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ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɋɄɊɕɌɂə ɆɈɇȺɐɂɌȺ 
ɋɆȿɋɖɘ ɋȿɊɇɈɃ ɄɂɋɅɈɌɕ ɂ ȽɂȾɊɈȾɂɎɌɈɊɂȾȺ ȺɆɆɈɇɂə 

Ⱦ.ȼ. Ⱥɤɢɦɨɜ, Ⱥ.ɇ. Ⱦɶɹɱɟɧɤɨ, ɇ.Ȼ. ȿɝɨɪɨɜ, Ⱥ.Ⱦ. Ʉɢɫɟɥɺɜ, Ʉ. ȼ. Ɉɛɦɭɱ 
e-mail: ivanov@mail.ru, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ,  

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ 

ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» (ɎȽȺɈɍ ȼɈ ɇɂ Ɍɉɍ) 
 

Ɇɨɧɚɰɢɬɨɜɵɣ ɤɨɧɰɟɧɬɪɚɬ ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɵɪɶɟɦ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɰɟɪɢɟɜɨɣ ɝɪɭɩɩɵ ɢ ɬɨɪɢɹ Д1Ж. Ⱦɥɹ 
ɩɟɪɟɪɚɛɨɬɤɢ ɦɨɧɚɰɢɬɨɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɸɬ ɞɜɚ 
ɫɩɨɫɨɛɚ ɟɝɨ ɪɚɡɥɨɠɟɧɢɹ - ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ 
ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ Д2Ж. Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ: 1) ɧɟɩɨɥɧɨɬɚ ɜɫɤɪɵɬɢɹ ɤɨɧɰɟɧɬɪɚɬɚ, 2) ɛɨɥɶɲɨɣ ɨɛɴɟɦ 
ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ ɪɚɫɬɜɨɪɨɜ, 3) ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɰɟɩɨɱɤɟ ɜɫɤɪɵɜɚɸɳɢɯ ɦɨɧɚɰɢɬ ɪɟɚɝɟɧɬɨɜ. 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɞɨɤɚɡɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɨɛɚɜɨɤ ɝɢɞɪɨɞɢɮɬɨɪɢɞɨɚ ɚɦɦɨɧɢɹ ɤ ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɟ ɞɥɹ ɜɫɤɪɵɬɢɹ ɪɭɞ Ɍɭɝɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɉɪɟɞɥɨɠɟɧ ɢ 
ɢɫɫɥɟɞɨɜɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɩɟɪɟɪɚɛɨɬɤɢ ɊɁɗ-ɫɵɪɶɹ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɬɞɟɥɢɬɶ 
ɮɨɫɮɨɪ ɨɬ ɫɦɟɫɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɨɥɭɱɟɧɧɵɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɜɫɤɪɵɬɢɸ ɢ ɜɵɞɟɥɟɧɢɸ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɭɪɚɧɚ ɢ ɬɨɪɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜɫɤɪɵɬɢɹ ɦɨɧɚɰɢɬɚ ɫɦɟɫɶɸ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɝɢɞɪɨɞɢɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ. 

Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɨɠɟɧɢɢ ɦɨɧɚɰɢɬɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɫ ɞɨɛɚɜɤɚɦɢ 
ɝɢɞɪɨɞɢɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɳɟɥɚɱɢɜɚɧɢɟɦ ɊɁɆ ɢ 
ɚɤɬɢɧɨɢɞɨɜ ɢ ɢɯ ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɪɚɫɬɜɨɪɚ. ɉɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɝɨ 
ɰɢɤɥɚ ɪɚɡɥɨɠɟɧɢɹ ɦɨɧɚɰɢɬɚ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɝɢɞɪɨɞɢɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ.  

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɦɨɧɚɰɢɬɨɜɨɝɨ 
ɤɨɧɰɟɧɬɪɚɬɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɟɪɟɞɟɥɵ: 1) 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɟɩɚɪɚɰɢɹ, 2) ɩɨɞɝɨɬɨɜɤɚ ɲɢɯɬɵ, 3) ɫɩɥɚɜɥɟɧɢɟ 
ɦɨɧɚɰɢɬɨɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɫ NH4HF2, 4) ɚɛɫɨɪɛɰɢɹ, ɨɛɪɚɡɭɸɳɢɯɫɹ 
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ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 5) ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɭɪɚɧɚ ɢ ɬɨɪɢɹ, 6) ɩɨɥɭɱɟɧɢɟ 
ɛɟɡɜɨɞɧɵɯ ɮɬɨɪɢɞɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. ɉɟɥɵɦɫɤɢɣ Ƚ.Ⱥ., Ʉɨɬɨɜɚ ȼ.Ɇ., ɑɟɯɨɜɢɱ ɉ.Ⱥ., Ʉɚɩɢɬɨɧɨɜ ɂ.Ɇ. // 

Ɋɚɰɢɨɧɚɥɶɧɨɟ ɨɫɜɨɟɧɢɟ ɧɟɞɪ. 2012. ʋ 1. ɋ. 30-45. 
2. Shin H., Park H., Yoo K. // Geosystem Engineering. 2012. V. 15. ʋ 2. 

P. 118-122. 
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ɉɈɅɂɌȿɌɊȺɎɌɈɊɗɌɂɅȿɇȺ ɂ ȾɂɈɄɋɂȾȺ ɄɊȿɆɇɂə 
Ⱥ.ɋ. Ʉɚɧɬɚɟɜ  

E-mail: akantaev@tpu.ru 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ 
ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» (ɎȽȺɈɍ ȼɈ ɇɂ Ɍɉɍ) 

 
ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɦɟɫɢ ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ ɢ SiO2, ɩɭɬɟɦ ɚɛɫɨɪɛɰɢɢ ɧɚ 
ɚɦɦɢɚɱɧɨɣ ɜɨɞɟ ɩɪɨɞɭɤɬɨɜ ɬɟɪɦɨɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ ɢ 
ɜɨɡɝɨɧɚ ɝɟɤɫɚɮɬɨɪɨɫɢɥɢɤɚɬɚ ɚɦɦɨɧɢɹ. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɦ ɚɧɚɥɢɡɨɦ 
ɞɨɤɚɡɚɧɨ ɦɨɥɟɤɭɥɹɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ SiO2 ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɦɩɨɡɢɬɚ. 
ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɜɨɞɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɜɵɯɨɞ ɤɪɟɦɧɢɣ-
ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɬɚ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ.  

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ 
(ɉɌɎɗ) ɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ 
ɩɪɟɜɨɫɯɨɞɹɳɢɯ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɱɢɫɬɵɣ ɉɌɎɗД1Ж. Ɋɚɡɪɚɛɨɬɚɧɨ 
ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɦ ɜɜɟɞɟɧɢɹ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɉɌɎɗ, ɧɨ ɜɫɟ ɨɧɢ ɨɫɧɨɜɚɧɵ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɨɦ ɫɦɟɲɢɜɚɧɢɢ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɞɨɛɢɬɶɫɹ 
ɩɨɥɧɨɣ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɤɨɦɩɨɡɢɬɚ Д2Ж. 

 Ⱥɧɚɥɢɡ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɉɌɎɗ ɢ ɫɨɟɞɢɧɟɧɢɣ ɤɪɟɦɧɢɹ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɬɨɥɶɤɨ ɨɞɧɨ ɫɨɟɞɢɧɟɧɢɟ ɤɪɟɦɧɢɹ – ɝɟɫɤɚɮɬɨɪɨɫɢɥɢɤɚɬ 
ɚɦɦɨɧɢɹ (NH4)2SiF6, ɬɚɤɠɟ ɤɚɤ ɢ ɉɌɎɗ ɢɫɩɚɪɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 
300°ɋ, ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨ, ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥ, ɫɨɫɬɨɹɳɢɣ ɢɡ 
ɤɨɧɞɟɧɫɚɬɚ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɦɟɲɟɧɢɟɦ ɉɌɎɗ ɢ (NH4)2SiF6. ȼɚɠɧɵɦ 
ɫɜɨɣɫɬɜɨɦ ɝɟɤɫɚɮɬɨɪɨɫɢɥɢɤɚɬɚ ɚɦɦɨɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɦɦɢɚɤɨɦ ɢ ɚɦɦɢɚɱɧɨɣ ɜɨɞɨɣ ɩɨ ɪɟɚɤɰɢɢ: 

(NH4)2SiF6 + 4NH4OH = SiO2 + 6NH4F + 2H2O. 


