚ ɫ ɜɫɬɪɟɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɢɯɪɟɜɵɯ 



ɝɨɪɟɥɨɤ ɬɪɟɭɝɨɥɶɧɢɤɨɦ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ. 
  



ɉɪɢ ɤɨɦɩɨɧɨɜɤɟ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɨɪɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɨɪɟɥɨɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɢɯ ɜ ɨɞɢɧ ɪɹɞ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɥɭɱɲɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɡɚɠɢɝɚɧɢɹ ɢ ɜɵɝɨɪɚɧɢɹ ɜ ɜɢɯɪɟɜɨɦ 

ɮɚɤɟɥɟ. 

Ɋɢɫɭɧɤɢ2.4 ɢ 2.5 ɞɚɸɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɚɷɪɨɞɢɧɚɦɢɤɟ ɬɨɩɤɢ ɫ ɜɫɬɪɟɱɧɵɦ 

ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ ɧɚ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɚɯ. 

ɂɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɧɢɯ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɩɨɥɭɱɟɧɵ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɚ ɜɨɡɞɭɲɧɨɣ ɦɨɞɟɥɢ.  

 

 
 

Ɋɢɫɭɧɨɤ 2.4 – Ⱥɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ ɫ ɜɫɬɪɟɱɧɵɦɢ ɳɟɥɟɜɵɦɢ 
ɝɨɪɟɥɤɚɦɢ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɤɨɥɢɱɟɫɬɜ ɞɜɢɠɟɧɢɹ ɜɫɬɪɟɱɧɵɯ ɫɬɪɭɣ 

  



 
 

Ɋɢɫɭɧɨɤ 2.5 – Ⱥɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ ɩɪɢ ɧɟɪɚɜɟɧɫɬɜɟ ɤɨɥɢɱɟɫɬɜ 
ɞɜɢɠɟɧɢɹ ɜɫɬɪɟɱɧɵɯ ɫɬɪɭɣ. 

 
ɉɨ ɢɫɬɟɱɟɧɢɢ ɢɡ ɝɨɪɟɥɨɤ ɫɬɪɭɢ ɷɠɟɤɬɢɪɭɸɬ ɝɚɡ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɚɫɯɨɞ ɜ ɧɢɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɪɚɜɟɧɫɬɜɟ ɧɚɱɚɥɶɧɵɯ 

ɤɨɥɢɱɟɫɬɜ ɞɜɢɠɟɧɢɹ ɜɫɬɪɟɱɧɵɟ ɩɨɬɨɤɢ ɫɨɭɞɚɪɹɸɬɫɹ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ (ɫɦ. 

ɪɢɫɭɧɨɤ 2.5) ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɯ ɫɤɨɪɨɫɬɹɯ ɜ ɧɢɯ ɢ ɫɭɦɦɚɪɧɨɦ 



ɪɚɫɯɨɞɟ, ɪɚɜɧɨɦ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ 1,88Gɨ (Gɨ – ɧɚɱɚɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ 

ɱɟɪɟɡ ɝɨɪɟɥɤɢ). ȼ ɦɟɫɬɟ ɫɨɭɞɚɪɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɨɪɦɨɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɣ 

ɧɚɩɨɪ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ 

ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɨɛɳɢɣ ɩɨɬɨɤ ɪɚɫɬɟɤɚɟɬɫɹ ɜɜɟɪɯ ɢ ɜɧɢɡ ɫ 

ɩɨɜɵɲɟɧɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫ ɦɚɥɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɫɟɱɟɧɢɹ 

ɬɨɩɤɢ: ɜɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɡɚɧɢɦɚɟɬ 0,57 ɫɟɱɟɧɢɹ ɬɨɩɤɢ, ɝɞɟ 0,37 ɫɟɱɟɧɢɹ ɬɨɩɤɢ 

ɡɚɧɢɦɚɟɬ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ. ȼ ɦɟɫɬɟ ɪɚɡɜɟɬɜɥɟɧɢɹ ɪɚɫɯɨɞ ɜ ɜɨɫɯɨɞɹɳɟɦ ɩɨɬɨɤɟ Gɜ 

ɫɨɫɬɚɜɥɹɟɬ 1,325Gɨ, ɚ ɜ ɧɢɫɯɨɞɹɳɟɦ Gɯɜ – 0,55Gɨ. ɉɨ ɦɟɪɟ ɞɜɢɠɟɧɢɹ 

ɜɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɪɚɫɲɢɪɹɟɬɫɹ. Ɉɞɧɚɤɨ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɬɨɩɤɢ ɧɟ 

ɞɨɫɬɢɝɚɟɬɫɹ. ɇɚ ɭɪɨɜɧɟ ɩɟɪɟɯɨɞɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɝɚɡɨɯɨɞ ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ 

ɫɟɱɟɧɢɹ ɬɨɩɤɢ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ ɫɨɫɬɚɜɥɹɟɬ 0,86, ɝɞɟɧɚ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ 

ɩɪɢɯɨɞɢɬɫɹ 0,68 ɫɟɱɟɧɢɹ ɬɨɩɤɢ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ 

ɫɨɫɬɚɜɥɹɟɬ 0,36Wɨ. 

ȼɫɥɟɞɫɬɜɢɟ ɧɟɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɫɟɱɟɧɢɹ ɤɚɦɟɪɵ ɧɚɞ ɝɨɪɟɥɤɚɦɢ ɭ 

ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧ ɪɚɡɜɢɜɚɸɬɫɹ ɜɢɯɪɢ. ɑɚɫɬɶ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɫ 

ɪɚɫɯɨɞɨɦ GɈ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɜɵɯɨɞ ɢɡ ɬɨɩɤɢ. ɂɡɛɵɬɨɱɧɵɣ ɪɚɫɯɨɞ 

ɪɟɰɢɪɤɭɥɢɪɭɟɬ, ɨɛɪɚɡɭɹ ɭ ɫɬɟɧ ɜ ɨɛɥɚɫɬɢ ɧɚɞ ɝɨɪɟɥɤɚɦɢ ɞɜɚ ɛɨɥɶɲɢɯ ɜɢɯɪɹ, 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɡɚɧɢɦɚɟɬ ɞɨ 0,3…0,35 ɝɥɭɛɢɧɵ ɬɨɩɤɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ 

ɩɨɱɬɢ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɬɨɩɤɢ. Ɋɚɫɯɨɞ ɜ ɧɢɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɟɬ 0,181G0 ɢ 

0,144G0. 

Ⱦɜɢɠɟɧɢɟ ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɬɨɩɤɢ ɹɜɥɹɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɵɦ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɡɦɭɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɭɥɶɫɚɰɢɟɣ ɞɚɜɥɟɧɢɹ 

ɝɚɡɨɜ, ɢɡɦɟɧɟɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ ɢɦɩɭɥɶɫɨɜ ɜɫɬɪɟɱɧɵɯ ɩɨɬɨɤɨɜ ɢ ɞɪɭɝɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɜɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɫɦɟɳɚɟɬɫɹ ɤ ɨɞɧɨɣ ɢɡ ɫɬɟɧ. ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ 

ɝɨɪɟɥɨɤ ɧɚ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɚɯ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ ɨɬɤɥɨɧɟɧɢɟ 

ɜɨɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɤ ɨɞɧɨɣ ɢɡ ɧɢɯ, ɚ ɩɪɢ ɛɨɤɨɜɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɨɪɟɥɨɤ – ɤ 

ɨɞɧɨɣ ɢɡ ɛɨɤɨɜɵɯ ɫɬɟɧ. 

ɇɢɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟ-

ɛɨɥɶɲɢɦ ɫɟɱɟɧɢɟɦ ɩɪɨɧɢɤɚɟɬ ɝɥɭɛɨɤɨ ɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ, ɞɚɥɟɟ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɭɞɚɪɚ ɢ ɪɚɡɪɟɠɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɢɫɬɟɤɚɸɳɢɦɢ ɫɬɪɭɹɦɢ, 



ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɜɟɬɜɢ, ɤɨɬɨɪɵɟ ɜɞɨɥɶ ɫɤɚɬɨɜ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ ɧɚ-

ɩɪɚɜɥɹɸɬɫɹ ɜɜɟɪɯ ɜ ɤɨɪɧɟɜɭɸ ɨɛɥɚɫɬɶ ɝɨɪɟɥɨɱɧɵɯ ɫɬɪɭɣ. Ɍɚɤ, ɜ ɯɨɥɨɞɧɨɣ 

ɜɨɪɨɧɤɟ ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɧɢɡɤɨɨɩɭɳɟɧɧɵɯ ɷɧɟɪɝɢɱɧɵɯ ɜɢɯɪɹ ɫ ɪɚɫɯɨɞɨɦ 0,28Gɨ 

ɜ ɤɚɠɞɨɦ. Ʉɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ, ɜɬɟɤɚɸɳɢɯ ɜ ɝɨɪɟɥɨɱɧɵɟ ɫɬɪɭɢ ɢɡ ɧɢɠɧɢɯ ɜɢɯɪɟɣ, 

ɨɛɵɱɧɨ ɩɪɟɜɵɲɚɟɬ ɷɠɟɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɬɪɭɣ ɧɚ ɢɯ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ. 

ȼɢɯɪɢ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɬɟɧɵ, ɚ 

ɬɚɤɠɟ ɧɚ ɝɨɪɟɥɨɱɧɵɟ ɫɬɪɭɢ, ɧɟɫɤɨɥɶɤɨ ɢɫɤɪɢɜɥɹɹ ɢɯ ɨɫɢ. ɑɚɫɬɶ ɝɚɡɚ ɢɡ 

ɜɨɫɯɨɞɹɳɢɯ ɜɟɬɜɟɣ ɧɢɠɧɢɯ ɜɢɯɪɟɣ ɪɚɫɬɟɤɚɟɬɫɹ ɜɞɨɥɶ ɫɬɟɧ, ɧɚ ɤɨɬɨɪɵɯ 

ɪɚɫɩɨɥɨɠɟɧɵ ɝɨɪɟɥɤɢ, ɢ ɧɚɯɨɞɢɬ ɜɵɯɨɞ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɬɨɩɤɢ ɜ ɟɟ ɭɝɥɚɯ ɧɚ 

ɭɪɨɜɧɟ ɝɨɪɟɥɨɤ, ɨɤɚɡɵɜɚɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɷɤɪɚɧɵ 

ɩɪɢɥɟɠɚɳɢɯ ɫɬɟɧ. ȼ ɫɥɭɱɚɟ ɧɟɪɚɜɟɧɫɬɜɚ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 5) 

ɩɨɬɨɤ ɫ ɛɨɥɶɲɢɦ ɪɚɫɯɨɞɨɦ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɢɠɟɧɢɹ ɩɨɞɚɜɥɹɟɬ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɩɨɬɨɤ ɫ ɦɟɧɶɲɢɦ ɪɚɫɯɨɞɨɦ. Ɇɟɫɬɨ ɫɨɭɞɚɪɟɧɢɹ ɩɨɬɨɤɨɜ 

ɫɦɟɳɚɟɬɫɹ ɤ ɫɬɟɧɟ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɢɠɟɧɢɹ ɝɨɪɟɥɨɱɧɵɯ ɫɬɪɭɣ. ɉɨɫɥɟ 

ɫɨɭɞɚɪɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɬɟɱɤɚ ɝɚɡɨɜ ɜɜɟɪɯ ɢ ɜɧɢɡ ɜɞɨɥɶ ɷɬɨɣ ɫɬɟɧɵ. 

ȼɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɫ ɪɚɫɯɨɞɨɦ 1,25Gɨ ɩɪɢɠɢɦɚɟɬɫɹ ɤ ɭɤɚɡɚɧɧɨɣ ɫɬɟɧɟ, ɚ ɫɨ 

ɫɬɨɪɨɧɵ ɫɬɟɧɵ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɢɠɟɧɢɹ ɝɨɪɟɥɨɱɧɵɯ ɫɬɪɭɣ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɹɥɵɣ ɜɢɯɪɶ ɛɨɥɶɲɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɫ ɪɚɫɯɨɞɨɦ 0,196Gɨ. 

ɋɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɨɩɤɢ ɜ 

ɫɪɟɞɧɟɦ ɩɨ ɟɟ ɜɵɫɨɬɟ ɫɨɫɬɚɜɥɹɟɬ 0,71, ɝɞɟ ɧɚ ɞɨɥɸ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ 

ɩɪɢɯɨɞɢɬɫɹ 0,54 ɫɟɱɟɧɢɹ ɬɨɩɤɢ. 

ȼ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɟ ɧɢɫɯɨɞɹɳɢɣ ɩɨɬɨɤ ɨɛɪɚɡɭɟɬ ɭ ɫɬɟɧɵ ɫ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɢɠɟɧɢɹ ɦɨɳɧɵɣ ɜɢɯɪɶ ɫ ɪɚɫɯɨɞɨɦ 0,375Gɨ ɢ ɦɚɥɵɣ ɜɢɯɪɶ ɫ 

ɪɚɫɯɨɞɨɦ 0,10Gɨ ɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɟɧɵ. Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɤɚɪɬɢɧɚ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɧɚɩɨɦɢɧɚɟɬ ɚɷɪɨɞɢɧɚɦɢɤɭ ɬɨɩɤɢ ɫ ɮɪɨɧɬɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɝɨɪɟɥɨɤ. 

ȼ ɬɨɩɤɚɯ ɫ ɜɫɬɪɟɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɡɚɠɢɝɚɧɢɟ ɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɨ, ɚ ɝɨɪɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ, ɱɟɦ ɜ ɬɨɩɤɟ ɫ ɮɪɨɧɬɚɥɶɧɵɦɢ 

ɝɨɪɟɥɤɚɦɢ. ȼɵɬɟɤɚɸɳɢɟ ɢɡ ɝɨɪɟɥɨɤ ɩɵɥɟɜɨɡɞɭɲɧɵɟ ɫɬɪɭɢ ɷɠɟɤɬɢɪɭɸɬ ɛɨɥɟɟ 

ɝɨɪɹɱɢɟ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɢɡ ɜɢɯɪɟɜɵɯ ɡɨɧ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɵɣ ɧɚɝɪɟɜ 



ɢ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɫɦɟɫɢ. ɍɫɢɥɟɧɢɟ ɡɚɠɢɝɚɧɢɹ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 

ɫɠɢɝɚɧɢɢ ɫɥɚɛɨɪɟɚɤɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɬɢɩɨɜ Ⱥɒ, ɉȺ ɢ ɬɨɳɢɯ ɭɝɥɟɣ. Ɋɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɝɨɪɟɥɤɚɦɢ ɢ ɢɯ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɫɬɭɩɥɟɧɢɸ ɤ ɤɨɪɧɸ ɮɚɤɟɥɚ ɛɨɥɟɟ ɝɨɪɹɱɢɯ 

ɝɚɡɨɜ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɜɢɯɪɟɜɵɯ ɝɨɪɟɥɨɤ ɬɪɟɭɝɨɥɶɧɢɤɨɦ ɫ ɜɟɪɲɢɧɨɣ, ɨɛɪɚɳɟɧɧɨɣ ɧɚ ɨɞɧɨɣ ɛɨɤɨɜɨɣ 

ɫɬɟɧɟ ɜɜɟɪɯ, ɚ ɧɚ ɞɪɭɝɨɣ – ɜɧɢɡ. 

ɉɪɢ ɫɨɭɞɚɪɟɧɢɢ ɜɫɬɪɟɱɧɵɯ ɮɚɤɟɥɨɜ ɢ ɬɭɪɛɭɥɢɡɚɰɢɢ ɩɨɬɨɤɚ ɭɫɤɨɪɹɟɬɫɹ 

ɦɚɫɫɨ- ɢ ɬɟɩɥɨɨɛɦɟɧ, ɚ ɭɫɢɥɢɜɚɸɳɢɟɫɹ ɩɪɢ ɷɬɨɦ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɧɚɝɪɟɜ 

ɢɧɬɟɧɫɢɮɢɰɢɪɭɸɬ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ. Ɉɞɧɚɤɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɬɨɤ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨɦ ɡɚɩɨɥɧɟɧɢɢ ɫɟɱɟɧɢɹ ɬɨɩɨɱɧɨɣ 

ɤɚɦɟɪɵ ɢ ɜɫɥɟɞɫɬɜɢɟ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɤɥɨɧɹɟɬɫɹ ɤ ɨɞɧɨɣ ɢɡ ɫɬɟɧ. 

Ɍɭɪɛɭɥɟɧɬɧɨɫɬɶ ɩɨɬɨɤɚ ɜɫɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɨɫɥɚɛɥɹɹ ɦɚɫɫɨɨɛɦɟɧ ɢ 

ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɟ, ɱɬɨ ɡɚɬɹɝɢɜɚɟɬ ɜɵɝɨɪɚɧɢɟ ɭɝɨɥɶɧɨɣ ɩɵɥɢ. Ȼɨɥɟɟ ɫɢɥɶɧɨɟ 

ɡɚɬɹɝɢɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɞɨɝɨɪɚɧɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɜɫɬɪɟɱɧɨɣ ɤɨɦɩɨɧɨɜɤɟ 

ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ, ɩɪɢ ɤɨɬɨɪɵɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɜɨɫɯɨɞɹɳɟɦ ɩɨɬɨɤɟ, ɧɨ ɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɨ 

ɦɚɥɨɣ ɨɫɢ ɝɨɪɟɥɨɤ. 

ȼɫɥɟɞɫɬɜɢɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɨɬɤɥɨɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ 

ɩɨɬɨɤɚ ɤ ɨɞɧɨɣ ɢɡ ɛɨɤɨɜɵɯ ɫɬɟɧ, ɫ ɜɨɡɦɨɠɧɵɦ ɟɝɨ ɩɟɪɟɛɪɨɫɨɦ ɨɬ ɨɞɧɨɣ ɤ 

ɞɪɭɝɨɣ ɫɬɟɧɟ, ɩɟɪɟɞ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɚɹ ɪɚɡɜɟɪɤɚ 

ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɟɝɨ ɪɚɛɨɬɭ.ɉɨ ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ 

ɧɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɫ ɜɫɬɪɟɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɫ ɬɜɟɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɧɚɛɥɸɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɲɥɚɤɨɜɚɧɢɟ ɫɬɟɧ ɬɨɩɤɢ ɢ ɮɟɫɬɨɧɚ, 

ɤɨɬɨɪɨɟ ɨɝɪɚɧɢɱɢɜɚɥɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɤɚɦɩɚɧɢɢ. 

ɇɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɨɩɤɢ ɫ ɜɵɬɹɧɭɬɵɦ ɜ ɩɥɚɧɟ 

ɫɟɱɟɧɢɟɦ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɨɪɟɥɨɤ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ 

ɪɚɛɨɬɚɬɶ ɧɟ ɦɨɝɭɬ ɜɫɥɟɞɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɚɸɬɫɹ 



ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɨɪɟɥɨɤ ɧɚ ɞɥɢɧɧɵɯ ɝɪɚɧɹɯ ɬɨɩɤɢ, ɬ. ɟ. ɧɚ ɟɟ ɮɪɨɧɬɨɜɨɣ ɢ 

ɡɚɞɧɟɣ ɫɬɟɧɚɯ. 

ɇɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚɠɢɝɚɧɢɹ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɝɨɪɟɧɢɹ ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɠɢɝɚɧɢɹ. ɉɪɢ ɫɯɟɦɟ ɫɠɢɝɚɧɢɹ ɫ 

ɩɪɨɦɛɭɧɤɟɪɨɦ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɞɚɱɟɣ ɩɵɥɢ ɱɚɫɬɶɸ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɛɪɨɫɨɦ 

ɧɟɢɫɩɨɥɶɡɭɟɦɨɣ ɟɝɨ ɱɚɫɬɢ ɱɟɪɟɡ ɫɛɪɨɫɧɵɟ ɝɨɪɟɥɤɢ ɢɡɦɟɧɹɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɩɵɥɢ ɜɨ ɜɥɚɠɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɦɟɫɢ ɢ ɫɤɨɪɨɫɬɶ ɟɟ ɜɵɯɨɞɚ ɢɡ ɝɨɪɟɥɨɤ. 

ɍɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ 

ɩɨɞɚɱɢ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɜ ɝɨɪɟɥɤɟ, ɭɥɭɱɲɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɭɫɥɨɜɢɹ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ 

ɞɥɹ ɫɠɢɝɚɧɢɹ ɢɦɟɸɬ ɦɟɫɬɨ ɜ ɬɨɩɤɚɯ ɫ ɪɚɡɨɦɤɧɭɬɨɣ ɫɯɟɦɨɣ ɫɭɲɤɢ ɢ ɩɨɞɚɱɟɣ 

ɩɵɥɢ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ. Ɉɞɧɚɤɨ ɷɬɚ ɫɯɟɦɚ ɲɢɪɨɤɨ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɢɥɚɫɶ ɢɡ-ɡɚ 

ɨɬɫɭɬɫɬɜɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɩɨɥɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɩɵɥɢ ɢɡ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 

ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢ ɨɱɢɫɬɤɢ ɟɝɨ ɩɟɪɟɞ ɫɛɪɨɫɨɦ ɜ ɚɬɦɨɫɮɟɪɭ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɪɚɡɨɦɤɧɭɬɨɣ ɫɯɟɦɵ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜ ɫ 

ɥɟɝɤɨɩɥɚɜɤɨɣ ɡɨɥɨɣ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɢɫɤɥɸɱɚɸɳɟɣ ɨɩɚɫɧɨɫɬɶ ɲɥɚɤɨɜɚɧɢɹ 

ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɧɢɯ ɨɬɥɨɠɟɧɢɣ. ɉɨɷɬɨɦɭ 

ɞɥɹ ɬɨɩɥɢɜ ɫ ɥɟɝɤɨɩɥɚɜɤɨɣ ɡɨɥɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɫ ɩɪɹɦɵɦ 

ɜɞɭɜɚɧɢɟɦ, ɞɥɹ ɤɚɦɟɧɧɵɯ ɢ ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɬɭɝɨɩɥɚɜɤɨɣ ɡɨɥɨɣ – ɫɯɟɦɚ ɫ 

ɩɪɨɦɛɭɧɤɟɪɨɦ ɢ ɩɨɞɚɱɟɣ ɩɵɥɢ ɱɚɫɬɶɸ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɚ ɞɥɹ 

ɫɥɚɛɨɪɟɚɤɰɢɨɧɧɵɯ ɬɨɩɥɢɜ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɯɟɦɚ ɫ ɩɨɞɚɱɟɣ ɩɵɥɢ ɝɨɪɹɱɢɦ 

ɜɨɡɞɭɯɨɦ. Ɋɚɡɨɦɤɧɭɬɚɹ ɫɯɟɦɚ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɡ-ɡɚ 

ɫɥɨɠɧɨɫɬɢ ɢ ɝɪɨɦɨɡɞɤɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɩɨɥɭɱɢɥɚ ɧɟɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɞɥɹ ɛɥɨɤɨɜ ɦɨɳɧɨɫɬɶɸ 500 ɢ 800 Ɇȼɬ ɧɚ ɜɥɚɠɧɵɯ ɭɝɥɹɯ. 

Ɉɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ 

ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɫɠɢɝɚɧɢɹ, ɫɨɪɬɚ ɬɨɩɥɢɜɚ, ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɤɢ ɢ ɝɨɪɟɥɨɤ. 



Ⱦɥɹ ɫɥɚɛɨɪɟɚɤɰɢɨɧɧɵɯ ɬɨɩɥɢɜ – ɚɧɬɪɚɰɢɬɨɜ, ɩɨɥɭɚɧɬɪɚɰɢɬɨɜ ɢ ɬɨɳɢɯ 

ɭɝɥɟɣ – ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɯɟɦɚ ɫ ɩɨɞɚɱɟɣ ɩɵɥɢ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ ɢ ɫɛɪɨɫɨɦ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɬɨɩɤɭ ɱɟɪɟɡ ɫɛɪɨɫɧɵɟ ɫɨɩɥɚ. ɉɪɢ ɷɬɨɣ 

ɫɯɟɦɟ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɨɛɥɚɫɬɢ ɤɨɪɧɹ ɮɚɤɟɥɚ ɩɨɜɵɲɚɟɬɫɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚɠɢɝɚɧɢɹ. 

ȼɜɨɞɨɦ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɨɛɥɚɫɬɶ ɡɚ ɹɞɪɨɦ ɝɨɪɟɧɢɹ 

ɮɚɤɟɥɚ ɪɚɫɲɢɪɹɟɬɫɹ ɨɛɥɚɫɬɶ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɫ ɜɤɥɸɱɟɧɢɟɦ ɜ 

ɧɟɟ ɡɨɧɵ ɜɵɝɨɪɚɧɢɹ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ. ɗɬɚ ɫɯɟɦɚ, ɧɚɡɵɜɚɟɦɚɹ 

ɩɨɥɭɪɚɡɨɦɤɧɭɬɨɣ, ɩɪɢɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɞɥɹ ɜɥɚɠɧɵɯ ɬɨɩɥɢɜ ɩɪɢ ɫɭɲɤɟ ɢɯ 

ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ, ɨɬɨɛɪɚɧɧɵɦɢ ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. ȼ 

ɨɛɥɚɫɬɢ ɞɨ ɫɦɟɲɟɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɫ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ 

ɜ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɜɫɬɭɩɚɟɬ ɩɨɞɫɭɲɟɧɧɚɹ ɭɝɨɥɶɧɚɹ ɩɵɥɶ, ɝɨɪɟɧɢɟ ɤɨɬɨɪɨɣ 

ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɢɹ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɛɨɥɟɟ 

ɜɵɫɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɭɪɨɜɧɟ. Ɂɨɧɚ ɝɨɪɟɧɢɹ ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɨɬ ɢɧɟɪɬɧɵɯ 

ɝɚɡɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, 

ɜɵɞɟɥɹɸɳɢɯɫɹ ɩɪɢ ɩɨɞɫɭɲɤɟ ɬɨɩɥɢɜɚ. ɉɪɢ ɷɬɨɦ ɩɨɜɵɲɚɟɬɫɹ ɞɟɣɫɬɜɭɸɳɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɨɛɴɟɦ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɦɦɚɪɧɚɹ 

ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ, ɱɬɨ ɭɫɤɨɪɹɟɬ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɯɢɦɢɱɟɫɤɨɝɨ 

ɪɟɚɝɢɪɨɜɚɧɢɹ. ȼɫɟ ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ. 

ȼ ɬɨɩɤɚɯ ɫ ɜɫɬɪɟɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ, ɛɥɚɝɨɞɚɪɹ 

ɥɭɱɲɟɦɭɩɟɪɟɦɟɲɢɜɚɧɢɸ ɜ ɮɚɤɟɥɟ ɩɨɬɨɤɨɜ ɢɡ ɪɚɡɥɢɱɧɵɯ ɝɨɪɟɥɨɤ, ɝɨɪɟɧɢɟ 

ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɢ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɩɪɢ ɦɟɧɶɲɟɦ ɢɡɛɵɬɤɟ 

ɜɨɡɞɭɯɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɩɤɚɦɢ ɫ ɮɪɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɛɨɥɶɲɢɦ ɜɵɯɨɞɨɦ ɥɟɬɭɱɢɯ, ɜɨɫɩɥɚɦɟɧɟɧɢɟ 

ɤɨɬɨɪɵɯ ɧɚɫɬɭɩɚɟɬ ɥɟɝɱɟ, ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɞɨ 

40…50% ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɝɨ 

ɝɨɪɟɧɢɹ ɤɨɤɫɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɫɥɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜ ɪɚɫɤɚɥɟɧɧɨɦ ɚɤɬɢɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɞɥɹ 

ɩɨɞɫɭɲɤɢ ɜɥɚɠɧɵɯ ɭɝɥɟɣ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɨ ɜ 



ɤɚɱɟɫɬɜɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ. Ȼɭɪɵɟ ɭɝɥɢ, 

ɢɦɟɸɳɢɟ ɛɨɥɶɲɨɣ ɜɵɯɨɞ ɥɟɬɭɱɢɯ, ɫɠɢɝɚɸɬ ɩɪɢ ɝɪɭɛɨɦ ɪɚɡɦɨɥɟ (R90 = 

50…60%), ɯɢɦɢɱɟɫɤɢɣ ɧɟɞɨɠɨɝ ɩɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɚ 

ɦɟɯɚɧɢɱɟɫɤɢɣ – ɧɟ ɩɪɟɜɵɲɚɟɬ 0,5…1,0 %. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɦɟɧɶɲɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ 25…35%, ɚ ɩɪɢ ɫɠɢɝɚɧɢɢȺɒ, ɩɪɨɢɡɜɨɞɢɦɨɦ ɨɛɵɱɧɨ 

ɩɪɢ ɬɨɧɤɨɦ ɪɚɡɦɨɥɟ (R90=8%) ɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ αɬ = 1,25, – ɞɨ 20…25 %. ɉɪɢ 

ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɝɨɪɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 3…5%. 

 
 
2.3 Ɍɨɩɤɚ ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ 
 
ɇɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɨɬ 33 ɞɨ 66 ɤɝ/ɫ (120…240 ɬ/ɱ) 

ɞɥɹ ɫɠɢɝɚɧɢɹ ɛɭɪɵɯ ɢ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɨɞɧɨɤɚɦɟɪɧɵɟ ɬɨɩɤɢ 

ɫ ɭɝɥɨɜɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɚɯ 

ɜɛɥɢɡɢ ɭɝɥɨɜ ɬɨɩɤɢ. ɉɪɢ ɭɝɥɨɜɨɣ ɤɨɦɩɨɧɨɜɤɟ ɝɨɪɟɥɤɢ ɪɚɡɦɟɳɚɸɬ ɜ ɨɞɢɧ, ɞɜɚ 

ɢɥɢ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɹɪɭɫɨɜ ɩɨ ɨɞɧɨɣ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɯɟɦ: ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɫɟɣ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɤ ɜɨɨɛɪɚɠɚɟɦɨɦɭ ɤɪɭɝɭ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ (ɪɢɫɭɧɨɤ 6,ɚ), ɫ 

ɞɢɚɝɨɧɚɥɶɧɵɦ (ɪɢɫɭɧɨɤ 6,ɛ) ɢ ɫ ɛɥɨɱɧɵɦ (ɪɢɫɭɧɨɤ 6,ɜ) ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɫɟɣ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɭɝɥɨɜɵɯ ɝɨɪɟɥɨɤ: 
ɚ – ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ; ɛ – ɞɢɚɝɨɧɚɥɶɧɚɹ; ɜ - ɛɥɨɱɧɚɹ. 

  



ɍɝɥɨɜɚɹ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɢɫɩɵɬɚɧɚ ɢ ɧɚ ɛɨɥɟɟ ɦɨɳɧɵɯ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɬɨɩɤɢ ɞɜɭɫɜɟɬɧɵɦɢ ɷɤɪɚɧɚɦɢ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɬɫɟɤɨɜ, ɚ ɬɚɤɠɟ ɜ ɬɨɩɤɟ, ɜɵɩɨɥɧɟɧɧɨɣ ɜ ɜɢɞɟ ɞɜɭɯɜɢɯɪɟɜɨɣ 

ɤɚɦɟɪɵ. 

ɇɢɠɟ ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɚɷɪɨɞɢɧɚɦɢɤɢ ɬɨɩɤɢ ɫ ɭɝɥɨɜɵɦɢ ɝɨɪɟɥɤɚɦɢ ɩɪɢ 

ɭɤɚɡɚɧɧɵɯ ɬɪɟɯ ɫɩɨɫɨɛɚɯ ɤɨɦɩɨɧɨɜɤɢ ɝɨɪɟɥɨɤ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɢ ɩɪɢɜɟɞɟɧɵ 

ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɯ ɪɚɛɨɬɵ. 

Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ. Ɉɫɶ ɝɨɪɟɥɨɤ ɨɛɪɚɡɭɟɬ ɫ ɩɪɢɥɟɝɚɸɳɢɦɢ 

ɫɬɟɧɚɦɢ ɧɟɪɚɜɧɵɟ ɭɝɥɵ ɫ ɬɟɦ ɛɨɥɶɲɟɣ ɪɚɡɧɢɰɟɣ, ɱɟɦ ɫɢɥɶɧɟɟ ɜɵɬɹɧɭɬɚ ɬɨɩɤɚ ɜ 

ɩɥɚɧɟ(ɪɢɫɭɧɨɤ 7). 

 

 

 

Ɋɢɫɭɧɨɤ 2.7 – Ⱥɷɪɨɞɢɧɚɦɢɤɚ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɬɨɩɤɢ ɜ ɩɨɩɟɪɟɱɧɨɦ 
ɫɟɱɟɧɢɢ ɩɨ ɨɫɢ ɝɨɪɟɥɨɤ: 

ɚ –A/B=1,06; dɭ/В=0,12; ɛ – А/В=1,06; dɭ/В=0,29. 
 

ȼ ɬɨɩɤɚɯ ɫ ɫɟɱɟɧɢɟɦ (ɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ) ɛɥɢɡɤɢɦ ɤ ɤɜɚɞɪɚɬɧɨɦɭА/В= 

1…1,2 ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɫɟɣ ɝɨɪɟɥɨɤ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɨɤ 7,ɚ, ɫɬɪɭɢ, 

ɜɬɟɤɚɸɳɢɟ ɜ ɤɚɦɟɪɭ, ɨɛɪɚɡɭɸɬ ɭɫɥɨɜɧɭɸ ɨɤɪɭɠɧɨɫɬɶ ɞɢɚɦɟɬɪɨɦ dɭ.ɋɬɪɭɢ 

ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɟɣ ɝɨɪɟɥɨɤ ɜ ɫɬɨɪɨɧɭ ɩɪɢɥɟɝɚɸɳɢɯ ɫɬɟɧ, ɫ 



ɤɨɬɨɪɵɦɢ ɨɫɢ ɫɨɫɬɚɜɥɹɸɬ ɦɟɧɶɲɢɣ ɭɝɨɥ. Ɉɬɧɨɲɟɧɢɟ dɭɤ ɫɬɨɪɨɧɟВ(ɤ ɤɨɬɨɪɨɣ 

ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɵ ɨɫɢ ɝɨɪɟɥɨɤ)ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ dy/В≥0,12. 

ɋɥɢɜɚɹɫɶ ɜ ɨɛɳɢɣ ɩɨɬɨɤ, ɫɬɪɭɢ ɨɛɪɚɡɭɸɬ ɜɢɯɪɶ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ 

ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨ ɦɟɪɟ ɩɨɞɴɟɦɚ ɪɚɫɤɪɭɱɢɜɚɟɬɫɹ ɢ ɞɚɥɟɟ ɞɜɢɠɟɬɫɹ ɜɞɨɥɶ 

ɫɬɟɧ.ȼ ɨɛɥɚɫɬɢ ɝɨɪɟɥɨɤ ɩɨɬɨɤ ɞɜɢɠɟɬɫɹ ɩɨɱɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, ɚ ɩɨ ɦɟɪɟ 

ɞɜɢɠɟɧɢɹ ɜɜɟɪɯ ɭɝɨɥ ɩɨɞɴɟɦɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 30°. ȼ ɭɝɥɚɯ 

ɬɨɩɤɢ ɜɫɥɟɞɫɬɜɢɟ ɩɪɹɦɨɝɨ ɭɞɚɪɚ ɜ ɫɬɟɧɭ ɩɨɬɨɤ ɪɚɫɬɟɤɚɟɬɫɹ ɢ ɭɝɨɥ ɩɨɞɴɟɦɚ ɟɝɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɑɚɫɬɶ ɩɨɬɨɤɚ ɩɨɞ ɧɟɛɨɥɶɲɢɦ ɭɝɥɨɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜɧɢɡ, 

ɪɚɡɜɢɜɚɹɫɶ ɬɚɤɠɟ ɜ ɜɢɞɟ ɜɢɯɪɹ. 

ȼɵɲɟ ɝɨɪɟɥɨɤ ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɬɨɩɤɢ ɡɚɧɹɬɚ ɨɩɭɫɤɧɵɦ ɜɹɥɵɦ ɩɨɬɨɤɨɦ, 

ɫɤɨɪɨɫɬɶ ɤɨɬɨɪɨɝɨ ɪɚɜɧɹɟɬɫɹ ɩɪɢɦɟɪɧɨ 0,2 ɫɤɨɪɨɫɬɢ ɢɫɬɟɱɟɧɢɹ ɢɡ ɝɨɪɟɥɨɤ, ɚ 

ɧɢɠɟ ɝɨɪɟɥɨɤ – ɜɨɫɯɨɞɹɳɢɦ ɨɫɟɜɵɦ ɩɨɬɨɤɨɦ. Ɉɩɭɫɤɧɨɣ ɢ ɜɨɫɯɨɞɹɳɢɣ ɨɫɟɜɨɣ 

ɩɨɬɨɤɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɩɟɪɢɮɟɪɢɢ ɫɥɟɝɤɚ ɡɚɤɪɭɱɟɧɵ. 

ɉɪɢ ɨɬɧɨɲɟɧɢɢ ɫɭɦɦɚɪɧɨɣ ɜɵɫɨɬɵ ɝɨɪɟɥɨɤ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɨɞɧɨɦ ɭɝɥɭ, 

ɤ ɲɢɪɢɧɟ ɝɨɪɟɥɤɢ ∑h/2Ь0≤4 ɢdɭ/В = 0,08…0,12 ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɚɤɬɢɜɧɨɝɨ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɮɚɤɟɥɨɜ ɧɚ ɫɬɟɧɵ ɬɨɩɤɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɞɥɹ ɛɟɫɲɥɚɤɨɜɨɱɧɨɣ ɪɚɛɨɬɵ ɬɨɩɨɤ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦdɭ ɢ ∑h/2Ь0 (ɪɢɫɭɧɨɤ 7,ɛ) ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɨɫɟɣ ɝɨɪɟɥɨɤ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɧɢɫɯɨɞɹɳɟɝɨ ɨɫɟɜɨɝɨ 

ɩɨɬɨɤɚ, ɚ ɜɨɫɯɨɞɹɳɢɣ ɨɫɟɜɨɣ ɩɨɬɨɤ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɢ, ɧɚɤɨɧɟɰ, ɩɨ 

ɜɫɟɣ ɜɵɫɨɬɟ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɚɦɟɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɢɫɯɨɞɹɳɟɟ ɬɟɱɟɧɢɟ. 

ɂɡɦɟɧɹɟɬɫɹ ɢ ɚɷɪɨɞɢɧɚɦɢɤɚ ɩɨɬɨɤɨɜ ɧɚ ɭɪɨɜɧɟ ɝɨɪɟɥɨɤ. 

Ɏɚɤɟɥɵ, ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɝɨɪɟɥɨɤ, ɢɦɟɸɳɢɯ ɦɟɧɶɲɢɣ ɭɝɨɥ α1 ɦɟɠɞɭ ɨɫɶɸ 

ɢ ɧɨɪɦɚɥɶɸ ɤ ɛɨɤɨɜɨɣ ɫɬɟɧɟ, ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧɚ ɝɨɪɟɥɤɚ (ɫɦ. ɪɢɫɭɧɨɤ 6), 

ɨɬɤɥɨɧɹɸɬɫɹ ɢ ɧɚɛɟɝɚɸɬ ɧɚ ɮɪɨɧɬɨɜɭɸ ɢ ɡɚɞɧɸɸ ɫɬɟɧɵ ɩɨɞ ɭɝɥɨɦ ɚɬɚɤɢ, 

ɞɨɯɨɞɹɳɢɦ ɞɨ 60°, ɫɨɡɞɚɜɚɹ ɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɩɨ ɲɥɚɤɨɜɚɧɢɸ. Ɏɚɤɟɥɵ, 

ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɝɨɪɟɥɨɤ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨɞ ɛɨɥɶɲɢɦ ɭɝɥɨɦ α2, ɫ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɭɝɥɨɦ ɚɬɚɤɢ ɩɪɢɥɢɩɚɸɬ ɤ ɫɬɟɧɚɦ, ɧɚ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɵ 

ɝɨɪɟɥɤɢ.  



ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɩɢɫɚɧɧɨɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɫɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɵɦ 

ɧɚɛɥɸɞɚɸɳɢɣɫɹ ɯɚɪɚɤɬɟɪ ɲɥɚɤɨɜɚɧɢɹ ɩɪɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɯɟɦɟ ɭɫɬɚɧɨɜɤɢ 

ɝɨɪɟɥɨɤ (ɪɢɫɭɧɨɤ 6,ɚ). ɉɪɢ ɬɨɩɨɱɧɨɦ ɜɢɯɪɟ ɝɚɡɨɜ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ ɲɥɚɤ 

ɧɚɥɢɩɚɟɬ ɧɚ ɥɟɜɨɦ ɤɪɚɟ ɮɪɨɧɬɨɜɨɣ ɫɬɟɧɵ ɢ ɧɚ ɩɪɚɜɨɦ ɤɪɚɟ ɡɚɞɧɟɣ ɫɬɟɧɵ. ɉɪɢ 

ɜɪɚɳɟɧɢɢ ɬɨɩɨɱɧɨɝɨ ɜɢɯɪɹ ɩɪɨɬɢɜ ɞɜɢɠɟɧɢɹ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ ɧɚɥɢɩɚɧɢɟ ɲɥɚɤɚ 

ɢɦɟɟɬ ɦɟɫɬɨ ɧɚ ɩɪɚɜɨɦ ɤɪɚɟ ɮɪɨɧɬɨɜɨɣ ɢ ɥɟɜɨɦ ɤɪɚɟ ɡɚɞɧɟɣ ɫɬɟɧ ɬɨɩɤɢ. 

ɑɟɦ ɫɢɥɶɧɟɟ ɜɵɬɹɧɭɬɚ ɬɨɩɤɚ ɜ ɩɥɚɧɟ, ɬ. ɟ. ɱɟɦ ɛɨɥɶɲɟ ɨɧɚ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ 

ɤɜɚɞɪɚɬɧɨɣ ɮɨɪɦɵ, ɬɟɦ ɛɨɥɶɲɟ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɭɝɥɚɦɢ, ɨɛɪɚɡɨɜɚɧɧɵɦɢ ɨɫɶɸ 

ɝɨɪɟɥɤɢ ɢ ɩɪɢɥɟɝɚɸɳɢɦɢ ɫɬɟɧɚɦɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɨɬɤɥɨɧɟɧɢɟ ɫɬɪɭɣ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɭɞɚɪɚ ɢ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɭɜɟɥɢɱɢɜɚɹ ɨɩɚɫɧɨɫɬɶ 

ɲɥɚɤɨɜɚɧɢɹ. 

ɉɪɢ ɞɢɚɝɨɧɚɥɶɧɨɣɤɨɦɩɨɧɨɜɤɟ ɨɫɢ ɜɫɟɯ ɝɨɪɟɥɨɤ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɰɟɧɬɪɟ 

ɬɨɩɤɢ, ɮɚɤɟɥɵ ɨɛɪɚɡɭɸɬ ɞɜɟ ɷɮɮɟɤɬɢɜɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɞɪɭɝ ɧɚ ɞɪɭɝɚɞɜɟ  

ɝɪɭɩɩɵ ɫɬɪɭɣ.. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɢɯ ɝɪɭɩɩ ɫɬɪɭɣ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

ɚɷɪɨɞɢɧɚɦɢɤɢ ɬɨɩɤɢ. ȼ ɤɜɚɞɪɚɬɧɨɣ ɬɨɩɤɟ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɤɨɥɢɱɟɫɬɜɟ ɞɜɢɠɟɧɢɹ 

ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɫɨɩɥ ɫɬɪɭɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɜɞɨɥɶ ɫɜɨɢɯ ɨɫɟɣ ɢ ɫɨɭɞɚɪɹɸɬɫɹ ɜ 

ɰɟɧɬɪɟ ɬɨɩɤɢ. ȼ ɬɨɩɤɟ, ɢɦɟɸɳɟɣ ɜ ɩɥɚɧɟ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɫɟɱɟɧɢɟ, ɫɬɪɭɢ ɤɚɠɞɨɣ 

ɝɪɭɩɩɵ ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ ɫɥɢɜɚɸɬɫɹ ɜ ɟɞɢɧɵɣ ɩɨɬɨɤ. ɉɨɞ 

ɞɟɣɫɬɜɢɟɦ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɭɞɚɪɚ ɫɬɪɭɣ, ɨɬ ɦɟɫɬɚ ɫɬɨɥɤɧɨɜɟɧɢɹ ɜɜɟɪɯ ɢ ɜɧɢɡ ɭɫɬɪɟɦɥɹɸɬɫɹ ɩɨɬɨɤɢ ɫ 

ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ. Ɉɛɥɚɫɬɶ ɭ ɫɬɟɧɨɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɞ ɮɚɤɟɥɚɦɢ ɡɚɧɹɬɚ 

ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɜɢɯɪɟɜɵɦɢ ɡɨɧɚɦɢ. 

Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ ɝɚɡɨɜ ɞɜɢɠɟɬɫɹ ɜɜɟɪɯ. ȼɧɚɱɚɥɟ ɫɟɱɟɧɢɟ ɷɬɨɝɨ ɩɨɬɨɤɚ 

ɧɟɫɤɨɥɶɤɨ ɭɦɟɧɶɲɚɟɬɫɹ. Ɂɚɬɟɦ ɜ ɩɪɨɰɟɫɫɟ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨ 

ɫɜɨɛɨɞɧɵɦ ɝɪɚɧɢɰɚɦ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɬɨɪɦɨɡɹɳɢɦ ɷɮɮɟɤɬɨɦ, 

ɨɤɚɡɵɜɚɟɦɵɦ ɜɢɯɪɟɜɵɦɢ ɡɨɧɚɦɢ, ɫɤɨɪɨɫɬɶ ɜ ɜɨɫɯɨɞɹɳɟɦ ɩɨɬɨɤɟ ɩɚɞɚɟɬ. ɉɨɬɨɤ 

ɪɚɫɲɢɪɹɟɬɫɹ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɡɚɧɢɦɚɟɬ ɩɨɱɬɢ ɜɫɟ ɟɟ ɫɟɱɟɧɢɟ. ɇɢɠɧɢɣ 

ɩɨɬɨɤ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɜɟɬɜɢ, ɤɨɬɨɪɵɟ ɜ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɟ ɨɛɪɚɡɭɸɬ ɜɢɯɪɢ ɢ 

ɜɧɨɜɶ ɩɨɫɬɭɩɚɸɬ ɜ ɮɚɤɟɥ ɭ ɛɨɤɨɜɵɯ ɫɬɟɧ. 



Ɉɞɧɚɤɨ ɬɚɤɨɣ ɪɟɠɢɦ ɧɟɭɫɬɨɣɱɢɜ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɜ ɨɞɧɨɣ ɢɡ 

ɝɪɭɩɩ ɫɬɪɭɣ ɚɷɪɨɞɢɧɚɦɢɤɚ ɢɡɦɟɧɹɟɬɫɹ. Ɇɟɫɬɨ ɫɨɭɞɚɪɟɧɢɹ ɫɦɟɳɚɟɬɫɹ ɤ ɫɬɟɧɟ, 

ɝɨɪɟɥɨɱɧɵɟ ɫɬɪɭɢ ɤɨɬɨɪɨɣ ɢɦɟɸɬ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ. Ʉ ɬɨɣ ɠɟ 

ɫɬɟɧɟ ɩɟɪɟɛɪɚɫɵɜɚɟɬɫɹ ɩɨɞɴɟɦɧɵɣ ɩɨɬɨɤ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɨɩɭɫɤɧɨɣ ɩɨɬɨɤ, ɤɨɬɨɪɵɣ ɫɬɟɤɚɟɬ ɤ ɮɚɤɟɥɭ, ɨɛɪɚɡɭɹ ɨɝɪɨɦɧɵɣ, ɧɨ ɜɹɥɵɣ ɜɢɯɪɶ. 

ɇɢɠɧɢɣ ɩɨɬɨɤ ɬɚɤɠɟ ɨɬɤɥɨɧɹɟɬɫɹ ɤ ɫɬɟɧɟ, ɪɚɫɯɨɞ ɫɦɟɫɢ ɱɟɪɟɡ ɝɨɪɟɥɤɢ ɤɨɬɨɪɨɣ 

ɦɟɧɶɲɟ, ɢ, ɨɦɵɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ, ɜɬɟɤɚɟɬ ɜ ɤɨɪɟɧɶ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ 

ɮɚɤɟɥɨɜ, ɨɛɪɚɡɭɹ ɜ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɟ ɷɧɟɪɝɢɱɧɵɣ ɜɢɯɪɶ. 

ȼ ɬɨɩɤɟ ɫ ɭɝɥɨɜɨɣ ɛɥɨɱɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ ɩɪɢ ɪɚɜɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ 

ɞɜɢɠɟɧɢɹ ɫɬɪɭɢ ɢɡ ɝɨɪɟɥɨɤ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɛɨɤɨɜɵɯ ɫɬɟɧ ɨɛɪɚɡɭɸɬ ɞɜɚ 

ɩɨɬɨɤɚ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɭɫɬɪɟɦɥɹɸɬɫɹ ɞɪɭɝ ɤ ɞɪɭɝɭ. ɉɨɫɥɟ ɫɨɭɞɚɪɟɧɢɹ ɝɚɡɵ 

ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɰɟɧɬɪɚɥɶɧɵɣ ɧɟɭɫɬɨɣɱɢɜɵɣ ɜɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ. ɉɪɢ 

ɩɪɟɜɵɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɫ ɤɚɤɨɣ-ɥɢɛɨ ɫɬɨɪɨɧɵ ɢɥɢ ɩɪɢ ɤɚɤɨɦ-ɥɢɛɨ 

ɫɥɭɱɚɣɧɨɦ ɜɨɡɦɭɳɟɧɢɢ ɩɨɬɨɤ ɫɦɟɳɚɟɬɫɹ ɤ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɟɧɟ, ɭ ɤɨɬɨɪɨɣ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɜɨɫɯɨɞɹɳɢɣ ɩɨɬɨɤ. ɉɪɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɬɨɩɤɟ ɧɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɨ ɩɪɢɠɚɬɢɟ ɩɨɬɨɤɚ ɤ ɨɞɧɨɣ ɢɡ ɲɢɪɨɤɢɯ ɫɬɟɧ. 

Ȼɥɚɝɨɞɚɪɹ ɨɩɢɫɚɧɧɨɦɭ ɯɚɪɚɤɬɟɪɭ ɚɷɪɨɞɢɧɚɦɢɤɢ ɜ ɬɨɩɤɚɯ ɫ ɭɝɥɨɜɵɦɢ 

ɝɨɪɟɥɤɚɦɢ ɡɚɠɢɝɚɧɢɟ ɭɫɬɨɣɱɢɜɨɟ. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɢɯ ɹɜɥɹɸɬɫɹ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɫɢɥɶɧɨɟ ɲɥɚɤɨɜɚɧɢɟ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɢɦɟɸɳɟɟ ɦɟɫɬɨ ɩɪɢ ɬɜɟɪɞɨɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɢ ɢɡ ɬɨɩɤɢ. ɇɚ ɭɪɨɜɧɟ ɝɨɪɟɥɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɦɟɫɬɧɨɟ ɲɥɚɤɨɜɚɧɢɟ. 

ȼɵɲɟ ɝɨɪɟɥɨɤ ɢɦɟɟɬ ɦɟɫɬɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɪɚɜɧɨɦɟɪɧɨɟ ɨɛɳɟɟ ɲɥɚɤɨɜɚɧɢɟ ɜɫɟɯ 

ɫɬɟɧ ɜɫɥɟɞɫɬɜɢɟ ɨɦɵɜɚɧɢɹ ɢɯ ɝɚɡɚɦɢ. 

Ɍɨɩɤɢ ɫ ɭɝɥɨɜɵɦ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɪɚɛɨɬɚɸɬ 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɯ ɫ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ, ɛɥɢɡɤɢɦ ɤ 

ɤɜɚɞɪɚɬɧɨɦɭ, ɫ ɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ ɧɟ ɛɨɥɟɟ 1…1,2. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɦɟɧɶɲɚɟɬɫɹ 

ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɮɚɤɟɥɨɜ ɧɚ ɫɬɟɧɵ, ɱɬɨ ɫɧɢɠɚɟɬ ɨɩɚɫɧɨɫɬɶ 

ɲɥɚɤɨɜɚɧɢɹ, ɭɦɟɧɶɲɚɟɬɫɹ ɬɚɤɠɟ ɰɟɧɬɪɚɥɶɧɵɣ ɜɢɯɪɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. ȼ 

ɬɨɩɤɚɯ ɫ ɞɢɚɝɨɧɚɥɶɧɨɣ ɢ ɛɥɨɱɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɝɨɪɟɥɨɤ ɧɚɛɥɸɞɚɟɬɫɹ 

ɲɥɚɤɨɜɚɧɢɟ ɮɪɨɧɬɨɜɨɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɝɢɛɚɯ ɫɤɚɬɨɜ ɯɨɥɨɞɧɨɣ 



ɜɨɪɨɧɤɢ. ɇɟɭɫɬɨɣɱɢɜɚɹ ɚɷɪɨɞɢɧɚɦɢɤɚ ɷɬɢɯ ɬɨɩɨɤ ɭɫɢɥɢɜɚɟɬ ɨɩɚɫɧɨɫɬɶ 

ɲɥɚɤɨɜɚɧɢɹ. 

ɋ ɰɟɥɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɚɡɨɜɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɜɚ 

ɩɚɪɚ, ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɮɚɤɟɥɚ ɩɨ ɜɵɫɨɬɟ ɬɨɩɤɢ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 

ɩɪɢɦɟɧɹɸɬɫɹ ɭɝɥɨɜɵɟ ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ, ɫɨɩɥɚ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɤɨɬɨɪɵɯ ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ ɜɨɤɪɭɝ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. ɗɬɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɧɚɥɚɞɤɟ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ 

ɲɥɚɤɨɜɚɧɢɹ ɜ ɬɨɩɤɟ. 

Ɍɨɩɤɢ ɫ ɭɝɥɨɜɵɦɢ ɝɨɪɟɥɤɚɦɢ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɭɸ ɷɠɟɤɰɢɸ ɝɚɡɨɜ ɢɡ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ ɢ ɩɨɜɵɲɟɧɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɬɟɩɥɨɨɬɞɚɱɢ ɢɡ ɧɟɝɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɜ ɪɟɚɝɢɪɭɸɳɟɦ ɩɨɬɨɤɟ ɭɦɟɧɶɲɚɟɬɫɹ 

ɚɤɤɭɦɭɥɹɰɢɹ ɬɟɩɥɚ, ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ, ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɮɚɤɟɥɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ ɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ. ɗɬɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ 

ɭɫɥɨɜɢɹ ɜ ɬɨɩɤɟ ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɫɜɹɡɚɧɵ ɫ ɪɚɡɨɛɳɟɧɧɵɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɮɚɤɟɥɨɜ ɝɨɪɟɥɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɡɧɵɯ ɭɝɥɚɯ ɬɨɩɤɢ, ɢ 

ɞɜɢɠɟɧɢɟɦ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɨɫɥɟ ɫɥɢɹɧɢɹ ɫɬɪɭɣ, ɜɞɨɥɶ 

ɷɤɪɚɧɢɪɨɜɚɧɧɵɯ ɫɬɟɧ, ɚ ɜ ɬɨɩɤɚɯ ɫ ɞɢɚɝɨɧɚɥɶɧɨɣ ɢɥɢ ɛɥɨɱɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ – ɫ 

ɞɜɢɠɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɵɫɨɬɟ ɫ ɧɟɩɨɥɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ 

ɫɟɱɟɧɢɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 

ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨɦ ɝɨɪɟɧɢɢ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨɥɹ ɬɨɩɥɢɜɚ, ɫɝɨɪɚɸɳɟɝɨ ɜ ɹɞɪɟ ɮɚɤɟɥɚ, ɢ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɟɝɨ ɞɨɥɹ, ɜɵɝɨɪɚɸɳɚɹ ɜ ɡɨɧɟ ɞɨɠɢɝɚɧɢɹ ɮɚɤɟɥɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɪɚɞɢɚɰɢɨɧɧɨɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɢ ɤ ɩɨɜɵɲɟɧɢɸ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɱɬɨ ɱɚɫɬɨ ɜɵɡɵɜɚɟɬ ɲɥɚɤɨɜɚɧɢɟ ɮɟɫɬɨɧɚ 

ɢ ɩɟɪɜɵɯ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

ɉɪɢ ɠɢɞɤɨɦ ɲɥɚɤɨɭɞɚɥɟɧɢɢ ɝɨɪɟɧɢɟ ɜ ɷɬɢɯ ɬɨɩɤɚɯ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ, ɚ 

ɨɩɚɫɧɨɫɬɶ ɲɥɚɤɨɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼɨ ɢɡɛɟɠɚɧɢɟ ɱɪɟɡɦɟɪɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɢɯɪɹ ɫɤɨɪɨɫɬɢ 

ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɭɝɥɨɜɵɯ ɝɨɪɟɥɨɤ ɜ 



ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɬɨɩɤɟ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɧɟ ɜɵɲɟ 30…40 ɦ/ɫ. Ɍɚɤɢɟ ɠɟ ɫɤɨɪɨɫɬɢ 

ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɩɪɢ ɞɢɚɝɨɧɚɥɶɧɨɣ ɢ ɛɥɨɱɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɝɨɪɟɥɨɤ. 

ȼ ɬɨɩɤɟ ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɨɛɨɝɪɟɜ ɫɬɟɧ 

ɪɚɜɧɨɦɟɪɟɧ. ȼ ɬɨɩɤɚɯ ɫ ɭɝɥɨɜɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɨɪɟɥɨɤ ɫɯɟɦɚ ɩɵɥɟɩɪɨɜɨɞɨɜ ɢ 

ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɫɥɨɠɧɟɟ, ɩɵɥɟɩɪɨɜɨɞɵ ɩɨɥɭɱɚɸɬɫɹ ɛɨɥɟɟ ɞɥɢɧɧɵɦɢ ɢ ɢɦɟɸɬ 

ɛɨɥɶɲɟ ɝɢɛɨɜ. ɉɨɜɨɪɨɬɵ ɧɚɪɭɲɚɸɬ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɵɥɢ, 

ɩɨɜɵɲɚɸɬ ɢɡɧɨɫ ɩɵɥɟɩɪɨɜɨɞɨɜ ɢ ɩɨɬɟɪɸ ɧɚɩɨɪɚ ɜ ɧɢɯ. Ɋɚɡɦɟɳɟɧɢɟ ɝɨɪɟɥɨɤ ɜ 

ɭɝɥɚɯ ɡɚɞɧɟɣ ɫɬɟɧɵ ɱɚɫɬɨ ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ ɛɥɢɡɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. 

 
 
2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
 
1. Ɋɚɫɫɦɨɬɪɟɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɬɟɯɧɨɥɨɝɢɢ ɫɠɢɝɚɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨɬɨɩɥɢɜɚ ɜ ɤɨɬɥɚɯ ɫ ɬɜɟɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɬɨɩɨɱɧɵɟ ɤɚɦɟɪɵ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɮɪɨɧɬɚɥɶɧɨɟ,ɜɫɬɪɟɱɧɨɟ 

ɢɬɚɧɝɟɧɰɢɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɨɪɟɥɨɤ. 

2.ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɬɨɩɨɤ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɨɜɵɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɛɨɥɶɲɨɣ 

ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɩɪɢ ɫɠɢɝɚɧɢɢ ɄȺɍ, ɨɛɥɚɞɚɸɳɢɯ 

ɜɵɫɨɤɨɣ ɲɥɚɤɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɧɨɝɨɹɪɭɫɧɭɸ 

ɤɨɧɫɬɪɭɤɰɢɸɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɫ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɩɪɹɦɨɬɨɱɧɵɯ 

ɝɨɪɟɥɨɤ. 

 

  



3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɬɥɟ ȻɄɁ-140-210Ɏ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ 

 
 
3.1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɥɚ 
 
ɄɨɬɥɨɚɝɪɟɝɚɬȻɄɁ-210-140Ɏ ȼɥɚɞɢɜɨɫɬɨɤɫɤɨɣ Ɍɗɐ-2 ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɞɥɹ 

ɫɠɢɝɚɧɢɹ ɱɢɯɟɡɫɤɨɝɨ ɛɭɪɨɝɨ ɭɝɥɹ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ (ɪɢɫɭɧɨɤ 3.1). 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 210 ɬ/ɱ. Ⱦɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 13,7 Ɇɉɚ ɢ 540 °ɋ. ɉɪɢɡɦɚɬɢɱɟɫɤɚɹ ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɫ 

ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ 7,808 7,424 ɢ ɜɵɫɨɬɨɣ 22,636 ɦ ɷɤɪɚɧɢɪɨɜɚɧɚ ɬɪɭɛɚɦɢ 

ɞɢɚɦɟɬɪɨɦ 60 ɦɦ ɫ ɲɚɝɨɦ 64 ɦɦ. Ɍɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɬɨɩɨɱɧɨɝɨ ɨɛɴɟɦɚ qv = 147 

ɤȼɬ/ɦ3, ɫɟɱɟɧɢɹ qF = 2,78 Ɇȼɬ/ɦ2 ɢ ɥɭɱɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ 

ɝɨɪɟɧɢɹ qɥɝ = 1,52 Ɇȼɬ/ɦ2. ɍɝɥɨɜɵɟ ɩɵɥɟɭɝɨɥɶɧɵɟ ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ ɫ 

ɜɟɪɬɢɤɚɥɶɧɨ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɫɨɩɥɚɦɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɚɷɪɨɫɦɟɫɢ 

ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɞɢɧ ɹɪɭɫ ɢ ɧɚɩɪɚɜɥɟɧɵ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɤ ɜɨɨɛɪɚɠɚɟɦɨɣ 

ɨɤɪɭɠɧɨɫɬɢ ɞɢɚɦɟɬɪɨɦ 0,114ɚɬ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ. ɉɵɥɟɫɢɫɬɟɦɚ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ 

ɫ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ ɢ ɪɚɡɦɨɥɨɦ ɬɨɩɥɢɜɚ ɜ ɱɟɬɵɪɟɯ ɦɟɥɶɧɢɰɚɯ-ɜɟɧɬɢɥɹɬɨɪɚɯ 

Ɇȼ1600/600/970. ɋɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɫɦɟɫɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, 

ɨɬɛɢɪɚɟɦɵɯ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɢ ɡɚ ɞɵɦɨɫɨɫɨɦ. Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ 12 

ɩɚɪɨɜɵɦɢ ɨɛɞɭɜɨɱɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ ɈɉɊ-5 ɢ ɲɟɫɬɶɸ ɚɩɩɚɪɚɬɚɦɢ ɈȽ-7 ɞɥɹ 

ɨɱɢɫɬɤɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ.  

 

3.2ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɢɫɬɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ ɫɥɨɹ ɭ ɬɨɩɨɱɧɵɯ 
ɷɤɪɚɧɨɜ 

Ȼɟɪɟɡɨɜɫɤɢɣ ɭɝɨɥɶ, ɫɠɢɝɚɜɲɢɣɫɹ ɜ ɬɨɩɤɟ ɤɨɬɥɚ ȻɄɁ-210-140Ɏ, ɢɦɟɥ 

ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: Wr = 33,2–34,9 %, Ad = 6,5–9,8 %, Qi
r = 15200–

15650 ɤȾɠ/ɤɝ, Sd = 0,38–0,4 5 %. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɜɭɯ 

ɪɟɠɢɦɚɯ, ɨɬɥɢɱɚɜɲɢɯɫɹ ɜ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɟɦ ɪɚɛɨɬɚɸɳɢɯ ɦɟɥɶɧɢɰ [9, 12]. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɠɢɦɨɜ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.1. 

  



 

Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɬɨɩɤɢ ɤɨɬɥɚ ȻɄɁ-210-140Ɏ 

  



Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɬɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚ-

ɱɟɧɢɟ 

Ɋɚɡɦɟɪ-

ɧɨɫɬɶ 

Ɋɟɠɢɦ 1 Ɋɟɠɢɦ 2 

Ɋɚɛɨɬɚɸɳɢɟ ɦɟɥɶɧɢɰɵ - - Ȼ,ȼ,Ƚ Ⱥ,Ȼ,ȼ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɤɨɬɥɚ 

Ⱦ/Ⱦɧɨɦ - 0,87–0,94 0,99–1,01 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɪɚɫɱɟɬɧɵɣ ȼɪ ɬ/ɱ 32,6–34,1 37,8–38,2 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɬ - 1,26–1,32 1,17–1,21 

Ɍɨ ɠɟ ɜ ɝɨɪɟɥɤɚɯ ɝɨɪ - 0,98–1,03 0,80–0,83 

ɉɨɞɚɱɚ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɧɟɪɚɛɨɬɚɸɳɢɣ ɛɥɨɤ ɝɨɪɟɥɨɤ 

- - Ɍɨ ɠɟ, ɱɬɨ ɢ ɜ ɪɚɛɨɬɚɸɳɢɟ 

ɝɨɪɟɥɤɢ 

ɋɤɨɪɨɫɬɶ ɚɷɪɨɫɦɟɫɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɝɨɪɟɥɨɤ W1 ɦ/ɫ 20,9–26,7 16,9–22,3 

Ɍɨ ɠɟ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ W2 ɦ/ɫ 39,0–45,2 39,0–45,2 

Ɍɨɧɤɨɫɬɶ ɩɵɥɢ R1000 % 1,0–1,1 0,9 

Ɍɨɧɤɨɫɬɶ ɩɵɥɢ R200 % 19,0–22,0 18,5–20,5 

Ɍɨɧɤɨɫɬɶ ɩɵɥɢ R90 % 39,6–42,7 30,9–39,0 

Ɍɟɦɩɟɪɚɬɭɪɚ ɚɷɪɨɫɦɟɫɢ tɚɷɪ °ɋ 160–230 130–167 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ tɝɜ °ɋ 290–300 310–330 

Ⱦɨɥɹ ɝɚɡɨɜ, ɨɬɛɢɪɚɟɦɵɯ ɢɡ ɬɨɩɤɢ ɧɚ 

ɫɭɲɤɭ 

rɨɬɛ 
- 0,18–0,21 0,16 

Ⱦɨɥɹ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɯ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ rɪɰ 
- 0,13–0,14 0,13–0,14 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ 1250–

1270 °ɋ ɡɚ ɫɱɟɬ ɩɨɞɚɱɢ ɜ ɩɵɥɟɫɢɫɬɟɦɭ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɯ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 13…14 %, ɜɦɟɫɬɨ ɜɨɡɞɭɯɚ. Ɉɤɨɥɨ 2 % ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɩɨɞɚɜɚɥɨɫɶ ɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ. ɑɚɫɬɶ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ (0,18…0,29) ɨɬ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɨɞɚɜɚɥɚɫɶ ɱɟɪɟɡ ɚɦɛɪɚɡɭɪɵ ɦɚɡɭɬɧɵɯ ɝɨɪɟɥɨɤ. 

ɇɚ ɪɢɫɭɧɤɚɯ 3.2 ɢ 3.13 ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ, ɩɚɞɚɸɳɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɫɨɫɬɚɜɚ ɝɚɡɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɡɨɥɵ, ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɣ ɝɨɪɸɱɢɯ, ɚɤɫɢɚɥɶɧɨɣ ɢ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ ɜ ɨɛɨɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɤɨɬɥɚ. ɉɪɢ ɨɞɢɧɚɤɨɜɨɣ 

ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɟ ɢ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɝɨɪɟɥɨɤ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ 



ɫɬɪɭɤɬɭɪɭ ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɬɨɩɤɟ ɨɤɚɡɵɜɚɟɬ 

ɫɨɱɟɬɚɧɢɟ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɢ ɜɢɡɭɚɥɶɧɵɟ 

ɧɚɛɥɸɞɟɧɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɮɚɤɟɥɨɦ ɬɨɩɨɱɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɪɚɛɨɬɟ ɬɪɟɯ ɦɟɥɶɧɢɰ (ɝɨɪɟɥɨɤ). Ɏɚɤɟɥ ɫɦɟɳɚɟɬɫɹ ɤ 

ɧɟɪɚɛɨɬɚɸɳɟɦɭ ɛɥɨɤɭ ɝɨɪɟɥɨɤ ɞɚɠɟ ɩɪɢ ɩɨɞɚɱɟ ɜ ɧɟɝɨ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ 

ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɮɨɪɦɢɪɭɹ ɩɨɝɪɚɧɢɱɧɵɣ ɫɥɨɣ ɫ ɪɚɡɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ 

ɤɚɠɞɨɣ ɷɤɪɚɧɧɨɣ ɫɬɟɧɵ. Ɍɚɤ, ɜ ɡɨɧɟ ɞɜɭɯ ɜɡɚɢɦɧɨɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɥɸɱɤɨɜ 

№ 11 ɢ 16, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɧɚɞ ɡɨɧɨɣ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ 

(ɫɦ. ɪɢɫɭɧɨɤ 3.1), ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɪɚɡɥɢɱɚɟɬɫɹ ɧɚ 120…150 °ɋ 

(ɪɟɠɢɦ № 1, ɫɨɱɟɬɚɧɢɟ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ, Ⱥ, Ȼ, ȼ, ɫɦ. ɪɢɫɭɧɨɤ 3.2); ɜɨ 

ɜɬɨɪɨɦ ɪɟɠɢɦɟ – ɧɚ 50-100 ɨɋ (ɜ ɪɚɛɨɬɟ ɝɨɪɟɥɤɢ Ȼ, ȼ, Ƚ, ɫɦ. ɪɢɫɭɧɨɤ 3.3). 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɸɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɧɟɪɚɛɨɬɚɸɳɟɣ 

ɝɨɪɟɥɤɢ. 

ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɷɤɪɚɧɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɨɡɪɚɫɬɚɥɚ ɧɚ 50…100 °ɋ, 

ɫɬɚɛɢɥɢɡɢɪɭɹɫɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,3…0,5 ɦɦ ɨɬ ɥɨɛɨɜɨɣ ɨɛɪɚɡɭɸɳɟɣ ɷɤɪɚɧɧɵɯ 

ɬɪɭɛ. ȼ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɷɤɪɚɧɚ (0,05 ɦ) ɧɚɛɥɸɞɚɥɫɹ ɞɨɜɨɥɶɧɨ 

ɜɵɫɨɤɢɣ ɩɢɪɨɦɟɬɪɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ: 1050…1180 °ɋ ɞɥɹ ɪɟɠɢɦɚ № 1, 

1020…1120 °ɋ ɞɥɹ ɪɟɠɢɦɚ № 2 (ɥɸɱɤɢ № 11 ɢ 16), ɜ ɫɟɱɟɧɢɢ ɩɨ ɨɛɪɟɡɭ ɲɢɪɦ 

(ɥɸɱɨɤ № 29) 940 °ɋ ɞɥɹ ɪɟɠɢɦɚ № 1 ɢ 1030 °ɋ ɞɥɹ ɪɟɠɢɦɚ № 2. 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɨɜ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɩɥɨɬɧɨɫɬɢ 

ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɧɚɛɥɸɞɚɥɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 0 

ɞɨ 0,3…0,5 ɦ ɨɬ ɷɤɪɚɧɚ. ȼ ɤɨɧɰɟ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ 

qɩ ɜ ɩɥɨɫɤɨɫɬɢ ɷɤɪɚɧɨɜ ɨɬɦɟɱɚɥɨɫɶ ɫɨ ɫɬɨɪɨɧɵ ɧɟɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ, ɱɬɨ 

ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɜ ɪɟɠɢɦɟ № 1. ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɷɤɪɚɧɨɜ qɩ ɜɨɡɪɚɫɬɚɥɚ ɧɚ 

6…11 %. ȼ ɤɨɧɰɟ ɬɨɩɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɩɥɨɨɛɦɟɧɚ ɝɚɡɨɜ ɫ ɦɟɧɟɟ ɡɚɝɪɹɡɧɟɧɧɵɦɢ 

ɷɤɪɚɧɚɦɢ ɪɚɡɧɨɫɬɶ ɩɥɨɬɧɨɫɬɟɣ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ 

ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɞɨ 20 %. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɫɨɫɬɚɜɥɹɥɚ 

( "ɩɫ – 'ɩɫ)/ "ɩɫ = 5…10 %, ɝɞɟ 'ɩɫ ɢ "ɩɫ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,05 

ɢ 0,3 ɦ ɨɬ ɥɨɛɨɜɨɣ ɨɛɪɚɡɭɸɳɟɣ ɷɤɪɚɧɧɵɯ ɬɪɭɛ. 



Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ ɜ ɤɨɧɰɟ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ 

ɝɨɪɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ ɫɨɫɬɚɜɥɹɥɚ 6–10 ɦ/ɫ, ɚ ɫɨ ɫɬɨɪɨɧɵ 

ɧɟɪɚɛɨɬɚɸɳɢɯ – 9…10 ɦ/ɫ. ɍ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ, ɤ ɤɨɬɨɪɵɦ ɫɦɟɳɚɥɫɹ ɮɚɤɟɥ, 

ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɛɵɥ ɧɚɩɪɚɜɥɟɧ ɝɨɪɢɡɨɧɬɚɥɶɧɨ. ȼ ɤɨɧɰɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɜ 

ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɫɨɫɬɚɜɥɹɥɚ 8…9 ɦ/ɫ, 

ɚɤɫɢɚɥɶɧɚɹ 4…5 ɦ/ɫ. ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɩɨɞɬɜɟɪɠɞɚɥɨɫɶ 

ɯɚɪɚɤɬɟɪɨɦ ɨɬɥɨɠɟɧɢɣ ɧɚ ɧɟɨɯɥɚɠɞɚɟɦɵɯ ɡɨɧɞɚɯ ɢ ɬɪɭɛɚɯ ɲɢɪɦɨɜɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

ɂɡ ɪɢɫɭɧɤɨɜ 3.2 ɢ 3.3 ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɨɥɵ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɷɤɪɚɧɚɦ. Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ 

ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɯɪɚɧɹɥɫɹ ɞɨ ɤɨɧɰɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɮɚɤɟɥɚ. 

ɍ ɷɤɪɚɧɨɜ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɢ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɮɪɚɤɰɢɢ 

ɩɵɥɢ, ɢɦɟɸɳɢɟ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ. Ɋɚɡɥɢɱɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɥɟɬɭɱɟɣ ɡɨɥɵ ɜ ɤɨɧɰɟ ɬɨɩɤɢ ɜ ɪɟɠɢɦɚɯ № 1 ɢ № 2 ɨɛɴɹɫɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɪɚɡɧɵɦ ɫɨɱɟɬɚɧɢɟɦ ɪɚɛɨɬɚɸɳɢɯ ɦɟɥɶɧɢɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɨɪɟɥɨɤ, ɚ ɬɚɤɠɟ 

ɧɟɤɨɬɨɪɨɣ ɪɚɡɧɢɰɟɣ ɬɨɩɨɱɧɵɯ ɪɟɠɢɦɨɜ. ɗɬɢɦ ɠɟ ɨɛɴɹɫɧɹɟɬɫɹ ɢ ɪɚɡɥɢɱɢɟ ɜ 

ɥɸɱɤɟ № 29 ɬɟɦɩɟɪɚɬɭɪɵ, qɩ ɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ. 

Ɂɧɚɱɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɜ ɤɨɧɰɟ ɡɨɧɵ 

ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɫɨɫɬɚɜɢɥɨ ɜ ɨɛɨɢɯ ɪɟɠɢɦɚɯ 3,2…5,1 %, ɚ ɜ ɤɨɧɰɟ ɬɨɩɨɱɧɨɣ 

ɤɚɦɟɪɵ ɩɟɪɟɞ ɧɢɠɧɢɦ ɫɪɟɡɨɦ ɲɢɪɦ – 1,4…2,3 %. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɥɟɬɭɱɟɣ ɡɨɥɵ ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

ɛɥɢɡɨɤ ɤ ɫɨɫɬɚɜɭ ɭɧɨɫɚ ɡɚ ɤɨɬɥɨɦ. ɇɚɛɥɸɞɚɥɚɫɶ ɬɟɧɞɟɧɰɢɹ ɤ ɨɛɨɝɚɳɟɧɢɸ 

ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɱɚɫɬɢɰɚɦɢ SiO2 ɢ ɨɛɟɞɧɟɧɢɸ ɨɤɫɢɞɨɦ ɤɚɥɶɰɢɹ. 

Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɚ ɩɪɨɛ ɥɟɬɭɱɟɣ ɡɨɥɵ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɭɝɥɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɛɥɨɦɤɚɦɢ ɫɟɪɨɜɚɬɨ-ɛɭɪɨɝɨ ɰɜɟɬɚ 

ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɨɡɨɥɟɧɢɹ. 

ȼɧɭɬɪɢ ɭɝɥɢɫɬɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɱɟɪɧɨ-ɫɬɚɥɶɧɨɝɨ ɰɜɟɬɚ. Ⱥɦɨɪɮɢɡɨɜɚɧɧɨɟ 

ɝɥɢɧɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɜɢɞɟ ɚɝɪɟɝɚɬɢɜɧɵɯ ɫɤɨɩɥɟɧɢɣ ɨɩɥɚɜɥɟɧɧɵɯ 

ɝɥɢɧɢɫɬɵɯ ɱɚɫɬɢɰ ɛɭɪɨɝɨ ɰɜɟɬɚ. 



 
 

  



 

 
 

Ɋɢɫɭɧɨɤ 3.2 – Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ( ), ɩɥɨɬɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 
(qɩ), ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ (Ɉ2), ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ (μ), ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ 
(Ƚ), ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɢ ɚɤɫɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ (Wτ, Wɚ), 
ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɱɚɫɬɢɰ (R100, R200) ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɤɢ ɤɨɬɥɚ ȻɄɁ-
210-140Ɏ ɩɪɢ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɤɚɯ ȻȼȽ (ɪɟɠɢɦ № 1) 

 
  



 

 
 

Ɋɢɫɭɧɨɤ3.3. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ( ), ɩɥɨɬɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (qɩ), 
ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ (Ɉ2), ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ (μ), ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ (Ƚ), 
ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɢ ɚɤɫɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ (Wτ, Wɚ), 
ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɱɚɫɬɢɰ (R100, R200) ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɤɢ ɤɨɬɥɚ ȻɄɁ-
210-140Ɏ ɩɪɢ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɤɚɯ ȺȻȼ (ɪɟɠɢɦ № 2) 

 
  



ɋɬɟɤɥɨɮɚɡɚ SiO2, ɢɡɨɬɪɨɩɧɨɟ ɫɬɟɤɥɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɮɟɪɢɱɟɫɤɢɦɢ 

ɨɛɪɚɡɨɜɚɧɢɹɦɢ ɪɚɡɥɢɱɧɨɣ ɨɤɪɚɫɤɢ – ɨɬ ɛɟɫɰɜɟɬɧɵɯ ɞɨ ɤɨɪɢɱɧɟɜɚɬɨ-ɛɭɪɵɯ, 

ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɫɭɬɫɬɜɢɹ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ. ɉɨɜɟɪɯɧɨɫɬɶ ɲɚɪɢɤɨɜ ɫɬɟɤɥɨɮɚɡɵ 

ɲɚɝɪɟɧɟɜɚɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɢɧɬɟɧɫɢɜɧɨɣ ɦɭɥɥɢɬɢɡɚɰɢɢ. Ȼɨɥɟɟ 

ɤɪɭɩɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɟɤɥɨɮɚɡɵ ɫɨɞɟɪɠɚɥɢ ɚɝɪɟɝɚɬɢɜɧɵɟ 

ɫɤɪɵɬɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɤɨɩɥɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɨɤɫɢɞɚ ɤɚɥɶɰɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɲɚɪɢɤɢ ɫɬɟɤɥɨɮɚɡɵ ɢɦɟɸɬ ɨɛɨɥɨɱɤɭ ɢɡ ɚɧɝɢɞɪɢɬɚ ɋɚSO4. Ʉɜɚɪɰ 

SiO2 ɩɪɟɞɫɬɚɜɥɟɧ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɨɛɪɚɡɨɜɚɧɢɹɦɢ ɜ ɜɢɞɟ 

ɧɟɩɪɚɜɢɥɶɧɵɯ ɡɟɪɟɧ, ɨɛɪɚɡɭɸɳɢɯ ɦɢɤɪɨɜɤɥɸɱɟɧɢɹ ɜ ɫɬɟɤɥɨɮɚɡɟ. Ɉɤɫɢɞɵ 

ɠɟɥɟɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɝɧɟɬɢɬɨɦ ɢ ɝɟɦɚɬɢɬɨɦ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɜɢɞɟ 

ɡɟɪɟɧ ɧɟɩɪɚɜɢɥɶɧɨɣ ɢɥɢ ɫɮɟɪɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɧɨ-

ɫɬɚɥɶɧɨɝɨ ɢɥɢ ɤɪɚɫɧɨɜɚɬɨ-ɛɭɪɨɝɨ ɰɜɟɬɚ. Ⱥɧɨɪɬɢɬ CaOAl2O3 2SiO2 ɧɚɛɥɸɞɚɟɬɫɹ 

ɜ ɜɢɞɟ ɧɟɩɪɚɜɢɥɶɧɵɯ ɡɟɪɟɧ. Ʉɚɥɶɰɢɬ ɋɚɋɈ3 ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɩɪɨɛɚɯ ɜ ɜɟɫɶɦɚ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ – ɞɨ 1,5 %.  

ȼ ɤɨɧɰɟ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ (ɥɸɱɤɢ № 11 ɢ 16) ɧɚ ɡɨɧɞɚɯ ɫɨ ɫɬɨɪɨɧɵ 

ɧɚɛɟɝɚɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ (ɫɥɟɜɚ) ɜ ɬɟɱɟɧɢɟ 0,5…45 ɱɚɫɨɜ ɜɨɡɧɢɤɚɥɢ ɬɟɦɧɵɟ 

ɩɪɨɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɬɨɥɳɢɧɨɣ ɞɨ 1 ɦɦ. ȼ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɧɢ ɡɨɧɞɚ 

(ɫɩɪɚɜɚ) ɨɛɪɚɡɨɜɚɥɢɫɶ ɫɵɩɭɱɢɟ ɨɬɥɨɠɟɧɢɹ ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. 

ɇɚɢɛɨɥɶɲɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɩɪɨɱɧɵɯ ɩɟɪɜɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ ɫɨ ɫɬɨɪɨɧɵ 

ɧɟɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ ɡɚ ɩɟɪɜɵɟ 1…2 ɱɚɫɚ ɨɩɵɬɚ ɫɨɫɬɚɜɢɥɚ 27…33 ɝ/(ɦ2 ɱ) ɢ 

ɛɵɥɚ ɜ 3…4 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɪɵɯɥɵɯ ɫɵɩɭɱɢɯ 

ɨɬɥɨɠɟɧɢɣ. Ɉɬɥɨɠɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɧɟɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ ɜ ɤɨɧɰɟ ɡɨɧɵ 

ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɪɨɫɥɢ ɜ 5 ɪɚɡ ɛɵɫɬɪɟɟ (ɪɟɠɢɦ № 2), ɱɟɦ ɫɨ ɫɬɨɪɨɧɵ 

ɪɚɛɨɬɚɸɳɢɯ.  

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤɢɟ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɨɤɚɡɵɜɚɸɬ 

ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɜ ɪɚɣɨɧɟ 

ɥɸɱɤɨɜ № 11 ɢ 16. ɂɡ ɪɢɫɭɧɤɨɜ 3.2 ɢ 3.3 ɜɢɞɧɨ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɮɚɤɟɥɚ ɜ ɫɬɨɪɨɧɭ 

ɨɬɤɥɸɱɟɧɧɨɣ ɝɨɪɟɥɤɢ ɜɵɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɡɞɟɫɶ, ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɬɢɜɨɥɟɠɚɳɟɣ ɡɨɧɨɣ. 

Ɉɬɦɟɱɚɟɬɫɹ ɬɚɤɠɟ ɧɟɤɨɬɨɪɨɟ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɭɝɪɭɛɥɟɧɢɟ ɱɚɫɬɢɰ 



ɥɟɬɭɱɟɣ ɡɨɥɵ, ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɝɨɪɸɱɢɯ. ɇɚ 10…20 % ɜɨɡɪɚɫɬɚɟɬ 

ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ, ɧɚ 1,2 % ɫɧɢɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɥɟɬɭɱɟɣ ɡɨɥɵ ɢɡ ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɦɟɧɹɟɬɫɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɞɧɨ, ɱɬɨ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɫɬɟɧɧɨɝɨ ɫɥɨɹ ɜ ɡɨɧɟ ɥɸɱɤɚ № 11 ɦɚɥɨ ɨɬɥɢɱɚɥɢɫɶ ɨɬ 

ɬɚɤɨɜɵɯ ɜ ɥɸɱɤɟ № 16. ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

ɨɬɥɨɠɟɧɢɣ ɢ ɢɯ ɯɚɪɚɤɬɟɪ ɜ ɷɬɢɯ ɡɨɧɚɯ ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨɛ ɨɩɪɟɞɟɥɹɸɳɟɦ ɜɥɢɹɧɢɢ ɧɚ ɧɢɯ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ. Ɍɚɤ, 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɷɤɪɚɧɨɜ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 50 ɦɦ) ɦɟɧɟɟ 

1030 ɨɋ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɪɵɯɥɵɟ ɨɬɥɨɠɟɧɢɹ. ɋɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ ɫɨɫɬɚɜɥɹɥɚ 3–

7 ɝ/(ɦ2 ɱ). ɉɪɢ 'ɩɫ  1030…1060 °ɋ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɜ 3…4 

ɪɚɡɚ. ɉɪɢ ɷɬɨɦ ɩɪɨɱɧɨɫɬɶ ɨɬɥɨɠɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɥɚ. Ɍɚɤɢɟ ɨɬɥɨɠɟɧɢɹ 

ɢɦɟɥɢ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ 57…78 % ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ Fe2O3. 

ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ Fe2O3 ɨɬɦɟɱɚɥɨɫɶ ɜ ɩɪɨɱɧɵɯ ɩɟɪɜɢɱɧɵɯ 

ɨɬɥɨɠɟɧɢɹɯ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɨ ɫɬɨɪɨɧɵ ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɮɚɤɟɥɚ. 

Ɇɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɥɨɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɥɫɹ ɨɬ ɫɨɫɬɚɜɚ 

ɥɟɬɭɱɟɣ ɡɨɥɵ. ɂɡɦɟɧɟɧɢɹ ɧɚɛɥɸɞɚɥɢɫɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜ ɫɬɟɤɥɨɮɚɡɟ: ɪɟɡɤɨ 

ɫɨɤɪɚɳɚɥɨɫɶ ɫɨɞɟɪɠɚɧɢɟ ɫɜɟɬɥɵɯ ɲɚɪɢɤɨɜ ɫɬɟɤɥɨɮɚɡɵ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ 

ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɪɚɡɨɜɚɧɢɣ ɬɟɦɧɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɫɢɥɶɧɵɦɢ 

ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɜɟɬɨɩɪɟɥɨɦɥɟɧɢɹ, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɧɢɯ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ. ɇɚɛɥɸɞɚɥɨɫɶ 

ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɨɤɫɢɞɚ ɤɚɥɶɰɢɹ. ȼ ɪɹɞɟ ɩɪɨɛ ɨɧ 

ɜɨɨɛɳɟ ɧɟ ɨɛɧɚɪɭɠɢɜɚɥɫɹ. ɏɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɥɨɫɶ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ 

ɨɬɥɨɠɟɧɢɹɯ ɚɧɝɢɞɪɢɬɚ CaSO4 ɢ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɫɭɥɶɮɚɬɢɡɚɰɢɢ (36…75 %) ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɥɟɬɭɱɟɣ ɡɨɥɨɣ (5…12 %). Ⱥɧɝɢɞɪɢɬ ɫɨɞɟɪɠɚɥɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɜɢɞɟ 

ɨɛɨɥɨɱɟɤ ɜɨɤɪɭɝ ɲɚɪɢɤɨɜ ɫɬɟɤɥɨɮɚɡɵ, ɤɚɤ ɜ ɩɪɨɛɚɯ ɥɟɬɭɱɟɣ ɡɨɥɵ, ɧɨ ɢ ɜ ɜɢɞɟ 

ɰɟɦɟɧɬɢɪɭɸɳɟɣ ɦɚɫɫɵ. 

ɉɪɨɱɧɵɟ ɩɟɪɜɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɫ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɢ ɬɟɩɥɨɦɟɪɨɜ ɢɦɟɥɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ. Ɍɨ ɠɟ ɫɚɦɨɟ ɦɨɠɧɨ 



ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɢ ɨ ɜɬɨɪɢɱɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɫ ɷɤɪɚɧɨɜ ɢ ɧɟɨɯɥɚɠɞɚɟɦɵɯ ɡɨɧɞɨɜ. 

ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɡɭɱɟɧɢɢ 

ɩɪɨɰɟɫɫɚ ɡɚɝɪɹɡɧɟɧɢɹ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɯ ɢ 

ɧɟɨɯɥɚɠɞɚɟɦɵɯ ɡɨɧɞɨɜ. Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ ɛɵɥ ɫɮɨɪɦɭɥɢɪɨɜɚɧ ɢ 

ɫɨɬɪɭɞɧɢɤɚɦɢ Ɍɚɥɥɢɧɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɩɪɢ ɪɚɛɨɬɟ ɫ 

ɜɨɡɞɭɯɨɨɯɥɚɠɞɚɟɦɵɦɢ ɡɨɧɞɚɦɢ [19]. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɫɨɜɩɚɞɟɧɢɢ 

ɫɨɞɟɪɠɚɧɢɹ ɨɛɳɟɣ ɫɟɪɵ ɢ ɫɬɟɩɟɧɢ ɫɭɥɶɮɚɬɢɡɚɰɢɢ ɨɬɥɨɠɟɧɢɣ ɫ ɷɤɪɚɧɨɜ ɢ 

ɡɨɧɞɨɜ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɡɨɧɞɵ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɬɨɩɤɟ 0,5…2 ɱɚɫɚ, ɚ ɧɚ 

ɷɤɪɚɧɚɯ ɨɬɥɨɠɟɧɢɹ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ ɞɟɫɹɬɤɨɜ ɱɚɫɨɜ. ɗɬɨɬ ɮɚɤɬ 

ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɫɟɪɵ ɧɚɧɨɫɢɬɫɹ ɧɚ ɬɨɩɨɱɧɵɟ 

ɷɤɪɚɧɵ ɫɨɜɦɟɫɬɧɨ ɫ ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɜ ɥɟɬɭɱɟɣ ɡɨɥɟ ɢɡ 

ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɚɤɨɟ ɠɟ, ɤɚɤ ɜ ɡɨɥɟ ɬɨɩɥɢɜɚ, ɨɬɥɨɠɟɧɢɹ ɧɚ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɚɯ ɨɛɨɝɚɳɚɸɬɫɹ ɠɟɥɟɡɨɦ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ 

ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɩɢɪɢɬɚ ɜ ɢɫɯɨɞɧɨɦ ɬɨɩɥɢɜɟ. ȼ 

ɫɨɠɠɟɧɧɨɣ ɩɚɪɬɢɢ ɭɝɥɹ ɨɤɨɥɨ ɩɨɥɨɜɢɧɵ ɠɟɥɟɡɚ, ɩɪɢɫɭɬɫɬɜɨɜɚɜɲɟɝɨ ɜɨ 

ɜɧɭɬɪɟɧɧɟɣ ɡɨɧɟ, ɧɚɯɨɞɢɥɨɫɶ ɜ ɜɢɞɟ ɤɨɥɱɟɞɚɧɚ [11]. ɉɨɩɚɞɚɹ ɜ ɬɨɩɤɭ, ɩɢɪɢɬ 

ɪɚɫɩɚɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 600°ɋ ɩɨ ɪɟɚɤɰɢɢ 2FeS2 = 2FeS + S2. Ⱦɚɥɟɟ 

ɨɤɢɫɥɟɧɢɟ ɫɭɥɶɮɢɞɚ FeS ɦɨɠɟɬ ɢɞɬɢ ɞɜɭɦɹ ɩɭɬɹɦɢ: ɥɢɛɨ ɞɨ FeSɈ4 ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɥɨɠɟɧɢɟɦ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ ɞɨ Fe2Ɉ3, ɥɢɛɨ ɞɨ FeɈ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɷɜɬɟɤɬɢɤɢ FeS–

FeɈ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 920…940 °ɋ [7, 12, 25]. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ FeS ɨɤɢɫɥɹɟɬɫɹ, ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ ɪɚɫɩɥɚɜɚ – ɨɧ ɡɚɝɭɫɬɟɜɚɟɬ. Ɉɫɜɨɛɨɠɞɚɸɳɢɟɫɹ ɨɤɫɢɞɵ ɫɟɪɵ ɡɞɟɫɶ ɠɟ 

ɪɟɚɝɢɪɭɸɬ ɫ ɨɤɫɢɞɚɦɢ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɱɟɦ ɢ 

ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚɹ ɢ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɫɭɥɶɮɚɬɢɡɚɰɢɢ 

ɨɬɥɨɠɟɧɢɣ ɫ ɨɯɥɚɠɞɚɟɦɵɯ ɡɨɧɞɨɜ ɢ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ. ɉɪɢ ɷɬɨɦ 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɚɧɝɢɞɪɢɬ ɢɝɪɚɟɬ ɪɨɥɶ ɰɟɦɟɧɬɢɪɭɸɳɟɣ ɦɚɫɫɵ, ɱɬɨ ɛɵɥɨ 

ɨɬɦɟɱɟɧɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ. ɑɚɫɬɢɰɵ, ɢɦɟɸɳɢɟ ɫɥɚɛɭɸ ɫɜɹɡɶ 



ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɷɤɪɚɧɧɨɣ ɬɪɭɛɵ, ɫɛɢɜɚɸɬɫɹ ɫ ɧɟɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɷɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫɚ ɢ, ɜɨɡɦɨɠɧɨ, ɡɚ ɫɱɟɬ ɩɭɥɶɫɚɰɢɣ ɮɚɤɟɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɨɫɬɚɸɬɫɹ ɛɨɝɚɬɵɟ ɠɟɥɟɡɨɦ ɩɟɪɜɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ. 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɩɪɢɫɬɟɧɧɨɦ ɫɥɨɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɜɬɟɤɬɢɤɢ FeS–FeɈ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɱɚɫɬɢɰ ɧɚ 

ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ ɞɨɥɠɧɚ ɫɧɢɠɚɬɶɫɹ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫɨ ɫɬɨɪɨɧɵ ɨɬɤɥɸɱɟɧɧɨɣ 

ɝɨɪɟɥɤɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɩɪɢɫɬɟɧɧɨɦ 

ɫɥɨɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,05 ɦ ɨɬ ɷɤɪɚɧɚ ɫɨɫɬɚɜɢɥɚ 1030…1060 ɨɋ, ɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛ – 940…960 °ɋ (ɫɦ. ɪɢɫɭɧɨɤ3.2 ɢ 3.3), ɬ.ɟ. 

ɛɵɥɚ ɛɥɢɡɤɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɜɬɟɤɬɢɤɢ FeS–FeɈ. ɗɬɢɦ ɢ ɦɨɠɧɨ 

ɨɛɴɹɫɧɢɬɶ ɪɟɡɤɨɟ ɪɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɟ ɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɩɟɪɜɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ 

ɜ ɡɨɧɚɯ ɥɸɱɤɨɜ № 11 ɢ 16. 

 

3.2 ɉɪɟɞɥɨɠɟɧɢɹ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ 
 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɲɥɚɤɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɲɥɚɤɭɸɳɢɯ ɭɝɥɟɣ ɩɪɟɞɥɨɠɟɧɨ ɩɪɢɦɟɧɢɬɶ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɩɭɬɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɨɧɟ 

ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɬɨɩɨɤ ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

ɇɚ ɪɢɫɭɧɤɟ 3.4,ɚ ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɪɟɝɭɥɹɬɨɪɨɜ ɫ ɚɧɚɥɨɝɨɜɵɦ ɜɵɯɨɞɨɦ, ɧɚ ɪɢɫɭɧɤɟ 3.4,ɛ – ɫɯɟɦɚ 

ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɨɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 

ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɪɟɝɭɥɹɬɨɪɨɜ ɫ ɢɦɩɭɥɶɫɧɵɦ ɜɵɯɨɞɨɦ. 

ɋɯɟɦɚ ɧɚ 3.4,ɚ ɫɨɞɟɪɠɢɬ ɬɟɱɤɭ 1, ɩɨ ɤɨɬɨɪɨɣ ɫɵɪɨɣ ɭɝɨɥɶ ɩɨɫɬɭɩɚɟɬ ɜ 

ɝɚɡɨɨɛɪɚɡɧɭɸ ɲɚɯɬɭ 2, ɝɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɫɭɲɢɜɚɟɬɫɹ, ɨɯɥɚɠɞɚɹ ɬɨɩɨɱɧɵɟ 

ɝɚɡɵ, ɢ ɜɦɟɫɬɟ ɫ ɧɢɦɢ ɩɨɫɬɭɩɚɟɬ ɜ ɦɟɥɶɧɢɰɭ ɜɟɧɬɢɥɹɬɨɪɚ 3. ɉɨɫɥɟ ɪɚɡɦɨɥɚ 

ɝɨɬɨɜɚɹ ɩɵɥɶ ɜɦɟɫɬɟ ɫ ɨɯɥɚɠɞɟɧɧɵɦ ɬɨɩɨɱɧɵɦ ɝɚɡɨɦ ɩɨɫɬɭɩɚɟɬ ɜ ɝɨɪɟɥɤɢ 4. 

ɋɸɞɚ ɠɟ ɫ ɩɨɦɨɳɶɸ ɜɟɧɬɢɥɹɬɨɪɚ 5 ɱɟɪɟɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ 6 ɢ ɜɨɡɞɭɯɨɜɨɞ 

7 ɩɨɞɜɨɞɢɬɫɹ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ 8 ɩɨ 

ɫɨɨɬɧɨɲɟɧɢɸ ɪɚɫɯɨɞɨɜ ɜɨɡɞɭɯɚ (ɢɦɩɭɥɶɫ 9) ɢ ɬɨɩɥɢɜɚ (ɢɦɩɭɥɶɫ 10). 
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Ɋɢɫɭɧɨɤ 3.4 – Ȼɥɨɤ-ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ: 

ɚ – ɫɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; ɛ – ɫɯɟɦɚ ɜɵɛɨɪɚ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ 



ɇɚ ɬɪɟɬɢɣ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ ɨɛɳɟɝɨ ɜɨɡɞɭɯɚ ɩɨɫɬɭɩɚɟɬ ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ 

ɫɢɝɧɚɥ ɫ ɛɥɨɤɚ 11 ɜɵɛɨɪɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ, ɧɚ ɨɞɢɧ ɜɯɨɞ ɤɨɬɨɪɨɝɨ 

ɩɨɫɬɭɩɚɟɬ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 12, 

ɪɟɚɝɢɪɭɸɳɟɝɨ ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ 

(ɢɦɩɭɥɶɫ 13), ɚ ɧɚ ɞɪɭɝɨɣ ɜɯɨɞ – ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

14, ɪɟɚɝɢɪɭɸɳɟɝɨ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ 

(ɢɦɩɭɥɶɫ 15). 

ɋɯɟɦɚ ɧɚ ɪɢɫɭɧɤɟ 3.4,ɛ ɫɨɞɟɪɠɢɬ ɝɪɭɩɩɵ ɤɨɧɬɚɤɬɨɜ – ɧɨɪɦɚɥɶɧɨ 

ɡɚɦɤɧɭɬɵɯ 16 ɢ ɧɨɪɦɚɥɶɧɨ ɪɚɡɨɦɤɧɭɬɵɯ 17, ɢɧɬɟɝɪɚɬɨɪ 18 ɢ ɨɛɦɨɬɤɢ 19 ɢ 20 

ɞɜɭɯɩɨɡɢɰɢɨɧɧɨɝɨ ɪɟɥɟ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɩɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ. 

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɬɟɧɞɟɧɰɢɢ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɨɧɟ 

ɝɨɪɟɧɢɹ, ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɪɟɝɭɥɹɬɨɪɚ 12 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɤɨɪɪɟɤɬɢɪɭɟɬ 

ɫɨɨɬɧɨɲɟɧɢɟ ɬɨɩɥɢɜɨ-ɜɨɡɞɭɯ, ɩɨɞɞɟɪɠɢɜɚɟɦɨɟ ɪɟɝɭɥɹɬɨɪɨɦ 8 ɨɛɳɟɝɨ ɜɨɡɞɭɯɚ, 

ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɤɨɬɟɥ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɞɞɟɪɠɚɧɢɸ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ. ɋɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɪɟɝɭɥɹɬɨɪɚ 14 ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ 

ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ. 

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɬɟɧɞɟɧɰɢɢ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ 

(ɧɚɩɪɢɦɟɪ, ɜɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɤɨɬɥɚ ɢɥɢ ɩɨɜɵɲɟɧɢɹ ɜɥɚɠɧɨɫɬɢ 

ɬɨɩɥɢɜɚ) ɫɢɝɧɚɥ ɫ ɪɟɝɭɥɹɬɨɪɚ 12 ɭɦɟɧɶɲɚɟɬɫɹ, ɤɨɪɪɟɤɬɢɪɭɹ ɫɨɨɬɧɨɲɟɧɢɟ 

ɬɨɩɥɢɜɨ-ɜɨɡɞɭɯ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɤɨɬɟɥ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 

ɫɢɝɧɚɥ ɫ ɪɟɝɭɥɹɬɨɪɚ 14, ɜɨɡɪɚɫɬɚɸɳɢɣ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 

ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɧɟ ɫɬɚɧɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɫɢɝɧɚɥ ɫ ɪɟɝɭɥɹɬɨɪɚ 12. 

Ɋɟɝɭɥɹɬɨɪ 14 ɩɨɥɭɱɚɟɬ ɫɢɝɧɚɥ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɢɫɥɨɪɨɞɚ ɜ ɞɵɦɨɜɵɯ 

ɝɚɡɚɯ, ɚ ɪɟɝɭɥɹɬɨɪ 12 – ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ. ȼɵɯɨɞɵ ɪɟɝɭɥɹɬɨɪɚ 14 ɢ 

12 ɱɟɪɟɡ ɝɪɭɩɩɵ ɧɨɪɦɚɥɶɧɨ ɡɚɦɤɧɭɬɵɯ 16 ɢ ɧɨɪɦɚɥɶɧɨ ɡɚɦɤɧɭɬɵɯ 17 (ɩɨɤɚɡɚɧɵ 

ɭɫɥɨɜɧɨ) ɤɨɧɬɚɤɬɨɜ ɞɜɭɯɩɨɡɢɰɢɨɧɧɨɝɨ ɪɟɥɟ ɩɨɞɤɥɸɱɟɧɵ ɧɚ ɜɯɨɞ ɢɧɬɟɝɪɚɥɨɜ 18, 

ɮɨɪɦɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥ ɤɨɪɪɟɤɰɢɢ ɞɥɹ ɪɟɝɭɥɹɬɨɪɚ 8. ȼɵɯɨɞɵ «Ȼɨɥɶɲɟ» 



ɪɟɝɭɥɹɬɨɪɨɜ 14 ɢ 12 ɩɨɞɤɥɸɱɟɧɵ ɤ ɨɛɦɨɬɤɚɦ 19 ɢ 20 ɞɜɭɯɩɨɡɢɰɢɨɧɧɨɝɨ ɪɟɥɟ. 

Ɋɟɥɟ ɫɪɚɛɚɬɵɜɚɟɬ, ɡɚɦɵɤɚɹ ɝɪɭɩɩɵ ɤɨɧɬɚɤɬɨɜ 16 ɢɥɢ 17, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, 

ɫ ɤɚɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢɲɟɥ ɛɨɥɶɲɨɣ ɫɢɝɧɚɥ. ɉɪɢ ɷɬɨɦ, ɤ ɜɯɨɞɭ ɢɧɬɟɝɪɚɬɨɪɚ 18 

ɩɨɞɤɥɸɱɚɟɬɫɹ ɜɵɯɨɞ ɪɟɝɭɥɹɬɨɪɚ 12 ɢɥɢ 14 ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ ɫ ɬɜɟɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ ɩɭɬɟɦ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ ɩɨ ɢɦɩɭɥɶɫɭ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɦɭ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɢ ɜɨɡɞɭɯɚ ɫ ɤɨɪɪɟɤɰɢɟɣ ɩɨ 

ɫɨɞɟɪɠɚɧɢɸ ɤɢɫɥɨɪɨɞɚ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ. ɉɪɢ ɷɬɨɦ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 

ɲɥɚɤɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɲɥɚɤɭɸɳɢɯ ɭɝɥɟɣ, 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɦɟɪɹɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɢ 

ɮɨɪɦɢɪɭɸɬ ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ ɫɢɝɧɚɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 

ɬɨɩɤɢ, ɫɪɚɜɧɢɜɚɸɬ ɫ ɤɨɪɪɟɤɬɢɪɭɸɳɢɦ ɫɢɝɧɚɥɨɦ ɩɨ ɤɢɫɥɨɪɨɞɭ ɢ ɤɨɪɪɟɤɬɢɪɭɸɬ 

ɩɨ ɛɨɥɶɲɟɦɭ ɢɡ ɧɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɬɨɩɥɢɜɨ-ɜɨɡɞɭɯ. 

 
 
3.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 
 
1. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɢɫɬɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ ɫɥɨɹ ɭ 

ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ 

ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɫɭɳɟɫɬɜɟɧɧɨɣ ɧɟɢɡɨɬɟɪɦɢɱɧɨɫɬɢ ɩɪɢɫɬɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ 

ɫɥɨɹ ɭ ɷɤɪɚɧɨɜ.ɉɪɢ ɫɠɢɝɚɧɢɢ ɛɟɪɟɡɨɜɫɤɨɝɨ ɭɝɥɹ ɩɨɤɚɡɚɧɨ, ɱɬɨ: 

– ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɬɨɩɤɢ ɧɚ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɝɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɬɭɱɟɣ ɡɨɥɵ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɟɣ 

ɝɨɪɸɱɢɯ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɚɷɪɨɞɢɧɚɦɢɤɚ ɬɨɩɤɢ. ɉɨɫɥɟɞɧɹɹ 

ɡɚɜɢɫɢɬ ɨɬ ɫɨɱɟɬɚɧɢɹ ɬɪɟɯ ɪɚɛɨɬɚɸɳɢɯ ɝɨɪɟɥɨɤ ɢɡ ɱɟɬɵɪɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ; 

– ɧɚ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ ɨɛɪɚɡɭɸɬɫɹ ɤɚɤ ɩɪɨɱɧɵɟ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɨɬɥɨɠɟɧɢɹ, 

ɬɚɤ ɢ ɫɵɩɭɱɢɟ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɟ, ɛɥɢɡɤɢɟ ɩɨ ɫɨɫɬɚɜɭ ɤ ɥɟɬɭɱɟɣ ɡɨɥɟ; 

– ɩɪɨɱɧɵɟ ɩɟɪɜɢɱɧɵɟ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɨɬɥɨɠɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɫɨ ɫɬɨɪɨɧɵ 

ɧɚɛɟɝɚɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɛɥɢɡɢ ɷɤɪɚɧɧɵɯ ɬɪɭɛ 'ɩɫ  > 1050 

°ɋ; 

– ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɜɛɥɢɡɢ ɷɤɪɚɧɧɵɯ ɬɪɭɛ 'ɩɫ < 1050 °ɋ ɨɛɪɚɡɭɸɬɫɹ 

ɪɵɯɥɵɟ ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ ɨɬɥɨɠɟɧɢɹ; 



– ɩɪɨɱɧɵɟ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɨɬɥɨɠɟɧɢɹ ɫ ɨɯɥɚɠɞɚɟɦɵɯ ɡɨɧɞɨɜ ɢ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɫɭɥɶɮɚɬɢɡɚɰɢɢ (Ʉso3 = 36…70 %) ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɥɟɬɭɱɟɣ ɡɨɥɵ (Ʉso3 = 5…11 %). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɨɥɢ ɷɜɬɟɤɬɢɤɢ FeS–FeɈ 

ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɩɪɨɱɧɵɯ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ. 

2. ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ 

ɤɨɬɥɚɯ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɭɦɟɧɶɲɢɬɶ ɲɥɚɤɨɜɚɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɡɚ ɫɱɟɬ ɩɨɞɞɟɪɠɚɧɢɹ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 

ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ. 

  



ɁȺɄɅɘɑȿɇɂȿ 
 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɚɦ ɨɪɝɚɧɢɡɚɰɢɢ 

ɛɟɫɲɥɚɤɨɜɨɱɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜȻɄɁ-210-140Ɏ ɫ ɬɜɟɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɫɠɢɝɚɸɳɢɦ ɄȺɍ, ɧɚ ɨɫɧɨɜɟ ɢɡɭɱɟɧɢɹ ɬɨɩɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɩɨɜɟɞɟɧɢɟ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɚɯ 

ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɟɝɨ ɜɥɢɹɧɢɟ ɧɚ ɬɨɩɨɱɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɛɭɪɵɯ ɄȺɍ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɭɫɬɚɧɨɜɥɟɧ ɦɟɯɚɧɢɡɦ ɲɥɚɤɨɜɚɧɢɹ ɢ 

ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɬɨɩɤɟ ɤɨɬɥɨɜɩɪɢ ɫɠɢɝɚɧɢɹ ɄȺɍ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɨɛɳɟɧɢɹ ɢɦɟɸɳɟɝɨɫɹ ɨɩɵɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɚ ȻɄɁ-210-

140Ɏ ɫ ɨɞɧɨɹɪɭɫɧɨɣ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɨɪɝɚɧɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨ ɭɫɥɨɜɢɹɦ ɲɥɚɤɨɜɚɧɢɹ ɧɚɞɟɠɧɭɸ ɢ ɷɮɮɟɤɬɢɜɧɭɸ ɢɯ 

ɪɚɛɨɬɭ. 

ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɫɬɟɧɧɨɝɨ ɝɚɡɨɜɨɝɨ ɫɥɨɹ ɭ ɬɨɩɨɱɧɵɯ 

ɷɤɪɚɧɨɜ ɤɨɬɥɚ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɚɜ ɢ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɟɪɜɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ ɨɤɚɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜɛɥɢɡɢ ɷɤɪɚɧɨɜ, ɩɪɟɞɟɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣɜɛɥɢɡɢ ɷɤɪɚɧɨɜ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 0,05 ɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ) ɢɯ 

ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1050 °ɋ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɭɪɨɜɧɟ 

ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɱɧɵɟ ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɨɬɥɨɠɟɧɢɹ,ɚ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɦ – 

ɫɵɩɭɱɢɟ, ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɷɤɪɚɧɧɵɯ ɬɪɭɛ.  

ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ 

ɤɨɬɥɚɯ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɭɦɟɧɶɲɢɬɶ ɲɥɚɤɨɜɚɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɡɚ ɫɱɟɬ ɩɨɞɞɟɪɠɚɧɢɹ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 

ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ. 
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