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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʪʝʨʠʘʣʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʫʥʠʢʘʣʴʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʝʨʘʤʠʢʘ 

ʥʘ ʦʩʥʦʚʝ SiC ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʚʸʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʧʨʠ ʥʠʟʢʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 1500 Áʉ), ʭʦʨʦʰʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ, ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 

2,3 ʜʦ 3,2 ʛ/ʩʤ3. ʊʘʢʞʝ ʵʪʦʪ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʝʪ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ 

ʠ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠʟ SiC ʢʝʨʘʤʠʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [1, 2]. ʂʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiC ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʜʠʘʣʴʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ 

ʥʘʩʦʩʦʚ ʜʣʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʨʫʙ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠ ʦʩʥʘʩʪʢʠ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʘʪʦʤʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʬʫʪʝʨʦʚʦʢ ʧʝʯʝʡ, ʵʣʝʤʝʥʪʦʚ ʙʨʦʥʝʟʘʱʠʪʳ, ʜʝʪʘʣʝʡ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ) ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʧʨʦʯʥʦʩʪʠ, ʞʘʨʦʩʪʦʡʢʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ. 

ʌʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʠʟ SiC ʢʝʨʘʤʠʢʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʊʘʢ, ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʠ SiC ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʦʢ ʢʝʨʘʤʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʢʨʘʡʥʝ 

ʪʨʫʜʦʸʤʢʘ, ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ [3, 4]. ɺ ʩʠʣʫ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʠʟʜʝʣʠʡ ʠʟ SiC ʢʝʨʘʤʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʬʘʟʥʦʝ ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ, 

ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʠʣʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ SiC ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ, ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʦʩʪʘʪʦʯʥʳʡ ʢʨʝʤʥʠʡ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʬʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʱʝʣʦʯʥʳʭ ʩʨʝʜ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʫʙʨʘʪʴ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʟʘʤʝʱʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʡ ʢʨʝʤʥʠʡ. ʄʠʥʠʤʠʟʘʮʠʷ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʢʨʝʤʥʠʷ ʟʘ 

ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʝʛʦ ʥʘ ʠʥʳʝ ʬʘʟʳ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʢ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ 

ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʪʘʢ ʠ ʫʚʝʣʠʯʠʪʴ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʇʨʠʤʝʥʝʥʠʝ SiC ʢʝʨʘʤʠʢʠ ʚ ʠʟʜʝʣʠʷʭ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʝ, 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʪʘʢʦʡ 

ʢʝʨʘʤʠʢʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʪʠʧʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʋʚʝʣʠʯʠʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ SiC-ʤʘʪʨʠʮʳ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʶʱʠʤʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʥʘʛʨʫʟʢʠ [5, 6]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ LSI, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʥʝʨʛʦ- ʠ 

ʪʨʫʜʦʟʘʪʨʘʪʥʳʝ ʤʝʪʦʜʳ CVI ʠ PIP, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ [7, 8]. ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ SiC ʠʩʧʦʣʴʟʫʶʪ ʫʛʣʝʨʦʜʥʳʝ ʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ 

ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʫʶ ʥʘʛʨʫʟʢʫ [9, 10]. 

ʆʜʥʘʢʦ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ, ʦʩʦʙʝʥʥʦ SiC ʚʦʣʦʢʥʘ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʠ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʭʨʫʧʢʦʡ ʢʝʨʘʤʠʢʠ. 
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ʄʝʥʝʝ ʜʝʬʠʮʠʪʥʳʤʠ ʘʨʤʠʨʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʪʫʛʦʧʣʘʚʢʠʝ 

ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʧʣʘʚʳ, ʦʜʥʘʢʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʢʣʶʯʘʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʳʩʦʢʦʡ 

ʚʝʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʟʝʤʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ, ʷʜʝʨʥʳʭ) ʫʩʪʘʥʦʚʦʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʤʘʩʩʝ ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ [11, 12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ, ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ SiC, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʈʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ 

SiC ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ SiC ʢʝʨʘʤʠʢʠ ʤʦʛʫʪ 

ʧʦʩʣʫʞʠʪʴ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʂʄʂ), ʘ ʤʝʪʦʜ 

LSI ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ ʢʝʨʘʤʠʢʘ-ʢʝʨʘʤʠʢʘ, ʚ ʢʦʪʦʨʳʭ SiC 

ʤʘʪʨʠʮʘ ʘʨʤʠʨʫʝʪʩʷ SiC ʚʦʣʦʢʥʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC, ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʠʣʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ MoSi2 (ʜʘʣʝʝ SiC-MoSi2) ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʬʦʣʴʛ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ - 

Ti, Nb, Mo (ʜʘʣʝʝ Me-MeSi2-SiC). 
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3. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ (ʜʘʣʝʝ Mo-SiC). 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʂʄʂ. 

5. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʂʄʂ Mo-SiC. 

6. ʇʨʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʂʄʂ Mo-SiC ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯyʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ SiC-MoSi2 ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʤʝʥʝʝ 

3 ʦʙ. % ʧʫʪʸʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ 

ʟʘʛʦʪʦʚʦʢ. 

2. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ Me-MeSi2-SiC ʥʘ ʦʩʥʦʚʝ ʬʦʣʴʛ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ Ti, Nb, Mo 

ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ. 

3. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Mo-SiC ʩ ʘʨʤʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ. 

4. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ 1600 ÁC ʥʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ Mo-Mo5Si3-MoSi2 ʜʣʷ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʂʄʂ. 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʩʠʣʠʮʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ Mo-SiC. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ 

ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʫ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʘʤʠ ʠ ʠʭ ʩʠʣʠʮʠʜʘʤʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʠʩʭʦʜʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʩʤʝʩʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ SiC ʢʝʨʘʤʠʢʠ ʧʫʪʸʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ 

(ʤʝʥʝʝ 3 ʦʙ. %) ʟʘ ʩʯʝʪ ʝʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘ MoSi2. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ.  

2. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʨʤʠʨʦʚʘʥʠʝ SiC ʢʝʨʘʤʠʢʠ ʬʦʣʴʛʘʤʠ ʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢ ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʜʦ 40 %, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʨʤʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʫʶ ʥʘʛʨʫʟʢʫ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ 1500 ÁC.  

3. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʝ ʂʄʂ 

Mo-SiC ʧʦʢʘʟʘʣʠ ʩʪʝʧʝʥʴ ʝʸ ʚʣʠʷʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ Mo-Mo5Si3-MoSi2. 

4. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʩʯʪyʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ Mo5Si3 ʠ ʜʠʘʤʝʪʨʘ ʦʩʪʘʪʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʂʄʂ Mo-SiC ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʩʯʪyʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SiC-MoSi2. 

2. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

Me-MeSi2-SiC ʥʘ ʦʩʥʦʚʝ SiC, ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʠʣʠʮʠʜʦʚ. 

3. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Mo-SiC ʥʘ ʦʩʥʦʚʝ SiC ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. 

4. ʈʘʩʯʪyʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʤʧʦʟʠʪʦʚ Mo-SiC ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʚʳʙʦʨʝ 

ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨ ʚʥʝʩ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ 

ʚ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ ʠ ʦʬʦʨʤʣʝʥʠʝ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. ɸʚʪʦʨ ʣʠʯʥʦ 

ʜʦʢʣʘʜʳʚʘʣ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ II  ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʎʠʬʨʦʚʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ï 2025» 

(ʛ. ʄʦʩʢʚʘ, 2025 ʛ.), 2-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʘ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡè (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 2021 ʛ.), 3-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡè (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 2023 ʛ.), 

ʊʨʝʪʴʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʂʘʡʙʳʰʝʚʩʢʠʝ 

ʯʪʝʥʠʷè, (ʛ. ʋʬʘ, 2023 ʛ.), XXVII  Saratov Fall Meeting, SFM'23 (Saratov, 2023), VIII  

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʬʦʨʫʤʝ çʀʥʥʦʚʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦè (ʛ. ʈʳʙʠʥʩʢ, 2022 ʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷè (ʛ. ʄʦʩʢʚʘ, 2022 ʛ.), ɽʞʝʛʦʜʥʦʤ ʟʘʩʝʜʘʥʠʠ 

ʅʘʫʯʥʦʛʦ ʉʦʚʝʪʘ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʧʨʠ ʆʌʅ ʈɸʅ ʠ ʥʘʫʯʥʦ-
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ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜè (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 2020 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʧʝʯʘʪʥʳʝ 

ʨʘʙʦʪ,r ʚʢʣʶʯʝʥʥʳʝ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ, ʧʦʣʫʯʝʥʦ 4 ʧʘʪʝʥʪʘ ʈʌ: 

1. Kaledin, A.V. Fabrication of Layered SiC/C/Si/MeSi2/Me CeramicïMetal 

Composites via Liquid Silicon Infiltration of MetalïCarbon Matrices / A.V. Kaledin, 

S.L. Shikunov, J.N. Zubareva, I.M. Shmytko, B.B. Straumal, V.N. Kurlov // Materials. 

ï 2024. ï Vol. 17. Iss. 3. ï P. 650. 

2. Kaledin, A. SiC-based composite material reinforced with molybdenum wire 

/ A. Kaledin, S. Shikunov, K. Komarov, B. Straumal, V. Kurlov // Metals. ï 2023. ï 

Vol. 13. ï P. 313.  

3. ʐʠʢʫʥʦʚ, ʉ.ʃ. ʂʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ / ʉ.ʃ. ʐʠʢʫʥʦʚ, ɸ.ɺ. ʂʘʣʝʜʠʥ, ʖ.ʅ. 

ɿʫʙʘʨʝʚʘ, ɼ.ɻ. ʄʝʣʠʢʷʥʮ, ɺ.ʅ. ʂʫʨʣʦʚ // ɾʊʌ. ï 2026. ï ʊ.96, ˉ2. ï C. 288ï295. 

4. Shikunov, S. Novel method for deposition of gas-tight SiC coatings / S. 

Shikunov, A. Kaledin, I. Shikunova, B. Straumal, V. Kurlov // Coatings. ï 2023. ï Vol. 

13. ï P. 354. 

5. ʇʘʪʝʥʪ ˉ 2828381 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ C04B 35/577, C04B 

35/573, C04B 35/80, C22C 49/10. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʣʠʮʠʜʘʤʠ: ˉ 2023134153: ʟʘʷʚʣ. 20.12.2023: ʦʧʫʙʣ. 

10.10.2024 / ɻʦʨʥʘʢʦʚʘ ɸ.ʉ., ʉʪʨʘʫʤʘʣ ɹ.ɹ., ʂʦʛʪʝʥʢʦʚʘ ʆ.ɸ., ʂʫʨʣʦʚ ɺ.ʅ., 

ʐʠʢʫʥʦʚʘ ʀ.ɸ., ʂʘʣʝʜʠʥ ɸ.ɺ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʝʜʝʨʘʣʴʥʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʊʊ ʈɸʅ). ï 7 ʩ.: 2 ʠʣ. // Google Patents. URL: 

https://patents.google.com/patent/RU2828381C1/en?oq=RU+2828381 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 19.02.2026). 

6. ʇʘʪʝʥʪ ˉ 2818920 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B22F 7/02, C04B 35/565. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ SiC 

ʢʝʨʘʤʠʢʠ, ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʩʠʣʠʮʠʜʦʚ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ:  

https://patents.google.com/patent/RU2828381C1/en?oq=RU+2828381
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ˉ 2818920: ʟʘʷʚʣ. 06.06.2023: ʦʧʫʙʣ. 05.02.2024 / ʂʘʣʝʜʠʥ ɸ.ɺ., ʐʠʢʫʥʦʚ ʉ.ʃ., 

ʐʠʢʫʥʦʚʘ ʀ.ɸ., ʂʫʨʣʦʚ ɺ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʝʜʝʨʘʣʴʥʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʊʊ ʈɸʅ). ï 9 ʩ.: 4 ʠʣ. // Google Patents.  

URL: https://patents.google.com/patent/RU2818920C1/ru?oq=RU2818920 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 19.02.2026). 

7. ʇʘʪʝʥʪ ˉ 2819997 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ C04B 35/577, C04B 

35/573, C04B 35/80. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʘʢʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʳʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʨʦʚʦʣʦʢʠ 

ʤʦʣʠʙʜʝʥʘ ʠ ʝʛʦ ʩʠʣʠʮʠʜʦʚ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ: ˉ 2023119312: ʟʘʷʚʣ. 

20.07.2023: ʦʧʫʙʣ. 28.05.2024 / ʂʘʣʝʜʠʥ ɸ.ɺ., ʐʠʢʫʥʦʚ ʉ.ʃ., ʐʠʢʫʥʦʚʘ ʀ.ɸ., 

ʂʫʨʣʦʚ ɺ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʊʊ ʈɸʅ). ï 9 ʩ.: 3 ʠʣ. // Google Patents. URL: https://patents. 

google.com/patent/RU2819997C1/ru?oq=RU+2819997 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

19.02.2026). 

8. ʇʘʪʝʥʪ ˉ 2788686 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ C04B 35/573, C04B 

35/65, C04B 35/532. ʂʦʤʧʦʟʠʮʠʷ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ʠ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʩʠʣʠʮʠʜʘ ʤʦʣʠʙʜʝʥʘ: ˉ 2021132723: ʟʘʷʚʣ. 08.11.2021: ʦʧʫʙʣ. 24.01.2023 / 

ʂʘʣʝʜʠʥ ɸ.ɺ., ʐʠʢʫʥʦʚ ʉ.ʃ., ʐʠʢʫʥʦʚʘ ʀ.ɸ., ʂʫʨʣʦʚ ɺ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʊʊ ʈɸʅ). ï 10 ʩ.: 

3 ʠʣ. // Google Patents. URL: https://patents.google.com/patent/RU2788686C1/ 

ru?oq=RU+2788686 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.02.2026). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʦ 

ʥʘ 153 ʩʪʨʘʥʠʮʘʭ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 75 ʨʠʩʫʥʢʘʤʠ ʠ 27 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 209 ʠʩʪʦʯʥʠʢʦʚ.  

https://patents.google.com/patent/RU2818920C1/ru?oq=RU2818920
https://patents.google.com/patent/RU2819997C1/ru?oq=RU+2819997
https://patents.google.com/patent/RU2819997C1/ru?oq=RU+2819997
https://patents.google.com/patent/RU2788686C1/ru?oq=RU+2788686
https://patents.google.com/patent/RU2788686C1/ru?oq=RU+2788686
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1 SiC ʢʝʨʘʤʠʢʘ, ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

1.1.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ï ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ 

ʢʨʝʤʥʠʷ ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʚʘʣʝʥʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʩʚʷʟʠ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-SiC ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʚʶʨʮʠʪʘ, ʘ ʪʘʢʞʝ ɓ-SiC ʩ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʠ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

ʮʠʥʢʦʚʦʡ ʦʙʤʘʥʢʠ [1 ï 3, 5, 13 - 18]. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʢʨʝʤʥʠʡ - ʫʛʣʝʨʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

 

ʈʠʩʫʥʦʢ 1.1 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Si ï C [18]. 
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ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, SiC ʠʟʚʝʩʪʝʥ ʢʘʢ ʘʙʨʘʟʠʚʥʳʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ 

ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚʚʠʜʫ ʫʜʘʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ, 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ (3,2 ʛ/ʩʤ3), ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. SiC ʠʤʝʝʪ ʢʨʘʡʥʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʚʝʨʜʦʩʪʠ, ʫʩʪʫʧʘʷ 

ʪʦʣʴʢʦ ʢʫʙʠʯʝʩʢʦʤʫ ʥʠʪʨʠʜʫ ʙʦʨʘ ʠ ʘʣʤʘʟʫ [5]. ɺʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ 

SiC ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2000 ÁC ʠ ʚʳʰʝ, ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ 800 ÁC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SiC ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ SiO2, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʝʛʦ 

ʚʧʣʦʪʴ ʜʦ 1600 ÁC, ʦʜʥʘʢʦ, ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ SiO2 ʥʘʯʠʥʘʝʪʩʷ 

ʜʝʛʨʘʜʘʮʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʘʤʦʛʦ SiC. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ 

ʨʘʙʦʪʘʪʴ ʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ ʚʧʣʦʪʴ ʜʦ 1600 ÁC [19 - 22]. ʇʦʵʪʦʤʫ, SiC 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʢʘʢ ʬʦʨʩʫʥʢʠ, ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʩʥʘʩʪʢʘ, ʯʝʭʣʳ ʪʝʨʤʦʧʘʨ, ʪʦʨʤʦʟʥʳʝ ʜʠʩʢʠ, 

ʪʦʨʮʝʚʳʝ ʫʧʣʦʪʥʝʥʠʷ, ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ, 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [5, 23, 24]. 

ʄʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ SiC ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʝʯʘʭ ʕʜʚʘʨʜʦʤ ɸʯʝʩʦʥʦʤ [25]. ʉʫʪʴ ʧʨʦʮʝʩʩʘ 

ʧʦʣʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ SiO2 ʩ ʥʝʬʪʷʥʳʤ ʢʦʢʩʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2800 ʂ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ SiC, 

ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʤʝʣʴʯʘʶʪ, ʦʯʠʱʘʶʪ ʠ ʧʨʦʩʝʠʚʘʶʪ, ʨʘʟʜʝʣʷʷ ʥʘ 

ʬʨʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʨʦʰʢʠ SiC ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʝʨʚʠʯʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʝʨʘʤʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

- ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ SiC (RSiC); 

- ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ SiC (HP-SiC); 

- ʩʧʝʯʝʥʥʳʡ SiC (SSiC); 

- ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ SiC (RBSC); 

- ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ (Si-C). 
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ʇʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʚʠʯʥʦʛʦ 

ʧʦʨʦʰʢʘ SiC ʠ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʛʨʘʬʠʪ ʠ ʢʨʝʤʥʠʡ. ɺ ʮʝʣʦʤ ʚʳʙʦʨ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʟʜʝʣʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʩʪʘʚʫ. 

1.1.2 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ SiC 

1.1.2.1 ʈʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ SiC 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʷʟʳʚʘʥʠʠ ʯʘʩʪʠʮ 

ʧʝʨʚʠʯʥʦʛʦ SiC ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʌʨʝʥʩʠʩʦʤ ɸ.ɼ. ʌʠʮʜʞʝʨʘʣʴʜʦʤ [26]. ʇʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʟʘʨʘʥʝʝ ʩʧʨʝʩʩʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ SiC ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 2100 ÁC ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ [26 - 28]. 

ʈʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ SiC ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʝʛʦ, ʯʘʱʝ ʚʩʝʛʦ, ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʧʝʯʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 % ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʜʦ 2,7 ʛ/ʩʤ3), ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʊʠʧʠʯʥʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟ RSiC ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2. ʋʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ SiC ʚʦʟʤʦʞʥʦ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ 

ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʥʦʛʦʨʘʟʦʚʦʡ 

ʧʨʦʧʠʪʢʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʛʦʪʦʚʦʢ ʧʨʝʢʫʨʩʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʧʦʣʠʚʠʥʠʣʩʠʣʘʥ ʠ ʧʦʣʠʢʘʨʙʦʩʠʣʘʥ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʠ ʧʠʨʦʣʠʟʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʪʦʨʠʯʥʳʡ SiC [29, 30]. 
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ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ RSiC, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 2200 ÁC  

ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ [31]. 

1.1.2.2 ɻʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ SiC 

ʇʨʦʮʝʩʩ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʫʧʣʦʪʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʫʪʸʤ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʘʪʤʦʩʬʝʨ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʛʨʝʚʝ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʧʣʦʪʴ ʜʦ 2300 Áʉ. ʇʨʠ ʛʦʨʷʯʝʤ 

ʧʨʝʩʩʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ SiC ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʚ [32 - 35]. ɺʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (ʤʝʥʝʝ 1%), ʘ 

ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʪʨʝʤʠʪʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ï 3,22 ʛ/ʩʤ3. ʇʨʠ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ SiC 

ʙʝʟ ʜʦʙʘʚʦʢ [34]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʩʤʘʯʠʚʘʶʪ ʯʘʩʪʠʮʳ ʧʝʨʚʠʯʥʦʛʦ SiC, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʠʤʠ [35 - 37]. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ HP-SiC. 
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ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʦʛʦ SiC [35]. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʙʦʣʴʰʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʣʦʪʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʜʣʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʡ 

ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʘ [3, 4]. ʇʦʵʪʦʤʫ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʠ, ʪʘʢʠʭ ʢʘʢ ʧʣʠʪʳ ʠ ʧʣʘʩʪʠʥʳ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʨʘʜʠʫʩʘʤʠ ʢʨʠʚʠʟʥʳ. 

1.1.2.3 ʉʧʝʯʝʥʥʳʡ SiC 

ɼʘʥʥʳʡ ʚʠʜ SiC ʢʝʨʘʤʠʢʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʉʚʷʟʳʚʘʥʠʝ ʯʘʩʪʠʮ SiC ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ. ʉʤʝʩʴ ʧʦʨʦʰʢʦʚ SiC ʠ ʦʢʩʠʜʦʚ (Al 2O3, 

Y2O3, Sc2O3 ʠ ʜʨ.) ʧʝʨʝʤʝʰʠʚʘʶʪ ʠ ʩʧʨʝʩʩʦʚʳʚʘʶʪ ʚ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 150 ʜʦ 280 ʄʇʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1750 ʜʦ 2000 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ [38 - 43]. 

ʆʜʥʘʢʦ, ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
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ʩʚʦʡʩʪʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʤʷʛʯʝʥʠʝʤ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ. ʊʘʢ, ʠʟʛʠʙʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 532 ʄʇʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 240 ʄʇʘ ʧʨʠ 

1400 Áʉ [39]. ɺʣʠʷʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ. 

ʅʘʧʨʠʤʝʨ, ʩʧʝʢʘʥʠʝ SiC ʩʦ ʩʤʝʩʴʶ Lu2O3 ʠ AlN ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:1 ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ ʚʳʰʝ 500 ʄʇʘ, ʦʜʥʘʢʦ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ [44]. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʨʷʜʢʘ 200 ʄʇʘ. ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʟʘʛʦʪʦʚʦʢ ʪʨʝʙʫʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ. ʊʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.4. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʪʨʫʢʪʫʨʘ ʩʧʝʯʝʥʥʦʛʦ SiC, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

1750 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ [41]. 

1.1.2.4 ʈʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ SiC 

ʅʘʨʷʜʫ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ, 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ RBSC ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʝʨʚʠʯʥʳʡ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ. ʇʨʠ ʵʪʦʤ, ʩʚʷʟʳʚʘʥʠʝ ʯʘʩʪʠʮ ʧʝʨʚʠʯʥʦʛʦ SiC ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ SiC ʚʦ ʚʨʝʤʷ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ 

ʟʘʛʦʪʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʛʣʝʨʦʜ. 
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ɺʧʝʨʚʳʝ ʜʦʙʘʚʣʝʥʠʝ ʛʨʘʬʠʪʦʚʦʛʦ ʧʦʨʦʰʢʘ ʢ ʩʤʝʩʠ ʯʘʩʪʠʮ ʧʝʨʚʠʯʥʦʛʦ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʩʚʷʟʘʥʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʧʘʪʝʥʪʝ ʇʦʣʘ ʇʦʧʧʝʨʘ ʚ 1966 ʛʦʜʫ. ɼʦʣʷ ʛʨʘʬʠʪʦʚʦʛʦ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʘ 

28 ʤʘʩʩ.%. ʇʨʦʧʠʪʘʥʥʘʷ ʢʨʝʤʥʠʝʤ ʟʘʛʦʪʦʚʢʘ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʧʦʩʣʝ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʣʦʪʥʳʡ ʢʘʨʢʘʩ ʩ ʧʣʦʪʥʦʩʪʴʶ 3,03 ʛ/ʩʤ3 ʠ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 0,5 % [45]. ɻʦʜʦʤ ʨʘʥʝʝ ʂ.ʄ. ʊʝʡʣʦʨʦʤ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʘʪʝʥʪ [46], ʛʜʝ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʷʚʣʷʣʩʷ ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ 

ʚʨʝʤʝʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʢʦʪʦʨʦʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʤʝʰʠʚʘʣʠ ʩ ʧʦʨʦʰʢʦʤ SiC. ʇʨʠ ʦʙʞʠʛʝ ʩʚʷʟʫʶʱʝʝ ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʣʦʩʴ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʢʚʦʟʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʠ ʠʩʪʦʯʥʠʢʘ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʝʥʦʣʴʥʘʷ ʠ 

ʜʨʝʚʝʩʥʘʷ ʩʤʦʣʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦʨʠʩʪʫʶ ʟʘʛʦʪʦʚʢʫ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 2100 ï 

2300 Áʉ ʧʨʦʧʠʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʧʘʨʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1450 ʜʦ 2100 Áʉ ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʠʯʥʳʡ SiC, ʩʚʷʟʳʚʘʶʱʠʡ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠʮʳ ʧʝʨʚʠʯʥʦʛʦ SiC. ʇʨʠ ʵʪʦʤ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʨ 

ʟʘʧʦʣʥʷʪʩʷ ʦʩʪʘʪʦʯʥʳʤ ʩʚʦʙʦʜʥʳʤ ʢʨʝʤʥʠʝʤ [13 ï 17, 47]. ʊʠʧʠʯʥʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʦʛʦ SiC ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʪʨʫʢʪʫʨʘ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʦʛʦ SiC [48]. 
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ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʦʛʦ SiC ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚʠʜʦʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠ/ʠʣʠ ʪʠʧʘ ʧʝʨʚʠʯʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʜʥʘʢʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʦʪʥʘʷ SiC ʢʝʨʘʤʠʢʘ, ʧʦ ʫʨʦʚʥʶ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʙʣʠʟʢʘʷ ʢ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʩʧʝʯʝʥʥʦʛʦ ʠ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʦʛʦ SiC [48 

- 54]. ɹʦʣʝʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʦʩʥʘʩʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʩʩʦʚʘʪʴ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʫʩʘʜʦʢ ʧʨʠ ʩʠʣʠʮʠʨʦʚʘʥʠʠ, 

ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʳʡ SiC ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʩʥʘʩʪʢʠ, 

ʢʨʦʤʦʢ ʢʨʳʣʘ, ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ ʠ ʥʘʩʦʩʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʩʫʥʦʢ, ʩʦʧʝʣ ʠ 

ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ [14, 23, 29]. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ RBSC ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ (ʦʪ 1450 ʜʦ 1550 Áʉ), ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. ʆʜʥʘʢʦ, ʩʨʝʜʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʝʘʢʮʠʦʥʥʦʩʚʷʟʘʥʥʦʛʦ SiC ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʚ ʦʙʲʝʤʝ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɹʦʣʴʰʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʩʥʠʞʘʝʪ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. 

1.1.2.5 ʉʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ 

ɺ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ ʣʝʞʠʪ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ ʠ ʧʦʨʠʩʪʦʡ ʛʨʘʬʠʪʦʚʦʡ ʦʩʥʦʚʳ, ʩʢʚʦʟʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʨʘʟʤʝʨʘ ʧʦʨ ʜʦʣʠ ʬʦʨʤʠʨʫʝʤʦʛʦ SiC, 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ [47, 55]. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʜʦʣʝ ʦʩʪʘʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʜʦ 70 ʦʙ.% 

[56, 57]) ʚ ʦʙʲʸʤʝ ʩʠʣʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 
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ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʠʩʭʦʜʥʦʡ ʧʦʨʠʩʪʦʡ ʛʨʘʬʠʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

SiC-C-Si ʢʝʨʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʪʨʫʢʪʫʨʘ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ [57]. 

ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚ, ʛʜʝ ʧʦʨʠʩʪʘʷ 

ʫʛʣʝʨʦʜʥʘʷ ʦʩʥʦʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ ʠ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʢʘ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʦʪ 2,24 ʜʦ 

2,6 ʛ/ʩʤ3, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʦʪ 100 ʜʦ 420 ʄʇʘ ʥʘ 

ʩʞʘʪʠʝ ʠ ʥʝ ʙʦʣʝʝ 100 ʄʇʘ ʥʘ ʠʟʛʠʙ [14, 55 - 57]. 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʢʝʨʘʤʠʢʫ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʦʨʦʡ ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ 

ʧʨʦʯʥʦʩʪʴʶ ʨʝʘʢʮʠʦʥʥʦ ʩʚʷʟʘʥʥʦʛʦ SiC (ʦʪ 2,75 ʜʦ 2,8 ʛ/ʩʤ3 ʧʣʦʪʥʦʩʪʴ, ʦʪ 550 ʜʦ 

1000 ʄʇʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ) [57 - 61]. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ SiC 

ʢʝʨʘʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʫʪʝʤ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʀʌʊʊ ʈɸʅ. ɹʣʘʛʦʜʘʨʷ ʚʘʨʴʠʨʦʚʘʥʠʶ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiC ʜʦ 

92 ʤʘʩʩ. % (ʨʠʩʫʥʦʢ 1.7) [62, 63]. 
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ʈʠʩʫʥʦʢ 1.7 ï SiC ʢʝʨʘʤʠʢʘ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ [63]. 

ʇʨʠ ʵʪʦʤ, ʫʛʣʝʨʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦʙʳ 

ʧʦʜʚʝʨʛʥʫʪʴ ʝʸ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʦ ʵʪʘʧʘ ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʠ ʧʨʠʜʘʪʴ ʝʡ 

ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʚ ʬʦʨʤʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʥʘʧʣʳʚʦʚ ʢʨʝʤʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʬʠʥʠʰʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʣʷ ʧʨʠʜʘʥʠʷ ʥʫʞʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʫʩʘʜʢʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ 1 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʚ ʟʘʛʦʪʦʚʢʝ ʧʝʨʚʠʯʥʦʛʦ SiC, 

ʟʘʛʦʪʦʚʢʠ ʛʨʘʬʠʪʘ ʤʦʞʥʦ ʧʦʜʚʝʨʛʥʫʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʦ ʵʪʘʧʘ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʠ ʧʨʠʜʘʪʴ ʠʤ ʥʝʦʙʭʦʜʠʤʫʶ ʬʦʨʤʫ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʪʩʫʪʩʪʚʠʝ SiC ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʝʨʘʤʠʢʫ ʩ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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1.1.3 ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ SiC ʢʝʨʘʤʠʢʠ 

ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʝʝ, 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʠ ʟʘʥʠʤʘʶʪ ʩʚʦʶ ʥʠʰʫ. ʆʙʣʘʜʘʷ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ SiC ʢʝʨʘʤʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʙʣʠʮʘ 1.1 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ SiC 

ʢʝʨʘʤʠʢʠ 

 ʈʝʢʨʠʩʪʘʣ-

ʣʠʟʦʚʘʥʥʳʡ 

SiC (RSiC) 

ɻʦʨʷʯʝʧʨʝʩʩʦ

ʚʘʥʥʳʡ SiC 

(HP-SiC) 

ʉʧʝʯʸʥʥʳʡ 

SiC (SSiC) 

ʈʝʘʢʮʠʦʥʥʦ-

ʩʚʷʟʘʥʥʳʡ SiC 

(RBSC) 

ʉʠʣʠʮʠʨʦ-

ʚʘʥʥʳʡ ʛʨʘʬʠʪ 

(Si-SiC-C) 

ɼʦʣʷ SiC, 

ʤʘʩʩ. % 

96 ï 98 [14]  98 - 99,5 [22. 

64] 

97,3 - 97,3 [44] 92 ï 98 [14, 49] 32 ï 75 [14, 65] 

25 ï 92 [63] 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ3 

2,6 [22]  

2,3 - 2,7 [31]  

3,2 [22, 34] 

3,02 [14] 

3,21 [32, 33] 

3,24 [39] 

3,17 - 3,23 [40] 

2,9 - 3,05 [49] 

3,0 [66] 

2,2 - 2,7 [49, 63] 

2,42 - 2,65 [67] 

ʇʦʨʠʩʪʦʩʪʴ, 

% 

20 [22]  

32,2 - 48 [14]  

42,1 - 50,5 

[68]  

< 1 [22] 

 

1,5 - 2 [69] 

0,3 ï 7 [42] 

< 1 [66] < 1 [63] 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʠʟʛʠʙ, 

ʄʇʘ 

100 [22]  

110 ï 134 
[31]  

27,9 ï 74,2 

[68]  

677 ï 847 [32] 

600 ï 750 [36] 

800 ï 1077 

[35] 

321 - 477 [38] 

96 - 520 [40, 

70] 

536 [71] 

450 - 550 [39, 

44] 

320 - 628 [43] 

300 ï 350 [49] 

380 ï 410 [54] 

260 [66] 

 

90 ï 105 [67] 

70 - 120 [49, 63] 

126 ï 424 [63] 

 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ, 

ʄʇʘ 

30 ï 118 [14]  392 - 1275 [14] 

3410 [72] 

3047 - 3360 

[73] 

2000 [49] 

2940 [64] 

120 ï 450 [49] 

398 ï 2700 [63] 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ, 

ʄʇʘ 

ï 27 [74] 

280 [64] 

14 ï 75 [70] ï 

 

30 ï 60 [63] 

ʀʟ ʪʘʙʣʠʮʳ 1.1 ʚʠʜʥʦ, ʯʪʦ ʧʦʨʠʩʪʳʡ SiC, ʧʦʣʫʯʝʥʥʳʡ ʩʧʦʩʦʙʦʤ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. ʕʪʦ ʥʝ 
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ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʦʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ RSiC ʥʝ ʩʦʜʝʨʞʠʪ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ, ʝʛʦ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʩʘʞʝʚʳʭ 

ʬʠʣʴʪʨʦʚ ʠ ʠʟʜʝʣʠʡ ʨʘʙʦʪʘʶʱʠʭ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ [29, 31, 75, 76]. ɺ ʢʘʯʝʩʪʚʝ 

ʞʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʪʥʫʶ SiC 

ʢʝʨʘʤʠʢʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʝʪ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ SiC, ʥʦ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʦʧʝʨʘʮʠʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʪʝ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʦʥʝʯʥʦʝ 

ʠʟʜʝʣʠʝ ʥʫʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ. ʊʨʝʙʫʝʤʫʶ ʛʝʦʤʝʪʨʠʶ ʠʟʜʝʣʠʡ ʠʟ ʩʧʝʯʝʥʥʦʛʦ SiC ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʩʩ-ʬʦʨʤ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʟʘʛʦʪʦʚʦʢ, ʭʦʪʷ ʩʘʤ ʧʨʦʮʝʩʩ 

ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ SSiC ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʫʩʘʜʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5  

ʜʦ 15 %, ʯʪʦ ʝʱʸ ʙʦʣʴʰʝ ʫʩʣʦʞʥʷʝʪ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ [77]. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟ SiC ʢʝʨʘʤʠʢʠ ʷʚʣʷʶʪʩʷ 

RBSC ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, 

ʧʦʩʢʦʣʴʢʫ ʛʨʘʬʠʪʦʚʦʡ ʟʘʛʦʪʦʚʢʝ ʝʱʝ ʜʦ ʵʪʘʧʘ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʜʘʪʴ 

ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʬʦʨʤʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʧʦʜʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ, ʫʩʘʜʢʠ ʧʨʠ ʩʠʣʠʮʠʨʦʚʘʥʠʠ ʷʚʣʷʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ RBSC [63]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ Si-C, ʤʦʞʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʟʘʛʦʪʦʚʦʢ RBSC ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʠʤ ʥʫʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʭʦʪʷ ʵʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ/ʠʣʠ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ [53]. ʆʜʥʘʢʦ, ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ SiC ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʞʠʜʢʦʬʘʟʥʦʛʦ 
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ʩʠʣʠʮʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʰʣʠʢʝʨʥʦʝ ʣʠʪʴʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʦʩʥʘʩʪʢʠ, ʚ ʢʦʪʦʨʫ  ʁʟʘʣʠʚʘʝʪʩʷ ʠʣʠ ʟʘʛʦʥʷʝʪʩʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʩʫʩʧʝʥʟʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʧʝʨʚʠʯʥʳʡ SiC ʠ/ʠʣʠ ʧʦʨʦʰʦʢ ʫʛʣʝʨʦʜʘ, 

ʟʘʤʝʰʘʥʥʳʝ ʩ ʞʠʜʢʠʤ ʩʚʷʟʫʶʱʠʤ [78 - 81]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʡ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʠʟʙʝʞʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʦʣʶ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ. 

ɺ ʮʝʣʦʤ, SiC ʷʚʣʷʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮʳ 1.1, SiC ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʠʧʦʤ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʘ 

ʤʦʥʦʣʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ K1C, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ SiC ʦʪ 3,5 ʜʦ 5,5 ʄʇʘĬʤ1/2 [54], 

ʪʦʛʜʘ ʢʘʢ ʧʣʘʩʪʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 15 

ʜʦ 350 ʄʇʘ·ʤ1/2 [82, 83]. ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʠʟʢʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ï ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

SiC, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʩʧʦʩʦʙʘʭ ʠʭ ʧʦʣʫʯʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

1.2 ʂʝʨʘʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SiC 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SiC ʨʘʟʜʝʣʷʶʪ ʧʦ ʩʦʩʪʘʚʫ, 

ʩʧʦʩʦʙʘʤ ʧʦʣʫʯʝʥʠʷ, ʚʠʜʫ ʜʦʙʘʚʦʢ ʠ ʪ.ʜ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʞʝ ʨʘʟʥʠʮʘ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʤʦʞʥʦ 
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ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʣʘʩʩʘ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʄʂ) ʩ 

ʠʟʦʪʨʦʧʥʦʡ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʣʠʪʥʳʭ ʢʝʨʘʤʠʢ, ʫʚʝʣʠʯʝʥʠʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ [84]. ɹʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʘʨʤʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʞʛʫʪʦʚ, 

ʚʦʣʦʢʦʥ ʠʣʠ ʩʦʟʜʘʥʠʝ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ʅʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ ʂʄʂ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʦʙʣʘʜʘʶʱʠʭ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʩʣʦʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦ ʩʫʪʠ, ʠʤʝʶʱʠʝ ʘʥʠʟʦʪʨʦʧʠʶ ʩʚʦʡʩʪʚ ʪʦʣʴʢʦ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʥʘ ʚʦʣʦʢʥʠʩʪʳʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʘʨʤʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʘ ʠʟ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʥʦʡ ʠʣʠ ʢʘʨʙʠʜʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʠʣʠ ʧʨʦʚʦʣʦʢʠ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʫʰʝʥʠʶ ʚ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʩʪʨʫʢʪʫʨʘʭ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʚʦʣʦʢʥʘʤʠ [85]. 

1.2.1 ʀʟʦʪʨʦʧʥʳʝ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʢʩʠʜʥʳʝ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

SSiC. ʇʨʠ ʵʪʦʤ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʦʢʩʠʜʦʚ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ ʦʯʝʥʴ ʤʘʣʘ ʧʦʩʢʦʣʴʢʫ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʭ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ï ʩʧʝʢʘʥʠʝ ʯʘʩʪʠʮ SiC. ʆʜʥʘʢʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʦʢʩʠʜʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʛʜʝ ʦʥʠ ʠʛʨʘʶʪ ʨʦʣʴ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʚʦʡʩʪʚ. ɺʚʝʜʝʥʠʝ ʪʘʢʠʭ 

ʜʦʙʘʚʦʢ ʢʘʢ Al 2O3, ZrO2, Y2O3 ʠ ʪ.ʜ. ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ [86 - 88], ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʵʬʬʝʢʪ 

ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʷ ʪʨʝʱʠʥ ʧʨʠ ʥʘʛʨʝʚʝ [89]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʩʧʦʩʦʙʳ 

ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
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ʘʣʶʤʠʥʠʷ ʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʦʟʠʪ SiC-

Al2O3 [90]. ʊʘʢʠʝ ʂʄʂ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʘʤʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʩʧʝʢʘʥʠʷ ʠ 

SPS [86 - 90]. ʇʨʠʤʝʨ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʂʄʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1.8. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ SiC-Al 2O3ïEr2O3, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ SPS [87]. ʉʝʨʘʷ ʬʘʟʘ ï ʟʝʨʥʘ SiC, ʙʝʣʘʷ  Al2O3 ʠ Er2O3. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ SiC ʩʦʚʤʝʱʘʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʠʜʘʤʠ, ʥʠʪʨʠʜʘʤʠ ʠ 

ʙʦʨʠʜʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ B4C ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʨʝʘʢʮʠʦʥʥʦ ʩʚʷʟʘʥʥʦʛʦ SiC ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʣʶ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʚ 

ʢʦʥʝʯʥʦʤ ʤʘʪʝʨʠʘʣʝ ʜʦ 10,6 ʦʙ. %, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʪʦʛʦ ʞʝ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʬʨʘʢʮʠʠ B4C ʣʠʙʦ ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʷʜʨʦ/ʦʙʦʜ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʝʨʤʝʪʦʚ, 

ʣʠʙʦ B4C ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ B12(B,C,Si)3 (ʨʠʩʫʥʦʢ 1.9) [91]. ɺ ʨʘʙʦʪʝ 

ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ B4C/SiC ʧʦʣʫʯʘʶʪ ʞʠʜʢʦʬʘʟʥʳʤ ʩʠʣʠʮʠʨʦʚʘʥʠʝʤ 

ʟʘʛʦʪʦʚʦʢ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʚʠʯʥʳʡ SiC. ɼʘʥʥʘʷ ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʛʣʝʨʦʜʦʤ ʠ B4C 

ʚ ʩʦʩʪʘʚʝ ʧʦʨʠʩʪʦʡ ʟʘʛʦʪʦʚʢʠ. ʍʦʪʷ ʚ ʪʘʢʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʨʷʜʢʘ 30 ʦʙ.%, ʦʥ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ï 470 ʄʇʘ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ 2,58 ʜʦ 

2,63 ʛ/ʩʤ3. ʉʦʚʨʝʤʝʥʥʳʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʝʬʦʨʤʳ 

ʩ ʧʝʨʚʠʯʥʳʤ SiC ʠ B4C ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ ʜʦ ʵʪʘʧʘ ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʵʪʦ 



28 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ [92]. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʦʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ B4C (a), ʤʝʣʢʠʭ ʯʘʩʪʠʮ B4C, ʢʦʪʦʨʳʝ ʧʝʨʝʰʣʠ 

ʚ ʬʘʟʫ B12(B,C,Si)3 (b) [91]. 

ʂ ʠʟʦʪʨʦʧʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʢʦʤʧʦʟʠʪʘʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ SiC 

ʢʝʨʘʤʠʢʫ, ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʫʶ ʚʦʣʦʢʥʘʤʠ SiC. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʘʙʦʡ 

ʩʚʷʟʠ ʛʨʘʥʠʮʳ ʤʘʪʨʠʮʘ ï ʘʨʤʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ 

ʥʘʥʦʩʷʪ ʧʦʢʨʳʪʠʝ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʠʪʨʠʜ ʙʦʨʘ ʠ/ʠʣʠ 

ʧʠʨʦʫʛʣʝʨʦʜ. ɺʚʝʜʝʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ SiCf ʧʦʚʳʰʘʝʪ ʢʘʢ ʠʟʛʠʙʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʝ 

ʘʨʤʠʨʦʚʘʥʠʷ [84, 93, 94]. ʅʘ ʨʠʩʫʥʢʝ 1.10 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ). 

 

ʈʠʩʫʥʦʢ 1.10 ï ʂʨʠʚʘʷ ʥʘʛʨʫʞʝʥʠʷ (ɸ), ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʂʄʂ SiCf/SiC (B) [93]. 
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ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʥʠʪʨʠʜʳ ʙʦʨʘ ʠ ʢʨʝʤʥʠʷ. ʆʩʥʦʚʥʦʡ ʬʘʟʦʡ ʚ ʪʘʢʦʤ ʤʘʪʝʨʠʘʣʝ ʷʚʣʷʝʪʩʷ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʘ BN ʠ Si3N4 ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ, 

ʧʨʠʯʝʤ ʦʥʠ ʤʦʛʫʪ ʚʚʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʥʳʡ ʚ ʠʟʥʘʯʘʣʴʥʫʶ 

ʰʠʭʪʫ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʢʨʝʤʥʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʟʦʪʦʤ ʦʙʨʘʟʫʝʪ Si3N4, 

ʩʚʷʟʳʚʘʶʱʠʡ ʯʘʩʪʠʮʳ ʧʝʨʚʠʯʥʦʛʦ SiC. ʆʙʨʘʟʦʚʘʥʠʝ BN ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʫ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʚʠʯʥʦʛʦ ʧʦʨʦʰʢʘ B2O3. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʜʘʝʪ ʧʨʠʨʦʩʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʘ ʠʤʝʥʥʦ ʪʚʝʨʜʦʩʪʠ (ʙʦʣʝʝ ʯʝʤ ʥʘ 20 %) ʠ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʦʪ 22 

ʜʦ 36 %) [95]. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʘʥʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ hBN ʩ 

ʧʦʨʦʰʢʦʤ SiC ʠ ʩʧʝʢʘʶʱʝʡ ʜʦʙʘʚʢʦʡ Y2O3 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʝʨʘʤʠʢʠ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ hBN 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʥʠʞʘʝʪʩʷ ʠʟʥʦʩ ʚ ʧʘʨʝ ʪʨʝʥʠʷ ʩ ʪʝʣʦʤ SiC. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʦʤʧʦʟʠʪʘ [96]. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʢʦʤʧʦʟʠʮʠʷʤ ʥʘ ʦʩʥʦʚʝ SiC 

ʩ ʜʠʙʦʨʠʜʘʤʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʙʣʘʛʦʜʘʨʷ ʚʳʜʘʶʱʠʤʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ZrB2 ʠ HfB2 ʦʪʥʦʩʷʪ ʢ ʩʚʝʨʭʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʢʝʨʘʤʠʢʝ ʚʚʠʜʫ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʙʦʣʝʝ 3000 Áʉ) ʠ 

ʭʦʨʦʰʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ [74, 97]. ʊʘʢʞʝ ʩʦʯʝʪʘʥʠʝ SiC ʩ ʵʪʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʫʜʘʨʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʜʣʷ ʯʠʩʪʦʡ SiC ʢʝʨʘʤʠʢʠ [98]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ SiC-

HfB2(ZrB2, TiB2) ʧʨʠʤʝʥʷʝʪʩʷ SPS, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʩʧʝʢʘʥʠʝ [99 - 103]. 

ʉʦʜʝʨʞʘʥʠʝ SiC ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ SiC 

ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʢʦʡ ʢ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʭʦʪ ʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʝʛʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʣʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 ʤʘʩʩ. % (ʨʠʩʫʥʦʢ 1.11) [104]. 
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ʈʠʩʫʥʦʢ 1.11 ï ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ SiC ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʥʘ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ (ʘ) ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʙ) 

ʢʦʤʧʦʟʠʪʘ ZrB2-SiC [104]. 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʢʦʤʧʦʟʠʮʠʡ HfB2-SiC ʧʨʠ ʦʙʲʝʤʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʧʦʩʣʝʜʥʝʛʦ ʤʝʥʝʝ 30 % ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 900 ʄʇʘ [105]. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʘʤʠʢ, ʩʦʜʝʨʞʘʱʠʭ HfB2 

ʠ/ʠʣʠ ZrB2, ʛʦʚʦʨʷʪ ʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʭ ʚ ʩʦʩʪʘʚʝ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [106] ʨʘʩʩʤʦʪʨʝʥʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʮʠʠ ZrB2-SiC-TaC ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʢʨʳʣʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʙʦʨʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ 

ʩʚʝʨʭʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʚʠʜʝ ʧʦʚʳʰʝʥʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ. ɺʳʜʝʨʞʢʘ ʢʦʤʧʦʟʠʪʘ HfB2-SiC ʧʨʠ 

1650 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ. ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʢʩʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʠ ʩʤʝʩʠ ʦʢʩʠʜʦʚ HfO2/HfSiO4 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʩʧʦʩʦʙʥʦʡ ʟʘʱʠʪʠʪʴ ʢʝʨʘʤʠʢʫ ʦʪ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 2000 Áʉ [97]. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ HfB2 ʠ ZrB2 ʦʛʨʘʥʠʯʝʥʦ ʠʭ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʥʘ ʧʦʨʷʜʦʢ ʩʪʦʠʤʦʩʪʴ ʢʘʨʙʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʙʦʣʴʰʝʡ, ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʣʦʪʥʦʩʪʴʶ (ʦʪ 6,09 ʜʦ 6,17 ʧʨʦʪʠʚ 3,2 ʛ/ʩʤ3 ʫ SiC) [74]. 

ʉʦʚʤʝʱʝʥʠʝ SiC ʩ ʩʠʣʠʮʠʜʘʤʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ SiC-MeSi2 ʨʘʮʠʦʥʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʣʠʟʦʩʪʠ ʫʨʦʚʥʷ ʠʭ 

ʘ ʙ 
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ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʠ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. ʉʠʣʠʮʠʜʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʞʘʨʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʠʣʠ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʝ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʱʠʪʥʳʡ ʩʣʦʡ 

SiO2, ʧʦʜʦʙʥʦ ʤʝʭʘʥʠʟʤʫ ʦʢʠʩʣʝʥʠʷ SiC [107]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʦʡʢʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥʘ. ʊʘʢ, ʜʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʜʠʩʠʣʠʮʠʜʘ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 500 ʜʦ 600 Áʉ ʙʝʟ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 

SiO2 ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʣʝʥʠʶ (çpest oxidation» [108 - 110]) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʠ 

ʦʢʘʟʳʚʘʝʪ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ [108]: 

-Ï3É  χ/  O  ς-Ï/  τ3É/               (1.1) 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʰʝ 800 Áʉ, ʤʠʥʫʷ ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʛʜʝ MoSi2 ʧʦʜʚʝʨʞʝʥ ʜʝʩʪʨʫʢʪʠʚʥʦʤʫ 

ʦʢʠʩʣʝʥʠʶ. ɺʳʜʝʨʞʢʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʧʣʦʪʥʳʡ ʩʣʦʡ SiO2 ʠ ʠʟʙʝʛʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʟʜʝʣʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ [108]: 

υ-Ï3É  χ/  O -Ï3É  χ3É/                         (1.2) 

ʇʨʠ ʵʪʦʤ, MoSi2 ʧʦʢʨʳʪʳʡ ʦʢʩʠʜʥʳʤ ʩʣʦʝʤ, ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ ʜʦ 1600 Áʉ [111]. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʮʠʠ SiC-MoSi2-Si ʚʦʟʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʜʣʷ ʛʨʘʬʠʪʘ. ʇʦʩʢʦʣʴʢʫ ʛʨʘʬʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʦʣʦʯʝʢ ʩʬʝʨʠʯʝʩʢʠʭ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ, ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʟʘʱʠʪʫ ʦʪ ʦʢʠʩʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ 500 Áʉ. ɺ ʨʘʙʦʪʝ [112] ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ ʚ ʪʝʯʝʥʠʝ 200 ʯʘʩʦʚ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 1%. ʊʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ MoSi2 ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 



32 

ʩʦʭʨʘʥʷʪʴ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʚʳʰʝ 200 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 1300 Áʉ [74, 

113]. ʂʨʦʤʝ ʪʦʛʦ, MoSi2 ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠ ʣʫʯʰʫʶ 

ʩʪʦʡʢʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ              

SiC-C-Si ʢʝʨʘʤʠʢʠ ʩ ʮʝʣʴʶ ʟʘʤʝʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ MoSi2 ʠ SiC ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ [114]. ʇʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ SiC ʠ MoSi2 ʙʝʟ 

ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ MoSi2 ʙʝʟ 

ʜʦʙʘʚʦʢ [115]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʢʦʤʧʦʟʠʪ MoSi2 + 20% SiC ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʭʦʨʦʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1100 ï 1200 Áʉ 

(ʨʠʩʫʥʦʢ 1.12). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ MoSi2, ʘ SiC ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʘʨʤʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ. 

 

ʈʠʩʫʥʦʢ 1.12 ï ɼʝʬʦʨʤʘʮʠʷ ʧʦʣʟʫʯʝʩʪʠ MoSi2 + 10% SiC ʧʨʠ 1100 Áʉ (ʘ) 

ʠ 1200 Áʉ (ʙ) [115]. 

ɺ ʨʘʙʦʪʝ [116] ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ SiC-MoSi2 ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ 

RSiC ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʨʦʰʢʘ MoSi2 ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ. ʉʤʝʩʴ SiC-

MoSi2 ʧʨʝʩʩʦʚʘʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 250 ʄʇʘ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 2300Áʉ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʚʳʜʝʨʞʢʦʡ 1 ʯ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ MoSi2 ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ, ʦʜʥʘʢʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ 

ʧʦʣʫʯʘʝʤʦʡ ʢʝʨʘʤʠʢʠ ʚʳʰʝ, ʯʝʤ ʫ ʙʘʟʦʚʦʛʦ RSiC ʧʦʯʪʠ ʥʘ 12 %, ʭʦʪʷ 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ (94 ʄʇʘ) ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ (ʨʠʩʫʥʦʢ 1.13). 
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ʈʠʩʫʥʦʢ 1.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʦʨʠʩʪʦʩʪʠ (ʘ) ʠ ʠʟʛʠʙʥʦʡ 

ʧʨʦʯʥʦʩʪʠ (ʙ) ʢʝʨʘʤʠʢʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ MoSi2 ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ [116]. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ MoSi2-SiC ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ SPS ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʢ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ (ʦʢʦʣʦ 

40 ʄʇʘ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʭʦʞʜʝʥʠʝʤ ʯʝʨʝʟ ʥʝʸ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʟʘ ʩʯʝʪ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʜʦʭʦʜʷʱʘ ̫ʜʦ 674 ʄʇʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪɹ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ MoSi2, ʚ ʢʦʪʦʨʦʤ 

ʪʨʝʱʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʘ MoSi2-SiC 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʠ ʚʦʟʤʦʞʥʘ ʦʩʪʘʥʦʚʢʘ ʝʸ 

ʨʦʩʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.14 [117]. 

 

ʈʠʩʫʥʦʢ 1.14 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʚ MoSi2 (a) ʠ 

ʚ ʢʦʤʧʦʟʠʪʝ SiC-MoSi2 (b) [117]. 

ʊʘʢ ʢʘʢ MoSi2 ʧʝʨʝʭʦʜʠʪ ʚ ʚʷʟʢʦʫʧʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʣʠʟʢʠʭ ʢ 1200 Áʉ, ʝʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʚʳʰʝ, ʯʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [118, 119]. ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ MoSi2, ZrO2 ʠ SiC ʦʙʣʘʜʘʝʪ ʝʱʸ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ 1100 Áʉ (ʨʠʩʫʥʦʢ 1.15) [120]. 

 

ʈʠʩʫʥʦʢ 1.15 ï ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ZrO2-SiC/MoSi2 ʧʨʠ 

1100 Áʉ [120]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʟ ʢʦʤʧʦʟʠʪʦʚ  

MeSi2ïSiC ʤʝʪʦʜʳ RMI ʠ, ʝʛʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, LSI ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪʘʭ, ʥʦ ʠ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʊʘʢ ʢʘʢ 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʫʶ ʦʩʥʦʚʫ, ʜʣʷ ʠʭ ʧʨʦʧʠʪʢʠ, 

ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ RBSC, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʢʨʝʤʥʠʷ ʠʣʠ ʯʠʩʪʳʡ ʢʨʝʤʥʠʡ. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [121] ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʠʩʪʫ  ʁ

ʧʨʝʬʦʨʤʫ ʠʟ ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʥʫ  ʁʧʠʨʦʣʠʟʦʤ ʩʤʝʩʠ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 

ʧʘʨʘʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʷ. 

ʇʨʝʬʦʨʤʫ ʧʨʦʧʠʪʳʚʘʣʠ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ, ʦʙʦʛʘʱʝʥʥʦʛʦ Mo, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1425 ʜʦ 1500 Áʉ. ʈʝʘʢʮʠʷ ʩ ʫʛʣʝʨʦʜʦʤ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ ʠʣʠ 

ʢʨʝʤʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ Mo, ʷʚʣʷʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, 

ʚʨʝʤʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʜʘʞʝ ʜʣʷ ʛʘʙʘʨʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 60 ʤʠʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ Si-SiC ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ MoSi2, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚʦ ʚʨʝʤʷ ʧʨʦʧʠʪʢʠ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣʦ 288 Ñ 15 ʄʇʘ. ɹʦʣʝʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ (300 ï 400 ʄʇʘ) ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʦʙʨʘʟʮʘʭ 

ʢʝʨʘʤʠʢʠ ʪʠʧʘ ʈɽʌʉʀʂ, ʥʝ ʠʤʝʶʱʝʡ ʚ ʩʦʩʪʘʚʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʩ ʭʦʨʦʰʝʡ 

ʩʚʷʟʥʦʩʪʴʶ ʟʝʨʝʥ SiC ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʮʝʣʦʩʪʥʳʡ ʠ ʩʚʷʟʘʥʥʳʡ 

ʢʘʨʢʘʩ ʚ ʤʘʪʨʠʮʝ MoSi2 + Mo5Si3 [122]. ʅʘ ʨʠʩʫʥʢʝ 1.16 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʥʦʛʦ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʥʦʛʦ SiC. 

  

ʈʠʩʫʥʦʢ 1.16 ï ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʥʦʛʦ (ʘ) ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʥʦʛʦ (ʙ) 

ʢʘʨʢʘʩʘ SiC [122]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʪʨʦʧʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ SiC ʠʤʝʶʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ SiC ʢʝʨʘʤʠʢʦʡ: ʧʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

(ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ), ʚʳʩʦʢʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ, 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʟ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʤʝʪʦʜʳ ʨʘʩʧʣʘʚʥʦʡ ʧʨʦʧʠʪʢʠ. ʕʪʠ 

ʤʝʪʦʜʳ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ 

ʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʦ RMI/LSI, ð ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ 

ʬʘʟʘʤʠ ʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ɿʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʜʦʣʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʝʝ ʧʨʦʯʥʦʩʪʴ. 

ʘ ʙ 
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1.2.2 ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʦʥʦʣʠʪʥʦʡ ʢʝʨʘʤʠʢʠ ʟʘ ʩʯʝʪ 

ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʢʝʨʘʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʩʧʦʩʦʙʥʳʭ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ. ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʢ 

ʧʨʠʤʝʨʫ, ʥʝ ʤʝʥʝʝ 15 ʄʇʘ Ŀ ʤ1/2 ʜʣʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʥʝ ʤʝʥʝʝ 

20 ʄʇʘ Ŀ ʤ1/2  ʜʣʷ ʨʦʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ɻʊɼ [123, 124]. ʅʘ ʨʠʩʫʥʢʝ 1.17 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʩʣʦʠʩʪʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʩʥʠʞʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ, ʯʝʤ ʤʦʥʦʣʠʪʥʘʷ ʢʝʨʘʤʠʢʘ. 

 

ʈʠʩʫʥʦʢ 1.17 ï ɼʠʘʛʨʘʤʤʘ ʕʰʙʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ [124]. 

ɺ ʨʘʙʦʪʝ [123] ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ SPS. ʇʨʠʚʝʜʝʥʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʣʝʞʘʪ ʚʳʰʝ ʦʪʤʝʪʢʠ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʢʦʤʧʦʟʠʮʠʠ (HfC-SiC)/C ʠ (ZrB2-SiC)/C ʦʙʣʘʜʘʶʪ 

ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ: 326 Ñ 23 ʄʇʘ;                      

10,7 Ñ 0,3 ʄʇʘ Ŀ ʤ1/2 ʠ 371 Ñ 24 ʄʇʘ; 9,09 Ñ 0,51 ʄʇʘ  ʤ1/2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʜʨʫʛʦʤ ʦʙʟʦʨʝ [124] ʧʨʠʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʣʦʠʩʪʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʙʘʟʝ SiC, ZrB2, Si3N4, Al 2O3. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ 

ZrB2-SiC/BN (535 ʄʇʘ; 16,3 ʄʇʘ Ŀ ʤ
1/2), SiC/C (633 ʄʇʘ; 17,7 ʄʇʘ Ŀ ʤ1/2), 

Al2O3/SiC (563 ʄʇʘ; 15,1 ʄʇʘ Ŀ ʤ
1/2) [125 - 127]. ɼʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʣʠʙʦ ʩʧʝʢʘʥʠʷ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 2040 Áʉ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʮʠʠ MoSi2 ï Al2O3 ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [128], 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʚʝʣʠʢʘ, ʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 1.18). 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ MoSi2 [128]. 

ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, 

ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ. ʊʘʢ, ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʥʘ 
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ʦʩʥʦʚʝ Ti, Al  ʠ Ni, ʘʨʤʠʨʦʚʘʥʥʳʡ ʢʝʨʥʦʚʳʤ SiC ʚʦʣʦʢʥʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʢʦʣʦ 477 ʄʇʘ [129]. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʪʘʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.19. 

 

ʈʠʩʫʥʦʢ 1.19 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ SiC-Ti-Al  [129]. 

ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʦʣʴʛ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ Ti, Hf, Ta ʠ 

Ni ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚ Ti, ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʠ, B ʠ Si ʙʳʣ ʧʦʣʫʯʝʥ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʡ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ [130]. ʇʨʠ ʩʧʝʢʘʥʠʠ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʦʙʨʘʟʫʝʪʩʷ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ TiB, TiB2, Ti5Si3 ʠ ʜʨ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ. ʊʝʤ ʞʝ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ Nb, Ti, Ta ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

B ʠ Si [131]. ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦʩʪʠʛʘʣʘ 245 ʄʇʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 87 ʄʇʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʣʦʠʩʪʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʷʟʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 1.20). 
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ʈʠʩʫʥʦʢ 1.20 ï ɼʠʘʛʨʘʤʤʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 1100 Áʉ (ʘ) ʠ ʤʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ (ʙ) [131]. 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʥʦʤʫ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʶ ʚ 15 ʄʇʘ Ŀ ʤ1/2, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʘʷ ʩʣʦʠʩʪʘʷ ʢʝʨʘʤʠʢʘ ZrB2 - SiCw/Ti (15,3 Ñ 0,7 ʄʇʘ Ŀ ʤ1/2) ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ 621 Ñ 10 ʄʇʘ [132]. 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ Ti ʩʚʷʟʘʥ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ZrB2-SiCw 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʣʦʷʤʠ TiB ʠ TiB2, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʢʨʦʚʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʨʤʦʞʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʪʨʝʱʠʥ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ [6] ʦʧʠʩʘʥ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ Mo-MoSi2-SiC, 

ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʸʤ ʛʦʨʷʯʝʛʦ ʚʘʢʫʫʤʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 

1600 Áʉ ʠ ʜʘʚʣʝʥʠʠ 27 ʄʇʘ. ʊʦʣʱʠʥʘ ʬʦʣʴʛ Mo, Ta ʠ Nb, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʧʦʟʠʪʘ, ʩʦʩʪʘʚʣʷʣʘ 0,5 ʤʤ. ʂʘʞʜʳʡ ʩʣʦʡ ʬʦʣʴʛʠ ʨʘʟʤʝʱʘʣʠ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ MoSi2 ʠ SiC, ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 2,5ʤʤ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʩ ʬʦʣʴʛʦʡ Mo 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.21. 

ʘ ʙ 
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ʈʠʩʫʥʦʢ 1.21 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʦʠʩʪʦʛʦ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ 

(MoSi2 + 20 ʦʙ. % SiC) + Mo: ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (a), ʩʥʠʤʦʢ ʉʕʄ [6]. 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʤʠʤʦ MoSi2, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʠʟʰʠʡ ʩʠʣʠʮʠʜ Mo5Si3, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Mo ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ MoSi2. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʘʥʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʦʡ 

ʢʝʨʘʤʠʢʦʡ MoSi2 + 20 ʦʙ. % SiC (ʪʘʙʣʠʮʘ 1.2). 

ʊʘʙʣʠʮʘ 1.2 ï ɿʥʘʯʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ (MoSi2 + 20 ʦʙ.% SiC),ʘʨʤʠʨʦʚʘʥʥʳʭ ʬʦʣʴʛʦʡ Mo, Ta ʠ Nb [6] 

                                  ɺ ʄʇʘ Ŀ ʤ1/2 

ʉʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, Kmax  

(MoSi2 + 20 ʦʙ.% SiC) ʄʦʥʦʣʠʪʥʳʡ 5,2 

(MoSi2 + 20 ʦʙ.% SiC) + Mo ʬʦʣʴʛʘ 15,7 

(MoSi2 + 20 ʦʙ.% SiC) + Ta ʬʦʣʴʛʘ 20,5 

(MoSi2 + 20 ʦʙ.% SiC) + Nb ʬʦʣʴʛʘ 17,1 

ʘ 

ʙ 
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ʉʦʚʤʝʱʝʥʠʝ SiC ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʭ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ) ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ 

(~ 4,7 · 106 ʂ-1 ʜʣʷ ɓSiC; ~ 4,8· 10ï6 / ʂ ʜʣʷ W; ~ 5,3 · 106 / ʂ ʜʣʷ Mo; ~ 7,1 · 106 / ʂ 

ʜʣʷ Nb; ~ 8, 4 · 106 / ʂ ʜʣʷ Ti) [74, 133], ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ 

ʠʤ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʳʚʘʶʱʠʭ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʦʡ ʢʝʨʘʤʠʢʦʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʩʧʦʩʦʙʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʧʣʘʩʪʠʯʥʦ. ʇʦʣʫʯʝʥʠʝ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʥʫʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʩʚʦʡʩʪʚ, ʛʜʝ ʢʘʞʜʳʡ ʩʣʦʡ ʜʝʣʘʝʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʫʥʠʢʘʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ. ɺ ʩʣʫʯʘʝ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʝʨʘʤʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʤʝʪʘʣʣ ʧʦʚʳʰʝʥʥʫʶ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ. ʆʜʥʘʢʦ, 

ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢʦʤʧʦʟʠʪʦʚ ʦʙʣʘʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʚʦʩʧʨʠʷʪʠʝ ʥʘʛʨʫʟʦʢ, 

ʚʳʟʳʚʘʶʱʠʭ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʝʞʩʣʦʝʚʳʭ ʦʙʣʘʩʪʷʭ, ʤʦʞʝʪ ʙʳʩʪʨʦ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʣʘʙʦʡ 

ʤʝʞʩʣʦʝʚʦʡ ʛʨʘʥʠʮʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʨʧʫʩʦʚ 

ʠ ʧʣʦʩʢʠʭ ʧʘʥʝʣʝʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʩʣʦʠʩʪʳʝ 

ʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ. 

1.2.3 ʅʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺʚʝʜʝʥʠʝ ʚ ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʧʨʝʨʳʚʥʦ 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʩʶ ʝʸ ʩʪʨʫʢʪʫʨʫ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 
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ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʪʨʝʱʠʥ 

(ʨʠʩʫʥʦʢ 1.22) [5, 134 - 136]. 

 

ʈʠʩʫʥʦʢ 1.22 ï ʀʣʣʶʩʪʨʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʪʨʝʱʠʥʳ, ʨʘʟʨʳʚʘ ʠ 

ʚʳʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʦʥ [5]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ï ʫʛʣʝʨʦʜʥʳʝ ʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ ʚʦʣʦʢʥʘ. ʊʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʘʨʤʠʨʦʚʘʥʠʶ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʦʢʩʠʜʥʳʤʠ ʠʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ɺʳʙʦʨ ʪʠʧʘ ʚʦʣʦʢʦʥ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʋʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ (ʦʪ 1,86 ʜʦ 3,6 ɻʇʘ) ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (ʦʪ 207 ʜʦ 1035 ɻʇʘ), ʘ ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʪ ʪʝʧʣʦ ʠ ʠʤʝʶʪ ʥʠʟʢʠʡ ʂʊʈ [7, 137]. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʧʦʣʫʯʘʶʪ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ï 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ ʧʫʪʝʤ ʬʦʨʤʦʚʘʥʠʷ ʧʨʠ 300 ÁC ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʞʠʛʘ ʧʨʠ 

1500 °C ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ. ʊʘʢʠʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʝʢʫʨʩʦʨʘ ï ʥʝʬʪʷʥʳʝ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʧʝʢʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʉʧʦʩʦʙ ʠʭ 
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ʧʦʣʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʣʦʢʦʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 300 ÁC, ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 600 ÁC ʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʳʰʝ 1600 ÁC ʚ ʧʨʦʮʝʩʩʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʪʩʷ ʠ ʦʨʠʝʥʪʠʨʫʶʪ ʢʨʠʩʪʘʣʣʠʪʳ ʚʜʦʣʴ ʦʩʠ 

ʚʦʣʦʢʥʘ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ [7]. ʆʜʥʘʢʦ ʩʦʚʤʝʱʝʥʠʝ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʠʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʢʦʤʧʦʟʠʪʳ Cf / SiC ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʧʣʦʚʦʤʫ 

ʫʜʘʨʫ. ʊʘʢʞʝ ʦʥʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ 

ʧʨʠʛʦʜʥʳ ʪʦʣʴʢʦ ʜʣʷ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʚʳʰʝ 700 ÁC [17] ʠʣʠ ʜʣʷ 

ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤʘʭ ʩʘʤʦʣʝʪʦʚ ʠ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ɻʊɼ [7, 138, 139]. 

ɺʦʣʦʢʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʚʠʜʘ ʥʝʧʨʝʨʳʚʥʳʭ SiC ʚʦʣʦʢʦʥ, 

ʨʘʟʜʝʣʷʷ ʠʭ ʧʦ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʠʣʠ ʧʦ ʥʘʣʠʯʠʶ ʩʝʨʜʝʯʥʠʢʘ (ʢʝʨʥʘ). 

ʂʝʨʥʦʚʳʝ ʚʦʣʦʢʥʘ ɓ-SiC ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 140 ʤʢʤ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ CVD, 

ʢʦʛʜʘ ɓ-SiC ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʩʝʨʜʝʯʥʠʢʝ ʠʟ ʤʦʥʦʬʠʣʘʤʝʥʪʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʢʨʳʪʦ ʩʣʦʝʤ ʧʠʨʦʛʨʘʬʠʪʘ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

1 ʤʢʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɓ-SiC ̫ ʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʠʣʘʥʦʚ 

ʠ ʚʦʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1300 ÁC [137]. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʝʨʥʘ 

ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʴʬʨʘʤʦʚʫʶ ʧʨʦʚʦʣʦʢʫ [140, 141], ʦʜʥʘʢʦ ʢʝʨʥʦʚʳʝ SiC ʚʦʣʦʢʥʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ 

ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʚʚʠʜʫ ʠʭ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ. ɹʝʩʢʝʨʥʦʚʳʝ ʤʥʦʛʦʬʠʣʘʤʝʥʪʥʳʝ 

SiC ʥʠʪʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʙʦʣʝʝ 500 ʤʦʥʦʬʠʣʘʤʝʥʪʦʚ ʩʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʦʢʦʣʦ 14,5 ʤʢʤ, ʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ, ʧʦʜʦʙʥʦ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʘʤ, ʚ ʪʝʢʩʪʠʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ï ʧʣʝʪʝʣʴʥʳʝ ʢʘʨʢʘʩʳ, ʞʛʫʪʳ 

ʠ ʜʨʫʛʠʭ ʚʦʣʦʢʥʠʩʪʳʝ ʧʨʝʬʦʨʤʳ. ʊʘʢʠʝ ʚʦʣʦʢʥʘ ʧʦʣʫʯʘʶʪ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ 



44 

ʧʨʝʢʫʨʩʦʨʘ ï ʧʦʣʠʢʘʨʙʦʩʠʣʘʥʘ. ʀʟ ʝʛʦ ʨʘʩʧʣʘʚʘ ʚʳʪʷʛʠʚʘʶʪ ʧʦʣʠʤʝʨʥʳʝ 

ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʪʚʝʨʞʜʝʥʠʶ ʚ ʘʟʦʪʥʦʡ ʩʨʝʜʝ ʧʨʠ 

350 °C. ɿʘʪʝʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1000 ʜʦ 1500 ° C [7, 137]. SiC ʚʦʣʦʢʥʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʦʣʫʯʘʶʪ ʧʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ 

ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠʥʠʤʠʟʘʮʠʶ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʧʦʣʫʯʘʝʤʦʤ ʚʦʣʦʢʥʝ ʠ, ʪʝʤ ʩʘʤʳʤ, ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʟ, ʥʘʧʨʠʤʝʨ TiB2 [7]. ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʪʘʢʠʭ 

ʚʦʣʦʢʦʥ ʜʦʩʪʠʛʘʝʪ 2,5 ɻʇʘ, ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 400 ɻʇʘ [17]. 

ʕʣʝʤʝʥʪʳ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢ ʠ ʚʦʣʦʢʦʥ ʪʘʢʞʝ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ. ʂʘʢ ʙʳʣʦ 

ʫʧʦʤʷʥʫʪʦ ʚ ʨʘʟʜʝʣʝ 1.2.2, ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ 

ʩʦʚʤʝʱʝʥʠʷ ʩ SiC ʤʘʪʨʠʮʝʡ ʷʚʣʷʶʪʩʷ ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ ï ʚʦʣʴʬʨʘʤ, 

ʤʦʣʠʙʜʝʥ, ʥʠʦʙʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʦʙʣʘʜʘʶʪ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʧʨʦʚʦʣʦʢ. ʊʘʢ, ʚʦʣʴʬʨʘʤʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 150 ʤʢʤ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚʳʰʝ 2500 ʄʇʘ [142], ʘ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʧʨʦʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʚʧʣʦʪʴ ʜʦ 4500 ʄʇʘ [143]. ɺʤʝʩʪʝ 

ʩ ʵʪʠʤ, ʧʣʦʪʥʦʩʪʴ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ SiC ʚʦʣʦʢʦʥ 

(10,22 ʛ/ʩʤ3 ʜʣʷ Mo; 19,6 ʛ/ʩʤ3 ʜʣʷ W; 8,57 ʛ/ʩʤ3 ʜʣʷ Nb ʧʨʦʪʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʫ SiCf ʦʪ 2,45 ʜʦ 3,05 ʛ/ʩʤ3) [17, 74, 144], ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʠʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʜʝʪʘʣʝʡ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʜʝ 

ʤʠʥʠʤʠʟʘʮʠʷ ʚʝʩʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ, ʪʘʢʠʭ ʢʘʢ ʥʘʟʝʤʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʦʙʦʣʦʯʢʠ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʪ.ʧ. 

ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʠʧ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ (ʠʥʪʝʨʬʘʟʳ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʥʠʞʝʥʥʘʷ ʘʜʛʝʟʠʷ ʤʝʞʜʫ ʥʠʤʠ. 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʩʣʘʙʳʡè ʪʠʧ ʩʚʷʟʠ ʚʦʣʦʢʥʦ-

ʤʘʪʨʠʮʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʪʨʝʱʠʥʘ ʧʨʦʭʦʜʠʪ ʥʝ ʯʝʨʝʟ ʚʦʣʦʢʥʦ, 

ʘ ʧʦ ʠʥʪʝʨʬʘʟʝ, ʥʝ ʨʘʟʨʫʰʘʷ ʝʛʦ. ɺʦʣʦʢʥʦ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ çʤʦʩʪʠʪè ʪʨʝʱʠʥʫ, 

ʚʦʩʧʨʠʥʠʤʘʷ ʨʘʩʪʷʛʠʚʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʛʣʦʱʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ 1.23) [7]. 

 

ʈʠʩʫʥʦʢ 1.23 ï (a) ɺʦʣʦʢʥʦ (ʯʝʨʥʦʝ), ʧʦʢʨʳʪʦʝ ʠʥʪʝʨʬʘʟʦʡ (ʪʝʤʥʦ-ʩʝʨʦʡ), 

ʦʢʨʫʞʝʥʥʦʡ ʤʘʪʨʠʮʝʡ (ʩʝʨʦʡ). ɹʝʣʳʝ ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ ʤʝʩʪʦ ʩʣʘʙʦʛʦ 

ʦʪʩʣʦʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ. (ʙ) ʊʨʝʱʠʥʘ (ʙʝʣʘʷ), ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʤʘʪʨʠʮʫ (ʩʝʨʫʶ) 

ʚ ʤʘʪʝʨʠʘʣ ʠʥʪʝʨʬʝʡʩʘ (ʪʝʤʥʦ-ʩʝʨʳʡ) ʠ ʦʛʠʙʘʶʱʘʷ ʚʦʣʦʢʥʦ (ʯʝʨʥʦʝ) [7]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʧʦʢʨʳʪʠʡ/ʠʥʪʝʨʬʘʟʳ 

ʜʣʷ C ʠ SiC ʚʦʣʦʢʦʥ ï PyC ʠ BN, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ [7, 9, 139, 145 - 149]. 

ɼʣʷ ʦʢʩʠʜʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʚʦʧʨʦʩ ʥʘʣʠʯʠʷ ʠʥʪʝʨʬʘʟʳ ʥʝ ʪʘʢ 

ʢʨʠʪʠʯʝʥ ʠʟ-ʟʘ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʤʘʪʨʠʮʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ 

ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ Cf ʠʣʠ SiCf, 

ʚʢʣʶʯʘʶʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʘ ï CVI, PIP, RMI. 

ʄʝʪʦʜ CVI ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʠʟ ʢʦʤʧʦʟʠʪʦʚ Cf-SiC ʠ SiCf-SiC ʩ 

ʛʝʦʤʝʪʨʠʝʡ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʇʦʨʠʩʪʘʷ ʧʨʝʬʦʨʤʘ ʠʟ ʥʝʧʨʝʨʳʚʥʳʭ ʚʦʣʦʢʦʥ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʘ ʠʥʪʝʨʬʘʟʦʡ, ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʝʯʠ, 

ʢʫʜʘ ʧʦʜʘʝʪʩʷ ʩʤʝʩʴ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘ ʙ 



46 

ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 800 ʜʦ 1200 ÁC ʠ ʜʘʚʣʝʥʠʷ ʦʪ 50 ʜʦ 100 ʢʇʘ 

ʧʨʝʢʫʨʩʦʨʳ ʨʝʘʛʠʨʫʶʪ ʩ ʧʨʝʬʦʨʤʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʚʦʣʦʢʥʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ SiC ʤʘʪʨʠʮʘ [7, 8, 17]. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʠʣʪʨʠʭʣʦʨʩʠʣʘʥ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʜʦʨʦʜ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʛʘʟʦʬʘʟʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʛʣʫʙʠʥʘ ʠʥʬʠʣʴʪʨʘʮʠʠ ʪ.ʢ. ʛʘʟ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʧʦʨʳ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʠ ʵʪʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʚʦʣʦʢʥʘ 

[17]. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ SiCf-SiC ʢʦʤʧʦʟʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʤʝʪʦʜʫ CVI 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.24. 

 

ʈʠʩʫʥʦʢ 1.24 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ SiCf-SiC ʩ 

ʧʦʢʨʳʪʠʝʤ PyC ʥʘ ʚʦʣʦʢʥʘʭ [150]. 

ʇʦʨʠʩʪʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣʦʚ Cf-SiC ʠ SiCf-SiC 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5 % ʠ ʤʝʥʝʝ [7, 8, 17], ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 383 ʜʦ 600 ʄʇʘ, ʟʥʘʯʝʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʪ 11,2 ʜʦ 

16 ʄʇʘ Ŀ ʤ1/2 [8, 17]. ʆʙʳʯʥʦ ʜʣʷ ʛʘʟʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʠ ʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʪʦʣʱʠʥʦʡ 5 ʤʤ ʜʦ ʦʩʪʘʪʦʯʥʦʡ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ 12 % ʪʨʝʙʫʝʪʩʷ ʦʪ 40 ʜʦ 60 

ʯʘʩʦʚ [13], ʥʦ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ [7]. ʊʘʢʞʝ, ʧʦʤʠʤʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʢ ʩʳʨʴʷ 

(ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ), ʪʘʢ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩ 

ʧʨʦʧʠʪʢʠ. 
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ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʂʄʂ ʤʝʪʦʜʦʤ PIP ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʘ ʧʨʦʧʠʪʢʠ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʚʦʣʦʢʥʠʩʪʦʡ ʧʨʝʬʦʨʤʳ 

ʧʦʣʠʤʝʨʥʳʤ ʩʚʷʟʫʶʱʠʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʠʨʦʣʠʟʦʤ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ. 

ʀʩʭʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʩʣʫʞʘʱʠʤ ʧʨʝʢʫʨʩʦʨʦʤ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʦʙʳʯʥʦ 

ʩʣʫʞʘʪ ʧʦʣʠʢʘʨʙʦʩʠʣʘʥ, ʧʦʣʠʩʠʣʘʟʘʥʳ ʠ ʜʨ. [8 - 10, 12, 17, 138]. ɺʦ ʚʨʝʤʷ 

ʧʠʨʦʣʠʟʘ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʧʦʣʠʤʝʨ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʦʨʬʥʦʡ ʠʣʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

PIP ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.25. 

  

ʈʠʩʫʥʦʢ 1.25 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚʦʣʦʢʥʠʩʪʦ-ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ SiCf-SiC 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ PIP [151]. 

ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʘʤʦʨʬʥʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ ʬʘʟʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʜʦ 1600 Áʉ) 

ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʬʦʨʤʠʨʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ SiC [7]. ɼʦʣʷ 

ʚʳʭʦʜʘ ʢʝʨʘʤʠʢʠ ʧʨʠ ʵʪʦʤ ʟʘ ʦʜʠʥ ʮʠʢʣ ʤʘʣʘ ʠ, ʦʙʳʯʥʦ, ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 4 

ʧʦʚʪʦʨʥʳʭ ʮʠʢʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʫʨʦʚʥʷ ʧʦʨʠʩʪʦʩʪʠ [17]. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ PIP, ʦʙʣʘʜʘʶʪ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ ʜʦ 29,7 ʄʇʘ Ŀ ʤ1/2 ʠ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ ʜʦ 

637,5 ʄʇʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʠʟʦʪʨʦʧʥʦʡ ʢʝʨʘʤʠʢʠ [144, 149]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʤʝʥʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʯʝʤ CVI, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʮʠʢʣʘ 

ʧʨʦʧʠʪʢʘ-ʧʠʨʦʣʠʟ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʜʝʣʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ [7, 17]. ʊʘʢʞʝ ʩʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ PIP ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʣʦʪʥʫʶ ʢʝʨʘʤʠʢʫ ʩ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (ʝʸ 
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ʟʥʘʯʝʥʠʝ ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ 10 ʦʙ. % [17]) ʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʫʩʘʜʢʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʟʜʝʣʠʡ [13]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʧʠʨʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ 

ʚʝʱʝʩʪʚ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ [17]. 

ʄʝʪʦʜ RMI, ʚ ʯʘʩʪʥʦʩʪʠ LSI ʧʨʠʤʝʥʠʤ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʦʪʨʦʧʥʦʡ ʢʝʨʘʤʠʢʝ, 

ʥʦ ʠ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʥʘ ʚʦʣʦʢʥʘʭ ʠʥʪʝʨʬʘʟʳ, ʠʛʨʘʶʱʝʡ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʱʠʪʥʫʶ 

ʨʦʣʴ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʤ ʟʘʛʦʪʦʚʢʘʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ Cf-SiC ʠ SiCf-SiC [7, 8, 17, 152, 153]. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʪʝʨʬʘʟʳ 

ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ (ʤʝʥʝʝ 50 ʄʇʘ ʥʘ 

ʠʟʛʠʙ ʫ ʂʄʂ Cf-ZrB2-SiC) [154]. ʇʦʨʠʩʪʘʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʘʷ ʟʘʛʦʪʦʚʢʘ 

ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʨʘʩʧʣʘʚʦʤ ʯʠʩʪʦʛʦ ʠʣʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʷ, ʬʦʨʤʠʨʫʷ 

ʤʘʪʨʠʮʫ ʥʘ ʦʩʥʦʚʝ SiC. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʥʠʩʪʳʭ ʂʄʂ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʚʨʝʤʷ- ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ ï ʧʦʣʥʳʡ ʮʠʢʣ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ ʩʫʪʦʢ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʝʚ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ï ʧʨʦʧʠʪʢʘ ʟʘʥʠʤʘʝʪ ʧʨʠ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʘʭ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʛʘʟʦʬʘʟʥʳʭ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʘʨʤʠʨʫʶʱʠʝ ʚʦʣʦʢʥʘ, ʘ ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝʥʳ [7, 17]. ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ 

ʯʘʱʝ ʚʩʝʛʦ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʢʦʤʙʠʥʘʮʠʶ LSI ʩ CVI ʠ/ʠʣʠ PIP ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʮʠʷʭ [7, 150, 155]. ʇʨʦʚʝʜʝʥʠʝ LSI ʧʦʩʣʝ PIP ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʤʝʥʝʝ 2 ʦʙ. % ʠ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ 125,1 ʄʇʘ ʧʨʠ 1400 Áʉ ʚ ʤʘʪʝʨʠʘʣʝ SiCf-SiC. ʆʜʥʘʢʦ, ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ, ʯʝʤ ʧʨʠ CVI ʠ PIP ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʦʪ 101,5 ʜʦ 

447 ʄʇʘ ʠ ʦʢʦʣʦ 15 ʄʇʘ Ŀ ʤ1/2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʞʝ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ [9, 10, 152]. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʘʣʴʪʝʨʥʘʪʠʚʦʡ SiC ʚʦʣʦʢʥʘʤ ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ 



49 

ʚʳʩʪʫʧʠʪʴ ʧʨʦʚʦʣʦʢʘ ʠʣʠ ʥʠʪʠ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ [156] 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ Al2O3  ʠ Al2O3 + ZrO2 ʙʳʣʠ ʘʨʤʠʨʦʚʘʥʳ Mo ʧʨʦʚʦʣʦʢʦʡ 

ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣ 80 ʤʢʤ. ʊʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦʩʪʠʛʘʣʘ ʦʪ 23,7 ʜʦ 28,4 ʄʇʘ Ŀ ʤ1/2
. ʄʘʪʝʨʠʘʣ ʧʦʣʫʯʘʣʠ ʧʨʦʧʠʪʢʦʡ ʨʘʩʧʣʘʚʦʤ 

ʦʢʩʠʜʦʚ ʩʚʷʟʘʥʥʳʭ ʧʫʯʢʦʚ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 2000 Áʉ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʦʜʥʘʢʦ ʩʘʤ ʤʘʪʝʨʠʘʣ ʧʦʜʪʚʝʨʜʠʣ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʭʨʫʧʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʧʣʘʩʪʠʯʥʳʤʠ 

ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ 

ʧʦʣʫʯʝʥʠʶ ʂʄʂ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʦʚʦʣʦʢʦʡ ʤʦʣʠʙʜʝʥʘ (ʜʠʘʤʝʪʨ 200 ʤʢʤ) ʠ 

ʚʦʣʴʬʨʘʤʘ (ʜʠʘʤʝʪʨ 150 ʤʢʤ), ʧʨʠ ʵʪʦʤ ʢʝʨʘʤʠʯʝʩʢʫ  ʁʤʘʪʨʠʮʫ ʤʘʪʝʨʠʘʣʘ SiCN 

ʬʦʨʤʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʫ PIP, ʝʸ ʠʪʦʛʦʚʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 10 ʦʙ. % 

[11]. ʇʨʠ ʦʙʲʝʤʝ ʘʨʤʠʨʦʚʘʥʠʷ 24 ʦʙ. % ʜʣʷ Mo ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʠʟʛʠʙ ʩʦʩʪʘʚʠʣʠ 156 ʄʇʘ ʠ 213 ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ 

W ʚ ʤʘʪʝʨʠʘʣʝ ʩʦʩʪʘʚʠʣʦ 30 ʦʙ. %, ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 206 ʄʇʘ, ʧʨʦʯʥʦʩʪʴ 

ʥʘ ʠʟʛʠʙ 427 ʄʇʘ. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ Mo-

SiCN ʠ W-SiCN ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.26. 

  

ʈʠʩʫʥʦʢ 1.26 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 

Mo-SiCN (ʘ), W-SiCN (ʙ) [11]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʣʦʯʠʩʣʝʥʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʘʤʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, 

ʦʜʥʘʢʦ, ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʂʄʂ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʀʭ ʦʪʣʠʯʘʶʪ ʚʳʩʦʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, 

ʘ ʙ 
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ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʠ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʜʠʘʤʝʪʨʘ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʦʚʦʣʦʢ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʜʣʷ ʜʣʠʪʝʣʴʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ SiC ʚʦʣʦʢʥʘ. 

ʂʦʤʧʦʟʠʪʳ SiCf-SiC ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʠʘ- ʠ ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ 

ʚʳʩʦʢʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʦʧʘʪʦʢ ɻʊɼ 

[157]. ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʥʝ ʪʦʣʴʢʦ 

ʚʚʠʜʫ ʜʦʨʦʛʦʚʠʟʥʳ ʩʳʨʴʷ, ʥʦ ʠ ʩʣʦʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʩʘʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

CVI ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʟʜʝʣʠʡ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʥʝ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʦʡ ʨʦʣʠ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʫʜʦ- 

ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. ʊʘʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ ʜʘʶʪ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ [17]. ɹʦʣʝʝ 

ʪʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʘʪʦʤʥʳʭ ʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ [158, 159]. 

1.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʂʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiC ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ ð 

ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ), ʪʚʸʨʜʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ 
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ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʝʸ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʚʳʩʦʢʘʷ ʭʨʫʧʢʦʩʪʴ ʠ ʪʨʫʜʦʸʤʢʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ SiC ʢʝʨʘʤʠʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʸ ʧʨʠʤʝʥʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

2. ʈʝʘʢʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʳʡ SiC ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʦʨʦʛʦʛʦ ʩʳʨʴʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʙʣʘʛʦʜʘʨʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ SiC ʢʝʨʘʤʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʮʠʦʥʘʣʴʥʦ 

ʩʦʚʤʝʱʘʪʴ ʝʸ ʩ ʜʨʫʛʠʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʢʦʤʧʦʟʠʮʠʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʢʨʝʤʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ LSI ʧʨʦʮʝʩʩʦʚ, ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʬʘʟʦʡ. 

4. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ SiC ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ 

ʤʝʪʘʣʣʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʣʠʙʜʝʥʦʤ) ʠ ʠʭ ʩʠʣʠʮʠʜʘʤʠ. ʉʠʣʠʮʠʜʳ ʤʦʣʠʙʜʝʥʘ 

(MoSi , Mo Si ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʵʬʬʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ SiC ʤʘʪʨʠʮʝ. 

5. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʘʨʤʠʨʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʣʫʯʰʝ ʚʩʝʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʝʙʷ 

ʧʦʢʘʟʳʚʘʶʪ SiC ʚʦʣʦʢʥʘ. ʆʜʥʘʢʦ, ʠʭ ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʘ, ʩʪʦʠʤʦʩʪʴ ʢʘʢ ʩʘʤʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (CVI, 
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PIP) ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʄʂ ʠʟ ʥʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ LSI ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ.  

6. ʄʘʣʦʠʟʫʯʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʂʄʂ ʩ 

ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʩʦʚʤʝʱʝʥʠʝ ʢʦʪʦʨʳʭ ʩ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ LSI 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʂʄʂ ʩ ʤʘʪʨʠʮʝʡ SiC ʠ ʤʝʞʬʘʟʥʳʤ ʩʣʦʝʤ ʩʠʣʠʮʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʴ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩ ʤʘʪʨʠʮʝʡ, ʥʦ ʠ ʠʭ ʟʘʱʠʪʫ ʦʪ ʦʢʠʩʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɺʳʙʨʘʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʧʦʣʫʯʝʥʠʝ ʠʟʦʪʨʦʧʥʳʭ, ʩʣʦʠʩʪʳʭ ʠ ʥʝʧʨʝʨʳʚʥʦ 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʘʨʤʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʤʦʣʠʙʜʝʥʘ ʠ ʝʛʦ ʩʠʣʠʮʠʜʦʚ ð ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʩʠʩʪʝʤ.  
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ɻʣʘʚʘ 2. ʇʦʣʫʯʝʥʠʝ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

2.1 ʆʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ 

ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʀʌʊʊ ʈɸʅ [62, 63]. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʪʨʠ ʬʘʟʳ ï SiC, 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʫʛʣʝʨʦʜ ʠ ʦʩʪʘʪʦʯʥʳʡ ʢʨʝʤʥʠʡ (ʜʘʣʝʝ ï SiC ʢʝʨʘʤʠʢʘ). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ SiC ʢʝʨʘʤʠʢʫ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ (ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʦʧʠʪʢʫ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʡ ʟʘʛʦʪʦʚʢʠ 

ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʢʨʝʤʥʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SiC) ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʠʟʜʝʣʠʷ ʥʘ ʵʪʘʧʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʰʣʠʬʦʚʘʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʨʠʩʪʳʡ ʛʨʘʬʠʪ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʭʦʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 

ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʩ ʧʦʣʠʤʝʨʥʳʤ 

ʢʦʢʩʫʶʱʠʤʩʷ ʩʚʷʟʫʶʱʠʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ 

ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʦʜʙʦʨʘ ʬʨʘʢʮʠʡ 

ʧʦʨʦʰʢʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʫʶʱʝʛʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʨʠʩʪʦʛʦ ʛʨʘʬʠʪʘ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʪʴ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ (ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʘʟ SiC-C-Si) ʠ ʩʪʨʫʢʪʫʨʫ ʢʝʨʘʤʠʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ 
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ʪʨʝʙʦʚʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ [160]. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʦʪ 2,32 ʛ/ʩʤį ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ (ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 1,46 ʛ/ʩʤį) ʜʦ 

3,1 ʛ/ʩʤį ʜʣʷ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʠʩʭʦʜʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,9 ʛ/ʩʤį (ʨʠʩʫʥʦʢ 2.1) 

[63]. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ 

ʩʦʩʪʘʚʦʤ SiC/C/Si: (ʘ) ï 92/0/8 ʦʙ. % (ʧʣʦʪʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ 

0,9 ʛ/ʩʤ3), (ʙ) 70/25/5, (ʚ) 40/50/10, (ʛ) 25/70/5 (ʧʣʦʪʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʡ 

ʟʘʛʦʪʦʚʢʠ 1,46 ʛ/ʩʤ3) [62]. 

ʅʘ ʵʪʘʧʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʩʚʷʟʫʶʱʠʤ ʚ ʰʠʭʪʫ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʣʠʙʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ 

ʧʦʨʦʰʦʢ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʬʘʟʳ, ʣʠʙʦ 

ʝʱʝ ʠ ʧʝʨʚʠʯʥʳʡ SiC ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ RBSC. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʛʣʘʚʝ 1, ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ SiC, ʷʚʣʷʶʪʩʷ ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʠʣʠʮʠʜʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ, 
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ʚ ʩʣʫʯʘʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʩ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʩʠʣʠʮʠʜʦʚ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (SiC-MeSi2) ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʦʨʦʜʥʦʝ ʩʳʨʴʝ ʚ ʚʠʜʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʙʨʘʣʠ 

ʧʦʨʦʰʢʠ ʤʦʣʠʙʜʝʥʘ ʯʠʩʪʦʪʦʡ 99,6 %, ʬʨʘʢʮʠʠ 50 ʤʢʤ ʠ ʚʦʣʴʬʨʘʤʘ ʤʘʨʢʠ ʇɺ-1 

ʯʠʩʪʦʪʦʡ 99,9 %, ʬʨʘʢʮʠʠ 20 ʤʢʤ. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ: 

(ʘ) ï ʱʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ, (ʙ) ï ʚʘʣʢʦʚʘʷ ʜʨʦʙʠʣʢʘ, (ʚ)  ʚʠʙʨʦʩʠʪʦ, 

(ʛ)  Y-ʦʙʨʘʟʥʳʡ ʩʤʝʩʠʪʝʣʴ, (ʜ)  ʧʨʝʩʩ, (ʝ)  ʧʝʯʴ. 

ʋʛʣʝʨʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʰʠʭʪʳ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʩʘʞʫ ʤʘʨʢʠ ʇ 805ʕ 

ʠ ʧʦʨʦʰʢʠ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʕɻ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ ʠ ʧʦʤʦʣʘ 

ʢʨʫʧʥʳʭ ʢʫʩʢʦʚ ʛʨʘʬʠʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʚʠʙʨʦʩʠʪʝ ʧʦ ʬʨʘʢʮʠʷʤ 

ʤʝʥʝʝ 50 ʤʢʤ ʠ ʦʪ 50 ʜʦ 100 ʤʢʤ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʚ Y-ʦʙʨʘʟʥʦʤ 
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ʩʤʝʩʠʪʝʣʝ. ɼʘʣʝʝ ʠʭ ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʩʩʦʚʘʥʠʶ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʝʩʩ-ʬʦʨʤʘʭ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 10 ʜʦ 15 ʄʇʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʜʦ 200 Áʉ 

ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ (ʪʝʨʤʦʬʠʢʩʘʮʠʠ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʦʩʪʥʦʡ 

ʟʘʛʦʪʦʚʢʠ. ɿʘʪʝʤ ʩʣʝʜʦʚʘʣ ʵʪʘʧ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ - ʟʘʛʦʪʦʚʢʠ 

ʧʦʜʚʝʨʛʘʣʠ ʧʠʨʦʣʠʟʫ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ, ʥʘʛʨʝʚʘʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 950 Áʉ. ʇʨʠ 

ʵʪʦʤ ʧʦʣʠʤʝʨʥʦʝ ʩʚʷʟʫʶʱʝʝ ʯʘʩʪʠʯʥʦ ʚʳʛʦʨʘʣʦ, ʘ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʠʣʦ ʚ 

ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʟʘʛʦʪʦʚʢʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʪʢʨʳʪʘʷ 

ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩʫʥʦʢ 2.3) [161]. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʠʩʪʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʧʠʨʦʣʠʟʘ. 

ʇʦʩʣʝ ʧʠʨʦʣʠʟʘ ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʤ ʟʘʛʦʪʦʚʢʘʤ ʧʨʠʜʘʚʘʣʠ 

ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʬʦʨʤʝ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ 

ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʚʠʯʥʦʛʦ SiC ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ, ʟʘʛʦʪʦʚʢʘ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ ʩ 

ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ), ʠʩʧʦʣʴʟʫʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʬʨʝʟʳ. ɿʘʛʦʪʦʚʢʠ ʩ ʧʝʨʚʠʯʥʳʤ SiC ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʘʣʤʘʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʠʜʘʥʠʷ ʥʫʞʥʦʡ ʬʦʨʤʳ, ʧʨʠ ʵʪʦʤ ʦʧʝʨʘʮʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʧʦʩʢʦʣʴʢʫ ʟʝʨʥʘ SiC ʧʦʢʘ ʨʝʘʢʮʠʦʥʥʦ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʠ ʞʠʜʢʦʬʘʟʥʦʝ ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1450 ʜʦ 1550 Áʉ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʧʠʪʢʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʢʘʨʢʘʩ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ɺʚʝʜʝʥʥʳʝ ʧʦʨʦʰʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʢʨʝʤʥʠʝʤ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʷʪ ʚ ʜʠʩʠʣʠʮʠʜʳ (MoSi2 ʠ WSi2). 

ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʦʙʦʜʥʳʝ ʫʛʣʝʨʦʜ ʠ 

ʢʨʝʤʥʠʡ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʧʝʨʚʠʯʥʦʛʦ SiC, ʝʛʦ ʟʝʨʥʘ 

ʩʚʷʟʳʚʘʶʪʩʷ ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʩʠʣʠʮʠʜʦʤ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ʠ ʚʪʦʨʠʯʥʳʤ 

SiC. ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʬʠʥʠʰʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʦʢ, 

ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʮʳ, ʜʣʷ ʩʥʷʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʰʣʠʬʦʚʘʣʠ ʠ 

ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚ 

ʢʘʨʙʠʜʘ ʙʦʨʘ. ʇʨʠ ʵʪʦʤ ʫʜʘʣʷʣʠ ʥʘʧʣʳʚʳ ʢʨʝʤʥʠʷ ʠ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʩʣʦʡ ʢʝʨʘʤʠʢʠ ʪʦʣʱʠʥʦʡ ʥʝ ʙʦʣʝʝ 0,5 ʤʤ. ʕʪʘʧʳ ʧʦʣʫʯʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ SiC-MeSi2 ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ SiC-MeSi2. 

2.2 ʄʝʪʦʜ ʨʘʩʯʪyʘ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʠʩʪʳʭ ʟʘʛʦʪʦʚʦʢ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ SiC-MeSi2 

ʟʘ ʦʩʥʦʚʫ ʙʨʘʣʠ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ 

SiC/C/Si ʢʝʨʘʤʠʢʠ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʚʷʟʫʶʱʝʛʦ ʢ ʧʦʨʦʰʢʘʤ 

ʛʨʘʬʠʪʘ (ʜʘʣʝʝ - ʙʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ): 
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¶ 80 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʛʨʘʬʠʪʘ; 

¶ 20 ʤʘʩʩ. % ʩʚʷʟʫʶʱʝʛʦ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʪʠʧʘ SiC-MeSi2 ʯʘʩʪʴ ʧʦʨʦʰʢʘ 

ʛʨʘʬʠʪʘ ʟʘʤʝʱʘʣʠ ʤʝʪʘʣʣʦʤ ʠ/ʠʣʠ ʧʝʨʚʠʯʥʳʤ SiC, ʥʦ ʤʘʩʩʦʚʫ  ʁ ʜʦʣʁ 

ʩʚʷʟʫʶʱʝʛʦ ʩʦʭʨʘʥʷʣʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ.  

ʄʘʩʩʫ ʜʦʙʘʚʣʷʝʤʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʘ ʠʣʠ SiC) 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ά̎ ́̐ ά Ͻ̎́̐,                                                (2.1) 

ʛʜʝ ά  ï ʤʘʩʩʘ ʫʛʣʝʨʦʜʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʝʤ; 

”̎ ́ ̐ ï ʧʣʦʪʥʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʷ (ʜʣʷ ʤʦʣʠʙʜʝʥʘ: ” ρπȟςς 
̄

̒̍
, ʜʣʷ 

ʚʦʣʴʬʨʘʤʘ: ” ρωȟςυ 
̄

̒̍
, ʜʣʷ SiC: ” σȟςρ 

̄

̒̍
); 

” ï ʧʣʦʪʥʦʩʪʴ ʫʛʣʝʨʦʜʘ (” ςȟρτ 
̄

̒̍
). 

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʣʝʥʠʷ ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʘ ʚ ʠʩʭʦʜʥʫʶ 

ʰʠʭʪʫ ʠʟʛʦʪʦʚʠʣʠ ʧʠʣʦʪʥʳʝ ʦʙʨʘʟʮʳ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ SiC-MeSi2 ʠ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʠʪʘ ʬʨʘʢʮʠʠ ʦʪ 100 ʜʦ 200 ʤʢʤ, ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ. ɼʦʣʶ Mo ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 1 ʜʦ 5 ʤʘʩʩ. % ʩ ʰʘʛʦʤ 1 ʤʘʩʩ. %. 

ɼʦʣʶ ʚʦʣʴʬʨʘʤʘ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0,5 ʤʘʩʩ. % ʜʦ 2,5 ʤʘʩʩ. % 

(ʩ ʰʘʛʦʤ 0,5 ʤʘʩʩ. %). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ɻ ʢʩʧʝʨʠʤʝʥʪ rʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.5). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 5 ʤʘʩʩ. % Mo ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʠʟʛʠʙ ʫʚʝʣʠʯʠʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 100 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʦʡ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʪʘ ʬʨʘʢʮʠʠ ʦʪ 100 ʜʦ 200 ʤʢʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʜʦʙʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ W ʦʢʘʟʘʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ W 2,5 ʤʘʩʩ. % ʧʘʜʝʥʠʝ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʦ 18 % (ʨʠʩʫʥʦʢ 2.6). 
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ʈʠʩʫʥʦʢ 2.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ SiC-MoSi2 ʢʝʨʘʤʠʢʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ Mo ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ SiC-WSi2 ʢʝʨʘʤʠʢʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ W ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʧʦʨʦʰʦʢ Mo 

ʚʚʠʜʫ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʨʦʰʢʘ W. 

ɿʘʜʘʯʝʡ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʷʚʣʷʣʦʩʴ ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʜʦʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʰʠʭʪʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʝʮ 

ʢʝʨʘʤʠʢʠ ʩʦʭʨʘʥʠʪ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʜʝʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ 

ʦʙʲʝʤʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ MoSi2. ʂʦʣʠʯʝʩʪʚʦ ʧʦʨʦʰʢʘ Mo ʥʘ ʵʪʘʧʝ 

ʟʘʤʝʰʠʚʘʥʠʷ ʰʠʭʪʳ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 5 ʤʘʩʩ. % ʜʦ 11 ʤʘʩʩ. % ʩ ʰʘʛʦʤ ʚ  

0,5 ʤʘʩʩ. %. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʙʦʣʝʝ 10 ʤʘʩʩ. % Mo ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʟʘʛʦʪʦʚʢʠ, ʨʠʩʫʥʦʢ 2.7. 
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ʈʠʩʫʥʦʢ 2.7 ï ʇʨʠʤʝʨ ʜʝʬʝʢʪʥʦʡ ʧʨʦʩʠʣʠʮʠʨʦʚʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 10,5 ʤʘʩʩ. % Mo (ʨʘʟʤʝʨʳ: D = 60 ʤʤ, h = 10 ʤʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʠʣʠʮʠʨʦʚʘʥʠʶ 

ʟʘʛʦʪʦʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʧʦʨʦʰʢʦʚ ʛʨʘʬʠʪʘ ʠ ʤʝʪʘʣʣʘ. ʂʨʠʪʝʨʠʝʤ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ 

ʷʚʣʷʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʫ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʙʨʘʟʮʳ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ ʜʚʫʭ ʪʠʧʦʚ ʩ ʨʘʟʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ: ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 50 ʤʢʤ ʠ ʦʪ 50 ʜʦ 

100 ʤʢʤ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʠʟʛʦʪʦʚʠʣʠ ʜʚʘ ʪʠʧʘ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʦʙʲʝʤʝ SiC, MoSi2, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʝ ʫʛʣʝʨʦʜ ʠ 

ʢʨʝʤʥʠʡ (ʜʘʣʝʝ ï ʢʦʤʧʦʟʠʪ SiC-MoSi2) ʩ 10 ʤʘʩʩ. % Mo ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

ʀʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʰʠʭʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2: 

 70 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʫʛʣʝʨʦʜʘ (ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ 

50 ʤʢʤ ʠʣʠ 50-100 ʤʢʤ ʜʣʷ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ); 

 20 ʤʘʩʩ. % ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ; 

 10 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ. 

ʊʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ ʚʳʙʨʘʣʠ ʩʦʩʪʘʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ SiC 

ʠ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ï ʩʘʞʠ ʇ 805ʕ, 

ʢʦʪʦʨʳʡ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ SiC, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʷʟʴ ʟʝʨʝʥ 
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ʧʝʨʚʠʯʥʦʛʦ SiC ʤʝʞʜʫ ʩʦʙʦʡ. ɺʳʙʦʨ ʠ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʦʩʥʦʚʘʥʳ 

ʟʘʜʘʯʝʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ ʩ ʧʨʦʯʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 

ʨʝʘʢʮʠʦʥʥʦ ʩʚʷʟʘʥʥʦʤʫ SiC, ʥʦ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʢʨʝʤʥʠʷ: 

 63 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʧʝʨʚʠʯʥʦʛʦ SiC (ʬʨʘʢʮʠʷ 63 ʤʢʤ); 

 7 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʫʛʣʝʨʦʜʘ (ʩʘʞʘ ʇ 805ʕ); 

 20 ʤʘʩʩ. % ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ; 

 10 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ. 

2.3 ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ ʠ ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

SiC-MoSi2 ʚʳʙʨʘʥʥʳʝ ʩʦʩʪʘʚʳ ʰʠʭʪʳ ʟʘʤʝʰʠʚʘʣʠ ʠ ʟʘʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʛʣʫʭʫʶ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ. ʇʦʩʣʝ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 8 ï 12 ʤʤ ʧʦʜʚʝʨʛʘʣʠ ʧʠʨʦʣʠʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʠʟʛʦʪʦʚʠʣʠ ʫʛʣʝʨʦʜʥʳʝ ʠ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʝ ʧʦʨʠʩʪʳʝ ʟʘʛʦʪʦʚʢʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʘʩʪʴ ʟʘʛʦʪʦʚʦʢ ʥʘʧʨʘʚʠʣʠ ʥʘ 

ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʘ ʜʨʫʛʫʶ ʯʘʩʪʴ 

ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʦʙʨʘʟʮʘʤ ʥʝʦʙʭʦʜʠʤʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʊʘʢ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠ 

ʞʠʜʢʦʬʘʟʥʦʝ ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʮʝʣʦʩʪʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʪʨʸʭ ʰʪʫʢ. ʇʨʠʤʝʨ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 2.8. 

 

ʈʠʩʫʥʦʢ 2.8 ï ʇʦʨʠʩʪʘʷ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ (D = 60 ʤʤ, h = 10 ʤʤ). 
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ʇʦʩʣʝ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ 

SiC-MoSi2 ʨʘʟʨʝʟʘʣʠ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʝʛʤʝʥʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʝʭ 

ʩʝʛʤʝʥʪʘʭ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʙʦʢʦʚʳʭ ʯʘʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʮʝʥʢʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʧʦ ʦʙʲʝʤʫ (ʨʠʩʫʥʦʢ 2.9). 

 
ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʨʘʩʢʨʦʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. 

ɺʳʨʝʟʘʥʥʳʝ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʛʦ ʢʨʫʛʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʟʘʪʝʤ ʰʣʠʬʦʚʘʣʠ ʥʘ ʧʦʨʦʰʢʘʭ ʢʘʨʙʠʜʘ ʙʦʨʘ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ F120, F230, F400, F600) ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ 

ʬʠʥʠʰʥʦʡ ʧʦʣʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʣʠ ʘʣʤʘʟʥʳʝ ʧʦʨʦʰʢʠ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ACM 10/7, 5/3, 2/1). ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʧʨʦʤʳʚʘʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʘʮʝʪʦʥ ʭʯ, ʩʧʠʨʪ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʭʯ, ʚʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ. ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.10. 

 

ʈʠʩʫʥʦʢ 2.10 ï ʆʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 10x10x3 ʤʤ ʩ ʧʦʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠʟʛʦʪʦʚʠʣʠ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʘʤʠ 3ʭ4ʭ45 ʤʤ ʠ 5ʭ5ʭ5 ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʚʳʙʨʘʣʠ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ  

ASTM C1161-13 ʠ ASTM ʉ1424-25. ʊʘʢ ʢʘʢ ʫʩʘʜʢʘ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʤʠʥʠʤʘʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 %, ʪʨʝʙʫʝʤʫ  ʁʛʝʦʤʝʪʨʠ ʁ

ʦʙʝʩʧʝʯʠʣʠ ʜʦ ʵʪʘʧʘ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ ʩ ʏʇʋ (ʨʠʩʫʥʦʢ 2.11) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʢ ʦʙʳʯʥʳʭ 

ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʬʨʝʟ, ʪʘʢ ʠ ʬʨʝʟ ʩ ʘʣʤʘʟʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʄʝʭʘʥʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʟʘʛʦʪʦʚʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʚʠʯʥʳʡ SiC, ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ 

ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ. 

  

ʈʠʩʫʥʦʢ 2.11 ï ʆʙʨʘʙʦʪʘʥʥʳʝ ʟʘʛʦʪʦʚʢʠ ʥʘ ʩʪʘʥʠʥʝ ʩʪʘʥʢʘ ʏʇʋ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʜʦʚʦʜʠʣʠ ʥʘ 

ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʙʦʨʘ (F120, 

F230, F400, F600) ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʘʧʣʳʚʦʚ ʢʨʝʤʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʜʦʧʫʩʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠ ʁʫʩʘʜʢʠ, ʫʜʘʣʷʝʤʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʙʲʸʤ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣ ʤʝʥʝʝ 0,5 ʤʤ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʪʠʡ 

ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʦʚ: 

I. ʙʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 50 ʤʢʤ; 

II. ʙʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʦʪ 50 ʜʦ 100 ʤʢʤ; 

III.  ʢʦʤʧʦʟʠʪ SiC-MoSi2 ʦʩʥʦʚʝ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 50 ʤʢʤ; 

IV. ʢʦʤʧʦʟʠʪ SiC-MoSi2 ʦʩʥʦʚʝ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʦʪ 50 ʜʦ 100 ʤʢʤ; 

V. ʢʦʤʧʦʟʠʪ SiC-MoSi2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ SiC ʠ ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʠ. 
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ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʚ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʤʝʥʝʝ 3 ʰʪ. ʆʙʱʠʡ 

ʚʠʜ ʧʘʨʪʠʠ ʪʠʧʦʚʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.12. 

  

ʈʠʩʫʥʦʢ 2.12 ï ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ 

ʠʟʛʠʙ (ʘ), ʨʘʟʤʝʨʳ 3ʭ4ʭ45 ʤʤ; ʥʘ ʩʞʘʪʠʝ (ʙ), ʨʘʟʤʝʨʳ 5ʭ5ʭ5 ʤʤ. 

2.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʚʝʜʝʥʠʝ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʢʝʨʘʤʠʢʠ 

ʉʥʠʤʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʝʨʘʤʠʢʠ ʧʦʣʫʯʘʣʠ ʥʘ ʉʕʄ Zeiss 

Supra 50VP (Carl Zeiss, ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA 

Energy+ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʠ ʧʨʠ ʫʩʢʦʨʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷʭ 5-20 ʢɺʪ. 

ʇʨʠʤʝʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʝʨʘʤʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.13 ï 

2.15. 

 

ʘ ʙ 

ʘ 
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ʈʠʩʫʥʦʢ 2.13 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʩʠʣʠʮʠʨʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʘ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 50 ʤʢʤ (ʘ) ʠ 

ʦʪ 50 ʜʦ 100 ʤʢʤ (ʙ). 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʦʚ SiC-MoSi2, ʧʦʣʫʯʝʥʥʳʭ 

ʩʠʣʠʮʠʨʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 

50 ʤʢʤ (ʘ) ʠ ʦʪ 50 ʜʦ100 ʤʢʤ (ʙ). 

ʙ 

ʙ 

ʘ 
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ʈʠʩʫʥʦʢ 2.15 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2, ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʡ ʟʘʛʦʪʦʚʢʠ ʩ ʧʝʨʚʠʯʥʳʤ SiC. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʝʨʘʤʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʥʠʤʘʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʢʦʥʝʯʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʬʨʘʢʮʠʠ ʫʛʣʝʨʦʜʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʚ ʢʦʥʝʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʨʦʛʦʚʫ  ʁ ʩʝʛʤʝʥʪʘʮʠ ʁ ʧʦʣʫʯʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʆʙʲʸʤʥʫʶ ʜʦʣʁ ʬʘʟʳ ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʡ ʬʘʟʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʢ ʧʣʦʱʘʜʠ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʣʠ ʘʥʘʣʠʟ ʥʝ ʤʝʥʝʝ 

ʪʨʸʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʢʘʞʜʦʛʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠʤʝʨ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.16. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ Mo ʚ ʠʩʭʦʜʥʫʶ ʫʛʣʝʨʦʜʥʫʶ 

ʰʠʭʪʫ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʬʘʟʫ MoSi2 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʜʦʣʠ SiC ʠ ʩʥʠʞʝʥʠʠ ʜʦʣʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʫʛʣʝʨʦʜʘ. 
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ʈʠʩʫʥʦʢ 2.16 ï ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʦʟʠʪʘ SiC-MoSi2, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ 50 ʜʦ 100 ʤʢʤ 

(ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥ ʛʨʘʬʠʪ, ʟʝʣʸʥʳʤ ï SiC, ʩʠʥʠʤ ï MoSi2). 

ʂʦʤʧʦʟʠʪ ʩ ʧʝʨʚʠʯʥʳʤ SiC ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʩʘʤʫʶ ʙʦʣʴʰʫʶ 

ʜʦʣʶ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. ʇʦʛʨʝʰʥʦʩʪʴ 

ʫʢʘʟʘʥʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʚʳʙʦʨʢʝ. 

ʊʘʙʣʠʮʘ 2.1 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʬʘʟ ʚ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʝ ʠ 

ʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʝʸ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʘʭ SiC-MoSi2       ɺ ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʘʭ 

ʊʠʧ ʢʝʨʘʤʠʢʠ C Si SiC MoSi2 

ɹʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ  

(ʛʨʘʬʠʪ 50 ʤʢʤ) 
17,8 ± 1,3 10,2 ± 1,5 72,0 ± 2,1 - 

ɹʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ  

 (ʛʨʘʬʠʪ 50-100 ʤʢʤ) 
31,0 ± 0,8 11,7 ± 0,5 57,4 ± 1,1 - 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 

(10% Mo + ʛʨʘʬʠʪ 50 ʤʢʤ) 
10,1 ± 0,5 1,2 ± 0,8 72,5 ± 1,2 16,3 ± 1,5 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 

 (10% Mo + ʛʨʘʬʠʪ 50-100 ʤʢʤ) 
14,8 ± 0,7 1,2 ± 0,2 62,1 ± 0,9 21,8 ± 0,2 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 

 (63% SiC + 10% Mo + ʉʘʞʘ) 
0,4 ± 0,1 7,8 ± 0,3 76,7 ± 0,5 15,1 ± 0,2 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2.1 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʦʚ SiC-MoSi2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ SiC 

ʢʝʨʘʤʠʢʦʡ: 
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¶ ʜʦʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʬʠʪʘ ʥʠʞʝ ʥʘ 7,7 ʦʙ. % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ 

ʤʝʥʝʝ 50 ʤʢʤ) ʠ ʥʘ 16,2 ʦʙ. % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʦʪ 50 ʜʦ 100 ʤʢʤ); 

¶ ʜʦʣʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʥʠʞʝ ʥʘ 9,0 % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 

50 ʤʢʤ) ʠ ʥʘ 10,5 % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʦʪ 50 ʜʦ 100 ʤʢʤ);  

¶ ʜʦʣʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚʳʰʝ ʥʘ 0,5 % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʤʝʥʝʝ 

50 ʤʢʤ) ʠ ʥʘ 4,7 % (ʜʣʷ ʬʨʘʢʮʠʠ ʛʨʘʬʠʪʘ ʦʪ 50 ʜʦ 100 ʤʢʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 10 ʤʘʩʩ. % 

ʤʦʣʠʙʜʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʪʦʛʦʚʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʦʣʷ ʢʨʝʤʥʠʷ, ʥʦ ʠ ʜʦʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʦʪʨʦʧʥʳʡ ʢʦʤʧʦʟʠʪ SiC-MoSi2 ʩ ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ 10 ʤʘʩʩ. % 

Mo ʠ 63 ʤʘʩʩ. % SiC ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʜʦʣʝʡ SiC ʚ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ 

ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʚ ʩʦʩʪʘʚʝ ʦʩʪʘʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠʟ-ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʩʘʞʠ) ʚʦ ʚʪʦʨʠʯʥʳʡ SiC. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʢʝʨʘʤʠʢʠ ʚʳʰʝ (7,8 ʦʙ. %), 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʯʘʩʪʠʯʥʦ ʙʳʣ ʟʘʤʝʱʝʥ ʜʠʩʠʣʠʮʠʜʦʤ ʤʦʣʠʙʜʝʥʘ. 

ɿʘʤʝʱʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘ MoSi2 ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢʝʨʘʤʠʢʠ, ʦʜʥʘʢʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʳʡ 

ʫʛʣʝʨʦʜ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʦʣʠʨʦʚʘʪʴ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʧʫʪʝʤ 

ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ SiC ʧʦʢʨʳʪʠʷ. ʄʝʪʦʜʠʢʘ ʥʘʥʝʩʝʥʠʷ ʛʘʟʦʧʣʦʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʜʣʦʞʢʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʷʤʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʤʦʣʝʢʫʣ ʫʛʣʝʚʦʜʦʨʦʜʘ ʩ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʪʩʷ 

ʧʦʢʨʳʪʠʝ, ʠ/ʠʣʠ ʧʘʨʘʤʠ ʢʨʝʤʥʠʷ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʨʘʩʧʣʘʚ ʢʨʝʤʥʠʷ, 

ʨʘʟʤʝʱʝʥʥʳʡ ʚ ʪʝʧʣʦʚʦʡ ʟʦʥʝ ʧʝʯʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ ʟʦʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʫʛʣʝʚʦʜʦʨʦʜʘ ʠ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʤʝʥʷʪʴ ʪʦʣʱʠʥʫ ʠ ʩʪʨʫʢʪʫʨʫ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ 
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ʧʦʢʨʳʪʠʷ [162]. ʂʨʦʤʝ ʪʦʛʦ, SiC ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ MoSi2, ʫʧʦʤʷʥʫʪʦʛʦ ʚ ʨʘʟʜʝʣʝ 1.2.1. ʅʘ ʨʠʩʫʥʢʝ 2.17 

ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʟʘʱʠʪʥʦʛʦ SiC ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ ~ 40 ʤʢʤ ʥʘ ʢʦʤʧʦʟʠʪʝ ʪʠʧʘ  

SiC-MoSi2. 

 

ʈʠʩʫʥʦʢ 2.17 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʷ SiC ʥʘ ʢʦʤʧʦʟʠʪʝ SiC-MoSi2 [162]. 

ʅʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʩ ʛʨʘʬʠʪʦʚʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʫʛʣʝʨʦʜʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʝʧʣʦʚʦʡ ʟʦʥʳ ʧʝʯʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʪʠʛʝʣʴ ʩ 

ʢʨʝʤʥʠʝʤ, ʥʘʜ ʢʦʪʦʨʳʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʦʩʥʘʩʪʢʝ ʨʘʟʤʝʱʘʣʠ 

ʦʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2. ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʪʝʧʣʦʚʦʡ ʟʦʥʝ ʧʦʜʥʠʤʘʣʠ ʜʦ 

1650 °C, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʘʚʘʣʠ ʤʝʪʘʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 3 ʣ/ʤʠʥ. ɿʘ ʩʯʸʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʦʚ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʦʟʜʘʚʘʣʠʩʴ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ SiC ʧʦʢʨʳʪʠʷ. ʊʘʢʞʝ ʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʳʣ 

ʟʘʜʝʡʩʪʚʦʚʘʥ ʫʛʣʝʨʦʜ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʣʦ ʧʨʦʯʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʚʷʟʴ ʧʦʢʨʳʪʠʷ ʩ ʟʘʱʠʱʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ SiC-MoSi2 

ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʝʛʦ ʥʠʟʰʠʭ 

ʩʠʣʠʮʠʜʦʚ (ʨʠʩʫʥʢʠ 2.18 - 2.19). ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʨʦʥ-3ʄ (ʆʆʆ çɹʫʨʝʚʝʩʪʥʠʢè, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) ʩ CuKŬ 
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ʠʟʣʫʯʝʥʠʝʤ. ɺʠʟʫʘʣʠʟʘʮʠ ʁʠ ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ Match, ʚʝʨʩʠʷ 

1.11k. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʬʘʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʙʘʟ ʜʘʥʥʳʭ PDF-2 (Powder 

Diffraction Files, ʚʝʨʩʠʷ 2.0) ʠ COD (ʚʝʨʩʠʷ 3.1) (ICDD, ʅʴʶʪʘʫʥ, ʇʝʥʩʠʣʴʚʘʥʠʷ, 

ʉʐɸ). 

  

 
ʈʠʩʫʥʦʢ 2.18 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 (10% Mo + 

ʛʨʘʬʠʪ 50 ʤʢʤ). (ʘ)  ʦʙʱʠʡ ʚʠʜ, (ʙ)  ʫʚʝʣʠʯʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩ ʨʝʬʣʝʢʩʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʨʘʬʠʪʫ. 

ʘ 

ʙ 
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ʈʠʩʫʥʦʢ 2.19 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 (63% SiC +  

10% Mo + ʉʘʞʘ). 

ʅʘʙʣʶʜʘʝʤʳʝ ʨʝʬʣʝʢʩʳ ʚ ʢʦʤʧʦʟʠʪʘʭ SiC-MoSi2 ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʘʤ: 

¶ ʢʫʙʠʯʝʩʢʠʡ 3C-SiC, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ F-43m, ˉ216; 

¶ ʢʫʙʠʯʝʩʢʠʡ Si, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Fd-3m, ˉ227; 

¶ ʪʝʪʨʘʛʦʥʘʣʴʥʳʡ MoSi2, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I4/mmm, ˉ139; 

¶ ʛʨʘʬʠʪ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63mc, ̄ 194. 

ʅʘʙʣʶʜʘʝʤʳʝ ʨʝʬʣʝʢʩʳ ʚ ʢʦʤʧʦʟʠʪʝ SiC-MoSi2 ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʛʦ SiC 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʘʤ: 

¶ ʢʫʙʠʯʝʩʢʠʡ 3C-SiC, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ F-43m, ˉ216; 

¶ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ 6H-SiC, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63mc, ˉ186 

¶ ʢʫʙʠʯʝʩʢʠʡ Si, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Fd-3m, ˉ227; 

¶ ʪʝʪʨʘʛʦʥʘʣʴʥʳʡ MoSi2, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I4/mmm, ˉ139. 

ʈʝʬʣʝʢʩʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʢʘʨʙʠʜ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʝʛʦ ʥʠʟʰʠʝ ʩʠʣʠʮʠʜʳ, 

ʥʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ. 
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2.5 ʆʮʝʥʢʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠ ʥʘ ʦʜʥʦʦʩʝʚʦʝ ʩʞʘʪʠʝ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 

ASTM ʉ1161 çStandard Test Method for Flexural Strength of Advanced Ceramics at 

Ambient Temperatureè; ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 

ASTM C1424 «Standard Test Method for Monotonic Compressive Strength of 

Advanced Ceramics at Ambient Temperature». 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ çʋʊʉ 111è ʤʦʜʠʬʠʢʘʮʠʠ çʋʊʉ 111.2-50-22».  

ʆʙʨʘʟʮʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʠʩʧʳʪʘʪʝʣʴʥʫʶ ʦʩʥʘʩʪʢʫ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.20. 

  

ʈʠʩʫʥʦʢ 2.20 ï ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ (ʘ) ʠ ʥʘ ʩʞʘʪʠʝ (ʙ). 

ʘ ʙ 
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ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʚ ʄʇʘ: 

„̉ ̈̄

σϽὊϽὒ

ὦϽὬ
ȟ                                                          ςȢς 

ʛʜʝ F ï ʟʥʘʯʝʥʠʝ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʚ ʅ; 

L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ (40 ʤʤ); 

 b ï ʰʠʨʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʤʤ; 

h ï ʚʳʩʦʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʤʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʄʇʘ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

„̉ ̈̄

Ὂ

Ὓ
ȟ                                                          ςȢσ 

ʛʜʝ F ï ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʅ; 

S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʤʤ2. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʬʠʢʩʘʮʠʝʡ ʧʨʝʜʝʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.2 ï 2.4. 

ʊʘʙʣʠʮʘ 2.2 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ            ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ˉ ʦʙʨʘʟʮʘ 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

1 241,5 211,9 

2 259,7 200,2 

3 250,7 201,8 

4 251,4 207,8 

5 233,5 206,5 

6 272,8 203,5 

7 233,9 216,7 
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ʊʘʙʣʠʮʘ 2.3 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

10 ʤʘʩʩ. % Mo ʚ ʠʩʭʦʜʥʫ  ʁʰʠʭʪʫ                ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ˉ ʦʙʨʘʟʮʘ 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

1 241,0 266,6 

2 281,1 247,0 

3 296,4 279,4 

4 261,9 251,0 

5 291,1 247,0 

6 280,3  

ʊʘʙʣʠʮʘ 2.4 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

10 ʤʘʩʩ. % Mo ʠ 63 ʤʘʩʩ. % SiC ʚ ʠʩʭʦʜʥʫ  ʁʰʠʭʪʫ             ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ˉ ʦʙʨʘʟʮʘ ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ˉ ʦʙʨʘʟʮʘ ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ 

1 329,2 8 411,4 

2 350,3 9 397,5 

3 444,8 10 453,4 

4 404,9 11 364,0 

5 374,7 12 367,3 

6 379,2 13 378,2 

7 302,8   

ɺ ʪʘʙʣʠʮʝ 2.5 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.21 ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ. 

ʊʘʙʣʠʮʘ 2.5 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ             ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ʊʠʧ ʤʘʪʝʨʠʘʣʘ (ʩʦʩʪʘʚ ʰʠʭʪʳ) 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

ɹʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ 249,07 ± 14,22 206,9 ± 5,84 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (10 ʤʘʩʩ. % Mo) 275,30 ± 20,54 258,2 ± 14,34 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (10 ʤʘʩʩ. % Mo +  

63 ʤʘʩʩ.% SiC) 
381,4 ± 42,18 
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ʈʠʩʫʥʦʢ 2.21 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʠʟʛʠʙ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.6 ï 2.8. 

ʊʘʙʣʠʮʘ 2.6 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ 

ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ                        ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ʊʘʙʣʠʮʘ 2.7 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʤʘʩʩ. % Mo ʚ ʠʩʭʦʜʥʫ  ʁʰʠʭʪʫ 

                   ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ˉ ʦʙʨʘʟʮʘ 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

1 1672,5 925,6 

2 1116,7 1355,8 

3 1043,6 1148,0 

ˉ ʦʙʨʘʟʮʘ 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

1 990,8 681,3 

2 1234,2 790,1 

3 952,4 745,6 

4 782,3 870,8 
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ʊʘʙʣʠʮʘ 2.8 ï ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ SiC-MoSi2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʤʘʩʩ. % Mo ʠ 63 ʤʘʩʩ. % SiC ʚ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ                   ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ˉ ʦʙʨʘʟʮʘ ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ 

1 2042,5 

2 1636,2 

3 1538,3 

ɺ ʪʘʙʣʠʮʝ 2.9 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.22 ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ. 

ʊʘʙʣʠʮʘ 2.9 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʩʞʘʪʠʝ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ               ɺ ʤʝʛʘʧʘʩʢʘʣʷʭ 

ʊʠʧ ʤʘʪʝʨʠʘʣʘ (ʩʦʩʪʘʚ ʰʠʭʪʳ) 
ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

ɹʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ 989,93 ± 186,36 771,95 ± 79,61 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (10 ʤʘʩʩ. % Mo) 1277,60 ±343,94 1143,13 ± 215,14 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (10 ʤʘʩʩ. % Mo + 

63 ʤʘʩʩ.% SiC) 
1739,00 ± 267,36 

 

ʈʠʩʫʥʦʢ 2.22 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʩʞʘʪʠʝ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.10. 

ʊʘʙʣʠʮʘ 2.10 ï ɿʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

                     ɺ ʛʨʘʤʤʘʭ ʥʘ ʢʫʙʠʯʝʩʢʠʡ ʩʘʥʪʠʤʝʪʨ 

ʊʠʧ ʤʘʪʝʨʠʘʣʘ 

(ʩʦʩʪʘʚ ʰʠʭʪʳ) 

ʌʨʘʢʮʠʷ ʫʛʣʝʨʦʜʘ, ʤʢʤ 

ʤʝʥʝʝ 50 ʦʪ 50 ʜʦ 100 

ɹʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ 2,85 2,71 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (10% Mo + ʛʨʘʬʠʪ) 3,124 2,823 

ʂʦʤʧʦʟʠʪ SiC-MoSi2 (63% SiC + 10% Mo + ʉʘʞʘ) 3,10 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ 

ʢʝʨʘʤʠʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʝʤ 

ʙʘʟʦʚʘʷ SiC ʢʝʨʘʤʠʢʘ, ʢʦʪʦʨʫʶ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ ʬʨʘʢʮʠʡ 

ʛʨʘʬʠʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ SiC-

MoSi2 ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 11 ʜʦ 25 % ʠ ʦʪ 29 ʜʦ 48 % ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ. ʂʦʤʧʦʟʠʪ 

SiC-MoSi2 ʩ ʧʝʨʚʠʯʥʳʤ SiC ʠ ʜʦʙʘʚʣʝʥʠʝʤ 10 ʤʘʩʩ. % ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴ.ʁ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʩʦʩʪʘʚʠʣʦ 381,4 ʄʇʘ, ʥʘ ʩʞʘʪʠʝ 1739 ʄʇʘ, ʯʪʦ ʥʘ 38 ʠ 36 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʰʝ, ʯʝʤ ʫ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ SiC-MoSi2 ʙʝʟ 

ʧʝʨʚʠʯʥʦʛʦ SiC. 

ʆʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʂʄʂ 

ʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʣʠʮʠʜʘʤʠ [163]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʤʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ, TiZrNbMoHfTa ʚ ʩʦʩʪʘʚʝ 

ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʝʨʘʤʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ SiC, ʟʘʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ MeSi2. ʇʨʠ ʵʪʦʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʜʠʩʠʣʠʮʠʜ ʩ ʪʦʣʱʠʥʦʡ ʜʦ 200 ʤʢʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 

ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠ ʤʘʪʨʠʮʝʡ SiC. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 
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ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ɻʣʝʤʝʥʪʦʚ ʠʟ ʤʦʣʠʙʜʝʥʘ ʠ ʝʛʦ 

ʩʧʣʘʚʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ 500 ʤʢʤ, ʦʥʠ ʪʘʢʞʝ ʙʫʜʫʪ ʥʝʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʠʩʠʣʠʮʠʜ. ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʟʘʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣ 

ʧʦʟʚʦʣʠʪ ʂʄʂ ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʝʜʘʩʪ ʝʤʫ 

ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʠʟʣʦʞʝʥʦ ʚ ʛʣʘʚʘʭ 3, 4. 

 2.6 ɺr ʚʦʜʳ ʧʦ ʛʣʘʚʝ 2  

1. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʠʟʦʪʨʦʧʥʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SiC-MoSi2: ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ ʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʛʦ SiC, ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ ʩ 

ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʝʡ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʟʘʛʦʪʦʚʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʦʨʦʰʢʘ Mo ʚ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ, ʨʘʚʥʦʝ 10 ʤʘʩʩ. %. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʰʦʢ Mo ʬʨʘʢʮʠʠ 50 ʤʢʤ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʭʦʜʠʪ ʚ MoSi  ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ MoSi  ʟʘʤʝʱʘʝʪ ʩʦʙʦʡ 

ʩʚʦʙʦʜʥʳʡ ʢʨʝʤʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʦʙʲʝʤʝ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʜʦ < 3 ʦʙ. %). ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʢʘʢ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ ʚʳʤʳʚʘʥʠʝ ʚ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

3. ʇʨʦʚʝʜʝʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʧʦʨʦʰʦʢ 

ʤʦʣʠʙʜʝʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ MoSi2. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʙʦʠʭ ʚʠʜʦʚ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ Mo, ʘ ʪʘʢʞʝ 

ʝʛʦ ʢʘʨʙʠʜ ʠ ʠʥʳʝ ʩʠʣʠʮʠʜʳ. 
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4. ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ ʠ ʩʞʘʪʠʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʦʪʨʦʧʥʳʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ SiCïMoSi2 ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʪʨʸʭʬʘʟʥʦʡ SiC ʢʝʨʘʤʠʢʦʡ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʠʪʘ ʪʦʛʦ ʞʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʠ ʩʞʘʪʠʝ ʢʦʤʧʦʟʠʪʘ SiCïMoSi2 ʥʘ 

ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʞʥʝʤʫ ʧʦʨʦʛʫ ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʠ RBSC. 

5. ʂʦʤʧʦʟʠʪ SiCïMoSi2, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʦʛʦ SiC ʠ 

ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʠ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʶ RBSC. ʇʨʠ ʵʪʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʚ 

ʥʝʤ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 8 ʦʙ. %. 

6. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʷʝʤʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʩʞʘʪʠʠ, ʫʣʫʯʰʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ, ʚʢʣʶʯʘʷ ʫʟʣʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 
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ɻʣʘʚʘ 3. ʉʣʦʠʩʪʳʝ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ SiC, 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʠʣʠʮʠʜʦʚ 

3.1 ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠʟʦʪʨʦʧʥʳʭ SiC-MoSi2 ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʜʨʝʥʥʳʭ ʚ ʫʛʣʝʨʦʜʥʫʶ ʟʘʛʦʪʦʚʢʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ 

ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʬʘʟ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʬʦʣʴʛ [6, 130 - 

132] ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʥʝ ʙʫʜʫʪ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʠʣʠʮʠʜ, 

ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʤʦʣʠʙʜʝʥʘ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 50 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ 

Me-MeSi2-SiC ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ 

ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʢʦʥʮʝʧʮʠʠ, ʦʪʨʘʙʦʪʢʠ 

ʨʝʞʠʤʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʙʨʘʟʮʳ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʝʜʠʥʠʯʥʳʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʠʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʠʝ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʝʨʘʤʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʘ 

ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʧʣʘʩʪʠʯʥʦʛʦ ʠ ʭʨʫʧʢʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ SiC 

ʢʝʨʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ SiC ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʣʴʛʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ï 
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ʤʦʣʠʙʜʝʥʘ, ʥʠʦʙʠʷ ʠ ʪʠʪʘʥʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʣʦʠʩʪʳʭ ʂʄʂ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʭ ʦʙʨʘʟʮʳ 

ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʠ ʩʦ ʩʤʝʩʴʶ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ʕʪʘ 

ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʫʧʦʤʷʥʫʪʦʤ ʚ ʛʣʘʚʝ 2 ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ 

SiC ʤʘʪʝʨʠʘʣʦʚ [62, 63]. ʅʘ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ [164]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʢʠ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʕɻ ʠ ʧʦʣʠʤʝʨʥʦʝ 

ʬʝʥʦʣʴʥʦʝ ʩʚʷʟʫʶʱʝʝ ʉʌʇʅ-011ʃ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʫʛʣʝʨʦʜʥʦʡ ʰʠʭʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʦʣʴʛʠ Mo, Nb ʠ Ti ʪʦʣʱʠʥʦʡ ʦʪ 0,4 ʜʦ 0,5 ʤʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʝʤʥʠʡ ʤʘʨʢʠ ʂʈ-0 ʯʠʩʪʦʪʦʡ 98,9 %. 

ʋʛʣʝʨʦʜʥʫʶ ʰʠʭʪʫ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʣʴʛʠ ʫʢʣʘʜʳʚʘʣʠ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʪʨʠ ʵʪʘʧʘ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

 

ʈʠʩʫʥʦʢ 3.1 - ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʧʦʨʠʩʪʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʥʝʜʨʝʥʥʦʡ ʚ 

ʝʝ ʦʙʲʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʦʡ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʤʝʩʴ ʧʨʝʩʩʦʚʘʣʠ ʠ ʪʝʨʤʦʬʠʢʩʠʨʦʚʘʣʠ, ʠʟʚʣʝʢʘʷ ʠʟ ʧʨʝʩʩ-

ʬʦʨʤʳ ʮʝʣʴʥʫʶ ʟʘʛʦʪʦʚʢʫ, ʢʦʪʦʨʫʶ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʣʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ. ʉʠʣʠʮʠʨʦʚʘʥʠʝ 

ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʜʦʞʜʝʚʘʥʠʷ ʚ 

ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1450 ʜʦ 1500 ÁC ʩ ʚʳʜʝʨʞʢʦʡ 30 ʤʠʥʫʪ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʣʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʣʘʚ ʢʨʝʤʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ 
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ʫʛʣʝʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʬʦʣʴʛʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʣʠʮʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʣrʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʟʘʛʦʪʦʚʢʠ 

ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ SiC ʢʝʨʘʤʠʢʠ, 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʠʣʠʮʠʜʦʚ. ɼʠʘʤʝʪʨ ʟʘʛʦʪʦʚʦʢ 

ʩʦʩʪʘʚʠʣ ʦʪ 57 ʜʦ 59 ʤʤ, ʪʦʣʱʠʥʘ ʦʪ 7 ʜʦ 10 ʤʤ. ɿʥʘʯʝʥʠʝ ʫʩʘʜʢʠ ʧʨʠ 

ʩʠʣʠʮʠʨʦʚʘʥʠʠ ʙʳʣʦ ʤʝʥʝʝ 1%, ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʧʣʦʪʥʳʝ ʟʘʛʦʪʦʚʢʠ ʥʝ ʠʤʝʣʠ 

ʫʩʘʜʦʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʪʨʝʱʠʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʠʨʦʣʠʟʘ ʠ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. 

ɼʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʠʨʦʣʠʟʘ ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʜʝʬʝʢʪʦʚ ʚ ʠʭ ʦʙʲʝʤʝ, ʩʦʩʪʘʚʣʣ̫ʦ ʥʝ ʙʦʣʝʝ 10 ʄʇʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨ r ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

3.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʣʴʛ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʢʨʝʤʥʠʝʤ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ Me-MeSi2-SiC, ʛʜʝ Me ʦʙʦʟʥʘʯʘʝʪ ʠʩʭʦʜʥʳʡ 

ʤʝʪʘʣʣ (Ti, Nb, Mo). ɺ ʮʝʥʪʨʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘʭʦʜʠʣʩʷ ʩʣʦʡ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ, ʦʢʨʫʞʝʥʥʳʡ ʩʣʦʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʜʠʩʠʣʠʮʠʜʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʩʦ ʩʣʦʷʤʠ SiC ʢʝʨʘʤʠʢʠ. ʂʝʨʘʤʠʯʝʩʢʘʷ 

ʤʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʦʪ 50 ʜʦ 55 ʦʙ. % SiC, ʦʪ 30 ʜʦ 35 ʦʙ. % ʫʛʣʝʨʦʜʘ (ʚ ʚʠʜʝ 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ ʦʪ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ) ʠ ʦʪ 10 ʜʦ 15 ʦʙ. % ʢʨʝʤʥʠʷ, (ʨʠʩʫʥʦʢ 3.2) [165]. 



83 

 

ʈʠʩʫʥʦʢ 3.2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʩʦ ʩʣʦʷʤʠ Nb-NbSi2 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʠʣʠʮʠʜʥʳʭ ʩʣʦʝʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʘʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʘ ʠ ʢʨʝʤʥʠʷ ʙʣʠʟʢʦ ʢ 1:2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʜʠʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (TiSi2, 

NbSi2, MoSi2). ʊʦʣʱʠʥʘ ʩʣʦʷ ʜʠʩʠʣʠʮʠʜʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʜʦ  

200 ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʦʣʴʛʠ, ʝʸ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʠ ʨʝʞʠʤʦʚ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʘʣʣʫ ʜʠʩʠʣʠʮʠʜ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʸʭʬʘʟʥʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ SiC-C-Si ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʣʠʥʠʠ 

ʢʦʥʪʘʢʪʘ ʩ ʜʠʩʠʣʠʮʠʜʦʤ ʥʝ ʠʤʝʣʘ ʪʨʝʱʠʥ ʠ ʨʘʩʩʣʦʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ rɻ ʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ Nb-NbSi2-SiC ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 

3.3. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʥʫʪʨʠ ʩʠʣʠʮʠʜʥʦʛʦ ʩʣʦʷ ʠ 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʦʙʣʘʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ð  

Ti-TiSi2-SiC, Nb-NbSi2-SiC, Mo-MoSi2-SiC. ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʩʣʦʠʩʪʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ  

Mo-MoSi2-SiC. 
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ʈʠʩʫʥʦʢ 3.3 ï ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ Nb-NbSi2-SiC. 

 
ʈʠʩʫʥʦʢ 3.4 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ Mo-MoSi2-SiC. 
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ʅʘʙʣʶʜʘʝʤʳʝ ʨʝʬʣʝʢʩʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʠʩʠʣʠʮʠʜʫ ʤʦʣʠʙʜʝʥʘ, 

ʦʩʪʘʪʦʯʥʦʤʫ ʤʦʣʠʙʜʝʥʫ, ʘ ʪʘʢʞʝ ʬʘʟʘʤ SiC ʜʚʫʭ ʧʦʣʠʪʠʧʦʚ, ʩʚʦʙʦʜʥʦʤʫ 

ʢʨʝʤʥʠʶ ʠ ʦʩʪʘʪʦʯʥʦʤʫ ʫʛʣʝʨʦʜʫ, ʩʦʩʪʘʚʣʷʶʱʠʤ ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ Ti-TiSi2-SiC, 

Nb-NbSi2-SiC. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʦʙʨʘʟʮʦʚ ʥʝ ʦʙʥʘʨʫʞʠʣʠ 

ʨʝʬʣʝʢʩʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʢʘʨʙʠʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. 

3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʩʣʦʠʩʪʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʫʪʝʤ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʪʨʘʙʘʪʳʚʘʣʠ ʢʦʥʮʝʧʮʠ ʁʘʨʤʠʨʦʚʘʥʠʷ ʢʝʨʘʤʠʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʦʨʤʬʘʢʪʦʨʘ ʦʙʨʘʟʮʦʚ ʠ ʪʦʣʱʠʥʳ ʬʦʣʴʛʠ ʥʝ ʠʤʝʣ 

ʚʳʩʦʢʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ (ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ ʀ1147ʄ, 50 ʢʅ, çʊʦʯʧʨʠʙʦʨè, ʛ. ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ), ʦʩʥʘʱʝʥʥʦʡ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ ʩʠʣʳ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 50 ʢʅ. ɼʣʷ ʙʦʣʝʝ 

ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠ 

ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ. ʀʭ ʩʦʩʪʘʚ ʧʦʜʙʠʨʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʝʨʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʣʦʠʩʪʳʭ ʂʄʂ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ ʙʘʟʦʚʦʡ SiC 

ʢʝʨʘʤʠʢʠ (SiC/C/Si - 55/30/15 ʦʙ. %) ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʭʦʜʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʨʘʟʨʫʰʘʣʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩʫʥʦʢ 3.5). 
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ʈʠʩʫʥʦʢ 3.5 ï ʀʩʧʳʪʘʥʠʝ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʘ ʩʣʦʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Nb-NbSi2-SiC. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ 

ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʪʨʝʱʠʥʘ ʦʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʩʪʦʧʧʝʨʘ ʜʣʷ ʝʸ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʫʞʝʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʯʘʩʪʠʯʥʳʤ ʩʥʷʪʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʟʦʥʝ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʩʦʭʨʘʥʷʣʘʩʴ ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʘ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʦʙʨʝʪʘʣ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ. ʅʘ 

ʨʠʩʫʥʢʝ 3.6 ʠʟʦʙʨʘʞʝʥ ʨʘʟʨʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʆʙʨʘʟʝʮ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 Nb-NbSi2-SiC ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. 
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ʂʨʠʚʳʝ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ ʠ ʩʣʦʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7.  

 

ʈʠʩʫʥʦʢ 3.7 ï ɼʠʘʛʨʘʤʤʳ ʥʘʛʨʫʞʝʥʠʷ: ʦʙʨʘʟʮʳ SiC-C-Si (ʘ), Nb-NbSi2-SiC (ʙ). 

ʇʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʣʦ ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʥʘʷ ʜʦʣʷ 

ʤʝʪʘʣʣʘ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʣʦʠʩʪʘʷ 

ʢʝʨʘʤʠʢʘ ʥʝ ʪʦʣʴʢʦ ʠʤʝʝʪ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ, ʥʦ ʠ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ ʠ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Me-MeSi2-SiC 

ʄʘʪʝʨʠʘʣ ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʤʝʪʘʣʣʘ ʚ 

ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʝ, ʦʙ. % 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʄʇʘ 

SiC/C/Si (55/30/15 ʦʙ. %) 0 106,5 ± 11,5 

Ti-TiSi2-SiC 13,3 112,3 ± 17,8 

Nb-NbSi2-SiC 16,7 134,6 ± 23,6 

Mo-MoSi2-SiC 16,7 149,1 ± 20,8 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʘʢ ʪʦʣʱʠʥʫ, ʪʘʢ ʠ 
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ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʣʴʛ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 

200 ʤʢʤ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʠʣʠʮʠʜʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʠʩʪʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣ,r 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʫʧʨʫʛʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʧʝʨʝʭʦʜʘ ʩʠʣʠʮʠʜʦʚ ʪʫʛʦʧʣʘʚʢʠʭ 

ʤʝʪʘʣʣʦʚ) [118, 119]. 

3.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ 

ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʬʦʣʴʛʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ ʚʢʣʶʯʘʝʪ 

ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ SiC ʢʝʨʘʤʠʢʠ, ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʝʤʫ ʜʠʩʠʣʠʮʠʜʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʣʝʤʝʥʪʥʳʤ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ. 

ʉʣʦʠ ʜʠʩʠʣʠʮʠʜʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩʚʷʟʫʶʱʠʡ ʩʣʦʡ ʤʝʞʜʫ 

ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʵʣʝʤʝʥʪʥʳʡ, 

ʪʘʢ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟʳ ʧʦʜʪʚʝʨʜʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʬʘʟ ʢʘʨʙʠʜʦʚ ʤʝʪʘʣʣʦʚ. 

2. ʉʦʩʪʘʚ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʩʪʨʫʢʪʫʨʳ 

ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ SiC, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ ʩ ʧʦʨʠʩʪʦʡ 

ʫʛʣʝʨʦʜʥʦʡ ʯʘʩʪʴʶ ʟʘʛʦʪʦʚʢʠ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʷ ʜʦʣʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ʊʦʣʱʠʥʘ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ ʜʠʩʠʣʠʮʠʜʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʜʦ 200 ʤʢʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʦʣʱʠʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʪʝʨʠʘʣʫ. 
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3. ʀʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʭʨʘʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ SiC ʢʝʨʘʤʠʢʠ ʠ 

ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʟʘ ʩʯʝʪ 

ʘʨʤʠʨʫʶʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʷʚʣʷʶʪ ʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʜʝʬʦʨʤʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʢʝʨʘʤʠʢʦʡ 

SiC-C-Si ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 40% (106,5 ʄʇʘ ʜʣʷ SiC-C-Si ʧʨʦʪʠʚ 149,1 ʄʇʘ ʜʣʷ 

ʢʦʤʧʦʟʠʪʘ Mo-MoSi2-SiC). ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʳ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʢʦʥʮʝʧʮʠʠ ʚ ʧʦʚʳʰʝʥʠʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ SiC 

ʤʘʪʨʠʮʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʘʨʤʠʨʦʚʘʥʠʝʤ ʠ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʜʘʨʦʩʪʦʡʢʠʭ ʠ ʚʠʙʨʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʘʪʦʤʥʦʡ, ʦʙʦʨʦʥʥʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɻʣʘʚʘ 4. ʅʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ SiC ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

4.1 ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ SiC, ʘʨʤʠʨʦʚʘʥʥʦʡ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʩʣʦʠʩʪʦʛʦ 

ʘʨʤʠʨʦʚʘʥʠʷ: ʝʩʣʠ ʬʦʣʴʛʘ ʬʦʨʤʠʨʫʝʪ ʜʠʩʢʨʝʪʥʳʝ ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ, ʪʦ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʚʦʣʦʢʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ 

ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩ ʚʳʨʘʞʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ɸʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʣʦʢʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʟʜʝʣʠʷ ʠʟ ʢʦʪʦʨʳʭ ʚʦʩʧʨʠʥʠʤʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʸ ʛʝʦʤʝʪʨʠʠ ʠ ʪ.ʧ. ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʚʚʠʜʫ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢ, 

ʤʘʢʨʦʨʘʟʤʝʨʥʳʝ ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʟ ʧʨʦʚʦʣʦʢ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 0,5 ʤʤ, 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʧʦʜʦʙʥʦ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʚ ʢʦʪʦʨʳʭ 

ʘʨʤʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʟʦʥʘʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʣʦʢʦʡ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʤʥʦʛʦʚʦʣʦʢʦʥʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʝʤ ʧʣʝʪʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʞʛʫʪʦʚ ʠ ʩʝʪʦʢ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʫʪʴ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, 



91 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ Mo-SiC ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʦʣʠʙʜʝʥʦʚʫ  ʁ ʧʨʦʚʦʣʦʢʫ ʤʘʨʢʠ ʄʏ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʆʆ çʋʨʘʣ-ʄʝʪʘʣʣè, 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ) ʜʠʘʤʝʪʨʦʤ 1,0; 1,5 ʠ 2,0 ʤʤ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʚʦʣʦʢʫ ʧʦʜʚʝʨʛʘʣʠ ʦʯʠʩʪʢʝ ʠ ʦʙʝʟʞʠʨʠʚʘʥʠʶ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʳ ʧʨʠʤʝʥʷʣʠ ʪʝ ʞʝ ʠʩʭʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ï ʧʦʨʦʰʢʠ 

ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʕɻ ʠ ʬʝʥʦʣʴʥʦʝ ʩʚʷʟʫʶʱʝʝ ʉʌʇʅ-011ʃ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ 

ʤʘʨʢʠ ʂʈ-0 [166 - 168]. 

ɿʘʛʦʪʦʚʢʠ ʬʦʨʤʠʨʦʚʘʣʠ ʩʧʦʩʦʙʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʣʫʯʝʥʠʶ ʩʣʦʠʩʪʳʭ 

ʩʪʨʫʢʪʫʨ. ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ, 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ. 

 

ʈʠʩʫʥʦʢ 4.1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʦʡ ʫʛʣʝʨʦʜʥʦʡ 

ʟʘʛʦʪʦʚʢʠ ʩ ʚʥʝʜʨʝʥʥʦʡ ʚ ʝʝ ʦʙʲʝʤ Mo ʧʨʦʚʦʣʦʢʦʡ: (ʘ) - ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʦʛʦ 

ʩʣʦʷ ʰʠʭʪʳ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ, (ʙ) - ʨʘʟʤʝʱʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ, (ʚ) - 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʩʣʦʷ ʰʠʭʪʳ, (ʛ) - ʧʨʝʩʩʦʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ [166]. 

ʘ ʙ 

ʚ ʛ 
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ʇʨʦʚʦʣʦʢʠ ʫʢʣʘʜʳʚʘʣʠ ʚ ʤʘʪʨʠʮʫ ʫʧʦʨʷʜʦʯʝʥʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʰʘʛʦʤ 

ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʦʚʥʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʰʠʭʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʚ 

ʤʘʪʨʠʮʫ ʟʘʩʳʧʘʣʠ ʚʪʦʨʫʶ ʯʘʩʪʴ ʰʠʭʪʳ. ʇʦʣʫʯʝʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʧʨʝʩʩʦʚʘʣʠ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪ 10 ʜʦ 15 ʄʇʘ. ʉʠʣʠʮʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʜʦʞʜʝʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1450 ʜʦ 1550 °ʉ ʩ ʚʳʜʝʨʞʢʦʡ 30 ʤʠʥʫʪ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʣʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʠ ʢʨʝʤʥʠʷ [167, 168]. ɺʦ ʚʨʝʤʷ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʨʘʩʧʣʘʚ ʢʨʝʤʥʠʷ ʚʩʪʫʧʘʣ ʚ 

ʨʝʘʢʮʠʶ ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʧʨʠ ʵʪʦʤ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʩʣʦʡ ʩʠʣʠʮʠʜʘ ʤʝʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.2). 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʟʘʛʦʪʦʚʦʢ ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ: (ʘ) ï ʧʨʦʮʝʩʩ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ 

ʢʨʝʤʥʠʷ, (ʙ) ï ʧʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ [167]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʘʨʠʘʥʪ ʩʚʝʨʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʟʘʨʘʥʝʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʧʦʨʠʩʪʦʡ ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʚʝʜʝʥʠʝʤ ʚ ʵʪʠ ʦʪʚʝʨʩʪʠʷ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʇʦʩʢʦʣʴʢʫ ʫʩʘʜʢʘ 

ʟʘʛʦʪʦʚʦʢ ʧʦʩʣʝ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʥʝʯʥʳʝ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʷʛʢʦʡ 

ʫʛʣʝʨʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʜʦ ʚʚʝʜʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʟʜʝʣʠʝ ʠʟ ʘʨʤʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʧʨʠʧʫʩʢʦʤ ʥʘ ʬʠʥʠʰʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ 

ʘ ʙ 



93 

ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʘʨʤʠʨʦʚʘʥʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʩʦʭʨʘʥʷʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ SiC ʢʝʨʘʤʠʢʠ 

ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʟʘ ʩʯʝʪ 

ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʣʠʮʠʜʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʥʳ 

ʧʦʚʳʰʘʪʴ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʣʫʞʠʪʴ 

ʟʘʱʠʪʥʳʤ ʩʣʦʝʤ ʜʣʷ ʟʘʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

4.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʩʷ ʩʣʦʞʥʳʡ ʤʝʞʬʘʟʥʳʡ ʩʠʣʠʮʠʜʥʳʡ 

ʩʣʦʡ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʘʟʦʡ MoSi2.  

 

ʈʠʩʫʥʦʢ 4.3 ï (ʘ, ʙ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ; (ʚ) ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣïʩʠʣʠʮʠʜ [167]. 
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ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʦʩʥʦʚʝ SiC, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʩʠʣʠʮʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 100 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʚʠʜʥʘ ʫʩʪʦʡʯʠʚʘʷ ʩʚʷʟʴ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ 

ʢʘʢ ʩ ʦʩʪʘʪʦʯʥʳʤ ʤʝʪʘʣʣʦʤ, ʪʘʢ ʠ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ SiC. ʅʘ 

ʨʠʩʫʥʢʝ 4.3 (ʚ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʞʬʘʟʥʦʡ ʟʦʥʳ Mo-

MoSi2. ʊʦʥʢʦʡ ʧʨʦʩʣʦʡʢʦʡ ʤʝʞʜʫ ʦʩʪʘʪʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ʠ ʜʠʩʠʣʠʮʠʜʦʤ 

ʷʚʣʷʝʪʩʷ ʥʠʟʰʠʡ ʩʠʣʠʮʠʜ Mo5Si3, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʊʦʣʱʠʥʘ ʩʠʣʠʮʠʜʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [169]. ʊʘʢʘʷ 

ʛʨʘʜʠʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ. ʀʟʫʯʝʥʠʝ 

ʢʠʥʝʪʠʢʠ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ ʩʠʣʠʮʠʜʦʚ ʧʨʠ ʥʘʛʨʝʚʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʪʦʣʱʠʥʳ ʩʣʦʸʚ ʠ ʜʠʘʤʝʪʨʘ ʦʩʪʘʪʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 5. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʘʢ ʧʦʧʝʨʝʯʥʳʭ, ʪʘʢ ʠ 

ʧʨʦʜʦʣʴʥʳʭ ʰʣʠʬʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʩ ʫʛʣʝʨʦʜʦʤ. ʉʣʝʜ rʥʠʟʰʝʛʦ ʩʠʣʠʮʠʜʘ Mo3Si ʪʘʢʞʝ ʥʝ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥ r(ʨʠʩʫʥʦʢ 4.4). 

 

ʈʠʩʫʥʦʢ 4.4 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ. ʇʠʢʠ ʄʦ ʦʪʤʝʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ. 
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ʀʩʭʦʜʷ ʠʟ ʪʦʣʱʠʥʳ ʩʠʣʠʮʠʜʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʘʨʤʠʨʦʚʘʥʠʠ ʧʨʦʚʦʣʦʢʦʡ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 200 ʤʢʤ, ʦʥʘ ʧʨʠ ʩʠʣʠʮʠʨʦʚʘʥʠʠ 

ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʡʪʠ ʚ MoSi2. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪ ʩ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʘʨʤʠʨʦʚʘʥʥʦʡ ʚʦʣʦʢʥʘʤʠ MoSi2, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʷʟʢʦʫʧʨʫʛʦʛʦ 

ʧʝʨʝʭʦʜʘ [118] ʠ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1100ÁC [119, 120]. 

4.3 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ 

ʄʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ ʜʠʘʤʝʪʨʦʤ 1,0; 1,5 ʠ 2,0 ʤʤ ʦʮʝʥʠʚʘʣʠ ʧʫʪʸʤ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘ ʦʙʨʘʟʮʘʭ 5Ĭ5Ĭ35 ʤʤ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʦʧʦʨʘʤʠ 25 ʤʤ ʠ (ʨʠʩʫʥʦʢ 4.5). 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʭʝʤʘ ʠʩʧʳʪʘʥʠ̫ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ (ʘ), ʬʦʪʦ ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʦʚʦʣʦʢʠ 2,0 ʤʤ (ʙ). 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 3 ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʧʦ ʦʜʥʦʡ ʧʘʨʪʠʠ ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʦʚʦʣʦʢʠ 1,0; 1,5 ʠ 2,0 ʤʤ) ʠ ʦʜʥʫ 

ʧʘʨʪʠ ʁʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ (ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʦʚʦʣʦʢʠ 2,0 ʤʤ). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʚ ʦʙʨʘʟʮʘʭ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ 1500 Áʉ ʠ 

ʙ 

ʘ 
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ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʤʝʣ ʠʜʝʥʪʠʯʥʳʡ ʩʦʩʪʘʚ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

ʀ1147ʄ, çʊʦʯʧʨʠʙʦʨè ʩ ʜʘʪʯʠʢʦʤ ʩʠʣʳ 50 ʢʅ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʘʤʝʨʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʤʘʰʠʥʝ. ʅʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ 

ʦʤʝʛʘ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʢʦʪʦʨʦʛʦ ʥʘ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʧʦ ʢʘʤʝʨʝ ʩʪʝʨʞʥʷʭ ʨʘʟʤʝʱʘʣʠ ʠʩʧʳʪʘʪʝʣʴʥʫ  ʁ ʦʩʥʘʩʪʢʫ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 

ʩʧʣʘʚʘ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ (ʘʨʛʦʥ). ɼʠʘʛʨʘʤʤʳ ʥʘʛʨʫʞʝʥʠʷ 

ʠ ʬʦʪʦ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 4.6. 

 

ʈʠʩʫʥʦʢ 4.6 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ 3-ʭ ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ Mo-SiC: 

ʜʠʘʛʨʘʤʤ rʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ 20 (ʘ) ʠ 1500  (ʙ); ʬʦʪʦ ʦʙʨʘʟʮʦʚ 

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʨʠ 20 (ʚ) ʠ 1500  (ʛ); ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ 20 (ʜ) ʠ 1500 (ʝ). 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ, ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʩʠʣʠʮʠʜʥʳʡ ʩʣʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ 

ʦʙʝʩʧʝʯʠʚʘʣ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʫʩʠʣʠʷ ʥʘ ʘʨʤʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʠ ʠʛʨʘʣ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʫʧʨʦʯʥʝʥʠʠ. ɼʘʣʝʝ ʥʘʙʣʶʜʘʣʩ ̫ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʥʠʞʥʝʡ ʧʝʨʠʬʝʨʠʠ ʩʝʯʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥʳ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʠ ʝʸ ʙʳʩʪʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʚʝʨʭ. ʇʦʩʣʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʘʪʨʠʮʳ 

ʥʘʛʨʫʟʢʘ ʧʝʨʝʰʣʘ ʥʘ ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ MoSi2 ï Mo5Si3 ʠ ʤʦʣʠʙʜʝʥʦʚʫʶ 

ʧʨʦʚʦʣʦʢʫ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɸʨʤʠʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ ʦʩʪʘʥʦʚʠʣ ʨʦʩʪ ʪʨʝʱʠʥʳ ʠ ʟʘ ʩʯʝʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʝʩʧʝʯʠʣ 

ʩʦʭʨʘʥʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʛʨʫʟʢʠ ʧʨʦʚʦʣʦʢʘ 

ʥʘʯʘʣʘ ʚʳʪʷʛʠʚʘʪʴʩʷ ʠ ʦʪʩʣʘʠʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʦʣʦʯʢʘ - ʤʘʪʨʠʮʘ ʠ 

ʨʘʟʨʫʰʠʣʘʩʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʨʦʚʥʷ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʝʡ. ʅʘ ʨʠʩʫʥʢʝ 

4.6 (ʜ, ʝ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɺʠʜʝʥ ʟʘʟʦʨ ʤʝʞʜʫ 

ʩʠʣʠʮʠʜʥʳʤ ʩʣʦʝʤ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʷʜʨʦʤ ï 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʢʦʪʦʨʘʷ ʚʳʪʷʥʫʣʘʩʴ ʠ ʦʪʜʝʣʠʣʘʩʴ ʦʪ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʡʢʠ ʠʟ-ʟʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʢʝʨʘʤʦʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘʙʣʶʜʘʣʩ ̫ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ 1500 Áʉ. ɿʥʘʯʝʥʠʷ 

ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.1. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ 

ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʚ ʥʘʯʘʣʝ ʪʘʙʣʠʮʳ 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʘʟʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ SiC 

ʢʝʨʘʤʠʢʠ ʩ ʩʦʩʪʘʚʦʤ, ʠʜʝʥʪʠʯʥʳʤ ʤʘʪʨʠʮʝ ʂʄʂ [167]. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʥʝʘʨʤʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʠʣʦ 130,9 ʄʇʘ, ʜʣʷ 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 151,85 ʄʧʘ ʧʨʠ 

ʜʠʘʤʝʪʨʝ ʧʨʦʚʦʣʦʢʠ 1 ʤʤ; 190,75 ʄʇʘ ʧʨʠ ʜʠʘʤʝʪʨʝ ʧʨʦʚʦʣʦʢʠ 1,5 ʤʤ; 

186,75 ʄʇʘ ʧʨʠ ʜʠʘʤʝʪʨʝ ʧʨʦʚʦʣʦʢʠ 2 ʤʤ.  
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ʊʘʙʣʠʮʘ 4.1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ 

ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʂʄʂ Mo-SiC 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʘʟʦʚʦʡ SiC ʢʝʨʘʤʠʢʦʡ ʩʦʩʪʘʚʠʣʦ ʥʝ ʤʝʥʝʝ 16 %. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 1500 Áʉ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ 

ʢʨʝʤʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

1500 Áʉ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢʨʝʤʥʠʷ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ 

ʦʙʲʸʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʝʨʘʤʠʢʝ ʤʠʢʨʦʧʫʩʪʦʪ, ʷʚʣʷʶʱʠʭʩʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ. ɹʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʪʘʪʦʯʥʦʛʦ ʢʨʝʤʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʨʦʰʢʘ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʦʢ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʣʢʠʡ 

ʧʦʨʦʰʦʢ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʣʠʮʠʜ ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ 2. 

4.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

1. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʝʨʘʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʠ. ʂʦʤʧʦʟʠʪʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʫʪʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʳʪʘʥʠʡ,  
ɼʠʘʤʝʪʨ ʄʦ ʧʨʦʚʦʣʦʢʠ, ʤʤ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʄʇʘ 

20 

- 130,9 ± 4,2 

1 151,85 ± 6,9 

1,5 190,75 ± 12,6 

2 186,75 ± 17,6 

1500 

- 50,1 ± 7,13 

2 103,3 ± 14,68 
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ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʫʛʣʝʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʚʥʝʜʨʝʥʥʦʡ ʚ ʥʠʭ ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʨʘʩʧʣʘʚ ʢʨʝʤʥʠʷ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʫʛʣʝʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʳʡ ʤʝʞʬʘʟʥʳʡ ʩʠʣʠʮʠʜʥʳʡ ʩʣʦʡ ʩ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʘʟʦʡ MoSi2. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʜʫ ʦʩʪʘʪʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ʠ 

ʜʠʩʠʣʠʮʠʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ Mo5Si3. ʅʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʩʚʷʟʴ 

ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ ʩ ʦʩʪʘʪʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ 

SiC. ɼʦʣʁ ʘʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʚʦʣʦʢʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʭʘʨʘʢʪʝʨʘ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʤʘʪʨʠʮʝ. 

3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ 

ʧʨʠ 20 ʠ 1500 Áʉ ʧʦʢʘʟʘʣʠ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. 

ɸʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩʪʦʧʧʝʨʳ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʪʨʝʱʠʥ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʨʠʮʳ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʥʝʘʨʤʠʨʦʚʘʥʥʦʡ ʪʨʸʭʬʘʟʥʦʡ 

SiC ʢʝʨʘʤʠʢʦʡ ʦʪ 16 ʜʦ 46 %. 
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ɻʣʘʚʘ 5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ SiC ʠ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ 

5.1 ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1000 Áʉ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ Mo-SiC ʫʩʢʦʨʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʘʨʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

Mo ï Si ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʢʨʝʤʥʠʷ. ʀʤʝʥʥʦ ʢʨʝʤʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʬʘʟʘʭ MoSi2, Mo5Si3 ʠ Mo3Si ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʫ ʥʝʛʦ ʧʨʝʚʳʰʘʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʤʦʣʠʙʜʝʥʘ [170 - 173]. ʊʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ 

ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Mo-SiC ʩ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

10ʭ10ʭ50 ʤʤ. ɺ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʨʘʟʤʝʱʘʣʠ ʤʦʣʠʙʜʝʥʦʚʫʶ ʧʨʦʚʦʣʦʢʫ ʩ ʠʩʭʦʜʥʳʤ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ. ʌʘʢʪʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʧʦʩʣʝ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ ʦʪ 700 ʜʦ 850 ʤʢʤ. ʅʘ ʦʩʪʘʪʦʯʥʦʤ 

ʤʦʣʠʙʜʝʥʝ ʬʦʨʤʠʨʦʚʘʣʩʷ ʪʦʥʢʠʡ ʩʣʦʡ Mo5Si3 ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 10 ʤʢʤ ʠ MoSi2 

ʪʦʣʱʠʥʦʡ ʜʦ 200 ʤʢʤ. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʧʝʨʝʜ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʚʳʜʝʨʞʢʦʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.1. 
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ʈʠʩʫʥʦʢ 5.1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʂʄʂ ʩ ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ 

ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʠ. 

ʀʟʛʦʪʘʚʣʠʚʘʣʠ 3 ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ ʧʦ 4 ʰʪ. ʚ ʢʘʞʜʦʡ ʧʘʨʪʠʠ. ʆʜʠʥ ʦʙʨʘʟʝʮ 

ʠʟ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʦʧʨʝʜʝʣʷʣʠ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ Mo5Si3, MoSi2 ʠ ʜʠʘʤʝʪʨʘ ʦʩʪʘʪʦʯʥʦʛʦ 

Mo. ʊʨʠ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘ ʠʟ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʧʨʦʭʦʜʠʣʠ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ (1, 2 ʠ 3 ʮʠʢʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɽʜʠʥʠʯʥʳʡ ʮʠʢʣ ʦʪʞʠʛʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʨʝʞʠʤʫ: 

¶ ʅʘʛʨʝʚ ʜʦ 1600 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 250 Áʉ / ʯ; 

¶ ɺʳʜʝʨʞʢʘ ʧʨʠ 1600 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ; 

¶ ʆʩʪʳʚʘʥʠʝ ʜʦ 1000 Áʉ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 600 Áʉ / ʯ; 

¶ ʉʚʦʙʦʜʥʦʝ ʦʩʪʳʚʘʥʠʝ. 

ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ. ʆʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩ ɹ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʚ ʮʝʥʪʨʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʝʯʠ. ʊʝʤʧʝʨʘʪʫʨʫ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʛʣʷ ʩ ʧʦʤʦʱʴʶ ʧʠʨʦʤʝʪʨʘ ʂʝʣʴʚʠʥ ʇʃʎ-2300. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʰʣʠʬʳ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʛʣʘʚʝ 3. ʀʟ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʛʦʪʦʚʠʣʠ ʧʦ 3 ʰʣʠʬʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ɿʘʤʝʨʳ 

ʪʦʣʱʠʥ ʩʣʦʸʚ MoSi2 ʠ Mo5Si3 ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʚʩʝʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʦʙʱʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʤʝʨʝʥʠʡ ʥʝ ʤʝʥʝʝ ʜʝʩʷʪʠ ʥʘ ʦʜʠʥ ʰʣʠʬ. ʇʨʠʤʝʨʳ 
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ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʜʥʦʛʦ, ʜʚʫʭ ʠ ʪʨʸʭ ʮʠʢʣʦʚ ʦʪʞʠʛʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.2. 

 

ʈʠʩʫʥʦʢ 5.2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʂʄʂ ʧʦʩʣʝ ʦʜʥʦʛʦ ʮʠʢʣʘ (ʘ), ʜʚʫʭ 

ʮʠʢʣʦʚ (ʙ), ʪʨʸʭ ʮʠʢʣʦʚ (ʚ) ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʠ ʧʨʠ 1600 Áʉ. 


























































