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Ȼɢɨɤɨɚɝɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɬɢɤɚɥɶɧɵɣ ɢɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɤɨɥɶɰɟɜɨɣ 

ɨɬɫɬɨɣɧɨɣ ɡɨɧɨɣ ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɤɚɦɟɪɨɣ ɛɢɨɤɨɚɝɭɥɹɰɢɢ, ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ 

ɤɨɧɬɚɤɬ ɢɡɥɢɲɧɟɝɨ ɚɤɬɢɜɧɨɝɨ ɢɥɚ ɫɨ ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ [3].  

Ɉɱɢɫɬɤɭ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɨɬɤɪɵɬɵɯ ɢɥɢ ɧɚɩɨɪɧɵɯ 

ɝɢɞɪɨɰɢɤɥɨɧɚɯ, ɢɥɢ ɰɟɧɬɪɢɮɭɝɚɯ. Ɉɬɤɪɵɬɵɟ ɝɢɞɪɨɰɢɤɥɨɧɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɢɡ ɫɬɨɱɧɨɣ ɜɨɞɵ 

ɤɪɭɩɧɵɯ ɬɜɟɪɞɵɯ ɩɪɢɦɟɫɟɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɨɫɚɠɞɟɧɢɹ ɛɨɥɟɟ 0,02 ɦ/ɫ. Ɍɚɤɢɟ ɝɢɞɪɨɰɢɤɥɨɧɵ ɢɦɟɸɬ ɛɨɥɶ-
ɲɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɦɚɥɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɟ 0,5 ɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ 

ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɝɢɞɪɨɰɢɤɥɨɧɚɯ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɩɪɢɦɟɫɟɣ (ɦɚɬɟɪɢɚɥɚ, ɪɚɡɦɟɪɚ, 
ɮɨɪɦɵ ɱɚɫɬɢɰ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɰɢɤɥɨɧɚ[6]. 

Ɇɟɯɚɧɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɫɬɨɤɨɜ ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ. ɉɪɢɧɰɢɩ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɱɢɫɬ-
ɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɢɡ ɫɬɨɤɨɜ ɭɞɚɥɹɸɬɫɹ ɜɫɟ ɬɜɟɪɞɵɟ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜɟɳɟɫɬɜɚ 
ɢ ɩɪɢɦɟɫɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɪɟɞɢɬɶ ɞɚɥɶɧɟɣɲɟɟ ɨɱɢɫɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɨɨɪɭɠɟɧɢɹ. 
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ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɧɚɭɱɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɜɨɞɧɵɯ ɫɢɥɢɤɚɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɚ ɜɦɟɫɬɟ ɫ 
ɬɟɦ ɢ ɡɧɚɧɢɹ ɩɪɢɤɥɚɞɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢɫɶ. Ƚɥɚɜɧɨɟ ɞɨɫɬɢɠɟɧɢɟ ɜ ɷɬɨɣ 

ɨɛɥɚɫɬɢ ɫɨɫɬɨɢɬ ɜ ɜɨɡɦɨɠɧɨɫɬɢ, ɛɥɚɝɨɞɚɪɹ ɫɨɜɪɟɦɟɧɧɵɦ ɦɟɬɨɞɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɬɶ ɧɚ ɤɚɱɟ-
ɫɬɜɟɧɧɨɦ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɭɪɨɜɧɟ ɚɧɢɨɧɧɵɣ ɫɨɫɬɚɜ ɫɢɥɢɤɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ. ȼ ɪɹɞɟ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɩɪɢɥɨɠɟɧɢɣ ɡɧɚɧɢɟ ɩɨɥɢɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ 
ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɧɟɝɨ ɩɪɨɞɭɤɬɨɜ ɢɥɢ ɩɨɥɭɱɚɬɶ ɩɪɨɞɭɤɬɵ ɫ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɚɩɪɢɦɟɪ, 
ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɫɜɚɪɨɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ. 

ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɦɟɸɬ ɠɢɞɤɢɟ ɫɬɟɤɥɚ – ɪɚɫɬɜɨɪɵ ɫɢ-

ɥɢɤɚɬɨɜ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ, ɫɢɥɢɤɚɬɧɵɣ ɦɨɞɭɥɶ ɤɨɬɨɪɵɯ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 2,5-4 ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫ-
ɬɜɨɪɨɜ ɨɬ 1,3 ɞɨ 1,45 ɝ/ɫɦ³. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɫɬɢɧɧɵɟ ɪɚɫɬɜɨɪɵ ɳɟɥɨɱɧɵɯ 
ɫɨɥɟɣ ɧɢɡɤɨɩɨɥɢɦɟɪɧɵɯ ɩɨɥɢɤɪɟɦɧɢɟɜɵɯ ɤɢɫɥɨɬ. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɨɥɢɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ ɚɧɢɨɧɧɨɣ ɱɚɫɬɢ 

ɷɬɢɯ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥɹɸɬ ɢɯ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɜɥɢɹɸɬ ɧɚ ɫɬɪɭɤɬɭɪɭ ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɧɢɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɇɚɬɪɢɟɜɵɟ ɢ ɤɚɥɢɟɜɵɟ ɠɢɞɤɢɟ ɫɬɟɤɥɚ ɩɪɨɢɡɜɨɞɹɬɫɹ ɚɜɬɨɤɥɚɜɧɵɦ ɪɚɫɬɜɨɪɟɧɢɟɦ ɛɟɡɜɨɞ-
ɧɨɝɨ ɫɬɟɤɥɨɜɢɞɧɨɝɨ ɳɟɥɨɱɧɨɝɨ ɫɢɥɢɤɚɬɚ – ɫɢɥɢɤɚɬ-ɝɥɵɛɵ, ɩɨɥɭɱɚɟɦɨɣ ɫɩɥɚɜɥɟɧɢɟɦ ɤɪɟɦɧɟɡɺɦɚ ɫ 
ɤɚɪɛɨɧɚɬɨɦ ɢɥɢ ɫɭɥɶɮɚɬɨɦ ɧɚɬɪɢɹ. Ɇɧɨɝɢɟ ɩɨɬɪɟɛɢɬɟɥɢ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɜ ɰɟɥɹɯ ɷɤɨɧɨɦɢɢ ɩɪɢ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɩɨɤɭɩɚɸɬ ɫɢɥɢɤɚɬ-ɝɥɵɛɭ ɢ ɡɚɬɟɦ ɝɨɬɨɜɹɬ ɪɚɫɬɜɨɪɵ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɭɹ ɚɜ-
ɬɨɤɥɚɜɧɭɸ ɬɟɯɧɢɤɭ. 



 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ  
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ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɬɜɨɪɟɧɢɟ ɫɢɥɢɤɚɬ-ɝɥɵɛɵ ɨɛɵɱɧɨ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɨ ɜɪɚɳɚɸ-

ɳɢɯɫɹ ɚɜɬɨɤɥɚɜɚɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 0,3-0,7 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 135-150ɋ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ 
ɪɚɫɬɜɨɪɟɧɢɹ ɡɚɧɢɦɚɟɬ 1-2 ɱɚɫɚ.  

ɉɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ ɦɨɠɧɨ ɜɟɫɬɢ ɢ ɛɟɡɚɜɬɨɤɥɚɜɧɵɦ ɦɟɬɨɞɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɢɥɢɤɚɬ-ɝɥɵɛɭ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɥɶɱɚɸɬ, ɚ ɩɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ ɜɟɞɭɬ ɜ ɨɛɨɝɪɟɜɚɟɦɵɯ ɪɟɚɤɬɨɪɚɯ ɫ ɦɟɲɚɥɤɚɦɢ ɜ ɬɟɱɟɧɢɟ 
ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. ɋɩɨɫɨɛɧɨɫɬɶ ɳɟɥɨɱɟɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ (ɧɚɬɪɢɟɜɨɝɨ ɢ ɤɚɥɢɟɜɨɝɨ) ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɜɨɞɟ 
ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɫɜɹɡɟɣ Si-O-Na, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɞɢɫɫɨɰɢɢɪɨɜɚɬɶ ɢ ɝɢɞɪɨɥɢɡɨɜɚɬɶɫɹ: 
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Ƚɢɞɪɨɥɢɡ ɫɜɹɡɟɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɬɜɟɪɞɨɣ ɮɚɡɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɤɨɩɥɟɧɢɸ ɜ ɪɚɫɬɜɨɪɟ 
ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ, ɤɨɬɨɪɵɟ ɞɢɮɮɭɧɞɢɪɭɸɬ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɪɭɲɚɸɬ ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɵɣ ɤɚɪɤɚɫ 
ɩɨ ɫɜɹɡɹɦ Si-O-Si: 

  OSiOHSiOHSiOSi  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɪɟɚɤɰɢɣ ɜ ɪɚɫɬɜɨɪ ɫɩɟɪɜɚ ɩɟɪɟɯɨɞɹɬ ɤɚɬɢɨɧɵ ɳɟɥɨɱɧɨɝɨ ɦɟ-
ɬɚɥɥɚ ɢ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɵ; ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ OH ɢɨɧɨɜ ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɵɣ ɤɚɪɤɚɫ ɪɚɡɪɭɲɚɟɬɫɹ ɢ ɜ 
ɪɚɫɬɜɨɪɟ ɩɨɹɜɥɹɸɬɫɹ ɚɧɢɨɧɵ ɧɢɡɤɨɩɨɥɢɦɟɪɧɵɯ ɩɨɥɢɤɪɟɦɧɢɟɜɵɯ ɤɢɫɥɨɬ. 

Ʉ ɨɫɧɨɜɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɨɬɧɨɫɹɬɫɹ: 
 ɜɢɞ ɤɚɬɢɨɧɚ; 
 ɫɢɥɢɤɚɬɧɵɣ ɦɨɞɭɥɶ;  
 ɤɨɧɰɟɧɬɪɚɰɢɹ.  
ȼ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ ɩɪɢɦɟɧɟɧɢɹ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɢ ɢɯ ɩɪɢɪɨɞɚ. 

ɉɨ ɜɢɞɭ ɤɚɬɢɨɧɚ ɠɢɞɤɢɟ ɫɬɟɤɥɚ ɦɨɝɭɬ ɛɵɬɶ ɧɚɬɪɢɟɜɵɦɢ, ɤɚɥɢɟɜɵɦɢ, ɪɟɠɟ – ɥɢɬɢɟɜɵɦɢ. ɋɢɥɢɤɚɬɧɵɣ 

ɦɨɞɭɥɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧ ɱɟɪɟɡ ɦɨɥɹɪɧɨɟ ɢɥɢ ɦɚɫɫɨɜɨɟ (ɜɟɫɨɜɨɟ) ɫɨɞɟɪɠɚɧɢɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ – SiO2 ɢ M2O – ɜ ɫɢɫɬɟɦɟ: 
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ɝɞɟ n ɢ nW – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɥɹɪɧɵɣ ɢ ɜɟɫɨɜɨɣ ɦɨɞɭɥɢ; %SiOm
2  ɢ %OM m

2  – ɫɨɞɟɪɠɚɧɢɟ 

SiO2 ɢ ɨɤɫɢɞɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ, ɦɨɥ %; %SiOw
2  ɢ %OM w

2  – ɫɨɞɟɪɠɚɧɢɟ SiO2 ɢ ɨɤɫɢɞɚ ɳɟɥɨɱɧɨ-
ɝɨ ɦɟɬɚɥɥɚ, ɦɚɫ %. 

ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɜɟɫɨɜɵɦ ɢ ɦɨɥɹɪɧɵɦ ɫɢɥɢɤɚɬɧɵɦɢ ɦɨɞɭɥɹɦɢ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

knn w  , 
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2
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OM
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M
K        (1) 

Ɂɞɟɫɶ MSiO2 ɢ MM2O  – ɦɨɥɹɪɧɵɟ ɦɚɫɫɵ SiO2 ɢ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ, ɝ/ɦɨɥɶ. ɋɨɨɬɧɨɲɟɧɢɟ k ɪɚɜɧɨ 
1,032 ɢ 1,568 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɧɚɬɪɢɟɜɨɣ ɢ ɤɚɥɢɟɜɨɣ ɫɢɫɬɟɦ [1]. 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɜ Ɋɨɫɫɢɢ ɱɚɳɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɥɹɪɧɵɣ ɦɨɞɭɥɶ, ɡɚ ɪɭɛɟɠɨɦ – ɜɟɫɨ-
ɜɨɣ. ɉɨɞ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɨɞɧɨɣ ɳɟɥɨɱɟɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦɵ (ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ) ɨɛɵɱɧɨ ɩɨɧɢɦɚɟɬɫɹ ɫɭɦ-

ɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɝɥɚɜɧɵɯ ɨɤɫɢɞɨɜ SiO2 ɢ M2O, ɜɵɪɚɠɟɧɧɨɟ ɜ ɦɚɫɫɨɜɵɯ ɞɨɥɹɯ ɢɥɢ ɦɚɫɫɨɜɵɯ ɩɪɨɰɟɧɬɚɯ. 
ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɨɤɫɢɞɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɧɚɬɪɢɟɜɵɯ ɠɢɞɤɢɯ ɫɬɟɤɥɚɯ ɨɪɢ-

ɟɧɬɢɪɨɜɨɱɧɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ: SiO2 –30-33, Na2O – 10-13 ɦɚɫ%. ɋɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɧɵɯ ɨɤɫɢɞɨɜ 
Al2O3+Fe2O3 ɧɟ ɩɪɟɜɵɲɚɟɬ 0,25-0,4, ɋɚɈ – 0,2-0,25 ɦɚɫ%.  

ɉɥɨɬɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɫɨɫɬɚɜɚ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ. ɉɨɦɢɦɨ ɷɬɨɝɨ ɜɹɡɤɨɫɬɶ ɜ ɫɢɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ, ɧɚɥɢɱɢɹ ɩɪɢɦɟɫɟɣ, ɫɩɨɫɨɛɚ ɨɛɪɚɡɨɜɚɧɢɹ, ɜɨɡɪɚɫɬɚ ɢ ɞɪɭ-
ɝɢɯ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɮɚɤɬɨɪɨɜ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɜɹɡɤɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɧɟ ɥɢɧɟɣɧɨ (ɪɢɫɭɧɨɤ 1). ɉɪɢ ɞɨɫ-
ɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪ ɫɬɚɧɨɜɢɬɫɹ ɧɚɫɬɨɥɶɤɨ ɜɹɡɤɢɦ, ɱɬɨ ɟɝɨ ɩɪɢ-

ɦɟɧɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ. Ⱦɥɹ ɠɢɞɤɢɯ ɫɬɟɤɨɥ ɫ ɦɨɞɭɥɟɦ ɨɤɨɥɨ ɬɪɺɯ, ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 40-45 ɦɚɫ% (10 ɦɚɫ% Na2O). 
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Ɋɢɫ. 1. ȼɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɫɢɥɢɤɚɬɨɜ ɧɚɬɪɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɞɭɥɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ 20°ɋ [1] 

 

ȼ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɱɚɫɬɨ ɜɦɟɫɬɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɢɝɭɪɢɪɭɟɬ ɩɥɨɬɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɹɜ-
ɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɫɢɥɢɤɚɬɧɨɝɨ ɦɨɞɭɥɹ ɢ ɜɢɞɚ ɤɚɬɢɨɧɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɢɡɦɟɪɢɬɶ ɩɥɨɬ-
ɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɤɚɡɵɜɚɟɬɫɹ ɛɵɫɬɪɟɟ ɢ ɩɪɨɳɟ, ɱɟɦ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɤɨɧɰɟɧ-

ɬɪɚɰɢɸ. Ɂɧɚɹ ɫɢɥɢɤɚɬɧɵɣ ɦɨɞɭɥɶ ɢ ɩɥɨɬɧɨɫɬɶ, ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɧɨɦɨɝɪɚɦɦ ɢ ɮɨɪɦɭɥ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢ ɧɚɨɛɨɪɨɬ. Ɉɛɵɱɧɨ ɩɥɨɬɧɨɫɬɶ ɩɪɨɦɵɲɥɟɧɧɵɯ ɠɢɞɤɢɯ ɫɬɺɤɨɥ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 1,3-1,5 ɝ/ɫɦ³. 
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ɂɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɦɟɧɢ ɋ.Ȼ. Ʌɟɨɧɨɜɚ  
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  
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ɂɫɬɨɱɧɢɤɨɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɹɜɥɹɸɬɫɹ ɩɪɟɞɩɪɢɹɬɢɹ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝɚɥɶɜɚɧɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɧɟɮɬɟɝɚɡɨɜɵɣ ɤɨɦɩɥɟɤɫ. 

ɉɪɢɦɟɧɹɟɦɵɟ ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɢ ɤɚɱɟɫɬɜɟɧɧɵɦ ɫɨɫɬɚɜɨɦ 

ɫɬɨɱɧɵɯ ɜɨɞ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɨ ɢ ɨɬ ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ [1]. 

ɇɟɮɬɟɩɪɨɞɭɤɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɡɚɝɪɹɡɧɢɬɟ-
ɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞɨɟɦɨɜ ɢ ɜɨɞɨɬɨɤɨɜ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɪɟɝɢɨɧɚɯ ɬɚɤɠɟ ɢ ɩɨɞɡɟɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɉɧɢ ɩɨɩɚɞɚɸɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɯɧɨɝɟɧɧɵɯ ɚɜɚɪɢɣ, 

ɫɛɪɨɫɚ ɧɟɨɱɢɳɟɧɧɵɯ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɱɢɳɟɧɧɵɯ ɧɟɮɬɟɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɨɝɨ ɨɬɜɨɞɚ ɥɢɜɧɟɜɨɝɨ ɢ ɬɚɥɨɝɨ ɫɬɨɤɨɜ ɫ ɬɟɪɪɢɬɨɪɢɣ, ɡɚɝɪɹɡ-
ɧɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ ɢ ɦɚɫɥɚɦɢ [2]. 


