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Abstract. In this paper, the powers of the Y2O3-Al2O3 system were synthesized the method of co-precipitation 

from aqueous solutions. Phase composition of the obtained powders was carried out using the method of X-ray 

phase analysis. The effect of the ion ratio [Y3+]:[Al3+] on the phase composition of the powder is discussed. 

 

Вɜɟɞɟɧɢɟ. Иɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɵɣ ɝɪɚɧɚɬ (Y3Al5O12, ИȺȽ) ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ, 

ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɩɨɜɵɲɟɧɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, 

ɜɵɫɨɤɢɦɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɧ ɩɪɨɡɪɚɱɟɧ ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ [1]. Иɡɞɟɥɢɹ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɨɝɨ ɝɪɚɧɚɬɚ ɩɪɢɦɟɧɹɸɬ ɜ ɤɜɚɧɬɨɜɨɣ 

ɷɥɟɤɬɪɨɧɢɤɟ, ɥɚɡɟɪɧɨɣ ɬɟɯɧɢɤɟ, ɜ ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɞɟɬɟɤɬɨɪɚɯ ɢ ɞɨɡɢɦɟɬɪɚɯ [2]. 

ɉɨɥɭɱɟɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɨɝɨ ɝɪɚɧɚɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɨɪɨɝɨ ɢ ɜɟɫɶɦɚ 

ɬɪɭɞɨɟɦɤɨ, ɚ ɫɚɦɚ ɬɟɯɧɨɥɨɝɢɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 

ɮɨɪɦɭ ɢɡɞɟɥɢɣ [3]. ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɫ ɩɨɡɢɰɢɢ ɝɢɛɤɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɹ ɫɬɨɢɦɨɫɬɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɬɚɤɠɟ ɪɚɫɲɢɪɟɧɢɹ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ. Ɉɞɧɚɤɨ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɤɢ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɪɨɲɤɢ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ, 

ɨɬɜɟɱɚɸɳɢɟ ɪɹɞɭ ɢɡɜɟɫɬɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɦɨɪɮɨɥɨɝɢɢ, ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɢ ɮɚɡɨɜɨɦɭ ɫɨɫɬɚɜɭ [4]. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ИȺȽ ɹɜɥɹɟɬɫɹ ɬɜɟɪɞɨɮɚɡɧɵɣ ɫɢɧɬɟɡ 

[3, 4]. Ɉɧ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (1600°C ɢ ɜɵɲɟ) ɢ ɡɚɧɢɦɚɟɬ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢ ɡɚɬɪɭɞɧɹɟɬ 

ɤɨɧɬɪɨɥɶ ɮɚɡɨɜɨɝɨ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɩɨɪɨɲɤɚ. 

Ȼɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɞɥɹ ɫɢɧɬɟɡɚ «ɨɩɬɢɱɟɫɤɢɯ» ɩɨɪɨɲɤɨɜ ɹɜɥɹɸɬɫɹ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ: ɨɫɚɠɞɟɧɢɟ ɢɡ ɪɚɫɬɜɨɪɨɜ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɫɢɧɬɟɡ, ɡɨɥɶ-ɝɟɥɶ 

ɫɢɧɬɟɡ. ȼ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɚɯ ɫɦɟɲɢɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ. Эɬɨ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɣ ɢ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ [5]. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɨɨɬɧɨɲɟɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 

ɩɨɪɨɲɤɨɜ ɫɢɫɬɟɦɵ Y2O3-Al2O3, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɪɚɫɬɜɨɪɨɜ.  

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɢɬɪɚɬ 

ɢɬɬɪɢɹ Y(NO3)3 (ɏɢɦɦɟɞɫɧɚɛ, Ɋɨɫɫɢɹ), ɧɢɬɪɚɬ ɚɥɸɦɢɧɢɹ Al(NO3)3 (ɏɢɦɦɟɞɫɧɚɛ, Ɋɨɫɫɢɹ), ɚɦɦɢɚɤ ɜɨɞɧɵɣ 

(25%, ɋɢɝɦɚ Ɍɟɤ, Ɋɨɫɫɢɹ) ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. 

Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɩɪɟɤɭɪɫɨɪɨɜ ɝɨɬɨɜɢɥɢ 0,5 Ɇ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɢɬɬɪɢɹ ɢ ɚɥɸɦɢɧɢɹ, ɡɚɬɟɦ ɢɯ 

ɫɦɟɲɢɜɚɥɢ ɜ ɩɪɨɩɨɪɰɢɢ [Y3+
]:[Al

3+
] = 3:5; 3,5:4,5; 2,5:5,5.  

ɋɭɫɩɟɧɡɢɢ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɭɬёɦ ɞɨɛɚɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 

ɫɨɥɟɣ ɚɥɸɦɢɧɢɹ ɢ ɢɬɬɪɢɹ ɜ ɚɦɦɢɚɤ. Ɉɫɚɞɢɬɟɥɶ ɛɪɚɥɢ ɜ ɢɡɛɵɬɤɟ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɩɪɨɦɵɜɚɥɢ 

ɞɢɫɬɢɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɩɨɥɧɨɝɨ ɭɞɚɥɟɧɢɹ ɚɦɦɢɚɤɚ. ȼɵɞɟɥɟɧɢɟ ɩɨɪɨɲɤɨɜ ɢɡ ɫɭɫɩɟɧɡɢɣ ɩɪɨɜɨɞɢɥɢ ɩɨ 

ɦɟɬɨɞɭ ɮɢɥɶɬɪɚɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɩɨɪɨɲɤɢ ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 °C ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ (ɊɎȺ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ XRD-7000S 

(Shimadzu, əɩɨɧɢɹ). Ɉɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɛɚɡɵ «PDF-4» ɢ ɫɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ «PowderCell 2.4». 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢх ɨɛɫɭɠɞɟɧɢɟ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 1. ȼɢɞɧɨ, ɱɬɨ ɩɨɪɨɲɨɤ ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ 

ɩɪɟɤɭɪɫɨɪɚ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɨɞɟɪɠɢɬ 77,4 ɨɛ. % ɤɭɛɢɱɟɫɤɨɣ ɮɚɡɵ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɨɝɨ 

ɝɪɚɧɚɬɚ. ɉɨɪɨɲɨɤ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɟɪɟɢɡɛɵɬɤɨɦ Y
3+

 ɫɨɞɟɪɠɢɬ 45,1 ɨɛ. % Y3Al5O12, ɚ ɩɨɪɨɲɨɤ ɫ 

ɧɟɞɨɫɬɚɬɤɨɦ Y3+ ɫɨɞɟɪɠɢɬ 82,3 ɨɛ. % Y3Al5O12. 

Ɍɚɛɥɢɰɚ 1 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɨɪɨшɤɨɜ 

ɋɨɨɬɧɨɲɟɧɢɟ 
[Y

3+
]:[Al

3+
] 

ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ 
Y3Al5O12, ɨɛ. % 

ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ 
Y2Al4O9, ɨɛ. % 

ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ 
YAlO3, ɨɛ. % 

ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ 
Y2O3, ɨɛ. % 

3:5 77,4 13,5 - 9,1 

3,5:4,5 45,1 53,1 1,8 - 

2,5:5,5 82,3 17,7 - - 

 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɈɄɊ), ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɣ ɨ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɚɯ 

ɤɪɢɫɬɚɥɥɢɬɨɜ ɩɨɪɨɲɤɨɜ, ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɞɥɹ ɤɭɛɢɱɟɫɤɨɣ ɮɚɡɵ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɨɝɨ (ɬɚɛɥɢɰɚ 2). 

 

Ɍɚɛɥɢɰɚ 2 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈКɊ 

ɋɨɨɬɧɨɲɟɧɢɟ 
[Y

3+
]:[Al

3+
] 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ, 
Y3Al5O12, ɧɦ 

3:5 97 

3,5:4,5 52 

2,5:5,5 230 

 

ɍɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫ 52 ɧɦ ɞɨ 230 ɧɦ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɫɨɞɟɪɠɚɧɢɹ Y3+
 ɜ ɢɫɯɨɞɧɨɦ ɩɪɟɤɭɪɫɨɪɟ.  

Ɂɚɤɥɸчɟɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨɪɨɲɤɢ ɫɢɫɬɟɦɵ Y2O3-Al2O3 ɦɟɬɨɞɨɦ ɫɨɜɦɟɫɬɧɨɝɨ 

ɨɫɚɠɞɟɧɢɹ. Иɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ. 
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ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ Y3Al5O12 ɜ ɩɨɪɨɲɤɚɯ ɞɨɫɬɢɝɚɟɬ 82,3 ɨɛ. %. Y3Al5O12, ɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 

ɤɪɢɫɬɚɥɥɢɬɨɜ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 52 ɧɦ ɞɨ 230 ɧɦ. ɇɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ 

ɤɪɢɫɬɚɥɥɢɬɨɜ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ Y3+
 ɜ ɢɫɯɨɞɧɨɦ ɩɪɟɤɭɪɫɨɪɟ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɩɨɞɯɨɞɹɳɟɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡ ɧɟɝɨ ɨɩɬɢɱɟɫɤɨɣ 

ɤɟɪɚɦɢɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɮɚɡɵ ɤɭɛɢɱɟɫɤɨɝɨ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɨɝɨ ɝɪɚɧɚɬɚ. 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɤ.ɯ..ɧ. Ʌɹɦɢɧɨɣ Ƚ.ȼ. ɢ ɤ.ɬ.ɧ. Иɥɟɥɟ Ⱥ.Э. ɡɚ ɨɛɫɭɠɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɰɟɧɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɊɇɎ 21-71-10100. В ɪɚɛɨɬɟ ɩɪɢɦɟɧяɥɨɫɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ЦКɉ 

ɇɈИЦ ɇɆɇɌ Ɍɉɍ, ɩɨɞɞɟɪɠɚɧɨ ɩɪɨɟɤɬɨɦ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ № 075-15-2021-710. 
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