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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɽʱʝ 30 ʣʝʪ ʥʘʟʘʜ, ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʚʳʩʦʢʦʪʚʝʨʜʳʡ ʠ ʪʫʛʦʧʣʘʚʢʠʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ SiC ʙʳʣ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʠʟʚʝʩʪʥʦʡ ʢʝʨʘʤʠʢʦʡ ʜʘʞʝ ʚ ʩʦʦʙʱʝʩʪʚʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʟʚʝʩʪʥʳʡ ʪʦʣʴʢʦ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʡ ʘʙʨʘʟʠʚ (ʢʘʨʙʦʨʫʥʜ) ʠ ʦʛʥʝʫʧʦʨʥʳʡ 

ʤʘʪʝʨʠʘʣ. ʅʦ ʚ 21 ʚʝʢʝ ʚʩʝ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʦʩʴ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʚ 

ʦʩʥʦʚʥʦʤ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʧʨʝʦʜʦʣʝʪʴ 

ʥʝʜʦʩʪʘʪʢʠ ʦʜʥʦʬʘʟʥʦʡ ʢʝʨʘʤʠʢʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʭʦʨʦʰʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʝʨʤʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʵʪʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʶʪ ʢʦʤʧʦʟʠʪʳ SiC ʩ ʥʠʪʨʠʜʘʤʠ ʢʨʝʤʥʠʷ, 

ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ: Si3N4-SiC, AlN-SiC, TiN-SiC. ʕʪʠ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʪʳ ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʝʡʯʘʩ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʘʚʠʘʮʠʠ, ʢʦʩʤʦʥʘʚʪʠʢʝ, ʚʦʝʥʥʦʤ ʜʝʣʝ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʦʩʥʦʚʘʥʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʩʧʝʢʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʥʠʪʨʠʜʘʤʠ, ʜʣʷ 

ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʜʦ ʩʧʝʢʘʥʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʩʭʦʜʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ (ʩʤʝʩʠ) ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʩʘʤʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʠ ʥʝ ʚʩʝʛʜʘ ʜʦ ʢʦʥʮʘ ʨʝʰʝʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ 

ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʶʪʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʳʩʦʢʘʷ ʯʠʩʪʦʪʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʫʣʫʯʰʝʥʠʷ 

ʩʚʦʡʩʪʚ SiC ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʥʦʧʦʨʦʰʢʦʚ (1-100 ʥʤ) ʠ 
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ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ (0,1-1 ʤʢʤ). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ 

ʦʪʤʝʯʘʪʴʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʜʦʨʦʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʵʪʦʡ ʢʝʨʘʤʠʢʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ 

ʥʘʥʦʧʦʨʦʰʢʠ ʦʯʝʥʴ ʜʦʨʦʛʠʝ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʜʥʦʨʦʜʥʦ 

ʩʤʝʰʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʝ ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

(ʩʫʙʤʠʢʨʦʥʥʳʭ) ʧʦʨʦʰʢʦʚ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 1-2 ʤʢʤ, ʩʪʦʠʤʦʩʪʴ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʠ ʥʘʥʦʧʦʨʦʰʢʦʚ. ɺ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʥʝ ex-situ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʩʤʝʰʠʚʘʥʠʷ ʥʫʞʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʟʘʨʘʥʝʝ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʘ in-situ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚʥʫʪʨʠ ʥʫʞʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʨʝʘʛʝʥʪʦʚ. ʅʦ ʧʦʢʘ in-situ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʛʜʝ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʠʟʚʦʜʷʪ ʪʦʣʴʢʦ ʤʦʥʦʬʘʟʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ, ʘ 

ʢʦʤʧʦʟʠʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʧʦʣʫʯʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ex-situ 

ʧʦʜʭʦʜʦʤ ʩʤʝʰʠʚʘʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʤʦʥʦʬʘʟʥʳʭ 

ʧʦʨʦʰʢʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, in-situ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʥʳʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʝʜʦʚʳʤʠ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ, ʨʘʩʰʠʨʝʥʠʷ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ. ʂʦʛʜʘ ʵʪʘ ʮʝʣʴ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ, 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʩʪʘʥʫʪ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ, ʯʪʦ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʢʘʢ ʥʘ 

ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʢʝʨʘʤʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ in-situ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʠʪʨʠʜʦʚ ʠ ʢʘʨʙʠʜʦʚ, 

ʢʦʪʦʨʳʡ ʠʜʝʪ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʛʦʨʝʥʠʷ ʚ ʧʨʦʩʪʦʤ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʟʘʥʠʤʘʝʪ ʤʘʣʦ ʚʨʝʤʝʥʠ [2]. ɼʨʫʛʠʝ 
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ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʦʚ ʠ ʢʘʨʙʠʜʦʚ (ʧʝʯʥʦʡ ʩʧʦʩʦʙ, 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠ ʜʨ.) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʩʣʦʞʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʠ 

ʠʭ ʩʤʝʩʝʡ. ʈʘʟʚʠʚʘʝʤʳʡ ʚ ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ (ʉʘʤɻʊʋ) ʘʟʠʜʥʳʡ ʉɺʉ (ʉɺʉ-ɸʟ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʘ 

ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3 ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʪʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʠ ʧʦʨʦʰʢʦʚ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʠ ʭʣʦʨʠʜʦʚ ʠʤʝʝʪ ʪʘʢʠʝ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʘpo- ʠ ʛʘʟooʙpʘʟʥʳʭ 

ʧpoʜʫʢʪoʚ pʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʢʦʥʝʯʥʳʭ ʧʦʙʦʯʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʘʟʜʝʣʷʶʱʠʭ ʯʘʩʪʠʮʳ ʮʝʣʝʚʳʭ ʧʦʨʦʰʢʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʠʜʦʚ ʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʘʟʠʜʥʦʛʦ ʉɺʉ ʧʨʠʤʝʥʝʥ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC, TiN-SiC, ʦʜʥʘʢʦ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʘʩʯʝʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʜʦʣʝʡ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʬʘʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Si3N4 ʠ ʢʨʠʦʣʠʪʘ Na3AlF6. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʧʦʨʦʰʢʦʚʦʛʦ 

ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) (C2F4)n ʚ 

ʧʨʦʮʝʩʩʘʭ ʉɺʉ ʤʦʞʝʪ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʠ ʫʯʘʩʪʠʷ ʚ 

ʢʘʨʙʠʜʠʟʘʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʥʦ ʵʪʦʪ ʧʨʠʝʤ ʚ ʘʟʠʜʥʦʤ ʉɺʉ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʩʪʦʷʱʝʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʜʦʙʘʚʢʠ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 
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ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-

SiC, TiN-SiC ʢ ʟʘʜʘʚʘʝʤʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʦʟʨʘʩʪʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ SiC ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ 

ʬʘʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʢʨʠʦʣʠʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʪʘ ˉ 23-29-00680 ʧʦ ʧʨʦʝʢʪʫ çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʉɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷè; ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʪʝʤʘ ˉ FSSE-2023-

0003); ɸʆ çʆʙʲʝʜʠʥʸʥʥʘʷ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷè ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʡ ʩʪʠʧʝʥʜʠʠ (ʜʦʛʦʚʦʨ ˉ ʆɼʂ/0429/2023/643 ʦʪ 10.11.2023 ʛ.). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʥʝʝ ʚ ʢʘʥʜʠʜʘʪʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ɻ.ʉ. ɹʝʣʦʚʦʡ (ʉʘʤɻʊʋ, 2022 ʛ.) ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʧʨʦʩʪʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʪʦʨʠʜʦʚ (NH4F, 

AlF3, Na2SiF6, (NH4)2SiF6, (NH4)2TiF6) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC, TiN-SiC ʧʨʠ ʩʞʠʛʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ (ʰʠʭʪ) ʠʟ ʢʨʝʤʥʠʷ (Si), ʪʠʪʘʥʘ (Ti), ʘʣʶʤʠʥʠʷ (Al), 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (C), ʘʟʠʜʘ ʥʘʪʨʠʷ (NaN3) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʣʦʠʜʥʦʡ 

ʩʦʣʠ. ʆʜʥʘʢʦ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʘʩʯʝʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝʤ ʠ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʬʘʟ. 

ʈʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʵʣʝʤʝʥʪʦʚ ʢʨʝʤʥʠʷ ʠ ʩʘʞʠ 

(Si+C) ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʞʠʤʝ ʉɺʉ, ʪʘʢ ʢʘʢ ʵʪʘ ʩʤʝʩʴ ʥʝ ʛʦʨʠʪ. ɺ 1987-2006 

ʛʦʜʘʭ ʚ ʨʘʙʦʪʘʭ ʇʘʤʧʫʭʘ ʈ., ʄʝʨʞʘʥʦʚʘ ɸ.ɻ., ʅʝʨʩʠʩʷʥʘ ɻ.ɸ., ʍʘʨʘʪʷʥʘ ʉ.ʃ., 

ʄʫʥʠʨʘ ɿ.ɸ., ʄʫʢʘʩʷʥʘ ɸ.ʉ., ʇʫʰʠʥʩʢʦʛʦ ɼʞ.ɸ., ɾʘʥʛʘ ɼʞ. ʙʳʣʦ 



9 
 

ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʠʩʪʝʤʳ Si+C ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʝʝ ʛʦʨʝʥʠʷ ʩ ʩʠʥʪʝʟʦʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ: 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʰʠʭʪʳ; ʥʘʣʦʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʰʠʭʪʳ; ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʚ ʰʠʭʪʫ; ʩʞʠʛʘʥʠʝ ʰʠʭʪʳ ʚ ʩʨʝʜʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ 

ʠʣʠ ʚʦʟʜʫʭʘ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʧʦʜʭʦʜ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ 

ʧʦʨʦʰʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ 

(C2F4)n, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɺ 2020 ʛʦʜʫ ʚ ʨʘʙʦʪʘʭ ɿʘʢʦʨʞʝʚʩʢʦʛʦ ɺ.ɺ. ʠ 

ʃʝʚʘʰʦʚʘ ɽ.ɸ. ʙʳʣʘ ʦʧʠʩʘʥʘ ʩʪʘʜʠʡʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʉɺʉ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʣʠ 

ʇʊʌʕ ʚ ʰʠʭʪʝ ʠ ʧʣʦʪʥʦʩʪʠ ʰʠʭʪʳ. ɺ 2023 ʛʦʜʫ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʠʟ ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ɹ. ʅʘʣʙʘʥʜʷʥʘ (ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ) ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ Si+0,9C+0,05C2F4 ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ 

ʩʠʥʪʝʟʠʨʦʚʘʣʘ ʯʘʩʪʠʮʳ ʯʠʩʪʦʛʦ SiC ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 200 ʥʤ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʫʶʱʝʡ 

ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʘʟʠʜʥʦʛʦ ʉɺʉ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-

SiC, AlN-SiC, TiN-SiC ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ SiC ʚ ʥʠʭ ʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ ʢ ʨʘʩʯʝʪʥʦʤʫ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʆʜʥʘʢʦ ʧʫʙʣʠʢʘʮʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʜ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC, 

TiN-SiC ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

ʬʪʦʨʠʜʦʚ ʥʘ ʘʢʪʠʚʠʨʫʶʱʫʶ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʚ ʩʞʠʛʘʝʤʳʭ ʠʩʭʦʜʥʳʭ 

ʩʤʝʩʷʭ ʧʦʨʦʰʢʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʮʝʣʝʚʳʭ ʬʘʟ ʚ ʢʘʞʜʦʡ 
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ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʟ 

ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʬʘʟ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚʳʭ 

ʨʝʘʛʝʥʪʦʚ ʩ ʜʦʙʘʚʢʦʡ ʇʊʌʕ (ʰʠʭʪ) ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

2. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʰʠʭʪ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʇʊʌʕ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC ʠ TiN-SiC. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʰʠʭʪ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʇʊʌʕ ʠ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʰʠʭʪ ʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ, ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʚʝʝɦʩʪʚ ʚ ʮʝʣʝʚʳʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪ ʩ ʜʦʙʘʚʢʦʡ ʇʊʌʕ, ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʥʪʝʟʘ 

ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

ʬʪʦʨʠʜʦʚ. 

5. ɺʳʙʦʨ ʚʘʨʠʘʥʪʦʚ ʰʠʭʪ ʜʣʷ ʨʘʟʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʣʝʚʳʭ 

ʬʘʟ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʠʩʭʦʜʥʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʷʤ. 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ 

ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ ʰʠʭʪ ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠ 
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ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ 

TiN-SiC ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ. 

7. ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʘʟʠʜʥʦʛʦ ʉɺʉ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʦʚ ʩ ʢʘʨʙʠʜʦʤ 

ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʉɺʉ-ɸʟ ʦʙʲʝʤʦʤ 19,4 ʣʠʪʨʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ɺʧʝʨʚʳʝ ʪʘʢʦʡ ʨʝʘʛʝʥʪ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʡ ʬʪʦʨʩʦʜʝʨʞʘʱʠʡ ʧʦʣʠʤʝʨ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ ʧʨʠʤʝʥʝʥ ʚ ʘʟʠʜʥʦʤ ʉɺʉ. ʇʦʨʦʰʦʢ ʇʊʌʕ ʧʨʠʤʝʥʝʥ 

ʚʟʘʤʝʥ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʠʩʭʦʜʥʳʭ ʩʤʝʩʷʭ ʧʦʨʦʰʢʦʚʳʭ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC. 

2. ɺʧʝʨʚʳʝ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʬʪʦʨʘ ʠ ʬʪʦʨʠʜʦʚ 

ʢʨʝʤʥʠʷ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʇʊʌʕ ʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʉɺʉ, ʠʩʧʦʣʴʟʦʚʘʥ ʘʟʠʜ ʥʘʪʨʠʷ, 

ʪʘʢʞʝ ʨʘʟʣʘʛʘʶʱʠʡʩʷ ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ ʠ ʩʚʷʟʳʚʘʶʱʠʡ ʬʪʦʨ ʚ ʤʝʥʝʝ ʦʧʘʩʥʫʶ 

ʪʚʝʨʜʫʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ NaF, ʫʜʘʣʷʝʤʫʶ ʠʟ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʦʡ. 

3. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ THERMO ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʣʝʥʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʤʥʦʛʦ 

ʧʨʝʚʳʰʘʶʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ, ʠ ʦʥʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʚ ʨʝʞʠʤʝ 

ʛʦʨʝʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʘʢʮʠʡ ʩ ʇʊʌʕ ï ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʬʘʟ. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʰʠʭʪʘʭ ʘʟʠʜʥʦʛʦ ʉɺʉ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 
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ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ: 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʥʠʞʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʬʘʟ. 

5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʘʚʦʢ ʇʊʌʕ ʚ ʰʠʭʪʘʭ ʠ 

ʫʩʣʦʚʠʷ ʠʭ ʩʞʠʛʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC 

ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʟʘʜʘʥʥʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʛʣʘʩʥʦ 

ʠʩʭʦʜʥʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ. 

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ ʰʠʭʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ 

ʙʦʣʴʰʠʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʧʨʠ ʛʦʨʝʥʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ ʤʘʩʩʳ ʪʚʝʨʜʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʨʘʟʙʨʦʩʘ ʛʘʟʘʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʇʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-

SiC, TiN-SiC ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ 

ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʥʘ ʘʢʪʠʚʠʨʫʶʱʫʶ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʇʊʌʕ ʚ ʩʞʠʛʘʝʤʳʭ ʠʩʭʦʜʥʳʭ 

ʩʤʝʩʷʭ ʧʦʨʦʰʢʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ. 

2. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʇʊʌʕ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʠ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʬʘʟ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʣʫʯʰʠʝ 

ʚʘʨʠʘʥʪʳ ʰʠʭʪ, ʧʨʠ ʩʞʠʛʘʥʠʠ ʢʦʪʦʨʳʭ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC 

ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʟʘʜʘʥʥʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʛʣʘʩʥʦ 

ʠʩʭʦʜʥʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
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ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʧʦ 

ʜʦʚʝʜʝʥʠʶ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

3. ʅʘʡʜʝʥʳ ʣʫʯʰʠʝ ʚʘʨʠʘʥʪʳ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʤʘʩʩʦʡ ʜʦ 40 ʛʨʘʤʤʦʚ 

ʜʣʷ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʉɺʉ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʘʟʦʪʘ 3 ʄʇʘ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ (ʤʝʥʝʝ 1-2 ʤʢʤ) 

ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʩ ʤʦʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʬʘʟ 4:1, 2:1, 1:1, 1:2 ʠ 1:4 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ ʚ ʰʠʭʪʘʭ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ: 

- 0,7C+0,15C2F4 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʠ TiN-SiC; 

- 0,9C+0,05C2F4 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC. 

4. ʇʨʠʤʝʥʝʥʠʝ ʇʊʌʕ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʪʴ ʨʘʩʭʦʜ ʜʦʨʦʛʦʛʦ ʠ ʪʦʢʩʠʯʥʦʛʦ ʘʟʠʜʘ ʥʘʪʨʠʷ (ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ). 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʦʚ ʩ 

ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʳʪʥʦ-ʧʨʦʤrhʣʝʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʉɺʉ-ɸʟ ʦʙʲʝʤʦʤ 19,4 ʣʠʪʨʘ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʙʠʥʘʨʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʥʦʚʳʭ ʘʙʨʘʟʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʙʘʢʝʣʠʪʦʚʦʡ ʩʚʷʟʢʝ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʙʠʥʘʨʥʳʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 22.03.01. 

ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

22.04.01. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚʳʭ 

ʨʝʘʛʝʥʪʦʚ ʩ ʜʦʙʘʚʢʦʡ ʇʊʌʕ (ʰʠʭʪ), ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ 

ʧʨʠ ʠʭ ʛʦʨʝʥʠʠ ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ THERMO ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʰʠʭʪ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʇʊʌʕ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʇʊʌʕ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʘʚʣʝʥʠʝ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʘʟʠʜʦʤ ʥʘʪʨʠʷ, ʚʳʭʦʜ ʤʘʩʩʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʠ ʢ ʤʘʩʩʝ ʰʠʭʪ, ʤʦʨʬʦʣʦʛʠʶ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. 

4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ. 

5. ʆʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʰʠʭʪ ʩ ʇʊʌʕ, ʛʦʨʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʥʪʝʟʫ ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ 

ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤ ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʳʤ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʧʨʠʤʝʩʝʡ ʠ ʨʘʟʙʨʦʩʘ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʛʘʟʘʤʠ. 

7. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʦʚ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ 
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Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʉɺʉ-ɸʟ ʦʙʲʝʤʦʤ 19,4 ʣʠʪʨʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʟʘʷʚʣʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʊʝʤʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ 

ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.3.17. ʍʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʛʦʨʝʥʠʝ ʠ ʚʟʨʳʚ, ʬʠʟʠʢʘ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ (ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) ʧʦ ʧʫʥʢʪʘʤ 4 ʠ 5: 

4. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨʳ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʣʥ ʛʦʨʝʥʠʷ, ʜʝʪʦʥʘʮʠʠ, ʚʟʨʳʚʥʳʭ ʠ ʫʜʘʨʥʳʭ ʚʦʣʥ; ʩʚʷʟʴ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʝʱʝʩʪʚ ʠ ʩʠʩʪʝʤ ʩ ʠʭ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʛʦʨʝʥʠʷ, 

ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ; ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʪʝʨʤʦʭʠʤʠʷ ʠ ʤʘʢʨʦʢʠʥʝʪʠʢʘ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

5. ʇʨʦʮʝʩʩʳ ʘʥʘʣʦʛʠ ʛʦʨʝʥʠʷ, ʜʝʪʦʥʘʮʠʠ ʠ ʚʟʨʳʚʘ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ 

ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦ ʩʨʝʜʦʡ, ʦʙʲʝʢʪʘʤʠ ʠ ʚʝʱʝʩʪʚʘʤʠ; 

ʷʚʣʝʥʠʷ, ʧʦʨʦʞʜʘʝʤʳʝ ʛʦʨʝʥʠʝʤ ʠ ʚʟʨʳʚʯʘʪʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ; ʧʨʦʮʝʩʩʳ 

ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʘʧʧʘʨʘʪʘʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, ʨʘʙʦʪʳ, ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ; ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʘʤʠ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 
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ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ 2023è (4-6 ʦʢʪʷʙʨʷ 2023 ʛ., ʛ. ʉʘʤʘʨʘ); ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çXVII 

ʂʦʨʦʣʸʚʩʢʠʝ ʯʪʝʥʠʷè, ʧʦʩʚʷʱʸʥʥʘʷ 35-ʣʝʪʠʶ ʩʦ ʜʥʷ ʧʝʨʚʦʛʦ ʧʦʣʸʪʘ ʄʊʂʉ 

çʕʥʝʨʛʠʷ-ɹʫʨʘʥè (3-5 ʦʢʪʷʙʨʷ 2023 ʛ., ʛ. ʉʘʤʘʨʘ); International Conference on 

Physics and Chemistry of Combustion (04 ʠʶʣʷ 2024 ʛ., ʛ. ʉʘʤʘʨʘ); 

9th International Congress on Energy Fluxes and Radiation Effects (16-21 ʩʝʥʪʷʙʨʷ 

2024 ʛ., ʛ. ʊʦʤʩʢ); XVI  International Symposium on Self-propagating High-

temperature Synthesis (9-13 ʩʝʥʪʷʙʨʷ 2024 ʛ., ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ çʌʠʟʠʯʝʩʢʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʐʌʄ-2025)(15-19 

ʩʝʥʪʷʙʨʷ 2025 ʛ., ʛ. ʊʦʣʴʷʪʪʠ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʠʜʝʡ, 

ʚʳʧʦʣʥʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ, ʜʦʢʣʘʜʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʧʝʯʘʪʥʳʭ 

ʨʘʙʦʪ, ʠʟ ʥʠʭ 3 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ ʠʟ ʇʝʨʝʯʥʷ ɺɸʂ, 

ʠʥʜʝʢʩʠʨʫʝʤʦʤ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ SCOPUS ʠ Russian Science Citation Index ʥʘ 

ʧʣʘʪʬʦʨʤʝ Web of Science. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 161 ʥʘʠʤʝʥʦʚʘʥʠʷ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 

246 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʜʝʨʞʠʪ 55 ʨʠʩʫʥʢʦʚ, 35 ʪʘʙʣʠʮ ʠ ʧʨʠʣʦʞʝʥʠ ̫ ʥʘ 3 

ʩʪʨʘʥʠʮʘʭ. 
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1 ʂɸʈɹʀɼ ʂʈɽʄʅʀʗ ʀ ʂʆʄʇʆɿʀʊʓ ʅɸ ɽɻʆ ʆʉʅʆɺɽ 

Si3N4-SiC, AlN-SiC, TiN-SiC 

1.1 ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC) ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʥʝʦʢʩʠʜʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ (ʥʝ ʙʦʣʝʝ 

3210 ʢʛ/ʤ
3
) ʠ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ (ʪʫʛʦʧʣʘʚʢʦʩʪʴ), ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ [1-7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʩʰʠʨʷʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʘʙʨʘʟʠʚʥʳʭ 

ʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʧʣʦʪʥʝʥʠʡ, ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ, 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʫʨʙʠʥ, ʥʦʩʠʪʝʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ, ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʛʘʟʦʚ, ʣʠʪʝʡʥʳʭ ʪʠʛʣʝʡ, ʜʦ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʦʟʠʪʥʘʷ ʙʨʦʥʷ ʜʣʷ ʟʘʱʠʪʳ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʚ 

ʧʨʦʪʠʚʦʧʫʣʴʥʳʭ ʞʠʣʝʪʘʭ, ʜʝʪʘʣʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʤʘʪʝʨʠʘʣʳ 

ʟʝʨʢʘʣ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʠ ʜʨʫʛʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʤʘʪʨʠʮʳ ʜʣʷ 

ʯʘʩʪʠʮ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʠʭ ʦʙʦʣʦʯʢʠ, ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʬʦʪʦʥʠʢʝ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ [1-7]. 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ: Ŭ-SiC ʠ ɓ-SiC, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ ʯʝʤ 250 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʦʨʤ, ʥʘʟʳʚʘʝʤʳʭ ʧʦʣʠʪʠʧʘʤʠ. ʇʦʣʠʪʠʧʳ 

ʠʜʝʥʪʠʯʥʳ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ ʪʨʝʪʴʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʜʚʦʡʥʳʭ ʩʣʦʝʚ ʠʟ Si ʠ C, ʩʣʦʞʝʥʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʣʠʪʠʧʘʤʠ ʷʚʣʷʶʪʩʷ: 3C, 4H, 6H ʠ 15R, ʛʜʝ C, 

H ʠ R ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʠ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ: ʢʫʙʠʯʝʩʢʠʝ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ, ʘ ʯʠʩʣʘ ʦʙʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ. 

ʇʨʠ ʵʪʦʤ ʤʦʜʠʬʠʢʘʮʠʷ ɓ-SiC ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʧʦʣʠʪʠʧʘ ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʦʡ 3C-SiC, ʘ ʤʦʜʠʬʠʢʘʮʠʷ Ŭ-SiC ʩʦʩʪʦʠʪ ʠʟ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 
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ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ nH-SiC ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ nR-SiC, ʛʜʝ n-

ʯʠʩʣʦ ʩʣʦʝʚ. ɓ-SiC ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1400-1800 ÁC, ʘ Ŭ-SiC 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 2000 ÁC. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ɓ-SiC ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 1800 ÁC ʢʫʙʠʯʝʩʢʘʷ ʬʦʨʤʘ 3C ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ 2ʅ, 4ʅ, 6ʅ, 8H ʠ ʨʦʤʙʦʵʜʨʠʯʝcʢʫʶ 15R, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʚʩʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʬʦʨʤʳ 

ʧʝʨʝʭʦʜʷʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʧʦʣʠʪʠʧ 6ʅ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-SiC 

[1-7]. ʇʦʣʠʪʠʧʥʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʜʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ [2]. 

ʇʦʣʠʪʠʧʳ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ SiC, ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʵʪʦʤʫ 

ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʪʠʧʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʩʚʦʡʩʪʚ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʥʝʝ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʫʢʘʟʳʚʘʣʠʩʴ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-SiC ʠʣʠ ɓ-SiC, ʘ 

ʪʘʢʞʝ ʢʦʥʢʨʝʪʥʳʝ ʧʦʣʠʪʠʧʳ ʧʨʠ ʩʠʥʪʝʟʝ, ʦʧʠʩʘʥʠʠ ʩʚʦʡʩʪʚ ʠ ʧʨʠʤʝʥʝʥʠʡ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʣʠʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʦ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ [1, 2]. ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʣʘ ʪʘʢʞʝ 

ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ. ʀ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩʦ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ 

ʩʪʘʣʦ ʫʜʝʣʷʪʴʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʪʦ ʝʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʷʤ ʠ ʧʦʣʠʪʠʧʘʤ SiC, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʫ ʥʠʭ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʪʘʢʞʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

SiC [3-7]. 

ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʦʜʥʦʬʘʟʥʦʡ ʢʝʨʘʤʠʢʠ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʝʛʦ ʧʨʠʤʝʥʝʥʠʶ [8]. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ (ʚ ʩʨʝʜʥʝʤ 450 ʄʇʘ), 
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ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ (2,8 ʄʇʘĿʤ
1/2
) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ (500 ʂ), 

ʯʪʦ ʜʝʣʘʝʪ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʭʨʫʧʢʠʤ ʧʨʠ ʫʜʘʨʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʢʘʭ [9]. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʠʪʴ ʠ ʚʥʝʜʨʠʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʚ 80-ʭ ʠ 90-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʉʐɸ, ʗʧʦʥʠʠ ʠ ɽʚʨʦʧʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʣʦʧʘʪʦʢ ʠʟ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʣʷ ʟʘʤʝʥʳ ʨʘʙʦʯʠʭ ʠ ʩʦʧʣʦʚʳʭ ʣʦʧʘʪʦʢ ʠʟ ʥʠʢʝʣʝʚʳʭ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʫʧʝʨʩʧʣʘʚʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥʘʭ [10]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʜʘʨʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʟʚʦʣʠʣʦ 

ʙʳ ʢʘʨʙʠʜʫ ʢʨʝʤʥʠʷ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ 

(750 ʄʇʘ), ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

(5,3 ʄʇʘĿʤ
1/2
) ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ (770 ʂ) [9, 11]. 

ɺʦ-ʚʪʦʨʳʭ, ʪʫʛʦʧʣʘʚʢʦʩʪʴ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

2730-2830 
ʦ
ʉ ʩ ʨʘʟʣʦʞʝʥʠʝʤ), ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʠʣʴʥʳʤʠ ʢʦʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʝʛʦ ʘʪʦʤʦʚ ʩ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʭ ʢ ʩʘʤʦʜʠʬʬʫʟʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʣʦʭʦʡ ʩʧʝʢʘʝʤʦʩʪʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2100 ʜʦ 2200 
ʦ
ʉ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ 

ʩʧʝʢʘʥʠʠ ʙʝʟ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʛʨʫʙʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 

ʫʭʫʜʰʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [11, 12]. 

ɺ-ʪʨʝʪʴʠʭ, ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ 10
6
-10

11
 ʆʤĿʩʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʥʝʛʦ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʜʦʨʦʛʦʛʦ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʤʝʩʪʦ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʪʚʝʨʜʦʛʦ (20-30 ɻʇʘ) ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʦʨʦʛʦʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ SiC [11, 

13]. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʝʨʘʤʠʢʠ SiC ʚ ʪʦʨʮʝʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʫʧʣʦʪʥʝʥʠʷʭ ʧʘʨ ʪʨʝʥʠʷ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʝʨʘʤʠʢʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʝʝ 10
3
 ʆʤĿʩʤ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ 

ʪʨʠʙʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʨʝʥʠʠ ʪʦʨʮʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʢʦʨʨʦʟʠʶ [14]. 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʛʦ ʫʩʠʣʠʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʜʥʦʬʘʟʥʦʡ ʢʝʨʘʤʠʢʠ SiC ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʜʦʙʘʚʦʢ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʧʝʢʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʠʩʭʦʜʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ (Ŭ-SiC ʠ ɓ-SiC) ʠ ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ 

[6-15]. ɺ ʠʪʦʛʝ ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʧʨʠʟʥʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ, ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʬʘʟʥʦʡ ʢʝʨʘʤʠʢʠ SiC ʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ SiC, ʪʘʢ ʢʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ, ʢʘʨʙʠʜʥʳʭ, ʙʦʨʠʜʥʳʭ ʠ ʥʠʪʨʠʜʥʳʭ ʜʦʙʘʚʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʧʝʢʘʝʤʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC [12, 15]. 

ɼʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʧʝʢʘʥʠʷ ʢʝʨʘʤʠʢʠ SiC, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ, ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ ʠ ʞʠʜʢʦʬʘʟʥʦʝ 

ʩʧʝʢʘʥʠʝ. ɼʣʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ SiC ʠ ʫʧʣʦʪʥʷʶʪ ʝʛʦ [12]. ʋʛʣʝʨʦʜ, ʙʦʨ, ʘʣʶʤʠʥʠʡ, 

ʢʘʨʙʠʜ ʪʠʪʘʥʘ (TiC), ʢʘʨʙʠʜ ʙʦʨʘ (B4C) ʠ ʜʠʙʦʨʠʜ ʪʠʪʘʥʘ (TiB2) ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʜʦʙʘʚʦʢ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ [14-19]. ʅʦ ʜʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʜʦʙʘʚʦʢ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ, ʘ 

ʫʧʣʦʪʥʝʥʠʝ SiC ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ [12, 15]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʠʤʝʨ, 

ʢʝʨʘʤʠʢʘ SiC ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ/ʛʨʘʬʝʥʘ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʟ-ʟʘ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʨʦʜʘ 

ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ, ʘ ʜʦʙʘʚʢʠ ʘʣʶʤʠʥʠʷ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʛʦʪʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʠʟʜʝʣʠʷ ʠ ʫʭʫʜʰʠʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [13]. 

ɾʠʜʢʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ SiC. ʅʘʣʠʯʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʫʩʢʦʨʷʝʪ ʤʘʩʩʦʦʙʤʝʥ, ʘ 

ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʜʦ ʫʨʦʚʥʷ 1800-

1900 
ʦ
ʉ [11, 12]. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʦʙʳʯʥʦ ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʤʝʣʢʦʝ ʟʝʨʥʦ, ʘ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʧʨʠʝʤʣʝʤʳʤʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʜʦʙʘʚʢʦʡ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ 
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ʩʤʝʩʴ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʠʪʪʨʠʷ (5Al2O3Ŀ3Y2O3), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʧʣʘʚʣʝʥʥʘʷ ʬʘʟʘ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ YAG (Al 5Y3O12), 

ʫʣʫʯʰʘʶʱʘʷ ʩʧʝʢʘʝʤʦʩʪʴ ʠ ʩʥʠʞʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ YAG ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʟʘ ʩʯʝʪ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʫʧʨʦʯʥʝʥʠʷ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʱʠʥʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ 

ʪʨʝʱʠʥʘʤʠ, ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʫʢʨʝʧʣʝʥʠʝ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʠʟʤʝʥʝʥʠʝ 

ʨʝʞʠʤʘ ʨʘʟʨʫʰʝʥʠʷ ʩ ʤʝʞʟʝʨʝʥʥʦʛʦ ʥʘ ʪʨʘʥʩʟʝʨʝʥʥʳʡ [12]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʤʝʩʠ ʦʢʩʠʜʦʚ Al2O3-Y2O3 ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʠʝ 

ʜʦʙʘʚʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ 

ʪʘʢʞʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ: MgO, CaO, TiO2, 

La2O3 ʠ SiO2 ʠʟ ʛʨʫʧʧʳ ʦʢʩʠʜʦʚ, TiC ʠʟ ʢʘʨʙʠʜʦʚ, TiB2 ʠ ZrB2 ʠʟ ʙʦʨʠʜʦʚ, 

Si3N4, AlN ʠ TiN ʠʟ ʥʠʪʨʠʜʦʚ [11, 12, 15]. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʜʦʙʘʚʦʢ ʧʨʠʜʘʝʪ 

ʢʝʨʘʤʠʢʝ SiC ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ 

ʟʝʨʝʥ ʤʘʪʨʠʮʳ ʠ ʫʣʫʯʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘʢʪʠʚʠʨʫʝʪ 

ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʢʠ SiC, 

ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ SiC ʘʪʦʤʘʤʠ ʘʟʦʪʘ (N-ʣʝʛʠʨʦʚʘʥʠʝ) [13]. ɿʘ ʩʯʝʪ N-

ʣʝʛʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʡ ʬʘʟʳ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʩʧʝʯʝʥʥʦʡ SiC-ʢʝʨʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ ʥʘ ʜʝʩʷʪʴ ʧʦʨʷʜʢʦʚ (10
8
Ÿ  

10
-2
 ʆʤĿʩʤ) [20]. N-ʣʝʛʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʢʘʢ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ 

ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ, ʪʘʢ ʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʙʘʚʦʢ ʥʠʪʨʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʘʪʦʤʦʚ ʘʟʦʪʘ. ɻʘʟʦʦʙʨʘʟʥʳʡ N2 ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʘʩʩʦʧʝʨʝʥʦʩʫ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʧʝʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ SiC [21], ʧʦʵʪʦʤʫ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʥʠʪʨʠʜʥʳʭ ʬʘʟ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʝʩʪʴ, 

ʯʪʦ ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ 1 ʤʘʩ.% AlN ʩʥʠʞʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʝʨʘʤʠʢʠ SiC ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ʩ 1,7Ā10
5
 ʆʤ ʩʤ ʜʦ 8,3Ā10

1
 ʆʤ ʩʤ, ʦʜʥʘʢʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʘʣʶʤʠʥʠʷ ʚ ʢʝʨʘʤʠʢʝ SiC 

[22]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʝ 50 ʦʙ.% TiN ʩʥʠʞʘʝʪ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 



22 
 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ 9 ʧʦʨʷʜʢʦʚ ï ʩ 2,0Ŀ10
5
 ʆʤĿʩʤ (0 % TiN) ʜʦ 2,0Ŀ10

ï4
 ʆʤĿʩʤ ʚ 

ʢʦʤʧʦʟʠʪʝ SiC-50 ʦʙ.% TiN ʙʣʘʛʦʜʘʨʷ ʩʦʚʤʝʩʪʥʦʤʫ ʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʜʝʡʩʪʚʠʶ 

ʵʬʬʝʢʪʘ N-ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʛʨʘʥʠʮ ʟʝʨʝʥ TiN [11, 23].  

10 ʦʙ. % ʩʦʜʝʨʞʘʥʠʷ Si3N4 ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ (1,3Ā10
0
Ÿ9,0Ā10

-2
 ʆʤĿʩʤ), ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (10
19
Ÿ 10

20
 ʩʤ

ī3
), 

ʚʳʟʚʘʥʥʦʛʦ N-ʣʝʛʠʨʦʚʘʥʠʝʤ ʠʟ Si3N4 ʚ ʨʝʰʝʪʢʝ SiC [24]. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʥʠʪʨʠʜʦʚ Si3N4, AlN ʠ 

TiN ʫʣʫʯʰʘʝʪ ʪʘʢʞʝ ʩʧʝʢʘʝʤʦʩʪʴ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC, ʯʪʦ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦ ʜʘʣʝʝ ʚ 

ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC. 

ɽʱʝ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ 

ʧʦʨʦʰʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʧʝʢʘʶʪʩʷ ʵʪʠ ʤʘʪʝʨʠʘʣʳ, ʪʘʢ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʶʪʩʷ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ: ʥʘʥʦʧʦʨʦʰʢʠ (1-100 ʥʤ) ʠ 

ʩʫʙʤʠʢʨʦʥʥʳʝ ʧʦʨʦʰʢʠ (0,1-1 ʤʢʤ) [1-9, 25-27]. ʅʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʥʥʳʝ 

ʧʦʨʦʰʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʧʦʨʦʰʢʘʤ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʥʤ ʜʦ 

1 ʤʢʤ [28] ʠʣʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢ çultrafine powdersè (ʤʝʣʴʯʝ 2 ʤʢʤ) 

[29]. ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ 

SiC [30]. 

ʇʨʦʤʳʰʣʝʥʥʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ɸʯʝʩʦʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

SiO2 + 3C = SiC + 2CO         (1.1) 

ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʪʝʯʝʥʠʝ 2-20 ʩʫʪʦʢ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 2200-2500 
ʦ
ʉ 

ʤʥʦʛʦʪʦʥʥʦʡ ʩʤʝʩʠ ʧʝʩʢʘ ʩ ʫʛʣʝʨʦʜʦʤ ʚ ʚʠʜʝ ʢʦʢʩʘ (ʜʦ 3000 ʪ) ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʛʨʘʬʠʪʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ [5, 30]. 

ʆʩʪʳʚʰʠʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʧʝʢ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ ʠ ʨʘʟʣʠʯʥʦʡ 
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ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʧʨʠʤʝʩʷʤʠ. ʉʧʝʢ ʜʨʦʙʷʪ ʠ ʨʘʟʜʝʣʷʶʪ ʧʦ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ, 

ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʮʚʝʪʫ ʢʨʠʩʪʘʣʣʦʚ SiC. ɺ ʮʝʥʪʨʝ ʩʧʝʢʘ ʥʘʭʦʜʷʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʯʠʩʪʦʪʦʡ Ó99,8 %, ʜʘʣʝʝ ʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦ-

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʯʠʩʪʦʪʦʡ Ó99 %, ʟʘʪʝʤ ʢʨʠʩʪʘʣʣʳ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʯʠʩʪʦʪʦʡ 

Ó98,5 %. ʕʪʠ ʨʘʟʜʝʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʟʤʘʣʳʚʘʶʪ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʣʴʥʠʮʘʭ, 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ (ʨʘʩʩʝʠʚʘʶʪ) ʥʘ ʬʨʘʢʮʠʠ ʠ ʧʦʣʫʯʘʶʪ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʩ ʥʘʟʚʘʥʠʝʤ çʢʘʨʙʦʨʫʥʜè, ʠʤʝʶʱʠʝ ʨʘʟʤʝʨʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʢʤ 

(ʤʠʢʨʦʧʦʨʦʰʢʠ) ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʤ (ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʦʨʦʰʢʠ) ʠ 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʙʨʘʟʠʚʥʳʭ ʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠʟ SiC ʤʝʪʦʜʘʤʠ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ ʠʣʠ 

ʧʨʝʩʩʦʚʘʥʠʷ. ɺʥʝʰʥʠʡ ʩʣʦʡ ʩʧʝʢʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʦʚ SiC ʩ 

ʯʠʩʪʦʪʦʡ Ó97,5 % ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʨʝʘʛʝʥʪʦʚ SiO2 ʠ C, ʥʘʧʨʘʚʣʷʶʪ ʥʘ 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʝʯʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ SiC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ 

ɸʯʝʩʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦ ʩʪʘʜʠʡ, ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ 

ʚʨʝʤʝʥʠ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ [30]. ʇʨʠ ʵʪʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʢʘʨʙʦʨʫʥʜʦʚʳʝ ʧʦʨʦʰʢʠ SiC ʠʤʝʶʪ ʨʘʟʤʝʨʳ 

ʙʦʣʝʝ 1 ʤʢʤ ʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʧʦʨʦʰʢʘʤ. ʇʦʣʫʯʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʢʘʨʙʦʨʫʥʜʦʚʳʝ ʧʦʨʦʰʢʠ SiC ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

ʤʝʥʝʝ 1 ʤʢʤ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ ʪʝʭʥʠʯʝʩʢʠ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʜʦʩʪʠʞʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʤ ʨʘʟʨʫʰʝʥʠʷ ʯʘʩʪʠʮ ʠ ʠʭ 

ʘʛʣʦʤʝʨʘʮʠʝʡ [31, 32]. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʥ ʥʝ ʥʠʞʝ 

100 ʥʤ, ʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʠ ʧʨʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ SiC ʵʪʦʪ 

ʧʨʝʜʝʣ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦʤ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʨʘʟʤʦʣʝ ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʝʠʟʙʝʞʥʦ ʟʘʛʨʷʟʥʷʝʪʩʷ 

ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ 

ʧʨʠ ʨʘʟʤʦʣʝ ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʠ ʧʨʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ SiC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʢʘʨʙʦʨʫʥʜʦʚʳʝ ʧʦʨʦʰʢʠ ʩ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʤʝʥʝʝ 1 ʤʢʤ ʧʨʦʤʳʰʣʝʥʥʦ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʠʟ ʙʦʣʝʝ ʯʝʤ 20 ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [30, 32, 33]. ʕʪʠ ʤʝʪʦʜʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ çʩʚʝʨʭʫ-ʚʥʠʟè ʠʣʠ 

çʩʥʠʟʫ-ʚʚʝʨʭè. ʄʝʪʦʜʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʩʥʦʚʘʥʳ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ 

(ʠʟʤʝʣʴʯʝʥʠʠ) ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ï ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʨʦʰʢʦʚ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʩʩʤʦʪʨʠʤ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ. 

ʇʥʝʚʤʦʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʕʪʦʪ ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʚʣʝʢʘʶʱʝʛʦ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʠʭ ʚʟʘʠʤʥʳʭ ʤʥʦʛʦʢʨʘʪʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʠʣʠ ʧʨʠ 

ʫʜʘʨʘʭ ʦ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [33, 34]. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʪʘʢʦʛʦ ʚʳʩʦʢʦʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ SiC ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ 

ʧʥʝʚʤʦʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʛʘʟʦʚʳʭ ʩʪʨʫʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʥʘʩʳʧʥʳʤ ʩʣʦʝʤ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʢʨʦʚʠʭʨʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʠʟʤʝʣʴʯʝʥʠʝʤ ʯʘʩʪʠʮ. ʇʨʠ 

ʵʪʦʤ ʯʘʩʪʠʮʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʦʢ ʘʧʧʘʨʘʪʘ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʥʘʤʦʣ ʧʨʠʤʝʩʝʡ. ɼʨʫʛʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʧʥʝʚʤʦʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʫʜʘʣʝʥʠʝʤ ʯʘʩʪʠʮ 

ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʦʟʚʨʘʪʦʤ ʥʝʜʦʠʟʤʝʣʴʯʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʠʩʭʦʜʥʳʝ ʤʠʢʨʦʥʥʳʝ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ d90 = 16 ʤʢʤ ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʩ 
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ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ d50 = 210 ʥʤ ʠ d90 = 620 ʥʤ [33]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʧʥʝʚʤʦʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʨʘʩʭʦʜʘ ʩʞʘʪʦʛʦ ʛʘʟʘ ʜʣʷ ʨʘʟʛʦʥʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʜʦ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʘʧʧʘʨʘʪʝ. 

ʄʝʭʘʥʦʩʠʥʪʝʟ. ʄʝʭʘʥʦʩʠʥʪʝʟ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʪʚʝʨʜʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʝʡ ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʤʘʩʩʦʧʝʨʝʥʦʩ 

ʠ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʚʝʨʜʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʠʥʦʛʜʘ ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [30, 35]. ʏʘʱʝ ʚʩʝʛʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʠʭ 

ʠʥʪʝʥʩʠʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩʪʠʨʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʣʘʥʝʪʘʨʥʳʭ 

ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʤʝʣʴʥʠʮ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ SiC ʠʟ ʵʣʝʤʝʥʪʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʛʨʘʬʠʪʘ, ʩʤʝʰʘʥʥʳʭ ʚ 

ʘʪʦʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʩ ʰʘʨʦʚ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ ʢ 

ʧʦʨʦʰʢʫ 20 ʢ 1, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ SiC [36]. 

ʅʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʟʤʝʣʴʯʝʥʠʷ (10 ʯʘʩʦʚ) ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʯʘʩʪʠʮ Si ʠ C, ʦʙʨʘʟʫʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʪʥʳʝ ʯʘʩʪʠʮʳ. ʇʦʟʞʝ, ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 20 ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʥʘʯʠʥʘʣʘʩʴ ʪʚʝʨʜʦʬʘʟʥʘʷ ʨʝʘʢʮʠʷ, ʠ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ SiC. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʰʠʨʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʢ ʥʘʢʦʧʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʫʤʝʥʴʰʠʣʩʷ ʜʦ 10 ʥʤ ʧʦʩʣʝ 

40-ʯʘʩʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʨʝʬʣʝʢʩʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ Si5C3, Ŭ-SiC ʠ ɓ-SiC. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʧʦʩʣʝ 300-ʯʘʩʦʚʦʛʦ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʯʠʩʪʳʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ɓ-SiC ʩ ʛʣʘʜʢʦʡ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ ʯʘʩʪʠʮ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 0,5 ʤʢʤ [37]. ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ 
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ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʡ ʟʘʛʨʫʟʢʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʩʩʦʡ ʰʘʨʦʚ, ʘ ʪʘʢʞʝ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠʟʤʝʣʴʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʤʘʪʝʨʠʘʣʦʤ 

ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʠ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʤʝʣʴʥʠʮʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʤʝʭʘʥʦʩʠʥʪʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦ-ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʚ 

ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ [30]. 

ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ. ʕʪʦʪ ʤʝʪʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ [33, 35, 38]. ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʣʘʟʤʦʪʨʦʥʘʭ. ʈʝʘʛʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚʚʦʜʷʪʩʷ ʚ ʩʪʨʫʶ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʘ ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ (4000-8000 ʂ) ʜʫʛʦʚʦʛʦ, ʪʣʝʶʱʝʛʦ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʟʨʷʜʦʚ. ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩ 

ʨʝʘʛʠʨʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʧʨʦʪʝʢʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʦ, ʘ ʙʳʩʪʨʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ. ɼʣʷ ʩʠʥʪʝʟʘ SiC ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ SiO2, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʯʘʩʪʠʮʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 0,1-0,3 ʤʢʤ, ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʚ ʥʝʧʨʦʯʥʳʝ 

ʘʛʨʝʛʘʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʢʤ, ʤʠʢʨʦʧʦʨʦʰʢʠ ʢʨʝʤʥʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ 

ʪʘʢʞʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʛʘʟʦʚʦʝ ʩʳʨʴʝ (ʤʝʪʘʥ) [38]. ɺ ʧʦʪʦʢʝ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ (ʩʤʝʩʠ ʘʟʦʪʘ ʩ ʚʦʜʦʨʦʜʦʤ) ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

5400 ʂ ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʝ ʠʩʧʘʨʝʥʠʝ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʢʨʫʧʥʦʩʪʴʶ ʜʦ 

15 ʤʢʤ, ʢʨʝʤʥʠʷ ï ʜʦ 10 ʤʢʤ, ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ï ʜʦ 3 ʤʢʤ, ʧʠʨʦʣʠʟ ʤʝʪʘʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ ʧʣʘʟʤʝʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ, 

ʢʘʨʙʠʜʠʟʘʮʠʝʡ ʢʨʝʤʥʠʷ ʤʝʪʘʥʦʤ ʠ ʧʣʘʟʤʝʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ 

(ʠʟʤʝʣʴʯʝʥʠʝʤ) ʤʠʢʨʦʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʠʤ 

ʧʨʦʮʝʩʩʘʤ ʥʘʥʦʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʶʪ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʦʪ 58 ʥʤ ʠ ʚʳʰʝ. ʆʩʥʦʚʥʳʤʠ 
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ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, 

ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ 

ʧʦʨʦʰʢʝ. 

ʄʝʪʦʜ ʛʘʟʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. ɽʛʦ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ [30]. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʘʪ ʨʝʘʢʮʠʠ ʪʝʨʤʦʣʠʟʘ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʘʨʙʠʜʠʟʘʮʠʠ ʠ ʜʨʫʛʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ-

ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʚʠʜʝ ʧʘʨʘ ʠʣʠ ʛʘʟʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʘʢʫʫʤʝ ʠʣʠ 

ʠʥʝʨʪʥʦʤ ʛʘʟʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʭʦʣʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʙʣʠʟʠ ʥʝʝ [30, 

32, 33, 35]. ɸʤʦʨʬʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ÁC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ï ʩʠʣʘʥʘ SiH4 ʠ ʘʮʝʪʠʣʝʥʘ C2H2, ʘ ʪʘʢʞʝ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʘʟʦʬʘʟʥʦʡ ʨʝʘʢʮʠʝʡ [39]: 

2SiH4 + C2H2 = 2SiC + 5H2.        (1.2) 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ SiC ʙʳʣ ʥʝʙʦʣʴʰʠʤ, ʚ ʧʨʝʜʝʣʘʭ 0,1-0,5 ʤʢʤ, ʠ ʩʦʩʪʦʷʣ 

ʠʟ ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʞʠʜʢʠʡ ʣʝʪʫʯʠʡ 

ʧʨʝʢʫʨʩʦʨ ï ʤʝʪʠʣʪʨʠʭʣʦʨʩʠʣʘʥ CH3SiCl3 ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 66 
ʦ
ʉ, 

ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʛʘʟʘ ʥʦʩʠʪʝʣʷ H2 ʧʦʜʘʚʘʣʩʷ ʚ ʨʝʘʢʪʦʨ ï ʧʝʯʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 1050-1150 ÁC ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʨʛʦʥʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ [40]. ʉʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʣʠ ʵʪʘʧʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ SiC: 

CH3SiCl3 + H2 Ÿ CH4 + SiCl2 + HCl,      (1.3) 

CH4 + SiCl2 Ÿ SiC + H2.        (1.4) 

ɿʘ 2 ʯʘʩʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʧʨʦʚʦʣʦʢ SiC ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ɓ-

SiC ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 70 ʥʤ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʷ ʤʦʣʷʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ H2/CH3SiCl3 ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ SiC 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʘ ʠʭ ʤʦʨʬʦʣʦʛʠʷ ʠʟʤʝʥʷʣʘʩʴ ʦʪ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʢ ʟʝʨʥʫ. ɽʱʝ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʛʘʟʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʬʦʨʤ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [41]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʛʘʟʦʬʘʟʥʳʭ 
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ʨʝʘʢʮʠʡ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩ ʤʘʣʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʛʠʭ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʨʝʘʛʝʥʪʦʚ. 

ɿʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ [33, 35]. ʏʘʱʝ ʚʩʝʛʦ SiC ʩʠʥʪʝʟʠʨʫʶʪ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʦʤ ʠʟ ʘʣʢʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ï ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʠ ʩʧʠʨʪʘ ʩ 

ʬʦʨʤʫʣʦʡ Si(OR)4 ʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʘʣʢʦʦʢʩʠʜʳ ʢʨʝʤʥʠʷ ʢʘʢ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ 

(ʊʕʆʉ), ʪʝʪʨʘʤʝʪʦʢʩʠʩʠʣʘʥ (ʊʄʆʉ), ʩʤʝʩʴ ʊʕʆʉ ʠ ʊʄʆʉ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʫʛʣʝʨʦʜʘ ï ʪʘʢʠʝ ʧʦʣʠʤʝʨʳ ʢʘʢ ʬʝʥʦʣʴʥʘʷ ʠ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ ʩʤʦʣʳ, ʵʪʠʣʮʝʣʣʶʣʦʟʘ, ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ ʠ ʢʨʘʭʤʘʣ 

[30, 33, 42, 43]. ɿʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ ï 

ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 

ʘʣʢʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʚʦʜʦʡ ʚ ʪʘʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʢʘʢ ʵʪʘʥʦʣ ʠʣʠ ʘʮʝʪʦʥ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ. ɻʠʜʨʦʣʠʟ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧ SiOH, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʦʢʩʘʥʦʚʳʭ ʩʚʷʟʝʡ SiOSi, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʜʚʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʤʦʣʝʢʫʣʫ. 

ʏʝʪʳʨʝʭʚʘʣʝʥʪʥʦʩʪʴ ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʷʝʪ ʤʥʦʞʝʩʪʚʫ ʪʘʢʠʭ ʤʦʣʝʢʫʣ 

ʩʦʝʜʠʥʷʪʴʩʷ ʚ ʢʨʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʨʝʤʥʠʷ ʠ ʢʠʩʣʦʨʦʜʘ ï ʥʘʥʦʯʘʩʪʠʮʳ SiO2 

ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ. ʊʘʢ ʦʙʨʘʟʫʝʪʩʷ ʚʟʚʝʩʴ ʥʘʥʦʯʘʩʪʠʮ 

SiO2 ʚ ʞʠʜʢʦʩʪʠ ï ʟʦʣʴ ʠʣʠ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ. ʂʦʛʜʘ ʥʘʥʦʯʘʩʪʠʮʳ 

ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ, ʪʦ ʦʥʠ ʧʝʨʝʩʪʘʶʪ ʨʘʩʪʠ ʠ ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʘʛʣʦʤʝʨʠʨʫʶʪʩʷ ʩ ʜʨʫʛʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʦʙʨʘʟʫʷ ʥʝʧʨʝʨʳʚʥʫʶ ʩʝʪʴ ʚ 

ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʥʝʛʦ. ʊʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʣʴ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʜʦ 

ʥʝʧʨʝʨʳʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʝʡ, ʧʦʭʦʞʠʭ ʥʘ ʮʝʧʦʯʢʠ [44]. ʇʦʩʣʝ ʩʫʰʢʠ ʛʝʣʷ 

ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʨʘ ʧʨʠ 800-850 
ʦ
ʉ 

ʦʙʨʘʟʫʝʪʩʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʩʪʘʨʪʦʚʘʷ ʩʠʩʪʝʤʘ SiO2-C 

https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Alcohol_(chemistry)
https://en.wikipedia.org/wiki/Alkyl
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[42, 43]. ʇʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 1Ŀ10
-1
-

1Ŀ10
-2
 ʤʤ ʨʪ. ʩʪ.) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (Ò1500 

ʦ
ʉ) ʟʘ ʚʨʝʤʷ 3-

5 ʯ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʨʝʘʢʮʠʠ (1.1). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ 

ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʩʦʜʝʨʞʘʪ ɓ-SiC. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ 

ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʦʜʥʦʨʦʜʥʦʡ ʠ 

ʜʠʩʧʝʨʩʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 

ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟ-ʟʘ 

ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʘʨʝʥʠʝʤ, ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ ʠʣʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʫ 

ʘʣʢʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʦʩʪʴʶ, ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴʶ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʥʝʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʯʘʩʪʦ ʜʦʨʦʛʦʚʠʟʥʦʡ ʠ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʧʨʝʢʫʨʩʦʨʦʚ). ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʶʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʥʘʥʦʧʦʨʦʰʢʠ (ʜʦ 

3000-4000 ʝʚʨʦ/ʢʛ), ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ 

ʧʨʦʤrhʣʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ [33, 45].  

ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʉɺʉ). ɺ 

ʩʚʷʟʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʠʟʦʙʨʝʪʝʥʥʦʛʦ ʚ 1967 ʛʦʜʫ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ɸ.ɻ. ʄʝʨʞʘʥʦʚʳʤ, ʀ.ʇ. 

ɹʦʨʦʚʠʥʩʢʦʡ, ɺ.ʄ. ʐʢʠʨʦ ʠ ʧʦʣʫʯʠʚʰʝʛʦ ʤʠʨʦʚʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʨʦʩʪʦʛʦ, 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ, ʙʳʩʪʨʦʛʦ ʧʨʦʮʝʩʩʘ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 
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ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʙʦʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʦʢʩʠʜʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ) ʥʘ ʦʩʥʦʚʝ ʛʦʨʝʥʠʷ 

ʩʤʝʩʝʡ ʥʝʜʦʨʦʛʠʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [46-51]. ʇʨʦʮʝʩʩ ʉɺʉ ʦʪʢʨʳʚʘʝʪ 

ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ [52]. 

ʈʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʵʣʝʤʝʥʪʦʚ ʢʨʝʤʥʠʷ ʠ ʩʘʞʠ  

Si + C = SiC + 73 ʢɼʞ/ʤʦʣʴ        (1.5) 

ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ, ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ 1860 ʂ ʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʨʝʞʠʤʝ ʉɺʉ, ʪʘʢ ʢʘʢ ʵʪʘ ʩʤʝʩʴ ʥʝ ʛʦʨʠʪ [52]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ Si-C ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ [52]: 

ʘ) ʉɺʉ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʩʨʝʜʳ; 

ʙ) ʉɺʉ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ; 

ʚ) ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʩʘ ʉɺʉ; 

ʛ) ʉɺʉ ʚ ʩʠʩʪʝʤʘʭ Si-C-ʚʦʟʜʫʭ/ʘʟʦʪ; 

ʜ) ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

ʘ). ʉʥʘʯʘʣʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ Si+C ʜʦ 900 ʂ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥʳ ʛʦʨʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-SiC ʧʦʨʦʰʢʘ 

ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ~ 3 ʤʢʤ [53]. ɿʘʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

1300 
ʦ
ʉ ʧʨʠʚʝʣʦ ʢ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʉɺʉ ʚ ʨʝʞʠʤʝ 

ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʠʩʪʳʭ ʧʦʨʦʰʢʦʚ ɓ-SiC (99,6 %) 

ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʨʠʤʝʩʷʤʠ 0,05 % ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ, 0,1 % ʩʚʦʙʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ 0,3 % ʢʠʩʣʦʨʦʜʘ, ʠ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʪ 145 ʜʦ 200 ʥʤ [54]. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1400 
ʦ
ʉ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 8 ʯʘʩʦʚ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ ʠ ʩʘʞʠ ʚ ʚʘʢʫʫʤʝ 

ʧʨʠʚʝʣʠ ʢ ʪʚʝʨʜʦʬʘʟʥʦʤʫ ʩʠʥʪʝʟʫ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʦʜʥʦʨʦʜʥʦʡ 

ʩʫʙʤʠʢʨʦʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʤʝʥʝʝ 1 ʤʢʤ [55]. ɼʨʫʛʦʡ 
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ʧʨʦʩʪʦʡ ʠ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʡ ʧʦʜʭʦʜ [56] ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʥʦ-ʘʮʝʪʠʣʝʥʦʚʦʡ ʛʦʨʝʣʢʠ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʚ 

ʚʦʟʜʫʭʝ ʧʦ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ 

(~3 ʤʤ/ʩ) ʧʨʠʚʝʣ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʚʳʭʦʜʫ (~94 %) ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

SiC ʩ ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʟʝʨʥʘʤʠ, ʥʝ ʦʪʣʠʯʘʶʱʝʤʫʩʷ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ [52].  

ʙ). ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʧʨʠʤʝʥʷʣʠ ʧʨʷʤʦʝ ʧʨʦʭʦʞʜʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʩʤʝʩʠ Si+C ʩ ʜʞʦʫʣʝʚʳʤ ʥʘʛʨʝʚʦʤ ʠ 

ʜʦʩʪʠʞʝʥʠʝʤ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʦʙʲʝʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʚʟʨʳʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ɓ-SiC ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʨʘʟʤʝʨʦʤ 0,1 ʤʢʤ [57, 58]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʘʤʦʦʯʠʱʝʥʠʝ ʧʦʨʦʰʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʞʠʛʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ (0,2-0,3 %) ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ (0,5-0,7 %) ʚ ʠʩʭʦʜʥʳʭ ʩʤʝʩʷʭ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʧʦʜʘʯʫ ʥʘʧʨʷʞʝʥʠʷ ʧʦʧʝʨʝʢ ʦʙʨʘʟʮʘ 

ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ, ʠ ʨʝʘʢʮʠʷ ʉɺʉ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʥʠʮʠʠʨʦʚʘʣʘʩʴ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʩʧʠʨʘʣʴʶ [59]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (E~6 ɺ/ʩʤ), ʥʠʞʝ 

ʢʦʪʦʨʦʛʦ ʬʨʦʥʪ ʨʝʘʢʮʠʠ ʥʝ ʤʦʞʝʪ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ. ʋʚʝʣʠʯʝʥʠʝ E ʚʳʰʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʯʪʠ ʣʠʥʝʡʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ 

ʛʦʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,1-0,8 ʩʤ/ʩ, ʟʘ ʢʦʪʦʨʳʤ ʧʨʠ E~20 ɺ/ʩʤ ʩʣʝʜʫʝʪ ʨʝʞʠʤ 

ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʉɺʉ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʨʦʰʦʢ ɓ-SiC ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ ~ 2 ʤʢʤ ʠ ʨʘʟʤʝʨʦʤ ~ 20 ʤʢʤ [59]. 

ʚ). ɽʱʝ ʦʜʥʠʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʤʝʩʠ Si+C ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʉɺʉ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 1991 ʛʦʜʫ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (-C2F4-)n ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ Si+C [60]. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʨʝʞʠʤʳ ʛʦʨʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʨʝʤʥʠʡïʫʛʣʝʨʦʜï

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʇʊʌʕ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʜʘʚʣʝʥʠʷ ʠʥʝʨʪʥʦʡ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ, 
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ʜʠʘʤʝʪʨʘ ʦʙʨʘʟʮʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʜʚʫʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ: 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʪʦʨʠʜʦʚ ʠ 

ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʫʨʘʚʥʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʦ ʬʨʦʥʪʝ ʛʦʨʝʥʠʷ: 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʘʢʮʠʷ  

Si(ʪʚ) + (-C2F4-)n Ÿ SiF2(ʛ)+ C(ʪʚ) + Q1,      (1.6) 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʨʝʘʢʮʠʷ  

SiF2(ʛ) + C(ʪʚ) Ÿ SiF4(ʛ) + SiC(ʪʚ) + Q2,      (1.7) 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʘʢʮʠʷ  

Si(ʪʚ, ʞ) + C(ʪʚ) Ÿ SiC(ʪʚ) + Q3.       (1.8) 

ɺ ʩʠʩʪʝʤʝ Si + C + ʇʊʌʕ ʚʦʣʥʘ ʛʦʨʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʟʦʥ. ʇʝʨʚʘʷ 

ʠʟ ʥʠʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʶ (1.6) ʤʝʞʜʫ ʢʨʝʤʥʠʝʤ ʠ 

ʇʊʌʕ, ʢʦʪʦʨʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ Si+C ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (SiF2, SiF4). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʛʘʟʦʦʙʨʘʟʥʳʝ ʬʪʦʨʠʜʳ ʢʨʝʤʥʠʷ ʩʨʘʟʫ ʧʦʢʠʜʘʶʪ 

ʛʦʨʷʱʠʡ ʦʙʨʘʟʝʮ, ʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʩʪʘʝʪʩʷ ʯʘʩʪʴ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ 

ʢʨʝʤʥʠʷ ʠ ʚʝʩʴ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʯʝʨʥʳʡ ʮʚʝʪ 

ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʢʘʨʙʠʜʠʟʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ (1.7) 

ʠ (1.8). ʈʝʘʢʮʠʷ (1.8) ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʘʚʪʦʥʦʤʥʦ, ʯʘʩʪʠʯʥʦ ʟʘ ʩʯʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʩʨʝʜʳ ʪʝʧʣʦʤ ʨʝʘʢʮʠʠ (1.6) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʨʝʘʢʮʠʠ (1.7). ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ 

ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʦʬʘʟʝʥ ʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʦʰʢʘ ɓ-SiC ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʩʝʨʦ-ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʦʡ. ʅʦ ʨʝʘʢʮʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ (1.7) ʠ ʨʝʘʢʮʠʷ 

ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ (1.8) ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʘ 

SiC. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʇʊʌʕ ʧʦʣʫʯʝʥʳ ʯʘʩʪʠʮʳ 

ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 10 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʜʨʫʛʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʜʣʠʥʦʡ ~1 ʤʤ ʠ 
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ʪʦʣʱʠʥʦʡ 0,5 ʤʢʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʢʨʝʤʥʠʡïʫʛʣʝʨʦʜïʇʊʌʕ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʇʊʌʕ ʢ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʛʣʝʨʦʜʫ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,12 ʜʦ 0,2, ʦʙʨʘʟʝʮ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʩʩʦʚʘʥʥʳʤ ʜʦ ʧʣʦʪʥʦʩʪʠ 1400-1600 ʢʛ/ʤ
3
, 

ʠʤʝʪʴ ʜʠʘʤʝʪʨ ʥʝ ʤʝʥʝʝ 30 ʤʤ ʠ ʜʣʠʥʫ ʥʝ ʤʝʥʝʝ 25-35 ʤʤ, ʠʩʪʦʯʥʠʢ ʟʘʞʠʛʘʥʠʷ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʣʝʝ 2370 ʂ, ʜʘʚʣʝʥʠʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʘʨʛʦʥʘ ʚ 

ʨʝʘʢʪʦʨʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,1 ʄʇʘ [60]. 

ʇʊʌʕ ʦʢʘʟʘʣʩʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʘʨʙʠʜʦʚ ʤʝʪʦʜʦʤ ʉɺʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʩʦʜʝʨʞʘʱʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ, ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣʘ ʠ ʭʣʦʨʢʘʫʯʫʢʘ, ʪʘʢ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ ʇʊʌʕ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ, ʙʳʣʦ ʚ 4-5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ [61]. ʇʊʌʕ ʧʦʢʘʟʘʣ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʠʥʪʝʟʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ SiC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʥʠʪʨʘʪʦʚ KNO3, NaNO3, NH4NO3 ʠ BaNO3, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʣʫʯʰʠʤ ʦʢʘʟʘʣʩʷ ʥʠʪʨʘʪ ʢʘʣʠʷ KNO3, ʜʦʙʘʚʢʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʣʘ ʢ 

ʩʠʥʪʝʟʫ ʯʘʩʪʠʮ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 1 ʤʢʤ [52]. ɼʦʙʘʚʢʘ ʞʝ ʇʊʌʕ ʩ 

ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʠʚʝʣʘ ʢ ʧʦʣʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ 

ʨʝʘʢʮʠʠ ʢʘʨʙʠʜʠʟʘʮʠʠ  

Si + 0,9C + 0,05C2F4 = SiC + 0,1F2       (1.9) 

ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ SiC ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 200 ʥʤ [62].  

ʇʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʫʶʱʝʡ ʛʘʟʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ ʬʪʦʨʩʦʜʝʨʞʘʱʝʡ 

ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ (NH4)2SiF6 ʚ ʤʝʪʦʜʝ ʘʟʠʜʥʦʛʦ ʉɺʉ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʰʠʭʪʳ ʩʦʩʪʘʚʘ ç19Si+6NaN3+(NH4)2SiF6+20Cè ʧʨʦʜʫʢʪ, ʩʦʩʪʦʷʱʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʟ ɓ-SiC ï 89,4 %, ʩ ʧʨʠʤʝʩʴʶ Ŭ-Si3N4 ï 5,5 % ʠ Si ï 

5,1 %, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (80-

150 ʥʤ), ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʘʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 50 ʤʢʤ [63]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʊʌʕ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʥʦ ʠ ʢʘʢ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ ʧʨʠ ʧʦʣʥʦʡ 
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ʟʘʤʝʥʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ɺ ʨʘʙʦʪʝ [64] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʦʡ ʩʤʝʩʠ Si+ʇʊʌʕ ʙʝʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʨʛʦʥʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,5 ʄʇʘ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 100-500 ʥʤ ʠ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 

0,5+3,0 ʤʢʤ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʘʛʣʦʤʝʨʘʪʳ. ʆʜʥʘʢʦ ʚʳʭʦʜ ʧʦ ʩʠʥʪʝʟʫ SiC 

ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʤʘʣ: ʪʦʣʴʢʦ ʦʢʦʣʦ 10 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʰʠʭʪʳ 

ʧʨʦʨʝʘʛʠʨʦʚʘʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʪʦʧʦʜʦʙʥʦʛʦ SiC, ʦʩʪʘʣʴʥʦʡ ʧʨʦʜʫʢʪ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ ʠʟ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʢʮʠʠ (1.6). ɻʦʨʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʇʊʌʕ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʙʨʦʩʫ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʥʝ ʩʤʦʛʫʪ 

ʚʩʪʫʧʠʪʴ ʚ ʨʝʘʢʮʠʶ (1.8) ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʢʦʪʦʨʘʷ ʤʘʣʦʚʝʨʦʷʪʥʘ ʚ ʦʙʲʝʤʝ ʛʘʟʘ 

[64]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʰʠʭʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʇʊʌʕ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚ ʥʘʩʳʧʥʦʤ, ʘ 

ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʩʞʠʛʘʪʴʩʷ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʛʘʟʘ 

ʚ ʉɺʉ-ʨʝʘʢʪʦʨʝ, ʯʪʦʙʳ ʧʦʜʘʚʣʷʪʴ ʫʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʇʊʌʕ ʠʟ ʟʦʥʳ 

ʨʝʘʢʮʠʠ [60-65]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [64, 65] ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʩʪʘʜʠʡʥʦʩʪʴ 

ʨʝʘʢʮʠʡ (1.6)-(1.8) ʩ ʫʯʘʩʪʠʝʤ ʇʊʌʕ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʣʠ ʇʊʌʕ ʚ ʰʠʭʪʝ 

ʠ ʧʣʦʪʥʦʩʪʠ ʰʠʭʪʳ. 

ʛ). ʉɺʉ ʚ ʩʠʩʪʝʤʘʭ Si-C-ʚʦʟʜʫʭ/ʘʟʦʪ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʛʦʨʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʠ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʢʨʝʤʥʠʝʤ ʠ ʘʟʦʪʦʤ ʷʚʣʷʶʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʢʟʦʪʝʨʤʠʯʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ Si+C. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ Si+C ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʫʛʣʝʨʦʜʘ ʠ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚ 

ʨʝʘʢʪʦʨʝ ʚʳʰʝ 3 ʄʇʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ 

ʧʨʠʤʝʩʴʶ 5-7 % ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦ 

10 ʤ
2
/ʛ [52]. ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ SiC ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 

0,2 ʤʢʤ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʨʝʘʛʝʥʪʦʚ Si (0,01 ʤʢʤ) ʠ C (0,021 ʤʢʤ) ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 3 

ʜʦ 10 ʄʇʘ [66]. ʊʝʨʤʦʧʘʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʣʥʘ 

ʛʦʨʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ: ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʦʪʘ ʩ 
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ʢʨʝʤʥʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʧʦ 

ʩʠʣʴʥʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ  

3Si + 2N2 Ÿ Si3N4 + 756 ʢɼʞ/ʤʦʣʴ      (1.10) 

ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 2500 ʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʦʩʪʘʣʴʥʦʡ ʤʘʩʩʳ ʨʝʘʛʝʥʪʦʚ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʨʝʘʢʮʠʷ ʢʘʨʙʠʜʠʟʘʮʠʠ ʩ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 2100 ʂ. 

ɿʘʪʝʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ  

3Si + 3C + 2N2 Ÿ Si3N4 + 3C Ÿ 3SiC + 2N2,    (1.11) 

ʦʙʲʷʩʥʷʶʱʘʷ, ʯʪʦ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 1-ʷ ʨʝʘʢʮʠʷ (1.10) ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʘ 

ʢʨʝʤʥʠʷ ʩ ʧʦʜʲʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ 

2273 ʂ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ Si3N4 ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʞʠʜʢʠʡ ʢʨʝʤʥʠʡ 

ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ, ʘ ʟʘʪʝʤ 2-ʷ ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ (1.5) ʢʨʝʤʥʠʷ ʩ 

ʫʛʣʝʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SiC, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[67, 68]. ʕʪʘ 2-ʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤ ʧʨʦʜʫʢʪʝ. 

ʜ). ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʨʝʘʢʮʠʠ ʉɺʉ ʚ ʥʠʟʢʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ Si-C ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʰʘʨʦʚʦʤ 

ʠʟʤʝʣʴʯʝʥʠʠ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʰʘʨʦʚʳʭ 

ʤʝʣʴʥʠʮʘʭ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [52]. ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʩʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʡ ʨʝʘʢʮʠʠ ʠ ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ 

ʚʦʣʥʳ ʛʦʨʝʥʠʷ [49]. ʇʦʩʣʝ 4 ʯʘʩʦʚ ʪʘʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʤʝʩʴ Si+C 

ʤʦʞʝʪ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ ʠ ʛʦʨʝʪʴ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ SiC ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 100 ʥʤ ʚ ʨʝʞʠʤʝ 

ʉɺʉ [69]. ʇʨʠ ʵʪʦʤ ʧʨʦʭʦʜʠʪ ʧʝʨʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʢʠʩʣʦʨʦʜʦʤ ʠ ʢʨʝʤʥʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʦʛʦ (~0,5 ʤʤ) ʩʣʦʷ ʬʘʟʳ SiO2 ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʛʨʝʚʦʤ ʦʙʲʝʤʘ ʩʤʝʩʠ Si+C, ʚʳʟʳʚʘʶʱʠʤ ʚʪʦʨʫʶ ʚʦʣʥʫ 

ʛʦʨʝʥʠʷ ʩ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ (1.1), ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʠʥʪʝʟʫ ɓ-SiC ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʟʳ Si2N2O. ɺ ʨʘʙʦʪʝ [70] ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʦʰʢʘ ɓ-SiC ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʘʢ ʠ 
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ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʜʦʙʘʚʢʦʡ ʇʊʌʕ ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʰʘʨʦʚ ʢ ʤʘʩʩʝ ʩʤʝʩʠ 

16 ʢ 1 ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʤʝʥʝʝ 4 ʄʇʘ ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ 

1,5 % ʇʊʌʕ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʤʝʩʠ ʚ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʤʝʥʝʝ 1 %. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʩʠʥʪʝʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [52]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ 

SiC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʉɺʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʚʫʭ 

ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚʦ ʬʨʦʥʪʝ ʛʦʨʝʥʠʷ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʤʝʪʘʣʣʦʤ (Mg, Al) ʩ ʧʦʣʫʯʝʥʠʝʤ ʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʨʝʘʢʮʠʷ ʢʨʝʤʥʠʷ ʩ ʫʛʣʝʨʦʜʦʤ. ʉʠʩʪʝʤʘ SiO2+Me(Mg, Al)+C ʷʚʣʷʝʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʵʢʟʦʪʝʨʤʠʯʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʥʘʨʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ Si+C, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʟʘʧʫʩʪʠʪʴ ʨʝʞʠʤ ʉɺʉ ʚ ʪʘʢʦʡ ʩʤʝʩʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʪʠʧʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʣʫʯʰʘʶʱʠʭ ʩʨʝʜʩʪʚ. ʆʙʱʘʷ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʩʠʥʪʝʟʘ SiC, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʛʥʠʡ Mg, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

SiO2 + 2Mg + C = SiC + 2MgO.      (1.12) 

ʇʨʠʤʝʩʴ MgO ʫʜʘʣʷʝʪʩʷ ʠʟ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [71] ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʦʰʢʘ SiO2 ʪʨʝʭ ʨʘʟʤʝʨʦʚ: ʤʝʥʝʝ 100 ʤʢʤ, 10 ʤʢʤ ʠ 0,1 ʤʢʤ. 

ʊʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ SiO2-Mg (44 ʤʢʤ)-C (ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ) ʩʞʠʛʘʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʜʘʚʣʝʥʠʝʤ 1-20 ʘʪʤ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 

3 ʯʘʩʦʚ ʚ 36%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100 ÁC ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ SiC ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤʠ ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʟʤʝʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 280 ʥʤ, 150 ʥʤ ʠ 90 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʤʠʢʨʦʨʘʟʤʝʨʥʳʝ 

ʧʦʨʦʰʢʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 
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ʯʘʩʪʠʮ SiC ʧʨʠ ʩʞʠʛʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʭʦʪʷ, ʢʦʥʝʯʥʦ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ MgO 

ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʡʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʧʨʠʚʝʣʦ ʢ ʩʠʥʪʝʟʫ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʰʝʩʪʠʛʨʘʥʥʦʡ ʬʦʨʤʳ ʩ ʨʘʟʤʝʨʘʤʠ 1-2 ʤʢʤ ʠ 

ʪʦʣʱʠʥʦʡ 0,2-0,3 ʤʢʤ [72]. 

ʉʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï 

ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ï ʧʨʝʜʣʦʞʝʥ ʥʝʜʘʚʥʦ ʚ ʨʘʙʦʪʝ [73] ʧʫʪʝʤ ʩʦʯʝʪʘʥʠʷ 

ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʠʥʪʝʟʘ ʠʟ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ CO 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ 1700-1900 
ʦ
ʉ. ʐʠʭʪʘ ʩʦʩʪʦʠʪ ʠʟ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, 

ʢʨʝʤʥʠʝʚʦʛʦ ʧʦʨʦʰʢʘ ʠ ʥʘʥʦʚʦʣʦʢʥʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ (ʅɺʋ) ʚ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1:4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ ʅɺʋ ï ʥʦʚʘʷ ʫʛʣʝʨʦʜʥʘʷ ʬʦʨʤʘ ʚ ʚʠʜʝ 

ʛʨʘʥʫʣ 4-8 ʤʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʥʘʥʦʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 30-

100 ʥʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʢʨʝʤʥʠʷ ɓ-

SiC ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ~4 ʤʢʤ ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 7,7-8,4 ʤ
2
/ʛ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʉɺʉ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ 

ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚ Si+C, 

ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ 

ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ 

ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʧʨʠ ʵʪʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʚ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ. ʋʙʝʜʠʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʚ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʟʘʢʣʶʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʢʘʨʙʠʜʠʟʘʮʠʠ (1.9) ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮ SiC ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 200 ʥʤ [62]. 
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1.2 ʂʦʤʧʦʟʠʪʳ Si3N4-SiC 

ʊʫʛʦʧʣʘʚʢʠʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʠʩʪʝʤʳ 

çʥʠʪʨʠʜ ʢʨʝʤʥʠʷ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷè (Si3N4-SiC) ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʨʝʢʨʘʩʥʳʤʠ ʦʛʥʝʫʧʦʨʘʤʠ ʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 1500 
ʦ
ʉ ʙʣʘʛʦʜʘʨʷ 

ʧʨʝʚʦʩʭʦʜʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʦʢʠʩʣʝʥʠʶ ʠ ʧʦʣʟʫʯʝʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʠʟʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʩʪʦʡʢʦʩʪʠ ʢ 

ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ [74]. ʊʘʢʠʝ ʦʛʥʝʫʧʦʨʳ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʧʦʨʦʰʢʘ SiC ʯʘʩʪʠʮʘʤʠ Si3N4, ʩʠʥʪʝʟʠʨʫʝʤʳʤʠ ʧʨʷʤʳʤ 

ʘʟʦʪʠʨʦʚʘʥʠʝʤ Si ʚ ʧʨʝʩʩʦʚʘʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ SiC ʠ Si ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʟʦʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1300  ʜʦ 1450  ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ [74, 75]. ʇʨʦʜʫʢʪ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʫʶ ʩʤʝʩʴ Ŭ-Si3N4 

ʠ ɓ-Si3N4. ʇʣʦʪʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ Ŭ-Si3N4. ʕʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ SiC ʠ Si, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʩʝʡ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ Si, ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʘ SiO ʠ ʛʘʟʦʬʘʟʥʦʤʫ ʩʠʥʪʝʟʫ Ŭ-

Si3N4 [74, 75]. ɽʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ 

ʦʛʥʝʫʧʦʨʳ (ʙʝʟ Si3N4 ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ) ʠʤʝʶʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʜʦ 100 ʄʇʘ 

ʧʨʠ ʧʦʨʠʩʪʦʩʪʠ ʧʦʨʷʜʢʘ 20 % [76], ʪʦ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ 

ʢʦʤʧʦʟʠʪ ʩʦʩʪʘʚʘ 46 % SiC, 50 % Si3N4, 4 % Y2O3 ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ 319 ʄʇʘ ʧʨʠ ʧʦʨʠʩʪʦʩʪʠ 26 % [74]. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʦʛʥʝʫʧʦʨʳ Si3N4-

SiC ʧʦʣʫʯʘʶʪ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʦʚʘʥʠʷ 

ʧʦʣʫʩʫʭʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ (ʜʦ 8 % ʞʠʜʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ), ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʬʦʨʤʦʚʘʥʠʝʤ (ʜʦ 24 % ʩʚʷʟʫʶʱʝʛʦ), ʰʣʠʢʝʨʥʳʤ ʣʠʪʴʝʤ (ʜʦ 80 % ʚʦʜʳ) ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʠ ʩʧʝʢʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1600 
ʦ
ʉ [5, 77, 78]. ɺ 

ʵʪʠʭ ʤʝʪʦʜʘʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʳʯʥʦ ʩʤʝʩʠ 

ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʧʦʨʦʰʢʦʚ Si3N4 ʠ SiC ʦʪ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ (1-5 ʤʢʤ) ʜʦ 

ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ (50-200 ʤʢʤ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ 
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ʯʘʩʪʠʮ ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʢʦʤʧʦʟʠʪʝ. ʆʯʝʚʠʜʥʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʙʦʣʴʰʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʧʦʨʷʜʢʘ 20 % ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚ ʦʛʥʝʫʧʦʨʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ Si3N4-SiC, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ Si3N4-SiC ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ 

ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʧʦʟʠʪʦʚ Si3N4-SiC, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʳ ʩ ʧʦʨʠʩʪʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʜʦʣʠ 

ʧʨʦʮʝʥʪʘ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: ʩʧʝʢʘʥʠʝ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ Si3N4 ʠ SiC 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2000 
ʦ
ʉ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʞʠʜʢʦʡ ʬʘʟʳ) ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʛʦʨʷʯʝʝ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ, ʤʝʪʦʜʳ 

ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [5, 79-82]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʫʣʫʯʰʘʪʴʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ Si3N4-SiC ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʘ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʢ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ (<1 ʤʢʤ) ʩʫʙʤʠʢʨʦʥʥʳʤ (0,1-

1 ʤʢʤ) ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤ (1-100 ʥʤ) ʢʦʤʧʦʥʝʥʪʘʤ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ Si3N4-SiC [25-27, 83, 84]. ʇʨʠ ʵʪʦʤ ʫ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ Si3N4-SiC 

ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʣʫʯʰʘʝʪʩʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʧʦʛʣʦʱʝʥʠʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʝ [85]. 
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ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʧʨʦʱʝ ʚʩʝʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʳ Si3N4-SiC ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ex-situ ʠʟ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ Si3N4 ʠ SiC ʧʫʪʝʤ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ, ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʠ ʩʧʝʢʘʥʠʷ. ʆʜʥʘʢʦ 

ʥʘʥʦʧʦʨʦʰʢʠ ʦʯʝʥʴ ʜʦʨʦʛʠ, ʪʘʢ ʢʘʢ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʠʟ ʜʝʰʝʚʳʭ ʢʨʫʧʥʳʭ ʧʦʨʦʰʢʦʚ, ʘ ʧʨʠʭʦʜʠʪʩʷ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦʡ ʘʜʛʝʟʠʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʦʙʨʘʟʫʷ 

ʧʨʦʯʥʳʝ ʘʛʣʦʤʝʨʘʪʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʨʘʟʨʫʰʠʪʴ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʩʤʝʰʠʚʘʥʠʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʜʥʦʨʦʜʥʫʶ ʩʤʝʩʴ ʥʘʥʦʧʦʨʦʰʢʦʚ. 

ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʠ ʩʧʝʢʘʥʠʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʚ ʚʠʜʝ ʙʦʣʴʰʦʡ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʠ, ʧʦʨ ʠ ʪʨʝʱʠʥ [26]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ex-situ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʩʤʝʰʠʚʘʥʠʷ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʟʘʨʘʥʝʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʘ in-

situ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʥʫʞʥʦʡ ʩʤʝʩʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʠʟ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [26, 74]. ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʫʙʤʠʢʨʦʥʥʳʭ ʠ ʥʘʥʦʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-

SiC: ʧʠʨʦʣʠʟ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʧʠʨʦʣʠʟ ʤʝʪʘʥʘ ʠ ʧʦʢʨʳʪʠʝ 

ʯʘʩʪʠʮ Si3N4 ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʫʛʣʝʨʦʜʦʤ, ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ, 

ʛʘʟʦʬʘʟʥʳʝ ʨʝʘʢʮʠʠ, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ [26, 27, 85-90]. ʅʦ ʜʣʷ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʛʨʝʚʘ 

ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʚʳʜʝʨʞʝʢ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʛʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʝ 

ʤʝʪʦʜʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝ ʧʝʨʝʜʘʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʛʜʝ 

ʧʦʩʪʘʚʱʠʢʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʠʟʚʦʜʷʪ ʪʦʣʴʢʦ 

ʤʦʥʦʬʘʟʥʳʝ ʧʦʨʦʰʢʠ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʤʝʰʠʚʘʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʤʦʥʦʬʘʟʥʳʭ ʧʦʨʦʰʢʦʚ [26, 27]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʭʠʤʠʯʝʩʢʠʝ 
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ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʨʦʰʢʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʝʜʦʚʳʤʠ ʠ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ. ʂʦʛʜʘ ʵʪʘ ʮʝʣʴ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʘ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʧʦʨʦʰʢʠ ʩʪʘʥʫʪ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ, ʯʪʦ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʠʟʚʦʜʠʤʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʢʝʨʘʤʠʢʠ [26, 

27]. 

ʉʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʝʪʦʜ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʯʝʥʴ ʧʨʦʩʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ 

ʧʨʠ ʛʦʨʝʥʠʠ ʥʝʜʦʨʦʛʠʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʥʦʚʘʥʘ ʥʘ ʩʞʠʛʘʥʠʠ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʨʝʤʥʠʡ ʠ ʫʛʣʝʨʦʜ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʴʥʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (1.10) ʠ ʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʬʘʟʳ ʚ ʮʝʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ Si3N4-SiC, ʪʘʢ 

ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦ 

ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (1.5) [66, 67, 91-93]. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʣʶʙʦʛʦ ʚʟʘʠʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʮʝʣʝʚʳʭ ʬʘʟ Si3N4 ʠ SiC ʦʪ 0 ʜʦ 100 %, ʪʘʢ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʨʦʰʢʦʚ Si3N4 ʠ SiC. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʝʪ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ Si ʠ C ʚ ʰʠʭʪʝ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʨʝʘʛʝʥʪʦʚ Si (0,01 ʤʢʤ) ʠ C (0,021 ʤʢʤ) ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 3 ʜʦ 10 ʄʇʘ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ (1.11) ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʠʜ ʢʨʝʤʥʠʷ, ʘ 

ʟʘʪʝʤ, ʧʦʩʣʝ ʝʛʦ ʜʠʩʩʦʮʠʘʮʠʠ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʨʦʰʢʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 0,2 ʤʢʤ [66]. ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʚ ʵʪʦʡ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʚʟʷʪʴ ʚ 

ʠʟʙʳʪʢʝ, ʪ.ʝ. ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ Si3N4 ʚ SiC, ʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʥʝ ʤʝʥʝʝ 3 ʄʇʘ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʘ ʠ 
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ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʇʦʜʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʨʘʙʦʪʝ [91] ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʉɺʉ ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ Si3N4-SiC ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʘʟʦʪʘ 3 ʄʇʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ  

(3x + y)Si + yC + 2xN2 = xSi3N4 + ySiC.      (1.13) 

ʇʦʨʦʰʦʢ ʠʩʭʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʙʳʣ ʜʚʫʭ ʚʠʜʦʚ ï ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 0,5 

ʤ
2
/ʛ (ʢʨʫʧʥʳʡ) ʠ 8 ʤ

2
/ʛ (ʤʝʣʢʠʡ), ʠ ʦʯʝʥʴ ʤʝʣʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ 

(90 ʤ
2
/ʛ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʡ C/Si ʦʪ 10 ʜʦ 40,5 ʦʙ. % ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 36,8 ʜʦ 100 ʦʙ. % SiC, ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʧʨʠ ʵʪʦʤ ʦʪ 1440 ʜʦ 1880 Áʉ. ʐʠʭʪʳ ʩ ʙʦʣʴʰʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ C/Si ʥʝ ʛʦʨʝʣʠ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʩʦʜʝʨʞʘʣʠ ʪʦʣʴʢʦ ʬʘʟʳ ɓ-

Si3N4 ʠ ɓ-SiC ʙʝʟ ʧʨʠʤʝʩʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʀʭ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ ʦʪ 3,5 ʤ
2
/ʛ ʧʨʠ 36,8 ʦʙ. % SiC ʜʦ 10,7 ʤ

2
/ʛ ʧʨʠ 100 ʦʙ. % SiC. 

ʏʘʩʪʠʮʳ SiC ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʝʣʢʠʤʠ, ʯʝʤ Si3N4, ʠ ʩʦʩʪʦʷʣʠ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʙʦʣʝʝ ʤʝʣʢʠʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʤʠʢʨʦʥʥʳʭ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʙʲʷʩʥʝʥʳ ʥʘʣʠʯʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʩʪʘʜʠʠ ʤʝʞʜʫ 1-ʡ ʠ 2-ʡ ʨʝʘʢʮʠʷʤʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʨʘʩʧʣʘʚʣʝʥʥʳʡ 

ʢʨʝʤʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1414 Áʉ), ʫʯʘʩʪʚʫʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʨʝʘʢʮʠʷʭ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ ʢʘʨʙʠʜʠʟʘʮʠʠ, ʠ ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʝʝ 

ʤʝʣʢʠʭ ʯʘʩʪʠʮ SiC, ʯʝʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʝʚʨʘʱʝʥʠʠ Si3N4 ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʯʘʩʪʠʮʳ SiC. 

ɺ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ ʩʞʠʛʘʣʘʩʴ ʪʘʢʞʝ ʩʤʝʩʴ 

ʧʦʨʦʰʢʦʚ Si+C ʩ ʥʠʪʨʠʜʦʤ ʢʨʝʤʥʠʷ Si3N4 ʧʦ ʨʝʘʢʮʠʠ [92] 

(3(1 ï x) + y)Si + xSi3N4 + yC + 2(1 ï x)N2 = Si3N4 + ySiC.   (1.14) 

ʅʠʪʨʠʜ ʢʨʝʤʥʠʷ ɓ-Si3N4 ʚʚʦʜʠʣʩʷ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ, ʯʪʦʙʳ ʣʝʛʯʝ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʤʥʠʷ ʩ ʘʟʦʪʦʤ ʠ ʨʘʟʙʘʚʣʷʪʴ ʰʠʭʪʫ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ Si3N4. ʆʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʥʝ ʫʜʘʣʦʩʴ ʠʥʠʮʠʠʨʦʚʘʪʴ ʛʦʨʝʥʠʝ ʰʠʭʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ 30 % ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-SiC ʙʦʣʝʝ 

50 %. ʅʠʪʨʠʜ ʢʨʝʤʥʠʷ ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʩʦʩʪʦʷʣ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ɓ-Si3N4 ʠ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ Ŭ-Si3N4. ʂʦʤʧʦʟʠʮʠʷ ʧʦʨʦʰʢʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 17 ʦʙ. % 
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ɓ-SiC ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʡ ï ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʫʧʣʦʪʥʠʣʘʩʴ ʧʨʠ ʛʦʨʷʯʝʤ 

ʧʨʝʩʩʦʚʘʥʠʠ ʟʘ 1 ʯʘʩ ʧʨʠ 1700 
ʦ
ʉ ʠ ʧʦʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʘʤʠʢʦʡ ʠʟ Si3N4 ʠ ʢʦʤʧʦʟʠʪʦʤ Si3N4-SiC 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʧʝʯʝʥʥʳʤ ʠʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ Si3N4 ʠ 

SiC. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [93] ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʚ ʘʟʦʪʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 10 ʄʇʘ ʩʤʝʩʝʡ Si (2-3 ʤʢʤ) ï C (0,02 ʤʢʤ) ï Si3N4 (0,1 

ʤʢʤ) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.14). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʉɺʉ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ ʦʪ (3Si3N4+SiC) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 8,7 ʦʙ. % ɓ-SiC ʜʦ (Si3N4+3SiC) ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 46 ʦʙ. % ɓ-SiC. 

ɺ ʨʘʙʦʪʝ [94] ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ Ŭ-Si3N4-SiC, ʚ ʢʦʪʦʨʳʭ ʧʦʨʦʰʦʢ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣ ʙʳ ʚ ʚʠʜʝ Ŭ-

ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʥʝ ʚ ʚʠʜʝ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʢʦʤʧʦʟʠʮʠʠ ɓ-Si3N4-SiC ʥʘ 

ʦʩʥʦʚʝ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʩʧʝʢʘʝʤʦʩʪʠ ɓ-Si3N4. 

ʇʨʠ ʵʪʦʤ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʧʫʙʣʠʢʘʮʠʠ [95, 96] ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ Si3N4-SiC ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 5-

10 % SiC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʜʝʨʞʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ ʜʣʷ 

ʩʞʠʛʘʥʠʷ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ 0,5-3,5 %. ʊʘʢʞʝ ʚ ʰʠʭʪʝ ʩʦʜʝʨʞʘʣʦʩʴ 36-42 % 

ʢʨʝʤʥʠʷ (0,4-3 ʤʢʤ), 50-56 % Ŭ-Si3N4 (ʤʝʥʝʝ 15 ʤʢʤ) ʠ 5-10 % ʜʦʙʘʚʢʠ ʜʚʫʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʩʦʣʝʡ NH4Cl ʠ NH4F. ʉʞʠʛʘʥʠʝ ʰʠʭʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʥʘʩʳʧʥʦʤ ʚʠʜʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 4-6 ʢʛ ʚ ʨʝʘʢʪʦʨʝ ʉɺʉ-30 ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ 

ʧʨʠ ʜʘʚʣʝʥʠʠ 5-9 ʄʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ Ŭ-Si3N4-ɓ-SiC, ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ-ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʣʝʝ 90 % ʚ ʥʠʪʨʠʜʝ 

ʢʨʝʤʥʠʷ, ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 300-400 ʥʤ ʯʘʩʪʠʮ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ ɓ-SiC ʜʦ 10 %. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ Si3N4-SiC ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʛʦʨʝʥʠʷ ʩʤʝʩʠ ʛʘʟʦʚ ʩʠʣʘʥʘ, 

ʘʮʝʪʠʣʝʥʘ ʠ ʘʤʤʠʘʢʘ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 9,3 ʣʠʪʨʘ ʧʨʠ ʦʙʱʝʤ 

ʜʘʚʣʝʥʠʠ ʛʘʟʦʚ 0,1 ʄʇʘ [97]. ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ 

ʧʦʨʦʰʢʦʚ Si3N4-SiC ʩ ʤʘʩʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʬʘʟ ʦʪ 0,2 ʜʦ 2 ʠ 
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ʧʨʠʤʝʩʷʤʠ ʠʟʙʳʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠʣʠ ʢʨʝʤʥʠʷ. ʇʦʨʦʰʢʠ ʙʳʣʠ ʘʤʦʨʬʥʳʤʠ ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʢʦʣʦ 40 ʥʤ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʣʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʩʧʦʩʦʙʘ. 

ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʩʞʠʛʘʥʠʷ ʥʘʩʳʧʥʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ 

ʤʘʨʢʠ ʂʈ1 (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʝʝ 15 ʤʢʤ) ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʘʨʢʠ ʇ-

803 (ʤʝʥʝʝ 1 ʤʢʤ) ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʟʦʪʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1-7 ʄʇʘ, ʪʦ ʝʩʪʴ ʚ 

ʩʠʩʪʝʤʝ Si-nC-N2, ʛʦʨʝʥʠʝ ʫʜʘʝʪʩʷ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʘʞʠ ʥʝ 

ʙʦʣʝʝ n = 0,8, ʠ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʧʦʨʦʰʢʦʚ 

Si3N4-SiC ʩ ʩʦʜʝʨʞʘʥʠʝʤ 5-60 % SiC, ʦʩʪʘʣʴʥʦʝ ï Si3N4 ʩ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ 

Si [98]. ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʦʤ 2-

3 ʤʢʤ, ʭʦʪʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩ ʨʘʟʤʝʨʦʤ ʜʦ 15 ʤʢʤ ʚ ʚʠʜʝ 

ʩʪʦʣʙʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʘʛʣʦʤʝʨʘʪʦʚ ʠʟ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʇʊʌʕ ʤʘʨʢʠ ʌʊ-

4 (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʝʝ 10 ʤʢʤ) ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 5-15 % ʨʘʩʰʠʨʷʝʪ 

ʧʨʝʜʝʣʳ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ Si-C-N2 ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʳ ʩ 

ʣʶʙʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ Si3N4 ʠ SiC ʦʪ 0 ʜʦ 100 % ʩ ʤʠʢʨʦʥʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʠ ʤʘʣʦʡ ʜʦʣʝʡ Ŭ-Si3N4 [98]. (ʇʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʜʦʙʘʚʢʠ ʇʊʌʕ ʥʝʚʦʟʤʦʞʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʛʦʨʝʥʠʝ, ʧʨʠ ʙʦʣʴʰʝʤ ï ʥʝʚʳʛʦʜʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʬʪʦʨʠʜʦʚ.) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ SiC ʩʞʠʛʘʣʠʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʜʠʘʤʝʪʨʦʤ 30-50 ʤʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,4-

0,65, ʢʦʛʜʘ ʟʘʪʨʫʜʥʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʘʟʦʪʘ ʢ ʚʥʫʪʨʝʥʥʠʤ ʩʣʦʷʤ ʦʙʨʘʟʮʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʤʝʥʝʝ 3 ʄʇʘ ʛʦʨʝʥʠʝ ʚʦʦʙʱʝ ʥʝ 

ʠʥʠʮʠʠʨʦʚʘʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ ʘʢʪʠʚʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ ʇʊʌʕ, 

ʤʦʞʥʦ ʚ ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʨʦʰʢʦʚ Si3N4-SiC ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ SiC, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʵʪʠ ʧʦʨʦʰʢʠ ʥʝ ʙʳʣʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤʠ ʠ 
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ʩʦʜʝʨʞʘʥʠʝ Ŭ-ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʥʠʪʨʠʜʝ ʢʨʝʤʥʠʷ ʙʳʣʦ ʤʘʣʳʤ, ʪʘʢ ʢʘʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʘʩʴ ʤʦʜʠʬʠʢʘʮʠʷ ɓ-Si3N4. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʥʠʤʘʥʠʝ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [99-101] ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʉɺʉ, ʢʘʢ ʘʟʠʜʥʳʡ ʉɺʉ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-SiC, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʪʘʢ ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ-Si3N4. ʇʨʦʮʝʩʩ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʥʠʪʨʠʜʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʘʟʦʪʠʨʫʶʱʝʛʦ ʠ ʘʢʪʠʚʠʨʫʶʱʝʛʦ 

ʨʝʘʛʝʥʪʘ ʢʘʢ ʧʦʨʦʰʦʢ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3, ʵʣʝʤʝʥʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʠ ʭʣʦʨʠʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʨʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʠʥʪʝʟʘ Ŭ-Si3N4, 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʘʨʦʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʝʯʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʘʟ, ʨʘʟʜʝʣʷʶʱʠʭ ʯʘʩʪʠʮʳ ʮʝʣʝʚʳʭ ʧʦʨʦʰʢʦʚ ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ ʩʣʠʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ [47, 102-104]. 

ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-SiC ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[99-101]. 

ʀʩʩʣʝʜʦʚʘʣʩʷ ʘʟʠʜʥʳʡ ʉɺʉ 5 ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʣʝʚʳʭ ʬʘʟ 

ʥʠʪʨʠʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4:SiC = 4:1, 2:1, 1:1, 1:2 ʠ 1:4 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (NH4)2SiF6, Na2SiF6 ʠ NH4F. 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2SiF6 

12Si + 6NaN3 + (NH4)2SiF6 + C = 4Si3N4 + SiC + 6NaF + 4ʅ2 + 2N2  (1.15) 

6Si + 6NaN3 + (NH4)2SiF6 + C = 2Si3N4 + SiC + 6NaF + 4ʅ2 + 6N2  (1.16) 

3Si + 6NaN3 + (NH4)2SiF6 + C = Si3N4 + SiC + 6NaF + 4ʅ2 + 8N2  (1.17) 

4Si + 6NaN3 + (NH4)2SiF6 + 2C = Si3N4 + 2SiC + 6NaF + 4ʅ2 + 8N2  (1.18) 

6Si + 6NaN3 + (NH4)2SiF6 + 4C = Si3N4 + 4SiC + 6NaF + 4ʅ2 + 8N2  (1.19) 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ Na2SiF6 

11Si + 8NaN3 + 2Na2SiF6 + C = 4Si3N4 + SiC + 12NaF + 4N2   (1.20) 
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6Si + 4NaN3 + Na2SiF6 + C = 2Si3N4 + SiC + 6NaF + 2N2   (1.21) 

3Si + 4NaN3 + Na2SiF6 + C = Si3N4 + SiC + 6NaF + 4N2   (1.22) 

4Si + 4NaN3 + Na2SiF6 + 2C = Si3N4 + 2SiC + 6NaF + 4N2   (1.23) 

6Si + 4NaN3 + Na2SiF6 + 4C = Si3N4 + 4SiC + 6NaF + 4N2   (1.24) 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ NH4F 

13Si + 4NaN3 + 4NH4F + C = 4Si3N4 + SiC + 4NaF+ 8ʅ2   (1.25) 

7Si + 2NaN3 + 2NH4F + C = 2Si3N4 + SiC + 2NaF + 4ʅ2   (1.26) 

4Si + NaN3 + NH4F+ C = Si3N4 + SiC + NaF + 2ʅ2    (1.27) 

5Si + NaN3 + NH4F + 2C = Si3N4 + 2SiC + NaF + 2ʅ2    (1.28) 

7Si + NaN3 + NH4F + 4C = Si3N4 + 4SiC + NaF + 2ʅ2    (1.29) 

ʉʤʝʩʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʰʠʭʪʳ) ʫʨʘʚʥʝʥʠʡ (1.15)-(1.29) ʩʞʠʛʘʣʠʩʴ ʚ 

ʥʘʩʳʧʥʦʤ ʚʠʜʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,4 ʚ ʢʘʣʴʢʦʚʦʤ ʩʪʘʢʘʥʯʠʢʝ 

ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ 45 ʤʤ ʚ ʨʝʘʢʪʦʨʝ ʘʟʠʜʥʦʛʦ ʉɺʉ ʦʙʲʝʤʦʤ 4,5 ʣ ʩ 

ʜʘʚʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ ʥʝʤ 4 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʩʤʝʩʝʡ 

ʠʟʤʝʨʷʣʠʩʴ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʝʚʳʤʠ ʪʝʨʤʦʧʘʨʘʤʠ ɺʈ-5/20 ʜʠʘʤʝʪʨʦʤ 100 ʤʢʤ. 

ʆʭʣʘʞʜʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʠʟʚʣʝʢʘʣʠʩʴ ʠʟ ʨʝʘʢʪʦʨʘ, ʨʘʟʨʫʰʘʣʠʩʴ ʜʦ 

ʩʳʧʫʯʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ ʠ ʦʪʤʳʚʘʣʠʩʴ 

ʚʦʜʦʡ ʦʪ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ (NaF). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʝʥʠʷ ʊʛ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ (1.15)-(1.29), ʥʘʡʜʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʮʝʣʝʚʳʭ ʬʘʟ, ʦʞʠʜʘʝʤʳʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (1.15)-(1.29), ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1.1 ʠ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

ʊʘʙʣʠʮʘ 1.1 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʊʛ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʘʟʠʜʥʦʛʦ ʉɺʉ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC [101] 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

Si3N4 : 

SiC 

(ʤʦʣʴ) 

 

ʊʛ, 
ʦ
ʉ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

Si3N4 SiC Ŭ-Si3N4 ɓ-Si3N4 ɓ-SiC Si C 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2SiF6 

(1.15) 4 : 1 2458 93,3 6,7 15,7 80,3 3,7 0,3 - 

(1.16) 2 : 1 1984 87,5 12,5 16,9 72,4 10,2 0,5 - 

(1.17) 1 : 1 1649 77,8 22,2 57,6 22,1 17,0 1,3 2,0 

(1.18) 1 : 2 1610 63,6 36,4 50,2 17,4 24,6 3,7 4,1 

(1.19) 1 : 4 1543 46,7 53,3 33,3 27,1 29,2 5,3 5,1 
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ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ Na2SiF6 

(1.20) 4 : 1 2251 93,3 6,7 78,1 13,6 7,6 0,7 - 

(1.21) 2 : 1 2187 87,5 12,5 72,3 17,8 9,1 0,8 - 

(1.22) 1 : 1 1849 77,8 22,2 79,6 7,5 12,3 0,6 - 

(1.23) 1 : 2 1837 63,6 36,4 54,7 30,5 14,1 0,7 - 

(1.24) 1 : 4 1800 46,7 53,3 47,6 34,2 17,3 0,9 - 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ NH4F 

(1.25) 4 : 1 2235 93,3 6,7 69,3 28,1 1,6 1,0 - 

(1.26) 2 : 1 2203 87,5 12,5 68,4 27,4 3,6 0,6 - 

(1.27) 1 : 1 1955 77,8 22,2 70,2 19,4 9,7 0,7 - 

(1.28) 1 : 2 1910 63,6 36,4 50,9 19,5 23,9 5,7 - 

(1.29) 1 : 4 1902 46,7 53,3 38,2 17,6 41,8 2,4 - 
 

 

ʈʠʩʫʥʦʢ 1.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC 

ʀʟ ʪʘʙʣʠʮʳ 1.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ ʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ Si3N4:SiC. ɺʩʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1543 ʜʦ 2458 
ʦ
ʉ ʠ ʫʙʳʚʘʶʪ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʬʘʟʳ SiC ʜʣʷ ʢʘʞʜʦʡ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ. ʇʨʦʜʫʢʪʳ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪ ʩ ʢʘʞʜʦʡ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ ʬʘʟ: ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ Ŭ-Si3N4 ʠ ɓ-Si3N4, 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ɓ-SiC, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʩʝʡ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ 

ʢʨʝʤʥʠʷ Si ʠ ʫʛʣʝʨʦʜʘ ʉ. (ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʠʭ 

ʧʨʠʤʝʩʝʡ Si ʠ C ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʛʦʨʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-SiC.) ʀʟ ʪʘʙʣʠʮʳ 1.1 ʠ 
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ʨʠʩʫʥʢʘ 1.1 ʚʠʜʥʦ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ ɓ-SiC ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,6 ʜʦ 41,8 %, ʯʪʦ ʚ ʮʝʣʦʤ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 6,7 ʜʦ 53,3 %, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʤʥʦʛʦ 

ʤʝʥʴʰʝ (ʜʦ ʜʚʫʭ-ʯʝʪʳʨʝʭ ʨʘʟ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʫʢʘʟʘʥʥʳʤʠ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʜʘ 

ʢʨʝʤʥʠʷ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ Ŭ-Si3N4 ʠ ɓ-Si3N4 ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ Si3N4. ʇʨʠ ʵʪʦʤ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ, ʢʨʦʤʝ ʨʝʘʢʮʠʡ 

(1.15) ʠ (1.16), ʢʦʣʠʯʝʩʪʚʦ Ŭ-Si3N4 ʟʥʘʯʠʪʝʣʴʥʦ (ʜʦ 10 ʨʘʟ) ʧʨʝʚʦʩʭʦʜʠʪ 

ʩʦʜʝʨʞʘʥʠʝ ɓ-Si3N4, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʧʨʠʤʝʥʝʥʠʷ ʘʟʠʜʥʦʛʦ 

ʉɺʉ. ʂ ʜʨʫʛʠʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʯʘʩʪʠʮ ʨʘʚʥʦʦʩʥʦʡ 

ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 100-500 ʥʤ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʘʛʣʦʤʝʨʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 150-500 ʥʤ ʠ ʜʣʠʥʦʡ ʜʦ 5 ʤʢʤ, ʠ ʙʣʠʟʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʚʳʭʦʜʘ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʢ ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ ʰʠʭʪ ʩ ʨʘʟʥʠʮʝʡ, 

ʥʘʧʨʠʤʝʨ, ʦʪ 2,8 ʜʦ 8,5 % ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʠ NH4F, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʙʦʣʴʰʦʤ ʨʘʟʙʨʦʩʝ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʛʘʟʘʤʠ, 

ʚʳʜʝʣʷʶʠɦʤʠʩʷ ʧʨʠ ʛʦʨʝʥʠʠ [99-101]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʜʫʢʪʘʭ 

ʛʦʨʝʥʠʷ, ʧʨʠʙʣʠʟʠʪʴ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʮʝʣʝʚʳʭ ʬʘʟ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʟʘʨʘʥʝʝ ʥʘʜʝʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʉɺʉ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʧʦ ʜʦʚʝʜʝʥʠʶ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

1.3 ʂʦʤʧʦʟʠʪʳ AlN-SiC 

ʅʠʪʨʠʜ ʘʣʶʤʠʥʠʷ (AlN) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʪʝʭʥʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ [2]. ʆʥ ʦʙʣʘʜʘʝʪ ʧʨʝʚʦʩʭʦʜʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʯʝʩʢʠʭ, 
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ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʨʘʟʣʦʞʝʥʠʷ), ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʚʝʨʜʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʴʶ ʢ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ, ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ ʠ 

ʨʘʩʧʣʘʚʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʚʥʦ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʆʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʬʫʪʝʨʦʚʦʢ ʚʘʥʥ, ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʣʦʤʢʠ ʜʣʷ ʟʘʱʠʪʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʝʨʤʦʧʘʨ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʠʛʣʝʡ. ʂʝʨʘʤʠʢʘ ʠʟ AlN ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʠʪʨʠʜ 

ʘʣʶʤʠʥʠʷ ʪʘʢʞʝ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʠ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ [105]. ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʝʛʦ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʷʪʩʷ ʜʦ ʩʠʭ ʧʦʨ [106]. 

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʫʥʠʢʘʣʴʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ AlN 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʨʦʩʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʬʦʪʦʥʠʢʝ 

[107, 108]. ɺ ʵʣʝʢʪʨʦʥʠʢʝ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʪʣʠʯʥʦʛʦ 

ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ) ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ 

ʂʊʈ ʢʨʝʤʥʠʷ. ɿʜʝʩʴ ʧʨʠ ʚʳʧʫʩʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʝʭʦʜʷʪ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʨʘʥʴʰʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʣʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʡ ʦʢʩʠʜ ʙʝʨʠʣʣʠʷ [107]. ɺ ʬʦʪʦʥʠʢʝ 

ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ, ʰʠʨʦʢʠʤ 

ʦʢʥʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʜʠʘʧʘʟʦʥ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʦ 

ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ 2-ʛʦ ʧʦʨʷʜʢʘ. ʂʨʦʤʝ ʪʦʛʦ, AlN ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 
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ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ 

ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [108]. ʆʜʥʘʢʦ ʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, ʠ ʚ ʩʣʫʯʘʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʦʛʨʘʥʠʯʝʥʦ ʝʛʦ ʭʨʫʧʢʦʩʪʴʶ, ʪ.ʝ. 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ [109].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ SiC, 

ʢʦʪʦʨʳʡ ʥʘʨʷʜʫ ʩ ʭʦʨʦʰʠʤʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʚʝʨʜʦʩʪʴʶ, 

ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʣʟʫʯʝʩʪʠ) [110, 

111]. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʦʥ ʠʤʝʝʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʦʙʥʫʶ ʥʠʪʨʠʜʫ ʘʣʶʤʠʥʠʷ, ʠ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʥʠʤ ʦʜʥʦʬʘʟʥʳʡ ʛʦʤʦʛʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʦʙʫʩʣʘʚʣʠʚʘʷ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʝ 

ʭʨʫʧʢʦʩʪʠ [112, 113]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʚʫʭʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʧʝʯʝʥʥʳʭ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ AlN ʠ SiC 

ʢʦʤʧʦʟʠʪʳ AlN-SiC ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʤʠ ʚʷʟʢʦʩʪʴʶ ʠ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ [111, 114]. ʈʝʛʫʣʠʨʫʷ ʨʘʟʤʝʨ ʟʝʨʝʥ AlN ʠ SiC, ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ AlN-SiC ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ [115]. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʣʫʯʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʘʤʠʢʠ AlN ʠ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ AlN-SiC ʚ ʮʝʣʦʤ [26, 116].  

ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ AlN-SiC ʦʢʘʟʘʣʘʩʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʛʥʝʫʧʦʨʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ 

ʠ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʬʦʪʦʥʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ [107, 108, 

117]. 
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ʀʟʚʝʩʪʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʥʝʨʛʦʝʤʢʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʠ 

AlN-SiC: ʩʧʝʢʘʥʠʝ ʙʝʟ ʜʘʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ SiC ʠ AlN ʠʣʠ ʠʭ 

ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʠʥʞʝʢʮʠʦʥʥʦʝ ʬʦʨʤʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʫʨʦʚʥʝ 2000 Áʉ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ [118-121]. ʂ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠʤ ʤʝʪʦʜʘʤ 

ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ, ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʥʘʛʨʝʚ, 

ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ, ʥʦ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ [122-124].  

ʀ ʚ ʪʝʭ, ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʟʠʮʠʶ (ʩʤʝʩʴ) ʧʦʨʦʰʢʦʚ AlN ʠ SiC, ʧʨʠʯʝʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ AlN-SiC ʦʥʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʣʴʯʝ: ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤʠ (ʩʫʙʤʠʢʨʦʥʥʳʤʠ) ʩ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ d < 1 ʤʢʤ ʠʣʠ ʜʘʞʝ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʩ d < 100 ʥʤ (0,1 ʤʢʤ) [25, 26]. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ AlN ʠ SiC ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: ex-

situ ʠ in-situ. ʇʨʦʮʝʩʩʳ in-situ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʡ ʢʝʨʘʤʠʢʠ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ AlN ʠ 

SiC ʚ ʦʙʲʝʤʝ ʢʦʤʧʦʟʠʪʘ ʠʟ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʨʝʘʛʝʥʪʦʚ 

ʧʨʠ ʭʦʨʦʰʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʡ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʨʦʰʢʦʚ AlN ʠ SiC [25, 26]. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ in-situ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʡ 

ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ AlN ʠ SiC ʠʣʠ ʠʭ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʝʯʥʦʡ ʤʝʪʦʜ, 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʠ ʪ. ʜ.) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʩʣʦʞʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʨʦʰʢʠ ʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ [26, 113, 116, 118, 125-127]. In-situ ʤʝʪʦʜ ʉɺʉ 

ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʚʦʝʡ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʪʘʢ 

ʢʘʢ ʩʠʥʪʝʟ AlN-SiC ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ 

ʛʦʨʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʯʝʥʴ ʧʨʦʩʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟ ʜʝʰʝʚʳʭ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʧʦʨʦʰʢʦʚ Al, Si, C (ʩʘʞʠ), Si3N4 ʠ 
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ʛʘʟʦʦʙʨʘʟʥʦʛʦ N2. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʝʛʦ ʨʘʟʚʠʪʠʶ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, 

ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʞʠʛʘʥʠʷ ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʰʢʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC.  

ʇʨʠʤʝʥʝʥʠʝ ʩʠʥʪʝʟʘ ʛʦʨʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ AlN-SiC ʙʳʣʦ ʥʘʯʘʪʦ ʚ 

ʨʘʙʦʪʝ [128] ʩ ʫʨʘʚʥʝʥʠʝʤ ʨʝʘʢʮʠʠ ʜʣʷ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ 

Si3N4 + 4Al + 3C = 4AlN + 3SiC,       (1.30) 

ʚ ʢʦʪʦʨʦʡ ʧʦʨʦʰʦʢ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Si3N4 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ. ʕʪʘ ʩʠʣʴʥʦʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʜʦʣʞʥʘ ʙʳʣʘ ʦʙʝʩʧʝʯʠʪʴ 

ʨʝʞʠʤ ʛʦʨʝʥʠʷ, ʥʦ ʝʛʦ ʥʝ ʫʜʘʚʘʣʦʩʴ ʠʥʠʮʠʠʨʦʚʘʪʴ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ=8 ɺ/cʤ ʠ ʙʦʣʝʝ. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 8 ʜʦ 

25 ɺ/ʩʤ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʩʦʩʪʦʷʣʠ ʠʟ ʜʚʫʭ ʬʘʟ AlN ʠ Siʉ, ʘ ʧʨʠ ʙʦʣʴʰʝʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʜʥʦʬʘʟʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ AlN-SiC ʩ 

ʧʨʠʤʝʩʷʤʠ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ʄʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʷ (1.30) ʧʦʟʚʦʣʠʣ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ ʛʦʨʝʥʠʷ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ ʦʪ 1027 ʜʦ 

1889 Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʩʤʝʩʠ ʦʪ 0,5 ʜʦ 16 ʛ [129]. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʨʷʜʫ ʩ ʬʘʟʘʤʠ AlN ʠ Siʉ 

ʩʦʜʝʨʞʘʣʠʩʴ ʧʨʠʤʝʩʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Si3N4, Al  ʠ C, ʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ï ʪʦʣʴʢʦ ʧʨʠʤʝʩʠ Al ʠ C. ʊʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʙʳʣʠ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 1960 Áʉ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʦʙʣʘʩʪʠ 

ʜʚʫʭʬʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʦ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ AlN-SiC ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ.   

ɺ ʨʘʙʦʪʝ [130] ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʘʟʦʪ N2 ʧʨʠ ʜʘʚʣʝʥʠʷʭ 3, 8 ʠʣʠ 12 ʄʇʘ ʜʣʷ ʩʠʥʪʝʟʘ AlN-SiC ʧʦ ʨʝʘʢʮʠʠ: 

(1 ï ʭ)Al + xSi + xC + (1 ï x)N2/2 = (1 ï x)AlN + SiC,    (1.31) 

ʛʜʝ ʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 0 ʜʦ 0,85. ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ AlN-SiC ʙʝʟ ʧʨʠʤʝʩʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ Al ʠ Si ʩʠʥʪʝʟʠʨʦʚʘʣʩʷ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʪʦʣʴʢʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʘʟʦʪʘ: 12 ʄʇʘ ʜʣʷ ʭ = 0,3 ʠ 8 ʄʇʘ ʜʣʷ ʭ = 0,5 ʠʣʠ 0,6. ɽʱʝ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ 50 ʠ 70 ʄʇʘ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʜʣʷ ʩʠʥʪʝʟʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [131]:  
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(2,3Al + SiC) + N2 Ÿ AlN0,7SiC0,3.       (1.32) 

ʇʨʠ ʜʘʚʣʝʥʠʠ 50 ʄʇʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʙʳʣʘ 1400 Áʉ, ʠ ʚ ʧʨʦʜʫʢʪʝ 

ʛʦʨʝʥʠʷ ʥʘʨʷʜʫ ʩ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ AlN 0,7SiC0,3 ʩʦʜʝʨʞʘʣʦʩʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ Al (ʜʦ 12 %) ʠ Si. ʇʨʠ ʜʘʚʣʝʥʠʠ 70 ʄʇʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʧʦʜʥʷʣʘʩʴ ʜʦ 2050 Áʉ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ Al ʫʧʘʣʦ ʜʦ 

0,5 %. 

ʇʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ (0,3-0,5) ʄʇʘ ʧʦ ʨʝʘʢʮʠʠ 

(1.31) ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 1972-2287 ʂ ʜʣʷ ʤʦʣʷʨʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ Al/Si ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʦʪ 0,5 ʜʦ 2,5, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʟʥʘʯʝʥʠʷʤ ʭ ʦʪ 0,665 ʜʦ 0,286 [132]. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʦʤʧʦʥʝʥʪʦʚ Al/Si ʦʪ 1 ʜʦ 2 ʩʠʥʪʝʟʠʨʦʚʘʣʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ AlN-SiC ʩ 

ʦʩʪʘʪʦʯʥʳʤ Si. ʇʦʯʪʠ ʯʠʩʪʳʡ ʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ AlN-SiC 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (20 %) ʢ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʘʤ. ʇʨʠ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʦʨʝʥʠʷ 

ʧʨʦʜʫʢʪ ʉɺʉ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪ ʠʟ ʬʘʟ AlN ʠ SiC, ʙʦʣʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʡ ʧʨʠʤʝʩʷʤʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʉɺʉ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʦʨʦʰʢʠ ʩ 

ʯʘʩʪʠʮʘʤʠ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ (< 1 ʤʢʤ) ʧʦʨʦʰʢʦʚ AlN-

SiC ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʢʘʢ ʘʟʠʜʥʳʡ 

ʉɺʉ [100, 101, 133, 134]. ʀʩʩʣʝʜʦʚʘʣʩʷ ʩʠʥʪʝʟ 5 ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʮʝʣʝʚʳʭ ʬʘʟ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ AlN:SiC = 4:1, 2:1, 1:1, 1:2 

ʠ 1:4 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (NH4)2SiF6, AlF3 

ʠ NH4F. 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2SiF6 

Si + 8Al  + 6NaN3 + (NH4)2SiF6 + 2C = 8AlN + 2SiC + 6NaF + 4H2 + 6N2,    (1.33) 

Si + 4Al + 6NaN3 + (NH4)2SiF6 + 2C = 4AlN + 2SiC + 6NaF + 4H2 + 8N2,    (1.34) 

Si + 2Al + 6NaN3 + (NH4)2SiF6 + 2C = 2AlN + 2SiC + 6NaF + 4H2 + 9N2,   (1.35) 
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3Si + 2Al + 6NaN3 + (NH4)2SiF6 + 4C = 2AlN + 4SiC + 6NaF + 4H2 +9N2,  (1.36) 

7Si + 2Al + 6NaN3 + (NH4)2SiF6 + 8C = 2AlN + 8SiC + 6NaF + 4H2 +9N2.  (1.37) 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ AlF3 

2Si + 7Al + 3NaN3 + AlF3 + 2C = 8AlN + 2SiC + 3NaF + 0,5N2,    (1.38) 

2Si + 3Al + 3NaN3 + AlF3 + 2C = 4AlN + 2SiC + 3NaF + 2,5N2,    (1.39) 

2Si + Al + 3NaN3 + AlF3 + 2C = 2AlN + 2SiC + 3NaF + 3,5N2,    (1.40) 

4Si + Al + 3NaN3 + AlF3 + 4C = 2AlN + 4SiC+ 3NaF + 3,5N2,    (1.41) 

8Si + Al + 3NaN3 + AlF3 + 8C = 2AlN + 8SiC + 3NaF + 3,5N2.    (1.42) 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ NH4F 

Si + 4Al + NaN3 + NH4F + C = 4AlN + SiC + NaF + 2H2,      (1.43) 

Si + 2Al + NaN3 + NH4F + C = 2AlN + SiC + NaF + 2H2 + N2,    (1.44) 

Si + Al + NaN3 + NH4F + C = AlN + SiC + NaF + 2H2 + 1,5N2,    (1.45) 

2Si + Al + NaN3 + NH4F + 2C = AlN + 2SiC + NaF + 2H2 + 1,5N2,     (1.46) 

4Si + Al + NaN3 + NH4F + 4C = AlN + 4SiC + NaF + 2H2 + 1,5N2.    (1.47) 

ʉʞʠʛʘʥʠʝ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ (1.33)-(1.47) ʠ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʠʟʣʦʞʝʥʦ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧ. 1.2 ʧʨʠ ʘʟʠʜʥʦʤ ʉɺʉ ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ Si3N4-SiC. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ 

ʧʦʨʦʰʦʢ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʠʜʝ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ 

ʨʘʟʤʝʨʦʤ 100 ʥʤ ï 1 ʤʢʤ ʠ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 50-500 ʥʤ, ʜʣʠʥʦʡ ʜʦ 5 ʤʢʤ ʩ 

ʪʝʥʜʝʥʮʠʝʡ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ SiC ʚ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʝʥʠʷ ʊʛ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (1.33)-(1.47), 

ʥʘʡʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʮʝʣʝʚʳʭ ʬʘʟ, 

ʦʞʠʜʘʝʤʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2 

ʠ ʥʘ ʨʠʩʫʥʢʝ 1.2. 
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ʊʘʙʣʠʮʘ 1.2 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʊʛ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʘʟʠʜʥʦʛʦ ʉɺʉ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

AlN-SiC [101] 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

AlN : 

SiC 

(ʤʦʣʴ) 

ʊʛ, 
ʦ
ʉ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

AlN SiC AlN ɓ-SiC Ŭ-Si3N4 ɓ-Si3N4 Na3AlF6 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2SiF6 

(1.33) 4 : 1 2015 80,4 19,6 69,3 8,5 8,0 7,0 7,2 

(1.34) 2 : 1 1690 67,2 32,8 54,6 10,3 13,2 12,1 9,8 

(1.35) 1 : 1 1468 50,6 49,4 38,0 19,2 22,1 13,2 7,5 

(1.36) 1 : 2 1472 33,8 66,2 29,9 28,0 21,4 14,0 6,7 

(1.37) 1 : 4 1788 20,4 79,6 18,5 42,1 19,6 15,2 4,6 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ AlF3 

(1.38) 4 : 1 2723 80,4 19,6 73,6 8,2 5,7 8,4 4,1 

(1.39) 2 : 1 2394 67,2 32,8 58,0 17,9 11,2 7,4 5,5 

(1.40) 1 : 1 1842 50,6 49,4 47,0 24,6 13,0 9,1 6,3 

(1.41) 1 : 2 1814 33,8 66,2 23,9 34,8 19,7 15,0 6,6 

(1.42) 1 : 4 1768 20,4 79,6 13,5 47,2 21,4 12,6 5,3 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ NH4F 

(1.43) 4 : 1 2531 80,4 19,6 72,5 7,9 8,2 7,1 4,3 

(1.44) 2 : 1 2113 67,2 32,8 64,0 12,9 9,6 8,5 5,0 

(1.45) 1 : 1 1645 50,6 49,4 39,0 25,0 18,1 11,9 6,0 

(1.46) 1 : 2 1632 33,8 66,2 25,4 33,5 21,2 13,6 6,3 

(1.47) 1 : 4 1624 20,4 79,6 14,4 46,2 21,9 12,3 5,2 
  

 

ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.2, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ ʠ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ AlN:SiC. ɺʩʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1468 ʜʦ 2723 
ʦ
ʉ. ɼʣʷ ʢʘʞʜʦʡ ʛʘʣʦʠʜʥʦʡ 

ʩʦʣʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʣʝ 
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ʬʘʟʳ AlN ʠ ʫʙʳʚʘʶʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʬʘʟʳ SiC, ʢʨʦʤʝ ʩʦʣʠ 

(NH4)2SiF6, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʪʦʨʦʡ ʊʛ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʬʘʟ 1:2 ʠ 

1:4. ʀʟ ʪʘʙʣʠʮʳ 1.2 ʠ ʨʠʩʫʥʢʘ 1.2 ʚʠʜʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʞʠʜʘʝʤʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ AlN-SiC. ɺʦ-ʧʝʨʚʳʭ, 

ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ ɓ-SiC ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʦʩʦʙʝʥʥʦ ʬʘʟʳ 

ɓ-SiC, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʚ ʩʨʝʜʥʝʤ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. ɺʦ-

ʚʪʦʨʳʭ, ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʧʦʙʦʯʥʘʷ 

ʬʘʟʘ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ (ʜʦ 22,1 ʠ 15,2 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ-ʪʨʝʪʴʠʭ, ʟʘʤʝʪʥʦ ʩʦʜʝʨʞʘʥʠʝ (ʦʪ 4,1 ʜʦ 9,8 %) ʪʘʢʞʝ ʥʝʞʝʣʘʪʝʣʴʥʦʡ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ ʠ ʧʨʠʤʝʩʠ 

ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6, ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʠʟ 

ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. 

1.4 ʂʦʤʧʦʟʠʪʳ TiN-SiC 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.1 ʥʘʩʪʦʷʱʝʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ 

SiC ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʥʝʦʢʩʠʜʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʙʣʘʛʦʜʘʨʷ ʮʝʣʦʤʫ ʢʦʤʧʣʝʢʩʫ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ: ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʪʫʛʦʧʣʘʚʢʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʞʘʨʦʩʪʦʡʢʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʠ ʨʷʜʫ ʜʨʫʛʠʭ. ʆʜʥʘʢʦ ʢʝʨʘʤʠʢʘ ʠʟ ʦʜʥʦʬʘʟʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʝʛʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ɺʦ-ʧʝʨʚʳʭ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʭʨʫʧʢʠʤ ʧʨʠ ʫʜʘʨʥʳʭ ʠ ʪʝʧʣʦʚʳʭ 

ʥʘʛʨʫʟʢʘʭ, ʚʦ-ʚʪʦʨʳʭ, ʪʫʛʦʧʣʘʚʢʦʩʪʴ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ 

ʩʧʝʢʘʝʤʦʩʪʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʧʝʢʘʥʠʷ, ʚ-ʪʨʝʪʴʠʭ, ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 
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ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʥʝʛʦ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʧʦʤʦʱʴʶ ʥʝʜʦʨʦʛʦʛʦ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʤʝʩʪʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʨʦʛʦʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʜʥʦʬʘʟʥʦʡ 

ʢʝʨʘʤʠʢʠ SiC ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʧʨʠʟʥʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʬʘʟʥʦʡ ʢʝʨʘʤʠʢʠ SiC ʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ SiC, ʪʘʢ ʢʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʦʢʩʠʜʥʳʭ, ʢʘʨʙʠʜʥʳʭ, ʙʦʨʠʜʥʳʭ ʠ ʥʠʪʨʠʜʥʳʭ ʜʦʙʘʚʦʢ ʧʨʠʚʦʜʠʪ 

ʢ ʫʣʫʯʰʝʥʠʶ ʩʧʝʢʘʝʤʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ ʥʘ 

ʦʩʥʦʚʝ SiC. ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʵʪʠʭ ʜʦʙʘʚʦʢ ʟʘʥʠʤʘʶʪ ʥʠʪʨʠʜʳ 

ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ. ʂʦʤʧʦʟʠʪʳ Si3N4-SiC ʠ AlN-SiC ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʧʫʥʢʪʘʭ 1.2 ʠ 1.3. ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ 1.4 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʦʤʧʦʟʠʪʳ TiN-SiC. 

ʇʦʜʦʙʥʦ ʢʘʨʙʠʜʫ ʢʨʝʤʥʠʷ, ʥʠʪʨʠʜ ʪʠʪʘʥʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ 2950 
ʦ
ʉ, ʭʦʨʦʰʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ 

ʪʚʝʨʜʦʩʪʴ 20 ɻʇʘ, ʦʜʥʘʢʦ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ SiC ʤʘʣʳʤ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 22Ŀ10
ï6

 ʆʤĿʩʤ [135]. ʇʦʩʣʝʜʥʝʝ 

ʦʪʣʠʯʠʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʛʣʘʚʥʳʡ ʠʥʪʝʨʝʩ ʚ ʧʨʠʤʝʥʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʘʟʳ TiN ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʥʝʵʣʝʢʪʨʦʧʨʦʚʦʜʥʫʶ 

ʢʝʨʘʤʠʯʝʩʢʫʶ ʬʘʟʫ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ï ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʝʛʦ ʚʳʩʦʢʦʝ 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10
6
-10

11
 ʆʤĿʩʤ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 

10
3
 ʆʤĿʩʤ, ʫʣʫʯʰʠʚ ʧʨʠ ʵʪʦʤ ʩʧʝʢʘʝʤʦʩʪʴ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC [12, 13, 15]. 

ʆʜʥʠ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʥʘʥʦʧʦʨʦʰʢʘ TiN ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʝʢʘʥʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʠʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ [136, 137]. ʉʤʝʩʴ ʧʦʨʦʰʢʦʚ Ŭ-SiC (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0,5-1,0 ʤʢʤ) ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʦʪ 0 ʜʦ 15 ʤʘʩ. % ʥʘʥʦʯʘʩʪʠʮ TiN (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

20 ʥʤ) ʚ ʨʦʣʠ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʠ 10 ʤʘʩ. % (5Al 2O3+3Y2O3) ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ ʧʨʝʩʩʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ 
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ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 250 ʄʇʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʠ ʞʠʜʢʦʬʘʟʥʦ 

ʩʧʝʢʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1950 ÁC ʟʘ ʚʨʝʤʷ 15 ʤʠʥ, ʘ ʟʘʪʝʤ ʧʨʠ 1850 ÁC  

(1 ʯʘʩ) [136]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ TiN ʟʘʤʝʜʣʷʝʪ ʨʦʩʪ 

ʟʝʨʝʥ ʢʝʨʘʤʠʢʠ, ʘ ʨʝʘʢʮʠʠ TiN ʩ SiC ʠ Al2O3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʬʘʟ TiC ʠ 

AlN ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʙʘʚʢʠ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʠʟ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ 5 % ʥʘʥʦ-TiN ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ 

686 ʄʇʘ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʥʘʥʦʧʦʨʦʰʢʘ TiN ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʪʘʢʞʝ ʠ ʚ ʨʘʙʦʪʝ [137] ʥʘ ʧʨʠʤʝʨʝ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC, ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʙʝʟ ʜʘʚʣʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ TiN ʧʨʠʚʝʣʦ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʩ 18 ʜʦ 26 ɻʇʘ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 416 ʜʦ 1120 ʄʇʘ, ʘ ʥʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʩʦʩʪʘʚʠʣʦ 8,7 ʄʇʘĿʤ
1/2

. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʜʦʨʦʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʵʪʦʡ ʢʝʨʘʤʠʢʠ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʮʝʥʳ ʠʩʭʦʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ [11, 19, 138], ʧʦʵʪʦʤʫ ʩʪʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʜʝʰʝʚʳʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ TiN ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 1 ʤʢʤ. ʆʙʨʘʟʮʳ 

ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2000 ÁC ʟʘ ʚʨʝʤʷ 3 ʯʘʩʘ ʠ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʘʟʦʪʘ 40 ʄʇʘ ʠʟ ʩʤʝʩʠ 

ʧʦʨʦʰʢʦʚ ɓ-SiC (~0,5 ʤʢʤ) ʠ 2 ʠʣʠ 4 ʦʙ. % TiN (~1,0 ʤʢʤ), ʘ ʪʘʢʞʝ ʩʧʝʢʘʶʱʝʡ 

ʜʦʙʘʚʢʠ 2 ʦʙ. % Y2O3 [138]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʟʝʨʥʘ ɓ-SiC ʠ ʩʣʝʜʳ 

ʢʣʘʩʪʝʨʦʚ Ŭ-SiC ʠ Ti2CN ʤʝʞʜʫ ʟʝʨʥʘʤʠ ɓ-SiC. ɺʳʩʦʢʦʧʨʦʚʦʜʷʱʠʝ ʢʣʘʩʪʝʨʳ 

in-situ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʬʘʟʳ Ti2CN ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ SiC ʜʦ 2,4Ŀ10
ï3

 ʠ  

1,8Ŀ10
ï4

 ʆʤĿʩʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 2 ʠ 4 ʦʙ. % TiN ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʫʛʦʡ 

ʨʘʙʦʪʝ ʵʪʠʭ ʞʝ ʘʚʪʦʨʦʚ [23] ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ TiN ʚ ʩʤʝʩʠ ʪʝʭ ʞʝ ʩʘʤʳʭ 

ʧʦʨʦʰʢʦʚ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ (0, 3, 12, 20 ʠ 25 ʦʙ. %) ʠ ʩʧʝʢʘʥʠʝ ʙʳʣʦ 
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ʧʨʦʠʟʚʝʜʝʥʦ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ 1950 ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʊʘʢʞʝ 

ʚʩʝ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʩʧʝʯʝʥʳ ʜʦ ʧʣʦʪʥʦʩʪʠ Ó98 % ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʘ ʠʭ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʣʦʩʴ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ TiN ʠ ʜʦʩʪʠʛʘʣʦ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

8,6Ŀ10
ï4

 ʆʤĿʩʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 25 ʦʙ. % TiN. ɺʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ in-situ ʩʠʥʪʝʟʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ 

Ti2CN ʠ ʨʦʩʪʦʤ ʟʝʨʝʥ SiC, ʣʝʛʠʨʦʚʘʥʥʳʭ ʘʟʦʪʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʙʝʟ 

ʜʘʚʣʝʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠ ʪʚʝʨʜʦʩʪʴ ʧʦ 

ɺʠʢʢʝʨʩʫ ʢʦʤʧʦʟʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʩ 25 ʦʙ. % TiN, ʩʦʩʪʘʚʠʣʠ 430 ʄʇʘ, 

4,9 ʄʇʘĿʤ
1/2 
ʠ 23,1 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ ʨʘʙʦʪʝ [11] ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ 1900 ÁC 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ SiC (~0,7 ʤʢʤ) ʩ ʝʱʝ 

ʙʦʣʴʰʠʤ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ TiN (0-50 ʤʘʩ. %, 0,8-1,2 ʤʢʤ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʦʢ ʜʣʷ ʩʧʝʢʘʥʠʷ Al2O3 ʠ Y2O3. ʇʨʠ ʵʪʦʤ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ ʙʦʣʝʝ 98 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʣʦʩʴ ʩ  

2,0Ŀ10
5
 ʆʤĿʩʤ (0 % TiN) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ TiN ʠ ʚʳʭʦʜʠʣʦ ʥʘ ʧʣʘʪʦ 

ʫʨʦʚʥʷ 2,0Ŀ10
ï4

 ʆʤĿʩʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 40-50 ʤʘʩ. % TiN. ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʠʟʛʠʙʝ ʧʨʠ ʵʪʦʤ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ TiN ʠ 

ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 921 ʄʇʘ ʧʨʠ 40 ʤʘʩ. % TiN ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

616 ʄʇʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ SiC (0 % TiN).  

ɼʨʫʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʦʙʘʚʢʠ TiN ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʙʝʟ 

ʜʘʚʣʝʥʠʷ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 2100 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʚ ʧʦʪʦʢʝ ʛʘʟʘ ʘʨʛʦʥʘ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ Ŭ-SiC (~0,5 ʤʢʤ) + 1-10 ʤʘʩ.% TiN (~1 ʤʢʤ) + 

2,5 % C + 0,7 % B4C (~0,5 ʤʢʤ) [13]. ʉʦʜʝʨʞʘʥʠʝ TiN ʜʦ 1 ʤʘʩ. % ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ >97 %, ʪʦʛʜʘ ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʥʠʪʨʠʜʘ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʴʰʠʤ ʦʩʪʘʪʦʯʥʳʤ ʧʦʨʘʤ ʠ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʝʟʢʦ 
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ʩʥʠʟʠʣʘʩʴ ʜʦ 60 % ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʠʪʨʠʜʘ Ó5 ʤʘʩ. %, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ-

ʟʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ N2 ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. N-ʣʝʛʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ TiN, ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʛʦ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ï ʜʦ ʟʥʘʯʝʥʠʷ 

9,0Ŀ10
6
 ʆʤĿʩʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ TiN, ʩʦʩʪʘʚʣʷʶʱʝʤ 1 ʤʘʩ. %.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʦʙʘʚʢʠ TiN ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʟʘʚʠʩʷʪ ʦʪ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʪʦʡ 

ʢʝʨʘʤʠʢʠ, ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ TiN. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ SiC ʠ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʩʧʝʢʘʥʠʷ ʙʝʟ 

ʜʘʚʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 2000 ÁC ʠʟ ʩʤʝʩʝʡ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ SiC ʠ TiN ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 1-2 ʤʢʤ ʩʦ 

ʩʧʝʢʘʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ Al2O3 ʠ Y2O3 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʦʨʦʰʢʘ TiN ʦʪ 1 ʜʦ  

50 ʤʘʩ. %. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ 

SiC-TiN ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ex-situ ʧʦʜʭʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʤʝʰʠʚʘʥʠʠ ʛʦʪʦʚʳʭ ʧʦʨʦʰʢʦʚ SiC ʠ TiN, ʠʭ 

ʫʧʣʦʪʥʝʥʠʠ ʠ ʩʧʝʢʘʥʠʠ. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ SiC ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʰʝ ʚ ʧ. 1.1. ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ TiN. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʨʦʰʢʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 50 ʤʢʤ ʧʦʣʫʯʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1000 ÁC ʠʟ 

ʧʦʨʦʰʢʘ ʠʣʠ ʩʪʨʫʞʢʠ ʪʠʪʘʥʘ ʧʨʷʤʳʤ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʠʭ ʚ ʩʨʝʜʝ ʘʟʦʪʘ ʠʣʠ 

ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ, ʠʣʠ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʧʦʨʦʰʢʘ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʦ ʨʝʘʢʮʠʠ [139, 140] 

2TiO2 + 4C + N2 Ÿ 2TiN + 4CO.      (1.48) 

ʅʘʥʦʧʦʨʦʰʢʠ ʠ ʩʫʙʤʠʢʨʦʥʥʳʝ ʧʦʨʦʰʢʠ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʣʝʛʢʦʢʠʧʷʱʝʡ (136 
ʦ
ʉ) ʷʜʦʚʠʪʦʡ ʞʠʜʢʦʩʪʠ 

TiCl4 ʠʣʠ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪ ʚ ʩʪʨʫʶ ʘʟʦʪʥʦʡ ʧʣʘʟʤʳ ʚ ʉɺʏ-

ʧʣʘʟʤʦʪʨʦʥʝ, ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʤʤʠʘʢʦʤ NH3 ʧʘʨʦʚ TiCl4 ʧʨʠ 900-

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%86%D0%B8%D1%8F_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D0%B4_%D1%82%D0%B8%D1%82%D0%B0%D0%BD%D0%B0_(IV)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%82%D0%B0%D0%BD_(%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%BE%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D0%B4_%D1%82%D0%B8%D1%82%D0%B0%D0%BD%D0%B0_(IV)
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1000 Áʉ [141, 142]. ʏʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʪʠʪʘʥ TiCl4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʦʰʢʦʚ TiN ʩ ʨʘʟʤʝʨʦʤ ʦʪ 15 ʜʦ 50 ʥʤ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʠʟ ʩʤʝʩʠ ʩ NH4Cl ʠ Na ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʠʣʠ ʠʟ ʩʤʝʩʠ ʩ 

NaNH2, ʘ ʪʘʢʞʝ ʧʨʠ 350-380 Áʉ ʠʟ ʩʤʝʩʠ c NaN3 ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ [143-145]. 

ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʦʣʫʯʘʶʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʠʟ ʦʢʩʠʜʘ ʪʠʪʘʥʘ TiO2 ʤʘʛʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ 

ʧʨʠ 650 Áʉ ʠʣʠ ʧʨʷʤʳʤ ʘʟʦʪʠʨʦʚʘʥʠʝʤ ʚ ʪʦʢʝ NH3 ʧʨʠ 700-1100 Áʉ [146, 147]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ TiN 

ʧʨʠʩʫʱʠ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʪʦʢʩʠʯʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʨʝʘʛʝʥʪʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ TiN ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʝʥ 

ʧʨʦʩʪʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʤʝʪʦʜ ʉɺʉ. ʕʪʦʪ ʤʝʪʦʜ ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʠ ʧʨʦʩʪʦʤ ʩʞʠʛʘʥʠʠ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʦ ʨʝʘʢʮʠʠ [47]: 

2Ti + N2 = 2TiN.          (1.49) 

ʕʪʘ ʨʝʘʢʮʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ, ʝʝ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʯʝʪʫ, ʩʦʩʪʘʚʣʷʝʪ 4351 
ʦ
ʉ, ʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʨʘʚʥʘ 

2700 
ʦ
ʉ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʜʚʦʜ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʧʦʨʘʤ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ, ʝʩʣʠ 

ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʧʦʨʠʩʪʦʩʪʴ. ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ 2200-

2500 Áʉ ʢʘʢ ʠʩʭʦʜʥʦʝ ʚʝʱʝʩʪʚʦ, ʪʘʢ ʠ ʧʨʦʜʫʢʪ ʩʧʝʢʘʶʪʩʷ, ʬʠʣʴʪʨʘʮʠʷ 

ʥʘʨʫʰʘʝʪʩʷ ʠ ʥʠʪʨʠʜ ʪʠʪʘʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʨʠʩʪʳʭ ʩʧʝʢʦʚ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 100 ʤʢʤ ʥʝʜʦʘʟʦʪʠʨʦʚʘʥʥʦʛʦ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʘ TiNx, ʛʜʝ x 1̓. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʠʩʭʦʜʥʳʡ ʧʦʨʦʰʦʢ ʪʠʪʘʥʘ ʨʘʟʙʘʚʣʷʶʪ 

ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʳʤ ʧʦʨʦʰʢʦʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ TiN ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 30 ʜʦ 

50 %. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʘʟʦʪʘ ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ, ʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ TiN ʦʥʦ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 3-4 ʄʇʘ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʥʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ TiN ʩʦʩʪʦʠʪ ʠʟ ʩʧʝʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʟʤʝʨʦʤ 10-30 ʤʢʤ [148].  

https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%B8%D0%B4_%D1%82%D0%B8%D1%82%D0%B0%D0%BD%D0%B0_(IV)
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ɿʘʪʝʤ ʜʣʷ ʝʱʝ ʙʦʣʴʰʝʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʨʘʟʤʝʨʦʚ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ TiN ʚʤʝʩʪʦ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʚ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ 

ʚʚʦʜʠʣʠ ʧʦʨʦʰʦʢ ʛʘʟʦʦʙʨʘʟʫʶʱʝʡ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ NH4Cl 

ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 50 ʜʦ 60 % [148, 149]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʨʝʥʠʝ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʩ 

ʜʦʙʘʚʢʦʡ NH4Cl ʚ ʘʟʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʨʝʘʢʮʠʠ: 

Ti + NH4Cl + 0,5N2 Ÿ TiN + HCl + 0,5N2 + H2.    (1.50) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ 

0,6 ʄʇʘ ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʜʦ ʫʨʦʚʥʷ 600 Áʉ ʠ ʧʦʣʫʯʠʪʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ, ʧʦʚʪʦʨʷʶʱʠʝ ʬʦʨʤʫ ʯʘʩʪʠʮ 

ʠʩʭʦʜʥʦʛʦ ʪʠʪʘʥʘ, ʥʦ ʩʦʩʪʦʷʱʠʝ ʠʟ ʟʝʨʝʥ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ 

ʨʘʟʤʝʨʦʤ 50-500 ʥʤ. ʀʟʤʝʣʴʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʚ 

ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʫʙʤʠʢʨʦʥʥʳʝ 

ʯʘʩʪʠʮʳ TiN ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 1,0 ʤʢʤ [148]. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ ʘʟʠʜʥʦʛʦ ʉɺʉ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʛʦʨʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʘʭ [150, 151]. 

ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚʤʝʩʪʦ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʦʨʦʰʦʢ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʡ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ ʛʝʢʩʘʬʪʦʨʪʠʪʘʥʘʪʘ ʘʤʤʦʥʠʷ 

(NH4)2TiF6, ʘ ʪʘʢʞʝ ʧʦʨʦʰʦʢ ʘʟʦʪʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3. ʇʨʠ 

ʨʘʟʣʦʞʝʥʠʠ (NH4)2TiF6 ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʷʚʣʷʪʴʩʷ ʘʪʦʤʳ ʪʠʪʘʥʘ, ʘ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ï ʘʪʦʤʳ ʘʟʦʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʮ TiN. 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʚʳʛʣʷʜʝʣʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

(NH4)2TiF6 + 6NaN3 = TiN + 6NaF + 4H2 + 9,5N2.    (1.51) 

ʅʘʩʳʧʥʘʷ ʩʤʝʩʴ ʨʝʘʛʝʥʪʦʚ ʩʞʠʛʘʣʘʩʴ ʚ ʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ ʩ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʟʦʪʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 4 ʄʇʘ. ʀʟʤʝʨʝʥʥʘʷ ʪʝʨʤʦʧʘʨʦʡ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 1080 
o
C, ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʯʠʩʪʦʛʦ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʴʶ NaF, ʢʦʪʦʨʘʷ ʫʜʘʣʷʣʘʩʴ ʚʦʜʥʦʡ 

ʧʨʦʤʳʚʢʦʡ. ʇʨʦʤʳʪʳʡ ʧʦʨʦʰʦʢ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʧʦʣʫʯʘʣʩʷ ʚ ʚʠʜʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʘʥʦʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 
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ʜʠʘʤʝʪʨʦʤ ʚʦʣʦʢʦʥ 50-100 ʥʤ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 100-200 ʥʤ. 

ʄʝʪʦʜ ʘʟʠʜʥʦʛʦ ʉɺʉ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ TiN-SiC ʠʟ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ 

Si, ʪʠʪʘʥʘ Ti, ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ C, ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3 ʠ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (NH4)2TiF6, (NH4)2SiF6 ʠ Na2SiF6 [100, 101]. ʂʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʧʫʥʢʪʘʭ 1.2 ʠ 1.3 ʜʣʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʠ AlN-

SiC, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʩ 5 ʤʦʣʴʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʮʝʣʝʚʳʭ ʬʘʟ TiN:SiC = 4:1, 2:1, 1:1, 1:2 ʠ 1:4 ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

2Si + Ti + 6NaN3 + (NH4)2TiF6 + 2C = 2TiN + 2SiC + 6NaF + 4H2 + 9N2.  (1.52) 

ʀʟ 15 ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʟʜʝʩʴ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ 

ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ (NH4)2TiF6 ʜʣʷ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ TiN:SiC = 1:1. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʜʫʢʪ 

ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʚʠʜʝ ʩʤʝʩʠ ʩʫʙʤʠʢʨʦʥʥʳʭ (0,1-1,0 ʤʢʤ) ʯʘʩʪʠʮ ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ ʠ ʚʦʣʦʢʦʥ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʊʛ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3 ʠ ʥʘ ʨʠʩʫʥʢʝ 1.3 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʢʦʤʧʦʟʠʮʠʡ ʮʝʣʝʚʳʭ ʬʘʟ TiN-SiC ʧʨʠ ʨʘʟʥʳʭ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʵʪʠʭ ʬʘʟ ʩʦʛʣʘʩʥʦ ʵʪʠʤ 15 ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʷʤ. 

ʊʘʙʣʠʮʘ 1.3 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʊʛ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC [101] 

TiN : 

SiC 

(ʤʦʣʴ) 
ʊʛ, 

ʦ
ʉ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

TiN SiC TiN ɓ-SiC Ŭ-Si3N4 ɓ-Si3N4 Si C 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2TiF6 

4 : 1 2251 86,1 13,9 87,7 ï 5,6 6,7 ï ï 

2 : 1 1946 75,6 24,4 80,0 ï 14,0 6,0 ï ï 

1 : 1 1653 60,7 39,3 45,8 ï 49,8 4,4 ï ï 

1 : 2 1677 43,6 56,4 41,2 6,4 43,9 7,6 0,9 ï 

1 : 4 1698 27,9 72,1 28,8 19,9 42,5 7,4 1,4 ï 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ (NH4)2SiF6 

4 : 1 2112 86,1 13,9 61,0 4,0 27,0 7,0 1,0 ï 

2 : 1 1649 75,6 24,4 71,0 ï 18,0 9,0 1,2 0,8 
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1 : 1 1528 60,7 39,3 54,7 16,0 17,4 11,9 - ï 

1 : 2 1641 43,6 56,4 40,0 31,0 19,0 9,0 1,0 ï 

1 : 4 1646 27,9 72,1 24,2 49,4 21,1 5,0 0,3 ï 

ɻʘʣʦʠʜʥʘʷ ʩʦʣʴ Na2SiF6 

4 : 1 2283 86,1 13,9 76,0 ï 19,0 5,0 ï ï 

2 : 1 1776 75,6 24,4 64,0 10,0 17,0 9,0 ï ï 

1 : 1 1634 60,7 39,3 54,0 20,0 15,0 11,0 ï ï 

1 : 2 1644 43,6 56,4 42,0 34,0 16,0 8,0 ï ï 

1 : 4 1646 27,9 72,1 23,0 49,0 21,0 6,0 1,0 ï 
 

 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ TiN:SiC 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.3, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

1634 ʜʦ 2283 
ʦ
ʉ ʠ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʠ AlN-SiC. ʕʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʬʘʟʳ TiN, ʠ ʥʘʠʤʝʥʴʰʠʝ, 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʬʘʟʳ SiC. ʀʟ 

ʪʘʙʣʠʮʳ 1.3 ʠ ʨʠʩʫʥʢʘ 1.3 ʚʠʜʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʜʦʣʝʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʚʩʝʤ (ʦʪ 0 ʜʦ 49,4 ʤʘʩ. % SiC ʚʤʝʩʪʦ 13,9-72,1 ʤʘʩ. % ʩʦʛʣʘʩʥʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʩʠ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (ʦʪ 12,3 ʜʦ 54,2 ʤʘʩ. %) 
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ʤʦʜʠʬʠʢʘʮʠʡ Ŭ ʠ ɓ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʡ TiN-

SiC. ʆʩʦʙʝʥʥʦ ʤʘʣʦ ʦʙʨʘʟʫʝʪʩʷ SiC ʠʣʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʚʩʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ (NH4)2TiF6. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʳʭ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ (ʥʝ ʙʦʣʝʝ 1,4 %) ʠʣʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʵʪʠʭ ʧʨʠʤʝʩʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʜʝʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʫʥʢʪʝ 1.3 ʜʣʷ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ, ʯʪʦʙʳ 

ʧʨʠʙʣʠʟʠʪʴ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. 

1.5 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

1. ʊʘʢʦʝ ʪʫʛʦʧʣʘʚʢʦʝ ʚʳʩʦʢʦʪʚʝʨʜʦʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʢʝʨʘʤʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʢʘʢ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ SiC ʦʙʣʘʜʘʝʪ ʤʥʦʛʠʤʠ ʮʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʥʦ ʚ ʚʠʜʝ ʦʜʥʦʬʘʟʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʝʛʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ 

ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʥʠʪʨʠʜʦʚ ʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ Si3N4-SiC, AlN-SiC ʠ TiN-SiC. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʭ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʩʤʝʩʝʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ (ʩʫʙʤʠʢʨʦʥʥʳʭ ʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʠʜʦʚ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

2. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʪʘʢʠʝ ʩʤʝʩʠ ʧʦʣʫʯʘʶʪ ex-situ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʤʝʰʠʚʘʥʠʝʤ ʛʦʪʦʚʳʭ ʧʦʨʦʰʢʦʚ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʩʤʝʩʝʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʚʠʜʝ 

ʥʘʥʦʧʦʨʦʰʢʦʚ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
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ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʥʠʭ. ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ in-situ 

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʥʫʞʥʳʭ ʩʤʝʩʝʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ ʠʟ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʳʝ in-situ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʛʝʥʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʢʘ ʵʪʠ ʤʝʪʦʜʳ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʝ ʧʝʨʝʜʘʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

3. ʉʨʝʜʠ in-situ ʤʝʪʦʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʝʪʦʜ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʯʝʥʴ ʧʨʦʩʪʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ ʥʝʜʦʨʦʛʠʭ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʉɺʉ ʢʘʢ ʘʟʠʜʥʳʡ ʉɺʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʠ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʚ 

ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟʘʤʠ ʚ 

ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʷʭ ʧʨʠ ʩʞʠʛʘʥʠʠ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ 

ʩʦʣʝʡ ʧʨʦʩʪʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʪʦʨʠʜʦʚ (NH4)2SiF6, Na2SiF6, NH4F, AlF3 ʠ 

(NH4)2TiF6. ʆʜʥʘʢʦ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʜʦʣʝʡ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʜʘʞʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʚʩʝʤ, ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʚ ʢʦʤʧʦʟʠʮʠʷʭ AlN-SiC 

ʠ TiN-SiC, ʛʜʝ ʝʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ, ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ ʢʨʠʦʣʠʪʘ ʚ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC. 

4. ɼʣʷ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ 

TiN-SiC ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʦʙʱʫʶ ʟʘʜʘʯʫ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC 

ʠ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, ʧʨʠʙʣʠʟʠʪʴ 

ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʮʝʣʝʚʳʭ ʬʘʟ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʟʘʨʘʥʝʝ ʥʘʜʝʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 
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ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʉɺʉ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʧʦ ʜʦʚʝʜʝʥʠʶ 

ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

5. ʅʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʨʠʝʤʦʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʨʝʘʛʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʨʦʰʢʘ 

ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʚ ʠʩʭʦʜʥʳʭ 

ʩʤʝʩʷʭ ʨʝʘʛʝʥʪʦʚ.  

6. ʕʪʦʪ ʧʨʠʝʤ ʠ ʦʙʱʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʣʠ ʮʝʣʴ ʠ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ 

ʥʘʩʪʦʷʱʝʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC, 

TiN-SiC ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

ʬʪʦʨʠʜʦʚ ʥʘ ʘʢʪʠʚʠʨʫʶʱʫʶ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʚ ʩʞʠʛʘʝʤʳʭ ʠʩʭʦʜʥʳʭ 

ʩʤʝʩʷʭ ʧʦʨʦʰʢʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʮʝʣʝʚʳʭ ʬʘʟ ʚ ʢʘʞʜʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʤʝʩʝʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚʳʭ 

ʨʝʘʛʝʥʪʦʚ ʩ ʜʦʙʘʚʢʦʡ ʇʊʌʕ (ʰʠʭʪ) ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

2. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʰʠʭʪ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC ʠ TiN-SiC.  
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3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʰʠʭʪ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ 

ʚ ʨʝʘʢʪʦʨʝ, ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʮʝʣʝʚʳʝ ʧʦʨʦʰʢʦʚʳʝ 

ʢʦʤʧʦʟʠʮʠʠ.  

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪ ʩ ʜʦʙʘʚʢʦʡ ʇʊʌʕ, ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʥʪʝʟʘ 

ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʩ ʛʘʟʦʦʙʨʘʟʫʶʱʠʤʠ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ ʬʪʦʨʠʜʦʚ. 

5. ɺʳʙʦʨ ʚʘʨʠʘʥʪʦʚ ʰʠʭʪ ʜʣʷ ʨʘʟʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʣʝʚʳʭ 

ʬʘʟ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʠʩʭʦʜʥʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʷʤ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʣʫʯʰʠʭ 

ʚʘʨʠʘʥʪʦʚ ʰʠʭʪ ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC ʠ 

TiN-SiC ʤʝʪʦʜʦʤ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ. 
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2 ʄɸʊɽʈʀɸʃʓ, ʆɹʆʈʋɼʆɺɸʅʀɽ ʀ ʄɽʊʆɼʀʂʀ ʇʈʆɺɽɼɽʅʀʗ 

ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

2.1 ɺʳʙʦʨ ʩʦʩʪʘʚʘ ʠ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ  

ʧʦʨʦʰʢʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʠ ʇʊʌʕ,  

ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʞʠʛʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʪʨʝʤʣʝʥʠʝ ʧʨʠʙʣʠʟʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʦʩʪʘʚ ʮʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʘʟʠʜʥʦʛʦ ʉɺʉ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʚ 

ʨʘʙʦʪʘʭ [99-101], ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʘʛʝʥʪʦʚ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʛʘʣʦʠʜʥʳʭ 

ʩʦʣʝʡ ʠ ʚʢʣʶʯʝʥʠʷ ʚʤʝʩʪʦ ʥʠʭ ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 

ʇʊʌʕ. ʂʘʢ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 1, ʧʨʠʤʝʥʝʥʠʝ ʇʊʌʕ ʚ ʧʨʦʮʝʩʩʘʭ ʉɺʉ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʠ ʢʦʤʧʦʟʠʪʘ Si3N4-SiC ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [60-62, 

64, 65, 98] ʧʫʪʝʤ ʩʞʠʛʘʥʠʷ ʰʠʭʪ ʩ ʇʊʌʕ, ʥʦ ʙʝʟ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʥʠʭ. 

ʅʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʩʪʘʚʘ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʮʝʣʝʚʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʠʩʭʦʜʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʜʦʣʞʥʳ ʩʦʦʪʥʦʩʠʪʴʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʘ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʇʊʌʕ. ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʯʪʦʙʳ ʘʟʠʜ 

ʥʘʪʨʠʷ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʰʠʭʪʝ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʪʦʢʩʠʯʥʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʬʪʦʨʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʇʊʌʕ, ʠ ʩʚʷʟʳʚʘʥʠʷ ʬʪʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʚʨʝʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ NaF ʧʦ 

ʨʝʘʢʮʠʠ 

F2 + 2NaN3 = 2NaF + 3N2.        (2.1) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʘʞʝ ʝʩʣʠ ʬʪʦʨ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʇʊʌʕ, 

ʙʫʜʝʪ ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʪʦʢʩʠʯʥʳʭ ʬʪʦʨʠʜʦʚ 

ʢʨʝʤʥʠʷ ʧʦ ʨʝʘʢʮʠʷʤ (1.6) ʠ (1.7), ʪʦ ʘʟʠʜ ʥʘʪʨʠʷ ʙʫʜʝʪ ʩʚʷʟʳʚʘʪʴ ʬʪʦʨ ʠ ʚ ʥʠʭ 

ʚ NaF ʧʦ ʨʝʘʢʮʠʷʤ  
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SiF2+2NaN3=2NaF+Si+3N2, SiF4+4NaN3=4NaF+Si+6N2.   (2.2) 

ɹʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ (2.1) ʠ (2.2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʇʊʌʕ ʠ ʘʟʠʜ ʥʘʪʨʠʷ ʠʤʝʶʪ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ (260 ʠ 275 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [102, 152]) ʠ ʩʦʚʤʝʩʪʥʦ ʨʘʟʣʘʛʘʶʪʩʷ 

ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʚʦʣʥʝ ʛʦʨʝʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʯʝʥʴ ʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ ʠ 

ʥʘʪʨʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʠʪʦʛʝ ʢ ʨʝʘʢʮʠʷʤ ʠʭ ʩʚʷʟʳʚʘʥʠʷ ʚ NaF. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ NaF ʷʚʣʷʝʪʩʷ ʧʨʠʚʳʯʥʦʡ ʚ ʘʟʠʜʥʦʤ ʉɺʉ ʠ ʣʝʛʢʦ 

ʫʜʘʣʷʝʪʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʦʡ. ʊʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʇʊʌʕ 

ʩʦʚʤʝʩʪʥʦ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʊʌʕ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʦʨʝʥʠʷ ʟʘ ʩʯʝʪ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʇʊʌʕ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ ʉɺʉ, ʥʝ ʪʦʣʴʢʦ ʚ 

ʘʟʠʜʥʦʤ ʉɺʉ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉɺʉ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʚʳʜʝʣʷʶʱʠʝʩʷ ʛʘʟʳ ʬʪʦʨʘ ʠ ʬʪʦʨʠʜʦʚ ʤʦʛʫʪ 

ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʥʘʧʦʣʥʝʥʥʫʶ ʚʦʜʦʡ 

ʝʤʢʦʩʪʴ ʜʣʷ ʛʠʜʨʦʣʠʟʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʪʦʨʠʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦʙʘʚʣʝʥʠʝʤ CaCO3 

[65]. 

ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʘʟʠʜ ʥʘʪʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʚʨʝʜʥʳʤ 

ʚʝʱʝʩʪʚʘʤ 1 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ (ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʤ) ʩ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʇɼʂ) ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ 0,01 ʤʛ/ʤ
3
 [47], ʘ ʇʊʌʕ 

ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʣʦʦʧʘʩʥʳʤ ʚʨʝʜʥʳʤ ʚʝʱʝʩʪʚʘʤ 4 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʩ ʇɼʂ = 

30 ʤʛ/ʤ
3
 [152]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʝʩʣʠ ʧʨʠʤʝʥʝʥʠʝ ʇʊʌʕ ʚ ʰʠʭʪʘʭ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʙʫʜʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʭʦʜʘ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʪʘʢʠʤʠ ʰʠʭʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʩʭʦʜʘ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʘʭ ʙʫʜʝʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʪʘʢ ʢʘʢ ʮʝʥʘ 

ʘʟʠʜʘ ʥʘʪʨʠʷ 17700 ʨʫʙ/ʢʛ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʮʝʥʘ 1619 ʨʫʙ/ʢʛ ʧʦʨʦʰʢʦʚʦʛʦ 

ʇʊʌʕ ʤʘʨʢʠ ʇʅ-40. 
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ʈʝʘʢʮʠʠ (2.2) ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʠʜʘ ʥʘʪʨʠʷ 

ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʪʦʢʩʠʯʥʳʭ ʬʪʦʨʠʜʦʚ 

ʢʨʝʤʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʠʭ ʠʟ ʚʨʝʜʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʳʙʨʦʩʦʚ, ʥʦ ʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʪʦʤʘʨʥʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠ 

ʢʘʨʙʠʜʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʥʪʝʟʫ ʦʯʝʥʴ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

ʥʠʪʨʠʜʦʚ ʠ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʇʊʌʕ ʚʤʝʩʪʝ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ 

ʧʦʚʳʰʘʪʴ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʉɺʉ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 1, ʘʢʪʠʚʠʨʫʶʱʘʷ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ 

ʇʊʌʕ ʧʨʠʤʝʥʷʣʘʩʴ ʢʘʢ ʜʣʷ ʧʦʣʥʦʛʦ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʘʭ ʉɺʉ. ɺ ʨʘʙʦʪʝ [64] ʥʘʩʳʧʥʘʷ ʩʤʝʩʴ 

Si+ʇʊʌʕ ʙʝʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʝʛʦ ʥʘ ʇʊʌʕ, 

ʩʞʠʛʘʣʘʩʴ ʚ ʘʨʛʦʥʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,5 ʄʇʘ. ʆʜʥʘʢʦ ʚʳʭʦʜ ʧʦ ʩʠʥʪʝʟʫ SiC 

ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʤʘʣ: ʪʦʣʴʢʦ ʦʢʦʣʦ 10 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʰʠʭʪʳ 

ʧʨʦʨʝʘʛʠʨʦʚʘʣʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʪʦʧʦʜʦʙʥʦʛʦ SiC, ʦʩʪʘʣʴʥʦʡ ʧʨʦʜʫʢʪ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ ʠʟ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʢʮʠʠ (1.6). ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʦʙʲʷʩʥʝʥ ʪʝʤ, ʯʪʦ 

ʛʦʨʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʇʊʌʕ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʳʤ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʨʦʩʫ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʢʦʛʜʘ 

ʯʘʩʪʠʮʳ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʥʝ ʩʤʦʛʫʪ ʚʩʪʫʧʠʪʴ ʚ ʨʝʘʢʮʠʶ (1.8) ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʢʦʪʦʨʘʷ ʤʘʣʦʚʝʨʦʷʪʥʘ ʚ ʦʙʲʝʤʝ ʛʘʟʘ [64]. ʐʠʭʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʇʊʌʕ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚ ʥʘʩʳʧʥʦʤ, ʘ ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʩʞʠʛʘʪʴʩʷ 

ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʛʘʟʘ ʚ ʉɺʉ-ʨʝʘʢʪʦʨʝ, ʯʪʦʙʳ ʧʦʜʘʚʣʷʪʴ ʫʭʦʜ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʇʊʌʕ ʠʟ ʟʦʥʳ ʨʝʘʢʮʠʠ [60-62, 64, 65]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʩʢʘʞʝʪʩʷ ʪʘʢʘʷ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, ʝʩʣʠ ʚ ʰʠʭʪʫ ʚʤʝʩʪʝ ʩ ʇʊʌʕ ʜʦʙʘʚʠʪʴ ʘʟʠʜ ʥʘʪʨʠʷ, ʝʝ 

ʩʧʨʝʩʩʦʚʘʪʴ ʠ ʩʞʝʯʴ ʚ ʘʟʦʪʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ. ʀ ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ [153].  
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ʀʩʭʦʜʥʳʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʣʷ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʮʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ 4:1, 1:1, 1:2 ʠ 1:4 

ʠʟ ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ, ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʇʊʌʕ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

26Si + 4NaN3 + C2F4 + 10N2 = 8Si3N4 + 2SiC + 4NaF,   (2.3) 

14Si + 4NaN3 + C2F4 + 2N2 = 4Si3N4 + 2SiC + 4NaF,   (2.4) 

8Si + 4NaN3 + C2F4 = 2Si3N4 + 2SiC + 4NaF + 2N2ŷ,   (2.5) 

5Si + 4NaN3 + C2F4 = Si3N4 + 2SiC + 4NaF + 4N2ŷ,   (2.6) 

7Si + 8NaN3 + 2C2F4 = Si3N4 + 4SiC + 8NaF + 10N2ŷ.   (2.7) 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʢʨʝʤʥʠʡ ʙʝʨʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʦʣʝʡ, ʥʝʦʙʭʦʜʠʤʦʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ Si3N4-SiC ʩ ʟʘʜʘʥʥʳʤ ʤʦʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ, ʇʊʌʕ ï ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ SiC, ʘʟʠʜ ʥʘʪʨʠʷ ï ʜʣʷ ʧʦʣʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʬʪʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʇʊʌʕ, ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ ï ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʤʝʩʪʝ ʩ ʘʟʦʪʦʤ ʚ ʘʟʠʜʝ ʥʘʪʨʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ Si3N4. ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.5)-(2.7), ʧʨʠ ʤʝʥʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ ʚ ʮʝʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ Si3N4-SiC ʢʦʣʠʯʝʩʪʚʦ 

ʘʟʦʪʘ ʚ ʘʟʠʜʝ ʥʘʪʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʰʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ, ʪʦʛʜʘ ʠʟʙʳʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʘʟʠʜʘ ʥʘʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʠ ʬʠʛʫʨʠʨʫʝʪ ʚ ʚʠʜʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʟʦʪʘ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ 

ʇʊʌʕ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʠ TiN-SiC ʩ 

ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ 4:1, 2:1, 1:1, 1:2 ʠ 1:4 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ [154, 155]: 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

2Si + 8Al  + 4NaN3 + C2F4 = 8AlN + 2SiC + 4NaF + 2N2ŷ,  (2.8) 

2Si + 4Al + 4NaN3 + C2F4 = 4AlN + 2SiC + 4NaF + 4N2ŷ,  (2.9) 
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2Si + 2Al + 4NaN3 + C2F4 = 2AlN + 2SiC + 4NaF + 5N2ŷ,  (2.10) 

4Si + 2Al + 8NaN3 + 2C2F4 = 2AlN + 4SiC + 8NaF + 11N2ŷ,
 

 (2.11) 

8Si + 2Al + 16NaN3 + 4C2F4 = 2AlN + 8SiC + 16NaF + 23N2ŷ. (2.12) 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

2Si + 8Ti + 4NaN3 + C2F4 = 8TiN + 2SiC + 4NaF + 2N2ŷ,  (2.13) 

2Si + 4Ti + 4NaN3 + C2F4 = 4TiN + 2SiC + 4NaF + 4N2ŷ,  (2.14) 

2Si + 2Ti + 4NaN3 + C2F4 = 2TiN + 2SiC + 4NaF + 5N2ŷ,  (2.15) 

4Si + 2Ti + 8NaN3 + 2C2F4 = 2TiN + 4SiC + 8NaF  +11N2ŷ,  (2.16) 

8Si + 2Ti + 16NaN3 + 4C2F4 = 2TiN + 8SiC + 16NaF + 23N2ŷ. (2.17) 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʦʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʘʟʠʜʥʦʛʦ ʉɺʉ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ 

Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʧʨʠ ʩʞʠʛʘʥʠʠ ʰʠʭʪ ʠʟ ʧʦʨʦʰʢʦʚ ʘʟʦʪʠʨʫʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ (Si, Al , Ti), ʢʨʝʤʥʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC, ʘʟʠʜʘ ʥʘʪʨʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (ʩʘʞʠ) ʠ ʇʊʌʕ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC. ɽʱʝ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ [60, 98] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʜʣʷ 

ʉɺʉ ʯʠʩʪʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ ʇʊʌʕ-ʩʘʞʘ ʩ ʦʜʥʠʤ ʤʦʣʝʤ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʘʛʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʦʪ 0,05 ʜʦ 0,15 ʤʦʣʝʡ ʇʊʌʕ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 0,9 ʜʦ 0,7 ʤʦʣʝʡ ʩʘʞʠ. ʇʨʠ ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʇʊʌʕ 

ʰʠʭʪʘ Si+C+ʇʊʌʕ ʥʝ ʛʦʨʠʪ, ʘ ʧʨʠ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʛʦʨʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʪʦʨʠʜʦʚ, ʯʪʦ ʥʝʚʳʛʦʜʥʦ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʘʟʠʜʥʦʤʫ ʉɺʉ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʨʦʰʢʦʚ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ SiC, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʝ ʩʤʝʩʠ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ 1 ʤʦʣʶ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ [156-

158]: 

0,9C + 0,05C2F4,          (A) 

0,8C + 0,1C2F4,          (B) 

0,7C + 0,15C2F4.         (C) 
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ʉʤʝʩʴ (A) ʩʦʜʝʨʞʠʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʊʌʕ, ʩʤʝʩʴ (C) ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʊʌʕ, ʘ ʩʤʝʩʴ (B) ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʇʊʌʕ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʢʘʨʙʠʜʠʨʫʶʱʠʭ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʝ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ Si3N4-SiC, 

AlN-SiC ʠ TiN-SiC ʩ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ 4:1, 

2:1, 1:1, 1:2 ʠ 1:4 ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʘʟʦʪʝ ʰʠʭʪ ʠʟ ʧʦʨʦʰʢʦʚ ʘʟʦʪʠʨʫʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ (Si, Al , Ti), ʢʨʝʤʥʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC, ʘʟʠʜʘ ʥʘʪʨʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʇʊʌʕ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʘʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ [156-158]: 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (A): 

13Si+0,2NaN3+0,9C+0,05C2F4+7,7N2=4Si3N4+SiC+0,2NaF,    (2.18) 

7Si+0,2NaN3+0,9C+0,05C2F4+3,7N2=2Si3N4+SiC+0,2NaF,    (2.19) 

4Si+0,2NaN3+0,9C+0,05C2F4+1,7N2=Si3N4+SiC+0,2NaF,    (2.20) 

5Si+0,4NaN3+1,8C+0,1C2F4+1,4N2=Si3N4+2SiC+0,4NaF,    (2.21) 

7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2=Si3N4+4SiC+0,8NaF.    (2.22) 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ): 

13Si+0,4NaN3+0,8C+0,1C2F4+7,4N2=4Si3N4+SiC+0,4NaF,    (2.23) 

7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2=2Si3N4+SiC+0,4NaF,    (2.24) 

4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2=Si3N4+SiC+0,4NaF,    (2.25) 

5Si+0,8NaN3+1,6C+0,2C2F4=Si3N4+2SiC+0,8NaF,    (2.26) 

7Si+1,6NaN3+3,2C+0,4C2F4=Si3N4+4SiC+1,6NaF+0,4N2. ŷ   (2.27) 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ): 

13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2=4Si3N4+SiC+0,6NaF,    (2.28) 

7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2=2Si3N4+SiC+0,6NaF,    (2.29) 

4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2=Si3N4+SiC+0,6NaF,    (2.30) 

5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2=Si3N4+2SiC+1,2NaF,   (2.31) 

7Si+2,4NaN3+2,8C+0,6C2F4= Si3N4+4SiC+2,4NaF+1,6N2ŷ.   (2.32) 
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ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (A): 

Si+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2=4AlN+SiC+0,2NaF,   (2.33) 

Si+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2=2AlN+SiC+0,2NaF,   (2.34) 

Si+Al+0,9C+0,05C2F4+0,2NaN3+0,2N2=AlN+SiC+0,2NaF,   (2.35) 

2Si+Al+1,8C+0,1C2F4+0,4NaN3=AlN+2SiC+0,4NaF+0,1N2ŷ,    (2.36) 

4Si+Al+3,6C+0,2C2F4+0,8NaN3=AlN+4SiC+0,8NaF+0,7N2ŷ.   (2.37) 

ɼʣ ̫ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (B): 

Si+4Al+0,8C+0,1C2F4+0,4NaN3+1,4N2=4AlN+SiC+0,4NaF,   (2.38) 

Si+2Al  +0,8C+0,1C2F4+0,4NaN3+0,4N2=2AlN+SiC+0,4NaF,   (2.39) 

Si+Al+0,8C+0,1C2F4+0,4NaN3=AlN+SiC+0,4NaF+0,1N2ŷ,   (2.40) 

2Si+Al+1,6C+0,2C2F4+0,8NaN3=AlN+2SiC+0,8NaF+0,7N2ŷ,    (2.41) 

4Si+Al+3,2C+0,4C2F4+1,6NaN3=AlN+4SiC+1,6NaF+1,9N2ŷ.   (2.42) 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (C): 

Si+4Al+0,7C+0,15C2F4+0,6NaN3+1,1N2=4AlN+SiC+0,6NaF,   (2.43) 

Si+2Al+0,7C+0,15C2F4+0,6NaN3+0,1N2=2AlN+SiC+0,6NaF,   (2.44) 

Si+Al+0,7C+0,15C2F4+0,6NaN3=AlN+SiC+0,6NaF+0,4N2ŷ,   (2.45) 

2Si+Al+1,4C+0,3C2F4+1,2NaN3=AlN+2SiC+1,2NaF+1,3N2ŷ,    (2.46) 

4Si+Al+2,8C+0,6C2F4+2,4NaN3=Al74SiC+2,4NaF+3,1N2ŷ.   (2.47) 

ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (A): 

Si+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2=4TiN+SiC+0,2NaF ,  (2.48) 

Si+2Ti+0,9C+0,05C2F4+0,2NaN3+0,7N2=2TiN+SiC+0,2NaF,   (2.49) 

Si+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2=TiN+SiC+0,2NaF,   (2.50) 

2Si+Ti+1,8C+0,1C2F4+0,4NaN3= TiN+2SiC+0,4NaF+0,1N2ŷ,   (2.51) 

4Si+Ti+3,6C+0,2C2F4+0,8NaN3=TiN+4SiC+0,8NaF+0,7N2ŷ.   (2.52) 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (B): 

Si+4Ti+0,8C+0,1C2F4+0,4NaN3+1,4N2=4TiN+SiC+0,4NaF,   (2.53) 

Si+2Ti+0,8C+0,1C2F4+0,4NaN3+0,4N2=2TiN+SiC+0,4NaF,   (2.54) 

Si+Ti+0,8C+0,1C2F4+0,4NaN3=TiN+SiC+0,4NaF+0,1N2ŷ,   (2.55) 
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2Si+Ti+1,6C+0,2C2F4+0,8NaN3=TiN+2SiC+0,8NaF+0,7N2ŷ,    (2.56) 

4Si+Ti+3,2C+0,4C2F4+1,6NaN3=TiN+4SiC+1,6NaF+1,9N2ŷ.   (2.57) 

ɼʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (C): 

Si+4Ti+0,7C+0,15C2F4+0,6NaN3+1,1N2=4TiN+SiC+0,6NaF,   (2.58) 

Si+2Ti+0,7C+0,15C2F4+0,6NaN3+0,1N2=2TiN+SiC+0,6NaF,   (2.59) 

Si+Ti+0,7C+0,15C2F4+0,6NaN3=TiN+SiC+0,6NaF+0,4N2ŷ,   (2.60) 

2Si+Ti+1,4C+0,3C2F4+1,2NaN3=TiN+2SiC+1,2NaF+1,3N2ŷ,   (2.61) 

4Si+Ti+2,8C+0,6C2F4+2,4NaN3=TiN+4SiC+2,4NaF+3,1N2ŷ.   (2.62) 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ (2.3)-(2.62) ʷʚʣʷʣʠʩʴ ʦʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʞʠʛʘʥʠʷ (ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ), ʪʘʢ ʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ), ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʘʩʯʝʪʥʳʝ 

ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʩʯʝʪʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ 

(ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ) ʮʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC, ʘ 

ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ NaF, 

ʢʦʪʦʨʘʷ ʫʜʘʣʷʝʪʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʦʡ. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʩʣʦʚʠʷ ʩʞʠʛʘʥʠʷ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʰʠʭʪ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʟʠʜʥʦʛʦ ʉɺʉ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Si3N4-SiC, AlN-SiC, TiN-SiC ʟʘ ʩʯʝʪ 

ʟʘʤʝʥʳ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ ʥʘ ʘʢʪʠʚʠʨʫʶʱʫʶ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ 

ʜʦʙʘʚʢʫ ʇʊʌʕ ʚ ʩʞʠʛʘʝʤʳʭ ʰʠʭʪʘʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʠ 

ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ. ɺ ʧʝʨʚʳʭ 

ʨʘʙʦʪʘʭ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʇʊʌʕ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠʣʠ ʜʘʞʝ ʯʠʩʪʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʩ 

ʩʘʞʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʰʠʭʪʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʨʝʩʩʦʚʘʥʥʳʤʠ ʜʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 0,4-0,65, ʠʤʝʪʴ ʜʠʘʤʝʪʨ ʥʝ 

ʤʝʥʝʝ 30 ʤʤ, ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʘʟʦʪʝ ʝʛʦ ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3 ʄʇʘ, 

ʠʩʪʦʯʥʠʢ ʟʘʞʠʛʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʙʦʣʝʝ 2370 ʂ [61, 98]. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [62] ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʨʠ 
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ʩʞʠʛʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

7 ʄʇʘ ʰʠʭʪʳ Si+0,9C+0,05C2F4 ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,55 ʧʨʦʰʣʘ 

ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ ʢʘʨʙʠʜʠʟʘʮʠʠ ʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʯʘʩʪʠʮʳ ʯʠʩʪʦʛʦ SiC ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 200 ʥʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʞʠʛʘʥʠʷ 

ʰʠʭʪ ʩ ʘʟʠʜʦʤ ʥʘʪʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʚʳʤ ʯʘʩʪʷʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ (2.3)-(2.62): 

ï ʩʞʠʛʘʥʠʝ ʚ ʨʝʘʢʪʦʨʝ ʉɺʉ-ɸʟ ʩ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ [102]; 

ï ʛʘʟʦʚʘʷ ʘʪʤʦʩʬʝʨʘ ʚ ʨʝʘʢʪʦʨʝ ï ʘʟʦʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 3 ʄʇʘ; 

ï ʧʨʝʩʩʦʚʘʥʥʳʝ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʰʠʭʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 0,6 ʤʘʩʩʦʡ ʦʪ 20 ʛ ʜʦ 40 ʛ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ, ʚʳʩʦʪʦʡ ʦʪ 20 ʜʦ 25 

ʤʤ, ʧʨʝʩʩʦʚʘʥʥʳʝ ʜʘʚʣʝʥʠʝʤ 7 ʄʇʘ; 

ï ʥʘʩʳʧʥʳʝ ʦʙʨʘʟʮʳ ʰʠʭʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,34 ʤʘʩʩʦʡ ʦʪ 

20 ʛ ʜʦ 40 ʛ ʚ ʢʘʣʴʢʦʚʦʤ ʩʪʘʢʘʥʯʠʢʝ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ 45 ʤʤ;  

ï ʟʘʞʠʛʘʥʠʝ ʨʘʩʢʘʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ ʩʧʠʨʘʣʴʶ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʦʣʝʝ 2370 ʂ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʨʷʜʫ ʩ ʧʨʝʩʩʦʚʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʥʘʩʳʧʥʳʭ ʦʙʨʘʟʮʦʚ 

ʰʠʭʪʳ ʩʚʷʟʘʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦ ʩʠʥʪʝʟʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʥʘʩʳʧʥʳʭ 

ʰʠʭʪ ʩ ʇʊʌʕ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʠʭ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʯʪʦ ʤʦʛʣʦ ʙʳ 

ʫʧʨʦʩʪʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʮʝʣʝʚʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʰʠʭʪ ʠʟ ʥʠʭ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʚʝʱʝʩʪʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʶʪʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʛʦʨʝʥʠʷ ʠ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 
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ʛʦʨʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ ʩʠʥʪʝʟʝ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʪʘʙʣʠʮʘ 2.1). 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ɻʆʉʊ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

1. ʇʦʨʦʰʦʢ 

ʢʨʝʤʥʠʷ, 

ʂʨ00 

2169-69 ʈʘʚʥʦʦʩʥʳʡ ʧʦʨʦʰʦʢ ʩʝʨʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï 99,12 

ʤʘʩʩ.%, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ d 

= 40 ʤʢʤ.  

ʆʆʆ ʇʇʄ 

çʋʨʘʣ 

ɸʪʦʤʠʟʘʮʠʷè, ʛ. 

ʏʝʣʷʙʠʥʩʢ 

2. ʇʦʨʦʰʦʢ 

ʘʣʶʤʠʥʠʷ, 

ʇɸ-4 

6058-73 ʉʬʝʨʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʩʚʝʪʣʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 98 ʤʘʩʩ.%, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ d = 100 ʤʢʤ.  

ɸʆ çʈʋʉɸʃ 

ʋʈɸʃè,  

ʛ. ɺʦʣʛʦʛʨʘʜ 

3. ʇʦʨʦʰʦʢ 

ʪʠʪʘʥʘ, 

ʇʊʆʄ-1 

14-22-57-

92 

ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ 

ʩʝʨʦʛʦ ʮʚʝʪʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 99,1 ʤʘʩʩ.%, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ d = 30 ʤʢʤ . 

ɸʆ çʇʦʣʝʤʘè,  

ʛ. ʊʫʣʘ 

4. ʇʦʨʦʰʦʢ 

ʧʦʣʠʪʝʪʨʘʬʪʦʨʵ

ʪʠʣʝʥʘ,  

ʇʅ-40 

2213-021-

13693708 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ï 99,5 ʤʘʩʩ.%., ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ d = 40 ʤʢʤ.  

ʇʣʦʪʥʦʩʪʴ ï 2,2 ʛ/ʩʤį. 

ʆʆʆ 

çɻʘʣʦʇʦʣʠʤʝʨ 

ʂʠʨʦʚʦ-

ʏʝʧʝʮʢè,  

ʛ. ʂʠʨʦʚ 

5. ʇʦʨʦʰʦʢ  

ʘʟʠʜʘ ʥʘʪʨʠʷ,  

ʍʏ 

84-1420-77 ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 98,71 ʤʘʩʩ. %, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ d = 100 ʤʢʤ.  

ʇʣʦʪʥʦʩʪʴ ï 1,846 ʛ/ʩʤ
3
.  

ʆʆʆ çʉʂʄè, ʛ. 

ɻʘʪʯʠʥʘ 

6. ʇʦʨʦʰʦʢ 

ʫʛʣʝʨʦʜʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ 

(ʩʘʞʘ),  

ʇ701 

7885-86 ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 89-99 ʤʘʩʩ. %, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ d = 70 ʥʤ ʚ ʚʠʜʝ 

ʘʛʣʦʤʝʨʘʪʦʚ ʜʦ 1 ʤʢʤ. 

ʆʆʆ 

çɻʈɸɼɸʈè,  

ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

7. ɸʟʦʪ, 

ʆʉʏ- 1 ʩʦʨʪ 

9293-74 ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 99,99 %.  

ʇɸʆ 

çʂʫʡʙʳʰʝʚ 

ɸʟʦʪè,  

ʛ. ʊʦʣʴʷʪʪʠ 

8. ɺʦʣʴʬʨʘʤʦʚʘʷ 

ʧʨʦʚʦʣʦʢʘ, 

ɺɸ1 ɲ1ʤʤ 

48-1939-73 ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï 99,5 ʤʘʩʩ. %, ʜʠʘʤʝʪʨ 1 ʤʤ.  

 

ʆɸʆ 

çʄʦʩʢʦʚʩʢʠʡ 

ʵʣʝʢʪʨʦ-

ʣʘʤʧʦʚʳʡ 

ʟʘʚʦʜè,  

ʛ. ʄʦʩʢʚʘ 

9. ʊʝʨʤʦʧʘʨʥʘʷ 

ʧʨʦʚʦʣʦʢʘ, 

ɺʈ5/20  ɲ0,2 ʤʤ 

48-1941-73 ʉʧʣʘʚ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʡ ɺʈ-5: 

ʚʦʣʴʬʨʘʤ ï 94,24 %; 

ʨʝʥʠʡ ï 5,75Ñ0,5 %. 

ɼʠʘʤʝʪʨ 0,2 ʤʤ. 

ʉʧʣʘʚ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʡ ɺʈ-20: 

ʚʦʣʴʬʨʘʤ ï 79,15 %; 

ʨʝʥʠʡ ï 20,75Ñ0,5 %. 

ɼʠʘʤʝʪʨ 0,1 ʤʤ. 
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ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ (ʰʠʭʪ) ʜʣʷ 

ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ (2.3)-(2.62), ʦʙʲʝʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʝʡ, ʠʩʧʦʣʴʟʫʷ ʙʘʥʢ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʠʡ ʟʥʘʯʝʥʠʷ ʘʪʦʤʥʳʭ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʠ ʧʣʦʪʥʦʩʪʝʡ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʉɺʉ-ɸʟ. ɺ 

ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʣʘʩʴ ʯʠʩʪʦʪʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪʩʷ. 

ʂʦʤʧʦʥʝʥʪʳ ʰʠʭʪ ʚʟʚʝʰʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʦʤ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ ʤʘʨʢʠ çɺʂ-150.1è ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʛ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʤʝʩʠʪʝʣʝ ʐʘʪʮʘ çʧʴʷʥʘʷ ʙʦʯʢʘè. ʊʘʢʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʩʳʧʫʯʠʝ ʩʤʝʩʠ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʝʩʪʠʢʦʤ ʚ ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ, ʛʜʝ ʠʟ-ʟʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʇʊʌʕ 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʠʧʘʥʠʝ ʧʦʨʦʰʢʦʚ ʠ ʥʘʣʠʧʘʥʠʝ ʥʘ ʧʝʩʪʠʢ ʠ ʩʪʫʧʢʫ, ʧʦʵʪʦʤʫ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʇʊʌʕ ʚ ʩʪʫʧʢʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ.  

2.3 ʄʝʪʦʜʠʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

2.3.1 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ SiC ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʉɺʉ-ɸʟ ʩ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ, ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [101, 102]. ʇʨʠʛʦʪʦʚʣʝʥʥʘʷ ʰʠʭʪʘ ʚ ʥʘʩʳʧʥʦʤ 

ʚʠʜʝ ʚ ʢʘʣʴʢʦʚʦʤ ʩʪʘʢʘʥʯʠʢʝ ʠʣʠ ʚ ʚʠʜʝ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʙʨʠʢʝʪʘ ʧʦʤʝʱʘʣʘʩʴ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʨʝʘʢʪʦʨ ʥʘ ʧʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ. ɺ ʮʝʥʪʨ ʰʠʭʪʦʚʦʛʦ ʦʙʨʘʟʮʘ 

ʚʚʦʜʠʣʘʩʴ ʪʝʨʤʦʧʘʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʪʝʨʤʦʧʘʨʳ ʠ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʮʝʧʴ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ) çʆɺɽʅè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʝʘʢʪʦʨʘ ʉɺʉ-ɸʟ. ʂ ʚʝʨʭʥʝʤʫ ʪʦʨʮʫ ʰʠʭʪʦʚʦʛʦ ʦʙʨʘʟʮʘ 
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ʧʦʜʚʦʜʠʣʘʩʴ ʚʦʣʴʬʨʘʤʦʚʘʷ ʩʧʠʨʘʣʴ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʛʦʨʝʥʠʷ. ʈʝʘʢʪʦʨ 

ʚʘʢʫʫʤʠʨʦʚʘʣʩʷ ʠ ʟʘʧʦʣʥʷʣʩʷ ʘʟʦʪʦʤ ʜʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ 3 ʄʇʘ. ɼʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʦʜʘʚʘʣʦʩʴ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 28-30 ɺ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 50-80 ɸ. ʆʙ 

ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʛʦʨʝʥʠʷ ʩʫʜʠʣʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʪʝʨʤʦʧʘʨʳ ʠ ʩʢʘʯʢʫ ʜʘʚʣʝʥʠʷ, 

ʦʪʨʘʞʘʝʤʳʤ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʚʢʣʶʯʝʥʥʦʤ ʚ ʮʝʧʴ ʩ ɸʎʇ çʆɺɽʅè. ʆʙʳʯʥʦ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ 5-10 ʩʝʢʫʥʜ (ʚ ʥʘʩʳʧʥʳʭ ʰʠʭʪʘʭ ʨʘʥʴʰʝ, ʚ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪʘʭ ʧʦʟʞʝ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ), ʘ ʛʦʨʝʥʠʝ 

ʧʨʦʜʦʣʞʘʣʦʩʴ 1-2 ʩʝʢʫʥʜʳ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Tʛ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ Pmax ʚ ʨʝʘʢʪʦʨʝ ʚʦ ʚʨʝʤʷ ʛʦʨʝʥʠʷ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʛʦʨʝʥʠʷ ʠ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʦʩʪʳʚʰʠʡ ʧʨʦʜʫʢʪ 

ʛʦʨʝʥʠʷ, ʦʩʪʘʚʰʠʡʩʷ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʠʢʝ, ʠʟʚʣʝʢʘʣʩʷ ʠʟ ʨʝʘʢʪʦʨʘ ʠ 

ʨʘʟʨʫʰʘʣʩʷ ʜʦ ʩʳʧʫʯʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʩʪʠʢʦʤ ʚ ʬʘʨʬʦʨʦʚʦʡ 

ʩʪʫʧʢʝ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʯʘʩʪʦ ʤʘʩʩʘ ʦʩʪʘʚʰʝʛʦʩʷ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʠʢʝ 

ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʘʩʩʳ ʰʠʭʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʨʘʟʙʨʦʩʘ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʩ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ ʥʘ ʩʪʝʥʢʠ 

ʨʝʘʢʪʦʨʘ ʛʘʟʘʤʠ, ʚʳʜʝʣʷʶʱʠʤʠʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʰʠʭʪ ʩ ʪʘʢʠʤʠ 

ʘʢʪʠʚʥʳʤʠ ʛʘʟʦʦʙʨʘʟʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʢʘʢ ʇʊʌʕ ʠ ʘʟʠʜ ʥʘʪʨʠʷ. 

ʈʘʟʙʨʦʩʘʥʥʳʡ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʥʝ ʩʦʙʠʨʘʣʩʷ, ʠ ʝʛʦ ʤʘʩʩʘ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʠʟʤʝʣʴʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʦʪʤʳʚʘʣʠʩʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʛʦʨʝʥʠʠ ʘʟʠʜʥʳʭ ʩʠʩʪʝʤ ʉɺʉ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʘʟʠʜʘ ʥʘʪʨʠʷ [102]. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ 

ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʩ ʥʝʧʦʣʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ, ʯʘʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ 

ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï ʬʪʦʨʠʜ ʥʘʪʨʠʷ NaF. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʙʘʣʘʥʩʘ (ʨʅ) ʧʨʦʤʳʚʥʦʡ ʚʦʜʳ ʠ 

ʧʨʦʜʫʢʪ ʧʨʦʤʳʚʘʣʩʷ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ=7, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ ʠ NaF ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʤʳʪʦʤ ʧʨʦʜʫʢʪʝ. 
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ʇʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ mʪ (ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʡ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ ʩʦʛʣʘʩʥʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ) ʠ ʢʦʥʝʯʥʦʡ ʤʘʩʩʦʡ ʦʪʤʳʪʦʛʦ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ mʢ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʮʝʣʝʚʦʡ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

Ўά ϽρππϷ                                                            (2.63) 

ʕʪʘ ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪʨʘʞʘʝʪ ʧʦʪʝʨʶ ʟʘ ʩʯʝʪ ʥʝʧʦʣʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʠ ʨʘʟʙʨʦʩʘ ʪʚʝʨʜʳʭ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʛʘʟʘʤʠ, ʚʳʜʝʣʷʶʱʠʤʠʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʛʦʨʝʥʠʠ. ʇʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʦʣʥʦʪʝ 

ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʭʪʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ. ʏʝʤ ʤʝʥʴʰʝ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʣʥʦʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʭʪʳ. ʇʨʠ ʥʫʣʝʚʦʡ ʧʦʪʝʨʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʣʥʦʝ ʧʦʣʝʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʭʪʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ.  

ʇʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʤʘʩʩʦʡ ʰʠʭʪʳ m0 ʠ ʢʦʥʝʯʥʦʡ ʤʘʩʩʦʡ 

ʦʪʤʳʪʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ mʢ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʪʝʨʷ ʤʘʩʩʳ ʰʠʭʪʳ  

Ўά ϽρππϷ                                                                (2.64) 

ʕʪʘ ʧʦʪʝʨʷ ʦʪʨʘʞʘʝʪ ʧʦʪʝʨʶ ʤʘʩʩʳ ʰʠʭʪʳ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʨʘʟʙʨʦʩʘ ʪʚʝʨʜʳʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʛʘʟʘʤʠ, ʚʳʜʝʣʷʶʱʠʤʠʩʷ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ. ʇʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʰʠʭʪʳ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʰʠʭʪʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ. ʏʝʤ ʧʨʠ 

ʤʝʥʴʰʝʡ ʤʘʩʩʝ ʰʠʭʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠʤʝʥʝʥʠʝ ʰʠʭʪʳ. 

2.3.2 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL XôtrA-138 ʬʠʨʤʳ çThermo Fisher 

Scientificè. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2ɗ (20é80)Á ʩʦ 
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ʩʢʦʨʦʩʪʴʶ 2Á/ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ ʩ ʤʝʜʥʳʤ ʘʥʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʴʶ 2200 ɺʪ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʧʦʣʥʦʧʨʦ-

ʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ) ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ HighScore Plus ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ COD-2024.  

2.3.3 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʯʘʩʪʠʮ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʤʠʢʨʦʩʢʦʧʘʭ JSM-6390A ʬʠʨʤʳ çJeolè ʠ VEGA 3 ʬʠʨʤʳ çTESCANè.   

2.4 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 2 

1. ɺʳʙʨʘʥʳ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʩʦʩʪʘʚʣʝʥʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚʳʭ ʥʠʪpʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢoʤʧoʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

Si3N4-SiC, AlN-SiC, TiN-SiC ʧʦ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʇʊʌʕ ʢʘʢ ʧʨʠ ʧʦʣʥʦʤ, ʪʘʢ ʠ 

ʯʘʩʪʠʯʥʦʤ ʟʘʤʝʱʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ.  

2. ɸʟʠʜ ʥʘʪʨʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʰʠʭʪʝ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʦʢʩʠʯʥʦʛʦ ʬʪʦʨʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʇʊʌʕ, ʠ ʩʚʷʟʳʚʘʥʠʷ ʬʪʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʚʨʝʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ - 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ NaF, ʫʜʘʣʷʝʤʫʶ ʠʟ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʦʡ. 

3. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʥʠʪpʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢoʤʧoʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC, TiN-

SiC. ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ.  
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4. Oʧpʝʜʝʣʝʥʳ ʤʝʪoʜʠʢʠ ʧpoʚʝʜʝʥʠʷ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʥʠʪpʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢoʤʧoʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC, TiN-

SiC ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʇʊʌʕ, ʠʟʤʝʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʛʦʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ.  

5. ɺʳʙʨʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ (ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ) ʷʚʣʷʶʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʪʪʝʩʪʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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3 ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ʇʆʃʋʏɽʅʀʗ 

ʅʀʊʈʀɼʅʆ-ʂɸʈɹʀɼʅʓʍ ʂʆʄʇʆɿʀʎʀʁ  

ʅɸ ʆʉʅʆɺɽ ʂɸʈɹʀɼɸ ʂʈɽʄʅʀʗ ɺ ʈɽɾʀʄɽ ʉɺʉ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʛʦʨʝʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʪʝʧʣʦʧʦʪʝʨʴ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ) ʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʉɺʉ ʚ 

ʀʥʩʪʠʪʫʪʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤʝʥʠ 

ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʉʄɸʅ) ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ THERMO ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʘʩʯʝʪʦʚ [49]. ɺ ʥʝʤ ʜʣʷ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩʳ ʉɺʉ, ʩʦʜʝʨʞʘʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ) ʠ 

ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʣʘʚʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ 

ʠʣʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ). 

ʅʝʜʦʩʪʘʶʱʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʟʘʧʨʦʩʫ ʧʨʦʛʨʘʤʤʳ ʧʦʧʦʣʥʷʶʪʩʷ ʩʘʤʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʟʘʜʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʝʯʥʦʝ ʨʘʚʥʦʚʝʩʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʉɺʉ, ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ ʤʠʥʠʤʫʤʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ) ʩʠʩʪʝʤʳ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʢʣʘʜ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʢʦʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʜʣʷ ʜʚʫʭ ʨʝʞʠʤʦʚ: 1) ʨʝʞʠʤʘ ʧʦʩʪʦʷʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩ ʧʦʠʩʢʦʤ ʤʠʥʠʤʘʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʠʟʦʙʘʨʥʦ-

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ G) ʠ 2) ʨʝʞʠʤʘ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ ʩ ʧʦʠʩʢʦʤ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ (ʠʟʦʭʦʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ F). ʇʨʘʢʪʠʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʤʠʥʠʤʫʤʳ ʬʫʥʢʮʠʡ G ʠ F ʜʣʷ ʩʠʩʪʝʤ ʉɺʉ ʦʯʝʥʴ ʙʣʠʟʢʠ [49]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʝ ʠʤʝʝʪ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʢʦʛʦ ʨʝʞʠʤʘ (ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ 
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ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ) ʧʨʦʚʦʜʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʮʝʩʩʦʚ ʉɺʉ, 

ʪʝʤ ʙʦʣʝʝ ʫʯʠʪʳʚʘʷ ʠʜʝʘʣʴʥʦʩʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʚʥʦʚʝʩʥʦʩʪʴ, ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʉɺʉ ʚ ʵʪʠʭ ʨʘʩʯʝʪʘʭ ʠ ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʉɺʉ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ, ʯʪʦ ʤʦʞʝʪ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʪʥʳʤ ʨʘʩʭʦʞʜʝʥʠʷʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ 

ʥʠʪʨʠʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ [49]. 

ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʧʨʦʛʨʘʤʤʝ THERMO ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ 

ʨʝʞʠʤʘ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

[101] ʜʣʷ ʉɺʉ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ 

ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ. ɼʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʟʘʧʨʦʩʫ 

ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʠʜʘ 

ʥʘʪʨʠʷ æH
o
298 = 21,3 ʢɼʞ/ʤʦʣʴ [159] ʠ ʇʊʌʕ æH

o
298 = ï829,59 ʢɼʞ/ʤʦʣʴ [160]. 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʘʟʦʪʘ ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ 3 ʄʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʥʘʨʷʜʫ ʩ ʮʝʣʝʚʳʤʠ ʥʠʪʨʠʜʘʤʠ ʠ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ 

ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʪʘʢʞʝ ʬʪʦʨʠʜʳ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʊʌʕ ʩ ʢʨʝʤʥʠʝʤ (1.6) ʠ (1.7) ʠ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʰʠʭʪʳ. 

3.1 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʘʜ ʠ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.6) ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 
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ʊʘʙʣʠʮʘ 3.1 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.3)-(2.6) ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 
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(2.3) 4 : 1 2965 3,71 2,56 - 2,95 0,29  1,85 2,00 6,53 

(2.4) 2 : 1 2862 3,59 0,81 - 1,73 0,41 - 1,78 2,00 3,13 

(2.5) 1 : 1 2594 3,04 0,02 0,06 2,99 0,95 - 1,39 2,00 1,50 

(2.6) 1 : 2 2395 2,12 - 0,20 4,57 1,21 0,65 0,65 2,00 0,71 

(2.7) 1 : 4 2348 3,15 - 0,36 10,80 1,94 2,89 0,83 4,00 0,59 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.1, ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 2965 ʂ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Si3N4:SiC=4:1 ʠ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 

2348 ʂ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1: 4. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʦʣʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ Si3N4, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʚʳʩʦʢʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ (1.10) ʩ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ SiC, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʩʣʘʙʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (1.5) ʩ 

ʥʝʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ. ʊʘʢʞʝ ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ 

SiC ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʣʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7), ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ Si3N4 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.3)-(2.7). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʩʩʦʮʠʘʮʠʠ ʬʘʟʳ Si3N4, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʤʝʨʥʦ 1900 
ʦ
ʉ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʘʟʦʪʘ 0,1 ʄʇʘ ʠ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʘʟʦʪʘ [47, 49, 102]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʊʘʜ ʨʘʩʯʝʪʥʳʝ 

ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʩʦʜʝʨʞʘʪ ʧʨʦʜʫʢʪʳ ʜʠʩʩʦʮʠʘʮʠʠ Si3N4 ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Siɻ ʠ N2ɻ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ (2.3)-

(2.4). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʚʩʝʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Si3N4:SiC ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʜʝʨʞʘʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (1.6) ʠ/ʠʣʠ (1.7) ʩ ʇʊʌʕ ʚ ʚʠʜʝ ʬʪʦʨʠʜʦʚ 

SiF2ɻ ʠ SiF4ɻ ʩ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 1 ʤʦʣʴ ʠ ʙʦʣʝʝ, ʢʦʪʦʨʳʭ ʪʦʞʝ ʥʝʪ ʚ 

ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʛʜʘ 
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ʘʪʦʤʳ ʬʪʦʨʘ ʩʚʷʟʘʥʳ ʩ ʢʨʝʤʥʠʝʤ, ʠʭ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʘʪʦʤʦʚ 

ʥʘʪʨʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3, ʢʦʪʦʨʳʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠ ʊʘʜ ʚ ʘʪʦʤʘʨʥʦʤ ʛʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʣʠ ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ NaF ʚ ʞʠʜʢʦʤ ʠ ʛʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ (ʠʟ-ʟʘ ʧʨʝʚʳʰʝʥʠʷ 

ʊʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʷ ʵʪʦʡ ʩʦʣʠ 997 
ʦ
ʉ ʠ 1695 

o
C 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [161]) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ 

(2.3)-(2.7). 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ 

Si3N4-SiC ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.2-3.4 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  

0,9C + 0,05C2F4, (ʟʘʤʝʥʘ 10 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ),   (A) 

0,8C + 0,1C2F4, (ʟʘʤʝʥʘ 20 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ),   (B) 

0,7C + 0,15C2F4, (ʟʘʤʝʥʘ 30 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ).   (C) 

ʊʘʙʣʠʮʘ 3.2 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.18)-(2.22) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 
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(2.18) 4 : 1 3088 0,19 1,64 1,16 0,01 0,09 0,99 3,41 

(2.19) 2 : 1 3068 0,19 0,75 0,56 0,01 0,09 1,00 1,71 

(2.20) 1 : 1 3028 0,18 0,31 0,27 0,01 0,09 1,00 0,86 

(2.21) 1 : 2 2946 0,36 0,21 0,25 0,03 0,18 2,00 0,87 

(2.22) 1 : 4 2762 0,69 0,05 0,26 0,11 0,34 4,00 0,86 
 

ʊʘʙʣʠʮʘ 3.3 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.23)-(2.27) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (B) 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 

N
a ɻ
 

S
i ɻ 

S
i
F
4
ɻ
 

N
2
ɻ
 

N
a
F ɻ 

S
i
F
2
ɻ 

S
i
C
ʊ
ɺ 

S
i 3N
4
ʊ
ɺ 

(2.23) 4 : 1 3070 0,38 1,60 - 1,20 0,01 0,19 0,99 3,39 

(2.24) 2 : 1 3035 0,38 0,71 - 0,60 0,01 0,18 1,00 1,69 

(2.25) 1 : 1 2972 0,37 0,28 - 0,31 0,02 0,18 1,00 0,84 

(2.26) 1 : 2 2852 0,72 0,15 - 0,34 0,08 0,36 2,00 0,83 

(2.27) 1 : 4 2576 1,20 0,01 0,02 0,79 0,39 0,54 4,00 0,80 
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ʊʘʙʣʠʮʘ 3.4 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.28)-(2.32) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (C) 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 
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(2.28) 4 : 1 3054 0,57 1,57 - 1,23 0,02 0,28 0,99 3,38 

(2.29) 2 : 1 3007 0,56 0,68 - 0,64 0,03 0,28 1,00 1,67 

(2.30) 1 : 1 2925 0,55 0,24 - 0,34 0,04 0,27 1,00 0,82 

(2.31) 1 : 2 2769 1,03 0,08 - 0,40 0,16 0,51 2,00 0,79 

(2.32) 1 : 4 2433 1,56 - 0,12 2,04 0,83 0,54 4,00 0,77 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʪʘʙʣʠʮ, ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʭ ʥʘ 100-

400 ʂ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ (ʪʘʙʣʠʮʘ 3.1), ʪʘʢ ʢʘʢ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʬʪʦʨʠʜʦʚ ʠ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʡ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʪʨʘʪʠʪʩʷ ʠ ʥʘ ʥʘʛʨʝʚ ʵʪʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ 4Si3N4-SiC ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ 4:1 ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ (2.3) ʩ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʵʪʫ ʢʦʤʧʦʟʠʮʠʶ 

ʧʨʠʭʦʜʠʪʩʷ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 2NaF, ʪʦ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʵʪʦʡ 

ʢʦʤʧʦʟʠʮʠʠ 4Si3N4-SiC ʧʦ ʫʨʘʚʥʝʥʠʶ (2.18) ʜʣʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʩ 

ʟʘʤʝʥʦʡ 10 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʵʪʫ ʢʦʤʧʦʟʠʮʠʶ 

ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ 0,2NaF ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʦ ʝʩʪʴ ʚ 10 ʨʘʟ 

ʤʝʥʴʰʝ. ɸʥʘʣʦʛʠʯʥʳʡ ʚʳʚʦʜ ʧʦʣʫʯʘʝʪʩʷ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ 4Si3N4-SiC ʧʦ ʪʘʙʣʠʮʘʤ 3.1. ʠ 

3.2, ʪʦʣʴʢʦ ʚ ʥʠʭ ʢ ʧʦʙʦʯʥʦʤʫ ʧʨʦʜʫʢʪʫ ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ ʜʦʙʘʚʣʷʶʪʩʷ 

ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʠʜʦʚ 

ʢʨʝʤʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʚ ʩʚʷʟʠ, ʩ ʯʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʇʊʌʕ ʚ ʰʠʭʪʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʠ (ɸ) ʢ ʩʤʝʩʠ (ʉ) ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʪʘʙʣʠʮʳ 3.2 ʢ ʪʘʙʣʠʮʝ 3.4. ɺʥʫʪʨʠ ʵʪʠʭ ʪʘʙʣʠʮ ʊʘʜ ʫʤʝʥʴʰʘʶʪʩʷ 

ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ Si3N4:SiC ʦʪ 4:1 ʜʦ 1:4 ʧʦ ʜʚʫʤ 
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ʧʨʠʯʠʥʘʤ: ʧʝʨʚʘʷ ʧʨʠʯʠʥʘ ï ʘʥʘʣʦʛʠʯʥʦ ʪʘʙʣʠʮʝ 3.1 ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ 

ʬʘʟʳ Si3N4 ʩ ʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʬʘʟʳ SiC ʩ ʥʝʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ; ʚʪʦʨʘʷ ʧʨʠʯʠʥʘ ï 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʇʊʌʕ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʦʦʪʥʦʰʝʥʠʷʤ ʬʘʟ 1:2 ʠ 1:4. 

ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ NaFɻ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʚ ʧʨʘʚʳʭ 

ʯʘʩʪʷʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32). 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʘʙʣʠʮʳ 3.1, ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʚ ʪʘʙʣʠʮʘʭ 3.2-3.4 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʣʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32), ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ 

Si3N4 ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.18)-(2.32). ʇʦʩʣʝʜʥʝʝ ʪʘʢ ʞʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʝʚʳʰʝʥʠʝʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʠʩʩʦʮʠʘʮʠʠ Si3N4, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʊʘʜ ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʠ 2:1 ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Siʛ ʠ N2ʛ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ 

ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʤʝʥʴʰʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʬʘʟ ʦʪ 1:1 ʜʦ 1:4 ʠ ʤʝʥʴʰʠʤ ʊʘʜ ʩʦʜʝʨʞʘʥʠʝ Siʛ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʦʭʦʜʠʪ ʜʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 3.4. 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (1.6) ʠ/ʠʣʠ (1.7) ʩ ʇʊʌʕ ʚ 

ʚʠʜʝ ʬʪʦʨʠʜʦʚ SiF2ɻ ʠ SiF4ɻ ʚ ʪʘʙʣʠʮʘʭ 3.2-3.4 ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʝʤ 

ʚ ʪʘʙʣʠʮʝ 3.1 ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʠʭʪʘʭ, 

ʥʦ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʢ 1:4 

ʠ ʦʪ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʢ ʩʤʝʩʠ (ʉ) ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ.  

ʀʥʪʝʨʝʩʥʦ ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʧʨʦʮʝʥʪ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ 

ʰʠʭʪʝ ʠ ʟʘʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ ʚ ʠʩʭʦʜʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʷʭ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟʳ Si3N4 (%) ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʷʤ (2.3)-(2.7) ʠ (2.18)-(2.32). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʢʦʣʠʯʝʩʪʚʫ Si3N4 ʚ ʪʘʙʣʠʮʘʭ 3.1-3.4, ʧʦʣʫʯʠʤ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.5, ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ. 
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ʊʘʙʣʠʮʘ 3.5 ï ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟʳ Si3N4 (%) ʧʨʠ ʊʘʜ  

Si3N4 : SiC 

(ʤʦʣʴ) 

ʇʨʦʮʝʥʪ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ (ʢʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ) 

100 % 10 % (ɸ) 20 % (ɺ) 30 % (ʉ) 

4 : 1 81,6 85,3 84,8 84,5 

2 : 1 78,3 85,5 84,5 83,5 

1 : 1 75,0 86,0 84,0 82,0 

1 : 2 71,0 87,0 83,0 79,0 

1 : 4 59,0 86,0 80,0 77,0 
 

ʀʟ ʪʘʙʣʠʮʳ 3.5 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ 

ʮʝʣʝʚʦʡ ʬʘʟʳ Si3N4 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ 1:4, ʢʦʛʜʘ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 59 % ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (2.7). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʜʦ 4:1 ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ Si3N4 ʚʦʟʨʘʩʪʘʝʪ ʜʦ 81,6 % 

ʜʣ̫ ʩʣʫʯʘʷ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. ʅʘʠʙʦʣʴʰʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʜʣʷ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʡ ʬʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʥʘʠʤʝʥʴʰʝʡ ʟʘʤʝʥʝ 10 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, ʪʦ ʝʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ). ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʬʘʟ 4:1 ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʚʳʭʦʜ ʨʘʚʝʥ ʚ ʩʨʝʜʥʝʤ 85 % ʜʣʷ ʚʩʝʭ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ. ɼʣʷ ʩʤʝʩʠ (ɸ) 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 86-87 % ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʬʘʟ, ʥʦ ʫʙʳʚʘʝʪ ʜʦ ʫʨʦʚʥʷ 80 % ʜʣʷ ʩʤʝʩʠ (ɺ) ʠ 77 % ʜʣʷ ʩʤʝʩʠ 

(ʉ) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʬʘʟ 1:4. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (2348-

3088 ʂ) ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʚʩʝʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ (ʥʘ 450-600 ʂ) ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (1750-2640 ʂ) ʚ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (NH4)2SiF6, Na2SiF6 ʠ NH4F [101]. 

3.2 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʘʜ ʠ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.6.  
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ʊʘʙʣʠʮʘ 3.6 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.8)-(2.12) ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
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(2.8) 4 : 1 3071 0,53 3,10 1,03 0,89 2,78 - - 6,42 - 1,99 

(2.9) 2 : 1 2699 0,02 2,79 0,93 1,20 4,48 - - 2,18 0,85 1,99 

(2.10) 1 : 1 2520 - 2,23 0,53 1,14 5,37 - 0,21 - 1,25 1,99 

(2.11) 1 : 2 2432 - 3,78 0,45 1,80 11,63 - 0,81 - 0,73 3,99 

(2.12) 1 : 4 2373 - 5,99 0,17 4,36 24,00 0,15 1,82 - - 7,99 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.6, ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 3071 ʂ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ AlN:SiC=4:1 ʠ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 

2373 ʂ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ʕʪʠ ʟʥʘʯʝʥʠʷ ʊʘʜ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʙʦʣʴʰʝ 

ʧʨʠʤʝʨʥʦ ʥʘ 100 ʂ ʯʝʤ ʚ ʪʘʙʣʠʮʝ 3.1 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʠ Si3N4-SiC ʧʨʠ 

ʪʘʢʦʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʠ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ, ʠ ʙʦʣʴʰʝ ʥʘ 25 ʂ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ʊʘʢʠʝ ʧʨʝʚʳʰʝʥʠʷ ʊʘʜ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ (2Al+N2=2AlN) ʠ 

(3Si+2N2=Si3N4) ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3639 ʂ ʠ 2430 ʂ, ʪʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ 

ʩʠʥʪʝʟʘ AlN ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ Si3N4 [49]. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ AlN ʟʘ ʩʯʝʪ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

2200 ʜʦ 2700 
ʦ
ʉ [2], ʘ ʫ Si3N4 ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 1900 

ʦ
ʉ ʠ ʚʳʰʝ [47, 49, 102].  

ʋʤʝʥʴʰʝʥʠʝ ʊʘʜ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ AlN:SiC ʚ ʪʘʙʣʠʮʝ 

3.6 ʦʪ 4:1 ʜʦ 1:4 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ AlN, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦ ʙʦʣʝʝ ʚʳʩʦʢʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʯʝʤ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ 

SiC. ʊʘʢʞʝ ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʦʙʨʘʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚ ʧʦʣʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12), ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ AlN ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.8)-(2.12). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.8) ʠ 

(2.9) ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ 

ʧʨʝʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʩʩʦʮʠʘʮʠʠ ʬʘʟʳ AlN, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʩʯʝʪʥʳʝ 
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ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʚ ʪʘʙʣʠʮʝ ʩʦʜʝʨʞʘʪ ʧʨʦʜʫʢʪʳ ʜʠʩʩʦʮʠʘʮʠʠ AlN ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Alʛ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ (2.8) ʠ 

(2.9), ʠ N2, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʠʟʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤʠ 

ʯʘʩʪʷʤʠ ʫʨʘʚʥʝʥʠʡ (2.8) ʠ (2.9). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʧʨʦʜʫʢʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʧʨʠʤʝʨʥʦ 1 ʤʦʣʴ) 

ʧʦʙʦʯʥʦʡ ʩʦʣʠ ʬʪʦʨʠʜʘ ʘʣʶʤʠʥʠʷ AlF3ɻ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʢʮʠʡ (2.10)-(2.11) ʩ 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʡ ʊʘʜ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ AlN ʠʣʠ ʜʘʞʝ ʝʝ 

ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʜʣʷ ʨʝʘʢʮʠʠ (2.12) ʩʚʷʟʘʥʦ ʥʝ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ 

AlN, ʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʨʷʜʫ ʩ AlF3ɻ ʝʱʝ ʠ ʜʨʫʛʦʡ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ï ʩʦʣʠ 

ʢʨʠʦʣʠʪʘ Na3AlF6ɾ, ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʥʠʞʝ ʊʘʜ ʠ ʯʝʤ 

ʙʦʣʴʰʝ ʇʊʌʕ ʚ ʰʠʭʪʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʡ 1:2 ʠ 1:4 ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ 

ʚ ʫʨʘʚʥʝʥʠʷʭ (2.11) ʠ (2.12). ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʙʣʠʮʳ 3.1, ʜʣʷ 

ʚʩʝʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ AlN:SiC ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚ 

ʪʘʙʣʠʮʝ 3.6 ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (1.6) ʠ/ʠʣʠ (1.7) ʩ ʇʊʌʕ ʚ ʚʠʜʝ ʬʪʦʨʠʜʦʚ SiF2ʛ ʠ SiF4ʛ, ʘ 

ʩʦʜʝʨʞʘʪ ʧʦʙʦʯʥʳʝ ʬʪʦʨʠʜʥʳʝ ʩʦʣʠ AlF3ɻ ʠ Na3AlF6ɾ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʧʨʘʚʳʭ 

ʯʘʩʪʷʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12). ʅʘʣʠʯʠʝ ʵʪʠʭ ʬʪʦʨʠʜʥʳʭ 

ʩʦʣʝʡ ʩ ʩʫʤʤʘʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪ 1 ʜʦ 2 ʤʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ (ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ) ʩʦʣʠ NaFɻ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

(2.8)-(2.12) ʠ ʧʨʠʩʫʪʩʪʚʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ 

ʥʘʪʨʠʷ Naɻ ʦʪ 2,23 ʜʦ 5,99 ʤʦʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ 

AlN-SiC ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.33)-(2.47) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ 

ʫʛʣʝʨʦʜʘ (ʦʪ 10 ʜʦ 30 %) ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.7-3.9 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 3.7 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.33)-(2.37) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 
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(2.33) 4 : 1 3348 0,34 0,17 0,05 0,02 0,20 - 3,59 - 0,99 

(2.34) 2 : 1 3259 0,08 0,06 - 0,07 0,05 0,01 1,89 - 0,99 

(2.35) 1 : 1 3102 0,02 0,07 - 0,05 0,02 0,02 0,95 - 0,99 

(2.36) 1 : 2 2772 0,01 0,28 0,09 0,11 0,15 - 0,89 - 1,99 

(2.37) 1 : 4 2569 - 0,46 0,11 0,22 0,77 0,03 - 0,84 4,00 
 

ʊʘʙʣʠʮʘ 3.8 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.38)-(2.42) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) 
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(2.38) 4 : 1 3286 0,35 0,33 0,11 0,67 0,23 - 3,52 - - 0,99 

(2.39) 2 : 1 3111 0,09 0,31 0,11 0,08 0,09 - 1,80 - - 0,99 

(2.40) 1 : 1 3002 0,03 0,31 0,10 0,09 0,16 - 0,86 - 0,99 - 

(2.41) 1 : 2 2699 0,01 0,55 0,18 0,24 0,79 - 0,08 0,72 1,99 - 

(2.42) 1 : 4 2489 - 0,81 0,14 0,39 2,03 0,12 - 0,72 4,00 - 
 

ʊʘʙʣʠʮʘ 3.9 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.43)-(2.47) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 
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(2.43) 4 : 1 3241 0,36 0,49 0,16 0,11 0,26 - 3,47 - - 0,99 

(2.44) 2 : 1 3102 0,12 0,47 0,15 0,12 0,14 - 1,71 - 0,46 0,53 

(2.45) 1 : 1 2839 0,01 0,43 0,14 0,16 0,47 - 0,84 - 0,99 - 

(2.46) 1 : 2 2566 - 0,75 0,13 0,38 1,43 0,20 - 0,67 2,00 - 

(2.47) 1 : 4 2449 - 1,15 0,15 0,55 3,29 0,23 - 0,62 4,00 - 

ɺ ʵʪʠʭ ʪʘʙʣʠʮʘʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 80-280 ʂ ʚʳʰʝ, ʯʝʤ ʚ 

ʪʘʙʣʠʮʝ 3.6 ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʬʪʦʨʠʜʦʚ, ʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʪʝʧʣʦʚʦʛʦ 

ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʡ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ AlN-

SiC ʥʘ ʥʘʛʨʝʚ ʵʪʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʂʦʣʠʯʝʩʪʚʦ ʬʪʦʨʠʜʦʚ AlF3ɻ, NaFɻ ʠ Na3AlF6ɾ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʪʘʙʣʠʮʝ 3.6 ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ 

ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʪʨʫʜʥʦ ʫʜʘʣʷʝʤʘʷ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʘʷ ʧʨʠʤʝʩʴ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6ɾ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʪʘʙʣʠʮʳ 3.7 ʢ ʪʘʙʣʠʮʝ 3.9, ʪʦ ʝʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʮʝʥʪʘ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ 

ʥʘ ʇʊʌʕ ʩ 10 ʜʦ 30 %, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʪʦʨʠʜʦʚ, ʥʦ ʦʥʦ ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ. ʊʘʢʞʝ ʥʝʙʦʣʴʰʠʤ 

ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ Naɻ ʦʪ 0 ʜʦ 0,36 ʤʦʣʝʡ. 

ʂʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʦʙʨʘʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʦʣʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.33)-(2.47), 

ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ AlN ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʵʪʠʤ 

ʫʨʘʚʥʝʥʠʷʤ, ʥʦ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʧʨʠ 

ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. ʅʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.10 ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʬʘʟʳ AlN (%) ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.8)-

(2.12) ʠ (2.33)-(2.47). 

ʊʘʙʣʠʮʘ 3.10 ï ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟʳ AlN (%) ʧʨʠ ʊʘʜ  

AlN: SiC 

(ʤʦʣʴ) 

ʇʨʦʮʝʥʪ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ (ʢʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ) 

100 % 10 % (ɸ) 20 % (ɺ) 30 % (ʉ) 

4 : 1 80,2 89,8 88,0 86,8 

2 : 1 75,8 94,5 90,0 85,5 

1 : 1 62,5 95,0 86,0 84,0 

1 : 2 36,5 89,0 80,0 67,0 

1 : 4 0 84,0 72,0 62,0 
 

ʅʘʠʙʦʣʴʰʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟʳ AlN (84,0-89,8 %) ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʤʝʥʦʡ (10 %) ʫʛʣʝʨʦʜʘ ʥʘ 

ʇʊʌʕ. ʕʪʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟʳ AlN ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʚ ʰʠʭʪʝ ʢʘʢ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʤ ʩʤʝʩʷʤ (ɺ) ʠ (ʉ), ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʭʦʜ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 

(72,0-88,0 %) ʠ (62,0-86,8 %) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʦʪ 4:1 ʜʦ 1:4.  
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (2373-

3348 ʂ) ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʚʩʝʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ (ʥʘ 260-290 ʂ) ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (2134-3067 ʂ) ʚ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ AlF3 ʠ NH4F [101]. 

3.3 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʘʜ ʠ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.11. 

ʊʘʙʣʠʮʘ 3.11 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.13)-(2.17) ʧʨʠ ʧʦʣʥʦʡ 
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(2.13) 4 : 1 2916 2,80 0,03 0,38 4,15 1,19 0,78 0,02 - 2,00 3,68 - 0,38 

(2.14) 2 : 1 2704 2,65 0,01 0,19 4,58 1,34 0,88 0,07 - 0,97 2,83 1,02 - 

(2.15) 1 : 1 2448 1,83 - 0,14 5,32 1,60 0,31 0,18 0,56 - 1,34 1,49 - 

(2.16) 1 : 2 2401 2,72 - 0,21 11,46 2,49 0,41 0,3 2,77 0,73 1,06 3,26 - 

(2.17) 1 : 4 2370 4,53 - 0,33 23,76 4,26 0,62 0,57 7,20 1,19 0,47 6,80 - 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3.11, ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 2916 ʂ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ti:SiC=4:1 ʠ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 

2370 ʂ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ʕʪʠ ʟʥʘʯʝʥʠʷ ʊʘʜ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʤʝʥʴʰʝ 

ʧʨʠʤʝʨʥʦ ʥʘ 150 ʂ ʯʝʤ ʚ ʪʘʙʣʠʮʝ 3.6 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC ʧʨʠ 

ʪʘʢʦʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʠ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ, ʠ ʩʦʚʧʘʜʘʶʪ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʊʘʜ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ (2Al+N2=2AlN) ʠ (2Ti+N2=2TiN) 

ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3639 ʂ ʠ 3322 ʂ, ʪʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ TiN 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ AlN [49]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʠʪʨʠʜ 

ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʪʫʛʦʧʣʘʚʢʠʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 2950 
ʦ
ʉ ʚ 
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ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʪʨʠʜʘʤʠ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ (1900 
ʦ
ʉ ʠ 2200 

ʦ
ʉ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [47, 49, 102].  

ʋʤʝʥʴʰʝʥʠʝ ʊʘʜ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ TiN:SiC ʚ ʪʘʙʣʠʮʝ 

3.11 ʦʪ 4:1 ʜʦ 1:4 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ TiN, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦ ʙʦʣʝʝ ʚʳʩʦʢʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʯʝʤ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ 

SiC. ʊʘʢʞʝ ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʠ AlN-SiC, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʧʦʣʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.12), ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.13)-(2.17) ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ SiCʊɺ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.13)-(2.17), 

ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ (2.13) ʵʪʘ ʬʘʟʘ SiC ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 

ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ (2.13) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 4:1 

ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʊʘʜ ʚʤʝʩʪʦ ʬʘʟʳ SiC ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʘʟʳ Si3Ti5ɾ ʠ ʬʪʦʨʠʜʳ 

ʢʨʝʤʥʠʷ SiF2ɻ ʠ SiF4ɻ. ɺ ʩʣʫʯʘʷʭ ʤʝʥʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʦʪ 2:1 ʜʦ 1:4 ʩ 

ʤʝʥʴʰʠʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʤʝʩʪʦ ʬʘʟʳ Si3Ti5ɾ 

ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʮʝʣʝʚʘʷ ʬʘʟʘ SiCʊɺ ʚʤʝʩʪʝ ʩ ʟʘʤʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʪʦʨʠʜʦʚ 

ʢʨʝʤʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʬʘʟʳ SiCʊɺ ʙʳʣʦ ʟʘʤʝʪʥʦ 

ʤʝʥʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʫʨʘʚʥʝʥʠʡ (2.14)-(2.17).  

ʀʟ ʪʘʙʣʠʮʳ 3.11 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʮʝʣʝʚʦʡ 

ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ TiNʊɺ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2.13)-(2.17), ʘ 

ʚʤʝʩʪʦ ʬʘʟʳ TiN ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʦʡ ʬʘʟʳ 

TiCʊɺ (ʜʦ 2-ʭ ʤʦʣʝʡ) ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʦʡ ʬʘʟʳ TiF3ɻ (ʜʦ 

0,38 ʤʦʣʷ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʝʚ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʠ 

AlN-SiC, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC, ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʦʡ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ TiN ʫʞʝ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʝʝ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʊʘʜ ʤʝʥʴʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 2950 
ʦ
ʉ ʬʘʟʳ TiN. ʇʦʵʪʦʤʫ ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ ʚ 

ʪʘʙʣʠʮʝ 3.11 ʥʝʪ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʪʠʪʘʥʘ. ʅʘʣʠʯʠʝ ʟʘʤʝʪʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʬʪʦʨʠʜʥʳʭ ʩʦʣʝʡ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʩʦ ʩʚʷʟʳʚʘʥʠʝʤ ʚ ʥʠʭ 
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ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʪʦʤʦʚ ʬʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤʫ 

(ʧʨʠʤʝʨʥʦ ʥʘ 2-4 ʤʦʣʷ) ʩʫʤʤʘʨʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʠ NaFɻ ʠ NaFɾ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) ʠ ʧʨʠʩʫʪʩʪʚʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ Naɻ ʦʪ 1,83 ʜʦ 4,53 ʤʦʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ 

TiN-SiC ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.48)-(2.62) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ 

ʫʛʣʝʨʦʜʘ (ʦʪ 10 ʜʦ 30 %) ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.12-3.14 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 3.12 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.48)-(2.52) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 
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(2.48) 4 : 1 3065 0,15 0,01 0,02 2,29 0,04 0,04 - - 1,00 1,40 - 0,31 

(2.49) 2 : 1 2866 0,15 - 0,02 0,64 0,04 0,06 - - 0,47 0,52 - 0,15 

(2.50) 1 : 1 2820 0,14 - - 0,27 0,05 0,06 - - 0,24 0,45 0,75 0,05 

(2.51) 1 : 2 2765 0,27 - 0,01 0,25 0,12 0,09 0,01 - 0,17 0,68 1,82 0,02 

(2.52) 1 : 4 2497 0,42 - 0,03 0,77 0,34 0,08 0,03 0,02 0,12 0,84 3,87 - 
 

ʊʘʙʣʠʮʘ 3.13 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.53)-(2.7) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) 
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ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʤʦʣʴ 
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(2.53) 4 : 1 3058 0,03 0,01 0,04 1,28 0,09 0,07 - - 1,00 1,42 - 0,30 

(2.54) 2 : 1 2831 0,29 - 0,01 0,64 0,10 0,11 - - 0,44 0,55 - 0,14 

(2.55) 1 : 1 2789 0,28 - 0,01 0,34 0,11 0,10 - - - 0,25 0,74 0,04 

(2.56) 1 : 2 2642 0,50 - 0,03 0,81 0,29 0,15 0,02 - 0,17 0,78 1,82 - 

(2.57) 1 : 4 2439 0,64 - 0,05 2,01 0,56 0,11 0,06 0,38 0,17 0,77 3,82 - 
 

ʊʘʙʣʠʮʘ 3.14 ï ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ (2.58)-(2.62) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (C) 
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(2.58) 4 : 1 3046 0,44 0,01 0,07 1,27 0,15 0,10 - - 1,00 1,44 - 0,29 

(2.59) 2 : 1 2805 0,42 - 0,02 0,64 0,17 0,16 0,01 - 0,72 0,71 0,42 0,13 
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(2.60) 1 : 1 2797 0,42 - 0,02 0,58 0,17 0,15 0,01 - 0,23 0,63 0,76 0,02 

(2.61) 1 : 2 2476 0,65 - 0,05 1,42 0,54 0,12 0,05 - 0,18 0,75 1,81 - 

(2.62) 1 : 4 2414 0,85 - 0,06 3,24 0,77 0,13 0,09 0,77 0,23 0,70 3,76 - 

ɺ ʵʪʠʭ ʪʘʙʣʠʮʘʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʨʥʦ ʥʘ 50-150 ʂ 

ʚʳʰʝ, ʯʝʤ ʚ ʪʘʙʣʠʮʝ 3.11 ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠʟ-ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ 

ʠ ʪʠʪʘʥʘ, ʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʡ 

ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ TiN-SiC ʥʘ ʥʘʛʨʝʚ ʵʪʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʣʠʯʝʩʪʚʦ ʬʪʦʨʠʜʦʚ TiF3ɻ, SiF2ɻ, SiF4ɻ, NaFɻ 

ʠ NaFɾ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʪʘʙʣʠʮʝ 3.11 ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ 

ʇʊʌʕ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʘʙʣʠʮʳ 3.12 ʢ ʪʘʙʣʠʮʝ 3.14, ʪʦ ʝʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʮʝʥʪʘ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʩ 10 ʜʦ 30 %, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʪʦʨʠʜʦʚ, ʥʦ ʦʥʦ ʦʩʪʘʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʙʦʣʴʰʠʤ, ʢʨʦʤʝ ʩʦʦʪʥʦʰʝʥʠʡ 1:2 ʠ 1:4, ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ NaFɻ ʠ NaFɾ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1,54 ʤʦʣʷ. 

ʊʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ Naɻ ʜʦ 

0,85 ʤʦʣʝʡ.  

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʘʤ 3.12-3.14 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ 

ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 4:1 ʠ 2:1 

ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʩʦʚʩʝʤ, ʚʤʝʩʪʦ ʥʝʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʙʦʯʥʘʷ ʬʘʟʘ Si3Ti5ɾ, ʥʦ ʧʨʠ 

ʤʝʥʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:1, 1:2 ʠ 1:4 ʮʝʣʝʚʘʷ ʬʘʟʘ SiC ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ 0,75; 1,82 ʠ 3,82 ʤʦʣʝʡ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ 1, 2 ʠ 4 ʤʦʣʝʡ 

ʩʦʛʣʘʩʥʦ ʧʨʘʚʳʤ ʯʘʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʮʝʣʝʚʦʡ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ TiN ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 4:1, 2:1 ʠ 

1:1 ʚ 2-4 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʷʤ, ʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʧʦʙʦʯʥʳʭ ʬʘʟ TiCʊɺ ʠ Si3Ti5ɾ, ʘ ʧʨʠ 

ʤʘʣʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:2 ʠ 1:4 ʜʦʣʷ ʬʘʟʳ SiCʊɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0,8 ʤʦʣʷ ʚʤʝʩʪʦ 1 ʤʦʣʷ ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʷʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʥʘʛʣʷʜʥʦ ʚʠʜʥʳ ʚ ʪʘʙʣʠʮʝ 3.15 ʧʦ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʵʪʠʭ ʬʘʟ (%) ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.13)-

(2.17) ʠ (2.48)-(2.62). 

ʊʘʙʣʠʮʘ 3.15 ï ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʬʘʟ TiN ʠ SiC (%) ʧʨʠ ʊʘʜ  

TiN : SiC 

(ʤʦʣʴ) 

ʇʨʦʮʝʥʪ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ (ʢʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ) 

100 % 10 % (ɸ) 20 % (ɺ) 30 % (ʉ) 

TiN SiC TiN SiC TiN SiC TiN SiC 

4 : 1 46,0 0 35,0 0 35,5 0 36,0 0 

2 : 1 70,8 51,0 26,0 0 27,5 0 35,5 42,0 

1 : 1 67,0 74,5 45,0 75,0 25,0 74,0 63,0 76,0 

1 : 2 53,0 81,5 68,0 91,0 78,0 91,0 75,0 90,5 

1 : 4 23,5 85,0 84,0 96,8 77,0 95,5 70,0 94,0 
 

ʀʟ ʪʘʙʣʠʮʳ 3.15 ʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʚ ʰʠʭʪʝ ʫʛʣʝʨʦʜʘ 

ʥʘ ʇʊʌʕ (100 %) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʦʙʦʠʭ 

ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʥʘʠʙʦʣʴʰʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʚʳʭʦʜ ʵʪʠʭ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʤʝʥʦʡ ʚ ʰʠʭʪʝ 

10 % ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. ʇʨʠ ʵʪʦʤ ʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʧʦ ʚʳʭʦʜʫ TiN, ʪʘʢ 

ʠ ʧʦ SiC ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 4:1 ʠ 2:1 ʮʝʣʝʚʳʭ 

ʬʘʟ TiN:SiC ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, ʢʦʛʜʘ ʬʘʟʘ SiC 

ʤʦʞʝʪ ʩʦʚʩʝʤ ʥʝ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʘʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʦ 

ʟʥʘʯʝʥʠʡ 1:2 ʠ 1:4 ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʳʭʦʜʳ ʦʙʝʠʭ ʮʝʣʝʚʳʭ ʬʘʟ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʘʟʳ TiN, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ) ʠ ʧʨʠʥʠʤʘʶʪ ʣʫʯʰʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 84 % ʜʣʷ TiN ʠ 96,8 % ʜʣʷ SiC ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 1:4 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɺ) ʠ (ʉ) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʳʭʦʜʳ ʬʘʟ TiN ʠ SiC 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (2370-

3065 ʂ) ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʚʩʝʭ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʇʊʌʕ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ (ʥʘ 760-800 ʂ) ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (1665-2302 ʂ) ʚ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (NH4)2TiF6, (NH4)2SiF6 ʠ Na2SiF6 

[101]. 

3.4 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 3 

1. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ THERMO ʚʳʧʦʣʥʝʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.62) ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʰʠʭʪ 

ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ, ʪʠʪʘʥʘ, ʫʛʣʝʨʦʜʘ, ʘʟʠʜʘ ʥʘʪʨʠʷ (NaN3) ʠ ʇʊʌʕ (C2F4) ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 3 ʄʇʘ ʜʣʷ ʧʷʪʠ ʟʘʜʘʥʥʳʭ ʤʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʥʳʭ ʠ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʚ ʢʦʤʧʦʟʠʮʠʷʭ: 4:1, 2:1, 

1:1, 1:2, 1:4 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʟʘʤʝʥʳ ʚ ʰʠʭʪʘʭ ʫʛʣʝʨʦʜʘ ʥʘ 

ʇʊʌʕ: 100 % ï ʧʦʣʥʘʷ ʟʘʤʝʥʘ, 10 % ï ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʩʦʩʪʘʚʘ 

0,9C+0,05C2F4, 20 % ï ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (B) ʩʦʩʪʘʚʘ 0,8C+0,1C2F4, 

30 % ï ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (C) ʩʦʩʪʘʚʘ 0,7C+0,15C2F4. 

2. ʅʘʠʙʦʣʴʰʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʚʩʝʭ 

ʚʘʨʠʘʥʪʦʚ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʠ 

ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ), 

ʩʦʩʪʘʚʣʷʷ 3348 ʂ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ 4AlN-SiC, 3088 ʂ ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʦʤʧʦʟʠʮʠʠ 4Si3N4-SiC, 3065 ʂ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ 4TiN-SiC. ɺʝʣʠʯʠʥʳ 

ʊʘʜ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʚ ʰʠʭʪʝ ʢʘʢ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʥʳʭ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ 

ʧʝʨʝʭʦʜʘ ʢ ʢʘʨʙʠʜʠʟʠʨʫʱʠʤ ʩʤʝʩʷʤ (ɺ) ʠ (ʉ), ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ: 2373 ʂ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ AlN-4SiC, 2348 ʂ 

ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ Si3N4-4SiC, 2370 ʂ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ TiN-4SiC. 

ʊʘʢʠʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ (2.3)-

(2.62) ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

Si3N4-SiC, AlN-SiC ʠ TiN-SiC. 
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3. ɺ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʡ (2.3)-(2.47) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʠ AlN-SiC, ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʣʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʵʪʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʠʜʥʳʭ ʬʘʟ Si3N4 ʠ AlN ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ 

ʵʪʠʤ ʫʨʘʚʥʝʥʠʷʤ (2.3)-(2.47). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʥʠʪʨʠʜʥʳʭ ʬʘʟ Si3N4 ʠ AlN. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʊʘʜ ʨʘʩʯʝʪʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʩʦʜʝʨʞʘʪ ʧʨʦʜʫʢʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ Si3N4 ʠ AlN ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Siʛ, Alʛ ʠ N2ʛ, ʢʦʪʦʨʳʭ 

ʥʝʪ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʅʘʨʷʜʫ 

ʩ ʜʠʩʩʦʮʠʘʮʠʝʡ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚ ʵʪʠʭ ʥʠʪʨʠʜʥʳʭ ʬʘʟ 

ʠʛʨʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʘ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʊʘʜ  ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʬʘʟʳ AlN 

ʥʘʯʠʥʘʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʝʩʠ ʞʠʜʢʦʡ ʩʦʣʠ ʢʨʠʦʣʠʪʘ 

Na3AlF6ɾ, ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦʝ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. 

ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʥʠʪʨʠʜʥʳʭ ʬʘʟ Si3N4 ʠ AlN ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ), ʘ 

ʥʘʠʤʝʥʴʰʠʡ ï ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. 

4. ɺ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʡ (2.13)-(2.77) ʠ (2.48)-(2.62) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC, ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ SiC ʠʣʠ ʩʦʚʩʝʤ ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʠ 2:1, (ʚʤʝʩʪʦ ʥʝʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʙʦʯʥʘʷ ʬʘʟʘ Si3Ti5ɾ), ʠʣʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʮʝʣʝʚʳʭ ʬʘʟ TiN:SiC, ʥʦ ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʝʤ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʜʦʩʪʠʛʘʷ ʥʘʠʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 1:4. ʅʠʪʨʠʜʥʘʷ ʬʘʟʘ TiN ʦʙʨʘʟʫʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʝʤ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ, ʥʦ ʥʝ ʠʟ-ʟʘ ʝʝ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʊʘʜ, ʘ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʤʝʩʪʦ ʥʝʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 

TiCʊɺ. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 1:4 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ). 
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5. ʆʙʨʘʟʦʚʘʥʠʝ ʬʪʦʨʠʜʦʚ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʢʮʠʡ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʵʪʠʭ ʨʝʘʢʮʠʡ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʬʪʦʨʠʜʦʚ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʚ ʰʠʭʪʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, ʟʘʤʝʪʥʦ ʩʥʠʞʘʷ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʷʤʠ ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ. ʆʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʪʦʨʠʜʦʚ ʵʣʝʤʝʥʪʦʚ Si, Al  ʠ Ti, 

ʘ ʪʘʢʞʝ ʧʨʠʤʝʩʠ ʩʦʣʠ ʞʠʜʢʦʛʦ ʢʨʠʦʣʠʪʘ Na3AlF6ɾ ʫʤʝʥʴʰʘʝʪ ʚʳʭʦʜ ʢʘʢ 

ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʛʘʟʦʦʙʨʘʟʥʦʡ ʠ ʞʠʜʢʦʡ ʩʦʣʠ ʬʪʦʨʠʜʘ 

ʥʘʪʨʠʷ NaF, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ ʚ ʧʨʦʜʫʢʪʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʥʠʪʨʠʜʥʳʭ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ. ʅʘʣʠʯʠʝ ʇʊʌʕ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ 

ʫʛʣʝʨʦʜʘ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʣʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ SiC ʠ ʙʣʠʟʢʦʛʦ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʬʘʟ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

6. ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʣʝʥʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʊʌʕ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (2348-3348 ʂ) ʥʘʤʥʦʛʦ 

ʧʨʝʚʳʰʘʶʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ (1665-3067 ʂ), ʠ ʦʥʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʡ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩ ʇʊʌʕ 

ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʬʘʟ, ʯʘʩʪʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ 

ʥʠʪʨʠʜʥʳʭ ʬʘʟ ʠʟ-ʟʘ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʬʘʟ, ʠ ʧʦʣʥʦʝ 

ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʬʘʟ ʚ ʨʝʘʢʮʠʷʭ ʩ ʇʊʌʕ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʡ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʨʘʟʙʨʦʩʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʩ ʇʊʌʕ ʛʘʟʘʤʠ, 

ʚʳʜʝʣʷʶʱʠʤʠʩʷ ʧʨʠ ʛʦʨʝʥʠʠ, ʯʝʤ ʨʘʥʝʝ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ. 
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7. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʰʠʭʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.62) ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 2348 ʂ ʜʦ 3348 ʂ. ʕʪʦʪ ʩʦʩʪʘʚ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ ʟʘ ʩʯʝʪ ʧʨʦʜʦʣʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʠʭ ʦʩʪʳʚʘʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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4 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʟʜʝʣʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʛʦʨʝʥʠʷ ʰʠʭʪ ʠʩʭʦʜʥʳʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.62) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, AlN-SiC ʠ TiN-SiC, ʘ ʪʘʢʞʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

4.1 ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʳʧʥʳʭ ʦʙʨʘʟʮʦʚ ʰʠʭʪ ʩʦʩʪʘʚʣʷʣʘ 0,34, 

ʤʘʩʩʘ ï 20-40 ʛ, ʜʠʘʤʝʪʨ ï 30 ʤʤ ʠ ʚʳʩʦʪʘ ʜʦ 45 ʤʤ. ʇʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʰʠʭʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,6, ʤʘʩʩʦʡ 20-40 ʛ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʳ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ 20-25 ʤʤ, ʩʧʨʝʩʩʦʚʘʥʥʳʝ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 7 ʄʇʘ. ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʜʣʷ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʦ 3 ʄʇʘ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʊʛ 

ʠʟʤʝʨʷʣʠ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ ʜʠʘʤʝʪʨʦʤ 200 ʤʢʤ, ʚʩʪʘʚʣʝʥʥʦʡ ʚ 

ʰʠʭʪʫ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʛʦʨʝʥʠʷ ʠ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʦʩʪʳʚʰʠʡ 

ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ, ʦʩʪʘʚʰʠʡʩʷ ʥʘ ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʠʢʝ, ʠʟʚʣʝʢʘʣʩʷ ʠʟ ʨʝʘʢʪʦʨʘ 

ʠ ʨʘʟʨʫʰʘʣʩʷ ʜʦ ʩʳʧʫʯʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʩʪʠʢʦʤ ʚ 

ʬʘʨʬʦʨʦʚʦʡ ʩʪʫʧʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʤʝʣʴʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʦʪʤʳʚʘʣʠʩʴ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʨʅ = 7 ʦʪ ʘʪʦʤʘʨʥʦʛʦ ʥʘʪʨʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʠ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ NaF. ɻʦʨʝʥʠʝ ʰʠʭʪ ʚ ʘʟʠʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʵʪʦʤʫ ʬʠʢʩʠʨʦʚʘʣʩʷ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ Pmax. ɻʘʟʦʦʙʨʘʟʥʳʝ 

ʧʨʦʜʫʢʪʳ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʝʥ ʫʥʦʩ ʠʟ ʦʙʨʘʟʮʘ ʩ ʠʩʭʦʜʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʴʶ 

ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʘʢ ʯʘʩʪʠ ʩʘʤʦʡ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʪʘʢ ʠ ʯʘʩʪʠ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʝʯʥʦʡ ʤʘʩʩʳ mʢ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʤʳʪʦʛʦ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʝʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ 
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ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ mʪ, ʘ ʪʘʢʞʝ ʩ ʤʘʩʩʦʡ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ m0. ʇʦ ʨʘʟʥʠʮʝ (mʪ ï mʢ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ (mʪ ï mʢ)/mʪĿ100% = æmʪ, %, 

ʘ ʧʦ ʨʘʟʥʠʮʝ (m0 ï mʢ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʪʝʨʷ ʤʘʩʩʳ ʰʠʭʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʩʦʡ 

ʧʨʦʤʳʪʦʛʦ ʧʨʦʜʫʢʪʘ (m0 ï mʢ)/m0Ŀ100% = æm0, %.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥʠʷ ʧʦʦʯʝʨʝʜʥʦ ʮʝʣʝʚʳʭ ʧʦʨʦʰʢʦʚʳʭ ʥʠʪʨʠʜʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Si3N4-SiC, AlN-SiC ʠ TiN-SiC ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʥʘʯʘʣʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.62) ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊʛ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ Pmax 

ʧʨʠ ʛʦʨʝʥʠʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʝʨʴ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ æmʪ, % ʠ ʧʦʪʝʨʴ ʤʘʩʩ ʠʭ ʰʠʭʪ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʩʘʤʠ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ æm0, %. ɿʘʪʝʤ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʚʦʜʷʪʩʷ ʢʘʢ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʰʠʭʪʳ. 

4.2 ʇʘʨʘʤʝʪʨʳ ʠ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

4.2.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ  

ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (ʰʠʭʪʘʭ) çSi-NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7) ʩ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7) 

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ Si3N4: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, ʄʇʘ  æmʪ, % æm0, % 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.3) 26Si+4NaN3+C2F4+10N2 4 : 1 2810 4,07 53,1 29,1 

(2.4) 14Si+4NaN3+C2F4+2N2 2 : 1 2780 4,97 35,2 44,8 
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(2.5) 8Si+4NaN3+C2F4 1 : 1 2280 5,51 84,0 90,1 

(2.6) 5Si+4NaN3+C2F4 1 : 2 2570 4,66 62,6 83,5 

(2.7) 7Si+8NaN3+2C2F4 1 : 4 2630 4,86 59,6 83,8 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.3) 26Si+4NaN3+C2F4+10N2 4 : 1 2630 3,91 56,0 33,6 

(2.4) 14Si+4NaN3+C2F4+2N2 2 : 1 2570 4,69 99,2 98,5 

(2.5) 8Si+4NaN3+C2F4 1 : 1 2170 4,24 96,0 94,7 

(2.6) 5Si+4NaN3+C2F4 1 : 2 2250 4,11 99,0 99,0 

(2.7) 7Si+8NaN3+2C2F4 1 : 4 2460 4,32 95,0 96,6 
 

 
ʈʠʩʫʥʦʢ 4.1 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩʫʥʢʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʜʦ 2810 ʂ, 

ʩʢʘʯʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

3 ʄʇʘ ʜʦ 5,51 ʄʇʘ, ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʰʠʭʪʳ ʜʦ 99,2 ʠ 99,0 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: ʘʟʠʜʘ ʥʘʪʨʠʷ ʦʪ 4 

ʜʦ 8 ʤʦʣʝʡ ʠ ʇʊʌʕ ʦʪ 1 ʜʦ 2 ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7). 

ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 2810 ʂ ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ 

(2.3) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ (26 ʤʦʣʝʡ). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ ʜʦ 14 ʠ 8 ʤʦʣʝʡ ʚ ʥʘʩʳʧʥʳʭ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.4) ʠ 

(2.5) ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 2780 ʠ 2280 ʂ. ʋʢʘʟʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʊʛ ʤʝʥʴʰʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʘʜ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.5) ʚ 
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ʪʘʙʣʠʮʝ 3.1, ʠ ʫʤʝʥʴʰʝʥʠʝ ʊʛ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.3) ʢ ʫʨʘʚʥʝʥʠʶ 

(2.5) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʊʘʜ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.3) ʢ 

ʫʨʘʚʥʝʥʠʶ (2.5) ʚ ʪʘʙʣʠʮʝ 3.1, ʦʙʲʷʩʥʷʝʤʦʤʫ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʧʨʦʜʫʢʪʝ 

ʛʦʨʝʥʠʷ ʜʦʣʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ Si3N4, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦ 

ʚr ʩʦʢʦʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (1.10) ʩ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ. 

ʅʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʈmax = 4,07 ʄʇʘ ʧʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪʳ (2.3) ʩ ʥʘʠʙʦʣʴʰʝʡ ʊʛ = 2810 ʂ ʩʚʷʟʘʥʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʦʛʣʦʱʝʥʠʝʤ 

ʘʟʦʪʘ (10N2), ʟʘʢʘʯʘʥʥʦʛʦ ʚ ʨʝʘʢʪʦʨ ʉɺʉ-ɸʟ. ʉ ʵʪʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʘʟʦʪʘ ʠ 

ʚʭʦʞʜʝʥʠʝʤ Si3N4 ʚ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʪʘʢʞʝ 

ʩʚʷʟʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ  

æmʪ = 53,1 % ʠ ʰʠʭʪʳ æm0 = 29,1 %. ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʠ ʰʠʭʪʳ ʟʘʚʠʩʠʪ ʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʪ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ 

ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ ʛʦʨʝʥʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʧʨʠ ʛʦʨʝʥʠʠ, ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʨʦʩʫ ʢʘʢ ʰʠʭʪʳ, ʪʘʢ ʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩ 

ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ ʨʝʘʢʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ 

ʰʠʭʪʳ. ʏʝʤ ʤʝʥʴʰʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʧʨʠ ʛʦʨʝʥʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʟʙʨʦʩ ʰʠʭʪʳ ʠ ʧʨʦʜʫʢʪʦʚ, ʪʝʤ ʤʝʥʴʰʝ ʧʦʪʝʨʠ ʤʘʩʩ 

ʰʠʭʪʳ ʠ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʚ ʪʘʙʣʠʮʝ 4.1 ʥʘ ʧʨʠʤʝʨʝ ʥʘʩʳʧʥʳʭ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.3) ʠ (2.5), ʛʜʝ ʰʠʭʪʝ (2.3) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʈmax = 4,07 ʄʇʘ, æmʪ = 53,1 % ʠ æm0 = 29,1 %, ʘ ʰʠʭʪʝ (2.5) ï 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʈmax = 5,51 ʄʇʘ, æmʪ = 84,0 % ʠ æm0 = 90,1 %. 

ɽʩʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʩʨʘʚʥʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʥʳʭ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʨʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʪʦ ʚ 

ʩʣʫʯʘʷʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.6) ʠ (2.7) ʘ ʪʘʢʞʝ ʧʨʝʩʩʦʚʘʥʥʦʡ 

ʰʠʭʪʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.7), ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

2570 ʂ, 2630 ʂ ʠ 2460 ʂ ʚ ʪʘʙʣʠʮʝ 4.1 ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 2395 ʂ, 2348 ʂ ʠ 2348 ʚ ʪʘʙʣʠʮʝ 3.1 ʜʣʷ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʚʳʰʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.6) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ 1 ʤʦʣʴ C2F4 ʢ 

ʩʦʜʝʨʞʘʥʠʶ 2 ʤʦʣʴ C2F4 ʚ ʫʨʘʚʥʝʥʠʠ (2.7), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.6) ʢ ʫʨʘʚʥʝʥʠʶ (2.7). 

ʊʘʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʢʘʨʜʠʥʘʣʴʥʳʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ ʚ ʧ. 

4.2.2. 

ʇʦʭʦʞʠʝ ʚʳʚʦʜʳ ʧʦʣʫʯʘʶʪʩʷ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7). ʊʦʣʴʢʦ ʟʜʝʩʴ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʘ ʧʦʪʝʨʠ ʤʘʩʩ ʟʘʤʝʪʥʦ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (ʪʘʙʣʠʮʘ 4.1 ʠ ʨʠʩʫʥʦʢ 4.1). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʤʘʩʩ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʡ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ ʛʦʨʝʥʠʠ, ʥʦ ʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʰʠʭʪʳ ʠ ʜʘʚʣʝʥʠʷ 

ʛʘʟʘ ʚʥʫʪʨʠ ʥʝʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʜʣʷ ʫʨʘʚʥʝʥʠʡ 

(2.4)-(2.7) ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʰʠʭʪ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʠ ʠ 

ʧʨʝʚʳʰʘʶʪ 95 % ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʨʘʟʙʨʦʩʝ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ ʠ, ʚʝʨʦʷʪʥʦ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʵʪʦʪ ʦʙʨʘʟʝʮ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (ʰʠʭʪʘʭ) çSi-NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ 

(2.18)-(2.22) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.2.  

ʊʘʙʣʠʮʘ 4.2 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.22) ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (A) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ Si3N4 : SiC 

(ʤʦʣʴ) 
ʊʛ, ʂ Pmaʭ,  

ʄʇʘ 

æmʪ, % æm0, % 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.18) 13Si+0,2NaN3+0,9C+0,05C2F4+7,7N2 4 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.19) 7Si+0,2NaN3+0,9C+0,05C2F4+3,7N2 2 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.20) 4Si+0,2NaN3+0,9C+0,05C2F4+1,7N2 1 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.21) 5Si+0,4NaN3+1,8C+0,1C2F4+1,4N2 1 : 2 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.22) 7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2 1 : 4 2530 3,19 36,6 38,9 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.18) 13Si+0,2NaN3+0,9C+0,05C2F4+7,7N2 4 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.19) 7Si+0,2NaN3+0,9C+0,05C2F4+3,7N2 2 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.20) 4Si+0,2NaN3+0,9C+0,05C2F4+1,7N2 1 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 
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(2.21) 5Si+0,4NaN3+1,8C+0,1C2F4+1,4N2 1 : 2 2790 3,29 23,6 15,0 

(2.22) 7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2 1 : 4 2690 3,00 6,5 10,0 
 

 
ʈʠʩʫʥʦʢ 4.2 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʴʶ (A) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC:  

1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.2, ʟʜʝʩʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʠ (ɸ), ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʥʝ ʫʜʘʣʦʩʴ ʠʥʠʮʠʠʨʦʚʘʪʴ ʛʦʨʝʥʠʝ 

ʢʘʢ ʥʘʩʳʧʥʳʭ, ʪʘʢ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʦʯʝʥʴ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʰʠʭʪʘʭ 

ʫʨʘʚʥʝʥʠʡ (2.18)-(2.20): 0,2 ʤʦʣʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 0,05 ʤʦʣʷ ʇʊʌʕ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʷʤʠ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʰʠʭʪʘʭ 

ʫʨʘʚʥʝʥʠʡ (2.3)-(2.5): 4 ʤʦʣʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 1 ʤʦʣʴ ʇʊʌʕ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʚ ʰʠʭʪʘʭ (ʦʪ 4 ʜʦ 13 ʤʦʣʝʡ). ʀ 

ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʜʦ 0,4-0,8 ʤʦʣʷ ʠ ʇʊʌʕ ʜʦ 

0,1-0,2 ʤʦʣʷ ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʨʝʤʥʠʷ ʜʦ 5-7 ʤʦʣʝʡ ʫʜʘʣʦʩʴ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʛʦʨʝʥʠʝ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.21) ʠ (2.22). ʅʦ ʵʪʦ ʛʦʨʝʥʠʝ 

ʧʨʦʭʦʜʠʣʦ ʥʝ ʠʥʪʝʥʩʠʚʥʦ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʚʩʝʛʦ ʜʦ 3,29 ʄʇʘ ʠ ʟʘʤʝʪʥʦ ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ: 36,6 % ʠ 38,9 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ 

ʠ ʜʦ 23,6 % ʠ 15,0 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ. (ʉʦʚʧʘʜʘʶʱʘʷ ʩ ʚʝʣʠʯʠʥʦʡ 

ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 3,00 ʄʇʘ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ Pmax = 

1 1 1 

3 
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3,00 ʄʇʘ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.22) ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʝʤ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ.) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤ (ʰʠʭʪ) çSi-NaN3-C-C2F4è 

ʫʨʘʚʥʝʥʠʡ (2.23)-(2.27) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.3 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.3.  

ʊʘʙʣʠʮʘ 4.3 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.23)-(2.27) ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ Si3N4: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, % æm0, % 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.23) 13Si+0,4NaN3+0,8C+0,1C2F4+7,4N2 4 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 
(2.24) 7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2 2 : 1 2730  4,02  88,4 84,1 
(2.25) 4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2 1 : 1 2650  4,02  53,4 46,8 
(2.26) 5Si+0,8NaN3+1,6C+0,2C2F4 1 : 2 2570 3,70 15,4 19,6 
(2.27) 7Si+1,6NaN3+3,2C+0,4C2F4 1 : 4 2490 3,50 22,4 38,4 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.23) 13Si+0,4NaN3+0,8C+0,1C2F4+7,4N2 4 : 1 ʅʝʪ ʛʦʨʝʥʠʷ 
(2.24) 7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2 2 : 1 2810  3,33  90,1 86,6 
(2.25) 4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2 1 : 1 2750  3,29 66,6 61,9 
(2.26) 5Si+0,8NaN3+1,6C+0,2C2F4 1 : 2 2730 3,27 54,1 56,4 
(2.27) 7Si+1,6NaN3+3,2C+0,4C2F4 1 : 4 2560 3,00 64,9 72,2 

 

ʈʠʩʫʥʦʢ 4.3 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʴʶ (ɺ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %; 4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.3, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ 

(ɺ) ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ 

(ɸ), ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ NaN3 ʠ C2F4 ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ 

(2.23)-(2.27), ʚʩʝ ʰʠʭʪʳ ʛʦʨʷʪ ʢʘʢ ʚ ʥʘʩʳʧʥʦʤ, ʪʘʢ ʠ ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʚʠʜʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʰʠʭʪ ʫʨʘʚʥʝʥʠʷ (2.23) ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: 0,4 ʤʦʣʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 0,1 ʤʦʣʷ ʇʊʌʕ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʚ ʵʪʠʭ ʰʠʭʪʘʭ 

(13 ʤʦʣʝʡ). ɿʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʜʦ 0,4-1,6 ʤʦʣʷ ʠ 

ʇʊʌʕ ʜʦ 0,1-0,4 ʤʦʣʷ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.24)-(2.27) ʛʦʨʝʥʠʝ ʧʨʦʭʦʜʠʣʦ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʜʦ 

4,02 ʄʇʘ ʠ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ: 

88,4 % ʠ 84,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ ʜʦ 90,1 % ʠ 

86,6 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.24) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 2:1 ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ. ʇʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ 2:1 ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʠ ʩʦʩʪʘʚʠʣʘ 

2730 ʂ ʜʣʷ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ 2810 ʂ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʰʠʭʪʘʤ ʫʨʘʚʥʝʥʠʡ (2.25)-(2.27) ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ (1:1, 1:2, 1:4) ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʠ ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʫʤʝʥʴʰʘʣʠʩʴ, ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʦʡ ʠ ʧʨʝʩʩʦʚʘʥʥʦʡ 

ʰʠʭʪ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ 1:4 ʧʦʪʝʨʠ ʤʘʩʩ ʫʚʝʣʠʯʠʣʠʩʴ (ʨʠʩʫʥʦʢ 4.3). ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʠ 

1:4 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ NaN3 

ʠ C2F4 (1,6 ʠ 0,4 ʤʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʪʝʨʠ ʤʘʩʩ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʠʩʴ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ ʨʝʘʢʪʦʨʝ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ 

ʮʝʣʦʤ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 55 ʜʦ 85 % 

ʠ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (ʢʨʦʤʝ 

ʢʦʤʧʦʟʠʮʠʠ 2:1, ʧʨʠ ʢʦʪʦʨʦʡ ʵʪʠ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ ʢʘʢ ʥʘʩʳʧʥʦʡ, ʪʘʢ ʠ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪ ʙʳʣʠ ʚʝʣʠʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʩʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʚ ʪʘʙʣʠʮʝ 4.3 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) ʙʳʣʠ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʘʙʣʠʮʝ 3.3 ʠ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʣʠʩʴ ʧʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC (2:1, 1:1, 1:2, 1:4) ʩ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʦʡ ʬʘʟʳ Si3N4 ʚ ʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤ (ʰʠʭʪ) çSi-NaN3-C-C2F4è 

ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.4 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.4.  

ʊʘʙʣʠʮʘ 4.4 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32) ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ Si3N4: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, 

% 

æm0, % 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.28) 13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2 4 : 1 2790 4,23  69,9 57,7 
(2.29) 7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2 2 : 1 2670  4,13  65,4 57,2 
(2.30) 4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2 1 : 1 2590 3,89 75,5 74,7 
(2.31) 5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2 1 : 2 2500 3,50 77,0 80,9 
(2.32) 7Si+2,4NaN3+2,8C+0,6C2F4 1 : 4 2460 3,19 72,4 81,4 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.28) 13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2 4 : 1 2750 4,16  40,7 16,6 
(2.29) 7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2 2 : 1 2640 4,04  34,4 18,8 
(2.30) 4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2 1 : 1 2590 3,81 15,4 12,6 
(2.31) 5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2 1 : 2 2480 3,48 25,1 37,8 
(2.32) 7Si+2,4NaN3+2,8C+0,6C2F4 1 : 4 2410 3,14 71,0 80,5 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʴʶ (ʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC: 
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %; 4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.4, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ 

(ʉ) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ 

ʩʤʝʩʝʡ (ɸ) ʠ (ɺ), ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ NaN3 (ʦʪ 0,6 ʜʦ 

2,4 ʤʦʣʝʡ) ʠ C2F4 (ʦʪ 0,15 ʜʦ 0.6 ʤʦʣʷ) ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32), ʚʩʝ 

ʵʪʠ ʰʠʭʪʳ ʛʦʨʷʪ ʢʘʢ ʚ ʥʘʩʳʧʥʦʤ, ʪʘʢ ʠ ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʚʠʜʝ. ɿʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʇʊʌʕ ʛʦʨʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʜʦ 4,23 ʄʇʘ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʘʟʳ Si3N4 ʢ ʰʠʭʪʘʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ 

SiC, ʪʦ ʝʩʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʢ ʩʦʦʪʥʦʰʝʥʠʶ 1:4, 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʩʥʠʞʘʣʠʩʴ ʢʘʢ 

ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʳʭ, ʧʨʠʯʝʤ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʵʪʠ ʚʝʣʠʯʠʥʳ ʊʛ ʠ ʈmax ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ. ʇʨʠ 

ʵʪʦʤ ʚʩʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʚ ʪʘʙʣʠʮʝ 4.4 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) ʙʳʣʠ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʘʙʣʠʮʝ 3.4 ʠ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʣʠʩʴ ʧʨʠ ʛʦʨʝʥʠʠ 

ʰʠʭʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC (4:1, 2:1, 1:1, 1:2, 

1:4) ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʦʡ ʬʘʟʳ Si3N4 ʚ ʥʠʭ, ʪʦ ʝʩʪʴ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ SiC.  

ʆʜʥʘʢʦ ʠʟ ʨʠʩʫʥʢʘ 4.4 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ, ʥʘʦʙʦʨʦʪ, ʚ ʮʝʣʦʤ ʚʦʟʨʘʩʪʘʣʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ 4:1 ʢ ʩʦʦʪʥʦʰʝʥʠʶ 1:4 ʫ ʥʘʩʳʧʥʳʭ ʰʠʭʪ, ʘ ʫ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʦʥʠ ʫʤʝʥʴʰʘʣʠʩʴ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ 1:1, ʘ ʟʘʪʝʤ ʚʦʟʨʘʩʪʘʣʠ. 

ʇʨʠ ʵʪʦʤ ʫ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʧʦʪʝʨʠ ʤʘʩʩ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʦʪ 57,2 ʜʦ 

81,4 %), ʯʝʤ ʫ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (ʦʪ 12,6 ʜʦ 40,7 %, ʢʨʦʤʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʮʝʣʝʚʳʭ ʬʘʟ 1:4, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʣʠ ʜʦ ʟʥʘʯʝʥʠʡ 71,0 ʠ 80,5 %, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʣʠ ʩ 

ʧʦʪʝʨʷʤʠ ʤʘʩʩ ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ). ʀʥʪʝʨʝʩʥʦ ʩʥʦʚʘ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʠ 1:4 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ NaN3 ʠ C2F4 (2,4 ʠ 0,6 ʤʦʣʷ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʪʝʨʠ ʤʘʩʩ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 2 ʨʘʟʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʠʟ-ʟʘ 

ʙʦʣʴʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (2.32), ʥʦ ʤʝʥʴʰʝʛʦ ʠʭ ʜʘʚʣʝʥʠʷ 

ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʪʘʙʣʠʮʘ 4.4). 

ʀʟ ʨʠʩʫʥʢʘ 4.4 ʪʘʢʞʝ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ 

Si3N4-SiC ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ Si3N4 ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC=4:1 ʠ 2:1 ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʳʰʘʶʪ 

ʧʦʪʝʨʠ ʤʘʩʩ ʰʠʭʪ, ʘ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʘʟʳ Si3N4 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC=1:2 ʠ 1:4, ʥʘʦʙʦʨʦʪ, ʧʦʪʝʨʠ ʤʘʩʩ ʰʠʭʪ 

ʧʨʝʚʳʰʘʶʪ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʩʠʥʪʝʟ ʙʦʣʴʰʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʬʘʟʳ Si3N4 ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʚ 

ʨʝʘʢʪʦʨʝ, ʘ ʥʝ ʟʘ ʩʯʝʪ ʘʟʦʪʘ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʝ, ʯʪʦ ʠ ʫʤʝʥʴʰʘʝʪ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʤʘʩʩʦʡ ʰʠʭʪʳ ʠ ʤʘʩʩʦʡ ʧʨʦʤʳʪʦʛʦ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʰʠʭʪʳ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʟʙʨʦʩʘ ʚʳʜʝʣʷʶʱʠʤʠʩʷ 

ʛʘʟʘʤʠ ʧʨʠ ʛʦʨʝʥʠʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʤʘʩʩʳ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʟʘ ʩʯʝʪ ʨʘʟʙʨʦʩʘ ʧʨʦʜʫʢʪʦʚ ʚʳʜʝʣʷʶʱʠʤʠʩʷ ʛʘʟʘʤʠ ʧʨʠ ʛʦʨʝʥʠʠ. 
 

4.2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.3)-(2.7) ʠ (2.18)-(2.32) ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʧʨʦʤʳʚʢʠ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ. ɺ ʫʢʘʟʘʥʥʳʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʚʳʨʘʞʝʥ ʚ ʤʦʣʷʭ, ʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʥ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʢ ʤʘʩʩʦʚʳʤ 

ʧʨʦʮʝʥʪʘʤ ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
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ʧʷʪʠ ʮʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC (4:1, 2:1, 1:1, 1:2, 1:4) ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʜʘʣʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʧʦʙʦʯʥʦʡ ʩʦʣʠ NaF ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (2.3)-

(2.7) ʠ (2.18)-(2.32): 

4:1 Ÿ 4Si3N4 + SiC = 93,3%Si3N4 + 6,7%SiC,    (4.1) 

2:1 Ÿ 2Si3N4 + SiC = 87,5%Si3N4 + 12,5%SiC,    (4.2) 

1:1 Ÿ Si3N4 + SiC = 77,8%Si3N4 + 22,2%SiC,     (4.3) 

1:2 Ÿ Si3N4 + 2SiC = 63,6%Si3N4 + 36,4%SiC,     (4.4) 

1:4 Ÿ Si3N4 + 4SiC = 46,7%Si3N4 + 53,3%SiC.     (4.5) 

4.2.2.1 ʇʦʣʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ (ʰʠʭʪ) çSi-NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ (2.4)-(2.7) ʩ 

ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.11 ʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.11 ʠ 4.12. 

ʊʘʙʣʠʮʘ 4.11 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.4)-(2.7) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

Si3N4:SiC 

(ʤʦʣʴ) 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

Si3N4 SiC Ŭ-Si3N4 ɓ-Si3N4 SiC Si C 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.4) 2:1 87,5 12,5 8,0 - 4,0 - 88,0 

(2.5) 1:1 77,8 22,2 5,0 - 29,7 - 65,3 

(2.6) 1:2 63,6 36,4 28,0 - 4,0 - 68,0 

(2.7) 1:4 46,7 53,3 6,0 - 5,0 - 89,0 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

(2.4) 2:1 87,5 12,5 36,4 18,2 19,2 26,3 - 

(2.5) 1:1 77,8 22,2 38,0 7,0 17,0 38,0 - 

(2.6) 1:2 63,6 36,4 37,4 22,2 17,2 23,2 - 

(2.7) 1:4 46,7 53,3 37,0 29,0 23,0 11,0 - 
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(2.4) ç14Si+4NaN3+C2F4+2N2è  

 
(2.5) ç8Si+4NaN3+C2F4è 

 
(2.6) ç5Si +4NaN3+C2F4è 

 
(2.7) ç7Si +8NaN3+2C2F4è 

ʈʠʩʫʥʦʢ 4.11 ï ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  
ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.4)-(2.7) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ  
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(2.4) ç14Si +4NaN3+C2F4+2N2è 

 
(2.5) ç8Si +4NaN3+C2F4è 

 
(2.6) ç5Si +4NaN3+C2F4è 

 
(2.7) ç7Si +8NaN3+2C2F4è 

ʈʠʩʫʥʦʢ 4.12 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

(2.4)-(2.7) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ  

 

ʀʟ ʪʘʙʣʠʮʳ 4.11 ʠ ʨʠʩʫʥʢʘ 4.11 ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʮʝʣʝʚʳʝ ʬʘʟʳ Si3N4 ʠ SiC ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʯʝʥʴ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʦʩʥʦʚʥʳʤ 
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ʧʨʦʜʫʢʪʦʤ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ (ʦʪ 65,3 ʜʦ 89 %). ʊʘʢʦʡ 

ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ [64] ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ 

ʪʦʣʴʢʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʨʝʘʢʮʠʠ (1.6) ʨʘʟʣʦʞʝʥʠʷ ʇʊʌʕ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ. ɺʚʠʜʫ ʨʘʟʙʨʦʩʘ 

ʰʠʭʪʳ ʯʘʩʪʠʮʳ ʢʨʝʤʥʠʷ ʥʝ ʤʦʛʫʪ ʚʩʪʫʧʠʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʯʘʩʪʠʮʘʤʠ ʫʛʣʝʨʦʜʘ 

(1.8), ʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʥʠʤʠ ʚ ʦʙʲʝʤʝ ʛʘʟʘ ʤʘʣʦʚʝʨʦʷʪʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʪʦʨʠʜʦʚ ʢʨʝʤʥʠʷ ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ʠ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʨʝʘʢʮʠʠ (1.10) ʤʝʞʜʫ 

ʩʚʦʙʦʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʤʘʣʦ, ʠ ʘʟʦʪʦʤ. ʀʟ ʪʘʙʣʠʮʳ 

4.11 ʠ ʨʠʩʫʥʢʘ 4.12 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʫʩʧʝʚʘʝʪ ʚʩʪʫʧʠʪʴ ʚ ʨʝʘʢʮʠʠ (1.8) ʩ ʯʘʩʪʠʮʘʤʠ ʫʛʣʝʨʦʜʘ 

ʠ (1.10) ʩ ʘʟʦʪʦʤ, ʧʦʵʪʦʤʫ ʮʝʣʝʚʳʝ ʬʘʟʳ Si3N4 ʠ SiC ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʥʦ ʠʟ-ʟʘ ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʠ ʟʜʝʩʴ ʨʘʟʙʨʦʩʘ ʰʠʭʪʳ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ 

ʢʨʝʤʥʠʷ (ʦʪ 11 ʜʦ 38 %) ʦʩʪʘʝʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠ ʟʜʝʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʘʟ Si3N4 ʠ SiC ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ (1)-(4). 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.11 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 4.11 ʠ 4.12 ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.4)-(2.7) ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ (2.4)-(2.7) ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʩʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 4.1. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʦʢʘʟʘʣʩʷ 

ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ (ʦʪ 65,3 ʜʦ 89 %), ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʝʥʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 

ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ (2.4)-(2.7) ʩʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʘ ʚ 

ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʩʦʜʝʨʞʘʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ (ʦʪ 11 ʜʦ 28 %), ʢʦʪʦʨʦʛʦ ʥʝʪ ʚ 

ʧʨʦʜʫʢʪʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʡ ʬʘʟʳ SiC 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ. ʊʘʢʠʤ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʤʦʞʝʪ ʙʳʪʴ 



119 
 

ʦʙʲʷʩʥʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʣʫʯʘʷʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.6) ʠ (2.7), ʘ 

ʪʘʢʞʝ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.7), ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 2570 ʂ, 2630 ʂ ʠ 2460 ʂ ʚ ʪʘʙʣʠʮʝ 4.1 ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 2395 ʂ, 2348 ʂ ʠ 2348 ʚ 

ʪʘʙʣʠʮʝ 3.1 ʜʣʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʚʳʰʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʫʨʘʚʥʝʥʠʷ (2.6) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ 1 ʤʦʣʴ C2F4 ʢ ʩʦʜʝʨʞʘʥʠʶ 2 ʤʦʣʴ C2F4 ʚ 

ʫʨʘʚʥʝʥʠʠ (2.7), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʘʝʪʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.6) ʢ ʫʨʘʚʥʝʥʠʶ (2.7). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.4)-(2.7) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.13 ʠ 

4.14. 

  
(2.4) ç14Si +4NaN3+C2F4+2N2è (2.5) ç8Si +4NaN3+C2F4è 

  
(2.6) ç5Si +4NaN3+C2F4è (2.7) ç7Si +8NaN3+2C2F4è 

ʈʠʩʫʥʦʢ 4.13 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.4)-(2.7)  

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
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(2.4) ç14Si+4NaN3+C2F4+2N2è (2.5) ç8Si+4NaN3+C2F4è 

  
(2.6) ç5Si +4NaN3+C2F4è (2.7) ç7Si +8NaN3+2C2F4è 

ʈʠʩʫʥʦʢ 4.14 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.4)-(2.7)  

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
 

ʀʟ ʨʠʩʫʥʢʘ 4.13 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʤʝʣʢʠʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʪ 100 ʜʦ 300 ʥʤ. ʀʟ ʨʠʩʫʥʢʘ 4.14 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ 

ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.4) ʠ (2.5) ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʦʣʦʢʥʘ 

ʜʠʘʤʝʪʨʦʤ 120-300 ʥʤ ʠ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ, ʘ ʫʨʘʚʥʝʥʠʡ (2.6) ʠ (2.7) ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ï ʘʛʣʦʤʝʨʘʪʳ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʪ 130 ʜʦ 250 ʥʤ. 

4.2.2.2 ʏʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ (ʰʠʭʪ) çSi-NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32) ʩ 

ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC. ɺ ʪʘʙʣʠʮʝ 4.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32) 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ). 

ʊʘʙʣʠʮʘ 4.12 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.32) ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

Si3N4:SiC 

(ʤʦʣʴ) 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

Si3N4 SiC Ŭ-Si3N4 ɓ-Si3N4 SiC Si C 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɸ) ç0,9ʉ + 0,05C2F4è 

(2.18) 4:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.19) 2:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.20) 1:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.21) 1:2 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.22) 1:4 46,7 53,3 - - - 56,0 44,0 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɺ) ç0,8ʉ + 0,1C2F4è 

(2.23) 4:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.24) 2:1 87,5 12,5 30,0 59,0 8,0 - - 

(2.25) 1:1 77,8 22,2 18,0 56,0 23,0 3,0 - 

(2.26) 1:2 63,6 36,4 19,0 52,0 27,0 2,0 - 

(2.27) 1:4 46,7 53,3 22,0 24,0 52,0 2,0 - 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ʉ) ç0,7ʉ + 0,15C2F4è 

(2.28) 4:1 93,3 6,7 40,1 50,7 5,2 4,0 - 

(2.29) 2:1 87,5 12,5 35,0 51,4 9,6 4,0 - 

(2.30) 1:1 77,8 22,2 23,3 53,6 20,5 2,6 - 

(2.31) 1:2 63,6 36,4 20,9 44,8 30,6 3,7 - 

(2.32) 1:4 46,7 53,3 20,9 29,1 49,0 1,0 - 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɸ) ç0,9ʉ + 0,05C2F4è 

(2.18) 4:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.19) 2:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.20) 1:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.21) 1:2 63,6 36,4 58,0 - 35.0 7,0 - 

(2.22) 1:4 46,7 53,3 33,0 26,0 37,0 4,0 - 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɺ) ç0,8ʉ + 0,1C2F4è 

(2.23) 4:1 ʅʝʪ ʛʦʨʝʥʠʷ 

(2.24) 2:1 87,5 12,5 34,2 60,4 5,4 - - 

(2.25) 1:1 77,8 22,2 29,0 49,0 16,0 - 6,0 

(2.26) 1:2 63,6 36,4 25,0 44,0 31,0 - - 

(2.27) 1:4 46,7 53,3 22,1 37,6 40,3 - - 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ʉ) ç0,7ʉ + 0,15C2F4è 

(2.28) 4:1 93,3 6,7 43,6 49,1 6,3 1,0 - 

(2.29) 2:1 87,5 12,5 30,2 59,5 10,3 - - 

(2.30) 1:1 77,8 22,2 27,9 48,5 21,6 2,0 - 

(2.31) 1:2 63,6 36,4 23,0 45,0 32,0 1,0 - 

(2.32) 1:4 46,7 53,3 23,6 27,9 48,5 - - 
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4.2.2.2.1 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ç0,9ʉ+0,05C2F4è 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.12 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.15 ʠ 4.16. 

 
(2.22) ç7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2è 

ʈʠʩʫʥʦʢ 4.15 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ (2.22) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

 
(2.21) ç5Si+0,4NaN3+1,8C+0,1C2F4+1,4N2è 

 
(2.22) ç7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2è 

ʈʠʩʫʥʦʢ 4.16 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.21)-(2.22) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 4.12 ʠ ʨʠʩʫʥʢʘ 4.15, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʥʘʩʳʧʥʳʝ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.21) ʥʝ 

ʛʦʨʷʪ (ʵʪʦ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 4.1.2), ʘ ʛʦʨʝʥʠʝ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.22) ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʬʘʟ Si3N4 ʠ SiC, ʪʘʢ ʢʘʢ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʣʴʢʦ ʩʤʝʩʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. 

ʅʘ ʩʧʝʢʪʨʘʭ ʈʌɸ ʨʠʩʫʥʢʘ 4.15 ʚʠʜʥʳ ʩʠʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ Si ʠ C, ʘ ʨʝʬʣʝʢʩʳ ʮʝʣʝʚʳʭ ʬʘʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɸ) ʩʦʜʝʨʞʠʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (0,05C2F4 ʚ ʦʜʥʦʤ ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.20) 

ʩʦʜʝʨʞʠʪʩʷ ʦʯʝʥʴ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: 

0,2 ʤʦʣʷ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 0,05 ʤʦʣʷ ʇʊʌʕ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ ʚ ʰʠʭʪʘʭ (ʦʪ 4 ʜʦ 13 ʤʦʣʝʡ). ʊʘʢ ʞʝ ʠ ʩ 

ʰʠʭʪʦʡ ʫʨʘʚʥʝʥʠʷ (2.21), ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ 0,4NaN3 ʠ 0,1C2F4. ʀ ʪʦʣʴʢʦ 

ʰʠʭʪʘ ʫʨʘʚʥʝʥʠʷ (2.22) ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ 

(0,2C2F4) ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ (0,8NaN3) ʛʦʨʠʪ, ʦʜʥʘʢʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʩʦʜʝʨʞʘʪ 

ʪʦʣʴʢʦ Si ʠ C, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [64] ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʪʦʣʴʢʦ 

ʨʝʘʢʮʠʠ (1.6) ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʇʊʌʕ. 

ʀʟ ʪʘʙʣʠʮʳ 4.12 ʠ ʨʠʩʫʥʢʘ 4.16 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

ʫʨʘʚʥʝʥʠʡ (2.18)-(2.20) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,05C2F4 ʜʦʙʘʚʢʠ ʇʊʌʕ ʥʝ ʛʦʨʷʪ, ʘ 

ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʡ (2.18)-(2.20) ʩ ʜʦʙʘʚʢʘʤʠ 0,1C2F4 ʠ 0,2C2F4 ʛʦʨʷʪ, ʥʦ ʩʦʩʪʘʚ 

ʠʭ ʧʨʦʜʫʢʪʦʚ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʣʠʯʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ (ʜʦ 7 %) ʠ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ SiC. ʅʘ ʩʧʝʢʪʨʘʭ ʈʌɸ ʨʠʩʫʥʢʘ 4.16 ʚʠʜʥʳ ʩʠʣʴʥʳʝ ʨʝʬʣʝʢʩʳ 

ʮʝʣʝʚʳʭ ʬʘʟ Si3N4 ʠ SiC, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ ʩʚʦʙʦʜʥʦʛʦ Si, ʥʠʪʨʠʜ 

ʢʨʝʤʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʤʦʜʠʬʠʢʘʮʠʷʤʠ: Ŭ-Si3N4 ʠ ɓ-Si3N4. ʂʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 4.1.2, ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ Pmax = 3,00 ʠ 3,29 ʄʇʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʠʣʠ ʙʳʣʠ ʙʣʠʟʢʠ ʢ 
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ʥʘʯʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ 3,00 ʄʇʘ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʤʘʩʩ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ: (36,6 % ʠ 38,9 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ ʜʦ 23,6 % ʠ 15,0 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʰʠʭʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 4.17 ʠ 4.18. 

 
ʈʠʩʫʥʦʢ 4.17 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʷ (2.22)  

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

  
(2.21) ç5Si+0,4NaN3+1,8C+0,1C2F4+1,4N2è (2.22) ç7Si+0,8NaN3+3,6C+0,2C2F4+0,8N2è 

 

ʈʠʩʫʥʦʢ 4.18 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ 

(2.21)-(2.22) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

ʀʟ ʵʪʠʭ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʘʛʣʦʤʝʨʘʪʳ ʠʟ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ 200-300 ʥʤ, ʘ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʛʣʦʤʝʨʘʪʳ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 170 ʜʦ 

400 ʥʤ. 
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4.2.2.2.2 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) ç0,8ʉ+0,1C2F4è 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.12 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.19 ʠ 4.20. 

 

 
(2.24) ç7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2è 

 
(2.25) ç4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2è 

 
(2.26) ç5Si+0,8NaN3+1,6C+0,2C2F4è 
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(2.27) ç7Si+1,6NaN3+3,2C+0,4C2F4è 

ʈʠʩʫʥʦʢ 4.19 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.24)-(2.27) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 
 

 

 
(2.24) ç7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2è 

 
(2.25) ç4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2è 

 
(2.26) ç5Si+0,8NaN3+1,6C+0,2C2F4è 
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(2.27) ç7Si+1,6NaN3+3,2C+0,4C2F4è 

ʈʠʩʫʥʦʢ 4.20 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.24)-(2.27) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 
 

 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʜʦ 

0,1C2F4 ʢʦʣʠʯʝʩʪʚʦʤ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ 1 ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʜʣʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.24)-(2.27), ʥʝ ʛʦʨʷʪ ʪʦʣʴʢʦ 

ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.22) ʢʘʢ ʚ ʥʘʩʳʧʥʦʤ, ʪʘʢ ʠ ʧʨʝʩʩʦʚʘʥʥʦʤ ʚʠʜʝ, ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʚ ʵʪʠʭ ʰʠʭʪʘʭ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (13 ʤʦʣʝʡ) ʤʘʣʦʘʢʪʠʚʥʦʛʦ 

ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ. ɺ ʦʩʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ (2.24)-(2.27) ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʝʤʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 4-7 ʤʦʣʝʡ, ʠ ʰʠʭʪʳ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʛʦʨʷʪ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧ. 4.2.1 ʚ ʪʘʙʣʠʮʝ 4.3 ʥʘ ʨʠʩʫʥʢʝ 4.3, ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʘʟʠʜʘ ʥʘʪʨʠʷ ʜʦ 0,4-1,6 ʤʦʣʷ ʠ ʇʊʌʕ ʜʦ 0,1-0,4 ʤʦʣʷ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ 

(2.24)-(2.27) ʛʦʨʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʜʦ 4,02 ʄʇʘ ʠ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ: 88,4 % ʠ 84,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʩʣʫʯʘʝ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ ʜʦ 90,1 % ʠ 86,6 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ 

ʫʨʘʚʥʝʥʠʷ (2.24). ɺ ʮʝʣʦʤ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʩʦʩʪʘʚʣʷʣʠ ʦʪ 55 ʜʦ 85 % ʠ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʝʥʠʠ 

ʥʘʩʳʧʥʳʭ ʰʠʭʪ. ʀʟ ʪʘʙʣʠʮʳ 4.12 ʚʠʜʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Si3N4:SiC, ʢʨʦʤʝ 

ʩʦʦʪʥʦʰʝʥʠʷ 1:2, ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʙʣʠʞʝ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ, ʥʦ ʩʦʜʝʨʞʠʪ ʜʦ 

3 % ʧʨʠʤʝʩʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʅʘ ʩʧʝʢʪʨʘʭ ʈʌɸ ʨʠʩʫʥʢʦʚ 4.19 ʠ 4.20 

ʚʠʜʥʳ ʩʠʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʮʝʣʝʚʳʭ ʬʘʟ Ŭ-Si3N4 ʠ ɓ-Si3N4 ʠ SiC, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ 
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ʨʝʬʣʝʢʩʳ ʧʨʠʤʝʩʠ ʩʚʦʙʦʜʥʦʛʦ Si. ʀʟ ʨʠʩʫʥʢʘ 4.19 ʠ ʪʘʙʣʠʮʳ 4.12 ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩʦʜʝʨʞʘʥʠʝ Ŭ-ʬʘʟʳ Si3N4 ʧʨʠʤʝʨʥʦ ʚ 2-3 

ʨʘʟʘ ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʷ ɓ-ʬʘʟʳ Si3N4, ʥʦ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʬʘʟ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC = 1:4. ʀʟ ʨʠʩʫʥʢʘ 4.20 ʠ 

ʪʘʙʣʠʮʳ 4.12 ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʩʦʜʝʨʞʘʥʠʝ Ŭ-Si3N4 ʧʨʠʤʝʨʥʦ ʚ 1,5-2 ʨʘʟʘ ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʷ ɓ-Si3N4. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʠʪʨʠʜ ʢʨʝʤʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɓ-ʤʦʜʠʬʠʢʘʮʠʶ ʚ 

ʩʦʩʪʘʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, ʥʦ ʦʪ 25 ʜʦ 50 % ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ Ŭ-ʤʦʜʠʬʠʢʘʮʠʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 4.21 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) ʦʪ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC. 

 

ʈʠʩʫʥʦʢ 4.21 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC  

ʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ)  

ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC 
 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ SiC ʚ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʦ ʢ ʮʝʣʝʚʦʤʫ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʡ ʬʘʟʳ SiC ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ (2.24)-

(2.27). ʅʦ ʧʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʝʩʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʜʣʷ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʡ Si3N4:SiC ʠ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʜʣʷ 
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ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=2:1 (ʦʪ 55 ʜʦ 85 % ʥʘ ʨʠʩʫʥʢʝ 4.3), ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʤʘʩʩ ʫ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (ʤʝʥʝʝ 20 ʠ 38 %) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʡ 

1:2 ʠ 1:4. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.22. 

  
(2.24) ç7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2è (2.25) ç4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2è 

  
(2.26) ç5Si+0,8NaN3+1,6C+0,2C2F4è (2.27) ç7Si+1,6NaN3+3,2C+0,4C2F4è 

ʈʠʩʫʥʦʢ 4.22 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.24)-(2.27) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 
 

ʀʟ ʨʠʩʫʥʢʘ 4.22 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1-2 ʤʢʤ. ɺ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.24) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=2:1 ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʘʛʣʦʤʝʨʘʪʦʚ 

ʨʘʟʤʝʨʦʤ 150-300 ʥʤ. ɺ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.25) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=1:1 ʦʪʤʝʯʝʥʳ ʚʦʣʦʢʥʘ ʜʠʘʤʝʪʨʦʤ 150-200 ʥʤ ʠ 

ʜʣʠʥʥʦʡ ʜʦ 3 ʤʢʤ. ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.26) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ  

Si3N4:SiC=1:2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ 200-300 ʥʤ ʠ 

ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʥʘʥʦʚʦʣʦʢʦʥ. ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.27) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=1:4 ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ 
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ʤʝʣʢʠʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 180 ʥʤ ʜʦ 300 ʥʤ ʠ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ 

ʥʘʥʦʚʦʣʦʢʦʥ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.23. 

  
(2.24) ç7Si+0,4NaN3+0,8C+0,1C2F4+3,4N2è (2.25) ç4Si+0,4NaN3+0,8C+0,1C2F4+1,4N2è 

  
(2.26) ç5Si+0,8NaN3+1,6C+0,2C2F4è (2.27) ç7Si+1,6NaN3+3,2C+0,4C2F4è 

ʈʠʩʫʥʦʢ 4.23 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.24)-(2.27) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 
 

ʀʟ ʨʠʩʫʥʢʘ 4.23 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. 

ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.24) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=2:1 

ʩʦʩʪʦʠʪ ʠʟ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ ʜʦ 200 ʥʤ ʠ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ 100-300 ʥʤ. ɺ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.25) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=1:1 ʥʘʙʣʶʜʘʶʪʩʷ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 150-300 ʥʤ ʠ 

ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ. ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.26) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=1:2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʦʢʥʘ ʨʘʟʤʝʨʦʤ 200-400 ʥʤ 

ʠ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ. ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.27) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 

Si3N4:SiC=1:4 ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʠʭ 
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ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 150 ʥʤ ʜʦ 200 ʥʤ ʠ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ 

ʥʘʥʦʚʦʣʦʢʦʥ. 

4.2.2.2.3 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) ç0,7ʉ+0,15C2F4è 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.12 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʘʭ 4.24 ʠ 4.25. 

 

 
(2.28) ç13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2è 

 
(2.29) ç7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2è 

 
(2.30) ç4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2è 
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(2.31) ç5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2è 

 
(2.32) ç7Si+2,4NaN3+2,8C+0,6C2F4è 

ʈʠʩʫʥʦʢ 4.24 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) 
 

 
(2.28) ç13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2è 

 
(2.29) ç7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2è 
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(2.30) ç4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2è 

 
(2.31) ç5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2è 

 
(2.32) ç7Si+2,4NaN3+2,8C+0,6C2F4è 

ʈʠʩʫʥʦʢ 4.25 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.12 ʠ ʨʠʩʫʥʢʦʚ 4.24 ʠ 4.25, ʘ ʪʘʢʞʝ ʠʟ ʜʘʥʥʳʭ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʛʦʨʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 4.4 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.4, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ (0,15C2F4) 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ 1 ʤʦʣʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʫʨʘʚʥʝʥʠʡ (2.28)-(2.32), ʚʩʝ ʰʠʭʪʳ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦ ʛʦʨʷʪ ʢʘʢ ʚ 

ʥʘʩʳʧʥʦʤ, ʪʘʢ ʠ ʚ ʧʨʝʩʩʦʚʘʥʥʦʤ ʚʠʜʝ. ʅʘ ʩʧʝʢʪʨʘʭ ʈʌɸ ʚʠʜʥʳ ʩʠʣʴʥʳʝ 

ʨʝʬʣʝʢʩʳ ʮʝʣʝʚʳʭ ʬʘʟ ʥʠʪʨʠʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ 
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ʧʨʠʤʝʩʠ ʩʚʦʙʦʜʥʦʛʦ Si ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʥʠʭ. ʅʠʪʨʠʜ ʢʨʝʤʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʠʬʠʢʘʮʠʷʤʠ Ŭ-Si3N4 ʠ ɓ-Si3N4. ʉʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Si3N4:SiC = 4:1 

ʠ 1:4, ʘ ʧʨʠ ʦʩʪʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʦʜʝʨʞʘʥʠʝ Ŭ-ʬʘʟʳ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ 

ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʷ ɓ-ʬʘʟʳ. ɺ ʮʝʣʦʤ ʩʦʩʪʘʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟ Si3N4 ʠ SiC ʧʨʠ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʵʪʠʭ ʬʘʟ 

Si3N4:SiC ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʜʦ 4,0 % ʚ ʧʨʦʜʫʢʪʘʭ 

ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʠ ʜʦ 2,0 % ï ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ. ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʵʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.26. 

 

ʈʠʩʫʥʦʢ 4.26 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC  

ʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʴʶ (ʉ) ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC 
 

ʆʜʥʘʢʦ ʥʘʜʦ ʫʯʝʩʪʴ ʪʘʢʞʝ ʠ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.4 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʠʭ, ʛʦʨʝʥʠʝ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) ʧʨʦʭʦʜʠʪ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ 

ʜʦ 4,23 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʫ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʰʠʭʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʦʪ 57,2 ʜʦ 81,4 %), ʯʝʤ ʫ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (ʦʪ 

12,6 ʜʦ 40,7 %, ʢʨʦʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʚʳʭ ʬʘʟ Si3N4:SiC = 1:4, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʟʥʘʯʝʥʠʡ 71,0 ʠ 80,5 % 

ʜʣʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʪʝʨʷʤʠ 
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ʤʘʩʩ ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʛʦʨʝʥʠʷ ʪʘʢʦʡ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʩʤʝʩʠ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 1:4 ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩ 3 ʜʦ 4 ʄʇʘ 

ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʧʦʢʘʟʘʣʠ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ ʜʦ 6,37 ʄʇʘ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʘʩʩʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʘʩʩʳ ʰʠʭʪʳ ʜʦ 

11,8 ʠ 40,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʙʣʠʟʢʦʤ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʦʤʳʪʦʛʦ 

ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ: Ŭ-Si3N4 = 21,0 %; ɓ-Si3N4 = 30,0 %; SiC = 47,0  %; Si = 2,0 %. 

ʅʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʦ 4,5 ʄʇʘ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ 

ʙʳʣ ʝʱʝ ʙʦʣʴʰʝ ï ʜʦ 7,5 ʄʇʘ ʩ ʫʞʝ ʚʦʟʨʦʩʰʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩ ʜʦ 30,3 ʠ 

52,9 % ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʭʫʜʰʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʤʳʪʦʛʦ ʧʨʦʜʫʢʪʘ 

ʛʦʨʝʥʠʷ: Ŭ-Si3N4 = 22,0 %; ɓ-Si3N4 = 30,0 %; SiC = 45,0 %; Si = 3,0 %. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʪʴ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʚʳʰʝ 4 ʄʇʘ ʥʝ 

ʩʣʝʜʫʝʪ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.27-4.28. 

  
(2.28) ç13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2è (2.29) ç7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2è 

  
(2.30) ç4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2è (2.31) ç5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2è 
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(2.32) ç7Si+2,4NaN3+2,8C+0,6C2F4è 

ʈʠʩʫʥʦʢ 4.27 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ  

(2.28)-(2.32) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) 
 

 

  
(2.28) ç13Si+0,6NaN3+0,7C+0,15C2F4+7,1N2è (2.29) ç7Si+0,6NaN3+0,7C+0,15C2F4+3,1N2è 

  
(2.30) ç4Si+0,6NaN3+0,7C+0,15C2F4+1,1N2è (2.31) ç5Si+1,2NaN3+1,4C+0,3C2F4+0,2N2è 

 
(2.32) ç7Si+2,4NaN3+2,8C+0,6C2F4è 

ʈʠʩʫʥʦʢ 4.28 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ  

(2.28)-(2.32) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) 
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ʀʟ ʨʠʩʫʥʢʘ 4.27 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʠ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 50-100 ʥʤ ʩ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʩʪʦʣʙʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪ 100 ʜʦ 500 ʥʤ 

ʠ ʜʣʠʥʦʡ ʜʦ 3 ʤʢʤ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 4.28, ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʪʘʢʞʝ 

ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʩ ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʥʤ, ʥʦ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʨʘʚʥʦʦʩʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʢʤ. 

4.2.2.2.4 ʆʙʱʠʝ ʠʪʦʛʠ ʧʦ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ ʧʨʠʤʝʥʝʥʠʷ ʇʊʌʕ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʦ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 

4.11, ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ (ʦʪ 65,3 ʜʦ 89 %), ʘ ʮʝʣʝʚʳʝ ʬʘʟʳ 

Si3N4 ʠ SiC ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʯʝʥʴ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɺ ʩʣʫʯʘʝ ʞʝ ʛʦʨʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʮʝʣʝʚʳʝ ʬʘʟʳ Si3N4 ʠ SiC ʦʙʨʘʟʫʶʪʩʷ ʚ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʥʦ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʢʨʝʤʥʠʷ (ʦʪ 11 ʜʦ 38 %) ʦʩʪʘʝʪʩʷ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ, ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ 

(2.4)-(2.7). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʥʘʷ ʟʘʤʝʥʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʰʠʭʪʘʭ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʪʦʤʫ ʞʝ ʢ ʙʦʣʴʰʦʤʫ 

ʨʘʩʭʦʜʫ ʥʝʜʝʰʝʚʳʭ ʘʢʪʠʚʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ï ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ 

ʧʦʨʦʰʢʦʚ Si3N4-SiC, ʠ ʵʪʦʪ ʧʨʠʝʤ ʥʝ ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC.  

ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚ ʪʘʙʣʠʮʝ 4.12 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 

4.21 ʠ 4.26, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ï ʚ ʪʘʙʣʠʮʘʭ 4.2-4.4 ʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.2-4.4. ʀʥʪʝʨʝʩʥʦ ʠʭ ʩʨʘʚʥʠʪʴ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1.1 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 1.1 ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʦ ʘʟʠʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ NH4F, Na2SiF6 ʠ 
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(NH4)2SiF6. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1543 ʜʦ 2458 
ʦ
ʉ ʠ ʫʙʳʚʘʣʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʬʘʟʳ SiC ʜʣʷ ʢʘʞʜʦʡ ʛʘʣʦʠʜʥʦʡ ʩʦʣʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʊʌʕ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘʤʝʪʥʦ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2137 ʜʦ 

2537 
ʦ
ʉ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-Si3N4 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʠʬʠʢʘʮʠʝʡ ɓ-Si3N4 ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ Si3N4-

SiC, ʯʝʤ ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝʝ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʩ ʇʊʌʕ ʧʨʠʚʦʜʷʪ ʪʘʢʞʝ ʢ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤ ʨʘʟʤʝʨʘʤ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʨʦʰʢʦʚ, ʭʦʪʷ ʦʥʠ ʠ ʦʩʪʘʶʪʩʷ ʚ ʢʘʪʝʛʦʨʠʠ 

ʚr ʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 1-2 ʤʢʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʇʊʌʕ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʝʣʠʢʠ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʠ ʜʦʭʦʜʷʱʠʝ ʜʘʞʝ ʜʦ 90 %, ʚʩʣʝʜʩʪʚʠʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʪʘʢʠʝ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʙʳʣʠ 

ʥʝʙʦʣʴʰʠʤʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 2,8 ʜʦ 8,5 % ʠ ʦʪ 4,2 ʜʦ 10,4 % ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʠ NH4F [99]. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ 

ʧʦʪʝʨʠ ʤʘʩʩ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ 

ʛʘʟʠʬʠʮʠʨʫʶʱʝʡʩʷ ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-

SiC ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʛʦʨʝʥʠʶ ʰʠʭʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʝʥʠʝʤ 

ʰʠʭʪ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʜʦʙʘʚʢʘʤʠ ʛʘʟʠʬʠʮʠʨʫʶʱʠʭʩʷ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ NH4F, 

Na2SiF6 ʠ (NH4)2SiF6.  

ʅʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1.1 ʠ ʨʠʩʫʥʢʘ 1.1, ʛʣʘʚʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʮʝʣʦʤ ʥʘʡʜʝʥʥʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʜʘ 

ʢʨʝʤʥʠʷ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ Ŭ-Si3N4 ʠ ɓ-Si3N4 ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʙʳʣʦ 

ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Si3N4 ʩʦʛʣʘʩʥʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ SiC, ʥʘʦʙʦʨʦʪ, ʚ ʮʝʣʦʤ 

ʙʳʣʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ (ʜʦ ʜʚʫʭ-ʯʝʪrʨʝʭ ʨʘʟ). 
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ɿʘʤʝʥʘ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʘʟʠʜʥʦʛʦ ʉɺʉ ʥʘ ʇʊʌʕ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʤʝʣʘ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʜʫʢʪʘʭ 

ʛʦʨʝʥʠʷ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʮʝʣʝʚʳʭ ʬʘʟ Si3N4 ʠ 

SiC ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ. 

ʅʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.12, ʜʦʩʪʠʞʝʥʠʝ ʵʪʦʡ ʮʝʣʠ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʝʣʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ ʰʠʭʪʫ. ʇʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʇʊʌʕ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,05C2F4 ʚ 1 ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʩʤʝʩʠ (ɸ) ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʬʘʟ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Si3N4:SiC, ʥʝ ʛʦʨʝʣʘ, ʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʛʦʨʝʚʰʠʭ 

ʰʠʭʪ ʙʳʣ ʜʘʣʝʢ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ ʜʚʘ ʨʘʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʜʦ 0,1C2F4 ʚ 1 ʤʦʣʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʩʤʝʩʠ (ɺ) 

ʥʝ ʛʦʨʝʣʠ ʪʦʣʴʢʦ ʥʘʩʳʧʥʘʷ ʠ ʧʨʝʩʩʦʚʘʥʥʘʷ ʰʠʭʪʳ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ  

Si3N4:SiC=4:1 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 13 ʤʦʣʝʡ ʧʦʨʦʰʢʘ ʤʘʣʦʘʢʪʠʚʥʦʛʦ 

ʢʨʝʤʥʠʷ ʚ ʵʪʠʭ ʰʠʭʪʘʭ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʝʤʥʠʷ, 

ʩʥʠʞʝʥʥʦʤ ʜʦ 4-7 ʤʦʣʴ, ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʫʞʝ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚ 

ʪʘʙʣʠʮʝ 4.12 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.21 ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʯʝʤ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʠʭʪ ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ ʚ ʪʘʙʣʠʮʝ 1.1 ʠ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

ʅʦ ʪʘʢʞʝ ʠʟ ʪʘʙʣʠʮʳ 4.12 ʠ ʨʠʩʫʥʢʘ 4.26 ʚʠʜʥʦ, ʯʪʦ ʙʣʠʞʝ ʚʩʝʛʦ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʥʘʭʦʜʷʪʩʷ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ), ʩʦʜʝʨʞʘʱʝʡ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʊʌʕ 0,15C2F4 ʚ 1 ʤʦʣʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ 

ʫʛʣʝʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʟʘʤʝʪʥʦ ʣʫʯʰʝ, ʯʝʤ ʥʘʩʳʧʥʳʭ ʰʠʭʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʢʘʢ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟ Si3N4 ʠ SiC ʧʨʠ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʵʪʠʭ ʬʘʟ, ʪʘʢ ʠ ʧʦ 

ʤʝʥʴʰʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ï ʜʦ 2,0 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 4,0 % ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ. ʀʟ ʪʘʙʣʠʮʳ 4.4 ʠ ʨʠʩʫʥʢʘ 4.4 ʚʠʜʥʦ, 

ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʩʤʝʩʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (ʦʪ 12,6 ʜʦ 40,7 %), ʯʝʤ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʳʭ ʩʤʝʩʝʡ 
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(ʦʪ 57,2 ʜʦ 81,4 %), ʠ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Si3N4:SiC=1:4 ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ ʠ ʦʯʝʥʴ ʚʝʣʠʢʠ: 80,4 ʠ  81,4 %. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʛʦʨʝʥʠʷ ʪʘʢʦʡ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ 1:4 ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʩ 3 ʜʦ 4 ʄʇʘ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʧʦʢʘʟʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʤʘʩʩʳ ʰʠʭʪʳ ʜʦ 

11,8 ʠ 40,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʙʣʠʟʢʠʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʘʭ ʧʨʦʤʳʪʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ 

ʤʝʥʝʝ 1-2 ʤʢʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

Si3N4-SiC ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ), 

ʩʦʜʝʨʞʘʱʝʡ ʜʦʙʘʚʢʫ ʇʊʌʕ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,15C2F4 ʚ 1 ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪʘʭ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʘʟʠʜʥʦʤʫ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʦʢ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

(ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩʫʥʢʦʚ 4.26 ʠ 1.1 ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʬʘʟʳ SiC). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʰʠʭʪʳ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ Si3N4:SiC=1:4 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʘʟʦʪʘ ʚ ʨʝʘʢʪʦʨʝ ʩ 3 ʜʦ 4 ʄʇʘ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʚ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪʘʭ ʤʘʩʩʦʡ 

20-40 ʛʨʘʤʤʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ ʩ 

ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʘʟʦʪʘ 3 ʄʇʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʷʭ Si3N4-SiC ʩ ʟʘʜʘʥʥʳʤʠ ʤʦʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʥʠʪʨʠʜʥʦʡ ʠ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟ (4:1, 2:1, 1:1, 1:2 ʠ 1:4) ʥʘʠʤʝʥʴʰʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʶ 

ʚʩʝʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʤʳʪʦʤ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʠʤʝʥʴʰʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ: ʧʨʠʤʝʩʠ (ʪʦʣʴʢʦ Si): 1,0;  0; 2,0; 1,0; 

0 %; ʧʦʪʝʨʠ ʤʘʩʩʳ: 40,7; 34,4; 15,4; 25,1; 13,8 % (ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʜʘʚʣʝʥʠʷ ʘʟʦʪʘ 4 ʄʇʘ). ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 
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ʇʊʌʕ ʚ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʘʢʦʛʦ ʜʦʨʦʛʦʛʦ ʠ ʪʦʢʩʠʯʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʘʢ ʘʟʠʜ ʥʘʪʨʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʉ) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.28)-(2.32) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʩʝʭ ʧʷʪʠ ʢʦʤʧʦʟʠʮʠʡ Si3N4:SiC=4:1, 2:1, 1:1, 1:2 ʠ 1:4 ʨʘʩʭʦʜʫʝʪʩʷ ʦʪ 0,15 ʜʦ 

0,6 ʤʦʣʝʡ ʇʊʌʕ ʠ ʦʪ 0,6 ʜʦ 2,4 ʤʦʣʝʡ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.15)-(1.29) 

ʨʘʩʭʦʜʫʝʪʩʷ ʦʪ 1 ʜʦ 8 ʤʦʣʝʡ ʘʟʠʜʘ ʥʘʪʨʠʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʥʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʘʙʣʠʮʝ 

4.12 ʙʣʠʟʢʠ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʩʦʛʣʘʩʥʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ (2.28)-(2.32), ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʦʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʵʪʠʭ 

ʰʠʭʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.4, ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʚʝʨʜʦʡ ʬʘʟʳ 

Si3N4 ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʘʟ ʧʨʠ ʦʯʝʥʴ 

ʚʳʩʦʢʠʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

4.3 ʇʘʨʘʤʝʪʨʳ ʠ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

4.3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ  

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (ʰʠʭʪʘʭ) çSi-Al-NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.13 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.29.  

ʊʘʙʣʠʮʘ 4.13 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ AlN : SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, ʄʇʘ  æmʪ, % æm0, % 

(2.8) 2Si+8Al+4NaN3+C2F4 4 : 1 2860 7,05 60,2 74,3 

(2.9) 2Si+4Al+4NaN3+C2F4 2 : 1 2540 6,95 74,0 87,9 

(2.10) 2Si+2Al+4NaN3+C2F4 1 : 1 2340 6,45 61,1 86,6 

(2.11) 4Si+2Al+8NaN3+2C2F4 1 : 2 2290 6,58 61,5 86,9 

(2.12) 8Si+2Al+16NaN3+4C2F4 1 : 4 2120 6,69 44,3 88,4 
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ʈʠʩʫʥʦʢ 4.29 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ 

C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʰʠʭʪʳ, æm0, % ; 3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, æmʪ, % 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.13 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.29 ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʜʦ 2860 ʂ, ʩʢʘʯʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 3 ʄʇʘ ʜʦ 7,05 ʄʇʘ, ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʜʦ 74,0 ʠ 88,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: ʘʟʠʜʘ ʥʘʪʨʠʷ ʦʪ 4 ʜʦ 16 ʤʦʣʝʡ ʠ ʇʊʌʕ ʦʪ 1 ʜʦ 4 

ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12). ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

2860 ʂ ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.8) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʨʦʰʢʘ ʘʣʶʤʠʥʠʷ (8 ʤʦʣʝʡ), ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ (2Al+N2=2AlN) 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʊʘʜ = 3639 ʂ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʜʦ 4 ʠ 

2 ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.9) ʠ (2.10) ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 

ʟʥʘʯʝʥʠʡ 2540 ʠ 2340 ʂ. ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʊʛ ʜʣʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.11) ʠ 

(2.12) ʜʦ ʟʥʘʯʝʥʠʡ 2290 ʠ 2120 ʂ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ SiC ʩ ʤʝʥʝʝ 

ʵʢʟʦʪʝʨʤʠʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ (ʊʘʜ = 1860 ʂ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ AlN 

ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ NaF ʠ N2 ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʪʨʘʪ ʪʝʧʣʘ ʥʘ ʠʭ ʥʘʛʨʝʚ. ʋʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʊʛ ʤʝʥʴʰʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʘʜ = 3071-2373 ʂ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʚ 
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ʪʘʙʣʠʮʝ 3.6, ʠ ʫʤʝʥʴʰʝʥʠʝ ʊʛ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.8) ʢ ʫʨʘʚʥʝʥʠʶ 

(2.12) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʊʘʜ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.8) ʢ 

ʫʨʘʚʥʝʥʠʶ (2.12) ʚ ʪʘʙʣʠʮʝ 3.6. ʅʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʈmax = 7,05 ʄʇʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʛʦʨʝʥʠʠ ʰʠʭʪʳ (2.3) ʩ ʥʘʠʙʦʣʴʰʝʡ  

ʊʛ = 2860 ʂ. ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʪ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ 

ʛʦʨʝʥʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʧʨʠ ʛʦʨʝʥʠʠ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʙʨʦʩʫ ʢʘʢ ʰʠʭʪʳ, ʪʘʢ ʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʝʣʠʯʠʥʘ ʈmax ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʚ ʧʨʠ 

ʛʦʨʝʥʠʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.8) ʢ ʫʨʘʚʥʝʥʠʶ (2.12) ʪʝʤʧʝʨʘʪʫʨʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 2860 ʂ ʜʦ 2120 ʂ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʟʘ 

ʘʟʦʪʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʩ 2N2 ʜʦ 23N2. ɺ 

ʠʪʦʛʝ ʪʘʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʝʣʠʯʠʥʘ ʈmax ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʩʠʣʴʥʦ, ʠ ʪʘʢ ʞʝ ʥʝ 

ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʰʠʭʪʳ ʚ ʪʘʙʣʠʮʝ 4.13 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.29, 

ʦʩʪʘʚʘʷʩʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 87 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʨʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 74 % ʜʦ 44 %. ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʯʝʥʴ 

ʙʦʣʴʰʠʤʠ ʠ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʰʠʭʪʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ NaF ʠ N2, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʧʦ ʧʨʘʚʳʤ ʯʘʩʪʷʤ ʫʨʘʚʥʝʥʠʡ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.8) ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 

ʇʊʌʕ ʢ ʫʨʘʚʥʝʥʠʶ (2.12) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 

ʇʊʌʕ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʪʘʙʣʠʮʝ 3.6. 

ʇʨʠ ʵʪʦʤ NaF ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʦʨʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʦʵʪʦʤʫ 

ʦʥ ʫʜʘʣʷʝʪʩʷ ʠʟ ʟʦʥʳ ʛʦʨʝʥʠʷ ʚʤʝʩʪʝ ʩ ʦʙʨʘʟʫʶʱʠʤʩʷ ʘʟʦʪʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʧʦʪʝʨʠ ʤʘʩʩʳ ʰʠʭʪʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʜʦʣʶ 

ʩʦʭʨʘʥʷʶʱʝʛʦʩʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ AlN-SiC, ʪʦ ʝʩʪʴ, ʫʤʝʥʴʰʘʷ ʧʦʪʝʨʶ ʝʛʦ 

ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ. 

ʇʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʥʝ ʠʟʫʯʘʣʠʩʴ, ʪʘʢ ʢʘʢ 

ʧʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ (ʧ. 4.2.1, ʨʠʩʫʥʦʢ 4.1) ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʝʱʝ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ ʩʠʩʪʝʤʳ çSi-Al -NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ (2.33)-(2.37) ʩ ʯʘʩʪʠʯʥʦʡ 

ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.14 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.30.  

ʊʘʙʣʠʮʘ 4.14 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.33)-(2.37) 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ AlN:SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, 

% 

æm0, 

% 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.33) Si+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2 4 : 1 3270 4,38 19,5 0,38 

(2.34) Si+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2 2 : 1 3270 4,20 9,3 0,24 

(2.35) Si+Al+0,9C+0,05C2F4+0,2NaN3+0,2N2 1 : 1 2870 4,14 23,6 26,3 

(2.36) 2Si+Al+1,8C+0,1C2F4+0,4NaN3 1 : 2 2790 4,19 27,8 38,0 

(2.37) 4Si+Al+3,6C+0,2C2F4+0,8NaN3 1 : 4 2620 4,09 12,2 30,6 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.33) Si+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2 4 : 1 3180 3,89 19,2 0,11 

(2.34) Si+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2 2 : 1 3120 3,61 9,2 0,12 

(2.35) Si+Al+0,9C+0,05C2F4+0,2NaN3+0,2N2 1 : 1 2720 3,51 26,4 33,4 

(2.36) 2Si+Al+1,8C+0,1C2F4+0,4NaN3 1 : 2 2690 3,81 9,1 22,0 

(2.37) 4Si+Al+3,6C+0,2C2F4+0,8NaN3 1 : 4 2550 3,71 2,2 22,7 

 

 
ʈʠʩʫʥʦʢ 4.30 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (A) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
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ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮʳ 4.14 ʠ 4.2 ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʇʊʌʕ ʚ ʢʦʣʠʯʝʩʪʚʝ 

0,05C2F4 ʚ 1 ʤʦʣʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-

SiC ʠ Si3N4-SiC. ɽʩʣʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʰʠʭʪ ʩʦ ʩʤʝʩʴʶ (ɸ) ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʥʝ ʛʦʨʝʣʘ, ʪʦ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʚʩʝ 

ʠhʭʪʳ ʩʦ ʩʤʝʩʴʶ (ɸ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ AlN-SiC ʩʛʦʨʝʣʠ. ʊʘʢʦʝ 

ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC 

ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ (ʦʪ 4 ʜʦ 13 

ʤʦʣʝʡ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʩʦʜʝʨʞʘʪ ʚʩʝʛʦ 

ʦʪ 1 ʜʦ 4 ʤʦʣʝʡ ʧʦʨʦʰʢʘ Si ʠ ʦʪ 1 ʜʦ 4 ʤʦʣʝʡ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ Al. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 3.2, ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʷ (2Al+N2=2AlN) 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʊʘʜ = 3639 ʂ, ʘ ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʷ (3Si+2N2=Si3N4) 

ʧʨʦʪʝʢʘʝʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ ʊʘʜ = 2430 ʂ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ AlN ʟʘ ʩʯʝʪ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 2200 ʜʦ 2700 
ʦ
ʉ, ʘ ʫ Si3N4 ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 1900 

ʦ
ʉ ʠ ʚʳʰʝ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 4.14 ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ AlN-

SiC ʦʯʝʥʴ ʚʳʩʦʢʠʝ, ʜʦʩʪʠʛʘʶʱʠʝ 3270 ʂ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʠ 3180 

ʂ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 4.2.1, ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ) ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ (ʪʘʙʣʠʮʘ 4.14) ʰʠʭʪ ʧʨʠ 

ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ), 

ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʩ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ 

ʥʘ ʇʊʌʕ (ʪʘʙʣʠʮʘ 4.13), ʛʦʨʝʥʠʝ ʰʠʭʪ ʩʦ ʩʤʝʩʴʶ (ɸ) ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ 

ʧʨʦʭʦʜʠʪ ʥʝ ʪʘʢ ʠʥʪʝʥʩʠʚʥʦ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʚʩʝʛʦ ʜʦ 4,38 ʄʇʘ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʠ ʜʦ 3,89 ʄʇʘ ʚ ʩʣʫʯʘʝ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7,05 ʄʇʘ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ 
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ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ (ʪʘʙʣʠʮʘ 4.13). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʩʦ 

ʩʤʝʩʴʶ (ɸ): ʦʪ 9,3 ʜʦ 27,8 % ʠ ʦʪ 0,24 ʜʦ 38,0 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ ʦʪ 9,1 ʜʦ 26,4 % ʠ ʦʪ 0,11 ʜʦ 33,4 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ. ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʧʦʪʝʨʴ ʤʘʩʩ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʠʩʫʥʢʦʚ 4.29 ʠ 4.30. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʯʝʥʴ ʤʘʣʳʝ ʧʦʪʝʨʠ ʤʘʩʩ ʰʠʭʪ ʩʦ ʩʤʝʩʴʶ 

(ɸ) ʧʨʠ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ ʘʣʶʤʠʥʠʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.33) ʠ (2.34) 

ʦʙʲʷʩʥʷʶʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʠʪʨʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʥʝʯʥʦʤ ʪʚʝʨʜʦʤ ʮʝʣʝʚʦʤ 

ʧʨʦʜʫʢʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʝʤ AlN ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʘʟʦʪʘ ʚ NaN3 ʚ 

ʰʠʭʪʝ. ʀʟ ʨʠʩʫʥʢʘ 4.30 ʚʠʜʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ 

ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC=1:1 ʠʟ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʠ ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʦʤʧʦʟʠʮʠʠ AlN-SiC=1:2 ʠʟ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ. 

4.3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12), (2.33)-(2.37), (2.42) ʠ (2.47) ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʧʨʦʤʳʚʢʠ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ. ɺ ʫʢʘʟʘʥʥʳʭ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʚʳʨʘʞʝʥ ʚ ʤʦʣʷʭ, ʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʥ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʢ ʤʘʩʩʦʚʳʤ 

ʧʨʦʮʝʥʪʘʤ ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʷʪʠ ʮʝʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC (4:1, 2:1, 1:1, 1:2, 1:4) ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʜʘʣʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʧʦʙʦʯʥʦʡ ʩʦʣʠ NaF ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ: 

4:1 Ÿ 4AlN + SiC = 80,4%AlN + 19,6%SiC,    (4.6) 
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2:1 Ÿ 2AlN + SiC = 67,2%AlN + 32,8%SiC,    (4.7) 

1:1 Ÿ AlN + SiC = 50,6%AlN + 49,4%SiC,     (4.8) 

1:2 Ÿ AlN + 2SiC = 33,9%AlN + 66,1%SiC,     (4.9) 

1:4 Ÿ AlN + 4SiC = 20,4%AlN + 79,6%SiC.     (4.10) 

4.3.2.1 ʇʦʣʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩʠʩʪʝʤʳ çSi-Al -NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ 

(2.8)-(2.12) ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

4.15 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.31. 

ʊʘʙʣʠʮʘ 4.15 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ 

(2.8)-(2.12) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

AlN : SiC 

(ʤʦʣʴ) 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

AlN SiC AlN SiC Ŭ-Si3N4 ɓ-Si3N4 Na3AlF6 

(2.8) 4:1 80,4 19,6 75,0 19,0 - 3,0 4,0 

(2.9) 2:1 67,2 32,8 63,0 28,5 - 3,5 5,0 

(2.10) 1:1 50,6 49,4 19,0 11,5 21,5 27,0 21,0 

(2.11) 1:2 33,9 66,1 17,0 15,5 16,5 27,0 24,0 

(2.12) 1:4 20,4 79,6 15,0 13,2 21,5 26,0 24,3 

 

 
(2.8) ç2Si+8Al+4NaN3+C2F4è 
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(2.9) ç2Si+4Al+4NaN3+C2F4 

 
(2.10) ç2Si+2Al+4NaN3+C2F4 

 
(2.11) ç4Si+2Al+8NaN3+2C2F4 

 
(2.12) ç8Si+2Al+16NaN3+8C2F4 

ʈʠʩʫʥʦʢ 4.31 ï ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.8)-(2.12) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
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ʀʟ ʪʘʙʣʠʮʳ 4.15 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC 

ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ 

(2.8) ʠ (2.9) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ ʠ ʥʘʠʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ. ɺ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʩʠ 

3,0 ʠ 3,5 % ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ɓ-Si3N4, ʢʦʪʦʨʦʛʦ 

ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʢʦʤʧʦʟʠʮʠʷʭ AlN-SiC, ʘ ʪʘʢʞʝ 3,5 ʠ 5,0 % ʥʝʞʝʣʘʪʝʣʴʥʦʡ 

ʧʦʙʦʯʥʦʡ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʡ ʧʨʠʤʝʩʠ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ, ʘ 

ʪʘʢʞʝ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.10)-(2.12) ʚ ʧʨʦʜʫʢʪʘʭ ʠʭ 

ʛʦʨʝʥʠʷ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʦʙʦʯʥʳʭ ʬʘʟ: ʜʦ 43,5-47,5 % 

ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ) ʠ ʜʦ 21,0-24,3 % ʩʦʣʠ ʢʨʠʦʣʠʪʘ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʬʘʟʳ SiC ï ʜʦ 13,2 % 

ʚʤʝʩʪʦ 79,6 % ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ (2.12). ʕʪʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʨʠʩʫʥʢʝ 4.31, ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʬʣʝʢʩʳ ʮʝʣʝʚʳʭ AlN ʠ SiC ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʩʠʣʴʥʳʤʠ ʜʣʷ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (2.8) ʠ (2.9), ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʜʣʷ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ (2.11) ʠ (2.12).  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.32. 

  
(2.8) ç2Si+8Al+4NaN3+C2F4è (2.9) ç2Si+4Al+4NaN3+C2F4è 
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(2.10) ç2Si+2Al+4NaN3+C2F4è (2.11) ç4Si+2Al+8NaN3+2C2F4è 

 
(2.12) ç8Si+2Al+16NaN3+4C2F4è 

ʈʠʩʫʥʦʢ 4.32 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.8)-(2.12) 

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
 

ʀʟ ʨʠʩʫʥʢʘ 4.32 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.8) ʠ 

(2.9) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ ʠ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʮʝʣʝʚʦʡ ʬʘʟʳ AlN ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʛʨʘʥʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʢʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʰʠʭʪʘʤ ʫʨʘʚʥʝʥʠʡ (2.10)-

(2.12) ʩ ʤʝʥʴʰʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ ʠ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ ʬʘʟ 

ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʨʘʟʤʝʨʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʚ ʩʣʫʯʘʝ 

ʫʨʘʚʥʝʥʠʷ (2.12) ʦʥʠ ʦʙʨʘʟʫʶʪ ʘʛʣʦʤʝʨʘʪʳ ʩʘʤʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ 

ʦʪ 100 ʜʦ 300 ʥʤ ʠ ʦʪʜʝʣʴʥʳʝ ʨʘʚʥʦʦʩʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 100-400 ʥʤ. 

 

4.3.2.2 ʏʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

 

ʇʝʨʝʡʜʝʤ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ (ʰʠʭʪ) çSi-Al -NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ (2.33)-

(2.37), (2.42) ʠ (2.47) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC. ɺ ʪʘʙʣʠʮʝ 4.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ 
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ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʤʳʪʳʭ 

ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ). 

ʊʘʙʣʠʮʘ 4.16 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

AlN : SiC 

(ʤʦʣʴ) 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

AlN SiC AlN SiC Si3N4 Si C Na3AlF6 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɸ) ç0,9ʉ+0,05C2F4è 

(2.33) 4: 1 80,4 19,6 81,0 15,0 ï 4,0 ï ï 

(2.34) 2: 1 67,2 32,8 62,0 36,0 ï 2,0 ï ï 

(2.35) 1: 1 50,6 49,4 47,5 51,5 ï 1,0 ï ï 

(2.36) 1: 2 33,8 66,2 20,0 65,0 15,0 ï ï ï 

(2.37) 1: 4 20,4 79,6 33,7 49,5 15,9 ï 0,9 ï 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɺ) ç0,8ʉ+0,1C2F4è 

(2.42) 1: 4 20,4 79,6 6,1 46,4 36,5 3,0 4,0 4,0 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ʉ) ç0,7ʉ+0,15C2F4è 

(2.47) 1: 4 20,4 79,6 11,1 42,4 34,4 4,0 ï 8,1 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɸ) ç0,9ʉ+0,05C2F4è 

(2.33) 4: 1 80,4 19,6 80,0 20,0 ï ï ï ï 

(2.34) 2: 1 67,2 32,8 66,0 32,0 ï 2,0 ï ï 

(2.35) 1: 1 50,6 49,4 51,0 49,0 ï ï ï ï 

(2.36) 1: 2 33,8 66,2 38,0 62,0 ï ï ï ï 

(2.37) 1: 4 20,4 79,6 18,0 67,0 15,0 ï ï ï 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ɺ) ç0,8ʉ+0,1C2F4è 

(2.42) 1: 4 20,4 79,6 19,0  46,4 27,6 3,0 4,0 7,0 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (ʉ) ç0,7ʉ+0,15C2F4è 

(2.47) 1: 4 20,4 79,6 17,0 42,4 31,6 4,0 ï 5,0 
 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.16 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.33 ʠ 4.34. 
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(2.33) çSi+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2è 

 
(2.34) çSi+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2è 

 
(2.35) çSi+Al+0,2NaN3+0,9C+0,05C2F4+0,2N2è 

 
(2.36) ç2Si+Al+0,4NaN3+1,8C+0,1C2F4è 
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(2.37) ç4Si+Al+3,2C+0,4C2F4+1,6NaN3è 

ʈʠʩʫʥʦʢ 4.33 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.33)-(2.37) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 

 
 

 
(2.33) çSi+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2è 

 
(2.34) çSi+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2è 

 
(2.35) çSi+Al+0,2NaN3+0,9C+0,05C2F4+0,2N2è 
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(2.36) ç2Si+Al+0,4NaN3+1,8C+0,1C2F4è 

 
(2.37) ç4Si+Al+3,2C+0,4C2F4+1,6NaN3è 

ʈʠʩʫʥʦʢ 4.34 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.33)-(2.37) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮ 4.15 ʠ 4.16 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ 

ʰʠʭʪ ʩ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ 

(2.8)-(2.12) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ (1-4 ʤʦʣʷ) ʢ ʰʠʭʪʘʤ ʩ 

ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʠ (ɸ) ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ (0,05C2F4 ʚ 1 ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ) ʚ ʫʨʘʚʥʝʥʠʷʭ (2.33)-(2.37) ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC. ʇʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʥʝʞʝʣʘʪʝʣʴʥʘʷ, ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʚ ʚʦʜʝ ʧʨʠʤʝʩʴ 

ʢʨʠʦʣʠʪʦʚʦʡ ʩʦʣʠ Na3AlF6, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ. 

ʅʝʞʝʣʘʪʝʣʴʥʘʷ ʧʦʙʦʯʥʘʷ ʬʘʟʘ Si3N4 ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʠʣʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 15 % (ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC=1:2 ʠ 1:4 ʚ ʥʘʩʳʧʥʦʡ 

ʰʠʭʪʝ ʠ AlN:SiC=1:4 ʚ ʧʨʝʩʩʦʚʘʥʥʦʡ). ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʦʛʦ 

ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʩʥʠʞʘʝʪʩʷ, ʠʣʠ ʦʥʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʦ 2 % ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ, ʪʦʣʴʢʦ ʧʨʠ 
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ʩʦʦʪʥʦʰʝʥʠʠ AlN:SiC=2:1. ʀʟ ʨʠʩʫʥʢʘ 4.33 ʚʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʈʌɸ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʦʚ AlN-

SiC ʩ ʧʦʚʳʰʝʥʥʳʤ ʠ ʨʘʚʥʳʤ ʤʦʣʷʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ AlN, ʪ.ʝ. ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC=4:1, 2:1 ʠ 1:1, ʩʦʜʝʨʞʘʪ ʩʠʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʪʦʣʴʢʦ 

ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC, ʘ ʪʘʢʞʝ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ ʧʨʠʤʝʩʠ ʩʚʦʙʦʜʥʦʛʦ 

ʢʨʝʤʥʠʷ. ʋ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ SiC, ʪ.ʝ. ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC= 1:2 ʠ 1:4, ʥʘʨʷʜʫ ʩ ʨʝʬʣʝʢʩʘʤʠ AlN, SiC ʠ Si 

ʧʦʷʚʣʷʶʪʩʷ ʷʚʥʳʝ ʧʠʢʠ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʦʙʦʯʥʦʡ ʬʘʟʳ Si3N4. ʀʟ ʨʠʩʫʥʢʘ 4.34 

ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʮʝʣʝʚʳʝ ʬʘʟʳ 

AlN ʠ SiC ʜʣʷ ʯʝʪʳʨʝʭ ʩʦʦʪʥʦʰʝʥʠʡ AlN:SiC=4:1, 2:1, 1:1 ʠ 1:2 (ʩ ʧʨʠʤʝʩʴʶ Si 

ʜʣʷ AlN:SiC=2:1) ʠ ʧʦʷʚʣʝʥʠʝ Si3N4 ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ AlN:SiC=1:4 ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ SiC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ AlN 

ʠ SiC ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʙʣʠʟʢʦ ʢ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʡ 

AlN:SiC=1:2 ʠ 1:4 ʜʣʷ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ AlN:SiC=1:4 ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʦʡ. 

ʅʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.35 ʚ ʩʨʘʚʥʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ 

ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʦʪ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC. 
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ʈʠʩʫʥʦʢ 4.35 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ  ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ 

(ɸ) ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷAlN:SiC 
 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 4.36 ʠ 4. 37. 
 

  
(2.33) çSi+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2è (2.34) çSi+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2è 

  
(2.35) çSi+Al+0,2NaN3+0,9C+0,05C2F4+0,2N2è (2.36) ç2Si+Al+0,4NaN3+1,8C+0,1C2F4è 
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ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ AlN:SiC 
ʇʨʝʩʩʦʚʘʥʥʘʷ ʰʠʭʪʘ ʊʝʦʨʠʷ ʅʘʩʳʧʥʘʷ ʰʠʭʪʘ 
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(2.37) ç4Si+Al+3,2C+0,4C2F4+1,6NaN3è 

ʈʠʩʫʥʦʢ 4.36 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.33)-(2.37)  

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

  
(2.33) çSi+4Al+0,9C+0,05C2F4+0,2NaN3+1,7N2è (2.34) çSi+2Al+0,9C+0,05C2F4+0,2NaN3+0,7N2è 

  
(2.35) çSi+Al+0,2NaN3+0,9C+0,05C2F4+0,2N2è (2.36) ç2Si+Al+0,4NaN3+1,8C+0,1C2F4è 

 
(2.37) ç4Si+Al+3,2C+0,4C2F4+1,6NaN3è 

ʈʠʩʫʥʦʢ 4.37 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.33)-(2.37) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
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ʀʟ ʨʠʩʫʥʢʘ 4.36 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʫʨʘʚʥʝʥʠʡ (2.33) ʠ (2.34) ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʝʥʠʷ 3270 ʂ (ʪʘʙʣʠʮʘ 

4.14) ʠ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʝʣʝʚʦʡ ʬʘʟʳ AlN ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʛʨʘʥʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʢʤ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʰʠʭʪʘʤ ʫʨʘʚʥʝʥʠʡ (2.35)-(2.37) ʩ ʤʝʥʴʰʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʛʦʨʝʥʠʷ ʨʘʟʤʝʨʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʶʪʩʷ, ʠ ʚ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ 

(2.37) ʦʥʠ ʦʙʨʘʟʫʶʪ ʘʛʣʦʤʝʨʘʪʳ ʩʘʤʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪ 100 ʜʦ 200 ʥʤ.  

ʀʟ ʨʠʩʫʥʢʘ 4.37 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʚ 

ʮʝʣʦʤ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʯʝʤ ʥʘʩʳʧʥʳʭ ʰʠʭʪ, ʠʟ-ʟʘ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʝʥʠʷ 

(ʧʨʠʤʝʨʥʦ ʥʘ 100 ʂ ʚ ʪʘʙʣʠʮʝ 4.14). ʇʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.33) 

ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC = 4:1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʜʦ 400 

ʥʤ. ɺ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.34) ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC=2:1 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʘʛʣʦʤʝʨʘʪʳ ʠʟ ʩʤʝʩʝʡ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʪ 

200 ʥʤ ʜʦ 500 ʤʤ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.35)-(2.37) ʩʦʩʪʦʷʪ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʠʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ 

ʜʦ 250 ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ 

ʨʘʟʤʝʨʦʤ ʦʪ 100-200 ʥʤ ʜʦ 1-2 ʤʢʤ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.16 ʠ ʨʠʩʫʥʢʘ 4.35, ʚ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ 

AlN ʠ SiC ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC= 1:4 ʢʘʢ ʜʣʷ ʥʘʩʳʧʥʦʡ, ʪʘʢ ʠ ʚ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʤʝʥʴʰʠʪʴ ʵʪʦ ʦʪʣʠʯʠʝ, ʧʨʠʙʣʠʟʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC= 1:4 ʥʘʩʳʧʥʦʡ ʠ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɺ) ʠ (ʉ) ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (2.42) ʠ (2.47). 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.16. ʉʦʛʣʘʩʥʦ ʵʪʠʤ 
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ʨʝʟʫʣʴʪʘʪʘʤ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʇʊʌʕ ʚ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʷʭ (B) ʠ 

(C) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3 ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʬʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ ʧʨʠʤʝʩʠ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6 (ʦʪ 4 ʜʦ 8 %), 

ʟʥʘʯʠʪʝʣʴʥʦ (ʩ 15 ʜʦ 36,5 %) ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦʡ 

ʧʦʙʦʯʥʦʡ ʬʘʟʳ Si3N4 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʜʦʣʶ ʮʝʣʝʚʳʭ 

ʬʘʟ AlN ʠ SiC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʠ AlN:SiC=1:4 ʥʝ ʫʜʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʮʝʣʝʚʳʭ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ. 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʡ AlN:SiC=1:2 ʠ 1:4 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʠʝʤ ï ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʘ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʩʤʝʩʴ (ɸ) ʥʝ ʚʩʝʭ 

ʤʦʣʝʡ ʫʛʣʝʨʦʜʘ ʚ ʰʠʭʪʝ, ʘ ʪʦʣʴʢʦ ʯʘʩʪʠ ʵʪʠʭ ʤʦʣʝʡ.  

ʈʘʥʝʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC=1:2 ʚ ʰʠʭʪʝ ʫʨʘʚʥʝʥʠʷ (2.36) ʦʙʘ ʤʦʣʷ 

ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʩʤʝʩʴ (ɸ): 

2Si+Al+1,8C+0,1C2F4+0,4NaN3=AlN+2SiC+0,4NaF+0,1N2ŷ.         (2.36) 

ʊʝʧʝʨʴ ʟʘʤʝʥʠʤ ʪʦʣʴʢʦ ʦʜʠʥ ʤʦʣʴ ʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ  

2Si+Al+1,9C+0,05C2F4+0,2NaN3+0,2N2=AlN+2SiC+0,2NaF,    (2.36-1) 

ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ AlN-2SiC ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʝ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʯʝʤ ʚ ʫʨʘʚʥʝʥʠʠ (2.36). 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʠʤ ʠ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ AlN:SiC=1:4 ʚ ʰʠʭʪʝ 

ʫʨʘʚʥʝʥʠʷ (2.37), ʚ ʢʦʪʦʨʦʤ ʨʘʥʝʝ ʚʩʝ ʯʝʪʳʨʝ ʤʦʣʷ ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʫʶ ʩʤʝʩʴ (ɸ): 

4Si+Al+3,6C+0,2C2F4+0,8NaN3=AlN+4SiC+0,8NaF+0,7N2ŷ.       (2.37) 

ʊʝʧʝʨʴ ʟʘʤʝʥʠʤ ʪʦʣʴʢʦ ʦʜʠʥ ʤʦʣʴ, ʘ ʟʘʪʝʤ ʪʦʣʴʢʦ ʜʚʘ ʤʦʣʷ ʠ ʧʦʣʫʯʠʤ ʜʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʚ ʯʝʪʳʨʝ ʠ ʜʚʘ ʨʘʟʘ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ: 
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4Si+Al+3,9C+0,05C2F4+0,2NaN3+0,2N2=AlN+4SiC+0,2NaF,  (2.37-1) 

4Si+Al+3,8C+0,1C2F4+0,4NaN3=AlN+4SiC+0,4NaF+0,1N2ŷ.  (2.37-2) 

ʆʜʥʘʢʦ ʥʘʰʠ ʧʦʧʳʪʢʠ ʟʘʞʝʯʴ ʰʠʭʪʳ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.36-1), 

(2.37-1) ʠ (2.37-2) ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ 

ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ, ʵʪʠ ʰʠʭʪʳ ʥʝ ʛʦʨʝʣʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠ ʫʚʝʣʠʯʝʥʠʝ, ʥʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʠ 

ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ AlN:SiC=1:4 ʠ 1:2 ʥʝ 

ʧʦʟʚʦʣʠʣʠ ʧʨʠʙʣʠʟʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʮʝʣʝʚʳʭ ʬʘʟ ʚ 

ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ. 

 

4.3.3 ʆʙʱʠʝ ʠʪʦʛʠ ʧʦ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

 

ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ ʧʨʠʤʝʥʝʥʠʷ ʇʊʌʕ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʧʦ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4.15, 

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC 

ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ 

(2.8) ʠ (2.9) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ ʠ ʥʘʠʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ. ɺ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʨʠʤʝʩʠ ʦʪ 3,0 ʜʦ 5,0 % ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ 

ʬʘʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Si3N4 ʠ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6. ʅʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʇʊʌʕ ʠ 

ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.10)-(2.12), ʚ ʧʨʦʜʫʢʪʘʭ ʠʭ ʛʦʨʝʥʠʷ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʦʙʦʯʥʳʭ ʬʘʟ: ʜʦ 43,5-47,5 % ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʜʦ 21,0-24,3 % ʩʦʣʠ ʢʨʠʦʣʠʪʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʦʩʦʙʝʥʥʦ ʬʘʟʳ SiC ï ʜʦ 13,2 % ʚʤʝʩʪʦ 79,6 % ʩʦʛʣʘʩʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʫʨʘʚʥʝʥʠʶ (2.12).  

ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ 

AlN-SiC ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 4.13 ʠ 

ʥʘ ʨʠʩʫʥʢʝ 4.29, ʪʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʩ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʜʦ 2860 ʂ, ʩʢʘʯʢʘʤʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 3 ʄʇʘ ʜʦ 
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7,05 ʄʇʘ, ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʜʦ 

74,0 ʠ 88,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: ʘʟʠʜʘ ʥʘʪʨʠʷ ʦʪ 4 ʜʦ 

16 ʤʦʣʝʡ ʠ ʇʊʌʕ ʦʪ 1 ʜʦ 4 ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12). ʂʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.8)-(2.12) ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʪʘʙʣʠʮʝ 3.6, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʮʝʣʝʚʳʭ, ʚ 

ʦʩʥʦʚʥʦʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʙʨʦʩʫ ʠ 

ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʭʫʜʰʘʝʪ ʠ ʫʜʦʨʦʞʘʝʪ ʧʨʦʮʝʩʩ ʘʟʠʜʥʦʛʦ ʉɺʉ.  

ʅʘ ʦʩʥʦʚʝ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʥʘʷ 

ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʚ ʰʠʭʪʘʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚ ʘʟʠʜʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʧʦʨʦʰʢʦʚ AlN-SiC, ʠ ʵʪʦʪ ʧʨʠʝʤ 

ʥʝ ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC.  

ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʝ 

ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚ ʪʘʙʣʠʮʝ 4.16 ʠ ʥʘ ʨʠʩʫʥʢʝ 

4.35, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ï ʚ ʪʘʙʣʠʮʝ 4.14 ʠ ʥʘ ʨʠʩʫʥʢʝ 

4.30. ʉʨʘʚʥʠʤ ʠʭ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1.2 ʠ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ (NH4)2SiF6, AlF3 ʠ NH4F. ɽʩʣʠ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ 

ʘʢʪʠʚʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʠʟ ʩʤʝʩʠ 

ʵʣʝʤʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦʨʦʰʢʦʚ AlN-SiC ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 1 ʤʢʤ, ʯʪʦ ʙʳʣʦ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʪʠʭ 

ʢʦʤʧʦʟʠʮʠʡ ʠʤʝʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʆʥ ʜʦʣʞʝʥ ʙʳʣ ʩʦʚʧʘʜʘʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʮʝʣʝʚʳʭ ʬʘʟ ʥʠʪʨʠʜʘ 

ʘʣʶʤʠʥʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʭʦʜʥʳʤʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
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ʧʦʣʫʯʝʥʥʳʭ ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʬʘʟʳ SiC, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʚ ʩʨʝʜʥʝʤ ʙʳʣʦ ʚ 2 ʨʘʟʘ 

ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. ʊʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ ʬʘʟʳ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (ʜʦ 37,3 %) ʠ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ ʢʨʠʦʣʠʪʘ Na3AlF6 (ʦʪ 4,1 ʜʦ 9,8 %).  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮʳ 4.16 ʠ ʨʠʩʫʥʢʘ 4.35 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʰʠʭʪ ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ (0,05C2F4 ʚ 

1 ʤʦʣʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ) ʚ ʫʨʘʚʥʝʥʠʷʭ (2.33)-(2.37) ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʣʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ 

AlN-SiC. ʇʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʘ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʥʝʞʝʣʘʪʝʣʴʥʘʷ, ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʚ ʚʦʜʝ ʧʨʠʤʝʩʴ 

ʢʨʠʦʣʠʪʦʚʦʡ ʩʦʣʠ Na3AlF6. ʅʝʞʝʣʘʪʝʣʴʥʘʷ ʧʦʙʦʯʥʘʷ ʬʘʟʘ Si3N4 ʪʘʢʞʝ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʘ ʠʣʠ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʢʦ ʩʥʠʟʠʣʦʩʴ ʜʦ 15 % (ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ AlN:SiC=1:2 ʠ 1:4 ʚ ʥʘʩʳʧʥʦʡ ʰʠʭʪʝ ʠ AlN:SiC=1:4 ʚ 

ʧʨʝʩʩʦʚʘʥʥʦʡ). ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʠʣʠ 

ʩʥʠʟʠʣʦʩʴ, ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʣʦ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, ʛʜʝ 

ʦʙʥʘʨʫʞʝʥʦ 2 % ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ AlN:SiC=2:1. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ AlN ʠ SiC ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʣʦ ʙʣʠʟʢʦ ʢ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʡ AlN:SiC=1:2 ʠ 1:4 ʜʣʷ 

ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ AlN:SiC=1:4 ʜʣʷ ʧʨʝʩʩʦʚʘʥʥʦʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ (ʪʘʙʣʠʮʘ 4.14) ʰʠʭʪ ʧʨʠ 

ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ), 

ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʩ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ 

ʥʘ ʇʊʌʕ (ʪʘʙʣʠʮʘ 4.13), ʛʦʨʝʥʠʝ ʰʠʭʪ ʩʦ ʩʤʝʩʴʶ (ɸ) ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ 

ʧʨʦʭʦʜʠʪ ʥʝ ʪʘʢ ʠʥʪʝʥʩʠʚʥʦ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʚʩʝʛʦ ʜʦ 4,38 ʄʇʘ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʠ ʜʦ 3,89 ʄʇʘ ʚ ʩʣʫʯʘʝ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7,05 ʄʇʘ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ 
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ʨʝʘʛʝʥʪʦʚ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ (ʪʘʙʣʠʮʘ 4.13). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʩʦ 

ʩʤʝʩʴʶ (ɸ): ʦʪ 9,3 ʜʦ 27,8 % ʠ ʦʪ 0,24 ʜʦ 38,0 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ ʠ ʦʪ 9,1 ʜʦ 26,4 % ʠ ʦʪ 0,11 ʜʦ 33,4 % ʚ ʩʣʫʯʘʝ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ. ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʧʦʪʝʨʴ ʤʘʩʩ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʠʩʫʥʢʦʚ 4.29 ʠ 4.30. 

ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1-

2 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʩʞʠʛʘʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʦʥʠ ʟʘʤʝʪʥʦ ʤʝʣʴʯʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC 

ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʘʟʠʜʥʦʛʦ ʉɺʉ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʩʦʜʝʨʞʘʱʝʡ 

ʜʦʙʘʚʢʫ ʇʊʌʕ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 0,05C2F4 ʚ 1 ʤʦʣʝ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪʘʭ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʢʦʤʧʦʟʠʮʠʡ AlN-SiC, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʘʟʠʜʥʦʤʫ ʉɺʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʦʢ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ 

(ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩʫʥʢʦʚ 4.35 ʠ 1.2 ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʬʘʟʳ SiC). ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʦʜʝʨʞʘʥʠʷ ʇʊʌʕ ʚ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪʘʭ ʤʘʩʩʦʡ 20-40 ʛʨʘʤʤʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 4,5 ʣʠʪʨʘ ʩ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʘʟʦʪʘ 3 ʄʇʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʷʭ AlN-SiC ʩ ʟʘʜʘʥʥʳʤʠ ʤʦʣʴʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ (4:1, 2:1, 1:1, 1:2 ʠ 1:4) 

ʥʘʠʤʝʥʴʰʝʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʶ ʚʩʝʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʤʳʪʦʤ ʧʨʦʜʫʢʪʝ 

ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʠʤʝʥʴʰʠʝ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʧʦʪʝʨʠ ʤʘʩʩʳ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ: 

ʧʨʠʤʝʩʠ: 0; 2,0 (Si); 0; 0; 15,0 % (Si3N4); ʧʦʪʝʨʠ ʤʘʩʩʳ: 19,2; 9,2; 26,4; 9,1; 

2,2 %. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʥʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʇʊʌʕ (ʦʪ 0,05 

ʜʦ 0,2 ʤʦʣʝʡ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3 (ʦʪ 0,2 

ʜʦ 0,8 ʤʦʣʝʡ) ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.33)-(2.37) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ 
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(ɸ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʭʪʘʤʠ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʤʠ ʩʤʝʩʷʤʠ (ɺ) ʠ (ʉ) (ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 0,1 ʜʦ 0,6 ʤʦʣʝʡ ʇʊʌʕ ʠ ʦʪ 0,4 ʜʦ 2,4 ʤʦʣʝʡ ʘʟʠʜʘ ʥʘʪʨʠʷ), ʘ 

ʪʘʢʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʭʪʘʤʠ ʫʨʘʚʥʝʥʠʡ (1.33)-(1.47) ʩ ʛʘʣʦʠʜʥʳʤʠ ʩʦʣʷʤʠ 

(ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 1 ʜʦ 6 ʤʦʣʝʡ ʘʟʠʜʘ ʥʘʪʨʠʷ) ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʘʟʠʜʥʦʛʦ ʉɺʉ 

ʢʦʤʧʦʟʠʮʠʡ AlN-SiC ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤ ʠ ʚʨʝʜʥʳʤ. 
 

4.4 ʇʘʨʘʤʝʪʨʳ ʠ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 
 

4.4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ  

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (ʰʠʭʪʘʭ) çSi-Ti-NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) ʩ 

ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʥʘʩʳʧʥʳʭ ʦʙʨʘʟʮʦʚ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.17 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.38.  

ʊʘʙʣʠʮʘ 4.17 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) ʧʨʠ ʧʦʣʥʦʡ 
ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ TiN: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ 

 

Pmaʭ, 

ʄʇʘ, 

æmʪ, 

% 

æm0, 

% 

(2.13) 2Si+8Ti+4NaN3+C2F4=8TiN+2SiC+4NaF+2N2 4 : 1 2580 5,69 87,2 90,8 

(2.14) 2Si+4Ti+4NaN3+C2F4=4TiN+2SiC+4NaF+4N2 2 : 1 2410 5,51 84,3 91,5 

(2.15) 2Si+2Ti+4NaN3+C2F4=2TiN+2SiC+4NaF+5N2 1 : 1 2140 6,18 78,6 91,4 

(2.16) 4Si+2Ti+8NaN3+2C2F4=2TiN+4SiC+8NaF+11N2 1 : 2 2100 5,61 42,2 82,5 

(2.17) 8Si+2Ti+16NaN3+4C2F4=2TiN+8SiC+16NaF+23N2 1 : 4 1960 5,56 39,6 84,8 

 

  

ʈʠʩʫʥʦʢ 4.38 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʧʦʣʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ 

C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ TiN:SiC: 

1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, % 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.17 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.38 ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ ʛʦʨʝʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʜʦ 2580 ʂ, ʩʢʘʯʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 3 ʄʇʘ ʜʦ 6,18 ʄʇʘ, ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ 

ʧʦʪʝʨʷʤʠ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʜʦ 87,2 ʠ 91,5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ: ʘʟʠʜʘ ʥʘʪʨʠʷ ʦʪ 4 ʜʦ 16 ʤʦʣʝʡ ʠ ʇʊʌʕ ʦʪ 1 ʜʦ 

4 ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17). ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

2580 ʂ ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.13) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ (8 ʤʦʣʝʡ), ʥʦ ʦʥʘ ʤʝʥʴʰʝ ʥʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

2860 ʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.8) ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʨʦʰʢʘ ʘʣʶʤʠʥʠʷ (8 ʤʦʣʝʡ) ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʠ 4AlN-SiC (ʪʘʙʣʠʮʘ 

4.13). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ TiN 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ AlN. ʂʘʢ ʫʞʝ ʧʦʷʩʥʷʣʦʩʴ ʚ ʧ. 3.3, ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ 

2Al+N2=2AlN ʧʨʦʪʝʢʘʝʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊʘʜ = 3639 ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʨʝʘʢʮʠʠ 

ʘʟʦʪʠʨʦʚʘʥʠʷ 2Ti+N2=2TiN ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʠ ʤʝʥʴʰʘʷ 

ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊʘʜ = 3322 ʂ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ 

ʜʦ 4 ʠ 2 ʤʦʣʝʡ ʚ ʰʠʭʪʘʭ ʫʨʘʚʥʝʥʠʡ (2.14) ʠ (2.15) ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 2410 ʠ 2140 ʂ. ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʊʛ ʜʣʷ ʰʠʭʪ 

ʫʨʘʚʥʝʥʠʡ (2.16) ʠ (2.17) ʜʦ ʟʥʘʯʝʥʠʡ 2100 ʠ 1960 ʂ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʣʠ SiC ʩ ʤʝʥʝʝ ʵʢʟʦʪʝʨʤʠʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ (ʊʘʜ = 1860 ʂ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ TiN ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

NaF ʠ N2 ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʪʨʘʪ ʪʝʧʣʘ ʥʘ ʠʭ ʥʘʛʨʝʚ. ʋʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʊʛ 

ʤʝʥʴʰʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʘʜ = 2916-2370 ʂ ʜʣʷ ʫʨʘʚʥʝʥʠʡ (2.13)-

(2.17) ʚ ʪʘʙʣʠʮʝ 3.11, ʠ ʫʤʝʥʴʰʝʥʠʝ ʊʛ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (2.13) ʢ 

ʫʨʘʚʥʝʥʠʶ (2.17) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʊʘʜ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʨʘʚʥʝʥʠʷ 

(2.13) ʢ ʫʨʘʚʥʝʥʠʶ (2.17) ʚ ʪʘʙʣʠʮʝ 3.11. 

ʈʠʩʫʥʦʢ 4.38 ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʧʦʣʥʦʡ 

ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ C2F4 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
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ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ TiN:SiC ʧʦʭʦʞ ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ ʨʠʩʫʥʦʢ 4.29 ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʮʠʠ AlN-SiC ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʙʦʣʴʰʦʤ 

ʠʟʤʝʥʝʥʠʠ ʠ ʥʘʭʦʞʜʝʥʠʠ ʧʦʪʝʨʷ ʤʘʩʩʳ ʰʠʭʪʳ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 82-91 % ʧʨʠ 

ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ TiN:SiC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 87,2 ʜʦ 39,6 % ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ 4:1 ʢ 1:4. 

ʇʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʥʝ ʠʟʫʯʘʣʠʩʴ, ʪʘʢ ʢʘʢ 

ʧʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ (ʧ. 4.2.1, ʨʠʩʫʥʦʢ 4.1) ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʧʨʠ ʧʦʣʥʦʡ 

ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʝʱʝ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʭʦʜʥʳʭ ʩʠʩʪʝʤʘʭ (ʰʠʭʪʘʭ) çSi-Ti-NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ 

(2.48)-(2.62) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ), (ʉ) ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʰʠʭʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4.18-4.20 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 4.39-4.41. 

ʊʘʙʣʠʮʘ 4.18 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.48)-(2.52) 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ TiN: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, % æm0, 

% 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.48) Si+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2 4 : 1 2740 5,49 77,8 73,6 
(2.49) Si+2Ti+0,9C+0,05C2F4+0,2NaN3+0,7N2 2 : 1 2510 5,33 79,1 77,2 
(2.50) Si+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2 1 : 1 2480 5,18 62,6 63,5 
(2.51) 2Si+Ti+1,8C+0,1C2F4+0,4NaN3 1 : 2 2450 4,60 81,5 83,5 
(2.52) 4Si+Ti+3,6C+0,2C2F4+0,8NaN3 1 : 4 2180 4,44 73,0 78,1 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.48) Si+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2 4 : 1 2730 5,30 47,4 37,6 
(2.49) Si+2Ti+0,9C+0,05C2F4+0,2NaN3+0,7N2 2 : 1 2500 5,15 41,5 36,3 
(2.50) Si+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2 1 : 1 2460 4,76 14,6 16,8 
(2.51) 2Si+Ti+1,8C+0,1C2F4+0,4NaN3 1 : 2 2440 4,58 31,2 38,7 
(2.52) 4Si+Ti+3,6C+0,2C2F4+0,8NaN3 1 : 4 2160 4,58 47,2 57,2 
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ʈʠʩʫʥʦʢ 4.39 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭTiN:SiC: 
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
 

ʊʘʙʣʠʮʘ 4.19 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.53)-(2.57) 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ TiN: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, % æm0, 

% 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.53) Si+4Ti+0,8C+0,1C2F4+0,4NaN3+1,4N2 4 : 1 2700 5,75 60,4 57,0 

(2.54) Si+2Ti+0,8C+0,1C2F4+0,4NaN3+0,4N2 2 : 1 2530 5,71 56,9 58,3 

(2.55) Si+Ti+0,8C+0,1C2F4+0,4NaN3 1 : 1 2480 5,62 78,5 81,9 

(2.56) 2Si+Ti+1,6C+0,2C2F4+0,8NaN3 1 : 2 2330 5,49 80,0 85,5 

(2.57) 4Si+Ti+3,2C+0,4C2F4+1,6NaN3 1 : 4 2130 5,25 80,9 87,6 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.53) Si+4Ti+0,8C+0,1C2F4+0,4NaN3+1,4N2 4 : 1 2680 5,67 53,6 49,7 

(2.54) Si+2Ti+0,8C+0,1C2F4+0,4NaN3+0,4N2 2 : 1 2520 5,58 45,6 47,4 

(2.55) Si+Ti+0,8C+0,1C2F4+0,4NaN3 1 : 1 2460 5,45 20,2 33,0 

(2.56) 2Si+Ti+1,6C+0,2C2F4+0,8NaN3 1 : 2 2300 5,47 30,4 49,3 

(2.57) 4Si+Ti+3,2C+0,4C2F4+1,6NaN3 1 : 4 2110 5,23 60,3 74,2 
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ʈʠʩʫʥʦʢ 4.40 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ TiN:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
 

ʊʘʙʣʠʮʘ 4.20 ï ʇʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.58)-(2.62) 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʐʠʭʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ TiN: SiC 

(ʤʦʣʴ) 

ʊʛ, ʂ Pmaʭ, 

ʄʇʘ  

æmʪ, % æm0, 

% 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

(2.58) Si+4Ti+0,7C+0,15C2F4+0,6NaN3+1,1N2 4 : 1 2740 5,87 43,2 42,0 
(2.59) Si+2Ti+0,7C+0,15C2F4+0,6NaN3+0,1N2 2 : 1 2490 5,87 72,1 75,4 
(2.60) Si+Ti+0,7C+0,15C2F4+0,6NaN3 1 : 1 2460 5,87 84,7 88,7 
(2.61) 2Si+Ti+1,4C+0,3C2F4+1,2NaN3 1 : 2 2170 5,78 51,2 69,5 
(2.62) 4Si+Ti+2,8C+0,6C2F4+2,4NaN3 1 : 4 2100 4,91 59,9 78,3 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

(2.58) Si+4Ti+0,7C+0,15C2F4+0,6NaN3+1,1N2 4 : 1 2730 5,75 30,9 29,5 

(2.59) Si+2Ti+0,7C+0,15C2F4+0,6NaN3+0,1N2 2 : 1 2470 5,74 23,5 32,6 

(2.60) Si+Ti+0,7C+0,15C2F4+0,6NaN3 1 : 1 2430 5,67 12,7 35,6 

(2.61) 2Si+Ti+1,4C+0,3C2F4+1,2NaN3 1 : 2 2150 5,54 12,8 50,2 

(2.62) 4Si+Ti+2,8C+0,6C2F4+2,4NaN3 1 : 4 2080 5,51 58,6 77,5 
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ʈʠʩʫʥʦʢ 4.41 ï ʇʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʛʦʨʝʥʠʠ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ʉ) 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭTiN:SiC:  
1 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æm0, % ; 2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æm0, %;  

3 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʩʳʧʥʦʡ ʰʠʭʪʳ, æmʪ, %;  

4 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ, æmʪ, % 
 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮ 4.18-4.20 ʠ 4.2-4.4 ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ), 

(ʉ) ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʠ Si3N4-SiC. ɽʩʣʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʰʠʭʪ ʩʦ 

ʩʤʝʩʴʶ (ɸ) ʠ ʜʚʝ ʰʠʭʪʳ (ʥʘʩʳʧʥʘʷ ʠ ʧʨʝʩʩʦʚʘʥʥʘʷ) ʩʦ ʩʤʝʩʴʶ (ɺ) 

ʩʦʦʪʥʦʰʝʥʠʷ Si3N4:SiC=4:1 ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʥʝ ʛʦʨʝʣʠ, ʪʦ ʚ 

ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʚʩʝ ʰʠʭʪʳ ʩʦ ʚʩʝʤʠ ʩʤʝʩʷʤʠ (ɸ), (ɺ), (ʉ) 

ʜʣʷ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʡ TiN-SiC ʩʛʦʨʝʣʠ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ (ʦʪ 4 ʜʦ 13 ʤʦʣʝʡ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʠʭʪʳ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʩʦʜʝʨʞʘʪ ʚʩʝʛʦ ʦʪ 1 ʜʦ 4 ʤʦʣʝʡ ʧʦʨʦʰʢʘ Si ʠ ʦʪ 1 

ʜʦ 4 ʤʦʣʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʧʦʨʦʰʢʘ Ti. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 3.2, 

ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʪʠʪʘʥʘ (2Ti+N2=2TiN) ʧʨʦʪʝʢʘʝʪ ʩ ʙʦʣʴʰʠʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊʘʜ = 3322 ʂ, ʘ 

ʨʝʘʢʮʠʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʷ (3Si+2N2=Si3N4) ʧʨʦʪʝʢʘʝʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʤʝʝʪ ʊʘʜ = 2430 ʂ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʠʩʩʦʮʠʘʮʠʠ TiN ʧʨʠ ʧʣʘʚʣʝʥʠʠ 3220 ʂ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʠʩʩʦʮʠʘʮʠʠ Si3N4 (1900 
ʦ
ʉ ʠ ʚʳʰʝ). ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʩʠʥʪʝʟʝ 
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ʪʚʝʨʜʦʛʦ TiN ʠ ʦʪʩʫʪʩʪʚʠʷ ʟʘʪʨʘʪ ʪʝʧʣʘ ʥʘ ʝʛʦ ʧʣʘʚʣʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣʠʮʳ 3.12-3.14) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ (ʪʘʙʣʠʮʳ 4.18-4.20) ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʧʣʘʚʣʝʥʠʷ 

3322 ʂ, ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʣʝʛʯʝ ʟʘʞʠʛʘʶʪʩʷ ʠ ʛʦʨʷʪ, ʯʝʤ 

ʰʠʭʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ Si3N4-SiC. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʧ. 3.1 ʠ 3.3 ʩʣʝʜʫʝʪ, ʯʪʦ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʠ Si3N4-SiC ʙʣʠʟʢʠ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ, 

ʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ 

(ʪʘʙʣʠʮʳ 4.18-4.20 ʠ 4.2-4.4) ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʥʠʪʨʠʜʥʦʡ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟ (4:1) ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠ ʦʩʪʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (2:1, 1:1, 1:2 ʠ 1:4) ʪʝʤ, 

ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʵʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʴʰʝ ʥʘ 200-400 ʂ. ɺ 

ʮʝʣʦʤ, ʧʨʠ ʩʠʥʪʝʟʝ ʦʙʝʠʭ ʢʦʤʧʦʟʠʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʝ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ SiC ʚ ʥʠʭ ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʟ ʨʠʩʫʥʢʦʚ 4.39-4.41 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʰʠʭʪʳ ʚ ʩʣʫʯʘʝ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʟʥʘʯʠʪʝʣʴʥʦ 

(ʚ ʩʨʝʜʥʝʤ ʚ 2 ʨʘʟʘ) ʧʨʝʚʳʰʘʶʪ ʧʦʪʝʨʠ ʵʪʠʭ ʤʘʩʩ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʤʘʩʩ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʙʳʚʘʶʪ ʧʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʥʠʪʨʠʜʥʦʡ ʬʘʟʳ TiN ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ 

TiN:SiC=4:1 ʢ 1:1, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʢʘʨʙʠʜʥʦʡ 

ʬʘʟʳ SiC ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʦʦʪʥʦʰʝʥʠʷʤ ʬʘʟ 1:2 ʠ ʦʩʦʙʝʥʥʦ 1:4. ʊʘʢʦʝ ʨʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʦʪʝʨʴ ʤʘʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʰʠʭʪʘʭ: ʚ ʜʚʘ ʨʘʟʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʩʦʦʪʥʦʰʝʥʠʶ ʬʘʟ 1:2 ʠ ʝʱʝ ʚ ʜʚʘ ʨʘʟʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʩʦʦʪʥʦʰʝʥʠʶ 1:4. 
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4.4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ ʜʣʷ 

ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʰʠʭʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) ʠ (2.48)-(2.62) ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʧʨʦʤʳʚʢʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ. ɺ ʫʢʘʟʘʥʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʷʭ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʚʳʨʘʞʝʥ ʚ ʤʦʣʷʭ, ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʥ 

ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʢ ʤʘʩʩʦʚʳʤ ʧʨʦʮʝʥʪʘʤ ʧʦʣʫʯʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʷʪʠ ʮʝʣʝʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC (4:1, 2:1, 1:1, 1:2, 1:4) ʧʨʠ ʫʩʣʦʚʠʠ ʫʜʘʣʝʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʧʦʙʦʯʥʦʡ ʩʦʣʠ NaF ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ (2.13)-(2.17) ʠ 

(2.48)-(2.62): 

4:1 Ÿ 4TiN + SiC = 86,1%TiN + 13,9%SiC,    (4.11) 

2:1 Ÿ 2TiN + SiC = 75,6%TiN + 24,4%SiC,    (4.12) 

1:1 Ÿ TiN + SiC = 60,7%TiN + 39,3%SiC,     (4.13) 

1:2 Ÿ TiN + 2SiC = 43,6%TiN + 56,4%SiC,     (4.14) 

1:4 Ÿ TiN + 4SiC = 27,9%TiN + 72,1%SiC.     (4.15) 

4.4.2.1 ʇʦʣʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ çSi-Ti-NaN3-C2F4è ʫʨʘʚʥʝʥʠʡ (2.13)-(2.17) 

ʩ ʧʦʣʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.21 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 4.42. 

ʊʘʙʣʠʮʘ 4.21 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ 

(2.13)-(2.17) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC  

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

TiN : SiC 

(ʤʦʣʴ) 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ, ʤʘʩ. % 

ʊʝʦʨʠʷ ʕʢʩʧʝʨʠʤʝʥʪ 

TiN SiC TiN SiC Ŭ-Si3N4 ɓ-Si3N4 

(2.13) 4:1 86,1 13,9 75,4 11,9 6,6 6,1 

(2.14) 2:1 75,6 24,4 50,5 15,8 15,5 8,2 

(2.15) 1:1 60,7 39,3 50,0 26,0 12,0 12,0 

(2.16) 1:2 43,6 56,4 40,0 43,0 6,0 11,0 

(2.17) 1:4 27,9 72,1 23,6 53,5 12,9 10,0 
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(2.13) ç2Si+8Ti+4NaN3+C2F4è 

 
(2.14) ç2Si+4Ti+4NaN3+C2F4è 

 
(2.15) ç2Si+2Ti+4NaN3+C2F4è 

 
(2.16) ç4Si+2Ti+8NaN3+2C2F4è 
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(2.17) ç8Si+2Ti+16NaN3+8C2F4è 

ʈʠʩʫʥʦʢ 4.42 ï ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.13)-(2.17) ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʀʟ ʪʘʙʣʠʮʳ 4.21 ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʙʦʯʥʘʷ ʬʘʟʘ 

ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ Ŭ- ʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʡ (ʜʦ 12,9 ʠ 12,0 ʤʘʩ.  % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʅʘ ʩʧʝʢʪʨʘʭ ʈʌɸ ʚʠʜʥʳ ʩʠʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʮʝʣʝʚʳʭ ʬʘʟ ï TiN ʠ SiC, ʘ ʪʘʢʞʝ 

ʙʦʣʝʝ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ ʤʦʜʠʬʠʢʘʮʠʡ ʬʘʟʳ Si3N4. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʦʙʦʯʥʦʡ ʬʘʟʳ 

Si3N4 ʜʦ 24 % ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʜʦʣʶ ʮʝʣʝʚʳʭ ʬʘʟ TiN 

ʠ SiC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.43. 

  
(2.13) ç2Si+8Ti+4NaN3+C2F4è (2.14) ç2Si+4Ti+4NaN3+C2F4è 
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(2.15) ç2Si+2Ti+4NaN3+C2F4è (2.16)ç4Si+2Ti +8NaN3+2C2F4è 

 
(2.17) ç8Si+2Ti +16NaN3+4C2F4è 

ʈʠʩʫʥʦʢ 4.43 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.13)-(2.17)  

ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 
 

ʀʟ ʨʠʩʫʥʢʘ 4.43 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.13) ʠ 

(2.14) ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ ʠ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʮʝʣʝʚʦʡ ʬʘʟʳ TiN ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʢʨʫʛʣʳʝ ʯʘʩʪʠʮʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʢʤ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʰʠʭʪʘʤ ʫʨʘʚʥʝʥʠʡ (2.15)-

(2.17) ʩ ʤʝʥʴʰʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʝʥʠʷ ʠ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʝʚʳʭ ʬʘʟ 

ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʨʷʜʫ ʩ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 

ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 100 ʜʦ 250 ʥʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʘʛʣʦʤʝʨʘʪʳ 

ʵʪʠʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. 

4.4.2.2 ʏʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ (ʰʠʭʪ) çSi-Ti-NaN3-C-C2F4è ʫʨʘʚʥʝʥʠʡ (2.48)-

(2.62) ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʫʛʣʝʨʦʜʘ ʥʘ ʇʊʌʕ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʮʠʡ TiN-SiC. ɺ ʪʘʙʣʠʮʝ 4.22 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ 
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ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.48)-(2.62) 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʠʜʠʟʠʨʫʶʱʠʭ ʩʤʝʩʝʡ (ɸ), (ɺ) ʠ (ʉ), ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ 

ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʰʠʭʪ, ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʚʢʣʶʯʝʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʣʝʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʰʠʭʪ ʥʝ ʪʦʣʴʢʦ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʠ ʧʦ ʧʦʪʝʨʠ ʤʘʩʩ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʰʠʭʪ. 

 

ʊʘʙʣʠʮʘ 4.22 ï ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʤʳʪʳʭ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʜʣʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.48)-(2.62) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ TiN-SiC, ʠ ʧʦʪʝʨʠ 

ʠʭ ʤʘʩʩ 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

TiN : 

SiC 

(ʤʦʣʴ) 

æmʪ, 

% 

æm0, 

% 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʡ, ʤʘʩ. % 

ʊʝʦʨʠ ̫ ʕʢʩʧʝʨʠʤʝʥʪ 

TiN SiC TiN SiC 
Ŭ-

Si3N4 

ɓ-

Si3N4 
Si ɼʨʫʛʦʝ 

ʅʘʩʳʧʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (A) ç0,9ʉ + 0,05C2F4è 

(2.48) 4 : 1 77,8 73,5 86,1 13,9 71,3 13,0 ï ï ï 
15,7 

Ti2N 

(2.49) 2 : 1 79,1 77,1 75,6 24,4 74,1 23,3 ï ï 0,4 2,2 Ti 

(2.50) 1 : 1 62,6 63,5 60,7 39,3 59,4 37,3 ï ï 3,3 ï 

(2.51) 1 : 2 81,5 83,5 43,6 56,4 28,0 55,0 10,0 6,0 1,0 ï 

(2.52) 1 : 4 73,0 78,1 27,9 72,1 29,0 51,0 13,0 5,0 2,0 ï 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (B) ç0,8ʉ + 0,1C2F4è 

(2.53) 4 : 1 60,4 57,0 86,1 13,9 86,5 13,5 ï ï ï ï 

(2.54) 2 : 1 56,9 57,6 75,6 24,4 75,0 22,0 ï ï 3,0 ï 

(2.55) 1 : 1 78,5 81,9 60,7 39,3 59,5 33,3 ï 6,3 0,9 ï 

(2.56) 1 : 2 80,0 85,4 43,6 56,4 38,9 53,3 2,3 5,0 0,5 ï 

(2.57) 1 : 4 80,9 87,6 27,9 72,1 17,0 72,0 4,8 6,0 0,2 ï 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (C) ç0,7ʉ + 0,15C2F4è 

(2.58) 4 : 1 43,2 42,0 86,1 13,9 81,7 15,2 3,1 ï ï ï 

(2.59) 2 : 1 72,1 69,5 75,6 24,4 75,8 22,1 2,1 ï ï ï 

(2.60) 1 : 1 84,7 88,7 60,7 39,3 57,3 34,0 5,0 3,3 0,4 ï 

(2.61) 1 : 2 51,2 69,5 43,6 56,4 37,2 55,7 4,0 3,1 ï ï 

(2.62) 1 : 4 59,9 78,2 27,9 72,1 25,0 69,0 4,0 2,0 ï ï 

ʇʨʝʩʩʦʚʘʥʥʳʝ ʰʠʭʪʳ 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (A) ç0,9ʉ + 0,05C2F4è 

(2.48) 4 : 1 47,4 38,3 86,1 13,9 88,7 11,3 ï ï ï ï 

(2.49) 2 : 1 41,5 36,3 75,6 24,4 72,3 17,3 10,1 ï 0,3 ï 

(2.50) 1 : 1 14,6 17,7 60,7 39,3 60,4 30,0 9,6 ï ï ï 

(2.51) 1 : 2 31,2 39,2 43,6 56,4 23,0 65,0 10,0 2,0 ï ï 

(2.52) 1 : 4 47,2 58,6 27,9 72,1 25,0 61,5 11,0 2,5 ï ï 

ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (B) ç0,8ʉ + 0,1C2F4è 

(2.53) 4 : 1 53,6 49,7 86,1 13,9 84,5 15,5 ï ï ï ï 

(2.54) 2 : 1 45,6 48,1 75,6 24,4 72,7 27,0 ï ï 0,3 ï 

(2.55) 1 : 1 20,2 32,9 60,7 39,3 60,4 33,1 6,0 ï 0,5 ï 

(2.56) 1 : 2 30,4 49,3 43,6 56,4 40,0 53,0 4,0 3,0 ï ï 

(2.57) 1 : 4 60,3 74,2 27,9 72,1 21,9 67,6 6,5 4,0 ï ï 
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ʂʘʨʙʠʜʠʟʠʨʫʶʱʘʷ ʩʤʝʩʴ (C) ç0,7ʉ + 0,15C2F4è 

(2.58) 4 : 1 30,9 29,5 86,1 13,9 83,0 14,0 3,0 ï ï ï 

(2.59) 2 : 1 23,5 32,6 75,6 24,4 73,4 22,5 4,3 ï ï ï 

(2.60) 1 : 1 12,7 35,5 60,7 39,3 56,7 34,0 7,3 ï 0,2 ï 

(2.61) 1 : 2 12,8 45,5 43,6 56,4 39,8 55,5 5,3 ï ï ï 

(2.62) 1 : 4 58,6 77,5 27,9 72,1 26,2 69,9 3,6 ï ï ï 
 

4.4.2.2.1 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) ç0,9ʉ+0,05C2F4è 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɸ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.22 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.44 ʠ 4.45. 

 
(2.48) çSi+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è 

 
(2.49) çSi+2Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è 
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(2.50) çSi+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2è 

 
(2.51) ç2Si+Ti+1,8C+0,1C2F4+0,4NaN3è 

 
(2.52) ç4Si+Ti+3,6C+0,2C2F4+0,8NaN3è 

ʈʠʩʫʥʦʢ 4.44 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.48)-(2.52) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 

 
 

 
(2.48) çSi+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è 
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(2.49) çSi+2Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è 

 
(2.50) çSi+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2è 

 
(2.51) ç2Si+Ti+1,8C+0,1C2F4+0,4NaN3è 

 
(2.52) ç4Si+Ti+3,6C+0,2C2F4+0,8NaN3è 

ʈʠʩʫʥʦʢ 4.45 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.48)-(2.52) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
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ʀʟ ʪʘʙʣʠʮʳ 4.22 ʠ ʨʠʩʫʥʢʘ 4.44 ʜʣʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ 

ʩʤʝʩʴʶ (ɸ) ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.48) ʩʦʜʝʨʞʠʪ 

ʬʘʟʫ SiC ʚ ʢʦʣʠʯʝʩʪʚʝ 13,9 %, ʙʣʠʟʢʦʤ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 13,0 %, 

ʥʦ ʥʠʪʨʠʜʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ 71,3 % ʮʝʣʝʚʦʡ ʬʘʟʳ TiN ʠ 15,7 % ʧʦʙʦʯʥʦʡ 

ʬʘʟʳ Ti2N ʚʤʝʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 86,1 % ʮʝʣʝʚʦʡ ʬʘʟʳ TiN. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʰʠʭʪʝ ʫʨʘʚʥʝʥʠʷ (2.49) ʚ ʧʨʦʜʫʢʪʝ ʝʝ ʛʦʨʝʥʠʷ ʧʦʙʦʯʥʘʷ ʬʘʟʘ Ti2N 

ʠʩʯʝʟʘʝʪ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʝʚʳʭ ʬʘʟ TiN ʠ SiC (74,1 ʠ 

23,3 %) ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʟʢʠʤʠ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʘʤ 75,6 ʠ 24,45 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʩʷʭ 0,45 % Si ʠ 2,2 % Ti. ʊʘʢ ʞʝ 

ʙʣʠʟʢʠʤʠ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʷʚʣʷʶʪʩʷ ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ 

(2.50) ʮʝʣʝʚʳʝ ʬʘʟʳ TiN ʠ SiC ʧʨʠ 3,4 % ʧʨʠʤʝʩʠ Si. ʅʦ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.51) ʠ (2.52) ʩʦʜʝʨʞʘʥʠʝ ʧʦʙʦʯʥʳʭ ʬʘʟ ʠ ʧʨʠʤʝʩʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ: ʜʦ 10,0 ʠ 13,0 % ʬʘʟʳ Ŭ-Si3N4, ʜʦ 6,0 ʠ 5,0 % ʬʘʟʳ ɓ-

Si3N4, ʜʦ 1,0 ʠ 2,0 % ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ Si. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʩʨʝʜʥʝʤ 10 % ʧʦʙʦʯʥʦʡ ʬʘʟʳ Ŭ-Si3N4 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʫʨʘʚʥʝʥʠʡ (2.49)-(2.52), ʠ 

ʪʦʣʴʢʦ ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʦʡ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.48) ʥʝʪ 

ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʬʘʟ, ʩʦʜʝʨʞʘʪʩʷ ʪʦʣʴʢʦ ʮʝʣʝʚʳʝ ʬʘʟʳ TiN ʠ SiC ʩ 

ʦʪʣʠʯʠʝʤ ʥʘ 2,6 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʆʧʠʩʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʬʘʟ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

4.46 ʥʘ ʧʨʠʤʝʨʝ ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʬʘʟʳ SiC ʚ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷTiN:SiC. 
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ʈʠʩʫʥʦʢ 4.46 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC ʚ 

ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ 

(ɸ) ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷTiN:SiC 
 

ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʠ ʪʘʙʣʠʮʳ 4.22 ʚʠʜʥʦ, ʯʪʦ ʙʣʠʞʝ ʚʩʝʛʦ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʘʟʳ SiC ʥʘʭʦʜʷʪʩʷ ʧʨʦʜʫʢʪʳ 

ʩʞʠʛʘʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.48)-(2.51) ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʡ 

TiN-SiC ʩ ʤʦʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 4:1, 2:1, 1:1 ʠ 1:2. ʕʪʠ ʰʠʭʪʳ ʦʙʣʘʜʘʶʪ 

ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʨʦʰʢʫ ʢʨʝʤʥʠʷ. 

ʀ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.52) ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʨʦʰʢʫ 

ʢʨʝʤʥʠʷ, ʪʦ ʝʩʪʴ ʰʠʭʪʳ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʦʨʦʰʢʘ ʢʨʝʤʥʠʷ, ʘ 

ʪʘʢʞʝ ʇʊʌʕ ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʬʘʟʳ SiC ʚ ʧʨʦʜʫʢʪʝ ʛʦʨʝʥʠʷ (51,0 %) ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

(72,1 %). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.47. 

  
(2.48) çSi+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è (2.49) çSi+2Ti+0,9C+0,05C2F4+0,2NaN3+0,7N2è 
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ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ TiN:SiC 
ʇʨʝʩʩʦʚʘʥʥʘʷ ʰʠʭʪʘ ʊʝʦʨʠʷ ʅʘʩʳʧʥʘʷ ʰʠʭʪʘ 
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(2.50) çSi+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2è (2.51)ç2Si+Ti+1,8C+0,1C2F4+0,4NaN3è 

 
(2.52) ç4Si+Ti+3,6C+0,2C2F4+0,8NaN3è 

ʈʠʩʫʥʦʢ 4.47 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.48)-(2.52)  

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

ʀʟ ʨʠʩʫʥʢʘ 4.47 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʥʘʩʳʧʥʳʭ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ 

ʨʘʟʤʝʨʦʤ ʦʪ 100 ʥʤ ʜʦ 1 ʤʢʤ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.48) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ TiN:SiC = 4:1 ʩʦʜʝʨʞʘʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʘʚʥʦʦʩʥʳʝ ʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ ʦʪ 300 ʥʤ ʜʦ 1000 ʥʤ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪʳ ʫʨʘʚʥʝʥʠʷ (2.49) 

ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ TiN:SiC = 2:1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʪʘʢʠʭ ʢʨʫʧʥʳʭ 

ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʘʛʣʦʤʝʨʘʪʘʤʠ ʠʟ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʪ 

150 ʥʤ ʜʦ 300 ʥʤ. ʇʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.50)-(2.52) ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʡ TiN:SiC ʦʪ 1:1 ʜʦ 4:1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʢʞʝ ʩʤʝʩʠ ʪʘʢʠʭ 

ʢʨʫʧʥʳʭ ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʩ ʘʛʣʦʤʝʨʘʪʘʤʠ ʠʟ ʚʩʝ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʦʪ ʦʪ 250 ʜʦ 180 ʥʤ.  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ 

ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.48. 
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(2.48) çSi+4Ti+0,9C+0,05C2F4+0,2NaN3+1,7N2è (2.49) çSi+2Ti+0,9C+0,05C2F4+0,2NaN3+0,7N2è 

  
(2.50) çSi+Ti+0,9C+0,05C2F4+0,2NaN3+0,2N2è (2.51) ç2Si+Ti+1,8C+0,1C2F4+0,4NaN3è 

 
(2.52) ç4Si+Ti+3,6C+0,2C2F4+0,8NaN3è 

ʈʠʩʫʥʦʢ 4.48 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ (2.48)-(2.52) 

ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ) 
 

ʀʟ ʨʠʩʫʥʢʘ 4.48 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʚʩʝʭ ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʦʪ 200 ʥʤ ʜʦ 2 ʤʢʤ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʥʘʩʳʧʥʳʭ ʰʠʭʪ ʥʘ ʨʠʩʫʥʢʝ 4.47. ʀ ʪʦʣʴʢʦ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʰʠʭʪ ʫʨʘʚʥʝʥʠʡ (2.49) ʠ (2.52) ʥʘʙʣʶʜʘʶʪʩʷ ʘʛʣʦʤʝʨʘʪʳ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʪ 150 ʥʤ ʜʦ 350 ʥʤ. 
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4.4.2.2.2 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) ç0,8ʉ+0,1C2F4è 

ɼʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʠ (ɺ) 

ʜʦʧʦʣʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ 4.22 ʩʧʝʢʪʨʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʤʳʪʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘʩʳʧʥʳʭ ʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʰʠʭʪ ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.49 ʠ 4.50. 

 
(2.53) çSi+4Ti+0,8C+0,1C2F4+0,4NaN3+1,4N2è 

 
(2.54) çSi+2Ti+0,8C+0,1C2F4+0,4NaN3+0,4N2è 

 
(2.55) çSi+Ti+0,8C+0,1C2F4+0,4NaN3+0,2N2è 
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(2.56) ç2Si+Ti+1,6C+0,2C2F4+0,8NaN3è 

 
(2.57) ç4Si+Ti+3,2C+0,4C2F4+1,6NaN3è 

ʈʠʩʫʥʦʢ 4.49 ς ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ  

ʥʘʩʳʧʥʳʭ ʰʠʭʪ (2.53)-(2.57) ʩ ʢʘʨʙʠʜʠʟʠʨʫʶʱʝʡ ʩʤʝʩʴʶ (ɺ) 
 

 

 
(2.53) çSi+4Ti+0,8C+0,1C2F4+0,4NaN3+1,4N2è 

 
(2.54) çSi+2Ti+0,8C+0,1C2F4+0,4NaN3+0,4N2è 


