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ȼɜɟɞɟɧɢɟ 
Ʉɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ Al2O3 ɢ ZrO2 ɭɫɬɨɣɱɢɜɵ ɤ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ, ɢɡɧɨɫɨɫɬɨɣɤɢ, ɹɜɥɹɸɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦɢ 
ɢɡɨɥɹɬɨɪɚɦɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵ. Ȼɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɬɚɤɢɯ 
ɫɜɨɣɫɬɜ  ɞɚɧɧɵɟ ɤɟɪɚɦɢɤɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ. ɇɚ ɢɯ 
ɨɫɧɨɜɟ ɫɨɡɞɚɸɬɫɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ, 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [1-3]. 

ɉɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɫɜɹɡɚɧ ɫ ɩɨɢɫɤɨɦ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɜɢɞɨɜ ɫɵɪɶɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɫɩɨɫɨɛɨɜ ɚɤɬɢɜɢɪɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɜ ɩɥɚɧɟ ɚɤɬɢɜɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ 
ɜɜɟɞɟɧɢɟ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ [4]. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɧɚɧɨɩɨɪɨɲɤɚ Al ɧɚ ɫɜɨɣɫɬɜɚ ɢ 
ɫɬɪɭɤɬɭɪɭ ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ Al2O3 ɢ ZrO2. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ Al2O3 ɢ ZrO2, ɧɚɧɨɩɨɪɨɲɤɢ 

Al, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ (ɗȼɉ) ɢ ɦɟɬɨɞɨɦ 
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ (ɉɏɋ). 

ɉɪɢɝɨɬɨɜɥɟɧɧɵɟ ɫɦɟɫɢ ɧɚɧɨɩɨɪɨɲɤɨɜ Al2O3 ɢ ZrO2 ɫ ɧɚɧɨɩɨɪɨɲɤɨɦ Al 
ɩɨɞɜɟɪɝɥɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɷɧɟɪɝɨɧɚɩɪɹɠɺɧɧɨɣ ɩɥɚɧɟɬɚɪɧɨɣ ɲɚɪɨɜɨɣ 
ɦɟɥɶɧɢɰɟ «Ⱥɤɬɢɜɚɬɨɪ 2SL» ɩɨ ɪɟɠɢɦɭ: ɱɚɫɬɨɬɚ – 20 Ƚɰ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ – 20 ɦɢɧ. 
ȼ ɫɦɟɫɢ ɩɟɪɟɞ ɩɪɟɫɫɨɜɚɧɢɟɦ ɞɨɛɚɜɢɥɢ 5 ɜɟɫ. % ɤɚɪɛɨɤɫɢɦɟɬɢɥɰɟɥɥɸɥɨɡɵ. Ɉɛɪɚɡɰɵ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɟɫɫɨɜɚɥɢ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 400 
Ɇɉɚ. ɋɩɟɤɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600 °C ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɟɱɢ 
ɞɥɹ ɫɩɟɤɚɧɢɹ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ ɢ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ ɬɢɩɚ ɋȼɗɆ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1450ɋ ɫ ɜɪɟɦɟɧɟɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ 1ɱ. ɂɧɞɟɧɬɢɪɨɜɚɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ Nano Indenter G 200. ȼ ɤɚɱɟɫɬɜɟ ɢɧɞɟɧɬɨɪɚ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɢɪɚɦɢɞɭ Ȼɟɪɤɨɜɢɱɚ, ɧɚɝɪɭɡɤɚ ɫɨɫɬɚɜɥɹɥɚ 500 ɦɇ (50 ɝ). 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɥɨɬɧɨɫɬɢ ɤɟɪɚɦɢɤ ɢɡ ɧɚɧɨɩɪɨɲɤɨɜ Al2O3 ɢ ZrO2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɨɨɬɧɨɲɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɚ Al, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ (ɗȼɉ) ɢ 
ɦɟɬɨɞɨɦ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ (ɉɏɋ), ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɫɥɟ ɫɩɟɤɚɧɢɹ ɜ ɜɚɤɭɭɦɧɨɣ 
ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1450ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɧɢɠɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭ ɨɛɪɚɡɨɜ ɧɚ ɨɫɧɨɜɟ 
Al2O3 (ɪɢɫɭɧɨɤ 1ɛ,2ɛ). ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɫɩɚɪɟɧɢɟɦ ɞɨɛɚɜɤɢ ɧɚɧɨɩɨɪɨɲɤɚ Al ɢɡ ɨɛɴɟɦɚ 
ɨɛɪɚɡɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɫɨɤɚɹ ɩɨɪɢɫɬɨɫɬɶ. ɂɡ ɪɢɫɭɧɤɚ 1ɝ, ɜɢɞɧɨ, ɱɬɨ 
ɞɨɛɚɜɤɢ ɧɚɧɨɩɨɪɨɲɤɚ Al ɜ ɧɚɧɨɩɨɪɨɲɨɤ Al2O3 ɩɨɜɵɫɢɥɢ ɩɥɨɬɧɨɫɬɶ ɫɩɟɱɟɧɧɨɣ 
ɤɟɪɚɦɢɤɢ. Ɍɚɤɨɟ ɚɤɬɢɜɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɳɚɞɢ 
ɦɟɠɱɚɫɬɢɱɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ. 
ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɫɩɟɤɚɧɢɹ 
ɨɛɴɹɫɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ɉɪɢ ɫɩɟɤɚɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɦɟɫɢ ɧɚɧɨɩɨɪɨɲɤɚ 
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Al2O3 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɧɚɧɨɩɨɪɨɲɤɚ Al ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ 
ɫɢɧɬɟɡɚ (ɉɏɋ) ɦɟɯɚɧɢɡɦɵ ɚɤɬɢɜɢɪɨɜɚɧɢɹ ɫɩɟɤɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɫɬɪɭɤɬɭɪɧɨɣ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɋɬɪɭɤɬɭɪɧɚɹ ɢ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ 
ɧɚɧɨɩɨɪɨɲɤɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɞɟɮɟɤɬɧɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ, ɪɚɡɦɟɪɨɦ ɢ 
ɮɨɪɦɨɣ ɱɚɫɬɢɰ, ɨɛɭɫɥɚɜɥɢɜɚɥɢ ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɫɩɟɤɚɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɩɨɜɵɲɚɥɚɫɶ ɩɥɨɬɧɨɫɬɶ ɫɩɟɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ Al2O3: ɚ – ɧɟ ɫɩɟɱɟɧɧɵɯ; ɛ – ɫɩɟɱɟɧɧɵɟ ɜ 

ɜɚɤɭɭɦɟ ɩɪɢ 1450ɋ; ɜ – ɫɩɟɱɟɧɧɵɯ ɜ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 1450ɋ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ; ɝ – ɫɩɟɱɟɧɧɵɯ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ Al2O3: ɚ – ɧɟ ɫɩɟɱɟɧɧɵɯ; ɛ – ɫɩɟɱɟɧɧɵɟ ɜ 

ɜɚɤɭɭɦɟ ɩɪɢ 1450ɋ; ɜ – ɫɩɟɱɟɧɧɵɯ ɜ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 1450ɋ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ; ɝ – ɫɩɟɱɟɧɧɵɯ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ. 
 
ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 

ɤɨɪɭɧɞɨɜɨɣ ɤɟɪɚɦɢɤɢ, ɫɩɟɱɟɧɧɨɣ ɜ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɞɨɛɚɜɤɢ ɧɚɧɨɩɪɨɲɤɚ Al. ɇɚ ɨɛɪɚɡɰɚɯ ɫɩɟɤɚɟɦɵɯ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɩɟɤɚɧɢɟɦ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ, ɩɨɥɭɱɢɥɢ ɧɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɥɨɬɧɨɫɬɢ, ɩɨɜɵɲɟɧɧɭɸ ɩɨɪɢɫɬɨɫɬɶ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ 
ɧɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɸ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ. 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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ȼɢɞɧɨ, ɱɬɨ ɩɨɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɤɪɨɲɥɢɮɨɜ 
ɩɢɪɚɦɢɞɚ ɢɧɞɟɧɬɨɪɚ ɱɚɫɬɨ ɩɨɩɚɞɚɥɚ ɜ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɢɤɪɨɲɥɢɮɚ ɩɨɪɵ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɛɵɥ ɩɨɥɭɱɟɧ ɜ ɫɪɟɞɧɟɦ ɩɨɧɢɠɟɧɧɵɣ ɭɪɨɜɟɧɶ 
ɡɧɚɱɟɧɢɣ ɬɜɟɪɞɨɫɬɢ.  

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɭɧɞɨɜɨɣ ɤɟɪɚɦɢɤɢ 
ʋ ɩ/ɩ ɋɨɞɟɪɠɚɧɢɟ ɗȼɉ Al, % ɋɨɞɟɪɠɚɧɢɟ ɉɏɋ Al, % ȿ, Ƚɉɚ ɇ, Ƚɉɚ 

1 1 - 319,305 12,966 
2 2 - 270,280 14,008 
3 5 - 292,712 12,554 
4 10 - 302,328 13,998 
5 - 1 292,046 12,371 
6 - 2 307,814 12,259 
7 - 5 252,347 16,922 
8 - 10 322,606 16,529 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɢɟ ɫɩɟɱɟɧɧɨɣ ɰɢɪɤɨɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ 

ɩɭɬɟɦ ɟɟ ɥɟɝɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚɦɢ-ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ. ɇɚɢɛɨɥɶɲɢɦ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ 
ɷɮɮɟɤɬɨɦ ɨɛɥɚɞɚɟɬ Y2O3, ɩɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɰɢɪɤɨɧɢɟɜɵɟ ɤɟɪɚɦɢɤɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɥɟɝɢɪɭɸɬ ɜ ɨɫɧɨɜɧɨɦ Y2O3. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ Y2O3 ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɪɨɝɢɦ ɫɨɟɞɢɧɟɧɢɟɦ, ɚ ɫɚɦɚ 
ɬɟɯɧɨɥɨɝɢɹ ɜɜɟɞɟɧɢɹ ɨɤɫɢɞɨɜ-ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɜ ZrO2 ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɚ. ɉɨɷɬɨɦɭ ɜ 
ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɩɟɱɟɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɢɡ ɧɟɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ZrO2 ɫ ɞɨɛɚɜɤɨɣ ɇɉ Al. 

ɇɚ ɪɢɫ. 3, 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ZrO2 ɨɬ 
ɫɨɞɟɪɠɚɧɢɹ ɞɨɛɚɜɤɢ ɧɚɧɨɩɨɪɨɲɤɚ Al.  
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Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ZrO2: ɚ – ɧɟ ɫɩɟɱɟɧɧɵɯ; ɛ – ɫɩɟɱɟɧɧɵɟ ɜ 

ɜɚɤɭɭɦɟ ɩɪɢ 1450ɋ; ɚ – ɫɩɟɱɟɧɧɵɯ ɜ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 1450ɋ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ; ɝ – ɫɩɟɱɟɧɧɵɯ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ. 
 
ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ, ɨɞɧɨɡɧɚɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɞɨɛɚɜɤɢ ɧɚɧɨɩɨɪɨɲɤɚ Al ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɇɚ ɪɢɫɭɧɤɟ 4ɝ ɜɢɞɧɨ, ɱɬɨ 
ɞɨɛɚɜɤɚ 1 ɦɚɫ.% ɧɚɧɨɩɨɪɨɲɤɚ Al, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 
ɚɥɸɦɢɧɢɹ (ɩɥɨɬɧɨɫɬɶ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɞɨɫɬɢɝɚɟɬ 4,91ɝ/ɫɦ3 ɩɨɫɥɟ ɫɩɟɤɚɧɢɹ ɜ 
ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ) ɢ ɞɨɛɚɜɤɚ 10 ɦɚɫ.% ɧɚɧɨɩɨɪɨɲɤɚ Al, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ 
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ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ (ɩɥɨɬɧɨɫɬɶ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɞɨɫɬɢɝɚɟɬ 4,83 ɝ/ɫɦ3) 
ɡɧɚɱɢɬɟɥɶɧɨ ɚɤɬɢɜɢɪɭɟɬ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ (ɪɢɫɭɧɨɤ 3ɝ).  
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ZrO2: ɚ – ɧɟ ɫɩɟɱɟɧɧɵɯ ; ɛ – ɫɩɟɱɟɧɧɵɟ ɜ 

ɜɚɤɭɭɦɟ ɩɪɢ 1450ɋ; ɜ – ɫɩɟɱɟɧɧɵɯ ɜ ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 1450ɋ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ; ɝ – ɫɩɟɱɟɧɧɵɯ ɜ 

ɜɨɡɞɭɲɧɨɣ ɩɟɱɢ ɩɪɢ 1600ɋ. 
 
ɉɥɨɬɧɨɫɬɶ ɞɨɛɚɜɥɹɟɦɨɝɨ ɧɚɧɨɩɨɪɨɲɤɚ Al (2,7 ɝ/ɫɦ3) ɢ ɩɥɨɬɧɨɫɬɶ Al2O3 (3,96 

ɝ/ɫɦ3), ɨɛɪɚɡɭɸɳɟɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɪɚɡɥɢɱɧɵ, ɩɨɷɬɨɦɭ ɩɥɨɬɧɨɫɬɶ 
ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɞɨɛɚɜɤɢ ɞɨɥɠɧɚ ɩɨɜɵɲɚɬɶɫɹ. 

ȼɵɜɨɞ 
Ⱥɤɬɢɜɢɪɨɜɚɧɢɟ ɫɩɟɤɚɧɢɹ ɤɨɪɭɧɞɨɜɨɣ ɤɟɪɚɦɢɤɢ ɜɜɟɞɟɧɢɟɦ ɞɨɛɚɜɤɢ ɇɉ Al2O3 

ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɧɚɧɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ, ɤɨɬɨɪɚɹ 
ɨɛɭɫɥɨɜɥɟɧɚ ɟɝɨ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɞɟɮɟɤɬɧɨɫɬɶɸ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ. 

ɍɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ ɢɡ 
ɧɟɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ZrO2 ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɢɫɯɨɞɧɵɣ ɩɨɪɨɲɨɤ ZrO2 ɞɨɛɚɜɤɢ 
ɧɚɧɨɩɨɪɨɲɤɚ Al ɜ ɤɨɥɢɱɟɫɬɜɟ ɧɟ ɦɟɧɟɟ 10 ɦɚɫ. %. ȼ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɩɪɟɫɫɨɜɨɤ ɢɡ 
ɬɚɤɢɯ ɫɦɟɫɟɣ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɩɪɨɢɫɯɨɞɢɥɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ 
ɨɤɢɫɥɟɧɢɢ ɚɥɸɦɢɧɢɹ -ɦɨɞɢɮɢɤɚɰɢɢ Al2O3 ɫ t-ɮɚɡɨɣ ZrO2, ɚɧɚɥɨɝɢɱɧɨ ɩɪɨɰɟɫɫɭ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ZrO2 ɨɤɫɢɞɨɦ ɢɬɬɪɢɹ. 
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