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ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʠ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ 

ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ ʦʪ S3 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (EBSD). ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʯʘʩʪʠʯʥʦ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʘ ʪʠʧʘ ʜʚʦʡʥʠʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ; EBSD; 

ɼʚʦʡʥʠʢʠ. 
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1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʝʢʦʪʦʨʳʭ ɻʎʂ ʤʝʪʘʣʣʘʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʘ 

ʫʧʘʢʦʚʢʠ (ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ, ʣʘʪʫʥʠ ʠ ʜʘʞʝ ʤʝʜʠ) ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʚ ʭʦʜʝ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ ʧʨʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ/ʠʣʠ ʨʦʩʪʝ ʟʝʨʝʥ. ɺ ʯʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʦʡʥʠʢʠ ʦʙʦʠʭ ʪʠʧʦʚ. 

ʀʥʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʜʚʦʡʥʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʝʥ ʯʝʪʢʠʡ ʢʨʠʪʝʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʣʠʯʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ ʦʪ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʦʛʦ ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʜʚʦʡʥʠʢʦʚ. ʊʘʢ, ʦʙʱʝʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʜʚʦʡʥʠʢʠ ʠʤʝʶʪ ʢʣʠʥʦʚʠʜʥʫʶ ʠʣʠ ʣʠʥʟʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʷʚʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ ʥʝʨʝʜʢʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʠ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʤʠ. 

ʇʨʠ ʢʘʞʫʱʝʡʩʷ ʧʨʦʩʪʦʪʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʫʜʦʝʤʢʠʤ (ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʜʚʦʡʥʠʢʦʚ) ʠ ʩʫʙʲʝʢʪʠʚʥʳʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮʘʭ. ʅʘ ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ, ʢʘʢ ʠ ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ ʚ ɻʎʂ ʤʝʪʘʣʣʘʭ, 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʨʠʮʝ ï 

60ʦ<111>. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʦʙʳʯʥʦ ʦʪʢʣʦʥʷʝʪʩʷ 

ʦʪ ʩʚʦʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ [1]. ʕʪʦʪ ʬʘʢʪ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʟɹʦʚʘʥ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʠ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʚʜʦʣʴ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚ. ɼʣʷ ʧʦʜʦʙʥʦʡ ʨʘʙʦʪʳ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʪʠʥ 

ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD).  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʩʪʠʨʦʚʘʥʠʶ ʵʪʦʛʦ ñʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦò 

ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ ʜʚʦʡʥʠʢʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠ ʧʦʤʦʱʠ EBSD ʙʫʜʫʪ 

ʩʥʘʯʘʣʘ ʦʮʝʥʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʛʨʘʥʠʮʘʭ ʜʚʦʡʥʠʢʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʦʜʝʨʞʘʱʠʭ ʣʠʙʦ ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ, 

ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʜʚʦʡʥʠʢʠ ʦʙʦʠʭ ʪʠʧʦʚ.  

ʅʘ ʚʩʝʭ EBSD ʢʘʨʪʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʤʘʣʦʫʛʣʦʚʳʝ 

ʛʨʘʥʠʮʳ (ʄʋɻ) ʦʙʦʟʥʘʯʝʥʳ ʪʦʥʢʠʤʠ ʪʝʤʥʳʤʠ ʣʠʥʠʷʤʠ, ʙʦʣʴʰʝʫʛʣʦʚʳʝ 

ʛʨʘʥʠʮʳ (ɹʋɻ) ï ʪʦʣʩʪʳʤʠ ʪʝʤʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʛʨʘʥʠʮʳ ʜʚʦʡʥʠʢʦʚ (ʚ 

ʧʨʝʜʝʣʘʭ 5ʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ S3) ï ʪʦʣʩʪʳʤʠ ʩʝʨʳʤʠ ʣʠʥʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʄʋɻ ʠ ɹʋɻ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ 15ʦ. 
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2. ʄʦʜʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

2.1. ɼʚʦʡʥʠʢʠ ʦʪʞʠʛʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ, ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʘʫʩʪʝʥʠʪʥʘʷ ʩʪʘʣʴ ʚ ʭʦʨʦʰʦ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʌʨʘʛʤʝʥʪ 

EBSD ʢʘʨʪʳ ʩʪʨʫʢʪʫʨʳ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1ʘ. ʂʘʢ ʩʣʝʜʫʝʪ 

ʠʟ ʨʠʩʫʥʢʘ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʪʦʣʱʠʥʘ ʜʚʦʡʥʠʢʦʚ, ʚʠʜʠʤʳʭ ʥʘ ʰʣʠʬʝ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʶʪʩʷ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʚʦʡʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʩʪʦʷʥʩʪʚʦ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ. ʅʘ EBSD ʢʘʨʪʝ ʜʘʥʥʳʡ ʬʘʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʚʦʡʥʠʢʦʚʳʝ ʛʨʘʥʠʮʳ ʦʜʥʦʨʦʜʥʦ ʦʢʨʘʰʝʥʳ ʚ ʩʝʨʳʡ ʮʚʝʪ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʦʪ S3 ʥʝ ʧʨʝʚʳʰʘʝʪ 

5ʦ ʚʜʦʣʴ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ.  

ʉʧʝʢʪʨ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1ʙ. 

ʅʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʛʨʘʥʠʮ ʧʦ ʫʛʣʘʤ ʠ ʦʩʷʤ ʨʘʟʦʨʠʝʥʪʘʮʠʡ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʦʡʥʠʢʦʚʳʝ ʤʘʢʩʠʤʫʤʳ ʦʢʦʣʦ 60ʦ ʠ ʧʦʣʶʩʘ <111>. ɺ ʢʘʯʝʩʪʚʝ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʳ ʵʪʠʭ ʧʠʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʭ ʦʩʪʨʦʪʫ, ʢʦʪʦʨʘʷ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʦʯʥʦ ʜʚʦʡʥʠʢʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʜʚʦʡʥʠʢʦʚʳʭ 

ʛʨʘʥʠʮ ʦʪ ʠʜʝʘʣʴʥʦʡ S3 (ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ɹʨʝʥʜʦʥʘ) ʜʘʥʦ ʥʘ ʨʠʩ. 1ʚ. ɺ 
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ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (~ 87%) ʚʳʷʚʣʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ EBSD (~ 2ʦ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʥʘ ʛʨʘʥʠʮʘʭ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʠʜʝʘʣʴʥʦʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ 60ʦ<111>.  

2.2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ, 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʘʷ ʤʝʜʴ ʙʳʣʘ ʧʨʦʢʘʪʘʥʘ ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

ʩʪʝʧʝʥʠ ʦʙʞʘʪʠʷ 50%. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ 

ʨʘʙʦʪʝ [2]. ʌʨʘʛʤʝʥʪ EBSD ʢʘʨʪʳ ʩʪʨʫʢʪʫʨʳ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 2ʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʥʟʦʦʙʨʘʟʥʦʡ ʠʣʠ ʢʣʠʥʦʚʠʜʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ 

ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʧʝʨʩʥʳʤʠ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʦʡʥʠʢʠ ʩʘʤʦʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʞʝ ʯʝʨʪʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʜʚʦʡʥʠʢʦʚ ʩʣʫʞʠʪ ʥʝʧʦʩʪʦʷʥʩʪʚʦ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ. ʅʘ EBSD ʢʘʨʪʝ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʜʦʣʴ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚ ʩʝʨʳʝ ʩʝʛʤʝʥʪʳ (ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʙʣʠʟʦʩʪʴ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʢ S3) ʯʝʨʝʜʫʶʪʩʷ ʩ ʯʝʨʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ (ʦʟʥʘʯʘʶʱʠʤʠ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʦʨʠʝʥʪʘʮʠʠ). ʅʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʦʚ 

ʚʳʜʝʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 
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ʉʧʝʢʪʨ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 2ʙ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʳ ʜʚʦʡʥʠʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʛʨʘʥʠʮ ʧʦ ʫʛʣʘʤ ʠ ʦʩʷʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʭ 

ʨʘʟʤʳʪʦʩʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʚ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮʘʭ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

60o<111>.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʦʨʠʝʥʪʘʮʠʡ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮʘʭ ʦʪ 

S3 (ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ɹʨʝʥʜʦʥʘ) ʜʘʥʦ ʥʘ ʨʠʩ. 2ʚ. ɺ 73% ʩʣʫʯʘʝʚ ʚʝʣʠʯʠʥʘ 

ʦʪʢʣʦʥʝʥʠʡ ʧʨʝʚʳʰʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ EBSD.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʛʨʘʥʠʮ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʦʪ ʪʦʯʥʦ ʜʚʦʡʥʠʢʦʚʦʛʦ 

ʩʦʧʨʷʞʝʥʠʷ.  

3. ʏʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ, ʪʘʢ ʠ ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ, ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʘʷ ʤʝʜʴ 

ʙr ʣʘ ʧʨʦʢʘʪʘʥʘ ʜʦ ʚʝʣʠʯʠʥʳ ʦʙʞʘʪʠʷ 93% ʧʨʠ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ 

ʟʘʪʝʤ ʧʦʜʚʝʨʛʥʫʪʘ ʜʣʠʪʝʣʴʥʦʡ (~ 1.5 ʛʦʜʘ) ʚʳʜʝʨʞʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [2]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʨʠʦʛʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʤʝʜʴ ʩʢʣʦʥʥʘ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
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ʧʨʠ ʦʪʦʛʨʝʚʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [3,4], ʯʪʦ ʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ EBSD ʢʘʨʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3ʘ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʠʣʴʥʦ 

ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʚʠʪʫʶ ʩʫʙʩʪʨʫʢʪʫʨʫ, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʦʦʩʥʳʭ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʙʦʜʥʳʭ ʦʪ ʄʋɻ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʩʪʨʫʢʪʫʨʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ. 

ʂʨʫʧʥʳʝ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʦʡʥʠʢʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʦʡ ʥʘ ʛʨʘʥʠʮʘʭ (ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ), 

ʘ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʦʩʪʘʪʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʚʦʡʥʠʢʦʚ (ʧʨʠʤʝʨ ʦʪʤʝʯʝʥ ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩʫʥʢʝ).  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 3ʙ, ʜʚʦʡʥʠʢʦʚʳʝ ʤʘʢʩʠʤʫʤʳ ʥʘ ʩʧʝʢʪʨʝ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ 

ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮʘʭ (ʨʠʩ. 3ʚ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ~ 58% ʩʣʫʯʘʝʚ ʠʭ 

ʚʝʣʠʯʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ.  
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4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʚʦʡʥʠʢʦʚ ʠ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ ʦʪ ʪʦʯʥʦ ʜʚʦʡʥʠʢʦʚʦʛʦ ʩʦʧʨʷʞʝʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ EBSD. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʦʨʠʝʥʪʘʮʠʷ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚ 

ʦʪʞʠʛʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ S3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʚʦʡʥʠʢʦʚ ʝʸ ʚʝʣʠʯʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʪʠʧʘ ʜʚʦʡʥʠʢʦʚ ʚ ʯʘʩʪʠʯʥʦ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ.  

 

ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʧʨʦʬʝʩʩʦʨʫ ʉʘʣʠʱʝʚʫ ɻ. ɸ. ʟʘ ʠʜʝʶ ʧʨʦʝʢʪʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʤʝʜʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʚʳʨʘʞʘʶʪ ʩʚʦʁ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʢ.ʪ.ʥ. ɻʘʣʝʝʚʫ ʈ. ʄ. ʠ ʢ.ʪ.ʥ. ɺʘʣʠʘʭʤʝʪʦʚʫ ʆ. ʈ. ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʨʠʦʛʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʢ.ʬ.-ʤ.ʥ. ɼʘʤʠʥʦʚʫ ʈ. ʈ. ʟʘ 

ʧʦʤʦʱʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʦʢʘʪʢʝ.  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʚʦʡʥʠʢʦʚ ʦʪʞʠʛʘ: (ʘ) EBSD-ʢʘʨʪʘ, 

(ʙ) ʩʧʝʢʪʨ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʩʷʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʜʘʥʦ ʚ 
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ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ), (ʚ) ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ 

ʛʨʘʥʠʮʘʭ ʦʪ S3.  

  ʘ 

   ʙ 

    ʚ 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ: (ʘ) EBSD-ʢʘʨʪʘ, (ʙ) 

ʩʧʝʢʪʨ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʩʷʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʜʘʥʦ ʚ 

ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ), (ʚ) ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ 

ʛʨʘʥʠʮʘʭ ʦʪ S3. ʇʦʜʨʦʙʥʦʩʪʠ ʠʟʣʦʞʝʥʳ ʚ ʪʝʢʩʪʝ ʩʪʘʪʴʠ. 
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   ʙ 


