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ɍȾɄ 691.12 
 

ȼɅɂəɇɂȿ ɇȺɇɈɊȺɁɆȿɊɇɈȽɈ ɆɈȾɂɎɂɄȺɌɈɊȺ ɇȺ ɈɋɇɈȼȿ ɁɈɅ  
ȽɂȾɊɈɍȾȺɅȿɇɂə ɈɆɋɄɈɃ Ɍɗɐ ɇȺ ɋȼɈɃɋɌȼȺ ɐȿɆȿɇɌɇɈȽɈ ɄȺɆɇə 

 

Ⱥ.Ɏ. Ʉɨɫɚɱ1, Ɇ.Ⱥ. Ɋɚɳɭɩɤɢɧɚ2, ɂ.ɇ. Ʉɭɡɧɟɰɨɜɚ2 
1ɘɝɨɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɘȽɍ», Ɋɨɫɫɢɹ, ɝ. ɏɚɧɬɵ-Ɇɚɧɫɢɣɫɤ;  

2ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 
 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ 
ɧɚ ɨɫɧɨɜɟ ɡɨɥ ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɉɦɫɤɨɣ Ɍɗɐ ɜ ɰɟɦɟɧɬɧɨɦ ɤɚɦɧɟ ɢ ɨɩɪɟɞɟɥɟɧɵ ɟɝɨ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɂɫɫɥɟɞɨɜɚɧ ɰɟɦɟɧɬɧɵɣ ɤɚɦɟɧɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɧɚɧɨɞɢɫɩɟɪɫɧɨɣ ɡɨɥɨɰɟɦɟɧɬɧɨɣ ɫɦɟɫɢ ɜ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɩɨɪɰɢɢ. Ɉɛɨɫɧɨɜɚɧɨ 
ɩɪɢɦɟɧɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɡɨɥ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɝɨ 
ɡɨɥɨɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ ɝɪɚɠɞɚɧɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɢ ɰɟɦɟɧɬɧɨ-
ɩɟɫɱɚɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɫɭɯɨɦ ɫɩɨɫɨɛɟ ɚɤɬɢɜɚɰɢɢ ɁɒɈ ɝɢɞɪɨɭɞɚɥɟɧɢɹ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɡɨɥɚ, ɰɟɦɟɧɬɧɵɣ ɤɚɦɟɧɶ, ɧɚɧɨɦɚɬɟɪɢɚɥɵ, ɩɨɪɢɫɬɨɫɬɶ, 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. 
 
ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɸ ɛɟɬɨɧɚ 

ɬɪɭɞɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, 
ɡɚɬɪɚɝɢɜɚɸɳɢɯ ɛɨɥɟɟ ɝɥɭɛɨɤɢɟ ɦɟɯɚɧɢɡɦɵ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ 
ɧɚɧɨɞɨɛɚɜɨɤ (ɧɚɧɨɦɨɞɢɮɢɤɚɬɨɪɨɜ) ɞɨɥɠɧɨ 
ɛɵɬɶ ɨɫɨɡɧɚɧɧɵɦ, ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɦ ɢ 
ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɦ. ɇɚɧɨɞɨɛɚɜɤɢ 
ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɩɪɢɧɰɢɩɵ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɪɤɚɫɚ 
ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ. Ʉɚɪɤɚɫ ɫɨɫɬɨɢɬ ɢɡ  
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ, 
ɧɟɝɢɞɪɚɬɢɪɨɜɚɧɧɵɯ ɡɟɪɟɧ ɰɟɦɟɧɬɚ ɢ 
ɦɟɠɡɟɪɧɨɜɨɣ ɩɭɫɬɨɬɧɨɫɬɢ, ɡɚɩɨɥɧɟɧɧɨɣ 
ɩɪɨɞɭɤɬɚɦɢ ɝɢɞɪɚɬɚɰɢɣ, ɫ ɨɛɴɟɦɨɦ 8-10% 
ɤɚɩɢɥɥɹɪɧɵɯ ɢ ɝɟɥɢɟɜɵɯ ɦɢɤɪɨɩɨɪ ɨɬ ɨɛɳɟɣ 
ɩɨɪɢɫɬɨɫɬɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ Д1, 2Ж.  

Ƚɢɞɪɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 
ɦɟɥɶɱɚɣɲɢɯ ɱɚɫɬɢɰ – ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɨɜ – ɫ 
ɪɚɡɦɟɪɚɦɢ ɦɟɧɶɲɟ 0,1 ɦɤɦ, ɨɧɢ ɫɨɡɞɚɸɬ ɜ 
ɩɪɨɫɥɨɣɤɚɯ ɦɟɠɞɭ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɦɢ 
ɡɟɪɧɚɦɢ ɰɟɦɟɧɬɚ ɤɨɥɥɨɢɞɧɭɸ ɫɢɫɬɟɦɭ – 
ɬɨɛɟɪɦɨɪɢɬɨɜɵɣ ɝɟɥɶ. Ɇɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 
ɜɨɡɧɢɤɚɸɬ ɤɨɚɝɭɥɹɰɢɨɧɧɵɟ ɤɨɧɬɚɤɬɵ, ɱɬɨ ɢ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɚɝɭɥɹɰɢɨɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɢɯ ɤɨɧɬɚɤɬɨɜ 

ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ ɧɚɥɢɱɢɟ ɦɟɠɞɭ 
ɱɚɫɬɢɰɚɦɢ ɬɨɧɤɨɣ ɭɫɬɨɣɱɢɜɨɣ ɩɪɨɫɥɨɣɤɢ ɜɨɞɵ 
(ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ) Д2, 3]. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɮɢɡɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ ɤɨɚɝɭɥɹɰɢɨɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɰɟɦɟɧɬɧɨɝɨ ɝɟɥɹ ɩɪɨɢɫɯɨɞɢɬ 
ɨɛɥɟɝɱɟɧɧɨɫɬɶ ɦɢɝɪɚɰɢɢ ɚɬɨɦɨɜ, 
ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɟ ɫɢɥɵ 
ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɚɬɨɦɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɤɥɨɧɧɨɫɬɢ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɤɥɚɫɬɟɪɧɵɯ 
ɫɬɪɭɤɬɭɪ (ɪɢɫ. 1) [4]. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɨɞɢɮɢɤɚɬɨɪɨɜ 
ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɜɨɡɦɨɠɧɨɝɨ ɜɥɢɹɧɢɹ ɢɯ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ: 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɫɨɫɬɚɜɚ ɬɜɟɪɞɨɣ ɮɚɡɵ ɢ ɩɨɪɨɜɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ; ɢɡɦɟɧɟɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɹɠɭɳɢɯ 
ɜɟɳɟɫɬɜ ɢ ɫɦɟɳɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɣ; 
ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɢɧɟɪɚɥɚɦɢ 
ɜɹɠɭɳɢɯ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ 
ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ; ɞɟɣɫɬɜɢɹ 
ɞɨɛɚɜɨɤ ɤɚɤ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɬɪɚɜɨɤ ɢ 
ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ; ɢɡɦɟɧɟɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɞɫɨɪɛɰɢɢ 
ɦɨɥɟɤɭɥ ɉȺȼ ɧɚ ɡɟɪɧɚɯ ɰɟɦɟɧɬɚ, 
ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɢ ɝɢɞɪɚɬɧɵɯ 
ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ Д2, 3, 5]. 
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Ɋɢɫ. 1. Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ ɫɩɟɰɢɮɢɤɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ  
 

ɐɟɦɟɧɬɧɵɣ ɤɚɦɟɧɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɧɚɧɨɞɢɫɩɟɪɫɧɨɣ ɡɨɥɨɰɟɦɟɧɬɧɨɣ ɫɦɟɫɢ 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɚɬɚɰɢɢ – ɷɬɨ 
ɬɢɩɢɱɧɵɟ ɮɨɪɦɵ ɧɚɧɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɬ.ɤ. ɨɧɢ ɩɪɨɬɟɤɚɸɬ ɧɚ ɚɬɨɦɧɨ-
ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ. Ɍɟɯɧɨɥɨɝɢɹ «ɫɜɟɪɯɭ 
ɜɧɢɡ» ɨɫɧɨɜɚɧɚ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɨɜ 
ɮɢɡɢɱɟɫɤɢɯ ɬɟɥ ɢɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɨɛɴɟɤɬɨɜ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɢɥɢ ɞɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɞɨ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ. Ɍɟɯɧɨɥɨɝɢɹ 
«ɫɧɢɡɭ ɜɜɟɪɯ» ɢɥɢ ɦɟɯɚɧɨɫɢɧɬɟɡ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɫɛɨɪɤɟ ɫɨɡɞɚɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɚɬɚɰɢɢ, 
ɫɨɫɬɨɹɳɢɯ ɢɡ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ 
ɷɥɟɦɟɧɬɨɜ-ɚɬɨɦɨɜ, ɦɨɥɟɤɭɥ, ɫɬɪɭɤɬɭɪɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɤɥɟɬɨɤ ɢ ɬ.ɩ. Д3, 5]. 

ɇɚɧɨɱɚɫɬɢɰɵ ɢ ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ 
ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, 
ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɪɚɞɢɤɚɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɫɜɨɣɫɬɜ ɷɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ ɜ ɮɨɪɦɟ 
ɫɩɥɨɲɧɵɯ ɮɚɡ ɢɥɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 
ɞɢɫɩɟɪɫɢɣ. ɗɬɚ ɫɩɟɰɢɮɢɤɚ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦɢ ɡɚɤɨɧɚɦɢ 
ɤɜɚɧɬɨɜɨɣ ɮɢɡɢɤɢ. ɇɚɧɨɪɚɡɦɟɪɧɵɟ ɱɚɫɬɢɰɵ 
ɢɦɟɸɬ ɤɚɱɟɫɬɜɟɧɧɵɟ ɷɮɮɟɤɬɵ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɡɚɜɢɫɢɦɨɫɬɶɸ ɯɢɦɢɱɟɫɤɢɯ ɢ 
ɮɢɡɢɱɟɫɤɢɯ ɢɯ ɫɜɨɣɫɬɜ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɱɢɫɥɚ 
ɚɬɨɦɨɜ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɜɧɭɬɪɟɧɧɢɯ 

ɨɛɴɟɦɚɯ ɱɚɫɬɢɰ. Ɍɚɤɢɟ ɱɚɫɬɢɰɵ ɩɪɢɨɛɪɟɬɚɸɬ 
ɢɧɭɸ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɭɸ ɢ 
ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɜ ɫɢɥɭ ɱɟɝɨ 
ɦɨɝɭɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɬɶ 
ɩɪɨɰɟɫɫɵ ɫɢɧɬɟɡɚ, ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɦɟɧɹɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɜ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ 
ɫɢɫɬɟɦɵ ɫɥɨɠɟɧɢɹ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ, 
ɭɦɟɧɶɲɟɧɢɟ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɢɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɩɨɪɢɫɬɨɫɬɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ Д6]. 
ɗɮɮɟɤɬ ɨɬ ɜɜɟɞɟɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ 
ɫɢɫɬɟɦɟ ɩɨɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɮɚɡ, ɧɨ ɢ 
ɧɨɫɢɬɟɥɶ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɨɦɫɤɢɯ Ɍɗɐ, ɫ 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɦ ɡɟɪɧɨɜɵɦ ɫɨɫɬɚɜɨɦ ɜ 
ɤɚɱɟɫɬɜɟ ɧɚɧɨɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɟɬɨɧɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɩɥɚɧɟ ɪɟɲɟɧɢɹ 
ɜɨɩɪɨɫɨɜ ɷɤɨɧɨɦɢɢ ɰɟɦɟɧɬɚ ɢ ɷɤɨɥɨɝɢɢ. 
ȿɠɟɝɨɞɧɵɟ ɫɛɪɨɫɵ ɡɨɥ ɢ ɲɥɚɤɨɜ ɨɬ ɫɠɢɝɚɧɢɹ 
ɭɝɥɟɣ ɭɜɟɥɢɱɢɜɚɸɬ ɨɛɳɢɣ ɨɛɴɟɦ 
ɫɤɥɚɞɢɪɭɟɦɵɯ ɨɬɯɨɞɨɜ, ɧɚɧɨɫɹɬ ɫɟɪɶɟɡɧɵɣ 
ɜɪɟɞ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɜɵɜɨɞɹɬ ɢɡ ɨɛɨɪɨɬɚ 
ɛɨɥɶɲɢɟ ɭɱɚɫɬɤɢ ɡɟɦɥɢ. ɇɚ ɡɨɥɨɨɬɜɚɥɚɯ 
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ɨɦɫɤɢɯ Ɍɗɐ ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 755 ɝɚ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɤɨɩɢɥɨɫɶ ɛɨɥɟɟ 45 ɦɥɧ ɬ 
ɁɒɈ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɝ. Ɉɦɫɤɚ ɱɟɬɵɪɟ Ɍɗɐ ɢɡ 
ɲɟɫɬɢ ɪɚɛɨɬɚɸɬ ɧɚ ɷɤɢɛɚɫɬɭɡɫɤɨɦ ɭɝɥɟ, 
ɡɨɥɶɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɞɨɫɬɢɝɚɟɬ 70% ɫɨɫɬɨɢɬ ɢɡ 
ɦɚɥɨɠɟɥɟɡɢɫɬɵɯ ɢ ɬɭɝɨɩɥɚɜɤɢɯ ɱɚɫɬɢɰ, ɱɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɛɨɥɶɲɭɸ ɷɤɨɥɨɝɢɱɟɫɤɭɸ 
ɩɪɨɛɥɟɦɭ. 

Ɂɨɥɚ ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɉɦɫɤɨɣ Ɍɗɐ-5 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɧɧɵɣ ɫɵɪɶɟɜɨɣ 
ɢɫɬɨɱɧɢɤ – ɝɨɬɨɜɵɟ ɩɪɨɞɭɤɬɵ ɢɥɢ 
ɩɨɥɭɮɚɛɪɢɤɚɬɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɢɡɞɟɥɢɹɯ. 
ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɤɪɟɦɧɢɹ ɢ 
ɦɟɬɚɥɥɨɜ ɡɨɥɵ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 – ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɤɪɟɦɧɢɹ ɢ ɦɟɬɚɥɥɨɜ ɜ ɡɨɥɟ ɭɝɥɟɣ 

 
ȼ ɡɨɥɚɯ Ɉɦɫɤɨɣ Ɍɗɐ-5 ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɤɫɢɞ ɤɚɥɶɰɢɹ ɜ 
ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ ɧɟ ɫɨɞɟɪɠɢɬɫɹ. 
ɋɩɨɫɨɛɧɨɫɬɶɸ ɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɜɨɞɨɣ ɢɫɫɥɟɞɭɟɦɵɟ ɡɨɥɵ 
ɧɟ ɨɛɥɚɞɚɸɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɡɨɥɵ ɜ ɫɨɫɬɚɜɟ 
ɫɦɟɲɚɧɧɵɯ ɜɹɠɭɳɢɯ (ɡɨɥɨɰɟɦɟɧɬɧɵɯ) ɩɪɢ 
ɬɜɟɪɞɟɧɢɢ ɩɪɨɹɜɥɹɸɬ ɩɭɰɰɨɥɚɧɨɜɭɸ 
ɚɤɬɢɜɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬ ɩɪɢ ɨɛɠɢɝɟ ɝɥɢɧ 
ɚɦɨɪɮɢɡɨɜɚɧɧɨɟ ɝɥɢɧɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɬɢɩɚ 
ɦɟɬɚɤɚɨɥɢɧɢɬɚ, ɚɦɨɪɮɧɵɟ SТO2, ȺХ2O3, Fe2O3 
ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɟ ɫɬɟɤɥɨ. Ɋɟɚɤɰɢɨɧɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɢɞɪɨɤɫɢɞɭ 
ɤɚɥɶɰɢɹ ɭ ɧɢɯ ɪɚɡɥɢɱɧɚ. Ɉɛɥɚɞɚɸɳɢɣ 
ɛɨɥɶɲɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɦɟɬɚɤɚɨɥɢɧɢɬ ɚɤɬɢɜɧɨ ɪɟɚɝɢɪɭɟɬ ɫ ɋɚ(Ɉɇ)2 
ɩɪɢ ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɝɢɞɪɨɫɢɥɢɤɚɬɨɜ ɤɚɥɶɰɢɹ ɢ ɝɢɞɪɨɝɟɥɟɧɢɬɚ. 
Ⱥɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɚɦɨɪɮɧɵɯ SТO2 ɢ ȺХ2O3 ɡɚɦɟɬɧɨ 
ɦɟɧɶɲɟ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɪɟɡɤɢɦ ɫɧɢɠɟɧɢɟɦ 
ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɫɩɟɤɚɧɢɹ ɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɨɠɟɧɢɹ 
ɤɚɨɥɢɧɢɬɚ (ɦɭɥɥɢɬɚ, ɤɪɢɫɬɨɛɚɥɢɬɚ ɢ ɞɪ.). 

Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɭɫɩɟɲɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɡɨɥ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɍɗɐ, ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɹɜɧɨɣ 
ɢɥɢ ɫɤɪɵɬɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɹɜɥɹɬɶ 
ɩɭɰɰɨɥɚɧɨɜɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ 
ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɜɹɡɵɜɚɬɶ ɝɢɞɪɨɤɫɢɞ 
ɤɚɥɶɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. Ɂɨɥɨɲɥɚɤɨɜɵɟ ɨɬɯɨɞɵ (ɁɒɈ) 

ɫɨɫɬɨɹɬ ɢɡ ɨɪɝɚɧɢɱɟɫɤɨɣ (ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ, 
ɤɢɫɥɨɪɨɞɚ, ɚɡɨɬɚ) ɢ ɦɢɧɟɪɚɥɶɧɨɣ (ɦɢɧɟɪɚɥɨɜ 
ɢ ɝɥɢɧ, ɱɚɫɬɟɣ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɨɤɫɢɞɵ 
ɤɪɟɦɧɢɹ ɢ ɦɟɬɚɥɥɨɜ, ɝɢɞɪɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, 
ɫɢɥɢɤɚɬɨɜ AХ, MР, ɤɚɪɛɨɧɚɬɨɜ FО, MР,                 
Ca) [6, 7, 8]. 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɁɒɈ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɜɚɪɰɟɦ, ɬɪɢɞɢɦɢɬɨɦ. ɉɨɥɟɜɨɣ 
ɲɩɚɬ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɜɢɞɟ ɚɥɶɛɢɬɚ, ɝɟɥɟɧɢɬɚ, 
ɦɟɬɚɤɚɨɥɢɧɢɬɚ ɢ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ, ɤɨɬɨɪɵɣ 
ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɛɟɧɬɨɧɢɬɨɜɵɯ 
ɝɥɢɧ. 

ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɩɪɢ ɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ ɲɥɚɤɨɜɨɝɨ 
ɪɚɫɩɥɚɜɚ ɜɨɞɨɣ ɤɚɤ ɛɵ ɩɪɢɧɭɞɢɬɟɥɶɧɨ 
ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟ ɦɨɥɟɤɭɥ, ɚɬɨɦɨɜ 
ɢ ɢɨɧɨɜ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɦ ɧɚɣɬɢ ɫɜɨɟ 
ɦɟɫɬɨ, ɫɩɨɫɨɛɫɬɜɭɹ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɟ 
ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɷɬɨɦɭ ɫɬɪɭɤɬɭɪɚ 
ɦɚɬɟɪɢɚɥɚ ɨɫɬɚɟɬɫɹ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɣ 
(ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ), ɚ ɫɚɦ ɦɚɬɟɪɢɚɥ 
ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ ɢɥɢ ɚɦɨɪɮɧɵɦ. 
ɇɟɫɬɚɛɢɥɶɧɨɫɬɶ ɦɨɥɟɤɭɥ, ɚɬɨɦɨɜ ɢ ɢɨɧɨɜ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɝɨɬɨɜɵ ɜ ɥɸɛɨɟ 
ɜɪɟɦɹ ɩɪɢ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ 
ɩɪɨɞɨɥɠɢɬɶ ɫɜɨɸ ɩɟɪɟɫɬɪɨɣɤɭ ɜ 
ɭɩɨɪɹɞɨɱɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɫɬɚɛɢɥɶɧɭɸ). ȼ 
ɷɬɨɦ ɢ ɡɚɤɥɸɱɚɸɬɫɹ ɫɤɪɵɬɵɟ ɜɹɠɭɳɢɟ 
ɫɜɨɣɫɬɜɚ ɫɬɟɤɥɨɜɢɞɧɵɯ (ɚɦɨɪɮɧɨɣ 
ɫɬɪɭɤɬɭɪɵ) ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɯɨɞɨɜ. Ɏɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɨɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2. 

 
 
Ɍɚɛɥɢɰɚ 2 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɨɥɵ 
 

№ 
ɩ\ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ȿɞ. ɢɡɦ. 
ȼɟɥɢɱɢɧɚ 

ɋɪɟɞɧɹɹ 
ɉɪɟɞɟɥ  
ɢɡɦɟɧɟɧɢɹ 

1 ȼɥɚɠɧɨɫɬɶ % 55 20-80 

2 ɉɥɨɬɧɨɫɬɶ ɧɚɫɵɩɧɚɹ ɤɝ/ɦ3
 800 600-1000 

 

 

№ ɩ/ɩ ɍɝɨɥɶ (ɦɟɫɬɨɪɨɠɞɟɧɢɟ) SiO2 Al2O3 Fe2O3 CaO MgO 

1 ɗɤɢɛɚɫɬɭɡɫɤɢɣ (ɉɥɞɫɬ 1) 55-58 27-29 8-10 2-3 1-2 
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ɉɪɨɞɨɥɠɟɧɢɟ Ɍɚɛɥɢɰɵ 2 

3 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ: 
- ɫ ɡɨɥɨɨɬɜɚɥɚ (ɝɢɞɪɨɭɞɚɥɟɧɢɹ) 
-ɫ ɰɢɤɥɨɧɚ 
-ɫ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ 

ɦ2/ɤɝ 

 
385 
200 
350 

 
170-600 
150-250 
200-500 

4 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: 
-ɜ ɜɨɡɞɭɲɧɨ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ 

 
ȼɬ/(ɦ°ɋ) 

 
0,125 

 
0,1-0,15 

5 
ɉɥɨɬɧɨɫɬɶ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɥɨɠɟɧɢɹ (ɜ 
ɡɨɥɨɨɬɜɚɥɟ) ɤɝ/ɦ3

 1400 1300-1600 

 
ɉɪɨɹɜɥɟɧɢɸ ɷɬɢɯ ɫɜɨɣɫɬɜ ɫɩɨɫɨɛɫɬɜɭɟɬ, 

ɧɚɪɹɞɭ ɫ ɤɨɜɚɥɟɧɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɧɚɥɢɱɢɟ 
ɢɨɧɧɵɯ ɫɜɹɡɟɣ, ɤɨɬɨɪɵɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɦɟɧɟɟ 
ɩɪɨɱɧɵ, ɱɟɦ ɤɨɜɚɥɟɧɬɧɵɟ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ ɚɦɨɪɮɢɡɢɪɨɜɚɧɧɨɝɨ 
(ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ) ɤɪɟɦɧɟɡɟɦɚ ɜɵɲɟ, ɱɟɦ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɜɚɥɟɧɬɧɵɯ ɢ ɢɨɧɧɵɯ ɫɜɹɡɟɣ, 
ɧɨ ɢ ɨɬ ɷɧɟɪɝɢɢ ɷɬɢɯ ɫɜɹɡɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ 
ɩɨɫɥɟɞɭɸɳɟɟ ɛɵɫɬɪɨɟ ɨɯɥɚɠɞɟɧɢɟ 
ɪɚɫɩɥɚɜɨɜ ɫɨɡɞɚɸɬ ɭɫɥɨɜɢɹ ɞɥɹ ɩɟɪɟɯɨɞɚ 
ɫɬɚɛɢɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ 
ɢɫɯɨɞɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɭɸ 
(ɦɟɬɚɫɬɚɛɢɥɶɧɭɸ) ɫɬɟɤɥɨɨɛɪɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ. 
ɉɟɪɟɯɨɞ SТO2 ɢ AХ2O3 ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɢɯ ɩɨɜɵɲɟɧɧɭɸ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ. ɂɡɦɟɧɟɧɢɟ 
ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɩɭɬɟɦ ɱɚɫɬɢɱɧɨɝɨ ɩɨɦɨɥɚ 
ɩɨɜɵɲɚɟɬ ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 
[6, 7].  

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɨɢɬ ɜ 
ɩɨɥɭɱɟɧɢɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɫ ɜɵɫɨɤɢɦɢ 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɡɚ ɫɱɟɬ 
ɦɨɞɢɮɢɤɚɬɨɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɣ ɡɨɥɵ ɝɢɞɪɨɭɞɚɥɟɧɢɹ 
Ɉɦɫɤɨɣ Ɍɗɐ-5.  

Ȼɵɥ ɪɚɫɫɦɨɬɪɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ ɧɟɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɫ Sɭɞ =170–200 ɦ2/ɤɝ. 
Ɉɫɧɨɜɧɭɸ ɨɛɴɟɦɧɭɸ ɞɨɥɸ ɫɨɫɬɚɜɥɹɸɬ 
ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɚɦɢ 9,5 – 11 ɦɤɦ, ɫɨɞɟɪɠɚɧɢɟ 
ɤɨɬɨɪɵɯ ɜ ɩɪɨɰɟɧɬɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 26 ɢ 
24%. ɋɚɦɵɟ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 0,7 
ɦɤɦ ɫɨɞɟɪɠɚɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,01%.  

Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɡɨɥɵ ɝɢɞɪɨɭɞɚɥɟɧɢɹ 
ɩɪɢɦɟɧɹɥɚɫɶ ɰɟɧɬɪɨɛɟɠɧɚɹ ɞɢɫɤɨɜɚɹ 
ɭɫɬɚɧɨɜɤɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɤɨɪɩɭɫɚ 1, ɜ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɜɚɥ 4 ɫ 
ɥɨɩɚɫɬɹɦɢ 5. ȼɚɥ ɡɚɤɪɟɩɥɟɧ ɜ ɤɨɪɩɭɫɟ ɫ 
ɩɨɦɨɳɶɸ ɩɨɞɲɢɩɧɢɤɨɜ 3, ɡɚɤɪɵɬɵɯ 
ɜɧɟɲɧɢɦɢ ɜɬɭɥɤɚɦɢ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɨɬɬɨɤɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ. ȼɚɥ 2 
ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɥɢɧɨɪɟɦɟɧɧɨɣ 
ɩɟɪɟɞɚɱɢ ɫɨ ɲɬɨɤɨɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɢ (ɪɢɫ. 2). 

 
 

 
Ɋɢɫ. 2. ɐɟɧɬɪɨɛɟɠɧɚɹ ɞɢɫɤɨɜɚɹ ɭɫɬɚɧɨɜɤɚ 

 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɨɤɧɚ ɜɵɞɚɱɢ ɝɨɬɨɜɨɝɨ 
ɩɪɨɞɭɤɬɚ ɤɨɪɩɭɫ ɪɚɫɲɢɪɹɟɬɫɹ, ɫɨɟɞɢɧɹɹɫɶ ɫ 
ɧɟɩɨɞɜɢɠɧɵɦ ɪɟɲɟɬɱɚɬɵɦ ɫɬɚɬɨɪɨɦ 7 
ɞɢɫɤɨɜɨɣ ɢɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɧɚ 
ɫɚɦɨɦ ɜɚɥɭ ɧɚ ɧɟɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ (ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɬ 0,5–0,1 ɞɨ 1–2 ɦɦ) ɨɬ ɫɬɚɬɨɪɚ 
ɡɚɤɪɟɩɥɟɧ ɪɟɲɟɬɱɚɬɵɣ ɪɨɬɨɪ 6, ɩɨɜɬɨɪɹɸɳɢɣ 
ɟɝɨ ɨɱɟɪɬɚɧɢɹ.  

ȼ ɥɚɛɨɪɚɬɨɪɢɢ «ɇɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɂɇɌȺ-ɋɌɊɈɃ»        
ɝ. Ɉɦɫɤɚ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢ ɢɫɩɵɬɚɧɵ 
ɨɛɪɚɡɰɵ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɟ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɉɦɫɤɨɣ Ɍɗɐ-5 ɫɨɝɥɚɫɧɨ 
ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ (ɪɢɫ. 3). 
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Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 
ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɦɟɧɹɥɢɫɶ 

ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: 
1.ȼɹɠɭɳɟɟ ɜɟɳɟɫɬɜɨ – ɩɨɪɬɥɚɧɞɰɟɦɟɧɬ 

ɉɐ400 Ⱦ20 ɩɪɨɢɡɜɨɞɫɬɜɚ ɂɫɤɢɬɢɦɫɤɨɝɨ 
ɰɟɦɟɧɬɧɨɝɨ ɡɚɜɨɞɚ, ɢɫɬɢɧɧɚɹ ɩɥɨɬɧɨɫɬɶ – 
2950-3150 ɤɝ/ɦ3, ɧɨɪɦɚɥɶɧɚɹ ɝɭɫɬɨɬɚ 
ɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ – 24%, ɭɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ – 300-350 ɦ2/ɤɝ.  

2.ɉɟɫɨɤ ɝɢɞɪɨɧɚɦɵɜɧɨɣ ɫ ɪɟɤɢ ɂɪɬɵɲɚ 
ɇɢɤɨɥɚɟɜɫɤɨɝɨ ɤɚɪɶɟɪɚ ɝ. Ɉɦɫɤɚ ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: Ɇɤ=1,9-2,1; 
ɢɫɬɢɧɧɚɹ ɩɥɨɬɧɨɫɬɶ – 2635 ɤɝ/ɦ3; ɫɪɟɞɧɹɹ 
ɩɥɨɬɧɨɫɬɶ – 2550 ɤɝ/ɦ3; ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ – 
1530 ɤɝ/ɦ3

. 
3. Ɂɨɥɚ ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɉɦɫɤɨɣ Ɍɗɐ-5, 

ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ – 170-200 ɦ2/ɤɝ ɢ               
600-650 ɦ2/ɤɝ. 

4.ȼɨɞɚ ɜɨɞɨɩɪɨɜɨɞɧɚɹ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ 

ɪɚɡɦɟɪɨɜ  ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɚɤɬɢɜɚɰɢɢ, ɩɪɢɦɟɧɹɥɢ ɥɚɡɟɪɧɵɣ ɚɧɚɥɢɡɚɬɨɪ 
«MТМrШSТгОr 201». ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɡɨɥ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɞɨ 
ɢ ɩɨɫɥɟ ɚɤɬɢɜɚɰɢɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɤɨɥɢɱɟɫɬɜɨ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɪɚɡɦɟɪɨɦ ɨɬ 0,6-1,8 ɦɤɦ 
ɫɨɫɬɚɜɥɹɟɬ 17-19%. 

ɉɪɨɱɧɨɫɬɶ ɡɨɥɨɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ 
ɨɩɪɟɞɟɥɹɥɚɫɶ ɧɚ ɨɛɪɚɡɰɚɯ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ 
ɢɡ ɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ ɧɨɪɦɚɥɶɧɨɣ ɝɭɫɬɨɬɵ, ɜ 
ɤɨɥɢɱɟɫɬɜɟ 72 ɲɬɭɤ ɪɚɡɦɟɪɚɦɢ 2ɯ2ɯ2 ɫɦ ɞɥɹ 
ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɫɨɝɥɚɫɧɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ ɜɨɡɪɚɫɬɟ 28 ɫɭɬɨɤ. 
Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ 
ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢɛɨɪɨɦ ɂɌɉ-ɆȽ4 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7076–99. Ɋɟɡɭɥɶɬɚɬɵ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɧɚ ɨɛɪɚɡɰɚɯ ɨɬɮɨɪɦɨɜɚɧɧɵɯ 
ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɚɦɢ 100б100б15 ɦɦ ɢɡ 
ɡɨɥɨɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ ɧɨɪɦɚɥɶɧɨɣ ɝɭɫɬɨɬɵ ɢ 
ɫ ɫɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ ɫɨɝɥɚɫɧɨ 
ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɛɪɚɡɰɵ 
ɪɚɡɦɟɪɚɦɢ 4ɯ4ɯ16 ɫɦ ɮɨɪɦɨɜɚɥɢɫɶ ɢɡ 
ɡɨɥɨɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ 
ɫɨɞɟɪɠɚɧɢɟɦ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɵ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɫɨɝɥɚɫɧɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ                      
ȽɈɋɌ 10180–2012. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.  

 
 
 
 

АȘȠȖȐȎцȖя ЗШО ȢȞȎȘцȖȖ е-2бк ȚȚ Ȑ цȓțȠȞȜȏȓȔțȜȗ ȒȖȟȘȜȐȜȗ 
ȡȟȠȎțȜȐȘȓ 

ЗȜșы ȑȖȒȞȜȡȒȎșȓțȖя ОȚȟȘȜȗ ТЭЦ-5, ȢȞȎȘцȖȖ е-5,0 ȚȚ  
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Ɍɚɛɥɢɰɚ 3 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɢ ɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɩɪɢ ɫɭɯɨɦ ɫɩɨɫɨɛɟ ɚɤɬɢɜɚɰɢɢ ɁɒɈ ɝɢɞɪɨɭɞɚɥɟɧɢɹ 

 

ȼɢɞ 
ɨɬɯɨ-
ɞɨɜ 

Ɍɟɯɧɨ-
ɥɨɝɢɹ 
ɚɤɬɢɜɚ-
ɰɢɢ 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ 

Ɉɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɁɒɈ 
ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ ɜ % 
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ɢ ɉɪɨɱɧɨɫɬɶ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɩɪɢ 

ɫɠɚɬɢɢ, Rɫɠ
ɫɪ, Ɇɉɚ (ȺɁ:ɐ) 58,4 63,3 68,5 75,8 61,7 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɰɟɦɟɧɬɧɨɝɨ 
ɤɚɦɧɹ, ɫɪ, ȼɬ/(ɦɄ) (ȺɁ:ɐ) 0,403 0,398 0,390 0,381 0,377 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ ɰɟɦɟɧɬɧɨ-
ɩɟɫɱɚɧɨɝɨ ɪɚɫɬɜɨɪɚ, Rɢɡ

ɫɪ, Ɇɉɚ 
(ȺɁ:ɐ)+ɉ 

14,5 15,9 17,6 19,2 17,4 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɰɟɦɟɧɬɧɨ-
ɩɟɫɱɚɧɨɝɨ ɪɚɫɬɜɨɪɚ, Rɫɠ

ɫɪ
 , Ɇɉɚ 

(ȺɁ:ɐ)+ɉ 
41,5 43,5 48,7 56,1 52,1 

 

ɉɪɢɦɟɱɚɧɢɟ. (ȺɁ:ɐ) – ɨɬɧɨɲɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɵ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ %, ɰɟɦɟɧɬɧɨɝɨ 
ɤɚɦɧɹ; (ȺɁ:ɐ)+ɉ – ɨɬɧɨɲɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɡɨɥɵ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ %, ɰɟɦɟɧɬɧɨ-

ɩɟɫɱɚɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɨɪɦɚɥɶɧɨɣ ɤɨɧɫɢɫɬɟɧɰɢɢ. 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɡɨɥɨ-ɰɟɦɟɧɬɧɨɦ 
ɨɬɧɨɲɟɧɢɢ ɦɚɫɫɵ ɜɹɠɭɳɟɝɨ ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ 
30:70 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 30%, ɚ ɜ 
ɡɨɥɨɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɢɡɝɢɛɟ ɢ ɫɠɚɬɢɢ ɭɜɟɥɢɱɢɥɚɫɶ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 32,4 ɢ 35,0%. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 6,5%, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ. 

Ɂɚɤɥɸɱɟɧɢɟ 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɨɥ ɝɢɞɪɨɭɞɚɥɟɧɢɹ 

Ɉɦɫɤɨɣ Ɍɗɐ-5 ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɟɟ ɚɤɬɢɜɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ 
ɫɬɪɭɤɬɭɪɭ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ ɡɚ ɫɱɟɬ 
ɡɚɩɨɥɧɟɧɢɹ ɦɟɠɡɟɪɧɨɜɨɣ ɩɭɫɬɨɬɧɨɫɬɢ ɦɟɠɞɭ 
ɧɟɩɪɨɝɢɞɪɚɬɢɪɨɜɚɧɧɵɦɢ ɡɟɪɧɚɦɢ ɰɟɦɟɧɬɚ, 
ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɥɭɱɲɢɬɶ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɦɟɧɬɧɨɝɨ 
ɤɚɦɧɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ         
(ɨɬ 0,6 ɞɨ 1,8 ɦɤɦ) ɡɨɥ ɝɢɞɪɨɭɞɚɥɟɧɢɹ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 18% ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɢɬɶ ɰɟɦɟɧɬ 
ɞɨ 30% ɢɥɢ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɩɪɢ ɫɠɚɬɢɢ ɢ ɢɡɝɢɛɟ ɨɬ 30 ɞɨ 34%. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɡɨɥ 
ɝɢɞɪɨɭɞɚɥɟɧɢɹ Ɉɦɫɤɨɣ Ɍɗɐ ɜ ɤɚɱɟɫɬɜɟ 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɝɨ ɡɨɥɨɰɟɦɟɧɬɧɨɝɨ ɜɹɠɭɳɟɝɨ 
(30:70) ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ ɝɪɚɠɞɚɧɫɤɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɩɪɢɬɨɤɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɧɜɟɫɬɢɰɢɢ ɜ ɪɟɝɢɨɧ 
Ɉɦɫɤɨɣ ɨɛɪɚɫɬɢ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɠɟɬɫɹ 
ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɨɦ, ɫɨɰɢɚɥɶɧɨɦ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɩɨɥɨɠɟɧɢɢ ɜ ɨɤɪɭɝɟ. 
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NFLUENCE OF THE NANODIMENSIONAL 
MODIFIER ON THE BASIS OF THE EVILS OF 

HYDROREMOVAL OF OMSK COMBINED HEAT 
AND POWER PLANT ON PROPERTIES 

OF THE CEMENT STONE 
 

A.F.Kosach, M.A.Raschupkina, I.N. Kuznetsova  
 

Abstract. Use of the nanodimensional modifier on 
the basis of the evils of hydroremoval of Omsk 
combined heat and power plant in a cement stone is 
presented in article and its physicomechanical 
properties are defined. The cement stone with use of 
nanodisperse zolotsementny mix in an optimum 
proportion is investigated. Application of the activated 
evils of hydroremoval as the ultradisperse 
zolotsementny knitting for industrial and civil 
engineering is proved. Physic mechanical indicators of 
a cement stone and cement and sand solution at a dry 
way of activation of ZShO of hydroremoval are 
presented. 

 

Keywords: ashes, cement stone, nanotsastitsa, 
porosity, thermal conductivity. 
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