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ɋɨɡɞɚɧɢɟ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢ-
ɟɦ ɪɚɡɜɢɬɢɹ ɜ ɨɛɥɚɫɬɢ ɠɚɪɨɫɬɨɣɤɢɯ ɫɬɟɤɥɨɷɦɚɥɟɜɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɡɚɳɢɬɵ ɠɚɪɨɩɪɨɱ-
ɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪ-
ɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡ-
ɤɢɯ ɤ ɪɚɛɨɱɢɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢ 
ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɢɫɫɥɟɞɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟ-
ɦɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɫɩɥɚɜɟ ȼɀ171 ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɫɬɟɤɥɨ, ɬɟɬɪɚɛɨɪɢɞ ɤɪɟɦɧɢɹ, ɫɬɪɭɤɬɭɪɚ, ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ,  
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɝɚɡɨɜɚɹ ɤɨɪɪɨɡɢɹ, ɪɟɚɤɰɢɨɧɧɨɟ ɨɬɜɟɪɠɞɟɧɢɟ. 
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INVESTIGATION  OF  STRUCTURE  FORMATION 
OF  REACTION  CURED  COATINGS 
BY  SCANNING  ELECTRON  MICROSCOPY 
 

The design of reaction cured coatings is the advanced direction of development in the area 
of heat resistant glass enamel coatings for heat resistant nickel alloys and corrosion resistant 
steel. The advantage of reaction cured coatings is their ability of curing those at temperatures 
close to operating ones. In this work the structure and its specialities while high temperature 
forming and exploitation are investigated by scanning electron microscopy and electron probe 
microanalysis. 
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ȼɜɟɞɟɧɢɟ 
Ʉ ɞɟɬɚɥɹɦ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɪɟɫɭɪɫɭ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɡɚɳɢɬɵ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢɦɟɧɹɸɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ, ɩɪɢɡɜɚɧɧɵɟ ɨɛɟɫɩɟɱɢɬɶ ɡɚɳɢɬɭ ɦɟɬɚɥɥɨɜ ɨɬ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɨɣ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɩɪɨɢɫɯɨɞɹɳɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ  
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ Д1–4]. 

ɋɪɟɞɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɤɪɵɬɢɣ ɲɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɩɨɥɭɱɢɥɢ ɠɚɪɨɫɬɨɣ-
ɤɢɟ ɷɦɚɥɢ. ɋɩɪɨɫ ɧɚ ɷɬɨɬ ɜɢɞ ɩɨɤɪɵɬɢɣ ɨɛɭɫɥɨɜɥɟɧ ɪɹɞɨɦ ɢɯ ɨɱɟɜɢɞɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ: 
ɜɵɫɨɤɚɹ ɚɞɝɟɡɢɹ ɤ ɡɚɳɢɳɚɟɦɨɦɭ ɫɩɥɚɜɭ ɛɥɚɝɨɞɚɪɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɪɢ ɨɛɠɢɝɟ  
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ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ «ɦɟɬɚɥɥ–ɩɨɤɪɵɬɢɟ», ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ ɬɟɯɧɨɥɨɝɢɢ ɢ ɨɬ-
ɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɷɧɟɪɝɨɡɚɬɪɚɬɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɲɥɢɤɟɪɚ ɩɨɤɪɵɬɢɹ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɡɚɝɨɬɨɜɤɢ ɫ ɨɛɟɫɩɟɱɟɧɢ-
ɟɦ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɨɤɪɵɬɢɹ ɧɚ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɨɛɥɚɫɬɹɯ Д5Ж. ɀɚɪɨ-
ɫɬɨɣɤɢɟ ɷɦɚɥɢ ɫɨɞɟɪɠɚɬ ɧɟɞɟɮɢɰɢɬɧɵɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɢɯ ɧɟɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ. ɒɥɢɤɟɪɧɨ-ɨɛɠɢɝɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ ɠɚɪɨɫɬɨɣɤɢɯ 
ɷɦɚɥɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɩɥɨɬɧɵɯ, ɛɟɫɩɨɪɢɫɬɵɯ, ɩɪɨɱɧɨ ɫɰɟɩɥɟɧɧɵɯ ɫ ɩɨɞɥɨɠ-
ɤɨɣ ɩɨɤɪɵɬɢɣ. Ɍɚɤ, ɠɚɪɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ ɬɢɩɚ ɗȼɄ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɡɚɳɢɬɵ 
ɞɟɬɚɥɟɣ ɢɡ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ (ɗɉ648 ɢ ɞɪ.) ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ  
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɨɡɞɚɸɬɫɹ ɢ ɜɧɟɞɪɹɸɬɫɹ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚ-
ɬɟɥɟɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɬɚɤɢɟ ɤɚɤ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ 
ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦ Ni–Cr ɢ Ni–Co–Cr Д6Ж. ȼ ɰɟɥɹɯ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɣ ɭɩɪɨɱ-
ɧɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɚɡɨɬɢɪɨɜɚɧɢɟ ɢɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ Д7Ж. Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɧɨɜɵɯ ɠɚɪɨɩɪɨɱ-
ɧɵɯ ɫɜɚɪɢɜɚɟɦɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɩɥɨɬɶ ɞɨ 
1200–1250°ɋ Д8Ж. 

Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɷɦɚɥɢ ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɭɠɟ ɧɟ 
ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɡɚɳɢɬɟ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɫɬɨɥɶ ɜɵɫɨɤɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ – ɬɚɤ, ɷɦɚɥɢ ɬɢɩɚ ɗȼɄ ɪɚɛɨɬɨɫɩɨɫɨɛɧɵ ɞɥɢɬɟɥɶɧɨ ɬɨɥɶɤɨ ɞɨ 1000°ɋ, ɫɬɟɤɥɨɤɟ-
ɪɚɦɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢɹ ɬɢɩɚ ȼɗɋ – ɞɨ 1100°ɋ. Ɂɚɞɚɱɚ ɨɫɥɨɠɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɛɠɢɝ ɠɚɪɨ-
ɫɬɨɣɤɢɯ ɷɦɚɥɟɣ ɩɪɨɜɨɞɹɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɪɚɛɨɱɢɟ ɧɚ 150–300°ɋ.  
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɠɢɝ ɬɭɝɨɩɥɚɜɤɢɯ ɷɦɚɥɟɜɵɯ ɤɨɦɩɨɡɢɰɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ  
1400–1500°ɋ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɟɞɟɬ ɤ ɤɨɪɨɛɥɟɧɢɸ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɪɚɡɭɩɪɨɱɧɟɧɢɸ 
ɡɚɳɢɳɚɟɦɨɝɨ ɫɩɥɚɜɚ ɢ ɩɨɬɟɪɟ ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɨɩɵɬ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɢɡɵɫɤɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɬɟɪɦɨɪɟɝɭɥɢɪɭɸɳɢɯ ɩɨɤɪɵɬɢɣ ɞɥɹ 
ɩɥɢɬɨɱɧɨɣ ɬɟɩɥɨɡɚɳɢɬɵ ɨɪɛɢɬɚɥɶɧɨɝɨ ɤɨɪɚɛɥɹ «Ȼɭɪɚɧ» Д9–14Ж. ɗɤɫɩɥɭɚɬɚɰɢɹ ɚɝɪɟɝɚɬɚ 
ɫɬɚɥɚ ɜɨɡɦɨɠɧɨɣ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɫɩɟɰɢɚɥɶɧɨɣ ɜɨɥɨɤɧɢɫɬɨɣ ɜɵɫɨɤɨɩɨɪɢɫɬɨɣ ɬɟɩ-
ɥɨɡɚɳɢɬɵ ɢ «ɱɟɪɧɵɯ» ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ ɫ ɜɵɫɨɤɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨ-
ɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɛɟɫɩɟɱɢɬɶ ɡɚɳɢɬɭ ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɥɚɝɢ ɜɨɡɞɭɯɚ. Ɉɞɧɢɦ ɢɡ ɨɫ-
ɧɨɜɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɞɚɧɧɵɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜ-
ɧɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɨɪɦɢɪɨɜɚɧɢɹ  
ɩɨɤɪɵɬɢɣ ɩɨɡɜɨɥɹɟɬ ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɤɢ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ – ɞɨɫɬɚɬɨɱɧɨ ɬɭɝɨɩɥɚɜɤɨɝɨ  
ɫɨɟɞɢɧɟɧɢɹ, ɨɤɢɫɥɹɸɳɟɝɨɫɹ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɥɟɝɤɨɩɥɚɜɤɨɝɨ 
ɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ. Ʉ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɹɦ ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɪɦɢɧ «ɪɟɚɤɰɢ-
ɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɟ», ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɨɩɢɫɵɜɚɟɬ ɢɯ ɨɫɨɛɟɧɧɨɫɬɶ – ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɪɚɛɨɱɢɦ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɭɫɬɨɣ-
ɱɢɜɨɫɬɢ. Ʉ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɦ ɫɬɟɤɥɚɦ ɢ ɩɨɤɪɵɬɢɹɦ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɬɟɤɥɟ ɤɚɤ ɨ ɦɚɬɟɪɢɚɥɟ, ɧɟ ɢɦɟɸɳɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɢ ɫɩɨɫɨɛɧɨɦ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ 
ɭɦɟɧɶɲɟɧɢɸ ɜɹɡɤɨɫɬɢ ɢ ɩɟɪɟɯɨɞɭ ɢɡ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɜɹɡɤɨɬɟɤɭɱɟɟ ɢ ɠɢɞɤɨɟ ɫɨ-
ɫɬɨɹɧɢɹ, ɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫ ɜɵɫɨɤɢɯ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɬɢɦɨ ɭɜɟɥɢɱɢ-
ɜɚɬɶ ɜɹɡɤɨɫɬɶ ɢ ɡɚɬɜɟɪɞɟɜɚɬɶ. Ɋɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɟ ɫɬɟɤɥɚ ɢ ɩɨɤɪɵɬɢɹ ɩɪɢ ɧɚɝɪɟ-
ɜɚɧɢɢ ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɦɹɝɱɚɸɬɫɹ, ɢɯ ɤɨɦɩɨɧɟɧɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ, ɚ ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɢɨɛɪɟɬɚɸɬ ɧɟɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ 
ɫɢɥɢɤɚɬɧɵɯ ɫɬɟɤɨɥ ɫɬɪɭɤɬɭɪɭ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɜɹɡɤɨɫɬɶ ɢɥɢ ɡɚɬɜɟɪɞɟɜɚɸɬ. 
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Ⱦɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɵ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ 
ɞɥɹ ɩɥɢɬɨɱɧɨɣ ɬɟɩɥɨɡɚɳɢɬɵ, ɨɞɧɚɤɨ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɪɨɬɟɤɚ-
ɸɳɢɯ ɜ ɩɨɤɪɵɬɢɹɯ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ  
ɧɟ ɢɫɫɥɟɞɨɜɚɧɵ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɪɚɛɨɬɤɢ ɧɨ-
ɜɵɯ ɠɚɪɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɤɨɦɩɨɡɢɰɢɣ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɫ ɞɨɛɚɜɤɨɣ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ. 
Ɍɪɟɛɭɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɨɛɠɢɝɟ ɞɚɧ-
ɧɵɯ ɩɨɤɪɵɬɢɣ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɤɪɵ-
ɬɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɠɚɪɨɫɬɨɣɤɢɯ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɵɯ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1200–1250°ɋ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɨɦɩɨɡɢɰɢɢ 
ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɚ ɛɚɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢ-
ɫɬɟɦɵ, ɹɜɥɹɸɳɟɝɨɫɹ ɦɚɬɪɢɰɟɣ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ ɟɝɨ ɨɫɧɨɜɭ ɢ ɨɩɪɟɞɟɥɹɸ-
ɳɟɝɨ ɟɝɨ ɨɛɳɭɸ ɬɭɝɨɩɥɚɜɤɨɫɬɶ. Ⱦɚɧɧɵɣ ɜɢɞ ɫɬɟɤɥɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧ-
ɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɨɫɬɚɜɟ ɩɨɤɪɵɬɢɣ ɬɢɩɚ ɗȼɄ. ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ ɤɨɦ-
ɩɨɧɟɧɬɨɜ ɜ ɩɨɦɨɥ ɜɜɨɞɢɥɢ ɬɟɬɪɚɛɨɪɢɞ ɤɪɟɦɧɢɹ (SiB4) ɜ ɤɨɥɢɱɟɫɬɜɟ ɨɬ 1 ɞɨ 5% (ɩɨ 
ɦɚɫɫɟ). Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢ ɜɜɨɞɢɥɢ ɜ ɩɨɦɨɥ ɦɨɞɢɮɢɰɢɪɭɸɳɟɟ ɫɬɟɤɥɨ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ BaO–Al2Ɉ3–2SiO2 (ɮɨɪɦɭɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɫɬɚɥɥɢ-
ɱɟɫɤɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɰɟɥɶɡɢɚɧ) ɩɭɬɟɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɚɪɤɢ  ɫ ɝɪɚɧɭɥɹɰɢɟɣ ɜ 
ɜɨɞɭ. Ɇɨɞɢɮɢɰɢɪɭɸɳɟɟ ɫɬɟɤɥɨ ɜɜɨɞɢɥɢ ɜ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɜ ɤɨɥɢ-
ɱɟɫɬɜɟ ɨɬ 0 ɞɨ 15% (ɩɨ ɦɚɫɫɟ). ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ  
ɞɨɛɚɜɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɜɵɲɟɧɢɢ ɬɭɝɨɩɥɚɜɤɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ ɩɨɤɪɵɬɢɹ, ɬɚɤ ɤɚɤ 
ɜɜɟɞɟɧɢɟ ɬɨɥɶɤɨ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɭɸ ɠɚɪɨɫɬɨɣɤɨɫɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 1200°ɋ Д15Ж. 

ɂɫɫɥɟɞɭɟɦɵɦ ɤɨɦɩɨɡɢɰɢɹɦ ɩɪɢɫɜɚɢɜɚɥɢ ɨɛɨɡɧɚɱɟɧɢɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɜ ɧɢɯ 
ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ – ɬɚɤ, ɩɨɤɪɵɬɢɟ ɦɚɪɤɢ 80-15-5 ɫɨɞɟɪɠɢɬ 80% (ɩɨ ɦɚɫɫɟ) ɦɚɬ-
ɪɢɱɧɨɝɨ ɛɚɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ, 15% (ɩɨ ɦɚɫɫɟ) ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɫɬɟɤɥɚ ɢ 
5% (ɩɨ ɦɚɫɫɟ) ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ. 

ɉɨɤɪɵɬɢɹ ɧɚɧɨɫɢɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɀ171 ɩɨ ɲɬɚɬɧɨɣ  
ɲɥɢɤɟɪɧɨ-ɨɛɠɢɝɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ɉɨɤɪɵɬɢɹ ɢ ɢɫɯɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤ-
ɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ TESωAσ VEGA 3 БεU. Ɋɟɧɬɝɟɧɨɫɩɟɤ-
ɬɪɚɥɶɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɦ ɞɟɬɟɤɬɨɪɟ Б-MAX 50 
STAσDARD. Ʉɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɩɪɨɜɨɞɢɥɢɶ ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ImaqeScope Color. 

ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ ɬɨɤɨɩɪɨɜɨɞɹɳɟɣ ɥɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɚ, ɩɪɢɤɥɟɟɧɧɨɣ ɤ ɞɟɪ-
ɠɚɬɟɥɸ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɧɚɧɨɫɢɥɢ ɨɛɪɚɡɰɵ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɤɪɵ-
ɬɢɣ. ɋ ɩɨɦɨɳɶɸ ɬɨɤɨɩɪɨɜɨɞɹɳɟɣ ɭɝɥɟɪɨɞɧɨɣ ɥɟɧɬɵ ɤ ɞɟɪɠɚɬɟɥɹɦ ɨɛɪɚɡɰɨɜ ɩɪɢɤɥɟɢ-
ɜɚɥɢ ɨɛɪɚɡɰɵ ɩɨɤɪɵɬɢɣ. Ɂɚɬɟɦ ɜ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ JFω-1100 
(ɮɢɪɦɚ JОШХ) ɨɛɪɚɡɰɵ ɩɨɤɪɵɬɢɹ ɩɨɞɜɟɪɝɚɥɢ ɬɪɚɜɥɟɧɢɸ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɛɪɚɡɰɨɜ ɢ ɩɨɤɪɵɬɢɣ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɧɚɩɵɥɟɧɢɹ ɜ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ Q150R ES (ɮɢɪɦɚ QЮШrЮЦ TОМСЧШХШРТОs) ɧɚɧɨɫɢɥɢ 
ɫɥɨɣ ɡɨɥɨɬɚ ɬɨɥɳɢɧɨɣ 20 ɧɦ. Ⱦɥɹ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɜ ɭɫɬɚɧɨɜɤɟ 
ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɧɚɧɨɫɢɥɢ ɫɥɨɣ ɭɝɥɟɪɨɞɚ ɬɨɥɳɢɧɨɣ 25 ɧɦ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ⱥɬɬɟɫɬɚɰɢɹ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɋ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɞɚɥɶɧɟɣɲɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɮɚɡ ɩɪɢ ɢɡɭɱɟɧɢɢ ɨɛɪɚɡɰɨɜ 
ɩɨɤɪɵɬɢɣ ɢɫɫɥɟɞɨɜɚɧɵ ɢɯ ɢɫɯɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɛɢɪɚɥɢ ɩɨɞɝɨ-
ɬɨɜɥɟɧɧɵɟ ɩɪɨɛɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ɋɟɡɭɥɶɬɚɬɵ  
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɫɩɟɤɬɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

Ʉɨɦɩɨɧɟɧɬ Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×5000) ɋɩɟɤɬɪ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɇɚɬɪɢɱɧɚɹ 
ɮɪɢɬɬɚ 

  
Ɍɟɬɪɚɛɨɪɢɞ 

ɤɪɟɦɧɢɹ 

  
Ɇɨɞɢɮɢɰɢɪɭɸɳɚɹ 

ɮɪɢɬɬɚ 

  
 

ȼ ɦɚɬɪɢɱɧɨɣ ɮɪɢɬɬɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɟ ɮɪɚɤɰɢɢ ɱɚɫɬɢɰ – ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɫ 
ɦɧɨɝɨɝɪɚɧɧɨɣ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɨɣ ɢ ɦɟɥɤɢɯ ɨɤɪɭɝɥɵɯ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɨɦ ɧɚ ɩɨɪɹɞɨɤ 
ɦɟɧɶɲɟ ɱɚɫɬɢɰ ɤɪɭɩɧɨɣ ɮɪɚɤɰɢɢ (Sɫɪ=150 ɦɤɦ2 ɢ Sɫɪ=0,94 ɦɤɦ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɋɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɨɛɠɢɝɟ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɟɣ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 
ɨɩɥɚɜɥɟɧɢɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɨɩɥɚɜɥɟɧɢɹ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ. 
ɋɩɟɤɬɪ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɪɢɱɧɨɣ ɮɪɢɬɬɵ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɪɢɫɭɬɫɬɜɢɟ ɬɚɤɢɯ ɷɥɟɦɟɧ-
ɬɨɜ, ɤɚɤ Si, Al, O, Ba, Ca, Ti, Mg. 
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ɑɚɫɬɢɰɵ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɢɦɟɸɬ ɜ ɰɟɥɨɦ ɫɯɨɠɭɸ ɦɧɨɝɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ ɢ 
ɛɥɢɡɤɢɟ ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ. ɋɩɟɤɬɪ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɜ ɢɫɫɥɟɞɭɟ-
ɦɵɯ ɨɛɪɚɡɰɚɯ ɛɨɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 84,4% (ɚɬɨɦɧ.), ɤɪɟɦɧɢɹ 8% (ɚɬɨɦɧ.) ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ-
ɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ ɢ ɬɢɬɚɧɚ. 

ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɱɚɫɬɢɰ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɮɪɢɬɬɵ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɜ 
ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɢɧɬɟɧɫɢɜ-
ɧɵɟ ɩɢɤɢ ɤɢɫɥɨɪɨɞɚ, ɚɥɸɦɢɧɢɹ, ɤɪɟɦɧɢɹ ɢ ɧɟɫɤɨɥɶɤɨ ɩɢɤɨɜ ɛɚɪɢɹ. 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɨɤɪɵɬɢɹ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ 
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦ-

ɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ, ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɧɚ 
ɧɢɤɟɥɟɜɨɦ ɫɩɥɚɜɟ ȼɀ171 ɪɚɡɦɟɪɨɦ 10×10×1,25 ɦɦ ɫ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ 
ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɉɛɪɚɡɰɵ ɨɛɠɢɝɚɥɢ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ ɜ ɬɟɱɟɧɢɟ: 1; 1,5; 2 ɢ 3 ɦɢɧ – ɞɥɹ ɜɵɹɜɥɟɧɢɹ 
ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɡɚɬɪɭɞɧɟɧɢɹ ɩɪɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɟ ɨɛɪɚɡɰɨɜ ɫ ɜɵɞɟɪɠɤɨɣ 
ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ ɜ ɬɟɱɟɧɢɟ 1 ɦɢɧ – ɩɪɢ ɫɬɨɥɶ ɦɚɥɨɣ ɜɵɞɟɪɠɤɟ 
ɨɬɫɭɬɫɬɜɨɜɚɥɨ ɫɰɟɩɥɟɧɢɟ ɩɨɤɪɵɬɢɹ ɫ ɡɚɳɢɳɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɬɚɤ ɤɚɤ ɡɚ ɫɬɨɥɶ ɤɨɪɨɬ-
ɤɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɧɟ ɨɛɪɚɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɣ ɫɥɨɣ ɨɤɚɥɢɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟ-
ɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ. ɉɪɢ ɷɬɨɦ ɩɨɤɪɵɬɢɟ ɨɫɬɥɚɢɜɚɟɬɫɹ ɩɨɥɧɨɫɬɶɸ, ɩɨɫɤɨɥɶɤɭ ɫɥɨɣ 
ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɩɥɨɬɧɨ ɫɩɟɱɟɧ. 

ɇɚ ɪɢɫ. 1–7 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ  
ɩɨɤɪɵɬɢɣ ɫɨɫɬɚɜɨɜ: 99-0-1, 89-10-1, 97-0-3, 87-10-3, 95-0-5, 85-10-5 ɢ 80-15-5. Ⱦɚɧɧɵɟ 
ɫɨɫɬɚɜɵ ɢɦɟɸɬ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ  
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ (ɜɫɟɝɨ 20 ɤɨɦɩɨɡɢɰɢɣ). 

 

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 99-0-1 ɩɨɫɥɟ ɨɛɠɢɝɚ  

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
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Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 89-10-1 ɩɨɫɥɟ ɨɛɠɢɝɚ 

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
 

 
Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 97-0-3 ɩɨɫɥɟ ɨɛɠɢɝɚ  

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
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Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 87-10-3 ɩɨɫɥɟ ɨɛɠɢɝɚ 

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
 

 
Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 95-0-5 ɩɨɫɥɟ ɨɛɠɢɝɚ  

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
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Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 85-10-5 ɩɨɫɥɟ ɨɛɠɢɝɚ 

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
 

 
Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ–ɜ – ×100; ɝ–ɟ – ×10000) ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ 80-15-5 ɩɨɫɥɟ ɨɛɠɢɝɚ 

ɜ ɬɟɱɟɧɢɟ 1,5 (ɚ, ɝ); 2 (ɛ, ɞ) ɢ 3 ɦɢɧ (ɜ, ɟ) 
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Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɹɜɥɹɥɫɹ ɪɟɠɢɦ ɨɬɪɚ-
ɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (BSE – Back-Scanttered Electron), ɬɚɤ ɤɚɤ ɤɨɧɬɪɚɫɬ ɢɡɨɛɪɚɠɟɧɢɣ ɡɚ-
ɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɪɟɥɶɟɮɚ ɨɛɪɚɡɰɚ, ɧɨ ɢ ɨɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɤɪɵɬɢɣ. 

ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɩɨɤɪɵɬɢɹ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɩɨɫɥɟ 3 ɦɢɧ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ – ɢɦɟɥɢ ɩɥɨɬɧɭɸ ɫɬɟɤɥɹɧɧɭɸ ɨɝɧɟɩɨɥɢɪɨɜɚɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɟɡ  
ɜɢɞɢɦɵɯ ɞɟɮɟɤɬɨɜ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ (×100) ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɟ-
ɫɤɨɥɶɤɨ ɫɬɚɞɢɣ: ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜ ɬɟɱɟɧɢɟ 1,5 ɦɢɧ  
ɨɛɪɚɡɭɟɬɫɹ ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɜɨɥɧɨɨɛɪɚɡɧɚɹ ɮɚɡɨɜɚɹ ɦɚɤɪɨɫɬɪɭɤɬɭɪɚ, ɞɚɥɟɟ ɧɚ ɩɨɫɥɟ-
ɞɭɸɳɢɯ ɫɬɚɞɢɹɯ ɩɨɫɥɟ 2 ɦɢɧ ɢ ɛɨɥɟɟ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɢɹ ɫɝɥɚɠɢɜɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɫɬɟɤɚɧɢɹ ɪɚɫɩɥɚɜɚ ɩɨɤɪɵɬɢɹ, ɮɨɪɦɢɪɭɟɬɫɹ ɩɥɨɬɧɵɣ ɡɚɳɢɬɧɵɣ ɫɥɨɣ. 

ɋɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ 1% (ɩɨ ɦɚɫɫɟ) ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦ-
ɧɢɹ, ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɠɚɪɨɫɬɨɣɤɢɯ ɷɦɚɥɟɣ ɛɟɡ ɞɨɛɚɜɨɤ, ɬɚɤ ɤɚɤ ɧɚ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɧɚɛɥɸ-
ɞɚɸɬɫɹ ɰɟɩɨɱɟɱɧɵɟ ɧɚɱɚɥɶɧɵɟ ɚɝɥɨɦɟɪɢɪɨɜɚɧɧɵɟ ɫɬɪɭɤɬɭɪɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɩɪɢ ɨɛɠɢɝɟ ɚɝɥɨɦɟɪɚɬɵ ɭɦɟɧɶɲɚɸɬɫɹ, ɨɱɟɜɢɞɧɨ ɪɚɫɬɜɨɪɹɹɫɶ ɜ 
ɪɚɫɩɥɚɜɟ ɩɨɤɪɵɬɢɹ. ɗɥɟɦɟɧɬɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɚɤɢɟ ɰɟɩɨɱɤɢ ɫɨɞɟɪɠɚɬ 
ɫɨɟɞɢɧɟɧɢɹ ɤɪɟɦɧɢɹ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɟɫɹ ɩɪɢ ɨɛɠɢɝɟ ɢɡ ɩɨɤɪɵɬɢɹ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɧɵ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ 89-10-1 
ɩɨɫɥɟ 2 ɦɢɧ ɜɵɞɟɪɠɤɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×10000. ɑɚɳɟ ɜɫɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚ-
ɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɢɥɢɤɚɬɵ ɢɥɢ ɚɥɸɦɨɫɢɥɢɤɚɬɵ ɛɚɪɢɹ. 

ɇɚ ɜɫɟɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚɯ ɩɨɤɪɵɬɢɣ ɨɛɧɚɪɭɠɟɧɵ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɢɦɟɸɳɢɟ ɧɟ-
ɩɪɚɜɢɥɶɧɭɸ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ. ɋɨɞɟɪɠɚɧɢɟ ɬɚɤɢɯ ɱɚɫɬɢɰ ɜ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɧɟ ɡɚɜɢ-
ɫɢɬ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɚ ɬɨɥɶɤɨ ɨɬ ɫɨɫɬɚɜɚ, ɭɜɟɥɢɱɢɜɚɹɫɶ ɫ ɪɨɫɬɨɦ 
ɫɨɞɟɪɠɚɧɢɹ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɹɯ. Ɋɚɡɦɟɪ ɜɤɥɸɱɟɧɢɣ ɜɚ-
ɪɶɢɪɭɟɬɫɹ ɨɬ 0,8 ɞɨ 25 ɦɤɦ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɦɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚɯ ɹɜ-
ɥɹɸɬɫɹ ɱɚɫɬɢɰɚɦɢ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ. ɋɜɟɬɥɵɟ ɭɱɚɫɬɤɢ, ɬɚɤɢɟ ɤɚɤ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭ-
ɪɚɯ ɨɛɪɚɡɰɚ 87-10-3, ɹɜɥɹɸɬɫɹ ɱɚɫɬɢɰɚɦɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɫɬɟɤɥɚ BaO–Al2Ɉ3–2SiO2. 
Ɇɚɬɪɢɱɧɨɟ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɟ ɫɬɟɤɥɚ ɢɦɟɸɬ ɛɥɢɡɤɭɸ ɩɪɢɪɨɞɭ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, 
ɨɞɧɚɤɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɫɦɟɲɢɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ. ɇɟɩɨɥɧɨɟ ɫɦɟɲɢɜɚɧɢɟ ɛɚ-
ɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɫɬɟɤɥɨɮɚɡ ɡɚɤɨɧɨɦɟɪɧɨ ɢ ɹɪɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɫɨɫɬɚɜɚɯ ɫ 10 ɢ 15% 
(ɩɨ ɦɚɫɫɟ) ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɫɬɟɤɥɚ BaO–Al2Ɉ3–2SiO2. Ɍɚɤ, ɧɚ ɪɢɫ. 8 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 80-15-5 ɩɨɫɥɟ 3 ɦɢɧ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɵɞɟɪɠɤɢ. ɉɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ×1000 ɯɨɪɨɲɨ ɜɢɞɧɵ ɹɪɤɢɟ ɤɨɧɬɪɚɫɬɧɵɟ ɨɛɥɚɫɬɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ  
ɛɚɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ. 

 

 
Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×1000) ɩɨɤɪɵɬɢɹ 80-15-5 ɩɨɫɥɟ ɨɛɠɢɝɚ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ 
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Ɇɟɬɨɞɨɦ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɨɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
600–800°ɋ ɬɟɬɪɚɛɨɪɢɞ ɤɪɟɦɧɢɹ ɨɤɢɫɥɹɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɧɚ ɤɪɢɜɨɣ ȾɋɄ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɧɟɩɪɟɪɵɜɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɟɞɢɧɢɰɭ 
ɦɚɫɫɵ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɫɬɟɤɥɚ (ɮɪɢɬɬɵ) 
ɛɚɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɞɟɮɨɪɦɚɰɢɢ, ɧɟ ɩɪɟ-
ɜɵɲɚɸɳɚɹ 725°ɋ. Ⱦɢɥɚɬɨɦɟɬɪɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɨɛɪɚɡɰɚ ɦɚɬɪɢɱɧɨɝɨ ɫɬɟɤɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 9. 

 

 
Ɋɢɫ. 9. Ⱦɢɥɚɬɨɦɟɬɪɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɫɬɟɤɥɚ BaO–Al2O3–SiO2 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɦɹɝɱɟɧɢɟ ɢ ɩɟɪɟɯɨɞ ɜ ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ ɦɚɬɪɢɱɧɨɝɨ 

ɫɬɟɤɥɚ ɥɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɜɜɢɞɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤ-
ɬɭɪɵ ɬɢɩɚ «ɹɞɪɨ–ɨɛɨɥɨɱɤɚ». Ⱦɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɳɢɬɭ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫ-
ɤɥɸɱɚɟɬ ɞɢɮɮɭɡɢɸ ɤɢɫɥɨɪɨɞɚ ɨɛɪɚɡɭɸɳɟɟɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ  
ɛɨɪɨɫɢɥɢɤɚɬɧɨɟ ɫɬɟɤɥɨ, ɨɬɥɢɱɚɸɳɟɟɫɹ ɨɬ ɦɚɬɪɢɱɧɨɝɨ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɫɬɟɤɨɥ  
ɞɨɫɬɚɬɨɱɧɨɣ ɥɟɝɤɨɩɥɚɜɤɨɫɬɶɸ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɩɨɤɪɵɬɢɹ ɨɤɢɫɥɟɧɢɟ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɠɢɞɤɨɣ ɮɚɡɵ 
ɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɨɩɥɚɜɥɟɧɢɸ 
ɩɨɤɪɵɬɢɣ ɢ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ. 

ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɩɪɨɬɟɤɚɟɬ ɤɨɦɩɥɟɤɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɩɪɟɜɪɚɳɟɧɢɣ, ɤɨɬɨɪɵɣ ɱɚɫɬɢɱɧɨ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦɢ ɯɢɦɢɱɟɫɤɢɦɢ  
ɪɟɚɤɰɢɹɦɢ: 

SiB4+O2→SТψ(4-n)+B2O3; 
H2O(ɝ)+B2O3→2Hψτ2(ɝ); 
SiB4+O2→SТψ(4-n)+B7O; 

SiB(4-n)+O2→SТτ2+mB2O3. 
 
ȼɵɹɜɥɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɢɫɫɥɟ-

ɞɨɜɚɧɧɵɯ ɩɨɤɪɵɬɢɣ ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɩɨɤɪɵɬɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɟɝɨ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɡɦɨɠɧɨ ɧɟ ɬɨɥɶɤɨ ɫɨɯɪɚɧɟ-
ɧɢɟ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ Si–B, ɧɨ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɬɟɬɪɚɛɨɪɢɞɨɦ 
ɤɪɟɦɧɢɹ, ɛɨɪɨɫɢɥɢɤɚɬɧɵɦ ɫɬɟɤɥɨɦ ɢ ɦɚɬɪɢɱɧɵɦ ɛɚɪɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɵɦ ɫɬɟɤɥɨɦ. 
Ɏɨɪɦɢɪɭɸɳɢɟɫɹ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫɜɹɡɢ ɦɨɝɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɥɭɱɟɧɢɸ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɨɝɨ ɩɨɤɪɵɬɢɹ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɤɨɬɨɪɨɝɨ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɤɨɦɩɥɟɤɫɧɵɟ ɦɨɞɟɥɢ 
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ɜɹɡɤɢɯ ɢ ɜɹɡɤɨɭɩɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɍɨɥɶɤɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɩɪɨɜɟɞɟ-
ɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɫɬɪɭɤɬɭɪɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɩɪɨɫɜɟ-
ɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɪɟɚɤɰɢɨɧɧɨɨɬɜɟɪɠɞɚɟɦɵɯ  
ɩɨɤɪɵɬɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɫɬɚɞɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ:  
ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɟ ɫɧɚɱɚɥɚ ɨɤɢɫɥɟɧɢɟɦ ɬɟɬɪɚɛɨɪɢɞɚ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɠɢɞɤɨɣ ɮɚɡɵ ɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ, ɡɚɬɟɦ ɪɚɡɦɹɝɱɟɧɢɟɦ ɦɚɬɪɢɱɧɨɝɨ 
ɫɬɟɤɥɚ; ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɫɨɞɟɪɠɚɳɟɣ ɮɚɡɵ ɦɚɬɪɢɱɧɨɝɨ ɫɬɟɤɥɚ, ɱɚɫɬɢɰ 
ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɫɬɟɤɥɚ ɢ ɬɟɬɪɚɛɨɪɢɞɚ ɤɪɟɦɧɢɹ ɫ ɜɢɞɢɦɵɦɢ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ  
ɭɜɟɥɢɱɟɧɢɹɯ ɝɪɚɧɢɰɚɦɢ ɪɚɡɞɟɥɚ. ɉɨɥɭɱɚɟɦɵɟ ɩɨɤɪɵɬɢɹ ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ,  
ɢ ɞɥɹ ɢɯ ɢɡɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ 

ɩɪɨɟɤɬɚ №18-33-00207 ɦɨɥИɚ. 
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