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ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ɻʊɼ ï ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʋɻʇ ï ʫʩʪʘʥʦʚʢʘ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʂʊʈ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ɻʎʂ ï ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ) 

ʆʎʂ ï ʦʙʲʝʤʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ) 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʪʘʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ (2730Áʉ), ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʚʝʨʜʦʩʪʴ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʙʨʘʟʠʚʥʳʭ ʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʪʠʛʣʝʡ ʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʯʝʡ, ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠ- ʠ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ [1ï

8].   

ʀʨʠʜʠʡ (Ir) ʷʚʣʷʝʪʩʷ ʪʫʛʦʧʣʘʚʢʠʤ (ʊʧʣ. = 2446Áʉ) ʠ ʩʘʤʳʤ ʫʩʪʦʡʯʠʚʳʤ ʢ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ (ʚʳʰʝ 1500Áʉ) ʦʢʠʩʣʝʥʠʶ ʤʝʪʘʣʣʦʤ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʆʥ ʦʙʣʘʜʘʝʪ 

ʚʳʜʘʶʱʠʤʠʩʷ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʂʊʈ (~6,5Ĭ10-6 K-1 ʧʨʠ 300 K ʠ ~13,6Ĭ10-6 K-1 ʧʨʠ 

2273 K) [9ï19]. ʀʨʠʜʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʩʚʝʯʝʡ ʟʘʞʠʛʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʚ ʪʝʨʤʦʧʘʨʘʭ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 2000Áʉ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʪʠʛʣʝʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ, ʘ ʩʧʣʘʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʥʠʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ [9,20,21].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʠʨʠʜʠʷ ʧʝʨʝʩʝʢʘʶʪʩʷ, 

ʯʪʦ ʜʝʣʘʝʪ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʠʨʠʜʠʡ ï 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʚʝʜʝʥʠʷ ʦ ʩʠʩʪʝʤʝ Ir ï Si ï C ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʫʙʣʠʢʘʮʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʚ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ 700 ï 1450Áʉ [22ï26]. ɺʥʝ ʧʦʣʷ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʩʪʘʣʠʩʴ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʧʨʦʮʝʩʩ r ʜʠʬʬʫʟʠʠ, ʢʠʥʝʪʠʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʘʢʮʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʠʨʠʜʠʝʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʝʝ 

ʵʚʦʣʶʮʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʧʣʦʪʴ ʜʦ 1900ʉ̄, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ.   
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ Ir-SiC ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʠ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʠʨʠʜʠʡ ï 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʟʘʥʠʤʘʝʪʩʷ ʢʦʣʣʝʢʪʠʚ ʫʯʝʥʳʭ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʣʠʢʘʥʪʝ (ʀʩʧʘʥʠʷ) ʠ ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʪʘʣʠʷ) [24,25].  ʉʦʚʤʝʩʪʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʦʚʦʜʷʪ ʛʨʫʧʧʳ ʫʯʝʥʳʭ ʠʟ ʖɸʈ ʠ ʈʦʩʩʠʠ (ʅʀʗʋ ʄʀʌʀ ʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ çɼʫʙʥʘè, ʛ. ʄʦʩʢʚʘ) [26]. ʈʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʟʘʥʠʤʘʣʠʩʴ ʚ ʂʅʈ (ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʠʥʩʪʠʪʫʪ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʉʐɸ (ʋʥʠʚʝʨʩʠʪʝʪ ʂʘʣʠʬʦʨʥʠʠ) [22,23]. ʀʩʩʣʝʜʦʚʘʥʠʝʤ 

ʩʚʦʡʩʪʚ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʠ ʩʦʩʪʘʚʣʝʥʠʝʤ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Ir-Si 

ʟʘʥʠʤʘʣʠʩʴ ʚ ʉʐɸ ʠ ʗʧʦʥʠʠ [27ï29]. ʈʘʟʨʘʙʦʪʢʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʦʩʥʦʚʝ Ir/SiC 

ʟʘʥʠʤʘʶʪʩʷ ʚ ʉʐɸ, ʂʠʪʘʝ, ʀʥʜʠʠ, ʇʦʣʴʰʝ ʠ ʈʦʩʩʠʠ [30ï35].  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ Ir-SiC ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʦʪʩʫʪʩʪʚʫʝʪ. ʆʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ, ʢʠʥʝʪʠʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʠ ʝʝ ʵʚʦʣʶʮʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʥʳʝ ʦ ʪʘʢʠʭ ʚʘʞʥʳʭ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ) ʩʚʦʡʩʪʚʘʭ, ʢʘʢ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ Ir-SiC ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 800 

ï 1900Áʉ, ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 800 ï 1900Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ; 

2. ɺʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1000 ï 1800Áʉ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ Ir/SiC ʚ 

ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

3. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ, ʘ ʠʤʝʥʥʦ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʦ ʜʣʷ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ ʪʘʢʠʭ 
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ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʪʝʧʣʦʝʤʢʦʩʪʴ; 

4. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ SiC ʢʝʨʘʤʠʢʠ ʩ 

ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʦʯʥʦʩʪʴʶ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ Ir-SiC ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʳʭ 

ʩʤʝʩʝʡ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 800 ï 1900Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʩʠʣʠʮʠʜʳ ʠʨʠʜʠʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ Ò 50 ʘʪ. %, ʘ ʠʤʝʥʥʦ Ir3Si, Ir2Si, Ir3Si2, IrSi, ʠ ʫʛʣʝʨʦʜ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ >50 ʘʪ. % (Ir3Si4 ʠ Ir3Si5) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʊʧʣ. IrSi (1707ÁC) ʠ ʠʟʙʳʪʦʯʥʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʨʠʜʠʶ ʩʦʜʝʨʞʘʥʠʠ SiC ʚ 

ʫʩʣʦʚʠʷʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʢʦʥʪʘʢʪ ʵʪʠʭ ʩʠʣʠʮʠʜʦʚ ʩ ʫʛʣʝʨʦʜʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ Ir2Si ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʚʝʨʜʦʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Ir ʩ SiC ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ 

(ʊ=1350Áʉ) ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʧʣʦʪʴ ʜʦ 56 ʯ ʚʳʜʝʨʞʢʠ. ʉʢʦʨʦʩʪʴ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʘʪʦʤʦʚ ʠʨʠʜʠʷ ʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʚʩʪʨʝʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʦʪʦʢʘ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ, ʘ 

ʠʤʝʥʥʦ, ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʧʣʦʪʥʦʛʦ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ IrSi ʩʦ ʩʣʦʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʩʤʝʩʠ 

ʟʝʨʝʥ IrSi ʠ ʫʛʣʝʨʦʜʘ.  

ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʳ ʟʥʘʯʝʥʠʷ ʂʊʈ ʠ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ Ir3Si, 

Ir2Si, Ir3Si2, IrSi. ʆʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ IrSi. ɺʳʷʚʣʝʥ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʚ IrSi ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~230ÁC. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ. ʀʟʤʝʨʝʥ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ ʤʦʥʦʣʠʪʥʦʡ SiC ʢʝʨʘʤʠʢʠ, ʩʦʝʜʠʥʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ, ʠ ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʝʡʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʩʠʩʪʝʤʝ Ir-SiC ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʢʣʶʯʘʶʱʝʤ 

ʫʩʣʦʚʠʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʞʠʜʢʦʡ ʬʘʟʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʭʦʜʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʦʥʦʩʠʣʠʮʠʜʘ 

ʠʨʠʜʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʂʊʈ ʥʝʢʦʪʦʨʳʭ ʩʠʣʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʠʭ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ.  
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ.  

ʈʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ 

ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʯʥʦ ʩʦʝʜʠʥʠʪʴ ʢʝʨʘʤʠʢʫ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (1350, 1425 ʠ 1500ÁC). ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ 

ʩʦʝʜʠʥʝʥʥʦʡ ʠʨʠʜʠʝʤ ʤʦʥʦʣʠʪʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʠʣ 110 Ñ 6 ʄʇʘ (ʇʘʪʝʥʪ ʈʌ ˉ2808845). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ Ir-SiC ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʢʦʪʦʨʳʭ Ir ʠ SiC ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Ir ʩ SiC ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ 

ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʘʢʮʠʠ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʉʕʄ/ʕɼʉ, ʈʌɸ, ʀʂ ʠ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʈʌɸ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ir ʩ SiC. ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ IrSi 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʚʩʧʳʰʢʠ, ʪʝʧʣʦʝʤʢʦʩʪʴ ï ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻ/ɼʉʂ), ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ IrSi ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʀʊ ʉʆ ʈɸʅ). ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ 

ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʤʦʥʦʣʠʪʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ. 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʰʚʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʪʨʝʭʪʦʯʝʯʥʦʛʦ 

ʠʟʛʠʙʘ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ 

1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʠ ʢʠʥʝʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʘʚʠʩʷʪ ʦʪ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ, ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʠʩʭʦʜʥʦʤ SiC.  ʇʨʦʜʫʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ 

ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜ ʠ ʩʠʣʠʮʠʜʳ ʠʨʠʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ Ò 50 ʘʪ. 

%: Ir3Si, Ir2Si, Ir3Si2, IrSi. 
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2. ʊʚʝʨʜʦʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʚʧʣʦʪʴ ʜʦ 56 ʯ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1350Áʉ. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʘʪʦʤʦʚ 

ʠʨʠʜʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʚʩʪʨʝʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ. ʊʚʝʨʜʦʬʘʟʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ, IrSi, ʠ ʩʣʦʝʚ ʠʟ ʩʤʝʩʠ IrSi ʠ ʫʛʣʝʨʦʜʘ. 

3. ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʦʥʦʣʠʪʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ 

ʠʨʠʜʠʷ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (1350Áʉ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʦʠʩʢ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʉʕʄ/ʕɼʉ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʍʊʊʄ ʉʆ ʈɸʅ ʠ ʀɻʄ ʉʆ ʈɸʅ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ IrSi ʧʨʦʚʦʜʠʣʠ ʩʧʝʮʠʘʣʠʩʪʳ 

ʀʥʩʪʠʪʫʪʘ ʊʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ. ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʳʚʦʜʦʚ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʀʍʊʊʄ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 13 ʩʠʤʧʦʟʠʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè, ʈʦʩʩʠʡʩʢʦ-ʂʠʪʘʡʩʢʦʤ ʩʝʤʠʥʘʨʝ çAdvance Materials and Structuresè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2020 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2020, 2021, 2022, 2023 ʛʛ.); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʄʅʉʂ) (ʅʦʚʦʩʠʙʠʨʩʢ, 2019, 2021 ʛʛ.); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʦʪ ʥʦʚʳʭ ʠʜʝʡ ʢ ʥʦʚʳʤ 

ʤʘʪʝʨʠʘʣʘʤè (ʅʦʚʦʩʠʙʠʨʩʢ, 2019 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

"ʅʘʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2020 ʛ.); VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʈʦʩʩʠʡʩʢʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʥʘʫʯʥʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 2021 ʛ.); XXIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʝʨʥʷʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ, 

ʘʥʘʣʠʪʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (ʅʦʚʦʩʠʙʠʨʩʢ, 2022 ʛ.); XV ʉʠʤʧʦʟʠʫʤʝ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʅʦʚʦʩʠʙʠʨʩʢ, 2023 ʛ.); XVI 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʂʠʪʘʡʩʢʦ-ʈʦʩʩʠʡʩʢʦʤ ʉʠʤʧʦʟʠʫʤʝ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè (ʂʅʈ, 

2023 ʛ.); IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè (ʅʦʚʦʩʠʙʠʨʩʢ, 2024 ʛ.). 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ 

ʈɸʅ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʥʦʤʝʨ 
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ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʳ 121032500062-4), ʘ ʪʘʢʞʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-

33-00717 ʤʦʣ_ʘ, ʛʨʘʥʪʘ ʈʅʌ ˉ 18-19-00075 (2018-2022 ʛ.), ʛʨʘʥʪʘ ʈʅʌ ˉ 23-19-00212 (2023 ï 

ʥʘʩʪ. ʚʨ.), ʛʨʘʥʪʘ ʌʉʀ ʧʦ ʧʨʦʛʨʘʤʤʝ çʋʄʅʀʂè (2023 ï 2024 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 21 ʨʘʙʦʪʘ, ʠʟ ʥʠʭ 6 ʩʪʘʪʝʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ Web of 

Science ʠ Scopus, 1 ʧʘʪʝʥʪ ʈʌ ʠ 14 ʪʝʟʠʩʦʚ ʠ ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʠʤʝʥʥʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ, ʵʣʝʤʝʥʪʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʦʤ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʛʦ 221 ʥʘʠʤʝʥʦʚʘʥʠʝ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 141 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 22 

ʪʘʙʣʠʮʳ ʠ 83 ʨʠʩʫʥʢʘ.  
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ.  

ʉʠʩʪʝʤʘ çʠʨʠʜʠʡ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷè: ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

 

1.1. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʩʪʘʪʴʠ ʠ ʤʦʥʦʛʨʘʬʠʠ [2,4ï7,36,37]. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ 

ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

1.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ SiC 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʠʪʠʧʠʟʤ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ [3,38]. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʦʙʣʘʜʘʝʪ ʩʣʦʠʩʪʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʞʜʳʡ ʘʪʦʤ Si ʩʚʷʟʘʥ ʩ 4 ʘʪʦʤʘʤʠ C, ʠ ʥʘʦʙʦʨʦʪ (ʨʠʩ. 1). ʉʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʪʝʪʨʘʵʜʨʳ SiC4 ʠʣʠ CSi4. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʦʜʥʦʤ ʩʣʦʝ ʢʨʠʩʪʘʣʣʘ SiC, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʧʦʟʠʮʠʠ A, B ʠ C, ʠ ʢʘʞʜʳʡ ʧʦʣʠʪʠʧ ʠʤʝʝʪ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʩʣʦʠ, ʥʦ ʨʘʟʣʠʯʥʫʶ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʢʣʘʜʢʠ ʚʜʦʣʴ ʦʩʠ ʩ (ʨʠʩ. 1). ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ 

ʩʣʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʣʦʞʝʥ ʧʦʚʝʨʭ ʜʨʫʛʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ (ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʙʦʢʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʘʢ ʠ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩ), ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʚʘʨʠʘʮʠʷʭ ʫʢʣʘʜʢʠ. ʀʟʚʝʩʪʥʘ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʢʫʙʠʯʝʩʢʘʷ ʘʣʤʘʟʦʧʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ F-43m), ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʘʪʦʤʦʚ 

ʥʝ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʠ ʨʷʜ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʠ ʪʨʠʛʦʥʘʣʴʥʳʭ (P63mc, R3m) 

ʩʪʨʫʢʪʫʨ [39]. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʜʣʷ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ a = 4,363 ¡, ʜʣʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʧʦʣʠʪʠʧʦʚ SiC ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʩʣʘʙʦ ʦʪʣʠʯʘʶʪʩʷ ʠ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: a = b = ~3,078 ¡, c = n Ĭ ~2,518 ¡, ʛʜʝ n ï ʧʝʨʠʦʜ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ [38]. ʆʩʝʚʦʝ ʦʪʥʦʰʝʥʠʝ c/a = n Ĭ 0,817 ʦʯʝʥʴ ʙʣʠʟʢʦ 

ʢ ʠʜʝʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ n Ĭ 0,8165. ɼʣʠʥʳ ʩʚʷʟʝʡ Si ï C ʩʦʩʪʘʚʣʷʶʪ p = Ĳ Ĭ 2,518 = 1,888 ¡ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ C ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʦʤʘʤ Si ʚʜʦʣʴ ʦʩʠ c [38].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʪʠʧʦʚ SiC, ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ɓ-SiC, ʘ ʚʩʝ ʥʝʢʫʙʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠʣʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ, ʢʘʢ Ŭ-SiC [3,38ï40]. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʣʠʪʠʧʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪ ʤʝʪʦʜ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦ ʈʘʤʩʜʝʣʫ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʙʫʢʚʳ, ʦʙʦʟʥʘʯʘʶʱʝʡ ʪʠʧ ʨʝʰʝʪʢʠ, ʉ ï ʢʫʙʠʯʝʩʢʘʷ, H ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, R ï 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ (ʨʠʩ. 1) [41].  
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ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ [6]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʶʪʩʷ ʧʦʣʠʪʠʧʳ 3ʉ-SiC, 4H- ʠ 6H-SiC. ʉʨʝʜʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʧʦʣʠʪʠʧʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ 15R-SiC [4,38,42]. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʫʙʠʯʝʩʢʠʡ ɓ-SiC ʷʚʣʷʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ 

ʬʘʟʦʡ ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 1700Áʉ. ɺʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʘʷ ʬʘʟʘ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʦʙʨʘʪʠʤʳʡ ʧʝʨʝʭʦʜ ʚ ʜʨʫʛʠʝ ʧʦʣʠʪʠʧʳ, ʯʘʱʝ ʚʩʝʛʦ ʚ 6H [2,3,36,38].  

1.1.2. ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ  

ʈʘʟʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʥʝʢʦʪʦʨʳʭ ʧʦʣʠʪʠʧʦʚ SiC. 

 

ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ 4H-, 6H- ʠ 3ʉ-SiC. 

ʉʚʦʡʩʪʚʘ 4H-SiC 6H-SiC 3C-SiC 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 3,21 3,21 3,21 

ʊʝʧʣʦʝʤʢʦʩʪʴ, ɼʞ/ʢʛĀK 690 [43] 690 [43] 690 [43] 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ɺʪ/ʤĀK 370 [43] 490 [43] 320 [43] 

ʂʊʈ, Ĭ10-6 K-1 (ʧʨʠ 300 K) 
Ŭa = 4,47 (ƍ ʦʩʠ ʩ) 

Ŭʩ = 4,06 (|| ʦʩʠ ʩ) [44] 

Ŭa = 4,08 (ƍ ʦʩʠ ʩ) 

Ŭʩ = 3,83 (|| ʦʩʠ ʩ) 

[45] 

Ŭa = 3,8 [43] 

ʄʦʜʫʣʴ ʖʥʛʘ, ɻʇʘ 390 ï 690 [1] 390 ï 690 [1] 310 ï 550 [1] 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ 

ɺʠʢʢʝʨʩʫ, ɻʇʘ 
28,1 (ʨʘʩʯ.) [46] 28,2 (ʨʘʩʯ.) [46] 28,2 (ʨʘʩʯ.) [46] 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 

ʵɺ 
3,26 [1] 3,03 [1] 2,4 [1] 

ʉʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, ʵɺ 3,1 [1] 3,3 [1] 3,8 [1] 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʦʣʠʪʠʧʦʚ, ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʭʦʞʠ, ʪʦʛʜʘ 

ʢʘʢ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʩʠʣʴʥʝʝ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ 

ʚ ʩʚʦʡʩʪʚʘʭ ʚʠʜʥʳ ʧʨʠ ʧʨʷʤʦʤ ʩʨʘʚʥʝʥʠʠ ʧʦʣʠʪʠʧʦʚ Ŭ-SiC ʬʘʟʳ (4H- ʠ 6H-SiC) ʩ ʧʦʣʠʪʠʧʦʤ ɓ-

SiC ʬʘʟʳ (3ʉ-SiC). 
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ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʧʦʣʠʪʠʧʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʥʦ ʠ ʩ ʭʘʨʘʢʪʝʨʦʤ 

ʠ ʩʠʣʦʡ ʩʚʷʟʝʡ Si-C, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 4,6 ʵɺ [47]. ʉʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Si ʠ ʉ 

ʩʯʠʪʘʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʢʦʚʘʣʝʥʪʥʳʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʇʦʣʠʥʛʘ 

[48], ʚʳʨʘʞʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʠʦʥʥʦʡ ʩʚʷʟʠ ʜʣʷ ʘʪʦʤʦʚ ɸ-ɺ ʦʪ ʨʘʟʥʦʩʪʠ ʠʭ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ (ɢA-ɢB), ʩʚʷʟʠ ʚ SiC ʜʦʣʞʥʳ ʙʳʪʴ ʠʦʥʥʳʤʠ ʣʠʰʴ ʥʘ ~10-12 %. ɼʨʫʛʠʤ 

ʢʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʩʚʷʟʠ ʚ SiC ʠʤʝʶʪ ʚ ʙ·ʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʚʘʣʝʥʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʷʚʣʷʝʪʩʷ ʠʭ ʜʣʠʥʘ. ʀʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ ʢʦʚʘʣʝʥʪʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʨʘʜʠʫʩʦʚ ʉ (rʉ = 

0,77 ¡) ʠ Si (rSi = 1,17 ¡) [38], ʨʘʩʩʪʦʷʥʠʷ Si-ʉ ʜʦʣʞʥʳ ʙʳʣʠ ʨʘʚʥʳʤʠ 1,94 ¡. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʠʩʭʦʜʷ ʠʟ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʉ4- (rʉ = 1,51 ¡) ʠ Si
4+ (rSi = 0,41 ¡) ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 0,93, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʣʷ ʯʝʪʚʝʨʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʩʪʦʷʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 0,93 Ĭ (1,51+0,41) = 1,79 ¡. ʈʘʩʩʪʦʷʥʠʷ Si-ʉ 

ʨʘʚʥʳ 1,888 ¡, ʯʪʦ ʣʫʯʰʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʚʘʣʝʥʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʩʚʷʟʠ [38].  

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʠ (88 ï 90 %) ʠ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ Si-C 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (2830Áʉ).  ʇʣʘʚʣʝʥʠʝ SiC ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ, ʪʚʝʨʜʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʪʘʢʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʢʘʢ Si, Si2C, SiC2 ʠ SiC [49]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [49], ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʥʘʯʠʥʘʝʪ 

ʤʝʜʣʝʥʥʦ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʚ ʚʘʢʫʫʤʝ (Ò10-3 ʇʘ) ʧʨʠ 1700 K ʥʘ ʪʚʝʨʜʳʡ ʫʛʣʝʨʦʜ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʢʨʝʤʥʠʡ ʩ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ 1,8Ĭ10-2 ʇʘ. ɼʘʚʣʝʥʠʝ ʧʘʨʦʚ ʢʨʝʤʥʠʷ ʥʘʜ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʧʨʠ 2000 K ʠ ʩʦʩʪʘʚʣʷʝʪ ~1,4 ʇʘ. ɼʘʚʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʩʪʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʚʧʣʦʪʴ ʜʦ 2300 K. ʕʪʦʪ ʬʘʢʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʦʮʝʥʢʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɽʱʝ ʦʜʥʠʤ ʩʚʦʡʩʪʚʦʤ, ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʧʦʣʠʪʠʧʦʚ, ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʅʘ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʥʝ ʜʝʡʩʪʚʫʶʪ ʢʠʩʣʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘʚʠʢʦʚʘʷ ʢʠʩʣʦʪʘ [2,3,46]. ʆʜʥʘʢʦ SiC 

ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ ʩ ʛʠʜʨʦʢʩʠʜʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʪʨʘʚʣʝʥʠʷ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʨʘʩʧʣʘʚʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ Na2O ʠʣʠ ʩʤʝʩʴ Nʘ2ʉO3-ʂNʆ3. 

ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʨʝʘʛʠʨʫʝʪ ʩ ʬʪʦʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 300 Áʉ ʠ ʩ ʭʣʦʨʦʤ ʚʳʰʝ 900 Áʉ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʠ ʚʝʱʝʩʪʚʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʨʘʚʣʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɓ-SiC 

ʦʙʣʘʜʘʝʪ ʙ·ʣʴʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʝʤ Ŭ-SiC [38]. 

1.1.3. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ [2,5,6,50]. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʝʥ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʩʦʩʪʘʚ 

ʘʪʤʦʩʬʝʨʳ, ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ, 
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ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ. ɼʘʥʥʦʡ 

ʧʨʦʙʣʝʤʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩ 

ʦʙʲʷʩʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʩʪʨʦʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʢʠʩʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ. [50ï53]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʦʢʠʩʣʝʥʠʷ ï ʘʢʪʠʚʥʦʝ ʠ 

ʧʘʩʩʠʚʥʦʝ. ʇʘʩʩʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʥʘʯʠʥʘʷ ʩ 1000Áʉ, ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʳ. ʈʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

SiC(ʪʚ) + O2(ʛ) Ÿ SiO2(ʪʚ) + ʉO(ʛ) (1) 

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ 

ʩʣʦʡ SiO2 ʠ ʧʨʦʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ, ʫʯʠʪʳʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʢʠʩʣʦʨʦʜʫ ʜʣʷ SiO2, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1Ā10-13 ʛ/ʩʤĀʩ [5, 50ï53]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʟʘʤʝʜʣʷʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʧʘʩʩʠʚʠʨʫʶʱʝʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʘʨʮʠʘʣʴʥʦʤ 

ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʤʝʥʴʰʝ ~1/2 ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʜʘʚʣʝʥʠʷ SiO ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʘʩʩʠʚʥʦʛʦ 

ʢ ʘʢʪʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. 

ɸʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ SiO2 (ʊʧʣ. = 1710ÁC) ʠ/ʠʣʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. ɸʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʢʮʠʝʡ (2): 

SiC(ʪʚ) + O2(ʛ) Ÿ SiO(ʛ) + CO/CO2(ʛ)  (2) 

ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ ʦʢʩʠʜ SiO, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʜʠʬʬʫʟʠʶ ʢʠʩʣʦʨʦʜʘ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʮʝʩʩ ʘʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

 

1.2. ʀʨʠʜʠʡ: ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ 

ʈʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʨʠʜʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʪʘʢ ʤʥʦʛʦ [11,16,20,21,54ï57]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (1Ĭ10-

7 % ʧʦ ʤʘʩʩʝ) ʠ ʪʨʫʜʥʦʩʪʴʶ ʠʟʚʣʝʯʝʥʠʷ ʠ ʦʯʠʩʪʢʠ [58,59]. ʀʨʠʜʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʣʝʜʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ: ʩʳʩʝʨʪʩʢʠʪ ʠʣʠ ʠʨʠʜʠʩʪʳʡ ʦʩʤʠʡ, ʧʣʘʪʠʥʦʚʳʡ, ʨʦʜʠʝʚʳʡ ʠ ʨʫʪʝʥʠʝʚʳʡ 

ʥʝʚʴʷʥʩʢʠʪʳ, ʘʫʨʦʩʤʠʨʠʜ [60]. ʊʘʢʞʝ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʘʩʩʝʷʥʥʦʡ ʬʦʨʤʝ ʚ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʦ-

ʥʠʢʝʣʝʚʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜʘʭ [60]. ʂʨʫʧʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʨʠʜʠʷ ʚ 

ʤʠʨʝ ʚʩʝʛʦ ʜʚʘ ï ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ ʠ ʚ ʈʦʩʩʠʠ [61]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʠʨʠʜʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʢʦʤʧʦʥʝʥʪʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʠʟʜʝʣʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ. ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʠʨʠʜʠʷ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. 
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1.2.1. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʀʨʠʜʠʡ ï ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ ʤʝʪʘʣʣ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʆʥ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ (ɻʎʂ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ ʘ = 0,3839 ʥʤ, z = 

4, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Fm-3m. ʕʪʦ ʚʪʦʨʦʡ ʧʦ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʣʣ, ʝʛʦ ʧʣʦʪʥʦʩʪʴ 

(22,56 ʛ/ʩʤ3) ʣʠʰʴ ʥʘ 0,13% ʫʩʪʫʧʘʝʪ ʧʣʦʪʥʦʩʪʠ ʩʘʤʦʛʦ ʧʣʦʪʥʦʛʦ ʤʝʪʘʣʣʘ ï ʦʩʤʠʷ (22,59 ʛ/ʩʤ3). 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʠʨʠʜʠʷ ʢʘʢ ɻʎʂ ʤʝʪʘʣʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ. ʀʨʠʜʠʡ ʧʣʘʚʠʪʩʷ ʧʨʠ 2446Áʉ, ʠʟ-ʟʘ ʯʝʛʦ ʝʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʫʛʦʧʣʘʚʢʠʤ ʤʝʪʘʣʣʘʤ 

[62]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʢ ʪʫʛʦʧʣʘʚʢʠʤ ʦʪʥʦʩʷʪ ʤʝʪʘʣʣʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʚʳʰʝ 2000Áʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʤʠ ʷʚʣʷʶʪʩʷ ʆʎʂ (Nb (2477ÁC), Mo 

(2623ÁC), Ta (3017ÁC), W (3422ÁC)) ʠ ɻʇʋ (Hf (2233ÁC), Ru (2334ÁC), Re (3186ÁC), Os (3033ÁC)) 

ʤʝʪʘʣʣʳ [63ï66]. ɻʎʂ ʞʝ ʤʝʪʘʣʣʳ (ʢʨʦʤʝ ʠʨʠʜʠʷ) ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 2000Áʉ 

[67]. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʠʨʠʜʠʡ ʧʣʘʚʠʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʥ ʯʨʝʟʚʳʯʘʡʥʦ ʤʝʜʣʝʥʥʦ 

ʜʠʩʩʦʮʠʠʨʫʝʪ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʧʨʠ 1600Áʉ ʩʦʩʪʘʚʣʷʝʪ 

2,1Ĭ10-8 ʤʙʘʨ), ʪʘʢʞʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ~4430ÁC [13,14]. ʊʘʢʫʶ ʚʳʩʦʢʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʠʣʴʥʳʤʠ ʤʝʞʘʪʦʤʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

[68,69].  

ʉʠʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʡ ʂʊʈ ʩʨʝʜʠ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 6,5Ĭ10-6 K-1. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʂʊʈ ʠʨʠʜʠʷ 

ʨʘʩʪʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 13,6Ĭ10-6 K-1 ʧʨʠ 2000Áʉ [17]. ʇʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʠʨʠʜʠʡ ʫʩʪʫʧʘʝʪ 

ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʪʫʛʦʧʣʘʚʢʠʤ ʤʝʪʘʣʣʘʤ. ʂ ʧʨʠʤʝʨʫ, ʂʊʈ ʜʚʫʭ ʩʘʤʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ W 

ʠ Re ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪ 4,5 ʠ 6,2 Ĭ10-6 K-1 ʠ ~7Ĭ10-6 K-1 ʠ ~10Ĭ10-6 K-1 ʧʨʠ 

2000Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [66,70,71]. ʆʜʥʘʢʦ ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʂʊʈ ʠʨʠʜʠʷ ʜʦʚʦʣʴʥʦ ʥʠʟʦʢ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʫ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʩʪʘʚʣʷʝʪ 12 ï 13Ĭ10-6 K-1 [72]. ʀʨʠʜʠʡ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ï 147 ɺʪ/ʤẗK. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥʘ ʧʘʜʘʝʪ, ʥʦ ʜʘʞʝ ʧʨʠ 2000Áʉ ʩʦʩʪʘʚʣʷʝʪ ~100 ɺʪ/ʤẗK, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ [73]. 

1.2.2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺʪʦʨʳʤ ʧʨʠʟʥʘʢʦʤ, ʚʳʜʝʣʷʶʱʠʤ ʠʨʠʜʠʡ ʩʨʝʜʠ ʜʨʫʛʠʭ ɻʎʂ ʤʝʪʘʣʣʦʚ, ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʫʥʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʜʨʦʙʥʦ ʤʝʭʘʥʠʟʤʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʠʨʠʜʠʷ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʇ.ɽ. ʇʘʥʬʠʣʦʚʘ 

[9], ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [54,74ï79,79ï91]. ɿʜʝʩʴ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʪʢʠʝ ʚʳʚʦʜʳ ʠ ʦʙʦʙʱʝʥʠʷ 

ʠʟ ʜʘʥʥʳʭ ʨʘʙʦʪ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ɻʎʂ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʤʠ, 

ʜʝʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʟʘ ʩʯʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ [92ï94]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝʩʧʦʩʦʙʥʳ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠ ʠʤʝʶʪ ʧʣʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ [92ï94]. ʆʜʥʘʢʦ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʨʠʜʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʣʫʶ ʜʝʬʦʨʤʘʮʠʶ 
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ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ɽʛʦ ʨʘʟʨʫʰʝʥʠʝ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ [9,10,79]. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʵʪʦʤ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʪʠʧʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʨʠʜʠʷ ʩʭʦʞʝ ʩ ɻʎʂ ʤʝʪʘʣʣʘʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʭʨʫʧʯʠʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʩʷʤʠ [95ï97]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʚʷʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʫʶ ʭʨʫʧʢʦʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ 

ʥʝʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʧʨʠʤʝʩʠ ʩʢʘʧʣʠʚʘʶʪʩʷ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʤʝʞʟʝʨʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ [80ï84].  

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʳʩʦʢʦʯʠʩʪʳʡ (ʥʘʩʢʦʣʴʢʦ ʵʪʦ 

ʚʦʟʤʦʞʥʦ) ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʨʠʜʠʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʤʝʥʝʝ 10 ppm, ʚʝʜʝʪ ʩʝʙʷ 

ʧʦʜʦʙʥʦ ʧʣʘʪʠʥʝ ʠ ʧʦʜʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ [9,74ï76]. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ (~2 ï 3 ʤʘʩʩ. %) ʚ ʠʨʠʜʠʝʚʦʡ ʤʘʪʨʠʮʝ ʨʝʥʠʷ ʠ ʨʫʪʝʥʠʷ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [9,58]. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʨʠʜʠʡ ʧʣʦʭʦ 

ʧʦʜʜʘʝʪʩʷ ʦʯʠʩʪʢʝ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʣʠʰʴ ʜʚʝ ʜʝʚʷʪʢʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ [58,59]. ʏʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (Ó10 ppm) ʫʞʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʉʦʯʝʪʘʥʠʝ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʩʣʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʘʬʬʠʥʘʞʘ ʠ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʚʣʠʷʣʦ ʥʘ ʦʙʱʝʧʨʠʥʷʪʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʠʨʠʜʠʡ ʷʚʣʷʝʪʩʷ ʭʨʫʧʢʠʤ ɻʎʂ ʤʝʪʘʣʣʦʤ. ʄʝʪʦʜʳ ʦʯʠʩʪʢʠ ʠʨʠʜʠʷ ʦʪ ʧʨʠʤʝʩʝʡ, ʚʢʣʶʯʘʷ 

ʵʣʝʢʪʨʦʣʫʯʝʚʫʶ ʧʝʨʝʧʣʘʚʢʫ ʚ MgO ʪʠʛʣʝ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʯʠʩʪʳʡ ʠʨʠʜʠʡ ʙʝʟ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [58]. ʇʣʘʩʪʠʯʥʦʩʪʴ ʠʨʠʜʠʷ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʝʛʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʣʝʛʠʨʦʚʘʥʠʝ ʠʨʠʜʠʷ ʜʦʙʘʚʢʘʤʠ Th ʠ Ce [86,98ï103]. ʊʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʦʙʘʚʢʘ Zr ʠ Hf 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ [20]. 

ʇʦʚʝʜʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʨʠʜʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ, ʯʪʦ ʪʘʢʞʝ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʩʠʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʤʝʪʘʣʣʘ ʧʨʠʤʝʩʝʡ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʠʨʠʜʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʠʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʩ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʳʤ ʩʢʦʣʦʤ, ʪ.ʝ. ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʷʟʢʦ-

ʭʨʫʧʢʠʡ ʧʝʨʝʭʦʜ [74ï77,87]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʤʝʥʘ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʝ-

ʜʝʬʦʨʤʘʮʠʷ ʦʪ ʚʷʟʢʦʛʦ ʢ ʭʨʫʧʢʦʤʫ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ɻʎʂ ʤʝʪʘʣʣʦʚ [92ï94]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, 

ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ɻʎʂ ʤʝʪʘʣʣʦʚ, ʠʨʠʜʠʡ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʩʢʦʣʴʞʝʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʩ ʚʝʢʪʦʨʘʤʠ ɹʶʨʛʝʨʩʘ <110> [9,10,75]. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʨʠʜʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ <110> ʜʠʩʣʦʢʘʮʠʡ ʠ 

ʩʠʣʴʥʳʤʠ ʤʝʞʘʪʦʤʥʳʤʠ ʩʚʷʟʷʤʠ [9].  
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ʉʠʣʴʥʦʝ ʤʝʞʘʪʦʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʝʪ ʠ ʥʘ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʘʜʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 2000Áʉ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩ 3,135 ɻʇʘ ʧʨʠ 1000Áʉ ʧʘʜʘʝʪ ʜʦ 386,1 

ʄʇʘ ʧʨʠ 2000Áʉ ʧʦ ʜʘʥʥʳʤ [104], ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʩʘʤʦʛʦ 

ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ ï W, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʘʜʘʝʪ ʩ 3,228 ɻʇʘ (1000Áʉ) 

ʜʦ 679,5 ʄʇʘ (2000Áʉ) [104]. ɼʨʫʛʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʨʠʜʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʅʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʨʠʜʠʷ [105]. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 

ʄʦʜʫʣʴ 

ʩʜʚʠʛʘ, ɻʇʘ 

ʄʦʜʫʣʴ 

ʖʥʛʘ, ɻʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ 

ʊʚʝʨʜʦʩʪʴ, 

ʄʇʘ 

490 ï 618 214 538 0,26 1960 

 

1.2.3. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʆʢʠʩʣʝʥʠʝ ʠʨʠʜʠʷ. ʀʨʠʜʠʡ ʫʩʪʦʡʯʠʚ ʢ ʦʢʠʩʣʝʥʠʶ, ʯʪʦ ʚʳʛʦʜʥʦ ʝʛʦ ʦʪʣʠʯʘʝʪ ʦʪ ʜʨʫʛʠʭ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ [12ï16,56]. ʆʥ ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ 

ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 600 ï 1000Áʉ ʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ IrO2 (ʦʢʩʠʜ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ >1100Áʉ, ʧʣʦʪʥʦʩʪʴʶ 11,655 

ʛ/ʩʤ3 ʠ Ὄ̏ ̂ ̑ï 240 ʢɼʞ/ʤʦʣʴ) [12,56,106]. ʇʨʠ ʩʧʝʢʘʥʠʠ K3[IrCl 6] ʩ ʩʦʜʦʡ ʧʦʣʫʯʘʶʪ ʩʝʩʢʚʠʦʢʩʠʜ 

Ir2O3, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʠʥʝ-ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʜʦ ʤʝʪʘʣʣʘ ʧʨʠ 400Áʉ [107]. ʇʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ Ó1100Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʠʨʠʜʠʡ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʝʪʩʷ ʚ ʚʠʜʝ 

ʪʨʠʦʢʩʠʜʘ IrO3, (Ὄ̏ ̂ ̑ʛʘʟʘ 13 ʢɼʞ/ʤʦʣʴ), ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʦʣʴʢʦ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ [12ï15,56,106]. 

ʉʢʦʨʦʩʪʴ ʨʝʮʝʩʩʠʠ ʠʨʠʜʠʷ ʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʘʪʤʦʩʬʝʨʝ ʜʦʚʦʣʴʥʦ ʤʘʣʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʠʨʠʜʠʷ ʙʳʣ ʠʟʫʯʝʥ ʚ 

ʨʘʙʦʪʘʭ [12ï16,55,56,106]. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʝʮʝʩʩʠʠ ʠʨʠʜʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ (ʨʠʩ. 2 ʘ), ʘ ʪʘʢʞʝ ʦʪ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 2 ʙ). ʈʝʮʝʩʩʠʷ 

ʣʠʥʝʡʥʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʮʝʩʩʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʠʨʠʜʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 

ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘ ʩʯʝʪ ʤʘʣʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʢʩʠʜʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʨʠʜʠʡ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ 

ʙʘʨʴʝʨʦʤ ʜʣʷ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʢʠʩʣʦʨʦʜʫ ʠʨʠʜʠʷ ʜʘʞʝ ʧʨʠ 2200Áʉ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 

1ẗ10-13 ʛ/ʩʤẗʩ [28]. 
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ʈʠʩʫʥʦʢ 2. ʉʢʦʨʦʩʪʴ ʨʝʮʝʩʩʠʠ ʠʨʠʜʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʘʪʤʦʩʬʝʨʝ: ʢʠʩʣʦʨʦʜʘ (ʘ), 

ʚʦʟʜʫʭʘ (ʙ) [12]. 

 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʜʠʬʬʫʟʠʦʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʛʣʝʨʦʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ ʫʛʣʝʨʦʜʘ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʨʠʜʠʷ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʨʠʜʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ ʆʎʂ ʤʝʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

Nb, Ta, Mo, W, ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʶ [104]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʫʛʣʝʨʦʜʘ ʚ ʠʨʠʜʠʠ ʤʠʥʠʤʘʣʴʥʘʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʠ ʧʨʠ 1256Áʉ 

ʩʦʩʪʘʚʣʷʝʪ 0,25 ʘʪ. % [108], ʘ ʧʨʝʜʝʣ ʥʘʩʳʱʝʥʠʷ ʫʛʣʝʨʦʜʦʤ ʜʦʩʪʠʛʘʝʪ ~3 ʘʪ. % ʧʨʠ ~2300Áʉ (ʨʠʩ. 

3 [109]). ʇʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʵʚʪʝʢʪʠʢʘ.  

ʀʨʠʜʠʡ ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʫʛʣʝʨʦʜʘ, ʥʦ ʠ ʩʣʫʞʠʪ 

ʦʪʣʠʯʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʥʝʛʦ [16,57,110ï113]. ɺ ʨʘʙʦʪʝ [16] ʙʳʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʨʠʜʠʷ ʧʦ ʫʛʣʝʨʦʜʫ, ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ CO2, ʚʳʜʝʣʷʶʱʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Ir/C ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 4). 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʠʨʠʜʠʷ ʧʦ ʫʛʣʝʨʦʜʫ ʚʝʩʴʤʘ ʥʠʟʢʘ, ʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ 

ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʢʠʩʣʦʨʦʜʫ.  
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ʈʠʩʫʥʦʢ 3. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Ir-C [109]. 

 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʨʠʜʠʷ ʧʦ ʫʛʣʝʨʦʜʫ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ( ʜʣʷ 1 ʦʙʨʘʟʮʘ ʠ ƺ ʜʣʷ 2 ʦʙʨʘʟʮʘ) [16]. 

 

ɼʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʀʨʠʜʠʡ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩʦ ʚʩʝʤʠ ʠʟʚʝʩʪʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ 

ʩʤʝʩʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʮʘʨʩʢʦʡ ʚʦʜʢʦʡ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 100Áʉ. ʇʦʨʦʰʦʢ ʠʨʠʜʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʪʚʦʨʝʥ ʚ ʢʠʩʣʦʪʘʭ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KCl, NaCl 

ʧʨʠ 600 ï 900Áʉ ʠʣʠ ʩʧʝʢʘʥʠʷ ʩ BaO2, Na2O2 ʧʨʠ 500 ï 900Áʉ. ʀʨʠʜʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ F2 ʧʨʠ 

400 - 450Áʉ, ʩ ʉl2 ʠ S ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʘʩʥʦʛʦ ʢʘʣʝʥʠʷ [60]. 
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1.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʝʪʘʣʣʘʤʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʳ SiC ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʘ ʪʠʧʘ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠ ̫ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʨʝʘʢʮʠʠ [114,115]. 

ʇʝʨʚʳʡ ʪʠʧ ï ʩʠʩʪʝʤʳ SiC-ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, ʠʤʝʶʱʠʡ ʩʪʘʙʠʣʴʥʳʝ ʢʘʨʙʠʜʳ (Fe, Cr, Ti, Zr, ʠ 

ʪ.ʜ.) [114,116ï118]. ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʩʠʩʪʝʤ ʵʪʦʛʦ ʪʠʧʘ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʠʮʠʜʳ, ʢʘʨʙʠʜʳ 

ʠ ʩʠʣʠʢʦʢʘʨʙʠʜʳ ʤʝʪʘʣʣʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʠʤʝʝʪ 

ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʝʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʘʟʦʚʳʤʠ 

ʜʠʘʛʨʘʤʤʘʤʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ.  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʚ 

ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʩʠʩʪʝʤʳ ʄ ï SiC, ʛʜʝ ʄ ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, ʥʝ ʦʙʨʘʟʫʶʱʠʡ ʩʪʘʙʠʣʴʥʳʭ 

ʢʘʨʙʠʜʦʚ. ʉʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʂ ʧʨʠʤʝʨʫ, ʠʤʝʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʠʩʪʝʤʘʭ Ni ï SiC ʠ Co ï SiC, ʚʚʠʜʫ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʛʦʨʷʯʫʶ ʟʦʥʫ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʩʫʧʝʨʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Ni ʠ Co [114,115,117,119,120]. ʉʠʩʪʝʤʘ Ni ï SiC ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʠʦʜʘʭ ʐʦʪʪʢʠ [121]. ʉʠʩʪʝʤʘ Cu ï SiC 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ [122,123]. ʆʙ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʚ ʩʠʩʪʝʤʘʭ Au, Ag ï Siʉ ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ.  

ʆʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ M ï SiC, ʛʜʝ M ï ʤʝʪʘʣʣ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ 

(Pt, Pd, Rh, Ru, Os, Ir). ʉʠʩʪʝʤʳ Pt ï SiC ʠ Pd ï SiC, ʪʘʢʞʝ, ʢʘʢ ʠ Ni-SiC, ̫ ʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʚ ʦʙʣʘʩʪʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [121,124]. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ SiC ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʠʩʩʣʝʜʫʝʪʩʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Pd, Rh ʠ 

Ru, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʜʝʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʫʨʘʥʘ ʠʣʠ 

ʧʣʫʪʦʥʠʷ [125ï127]. ʆ ʩʠʩʪʝʤʝ Os-SiC ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ 

ʩʠʩʪʝʤʝ Ir-SiC ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʟʜʝʣʝ 1.4. 

 

1.3.1. ʉʠʩʪʝʤʳ çʧʝʨʝʭʦʜʥʳʡ ʥʝʧʣʘʪʠʥʦʠʜʥʳʡ ʤʝʪʘʣʣ ï SiCè 

1.3.1.1. Ni ï SiC 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʳ Ni ï C (ʨʠʩ. 5 ʘ), Ni ʥʝ ʦʙʨʘʟʫʝʪ 

ʢʘʨʙʠʜʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʥʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʘʪ. % ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ Ni ï Si ʧʦʨʷʜʢʘ 8 ʨʘʟʣʠʯʥʳʭ ʠʟʚʝʩʪʥʳʭ ʩʠʣʠʮʠʜʦʚ (ʨʠʩ. 5. ʙ), ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʢʝʣʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ, ʧʦʤʠʤʦ ʫʛʣʝʨʦʜʘ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʩʝʛʦ ʪʨʠ ʩʠʣʠʮʠʜʥʳʝ ʬʘʟʳ Ni3Si, Ni5Si2 ʠ ŭ-Ni2Si [114,117ï120,128]. 
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ʆʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʬʘʟ ʩʠʣʠʮʠʜʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʉʦʛʣʘʩʥʦ ʪʨʦʡʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ Ni ï Si ï C (ʨʠʩ. 5 ʚ), ʬʘʟʳ ʩʠʣʠʮʠʜʦʚ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʫʛʣʝʨʦʜʘ. ʌʘʟʘ ŭ-Ni2Si ʩʪʘʙʠʣʴʥʘ ʢʘʢ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ SiC, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ SiC, ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ Ni ʩ SiC ʙʫʜʫʪ ŭ-Ni2Si ʠ ʫʛʣʝʨʦʜ. 

 

 

ʈʠʩʫʥʦʢ 5. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤ: Ni ï C  [129] (ʘ), Ni ï Si [130] (ʙ) ʠ Ni ï Si ï C ʧʨʠ 850Áʉ 

[114] (ʚ). 

 

ɼʠʬʬʫʟʠʷ ʠ ʢʠʥʝʪʠʢʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [114,115,117ï120,128], ʥʘʠʙʦʣʝʝ ʜʠʬʬʫʟʠʦʥʥʦ-

ʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ ʚ ʩʠʩʪʝʤʝ Ni ï SiC, ʷʚʣʷʝʪʩʷ Ni. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʥʝʧʦʜʚʠʞʝʥ 

ʚʚʠʜʫ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (800 ï 1170Áʉ) 

[114,115,120]. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʨʘʬʠʪʝ ʨʘʚʥʘ 1, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ SiC <1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʝʨʦʜ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʚʙʣʠʟʠ Siʉ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʧʨʦʪʠʚ 

ʛʨʘʜʠʝʥʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (800 ï 850Áʉ) ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʠʣʠ 

ʧʨʝʚʳʰʘʶʱʠʭ ʊʧʣ ʥʝʢʦʪʦʨʳʭ ʩʠʣʠʮʠʜʦʚ (1100 ï 1170Áʉ), ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʤʝʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

[114,117,119,120]. ɺ ʨʘʙʦʪʝ [114] ʩʨʘʚʥʠʚʘʣʠʩʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʩʠʩʪʝʤ Zr ï SiC, 
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Cr ï SiC ʠ Ni ï SiC. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ Ni ʩ SiC ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 

ʦʩʪʘʣʴʥʳʭ (ʨʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʠʩʪʝʤʘʭ Cr ï SiC, Ni ï SiC ʠ 

Zr ï SiC [114]. 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ʥʠʢʝʣʷ ʩ SiC ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ [114,115,117,119,120]. ʅʘ ʨʠʩ. 7. 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʯʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Ni-SiC, ʚʳʜʝʨʞʘʥʥʦʡ 24 ʯ ʧʨʠ 850Áʉ. ɺ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ, ʩʦʜʝʨʞʘʱʝʡ ʫʛʣʝʨʦʜ, ʚʠʜʥʳ ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ ʩʠʣʠʮʠʜʦʚ ʥʠʢʝʣʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, Ni5Si2, ʩʦ ʩʣʦʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʟʝʨʝʥ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʤʘʪʨʠʮʝ 

ʩʠʣʠʮʠʜʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 1.3.3. 

 

 

ʈʠʩʫʥʦʢ 7. ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Ni/SiC, ʚʳʜʝʨʞʘʥʥʦʡ 24 ʯ ʧʨʠ 850Áʉ 

[115]. 



25 

 

1.3.1.2. Co-SiC 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. Co, ʢʘʢ ʠ Ni, ʥʝ ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʳʭ ʢʘʨʙʠʜʦʚ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʫʛʣʝʨʦʜʘ ʪʘʢʞʝ ʢʨʘʡʥʝ ʤʘʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ~4 ʘʪ. % ʧʨʠ 1320Áʉ [131]. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ Co 

ʩʦʩʪʘʚʣʷʝʪ 1495ÁC [132]. ɺ ʩʠʩʪʝʤʝ Co ï Si ʠʟʚʝʩʪʥʦ 4 ʩʠʣʠʮʠʜʘ, ʘ ʠʤʝʥʥʦ, Co3Si, Co2Si, CoSi ʠ 

CoSi2 [133]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Co ʩ SiC ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 850 ï 1210 

Áʉ ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʠʣʠʮʠʜʥʘʷ ʬʘʟʘ Co2Si ʠ ʫʛʣʝʨʦʜ [115,120]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Si ʚ Co. 

ɼʠʬʬʫʟʠʷ ʠ ʢʠʥʝʪʠʢʘ. ɺ ʩʠʩʪʝʤʝ Co ï SiC ʘʪʦʤ ʤʝʪʘʣʣʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʜʚʠʞʥʳʤ, ʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʥʝʜʚʠʞʠʤʳʤ. ɺ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (850 ï 

1000Áʉ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ [115,134]. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(1210Áʉ) ʩʦʦʙʱʘʝʪʩʷ ʦ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʝʘʢʮʠʠ [120]. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʠʣʠʮʠʜʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ (Co2Si) ʩʦʩʪʘʚʣʷʝʪ 1330Áʉ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 100Áʉ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɺ ʩʠʩʪʝʤʝ Co ï SiC ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʦʨʬʦʣʦʛʠʷ 

(ʨʠʩ. 8).  

 

ʈʠʩʫʥʦʢ 8. ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Co ï SiC, ʚʳʜʝʨʞʘʥʥʦʡ 49 ʯ ʧʨʠ 1000Áʉ 

[134]. 

 

1.3.1.3. Cu ï SiC 

ɼʘʥʥʳʝ ʦ ʩʠʩʪʝʤʝ Cu ï SiC ʤʘʣʦʯʠʩʣʝʥʥʳ. ʆʙʲʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ Cu ʩ SiC ʠʩʩʣʝʜʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ [123]. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʤʝʜʴ ʥʝ 

ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʧʨʠ ʜʘʚʣʝʥʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʥʦʨʤʘʣʴʥʳʤ, ʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪ ʫʛʣʝʨʦʜ. 

ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʤʝʜʠ 

(~1100ÁC), ʩʦʩʪʘʚʣʷʝʪ 0,04 ʘʪ. % [135]. ɺ ʩʠʩʪʝʤʝ Cu ï Si ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʠʣʠʮʠʜʘ: Cu3Si ʠ Cu19Si4 

ʚ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʷʭ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ʜʦ 718Áʉ) ï P4132; ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ï Im-3m) 

[136]. ʆʜʥʘʢʦ ʤʝʜʴ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ SiC ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ [123]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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1200Áʉ, ʯʪʦ ʥʘ ~100ÁC ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ, ʤʝʜʴ ʥʘʯʠʥʘʝʪ ʨʘʩʪʚʦʨʷʪʴ ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Cu-Si ʨʘʩʧʣʘʚʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ Cu-Si 

ʨʘʩʧʣʘʚʝ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʧʨʠ 1200Áʉ ʚ ʪʝʯʝʥʠʝ 150 ʤʠʥ ʩʦʩʪʘʚʣʷʣʦ ~14 ʤʦʣ. %. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʤʝʜʴ ʥʝ ʦʙʨʘʟʫʝʪ ʥʠʢʘʢʠʭ ʥʦʚʳʭ ʬʘʟ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ SiC.  

ɺ ʩʝʯʝʥʠʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Cu/SiC ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʚʳʜʝʣʝʥʠʡ 

ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʤʘʪʨʠʮʝ Cu-Si ʩʧʣʘʚʘ (ʨʠʩ. 9). 

 

 

ʈʠʩʫʥʦʢ 9. Cʝʯʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Cu/SiC, ʚʳʜʝʨʞʘʥʥʦʡ 150 ʤʠʥ ʧʨʠ 1200Áʉ [123]. 

 

1.3.2. ʉʠʩʪʝʤʳ çʧʝʨʝʭʦʜʥʳʡ ʧʣʘʪʠʥʦʠʜʥʳʡ ʤʝʪʘʣʣ ï SiCè 

1.3.2.1. Pt ï SiC 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʧʣʘʪʠʥʝ ʤʘʣʘ ʠ ʧʨʠ 1705Áʉ ï ʪʝʤʧʝʨʘʪʫʨʝ, 

ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ (1768ÁC), ʩʦʩʪʘʚʣʷʝʪ ~2,5 ʘʪ. % [137]. ɼʣʷ ʩʠʩʪʝʤʳ Pt 

ï Si ʠʟʚʝʩʪʥʳ ʩʠʣʠʮʠʜʳ: Pt25Si7, Pt3Si (ʚ Ŭ ʠ ɓ ʤʦʜʠʬʠʢʘʮʠʷʭ), Pt5Si2, Pt17Si8 (ʚ ʥʝʢʦʪʦʨʳʭ 

ʠʩʪʦʯʥʠʢʘʭ Pt7Si3) (Ŭ ʠ ɓ), Pt2Si (Ŭ ʠ ɓ), Pt6Si5 ʠ PtSi (ʨʠʩ. 10) [138].  

 

 

ʈʠʩʫʥʦʢ 10. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Pt ï Si [138]. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʩʠʣʠʮʠʜʦʚ 

ʧʣʘʪʠʥʳ, ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ Pt ï SiC ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (700 ï 750 

Áʉ) ʦʙʨʘʟʫʶʪʩʷ (ʧʦʤʠʤʦ ʫʛʣʝʨʦʜʘ) ʪʨʠ ʩʠʣʠʮʠʜʘ - Pt3Si, Pt7Si3 ʠ Pt2Si [115,120,139,140]. ʆʩʥʦʚʥʦʡ 

ʩʠʣʠʮʠʜʥʦʡ ʬʘʟʦʡ ʧʨʠ 700Áʉ ʷʚʣʷʝʪʩʷ Pt7Si3, ʘ ʧʨʠ 750Áʉ ï Pt2Si. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʠʥʝʪʠʢʦʡ ʨʦʩʪʘ Ŭ ʠ ɓ ʤʦʜʠʬʠʢʘʮʠʡ Pt2Si [139]. ɺ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʷʭ ʩʧʫʩʪʷ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ (ʙʦʣʝʝ 100 ʯ) ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʠʣʠʮʠʜʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ Pt2Si ʧʨʠ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ (700 ï 750Áʉ) [120,140]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 900Áʉ ʩʨʝʜʠ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ Pt3Si, ʧʨʠ 1000Áʉ ï ʪʦʣʴʢʦ Pt2Si, ʘ ʧʨʠ 1100Áʉ, ʯʪʦ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʠʣʠʮʠʜʦʚ ʚ ʩʠʩʪʝʤʝ Pt-Si (ʨʠʩ. 10), ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ Pt6Si5 [120,140]. 

ʆʪʩʫʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʩʠʣʠʮʠʜʦʚ ʧʣʘʪʠʥʳ ʩʚʷʟʳʚʘʶʪ ʩ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SiC [141]. ʉʦʛʣʘʩʥʦ ʪʨʦʡʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 11), ʬʘʟʳ 

Pt6Si5 ʠ PtSi ʥʝʫʩʪʦʡʯʠʚʳ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʫʛʣʝʨʦʜʘ ʠ ʜʦʣʞʥʳ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ SiC ʠ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʡ ʩʠʣʠʮʠʜ ï Pt2Si. 

 

 

ʈʠʩʫʥʦʢ 11. ʊʨʦʡʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Si - C - Pt ʧʨʠ 973 ï 1023 K [139]. 

 

ɼʠʬʬʫʟʠʷ ʠ ʢʠʥʝʪʠʢʘ.  ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ Pt ̫ ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʧʦʜʚʠʞʥʳʤ 

ʘʪʦʤʦʤ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʝʥ [115,120,139,140]. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʣʦʝʚ 

ʧʨʦʜʫʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ 700 ï 750Áʉ ʧʦʜʯʠʥʷʝʪʩʷ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʪ.ʝ. ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ (ʨʠʩ. 12). ɺ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 900 ï 1100Áʉ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Pt ʩ SiC ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ [140]. 
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ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʜʨʘʪʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʩʣʦʝʚ ʧʨʦʜʫʢʪʦʚ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ 

Pt/SiC ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ 700 ʠ 750Áʉ [139]. 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɺ ʩʝʯʝʥʠʷʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Pt/SiC ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 700 

ï 750Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʩʠʣʠʮʠʜʘ (Pt7Si3) ʩʦ ʩʣʦʷʤʠ ʯʘʩʪʠʮ ʫʛʣʝʨʦʜʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʤʘʪʨʠʮʝ ʪʦʛʦ ʞʝ ʩʠʣʠʮʠʜʘ (Pt7Si3) (ʨʠʩ. 13 ʘ ʠ ʙ). ʇʨʠ 750ÁC ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ 

SiC ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʣʦʰʥʦʡ ʩʣʦʡ Pt2Si (ʨʠʩ. 13 ʙ), ʪʦʛʜʘ ʢʘʢ ʧʨʠ 700Áʉ ʵʪʦʪ ʩʣʦʡ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʚʠʜʫ ʥʠʟʢʦʡ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ Ŭ ʤʦʜʠʬʠʢʘʮʠʠ Pt2Si (ʨʠʩ. 13 ʘ). ɸʚʪʦʨʳ 

ʩʦʦʙʱʘʶʪ, ʯʪʦ ʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʤ ʩʣʦʝ ʥʘ ʛʨʘʥʠʮʝ ʩ SiC ʩʦʦʪʥʦʰʝʥʠʝ Pt : Si ʩʦʩʪʘʚʣʷʝʪ 2:1. ɺ 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ (900 ï 1000Áʉ), ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʧʨʠʯʝʤ ʧʨʠ 1000Áʉ ʩʨʝʜʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ Pt2Si (ʨʠʩ. 13 ʚ). 

 

 

ʈʠʩʫʥʦʢ 13. ʉʝʯʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Pt/SiC, ʥʘʛʨʝʪʳʭ ʧʨʠ: 700Áʉ ʚ ʪʝʯʝʥʠʝ 121 ʯ [139] (ʘ); 

750Áʉ ʚ ʪʝʯʝʥʠʝ 36 ʯ [139] (ʙ); 1000Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ ʚʳʜʝʨʞʢʠ [120] (ʚ). 
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1.3.2.2. Pd ï SiC 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʇʘʣʣʘʜʠʡ ʪʘʢʞʝ ʥʝ ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʥʝʤ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʝʪʘʣʣʘʭ. ɽʸ ʧʨʝʜʝʣ ʚ ~8 ʘʪ. % ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 1504Áʉ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʦ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ Pd, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1555Áʉ [142]. ʊʘʢʞʝ ʜʣʷ ʩʠʩʪʝʤʳ Pd ï SiC ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʠʤʝʥʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʙʠʥʘʨʥʦʡ 

ʩʠʩʪʝʤʳ Pd ï Si ʩʠʣʠʮʠʜʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʦʛʘʪʳʭ ʢʨʝʤʥʠʝʤ [114,143ï145]. ʉʨʝʜʠ 

ʧʨʦʜʫʢʪʦʚ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʧʣʦʪʴ ʜʦ 1300Áʉ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ Ar, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʛʣʝʨʦʜ ʠ ʪʨʠ ʩʠʣʠʮʠʜʘ, Pd5Si, Pd3Si ʠ Pd2Si [145], ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤʳ Pd-Si 

ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 11 ʩʠʣʠʮʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʳ Pd ï Si (ʨʠʩ. 14). 

 

 

ʈʠʩʫʥʦʢ 14. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Pd ï Si [143]. 

ɼʠʬʬʫʟʠʷ ʠ ʢʠʥʝʪʠʢʘ. ɼʘʥʥʳʭ ʦ ʜʠʬʬʫʟʠʠ ʠ ʢʠʥʝʪʠʢʝ ʩʠʩʪʝʤʳ Pd ï Si ʜʦʚʦʣʴʥʦ ʤʘʣʦ. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʘʪʦʤʦʤ ʚ ʩʠʩʪʝʤʝ Pd ï SiC ʷʚʣʷʝʪʩʷ Pd. 

ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʨʦʩʪ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 700 ï 800Áʉ ʧʦʜʯʠʥʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 

[114].  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Pd/SiC ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʆʜʥʘʢʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʦʣʦʩʳ ʦʙʳʯʥʦ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʘ ʩʪʝʧʝʥʴ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʦʜʣʦʞʢʠ. ʅʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ SiC 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʣʦʩʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʣʦʭʦ (ʨʠʩ. 15 ʘ-
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ʩʣʝʚʘ ʠ ʙ). ʅʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʦʣʦʩʳ ʪʘʢʞʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʦʜʥʘʢʦ 

ʯʝʨʝʜʦʚʘʥʠʝ ʧʦʣʦʩ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʭʦʨʦʰʦ (ʨʠʩ. 15 ʘ-ʩʧʨʘʚʘ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʯʝʪʣʠʚʘʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʦʝ, ʩʦʜʝʨʞʘʱʝʤ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʣʠʮʠʜ Pd2Si [114,115]. 

 

 

ʈʠʩʫʥʦʢ 15. ʉʕʄ ʩʥʠʤʢʠ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ: ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (HIP)-

SiC/Pd/ʤʦʥʦʢʨʠʩʪʘʣʣ 6H-SiC, ʥʘʛʨʝʪʳʝ ʧʨʠ 750Áʉ ʚ ʪʝʯʝʥʠʝ 85 ʯ [114] (ʘ); 

Pd/ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ SiC, ʥʘʛʨʝʪʳʝ ʧʨʠ 730Áʉ ʚ ʪʝʯʝʥʠʝ 64 ʯ [115] (ʙ). 

 

1.3.2.3. Rh ï SiC 

ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. ʈʦʜʠʡ ï ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʡ ʤʝʪʘʣʣ. ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʫʛʣʝʨʦʜʘ ʚ Rh ʩʦʩʪʘʚʣʷʝʪ ~1,5 ʘʪ. % ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 1694Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ 

ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 1963Áʉ [146]. ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Rh ʩ SiC ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 1200Áʉ ʚ ʪʝʯʝʥʠʝ 50 ʯʘʩʦʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʝʨʦʜ ʠ ʪʨʠ ʩʠʣʠʮʠʜʘ: Rh2Si, 

Rh5Si3 ʠ RhSi [147]. ɹʠʥʘʨʥʘʷ ʩʠʩʪʝʤʘ Rh ï Si ʥʘʩʯʠʪʳʚʘʝʪ 7 ʩʠʣʠʮʠʜʦʚ (Rh2Si, Rh5Si3, Rh20Si13, 

Rh3Si2, RhSi, Rh4Si5, Rh3Si4) [148]. 

ɼʠʬʬʫʟʠʷ ʠ ʢʠʥʝʪʠʢʘ. ɸʪʦʤ ʨʦʜʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʧʦʜʚʠʞʥʳʤ, ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ʥʝʧʦʜʚʠʞʝʥ. ɺ ʨʘʙʦʪʝ [147] ʩʨʘʚʥʠʚʘʝʪʩʷ ʢʠʥʝʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ Rh-SiC ʠ 

Rh-TiC. ʉʦʦʙʱʘʝʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʣʦʝʚ ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʩʪʝʤʘʭ Rh ï SiC ʧʨʠʤʝʨʥʦ ʚ 

10 ʨʘʟ ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʩʣʦʝʚ ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʩʪʝʤʝ Rh ï TiC. ʊʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʪʦʤ, ʯʪʦ 

ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ (n) ʚ ʫʨʘʚʥʝʥʠʠ 

y=axn ʩʦʩʪʘʚʣʷʝʪ 0,37Ñ0,02 ʜʣʷ ʩʠʩʪʝʤʳ Rh ï SiC ʠ 0,33Ñ0,02 ʜʣʷ ʩʠʩʪʝʤʳ Rh ï TiC. ɿʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1200Áʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 16. 
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ʈʠʩʫʥʦʢ 16. ɿʘʚʠʩʠʤʦʩʪʴ ʨʦʩʪʘ ʩʣʦʝʚ ʬʘʟ ʧʨʦʜʫʢʪʦʚ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʜʣʷ ʩʠʩʪʝʤ Rh ï SiC, 

Rh ï TiC ʠ Rh ï TiN [147]. 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 1200Áʉ ʚ ʪʝʯʝʥʠʝ 50 ʯ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Rh/SiC ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʦʝʚ ʩʠʣʠʮʠʜʦʚ ʦʪ Rh ʢ 

SiC: Rh2Si/Rh5Si3/RhSi (ʨʠʩ. 17). ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʣʦʝʚ ʩ ʩʠʣʠʮʠʜʥʳʤʠ ʩʣʦʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ Rh5Si3. 

 

 

ʈʠʩʫʥʦʢ 17. ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Rh/SiC, ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʠ 1200Áʉ ʚ 

ʪʝʯʝʥʠʝ 50 ʯ [147]. 

 

1.3.3. ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʩʠʩʪʝʤʘʭ çʧʝʨʝʭʦʜʥʳʡ 

ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʡ ʤʝʪʘʣʣ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷè 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʷʩʥʦʛʦ ʠ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʷʭ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʝʪʘʣʣʘʤʠ. ɺʧʝʨʚʳʝ ʚ ʨʝʘʢʮʠʷʭ ʤʝʪʘʣʣʘ ʩ ʢʝʨʘʤʠʢʦʡ ʧʦʜʦʙʥʫʶ 
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ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʟʘʤʝʪʠʣʠ ʚ 1981 ʛ. R. L. Mehan and M.R. Jackson [149]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ SiC ʩ Ni ʠ ʝʛʦ ʩʧʣʘʚʘʤʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʝʨʝʜʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʣʦʝʚ ʩʦ ʩʣʦʷʤʠ ʩʠʣʠʮʠʜʦʚ. ʇʦʟʞʝ ʜʣʷ ʩʠʩʪʝʤʳ Ni ï SiC ʜʘʥʥʘʷ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [117,150], ʧʨʠʯʝʤ ʚ ʨʘʙʦʪʝ [150] 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʪʦʤ, ʯʪʦ ʫʛʣʝʨʦʜ ʷʚʣʷʝʪʩʷ ʤʘʣʦʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ, ʠ ʦʥ ʦʩʪʘʝʪʩʷ ʥʘ ʤʝʩʪʝ ʟʘ ʩʯʝʪ 

ʝʛʦ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʩʠʣʠʮʠʜʝ. ɺ ʨʘʙʦʪʝ [117] ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʙʲʷʩʥʠʪʴ 

ʥʘʙʣʶʜʘʝʤʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʫʛʣʝʨʦʜʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʩʠʣʠʮʠʜʘ ʠ ʝʛʦ 

ʚʳʜʝʣʝʥʠʝʤ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ [120] ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʘʢʮʠʷʭ Pt ʩ SiC ʠ Co ʩ SiC, ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ (i) ʩʢʦʨʦʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʬʘʟ 

ʩʠʣʠʮʠʜʦʚ; (ii ) ʩʢʦʨʦʩʪʴ ʦʪʪʦʨʞʝʥʠʷ ʠʥʝʨʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪ ʬʨʦʥʪʘ ʨʝʘʢʮʠʠ; (iii) ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

(ʘʛʣʦʤʝʨʘʮʠʠ) ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ; (iv) ʨʘʟʥʠʮʘ ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ ʤʝʪʘʣʣʦʚ ʠ ʢʨʝʤʥʠʷ. 

ʅʝʤʥʦʛʠʤ ʧʦʟʞʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʜʠʩʩʝʨʪʘʮʠʷ M. R. Rijnders [115], ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʢʝʨʘʤʠʢʠ ʠ ʠʤʝʶʱʠʝ ʧʦʭʦʞʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʣʦʝʚ. ʉʨʝʜʠ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ: Ag ï Ti ï Si, Ag ï Zr ï Si; MxSiy ï Zn, ʛʜʝ M = Fe, 

Co, Ni; ʠ M ï SiC, ʛʜʝ M = Ni, Co, Pt, Pd. ɺ ʜʦʧʦʣʥʝʥʠʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʠʩʪʝʤʫ Mg-SiO2 [151]. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʩʠʩʪʝʤʳ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʩʦʜʝʨʞʘʪ ʢʨʝʤʥʠʡ. ʉʨʝʜʠ ʩʠʩʪʝʤ, ʚ 

ʢʦʪʦʨʳʭ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʢʨʝʤʥʠʡ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʧʣʘʚʳ Ni-Co-Fe c Mg [115]. ɼʣʷ ʩʠʩʪʝʤʳ Ag-Ti(Zr)-Si ʘʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʦʙʲʷʩʥʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʵʬʬʝʢʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʧʦʜʦʙʥʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʝʮ ʃʠʟʝʛʘʥʛʘ [152]. ʉʫʪʴ ʧʦʷʚʣʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʩʪʨʝʯʥʦʡ 

ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʚʥʫʪʨʠ ʠʥʝʨʪʥʦʡ ʬʘʟʳ ʩʝʨʝʙʨʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʬʘʟʳ TiSi2 ʚ 

ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʝʩʳʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ Ti ʠ Si.  ɼʣʷ ʦʩʪʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʦʙʲʷʩʥʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʵʬʬʝʢʪʦʤ 

ʂʠʨʢʝʥʜʘʣʣʘ. ʉʫʪʴ ʵʬʬʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʤʝʱʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʟʘ ʩʯʝʪ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʩʪʨʝʯʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʨʘʟʥʳʭ ʘʪʦʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʦʛʦ ʠʭ ʚʢʣʘʜʘ ʚ ʨʦʩʪ ʩʣʦʷ ʧʨʦʜʫʢʪʦʚ. ɽʩʣʠ ʚ 

ʜʠʬʬʫʟʠʦʥʥʫʶ ʧʘʨʫ ʟʘʨʘʥʝʝ ʚʥʝʩʪʠ ʤʝʪʢʠ ʠʟ ʠʥʝʨʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʠʣʠ ʚʦʣʦʢʦʥ, ʪʦ 

ʦʥʠ ʩʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʩʣʦʷ ʧʨʦʜʫʢʪʘ ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʦʜʩʣʦʝʤ, 

ʚʳʨʦʩʰʠʤ ʟʘ ʩʯʸʪ ʜʠʬʬʫʟʠʠ ʦʜʥʦʛʦ ʩʦʨʪʘ ʘʪʦʤʦʚ ʠ ʧʦʜʩʣʦʝʤ, ʚʳʨʦʩʰʠʤ ʟʘ ʩʯʸʪ ʜʨʫʛʦʛʦ ʩʦʨʪʘ 

ʘʪʦʤʦʚ. ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠʥʝʨʪʥʳʭ ʯʘʩʪʠʮ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʣʦʷ ʧʨʦʜʫʢʪʘ 

ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴ ʧʣʦʩʢʦʩʪʴ ʂʠʨʢʝʥʜʘʣʣʘ. ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ ʵʬʬʝʢʪʘ ʂʠʨʢʝʥʜʘʣʣʘ ʜʣʷ ʤʦʜʝʣʴʥʳʭ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ɸ ʠ ɹ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʨʦʜʫʢʪ ɸɹ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 18. 
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ʈʠʩʫʥʦʢ 18. ʉʭʝʤʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʵʬʬʝʢʪʘ ʂʠʨʢʝʥʜʘʣʣʘ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ɸ ʠ 

ɹ, ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʜʫʢʪ ɸɹ [115]. 

 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ M ï SiC (M = Pt, Pd, Co, Ni) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʠʥʝʨʪʥʳʝ ʯʘʩʪʠʮʳ ʫʛʣʝʨʦʜʘ, ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʘʨʢʝʨʦʚ ʧʣʦʩʢʦʩʪʠ 

ʂʠʨʢʝʥʜʘʣʣʘ ʚʥʫʪʨʠ ʩʣʦʝʚ ʩʠʣʠʮʠʜʦʚ [115]. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʦʜʥʦʡ, ʘ 

ʤʥʦʞʝʩʪʚʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʣʦʩ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʬʨʦʥʪʝ ʨʝʘʢʮʠʠ ʚʦʟʥʠʢʘʣʦ ʜʚʘ ʠʣʠ 

ʙʦʣʝʝ ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʩʠʣʠʮʠʜʦʚ ʩ ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʘʪʦʤʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʩʠʩʪʝʤʫ Pt ï SiC, ʛʜʝ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ SiC 

ʚʦʟʥʠʢʘʝʪ ʜʚʘ ʩʣʦʷ ʩʠʣʠʮʠʜʦʚ: P2Si ʠ Pt7Si3. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʦʡ Pt/Si ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚ Pt2Si ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠʤʝʝʪ ʘʪʦʤ Si, ʪʦʛʜʘ ʢʘʢ ʚ Pt7Si3 ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ 

ʘʪʦʤʦʤ ʷʚʣʷʝʪʩʷ Pt. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʠʮʠʜʘ Pt2Si ʥʘʧʨʘʚʣʷʝʪ çʩʠʣʦʡ 

ʂʠʨʢʝʥʜʘʣʣʘè ʫʛʣʝʨʦʜ ʚ ʩʪʦʨʦʥʫ SiC, ʪʦʛʜʘ ʢʘʢ ʧʦʪʦʢ ʘʪʦʤʦʚ Pt ʠ ʦʙʨʘʪʥʳʡ ʧʦʪʦʢ Pt-ʚʘʢʘʥʩʠʡ 

ʚʥʫʪʨʠ ʩʠʣʠʮʠʜʘ Pt7Si3, ʥʘʦʙʦʨʦʪ, ʥʘʧʨʘʚʣʷʝʪ ʫʛʣʝʨʦʜ ʚ ʩʪʦʨʦʥʫ Pt. ɻʨʘʥʠʮʘ ʩʣʦʝʚ ʩʠʣʠʮʠʜʦʚ 

Pt2Si ʠ Pt7Si3 ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʂʠʨʢʝʥʜʘʣʘ, ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʤʘʨʢʝʨʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʥʝʨʪʥʳʝ ʯʘʩʪʠʮʳ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ in situ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʚʦʟʥʠʢʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 13 ʘ). ʗʚʣʝʥʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʂʠʨʢʝʥʜʘʣʣʘ ʥʘ 
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ʜʚʝ ʥʘʟʚʘʥʦ çʙʠʬʫʨʢʘʮʠʝʡ ʧʣʦʩʢʦʩʪʠ ʂʠʨʢʝʥʜʘʣʣʘè [153]. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʣʦʷ Pt7Si3. 

ɺ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʛʨʘʥʠʮʝ ʩ SiC ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʩʣʦʷ ʨʘʟʣʠʯʥʳʭ 

ʩʠʣʠʮʠʜʦʚ. ʊʘʢ, ʚ ʩʠʩʪʝʤʝ Rh ï SiC ʥʘ ʛʨʘʥʠʮʝ ʩ SiC ʥʘʙʣʶʜʘʪʁʩʷ RhSi ʠ Rh5Si3 (ʨʠʩ 17. ʚ) [147], 

ʚ ʩʠʩʪʝʤʝ Ni ï SiC ʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ŭ-Ni2Si ʠ Ni5Si2 [114]. ʆʜʥʘʢʦ ʚ 

ʜʘʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ Co ï SiC ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ 

ʩʠʣʠʮʠʜʥʘʷ ʬʘʟʘ ï Co2Si [115,120,134]. ʇʨʠ ʵʪʦʤ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʨʝʜʠ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʦʛʦ ʩʣʦʷ ʬʘʟʳ ʝʱʝ ʦʜʥʦʛʦ ʩʠʣʠʮʠʜʘ, CoSi, ʥʘ ʛʨʘʥʠʮʝ ʩ SiC, 

ʭʦʪʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʪʦ ʥʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ [115]. ɺ ʩʠʩʪʝʤʝ Pt ï SiC ʧʨʠ 700Áʉ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ Pt2Si ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ SiC ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʨʫʛʠʭ 

ʩʠʣʠʮʠʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʦʣʱʠʥʘ ʩʣʦʷ Pt2Si ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʷʨʢʦ ʚʳʨʘʞʝʥʘ [115]. ɺ ʩʠʩʪʝʤʝ Pd ï SiC ʪʘʢʞʝ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʩ SiC ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 1 ʩʣʦʡ Pd2Si, ʪʦʣʴʢʦ ʚ ʥʝʤ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ [114]. ɺ ʩʠʩʪʝʤʝ Cu ï SiC ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟ ʩʠʣʠʮʠʜʦʚ, ʦʜʥʘʢʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ [123]. 

ɽʱʝ ʦʜʥʦ ʦʙʲʷʩʥʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʜʣʷ ʩʠʩʪʝʤʳ Mg ï SiO2 [154], ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ, ʦʙʦʛʘʱʝʥʥʳʭ MgO, ʩʦ ʩʣʦʷʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʧʦ Mg2Si. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʮ ʃʠʟʝʛʘʥʛʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʠʠ ʧʝʨʝʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʆʩʪʚʘʣʴʜʘ [152,155]. ʉʫʪʴ ʤʝʭʘʥʠʟʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ, 

ʦʙʦʛʘʱʝʥʥʳʡ MgO, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʘʪʦʤʳ ʢʨʝʤʥʠʷ ʥʘʯʠʥʘʶʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ ʩʪʦʨʦʥʫ Mg. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠ ʩʣʦʷ MgO ʚʳʧʘʜʘʝʪ ʩʣʦʡ, ʦʙʦʛʘʱʝʥʥʳʡ Mg2Si. 

ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Mg ï SiO2 ʠ ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19. 

 

ʈʠʩʫʥʦʢ 19. ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Mg/SiO2 ʠ ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ [154]. 
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 ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʣʠ ʨʘʟʣʠʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʪʦʤ Mg ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ, ʘʪʦʤ Si ʤʘʣʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʘ ʘʪʦʤ O ʧʦʯʪʠ ʥʝʧʦʜʚʠʞʝʥ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʟʞʝ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʠ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʩʠʩʪʝʤʳ Pd ï SiC, ʛʜʝ ʘʪʦʤ Pd ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʘʪʦʤ Si ï ʤʘʣʦʡ, ʘ ʘʪʦʤ C ʧʦʯʪʠ ʥʝʧʦʜʚʠʞʝʥ [145]. 

ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʭʘʥʠʟʤʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʳʩʢʘʟʳʚʘʣʠʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʬʘʟʘʤʠ 

[156], ʘ ʪʘʢʞʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ [119,122]. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚʘʞʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʷʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʩʠʩʪʝʤʘʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʢʘʨʙʠʜ, ʙʳʣʦ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 40 ʣʝʪ 

ʥʘʟʘʜ, ʚʦʧʨʦʩ ʦ ʝʛʦ ʤʝʭʘʥʠʟʤʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. 

 

1.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʠʨʠʜʠʝʤ 

1.4.1. ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ir ï Si ï C 

ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʜʚʝ ʨʘʙʦʪʳ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠʩʪʝʤʳ Ir ï Si ï C [22,23]. ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʣʠʮʠʜʦʚ ʨʝʥʠʷ ʠ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ [23]. ɹr ʣʘ ʧʦʩʪʨʦʝʥʘ ʪʨʦʡʥʘʷ 

ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ Ir ï Si ï C ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1340Áʉ (ʨʠʩ. 20). 

 

 

ʈʠʩʫʥʦʢ 20. ʊʨʦʡʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Ir ï Si ï C ʧʨʠ 1340Áʉ [23]. 
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ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ 4 ʩʠʣʠʮʠʜʘ, ʙʦʛʘʪʳʭ ʢʨʝʤʥʠʝʤ (Ó50 ʘʪ. %), ʘ ʠʤʝʥʥʦ, IrSi3, Ir3Si5, Ir3Si4, IrSi. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʣʝʨʦʜʘ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʘʟʳ Ir3Si, Ir2Si, Ir3Si2 ʠ IrSi. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ IrSi ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʘ, ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1340Áʉ ʢʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ çIr + SiC Ÿ IrxSiy + Cè ʙʫʜʫʪ IrSi ʠ ʫʛʣʝʨʦʜ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʛʘʪʳʭ ʢʨʝʤʥʠʝʤ ʩʠʣʠʮʠʜʦʚ (ʢʨʦʤʝ IrSi) ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʫʛʣʝʨʦʜʘ ʙʳʣʘ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʝ [157], ʧʦʩʚʷʱʝʥʥʦʡ ʩʠʥʪʝʟʫ ʠ ʨʘʩʰʠʬʨʦʚʢʝ ʩʪʨʫʢʪʫʨ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʠʥʪʝʟʫ ʚʳʩʰʠʭ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ (IrSi3, Ir3Si5, 

Ir3Si4) ʚ ʪʠʛʣʷʭ ʠʟ BN. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʝ ʦʙʨʘʟʫʶʱʠʤʠ ʢʘʨʙʠʜ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʥʠʢʘʢʠʭ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʠʣʠʢʦʢʘʨʙʠʜʦʚ ʠʨʠʜʠʷ) 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʪʨʦʡʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʦʡ. ɺ ʩʠʩʪʝʤʝ Ir ï 

Si, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʙʠʥʘʨʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Ir ï Si (ʨʠʩ. 21 [29]), ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ 

ʩʠʣʠʮʠʜ Ir4Si5, ʘ ʩʘʤʳʡ ʚʳʩʰʠʡ ʩʠʣʠʮʠʜ, IrSi3, ʠʤʝʝʪ ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ (ɓ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ï ɔ). ʊʨʦʡʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(1340Áʉ), ʯʪʦ ʜʘʝʪ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ir ï Si ï C ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

 

 

ʈʠʩʫʥʦʢ 21. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Ir ï Si [29]. 

 

ɺ ʨʘʙʦʪʝ [22] ʩʠʩʪʝʤʘ Ir ï Si ï C ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʪʦʨʳ ʙʨʘʣʠ ʧʦʨʦʰʦʢ SiC, ʩʦʜʝʨʞʘʱʠʤ 15% Ŭ-SiC ʠ 85% ɓ-
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SiC ʬʘʟʳ, ʠ ʧʦʨʦʰʦʢ Ir. ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʥʝ ʫʪʦʯʥʷʝʪʩʷ. ʉʤʝʩʠ ʛʦʪʦʚʠʣʠ ʩ 

ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:1 ʠ ʧʨʦʛʨʝʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800, 1000, 1200 ʠ 1400Áʉ 

ʩ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 0,5 ʯ. ʇʨʠ 800Áʉ ʥʠʢʘʢʠʭ ʩʣʝʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʈʌɸ, ʧʨʠ 1000Áʉ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʳ Ir3Si ʠ C. ʇʨʠ 1200Áʉ ʧʦʤʠʤʦ Ir3Si ʠ ʉ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ IrSi. ɸʚʪʦʨʳ 

ʩʦʦʙʱʘʶʪ ʦ ʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 1400Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ IrSi ʠ 

C. ʆʙʨʘʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʬʘʟ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

 ɺ ʨʘʙʦʪʝ [26] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʮʝʩʩ rʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʚ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ Ir ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʦʙʨʘʟʮʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 6H-SiC (0001). ʊʦʣʱʠʥʘ ʠʨʠʜʠʝʚʳʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʣʷʣʘ 50 ʥʤ. ʉ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʝʟʝʨʬʦʨʜʦʚʩʢʦʛʦ ʆʙʨʘʪʥʦʛʦ ʈʘʩʩʝʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 700, 800, 900 ʠ 1000Áʉ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 800Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʩʠʣʠʮʠʜʦʚ 

ʠʨʠʜʠʷ Ir3Si, Ir3Si2 ʠ IrSi. ʇʨʠ 900 ʠ 1000Áʉ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʧʦʤʠʤʦ ʫʛʣʝʨʦʜʘ, ʙʳʣ ʩʠʣʠʮʠʜ 

IrSi.    

ɺ ʨʘʙʦʪʝ [24] ʜʠʬʬʫʟʠʦʥʥʘʷ ʧʘʨʘ ʩʦʩʪʦʷʣʘ ʠʟ ʢʫʩʢʘ ʠʨʠʜʠʝʚʦʛʦ ʩʪʝʨʞʥʷ (2Ĭ2 ʤʤ) ʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ 6H-SiC, ʣʠʙʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʙʨʫʩʢʘ 6H-SiC. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ (10-4 ʇʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1200 ï 1450Áʉ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʦʩʴ ʦʯʝʥʴ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ (5 Áʉ/ʩʝʢ), ʯʪʦʙʳ ʟʘʢʘʣʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʳ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʈʌɸ ʠ ʕɼʉ ʘʥʘʣʠʟʘ. 

ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚ ʨʝʘʢʮʠʠ ʚʧʣʦʪʴ ʜʦ 1375Áʉ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

SiC ʠ ʜʦ 1400Áʉ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SiC. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 1400Áʉ ʧʦʩʣʝ 5 ʯ 

ʚʳʜʝʨʞʢʠ, ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʬʘʟʘʤʠ Ir3Si, Ir3Si2, IrSi ʠ ʫʛʣʝʨʦʜ. ʉʕʄ ʩʥʠʤʦʢ ʩʝʯʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir-ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 6H-SiC ʠ Ir-ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 6H-SiC ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ T = 1400 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʯ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 22 ʘ ʠ ʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ c ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ SiC ʨʝʘʢʮʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʭʦʜʠʪ ʙʳʩʪʨʝʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʠ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ SiC ʦʪʩʫʪʩʪʚʫʝʪ 

ʩʣʦʡ ʵʚʪʝʢʪʦʠʜʘ çIr3Si+Ir3Si2è. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʩʣʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʬʘʟʳ 

Ir2Si, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʦʪ 1267 ʜʦ 1452Áʉ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʌɸ, ʚ ʧʨʦʜʫʢʪʘʭ ʬʘʟʘ Ir2Si ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʨʠ 1425Áʉ ʦʙʨʘʟʫʝʪʩʷ ʪʦʪ ʞʝ ʥʘʙʦʨ ʬʘʟ (ʨʠʩ. 23). ʆʜʥʘʢʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʠʨʠʜʠʝʚʳʡ 

ʩʪʝʨʞʝʥʴ ʧʨʠʥʷʣ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʚ ʦʙʦʠʭ ʪʠʧʘʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʚʠʜʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʵʚʪʝʢʪʠʢ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 21): ʤʝʞʜʫ Ir2Si ʠ Ir3Si2 ʧʨʠ 1417Áʉ ʠ 

Ir3Si2 ʠ IrSi ʧʨʠ 1425Áʉ. ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiC ʩ ʠʨʠʜʠʝʤ, ʢʨʦʤʝ 

ʫʛʣʝʨʦʜʘ, ʦʙʥʘʨʫʞʝʥʳ ʩʠʣʠʮʠʜʳ Ir3Si ʠ Ir3Si2, ʘ ʪʘʢʞʝ IrSi ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ SiC. ʅʘ ʨʠʩ. 23 ʙ 
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ʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʦʝ ɸ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʢʦ ʨʘʟʜʝʣʝʥʥʳʝ ʧʦ ʢʦʥʪʨʘʩʪʫ ʪʨʠ ʬʘʟʳ, ʥʦ ʩʦʦʙʱʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦ ʜʚʫʭ ï Ir3Si ʠ Ir3Si2. ɺ ʩʣʫʯʘʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Ir-ʤʦʥʦʢʨʠʩʪʘʣʣ SiC, 

ʠʨʠʜʠʡʩʦʜʝʨʞʘʱʘʷ ʧʦʣʫʩʬʝʨʘ ʩʦʩʪʦʷʣʘ ʠʟ ʠʨʠʜʠʝʚʦʛʦ ʷʜʨʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʩʠʣʠʮʠʜʘʤʠ Ir3Si ʠ 

Ir3Si2. ʌʘʟʘ IrSi ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ SiC ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

Ir2Si ʥʝ ʦʙʥʘʨʫʞʝʥ. 

 

ʈʠʩʫʥʦʢ 22. ʄʦʨʬʦʣʦʛʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ: ʘ) Ir-

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 6H-SiC ʠ ʙ) Ir-ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 6H-SiC ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ T 

= 1400ÁC ʚ ʪʝʯʝʥʠʝ 5 ʯ [24]. 

 

ʈʠʩʫʥʦʢ 23. ʉʕʄ ʩʥʠʤʦʢ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʘʨ SiC / Ir ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ T = 1425 Á C ʚ ʪʝʯʝʥʠʝ 

1 ʯ: ʘ - ʤʦʥʦʢʨʠʩʪʘʣʣ SiC / Ir; ʙ - ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ SiC / Ir [24]. 
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ʇʨʠ 1450Áʉ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʬʘʟr 

ʩʠʣʠʮʠʜʦʚ Ir3Si5 ʠ Ir3Si4 (ʨʠʩ. 24 ʙ), ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʠʩʪʝʤʝ. ʅʘʣʠʯʠʝ ʚʳʩʰʠʭ ʩʠʣʠʮʠʜʦʚ 

ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʚʦʟʤʦʞʥʦʡ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 24. ʉʕʄ ʩʥʠʤʦʢ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʘʨ SiC / Ir ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ T = 1450ÁC ʚ ʪʝʯʝʥʠʝ 1 

ʯ: a - ʤʦʥʦʢʨʠʩʪʘʣʣ SiC / Ir;  ʙ - ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ SiC / Ir [24]. 

 

1.4.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʝ Ir-SiC ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1375 ï 1450Áʉ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʝ [24]. ʀʟ ʉʕʄ ʩʥʠʤʢʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʊ = 1400Áʉ), ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʩʣʘʙʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ ʘʥʘʣʠʟʘ, ʚ ʦʙʨʘʟʮʝ ʩ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ SiC (ʨʠʩ. 22 ʙ) ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʠʷ ʚ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʣʦʝʚ ʩʠʣʠʮʠʜʦʚ. ʉʣʦʡ ʵʚʪʝʢʪʦʠʜʘ çIr3Si+Ir3Si2è, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʪʘʚʫ 2 Ir: 1 

Si, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʘʣʴʰʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʠʨʠʜʠʷ, ʯʝʤ ʩʣʦʡ ʬʘʟʳ Ir3Si2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʪʘʚʫ 3 

Ir: 2 Si. ɺ ʦʙʨʘʟʮʘʭ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʚʪʝʢʪʠʢ (1425 ʠ 1450Áʉ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SiC ʧʦʜʣʦʞʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠʡ ʩʣʦʡ, 

ʩʦʜʝʨʞʘʱʠʡ ʠʨʠʜʠʡ ʠ/ʠʣʠ ʩʠʣʠʮʠʜʳ ʠʨʠʜʠʷ. ɺ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʤ ʩʣʦʝ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʚʩʝ.  

ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʙʳʣ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ Ir ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450Áʉ (ʨʠʩ. 25 ʘ, ʙ, ʚ). ɼʣʷ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ SiC ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ ʤʝʞʜʫ çʢʘʧʣʝʡè ʠ ʧʦʜʣʦʞʢʦʡ ʩʪʘʥʦʚʠʪʩʷ 
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ʧʦʩʪʦʷʥʥʳʤ ʫʞʝ ʧʦʩʣʝ 10 ʩʝʢʫʥʜ ʠ ʨʘʚʝʥ ~110Á, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʳʩʪʨʦʤ ʧʣʘʚʣʝʥʠʠ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʣʦʭʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʣʦʷ ʨʘʩʧʣʘʚʦʤ Ir-Si. 

ʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ. ɹʳʣʦ 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʨʠʜʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ, ʘ 

ʫʛʣʝʨʦʜ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ. 

 

ʈʠʩʫʥʦʢ 25. ʇʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiC/Ir ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiC/Ir 

ʧʨʠ 1450ÁC: ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ (ʘ); ʠʟʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʫʛʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

(ʙ); ʩʥʠʤʢʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ ʚʦ ʚʨʝʤʷ ʤʝʞʬʘʟʥʦʛʦ ʧʣʘʚʣʝʥʠʷ (ʚ) [24]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʦ ʩʠʩʪʝʤʝ Ir ï SiC ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ/ʠʣʠ ʥʝʧʦʣʥʦʪʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʜʠʬʬʫʟʠʠ, ʢʠʥʝʪʠʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 700 ï 1450Áʉ, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʜʚʫʭ ʩʠʣʠʮʠʜʦʚ: Ir3Si ʠ IrSi, ʥʘʙʣʶʜʘʝʤʳʭ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ. ʋʯʠʪʳʚʘʷ 

ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʝʛʦ ʨʘʩʰʠʨʠʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʩʠʩʪʝʤʘʭ ʘʥʘʣʦʛʘʭ M ï SiC, ʛʜʝ 

ʄ ï ʤʝʪʘʣʣ, ʥʝ ʦʙʨʘʟʫʶʱʠʡ ʢʘʨʙʠʜ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʷʚʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʣʷ ʩʠʩʪʝʤʳ Ir-SiC. ʆʜʥʘʢʦ, ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC, ʩʣʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʝʸ ʧʦʷʚʣʝʥʠʠ ʠ ʵʚʦʣʶʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʚʝʜʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʠʩʪʝʤʝ Ir-SiC ʪʘʢʞʝ ʚʝʩʴʤʘ 

ʤʘʣʦʯʠʩʣʝʥʥʳ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ Ir-SiC ʜʘʣʦ ʙʳ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʩʧʦʣʥʠʪʴ ʧʨʦʙʝʣ 

ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʷʭ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʠʜʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
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ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʩʚʷʟʝʡ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʠʩʪʝʤ. 

 

1.5. ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʠʨʠʜʠʷ ʠ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ çʠʨʠʜʠʡ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷè 

ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ  

1.5.1. ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ  

ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʶʪʩʷ ʘʙʨʘʟʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ï 9 - 9,15 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ. ʇʦ 

ʪʚʝʨʜʦʩʪʠ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʦʨʫʥʜʦʤ ʠ ʘʣʤʘʟʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ SiC ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʥʘ ʚʦʟʜʫʭʝ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1400Áʉ [4ï6,8,47]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ SiC ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʥʦʚʳʭ ʜʣʷ ʥʝʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ.  

ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʳʩʦʢʦʡ ʥʝʡʪʨʦʥʥʦʡ ʥʘʛʨʫʟʢʝ [158]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʣʘʝʪ SiC 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʝʨʚʦʡ ʩʪʝʥʢʠ ʙʫʜʫʱʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ [159]. ʂʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʢʦʤʧʦʟʠʪʘ SiC/SiC ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʟʘʤʝʥʳ ʦʩʥʦʚʥʦʛʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ (ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ) ï ʮʠʨʢʦʥʠ ̫[2]. ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʁʪ ʙʦʣʝʝ ʚʳʩʦʢʫ  ʁʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (ʊʧʣ (SiC) = 2830ÁC 

ʧʨʦʪʠʚ ʊʧʣ (Zr) = 1855ÁC), ʪʝʨʤʠʯʝʩʢʫ  ʁʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʠʟʜʝʣʠʷʤ ʜʦʣʴʰʝ ʨʘʙʦʪʘʪʴ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʩ ʚʳʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ.  

SiC/SiC ʢʦʤʧʦʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʦʩʥʦʚʥʘʷ ʬʘʟʘ ɓ-SiC), 

ʘʨʤʠʨʦʚʘʥʥʫʶ ʥʝʧʨʝʨʳʚʥʳʤʠ SiC ʚʦʣʦʢʥʘʤʠ. 

ɽʱʝ ʦʜʥʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʤʘʪʝʨʠʘʣʘʤ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʠ ʛʘʟʫ, ʢʦʪʦʨʳʤ ʦʥʠ ʟʘʧʦʣʥʝʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʦʣʦʩʪʴ ʊɺʕʃʦʚ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʛʝʣʠʡ ʠʟ-ʟʘ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

SiC/SiC ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ, ʧʦʵʪʦʤʫ ʥʘ 

ʠʟʜʝʣʠʷ CVD ʤʝʪʦʜʦʤ ʥʘʥʦʩʷʪ ʛʘʟʦʧʣʦʪʥʳʡ ʩʣʦʡ ɓ-SiC.  

ɸʚʠʘʮʠʦʥʥʦʝ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ ï ʝʱʝ ʦʜʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [4ï6]. ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʘʚʠʘʮʠʦʥʥʳʭ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ) ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ni ʠ Co. 

ʆʩʥʦʚʥʳʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʧʣʘʚʘʤʠ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ ~0,7-0,8 ʦʪ ʊʧʣ. ʆʜʥʘʢʦ ʠʟʜʝʣʠʷ ʠʟ 



42 

 

ʩʫʧʝʨʩʧʣʘʚʦʚ ʪʨʝʙʫʶʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʝʪ ʂʇɼ ʘʚʠʘʜʚʠʛʘʪʝʣʷ [160]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʝ 

ʤʘʪʝʨʠʘʣʳ. ʇʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʢʦʤʙʠʥʘʮʠʡ ʚʝʱʝʩʪʚ ʧʨʠʚʝʣ ʠʥʞʝʥʝʨʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ SiC/SiC ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʫʜʝʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʧʣʦʪʥʦʩʪʠ) ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʣʦʪʥʦʩʪʴ SiC ʩʦʩʪʘʚʣʷʝʪ 3,21 ʛ/ʩʤ3, ʯʪʦ ʚ 2,4 ï 2,8 

ʨʘʟʘ ʥʠʞʝ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʩʫʧʝʨʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 7,7 ï 9,0 ʛ/ʩʤ3 [5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʧʨʠʣʦʞʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʊɼ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ.   

 

1.5.2. ʇʨʠʤʝʥʝʥʠʝ ʠʨʠʜʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ 

ʊʠʛʣʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ. ɺʚʠʜʫ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʠʨʠʜʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʨʠʜʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʝʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʳʡ 

ʛʨʘʥʘʪ, ʨʫʙʠʥ ʠ ʩʘʧʬʠʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 2000ÁC [9,58].  

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʀʨʠʜʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʩ ʚʦʣʴʬʨʘʤʦʤ, 

ʪʦʨʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʟʣʦʚ ʪʘʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʢʘʢ ɺʦʷʞʝʨ,r ɻʘʣʠʣʝʦ ʠ ʋʣʠʩʩ.  ʃʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʙʳʣʠ ʧʨʠʟʚʘʥʳ 

ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʨʠʜʠʷ.  ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʤʘʢʨʦʣʝʛʠʨʦʚʘʥʠʝ (> 1 ʤʘʩʩ. %) W 

ʠʣʠ Hf ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ [86,98ï103]. 

ʅʝʙʦʣʴʰʘʷ ʜʦʙʘʚʢʘ ʪʦʨʠʷ, ʢʦʪʦʨʳʡ ʩʝʛʨʝʛʠʨʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʣʘ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʟʝʨʝʥ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝʣʝʥʠʝ 

ʬʘʟʳ Ir5Th ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʤʝʜʣʷʣʦ ʨʦʩʪ ʟʝʨʝʥ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ 

[99]. ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʠʨʠʜʠʡ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʭʦʨʦʰʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʛʨʘʬʠʪʦʤ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʫʧʝʨʩʧʣʘʚʳ. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʘʪʨʠʮʳ ʠʨʠʜʠʷ 

ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʦʡ L12 (MIr3, ʛʜʝ M = Hf, Zr, Ti, W, Ta, Nb), ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʦʡ 

ʩʫʧʝʨʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʚ ʦʩʦʙʝʥʥʦ ʪʝʧʣʦ- ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʷʭ ʠ ʫʟʣʘʭ 

[69,161,162]. ʉʦʦʙʱʘʝʪʩʷ ʦ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

1200Áʉ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʜʘʥʥʳʝ ʩʧʣʘʚʳ ʚ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʥʘʟʚʘʥʠʝʤ çʊʫʛʦʧʣʘʚʢʠʝ ʩʫʧʝʨʩʧʣʘʚʳè.  
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1.5.3. ʄʝʪʦʜʳ ʩʦʝʜʠʥʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʠʯʥʳʤ, ʥʝ ʧʦʜʜʘʝʪʩʷ ʩʚʘʨʢʝ, 

ʢʦʚʢʝ, ʣʠʪʴʶ ʠ ʜʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʜʣʷ ʤʝʪʘʣʣʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɽʛʦ ʩʣʦʞʥʦ ʩʧʝʢʘʪʴ ʠʟ-ʟʘ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʘʤʦʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʳʝ ʧʨʠ 2000Áʉ ʩʦʩʪʘʚʣʷʶʪ 10-10 ʠ 10-11 

ʩʤ2/ʩ, ʜʣʷ Si ʠ ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [163]. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʘʢʪʠʚʥʦʝ ʩʧʝʢʘʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 2200Áʉ [164]. ʍʦʪʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʢʘʶʱʠʝ 

ʜʦʙʘʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʜʦ 1800 ï 2000Áʉ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ, ʜʘʞʝ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ 

ʚʳʩʦʢʦʡ [165].  

ʕʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ SiC ʢʝʨʘʤʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ - ʩʦʝʜʠʥʠʪʴ SiC ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣ r ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ [166,167]. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʢʮʠʷ ʠ/ʠʣʠ 

ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʂ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤʫ ʩʣʦʶ ʧʨʝʜʲʷʚʣʷʝʪʩʷ 

ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: (i) ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ/ʠʣʠ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʣʦʷ ʠ SiC; (ii) ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʂʊʈ ʢʦʥʝʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʣʦʷ ʠ SiC; (iii) ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʝʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʣʦʷ; (iv) ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ; (v) ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʮʝʣʳʡ ʨʷʜ ʩʦʩʪʘʚʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ 

ʜʣʷ SiC ʢʝʨʘʤʠʢʠ, ʦʜʥʘʢʦ ʧʦʠʩʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʦʣʞʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʢʘʞʜʦʝ ʠʟ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ.  

ʉʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʦʚ [166ï169]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ SiC. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʪʝʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʯʪʦ ʠ ʩʧʝʢʘʥʠʝ, ʠ 

ʠʤʝʝʪ ʪʝ ʞʝ ʥʝʜʦʩʪʘʪʢʠ. ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ 

ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʂʊʈ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʩ ʂʊʈ SiC (ʂʊʈ 

ʧʨʠ 300 K Al2O3 ʩʦʩʪʘʚʣʷʝʪ 8Ĭ10
-6 K-1, ʜʣʷ Y2O3 ï 8,1Ĭ10

-6 K-1 [166], ʜʣʷ CaO ï 11,91Ĭ10-6 K-1, ʜʣʷ 

MgO 10,42Ĭ10-1 K-1 [170], ʂʊʈ ɓ-SiC ~4Ĭ10-6 K-1 [43]), ʥʠʟʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ SiC 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʠʟʢʫʶ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ.  

ʉʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʧʠʪʢʠ ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ ʩʤʝʩʠ SiC ʠ C [166,167]. ʕʪʦʪ ʩʧʦʩʦʙ 

ʦʩʥʦʚʘʥ ʥʘ ʧʦʜʭʦʜʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʦʙʣʝʛʯʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ SiC, ʘ ʠʤʝʥʥʦ, ʥʘ ʨʝʘʢʮʠʦʥʥʦʤ 

ʩʧʝʢʘʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɼʘʥʥʫʶ ʩʤʝʩʴ ʧʨʦʧʠʪʳʚʘʶʪ ʨʘʩʧʣʘʚʦʤ 

ʢʨʝʤʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1500Áʉ. ʉʦʦʙʱʘʝʪʩʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ 
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ʠʟʛʠʙ 200 ï 300 ʄʇʘ. ʆʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ SiC ʤʘʪʝʨʠʘʣʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʜʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ 1200 ï 1300Áʉ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ.   

ʉʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʢʝʨʘʤʠʯʝʩʢʠʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ [166,167,171ï

173]. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʨʘʟʣʦʞʝʥʠʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʠʢʘʨʙʦʩʠʣʘʥʳ, ʧʦʣʠʩʠʣʘʟʘʥʳ ʠʣʠ ʧʦʣʠʩʠʣʦʢʩʘʥʳ ʩ ʚʳʩʦʢʠʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ (ʙʦʣʝʝ 

70%). ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ SiC ʩʣʦʷ, ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʭ ʩʠʥʪʝʟʘ, ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʫʩʘʜʢʘ (ʜʦ 50 ʦʙ. %) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ SiC. ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠʚʦʜʷʪ ʢ ʥʘʣʠʯʠʶ ʚ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʩʣʦʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ. ʇʦʚʪʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʥʠʞʘʝʪ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ, ʦʜʥʘʢʦ ʧʨʦʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ (50 ï 75 

ʄʇʘ ʥʘ ʠʟʛʠʙ). 

ʉʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ MAX-ʬʘʟ [166,167,174]. MAX ʬʘʟʘ ʠʤʝʝʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ Mn+1AXn, ʛʜʝ 

n = 1ï3, M ðʧʝʨʝʭʦʜʥʳʡ d-ʤʝʪʘʣʣ, A ð p-ʵʣʝʤʝʥʪ (ʥʘʧʨʠʤʝʨ, Al, Sn, Ge, Si, S ʠ ʜʨ.), ʘ ʍ - ʫʛʣʝʨʦʜ 

ʣʠʙʦ ʘʟʦʪ. MAX ʬʘʟʘ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ɹʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʪʠʧʠʯʥʦʡ ʢʝʨʘʤʠʢʠ (ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʜʦ 1350 ÁC ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘ ̫ʧʣʘʩʪʠʯʥʦʩʪ,ɹ ʩʚʦʡʩʪʚʝʥʥʘ ̫ʦʙʳʯʥʦ ʤʝʪʘʣʣʘʤ), MAX  ʬʘʟʳ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ.   

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʤʝʨʦʤ MAX  ʬʘʟʳ ʷʚʣʷʝʪʩʷ Ti3SiC2. ʉʦʦʙʱʘʝʪʩʷ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ çʩʢʣʝʠʚʘʥʠʠè SiC 

ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʬʘʟʳ (~200 ʄʇʘ ʥʘ ʠʟʛʠʙ), ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʨʘʟʥʠʮʫ 

ʚ ʂʊʈ (ʂʊʈ Ti3SiC2 ʧʨʠ 300 K 8,6Ĭ10-6 K-1) [166]. ʇʨʦʮʝʩʩ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 1300Áʉ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥ ʚʳʜʝʨʞʢʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 50 ʄʇʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

SPS. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʧʨʠʣʦʞʝʥʠʡ. Ti3SiC2 ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ MAX  ʬʘʟʳ 

ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʊÓ1400Áʉ ʥʘ ʢʘʨʙʠʜ (TiC) ʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʠʣʠʮʠʜ (TiSi2). ɺ ʚʘʢʫʫʤʝ ʧʨʠ 

ʊÓ1400Áʉ ʜʘʥʥʘʷ ʬʘʟʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʘʨʙʠʜ TiC ʚʚʠʜʫ ʩʫʙʣʠʤʘʮʠʠ ʢʨʝʤʥʠʷ. ɽʱʝ 

ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ MAX  ʬʘʟʳ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʉʦʝʜʠʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠʟʜʝʣʠʷ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ SiC ʤʘʪʝʨʠʘʣʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʣʣʳ. ʈʘʙʦʪ ʧʦ ʩʦʝʜʠʥʝʥʠʶ SiC ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʧʨʠʤʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ Zr, ʚʚʠʜʫ ʝʛʦ 
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ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; Ti, ʪʘʢ ʢʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ SiC ʦʥ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ MAX ʬʘʟʫ; W ʠ Mo, ʢʘʢ ʩʘʤʳʝ ʪʫʛʦʧʣʘʚʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʤʝʪʘʣʣʳ 

[166,167,175ï177]. ʉʦʦʙʱʘʝʪʩʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ Mo 

(250 ʄʇʘ) [175]. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʩʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ SiC ʦʙʨʘʟʫʶʪ ʭʨʫʧʢʫʶ ʢʘʨʙʠʜʥʫʶ ʬʘʟʫ, ʯʪʦ ʧʣʦʭʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʢʘʨʙʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʧʨʠʣʦʞʝʥʠʡ [178,179].  

1.5.4. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ Ir-SiC ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ 

ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ. ʆʙʘ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʦʙʣʘʩʪʷʭ, ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ (ʩʤ. ʨʘʟʜʝʣ 1.5.1 ʠ 1.5.2). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʩʦʯʝʪʘʥʠʝ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʪʘʢ ʠ 

ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ Ir-SiC ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʘ ʝʸ ʦʩʥʦʚʝ ʜʠʦʜʦʚ ʐʦʪʪʢʠ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ SiC ʠ ʚʳʩʦʢʦʡ ʨʘʙʦʪʳ 

ʚʳʭʦʜʘ ʠʨʠʜʠʷ [30]. ʇʦʣʫʯʝʥʥʳʝ ʠʟʜʝʣʠʷ ʥʝ ʪʦʣʴʢʦ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʚʳʜʘʶʱʠʤʠʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʠ ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʨʝʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʨʠʜʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʩʠʣʠʮʠʨʫʶʱʠʡ ʘʛʝʥʪ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ C-SiC ʠ SiC-SiCf ʢʦʤʧʦʟʠʪʦʚ [25,180]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʨʠʜʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʥʝ 

ʪʦʣʴʢʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʣʠʮʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʠʟʢʦʧʣʘʚʢʠʭ 

ʵʚʪʝʢʪʠʢ (ʨʠʩ. 21), ʥʦ ʠ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʚ ʢʦʤʧʦʟʠʪʝ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʩʠʪʴ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ.  

ʀʟʚʝʩʪʝʥ ʧʘʪʝʥʪ ʉʐɸ ˉUS11110681B2 ʥʘ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ ʩ 

ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʛʝʨʤʝʪʠʯʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʣʠʶ ʩʦʝʜʠʥʝʥʠʝ [181]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʨʠʜʠʡ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʦʥ ʥʝ 

ʦʙʨʘʟʫʝʪ ʭʨʫʧʢʫʶ ʢʘʨʙʠʜʥʫʶ ʬʘʟʫ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʧʘʪʝʥʪʝ ʧʨʠʚʝʜʝʥ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʧʨʠʤʝʨ ʩʦʝʜʠʥʝʥʠʷ ʪʨʫʙʢʠ ʩ ʢʨʳʰʢʦʡ ʠʟ 

SiC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʨʠʜʠʝʚʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ ~50 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500ÁC ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ~7 ï 50 ʄʇʘ ʚ ʪʝʯʝʥʠʝ 6 ï 10 ʯʘʩʦʚ. ʉʢʦʨʦʩʪʴ ʫʪʝʯʢʠ ʛʝʣʠʷ ʯʝʨʝʟ 

ʧʦʣʫʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 3x10-9 ʩʤ3/ʩ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʧʘʪʝʥʪʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 
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ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʬʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʥʝ ʠʟʚʝʩʪʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ.  

 

1.6. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 1 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠ ʠʨʠʜʠʡ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ʄʝʞʜʫ ʪʝʤ, 

ʩʚʝʜʝʥʠʷ ʦ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʝʩʴʤʘ ʤʘʣʦʯʠʩʣʝʥʥ.r ʀʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʘʚʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʝʨʭʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʝʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ Ir-SiC ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 1450Áʉ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʩʠʩʪʝʤʘʭ ʘʥʘʣʦʛʘʭ M-SiC, ʛʜʝ M ï ʤʝʪʘʣʣ, ʥʝ ʦʙʨʘʟʫʶʱʠʡ ʢʘʨʙʠʜ, ʧʦʟʚʦʣʷʝʪ 

ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ Ir-SiC ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʩʠʣʠʮʠʜʦʚ 

ʤʝʪʘʣʣʘ ʩʦ ʩʣʦʷʤʠ ʙʦʛʘʪʳʤʠ ʩʚʦʙʦʜʥʳʤ ʫʛʣʝʨʦʜʦʤ. ʆʜʥʘʢʦ ʨʘʥʝʝ ʦʙ ʵʪʦʤ ʥʝ ʩʦʦʙʱʘʣʦʩʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʝʨʤʝʪʠʯʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʣʠʶ 

ʩʦʝʜʠʥʝʥʠʝ ʜʝʪʘʣʝʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʜʥʘʢʦ ʥʝʪ ʜʘʥʥʳʭ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ ʧʨʦʯʥʦʩʪʠ. ɼʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʩʠʩʪʝʤʝ Ir-SiC ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʣʠʙʦ ʥʝʧʦʣʥʦʪʘ ʩʚʝʜʝʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ Ir-SiC ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʘ ʪʘʢʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʦʩʣʫʞʠʣʠ ʤʦʪʠʚʘʮʠʝʡ 

ʵʪʦʡ ʨʘʙʦʪʳ.  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʂʦʤʧʦʥʝʥʪʳ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʦʢ 

ʠʨʠʜʠʷ ʤʘʨʢʠ ʀɸ-1 (ɻʆʉʊ 12338-81) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (D50 ~ 22 ʤʢʤ) ʠ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʨʘʟʣʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʯʠʩʪʦʪʳ ʠ ʢʨʫʧʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: (i) ʢʨʫʧʥʳʡ  Ŭ-SiC (ɻʆʉʊ 

26327-84, ʈʦʩʩʠʷ) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (D50 ~ 29,9 ʤʢʤ) ʠ ʯʠʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 98 %, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ï ʢʨʫʧʥʳʡ Ŭ-SiC; (ii) ʤʝʣʢʠʡ SiC Ŭ-ʬʘʟʳ (ʗʧʦʥʠʷ) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (D50 ~ 1 ʤʢʤ) ʠ ʯʠʩʪʦʪʦʡ 

98,6 %, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʤʝʣʢʠʡ Ŭ-SiC; (iii) ʤʝʣʢʠʡ SiC ɓ-ʬʘʟʳ (ɻʝʨʤʘʥʠʷ) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ  

(D50 ~ 1 ʤʢʤ) ʠ ʯʠʩʪʦʪʦʡ 99,6 % ï ʤʝʣʢʠʡ ɓ-SiC. 

ʂʦʤʧʦʥʝʥʪʳ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʨʠʜʠʝʚʫʶ ʬʦʣʴʛʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʧʨʦʢʘʪʥʳʤ ʤʝʪʦʜʦʤ, ʀ99.9 ʨʘʟʤʝʨʦʤ 

100Ĭ10Ĭ0,1 ʤʤ (ɻʆʉʊ ʈ 55084-2012, ɸʆ çɽɿ ʆʎʄè, ʈʦʩʩʠʷ) ʠ ʙʨʫʩʦʢ ʧʣʦʪʥʦʩʧʝʯʝʥʥʦʛʦ (ɟ ~ 3,2 

ʩʤ3) ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʟʤʝʨʦʤ 100Ĭ20Ĭ5 ʤʤ (Lianyungang Baibo New Material Co., ʂʠʪʘʡ, 

ʯʠʩʪʦʪʘ 99%). 

 

2.2. ʄʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

2.2.1. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ Ir ʠ SiC 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʭʦʜʥʳʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʡ (ʄʆ) ʧʦʨʦʰʦʢ ʠʨʠʜʠʷ. ʄʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠʨʠʜʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ PM-100 (Retsch, ɻʝʨʤʘʥʠʷ) ʚ ʙʘʨʘʙʘʥʝ ʦʙʲʝʤʦʤ 50 ʤʣ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʣʶʱʠʭ ʪʝʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʘʨʳ ʠʟ 

ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ɺ ʙʘʨʘʙʘʥ ʟʘʛʨʫʞʘʣʠ 20 ʤʣ ʰʘʨʦʚ WC, 1 ï 50 ʛ ʧʦʨʦʰʢʘ 

ʠʨʠʜʠʷ ʤʘʨʢʠ ʀɸ-1 ʠ ʠʥʝʨʪʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ NaCl. 

ʂʦʣʠʯʝʩʪʚʦ NaCl ʧʦʜʙʠʨʘʣʦʩʴ ʪʘʢʦʝ, ʯʪʦʙʳ ʟʘʥʠʤʘʝʤʳʡ ʦʙʲʝʤ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ, ʠʨʠʜʠʝʤ ʠ 

ʩʦʣʴʶ ʩʦʩʪʘʚʣʷʣ 40 ʤʣ. ʆʩʪʘʚʰʠʡʩʷ ʦʙʲʝʤ ʟʘʧʦʣʥʷʣʠ ʵʪʘʥʦʣʦʤ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʤʝʣʶʱʠʭ ʪʝʣ 20g ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ɿʘʪʝʤ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʡ ʧʦʨʦʰʦʢ ʠʨʠʜʠʷ ʦʯʠʱʘʣʠ ʦʪ NaCl. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ  

ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: (1) ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʫʩʧʝʥʟʠʶ 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʨʘʟʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ; (2) ʟʘʪʝʤ ʨʘʟʙʘʚʣʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʰʘʣʢʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ; (3) ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʫʶ 

ʚʟʚʝʩʴ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ ʦʪʩʪʘʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ; (4) ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʨʦʠʟʚʦʜʠʣʠ 

ʜʝʢʘʥʪʠʨʦʚʘʥʠʝ. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʦʚʪʦʨʷʣʠ 4 ʨʘʟʘ. ɼʘʣʝʝ ʩʫʩʧʝʥʟʠʶ 

ʯʘʩʪʠʮ ʠʨʠʜʠʷ ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʦʩʪʘʚʣʷʣʠ ʩʫʰʠʪʴʩʷ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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50Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ɺʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 98-99% ʧʦ ʤʘʩʩʝ. ʇʦʜʨʦʙʥʝʝ ʤʝʪʦʜ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʨʠʜʠʷ ʦʧʠʩʘʥ ʚ ʧʘʪʝʥʪʝ ˉRU2748155C1 [182]. 

ʇʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʛʦʪʦʚʠʣʠ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ir:SiC = 

3:1, 1:1 ʠ 1:3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠ ʚʨʫʯʥʫʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʫʧʢʠ ʠʣʠ ʤʝʣʴʥʠʮʳ ʚʚʠʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ (ʧʦʨʦʰʦʢ 

ʠʨʠʜʠʷ ʜʣʷ ʢʘʞʜʦʡ ʩʤʝʩʠ ʙʨʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,12 ʛ) ʠ ʚʦʟʤʦʞʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʟʘʣʦʞʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʫʪʝʤ ʟʘʥʝʩʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʥʘʣʠʧʘʥʠʷ ʯʘʩʪʠ ʧʦʨʦʰʢʦʚ ʥʘ ʩʪʝʥʢʠ ʩʪʫʧʢʠ ʠʣʠ ʙʘʨʘʙʘʥʘ 

ʤʝʣʴʥʠʮʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʫʧʘʢʦʚʳʚʘʣʠ ʚ ʢʦʥʚʝʨʪʳ ʠʟ ʛʨʘʬʠʪʦʚʦʡ ʙʫʤʘʛʠ 

(ʛʨʘʬʦʡʣʘ). ɹʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʚʦʩʝʤʴ ʪʠʧʦʚ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ (ʊʘʙʣʠʮʘ 3).  

 

ʊʘʙʣʠʮʘ 3. ʉʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʨʦʰʢʦʚ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

 ̄ ʉʤʝʩʴ ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ir:SiC 

1, 2 Ir - ʢʨʫʧʥʳʡ Ŭ-SiC 1:1, 3:1 

3, 4 Ir - ʤʝʣʢʠʡ Ŭ-SiC 1:1, 3:1 

4, 5 Ir - ʤʝʣʢʠʡ ɓ-SiC 1:1, 3:1 

6, 7, 8 ʄʆ Ir - ʤʝʣʢʠʡ Ŭ-SiC 1:1, 3:1, 1:3 

 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ 

ʚʚʠʜʫ ʨʫʯʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʚʝ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ 

ʩʫʜʠʪʴ ʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

2.2.2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC ʠʩʭʦʜʥʫʶ ʧʣʘʩʪʠʥʫ 

ʧʣʦʪʥʦʩʧʝʯʝʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʟʨʝʟʘʣʠ ʥʘ ʢʚʘʜʨʘʪʥʳʝ ʙʨʫʩʢʠ ʨʘʟʤʝʨʘʤʠ 5Ĭ10Ĭ10 ʤʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ ʩ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ SYJ-150 

(MTI, ʉʐɸ). ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʙʨʫʩʢʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ ʠ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ 10Ĭ10 

ʤʤ ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʇʦʣʠʣʘʙ ʇ12ʄ (ʆʆʆ çʂʝʤʠʢʘè, ʈʦʩʩʠʷ) 

ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʰʣʠʬʦʚʘʣʴʥʳʭ ʘʣʤʘʟʥʳʭ ʜʠʩʢʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʘʣʤʘʟʦʚ ʦʪ 100 ʜʦ 15 ʤʢʤ. 

ʌʠʥʠʰʥʫʶ ʧʦʣʠʨʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʘʣʤʘʟʥʳʭ ʩʫʩʧʝʥʟʠʡ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʦʪ 9 ʜʦ 1 ʤʢʤ (Kemet International Limited, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʆʪʧʦʣʠʨʦʚʘʥʥʳʝ ʙʨʫʩʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟʚʣʝʢʘʣʠ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ 

ʦʯʠʱʘʣʠ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʘʥʦʣʝ.  

ʆʪ ʠʨʠʜʠʝʚʦʡ ʬʦʣʴʛʠ ʦʪʣʘʤʳʚʘʣʠ ʢʫʩʢʠ ʨʘʟʤʝʨʦʤ ~0,1Ĭ5Ĭ5 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ ʠʨʠʜʠʝʚʳʝ 

ʧʣʘʩʪʠʥʢʠ ʪʘʢʞʝ ʦʯʠʱʘʣʠ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʘʥʦʣʝ ʠ ʧʨʠʚʦʜʠʣʠ ʚ ʢʦʥʪʘʢʪ ʩ 

ʦʪʧʦʣʠʨʦʚʘʥʥʦʡ ʩʪʦʨʦʥʦʡ ʙʨʫʩʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ.  
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2.2.3. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ Ir ʠ SiC ʧʦʤʝʱʘʣʠ ʚ ʢʦʥʚʝʨʪʳ ʠʟ ʛʨʘʬʦʡʣʘ, ʢʦʪʦʨʳʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʝʱʘʣʠ ʚ ʚʳʩʦʢʦʚʘʢʫʫʤʥʫʶ ʧʝʯʴ ʉʅɺʕ 1,7.3.1,7/20 (ʆʆʆ çʇʨʠʟʤʘè, ʛ. 

ʀʩʢʠʪʠʤ). ʆʙʨʘʟʮʳ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 10-3 ʇʘ, ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʜʦ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 1000, 1100, é. 1600Áʉ ʩ ʰʘʛʦʤ ʚ 100Áʉ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʩʪʘʚʣʷʣʦ 1 ʯʘʩ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 640 Áʉ/ʯ. ʆʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ~300 ÁC/ʯ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʦʪʢʘʯʢʝ ʧʝʯʠ.  

ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʯʠ ʉʅɺʕ -1,7.3.1,7/20 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 1800 ʠ 1900Áʉ ʧʨʦʚʦʜʠʣʠ ʚ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʷʭ 

ʚ ʫʩʪʘʥʦʚʢʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʋɻʇ), ʢʦʪʦʨʘʷ ʦʙʦʨʫʜʦʚʘʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʦʜʥʦʦʩʥʦʛʦ ʫʩʠʣʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʭʝʤʘ ʋɻʇ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 26.  

 

ʈʠʩʫʥʦʢ 26. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.  

1 ï ʢʘʨʢʘʩ ʰʘʩʩʠ ʋɻʇ; 2 ï ʰʢʘʬ ʫʧʨʘʚʣʝʥʠʷ; 3 ï ʧʘʥʝʣʴ ʧʥʝʚʤʘʪʠʢʠ 1; 4 ï ʥʦʫʪʙʫʢ; 5 ï ʦʪʢʠʜʥʦʡ 

ʩʪʦʣʠʢ; 6 ï ʙʘʣʣʦʥ ʩ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ; 7 ï ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ; 8 ï ʚʭʦʜʥʦʡ ʢʦʣʣʝʢʪʦʨ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ; 9 ï ʩʪʦʡʢʘ ʧʨʝʩʩʘ; 10 ï ʚʳʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ; 11 ï ʃɸʊʈ; 12 ï 

ʦʪʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ (ʥʘʩʦʩ 1); 13 ï ʥʘʛʥʝʪʘʶʱʠʡ ʥʘʩʦʩ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ (ʥʘʩʦʩ 2); 14 ï ʧʠʨʦʤʝʪʨ; 15 ï ʧʘʥʝʣʴ ʧʥʝʚʤʘʪʠʢʠ 2; 16 ï ʝʤʢʦʩʪʴ ʩ ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʦʡ. 

ɺʥʫʪʨʝʥʥʷʷ ʦʩʥʘʩʪʢʘ ʛʦʨʷʯʝʡ ʟʦʥʳ ʧʨʝʩʩʘ (ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʥʘʛʨʝʚʘʪʝʣʴ, ʧʨʝʩʩ-ʬʦʨʤʘ ʠ 

ʧʫʘʥʩʦʥʳ) ʚʳʧʦʣʥʝʥʘ ʠʟ ʛʨʘʬʠʪʘ ʠ ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʛʨʝʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 
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ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʘʨʛʦʥʘ (~120 ʢʇʘ) ʩʦ ʩʢʦʨʦʩʪʴʶ 100 Áʉ/ʤʠʥ ʙʝʟ ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ. ɼʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʦʮʝʜʫʨʫ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʧʦʚʪʦʨʷʣʠ ʪʨʠ ʨʘʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʜʘʚʣʝʥʠʝ ʘʨʛʦʥʘ ʚ ʢʘʤʝʨʝ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʛʨʝʚ ʧʨʝʩʩ-ʬʦʨʤ ʩ ʧʦʨʦʰʢʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ 

ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʘ ʧʦʜʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ~110 

ɺ, ʧʦʟʚʦʣʷʚʰʝʝ ʥʘʛʨʝʪʴ ʧʨʝʩʩ-ʬʦʨʤʫ ʜʦ 700Áʉ ʟʘ ~7 ʤʠʥʫʪ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 700Áʉ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʣʠʩʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʀʂ-ʧʠʨʦʤʝʪʨ KM2-ʊʝʨʤʠʢʩʂ (ʊʠʤʦʣ, 

ʈʦʩʩʠʷ) ʠ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʧʦʜʜʝʨʞʠʚʘʣʘ ʧʦʩʪʦʷʥʥʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ. ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʨʦʤʝʪʨʦʤ ʩʦʩʪʘʚʣʷʝʪ Ñ1% ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʩʪʘʚʣʷʣʦ 

1 ʯʘʩ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ ~75ÁC/ʤʠʥ. 

ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʠʟʚʣʝʢʘʣʠ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʢʦʥʚʝʨʪʦʚ ʠʣʠ 

ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ ʠ ʨʘʟʜʝʣʷʣʠ ʥʘ ʪʨʠ ʯʘʩʪʠ. ʆʜʥʘ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʙʳʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʉʕʄ. ɼʨʫʛʫʶ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʝ, ʛʦʪʦʚʠʣʠ ʧʦʧʝʨʝʯʥʳʡ ʰʣʠʬ ʥʘ ʪʦʤ ʞʝ ʩʪʘʥʢʝ ʠ ʩ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʣʠʬʘ ʙʨʫʩʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʨʘʟʜʝʣ 2.2.2). ʐʣʠʬ 

ʧʦʨʦʰʢʦʚ ʛʦʪʦʚʠʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʩʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʨʝʪʴʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ SiC ʠ Ir ʧʝʨʝʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʝʪʦʜʦʤ ʈʌɸ. 

 

2.2.4. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC ʧʨʦʚʦʜʠʣʠ ʚ ʋɻʇ ʚ ʩʨʝʜʝ 

ʘʨʛʦʥʘ ʦʩʦʙʦʡ ʯʠʩʪʦʪʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʛʨʝʚʘ-ʦʭʣʘʞʜʝʥʠʷ, ʦʧʠʩʘʥʥʳʤʠ ʜʣʷ ʧʦʨʦʰʢʦʚʳʭ 

ʩʤʝʩʝʡ. ʈʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʦʜʥʦʦʩʥʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4. ʈʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC 

ʊʝʤʧʝʨʘʪʫʨʘ, ÁC 1000 1300 1350 1400 1500 1600 1700 1800 

ɺʨʝʤʷ  

ʚʳʜʝʨʞʢʠ, ʯ 
1 4 14, 28, 56 3, 4, 5, 6, 7 

1/60, 1/4, 1, 4, 

8, 16 
1 1 1 

ʆʜʥʦʦʩʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʄʇʘ 
20 20 20 20 0 0 0 0 
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ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 27. 

 

 

ʈʠʩʫʥʦʢ 27. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʚ ʛʨʘʬʠʪʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʊ Ò 1400Áʉ ʩʣʝʚʘ) ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ (ʊ Ó 1500Áʉ ʩʧʨʘʚʘ). 

 

ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʳ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʠʟʚʣʝʢʘʣʠ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤ 

ʠ ʨʘʟʨʝʟʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 28. 

ɼʘʣʝʝ, ʦʜʥʫ ʠʟ ʧʦʣʦʚʠʥ ʦʙʨʘʟʮʘ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ ʠ ʪʱʘʪʝʣʴʥʦ ʧʦʣʠʨʦʚʘʣʠ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 28). 

 

 

ʈʠʩʫʥʦʢ 28. ʉʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ Ir/SiC ʢ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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2.2.5. ʉʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ 

ɹʨʫʩʢʠ ʧʣʦʪʥʦʩʧʝʯʝʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʨʘʟʤʝʨʘʤʠ 12,5Ĭ5Ĭ4 ʤʤ ʚʳʨʝʟʘʣʠ ʠʟ ʠʩʭʦʜʥʦʡ 

ʧʣʘʩʪʠʥʳ SiC ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʛʦ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ (ʨʠʩ. 29). ɿʘʪʝʤ ʠʭ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ, ʪʦʨʮʳ (ʨʘʟʤʝʨ 5Ĭ4 ʤʤ) ʧʦʣʠʨʦʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʙʨʫʩʢʠ ʠʟʚʣʝʢʘʣʠ ʠʟ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʦʯʠʱʘʣʠ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʘʥʦʣʝ. ʄʝʞʜʫ ʜʚʫʤʷ 

ʦʪʧʦʣʠʨʦʚʘʥʥʳʤʠ ʪʦʨʮʘʤʠ ʙʨʫʩʢʦʚ ʧʨʦʢʣʘʜʳʚʘʣʠ ʠʨʠʜʠʝʚʫʶ ʬʦʣʴʛʫ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ. 

ʇʦʣʫʯʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ çʩʵʥʜʚʠʯè ʧʦʤʝʱʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʛʨʘʬʠʪʦʚʫʶ 

ʦʩʥʘʩʪʢʫ ʠ ʚʤʝʩʪʝ ʩ ʥʝʡ ʧʦʤʝʱʘʣʠ ʚ ʛʨʘʬʠʪʦʚʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ. ʇʨʦʮʝʩʩ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʋɻʇ ʧʨʠ ʜʚʫʭ ʨʝʞʠʤʘʭ. ʇʝʨʚʳʡ ʨʝʞʠʤ ï ʩʦʝʜʠʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ï ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1350Áʉ ʚ ʪʝʯʝʥʠʝ 8, 12 ʠ 16 ʯ ʚʳʜʝʨʞʢʠ ʧʨʠ 

ʦʜʥʦʦʩʥʦʡ ʥʘʛʨʫʟʢʝ 20 ʄʇʘ. ɺʪʦʨʦʡ ʨʝʞʠʤ ï ʩʦʝʜʠʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʜʢʦʡ 

ʬʘʟʳ - ʧʨʦʚʦʜʠʣʠ ʣʠʙʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ ʦʜʥʦʦʩʥʦʡ ʥʘʛʨʫʟʢʝ 15 ʄʇʘ 

ʣʠʙʦ ʧʨʠ 1500Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʦʜʥʦʦʩʥʦʡ ʥʘʛʨʫʟʢʝ 5 ʄʇʘ.  

ʉʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 29. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ ʠ ʨʘʟʨʝʟʘʣʠ ʥʘ 4 ʯʘʩʪʠ ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ ʦʙʨʘʟʮʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʩ ʨʘʟʤʝʨʘʤʠ ~25Ĭ2Ĭ1,5 ʤʤ ʩʦʝʜʠʥʝʥʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʉʕʄ/ʕɼʉ ʠ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʠ ʧʘʨʘʤʝʪʨʳ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ASTM C1161ī13, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ.  

 

 

ʈʠʩʫʥʦʢ 29. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʦʝʜʠʥʝʥʠʷ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʠʩʧʳʪʘʥʠʶ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. 
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2.2.6. ʉʠʥʪʝʟ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ, IrSi 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ IrSi ʛʦʪʦʚʠʣʠ 

ʧʦʨʦʰʢʦʚʫʶ ʩʤʝʩʴ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ (D50 ~ 7 ʤʢʤ) ʠ ʧʦʨʦʰʢʘ 

ʤʝʣʢʦʛʦ Ŭ-SiC (D50 ~ 1 ʤʢʤ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʝʛʦ ʢʦʥʪʘʢʪʘ ʟʝʨʝʥ ʤʝʞʜʫ ʩʦʙʦʡ ʵʢʚʠʤʦʣʷʨʥʫʶ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ Ir ʠ 

6H-SiC ʢʦʤʧʘʢʪʠʨʦʚʘʣʠ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ ~400 ʄʇʘ ʚ ʩʪʘʣʴʥʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ. ʄʝʞʜʫ ʧʫʘʥʩʦʥʘʤʠ ʧʨʦʢʣʘʜʳʚʘʣʠ ʚʩʪʘʚʢʠ ʠʟ 

ʛʨʘʬʠʪʦʚʦʡ ʙʫʤʘʛʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʧʨʠʤʝʩʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʦʤʧʘʢʪ ʥʘʛʨʝʚʘʣʠ ʚ ʛʨʘʬʠʪʦʚʦʤ ʪʠʛʣʝ ʚ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʡ (10-3 ʇʘ) ʧʝʯʠ ʉʅɺʕ-1,7.3.1,7/20 

(ʈʦʩʩʠʷ) ʧʨʠ 1600Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʢʦʤʧʘʢʪ ʧʝʨʝʤʘʣʳʚʘʣʠ ʚ ʧʦʨʦʰʦʢ ʚ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ. ɿʘʪʝʤ ʧʦʨʦʰʦʢ ʦʯʠʱʘʣʠ ʦʪ ʫʛʣʝʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

CCl4 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʢʘʥʪʘʮʠʝʡ. ʕʪʦʪ ʮʠʢʣ ʧʦʚʪʦʨʷʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʯʝʨʥʦʡ ʚʟʚʝʩʠ ʯʘʩʪʠʮ. ɺʳʙʦʨ CCl4 ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 

ʧʣʦʪʥʦʩʪʠ ʛʨʘʬʠʪʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ɟ (CCl4) ʧʨʠ ʊʢʦʤʥ. ʩʦʩʪʘʚʣʷʝʪ ~ 1,6 ʛ/ʩʤ3; ɟ (Cʛʨʘʬʠʪ) ʩʦʩʪʘʚʣʷʝʪ 

~ 2,1 ï 2,2 ʛ/ʩʤ3, ʘ ɟ (IrSi)  - 13,07 ʛ/ʩʤ3.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʦʙʨʘʟʮʘ ʦʯʠʱʝʥʥʳʡ ʧʦʨʦʰʦʢ ʧʣʘʚʠʣʠ 

ʚ ʫʛʣʝʨʦʜʥʦʤ ʪʠʛʣʝ ʧʨʠ 1750Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʚ ʫʩʪʘʥʦʚʢʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

(ʋɻʇ). ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 50Áʉ/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʠ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ ~75ÁC/ʤʠʥ. ʇʦʣʫʯʝʥʥʫʶ ʩʬʝʨʠʯʝʩʢʫʶ ʛʨʘʥʫʣʫ IrSi ʧʨʝʩʩʦʚʘʣʠ ʚ ʋɻʇ ʧʨʠ 

1650Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʦʜ ʦʜʥʦʦʩʥʦʡ ʥʘʛʨʫʟʢʦʡ 20 ʄʇʘ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʪʘʙʣʝʪʢʫ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ-ʦʭʣʘʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʝʨʝʧʣʘʚʢʠ IrSi. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʚʪʦʨʘʷ ʪʘʙʣʝʪʢʘ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʙʣʝʪʢʠ ʧʦʣʠʨʦʚʘʣʠ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʰʣʠʬʦʚʘʣʴʥʳʭ 

ʘʣʤʘʟʥʳʭ ʜʠʩʢʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʦʪ 100 ʜʦ 15 ʤʢʤ ʠ ʘʣʤʘʟʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʫʩʧʝʥʟʠʡ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʦʪ 6 ʜʦ 1 ʤʢʤ (Kemet International Limited, UK).  

ʇʣʦʪʥʦʩʪʴ (ɟ) ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚ ʵʪʠʣʦʚʦʤ 

ʩʧʠʨʪʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʘʭ HR-200 (AND, Japan) ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,1 ʤʛ. ɼʠʘʤʝʪʨ (d) ʠʟʤʝʨʷʣʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ Kraftool ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,03 ʤʤ, ʘ ʪʦʣʱʠʥʫ (h) ï 

ʵʣʝʢʪʨʦʥʥʳʤ ʜʣʠʥʥʦʤʝʨʦʤ Tesa Digico 10, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʨʘʜʫʠʨʦʚʘʥʥʦʛʦ ʧʦ ʢʦʥʮʝʚʳʤ ʤʝʨʘʤ 

ʚ ʧʷʪʠ ʪʦʯʢʘʭ (ʦʜʥʘ ʪʦʯʢʘ ï ʮʝʥʪʨ ʦʙʨʘʟʮʘ ʠ ʝʱʝ ʯʝʪʳʨʝ ʥʘ ʨʘʜʠʫʩʝ 2ï3 ʤʤ ʦʪ ʮʝʥʪʨʘ) ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 2 ʤʢʤ. ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 
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ʊʘʙʣʠʮʘ 5. ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʪʘʙʣʝʪʦʢ IrSi 

 d, ʤʤ h, ʤʤ ȹh*, ʤʢʤ m, ʛ ɟ, ʛ/ʩʤ3 

ʆʙʨʘʟʝʮ 1 6,05 1,243 Ñ 17 0,444 12,581 

ʆʙʨʘʟʝʮ 2 5,74 1,551 Ñ 18 0,507 12,691 

* ï ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʪʦʣʱʠʥʝ 

 

2.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʠʭ ʰʣʠʬʦʚ, ʰʣʠʬʦʚ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨ ʠ ʦʙʨʘʟʮʦʚ ʩʦʝʜʠʥʝʥʥʦʡ SiC ʢʝʨʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ, ʘ ʪʘʢʞʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ IrSi ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʢʘʥʠʨʫʶʱʠʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ: 1) TM-1000 (Hitachi, ʗʧʦʥʠʷ), ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʕɼʉ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

SwiftED-TM (Oxford Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ); 2) S3400N (Hitachi, ʗʧʦʥʠʷ), ʦʙʦʨʫʜʦʚʘʥʥʳʡ 

ʕɼʉ ʩʧʝʢʪʨʦʤʝʪʨʦʤ UltraDry EDS detector (Thermo Scientific, ʉʐɸ); MIRA 3 LMU (Tescan, 

ʏʝʭʠʷ), ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʕɼʉ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA Energy 450 XMax 80 (Oxford Instruments, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʘʣʠʙʨʦʚʘʣʠ ʥʘ Co ʩʪʘʥʜʘʨʪʘʭ. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ (ɗ-ɗ) ʥʘ 

ʧʦʨʦʰʢʦʚʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 Advance (Bruker, ɻʝʨʤʘʥʠʷ) ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ KŬ 

ʤʝʜʥʦʛʦ ʘʥʦʜʘ (ɚ1 = 1,54056 ¡; ɚ2 = 1,54439 ¡). ɿʘʧʠʩʴ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʫʛʣʦʚ 15Á < 2ɗ < 110Á. ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʇʆ Search-Match (Oxford Cryosystems, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ 

TOPAS (Bruker, ɻʝʨʤʘʥʠʷ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ PDF-4 ʠ ICSD. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʯʘʩʪʠʮ ʄʠʢʨʦʩʘʡʟʝʨ 201ɸ (ɺɸ ʀʥʩʘʣʪ, ʈʦʩʩʠʷ). 

ʈʝʛʠʩʪʨʘʮʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ).  ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʦʙʨʘʟʮʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʘ ʧʦʨʦʰʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʙʘʚʣʷʣʠʩʴ ʧʦʨʦʰʢʦʤ KBr ʚ ʤʘʩʩʦʚʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:100, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ RFS 100 (Bruker, ɻʝʨʤʘʥʠʷ) (ɚ=1064 ʥʤ) ʚ ʜʠʘʧʘʟʦʥʝ 100ï4000 ʩʤ-1. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʭ Ir/SiC, 

ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʂʈ ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʘʨʳ Ir-SiC ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 633 ʥʤ (ʩʧʝʢʪʨʦʤʝʪʨ LabRam HR Evolution, Horiba, ʗʧʦʥʠʷ). ɺʨʝʤʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 10 ʩ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 100 ʩʢʘʥʦʚ. ʕʪʦʛʦ ʙʳʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩ ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʤʝʩʝʡ 

ʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂ). ʀʂ ʩʧʝʢʪʨʳ 
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ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Infralum FT801 (ʅʇʌ çʉʀʄɽʂʉè, ʅʦʚʦʩʠʙʠʨʩʢ) ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 400 ʜʦ 4000 ʩʤ-1.   

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʘʟ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʩʭʦʜʷ 

ʠʟ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪ ʊʢʦʤʥ. ʜʦ 1000Áʉ ʩ ʰʘʛʦʤ 100Áʉ in situ ʚ ʘʪʤʦʩʬʝʨʝ He ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 Advance (Bruker, 

ɻʝʨʤʘʥʠʷ). ɺʳʜʝʨʞʢʘ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʟʘʧʠʩʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʩʦʩʪʘʚʣʷʣʘ 5 ʤʠʥ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʬʘʟ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ < 50 ʘʪ. % 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ DuraScan-50 (EMCO-TEST, ɸʚʩʪʨʠʷ) ʧʨʠ ʥʘʛʨʫʟʢʝ 0,1 

ʅ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʵʪʦʡ ʥʘʛʨʫʟʢʝ 10 ʩ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʮʦʚ SiC ʢʝʨʘʤʠʢʠ, ʩʦʝʜʠʥʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ ʠʨʠʜʠʷ, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ Instron 5944 (llinois 

Tool Works Inc., ʉʐɸ) 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (a) ʦʙʨʘʟʮʦʚ ʤʦʥʦʩʠʣʠʮʠʜʘ ʠʨʠʜʠʷ IrSi ʧʨʦʚʦʜʠʣʠ 

ʩʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʚʩʧʳʰʢʠ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ LFA 427 (Netzsch, ɻʝʨʤʘʥʠʷ). ʇʦʜʨʦʙʥʝʝ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [183ï188]. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293ï1475 ʂ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʥʠʞʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ-

ʮʠʣʠʥʜʨʘ ʦʙʣʫʯʘʣʘʩʴ ʢʦʨʦʪʢʠʤ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ (1,064 ʤʢʤ) ʦʪ Nd: YAG ʣʘʟʝʨʘ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0,8 ʤʩ ʠ ʵʥʝʨʛʠʝʡ ʜʦ 10 ɼʞ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʀʂ-ʜʝʪʝʢʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʘʥʪʠʤʦʥʠʜʘ ʠʥʜʠʷ. ɼʣʷ ʫʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʢʨʳʚʘʣʠ ʛʨʘʬʠʪʦʤ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʩʧʨʝʷ. ɺʝʣʠʯʠʥʫ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʪʝʨʤʦʛʨʘʤʤʝ ʨʘʟʦʛʨʝʚʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ 

ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʦ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ [189]. ɺʚʦʜʠʣʘʩʴ ʧʦʧʨʘʚʢʘ ʥʘ ʢʦʥʝʯʥʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʝʛʦ ʨʝʘʣʴʥʫʶ ʬʦʨʤʫ [185]. ɼʣʷ ʫʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʇʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚ LFA 427 ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 1 ʇʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʷʣʠ ʘʨʛʦʥʦʤ. ʇʨʦʮʝʜʫʨʘ ʦʪʢʘʯʢʘ-ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʪʦʨʷʣʘʩʴ ʪʨʠ ʨʘʟʘ. ʀʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (a) ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʝʨʠʠ ʠʟ ʜʚʫʭ-ʪʨʝʭ 

çʚʳʩʪʨʝʣʦʚè ʣʘʟʝʨʘ ʧʦʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ çʚʳʩʪʨʝʣʘʤʠè ʩʦʩʪʘʚʣʷʣ 

3 ʤʠʥʫʪʳ. ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (2% ʧʨʠ 

300 ʂ ʠ 4% ʧʨʠ 1800 ʂ) ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ a ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʤʝʜʠ. ʉ ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ŭh ʧʦʨʷʜʢʘ 

20 ʤʢʤ (ʪʘʙʣ. 5), ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʝʣʠʯʠʥʳ a ʦʮʝʥʠʚʘʝʪʩʷ ʚ 6%. 
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ʄʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ (cp) ʦʜʥʦʡ ʠʟ ʪʘʙʣʝʪʦʢ IrSi (ʦʙʨʘʟʝʮ ˉ1) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300ï

1300 ʂ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ ˉ1 ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʆʙʨʘʟʝʮ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʣʩʷ ʦʪ ʛʨʘʬʠʪʦʚʦʡ ʧʣʝʥʢʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ ʧʦʜʛʦʥʷʣʠ ʧʦʜ ʨʘʟʤʝʨ ʪʠʛʣʝʡ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʟʤʝʨʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ DSC 404 F1 (Netzsch, ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʠʥʦʚʳʭ 

ʪʠʛʣʝʡ ʩ ʢʦʨʫʥʜʦʚʳʤʠ ʚʢʣʘʜʳʰʘʤʠ ʠ ʧʣʘʪʠʥʦʚʳʭ ʢʨʳʰʝʢ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 

10 K/ʤʠʥ ʚ ʧʨʦʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (20 ʤʣ/ʤʠʥ). ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʚʟʚʝʰʠʚʘʣʘʩʴ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ GH-252 (AND, Japan) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,3 ʤʛ ʠ ʩʦʩʪʘʚʣʷʣʘ 220,99 ʤʛ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʘʞʜʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʫʩʪʘʥʦʚʢʠ ʦʪʢʘʯʠʚʘʣʩʷ ʜʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 1 ʇʘ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʩʷ ʘʨʛʦʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ 

ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʘʧʬʠʨ ʤʘʩʩʦʡ 85,28 ʤʛ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʩʦʩʪʘʚʣʷʣʘ 2ï4% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ɚ) ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɚ = a ɟ ʩp,       (2.1) 

ʛʜʝ a ï ʧʝʨʚʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ˉ1 

ʠ ˉ2, ʩp ï ʩʛʣʘʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ɟ ï ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2.2): 
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ʛʜʝ Ů(T) ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʚ [190]. ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ a, ɟ ʠ ʩp ʦʮʝʥʠʚʘʝʪʩʷ ʚ 5ï7% ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293ï1475 ʂ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʦʨʘʪʦʨʠʠ ʠʦʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʀʍʊʊʄ ʉʆ ʈɸʅ ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ IrSi ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ DSC-550 (SSI, ʉʐɸ). ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʪʠʛʣʷʭ ʚ ʪʦʢʝ ʘʨʛʦʥʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 300 ï 673 K. 

ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 10 Á/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ.  
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ɻʃɸɺɸ 3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʀʈʀɼʀʗ ʉ ʂɸʈɹʀɼʆʄ ʂʈɽʄʅʀʗ ɺ ʇʆʈʆʐʂʆɺʓʍ ʉʄɽʉʗʍ 

3.1. ʈʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ 

3.1.1. ʇʦʨʦʰʢʠ SiC 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩ. 30), ʧʦʨʦʰʦʢ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

6H-SiC ʧʦʣʠʪʠʧʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʠʪʠʧ 15R-SiC ʠ Si (ʤʝʥʝʝ 1 ʤʘʩʩ. %). 

ʇʦʨʦʰʦʢ ʤʝʣʢʦʛʦ Ŭ-SiC ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʧʦʣʠʪʠʧʘ 6H-SiC. ʇʦʨʦʰʦʢ ʤʝʣʢʦʛʦ ɓ-SiC 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʠʪ ʧʦʣʠʪʠʧ 3C-SiC ʠ ʧʨʠʤʝʩʴ (ʤʝʥʝʝ 1 ʤʘʩʩ. %) 6H-SiC. 

 

 

ʈʠʩʫʥʦʢ 30. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ: 1) ʢʨʫʧʥʦʛʦ Ŭ-SiC; 2) ʤʝʣʢʦʛʦ Ŭ-SiC; 3) ʤʝʣʢʦʛʦ ɓ-SiC. 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʉʕʄ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 31 ʘ, ʙ, ʚ), ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ. ɿʝʨʥʘ 

ʧʦʨʦʰʢʘ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʠʤʝʶʪ ʨʘʟʤʝʨʳ D50 ï 29,9 ʤʢʤ ʠ D90 ï 46,7 ʤʢʤ. ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʤʝʣʢʦʛʦ Ŭ-SiC ʩʦʩʪʘʚʣʷʶʪ D50 ï 0,9 ʤʢʤ ʠ D90 ï 8,4 ʤʢʤ. ʏʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʤʝʣʢʦʛʦ ɓ-SiC ʠʤʝʶʪ 

ʨʘʟʤʝʨʳ D50 ï 0,9 ʤʢʤ ʠ D90 ï 2,2 ʤʢʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʣʢʠʝ ʧʦʨʦʰʢʠ Ŭ-SiC ʠ ɓ-SiC ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʨʘʟʤʝʨ D50, 

ʧʦʨʦʰʦʢ ʤʝʣʢʦʛʦ Ŭ-SiC, ʩʫʜʷ ʧʦ ʨʘʟʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ (ʨʠʩ. 31 ʙ), ʩʦʜʝʨʞʠʪ 

ʘʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 30 ï 40 ʤʢʤ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʠʥʝʪʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʈʠʩʫʥʦʢ 31. ʉʕʄ ʩʥʠʤʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ: 

ʢʨʫʧʥʦʛʦ Ŭ-SiC (ʘ); ʤʝʣʢʦʛʦ Ŭ-SiC (ʙ); ʤʝʣʢʦʛʦ ɓ-SiC (ʚ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʂʈ ʠ ʀʂ) ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ (ʨʠʩ. 32 ʘïʛ ʠ 33 ʘïʚ). ʊʘʢ, ʚ ʩʧʝʢʪʨʘʭ ʂʈ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ Ŭ-

SiC (ʨʠʩ. 32 ʘ) ʧʦʤʠʤʦ ʧʦʣʦʩ 788 ʠ 969 ʩʤ-1, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Si-C, ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 1800ï2640 ʩʤ-1, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʜʝʬʝʢʪʦʚ ʚ SiC [191]. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʇʠʮʮʠʥʠ [192] ʠ ʂʨʘʫʟʝ [193], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ. ʅʘ ʩʧʝʢʪʨʘʭ ʂʈ ʠʩʭʦʜʥʳʭ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ SiC (ʨʠʩ. 32 ʘ) ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 1200ï2000 ʩʤ-1, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʧʨʠʤʝʩʝʡ. ʇʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ Si-C, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʧʦʣʦʩʘʤʠ.  
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ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠʚʝʣʘ ʢ 

ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʦʣʦʩ ʥʘ ʩʧʝʢʪʨʘʭ ʂʈ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʠ ʠʭ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ Ŭ-SiC (ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʧʨʠ 1600Áʉ) (ʨʠʩ. 32 ʚ) ʠ 

ɓ-SiC (ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʧʨʠ 1300Áʉ) (ʨʠʩ. 32 ʛ), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ 

ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 1600Áʉ ʥʘ ʩʧʝʢʪʨʘʭ ʂʈ 

ʧʦʨʦʰʢʦʚ ʤʝʣʢʦʛʦ ʠ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ ~1250, ~1570 ʠ 

~2570 ʩʤ-1, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ D, G ʠ 2D ʧʦʣʦʩʘʤ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [194]. 

ʇʦʷʚʣʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʧʦʣʦʩ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʦʞʝʥʠʝʤ ʥʝʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ Si-O-C ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ. 

 

   

  ʈʠʩʫʥʦʢ 32. ʉʧʝʢʪʨʳ ʂʈ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ: ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ (ʘ), 

ʢʨʫʧʥʳʡ Ŭ-SiC (ʙ), ʤʝʣʢʠʡ Ŭ-SiC (ʚ), ʤʝʣʢʠʡ ɓ-SiC (ʛ). 

 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ SiC (ʨʠʩ. 33 ʘ, ʙ, ʚ) ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʀʂ 
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ʩʧʝʢʪʨʦʚ, ʧʦʣʦʩʳ ʥʘ ~690 ʠ ~1100 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ Si-O-Si, ʥʘʙʣʶʜʘʪʁʩʷ 

ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʤʝʣʢʦʛʦ ʧʦʨʦʰʢʘ ɓ-SiC ʦʥʠ ʥʘʠʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥ,r 

ʥʘʦʙʦʨʦʪ ʜʣʷ ʢʨʫʧʥʦʛʦ Ŭ-Siʉ ʜʘʥʥʘʷ ʧʦʣʦʩʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʧʦʨʦʰʢʘʤʠ. ʇʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʢʦʣʦ 850 ʠ 980 ʩʤ-1, ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ Si-C ʠ Si-O-C, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [191]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʦʰʢʦʚ SiC ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ Si-O-Si ʠ Si-O-C, 

ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 33 ʘ ï ʚ). 

 

 

ʈʠʩʫʥʦʢ 33. ʀʂ ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʠ ʧʨʦʛʨʝʪʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ: ʢʨʫʧʥʳʡ Ŭ-SiC 9ʘ), ʤʝʣʢʠʡ Ŭ-SiC (ʙ), ʤʝʣʢʠʡ ɓ-SiC (ʚ). 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʰʢʠ SiC ʤʝʥʷʶʪ ʩʚʦʡ ʮʚʝʪ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

(ʨʠʩ. 34). ʇʦʨʦʰʦʢ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʩʪʘʥʦʚʠʪʩʷ ʪʝʤʥʝʝ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʦʞʝʥʠʷ ʬʘʟʳ Si-O-C ʥʘ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦ ʂʈ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ɓ-SiC ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ, ʪʦʛʜʘ ʢʘʢ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ Ŭ-SiC ʥʘʠʙʦʣʴʰʝʝ. 
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ʈʠʩʫʥʦʢ 34. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʨʦʰʢʦʚ SiC ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

3.1.2. ʇʦʨʦʰʢʠ ʠʨʠʜʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʪʠʧʘ ʧʦʨʦʰʢʦʚ ʠʨʠʜʠʷ: ʠʩʭʦʜʥʳʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʡ (ʄʆ) ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʘʟʤʝʨ ʟʝʨʝʥ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʝʪ D50 = 22 ʤʢʤ, ʨʘʟʤʝʨ ʟʝʨʝʥ ʤʦʣʦʪʦʛʦ ʧʦʨʦʰʢʘ 

ʩʦʩʪʘʚʣʷʝʪ D50 = 7,4 ʤʢʤ (ʨʠʩ. 35). 

 

   

ʈʠʩʫʥʦʢ 35. ʉʕʄ ʩʥʠʤʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ: 

ʠʩʭʦʜʥʦʛʦ Ir (ʘ); ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ Ir (ʙ). 

 

ʀʟ ʘʥʘʣʠʟʘ ʉʕʄ ʩʥʠʤʢʦʚ ʦʙʨʘʟʮʦʚ (ʚʩʪʘʚʢʠ, ʨʠʩ. 35 ʘ, ʙ), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ, ʥʦ ʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʘʥʘʨʥʳʭ ʯʘʩʪʠʮ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤʢʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ 
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ʜʝʬʦʨʤʘʮʠʝʡ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ (ʜʦ ~25g) ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʝʣʶʱʠʭ 

ʪʝʣ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩ. 36), ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʨʠʜʠʶ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʫʰʠʨʠʣʠʩʴ ʧʦʩʣʝ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʜʦ 40 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʦʤ, 

ʛʜʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʩʦʩʪʘʚʣʷʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 100 ʥʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʦ Ů = 0,784 Ñ 0,006. 

ɼʣʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʤ ʠʨʠʜʠʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ, ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʚʝʢʪʦʨʦʤ ɹʶʨʛʝʨʩʘ ʠ ʤʠʢʨʦʠʩʢʘʞʝʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [195]:  

”  
Ѝ

, (3.1) 

ɻʜʝ ‭ ï ʤʠʢʨʦʥʘʨʷʞʝʥʠʷ, D ï ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, b ï ʚʝʢʪʦʨ ʙʶʨʛʝʨʩʘ ʜʠʩʩʣʦʢʘʮʠʠ. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʩʦʩʪʘʚʠʣʦ 2,33Ā1013 ʩʤ-2, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʠʨʠʜʠʝʚʦʤ 

ʧʦʨʦʰʢʝ, ʚʳʟʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʨʠʜʠʷ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (800Áʉ) ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʢʦʧʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠʩʯʝʟʘʝʪ (ʨʠʩ. 36). 

 

 

ʈʠʩʫʥʦʢ 36. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʠʨʠʜʠʷ: 1 ï ʠʩʭʦʜʥʦʛʦ, 2 ï ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʠ 3 ï ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 800Áʉ. 
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ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ ʫʚʝʣʠʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ, ʷʚʣʷʝʪʩʷ 

ʧʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʤʝʣʴʥʠʮʝ 

ʫʚʝʣʠʯʠʣʘʩʴ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʉʕʄ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʜʦ ʧʦʤʦʣʘ ʯʘʩʪʠʮʳ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʘ ʧʦʩʣʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʜʠʩʢʦʦʙʨʘʟʥʫʶ ʩʦ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ ~150 ʥʤ, ʦʮʝʥʝʥʥʘʷ ʧʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʨʦʩʣʘ ʩ ~ 0,01 ʤ2/ʛ ʜʦ ~ 0,47 ʤ2/ʛ.  

 

3.2. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʨʠʜʠʷ ʩ SiC, ʧʦ 

ʜʘʥʥʳʤ ʈʌɸ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʟʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʠʘʧʘʟʦʥʘʤ: 1) ʊ Ò 1400Áʉ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ 

ʙʦʣʴʰʠʥʩʪʚʫ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʠ 

2) ʊ Ó 1400Áʉ ï ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ, ʩʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ Ir-Si (ʨʠʩ. 21). ɺ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʜʫʢʪʦʚ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʤʦʨʬʥʦʩʪʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʝʪʝʢʪʠʨʦʚʘʪ ɹʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʛʣʝʨʦʜʥʫ  ʁʬʘʟʫ ʤʝʪʦʜʦʤ ʈʌɸ ʥʘ ʬʦʥʝ ʪʷʞʝʣʳʭ 

ʬʘʟ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ɸʥʘʣʠʟ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʳ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥ ʚ ʨʘʟʜʝʣʝ 

3.4. 

 

3.2.1. ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʚ SiC ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (1000 ï 1400Áʉ) 

ʂʨʫʧʥʦʜʠʩʧʝʨʩʥʘʷ ʧʦʨʦʰʢʦʚʘʷ ʩʤʝʩʴ çʠʩʭʦʜʥʳʡ ʠʨʠʜʠʡ ï ʢʨʫʧʥʳʡ Ŭ-SiCè 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʠʩʭʦʜʥʦʛʦ Ir ʠ ʢʨʫʧʥʦʛʦ Ŭ-SiC, ʚʟʷʪʳʭ 

ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ir:SiC = 1:1 ʠ 3:1, ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʫʞʝ ʧʨʠ 1000 ï 1100Áʉ (ʨʠʩ. 37 

ʘ, ʙ). ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʘ Ir3Si (I4/mcm). ɽʸ ʚʳʭʦʜ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʧʨʠ 1000 ï 1100Áʉ ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʤʦʣ. %. ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʡ ʬʘʟʳ ʨʘʩʪʝʪ ʜʦ 1300Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʠ ʜʦʩʪʠʛʘʝʪ 2ï6 ʤʦʣ. % ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ Ir:SiC ï 1:1.  

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1400Áʉ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ, ʧʦʤʠʤʦ Ir3Si, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʘʢʞʝ ʬʘʟʘ IrSi (Pnma). ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʬʘʟ Ir3Si ʠ IrSi, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʩʤʝʩʷʭ Ir:SiC = 1:1 ʠ 

3:1, ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʩʦʦʙʱʘʣʦʩʴ ʨʘʥʝʝ [23,157], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʬʘʟ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠʩʭʦʜʥʦʛʦ ʠʨʠʜʠʷ ʠ ʢʨʫʧʥʦʛʦ Ŭ-SiC, ʚʟʷʪʳʭ ʚ ʨʘʟʣʠʯʥʦʤ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ (1:1 ʠ 3:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʭʦʞ. ʆʪʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʥʪʥʦʤ 
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ʩʦʜʝʨʞʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ, ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʵʬʬʝʢʪ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʪʷʞʝʣʳʤʠ ʬʘʟʘʤʠ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ. 

ʂ ʧʨʠʤʝʨʫ, ʦʮʝʥʝʥʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ CuKŬ ʠʟʣʫʯʝʥʠʷ (ɚ=1,54056 

¡) ʜʣʷ ʠʨʠʜʠʷ ʧʨʠ 20Á Ò 2ɗ Ò 110Á ʩʦʩʪʘʚʣʷʝʪ <1 ʤʢʤ, ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ 

ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ (D50 ~22 ʤʢʤ). 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʨʠʜʠʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʚ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʷʭ [22]. ɺ ʧʨʦʜʫʢʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʦʛʦ Ir ʠ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1000 ï 1400Áʉ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʬʘʟ ʩʠʣʠʮʠʜʦʚ, ʢʨʦʤʝ Ir3Si ʠ IrSi, ʥʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ, ʢʘʢ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 37. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʧʦʨʦʰʢʦʚ Ir ʠ Ŭ-SiC, ʚʟʷʪʳʭ ʚ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʘ) ʠ 3:1 (ʙ), ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1000ï1400Áʉ. 

 

ʇʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ çʠʩʭʦʜʥʳʡ ʠʨʠʜʠʡ ï ʤʝʣʢʠʡ Ŭ-SiCè ʠ çʠʩʭʦʜʥʳʡ ʠʨʠʜʠʡ ï ʤʝʣʢʠʡ ɓ-SiCè 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ çʠʩʭʦʜʥʳʡ Ir - ʤʝʣʢʠʡ Ŭ-SiCè, ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʠ 

1000 ï 1400Áʉ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 38 ʘ, ʙ. ʉʨʘʚʥʠʚʘʷ ʠʭ ʩ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤʠ 
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ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʤʝʩʠ (ʨʠʩ. 37 ʘ, ʙ), ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʠʨʠʜʠʷ ʨʝʟʢʦ 

ʧʘʜʘʝʪ ʫʞʝ ʧʨʠ 1200Áʉ (ʨʠʩ. 38 ʘ, ʙ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʙʳʩʪʨʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ Ir3Si ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʤʝʩʝʡ (1:1 ʠ 3:1). ʇʨʠ 1300Áʉ ʦʙʥʘʨʫʞʝʥʳ ʬʘʟʳ Ir3Si2, 

IrSi, ʘ ʪʘʢʞʝ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ Ir2Si (~1,5 ʤʦʣ. %) ʜʣʷ ʩʤʝʩʠ 1:1. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ 

ʬʘʟʳ Ir3Si ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ (ʨʠʩ. 38 ʘ). ʌʘʟʦʡ ʧʨʦʜʫʢʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠ 1300Áʉ 

ʷʚʣʷʝʪʩʷ Ir3Si2. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1400Áʉ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ IrSi ʩʪʘʥʦʚʠʪʩʷ ʚ 2 ʨʘʟʘ 

ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ Ir3Si2. ɼʣʷ ʩʤʝʩʠ ʢʨʫʧʥʳʡ Ir ï ʤʝʣʢʦʛʦ Ŭ-SiC, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

Ir:SiC = 3:1, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 1000ï1400Áʉ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʤ 

ʧʨʦʜʫʢʪʦʤ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʷʚʣʷʝʪʩʷ Ir3Si (ʨʠʩ. 38 ʙ).  

ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ ʠʩʭʦʜʥʦʛʦ Ir ʠ 

ʤʝʣʢʦʛʦ ɓ-SiC ʘʥʘʣʦʛʠʯʝʥ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ. ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʩʤʝʩʝʡ ʩ ʤʝʣʢʠʤ ɓ-SiC, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ 1000 ï 1400Áʉ, ʚ ʩʨʝʜʥʝʤ 

ʥʘ ~10ï15 ʤʦʣ. % ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʤʝʩʝʡ ʩ ʤʝʣʢʠʤ Ŭ-SiC. ɹʦʣʝʝ ʙʳʩʪʨʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʚ ʧʦʨʦʰʢʝ ɓ-SiC, ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ (ʩʤ. ʨʘʟʜʝʣ 

3.1.1) ʠ ʝʛʦ ʙʦʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʚ 

ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [38]. 

 

 

ʈʠʩʫʥʦʢ 38. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʦʛʦ Ir ʠ ʤʝʣʢʦʛʦ Ŭ-SiC, ʚʟʷʪʳʭ ʚ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʘ) ʠ 3:1 (ʙ), ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1000ï1400Áʉ. 



66 

 

ʇʦʨʦʰʢʦʚʘʷ ʩʤʝʩʴ çʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʡ ʠʨʠʜʠʡ ï ʤʝʣʢʠʡ Ŭ-SiCè 

ɹʦӢʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ (ʩʤ. ʨʘʟʜʝʣ 3.1.2) ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʤʝʩʠ ʄʆ Ir ʠ ʤʝʣʢʦʛʦ Ŭ-SiC, ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʧʦʩʣʝ ʥʘʛʨʝʚʘ 

ʧʨʠ 1200Áʉ ʥʘʙʣʶʜʘʶʪʩʷ ʬʘʟʳ Ir3Si, Ir3Si2 ʠ IrSi (ʨʠʩ. 39 ʘ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʩʤʝʩʠ ʩ 

ʢʨʫʧʥʳʤ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʦʤ ʠʨʠʜʠʷ ʬʘʟʳ Ir3Si2 ʠ IrSi ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 1300Áʉ. ʌʘʟʘ Ir3Si ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʜʦ 1200Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʨʠ 1300Áʉ ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʩʪʘʥʦʚʠʪʩʷ ʬʘʟʘ Ir3Si2, ʧʨʠ 1400Áʉ ï IrSi. ɺ ʩʤʝʩʠ Ir:SiC = 3:1 ʝʜʠʥʩʪʚʝʥʥʦʡ ʬʘʟʦʡ ʧʨʦʜʫʢʪʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1000 ï 1400Áʉ ʷʚʣʷʝʪʩʷ Ir3Si (ʨʠʩ. 39 ʙ). ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʜʝʨʞʘʥʠʝ 

ʵʪʦʡ ʬʘʟʳ ʨʘʩʪʝʪ. 

 

 

ʈʠʩʫʥʦʢ 39. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚ ʄʆ ʠʨʠʜʠʷ ʠ ʤʝʣʢʦʛʦ Ŭ-SiC, 

ʚʟʷʪʳʭ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʘ) ʠ 3:1 (ʙ), ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1000ï1400Áʉ.  

 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʊ Ò 1400ÁC 

ʅʘ ʨʠʩʫʥʢʝ 40 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Ir:SiC = 1:1 (ʨʠʩ. 40 ʘ) ʠ 3:1 (ʨʠʩ. 40 ʙ). ʉʠʣʠʮʠʜʥʘʷ ʬʘʟʘ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʜʝʣʝʥʘ ʞʠʨʥʳʤ ʠ ʧʦʜʯʝʨʢʥʫʪʘ. 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʣʠʷʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɼʦʤʠʥʠʨʫʶʱʘʷ ʬʘʟʘ ʧʨʦʜʫʢʪʘ ʚ ʩʤʝʩʷʭ ç1:1è ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʩ Ir3Si (1000 ï 1200ÁC) 

ʥʘ Ir3Si2 (1300ÁC) ʠ IrSi (1400ÁC) (ʨʠʩ. 40 ʘ). ɺ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʤʝʩʷʭ çIr:SiC = 3:1è ʚ ʠʥʪʝʨʚʘʣʝ 
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1000 ï 1400ÁC ʚʩʝʛʜʘ ʜʦʤʠʥʠʨʫʝʪ ʩʠʣʠʮʠʜ Ir3Si. ʆʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʩʠʣʠʮʠʜʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʬʘʟʦʡ Ir3Si. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʘʤʦʡ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

 

ʈʠʩʫʥʦʢ 40. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʮʠʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠʨʠʜʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʘ) ʠ 3:1 (ʙ). 

 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1400Áʉ ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʩʠʣʠʮʠʜʳ ʠʨʠʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ Ò 50 ʘʪ. % (Ir3Si, Ir2Si, Ir3Si2, IrSi). 

ɺ ʙʦʛʘʪʦʡ ʠʨʠʜʠʝʤ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Ir-Si ʜʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʚʝʨʜʦʬʘʟʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ [29]. ʉʠʣʠʮʠʜʦʚ ʠʨʠʜʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ 

ʙʦʣʝʝ 50 ʘʪ. % (Ir4Si5, Ir3Si4, Ir3Si5, IrSi3), ʘ ʪʘʢʞʝ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ir-Si-C, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʌɸ, ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 
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ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ 

ʧʦʨʦʰʢʘʭ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʀʟ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʮʠʜʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʚʠʜʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʩ ɓ-SiC ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʩ Ŭ-SiC. ʇʨʠʯʠʥʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʠʮʘ ʚ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʘʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʥʘʣʠʯʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʨʦʰʢʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʠ ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʨʝʘʢʮʠʶ ʠʨʠʜʠʷ ʩ 

ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʛʨʝʪʳʤ ʧʨʠ 1900Áʉ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʥʳʤ ʧʨʠ 800Áʉ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ ʥʘ ʚʦʟʜʫʭʝ ʧʦʨʦʰʢʘʤʠ ʢʨʫʧʥʦʛʦ 

Ŭ-SiC. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣ. 6), ʠʩʭʦʜʥʳʡ ʠ ʦʢʠʩʣʝʥʥʳʡ ʧʦʨʦʰʢʠ 

Ŭ-SiC ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ. 

 

ʊʘʙʣʠʮʘ 6. ʈʌɸ ʠ ʀʂ ʩʧʝʢʪʨʳ: 1) ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʢʨʫʧʥʦʛʦ Ŭ-SiC; 2) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʛʨʝʪʦʛʦ ʧʨʠ 1900Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʧʦʨʦʰʢʘ ʢʨʫʧʥʦʛʦ Ŭ-SiC; 3) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʢʠʩʣʝʥʥʦʛʦ ʧʨʠ 800Áʉ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ ʧʦʨʦʰʢʘ ʢʨʫʧʥʦʛʦ Ŭ-SiC. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʦʣ. % ʀʂ ʩʧʝʢʪʨʳ 

 

 1 2 3 

 

6H-SiC 88.4 88.8 90.3 

15R-SiC 11.2 11.2 9.2 

Si 0.4 0 0 

SiO2 0 0 0.5 

 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ 1300Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ 

ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʠʨʠʜʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 41. 

ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʤʝʩʷʭ ʩ ʠʩʭʦʜʥʳʤ ʠ ʦʢʠʩʣʝʥʥʳʤ ʧʦʨʦʰʢʦʤ 

ʢʨʫʧʥʦʛʦ Ŭ-SiC, ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʟʦʡ Ir3Si (5 ʤʦʣ. % ʠ 2 ʤʦʣ. %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʩʤʝʩʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʠʩʣʝʥʥʳʤ ʧʦʨʦʰʢʦʤ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʚʳʭʦʜ ʵʪʦʡ ʬʘʟʳ ʤʝʥʴʰʝ. ɺ 

ʩʤʝʩʠ ʩ ʟʘʨʘʥʝʝ ʦʪʪʦʞʝʥʥʳʤ ʧʨʠ 1900Áʉ ʚ ʘʪʤʦʩʬʝʨʝ Ar ʧʦʨʦʰʢʦʤ ʢʨʫʧʥʦʛʦ Ŭ-SiC ʩʨʝʜʠ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 1300Áʉ, ʧʦʤʠʤʦ Ir3Si (5 ʤʦʣ. %) ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʘʟʘ Ir3Si2 (~1 ʤʦʣ. %), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 1300Áʉ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 






















































































































