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ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʩʦʟʜʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ, ʥʘʥʦ-, ʤʠʢʨʦ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʚʳʨʘʞʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʧʣʝʥʦʢ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʦʩʘʞʜʝʥʠʷ ʵʪʠʭ ʧʣʝʥʦʢ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʧʣʝʥʦʢ ʥʘʭʦʜʷʪʩʷ ʚ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʚʦʩʭʦʜʷʪ ʘʥʘʣʦʛʠ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʨʝʤʥʠʡ, ʛʝʨʤʘʥʠʡ, ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ ʠ ʪ. ʜ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʫʩʧʝʭʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʝʪʦʜʠʦʜʦʚ, 

ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʠʣʦʚʳʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʨʠʙʦʨʦʚ, ʟʘʱʠʪʥʳʭ, 

ʫʧʨʦʯʥʷʶʱʠʭ ʠ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ, ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʠ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʪʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ, 

ʧʦ ʧʨʠʯʠʥʘʤ ʩʠʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʩʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʣʝʥʦʢ. ʇʦʧʳʪʢʠ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʪʦʣʴʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʟ̫ʠ ʤʝʞʜʫ 

ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʦʡ ʠʣʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʜʘʶʪ ʦʞʠʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ (ɻʠʙʙʩʘ ï ʌʦʣʴʤʝʨʘ, ʌʨʝʥʢʝʣʷ ï ʈʦʜʠʥʘ, ɻʘʨʨʠʩʦʥʘ ʠ ʪ. ʜ.) ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ ʦʧʠʩʳʚʘʶʪ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʦʨʬʥʳʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠʭ 
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ʤʠʢʨʦʩʪʨʫʢʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʘʤʦʨʬʥʳʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, ʠʟ-ʟʘ ʯʝʛʦ ʟʘʪʨʫʜʥʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʧʣʝʥʦʢ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʠʣʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʦʩʪʘʚʦʤ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʠʭ ʚʳʨʘʱʠʚʘʥʠʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ). 

2. ʋʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʣʦʞʢʠ, ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ ʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʦʩʪʘʚ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʧʣʝʥʦʢ.  

3. ʈʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʘʤʦʨʬʥʳʭ 

ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʘʤʦʨʬʥʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʆʧʨʝʜʝʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʨʝʧʣʠʢʘʮʠʠ 

çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

2. ɺʳʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 
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ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. 

3. ʊʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʢ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ 

ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʨʝʧʣʠʢʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 

çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

4. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʢʫʨʝʥʮʠʝʡ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ çʩʫʧʝʨʩʪʨʫʢʪʫʨʫè 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

1. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ ʘʣʤʘʟʘ ʥʘ ʧʦʜʣʦʞʢʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (100) ʠʟ ʧʣʘʟʤʳ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʤʝʪʘʥʘ ʠ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʝʢ 693 ʂ. ʇʦʣʫʯʘʝʤʳʝ 

ʧʣʝʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʪʝʧʣʦʦʪʚʦʜʳ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ.  

2. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 

ʘʤʦʨʬʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʘ, 

ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʬʦʥʜʦʤ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ ʉʪʘʨʪ 2008 ˉ 5671ʨ/8226 ʦʪ 31.03.2008 

ʛ. ʠ ʠʥʚʝʩʪʦʨʦʤ (ʆʆʆ ʅʇʌ çʕʢʩʠʪʦʥè, ʛ. ʉʪʘʚʨʦʧʦʣʴ).  

4. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ï ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ SiC/Si ʠ Diamond/Si ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʬʠʨʤʦʡ ʆʆʆ ʅʇʌ çʕʇʀʂʈʀʉʊè: ʇʘʪ. ˉ 2499324, ʦʧʫʙʣʠʢʦʚʘʥʦ 20.11.2013ʛ. 

çɻʝʪʝʨʦʩʪʨʫʢʪʫʨʳ SiC/Si ʠ Diamond/Si, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠʭ ʩʠʥʪʝʟʘè/ 

ʉʠʥʝʣʴʥʠʢʦʚ ɹ. ʄ., ʊʘʨʘʣʘ ɺ. ɸ; (ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 25 ʘʧʨʝʣʷ 2013 ʛ.) 

ʇʨʘʚʦʦʙʣʘʜʘʪʝʣʠ ʖʅʎ ʈɸʅ, ʉʂʌʋ ʠ ʆʆʆ ʅʇʌ çʕʧʠʢʨʠʩʪè; 

http://www.fips.ru/cdfi/fips.dll?ty=29&docid=2499324&cl=9&path=http://195.208.85.248/Archive/PAT/2013FULL/2013.11.20/DOC/RUNWC2/000/000/002/499/324/document.pdf
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ï ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ: ʌʈ.1.28.2011.09118. ʄɺʀ 09-2009 

çʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʩ 

ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠè; ʌʈ.1.31.2011.09119.  

ʄɺʀ 10-2009 çʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʥʳʭ 

ʧʣʝʥʦʢè;  

ï ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʫʨʩʘ ʣʝʢʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çCVD-ʪʝʭʥʦʣʦʛʠʠè ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 210601.65 ï ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ.  

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʊʝʤʘʪʠʢʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʯʥʶ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʧʨʝʟʠʜʠʫʤʦʤ ʈɸʅ. 

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʅʘʥʦʭʠʤʠʠ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè ʖʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʠ ʚ ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʮʝʥʪʨʝ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ (ʉʂʌʋ) ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚ: 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʈʅʇ 1.2.05 çʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠè; ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʈʅʇ 3.4.05 çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʤʦʨʬʥʳʭ ʛʠʜʨʦʛʝʥʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʫʛʣʝʨʦʜʘè; ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʈʅʇ 1.1.08 çʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ 

ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷè; ʌʎʅʊʇ ʈʅʇ 

2.2.2.2.8767 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʠʟʦʣʠʨʫʶɦ ʠʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʠ ʛʠʜʨʦʛʝʥʝʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʂʝʤʥʠʮʢʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤè; DAAD, 

ʧʨʦʛʨʘʤʤʘ çʄʠʭʘʠʣ ʃʦʤʦʥʦʩʦʚè; ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè, ʩʦʛʣʘʰʝʥʠʝ ˉ 14.A18.21.1085 ʧʦ 

ʪʝʤʝ çʇʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʦʪ ʫʩʣʦʚʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 
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ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʢʣʝʨʦʤʝʪʨʠʠ, ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʘ ʪʘʢ ʞʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ.  ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʌʨʝʥʢʝʣʷ ï ʈʦʜʠʥʘ ʠ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺʣʠʷʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʘʤʦʨʬʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʘʣʤʘʟʘ ʥʘ ʛʨʘʥʠ (100) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʨʝʧʣʠʢʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ. 

2. ʉʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʦʜʠʬʠʢʘʮʠʠ çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʦʧʨʝʜʝʣʷʶʪ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚ ʠ 

ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʛʠʜʨʦʛʝʥʝʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʘʣʤʘʟʘ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ ʚ 

ʨʝʘʢʪʦʨʝ. 

4. ʈʦʣʴ ʧʨʦʮʝʩʩʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʨʝʧʣʠʢʘʮʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ ʤʠʢʨʦ-, ʥʘʥʦ- ʠ ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʚ 

ʩʣʫʯʘʝ ʠʭ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʜʠʢʘʣʦʚ ʉ2. 
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5. ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʦʚ ʨʝʧʣʠʢʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʟʘʚʠʩʠʪ ʦʪ  ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

6. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʨʦʣʴ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʨʝʣʘʢʩʘʮʠʠ ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʧʣʠʢʘʮʠʠ çʩʫʧʝʨʩʪʨʫʢʪʫʨʳè ʛʨʘʥʝʡ (111) ʠ (100) ʧʨʠ ʦʩʘʞʜʝʥʠʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʟʘʱʠʱʘʝʤʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ 

ʚʳʚʦʜʦʚ, ʦʙʝʩʧʝʯʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʠ ʩʦʛʣʘʩʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè (ʂʠʩʣʦʚʦʜʩʢ, 2005ï2010 ʛʛ.); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʤʦʨʬʥʳʝ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,  2006 

ʛ.); ʈʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʦʤ ʩʝʤʠʥʘʨʝ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʣʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè (ɸʩʪʨʘʭʘʥʴ, 2006 ʛ., ʉʘʨʘʪʦʚ, 

2007 ʛ.); ʈʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʫʟʦʚʩʢʘʷ ʥʘʫʢʘ ï 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤʫ ʨʝʛʠʦʥʫè (ʉʪʘʚʨʦʧʦʣʴ, 2006 ʛ.); IX ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʦʤ 

ʩʠʤʧʦʟʠʫʤʝ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè (ɸʩʪʨʘʭʘʥʴ, 2007 ʛ.); 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʘʟʘʭʩʪʘʥʩʢʦ-ʨʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè (ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, 2008 ʛ.); 9th International 

Conference on Modification of Materials with Particle Beams and Plasma Flows (Tomsk, 

2008 y.); 9th International Multi-Conference on Systems, Signals and Devices (SSD), 

(ʉhemnitz, 2012y.). 
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ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ 

ʣʠʯʥʦ. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʠʮʠʘʪʠʚʘ ʧʦʩʪʘʥʦʚʢʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ  ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ï 121 ʧʝʯʘʪʥʘʷ ʨʘʙʦʪʘ. ʇʦ 

ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 92 ʧʝʯʘʪʥʳʝ ʨʘʙʦʪʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ 27 ʩʪʘʪʝʡ ʠ 65 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠ̫ ʭ. 
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ɻʃɸɺɸ I . ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʘʣʤʘʟʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʩʚʳʰʝ 240 ʧʦʣʠʪʠʧʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC), ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʩʪʨʫʢʪʫʨ 

ʪʠʧʘ ʚʶʨʮʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ [16, 219]. ɼʣʷ ʫʛʣʝʨʦʜʘ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ  

10 ʧʦʣʠʪʠʧʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʢʫʙʠʯʝʩʢʠʡ ï ʘʣʤʘʟ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ï ʛʨʘʬʠʪ 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ.   

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ  

(ʢʨʝʤʥʠʷ) ʩʚʷʟʘʥ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ 

(ʫʛʣʝʨʦʜʘ), ʦʙʨʘʟʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʪʨʘʵʜʨ (ʨʠʩʫʥʦʢ 1.1.),  ʘʥʘʣʦʛʠʯʥʦ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʘʣʤʘʟʘ.  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʚ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ. ɼʣʠʥʘ 

ʩʚʷʟʠ çʘè ï 3,08 ¡ ʠ çSi-Cè ï1,89 ¡  

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʠʪʠʧʳ SiC ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʢʦʤʙʠʥʘʮʠ ̫ʨʘʟʣʠʯʥʦ 

ʫʧʘʢʦʚʘʥʥʳʭ ʩʣʦʝʚ SiïC.  ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ SiïC-ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  

ʧʣʦʩʢʫ  ʁ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʷʰʫʶ ʠʟ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ (Si), ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ (ʉ). ʇʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʥʘ 

ʜʚʦʡʥʳʤ ʧʣʦʩʢʠʤ ʩʣʦʝʤ ʠʟ ʘʪʦʤʦʚ Si ʠ C, ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʴʶ 

(0001), ʠʣʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ (ʉ-ʦʩʴ). 

Si-ʘʪʦʤ 

ʉ-ʘʪʦʤ 

ʘ 

ʘ 
Si-C 

Si-C 
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ɻʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʉ-ʦʩʠ, 

ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʳʤʠ. ʆʜʥʘ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ Si ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ  ʢʘʢ 

çSi-ʛʨʘʥʴè, ʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ï ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʦʙʦʟʥʘʯʘʝʪʩ ʢʘʢ çʉ-

ʛʨʘʥʴè (ʩʤ. ʨʠʩʫʥʦʢ 1.2). ʇʦʣʷʨʥʦʩʪʴ ʛʨʘʥʠ [0001] SiC ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʨʘʟʣʠʯʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʠ, ʪʨʘʚʣʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʩʝʡ [13, 16, 91]. 

ʋ ʘʣʤʘʟʘ ʧʦʣʷʨʥʦʩʪʴ ʛʨʘʥʝʡ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʢʘʞʜʳʡ ʩʣʦʡ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ (111), ʩʦʩʪʦʠʪ ʠʟ ʜʚʦʡʥʳʭ ʩʣʦʝʚ ʉ-ʉ.  

 
ʈʠʩʫʥʦʢ 1.2 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ ʜʣʷ ʧʦʣʠʪʠʧʘ 

6ʅ-SiC ʚ ʧʣʦʩʢʦʩʪʠ (0211 ) [219] 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʪʠʧʦʚ SiC ʠ ʘʣʤʘʟʘ ʠʩʧʦʣʴʟʫʶʪ  

ɸɺʉ-ʩʭʝʤʳ ʠ ʩʠʤʚʦʣʳ  ʇʦʣʠʥʛʘ, ʈʘʤʩʜʝʣʘ, ɾʜʘʥʦʚʘ, ɻʘʩʠʣʦʚʦʡ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʈʘʤʩʜʝʣʘ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʈʘʤʩʜʝʣʘ, ʢʦʪʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʛʦ ʯʠʩʣʫ 

  

6ʅ SiC 

ʉ ʘʪʦʤ 

Si ʘʪʦʤ 

ʉ-ʩʣʦʡ 

Si-ʩʣʦʡ 
Si-ʉ ʜʚʦʡʥʦʡ ʩʣʦʡ 

ʆʙʦʨʚʘʥʥʳʝ ʩʚʷʟʠ ʥʘ ʉ-ʛʨʘʥʠ 

ʉ-ʦʩʴ [0001] 
ʆʙʦʨʚʘʥʥʳʝ ʩʚʷʟʠ ʥʘ Si-ʛʨʘʥʠ 
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ʩʣʦʝʚ ʚ ʧʝʨʠʦʜʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʛʨʘʥʠ (0001), ʠ 

ʩʠʤʚʦʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʠʥʛʦʥʠʶ ʨʝʰʝʪʢʠ ɹʨʘʚʝ: C ï ʢʫʙʠʯʝʩʢʘʷ,  H ï

 ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, R ï ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ, (ʪʘʙʣʠʮʘ 1.1). [91] 

ʊʘʙʣʠʮʘ 1.1 ï ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠ ̫ʜʣʷ ʧʦʣʠʪʠʧʦʚ ʠ ʩʪʝʧʝʥʴ ʠʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ [11] 
ʆʙʦʟʥʘʯʝʥʠʷ ʧʦʣʠʪʠʧʦʚ ʇʨʦʮʝʥʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ, % 

ʉʠʤʚʦʣʳ 

ʈʘʤʩʜʝʣʘ 

(H, R, C) 

ʉʠʤʚʦʣʳ ʧʣʦʪʥʝʡʰʝʡ 

ʫʧʘʢʦʚʢʠ (ɸ,ɺ,ʉ) 

ʉʠʤʚʦʣʳ ɾʜʘʥʦʚʘ 

(m,n)k 

 

3C ɸɺʉ ɸɺʉ  0 

2H ɸɺ ɸɺ ɸɺ (11) 100 

6H ɸɺʉɸʉɺɸɺʉɸʉɺ (33) 33,3 

15R ɸɺʉɸʉɺʉɸɺɸʉɸɺʉɺ (23)3 40 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʧʨʠʯʠʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʧʦʣʠʪʠʧʦʚ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʪʦ ʥʝʪ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʪʦ, ʢʘʢ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʘ ʚʣʠʷʶʪ ʥʘ ʧʦʣʠʪʠʧ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

 

1.2 ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʛʣʝʨʦʜʝ ʠ ʝʛʦ ʧʣʝʥʢʘʭ 

ʋʛʣʝʨʦʜ ï ʫʥʠʢʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʣʤʘʟ, ʠʤʝʶʱʠʡ sp
3
-ʛʠʙʨʠʜʠʟʘʮʠʶ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, 

ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ (100 ɻʇʘ) ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʜʦ 2000 ɺʪ/ʤ*ʂ), ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʦʧʪʠʯʝʩʢʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʀʂ (ʠʥʬʨʘʢʨʘʩʥʦʛʦ) ʜʦ ʋʌ 

(ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ) ʠʟʣʫʯʝʥʠʷ, ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ (5,49 ʵɺ) [73], 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠʩʪʠʨʘʥʠʷ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ [211]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʭ ʧʦʢʨʳʪʠʡ, ʨʝʞʫʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʟʘʱʠʪʥʳʭ ʠ ʘʥʪʠʦʪʨʘʞʘʶʱʠʭ ʧʦʢʨʳʪʠʡ, ʵʣʝʤʝʥʪʦʚ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ ʚʠʜʠʤʦʡ, ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʪ. ʜ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʨʘʬʠʪ, ʠʤʝʶʱʠʡ sp
2
-ʪʠʧ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ 

ʤʷʛʢʠʤ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʥʠʟʢʠʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʥʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠʩʪʠʨʘʥʠʷ. ɻʨʘʬʠʪ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ [292].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʣʝʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ sp
3
 ʠ sp

2
-

ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʤʦʨʬʥʳʝ, ʥʘʥʦ-, ʤʠʢʨʦ- ʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʘʣʤʘʟʘ ʠʣʠ ʛʨʘʬʠʪʘ.  

 

1.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʫʛʣʝʨʦʜʘ  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ [247]. ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʘʷ ʠʥʝʨʪʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʨʳʪʠʡ ʜʣʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ [125], ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʤʠʢʨʦ-, ʦʧʪʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ [185, 292]. 

ʇʣʝʥʢʠ ʘ-ʉ:ʅ ʠʤʝʶʪ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ  

sp
3
- ʠ

 
sp

2
- ʩʚʷʟʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ 

 
ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʚʷʟʘʥʥʦʛʦ ʚ ʧʣʝʥʢʝ ʫʛʣʝʨʦʜʘ ʩ 

sp
3
/sp

2
-ʪʠʧʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ [57, 18, 82]. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʧʣʝʥʦʢ ʫʩʪʨʘʥʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʣʦʞʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʭ ʦʩʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʘ-ʉ:ʅ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʘʞʜʝʥʠʝʤ ʘʣʤʘʟʘ ʠʣʠ ʛʨʘʬʠʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʵʪʠ ʩʣʦʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ  ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ [292]: 

1) ʘ-ʉ:ʅ ʧʣʝʥʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ (40 ï 60 %) ʠ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʩ sp
3
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ (ʚʳʰʝ 80 %). ɼʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʥʠʟʢʦʡ ʪʚʝʨʜʦʩʪʴʶ (< 10 ɻʇʘ), ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ 
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ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (2 ï 4 ʵɺ) ʠ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʦʣʠʤʝʨʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ, ʠʣʠ ʘ-ʉ:ʅ-soft; 

2) ʧʣʝʥʢʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʦʨʦʜʘ ʤʝʥʝʝ 30 %  ʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ   

C-C ʩʚʷʟʝʡ ʩ sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʥʝʝ 65 % ʥʘʟʳʚʘʶʪ 

ʘʣʤʘʟʦʧʦʜʦʙʥʳʤʠ, ʠʣʠ ʘ-ʉ:ʅ-hard ʧʣʝʥʢʘʤʠ. ɸʣʤʘʟʦʧʦʜʦʙʥʳʡ ʫʛʣʝʨʦʜ 

ʠʤʝʝʪ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ 1-2 ʵɺ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

(>10
3
 ʆʤ ʩʤ), ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ (ʧʦʨʷʜʢʘ 20 ï 40 ɻʇʘ), ʥʠʟʢʠʤ ʪʨʝʥʠʝʤ ʠ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ; 

3) ʧʣʝʥʢʠ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ sp
3
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ 

(ʧʦʨʷʜʢʘ 70 %) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 20 ï 30 % ʥʘʟʳʚʘʶʪ ʧʣʝʥʢʘʤʠ 

ʘʤʦʨʬʥʦʛʦ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ (ta-C:H). 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʷ ʖʥʛʘ 

(ʚʳʰʝ 300 ɻʇʘ). ʆʧʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʘʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʧʦʨʷʜʢʘ 2,5 ʵɺ; 

4) ʧʣʝʥʢʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ (< 20 %) ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʪʥʦʩʷʪ ʢ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʤ. 

ʕʪʠ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʠʟʢʠʤ ʚʥʫʪʨʝʥʥʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʤʘʣʝʥʴʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʤʝʥʝʝ  

1 ʵɺ). 

ʉʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʦʪʦʙʨʘʟʠʪʴ 

ʥʘ ʪʨʦʡʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.3, ʥʘ ʢʦʪʦʨʦʡ 

ʠʟʦʙʨʘʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʜʦʣʠ  ʩʚʷʟʘʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ [307]. 

ɼʠʘʛʨʘʤʤʘ ʌʝʨʨʘʨʠ ʠ ʈʦʙʝʨʪʩʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ, ʦʜʥʘʢʦ, 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ, ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʤʦʞʥʦ 

ʩʦʚʝʨʰʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʦʢ ʩ ʮʝʣʴʶ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢ ʜʨʫʛʦʡ. 
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ʈʠʩʫʥʦʢ 1.3 ï ɼʠʘʛʨʘʤʤʘ ʌʝʨʨʘʨʠ ʠ ʈʦʙʝʨʪʩʦʥʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ  

ʚʟʘʠʤʦʩʚʷʟʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʘ 

 

1.2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʘʣʤʘʟʘ 

ʈʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʣʝʥʦʢ ʘʣʤʘʟʘ ʙʳʣʠ ʥʘʯʘʪʳ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉʨʝʜʠ ʧʠʦʥʝʨʦʚ ʵʪʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʉʧʠʮʳʥʘ ɹ.ɺ. ʠ ɼʝʨʷʛʠʥʘ ɹ.ɺ. [6, 92,93]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʘʣʤʘʟ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ. 

ʈʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʷʚʣʷʶʪʩʷ: 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (MCD ï MicroCrystalline Diamond), 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (NCD ï NanoCrystalline Diamond) ʠ 

ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (UNCD ï UltraNanoCrystalline Diamond). ɺʩʝ ʪʨʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʣʤʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

ʢʨʠʩʪʘʣʣʠʪʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʛʨʘʥʠʯʥʦʡ ʬʘʟʦʡ (ɻʌ, GB ï Grain 

Boundaries). ʊʝʨʤʠʥʳ MCD, NCD ʠ UNCD ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʅʘ 

SP
2 

ʅ
 

SP
3 

ʊʝʪʨʘʛʦʥʘʣʴʥʳʡ  

ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ 

ʫʛʣʝʨʦʜ  

(ta ï C:H) 

 

 

ʩʪʝʢʣʦʫʛʣʝʨʦʜ
 

Sputtered 

a ï C (: H)
 

ʊʝʪʨʘʛʦʥʘʣʴʥʳʡ 

ʫʛʣʝʨʦʜ  (ta ï C)
 

ʋʛʣʝʚʦʜʦʨʦʜʥʳʡ

  ʧʦʣʠʤʝʨ
 

ʆʪʩʫʪʩʪʚʠʝ 

ʧʣʝʥʢʠ 
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ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʪʨʦʛʦ ʨʘʟʜʝʣʷʶʱʝʡ 

ʧʦʥʷʪʠʷ MCD, NCD, UNCD ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʪʠ ʪʝʨʤʠʥʳ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʘʚʪʦʨʦʚ. ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʪʝʡ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.4.  

ʇʝʨʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʦʡ, ʪʘʢ ʢʘʢ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ [236, 241, 290, 291, 349], 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʘʣʤʘʟʘ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʚ ʜʠʘʧʘʟʦʥʝ 50 ï 700 ʥʤ, ʠ ʘʚʪʦʨʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʥʘʟʳʚʘʪʴ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ, ʘ ʧʨʠ ʨʘʟʤʝʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʝʥʝʝ 20 ï 30 ʥʤ, 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʨʤʠʥʦʤ UNCD. 

ɺʪʦʨʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [152, 251, 345], ʥʦ 

ʝʝ ʢʦʥʮʝʧʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʧʦʥʷʪʠʶ ʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘʭ, ʪ. ʝ. 

ʢʦʛʜʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʚʝʱʝʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʝʝ 100 ʥʤ. 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɼʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʧʦ 

ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʠʪʦʚ: ʘ) ʠʩʪʦʯʥʠʢ [236, 241, 290, 291, 349], ʙ) ʠʩʪʦʯʥʠʢ [152, 

251, 345] 

 

ʂʨʦʤʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʝʱʝ ʜʚʘ 

ʢʨʠʪʝʨʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʪʠ ʪʨʠ ʚʝʱʝʩʪʚʘ: ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʳ ʠ 

ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ. 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [162, 176, 269, 

278, 290, 347], ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʣʷ MCD, NCD ʠ UNCD ʨʘʟʣʠʯʥʘ. ʈʝʟʢʠʝ 
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ʦʯʝʨʪʘʥʠʷ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʠʪʳ ʥʘʯʠʥʘʶʪ ʧʨʠʦʙʨʝʪʘʪʴ ʧʨʠ ʨʘʟʤʝʨʘʭ ʧʦʨʷʜʢʘ 

300 ï 500 ʥʤ. ʇʨʠ ʨʘʟʤʝʨʘʭ ʤʝʥʝʝ 80 ï 100 ʥʤ ʢʨʠʩʪʘʣʣʠʪʳ ʧʦʣʥʦʩʪʴʶ 

ʪʝʨʷʶʪ ʛʨʘʥʠ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʙʝʟ ʷʚʥʦ ʚʠʜʠʤʳʭ 

ʛʨʘʥʠʮ. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.5. ʋ NCD ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩ 

ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 100 ï 300 ʥʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʝʥʥʦʡ ʠʣʠ ʦʢʨʫʛʣʦʡ. ɺ 

ʨʘʙʦʪʝ [252] ʪʘʢʠʝ ʦʙʨʘʟʮʳ ʨʘʟʜʝʣʷʶʪ ʥʘ f-NCD (facetted ï ʦʛʨʘʥʝʥʥʳʡ); ʠ  

ʩ-NCD (cauliflower ï ʮʚʝʪʥʘʷ ʢʘʧʫʩʪʘ). ʆʩʥʦʚʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʘʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪʩʷ ʨʘʟʙʨʦʩ ʧʦ ʨʘʟʤʝʨʫ ʠ 

ʬʦʨʤʝ. ʆʪʢʣʦʥʝʥʠʷ ʚ ʨʘʟʤʝʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ Ñ30 ï 60 % ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ NCD 

ʠ UNCD, ʦʜʥʘʢʦ ʨʘʟʙʨʦʩ ʧʦ ʨʘʟʤʝʨʘʤ  Ñ300 % ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ.  

ʄʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʘʣʤʘʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʪʫʪ 

ʢʦʣʦʥʥʦʦʙʨʘʟʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʝʨʪʠʢʘʣʴʥʦʡ. ɼʠʘʤʝʪʨ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʨʦʜʳʰʝʡ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʩʠʥʪʝʟʘ.  

ɺ ʨʘʙʦʪʝ [252] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʣʷ NCD ʭʘʨʘʢʪʝʨʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ 

ʨʦʩʪʘ. ʇʝʨʚʳʡ ʧʦʜʦʙʝʥ  ʤʝʭʘʥʠʟʤʫ ʨʦʩʪʘ MCD. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʦʣʦʥʥʳ ʢʨʠʩʪʘʣʣʠʪʦʚ NCD, ʩʣʠʚʘʷʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ. ʇʨʠ ʪʦʣʱʠʥʝ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ 

ʙʦʣʝʝ ʤʠʢʨʦʤʝʪʨʘ ʩʪʨʫʢʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ MCD ʧʣʝʥʢʝ ʘʣʤʘʟʘ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ  ʧʦʜʣʦʞʢʠ ʥʘʥʦʘʣʤʘʟʥʳʤʠ ʧʦʨʦʰʢʘʤʠ. ʇʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ 

NCD ʥʘʙʣʶʜʘʣʩʷ ʘʚʪʦʨʘʤʠ [278] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ 

ʤʝʪʘʥ/ʚʦʜʦʨʦʜ ʙʝʟ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ. ɺʪʦʨʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʦʥʥʦʦʙʨʘʟʥʦ.   

ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ MCD, NCD ʠ UNCD ʦʙʫʩʣʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ (ɻʌ): ʪʦʣʱʠʥʦʡ, ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʠʧʦʚ ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʧʣʦʪʥʦʩʪʴʶ, ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ.   
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ʈʠʩʫʥʦʢ 1.5 ï ʊʠʧʠʯʥʘʷ ʬʦʨʤʘ ʘʣʤʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (MCD), ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (NCD) ʠ 

ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ (UNCD) 

 

ɺ [290, 306, 349] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ɻʌ ʫ NCD ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2 ï 3 ʘʪʦʤʘʨʥʳʭ ʩʣʦʝʚ ʜʦ 5 ï 7, ʘ ʜʦʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ɻʌ 

ʘʪʦʤʦʚ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 10 ï 15 %. ʋ UNCD ɻʌ ʤʦʞʝʪ ʙʳʪʴ ʪʦʥʢʦʡ ʜʦ  

2 ï 5 ¡ ʠʣʠ ʤʦʞʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ʉʣʝʜʫʶʱʠʡ ʧʘʨʘʤʝʪʨ ɻʌ ï ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʩ sp
2
-
 
ʠ sp

3
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʚʣʠʷʝʪ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʨʘʙʦʪʝ [306] 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʮʝʥʠʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ sp
2
/sp

3
-ʫʛʣʝʨʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ɻʌ UNCD. ʇʨʠʤʝʨ ʢʣʘʩʪʝʨʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.6. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʷʜʢʘ 40 % ʘʪʦʤʦʚ ʛʨʘʥʠʯʥʦʡ  

ʬʘʟʳ ʠʤʝʶʪ sp
2
-ʪʠʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩʚʷʟʝʡ [364]. 

ʀʟʥʘʯʘʣʴʥʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ sp
2
-ʩʚʷʟʝʡ 

ʫʛʣʝʨʦʜʘ ʚ ɻʌ NCD ʘʣʤʘʟʘ, ʝʛʦ ʪʚʝʨʜʦʩʪʴ ʙʫʜʝʪ ʥʠʞʝ, ʯʝʤ ʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ʅʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢ. ʊʚʝʨʜʦʩʪʴ NCD ʠ UNCD ʚ 

ʩʨʝʜʥʝʤ ʪʘʢʘʷ ʞʝ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʚʝʨʜʦʩʪʠ MCD. ɺ [255] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

sp
2
-ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʦʯʥʝʝ, ʯʝʤ sp

3
: 420 ʠ 360 ʢʢʘʣ/ʤʦʣʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʬʘʢʪʫ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʦʙʣʘʜʘʶʪ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ). ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʱʠʥʘ ɻʌ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʤ ʠ ʤʝʥʝʝ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʛʣʝʨʦʜʫ  ʩ  

sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʫʛʣʝʨʦʜʘ ʩ  sp

3
-ʪʠʧʦʤ  ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʦʙʰʠʨʥʳʝ ʛʨʘʬʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ɸʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩ sp
2
- ʠ sp

3
-ʪʠʧʘʤʠ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ɻʌ ʦʢʘʟʳʚʘʶʪʩʷ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʝʥʳ (ʨʠʩʫʥʦʢ 1.6). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ,  ɻʌ ʚ 

MCD ʤʝʭʘʥʠʯʝʩʢʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘ  ʠ ʧʨʦʯʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʌ ʚ NCD ʠ 

UNCD [147]. ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʥʘʯʠʥʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʩ 

sp
2
 ïʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ: ʩ 10 ï 12 % ʜʦ 20 % ʠ ʙʦʣʝʝ [162]. 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʄʦʜʝʣʴ ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ. ɸʪʦʤʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʣʝʥʴʢʠʤʠ ʠ ʙʝʣʳʤʠ. ɸʪʦʤʳ 

ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʤʠ: ʯʝʨʥʳʝ ʩ sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ, 

ʩʚʝʪʣʳʝ ʩ sp
3
-ʪʠʧʦʤ. ʉʪʨʫʢʪʫʨʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ [364] 

 

ɻʨʘʥʠʯʥʳʝ ʩʣʦʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʢʨʠʩʪʘʣʣʠʪʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ UNCD ʠ NCD, ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ [364]. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʨʘʟʚʠʪʦʡ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʛʨʘʥʠʮʝ ʦʙʨʘʟʮʦʚ UNCD ʠ NCD ʦʥʠ ʙʦʣʝʝ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʳ ʢ ʣʝʛʠʨʦʚʘʥʠʶ, ʯʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʣʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʘʣʤʘʟ. ɺ ʨʘʙʦʪʝ [190] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʥʝʜʨʝʥʠʝ  ʣʝʛʠʨʫʶʱʠʭ ʘʪʦʤʦʚ ʚ ɻʌ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʚ  ʢʨʠʩʪʘʣʣʠʪ.  
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ʉʣʝʜʫʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ, 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʝ, ʘ ʦʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ  ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 8 ï 10 % ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ [290]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ UNCD, NCD ʠ 

MCD ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʪʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ ʩ sp
3
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʛʨʘʥʠʯʥʦʡ ʬʘʟʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʫʛʣʝʨʦʜʦʤ ʩ sp
2
- ʠ sp

3
-ʪʠʧʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ.  

 

 

1.2.3 ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦ- ʠ 

ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʘʣʤʘʟʘ 

ʅʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʫ UNCD ʠ NCD ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠ ̫ʤʝʪʘʥʘ ʚ ʚʦʜʦʨʦʜʝ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [176] 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ  ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ.  

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ  ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 1.7), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 1 % 

ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ ʩ ʷʩʥʦ ʨʘʟʣʠʯʠʤʳʤʠ 

ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʠ ʯʝʪʢʠʤʠ ʛʨʘʥʷʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʥʘ 6 % ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʰʘʨʦʦʙʨʘʟʥʳʝ ʘʛʨʝʛʘʪʳ 

ʠʛʦʣʴʯʘʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʨʦʚ [153], ʢʦʪʦʨʳʤʠ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʧʣʝʥʢʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʥʘ 3, 4 ʠ  

5 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ  ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.8, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʙʦʣʝʝ 3 % 

ʢʨʠʩʪʘʣʣʠʪʳ ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʦʢ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɸʚʪʦʨʳ [282] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 1 % ʤʝʪʘʥʘ, ʠ 

ʧʦʣʫʯʠʣʠ ʦʙʨʘʟʮʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ NCD. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʤʝʪʘʥʘ 9 % ʠ 17 % ʤʝʪʘʥʘ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʧʣʝʥʢʠ ʘʣʤʘʟʘ (ʨʠʩʫʥʦʢ 1.9). 
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ʈʠʩʫʥʦʢ 1.7 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ  ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʥʘ: ʘ) 6 %, ʙ) 1 %, ʚ) 1 % 

 

ʈʠʩʫʥʦʢ 1.8 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʥʘ: ʘ) 3 %, ʙ) 4 %, ʚ) 5 % 

 

ʈʠʩʫʥʦʢ 1.9 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʥʘ: ʘ) 1 %, ʙ) 9 %, ʚ) 17 % 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ [153, 176, 282] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʚʣʠʷʝʪ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ. ʆʜʥʘʢʦ ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʚ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ MCD, NCD ʠ UNCD, ʫ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʨʘʟʣʠʯʥʳ, ʯʪʦ ʜʘʝʪ 
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ʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʘʣʤʘʟʥʳʭ ʧʣʝʥʦʢ ʩ 

ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʂʨʦʤʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ ʚʣʠʷʶʪ ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ. ɺ ʨʘʙʦʪʝ [286] ʙʳʣʠ ʧʦʣʫʯʝʥʳ  ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʥʘ 1 ï 1,4 %. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʛʘʟʦʚʫʶ ʩʤʝʩʴ CO2  ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 3,8 % ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʘʣʤʘʟʘ 

(ʨʠʩʫʥʦʢ 1.10ʘ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʩ 1 % ʜʦ 1,4 % 

ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ (ʨʠʩʫʥʦʢ 1.10ʙ).  ɺ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʫʣʴʪʨʘʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʧʣʝʥʢʠ ʘʣʤʘʟʘ (ʨʠʩʫʥʦʢ  1.10ʚ).  

 

ʈʠʩʫʥʦʢ 1.10 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ: ʘ) 1 % ʉʅ4, 3,8 % ʉʆ2, 95,2 % H2; 

ʙ) 1,4 % ʉʅ4, 3,8 % ʉʆ2, 94,8 % H2; ʚ) 1 % ʉʅ4, 97,5 % Ar, 1,5 % H2 

 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʘʜʘʝʪ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ 10 % ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʦʩʪʘʚʠʣ 0,1 ï 1 ʤʢʤ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ ʜʦ 30 % 

ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 70 % 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʦʩʪʠʛ ~10 ʥʤ. 

ɺ ʨʘʙʦʪʝ [153] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ ʥʘ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʘʣʤʘʟʘ (ʨʠʩʫʥʦʢ 1.11). 
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ʈʠʩʫʥʦʢ 1.11 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ: ʘ) 1 % CH4, 10 % Ar, 89 % H2;  

ʙ) 1 % CH4, 30 % Ar, 69 % H2; ʚ) 1 % CH4, 70 % Ar, 29 % H2 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʨʦʚ [290] 

(ʨʠʩʫʥʦʢ 1.11.1), ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʦʪ 2.24 ʤʢʤ ʜʦ 40 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ ʦʪ 60 

ʜʦ 95 %. 

 

ʈʠʩʫʥʦʢ 1.11.1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʨʛʦʥʘ: ʘ) 60 %, ʙ) 80 %, ʚ) 90 %, ʛ) 95 %  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ  ʥʘ  ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʫ UNCD, NCD ʠ ʄʉD ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʠʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʨʛʦʥʘ ʚ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʫʤʝʥʴʰʘʶʪʩʷ, ʦʜʥʘʢʦ, ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 
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ʩʦʩʪʘʚʦʚ ʧʘʨʦʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨ, ʥʦ ʠ 

ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʫ UNCD, NCD ʠ MCD. 

 

1.2.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ. ɺ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʣʝʞʠʪ ʩʥʷʪʠʝ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʠʭ ʨʘʩʰʠʬʨʦʚʢʘ. 

ʊʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʚʫʶ ʩ ʧʠʢʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 10 ï 8000 ʩʤ
-1
 [293].

 
ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʚʣʷʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʋʛʣʝʨʦʜ ʩ sp
2
- ʠ sp

3
-ʪʠʧʘʤʠ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʠʤʝʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ.  

ʊʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʘʤʦʨʬʥʦʛʦ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ MCD, NCD ʠ 

UNCD ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.12 ʠ 1.13.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʦʚ, ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʢʪʨ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʠʤʝʝʪ ʦʜʥʫ ʫʟʢʫʶ ʧʦʣʦʩʫ ʧʨʠ 1332 ʩʤ
-1
, ʩʧʝʢʪʨ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʠʤʝʝʪ ʪʘʢʞʝ ʫʟʢʫʶ ʧʦʣʦʩʫ ʚ ʦʙʣʘʩʪʠ  

1600 ʩʤ
-1
 . 

ʄʝʞʜʫ ʪʝʤ ʘʤʦʨʬʥʳʡ ʘʣʤʘʟʦʧʦʜʦʙʥʳʡ ʫʛʣʝʨʦʜ a-C, a-C:H, ta-C:H,  

ta-C, ʘ ʪʘʢʞʝ  UNCD ʠ NCD ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʩʧʝʢʪʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʩʫʧʝʨʧʦʟʠʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʇʇ). ʉʘʤ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʰʠʨʦʢʠʭ ʇʇ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʢʣʘʩʪʝʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  
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ʈʠʩʫʥʦʢ 1.12 ï ʍʘʨʘʢʪʝʨʥʳʝ ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʦʢ  

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʟʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʘʟʝʨʘ, ʩʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʝʥʷʝʪʩʷ. ʅʘ 

ʨʠʩʫʥʢʝ 1.14  ʧʨʝʜʩʪʘʚʣʝʥʳ ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʦʜʥʦʛʦ UNCD ʦʙʨʘʟʮʘ 

(ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ 3 ï 5 ʥʤ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʥʳʭ 

ʣʘʟʝʨʦʚ. 
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ʈʠʩʫʥʦʢ 1.13 ï ʊʠʧʠʯʥʳʝ ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ: ʘ) [305], ʙ) [346], ʚ) [330], ʛ) [190], ʜ) [236], ʝ) [289], 

ʞ) [305], ʟ) [251] 
 

ʈʘʤʘʥʦʚʩʢʦʝ
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ʈʠʩʫʥʦʢ 1.14 ï ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ, ʩʥʷʪʳʝ ʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ  

ʦʙʨʘʟʮʘ [251]  

 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʝ ʚʦʣʥʳ. ʏʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ  ʚʦʣʥʳ 514,5 ʥʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 
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ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 514,5 ʥʤ. 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ 

ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʘ.  

 

ʊʘʙʣʠʮʘ 1.2 ï ʆʩʥʦʚʥʳʝ ʧʦʣʦʩʳ ʫʛʣʝʨʦʜʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ  ʥʘ 

ʈʘʤʘʥʦʚʩʢʦʤ ʩʧʝʢʪʨʝ  [251,289] 
 

ʇʦʣʦʞʝʥʠʝ 

ʧʦʣʦʩʳ,  

ʩʤ
-1
 

ʍʘʨʘʢʪʝʨʥʘʷ 

ʰʠʨʠʥʘ,  

ʩʤ
-1
 

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʚʳʰʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ  ʧʨʠ  

1332 ʩʤ
-1* 

1140 80 1 ʠʣʠ 57 
1200 100-200 233 
1300 130 233 

1315-1330   
1332 7 1 

1345-1358 ʜʦ 250 176 
1430-1480 80 233 
1560-1580 110 57 

   * - ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʳ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʨʠʨʦʜʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʣʦʩʝ 

1140 ʩʤ
-1
 ʧʨʠʧʠʩʳʚʘʶʪ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ. ɸʚʪʦʨʳ [284] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʧʦʣʦʩʘ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʫʛʣʝʨʦʜʫ ʩ sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʪʘʢ ʠ 

ʘʤʦʨʬʥʦʤʫ ʫʛʣʝʨʦʜʫ ʩ sp
3
-ʪʠʧʦʤ ʠʣʠ ʩʤʝʩʠ sp

3
/sp

2
. ɸʚʪʦʨʳ [251] 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ UNCD ʘʣʤʘʟʫ, ʚ ʯʘʩʪʥʦʩʪʠ sp
3
-ʬʘʟʝ 

UNCD ʢʨʠʩʪʘʣʣʠʪʦʚ. ɸʚʪʦʨʳ  [305] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʦʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʚ NCD ʠ UNCD ʦʙʨʘʟʮʘʭ. ʄʝʞʜʫ ʪʝʤ ʘʚʪʦʨʳ ʨʷʜʘ ʨʘʙʦʪ [20, 162, 

283], ʚʳʩʢʘʟʳʚʘʶʪ ʤʥʝʥʠʝ, ʯʪʦ ʜʘʥʥʘʷ ʧʦʣʦʩʘ  ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʤʝʥʝʝ 100 ʥʤ, ʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʫʩʣʦʚʠʝ ʝʝ ʧʦʷʚʣʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [289], ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1200 ʠ 1300 ʩʤ
-1
 ʚʦʟʥʠʢʘʶʪ 

ʫ NCD ʠ UNCD ʘʣʤʘʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʤʦʨʬʥʦʤʫ ʫʛʣʝʨʦʜʫ, ʨʘʟʤʝʱʝʥʥʦʤʫ 
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ʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʣʦʩ ʩʚʷʟʘʥʘ ʩ ʜʦʣʝʡ ʛʨʘʥʠʯʥʦʡ 

ʬʘʟʳ ʚ ʤʘʪʨʠʮʘʭ NCD ʠ UNCD.  

ʇʨʠʨʦʜʘ ʧʦʣʦʩʳ  ʚ ʦʙʣʘʩʪʠ 1332 ʩʤ
-1
 ʫʩʪʘʥʦʚʣʝʥʘ ï ʵʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʠʢ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ  

[251, 289, 305], ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʣʦʫʨʝʥʮʠʘʥ-ʛʘʫʩʩʠʘʥ. ʊʠʧʠʯʥʘʷ 

ʰʠʨʠʥʘ ʧʠʢʘ ʦʢʦʣʦ 7 ï 10 ʩʤ
-1
, ʚ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʦʪ MCD ʢ NCD ʠ ʜʘʣʝʝ ʢ 

UNCD ʰʠʨʠʥʘ ʜʘʥʥʦʛʦ ʧʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʟʘʪʝʤ ʦʥ ʠʩʯʝʟʘʝʪ, ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʢʘʭ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʩʦʚʩʝʤ. 

ɼʣʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʩʘ ʚ 

ʦʙʣʘʩʪʠ 1345 ï 1358 ʩʤ
-1 
ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ D-ʧʠʢ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʛʨʘʬʠʪʫ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʛʨʘʬʠʪʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʫʰʠʨʝʥʠʝ, ʘ  ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʩʤʝʱʘʝʪʩʷ  ʚ ʦʙʣʘʩʪʴ  ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ [289]. 

ɺ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 1430 ï 1480 ʩʤ
-1
 ʚʦʟʥʠʢʘʝʪ ʧʠʢ, ʭʘʨʘʢʪʝʨʥʳʡ ʪʦʣʴʢʦ 

ʜʣʷ NCD ʠʣʠ UNCD ʘʣʤʘʟʘ, ʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʜʣʷ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʠʢ ʥʘ 1180 ʩʤ
-1 

[155, 283]. ɺ [289] ʘʚʪʦʨʳ 

ʧʨʠʧʠʩʳʚʘʶʪ  ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1430 ï 1480 ʩʤ
-1
  ʘʤʦʨʬʥʦʤʫ 

ʫʛʣʝʨʦʜʫ. ʄʝʞʜʫ ʪʝʤ ʘʚʪʦʨʳ ʨʘʙʦʪ [236, 251, 330] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʧʦʣʦʩʳ  ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1430 ï 1480 ʩʤ
-1
  ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʣʦʩʦʡ  ʧʨʠ  1140 ʩʤ

-1
 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʥʩ-ʧʦʣʠʘʮʝʪʠʣʝʥʫ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʛʨʘʥʠʯʥʦʡ ʬʘʟʝ. 

ʇʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1560 ï 1580 ʩʤ
-1
 ï ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ G-ʧʠʢ.  ʆʥ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʛʨʘʬʠʪʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʷʤ 

ʫʛʣʝʨʦʜʘ ʩ sp
2
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʧʠʢ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʫʩʩʠʘʥʦʤ. 

ʇʨʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʰʠʨʝʥʠʝ ʵʪʦʛʦ ʧʠʢʘ. 

ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʠʢʠ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʠʟʣʫʯʘʪʝʣʴʥʳʤ ʤʦʜʘʤ [289]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ D- ʠ G-ʧʠʢʦʚ ʚ 

ʩʧʝʢʪʨʝ ʂʈʉ ʚʳʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʧʨʠ  1332 ʩʤ
-1
  ʚ 176 ʠ 57 ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʣʦʩʳ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʪʘʢ ʢʘʢ NCD, ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ UNCD ʠ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ ʠʤʝʶʪ ʩʠʣʴʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʚʥʦʩʷʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʦʣʦʩʳ. ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʦʣʦʩʳ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʘʤʦʨʬʥʦʛʦ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ.   

ʅʝʤʘʣʦʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ 

ʫʛʣʝʨʦʜʘ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʝʞʠʤʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʦʚʦʜʠʤʳʝ ʘʚʪʦʨʘʤʠ [324] ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ G-ʧʠʢʘ ʠ ʝʛʦ ʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʟʘʚʠʩʷʪ ʦʪ 

ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʝʜʝʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ G-ʧʠʢʘ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ʧʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʝʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩʫʥʦʢ 1.15). 
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ʈʠʩʫʥʦʢ 1.15 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ G-ʧʠʢʘ ʠ ʝʛʦ 

ʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʦʪ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [324] 

 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [324], ʥʘʙʣʶʜʘʝʤʦʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʞʝʥʠʷ G-ʧʠʢʘ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʫʛʣʝʨʦʜʘ ʩ sp
2
-ʪʠʧʦʤ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʭ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʵʪʦʤ 
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ʩʘʤ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʋʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

(ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʧʦʜʙʠʨʘʪʴ ʨʝʞʠʤʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʛʦ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʰʫʤʦʚ ʥʝ ʟʘʪʨʫʜʥʷʣ 

ʘʥʘʣʠʟ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʫʰʝʥʠʝ ʩʦʟʜʘʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʤʘʪʨʠʮʳ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʞʜʫ ʪʝʤ ʩʘʤ ʬʘʢʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʘʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʫʞʜʘʝʪʩʷ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʦʧʠʨʘʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʧʝʢʪʨʘ ʚ ʮʝʣʦʤ, ʘ ʥʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʣʦʩʳ. ʊʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʛʫʪ ʩʪʘʪʴ: ʮʝʥʪʨ ʤʘʩʩ ʩʧʝʢʪʨʘ, ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ, ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʠ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʠ ʚ ʪʦʯʢʝ, ʦʪʚʝʯʘʶʱʝʡ ʮʝʥʪʨʫ  

ʤʘʩʩ, ʠ ʪ. ʜ. 

1.3 ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 

ʘʤʦʨʬʥʦʛʦ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʛʦʨʷʯʝʡ ʥʠʪʴʶ  

(HF CVD) 

ʅʘ ʨʠʩʫʥʢʝ 1.16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʨʝʘʢʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʩʠʥʪʝʟʘ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʘ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʥʠʪʠ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʧʝʨʝʥʦʩʘ 

ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʢ ʧʦʜʣʦʞʢʝ. ɺ ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʧʦʜʣʦʞʢʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 200 
0
C, ʘ  ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦ- ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ ʜʦ 800 ï 1000 Áʉ.  
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ʂ ʚʘʢʫʫʤʥʦʤʫ ʥʘʩʦʩʫ 

ʇʦʜʣʦʞʢʘ 
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ɻʦʨʷʯʘʷ ʥʠʪʴ 

ʊʝʨʤʦʧʘʨʘ 

ʅʘʛʨʝʚʘʪʝʣʴ 

 

ʈʠʩʫʥʦʢ 1.16 ï ʈʝʘʢʪʦʨ ʩ ʛʦʨʷʯʝʡ ʥʠʪʴʶ  

 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʤʝʪʦʜ ʛʦʨʷʯʝʡ ʥʠʪʠ 

ʘʚʪʦʨʘʤʠ [248] ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ. ʄʦʜʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʩʷ ʪʝʧʣʦʚʦʡ ʫʟʝʣ 

ʨʝʘʢʪʦʨʘ ʧʫʪʝʤ ʧʦʜʚʝʜʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢ ʧʦʜʣʦʞʢʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʫʛʣʝʨʦʜʥʘʷ ʧʣʝʥʢʘ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʣʠ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʠ ʨʘʜʠʢʘʣʦʚ ʫʛʣʝʨʦʜʘ c sp
3
-ʪʠʧʦʤ

 
ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʚ  ʩʦʩʪʦʷʥʠʝ ʩ sp
2
-ʪʠʧʦʤ. ʉʦʛʣʘʩʥʦ [350], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʜʣʦʞʢʠ ʚʝʣʠʯʠʥʦʡ 100 ɺ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʘʤʦʨʬʥʳʭ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʘ ʜʦ  

80 ï 160 ʥʤ/ʤʠʥ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʤ 

ʩʧʠʨʘʣʠ ʦʩʘʞʜʘʝʤʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʩʧʠʨʘʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʥʪʘʣ, ʤʦʣʠʙʜʝʥ ʠʣʠ ʚʦʣʴʬʨʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʝʪʦʜ 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ʄʝʪʦʜʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ  

ʇʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʣʘʟʤʳ ʷʚʣʷʣʩʷ  ʉɺʏ-ʨʘʟʨʷʜ [320], 

ʉʭʝʤʘ  ʨʝʘʢʪʦʨʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1.17. ʕʪʦʪ ʨʝʘʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ  ʢʚʘʨʮʝʚʦʡ ʪʨʫʙ rʚʥʫʪʨʠ,  ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ 

ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ. ʂʚʘʨʮʝʚʘʷ ʪʨʫʙʘ  ʧʦʜʢʣʶʯʘʝʪʩʷ  ʢ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʠ 

ʩʠʩʪʝʤʝ ʥʘʧʫʩʢʘ ʨʝʘʛʝʥʪʦʚ ʠ  ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʦʣʦʩʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 
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ʨʝʟʦʥʘʪʦʨʘ. ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʧʣʘʟʤʘ ʩʬʦʨʤʠʨʦʚʘʣʘ 

ʰʘʨ, ʩʦʧʨʠʢʘʩʘʶʱʠʡʩʷ ʪʦʣʴʢʦ ʩ ʧʦʜʣʦʞʢʦʡ.  

ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʢʠ ʚʝʜʫʪ ʧʨʠ ʜʘʚʣʝʥʠʠ 5.3 ï 13 ʢʇʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʘ ʚ ʩʤʝʩʷʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ  0.1 ʜʦ 100 %. ʈʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ ɺʏ ʚʦʟʙʫʞʜʝʥʠʷ 13.56 ʄɻʮ  ʠʣʠ 2.45 ɻɻʮ.  ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

ʧʣʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 16 ï 200 ʥʤ/ʤʠʥ.  

 

ʈʠʩʫʥʦʢ 1.17 ï ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ ʩ ʉɺʏ-ʧʣʘʟʤʦʡ 
 

 

ɸʚʪʦʨʳ [343] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʚ 

ʨʝʘʢʪʦʨʘʭ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʪʠʧʘ,  ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʢʫʫʤʥʫʶ 

ʢʘʤʝʨʫ, ʩ ʧʦʤʝʱʝʥʥʳʤ ʚ ʥʝʝ ɺʏ-ʵʣʝʢʪʨʦʜʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝʤ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.2 

ʇʘ. ʉʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʜʦʩʪʠʛʘʪʁ 130 ʥʤ/ʤʠʥ.  

ɸʚʪʦʨ r[313] ʧʦʧʳʪʘʣʠʩʴ ʩʦʚʤʝʩʪʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ɺʏ- ʠ ʉɺʏ-ʤʝʪʦʜʦʚ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʜʚʦʡʥʦʛʦ ɺʏ ï ʉɺʏ ʨʘʟʨʷʜʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ (ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ) ʠʛʨʘʝʪ  

ʉɺʏ-ʨʘʟʨʷʜ, ʘ ɺʏ-ʥʘʧʨʷʞʝʥʠʝ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʩʘʤʦʩʤʝʱʝʥʠʷ. 

ɸʚʪʦʨʘʤʠ [247] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ CVD-ʫʩʪʘʥʦʚʢʘ ʩʭʝʤʘ, ʢʦʪʦʨʦʡ  

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.18. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʨʘʟʨʷʜ ʚʦʟʙʫʞʜʘʣʩʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʟʥʦʡ ʧʣʦʱʘʜʠ. ɺʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʠ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ 
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ʟʘʟʝʤʣʝʥʳ. ʇʦʜʣʦʞʢʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ. ʇʨʠ ʧʦʜʘʯʝ ɺʏ-

ʥʘʧʨʷʞʝʥʠʷ ʢ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʫ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʧʣʘʟʤʦʡ ʩʦʟʜʘʚʘʣʦʩʴ 

ʧʦʩʪʦʷʥʥʦʝ ʩʤʝʱʝʥʠʝ. ʇʦʪʝʥʮʠʘʣ ʩʘʤʦʩʤʝʱʝʥʠʷ ʟʘʚʠʩʝʣ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʠ ʧʦʜʚʦʜʠʤʦʡ ɺʏ-ʤʦʱʥʦʩʪʠ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʘ-ʉ:ʅ ʧʣʝʥʦʢ ʠʟ 

ʤʝʪʘʥʘ ʠ ʵʪʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʦʪ 3 ʜʦ 30 ʇʘ, ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ 

ʩʘʤʦʩʤʝʱʝʥʠʷ ʦʪ -100 ʜʦ -1000 ɺ.   

 

ʈʠʩʫʥʦʢ 1.18 ï ʉʭʝʤʘ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ  
 

ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʚʪʦʨʦʚ [344], ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʦʢ  ʜʦ 

300 ʥʤ/ʤʠʥ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ, ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʡ ʨʘʟʨʷʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 500 ʜʦ 1000 ɺ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʜʚʫʤ ʵʣʝʢʪʨʦʜʘʤ. ʆʜʠʥ ʠʟ ʵʪʠʭ 

ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝʤ ʠ ʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʩʘʤʦʩʤʝʱʝʥʠʷ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

0,1 ʜʦ 0,3 ʇʘ. ʆʩʘʞʜʘʝʤʳʝ ʧʣʝʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʣʝʥʢʘʤʠ, ʚʳʨʘʱʝʥʥʳʤʠ ʚ ɺʏ-

ʧʣʘʟʤʝ. 

ʅʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʘʤʦʨʬʥʳʭ ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ ʫʛʣʝʨʦʜʘ 

ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʪʠʧ ʨʝʘʢʪʦʨʘ ʠ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.3 ʧʨʠʚʝʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʦʪ ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʦʪ ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ 

CVD-ʨʝʘʢʪʦʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ-

ʨʘʟʨʷʜʘ 

ʈʝʘʢʪʦʨ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʪʠʧʘ 

CVD-ʨʝʘʢʪʦʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ-

ʨʘʟʨʷʜʘ ʥʘ ʧʦʩʪʦʷʥʥʦʤ 

ʪʦʢʝ 

80 ʥʤ/ʤʠʥ 130 ʥʤ/ʤʠʥ 300 ʥʤ/ʤʠʥ 

 

ɸʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʎʈ), ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʜʦ 600 ʂ) 

[214]. ʀʩʪʦʯʥʠʢ ʧʣʘʟʤʳ ʕʎʈ-ʨʘʟʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚʜʦʣʴ ʩʪʝʥʢʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʉɺʏ-ʘʥʪʝʥʥʳ ʚ 

ʚʠʜʝ ʩʪʝʨʞʥʝʡ, ʢʦʪʦʨʳʝ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʳʝ    

ʉɺʏ-ʚʚʦʜʳ ʩ ʠʩʪʦʯʥʠʢʦʤ ʉɺʏ-ʵʥʝʨʛʠʠ, ʘ ʩ ʜʨʫʛʦʛʦ ʢʦʥʮʘ ʟʘʤʢʥʫʪʳ ʥʘ 

ʢʦʨʧʫʩ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʨʝʘʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.19. ɿʘ ʧʨʝʜʝʣʘʤʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ, ʥʘʧʨʦʪʠʚ ʢʘʞʜʦʛʦ ʠʟ 

ʩʪʝʨʞʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. ʀʩʪʦʯʥʠʢ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʣʦʩʢʫʶ ʣʠʙʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʣʦʩʢʘʷ 

ʧʦʜʣʦʞʢʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʧʘʨʘʣʣʝʣʴʥʦ ʉɺʏ-ʘʥʪʝʥʥʘʤ. 

ʀʩʪʦʯʥʠʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʩʦʦʩʥʦ ʩ 

ʠʩʪʦʯʥʠʢʦʤ. ʀʩʪʦʯʥʠʢ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʪʦʢʦʤ ʧʣʘʟʤʳ ʧʦʜʣʦʞʢʠ ʩ 

ʧʣʦʱʘʜʴʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 1000 ʩʤ
2
 ʠ ʙʦʣʝʝ [194]. 

ɸʚʪʦʨʳ [27] ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʟʤʫ ʧʘʨʦʚ ʵʪʘʥʦʣʘ 

ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʩ ʕʎʈ. ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ: 

ʜʘʚʣʝʥʠʝ 1 ʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ 300 ʉ, ʉɺʏ-ʤʦʱʥʦʩʪʴ ï 

250 ɺʪ, ʫʩʢʦʨʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ +300 ï -300 ɺ. 

ʇʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʥʘ ʧʦʜʣʦʞʢʝ, ʠʤʝʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ 60 ʜʦ 75 %, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ 

ʧʨʝʚʳʰʘʣʦ ʥʝʩʢʦʣʴʢʠʭ ʆʤʤ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʛʨʘʬʠʪʘ. ʊʦʛʜʘ 
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ʢʘʢ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʷʭ, ʠʤʝʣʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʦ 10
7 
ʆʤʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ >85 %. ɸʥʘʣʠʟ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʬʘʟʳ 

ʫʛʣʝʨʦʜʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʚʢʣʶʯʝʥʠʷ ʬʘʟʳ ʛʨʘʬʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʩʢʦʨʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʦʜʣʦʞʢʫ. 

 1 

ʉɺʏ
 

3
 

2
 

4
 

6 

5 

NS
 

NS
 

 
ʈʠʩʫʥʦʢ 1.19 ï ʉʭʝʤʘ ʠʩʪʦʯʥʠʢʘ ʉɺʏ ʕʎʈ-ʧʣʘʟʤʳ: 1 ï ʜʝʣʠʪʝʣʴ 

ʤʦʱʥʦʩʪʠ; 2 ï ʤʘʛʥʠʪʳ; 3 ï ʘʥʪʝʥʥʳ; 4 ï ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ; 5 ï ʧʦʜʣʦʞʢʘ; 

6 ï ʢʘʤʝʨʘ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ 
 

ʇʦʧʳʪʢʘ ʦʪʜʝʣʠʪʴ ʟʦʥʫ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʧʦʜʣʦʞʢʠ ʠ ʧʦʚʳʩʠʪʴ 

ʢʦʥʪʨʦʣʴ  ʟʘ  ʵʥʝʨʛʠʝʡ ʠʦʥʦʚ ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʘ ʧʣʘʟʤʝʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʦʩʘʞʜʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʨʝʘʢʪʦʨ rʚʢʣʶʯʘʪʁ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʟʦʥʫ ʛʦʨʝʥʠʷ ɺʏ-ʧʣʘʟʤʳ. ʀʦʥʳ ʠʟ ʟʦʥʳ ʧʣʘʟʤʳ 

ʚʳʪʷʛʠʚʘʶʪ ʯʝʨʝʟ ʩʝʪʢʫ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʘʤʦʩʤʝʱʝʥʥʳʤ ɺʏ-

ʧʦʪʝʥʮʠʘʣʦʤ.  

ʇʣʘʟʤʝʥʥʦ-ʣʫʯʝʚʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ  ʨʘʙʦʪʘʪʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪ ʩʭʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʥʦʜʘ, ʘ ʪʘʢ ʞʝ ʟʘʟʝʤʣʝʥʥʳʭ 

ʢʘʪʦʜʘ ʠ ʘʥʪʠʢʘʪʦʜʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʘʥʦʜʘ ʠ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʥʠʟʢʦʤʫ  ʧʦʪʝʥʮʠʘʣʫ ʢʘʪʦʜʘ 
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ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ  ʘʥʪʠʢʘʪʦʜʘ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ 

ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʣʦʞʢʠ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ  ʧʣʘʟʤʳ ʦʪ 10
10

 ʜʦ 10
13 
ʩʤ
ï3

, ʥʠʟʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʨʝʘʢʪʦʨʝ ʦʪ 10
-4
 

ʜʦ 10
-2 
ʇʘ,  ʦʙʲʝʤʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʨʘʟʨʷʜʘ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ  ʪʦʢʘ ʨʘʟʨʷʜʘ 

ʦʪ 10 ʜʦ 100 ʤA/cʤ
2
), ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ  ʜʠʩʩʦʮʠʘʮʠʠ ʠ 

ʠʦʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ [223]. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ 

ʦʩʘʞʜʝʥʠʷ, ʠʟʤʝʥʷʣʠʩʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʣʝʥʦʢ. 

ʊʘʢ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 20 ï 30 ʥʤ/ʤʠʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 2 ï 2.5 ʵɺ, 10 ʥʤ/ʤʠʥ ï 2.8 ï 3.2 ʵɺ ʠ 4 ʥʤ/ʤʠʥ ï 3.5 ʵɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

Koidl ʠ ʜʨ. [224] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʘʤʦʨʬʥʳʭ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ 

ʧʣʝʥʦʢ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʟʥʘʯʝʥʠʝ (-100 ɺ). ʆʜʥʘʢʦ ʩʘʤ ʧʨʝʜʝʣ ʥʘʧʨʷʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ 

ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʰʝ ʥʝʢʦʪʦʨʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠʨʦʜʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ. 

ɺ ʨʘʙʦʪʝ [311] ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʚ ʧʣʘʟʤʝ 

ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ, 

ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʦʪ 001 ʜʦ 0,03 ʇʘ ʠ ʧʨʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʦʪ 10 ʜʦ 13 ɺʪ ʠʟ ʧʘʨʦʚ ʪʦʣʫʦʣʘ, 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʠ ʦʢʪʘʥʘ, ʨʘʩʪʫʪ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʧʣʝʥʢʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ 2,3 ï 2,4, ʘ ʠʭ ʀʂ-ʩʧʝʢʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʣʤʘʟʦʧʦʜʦʙʥʳʤ 

ʛʠʜʨʦʛʝʥʝʟʠʨʦʚʘʥʥʳʤ ʧʣʝʥʢʘʤ (ʘ-ʉ:ʅ-hard). ʊʦʛʜʘ ʢʘʢ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,03 ʇʘ 

ʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ 2 ɺʪ ʠʟ ʧʘʨʦʚ ʪʦʣʫʦʣʘ ʠ ʦʢʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ 

ʧʦʢʨʳʪʠʡ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 1,64 ï 1,55,  ʀʂ-ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘ-ʉ:ʅ-soft ʠʣʠ, ʢʘʢ ʠʭ ʝʱʝ ʥʘʟʳʚʘʶʪ, ʧʦʣʠʤʝʨʦʧʦʜʦʙʥʳʤ 

ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʤ ʧʣʝʥʢʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʘ ʨʘʩʪʫʱʝʡ ʧʣʝʥʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʠʝʡ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ, ʧʦʩʢʦʣʴʢʫ ʯʝʤ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʴ 

ʨʘʟʨʷʜʘ, ʪʝʤ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠ ʪʝʤ 

ʠʥʪʝʥʩʠʚʥʝʝ ʧʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ.  
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ʉʫʟʜʘʣʴʮʝʚ ʉ.ʖ. ʠ ʜʨ. [100] ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʣʘʟʤʫ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʮʠʢʣʦʪʨʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ (ʕʎʈ). ʇʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ 1 ʇʘ, 5 ʇʘ ʠ 0,05 ʇʘ, ʠʤʝʣʠ ʞʝʣʪʳʡ ʮʚʝʪ, ʙʳʣʠ 

ʨʳʭʣʳʤʠ, ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ, ʢʘʢʘʷ-ʣʠʙʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʥʝ ʬʠʢʩʠʨʦʚʘʣʘʩʴ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 250 ʜʦ  

150 ʉ (ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ)  ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʘʞʜʝʥʠʝ ʧʨʦʟʨʘʯʥʳʭ 

ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ 

ʨʝʘʢʪʦʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʟʘʚʠʩʷʱʘʷ ʦʪ ʵʪʦʛʦ 

ʜʘʚʣʝʥʠʷ), ʚʳʰʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ 

ʘʣʤʘʟʦʧʦʜʦʙʥʳʭ ʧʣʝʥʦʢ.  

ɺ ʨʘʙʦʪʘʭ [237, 333, 356] ʧʣʝʥʢʠ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ɺʏ-ʦʩʘʞʜʝʥʠʷ 

(13,56 ʄɻʮ) ʥʘ ʢʨʝʤʥʠʝʚʳʝ ʧʦʜʣʦʞʢʠ ʠʟ ʤʝʪʘʥʘ ʠ ʝʛʦ ʩʤʝʩʠ ʩ ʘʨʛʦʥʦʤ. ʇʨʠ 

ɺʏ ʤʦʱʥʦʩʪʠ 60 ɺʪ, ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ 9 ʇʘ ʠ ʧʨʦʮʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʥʘ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 10, 50, 60, 100 % ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʣʝʥʦʢ ʩ ʧʣʦʪʥʦʩʪʴʶ 1,63, 1,62, 1,75 ʠ 1,85 ʛ/ʩʤ
3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʤʝʪʘʥʘ 100 % ʠ ɺʏ-ʤʦʱʥʦʩʪʠ 5, 15, 45 ʠ 

60 ɺʪ, ʧʣʦʪʥʦʩʪʴ ʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʠʣʘ 1,71, 1,69, 1,72, 1,85, ʪ. ʝ. ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʚʦʡʩʪʚʘ 

ʧʣʝʥʦʢ, ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʨʝʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʨʝʘʛʝʥʪʘ.  

ʉʣʝʜʫʶʱʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ [234]. ʕʪʦʪ ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʝʪʦʜʘʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ  ʨʘʩʧʳʣʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʠʦʥʘʤʠ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ.  ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ  ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʝʥʠʷ ʚ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ 50 ï 100 ʨʘʟ 

ʚʳʰʝ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʨʘʩʧʳʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠʦʥʥʦʛʦ ʪʦʢʘ ʥʘ ʤʠʰʝʥʴ. 



42 

 

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠʦʥʥʦʛʦ ʪʦʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʟʤʳ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʩ ʧʦʤʦʱʴʶ ʩʠʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʫʩʣʦʚʠʷʭ ɺʏ-ʨʘʟʨʷʜʘ ʠʣʠ ʨʘʟʨʷʜʘ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ  ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʣʜʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚ ʨʝʘʢʪʦʨʝ ʧʦʨʷʜʢʘ 4ʭ10
-2
 ʇʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʫʛʣʝʨʦʜʥʳʝ ʩʣʦʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʧʦʨʷʜʢʘ 2,5 ʥʤ/ʤʠʥ [313]. 

ʇʨʠ ʨʘʩʧʳʣʝʥʠʠ ʤʠʰʝʥʠ ʧʨʠ ʧʦʤʦʱʠ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʪʦ ʞʝ ʤʦʞʝʪ  ʜʦʩʪʠʛʘʪ ɹ 2,5 ʥʤ/ʤʠʥ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 6ʭ10 
ï 2

 ʇʘ. ɽʩʣʠ ʜʣʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ 

ʨʘʩʪʫʱʝʛʦ ʩʣʦʷ ʧʨʠʤʝʥʠʪʴ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ, ʪʦ ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʚ ʧʣʝʥʢʝ ʜʦʣʶ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ sp
3
-ʪʠʧʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ [343]. 

ʅʘ ʨʠʩʫʥʢʝ 1.20.  ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʠ.    

 

ʈʠʩʫʥʦʢ 1.20 ï ʉʭʝʤʘ ʤʘʛʥʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʠ: 1 ï 

ʤʠʰʝʥʴ;  2 ï ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʦʚ; 3 ï ʟʦʥʘ ʨʘʩʧʳʣʝʥʠʷ; 4 ï ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ;  5 ï ʧʦʪʦʢ ʨʘʩʧʳʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ; 6 ï ʧʦʜʣʦʞʢʘ; 7 ï 

ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ 

 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʛʝʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʴ (1) ʠ 

ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʦʚ (2). ʇʨʠʣʦʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʤʠʰʝʥʴʶ (1) 

ʠ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝʤ (7) ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ  ʘʥʦʤʘʣʴʥʦʛʦ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ. ɿʘʤʢʥʫʪʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʣʦʢʘʣʠʟʫʝʪ ʵʪʦʪ ʨʘʟʨʷʜ ʚʙʣʠʟʠ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʫʩʢʦʨʷʝʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʠ ʙʦʤʙʘʨʜʠʨʫʶʪ ʤʠʰʝʥʴ (ʢʘʪʦʜ), ʚ ʨʝʟʫʣʴʪʘʪʝ  ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʨʘʩʧʳʣʝʥʠʝ. ʕʣʝʢʪʨʦʥʳ, ʵʤʠʪʠʨʦʚʘʥʥʳʝ ʩ ʢʘʪʦʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʥʦʡ ʧʣʘʟʤʦʡ, ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʩʢʨʝʱʝʥʥʳʭ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ ɻʪʦʡ 

ʦʙʣʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚʝʜʝʪ  ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʚ 

ʚʙʣʠʟʠ  ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʢ ʚʦʟʨʘʩʪʘʥʠʶ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʝ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ ʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ  ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ 

ʧʣʝʥʢʠ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ï ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ, ʯʠʩʪʦʪʫ ʧʣʝʥʦʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʡ ʧʣʝʥʦʢ 

ʩ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʟʢʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʦʢ ʠ ʫʟʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ, ʨʘʚʥʦ ʢʘʢ ʩʚʦʡʩʪʚ, ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʢʘʢ ʦʩʥʦʚʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʘʤʦʨʬʥʳʝ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʤʝʪʦʜʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʪʠʧʘ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ. ʄʝʞʜʫ ʪʝʤ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʘʤʦʨʬʥʦʛʦ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʨʘʟʨʷʜ. ʀʤʝʥʥʦ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ. 

ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜ PE CVD 

ʜʣʷ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ.   

 



44 

 

ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ  

ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ (ʘʥʛ. laser ablation) ï ʤʝʪʦʜ ʫʜʘʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʝʱʝʩʪʚʦ ʠʩʧʘʨʷʝʪʩʷ ʠʣʠ ʩʫʙʣʠʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠ 

ʠʦʥʦʚ [4], ʟʘʪʝʤ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. 

ʆʩʘʞʜʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ PLD (Pulsed Laser 

Deposition) ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ, ʥʦ ʦʯʝʥʴ ʜʦʨʦʛʠʤ ʤʝʪʦʜʦʤ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʩʘʞʜʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʬʝʨʨʦʵʣʝʢʪʨʠʢʠ, ʤʝʪʘʣʣʳ, 

ʧʦʣʠʤʝʨʳ, ʢʝʨʘʤʠʢʘ ʠ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ ʫʛʣʝʨʦʜʘ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.21.  

 

ʂ ʚʘʢʫʫʤʥʦʤʫ ʥʘʩʦʩʫ
 

ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ
 

ʄʠʰʝʥʴ
 

ʇʫʣʴʩʠʨʫʶʱʠʡ 

ʣʘʟʝʨ
 

ʇʦʜʣʦʞʢʘ
 

ʇʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ
 

 

ʈʠʩʫʥʦʢ 1.21 ï ʉʭʝʤʘ ʨʝʘʢʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʤʠʰʝʥʴ ʚ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʝ. ʕʥʝʨʛʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦʛʣʦʱʘʝʪʩʷ ʫʯʘʩʪʢʦʤ ʤʠʰʝʥʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʯʝʛʦ ʚʝʨʭʥʠʝ 

ʘʪʦʤʘʨʥʳʝ ʩʣʦʠ (ʠʦʥʳ, ʘʪʦʤʳ, ʨʘʜʠʢʘʣʳ ʠ ʢʣʘʩʪʝʨʳ) ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʣʦʞʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ.  

ʉʚʦʡʩʪʚʘ ʠ ʩʦʩʪʘʚ ʠʩʧʘʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʩʪʨʦ ʤʝʥʷʪʴʩʷ ʟʘ 

ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ, ʧʫʪʝʤ 
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ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʣʝʛʢʦʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. ʊʦʣʱʠʥʳ ʧʣʝʥʦʢ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʦʘʪʦʤʥʳʭ ʩʣʦʝʚ ʜʦ ʤʠʢʨʦʥ [4,191].  

ʆʜʥʠʤ ʠʟ ʥʝʦʩʧʦʨʠʤʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʦʩʥʦʚʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʦʢ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʝʭʘʥʠʟʤʳ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʳ, ʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ, ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

 

1.4 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʦʢ SiC 

1.4.1 ɻʦʤʦʵʧʠʪʘʢʩʠʷ ʩʣʦʝʚ SiC 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʛʦʤʦʵʧʠʪʘʢʩʠʠ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʥʦ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʪʝʨʦʧʦʣʠʪʠʧʥʳʭ ʧʣʝʥʦʢ SiC  

ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ.  ʅʝʪ ʷʩʥʦʩʪʠ ʠ ʚ ʪʦʤ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʣʠʪʠʧʘ [47]. ʇʦʵʪʦʤʫ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦʚʦʣʴʩʪʚʦʚʘʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (ʵʤʧʠʨʠʯʝʩʢʠʤʠ) 

ʜʘʥʥʳʤʠ, ʛʦʚʦʨʷʱʠʤʠ ʦ ʪʦʤ, ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʜʨʫʛʦʛʦ ʧʦʣʠʪʠʧʘ SiC. 

ɺ ʨʘʙʦʪʘʭ [9, 26, 45-47, 51, 52, 231, 183, 298] ʧʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʧʦʣʠʪʠʧʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʩʦʩʪʘʚʘ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ 

ʠʟʙʳʪʢʘ ʢʨʝʤʥʠʷ ʚ ʧʣʝʥʢʝ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʪʠʧʦʚ SiC ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʜʣʦʞʢʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ  ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʩʣʦʝʚ 

ʧʨʠʤʝʩʷʤʠ H, P, N.  ʃʝʛʠʨʦʚʘʥʠʝ ʘʢʮʝʧʪʦʨʥʳʤʠ ʧʨʠʤʝʩʷʤʠ Sc, Tb, Al , B, ʘ 

ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʠʟʙʳʪʢʘ ʢʨʝʤʥʠʷ, ʥʘʧʨʦʪʠʚ, ʚʝʜʝʪ  ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ.  ɺ ʨʘʙʦʪʘʭ [26, 
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45, 231] ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʪʠʧʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  ʚʘʢʘʥʩʠʡ ʫʛʣʝʨʦʜʘ (C

VN ). ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʚʘʢʘʥʩʠʠ ʫʛʣʝʨʦʜʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʞʘʪʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʫʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 3ʉïSiC ʩʪʘʥʦʚʠʪʩʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ C

VN  ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤ  ʩʣʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʥʝ ʦʜʥʦʛʦ ʧʦʣʠʪʠʧʘ ʜʨʫʛʠʤ (ʪʘʙʣʠʮʘ 1.4). 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [49] ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ  ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʧʦʣʠʪʠʧ ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ SiC  ʚʟʘʠʤʦʩʚʷʟʠ ʥʝ ʚʳʷʚʠʣʠ. 

ʆʜʥʘʢʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ  ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʪ 0,1 ʜʦ 0,9 ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʥʝ ʧʦʣʠʪʠʧʘ ʧʣʝʥʢʠ, ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʥʘ ʧʦʜʣʦʞʢʝ  4H-SiC. 

 

ʊʘʙʣʠʮʘ 1.4 ï ʉʪʝʧʝʥʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ (ɔ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʦʪʥʦʰʝʥʠ ̫ [Si]/[C] [26], ʘ ʪʘʢʞʝ  ʫʩʨʝʜʥʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ ʫʛʣʝʨʦʜʘC

VN [46] 

ʇʦʣʠʪʠʧʳ 3ʉï SiC 6HïSiC 15RïSiC 4HïSiC 2HïSiC 

ɔ 0 0,33 0,4 0,5 1 

[Si]/[C] 1,046 1,022 1,012 1,001 ï 
C

VN , 22010 ʩʤ 33,6 16,3 15,1 7,3 ï 

 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [112, 183], ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʦʣʠʪʠʧʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʠʥʪʝʟʘ. ɼʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʪʦʤ, ʯʪʦ ʦʙʣʘʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʪʠʧʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʩʣʦʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ 

ʢʨʠʩʪʘʣʣʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʫʙʠʯʝʩʢʦʛʦ ʧʦʣʠʪʠʧʘ (0,2517 ʥʤ), ʘ ʥʘʠʙʦʣʴʰʝʝ ï ʜʣʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʧʦʣʠʪʠʧʘ  2ʅ ï 0,2524 ʥʤ, ʘ ʪʘʢʞʝ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ,  ʪʦ ʚʟʘʠʤʦʩʚʷʟʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʙʠʯʝʩʢʠʡ ʧʦʣʠʪʠʧ,  ʦʙʣʘʜʘʶʱʠʡ 

ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ, ʘ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ.  
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ɺ ʨʘʙʦʪʝ [49] ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʢʠ ʥʘ ʝʝ ʧʦʣʠʪʠʧ.  

ʅʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʦʙʣʘʜʘʶʪ ʧʣʝʥʢʠ 3ʉïSiʉ, ʘ ʥʘʠʙʦʣʴʰʝʡ 4ʅï

Siʉ. ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ 6ʅïSiʉ.  

ɺʝʨʦʷʪʥʦʩʪʴ ʩʤʝʥʳ ʧʦʣʠʪʠʧʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ  ʧʦʜʣʦʞʢʠ. ɺ ʨʘʙʦʪʘʭ [47, 341] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ Si-ʛʨʘʥʷʭ 6Hï

SiC ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʘʞʜʘʶʪʩʷ ʧʣʝʥʢʠ ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʩʪʠ (3ʉ-SiC), ʘ ʥʘ ʉ-ʛʨʘʥʷʭ ʚr ʨʘʱʠʚʘʶʪʩʷ  ʩ ʙʦʣʴʰʝʡ (4Hï

SiC).   

 

 

ʈʠʩʫʥʦʢ 1.22 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʪʠʧʘ 4H-SiC [218]  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʣʦʞʝʢ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ  [0001], ʥʘ ʧʦʜʣʦʞʢʘʭ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ  [0011 ] ʠ [0211 ] ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʜʥʦʛʦ 

ʧʦʣʠʪʠʧʘ ʚ ʜʨʫʛʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʠ ʧʨʠ ʢʘʢʠʭ ʨʝʞʠʤʘʭ ʦʩʘʞʜʝʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [218] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʠʥʪʝʟʘ  990 ï 1400 Áʉ, ʥʘ ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʣʘ [0211 ] (ʨʠʩʫʥʦʢ 1.22ʙ) ʠʣʠ [0011 ] 

(ʨʠʩʫʥʦʢ 1.22ʘ) ʦʩʘʞʜʘʶʪʩʷ  ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʧʦʣʠʪʠʧʘ  4HïSiC 

ʩ ʢʘʯʝʩʪʚʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʢʘʯʝʩʪʚʦ ʧʦʜʣʦʞʢʠ (ʨʠʩʫʥʦʢ 1.23).  

ʈʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʦʚ [218] ʩʪʘʚʷʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʚʘʢʘʥʩʠʦʥʥʦʡ ʤʦʜʝʣʠ  ʠ ʤʦʜʝʣʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʪʠʧʦʚ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʛʝʪʝʨʦʧʦʣʠʪʠʧʥʦʡ 

ʛʦʤʦʵʧʠʪʘʢʩʠʠ ʠʟʤʝʥʝʥʠʝ ʧʦʣʠʪʠʧʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʣʦʝʚ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 
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ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʤʝʥʘ ʧʦʣʠʪʠʧʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʥʘ ʦʧʠʩʳʚʘʪʴʩʷ 

ʢʠʥʝʪʠʢʦʡ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʦʡ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʤʦʜʝʣʠ ʧʦʢʘ ʥʝʪ.  

 

ʈʠʩʫʥʦʢ 1.23 ï ʂʨʠʚʘʷ ʢʘʯʘʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ [218] 

 

1.4.2 ɻʝʪʝʨʦʵʧʠʪʘʢʩʠʷ ʩʣʦʝʚ SiC 

ʆʩʘʞʜʝʥʠʝ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʟʜʘʥʠʷ ʛʝʪʝʨʦʧʦʜʣʦʞʝʢ SiC/Si. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [192], ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ  ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ 

ʢʨʝʤʥʠʠ ʚ ʙʫʜʫʱʝʤ ʩʪʘʥʫʪ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʦʨʦʛʠʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʜʣʦʞʢʘʤ 4H- ʠ 6H-SiC. ʆʜʥʘʢʦ ʧʫʪʠ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʠ ʣʝʞʠʪ ʨʷʜ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʣʠʯʠʠ ʧʝʨʠʦʜʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ Si ʠ SiC  ʙʦʣʝʝ ʯʝʤ ʥʘ 20 % 

[109, 113, 264, 174, 215, 250, 270, 353, 288]. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ  

SiC/Si  ʩʫʱʝʩʪʚʫʶʪ ʩʠʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʩʣʦʠ SiC ʩʦʜʝʨʞʘʪ 

ʚʳʩʦʢʠʝ ʧʣʦʪʥʦʩʪʠ ʜʝʬʝʢʪʦʚ [109]. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʙʫʬʝʨʥʳʭ ʩʣʦʝʚ. ɺ ʨʘʙʦʪʝ [198] 

ʩʠʥʪʝʟ ʵʪʠʭ ʩʣʦʝʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʫʪʝʤ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʦʜʣʦʞʝʢ 

ʢʨʝʤʥʠʷ. ʅʘ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ Si (111) ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʣʦʠ SiC ʪʦʣʱʠʥʦʡ 5ʤʢʤ. ɺ ʵʪʠʭ ʩʣʦʷʭ ʢʦʥʮʝʥʪʨʘʮʠ ̫ʥʦʩʠʪʝʣʝʡ 
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 ʩʤ
-3, 
ʘ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʜʦʩʪʠʛʘʣʠ 500 ʩʤ

2
/ɺʩ.. ɺ 

ʨʘʙʦʪʝ [151] ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ 3ʉïSiʉ /ʩï

Si ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ  

ʢʨʝʤʥʠʷ (100).   

ɸʚʪʦʨʳ  [7, 62, 63, 243, 302, 284] ʧʨʝʜʣʘʛʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʳʭ 

ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʠʩʪʳʝ ʩʣʦʠ ʢʨʝʤʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʧʫʪʝʤ  

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ HF:H2O:C2H5OH. ɺ ʨʘʙʦʪʘʭ  

[299, 309] ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʘʥʦʜʠʨʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ  ʧʣʘʩʪʠʥʳ ʠʩʪʦʯʥʠʢʦʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ɺʦ ʚʩʝʭ ʨʘʙʦʪʘʭ 

ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʫʩʧʝʭʘʭ ʦʩʘʞʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ SiC.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ  SiC ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʠ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʨʘʙʦʪʘʭ [7, 44, 112], ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʦʜʣʦʞʝʢ (1200 ï 1250 Áʉ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 100 Áʉ ʧʨʠʚʦʜʠʪ ʢ  

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʤʫ ʨʦʩʪʫ ʧʣʝʥʦʢ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʝʱʝ ʥʘ 30 Áʉ 

ʜʦ 1380 Áʉ
 
 ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ.  ʆʜʥʘʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1300-1380 Áʉ  ʧʦʣʫʯʠʪʴ ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʩʣʦʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʧʦʜʣʦʞʢʦʡ ʢʨʝʤʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ.  ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ.  

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʤʦʞʥʦ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʧʘʨʦʛʘʟʦʚʦʡ 

ʩʤʝʩʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʛʘʟʦʚʳʝ ʩʤʝʩʠ C3H8ïSiH4ïH2  ʥʝ ʦʙʣʘʜʘʶʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ. ɺ ʢʘʯʝʩʪʚʝ 
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ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʘʟʦʚʳʝ ʩʤʝʩʠ ʩ ʧʘʨʘʤʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  ɺ ʨʘʙʦʪʘʭ [2, 151, 266, 267, 217, 271, 241] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʧʣʝʥʦʢ SiC ʠʟ ʧʘʨʦʚ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 900 ï 1200 Áʉ.  ɺ 

ʨʘʙʦʪʘʭ [8, 21-24, 112, 202], ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʍʂʉ), ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ, 

ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʧʘʨʦʚ ʤʝʪʠʣʪʨʠʭʣʦʨʩʠʣʘʥ (ʉʅ3SiCl3)  ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʯʝʤ ʦʙʨʘʟʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟ ʩʤʝʩʠ ʤʝʪʘʥʘ ʠ ʩʠʣʘʥʘ. 

ʆʜʥʘʢʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʝʥʦʢ 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ SiC/Si ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʫʪʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

SiC/Si ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʝʰʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʙʣʝʤʘʤʠ ʩʠʥʪʝʟʘ ʙʫʬʝʨʥʳʭ ʩʣʦʝʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ 

ʚʪʦʨʘʷ ï ʧʨʦʙʣʝʤʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ.   

1.4.3 ʉʠʥʪʝʟ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ  ʧʣʝʥʦʢ SiC 

ʂʘʢ ʧʨʘʚʠʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ ʤʝʥʝʝ 1000 Áʉ ʩʠʥʪʝʟʠʨʫʶʪʩʷ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʵʪʠʭ 

ʧʣʝʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʠ ʧʦʣʠʪʠʧʠʟʤʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʦʙʲʝʤ ʧʣʝʥʢʠ. ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʩʧʝʭʘʤ 

ʩʠʥʪʝʟʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ [23, 108, 144, 265, 221, 256, 228, 180, 273, 308, 

311]. 
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ʈʠ

ʩʫʥʦʢ 1.24 ï ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ: ʘ) ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʨʘʟʤʝʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [274]; ʙ) ʫʩʨʝʜʥʝʥʥʘʷ  ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʝʥʦʢ 3C-SiC, ʦʩʘʞʜʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [266]  

 

ɺ ʧʘʨʘʛʨʘʬʝ 1.4.2  ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʨʘʙʦʪʝ [274] ʚʣʠʷʥʠʝ  

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʣʝʥʢʠ ʦʧʠʩʳʚʘʝʪʩʷ  ʯʘʩʪʦʪʦʡ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ  ʠ ʨʘʟʤʝʨʘʤʠ ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʨʦʜʳʰʝʡ SiC 

(ʨʠʩʫʥʦʢ 1.24ʘ). ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʦʙʥʘʨʫʞʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩ 
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ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʙʝʛʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʦ ʪʝʨʨʘʩʘʤ 

ʛʨʘʥʠ  (111) (ʨʠʩʫʥʦʢ 1.25).  

ʚ) 

 

ʈʠʩʫʥʦʢ 1.25 ï ʄʦʜʝʣʴ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ  ʨʦʩʪʘ 

ʟʘʨʦʜʳʰʝʡ SiC ʥʘ ʪʝʨʨʘʩʘʭ ʛʨʘʥʠ Si (111): ʘ) ʧʨʠ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʘʪʦʤʘ ʉ 

ʙʦʣʴʰʝʡ ʰʠʨʠʥʳ ʩʪʫʧʝʥʠ; ʙ) ʧʨʠ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʘʪʦʤʘ ʉ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ 

ʩʪʫʧʝʥʠ; ʚ) ʉʊʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʨʨʘʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ Si (111) ʩ 

ʟʘʨʦʜʳʰʘʤʠ SiC ʚ ʫʛʣʘʭ ʩʪʫʧʝʥʝʡ [274] 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳ 

ʟʘʨʦʜʳʰʝʡ ʟʘʚʠʩʷʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʝʥʢʠ SiC. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʨʘʙʦʪʝ [274] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʭʘʨʘʢʪʝʨ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʠʤʝʪʠʣʩʠʣʘʥʘ ʠ ʤʝʪʠʣʩʠʣʘʥʘ ʨʘʟʣʠʯʝʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʠʤʝʪʠʣʩʠʣʘʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʨʘʟʤʝʨʦʚ ʟʘʨʦʜʳʰʝʡ. 

ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ  ʜʠʤʝʪʠʣʩʠʣʘʥʘ ʧʦʩʣʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʨʦʩʪʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʤʝʪʠʣʩʠʣʘʥʘ ʦʩʪʨʦʚʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʧʣʝʥʢʠ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ. 

ʇʦʵʪʦʤʫ  ʦʙʨʘʟʮʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʤʝʪʠʣʩʠʣʘʥʘ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ,ʁ ʯʝʤ ʦʩʘʞʜʝʥʥʳʝ  ʠʟ ʜʠʤʝʪʠʣʩʠʣʘʥʘ. 

ʇʦʤʠʤʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ, ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʜʣʦʞʢʠ.  ɺ ʨʘʙʦʪʘʭ [216, 315] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ, 

ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʛʨʘʥʷʭ  ʢʨʝʤʥʠʷ (111)  ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʯʝʤ ʦʙʨʘʟʮʳ, ʦʩʘʞʜʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʘʭ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (100) (ʨʠʩʫʥʦʢ 1.26). ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ.  

ʇʨʠ ʢʦʥʢʫʨʠʨʫʶʱʝʤ ʧʨʦʮʝʩʩʝ  ʨʦʩʪʘ  ʢʨʠʩʪʘʣʣʠʪʳ,  ʢʦʪʦʨʳʝ ʨʘʩʪʫʪ ʥʘʤʥʦʛʦ 

ʙʳʩʪʨʝʝ, ʢʘʢ ʙʳ çʟʘʜʘʚʣʠʚʘʶʪè ʢʨʠʩʪʘʣʣʠʪʳ ʩ ʜʨʫʛʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. 

 

             ʘ) 

                         ʙ) 

ʈʠʩʫʥʦʢ 1.26 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʣʝʥʦʢ SiC, ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ  

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʣʦʞʢʠ ʢʨʝʤʥʠʷ ʧʦʨʷʜʢʘ 900 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ: ʘ) ʥʘ 

ʛʨʘʥʠ (100); ʙ) ʥʘ ʛʨʘʥʠ  (111) [315]  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢ ʞʝ ʦʪ  

ʩʪʝʧʝʥʠ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. 

1.4.4 ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ  ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʩʠʥʪʝʟ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʘï

SixC1-x) ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʝʪʦʜʘʤʠ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ [18, 300, 242], 


