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ɍȾɄ 625.7/8 

 
ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə ɉɊɈɑɇɈɋɌɇɕɏ  

ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɁɈɅɈɒɅȺɄɈȼɈɃ ɋɆȿɋɂ 

 

Ⱥ.Ⱥ. Ʌɭɧёɜ, ȼ.ȼ. ɋɢɪɨɬɸɤ, ɇ.ɂ. Ȼɚɪɚɰ 
ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ 

 
Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ 

ɡɨɥɨɲɥɚɤɨɜɨɣ ɫɦɟɫɢ (ɁШɋ) ɢɡ ɨɬɜɚɥɚ Ɉɦɫɤɨɣ ɌЭЦ-4, ɪɚɛɨɬɚɸɳɟɣ ɧɚ Эɤɢɛɚɫɬɭɡɫɤɨɦ 
ɭɝɥɟ. ȼ ɯɨɞɟ ɩɪɨɜɟɞёɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɷɬɨɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ ɝɪɭɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɢ ɜɥɚɠɧɨɫɬɢ.  

Ɉɰɟɧɟɧɚ ɟɝɨ ɩɪɢɝɨɞɧɨɫɬɶ ɜ ɤɚɱɟɫɬɜɟ ɝɪɭɧɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɜɨɡɜɟɞɟɧɢɹ ɧɚ-
ɫɵɩɟɣ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ, ɚ ɬɚɤɠɟ ɤɚɤ ɨɫɧɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ. ɍɫɬɚɧɨɜɥɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɡɨɥɨɲɥɚɤɚ ɨɬ ɜɥɚɠɧɨ-
ɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɫɤɟɥɟɬɚ ɝɪɭɧɬɚ. ɋɨɩɨɫɬɚɜɥɟɧɵ ɩɪɨɱɧɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɁШɋ ɢ 
ɩɪɢɪɨɞɧɵɯ ɝɪɭɧɬɨɜ ɧɚɲɟɝɨ ɪɟɝɢɨɧɚ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɡɨɥɨɲɥɚɤɨɜɚɹ ɫɦɟɫɶ, ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ, ɩɪɨɱɧɨɫɬɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
 
ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɫɬɪɨɢɬɟɥɶ-
ɧɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ ɧɟɯɜɚɬɤɚ ɩɪɢɪɨɞɧɵɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɦɧɨɝɢɯ ɪɟɝɢɨ-
ɧɚɯ ɊɎ. ȼ ɩɪɢɝɨɪɨɞɟ Ɉɦɫɤɚ, ɤɚɤ ɢ ɜ ɞɪɭɝɢɯ 
ɦɟɝɚɩɨɥɢɫɚɯ, ɢɦɟɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɬɪɭɞɧɨ-
ɫɬɢ ɫ ɢɡɵɫɤɚɧɢɟɦ ɤɨɧɞɢɰɢɨɧɧɵɯ ɝɪɭɧɬɨɜ ɞɥɹ 
ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɚɛɨɬ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɨ-
ɳɚɞɤɚɯ ɢ ɜɨɡɜɟɞɟɧɢɹ ɧɚɫɵɩɟɣ ɡɟɦɥɹɧɨɝɨ ɩɨ-
ɥɨɬɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. Ɍɟɪɪɢɬɨɪɢɢ, ɜɵ-
ɞɟɥɹɟɦɵɟ ɩɨɞ ɤɚɪɶɟɪɵ, ɱɚɫɬɨ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɭɱɚɫɬɤɢ ɫ ɩɟɪɟɭɜɥɚɠɧёɧɧɵɦɢ ɝɥɢɧɢɫɬɵ-
ɦɢ ɝɪɭɧɬɚɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɜɵɡɵɜɚ-
ɟɬ ɩɨɜɵɲɟɧɢɟ ɷɧɟɪɝɨ- ɢ ɬɪɭɞɨɡɚɬɪɚɬ ɩɪɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ ɫɬɨɢɦɨɫɬɶ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɞɪɹɞɱɢɤɢ ɜɵɧɭɠɞɟɧɵ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɩɟɫɱɚɧɵɟ ɝɪɭɧɬɵ, ɞɨɛɵɜɚɟɦɵɟ ɜ ɪɭɫɥɟ 
ɪ. ɂɪɬɵɲ, ɞɚɥɶɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɨɬɩɭ-
ɫɤɧɚɹ ɰɟɧɚ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɟɬɫɹ 
ɧɚ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨ 
ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɜɨɩɪɨɫɚɯ ɷɤɨɥɨɝɢɢ. 

Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨ-
ɛɥɟɦɵ ɪɚɫɲɢɪɟɧɢɹ ɫɵɪɶɟɜɨɣ ɛɚɡɵ ɝɪɭɧɬɨɜɵɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɮɮɟɤɬɢɜɧɨɣ 
ɭɬɢɥɢɡɚɰɢɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɬɟɩɥɨɷɧɟɪɝɟ-
ɬɢɤɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ - ɡɨɥɨɲɥɚɤɨɜɵɯ 
ɫɦɟɫɟɣ (Ɂɒɋ) ɢɡ ɨɬɜɚɥɨɜ Ɍɗɐ.  

ȼ Ɉɦɫɤɟ ɞɟɣɫɬɜɭɸɬ ɬɪɢ ɤɪɭɩɧɵɯ ɨɬɜɚɥɚ: 
Ɍɗɐ-2, Ɍɗɐ-4 ɢ Ɍɗɐ-5. ɋɭɦɦɚɪɧɨ ɧɚ ɧɢɯ ɧɚɤɨ-
ɩɥɟɧɨ ɨɤɨɥɨ 65 ɦɥɧ. ɬ ɡɨɥɨɲɥɚɤɨɜɵɯ ɨɬɯɨɞɨɜ 
[1]. ɉɨɫɤɨɥɶɤɭ ɜ ɡɨɥɨɨɬɜɚɥɚɯ Ɍɗɐ-4 ɢ Ɍɗɐ-5 
(ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɤɚɦɟɧɧɨɦ ɭɝɥɟ ɗɤɢɛɚɫɬɭɡɫɤɨ-
ɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ) ɧɚɤɨɩɥɟɧɚ ɨɫɧɨɜɧɚɹ 
ɱɚɫɬɶ Ɂɒɋ, ɧɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɪɟɞɨɬɨɱɟ-
ɧɵ ɧɚ ɬɟɯɧɨɝɟɧɧɨɦ ɝɪɭɧɬɟ ɢɡ ɷɬɢɯ ɨɬɜɚɥɨɜ.  

Ɋɚɧɟɟ ɦɵ ɢɡɭɱɢɥɢ ɨɫɨɛɟɧɧɨɫɬɢ ɜɨɞɧɨ-
ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɧɚɫɵɩɟɣ ɢɡ Ɂɒɋ Д2]. Ƚɥɚɜ-
ɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɨɝɪɚ-
ɧɢɱɢɜɚɸɳɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ Ɂɒɋ ɜ ɫɬɪɨɢɬɟɥɶ-
ɫɬɜɟ, ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɢɡɭɱɟɧɧɨɫɬɶ ɢɯ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɜɟɥɢɱɢɧɵ ɪɚɫɱёɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ.  

Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
Ɂɒɋ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɫɪɚɜɧɢɬɶ 
ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢɪɨɞɧɵɯ ɝɪɭɧɬɨɜ, ɢɫɩɨɥɶ-
ɡɭɸɳɢɯɫɹ ɜ ɪɟɝɢɨɧɟ. ɇɚ ɛɚɡɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧ-
ɧɵɯ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɛɨɫɧɨɜɚɧɧɨ ɧɚɡɧɚɱɚɬɶ 
ɩɪɨɱɧɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɬɨɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɝɪɭɧɬɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɚɫɵɩɟɣ ɞɥɹ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ ɩɥɚɧɢɪɨɜɤɢ ɩɨɞ ɫɬɪɨɢɬɟɥɶɧɵɟ ɩɥɨ-
ɳɚɞɤɢ ɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɞɨɪɨɝ.  

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɩɨɞɝɨɬɨɜɥɟ-
ɧɚ ɩɪɨɝɪɚɦɦɚ ɢɫɩɵɬɚɧɢɣ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜ-
ɥɹɥɚ ɫɨɛɨɣ ɪɹɞ ɨɞɧɨɮɚɤɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-
ɬɨɜ. ȼɵɛɨɪ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɨɬɪɚɠɚɥ 
ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɟ ɫɨɫɬɨɹɧɢɹ ɧɚɫɵɩɟɣ ɜ 
ɩɪɨɰɟɫɫɟ ɢɯ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. ɉɪɨɝɪɚɦɦɚ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 1.  

ɉɟɪɟɞ ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹ-
ɥɚɫɶ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɭɯɨ-
ɝɨ ɝɪɭɧɬɚ ɢ ɨɩɬɢɦɚɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ Ɂɒɋ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɟ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 22733 Д3]. 
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Ɍɚɛɥɢɰɚ 1 

ɉɪɨɝɪɚɦɦɚ ɢɫɩɵɬɚɧɢɣ 

ɇɨɦɟɪ 
ɫɟɪɢɢ  

ɂɡɦɟɧɹɟɦɵɣ  
ɩɚɪɚɦɟɬɪ Ɂɒɋ 

ɂɧɬɟɪɜɚɥ  
ɢɡɦɟɧɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɪɨɱɢɯ  
ɩɚɪɚɦɟɬɪɨɜ 

ɐɟɥɶ ɫɟɪɢɢ ɢɫɩɵɬɚɧɢɣ 

1 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɩ-

ɥɨɬɧɟɧɢɹ 
0,9 - 1,05 

Ɉɩɬɢɦɚɥɶɧɚɹ ɜɥɚɠ-
ɧɨɫɬɶ 

Ɉɩɪɟɞɟɥɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟ-
ɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ Ɂɒɋ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɢ 
ɭɜɥɚɠɧɟɧɢɹ 

2 ȼɥɚɠɧɨɫɬɶ 12−33 % 
Ʉɨɷɮɮɢɰɢɟɧɬ  

ɭɩɥɨɬɧɟɧɢɹ 0,95 

 
ɉɟɪɟɞ ɮɨɪɦɨɜɤɨɣ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɩɨ-

ɫɬɪɨɟɧɵ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ 
ɜɟɥɢɱɢɧɨɣ ɭɩɥɨɬɧɹɸɳɟɣ ɪɚɛɨɬɵ, ɩɪɢɥɨɠɟɧ-
ɧɨɣ ɤ ɝɪɭɧɬɭ, ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɩɥɨɬɧɟɧɢɹ, 
ɱɬɨ ɩɨɡɜɨɥɹɥɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɨɛɪɚɡɰɵ ɬɪɟ-
ɛɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɥɚɠɧɨɫɬɢ ɜ ɯɨɞɟ ɞɚɥɶ-
ɧɟɣɲɢɯ ɢɫɩɵɬɚɧɢɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ Ɂɒɋ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɩɪɢɛɨɪɚɯ ɩɪɹɦɨɝɨ 
ɫɪɟɡɚ ɉɋȽ-3Ɇ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ 
ȽɈɋɌ 12248 [4]. Ɉɛɪɚɡɰɵ Ɂɒɋ ɮɨɪɦɢɪɨɜɚɥɢ 
ɜ ɛɨɥɶɲɨɦ ɩɪɢɛɨɪɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɭɩɥɨɬɧɟ-
ɧɢɹ, ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ [3], ɜɚɪɶɢɪɭɹ ɫɬɟɩɟɧɶ 
ɭɩɥɨɬɧɟɧɢɹ ɱɢɫɥɨɦ ɭɞɚɪɨɜ ɝɢɪɢ. ɉɨɫɥɟ ɭɩ-
ɥɨɬɧɟɧɢɹ ɮɨɪɦɚ ɜɡɜɟɲɢɜɚɥɚɫɶ ɞɥɹ ɭɬɨɱɧɟ-

ɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɞɨɫ-
ɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜ 
Ɂɒɋ ɜɞɚɜɥɢɜɚɥɢ ɤɨɥɶɰɨ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɩɪɹɦɨɣ ɫɪɟɡ ɜ ɩɪɢɛɨɪɟ ɉɋȽ-3Ɇ.  

 ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɨɧɫɨɥɢɞɢɪɨ-
ɜɚɧɧɨ-ɞɪɟɧɢɪɨɜɚɧɧɨɦ (ɦɟɞɥɟɧɧɨɦ) ɫɪɟɡɟ ɫ 
ɜɟɪɬɢɤɚɥɶɧɵɦ ɧɚɝɪɭɠɟɧɢɟɦ ɨɛɪɚɡɰɨɜ. Ɂɧɚ-
ɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɥɢ 
ɩɨ Д4] ɤɚɤ ɞɥɹ ɩɵɥɟɜɚɬɵɯ ɩɟɫɤɨɜ ɢ ɫɭɩɟɫɟɣ. 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɤɟ-
ɥɟɬɚ Ɂɒɋ ɩɪɢ ɪɚɡɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɪɢ ɭɩɥɨɬ-
ɧɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɭɯɨɝɨ ɝɪɭɧɬɚ ɨɬ ɜɥɚɠɧɨɫɬɢ 
 

Ƚɪɚɮɢɤ ɫɬɚɧɞɚɪɬɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ 
Ɂɒɋ ɱɚɫɬɨ ɧɟ ɢɦɟɟɬ ɷɤɫɬɪɟɦɭɦɚ, ɯɚɪɚɤɬɟɪɧɨ-
ɝɨ ɞɥɹ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. ɉɪɢɱёɦ ɢɡɦɟɧɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 % ɩɪɢ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɜɥɚɠɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɩɨ-
ɧɹɬɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɞɥɹ ɷɬɨɝɨ ɬɟɯ-
ɧɨɝɟɧɧɨɝɨ ɝɪɭɧɬɚ ɧɚɡɧɚɱɚɸɬ ɩɨ ɩɪɟɞɟɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɞɨ ɡɨɧɵ ɨɬɠɚɬɢɹ ɜɨɞɵ. 

ȼɟɥɢɱɢɧɚ ɨɩɬɢɦɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɞɥɹ 
Ɂɒɋ ɜ ɞɜɚ ɢ ɛɨɥɟɟ ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɚɧɚɥɨ-
ɝɢɱɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɩɵɥɟɜɚɬɵɯ ɩɟɫɤɨɜ ɢ 
ɥёɝɤɢɯ ɫɭɩɟɫɟɣ, ɯɨɬɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨ-
ɫɬɚɜ ɷɬɢɯ ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɝɪɭɧɬɨɜ 
ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. Ⱥɧɨɦɚɥɶɧɨ ɜɵɫɨɤɢɟ 
ɡɧɚɱɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ Ɂɒɋ ɨɛɴɹɫɧɹɸɬɫɹ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɢɪɨɞɧɵɯ ɞɢɫ-
ɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɨɥɨɲɥɚɤɢ ɧɟ ɦɨɝɭɬ ɯɚ-

ɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɦ 
ɫɨɫɬɚɜɨɦ. ȼɫɥɟɞɫɬɜɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɣ ɱɚɫɬɢɰɵ, ɩɪɨɯɨɞɹɳɢɯ ɜ ɮɚɤɟɥɟ ɤɨɬɥɨɚɝ-
ɪɟɝɚɬɨɜ ɷɬɚɩ ɩɢɪɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫ 
ɜɵɞɟɥɟɧɢɟɦ ɫɥɨɠɧɨɣ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɵ, ɨɛ-
ɥɚɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶɸ (ɪɢɫ. 
2, ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɈɈɈ «ɂɧ-
ɫɬɢɬɭɬ ɩɪɢɤɥɚɞɧɨɣ ɷɤɨɥɨɝɢɢ ɢ ɝɢɝɢɟɧɵ»). 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Ɂɒɋ, ɨɩɪɟɞɟɥёɧ-
ɧɚɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɜɨɡɞɭɯɨɩɪɨɧɢ-
ɰɚɟɦɨɫɬɢ, ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,8 ɞɨ 
2,5 ɬɵɫ. ɫɦ2/ɝ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɨɬɛɨɪɚ. 
ɇɚɥɢɱɢɟ ɨɬɤɪɵɬɨɣ ɢ ɡɚɤɪɵɬɨɣ ɦɢɤɪɨɩɨɪɢɫɬɨ-
ɫɬɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɬɨɝɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɨɥɶ-
ɧɵɯ ɱɚɫɬɢɰ (ɨɩɪɟɞɟɥёɧɧɚɹ ɩɨ ɦɟɬɨɞɢɤɟ ɧɢɡ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɢɥɢ ɞɟ-
ɫɨɪɛɰɢɢ ɚɪɝɨɧɚ) ɞɨɫɬɢɝɚɟɬ ɞɨ 50 ɬɵɫ. ɫɦ2/ɝ. 
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Ɋɢɫ. 2. Ɉɫɧɨɜɧɵɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɡɨɥɵ: 
ɫɮɟɪɵ ɫ ɲɟɪɨɯɨɜɚɬɨɣ ɛɭɝɪɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (1); 

ɫ ɝɥɚɞɤɨɣ ɨɫɬɟɤɥɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (2); ɨɛɥɨɦɤɢ ɱɚɫɬɢɰ ɢ ɚɝɪɟɝɚɬɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ (3); 
ɩɥɟɪɨɫɮɟɪɚ ɫ ɧɚɪɭɲɟɧɧɨɣ ɨɛɨɥɨɱɤɨɣ (4) 

 
Ɂɧɚɱɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɡɨɥɶɧɵɯ ɱɚɫɬɢɰ 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɚɧɨɦɚɥɶɧɨ ɜɵ-
ɫɨɤɨɣ ɜɨɞɨɭɞɟɪɠɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɫɟɯ 
ɡɨɥɨɲɥɚɤɨɜ. ɗɬɚ ɠɟ ɩɪɢɱɢɧɚ ɨɛɴɹɫɧɹɟɬ ɫɪɚɜ-
ɧɢɬɟɥɶɧɨ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨ-
ɫɬɢ Ɂɒɋ, ɤɨɬɨɪɚɹ ɨɛɵɱɧɨ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,8 
ɞɨ 1,3 ɝ/ɫɦ3. ɏɨɬɹ ɢɫɬɢɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɬɟɤɥɨ-
ɜɢɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɡɨɥɶɧɵɯ ɱɚɫɬɢɰ ɦɨɠɟɬ ɞɨɫ-
ɬɢɝɚɬɶ ɜɟɥɢɱɢɧɵ ɨɬ 2,5 ɞɨ 3,2 ɝ/ɫɦ3

.  
Ɋɚɡɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɨɜ ɫɞɜɢ-

ɝɭ ɧɚ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɢ ɫɰɟɩɥɟɧɢɟ ɢɦɟɟɬ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɭɫɥɨɜɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ 
ɩɪɨɰɟɫɫɟ ɫɞɜɢɝɚ ɧɟɥɶɡɹ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɜɵɞɟ-
ɥɢɬɶ ɷɥɟɦɟɧɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɞɟɮɨɪɦɚɰɢɟɣ 
ɜɨɞɧɵɯ ɩɥёɧɨɤ, ɩɪɟɨɞɨɥɟɧɢɟɦ ɫɢɥ ɦɨɥɟɤɭ-
ɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜɡɚɢɦɧɨɣ ɡɚɤɥɢɧɤɢ 
ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɱɚɫɬɢɰ. ɋɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ 
ɬɨɱɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟ-
ɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ.  

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ϕ  ɢ ɭɞɟɥɶɧɨɟ 
ɫɰɟɩɥɟɧɢɟ ɫ, Ɇɉɚ, ɜɵɱɢɫɥɹɥɢ, ɩɪɨɜɨɞɹ ɩɪɹ-
ɦɭɸ ɧɚɢɥɭɱɲɟɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦ ɬɨɱɤɚɦ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞ-
ɪɚɬɨɜ, ɫɨɝɥɚɫɧɨ ȽɈɋɌ 12248. 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɢ 
ɭɞɟɥɶɧɨɝɨ ɫɰɟɩɥɟɧɢɹ ɨɛɪɚɡɰɨɜ Ɂɒɋ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ.  

ɂɧɬɟɪɜɚɥɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ 
ɞɥɹ ɷɬɨɝɨ ɰɢɤɥɚ ɢɫɩɵɬɚɧɢɣ ɧɚɡɧɚɱɟɧɵ ɨɬ ɜɟ-
ɥɢɱɢɧɵ 0,9 – ɦɢɧɢɦɚɥɶɧɨ ɭɩɥɨɬɧёɧɧɵɣ ɝɪɭɧɬ, 
ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟ-
ɧɢɹ, ɞɨ 1,05 – ɩɟɪɟɭɩɥɨɬɧёɧɧɵɣ ɝɪɭɧɬ.  

ɂɡ ɝɪɚɮɢɤɨɜ (ɫɦ. ɪɢɫ. 3) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɥɨɬ-
ɧɨɫɬɶ Ɂɒɋ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɨɝɨ ɬɟɯɧɨ-

ɝɟɧɧɨɝɨ ɝɪɭɧɬɚ. ɋ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɢɰɵ 
ɜɫё ɛɨɥɟɟ ɫɛɥɢɠɚɸɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɬёɬ 
ɢ ɱɢɫɥɨ ɤɨɧɬɚɤɬɨɜ, ɡɚɳɟɦɥɟɧɢɣ ɢ ɝɥɭɛɢɧɚ ɡɚ-
ɤɥɢɧɤɢ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɟ-
ɥɢɱɢɧɵ ɧɨɪɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɬɪɟɧɢɟ ɛɭɞɟɬ 
ɜɵɲɟ, ɬ.ɤ. ɛɨɥɶɲɟ ɬɚɤɢɯ ɡɚɤɥɢɧɨɤ. ɋɰɟɩɥɟɧɢɟ 
ɩɚɞɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬ-
ɧɟɧɢɹ ɨɬ 1,0 ɞɨ 1,05. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɷɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɪɭɲɟɧɢɟɦ ɤɪɭɩɧɵɯ ɩɨɪɢɫɬɵɯ 
ɚɝɪɟɝɚɬɨɜ Ɂɒɋ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɩɪɨɰɟɫɫɟ ɭɩ-
ɥɨɬɧɟɧɢɹ (ɪɢɫɭɧɨɤ 4).  ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɢɰɵ Ɂɒɋ 
ɢɦɟɸɬ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɭɝɥɨɜɚɬɭɸ ɮɨɪɦɭ 
ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɧɟɪɨɜɧɨɫɬɟɣ, ɢɯ ɫɰɟ-
ɩɥɟɧɢɟ ɜɨ ɦɧɨɝɨɦ ɨɛɟɫɩɟɱɟɧɨ ɜɡɚɢɦɧɵɦ ɡɚ-
ɰɟɩɥɟɧɢɟɦ ɱɚɫɬɢɰ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ 
ɩɨɜɵɲɟɧɧɨɣ ɭɩɥɨɬɧɹɸɳɟɣ ɪɚɛɨɬɵ, ɜɨɡɧɢ-
ɤɚɸɳɢɟ ɤɨɧɬɚɤɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɪɭɲɚɸɬ 
ɷɬɢ ɡɚɰɟɩɥɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɸɬ 
ɷɬɭ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ, ɫɨ-
ɯɪɚɧɹɹ ɜ ɬɨɠɟ ɜɪɟɦɹ ɫɰɟɩɥɟɧɢɟ, ɜɵɡɜɚɧɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɜɨɞɧɵɯ ɩɥёɧɨɤ ɱɚɫɬɢɰ [5, 6]. 

ɂɫɩɵɬɚɧɢɹ Ɂɒɋ ɫ ɪɚɡɧɨɣ ɜɥɚɠɧɨɫɬɶɸ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɭɩɥɨɬɧɟɧɢɹ 
0,95, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɵɬɨɜɨɣ 
ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɨɜ ɜ ɧɚɲɟɦ ɪɟɝɢɨɧɟ. ȼ ɬɨɠɟ 
ɜɪɟɦɹ ɜɥɚɠɧɨɫɬɶ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɦɨɠɟɬ 
ɢɡɦɟɧɹɬɶɫɹ ɜ ɬɟɱɟɧɢɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɜ ɲɢ-
ɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɞɥɹ ɤɨɬɨɪɵɯ ɢ ɛɵɥɨ ɩɪɨɜɟɞɟ-
ɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɜɥɚɠɧɨɫɬɢ 33 % ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɧɨɦɭ ɜɨɞɨ-
ɧɚɫɵɳɟɧɢɸ Ɂɒɋ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 
100 ɤɉɚ.  

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Ɂɒɋ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟё ɜɥɚɠɧɨɫɬɢ. 
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Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ (ɚ), ɭɞɟɥɶɧɨɝɨ ɫɰɟɩɥɟɧɢɹ (ɛ) ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ(ɜ) ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ: 

       –100 ɤɉɚ;        – 200 ɤɉɚ;      – 300 ɤɉɚ 
 

ɉɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɢɫɩɵɬɚɧɢɢ ɨɛɪɚɡɰɨɜ ɫ 
ɪɚɡɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɟɫɬɚɧ-
ɞɚɪɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟ-
ɧɢɹ. ɉɨɞɨɛɧɚɹ ɮɨɪɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɠɟɬ ɭɤɚ-
ɡɵɜɚɬɶ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɷɮɮɟɤɬɚ ɤɚɩɢɥɥɹɪɧɨɣ 
ɫɜɹɡɧɨɫɬɢ ɜ ɡɨɥɨɲɥɚɤɨɜɵɯ ɫɦɟɫɹɯ [7]. ȼ ɰɟɥɨɦ 
ɠɟ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɡɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ, ɜɨɡ-
ɪɚɫɬɚɸɬ ɫ ɪɨɫɬɨɦ ɜɥɚɠɧɨɫɬɢ ɜɩɥɨɬɶ ɞɨ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɟɝɨ ɡɧɚɱɟɧɢɹ. ɋ ɩɨɹɜɥɟɧɢɟɦ ɢɡɛɵ-
ɬɨɱɧɨɝɨ ɭɜɥɚɠɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ 
ɧɚɱɢɧɚɟɬ ɩɚɞɚɬɶ.  

Ɋɨɫɬ ɫɰɟɩɥɟɧɢɹ ɩɪɢ ɧɢɡɤɨɣ ɜɥɚɠɧɨɫɬɢ ,ɩɨ-
ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧ ɫ ɭɫɢɥɟɧɢɟɦ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɹ ɜɨɞɧɵɯ ɩɥёɧɨɤ, ɭɞɟɪɠɢɜɚɸɳɚɹ ɫɢɥɚ ɤɨɬɨ-
ɪɵɯ ɢ ɨɛɴɹɫɧɹɟɬ ɪɨɫɬ ɫɰɟɩɥɟɧɢɹ ɩɪɢ ɨɞɢɧɚɤɨ-
ɜɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ. ɉɨɫɥɟ ɩɨɹɜɥɟɧɢɹ 
ɢɡɛɵɬɤɚ ɜɥɚɠɧɨɫɬɢ (20,5 %) ɩɪɨɢɫɯɨɞɢɥɨ 

ɭɦɟɧɶɲɟɧɢɟ ɫɰɟɩɥɟɧɢɹ, ɱɬɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɪɟ-
ɡɭɥɶɬɚɬɚɦɢ ɨɩɵɬɨɜ ɇ.ɇ. Ɇɚɫɥɨɜɚ ɞɥɹ ɩɵɥɟɜɚ-
ɬɵɯ ɝɪɭɧɬɨɜ ɫ ɢɡɛɵɬɨɱɧɨɣ ɜɥɚɠɧɨɫɬɶɸ [8].   

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬ-
ɪɨɜ Ɂɒɋ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɯ ɫɪɚɜɧɟɧɢɟ ɫ ɩɪɢ-
ɪɨɞɧɵɦɢ ɝɪɭɧɬɚɦɢ, ɩɪɟɨɛɥɚɞɚɸɳɢɦɢ ɜ ɪɚɣ-
ɨɧɟ ɝ. Ɉɦɫɤɚ. ɋɜɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 
ɝɪɭɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2 [9]. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ Ɂɒɋ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɬɟɯɧɨɝɟɧɧɵɣ ɝɪɭɧɬ, ɧɟ ɭɫɬɭɩɚɸɳɢɣ ɩɨ 
ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɢɪɨɞɧɵɦ 
ɝɪɭɧɬɚɦ ɜ ɭɫɥɨɜɢɹɯ ɢɯ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɥɨɠɟ-
ɧɢɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɨɧ ɩɪɟɜɨɫɯɨɞɢɬ ɩɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɸ ɫɞɜɢɝɭ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɵɯ ɩɪɢɪɨɞɧɵɯ ɨɬɥɨɠɟɧɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨ ɜɜɢɞɭ ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɨɣ ɧɟ-
ɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

 

ɚ ɛ 
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Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɪɚɤɰɢɢ ɪɚɡɦɟɪɨɦ ɫɜɵɲɟ 0,25 ɦɦ (ɚ) ɢ ɦɟɧɟɟ 0,1 ɦɦ (ɜ) 
ɜ Ɂɒɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɩɥɨɬɧɹɸɳɢɯ ɭɞɚɪɨɜ 

 

 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ (ɚ), ɫɰɟɩɥɟɧɢɹ (ɛ) ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ(ɜ) ɨɬ ɜɥɚɠɧɨɫɬɢ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ:       –100 ɤɉɚ;       – 200 ɤɉɚ;      – 300 ɤɉɚ 
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ɋɨɡɞɚɧɢɸ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɢ 
ɪɚɡɪɭɲɟɧɢɣ ɡɟɦɥɹɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢɡ Ɂɒɋ 
ɩɨɤɚ ɧɟ ɭɞɟɥɹɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨɝɨ ɜɧɢɦɚɧɢɹ, 
ɯɨɬɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɫɬɚɧɨɜɢɬɫɹ 
ɜɫё ɛɨɥɟɟ ɨɱɟɜɢɞɧɨɣ.  

ȼɵɛɨɪ ɬɚɤɨɣ ɦɨɞɟɥɢ ɜ ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɬɟ-
ɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚ-
ɥɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɚɫɵɩɟɣ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ ɫ ɭɫɥɨɜɢɟɦ ɩɪɨɱɧɨɫɬɢ 

Mohr-Coulomb ɢɥɢ Drucker-Prager (DP ɨɬɥɢ-
ɱɚɟɬɫɹ ɨɬ MC ɛɨɥɟɟ ɝɥɚɞɤɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɤɭɱɟɫɬɢ), ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɢɯ 
ɪɚɫɱёɬɚɯ ɜ ɨɫɧɨɜɧɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɟ-
ɞɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɨɨɪɭɠɟɧɢɹ Д10]. ȼ ɫɥɭɱɚɟ 
ɠɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɦɚɫɫɢɜɚ Ɂɒɋ ɤɚɤ ɨɫɧɨɜɚɧɢɹ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɤ ɧɢɦ ɪɚɰɢɨɧɚɥɶɧɟɟ 
ɩɪɢɦɟɧɹɬɶ ɦɨɞɟɥɶ ɥɢɧɟɣɧɨ ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ 
ɝɪɭɧɬɚ Hardening soil, ɭɱɢɬɵɜɚɸɳɭɸ ɩɥɚɫɬɢ-
ɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɞɨɩɪɟɞɟɥɶɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ Д11]. 

 
Ɍɚɛɥɢɰɚ 2 

ɉɪɨɱɧɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɧɟɨɝɟɧ-ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɣ ɝ. Ɉɦɫɤɚ 

 
Ɂɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɢɥɨɫɶ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

Ɂɒɋ ɩɪɢ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɢ ɜɥɚɠɧɨɫɬɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 
-  ɧɚɫɵɩɟɣ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ Mohr-Coulomb;  
- ɨɫɧɨɜɚɧɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɢ Herdering soil. 
ɉɪɨɱɧɨɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɬɢɯ ɦɨɞɟɥɟɣ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ 

(φ), ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɡ ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨ-ɞɪɟɧɢɪɨɜɚɧɧɵɯ (ɄȾ) ɢɫɩɵɬɚɧɢɣ. ɍɞɟɥɶɧɨɟ ɫɰɟɩɥɟɧɢɟ 
(c), ɨɩɪɟɞɟɥёɧɧɨɟ ɬɚɤɠɟ ɜ ɪɚɦɤɚɯ ɄȾ ɢɫɩɵɬɚɧɢɣ ɢ ɭɝɨɥ ɞɢɥɚɬɚɧɫɢɢ (ψ).  Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɨɩ-
ɪɟɞɟɥɟɧɢɣ ɭɝɥɚ ɞɢɥɚɬɚɧɫɢɢ ɢɫɩɨɥɶɡɭɸɬ ɜɵɪɚɠɟɧɢɟ: ψ ≈ φ – 30°. ɉɪɢ ɜɟɥɢɱɢɧɚɯ φ ɦɟɧɶɲɟ 30° 
ɭɝɨɥ ɞɢɥɚɬɚɧɫɢɢ ɩɪɢɪɚɜɧɢɜɚɸɬ ɧɭɥɸ [12]. 

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɱɧɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɂɒɋ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɬɚɛɥ. 3). 

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

ɋɨɜɪɟɦɟɧɧɵɟ ɚɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ 

ȼɢɞ Ƚɪɭɧɬɚ Ƚɥɢɧɚ ɋɭɝɥɢɧɨɤ ɋɭɩɟɫɶ ɉɟɫɨɤ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 17 20 26 33 

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 39 2 6 0 

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

ȼɟɪɯɧɟɱɟɬɜɟɪɬɢɱɧɵɟ ɚɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɟɪɜɨɣ  
ɬɟɪɪɚɫɵ ɂɪɬɵɲɚ 

ȼɢɞ Ƚɪɭɧɬɚ ɋɭɝɥɢɧɨɤ ɋɭɩɟɫɶ ɉɟɫɨɤ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 22 30 27 

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 26 11 0 

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

ȼɟɪɯɧɟɱɟɬɜɟɪɬɢɱɧɵɟ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɚɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɜɬɨɪɨɣ 
ɬɟɪɪɚɫɵ ɂɪɬɵɲɚ 

ȼɢɞ Ƚɪɭɧɬɚ Ƚɥɢɧɚ ɋɭɝɥɢɧɨɤ ɋɭɩɟɫɶ ɉɟɫɨɤ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 16 24 32  

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 53 27 13  

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

ȼɟɪɯɧɟɱɟɬɜɟɪɬɢɱɧɵɟ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɫɭɛɚɪɪɟɚɥɶɧɵɟ ɥɟɫɫɨɜɵɟ  
ɨɬɥɨɠɟɧɢɹ 

ȼɢɞ Ƚɪɭɧɬɚ ɋɭɝɥɢɧɨɤ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 22 (16-28) 

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 25,7 (10-50) 

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

Ⱥɥɥɸɜɢɚɥɶɧɨ-ɨɡɟɪɧɵɟ ɜɟɪɯɧɟɩɥɢɨɰɟɧ–ɧɢɠɧɟɱɟɬɜɟɪɬɢɱɧɵɟ  
ɨɬɥɨɠɟɧɢɹ 

ȼɢɞ Ƚɪɭɧɬɚ Ƚɥɢɧɚ ɋɭɝɥɢɧɨɤ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 16 (9-25) 20 (10-26) 

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 63 (21-92) 37 (14-61) 

Ƚɟɨɥɨɝɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ  
ɤɨɦɩɥɟɤɫ 

Ɉɡɟɪɧɵɟ ɢ ɨɡɟɪɧɨ-ɚɥɥɸɜɢɚɥɶɧɵɟ 

ȼɢɞ Ƚɪɭɧɬɚ Ƚɥɢɧɚ 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ. 14 (6-23) 

ɋɰɟɩɥɟɧɢɟ, ɤɉɚ 70 (35-118) 

ɉɪɢɦɟɱɚɧɢɟ.  ȼ ɫɤɨɛɤɚɯ ɭɤɚɡɚɧɵ ɢɧɬɟɪɜɚɥɵ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɛɪɨɫɚ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ, ɛɟɡ ɫɤɨɛɨɤ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɟ ɪɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ. 
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Ɍɚɛɥɢɰɚ 3 
ɉɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɨɥɨɲɥɚɤɨɜɨɣ ɫɦɟɫɢ Ɍɗɐ-4 ɝ. Ɉɦɫɤɚ 

ȼɥɢɹɸɳɢɣ ɮɚɤɬɨɪ Ʉɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ ȼɥɚɠɧɨɫɬɶ, % 

Ɂɧɚɱɟɧɢɟ ɮɚɤɬɨɪɚ 0,9 0,95 1,00 1,05 12 16 20,5 25,7 33 

ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ  
ɬɪɟɧɢɹ, ɝɪɚɞ 

29,1 
26,4 

34,0 
29,8 

38,2 
35,8 

41,6 
40,4 

29,6 
27,7 

28,2 
26,5 

28,3 
26,1 

34,0 
29,8 

28,4 
24,9 

ɍɞɟɥɶɧɨɟ  
ɫɰɟɩɥɟɧɢɟ, ɤɉɚ 

26 
24 

38 
33 

40 
37 

33 
32 

37 
35 

48 
45 

58 
54 

38 
33 

29 
26 

ɍɝɨɥ ɞɢɥɚɬɚɧɫɢɢ, ɝɪɚɞ 0 4 8,2 10,2 0 0 0 4 0 
ɉɪɢɦɟɱɚɧɢɟ. ɇɚɞ ɱɟɪɬɨɣ ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ, ɩɨɞ ɱɟɪɬɨɣ ɪɚɫɱɟɬɧɨɟ ɫ ɭɱɟɬɨɦ ɨɛɪɚɛɨɬɤɢ ɦɟɬɨ-
ɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ ɩɨ ȽɈɋɌ 20522 Д13]. 
 

ȼɵɜɨɞɵ 

1. Ɉɰɟɧɤɚ ɝɪɚɮɢɤɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɭɩɥɨɬɧɟ-
ɧɢɹ ɩɨɤɚɡɚɥɚ ɨɬɫɭɬɫɬɜɢɟ ɦɚɤɫɢɦɭɦɨɜ ɧɚ ɤɪɢ-
ɜɨɣ, ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɝɪɭɧɬɨɜ. 

2. ɉɨ ɩɨɤɚɡɚɬɟɥɹɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ ɢɯ ɢɡɦɟɧɟɧɢɹ Ɂɒɋ ɧɟ ɨɬɧɨ-
ɫɢɬɫɹ ɤ ɧɟɫɜɹɡɧɵɦ ɝɪɭɧɬɚɦ, ɤɚɤ ɫɱɢɬɚɥɨɫɶ ɪɚ-
ɧɟɟ, ɚ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɵɥɟɜɚ-
ɬɵɦ ɩɟɫɤɚɦ ɢ ɫɭɩɟɫɹɦ. 

3. Ɋɨɫɬ ɩɥɨɬɧɨɫɬɢ ɫɤɟɥɟɬɚ Ɂɒɋ ɜɵɡɵɜɚɟɬ 
ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɚɫɫɢɜɚ, ɨɞɧɚɤɨ ɬɨɥɶɤɨ 
ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɭɯɨ-
ɝɨ ɝɪɭɧɬɚ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ 1,0). ɉɪɢ 
ɞɚɥɶɧɟɣɲɟɦ ɭɩɥɨɬɧɟɧɢɢ ɩɪɢɪɨɫɬɚ ɩɪɨɱɧɨɫɬɢ 
ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɟɭɩɥɨɬ-
ɧɟɧɢɟ ɡɨɥɨɲɥɚɤɨɜɨɣ ɫɦɟɫɢ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

4. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɞɜɢɝɭ Ɂɒɋ ɦɚɤɫɢɦɚɥɶ-
ɧɨ ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɛɥɢɡɤɨɣ ɤ ɨɩɬɢɦɚɥɶɧɨɣ, ɢ 
ɞɚɠɟ ɩɪɢ ɜɥɚɠɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɜɭɸɳɟɣ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɜɥɚɝɨёɦɤɨɫɬɢ, ɫɨɯɪɚɧɹɟɬɫɹ ɧɚ ɜɵɫɨ-
ɤɨɦ ɭɪɨɜɧɟ.  

5. ɉɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɩɪɨɱɧɨɫɬɶ Ɂɒɋ ɧɟ ɧɢɠɟ, ɱɟɦ ɭ ɩɪɢɪɨɞɧɵɯ 
ɝɪɭɧɬɨɜ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞ-

ɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ № 16-48-550508 ɪИɚ). 
ɇɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɦɟ «Эɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɨɥɨɲɥɚɤɨɜɨɣ ɫɦɟɫɢ» ɜɵ-
ɩɨɥɧɟɧɵ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɛɸɞɠɟɬɚ Ɉɦɫɤɨɣ 
ɨɛɥɚɫɬɢ 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
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EXPERIMENTAL RESEARCH OF THE STRENGTH 

CHARACTERISTIC OF ASH AND SLAG MIXTURES 

A.A. Lunev, V.V. Sirityuk, N.I. Barac 
 

Аɧɧɨɬɚɰиɹ. In the article discusses the results 
of laboratory tests coal ash and slag mixture from the 
ash pound of Omsk’s TPP-4, working on the Ekibas-
tuz coal. In the course of these studies identified the 
strength characteristics of this man-induced soil de-
pending on the degree of compaction and moisture 
content.  

Suitability as a soil material for the construction 
embankments, subgrade of roads, and as the Foun-
dation of buildings and structures was evaluated. The 
empirical dependence of the properties of ash and 
slag mixture from moisture and maximum dry density 
were obtained. Comparison of strength characteristics 
of ash and natural soil from our region was also car-
ried out 

 
Keywords: ash and slag mixture, laboratory test, 

strength characteristics, parameters for the mathemat-
ical modeling. 
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