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Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟɤɭɪ-
ɫɨɪɨɜ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ (Y2O3–SiO2) ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ (Y2O3–Al2O3–SiO2) ɫɢɫɬɟɦ ɧɚ ɤɟɪɚɦɢɱɟ-
ɫɤɨɦ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɲɥɢɤɟɪɧɨ-ɨɛɠɢɝɨɜɨɝɨ ɦɟɬɨɞɚ 
ɢ ɚɬɦɨɫɮɟɪɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɩɪɟɤɭɪ-
ɫɨɪɨɜ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ ɧɚ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ. ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɜɥɢɹɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ɧɚ 
ɫɬɨɣɤɨɫɬɶ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1500°ɋ ɜɤɥɸɱɢɬɟɥɶɧɨ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɤɚɪɛɢɞɨɤɪɟɦɧɢɟɜɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟ-
ɪɢɚɥ, ɫɢɥɢɤɚɬɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɦɨɧɨɫɢɥɢɤɚɬ ɢɬɬɪɢɹ, ɞɢɫɢɥɢɤɚɬ ɢɬɬɪɢɹ, ɡɚɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ, 
ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɨɤɪɵɬɢɟ. 
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INVESTIGATION  OF  THE HIGH-TEMPERATURE  COATINGS 

PROPERTIES  ON  THE  BASIS  OF  AN  YTTRIUM-ALUMOSILICATE 

SYSTEM FOR  THE  PROTECTION OF  SiC  MATERIALS  FROM  THE 

ACTION OF AN OXIDIZING ENVIRONMENT 

 

The possibility of obtaining a high-temperature environmental barrier coating based on the yttrium silicate 
(Y2O3–SiO2) and yttrium-aluminosilicate (Y2O3–Al2O3–SiO2) system on a silicon carbide ceramic composite materi-
al due to slurry and air plasma spray methods. The regularities of the influence of yttrium silicate and yttrium-

aluminosilicate systems precursors obtaining methods on its physicochemical and thermal properties are estab-
lished. Studies have been carried out to determine the effect of an oxidizing atmosphere on the durability of a pro-
tective coating at temperatures up to 1500°C inclusive. 

Keywords: CMC, SiC composites, rare-earth silicates, yttrium monosilicate, yttrium disilicate, protective  
coating, environmental barrier coating. 
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ȼɜɟɞɟɧɢɟ 

ɉɨɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɚɜɢɚ-
ɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɜɧɟɞɪɟɧɢɸ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢɹ, ɨɬɜɟɱɚɸɳɢɯ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɤɨɦ-
ɩɥɟɤɫɭ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɨɧɫɬɪɭɤɰɢɹɦ 
ɫɨɜɪɟɦɟɧɧɨɣ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɢɤɢ Д1–3Ж. 

ɍɫɢɥɢɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɬɟɥɟɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɢɚɰɢɨɧ-
ɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚ-
ɧɵ ɧɚ ɩɨɜɵɲɟɧɢɢ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ 
ɫɝɨɪɚɧɢɹ ɢ ɬɭɪɛɢɧɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɚ ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɧɚ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɞɨɜɥɟ-
ɬɜɨɪɹɸɳɢɯ ɬɚɤɢɦ ɭɫɥɨɜɢɹɦ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ 
ɞɚɧɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹ-

ɳɢɦɢ ɹɜɥɹɸɬɫɹ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ (ɄɄɆ) ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ 
(SiC) [2–4]. 

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɬɟɯɧɢɤɢ ɩɥɚɧɢɪɭɸɬ ɩɨɫɬɟɩɟɧɧɨ ɜɧɟɞɪɹɬɶ 
ɄɄɆ ɧɚ ɨɫɧɨɜɟ SiC ɜ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɤɨɦɩɨ-
ɧɟɧɬɚɯ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɬɚɤɢɯ ɤɚɤ ɫɟɝ-
ɦɟɧɬɵ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɧɚɞɪɨɬɨɪɧɵɟ ɜɫɬɚɜɤɢ, 
ɥɨɩɚɬɤɢ ɌɇȾ ɢ ɌȼȾ. ɉɪɢ ɷɬɨɦ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜ-
ɧɵɯ ɩɪɟɩɹɬɫɬɜɢɣ ɞɥɹ ɢɯ ɜɧɟɞɪɟɧɢɹ ɹɜɥɹɟɬɫɹ  
ɨɬɫɭɬɫɬɜɢɟ ɫɬɨɣɤɨɫɬɢ ɄɄɆ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɟɧɢɹ 
ɬɨɩɥɢɜɚ Д3Ж. ȼɨɞɹɧɨɣ ɩɚɪ ɢ ɩɪɨɞɭɤɬ ɪɚɡɥɨɠɟɧɢɹ 
ɬɨɩɥɢɜɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɡɚɳɢɬɧɵɦ ɫɥɨɟɦ ɞɢ-
ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɧɚ ɄɄɆ, ɨɛɪɚ-
ɡɭɹ ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ, ɬɚɤɢɟ ɤɚɤ Si(OH)4. 
Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ  
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ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɫɝɨɪɚɧɢɹ ɝɚɡɚ ɷɬɚ ɪɟɚɤɰɢɹ ɩɪɢ-
ɜɨɞɢɬ ɤ ɛɵɫɬɪɨɣ ɞɟɫɬɪɭɤɰɢɢ ɄɄɆ ɧɚ ɨɫɧɨɜɟ SiC, 
ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɄɄɆ ɜ ɭɫɥɨɜɢɹɯ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɵ ɨɝɪɚɧɢɱɟɧɨ ɬɟɦɩɟɪɚɬɭɪɨɣ 
1300°ɋ Д3–5Ж. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɪɟɫɭɪ-
ɫɚ ɄɄɆ ɧɚ ɨɫɧɨɜɟ SiC ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɨɠɟɧɢɹ ɬɨɩɥɢɜɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɪɢɦɟɧɟɧɢɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɤɨɬɨɪɵɟ ɞɨɥɠ-
ɧɵ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

– ɭɜɟɥɢɱɢɜɚɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɄɄɆ ɢ ɞɟɬɚɥɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɫɬɨɣ-
ɤɨɫɬɶ ɤ ɞɥɢɬɟɥɶɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɢ ɰɢɤɥɢɱɟɫɤɨɦɭ 
ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɞɚɪɭ, ɫɧɢɠɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɯɢɦɢ-
ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɤɢɫɥɟɧɢɹ ɞɚɧɧɵɯ ɤɨɦɩɨɡɢɬɨɜ; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ SiC-ɩɨɞɥɨɠɤɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 
ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ; 

– ɫɧɢɠɚɬɶ ɭɪɨɜɟɧɶ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫɨɜ  
ɷɪɨɡɢɢ, ɜɢɛɪɚɰɢɢ ɢ ɢɫɬɢɪɚɧɢɹ Д3–5Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɜɵɯ 
ɡɧɚɱɟɧɢɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚ-
ɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ 
ɤɨɧɰɟɩɰɢɢ ɦɧɨɝɨɫɥɨɣɧɵɯ ɩɨɤɪɵɬɢɣ, ɝɞɟ ɤɚɠɞɵɣ 
ɫɥɨɣ ɜɵɩɨɥɧɹɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɮɭɧɤɰɢɸ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɦɢɪɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɹɞ 
ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɛɨɪɨɦ ɢɫɯɨɞ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɪɵɬɢɹ (ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ,  
ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɨɤɫɢɞɨɦ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɦɟɬɚɥɥɨɜ; ɨɤɫɢɞɵ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ; ɦɭɥɥɢɬ, 
ɤɨɪɞɢɟɪɢɬ; ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɫɬɪɨɧɰɢɹ ɢ ɛɚɪɢɹ; 
ɫɢɥɢɤɚɬɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ), ɨɩɬɢɦɢɡɚ-
ɰɢɟɣ ɢ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢɯ ɩɨɥɭɱɟɧɢɹ 
ɢ ɧɚɧɟɫɟɧɢɹ, ɞɨ ɫɢɯ ɩɨɪ ɩɨɥɧɨɫɬɶɸ ɧɟ ɪɟɲɟɧ  
Д6–16Ж. ȼ ɨɫɧɨɜɧɨɦ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɹɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɞɚɧɧɵɟ ɧɟɞɨ-
ɫɬɚɬɤɢ ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɪɚɡɥɢɱɧɵɯ  
ɞɟɮɟɤɬɨɜ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɤɚɤ ɜɧɭɬɪɢ 
ɩɨɤɪɵɬɢɹ, ɬɚɤ ɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɩɨɞɥɨɠɤɚ–
ɩɨɤɪɵɬɢɟ», ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟ-
ɳɢɧ ɢ ɪɚɫɫɥɨɟɧɢɸ ɢ ɞɚɥɟɟ ɤ ɩɨɥɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ 
ɩɨɤɪɵɬɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɤɪɵɬɢɹ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɤɚɤ ɫɜɨɣɫɬɜɚ-
ɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɬɟɪɦɨɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ, 
ɬɚɤ ɢ ɞɥɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ, ɫɬɚɛɢɥɶ-
ɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɵ ɜ ɬɟɱɟɧɢɟ 
ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɛɨɥɟɟ 20000 ɱ) ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɞɨ 1500°C. 

ɉɪɟɤɭɪɫɨɪɵ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬ-
ɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ ɚɤɰɟɧɬɢɪɭɸɬ ɧɚ 
ɫɟɛɟ ɜɧɢɦɚɧɢɟ ɛɥɚɝɨɞɚɪɹ ɢɯ ɨɫɧɨɜɧɵɦ ɮɚɡɚɦ: 
ɫɢɥɢɤɚɬɚɦ ɢɬɬɪɢɹ Y2SiO5 (ɏ1 ɢ ɏ2) ɢ Y2Si2O7 (α, į, 
ȕ, Ȗ ɢ ɞɪ.), ɦɭɥɥɢɬɭ 3Al2O3·2SiO2 ɢ ɢɬɬɪɢɣɚɥɸɦɢ-
ɧɢɟɜɨɦɭ ɝɪɚɧɚɬɭ Y3Al5O12, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɜɵ-
ɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɧɟɨɛɯɨɞɢɦɵɯ ɫɜɨɣɫɬɜ Д8, 9,  
13–20Ж. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟ-
ɤɭɪɫɨɪɨɜ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢ-

ɤɚɬɧɨɣ ɫɢɫɬɟɦ ɞɥɹ ɤɚɪɛɢɞɨɤɪɟɦɧɢɟɜɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜ ɭɫɥɨ-
ɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1500°ɋ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.1. «Ʉɨɧɫɬɪɭɤɰɢɨɧ-

ɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
(ɄɄɆ)» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ  
ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») [1]. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɤɭɪɫɨɪɨɜ 
ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢ-
ɫɬɟɦ ɫ ɪɚɡɥɢɱɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, % (ɦɨɥɶɧ.): 
(11–50) Y2O3+(50–75) SiO2 ((15,9–30) Al2O3 – ɬɨɥɶɤɨ 
ɞɥɹ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦɵ), ɢɫɩɨɥɶɡɨɜɚ-
ɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɬɜɟɪɞɨɮɚɡɧɵɣ ɢ ɡɨɥɶ-ɝɟɥɶ 
ɦɟɬɨɞɵ. 

ɉɪɢ ɤɥɚɫɫɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɩɨɥɭɱɟɧɢɹ ɩɪɟɤɭɪ-
ɫɨɪɨɜ ɞɚɧɧɵɯ ɫɢɫɬɟɦ – ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɫɩɟɤɚɧɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɤɫɢɞɨɜ – ɧɟɝɚɬɢɜɧɨɣ 
ɫɬɨɪɨɧɨɣ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɫɯɨɞɧɵɯ 
ɮɚɡ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢɬɨɝɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɫɧɢɠɟɧɢɸ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɥɢ ɦɟɬɨɞ, ɜ ɤɨɬɨɪɨɦ 
ɞɥɹ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɢ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɢɫɯɨɞɧɵɯ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɵɯ ɩɨɪɨɲ-
ɤɨɜ ɨɤɫɢɞɨɜ: ɢɬɬɪɢɹ (D50=26,4 ɦɤɦ), ɤɪɟɦɧɢɹ 
(D50=17,3 ɦɤɦ), ɚɥɸɦɢɧɢɹ (D50=51,1 ɦɤɦ) ɢ ɰɢɪ-
ɤɨɧɢɹ (D50=32,4 ɦɤɦ) ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɫɨɨɬɧɨɲɟ-
ɧɢɢ – ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɭɸ ɲɚɪɨɜɭɸ 
ɦɟɥɶɧɢɰɭ (ɮɢɪɦɚ Retsch, Ƚɟɪɦɚɧɢɹ) ɜ ɭɫɥɨɜɢɹɯ 
ɦɨɤɪɨɝɨ ɢ ɩɨɥɭɦɨɤɪɨɝɨ ɩɨɦɨɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɯɟɥɚɬɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɜ ɪɟɚɤɰɢ-
ɨɧɧɨɣ ɫɦɟɫɢ Д21Ж, ɫ ɩɪɨɜɟɞɟɧɢɟɦ ɩɨɫɥɟɞɭɸɳɟɣ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɬɟɱɟɧɢɟ ɞɨ 
24 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1400°C. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɡɨɥɟɣ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɟɫɬɢɜɨɞɧɵɣ ɧɢɬɪɚɬ 
ɢɬɬɪɢɹ Y(NO3)3·6H2O, ɞɟɜɹɬɢɜɨɞɧɵɣ ɧɢɬɪɚɬ ɚɥɸ-
ɦɢɧɢɹ Al(NO3)3·9H2O, ɩɹɬɢɜɨɞɧɵɣ ɧɢɬɪɚɬ ɰɢɪɤɨ-
ɧɢɹ Zr(NO3)4·5H2O, ɬɟɬɪɚɷɬɨɤɫɢɫɢɥɚɧ Si(OC2H5)4 
(ɌɗɈɋ), ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ, ɚɛɫɨɥɸɬɢɪɨ-
ɜɚɧɧɵɣ ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɝɢɞɪɨ-
ɥɢɡɚ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɨɫɨɛɨ ɱɢɫɬɵɟ ɤɨɦɩɨɧɟɧɬɵ. Ɋɚɫɬɜɨɪɵ ɝɨɬɨɜɢɥɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɞɨɛɚɜɥɟɧɢɟɦ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɨɣ 
ɫɦɟɫɢ ɢ ɌɗɈɋ ɤ ɪɚɫɬɜɨɪɭ ɫɨɥɟɣ ɧɢɬɪɚɬɨɜ ɢɬɬɪɢɹ 
ɢ ɚɥɸɦɢɧɢɹ. ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɨɛɪɚɛɨɬɤɭ 
ɩɨɥɭɱɟɧɧɵɯ ɝɟɥɟɣ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
70°ɋ. ȼɵɫɭɲɟɧɧɵɟ ɝɟɥɢ ɩɨɞɜɟɪɝɚɥɢ ɤɚɥɶɰɢɧɢɪɨ-
ɜɚɧɢɸ, ɚ ɞɚɥɟɟ – ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɜ ɢɧɬɟɪɜɚɥɟ  
ɬɟɦɩɟɪɚɬɭɪ 1000–1400°ɋ. 

Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɩɪɢɦɟɧɹɥɢ ɲɥɢɤɟɪɧɨ-

ɨɛɠɢɝɨɜɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɲɢ-
ɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ 
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ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɥɢɤɟɪ ɫ ɝɪɚɧɭ-
ɥɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɞɨ 5 ɦɤɦ, ɤɨɬɨ-
ɪɵɣ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɢ ɜ ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 
ɢ ɧɚɧɨɫɢɥɢ ɧɚ  ɩɨɞɥɨɠɤɭ ɄɄɆ ɧɚ ɨɫɧɨɜɟ SiC ɜ 
ɫɩɟɰɢɚɥɶɧɨɣ ɩɨɤɪɚɫɨɱɧɨɣ ɤɚɦɟɪɟ. ɉɨɞɥɨɠɤɭ  
ɫ ɧɚɧɟɫɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɞɜɟɪɝɚɥɢ ɨɛɠɢɝɭ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ ɜ ɫɪɟɞɟ ɜɨɡɞɭɯɚ ɢɥɢ ɜ ɡɚɳɢɬ-
ɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1500°C. 

ɇɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɥɢ  
ɚɬɦɨɫɮɟɪɧɵɦ ɩɥɚɡɦɟɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ ɧɚ ɭɫɬɚ-
ɧɨɜɤɟ AMT MP200 (ɒɜɟɣɰɚɪɢɹ), ɤɨɬɨɪɨɟ ɩɪɟɞ-
ɫɬɚɜɥɹɥɨ ɫɨɛɨɣ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɡɦɵ 
з10000 Ʉ ɢ ɫɤɨɪɨɫɬɶɸ ɩɨɞɚɱɢ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɞɨ 
450 ɦ/ɫ. Ⱦɥɹ ɧɚɩɵɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɨɲɨɤ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫɨ ɫɪɟɞ-
ɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 72,8 ɦɤɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɪɟɤɭɪɫɨɪɨɜ ɢɬɬɪɢɣɫɢ-
ɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ ɩɪɨ-
ɜɨɞɢɥɢ ɜ ɰɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ 
ɎȽɍɉ «ȼɂȺɆ» ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɪɟɧɬɝɟɧɨɮɚ-
ɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɚɧɚɥɢɡɚɬɨɪ ɤɨɦɩɚɧɢɢ Empвrean 
PANalвtical (ɇɢɞɟɪɥɚɧɞɵ) ɩɪɢ Cu Kα-ɢɡɥɭɱɟɧɢɢ), 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɦɢɤɪɨɫɤɨɩ Verios 460 
XHR (ɇɢɞɟɪɥɚɧɞɵ) ɫ ɩɪɢɫɬɚɜɤɚɦɢ ɞɥɹ ɪɟɧɬɝɟɧɨ-
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɢ ɚɧɚɥɢɡɚ ɞɢɮɪɚɤ-
ɰɢɢ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ), ɞɢɥɚɬɨɦɟɬɪɢɢ ɢ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɮɢɪɦɚ Netгsch, 
Ƚɟɪɦɚɧɢɹ), ɚ ɬɚɤɠɟ ɥɚɡɟɪɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɪɚɡɦɟ-
ɪɚ ɱɚɫɬɢɰ (ɮɢɪɦɚ Fritsch, Ƚɟɪɦɚɧɢɹ). 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ  
20–1500°ɋ ɩɪɨɜɨɞɢɥɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɤɚɦɟɪɧɵɯ ɩɟɱɚɯ (ɋɇɈɅ). ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɟɞ-
ɩɨɥɚɝɚɟɬɫɹ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ – 
Δm/m0, % (ɩɨ ɦɚɫɫɟ), Δm=m1-m0, ɝɞɟ m0 – ɦɚɫɫɚ 
ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ; m1 – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɢɫ-
ɩɵɬɚɧɢɹ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɟɱɢ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ȼɵɛɢɪɚɹ ɨɩɬɢɦɚɥɶɧɵɟ ɫɨɫɬɚɜɵ ɡɚɳɢɬɧɵɯ ɩɨ-
ɤɪɵɬɢɣ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɧɢɡɢɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ɢ ɩɚɪɨɜ ɜɨɞɵ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɧɚ ɩɨɞɥɨɠɤɟ ɢɡ ɄɄɆ ɧɚ ɨɫɧɨɜɟ SiC, 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɟɟ: 

– ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢ-
ɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɩɨɤɪɵɬɢɹ ɞɨɥɠɧɵ 
ɛɵɬɶ ɩɪɢɛɥɢɠɟɧɵ ɤ ɡɧɚɱɟɧɢɹɦ ɌɄɅɊ ɩɨɞɥɨɠɤɢ ɢ/
ɢɥɢ ɧɢɠɧɟɝɨ ɫɥɨɹ (α≈(40–65)·10-7 Ʉ-1), ɱɬɨ ɧɟɨɛɯɨ-
ɞɢɦɨ ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ 
ɢɥɢ ɪɚɫɫɥɨɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɨɯɥɚɠɞɟ-
ɧɢɢ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦ ɞɢɚɩɚɡɨɧɟ; 

– ɩɪɟɤɭɪɫɨɪɵ ɩɨɤɪɵɬɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɫɬɚɛɢɥɶ-
ɧɵɦɢ ɢ ɯɢɦɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦɵɦɢ ɜɨ ɜɫɟɦ ɪɚɛɨ-
ɱɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨɛɵ ɦɟɠɞɭ ɧɢɦɢ, 
ɫɥɨɹɦɢ ɩɨɤɪɵɬɢɹ ɢɥɢ ɩɨɞɥɨɠɤɨɣ ɧɟ ɨɛɪɚɡɨɜɵɜɚ-
ɥɢɫɶ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ; 

– ɬɨɥɳɢɧɚ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɨɥɠɧɚ ɫɨɫɬɚɜ-
ɥɹɬɶ 100–250 ɦɤɦ; 

– ɫɤɨɪɨɫɬɶ ɞɟɫɬɪɭɤɰɢɢ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɞɨɥɠɧɚ 
ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɛɨɥɟɟ 6–14 ɦɤɦ ɧɚ 1000 ɱ Д3, 17Ж. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ  
Y2O3–SiO2 ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1, a [22]. ȼ ɞɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɢɡɜɟɫɬɧɵ ɬɪɢ ɞɜɨɣɧɵɯ ɫɨɟɞɢɧɟɧɢɹ ɢɬ-
ɬɪɢɹ: ɨɤɫɢɨɪɬɨɫɢɥɢɤɚɬ Y2O3·SiO2, ɨɪɬɨɫɢɥɢɤɚɬ 
2Y2O3·3SiO2 ɢ ɩɢɪɨɫɢɥɢɤɚɬ Y2O3·2SiO2. Ɉɫɧɨɜɧɵ-
ɦɢ ɮɚɡɚɦɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ Y2SiO5 
(ɩɥɚɜɢɬɫɹ ɤɨɧɝɪɭɷɧɬɧɨ ɩɪɢ 1980°ɋ) ɢ į-Y2Si2O7 
(ɩɥɚɜɢɬɫɹ ɢɧɤɨɧɝɪɭɷɧɬɧɨ ɩɪɢ з1790°ɋ). ɋɨɟɞɢɧɟ-
ɧɢɟ 2Y2O3·3SiO2 ɭɫɬɨɣɱɢɜɨ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛ-
ɥɚɫɬɢ 1350–1650°ɋ. ɉɪɢ 1650°ɋ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ 
ɩɪɟɬɟɪɩɟɜɚɟɬ ɪɚɫɩɚɞ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɫɢ ɞɜɭɯ 
ɫɨɟɞɢɧɟɧɢɣ: Y2O3·SiO2 ɢ Y2O3·2SiO2, ɩɪɢɱɟɦ ɭɤɚ-
ɡɚɧɧɵɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɢɦɵɦ Д23–25Ж. 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɚɡɚ (ɏ2-ɮаɡа) ɫɢɥɢɤаɬа 
ɢɬɬɪɢɹ (Y2SiO5) ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 
ɜɵɫɨɤɨɣ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɢ ɩɨɧɢɠɟɧɧɨɣ 
ɤɢɫɥɨɪɨɞɧɨɣ ɩɪɨɯɨɞɢɦɨɫɬɶɸ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɟɞɢɧɟ-
ɧɢɹ Y2SiO5 ɜ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɹɯ ɞɥɹ ɄɄɆ SiC. 
Ɉɞɧɚɤɨ ɌɄɅɊ ɭ Y2SiO5 ɜɵɲɟ (α≈(50–77)·10-7 Ʉ-1), 
ɱɟɦ ɭ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ (α≈(40–55)·10-7 Ʉ-1), ɩɨɷɬɨ-
ɦɭ ɢ ɜɵɫɨɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɢɤɪɨ-
ɬɪɟɳɢɧ ɜɞɨɥɶ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɮɚɡ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɨɤɨɟ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
Y2Si2O7 (α≈(γ5–50)·10-7 Ʉ-1) ɜ ɩɨɤɪɵɬɢɹɯ ɞɥɹ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɡɧɚɱɟɧɢɹɦ ɌɄɅɊ ɫɨ-
ɟɞɢɧɟɧɢɹ SiC ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ 
ɬɟɪɦɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ. 

ɉɨɫɤɨɥɶɤɭ Y2Si2O7 ɹɜɥɹɟɬɫɹ ɬɭɝɨɩɥɚɜɤɢɦ ɫɨ-
ɟɞɢɧɟɧɢɟɦ, ɬɨ ɨɧɨ ɭɫɬɨɣɱɢɜɨ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨ-
ɫɮɟɪɟ. ɂɡ ɲɟɫɬɢ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɫɨɟɞɢ-
ɧɟɧɢɟ Ȗ-Y2Si2O7 ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɚ-
ɡɨɣ, ɭɫɬɨɣɱɢɜɨɣ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 1445–1535°ɋ, 
ɢɦɟɟɬ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɌɄɅɊ (39·10-7 Ʉ-1 ɜ ɢɧɬɟɪɜɚ-
ɥɟ ɬɟɦɩɟɪɚɬɭɪ 200–1300°C) ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
(<3,0 ȼɬ/(ɦ·Ʉ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300ޓ°C) [24]. 

ȼɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, ɧɢɡɤɚɹ ɤɢɫ-
ɥɨɪɨɞɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɡɧɚɱɟɧɢɹ ɌɄɅɊ, ɛɥɢɡ-
ɤɢɟ ɤ ɡɧɚɱɟɧɢɹɦ ɌɄɅɊ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, – ɜɫɟ ɷɬɨ 
ɞɟɥɚɟɬ ɫɢɥɢɤɚɬɵ ɢɬɬɪɢɹ ɩɪɟɜɨɫɯɨɞɧɵɦɢ ɤɨɦɩɨ-
ɧɟɧɬɚɦɢ ɞɥɹ ɡɚɳɢɬɵ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢ-
ɞɚ ɤɪɟɦɧɢɹ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ Д23Ж. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Y2O3–Ⱥl2Ɉ3–SiO2 
(ɪɢɫ. 1, ɛ) ɫɨɫɬɨɢɬ ɢɡ 11 ɩɨɥɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɥɟɞɭ-
ɸɳɢɯ ɮɚɡ: I – ɨɛɥɚɫɬɢ ɞɜɭɯ ɫɬɟɤɨɥ; II – ɤɪɢɫɬɨɛɚɥɢ-
ɬɚ; III – ɞɢɨɪɬɨ-(ɩɢɪɨ)ɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ (Y2O3·2SiO2); 
IV – ɨɪɬɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ (2Y2O3·3SiO2); V – ɨɤɫɢ-
ɨɪɬɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ (Y2O3·SiO2); VI – ɨɤɫɢɞɚ ɢɬ-
ɬɪɢɹ (Y2O3); VII – ɚɥɸɦɢɧɚɬɚ ɢɬɬɪɢɹ (2Y2Ɉ3·Ⱥl2Ɉ3); 
VIII – ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ ɩɟɪɨɜɫɤɢɬɚ (Y2Ɉ3·Ⱥl2Ɉ3); IX – 
ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ ɝɪɚɧɚɬɚ (3Y2O3·5Ⱥl2Ɉ3); X – ɤɨɪɭɧɞɚ; 
XI – ɦɭɥɥɢɬɚ (3Ⱥl2Ɉ3·2SiO2). Ɍɪɨɣɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɨɤɚ ɧɟ ɨɛɧɚɪɭɠɟɧɨ, ɷɜɬɟɤɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ 1370–1387°ɋ Д22Ж. ɇɚ ɞɢɚ-
ɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦɵ 
ɭɫɬɚɧɨɜɥɟɧɨ ɜɨɫɟɦɶ ɬɪɨɣɧɵɯ ɬɨɱɟɤ, ɞɜɟ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɸɬɫɹ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɢ ɲɟɫɬɶ – ɪɟɚɤɰɢɨɧɧɵɦɢ. 
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Ɂɨɥɶ-ɝɟɥɶ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ 
ɦɟɬɨɞɚɦɢ ɩɨɥɭɱɟɧ ɪɹɞ ɫɨɫɬɚɜɨɜ ɢɬɬɪɢɣɚɥɸɦɨɫɢ-
ɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ (ɬɚɛɥ. 1). 

Ɏɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 900 ɞɨ 1400°ɋ ɢɡɭɱɚɥɢ ɫ  
ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ), ɢɯ  
ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 

Ⱦɥɹ ɫɨɫɬɚɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ, 
ɧɚɱɚɥɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɦɟɱɟɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
900°ɋ. ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɚɡɚ ɞɢɫɢɥɢɤɚɬɚ ɢɬ-
ɬɪɢɹ α-Y2Si2O7 ɩɟɪɟɯɨɞɢɬ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ 
į-Y2Si2O7 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з1100°ɋ, ɚ ɧɢɡɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɚɹ ɮɚɡɚ ɨɤɫɢɨɪɬɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ  

X1-Y2SiO5 ɩɟɪɟɯɨɞɢɬ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ  
X2-Y2SiO5 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200°ɋ. ɋɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ, ɩɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɩɪɢ ɬɪɚɞɢɰɢ-
ɨɧɧɨɦ ɫɩɨɫɨɛɟ ɩɨɥɭɱɟɧɢɹ ɩɭɬɟɦ ɬɜɟɪɞɨɮɚɡɨɜɨɝɨ 
ɫɩɟɤɚɧɢɹ ɨɤɫɢɞɨɜ ɷɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ ɨɛɪɚɡɭ-
ɸɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1400–1600°ɋ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɪɢ ɬɜɟɪɞɨɮɚɡɨɜɨɦ ɫɩɟɤɚɧɢɢ ɧɚ ɞɢɮɪɚɤɬɨ-
ɝɪɚɦɦɚɯ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜɫɟɝɞɚ ɩɪɢ-
ɫɭɬɫɬɜɭɸɬ ɪɟɮɥɟɤɫɵ ɨɤɫɢɞɚ ɢɬɬɪɢɹ, ɞɚɠɟ ɜ ɫɨɫɬɚɜɚɯ 
ɫ ɫɨɞɟɪɠɚɧɢɟɦ 67% (ɦɨɥɶɧ.) SiO2 ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɨɥɧɨɬɚ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

Ⱦɥɹ ɫɨɫɬɚɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ 
ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ, ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

Ɋɢɫ. 1. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ Y2O3–SiO2 (ɚ) ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ Y2–Ⱥl2Ɉ3–SiO2 
ɫɢɫɬɟɦ (ɛ) Д22Ж 
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Ɍɟɦɩɟɪɚɬɭɪɚ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, 
°ɋ 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɟɤɭɪɫɨɪɨɜ 

Y-33 Y-50 Y-50Z YAS-15 YAS-30 

Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ 

900 α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1000 α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1100 į-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

į-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

į-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1200 į-Y2Si2O7 X2-Y2SiO5 X2-Y2SiO5+ 

+ZrO2 

į-Y2Si2O7+ 

+X2-Y2SiO5 

į-Y2Si2O7+ 

+X2-Y2SiO5 

1300 į-Y2Si2O7 X2-Y2SiO5 X2-Y2SiO5+ 

+ZrO2 

Ɇɭɥɥɢɬ+ 

+į-Y2Si2O7+ 

+X2-Y2SiO5 

į-Y2Si2O7+ 

+Y3Al5O12+ 

+X2-Y2SiO5 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɬɜɟɪɞɨɮɚɡɧɵɣ ɦɟɬɨɞ 

900 α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

Ⱥɦɨɪɮɧɚɹ ɮɚɡɚ 

1000 α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1100 α-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1200 α-Y2Si2O7+ 

+ȕ-Y2Si2O7+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

X1-Y2SiO5+ 

+ZrO2+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+ȕ-Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

α-Y2Si2O7+ 

+ȕ-+Y2Si2O7+ 

+X1-Y2SiO5+ 

+ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

1300 ȕ-Y2Si2O7+ 

+į-Y2Si2O7 

X1-Y2SiO5+ 

+X2-Y2SiO5 

X1-Y2SiO5+ 

+X2-Y2SiO5+ 

+ZrO2 

ȕ-Y2Si2O7+ 

+į-Y2Si2O7+ 

+X2-Y2SiO5 

ȕ-Y2Si2O7+ 

+į-Y2Si2O7+ 

+X2-Y2SiO5 

1400 į-Y2Si2O7 X2-Y2SiO5 X2-Y2SiO5+ 

+ZrO2 

Ɇɭɥɥɢɬ+ 

+į-Y2Si2O7+ 

+X2-Y2SiO5 

(1350°ɋ) 

į-Y2Si2O7+ 

+Y3Al5O12+ 

+X2-Y2SiO5 

(1350°ɋ) 

Ɍɚɛɥɢɰɚ 2  
ɏɚɪɚɤɬɟɪ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɢɫɬɟɦ Y2O3–SiO2 ɢ Y2O3–Al2O3–SiO2  

ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 900–1400°ɋ 

Ɍɚɛɥɢɰɚ 1 

ɂɫɫɥɟɞɭɟɦɵɟ ɫɨɫɬɚɜɵ ɫɢɫɬɟɦ Y2O3–SiO2 ɢ Y2O3–Al2O3–SiO2 

Ɉɛɨɡɧɚɱɟɧɢɟ 

ɩɪɟɤɭɪɫɨɪɚ 

ɋɨɞɟɪɠɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ, % (ɦɨɥɶɧ.) 

Y2O3 Al2O3 SiO2 

Y-33 33 – 67 

Y-50 50 – 50 

Y-50Z 47,5 5 (ZrO2) 47,5 

YAS-15 11,1 15,92 72,98 

YAS-30 20 30 50 
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ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900°ɋ ɞɥɹ ɩɪɟɤɭɪɫɨ-
ɪɨɜ Y-33 ɢ Y-50 ɫɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦɢ ɫɨɫɬɚɜɚ-
ɦɢ Y2Si2O7 ɢ Y2SiO5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɫɥɟ ɬɟɪɦɨ-
ɨɛɪɚɛɨɬɤɢ ɩɪɟɤɭɪɫɨɪɨɜ ɩɪɢ 900°ɋ ɜ ɬɟɱɟɧɢɟ 5 ɱ 
ɫɬɪɭɤɬɭɪɚ ɨɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ (YAS-15 ɢ YAS-30) ɜ 
ɨɫɧɨɜɧɨɦ ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɚ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚ-
ɡɚ ɩɪɢɫɭɬɫɬɜɨɜɚɥɚ ɜ ɧɢɯ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢ-
ɱɟɫɬɜɟ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɢ ɞɨ 1000°ɋ ɫɨɞɟɪɠɚɧɢɟ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɨɛɪɚɡɰɨɜ ɪɟɡɤɨ ɫɧɢɠɚɥɨɫɶ, ɷɬɨ 

ɩɨɞɬɜɟɪɠɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɤɪɚɳɟɧɢɟɦ ɧɚ 
ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɞɢɮɮɭɡɧɨɣ ɨɛɥɚɫɬɢ ɢ ɩɨɹɜɥɟɧɢ-
ɟɦ ɱɟɬɤɢɯ ɢɧɬɟɧɫɢɜɧɵɯ ɥɢɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. 

ɉɪɢ ɷɬɨɦ ɞɥɹ ɜɫɟɯ ɫɨɫɬɚɜɨɜ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟ-
ɪɚɬɭɪ ɨɬ 900 ɞɨ 1400°ɋ ɩɪɨɯɨɞɢɥɨ ɢɡɦɟɧɟɧɢɟ ɩɨ-
ɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ – ɨɬ 
α-Y2Si2O7 ɞɨ į-Y2Si2O7 ɱɟɪɟɡ ȕ-Y2Si2O7, ɱɬɨ ɧɟ 
ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɩɪɟɤɭɪɫɨɪɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-

ɝɟɥɶ ɦɟɬɨɞɨɦ.  
ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 1400°ɋ ɜ ɬɟɱɟɧɢɟ 5 ɱ 

ɞɥɹ ɫɨɫɬɚɜɚ, ɫɨɞɟɪɠɚɜɲɟɝɨ 33% (ɦɨɥɶɧ.) Y2O3 
(ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ), 
ɨɛɪɚɡɨɜɵɜɚɥɫɹ ɨɞɧɨɮɚɡɧɵɣ ɩɪɨɞɭɤɬ, ɫɨɫɬɨɹɜɲɢɣ 
ɢɡ į-Y2Si2O7 (ASTM №45-0043). ɉɪɢ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦ ɫɨɞɟɪɠɚɧɢɢ 50% (ɦɨɥɶɧ.) Y2O3 (ɫɬɟɯɢɨɦɟɬɪɢ-

ɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɤɫɢɨɪɬɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ) ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ 900ޓ°ɋ ɨɛɪɚɡɨɜɵɜɚɥɚɫɶ ɧɢɡɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɏ1-Y2SiO5 (ASTM №21-1456), 
ɤɨɬɨɪɚɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1300–1400°ɋ ɩɟɪɟ-
ɯɨɞɢɥɚ ɜ ɞɨɦɢɧɢɪɭɸɳɭɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ 
ɦɨɞɢɮɢɤɚɰɢɸ ɏ2-Y2SiO5 (ASTM №21-1458). 

Ɉɞɧɚɤɨ ɨɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɩɪɢɦɟɧɹɟɦɨɝɨ 
ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɥɨɫɶ ɬɨ, ɱɬɨ ɜ ɩɨɥɭɱɟɧ-
ɧɵɯ ɢɬɨɝɨɜɵɯ ɨɛɪɚɡɰɚɯ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 
ɩɪɢ 1400°ɋ ɜ ɬɟɱɟɧɢɟ 5 ɱ ɩɪɢɫɭɬɫɬɜɨɜɚɥɚ ɮɚɡɚ 
ɢɫɯɨɞɧɨɝɨ ɨɤɫɢɞɚ ɢɬɬɪɢɹ (0,73ޒ% (ɩɨ ɦɚɫɫɟ) – ɩɨ 
ɦɟɬɨɞɭ Ɋɢɬɜɟɥɶɞɚ) ɞɚɠɟ ɜ ɫɨɫɬɚɜɚɯ, ɫɨɞɟɪɠɚɜɲɢɯ 
50% (ɦɨɥɶɧ.) SiO2. Ⱦɥɹ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ 
ɧɟɞɨɫɬɚɬɤɚ ɩɪɟɞɥɨɠɟɧɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɟɤɭɪɫɨɪɨɜ ɞɨ 24 ɱ ɩɪɢ 
1400°ɋ. Ɉɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ 
ɷɮɮɟɤɬɚ ɧɟ ɨɛɧɚɪɭɠɟɧɨ (ɫɨɞɟɪɠɚɧɢɟ ɮɚɡɵ ɨɤɫɢɞɚ 

ɢɬɬɪɢɹ з0,51% (ɩɨ ɦɚɫɫɟ) – ɩɨ ɦɟɬɨɞɭ Ɋɢɬɜɟɥɶɞɚ) 
ɜ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɞɢɮɮɭɡɢɢ, ɩɪɢ ɷɬɨɦ 
ɡɚɮɢɤɫɢɪɨɜɚɧ ɪɨɫɬ ɤɪɢɫɬɚɥɥɢɬɨɜ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɌɄɅɊ ɫɨɫɬɚɜɨɜ ɫɢɫɬɟɦ  
Y2O3–SiO2 ɢ Y2O3–Al2O3–SiO2 ɩɨɪɨɲɤɢ, ɩɨɥɭɱɟɧ-
ɧɵɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ ɢ ɡɨɥɶ-ɝɟɥɶ 
ɦɟɬɨɞɚɦɢ, ɢɡɦɟɥɶɱɚɥɢ ɜ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɲɚɪɨɜɨɣ 
ɦɟɥɶɧɢɰɟ ɞɨ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ 1,34 ɢ  
2,27 ɦɤɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 2). Ⱦɚɥɟɟ ɩɨɪɨɲɤɢ 
ɫɩɪɟɫɫɨɜɵɜɚɥɢ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɩɪɢ 
ɞɚɜɥɟɧɢɢ 100 Ɇɉɚ ɜ ɲɬɚɛɢɤɢ ɫ ɪɚɡɦɟɪɨɦ ɫɟɱɟɧɢɹ 
40×6 ɦɦ. ȼ ɤɚɱɟɫɬɜɟ ɫɜɹɡɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢɜɢ-
ɧɢɥɨɜɵɣ ɫɩɢɪɬ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,1% (ɩɨ ɦɚɫɫɟ). ɉɨ-
ɫɥɟ ɩɪɟɫɫɨɜɚɧɢɹ ɨɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɨɞɢɮɢɰɢ-
ɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ, ɫɭɲɢɥɢ ɞɨ 
ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ, ɡɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɢɯ ɬɟɪɦɨɨɛ-
ɪɚɛɨɬɤɭ ɩɪɢ 1400°ɋ (1350°ɋ – ɞɥɹ YAS-15 ɢ  
YAS-30) ɜ ɬɟɱɟɧɢɟ 1 ɱ. Ɉɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɡɨɥɶ-

ɝɟɥɶ ɦɟɬɨɞɨɦ, ɫɭɲɢɥɢ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ,  
ɡɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɢɯ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɩɪɢ 1300°ɋ  
ɜ ɬɟɱɟɧɢɟ 1 ɱ. 

Ɂɧɚɱɟɧɢɹ ɌɄɅɊ ɫɨɫɬɚɜɨɜ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ 
ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ ɧɚɯɨɞɢɥɢɫɶ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 42,4·10-7 ɞɨ 60,3·10-7 Ʉ-1 ɞɥɹ ɫɨɫɬɚ-
ɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ, ɢ ɨɬ 49,6·10-7 
ɞɨ 62,7·10-7 Ʉ-1 ɞɥɹ ɫɨɫɬɚɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɢ-
ɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ (ɬɚɛɥ. 3), 
ɱɬɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. ɉɨ-
ɜɵɲɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɫɨɫɬɚɜɨɜ ɢɬɬɪɢɣɫɢɥɢ-
ɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ, ɩɨɥɭ-
ɱɟɧɧɵɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ  
ɦɟɬɨɞɨɦ, ɫɜɹɡɚɧɵ ɫ ɧɚɥɢɱɢɟɦ ɩɪɢɦɟɫɟɣ ɢɫɯɨɞɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ (ɞɨ 0,51% (ɩɨ ɦɚɫɫɟ) – ɩɨ ɦɟɬɨɞɭ 
Ɋɢɬɜɟɥɶɞɚ). 

ɇɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɢɫɫɥɟ-
ɞɨɜɚɥɢ ɦɨɪɮɨɥɨɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɪɟɫɫɨɜɚɧɧɵɯ 
ɜ ɲɬɚɛɢɤɢ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 3). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ 
ɜɫɟɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɨɫɬɚɜɨɜ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ 
ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ, ɩɨɥɭɱɟɧɧɵɯ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ, ɯɚ-
ɪɚɤɬɟɪɧɚ ɫɩɥɨɲɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɪɚɡɦɟɪ ɡɟɪɟɧ  
60 ɦɤɦ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɚɤɠɟ ɧɚɛɥɸɞɚ-
ɥɢɫɶ ɩɨɪɵ ɫ ɪɚɡɦɟɪɨɜ 8–12 ɦɤɦ. Ⱦɥɹ ɫɨɫɬɚɜɨɜ  

Ɋɢɫ. 2. Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-ɝɟɥɶ (ɚ) ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ 
ɦɟɬɨɞɚɦɢ (ɛ) 
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ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ 
ɫɢɫɬɟɦ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ, ɯɚɪɚɤɬɟɪ-
ɧɚ ɢɝɨɥɶɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ, ɩɪɢ ɷɬɨɦ ɪɚɡɦɟɪ ɨɞɧɨɣ 
«ɢɝɥɵ», ɫɨɫɬɨɹɳɟɣ ɢɡ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɤɪɢɫɬɚɥɥɢ-
ɬɨɜ, ɞɨɫɬɢɝɚɥ 14–16 ɦɤɦ ɜ ɞɢɚɦɟɬɪɟ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɥɨ-
ɠɟɧɵ ɫɨɫɬɚɜɵ ɩɨɤɪɵɬɢɣ (ɬɚɛɥ. 4). ɋ ɰɟɥɶɸ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɩɨɤɪɵɬɢɹ ɜ ɯɨɞɟ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɢɪɨɜɚɧɢɹ, ɫɨɫɬɚɜ ɫɥɨɟɜ ɩɨɤɪɵ-
ɬɢɹ ɩɨɞɛɢɪɚɥɢ ɢɡ ɪɚɫɱɟɬɚ ˃10% ɨɬɧɨɫɢɬɟɥɶɧɨ  
ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɧɢɠɧɟɝɨ ɫɥɨɹ ɢɥɢ ɩɨɞɥɨɠɤɢ ɧɚ 
ɨɫɧɨɜɟ ɄɄɆ SiC. 

ɒɥɢɤɟɪɧɵɦ ɦɟɬɨɞɨɦ ɢ ɚɬɦɨɫɮɟɪɧɨ-

ɩɥɚɡɦɟɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ ɧɚɧɟɫɟɧɵ ɩɨɤɪɵɬɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɬɚɛɥ. 4 ɢ ɩɪɨɢɡɜɟɞɟɧ ɢɯ 
ɨɛɠɢɝ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1550°ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɫ 

Ɍɚɛɥɢɰɚ 3 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɡɧɚɱɟɧɢɹ  
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

Ɉɛɨɡɧɚɱɟɧɢɟ 

ɩɪɟɤɭɪɫɨɪɚ 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ ɌɄɅɊ: α·107, Ʉ-1, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

200–1300 (1400)°ɋ 

Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ 

Y-33 į-Y2Si2O7 42,4 

Y-50 X2-Y2SiO5 54,8 

Y-50Z X2-Y2SiO5+ZrO2 60,3 

YAS-15 Ɇɭɥɥɢɬ+į-Y2Si2O7+X2-Y2SiO5 49,7 

YAS-30 į-Y2Si2O7+Y3Al5O12+X2-Y2SiO5 53,1 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɬɜɟɪɞɨɮɚɡɧɵɣ ɦɟɬɨɞ 

Y-33 į-Y2Si2O7 49,6 

Y-50 X2-Y2SiO5 58,3 

Y-50Z X2-Y2SiO5+ZrO2 62,7 

YAS-15 Ɇɭɥɥɢɬ+į-Y2Si2O7+X2-Y2SiO5 52,3 

YAS-30 į-Y2Si2O7+Y3Al5O12+X2-Y2SiO5 55,7 

Ɋɢɫ. 3. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɲɬɚɛɢɤɨɜ ɢɡ ɩɨɪɨɲɤɚ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ 
ɫɢɫɬɟɦ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ (ɚ, ɛ) ɢ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɚɦɢ (ɜ, ɝ) 
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ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ ɩɨ-
ɤɪɵɬɢɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɩɨɤɪɵɬɢɣ ɚɬ-
ɦɨɫɮɟɪɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ ɡɧɚɱɟɧɢɟ ɩɨɪɢ-
ɫɬɨɫɬɢ ɩɨɤɪɵɬɢɹ ɞɨɫɬɢɝɚɟɬ 15%. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɨɣɤɨ-
ɫɬɢ ɩɨɤɪɵɬɢɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋ ɰɟɥɶɸ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɷɮ-
ɮɟɤɬɚ ɩɪɟɞɥɨɠɟɧɨ ɩɨɫɥɟɞɧɢɦ ɫɥɨɟɦ ɩɨɤɪɵɬɢɹ 
(ɱɟɬɜɟɪɬɵɦ) ɧɚɧɨɫɢɬɶ ɫɭɫɩɟɧɡɢɸ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨ-
ɝɨ ɩɨɪɨɲɤɚ ɲɥɢɤɟɪɧɵɦ ɦɟɬɨɞɨɦ (ɪɢɫ. 4). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɨɛɪɚɡɰɨɜ ɭɫɬɚɧɨɜɥɟɧɨ (ɪɢɫ. 5), ɱɬɨ ɧɚ ɩɨɤɪɵɬɢɹɯ 1 
ɢ 3 ɨɬɱɟɬɥɢɜɨ ɧɚɛɥɸɞɚɥɢɫɶ ɩɨɪɵ ɢ ɬɪɟɳɢɧɵ. ȼɟ-
ɪɨɹɬɧɨ, ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɢ ɪɚɫɫɥɨɟɧɢɟ ɜ ɨɛɴɟ-
ɦɟ ɩɨɤɪɵɬɢɣ ɩɪɨɢɫɯɨɞɢɥɢ ɢɡ-ɡɚ ɥɨɤɚɥɶɧɵɯ ɧɚɩɪɹ-
ɠɟɧɢɣ ɜ ɩɨɤɪɵɬɢɢ, ɜɵɡɜɚɧɧɵɯ ɧɚɥɢɱɢɟɦ ɮɚɡɵ 
ɚɥɸɦɨɢɬɬɪɢɟɜɨɝɨ ɝɪɚɧɚɬɚ ɜ ɩɪɟɤɭɪɫɨɪɟ YAS-30 
(ɌɄɅɊ: α=8β·10-7 Ʉ-1). Ȼɨɥɟɟ ɬɨɝɨ, ɢɡɛɵɬɨɱɧɚɹ 
ɮɚɡɚ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ ɜ ɩɪɟɤɭɪɫɨɪɟ YAS-30, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɤ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɸ 
ɩɪɢ ɪɚɛɨɬɟ ɢ ɜɨ ɜɪɟɦɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɢɪɨɜɚ-
ɧɢɹ, ɫɤɥɨɧɧɚ ɤ ɜɵɳɟɥɚɱɢɜɚɧɢɸ SiO2 ɢ ɪɚɡɪɭɲɟ-
ɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɨɣ. Ɍɚɤɨɟ ɜɵɳɟ-
ɥɚɱɢɜɚɧɢɟ ɫɨɡɞɚɟɬ ɦɢɤɪɨɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɜ 
ɩɨɤɪɵɬɢɢ, ɢ ɢɡɧɚɱɚɥɶɧɨ ɩɥɨɬɧɨɟ ɩɨɤɪɵɬɢɟ ɩɪɟɨɛ-
ɪɚɡɭɟɬɫɹ ɜ ɩɨɪɢɫɬɵɣ ɫɥɨɣ ɪɚɧɶɲɟ ɬɪɟɛɭɟɦɨɝɨ  
ɫɪɨɤɚ ɟɝɨ ɫɥɭɠɛɵ (ɪɢɫ. 5, ɚ, ɜ). 

ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ 2 ɧɚɛɥɸɞɚɥɨɫɶ ɦɢ-
ɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɪ ɢ ɦɢɤɪɨɬɪɟɳɢɧ. ɉɨ 
ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɤɪɵɬɢɹ 2 (ɪɢɫ. 5, ɛ) ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɨɩɬɢɦɚɥɶ-
ɧɨ ɜɵɛɪɚɧɧɵɦ ɮɚɡɨɜɨɦɭ ɫɨɫɬɚɜɭ (ɬ. ɟ. ɫɨɝɥɚɫɨɜɚ-
ɧɢɸ ɡɧɚɱɟɧɢɣ ɌɄɅɊ ɤɚɠɞɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɩɨɤɪɵɬɢɹ) ɢ ɬɨɥɳɢɧɟ ɤɚɠɞɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ ɨɧɨ 
ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɚ 
ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 1500°ɋ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ɍɚɛɥɢɰɚ 4 

ɋɨɫɬɚɜɵ ɩɨɤɪɵɬɢɣ 

ɍɫɥɨɜɧɵɣ 

ɧɨɦɟɪ ɩɨɤɪɵɬɢɹ 

ɋɨɫɬɚɜ ɩɨɤɪɵɬɢɹ ɫ ɩɪɟɤɭɪɫɨɪɨɦ 

Y-33 YAS-15 YAS-30 Y-50 Y-50Z 

1 1 ɫɥɨɣ 

(15–20 ɦɤɦ) 

2 ɫɥɨɣ 

(25–30 ɦɤɦ) 

3 ɫɥɨɣ 

(25–30 ɦɤɦ) 

4 ɫɥɨɣ 

(65–70 ɦɤɦ) 

– 

2 1 ɫɥɨɣ 

(15–20 ɦɤɦ) 

2 ɫɥɨɣ 

(25–30 ɦɤɦ) 

– 3 ɫɥɨɣ 

(25–30 ɦɤɦ) 

4 ɫɥɨɣ 

(65–70 ɦɤɦ) 

3 1 ɫɥɨɣ 

(15–20 ɦɤɦ) 

– 2 ɫɥɨɣ 

(25–30 ɦɤɦ) 

3 ɫɥɨɣ 

(25–30 ɦɤɦ) 

4 ɫɥɨɣ 

(65–70 ɦɤɦ) 

Ɋɢɫ. 4. Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɟɤɭɪɫɨɪɨɜ ɫɢɫɬɟɦ Y2O3–SiO2 ɢ Y2O3–Al2O3–SiO2, ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧɧɵɦ ɬɜɟɪɞɨɮɚɡɧɵɦ (ɚ) ɢ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɚɦɢ (ɛ) 

Ɋɢɫ. 5. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɣ (ɫɦ. ɬɚɛɥ. 4): 1 (ɚ), 2 (ɛ) ɢ 3 (ɜ) 
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Ɋɢɫ. 6. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɤɪɵɬɢɹ 2 (ɫɦ. ɬɚɛɥ. 4) ɩɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɤɟɪɚɦɢɱɟɫɤɨɦ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ 
ɦɚɬɟɪɢɚɥɟ SiC (ɚ), ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 1500°ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ (ɛ); ɪɟɡɭɥɶɬɚɬɵ ɊɋɆȺ (ɜɞɨɥɶ ɥɢɧɢɢ) 
ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 1500°ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ: ɧɢɠɧɢɣ ɫɥɨɣ (ɜ), ɧɢɠɧɹɹ ɱɚɫɬɶ ɫɪɟɞɧɟɝɨ ɫɥɨɹ (ɝ), ɜɟɪɯ-
ɧɹɹ ɱɚɫɬɶ ɫɪɟɞɧɟɝɨ ɫɥɨɹ (ɞ), ɜɟɪɯɧɢɣ ɫɥɨɣ (ɟ) 

Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢ-
ɡɚ (ɊɋɆȺ) ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 
ɤɚɠɞɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ 2 (ɪɢɫ. 6, ɚ). Ɉɫɧɨɜɨɣ 
ɧɢɠɧɟɝɨ ɫɥɨɹ (ɬɨɥɳɢɧɚ з55 ɦɤɦ) ɹɜɥɹɥɫɹ ɞɢɫɢɥɢ-
ɤɚɬ ɢɬɬɪɢɹ Y2Si2O7 c ɧɟɛɨɥɶɲɢɦɢ ɩɪɢɦɟɫɹɦɢ ɢɬ-
ɬɪɢɹ, ɚɥɸɦɢɧɢɹ ɢ ɤɪɟɦɧɢɹ – ɞɨ 5% (ɚɬɨɦɧ.). Ɋɚɡ-

ɦɟɪɵ ɩɪɨɞɨɥɝɨɜɚɬɵɯ ɡɟɪɟɧ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ ɧɟ 
ɩɪɟɜɵɲɚɥɢ 40 ɦɤɦ. ɇɚɛɥɸɞɚɥɢɫɶ ɬɚɤɠɟ ɦɟɥɤɢɟ 
ɫɜɟɬɥɵɟ ɜɤɥɸɱɟɧɢɹ ɜ ɡɟɪɧɚɯ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ, 
ɤɨɬɨɪɵɟ ɹɜɥɹɥɢɫɶ ɡɚɪɨɞɵɲɚɦɢ ɦɨɧɨɫɢɥɢɤɚɬɚ ɢɬ-
ɬɪɢɹ Y2SiO5. ɇɢɠɧɹɹ ɱɚɫɬɶ ɫɪɟɞɧɟɝɨ ɫɥɨɹ 
(ɬɨɥɳɢɧɚ з20 ɦɤɦ) ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɩɥɨɬɧɨ 
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ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɡɟɪɧɚ ɦɭɥɥɢɬɚ (ɫɪɟɞɧɢɣ ɫɨɫɬɚɜ 
Al6Si2O13), ɚ ɜ ɩɪɨɫɥɨɣɤɚɯ ɦɟɠɞɭ ɧɢɦɢ ɧɚɯɨɞɢ-
ɥɢɫɶ ɨɛɥɚɫɬɢ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ Y2Si2O7. ȼɟɪɯɧɹɹ 
ɱɚɫɬɶ ɫɪɟɞɧɟɝɨ ɫɥɨɹ (ɬɨɥɳɢɧɚ з20 ɦɤɦ) ɨɛɨɝɚɳɟ-
ɧɚ ɡɟɪɧɚɦɢ ɦɨɧɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ Y2SiO5, ɩɪɢ ɷɬɨɦ 
ɜ ɩɪɨɫɥɨɣɤɚɯ ɦɟɠɞɭ ɧɢɦɢ ɧɚɯɨɞɢɥɢɫɶ ɨɛɥɚɫɬɢ 
ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ Y2Si2O7. ȼɟɪɯɧɢɣ ɫɥɨɣ 
(ɬɨɥɳɢɧɚ з70 ɦɤɦ) ɬɚɤɠɟ ɹɜɥɹɥɫɹ ɝɟɬɟɪɨɮɚɡɧɵɦ, 
ɨɫɧɨɜɧɵɟ ɮɚɡɵ – ɞɢɫɢɥɢɤɚɬ ɢɬɬɪɢɹ Y2Si2O7, ɦɨɧɨ-
ɫɢɥɢɤɚɬ ɢɬɬɪɢɹ Y2SiO5 (ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɧɟ 
ɩɪɟɜɵɲɚɥ 10 ɦɤɦ) ɢ ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ (ɪɚɡɦɟɪ ɤɪɢ-
ɫɬɚɥɥɢɬɨɜ ɧɟ ɩɪɟɜɵɲɚɥ 2,3 ɦɤɦ). ɉɨɦɢɦɨ ɷɬɨɝɨ ɜ 
ɫɥɨɟ ɩɪɢɫɭɬɫɬɜɨɜɚɥɢ ɬɨɧɤɢɟ ɬɪɟɳɢɧɵ, ɩɪɨɯɨɞɢɜ-
ɲɢɟ ɱɟɪɟɡ ɨɛɟ ɮɚɡɵ. Ⱦɨɥɹ ɡɟɪɟɧ ɦɨɧɨɫɢɥɢɤɚɬɚ 
ɢɬɬɪɢɹ ɩɪɟɜɵɲɚɥɚ 90% (ɩɨ ɦɚɫɫɟ). 

ɇɚ ɪɢɫ. 6, ɛ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ 
ɲɥɢɮɚ ɩɨɤɪɵɬɢɹ 2 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɠɚɪɨɫɬɨɣ-
ɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500°ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ. ɇɚ 
ɫɧɢɦɤɟ ɫ ɨɛɳɢɦ ɜɢɞɨɦ ɩɨɤɪɵɬɢɹ ɨɬɱɟɬɥɢɜɨ ɪɚɡ-
ɥɢɱɚɸɬɫɹ ɬɪɢ ɫɥɨɹ: ɜɟɪɯɧɢɣ, ɫɪɟɞɧɢɣ ɢ ɧɢɠɧɢɣ 
ɩɨɪɢɫɬɵɣ ɫɥɨɣ, ɝɪɚɧɢɱɚɳɢɣ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ  
ɩɨɞɥɨɠɤɨɣ. 

Ɇɟɬɨɞɨɦ ɊɋɆȺ ɭɞɚɥɨɫɶ ɭɫɬɚɧɨɜɢɬɶ ɯɢɦɢɱɟ-
ɫɤɢɣ ɫɨɫɬɚɜ ɤɚɠɞɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ (ɪɢɫ. 6, ɜ–ɟ). 
Ɉɫɧɨɜɨɣ ɧɢɠɧɟɝɨ ɫɥɨɹ (ɬɨɥɳɢɧɚ ɨɬ 30 ɞɨ  
100 ɦɤɦ) ɹɜɥɹɸɬɫɹ ɞɢɫɢɥɢɤɚɬ ɢɬɬɪɢɹ Y2Si2O7 ɢ 
ɚɥɸɦɨɫɢɥɢɤɚɬ ɢɬɬɪɢɹ ɫɨ ɫɪɟɞɧɢɦ ɫɨɫɬɚɜɨɦ 
Y2AlSi4O13. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ 
ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɪɚɡɦɟɪ ɡɟɪɟɧ ɤɨɬɨɪɨɝɨ ɞɨɫɬɢɝɚɥ 
20 ɦɤɦ, ɨɫɨɛɟɧɧɨ ɞɚɧɧɵɟ ɡɟɪɧɚ ɥɨɤɚɥɢɡɨɜɚɥɢɫɶ ɧɚ 
ɝɪɚɧɢɰɟ «ɩɨɞɥɨɠɤɚ–ɩɨɤɪɵɬɢɟ». ȼ ɫɜɹɡɢ ɫ ɪɚɡɥɨɠɟ-
ɧɢɟɦ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɢɫɶ ɞɟɧɞ-
ɪɢɬɨɨɛɪɚɡɧɵɟ ɭɱɚɫɬɤɢ, ɨɬɧɨɫɢɜɲɢɟɫɹ ɤ ɮɚɡɟ ɨɤɫɢɞɚ 
ɢɬɬɪɢɹ. ɋɪɟɞɧɢɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ 20–50 ɦɤɦ ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɩɥɨɬɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɡɟɪɧɚɦɢ ɦɭɥɥɢɬɚ ɢ 
ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ. Ɉɞɧɚɤɨ ɜ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɭɫɬɨ-
ɬɚɯ ɢ ɩɪɨɫɥɨɣɤɚɯ ɦɟɠɞɭ ɡɟɪɧɚɦɢ ɦɭɥɥɢɬɚ ɧɚɯɨɞɢ-
ɥɢɫɶ ɨɛɥɚɫɬɢ, ɨɛɨɝɚɳɟɧɧɵɟ ɮɚɡɨɣ ɞɢɫɢɥɢɤɚɬɚ  

ɢɬɬɪɢɹ Y2Si2O7. ɉɪɢ ɷɬɨɦ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɨɢɫ-
ɯɨɞɢɥɨ ɱɚɫɬɢɱɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɞɢɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɨɤɫɢɞɚ ɢɬɬɪɢɹ, 
ɚ ɬɚɤɠɟ ɦɟɥɤɢɯ ɡɟɪɟɧ ɦɨɧɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ ɫ ɪɚɡ-
ɦɟɪɨɦ ɞɨ 1,5 ɦɤɦ. ȼɟɪɯɧɢɣ ɫɥɨɣ (ɬɨɥɳɢɧɚ  
з70 ɦɤɦ) ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɬɪɟɦɹ ɨɫɧɨɜɧɵɦɢ ɮɚ-
ɡɚɦɢ: ɞɢɫɢɥɢɤɚɬɨɦ ɢɬɬɪɢɹ Y2Si2O7, ɦɨɧɨɫɢɥɢɤɚ-
ɬɨɦ ɢɬɬɪɢɹ Y2SiO5 ɢ ɨɤɫɢɞɨɦ ɰɢɪɤɨɧɢɹ (ɪɚɡɦɟɪ 
ɤɪɢɫɬɚɥɥɢɬɨɜ ɧɟ ɩɪɟɜɵɲɚɥ 2,7 ɦɤɦ). Ɉɞɧɚɤɨ ɪɚɡ-
ɦɟɪ ɨɛɥɚɫɬɟɣ, ɨɛɨɝɚɳɟɧɧɵɯ ɞɢɫɢɥɢɤɚɬɨɦ ɢɬɬɪɢɹ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɫɹ ɢ ɞɨɫɬɢɝɚɥ 30 ɦɤɦ. ɗɬɨ 
ɩɪɢɜɟɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɜɟɪɯɧɟɦ 
ɫɥɨɟ ɩɨɤɪɵɬɢɹ. Ⱦɨɥɹ ɡɟɪɟɧ ɦɨɧɨɫɢɥɢɤɚɬɚ ɢɬɬɪɢɹ 
ɫɧɢɡɢɥɚɫɶ ɞɨ 83% (ɩɨ ɦɚɫɫɟ). 

ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ 1500°ɋ 
ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ ɧɚɛɥɸɞɚɥɚɫɶ ɩɨɫɬɟɩɟɧɧɚɹ 
ɩɨɬɟɪɹ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ 2 (ɫ ɝɚɛɚɪɢɬ-
ɧɵɦɢ ɪɚɡɦɟɪɚɦɢ 50×50 ɦɦ), ɩɨɫɥɟ 100 ɱ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɬɟɪɹ 
ɦɚɫɫɵ ɟɝɨ ɫɨɫɬɚɜɢɥɚ з0,52% (ɬɚɛɥ. 5). ɉɪɢ ɷɬɨɦ 
ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ ɜ 
ɯɨɞɟ ɢɫɩɵɬɚɧɢɹ ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 60 ɞɨ 
70 ɱ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɩɨɬɟɪɹ ɦɚɫɫɵ 
ɫɨɫɬɚɜɢɥɚ 0,15% ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

 

Ɂɚɤɥɸɱɟɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɚ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨ-
ɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɣɫɢɥɢɤɚɬɧɨɣ ɢ ɢɬ-
ɬɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦ ɧɚ ɤɚɪɛɢɞɨɤɪɟɦɧɢ-
ɟɜɵɯ ɦɚɬɟɪɢɚɥɚɯ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɨɤɪɵɬɢɟ 2 ɨɛɥɚ-
ɞɚɟɬ ɧɚɢɛɨɥɟɟ ɫɩɥɨɲɧɵɦ ɩɨɤɪɵɬɢɟɦ ɫ ɦɢɧɢɦɚɥɶ-
ɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪ ɢ ɦɢɤɪɨɬɪɟɳɢɧ, ɚ ɬɚɤɠɟ 
ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɨɤɢɫɥɢɬɟɥɶ-
ɧɨɣ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1500°ɋ, ɩɨɬɟ-
ɪɹ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ 
ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɜ ɬɟɱɟɧɢɟ 100 ɱ ɩɪɢ 1500°ɋ ɜ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ ɫɨɫɬɚɜɢɥɚ 0,52%. 

Ɍɚɛɥɢɰɚ 5 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɨɤɪɵɬɢɹ 2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500°ɋ 

ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɜɨɡɞɟɣɫɬɜɢɹ, ɱ 

5 10 20 30 40 50 60 70 80 90 100 

ɉɨɬɟɪɹ ɦɚɫɫɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɢɫɯɨɞɧɨɣ, % 

0,04 0,06 0,09 0,14 0,17 0,22 0,28 0,43 0,46 0,50 0,52 
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