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ɋ 1975 ɝɨɞɚ ɢɡɜɟɫɬɧɚ ɛɢɨɢɧɟɪɬɧɨɫɬɶ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ [1]. Ʉ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɷɬɨɣ ɤɟɪɚɦɢɤɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɜɵɫɨɤɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚ ɢɫɬɢɪɚɧɢɟ. Ɉɤɫɢɞ ɰɢɪɤɨɧɢɹ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɛɢɨɦɚɬɟɪɢɚɥɨɦ, 
ɢɦɟɸɳɢɦ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɛɭɞɭɳɟɟ ɩɨɬɨɦɭ, ɱɬɨ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɩɪɨɱɧɨɫɬɶ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ [1,2].  Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɟ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɤɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ ɫɦɟɫɢ ɷɬɢɯ ɨɤɫɢɞɨɜ, ɬɚɤɚɹ 
ɤɟɪɚɦɢɤɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɵɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ, ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ 
ɭɞɟɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ [1,2,3 ɢ ɞɪ.]. ɉɪɢ ɷɬɨɦ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɢɝɧɨɪɢɪɭɟɬɫɹ ɜɥɢɹɧɢɟ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ (ɞɨ 0,5 ɦɚɫ.%) ɩɨɪɨɨɛɪɚɡɭɸɳɢɯ 
ɞɨɛɚɜɨɤ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ ɧɟɨɞɧɨɡɧɚɱɧɨ. 
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Ʉɨɥɢɱɟɫɬɜɨ ɧɚɧɨɩɨɪɨɲɤɚ,%

ZƌOϮ AůϮOϯ

 
ɜ) 

Ɋɢɫ. 1 Ɂɚɜɢɫɢɦɨɫɬɶ ɭɫɚɞɤɢ, ɩɨɪɢɫɬɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɧɚɧɨɩɨɪɨɲɤɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 0,1% ɩɨɪɨɨɛɪɚɡɭɸɳɟɣ ɞɨɛɚɜɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɛɠɢɝɚ 1580°ɋ 
 
ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 

ɩɨɪɨɲɤɨɜɵɯ ɞɨɛɚɜɨɤ ɧɚ ɫɩɟɤɚɧɢɟ ɢ ɫɜɨɣɫɬɜɚ ɬɨɧɤɨɩɨɪɢɫɬɨɣ ɚɥɸɦɨɰɢɪɤɨɧɢɟɜɨɣ 
ɤɟɪɚɦɢɤɢ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɢɫɯɨɞɧɚɹ ɲɢɯɬɚ ɝɨɬɨɜɢɥɚɫɶ ɢɡ 
ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ ɜ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 70:30. ȼ 
ɩɨɥɭɱɟɧɧɭɸ ɲɢɯɬɭ ɞɨɛɚɜɥɹɥɨɫɶ ɩɨɪɨɨɛɪɚɡɭɸɳɟɟ ɜɟɳɟɫɬɜɨ (ɜɨɥɨɤɧɨ ɢɥɢ ɝɪɚɧɭɥɵ 
ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (ɉȼɋ)) ɢ ɧɚɧɨɩɨɪɨɲɨɤ ɨɞɧɨɝɨ ɢɡ ɨɤɫɢɞɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɰɵ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ ɝɨɬɨɜɢɥɢɫɶ ɦɟɬɨɞɨɦ ɨɞɧɨɨɫɧɨɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ ɢ ɨɛɠɢɝɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1550ºɋ ɢ 1580ºɋ ɫ ɜɵɞɟɪɠɤɨɣ ɩɪɢ 
ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ. ɉɨɫɥɟ ɨɛɠɢɝɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɭɫɚɞɤɚ, 
ɩɥɨɬɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ (ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɜɡɜɟɲɢɜɚɧɢɹ ɫ ɜɚɤɭɭɦɢɪɨɜɚɧɢɟɦ). ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1 ɢ 2. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1550°ɋ ɜɨɥɨɤɧɨ ɢ 
ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ ɭɜɟɥɢɱɢɜɚɸɬ ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢ ɢɝɪɚɸɬ ɪɨɥɶ 
ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ, ɧɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɞɨ 1580°ɋ ɞɚɧɧɵɟ 
ɞɨɛɚɜɤɢ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɧɟ ɛɨɥɟɟ 0,5 ɦɚɫ.% ɚɤɬɢɜɢɡɢɪɭɸɬ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ ɢ 
ɭɦɟɧɶɲɚɸɬ ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɜɵɹɜɥɟɧɨ, ɱɬɨ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɨɩɨɪɨɲɤɚ ɞɨ 1,5% ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɪɢɫɬɨɫɬɢ ɢ 
ɫɧɢɠɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɩɪɢ ɷɬɨɦ ɭɫɚɞɤɚ ɨɛɪɚɡɰɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ. 
ɇɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚɧɨɩɨɪɨɲɤɨɜ ɧɚ ɫɩɟɤɚɧɢɟ ɤɟɪɚɦɢɤɢ ɞɚɧɧɨɝɨ 
ɫɨɫɬɚɜɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɧɚɧɨɩɪɨɲɤɚ ɫ ɢɧɬɟɪɜɚɥɨɦ 0,1% ɢ ɭɜɟɥɢɱɢɬɶ 
ɫɨɞɟɪɠɚɧɢɹ ɧɚɧɨɩɪɨɲɤɚ ɞɨ 3%.  

 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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Ɋɢɫ. 2 Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ ɚ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɠɢɝɚ 1550°ɋ ɛ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɠɢɝɚ 

1580°ɋ 
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ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɚɫɲɢɪɟɧɢɟ ɫɮɟɪ ɩɨɬɪɟɛɥɟɧɢɹ ɫɨɡɞɚɟɬ ɜɫɟ ɛɨɥɶɲɟ ɢ 

ɛɨɥɶɲɟ ɢɫɬɨɱɧɢɤɨɜ ɜɵɞɟɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [1]. ɉɪɢ ɷɬɨɦ 
ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɧɨɜɵɣ ɤɥɚɫɫ ɬɨɤɫɢɤɚɧɬɨɜ [2], ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ 
ɤɨɬɨɪɵɯ ɜɥɢɹɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ [3], ɜɤɥɸɱɚɹ ɫɜɨɣɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ [4].  
ɇɚɫɬɨɹɳɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ ɪɚɡɧɨɜɚɥɟɧɬɧɵɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɚɝɪɟɝɚɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɩɨɪɨɲɤɨɜ 
Al ɢ Al2O3.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɚɧɨɩɨɪɨɲɤɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɚɥɸɦɢɧɢɹ (Al, 140 ɧɦ, 15,5 ɦ2/ɝ) ɢ ɟɝɨ ɨɤɫɢɞɚ (Al2O3, 220 ɧɦ, 6,8 ɦ2/ɝ). 

ȼ ɪɚɛɨɬɟ ɝɨɬɨɜɢɥɢ ɫɭɫɩɟɧɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫ ɪɚɡɧɨɣ ɢɨɧɧɨɣ 
ɫɢɥɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɥɟɣ Na+ ɢ Ca2+. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɥɚ 1 ɦɆ.  
ɋɬɚɛɢɥɶɧɨɫɬɶ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɢɡɭɱɚɥɢ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ȗ-ɩɨɬɟɧɰɢɚɥɚ ɱɚɫɬɢɰ ɢ 
ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ (dɫɪ), ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɢɡ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 
ɩɨ ɪɚɡɦɟɪɚɦ ɩɨ ɮɨɪɦɭɥɟ: 

ɝɞɟ dɫɪ – ɫɪɟɞɧɢɣ ɨɛɴɟɦɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ, ɦ; d – ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɢ, ɦ; q – 

,
(%)100
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