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ȼɵɯɨɞɢɬ 4 ɪɚɡɚ ɜ ɝɨɞ 

 
ɍɱɪɟɞɢɬɟɥɶ ɢ ɢɡɞɚɬɟɥɶ: Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ȼɨɪɨɧɟɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ»  
  
Ɋɚɧɟɟ ɠɭɪɧɚɥ ɜɵɯɨɞɢɥ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɇɚɭɱɧɵɣ ɜɟɫɬɧɢɤ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ: Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɢ ɜɵɫɨɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
 
Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ – ɞ-ɪ ɯɢɦ. ɧɚɭɤ,  ɩɪɨɮ. Ɉ.Ȼ. Ɋɭɞɚɤɨɜ 
Ɂɚɦ. ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ – ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ȼ.Ɍ. ɉɟɪɰɟɜ 
Ɂɚɦ. ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ – ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ȼ.Ⱥ. ɇɟɛɨɥɶɫɢɧ 
Ɉɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬɚɪɶ – ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰ. Ɉ.Ȼ. Ʉɭɤɢɧɚ 
 
Ɋɟɞɚɤɰɢɨɧɧɚɹ ɤɨɥɥɟɝɢɹ: 
Ⱦ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɩɪɨɮ. Ⱦ.ȿ. Ȼɚɪɚɛɚɲ (ɝ. ȼɨɪɨɧɟɠ, ȼɍɇɐ ȼȼɋ «ȼɨɟɧɧɨ-ɜɨɡɞɭɲɧɚɹ ɚɤɚɞɟɦɢɹ ɢɦɟɧɢ 
ɩɪɨɮɟɫɫɨɪɚ ɇ.ȿ.ɀɭɤɨɜɫɤɨɝɨ ɢ ɘ.Ⱥ.Ƚɚɝɚɪɢɧɚ»); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɩɪɨɮ. ȼ.ȼ. Ȼɟɥɨɜ (ɝ. Ɍɜɟɪɶ, ɌɜȽɌɍ); 
ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. Ɇ.ɋ. Ƚɚɪɤɚɜɢ (ɝ. Ɇɚɝɧɢɬɨɝɨɪɫɤ, ɆȽɌɍ ɢɦ. Ƚ.ɂ. ɇɨɫɨɜɚ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  
ɩɪɨɮ. ɋ.ɋ. Ƚɥɚɡɤɨɜ (ɝ. ȼɨɪɨɧɟɠ, ȼȽɌɍ);  ɞ-ɪ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮ. ɉ.Ⱥ. Ƚɨɥɨɜɢɧɫɤɢɣ  (ɝ. ȼɨɪɨɧɟɠ, 
ȼȽɌɍ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɞ-ɪ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮ. Ⱥ.ȼ. Ʉɚɥɚɱ  (ɝ. ȼɨɪɨɧɟɠ, ȼɂ Ɏɋɂɇ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  
ɩɪɨɮ. ȼ.ə. Ɇɚɧɨɯɢɧ (ɝ. ȼɨɪɨɧɟɠ, ȼȽɌɍ), ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɩɪɨɮ. Ʌ.ȼ. Ɇɨɪɝɭɧ (ɝ. Ɋɨɫɬɨɜ, ȾȽɌɍ); ɞ-ɪ 
ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ɘ.ȼ.  ɉɭɯɚɪɟɧɤɨ (ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɋɉɛȽȺɋɍ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ɒ.Ɇ. 
Ɋɚɯɢɦɛɚɟɜ (ɝ. Ȼɟɥɝɨɪɨɞ, ȻȽɌɍ ɢɦ. ȼ.Ƚ. ɒɭɯɨɜɚ); ɞ-ɪ ɯɢɦ. ɧɚɭɤ, ɩɪɨɮ. Ƚ.ȼ. ɋɥɚɜɢɧɫɤɚɹ (ɝ. ȼɨɪɨɧɟɠ, 
ȼȽɌɍ); ɞ-ɪ ɯɢɦ. ɧɚɭɤ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. ɂ.ɋ. ɋɭɪɨɜɰɟɜ (ɝ. ȼɨɪɨɧɟɠ, ȼȽɌɍ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  
ɩɪɨɮ. Ɉ.ȼ. Ɍɚɪɚɤɚɧɨɜ (ɝ. ɉɟɧɡɚ, ɉȽɍȺɋ), ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮ. Ⱥ.Ⱥ.Ɍɪɟɳɟɜ (ɝ. Ɍɭɥɚ, ɌɭɥȽɍ); ɞ-ɪ 
ɯɢɦ. ɧɚɭɤ, ɩɪɨɮ. ȿ.Ⱥ. Ɍɭɬɨɜ (ɝ. ȼɨɪɨɧɟɠ, ȼȽɌɍ); ɞ-ɪ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮ. Ɇ.ȼ. ɒɢɬɢɤɨɜɚ (ɝ. ȼɨ-
ɪɨɧɟɠ, ȼȽɌɍ); ɞ-ɪ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮ. Ɉ.ȼ. ɋɬɨɝɧɟɣ (ɝ. ȼɨɪɨɧɟɠ, ȼȽɌɍ); ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ,  ɩɪɨɮ. 
ȼ.ɉ. əɪɰɟɜ (ɝ. Ɍɚɦɛɨɜ, ɌȽȽɍ). 

 
ȼ ɢɡɞɚɧɢɢ ɩɭɛɥɢɤɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɩɵɬɚ ɫɨ-

ɬɪɭɞɧɢɤɨɜ ȼȽɌɍ ɢ ɞɪɭɝɢɯ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ, ɧɚɭɱɧɵɯ, ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɩɨ 
ɩɪɨɛɥɟɦɚɦ ɯɢɦɢɢ ɢ ɮɢɡɢɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ; ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɮɢ-
ɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ, ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɸ-
ɳɢɯɫɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɬɟɯɧɢɤɟ; ɩɨ ɬɟɯɧɨɫɮɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ɂɡɞɚɧɢɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɩɟɰɢɚɥɢɫɬɚɦ ɩɨ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɢ ɝɪɚɠɞɚɧɫɤɨɦɭ ɫɬɪɨɢɬɟɥɶɫɬɜɭ, 
ɦɚɬɟɪɢɚɥɨɜɟɞɚɦ, ɬɟɯɧɨɥɨɝɚɦ, ɢɧɠɟɧɟɪɚɦ, ɧɚɭɱɧɵɦ ɫɨɬɪɭɞɧɢɤɚɦ, ɩɪɟɩɨɞɚɜɚɬɟɥɹɦ, ɚɫɩɢɪɚɧɬɚɦ ɢ 
ɫɬɭɞɟɧɬɚɦ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ. 

ɉɟɪɟɩɟɱɚɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɠɭɪɧɚɥɚ ɞɨɩɭɫɤɚɟɬɫɹ ɬɨɥɶɤɨ ɫ ɪɚɡɪɟɲɟɧɢɹ ɪɟɞɚɤɰɢɢ 
 
Ⱦɢɡɚɣɧ ɨɛɥɨɠɤɢ ɇ.ɂ. Ɇɢɪɨɧɟɧɤɨ 
 
ȺȾɊȿɋ ɊȿȾȺɄɐɂɂ 

39ζ006 ɝ. ȼɨɪɨɧɟɠ, ɭɥ. 20-ɥɟɬɢɹ Ɉɤɬɹɛɪɹ, 8ζ, ɤɨɦ. 6ζ19 
ɬɟɥ.: (473) 2369350, (473)2717617 
E-mail: chemistry@vgasu.vrn.ru, lgkkn@rambler.ru 
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ɎɂɁɂɑȿɋɄȺə ɏɂɆɂə ɌȿɏɇɂɑȿɋɄɂɏ ɆȺɌȿɊɂȺɅɈȼ 

 

 

ɍȾɄ 548.0:53 

 

Ɉ ɁɈɇȺɏ ɉɂɌȺɇɂə ɂ ɄɈɇɄɍɊȿɇɐɂɂ ɇɂɌȿȼɂȾɇɕɏ 

ɄɊɂɋɌȺɅɅɈȼ ɄɊȿɆɇɂə ȼ ɉɈɅɍɑȿɇɂɂ ɄɊɂɋɌȺɅɅɂɁɍȿɆɈȽɈ 

ɆȺɌȿɊɂȺɅȺ ɂɁ ȽȺɁɈȼɈɃ ɎȺɁɕ 

 

ȼ.Ⱥ. ɇɟɛɨɥɶɫɢɧ*, Ⱥ.ɘ. ȼɨɪɨɛɶɟɜ, ɇ. ɋɜɚɣɤɚɬ, Ⱥ.ɋ. ɋɚɦɨɮɚɥɨɜɚ,  

Ⱥ.ɇ. Ʉɨɪɧɟɟɜɚ  

 

ȼɨɪɨɧɟɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

ɊɨɫɫɢɣɫɤɚɹɎɟɞɟɪɚɰɢɹ, 394026, ɝ. ȼɨɪɨɧɟɠ, Ɇɨɫɤɨɜɫɤɢɣ ɩɪ.,14 

 

*Ⱥɞɪɟɫ ɞɥɹ ɩɟɪɟɩɢɫɤɢ:  

ɇɟɛɨɥɶɫɢɧ ȼɚɥɟɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, E-mail: vcmsao13@mail.ru 

 

ɂɡɭɱɟɧɵ ɹɜɥɟɧɢɹ ɞɢɮɮɭɡɢɨɧɧɨ-ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɪɨɫɬɚ ɧɢɬɟɜɢɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ 

(ɇɄ), ɫɜɹɡɚɧɧɨɝɨ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɟɣ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ 

ɮɚɡɵ ɜ ɡɨɧɚɯ ɩɢɬɚɧɢɹ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɇɄ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɨɧɵ ɩɢɬɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-

ɛɨɣ ɨɛɥɚɫɬɢ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɜ ɤɨɬɨɪɵɯ ɦɚɫɫɨɩɟɪɟɧɨɫ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, SiHCl ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɦɟɯɚɧɢɡɦɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ, ɚ ɩɟɪɟɤɪɵɬɢɟ 

ɡɨɧ ɩɢɬɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɤɭɪɟɧɰɢɢ ɇɄ ɜ ɩɨɥɭɱɟɧɢɢ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɝɚ-

ɡɨɜɨɣ ɮɚɡɵ. Ɋɚɞɢɭɫ ɡɨɧɵ ɩɢɬɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɝɚɡɚ ɢ ɪɚɡɦɟɪɨɜ ɤɚɩɥɢ ɤɚɬɚ-

ɥɢɡɚɬɨɪɚ ɧɚ ɜɟɪɲɢɧɟ ɇɄ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɢɬɟɜɢɞɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɪɨɫɬ, ɝɚɡɨɜɚɹ ɮɚɡɚ, ɤɪɟɦɧɢɣ, ɡɨɧɵ ɩɢɬɚ-

ɧɢɹ, ɤɚɬɚɥɢɡɚɬɨɪ 

 

 

____________________________________________________________________________________    
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The phenomena of diffusion-controlled growth of whiskers silicon associated with the 

molecular diffusion of silicon-containing components of the gas phase in the feeding zones 

around the vertices of the Nuclei are studied. It is shown that the feeding zones are regions of the 

gas phase in which the mass transfer of silicon-containing components, primarily SiHCl, occurs 

by the mechanism of molecular diffusion, and overlapping of feeding zones leads to competition 

of crystals in the production of crystallisable material from the gas phase. The radius of the feed 

depends on the gas flow rate and the size of the catalyst droplet at the top of the whisker. 

 

Keywords: whiskers, growth, gas phase, silicon, feed zones, catalyst 

 

ȼɜɟɞɟɧɢɟ. Ɋɨɫɬ ɧɢɬɟɜɢɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɇɄ) ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɨ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɯɟɦɟ ɩɚɪɤɚɩɥɹ ɠɢɞɤɨɫɬɢɤɪɢɫɬɚɥɥ (ɉɀɄ) ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɵɦ ɦɧɨɝɨɫɬɚɞɢɣɧɵɦ ɢ ɦɧɨɝɨɦɚɪɲɪɭɬɧɵɦ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɜ ɤɨɬɨɪɨɦ ɨɬɞɟɥɶɧɵɟ ɫɬɚɞɢɢ ɬɪɭɞɧɨ ɩɨɞɞɚ-

ɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɢɡɭɱɟɧɢɸ ɜɜɢɞɭ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɩɪɨ-

ɰɟɫɫɟ ɫɪɚɡɭ ɬɪɟɯ ɮɚɡ, ɞɜɭɯ ɞɜɭɯɮɚɡɧɵɯ ɢ ɨɞɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ, 

ɩɪɨɬɟɤɚɧɢɹ ɨɛɴɟɦɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡɟ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɞɢɮɮɭɡɢɢ ɩɨ ɤɚɩɥɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɇɄ, ɧɚɥɢɱɢɹ ɯɢɦɢ-

ɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɜɵɞɟɥɟɧɢɸ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɫɭ-

ɳɟɫɬɜɥɟɧɢɹ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɤɪɢ-
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ɫɬɚɥɥ/ɠɢɞɤɨɫɬɶ ɢ ɞɪ. Д1-7Ж. Ⱦɨɫɬɚɬɨɱɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɨ ɜɪɟɦɟɧɢ ɨɬɤɪɵɬɢɹ 

ɉɀɄ-ɦɟɯɚɧɢɡɦɚ ɪɨɫɬɚ ɇɄ ɜ 196ζ ɝɨɞɭ ɢ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɪɚɡɪɚɛɨɬɚɧɚ ɟɞɢɧɚɹ 

ɬɟɨɪɢɹ ɪɨɫɬɚ ɢ ɨɬɫɭɬɫɬɜɭɸɬ ɦɟɬɨɞɵ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɨɫɬɨ-

ɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɇɄ ДηЖ.  

Ɋɚɧɟɟ ɜ ɪɚɛɨɬɚɯ Д8, 9Ж ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɷɮɮɟɤɬɵ ɩɪɨ-

ɹɜɥɟɧɢɹ ɤɨɧɤɭɪɟɧɰɢɢ ɇɄ Si ɜ ɩɨɥɭɱɟɧɢɢ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɝɚ-

ɡɨɜɨɣ ɮɚɡɵ ɢ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ ɧɚ ɪɨɫɬɨɜɨɣ ɩɨɞɥɨɠɤɟ ɧɚ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫɬɭɳɢɯ 

ɤɪɢɫɬɚɥɥɨɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɢɥɢ ɡɨɧ, ɩɨɥɭɱɢɜɲɢɯ ɧɚɡɜɚɧɢɟ «ɡɨɧɵ ɩɢ-

ɬɚɧɢɹ», ɩɟɪɟɤɪɵɬɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɢɬɚɸɳɟɝɨ ɦɚ-

ɬɟɪɢɚɥɚ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɇɄ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ ɩɚɞɚɟɬ. 

Ȼɵɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ ɡɨɧ ɩɢɬɚɧɢɹ ɢ ɢɯ ɫɜɹɡɶ ɫ ɞɢɚ-

ɦɟɬɪɚɦɢ ɇɄ Д9, 10Ж. Ɉɞɧɚɤɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɫɬɚɥɢɫɶ ɧɟ ɨɫɜɟɳɟɧɧɵɦɢ ɜɨɩɪɨɫɵ 

ɮɢɡɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɛɧɚɪɭɠɟɧɧɵɯ ɡɨɧ ɩɢɬɚɧɢɹ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɇɄ. 

ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɪɨɫ-

ɬɟ ɇɄ Si, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɯɚɪɚɤɬɟɪɟ ɪɟɠɢɦɚ 

ɧɢɬɟɜɢɞɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɢ ɜ ɤɨɬɨɪɵɯ ɡɨɧɵ ɩɢɬɚɧɢɹ ɹɜɥɹɸɬ ɫɨɛɨɣ ɨɛɥɚɫ-

ɬɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɦɚɫɫɨɩɟɪɟɧɨɫɨɦ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ SiHCl, ɩɨ ɦɟɯɚɧɢɡɦɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ.  

 

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ȼɵɪɚɳɢɜɚɧɢɟ ɇɄ Si ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɨɬɤɪɵɬɨɣ ɯɥɨɪɢɞɧɨ-ɜɨɞɨɪɨɞɧɨɣ 

ɫɢɫɬɟɦɟ ɩɨ ɪɟɚɤɰɢɢ 

 

SiCl4 +2H2 Si+4HCl                                            (1) 

 

ɜ ɨɞɧɨɡɨɧɧɨɣ ɩɟɱɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦ 

ɬɪɭɛɱɚɬɵɦ ɤɜɚɪɰɟɜɵɦ ɪɟɚɤɬɨɪɨɦ ɞɢɚɦɟɬɪɨɦ 4 ɫɦ. Ɋɨɫɬɨɜɵɦɢ ɩɨɞɥɨɠɤɚɦɢ 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

6 

ɫɥɭɠɢɥɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɥɢɪɨɜɚɧɧɵɟ ɩɥɚɫɬɢɧɵ Si ɫ ɤɪɢɫɬɚɥɥɨɝɪɚ-

ɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ д111ж. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨ-

ɪɨɜ ɉɀɄ-ɪɨɫɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ Au ɢ Cu, ɱɢɫɬɨ-

ɬɨɣ 99,99 %. ȼɵɪɚɳɢɜɚɧɢɟ ɇɄ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 

1300-1400 Ʉ ɩɪɢ ɦɨɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ДSiCl4]/[H2Ж=0,01 ɢ ɫɤɨɪɨɫɬɹɯ ɩɨɬɨɤɚ 

ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜ ɪɟɚɤɬɨɪɟ ɨɬ 0,3 ɞɨ 2,0 ɫɦ/ɫ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɡɨɧ 

ɩɢɬɚɧɢɹ ɜɵɪɚɳɟɧɧɵɟ ɇɄ ɢɡɜɥɟɤɚɥɢɫɶ ɢɡ ɪɟɚɤɬɨɪɚ ɢ ɜɧɨɜɶ ɩɪɟɩɚɪɢɪɨɜɚɥɢɫɶ 

ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɩɨɞɥɨɠɤɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɚɞ ɧɟɸ ɨɫɬɚɜɚɥɚɫɶ ɬɨɥɶɤɨ 

ɚɤɬɢɜɧɚɹ ɤɚɩɥɹ, ɤɨɬɨɪɚɹ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɩɪɨɰɟɫɫɟ ɩɪɢ ɜɨɡɨɛɧɨɜɥɟɧɢɢ ɩɨɞɚɱɢ 

ɩɢɬɚɧɢɹ ɩɪɢɜɨɞɢɥɚ ɤ ɩɪɨɞɨɥɠɟɧɢɸ ɚɤɫɢɚɥɶɧɨɝɨ ɪɨɫɬɚ. ɋɤɨɪɨɫɬɶ ɪɨɫɬɚ ɨɩɪɟ-

ɞɟɥɹɥɚɫɶ ɩɨ ɦɟɬɨɞɢɤɟ «ɦɟɬɨɤ ɜɪɟɦɟɧɢ» ɜɪɟɦɟɧɢ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚ  ± η Ʉ ДηЖ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɪɨɫɬɚ V ɤɪɢɫɬɚɥɥɨɜ Si ɧɚ ɩɨɞɥɨɠɤɟ ɜɞɨɥɶ ɤɨ-

ɨɪɞɢɧɚɬɵ x ɪɟɚɤɬɨɪɚ ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨɤɚɡɚ-

ɧɨ ɧɚ ɪɢɫ. 1. ɍɜɟɥɢɱɟɧɢɸ ɤɨɨɪɞɢɧɚɬɵ ɪɟɚɤɬɨɪɚ ɩɨ ɩɨɬɨɤɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ Si. ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɚɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɧɟ ɩɪɢ-

ɧɢɦɚɥɢɫɶ ɜɨ ɜɧɢɦɚɧɢɟ ɧɚɱɚɥɶɧɚɹ ɡɨɧɚ ɪɟɚɤɬɨɪɚ, ɝɞɟ ɪɚɡɜɢɜɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶ-

ɧɵɟ ɩɟɪɟɫɵɳɟɧɢɹ ɢ ɨɬɦɟɱɚɟɬɫɹ ɯɚɨɬɢɱɧɵɣ, ɧɟɭɫɬɨɣɱɢɜɵɣ ɪɨɫɬ ɇɄ, ɢ ɤɨɧɟɱ-

ɧɚɹ ɡɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ HCl ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɪɨɫɬ 

ɇɄ ɫɦɟɧɹɟɬɫɹ ɬɪɚɜɥɟɧɢɟɦ ɩɨɞɥɨɠɤɢ ɱɟɪɟɡ ɠɢɞɤɢɟ ɤɚɩɥɢ Au-ɤɚɬɚɥɢɡɚɬɨɪɚ.  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɛɧɚɪɭɠɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɪɨɫɬɚ V ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ  ɪɚɫɩɨɥɨɠɟɧɢɹ ɇɄ ɧɚ ɪɨɫɬɨɜɨɣ ɩɨɞɥɨɠɤɟ Дη, 9, 

10Ж. Ɂɚɜɢɫɢɦɨɫɬɶ V() ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɦɧɵɯ ɪɚɫɯɨɞɨɜ ɢɥɢ ɩɨɬɨɤɨɜ ɝɚɡɚ ɜ 

ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 2, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɨɬɨɤɟ ɝɚ-

ɡɨɜɨɣ ɫɦɟɫɢ Q≈1ζ ɫɦ3/ɫ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ  ≥ 

ζ,0·102
 ɫɦ-2

 ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ ɩɚɞɚɟɬ ɩɨ ɧɟɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ, ɚ ɩɪɢ  ≥ 

3,0·103
 ɫɦ-2

 ɞɨɫɬɢɝɚɟɬ ɦɢɧɢɦɭɦɚ ɢ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɧɚɹ 
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ɩɥɨɬɧɨɫɬɶ ɇɄ ɧɚ ɩɨɞɥɨɠɤɟ  ≤ ζ,0·102
 ɫɦ-2, ɬɨ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ ɧɟ ɡɚɜɢɫɢɬ 

ɨɬ . ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɨɬɨɤɚ ɝɚɡɚ ɞɨ 2,8 ɫɦ3/ɫ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɤɪɢɫɬɚɥɥɨɜ ɨɬ ɩɥɨɬɧɨɫɬɢ ɫɨɯɪɚɧɹɟɬɫɹ, ɧɨ ɯɨɞ ɤɪɢɜɨɣ V() ɫɬɚɧɨɜɢɬɫɹ ɩɥɚɜ-

ɧɵɦ, ɚ ɫɤɨɪɨɫɬɶ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɢɟ, ɱɟɦ ɩɪɢ 

Q≈1ζ ɫɦ3/ɫ. 

 

 

 

Ɋɢɫ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɚɤɫɢɚɥɶɧɨɝɨ ɪɨɫɬɚ ɜɞɨɥɶ ɤɨɨɪɞɢɧɚɬɵ ɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ (ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ: 1 – Q=1,10 ɫɦ3/ɫ, 2 – Q=0,55 ɫɦ3/ɫ, 

ɯ0 – ɞɥɢɧɚ ɪɟɚɤɬɨɪɚ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ (ɤɪɢɜɚɹ 3) 
 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ Si ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɯ 
ɧɚ ɩɨɞɥɨɠɤɟ ɩɪɢ ɨɛɴɟɦɧɨɦ ɪɚɫɯɨɞɟ ɝɚɡɚ: 1 – Q=14 cɦ3/ɫ, 2 – Q=2,8 cɦ3/ɫ 
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ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɟɧɹɟɬɫɹ ɢ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ ɨɬ ɢɯ ɪɚɞɢɭɫɚ (ɪɢɫ. 3). ɉɪɢ ɦɚɥɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨ-

ɫɬɢ ( ≤ η,0·102
 ɫɦ-2) ɫ ɪɨɫɬɨɦ ɪɚɞɢɭɫɚ ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ ɩɨɜɵɲɟ-

ɧɢɢ ρ ɞɨ з1,2·103
 ɫɦ-2

 ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɞɢɭɫɚ. ɉɪɢ ɟɳɟ 

ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɢ ρ ≥ 2,3·103
 ɫɦ-2

 ɛɨɥɟɟ ɬɨɥɫɬɵɟ ɤɪɢɫɬɚɥɥɵ ɧɚɱɢɧɚɸɬ ɪɚɫɬɢ 

ɛɵɫɬɪɟɟ ɬɨɧɤɢɯ. 
 

 

 

Ɋɢɫ. 3. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɨɧ ɩɢɬɚɧɢɹ ɇɄ ɪɚɡɥɢɱɧɨɝɨ ɪɚɞɢɭɫɚ  
(ɨɛɨɡɧɚɱɟɧɢɹ – ɚ), ɛ) ɢ  ɜ) ɫɦ. ɩɨ ɬɟɤɫɬɭ) ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ Si ɨɬ ɪɚɞɢɭɫɚ:  

1 –  2,0·102
 ɫɦ-2

, 2 – 1,2·103
 ɫɦ-2

, 3 – 2,3·103
 ɫɦ-2

. Q = 0,5 ɫɦ3/ɫ. 
Ɇɟɬɚɥɥ-ɤɚɬɚɥɢɡɚɬɨɪ – Au 

 

Ɉɩɢɫɵɜɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɥɟɝɤɨ ɨɛɴɹɫɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ 

ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫɬɭɳɢɯ ɇɄ ɡɨɧ ɩɢɬɚɧɢɹ, ɬɨ ɟɫɬɶ ɨɛɥɚɫɬɟɣ 

ɢɥɢ ɭɱɚɫɬɤɨɜ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɢɡ ɤɨɬɨɪɵɯ ɠɢɞɤɚɹ ɤɚɩɥɹ ɩɨɥɭɱɚɟɬ ɩɢɬɚɸɳɢɣ 

ɦɚɬɟɪɢɚɥ, ɩɪɢɱɟɦ ɢɡ-ɡɚ ɢɡɨɬɪɨɩɧɨɫɬɢ ɝɚɡɚ ɬɚɤɢɟ ɭɱɚɫɬɤɢ ɦɨɠɧɨ ɚɩɩɪɨɤɫɢɦɢ-

ɪɨɜɚɬɶ ɫɮɟɪɨɣ ɧɟɤɨɬɨɪɨɝɨ ɪɚɞɢɭɫɚ Rz (ɪɢɫ. 3). Ʉɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ρ ɦɚɥɚ, ɬɨ ɇɄ 

ɢɡɨɥɢɪɨɜɚɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ – ɩɢɬɚɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɡɚ-

ɜɢɫɢɦɨ ɨɬ ɫɨɫɟɞɟɣ, ɬɨ ɟɫɬɶ ɡɨɧɵ ɩɢɬɚɧɢɹ ɇɄ ɧɟ ɩɟɪɟɤɪɵɜɚɸɬɫɹ (ɪɢɫ. 3 ɚ). 

ɏɚɪɚɤɬɟɪ V(r), ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦɨɦ ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚ-

ɞɢɢ, ɧɚɩɪɢɦɟɪ, ɞɢɮɮɭɡɢɟɣ Д10Ж. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ρ ɩɪɨɢɫɯɨɞɢɬ ɫɛɥɢɠɟɧɢɟ 

ɡɨɧ ɩɢɬɚɧɢɹ ɢ ɢɯ ɱɚɫɬɢɱɧɨɟ ɩɟɪɟɤɪɵɬɢɟ (ɪɢɫ. 3 ɛ). ɉɪɢ ɷɬɨɦ ɭɫɥɨɜɢɹ ɞɨɫɬɚɜ-

ɤɢ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɨɬɜɨɞɚ ɩɪɨɞɭɤɬɨɜ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜɵɪɚɜɧɢ-

ɜɚɸɬɫɹ ɞɥɹ ɜɫɟɯ ɤɪɢɫɬɚɥɥɨɜ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɚɞɢɭɫɚ r. ɑɚɫɬɢɱɧɨɟ ɩɟɪɟɤɪɵɬɢɟ 
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ɡɨɧ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ r ɢ ɨɫɬɚɟɬ-

ɫɹ ɩɨɫɬɨɹɧɧɨɣ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɨɧɤɢɟ ɇɄ, ɢɦɟɸ-

ɳɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɢɟ ɪɚɡɦɟɪɵ ɡɨɧ ɩɢɬɚɧɢɹ (Rz), ɩɨɥɧɨɫɬɶɸ ɩɨɩɚɞɚɸɬ 

ɜ ɡɨɧɵ ɩɢɬɚɧɢɹ ɛɨɥɟɟ ɬɨɥɫɬɵɯ ɤɪɢɫɬɚɥɥɨɜ (ɪɢɫ. 3 ɜ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨ-

ɞɢɬ ɭɯɭɞɲɟɧɢɟ ɞɨɫɬɚɜɤɢ ɦɚɬɟɪɢɚɥɚ ɤ ɬɨɧɤɢɦ ɤɪɢɫɬɚɥɥɚɦ. Ʉɪɢɫɬɚɥɥɵ ɤɨɧɤɭ-

ɪɢɪɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɩɨɥɭɱɟɧɢɢ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɢ 

ɬɨɥɫɬɵɟ ɇɄ ɤɚɤ ɛɵ «ɨɛɴɟɞɚɸɬ» ɬɨɧɤɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɞɢɭɫɚ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɜɨɡɪɚɫɬɚɟɬ. 

ɋ ɰɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɫɭɳɟɫɬɜɨɜɚ-

ɧɢɢ ɡɨɧ ɩɢɬɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 

ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɇɄ ɪɚɡɥɢɱɧɨɝɨ ɪɚɞɢɭɫɚ, ɬɨ ɟɫɬɶ ɩɪɢ 

ρ  2,0·102
 ɫɦ-2, ɤɨɝɞɚ ɞɨɫɬɚɜɤɚ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɫɭɬ-

ɫɬɜɢɹ ɫɨɫɟɞɟɣ. ɑɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ, ɫɤɨɪɨɫɬɶ ɚɤɫɢ-

ɚɥɶɧɨɝɨ ɪɨɫɬɚ V ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɇɄ ɢɡɦɟɪɹɥɚɫɶ ɧɚ ɤɪɢɫɬɚɥɥɚɯ, ɤɨ-

ɬɨɪɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɪɚɳɢɜɚɥɢɫɶ ɞɨ ɞɥɢɧɵ 0,0η-0,06 ɫɦ. ȼɵɪɚɳɟɧɧɵɟ 

ɇɄ Si ɩɪɟɩɚɪɢɪɨɜɚɥɢɫɶ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɩɨɞɥɨɠɤɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɚɞ 

ɩɨɞɥɨɠɤɨɣ ɨɫɬɚɜɚɥɚɫɶ ɬɨɥɶɤɨ ɚɤɬɢɜɧɚɹ ɤɚɩɥɹ, ɚ ɡɚɬɟɦ ɜɨɡɨɛɧɨɜɥɹɥɢ ɩɪɨɰɟɫɫ 

ɜɵɪɚɳɢɜɚɧɢɹ (ɪɢɫ. 4 ɚ). Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4 ɛ. 
 

 

Ɋɢɫ. ζ. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɞɬɜɟɪɠɞɚɸɳɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɡɨɧ ɩɢɬɚɧɢɹ ɇɄ Si, (ɚ) ɢ 
ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ  ɤɪɢɫɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɭɫɨɜ ɨɬ ɢɯ ɞɥɢɧɵ (ɛ):  

1 – r =0,910
-3

 cɦ, 2 – r =1,210
-3

 cɦ, 3 – r =3,510
-3

 cɦ, ζ – r =5,510
-3

 cɦ.  
Ɇɟɬɚɥɥ-ɤɚɬɚɥɢɡɚɬɨɪ – Cu. 
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ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɨɩɢɫɵɜɚɟɦɨɦ ɷɤɫɩɟ-

ɪɢɦɟɧɬɟ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ V ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ 

ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ (ɜɵɫɨɬɟ) z = zɤ ɨɬ ɩɨɞɥɨɠɤɢ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɤɨɪɨɫɬɶ ɧɚ ɭɪɨɜɧɟ ɩɨɞɥɨɠɤɢ ɜɫɟɝɞɚ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶ-

ɲɟ, ɱɟɦ ɧɚ ɜɵɫɨɬɟ, ɝɞɟ ɨɧɚ ɞɨɫɬɢɝɚɥɚ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ 

ɪɚɞɢɭɫɚ ɇɄ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ ɜɨɡɪɚɫɬɚɥɚ, ɩɪɢɱɟɦ ɫɜɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-

ɧɢɟ ɨɧɚ ɩɪɢɨɛɪɟɬɚɟɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɭɫɨɜ ɇɄ ɧɚ ɪɚɡɥɢɱɧɨɣ ɜɵɫɨɬɟ zɤ ɨɬ 

ɩɨɞɥɨɠɤɢ. 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɚɯ 

(ρ  2,0·102
 ɫɦ-2), ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɡɨɧ ɩɢɬɚ-

ɧɢɹ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫɬɭɳɢɯ ɇɄ. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ ɧɚ ɭɪɨɜɧɟ 

ɩɨɞɥɨɠɤɢ, ɩɪɢɦɟɪɧɨ, ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧ 

ɫ ɬɟɦ, ɱɬɨ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ V ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɇɄ ɧɚɞ ɩɨɞ-

ɥɨɠɤɨɣ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɡɨɧɵ ɩɢɬɚɧɢɹ. ȼ ɧɚɱɚɥɟ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɛɥɢɡɢ ɩɨɞɥɨɠɤɢ ɢ ɡɨɧɚ ɩɢɬɚɧɢɹ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɭɫɮɟɪɭ, ɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɵ ɤɪɢɫɬɚɥɥɚ 

ɨɧɚ ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɧɨɣ ɫɮɟɪɨɣ ɫ ɬɟɦ ɠɟ ɪɚɞɢɭɫɨɦ (ɪɢɫ. 4 ɚ). ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɫɨɬɵ ɤɪɢɫɬɚɥɥɚ z = zɤ, ɧɚ ɤɨɬɨɪɨɣ ɨɧ ɜɵɯɨɞɢɬ ɧɚ ɩɨɫɬɨɹɧɧɭɸ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ, ɨɬ ɟɝɨ ɪɚɞɢɭɫɚ r, ɬɨ ɨɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨɣ 

(ɪɢɫ. η). Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɚɹ ɜɵɫɨɬɚ zɤ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɞɢɭɫ ɡɨɧɵ ɩɢɬɚɧɢɹ. 

ɂɧɬɟɪɟɫɧɨ ɢ ɬɨ, ɱɬɨ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɬɚɤɨɣ ɡɨɧɵ (200-300 ɦɤɦ) ɩɪɢɦɟɪɧɨ 

ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɨɜ. 
 

 

 

Ɋɢɫ. η. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɭɫɚ ɡɨɧɵ ɩɢɬɚɧɢɹ ɇɄ Si ɨɬ ɪɚɞɢɭɫɚ ɤɪɢɫɬɚɥɥɚ: 
1 – ɪɚɫɱɟɬɧɚɹ, 2 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
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ɉɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɪɢɪɨɞɟ ɨɩɢɫɵɜɚɟɦɵɯ ɡɨɧ ɢɥɢ ɭɱɚɫɬɤɨɜ ɝɚɡɨɜɨɣ ɫɪɟ-

ɞɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɛɧɚɪɭɠɟɧɧɵɟ ɮɚɤɬɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɢɟɧɬɢɪɭɸɳɟɣ Si-

ɩɨɞɥɨɠɤɢ ɩɨɤɪɵɜɚɟɬɫɹ ɫɩɥɨɲɧɵɦ ɫɥɨɟɦ «ɩɭɯɚ» ɢɥɢ «ɥɟɫɚ» - ɬɨɧɱɚɣɲɢɯ ɢ 

ɤɨɪɨɬɤɢɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. ȼɵɪɚɳɢɜɚɧɢɟ ɧɚ ɬɚɤɢɯ ɩɨɞɥɨɠɤɚɯ 

ɜɦɟɫɬɟ ɫ «ɥɟɫɨɦ» ɛɨɥɟɟ ɬɨɥɫɬɵɯ ɇɄ (r  1,0·10-4
 ɫɦ ɢ ɛɨɥɟɟ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ   

ɜɨɤɪɭɝ ɤɚɠɞɨɝɨ ɤɪɢɫɬɚɥɥɚ ɧɚ Si-ɩɨɞɥɨɠɤɟ ɢɦɟɟɬɫɹ ɨɛɥɚɫɬɶ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɧɚ 

ɤɨɬɨɪɨɣ «ɥɟɫ» ɧɟ ɪɚɫɬɟɬ. Ɋɚɡɦɟɪɵ ɷɬɨɣ ɨɛɥɚɫɬɢ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɟɜɵɲɚɸɬ 

ɪɚɞɢɭɫ ɤɪɢɫɬɚɥɥɚ.  

ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Si-ɩɥɚɫɬɢɧɵ ɜɨɤɪɭɝ ɪɚɫɬɭɳɟɝɨ ɇɄ ɫɜɨ-

ɛɨɞɧɨɣ ɨɬ «ɥɟɫɚ» ɡɨɧɵ ɨɛɴɹɫɧɹɟɬɫɹ, ɜɢɞɢɦɨ, ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ 

ɜɛɥɢɡɢ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɨɥɟɤɭɥ SiCl2, SiɇCl, 

SiHCl3, SiH2Cl2, HCl ɢ ɞɪ., ɞɟɫɨɪɛɢɪɭɸɳɢɯɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɜɵ-

ɡɵɜɚɸɳɢɯ ɬɪɚɜɥɟɧɢɟ ɦɟɥɶɱɚɣɲɢɯ ɧɚɧɨɤɚɩɟɥɟɤ ɦɟɬɚɥɥɚ ɧɚ ɛɥɢɡɥɟɠɚɳɢɯ 

ɭɱɚɫɬɤɚɯ Si-ɩɨɞɥɨɠɤɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ 

 ɨɛɥɚɫɬɢ ɬɪɚɜɥɟɧɢɹ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɢ «ɥɟɫ» ɧɚ ɩɨɞɥɨɠɤɟ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɡɚ-

ɟɬ (ɪɢɫ. 6).  

Ɉɬɫɭɬɫɬɜɢɟ «ɥɟɫɚ» ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɬɚɤɠɟ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɩɨɞɥɨɠɤɢ 

ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɨɪɞɢɧɚɬɵ x ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ, ɱɬɨ ɬɚɤɠɟ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ ɤɪɟɦɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɵ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɜɡɚɢɦɧɨɦ ɜɥɢɹ-

ɧɢɢ ɤɪɢɫɬɚɥɥɨɜ ɞɪɭɝ ɧɚ ɞɪɭɝɚ, ɞɚɸɬ ɜɚɠɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɧɨɝɢɯ ɹɜɥɟɧɢɹɯ 

ɧɢɬɟɜɢɞɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɧɢ ɭɤɚɡɵɜɚɸɬ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɫɪɚɡɭ ɧɚ ɞɜɚ 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɦɨɦɟɧɬɚ ɜ ɪɨɫɬɟ ɇɄ Si: ɜɨ-ɩɟɪɜɵɯ, ɝɟɬɟɪɨɝɟɧɧɚɹ ɯɢɦɢɱɟɫɤɚɹ 

ɪɟɚɤɰɢɹ ɜɵɞɟɥɟɧɢɹ Si (1) ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɷɬɚɩɟ ɩɪɨɬɟɤɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɩɥɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɩɥɚɜɚ (Au-Si, Cu-Si ɢ ɞɪ.), ɢ, ɜɨ-ɜɬɨɪɵɯ, ɜ ɝɚɡɨɜɨɣ 

ɮɚɡɟ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɇɄ ɫɭɳɟɫɬɜɭɸɬ ɨɛɥɚɫɬɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɬɚɤɨɜɵɯ ɜ ɹɞɪɟ ɩɨɬɨɤɚ (ɪɢɫ. 6 ɚ, ɛ). ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɪɨɫɬɚ ɇɄ ɩɨ ɤɨɨɪɞɢɧɚɬɟ x ɪɟɚɤɬɨɪɚ, ɨɱɟɜɢɞɧɨ, ɫɨ-

ɨɬɜɟɬɫɬɜɭɟɬ ɚɧɚɥɨɝɢɱɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɟɪɟɫɵɳɟɧɢɣ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. 
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ȼɞɨɥɶ ɪɟɚɤɬɨɪɚ ɩɨ ɦɟɪɟ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧ-

ɬɪɚɰɢɹ HCХ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ (SiCl4, SiCl2, SiɇCl, SiHCl3, SiH2Cl2 ɢ ɞɪ.) ɭɦɟɧɶɲɚɟɬɫɹ. Ɂɞɟɫɶ ɫɥɟɞɭɟɬ   

ɭɱɟɫɬɶ ɢ ɨɫɚɠɞɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɚɪɧɨɝɨ Si ɧɚ ɫɬɟɧɤɚɯ ɪɟɚɤ-

ɬɨɪɧɨɣ ɬɪɭɛɵ, ɤɜɚɪɰɟɜɨɣ ɩɨɞɥɨɠɤɟ, ɱɟɯɥɟ ɬɟɪɦɨɩɚɪɵ ɢ ɞɪ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ 

ɨɫɚɠɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ Si ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɢɫɬɨɳɟɧɢɸ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɩɨ-

ɫɬɭɩɚɸɳɟɣ ɜ ɡɨɧɭ ɪɨɫɬɚ ɇɄ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɬɨɪɨ-

ɧɭ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ (1) ɢ ɫɧɢɠɟɧɢɸ ɩɪɟɫɵɳɟɧɢɹ ɤ ɜɵɯɨɞɭ ɢɡ ɪɟɚɤɬɨɪɚ. 
 

 
 

Ɋɢɫ. 6. ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ SiHɯCly ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɜɛɥɢɡɢ ɠɢɞɤɨɣ ɤɚɩɥɢ (ɚ), ɫɯɟɦɚ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ (ɛ) ɢ ɨɛɪɚɡɨɜɚɧɢɟ «ɥɟɫɚ» ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɇɄ ɧɚ ɩɨɞɥɨɠɤɟ ɢ ɤɨɨɪɞɢɧɚɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ 
(ɜ). n ɢ n0 – ɤɨɧɰɟɧɬɪɚɰɢɹ SiHɯCly ɜ ɹɞɪɟ ɩɨɬɨɤɚ ɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

(+) – ɧɚɥɢɱɢɟ ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ, () – ɢɯ ɨɬɫɭɬɫɬɜɢɟ 
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ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɇɄ ɛɚɥɚɧɫ ɜɟɳɟɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  

ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (1). Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɥɭ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɞɚɧɧɚɹ ɪɟɚɤɰɢɹ ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɨ 

ɬɟɩɥɨɬɚɯ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɷɧɟɪɝɢɹɯ ɫɜɹɡɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɢ. Ɍɟɩɥɨɬɵ ɨɛɪɚɡɨ-

ɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ – ɫɥɟɞɭɸɳɢɟ: SiCl4 – 662 ɤȾɠ/ɦɨɥɶ, H2 – 431 ɤȾɠ/ɦɨɥɶ, Si 

– 448 ɤȾɠ/ɦɨɥɶ, HCl – 427 ɤȾɠ/ɦɨɥɶ, SiCl2 – 167 ɤȾɠ/ɦɨɥɶ, SiHCl3 – 

507 ɤȾɠ/ɦɨɥɶ, SiHCl –167 ɤȾɠ/ɦɨɥɶ, SiH2Cl2 – 335 ɤȾɠ/ɦɨɥɶ Д11, 12Ж. ɗɧɟɪɝɢɹ 

ɫɜɹɡɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɤɰɢɢ (1) ɟɫɬɶ Uɨ = 662 + 2۰431 = 

1524 ɤȾɠ/ɦɨɥɶ, ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ – U1 =448+ 4۰427 = 2156 ɤȾɠ/ɦɨɥɶ. ɍɜɟɥɢ-

ɱɟɧɢɟ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɭɤɚɡɚɧɧɨɣ ɪɟ-

ɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ ∆U = U1-Uɨ = - 632 ɤȾɠ/ɦɨɥɶ ɢ ɹɜɥɹɟɬɫɹ ɟɟ ɬɟɪɦɨ-

ɞɢɧɚɦɢɱɟɫɤɢɦ ɫɬɢɦɭɥɨɦ, ɚ ɫɚɦɨ ɯɢɦɢɱɟɫɤɨɟ ɩɪɟɜɪɚɳɟɧɢɟ – ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɟ. 

ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ 

ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɣ ɤɚɩɥɢ ɜɨɡɧɢɤɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɨ-

ɟɞɢɧɟɧɢɹ. ɋɨɜɨɤɭɩɧɚɹ ɤɚɪɬɢɧɚ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɱɚɥɶɧɨɦɭ 

ɩɪɨɰɟɫɫɭ ɪɟɚɝɢɪɨɜɚɧɢɹ SiCl4 ɫ ɜɨɞɨɪɨɞɨɦ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫ. 7. 

 

 

 

Ɋɢɫ. 7. ɇɚɩɪɚɜɥɟɧɧɵɣ ɝɪɚɮ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɜ ɫɢɫɬɟɦɟ Si-H-Cl 
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ɇɚ ɪɢɫ. 7 ɤɪɭɠɤɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɧɚɱɚɥɶɧɵɣ, ɤɨɧɟɱɧɵɣ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɪɨɞɭɤɬɵ. ȼ ɪɚɫ-

ɫɦɨɬɪɟɧɢɢ ɜɨɡɦɨɠɧɵɯ ɪɟɚɤɰɢɣ ɭɱɢɬɵɜɚɥɢɫɶ ɬɨɥɶɤɨ ɛɢɧɚɪɧɵɟ ɪɟɚɤɰɢɢ, ɩɨ-

ɫɤɨɥɶɤɭ ɬɪɨɣɧɵɟ ɢ ɱɟɬɜɟɪɧɵɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɦɚɥɨɜɟɪɨɹɬɧɵ. 

ɋɬɪɟɥɤɚɦɢ ɧɚ ɝɪɚɮɟ ɩɨɤɚɡɚɧɵ ɧɚɩɪɚɜɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. ɇɚɞ 

ɫɬɪɟɥɤɚɦɢ ɭɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɚɬɦɨɫɮɟɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ 

ɧɚɯɨɞɹɬɫɹ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɪɟɚɤɰɢɢ. Ɂɧɚɤ «+» ɩɟɪɟɞ ɯɢɦɢ-

ɱɟɫɤɨɣ ɮɨɪɦɭɥɨɣ ɜɟɳɟɫɬɜɚ ɧɚ ɪɢɫ. 7 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɨɥɟɤɭɥɚ ɞɚɧɧɨɝɨ ɤɨɦ-

ɩɨɧɟɧɬɚ (Cl2, H2, HCl) ɩɨɹɜɢɥɚɫɶ ɜ ɚɬɦɨɫɮɟɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤ-

ɰɢɢ. Ɂɧɚɤ «» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɥɟɤɭɥɚ H2 ɢɫɱɟɡɥɚ ɢɡ ɚɬɦɨɫɮɟɪɵ. ɐɢɮɪɵ ɧɚ 

ɝɪɚɮɟ ɜɵɪɚɠɚɸɬ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɦɨ-

ɥɟɤɭɥ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ (ɜ ɤɢɥɨɞɠɨɭɥɹɯ ɧɚ ɨɞɢɧ ɦɨɥɶ). 

Ⱦɥɹ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Si (1) ɯɚɪɚɤɬɟɪɧɨ, ɱɬɨ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚ-

ɞɢɢ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɯɢɦɢ-

ɱɟɫɤɢɯ ɫɜɹɡɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ∆U. ɍɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɨɡ-

ɧɚɱɚɟɬ, ɱɬɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɚɤɰɢɹ ɜɨɞɨɪɨɞɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Si ɹɜɥɹɟɬɫɹ 

ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɚɤɰɢɢ 

 

SiCl4 + H2 = HCl + SiHCl3                                    (2) 

 

ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ∆U ɫɨɫɬɚɜɥɹɟɬ 109ζ - 934 = 

160 ɤȾɠ/ɦɨɥɶ, ɚ ɞɥɹ ɪɟɚɤɰɢɢ 

 

SiCl4 + H2 = SiCl2 + 2HCl                                    (3) 

- 96 ɤȾɠ/ɦɨɥɶ. 

ȼ ɤɚɱɟɫɬɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɪɲɪɭɬɚ ɪɟɚɤɰɢɢ ɦɨɠɧɨ 

ɩɪɢɧɹɬɶ ɜɟɥɢɱɢɧɭ  ɟ-U/RT, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɫɢɫɬɟ-

ɦɵ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ U. Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ 

RT ɦɨɥɟɤɭɥ ɝɚɡɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɟɚɤɬɨɪɚ Ɍ=1300 Ʉ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 

ɩɨɪɹɞɤɚ 12,6 ɤȾɠ/ɦɨɥɶ. Ɍɨɝɞɚ ɞɥɹ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɪɟɚɤɰɢɢ (2) ɟ-U/RT10
-4

, 

ɞɥɹ ɪɟɚɤɰɢɢ (3) – 10
-2. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ, ɤɨɬɨɪɵɣ 
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ɩɪɟɨɞɨɥɟɜɚɟɬɫɹ ɩɨ ɩɟɪɜɨɦɭ ɦɚɪɲɪɭɬɭ, ɩɪɢɦɟɪɧɨ, ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɨ 

ɜɬɨɪɨɦɭ. ȿɫɥɢ ɷɬɨ ɬɚɤ, ɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ: ɩɟɪɜɵɣ ɦɚɪɲɪɭɬ ɪɟɚɤ-

ɰɢɢ (ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ SiHCl3) ɧɟ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɤɥɸ-

ɱɟɧ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ. 

ɂɡ ɚɧɚɥɢɡɚ ɜɨɡɦɨɠɧɵɯ ɦɚɪɲɪɭɬɨɜ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, 

ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɚɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɬɟɤɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚɢ-

ɛɨɥɟɟ ɛɵɫɬɪɵɦɢ, ɢɡ ɜɫɟɝɨ ɫɩɢɫɤɚ ɦɚɪɲɪɭɬɨɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɹɜɥɹɸɬɫɹ 

ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: SiCl4 SiCl2 SiHClSi. Ɍɚ-

ɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɪɨɫɬ ɇɄ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɞɢɮɮɭɡɢ-

ɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ Si ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɜɤɥɸɱɚɸɳɟɝɨ ɞɢɮɮɭɡɢɸ ɦɨɥɟɤɭɥ SiCl4, 

SiCl2 ɢ SiHCl. ɋɪɟɞɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɢɞɨɜ ɦɨɥɟɤɭɥ-ɧɨɫɢɬɟɥɟɣ ɤɪɟɦɧɢɹ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɜ ɤɚɱɟɫɬɜɟ ɝɥɚɜɟɧɫɬɜɭɸɳɢɯ ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɦɨɥɟɤɭɥɵ SiHCl, 

ɩɨɫɤɨɥɶɤɭ ɜ ɭɫɥɨɜɢɹɯ ɨɛɢɥɶɧɨ ɩɪɢɫɭɬɫɬɜɢɹ H2 ɢ ɩɪɢɦɟɪɧɨɝɨ ɪɚɜɟɧɫɬɜɚ ɷɧɟɪ-

ɝɢɢ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɚɯ SiCl2 ɢ SiHCl (167 ɤȾɠ/ɦɨɥɶ) ɤɨɧɰɟɧɬɪɚɰɢɹ SiHCl 

ɞɨɥɠɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ SiCl2. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, 

ɨɫɧɨɜɧɵɦ ɩɟɪɟɧɨɫɱɢɤɨɦ Si ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɜ ɬɜɟɪɞɭɸ ɹɜɥɹɸɬɫɹ ɦɨɥɟɤɭɥɵ 

SiHCl. Ⱦɢɮɮɭɡɢɹ ɞɚɧɧɵɯ ɦɨɥɟɤɭɥ ɜ ɡɨɧɚɯ ɩɢɬɚɧɢɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ ɹɜɥɹɟɬɫɹ 

ɥɢɦɢɬɢɪɭɸɳɢɦ ɩɪɨɰɟɫɫɨɦ ɪɨɫɬɚ ɇɄ Si. 

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɪɢɱɢɧ ɩɨɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ ɫ ɤɨɨɪɞɢɧɚɬɨɣ ɯ 

ɩɨ ɨɫɢ ɪɟɚɤɬɨɪɚ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ V ɨɬ ɩɥɨɬɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ  

ɧɚ ɩɨɞɥɨɠɤɟ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɢ ɦɨɥɟɤɭɥ SiHCl ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ 

ɫ ɭɱɟɬɨɦ ɢɫɬɨɳɟɧɢɹ ɝɚɡɚ ɜɫɥɟɞɫɬɜɢɟ ɜɵɩɚɞɟɧɢɹ ɚɬɨɦɨɜ Si ɧɚ ɩɨɞɥɨɠɤɭ.  

ɍɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ SiHCl)    xfSiHCln 1 , ɩɨɥɭɱɢɦ, ɭɱɢɬɵɜɚɹ ɢɫ-

ɬɨɳɟɧɢɟ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜɞɨɥɶ ɩɨɞɥɨɠɤɢ. ɋɤɨɪɨɫɬɶ ɢɫɬɨɳɟɧɢɹ ɫɦɟɫɢ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ  SiHCln1  Д10Ж. Ɍɨɝɞɚ  
 

   SiHCln
dx

SiHCldn
1

1
Q

1
V


 ,                                   (4) 
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ɝɞɟ VQ – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɜ ɪɟɚɤɬɨɪɟ,  – ɯɚɪɚɤɬɟɪɧɨɟ ɜɪɟɦɹ 

ɞɢɮɮɭɡɢɢ (ɨɫɚɠɞɟɧɢɹ) ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɦɨɥɟɤɭɥ (SiHCl) ɢɡ ɝɚɡɨɜɨɣ ɮɚ-

ɡɵ ɧɚ ɩɨɞɥɨɠɤɭ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɬɭɳɢɯ 

ɤɪɢɫɬɚɥɥɨɜ , 

 

nl

R


SiHClD21
 ,                                               (5) 

 

ɝɞɟ R – ɪɚɞɢɭɫ ɤɚɩɥɢ , DSiHCl – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɦɨɥɟɤɭɥ SiHCl, ln – 

ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɪɨɫɬɨɜɨɣ ɩɥɨɳɚɞɤɢ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ ɝɚɡɚ. 

ȼɪɟɦɹ  ɨɩɪɟɞɟɥɹɟɬ ɭɫɥɨɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɫɨɡɞɚ-

ɜɚɟɦɨɟ ɦɚɫɫɢɜɨɦ ɨɛɪɚɡɭɸɳɢɯɫɹ ɇɄ. Ɋɟɲɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (ζ) 

ɢɦɟɟɬ ɜɢɞ 

 

    







x

-exp01 SiHClnSiHCln ,                                  (6) 

 

ɝɞɟ  SiHCln0  - ɢɡɛɵɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ SiHCl ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ, ɚ 

 

RD

lV
V

SiHCl

nQ

Q 


2
  -                                             (7) 

 

ɯɚɪɚɤɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɧɚɞ ɪɨɫɬɨɜɨɣ ɩɨɞɥɨɠ-

ɤɨɣ ɡɚ ɜɪɟɦɹ  ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɞɥɢɧɭ ɩɨɞɥɨɠɤɢ. 

ɉɭɫɬɶ ɯɚɪɚɤɬɟɪɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɪɨɫɬɨɜɨɣ ɩɥɨɳɚɞɤɢ ɧɚ ɩɨɞɥɨɠɤɟ 

ɫɨɫɬɚɜɥɹɟɬ ln=0,1 ɫɦ, ɪɚɞɢɭɫ ɤɚɩɥɢ R=0,η·10-3
 ɫɦ, ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ 

ɇɄ =1,010
4
 ɫɦ-2, ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ DSiHCl=2 cɦ2/ɫ, ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚ-

ɡɚ ɜ ɪɟɚɤɬɨɪɟ VQ=2 ɫɦ/ɫ Д13-1ηЖ. Ɍɨɝɞɚ ɜɪɟɦɹ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɦɨ-

ɥɟɤɭɥ SiHCl ɜɞɨɥɶ ɩɨɞɥɨɠɤɢ ɫɨɫɬɚɜɢɬ =0,η·10-2
 c, ɚ ɪɚɫɫɬɨɹɧɢɟ ɩɪɨɯɨɠɞɟ-

ɧɢɹ ɝɚɡɚ (ɩɭɬɟɦ ɤɨɧɜɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ) ɡɚ ɷɬɨ ɜɪɟɦɹ – =1,010
-2

 ɫɦ, ɱɬɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɪɚɡɦɟɪɨɜ ɪɨɫɬɨɜɨɣ ɩɥɨɳɚɞɤɢ. 
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ɉɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɨɪɞɢɧɚɬɵ ɪɟɚɤ-

ɬɨɪɚ ɯ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɦɨɥɟɤɭɥ SiHCl, ɝɚɡɨ-

ɜɚɹ ɫɦɟɫɶ ɢɫɬɨɳɚɟɬɫɹ, ɚ ɜɦɟɫɬɟ ɫ ɧɟɣ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ 

 










x

VV exp0
.                                                (8) 

 

ȼɢɞ ɩɨɥɭɱɟɧɧɨɣ ɮɭɧɤɰɢɢ ɜɩɨɥɧɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɹ ɨ ɬɨɦ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɇɄ Si 

ɜɞɨɥɶ ɪɟɚɤɬɨɪɚ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɟɞɧɟɧɢɟɦ ɩɨɬɨɤɚ ɝɚɡɚ ɩɨ ɦɟɪɟ ɩɪɨɯɨɠɞɟɧɢɹ 

ɟɝɨ ɜ ɪɟɚɤɬɨɪɟ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥ (ζ) ɢ (η), ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɇɄ  ɢɯ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɦɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ. Ɉɛɨɡɧɚɱɚɹ B=(2xDSiHClR)/(VQln), ɩɪɟɞɫɬɚɜɢɦ 

ɜɵɪɚɠɟɧɢɟ (ζ) ɜ ɜɢɞɟ 

 

 ȼVV  exp0 .                                         (9) 

 

ɗɮɮɟɤɬ ɜɥɢɹɧɢɹ ɩɥɨɬɧɨɫɬɢ ɰɟɧɬɪɨɜ ɉɀɄ-ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɫɤɨɪɨɫɬɶ 

ɪɨɫɬɚ ɇɄ (9) ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɦɟɫɬ ɚɤɬɢɜɧɵɯ ɫɬɨɤɨɜ Si ɧɚ 

ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɭɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚɞ ɩɨɞɥɨɠɤɨɣ. ɋ ɭɜɟɥɢ-

ɱɟɧɢɟɦ   ɢɫɬɨɳɟɧɢɟ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɭɫɢɥɢɜɚɟɬɫɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɫɢɥɢɜɚɟɬ-

ɫɹ ɤɨɧɤɭɪɟɧɰɢɹ ɦɟɠɞɭ ɇɄ ɜ ɩɨɥɭɱɟɧɢɢ ɩɢɬɚɧɢɹ. 

ɉɪɢ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ (ɦɟɧɟɟ 1,010
2
 ɫɦ-2) ɇɄ ɜɵɪɚɫɬɚɸɬ, ɧɟ ɜɥɢɹɹ 

ɞɪɭɝ ɧɚ ɞɪɭɝɚ (ɧɚɱɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɤɪɢɜɵɯ 1 ɢ 2 ɧɚ ɪɢɫ. 2), ɩɨɷɬɨɦɭ ɞɥɹ ɢɡɨ-

ɥɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɚɞɟɤɜɚɬɧɵɦ ɨɩɢɫɚɧɢɟɦ ɛɭɞɟɬ ɦɨɞɟɥɶ ɪɨɫɬɚ ɫ ɤɚɩɥɟɣ 

ɜ ɛɟɫɤɨɧɟɱɧɨɣ ɫɪɟɞɟ. ȼ ɩɪɢɛɥɢɠɟɧɢɢ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɝɚɡɨɜɨɣ ɮɚɡɵ (ɜ ɨɬɫɭɬ-

ɫɬɜɢɢ ɩɨɬɨɤɚ) ɨɛɥɚɫɬɶ ɩɢɬɚɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɇɄ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɪɚɡɦɟɪɚ-

ɦɢ ɪɟɚɤɬɨɪɚ RT. ȿɫɥɢ ɜɛɥɢɡɢ ɧɟɤɨɬɨɪɨɣ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚɯɨɞɢɬɫɹ ɞɪɭɝɚɹ 

ɤɚɩɥɹ, ɬɨ ɨɧɚ ɛɭɞɟɬ ɩɨɬɪɟɛɥɹɬɶ ɱɚɫɬɶ ɩɢɬɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ (SiHCl) ɩɟɪɜɨɣ 

ɤɚɩɥɢ ɢ ɩɨɧɢɠɚɬɶ, ɬɟɦ ɫɚɦɵɦ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɫɨɫɟɞɧɟɝɨ ɇɄ. 
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ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɪɚɫɫɭɠɞɟɧɢɣ ɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɤɨɧɬɪɨɥɟ ɩɪɨ-

ɰɟɫɫɨɜ ɪɨɫɬɚ ɇɄ ɛɨɥɟɟ ɹɫɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɪɢɨɛɪɟɬɚɸɬ ɢ ɩɪɟɞɫɬɚɜɥɟ-

ɧɢɹ ɨ ɡɨɧɚɯ ɩɢɬɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ. 

ȿɫɥɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɫɦɟɫɢ ɧɚɞ ɨɬɞɟɥɶɧɨɣ ɤɚɩɥɟɣ ɚɝɟɧɬɚ-

ɪɚɫɬɜɨɪɢɬɟɥɹ (ɤɨɧɜɟɤɬɢɜɧɚɹ ɞɢɮɮɭɡɢɹ) 
 

QV

R

k

2


,                                                 (10) 

 

ɬɨ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɡɨɧɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɟɨɛɥɚɞɚɸɳɟɣ (ɛɨɥɟɟ ɛɵɫɬɪɨɣ) ɹɜɥɹ-

ɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɞɢɮɮɭɡɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɤɚɤ 

 

QV

SiHClDR

kSiHClz
R D

2
 

.                            (11) 

 

Ⱦɥɹ ɫɥɟɞɭɸɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ DSiHCl=2 cɦ2/ɫ, VQ=2 ɫɦ/ɫ, R=0,η·10-3
 ɫɦ 

ɧɚɯɨɞɢɦ Rz10
-2

 ɫɦ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɩɨ ɩɨɪɹɞɤɭ ɜɟɥɢɱɢɧɵ ɪɚɡɦɟɪɵ ɡɨɧ ɩɢɬɚɧɢɹ 

ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ (ɫɦ. ɪɢɫ. 4 ɛ). Ʉɚɤ ɜɢɞɢɦ ɢɡ (11), ɪɚɞɢɭɫ ɡɨ-

ɧɵ ɩɢɬɚɧɢɹ ɇɄ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɝɚɡɚ ɢ ɪɚɡɦɟɪɨɜ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɡɨɧɵ ɩɢɬɚɧɢɹ – ɷɬɨ 

ɨɛɥɚɫɬɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫɬɭɳɢɯ ɇɄ, ɢɡ ɤɨɬɨɪɵɯ ɡɚ ɜɪɟɦɹ 

ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɧɚɞ ɤɪɢɫɬɚɥɥɨɦ ɭɫɩɟɜɚɸɬ ɩɪɨɞɢɮɮɭɧɞɢɪɨɜɚɬɶ 

ɩɨ ɦɟɯɚɧɢɡɦɭ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɤɚɩɥɢ ɤɪɟɦɧɢɣɫɨ-

ɞɟɪɠɚɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɵɣ ɤɪɟɦɧɢɣ 

(SiHCl). ɉɨ ɭɫɥɨɜɢɹɦ ɫɢɦɦɟɬɪɢɢ ɡɨɧɵ ɩɢɬɚɧɢɹ, ɜɨɡɦɨɠɧɨ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɤɚɤ ɫɮɟɪɵ ɫ ɪɚɞɢɭɫɨɦ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɪɚɡɦɟɪɚɦ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɝɚɡɚ ɜ ɪɟɚɤɬɨɪɟ ДηЖ,  ɩɪɢ ɦɨ-

ɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ SiHCl ɱɟɪɟɡ ɡɨɧɭ ɩɢɬɚɧɢɹ ɫ ɤɨɧɰɟɧ-

ɬɪɚɰɢɨɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɭɪɚɜɧɟɧɢɟɦ 

 

 SiHClSiHClg xxCJ  0
,                                      (12) 
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ɝɞɟ 0

SiHClx  ɢ SiHClx  – ɦɨɥɹɪɧɵɟ ɞɨɥɢ SiHCl ɜ ɹɞɪɟ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɭ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɬ. ɟ. ɜ ɧɚɱɚɥɶɧɨɣ  ɢ ɤɨɧɟɱɧɨɣ ɬɨɱɤɚɯ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 

ɩɭɬɢ ɱɟɪɟɡ ɡɨɧɭ ɩɢɬɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, a 
gC  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɩɟɪɟɧɨ-

ɫɚ. Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɢɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɫɨɨɬɧɨ-

ɲɟɧɢɟ (12) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

 

 SiHClSiHClg ppCJ  0'
,                                       (13) 

 

ɝɞɟ 0

SiHClp  – ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ  SiHCl ɜ ɨɛɴɟɦɟ ɝɚɡɨɜɨɣ ɮɚɡɵ (ɹɞɪɟ ɩɨɬɨ-

ɤɚ), SiHClp  – ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ SiHCl ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɚ-

ɩɪɢɦɟɪ, Au-Si ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɱɟɪɟɡ ɡɨɧɭ ɩɢɬɚɧɢɹ, ɬɨ 

ɦɨɥɟɤɭɥɵ SiHCl, ɞɨɫɬɢɝɚɸɳɢɟ ɤɚɩɥɢ ɩɪɢɯɨɞɹɬ ɫ ɧɟɣ ɜ ɪɚɜɧɨɜɟɫɢɟ ɩɨ ɤɪɟɦ-

ɧɢɸ. Ɍɨɝɞɚ ɜ ɜɵɪɚɠɟɧɢɢ (13) ɡɧɚɱɟɧɢɟ SiHClp   ɩɨɱɬɢ ɜɫɟɝɞɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 

ɪɚɜɧɵɦ ɪɚɜɧɨɜɟɫɧɨɦɭ ɩɚɪɰɢɚɥɶɧɨɦɭ ɞɚɜɥɟɧɢɸ SiHCl ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ, ɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜɵɪɚɡɢɬɶ ɤɚɤ 

 

Zɋ

SiHClSiHCl

g
TRR

pDɋ
0

 ,                                           (14) 

 

ɝɞɟ Rɋ – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

ɂɡ ɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɪɨɫɬɚ ɇɄ ɫ ɞɢɮ-

ɮɭɡɢɨɧɧɨɦ ɯɚɪɚɤɬɟɪɨɦ ɪɟɠɢɦɚ ɧɢɬɟɜɢɞɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɤɨɪɨɫɬɶ ɩɟɪɟ-

ɧɨɫɚ SiHCl ɱɟɪɟɡ ɡɨɧɭ ɩɢɬɚɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɝɪɚɞɢ-

ɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɡɨɧɟ ɩɢɬɚɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ SiHCl ɢ ɨɛɪɚɬ-

ɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɪɚɞɢɭɫɭ ɡɨɧɵ ɩɢɬɚɧɢɹ RZ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. Ɋɚɡɪɚɛɨɬɚɧɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɪɨɫɬɟ ɇɄ Si, ɨɫɧɨɜɚɧɧɵɟ 

ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɯɚɪɚɤɬɟɪɟ ɪɟɠɢɦɚ ɧɢɬɟɜɢɞɧɨɣ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ. ɇɚɥɢɱɢɟ ɡɨɧ ɩɢɬɚɧɢɹ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫɬɭɳɢɯ ɤɪɢɫɬɚɥɥɨɜ, ɜɥɢɹɧɢɟ 
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ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɇɄ ɧɚ ɩɨɞɥɨɠɤɟ ɢ ɞɪɭɝɢɟ ɬɟɯɧɨɥɨ-

ɝɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɝɚɡɨɮɚɡɧɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ ɞɢɮɮɭɡɢɸ ɜ 

ɡɨɧɚɯ ɩɢɬɚɧɢɹ ɤɚɤ ɥɢɦɢɬɢɪɭɸɳɭɸ ɫɬɚɞɢɸ. ȼ ɤɚɱɟɫɬɜɟ ɥɢɦɢɬɢɪɭɸɳɟɣ ɫɬɚ-

ɞɢɢ ɜɵɫɬɭɩɚɟɬ ɞɢɮɮɭɡɢɨɧɧɵɣ ɦɚɫɫɨɩɟɪɟɧɨɫ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ (ɩɪɟɠɞɟ ɜɫɟɝɨ, SiHCl) ɱɟɪɟɡ ɨɛɥɚɫɬɢ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɜɨɤɪɭɝ ɜɟɪɲɢɧ ɪɚɫ-

ɬɭɳɢɯ ɤɪɢɫɬɚɥɥɨɜ. ɂɡ-ɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ ɫɤɨɪɨɫɬɶ 

ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɫɬɚɞɢɣ ɢ ɫɬɚɰɢɨɧɚɪɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɇɄ ɜ ɰɟɥɨɦ ɨɩɪɟɞɟ-

ɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶɸ ɞɢɮɮɭɡɢɢ SiHCl ɜ ɡɨɧɚɯ ɩɢɬɚɧɢɹ. Ɂɨɧɵ ɩɢɬɚɧɢɹ ɜ ɝɚɡɨɜɨɣ 

ɮɚɡɟ ɜɨɡɧɢɤɚɸɬ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɤɨɧɤɭɪɟɧɰɢɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɬɪɚɧɫɩɨɪɬɚ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɤɚɬɚɥɢ-

ɡɚɬɨɪɚ, ɢɦɟɸɬ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ RZ=(200300) ɦɤɦ, ɚ ɩɟɪɟɤɪɵɬɢɟ ɡɨɧ ɩɢɬɚ-

ɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɤɭɪɟɧɰɢɢ ɇɄ ɜ ɩɨɥɭɱɟɧɢɢ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ. Ɋɚɞɢɭɫ ɡɨɧɵ ɩɢɬɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɝɚɡɚ ɢ 

ɪɚɡɦɟɪɨɜ ɤɚɩɥɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɜɟɪɲɢɧɟ ɇɄ. ɋɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ SiHCl ɱɟɪɟɡ 

ɡɨɧɭ ɩɢɬɚɧɢɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɪɚɞɢɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɡɨɧɟ ɩɢɬɚ-

ɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ SiHCl ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɞɢɭɫɭ ɡɨ-

ɧɵ ɩɢɬɚɧɢɹ. 
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ɝɞɚɧɨɜɢɱ ȿ. ȼ. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɹɜɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɪɚɡɦɟɪɧɨɝɨ ɷɮɮɟɤɬɚ ɜ ɞɢɫ-

ɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ ɦɟɬɚɥɥ-ɤɪɟɦɧɢɣ ɩɪɢ ɪɨɫɬɟ ɧɢɬɟɜɢɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ // ɇɟɨɪ-

ɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ. 2015. Ɍ.η1. №9. ɋ. 931-938. 
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The results of studies on the use of oligomer from waste petrochemicals for the protec-

tive treatment of wood materials are presented. The dosage of the secondary expanded polysty-

rene in the oligomer from the by-products of polybutadiene production varied from 10 to 40%. 

The obtained wood-polymer composites of aspen were investigated for resistance to the action 

of water and moisture. The results indicate that the samples have increased strength properties 

and resistance to water and moisture. Thus, the integrated use of waste and by-products allows 

them to be disposed of and used for the protective treatment of wood products, which contri-

butes to improving the form stability and the service life of the products. 

 

Keywords: petrochemicals, waste, modification and processing of wood materials, oli-

gomers, water absorption, formostabilnost 
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ȼɜɟɞɟɧɢɟ. ȼ 21 ɜɟɤɟ, ɫɨɜɪɟɦɟɧɧɵɣ ɪɵɧɨɤ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɨɬɞɟɥɨɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɫɬɟɬ. Ɉɬɦɟɱɚɟɬɫɹ ɩɪɨɝɪɟɫɫ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɹɜɥɟɧɢɸ ɧɚ ɫɜɟɬ ɧɨɜɵɯ ɦɚɬɟɪɢɚ-

ɥɨɜ. Ɉɞɧɚɤɨ, ɧɟ ɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɵɣ ɢɯ ɜɵɛɨɪ ɨɱɟɧɶ ɬɹɠɟɥɨ ɧɚɣɬɢ ɦɚɬɟɪɢɚ-

ɥɵ, ɝɞɟ ɛɵɥɨ ɛɵ ɫɨɱɟɬɚɧɢɟ ɬɚɤɢɯ ɞɜɭɯ ɫɜɨɣɫɬɜ – ɤɚɱɟɫɬɜɨ ɢ ɞɨɫɬɭɩɧɨɫɬɶ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɣ 

ɩɟɪɟɪɚɛɨɬɤɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɨɬɯɨɞɨɜ ɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ. Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɩɨɡɜɨɥɹɟɬ 

ɛɨɥɟɟ ɩɨɥɧɨ ɢ ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɨɬɯɨɞɵ.  

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɚɤɨɤɪɚɫɨɱ-

ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɅɄɆ) ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɥɢɝɨɦɟɪ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɩɨ-

ɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɛɭɬɚɞɢɟɧɚ (ɉɉɉȻ) Д1Ж. ɇɚɢɥɭɱɲɢɦ ɧɚ-

ɛɨɪɨɦ ɫɜɨɣɫɬɜ ɨɛɥɚɞɚɥɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɩɪɨɞɭɤɬɵ (ɨɥɢɝɨ-

ɦɟɪɵ) ɧɚ ɨɫɧɨɜɟ ɉɉɉȻ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɬɢɪɨɥɚ ɜ ɢɫɯɨɞɧɨɣ 

ɦɨɧɨɦɟɪɧɨɣ ɫɦɟɫɢ 70-80 %. ɋɬɢɪɨɥ – ɷɬɨ ɜɟɳɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɰɟɧɧɨ ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ ɫɜɨɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɥɟɝɤɨ ɩɨɥɢɦɟɪɢɡɨɜɚɬɶɫɹ. ɉɨɷɬɨɦɭ ɩɪɢɦɟɧɹɸɬ 

ɟɝɨ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɥɢɦɟɪɨɜ. ɗɬɨ ɨɞɧɨ ɢɡ ɫɨɟɞɢɧɟɧɢɣ, ɱɶɢ ɫɜɨɣ-

ɫɬɜɚ, ɨɛɪɚɡɨɜɵɜɚɬɶ ɟɫɬɟɫɬɜɟɧɧɵɟ ɩɨɥɢɦɟɪɵ, ɛɵɥɨ ɨɬɤɪɵɬɨ ɨɱɟɧɶ ɞɚɜɧɨ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɩɨɥɭɱɚɸɬ ɢɡ ɫɬɢɪɨɥɚ, ɤɚɤ ɩɨɥɢɫɬɢɪɨɥ, ɬɚɤ ɢ ɜɫɩɟɧɟɧɧɵɣ ɟɝɨ 

ɚɧɚɥɨɝ – ɩɟɧɨɩɥɚɫɬ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɢɫɬɢɪɨɥɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɤɥɟɢ, ɥɚɤɨɤɪɚ-

ɫɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɅɄɆ) ɢ ɞɪɭɝɢɟ ɢɡɞɟɥɢɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ.  

ɋɬɢɪɨɥ – ɧɟɨɬɴɟɦɥɟɦɚɹ ɱɚɫɬɶ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɤɚɭɱɭɤɚ. 

ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɟ ɞɨɪɨɝɨɝɨ ɢ ɞɟɮɢɰɢɬɧɨɝɨ ɫɬɢɪɨɥɚ ɞɨ 30-50 % ɩɪɢ ɫɢɧ-

ɬɟɡɟ ɨɥɢɝɨɦɟɪɨɜ ɢɡ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɢ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ 

ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɅɄɆ Д2Ж.  

Ɉɩɭɛɥɢɤɨɜɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɨɥɢɝɨɦɟɪɨɜ ɧɚ ɨɫ-

ɧɨɜɟ ɨɬɯɨɞɨɜ ɧɟɮɬɟɯɢɦɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɯ ɞɥɹ ɡɚɳɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɞɟɥɢɣ ɢɡ ɞɪɟɜɟɫɧɵ. ɉɪɢ 

ɷɬɨɦ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜ-

ɥɟɧɢɢ ɨɥɢɝɨɦɟɪɨɜ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ ɧɟɮɬɟɯɢɦɢɢ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
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ɫɬɢɪɨɥɚ Д3-ζЖ. ȼɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɟ 

ɫɬɢɪɨɥɚ ɜ ɨɥɢɝɨɦɟɪɟ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ ɧɟɮɬɟɯɢɦɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɟɝɨ 

ɝɢɞɪɨɮɨɛɧɨɫɬɶ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ, ɩɨɜɵɲɚɸ-

ɳɢɯ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ ɨɥɢɝɨɦɟɪɚ. Ɉɞɧɚɤɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɫɬɢɪɨɥ 

ɷɬɨ ɞɨɪɨɝɨɣ ɢ ɞɟɮɢɰɢɬɧɵɣ ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨ-

ɢɡɜɨɞɫɬɜɟ ɩɟɪɜɢɱɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɷɬɨɦɭ ɜɵɫɨɤɨɫɬɢɪɨɥɶɧɵɟ 

ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟ-

ɯɢɦɢɢ, ɨɛɥɚɞɚɸɬ ɦɚɥɨɣ ɤɨɧɤɭɪɟɧɬɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨɡɧɢɤɚɟɬ ɦɧɨɠɟɫɬɜɨ ɡɚɞɚɱ ɢ ɜɨɩɪɨɫɨɜ, ɝɞɟ ɦɨɝɥɢ 

ɛɵ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɨɥɢɝɨɦɟɪɵ ɧɚ ɨɫɧɨɜɟ 

ɉɉɉȻ ɩɨɥɭɱɟɧɧɵɟ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɬɢɪɨɥɚ ɜ ɢɫɯɨɞɧɨɣ ɦɨɧɨɦɟɪɧɨɣ 

ɫɦɟɫɢ (ɲɢɯɬɟ). 

ɂɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɢ ɝɪɚɠɞɚɧ-

ɫɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɟɧɨɩɨɥɢɫɬɢɪɨɥ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨ-

ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɞɥɹ ɭɬɟɩɥɟɧɢɹ ɫɬɟɧ, ɩɨɥɨɜ, ɞɥɹ ɡɚɳɢɬɵ ɬɪɭɛ ɨɬ 

ɩɪɨɦɟɪɡɚɧɢɹ, ɤɪɨɜɟɥɶ, ɮɭɧɞɚɦɟɧɬɨɜ). Ɉɝɪɨɦɧɵɦ ɩɥɸɫɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟ-

ɧɨɩɨɥɢɫɬɢɪɨɥɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɬɨɢɦɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɞɚɧɢɹ ɷɬɨɦɭ ɦɚɬɟ-

ɪɢɚɥɭ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɮɨɪɦɵ. ɉɨɥɢɫɬɢɪɨɥ ɡɚ ɫɱɟɬ ɧɟɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɢ, 

ɧɟɡɚɦɟɧɢɦ ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɪɵɯ ɡɞɚɧɢɣ, ɝɞɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɧɟ-

ɫɭɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨɪɨɣ ɤɪɢɬɢɱɧɨ ДηЖ.  

ɇɚ ɨɫɧɨɜɟ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ 

ɟɫɥɢ ɱɚɫɬɶ ɩɟɪɜɢɱɧɨɝɨ ɫɬɢɪɨɥɚ ɡɚɦɟɧɢɬɶ ɧɚ ɜɬɨɪɢɱɧɵɣ ɩɟɧɨɩɨɥɢɫɬɢɪɨɥ 

(ȼɉɉɋ), ɬɨ ɦɨɠɧɨ ɛɭɞɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɅɄɆ, ɧɨ 

ɢ ɞɥɹ ɡɚɳɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɪɟɜɟɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɩɪɟɞɩɨ-

ɥɨɠɢɬɶ, ɱɬɨ ɩɨ ɫɜɨɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɥɢɝɨɦɟɪ ɉɉɉȻ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɧɢɡɤɨɦ 

ɫɨɞɟɪɠɚɧɢɢ ɫɬɢɪɨɥɚ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɜɬɨɪɢɱɧɵɦ ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɨɦ, 

ɛɭɞɟɬ ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɜɵɫɨɤɨɫɬɢɪɨɥɶɧɨɦɭ.  
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɨɥɢɝɨɦɟɪ ɉɉɉȻ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɫɬɢɪɨɥɚ ζ0-50 % ɩɨɦɟɳɚɥɢ ɜ ɪɟɚɤɬɨɪ, ɝɞɟ ɫɦɟɲɢɜɚɥɢ ɫ ȼɉɉɋ ɜ ɤɨɥɢɱɟɫɬɜɚɯ 

10, 20, 30 ɢ ζ0 % ɧɚ ɨɥɢɝɨɦɟɪ. ȼ ɬɟɱɟɧɢɟ 3-η ɱɚɫɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ 

ɜɨɡɞɭɯɚ ɢ ɫɢɤɤɚɬɢɜɚ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɫɦɟɫɢ ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɪɢ 

200±ηɨɋ. ɉɪɨɰɟɫɫ ɦɨɠɧɨ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɢ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ (ɪɚɫɬɜɨɪɢ-

ɬɟɥ), ɢɦɟɸɳɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ 2ζ0-400
ɨɋ. ȼ ɯɨɞɟ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɩɪɨɢɫɯɨɞɢɥɚ ɞɟɫɬɪɭɤɰɢɹ ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ ɢ ɨɥɢɝɨɦɟɪɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ 

ɩɨɹɜɥɟɧɢɸ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɚɟɦɨɝɨ ɨɥɢɝɨɦɟɪɚ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɮɭɧɤ-

ɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɩɨɜɵɲɚɸɳɢɯ ɟɝɨ ɫɪɨɞɫɬɜɨ ɤ ɤɨɦɩɨɧɟɧɬɚɦ ɞɪɟɜɟɫɧɨɝɨ 

ɜɟɳɟɫɬɜɚ.  

Ɉɫɧɨɜɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɥɢɹɧɢɹ 

ɩɨɥɭɱɟɧɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɨɛɪɚɡɰɨɜ ɧɚɬɭɪɚɥɶɧɨɣ ɞɪɟɜɟɫɢɧɵ 

ɪɚɡɥɢɱɧɵɯ ɩɨɪɨɞ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɫɢɧɵ. Ɉɬɦɟɬɢɦ, ɞɟɪɟɜɨ ɷɬɨ ɫɜɨɟɨɛɪɚɡɧɨɟ, ɨɬ-

ɧɨɲɟɧɢɟ ɤ ɧɟɦɭ ɧɟɨɞɧɨɡɧɚɱɧɨɟ. ɇɚɩɪɢɦɟɪ, ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɢɥɨɦɚɬɟɪɢɚɥɵ 

ɢɡ ɨɫɢɧɵ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ, ɨɧɢ ɢɦɟɸɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 

ɧɟɞɨɫɬɚɬɤɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢɦɟɧɹɬɶ ɢɯ ɧɭɠɧɨ ɬɨɥɶɤɨ ɜ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬ-

ɪɭɤɰɢɹɯ ɢ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬ. ȼ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɢɫɥɨɬ-

ɧɨɟ ɱɢɫɥɨ ɩɨɥɭɱɚɟɦɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɜɜɨɞɢɦɨɝɨ ȼɉɉɋ ɢ ɩɨɧɢɠɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ȼɉɉɋ ɫ 10 ɞɨ ζ0 % ɫ 2,η ɞɨ 

1,5 ɦɝ ɄɈɇ/ɝ, ɛɪɨɦɧɨɟ ɱɢɫɥɨ ɫɧɢɠɚɟɬɫɹ ɫ 117 ɞɨ 81 ɦɝ BЫ2/100 ɝ.  

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɨɥɭɱɟɧɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɹɜɥɹɟɬɫɹ ɡɚɳɢɬɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɪɟɜɟɫɢɧɵ, Ⱦȼɉ, ɫɨɡɞɚɧɢɟ ɞɪɟɜɟɫɧɨ-

ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɢ ɞɪ. ȼ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-

ɜɚɧɵ ɬɚɤɢɟ ɨɥɢɝɨɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɞɪɭɝɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɦɨɞɢɮɢɤɚ-

ɰɢɢ ɞɪɟɜɟɫɢɧɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ 

ɨɥɢɝɨɦɟɪɚ ɉɉɉȻ ɫ ɜɟɞɟɧɢɟɦ 10, 20, 30 ɢ ζ0 % ȼɉɉɋ ɜ ɜɢɞɟ η0 % ɪɚɫɬɜɨɪɚ ɜ 

ɬɨɥɭɨɥɟ ɫ ɞɨɛɚɜɤɨɣ η-6 % ɫɢɤɤɚɬɢɜɚ ɦɚɪɤɢ ɇɎ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɨɛɪɚɡɰɵ ɞɪɟɜɟ-
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ɫɢɧɵ ɨɫɢɧɵ ɩɨɝɪɭɠɚɥɢ ɜ ɩɪɢɜɟɞɟɧɧɵɣ ɜɵɲɟ ɨɥɢɝɨɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɢ ɜɵɞɟɪ-

ɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80-100°ɋ. ɉɨɫɥɟ ɜɵɞɟɪɠɢɜɚ-

ɧɢɹ ɜ ɩɪɨɩɢɬɵɜɚɸɳɟɦ ɪɚɫɬɜɨɪɟ, ɨɛɪɚɡɰɵ ɨɫɢɧɵ ɢɡɜɥɟɤɚɥɢ ɢɡ ɩɪɨɩɢɬɵɜɚɸ-

ɳɟɝɨ ɫɨɫɬɚɜɚ ɢ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɫɭɲɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭ-

ɪɟ, ɢɯ ɫɭɲɢɥɢ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɜ ɬɟɱɟɧɢɟ 3-η ɱɚɫɨɜ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɪɚɫɬɜɨ-

ɪɢɬɟɥɶ (ɬɨɥɭɨɥ) ɭɞɚɥɹɥɫɹ ɢɡ ɨɛɪɚɡɰɨɜ, ɚ ɜ ɫɬɪɭɤɬɭɪɚɯ ɞɪɟɜɟɫɢɧɵ ɩɪɨɢɫɯɨɞɢ-

ɥɚ ɫɲɢɜɤɚ ɦɨɥɟɤɭɥ ɨɥɢɝɨɦɟɪɚ. Ɍɚɤɠɟ ɜ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɥɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɨɥɢɝɨɦɟɪɚ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 

ɝɪɭɩɩɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɦɚɤɪɨɦɨɥɟɤɭɥɚɯ ɰɟɥɥɸɥɨɡɵ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɞɪɟɜɟɫɧɨ-ɩɨɥɢɦɟɪɧɨɝɨ ɤɚɪɤɚɫɚ.  

ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɞɪɟɜɟɫɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɰɟɥɥɸɥɨɡɨɣ, ɝɟɦɢ-

ɰɟɥɥɸɥɨɡɨɣ ɢ ɥɢɝɧɢɧɨɦ) ɫ ɨɤɢɫɥɟɧɧɵɦ ɨɥɢɝɨɦɟɪɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɥɨɠɧɨ-

ɷɮɢɪɧɵɯ ɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɬɚɤɨɝɨ ɧɟɞɨɫɬɚɬ-

ɤɚ ɩɪɨɩɢɬɵɜɚɸɳɢɯ ɜɟɳɟɫɬɜ, ɤɚɤ, ɜɵɩɨɬɟɜɚɧɢɟ ɢ ɜɵɦɵɜɚɟɦɨɫɬɶ ɢɡ ɢɡɞɟɥɢɣ ɜ 

ɩɪɨɰɟɫɫɟ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɧɚɢ-

ɥɭɱɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɨɛɥɚɞɚɸɬ ɨɛɪɚɡɰɵ ɞɪɟɜɟɫɢɧɵ ɨɫɢɧɵ, ɩɪɨɩɢɬɚɧɧɵɟ 

ɨɥɢɝɨɦɟɪɧɵɦ ɫɨɫɬɚɜɨɦ ɧɚ ɨɫɧɨɜɟ ɉɉɉȻ ɫ ɞɨɛɚɜɤɚɦɢ ζ0 % ȼɉɉɋ. Ɍɚɤɢɟ ɜɵ-

ɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɨɛɪɚɡɰɨɜ ɞɪɟɜɟɫɢɧɵ ɨɫɢɧɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 

ɜɵɲɟ ɫɨɨɬɪɚɠɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɚɟɦɵɣ ɩɪɨɞɭɤɬ ɫɨɞɟɪɠɢɬ ɦɟɧɶɲɟɟ ɤɨɥɢ-

ɱɟɫɬɜɨ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ. ɋɧɢɠɟɧɢɟ ɧɟɩɪɟɞɟɥɶɧɨɫɬɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟ-

ɧɢɸ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ, ɬ. ɟ. ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɜɨɞɵ ɢ ɜɥɚɝɢ. 

ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɢɫɩɵɬɚɧɢɣ ɞɪɟɜɟɫɢɧɵ ɨɫɢɧɵ ɧɚ ɜɨ-

ɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɪɚɡɛɭɯɚɧɢɟ ɜ ɪɚɞɢɚɥɶɧɨɦ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ.  
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Ɍɚɛɥɢɰɚ 

ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɨɥɢɝɨɦɟɪɚ ɧɚ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɪɚɡɛɭɯɚɧɢɟ 

ɨɛɪɚɡɰɨɜ ɞɪɟɜɟɫɢɧɵ ɨɫɢɧɵ 

  

ɉɨɤɚɡɚɬɟɥɢ 

Ⱦɨɡɢɪɨɜɤɚ ɜɬɨɪɢɱɧɨɝɨ ɩɟɧɨɩɨɥɢɫɬɢ-

ɪɨɥɚ ɜ ɨɥɢɝɨɦɟɪ ɢɡ ɉɉɉȻ, % 

0 10 20 30 40 

ɋɨɞɟɪɠɚɧɢɟ ɨɥɢɝɨɦɟɪɚ ɜ ɞɪɟɜɟɫɢɧɟ, % 16,6 17,2 15,2 13,8 14,7 

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ, % 29,7 

72,0 

28,0 

69,8 

26,5 

68,1 

25,0 

66,3 

23,8 

61,5 

Ɋɚɡɛɭɯɚɧɢɟ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, % 3,5 

6,7 

3,4 

6,6 

3,2 

6,1 

2,9 

5,9 

2,7 

5,6 

Ɋɚɡɛɭɯɚɧɢɟ ɜ ɬɚɧɝɟɧɰɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, % 4,6 

8,6 

4,3 

8,3 

4,1 

7,9 

3,9 

7,5 

3,8 

7,7 

ɉɪɢɦɟɱɚɧɢɟ: ɱɢɫɥɢɬɟɥɶ – ɱɟɪɟɡ 1 ɫɭɬɤɢ; ɡɧɚɦɟɧɚɬɟɥɶ – ɱɟɪɟɡ 30 ɫɭɬɨɤ 

 

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɨɦ-

ɩɥɟɤɫɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ, ɨɬɯɨɞɨɜ ɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ 

ɩɨɡɜɨɥɹɟɬ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɢɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ  ɫɨɡɞɚɧɢɹ ɩɪɨɩɢɬɵɜɚɸɳɢɯ ɫɨɫɬɚ-

ɜɨɜ ɞɥɹ ɡɚɳɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɞɟɥɢɣ ɢɡ ɞɪɟɜɟɫɢɧɵ. Ⱦɚɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɡɜɨ-

ɥɢɬ ɩɨɜɵɫɢɬɶ ɫɪɨɤ ɢɯ ɫɥɭɠɛɵ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɢ 

ɨɥɢɝɨɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɭɫɩɟɯɨɦ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɮɨɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɡɞɟɥɢɣ ɢɡ ɞɪɟɜɟɫɢɧɵ ɤ ɞɟɣɫɬɜɢɸ ɜɨɞɵ ɢ 

ɜɥɚɝɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɪɟɜɟɫɧɨ-ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-

ɜɚɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ 

ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɞɟɣɫɬɜɢɢ ɞɪɭɝɢɯ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ.  

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɨɰɟɫɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɧɚ 

ɨɫɧɨɜɟ ɫɭɝɥɢɧɤɚ ȼɨɪɨɧɟɠɫɤɨɣ ɨɛɥɚɫɬɢ ɩɪɢ «ɠɟɫɬɤɨɦ» ɢ ɩɥɚɫɬɢɱɟɫɤɨɦ ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ. 

Ɉɰɟɧɟɧɨ ɜɥɢɹɧɢɟ ɜɥɚɠɧɨɫɬɢ ɧɚ ɭɫɚɞɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɩɥɨɬɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɫɵɪɰɚ, ɮɢɡɢ-

ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɨɠɠɟɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. ɉɨɤɚɡɚɧɨ ɧɟɪɚɜɧɨɦɟɪɧɨɟ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɩɪɢ «ɠɟɫɬɤɨɦ» ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚ-

ɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ «ɠɟɫɬɤɢɦ», ɫɨɡɞɚɺɬ 

ɫɬɪɭɤɬɭɪɭ ɫɵɪɰɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸɫɹ ɪɚɜɧɨɦɟɪɧɵɦɢ ɭɫɚɞɨɱɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɩɪɢ ɫɭɲɤɟ 

ɢ ɨɛɠɢɝɟ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɛɨɠɠɟɧ-

ɧɵɯ ɢɡɞɟɥɢɣ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɢɪɩɢɱ, ɠɟɫɬɤɢɣ ɢ ɩɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛɵ ɮɨɪɦɨɜɚ-

ɧɢɹ, ɜɥɚɠɧɨɫɬɶ, ɭɫɚɞɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ 
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In the article processes of formation of a structure of a ceramic brick on the basis of a loam 

of the VШЫШЧОгС КЫОК КЭ «rigid» and plastic method of molding are considered. The influence of 

humidity on shrinkage deformations, density and strength of raw material, physical and mechanical 

properties of fired ceramic samples is estimated. Uneven deformation of samples in the process of 

air shrinkage is shown with a «hard» molding method. It is established that the plastic molding me-

thod, in comparison with the rigid one, creates a raw structure characterized by uniform shrinkage 

de-formations during drying and firing that provides achievement of higher strength indicators of 

the burned-down products. 

 

Keywords: ceramic brick, hard plastic, and the ways form, humidity, UAH deformation 

strength at Sat 

 

ȼɜɟɞɟɧɢɟ. ɉɪɢɦɟɧɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɫɬɪɨɢ-

ɬɟɥɶɫɬɜɟ ɨɫɬɚɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦ ɢ ɡɚɧɢɦɚɟɬ ɨɤɨɥɨ η0 % ɪɵɧɤɚ ɫɬɟɧɨɜɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ. ɇɨ ɪɚɡɛɪɨɫ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɜ ɩɪɟɞɟ-

ɥɚɯ ɦɚɪɤɢ ɞɨɫɬɢɝɚɟɬ ɞɨ 20 % ɩɪɢ ɫɠɚɬɢɢ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ 

ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɜɚɧɢɹ ɝɥɢɧɹɧɨɣ 

ɦɚɫɫɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɮɨɪɦɨɜɚɧɢɹ Д1Ж. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪ-

ɩɢɱɚ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɩɨɜɵɲɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɡɜɢɬɢɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɨɰɟɫɫɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɚ 

ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɷɬɚɩɚɯ. 

ȼ ȼȽɌɍ (ȼȽȺɋɍ) ɧɚ ɤɚɮɟɞɪɟ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡ-

ɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɤɨɩɥɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɡɧɚɧɢɣ ɩɪɢ ɢɡɭɱɟɧɢɹ ɩɪɨ-

ɰɟɫɫɨɜ ɪɚɧɧɟɝɨ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚ-

ɥɨɜ. Ɂɚ ɩɪɨɲɟɞɲɢɟ ɝɨɞɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɨɝɨ ɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɯɚɪɚɤɬɟɪɚ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɪɨɰɟɫɫɵ ɪɚɧɧɟɝɨ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɫɢɫɬɟɦ 

«ɝɥɢɧɚ – ɜɨɞɚ», «ɤɚɨɥɢɧ – ɜɨɞɚ», «ɩɪɟɫɫ-ɩɨɪɨɲɨɤ – ɜɨɞɚ» (ɩɪɟɫɫ-ɩɨɪɨɲɨɤ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɛɥɢɰɨɜɨɱɧɨɣ ɩɥɢɬɤɢ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ) Д2, 3, ζЖ. ɉɨɞ 

ɪɚɧɧɢɦ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɢɧɹɬɨ ɩɨɧɢɦɚɬɶ ɩɟɪɢɨɞ, ɧɚɱɢɧɚɸɳɢɣɫɹ ɫ 

ɦɨɦɟɧɬɚ ɫɦɟɲɟɧɢɹ ɢɫɯɨɞɧɵɯ ɫɵɪɶɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɢ ɨɤɚɧɱɢɜɚɸɳɢɣɫɹ ɩɨɥɭ-

ɱɟɧɢɟɦ ɫɵɪɰɚ ɢɡɞɟɥɢɹ. Ɍɨ ɟɫɬɶ ɷɬɨ ɩɟɪɢɨɞ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɰɟɫɫɵ ɫɬɪɭɤɬɭɪɨɨɛɪɚ-
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ɡɨɜɚɧɢɹ ɢ ɭɩɪɨɱɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɤɚ ɟɳɟ ɧɟ ɯɢɦɢɱɟɫɤɢɦɢ, ɚ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɛɚɥɚɧɫɨɦ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲ-

ɧɢɯ ɫɢɥ ɩɟɪɟɦɟɲɢɜɚɟɦɨɣ ɢ ɭɩɥɨɬɧɹɟɦɨɣ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ. 

ɍɫɬɚɧɨɜɥɟɧɨ Д2, 3, ζЖ, ɱɬɨ ɜɥɚɠɧɨɫɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɝɥɢɧɢɫɬɨ-ɜɨɞɧɨɣ ɞɢɫ-

ɩɟɪɫɢɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɩɥɨɬɧɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ ɫɵɪɰɚ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ, ɜɟ-

ɥɢɱɢɧɭ ɜɧɟɲɧɟɝɨ ɭɩɥɨɬɧɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ). 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɥɨ ɜɧɢɦɚɧɢɹ ɭɞɟɥɟɧɨ ɭɫɚɞɨɱɧɵɦ 

ɞɟɮɨɪɦɚɰɢɹɦ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɭɫɚɞɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɩɪɟɞɟ-

ɥɹɸɳɢɯ ɤɚɱɟɫɬɜɨ ɫɵɪɰɚ ɢ ɱɟɪɟɩɤɚ ɮɚɤɬɨɪɨɦ. 

ȼɟɥɢɱɢɧɚ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɲɢɯɬɵ 

(ɦɢɧɟɪɚɥɶɧɵɣ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ 

ɞɨɛɚɜɨɤ, ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɫɬɟɩɟɧɢ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɲɢɯɬɵ, ɝɥɭɛɢɧɵ ɜɚ-

ɤɭɭɦɢɪɨɜɚɧɢɹ, ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ, ɨɞɧɨɪɨɞɧɨɫɬɢ ɢɫɬɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɡɨɧ 

ɛɟɫɤɨɧɟɱɧɨɝɨ ɛɪɭɫɚ, ɬɟɩɥɨ ɜɥɚɠɧɨɫɬɧɨɝɨ ɪɟɠɢɦɚ ɫɭɲɤɢ ɢ ɬ. ɞ.). ɉɨ ɨɬɪɚɫɥɢ ɜɟ-

ɥɢɱɢɧɚ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ ζ ɞɨ 12 % (ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ η-

6 %) ДηЖ. ɉɪɢ ɷɬɨɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɟɥɢɱɢɧɚ 

ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɧɚ 1-2 % ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɟɥɢɱɢɧɵ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɩɪɢɜɨɞɢɬ 

ɭɜɟɥɢɱɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɟɫɱɚɧɨɣ ɮɪɚɤ-

ɰɢɢ ɜ ɫɨɫɬɚɜɟ ɲɢɯɬɵ, ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ, ɛɨɥɟɟ ɦɹɝɤɢɣ ɪɟɠɢɦ 

ɫɭɲɤɢ. 

 ȼɟɥɢɱɢɧɚ ɨɝɧɟɜɨɣ ɭɫɚɞɤɢ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɲɢɯɬɵ, ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟ-

ɠɢɦɚ ɨɛɠɢɝɚ, ɩɥɨɬɧɨɫɬɢ ɫɵɪɰɚ, ɨɫɬɚɬɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɫɵɪɰɚ, ɨɫɨɛɟɧɧɨɫɬɟɣ  

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɩɟɱɢ. ɉɨ ɨɬɪɚɫɥɢ 

ɜɟɥɢɱɢɧɚ ɨɝɧɟɜɨɣ ɭɫɚɞɤɢ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 0 ɞɨ η % (ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 0-

1 %) ДηЖ. ȼɟɥɢɱɢɧɚ ɨɝɧɟɜɨɣ ɭɫɚɞɤɢ ɩɪɹɦɨ ɫɜɹɡɚɧɚ ɫ ɩɨɥɧɨɬɨɣ ɩɪɨɬɟɤɚɧɢɹ ɧɟɨɛ-

ɪɚɬɢɦɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɨɛɠɢɝɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤ ɩɨɜɵɲɟ-

ɧɢɸ ɜɟɥɢɱɢɧɵ ɨɝɧɟɜɨɣ ɭɫɚɞɤɢ ɩɪɢɜɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɨɛɠɢɝɚ, ɬɚɤ ɢ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɩɪɢ ɡɚɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ДζЖ.  
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ɉɨɷɬɨɦɭ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɚɧɧɵɟ, 

ɫɜɹɡɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɜɥɚɠɧɨɫɬɧɨɝɨ ɫɨɫɬɨɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɭɫɚɞɨɱɧɵɟ 

ɞɟɮɨɪɦɚɰɢɢ. ɉɪɢ ɷɬɨɦ, ɜɟɥɢɱɢɧɚ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬ ɦɟɬɨɞ 

ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɣ. 

ȼ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɵɥ ɩɨɞɪɨɛɧɨ ɢɫɫɥɟɞɨɜɚɧ ɦɟɬɨɞ 

ɩɨɥɭɫɭɯɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ Д2, 3Ж ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ 

ɜɥɚɠɧɨɫɬɶɸ ɲɢɯɬɵ 6-10 %. ȼ ɬɨɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɦɨɪɨɡɨɫɬɨɣ-

ɤɢɟ ɢ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɨɥɭɱɟɧɵ ɩɥɚɫɬɢɱɟɫɤɢɦ ɦɟɬɨ-

ɞɨɦ ɮɨɪɦɨɜɚɧɢɹ Д6Ж, ɩɪɢ ɤɨɬɨɪɨɦ ɮɨɪɦɨɜɨɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 18-20 %. 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɜɟɥɢɱɢɧɵ ɜɥɚɠɧɨɫɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɥɢɧɢɫɬɨɣ ɞɢɫɩɟɪɫɢɢ ɦɟɠ-

ɞɭ ɩɨɥɭɫɭɯɢɦ ɢ ɩɥɚɫɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɚɦɢ ɮɨɪɦɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɠɟɫɬ-

ɤɨɦ ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ. Ɉɞɧɚɤɨ, ɧɚɤɨɩɥɟɧɧɵɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɭɱɧɨ-

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɢɡɞɟ-

ɥɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɠɟɫɬɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. 

ɉɨɷɬɨɦɭ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɩɨɥɭɱɟɧɢɟ ɧɨɜɵɯ ɞɚɧɧɵɯ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɩɪɨɢɡɜɨɞɫɬɜɭ ɧɚɥɚɞɢɬɶ ɜɵɩɭɫɤ ɤɚɱɟɫɬɜɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɜ ɬ.ɱ. ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ 

(ɤɢɪɩɢɱɚ, ɤɚɦɧɹ ɢ ɞɪ.) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɠɟɫɬɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. 
 

ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɥɚɠɧɨɫɬɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɧɚ ɜɟɥɢɱɢɧɭ ɭɫɚɞɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɥɢɧɹɧɨɝɨ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ, ɮɨɪɦɭɟɦɨɝɨ ɠɟɫɬ-

ɤɢɦ ɢ ɩɥɚɫɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɚɦɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɞɧɨ-ɝɥɢɧɢɫɬɨɣ ɞɢɫ-

ɩɟɪɫɢɢ ɢ ɦɟɬɨɞɚ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɫɪɟɞɧɸɸ ɩɥɨɬɧɨɫɬɶ ɫɵɪɰɚ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 

ɤɚɦɧɹ. 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɞɧɨ-ɝɥɢɧɢɫɬɨɣ ɞɢɫ-

ɩɟɪɫɢɢ ɢ ɦɟɬɨɞɚ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ ɭɫɚɞɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢ ɜɟɪɬɢ-

ɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɛɪɚɡɰɨɜ ɫɵɪɰɚ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ. 
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3. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɞɧɨ-ɝɥɢɧɢɫɬɨɣ ɞɢɫ-

ɩɟɪɫɢɢ ɢ ɦɟɬɨɞɚ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɫɵɪɰɚ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 

ɤɚɦɧɹ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɥɢɧɢɫɬɨɟ ɫɵɪɶɟ ɦɚɫɥɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

ȼɨɪɨɧɟɠɫɤɨɣ ɨɛɥɚɫɬɢ Ȼɨɟɜɨ –II. Ⱦɚɧɧɨɟ ɫɵɪɶɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɦɟɪɟɧɧɨɣ ɩɥɚ-

ɫɬɢɱɧɨɫɬɶɸ (ɱɢɫɥɨ ɩɥɚɫɬɢɱɧɨɫɬɢ – 8,1) ɢ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɫɭɲɤɟ 

ɝɥɢɧɚ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɚɹ (ηη ɫ ɞɨ ɩɨɹɜɥɟɧɢɹ ɬɪɟɳɢɧ ɧɚ ɫɜɟɠɟɨɬɮɨɪɦɨɜɚɧ-

ɧɨɦ ɨɛɪɚɡɰɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɩɨ ɦɟɬɨɞɭ ɨɛɥɭɱɟɧɢɹ ɥɭɱɢɫɬɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɨɬɨ-

ɤɚɦɢ). Ƚɥɢɧɚ ɡɚɫɨɪɟɧɚ ɤɚɪɛɨɧɚɬɧɵɦɢ ɩɪɢɦɟɫɹɦɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɵɪɶɹ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 1, ɚ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 1  

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ȼɨɟɜɨ – II 
ɋɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ, % 

SiO2 Al2O3+ TiO2 Fe2O3+ FeO CaO MgO SiO3 ɩ.ɩ.ɩ 

66,08 11,41 4,95 4,96 2,14 0,20 8,06 

 

Ƚɥɢɧɚ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ Al2O3 + TiO2 ɤɚɤ «ɤɢɫɥɚɹ». ɉɨ 

ɨɝɧɟɭɩɨɪɧɨɫɬɢ ɝɥɢɧɚ ɥɟɝɤɨɩɥɚɜɤɚɹ (1180° ɋ). 

 

Ɍɚɛɥɢɰɚ 2 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɥɢɧɢɫɬɨɝɨ ɫɵɪɶɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ȼɨɟɜɨ – II 

ɋɨɞɟɪɠɚɧɢɟ ɱɚɫɬɢɰ, % 

Ȼɨɥɟɟ 0,06 0,01…0,06 0,00η… 0,01 0,001…0,00η ɦɟɧɟɟ 0,001 

14,9 28,45 6,95 10,8 38,9 

 

ɋɵɪɶɟ ɜɵɫɭɲɢɜɚɥɨɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10η-110°ɋ ɢ ɩɨɞɜɟɪɝɚɥɢɫɶ 2ɯ
-

ɫɬɚɞɢɣɧɨɦɭ ɢɡɦɟɥɶɱɟɧɢɸ ɫ ɩɨɦɨɳɶɸ ɞɪɨɛɢɥɤɢ ɢ ɛɟɝɭɧɨɜ. ɉɨɥɭɱɟɧɧɵɣ ɩɨɪɨ-

ɲɨɤ ɩɪɨɫɟɢɜɚɥɫɹ ɱɟɪɟɡ ɫɢɬɨ № 013η ɢ ɜɵɫɭɲɢɜɚɥɫɹ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ 
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ɬɟɦɩɟɪɚɬɭɪɟ 10η-110°ɋ ɞɨ ɫɭɯɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ 

ɮɨɪɦɨɜɚɧɢɹ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ.  

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-

ɡɭɥɶɬɚɬɨɜ Д2.ζЖ, ɩɪɢɧɹɬ ɞɢɚɩɚɡɨɧ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ 0,12η…02ζ. Ɏɨɪɦɨɜɚɧɢɟ ɨɛ-

ɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ. ɉɪɢ ȼ/Ɍ = 0,12η; 0,1η; 0,17η; 0,2; 0,22η 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɫɬɚɬɢɱɟɫɤɨɟ ɨɞɧɨɫɬɨɪɨɧɧɟɟ ɮɨɪɦɨɜɚɧɢɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 20 Ɇɉɚ 

ɠɟɫɬɤɨɟ ɮɨɪɦɨɜɚɧɢɟ, ɩɪɢ ȼ/Ɍ = 0,2ζ (ɧɨɪɦɚɥɶɧɚɹ ɮɨɪɦɨɜɨɱɧɚɹ ɜɥɚɠɧɨɫɬɶ) – 

ɩɥɚɫɬɢɱɟɫɤɨɟ ɮɨɪɦɨɜɚɧɢɟ (ɩɨɥɭɱɟɧɧɚɹ ɮɨɪɦɨɜɨɱɧɚɹ ɦɚɫɫɚ ɭɤɥɚɞɵɜɚɥɚɫɶ ɜ 

ɫɬɚɥɶɧɭɸ ɮɨɪɦɭ ɢ ɭɩɥɨɬɧɹɥɚɫɶ ɜɪɭɱɧɭɸ). 

ɉɪɢ ɢɡɨɫɬɚɬɢɱɟɫɤɨɦ ɮɨɪɦɨɜɚɧɢɢ ɩɨɥɭɱɚɥɢ ɨɛɪɚɡɰɵ ɜ ɮɨɪɦɟ ɰɢɥɢɧɞɪɚ 

ɞɢɚɦɟɬɪɨɦ η ɫɦ ɢ ɜɵɫɨɬɨɣ ɨɤɨɥɨ η ɫɦ, ɚ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɧɚ ɨɫɧɨɜɟ ɫɦɟɫɢ ɫ 

ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɩɨɥɭɱɚɥɢ ɨɛɪɚɡɰɵ-ɤɭɛɵ ɫ ɪɟɛɪɨɦ η ɫɦ. 

Ⱦɥɹ ɤɚɠɞɨɣ ɜɥɚɠɧɨɫɬɢ ɢɡɝɨɬɚɜɥɢɜɚɥɚɫɶ ɩɚɪɬɢɹ ɜ 12 ɨɛɪɚɡɰɨɜ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɚɞɤɢ ɧɚ ɨɛɪɚɡɰɚɯ ɫ ɩɨɦɨɳɶɸ ɲɬɚɧɝɟɧɰɢɪɤɭɥɹ ɧɚɧɨ-

ɫɢɥɢɫɶ ɦɟɬɤɢ ɛɚɡɨɜɵɯ ɨɬɪɟɡɤɨɜ. ȼ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɦɟɬɤɢ ɧɚɧɨɫɢ-

ɥɢɫɶ ɧɚ ɜɟɪɯɧɟɦ ɨɫɧɨɜɚɧɢɢ ɜɨ ɜɡɚɢɦɧɨ-ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɜ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – ɫ ɞɜɭɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɨɪɨɧ ɮɢɝɭɪ. ɋɯɟɦɚ 

ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 

ɚ) – ɧɚ ɰɢɥɢɧɞɪɚɯ, ɛ) – ɧɚ ɤɭɛɚɯ 

Ɋɢɫ. 1. ɋɯɟɦɚ ɨɩɪɟɞɟɥɧɢɹ ɭɫɚɞɤɢ 

 

Ɂɚɬɟɦ ɜ ɬɟɱɟɧɢɟ 7 ɫɭɬɨɤ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜɵɞɟɪɠɤɚ ɨɛɪɚɡɰɨɜ ɩɪɢ ɬɟɦɩɟɪɚ-

ɬɭɪɟ ɜɨɡɞɭɯɚ 20…22°ɋ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ – 6η…7η %. ɉɨɫɥɟ ɜɵɞɟɪɠ-
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ɤɢ ɨɛɪɚɡɰɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɫɭɲɢɥɶɧɵɣ ɲɤɚɮ, ɝɞɟ ɩɪɢ ɫɬɭɩɟɧɱɚɬɨ ɜɨɡɪɚɫɬɚɸɳɟɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (ζη°ɋ 
 – 2 ɫɭɬ; + 60°ɋ – 2 ɫɭɬ; + 75°ɋ – 2 ɫɭɬ; + 90°ɋ – 2 ɫɭɬ) ɜɵɫɭ-

ɲɢɜɚɥɢɫɶ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɰɵ ɨɫɦɚɬɪɢɜɚɥɢɫɶ, 

ɜɡɜɟɲɢɜɚɥɢɫɶ ɢ ɨɛɦɟɪɹɥɢɫɶ. ȼɵɱɢɫɥɹɥɢɫɶ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɫɭɯɨɝɨ 

ɫɵɪɰɚ ɢ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ. Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɞɟɥɢɥɢɫɶ ɧɚ ɞɜɟ ɪɚɜɧɵɟ ɩɚɪɬɢɢ ɩɨ 

ɲɟɫɬɶ ɛɥɢɡɧɟɰɨɜ ɜ ɤɚɠɞɨɣ. Ɉɛɪɚɡɰɵ ɨɞɧɨɣ ɩɚɪɬɢɢ ɢɫɩɵɬɵɜɚɥɢɫɶ ɧɚ ɫɠɚɬɢɟ, ɚ 

ɨɛɪɚɡɰɵ ɞɪɭɝɨɣ ɩɚɪɬɢɢ ɩɨɦɟɳɚɥɢɫɶ ɜ ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ, ɝɞɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɨɛɠɢ-

ɝɭ ɫ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 1000°ɋ 3 ɱɚɫɚ. ɉɨɫɥɟ ɨɯɥɚɠɞɟ-

ɧɢɹ ɨɛɪɚɡɰɵ ɨɫɦɚɬɪɢɜɚɥɢɫɶ, ɜɡɜɟɲɢɜɚɥɢɫɶ ɢ ɨɛɦɟɪɹɥɢɫɶ. ȼɵɱɢɫɥɹɥɢɫɶ ɡɧɚɱɟ-

ɧɢɹ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ, ɨɝɧɟɜɨɣ ɢ ɨɛɳɟɣ ɭɫɚɞɤɢ. Ɂɚɬɟɦ 

ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ ɢɫɩɵɬɚɧɢɸ ɧɚ ɫɠɚɬɢɟ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

ȼɵɛɪɚɧɧɵɣ ɜɥɚɠɧɨɫɬɧɵɣ ɞɢɚɩɚɡɨɧ ɞɨɫɬɚɬɨɱɟɧ ɞɥɹ ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ 

ɩɪɨɰɟɫɫɨɜ ɪɚɧɧɟɝɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚ-

ɬɟɪɢɚɥɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɟɫɬɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɪɚ-

ɰɢɨɧɚɥɶɧɵɣ ɜɥɚɠɧɨɫɬɧɵɣ ɞɢɚɩɚɡɨɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɥɢɧɹɧɨɝɨ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 

ɤɚɦɧɹ ɨɤɚɡɚɥɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,1η ɞɨ 0,20.  

ɂɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ, ɢ ɮɨɪɦɨɜɨɱɧɚɹ ɦɚɫɫɚ ɫ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ 

ɜɥɚɠɧɨɫɬɶɸ: ɩɪɨɰɟɫɫ ɟɟ ɭɩɥɨɬɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ 

ɭɫɢɥɢɹɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɢ ɫɵɪɰɚ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ 

ɨɤɚɡɚɥɚɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɥɨɬɧɨɫɬɢ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɠɟɫɬɤɨ ɮɨɪɦɭɟɦɵɯ ɩɪɢ 

ɞɚɜɥɟɧɢɢ 20 Ɇɉɚ. ɗɬɨɬ ɦɨɦɟɧɬ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɛɚɥɚɧɫ ɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ 

ɫɰɟɩɥɟɧɢɹ ɢ ɪɚɫɤɥɢɧɢɜɚɸɳɢɯ ɩɥɟɧɨɱɧɵɯ ɫɢɥ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɚɦɨɭɩɥɨɬɧɟɧɢɸ 

ɜɨɞɧɨ-ɝɥɢɧɢɫɬɨɣ ɞɢɫɩɟɪɫɢɢ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɮɨɪɦɨɜɚɧɧɨɝɨ ɫɵɪɰɚ ɢ ɤɟɪɚ-

ɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɚɞɤɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɠɟɫɬɤɨ ɨɬɮɨɪɦɨ-

ɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ, ɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɉɝɧɟ-
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ɜɚɹ ɠɟ ɭɫɚɞɤɚ ɢɦɟɟɬ ɨɛɪɚɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɩɥɨɬɧɨɫɬɢ ɫɵɪɰɚ. Ɍɚɤ, ɩɪɢ 

ȼ/Ɍ=0,17η ɨɝɧɟɜɚɹ ɭɫɚɞɤɚ ɫɨɫɬɚɜɢɥɚ 0,98 % ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ 

0,47 % – ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨ-

ɫɬɢ (0,2ζ %) ɭɫɚɞɤɚ ɨɤɚɡɚɥɚɫɶ 0,77 % ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 3  
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɚɞɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ 

ɜɵɫɭɲɟɧɧɵɯ ɢ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

Ɏɨɪɦɨɜɨɱɧɚɹ 
ɜɥɚɠɧɨɫɬɶ, % 

ɋɪɟɞɧɹɹ 

ɩɥɨɬɧɨɫɬɶ 
ɤɝ/ɦ3 

Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ, % 

ɉɨ ɲɢɪɢɧɟ ɨɛɪɚɡɰɨɜ ɉɨ ɜɵɫɨɬɟ ɨɛɪɚɡɰɨɜ 

ȼɨɡɞɭɲɧɚɹ, 
Lɜ 

Ɉɝɧɟɜɚɹ,
Lɨ 

ɉɨɥɧɚɹ, 
Lɩ 

ȼɨɡɞɭɲɧɚɹ, 
Lɜ 

Ɉɝɧɟɜɚɹ, 
Lɨ 

ɉɨɥɧɚɹ, 
Lɩ 

ɀɟɫɬɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ 

12,5 1970/1740 0,8 1,5 1,5 0,9 0,4 1,1 

15 1980/1830 0,8 1,5 1,5 1,5 0,9 1,7 

17,5 2000/1850 1 2,9 3,9 2,5 0,5 3,7 

20 1980/1840 1,1 2 2,1 1,7 1,6 1,9 

22,5 1910/1740 1,1 4,5 5,2 3,5 1,8 3,8 

ɉɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ 

24 2080/1870 8 0,6 8,6 7,2 0,7 8,5 

ɉɪɢɦɟɱɚɧɢɟ: ȼ ɱɢɫɥɢɬɟɥɟ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɜɵɫɭɲɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɨɛɨɠ-
ɠɺɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɫ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 1000°ɋ. 

 

ɉɪɢɱɢɧɨɣ ɨɬɦɟɱɟɧɧɨɝɨ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ Д7Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɩɪɟɫɫɨɜɤɟ ɜɨɡɧɢɤɚɸɬ ɩɨɥɹ 

ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɫɧɹɬɢɹ ɩɪɟɫɫɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɩɨɥɹ ɞɟɮɨɪɦɚɰɢɣ ɭɩɪɭɝɨɝɨ ɪɚɫɲɢɪɟɧɢɹ.  

ȼɧɟɲɧɢɣ ɨɫɦɨɬɪ ɨɛɪɚɡɰɨɜ, ɩɪɨɢɡɜɟɞɟɧɧɵɣ  ɩɨɫɥɟ ɫɭɲɤɢ ɢ ɨɛɠɢɝɚ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɫɥɟ ɫɭɲɤɢ ɨɛɪɚɡɰɵ ɫɨɯɪɚɧɢɥɢ ɫɜɨɸ ɰɟɥɨɫɬɧɨɫɬɶ ɢ ɧɟ ɩɪɢɨɛɪɟɥɢ 

ɜɢɞɢɦɵɯ ɬɪɟɳɢɧ, ɚ ɩɨɫɥɟ ɨɛɠɢɝɚ ɧɚ ɨɛɪɚɡɰɚɯ ɧɢɡɤɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ 

(0,125-0,2) ɩɨɹɜɢɥɢɫɶ ɬɪɟɳɢɧɵ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɫɭɲɤɟ (ζη-

90°ɋ) ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɜɥɚɝɚ ɨɫɬɚɟɬɫɹ ɜ ɝɥɢɧɟ, ɫɧɢɠɚɟɬ ɭɫɚɞɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ. 

ɛɟɡ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥ. ɉɪɢ ɨɛɠɢɝɟ ɨɫɬɚɜɲɚɹɫɹ ɜɥɚɝɚ ɢɧɬɟɧɫɢɜɧɨ 

ɢɫɩɚɪɹɟɬɫɹ, ɫ ɪɚɡɪɟɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɫɵɪɰɚ ɢ ɨɛɪɚɡɭɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɬɪɟɳɢɧɵ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ , ɱɬɨ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɫɵɪɰɚ ɜ ɡɧɚ-

ɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɜɥɢɹɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ (ɬɚɛɥ. ζ). Ɍɚɤ, ɩɪɢ 

ɜɥɚɠɧɨɫɬɢ 0,17η ɩɨɥɭɱɟɧ ɧɚɢɛɨɥɟɟ ɩɪɨɱɧɵɣ ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɚɦɧɶ. ɋɚɦɵɟ ɡɧɚ-

ɱɢɬɟɥɶɧɵɟ ɩɪɨɱɧɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɛɪɚɡɰɚɯ, ɮɨɪɦɭɟɦɵɯ ɢɡ ɫɦɟɫɢ ɫ ɧɨɪ-

ɦɚɥɶɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɶɸ. ɂɯ ɩɪɨɱɧɨɫɬɶ ɨɤɚɡɚɥɚɫɶ ɧɚ ζη % ɜɵɲɟ 

ɩɪɨɱɧɨɫɬɢ ɩɪɟɫɫɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. 

 
Ɍɚɛɥɢɰɚ 4 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɜɵɫɭɲɟɧɧɵɯ  

ɢ ɨɛɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

Ɏɨɪɦɨɜɨɱɧɚɹ 
ɜɥɚɠɧɨɫɬɶ, % 

ɉɨɪɢɫɬɨɫɬɶ ɩɨɥɧɚɹ, % ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ 

ɜɵɫɭɲɟɧɧɵɯ ɨɛɨɠɠɟɧɧɵɯ ȼɵɫɭɲɟɧɧɵɯ Ɉɛɨɠɠɟɧɧɵɯ 

ɀɟɫɬɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ 

12,5 27 30,4 10 13 

15 26,7 26,8 13 24,5 

17,5 25,9 26 16 34 

20 26,7 26,4 14 28 

22,5 29,3 30,4 11 25,5 

ɉɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ 

24 22,9 25,2 13 39 

 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɪɚɡɰɵ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɫɭɲɤɢ ɯɚɪɚɤɬɟɪɢɡɨ-

ɜɚɥɢɫɶ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ, ɢ ɜ ɯɨɞɟ ɨɛɠɢɝɚ ɢɦɟɥɢ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ «ɠɢɞ-

ɤɨɣ ɮɚɡɵ», ɞɟɮɨɪɦɢɪɨɜɚɥɢɫɶ ɩɨ ɨɛɴɟɦɭ. Ɉɛɪɚɡɰɵ ɫ ɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɨɛɥɚ-

ɞɚɥɢ ɦɟɧɶɲɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɱɬɨ ɢ ɨɛɭɫɥɨɜɢɥɨ ɧɟ-

ɞɨɠɨɝ ɢ ɧɟɞɨɛɨɪ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɚɦɵɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɨɱ-

ɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɞɥɹ ɠɟɫɬɤɨɝɨ 

ɮɨɪɦɨɜɚɧɢɹ (0,12η) ɢ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɮɨɪ-

ɦɨɜɚɧɢɹ (0,2ζ). ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ȼ/Ɍ ɮɨɪɦɭɟɦɚɹ 

ɫɦɟɫɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɟɯɮɚɡɧɭɸ ɫɢɫɬɟɦɭ. ɗɬɚ ɫɢɫɬɟɦɚ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɜ 

ɝɟɪɦɟɬɢɱɧɨɣ ɩɪɟɫɫ-ɦɚɬɪɢɰɟ ɫɩɨɫɨɛɧɚ ɫɨɯɪɚɧɹɬɶ ɜ ɫɟɛɟ ɡɚɳɟɦɥɟɧɧɵɣ ɜɨɡɞɭɯ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢ ɜɨɡɧɢɤɚɟɬ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɨɜɨɣ ɮɚɡɵ. ɉɨɫɥɟ ɫɧɹɬɢɹ 

ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɨɛɪɚɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫɵɪɰɚ, ɤɨɬɨɪɨɟ ɢ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡ-

ɧɢɤɧɨɜɟɧɢɸ ɜ ɧɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɨɥɟɣ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ.  
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Ɂɚɤɥɸɱɟɧɢɟ. 1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɮɨɪɦɨɜɚɧɢɟ ɫɵɪɰɚ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨ-

ɫɬɨɪɨɧɧɟɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɫɨɡɞɚɧɢɟ ɚɧɢɡɨɬɪɨɩɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɫɵɪɰɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɚɦɧɹ. Ɉɬɦɟɱɟɧɨ ɧɟɪɚɜɧɨ-

ɦɟɪɧɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɞɭɲɧɨɣ ɭɫɚɞɤɢ ɩɪɢ ɠɟɫɬɤɨɦ 

ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ. 

2. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɮɨɪɦɨɜɨɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɝɥɢɧɢɫɬɨɣ 

ɞɢɫɩɟɪɫɢɢ ɩɪɢ ɠɟɫɬɤɨɦ ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɤɟɪɚɦɢɱɟ-

ɫɤɨɝɨ ɱɟɪɟɩɚ ɫɧɢɠɚɟɬɫɹ. 

3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɚɫɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɮɨɪɦɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ 

ɪɚɜɧɨɦɟɪɧɵɟ ɭɫɚɞɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɣ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɠɟɫɬɤɢɦ ɫɩɨɫɨɛɨɦ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ƚɚɥɢɰɤɨɜ ɋ.ə., Ƚɚɥɢɰɤɨɜ Ʉ.ɋ., ɇɚɡɚɪɨɜ Ɇ.Ⱥ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɜ ɲɧɟɤɨɜɨɦ ɩɪɟɫɫɟ ɤɚɤ ɨɛɴɟɤɬɚ ɚɜɬɨ-

ɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɢɪɩɢɱɚ /ɉɪɨɦɵɲɥɟɧɧɨɟ ɢ ɝɪɚɠɞɚɧɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬ-

ɜɨ. 2014. № 3. ɋ. 25-29. 

2. ɒɦɢɬɶɤɨ ȿ.ɂ., ɋɭɫɥɨɜ Ⱥ.Ⱥ., ɉɟɪɰɟɜ Ⱥ.ȼ., Ɍɭɪɱɟɧɤɨ Ⱥ.ȿ. ȼɥɢɹɧɢɟ 

ɦɟɠɮɚɡɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɧɚ ɩɪɨɰɟɫɫɵ ɪɚɧɧɟɝɨ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɝɥɢ-
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ɧɨɟ ɝɨɫ. Ȼɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲ. ɉɪɨɮ. Ɉɛɪɚɡɨɜɚɧɢɹ 

«ȼɨɪɨɧɟɠɫɤɢɣ ɝɨɫ. Ⱥɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬ. ɍɧ-ɬ». ȼɨɪɨɧɟɠ, 2012. 
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ɤɢɪɩɢɱɚ. ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ. 2011. №. 2. 
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Nanosized SiO2 particles was synthesized by hydrolysis and subsequent condensation of the 

water complex of sodium silicate crystals. Complex nanoadditive (CNA) composition nanoscale 

silica – superplatizer with varios dosage of superplazier different brand based on nanoparticles SiO2 

was obtained. Using the methods of physical and chemical analysis, identification of the CNA was 

carried out, and also their stability over time was studied. The optimal dosage of different SP brands 

was determined, which makes it possible to obtain nanosize SiO2 ЩКЫЭТМХОЬ (η ± 10 ЧЦ) КЧН ОЧЬЮЫО 

the stability of the obtained CNA up to 7 days from the moment of synthesis. 

 

Keywords: system SiO2-H2O, superplasticizer, complex nanoadditive, nanomodification 

 

ȼɜɟɞɟɧɢɟ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ ɤ ɰɟɦɟɧɬɧɵɦ ɪɚɫɬɜɨɪɚɦ 

ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤɪɨɞɢɫɩɟɪɫɧɵɣ ɤɪɟɦɧɟɡɟɦ, ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɬɚɤ ɢ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɋɉ. ɇɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɚɹ 

ɩɪɢɪɨɞɚ, ɫɯɨɞɧɚɹ ɫ ɝɢɞɪɨɫɢɥɢɤɚɬɨɦ ɤɚɥɶɰɢɹ, ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ 

ɫɬɪɭɤɬɭɪɭ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ, ɚ ɬɚɤɠɟ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɢ. ȼ ɬɨɠɟ ɜɪɟɦɹ, ɱɚɫɬɢɰɵ ɦɢɤɪɨɞɢɫɩɟɪɫɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ ɫɨɫɬɨɹɬ ɢɡ ɞɢɨɤ-

ɫɢɞɚ ɤɪɟɦɧɢɹ ɜ ɧɟɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (ɚɦɨɪɮɧɨɣ) ɮɨɪɦɟ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨ-

ɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɩɪɨɹɜɥɹɬɶ ɜɵɫɨɤɭɸ ɩɭɰɰɨɥɚɧɨ-

ɜɭɸ ɚɤɬɢɜɧɨɫɬɶ Д1-4].  

mailto:marishwedowa@mail.ru
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ȼɜɟɞɟɧɢɟ ɜ ɰɟɦɟɧɬɧɭɸ ɫɦɟɫɶ ɧɚɧɨɞɨɛɚɜɨɤ ɧɚ ɨɫɧɨɜɟ SТτ2 ɬɚɤɠɟ ɦɨɠɟɬ 

ɛɵɬɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. Ɉɞɧɚɤɨ, ɷɬɨ ɡɚɬɪɭɞɧɟɧɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨ ɞɜɭɦ ɩɪɢ-

ɱɢɧɚɦ. ȼɨ-ɩɟɪɜɵɯ, ɩɪɢ ɫɢɧɬɟɡɟ ɫɢɫɬɟɦɚ SТτ2·ЧH2τ ɫɤɥɨɧɧɚ ɤ ɚɝɥɨɦɟɪɚɰɢɢ, ɩɪɢ 

ɷɬɨɦ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɛɵɫɬɪɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɨ ɟɫɬɶ, ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɢ ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɷɧɟɪɝɢɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɟɺ ɩɟɪɟɯɨɞɭ ɜ ɛɨɥɟɟ ɷɧɟɪɝɟ-

ɬɢɱɟɫɤɢ ɜɵɝɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɱɚɫ-

ɬɢɰɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɧɚɱɢɧɚɸɬ ɤɨɚɝɭɥɢɪɨɜɚɬɶ, ɨɛɪɚɡɭɹ ɚɝɪɟ-

ɝɚɬɵ. ȼɨ-ɜɬɨɪɵɯ, ɨɱɟɧɶ ɫɥɨɠɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɇɊɑ SТτ2 ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɦɚɬɟ-

ɪɢɚɥɚ, ɬɚɤ ɤɚɤ ɨɧ ɜɜɨɞɢɬɫɹ ɜ ɨɱɟɧɶ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜɚɯ (ɞɟɫɹɬɵɟ ɢ ɫɨɬɵɟ ɞɨɥɢ 

ɩɪɨɰɟɧɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɫɫɟ ɰɟɦɟɧɬɚ). ɗɬɢ ɡɚɞɚɱɢ ɦɨɠɧɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɇɊɑ SТτ2 ɜ ɰɟ-

ɦɟɧɬɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɜɨɞɢɬɶ ɢɯ ɜ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɦ ɫɨɫɬɨɹ-

ɧɢɢ, ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɡɨɥɹ, ɠɢɞɤɚɹ ɮɚɡɚ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɜɨɞɵ 

ɡɚɬɜɨɪɟɧɢɹ (ɫ ɭɱɺɬɨɦ ɪɚɫɫɱɢɬɚɧɧɨɣ ɦɚɫɫɨɜɨɣ ɞɨɥɢ SТτ2 ɨɬ ɦɚɫɫɵ ɰɟɦɟɧɬɚ) ɩɪɢ 

ɩɨɥɭɱɟɧɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɰɟɦɟɧɬɧɵɯ ɫɢɫɬɟɦ 

Д1Ж. ɉɪɢ ɷɬɨɦ ɫɬɨɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɋɉ, ɤɨɬɨɪɵɣ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɝɢɞɪɨɡɨɥɶ ɨɤɫɢ-

ɞɚ ɤɪɟɦɧɢɹ ɨɛɟɫɩɟɱɢɬ ɡɨɥɸ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɦɨɥɟ-

ɤɭɥɵ ɋɉ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɇɊɑ SТτ2, ɱɬɨ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɭɦɟɧɶɲɟɧɢɸ ɢɡɛɵɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɥɶɜɚɬɧɨɝɨ 

ɫɥɨɹ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ Ⱦɟɪɹɝɢɧɚ – Ʌɚɧɞɚɭ – Ɏɟɪɜɟɹ – Ɉɜɟɪɛɟɤɚ ɩɪɢ ɫɛɥɢɠɟɧɢɢ 

ɱɚɫɬɢɰ ɫɨɥɶɜɚɬɧɵɟ ɫɥɨɢ ɩɟɪɟɤɪɵɜɚɸɬɫɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɞɟɣɫɬɜɢɟ ɨɬɬɚɥɤɢ-

ɜɚɸɳɢɯ ɫɢɥ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɫɬɪɟɦɥɟɧɢɟ ɱɚɫɬɢɰ ɫɢɫɬɟɦɵ ɤ ɤɨɚɝɭɥɹɰɢɢ ɫ ɨɛɪɚɡɨɜɚ-

ɧɢɟɦ ɚɝɪɟɝɚɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ ɜ ɧɚɧɨɞɢɫɩɟɪɫɧɨɦ ɞɢɚɩɚɡɨɧɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɜɟɞɟɧɢɟ ɋɉ ɜ ɫɢɧɬɟɡɢɪɭɟ-

ɦɭɸ ɫɢɫɬɟɦɭ ɩɨɦɨɠɟɬ ɜ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫ-

ɬɢɰ ɧɚɧɨɤɪɟɦɧɟɡɟɦɚ ɜ ɰɟɦɟɧɬɧɨɦ ɤɨɦɩɨɡɢɬɟ ДηЖ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɡɨɥɶ-

ɝɟɥɶ ɫɢɧɬɟɡɚ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɫɢɫɬɟɦɵ ɤɪɟɦɧɟɡɺɦ – ɋɉ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɩɬɢ-
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ɦɚɥɶɧɨɣ ɞɨɡɢɪɨɜɤɢ ɞɚɧɧɨɝɨ ɋɉ ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɬ ɭɫ-

ɬɨɣɱɢɜɨɫɬɶ ɩɨɥɭɱɚɟɦɨɣ ɄɇȾ.  

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

ɋɢɧɬɟɡɢɪɨɜɚɥɢ ɄɇȾ, ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɇɊɑ SТτ2 0,01 % ɨɬ ɦɚɫɫɵ ɰɟɦɟɧɬɚ. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɄɇȾ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɢɥɢɤɚɬ ɧɚɬɪɢɹ (σК2SiO3·ηH2τ) ɦɚɪɤɢ ɏɑ 

(ȽɈɋɌ η0ζ18-992), ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ (CH3CττH), ɦɚɪɤɢ ɏɑ, ȽɈɋɌ 61-7η, ɫɨ-

ɥɹɧɭɸ ɤɢɫɥɨɬɭ (HCХ), ɦɚɪɤɢ ɏɑ, ȽɈɋɌ-3118-77, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ 

(ȽɈɋɌ 6709), ɋɉ SТФК®
 ViscoCreate

®
 20 GШХН (ρ = 1,06 ɝ/ɫɦ3

), Sika
®
 ViscoCreate

®
 

20 ɇȿ (ρ = 1,04 ɝ/ɫɦ3) ɢ GХОЧТЮЦ®
 ACE 30 (FM) (ρ = 1,06 ɝ/ɫɦ3) ɤɨɬɨɪɵɟ ɩɪɟɞ-

ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɤɚɪɛɨɤɫɢɥɚɬɧɵɯ 

ɷɮɢɪɨɜ, ɚ ɬɚɤɠɟ ɋɉ SТФКЦОЧЭ®
 FF (ρ = 1,23 ɝ/ɫɦ3) ɧɚ ɨɫɧɨɜɟ ɦɟɥɚɦɢɧɫɭɥɶɮɨɧɚɬɚ. 

ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɧɟɤɨɬɨɪɵɯ ɋɉ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.  

 

 

 

ɚ) ɧɚ ɨɫɧɨɜɟ ɦɟɥɚɦɢɧɫɭɥɶɮɨɧɚɬɚ; ɛ) ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɤɚɪɛɨɤɫɢɥɚɬɧɵɯ ɷɮɢɪɨɜ 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɋɉ 

 

ɄɇȾ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɢɥɢ-
ɤɚɬɚ ɧɚɬɪɢɹ ɫɨɥɹɧɨɣ ɢɥɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ. Ɂɨɥɶ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɪɢ ɩɨɫɬɨɹɧ-
ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 2η°ɋ, ɜɪɟɦɹ ɫɢɧɬɟɡɚ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 20 ɞɨ 30 ɦɢɧɭɬ (ɛɨɥɟɟ 
ɩɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɄɇȾ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ Д1Ж). ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟ-
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ɦɟɲɢɜɚɧɢɢ ɫɢɫɬɟɦɭ SТτ2·ЧH2τ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɢ ɪɚɫɬɜɨɪɨɦ ɋɉ. ɋɨɞɟɪɠɚɧɢɟ 
ɋɉ ɫɨɫɬɚɜɥɹɥɨ 0,2; 0,3; 0,ζ ɢ 0,8 % ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ. ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɨɜɨɣ 
ɞɨɥɢ ɋɉ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢɯ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɇɊɑ SТτ2. ȼɵɛɨɪ ɢ ɞɨɡɢɪɨɜɤɚ ɋɉ 
ɫɜɹɡɚɧɵ ɫ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɋɉ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɯɢɦɢɱɟ-
ɫɤɭɸ ɩɪɢɪɨɞɭ, ɧɨ ɪɚɡɥɢɱɧɨɟ ɯɢɦɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ (ɪɢɫ. 1) ɢ ɩɥɨɬɧɨɫɬɶ, ɜ ɫɜɹɡɢ 
ɫ ɱɟɦ ɦɨɝɭɬ ɩɨ ɪɚɡɧɨɦɭ ɜɥɢɹɬɶ ɧɚ ɪɨɫɬ ɇɊɑ ɜ ɫɢɫɬɟɦɟ SТτ2·ЧH2O.  

Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɄɇȾ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɦɟɬɨɞɨɦ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ (ȾɊɋ) ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ PСШЭШМШЫ CШЦЩХОб ɜ ɬɟ-
ɱɟɧɢɟ 7 ɫɭɬɨɤ. Ɏɨɪɦɭ ɢ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ) ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ TЫКЧЬЦТЬЬТШЧ 
Electron Microscope H-9η00. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧ-
ɧɵɯ ɄɇȾ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɢɧɮɪɚɤɪɚɫɧɨɣ (ɂɄ) ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
ɧɚ ɂɄ-ɫɩɟɤɬɪɨɦɟɬɪɟ VERTEБ 70, ɚ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢ-
ɡɚ (ɊɎȺ) ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ARL Б’TRA. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

ɉɨ ɞɚɧɧɵɦ ɊɎȺ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɄɇȾ ɹɜɥɹɸɬɫɹ ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɵɦɢ, 
ɬɚɤ ɤɚɤ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɧɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɵɪɚɠɟɧɧɵɟ ɩɢɤɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɂɄ-ɫɩɟɤɬɪɵ ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ ɫɢɫɬɟɦ. ɇɚ ɞɚɧ-
ɧɵɯ ɫɩɟɤɬɪɚɯ ɨɬɦɟɱɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
ɪɚɡɥɢɱɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɝɪɭɩɩɚɦ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɜ ɩɨɥɭɱɟɧɧɵɯ ɞɨɛɚɜɤɚɯ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ (ɪɢɫɭɧɨɤ 2, ɬɚɛɥɢɰɚ 1) ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɫɜɹɡɢ SТ–O–Si 1062, 1100-1000 ɫɦ-1

 (ɫɢɥɶɧɵɟ) ɢ 800, 
560 ɫɦ-1

 (ɫɥɚɛɵɟ); ɩɨɥɨɫɵ 1100-1000 ɫɦ-1, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ 
ɤɨɥɟɛɚɧɢɹ, ɢ ɨɫɬɚɥɶɧɵɟ ɩɨɥɨɫɵ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɜɚɥɟɧɬɧɵɟ ɤɨɥɟɛɚɧɢɹ. 
ɇɚɛɥɸɞɚɸɬɫɹ ɩɨɥɨɫɵ ɞɥɹ ɝɪɭɩɩɵ – Ɉɇ 3ηζ0, 3ηη0-3500 ɫɦ-1

 (ɫɥɚɛɵɟ). ɒɚɪɨɨɛ-
ɪɚɡɧɚɹ ɮɨɪɦɚ ɩɨɥɭɱɟɧɧɵɯ ɇɊɑ ɩɨɡɜɨɥɹɟɬ ɨɬɧɟɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɤ 
ɨɫɬɪɨɜɧɵɦ ɫɢɥɢɤɚɬɚɦ, ɞɥɹ ɜɨɞɨɪɨɞɧɵɯ ɮɨɪɦ ɤɨɬɨɪɵɯ ɢ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɤɚ-
ɬɢɨɧɧɨɣ Ɉɇ-ɝɪɭɩɩɵ. ȼ ɂɄ-ɫɩɟɤɬɪɚɯ ɩɨɥɭɱɟɧɧɵɯ ɄɇȾ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ 
ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɹɯ 3ζη0-3350 ɫɦ-1

 ɢ 16ζ0-1630 ɫɦ-1, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
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ɜɚɥɟɧɬɧɵɦ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɜɨɞɵ Д6, 
7Ж. Ɍɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɝɪɭɩɩ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɩɨɥɨɫɵ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɨɛɥɚɫɬɢ ɩɨɝɥɨɳɟɧɢɹ 17η0-1740 ɫɦ-1

 ɢ 12ζ0 ɫɦ-1
 ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɜɚɥɟɧɬɧɵɯ ɢ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɜɹɡɢ ɋ–Ɉ ɜ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ – ɋɈɈ; ɩɨɥɨ-
ɫɵ, ɥɟɠɚɳɟɟ ɜ ɨɛɥɚɫɬɹɯ 11η0-1080 ɫɦ-1

 ɢ 920-810 ɫɦ-1
 ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɜɚɥɟɧɬ-

ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɜɹɡɢ ɋ–Ɉ ɜ ɫɥɨɠɧɵɯ ɷɮɢɪɚɯ R’–CττR; ɩɨɥɨɫɵ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɟ ɨɛɥɚɫɬɹɦ 29ζ0 – 2910 ɫɦ-1

 ɢ 2870 – 28ζη ɫɦ-1
 ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɜɚɥɟɧɬɧɵɯ 

ɤɨɥɟɛɚɧɢɣ ɫɜɹɡɢ ɋ–ɇ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ – ɋɇ2 –. 

 

 

 
1 – ɫɢɫɬɟɦɚ SiO2 – Sika

®
 ViscoCreate

®
 20 Gold; 2 – ɫɢɫɬɟɦɚ SiO2 – Sika

®
 ViscoCreate

®
 20 ɇȿ;  

3 – ɫɢɫɬɟɦɚ SiO2 – Glenium
®
 ACE 30 (FM); 4 – ɫɢɫɬɟɦɚ SiO2 – Sikament

®
 FF 

Ɋɢɫ. 2. ɂɄ – ɫɩɟɤɬɪɵ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ, ɱɟɪɟɡ 7 ɫɭɬɨɤ ɨɬ ɧɚɱɚɥɚ ɫɢɧɬɟɡɚ 

 

ɇɚɥɢɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ, ɬɢɩɢɱɧɵɯ ɞɥɹ ɮɭɧɤɰɢɨ-

ɧɚɥɶɧɵɯ ɝɪɭɩɩ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɄɇȾ ɩɪɢɫɭɬɫɬɜɭɟɬ ɋɉ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɨɪɝɚɧɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, 

ɱɬɨ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɨɟ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɦɟɳɟɧɢɟ ɩɨɥɨɫ ɤɨɥɟɛɚ-
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ɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɡɚɢɦɧɨɦ ɜɥɢɹɧɢɢ ɝɪɭɩɩ ɚɬɨɦɨɜ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɨɪ-

ɝɚɧɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ.  
 

Ɍɚɛɥɢɰɚ 1 

ɉɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɂɄ-ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɵɯ ɞɨɛɚɜɨɤ SТτ2 – ɋɉ 

ɋɬɪɭɤɬɭɪɧɵɟ 

ɮɪɚɝɦɟɧɬɵ 

ȼɚɥɟɧɬɧɵɟ 

ɤɨɥɟɛɚɧɢɹ Д8, 9Ж 
Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ 
ɤɨɥɟɛɚɧɢɹ Д8, 9Ж 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ 

ɄɇȾ-1 ɄɇȾ-2 

 

νɫɢɥɶɧ. 1060, 810, 460 

νɫɥɚɛ. 560 

ДȘЖ 1200, 1100, 810, 
ζ6η νɫɢɥɶɧ. 

νɫɥɚɛ. 720, 630, 560 

1100 - 1000 

1100 – 1000 

1062, 

1100-1000, 

560, 460 

1062, 

1100-1000, 

800, 560, 

460 

HɈ – 

ɋɜɨɛɨɞɧɚɹ ɝɪ. Ɉɇ 

3550 – 3500 

ɋɜɹɡɚɧɧɚɹ ɝɪɭɩɩɚ Ɉɇ 

3300 – 2500 (3640) 

Ʌɸɛɚɹ ɝɪɭɩɩɚ Ɉɇ 

955 - 890 

3540 

 

3540, 

3550-3500, 

H2O 3450 – 3350 1630 – 1640 
3450-3350, 

1640-1630 

3450-3350, 

1640-1630 

– Cɇ2 – 
2940 – 2915, 

2870 – 2845 

1480 - 1440 

δs CH2 

(ɧɨɠɧɢɱɧɨɟ) 
1470 

2940-2910, 

2870-2845 
2940-2910 

 

3310-3200 ___ ___ 3030 

– ɋɈɈ – 

( – ɋ = Ɉ; 
– ɋ – Ɉ – ) 

(ɤɚɪɛɨɤɫɢɥɶɧɚɹ ɝɪ.) 

ɋ=Ɉ 

Ⱥɥɢɮɚɬɢɱɟɫɤɢɯ ɧɚɫɵ-
ɳɟɧɧɵɯ ɤɢɫɥɨɬ, 

1760 

ɋ=Ɉɚɫɫɨɰ. ɚɥɢɮɚɬɢɱ. 
ɧɚɫɵɳɟɧɧɵɯ ɤɢɫɥɨɬ 

1720 – 1706 

ɋ=Ɉ, ɚɥɢɮɚɬɢɱ. 
ɧɟɧɚɫɵɳ. ɤɢɫɥɨɬ 

1710-1680 

ɋ=Ɉ, ɚɥɢɮɚɬɢɱɟɫɤɢɟ 
ɫɥɨɠ. ɷɮɢɪɵ 

1750 - 1735 

ɋ-Ɉ 

1320 - 1210 

1750-1740, 

1240 

1750-1740 

 

R’ – COOR 

(ɋ – Ɉ – ɋ 

ɜ ɫɥɨɠɧɨɣ ɷɮɢɪɧɨɣ ɝɪ.) 

1200 – 1170 

1250 – 1160 

1300 – 110 

___ 

1150 – 

1080, 

920 – 810 

920 – 810 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɚ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫ-
ɬɢɰ SТτ2 ɨɬ ɜɪɟɦɟɧɢ ɫɨɡɪɟɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɋɉ. Ⱥɧɚɥɢɡ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɨ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɩɟɪɜɵɟ 
ɫɭɬɤɢ ɩɨɫɥɟ ɫɢɧɬɟɡɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɰɵ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ (ζ-9 ɧɦ), ɤɨɬɨ-
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ɪɵɟ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɬɭɬ ɜɨ ɜɪɟɦɟɧɢ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦ 1, 2 ɢ 3 ɨɩ-
ɬɢɦɚɥɶɧɨɣ ɞɨɡɢɪɨɜɤɨɣ ɋɉ ɹɜɥɹɟɬɫɹ 0,2 % ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ, ɩɨɫɤɨɥɶɤɭ 
ɢɦɟɧɧɨ ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɇɊɑ SТτ2 (5-10 ɧɦ) ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ ɜ ɬɟɱɟɧɢɟ 7 ɫɭɬɨɤ. Ⱦɥɹ ɫɢɫɬɟɦɵ ζ ɨɩɬɢɦɚɥɶɧɨɣ ɞɨɡɢɪɨɜɤɨɣ ɹɜɥɹɟɬɫɹ 0,3 % 

ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɜ ɫɢɫɬɟɦɟ ɱɟɪɟɡ ɞɟɧɶ ɩɨɫɥɟ ɫɢɧɬɟɡɚ 
ɧɚɛɥɸɞɚɸɬɫɹ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ η-10 ɧɦ, ɩɪɢ ɷɬɨɦ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢ-
ɜɨɣ ɜ ɬɟɱɟɧɢɟ 3 ɞɧɟɣ ɫ ɦɨɦɟɧɬɚ ɫɢɧɬɟɡɚ, ɬɚɤ ɤɚɤ ɪɚɡɦɟɪ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɧɢɯ 
ɱɚɫɬɢɰ ɜ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɢɡɦɟɧɹɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ.  

 

 

 
▲ – 0,8 %; ■ – 0,ζ %; ● – 0,3 %; ♦ – 0,2 % (ɩɨ ɞɚɧɧɵɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɜɟɬɨɪɚɫɫɟɹɧɢɹ). 

1 – ɫɢɫɬɟɦɚ 1 ɋɉ GХОЧТЮЦ® ACE 30 (FM); 2 – ɫɢɫɬɟɦɚ 2 ɋɉ SТФКЦОЧЭ – FF; 

3 – ɫɢɫɬɟɦɚ 4 ɋɉ SТФК® VТЬМШCЫОЭО® 20 HE; ζ – ɫɢɫɬɟɦɚ 3 Sika
®
 ViscoCreate

®
 20 Gold 

Ɋɢɫ. 3. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɚ ɤɨɥɥɨɢɞɧɵɯ ɚɝɪɟɝɚɬɨɜ SТτ2 ɨɬ ɜɪɟɦɟɧɢ ɫɨɡɪɟɜɚɧɢɹ, ɩɪɢ 
ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɩɟɪɩɥɚɫɬɢɮɢɤɚɬɨɪɚ 

 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

53 

ɉɨ ɞɚɧɧɵɦ ɉɗɆ (ɪɢɫ. 3) ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɫɢɫɬɟɦɟ SТτ2 – ɋɉ 

Sika
®
 ViscoCrete

®
 20 HE ɫɨɫɬɚɜɥɹɟɬ 8-10 ɧɦ, ɱɬɨ ɤɨɪɪɟɥɢɪɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, 

ɩɨɥɭɱɟɧɧɵɦɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ȾɊɋ. 
 

 

 

Ɋɢɫ. 3. ɗɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɄɇȾ SТτ2 – ɋɉ SТФК® VТЬМШCЫОЭО® 20 HE  
(ωɋɉ = 0,2 %) ɱɟɪɟɡ 7 ɫɭɬɨɤ ɨɬ ɧɚɱɚɥɚ ɫɢɧɬɟɡɚ (ɩɨ ɞɚɧɧɵɦ ɉɗɆ). Ɋɚɡɦɟɪ ɦɟɬɤɢ: 200 ɧɦ. 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɱɚɫɬɢɰɵ ɄɇȾ 

ɫ ɦɚɫɫɨɜɨɣ ɞɨɥɟɣ ɋɉ 0,2 % ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ ɞɨɥɠɧɵ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɵ 

ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɰɟɦɟɧɬɧɨɝɨ ɤɚɦɧɹ, ɬɚɤ ɤɚɤ ɨɧɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɤɚɬɚɥɢ-

ɬɢɱɟɫɤɭɸ ɪɨɥɶ, ɜɵɫɬɭɩɚɹ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ 

ɩɪɢɧɢɦɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɯɢɦɢɱɟɫɤɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɦɢɧɟɪɚ-

ɥɚɦɢ ɰɟɦɟɧɬɧɨɝɨ ɤɥɢɧɤɟɪɚ, ɬɟɦ ɫɚɦɵɦ ɜɥɢɹɹ ɧɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɰɟ-

ɦɟɧɬɧɨɦ ɤɨɦɩɨɡɢɬɟ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɡɨɥɶ-ɝɟɥɶ ɫɢɧɬɟɡɚ ɤɨɦ-

ɩɥɟɤɫɧɵɯ ɧɚɧɨɞɨɛɨɜɨɤ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ SТτ2, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧ-

ɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɫɭɩɟɪɩɥɚɫɬɢɮɢɤɚɬɨɪɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢ-

ɜɨɣ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ 3 ɫ ɞɨɡɢɪɨɜɤɨɣ ɋɉ 0,2 % ɨɬ ɦɚɫɫɵ ɠɢɞɤɨɣ ɮɚɡɵ. Ɋɚɡɦɟɪ 

ɱɚɫɬɢɰ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɫɨɫɬɚɜɥɹɟɬ η-10 ɧɦ, ɱɚɫɬɢɰɵ ɭɫɬɨɣɱɢɜɵ ɜ ɬɟɱɟɧɢɟ 7 

ɞɧɟɣ ɫ ɦɨɦɟɧɬɚ ɫɢɧɬɟɡɚ. 
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________________________________________________________________ 

Ⱥɪɬɚɦɨɧɨɜɚ Ɉɥɶɝɚ ȼɥɚɞɢɦɢɪɨɜɧɚ – ɤ.ɯ.ɧ., ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨ-
ɝɢɢ ɦɚɬɟɪɢɚɥɨɜ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɒɜɟɞɨɜɚ Ɇɚɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ – ɢɧɠɟɧɟɪ ɤɚɮɟɞɪɵ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɚ-
ɬɟɪɢɚɥɨɜ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

Ɉɫɬɚɧɤɨɜɚ ɂɪɢɧɚ ȼɚɥɟɪɶɟɜɧɚ – ɢɧɠɟɧɟɪ, ɤɚɮɟɞɪɵ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 
ɤɨɥɥɨɢɞɧɨɣ ɯɢɦɢɢ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
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Ɋɚɫɫɦɨɬɪɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢ-

ɤɢ, ɜɤɥɸɱɚɸɳɢɟ ɡɚɳɢɬɭ ɫɜɚɪɧɵɯ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɣ ɨɬ ɤɨɪɪɨɡɢɢ, ɩɪɨɢɫɯɨɞɹɳɟɣ ɩɨɞ ɞɟɣɫɬ-

ɜɢɟɦ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ – ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɤɪɨɫɜɚɪɧɨɣ ɤɨɧɬɚɤɬ 

ɚɥɸɦɢɧɢɹ ɫ ɡɨɥɨɬɨɣ ɦɟɬɚɥɥɢɡɚɰɢɟɣ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɢɧɬɟ-

ɝɪɚɥɶɧɵɯ ɫɯɟɦ, ɧɟ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɪɚɡɪɭɲɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤɚɸɳɢɯ 

ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɞɨɥɝɨɜɟɱɧɵɦ ɦɨɠɟɬ 

ɛɵɬɶ ɦɢɤɪɨɫɜɚɪɧɨɣ ɤɨɧɬɚɤɬ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɦɟɬɚɥɥɢɡɚɰɢɟɣ, ɩɨɥɭ-

ɱɟɧɧɨɣ ɷɥɟɤɬɪɨɥɢɡɨɦ ɢɡ ɤɫɢɥɨɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɥɢɡɚ 

ɤɚɬɨɞɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɚ ɧɚ ɤɚɱɟɫɬɜɨ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨ-

ɤɪɵɬɢɣ ɢ ɩɪɨɱɧɨɫɬɶ ɢɯ ɫɜɚɪɢɜɚɧɢɹ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɨɣ. ɋ ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨ-

ɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɫɜɚɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɚɞɟɤɜɚɬɧɚɹ 

ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɷɥɟɤɬɪɨɥɢɡɚ. 
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Considered the requirements for reliability and durability of electronics products, including 

protection from micro welding of corrosion occurring under the influence of external factors – hu-

midity and temperature. It is shown that microarray the contact of aluminum with gold plating, used 

in the manufacture of transistors and integrated circuits, is not reliable, since destroyed due to oc-

curring corrosion processes. Found to be more promising and durable can be microsurvey contact 

aluminum wire with aluminum metallization obtained by electrolysis of xylol electrolytes. The in-

fluence of electrolysis, the cathode current density and duration, electrolye on the quality of the 

aluminum coating and the strength of their welding with aluminum wire. To optimize the process of 

obtaining Microware contacts developed a mathematical model adequate to the results of the expe-

riment. The optimum conditions of electrolysis. 

 

Keywords: reliability, bonding, corrosion, aluminum, wire, gold plating, xylene, electrolysis, 

the mathematical model 

 

ȼɜɟɞɟɧɢɟ. ɇɟɩɪɟɪɵɜɧɵɣ ɪɨɫɬ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ (ɂɗɌ) ɬɪɟɛɭɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɢ ɤɢɧɟɬɢɤɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ 

ɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɦɚɬɟɪɢɚɥɚɯ ɢ ɩɨɤɪɵɬɢɹɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɪɚɧɡɢɫɬɨ-

ɪɚɯ ɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦɚɯ, ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ ɫɪɨɤɚɯ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Д1Ж. 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɵɫɨɤɨɧɚɞɟɠɧɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭ-

ɪɵ ɧɟɜɨɡɦɨɠɧɵ ɛɟɡ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɂɗɌ ɤ ɜɨɡɞɟɣɫɬɜɢɸ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɜɥɚɠɧɨɫɬɶ ɢ ɬɟɦɩɟ-
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ɪɚɬɭɪɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɭɫɤɨɪɟɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨ-

ɰɟɫɫɨɜ ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɤɨɪɪɨɡɢɨɧɧɵɯ ɜ ɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɩɪɢɱɢɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɚɤɬɢɜɚɰɢɢ ɫɤɪɵɬɵɯ ɞɟɮɟɤɬɨɜ. ɉɨɷɬɨɦɭ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɨɬɤɚɡɨɜ ɂɗɌ ɜɫɥɟɞɫɬɜɢɟ ɤɨɪɪɨɡɢɢ ɜ 

ɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɢ ɢɦɟɟɬ ɢ ɢɦɟɟɬ ɛɨɥɶɲɨɟ 

ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ Д2Ж.  

Ɉɞɧɨɣ ɢɡ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɜ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɂɗɌ ɹɜɥɹ-

ɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɧɚɞɟɠɧɵɯ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɩɪɟ-

ɞɟɥɹɸɬ ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɪɚɛɨɬɵ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. ɇɚɞɟɠɧɨɫɬɶ ɤɨɧ-

ɬɚɤɬɧɵɯ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɜ ɬɪɚɧɡɢɫɬɨɪɚɯ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 

ɜɵɛɨɪɨɦ ɨɩɬɢɦɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɢ ɪɟɠɢɦɨɜ ɦɨɧɬɚɠɚ, ɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ 

ɩɥɟɧɨɱɧɨɣ ɦɟɬɚɥɥɢɡɚɰɢɢ ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ ɤɪɢɫɬɚɥɥɚ ɢ ɬɪɚɜɟɪɫ ɤɨɪɩɭɫɨɜ, 

ɚ ɬɚɤɠɟ ɨɬ ɫɜɨɣɫɬɜ ɩɪɢɫɨɟɞɢɧɹɟɦɨɣ ɤ ɤɪɢɫɬɚɥɥɭ ɦɢɤɪɨɩɪɨɜɨɥɨɤɢ. 

ȼɧɭɬɪɟɧɧɢɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɂɗɌ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɦɟɬɚɥ-

ɥɢɱɟɫɤɢɦɢ ɩɪɨɜɨɞɹɳɢɦɢ ɞɨɪɨɠɤɚɦɢ ɫɯɟɦɵ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬɫɹ ɦɟɬɨɞɚɦɢ 

ɬɨɧɤɨɩɥɟɧɨɱɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ ɚɥɸɦɢɧɢɹ, ɡɨɥɨɬɚ, ɦɟɞɢ ɢ ɫɟɪɟɛɪɚ. Ⱦɥɹ ɩɪɨɜɨ-

ɥɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɤɨɧɬɚɤɬɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ ɤɪɢɫɬɚɥɥɨɜ ɢ ɬɪɚɜɟɪɫɚɦɢ 

ɤɨɪɩɭɫɨɜ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚɲɥɢ ɚɥɸɦɢɧɢɣ ɢ ɡɨɥɨɬɨ ɢ ɜ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ ɦɟɞɶ. 

Ɇɨɧɬɚɠ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɂɗɌ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɤɪɟɩɥɟɧɢɟɦ ɤɪɢ-

ɫɬɚɥɥɨɜ ɜ ɤɨɪɩɭɫɟ ɢ ɩɪɨɜɟɞɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɤɨɧɬɚɤɬ-

ɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ ɤɪɢɫɬɚɥɥɚ ɢ ɤɨɪɩɭɫɚ. ɉɪɢ ɦɨɧɬɚɠɟ ɩɪɨɜɨɥɨɱɧɵɯ ɜɵɜɨɞɨɜ ɜ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ ɢ ɂɋ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɫɜɚɪɤɢ: 

ɭɥɶɬɪɚɡɜɭɤɨɜɭɸ ɫɜɚɪɤɭ (ɍɁɋ), ɬɟɪɦɨɤɨɦɩɪɟɫɫɢɨɧɧɭɸ ɫɜɚɪɤɭ (ɌɄɋ) ɢ ɞɪ. Д3Ж. 

Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɤɚɱɟɫɬɜɚ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɦɢɤɪɨɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ ɹɜɥɹɟɬɫɹ ɢɯ ɩɪɨɱɧɨɫɬɶ. Ʉɨɧɬɪɨɥɶ ɩɪɨɱɧɨɫɬɢ ɦɢɤɪɨɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨ-

ɜɨɞɢɬɫɹ ɢɫɩɵɬɚɧɢɟɦ ɧɚ ɫɞɜɢɝ ɢ ɨɬɪɵɜ. Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ  

ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɬɹɠɟɧɢɹ ɩɪɨɜɨɥɨɤɢ ДζЖ. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɂɗɌ, ɧɚɩɪɢɦɟɪ, ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɢɧɬɟ-

ɝɪɚɥɶɧɵɯ ɫɯɟɦ ɹɜɥɹɸɬɫɹ ɬɨɤɨɩɪɨɜɨɞɹɳɚɹ ɩɥɟɧɨɱɧɚɹ ɦɟɬɚɥɥɢɡɚɰɢɹ ɢ ɦɢɤɪɨɩɪɨ-
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ɜɨɥɨɤɚ ɢɡ ɚɥɸɦɢɧɢɹ. ɉɪɢ ɧɚɥɢɱɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɨɫɬɚɬɨɱɧɨɣ 

ɜɥɚɝɢ ɢ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɹ (ɜɤɥɸɱɟɧɢɟ ɢ ɜɵɤɥɸɱɟɧɢɟ ɩɪɢɛɨɪɚ) 

ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɨɬɟɤɚɧɢɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ, ɩɪɢɱɢɧɨɣ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɤɪɨɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 

(ɤɨɧɬɚɤɬɧɚɹ ɤɨɪɪɨɡɢɹ) Дη,6Ж. 

Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ Д2,7Ж ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 

ɤɨɧɬɚɤɬɟ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ ɫ ɡɨɥɨɬɨɣ ɦɟɬɚɥɥɢɡɚɰɢɟɣ, ɢɫɩɨɥɶɡɭɟɦɨɣ  ɜ 

ɬɪɚɧɡɢɫɬɨɪɚ (ɄɌ312), ɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɝɪɭɠɟɧɢɹ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ ɧɚ-

ɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɦɢɤɪɨɫɜɚɪɧɨɝɨ ɤɨɧɬɚɤɬɚ Al – Au (ɪɢɫ. 1).  

 

 

 

Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɩɨɥɧɨɝɨ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɢɤɪɨɫɜɚɪɧɨɝɨ ɤɨɧɬɚɤɬɚ  
ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ ɫ ɡɨɥɨɬɵɦ ɝɚɥɶɜɚɧɨɩɨɤɪɵɬɢɟɦ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɛɨɥɟɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɫɜɚɪɧɨɣ ɤɨɧɬɚɤɬ 

ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ (Ⱥlɩɪ) ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɦɟɬɚɥɥɢɡɚɰɢɟɣ, ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ. Ⱥɥɸɦɢɧɢɟɜɭɸ ɦɟɬɚɥɥɢɡɚɰɢɸ 

ɩɨɥɭɱɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɧɚɩɵɥɟɧɢɟɦ ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɩɥɚɤɢɪɨɜɚɧɢɟɦ. 

Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɭɞɧɨɫɬɢ ɢ 

ɭɞɨɪɨɠɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ (Ⱥlɝ.), 

ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɤɚɤ ɢɡ ɪɚɫɩɥɚɜɨɜ ɫɨɥɟɣ, ɬɚɤ ɢ ɢɡ ɧɟɜɨɞɧɵɯ ɷɥɟɤɬɪɨɥɢ-

ɬɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ ɢɡ ɪɚɫɩɥɚɜɨɜ ɧɟ-

ɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɷɥɟɤɬɪɨɥɢɬɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɟ ɬɟɦɩɟɪɚ-
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ɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɚɥɸɦɢɧɢɹ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɦɨɠɟɬ 

ɛɵɬɶ ɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ. Ɉɞɧɚɤɨ ɷɬɨɬ ɦɟɬɨɞ ɧɟ ɧɚɲɟɥ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢɡ-

ɡɚ ɛɨɥɶɲɨɣ ɥɟɬɭɱɟɫɬɢ ɯɥɨɪɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɪɦɨ-

ɫɬɨɣɤɢɯ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɢ ɷɥɟɤɬɪɨɞɨɜ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɨɪɨɠɚɟɬ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. 

ɗɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ ɢɡ ɧɟɜɨɞɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ Д8, 9Ж. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɨɫɚɠɞɟɧɢɹ ɚɥɸɦɢɧɢɹ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɷɥɟɤɬɪɨɥɢɡɨɦ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ 

ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɬɟɧɰɢɚɥ ɚɥɸɦɢɧɢɹ (ȿ0
 = -1,66 ȼ) ɧɚɦɧɨɝɨ ɨɬɪɢ-

ɰɚɬɟɥɶɧɟɟ ɩɨɬɟɧɰɢɚɥɚ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɜɨɞɵ (ȿ0
 = - 0, 41 ȼ). ɉɨɷɬɨɦɭ 

ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɢɬɟɥɢ, ɤɨ-

ɬɨɪɵɟ ɧɟ ɫɨɞɟɪɠɚɬ ɩɨɞɜɢɠɧɵɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. Ɍɚɤɢɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɢɦɟɸɬ 

ɜɵɫɨɤɭɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɧɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɩɨɬɟɧ-

ɰɢɚɥɨɜ – 3,0 – 3,5 ȼ). 

Ɉɫɧɨɜɧɵɦɢ ɪɚɫɬɜɨɪɹɟɦɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɷɬɢɯ ɷɥɟɤɬɪɨɥɢɬɚɯ ɹɜɥɹɸɬɫɹ 

ɢɨɧɵ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɨɛɥɚɞɚɸ-

ɳɢɟ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. ɉɪɢɪɨɞɚ ɪɚɫɬɜɨɪɟɧɧɨɣ 

ɫɨɥɢ, ɢ ɫɨɫɬɚɜ ɧɟɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɤɚɡɵɜɚɸɬ ɛɨɥɟɟ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ 

ɷɥɟɤɬɨɪɨɨɫɚɠɞɟɧɢɹ ɚɥɸɦɢɧɢɹ, ɱɟɦ ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɦɟɬɚɥɥɨɜ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨ-

ɪɨɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɢɥɟɧɢɟɦ ɜɥɢɹɧɢɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɦɟɠɞɭ ɪɚɫ-

ɬɜɨɪɢɬɟɥɟɦ ɢ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ɚɥɸɦɢɧɢɪɨɜɚɧɢɹ: ɷɮɢɪɧɨ-ɝɢɞɪɢɞɧɵɟ, ɷɬɢɥɛɪɨɦɢɞɧɵɟ, ɚɥɸɦɨɨɪɝɚɧɢɱɟɫɤɢɟ, ɚɥ-

ɤɢɥɛɟɧɡɨɥɶɧɵɟ ɫ ɱɟɬɜɟɪɬɢɱɧɵɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. Ȼɨɥɶɲɢɧɫɬɜɨ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ, 

ɧɟɞɨɩɭɫɬɢɦɨɫɬɶ ɤɨɧɬɚɤɬɚ ɫ ɚɬɦɨɫɮɟɪɨɣ, ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɶ. Ⱥɥɸɦɢɧɢɟɜɵɟ ɩɨ-

ɤɪɵɬɢɹ ɢɡ ɦɧɨɝɢɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɨɫɚɠɞɚɸɬɫɹ ɜ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɚɬɨɞɧɵɯ ɩɥɨɬ-

ɧɨɫɬɟɣ ɬɨɤɚ, ɢɦɟɸɬ ɧɟɜɵɫɨɤɭɸ ɚɞɝɟɡɢɸ ɤ ɨɫɧɨɜɟ, ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɤɪɵɬɢɣ ɜ ɷɥɟɤɬɪɨɥɢɬɵ ɚɥɸɦɢɧɢɪɨɜɚɧɢɹ 

ɜɜɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ (ɉȺȼ). ɇɚɢ-
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ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɷɥɟɤɬɪɨɥɢɬɚɦɢ, ɞɨɩɭɫɤɚɸɳɢɟ ɨɝɪɚɧɢɱɟɧɧɵɣ ɤɨɧɬɚɤɬ ɫ ɚɬ-

ɦɨɫɮɟɪɨɣ ɹɜɥɹɸɬɫɹ ɤɫɢɥɨɥɶɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ. 

Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ ɤɫɢɥɨɥɶ-

ɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɧɟɤɨɬɨɪɵɟ ɉȺȼ, ɧɚɩɪɢɦɟɪ, ɩɚɪɚɮɢɧ ɨɫɚɠɞɚɸɬ-

ɫɹ ɫɜɟɬɥɵɟ ɢ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɚɥɸɦɢɧɢɟɜɵɟ ɩɨɤɪɵɬɢɹ ɫ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢ-

ɟɣ ɤ ɦɟɞɧɨɣ ɨɫɧɨɜɟ ɢ ɢɡ ɫɩɥɚɜɚ ɠɟɥɟɡɨ-ɧɢɤɟɥɶ Д10, 11]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨ-

ɨɫɚɠɞɟɧɢɹ ɚɥɸɦɢɧɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢɯ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɫ ɬɨɧɤɨɣ 

ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɨɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɹ Ⱥlɩɪ- Ⱥlɝ., ɚ ɬɚɤ-

ɠɟ ɩɪɨɜɟɫɬɢ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɦɨɞɟɥɶɧɵɟ ɨɛɪɚɡɰɵ – ɤɪɢ-

ɫɬɚɥɥɨɞɟɪɠɚɬɟɥɢ ɢɡ ɫɩɥɚɜɚ ɮɟɪɪɨɧɢɤɟɥɶ, ɧɚ ɤɨɬɨɪɵɟ ɨɫɚɠɞɚɥɢ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ 

ɚɥɸɦɢɧɢɣ ɢɡ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɫɬɚɜɚ (ɝ/ɥ): ɛɪɨɦɢɞ ɚɥɸɦɢɧɢɹ – η00, ɩɚɪɚɮɢɧ – 5,0, 

ɤɫɢɥɨɥ (ɫɦɟɫɶ ɢɡɨɦɟɪɨɜ) – ɨɫɬɚɥɶɧɨɟ.  

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɢɤɪɨɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ Ⱥlɩɪ-Ⱥlɝ  ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɭɫ-

ɬɚɧɨɜɤɟ ɤɨɦɩɪɟɫɫɢɨɧɧɨɣ ɫɜɚɪɤɢ (ɌɄɋ) ɬɢɩɚ ɇɉȼ-1 Ⱥ, ɩɪɢ ɷɬɨɦ ɨɞɧɨɣ ɩɟɪɟ-

ɦɵɱɤɨɣ ɫɨɟɞɢɧɹɥɢ ɞɜɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɨɧɬɚɤɬɚ ɤɪɢɫɬɚɥɥɨɞɟɪɠɚɬɟɥɹ. Ɇɢɤɪɨ-

ɩɪɨɜɨɥɨɤɚ ɢɦɟɥɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɡɧɚɱɟɧɢɹ ıɜ = 200-220 Ɇɉɚ ɢ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ δ = 3 – 4 %. Ⱦɥɹ ɌɄɋ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɠɢɦɵ: ɬɟɦɩɟɪɚɬɭɪɚ 

ɧɚɝɪɟɜɚ ɤɪɢɫɬɚɥɥɨɞɟɪɠɚɬɟɥɹ 3η0 ± 10°ɋ, ɞɚɜɥɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ ɩɪɨɜɨɥɨɤɭ 

2,0 ± 0,1 ɇ, ɜɪɟɦɹ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ 0,ζ ± 0,0η ɫ. Ɉɰɟɧɤɭ ɤɚɱɟɫɬ-

ɜɚ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɩɪɨɜɨɥɨɤɢ ɫ ɚɥɸɦɢɧɢɟɜɵɦ ɝɚɥɶɜɚɧɨɩɨɤɪɵɬɢɟɦ ɩɪɨɜɨɞɢɥɢ 

ɢɡɦɟɪɟɧɢɟɦ ɩɪɨɱɧɨɫɬɢ ɦɢɤɪɨɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɪɭɲɚɸɳɢɦ ɦɟɬɨɞɨɦ, 

ɤɨɧɬɪɨɥɢɪɭɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɱɚɫɬɢ 

ɚɥɸɦɢɧɢɟɜɨɝɨ ɜɵɜɨɞɚ. ɂɡɦɟɪɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɭɫ-

ɬɚɧɨɜɤɟ 12ɉɆ 0,0η/100-1 ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɪɚɡɪɟɠɚɸɳɟɝɨ ɭɫɢɥɢɹ ɩɨɞ ɭɝɥɨɦ 90° 

ɤ ɩɥɨɫɤɨɫɬɢ ɫɜɚɪɤɢ, ɚ ɢɡɦɟɪɟɧɢɟ ɲɢɪɢɧɵ ɞɟɮɨɪɦɢɪɭɸɳɟɣ ɱɚɫɬɢ ɩɪɨɜɨɥɨɤɢ 
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ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɆɍ-30 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 80ɯ. ɍɫɤɨɪɟɧɧɵɟ ɤɨɪɪɨ-

ɡɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨɝɪɭɠɟɧɢɟɦ ɦɢɤɪɨɫɜɚɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɞɢɫ-

ɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɦɢɤɪɨɫɜɚɪɤɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɟɬɚɥɥɢɡɚɰɢɢ ɜ ɬɨɱɤɟ ɤɨɦɩɪɟɫɫɢɢ. ɋ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ ɜ ɤɫɢɥɨɥɶɧɵɣ ɷɥɟɤɬɪɨɥɢɬ ɜɜɨɞɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɵɟ ɞɨɛɚɜɤɢ - ɩɚɪɚɮɢɧ ɢ ζ,ζ-ɞɢɚɦɢɧɨ-3,3-ɞɢɦɟɬɨɤɫɢɞɢɮɟɧɢɥɦɟɬɚɧ 

(ȾȾȾɆ). 

 

 

 

ɚ) ɛɟɡ ɞɨɛɚɜɨɤ; ɛ) ɩɚɪɚɮɢɧ; ɜ) ȾȾȾɆ 

Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (x2000) ɩɨɜɟɪɯɧɨɫɬɢ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ  
ɩɪɢ iɤ = 1 Ⱥ/ɞɦ2

, tɷɥ = 30 ɦɢɧ ɢɡ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɞɟɪɠɚɳɟɝɨ η00 ɝ/ɥ ɛɪɨɦɢɞɚ ɚɥɸɦɢɧɢɹ  
ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ: 

 

ɂɡ ɪɢɫɭɧɤɚ 2 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɢ 

ɷɥɟɤɬɪɨɥɢɡɟ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɤɫɢɥɨɥɶɧɵɣ ɷɥɟɤɬɪɨɥɢɬ ɞɨɛɚɜɤɢ 
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ȾȾȾɆ, ɩɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɤɪɵɬɢɣ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɢɡ ɤɫɢɥɨɥɶɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɷɬɨɣ ɞɨɛɚɜɤɨɣ. 

ɋ ɰɟɥɶɸ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɹ ɚɥɸɦɢɧɢɟɜɵɯ 

ɩɨɤɪɵɬɢɣ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋɬɚɬɢ-

ɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɷɦɩɢɪɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ 

ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɬɪɢ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɚ: ɤɚ-

ɬɨɞɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ik (ɏ1), ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɡɚ Ĳɷɥ., (ɏ2), ɬɨɥɳɢ-

ɧɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɨɤɪɵɬɢɹ δ (ɏ3). 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɤɚɱɟɫɬɜɚ ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɢɫɫɥɟ-

ɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɚ ɩɪɨɱɧɨɫɬɶ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɣ (ɍ). ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɭɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 1 

Ɂɧɚɱɟɧɢɟ ɭɪɨɜɧɟɣ ɜɚɪɶɢɪɨɜɚɧɢɹ 

ɍɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪɵ 

ɏ1, 

Ⱥ/ɞɦ2
 

ɏ2, 

ɦɢɧ. 
ɏ3, 

ɦɤɦ 

ȼɟɪɯɧɢɣ 

ɇɢɠɧɢɣ 

ɂɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ 

5,0 

0,5 

0,5 

30 

15 

5,0 

14 

1,0 

2 

 

ɉɨɫɤɨɥɶɤɭ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɢ ɮɚɤɬɨɪɚ, ɚ ɩɪɟɞɥɚɝɚɟɦɚɹ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɥɢɧɟɣɧɚ, ɬɨ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨ-

ɥɢɧɨɦɭ ɜɢɞɚ: 

 

ɍ = ɜ0 + ɜ1·ɏ1 + ɜ2·ɏ2 +ɜ3·ɏ3 + ɜ12·ɏ1·ɏ2 +ɜ13·ɏ1·ɏ3 + ɜ23·ɏ2·ɏ3 + ɜ123·ɏ1·ɏ2·ɏ3,   (1) 

 

ɝɞɟ ɍ – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ; ɏ1, ɏ2, ɏ3 – ɡɧɚɱɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨ-

ɪɨɜ; ɜ0 – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ ɰɟɧɬɪɟ ɩɥɚɧɚ; ɜ1,  ɜ2, ɜ3 – ɤɨɷɮɮɢɰɢɟɧɬɵ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɮɭɧɤɰɢɸ ɨɬɤɥɢɤɚ; ɜ12, ɜ13,  ɜ23,  

ɜ123 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɡɚɢɦɨɜɥɢɹɧɢɟ ɮɚɤɬɨɪɨɜ. 
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ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɚɠɞɵɦ ɢɡ ɬɪɟɯ ɮɚɤɬɨɪɨɜ (ɤ = 3) ɧɚ ɞɜɭɯ ɭɪɨɜɧɹɯ ɱɢɫ-

ɥɨ ɨɩɵɬɨɜ N = 2
ɤ
 = 2

3
 = 8. Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɦɛɢɧɚɰɢɢ ɮɚɤɬɨɪɨɜ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 10 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ (N = 10). Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟ-

ɬɨɞɢɤɟ ɫɨɫɬɚɜɥɟɧɚ ɦɚɬɪɢɰɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɥɧɨɝɨ ɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɬɢɩɚ 23, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɱɢɫɥɨɜɨɦ ɜɵɪɚɠɟɧɢɢ ɜ ɬɚɛɥɢɰɟ 2.  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ ɜɵɱɢɫɥɟɧɵ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɢ 

 

2

0 1 1
( , ,... ) ( ) ,

m

i ii i
Ɏ yB B B Y
                                   (2) 

 

ɝɞɟ ɜi – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɢɧɨɦɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ I – ɮɚɤɬɨɪɭ; ɍi  - ɡɧɚɱɟɧɢɟ 

ɨɬɤɥɢɤɚ, ɜɵɱɢɫɥɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (1) ɞɥɹ i-ɬɨɝɨ ɨɩɵɬɚ; ɭi – ɡɧɚɱɟɧɢɟ ɨɬɤɥɢɤɚ ɜ 

n – ɨɩɵɬɟ. 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɣ ɧɚɣɞɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɟ ɩɨɥɢ-

ɧɨɦɚ ɢɦɟɟɬ ɜɢɞ:  

 

ɍ = -1,25 - 0,3ζ·ɏ1 + 0,63·ɏ2 + 2,63·ɏ3 – 2,01·ɏ1·ɏ2 + 0,026·ɏ1·ɏ3 – 0,49·ɏ2·ɏ3 -

0,02ζ·ɏ1·ɏ2·ɏ3 

 

Ɍɚɛɥɢɰɚ 2 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɹ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ 

ɇɨɦɟɪ 

ɨɩɵɬɚ 

ɏ1, 

Ⱥ/ɞɦ2
 

ɏ2, 

ɦɢɧ. 
ɏ3, 

ɦɤɦ 

ɍ, ɫɇ 

ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɤɫɩɟɪɢɦɟɧɬ 

1 0,5 1 1 0,4 0,4 

2 0,5 2 2 1,1 0,7 

3 1,0 1 2 1,4 1,4 

4 1,0 2 5 3,9 4,3 

5 2,0 1 3 1,3 1,4 

6 2,0 2 7 3,7 3,8 

7 3,0 1 4 1,2 1,2 

8 3,0 2 10 3,1 2,9 

9 5,0 1 6 1,1 1,1 

10 5,0 2 14 0,3 0,7 

ɉɪɢɦɟɱɚɧɢɟ: ɏ2 = Ĳɷɥ./15 
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ɉɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ I – ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ 

ɩɨɤɚɡɚɥɚ, ɱɬɨ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɜɢɫɢɦɨɫɬɢ (1) ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɨɩɵɬɚ ɍi , ɩɪɟɞ-

ɫɤɚɡɵɜɚɟɦɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɜɵɱɢɫɥɟɧɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɢɤɪɨɫɨɟɞɢɧɟɧɢɹ  

Ⱥlɩɪ- Ⱥlɝ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɢ ɚɥɸɦɢɧɢɹ ɜ ɫɥɟɞɭɸɳɢɯ ɪɟɠɢɦɚɯ 

ɷɥɟɤɬɪɨɥɢɡɚ: ik = 1 Ⱥ/ɞɦ2, Ĳɷɥ.= 2 ɦɢɧ., ɬɨɥɳɢɧɚ ɫɥɨɹ ɚɥɸɦɢɧɢɹ δ= 5 ɦɤɦ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ 

ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɞɨɫɬɚɬɨɱɧɨɣ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

(ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɹ ɮɚɤɬɨɪɨɜ) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɢ ɩɪɨɱɧɵɯ ɦɢɤɪɨɫɜɚɪɧɵɯ ɤɨɧɬɚɤɬɨɜ Ⱥlɩɪ-

Ⱥlɝ  ɚɥɸɦɢɧɢɟɜɭɸ ɦɟɬɚɥɥɢɡɚɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɢɡ ɤɫɢɥɨɥɶɧɨɝɨ ɷɥɟɤ-

ɬɪɨɥɢɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɣ ɞɨɛɚɜɤɨɣ ȾȾȾɆ ɩɪɢ ik = 1-2 Ⱥ/ɞɦ2
 ɢ  

Ĳɷɥ.= 2-5 ɦɢɧ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɷɥɟɤɬɪɨɥɢɡɚ ɨɫɚɠɞɚɸɬɫɹ ɫɜɟɬɥɵɟ ɚɥɸɦɢɧɢɟɜɵɟ 

ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ δ = 5-7 ɦɤɦ ɫ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɟɣ ɤ ɦɟɞɧɨɣ ɨɫɧɨɜɟ ɢ ɨɫɧɨɜɟ 

ɢɡ ɫɩɥɚɜɚ ɮɟɪɪɨɧɢɤɟɥɶ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɉɪɟɞɥɨɠɟɧɚ ɛɢɨɫɨɪɛɰɢɨɧɧɚɹ ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ ɦɹɫɨɤɨɦɛɢɧɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɦɨ-

ɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɛɢɨɮɥɨɤɭɥɹɧɬɚ SЭЫ. МСЫШЦШРОЧОЬЬ.Р.0832. Ɉɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɤɭɥɶ-

ɬɢɜɢɪɨɜɚɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ. ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɭɤɚɡɵɜɚɸɬ ɧɚ ɷɮɮɟɤ-

ɬɢɜɧɨɫɬɶ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ SЭЫ. МСЫШЦШРОЧОЬЬ.Р.0832 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ ɮɥɨ-

ɤɭɥɹɧɬɚɩɨɥɢɚɤɪɢɥɚɦɢɞɚ (ɉȺȺ) ɢ ɤɨɚɝɭɥɹɧɬɚ ȺХ2(SO4)3 ɜ ɤɨɥɢɱɟɫɬɜɟ 0,003 %, ɤɨɬɨɪɚɹ ɜɵɪɚ-

ɠɚɟɬɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧ-

ɧɵɦɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɬɨɤɨɜ SЭЫ. МСЫШЦШРОЧОЬЬ.Р.0832, ɜɵɪɚɳɟɧɧɨɝɨ ɧɚ ɫɪɟɞɟ ɛɟɡ ɞɨɛɚɜɨɤ 

ɉȺȺ ɢ ȺХ2(SO4)3. ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɜɥɢɹɧɢɸ ɉȺȺ ɢ ȺХ2(SO4)3 ɧɚ ɪɨɫɬ ɦɢɤɪɨɨɪ-

ɝɚɧɢɡɦɚ ɢ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɪɇ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ SЭЫ. МСЫШЦШРОЧОЬЬ.Р.0832 ɧɚ ɜɫɟɯ ɩɢɬɚɬɟɥɶɧɵɯ 

ɫɪɟɞɚɯ ɞɨɫɬɢɝɚɟɬɫɹ ɤ ζ8 ɱɚɫɚɦ ɛɢɨɫɢɧɬɟɡɚ. ɉɪɢ ɷɬɨɦ ɧɚ ɫɪɟɞɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɉȺȺ ɧɚɤɨɩɥɟ-

ɧɢɟ ɦɢɤɪɨɛɧɨɣ ɛɢɨɦɚɫɫɵ  ɩɪɨɢɫɯɨɞɢɥɨ ɛɵɫɬɪɟɟ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɮɨɪɦɚɦɢ ɛɢɨɫɨɪɛɟɧɬɚ Str. 

МСЫШЦШРОЧОЬЬ.Р.0832. ɋɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ ɩɨ ɏɉɄ ɫɨɫɬɚɜɢɥɚ 86,7–92,7 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɭɫɥɨɜɢɣ ɛɢɨɫɢɧɬɟɡɚ. ɉȺȺ ɢ ȺХ2(SO4)3 ɨɤɚɡɵɜɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɞɫɨɪɛɰɢɨɧ-

ɧɵɟ ɫɜɨɣɫɬɜɚ ɤɥɟɬɨɤ ɚɤɬɢɧɨɦɢɰɟɬɚ SЭЫ. МСЫШЦШРОЧОЬЬ.Р.0832.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɤɬɢɧɨɦɢɰɟɬɵ, ɛɢɨɫɨɪɛɰɢɹ, ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ,  ɮɥɨɤɭɥɹɧɬɵ 
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MODIFIED BIOSORBENTS FOR WASTEWATER TREATMENT 

 

L.V. Bryndina, K.K. Polyanskiy 

 

Voronezh state forestry engineering University. G. F. Morozov, Russian Federation, 

394006, Voronezh  

Voronezh branch of the Russian economic University. G. V. Plekhanov, Russian  

Federation, 394006, Voronezh 

 

The biosorptional wastewater treatment of meat processing plants using modified forms of 

biflagellate Str. chromogeness.g. 0832 is proposed. Conditions of cultivation of a microorganism 

are defined. The obtained experimental data indicate the effectiveness of Str.chromogeness.g. 0832 

cultivation with the addition of a flocculant of polyacrylamide (PAA) and coagulant AL2(SO4)3 to 

the nutrient medium in an amount of 0,003 %, which is expressed in an increase in the degree of 

wastewater treatment compared with the results obtained in the treatment of Str. chromogeness.g. 

0832 grown in an environment free of PAA and AL2(SO4)3. The study presents data on the influ-

ence of PAA and AL2(SO4)3 on the growth of the microorganism and the change in pH depending 

on the duration of cultivation. It was found that the maximum growth rate of Str. chromogeness.g. 

0832 on all nutrient environment is reached by 48 hours biosynthesis. At the same time, the accu-

mulation of microbial biomass was faster on the environment with the addition of PAA. A compara-

tive characteristic of the efficiency of wastewater treatment with modified forms of Str. chromoge-

ness.g. 0832 biosorbent is presented. The degree of purification of wastewater COD were 86.7 – 

92.7 % in dependence on conditions of biosynthesis. PAA and AL2(SO4)3 have a positive effect on 

the adsorption properties of actinomycete cells of Str.chromogeness.g. 0832. 

 

Keywords: actinomycetes, biosorbtion, wastewater treatment, flocculants 

 

ȼɜɟɞɟɧɢɟ. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɭɞɧɨɪɚɡɥɚɝɚɟɦɵɯ ɛɟɥɤɨɜɵɯ ɡɚɝɪɹɡ-

ɧɟɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɨɤɨɜ ɦɹɫɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɨɛɪɚ-

ɡɨɜɚɧɢɟ ɩɪɢ ɢɯ ɨɱɢɫɬɤɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜ ɨɬɯɨɞɨɜ. ɋɥɨɠɧɵɣ ɫɨɫɬɚɜ 

ɫɬɨɱɧɵɯ ɜɨɞ, ɫɩɟɰɢɮɢɱɧɵɟ ɡɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ, ɠɺɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚ-

ɱɟɫɬɜɭ ɢɯ ɨɱɢɫɬɤɢ ɬɪɟɛɭɸɬ ɩɨɢɫɤɚ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɨɱɢɫɬɤɢ. 
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Ȼɢɨɥɨɝɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɬɚɟɬɫɹ ɩɨ-ɩɪɟɠɧɟɦɭ ɧɚɢɛɨɥɟɟ 

ɷɤɨɥɨɝɢɱɧɨɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɡɜɟɫɬɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ Д3Ж. 

Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ. ɏɢɦɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɚ, ɧɨ ɟɟ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɡɚɜɢɫɢɬ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɬ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟ-

ɳɟɫɬɜ ɤɥɟɬɤɚɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. ɋɬɟɩɟɧɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨ-

ɰɟɫɫɨɜ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ȻɉɄɩɨɥɧ/ɏɉɄ. ɂɦɟɧɧɨ ɨɧɨ ɩɨ-

ɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɜɨɩɪɨɫ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ  ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɫɨɛɚ 

ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ. Ⱦɥɹ ɩɪɟɞɩɪɢɹɬɢɣ ɦɹɫɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɏɉɄ ɢ ȻɉɄ ɜ 

ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 2ζη0 ɢ 1020 ɦɝ/ɥ. ȿɫɥɢ ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ 

ɫɨɫɬɚɜɥɹɟɬ 0,η-0,7 ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɬɪɚɞɢɰɢɨɧɧɭɸ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ, 

ɟɫɥɢ ɧɢɠɟ 0,η – ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɧɟɨɱɢɳɟɧɧɵɯ ɫɬɨɤɚɯ 

ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɬɪɭɞɧɨɪɚɡɥɚɝɚɟɦɵɯ ɢ ɧɟɪɚɡɥɚɝɚɟɦɵɯ ɩɪɢ-

ɦɟɫɟɣ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɤɨɬɨɪɵɯ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɫɨɜɦɟɳɚɬɶ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɨɱɢɫɬ-

ɤɭ ɫ ɞɪɭɝɢɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɩɨɫɨɛɚɦɢ. Ʉɨɝɞɚ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɪɩɚɧɵ 

ɥɟɝɤɨ ɭɫɜɚɢɜɚɟɦɵɟ ɡɚɝɪɹɡɧɟɧɢɹ, ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɧɚɱɢɧɚɸɬ ɝɨɥɨɞɚɬɶ ɢ, ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ, ɜɵɞɟɥɹɸɬ ɜɧɟɤɥɟɬɨɱɧɵɟ ɛɢɨɩɨɥɢɦɟɪɵ, ɫɩɨɫɨɛɧɵɟ ɪɚɫɳɟɩɥɹɬɶ ɬɪɭɞ-

ɧɨɞɨɫɬɭɩɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ. Ⱥɞɚɩɬɚɰɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɤ ɩɨɜɵɲɟɧ-

ɧɵɦ ɫɨɞɟɪɠɚɧɢɹɦ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɮɟɪɦɟɧ-

ɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɟɝɪɚɞɚɰɢɢ ɯɚɪɚɤɬɟɪɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. ɉɪɢ 

ɷɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɷɮɮɟɤɬ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɝɥɭɛɢɧɵ ɢɡɴɹɬɢɹ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. Ɍɚɤɚɹ ɨɱɢɫɬɤɚ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ, 

ɨɫɨɛɟɧɧɨ ɩɨ ɨɬɞɟɥɶɧɵɦ ɜɢɞɚɦ ɡɚɝɪɹɡɧɟɧɢɣ. 

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɫɩɨɫɨɛɨɜ ɜɵɫɬɭɩɚɟɬ ɛɢɨɫɨɪɛɰɢɨɧɧɚɹ ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ 

ɜɨɞ, ɨɛɴɟɞɢɧɹɸɳɚɹ ɩɪɨɰɟɫɫɵ ɫɨɪɛɰɢɢ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ. ɗɮɮɟɤɬɢɜ-

ɧɨɫɬɶ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɛɚɤɬɟɪɢ-

ɚɥɶɧɵɯ ɤɥɟɬɨɤ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 

(ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɢɞɨɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ, ɫɬɪɭɤɬɭɪɨɣ ɟɝɨ 

ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɞɟɣɫɬɜɢɹ.  
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ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɢɮɢɰɢ-

ɪɨɜɚɧɧɵɯ ɮɨɪɦ ɛɢɨɫɨɪɛɟɧɬɚ Str. chromogenessubsp. РЫКОМЮЬ 0832, ɫɩɟɰɢɮɢɱɧɨɝɨ 

ɤ ɛɟɥɤɨɜɵɦ ɡɚɝɪɹɡɧɟɧɢɹɦ ɫɬɨɱɧɵɯ ɜɨɞ ɦɹɫɨɤɨɦɛɢɧɚɬɨɜ. 

 

ɉɨɥɭɱɟɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɛɢɨɫɨɪɛɟɧɬɚ 

Str.chromogeness.g.0832 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɛɢɨɮɥɨɤɭɥɹɧɬɚ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɞɟɣɫɬɜɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ 

ɦɨɞɢɮɢɤɚɰɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ. Ɋɹɞ ɡɚɪɭɛɟɠɧɵɯ ɭɱɟɧɵɯ Дη,6Ж ɨɬɦɟɱɚɟɬ, ɱɬɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɧɟɫɟɧɢɟ ɜ ɫɪɟɞɭ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɤɨɚɝɭɥɹɧ-

ɬɨɜ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɮɥɨɤɭɥɹɧɬɨɜ ɭɥɭɱɲɚɟɬ ɨɱɢɫɬɤɭ ɫɬɨɤɨɜ.  

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɟɬɫɹ ɦɧɨɝɨ ɞɚɧɧɵɯ ɨ ɞɟɣɫɬɜɢɢ ɉȺȺ ɧɚ ɦɢɤɪɨɨɪɝɚɧɢɡ-

ɦɵ. ɉɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭ ɧɟɤɨɬɨɪɵɯ ɚɜɬɨɪɨɜ ɨɧɢ ɨɤɚɡɵɜɚɸɬ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣ-

ɫɬɜɢɟ ɧɚ ɩɪɨɰɟɫɫ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɩɨɜɵɲɚɸɬ ɚɤɬɢɜɧɨɫɬɶ ɧɟɤɨ-

ɬɨɪɵɯ ɮɟɪɦɟɧɬɨɜ, ɢɡɦɟɧɹɸɬ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, ɩɨɜɵɲɚɸɬ 

ɫɤɨɪɨɫɬɶ ɞɵɯɚɧɢɹ, ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɢ 

ɭɥɭɱɲɚɸɬ ɟɝɨ ɬɪɚɧɫɩɨɪɬ ɜ ɤɥɟɬɤɭ. ɇɟɤɨɬɨɪɵɟ ɉȺȺ ɜɵɡɵɜɚɸɬ ɭɞɥɢɧɟɧɢɟ, 

ɭɬɨɥɳɟɧɢɟ ɢ ɢɫɤɪɢɜɥɟɧɢɟ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ДζЖ. 

ɉɨɥɢɚɤɪɢɥɚɦɢɞ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɨɱɢɫɬɤɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɢ ɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɹɜɥɹɟɬɫɹ «ɧɟ-

ɬɨɤɫɢɱɧɵɦ» ɯɢɦɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɟɦ: ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ, ɛɟɡɨɩɚɫɧɵɦ 

ɞɥɹ ɪɵɛ ɢ ɜɨɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ, ɞɢɤɢɯ ɠɢɜɨɬɧɵɯ ɢ ɪɚɫɬɟɧɢɣД7Ж.  

Ʉɨɚɝɭɥɹɧɬɵ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɱɢɫɬɤɢ 

ɫɬɨɤɨɜ ɨɬ ɛɟɥɤɨɜɵɯ ɡɚɝɪɹɡɧɟɧɢɣ, ɬɚɤ ɤɚɤ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨ-

ɰɟɫɫɨɜ ɜɨɡɦɨɠɧɨ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɨɱɢɳɟɧɧɨɣ ɜɨɞɟ, ɱɬɨ ɧɟɠɟɥɚ-

ɬɟɥɶɧɨ ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɤɪɨɦɟ ɬɨɝɨ, ɝɢɞɪɨɤɫɢɞ-ɠɟɥɟɡɚ ɹɜɥɹɟɬɫɹ ɤɚ-

ɬɚɥɢɡɚɬɨɪɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɨɤɢɫɥɟɧɢɸ ɧɟɤɨɬɨɪɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ 

ɨɛɪɚɡɭɸɳɢɦ ɤɨɦɩɥɟɤɫɧɵɟ ɨɤɪɚɲɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. 

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ ɩɪɨɜɨɞɢɥɢ ɜ ɝɥɭɛɢɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜ 

ɤɨɥɛɚɯ ɨɛɴɟɦɨɦ 7η0 ɫɦ3, ɫɨɞɟɪɠɚɳɢɯ 100 ɫɦ3
 ɫɪɟɞɵ, ɩɪɢ 28-30°ɋ ɧɚ ɤɚɱɚɥɤɟ 
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(220−2ζ0 ɨɛ/ɦɢɧ) ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɮɥɨɤɭɥɹɧɬɚɩɨɥɢɚɤɪɢɥɚɦɢɞɚ (ɉȺȺ) ɢ ɤɨɚɝɭ-

ɥɹɧɬɚ ȺХ2(SO4)3 ɜ ɤɨɥɢɱɟɫɬɜɟ 0,003 %.  

Ɉɫɧɨɜɧɭɸ ɩɢɬɚɬɟɥɶɧɭɸ ɫɪɟɞɭ ɫɨɫɬɚɜɚ (ɝ/ɞɦ3): ɤɚɪɬɨɮɟɥɶɧɵɣ ɤɪɚɯɦɚɥ – 

η0; ɫɨɟɜɚɹ ɦɭɤɚ – η; ɢɡɦɟɥɶɱɟɧɧɨɟ ɩɟɪɨ – 10; KH2PO4 – 0,8; FeSO4 – 0,01; ZnSO4 

– 0,02; CaCO3 – ζ,0 ɡɚɫɟɜɚɥɢ η % ɩɨ ɨɛɴɟɦɭ ɩɨɫɟɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɪɚɳɢɜɚɥɢ 

ɧɚ ɤɚɱɚɥɤɟ 1ζζ ɱɚɫɚ ɩɪɢ ɪɇɢɫɯ ɫɪɟɞɵ 11,0.  

ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɨɫɬɚɜ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ SЭЫ. 

chromogenessubsp. РЫКОМЮЬ 0832 ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ 

ɤ ɫɩɟɰɢɮɢɱɧɵɦ ɛɟɥɤɨɜɵɦ ɡɚɝɪɹɡɧɟɧɢɹɦ ɫɬɨɱɧɵɯ ɜɨɞ ɦɹɫɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɜ ɱɚɫɬɧɨɫɬɢ, ɤ ɛɟɥɤɭ ɤɟɪɚɬɢɧɭ. ɂɡɦɟɥɶɱɟɧɧɨɟ ɩɟɪɨ ɤɚɤ ɢɫɬɨɱɧɢɤ ɤɟɪɚɬɢɧɚ ɜɵ-

ɫɬɭɩɚɟɬ ɢɧɞɭɤɬɨɪɨɦ ɤɟɪɚɬɢɧɨɥɢɬɢɱɟɫɤɢɯ ɮɟɪɦɟɧɬɨɜ ɚɤɬɢɧɨɦɢɰɟɬɚ. 

Ɋɨɫɬ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ ɧɚ ɜɫɟɯ ɫɪɟɞɚɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɪɨɬɤɨɣ ɥɚɝ-ɮɚɡɨɣ, 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɨɤɨɥɨ 8 ɱɚɫɨɜ, ɡɚ ɧɟɣ ɫɥɟɞɭɟɬ ɮɚɡɚ ɪɨɫɬɚ, ɜ ɤɨɬɨɪɨɣ ɢɧ-

ɬɟɧɫɢɜɧɨ ɩɨɬɪɟɛɥɹɸɬɫɹ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɢɨɦɚɫɫɚ ɢ ɤ ζ8 

ɱɚɫɚɦ ɟɟ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ. ɉɨɫɥɟ ζ8 ɱɚɫɨɜ ɱɚɫɬɶ ɤɥɟɬɨɤ 

ɩɪɟɬɟɪɩɟɜɚɟɬ ɥɢɡɢɫ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɟ ɢɯ ɛɢɨɦɚɫɫɵ (ɪɢɫ. 1) 

Ɉɞɧɚɤɨ, ɧɚ ɫɪɟɞɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɉȺȺ ɦɢɤɪɨɛɧɚɹ ɛɢɨɦɚɫɫɚ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɨ, ɢ ɟɟ ɧɚɤɨɩɥɟɧɢɟɤ ζ8 ɱ ɛɵɥɨ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɛɢɨɫɢɧɬɟɡɟ ɧɚ ɞɪɭɝɢɯ 

ɫɪɟɞɚɯ. ɉɪɢɪɨɫɬ ɛɢɨɦɚɫɫɵ ɧɚ ɫɪɟɞɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɤɨɚɝɭɥɹɧɬɚ ɡɚ ɷɬɨɬ ɠɟ ɩɟɪɢ-

ɨɞ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɉȺȺ ɛɵɥ ɧɢɠɟ ɩɨɱɬɢ ɧɚ 17 %.  

 

 

 

Ɋɢɫ. 1. Ɋɨɫɬ Str. chromogeness.g. 0832 
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ɀɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɱɚɫɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɢɡɦɟɧɟ-

ɧɢɸ ɪɇ ɫɪɟɞɵ. Ʉ ɩɨɞɤɢɫɥɟɧɢɸ ɫɪɟɞɵ ɜɟɞɭɬ ɩɪɨɰɟɫɫɵ ɧɢɬɪɢɮɢɤɚɰɢɢ, ɛɪɨɠɟ-

ɧɢɟ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2, ɜ ɚɤɬɢɜɧɨɣ ɮɚɡɟ ɪɨɫɬɚ 

ɚɤɬɢɧɨɦɢɰɟɬɚ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɫɧɢɠɚɟɬɫɹ, ɞɨɫɬɢɝɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɧɢɡɤɨɣ 

ɜɟɥɢɱɢɧɵ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ ɞɨ ɚɜɬɨɥɢɡɚ ɤɭɥɶɬɭɪɵ. Ɂɚ ɩɟɪɜɵɟ 2 ɫɭ-

ɬɨɤ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɤɥɟɬɤɚɦɢ ɦɢɤ-

ɪɨɨɪɝɚɧɢɡɦɚ, ɚɤɬɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ ɫɩɟɰɢɮɢɱɧɵɯ ɮɟɪɦɟɧɬɨɜ. Ɂɚɬɟɦ ɦɟɬɚɛɨɥɢɬɵ-

ɩɨɥɭɩɪɨɞɭɤɬɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɧɚɤɨɩɥɟɧɵ ɧɚ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɪɚɡɜɢɬɢɹ ɤɭɥɶɬɭɪɵ, 

ɧɟ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜɨɜɫɟ ɢɥɢ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ. 

 

 

 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɪɇ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ 

 

ɂɦɟɸɳɢɟɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɢɨɧɵ ɚɥɸ-

ɦɢɧɢɹ ɨɤɚɡɵɜɚɸɬ ɬɨɤɫɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɤɥɟɬɨɱɧɵɟ ɤɭɥɶɬɭɪɵ E. coli, Ps. 

aeruginosa, Enterococcusfaecalis, EЧЭОЫШМШММЮЬПКОМТЮЦ Д2Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɨɬɦɟɱɟɧɨ, 

ɱɬɨ ɢɦɟɸɳɢɟɫɹ ɜ ɫɨɫɬɚɜɟ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ ɝɪɚɦɩɨɥɨɠɢɬɟɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɛɟɥ-

ɤɢ, ɷɤɡɨɩɨɥɢɫɚɯɚɪɢɞɵ ɢ ɥɢɩɨɬɟɣɯɨɟɜɵɟ ɤɢɫɥɨɬɵ ɫɩɨɫɨɛɧɵ ɫɜɹɡɵɜɚɬɶ ɢɨɧɵ 

ɤɚɥɶɰɢɹ. Ɍɚɤɨɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɟ ɫɜɹɡɵɜɚɧɢɟ ɦɟɬɚɥɥɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ ɛɚɤɬɟɪɢɣ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɥɟɬɨɤ. ɉɪɢ ɷɬɨɦ ɚɜɬɨɪɵ Д1Ж ɨɬɦɟɱɚɥɢ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɦɟɬɚɥ-

ɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɵɲɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ, ɢ ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ ɤ ɫɨɪɛɰɢɢ. 
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Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɭɝɧɟɬɟɧɢɹ 

ɪɨɫɬɚ ɤɥɟɬɨɤ ɚɤɬɢɧɨɦɢɰɟɬɚ. ȼɢɞɢɦɨ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɧɨɫɢɥɢ ɜɟɳɟɫɬɜɨ 

ɜ ɫɪɟɞɭ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ, ɧɟ ɨɤɚɡɵɜɚɟɬ ɢɧɝɢɛɢɪɭɸɳɟɝɨ ɞɟɣɫɬ-

ɜɢɹ ɧɚ ɤɥɟɬɤɢ ɚɤɬɢɧɨɦɢɰɟɬɚ. 

ɑɟɪɟɡ ζ8 ɱɚɫɨɜ ɜɵɪɚɳɢɜɚɧɢɹ ɤɭɥɶɬɭɪɚɥɶɧɭɸ ɠɢɞɤɨɫɬɶ (Ʉɀ) ɜɧɨɫɢɥɢ ɜ 

ɫɬɨɱɧɭɸ ɜɨɞɭ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 3:100, ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɱɟɪɟɡ 30 ɦɢɧ. ɨɩɪɟɞɟɥɹɥɢ 

ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɚɱɟɫɬɜɨ ɨɱɢɫɬɤɢ ɫɬɨɤɚ (ɬɚɛɥ.). 

 

Ɍɚɛɥɢɰɚ 

Ɉɱɢɫɬɤɚ ɫɬɨɱɧɨɣ ɜɨɞɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɛɢɨɮɥɨɤɭɥɹɧɬɨɦ Str. chromogeness.g.0832 

ɉɨɤɚɡɚɬɟɥɢ ɂɫɯɨɞɧɵɣɫɬɨɤ Ʉɀ + ɫɬɨɤ 
Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟ ɫ 

ȺХ2(SO4)3+ ɫɬɨɤ 

Ʉɭɥɶɬɢɜɢɪɨɜɚɧɢɟɫ 
ɉȺȺ + ɫɬɨɤ 

ɏɉɄ, ɦɝ Ɉ2/ɞɦ3
 1η00±ζη,12 200 ±6,07 160 ± 3,ζ8 110 ± 3,32 

Ɇɭɬɧɨɫɬɶ, 
ɦɝ/ɞɦ3

 
ζ,2 ± 0,11 1,3 ± 0,01 1,1 ± 0,01 0,ζ ± 0,01 

Ɉɛɳɟɟ ɠɟɥɟɡɨ, 
ɦɝ/ɞɦ3

 
1,1η ±0,01 0,27±0,01 0,21 ± 0,01 0,1η ± 0,01 

Ɉɛɳɢɣ ɚɡɨɬ, 
ɦɝ/ɞɦ3

 
160 ± 2,03 η2,3±1,01 ζ1,7 ± 0,η9 32,1 ± 0,ζ7 

ȗ-ɩɨɬɟɧɰɢɚɥ 
ɤɥɟɬɨɤ, ɦȼ 

+17,80 -28,60 -43,40 -53,20 

 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɥɟ 30 ɦɢɧɭɬ ɞɟɣɫɬɜɢɹ ɛɢɨɫɨɪɛɟɧɬɚ Str. 

МСЫШЦШРОЧОЬЬ.Р.0832 ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɢɣ ɷɮɮɟɤɬ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ. Ɉɞɧɚ-

ɤɨ, ɛɢɨɫɨɪɛɟɧɬ, ɩɨɥɭɱɟɧɧɵɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɟɦ ɧɚ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɫ ɤɨɚɝɭ-

ɥɹɧɬɨɦ ȺХ2(SO4)3, ɩɨɡɜɨɥɢɥ ɞɨɛɢɬɶɫɹ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ɩɨ ɏɉɄ ɥɢɲɶ ɧɚ 89,3 %. 

ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɱɢɫɬɤɚ ɫɬɨɤɨɜ ɫ ɩɨɦɨɳɶɸ ɛɢɨɮɥɨɤɭɥɹɧɬɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɚ 

ɫɪɟɞɟ ɫ ɉȺȺ, ɭɜɟɥɢɱɢɥɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɞɨ 92,7 %. 

ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ ɜɟɥɢɱɢɧɭ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɨɤɚɡɵɜɚɟɬ 

ɉȺȺ, ɢɡɦɟɧɹɹ ɩɨɬɟɧɰɢɚɥ ɤɥɟɬɨɤ ɩɨɱɬɢ ɜ 2 ɪɚɡɚ, ɦɟɧɟɟ ɜɵɪɚɠɟɧɨ – ɢɨɧɵ ɚɥɸ-

ɦɢɧɢɹ (ɜ 1,η ɪɚɡɚ).  

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɚɤɬɢɧɨɦɢɰɟɬɚ ɧɚ ɫɪɟɞɚɯ ɫ 

ɉȺȺ ɢ ȺХ2(SO4)3 ɦɟɠɞɭ ɤɥɟɬɤɚɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ ɢ ɦɨɥɟɤɭɥɚɦɢ ɉȺȺ ɢ 

ȺХ2(SO4)3 ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ «ɛɢɨɦɚɬɪɢɰɵ». Ɇɚɤɪɨɢɨ-
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ɧɵ ɉȺȺ ɢ ȺХ2(SO4)3 ɨɛɪɚɡɭɸɬ ɫ ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɭɥɶɬɭɪɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫɥɨɠ-

ɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɚɝɪɟɝɚɬɨɜ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ ɛɢɨ-

ɮɥɨɤɭɥɹɰɢɢ. ȼ ɷɬɨɣ ɦɚɬɪɢɰɟ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɢ ɯɪɚɧɹɬɫɹ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬ-

ɜɚ, ɚ ɬɚɤ ɠɟ ɜɧɟɤɥɟɬɨɱɧɵɟ ɮɟɪɦɟɧɬɵ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɳɚɹ ɦɨɥɟ-

ɤɭɥɹɪɧɚɹ ɦɚɫɫɚ. ɉɪɢ ɷɬɨɦ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɫɥɨɣ ɮɨɪɦɢɪɭɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɨɤ ɚɤɬɢɧɨɦɢɰɟɬɚ. ɉɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɤɨɦ-

ɩɨɧɟɧɬɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ, ɫɪɟɞɵ, ɩɪɨɞɭɤɬɚɦɢ ɦɟɬɚɛɨɥɢɡɦɚ ɢ ɡɚɝɪɹɡɧɹɸ-

ɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ. ɉɪɢɫɭɬɫɬɜɢɟ ɮɥɨɤɭɥɹɧɬɚ ɢ ɤɨɚɝɭɥɹɧɬɚ ɜ ɫɪɟɞɟ ɨɤɚɡɵɜɚɟɬ 

ɜɥɢɹɧɢɟ ɧɚ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɥɟɬɨɤ ɛɚɤɬɟɪɢɣ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɞɜɭɦɹ ɩɭ-

ɬɹɦɢ: ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɫɜɹɡɵɜɚɧɢɟɦ ɫ ɛɟɥɤɨɜɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɢ ɧɟɫɩɟɰɢɮɢɱɟ-

ɫɤɢɦ ɫɜɹɡɵɜɚɧɢɟɦ ɫ ɡɚɪɹɠɟɧɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɤɬɟɪɢɚɥɶ-

ɧɵɯ ɤɥɟɬɨɤ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɢɡɦɟɧɟɧɢɸ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɤɥɟɬɨɤ. 

 

ȼɵɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɨ-

ɞɢɮɢɮɢɰɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ ɛɢɨɫɨɪɛɟɧɬɚ Str.МСЫШЦШРОЧОЬЬ.Р.0832 ɫ ɉȺȺ ɢ 

ȺХ2(SO4)3 ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɨɪɝɚɧɢɱɟ-

ɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɧɚɢɥɭɱɲɢɣ ɷɮɮɟɤɬ ɨɱɢɫɬɤɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɢɮɢɰɢɪɨ-

ɜɚɧɧɨɝɨɛɢɨɫɨɪɛɟɧɬɚ ɫ ɉȺȺ. 
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ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦ ɛɟɡɨ-

ɩɚɫɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɢɞɟ ɝɢɞɪɢɞɨɜ ɧɢɤɟɥɹ ɢɥɢ ɚɥɸɦɢɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧ ɦɟɯɚɧɢɡɦ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ (ɷɥɟɤɬɪɨɞɨɜ) ɞɥɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɥɭɱɟɧɢɹ 

ɝɢɞɪɢɞɨɜ ɚɥɸɦɢɧɢɹ. ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɢɞɪɢɞɨɜ ɚɥɸɦɢɧɢɹ 

ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɟɧ ɩɨ ɞɟɮɟɤɬɚɦ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɨɜ. Ɂɚɤɚɱɤɚ ɜɨɞɨɪɨɞɚ ɜ ɧɚɤɨɩɢɬɟɥɶ ɨɫɭɳɟ-

ɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ ɩɪɨɬɨɧɚ ɜɨɞɨɪɨɞɚ ɧɚ ɤɚɬɨɞɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɛɪɚɡɭɟɬ ɫ ɚɬɨɦɨɦ ɦɟɬɚɥɥɚ ɝɢɞɪɢɞɧɵɟ ɫɨɟɞɢ-

ɧɟɧɢɹ. ɂɫɫɥɟɞɨɜɚɧ ɜɚɪɢɚɧɬ ɜɨɞɨɪɨɞɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɢɤɟɥɶ, ɤɚɤ ɦɚɬɟɪɢɚɥ, ɨɛɥɚɞɚɸɳɢɣ ɛɨɥɶɲɟɣ ɫɤɥɨɧɧɨ-

ɫɬɶɸ ɤ ɩɨɝɥɨɳɟɧɢɸ ɜɨɞɨɪɨɞɚ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɨɦɩɨɡɢɬɵ Nix-

ȼy-H(D)z, ɜ ɤɨɬɨɪɵɯ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɛɨɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɭɥɭɱɲɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨ-

ɫɬɢ ɜɤɥɸɱɚɟɦɨɝɨ ɜɨɞɨɪɨɞɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɚɬɨɦɚɪɧɨɝɨ ɛɨɪɚ ɜ ɧɢɤɟɥɟ ɨɬ η ɚɬ. % ɞɨ 10 ɚɬ. %, ɩɪɢ ɷɬɨɦ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨ-

ɪɨɞɚ ɜ ɫɩɥɚɜɚɯ ɨɤɨɥɨ 600 ɫɦ
3

/100 ɝ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɦɨɧɨɥɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ (ɛɟɡ ɩɟ-

ɪɟɯɨɞɚ ɤ ɩɨɪɨɲɤɨɜɨɦɭ ɫɨɫɬɨɹɧɢɸ). ɋɢɧɬɟɡɢɪɨɜɚɧ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɬ σТ-IЧ ɫ ɮɚ-

ɡɨɜɵɦ ɫɨɫɬɚɜɨɦ – Ni70In30, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɫɬɪɭɤɬɭɪɨɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɭɞɟɪɠɚɧɢɟ ɞɨɩɢ-

ɪɨɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ (ɜɨɞɨɪɨɞɚ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɨɛɪɚɡɰɚɯ ɤɨɦɩɨɡɢɬɚ σТx-Iny-H(D)z, ɨɩɪɟɞɟɥɟɧɧɨɟ ɦɟɬɨɞɨɦ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ ɞɨ 

5,3 ɦɚɫ. %, ɢ ɩɨɥɭɱɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɟɣɬɟɪɢɹ 2 ɚɬ.D/ɚɬ.Ɇɟɬ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɩɨɥɭ-

ɱɟɧɧɵɣ ɤɨɦɩɨɡɢɬ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɧɚɤɨɩɥɟɧɢɸ ɜɨɞɨɪɨɞɚ ɢ ɞɚɥɶɧɟɣɲɟɦɭ ɫɨɯɪɚɧɟ-

ɧɢɸ ɟɝɨ ɜ ɮɨɪɦɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɝɢɞɪɢɞɨɜ. 
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The article presents the main problems that arise when creating systems for the safe storage 

of hydrogen in the form of hydrides of nickel or aluminum. The mechanism of formation of metal 

structures (electrodes) for electrochemical production of aluminum hydrides is considered. It is 

shown that the formation of aluminum hydrides is most likely due to defects in the structure of met-

als. The hydrogen is pumped into the accumulator by electrochemical discharge of the hydrogen 

proton on the cathode with the formation of atomic hydrogen, which subsequently forms hydride 

compounds with the metal atom. The variant of a hydrogen battery based on electrochemical sys-

tems is investigated. As a basis, nickel was used as a material with a higher propensity to absorb 

hydrogen. The Nix-By-H (D)z composites have been electrochemically synthesized, in which, with 

an increase in boron content, the solubility of the included hydrogen improves. The investigations 

were carried out in the range of variation in the concentrations of atomic boron in nickel from 5 at. 

% up to 10 at. %, in this case, while maintaining the monolithic structure of the sample (without 

transition to the powder state), the hydrogen content in the alloys is approximately 600 cm3 / 100 g. 

The electrochemical composite Ni-In with a phase composition - Ni70In30, which has a structure 

providing the retention of the doped deuterium (hydrogen) is synthesized. It was shown that the hy-

drogen content in the experimental samples of the Nix-Iny-H (D) z composite determined by ther-

mal desorption is up to 5.3 wt. %, and the deuterium concentration of 2 at. D / at. Met was obtained, 

which confirms that the obtained composite has the ability to accumulate hydrogen and further pre-

serve it in the form of metallic hydrides. 

Key words: hydrogen, nickel, boron, indium, aluminum, intermetallides, metal hydrides, ac-

cumulation, storage, fine-crystalline structure, electrochemistry, structural defects, hydrogenation 
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ȼɜɟɞɟɧɢɟ. Ȼɨɥɶɲɨɣ ɩɟɪɫɩɟɤɬɢɜɨɣ ɦɢɪɨɜɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɹɜ-

ɥɹɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɫɩɪɨɫɚ ɧɚ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɨ-

ɤɪɚɳɟɧɢɢ ɜɵɛɪɨɫɨɜ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ Д1-ηЖ. ȼɨɞɨɪɨɞ, 

ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɧɨɫɢɬɟɥɶ, ɲɢɪɨɤɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɤɨ-

ɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɚɹ, ɜɨɡɨɛɧɨɜɥɹɟɦɚɹ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɚɹ ɚɥɶɬɟɪɧɚɬɢɜɚ 

ɧɟɮɬɢ, ɨɫɨɛɟɧɧɨ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɟɤɬɨɪɟ Д1Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɥɚɝɚɸɬɫɹ 

ɛɨɥɶɲɢɟ ɭɫɢɥɢɹ ɞɥɹ ɪɚɡɜɢɬɢɹ ɭɫɬɨɣɱɢɜɨɣ ɜɨɞɨɪɨɞɧɨɣ ɷɤɨɧɨɦɢɤɢ, ɤɨɬɨɪɚɹ ɫɜɹ-

ɡɚɧɚ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɜɨɞɨɪɨɞɚ, ɯɪɚɧɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɜɨɞɨɪɨɞɧɵɦ ɬɨɩɥɢɜɧɵɦ 

ɷɥɟɦɟɧɬɨɦ ɜ ɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫɠɢɝɚɧɢɹ ɜɨɞɨɪɨɞɚ Д2, 6Ж. Ɉɞɧɢɦ ɢɡ ɤɥɸɱɟ-

ɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɟɚɥɢɡɚɰɢɢ ɜɨɞɨɪɨɞɧɨɣ ɷɤɨɧɨɦɢɤɢ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɢɦɟ-

ɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ. 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ. ɏɨɬɹ 

ɧɟɤɨɬɨɪɵɟ ɛɚɡɨɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɝɚɡ, ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɢ ɤɪɢɨ-

ɝɟɧɧɨ ɫɠɢɠɟɧɧɵɣ ɜɨɞɨɪɨɞ ɜ ɤɨɧɬɟɣɧɟɪɚɯ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɧɚɫɬɨɹ-

ɳɟɟ ɜɪɟɦɹ, ɧɨ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɨɞɧɨɪɚɡɨɜɨɣ ɡɚɩɪɚɜɤɟ ɧɟ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ 

ɩɪɨɛɟɝ ɨ 300 ɦɢɥɶ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɯɪɚɧɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɬɜɟɪɞɨɬɟɥɶ-

ɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: ɧɢɡɤɨɣ ɫɬɨɢɦɨ-

ɫɬɶɸ, ɜɵɫɨɤɨɣ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɢ ɨɛɴɟɦɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɛɟɡɨɩɚɫɧɵɦ ɯɪɚɧɟ-

ɧɢɟɦ ɢ ɢɡɜɥɟɱɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɜ ɦɹɝɤɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ȼ ɬɟɱɟ-

ɧɢɟ ɩɨɫɥɟɞɧɢɯ ɞɟɫɹɬɢɥɟɬɢɣ ɛɵɥɢ ɢɡɭɱɟɧɵ ɦɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɚ-

ɤɢɟ ɤɚɤ ɫɥɨɠɧɵɟ ɝɢɞɪɢɞɵ ɦɟɬɚɥɥɨɜ Д7, 8Ж, ɝɢɞɪɢɞɵ ɦɟɬɚɥɥɨɜ Д9Ж, ɦɟɬɚɥɥɨɨɪɝɚ-

ɧɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɵ (Mτɋ) Д10-12Ж ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɫɬ-

ɪɭɤɬɭɪɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ Д13, 1ζЖ, ɧɨ, ɧɢ ɨɞɢɧ 

ɢɡ ɧɢɯ ɧɟ ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ Д1ηЖ. 

Ʉɨɦɩɥɟɤɫɧɵɟ ɝɢɞɪɢɞɵ ɦɟɬɚɥɥɨɜ (ɧɚɩɪɢɦɟɪ, NaAlH4, LiAlH4, LiBH4, 

Mg(BH4)2, LiNH2) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɸɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɢɦɟɸɬ ɜɵɫɨ-

ɤɭɸ ɜɨɞɨɪɨɞɧɭɸ ɟɦɤɨɫɬɶ ɢ ɹɜɥɹɸɬɫɹ ɧɟɫɥɨɠɧɵɦɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɚɤɨɩɢɬɟɥɟɣ 

ɜɨɞɨɪɨɞɚ. Ɍɢɩɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɥɨɠɧɵɯ ɝɢɞɪɢɞɨɜ ɦɟɬɚɥɥɨɜ ɫɨɞɟɪɠɢɬ ɤɚɬɢɨɧ 

ɳɟɥɨɱɧɨɣ ɦɟɬɚɥɥ (Me
n+) ɢ ɚɧɢɨɧ ɝɢɞɪɢɞɵ (AlH4

-
, BH4

-
, NH2

-) ɫ ɷɥɟɤɬɪɨɧɧɨɣ 

ɫɬɪɭɤɬɭɪɨɣ ɫ ɡɚɤɪɵɬɨɣ ɨɛɨɥɨɱɤɨɣ. 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɷɬɨɦ ɨɛɡɨɪɟ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɤɨɦ-

ɩɥɟɤɫɧɵɦ ɝɢɞɪɢɞɚɦ ɦɟɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɟ Al ɢ B. Ɉɛɨɛɳɺɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɷɬɢɯ ɫɥɨɠɧɵɯ ɦɟɬɚɥɥɨɝɢɞɪɢɞɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɯ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɢɪɨ-

ɜɚɧɢɹ ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɜ ɭɦɟɪɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟ ɭɫɬɪɚɢɜɚɸɬ 

ɥɢɛɨ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ, ɥɢɛɨ ɤɢɧɟɬɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɚɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɛɨɥɶɲɢɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɢɯ ɫɥɨɠɧɵɯ ɦɟɬɚɥɥɨɝɢɞɪɢɞɨɜ ɜ 

ɤɚɱɟɫɬɜɟ ɛɨɪɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɹɜɥɹɟɬɫɹ ɢɯ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ, ɧɢɡɤɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɚɞ-

ɫɨɪɛɰɢɢ ɞɟɫɨɪɛɰɢɢ ɢ ɜɨɞɨɪɨɞɚ, ɚ ɬɚɤɠɟ ɧɢɡɤɚɹ ɰɢɤɥɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɮɚɤ-

ɬɢɱɟɫɤɢ – ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ). Ɉɱɟɧɶ ɜɚɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɷɮɮɟɤɬɢɜɧɵɟ ɯɢɦɢ-

ɱɟɫɤɢɟ ɢ ɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɷɬɢɯ 

ɦɚɬɟɪɢɚɥɨɜ. ȼɨɡɶɦɟɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ: Mg(BH4)2. ȼɨɡɦɨɠɧɵɣ ɩɪɨɰɟɫɫ ɞɟ-

ɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ ɢɡ Mg(BH4)2 – MgB2 ɢɡɨɛɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ 

(1) – (3) [16]: 

 

6Mg(BH4)2 ↔ ηMРH2 + MgB12H12  + 13H2.                         (1) 

 

5MgH2↔ 5Mg + 5H2.                                           (2) 

 

5Mg+ Mg12H12↔ 6MgB2 + 6H2.                                   (3) 

 

Ɏɚɤɬɢɱɟɫɤɢ, ɞɟɫɨɪɛɰɢɹ ɜɨɞɨɪɨɞɚ Mg(BH4)2 ɢɫɩɵɬɵɜɚɟɬ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ 

ɞɟɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ, ɜɤɥɸɱɚɸɳɢɣ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɢ ɮɢɡɢɱɟɫɤɢɟ ɢɡɦɟɧɟ-

ɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɦɚɫɫɨɜɵɣ ɩɟɪɟɧɨɫ ɢ ɪɚɡɞɟɥɟɧɢɟ ɮɚɡ. ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ (ɭɪɚɜɧɟ-

ɧɢɟ (1)) ɫ ɷɧɬɚɥɶɩɢɟɣ ɢ ɷɧɬɪɨɩɢɟɣ 39 ɤȾɠ/ɦɨɥɶ ɇ2 ɨɛɪɚɡɭɸɬɫɹ ɞɜɚ ɬɟɪɦɨɞɢɧɚ-
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ɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɚ, Mg(B12H12) ɢ MgH2 Д17Ж. ȼ 2008 ɝɨɞɭ ɛɵɥɨ 

ɩɨɥɭɱɟɧɨ ɞɪɭɝɨɟ ɡɧɚɱɟɧɢɟ η7 ɤȾɠ/ɦɨɥɶ ɇ2 Д18Ж. Ɋɟɚɤɰɢɢ ɞɟɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ, 

ɭɪɚɜɧɟɧɢɹ (2) ɢ (3), ɢɦɟɸɬ ɷɧɞɨɬɟɪɦɢɱɧɨɫɬɶ 7η ɢ 87 ɤȾɠ/ɦɨɥɶ H2. ɉɨɷɬɨɦɭ 

ɭɪɚɜɧɟɧɢɹ (2) ɢ (3) ɪɟɚɥɢɡɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, η72 Ʉ (ɭɪɚɜ-

ɧɟɧɢɟ (2)) ɢ 6ζ3 Ʉ (ɭɪɚɜɧɟɧɢɟ (3)). Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɚɛɢɥɶɧɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨ-

ɟɞɢɧɟɧɢɟ ɨɛɵɱɧɨ ɩɪɢɜɨɞɢɬ ɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɥɨɜɭɲɤɟ, ɜ ɤɨɬɨɪɭɸ ɩɨɩɚɞɚɟɬ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ. ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ Ⱦɠɟɧɫɟɧ ɢ ɞɪɭɝɢɟ. ɨɛɧɚɪɭɠɢɥɢ, 

ɱɬɨ ɜ ɪɟɠɢɦɟ (з ζ00°ɋ ɢ з 9η0 ɛɚɪ) ɩɨ ɭɪɚɜɧɟɧɢɹɦ (2) – (3) ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹ-

ɸɬɫɹ ɪɟɚɤɰɢɢ ɜɵɞɟɥɟɧɢɹ/ɩɨɝɥɨɳɟɧɢɹ ɜɨɞɨɪɨɞɚ Д19Ж. Ɉɞɧɚɤɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɷɬɢ ɭɫɥɨɜɢɹ ɧɟɩɪɢɟɦɥɟɦɵ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɤɨɪɨɫɬɟɣ ɚɞɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ, 

ɫɥɨɠɧɵɯ ɦɟɬɚɥɥɨɝɢɞɪɢɞɨɜ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɨɡɞɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɯɪɚ-

ɧɟɧɢɹ ɜɨɞɨɪɨɞɚ. Ɉɞɧɚɤɨ, ɩɨɫɤɨɥɶɤɭ ɫɜɹɡɢ B-H ɜ BH4 ɢ AХ-H ɜ AХH4 ɹɜɥɹɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɥɶɧɵɦɢ, ɢɯ ɞɢɫɫɨɰɢɚɰɢɢ ɬɪɟɛɭɸɬ ɪɟɲɟɧɢɹ ɫɟɪɶɺɡɧɵɯ ɩɪɨɛɥɟɦ. 

ɉɨɜɵɲɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɚɞɫɨɪɛɰɢɢ ɢ ɞɟɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ ɧɟɪɚɡ-

ɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ ɞɜɭɦɹ ɩɪɨɰɟɫɫɚɦɢ.  

ȼɨ-ɩɟɪɜɵɯ, ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ, ɫɜɹɡɚɧɧɵ ɫ ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ, ɤɨ-

ɬɨɪɵɟ ɨɫɬɚɬɨɱɧɨ ɷɧɟɪɝɨɺɦɤɢ ɢ ɡɚɦɟɞɥɹɸɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ.  

ȼɨ-ɜɬɨɪɵɯ, ɞɢɮɮɭɡɢɹ ɜɨɞɨɪɨɞɚ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɮɚɤɬɨɪɨɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɜɥɢɹɧɢɟ ɧɚ ɤɢɧɟɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɟɝɨ ɚɞɫɨɪɛɰɢɢ ɢ 

ɞɟɫɨɪɛɰɢɢ. 

ɉɟɪɟɯɨɞɹ ɤ ɩɪɨɛɥɟɦɚɦ ɜɨɞɨɪɨɞɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɪɟɞɨɬɨ-

ɱɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɝɥɚɜɧɨɦ – ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨ-

ɝɨ ɩɪɨɰɟɫɫɚ. Ɍɚɤ, ɜɨɞɨɪɨɞɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɤɨɫɦɨɫɚ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɚɞɟɤɜɚɬɧɨ 

ɩɟɪɟɧɟɫɟɧɵ ɢɡ ɫɬɚɰɢɨɧɚɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚɡɟɦɧɨɝɨ ɛɚɡɢɪɨɜɚɧɢɹ, 

ɩɨɫɤɨɥɶɤɭ ɨɩɟɪɚɰɢɢ ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ, ɨɠɢɠɟɧɢɹ ɢ ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨ-

ɞɚ ɤɪɚɣɧɟ ɷɧɟɪɝɨɡɚɬɪɚɬɧɵ. ɑɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɬɨ ɪɟɲɟɧɢɟ ɷɬɨ-

ɝɨ ɜɨɩɪɨɫɚ ɧɨɫɢɬ ɩɨɤɚ ɬɨɥɶɤɨ ɞɢɫɤɭɫɫɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. Ɍɚɤ, ɩɨ ɦɧɟɧɢɸ ɨɞɧɢɯ 

ɚɜɬɨɪɨɜ Д20Ж, ɪɚɡɪɚɛɨɬɤɚ ɝɢɞɪɢɞɧɨɝɨ ɦɟɬɨɞɚ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɛɟɫɩɟɪɫɩɟɤɬɢɜ-

ɧɚ, ɩɨɷɬɨɦɭ ɡɚ ɨɫɧɨɜɭ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɧɹɬ ɫɩɨɫɨɛ ɤɨɦɩɪɢɦɢɪɨɜɚɧɧɨɝɨ ɯɪɚɧɟ-
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ɧɢɹ ɜɨɞɨɪɨɞɚ. Ƚɥɚɜɧɨɟ ɫɨɦɧɟɧɢɟ ɫɬɨɪɨɧɧɢɤɨɜ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɟɡɢɫɟ ɨ ɬɨɦ, ɱɬɨ 

ɜɨɞɨɪɨɞ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɬɨɥɶɤɨ ɩɨ ɦɟɠɞɭɭɡɥɢɹɦ, ɜ ɧɚɲɟɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ Д21, 22Ж ɜɨɞɨɪɨɞ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɦɟɬɚɥɥɚɦɢ ɬɚɤɠɟ ɩɨ ɞɟɮɟɤ-

ɬɚɦ ɫɬɪɭɤɬɭɪɵ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɨɫɨɛɵ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɦɨɠɧɨ ɪɚɫɩɨ-

ɥɨɠɢɬɶ ɜ ɪɹɞ ɩɨ ɫɬɟɩɟɧɢ ɜɨɡɪɚɫɬɚɧɢɹ ɛɚɥɥɨɧɧɨɟ – ɤɪɢɨɫɬɚɬɧɨɟ – ɦɟɬɚɥɥɨɝɢɞ-

ɪɢɞɧɨɟ. ɉɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɩɟɪɟɫɱɺɬɟ ɧɚ ɟɞɢɧɢɰɭ ɩɨɥɟɡɧɨɝɨ 

ɜɟɫɚ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɢɬɫɹ: ɦɟɬɚɥɥɨɝɢɞɪɢɞɧɨɟ, ɛɚɥɥɨɧɧɨɟ, ɤɪɢɨɫɬɚɬɧɨɟ. ɋɪɚɜɧɢ-

ɜɚɹ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɷɬɢɦ ɩɪɢɡɧɚɤɚɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɩɪɢɨɪɢɬɟɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ.  

Ɉɛɳɟɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨ ɩɨɝɥɨɳɚɸɬ ɜɨɞɨɪɨɞ ɷɥɟɦɟɧɬɵ ɩɥɚ-

ɬɢɧɨɜɨɝɨ ɫɟɦɟɣɫɬɜɚ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ. Ɉɞɧɚɤɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɨɫɬɪɨɣ ɞɟ-

ɮɢɰɢɬɧɨɫɬɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɨɫɨɛɭɸ ɪɨɥɶ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɦɟ-

ɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɟ ɦɟɬɚɥɥɵ ɢ ɫɩɥɚ-

ɜɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɢɫɬɟɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɦɟɸɬ ɞɪɭɝɨɣ ɦɟɯɚ-

ɧɢɡɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɜɨɞɨɪɨɞɨɦ.  

ȼɨ-ɩɟɪɜɵɯ: ɜɨɞɨɪɨɞ ɧɚ ɷɥɟɤɬɪɨɞɟ (ɤɚɬɨɞɟ) ɜɵɞɟɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɨɛɪɚ-

ɡɭɸɳɢɦɢɫɹ ɚɬɨɦɚɦɢ ɦɟɬɚɥɥɚ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ:  

Ɇɟn+
 + ЧО → Ɇɟ0; ɇ + +О → ɇ 0; ɇ 0 + ɇ0

 → H2. 

ȼɨ-ɜɬɨɪɵɯ: ɧɚɥɢɱɢɟ ɚɬɨɦɧɨɝɨ ɜɨɞɨɪɨɞɚ (1) ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɚ ɫ ɜɨɞɨɪɨɞɨɦ.  

ȼ-ɬɪɟɬɶɢɯ: ɨɛɪɚɡɨɜɚɧɢɟ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ, ɨɛɥɚɞɚɸɳɢɯ ɛɨɥɟɟ ɜɵɫɨɤɢɦ 

ɩɨɬɟɧɰɢɚɥɨɦ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɬɨɦɚɦɢ, ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɬɨɦɚ 

ɜɨɞɨɪɨɞɚ ɫɬɚɧɨɜɢɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ Д23, 2ζЖ. 

ȼ-ɱɟɬɜɺɪɬɵɯ, ɥɟɝɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɨɜ ɨɩɪɟɞɟɥɺɧɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɫɩɨɫɨɛɫɬ-

ɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪ ɫ ɧɚɢɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɞɟɮɟɤɬɨɜ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟ-

ɦɚ ɦɟɬɚɥɥɚ. Ʉ ɬɨɦɭ ɠɟ ɜɜɟɞɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɞɨɛɚɜɨɤ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ 
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ɧɟɹɜɧɨ ɜɵɪɚɠɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɟɪɟɯɨɞɨɦ ɤ ɚɦɨɪɮɧɵɦ ɫɬɪɭɤ-

ɬɭɪɚɦ. Ⱥ ɦɟɬɚɥɥɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɚɤɤɭɦɭɥɢ-

ɪɭɸɬ ɩɪɢɦɟɪɧɨ ɧɚ ζ0 % ɜɨɞɨɪɨɞɚ ɛɨɥɶɲɟ, ɱɟɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ.  

ɐɟɥɶ ɩɪɨɜɨɞɢɦɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɫɮɨɪɦɢɪɨɜɚɬɶ ɬɚɤɨɣ ɫɨɫɬɚɜ, ɤɨɬɨɪɵɣ 

ɛɵ ɭɞɟɪɠɢɜɚɥ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɤɨɥɢɱɟ-

ɫɬɜɨ ɜɨɞɨɪɨɞɚ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɨɫɜɨɛɨɠɞɚɥ-

ɫɹ ɨɬ ɧɟɝɨ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɧɚɤɨɩɢɬɟɥɟɣ ɜɨɞɨɪɨɞɚ ɜɫɺ ɛɨɥɶɲɟ ɜɧɢɦɚ-

ɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɭɞɟɥɹɟɬɫɹ ɝɢɞɪɢɞɚɦ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɚɦ, ɫɨɞɟɪɠɚɳɢɦ ɝɢɞ-

ɪɢɞɨɨɛɪɚɡɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ (Ti, Ni, Al, Zr, Hf ɢ ɞɪɭɝɢɟ), ɤɪɨɦɟ ɬɨɝɨ, ɫ ɰɟɥɶɸ 

ɩɨɜɵɲɟɧɢɹ ɭɞɟɥɶɧɨɣ ɟɦɤɨɫɬɢ ɧɚɤɨɩɢɬɟɥɟɣ ɜɨɞɨɪɨɞɚ, ɮɨɪɦɢɪɭɸɬɫɹ ɬɚɤɢɟ ɞɟ-

ɮɟɤɬɵ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ «ɥɨɜɭɲɤɚɦɢ» ɜɨɞɨɪɨɞɚ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ 

ɢɧɬɟɪɟɫɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɦɨɪɮɧɵɟ ɫɩɥɚɜɵ. ɋɨɫɬɚɜ 

ɫɩɥɚɜɚ ɩɨɞɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɥɚɫɶ ɧɚɞɥɟɠɚɳɚɹ ɭɩɪɭɝɨɫɬɶ 

ɞɢɫɫɨɰɢɚɰɢɢ ɜɨɞɨɪɨɞɚ Д23, 2ηЖ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɦɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɢɤɟɥɶ, ɯɪɨɦ, ɚɥɸɦɢ-

ɧɢɣ, ɚ ɬɚɤɠɟ ɢɯ ɫɩɥɚɜɵ. Ɋɚɧɟɟ ɞɨɤɚɡɵɜɚɥɨɫɶ, ɱɬɨ ɷɬɢ ɦɟɬɚɥɥɵ ɨɛɪɚɡɭɸɬ ɝɢɞɪɢ-

ɞɵ ɫɨɫɬɚɜ NiH, NiH2 ɢ CrH [26, 27]. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ 

ɩɪɨɹɜɥɹɟɬɫɹ ɤ ɬɚɤɨɦɭ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦɭ ɬɨɩɥɢɜɭ, ɤɚɤ ɝɢɞɪɢɞ ɚɥɸɦɢɧɢɹ 

AlH3. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɟ ɨɩɪɟɞɟɥɹɥɨɫɶ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɷɤɫ-

ɬɪɚɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɟɰ ɩɨɦɟɳɚɥɫɹ ɜ ɤɜɚɪɰɟɜɭɸ ɤɚɦɟɪɭ ɜ ɤɨɬɨɪɨɣ ɫɨɡɞɚɜɚɥ-

ɫɹ ɜɚɤɭɭɦ 10-5
 ɦɦ. ɪɬ. ɫɬ.,ɡɚɬɟɦ ɧɚɝɪɟɜɚɥɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ η00 ◦ɋ ɢ ɩɨ ɪɚɡɧɨɫɬɢ 

ɞɚɜɥɟɧɢɣ ɞɨ ɢ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɜɵɱɢɫɥɹɥɫɹ ɨɛɴɟɦ ɜɨɞɨɪɨɞɚ ɩɨ ɮɨɪɦɭɥɟ:  

 

VH2    = 20η ΔP/m, ɫɦ3/100 ɝ,                                           (4) 

 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

92 

ɝɞɟ ΔP – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ, ɦɦ.ɪɬ.ɫɬ.; m – ɦɚɫɫɚ ɨɛɪɚɡɰɚ, ɝ; ɤɨɷɮɮɢɰɢɟɧɬ 20η 

ɨɩɪɟɞɟɥɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɭɫɬɚɧɨɜɤɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɫɭɥɶɮɚɦɚɬɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɨɪɫɨɟɞɢɧɟɧɢɣ ɤɥɚɫɫɚ ɜɵɫɲɢɯ ɩɨɥɢɷɞɪɢɱɟɫɤɢɯ ɛɨɪɚɬɨɜ Д28Ж. 

Ɋɟɠɢɦɵ ɷɥɟɤɬɪɨɥɢɡɚ: ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ (ik) 0,5 – 4,0 Ⱥ/ɞɦ2; ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨ-

ɥɢɬɚ (tɷɥ-ɬɚ) 30-50°ɋ; ɪɇ – 3,5-ζ,η. Ⱥɧɨɞɵ – ɧɢɤɟɥɶ. Ʉɚɬɨɞɵ – ɦɟɞɶ ɦɚɪɤɢ Ɇ-1. 

ɋɨɞɟɪɠɚɧɢɟ ɛɨɪɚ ɜ ɫɢɫɬɟɦɟ Ni-B ɨɩɪɟɞɟɥɹɥɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨ-

ɞɨɦ Д29Ж. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɜɵɛɪɚɧ ɪɟɠɢɦ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ: ɩɥɨɬɧɨɫɬɶ ɤɚɬɨɞɧɨɝɨ ɬɨɤɚ ɪɚɜɧɚ 2 Ⱥ/ɞɦ2, ɤɢɫɥɨɬɧɨɫɬɶ ζ,0 ɟɞ. ɪɇ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ζ0°ɋ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɪɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɢ ɜ ɷɥɟɤ-

ɬɪɨɥɢɬɟ 0,1-1 ɝ/ɥ. ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɛɨɪɚ ɜ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɥɨ, ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ, 0,1; 0,η ɢ 1 %, ɤɢɫɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ – ζ,0, ɬɟɦɩɟɪɚɬɭɪɚ – ζ0°ɋ,  

iɤ = 2 Ⱥ/ɞɦ2
. 

Ʉɨɦɩɨɡɢɬɵ σТ-IЧ ɬɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɺɦ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɨɫɚɠ-

ɞɟɧɢɹ ɧɚ ɩɨɞɥɨɠɤɢ ɢɡ ɦɟɞɢ (ɬɨɥɳɢɧɚ 0,0η ɦɦ). ɗɥɟɤɬɪɨɥɢɬ ɫɨɫɬɨɹɥ ɢɡ 

NiSO4×7H2O = 140 ɝ/ɥ; σК2SO4×10H2O = 20 ɝ/ɥ; IЧ2(SO4)3, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨ-

ɝɨ ɢɡɦɟɧɹɥɚɫɶ ɨɬ 1 ɝ/ɥ ɞɨ 12 ɝ/ɥ, ɢ ɤɨɦɩɨɡɢɰɢɢ ɞɨɛɚɜɨɤ Д30Ж. ɗɥɟɤɬɪɨɥɢɡ ɩɪɨɜɨ-

ɞɢɥɫɹ ɫ ɩɥɚɬɢɧɨɜɵɦ ɚɧɨɞɨɦ ɢ ɦɟɞɧɵɦ ɤɚɬɨɞɨɦ. ȼɚɪɶɢɪɨɜɚɧɢɟ ɤɨɥɢɱɟɫɬɜɨɦ 

In2(SO4)3 ɨɛɟɫɩɟɱɢɜɚɥɨ ɩɨɥɭɱɟɧɢɟ ɤɨɦɩɨɡɢɬɨɜ σТ-IЧ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɤɨɦɩɨɧɟɧɬɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ σТ-IЧ ɨɩɪɟɞɟɥɹɥɨɫɶ ɪɟɧɬɝɟ-

ɧɨɮɥɸɨɪɟɫɰɟɧɬɧɵɦ ɦɟɬɨɞɨɦ. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤ-

ɬɨɦɟɬɪɟ ȾɊɈɇ-2.0. 

ɋ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɮɨɧɨɜɨɝɨ ɜɨɞɨɪɨɞɚ, ɢɦɟɸɳɟɝɨɫɹ ɜ ɨɛɪɚɡ-

ɰɚɯ ɢ ɜ ɤɚɦɟɪɟ ɦɢɲɟɧɟɣ, ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɟɣɬɟɪɢɣ – ɢɡɨɬɨɩ ɜɨ-

ɞɨɪɨɞɚ. Ɇɟɬɨɞɨɦ ɬɟɪɦɨɞɟɫɨɪɛɰɢɨɧɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɤɢ-

ɧɟɬɢɤɚ ɪɚɡɜɢɬɢɹ ɫɩɟɤɬɪɚ ɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟɪɢɹ ɢɡ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ σТ-IЧ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɞɨɡɵ ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ. 

Ɉɛɥɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ɢ ɢɡɦɟɪɟɧɢɟ ɫɩɟɤɬɪɨɜ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ 

ɧɚ ɭɫɬɚɧɨɜɤɟ «ɋɄɂɎ», ɞɟɬɚɥɶɧɨ ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ Д31Ж. Ɉɛɪɚɡɰɵ ɤɪɟɩɢɥɢɫɶ 

ɧɚ ɮɨɥɶɝɟ-ɧɚɝɪɟɜɚɬɟɥɟ ɢɡ ɬɚɧɬɚɥɚ ɪɚɡɦɟɪɨɦ η×ζη×0,1 ɦɦ
3

. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚ-
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ɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜɨɥɶɮɪɚɦɪɟɧɢɟɜɨɣ ɬɟɪɦɨɩɚɪɨɣ ȼɊη/20, ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ 

ɧɚɝɪɟɜɚɬɟɥɸ. ȼɧɟɞɪɟɧɢɟ ɞɟɣɬɟɪɢɹ ɜ ɨɛɪɚɡɰɵ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɨɦɛɚɪɞɢɪɨɜɤɨɣ 

ɢɨɧɚɦɢ ɫ ɷɧɟɪɝɢɟɣ 12 ɤɷȼ ɢ ɞɨɡɚɦɢ ɜ ɩɪɟɞɟɥɚɯ 3×1017÷3×1018
 ɚɬ.D/ɫɦ

2

. 

Ⱥɥɸɦɢɧɢɟɜɵɟ ɨɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɩɨ ɦɟɬɨɞɢɤɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɧɨɣ 

ɮɨɥɶɝɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ Д32Ж. ɉɪɢ ɷɬɨɦ ɢɫ-

ɩɨɥɶɡɨɜɚɥɫɹ ɷɥɟɤɬɪɨɥɢɬ ɞɥɹ ɨɤɫɢɞɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɫɨɞɟɪɠɚ-

ɳɢɣ, ɦɚɫ.: ɛɨɪɧɭɸ ɤɢɫɥɨɬɭ – 3η,7; ɚɦɦɢɚɤ – 12,3; ɜɨɞɭ – 19,8; ɷɬɢɥɟɧɝɥɢɤɨɥɶ 

ɨɫɬɚɥɶɧɨɟ. Ⱥɦɦɢɚɤ ɜɜɨɞɢɥɫɹ ɜ ɜɢɞɟ 2η % ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ. 

ɇɚɜɨɞɨɪɨɠɢɜɚɧɢɟ ɚɥɸɦɢɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɨɝɨ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ, ɝ/ɥ: 700 

ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ (ɪ = 1,57 ɝ/ɫɦ3), η3η ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, 

η7 ɯɪɨɦɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ ɢ 270 ɜɨɞɵ. Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 80°C, ɚɧɨɞɧɚɹ ɩɥɨɬ-

ɧɨɫɬɶ ɬɨɤɚ η-80 Ⱥ/ɞɦ2. Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɢɞɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɧɚ ɭɫɬɚɧɨɜɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨ-

ɬɟ Д33Ж ɧɚ ɨɛɪɚɡɰɚɯ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 16 ɦɤɦ ɢ ɨɬɨɠɠɟɧɧɨɣ ɩɪɢ 

400°ɋ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɩɪɨɜɨɞɢɦɵɦɢ ɧɚɦɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟ-

ɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɚɦɢ ɜɚɤɭɭɦɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, 

ɩɨɤɚɡɚɧɚ ɯɨɪɨɲɚɹ ɨɛɪɚɬɢɦɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɷɬɢɯ ɦɟɬɚɥɥɚɯ ɫ ɨɛɪɚɡɨ-

ɜɚɧɢɟɦ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɝɢɞɪɢɞɨɜ. ȼ ɱɢɫɥɟ ɬɪɟɛɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹ-

ɸɬɫɹ ɞɥɹ ɧɚɤɨɩɢɬɟɥɟɣ ɜɨɞɨɪɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɧɚ ɩɪɟɞɩɨɱɬɟɧɢɟ ɤ ɫɬɪɭɤɬɭ-

ɪɚɦ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɬɨɥɳɢɧɵ ɦɟɬɚɥɥɨɜ (ɫɩɥɨɲɧɵɟ 

ɫɪɟɞɵ) ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɪɨ-

ɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɤɪɵɬɵɯ ɤɚɦɟɪ, ɢɡ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɚ ɷɤɫɬɪɚɤɰɢɹ ɜɨɞɨ-

ɪɨɞɚ, ɢ ɜ ɬɨɠɟ ɜɪɟɦɹ ɫɨɯɪɚɧɹɸɬɫɹ ɪɟɞɭɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɡɚɤɥɸ-

ɱɚɸɳɢɯɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜɨɞɨɪɨɞɚ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɜɨɞɨɪɨɞ ɭɞɚɥɹɟɬɫɹ ɩɨɫɬɟ-
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ɩɟɧɧɨ ɢɡ ɝɥɭɛɢɧɧɵɯ ɫɥɨɟɜ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜɨɞɨ-

ɪɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɚɥɢɡɨɜɚɬɶ ɬɚɤɢɟ ɷɥɟɤɬɪɨɞɧɵɟ ɫɢɫɬɟɦɵ, ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜ-

ɥɟɧɢɹ ɤɨɬɨɪɵɯ ɛɵɥɚ ɛɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɚ, ɩɨɡɜɨɥɹɥɚ ɩɨɥɭɱɚɬɶ ɭɫɬɨɣɱɢɜɵɟ ɩɨ 

ɩɚɪɚɦɟɬɪɚɦ (ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɜɢɬɢɹ ɩɨɜɟɪɯɧɨɫɬɢ) ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 

ɨɛɟɫɩɟɱɢɜɚɥɚ ɛɵ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɢ ɟɝɨ ɩɨɥɧɭɸ ɷɤɫɬɪɚɤɰɢɸ 

ɩɪɢ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɤɨɩɢɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɚ ɚɥɸɦɢɧɢɟɜɚɹ ɮɨɥɶɝɚ, ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɚ ɜ 

[32]. ɇɚɦɢ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɦɚɬɟɪɢɚɥɵ, ɢɦɟɸɳɢɟ ɦɨɧɨɥɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɨɛɥɚ-

ɞɚɸɳɢɟ ɩɨɪɢɫɬɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ ɫ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ.  

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɪɚɡɜɢɬɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɡɚ ɫɱɺɬ: 

1. ȼɤɥɸɱɟɧɢɹ ɛɨɪɚ ɜ ɦɚɬɟɪɢɚɥ, ɤɚɤ ɷɥɟɦɟɧɬɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɩɨɥɭɱɟ-

ɧɢɸ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

2. ɉɪɢɦɟɧɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɧɚɦɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɭɫɥɨɜɢɹɦɢ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɹɜɥɹɟɬɫɹ ɪɹɞ ɨɝɪɚɧɢɱɟɧɢɣ: 

1. ɉɨɫɬɨɹɧɫɬɜɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ; 

2. ɇɟɢɡɦɟɧɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɷɥɟɤɬɪɨɥɢɬɚ; 

3. Ⱥɛɫɨɥɸɬɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɟɣ ɞɪɭɝɨɣ ɩɪɢɪɨɞɵ; 

4. ɉɨɫɬɨɹɧɫɬɜɨ ɜɨ ɜɪɟɦɟɧɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɥɢɬɚ; 

5. Ɋɚɜɧɨɪɚɫɩɪɟɞɟɥɺɧɧɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɨ ɨɛɪɚɡɰɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɚɥɸɦɢɧɢɹ. 

1. Ⱥɥɸɦɢɧɢɣ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɥɸɦɢɧɢɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ 

ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ɍɟɩɟɪɶ ɷɬɨɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɦɟɬɚɥɥ ɦɨɠɟɬ ɧɚɣɬɢ 

ɩɪɢɦɟɧɟɧɢɟ ɟɳɟ ɜ ɨɞɧɨɣ ɨɛɥɚɫɬɢ - ɜ ɤɚɱɟɫɬɜɟ ɚɤɤɭɦɭɥɹɬɨɪɚ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɦ 

ɛɭɞɭɬ ɩɢɬɚɬɶɫɹ ɬɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɩɪɢɜɨɞɹɳɢɟ ɜ ɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɜɨ-

ɞɨɪɨɞɧɵɟ ɚɜɬɨɦɨɛɢɥɢ ɢ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ.  

Ȼɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ 

ɨɛɪɚɡɰɨɜ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɸɦɢɧɢɹ ɫ ɜɨɞɨ-

http://www.dailytechinfo.org/energy/290-samyj-yekonomichnyj-avtomobil-na-vodorode-iz.html
http://www.dailytechinfo.org/energy/290-samyj-yekonomichnyj-avtomobil-na-vodorode-iz.html
http://www.dailytechinfo.org/military/4807-bespilotnik-ion-tiger-na-vodorodnyh-toplivnyh-elementah-ustanavlivaet-novyy-rekord-prodolzhitelnosti-poleta.html
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ɪɨɞɨɦ. ɉɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɧɭɬɪɟɧ-

ɧɟɝɨ ɬɪɟɧɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 16 ɦɤɦ ɢ ɨɬɨɠɠɟɧɧɨɣ ɩɪɢ ζ00°ɋ. 

ɇɚ ɪɢɫɭɧɤɟ 1ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ Q–1
 = П(Ɍ) ɞɥɹ Al ɮɨɥɶɝɢ. ɂɡ ɞɚɧɧɵɯ ɪɢ-

ɫɭɧɤɚ 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚ ɤɪɢɜɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300°ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɡɟɪɧɨɝɪɚɧɢɱɧɵɣ ɩɢɤ (ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ 

ɨɛɪɚɡɰɚ 100 Ƚɰ). Ɏɨɧ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ η×10
-4

. Aɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧ-

ɧɵɯ ɜ Д3ζ-36] ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɨɜ, ɮɨɧ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 10-3 ɢ ɩɢɤ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ +2η0–+350°ɋ. ɗɬɢ 

ɪɟɡɭɥɶɬɚɬɵ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ, ɟɫɥɢ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɡɟɪɧɨɝɪɚɧɢɱɧɨɝɨ ɩɢɤɚ ɚɥɸɦɢɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɪɚɡɦɟɪɭ ɡɟɪɧɚ, 

ɱɢɫɬɨɬɟ ɦɟɬɚɥɥɚ, ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

 

 

Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɢ,  
ɨɬɨɠɠɟɧɧɨɣ ɩɪɢ ζ00°C 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɪɚɛɨɬɵ Д21-23, 28, 3ζ, 3ηЖ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 

ɬɨɦ, ɱɬɨ ɞɟɮɟɤɬɵ ɫɬɪɭɤɬɭɪɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɦɟɫɬɚɦɢ ɜɤɥɸɱɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɚ, ɫɨɝɥɚɫɭɸɬɫɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɢɫɭɧɤɚ 1 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɯ ɧɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɞɨɩɭɫɬɢɦɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 

~+350°ɋ, ɢ ɩɨ ɷɬɢɦ ɞɟɮɟɤɬɚɦ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɜɹɡɢ Al-H, ɱɬɨ ɞɟɬɚɥɶɧɨ 

ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ Д37Ж. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹ-
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ɡɢ Ɇɟ-ɇ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɚɬɨ-

ɦɚɦɢ ɢɥɢ ɝɪɭɩɩɚɦɢ ɚɬɨɦɨɜ (ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ) Д21-2η, 38Ж. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɡɞɚɸɬɫɹ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪ ɦɟɬɚɥɥɨɜ, 

ɫɩɨɫɨɛɧɵɯ ɚɤɤɭɦɭɥɢɪɨɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɜɨɞɨɪɨɞɚ. 

ɋɜɨɟɨɛɪɚɡɢɟ ɫɬɪɭɤɬɭɪɵ ɝɢɞɪɢɞɚ ɚɥɸɦɢɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɜɨɞɨ-

ɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɷɬɨɣ ɦɨɥɟɤɭɥɟ (ɪɢɫ. 2). ɏɚɪɚɤɬɟɪ ɝɟɨɦɟɬɪɢɢ ɦɨɥɟɤɭɥɵ ɨɩɪɟɞɟɥɹ-

ɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ, ɮɨɪɦɢɪɭɸɳɢɣ ɚɧɚɥɨɝ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶ-

ɰɚ, ɩɨɷɬɨɦɭ ɟɝɨ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦ ɛɟɧɡɨɥɨɦ. Ⱥɧɚɥɨɝɢɹ ɝɟɨɦɟɬɪɢɢ 

ɮɨɪɦɵ ɫ ɛɟɧɡɨɥɶɧɵɦ ɤɨɥɶɰɨɦ ɨɩɪɟɞɟɥɹɟɬ ɨɛɴɟɦɧɵɣ ɷɮɮɟɤɬ ɦɨɥɟɤɭɥɵ. ɍɞɟɥɶ-

ɧɵɣ ɜɟɫ ɝɢɞɪɢɞɚ ɚɥɸɦɢɧɢɹ d = 1,5 ɝ/ɫɦ3, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɭ ɝɢɞɪɢɞɨɜ 

ɢɨɧɧɨɝɨ ɬɢɩɚ. ɇɨ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɧɟɪɝɢɹ ɪɚɡɥɨɠɟɧɢɹ ɧɟɜɟɥɢɤɚ. Ɍɟɦɩɟɪɚɬɭɪɵ 

ɷɤɫɬɪɚɤɰɢɢ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ 1ζ0-150°ɋ. Ⱦɨɫɬɭɩɧɨɫɬɶ ɚɥɸɦɢɧɢɹ ɤɚɤ ɦɚɬɟɪɢɚɥɚ 

ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɸ Ʉɥɚɪɤɚ Д39Ж ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɨɛɨɫɧɨɜɚɧɧɨɣ ɢ ɛɥɢɠɚɣɲɢɟ 100 

ɥɟɬ ɩɪɨɛɥɟɦ ɫ ɞɨɫɬɭɩɧɨɫɬɶɸ ɟɝɨ ɧɟ ɛɭɞɟɬ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨ ɜɨɩɪɨɫɭ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɜɨɞɨɪɨɞɚ ɫ ɚɥɸɦɢɧɢɟɦ ɜ ɧɚɭɱɧɵɯ ɤɪɭɝɚɯ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɧɟɧɢɹ 

ɩɨ ɢɯ ɦɟɯɚɧɢɡɦɭ. ɇɚɜɟɪɧɨɟ, ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ ɩɪɚɜɢɥɶɧɵɦ ɭɬɜɟɪɠɞɟɧɢɟ Ⱦɠ. 

Ȼɨɤɪɢɫɚ Д2ζЖ ɨ ɬɨɦ, ɱɬɨ ɚɬɨɦɵ ɚɥɸɦɢɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 

ɷɥɟɤɬɪɨɥɢɬɚ ɬɨɥɶɤɨ ɱɟɪɟɡ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ. Ƚɥɚɜɧɵɦ ɚɪɝɭɦɟɧɬɨɦ ɬɚɤɨɝɨ ɭɬɜɟɪ-

ɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɚɥɸɦɢɧɢɟɜɨɝɨ 

ɷɥɟɤɬɪɨɞɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɚɤɬɢɜɧɨɟ ɫɚɦɨɪɚɫɬɜɨɪɟɧɢɟ.  

 

 

Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɝɢɞɪɢɞɚ ɚɥɸɦɢɧɢɹ Д2ζЖ 
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Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫ-

ɬɪɚɤɰɢɢ ɜɨɞɨɪɨɞɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɥɭɱɟɧɢɹ ɩɨɪ, ɤɨɬɨɪɵɟ ɭɠɟ ɚɩɪɨɛɢɪɨɜɚɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. 

Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-

ɡɨɦ. ɇɚ ɚɧɨɞɟ ɩɪɨɬɟɤɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɚ ɫɨɩɪɹɠɟɧɧɵɯ ɩɪɨɰɟɫɫɚ. Ɋɚɡɥɨɠɟɧɢɟ 

ɜɨɞɵ ɢ ɨɤɢɫɥɟɧɢɟ ɚɥɸɦɢɧɢɹ ɩɨ ɫɯɟɦɟ: 
 

2ɇ2Ɉ – ζɟ → ζɇ+ + Ɉ2.                                           (4) 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɦɨɥɟɤɭɥɵ ɤɢɫɥɨɪɨɞɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɷɮɮɟɤɬɨɦ  

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ: 
 

Ɉ + Ɉ → Ɉ2 + Q.                                                 (5) 

 

ɉɪɢ ɷɬɨɦ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ  

Q = 490,23 ɤȾɠ/ɦɨɥɶ. 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɢɨɧɵ ɜɨɞɨɪɨɞɚ ɬɚɤɠɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨ-

ɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɢɨɧɚ ɝɢɞɪɨɤɫɨɧɢɹ ɩɨ ɫɯɟɦɟ:  
 

ɇ++ ɇ2Ɉ → ɇ3Ɉ+
+ Q.                                           (6) 

 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɷɮɮɟɤɬɨɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ. ȼɟɥɢɱɢ-

ɧɚ Q ɫɨɫɬɚɜɥɹɟɬ ζ31,η7 ɤȾɠ/ ɦɨɥɶ. 

ɇɚ ɤɚɬɨɞɟ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɨɞɵ ɩɨ ɫɯɟɦɟ: 
 

2ɇ2Ɉ + 2ɟ → ɇ2+ 2Ɉɇ-
.                                       (7) 

 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɚɧɨɞɟ ɨɫɥɨɠɧɟɧɵ ɞɟɣɫɬɜɢɟɦ ɷɮɮɟɤɬɨɜ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɧɚ ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɩɪɨɰɟɫɫɚ. ȼɥɢɹɧɢɟ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ ɫɭ-

ɳɟɫɬɜɟɧɧɨ, ɢ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɢɦɟɧɧɨ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬ ɤɢɧɟɬɢɤɭ ɢ ɦɟɯɚɧɢɡɦ 

ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɚɥɸɦɢɧɢɹ. 
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ɋɭɳɟɫɬɜɭɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɷɥɟɤɬɪɨɞɟ ɜ ɡɨɧɟ ɪɟɚɤɰɢɢ 

ɦɨɠɟɬ ɧɚ ɩɨɪɹɞɤɢ ɩɪɟɜɵɲɚɬɶ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɷɥɟɤɬɪɨɥɢɬɚ Д32, 33Ж. ɗɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɡɨɧɟ, ɭɞɚɥɟɧɧɨɣ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ ɧɚ 

η0 ɦɤɦ, ɩɨɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɟɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɜ ɨɛɴɟɦɟ 

ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ζ0°ɋ Д32Ж. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɨɥɳɢɧɚ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɥɹɟɬ 

ɩɨɪɹɞɤɚ 0,4 ɧɦ. Ⱥɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɷɥɟɤɬɪɨɥɢɬɚ ɞɚɟɬ ɜɫɟ ɨɫɧɨɜɚɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɢɨɧɵ ɇ+
 ɧɚ ɚɧɨɞɟ ɪɚɫɬɜɨɪɹɸɬ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ 

Al2O3. Ɂɚ ɫɱɟɬ ɩɪɨɹɜɥɟɧɢɹ ɷɮɮɟɤɬɚ ɋɨɪɷ Дζ0Ж ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ ɫɬɚɧɨɜɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ. 

Ⱥɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɜɨɞɨɪɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ 

ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɫɨɞɟɪɠɚɳɟɦ ɛɭɮɟɪɧɵɟ ɞɨɛɚɜɤɢ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢ- ɢ ɞɢɤɚɪɛɨɧɨɜɵɯ 

ɤɢɫɥɨɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɢɡɦɟɧɟɧɢɟ ɪɇ ɪɚɫɬɜɨɪɚ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ. 

ɇɚ ɤɚɬɨɞɟ ɜ ɞɜɨɣɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɫɥɨɟ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ ɞɟɝɢɞɪɚɬɚɰɢɢ 

ɤɚɬɢɨɧɚ ɝɢɞɪɨɤɫɨɧɢɹ ɩɨ ɫɯɟɦɟ: 
 

ɇ3Ɉ+
 – ɇ2Ɉ → ɇ+

,                                             (8) 

 

H
+
+e → ɇ0

.                                                    (9) 

 

Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɫɨ ɫɜɨɛɨɞ-

ɧɵɦ ɚɬɨɦɨɦ ɦɟɬɚɥɥɚ 

 

Al
0 + 3ɇ0

 → Alɇ3                                             (10) 

 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɢɞɚ ɦɟɬɚɥɥɚ. ɋɜɨɛɨɞɧɵɣ ɩɪɨɬɨɧ ɇ+
 ɢɦɟɟɬ ɜɟɫɶɦɚ ɨɝɪɚɧɢ-

ɱɟɧɧɵɟ ɪɚɡɦɟɪɵ (10-5й) Дζ1Ж, ɩɨɷɬɨɦɭ ɟɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɱɟɪɟɡ ɨɤɫɢɞɧɵɣ ɫɥɨɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ. 

Ɉɞɧɢɦ ɢɡ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ ɚɤɤɭɦɭɥɢ-

ɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɞɧɨɣ ɫɢɫɬɟɦɵ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɪɚɡɜɢ-

ɬɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɵɫɨɤɭɸ ɞɨɫɬɭɩɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ ɤ ɷɥɟɤɬɪɨ-

ɞɭ. Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɢ ɷɬɨɦ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɮɨɪ-
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ɦɢɪɨɜɚɧɢɹ ɩɨɪ. Ƚɥɚɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɨɬɫɭɬɫɬɜɢɟ ɧɟɩɨɫɪɟɞɫɬ-

ɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɷɥɟɤɬɪɨɥɢɬɚ.  

ȼɨɩɪɨɫ ɨ ɦɟɯɚɧɢɡɦɟ ɪɚɫɬɜɨɪɟɧɢɹ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɨɫɢɬ ɞɢɫɤɭɫɫɢɨɧɧɵɣ 

ɯɚɪɚɤɬɟɪ. ɉɨ ɦɧɟɧɢɸ ɨɞɧɢɯ ɚɜɬɨɪɨɜ ɨɩɪɟɞɟɥɹɸɳɚɹ ɪɨɥɶ ɨɬɜɨɞɢɬɫɹ ɢɨɧɚɦ Cl
-
. 

ɉɨ ɦɧɟɧɢɸ ɞɪɭɝɢɯ Д32Ж ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ ɪɚɡɪɭɲɚɸɬ ɢɨɧɵ ɜɨɞɨɪɨɞɚ, ɨɛɪɚɡɭɸ-

ɳɢɟɫɹ ɩɪɢ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɜɨɞɵ ɧɚ ɚɧɨɞɟ ɩɨ ɫɯɟɦɟ: 
 

2ɇ2Ɉ – ζɟ → Ɉ2+ ζɇ+
.                                        (11) 

 

ɉɨ ɷɬɨɣ ɜɟɪɫɢɢ ɢɦɟɧɧɨ ɢɨɧɵ ɜɨɞɨɪɨɞɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɮɮɟɤɬɚ ɋɨɪɷ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɢɫɥɨɪɨɞɨɦ ɨɤɫɢɞɚ Al2O3, ɢ ɪɚɡɪɭɲɚɸɬ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ ɢɡ ɨɤ-

ɫɢɞɚ Al2O3: 
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  

.                                   (12)  

 

Ʉɚɬɢɨɧ Al
3+

 ɢɦɟɸɳɢɣ ɫɬɪɭɤɬɭɪɭ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɧɟɨɧɚ ɛɭɞɟɬ ɝɢɞɪɚɬɢɪɨ-

ɜɚɬɶɫɹ ɲɟɫɬɶɸ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɩɨ ɫɯɟɦɟ: 
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Ⱦɚɥɟɟ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɢɨɧ ɚɥɸɦɢɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɬɪɟɦɹ ɢɨɧɚɦɢ 

ɯɥɨɪɚ, ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫɧɵɣ ɢɨɧ ɚɥɸɦɢɧɢɹ, ɜ ɤɨɬɨɪɨɦ Al
3+

 ɨɛɪɚɡɭɟɬ, ɬɚɤ ɧɚ-

ɡɵɜɚɟɦɭɸ, ɦɭɥɶɬɢɩɥɟɬɧɭɸ ɫɜɹɡɶ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɚɬɨɦɵ ɚɥɸɦɢɧɢɹ ɩɨɝɪɚɧɢɱɧɵɯ 

ɫ ɷɥɟɤɬɪɨɥɢɬɨɦ ɫɥɨɟɜ ɞɨɥɠɧɵ ɩɟɪɟɯɨɞɢɬɶ ɜ ɨɤɢɫɥɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ⱥɤɬɢɜɧɵɦ 

ɨɤɢɫɥɢɬɟɥɟɦ ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɤɢɫɥɨɪɨɞ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɧɚ ɚɧɨɞɟ 

ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɜɨɞɵ. ɋɩɟɰɢɮɢɤɚ ɬɚɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨ-

ɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɩɚɫɫɢɜɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ. 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɥɟɞɭɸɳɢɣ ɮɚɤɬ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɧɚ ɚɧɨɞɟ 

ɤɢɫɥɨɪɨɞ ɧɚɯɨɞɢɬɫɹ ɜ ɚɬɨɦɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨ ɦɨɦɟɧɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɥɟɤɭɥɵ 
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O2, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼɪɟɦɹ ɞɟɡɢɧɬɟɝɪɚɰɢɢ ɦɨ-

ɥɟɤɭɥɵ ɤɢɫɥɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɫɟɤɭɧɞ. ɇɨ ɬɚɤɨɣ, ɠɟ ɩɨɪɹɞɨɤ 

ɢɡɦɟɧɟɧɢɹ ɢɦɟɸɬ ɢ ɩɨɬɟɧɰɢɚɥɵ ɢɡɦɟɧɟɧɢɹ ɨɬ E1 ɞɨ E3 ɞɥɹ ɚɥɸɦɢɧɢɹ (E1, E2, 

E3). ɋɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɫɬɚɞɢɹɦɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɩɨɝɥɨɳɟɧɢɢ ɷɧɟɪɝɢɢ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ. Ɇɧɨɝɨ-

ɱɢɫɥɟɧɧɵɟ ɩɨɩɵɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɣ 

ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɚɥɸɦɢɧɢɹ, ɩɨɤɚ ɧɟ ɞɚɥɢ ɧɟɨɩɪɨɜɟɪɠɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɉɞɧɚɤɨ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɫɨɡɞɚɧɢɹ ɧɨ-

ɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɤ 

ɪɟɲɟɧɢɸ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɜɩɥɨɬɧɭɸ ɩɪɢɛɥɢɡɢɥɫɹ ɒɚɥɢɦɨɜ ɘ.ɇ. ɜ ɫɜɨɢɯ ɪɚɛɨ-

ɬɚɯ ɢ ɫɜɨɢɯ ɭɱɟɧɢɤɨɜ, ɧɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɟɳɟ ɠɞɭɬ ɩɭɛɥɢɤɚɰɢɢ ɜ 

ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ. Ɉɞɧɨɡɧɚɱɧɨ ɦɨɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬ-

ɜɭɸɳɢɣ ɭ ɧɟɤɨɬɨɪɵɯ ɚɜɬɨɪɨɜ ɫɤɟɩɬɢɰɢɡɦ, ɯɪɚɧɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɮɨɪɦɟ ɝɢɞɪɢ-

ɞɨɜ ɚɥɸɦɢɧɢɹ – ɷɬɨ ɬɟɯɧɨɥɨɝɢɢ ɛɭɞɭɳɟɝɨ. 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɨɫɜɟɬɢɬɶ ɟɳɺ ɨɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ –

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɧɢɤɟɥɹ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɤɨ-

ɩɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɟɝ-

ɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ, ɬɨ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɚɥɥɵ, ɧɟ ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɶɸ, ɧɨ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜ ɩɪɢɪɨɞɟ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɜ ɦɟɬɚɥɥɚɯ ɭɫɬɨɣɱɢɜɵɯ ɞɟɮɟɤɬɨɜ 

ɫɬɪɭɤɬɭɪ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɬɪɚɤɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɞɨɜɨɥɶɧɨ ɲɢɪɨ-

ɤɢɯ ɩɪɟɞɟɥɚɯ, ɧɚɩɪɢɦɟɪ, ɨɬ 1η0 ɞɨ 2η0°ɋ. ɉɨ ɷɬɢɦ ɩɪɢɡɧɚɤɚɦ ɧɚɢɛɨɥɟɟ ɩɪɟɞ-

ɩɨɱɬɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɚɥɥɵ ɢ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɩɨɫɤɨɥɶɤɭ ɷɬɨɬ 

ɦɟɬɚɥɥ ɭɫɬɨɣɱɢɜ ɜ ɜɨɞɧɵɯ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɩɪɨɰɟɫɫɚɯ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ. ȼ ɬɨɠɟ ɜɪɟɦɹ, ɫɩɥɚɜɵ ɧɢɤɟɥɹ 

ɨɛɥɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɦ ɦɚɝɧɢɬɨɫɬɪɢɤɰɢɨɧɧɵɦ ɷɮɮɟɤɬɨɦ, ɚ ɷɬɨ ɩɨɡɜɨɥɢɬ 

ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɞɨɪɚɛɨɬɤɚɯ ɭɜɟɥɢɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɡɚɪɹɞɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɢ ɫɬɟɩɟɧɶ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ.  
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ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɨɛɪɚɡɰɵ ɤɨɦɩɨɡɢɬɨɜ σТ-B ɢ σТ-IЧ ɜ ɮɨɪɦɟ ɩɥɺ-

ɧɨɤ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɨɛɥɚɞɚɸɳɢɯ ɩɨɜɵɲɟɧ-

ɧɨɣ ɫɬɟɩɟɧɶɸ ɞɟɮɟɤɬɧɨɫɬɢ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 

ɢɯ ɩɨɥɭɱɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɥɟ-

ɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɛɨɪɚ ɢ ɢɧɞɢɹ ɧɚ ɜɨɞɨɪɨɞɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧ-

ɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ σТx-By-Hz ɢ σТx-Iny-Hz. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɭɬɺɦ ɫɨɡɞɚɧɢɹ ɥɨɜɭɲɟɤ (ɫɬɪɭɤɬɭɪɧɵɯ, ɩɪɢɦɟɫɧɵɯ) ɞɥɹ ɜɨɞɨɪɨɞɚ 

ɡɚ ɫɱɺɬ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɚ ɢɥɢ ɢɡɦɟɧɟ-

ɧɢɹ ɫɬɪɭɤɬɭɪɵ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ), ɚ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ 

ɢɡɦɟɧɢɬɶ ɜɨɞɨɪɨɞɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɟɬɚɥɥɚ ɜ ɛɨɥɶɲɭɸ ɢɥɢ ɦɟɧɶɲɭɸ ɫɬɨɪɨ-

ɧɭ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ.  

ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟ-

ɫɤɢɯ ɤɨɦɩɨɡɢɬɚɯ Ni–B-H ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɚ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɜɚɤɭ-

ɭɦɧɨɣ ɷɤɫɬɪɚɤɰɢɢ. 

 

 

Ɋɟɠɢɦɵ ɷɥɟɤɬɪɨɥɢɡɚ: ik = 2 Ⱥ/ɞɦ2
; tɷɥ-ɬɚ = ζ0 ºɋ; ɪɇ = 4,0; d = ζ ɦɤɦ; ɨɫɧɨɜɚ - ɦɟɞɶ ɦɚɪɤɢ Ɇ-1 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɚɯ Ni–B-H  

ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɚ 
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ɍɫɬɚɧɨɜɥɟɧɨ (ɪɢɫ. 3), ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ Ni ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ ɛɨɪɚ ɞɨ 

2,1 ɚɬ. ɩɪɨɰɟɧɬɚ, ɨɛɴɟɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ ɭɦɟɧɶɲɚɟɬɫɹ ɢ Ni 

ɫɬɚɧɨɜɢɬɶɫɹ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɵɦ Д28, 29, ζ2Ж.  

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɛɨɪɚ ɛɨɥɟɟ ζ ɚɬ. ɩɪɨɰɟɧɬɨɜ, ɫɨɞɟɪɠɚɧɢɟ ɜɨ-

ɞɨɪɨɞɚ ɜɨɡɪɚɫɬɚɟɬ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɪɹɞɚ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɇɢɤɟɥɟɜɨɟ ɩɨɤɪɵɬɢɟ ɫ ɬɚɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɛɨɪɚ ɭɜɟɥɢɱɢ-

ɜɚɟɬ ɬɜɟɪɞɨɫɬɶ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɨɛɴɟɤɬɨɜ. Ⱦɚɧɧɨɟ ɹɜɥɟɧɢɟ 

ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɤɚɬɨɞɧɨɝɨ ɷɥɟɤɬɪɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɢɤɟɥɹ ɜ ɩɪɢɫɭɬɫɬ-

ɜɢɢ ɛɨɪɫɨɞɟɪɠɚɳɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɢ - ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ. 

ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨ 2-3 ɚɬ. ɩɪɨɰɟɧɬɨɜ ɛɨɪɚ, ɛɨɪ, 

ɜɧɟɞɪɹɹɫɶ ɜ ȽɐɄ ɪɟɲɟɬɤɭ ɧɢɤɟɥɹ, ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɤɪɢɫɬɚɥɥɢɬɨɜ 

ɢ ɞɟɮɟɤɬɚɦ ɪɟɲɟɬɤɢ ɧɢɤɟɥɹ, ɛɥɨɤɢɪɭɟɬ ɢɯ, ɢ ɷɬɨ ɬɨɪɦɨɡɢɬ ɜɤɥɸɱɟɧɢɟ ɜɨɞɨɪɨɞɚ. 

ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɚ ɛɨɥɟɟ 7 ɚɬ. % ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɟɯɨɞ ɨɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɤ ɚɦɨɪɮɧɨɣ, ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɟɮɟɤɬɵ ɜ ȽɐɄ ɪɟɲɟɬɤɟ 

ɧɢɤɟɥɹ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɞɨɫɬɢɝɚɸɳɟɝɨ ɩɪɢ 

ɫɨɞɟɪɠɚɧɢɢ ɛɨɪɚ 9 ɚɬ. % ɩɨɪɹɞɤɚ 600 ɫɦ3/100ɝ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨ-

ɪɨɞɚ ɜ Ni-B ɫɜɹɡɚɧɨ ɫ ɡɚɯɜɚɬɨɦ ɜɨɞɨɪɨɞɚ ɜ ɨɤɪɭɠɟɧɢɟ ɛɨɪɚ ɢ ɢɯ ɛɨɥɶɲɢɦ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟɦ, ɱɟɦ ɫ ɧɢɤɟɥɟɦ, ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, – ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɤɨɦɩɥɟɤɫɨɜ. Ɉɱɟɜɢɞɧɨ, ɛɨɪ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɫɧɨɣ ɥɨɜɭɲɤɨɣ ɞɥɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ 

Дζ3, ζζЖ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ: 

ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ ɜɨɞɨɪɨɞɚ ɧɢɤɟɥɟɦ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɢɞɚ, ɪɚɫɩɚ-

ɞɚɸɳɟɝɨɫɹ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ζ6°ɋ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ: 3σТH2 → Ni + 

2NiH + 2H2 [45]. 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɚɲɟɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɜ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ ɦɟɬɚɥɥɨɜ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɫɬɪɭɤ-

ɬɭɪɧɨɣ ɥɨɜɭɲɤɨɣ ɞɥɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ, ɫɨɝɥɚɫ-

ɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɬɪɚɞɢɰɢɨɧɧɨ ɧɟ ɫɤɥɨɧɧɚ ɤ ɩɨɝɥɨɳɟɧɢɸ ɜɨɞɨɪɨɞɚ ɢ 

ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɬɚɥɥ-ɝɢɞɪɢɞɧɨɣ ɮɚɡɵ– ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɬ Ni-In. 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ 

ɤɨɦɩɨɡɢɬɨɜ Ni-In ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ In2(SO4)3 ɜ ɷɥɟɤɬɪɨɥɢɬɟ. ɇɚ ɨɫ-
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ɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɨɛɪɚɧ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɫɨɞɟɪɠɚɧɢ-

ɟɦ ɫɭɥɶɮɚɬɚ ɢɧɞɢɹ In2(SO4)3 ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɟɥɤɨ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢ ɪɚɜɧɨɡɟɪɧɢɫɬɵɟ Ni-In ɤɨɦɩɨɡɢɬɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ In2(SO4)3 ɜ ɷɥɟɤɬɪɨɥɢɬɟ ζ ɝ/ɥ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɫɨɫɬɚɜɚ – Ni70In30. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. ɉɪɢ ɫɨɞɟɪ-

ɠɚɧɢɢ ɜ ɷɥɟɤɬɪɨɥɢɬɟ In2(SO4)3 ɜ ɤɨɥɢɱɟɫɬɜɟ ɦɟɧɟɟ 2 ɝ/ɥ ɧɚ ɤɚɬɨɞɟ ɨɫɚɠɞɚɟɬɫɹ 

ɧɢɤɟɥɶ, ɩɪɢɫɭɬɫɬɜɢɟ ɱɢɫɬɨɝɨ ɢɧɞɢɹ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ ɫ ɧɢɤɟɥɟɦ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɫɭɥɶɮɚɬɚ ɢɧɞɢɹ (III) ɜ ɪɚɫɬɜɨɪɟ ɨɬ 2 ɝ/ɥ ɢ ɜɵɲɟ ɧɚ 

ɤɚɬɨɞɟ ɨɫɚɠɞɚɟɬɫɹ ɱɢɫɬɵɣ ɧɢɤɟɥɶ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ: InNi2, InNi3, In3Ni2, Ș-

In27Ni10. ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɮɚɡɨɜɚɹ ɞɢɚ-

ɝɪɚɦɦɚ ɫɢɫɬɟɦɵ Ni-In [46]. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɧɞɢɹ ɜ ɤɨɦɩɨɡɢɬɚɯ ɛɨɥɟɟ 30 ɦɚɫ. % In ɧɚ 

ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚɦ In-

Ni3 ɢ In2Ni. Ɇɟɬɨɞɨɦ ɬɟɪɦɨɞɟɫɨɪɛɰɢɨɧɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɌȾɋ) ɢɫɫɥɟɞɨ-

ɜɚɥɚɫɶ ɤɢɧɟɬɢɤɚ ɪɚɡɜɢɬɢɹ ɫɩɟɤɬɪɚ ɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟɪɢɹ ɢɡ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ Ni–

In ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬ. ɋ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ 

ɮɨɧɨɜɨɝɨ ɜɨɞɨɪɨɞɚ, ɢɦɟɸɳɟɝɨɫɹ ɜ ɨɛɪɚɡɰɚɯ ɢ ɜ ɤɚɦɟɪɟ ɦɢɲɟɧɟɣ, ɜ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɢɡɨɬɨɩ ɜɨɞɨɪɨɞɚ – ɞɟɣɬɟɪɢɣ. 
 

Ɍɚɛɥɢɰɚ 2 

Ɂɚɜɢɫɢɦɨɫɬɶ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ ɧɢɤɟɥɶ – ɢɧɞɢɣ  
ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɢɧɞɢɹ 

ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

ɋɨɞɟɪɠɚɧɢɟ 
In2(SO4)3 

ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɝ/ɥ 

ɋɨɞɟɪɠɚɧɢɟ 
ɢɧɞɢɹ ɜ ɤɨɦ-
ɩɨɡɢɬɟ Ni-In, 
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1 2 24 + + + + + - - 

2 4 38 + + + + + + - 

3 8 45,6 + + + + + + + 

4 12 61,3 - + + + + + + 

 

Ⱦɚɥɟɟ ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɬ ɩɨ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɣ ɜ ɫɬɚɬɶɟ ɫɯɟɦɟ 

ɦɟɬɨɞɨɦ ɢɨɧɧɨɣ ɢɦɩɥɚɧɬɚɰɢɢ ɜɜɨɞɢɥɢ ɢɡɨɬɨɩ ɜɨɞɨɪɨɞɚ – ɞɟɣɬɟɪɢɣ. ȼɩɟɪɜɵɟ 

ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɫɢɫɬɟ-
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ɦɭ ɪɚɫɫɦɨɬɪɟɧɚ ɜ Д22, 30, 31, ζ7Ж. ɇɚ ɪɢɫ. ζ ɩɪɟɞɫɬɚɜɥɟɧ ɫɩɟɤɬɪ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ 

ɞɟɣɬɟɪɢɹ, ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɜ ɨɛɪɚɡɰɵ ɤɨɦɩɨɡɢɬɚ Ni70In30 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɞɨɡɵ ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ ɢ ɞɥɹ ɨɞɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɚ. Ʉɚɤ 

ɜɢɞɧɨ ɧɚ ɪɢɫ. ζ, ɫɬɪɭɤɬɭɪɚ ɫɩɟɤɬɪɚ ɌȾɋ ɞɟɣɬɟɪɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɢɦɩɥɚɧɬɚ-

ɰɢɨɧɧɨɣ ɞɨɡɵ. ɉɪɢ ɧɢɡɤɢɯ ɞɨɡɚɯ ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ ɜ ɫɩɟɤɬɪɟ ɩɪɢ-

ɫɭɬɫɬɜɭɟɬ ɨɞɢɧ ɩɢɤ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɦɚɤɫɢɦɭɦɚ зη30 Ʉ. ɉɨɜɵɲɟɧɢɟ ɞɨɡɵ ɩɪɢ-

ɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɨɜɨɝɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɦɚɤɫɢ-

ɦɭɦɚ зζ20 Ʉ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɞɨɡɵ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɤɫɢɦɭɦɚ ɷɬɨɝɨ 

ɩɢɤɚ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɩɨɫɬɟɩɟɧɧɨ ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ɋɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɣɬɟɪɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɚɤ ɬɜɟɪɞɨɝɨ ɪɚɫ-

ɬɜɨɪɚ ɞɟɣɬɟɪɢɹ ɜ ɤɨɦɩɨɡɢɬɟ Ni70In30, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɚɞɚ ɤɨɬɨɪɨɝɨ ɜ ɜɚɤɭɭɦɟ 

~530 Ʉ, ɬɚɤ ɢ ɝɢɞɪɢɞɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɚɞɚ ɤɨɬɨɪɨɝɨ з3η0 Ʉ. ɉɪɢ ɧɚɫɵɳɟɧɢɢ 

ɤɨɦɩɨɡɢɬɚ ɫɨɫɬɚɜɚ ζη,6 ɦɚɫ. % In ɞɟɣɬɟɪɢɟɦ ɫ ɩɨɦɨɳɶɸ ɢɨɧɧɨɣ ɢɦɩɥɚɧɬɚɰɢɢ 

ɩɪɟɞɟɥɶɧɨ ɞɨɫɬɢɠɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɟɣɬɟɪɢɹ 2 ɚɬ.D/ɚɬ.Ɇɟɬ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɢɧɞɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɤɨɥɢɱɟɫɬɜɚ ɭɞɟɪɠɢɜɚɟɦɨɝɨ ɞɟɣɬɟɪɢɹ ɜ ɤɨɦ-

ɩɨɡɢɬɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɩɭɫɬɢɦɨ ɩɨɥɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ɤɨɦɩɨɡɢɬɚ Nix-Iny-Dz ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɞɟɣɬɟɪɢɹ ɞɨ 2 ɚɬ. D/ɚɬ. Ɇɟɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ η,3 ɦɚɫ. % (ɞɥɹ 

ɤɨɦɩɨɡɢɬɨɜ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ). 
 

 

Ɋɢɫ. ζ. ɋɩɟɤɬɪɵ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟɪɢɹ, ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɜ ɨɛɪɚɡɰɵ ɤɨɦɩɨɡɢɬɚ Ni70In30: 

1 - 3×1017
 D/cɦ2

; 2 – 7.η×1017
 D/cɦ2

; 3 – 1.3×1018
 D/Мɦ2

; 4 - 2×1018
 D/cɦ2

; 5 - 3×1018
 D/cɦ2

 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

105 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɧɚɲɢɦ ɞɚɧɧɵɦ, ɚɤɤɭɦɭɥɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɧɢɤɟɥɹ ɩɪɢ 

ɧɚɥɢɱɢɢ ɜ ɧɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɢɧɞɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɢɧɞɢɹ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɬɹɠɟɧɢɹ ɢ ɜɨɞɨɪɨɞ ɫɟɝ-

ɪɟɝɢɪɭɟɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɬɟɪɦɨɞɟ-

ɫɨɪɛɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. 

 

Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

1. Ɇɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ Q
–1

 = f(Ɍ) ɞɥɹ 

Al ɮɨɥɶɝɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300°ɋ ɡɚɮɢɤɫɢɪɨɜɚɧ ɡɟɪɧɨɝɪɚɧɢɱɧɵɣ ɩɢɤ (ɱɚɫɬɨɬɚ 

ɤɨɥɟɛɚɧɢɣ ɨɛɪɚɡɰɚ 100 Ƚɰ), ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɣ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨ-

ɞɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɚɥɸɦɢɧɢɹ, ɟɝɨ ɝɢɞɪɢɞɨɜ. ɉɪɢɪɨɞɚ ɜɨɞɨɪɨɞɧɨɝɨ ɩɢɤɚ, ɟɝɨ 

ɜɟɥɢɱɢɧɚ ɢ ɫɦɟɳɟɧɢɟ ɩɨ ɨɫɢ ɬɟɦɩɟɪɚɬɭɪ ɡɚɜɢɫɢɬ ɨɬ  ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɤɥɸɱɟɧɧɨɝɨ 

ɜɨɞɨɪɨɞɚ. Ɇɚɤɫɢɦɭɦ ɩɢɤɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ Q
–1

 ɜ ɫɥɭɱɚɟ ɪɟɥɚɤɫɚɰɢɢ ɬɟɦ 

ɛɨɥɶɲɟ, ɱɟɦ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ ɜɧɟɞɪɟɧɧɵɯ ɚɬɨɦɨɜ ɢ ɱɟɦ 

ɫɢɥɶɧɟɟ ɤɚɠɞɵɣ ɜɧɟɞɪɟɧɧɵɣ ɚɬɨɦ ɢɫɤɚɠɚɟɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɟɬɚɥɥɚ. 

2. ɉɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ, ɛɥɚɝɨɞɚɪɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɫɬɟɩɟɧɢ ɞɟɮɟɤɬɧɨɫɬɢ (ɡɚ ɫɱɟɬ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɩɪɢɦɟɫɧɵɯ ɥɨɜɭɲɟɤ ɞɥɹ ɜɨɞɨɪɨɞɚ) 

ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɪɭɤɬɭɪɭ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɛɨɪɚ) 

ɢɥɢ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ ɢɧɞɢɹ), ɢɡɦɟɧɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɦɟɬɚɥɥɨɜ ɤ ɧɚɤɨɩɥɟɧɢɸ ɜɨɞɨɪɨɞɚ.  

3. ɉɨɞɬɜɟɪɠɞɺɧ ɮɚɤɬ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɥɨɜɭɲɟɤ, ɢɡɦɟɧɹɸ-

ɳɢɯ ɫɬɪɭɤɬɭɪɭ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɩɨɫɨɛ-

ɧɨɫɬɢ ɤ ɩɨɝɥɨɳɟɧɢɸ ɜɨɞɨɪɨɞɚ ɦɟɬɚɥɥɚɦɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɜɨɞɨɪɨɞɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɦɟɬɚɥɥɨɜ, ɩɪɢɜɨɞɹɳɟɦɭ ɤ ɫɨɡɞɚɧɢɸ 

ɦɚɬɟɪɢɚɥɨɜ – ɧɚɤɨɩɢɬɟɥɟɣ ɜɨɞɨɪɨɞɚ.  

ζ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɤɨɦɩɨɡɢɬɵ σТɯBɭHz, ɜ ɤɨ-

ɬɨɪɵɯ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɛɨɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɭɥɭɱɲɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨ-

ɫɬɢ ɜɤɥɸɱɚɟɦɨɝɨ ɜɨɞɨɪɨɞɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɚɬɨɦɚɪɧɨɝɨ ɛɨɪɚ ɜ ɧɢɤɟɥɟ ɨɬ η ɚɬ. % ɞɨ 10 ɚɬ. %, ɩɪɢ ɷɬɨɦ ɡɚ-
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ɮɢɤɫɢɪɨɜɚɧɨ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɚɯ ɨɤɨɥɨ 600 ɫɦ
3

/100 ɝ ɩɪɢ ɫɨɯɪɚɧɟ-

ɧɢɢ ɦɨɧɨɥɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ (ɛɟɡ ɩɟɪɟɯɨɞɚ ɤ ɩɨɪɨɲɤɨɜɨɦɭ ɫɨɫɬɨɹɧɢɸ). 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ  ɜ ɦɚɬɪɢɰɟ ɩɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɜɚɤɭɭɦ-

ɧɨɣ ɷɤɫɬɪɚɤɰɢɢ. 

η. ɂɫɫɥɟɞɨɜɚɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ σТx-Iny. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɨɛɪɚɧ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɭɥɶɮɚɬɚ 

ɢɧɞɢɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɩɨɡɜɨɥɢɜɲɢɣ ɩɨɥɭɱɢɬɶ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢ ɪɚɜɧɨ-

ɡɟɪɧɢɫɬɵɟ ɤɨɦɩɨɡɢɬɵ σi70In30, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɤ ɭɞɟɪɠɚɧɢɸ ɢɦɩɥɚɧɬɢɪɨ-

ɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ.  

6. Ɇɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɵ ɫɩɟɤɬɪɵ ɬɟɪɦɨɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟ-

ɪɢɹ ɢɡ ɤɨɦɩɨɡɢɬɨɜ σТ70In30-Dx, ɩɨɡɜɨɥɢɜɲɢɟ ɜɵɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɢɚɩɚɡɨ-

ɧɵ ɞɟɫɨɪɛɰɢɢ ɢɨɧɧɨ-ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɞɟɣɬɟɪɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɡɵ ɢɦ-

ɩɥɚɧɬɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚ-

ɧɢɟɦ ɞɟɣɬɟɪɢɹ ɞɨ 2 ɚɬ. D/ɚɬ. Ɇɟɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ η,3 ɦɚɫ. % (ɞɥɹ ɤɨɦɩɨɡɢɬɨɜ 

ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ). 

7. ɉɪɟɞɥɚɝɚɟɦɵɟ ɬɟɯɧɨɥɨɝɢɢ ɨɫɧɨɜɚɧɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɫɬɭɩɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ (ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɚɥɸɦɢɧɢɹ), ɨɛɥɚɞɚɸɳɢɯ ɪɟɫɭɪɫɨɦ ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡ-

ɜɨɞɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɜ ɜɢɞɟ ɥɟɧɬɵ 

ɢ ɩɥɚɫɬɢɧ ɫ ɬɟɯɧɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɦ ɩɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨ-

ɞɟɪɠɚɧɢɟɦ ɜɨɞɨɪɨɞɚ ɜ ɨɛɪɚɡɰɟ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɝɢɞɪɢɞɧɵɯ 

ɧɚɤɨɩɢɬɟɥɟɣ ɡɚɹɜɥɟɧɵ ɢ ɩɨɥɭɱɟɧɵ ɩɚɬɟɧɬɵ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ ɭɫɬɪɨɣɫɬɜ Дζ8-51]. 

Ɋɟɡɸɦɢɪɭɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟ-

ɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɧɚɤɨɩɢɬɟɥɟɣ:  

1. ɋɨɜɪɟɦɟɧɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɭɫɬɚɧɨɜɤɚɯ ɤɨɦɩɚɤɬɧɨɝɨ ɢ ɛɟɡɨɩɚɫɧɨɝɨ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɷɧɟɪɝɨɝɟɧɟɪɢɪɭɸ-

ɳɢɯ ɤɨɦɩɥɟɤɫɚɯ. 

2. ȼɨɞɨɪɨɞɧɵɟ ɝɢɞɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ – ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɢ ɧɚɞɺɠɧɵɟ ɚɤɤɭ-

ɦɭɥɹɬɨɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɨ-

ɞɨɪɨɞɚ ɜ ɞɪɭɝɢɟ ɜɢɞɵ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɤɚɤ ɧɚɩɪɹɦɭɸ, ɬɚɤ ɢ ɞɥɹ ɫɦɹɝɱɟɧɢɹ 

ɩɢɤɨɜɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɚɯ (ɷɥɟɤɬɪɨɫɬɚɧ-
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ɰɢɹɯ, ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ ɢ ɬ. ɩ.). Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟ-

ɞɨɜɚɧɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ ɜɟɞɭɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɷɧɟɪɝɟɬɢɤɢ ɫɨɡɞɚɸɬ ɩɪɟɞɩɨɫɵɥɤɢ 

ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɵɯ ɩɨɞɯɨɞɨɜ ɤ ɫɢɫɬɟɦɚɦ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɜ 

ɪɚɛɨɬɚɯ Дη2-ηζЖ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɰɟɥɶɸ ɩɨ-

ɜɵɲɟɧɢɹ ɢɯ ɧɚɞɟɠɧɨɫɬɢ. 

3. Ɉɞɧɨ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɜɨɞɨɪɨɞɚ – ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɟ ɛɟɫɩɢ-

ɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ. Ⱥ ɬɚɤɠɟ ɜɨɡɦɨɠɧɵ ɞɪɭɝɢɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚ ɨɛɴ-

ɟɤɬɚɯ ɝɪɚɠɞɚɧɫɤɨɝɨ ɢ ɨɛɨɪɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 

1. SМСХКЩЛКМС L, ГüЭЭОХ A. HвНЫШРОЧ-storage materials for mobile applications. 

Nature. 2001; 414:353-8. 

2. Crabtree GW, Dresselhaus MS, Buchanan MV. The hydrogen econo-

my.Physics Today. 2004 Dec; 57(12):39-44. 

3. Schultz MG, Diehl T, Brasseur GP, Zittel W. Air pollution and climate-

forcing impacts of a global hydrogen economy. Science. 2003 Oct 24; 

302(5645):624-7. 

4. SМСüЭС F. CСКХХОЧРОЬ ТЧ СвНЫШРОЧ ЬЭШЫКРО. EЮЫШЩОКЧ PСвЬТМКХ JШЮЫЧКХ-

Special Topics. 2009 Sep; 176:155-66. 

5. Dresselhaus MS, Thomas IL. Alternative energy technologies. Nature. 2001; 

414:332-7. 

6. Ohi J. Hydrogen energy cycle: An overview. J Mater Res 2005 Dec; 

20(12):3180-7. 

7. τЫТЦШ S, σКФКЦЮЫК В, EХТЬОШ JR, ГüЭЭОХК A, JОЧЬОЧ CM. CШЦЩХОб HвНЫТНОЬ 

for Hydrogen Storage.Chem Rev. 2007; 107(10):4111-32. 

8. Jain IP, Jain P, Jain A. Novel hydrogen storage materials: A review of 

lightweight complex hydrides. J Alloys Compd. 2010 Aug 6; 503(2):303-39. 

9. Graetz J. New approaches to hydrogen storage.ChemSoc Rev. 2009; 38:73-82. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

108 

10. Rowsell JLC, Yaghi OM. Strategies for Hydrogen Storage in Metal–

Organic Frameworks.AngewChemInt Ed. 2005; 44:4670-9. 

11. El-Kaderi HM, Hunt JR, Mendoza-Cortes JL, Cote AP, Taylor RE, 

O'Keeffe M, et al. Designed Synthesis of 3D Covalent Organic Frameworks.Science. 

2007; 316:268-72. 

12. Rosi NL, Eckert J, Eddaoudi M, Vodak DT, Kim J, O'Keeffe M, et al. Hy-

drogen Storage in Microporous Metal-Organic Frameworks. Science. 2003; 

300:1127-9. 

13. Berseth PA, Harter AG, Zidan R, Blomquist A, Araujo CM, Scheicher RH, 

et al. Carbon Nanomaterials as Catalysts for Hydrogen Uptake and Release in 

NaAlH4. Nano Lett. 2009; 9(4):1501-5. 

14. Li M, Li, Y, Zhou. Z, Shen. P, Chen. Z. Ca-Coated Boron Fullerenes and 

Nanotubes as Superior Hydrogen Storage Materials. Nano Lett. 2009; 9:1944-8. 

15. Felderhoff M, Weidenthaler C, von Helmolt R, Eberle U. Hydrogen sto-

rage: the remaining scientific and technological challenges. Phys ChemChem Phys. 

2007 Jun 7; 9(21):2643-53. 

16. Li HW, Yan YG, Orimo S, Zuttel A, Jensen CM. Recent Progress in Metal 

Borohydrides for Hydrogen Storage. Energies. 2011 Jan; 4(1):185-214. 

17. Matsunaga T, Buchter F, Mauron P, Bielman A, Nakamori Y, Orimo S, et 

al. Hydrogen storage properties of Mg(BH4)2. J Alloys Compd. 2008 Jul 14; 459(1-

2):583-8. 

18. Li HW, Kikuchi K, Nakamori Y, Ohba N, Miwa K, Towata S, et al. Dehy-

driding and rehydriding processes of well-crystallized Mg(BH4)2 accompanying with 

formation of intermediate compounds. ActaMaterialia. 2008 Apr; 56(6):1342-7. 

19. Severa G, Ronnebro E, Jensen CM. Direct hydrogenation of magnesium 

boride to magnesium borohydride: demonstration of > 11 weight percent reversible 

hydrogen storage. ChemCommun. 2010; 46(3):421-3. 

20. Ɍɚɪɚɫɨɜ Ȼ.ɉ., Ȼɭɪɧɚɲɟɜɚ ȼ.ȼ., Ʌɨɬɨɰɤɢɣ Ɇ.ȼ., əɪɬɵɫɶ ȼ.Ⱥ. Ɇɟɬɨɞɵ 

ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɨɝɢɞɪɢɞɨɜ. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

109 

Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ «Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ ɷɤɨɥɨɝɢɹ», 

200η. №12 (32). ɋ. 1ζ-37. 

21. Zvyagintseva A.V. Hydrogen permeability of nanostructured materials 

based on nickel, synthesized by electrochemical method /Proceedings of the 2017 

IEEE 7
th

 International Conference on Nanomaterials: Applications & Properties 

(NAP-2017). – IEEE Catalog Number: CFP17F65-ART. – Part 2. – 02NTF41–1-

02NTF41-5. 

22. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ.  Ƚɢɛɪɢɞɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɮɨɪɦɢ-

ɪɭɸɳɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɶɸ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɝɢɞɪɢɞɧɨɣ ɮɨɪɦɟ /Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ Ⱥɥɶɬɟɪɧɚɬɢɜ-

ɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ ɷɤɨɥɨɝɢɹ. – ɋɚɪɨɜ: ɂɡɞ-ɜɨ «ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɰɟɧɬɪ 

«ɌȺɌȺ», 2017. – ɇɨɦɟɪ: 16-18 (228-230). ɋ. 89-103.  

23.Zvyagintseva, A.V. On the Stability of Defects in the Structure of Electro-

МСОЦТМКХ CШКЭТЧРЬ ДɌɟɤɫɬЖ / ГЯвКРТЧЭЬОЯК A.V., SСКХТЦШЯ Yu. N. //Surface Engi-

neering and Applied Electrochemistry. - 2014. - Vol. 50. No. 6. - PP. 466–477.  

24. Ȼɨɤɪɢɫ Ⱦɠ. ɇɨɜɵɟ ɩɪɨɛɥɟɦɵ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɢ. – Ɇ.: ɂɧɨ-

ɫɬɪɚɧɧɚɹ ɥɢɬɟɪɚɬɭɪɚ, 1962. ζ62 ɫ. 

2η. ɋɭɞɡɭɤɢ Ʉ., Ɏɭɞɡɢɦɨɪɢ ɏ., ɏɚɫɢɦɨɬɨ Ʉ.  Ⱥɦɨɪɮɧɵɟ ɦɟɬɚɥɥɵ. Ɇ.: Ɇɟ-

ɬɚɥɥɭɪɝɢɹ. 1987. 328 ɫ. 

26. Belov M.P., Isaev E.I., Vekilov Yu. Kh. Ab initio lattice dynamics of CoH 

and NiH. Journal of Alloys and Compounds, doi:10.1016/j.jallcom.2010.09.164 

(2010). 

27. Ghigo G., Roos B.O., Stancil P.C., Weck P.F. –«A theoretical study of the 

exited states of CrH: Potential energies, transition moments, and lifetimes» J. Chem. 

Phys., 2004, 121, No.17, p.8194-8200. 

28. Zvyagintseva, A.V. Interaction peculiarities of hydrogen and Ni-B galvanic 

alloys /A.V. Zvyagintseva //Carbon Nanomaterials in Clean Energy Hydrogen Sys-

tems. – Springer, 2008. – P. 437 – 442. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

110 

29. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. ȼɡɚɢɦɨɫɜɹɡɶ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ 

ɧɢɤɟɥɟɜɵɯ ɩɨɤɪɵɬɢɣ, ɥɟɝɢɪɨɜɚɧɧɵɯ ɛɨɪɨɦ, ɜ ɢɡɞɟɥɢɹɯ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ 

//Ƚɚɥɶɜɚɧɨɬɟɯɧɢɤɚ ɢ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ. 2007, ɬ.XV, №1, ɫ. 16-22. 

30. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. ɗɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɣ ɧɢɤɟɥɶ – ɢɧɞɢɣ ɢɡ 

ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ /Ⱥ.ȼ. Ɂɜɹɝɢɧɰɟɜɚ, Ⱥ.ɂ. Ɏɚɥɢɱɟɜɚ 

//Ƚɚɥɶɜɚɧɨɬɟɯɧɢɤɚ ɢ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ. – Ɇ.: ɂɡɞ-ɜɨ Ɋɨɫɫɢɣɫɤɨɝɨ ɯɢɦɢɤɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧ-ɬɚ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ,199ζ. - Ɍ. 3 - №η - 6. - ɋ. ζ7- 51. 

31. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟɪɢɹ ɢɡ 

Ni–In ɤɨɦɩɨɡɢɬɨɜ ДɌɟɤɫɬЖ /Ⱥ.ȼ. Ɂɜɹɝɢɧɰɟɜɚ, Ⱥ.ɇ. Ɇɨɪɨɡɨɜ, ɂ.Ɇ. Ʉɢɪɶɹɧ 

//ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɨɬɨɩɨɜ ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 

IHISM´1ζ. ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ ɉɹɬɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɢ Ⱦɟɜɹɬɨɣ 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɲɤɨɥɵ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɦ. Ⱥ.Ⱥ. Ʉɭɪɞɸɦɨɜɚ 

///ɉɨɞ ɪɟɞ. Ⱦ-ɪɚ ɬɟɯɧ. ɧɚɭɤ Ⱥ.Ⱥ. ɘɯɢɦɱɭɤɚ. ɋɚɪɨɜ: ɎȽɍɉ «ɊɎəɐ–ȼɇɂɂɗɎ», 

2015. – ɋ. 106-119. 

32. ɒɚɥɢɦɨɜ ɘ.ɇ., Ȼɚɬɚɪɨɧɨɜ ɂ.Ʌ., ɏɪɢɩɭɧɨɜ Ʉ.Ƚ., Ɉɫɬɪɨɜɫɤɚɹ ȿ.ɇ., 

Ʌɢɬɜɢɧɨɜ ɘ.ȼ. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɪɟ-

ɚɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɥɢɡɚ // Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ 

ɷɤɨɥɨɝɢɹ. (ISJAEE). №8, 200η. ɋ. 16-18. 

33. Ƚɪɚɧɤɢɧ ɗ.Ⱥ., ɒɚɥɢɦɨɜ ɘ.ɇ., Ɉɫɬɪɨɜɫɤɚɹ ȿ.ɇ. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɧɭɬɪɟɧ-

ɧɟɝɨ ɬɪɟɧɢɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɯɪɨɦɚ ɨɬ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ ɷɤɨɥɨɝɢɹ, 200ζ, (7), 12-18.  

3ζ. Ȼɥɚɧɬɟɪ Ɇ.ɋ., ɉɢɝɭɡɨɜ ɘ.ȼ. ɢ ɞɪ. Ɇɟɬɨɞ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜ ɦɟɬɚɥ-

ɥɨɜɟɞɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ. 1991. 2ζ8 ɫ. 

3η. ɉɨɫɬɧɢɤɨɜ B.C. ȼɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɜ ɦɟɬɚɥɥɚɯ. Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ. 

197ζ. 3η1 ɫ. 

36. Ʉɪɢɲɬɚɥ Ɇ.Ⱥ., ɉɢɝɭɡɨɜ ɘ.ȼ., Ƚɨɥɨɜɢɧ ɋ.Ⱥ. ȼɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɜ ɦɟ-

ɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ. Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ, 196ζ. 2ζ6 ɫ. 

37. Mirsaidov U. Synthesis, Properties, and Assimilation Methods of Alumi-

nium Hydride (ɚɧɝɥ.) // EНТЭОН Лв T. σОУКЭ VОгТЫШğХЮ, SЯОЭХКЧК ВЮ ГКРТЧКТМСОЧФШ, 

Dmitry V. Schur, Bogdan Baranowski, Anatoliy P. Shpak Hydrogen Materials 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

111 

Science and Chemistry of Carbon Nanomaterials : NATO Science for Peace and Se-

curity Series / NATO Science for Peace and Security Series A:. – Springer, 2007. –

 P. 77-85. – 38ζ ɫ. 

38. ȼɥɚɫɨɜ ɇ.Ɇ., Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɨɞɨ-

ɪɨɞɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɬɚɥɥɨɜ /Ɇɨɧɨɝɪɚɮɢɹ. ȼɨɪɨɧɟɠ: ȼȽɌɍ, 2012. 2ζ7 ɫ. 

39. Ƚɟɨɯɢɦɢɹ ɢ ɷɤɨɥɨɝɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ: ɋɩɪɚɜɨɱɧɨɟ  ɩɨɫɨɛɢɟ / 

ɑɟɪɬɤɨ ɇ.Ʉ., ɑɟɪɬɤɨ ɗ.ɇ. Ɇɧ.: ɂɡɞɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ȻȽɍ, 2008. –1ζ0 ɫ. 

40. Ⱦɟ Ƚɪɨɨɬ ɋ. Ɋ. Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɧɟɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ. – Ɇ.: ȽɂɌɌɅ, 

1956. – 277 ɫ. 

41. ɏɢɦɢɱɟɫɤɢɣ ɷɧɰɢɤɥɨɩɟɞɢɱɟɫɤɢɣ ɫɥɨɜɚɪɶ / ɝɥ. ɪɟɞɚɤɬɨɪ ɂ.Ʌ. Ʉɧɭɧɹɧɰ. 

– Ɇ.: «ɋɨɜɟɬɫɤɚɹ ɷɧɰɢɤɥɨɩɟɞɢɹ», 1983. – ɋ. 484. – 792 ɫ. 

42. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. ɋɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɧɚɧɨɪɚɡ-

ɦɟɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɤ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɸ ɜɨɞɨɪɨɞɚ. Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɧɚɭɱɧɵɣ 

ɠɭɪɧɚɥ «Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɢ ɷɤɨɥɨɝɢɹ». - ɋɚɪɨɜ: ɇɌɐ «ɌȺɌȺ», 201η. 

– №21 (18η). –ɋ. 1η0-155. 

43.Ɍɟɨɞɨɫɢɭ Ʉ. ɍɩɪɭɝɢɟ ɦɨɞɟɥɢ ɞɟɮɟɤɬɨɜ ɜ ɤɪɢɫɬɚɥɥɟ. Ɇ.: Ɇɢɪ, 198η. ηη1 ɫ. 

44. Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. ɋɬɪɭɤɬɭɪɧɵɟ ɢ ɩɪɢɦɟɫɧɵɟ ɥɨɜɭɲɤɢ ɞɥɹ ɬɨɱɟɱɧɵɯ 

ɞɟɮɟɤɬɨɜ: ɦɨɧɨɝɪɚɮɢɹ /Ⱥ.ȼ. Ɂɜɹɝɢɧɰɟɜɚ. ȼɨɪɨɧɟɠ: ɎȽȻɈɍ ȼɈ «ȼɨɪɨɧɟɠɫɤɢɣ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 2017. 216 ɫ. 

ζη.ɒɪɟɣɞɟɪ Ⱥ.ȼ. ȼɨɞɨɪɨɞ ɜ ɦɟɬɚɥɥɚɯ. Ɇ,: Ɂɧɚɧɢɟ. 1979. 63 ɫ. 

ζ6. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɞɜɨɣɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: ɋɩɪɚɜɨɱɧɢɤ, 

ɪɟɞ. ɇ.ɉ. Ʌɹɤɢɲɟɜ, ɬɨɦ 3, ɤɧ. 1. Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ. 2001, 872 ɫ. 

47.  Zvyginceva A.V., Morozov O.M., Zhurba V.I., Progolaieva V.O. Effectsof 

Deuterium Concentrationon Deuterium Desorption Temperature Rangefrom Ni – In 

Composites (ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɣɬɟɪɢɹ ɧɚ ɞɢɚɩɚɡɨɧ ɞɟɫɨɪɛɰɢɢ ɞɟɣɬɟɪɢɹ 

ɢɡ Ni-In-ɤɨɦɩɨɡɢɬɨɜ). Scientific Journal. Proceedings of the international confe-

rence. Nanomaterials: applications and properties. Vol. 2 No 1. 

ζ8. ɉɚɬ. № 2η2190ζ Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. ɆɉɄ η1, F17C 11/00. Ⱥɤɤɭ-

ɦɭɥɹɬɨɪ ɜɨɞɨɪɨɞɚ. ДɌɟɤɫɬЖ /Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. Ɂɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ – 

https://ru.wikipedia.org/w/index.php?title=%D0%93%D1%80%D0%BE%D0%BE%D1%82,_%D0%A1%D0%B8%D0%B1%D1%80%D0%B5%D0%BD_%D0%A0%D1%83%D1%83%D1%80%D0%B4%D1%81_%D0%B4%D0%B5&action=edit&redlink=1


ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

112 

Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. – 2013113ζ21/06; ɡɚɹɜɥ. 10.08.2013; ɨɩɭɛɥ. 10.07.201ζ; ɛɸɥ. № 

19; – ηɫ. 

ζ9. ɉɚɬ. № 2η3023η Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. ɆɉɄ η1, ɋ22B 9/16, B22D 

27/02, C01B 6/24, C22C 19/03, C22F 1/10. ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫ-

ɩɥɚɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɚ σТ-B ɞɥɹ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜɨɞɨɪɨɞɚ. ДɌɟɤɫɬЖ 

/Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ., ɒɚɥɢɦɨɜ ɘ.ɇ. Ɂɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ - Ɂɜɹɝɢɧɰɟɜɚ 

Ⱥ.ȼ. – 2013101100/02; ɡɚɹɜɥ. 20.07.201ζ; ɨɩɭɛɥ. 10.10.201ζ; ɛɸɥ. № 28; – 3ɫ. 

η0. ɉɚɬ. № 2η30230 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. ɆɉɄ η1, ɋ22C 19/03, C01B 

6/2ζ, C2ηC 1/2ζ, C22F 3/00, C2ηC 3/36. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɚ σТ-B ɫ ɞɟɮɟɤ-

ɬɚɦɢ ɫɬɪɭɤɬɭɪɵ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɚɤɤɭɦɭɥɹɬɨɪɚ ɜɨɞɨɪɨɞɚ ДɌɟɤɫɬЖ 

/Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ., ɒɚɥɢɦɨɜ ɘ.ɇ. Ɂɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ – Ɂɜɹɝɢɧɰɟɜɚ 

Ⱥ.ȼ. – 201310611ζ/02; ɡɚɹɜɥ. 12.08.2013; ɨɩɭɛɥ. 10.07.201ζ; ɛɸɥ. № 28; –3ɫ. 

η1. ɉɚɬ. № 260ζ092 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 

ɬɪɚɟɤɬɨɪɢɢ ɤɨɫɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ДɌɟɤɫɬЖ /Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. Ɂɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧ-

ɬɨɨɛɥɚɞɚɬɟɥɶ - Ɂɜɹɝɢɧɰɟɜɚ Ⱥ.ȼ. – Ɂɚɹɜɤɚ 201η128087 ɨɬ 10.07.201η.; ɪɟɲɟɧɢɟ ɨ 

ɜɵɞɚɱɟ ɩɚɬɟɧɬɚ ɨɬ 01.11. 2016. 

η2. ɋɚɡɨɧɨɜɚ ɋ.Ⱥ. ɍɩɪɚɜɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɩɪɢ ɪɟɡɟɪɜɢ-

ɪɨɜɚɧɢɢ ɢ ɨɛɟɫɩɟɱɟɧɢɢ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɧɚɞɟɠɧɨɫɬɢ // ȼɟɫɬɧɢɤ ȼɨɪɨɧɟɠɫɤɨ-

ɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. – 2016. – №1(16). – ɋ. ζ3-45. 

η3. ɋɚɡɨɧɨɜɚ ɋ.Ⱥ. Ɉɰɟɧɤɚ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨ 

ɩɨɤɚɡɚɬɟɥɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ // ȼɟɫɬɧɢɤ ȼɨɪɨɧɟɠɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɯ-

ɧɨɥɨɝɢɣ. – 2016. – №1(16). – ɋ. 37-39. 

ηζ. ɋɚɡɨɧɨɜɚ ɋ.Ⱥ. Ɉɰɟɧɤɚ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɟɬɟɜɵɯ ɨɛɴɟɤɬɨɜ // ȼɟɫɬ-

ɧɢɤ ȼɨɪɨɧɟɠɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. – 2016. – №1(16). – ɋ. ζ0-42. 

 

REFERENCES 

 

1. SМСХКЩЛКМС L, ГüЭЭОХ A. HвНЫШРОЧ-storage materials for mobile applications. 

Nature. 2001; 414: 353-8. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

113 

2. Crabtree GW, Dresselhaus MS, Buchanan MV. The hydrogen econo-

my.Physics Today. 2004 Dec; 57 (12): 39-44. 

3. Schultz MG, Diehl T, Brasseur GP, Zittel W. Air pollution and climate-

forcing impacts of a global hydrogen economy. Science. 2003 Oct 24; 302(5645): 

624-7. 

ζ. SМСüЭС F. CСКХХОЧРОЬ ТЧ СвНЫШРОЧ ЬЭШЫКРО. EЮЫШЩОКЧ PСвЬТМКХ JШЮЫЧКХ-

Special Topics. 2009 Sep; 176:155-66. 

5. Dresselhaus MS, Thomas IL. Alternative energy technologies.Nature. 2001; 

414: 332-7. 

6. Ohi J. Hydrogen energy cycle: an overview. J Mater Res 2005 Dec; 20(12): 

3180-7. 

7. τЫТЦШ S, σКФКЦЮЫК В, EХТЬОШ JR, ГüЭЭОХК К, JОЧЬОЧ CM. CШЦЩХОб HвНЫТНОЬ 

for Hydrogen Storage.Chem Rev. 2007; 107 (10):4111-32. 

8. Jain IP, Jain P, Jain A. Novel hydrogen storage materials: a review of 

lightweight complex hydrides. J Alloys Characterize The Compd Performance. 2010 

Aug 6; 503(2): 303-39. 

9. Graetz J. New approaches to hydrogen storage.ChemSoc Rev. 2009; 38: 73-82. 

10. Rowsell JLC, Yaghi OM. Strategies for Hydrogen Storage in Metal–

Organic Frameworks. Angew ChemInt Ed. 2005; 44: 4670-9. 

11. El-Kaderi HM, Hunt JR, Mendoza-Cortes JL, Cote AP, Taylor RE, 

O'keeffe M, et al. Designed Synthesis of 3D Covalent Organic Frameworks.Science. 

2007; 316: 268-72. 

12. Rosi NL, Eckert J, Eddaoudi M, Vodak DT, Kim J, O'keeffe M, et al. Hy-

drogen Storage in Microporous Metal-Organic Frameworks. Science. 2003; 300: 

1127-9. 

13. Berseth PA, Harter AG, Zidan R, Blomquist a, Araujo CM, Scheicher RH, 

et al. Carbon Nanomaterials as Catalysts for Hydrogen Uptake and Release in 

NaAlH4. Nano Lett. 2009; 9 (4): 1501-5. 

14. Li M, Li, Y, Zhou. Z, Shen. P, Chen. Z. Ca-Coated Boron Fullerenes and 

Nanotubes as Superior Hydrogen Storage Materials. Nano Lett. 2009; 9: 1944-8. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

114 

15. Felderhoff M, Weidenthaler C, von Helmolt R, Eberle U. Hydrogen sto-

rage: the remaining scientific and technological challenges. Phys ChemChem Phys. 

2007 Jun 7; 9(21):2643-53. 

16. Li HW, Yan YG, Orimo S, Zuttel a, Jensen CM. Recent Progress in Metal 

Borohydrides for Hydrogen Storage. Energy. 2011 Jan; 4(1): 185-214. 

17. Matsunaga t, Buchter F, Mauron P, Bielman A, Nakamori Y, Orimo S, et 

al. Hydrogen storage properties of Mg(BH4)2. J Alloys Characterize The Compd Per-

formance. 2008 Jul 14; 459(1-2): 583-8. 

18. Li HW, Kikuchi K, Nakamori Y, Ohba N, Miwa K, Towata S, et al. Dehy-

driding and rehydriding processes of well-crystallized Mg(BH4)2 accompanying with 

formation of intermediate compounds. ActaMaterialia. 2008 Apr; 56 (6): 1342-7. 

19. Seven G, Ronnebro E, Jensen CM. Direct hydrogenation of magnesium bo-

ride to magnesium borohydride: demonstration of > 11 weight percent reversible hy-

drogen storage. Chem Commun. 2010; 46 (3): 421-3. 

20. Tarasov B. P., Burnasheva V. V., Lototsky M. V., Yartys ' V. A. Methods 

for hydrogen storage and feasibility to use metalhydrides. International scientific 

journal «Alternative energy and ecology», 2005. No. 12 (32). C. 14-37. 

21. Zvyagintseva A. V. Hydrogen stability of nanostructured materials based 

on nickel, synthesized by electrical method /Proceedings of the 2017 IEEE 7th inter-

national Conference on Nanomaterials: Applications & Properties (NAP-2017). – 

IEEE Catalog Number: CFP17F65-ART. – Part 2.  02NTF41-1-02NTF41-5. 

22. Zvyagintseva A.V. Hybrid functional materials that form metal structures 

with optimal deficiency for the storage of hydrogen in hydride form /international 

scientific journal for Alternative energy and ecology. – Sarov: Publishing house 

«SМТОЧЭТПТМ-ЭОМСЧТМКХ МОЧЭЫО «TATA»», 2017. - Number: 16-18 (228-230). C. 89-103. 

23.Zvyagintseva, A.V. on the Stability of Defects in the Structure of Electrical 

Coatings [Text] / Zvyagintseva A.V., Shalimov Yu. N. / / Surface Engineering and 

Applied Electrochemistry. - 2014. - Vol. 50. No. 6. – PP. 466-477.  

24. Bakris George. New problems of modern electrochemistry. – Moscow: 

Foreign literature, 1962. 462 p. 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

115 

25. Suzuki K., Fujimori H., Hashimoto K. Amorphous metals. M.: Metallurgy. 

1987. 328 p. 

26. M. P. Belov, E. I. Isaev, Vekilov Yu. Kh. Ab initio lattice dynamics of CoH 

and NiH. Journal of Alloys and Compounds, doi:10.1016/j. jallcom.2010.09.164 (2010). 

27. G. Ghigo, B. O. Roos, Stancil P. C., Weck P. F. «A theoretical study of the 

exited states of CrH: Potential energies, trКЧЬТЭТШЧ ЦШЦОЧЭЬ, КЧН ХТПОЭТЦОЬ» J. Chem. 

Phys., 2004, 121, no.17, p.6.8194-8200. 

28. Zvyagintseva, A. V. Interaction peculiarities of hydrogen and Ni-B galvan-

ic alloys /A. V. Zvyagintseva //Carbon Nanomaterials in Clean Energy Hydrogen 

Systems. – Springer, 2008. – P. 437-442. 

29. Zvyagintseva A.V. Interrelation of structure and properties of electroplated 

Nickel coatings doped with boron in electronic products //electroplating engineering 

and surface treatment. 2007, vol. XV, no. 1, pp. 16-22. 

30. Zvyagintseva A.V. Electrodeposition of coatings of the Nickel – indium 

from sulfate-chloride electrolyte /V. A. Zvyagintsev, A. I. Palicheva //electroplating 

and surface treatment. – M.: publishing House of the Russian chemical and technolo-

gical UN-TA im. D. I. Mendeleev, 1994. - Vol. 3 - № η-6. - Pp. 47-51. 

31. Zvyagintseva A.V. Temperature range desorption deuterium from Ni–In 

composites [Text] /A. V. Zvyagintseva, A. N. Morozov, I. M. Kiryan //Interaction of 

hydrogen isotopes with structural materials.  IHISM14. Collection of reports of the 

Fifth international conference and the Ninth international school of young scientists 

and specialists. A. A. Kurdyumov // ed D-RA tekhn. Sciences A. A. Yukhimchuk. 

Sarov: FSUE «RFNC–VNIIEF», 2015. – S. 106-119. 

32. Shalimov Yu. N., Bataronov I. L., Khripunov, G. K., Ostrovskaya E. N., 

Litvinov Yu. V. Peculiarities of the processes of gas-chemical reactions under condi-

tions of published electrolysis // Alternative energy and ecology. (ISJAEE). No. 8, 

2005. C. 16-18. 

33. Grankin E. A., Shalimov Yu. N., Ostrovskaya E. N. The dependence of the 

internal friction of electrolytic chromium on the modes of electrocrystallization. Al-

ternative energy and ecology, 2004, (7), 12-18.  



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

116 

34. Blanter M. S., Pogosov Yu. V., etc., the Method of internal friction in me-

tallographic studies. M.: Metallurgy. 1991. 248 p. 

35. Postnikov V. S. Internal friction in metals. M.: Metallurgy. 1974. 351 p. 

36. Krishtal M. A., Pigusov Y. V., Golovin, S. A., Internal friction in metals 

and alloys. M.: Metallurgy, 1964. 246 p. 

37. Mirsaidov U. Synthesis, Properties, and Assimilation Methods of Alumi-

nium Hydride (eng.) // Edited by T. σОУКЭ VОгТЫШğХЮ, SЯОЭХКЧК ВЮ ГКРТЧКТМСОЧФШ, 

Dmitry V. Schur, Bogdan Baranowski, Anatoliy P. Shpak Hydrogen Materials 

Science and Chemistry of Carbon Nanomaterials : NATO Science for Peace and Se-

curity Series / NATO Science for Peace and Security Series a: – Springer, 2007. – P. 

77-85. – 384 p. 

38. Vlasov N. M. Zvyagintseva A.V. Mathematical modelling of hydrogen 

permeability of metals /Monograph. Voronezh: VSTU, 2012. 247 p. 

39. Geochemistry and ecology of the chemical elements: a reference guide / 

Chertko N. To., Certco E. N. Mn.: Publishing center BSU, 2008. –140 p. 

40. De Groot, S. R. Thermodynamics of irreversible processes. – M.: gittl, 

1956. – 277 p. 

41. Chemical encyclopedic dictionary / editor in chief I. L. Knunyants. – M.: 

«SШЯТОЭ ОЧМвМХШЩОНТК», 1983. – P. 484. – 792 p. 

42. Zvyagintseva A.V. The ability of the materials based on Nickel nano-scale 

range for hydrogen storage. InЭОЫЧКЭТШЧКХ ЬМТОЧЭТПТМ УШЮЫЧКХ «Alternative energy and 

ecology». – Sarov, STC «TATA», 2015. – No. 21 (185). – S. 150-155. 

43.Theodosiou K., Elastic models of defects in the crystal. M.: Mir, 1985. 551 p. 

44. Zvyagintseva A.V. Structural and impurity traps for point defects: monograph 

/A. V. Zvyagintseva. Voronezh: Voronezh state technical University, 2017. 216 p. 

45.Schrader V. A. Hydrogen in metals.  M: Knowledge. 1979. 63p. 

46. State diagrams of double metallic systems: Reference book, ed. N.P. Liaki-

shev, vol. 3, kN. 1. M.: Mechanical Engineering. 2001, 872 p.  

47. Zvyginceva A. V., Morozov O. M., Zhurba V. I., V. O. Progolaieva Effect-

sof Concentrationon Deuterium Deuterium Desorption Temperature Rangefrom Ni – 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

117 

In Composites (the effect of the concentration of deuterium in the range desorption 

deuterium from Ni-In composites). The Scientific Journal. Proceedings of the interna-

tional conference. Nanomaterials: applications and properties. Vol. 2 no 1. 

ζ8. PКЭ. № 2η2190ζ RЮЬЬТКЧ FОНОЫКЭТШЧ. IPC η1, F17C 11/00. TСО ЛКЭЭОЫв ТЬ 

hydrogen. [Text] /A. Zvyagintsev, V. Applicant and patentee – Zvyagintseva A.V. – 

2013113421/06; Appl. 10.08.2013; publ. 10.07.2014; Byul. No. 19, 5p. 

ζ9. PКЭ. № 2η3023η RЮЬЬТКЧ FОНОЫКЭТШЧ. IPC η1, C22B 9/16, B22D 27/02, 

C01B 6/24, C22C 19/03, C22F 1/10. The use of electrolytic melt to produce the alloy 

Ni-B for hydrogen storage. [Text] / Zvyagintsev A.V., Shalimov Yu. N. Applicant 

and patent holder-Zvyagintsev A.V.-2013101100/02; declared. 20.07.2014; publ. 

10.10.2014; Byul. No. 28; 3p. 

η0. PКЭ. № 2η30230 RЮЬЬТКЧ FОНОЫКЭТШЧ. IPC η1, C22C 19/03, C01B 6/2ζ, 

C25C 1/24, C22F 3/00, C25C 3/36. A method of producing Ni-B with defects in the 

structure, used as hydrogen battery [Text] /Zvyagintseva A.V., Shalimov Yu. N. The 

applicant and the patentee is Zvyagintseva A.V. – 2013106114/02; Appl. 12.08.2013; 

publ. 10.07.2014; Byul. No. 28; 3p. 

51. Pat. No. 2604092 Russian Federation. Device for changing the trajectory of 

space objects [Text] /A. Zvyagintsev, V. Applicant and patentee – Zvyagintsev A. V. 

– Application 2015128087 on 10.07.2015.; decision on issuance of a patent from 

01.11. 2016. 

52. Sazonova A. S. the operation of the hydraulic system when reserving and 

securing the required level of reliability // proceedings of Voronezh Institute of high 

technologies. – 2016. – No. 1 (16). P. 43-45. 

53. Sazonov S. A. Evaluation of the reliability of hydraulic systems in terms of 

effectiveness // Vestnik of Voronezh Institute of high technologies. – 2016. – No. 1 

(16). P. 37-39. 

54. Sazonov, S. A. evaluation of the reliability of the network objects // Vest-

nik of Voronezh Institute of high technologies. – 2016. – No. 1 (16). P. 40-42. 

 

________________________________________________________________________________ 

Ɂɜɹɝɢɧɰɟɜɚ Ⱥɥɥɚ ȼɢɬɚɥɶɟɜɧɚ – ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

118 

ɇɈɊɆȺɌɂȼɕ ɂ ɁȺɄɈɇɈȾȺɌȿɅɖɋɌȼɈ ȼ ɋɌɊɈɂɌȿɅɖɇɈɃ ɋɎȿɊȿ 

 

ɍȾɄ 625.7/.8 

 

ɘɊɂȾɂɑȿɋɄɂȿ ȺɋɉȿɄɌɕ ɈɌȼɈȾȺ ɁȿɆȿɅɖ ɉɈȾ 

ɊȺɋɉɈɅɈɀȿɇɂȿ ɌɊȺɇɋɉɈɊɌɇɈ-ɅɈȽɂɋɌɂɑȿɋɄɈɃ 

ɂɇɎɊȺɋɌɊɍɄɌɍɊɕ  

 

Ⱥ.ȼ. ȿɪɟɦɢɧ, Ʌ.Ⱥ. Ʉɭɤɢɧ, Ɉ.Ȼ. Ʉɭɤɢɧɚ* 

 

ȼɨɪɨɧɟɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɣɫɤɚɹ 

Ɏɟɞɟɪɚɰɢɹ, 394006, ɝ. ȼɨɪɨɧɟɠ, ɭɥ. 20-ɥɟɬɢɹ Ɉɤɬɹɛɪɹ, 84 

 

*Ⱥɞɪɟɫ ɞɥɹ ɩɟɪɟɩɢɫɤɢ: Ʉɭɤɢɧɚ Ɉɥɶɝɚ Ȼɨɪɢɫɨɜɧɚ, E-mail: robi57@mail.ru 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɚɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ Ɋɨɫɫɢɣɫɤɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɨɬɜɨɞɚ ɡɟɦɟɥɶ ɩɨɞ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ, ɚ ɢɦɟɧɧɨ ɪɚɫɫɦɨɬɪɟɧɨ 717 ɉɨɫɬɚɧɨɜɥɟɧɢɟ 

ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɟɝɨ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ, ɚ ɬɚɤɠɟ ɞɪɭɝɨɟ ɡɚɤɨɧɨ-

ɞɚɬɟɥɶɫɬɜɨ ɢ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ ɫɭɞɟɛɧɨɣ ɩɪɚɤɬɢɤɢ ɨɛ ɢɡɴɹɬɢɢ ɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɡɟɦɥɢ ɩɨɞ ɚɜ-

ɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɚɤɨɧ, ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɞɨɪɨɝɚ, ɨɬɜɨɞ, ɧɨɪɦɚ, ɫɩɨɪ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, 

ɩɪɨɟɤɬ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɨɪɨɝɢ 

 

LEGAL ASPECTS OF LAND ALLOTMENT FOR FOR THE LOCATION OF 

TRANSPORT AND LOGISTICS INFRASTRUCTURE 

 

A.V. Eremin, L.A. Kukin, O.B. Kukina* 

 

Voronezh State Technical University, ul. 20-letiia Oktiabria, 84, Voronezh,  

394006, Russian Federation 

 

*Corresponding author: Olga B. Kukina, E-mail: robi57@mail.ru 

 

_______________________________________________________________________________ 
© ȿɪɟɦɢɧ Ⱥ.ȼ., Ʉɭɤɢɧ Ʌ.Ⱥ., Ʉɭɤɢɧɚ Ɉ.Ȼ., 2018 

mailto:robi57@mail.ru


ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (16), 2018 

119 

The article deals with the actual problems of Russian legislation on the allocation of land for 

roads, namely considered 717 Decree of the Government of the Russian Federation, its advantages 

and disadvantages, as well as other legislation and particular cases of judicial practice on the seizure 

and reservation of land for roads. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɵ ɧɟ ɦɨɠɟɦ ɩɪɟɞɫɬɚɜɢɬɶ ɪɚɡɜɢɬɢɟ ɧɚɲɟɝɨ ɝɨɫɭɞɚɪɫɬ-

ɜɚ, ɧɚɲɟɣ ɫɬɪɚɧɵ, ɛɟɡ ɪɚɫɲɢɪɟɧɢɹ, ɭɜɟɥɢɱɟɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ ɚɜɬɨɦɨ-

ɛɢɥɶɧɵɯ ɞɨɪɨɝ. ɇɟ ɫɟɤɪɟɬ, ɱɬɨ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ 

ɱɚɫɬɶɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜɟɞɶ ɛɟɡ ɧɢɯ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢ ɮɚɤɬɢɱɟɫɤɨɟ ɫɭɳɟɫɬɜɨɜɚ-

ɧɢɟ ɛɭɞɟɬ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɟɧɨ, ɚ ɩɨɪɨɣ ɢ ɧɟɜɨɡɦɨɠɧɨ.  

ȼ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɧɚɲɟɣ ɫɬɪɚɧɵ, ɭɥɭɱɲɟɧɢɟɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɛɫɬɚ-

ɧɨɜɤɢ, ɪɚɡɜɢɬɢɟɦ ɧɨɜɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɪɚɡɪɚɛɨɬɤɢ ɬɟɪɪɢɬɨɪɢɣ ɪɚɧɟɟ ɧɟɨɛɠɢ-

ɬɵɯ, ɜ ɤɨɧɰɟ ɤɨɧɰɨɜ, ɫ ɜɨɡɜɪɚɳɟɧɢɟɦ ɱɚɫɬɢ Ʉɪɵɦɫɤɨɝɨ ɩɨɥɭɨɫɬɪɨɜɚ, ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɶ ɩɨɫɬɪɨɣɤɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɚ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨ-

ɠɟɫɬɜɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɩɪɨɝɪɚɦɦ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɪɚɡɜɢɬɢɟ ɢ ɜɨɫɫɬɚɧɨɜɥɟ-

ɧɢɟ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ Д1,2,3Ж, ɪɚɡɪɚɛɨɬɤɭ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɋɢɛɢɪɢ, ɟɫɬɶ 

ɞɚɠɟ ɩɪɟɞɥɨɠɟɧɢɹ ɩɟɪɟɞɢɫɥɨɰɢɪɨɜɚɬɶ ɫɬɨɥɢɰɭ ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ ɧɚ 

ɫɟɜɟɪ, ɜɫɟ ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. ɇɨ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨ-

ɪɨɝ ɧɟɨɛɯɨɞɢɦɚ ɡɟɦɥɹ, ɤɨɬɨɪɚɹ ɛɵɜɚɟɬ ɜ ɪɚɡɧɵɯ ɮɨɪɦɚɯ ɫɨɛɫɬɜɟɧɧɨɫɬɢ, ɱɬɨ 

ɫɨɡɞɚɟɬ, ɛɟɡɭɫɥɨɜɧɨ, ɧɟɤɢɟ ɩɪɨɛɥɟɦɵ, ɨ ɤɨɬɨɪɵɯ ɦɵ ɩɨɝɨɜɨɪɢɦ ɩɨɡɠɟ. 

ɋ ɜɫɬɭɩɥɟɧɢɟɦ ɜ ɫɢɥɭ ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 02.09.2009 

№ 717 «Ɉ ɧɨɪɦɚɯ ɨɬɜɨɞɚ ɡɟɦɟɥɶ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɢ (ɢɥɢ) 

ɨɛɴɟɤɬɨɜ ɞɨɪɨɠɧɨɝɨ ɫɟɪɜɢɫɚ» ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ ɨɬɜɨɞɚ ɡɟ-

ɦɟɥɶ ɩɨɞ ɞɨɪɨɝɢ ɢ ɞɨɪɨɠɧɵɟ ɫɟɪɜɢɫɵ ДζЖ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɚɧɧɭɸ ɩɪɨɰɟɞɭ-

ɪɭ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬ ɤɚɤ ɮɟɞɟɪɚɥɶɧɨɟ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨ, ɬɚɤ ɢ ɡɚɤɨɧɵ ɫɭɛɴɟɤɬɨɜ 

ɮɟɞɟɪɚɰɢɢ ɢ ɞɪɭɝɢɟ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɟ ɚɤɬɵ. Ɉɫɧɨɜɧɵɦɢ «ɛɚɡɚɦɢ» ɹɜɥɹɸɬ-

ɫɹ: «Ɂɟɦɟɥɶɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɨɬ 2η.10.2001 σ 136-ɎɁ, ɧɨɪɦɵ 

ɨɬɜɨɞɚ ɡɟɦɟɥɶ ɞɥɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɋɇ ζ67-7ζ, ɭɬɜɟɪɠɞɟɧɧɵɟ ɉɨɫɬɚɧɨɜ-

ɥɟɧɢɟɦ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɦɢɬɟɬɚ ɋɨɜɟɬɚ Ɇɢɧɢɫɬɪɨɜ ɋɋɋɊ ɩɨ ɞɟɥɚɦ ɫɬɪɨɢ-

ɬɟɥɶɫɬɜɚ ɨɬ 19.11.7ζ № 2ζ8, ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 1ζ ɚɩɪɟɥɹ 
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2007 ɝ. № 233 «Ɉ ɩɨɪɹɞɤɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫ ɨɬɜɨɞɚ ɮɟɞɟ-

ɪɚɥɶɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ», Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 8 ɧɨɹɛɪɹ 2007 ɝ. σ 257-

ɎɁ «Ɉɛ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝɚɯ ɢ ɨ ɞɨɪɨɠɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟ-

ɞɟɪɚɰɢɢ ɢ ɨ ɜɧɟɫɟɧɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɨɬɞɟɥɶɧɵɟ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ ɚɤɬɵ Ɋɨɫɫɢɣ-

ɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ», ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 29 ɨɤɬɹɛɪɹ 2009 ɝ. 

N 860 «Ɉ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɨɛɳɟɝɨ ɩɨɥɶɡɨ-

ɜɚɧɢɹ ɨɛɴɟɤɬɚɦɢ ɞɨɪɨɠɧɨɝɨ ɫɟɪɜɢɫɚ, ɪɚɡɦɟɳɚɟɦɵɦɢ ɜ ɝɪɚɧɢɰɚɯ ɩɨɥɨɫ ɨɬɜɨɞɚ», 

ɚ ɬɚɤɠɟ ȿɜɪɨɩɟɣɫɤɢɦ ɫɨɝɥɚɲɟɧɢɟɦ ɨ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɚɜɬɨɦɚɝɢɫɬɪɚɥɹɯ (ɋɆȺ), 

ɡɚɤɥɸɱɟɧɧɵɦ ɜ ɝ. ɀɟɧɟɜɟ 1η.11.197η ɝ. [5,6,7]. 

Ɂɚɤɨɧɧɵɟ ɨɫɧɨɜɚɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫ ɨɬɜɨɞɚ, ɚɜɬɨɦɨ-

ɛɢɥɶɧɵɯ ɞɨɪɨɝ ɦɟɫɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɡɚɤɪɟɩɥɹɟɬɫɹ  ɨɪɝɚɧɚɦɢ ɦɟɫɬɧɨɝɨ ɫɚɦɨɭɩɪɚɜ-

ɥɟɧɢɹ (ɈɆɋɍ). ɉɪɢ ɜɫɺɦ ɷɬɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɨɪɦɚɬɢɜɵ ɚɧɚɥɨɝɢɱɧɵɯ 

ɚɤɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɫɭɛɴɟɤɬɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɞɨɪɨɝɚɦ 

ɮɟɞɟɪɚɥɶɧɨɝɨ, ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɢ ɦɟɠɦɭɧɢɰɢɩɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚɩɪɢɦɟɪ, ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 1ζ ɚɩɪɟɥɹ 2007 ɝ. № 233 «Ɉ ɩɨ-

ɪɹɞɤɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫ ɨɬɜɨɞɚ ɮɟɞɟɪɚɥɶɧɵɯ ɚɜɬɨɦɨɛɢɥɶ-

ɧɵɯ ɞɨɪɨɝ». ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɥɨɫ ɨɬɜɨɞɚ ɚɜɬɨɞɨɪɨɝ ɦɟɫɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬ. η6 ɁɄ ɊɎ ɪɚɡɪɟɲɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɩɪɚɜ ɧɚ 

ɡɟɦɥɸ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜɢɞɵ ɪɚɡɪɟɲɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɢ ɩɨɪɹɞɨɤ ɟɟ ɨɫɭɳɟɫɬɜ-

ɥɟɧɢɹ. ɑ. 1 ɫɬ. η6 ɁɄ ɊɎ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɦɨɧɬ ɢɥɢ ɫɨɞɟɪɠɚɧɢɟ 

ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ (ɱɚɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ) ɞɨɩɭɫɤɚɟɬɫɹ ɭɫɬɚɧɚɜɥɢ-

ɜɚɬɶ ɭɫɥɨɜɢɹ ɧɚɱɚɥɚ ɢ ɡɚɜɟɪɲɟɧɢɹ ɡɚɫɬɪɨɣɤɢ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɟɦɟɥɶɧɨɝɨ 

ɭɱɚɫɬɤɚ ɜ ɬɟɱɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɪɨɤɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ 

ɩɨɪɹɞɤɟ ɩɪɨɟɤɬɭ. 

ɉɪɨɞɨɥɠɚɹ ɧɚɲɭ ɬɟɦɭ, ɧɟ ɫɬɨɢɬ ɡɚɛɵɜɚɬɶ ɢ ɨɞɢɧ ɜɚɠɧɵɣ ɚɫɩɟɤɬ 717 ɉɨ-

ɫɬɚɧɨɜɥɟɧɢɟ ɧɟ ɪɟɲɚɟɬ ɧɟɤɨɬɨɪɵɟ ɜɨɩɪɨɫɵ, ɤɨɬɨɪɵɟ, ɬɚɤ ɢɥɢ ɢɧɚɱɟ, ɨɫɬɚɸɬɫɹ. 

ɇɟ ɡɚɬɪɨɧɭɬɚ ɜɚɠɧɚɹ ɩɪɨɛɥɟɦɚ, ɬɚɤɚɹ ɤɚɤ ɜɨɩɪɨɫ ɨ ɤɨɦɩɟɧɫɚɰɢɢ ɫɨɛɫɬɜɟɧɧɢɤɚɦ 

ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɢ ɢɡɴɹɬɢɢ ɡɟɦɟɥɶ ɢ ɩɨɫɬɪɨɟɤ ɧɚ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ, ɡɚ-

ɪɟɡɟɪɜɢɪɨɜɚɧɧɵɯ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɧɭɠɞ ДηЖ. ɗɬɨɬ ɜɨɩɪɨɫ 

ɨɝɨɜɚɪɢɜɚɟɬɫɹ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɡɚɤɨɧɟ ɨɬ 10.0η.2007 ɝɨɞɚ № 69-ɎɁ «Ɉ ɜɧɟɫɟɧɢɢ 
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ɢɡɦɟɧɟɧɢɣ ɜ ɨɬɞɟɥɶɧɵɟ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ ɚɤɬɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɱɚɫɬɢ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɨɪɹɞɤɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɡɟɦɟɥɶ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢɥɢ ɦɭɧɢ-

ɰɢɩɚɥɶɧɵɯ ɧɭɠɞ». ɂɡɦɟɧɟɧɢɹ ɜ ɞɚɧɧɨɦ ɡɚɤɨɧɟ, ɡɚɩɪɟɳɚɸɬ ɩɟɪɟɨɮɨɪɦɥɟɧɢɟ 

ɭɱɚɫɬɤɨɜ ɪɹɞɨɦ ɫ ɜɨɡɦɨɠɧɵɦɢ ɬɪɚɫɫɚɦɢ. Ⱥ ɫɚɦɨɟ ɢɧɬɟɪɟɫɧɨɟ – ɭɦɟɧɶɲɚɟɬ ɪɚɡ-

ɦɟɪ ɜɨɡɦɟɳɟɧɢɹ ɩɪɢ ɢɡɴɹɬɢɢ ɜɫɟɯ ɩɨɫɬɪɨɟɤ ɧɚ ɡɚɪɟɡɟɪɜɢɪɨɜɚɧɧɵɯ ɭɱɚɫɬɤɚɯ. 

ȿɫɥɢ ɠɟ ɩɨɫɬɪɨɣɤɢ ɜɨɡɜɟɥɢ ɩɨɫɥɟ ɨɬɤɪɵɬɢɹ ɪɟɠɢɦɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ, ɬɨ ɨɧɢ, ɫɨ-

ɝɥɚɫɧɨ ɩ. 8 ɫɬ. 31 Ɂɟɦɟɥɶɧɨɝɨ ɤɨɞɟɤɫɚ ɊɎ (ɜ ɪɟɞɚɤɰɢɢ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ 

№69-ɎɁ) ɦɨɝɭɬ ɛɵɬɶ ɢɡɴɹɬɵ ɭ ɫɨɛɫɬɜɟɧɧɢɤɨɜ ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ. ɂɦɟɧɧɨ ɩɨɷɬɨ-

ɦɭ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜɥɚɞɟɥɟɰ ɩɨɥɭɱɢɥ ɫɨɨɛɳɟɧɢɟ ɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɭɤɚɡɚɧɧɨɝɨ 

ɡɟɦɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ, ɭ ɫɨɛɫɬɜɟɧɧɢɤɚ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨ ɩɪɨɞɨɥɠɟɧɢɢ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ. ɇɚɩɪɢɦɟɪ: ɉɨɫɬɚɧɨɜɥɟɧɢɟ 13-ɨɝɨ Ⱥɪɛɢɬɪɚɠɧɨɝɨ 

ɚɩɟɥɥɹɰɢɨɧɧɨɝɨ ɫɭɞɚ ɨɬ 19.06.2007 ɝ. ɩɨ ɞɟɥɭ σ Ⱥη6-2863η/2006 ɭɤɚɡɵɜɚɟɬ ɧɚɦ 

ɧɚ ɬɨ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɡɚɤɨɧɧɵɦ ɪɚɫɩɨɪɹɠɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɨɪɝɚɧɚ ɨ ɡɚɩɪɟ-

ɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɡɟɦɟɥɶɧɨɦ ɭɱɚɫɬɤɟ, ɩɥɚɧɢɪɭɟɦɨɦ ɩɨɞ ɢɡɴɹɬɢɟ. ȼɵɲɟɭɤɚ-

ɡɚɧɧɨɟ ɞɟɥɨ ɡɧɚɦɟɧɚɬɟɥɶɧɨ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɣ ɫɢɬɭɚɰɢɢ «ɫɩɨɪɧɚɹ» ɩɨɥɨɫɚ 

ɨɬɜɨɞɚ ɟɳɟ ɬɨɥɶɤɨ ɪɟɡɟɪɜɢɪɨɜɚɥɚɫɶ, ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɨɪɝɚɧ ɩɨɬɨɪɨɩɢɥɫɹ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɨɣ ɧɨɪɦɵ. ɉɨ ɢɬɨɝɚɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɞɟɥɚ ɜ ɚɩɟɥɥɹɰɢɨɧɧɨɣ ɢɧ-

ɫɬɚɧɰɢɢ ɪɚɫɩɨɪɹɠɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɨɪɝɚɧɚ ɛɵɥɨ ɨɬɦɟɧɟɧɨ. 

ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ, ɢɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɜɵɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɪɭɤɬɭɪɚɦ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɚɞɦɢɧɢɫɬɪɚɬɢɜ-

ɧɵɦ ɚɤɬɨɦ ɡɚɪɟɡɟɪɜɢɪɨɜɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɡɟɦɟɥɶɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɤɚɤɢɟ-

ɥɢɛɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɢɥɢ ɦɭɧɢɰɢɩɚɥɶɧɵɟ ɧɭɠɞ. Ɍɟɦ ɫɚɦɵɦ, ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ 

ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɤɭɩɚ ɡɟɦɥɢ, ɱɬɨ ɩɪɹɦɨ ɧɚɦ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɩɨɹ-

ɜɢɥɫɹ ɟɳɟ ɨɞɢɧ ɫɩɨɫɨɛ ɢɡɴɹɬɢɹ ɡɟɦɥɢ ɭ ɫɨɛɫɬɜɟɧɧɢɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɥɶ-

ɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɧɟ ɪɟɲɚɟɬ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɦɟɯɚɧɢɡɦɚ ɨɬ-

ɜɨɞɚ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɞ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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4. ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 02.09.2009 № 717 «Ɉ ɧɨɪɦɚɯ ɨɬ-

ɜɨɞɚ ɡɟɦɟɥɶ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɢ (ɢɥɢ) ɨɛɴɟɤɬɨɜ ɞɨɪɨɠɧɨɝɨ 

ɫɟɪɜɢɫɚ». 

5. Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 2η.10.2001 σ 136-ɎɁ «Ɂɟɦɟɥɶɧɵɣ ɤɨɞɟɤɫ Ɋɨɫ-

ɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ». 
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