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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.  



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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Ⱦɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ: 
ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ, ɞɥɢɬɟɥɶɧɵɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ [1, 2]. ɋɪɟɞɢ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ 
ɞɨɛɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɦɨɠɧɨ ɞɥɢɬɟɥɶɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ 
ɞɢɫɩɟɪɫɧɨɫɬɶ ɫɭɫɩɟɧɡɢɣ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɩɪɢɦɟɧɟɧɢɢ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɤɚɱɟɫɬɜɟ 
ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɩɪɢ ɫɢɧɬɟɡɟ ɧɚɧɨɱɚɫɬɢɰ [3, 4]. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɫɩɟɪɫɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɹɜɥɹɟɬɫɹ 
ɞɨɫɬɢɠɢɦɨɣ ɡɚɞɚɱɟɣ. ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɉȺȼ ɧɚ ɞɢɫɩɟɪɫɧɨɫɬɶ ɩɪɨɦɵɲɥɟɧɧɵɯ ɧɚɧɨɩɨɪɨɲɤɨɜ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɫɹ ɧɚɧɨɩɨɪɨɲɨɤ Y2O3, ɩɨɥɭɱɟɧɧɵɣ 
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɢɜɧɨ ɜɨɡɪɚɫɬɚɟɬ 
ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ: ɤɟɪɚɦɢɤɟ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɟ, ɭɫɬɪɨɣɫɬɜɚɯ ɞɥɹ ɥɚɡɟɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [5].  

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɪɨɲɤɚ. 
 

Ɍɚɛɥɢɰɚ 1. Ɋɚɡɦɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɪɨɲɤɚ Y2O3. 
 

Ɇɟɬɨɞ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ 

(Sorbi) 

ɋɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ 
ɦɢɤɪɨɫɤɨɩɢɹ 
(JEM 2100F) 

ɇɚɧɨɩɨɪɨɲɨɤ 

ɍɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, 

ɦ2/ɝ 

ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ, ɧɦ 

ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ, ɧɦ 

ɋɪɟɞɧɢɣ  ɪɚɡɦɟɪ 
ɚɝɪɟɝɚɬɨɜ, ɧɦ 

Y2O3 35,63 35 36 110 
 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɰɢɢ 40 ɦɝ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɪɨɲɤɚ ɩɨɦɟɳɚɥɚɫɶ ɜ ɜɚɧɧɭ ɫɦɟɫɢɬɟɥɹ ɫɨ ɫɬɚɛɢɥɢɡɚɬɨɪɨɦ ɢ ɜ 
ɬɟɱɟɧɢɟ 5 ɦɢɧ ɞɢɫɩɟɪɝɢɪɨɜɚɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɰɟɥɶɸ 
ɪɚɡɞɟɥɟɧɢɹ ɚɝɪɟɝɚɬɨɜ ɧɚ  ɱɚɫɬɢɰɵ. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɫɭɫɩɟɧɡɢɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɢɦɨɧɧɭɸ ɤɢɫɥɨɬɭ (C6H8O7) ɫ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ: 0…  50 ɝ/ɥ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɧɚɧɨɩɨɪɨɲɤɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɢɮɪɚɤɰɢɨɧɧɵɣ 
ɚɧɚɥɢɡɚɬɨɪ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ SALD-7101 Shimadzu, ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɤɨɬɨɪɨɝɨ 
ɨɫɧɨɜɚɧ ɧɚ ɫɬɚɬɢɱɟɫɤɨɦ ɪɚɫɫɟɹɧɢɢ ɥɚɡɟɪɧɨɝɨ ɫɜɟɬɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ=375 ɧɦ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɪɟɧɢɹ ɹɜɥɹɥɚɫɶ ɤɪɢɜɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ. 
ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɝɨ 
ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɩɨ ɮɨɪɦɭɥɟ: 


(%)100

q(%)dɫɪd , 

ɝɞɟ dɩɨɜ – ɫɪɟɞɧɢɣ ɨɛɴɟɦɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ; d – ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɢ; q – 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɢ, %. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɨɬɨɝɪɚɮɢɹ ɩɨɪɨɲɤɨɜ Y2O3, ɫɞɟɥɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 
ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ɑɚɫɬɢɰɵ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɯɥɨɩɶɟɜɢɞɧɭɸ ɮɨɪɦɭ. 
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Ɋɢɫ. 1. Ɏɨɬɨɝɪɚɮɢɹ ɋɗɆ ɧɚɧɨɩɨɪɨɲɤɚ Y2O3. 

 
ȼ ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ/ɚɝɥɨɦɟɪɚɬɨɜ 

ɧɚɧɨɩɨɪɨɲɤɚ ɜ ɫɭɫɩɟɧɡɢɹɯ ɫ ɪɚɡɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɉȺȼ  ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬɧɨɝɨ 
ɤɨɧɬɚɤɬɚ. 

 
Ɍɚɛɥɢɰɚ 2. ɂɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɞɢɚɦɟɬɪɚ ɱɚɫɬɢɰ/ɚɝɪɟɝɚɬɨɜ ɧɚɧɨɩɨɪɨɲɤɚ Y2O3. 

 
Ʉɨɧɰɟɧɬɪɚɰɢɹ 0 ɝ/ɥ 1 ɝ/ɥ 10 ɝ/ɥ 50 ɝ/ɥ 
dɫɪ, ɦɤɦ 4,58 1,51 1,44 1,39 

 
Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɞɚɠɟ ɧɟɛɨɥɶɲɢɟ ɞɨɛɚɜɤɢ ɫɬɚɛɢɥɢɡɚɬɨɪɚ (1 ɦɝ/ɥ) ɜ ɜɨɞɧɭɸ 

ɫɭɫɩɟɧɡɢɸ ɧɚɧɨɩɨɪɨɲɤɚ ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ dɫɪ ɜ 3 ɪɚɡɚ. Ɉɞɧɚɤɨ,  ɩɪɢ 
ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɉȺȼ ɧɟ ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɛɵ 
ɨɛɥɟɝɱɚɥɚɫɶ ɞɢɮɮɭɡɢɹ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɠɞɨɣ ɱɚɫɬɢɰɵ ɢ 
ɭɫɢɥɢɜɚɥɚɫɶ ɞɟɡɚɝɪɟɝɚɰɢɹ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɚɝɪɟɝɚɬɨɜ ɧɚɧɨɱɚɫɬɢɰ 
Y2O3.  

 
ȼɵɪɚɠɚɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɧɚɭɱɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɤ.ɬ.ɧ. Ƚɨɞɵɦɱɭɤ Ⱥ.ɘ. 
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