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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɚɥɸɦɨɨɤɫɢɞɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɤ 

ɬɟɯɧɢɱɟɫɤɨɣ ɤɟɪɚɦɢɤɟ ɜɫɥɟɞɫɬɜɢɟ ɢɡɭɱɟɧɢɹ ɷɮɮɟɤɬɨɜ ɜɨɡɞɟɣɫɬɜɢɣ ɜɧɟɲɧɢɯ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɢ ɫɪɟɞ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɫ ɩɨɡɢɰɢɢ ɢɡɦɟɧɟɧɢɹ ɪɟɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ. Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Al2O3, ZrO2(Y2O3), 
ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ ɢ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɩɟɤɚɧɢɹ 
ɚɤɬɭɚɥɶɧɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɡɞɚɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ȼɧɢɦɚɧɢɟ ɤ ɩɪɨɛɥɟɦɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢ ɬɟɩɥɨɜɵɯ ɩɨɥɟɣ ɜ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɩɪɨɞɢɤɬɨɜɚɧɨ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 
ȼɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɟɝɨ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫ 
ɡɚɞɚɧɧɨɣ ɫɢɦɦɟɬɪɢɟɣ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɚɝɪɟɜɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɪɟɞɵ 
ɡɚ ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ 
ɦɚɬɟɪɢɚɥɚ, ɩɨɫɤɨɥɶɤɭ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɭɫɥɨɜɥɟɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ.  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ Al2O3, ZrO2(Y2O3) ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɩɥɨɜɨɝɨ (T=800–1200 oɋ) ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ (B=0,02–1 Ɍɥ) ɩɨɥɟɣ, 
ɫ ɡɚɞɚɧɧɨɣ ɨɫɶɸ ɫɢɦɦɟɬɪɢɢ C3. 

ɉɨɞɝɨɬɨɜɤɚ ɢ ɨɛɪɚɛɨɬɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɫɬɨɹɧɧɨɦ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɡɚɞɚɧɧɨɣ ɨɫɶɸ ɫɢɦɦɟɬɪɢɢ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɨɪɢɫɬɵɟ ɤɟɪɚɦɢɤɢ, 
ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɩɨɪɨɲɤɨɜ Al2O3, ZrO2(Y2O3), ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɪɚɡɥɨɠɟɧɢɟɦ 
ɠɢɞɤɨɮɚɡɧɵɯ ɩɪɨɤɭɪɫɨɪɨɜ ɜ ɩɥɚɡɦɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɪɚɡɪɹɞɚ (ɦɟɬɨɞɨɦ 
ɩɥɚɡɦɨɯɢɦɢɢ), ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ ɦɚɪɤɢ ȼɄ-95; ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɰɨɜ ɜ 
ɤɚɠɞɨɣ ɢɡ ɝɪɭɩɩ ɧɟ ɩɪɟɜɵɲɚɥɨ 10. 

Ɉɛɪɚɡɰɵ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ȼɄ-95 ɢɦɟɥɢ ɪɚɡɦɟɪ ɦɟɥɤɢɯ ɡɟɪɟɧ ɩɨɪɨɲɤɚ 5–10 ɦɤɦ, ɢ 
ɪɚɡɦɟɪ ɤɪɭɩɧɵɯ ɡɟɪɟɧ 20–60 ɦɤɦ. Ɇɨɪɮɨɥɨɝɢɹ ɦɟɥɤɢɯ ɡɟɪɟɧ ɩɪɢɡɦɚɬɢɱɟɫɤɚɹ ɢ 
ɧɟɨɩɪɟɞɟɥɟɧɧɚɹ, ɤɪɭɩɧɵɟ ɡɟɪɧɚ ɢɦɟɸɬ ɨɛɥɨɦɨɱɧɭɸ ɮɨɪɦɭ. Ɇɟɥɤɢɟ ɡɟɪɧɚ ɜɟɪɨɹɬɧɟɟ 
ɜɫɟɝɨ ɨɛɪɚɡɭɸɬ ɚɝɪɟɝɚɬɵ. ȼ ɨɛɪɚɡɰɚɯ ɧɚɛɥɸɞɚɸɬɫɹ ɦɢɤɪɨɬɪɟɳɢɧɵ, ɩɪɨɯɨɞɹɳɢɟ, ɤɚɤ 
ɩɨ ɝɪɚɧɢɰɚɦ ɚɝɪɟɝɚɬɨɜ, ɬɚɤ ɢ ɩɟɪɟɫɟɤɚɹ ɢɯ. Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɬɟɯɧɢɱɟɫɤɨɣ 
ɤɟɪɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɧɟ ɦɟɧɟɟ 95 ɦɚɫ.%, ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ 
ɞɪɭɝɢɯ ɨɤɫɢɞɨɜ ɧɚ ɭɪɨɜɧɟ 1%. Ɍɟɯɧɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ ɢɦɟɥɚ ɧɟɨɞɧɨɪɨɞɧɭɸ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɜɤɥɸɱɚɹ ɦɢɤɪɨɬɪɟɳɢɧɵ, ɞɟɮɟɤɬɵ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɨɬɧ.=0,584. 

Ɉɛɪɚɡɰɵ ɜɬɨɪɨɣ (ɨɬɧ.=0,275) ɢ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ (ɨɬɧ.=0,309) ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɢɡ 
Al2O3 ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɢɛɢɪɫɤɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ (ȼɌɍ 4-25-90), ɢ ɛɵɥɢ 
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ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɩɥɚɡɦɨɯɢɦɢɢ, ɨɛɨɡɧɚɱɢɦ ɢɯ, ɤɚɤ Al2O3(II) ɢ Al2O3(III) 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɟɪɧɚ ɪɚɡɦɟɪɨɦ ~ 0,1 
ɦɤɦ. Ɂɟɪɧɚ ɢɦɟɸɬ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɟ ɝɪɚɧɢɰɵ. ȼɧɭɬɪɢɡɟɪɟɧɧɚɹ ɮɚɡɚ ɫɨɞɟɪɠɢɬ ɜ 
ɨɫɧɨɜɧɨɦ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ (>90%), ɧɨ ɢɦɟɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ Fe, Si, Ni, Ti, Cr ɧɟ 
ɛɨɥɟɟ 0,5%. ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ ɨɛɪɚɡɰɨɜ Al2O3(III) ɞɥɹ ɭɥɭɱɲɟɧɢɹ 
ɮɨɪɦɨɜɚɧɢɹ ɢ ɩɥɚɫɬɢɮɢɤɚɰɢɢ ɩɨɪɨɲɨɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɦɵɜɚɥɢ ɜ ɤɟɪɨɫɢɧɟ ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ ɩɚɥɶɦɢɬɢɧɨɜɨɝɨ ɫɩɢɪɬɚ ɧɟ ɛɨɥɟɟ 3%. 

Ɉɛɪɚɡɰɵ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɵ ZrO2(Y2O3) ɩɨɥɭɱɚɥɢ ɢɡ ɩɨɪɨɲɤɨɜ (Ɍɍ 2320-001-
07622928-96) ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɢɛɢɪɫɤɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɚɬɚ ɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɦɟɬɨɞɨɦ ɩɥɚɡɦɨɯɢɦɢɢ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɪɚɡɦɟɪɨɦ 0,1-0,5 ɦɤɦ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɱɚɫɬɢɰ 150 ɧɦ. ɉɨɪɨɲɤɢ ɫɨɫɬɨɹɥɢ ɢɡ ɱɚɫɬɢɰ ɱɟɲɭɣɱɚɬɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɛɨɥɶɲɨɝɨ 
ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ, ɧɟ ɢɦɟɸɳɢɯ ɪɟɝɭɥɹɪɧɨɣ ɮɨɪɦɵ, (ɨɬɧ.=0,892). 

ɉɪɟɫɫɨɜɤɢ Al2O3, ZrO2(Y2O3) ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ (h=10 ɦɦ, d=10 ɦɦ) ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɩɪɟɫɫɨɜɚɧɢɟɦ (ɞɚɜɥɟɧɢɟ 18 Ɇɉɚ) ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɫɩɟɤɚɧɢɟɦ ɜ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ B=0,02–01 Ɍɥ, ɫ ɡɚɞɚɧɧɨɣ ɨɫɶɸ ɫɢɦɦɟɬɪɢɟɣ C3, ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 800–1200oɋ. Ɉɛɪɚɡɰɵ ɧɚɝɪɟɜɚɥɢ ɜ ɩɟɱɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 1,5–5 oɋ/ɦɢɧ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 1200 oC, ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 1 ɱ, ɢ, ɡɚɬɟɦ ɨɯɥɚɠɞɚɥɢ 
(ɩɟɱɶ ɨɬɤɥɸɱɚɥɢ). ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɥɹɥɚ 5 oɋ/ɦɢɧ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɢ 1,5 
oɋ/ɦɢɧ ɧɚ ɡɚɜɟɪɲɚɸɳɟɦ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɦɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɟ ɤɟɪɚɦɢɤɢ 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɩɵɬɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫ 
ɡɚɞɚɧɧɨɣ ɫɢɦɦɟɬɪɢɟɣ [1]. ɉɚɪɚɦɟɬɪɵ ɤɨɧɮɢɝɭɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ 
ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɟ ɭɫɬɚɧɨɜɤɢ ɡɚɞɚɜɚɥɢɫɶ ɢɡ ɦɨɞɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɤɥɚɫɬɟɪɚ Al2O3, 
ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɝɟɨɦɟɬɪɢɢ Ɋɢɦɚɧɚ V3 [2,3]. 

ɐɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɹɜɥɹɥɨɫɶ ɤɚɤ ɫɧɹɬɢɟ ɜɧɭɬɪɟɧɧɢɯ 
ɧɚɩɪɹɠɟɧɢɣ, ɬɚɤ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɋɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ ɜ ɦɢɤɪɨɤɪɢɫɬɚɥɥɚɯ Al2O3, ZrO2(Y2O3) 
ɢɡɧɚɱɚɥɶɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 
ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɪɟɥɚɤɫɚɰɢɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɨɤɚɡɵɜɚɟɬ ɫɬɢɦɭɥɢɪɭɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɞɥɹ ɩɟɪɟɯɨɞɚ ɢɯ ɜ ɛɨɥɟɟ ɜɵɝɨɞɧɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ [2]. ȼɵɛɨɪ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ ɬɟɪɦɨɦɚɝɧɢɬɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɧɬɟɧɫɢɜɧɨ 
ɩɪɨɬɟɤɚɥɢ ɩɪɨɰɟɫɫɵ ɫɬɪɭɤɬɭɪɧɨɣ ɪɟɥɚɤɫɚɰɢɢ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɇɚɩɪɚɜɥɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɢɡɦɟɧɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɨɞɹɬ ɤ ɱɚɫɬɢɱɧɨɣ 
ɩɟɪɟɫɬɪɨɣɤɟ ɪɟɲɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɟɪɜɢɱɧɵɯ ɤɪɢɫɬɚɥɥɨɜ Al2O3, ZrO2(Y2O3), ɞɨ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɨɢɫɯɨɞɢɬ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɨɪɦ ɦɢɤɪɨ- ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ, ɢɯ ɫɢɦɦɟɬɪɢɢ, 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɨɞɧɨɪɨɞɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟ ɚɧɢɡɨɬɪɨɩɢɢ 
ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɢɱɧɨɟ ɡɚɥɟɱɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɞɟɮɟɤɬɨɜ.  

ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ 
ɤɟɪɚɦɢɤɢ Al2O3, ZrO2(Y2O3) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɨɬɤɢ, ɤɚɤ ɷɬɨ 
ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɛɟɡ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɉɪɨɱɧɨɫɬɶ ɤɨɧɬɚɤɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜ ɩɪɨɰɟɫɫɟ 
ɨɬɠɢɝɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɨɛɪɚɡɰɚɯ ɨɛɪɚɡɭɸɬɫɹ ɠɟɫɬɤɢɟ ɚɝɥɨɦɟɪɚɬɵ, ɛɥɨɤɢ, 
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ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɭɸ ɫɬɪɭɤɬɭɪɵ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɪɚɡɰɵ 
ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɤɟɪɚɦɢɤɢ ȼɄ-95 ɭɠɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜ ɬɟɱɟɧɢɟ 10 ɱ ɢɦɟɥɢ ɜɟɥɢɱɢɧɭ 
ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ 3,9 %, ɱɬɨ ɧɚ 3 % ɛɨɥɶɲɟ ɱɟɦ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɛɟɡ 
ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɪɢɫ.1ɚ). 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ 9,17 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɨɛɪɚɛɨɬɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɨɛɪɚɡɰɨɜ ZrO2(Y2O3) (ɪɢɫ.1d), ɤɨɬɨɪɨɟ ɞɨɫɬɢɝɚɥɨɫɶ ɩɪɢ 
ɬɟɪɦɨɦɚɝɧɢɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɡɚ 80 ɦɢɧ (ɪɢɫ.3). ɉɨ-ɜɢɞɢɦɨɦɭ, ɡɟɪɧɚ ZrO2(Y2O3) 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɝɥɨɦɟɪɚɬɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɚɧɨɤɪɢɫɬɚɥɥɢɬɨɜ, ɤɨɬɨɪɵɟ ɩɪɢ 
ɫɩɟɤɚɧɢɢ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɩɪɢ 1200 oɋ, ɩɪɢɧɢɦɚɸɬ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɭɸ 
ɮɨɪɦɭ, ɛɥɚɝɨɞɚɪɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɦ ɫɜɨɢɦ ɪɚɡɦɟɪɚɦ (0,1 ɦɤɦ). Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɪɢɫɭɧɤɚ 2 ɭɫɚɞɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ 700 oɋ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ.  

ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɥɢɧɟɣɧɨɣ ɢ ɨɛɴɟɦɧɨɣ ɭɫɚɞɤɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɤɟɪɚɦɢɤ 
ɧɚ ɪɢɫɭɧɤɚɯ 4 ɢ 5 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɢɦɟɟɬ 
ɦɟɫɬɨ, ɢ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɜɢɞɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
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Ɋɢɫ. 1. Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ ɨɛɪɚɡɰɨɜ: ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ B=0,02–
1 Ɍɥ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ), ɛɟɡ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɩɭɧɤɬɢɪɧɚɹ 

ɥɢɧɢɹ). (ɚ) – ȼɄ 95, (b) – Al2O3(II) ɩɥ, (c) – Al2O3(III), (d) – ZrO2(Y2O3) 
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Ɋɢɫ.2. Ʉɪɢɜɵɟ ɭɫɚɞɤɢ ɨɛɪɚɡɰɨɜ ɨɛɪɚɛɨɬɚɧɧɵɯ 
ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ 
ɪɟɠɢɦɟ: (1) – ȼɄ 95, (2) – ZrO2 ɩɪɢ T = 1200 
oC 

Ɋɢɫ.3. Ʉɪɢɜɵɟ ɭɫɚɞɤɢ ɨɛɪɚɡɰɨɜ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 

ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ: (1) – ȼɄ 
95, (2) – Al2O3(II) ɩɥ, (3) – Al2O3(III), (4) 

–ZrO2(Y2O3) 
 
ȼ ɨɛɪɚɡɰɚɯ ȼɄ-95, Al2O3(II), Al2O3(III), ɢɦɟɸɳɢɯ ɦɟɧɶɲɭɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 

ɩɥɨɬɧɨɫɬɶ, ɢ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ, 
ɫɩɟɤɚɧɢɟ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɧɟ ɭɫɩɟɜɚɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦ, ɤɨɦɩɚɤɬɧɵɦ ɮɨɪɦɚɦ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪ.  
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Ɋɢɫ.4. ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ 
ɨɛɪɚɡɰɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ 
ɩɨɥɟ (ɫɜɟɬɥɵɣ ɫɬɨɥɛɟɰ) ɢ ɛɟɡ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
(ɬɟɦɧɵɣ ɫɬɨɥɛɟɰ) ɩɪɢ t=10ɱ.  

Ɋɢɫ.5. ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɨɛɴɟɦɧɨɣ ɭɫɚɞɤɢ 
ɨɛɪɚɡɰɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ 
ɩɨɥɟ (ɫɜɟɬɥɵɣ ɫɬɨɥɛɟɰ) ɢ ɛɟɡ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
(ɬɟɦɧɵɣ ɫɬɨɥɛɟɰ) ɩɪɢ t=10ɱ 

 
Ɂɚɤɥɸɱɟɧɢɟ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɪɢɦɟɪɟ Al2O3, ZrO2(Y2O3) ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɬɟɪɦɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɫɩɟɪɫɧɨɣ ɢ 
ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɵɫɨɤɢɣ ɤɨɦɩɥɟɤɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɨɞɟɥɢ ɤɥɚɫɬɟɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ Al2O3 ɭɱɢɬɵɜɚɸɬ 
ɤɨɧɟɱɧɵɣ ɯɚɪɚɤɬɟɪ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɡɨɧɚɥɶɧɨɫɬɶ ɢ ɫɟɤɬɨɪɢɚɥɶɧɨɫɬɶ 
ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɟɚɥɶɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɢ ɩɨɷɬɨɦɭ ɧɚ ɧɚɲ ɜɡɝɥɹɞ 
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ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɹɯ ɩɨ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɚɬɟɪɢɚɥɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɵɯ ɦɨɞɟɥɟɣ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ, ɢ ɪɟɠɢɦɵ ɜɨɡɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɫ ɡɚɞɚɧɧɨɣ ɫɢɦɦɟɬɪɢɟɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɫɚɦɨɨɱɢɫɬɤɟ ɢ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ Al2O3, ZrO2(Y2O3) ɜɤɥɸɱɚɹ ɨɬɠɢɝ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 800–1200 ºC ɞɥɢɬɟɥɶɧɨɫɬɶɸ 8–12 ɱɚɫɨɜ.  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɨɞɧɨɪɨɞɧɵɯ, ɤɨɦɩɚɤɬɧɵɯ ɫɬɪɭɤɬɭɪ ɪɚɡɥɢɱɧɵɯ ɩɨɪɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚɞɫɨɪɛɟɧɬɨɜ, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɨɥɹɬɨɪɨɜ.  
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Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɡɚɞɚɱ ɩɪɢ ɚɬɬɟɫɬɚɰɢɢ ɧɚɧɨɩɨɪɨɲɤɨɜ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɞɢɫɩɟɪɫɧɨɫɬɢ. ɋɪɟɞɢ ɜɫɟɯ ɦɟɬɨɞɨɜ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ 
ɧɚɧɨɩɨɪɨɲɤɨɜ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɵɞɟɥɹɟɬɫɹ ɦɟɬɨɞ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɰɢɢ: ɨɧ ɩɪɨɫɬ ɜ 
ɩɪɢɦɟɧɟɧɢɢ ɢ ɧɟ ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ. Ɉɞɧɚɤɨ ɤ ɟɝɨ ɧɟɞɨɫɬɚɬɤɭ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 
ɬɨ, ɱɬɨ ɦɟɬɨɞɢɤɚ ɜɤɥɸɱɚɟɬ ɨɛɹɡɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɛɪɚɡɰɚ ɫ ɠɢɞɤɨɫɬɶɸ 
ɫɭɫɩɟɧɡɢɢ. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɨɛɪɚɡɭɸɬ 
ɥɢɨɮɨɛɧɵɟ ɞɢɫɩɟɪɫɧɵɟ ɫɢɫɬɟɦɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɯɚɪɚɤɬɟɪɧɚ ɤɚɤ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɚɹ ɤɨɚɝɭɥɹɰɢɹ, ɬɚɤ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 
ɞɢɫɩɟɪɫɧɨɫɬɢ (ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ). ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 
ɞɢɫɩɟɪɫɧɨɫɬɢ ɧɚɧɨɩɨɪɨɲɤɨɜ ɢɫɩɨɥɶɡɭɸɬ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ.  


