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ʅʆʈʄɸʊʀɺʅʓɽ ʉʉʓʃʂʀ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ: 

ɻʆʉʊ 7.1. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʧʠʩʴ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ, 2003. 

ɻʆʉʊ 2169-69. ʂʨʝʤʥʠʡ ʪʝʭʥʠʯʝʩʢʠʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ï ʄ.: ʀʟʜ-ʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1970. 

ɻʆʉʊ 17022-81. ɻʨʘʬʠʪ. ʊʠʧʳ, ʤʘʨʢʠ ʠ ʦʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ï 

ʄ.: ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1982. 

ɻʆʉʊ 23775-79. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʠʟʛʠʙ, 

ʨʘʟʨʳʚ (ʜʠʘʤʝʪʨʘʣʴʥʦʝ ʩʞʘʪʠʝ). ï ʄ.: ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1979. 

ɻʆʉʊ 9450-76. ʄʝʪʘʣʣʳ. ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ. ï ʄ.: ʀʟʜ-ʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1975. 

ɻʆʉʊ 25.503-97. ʈʘʩʯʝʪʳ ʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʄʝʪʦʜʳ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʦʚ. ʄ.: ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1997. 
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ʆʇʈɽɼɽʃɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʦʢʘʟʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʠʟʥʘʰʠʚʘʥʠʶ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ, ʦʮʝʥʠʚʘʝʤʦʝ ʚʝʣʠʯʠʥʦʡ, 

ʦʙʨʘʪʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ï ʤʝʪʦʜ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʝʚʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʠ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ. 

ʀʩʢʨʦʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ ï ʵʪʦ ʩʦʚʤʝʱʝʥʠʝ ʤʝʪʦʜʦʚ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ɺ ʢʦʤʧʦʟʠʮʠʷʭ ʦʩʥʦʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʠ ʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ. 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʢʦʨʨʦʟʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ï ʬʠʟʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʠʣʠ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʪʝʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 ʂ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ï ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ. ʀʟʤʝʣʴʯʝʥʠʝ ʚ ʫʜʘʨʥʦʤ, ʫʜʘʨʥʦʠʩʪʠʨʘʶʱʝʤ ʠʣʠ ʠʩʪʠʨʘʶʱʝʤ 

ʨʝʞʠʤʘʭ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʘʢʦʧʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʫʚʝʣʠʯʝʥʠʶ 

ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʠ ʜʘʞʝ ʘʤʦʨʬʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʨʦʯʠʝ, ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ. 

ʊʝʨʤʦʩʪʦʡʢʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʪʠʚʦʩʪʦʷʪʴ, ʥʝ ʨʘʟʨʫʰʘʷʩʴ, 

ʥʘʧʨʷʞʝʥʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʧʦʛʣʦʱʘʝʤʦʡ/ʚʳʜʝʣʷʝʤʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʝʣ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦʚʫʶ 

ʵʥʝʨʛʠʶ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʯʘʩʪʝʡ ʪʝʣʘ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ ʯʘʩʪʷʤ ʪʝʣʘ ʧʫʪʝʤ 

ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʝʣʘ (ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʪ. ʧ.). 

ʊʨʠʙʦʣʦʛʠʷ ï ʵʪʦ ʥʘʫʢʘ ʦʙ ʠʟʥʦʩʝ, ʪʨʝʥʠʠ ʠ ʩʤʘʟʢʝ, ʠʟʫʯʘʶʱʘʷ ʧʦʚʝʜʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʪʨʠʙʦʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺʏɻ ï ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʛʝʥʝʨʘʪʦʨ 

ʀɸʕ ʅʗʎ ʈʂ ï ʀʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʮʝʥʪʨʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʀʇʉ ï ʀʩʢʨʦʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ 

ʂʊʃʈ ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʄɸ ï ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʄʆʅ ʈʂ ï ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ 

ʈʂ ï ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

ʉʕʄ ï ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

ʕɼʉ ï ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ 

COD ï Crystallography open database (ʦʪʢʨʳʪʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ) 

PDF-2 ICDD 

 

ς A comprehensive database of powder diffraction patterns 

(ʦʙʰʠʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ) 

ů ï ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦʡ 

ʦʙʣʘʩʪʠ, ʥʦ ʠ ʦʪʜʝʣʴʥʳʭ ʩʝʢʪʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʚʳʩʦʢʘʷ 

ʪʝʨʤʦʧʨʦʯʥʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʚʳʩʦʢʘʷ 

ʩʪʦʡʢʦʩʪʴ ʢ ʧʦʚʳʰʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʤʝʪʘʣʣʫʨʛʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʘʪʦʤʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪ.ʜ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʩʣʦʷ 

ʪʨʠʩʪʨʫʢʪʫʨʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʨʮʝʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʧʣʦʪʥʠʪʝʣʝʡ, ʢʦʤʧʦʥʝʥʪʘ 

ʢʦʤʧʦʟʠʪʥʦʡ ʙʨʦʥʠ ʠ ʜʠʩʢʦʚʳʭ ʪʦʨʤʦʟʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʘʥʜʠʜʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʦʣʦʯʢʠ ʪʚʵʣʦʚ ʷʜʝʨʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ [1-5]. 

ʀʟʚʝʩʪʥʦ, ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ, ʠʟʚʝʩʪʥʳʝ ʚʩʝʤʫ ʤʠʨʫ ʩʧʦʩʦʙʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʧʨʦʧʠʪʢʝ ʛʨʘʬʠʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʞʠʜʢʠʤ ʢʨʝʤʥʠʝʤ, ʠʣʠ ʞʝ ʛʦʨʷʯʝʤ 

ʧʨʝʩʩʦʚʘʥʠʠ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʪʝʤ ʙʦʣʝʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʣʫʯʠʪʴ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʤʘʪʝʨʠʘʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʬʠʪʦʚʳʡ ʠ 

ʢʚʘʨʮʝʚʳʡ ʣʦʤ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥʘ ˉ 874 ʦʪ 1 ʘʚʛʫʩʪʘ 2014 ʛʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʥʠʝ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠʦʨʠʪʝʪʥʳʤ ʩʝʢʪʦʨʘʤ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʦʩʥʦʚʳ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʎʝʣʴʁ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʚʦʡʩʪʚʘ, 
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ʢʦʪʦʨʳʭ ʥʝ ʫʩʪʫʧʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʧʦʣʫʯʠʪʴ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ; 

- ʧʦʣʫʯʠʪʴ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ ʤʝʪʦʜʦʤ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ; 

- ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ SiC, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʀʇʉ; 

- ʠʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

2. ɺʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʘʥʠʷ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

3. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ: 

1. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʇʘʪʝʥʪ ʈʂ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ32057. ʙʶʣ. ˉ9, ʦʧʫʙ. 

15.05.2017 ʛ.). 

2. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ ʤʝʪʦʜʦʤ 

ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʚʘʨʮʝʚʳʡ ʠ ʛʨʘʬʠʪʦʚʳʡ ʣʦʤ. 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʀʇʉ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʧʝʢʘʥʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣ ʠʟ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʠ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʛʨʘʬʠʪʦʚʦʛʦ ʠ 

ʢʚʘʨʮʝʚʦʛʦ ʣʦʤʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʩʢʘʥʠʨʫʶʱʘʷ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

- ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ; 

- ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ; 

- ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʠ 

ʚʳʧʫʩʢʫ ʠʟʜʝʣʠʡ ʠʟ ʥʝʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ, 

ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʥʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʠ ʜʨ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʱʠʱʝʥ ʘʚʪʦʨʩʢʠʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʘʢʪʠʢʘʤʠ-ʤʘʪʝʨʠʘʣʦʚʝʜʘʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʠʤʳ ʚ ʥʘʫʯʥʦʤ ʠ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʘʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʬʠʣʠʘʣʘ ʀɸʕ ʈɻʇ 

ʅʗʎ ʈʂ ʠ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡè. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʘʪʝʥʪʥʦʤ ʧʦʠʩʢʝ, ʫʯʘʩʪʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʨʘʩʯʝʪʫ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ ʜʣʷ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʠ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʉʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʌʠʣʠʘʣʘ ʀɸʕ ʈɻʇ ʅʗʎ ʈʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ, 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʧʨʦʚʝʜʝʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤʠ ʢʦʥʩʫʣʴʪʘʥʪʘʤʠ. 

ʉʚʷʟʴ ʪʝʤʳ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʛʨʘʤʤ 

ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʂʦʤʠʪʝʪ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè ʚ 

ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ˉ271 ʦʪ 12.02.2015 ʛʦʜʘ ʧʦ ʪʝʤʝ çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘè. 

ʉʪʝʧʝʥʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ, ʪʦʯʥʦʩʪʴʶ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴʶ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʧʨʠʤʝʥʝʥʠʝʤ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ ʉʅɻ ʠ ʜʘʣʴʥʝʛʦ 

ʟʘʨʫʙʝʞʴʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʂʦʤʠʪʝʪʦʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʄʆʅ ʈʂ, ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʙʘʟ rʜʘʥʥʳʭ ʢʦʤʧʘʥʠʡ Thomson Reuters, Scopus, ʘ ʪʘʢʞʝ ʚ ʩʙʦʨʥʠʢʘʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 
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ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 6 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. XXII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘè, ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʕʀ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 25-26 ʬʝʚʨʘʣʷ  

2016 ʛ.); 

2. XI ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çEurasia Scienceè  

(ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 31 ʦʢʪʷʙʨʷ 2017 ʛ); 

3. XVI ʂʫʨʯʘʪʦʚʩʢʘ ̫ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ, 

ʧʦʩʚʷʱʝʥʥʘʷ 75 ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè (ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 6-9 ʥʦʷʙʨʷ 2018 ʛ); 

4. V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡè (FBMT-2018) (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ,  

25-28 ʠʶʥʷ 2018 ʛ); 

5. VIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʧʦʣʠʛʦʥ: ʥʘʩʣʝʜʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘè, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛ. ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ, 

11-13 ʩʝʥʪʷʙʨʷ 2018 ʛ.); 

6. IX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʝʤʠʧʘʣʘʪʠʥʩʢʠʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ 

ʧʦʣʠʛʦʥ: ʥʘʩʣʝʜʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘè, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛ. ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ, 

7-9 ʩʝʥʪʷʙʨʷ 2021 ʛ.). 

ɸ ʪʘʢʞʝ ʥʘ 2 ʢʦʥʬʝʨʝʥʮʠʷʭ-ʢʦʥʢʫʨʩʘʭ: 

1. XV ʂʦʥʬʝʨʝʥʮʠʷ-ʢʦʥʢʫʨʩ ʅʀʆʂʈ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʈɻʇ 

ʅʗʎ ʈʂ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʂ, (ʛ. ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ, 18-20 ʤʘʷ 

2016 ʛ.); 

2. XVI ʂʦʥʬʝʨʝʥʮʠʷ-ʢʦʥʢʫʨʩ ʅʀʆʂʈ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʈɻʇ ʅʗʎ ʈʂ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʂ, (ʛ. ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ, 3-5 

ʤʘʷ 2017 ʛ.). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ çʊʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʠ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘè, ʥʘ ʦʙʲʝʜʠʥʝʥʥʳʭ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ 

ʉʝʤʝʡè, ʥʘ ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʚʝʪʝ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ 

ʛʦʨʦʜʘ ʉʝʤʝʡè, ʂʘʟʘʭʩʢʦ-ʧʦʣʴʩʢʠʭ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʜʦʢʪʦʨʘʥʪʦʚ PhD ʚʦ 

ɺʨʦʮʣʘʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (Wrocğaw University of Science and 

Technology) (ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ), ʘ ʪʘʢʞʝ ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʚʝʪʘʭ  

ʈɻʇ ʅʗʎ ʈʂ ʠ ʌʠʣʠʘʣʘ çʀʥʩʪʠʪʫʪʘ ɸʪʦʤʥʦʡ ʕʥʝʨʛʠʠè ʈɻʇ ʅʗʎ ʈʂ. 

ʇʫʙʣʠʢʘʮʠʠ 

ɺʩʝʛʦ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 18 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ, ʠʟ ʥʠʭ: 8 ʨʘʙʦʪ (7 ʩʪʘʪʝʡ, 1 ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ) ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʂʦʤʠʪʝʪʦʤ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʄʆʅ ʈʂ; 1 ʩʪʘʪʴʷ 
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ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʟʘʨʫʙʝʞʥʦʤ ʥʘʫʯʥʦʤ ʠʟʜʘʥʠʠ, ʚʭʦʜʷʱʝʛʦ ʚ ʙʘʟ rʜʘʥʥʳʭ Scopus 

ʠ Web of Science); 3 ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ; 6 ʪʝʟʠʩʦʚ ʠ 

ʜʦʢʣʘʜʦʚ ʚ ʩʙʦʨʥʠʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ 

ʥʘ 114 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 73 ʠʣʣʶʩʪʨʘʮʠʡ, 11 ʪʘʙʣʠʮ, 28 ʬʦʨʤʫʣ ʠ ʩʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 141 ʥʘʠʤʝʥʦʚʘʥʠʷ. 
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1 ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɽ ʉʆʉʊʆʗʅʀɽ ʀ 

ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʂɸʈɹʀɼʆʂʈɽʄʅʀɽɺʆʁ 

ʂɽʈɸʄʀʂʀ 

 

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʙʟʦʨ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʂ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʠʟʚʝʩʪʥʳʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

1.1. ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɹʣʘʛʦʜʦʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ), ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ, ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʘʢ ʦʜʥʠ ʠʟ ʚʘʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ 

ʩʚʦʡʩʪʚ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʢʦʚʘʣʝʥʪʥʦʡ (ʜʦ 88%) ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ [6-8]. 

ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʢʨʘʡʥʝ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʜʠʬʬʫʟʠʠ, ʫʧʣʦʪʥʝʥʠʝ 

ʧʦʨʦʰʢʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʚʳʰʘʶʱʝʡ 1500 ÁC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʦʙʘʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʦʜʘ ʤʘʪʝʨʠʘʣʘ [9-10]. 

ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʚʥʦʦʩʥʫʶ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʦʪ 1 ʜʦ 4 ʤʢʤ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ [11-14], ʪʘʢʞʝ ʠʤʝʶʪ 

ʚʳʩʦʢʦʜʝʬʝʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [15-19]. 

ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʛʦ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʷʚʣʷʶʪʩʷ: 

- ʩʧʝʢʘʥʠʝ ʙʝʟ ʜʘʚʣʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (SiC); 

- ʠʥʬʠʣʴʪʨʘʮʠʷ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ 

ʢʨʝʤʥʠʝʤ (SiSiC); 

- ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ. 

ʆʜʥʘʢʦ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʤʝʶʪ ʪʘʢʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʘʢ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʥʠʟʦʪʨʦʧʠʠ. ɼʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʚʝʜʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ [20-33]. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʚʘʣʝʥʪʥʦʩʚʷʟʘʥʥʳʡ ʧʝʨʚʠʯʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʪʝʪʨʘʵʜʨ SiC4, ʣʠʙʦ CSi4. ʀʟ-ʟʘ 

ʨʘʟʥʠʮʳ ʚ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ, 
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ʠʦʥʥʳʡ ʚʢʣʘʜ ʚ ʩʚʷʟʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 12%, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ ʇʦʣʠʥʛʘ [34-36]. 

ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʣʠʪʠʧʠʟʤ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʨʘʟʤʝʨʥʳʭ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʠ  [36-40]. 

ʂʨʠʩʪʘʣʣʳ SiC ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʷʜʝ ʤʦʜʠʬʠʢʘʮʠʡ, ʠʤʝʶʱʠʭ ʢʘʢ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ, ʪʘʢ ʠ ʪʨʠʛʦʥʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ. ʆʪʪʦʤ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ SiC ʠʤʝʶʪ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʦʯʝʥʴ ʧʦʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ: ʚʩʝ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʩʣʦʝʚ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʦʡ ʠʣʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʦʩʠ. ʆʜʥʘʢʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʠʭ ʦʩʝʡ ʢʘʞʜʘʷ ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʧʦʚʪʦʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʢʣʘʜʢʠ ʠʟ 

ʦʜʠʥʘʢʦʚʳʭ ʩʣʦʝʚ. ʊʝʪʨʘʵʜʨʳ SiC4 ʠʣʠ CSi4 ʚʳʩʪʨʦʝʥʳ ʪʘʢ, ʯʪʦ ʘʪʦʤʳ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʟʣʘʭ ʧʨʘʚʠʣʴʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʩʝʪʝʡ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1 [41-43]. ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ 

ʫʛʣʝʨʦʜʘ ʜʦ ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʝʡ ʢʨʝʤʥʠʷ ʠʤʝʶʪ ʩʦʦʪʥʦʰʝʥʠʝ 1:3 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʞʧʣʦʩʢʦʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʠ ʧʦʣʷʨʥʘ ʵʪʠʤ ʧʣʦʩʢʦʩʪʷʤ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʘʨʙʠʜʝ ʢʨʝʤʥʠʷ [8, c. 15] 

 

ɸʪʦʤ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʦʙʨʘʟʦʚʘʣʩʷ ʟʘ ʩʯʝʪ ʥʘʣʠʧʘʥʠʷ ʪʨʝʭ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʚ ʰʝʩʪʠʫʛʦʣʴʥʦʡ 

ʢʨʝʤʥʠʝʚʦʡ ʩʝʪʠ. ʏʝʪʚʝʨʪʳʡ ʘʪʦʤ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʤʫ 
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ʩʣʦʁ ʢʨʝʤʥʠʷ ʠ ʩʚʷʟʘʥ ʩ ʵʪʠʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʦʤ, ʠʤʝʝʪ ʪʫ ʞʝ ʧʨʦʝʢʮʠʶ, ʯʪʦ ʠ 

ʵʪʦʪ ʘʪʦʤ ʢʨʝʤʥʠʷ (ʨʠʩʫʥʦʢ 1ʘ ʠ 1ʙ). ɸʪʦʤʳ ʞʝ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʢʨʝʤʥʠʷ 

ʩʦʝʜʠʥʝʥʳ ʪʘʢʞʝ ʩ ʘʪʦʤʘʤʠ ʚʪʦʨʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ ʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ 

ʧʦʣʦʞʝʥʠʝ, ʠʤʝʶʱʝʝ ʩʚʦʶ ʧʨʦʝʢʮʠʶ ʥʘ ʘʪʦʤʳ ʧʝʨʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʷ (ʨʠʩʫʥʦʢ 

1ʚ) ʠʣʠ ʥʘ ʮʝʥʪʨ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʝ ʧʦʢʨʳʪʦʛʦ ʧʨʦʝʢʮʠʷʤʠ ʘʪʦʤʦʚ ʧʝʨʚʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ (ʨʠʩʫʥʦʢ 1ʛ). 

ʆʜʠʥʘʢʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʣʦʠ ʪʝʪʨʘʵʜʨʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʙʦ 

ʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩʫʥʦʢ 1ʙ), ʣʠʙʦ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩʫʥʦʢ 1ʚ). ʈʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʯʝʨʝʜʦʚʘʥʠʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʦʙʨʘʟʫʝʪ ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʟʚʝʥʦ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʦʤ ʫʩʣʦʚʠʠ, ʯʪʦ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʩʣʦʡ 

ʧʘʨʘʣʣʝʣʝʥ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʦʶ, ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʚʪʦʨʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʣʠʪʠʧʘʭ SiC 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʈʘʟʣʠʯʥʳʝ ʧʦʣʠʪʠʧʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʦʣʷʨʥʳʭ ʢʘʨʢʘʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʣʦʷʤʠ ʪʝʪʨʘʵʜʨʦʚ SiC4 

ʠʣʠ CSi4, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʪʝʪʨʘʵʜʨʳ ʠʤʝʶʪ ʦʜʥʫ ʚʝʨʰʠʥʫ ʚʥʝ ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ. 

ʉʣʝʜʫʷ ʦʙʦʟʥʘʯʝʥʠʷʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʗʛʦʜʟʠʥʩʢʠʤ ʚ ʨʘʙʦʪʘʭ [44, 45], 

ʣʶʙʦʡ ʦʪʜʝʣʴʥʳʡ ʩʣʦʡ ʚ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʫʢʣʘʜʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ 

ʢʘʢ ʠʤʝʶʱʠʡ ʣʦʢʘʣʴʥʫʶ ʢʫʙʠʯʝʩʢʫʶ (k) ʠʣʠ ʰʝʩʪʠʫʛʦʣʴʥʫʶ (h) 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʢʣʘʜʢʠ ʧʦʣʠʪʠʧʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ ʧʦʣʠʪʠʧʘ ʜʚʦʡʥʠʢʘ 

ʚʨʘʱʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʯʝʨʝʟ ʢʘʞʜʳʝ ʪʨʠ ʩʣʦʷ. 
 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ [2, c. 19] 
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ʇʝʨʚʳʤ, ʢʪʦ ʧʦʧʳʪʘʣʩʷ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʧʦʣʠʪʠʧʠʟʤʘ SiC ʙʳʣ 

ʃʫʥʜʢʚʠʩʪ. ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʪʠʧʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʧʨʠʤʝʩʷʤʠ. ʀʜʝʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʤʝʩʠ ʤʦʛʫʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʳʯʥʳʝ ʤʘʣʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʣʠʪʠʧʳ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʠʪʠʧʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʠʤʝʩʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʛʦ ʜʨʫʛʠʭ ʪʝʦʨʠʡ ʦʙʰʠʨʥʦʛʦ ʧʦʣʠʪʠʧʠʟʤʘ 

SiC, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʠʪʠʧʦʚ ʩ ʦʯʝʥʴ ʜʣʠʥʥʳʤ 

ʧʝʨʠʦʜʦʤ, ʪʘʢʠʭ ʢʘʢ 1560H ʠʣʠ 4680R ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʥʠ ʦʜʥʦʡ 

ʧʨʦʩʪʦʡ ʪʝʦʨʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʚʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʠʠ ʧʦʣʠʪʠʧʠʟʤʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʪʝʦʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʷʭ ʨʦʩʪʘ, ʘ 

ʪʘʢʞʝ ʪʝ, ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʶʪ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʳ. 

ʇʦʯʪʠ ʚʩʝ ʪʝʦʨʠʠ ʨʦʩʪʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʘʨʠʘʮʠʠ ʪʝʦʨʠʠ 

ʩʧʠʨʘʣʠ, ʨʦʩʪ ʚʦʢʨʫʛ ʚʠʥʪʦʚʦʡ ʜʠʩʣʦʢʘʮʠʠ [34, c.2689] ʩ ʧʦʚʪʦʨʝʥʠʝʤ 

ʧʦʣʠʪʠʧʘ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʚʳʩʦʪʦʡ ʩʪʫʧʝʥʠ ʩʧʠʨʘʣʠ. ʈʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʪʫ ʪʝʦʨʠʶ, ʚʢʣʶʯʘʷ ʦʪʢʨʳʪʠʝ ʩʧʠʨʘʣʝʡ ʨʦʩʪʘ ʠ 

ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʩʪʫʧʝʥʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʆʩʥʦʚʥʦʡ ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʧʦʣʠʪʠʧʘ, ʦʩʦʙʝʥʥʦ 

ʢʦʛʜʘ ʪʝʦʨʠʷ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʩʧʠʨʘʣʴʥʳʡ ʨʦʩʪ ʚ ʨʘʟʣʦʤʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ [36, c. 95]. ɼʨʫʛʘ ̫ʤʦʜʠʬʠʢʘʮʠ ̫ʵʪʦʡ ʪʝʦʨʠʠ ʩʧʠʨʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɺʘʥʜʦʤ ʠ ʍʘʥʦʢʦʡ [41, c. 70], ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʜʠʩʣʦʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʥʘ ʠʥʦʨʦʜʥʦʤ ʪʝʣʝ. 

ʄʘʜʨʠʢʩ ʠ ʉʪʝʡʥʙʝʨʛʝʨ [42, c.106], ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʜʝʬʝʢʪʳ 

ʫʧʘʢʦʚʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʢʨʫʛ 

ʚʠʥʪʦʚʦʡ ʜʠʩʣʦʢʘʮʠʠ, ʦʙʨʘʟʫʷ ʨʝʛʫʣʷʨʥʳʡ ʤʘʩʩʠʚ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʠ ʥʦʚʳʡ 

ʧʦʣʠʪʠʧ. ʆʜʥʘʢʦ ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʜʘʥʥʦʡ ʪʝʦʨʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʙʦʣʴʰʠʝ ʚʝʢʪʦʨʳ ɹʶʨʛʝʨʩʘ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʜʠʩʣʦʢʘʮʠʠ, ʣʠʙʦ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʢʦʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʪʠʧʦʚ SiC, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʩʪʘʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʤʠ. ʀʟ-ʟʘ ʨʷʜʘ ʦʯʝʚʠʜʥʳʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʪʝʦʨʠʠ 

ʩʧʠʨʘʣʴʥʦʛʦ ʨʦʩʪʘ ʗʛʦʜʟʠʥʩʢʠʡ [43, c. 225] ʧʨʝʜʣʦʞʠʣ ʪʝʦʨʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʢʫʙʠʯʝʩʢʠʡ 

ʧʦʣʠʪʠʧ ʙʳʣ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʨʘʟʣʦʤʦʤ ʚʥʫʪʨʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʪ.ʝ., ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʩʣʝ 

ʨʦʩʪʘ. 

ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʣ ʐʥʝʝʨ [46]. ʆʥ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʧʦʣʠʪʠʧʠʟʤ ʢʘʢ ʷʚʣʝʥʠʝ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ. ʆʜʥʘʢʦ ʪʘʢʘʷ 

ʤʦʜʝʣʴ ʩʚʷʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʢʘʞʜʦʛʦ 
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ʧʦʣʠʪʠʧʘ, ʭʦʪʷ ʦʙʳʯʥʦ ʵʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ 

ʧʦʣʠʪʠʧʦʚ SiC ʦʞʠʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʵʥʝʨʛʠʷʭ. 

ʆʜʥʘʢʦ, ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʜʣʠʥʳ ʩʚʷʟʠ ʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʪʠʧ 

2H ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʘʶʱʝʡ ʟʦʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʠʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʩʚʷʟʠ. 

ʀʟ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʧʦʣʠʪʠʧʘʤʠ ʷʚʣʷʶʪʩʷ 2ʅ ʠ 3ʉ [47]. ʆʜʥʘʢʦ 

ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

1673õ2273 ʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʣʝʛʢʦʤʫ ʟʘʨʦʞʜʝʥʠʶ ʠ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʦʨʤʦʡ [48]. 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʘʨʘʤʝʪʨʳ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ [2, c. 20] 

 

ʂʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʪʘʢʠʭ ʨʘʙʦʪ ʢʘʢ [47, c. 15], ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʫʪʝʤ ʩʰʠʚʢʠ ʣʠʙʦ ʩʦʚʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʦʨʬʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʠʟ ʥʘʥʦʩʪʫʢʪʫʨ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʋʩʣʦʚʠʝʤ ʜʣʷ ʪʘʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚʩʝʭ ʘʪʦʤʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ. ʌʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʴʥʳʤ ʩʠʥʪʝʟʦʤ, 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʆʜʥʘʢʦ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ 

ʷʚʣʷʝʪʩʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʩʣʦʡ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʪʠʧʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ 

ʠʟ: 1) ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ; 2) ʯʝʪʳʨʝʭ ʠ ʚʦʩʴʤʠʫʛʦʣʴʥʠʢʦʚ; 3) ʯʝʪʳʨʝʭ, ʚʦʩʴʤʠ ʠ 

ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʠʢʦʚ [49-54]. 
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ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʦʣʠʪʠʧʳ ʠʛʨʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [35, c. 85, 37, c. 192, 

42, c. 106] ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɓ-SiC ʠ Ŭ-SiC 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʞʠʜʢʦʬʘʟʥʳʤ ʩʧʝʢʘʥʠʝʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ Ŭ-SiC ʧʦʨʦʰʦʢ, ʦʙʨʘʟʫʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ, ʛʜʝ ʩʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ 1,4. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɓ-SiC ʧʦʨʦʰʦʢ, ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʘ ʠʤʝʥʥʦ ʧʝʨʝʭʦʜ ɓŸŬ. ɼʘʥʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʟʝʨʝʥ SiC ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ 

ʟʝʨʥʘ ʢ ʝʛʦ ʜʠʘʤʝʪʨʫ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 3,8. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʦʩʪʘ ʟʝʨʝʥ SiC ʩ ʚʳʩʦʢʠʤ 

ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ. ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʦʰʢʠ ɓ-SiC ʠ Ŭ-SiC ʤʦʜʠʬʠʢʘʮʠʡ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʧʦʨʷʜʢʘ 0,5 ʠ 0,6 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʜʚʝ ʧʘʨʪʠʠ ʧʦʨʦʰʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 73,86 ʤʘʩ. % SiC ʩ ɓ ʣʠʙʦ Ŭ 

ʬʘʟʘʤʠ, 14,92 ʤʘʩ. % Al2O3 ʠ 11,22 ʤʘʩ. % Y2O3. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʜʦʙʘʚʢʠ ʧʨʠʤʝʥʷʣʩʷ ʧʦʨʦʰʦʢ ʠʟ Al2O3, Y2O3 ʣʠʙʦ 5Al2O3Ŀ3Y2O3. ʆʪʞʠʛ 

ʧʨʦʚʦʜʠʣʩ ̫ʚ ʪʝʯʝʥʠʝ 0,5 ï 7,0 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1950 ÁC ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ [40, c. 

283, 41, c. 70]. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [42, c. 107], ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 1850 

ÁC ʜʦ 1900 ÁC, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʁ . ʊʘʢ ʞʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ SiC, ʧʦʣʫʯʝʥʥʳʡ ʞʠʜʢʦʬʘʟʥʳʤ ʩʧʝʢʘʥʠʝʤ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʠʩʪʠʨʘʝʤʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʟʫʯʝʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʫ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 ÁC. ʊʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʤʝʥʝʝ 1 ʯ ʚ ʦʙʨʘʟʮʘʭ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʦʩʥʳʤʠ ʟʝʨʥʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ Ŭ-SiC ʠ ɓ-SiC ʧʦʩʣʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠʚʝʜʝʥʘ ʚ ʚʠʜʝ 

ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4ʙ ʧʣʘʩʪʠʥʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʨʦʥʘʤʠ, 

ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 4ʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ɓ-SiC ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʳʪʷʥʫʪʳʤʠ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʝ 4, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪ ɓ ʢ Ŭ. 
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ʆʜʥʘʢʦ, ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 

ʥʝ ʤʝʥʝʝ 3-4 ʯ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

 

 
ʈʠʩʫʥʦʢ 4 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ [42, c.108] 

 

ɺ ʨʘʙʦʪʝ [43, c. 225] ʘʚʪʦʨʳ ʧʨʦʧʠʪʳʚʘʶʪ ʫʛʣʝʨʦʜʠʩʪʫʶ ʦʩʥʦʚʫ ʞʠʜʢʠʤ 

ʢʨʝʤʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʨʝʤʥʠʷ ʚ ʫʛʣʝʨʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘ 

ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

   
ɺʳʜʝʨʞʢʘ ʚ ʪʝʯʝʥʠʠ  

7 ʤʠʥ 

ɺʳʜʝʨʞʢʘ ʚ ʪʝʯʝʥʠʠ  

90 ʤʠʥ 

ɺʳʜʝʨʞʢʘ ʚ ʪʝʯʝʥʠʠ  

24 ʯ 

 

ʈʠʩʫʥʦʢ 5 ï ʇʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʩʧʝʢʘʥʠʠ 

ʞʠʜʢʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ [43, c. 226] 

 

ʉʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 5) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ 

ʦʜʥʦʨʦʜʥʘ, ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʞʥʳʭ, ʠ ʙʝʩʧʦʨʷʜʦʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʢʘʢ 

ʢʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ɓ-ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ SiC. ʉʧʣʦʰʥʦʡ ʩʣʦʡ SiC 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʝʨʦʭʦʚʘʪʳʡ ʤʦʥʦʩʣʦʡ ʩʣʫʯʘʡʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ SiC ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʣʦʷ SiC ʦʯʝʥʴ 
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ʚʳʩʦʢʘ. ʊʦʣʱʠʥʘ 4 ʤʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʤʝʥʝʝ 5 ʤʠʥʫʪ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ 

ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ, ʘ ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʤʤ ʯʝʨʝʟ 1 ʯʘʩ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʞʠʜʢʠʤ ʢʨʝʤʥʠʝʤ ʠ 

ʫʛʣʝʨʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʧʷʪʠ ʤʠʥʫʪ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʩʠʣʠʮʠʨʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1 ʯʘʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʤʠʥʫʪʳ 

ʢʦʥʪʘʢʪʘ, ʪ.ʝ. ʧʝʨʚʠʯʥʳʡ ʩʣʦʡ SiC ʦʪʜʝʣʷʝʪ ʞʠʜʢʠʡ ʢʨʝʤʥʠʡ ʦʪ ʫʛʣʝʨʦʜʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʨʝʘʢʮʠʶ [40, c.283]. 

ʆʜʥʘʢʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʞʠʜʢʦʬʘʟʥʳʤ 

ʩʧʝʢʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ, ʧʦʨʷʜʢʘ 24 ʯ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʠʣʠʮʠʨʦʚʘʥʠʷ. 

ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ [40, c. 283, 41, c. 70, 42, c. 105, 43, c. 225] ʠʟʫʯʠʣ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʧʝʯʝʥʥʦʡ ʞʠʜʢʦʬʘʟʥʳʤ 

ʤʝʪʦʜʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʚʪʦʨ rʧʳʪʘʣʠʩʴ ʫʣʫʯʰʠʪ ɹʤʝʞʘʪʦʤʥʳʝ ʩʚʷʟʠ ʚ ʢʘʨʙʠʜʝ 

ʢʨʝʤʥʠʷ ʟʘ ʩʯʝʪ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʧʝʯʝʥʥʦʡ 

ʞʠʜʢʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ [42] 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʘʢʦ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ, ʠʟʤʝʥʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʩʪʠʥʯʘʪʳʭ ʟʝʨʝʥ, 

ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʘ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [55-59] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ 

SiC/C, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʝ ɓ-SiC. ʇʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ Ŭ-SiC ʠ ɓ-SiC, 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʩʣʝ 3 ʯ ʚʳʜʝʨʞʢʠ (ʨʠʩʫʥʦʢ 7). 
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ʘ) ʇʦʩʣʝ 3 ʯ ʚʳʜʝʨʞʢʠ ʙ) ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1350Á 

 

ʈʠʩʫʥʦʢ 7 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ [44,  

c. 337] 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʠʪʠʧʦʚ. ɸʪʦʤʳ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ sp3-ʛʠʙʨʠʜʠʟʘʮʠʠ. ʂ ʧʦʣʠʪʠʧʠʟʤʫ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʧʨʠʚʦʜʠʪ ʪʦ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʝʤʫ ʭʘʨʘʢʪʝʨʝʥ 

ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ, ʘ ʠʤʝʥʥʦ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʷʟʠ ʪʦʣʴʢʦ ʩ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʥʘʦʙʦʨʦʪ, ʦʜʥʘʢʦ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ [52, c. 1236, 53, c. 2656, 55, c. 1632]. 

ɼʘʥʥʳʝ ʦʪʣʠʯʠʷ ʠʤʝʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʣʠʪʠʧ. ʉʪʨʫʢʪʫʨʥʳʝ ʦʪʣʠʯʠʷ ʧʦʣʠʪʠʧʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʚʩʝʭ ʝʛʦ ʩʚʦʡʩʪʚʘʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʪ.ʜ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʠʪʠʧʘ ʤʘʪʝʨʠʘʣʘ. 

 

1.2 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʦʣʫʯʘʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʰʠʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʨʘʟʚʠʪʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʠ ʚʩʝʛʦ ʤʠʨʘ. ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ 

ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiC ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʠʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʘʢ ʥʠʟʢʘʷ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, 

ʠʟʛʠʙʝ, ʨʘʟʨʳʚʝ ʠ ʪ.ʜ. [60-61]. ʉʨʝʜʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʜʝʣʴʥʫ  ʁʪʝʧʣʦʝʤʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [62-64]. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [9, c. 89, 65], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʥʘʤ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2,10 ʜʦ 

3,15 ʛ/ʩʤ
3
, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʦʪ 120 ʜʦ 4200 ʄʇʘ, ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʦʪ 
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70 ʜʦ 410 ʄʇʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʣʝʞʠʪ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 110 ʜʦ 170 ɺʪ/ʤʂ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʪ 95 ʜʦ 

430 ɻʇʘ. ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʩʧʦʩʦʙʘʭ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʠʭ ʘʥʘʣʠʟʝ. 

ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 20Á ʜʦ 1500 Áʉ [66-69]. 

ɺʘʞʥʦ ʟʥʘʪʴ ʠ ʧʨʠʨʦʜʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɼʘʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʤʫʘʩʩʘʥʠʪʘ, ʨʝʜʢʦʛʦ ʤʠʥʝʨʘʣʘ ʢʣʘʩʩʘ ʧʨʠʨʦʜʥʳʭ 

ʢʘʨʙʠʜʦʚ ʩʦʩʪʘʚʘ SiC. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ 

ʧʦʜʦʙʥʳʤ ʘʣʤʘʟʫ ʙʣʝʩʢʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʯʝʥʴ 

ʤʘʣʦ ʠ ʝʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʣʠʰʴ ʥʘ ʥʝʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʢʦʨʫʥʜʘ, ʘ ʪʘʢʞʝ ʚ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʤʝʪʝʦʨʠʪʦʚ. ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʦʪʢʨʳʪ ʚ 1893 ʛʦʜʫ ʚ 

ɸʨʠʟʦʥʝ ʌʝʨʜʠʥʘʥʜʦʤ ɸʥʨʠ ʄʫʘʩʩʘʥʦʤ, ʠ ʫʞʝ ʚ 1905 ʛʦʜʫ ʤʠʥʝʨʘʣ ʙʳʣ ʥʘʟʚʘʥ 

ʚ ʝʛʦ ʯʝʩʪʴ [70]. ʇʣʦʪʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʤʫʘʩʩʘʥʠʪʘ, 

ʩʦʩʪʘʚʣʷʝʪ 3,21 ʛ/ʩʤ
3
. 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʞʝ ʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʚʣʠʷʶʪ ʥʘ ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʂ ʧʨʠʤʝʨʫ, ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʟʦʣʴ-ʛʝʣʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1,86 ʛ/ʩʤ
3
, ʪ.ʝ. 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʦʨʠʩʪʳʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʣʠʝʚʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ [71-74]. ɼʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʡ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ɸʯʝʩʦʥʘ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʡ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʢʘʢ ʪʨʝʥʠʝ. ɺ ʨʘʙʦʪʝ [75-76] ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʬʨʠʢʮʠʦʥʥʳʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʟʦʫʛʣʝʨʦʜʥʳʭ ʤʠʢʨʦʰʘʨʠʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʣʠʮʠʨʦʚʘʥʥʳʤ ʛʨʘʬʠʪʦʤ, ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʨʠʩʫʥʦʢ 8). 
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ʈʠʩʫʥʦʢ 8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʛʨʘʬʠʪʘ (ʘ) ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ [74, c. 1818] 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [74, c.1818, 75, c. 23, 76, c. 25] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʘʭ 20 ï 60 ʅ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,15 ʜʦ 0,26. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪɹ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʛʨʘʬʠʪʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 0,26 ʧʨʠ 20 ʅ ʜʦ 

0,15 ʧʨʠ 60 ʅ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʘ ʠʤʝʥʥʦ, ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʣʠʮʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠ ̫ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʳʯʥʦʤʫ ʛʨʘʬʠʪʫ. ʇʨʠ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʪʨʝʥʠʝ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ ʜʦʩʪʠʛʘʣʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʠʢʘ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ 2 ʤʠʥ ʣʠʥʠʷ ʩʛʣʘʞʠʚʘʣʘʩʴ; ʩʠʣʘ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʠ 

ʚʳʭʦʜʠʣʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ. ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ 

ʙʳʣʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʤʠ, ʘ ʠʤʝʥʥʦ (0,375 ï 0,40) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʢʘʟʘʣʠʩʴ 

ʫʞʝ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʧʨʠʣʦʞʝʥʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ (20ï60 ʅ). 

ɺ ʨʘʙʦʪʝ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ [74, c.1819, 75, c. 25] ʧʨʝʜʩʪʚʘʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʫʭʦʤʫ ʪʨʝʥʠʶ ʠ ʠʟʥʦʩʫ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʰʘʨʘʤʠ Si3N4, Al2O3, ZrO2 ʠ WC-Co ʧʨʠ 

ʥʘʛʨʫʟʢʝ 5 ʅ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ SiC ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,5-0,65 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʰʘʨʠʢʫ ʠʟ Al2O3, ʚ ʧʨʝʜʝʣʘʭ 0,62-0,67 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Si3N4. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ SiC ʩ ʪʦʥʢʦʡ ʛʣʦʙʫʣʷʨʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠʤʝʣʠ 

ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ, ʯʝʤ ʤʘʪʝʨʠʘʣʳ SiC 

ʩ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʩʪʝʨʞʥʝʚʠʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ 

ʘʥʘʣʦʛʦʤ ZrO2 ʠ WC-Co ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ SiC ʫʤʝʥʴʰʠʣʘʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ Si3N4 ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ SiC ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥ 

ʧʦʨʷʜʦʢ ʚʳʰʝ. 

ɺ ʨʘʙʦʪʝ [76, c. 25] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ɿʘ ʦʩʥʦʚʳ ʙʳʣʘ ʚʟʷʪʘ ʢʝʨʘʤʠʢʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʪʘʢʦʡ ʢʘʢ ʫʜʣʠʥʝʥʥʳʝ ʟʝʨʥʘ SiC, ʢʨʫʧʥʳʝ ʨʘʚʥʦʦʩʥʳʝ ʟʝʨʥʘ 

SiC ʠ ʤʝʣʢʠʝ ʨʘʚʥʦʦʩʥʳʝ ʟʝʨʥʘ SiC, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 9. 
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ʈʠʩʫʥʦʢ 9 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʟʝʨʝʥ [77] 

 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʢʝʨʘʤʠʢʠ SiC ʩ ʫʜʣʠʥʝʥʥʳʤ ʟʝʨʥʦʤ 

ʙʳʣʘ ʣʫʯʰʝ, ʯʝʤ ʫ ʨʘʚʥʦʦʩʥʦʡ ʢʝʨʘʤʠʢʠ SiC, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʞʝʩʪʢʦʡ 

ʩʪʨʫʢʪʫʨʝ. 

ʄʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [77, c.1242] ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʥʦʩʘ ʧʨʠ ʪʨʝʥʠʠ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʟʥʘʰʠʚʘʥʠʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ 

ʜʝʬʦʨʤʘʮʠʝʡ, ʚʥʫʪʨʠ ʟʝʨʝʥ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʕʪʦ ʧʦʚʨʝʞʜʝʥʠʝ ʠʤʝʝʪ ʚʠʜ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 

ʩʢʦʧʣʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

 

1.3 ʄʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ ʚʩʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʟʘʚʠʩʷʪ 

ʦʪ ʝʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʧʝʨʚʳʤ, ʢʪʦ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʕʜʚʘʨʜ ɻʫʜʨʠʯ ɸʯʝʩʦʥ ʚ 1893 ʛʦʜʫ. ʆʥ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ SiC ʛʨʘʬʠʪʦʤ ʠʟ SiO2, ʘ ʪʘʢʞʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ 
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ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʝʯʴ, ʚ ʢʦʪʦʨʦʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʧʦʣʫʯʘʶʪ ʜʦ ʩʠʭ ʧʦʨ. ʆʜʥʘʢʦ 

ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʙʣʝʪʩʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʦʜʥʘʢʦ, ʧʦ ʩʫʱʝʩʪʚʫ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʩ ʤʦʤʝʥʪʘ ʝʝ ʨʘʟʨʘʙʦʪʢʠ ʕʜʚʘʨʜʦʤ ɸʯʝʩʦʥʦʤ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʛʨʘʬʠʪʦʚʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʩʧʝʢʘʥʠʝʤ ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ɺ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʢʪʨʦʧʝʯʘʭ ɸʯʝʩʦʥʘ ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴ ï 

ʢʝʨʥ ï ʧʨʦʧʫʩʢʘʝʪʩʷ ʪʦʢ ʧʦʨʷʜʢʘ 100 ʢɸ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʪʝʧʣʘ. 

ʂʝʨʥ ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʙʣʦʢʦʚ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʚ ʚʠʜʝ ʩʤʝʩʠ SiO2 

(ʧʨʠʨʦʜʥʦʛʦ ʧʝʩʢʘ) ʠ C (ʛʨʘʬʠʪʘ, ʢʦʢʩʘ) ʧʦʤʝʱʘʶʪ ʚ ʬʦʨʤʝ ʧʦʣʫʮʠʣʠʥʜʨʘ 

ʚʦʢʨʫʛ ʥʘʛʨʝʚʘʪʝʣʷ. ʊʝʧʣʦʚʘʷ ʠʟʦʣʷʮʠʷ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʦʷ 

ʧʝʩʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʩʠ ʧʨʝʢʫʨʩʦʨʦʚ. ʇʨʠ ʥʘʛʨʝʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 2500 ï 2600 Áʉ ʚʦʢʨʫʛ ʢʝʨʥʘ ʦʙʨʘʟʫʶʪʩʷ ʟʦʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʡ ʯʠʩʪʦʪʳ ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʘʣʝʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦ ʟʦʥʘʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ. 

ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʃʝʣʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʘʨʝʥʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2500 ï 2600 Áʉ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʥʘ 

ʩʣʫʯʘʡʥʳʭ ʟʘʨʦʜʳʰʘʭ. ʆʙʳʯʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʃʝʣʠ ʠʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʧʨʝʩʩʫʶʪ ʚʪʫʣʢʫ, ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʶʪ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ. ʅʘ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʚʪʫʣʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ, ʯʝʤ ʥʘ ʚʥʝʰʥʠʭ ʧʨʠʤʝʨʥʦ ʥʘ 50 

ï 70 Áʉ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʚ ʧʦʣʦʩʪʠ ʚʪʫʣʢʠ ʠ ʩʧʦʥʪʘʥʥʦʤʫ 

ʨʦʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʦʜʳʰʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʢʫ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʨʫʟ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ SiC, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʦʩʥʦʚʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ. ʊʘʢ, ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ï 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʥʝʧʨʷʤʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʧʦʣʠʪʠʧʘ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʥʴ ʚʝʣʠʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʨʦʩʣʦ, ʦʜʥʘʢʦ, ʩʫʪʴ ʦʩʪʘʝʪʩʷ 

ʝʜʠʥʦʡ: ʩʧʝʢʘʥʠʝ ʰʠʭʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʦʥʝʯʥʦ, ʩʧʝʢʘʥʠʝ ʪʦʣʴʢʦ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʜʘʝʪ ʥʘʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʚʩʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʷʪ ʠʤʝʥʥʦ ʦʪ ʥʝʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʘʥʠʷ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʘʢʦ 

ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1100 Áʉ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʤʘʪʝʨʠʘʣʘ ï ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. 
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1.4 ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʝʨʘʤʠʢʠ ʠʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ: ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʝʨʘʤʠʢʘ, ʧʝʨʝʜʦʚʳʝ ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʘʙʨʘʟʠʚʳ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʩʳʨʴʝ. ʉʳʨʴʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʤʦʞʝʪ 

ʧʦʩʪʘʚʣʷʪʴʩʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʦ ʝʛʦ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ ʧʨʦʜʫʢʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʝʱʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʪʘʧʦʚ [78-80]. 

ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʠʤ ʢ 

ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʪʘʥʦʚʢʘʭ ʛʘʟʠʬʠʢʘʮʠʠ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʫʟʣʘʭ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ [81-86]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʫʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ʋʯʝʥʳʝ ʚʩʝʛʦ ʤʠʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʟʘʤʝʥʠʪʴ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʩʪʘʣʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʠ [87-89]. ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ 

ʢʝʨʘʤʠʢʘ ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʤʘʪʝʨʠʘʣʘʤ 

ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʘʢʪʦʨʦʚ [90-92]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʆʢʨʠʜʞʩʢʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (Oak Ridge National Laboratory) ʉʐɸ, ʢʦʪʦʨʘʷ ʫʞʝ 

ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʦʪʥʠ ʨʘʙʦʪ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 

ʆʩʪʘʥʦʚʠʤ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ʜʣʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʪʦʤʥʦʡ ʠ ʷʜʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʦʯʝʥʴ ʚʘʞʥʦ 

ʟʥʘʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ: 

ï ʚʠʜ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ; 

ï ʚʝʣʠʯʠʥʘ ʠ ʤʦʱʥʦʩʪʴ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ; 

ï ʨʝʞʠʤ ʦʙʣʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʠʣʠ ʠʤʧʫʣʴʩʥʦʝ, 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʠʣʠ ʜʣʠʪʝʣʴʥʦʝ; 

ï ʫʩʣʦʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʤʘʛʥʠʪʥʦʝ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ; 

ï ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʜʨʫʛʦʝ [93, 94]. 

ʉʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨ,r ʢʘʢ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʘʥʠʟʦʪʨʦʧʠʷ ʠ ʪ.ʜ. [95-97]. 

ɸʥʠʟʦʪʨʦʧʠʷ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʞʝ ʥʘʣʠʯʠʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʘʟ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤ, ʢʘʢ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ [98]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʜʦʚ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁ

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 
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ʜʦ 40 ʩʥʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 300 ÁC ʜʦ 800 ÁC [83]. ʇʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʢʘʟʘʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʤʝʥʥʦ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʟʤʝʥʠʣʘʩʴ ʥʘ 2,5 %, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ 

ʨʠʩʫʥʢʝ 10. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ÁC ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʛʠʙʝ ʥʝ ʠʟʤʝʥʠʣʩʷ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 11, ʘ ʪʘʢʞʝ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650 ÁC [99]. 

 
 

ʈʠʩʫʥʦʢ 10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢ ʦʪ ʜʦʟʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨ rʦʙʣʫʯʝʥʠʷ [82] 
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ʈʠʩʫʥʦʢ 11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  

ʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ [80, c. 567] 

 

ʊʘʢʞʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʨʠʩʫʥʢʦʚ 12 ʠ 13 ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʜʦ 40 ʩʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪ 300 ÁC ʜʦ 800 ÁC ʥʘʙʣʶʜʘʶʪʩʷ ʵʬʬʝʢʪʳ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʪ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [80, c. 568] 
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ʈʠʩʫʥʦʢ 13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʦʙʨʘʟʮʦʚ [80, c. 569] 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʠʟ-ʟʘ 

ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʝʨʘʤʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʘʤʦʤʫ 

ʤʘʪʝʨʠʘʣʫ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [82-83]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʪʨʝʙʫʶʪʩʷ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʫʨʦʚʝʥʴ ʜʝʬʝʢʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʘʥʠʨʫʶʱʝʛʦ (SEM) ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (HR-TEM), 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (XRD), ʠ ʤʠʢʨʦ-ʈʦʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʦʮʝʥʠʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʠ ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʤʠʢʨʦʜʝʬʝʢʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʪʨʝʱʠʥ. 

ʀʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ SiC ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ (ʨʠʩʫʥʦʢ 14) [85, c. 18. 86, c. 152, 87-88]. 
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ʈʠʩʫʥʦʢ 14 ï ʈʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʝʘʢʪʦʨʘʭ [83] 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʩʪʘʣʠ, ʢʦʪʦʨʳʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʠ. 

 

1.5 ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʦʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʦʟʚʦʣʷʝʪ ʝʤʫ 

ʠʤʝʪʴ ʪʘʢʠʝ ʢʘʯʝʩʪʚʘ ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʨʤʦʧʨʦʯʥʦʩʪʴ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ, ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʟʦʙʨʝʪʝʥʥʳʡ 

ʙʦʣʝʝ 50 ʣʝʪ ʥʘʟʘʜ ʤʝʪʦʜ ʧʨʦʧʠʪʢʠ ʛʨʘʬʠʪʦʚʦʡ ʦʩʥʦʚʳ ʞʠʜʢʠʤ ʢʨʝʤʥʠʝʤ 

ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʝʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʤʦʞʝʪ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʭ ʥʝ ʫʩʪʫʧʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: 

- ʧʦʣʫʯʠʪʴ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ; 

- ʧʦʣʫʯʠʪʴ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ ʤʝʪʦʜʦʤ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ; 

- ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ SiC, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʀʇʉ; 

- ʠʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 



31 
 

2 ʄɸʊɽʈʀɸʃʓ, ʆɹʆʈʋɼʆɺɸʅʀɽ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʢʦʥʩʦʣʠʜʘʮʠʠ. 

ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʣʫʯʝʥʠ ʁ

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʧʝʢʘʥʠʝʤ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. 

 

2.1 ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʄɸ ʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʄɸ ʠ ʀʇʉ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

- ʧʦʨʦʰʦʢ ʢʨʝʤʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 2169-69; 

- ʛʨʘʬʠʪ ʠʟʤʝʣʴʯʝʥʥʳʡ ʪʠʛʝʣʴʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 17022-81. 

 

2.2 ʉʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʠ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʧʦʨʦʰʢʦʚ ʢʨʝʤʥʠʷ ʠ ʛʨʘʬʠʪʘ. ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʟʘʛʨʫʞʘʝʤʦʡ ʰʠʭʪʳ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ: 

 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ Si + C Ÿ SiC 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ 

1 ʤʦʣ ɹ  1 ʤʦʣʴ  1 ʤʦʣʴ 

ʄʦʣʷʨʥʳʝ ʤʘʩʩʳ  28 ʛ/ʤʦʣʴ  12 ʛ/ʤʦʣʴ  40 ʛ/ʤʦʣʴ 

ʄʘʩʩʳ ʚʝʱʝʩʪʚ ʭ(Si)ʠʩʭ  ʭ(ʉ)ʠʩʭ  8 ʛʨ 

 

ʄʘʩʩʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 1. 

 

 
(1) 

 

ʛʜʝ ʄ1 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʭʦʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ; 

ʄ2 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ; 

m ï ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

 

 
(2) 
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ʛʜʝ ʍ1 ï ʤʘʩʩʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʘʪʝʨʠʘʣʘ; 

m ï ʤʘʩʩʘ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʈʘʩʯʝʪ: 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʨʦʰʦʢ SiC ʩ ʤʘʩʩʦʡ 8 ʛʨ ʠʤʝʝʪ ʦʙʱʫʶ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 

40 ʛ/ʤʦʣʴ, ʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ Si ʠ C ʧʨʠ ʵʪʦʤ ʨʘʚʥʳ 28 ʛ/ʤʦʣʴ ʠ 12 ʛ/ʤʦʣʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʩʩʳ Si ʠ ʉ. ʇʦʜʩʪʘʚʣʷʷ ʠʟʚʝʩʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ 1 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʤʘʩʩʘ Si ʨʘʚʥʘ 5,6 ʛ (ʬʦʨʤʫʣʘ 3), ʘ 

ʤʘʩʩʘ ʉ ʨʘʚʥʘ 2,4 ʛ (ʬʦʨʤʫʣʘ 4). 

 

 
(3) 

 

 
(4) 

 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ 

ʬʦʨʤʫʣʝ (2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Si ʠ ʉ ʚ ʤʘʪʝʨʠʘʣʝ ʨʘʚʥʦ 70 % ʠ 30 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

, (5) 

 

. (6) 

 

2.3 ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʧʝʢʘʥʠʝ 

 

2.3.1 ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʦʮʝʩʩ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʄɸ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩ ̫

ʰʘʨʦʚʳʝ ʠ ʧʣʘʥʝʪʘʨʥʳʝ ʤʝʣʴʥʠʮʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʝ ʠ ʪʦʥʢʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ, ʠʩʪʠʨʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʡ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ (ʰʘʨʦʚ), ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʤʝʰʠʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʤ ʤʘʪʝʨʠʘʣʘ 

[100-102]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʌʠʣʠʘʣʝ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ ʩ 

ʧʦʤʦʱʴʶ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʳ Retsch ʈʄ 100 ʉʄ, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʘʩʩʳ 

ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʢ ʤʘʩʩʝ ʤʝʣʶʱʠʭ ʪʝʣ 1:25. ʄɸ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʘʭ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʢʨʳʰʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʠʥʝʨʪʥʫʶ ʩʨʝʜʫ ʚ ʦʙʲʝʤʝ ʩʪʘʢʘʥʘ (ʘʨʛʦʥ, 0,6 ʄʇʘ), ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
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ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʠ. ʇʦʩʣʝ ʄɸ ʧʦʨʦʰʢʠ ʠʟʚʣʝʢʘʣʠ ʠʟ 

ʨʘʟʤʦʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʙʦʢʩʝ, ʛʜʝ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʠʥʝʨʪʥʘʷ ʩʨʝʜʘ. 

ʂʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʰʠʭʪʳ ʠʟʤʝʣʴʯʘʣʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʜʦ 

ʬʨʘʢʮʠʠ ʤʘʪʝʨʠʘʣʘ ʤʝʥʝʝ 50 ʤʢʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʤʝʥʝʝ 50 ʤʢʤ ʧʦʩʣʝʜʫʶʱʝʝ ʩʤʝʰʠʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʣʦʭʫʶ ʘʢʪʠʚʘʮʠʶ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ. 

ʄɸ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʯʝʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʥʘ 100 ï 200 Áʉ. 

ʉʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʦʧʨʝʜʝʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

- ʟʘʩʳʧʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʩʠ ʠ ʨʘʟʤʦʣʴʥʳʭ ʰʘʨʦʚ ʚ 

ʨʘʟʤʦʣʴʥʳʡ ʩʪʘʢʘʥ; 

- ʩʤʝʰʠʚʘʣʠ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪ rʚ ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ, ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʦʪ 80 ʜʦ 600 ʦʙ/ʤʠʥ; 

- ʧʦ ʦʢʦʥʯʘʥʠʠ ʩʤʝʰʠʚʘʥʠʷ, ʧʨʦʚʦʜʠʣʠ ʜʝʤʦʥʪʘʞ ʨʘʟʤʦʣʴʥʦʡ 

ʛʘʨʥʠʪʫʨʳ ʠ ʠʟʚʣʝʢʘʣʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠ ̫

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʘʥʠʷ ʤʝʪʦʜʘʤʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʀʇʉ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʄɸ ʙʳʣʘ ʠʜʝʥʪʠʯʥʦʡ ʢʘʢ ʜʣʷ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠ,̫ ʪʘʢ ʠ ʜʣʷ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. 

 

2.3.2 ʄʝʪʦʜʠʢʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʥʜʫʢʮʠʦʥʥʦʝ 

ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʀʥʜʫʢʮʠʦʥʥʦʝ ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʪʝʥʜʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʝʚʘ 

ɺʏɻ-135, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 15. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʦʟʜʘʥʘ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʣʘʤʧʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ1-60/0,066 ʠ ʛʝʨʤʝʪʠʯʥʦʡ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩ ʠʥʜʫʢʪʦʨʦʤ. ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʦʙʨʘʟʮʘʭ. 

ʋʩʪʘʥʦʚʢʘ ɺʏɻ-135 [103] ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʦʙʨʘʟʮʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʜʦ ʚʳʩʦʢʦʡ 

(ʧʦʨʷʜʢʘ 3000 Áʉ) ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʭʣʘʞʜʝʥʠʝʤ ʟʘ ʩʯʝʪ ʫʪʝʯʝʢ 

ʪʝʧʣʘ ʚ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ ʠʥʜʫʢʪʦʨ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ. 

ɼʣʷ ʚʳʚʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʠʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 

ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 16) ʦʩʥʘʱʝʥʘ ʨʝʟʝʨʚʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʨʦʭʦʜʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 15 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ɺʏɻ-135 
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1 ï ʚʥʫʪʨʝʥʥʠʡ ʢʦʞʫʭ ʩʠʣʦʚʦʛʦ ʢʦʨʧʫʩʘ; 2 ï ʚʥʝʰʥʠʡ ʢʦʞʫʭ ʩʠʣʦʚʦʛʦ ʢʦʨʧʫʩʘ;  

3 ï ʪʦʢʦʧʦʜʚʦʜ ʠʥʜʫʢʪʦʨʘ; 4 ï ʦʧʪʠʯʝʩʢʦʝ ʦʢʥʦ; 5 ï ʩʢʦʙʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʙʦʨʢʠ; 6 ï ʜʝʨʞʘʪʝʣʠ ʵʣʝʢʪʨʦʜʦʚ; 7 ï ʦʩʥʦʚʘʥʠʝ 

ʈʠʩʫʥʦʢ 16 ï ʈʘʙʦʯʘʷ ʢʘʤʝʨʘ ɺʏɻ-135 

 

ʂʦʤʧʣʝʢʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʩʠʩʪʝʤʫ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʫʶ ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʣʘʤʧʳ, ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʠ ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʨʘʙʦʯʝʡ 
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ʢʘʤʝʨʳ; ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ ʜʣʷ ʦʪʢʘʯʢʠ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ ʠ ʜʝʛʘʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ; ʩʠʩʪʝʤʫ ʟʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʠ ʦʨʛʘʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ ʚ ʢʘʤʝʨʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʨʘʪʦʨʘ. 

ɻʝʥʝʨʘʪʦʨ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʦʜʚʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʜʦ 60 ʢɺʪ ʢ ʠʥʜʫʢʪʦʨʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʘʥʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦ 

8 ʢɺ ʧʨʠ ʯʘʩʪʦʪʝ ʪʦʢʘ 66 ʢɻʮ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʘʥʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 400 ɺ. ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ɺʏɻ-135 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɺʳʩʦʪʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʤʤ 700 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʤʤ 600 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʧʘʨʳ, ʧʠʨʦʤʝʪʨʳ 

ʏʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ, ʢɻʮ 66 

ʈʘʟʤʝʨʳ ʠʥʜʫʢʪʦʨʘ, ʤʤ Å80³150, Å120³150 

ʄʘʩʩʘ ʟʘʛʨʫʞʘʝʤʦʡ ʰʠʭʪʳ, ʛ 100-200 

ʉʨʝʜʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʚʘʢʫʫʤ, ʘʨʛʦʥ 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʜʝʣʴʥʳʡ ʪʠʛʝʣʴ ʠʟ ʛʨʘʬʠʪʘ ʩ 

ʠʩʩʣʝʜʫʝʤʦʡ ʰʠʭʪʦʡ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʠʥʜʫʢʪʦʨʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ɹʦʢʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʛʝʣʴʥʦʡ ʩʙʦʨʢʠ ʟʘʢʨʳʚʘʝʪʩʷ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ 

ʚʦʡʣʦʢʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʝʞʚʠʪʢʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠʥʜʫʢʪʦʨʘ ʥʘ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʪʫʣʢʘ ʠʟ ʩʪʝʢʣʦʪʢʘʥʠ, ʧʨʦʧʠʪʘʥʥʘʷ 

ʦʢʠʩʴʶ ʮʠʨʢʦʥʠʷ ʥʘ ʩʠʣʠʢʘʪʥʦʡ ʩʚʷʟʢʝ. ʊʠʛʝʣʴʥʘʷ ʩʙʦʨʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʧʦʜʩʪʘʚʢʫ ʠʟ ʧʝʥʦʛʨʘʬʠʪʘ (ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʪʝʯʝʢ ʪʝʧʣʘ ʩʦ ʜʥʘ ʪʠʛʣʷ). ʉʚʝʨʭʫ 

ʪʠʛʝʣʴʥʘʷ ʩʙʦʨʢʘ ʟʘʢʨʳʚʘʝʪʩʷ ʢʨʳʰʢʦʡ ʩ ʦʪʚʝʨʩʪʠʷʤʠ. 

 

2.3.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʘʬʠʪʦʚʳʡ ʠ ʢʚʘʨʮʝʚʳʡ 

ʣʦʤ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʧʦʩʦʙʳ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʀʇʉ ʷʚʣʷʝʪʩʷ ʥʦʚʝʡʰʠʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄʝʪʦʜ ʀʇʉ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ [104-106]. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʧʦʨʦʰʢʦʚʫʶ ʩʤʝʩʴ/ʢʦʤʧʦʥʝʥʪ ʚʦʟʜʝʡʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɿʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʨʝʤʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʘʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 

15 ʤʠʥʫʪ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʦʩʪ ʟʝʨʝʥ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʢʘʢ ʠʟʚʝʩʪʥʦ ʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʫʣʫʯʰʘʝʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [107-108]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʜʘʚʣʝʥʠʝ ʥʘ 

ʧʦʣʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ ʠ ʧʠʨʦʤʝʪʨʦʚ, ʘ 

ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʩʳʧʢʫ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ. 

ʀʇʉ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ  

ʠʤ. ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ SPS Labox-1575 (Sinter Land Inc, 

ʗʧʦʥʠʷ). ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʀʇʉ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 17, 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2, ʘ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ SPS Labox 1575 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ 2000 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʩʞʘʪʠʷ, ʄʇʘ 150 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʭʦʜ ʧʦ ʦʩʠ Z, ʤʤ 150 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʪʦʢ, ɸ 7500 

ʈʘʙʦʯʘʷ ʘʪʤʦʩʬʝʨʘ  ʀʥʝʨʪʥʳʡ ʛʘʟ, ʚʘʢʫʫʤ, ʚʦʟʜʫʭ 

 

 
 

ʈʠʩʫʥʦʢ 17 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ Labox-1575 [109] 
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ʈʠʩʫʥʦʢ 18 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ SPS 

 

ʀʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚʩʪʨʦʝʥʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʠʨʦʤʝʪʨʘ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʧʨʝʩʩ-ʬʦʨʤʳ. 

 

2.4 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʥʘʛʨʝʚʦʤ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʡ ʨʘʙʦʪʳ. 

 

2.4.1 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʘʟ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʙʘʟʝ ʬʠʣʠʘʣʘ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ Empyrean ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Panalytical. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʪʦʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ Pixcell, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʯʝʪʘ, ʰʠʨʦʢʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʣʠʥʝʡʥʦʩʪʴʶ [110]. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ PIXcel1D ï ʩʢʘʥʠʨʫʶʱʠʡ ʣʠʥʝʡʥʳʡ ʜʝʪʝʢʪʦʨ 

(scanning line detector). ʀʟʣʫʯʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʩʲʝʤʢʘ ï ʤʝʜʥʳʡ  

(Cu KŬ); ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 45 ʢɺ, 40 ʤA ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ ʪʘʢʞʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʱʝʣʴ ʩ 

ʨʘʩʭʦʞʜʝʥʠʝʤ 1Á (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʱʝʣʠ ʨʘʩʭʦʞʜʝʥʠʷ ʜʦ ʬʦʢʫʩʘ ʪʨʫʙʢʠ 87 ʤʤ), 

ʘʥʪʠʨʘʩʩʝʠʚʘʶʱʘʷ ʱʝʣʴ ʩʦʩʪʘʚʠʣʘ 2Á, ʤʘʩʢʘ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʩ ʤʘʨʢʠʨʦʚʢʦʡ 

10, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʰʠʨʠʥʫ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ 9,9 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ 

ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ 23 ÁC. 

ʈʝʞʠʤ ʩʲʝʤʦʢ: ʨʘʟʤʝʨ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 0,026 Á2ɗ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 

240,8 ʩ, ʠʩʩʣʝʜʫʝʤʘʷ ʦʙʣʘʩʪʴ ʫʛʣʦʚ 2ɗ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 10Á ʜʦ 135Á. 

ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʆʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʠʩʢʘ çHighScoreè.  

ʆʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ ʧʠʢʦʚ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʩʝʚʜʦ-ʌʦʡʛʪʘ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʛʦʥ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʬʠʣʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʇʦʜʙʦʨ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʬʘʟʦʚʦʛʦ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʫʛʣʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ COD ʠ 

ʙʘʟʘ ʜʘʥʥʳʭ PDF-2 ICDD Release 2004. ʆʩʦʙʝʥʥʦʩʪʴʶ ʙʘʟʳ ʜʘʥʥʳʭ COD 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʢʘʨʪʦʯʢʘʭ ʵʪʘʣʦʥʦʚ ʜʘʥʥʳʭ ʫʛʣʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ ʜʦ  

90 Á2ɗ. 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʣʦʚʠʷ ɺʫʣʴʬʘ-ɹʨʵʛʛʘ. 

 

2.4.2 ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [111] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʘʢ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʪʘʢ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ 

ʌʠʣʠʘʣʘ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM-

6390 ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ JEOL ʦʩʥʘʱʝʥʥʳʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ʕɼʉ) JED-2300 ʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Vega-3 ʢʦʤʧʘʥʠʠ Tescan. 

ʀʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʦ 20 ʢɺ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʜʝʪʝʢʪʦʨʘʤʠ ʨʘʚʥʦ 10 ʤʤ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʝʟʵʪʘʣʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

 

2.4.3 ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠʤʝʥʷʣʩʷ 

ʧʨʦʩʚʝʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ çFEI Tecnai G2 20 TWINè. ɼʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʅɻʊʋ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 
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ʇʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʚʦʜʠʪʴ ʇʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ [111c. 66]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʥʘʤʠ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʘ, ʪʦ ʝʩʪʴ ʠʩʪʦʥʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

(ʧʣʝʥʢʠ) ʠʦʥʘʤʠ ʘʨʛʦʥʘ ʜʦ ʪʦʣʱʠʥʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 1 ʤʢʤ. ʇʘʨʘʤʝʪʨʳ 

ʠʦʥʥʦʛʦ ʧʫʯʢʘ: ʵʥʝʨʛʠʷ ʧʫʯʢʘ ʧʦʨʷʜʢʘ 25-30 ʢʵɺ, ʠʦʥʥʳʡ ʪʦʢ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 

2 ʥɸ ʜʦ 10 ʧɸ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʠʩʪʘʚʢʫ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ, 

ʠʤʝʶʱʘʷʩʷ ʚ ʤʘʪʝʨʠʘʣʝ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ 

ʧʦʤʦʱʴʶ ʪʝʤʥʦʧʦʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2, c.99]. 

 

2.4.4 ʇʣʦʪʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʌʠʣʠʘʣʝ 

çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ. 

ʇʦʨʠʩʪʦʩʪʴ ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʜʦʣʁ ʦʙʝ̡ʤʘ ʧʦʨ ʚ 

ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ.  

ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʦʤ ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʨ. ɼʘʥʥʳʡ ʚʠʜ ʧʦʨʠʩʪʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʥʘʩʳʱʝʥʠʷ ʧʦ 

ʇʨʝʦʙʨʘʞʝʥʩʢʦʤʫ [112-114]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʳʱʝʥʠʠ ʦʙʨʘʟʮʘ 

ʞʠʜʢʦʩʪʴʶ (ʢʝʨʦʩʠʥʦʤ/ʩʧʠʨʪʦʤ) ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʦʙʲʝʤʘ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʪɻʫ 

ʞʝ ʞʠʜʢʦʩʪʴ. 

ʈʘʟʥʦʩʪʴ ʚʝʩʦʚ ʥʘʩʳʱʝʥʥʦʛʦ ʠ ʩʫʭʦʛʦ ʦʙʨʘʟʮʦʚ, ʜʝʣʝʥʘʷ ʥʘ ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, ʜʘʝʪ ʦʙʲʝʤ ʧʦʨ: 

,
ʢ

cʥ
n

mm
V

r

-
=  (7) 

ʛʜʝ, mc ï ʤʘʩʩʘ ʩʫʭʦʛʦ (ʜʦ ʥʘʩʳʱʝʥʠʷ) ʦʙʨʘʟʮʘ ʚ ʚʦʟʜʫʭʝ, 

mʥ ï ʤʘʩʩʘ ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʦʟʜʫʭʝ, 

ɟʢ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʢʝʨʦʩʠʥʘ). 

ʈʘʟʥʦʩʪʴ ʚʝʩʦʚ ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʦʟʜʫʭʝ ʠ ʚ ʢʝʨʦʩʠʥʝ, ʜʝʣʝʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʜʘʝʪ ʝʛʦ ʦʙʲʝʤ: 

,
ʢ

ʥʢʥ
ʦʙʨ

mm
V

r

-
=  (8) 

ʛʜʝ, mʥʢ ï ʤʘʩʩʘ ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʢʝʨʦʩʠʥʝ, 

mʥ ï ʤʘʩʩʘ ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʦʟʜʫʭʝ, 

ɟʢ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ʆʪʥʦʰʝʥʠʝ Vn  ʠ Vʦʙʨ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʥʘʩʳʱʝʥʠʷ: 
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ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʅʠʞʝ ʠʟʣʦʞʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ: 

1) ɼʣʷ ʧʦʣʫʯʝʥʠʷ mʩ ʚ ʬʦʨʤʫʣʝ (10) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʳʡ ʦʙʨʘʟʝʮ 

ʚʟʚʝʰʠʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. 

2) ɼʣʷ ʧʦʣʫʯʝʥʠʷ mʥ ʚ ʬʦʨʤʫʣʝ (10): 

2.1) ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʦʩʫʜ ʥʘʧʦʣʥʝʥʥʳʡ ʢʝʨʦʩʠʥʦʤ; 

2.2) ʩʦʩʫʜ ʩ ʦʙʨʘʟʮʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʶʱʫʶʩʷ 
ʢʘʤʝʨʫ, ʩʦʝʜʠʥʝʥʥʫʶ ʩ ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ; 

2.3) ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʢʘʯʢʘ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 
ʫʜʘʣʝʥʠʝ ʚʦʟʜʫʭʘ ʠʟ ʦʪʢʨʳʪʳʭ ʧʦʨ ʦʙʨʘʟʮʘ ʠ ʥʘʩʳʱʝʥʠʝ ʝʛʦ ʢʝʨʦʩʠʥʦʤ; 

2.4) ʥʘʩʳʱʝʥʥʳʡ ʦʙʨʘʟʝʮ ʚʳʥʠʤʘʶʪ, ʦʩʚʦʙʦʞʜʘʶʪ ʦʪ ʠʟʙʳʪʢʘ ʞʠʜʢʦʩʪʠ 
ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʘ ʦʙʪʠʨʘʥʠʝʤ ʩʫʭʦʡ ʤʷʛʢʦʡ ʪʢʘʥʴʶ ʠ ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʩʫ 

ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ. 

3)  ɼʣʷ ʧʦʣʫʯʝʥʠʷ mʥʢ ʚ ʬʦʨʤʫʣʝ (10) ʦʙʨʘʟʝʮ ʚʟʚʝʰʠʚʘʝʪʩʷ ʚ ʢʝʨʦʩʠʥʝ, ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ʦʙʦʨʫʜʦʚʘʥʥr ʭ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ɼʣʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʯʠʪʘʪʴ ʠʭ ʧʦʛʨʝʰʥʦʩʪʠ. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʚʝʣʠʯʠʥ: ʤʘʩʩʳ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ï mʩ, ʤʘʩʩʳ ʥʘʩʳʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ - Hm , ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʢʝʨʦʩʠʥʦʤ - HKm . 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
22 )()( AStx x +=D a  (10) 

ʛʜʝ, at ï ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ (ʜʣʷ 9-ʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ 95 % - 8331,19;95 =t ), 

xS ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, 

ɸ ï ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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ʛʜʝix  ï ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, 

x  ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, 

n  ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ï 0,00005 ʛ. 

ɿʥʘʯʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ - ʦʇ, ʧʣʦʪʥʦʩʪʠ - ʦʙʨr , ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʩʚʝʥʥʦ. ʇʦʛʨʝʰʥʦʩʪʴ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ F = ( x1, x2 é xn) ï ʬʫʥʢʮʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʩʚʝʥʥʦ-ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʝʣʠʯʠʥʳ, 

ixï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʠʤʝʶʱʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ixD  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ 

ʥʘʭʦʜʷʪʩʷ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ: 
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ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (12), ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ 

ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

.%100)
)(

()
)(

()( 2

2

2

2

2 Ö
-

-
D+

-

-
D+

-

D
-=D

ʥʢʥ

ʥʩ
ʥʢ

ʥʢʥ

ʥʢʩ
ʥ

ʥʢʥ

c
ʦ

mm

mm
m

mm

mm
m

mm

m
ʇ  (17) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ: 
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ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (12) ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʘ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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2.4.5 ʊʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʌʠʣʠʘʣʝ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ ʥʘ ʧʨʠʙʦʨʝ ʪʠʧʘ ʇʄʊ-3ʄ.  

ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ [115, 116]. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʙʦʚʦʜʛʦʪʦʚʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʜʘʚʣʠʚʘʶʪ ʘʣʤʘʟʥʳʡ ʠʥʜʝʥʪʦʨ ʚ 

ʚʠʜʝ ʯʝʪʳʨʝʭʛʨʘʥʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 136Ü. ʅʘʛʨʫʟʢʫ, ʨʘʚʥʫʶ 

ʧʦʨʷʜʢʘ ʈ=10õ1000 ʅ, ʫʜʝʨʞʠʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 
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ʚʨʝʤʷ, ʦʢʦʣʦ (10
-15

 ʩ) ʠ ʫʜʘʣʷʶʪ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ, ʠʟʤʝʨʷʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʠʘʛʦʥʘʣʠ ʥʘ ʦʪʧʝʯʘʪʢʝ, ʢʦʪʦʨʳʡ ʦʩʪʘʣʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʘʣʝʝ, ʦʧʨʝʜʝʣʷʶʪ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʘ, ʧʫʪʝʤ ʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ, ʠʟʤʝʨʷʝʤʫʶ ʚ ʢʛ, ʥʘ ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʠʨʘʤʠʜʥʦʛʦ ʦʪʧʝʯʘʪʢʘ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

,
8544,1

2C

P
H

Ö
=      (24) 

 

ʛʜʝ ʅ ï ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʅ/ʤʤ
2
);  

ʈ ï ʫʩʠʣʠʝ (ʅ);  

ʉ ï ʜʠʘʛʦʥʘʣʴ ʦʪʧʝʯʘʪʢʘ (ʤʢʤ).  

ɼʠʘʛʦʥʘʣʴ ʦʪʧʝʯʘʪʢʘ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʢʫʣʷʨʥʦʛʦ, ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʪʨʝʤ ʦʪʧʝʯʘʪʢʘʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʫʩʨʝʜʥʷʣʠʩʴ.  

 

2.4.6 ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʚʩʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ï ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʮʝʥʢʫ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʨʝʞʠʤʝ çʰʘʨ-ʜʠʩʢè. ɺʳʙʨʘʥʥʳʡ ʤʝʪʦʜ 

ʠʩʧʳʪʘʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʝʡ ʠʟ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʨʝʞʠʤʝ çʰʘʨ-ʜʠʩʢè ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ THT-S-AX0000 ʬʠʨʤʳ CSM Instruments ʚ 

çʎʝʥʪʨʝ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚè ʊʇʋ (ʊʦʤʩʢ, ʈʦʩʩʠʷ). ɺ ʭʦʜʝ 

ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʠʣʫ ʪʨʝʥʠʷ ʧʘʨʳ çʰʘʨ-ʜʠʩʢè. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

çMicro Measure 3D Stationè, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥʦ ʥʘ ʙʝʩʢʦʥʪʘʢʪʥʦʤ 

ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʬʠʨʤʦʡ çSTILè 

(ʌʨʘʥʮʠʷ), ʧʦʣʫʯʘʣʠ 3D-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʨʦʚʦʜʠʣʠ 

ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

ï ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʦʨʤ ʠ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ;  

ï ʠʟʤʝʨʝʥʠʝ ʧʣʦʱʘʜʠ ʪʨʝʢʘ ʠʟʥʦʩʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ.  

ʋʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ASTM G99 ( 

G99 ( 

 

ʊʘʙʣʠʮʘ 3). 

ʆʙʲʝʤ ʠʟʥʦʩʘ ʠ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʳʯʠʩʣʷʣʠ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [117]. 
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ʊʘʙʣʠʮʘ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʠʙʦʤʝʪʨʝ THT-S-AX0000  

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 0,034 

ʄʘʪʝʨʠʘʣ ʰʘʨʘ W, ʚʦʣʴʬʨʘʤ 

ʈʘʜʠʫʩ ʰʘʨʘ 3,00Ĭ10
-3
 

ɼʣʠʥʘ ʧʫʪʠ ʠʟʥʦʩʘ, ʤ 47,3 

ɺʨʝʤʷ ʠʟʥʦʩʘ, ʩ 1,4Ĭ10
3
 

ɺʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʅ 10 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ 25 

ʈʘʜʠʫʩ ʩʣʝʜʘ ʠʟʥʦʩʘ 2,5Ĭ10
-3
 

 

2.4.7 ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ TiniusOlsen 50ST ʚ ʌʠʣʠʘʣʝ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ. 

ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʦ ɻʆʉʊ 23775-79. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʪʥʦʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ, ʥʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʣʩʷ ʮʠʬʨʦʚʦʡ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʦʪʩʯʝʪʘ 0,01 ʤʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʟʘʭʚʘʪʘ ʨʘʚʥʦʡ 2 

ʤʤ/ʤʠʥ [118]. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ (ůʩʞ) ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

 
(25) 

 

ʛʜʝ P ï ʨʘʟʨʫʰʘʶʱʘʷ ʦʙʨʘʟʝʮ ʥʘʛʨʫʟʢʘ, ʄʅ;  

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (S) ʚ ʤʤ
2
 ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ: 

S = bĬh =ʘ
2
 ð ʜʣʷ ʢʫʙʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ; 

b ï ʰʠʨʠʥʘ ʦʙʨʘʟʮʘ, ʤ; 

h ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ, ʤ. 
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3 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʇʆʃʋʏɽʅʀʗ 

ʂɸʈɹʀɼʆʂʈɽʄʅʀɽɺʆʁ ʂɽʈɸʄʀʂʀ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʝʚʘ ʠ 

ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʅʘʤʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, 

ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠ ̫ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [119-120], ʘ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʩʧʦʩʦʙʘ (ʧʨʠʣʦʞʝʥʠʝ ɸ) ʠ ʘʢʪʳ ʚʥʝʜʨʝʥʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʬʠʣʠʘʣʘ ʀɸʕ 

(ʧʨʠʣʦʞʝʥʠʝ ɹ) ʠ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ 

ʛʦʨʦʜʘ ʉʝʤʝʡè (ʧʨʠʣʦʞʝʥʠʝ ɺ). 

 

3.1 ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʪʦʪʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦʪʘ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʠʩʭʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʠʭ ʯʠʩʪʦʪʫ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 19 ʠ 20. 

 

 

 
ʕʣʝʤ. ʂʵɺ ʄʘʩʩ % 

Si 1,74 98,43 

Al  1,48 1,57 

ɺʩʝʛʦ  100 
 

 

ʈʠʩʫʥʦʢ 19 ï ʕɼʉ ʘʥʘʣʠʟ ʢʨʝʤʥʠʷ 
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ʕʣʝʤ. ʂʵɺ ʄʘʩʩ % 

ʉ 0,27 99,15 

ʆ 0,52 0,85 

ɺʩʝʛʦ  100 
 

 

ʈʠʩʫʥʦʢ 20 ï ʕɼʉ ʘʥʘʣʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʣʦʤʘ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʕɼʉ ʘʥʘʣʠʟʘ ʢʨʝʤʥʠʷ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʘʣʶʤʠʥʠʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʶʤʠʥʠʶ ʠ ʢʨʝʤʥʠʶ ʦʯʝʥʴ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʳ, ʠ ʵʪʦ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʘʣʦʞʝʥʠʝʤ. 

ɺ ʛʨʘʬʠʪʝ ʞʝ ʧʨʠʩʫʪʩʪʚʫʪʁ ʚʩʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʭ ʫʛʣʫ. ʅʘʣʠʯʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ ʠ ʚ ʢʨʝʤʥʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʦʞʝʥʠʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʣʠʥʠʡ. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʘʣʠʯʠʷ ʬʘʟʳ ʦʢʠʩʠ 

ʢʨʝʤʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʦʥʝʥʪʝ. ʅʘ ʨʠʩʫʥʢʘʭ 21 ʠ 22 ʧʨʠʚʝʜʝʥʳ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʨʝʤʥʠʷ ʠ ʛʨʘʬʠʪʘ. 
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ʈʠʩʫʥʦʢ 21 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʨʝʤʥʠʷ 

 

 

ʈʠʩʫʥʦʢ 22 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʛʨʘʬʠʪʦʚʦʛʦ ʣʦʤʘ. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʪʦʪʘ ʢʨʝʤʥʠʷ ʠ ʛʨʘʬʠʪʦʚʦʛʦ ʣʦʤʘ ʦʯʝʥʴ ʚʳʩʦʢʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 99,998 %. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʠʩʭʦʜʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʭ ʫʛʣʦʚ, ʫʛʣʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʢʨʝʤʥʠʠ ʧʨʝʦʙʣʘʜʘʝʪ Ŭ-ʢʨʝʤʥʠʡ, ʦʜʥʘʢʦ ʝʩʪʴ ʠ ʩʣʝʜʳ 

ʧʨʠʩʫʪʩʪʚʠʷ ɓ-ʢʨʝʤʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʫʛʣʝʨʦʜʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʪʦ, ʯʪʦ ʦʥ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

çHighScoreè. ʀʜʝʥʪʠʬʠʢʘʮʠ ̫ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ rʜʘʥʥʳʭ Crystallography Open Database. 

ʏʠʩʪʦʪʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊʘʤ ʜʣʷ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʦʪʩʫʪʩʪʚʠʝ ʦʢʩʠʜʥʳʭ ʬʘʟ. 

 

3.2 ʇʦʣʫʯʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ʩʪʝʥʜʝ ɺʏɻ-135 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʪʘʢ ʛʨʘʬʠʪʦʚʳʡ ʣʦʤ ʠ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ɺʏɻ-135 ʩ ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʛʨʝʚʘ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʩʧʝʢʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: ʧʦʜʛʦʪʦʚʢʫ 

ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʣʴʯʝʥʠʝ, ʩʤʝʰʠʚʘʥʠʝ, ʧʨʝʩʩʦʚʘʥʠʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʧʝʢʘʥʠʝ [121-122]. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʧʝʢʘʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ.ʧ. 2.3.1. ʇʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʧʨʝʩʩʦʚʘʣʠ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ  

480-500 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʚ ʪʝʯʝʥʠʠ 30-35 ʤʠʥʫʪ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ 

ʟʘʛʦʪʦʚʢʠ ʧʦʤʝʱʘʣʠ ʚʥʫʪʨʴ ʛʨʘʬʠʪʦʚʦʛʦ ʪʠʛʣʷ, ʛʜʝ ʤʝʞʜʫ ʥʠʤʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʛʨʘʬʠʪʦʚʳʝ ʜʠʩʪʘʥʮʠʨʫʶʱʠʝ ʧʣʘʩʪʠʥʳ. ʇʦʣʫʯʝʥʥʫʶ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʩʙʦʨʢʫ ʧʦʤʝʱʘʣʠ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ 

ʩʪʝʥʜʘ ɺʏɻ-135, ʧʦʩʣʝ ʯʝʛʦ ʚ ʢʘʤʝʨʝ ʩʦʟʜʘʚʘʣʦʩʴ ʨʘʟʨʷʞʝʥʠʝ ʜʦ 10
-3
 ʇʘ, ʘ ʟʘʪʝʤ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ (ʘʨʛʦʥ) ʜʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 23. ɼʘʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʛʨʘʬʠʪʦʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. 
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ʈʠʩʫʥʦʢ 23 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʙʦʨʢʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ 

 

ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʷʣʩʷ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʫʛʣʝʨʦʜʦʤ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (26), ʠʟʤʝʥʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ɻʠʙʙʩʘ [123], ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (27), ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʫʛʣʝʨʦʜʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (28). 

 

SiO2+2CŸSi+2CO (26) 

 

ȹ = 697390-359,07 T (27) 

 

SiO2+3CŸSiC+2CO (28) 

 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ, ʪʝʦʨʝʪʠʯʝʩʢʠ, ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʨʝʤʥʝʟʝʤʘ ʪʚʝʨʜʳʤ ʫʛʣʝʨʦʜʦʤ ʥʝʦʙʭʦʜʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʷʜʢʘ 1550 Áʉ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʧʨʦʮʝʜʫʨʘ ʩʧʝʢʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʚʢʣʶʯʘʣʘ ʚ 

ʩʝʙʷ ʜʚʘ ʧʝʨʠʦʜʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 800 Áʉ ʩ 

ʚʳʜʝʨʞʢʦʡ ʦʢʦʣʦ 30 ʤʠʥʫʪ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʥʘʛʨʝʚ ʜʦ 1550-1600ÁÁʉ ʩ 

ʚʳʜʝʨʞʢʦʡ 90-100 ʤʠʥʫʪ. 

ʅʘ ʨʠʩʫʥʢʝ 24 ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʧʝʢʘʥʠʷ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʧʝʢʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʝʥʜʝ ɺʏɻ-135. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʙʦʨʢʠ ʠ ʧʨʠ ʧʦʤʦʱʠ ʧʠʨʦʤʝʪʨʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʝʡ  

ʩʪʝʥʜʘ ɺʏɻ-135. 

 

T, ÁC

t, ʤʠʥ

800

1550
1500

1600

t1 t2 t3 t4
 

ʘ) ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

 

 
ʙ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʞʠʤ 

 

ʈʠʩʫʥʦʢ 24 ï ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʥʘʛʨʝʚʘ 

 

ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʣʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʙʦʨʢʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʪʨʝʭʬʘʟʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʫʛʣʝʨʦʜ ʠ ʩʚʦʙʦʜʥʳʡ ʢʨʝʤʥʠʡ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 24 ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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3.3 ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ 

ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ 

ʩʧʝʢʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʀʇʉ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʀʇʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʛʨʘʬʠʪʦʚʳʝ ʧʫʘʥʩʦʥʳ. ɼʘʥʥʳʝ ʧʫʘʥʩʦʥʳ ʭʦʨʦʰʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʪʦʢʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ çʀʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʩʧʝʢʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ [124-125]. 

ʇʨʦʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ ʀʇʉ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ [126-127]. ʄʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʠʭʪʳ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʛʨʘʬʠʪʦʚʫʶ 

ʧʨʝʩʩ-ʬʦʨʤʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʧʨʝʩʩʦʚʳʚʘʣʠʩʴ ʩ ʫʩʠʣʠʝʤ ʨʘʚʥʳʤ 5ʢʅ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʣʫʯʰʝʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʩʧʝʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʣʝʛʢʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʫʘʥʩʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʛʨʘʬʠʪʦʚʘʷ ʧʨʝʩʩ-ʬʦʨʤʘ ʠ ʛʨʘʬʠʪʦʚʳʝ ʧʫʘʥʩʦʥʳ ʙʳʣʠ 

ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʩʧʝʢʘʝʤʦʡ ʩʤʝʩʠ ʛʨʘʬʠʪʦʚʦʡ ʙʫʤʘʛʦʡ ʪʦʣʱʠʥʦʡ 0,2 ʤʤ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʫʪʝʯʝʢ ʪʝʧʣʘ ʙʦʢʦʚʘ ̫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʩʩ-ʬʦʨʤʳ ʙʳʣʘ ʧʦʢʨʳʪʘ 

ʩʣʦʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ ʚʦʡʣʦʢʘ. ɼʘʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʰʠʭʪʘ 

ʧʦʤʝʱʘʣʘʩʴ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʀʇʉ. ʇʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʀʇʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4 ï ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʘʥʠʷ 

 

ˉ 

ʧ\ʧ 

ʅʘʟʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ 

T 

ʩʧʝʢʘʥʠʷ, 

Áʉ 

ɺʨʝʤʷ 

ʚʳʜʝʨʞʢʠ, 

ʤʠʥ 

ʉʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ, 

Áʉ/ʤʠʥ 

ʅʘʛʨʫʟʢʘ, 

ʢʅ 

ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʤʘʩʩ% 

Si C 

1 SiC-1 1600 5 100 12 70 30 

2 SiC-2 1400 5 100 12 70 30 

3 SiC-3 1200 5 100 12 70 30 

4 SiC-4 1500 5 100 12 70 30 

5 SiC-5 1300 5 100 12 70 30 

 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

- ʊʕʇ ʪʠʧʘ ʍɸ, ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʩʩ-ʬʦʨʤʳ ʦʪʤʝʪʢʠ  

600 ÁC; 

- ʧʠʨʦʤʝʪʨʦʤ, ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʩʩ-ʬʦʨʤʳ ʦʪʤʝʪʢʠ 

600 ÁC. 

ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩ ̫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʯʘʩʪʦʪʦʡ ʟʘʧʠʩʠ 2 ɻʮ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʢʘʤʝʨʘ ʦʭʣʘʞʜʘʣʘʩʴ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʚʣʝʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʨʫʯʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ. 

ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʠ ʢʦʤʧʦʟʠʮʠʠ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 25. 
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ʈʠʩʫʥʦʢ 25 ï ɼʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʠ ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 25, ʫʩʘʜʦʯʥʘ ̫ ʢʨʠʚʘ ̫

ʦʙʨʘʟʮʘ (ʙʣʝʜʥʦ-ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʥʦʩʠʪ ʜʚʫʭ ʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ: ʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʘʜʢʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʧʦʩʣʝ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʤʧʦʟʠʮʠʠ 575 Áʉ. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1200 ï 1300 Áʉ ʫʩʘʜʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʢʨʝʤʥʠʡ ʠ ʛʨʘʬʠʪ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ 

ʫʩʘʜʢʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʥʘʛʨʝʚʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʧʝʢʘʥʠʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʢʘʢ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ, ʪʘʢ ʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ. 

 

ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 1550 Áʉ. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ ʀʇʉ, 

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʚʨʝʤʷ ʩʧʝʢʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ 

ʤʝʪʦʜʦʤ ʀʇʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

5 ʤʠʥ.  
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4 ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʂɸʈɹʀɼʆʂʈɽʄʅʀɽɺʆʁ 

ʂɽʈɸʄʀʂʀ, ʇʆʃʋʏɽʅʅʆʁ ʄɽʊʆɼʆʄ ʀʅɼʋʂʎʀʅʅʆɻʆ ʅɸɻʈɽɺɸ 

 

ʅʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʂʦʤʠʪʝʪ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè ʚ ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ˉ271 ʦʪ 

12.02.2015 ʛʦʜʘ ʧʦ ʪʝʤʝ çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘè. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [119, 128-131]. 

 

4.1 ʉʪʨʫʢʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʝ ʧʨʠ 

ʠʥʜʫʢʮʠʦʥʥʦʤ ʥʘʛʨʝʚʝ 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ɸ, ɺ ʠ ʉ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 26. ʅʘ ʜʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʰʣʠʬʳ. 

ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʦʢʘʟʘʣ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʝʟ ʚʠʜʠʤʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʘʥʠʷ. 

 

   
ʘ) ʆʙʨʘʟʝʮ ɸ ʚ) ʆʙʨʘʟʝʮ ɺ ʩ) ʆʙʨʘʟʝʮ ʉ 

 

ʈʠʩʫʥʦʢ 26 ï ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ 

ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ ʥʘʣʠʯʠʝ ʪʨʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʠʟʫʘʣʴʥʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʮʚʝʪʫ. ʕʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʳʣʠ ʫʩʣʦʚʥʦ 

ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʩʝʨʘʷ, ʙʝʣʘʷ ʠ ʯʝʨʥʘʷ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ ʥʘ 

ʨʠʩʫʥʢʝ 27. ɼʘʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʝʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʬʘʟʘʤʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. ʊʘʢʞʝ, ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʬʦʨʤʘ ʠ 

ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʢʘʞʜʦʡ ʠʟ ʬʘʟ, ʢʘʢ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʩʦʭʨʘʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʚʩʝʤʫ 

ʦʙʨʘʟʮʫ. 
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SiC 

20300-23400 ʄʇʘ 

Si 

5900-8700 ʄʇʘ 

 
 

ʈʠʩʫʥʦʢ 27ï ʊʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1550 Áʉ ʩ 

ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ: 70 % ʢʨʝʤʥʠʝʚʘʷ ʦʩʥʦʚʘ, 30 % ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʩʥʦʚʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʙʨʘʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ ʬʘʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ  

15100-15900 ʄʇʘ ʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ 5900-8700 ʄʇʘ. 

ʇʣʦʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 1,92 ʛ/ʩʤ
3
. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 28 

ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʧʦʨr, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ, ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20-25 ʤʢʤ. 

 
 

                          
 

SiC 

15100-15900 ʄʇʘ 

Si, Siʆ2 

5900-8700 ʄʇʘ 

ʧʦʨʘ 

 
ʈʠʩʫʥʦʢ 28 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ɸ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ɺʏɻ-135 
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ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ɺ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1550 Áʉ ʩ 

ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ: 65 % ʢʨʝʤʥʠʝʚʘʷ ʦʩʥʦʚʘ, 35 % ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʩʥʦʚʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʙʨʘʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ  

12570-12980 ʄʇʘ ʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ 5715-8720 ʄʇʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʘʷ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʦʩʪʘʪʢʘʤʠ ʥʝʨʘʩʪʚʦʨʝʥʥʦʡ ʰʠʭʪʳ. ʇʣʦʪʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 1,92 ʛ/ʩʤ
3
. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 29, ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʨʳ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 10-14 ʤʢʤ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʣʶʙʦʤ ʫʯʘʩʪʢʝ ʦʙʨʘʟʮʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʬʘʟ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʮʚʝʪʫ. ɹʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʣʠʬʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʨʳ ʠ ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʷʚʣʷʶʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ ʯʘʩʪʠʮʘʤʠ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ. 

 

                          
 

SiC 

12570-12910 ʄʇʘ 

Si, Siʆ2 

5715-8580 ʄʇʘ 

ʧʦʨʘ 

 
 

ʈʠʩʫʥʦʢ 29 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ɺ ʤʝʪʦʜʦʤ 

ʚʩrʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ɺʏɻ-135 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʉ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1550 Áʉ ʩ 

ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ: 60 % ʢʨʝʤʥʠʝʚʘʷ ʦʩʥʦʚʘ, 40 % ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ 10300-10700 ʄʇʘ, ʘ ʪʘʢʞʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ 

ʢʨʝʤʥʠʷ ʩ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ 5250-8240 ʄʧʘ (ʨʠʩʫʥʦʢ 30 ʙ). ʅʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ 

ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʥʘʷ ʩ ʦʩʪʘʪʢʘʤʠ ʥʝʨʘʩʪʚʦʨʝʥʥʦʡ ʰʠʭʪʳ. ʇʣʦʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʠʣʘ 1,98 ʛ/ʩʤ
3
. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʠʞʥʷʷ ʩʪʦʨʦʥʘ ʦʙʨʘʟʮʘ ʧʦʢʨʳʪʘ ʥʝʛʣʫʙʦʢʠʤʠ ʷʟʚʘʤʠ, ʠʤʝʶʪʩʷ ʤʝʣʢʠʝ ʧʦʨʳ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 21-25 ʤʢʤ (ʨʠʩʫʥʦʢ 30 ʙ). 
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SiC 

10570-10700 ʄʇʘ 

Si, Siʆ2 

5500-8240 ʄʇʘ 

ʧʦʨʘ 

 
ʘ) ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ 

                          
 

SiC 

10300-10640 ʄʇʘ 

Si, Siʆ2 

5250-8090 ʄʇʘ 

ʧʦʨʘ 

 
ʙ) ʥʠʞʥʷʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ 

 

ʈʠʩʫʥʦʢ 30 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʉ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʘ ɺʏɻ-135 

 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʳ, ʤʘʣʦʛʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʢʦʨʝʡʰʝʤʫ ʙʣʦʢʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʨ, ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ, ʯʝʛʦ ʝʛʦ ʧʦʣʥʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʨʝʘʣʠʟʦʚʘʥʘ. 

ʆʜʥʘʢʦ, ʧʨʠ ʧʦʨʘʭ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʚ ʧʨʦʮʝʩʩʝ ʩʠʣʠʮʠʨʦʚʘʥʠʷ, ʨʘʩʧʣʘʚ 

ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʟʘʛʦʪʦʚʢʫ ʩ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʠ ʚʳʪʝʯʴ ʯʝʨʝʟ ʥʝʝ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʘʟʤʝʨʝ ʧʦʨ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ 

ʚʛʣʫʙʴ ʰʠʭʪʳ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʜʦʩʪʘʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʘʩʧʣʘʚʘ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

ʍʘʨʘʢʪʝʨ ʧʦʣʫʯʝʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʝʩʩʦʚʢʠ ʦʙʨʘʟʮʦʚ. 

 

4.2 ʌʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʧʝʯʝʥʥʦʡ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ  

(ʨʠʩʫʥʢʠ 31 - 33), ʯʪʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʠʤʝʝʪ ʯʝʪʳʨʝʭʬʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ 

ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʢʨʝʤʥʠʡ, ʫʛʣʝʨʦʜ ʠ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʟʘ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ 0,3073 ʥʤ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʬʘʟʘ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2) ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʜʥʘʢʦ, ʧʘʨʘʤʝʪʨ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʨʘʚʝʥ 0,4903 ʥʤ. ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʳʷʚʣʝʥʳ ʬʘʟʳ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ 

ʥʝʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʘʚʦʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʨʘʟʦʛʨʝʚʝ ʢʦʤʧʦʟʠʮʠʠ 

(SiO2+3CŸSiC+2CO) ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

  

  
 

ʈʠʩʫʥʦʢ 31 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ 
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ʈʠʩʫʥʦʢ 32 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ɺ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ  

 
 

ʈʠʩʫʥʦʢ 33 ïɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʉ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʥʘʛʨʝʚʘ 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʩʦʭʨʘʥʠʣʘʩʴ ʬʘʟʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2), ʢʦʪʦʨʘʷ ʩ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʘʟʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC. 

 

ʊʘʙʣʠʮʘ 5 ï ʇʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ 

 

ʉʦʩʪʘʚ 

ʰʠʭʪʳ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ 

ʬʘʟʳ SiC, % 
ʆʩʥʦʚʥʳʝ ʬʘʟʳ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʟʳ 

Si C 

60 40 
Ŭ-SiC ((0.431 Ñ 

0.002) nm) 

ʉ (a=0.247 nm; c=0.676 

nm), Si (0.543 nm), SiO2 

(ʘ=0.311 nm)  

21 

65 35 
Ŭ-SiC ((0.437 Ñ 

0.002) nm) 

SiO2 

(ʘ=0.306 nm. ʩ=1.011 nm)  

ʉ (a=0.249 nm; c=0.672 

nm), Si (0.545 nm) 

23 

70 30 
Ŭ-SiC ((0.435 Ñ 

0.002) nm) 

ʉ (a=0.248 nm; c=0.671 

nm), Si (0.549 nm), SiO2 

(ʘ=0.315 nm)  

34 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [42, c.107] ʤʘʪʝʨʠʘʣʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʠʤʝʶʪ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʝʤʘʣʦʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣ, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ (ʪʘʙʣʠʮʘ 5), ʯʝʪʢʦ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ 3CïSiC ʧʦʣʠʪʠʧʘ, ʠ ʥʝʪ ʫʢʘʟʘʥʠʡ ʥʘ ʜʨʫʛʦʡ ʧʦʣʠʪʠʧ 

SiC. ɼʘʥʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʧʦʣʠʪʠʧ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʩʠʤʤʝʪʨʠʶ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ. ɺʩʝ 

ʩʠʤʤʝʪʨʠʯʥʳʝ SiC ʧʦʣʠʪʠʧʳ ʜʘʶʪ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʠʠ ʚʙʣʠʟʠ ʠ ʤʝʞʜʫ 

ʧʦʣʦʞʝʥʠʷʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ 3CïSiC. 

ʉ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ, ʧʫʪʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 34-36. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʢʘʟʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʝ ʦʙʨʘʟʮʘ ɸ ʫʛʣʝʨʦʜʘ 56 % ʠ ʢʨʝʤʥʠʷ 43,9 %. 
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ʘ) ʄʠʢʨʦʦʙʣʘʩʪʠ ʕɼʉ ʘʥʘʣʠʟʘ ʙ) ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

 

ʈʠʩʫʥʦʢ 34 ï ʕɼʉ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ɸ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʙʨʘʟʮʦʚ ɺ ʠ ʉ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʫʛʣʝʨʦʜ, 

ʢʨʝʤʥʠʡ, ʢʠʩʣʦʨʦʜ ʠ ʞʝʣʝʟʦ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʨʠʤʝʩʝʡ ʢʠʩʣʦʨʦʜʘ ʠ ʞʝʣʝʟʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʩʘʞʠ. 
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ʘ) ʄʠʢʨʦʦʙʣʘʩʪʠ ʕɼʉ ʘʥʘʣʠʟʘ ʙ) ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

 

ʈʠʩʫʥʦʢ 35 ï ʕɼʉ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ɺ 

 

 

 

 

 

 

Mass% 

         C      O    Si     Fe   Total  

006   37.50   5.33   32.38  24.49  100.00  

007   3 6.98   8.85  4 4.17   10.  100.00  

Mass% 

          C     Si        Total  

006   47.5 2    52. 48       100.00  

007   45.98    54.02       100.00  
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ʘ) ʄʠʢʨʦʦʙʣʘʩʪʠ ʕɼʉ ʘʥʘʣʠʟʘ ʙ) ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ 
 

ʈʠʩʫʥʦʢ 36 ï ʕɼʉ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʉ 
 

ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮr  ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʰʠʭʪʳ: 70 % ʢʨʝʤʥʠʝʚʘʷ ʦʩʥʦʚʘ, 30 % ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʩʥʦʚʘ ʠ 60 % ʢʨʝʤʥʠʝʚʘʷ 

ʦʩʥʦʚʘ, 40 % ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʩʥʦʚʘ, ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʬʘʟ, ʘ ʦʙʨʘʟʝʮ ʩ ʩʦʩʪʘʚʦʤ 

ʰʠʭʪʳ 65 % ʢʨʝʤʥʠʝʚʘʷ ʦʩʥʦʚʘ, 35 % ʫʛʣʝʨʦʜʠʩʪʘʷ ʦʩʥʦʚʘ ʠʤʝʝʪ ʜʚʫʭʬʘʟʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʬʘʟʳ ʷʚʣʷʶʪʩʷ 

ʬʘʟʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʩʚʦʙʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ï ʢʫʙʠʯʝʩʢʘʷ 

ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ. ʉʦʜʝʨʞʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 21 %  

ʜʦ 34 %. 

Mass% 

        C      O     Si     Total  

001   33.05  35.17  31.79 100.00  

004   74.97         25.03 100.00  
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5 ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʆɹʈɸɿʎʆɺ 

ʂɸʈɹʀɼʆʂʈɽʄʅʀɽɺʆʁ ʂɽʈɸʄʀʂʀ, ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ 

ʀʉʂʈʆʇʃɸɿʄɽʅʅʆɻʆ ʉʇɽʂɸʅʀʗ 

 

ʅʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ çʂʦʤʠʪʝʪ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥè ʚ ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ˉ271 ʦʪ 12.02.2015 ʛʦʜʘ ʧʦ ʪʝʤʝ çʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘè. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [5-6, 132-141]. 

 

5.1 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʀʇʉ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

 

5.1.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SiC ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʀʇʉ 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʠʤʝʶʪ ʮʝʣʴʥʫʶ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʝʟ ʚʠʜʠʤʳʭ 

ʧʷʪʝʥ (ʚʦʟʤʦʞʥʳʭ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʛʨʘʬʠʪʘ ʠ ʢʨʝʤʥʠʷ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɸʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʦʚ ʩʳʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʥʘ ʩʥʠʤʢʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 37. 
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1200 Áʉ 1300 Áʉ 1400 Áʉ 

 

  
1500 Áʉ 1600 Áʉ 

 

ʈʠʩʫʥʦʢ 37 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ ʤʝʪʦʜʦʤ ʀʇʉ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ  

(ʨʠʩʫʥʦʢ 38), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʩʚʦʙʦʜʥʦʛʦ 

ʢʨʝʤʥʠʷ. ʊʝʤʥʳʝ ʧʷʪʥʘ, ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ ʧʦʨʳ ʷʚʣʷʶʪʩʷ ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʮʚʝʪʦʚ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚʠʜʥʳ ʦʙʨʘʟʦʚʘʥʠ ̫ ʬʘʟʳ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʥʦ ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʟʘʤʝʪʥʘ 

ʬʘʟʘ ʢʘʨʙʠʜʘ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʩʧʝʢʘʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʳʪʝʩʥʝʥʠʝ ʢʨʝʤʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 38 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

1300 Áʉ (ʨʠʩʫʥʦʢ 39), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʊʝʤʥʳʝ ʧʷʪʥʘ, ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ ʧʦʨʳ 

ʷʚʣʷʶʪʩʷ ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʪʦʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʮʚʝʪʦʚ ʤʳ ʚʠʜʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʘʟ ʢʨʝʤʥʠʷ ʠ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʧʝʢʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʚʳʪʝʩʥʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʜʥʘʢʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʢʦʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʥʘʧʳʣʝʥʠʝ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʈʠʩʫʥʦʢ 39ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

1400 Áʉ (ʨʠʩʫʥʦʢ 40), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʊʝʤʥʳʝ ʧʷʪʥʘ, ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ ʧʦʨʳ 

ʷʚʣʷʶʪʩʷ ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʪʦʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʮʚʝʪʦʚ ʤʳ ʚʠʜʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, 

ʥʦ ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʝʪ ʬʘʟʘ ʢʘʨʙʠʜʘ, ʯʪʦ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʧʝʢʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʣʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʚʳʪʝʩʥʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

  
ʈʠʩʫʥʦʢ 40ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1400 Áʉ 



65 
 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ  

(ʨʠʩʫʥʦʢ 41), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ 

ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʊʝʤʥʳʝ ʧʷʪʥʘ, ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ ʧʦʨʳ ʷʚʣʷʶʪʩʷ ʬʘʟʦʡ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʪʦʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʨʠ 

ʥʘʣʦʞʝʥʠʠ ʮʚʝʪʦʚ ʤʳ ʚʠʜʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠ ʤʦʞʝʤ 

ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʝ. ʊʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʦʙʨʘʟʮʦʚ, ʫʢʘʟʘʥʥʘʷ ʥʘ ʢʘʨʪʠʨʦʚʘʥʠʠ. 

 

  
ʈʠʩʫʥʦʢ 41ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

1600 Áʉ (ʨʠʩʫʥʦʢ 42), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. ʊʝʤʥʳʝ ʧʷʪʥʘ, ʙʦʣʴʰʝ ʧʦʭʦʞʠʝ ʥʘ ʧʦʨʳ 

ʷʚʣʷʶʪʩʷ ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʪʦʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʘʨʪʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʮʚʝʪʦʚ ʤʳ ʚʠʜʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʠ ʤʦʞʝʤ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʝ. 
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ʈʠʩʫʥʦʢ 42 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ 

 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʚ ʦʙʱʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʭʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ [42, c.108]. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʘʭ [52, c. 1236, 53, c. 2658] 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ, ʢʦʥʝʯʥʦ, ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ, ʩʚʦʡʩʪʚʘʤ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʥʦ ʠ ʥʝ ʫʣʫʯʰʘʝʪ ʝʝ 

ʩʚʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʘʭ [40, c. 285, 41, c. 71, 42, c.107], ʛʜʝ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ. 

ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [74, c. 1819, 75, c. 23, 76, c. 26], ʛʜʝ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ SiC ʩ ʪʦʥʢʦʡ ʛʣʦʙʫʣʷʨʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠʤʝʣʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ, ʯʝʤ ʤʘʪʝʨʠʘʣʳ SiC ʩ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʩʪʝʨʞʥʝʚʠʜʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ, 

ʦʙʣʘʜʘʝʪ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʫʞʝ ʧʦʚʳʰʘʝʪ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5-10 ʤʢʤ. ʉʪʦʠʪ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ 

ʀʇʉ, ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʦʚ ʧʨʦʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ 

ʧʨʠ ʠʥʜʫʢʮʠʦʥʥʦʤ ʩʧʝʢʘʥʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʝʩʧʦʨʠʩʪʫʶ ʢʝʨʘʤʠʢʫ. 

ʆʙʨʘʟʝʮ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʇʕʄ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʨʠʩʫʥʦʢ 43). 
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ʅʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʰʠʨʝʥʥʳʝ ʧʦ ʫʛʣʫ ʜʠʬʨʘʢʮʠʠ 

ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʘʥʥʦʝ ʥʦʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʟʝʨʝʥ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʧʝʨʚʦʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʢʦʣʴʮʦ ʦʯʝʥʴ ʨʘʟʤʳʪʦ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʠʠ ʩʣʘʙʦʟʘʤʝʪʥʳ. 

ɼʘʥʥʘʷ ʬʘʟʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʟʘʧʦʣʥʷʝʪ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ ʭʘʦʪʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. ʊʘʢʞʝ ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʦʪʩʫʪʩʪʚʫʝʪ ʯʫʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʢʦʥʪʨʘʩʪ. 

 

 
 

ʈʠʩʫʥʦʢ 43 ï ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ɓ-SiC 

 

ʄʠʢʨʦʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʀʇʉ, ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 6. ʄʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ ʢʘʢ  

ɓ-SiC. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʜʘʥʥʦʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʟʘ 

ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʦʣʝʮ. 

 

ʊʘʙʣʠʮʘ 6 ï ʄʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ 

 

ʂʦʣʴʮʦ 

ʇʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʘ,  

ʥʤ (SiC)  

d(hkl), ʥʤ 

h k L 
ʈʘʩʯʝʪ ʕʢʩʧʝʨʠʤʝʥʪ 

A 0,43590 0,25166 0,26315 1 1 1 

B 0,43590 0,30822 0,30752 1 1 0 

C 0,43590 0,43590 0,44826 1 0 0 

D 0,43590 0,50333 0,50860 1/2 1/2 İ 
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ʀʟʦʙʨʘʞʝʥʠʝ ʛʝʪʝʨʦʛʨʘʥʠʮʳ Si/Siʉ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʇʕʄ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʟʝʨʥʘ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 44. ʅʘ ʜʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʯʝʪʢʦ ʚʠʜʥʳ 

ʪʦʯʝʯʥʳʝ ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʫʯʘʩʪʢʘ, ʛʜʝ ʧʦʣʫʯʝʥʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ. 

  

  
 

ʈʠʩʫʥʦʢ 44 ï ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʪʝʨʦʛʨʘʥʠʮʳ Si/Siʉ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ  

ʪʘʙʣʠʮʝ 7. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʨʘʩʯʝʪʥʳʤ, ʘ ʠʤʝʥʥʦ ʢ ʢʫʙʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

 

ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ 

 

ʇʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʘ,  

ʥʤ 

d(hkl), ʥʤ 

H K L 
ʈʘʩʯʝʪ ʕʢʩʧʝʨʠʤʝʥʪ 

0,43590 0,21850 0,21702 0 0 2 

0,43590 0,25201 0,25001 1 -1 -1 

0,43590 0,21803 0,21712 0 0 -2 

0,43590 0,25201 0,25100 -1 1 1 

0,43590 0,13001 0,13011 1 -1 2 

0,43590 0,15254 0,15402 -2 2 0 

0,43590 0,13201 0,13475 -1 1 2 

0,43590 0,12401 0,11142 -2 1 2 
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ʅʘ ʨʠʩʫʥʢʝ 45, ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʠ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ. ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʦʙʲʷʩʥʷʝʪ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʙʣʘʩʪʷʤ ʜʚʦʡʥʠʢʦʚʘʥʠʷ. ʊʘʢʞʝ ʥʘ 

ʨʠʩʫʥʢʝ 45 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʧʦʣʠʪʠʧʘ 3C ʩʦʜʝʨʞʘʱʝʡ ʜʚʦʡʥʠʢʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 45 ï ʄʦʜʝʣʴ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 3C-SiC [18] 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʠʩʫʥʢʘ 45 ʤʦʞʥʦ ʫʜʦʩʪʦʚʝʨʠʪʩ ̫ʚ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʚʨʘʱʝʥʠʝ 

ʚʦʢʨʫʛ ʦʩʝʡ <111> ʥʘ 180Á ʩʦʚʤʝʱʘʝʪ ʦʜʥʫ ʩʠʩʪʝʤʫ ʨʝʬʣʝʢʩʦʚ ʩ ʜʨʫʛʦʡ. ʊʘʢʞʝ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʢʘʨʪʠʥʘ ʪʘʢ ʩʢʘʟʘʪʴ çʪʨʘʜʠʮʠʦʥʥʘè ʜʣʷ ʦʙʣʘʩʪʝʡ 

ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʧʦ ʧʣʦʩʢʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʵʥʝʨʛʠʶ. 

 

5.1.2 ʌʘʟʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʦʩʣʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʀʇʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 46 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥ rʪʨʠ ʦʩʥʦʚʥʳʝ ʬʘʟʳ, ʘ ʠʤʝʥʥʦ: ʧʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʣʠʥʠʷʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʘ F-43m ʠ ʪʘʢʞʝ ʢʘʨʙʠʜʦʤ 

ʢʨʝʤʥʠʷ, ʥʘʟʳʚʘʝʤʳʤ ʤʫʘʩʘʥʥʠʪ ʧʦʣʠʪʠʧʘ 3ʉ, ʬʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʬʘʟʘ ʫʛʣʝʨʦʜʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. 
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ʈʠʩʫʥʦʢ 46 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 47 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʬʘʟ, ʚ 

ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʢʘʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʨʘʙʦʪ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʥʦʤ ʦʧʳʪʝ ʧʨʦʚʝʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ. 

 

 
ʈʠʩʫʥʦʢ 47 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ 
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ʅʘ ʨʠʩʫʥʢʝ 48 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400 Áʉ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʩʭʦʞ ʧʦ ʬʘʟʘʤ ʩ ʦʙʨʘʟʮʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: ʧʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʩʥʦʚʥʳʤʠ 

ʣʠʥʠʷʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʘ F-43m ʠ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ, ʥʘʟʳʚʘʝʤʳʤ ʤʫʘʩʘʥʥʠʪ 

3ʉ ʧʦʣʠʪʠʧʘ, ʬʘʟʘ ʫʛʣʝʨʦʜʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʘ 

ʪʘʢʞʝ ʬʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. 

 

 
 

ʈʠʩʫʥʦʢ 48 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400 Áʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 49 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʬʘʟʳ ʚ ʤʘʪʝʨʠʘʣʝ: ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʭʦʞʘʷ ʩ 

ʧʦʣʠʪʠʧʦʤ 3ʉ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʠʪʘ, ʘ 

ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 
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ʈʠʩʫʥʦʢ 49 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ 

 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʟʘʤʝʪʥʦ ʟʘʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʠʥʠʡ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʦʝ ʚʳʷʚʣʷʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʣʠʥʠʡ ʵʪʘʣʦʥʥʦʡ 

ʬʘʟ,r ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʪʦʚ (ʪʝʢʩʪʫʨʝ) ʛʨʘʬʠʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʪʣʠʯʠʡ ʦʪ ʵʪʘʣʦʥʥʦʡ ʬʘʟʳ. 

ʌʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʚʳʙʨʘʥʘ ʠʟ ʨʷʜʘ ʢʘʥʜʠʜʘʪʥʳʭ 

ʵʪʘʣʦʥʥʳʭ ʬʘʟ, ʚʢʣʶʯʘʶʱʠʭ ʨʦʤʙʠʯʝʩʢʠʝ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʊʦ 

ʝʩʪʴ, ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʠʤʝʝʪ ʠ ʢʫʙʠʯʝʩʢʫʶ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. 

ʌʘʟʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʣʫʰʠʨʠʥʦʡ. 

ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, 

ʤʘʣʦʤ ʨʘʟʤʝʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʳʤ ʧʨʠʯʠʥʘʤ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʛʨʘʬʠʪʘʮʠʠ ʛʨʘʬʠʪʘ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʦʙʨʘʟʮʝ. 

ʌʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ ʧʦʣʫʰʠʨʠʥʦʡ, ʪʦ 

ʝʩʪʴ, ʠʤʝʶʪ ʭʦʨʦʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ KŬ1,2 ʜʫʧʣʝʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʚʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʣʠʥʠʡ ʵʪʘʣʦʥʥʦʡ ʬʘʟʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 50 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ F -4 3 m (216), ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ R 3 m, 
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ʬʘʟʘ ʫʛʣʝʨʦʜʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠ ʬʘʟʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠʤʝʶʪ ʧʠʢʠ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ 

ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʩʥʦʚʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʣʠʪʠʧʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 96R. 

ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʪʝʤʠ ʞʝ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʜʘʝʪ ʠʭ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʦʝ ʚʝʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 50 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ 

 

ɺ ʪʘʙʣʠʮʝ 8 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʟʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʀʇʉ, ʘ ʪʘʢʞʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ SiC. 
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ʊʘʙʣʠʮʘ 8 ï ʇʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ 

 

ʊʝʤʧʝʨʘʪʫʨ

ʘ ʩʧʝʢʘʥʠʷ, 

Áʉ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʂʦʣʠʯʝʩʪʚʝʥʥ

ʘʷ ʦʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ 

ʬʘʟʳ SiC, % 
ʆʩʥʦʚʥʳʝ ʬʘʟʳ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʟʳ 

1200 
Ŭ-SiC ((0.436 Ñ 

0.002) nm) 

SiC 

(ʘ=0.307 nm. ʩ=1.005 nm),  

ʉ (a=0.246 nm; c=0.671 nm), 

Si (0.546 nm) 

22 

1300  
Ŭ-SiC ((0.435Ñ 

0.002) nm) 

SiC 

(ʘ=0.306 nm. ʩ=1.005 nm),  

ʉ (a=0.245 nm; c=0.672 nm), 

Si (0.547 nm) 

24 

1400 
SiC ((0.437Ñ 0.002) 

nm) 

Ŭ-SiC ((0.435 Ñ 0.002) nm), 

ʉ (a=0.243 nm; c=0.672 nm), 

Si (0.542 nm) 

27 

1500 

SiC ((0.435 Ñ 0.002) 

nm), SiC  

(ʘ=0.305 nm. ʩ=1.0

02 nm). 

ʉ (a=0.244 nm; c=0.674 nm), 

Si (0.543 nm) 
37 

1600 

SiC ((0.434 Ñ 0.002) 

nm), SiC 

(ʘ=0.306 nm. ʩ=1.0

07 nm). 

ʉ (a=0.247 nm; c=0.673 nm), 

Si (0.545 nm) 
46 

 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʤʝʪʦʜʦʤ ʀʇʉ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʯʪʦ ʚ 

ʦʙʨʘʟʮʘʭ, ʩʧʝʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1200 -1300 Áʉ, ʦʙʥʘʨʫʞʝʥʳ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʝʜʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ r ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ʬʘʟ ʧʦ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 50% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʨʝʤʥʠʷ ʠ 

ʫʛʣʝʨʦʜʘ ʤʝʪʦʜʦʤ ʀʇʉ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1200 Áʉ ʜʦ 1600 Áʉ 

ʧʨʦʠʟʦʰʣʦ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [54-59] ʤʘʪʝʨʠʘʣʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʠʤʝʶʪ ʜʚʫʭʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢʦ, ʚʘʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʪʨʝʭʬʘʟʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʤʝʝʪ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʫʶ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩʪʨʫʢʪʫʨʫ. 
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ʊʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʀʇʉ ʢʝʨʘʤʠʢʘ ʧʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ 3CïSiC ʧʦʣʠʪʠʧʘ, ʠ ʪʘʢʞʝ ʥʝʪ ʫʢʘʟʘʥʠʡ ʥʘ ʜʨʫʛʦʡ ʧʦʣʠʪʠʧ SiC. 

ɼʘʥʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʧʦʣʠʪʠʧ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ, ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʩʠʤʤʝʪʨʠʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʣʠʥʠʡ. 

ʉ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ, ʧʫʪʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ. ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ 

ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 51. 

 

 

 
Si  55.7% 

C  44.3% 

ʘ) ʩʚʝʪʣʘʷ ʦʙʣʘʩʪʴ 

 

 
Si  45.9% 

C  54.1% 

ʙ) ʪʝʤʥʘʷ ʦʙʣʘʩʪʴ 

 

ʈʠʩʫʥʦʢ 51 ï ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʩʧʝʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʀʇʉ 
 

ʅʘ ʨʠʩʫʥʢʝ 52 ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 3D ʧʦʚʝʨʭʥʦʩʪʴ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩʫʥʦʢ 52 ï 3D ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʦʡ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʠʤʝʝʪ ʥʝ ʰʝʨʦʭʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʩ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ ʧʦ ʧʨʦʮʝʥʪʘʤ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʛʨʝʚ, ʥʝ ʧʦʚʣʠʷʣ ʥʘ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʰʠʭʪʳ, ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʛʨʘʬʠʪʦʚʦʡ ʙʫʤʘʛʠ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ. 

 

5.2 ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʀʇʉ 

 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʦʙʣʘʜʘʶʪ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʠʤʝʥʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ, ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʀʇʉ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. 

 

5.2.1 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʇʨʠ ʨʘʙʦʪʝ ʜʝʪʘʣʝʡ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʦʙʣʘʩʪʷʤʠ ʥʘʯʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʤʠʢʨʦʚʳʩʪʫʧʳ 

ʠ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ. ʍʘʨʘʢʪʝʨ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ. ɺ ʩʣʫʯʘʝ ʷʚʣʝʥʠʷ ʩʭʚʘʪʳʚʘʥʠʷ ʤʝʞʜʫ ʤʠʢʨʦʚʳʩʪʫʧʘʤʠ 

ʧʨʠ ʤʛʥʦʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʠʟʥʦʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʴʶ ʠ 

ʠʟʥʦʩʦʤ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ 

ʤʠʢʨʦʚʳʩʪʫʧʘʤʠ ʠʟʥʦʩ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʩʣʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩ ̫ ʦʪʜʝʣʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʥʘ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʷʭ [68, c. 14, 69, c. 

586]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʥʘʰʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʠ 

ʦʙʲʝʤ ʠʟʥʦʩʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʥʘʛʨʫʟʢʠ ʠ ʩʚʦʡʩʪʚ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ 
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ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʢʦʪʦʨʦʤ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʦʮʝʥʠʚʘʶʪ 

ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʮʝʥʠʚʘʣʠ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʠʟʥʦʩ, ʧʦʩʪʦʷʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʦʩʪʘʚʘʣʠʩʴ ʧʨʠʣʘʛʘʝʤʘʷ ʥʘʛʨʫʟʢʘ, ʚʨʝʤʷ ʠ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ, 

ʘ ʪʘʢʞʝ ʧʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ  

1200 Áʉ ʜʦ 1600 Áʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 53-67. 

 

 
 

ʈʠʩʫʥʦʢ 53 ï 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ 
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 ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ, ʤʠʥ 
 

 
 

ʈʠʩʫʥʦʢ 54 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ 



78 
 

 
 

ʈʠʩʫʥʦʢ 55 ï ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1200 Áʉ 

 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʜʣʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ, ʚʠʜʥʳ ʯʝʪʢʠʝ ʢʦʣʝʙʘʥʠʷ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʜʝʪ ʧʨʠʪʠʨʘʥʠʝ ʰʘʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʥʘ 3D ʤʦʜʝʣʠ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʨʦʚʥʘʷ, ʙʝʟ 

ʟʘʤʝʪʥʳʭ ʚʳʩʪʫʧʦʚ ʠ ʥʝʨʦʚʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʜʦʚʦʣʴʥʦ 

ʙʳʩʪʨʦ ʜʦʩʪʠʛ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʚʦʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩʫʥʦʢ 56 ï 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ 

 

 
 

ʈʠʩʫʥʦʢ 57 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ 
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ʈʠʩʫʥʦʢ 58 ï ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1300 Áʉ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ, ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʚ ʦʙʨʘʟʮʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ 1200
 
Áʉ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʜʦʩʪʠʛ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʚʦʣʴʥʦ 

ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩʫʥʦʢ 59 ï 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1400 
ʦ
ʉ 

 

 
 

ʈʠʩʫʥʦʢ 60 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1400 Áʉ 
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ʈʠʩʫʥʦʢ 61 ï ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1400 Áʉ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400 Áʉ, ʪʘʢ ʠ 

ʥʝ ʜʦʩʪʠʛ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʭʨʫʧʢʠʡ ʠ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʰʝʨʦʭʦʚʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩʫʥʦʢ 62 ï 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ 

 

 
 

ʈʠʩʫʥʦʢ 63 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ 
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ʈʠʩʫʥʦʢ 64 ï ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1500 Áʉ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Áʉ, 

ʠʤʝʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʙʨʘʟʝʮ ʪʦʣʴʢʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʦʩʪʠʛ ʩʪʘʙʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʦʬʠʣʠ 

ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʰʘʨʘ ʩʦʚʩʝʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʣʫʯʘʷʤʠ. 
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ʈʠʩʫʥʦʢ 65 ï 3D ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ 

 

 

ʈʠʩʫʥʦʢ 66 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ 
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ʈʠʩʫʥʦʢ 67 ï ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1600 Áʉ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600 Áʉ, 

ʠʤʝʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʙʨʘʟʝʮ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʜʦʩʪʠʛ ʩʪʘʙʠʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʰʘʨʘ ʩʦʚʩʝʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʣʫʯʘʷʤʠ. 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʚʠʜʥʳ ʯʝʪʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʜʝʪ ʧʨʠʪʠʨʘʥʠʝ ʰʘʨʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʨʝʤʷ ʧʨʠʪʠʨʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ 

ʥʠʟʢʘ, ʩ ʯʝʤ ʠ ʩʚʷʟʘʥ ʙʳʩʪʨʳʡ ʚʳʭʦʜ ʥʘ ʩʪʘʙʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʋʯʝʥʳʤʠ ʚ ʨʘʙʦʪʝ [74] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʛʨʘʬʠʪʘ ʠ ʩʠʣʠʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʤʘʪʝʨʠʘʣʘʤ 
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ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ʀʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʠʣʠʮʠʨʦʚʘʥʠʝ ʧʦʥʠʞʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʫʩʪʫʧʘʶʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʙʨʘʟʮʘʭ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

 

5.2.2 ɺʦʟʜʝʡʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʀʇʉ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʬʠʣʷʭ 

ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ. ʇʨʦʬʠʣʠ ʜʦʨʦʞʝʢ ʪʨʝʥʠʷ ʠʤʝʶʪ ʩʭʦʞʫʶ ʬʦʨʤʫ. ɻʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʰʘʨʘ ʧʦ ʚʩʝʤ ʦʙʨʘʟʮʘʤ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 9. 

 

ʊʘʙʣʠʮʘ 9 ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʧʝʢʘʥʠʷ, Áʉ 

ʂʦʵʬʬ. 

ʪʨʝʥʠʷ 

ʀʟʥʦʩ, 10
-15

, 

ʤ
3
/ʩ 

1 SiC-1 1400 0,618 1,56 

2 SiC-2 1500 0,601 34,6 

3 SiC-3 1200 0,680 11,3 

4 SiC-4 1600 0,256 0,92 

5 SiC-5 1300 0,651 13,7 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ (ʪʘʙʣʠʮʘ 9) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʀʇʉ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʦʙʨʘʟʮʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 

68. 
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ʈʠʩʫʥʦʢ 68 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ 

 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [71, c. 854, 75, c. 23], ʪʦ 

ʝʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʥʦʩʘ ʠ ʪʨʝʥʠʷ  

SiC-ʢʝʨʘʤʠʢʠ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ɾʝʩʪʢʘʷ 

ʚʟʘʠʤʦʩʚʷʟ ɹ ʫʜʣʠʥʝʥʥʳʭ ʟʝʨʝʥ ʠʣʠ ʟʝʨʝʥ ʩ ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʪʦʨʦʥ 

ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʝʨʘʤʠʢʘ SiC ʩ ʯʝʪʢʠʤʠ 

ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ ʧʦʢʘʟʘʣʘ ʫʣʫʯʰʝʥʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ [76, c. 25, 77, c. 1241]. 

ʇʝʨʝʭʦʜ ʦʪ ʩʣʘʙʦʛʦ ʢ ʩʠʣʴʥʦʤʫ ʠʟʥʦʩʫ ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʢʝʨʘʤʠʢʠ SiC ʩ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʝʤ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ. ʀʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʠ 

ʫʤʝʥʴʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʧʦʨ ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʚʦʩʭʦʜʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʵʨʦʟʠʠ. 

 

5.2.3 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʀʇʉ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʦʩʥʦʚʝ SiC 

ɺ ʪʘʙʣʠʮʝ 10 ʧʨʠʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʀʇʉ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 10 ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʫʣʫʯʰʘʶʪʩʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʊʘʙʣʠʮʘ 10. ʇʘʨʘʤʝʪʨʳ ʧʣʦʪʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

 

ˉ 

ʊʝʤʧʝʨʘʪʫʨ

ʘ ʩʧʝʢʘʥʠʷ, 

Üʉ 

ʉʦʦʪʥʦʰʝʥʠʝ 

%ʤʘʩʩ 
ɺʨʝʤʷ 

ʚʳʜʝʨʞʢ

ʠ, ʤʠʥ 

ʇ, 

[%] 
p,ʛ/ʩʤ

3
 
ʄʠʢʨʦʪʚʝʨʜʦ

ʩʪ,ɹ ʄʇʘ  
Si C 

SiC-1  1600  70 30 5 3 2,805 24513 

SiC-2  1400  70 30 5 9 2,534 23214 

SiC-3  1200  70 30 5 6 2,651 22567 

SiC-4  1500  70 30 5 4 2.727 22412 

SiC-5  1300  70 30 5 12 2,475 21018 

 

ʊʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʘ ʧʦʨʠʩʪʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 69 ʠ 70 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩʫʥʦʢ 69 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ  
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ʈʠʩʫʥʦʢ 70 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 
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ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ, ʥʝ ʫʩʪʫʧʘʶʪ ʠʟʚʝʩʪʥʳʤ ʪʘʙʣʠʯʥʳʤ 

ʟʥʘʯʝʥʠʷʤ [68, ʩ. 12]. ʊʘʢʞʝ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ 

ʠʤʝʝʪ ʙʝʩʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʚʠʜʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʦ 

ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʠ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʩʥʠʤʢʘʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ɺ ʨʘʙʦʪʘʭ [69, c. 583, 70, c.1137] ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 2,71 ʛ/ʩʤ
3
, ʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠ ̫ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɸ 

ʠʤʝʥʥʦ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʨʠʩʪʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ [71, c. 853, 73, c. 574]. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʥʝʤʥʦʛʦ ʜʨʫʛʠʤ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʪʦ ʝʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʢʨʝʤʥʠʷ ʠʣʠ ʫʛʣʝʨʦʜʘ ʚʦʟʤʦʞʥʦ ʚʳʰʝ. 

 

5.2.4 ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʝʝ 

ʧʦʣʫʯʝʥʠʠ ʤʝʪʦʜʦʤ ʀʇʉ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʨʫʰʘʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʘʤʠ 5Ĭ5Ĭ5 ʤʤ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʠʩʧʳʪʘʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʠ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ 

ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʛʨʫʟʢʘ. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 71. 
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ʋʩʪʘʥʦʚʢʘ ʦʙʨʘʟʮʘ ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʘ 

 
ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 71 ï ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ 

 

ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʚʠʜʝ ʜʠʘʛʦʥʘʣʴʥʳʭ ʪʨʝʱʠʥ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʦʣʦʚ. ʊʘʢʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʥʘʢʣʦʥʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ, ʜʝʡʩʪʚʫʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ɼʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʦʷʱʠʭ ʠʟ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʠʭ ʥʘ ʩʞʘʪʠʝ. ʈʘʟʨʫʰʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʩʜʚʠʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠʟ-

ʟʘ ʥʘʣʠʯʠʷ ʩʠʣ ʪʨʝʥʠʷ ʤʝʞʜʫ ʧʣʠʪʘʤʠ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʪʦʨʮʘʤʠ 

ʦʙʨʘʟʮʘ. 

ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʣʦʩʢʦʩʪʷʤ, ʥʘʢʣʦʥʝʥʥʳʤ ʢ ʦʩʠ ʧʦʜ ʫʛʣʦʤ 45Á, 

ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʦʱʘʜʦʢ, ʧʦ ʢʦʪʦʨʳʤ ʜʝʡʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʇʦ ʧʨʠʯʠʥʝ ʥʝʩʦʙʣʶʜʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ 

ʩʪʦʨʦʥ ʦʙʨʘʟʮʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʦʩʠ ʠʟʣʦʤʘ (ʨʘʟʨʫʰʝʥʠʷ). 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʨʠʚʳʝ ʩʞʘʪʠʷ çʅʘʛʨʫʟʢʘ - 

ʇʝʨʝʤʝʱʝʥʠʝè, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 62. 
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ʈʠʩʫʥʦʢ 72 ï ɼʠʘʛʨʘʤʤʘ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 

 

ɿʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. 

 

ʊʘʙʣʠʮʘ 11 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʞʘʪʠʝ 

 

ˉ 

ʧ/ʧ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʧʝʢʘʥʠʷ, Ü 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʅ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

(ůʩʞ), ʄʇʘ 

1 1500 9352 260,11 

2 1600 8441 263,41 

3 1400 4834 175,3 

4 1300 4787 144,63 

5 1200 1708 72,6 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʚʳʷʚʣʝʥʳ ʫ ʦʙʨʘʟʮʦʚ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʧʝʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʀʇʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

1500 Áʉ ʠ 1600 Áʉ (260~263 ʄʇʘ). ʉʨʘʚʥʠʪʝʣʴʥʦ ʩʨʝʜʥʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪ ɹ ʫ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ ʠ 1400 Áʉ (145-175 ʄʇʘ), ʘ ʦʙʨʘʟʝʮ 

ʩʧʝʯʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʧʦʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʡ ʧʨʝʜʝʣ 
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ʧʨʦʯʥʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 73. 

 

 
ʈʠʩʫʥʦʢ 73 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 73, ʩ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ, ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 70 ʄʇʘ ʜʦ 

290 ʄʇʘ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʣʫʯʰʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ, ʥʝ ʫʩʪʫʧʘʝʪ ʠʟʚʝʩʪʥʳʤ ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʚʠʜʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʦ ʠ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʘʤʦʤ ʤʘʪʝʨʠʘʣʝ, ʪʘʢ ʢʘʢ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʣʘʜʘʶʪ. 

 

ɺʳʚʦʜʳ ʧʦ ʧʷʪʦʡ ʛʣʘʚʝ  

ʉʲʝʤʢʘ 3D ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, ʙʝʟ 

ʚʠʜʠʤʳʭ ʧʦʨ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʥʳʝ ʬʘʟʳ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʥʘʥʦʢʨʠʩʪʘʣʠʯʫʩʢʫʶ ʢʫʙʠʯʝʩʢʫʶ Ŭ, ɓ-SiC ïʬʘʟʫ; 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʰʠʨʝʥʥʳʝ ʧʦ 

ʫʛʣʫ ʜʠʬʨʘʢʮʠʠ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ ʥʘʤ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʅʦʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʟʝʨʝʥ. 

ɼʘʥʥʘʷ ʬʘʟʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʟʘʧʦʣʥʷʝʪ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ ʭʘʦʪʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʫʣʫʯʰʘʶʪʩʷ.  ʇʣʦʪʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,4 ʜʦ 2,8 ʛ/ʩʤ
3
, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʦ ʥʝ ʫʩʪʫʧʘʝʪ 

ʤʘʪʝʨʠʘʣʘʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʘ ʧʦʨʠʩʪʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʫʩʪʫʧʘʝʪ, ʥʦ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 50ʄʇʘ. 



96 
 

ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʠ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʧʝʯʝʥʥʦʡ 

ʤʝʪʦʜʘʤʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʀʇʉ, ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ 

ʦʪʣʠʯʠʷ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʚ ʦʙʦʠʭ ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʩʚʦʙʦʜʥʳʡ ʢʨʝʤʥʠʡ ʠ ʫʛʣʝʨʦʜ. ʍʦʪʝʣʦʩʴ 

ʙʳ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʵʪʠʭ ʪʨʝʭ ʬʘʟ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠ ʩʪʨʫʢʪʫʨʘ ʩʧʝʯʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ 

ʀʇʉ ʦʙʨʘʟʮʦʚ, ʪʘʢʞʝ ʯʝʪʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʝʭʬʘʟʥʳʡ ʩʦʩʪʘʚ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʢʫʙʠʯʝʩʢʘʷ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ, ʩʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʤʝʶʪ ʮʝʣʴʥʫʶ ʦʜʥʦʨʦʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʙʝʟ ʚʠʜʠʤʳʭ ʧʷʪʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʦʚ ʩʳʛʨʘʣʘ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ, ʠʤʝʝʪ ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʟʝʨʝʥ. ʂʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʥʦʩʘ ʠ 

ʪʨʝʥʠʷ SiC-ʢʝʨʘʤʠʢʠ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ SiC ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ ʧʦʢʘʟʘʣʘ 

ʫʣʫʯʰʝʥʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʇʝʨʝʭʦʜ ʦʪ ʩʣʘʙʦʛʦ ʢ ʩʠʣʴʥʦʤʫ ʠʟʥʦʩʫ 

ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʢʝʨʘʤʠʢʠ SiC ʩ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʝʤ ʩ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ. ʀʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʠ ʫʤʝʥʴʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʧʦʨ 

ʧʨʠʚʝʣʠ ʢ ʧʨʝʚʦʩʭʦʜʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʵʨʦʟʠʠ. 

ʆʜʥʘʢʦ, ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʥʝ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʨʦʚʝʩʪʠ ʧʦʩʣʝʜʫʶʱʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ 

ʙʦʣʝʝ ʭʨʫʧʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʞʝ ʥʝ ʩʪʦʠʪ ʠ ʫʧʫʩʢʘʪʴ ʠʟ ʚʠʜʫ ʠ ʪʦ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʝ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʙʳʣʦ ʩʦʚʤʝʩʪʥʦʛʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʭʨʫʧʢʦʡ ʠ ʨʘʩʩʳʧʯʘʪʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1, 92 

ʛ/ʩʤ
3
, ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʫʶ ʢʝʨʘʤʠʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʚʝʜʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʣʠʪʝʨʘʪʫʨʳ. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʀʇʉ, 

ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʝʟ ʥʘʣʠʯʠʷ ʪʨʝʱʠʥ, ʩʢʦʣʦʚ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʘʥʠʷ ʤʝʪʦʜʦʤ ʀʇʉ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʩʧʝʢʘʥʠʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʦʙʨʘʟʝʮ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʦ ʠ ʜʘʚʣʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʣʴʥʝʡʰʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʙʨʘʟʮʘʭ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʀʇʉ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʀʇʉ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʣʫʯʰʘʶʪʩʷ, ʯʪʦ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʛʣʘʚʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʀʇʉ, ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʥʦ ʠ 

ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʠʭ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ. 

ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʤʝʪʦʜʦʤ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʥʝ ʩʪʦʠʪʴ ʫʧʫʩʢʘʪʴ ʠʟ ʚʠʜʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ 

ʚʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠ ʚʥʝʩʪʠ ʜʦʧʦʣʥʝʥʠʝ. ʂ ʧʨʠʤʝʨʫ, ʩʪʦʠʪʴ ʫʚʝʣʠʯʠʪʴ ʥʘʛʨʫʟʢʫ ʧʨʠ 

ʧʨʝʜʧʝʨʝʩʩʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ. ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʥʝ ʫʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʥʦ ʠ ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʀʇʉ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ ʥʝ ʫʛʘʩ ʠʥʪʝʨʝʩ ʢ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ 

ʢʝʨʘʤʠʢʝ ʠ ʝʝ ʧʨʦʜʫʢʪʘʤ. ɺʘʞʥʦ ʟʥʘʪʴ, ʯʪʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚʘʞʥʦ ʚʦ ʚʩʝʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʚ ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʗʈ ʠ ʗʕʋ ʵʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʣʝʤ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ 

ʢʝʨʘʤʠʢʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʘʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʘʪʝʨʠʘʣ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

2. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʀʇʉ ʠʤʝʝʪ ʙʦʣʝʝ 

ʧʣʦʪʥʫʶ ʠ ʙʝʩʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʨʘʤʠʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʬʘʟ: ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ, ʢʨʝʤʥʠʡ ʠ ʫʛʣʝʨʦʜ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʚ 

ʤʘʪʝʨʠʘʣʝ ï ʢʫʙʠʯʝʩʢʘʷ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʳʷʚʠʣ, 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʩʝʡ ʠ ʫʢʘʟʘʣ ʥʘ ʯʠʩʪʦʪʫ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʘʷ ʢʝʨʘʤʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʀʇʉ, ʠʤʝʝʪ 

ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉʲʝʤʢʘ 3D ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʘʚʥʦʤʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, ʙʝʟ ʚʠʜʠʤʳʭ ʧʦʨ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʬʘʟʳ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʢʫʙʠʯʝʩʢʠʝ Ŭ-SiC ʠ ɓ-SiC 

ʬʘʟr. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʫʰʠʨʝʥʥʳʝ ʧʦ ʫʛʣʫ ʜʠʬʨʘʢʮʠʠ ʨʝʬʣʝʢʩʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʦʡ ʪʝʢʩʪʫʨʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ 

ʛʝʪʝʨʦʛʨʘʥʠʮʳ Si/Siʉ. 

4. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʠʩʢʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ ʫʣʫʯʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,4 ʜʦ 2,8 ʛ/ʩʤ
3
, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʦ ʥʝ ʫʩʪʫʧʘʝʪ ʤʘʪʝʨʠʘʣʘʤ, 

ʫʢʘʟʘʥʥʳʤ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ. ʇʦʨʠʩʪʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʩʪʫʧʘʝʪ, ʥʦ ʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50ʄʇʘ. 

ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ɺʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʝʥʳ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ. ʎʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. ʅʘʤʝʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ, 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤʠ 

ʢʦʥʩʫʣʴʪʘʥʪʘʤʠ ʠ ʢʦʣʣʝʛʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʘʢʪʠʢʘʤ-ʤʘʪʝʨʠʘʣʦʚʝʜʘʤ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤʠ ʟʘʚʦʜʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʆʮʝʥʢʘ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ 

ʌʠʣʠʘʣʘ çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʦʭʚʘʪʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʫʯʝʥʳʭ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ Thomson Reuters ʠ Scopus, ʦʙʩʫʞʜʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʉʅɻ ʠ ʩʪʨʘʥʘʭ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʳʤ 

ʢʦʥʩʫʣʴʪʘʥʪʘʤ: ʛʣʘʚʥʦʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʦʪʜʝʣʘ ʙʶʜʞʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʈɻʇ ʅʗʎ ʈʂ, ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʫ ʉʢʘʢʦʚʫ ʄʘʞʳʥʫ ʂʘʥʘʧʠʥʦʚʠʯʫ, ʜʦʢʪʦʨʫ ʬʠʣʦʩʦʬʠʠ (PhD), 

ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʘʟʘʭʩʢʦ-ʪʫʨʝʮʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʠʤ. ʍ.ɸ. ʗʩʘʚʠ ʂʫʨʙʘʥʙʝʢʦʚʫ ʐʝʨʟʦʜʫ ʈʫʩʪʘʤʙʝʢʦʚʠʯʫ ʠ ʜʦʢʪʦʨʫ ʠʥʞʝʥʝʨʠʠ, 

ʧʨʦʬʝʩʩʦʨʫ ɺʨʦʮʣʘʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʠʝʣʝʙʝ ɺʦʡʪʝʢʫ 
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ʂʘʟʠʤʠʨʦʚʠʯʫ ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ʦʪʜʝʣʘ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʬʠʣʠʘʣʘ 

çʀɸʕè ʈɻʇ ʅʗʎ ʈʂ ʟʘ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʠ 

ʢʘʬʝʜʨʝ çʊʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘè ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡè ʟʘ ʜʨʫʞʝʩʢʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʠ ʧʦʩʪʦʷʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ. 
































