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(Hµ=6 Ƚɉɚ) ɫɨɯɪɚɧɹɸɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ 500 °C (1ɱ.). ȼɵɫɨɤɚɹ ɬɟɪɦɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɩɪɢ ɄȽȾ ɫɬɪɭɤɬɭɪɵ ɜ ɫɬɚɥɢ 06ɆȻɎ ɨɛɭɫɥɨɜɥɟɧɚ, ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɤɚɪɛɢɞɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ. 
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Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɤɟɪɚɦɢɤɢ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɪɚɫɲɢɪɟɧɢɟ ɢ ɭɝɥɭɛɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɨɜɵɯ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɜɵɫɨɤɨɩɥɨɬɧɵɯ, ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɪɨɱɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ 
ɬɚɤɠɟ ɦɚɬɟɪɢɚɥɨɜ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ 
ɫɨɜɪɟɦɟɧɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɟɪɚɦɢɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɦɟɫɟɣ ɜɵɫɨɤɨɨɝɧɟɭɩɨɪɧɵɯ ɨɤɫɢɞɨɜ ɜ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ 
ɫɢɫɬɟɦɚɯ, ɤɪɢɜɵɟ ɥɢɤɜɢɞɭɫɚ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɨɛɥɚɫɬɢ ɜɟɫɶɦɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 
Ɉɧɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɫ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢɡɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ 
ɪɟɝɭɥɢɪɨɜɚɬɶ [1]. ȼ ɪɚɛɨɬɟ ɢɡɭɱɚɟɬɫɹ ɤɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ ɱɢɫɬɵɯ ɨɤɫɢɞɨɜ, ɛɢɧɚɪɧɚɹ 
ɫɢɫɬɟɦɚ Al2Ɉ3 – MgɈ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɞɭɤɬɚ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚɥɸɦɨ-ɦɚɝɧɢɟɜɨɣ 
ɲɩɢɧɟɥɢ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɜɵɲɟ 2000-2500 °ɋ, ɞɢɚɝɪɚɦɦɚ 
ɫɨɫɬɨɹɧɢɹ MgɈ – Al2Ɉ3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɪɢɝɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɢɱɟɫɤɨɣ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ Al2O3 c ɞɨɛɚɜɥɟɧɢɟɦ MgO. ɂɡ ɨɤɢɫɥɨɜ 
ɞɚɧɧɵɯ ɦɟɬɚɥɥɨɜ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɜ ɮɨɪɦɟ ɰɢɥɢɧɞɪɨɜ: h=20ɦɦ, d=13ɦɦ. 
Ɉɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɛɟɡ ɦɟɯɚɧɢɱɟɫɤɨɣ 
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ɨɛɪɚɛɨɬɤɢ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɨɛɪɚɡɰɵ ɫ 30% ɫɨɞɟɪɠɚɧɢɟɦ ɞɚɧɧɨɝɨ ɨɤɫɢɞɚ, ɩɪɢ 
ɛɨɥɶɲɟɣ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɛɪɚɡɰɵ ɪɚɫɫɵɩɚɥɢɫɶ ɩɪɢ ɢɡɜɥɟɱɟɧɢɢ ɢɯ ɢɡ ɩɪɟɫɫ ɮɨɪɦɵ.  
ɉɨɥɭɱɟɧɧɵɟ ɩɪɟɫɫɨɜɤɢ ɫɩɟɤɚɥɢɫɶ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ: 1450, 1500, 1550, 
1600 ɢ 1650°ɋ, ɞɚɜɥɟɧɢɟ ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ ɫɨɫɬɚɜɥɹɥɨ 13ɤɇ. ɉɨɫɥɟ ɫɩɟɤɚɧɢɹ 
ɢɡɦɟɪɹɥɢɫɶ ɦɚɫɫɚ ɢ ɪɚɡɦɟɪɵ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ 
ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨɪɢɫɬɨɫɬɶ ɢ ɭɫɚɞɤɭ ɤɚɠɞɨɝɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 

 
Ɋɢɫ.1. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ MgO-Al2O3 

 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɝɨɬɨɜɤɚɯ, 

ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɭɫɚɞɤɢ, ɬɚɤ ɧɚ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɱɢɫɬɨɝɨ MgO, 
ɭɫɚɞɤɚ ɫɨɫɬɚɜɢɥɚ ɩɪɢɦɟɪɧɨ 30%. Ɍɚɤɠɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɪɢɫɬɨɫɬɢ 
ɨɛɪɚɡɰɨɜ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɚɝɧɢɹ, ɩɪɢ ɟɝɨ ɫɨɞɟɪɠɚɧɢɢ ɜ 20% ɢ ɩɪɢ 
Ɍɫɩ=1550°ɋ, ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɪɢɫɬɨɫɬɶ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ 50%. 
ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ  ɫɨɞɟɪɠɚɧɢɢ ɨɤɫɢɞɚ ɦɚɝɧɢɹ, ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɛɥɢɡɤɚ ɤ 
10%. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɦɚɥɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ (Al2O3 - Mg), ɧɚɛɥɸɞɚɟɬɫɹ 
ɭɜɟɥɢɱɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.2.ɚ.  

ɇɚ ɪɢɫ.2.ɛ ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɤɫɢɞɚ 
ɦɚɝɧɢɹ ɨɬ ɧɭɥɹ ɞɨ 20%, ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬ 40% ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɞɚɧɧɨɝɨ ɨɤɫɢɞɚ 20%. ɉɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ MgO ɞɨ 90%, ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. Ɍɚɤɠɟ ɧɚ ɩɪɢɜɟɞɟɧɧɨɦ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ  ɫɨɞɟɪɠɚɧɢɢ ɨɤɫɢɞɚ ɦɚɝɧɢɹ, ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɛɥɢɡɤɚ ɤ 8%, 
ɬɨ ɟɫɬɶ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɭɱɚɸɬɫɹ ɨɱɟɧɶ ɩɥɨɬɧɵɦɢ. 

ɇɚ ɪɢɫ.3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɠɚɸɳɚɹ   
ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɩɟɤɚɧɢɹ 1550 ɢ 1600°ɋ. ɇɚ ɩɪɢɜɟɞɟɧɧɵɯ 
ɤɚɪɬɢɧɤɚɯ -  ɱɟɪɧɵɟ ɬɨɱɤɢ ɷɬɨ ɩɨɪɵ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ, ɩɪɢɦɟɪɧɨ ɫɨɫɬɚɜɥɹɟɬ 50%, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɢɥɢɫɶ ɨɛɪɚɡɰɵ ɫ ɜɵɫɨɤɨɣ 
ɩɨɪɢɫɬɨɫɬɶɸ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫ 
ɩɨɦɨɳɶɸ ɭɜɟɥɢɱɟɧɢɹ ɢɥɢ ɭɦɟɧɶɲɟɧɢɹ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ 
(Al2O3–Mg), ɦɵ ɦɨɠɟɦ ɞɨɜɨɥɶɧɨ ɬɨɱɧɨ ɭɩɪɚɜɥɹɬɶ ɩɨɪɢɫɬɨɫɬɶɸ ɢ ɩɥɨɬɧɨɫɬɶɸ 
ɩɨɥɭɱɚɟɦɵɯ ɨɛɪɚɡɰɨɜ.  
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                           ɚ) ɛ) 

Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɪɢɫɬɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ ɫɨɞɟɪɠɚɧɢɹ MgO: ɚ) Ɍɫɩ=1550°ɋ,  
ɛ) Ɍɫɩ=1600°ɋ 

 
Ɍɚɤɠɟ ɫ  ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 

ɨɛɪɚɡɰɚɯ ɫ 30-50% ɫɨɞɟɪɠɚɧɢɟɦ MgO, ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɚɥɸɦɨɦɚɝɧɢɟɜɨɣ 
ɲɩɢɧɟɥɢ (MgAl2O4), ɟɟ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɛɵɥɚ ɢɡɦɟɪɟɧɚ, ɢ ɫɨɫɬɚɜɢɥɚ 3,6 ɝ/ɫɦ3. 
Ɉɛɪɚɡɨɜɚɜɲɚɹɫɹ ɲɩɢɧɟɥɶ ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, 
ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶɸ ɢ ɬɜɟɪɞɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɧɨ ɫɨɯɪɚɧɹɸɬɫɹ 
ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚɥɸɦɨ-ɦɚɝɧɢɟɜɚɹ ɲɩɢɧɟɥɶ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ 
ɷɮɮɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɯɧɢɤɢ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ. 
ɒɩɢɧɟɥɶ ɦɨɠɟɬ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɟɩɥɨɡɚɳɢɬɵ ɤɚɦɟɪ 
ɫɝɨɪɚɧɢɹ ɢ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ɚɜɢɚɰɢɨɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɞɚɬɱɢɤɨɜ 
ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɬɟɪɦɨɧɚɝɪɭɠɟɧɢɹɯ.  

 

  
ɚ) ɛ) 

Ɋɢɫ.3. ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ MgO ɪɚɜɧɵɦ 20% ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɫɩɟɤɚɧɢɹ: ɚ) Ɍɫɩ=1550°ɋ, ɛ) Ɍɫɩ=1600°ɋ 

Ⱦɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɡɧɚɱɢɦɵɦ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɣ 
ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɬɟɪɦɨɧɚɝɪɭɠɟɧɧɵɯ ɷɥɟɦɟɧɬɚɯ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɪɨɤ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  
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