
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè 

 

                       

 

 ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ɼɸʅʀʃʆɺ ʉɽʈɻɽʁ ɺʃɸɼʀʄʀʈʆɺʀʏ 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊɽʂʉʊʋʈʓ ʄɽʊɸʃʃʀʏɽʉʂʀʍ 

ʄɸʊɽʈʀɸʃʆɺ ʉ ʆʎʂ ʀ ɻʎʂ ʈɽʐɽʊʂɸʄʀ ʇʈʀ 

ʊɽʈʄʆɼɽʌʆʈʄɸʎʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂɽ 

 

 

 

05.16.01 ï ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ  

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ   

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʀʥʩʪʠʪʫʪʘ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè. 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʃʦʙʘʥʦʚ ʄʠʭʘʠʣ ʃʴʚʦʚʠʯ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

 

ʇʦʧʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. 

ʄʠʭʝʝʚʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʜʠʬʬʫʟʠʠ;  
 

ɹʝʮʦʬʝʥ ʉʝʨʛʝʡ ʗʢʦʚʣʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è, ʛ. ʄʦʩʢʚʘ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠ ̫ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ; 
 

ʄʠʰʠʥ ɺʘʩʠʣʠʡ ɺʠʢʪʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè, ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʜʦʮʝʥʪ ɺʳʩʰʝʡ ʰʢʦʣʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʤʘʪʝʨʠʘʣʦʚ ʀʥʩʪʠʪʫʪʘ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʘ. 
 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç24è ʠʶʥʷ 2021 ʛ. ʚ 14:00 ʯ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʋʨʌʋ 

05.04.08 ʧʦ ʘʜʨʝʩʫ: 620002, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʄʠʨʘ 19, ʘʫʜ. ʀ-420 (ʟʘʣ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ). 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè, 

https://dissovet2.urfu.ru/mod/data/view.php?d=12&rid=2232 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç___è _________ 2021 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

                                             

                                          ʉʝʣʠʚʘʥʦʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʠʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʜʝʣʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʶ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ, 

ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʪʝʢʩʪʫʨʘʤ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʠʭ 

ʥʘʣʠʯʠʝ ʧʨʠʚʦʜʠʪ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʢʣʦʥʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʨʫʰʝʥʠʶ.  

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʝʨʝʜʝʣʝ ʪʝʢʩʪʫʨʘ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʦʙʨʘʙʦʪʢʘʭ (ʦʪʞʠʛʘʭ, ʜʝʬʦʨʤʘʮʠʷʭ), ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ, ʤʦʞʝʪ 

ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʧʣʘʚʝ Fe-3%Si ʥʘ ʩʪʘʜʠʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʚʳʩʦʢʠʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʝʢʩʪʫʨʳ 

(110)[001]. ʇʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʦ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʦʩʳ Fe-3%Si ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ 

ʝʝ ʦʙʨʘʙʦʪʢʠ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ) ʧʨʠ ʚʪʦʨʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʧʦʣʫʯʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ-ʨʝʰʝʪʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʥʠʭ ʠʟʜʝʣʠʡ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ 

ʧʦʥʠʤʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʩ ʫʯʝʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ ʩʚʦʡʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʝʢʩʪʫʨʝ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʝʸ ʚʣʠʷʥʠʠ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʘʤʠ ʚ ʈʦʩʩʠʠ ʛʣʫʙʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ 

ʦʙʦʙʱʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʘʚʪʦʨʘʤʠ: ɺʠʰʥʷʢʦʚ ʗ.ɼ., ɹʘʙʘʨʵʢʦ ɸ.ɸ., ɻʦʣʴʜʰʪʝʡʥ ɺ.ʗ., ʐʪʨʝʤʝʣʴ ʄ.ɸ., 

ɻʦʨʝʣʠʢ ʉ.ʉ., ɺʘʡʥʙʣʘʪ ʖ.ʄ., ʉʦʢʦʣʦʚ ɹ.ʂ., ɻʫʙʝʨʥʘʪʦʨʦʚ ɺ.ɺ., ɻʝʨʚʘʩʴʝʚʘ ʀ.ɺ., ɹʝʮʦʬʝʥ ʉ.ʗ., 

ɸʨʳʰʝʥʩʢʠʡ ɽ.ɺ. ʠ ʜʨ. ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʟʘʧʘʜʝ ʚʥʝʩʣʠ 

Tailor G.I., Schmid E., Bishop J.F.W., Hill R., Wassermann G., Humphreys F.J., Hatherly M., Grewen J., 

Raabe D., L¿cke K., Engler O., Hirsch J., ʠ ʜʨ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʢʘʩʘʶʱʠʡʩʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʩ ʧʦʟʠʮʠʡ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ɿʘʢʩʘ, ʊʝʡʣʦʨʘ, ɹʠʰʦʧʘ-ʍʠʣʣʘ ʠ ʜʨ. ʆʙʱʠʤ ʜʦʧʫʱʝʥʠʝʤ ʚʩʝʭ ʵʪʠʭ 

ʪʝʦʨʠʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʢʦʣʴʞʝʥʠʝʤ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʣʦʩʢʦʩʪʷʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉʚʷʟʴ ʤʝʞʜʫ ʩʜʚʠʛʘʤʠ ʧʦ 

ʩʠʩʪʝʤʘʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʧʦʚʦʨʦʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʡ ʧʣʘʩʪʠʯʝʩʢʘʷ 
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ʜʝʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʆʧʠʩʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʠʧʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʠʩʣʦʢʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʩ ʠʟʚʝʩʪʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʶ ʥʝʢʦʪʦʨʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɿʘʢʦʥʯʝʥʥʘʷ ʪʝʦʨʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʳ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʟʠʮʠʡ 

ʪʝʦʨʠʠ ʜʠʩʣʦʢʘʮʠʡ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʦʩʢʦʣʴʢʫ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʫʨ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʙʲʝʜʠʥʝʥʥʦʡ ʪʝʦʨʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ. 

ʆʩʥʦʚʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʟʘʨʦʜʳʰʠ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ, ʟʘʢʦʥʦʤʝʨʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʢʩʪʫʨʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʨʘʩʪʫʪ ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʪʝ ʟʘʨʦʜʳʰʠ, ʦʨʠʝʥʪʠʨʦʚʢʘ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʢʩʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʭ ʛʨʘʥʠʮ. ʆʜʥʘʢʦ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʝʢʩʪʫʨ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. 

ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ (ɻʇ) ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʝ, ʥʦ ʠ ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ (ʌʇ). ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʭʝʤʘʤ, ʚʢʣʶʯʘʶʱʠʤ 

ʛʦʨʷʯʫʶ ʜʝʬʦʨʤʘʮʠʶ ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ, ʢʦʪʦʨʦʛʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ɔŸŬ ʧʨʝʚʨʘʱʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʌʇ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʪʝʢʩʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʜʚʠʛʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ɔŸŬǋ), ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (ʆʉ, ʂʫʨʜʶʤʦʚʘ-ɿʘʢʩʘ, ʅʠʰʠʷʤʳ-ɺʘʩʩʝʨʤʘʥʘ, ʠʣʠ 

ʜʨ.). ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʌʇ ʪʘʢʞʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʣʷ ʩʜʚʠʛʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʇʨʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ ʆʉ 

ʩʣʫʯʘʡʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʥʦʚʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʌʇ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʘʢʨʦʪʝʢʩʪʫʨʳ ʠʟʜʝʣʠʷ. ʆʜʥʘʢʦ ʝʝ ʥʘʣʠʯʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ 

ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʘʤʠ ʧʨʠ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠ 

ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʪʝʢʩʪʫʨʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʘ Fe-3%Si ʩ ʆʎʂ-ʨʝʰʝʪʢʦʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʩ ɻʎʂ-ʨʝʰʝʪʢʦʡ 

ʧʦʩʣʝ ɻʇ, ʘ ʪʘʢʞʝ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʪʨʫʙʥʦʡ ʩʪʘʣʠ ʪʠʧʘ 06ɻ2ʄɹ ʧʦʩʣʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʊʄʉʈ) ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʧʨʦʢʘʪʘ. 

2. ʋʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ 

ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʟʝʨʝʥ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si, ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

6061 ʧʦʩʣʝ ɻʇ ʠ ʤʦʣʠʙʜʝʥʘ ʪʝʭʥʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʧʨʠ ʌʇ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʟʮʘʭ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʪʨʫʙʥʦʡ ʩʪʘʣʠ 

ʪʠʧʘ 06ɻ2ʄɹ ʧʨʠ TMCP ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʭ. 

4. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ɻʇ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʬʠʟʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʥʘʫʯʥʳʝ 

ʠ ʫʪʦʯʥʝʥʳ ʠʤʝʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ɻʇ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʪʝʢʩʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʘʤʠ: 

1. ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ï Electron backscatter 

diffraction (EBSD), ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ: 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si ʥʠʪʨʠʜʥʦ-ʤʝʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʣʝ ʯʠʩʪʦʚʦʡ ɻʇ, 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʧʦʩʣʝ ɻʇ, ʠ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʪʨʫʙʥʦʡ ʩʪʘʣʠ ʪʠʧʘ 

06ɻ2ʄɹ ʧʦʩʣʝ ʊʄʉP ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʧʨʦʢʘʪʘ. 

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʫʛʣʝʨʦʜʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si ʧʦʟʚʦʣʷʝʪ 

ʧʨʠ ɻʇ ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʠʪʴ ʪʝʢʩʪʫʨʫ ʜʝʬʦʨʤʘʮʠʠ (110)[001], ʟʘ ʩʯʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

3. ʅʘ ʦʙʨʘʟʮʘʭ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʳ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ 

ʦʨʠʝʥʪʠʨʦʚʢʘʤ ʬʘʢʪʦʨ ʊʝʡʣʦʨʘ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʱʝʧʣʝʥʠʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʪʠʧʘ 06ɻ2ʄɹ ʩ ʙʝʡʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʫʯʝʥʥʳʭ ʊʄʉP, 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʤʘʪʝʨʠʘʣʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ɔŸŬ ʧʨʝʚʨʘʱʝʥʠʷ. ɿʘ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʱʝʧʣʝʥʠʡ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʚʳʪʷʥʫʪʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɻʇ ʦʙʣʘʩʪʠ ʩ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʙʣʠʟʢʦʡ ʢ (001)<110>. 

5. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʌʇ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʘʤʠ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʜʭʦʜʝ ʦ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʨʦʣʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʝʞʟʝʨʝʥʥʳʭ 

ʛʨʘʥʠʮ.   

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʘʤʠ ʜʣʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʠʟʜʝʣʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ ʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʠ ʊʄʉʈ ʚ ʩʪʘʣʠ 06ɻ2ʄɹ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʦʚ, ʧʨʦʢʘʪʘʥʥʳʭ ʥʘ ʩʪʘʥʝ 5000 (ʇɸʆ çʄʄʂè). ʅʘ ʯʠʩʣʝʥʥʫ  ʁʤʦʜʝʣʴ 

ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU 2729801 C1. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʦʩʣʫʞʠʣʠ ʨʘʙʦʪʳ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ 

ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝ ɻʇ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (EBSD), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʥʘʣʠʟʝ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ, ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʬʘʟ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʤ ʧʘʢʝʪʝ ThermoCalc. 



6 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʩʪʫʨʥʳʝ ʩʦʩʪʦʷʥʠ ̫ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ-ʨʝʰʝʪʢʘʤʠ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʘʥʠʟʦʪʨʦʧʠʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʠʪʳ 

ʠ ʪʝʢʩʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʦʨʠʝʥʪʠʨʦʚʢʘʤ ʬʘʢʪʦʨ 

ʊʝʡʣʦʨʘ. 

3. ʉʚʷʟʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ 

ʩʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʊʄʉʈ, ʩ ʥʘʣʠʯʠʝʤ ʨʘʩʱʝʧʣʝʥʠʡ (ʚʪʦʨʠʯʥʳʭ ʪʨʝʱʠʥ), ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʢʩʪʫʨʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʭ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʊʄʉʈ. 

ɼʦʩʪʦʚʝʨʥʦʩʪ ɹʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʙʦʨʦʚ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʢʩʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʪʝʢʩʪʫʨʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʜʦʧʦʣʥʷʶʪ ʜʘʥʥʳʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 15 ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ: XV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʫʨʘʣʴʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʤʝʪʘʣʣʦʚʝʜʦʚ ï 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2014), 53-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʄʅʉʂï2015 (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʕʥʝʨʛʝʪʠʢʘ." (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2015), XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʫʨʘʣʴʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʤʝʪʘʣʣʦʚʝʜʦʚ - ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2015), 

XXIII ʋʨʘʣʴʩʢʘʷ ʰʢʦʣʘ ʤʝʪʘʣʣʦʚʝʜʦʚ-ʪʝʨʤʠʩʪʦʚ "ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ", ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɸ. ʇʦʧʦʚʘ 

(ʊʦʣʴʷʪʪʠ, 2016), ʍ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʄʝʭʘʥʠʢʘ, ʨʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ" (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), XVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʫʨʘʣʴʩʢʘʷ ʰʢʦʣʘ-

ʩʝʤʠʥʘʨ ʤʝʪʘʣʣʦʚʝʜʦʚ - ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), III ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʇʨʦʤ-ʀʥʞʠʥʠʨʠʥʛ" (ʏʝʣʷʙʠʥʩʢ, 2017), XXIV ʋʨʘʣʴʩʢʘʷ ʰʢʦʣʘ 

ʤʝʪʘʣʣʦʚʝʜʦʚ-ʪʝʨʤʠʩʪʦʚ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚè 

(ʄʘʛʥʠʪʦʛʦʨʩʢ, 2018), International Conference on Industrial Engineering. ICIE-2018 (ʏʝʣʷʙʠʥʩʢ, 2018), 

XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ʄʝʭʘʥʠʢʘ, ʨʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 2018), 5th International Conference on Competitive Materials and Technology Processes 

(Miskoc-Lillafured, Hungary, 2018), XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʫʨʘʣʴʩʢʘʷ ʰʢʦʣʘ-

ʩʝʤʠʥʘʨ ʤʝʪʘʣʣʦʚʝʜʦʚ ï ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2018). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʠʟ ʥʠʭ 13 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ɺɸʂ ʈʌ ʠ ɸʪʪʝʩʪʘʮʠʦʥʥʳʤ ʩʦʚʝʪʦʤ ʋʨʌʋ, ʠʟ 

ʢʦʪʦʨʳʭ 12 ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʙʘʟʘʭ Scopus ʠ Web of Science, ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ 135 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï 132 ʩʪʨʘʥʠʮ.r 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 67 ʨʠʩʫʥʢʦʚ ʠ 12 ʪʘʙʣʠʮ. 
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ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ, 

ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʩʪʝʧʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠ ʁʪʝʢʩʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ-ʨʝʰʝʪʢʘʤʠ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʌʇ, ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʧʨʠ ɻʇ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʘ Fe-3%Si) ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ (ʤʦʣʠʙʜʝʥʘ, ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʪʨʫʙʥʳʭ 

ʩʪʘʣʝʡ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg-Si) ʤʘʪʝʨʠʘʣʦʚ. ʆʙʦʙʱʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ 

ʚʣʠʷʥʠʠ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʝ ʬʠʟʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, 

ʦʪʦʙʨʘʥʥʳʝ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʆʎʂ ʠ ɻʎʂ-ʨʝʰʸʪʢʘʤʠ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʘʭ:  

ï ʆʙʨʘʟʮʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʧʦʣʦʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʘʣʠ ʥʠʪʨʠʜʥʦ-ʤʝʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʣʠɦʥʦʡ 2,6 ʤʤ ʧʦʩʣʝ ʯʠʩʪʦʚʦʡ ɻʇ ʥʘ 

ʥʝʧʨʝʨʳʚʥʦʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʩʪʘʥʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʙʞʘʪʠʝʤ ʙʦʣʝʝ 90 %. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʮʘ 

ʯʠʩʪʦʚʦʡ ɻʇ ~ 930 Áʉ. 

ï ʆʙʨʘʟʮʳ ʣʠʩʪʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʪʦʣʱʠʥʦʡ 2 ʤʤ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʢʘʪʢʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʙʞʘʪʠʝʤ ʙʦʣʝʝ 90 %. ɺʳʨʝʟʘʥʥʳʝ ʠʟ ʣʠʩʪʘ ʦʙʨʘʟʮʳ 

ʦʪʞʠʛʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʚ ʪʝʯʝʥʠʝ 45é300 ʤʠʥʫʪ. 

ï ʆʙʨʘʟʮʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʧʦʩʣʝ ɻʇ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʙʞʘʪʠʝʤ ʙʦʣʝʝ 90 % ʧʦ 

ʜʚʫʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ: I ï ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʪʢʠ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪ 460 ʜʦ 423 Áʉ ʧʨʠ ʮʠʢʣʝ ɻʇ 250 ʩ); II ï ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ɻʇ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʢʘʪʢʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 460 ʜʦ 376 Áʉ, ʮʠʢʣ ɻʇ ʩʦʩʪʘʚʠʣ 312 ʩ). 

ï ʆʙʨʘʟʮʳ ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʪʨʫʙʥʦʡ ʩʪʘʣʠ ʪʠʧʘ 06ɻ2ʄɹ ʧʦʩʣʝ ʊʄʉʈ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʙʞʘʪʠʝʤ ʙʦʣʝʝ 90 %. ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʮʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ɻʇ ~ 830 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʦʥʮʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ɻʇ ʧʨʠ TMCP ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ɸʉ3 ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʣʠ ~ 830 Áʉ. 

ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʩʶ ʪʦʣʱʠʥʫ ʣʠʩʪʦʚ (27,7é23,0 ʤʤ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʙʣʠʟʢʠʤʠ ʫʨʦʚʥʷʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʠ ʵʪʦʤ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʫʶ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʠʟʣʦʤʘʭ ʨʘʩʱʝʧʣʝʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʉ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʪʘʢʠʭ ʢʘʢ: ʤʘʨʪʝʥʩʠʪ, ʥʠʞʥʠʡ ʙʝʡʥʠʪ, ʚʝʨʭʥʠʡ ʙʝʡʥʠʪ, 

ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘʤ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʨʦʚʳʭ 

ʤʠʢʨʦʩʢʦʧʘʭ Tescan Mira3 ʠ Jeol JSM-6490LV ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʠ ʘʥʘʣʠʟʘ ʣʦʢʘʣʴʥʦʡ ʪʝʢʩʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠʩʪʘʚʢʘ EBSD HKL 

Inca ʩ ʩʠʩʪʝʤʦʡ ʘʥʘʣʠʟʘ Oxsford Instruments. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʢʩʪʫʨʳ (ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʡ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʠ ʦʜʥʦʡ ʩʲʝʤʢʠ ʦʙʣʘʩʪʠ) ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʢʘʨʪ (ʆʂ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ, ʧʨʷʤʳʭ ʧʦʣʶʩʥʳʭ ʬʠʛʫʨ (ʇʇʌ) ʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʡ (ʌʈʆ). 
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ʇʨʠ ʘʥʘʣʠʟʝ ʦʨʠʝʥʪʠʨʦʚʦʢ ʚ ʢʘʯʝʩʪʚʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʩʠ ʢʦʪʦʨʦʡ 

ʩʚʷʟʘʥʳ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ɻʇ (ʍƐʅʇ), ʥʦʨʤʘʣʴʶ ʢ ʝʝ ʧʣʦʩʢʦʩʪʠ (YƐʅʅ) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ (ZƐʇʅ), ʢʦʪʦʨʦʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʘʣʢʦʚ, ʪʘʢ ʯʪʦ ʚʩʝ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʫʶʪ 

ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʚʝʢʪʦʨʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ, ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʬʘʟ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʤ ʧʘʢʝʪʝ ThermoCalc. 

ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠ ̫ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʦʣʦʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʢʩʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ 

ʪʦʣʱʠʥʝ ʩʣʦʷ (ʨʠʩʫʥʢʠ 1, 2) ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʰʠʨʠʥʝ ʧʦʣʦʩʳ (ʨʠʩʫʥʦʢ 3).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦ ʰʠʨʠʥʝ (410 ʤʤ ʦʪ ʢʨʦʤʢʠ) ʦʙʣʘʩʪʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si ʧʦʩʣʝ ɻʇ: ʘ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʧʨʠʚʝʜʝʥʘ ʚʩʷ ʪʦʣʱʠʥʘ ʧʦʣʦʩʳ;  

IïIV ï ʦʙʣʘʩʪʠ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ), ʩ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ;  

ʙ ï ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʮʚʝʪʦʚʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ;  

ʚ ï ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʢʘʨʪʳ (ʆʂ) ʩ ʅʅ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʷʤ IïIV; ʛ ï ʆʂ ʩ ʅʇ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʷʤ IïIV 
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ʆʨʠʝʥʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʢʩʪʫʨʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ 

Fe-3%Si ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʧʦʣʦʩʳ, ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʦʚ ʜʠʩʢʨʝʪʥʳʭ 

ʩʪʘʙʠʣʴʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (ʨʠʩʫʥʢʠ 1, ʦʙʣʘʩʪʴ I, IV; 2, ʘ) ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʟʘʥʠʤʘʶʪ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ ʩ ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʙʣʠʟʢʠʤʠ ʢ (110)[001], ʜʚʫʤ ʠʟ {110}<112>, 

ʜʚʫʤ ʠʟ {112}<111> ʠ ʦʜʥʦʡ ʠʟ {110}<111>. ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʩ ʪʝʤ ʞʝ ʥʘʙʦʨʦʤ ʦʨʠʝʥʪʠʨʦʚʦʢ. ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʩʣʦʝ 

(ʨʠʩʫʥʢʠ 1, ʦʙʣʘʩʪʴ II, III; 2, ʙ) ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ ʠʤʝʶʪ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʙʣʠʟʢʠʝ ʢ (001)[110], ʜʚʫʤ ʠʟ {112}<110>, ʜʚʫʤ ʠʟ {111}<112> ʠ ʦʜʥʦʡ ʠʟ {111}<110>, ʠ ʯʝʪʳʨʝ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʠʟ ~ {216}<301>. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨʥʫʪʦʡ ʥʘ 90Á ʚʦʢʨʫʛ ʇʅ ʪʝʢʩʪʫʨʦʡ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʣʦʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʦʨʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ (ʘ) ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ (ʙ) ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ 

Fe-3%Si ʧʦʩʣʝ ɻʇ ʚ ʚʠʜʝ ʇʇʌ 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ɻʇ ʥʘ ʢʨʦʤʢʘʭ ʧʦʣʦʩʳ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ 

ʜʝʬʦʨʤʘʮʠʠ {112}<110> (ʨʠʩʫʥʦʢ 3, ʘ). ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʢʨʦʤʦʢ ʧʦʣʦʩʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʝʨʝʜʠʥʳ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʭʨʘʥʷʝʪ ʚʳʪʷʥʫʪʫʶ ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ ʟʝʨʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʤʝʶʱʫʶ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝ ʪʝʢʩʪʫʨʫ ʜʝʬʦʨʤʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʝʢʩʪʫʨʘ ʚ ʚʠʜʝ ʇʇʌ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʤ (ʘ) 

ʠ 40 ʤʤ (ʙ) ʦʪ ʢʨʦʤʢʠ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʦʣʦʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si 

 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʷ ɹʨʝʥʜʦʥʘ (æŪ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʦʣʦʩʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si, ʩʚʷʟʘʥʳ ʩ ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʦʚʦʨʦʪʘʤʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ ʚʦʢʨʫʛ ʦʩʝʡ <110>. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ɻʇ 

ʧʨʦʠʩʭʦʜʠʣʘ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ. ʕʪʠ 
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ʩʧʝʮʠʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʟʝʨʥʘʤʠ, 

ʥʘʭʦʜʠʚʰʠʤʠʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʦʨʠʝʥʪʘʮʠʷʭ. ʆʩʥʦʚʥʦʡ ʥʘʙʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ, ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʧʦʣʦʩʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʦʣʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 4). 

 

 

*  - ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʫʢʘʟʘʥʳ ʦʩʠ <110> ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʚʦʨʦʪʦʚ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʟʦʨʠʝʥʪʘʮʠʠ;  

** - ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʦʨʠʝʥʪʘʮʠʡ ʫʢʘʟʘʥʳ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʠ ʢʨʠʪʝʨʠʠ ɹʨʝʥʜʦʥʘ (æŪ); 

ʧʨʦʟʨʘʯʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʨʠʝʥʪʠʨʦʚʢʘʤ, ʥʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʧʨʠ 

ʨʘʩʰʠʬʨʦʚʢʝ ʪʝʢʩʪʫʨʳ. 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ ʚ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʦʨʠʝʥʪʘʮʠʡ ʥʘ ʧʨʠʤʝʨʝ ʦʩʥʦʚʥʳʭ 

ʦʨʠʝʥʪʠʨʦʚʦʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʩʧʣʘʚʘ Fe-3%Si 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʦʣʦʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si 

ʤʝʪʦʜʦʤ EBSD (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʢʫ, ʙʣʠʟʢʫʶ ʢ (110)[001], ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʤʝʶʪ ʚʳʪʷʥʫʪʳʝ ʧʦ ʅʇ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ. ʇʨʠ ʵʪʦʤ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʩʩʝʷʥʥʦʡ ʪʝʢʩʪʫʨʳ ʩ ʦʩʴʶ <110>, ʧʘʨʘʣʣʝʣʴʥʦʡ ʅʅ. 

ʅʘʣʠʯʠʝ ʘʫʩʪʝʥʠʪʘ ʚ ʩʧʣʘʚʝ Fe-3%Si ʧʨʠ ɻʇ ʚ ʫʩʣʦʚʠʷʭ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʬʘʟʦʚʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ɔŸŬ), ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʬʘʟʦʚʳʤ ʥʘʢʣʝʧʦʤ, ʢʦʪʦʨʳʡ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ 
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ʧʨʦʮʝʩʩ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʪʝʢʩʪʫʨʝ ɻʇ ʦʨʠʝʥʪʠʨʦʚʦʢ 

(110)<112>é<113> ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʩʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʚʣʠʷʥʠʠ ʫʛʣʝʨʦʜʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦʩʪʝʡ EBSD ʩ ʧʣʦʩʢʦʩʪʠ ʧʨʦʢʘʪʢʠ ʜʣʷ ʩʣʦʷ 1/8 ʪʦʣʱʠʥʳ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʧʦʣʦʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʨʠ ʝʝ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʠʩʫʥʦʢ 5, ʙ): ʦʙʣʘʩʪʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ 

ʘʫʩʪʝʥʠʪʘ (1), ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ (2) ʠ ʨʘʩʪʫʱʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ (3). ɺ 

ʮʝʣʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʢʩʠʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ <110>, ʪ. ʝ. ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʠʤʝʶʪ ʧʣʦʩʢʦʩʪʴ {110}, ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʠ ʧʨʦʢʘʪʢʠ. ʇʨʠ ʵʪʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʟʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ (110)[00l] (ʨʠʩʫʥʦʢ 5, ʘ), ʘ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ï {110}<h,-h,l>. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʛʣʝʨʦʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ ʘʫʩʪʝʥʠʪʘ ʧʨʠ ɻʇ, ʜʠʬʬʫʥʜʠʨʫʝʪ ʠ ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮʘʭ, ʫʤʝʥʴʰʘʷ 

ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ, ʪ. ʝ. ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʠʭ ʨʦʩʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʫʛʣʝʨʦʜʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ɻʇ ʩʦʭʨʘʥʠʪʴ ʦʩʪʨʫʶ ʪʝʢʩʪʫʨʫ 

ʜʝʬʦʨʤʘʮʠʠ (110)[001]. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si ʚ ʩʣʦʝ, ʦʪʩʪʦʷʱʝʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 1/8 ʪʦʣʱʠʥʳ ʧʦʣʦʩʳ: ʘ ï ʆʂ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʨʠʝʥʪʠʨʦʚʢʠ ~ (110)[001] ʩ ʦʪʢʣʦʥʝʥʠʝʤ 

ʜʦ 20Á ʧʦ ʚʩʝʤ ʫʛʣʘʤ; ʙ ï ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʩʪʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʨʠʝʥʪʠʨʦʚʦʢ ʣʠʩʪʘ ʠʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʩ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ 90 %, ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʢʩʪʫʨʘ 

ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 6, ʙ, ʚ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ, ʠ ʩʦʩʪʦʷʣʘ ʠʟ ʥʘʙʦʨʘ 

ʨʘʩʩʝʷʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ: ʩʠʣʴʥʦʡ {001}<110> ʠ ʩʣʘʙʳʭ {112}<110>, {111}<112>, 

{111}<110>, ʷʚʣʷʶʱʠʭʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʤʘʪʝʨʠʘʣʘ ʩ ʆʎʂ-ʨʝʰʸʪʢʦʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʦʪʞʠʛʫ ʚ 

ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʩ ʚʳʜʝʨʞʢʦʡ 45 (ʨʠʩʫʥʦʢ 7), 150 ʠ 300 ʤʠʥʫʪ. ʀʩʧʦʣʴʟʫʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ï EBSD, ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʪʝʢʩʪʫʨ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʣʠʙʜʝʥʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʜʝʣʷʣʠ ʦʨʠʝʥʪʠʨʦʚʢʠ ʚʩʝʭ ʟʝʨʝʥʥʳʭ ʬʨʘʢʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʵʚʦʣʶʮʠʠ ʥʘ 

ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʦʪʞʠʛʘ ʩ ʚʳʜʝʨʞʢʦʡ 45 ʤʠʥʫʪ (ʨʠʩʫʥʦʢ 7, ʙ-ʛ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʢʩʪʫʨʘ 
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ʨʘʚʥʦʦʩʥʳʭ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʩʦʩʪʦʷʣʘ ʠʟ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ ʦʨʠʝʥʪʠʨʦʚʦʢ, ʯʪʦ ʠ ʪʝʢʩʪʫʨʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʦʩʣʝ çʪʝʧʣʦʡè ʧʨʦʢʘʪʢʠ (ʨʠʩʫʥʢʠ 6, ʚ; 7, ʛ). ʊʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ 

ʪʝʢʩʪʫʨʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʧʦʣʠʛʦʥʠʟʦʚʘʥʥʳʭ (ʙʳʚʰʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ) ʟʝʨʝʥ 

ʩʦʩʪʦʷʣʘ ʪʦʣʴʢʦ ʠʟ ʦʨʠʝʥʪʠʨʦʚʢʠ {001}<110> ʩ ʨʘʩʩʝʷʥʠʝʤ Ñ 20Á. ʇʦʩʣʝʜʥʝʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ ʤʦʣʠʙʜʝʥʘ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ: 

 ʘ ï ʆʂ (ʬʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ) ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʘʣʦʫʛʣʦʚʳʭ ʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʛʨʘʥʠʮ 

(ʧʨʠʚʝʜʝʥ ʫʯʘʩʪʦʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʣʠʩʪʘ); ʙ, ʚ ï ʇʇʌ ʩ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ (ʙ) ʠ ʮʝʥʪʨʘʣʴʥʦʡ (ʚ) 

ʦʙʣʘʩʪʝʡ ʣʠʩʪʘ 

 

 
  

 

ʈʠʩʫʥʦʢ 7 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ ʤʦʣʠʙʜʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʦʪʞʠʛ ʚ 

ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ): ʘ ï ʆʂ (ʬʘʟʦʚʳʡ ʢʦʥʪʨʘʩʪ) ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʘʣʦʫʛʣʦʚʳʭ ʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʛʨʘʥʠʮ; ʙ ï ʇʇʌ ʩʦ ʚʩʝʡ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ (ʘ); ʚ, ʛ ï ʇʇʌ ʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ (ʚ) ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ (ʛ) ʟʝʨʝʥ ʩ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ (ʘ) 
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ʇʨʠ ʦʪʞʠʛʝ ʩ ʚʳʜʝʨʞʢʦʡ Ó 150 ʤʠʥʫʪ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘʤʝʪʥʦ ʦʩʣʘʙʠʣʘʩʴ 

ʦʨʠʝʥʪʠʨʦʚʢʘ {001}<110> ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʠʣʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʦʢ ʙʣʠʟʢʠʭ ʢ {112}<110>, {111}<112>, 

{111}<110>. 

ʇʦ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʪʝʢʩʪʫʨʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ 

ʧʦʚʪʦʨʷʝʪ ʪʝʢʩʪʫʨʫ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʝʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Fe-3%Si. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʦʨʠʝʥʪʠʨʦʚʦʢ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʟʝʨʝʥ, ʩʚʷʟʘʥʳ ʩ ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʦʚʦʨʦʪʘʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ ʚʦʢʨʫʛ 

ʦʩʝʡ <110>.  

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ɻʇ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʦʢʘʪʘʥʥʦʡ ʧʣʠʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ AlïSiïMg. 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʧʦʩʣʝ ɻʇ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʢʘʪʢʠ, ʩʦʩʪʦʷʣʘ ʠʟ ʥʘʙʦʨʘ ʜʠʩʢʨʝʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ: ʜʚʫʭ ʠʟ {011}<211>, 

ʜʚʫʭ ʠʟ {112}<111>, ʜʚʫʭ ʠʟ {011}<111>, ʘ ʪʘʢʞʝ (011)[100] ʠ (010)[001] (ʨʠʩʫʥʢʠ 8, ʞ, ʟ; 9, ʞ, ʟ). 

ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʠʩʢʨʝʪʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʢ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ (010)[001], ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʩʪʫʨʝ 

ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ɻʎʂ-ʨʝʰʸʪʢʦʡ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ ʧʣʠʪʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ɻʇ ʧʦ ʨʝʞʠʤʫ I:  

ʘ ï ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʣʠʪʳ (ʚʩʷ ʪʦʣʱʠʥʘ ï h); ʙ, ʝ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʆʂ ʚ ʨʘʩʮʚʝʪʢʝ ʩ ʇʅ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ (~1/8Āh) ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ (~1/2Āh) ʩʣʦʝʚ; ʚ, ʛ ï ʇʇʌ ʩ ʦʙʣʘʩʪʠ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ (ʙ); ʞ, ʟ ï ʇʇʌ ʩ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ (ʝ); ʜ ï ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ 

ʮʚʝʪʦʚʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ; ʚ, ʞ ï ʇʇʌ ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʧʦʣʶʩʥʦʡ ʧʣʦʪʥʦʩʪʠ; ʛ, ʟ ï ʇʇʌ ʚ ʚʠʜʝ ʧʨʦʝʢʮʠʡ ʚʳʭʦʜʦʚ ʧʦʣʶʩʦʚ ʚ ʨʘʩʮʚʝʪʢʝ ʩ ʇʅ 

 


