
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ʅɸʌʊʀ ɯ ɻɸɿʋ   

ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ñʃʔɺɯɺʉʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸò  

 

 

 

 

ʇʈʀʉʗɾʅʖʂ ʇɸɺʃʆ ʄʀʂʆʃɸʁʆɺʀʏ 

ʋɼʂ 621.791.92.04 

 

 

 

ʅɸʋʂʆɺɯ ʆʉʅʆɺʀ ʌʆʈʄʋɺɸʅʅʗ ɿʅʆʉʆʋɼɸʈʆʊʈʀɺʂʀʍ ʇʆʂʈʀʊʊɯɺ 

ʉʀʉʊɽʄʀ çɺʀʉʆʂʆʄɸʈɻɸʅʎɽɺɸ ʉʊɸʃʔ ï ʊʋɻʆʇʃɸɺʂɯ ʉʇʆʃʋʂʀè 

ɽʃɽʂʊʈʆɼʋɻʆɺʀʄ ʅɸʇʃɸɺʃɽʅʅʗʄ 

 

 

 

05.02.01 ï ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ 

 

 

 

ʈɽʌɽʈɸʊ 

ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ  

ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

                ʃʴʚʽʚ ï 2024   



 

ɼʠʩʝʨʪʘʮʽʻʶ ʻ ʨʫʢʦʧʠʩ. 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘ-

ʬʪʠ ʽ ʛʘʟʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ. 

 

 

ʆʬʽʮʽʡʥʽ ʦʧʦʥʝʥʪʠ: ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ʅɸʅ ʋʢʨʘʾʥʠ 

ʃʦʙʦʜʘ ʇʝʪʨʦ ɯʚʘʥʦʚʠʯ, 

ʅʘʮʽʦʥʘʣʴʥ͙  ͚ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

ʧʨʦʬʝʩʦʨ, ʤ. ʂʠʾʚ 

 

ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥ-

ʜʝʥʪ ʅɸʅ ʋʢʨʘʾʥʠ  

ʊʘʪʘʨʝʥʢʦ ɺʘʣʝʥʪʠʥ ɸʜʨʽʡʦʚʠʯ, 

ɯʥʩʪʠʪʫʪ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʜʠʨʝʢʪʦʨ, ʤ. ʂʠʾʚ 

 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʪʫʜʝʥʪ ʄʠʭʘʡʣʦ ʄʠʭʘʡʣʦʚʠʯ, 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʡ ̔ʥʩʪʠʪʫʪ ʽʤ. ɻ. ɺ. ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʦʩ-

ʥʦʚ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽ  
 

 

ɿʘʭʠʩʪ ʚʽʜʙʫʜʝʪʴʩʷ ñ14ò ʯʝʨʚʥʷ 2024 ʨ. ʦ 900 ʛʦʜʠʥʽ ʥʘ ʟʘʩʽʜʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ 

ʨʘʜʠ ɼ 35.052.20 ʧʨʠ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʟʘ ʘʜʨʝ-

ʩʦʶ: 79013, ʤ. ʃʴʚʽʚ. ʚʫʣ. ʉʪʝʧʘʥʘ ɹʘʥʜʝʨʠ, 12, ʘʫʜʠʪʦʨʽʷ 226. ɿ ʜʠʩʝʨʪʘʮʽʻʶ ʤʦʞʥʘ 

ʦʟʥʘʡʦʤʠʪʠʩʴ ʫ ʙʽʙʣʽʦʪʝʮʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʟʘ ʘʜ-

ʨʝʩʦʶ: 79013, ʤ. ʃʴʚʽʚ, ʚʫʣ. ʇʨʦʬʝʩʦʨʩʴʢʘ, 1. ʈʝʬʝʨʘʪ ʨʦʟʽʩʣʘʥʠʡ ç10è ʪʨʘʚʥʷ 2024 ʨ. 

 

 

 

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ  

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ ɼ 35.052.20 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ              ʊʝʪʷʥʘ ʊɽʇʃɸ 

 



1 

ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʧʝʮʠʬʽʢʘ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ 

ʧʝʨʝʨʦʙʥʦʛʦ, ʨʦʟʤʝʣʴʥʦʛʦ, ʟʝʤʣʝʨʠʡʥʦʛʦ, ʥʘʬʪʦʛʘʟʦʚʦʛʦ, ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʦʱʦ ʧʦʪʨʝʙʫʻ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʫʤʦʚ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʗʢ ʧʨʘʚʠʣʦ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʣʠʢʘʻ ʨʷʜ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ 

ʧʨʦʙʣʝʤ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ 

ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʨʙʽʜʥʠʭ ʪʘ (ʘʙʦ) ʙʦʨʠʜʥʠʭ ʬʘʟ, 

ʟʦʢʨʝʤʘ ʭʨʦʤʠʩʪʠʭ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ 

ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚʥʘʩʣʽʜʦʢ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʷʢ ʘʨʤʽʚʥʠʭ 

ʬʘʟ, ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʥʘʩʘʤʧʝʨʝʜ ʝʚʪʝʢʪʠʢ) ʟʘ ʾʭ ʫʯʘʩʪʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʣʴʬʨʘʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ (ʟʝʨʥʦʚʦʛʦ ʪʘ ʩʬʝʨʠʯʥʦʛʦ ʨʝʣʽʪʫ), ʟ ʦʛʣʷʜʫ 

ʥʘ ʩʪʽʡʢʠʡ ʪʨʝʥʜ ʜʦ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʚʦʣʴʬʨʘʤʦʚʦʾ ʩʠʨʦʚʠʥʠ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, ʷʢʠʡ 

ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʽʮʥʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʮʝ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʪʘʢʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʢʨʠʪʪʷ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ ʊi, Nb, Mo, V ʪʘ ʽʥ. ʽʟ ʚʠʩʦʢʦʶ 

(ʙʽʣʴʰʝ 20 ɻʇʘ) ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʥʢʫ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʽʚ ʩʧʦʣʫʢ ʪʘ ʤʝʪʘʣʽʚ ʽ ʬʝʨʦʩʧʣʘʚʽʚ ʽʟ 

ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ. 

 ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʜʘʨʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʟʚʠʯʘʡ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʽʚ ʟʜʘʪʥʠʭ ʫ ʧʨʦʮʝʩʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʘʟʥʘʚʘʪʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʘʙʦ ʩʫʙʩʪʨʫʢʪʫʨʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʰʣʷʭʦʤ ʤʽʢʨʦʜʚʽʡʥʠ-

ʢʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʫ ʧʨʘʢʪʠʮʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚ-

ʣʝʥʥʷ ʫʜʘʨʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ Fe-Mn-C (ʽʥʢʦʣʠ Fe-Mn-

Cr-C) ʽʟ ʝʣʝʤʝʥʪʥʠʤ ʩʢʣʘʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʫ ʧʦʢʨʠʪʪʷʭ ʩʪʨʫʢʪʫʨʥʽ ʘʥʘʣʦʛʠ 

TWIP ʘʙʦ TRIP ʩʪʘʣʝʡ. ʆʜʥʘʢ, ʘʙʨʘʟʠʚʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʫʤʦʚ ʙʝʟʫ-

ʜʘʨʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʜʝ ʜʦʤʽʥʫʻ ʤʽʢʨʦʨʽʟʘʥʥʷ, ʻ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʙʝʟ ʪʝʨʤʦʦʙʨʦʙʢʠ.   

 ʇʨʦʙʣʝʤʽ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʽʟ ʚʠʩʦʢʦʶ ʟʥʦʩʦ- ʪʘ ʪʨʽʱʠʥʦ-

ʩʪʽʡʢʽʩʪʶ ʧʨʠʩʷʯʝʥʽ ʨʦʙʦʪʠ ɿ.ɸ. ɼʫʨʷʛʽʥʦʾ, ʃ.ʉ. ʄʘʣʽʥʦʚʘ, ʄ.ɯ. ʇʘʰʝʯʢʘ, ʆ.ɺ. ʇʠʣʠ-

ʧʯʝʥʢʘ, ɯ.ʂ. ʇʦʭʦʜʥʽ, ɻ.ɺ. ʇʦʭʤʫʨʩʴʢʦʾ, ɺ.ɯ. ʇʦʭʤʫʨʩʴʢʦʛʦ,  ʄ.ʄ. ʉʪʫʜʝʥʪʘ, ɺ.ɺ. ʏʠ-

ʛʘʨʴʦʚʘ, ʃ.ɼ. ʃʫʮʘʢʘ, ɼ.ʃ. ʃʫʮʘʢʘ, R. Choteborsky, V. Jankauskas, D. J., J. Wang  ʪʘ ʽʥ., 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʩʠʩʪʝʤʘʭ ʪʫʛʦʧʣʘʚʢʘ ʩʧʦʣʫʢʘ ï ʩʪʘʣʴ, ʧʝʨʩ-

ʧʝʢʪʠʚʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʝʜʝʥʽ ʫ ʧʨʘʮʷʭ ɻ.ɸ. ɹʘʛʣʶʢʘ, ʇ.ɯ. ʃʦʙʦʜʠ, ɸ.ɸ. ɹʦ-

ʥʜʘʨʘ, ʊ.ʗ. ɺʝʣʽʢʘʥʦʚʦʾ, ɸ.ɼ. ʇʘʥʘʩʶʢ, ʊ.ʄ. ʈʘʜʯʝʥʢʘ, ɺ.ɸ. ʊʘʪʘʨʝʥʢʘ, ɸ.ʄ. ʊʠʤʦ-

ʰʝʚʩʴʢʦʛʦ, D. Djurovic, B. Hallstedt, W. Huang, E. Kozeschnik, L. Kunz, J. Miettinen, A. 

Ostapovets, A. Van de Walle, ʪʘ ʽʥ.  

 ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʪʨʫʜʥʦʱʽʚ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʚʠʩʦʢʦʤʘʨ-

ʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʫ 

ʩʪʨʫʢʪʫʨʽ ʪʚʝʨʜʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʬʘʟ ʧʦʨʷʜ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷʤʠ, ʪʦʙʪʦ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʯʠʥʝʥʦʛʦ ʤʘʨʛʘʥʮʶ ʤʽʞ ʘʫʩʪʝʥʽʪʦʤ ʪʘ ʘʨʤʽʚʥʦʶ 

ʬʘʟʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤ, ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘʩʧʝʢʪʦʤ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 
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ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘʧʣʘʚʣʝʥʥʷʤ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʝʛʢʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ, ʚʽʜ-

ʩʫʪʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʪʘ ʧʦʪʨʝʙʠ ʫ ʧʨʦʚʝʜʝʥʥʽ ʩʫʧʫʪʥʴʦʾ ʘʙʦ ʟʘʚʝʨʰʘʣʴʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙ-

ʨʦʙʢʠ. 

 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʩʠʩʪʝʤ ʣʝʛʫ-

ʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʰʠʨʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʡ ʚʠʩʦʢʦʝʥʪʨʦʧʽʡʥʠʭ ʩʧʣʘʚʽʚ ʪʘ ʢʘʨʙʽʜʽʚ ʧʝʨʝʭʽʜ-

ʥʠʭ ʤʝʪʘʣʽʚ. ʊʘʢʽ ʧʽʜʭʦʜʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʣʝʛʫʚʘʥʥʷ 

ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʧʦʟʠʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʽ ʩʪʘʙʽʣʴʥʠʭ 

ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟ ʧʦʟʠʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʦʩʦʫʜʘʨʦʪʨʠʚʢʦʩʪʽ, ʩʢʣʘʜʫ. ɯʥ-

ʰʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʘ-

ʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʰʠʭʪʘ ʷʢʠʭ ʤʽʩʪʠʪʴ ʨʝʘʢʮʽʡʥʽ ʩʫʤʽʰʽ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ in-situ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʬʘʟ ʫ ʩʪʨʫʢʪʫʨʽ ʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʟʥʦʩʦ- ʪʘ ʫʜʘʨʦʪʨʠʚʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʾʭ ʙʘ-

ʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʪʫʛʦʧʣʘʚʢʠʤʠ ʢʘʨʙʽʜʘʤʠ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʟʥʦʩʦʪʨʠʚʢʠʭ ʬʘʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʘʢʪʫʘʣʴ-

ʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦ-

ʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʘ-

ʮʶʻ ʟʘ ʫʤʦʚ ʧʦʻʜʥʘʥʥʷ ʫʜʘʨʥʦʛʦ ʪʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽʟ ʨʽʟʥʦʶ ʯʘʩʪʢʦʶ 

ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟ ʥʠʭ.   

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʧʦʨʫʜ ɯʚʘʥʦ-ʌʨʘʥʢʽʚ-

ʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ (ɯʌʅʊʋʅɻ), ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ ɯʌʅʊʋʅɻ ʽ, ʟʦʢʨʝʤʘ, ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʤʝ-

ʞʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʱʦ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʪʢʽʚ ʜʝʨʞʙʶʜʞʝʪʫ: 

çʈʦʟʨʦʙʣʝʥʥʷ ʜʠʩʧʝʨʩʥʦ-ʟʤʽʮʥʝʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʢʨʠʪʴ ʜʣʷ ʜʝʪʘʣʝʡ ʪʘ ʽʥʩʪʨʫʤʝʥ-

ʪʽʚ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʘʙʨʘʟʠʚʥʠʭ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0139U005993, 2017ï2018 ʨʨ.) (ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘ-

ʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʙʝʟʧʝʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʈʂ 

0120U102113, 2020ï2021 ʨʨ.) (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠ-

ʩʪʦʾ ʪʝʭʥʦʣʦʛʽʾ ʭʨʦʤʫʚʘʥʥʷ ʫ ʧʨʦʪʦʯʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜ-

ʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʧʦʚʝʨʭʥʽ (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʈʂ 0121U109591, 2021ï2022 

ʨ.ʨ.) (ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʘʭʠʩʪʫ ʽ 

ʨʝʤʦʥʪʫ ʥʘʨʽʟʝʚʠʭ ʟôʻʜʥʘʥʴ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0122U002082, 2022-2023 ʨ.ʨ.) (ʚʠʢʦʥʘʚʝʮʴ), ʈʦʟʨʦʙʣʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʟʥʦʩʦʫʜʘʨʦʪʨʠʚʢʠʭ ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴ ï ʪʫʛʦʧʣʘʚʢʽ ʩʧʦʣʫʢʠè ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʥʘʧʣʘʚʣʝʥʥʷʤ (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪ-

ʨʘʮʽʾ 0123U101858, 2023-2025 ʨ.ʨ.) (ʢʝʨʽʚʥʠʢ ʪʝʤʠ) ʘ ʪʘʢʦʞ ʛʨʘʥʪʫ ʂʦʨʦʣʽʚʩʴʢʦʛʦ ʊʦ-

ʚʘʨʠʩʪʚʘ (UK) çTungsten-free superhard materials: Earth-abundant metal ternary borides 

solid solutionsè (ˉ IES\R2\232244 (Worktribe ID: 12795268, 2023-2024 ʨ.ʨ.): (ʢʦʦʨʜʠ-

ʥʘʪʦʨ ʽʟ ʙʦʢʫ ʋʢʨʘʾʥʠ). 

ʄʝʪʘ  ̔ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  ʄʝʪʘ ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʩʠʩʪʝʤʠ ʾʭ ʣʝʛʫʚʘʥʥʷ ʪʫʛʦʧʣʘʚʢʠʤʠ 
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ʩʧʦʣʫʢʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʚʠʩʦʢʦʾ ʟʥʦʩʦ- ʪʘ ʫʜʘʨʦʪʨʠʚʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ 

ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

 ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʜʣʷ ʪʝʦʨʝ-

ʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ; 

 ï ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʘʨʤʽʚʥʠʭ ʬʘʟ ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦ-

ʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ, ʰʣʷʭʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʽʟ ʩʪʨʫ-

ʢʪʫʨʦʶ NaCl ʩʠʩʪʝʤʠ Ti-Nb-Mo-V-C ̔ ʟ ʝʢʚʽʤʦʣʷʨʥʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʘ ʪʘʢʦʞ ʪʝʪʨʘʛʦʥʘʣʴʥʠʭ ʙʦʨʠʜʽʚ Mo2(Fe1-x,Mnx)B2;  

 ï ʚʩʪʘʥʦʚʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʯʠʥʥʽʩʪʴ Mn ʫ ʢʘʨ-

ʙʽʜʥʠʭ ʬʘʟʘʭ ʽʟ ʩʪʨʫʢʪʫʨʦʶ NaCl ʩʠʩʪʝʤʠ Ti-Nb-Mo-V-C ̔  ʧʦʪʨʽʡʥʦʤʫ ʙʦʨʠʜʽ Mo2FeB2 

ʪʘ, ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ, ʨʦʟʨʦʙʠʪʠ ʙʘʟʫ ʜʘʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤ ʣʝʛʫʚʘʥʥʷ Fe-Ti-Mo-Nb-V-Mn-

C-Si ʪʘ Fe-Mo-Mn-B-C ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ CALPHAD. 

 ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʣʝʛʫʚʘʥʥʷ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ ʢʨʝʤʥʽʻʤ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʾ ʭ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʪʘ ʢʽʥʝʪʠʢʫ ʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʠʪʫ 

ʟʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʨʤʽʯʥʦʤʫ ʮʠʢʣʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʦʨʦʰʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ; 

ï ʜʦʩʣʽʜʠʪʠ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï ʧʨʦʩʪʠʡ ʢʘʨʙʽʜè, çFe ï ʩʢʣʘʜʥʠʡ 

ʢʘʨʙʽʜè, ʪʘ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï ʧʦʪʨʽʡʥʠʡ ʙʦʨʠʜè ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʠ 

ʣʝʛʫʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ TWIP ʩʪʘʣʽ, ʘʨʤʦʚʘʥʦʾ ʪʫʛʦʧʣʘʚʢʠʤʠ ʩʧʦʣʫʢʘʤʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʘʙʨʘʟʠʚʥʦʾ ʪʘ 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʩʝʨʽʡʥʠʤʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʧʦʨʦʰʢʦʚʽ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʥʘʧʣʘʚʣʝʥʥʷ ʽʟ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʧʝʨʝʨʦʙʥʦʛʦ, 

ʟʝʤʣʝʨʠʡʥʦʛʦ, ʛʽʨʥʠʯʦʛʦ, ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʪʘ ʽʥ. ʦʙʣʘʜʥʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥ-

ʮʝʚʘ ʩʪʘʣʴ ï ʪʫʛʦʧʣʘʚʢʽ ʩʧʦʣʫʢʠè ʧʽʜ ʯʘʩ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢ-

ʪʫʨʠ ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤʠ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ï ʪʫʛʦʧʣʘʚʢʘ ʩʧʦʣʫʢʘè ʫ ʧʨʦʮʝʩʽ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʾʭ ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʰʣʷʭʦʤ ʪʝʨʤʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ ʤʝʪʦʜʦʤ 

CALPHAD ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʜˇʨʘʪʢʦʚʦʾ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʫ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʣʴʥʦʾ ʝʥʝ-

ʨʛʽʾ ʄ. ʍʽʣʣʝʨʪʘ, ʘ ʪʘʢʦʞ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ (DFT) ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʛʨʘʜʽʻʥʪʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ (GGA) ʽʟ ʦʙ-

ʤʽʥʥʦ-ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʘʤʠ ʇʝʨʜʴʶ-ɹʫʨʢʝ-ɽʨʥʟʝʨʛʦʬʘ (PBE) ʜʣʷ 
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ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʘʥʽʚʥʦʾ ʝʣʝʢʪ-

ʨʦʥʥʦʾ ʪʘ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʘ-

ʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʪʨʽ-

ʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʢʣʝʨʦʤʝʪʨʽʾ, ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʫʜʦʩʢʦʥʘ-

ʣʝʥʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʟʘ ʫʤʦʚ ʘʙʨʘʟʠʚʥʦʛʦ, ʛʘʟʦ- ʪʘ  ʫʜʘʨʥʦ-ʘʙ-

ʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʨʦʟʨʦʙʣʝʥʥʷ ʟʥʦʩʦʫʜʘʨʦʪʨʠʚʢʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʝʣʝ-

ʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʝʣʝʢʪ-

ʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʜʦʩʣʽʜʞʝʥ ɹʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʩʠʩʪʝʤ 

ʣʝʛʫʚʘʥʥʷ Fe-Ti-Nb-Mo-V-Mn-Si-C ʪʘ Fe-Mn-Mo-B-C. 

2. ɺʧʝʨʰʝ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʣʝ-

ʛʦʚʘʥʦʛʦ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʚʣʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷʤʠ 

Mn ʻ ʧʝʨʰʘ ʪʘ ʜʨʫʛʘ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʬʝʨʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʪʦʤʘ ʚʫʛʣʝʮʶ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʦʢʪʘʝʜʨʠʯʥʽʡ ʧʦʨʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʢʨʠʩʪʘ-

ʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ ʚʠʛʣʷʜʽ ʥʘʜˇʨʘʪʢʠ ʽʟ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʤ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ, ʷʢʘ ʤʽʩʪʠʪʴ 33 ʘʪʦʤʠ (C1Fe24Mn8) ʪʘ ʨʦʟʨʘʭʫʚʘʪʠ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘ-

ʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 

3. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨ-

ʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʩʧʝʮʽʘʣʴʥʠʭ ʢʚʘʟʽʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʢʣʘʩʪʝʨ-

ʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʘʨʙʽʜʥʦʾ 

((Nb0.3Ti0.3Mo0.3)C) ʪʘ ʙʦʨʠʜʥʦʾ (Mo2(Fe0.75Mn0.25)B2) ʬʘʟ, ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ 

ʰʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ. 

4. ɺʧʝʨʰʝ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʨʘʤʢʘʭ DFT, ʦʪʨʠʤʘʥʦ ʪʝʨʤʦʜʠʥʘ-

ʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʯʠʥʥʽʩʪʴ Mn ʫ ʬʘʟʘʭ (M,Mn)C, ʜʝ M=Nb, Ti, Mo ʪʘ 

V (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fmï3m) ʪʘ Mo2(Fex,Mn1-x)B2 (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P4/mbm), ʱʦ ʜʦ-

ʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʙʘʟʫ ʜʘʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʘʟʦʚʦʾ ʨʽ-

ʚʥʦʚʘʛʠ ʤʝʪʦʜʦʤ CALPHAD ʫ ʩʠʩʪʝʤʘʭ ʣʝʛʫʚʘʥʥʷ Fe-Mn-M-Si-C ʪʘ Fe-Mn-Mo-B-C ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʧʦʚʠʤ ʝʣʝʤʝʥʪʥʠʤ ʩʢʣʘʜʘʤ ʧʦʢʨʠʪ-

ʪʽʚ, ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʨʦʰʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʝʤʧʽʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ (ŭɛ=+22905 ɼʞ/ʤʦʣʴ), ʷʢʠʡ ʟʘ-

ʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʠʜʥʠʭ ʬʘʟ ʤʦʣʽʙ-

ʜʝʥʫ ʚ ʨʘʤʢʘʭ DFT ʜʦ ʨʽʚʥʷ Ñ1 ʢʢʘʣ/ʤʦʣʴ ʪʘ ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʬʦʨʤʫ-

ʚʘʥʥʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʙʦʨʠʜʫ Mo2MnB2  (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P4/mbm) ʩʪʘʥʦʚʠʪʴ ï

44698 ɼʞ/ʤʦʣʴ. 

6. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʣʝʛʫʚʘʥʥʷ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʨʛʘʥʮʝʚʠʡ ʘʫʩʪʝʥʽʪ ʢʘʨʙʽʜʘʤʠ 

Nb ʪʘ Ti ʫ ʢʽʣʴʢʦʩʪʽ ʜʦ 20 ʦʙ. % ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʘʫʩʪʝʥʽʪʦ-ʢʘʨʙʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʜʝ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤʠ 4 ʤʢʤ ʽ 2 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʫʙʦʾʜʥʦʶ ʬʦʨʤʦʶ ʪʘ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʣʝʛʫʚʘʥʥʷ ʢʘʨʙʽʜʘʤʠ 
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Mo ʪʘ V ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʰʘʨʢʽʚ ʧʦ ʛʨʘʥʠʮʷʭ ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ, ʨʘʟʦʤ ʽʟ ʮʠʤ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʫ ʩʪʨʫʢʪʫʨʽ 

ʚʠʷʚʣʝʥʦ ʤʘʨʛʘʥʮʝʚʠʡ ʘʫʩʪʝʥʽʪ, ʘ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʢʣʝʧʫ. 

7. ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ Fe, ʣʝʛʦʚʘʥʦʛʦ ʝʢʚʽʤʦʣʷʨʥʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ 

ʢʘʨʙʽʜʽʚ ʫ ʢʦʤʙʽʥʘʮʽʷʭ NbC, NbC+Mo2C, NbC+Mo2C+TiC ʪʘ NbC+Mo2C+TiC+VC ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʝ ʣʝʛʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʬʦʨʤʫʚʘʥʥʷ: ʩʪʘʙʽʣʴʥʦʾ 

ʢʘʨʙʽʜʥʦʾ ɻʎʂ ʬʘʟʠ, ʨʦʟʯʠʥʫ (Nb,Mo)ʉ, ʷʢʠʡ ʩʧʽʚʽʩʥʫʻ ʽʟ ʢʘʨʙʽʜʦʤ M6C, ʨʦʟʯʠʥʫ 

(Nb0.3Ti0.3Mo0.3)ʉ ʪʘ ʨʦʟʯʠʥʫ (Nb,Ti,Mo,V)ʉ, ʷʢʠʡ ʩʧʽʚʽʩʥʫʻ ʽʟ ɖ-ʢʘʨʙʽʜʦʤ, ʱʦ ʜʦʟʚʦ-

ʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʦʟʯʠʥ (Nb0.3Ti0.3Mo0.3)ʉ ʫ ʚʠʛʣʷʜʽ ʘʨʤʽʚʥʦʾ ʬʘʟʠ ʜʣʷ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫ-

ʩʪʝʥʽʪʫ ʪʘ ʨʦʟʨʦʙʠʪʠ ʩʧʣʘʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʢʣʘʜʫ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ, ʷʢʠʡ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʝʤ ʪʚʝʨʜʦʩʪʽ: 47 HRC ï ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʪʘ 57 HRC ʧʽʩʣʷ ʜʝʬʦʨʤʘ-

ʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʘʙʨʘʟʠʚʥʦʶ ʟʥʦʩʦʪʨʠʚʢʽʩʪʶ, ʥʘ ʨʽʚʥʽ ʧʦʢʨʠʪʪʽʚ, ʥʘʧʣʘʚ-

ʣʝʥʠʭ ʩʝʨʽʡʥʠʤʠ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʤʠ ʩʧʣʘʚʘʤʠ ʊï620, ʧʦʨʷʜ ʽʟ ʫʜʘʨʦʪʨʠʚʢʽʩʪʶ ʚʠ-

ʱʦʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʠʤʠ, ʥʘ ʧʦʨʷʜʦʢ.   

8. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʫ ʧʦʢʨʠʪʪʽ ʩʪʨʫʢʪʫʨʠ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ ʨʝʘʢʮʽʡ-

ʥʦʾ ʩʫʤʽʰʽ Mo+B4C ʽʟ ʝʢʚʽʤʦʣʷʨʥʦʶ ʢʽʣʴʢʽʩʪʶ Mo ʪʘ B ʧʨʠʟʚʦʜʠʪʴ ʜʦ in-situ ʬʦʨʤʫ-

ʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʥʘʧʣʘʚʣʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʪʫʛʦʧʣʘʚʢʠʭ ʧʦʪʨʽʡʥʠʭ ʙʦ-

ʨʠʜʽʚ Mo2(Fe0.75Mn0.25)B2 ʫ ʚʠʛʣʷʜʽ ʬʘʟ ʽʟ ʦʛʨʘʥʝʥʦʶ ʬʦʨʤʦʶ, ʨʦʟʤʽʨʘʤʠ ʚʽʜ 5 ʜʦ 30 

ʤʢʤ ʪʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ~23 ɻʇʘ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʫ ʢʽʣʴʢʦʩʪʽ ~30 ʦʙ. % ʜʦʟʚʦʣʷʻ ʟʘʙʝʟ-

ʧʝʯʠʪʠ ʪʚʝʨʜʽʩʪʴ 63ï65 HRC (ʪʠʧ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 70ʄ24ɻ13ʈ3) ʪʘ ʘʙʨʘʟʠʚʥʫ 

ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʥʘ ʨʽʚʥʽ ʧʦʢʨʠʪʪʽʚ ʦʜʝʨʞʘʥʠʭ ʰʣʷʭʦʤ ʥʘʧʣʘ-

ʚʣʝʥʥʷ ʩʝʨʽʡʥʠʤʠ ʚʦʣʴʬʨʘʤʦʚʠʤʠ ʩʧʣʘʚʘʤʠ ʩʠʩʪʝʤ WC-Ni ʪʘ WC-Fe. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʘ ʪʘʢʦʞ ʩʪʝʥʜʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʙʘʟʽ ʊʟʆɺ ʄʅɺʎ ñɽʧʩʽʣʦʥ ʃʊɼò ʜʚʘ ʪʠʧʠ ʥʦʚʠʭ ʧʦʨʦʰʢʦʚʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʜʫ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ (ʤʘʨʢʘ ʉʇ-ʂʈ-1-1ʂ) ʪʘ 

70ʄ24ɻ13ʈ3 (ʤʘʨʢʘ ʉʇ-ʂʈ-1-1ɹ) ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ (ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʽʚ ʪʘ ʩʪʨʽʯʦʢ) ʪʘ 

ʪʝʭʥʦʣʦʛʽʶ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ.  

2. ɿʥʦʩʦʪʨʠʚʢʝ ʥʘʧʣʘʚʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʤ ʩʧʣʘʚʦʤ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

ʘʧʨʦʙʦʚʘʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʦʢʨʝʤʘ ʥʘ çɸʊ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ 

ʣʦʢʦʤʦʪʠʚʦʨʝʤʦʥʪʥʠʡ ʟʘʚʦʜè ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʘʚʪʦʟʯʝʧʽʚ ʉɸï3, 

ʇʨɸʊ çʇʦʙʝʨʝʞʩʴʢʠʡ ʟʘʚʦʜ ʧʨʝʩʦʚʠʭ ʘʛʨʝʛʘʪʽʚè ʟ ʤʝʪʦʶ ʨʝʩʪʘʚʨʘʮʽʾ ʟʘʤʢʽʚ 

ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʤʘʨʢʠ ɿʇʂ-127 (D=127 ʤʤ ʟʘ ɻʆʉʊ ʈ 50864-96), ʘ ʪʘʢʦʞ ʜʣʷ 

ʨʝʩʪʘʚʨʘʮʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʦʪʦʨʽʚ ʜʨʦʙʘʨʦʢ PULVOMATIC ʤʦʜʝʣʽ 1145 ʽʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʱʝʙʥʶ. 

3. ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʣʘʚ 70ʄ24ɻ13ʈ3 ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʢʦʨʧʫʩʽʚ 

ʢʦʥʽʯʥʠʭ ʨʽʟʮʽʚ ʛʽʨʥʠʯʠʭ ʤʘʰʠʥ ʪʘ ʜʦʨʦʞʥʽʭ ʬʨʝʟ Wirtgen 1000 DC (çʂʇ 

ʄʫʥʽʮʠʧʘʣʴʥʘ ʜʦʨʦʞʥʷ ʢʦʤʧʘʥʽʷè), ʟʫʙʽʚ ʝʢʩʢʘʚʘʪʦʨʽʚ JCB, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʩʪʘʣʽ 

ɻʘʜʬʽʣʴʜʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʘʣʽʩʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʙʨʦʥʝʧʣʘʩʪʠʥ ʜʣʷ ʟʘʭʠʩʪʫ 

ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʽʟ ʩʪʘʣʽ ArmoxÈ 440T ʚʽʜʧʦʚʽʜʥʦ ʜʦ 4-ʛʦ ʢʣʘʩʫ ʟʘʭʠʩʪʫ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʙʘʟʫ ʜʘʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ (ʬʦʨʤʘʪ TDB) 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʪʥʠʭ ʩʠʩʪʝʤ Fe-Ti-Nb-Mo-V-Mn-Si-C ʪʘ Fe-Mn-Mo-B-C, ʷʢʘ 
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ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ ʩʫʯʘʩʥʽ ʢʦʤʝʨʮʽʡʥʽ (Thermo-ʉalc) ʪʘ ʥʝʢʦʤʝʨʮʽʡʥʽ (OpenCalphad) 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʽʘʛʨʘʤ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ.  

5. ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʦʾ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʟʘ 

ʫʤʦʚ ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʧʦ ʟʘʢʨʽʧʣʝʥʦʤʫ ʪʘ ʥʝʟʘʢʨʽʧʣʝʥʦʤʫ 

ʘʙʨʘʟʠʚʫ, ʷʢʽ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ (ˉ 119278, ˉ 122253, ˉ 122254, ˉ 

139773, ˉ126751, ˉ125009). 

6. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ɯʌʅʊʋʅɻ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

(ʜʠʩʮʠʧʣʽʥʘ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè) ʪʘ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 132 

ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ (ʜʠʩʮʠʧʣʽʥʠ çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʪʘ çʇʦʨʦʰʢʦʚʘ ʤʝʪʘʣʫʨʛʽʷè).  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚ-

ʪʦʨʫ ʥʘʣʝʞʘʪʴ: ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ [1,2,6,8,10,27, 33,35,36,38,39,46], 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [5,15, 17,20,31,32,49], 

ʘʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ [2,7,11,19,24,26,40,43,44], ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʣʘʥʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [6,13,22,25,27,34,37,47,], ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

[3,14,18,21,28,29,41,50,51], ʘʥʘʣʽʟ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

[4,7,16,25,26,28,40,42,45,48], ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ [5,9,19,12,23, 30,40,41]. 

ɿʜʦʙʫʚʘʯ ʚʠʩʣʦʚʣʶʻ ʛʣʠʙʦʢʫ ʧʦʜʷʢʫ ʈʦʧôʷʢʫ ʃʶʙʦʤʠʨʫ ʗʨʦʩʣʘʚʦʚʠʯʫ, ʜʦʢ-

ʪʦʨʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ, ʧʨʦʬʝʩʦʨʫ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʤʘʰʠʥʦ-

ʙʫʜʫʚʘʥʥʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʟʘ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ ʪʘ ʚʩʝʙʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʜʠʩʝʨʪʘʮʽʾ. ɸʚʪʦʨ ʚʠʩʣʦ-

ʚʣʶʻ ʚʜʷʯʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʫ ʫ ʧʨʦʚʝʜʝʥʥʽ ʩʧʽʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʜ.ʪ.ʥ., ʩ.ʥ.ʩ. ʉ.ɸ. ʂʦʨʥʽʶ , ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ɺ.ɸ. ɺʠʥʘʨʶ ʪʘ ʢ.ʪ.ʥ., ʤ.ʥ.ʩ. ʄ.ʗ. 

ɻʦʣʦʚʯʫʢʫ; ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ï ʜ.ʬ-ʤ.ʥ., ʧʨʦʬ. ɺ.ʆ. ʂʦʮʶʙʠʥʩʴʢʦʤʫ; 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ï ʢ.ʭ.ʥ. ɺ.ɺ. ɹʝʨʝʟʦʚʮʶ, ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢʣʘʩʪʝʨʘ ï PhD, Di Tommaso D. 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʥʝ-

ʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʽʣʴʥʦ ʽʟ ʢ.ʪ.ʥ. ʃ.ɼ ʃʫʮʘʢʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʦʪʨʠʚʢʦ-

ʩʪʽ ʟʘ ʫʤʦʚ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʽ ï ʢ.ʪ.ʥ. ʃʫʮʘʢʦʤ ɼ.ʃ. ʪʘ ʜʦʮ. ɹʫʨʜʦʶ ʄ.ʁ. ɸʚʪʦʨ 

ʚʠʩʣʦʚʣʶʻ ʚʜʷʯʥʽʩʪʴ ʢʦʣʝʢʪʠʚʫ ʊʟʆɺ ʄʽʞʛʘʣʫʟʝʚʠʡ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʮʝʥʪʨ çɽʧ-

ʩʽʣʦʥ ʃʊɼè ʪʘ ʜʠʨʝʢʪʦʨʫ ʢ.ʪ.ʥ. ʇʠʣʠʧʯʝʥʢʫ ʆ.ɺ. ʟʘ ʥʘʜʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʤʝʪʦʜʠʯ-

ʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦ-

ʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: çʄʘʰʠʥʠ, ʦʙʣʘʜʥʘʥʥʷ 

ʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʪʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʦʩʪʘʯʘʥʥʷ 

ʥʘʬʪʠ ʽ ʛʘʟʫè (ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2016); çNDT Days 2016 çXXXI  International Confer-

ence ĂDefectoscopiaô16òè (Sozopol, 2016.); çʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ ʦʙʣʘʜ-

ʥʘʥʥʷè (ʂʽʨʦʚʦʛʨʘʜ, 2016, 2018); çX Miňdzynarodowa konferencja techniki urabianiaè 

(Krak·w, 2017); çʀʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʥʥʦʚʘʮʠʷ ʠʟʜʝʣʠʡè (ʉʚʘʣʷʚʘ, 2018); 

çʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ. Increase of Machine and Equipment Re-

liabilityè (ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2019); ç17th International Freik Conference on Physics and 

Technology of Thin Films and Nanosystems, ICPTTFNè (ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2019); 
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çʀʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʥʦʚʘʮʠʷ ʠʟʜʝʣʠʡè (ʂʠʾʚ, 2020); çITTAP 2021 The 1st In-

ternational Workshop on Information Technologies: Theoretical and Applied Problems 

2021è, (ʊʝʨʥʦʧʽʣʴ, 2021); çHERVICON+PUMPS-2020è (ʉʫʤʠ, 2020); 1-ʰʘ ʚʽʨʪʫʘʣʴʥʘ 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʦʰʢʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ, ʤʝʪʦʜʠ ʡʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷè (ʊʝʨʥʦʧʽʣʴ, 2021); çɸʢʪʫʘ-

ʣʴʥʽ ʥʘʧʨʷʤʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ: ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨ-

ʛʝʥʮʽʾ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè (ʍʘʨʢʽʚ, 2020). çʄʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦ-

ʣʦʛʽʾ ʚ ʽʥʞʝʥʝʨʽʾ (MTɯ-2023): ʽʥʞʝʥʝʨʽʷ, ʤʘʪʝʨʽʘʣʠ, ʪʝʭʥʦʣʦʛʽʾ, ʪʨʘʥʩʧʦʨʪè (ʃʫʮʴʢ, 

2023).  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 51 ʥʘʫʢʦʚʘ ʧʨʘʮʽ, ʽʟ ʥʠʭ 28 ʩʪʘ-

ʪʝʡ  ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ, ʽʟ ʷʢʠʭ 15 ʫ ʚʠʜʘʥʥʷʭ, 

ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ Scopus ʪʘ (ʘʙʦ) Web of Science, 2 ʨʦʟʜʽʣʠ ʫ 

ʢʦʣʝʢʪʠʚʥʠʭ ʤʦʥʦʛʨʘʬʽʷʭ, 4 ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʫ Scopus 10 ï ʤʘʪʝ-

ʨʽʘʣʽʚ ʪʘ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, 6 ʧʘʪʝʥʪʽʚ 

ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ, 1 ï ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ.  

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 7 ʨʦʟʜʽʣʽʚ, ʷʢʽ ʤʽʩ-

ʪʷʪʴ 185 ʨʠʩʫʥʢʽʚ ʪʘ 17 ʪʘʙʣʠʮʴ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʘ ʪʘʢʦʞ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʽʟ 303 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 

309 ʩʪʦʨʽʥʦʢ, ʘ ʧʦʚʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ï 384 ʩʪʦʨʽʥʢʠ.  

 

ʆʉʅʆɺʅʀʁ ɿʄɯʉʊ 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʧʠʩʘʥʦ ʤʝ-

ʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʦʩʦʙʠ-

ʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʢʽʣʴʢʽʩʪʴ ʦʧʫʙʣʽʢʦʚʘʥʠʭ 

ʧʨʘʮʴ, ʘ ʪʘʢʦʞ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠ-

ʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʟʥʦʩʦʫʜʘʨʦʪʨʠʚʢʠʭ ʩʧʣʘʚʽʚ ʜʣʷ 

ʥʘʧʣʘʚʣʝʥʥʷ, ʷʢʽ ʣʷʛʣʠ ʚ ʦʩʥʦʚʫ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥ ɹʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʰʣʷʭʽʚ ʾʭ ʚʠʨʽʰʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʫʷʚʣʝʥʴ ʱʦʜʦ ʤʝʭʘʥʽʟʤʽʚ ʟʤʽʮ-

ʥʝʥʥʷ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʠʭ ʬʘʟ ʨʽʟʥʦʛʦ 

ʩʢʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʢʘʨʙʽʜʦʪʚʽʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʟʦʢʨʝʤʘ Nb, Ti, V, Mo ʪʘ Hf ʧʦʟʠʪʠ-

ʚʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʽ, ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʪʘ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʣʠʪʠʭ 

ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʙʨʝʥʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʤʘʨʛʘʥʮʝʚʠʡ ʘʫʩʪʝʥʽʪ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ Cr, ʷʢ ʦʩʥʦʚ-

ʥʦʛʦ ʢʘʨʙʽʜʦʪʚʽʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʢʘʩʥʠʭ 

ʢʘʨʙʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʥʠʟʴʢʦʶ ʫʜʘʨʦʩʪʽʡʢʽʩʪʶ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʫʤʦʚ ʨʦʙʦʪʠ ʥʠʟʢʠ 

ʜʝʪʘʣʝʡ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʟʘ ʫʤʦʚ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ 

ʩʪʘʣʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʪʘ ʨʝʘʢʮʽʡʥʽ ʩʫʤʽʰʽ ʤʝʪʘʣ+ʢʘʨʙʽʜ 

ʙʦʨʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʨʦʙʣʝʤʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.          
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ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦ-

ʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ ʪʘ ʪʝʭʥʦʣʦʛʽʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʚ ʨʘʤʢʘʭ DFT ̔ ʟ ʥʘʙʦʨʦʤ 

ʝʤʧʽʨʠʯʥʠʭ ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʽʚ. ʆʧʠʩ ʦʙʤʽʥʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʚʦʜʠʚʩʷ 

ʤʝʪʦʜʦʤ ʫʟʘʛʘʣʴʥʝʥʦʾ ʛʨʘʜʽʻʥʪʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ (GGA) ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʇʝʜʴʶ-ɹʫʨʢʝ-

ɽʨʥʟʝʨʛʦʬʘ (PBE). ʈʦʟʚôʷʟʦʢ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ab initio ʢʦʜʽʚ 

VASP (ʣʽʮʝʥʟʽʷ ˉ 20-0253) ʪʘ CASTEP (ʣʽʮʝʥʟʽʷ ˉ 240A5JJ) ʪʘ Quantum Espresso (QE), 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʢʣʘʩʪʝʨʽ (HPC) Apocrita ʥʘ ʙʘʟʽ ʃʦʥʜʦʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʦʣʝʚʠ 

ʄʘʨʽʾ (QMUL), ʰʣʷʭʦʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʜʦʩʪʫʧʫ (ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ mpx564). 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʠʩʪʠʭ ʬʘʟ ʧʨʦʚʦʜʠʚʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘ-

ʯʝʥʥʷ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ VASP ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʢʦʜʦʤ Phonopy 

ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ (DFPT). ɼʣʷ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤ-

ʥʠʡ ʢʦʜ ATAT, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ (VCA). ʊʝʦʨʝ-

ʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

CALPHAD ̔ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ Thermo-Calc 2023a. (ʣʽʮʝʥʟʽʷ ˉ Lic-

103339).  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʰʣʷʭʦʤ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʤʠ ʩʪʨʽ-

ʯʢʘʤʠ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʠʭ ʙʫʣʠ ʧʦʨʦʰʢʠ ʢʘʨʙʽʜʽʚ NbC , TiC, VC ʪʘ Mo2C, 

ʘ ʪʘʢʦʞ ʧʦʨʦʰʢʠ Mo (ʤʘʨʢʘ ʇʄ) ʪʘ B4C (ʬʨʘʢʮʽʷ F120), ʤʦʨʬʦʣʦʛʽʶ ʷʢʠʭ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 1. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʣʝʛʫʚʘʥ-

ʥʷʤ ʢʦʤʙʽʥʘʮʽʻʶ ʧʦʨʦʰʢʽʚ Mn  (ʤʘʨʢʘ ʄʅ997) ʪʘ ʬʝʨʦʩʠʣʽʢʦʤʘʨʛʘʥʮʶ ʤʘʨʢʠ ʄʅʉ17 

(ISO 5447-80), ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ "ʅʽʢʦʧʦʣʴʩʴʢʠʡ ʟʘʚʦʜ ʬʝʨʦʩʧʣʘʚʽʚ". 

   

   
 ʈʠʩ. 1. ʄʦʨʬʦʣʦʛʽʷ ʧʦʨʦʰʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʩʣʽʜʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ: ʘ ï NbC; ʙ ï TiC; ʚ ï VC; ʛ ï Mo2C; ʜ ï B4C; ʝ ï Mo 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦ ʾʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʭʘ-

ʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʽʚʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ZEISS EVO40XVP, ʦʩʥʘʱʝʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ 

 ʚ 

 ʛ  ʜ 

 ʙ  ʘ 

 ʝ 
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ʘʥʘʣʽʟʘʪʦʨʦʤ INCA Energy ʪʘ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA ENERGY 350. 

ʊʘʢʦʞ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ Phenom XL  

(Nanoscience Instruments, USA). ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ (ʤʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ, 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʛʫʩʪʠʥʘ ʬʘʟ) ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ 

ʨʝʞʠʤʽ SEM ʘʙʦ ʫ ʨʝʞʠʤʽ ʜʠʬʨʘʢʮʽʾ ʦʙʝʨʥʝʥʦ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ BSD. ɽʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʦʚʦʜʠʣʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʜʝʨʥʠʭ ʛʘʤʘ-ʨʝʟʦʥʘʥʩʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʽʚ 

ʗɻʈʉ-4ʄ ʪʘ MS-1104 Em. ɸʥʘʣʽʟ ʤʝʪʦʜʦʤ XRD, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠ-

ʬʨʘʢʪʦʤʝʪʨʽʚ Shimadzu XRD-7000 ʪʘ ɼʈʆʅ ï 3ʄ ʪʘ ʫ ʬʽʣʴʪʨʦʚʘʥʦʤʫ ʉuKŬ ʚʠʧʨʦʤʽ-

ʥʶʚʘʥʥʽ ʽʟ ʧʦʜʘʣʴʰʠʤ ʦʙʨʦʙʢʦʶ ʜʠʬʨʘʢʪʦʛʨʘʤ ʤʝʪʦʜʦʤ ʈʽʪʚʝʣʴʜʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Match!. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʧʨʠ-

ʣʘʜñEXPERT 3Lò). 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘʧʣʘʚʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢ, ʟʦʢʨʝʤʘ ʟʘ ʈʦʢʚʝʣʣʦʤ (ʰʢʘʣʠ A ʪʘ ʉ ) ʪʘ ̔ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʫ ʇʄʊ-3ʄ. ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʥʘʢʣʝʧʫ ʥʘ 

ʨʽʚʝʥʴ ʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʘʩʴ ʜʝʬʦʨʤʘʮʽ ̫ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʪʚʝʨʜʦʩʧʣʘʚʥʦʶ ʢʫʣʴ-

ʢʦ  ʁʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʦʤʽʨʫ ɹʨʽʥʝʣʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʫ ʜʝʬʦʨʤʦʚʘʥʽʡ ʟʦʥʽ. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʪʚʝʨʜʦʤʽʨʫ ʊɼ-32. ʂʨʽʤ ʮʴʦʛʦ, 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʢʣʝʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʢʣʝʨʦʤʝʪʨʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦ-

ʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʨʘʤʽʜʠ ɺʽʢʢʝʨʩʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 21318ï75. 

ʉʢʣʝʨʦʤʝʪʨʠʯʥʫ ʪʚʝʨʜʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: Ὄ σȢχψςὊȾὦ, ʜʝ ὦ ï ʰʠʨʠʥʘ 
ʪʨʝʢʫ, Ὂ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʜʝʥʪʦʨ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ, ʟʦʢ-

ʨʝʤʘ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʫ ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʟʨʘʟʢʽʚ ʽʟ ʥʘʧʣʘʚʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʙʫʣʦ ʚʠ-

ʟʥʘʯʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʫʣʘʯʢʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʡʦʤ ʫʜʘʨʥʠʢʘ ʦʩʥʘʱʝʥʦʛʦ ʪʚʝʨʜʦʩʧʣʘʚʥʠʤ ʥʘʢʦʥʝʯʥʠ-

ʢʦʤ ʽʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʤʘʨʢʠ ɺʂ6 ʪʘ ʡʦʛʦ ʚʽʣʴʥʝ ʧʘʜʽʥʥʷ ʽʟ ʟʘʜʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʧʦ ʟʨʘʟʢʘʭ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʘʙʨʘʟʠʚʥʦʛʦ ʧʨʦʰʘʨʢʫ. ɿʥʦʩʦʪʨʠʚʢʽʩʪʴ ʟʘ ʫʤʦʚ ʘʝʨʦʘʙʨʘʟʠ-

ʚʥʦʾ ʝʨʦʟʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ ʂʣʝʡʩʘ 

(ʎʋʂ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 23.201-78. ɺʠʟʥʘʯʝʥʥʷ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʟʘ ʫʤʦʚ ʪʝʨʪʷ ʧʦ 

ʚʽʣʴʥʦʤʫ ʘʙʨʘʟʠʚʫ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʩʭʝʤʦʶ çʩʫʭʠʡ ʧʽʩʦʢ/ʛʫʤʦʚʠʡ ʨʦʣʠʢè, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ɻʆʉʊ 23.208-79. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʝʨʽʡʥʠʡ ʚʦʣʴʬʨʘʤʦʚʠʡ 

ʤʘʪʝʨʽʘʣ ʩʠʩʪʝʤʠ WC-Ni, ʩʧʣʘʚ EnDOtec DO*611 ʪʘ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʡ ʩʧʣʘʚ EnDOtec 

DO*332 (Castolin Eutectic, USA), ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʣʘʚʠ ʩʠʩʪʝʤ ʣʝʛʫʚʘʥʥʷ 

Fe-Ti-Mn-B-C, Fe-Cr-Mn-C, Fe-Ti-Nb-V-Mo-Mn-C ʪʘ Fe-Mo-Mn-B-C. ɺʠʟʥʘʯʝʥʥʷ ʟʥʦ-

ʩʦʪʨʠʚʢʦʩʪʽ ʟʘ ʫʤʦʚ ʪʝʨʪʷ ʧʦ ʩʪʘʣʝʚʦʤʫ ʢʦʥʪʨʪʽʣʫ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦ-

ʜʝʨʥʽʟʦʚʘʥʦʛʦ ʪʨʠʙʦʤʝʪʨʘ ʉʄʎ-2 ʟʘ ʩʭʝʤʦʶ ʧʝʨʝʭʨʝʩʥʠʭ ʮʠʣʽʥʜʨʽʚ. ʗʢ ʢʦʥʪʨʪʽʣʦ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʣʠʢ ʽʟ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʾ ʩʪʘʣʽ ʐʍ15. 

ʊʨʝʪ̔ʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʧʝʨʰʦʧʨʠʥʮʠʧʥʦʤʫ ʘʥʘʣʽʟʫ ʘʫʩʪʝʥʽʪʥʦʾ ʪʘ ʘʨʤʽʚʥʠʭ 

ʬʘʟ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʤʦʜʝʣʽ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘ-

ʣʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʣʘʚʽʚ, ʦʪʨʠʤʘʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʩʧʣʘʚʣʝʥʥʷʤ, ʫ ʚʠʭʽʜʥʦʤʫ 

(ʨʠʩ.2,  ʘ) ʪʘ ʥʘʢʣʝʧʘʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ.2, ʙ) ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

http://www.ipm.lviv.ua/cem/incaenergy350.pdf
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ʈʠʩ. 2. ɸʥʘʣʽʟ ʤʝʩʙʘʫʝʨʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʜʦʩʣʽʜʥʦʾ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ 

ʩʪʘʣʽ ʫ ʣʠʪʦʤʫ (ʘ) ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ (ʙ) 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘ-

ʥʠʭ ʜʘʥʠʭ ʽʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽ-

ʯʥʠʤʠ ʧʦʟʠʮʽʷʤʠ ʘʪʦʤʽʚ ʫ ɻʎʂ ʩʪʨʫʢʪʫʨʽ 

Fe ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʢʨʠ-

ʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝ-

ʥʽʪʫ ʫ ʚʠʛʣʷʜʽ ʥʘʜʨ̌ʘʪʢʠ, ʽʟ ʘʥʪʠʬʝʨʦʤʘʛ-

ʥʽʪʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ (ʨʠʩ.3, ʘ), ̫ ʢʘ ʤʽʩ-

ʪʠʪʴ 32 ʤʝʪʘʣʝʚʽ ʘʪʦʤʠ, ʜʝ ʘʪʦʤ ʚʫʛʣʝʮʶ 

ʤʩ̔ʪʠʪʴʩʷ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʦʢʪʘʝʜʨʠʯʥʽʡ 

ʧʦʨʽ, ʘʪʦʤʠ Mn ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʟʠʮʽʾ ɯɯɯ, 

ʪʦʜʽ ʷʢ ʘʪʦʤʠ Fe ʟʘʡʤʘʶʪʴ ʧʦʟʠʮʽʾ ɯ,ɯɯ ʪʘ 

IV. ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚʠʙʨʘʥʦʾ ʤʦ-

ʜʝʣʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ DFT ʨʦʟʨʘʭʫʥʢʽʚ 

ʤʦʜʫʣʷ ʖʥʛʘ (E) ʜʣʷ ʥʝʤʘʛʥʽʪʥʦʛʦ (nm) ʪʘ 

ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʦʛʦ (afm) ʩʪʘʥʽʚ ʟʘ ʩʭʝ-

ʤʘʤʠ ʌʦʡʛʪʘ (V), ʈʦʡʩʘ (R) ʪʘ ʫʩʝʨʝʜʥʝʥʦʾ 

ʩʭʝʤʠ ʍʽʣʣʘ (VRH) (ʨʠʩ.3, ʙ) ʧʦʢʘʟʫʻ ʭʦ-

ʨʦʰʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʫʣʽʚ ʧʨʫ-

ʞʥʦʩʪʽ ʤʦʥʦʢʘʨʙʽʜʽʚ TiC, NbC, VC ʪʘ MoC 

ʪʘ ʤʦʜʝʣʴʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʾʭ ʦʩ-

ʥʦʚʽ ʽʟ ʝʢʚʽʤʦʣʷʨʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ 

VCA (ʨʠʩ. 4) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʤʦʜʫʣʽʚ E ʪʘ 

B ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʨʘʟʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʟʥʘʯʝʥʴ ʧʦ ʤʽʨʽ ʫʩʢʣʘʜʥʝʥʥʷ 

ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ 

ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʤʦʜʫʣʽʚ E ʪʘ B ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʷʭ ʧʦʜʚʽʡʥʠʭ ʪʘ ʧʦʪʨʽʡ-

ʥʠʭ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʚʠʱʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʬʘʟʠ, ʱʦ 

ʤʽʩʪʷʪʴ Ti ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ Mo ʪʘ Nb. ɼʣʷ ʤʦ-

ʜʫʣʷ ʟʩʫʚʫ   (G)   ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ  

 

 
ʈʠʩ. 3.   ʄʦʜʝʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʣʝʛʦʚʘ-

ʥʦʛʦ ʘʫʩʪʝʥʽʪʫ (ʘ)  ̔ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʦʜʫʣʷ ʖʥʛʘ (ʙ) 

 

 ʘ 

 ʘ 

 ʙ 

 ʙ 
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ʪʝʥʜʝʥʮʽʾ ʜʦ ʨʦʩʪʫ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʢʣʘʜʥʠʭ 

ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʦʜʥʘʢ 

ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʝʱʦ 

ʩʣʘʙʰʝ, ʦʩʢʽʣʴʢʠ ʥʘ ʢʨʠ-

ʚʽʡ ʚʽʜʩʫʪʥʽ ʚʠʨʘʟʥʽ ʤʘʢ-

ʩʠʤʫʤʠ. ʅʘʡʥʠʞʯʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʫʩʽʭ ʤʦʜʫʣʽʚ 

E, B  ʪʘ G ʭʘʨʘʢʪʝʨʠʟʫ-

ʻʪʴʩʷ ʬʘʟʘ MoC, ɦ ʦ, ʡʤʦ-

ʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ ʧʦʨʽʚ-

ʥʷʥʦ ʥʠʟʴʢʦʶ ʪʝʨʤʦʜʠ-

ʥʘʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʜʘʥʦʾ ʬʘʟʠ (ʙʽʣʴʰ ʩʪʘʙʽ-

ʣʴʥʦʶ ʻ ʢʘʨʙʽʜʥʘ ʬʘʟʘ 

ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ 

Mo2C ʽʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ 

ˇʨʘʪʢʦʶ). ʇʦʨʷʜ ʟ ʮʠʤ ʫ 

ʢʦʤʙʽʥʘʮʽʾ ʽʟ ʽʥʰʠʤʠ ʝʣʝ-

ʤʝʥʪʘʤʠ ʥʘʷʚʥʽʩʪʴ Mo ʟʘ-

ʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʟʥʘ-

ʯʝʥʴ ʫʩʽʭ ʟʥʘʯʝʥʴ ʤʦʜʫ-

ʣʽʚ ʧʨʫʞʥʦʩʪʽ, ʦʢʨʽʤ ʬʘʟ 

ʱʦ ʤʽʩʪʷʪʴ V. ɸʥʘʣʽʟ ʨʦʟ-

ʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʪʚʝʨ-

ʜʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ 

(ʨʠʩ. 5) ʧʦʢʘʟʫʻ ʧʽʜʚʠ-

ʱʝʥʥʷ ʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʦʥʦʢʘ-

ʨʙʽʜʥʠʭ ʜʦ ʩʢʣʘʜʥʠʭ ʢʘʨ-

ʙʽʜʥʠʭ ʬʘʟ. ʅʘʡʚʠʱʽ ʧʦ-

ʢʘʟʥʠʢʠ ʪʚʝʨʜʦʩʪʽ ʦʪʨʠ-

ʤʘʥʦ ʜʣʷ ʤʦʜʝʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʱʦ ʤʽʩʪʷʪʴ Ti ʫ 

ʢʦʤʙʽʥʘʮʽʷʭ ʽʟ V ʪʘ Mo. 

ʈʘʟʦʤ ʟ ʮʠʤ ʩʢʣʘʜʥʽ ʢʘʨ-

ʙʽʜʥʽ ʬʘʟʠ, ʷʢʽ ʤʽʩʪʷʪʴ V 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʥʠ-

ʞʝʥʠʤ ʨʽʚʥʝʤ ʪʨʽʱʠʥʦ-

ʩʪʽʡʢʦʩʪʽ ((Ti,V)C ʪʘ 

(Ti,V,Mo)C ʤʘʶʪʴ ʥʘʡʥʠ-

ʞʯʽ ʟʥʘʯʝʥʥʷ KIC ʩʝʨʝʜ 

ʫʩʽʭ ʩʢʣʘʜʥʠʭ ʢʘʨʙʽʜʽʚ) ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ KIC ʚʣʘʩʪʠʚʽ ʩʢʣʘʜʥʠʤ ʢʘʨʙʽʜʥʠʤ ʬʘʟʘʤ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʜ-

ʥʦʯʘʩʥʦ Ti ʪʘ Mo (ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦ ʜʣʷ ʬʘʟ (Ti,Mo)C ʪʘ (Nb,Ti,Mo)C). 

 

ʈʠʩ. 4. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʤʦʜʫʣʽʚ 

ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʢʘʨʙʽʜʥʠʭ ʬʘʟ (ʜʣʷ ʤʦʥʦ-

ʢʘʨʙʽʜʽʚ ʥʘʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫ-

ʣʽʚ ʧʨʫʞʥʦʩʪʽ 

 
ʈʠʩ. 5. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 
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ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʫʜʘʨʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʘʨʤʽʚʥʽ ʬʘʟʠ ʧʦʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘ-

ʪʠʩʴ ʦʜʥʦʯʘʩʥʦ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʠ ʽʟ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʦ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʽʟʘʮʽʾ (ὣ), ʷʢʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʢʘʨʙʽʜʥʠʭ ʬʘʟ 

ʙʫʣʦ ʟʘʧʠʩʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ : ὣ В , ʜʝ ὣ  ï ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʘʥʦʾ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ, ώ  ï ʟʥʘʯʝʥʥʷ u-ʪʦʾ ʤʝʭʘʥʽʯʥʦʾ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʦʾ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ, ώ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʪʨʠʤʘʥʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥ-

ʢʽʚ. ʗʢ ʢʨʠʪʝʨʽʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʫʟʘ-

ʛʘʣʴʥʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʙʫʣʦ ʚʠʙʨʘʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ B, G, E  ʪʚʝʨʜʦʩʪʽ 

(HV) ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ (KIC) ʪʘ 

ʢʨʠʪʝʨʽʷ ʇôʶ (B/G). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟ-

ʨʘʭʫʥʢʫ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʤʝʭʘʥʽʯ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧʘʨʘʤʝʪʨʠ ʦʧʪʠ-

ʤʽʟʘʮʽʾ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʥʘʡʙʣʠʞʯʽ 

ʜʦ 0) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʘʨʙʽʜʥʽ 

ʬʘʟʠ (Ti,Mo)C, (Ti,Nb)C ʪʘ ʧʦʪʨʽʡ-

ʥʠʡ ʢʘʨʙʽʜ ʥʘ ʾʭ ʦʩʥʦʚʽ (Nb,Ti,Mo)C 

(ʨʠʩ. 6). ʇʨʠ ʮʴʦʤʫ ʬʘʟʘ 

(Nb,Ti,Mo)C ʧʦʨʷʜ ʽʟ ʥʘʡʥʠʞʯʠʤ ʟʥʘʯʝʥʥʷʤ ὣ , ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʤʦ-

ʜʫʣʷʤʠ G ʪʘ E, ̫ ʢʽ ʪʽʩʥʦ ʢʦʨʝʣʶʶʪʴ ʽʟ ʘʙʨʘʟʠʚʥʦʶ ʟʥʦʩʦʪʨʠʚʢʽʩʪʶ. 

 ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʪʨʽʡʥʠʭ ʙʦʨʠʜʽʚ Mo2FeB2 ʪʘ Mo2MnB2 

(ʨʠʩ. 7, ʘ) ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʘʨʤʽʚʥʠʭ ʬʘʟ ʜʣʷ ʚʠʩʦʢʦʤʘʨʛʘʮʝʚʦʾ ʩʪʘʣʽ ʾʭ ʝʣʝʢʪʨʦʥʥʘ 

ʩʪʨʫʢʪʫʨʘ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʰʣʷʭʦʤ ʧʦʚʥʦʝʣʝʢʪʨʦʥʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʫʣʷ BAND ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Amsterdam Modelling Suite (AMS) ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʤʝʪʦʜʠʢʠ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ (LCAO) ʪʘ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ 

ʪʠʧʫ ʉʣʝʡʪʝʨʘ ʟ ʪʨʠ-ɕ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʦʨʙʽʪʘʣʴʥʠʤ ʙʘʟʠʩʥʠʤ ʥʘʙʦʨʦʤ (TZP). ʉʽʪʢʘ ʜʣʷ 

ʨʦʟʙʠʪʪʷ ʧʝʨʰʦʾ ʟʦʥʠ ɹʨʽʣʣʶʝʥʘ (ʨʠʩ. 7, ʙ) ʙʫʣʘ ʚʠʙʨʘʥʘ ʷʢ 5Ĭ5Ĭ9, ʽʥʰʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʛʽʜʥʦ ʟ ʯʠʩʣʦʚʦʶ ʪʦʯʥʽʩʪʶ çGoodè, ʘ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʥʦʚʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʩʪʘʥʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ Mo2MnB2 ʪʘ Mo2FeB2 ʙʫʣʦ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʾʭ ʧʦʚʝʨʭʦʥʴ ʌʝ-

ʨʤʽ (FS) ʪʘ ʟʦʥʥʦʾ ʙʫʜʦʚʠ (ʨʠʩ. 8). ʈʦʟʨʘʭʦʚʘʥʽ ʪʦʧʦʣʦʛʽʾ FS ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙʠʜʚʽ 

ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʩʭʦʞʽ ʚʠʪʷʛʥʫʪʽ FS ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ɻȻ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʘʥʽʟʦʪʨʦʧʽʶ 

ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ. ɼʝʷʢʘ ʨʽʟʥʠʮʷ ʫ ʪʦʧʦʣʦʛʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʽʣʴʰ ʟʘʢʨʠ-

ʪʦʶ ʬʦʨʤʦʶ FS ʜʣʷ Mo2MnB2 ʧʦʨʽʚʥʷʥʦ ʟ Mo2FeB2, ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʫ 

Mo2MnB2 ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʽʰʠʡ ʚʧʣʠʚ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʝʬʝʢ-

ʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. ɸʥʘʣʽʟ ʢʨʠʚʠʟʥʠ FS ʧʦʢʘʟʫʻ, ʱʦ ʚ 

Mo2FeB2 ʩʧʽʚʽʩʥʫʶʪʴ ʝʣʝʢʪʨʦʥʥʘ ʪʘ ʜʽʨʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ Mo2MnB2 

ʜʦʤʽʥʫʻ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ. 

 
ʈʠʩ. 6.  ɿʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ  ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʩʠʩʪʝʤʠ 

Nb-Ti-V-Mo-C, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʝʭʘ-

ʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʈʠʩ. 7. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʪʨʘʛʦʥʘʣʴʥʠʭ ʙʦʨʠʜʽʚ Mo2FeB2 ʪʘ Mo2MnB2 (ʘ) 

ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʟʦʥʘ ɹʨʽʣʣʶʝʥʘ ʟ ʪʦʯʢʘʤʠ ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ (ʙ) 

ʈʦʟʨʘʭʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʦʥʥʦ ʾʩʪʨʫʢʪʫʨʠ Mo2MnB2 ʪʘ Mo2FeB2 (ʨʠʩ. 8) ʧʦʢʘʟʫ-

ʶʪʴ, ʱʦ ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚʘʣʝʥʪʥʽ ʪʘ ʧʨʦʚʽʜʥʽ ʟʦʥʠ ʟ ʜʦʤʽʥʫʶʯʠʤʠ d-ʩʪʘʥʘʤʠ ʧʝʨʝʢ-

ʨʠʚʘʶʪʴʩʷ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ. ɼʣʷ ʥʠʞʯʠʭ ʝʥʝʨʛʽʡ (ʚʽʜ -2 ʝɺ ʜʦ -7 ʝɺ) ʽʩʥʫʶʪʴ ʟʦʥʠ, ʩʬʦ-

ʨʤʦʚʘʥʽ ʢʦʤʙʽʥʘʮʽʷʤʠ ʜʦʤʽʥʫʶʯʠʭ p-ʩʪʘʥʽʚ ʽ d-ʩʪʘʥʽʚ, ʘ ʪʘʢʦʞ s-ʩʪʘʥʽʚ ʪʘ p-ʩʪʘʥʽʚ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ -9 ʝɺ ʜʦ -11 ʝɺ. ɼʠʩʧʝʨʩʽʡʥʽ ʢʨʠʚʽ ʝʥʝʨʛʽʡ ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ, ʦʜʨʘʟʫ ʥʘʜ 

EF, ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʢʣʘʜ d-ʩʪʘʥʽʚ, ʘ ʥʘ ʚʠʱʠʭ ʝʥʝʨʛʽʷʭ (ʚʽʜ 3 ʝɺ ʜʦ 20 ʝɺ) ʜʦʤʽʥʫʶ-

ʯʠʤʠ ʩʪʘʥʘʤʠ ʻ s-ʩʪʘʥʠ ʪʘ p-ʩʪʘʥʠ ʽʟ ʥʝʟʥʘʯʥʦʶ ʜʦʤʽʥʘʮʽʻʶ d-ʝʣʝʢʪʨʦʥʽʚ. ɿʘ ʨʦʟʨʘʭʫ-

ʥʢʘʤʠ DOS ʪʘ ʟʦʥʥʦʾ ʙʫʜʦʚʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʦʨʠʜʠ Mo2MnB2 ʪʘ 

Mo2FeB2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʢʦʚʘʣʝʥʪʥʠʭ ʛʦʤʝʦʧʦʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ BïB, ʛʝ-

ʪʝʨʦʧʦʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ BïMo, BïFe(Mn) ʪʘ ʤʝʪʘʣʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ Mo, Fe ʪʘ Mn. ɼʣʷ 

ʫʪʦʯʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʞʘʪʦʤʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʩʧʦʣʫʢʘʭ Mo2MnB2 ʪʘ Mo2FeB2 ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʽʚ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʾʭ ʫ ʚʠʛʣʷʜʽ çʢʘʨʪè ʜʣʷ ʧʦʚʥʦʾ ʝʣʝʢʪ-

ʨʦʥʥʦʾ ʛʫʩʪʠʥʠ (ɟ), ʬʫʥʢʮʽʾ ʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ (ELF) ʪʘ ʟʚʝʜʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʝʣʝʢ-

ʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ (RDG) ʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥʘʭ (001), ʱʦ ʤʽʩʪʷʪʴ ʘʪʦʤʠ Fe 

ʘʙʦ Mn ʪʘ B (ʨʠʩ. 9). ʈʦʟʨʘʭʦʚʘʥʽ ʧʦʣʷ ʜʣʷ ʦʙʦʭ ʙʦʨʠʜʥʠʭ ʬʘʟ ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ çʢʘʨʪʠè ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʥʽʚ (ɟ) ʧʦʢʘʟʫʶʪʴ ʟʙʽʣʴʰʝʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩ-

ʪʠʥʠ ʤʽʞ ʧʘʨʘʤʠ BïB ʪʘ Fe(Mn)ïB, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ELF. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ELF ʚʽʜ 0.6 ʜʦ 0.7 (ʪʠʧʦʚʽ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʢʫ) ʩʧʦʩʪʝ-

ʨʽʛʘʶʪʴʩʷ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʘʪʦʤʘʤʠ ʙʦʨʫ ʪʘ ʥʘʚʢʦʣʦ ʷʜʝʨ Fe, ʫ ʥʘʧʨʷʤʢʫ ʘʪʦʤʽʚ 

ʙʦʨʫ. ɿʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʨʷʜʫ ʪʘ ELF ̒  ʥʠʟʴʢʠʤʠ ʫ ʥʘʧʨʷʤʢʘʭ ʤʽʞ ʘʪʦʤʘʤʠ ʤʝʪʘʣʫ, 

ʟ ʪʠʧʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0.2 ʜʦ 0.3, ʷʢʽ ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ ʤʝʪʘʣʝʚʦʛʦ 

ʟʚôʷʟʢʫ. ʈʦʟʨʘʭʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ RDG ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʥʘʷʚʥʦʩʪʽ ʢʦʚʘʣʝʥʪ-

ʥʠʭ ʟʚôʷʟʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʢʘʟʫʻ ʥʘ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʭʤʘʨ, ʜʝ 

ʟʥʘʯʝʥʥʷʤʠ RDG ʻ ʥʠʟʴʢʠʤʠ. ɿʦʢʨʝʤʘ, ʜʣʷ Mo2MnB2 ʪʘ Mo2FeB2 ʦʙʣʘʩʪʽ ʟ ʥʘʡʤʝʥ-

ʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ RDG ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʧʘʨʘʤʠ BïB, Fe(Mn)ïB ʪʘ Fe(Mn)ïFe(Mn), 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʪʠʧʘʤ ʟʚôʷʟʢʫ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ 

pDOS ʪʘ ʘʥʘʣʽʟʫ ʟʦʥʥʦʾ ʙʫʜʦʚʠ. 

 

 ʘ  ʙ 
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ʈʠʩ. 8. ʈʦʟʨʘʭʦʚʘʥʽ FS (ʘ,ʚ), ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʽʜʧʦʚʽʜʥʘ pDOS ʜʣʷ ʦʨʙʽ-

ʪʘʣʝʡ (ʙ, ʛ) ʜʣʷ Mo2FeB2 (ʘ,ʙ) ʪʘ Mo2MnB2 (ʚ,ʛ). 

 
ʈʠʩ. 9. ʇʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʫ ʧʣʦ-

ʱʠʥʽ (001): ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ (ɟ) (ʘ,ʙ), ʬʫʥʢʮʽʷ ʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ (ELF ) 

(ʙ,ʜ) ʪʘ ʟʚʝʜʝʥʠʡ ʛʨʘʜʽʻʥʪ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ RDG (ʚ, ʝ) ʜʣʷ Mo2FeB2 (ʘ,ʙ,ʚ) ʪʘ 

Mo2MnB2 (ʛ,ʜ,ʝ) 

 ʙ  ʘ 

 ʚ  ʛ 

 ʘ  ʙ  ʚ 

 ʛ  ʜ  ʝ 
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ɹʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʠʥ-

ʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʷʜʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʘʪʦʤʽʚ Fe ʥʘ 

Mn ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʧʽʜˇʨʘʪʮʽ. ɼʣʷ ʘʨʤʽʚʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʪʝʪʨʘʛʦʥʘʣʴʥʠʭ ʙʦʨʠʜʽʚ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʭ ʩʧʦʣʫʢʘʤʠ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ Mo2MB2 (M=Fe, Mn) ʙʫʣʠ ʟʘʜʘʥʽ ʚ ʨʘʤʢʘʭ 

ʤʝʪʦʜʠʢʠ VCA. ʇʘʨʘʣʝʣʴʥʦ ʽʟ ʮʠʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʫʞʥʦʛʦ ʪʝʥʟʦʨʘ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (CE) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ ATAT. ɼʣʷ 

ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 121 ʢʣʘʩʪʝʨ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʥʝʫʧʦ-

ʨʷʜʢʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ Fe ʪʘ Mn. ʈʝʟʫʣʴʪʘʪʠ ʝʥʝ-

ʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 10) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʚʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ Mn 

ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʰʫʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʠʟʴʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʟʘ ʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ (0 K). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʪʘʙʽʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʠʩʦ-

ʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʦʟʯʠʥʝʥʦʛʦ Mn (ʧʦʥʘʜ 50 ʘʪ. %). 

 
ʈʠʩ. 10. ɽʥʝʨʛʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʽʤʽʪʫʶʪʴ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʠ ʫ ʩʠʩʪʝʤʽ  Mo2FeB2ïMo2MnB2 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʪʘ ʪʝʦʨʝʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠ-

ʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʝʪʦʜʦʤ VCA ʪʘ CE ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ VASP ʪʘ 

ʧʦʩʪʧʨʦʮʝʩʦʨʥʦʶ ʦʙʨʦʙʢʦʶ, ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʜʫ VASPKIT. ɼʣʷ ʦʮʽʥʢʠ ʤʝʭʘ-

ʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʧʦʪʝʪʠʯʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Mo2(Fe1īxMnx)B2, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ CE, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʜʣʷ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʭ ʢʣʘʩʪʝʨʽʚ (ʨʠʩ. 10). ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ  ʤʦʜʫʣʽʚ ʧʨʫʞʥʦ-

ʩʪʽ, ʘ ʩʘʤʝ B, G ʪʘ E, ʦʪʨʠʤʘʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ CE ʪʘ VCA ʥʘʚʝʜʝʥʽ ʥʘ (ʨʠʩ. 

11). ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʦʙʦʤʘ ʤʝʪʦʜʠʢʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʚʝ-

ʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʦʢʘʟʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʧʦ ʤʽʨʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ Mn, ʨʦʟʯʠʥʝʥʦʛʦ ʫ Mo2FeB2 ʜʦ 0.50ï0.75, ʘ ʧʦʪʽʤ ʾʭ ʧʦʜʘʣʴʰʝ 

ʟʤʝʥʰʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʽʜʭʽʜ VCA ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʪʚʝʨʜʽ 
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ʨʦʟʯʠʥʠ ʽʟ ʙʣʠʟʴʢʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʥʝʟʥʘʯ-

ʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ ʧʨʘʚʠʣʘ ɺʝʛʘʨʜʘ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ CE ʪʘ VCA 

ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ ʫ ʧʩʝʚ-

ʜʦʙʽʥʘʨʥʽʡ ʩʠʩʪʝʤʽ Mo2FeB2ïMo2MnB2.  

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ 

ʩʠʩʪʝʤ ʣʝʛʫʚʘʥʥʷ Fe-Mn-Ti-Nb-

Mo-V-C-Si ʪʘ Fe-Mn-Mo-B-C 

ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʤʦʞ-

ʣʠʚʠʭ (ñʢʦʥʢʫʨʫʶʯʠʭò) ʬʘʟ, ʚʠ-

ʙʨʘʥʦ ʾʭ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨ-

ʤʘʣʽʟʤʫ ʝʥʝʨʛʽʾ ʩʧʦʣʫʢ ʍʽʣʣʝʨʪʘ 

(CEF), ʘ ʪʘʢʦʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘ-

ʭʫʥʢʫ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʟʘ ʤʝʪʦ-

ʜʦʤ CALPHAD. ʅʝʦʙʭʽʜʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʚ ʨʘʤ-

ʢʘʭ DFT. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘ-

ʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ 

ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʧʽʜʩʠʩʪʝʤʽ 

Fe-Mn-Mo-B ʚ ʦʙʣʘʩʪʷʭ ʩʪʘʙʽʣʴ-

ʥʦʩʪʽ ʬʘʟ Mo2FeB2 ʪʘ Mo2MnB2 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʦʮʝʜʫʨʫ ʦʧ-

ʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʤʦʜʫʣʷ PARROT, ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ Thermo-Calc 2022a. ɺʨʘ-

ʭʦʚʫʶʯʠ, ʱʦ ʟʘʟʚʠʯʘʡ DFT ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʣʫʢ (ЎὌ) ʤʽʩʪʠʪʴ ʩʠ-

ʩʪʝʤʘʪʠʯʥʫ ʧʦʭʠʙʢʫ, ʪʦ ʜʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʨʽʚʥʷʥʥʷ ʚʠʜʫ: 

ЎὌ ὃ ὃ ȣ ЎὌ ὃ ὃ ȣ ὲ‏‘ȟ (1) 

ʜʝ U ï ʧʦʧʨʘʚʢʘ ʍʘʙʙʘʨʜʘ (ʜʣʷ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ U = 3 ʝɺ), ὃ ï ʢʦʤʧʦʥʝʥʪ, ὲ ï 
ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ‏‘ ï ʝʤʧʽʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ i-ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ὃ. ɼʣʷ 

ʚʠʧʘʜʢʫ ʩʧʦʣʫʢ Mo2FeB2 ʪʘ Mo2MnB2, ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ‏‘ ʚʽʜʦʤʽ ʣʠʰʝ ʜʣʷ Fe ʪʘ 

Mn ʽ ʩʪʘʥʦʚʣʷʪʴ -0.03 ʪʘ -0.15 ʝɺ, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʘʨʘʤʝʪʨ ‏‘  ʜʣʷ ʙʦʨʠʜʽʚ. ɼʣʷ ʚʩʪʘ-

ʥʦʚʣʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʩʪʨʫʢʪʫʨ 

ʙʦʨʠʜʽʚ MoB2, Ŭ-MoB, ɓ-MoB ʪʘ MoB2 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʽʚ QE ʪʘ VASP (ʨʠʩ. 12, ʘ) 

ʪʘ ʧʦʜʘʣʴʰʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʢʦʜʫ,  ‏‘ πȢςσχ ʪʘ 

‘‏ πȢρςσ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ‏‘ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʫʪʦʯ-
ʥʝʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ (ʨʠʩ. 12, ʙ). ɰʭ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʨʦʟʨʘ-

ʭʫʥʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʽʚ VASP ʪʘ QE ʩʢʣʘʣʘ 0.048 ʝɺ (~1.1 ʢʢʘʣ/ʤʦʣʴ) ʪʘ 0.051 

ʝɺ  (1.18 ʢʢʘʣ/ʤʦʣʴ), ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʽʚʥʷ ʪʘʢ ʟʚʘʥʦʾ 

çʭʽʤʽʯʥʦʾè ʪʦʯʥʦʩʪʽ (1 ʢʢʘʣ/ʤʦʣʴ), ʱʦ ʻ ʩʚʽʜʯʝʥʥʷʤ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚʠʙʨʘʥʦʾ ʤʦʜʝʣʽ. 

 
ʈʠʩ. 11.  ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞ-

ʥʦʩʪʽ ʜʣʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  Mo2(Fe1īxMnx)B2 
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ʈʠʩ. 12. ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʙʦ-

ʨʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʽʚ VASP ʪʘ QE ʜʦ (ʘ) ʪʘ 

ʧʽʩʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ♯Ⱨ╜▫ (ʙ) 
ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟ Mo2FeB2 ʪʘ Mo2MnB2 

ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʨʽʚʥʷʥʥʷʤ (1) ʽʟ ʟʥʘʯʝʥʥʷʤʠ ‏‘ ‘‏ ,22905+ -14472 ɼʞ/ʤʦʣʴ 

ʪʘ ‏‘  -2894.56 ɼʞ/ʤʦʣʴ ʽ ʩʪʘʥʦʚʠʣʠ: 
ЎὌ ὓέὊὩὄ τχυφςπȢτ ςςωπυπȢς ρττχς  (2) 
ЎὌ ὓέὓὲὄ σφρρτπȢτ σςτφψπȢς ςψωτ  (3) 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʢʩʪ-

ʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʽʘʧʘʟʦʥʠ, ʚʘʞʣʠʚʽ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʬʦʥʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʩʪʨʫʢʪʫʨ Mo2FeB2 ʪʘ Mo2MnB2. ʉʧʝʢʪʨʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʽʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʢʦʤʙʽʥʘʮʽʾ ʢʦʜʽʚ Phonopy ʪʘ VASP, ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʥʘʜˇʨʘʪʦʢ ʨʦʟʤʽʨʘʤʠ 

2Ĭ2Ĭ2, ʱʦ ʩʢʣʘʜʘʣʘʩʴ ʽʟ 80 ʘʪʦʤʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʬʦʥʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ ʟʘ ʩʪʘʣʦʛʦ 

ʦʙôʻʤʫ. ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʬʘʟ ʪʘʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʦ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʜʣʷ 10-ʪʠ ʥʘʜˇʨʘʪʦʢ ʨʽʟʥʦʛʦ ʦʙôʻʤʫ. ʎʝ ʤʘʣʦ ʥʘ ʤʝʪʽ ʧʦʜʘʣʴʰʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʦʜʦʤ ʢʚʘʟʽʛʘʨʤʦʥʽʡʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ (QHA). ʈʝ-

ʟʫʣʴʪʘʪʠ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʝʥʝʨʛʽʡ ɻʝʣʴʤʛʦʣʴʮʘ ʬʘʟ Mo2FeB2. ʪʘ Mo2MnB2 ʨʽʟʥʦʛʦ ʦʙôʻʤʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ (EOS) (ʨʠʩ. 13, a) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ɻʨʶʥʘʡʟʝʥʘ (‎Ὕ,) (ʨʠʩ. 13, ʙ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘ ʩʪʘʣʦʛʦ 

ʦʙôʻʤʫ ʪʘ ʪʠʩʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʤʧʝʨʘ-

ʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ (ʨʠʩ. 13, ʙ), ʚʠʨʘʞʝʥʦʾ ʚ ʝɺ ʜʣʷ 

ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ ʬʘʟ Mo2FeB2. ʪʘ Mo2MnB2. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦ-

ʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʙʨʘʥʠʭ PAW-ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʽ ʚ 

ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥʘʭ ʥʝ ʤʘʶʪʴ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ, ʪʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ PARROT ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʝʣʴʥʝ ʜʠʬʝʨʝʥʮʽʶ-

ʚʘʥʥʷ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ PARROT ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ CEF ʤʦʜʝʣʝʡ ʬʘʟ Mo2FeB2 ʪʘ Mo2MnB2 ʫ ʚʠ-

ʛʣʷʜʽ ʨʽʚʥʷʥʴ (6) ʪʘ (7), ʚʽʜʧʦʚʽʜʥʦ:  

 ʙ  ʘ 
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Ὃ ȡ ȡ Ȣ Ȣ Ὕ Ȣ ὝὰὲὝπȢς Ὃ πȢτ Ὃ

πȢτ Ὃ ȟ 
(4) 

Ὃ ȡ ȡ Ȣ Ȣ Ὕ Ȣ ὝὰὲὝπȢς Ὃ πȢτ Ὃ

πȢτ Ὃ Ȣ 
(5) 

  
ʈʠʩ. 13. ʇʝʨʝʭʽʜ ʚʽʜ ʝʥʝʨʛʽʡ ɻʝʣʴʤʛʦʣʴʮʘ ʜʦ ʝʥʝʨʛʽʡ ɻʽʙʙʩʘ ʤʝʪʦʜʦʤ QHA 

ʜʣʷ ʬʘʟ Mo2FeB2 ʪʘ Mo2MnB2: ʘ ï ʘʧʨʦʢʩʠʤʘʮʽʷ ʝʥʝʨʛʽʾ ɻʝʣʴʤʛʦʣʴʮʘ ʜʣʷ ʥʘʜ-

ˇʨʘʪʦʢ ʨʽʟʥʦʛʦ ʦʙôʻʤʫ; ʙ ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʫ ɻʨʶʥʘʡʟʝʥʘ ʪʘ 

ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ 

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Mo2(Fe1īxMnx)B2 ʙʫʣʦ 

ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʝʨʝʚʘʞʥʝ ʨʦʟʯʠʥʝʥʥʷ ʘʪʦʤʽʚ Mn ʫ ʬʘʟʽ Mo2FeB2 ʰʣʷʭʦʤ 

ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʚ ʤʝʞʘʭ ʧʽʜʨ̌ʘʪʢʠ ʟʘʡʥʷʪʦʾ ʘʪʦʤʘʤʠ ʟʘʣʽʟʘ. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʙʘʟʫ-

ʚʘʣʦʩʴ ʥʘ ʙʣʠʟʴʢʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ Fe ʪʘ Mn ʟʛʽʜʥʦ ʽʟ ʧʨʘʚʠʣʘʤʠ ʖʤ-ʈʦʟʝʨʽ, ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 8, 9). ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʧʦʪʝʪʠʯʥʠʡ ʪʚʝ-

ʨʜʠʡ ʨʦʟʯʠʥ ʚʽʜʧʦʚʽʜʘʚ ʫʟʘʛʘʣʴʥʝʥʽʡ ʬʦʨʤʫʣʽ {: Fe, Mn:} 0,2
I{: Mo:} 0,4

II {: B:} 0,4
III  , ʘ ʡʦʛʦ 

ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ ATAT ʜʣʷ ʢʣʘʩʪʝʨʽʚ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ.10. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʢʣʘʩʪʝʨʥʽ ʚʟʘʻʤʦʜʽʾ 

(ECI), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʽʘʧʘʟʦʥʠ ʚʘʞ-

ʣʠʚʽ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ECI ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ emc2 ʜʣʷ ʪʝʤʧʝ-

ʨʘʪʫʨ 1000-2000 K, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ 

Ὃ , ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʦʧʠʩʫ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Mo(Fe,Mn)B2  

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ CEF. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʧʨʦʮʝʜʫʨʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ PARROT, ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʧʦʩʪʽʡʥʠʭ ὠρ ʪʘ ὠς ʫ ʨʽʚʥʷʥʥʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʦʜʽʶ Fe ʪʘ 

Mn ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ (Fe1- x,Mnx)0.2(Mo,B)0.4 : ὒ ȟ ȡ ȡȢ ὠρ ὠς Ὕ. ɿʘ ʧʽʜʩʫʤʢʘʤʠ 

ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʟʫʣʴʪʫʶʯʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚʟʘʻʤʦʜʽʾ ὒ ȟ ȡ ȡ ʚʽʜʧʦ-

ʚʽʜʥʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʷʢ: 

ὒ ȟ ȡ ȡȢ Ȣ Ȣ ὝȢ (6) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʟʘʻʤʦʜʽʾ (6) ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʯʠʥ-

ʥʽʩʪʴ Mn ʫ ʬʘʟʽ Mo2FeB2 ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢ-

ʪʫʨʠ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ Fe-Mn-Mo-B-ʉ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʯʠʥʥʽʩʪʴ Mn ʫ ʢʘʨʙʽʜ-

ʥʠʭ ʬʘʟʘʭ ʪʠʧʫ MC ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʧʝʮʽʘʣʴʥʠʭ ʢʚʘʟʽʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫ-

ʢʪʫʨ (SQS) ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ SQS2TDB. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʠ GBRV ʽʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʫ. ʗʢ ʙʘ-

ʟʦʚʫ ʤʦʜʝʣʴ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨ ʽʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ ʚʠ-

ʢʦʨʠʩʪʘʥʦ ɻʎʂ ʩʪʨʫʢʪʫʨʫ NaCl. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʽ 

ʧʘʨʘʤʝʪʨʠ ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ: 

ὒ ȟ ȡȢ Ȣȟ ὒ ȟ ȡȢ Ȣȟ ὒȟ ȡȢ Ȣȟ ὒ ȟ ȡȢ Ȣ. (7) 

 ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (7) ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʤʘʨʛʘʥʮʝʚʦʶ ʩʪʘʣʣʶ, ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʨʦʟʯʠʥʥʽʩʪʴ Mn, ʟʨʦʩʪʘʻ ʫ ʥʘ-

ʧʨʷʤʢʫ MoC ŸVCŸ TiCŸ NbC. 

ʆʪʨʠʤʘʥʠʡ ʥʘʙʽʨ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ, ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʦ ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʣʽ Si ʫ ʚʠʩʦʢʦʤʘʨʛʘ-

ʥʮʝʚʽʡ ʩʪʘʣʽ ʟʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ (ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ ʥʘʧʣʘʚʣʝʥʥʷ). ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʢʽʥʝʪʠʯʥʽ 

ʢʨʠʚʽ ʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ ʜʣʷ ʚʫʛ-

ʣʝʮʝʚʦʾ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʦʾ ʪʘ ʚʠʩʦʢʦʤʘʨ-

ʛʘʥʮʝʚʦʾ ʢʨʝʤʥʠʩʪʦʾ ʩʪʘʣʝʡ (ʨʠʩ. 14) ʽʟ 

ʷʢʠʭ ʚʠʜʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʤ ʥʝ-

ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʽʥʢʫʙʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʚʠ-

ʜʽʣʝʥʥʷ ʮʝʤʝʥʪʠʪʫ ʪʘ ʟʤʝʥʰʫʻ ʡʦʛʦ ʢʽʣʴ-

ʢʽʩʪʴ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʜʽ-

ʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʫʜʚʽʯʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʥʝʣʝ-

ʛʦʚʘʥʠʤ ʘʫʩʪʝʥʽʪʦʤ. ɼʦʜʘʚʘʥʥʷ Si ʜʦ ʤʘʨ-

ʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʽʥʢʫʙʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʽʥʪʝʥʩʠ-

ʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʮʝʤʝʥʪʠʪʫ ʥʘ 3ï4 ʧʦʨʷʜʢʠ.  

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘ-

ʧʣʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴ ïʧʨʦʩʪʠʡ ʢʘʨʙʽʜè, çʟʘʣʽʟʦïʩʢʣʘʜʥʠʡ ʢʘʨʙʽʜè ʪʘ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ (ʟʘ-

ʣʽʟʦ) ï ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ (B4C+Mo)è. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭ-

ʥʝʚʦʛʦ ʰʘʨʫ (ʨʠʩ. 15, ʘ), ʥʘʧʣʘʚʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ 

çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï NbCè ʽʟ ʚʤʽʩʪʦʤ 20 ʦʙ. % NbC ʫ ʚʠʭʽʜʥʽʡ ʰʠʭʪʽ ʬʦʨʤʫ-

ʻʪʴʩʷ ʚʠʨʘʟʥʘ ʛʝʪʝʨʦʬʘʟʦʚʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʛʦ ɔ-

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʢʘʨʙʽʜʽʚ Nb ʨʽʟʥʦʛʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʘʨʤʽʚʥʠʭ ʬʘʟ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 15, ʙ) ʫ ʩʪʨʫʢ-

ʪʫʨʽ ʧʦʢʨʠʪʪʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʚʽ ʦʩʥʦʚʥʽ ʬʘʟʠ: ɔ-Fe (ɻʎʂ ʨ̌ʘʪʢʘ, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ 

Fmï3m ̔ ʟ ʧʘʨʘʤʝʪʨʦʤ 3.589  ʪʘ NbC (ɻʎʂ ʨ̌ʘʪʢʘ, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fmï3m) ʽʟ ʧʘʨʘ-

ʤʝʪʨʦʤ 4.449 , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʢʘʨʙʽʜʫ ʽʟ ʬʦʨʤʫʣʦʶ NbC0.8. 

 

 
ʈʠʩ. 14.   ʂʽʣʴʢʽʩʪʴ ʮʝʤʝʥʪʠʪʫ ʟʘʣʝ-

ʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠ-

ʪʨʠʤʢʠ ʧʨʠ T = 1000 K ʜʣʷ ʘʫʩʪʝʥʽʪʫ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 
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ɺʘʞʣʠʚʦ ʟʘʥʘʯʠʪʠ, ʱʦ ʥʘʧʣʘʚʣʝʥʠʤ ʧʦʢʨʠʪ-

ʪʷʤ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ  NbCè 

ʭʘʨʘʢʪʝʨʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽ-

ʮʥʝʥʥʷ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʽʜʚʠʱʝʥʦʤʫ ʨʽʚʥʽ 

ʪʚʝʨʜʦʩʪʽ ʫ ʜʝʬʦʨʤʦʚʘʥʠʭ ʟʦʥʘʭ ʧʦʢʨʠʪʪʷ. 

ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ NbC ʚʽʜ 0 ʜʦ 20 

ʦʙ. % ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʝ ʟʨʦ-

ʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʫ ʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʽ ʚʽʜ 42ï44 HRC ʜʦ 47ï52 HRC. ʈʝʟʫʣʴ-

ʪʘʪʠ ʘʥʘʣʽʟʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴVCè 

(ʨʠʩ. 16, ʘ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʘʨʙʽʜʥʘ ʬʘʟʘ  ʚʠ-

ʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʠʩʧʝʨʩʥʠʭ ʚʢʣʶʯʝʥʴ ʙʝʟ 

ʚʠʨʘʟʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʮʝʥʪʨʘ-

ʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ʘʫʩʪʝʥʽʪʥʠʭ ʜʝʥʜʨʠʪʽʚ ʪʘ ʫ ʚʠ-

ʛʣʷʜʽ ʪʦʥʢʦʛʦ ʧʨʦʰʘʨʢʫ ʧʦ ʾʭ ʛʨʘʥʠʮʷʭ. ɸʥʘ-

ʣʽʟ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 16, ʙ) ʧʦʢʘ-

ʟʫʻ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʻ ʜʚʽ ʬʘʟʠ ʽʟ ɻʎʂ ʛʨʘʪʢʦʶ 

(ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fmï3m), ʘ ʩʘʤʝ VCx ʪʘ ɔ-Fe 

(ʘʫʩʪʝʥʽʪʫ). ʇʘʨʘʤʝʪʨ ˇʨʘʪʢʠ VC (4.257 ), 

ʟʙʽʣʴʰʝʥʠʡ ʥʘ 0.087  ʧʦʨʽʚʥʷʥʦ ʽʟ ʢʘʨʙʽʜʦʤ 

ʚʘʥʘʜʽʶ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ VC0.88. ʊʘʢʝ ʟʙʽ-

ʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ ʚʠʢʣʠʢʘʥʝ ʫ ʧʝ-

ʨʰʫ ʯʝʨʛʫ ʨʦʟʯʠʥʝʥʥʷʤ Mn ʫ VC. ʇʘʨʘʤʝʪʨ 

ˇʨʘʪʢʠ ʘʫʩʪʝʥʽʪʫ (3.567 ) ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʧʘ-

ʨʘʤʝʪʨʫ ˇʨʘʪʢʠ ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʩʪʘʣʽ 

ɻʘʜʬʽʣʴʜʘ. ʂʨʽʤ ʮʴʦʛʦ, ʫ ʩʪʨʫʢʪʫʨʽ ʧʨʠʩʫʪʥʽʡ ʥʝʟʥʘʯʥʽ ʩʣʽʜʠ ʬʝʨʠʪʫ ʪʘ ʮʝʤʝʥʪʠʪʫ, 

ʷʢʽ, ʡʤʦʚʽʨʥʦ, ʚʠʢʣʠʢʘʥʽ ʚʧʣʠʚʦʤ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ. 

  
ʈʠʩ. 16.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ (ʙ) ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʰʘʨʫ ʩʠʩʪʝʤʠ  

çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ  VCè 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴTiC è (ʨʠʩ. 17) ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ ʫ ʷʢʽʡ ʨʽʚʥʦʤʽ-

ʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʜʠʩʧʝʨʩʥʽ (ʨʦʟʤʽʨʘʤʠ ʜʦ 2 ʤʢʤ) ʘʨʤʽʚʥʽ ʚʢʣʶʯʝʥʥʷ TiC. ɿʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ EDS ʘʥʘʣʽʟʫ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʪʘʢʠʭ ʚʢʣʶʯʝʥʴ ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʧʽʢʽʚ ʜʣʷ Ti ʪʘ C (ʨʠʩ. 17, ʩʧʝʢʪʨ 1), ̫ ʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ TiC, ʩʢʣʘʜ ʷʢʦʛʦ ʙʣʠʟʴʢʠʡ 

 

 

ʈʠʩ. 15.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʜʠ-

ʬʨʘʢʪʦʛʨʘʤʘ (ʙ) ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʰʘʨʫ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴ  NbCè 

 ʘ 

 ʙ 

 ʘ 

 ʘ  ʙ 
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ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ. ʂʨʽʤ ʮʴʦʛʦ ʫ TiC ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʽ ʩʣʽʜʠ (ʜʦ 1 ʘʪ. %) Fe, 

Mn ʪʘ N. ʄʘʪʨʠʯʥʘ ʩʪʘʣʝʚʘ ʬʘʟʘ ʤʽʩʪʠʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Mn (ʨʠʩ. 

17, ʩʧʝʢʪʨ 2), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʨʛʘʥʮʝʚʦʤʫ ʘʫʩʪʝʥʽʪʫ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝ-

ʨʝʥ ʤʘʪʨʠʮʽ ʨʦʟʪʘʰʦʚʘʥʽ ʦʙʣʘʩʪʽ ʽʟ ʝʚʪʝʢʪʦʾʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ, ʷʢʘ, ʦʯʝʚʠʜʥʦ, ʬʦʨ-

ʤʫʻʪʴʩʷ ʟʘ ʫʯʘʩʪʽ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ. ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʻ ʩʧʨʠʷʪʣʠʚʦʶ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʪʘʢ ʽ ʜʣʷ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʚʠʩʦʢʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʘʨʤʽʚʥʦʾ ʬʘʟʠ ʥʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʦʪʠʜʽʷʪʠ 

ʧʨʦʮʝʩʘʤ ʤʽʢʨʦʨʽʟʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʘʨʤʽʚʥʽ ʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʚʽʜʜʽʣʷʪʠʩʴ ʨʘʟʦʤ ʽʟ ʤʽʢ-

ʨʦʩʪʨʫʞʢʦʶ,   ʘ   ʟ   ʽʥʰʦʛʦ   ʥʘʷʚʥʽʩʪʴ   ʝʚʪʝʢʪʦʾʜʥʠʭ   ʢʦʣʦʥʽʡ   ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ 

ʫʩʢʣʘʜʥʶ ̒ʜʝʬʦʨʤʘʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʞʦʨʩʪʢʦʛʦ ʢʘʨʢʘʩʫ ʥʘ-

ʚʢʦʣʦ ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ.  

 
ʈʠʩ. 17. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥ-

ʮʝʚʘ ʩʪʘʣʴTiC è ʟʘ ʨʽʟʥʠʭ ʟʙʽʣʴʰʝʥʴ ʪʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʛʨʘʥʠʮʽ ʧʦʢʨʠʪʪʷ  

ʦʩʥʦʚʘ (ʚʤʽʩʪ TiC ʫ ʧʦʯʘʪʢʦʚʽʡ ʰʠʭʪʽ ~15 % ʦʙ.) 

ʈʝʟʫʣʴʪʘʪʠ XRD ʘʥʘʣʽʟʫ (ʨʠʩ. 18) 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʜʘʥʠʤʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʬʘʟ ʽʟ ɻʎʂ ʩʪʨʫʢʪʫʨʦʶ: TiC ʽʟ ʧʘʨʘʤʝʪ-

ʨʦʤ ˇʨʘʪʢʠ 4.329 , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʝʭʽ-

ʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʫ ʪʘ ɔ-Fe ʽʟ ʧʘʨʘʤʝʪ-

ʨʦʤ 3.588 , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʘʨʛʘʥʮʝ-

ʚʦʤʫ ʘʫʩʪʝʥʽʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʘʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʪʘ 

ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʚʠʭʽ-

ʜʥʦʤʫ ʩʪʘʥʽ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʽʜ-

ʥʦʾ ʬʘʟʠ ʜʦ 15 ʦʙ. % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʘʢ-

ʪʠʯʥʦ ʣʽʥʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʚʽʜ 

~20 ʜʦ ~42 HRC. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʚʤʽʩʪʫ TiC ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʚʝ-

ʨʜʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʦʛʽʨʰʝʥʥʷʤ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʧʣʘʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʽ ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʟʤʦʯʫʚʘʥʽʩʪʴ TiC ʨʦ-

ʟʧʣʘʚʘʤʠ ʩʪʘʣʝʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʢʨʠʪʪʷ ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʝʬʝʢʪʽʚ 

ʪʠʧʫ ʧʦʨ, ʪʨʽʱʠʥ, ʚʽʜʰʘʨʫʚʘʥʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʫ ʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʜʘʥʠʤ ʧʦʢʨʠʪʪʷʤ ʚʣʘʩʪʠʚʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, 

 

ʈʠʩ. 18. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʥʘʧʣʘʚʣʝʥ-

ʥʦʛʦ ʰʘʨʫ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥ-

ʮʝʚʘ ʩʪʘʣʴ  TiCè 
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ʱʦ ʧʦʩʠʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. ɿʦʢʨʝʤʘ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 

TiC ʜʦ 15 ʦʙ. % ʪʚʝʨʜʽʩʪʴ ʜʝʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʨʦʩʪʘʻ ʚʽʜ ~42 ʜʦ ~52 HRC. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʫ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴ  Mo2Cè (ʨʠʩ. 19) ʧʦʢʘʟʫʻ ʱʦ ʬʘʟʘ ʟʙʘʛʘʯʝʥʘ Mo, ̫ ʢʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥ-

ʢʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ ʙʣʠʟʴʢʦʛʦ ʜʦ 

(Mo,Fe,Mn)2C ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʧʨʦʰʘʨʢʽʚ, ʷʢʽ ʦʪʦʯʫʶʪʴ ʘʫʩʪʝʥʽʪʥʫ 

ʬʘʟʫ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʜʠʬʫʟʽʷ Mo ʫ ʤʘʪʝʨʽʘʣ ʦʩʥʦʚʠ, ʘ ʚʠʜʠʤʘ ʛʨʘ-

ʥʠʮʷ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʥʘʷʚʥʽʩʪʶ ʤʽʢ-

ʨʦʧʦʨ. EDS ʘʥʘʣʽʟ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʽʥʽʾ ʩʧʣʘʚʣʝʥʥʷ ʧʦ-

ʢʘʟʫʻ, ʱʦ ʧʨʦʰʘʨʢʠ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʻ ʟʙʘʛʘʯʝʥʠʤʠ Mo ʪʘ Mn. 

 
ʈʠʩ. 19. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥ-

ʮʝʚʘ ʩʪʘʣʴ ï Mo2Cè ʟʘ ʨʽʟʥʠʭ ʟʙʽʣʴʰʝʥʴ ʪʘ ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʧʦʢʨʠʪʪʷ  ʦʩ-

ʥʦʚʘ (ʚʤʽʩʪ Mo2C ʫ ʧʦʯʘʪʢʦʚʽʡ ʰʠʭʪʽ ~ 15 % ʦʙ.) 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʤʫ 

ʩʪʘʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ Mo2C ʜʦ 20 ʦʙ. % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʘʢʪʠʯʥʦ ʣʽ-

ʥʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʜʦ ~35 HRC. ɼʝʬʦʨʤʘʮʽʷ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʟʥʘʯʥʝ ʜʝʬʦʨʤʘʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʜʦ 45 HRC ʣʠʰʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 10 ʦʙ. %. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ, ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ  ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ  

ʢʘʨʙʽʜ ʧʦʢʘʟʫʻ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. ʋ ʩʠʩʪʝʤʘʭ ʽʟ 

Nbʉ ʪʘ TiC ʬʦʨʤʫʻʪʴʩʷ ʤʘʪʨʠʯʥʦ-ʘʨʤʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʧʝʨʚʠʥʥʽ ʢʘʨʙʽʜʠ ʚʠʜʽʣʷ-

ʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʬʘʟ ʽʟ ʬʦʨʤʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ 

ʢʫʙʦʾʜʥʦʾ. ɼʣʷ ʩʠʩʪʝʤ ʽʟ VC ʪʘ Mo2C ʭʘʨʘʢʪʝʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʰʘʨʢʽʚ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʥʦʾ ʬʘʟʠ. ʇʨʦʪʝ ʫ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ 

ʘʫʩʪʝʥʽʪʥʘ ʬʘʟʘ ʟʙʝʨʽʛʘʻ ʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ, ʱʦ ʚʣʘʩʪʠʚʠʡ ʜʣʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽ-

ʮʥʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʽʜ-

ʥʠʭ ʬʘʟ Nbʉ, TiC, VC ʪʘ Mo2C ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʘʨʤʽʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʚʠʩʦ-

ʢʦʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʷʢ ʽʟ ʧʦʟʠʮʽʾ ʤʦʨʬʦʣʦʛʽʾ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʪʘʢ ʽ ʟ 

ʧʦʟʠʮʽʾ ʨʽʚʥʷ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ ʩʠʩʪʝʤʠ FeïNbC (ʨʠʩ. 20, ʘ) ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʠʩʧʝʨʩʥʠʭ (ʨʦ-

ʟʤʽʨʘʤʠ ~5 ʤʢʤ) ʦʛʨʘʥʝʥʠʭ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʫ 

ʩʪʘʣʝʚʽʡ ʦʩʥʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʣʝʚʘ ʤʘʪʨʠʮʷ ʥʝ ʤʽʩʪʠʪʴ ʦʙʣʘʩʪʝʡ ʽʟ ʚʠʨʘʟʥʠʤʠ ʧʝʨʣʽ-

ʪʥʠʤʠ ʢʦʣʦʥʽʷʤʠ ʪʘ ʮʝʤʝʥʪʠʪʦʤ ʪʠʧʦʚʠʤʠ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʽʟʫ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ (ʨʠʩ. 20, ʙ) ʚʠʜʥʦ, ʱʦ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʘʟ: NbC ʽʟ ɻʎʂ ˇʨʘʪʢʦʶ (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fmï3m) ʪʘ ʧʘʨʘʤʝʪʨʦʤ 

ˇʨʘʪʢʠ 4.376 (Ñ 0.0026) , ʷʢʠʡ ʩʫʪʪʻʚʦ ʟʤʝʥʰʝʥʠʡ ʥʘ 0.1  ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʘʨʙʽʜʫ 

ʥʽʦʙʽʶ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʬʝʨʠʪ ʽʟ ʆʎʂ ˇʨʘʪʢʦʶ ʪʘ ʧʘʨʘʤʝʪʨʦʤ 



23 

2.870Ñ0.00044 , ʱʦ ʥʝʟʥʘʯʥʦ (ʥʘ 0.01 ) ʟʙʽʣʴʰʝʥʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʯʠʩʪʦʛʦ Ŭ-

Fe. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʬʘʟ ʡʤʦʚʽʨʥʦ ʚʠʢʣʠʢʘʥʠʡ 

ʥʝʟʥʘʯʥʠʤ ʨʦʟʯʠʥʝʥʥʷʤ Nb ʪʘ ʉ ʽʟ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ ʫ ʬʝʨʠʪʽ.  

 
 

ʈʠʩ. 20.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ (ʙ) ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʰʘʨʫ ʩʠʩʪʝʤʠ  

FeïNbC 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʫ ʰʠʭʪʫ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦ-

ʜʽʚ ʦʜʥʦʯʘʩʥʦ ʢʘʨʙʽʜʽʚ NbC ʪʘ Mo2C ʽʟ ʨʦʟʨʘ-

ʭʫʥʢʫ ʥʘ ʝʢʚʽʤʦʣʷʨʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʝʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʘʨʙʽʜʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʫʪ-

ʪʻʚʽ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 21, ʘ): 

ʢʘʨʙʽʜʥʽ ʚʢʣʶʯʝʥʥʷ ʚʠʜʽʣʷʶʪʴʩʷ ʷʢ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʬʘʟ ʨʦʟʤʽʨʘʤʠ ~5 ʤʢʤ ʪʘʢ ʽ ʫ 

ʩʢʣʘʜʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʟʘ ʤʦʨʬʦ-

ʣʦʛʽʻʶ ʻ ʙʣʠʟʴʢʦʶ ʜʦ ñʩʢʝʣʝʪʦʧʦʜʽʙʥʦʾò ʝʚʪʝ-

ʢʪʠʢʠ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ ʩʪʘ-

ʣʝʡ ʫ ʣʠʪʦʤʫ ʩʪʘʣʽ ʪʘ ʢʘʨʙʽʜʦʩʪʘʣʝʡ, ʦʪʨʠʤʘ-

ʥʠʭ ʩʧʽʢʘʥʥʷʤ ʟʘ ʫʯʘʩʪʶ ʨʽʜʢʦʾ ʬʘʟʠ. ʈʝʟʫʣʴ-

ʪʘʪʠ XRD ʘʥʘʣʽʟʫ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 21, ʙ)  ʩʚʽʜ-

ʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʩʧʽʚʽʩʥʫʶʪʴ 

ʪʨʠ ʦʩʥʦʚʥʽ ʬʘʟʠ: ɻʎʂ ʢʘʨʙʽʜʥʘ ʬʘʟʘ ʽʟ ʧʘʨʘ-

ʤʝʪʨʦʤ ~4.4   (ʙʣʠʟʴʢʠʤ ʜʦ ʧʘʨʘʤʝʪʨʫ ʛʨʘ-

ʪʢʠ NbC), ʬʝʨʠʪʫ ʽʟ ʧʘʨʘʤʝʪʨʦʤ ʛʨʘʪʢʠ 2.909 

, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ 12.5 % 

Mo ʚ Ŭ-Fe i ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ M6C ʽʟ ʬʦʨʤʫʣʴ-

ʥʠʤ ʩʢʣʘʜʦʤ ʙʣʠʟʴʢʠʤ ʜʦ Fe3Mo3C ʪʘ ʢʫʙʽʯ-

ʥʦʶ ˇʨʘʪʢʦʶ (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fd3m).  

ɼʣʷ ʧʦʢʨʠʪʪʷ, ʥʘʥʝʩʝʥʦʛʦ ʝʣʝʢʪʨʦʜ-

ʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʤʽʩʪʠʣʠ ʝʢʚʽʤʦʣʷʨʥʽ 

ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʽʜʽʚ NbC, TiC ʪʘ Mo2C ʫ ʩʪʨʫʢ-

ʪʫʨʽ ʬʦʨʤʫʶʪʴʩʷ ʢʘʨʙʽʜʥ ̔ʬʘʟʠ, ʱʦ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʦʶ ʦʛʨʘʥʝʥʦʶ ʜʝʥʜʨʠ-

ʪʥʦʶ ʬʦʨʤʦʶ ʪʘ   ʨʦʟʤʽʨʘʤʠ   ʚʽʜ   2 ʜ ʦ 10  ʤʢʤ (ʨʠʩ. 22, ʘ).  ʂʨʽʤ ʮʴʦʛʦ, ʫ ʩʪʨʫʢʪʫʨʽ  

 

 
ʈʠʩ. 21.    ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʘ (ʙ) ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʰʘʨʫ ʩʠʩʪʝʤʠ  Fe-(Nb,Mo)C 

 ʘ  ʙ 

 ʘ 

 ʙ 
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ʤʽʩʪʷʪʴʩʷ ʜʠʩʧʝʨʩʥʽ ʚʢʣʶʯʝʥʥʷ ʝʚʪʝʢʪʠʢʠ 

ʽʟ ʩʢʣʝʪʦʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʨʠ ʮʴʦʤʫ 

ʤʘʪʨʠʯʥʦʶ ʬʘʟʦʶ ʩʧʣʘʚʫ ʻ ʬʝʨʠʪ. ɿʘ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʨʠʩ. 

22,  ʙ), ʟʥʷʪʦʾ ʟ ʦʪʨʠʤʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʠʩ-

ʪʝʤʠ Feï(Nb,Mo,Ti)C ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʦʩʥʦʚʥʠʤʠ ʬʘʟʘʤʠ ʻ ʢʘʨʙʽʜʥʘ ʬʘʟʘ ʽʟ 

ʩʪʨʫʢʪʫʨʦʶ ɻʎʂ (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fmï

3m), ʽʟ ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ ʨʽʚʥʠʤ 4.425 

Ñ8.5Ŀ10-4  ʪʘ ʬʝʨʠʪ  (ʆʎʂ, ʧʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ Imï3m) ʽʟ ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ 

2.884Ñ4.5Ŀ10-4 . ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘ-

ʤʝʪʨʽʚ ˇʨʘʪʦʢ ʢʘʨʙʽʜʥʦʾ ʪʘ ʬʝʨʠʪʥʦʾ ʬʘʟ ʻ 

ʟʥʘʯʥʦ ʚʠʱʠʤʠ ʥʽʞ ʮʝ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʧʦʢ-

ʨʠʪʪʷ ʩʠʩʪʝʤʠ FeïNbC. ʎʝ, ʧʦʨʷʜ ʽʟ ʚʽʜʩʫ-

ʪʥʽʩʪʶ ʩʫʪʪʻʚʠʭ ʧʽʢʽʚ ʽʥʰʠʭ ʢʘʨʙʽʜʥʠʭ 

ʬʘʟ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ɻʎʂ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʨʘʢʪʠʯʥʦ ʝʢʚʽʤʦʣʷʨʥʦʶ ʢʽ-

ʣʴʢʽʩʪʶ Nb, Ti ï ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ.  

ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ 

(ʨʠʩ. 23, ʘ) ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʥʘʧʣʘʚ-

ʣʝʥʥʷ ʩʧʣʘʚʘʤʠ, ʷʢʽ ʤʽʩʪʠʣʠ ʦʜʥʦʯʘʩʥʦ 

ʫʩʽ ʯʦʪʠʨʠ ʢʘʨʙʽʜʠ ʚ ʝʢʚʽʤʦʣʷʨʥʠʭ ʢʽʣʴ-

ʢʦʩʪʷʭ ʧʦʢʘʟʫʻ, ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʤʘ-

ʩʠʚʥʠʭ ʦʛʨʘʥʝʥʠʭ ʢʘʨʙʽʜʥʠʭ ʬʘʟ (ʨʦʟʤʽ-

ʨʘʤʠ ʜʦ 20 ʤʢʤ) ʽʟ ʨʦʟʛʘʣʫʞʝʥʦʶ ʜʝʥʜʨʠ-

ʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʦʜʥʦʯʘʩ ʙʽʣʴʰ ʜʠʩ-

ʧʝʨʩʥʠʭ ʬʘʟ ʢʫʙʦʾʜʥʦʾ ʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʫ ʤʽʞʟʝʨʥʦʚʠʭ ʧʨʦʰʘʨʢʘʭ ʬʝʨʠʪʥʦʾ ʤʘʪ-

ʨʠʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽʟ ʧʣʘʩʪʠʥʯʘ-

ʩʪʦʶ ʤʦʨʬʦʣʦʛʽʻʶ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ XRD ʘʥʘʣʽʟʫ ʧʦʢʨʠʪʪʷ Feï(Nb,Mo,Ti,V,)C 

 

 
ʈʠʩ. 22.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʪʘ ʜʠʬ-

ʨʘʢʪʦʛʨʘʤʘ (ʙ) ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʰʘʨʫ 

ʩʠʩʪʝʤʠ  Fe-(Nb,Mo,Ti)C  
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(ʨʠʩ.  23, ʙ) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ɻʎʂ ʢʘʨʙʽʜʥʫ ʬʘʟʫ ̔ʟ ʧʘʨʘʤʝʪʨʦʤ  4.410  (Ñ 0.0031), ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʩʢʣʘʜʥʦʛʦ ʢʘʨʙʽʜʫ (ʪʘʙʣ. 3.2). ʊʘʢʦʞ ʫ ʩʪʨʫ-

ʢʪʫʨʽ ʜʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʠʷʚʣʝʥʦ ʬʝʨʠʪ ʽʟ ʟʥʘʯʥʦ ʟʙʽʣʴʰʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ 2.890 

(Ñ0.0012), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʯʠʥʝʥʥʷ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ Ŭ-Fe.  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʙʽʜʥʠʭ 

ʬʘʟ (ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 3) ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʢʨʝʤʠʭ ʢʘʨʙʽʜʽʚ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʚʠʩʦʢʦʤʘʨ-

ʛʘʮʝʚʦʶ ʩʪʘʣʣʶ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʫ ʩʧʣʘʚʘʭ 

ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʷʢ ʦʩʥʦʚʥʠʡ ʘʨʤʽʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʨʦʪʠʜʽʾ ʘʙʨʘʟʠʚʥʦʤʫ ʟʥʦʰʫ-

ʚʘʥʥʶ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ɻʎʂ ʢʘʨʙʽ-

ʜʥʦʾ ʬʘʟʠ ʽʟ ʬʦʨʤʫʣʴʥʠʤ ʩʢʣʘʜʦʤ ʙʣʠʟʴʢʠʤ ʜʦ Nb0.33Ti0.33Mo0.33C. ʈʘʟʦʤ ʽʟ ʮʠʤ ʚʤʽʩʪ 

V ʨʘʮʽʦʥʘʣʴʥʦ ʟʤʝʥʰʠʪʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ~2 ʤʘʩ. %, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦ-

ʢʨʘʱʝʥʥʷ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ (10ï20 ʥʤ) ʢʘʨʙʽʜʥʠʭ ʬʘʟ. ʊʘ-

ʢʦʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʣʴʤʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʮʝʤʝʥʪʠʪʥʦʾ ʬʘʟʠ ʷʢ ʦʧʠʩʘʥʦ ʫ ʨʦʟ-

ʜʽʣʽ 4, ʝʬʝʢʪʠʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ Si ʫ ʢʽʣʴʢʦʩʪʽ 4 ʤʘʩ. %. ɯʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʦʧʪʠʤʘʣʴʥʠʡ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ 

ʩʪʘʣʴ ï ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʢʘʨʙʽʜè ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʚʝʜʝʥʦʤʫ ʫ ʪʘʙʣʠʮʽ 1 ʪʘ ʤʘ-

ʨʢʫʚʘʥʥʶ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʢʨʦʪʚʝʨʜʦʩʪʽ ʽʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʜʠʥʘʤʽʯʥʦʾ ʪʚʝʨʜʦʤʝʪʨʽʾ ʪʘ ʽʥʜʝʥʪʫʚʘʥʥʷ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʜʘʥʠʤ ʩʧʣʘʚʦʤ ʩʪʘʥʦʚʠʪʴ ~47 HRC ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ~57 HRC 

ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 

ʊʘʙʣʠʮʷ 1.  ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ çʚʠʩʦ-

ʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʡ ʢʘʨʙʽʜè 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʧʣʘʚʽ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ, ʤʘʩ. % 

Fe Mn Mo Nb Ti V C Si 

61 15.5 6.4 6.2 3.2 0.8 3.6 3.3 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʩʝʚʜʦʙʽʥʘʨʥʦʛʦ ʩʽʯʝʥʥʷ ʜʣʷ 

ʩʧʣʘʚʫ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ (ʨʠʩ. 24), 

ʫ ʷʢʦʤʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʡʥʷʪʦ ʣʝ-

ʛʦʚʘʥʫ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʫ ʩʪʘʣʴ ʪʘ ʢʘ-

ʨʙʽʜʥʫ ʬʘʟʫ (Nb0.3Ti0.3Mo0.3)C  ʧʦʢʘʟʫ-

ʶʪʴ, ʱʦ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʘʢʪʠʯʥʦ ʚ 

ʫʩʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʽʩʥʫʻ ʰʠʨʦʢʘ ʜʚʦʬʘʟʦʚʘ ʦʙʣʘʩʪʴ 

L+(Nb,Ti,Mo)C (1MC), ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʧʝʨʚʠʥʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʢʘʨʙʽʜ-

ʥʦʾ ʬʘʟʠ ʽʟ ʨʦʟʧʣʘʚʫ. ɼʦ ʜʘʥʦʾ ʦʙʣʘʩʪʽ 

ʧʨʠʣʷʛʘʶʪʴ ʦʙʣʘʩʪʽ, ʫ ʷʢʠʭ ʧʝʨʚʠʥʥʽ 

ʢʘʨʙʽʜʠ ʧʦʨʷʜ ʽʟ ʨʦʟʧʣʘʚʦʤ ʩʧʽʚʽʩʥʫ-

ʶʪʴ ʽʟ ʘʫʩʪʝʥʽʪʦʤ ʪʘ ʬʘʟʦʶ ʥʘ ʦʩʥʦʚʽ 

Mo2C (ʟʘ ʚʤʽʩʪʫ (Nb0.3Ti0.3Mo0.3)C ʧʦ-

ʥʘʜ 50 ʦʙ. %). ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ  (ʨʠʩ. 25, ʘ) ʧʦʢʘʟʫʻ, ʱʦ ʧʝʨʚʠʥʥʽ ʢʘʨʙʽʜʠ (Nb0.3Ti0.3Mo0.3)C ʬʦʨ-

ʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʚʽʩʥʠʭ ʦʛʨʘʥʝʥʠʭ ʬʘʟ ʢʫʙʦʾʜʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʘʤʠ ʜʦ 10 ʤʢʤ, 

 

ʈʠʩ. 24. ʇʩʝʚʜʦʙʽʥʘʨʥʝ ʩʽʯʝʥʥʷ ʩʠʩʪʝʤʠ 

çʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï ʩʢʣʘʜʥʠʡ ʪʫ-

ʛʦʧʣʘʚʢʠʡ ʢʘʨʙʽʜ Nb0.3Ti0.3Mo0.3Cè 
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ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʘʫʩʪʝʥʽʪʥʽʡ ʤʘʪʨʠʮʽ. ʆʙôʻʤʥʠʡ ʚʤʽʩʪ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ ʩʪʘʥʦʚʠʪʴ ~ 20 ʦʙ. %. EDS ʘʥʘʣʽʟ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʝʨʥʦ ʢʘʨʙʽ-

ʜʥʦʾ ʬʘʟʠ (ʨʠʩ. 25, ʙ) ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ çʢʽʣʴʮʝʚʦʾè ʩʪʨʫʢʪʫʨʠ ï ʮʝʥʪʨʘʣʴʥʽ ʟʦʥʠ ʤʽʩ-

ʪʷʪʴ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Ti, ʪʦʜʽ ʷʢ ʧʝʨʠʬʝʨʽʡʥʽ ʜʽʣʷʥʢʠ ʟʙʘʛʘʯʝʥʽ Mo ʪʘ Nb. ʊʘ-

ʢʠʤ ʯʠʥʦʤ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʟʥʘ-

ʭʦʜʷʪʴʩʷ ʫ ʭʦʨʦʰʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʨʽ-

ʚʥʦʚʘʞʥʦʛʦ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʬʘʟʘʭ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʛʨʘʜʽ-

ʻʥʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʧʦʟʠʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʪʨʽ-

ʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ 

ʰʣʷʭʦʤ ʾʭ ʟʘʤʠʢʘʥʥʷ ʚ ʢʘʨʙʽʜʥʠʭ ʬʘʟ, ʥʘʚʢʦʣʦ ʾʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ. 

  
ʈʠʩ. 25. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ (ʘ) ʪʘ ʨʝʟʫʣʴʪʘʪʠ EDS ʘʥʘʣʽʟʫ ʢʘʨʙʽʜʥʠʭ ʬʘʟ (ʙ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ XRD ʜʣʷ 

ʧʦʢʨʠʪʪʷ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ (ʨʠʩ. 26) 

ʧʦʢʘʟʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʬʘʟ : 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʫ ʽʟ 

ʩʪʨʫʢʪʫʨʦʶ NaCl ʽʟ ʧʘʨʘʤʝʪʨʦʤ 

ˇʨʘʪʢʠ 4.376Ñ0.0029  ʪʘ 

ʤʘʨʛʘʥʮʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʽʟ 

ʧʘʨʘʤʝʪʨʦʤ ˇʨʘʪʢʠ 3.633Ñ0.0005 , 

ʷʢʠʡ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʘʫʩʪʝʥʽʪʫ ʩʪʘʣʽ 

ɻʘʜʬʽʣʴʜʘ. ɸʥʘʣʽʟ EDS çʢʘʨʪè 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʫ ʥʘʧʣʘʚʣʝʥʦʤʫ 

ʰʘʨʽ (ʨʠʩ. 27) ʧʦʢʘʟʫʻ, ʱʦ C ʪʘ Nb, Ti 

ʪʘ Mo ʦʜʥʦʯʘʩʥʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʟʦʥʘʭ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʨʙʽʜʥʠʤ ʬʘʟʘʤ. 

ʇʨʠ ʮʴʦʤʫ, V ʤʽʩʪʠʪʴʩʷ ʫ ʢʘʨʙʽʜʥʠʭ 

ʬʘʟʘʭ, ʤʽʞʟʝʨʥʦʚʠʭ ʧʨʦʰʘʨʢʘʭ, ʘ 

ʪʘʢʦʞ ʚ ʘʫʩʪʝʥʽʪʥʽʡ ʬʘʟʽ. Fe ʪʘ Mn ʟʘʢʦʥʦʤʽʨʥʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʙʣʘʩʪʷʭ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʫʩʪʝʥʽʪʥʽʡ ʤʘʪʨʠʯʥʽʡ ʬʘʟʽ. ʈʦʟʧʦʜʽʣ Si ̒  ʪʘʢʦʞ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʤ, 

ʧʨʦʪʝ ʜʝʷʢʘ ʡʦʛʦ ʯʘʩʪʠʥʘ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʫ ʤʽʞʟʝʨʥʦʚʠʭ ʛʨʘʥʠʮʷʭ.  

 

ʈʠʩ. 26.  ʈʝʟʫʣʴʪʘʪʠ XRD ʘʥʘʣʽʟʫ ʧʦʢ-

ʨʠʪʪʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

 ʘ  ʙ 



27 

 
ʈʠʩ. 27. ʈʝʟʫʣʴʪʘʪʠ EDS ʘʥʘʣʽʟʫ ʧʦʢʨʠʪʪʷ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʽʚʩʪʘ-

ʚʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʠʜʥʦ, ʱʦ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʥʘʧʣʘʚʣʝʥʠʡ ʩʧʣʘ-

ʚʦʤ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʭʘʨʘʢʪʝʨʠ-

ʟʫʻʪʴʩʷ ʚʠʨʘʟʥʦʶ ʛʝʪʝʨʦʬʘʟʦʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʨʠʯʥʦ-ʘʨʤʦʚʘʥʦʛʦ 

ʪʠʧʫ, ʫ ʷʢʽʡ ʨʦʣʴ ʤʘʪʨʠʮʽ ʚʠʢʦʥʫʻ 

ʟʜʘʪʥʠʡ ʜʦ ʥʘ ʥʘʢʣʝʧʫ ʟʘ TWIP ʤʝʭʘ-

ʥʽʟʤʦʤ ʘʫʩʪʝʥʽʪ, ʘ ʨʦʣʴ ʘʨʤʽʚʥʦʾ ʬʘʟʠ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʽʜʥʦʾ 

ʬʘʟʠ ʽʟ ʬʦʨʤʫʣʴʥʠʤ ʩʢʣʘʜʦʤ ʙʣʠʟʴ-

ʢʠʤ ʜʦ (Nb0.3Ti0.3Mo0.3)C.  

ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ Fe-

Mo-B-C ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʬʨʘʛʤʝʥʪ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʣʽʪʝʨʤʽʯʥʦʛʦ ʩʽʯʝʥʥʷ 

(ʨʠʩ. 28). ʁʦʛʦ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ-

ʷʚʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ Mo ʪʘ B ʚ ʝʢʚʽʤʦʣʷ-

ʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ (~0.135 ʘʪ. %) ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʘ ʝʚʪʝʢʪʦʾʜʥʦʛʦ ʧʝ-

ʨʝʪʚʦʨʝʥʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 1400 ʪʘ 1000 K, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ 

 

ʈʠʩ. 28.   ʌʨʘʛʤʝʥʪ ʧʦʣʽʪʝʨʤʽʯʥʦʛʦ ʩʽ-

ʯʝʥʥʷ ʩʠʩʪʝʤʠ Fe-Mo-B-C ʜʣʷ ʩʧʣʘʚʽʚ ʽʟ 

ʚʤʽʩʪʦʤ Mo ʪʘ ɺ 13.5 ʘʪ. %  
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ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ FeïC. ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʮʝ-

ʤʝʥʪʠʪʥʦʾ ʬʘʟʠ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʣʽʥʽʾ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʫʤʦ-

ʚʣʝʥʦ ʨʦʟʯʠʥʝʥʥʷʤ ʫ Fe3C ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ (~1 ʘʪ. %) Mo ʪʘ B.  ʇʽʜ ʦʜʥʦʯʘʩʥʠʤ 

ʚʧʣʠʚʦʤ Mo ʪʘ B ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʩʧʣʘʚʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʥʘʷʚʥʽʩʪʶ ʫ ʚʩʴʦʤʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʫʛʦʧʣʘʚʢʦʾ ʬʘʟʠ 

Mo2FeB2, ʷʢʘ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʽʟ ʨʦʟʧʣʘʚʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 1900ï1950 K. ɼʘʥʘ ʬʘʟʘ 

ʩʧʽʚʽʩʥʫʻ ʽʟ ʬʘʟʘʤʠ, ʷʢʽ ʻ ʨʽʚʥʦʚʘʞʥʠʤʠ ʜʣʷ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ FeïC ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ. ʋ ʩʠʩʪʝʤʽ ʪʘʢʦʞ ʨʽʚʥʦʚʘʞʥʠʤʠ ʬʘʟʘʤʠ ʻ ʢʘ-

ʨʙʽʜʠ MoC ʪʘ ɝ ï ʬʘʟʘ (Fe0.55Mo0.2C0.25), ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʥʠʞʯʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʚʪʝʢʪʦʾʜʥʦʛʦ ʨʦʟʧʘʜʫ ʘʫʩʪʝʥʽʪʫ, ʘ ʪʘʢʦʞ ʙʦʨʠʜʥʘ ʬʘʟʘ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ 

ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʱʦ ʻ ʩʪʘʙʽʣʴʥʦʶ ʫ ʚʫʟʴʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ  ʪʘ ʩʧʽʚʽʩʥʫʻ  

ʽʟ ʘʫʩʪʝʥʽʪʦʤ ʪʘ ʬʘʟʦʶ Mo2FeB2. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʙʨʘʥʦ ʩʧʣʘʚ ʩʢʣʘʜʫ Fe-24Mo-

2.7B-0.75C (ʤʘʩ. %). ʈʝʟʫʣʴʪʘʪʠ XRD ʘʥʘʣʽʟʫ ʜʘʥʦʛʦ ʩʧʣʘʚʫ (ʨʠʩ. 29, ʘ) ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʡʦʛʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʬʘʟʘʤʠ ʬʝʨʠʪʦʤ ~60 ʤʘʩ. % 

ʪʘ ʩʧʦʣʫʢʦʶ Mo2FeB2 (ʨʝʰʪʘ). ʇʨʠ 

ʮʴʦʤʫ ʬʘʟʘ Mo2FeB2 ʚʠʜʽʣʷʻʪʴʩʷ ʷʢ ʧʝ-

ʨʚʠʥʥʽ ʙʦʨʠʜʠ, ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʥʠʭ 

ʦʛʨʘʥʝʥʠʭ ʚʢʣʶʯʝʥ ɹʪʘ ʫ ʩʢʣʘʜʽ ʝʚʪʝʢ-

ʪʠʢʠ ʽʟ ʬʝʨʠʪʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʻʶ çʢʠʪʘʡʩʴʢʦʛʦ ʧʠʩʴʤʘè 

(ʨʠʩ. 29, ʙ). ʌʝʨʠʪ, ʦʢʨʽʤ ʝʚʪʝʢʪʠʢʠ ʪʘ-

ʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʦʢʨʝʤʣʝ-

ʥʠʭ ʦʙʣʘʩʪʝʡ. ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, 

ʧʨʦʚʝʜʝʥʠʡ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʣʦʱʽ, ʟʘʡʥʷʪʦʶ ʢʦʞʥʦʶ ʽʟ ʬʘʟ ʧʦʢʘ-

ʟʫʻ, ʱʦ ʫ ʜʘʥʦʤʫ ʩʧʣʘʚʽ ʚʤʽʩʪ ʬʘʟʠ 

Mo2FeB2 (ʩʫʤʘʨʥʦ ʧʝʨʚʠʥʥʦʾ ʪʘ ʪʽʻʾ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʝʚʪʝʢʪʠʢʠ) ʩʪʘʥʦʚʠʪʴ 

34 %, ʘ ʨʝʰʪʫ ʧʣʦʱʽ ʟʘʡʤʘʻ ʬʝʨʠʪ. ɺʨʘ-

ʭʦʚʫʶʯʠ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʬʝʨʠʪʫ ʤʦ-

ʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʘʥʠʡ ʬʘʟʦʚʠʡ ʩʢʣʘʜ 

ʙʫʜʝ ʩʪʘʙʽʣʴʥʠʤ ʥʠʞʯʝ 900 Áʉ (1173 K). 

ʈʝʟʫʣʴʪʘʪʠ EDS ʘʥʘʣʽʟʫ (ʨʠʩ. 30) çʢʘ-

ʨʪʠè ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʩʧʣʘʚʫ 

Fe-24Mo-2.7B-0.75C ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ 

ʣʦʢʘʣʽʟʘʮʽʶ Mo ʚ ʦʙʣʘʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʙʦʨʠʜʥʽʡ ʬʘʟ̔, ʘ ʪʘʢʦʞ ʫ ʜʽʣʷʥ-

ʢʘʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʚʪʝʢʪʠʯʥʠʤ ʢʦ-

ʣʦʥʽʷʤ. ʈʦʟʧʦʜʽʣ Fe ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʚ ʦʙʣʘʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʩʪʘʣʝʚʽʡ ʤʘʪʨʠʮʽ ʩʧʣʘʚʫ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʟʦʥʠ ʩʧʣʘʚʣʝʥʥʷ (ʨʠʩ. 31) 

ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ, ʷʢʘ ʧʨʦʷʚ-

ʣʷʻʪʴʩʷ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʛʘʨʪʫʚʘʥʥʷ, ʪʨʽʱʠʥ, ʧʦʨ ʚʽʜʰʘʨʫʚʘʥʴ ʪʘ ʽʥ. ɿʘ 

 

 
ʈʠʩ. 29.     ʈʝʟʫʣʴʪʘʪʠ XRD ʘʥʘʣʽʟʫ (ʘ) 

ʪʘ ʤ̔ ʢʨʦʩʪʨʫʢʪʫʨʘ (ʙ) ʩʧʣʘʚʫ ʜʣʷ ʥʘ-

ʧʣʘʚʣʝʥʥʷ Fe-24Mo-2.7B-0.75C 

 
2

 
2

 ʘ 

 ʙ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ EDS ʘʥʘʣʽʟʫ ʯʝʨʝʟ ʣʽʥʽʶ ʩʢʘʥʫʚʘʥʥʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʟʦʥʽ ʩʧʣʘʚʣʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʫ ʥʘʧʣʘʚʣʝʥʦʤʫ ʰʘʨʽ  ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʝʚʪʝʢʪʠʢʦʶ ʪʘ ʧʝʨʚʠʥʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ Mo2FeB2. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʭʽʜ ʚʤʽʩʪʫ Mo ʪʘ ʦʪʦ-

ʯʫʶʯʦʶ ʤʘʪʨʠʯʥʦʶ ʬʘʟʦʶ ʥʘ ʦʩʥʦʚʽ Fe ʻ ʜʦʩʪʘʪʥʴʦ ʨʽʟʢʠʤ, ʱʦ ʻ ʩʚʽʜʯʝʥʥʷʤ ʩʣʘʙʦ 

ʨʦʟʚʠʥʫʪʦʾ ʜʠʬʫʟʽʡʥʦʾ ʟʦʥʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʢʣʘʜʫ Mo2FeB2 ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʙʽʜʥʠʭ ʬʘʟ ʪʠʧʫ MC ʨʦʟʯʠʥʥʽʩʪʴ ʤʽʞ 

ʢʝʨʘʤʽʯʥʦʶ ʪʘ ʩʪʘʣʝʚʦʶ ʩʢʣʘʜʦʚʦʶ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʦ ʩʣʘʙʰʝ. 

 
ʈʠʩ. 30.  EDS çʢʘʨʪʘè ʰʘʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʫ Fe-24Mo-2.7B-0.75C  

 

ʈʠʩ. 31.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ EDS ʘʥʘʣʽʟʫ ʟʦʥʠ ʩʧʣʘʚʣʝʥʥʷ ʧʦʢ-

ʨʠʪʪʷ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ Fe-24Mo-2.7B-0.75C (ʤʘʩ. %) 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʣʝʛʫʚʘʥʥʷ Fe-Mn-Mo-B-C ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ Mn  ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʽʪʝʨʤʽʯʥʦʛʦ ʩʽʯʝʥʥʷ (ʨʠʩ. 32), ʧʦʙʫʜʦʚʘʥʦʛʦ ʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦ- 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʩʧʣʘʚʽʚ ʦʪʨʠʤʘʥʠʭ ʥʘʧʣʘʚʣʝʥʥʷʤ. ʗʢ 

ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʫ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Mn ʫ ʩʧʣʘʚʘʭ Fe-13.5Mo-13.4B-3.35C ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 1.2 ʘʪ. % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ (ʥʘ 40  K) ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʜ 1.2 ʜʦ 40 ʘʪ. % 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʚʽʜ ~1975 ʜʦ 1675 

K. ʇʨʠ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ 

(~350 K) ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʚʦʬʘʟʦʚʦʶ ʦʙʣʘʩʪʶ: ʨʦʟʧʣʘʚ+Mo2FeB2, ʷʢʘ ʤʝʞʫʻ ʽʟ 

ʪʨʠʬʘʟʦʚʦʶ ʦʙʣʘʩʪʶ:  ʨʦʟʧʣʘʚ+Mo2FeB2+ʘʫʩʪʝʥʽʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʚʘʥʥʶ 

ʝʚʪʝʢʪʠʢʠ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ. ʅʠʞʯʝ ʣʽʥʽʾ ʩʦʣʽʜʫʩ, ʻ ʪʨʠ ʦʙʣʘʩʪʽ, ʫ ʷʢʠʭ ʘʫʩʪʝʥʽʪ ʩʧʽʚʽʩʥʫʻ 

ʽʟ ʙʦʨʠʜʥʠʤʠ ʬʘʟʘʤʠ, ʩʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ 

ʰʠʨʦʢʘ ʜʚʦʬʘʟʦʚʘ ʦʙʣʘʩʪʴ: ʘʫʩʪʝʥʽʪ+Mo2FeB2, ʷʢʘ ʽʩʥʫʻ ʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 

~32 ʘʪ. % Mn. ʋ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʜ ~2,5 ʜʦ ~30 ʘʪ. % ʚʦʥʘ ʤʝʞʫʻ ʽʟ 
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ʪʨʠʬʘʟʦʚʦʶ ʦʙʣʘʩʪʶ : ʘʫʩʪʝʥʽʪ+Mo2FeB2+ʮʝʤʝʥʪʠʪ, ʥʠʞʯʝ ʷʢʦʾ (ʟʘ ʪʝʤʧʝʨʘʪʫʨ < 1000 

K) ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʬʝʨʠʪ, ʷʢʠʡ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʩʧʽʚʽʩʥʫʻ ʫ ʨʽʚʥʦʚʘʟʽ 

ʽʟ ʘʫʩʪʝʥʽʪʦʤ, Mo2FeB2 ʪʘ ʢʘʨʙʽʜʥʠʤʠ ʬʘʟʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʥʦʾ 

ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʮʝʤʝʥʪʠʪʫ (ʥʘ (Fe,Mn)7C3 ʽ (Fe,Mn)23C6), ʘ ʪʘʢʦʞ 

ʢʘʨʙʽʜʘʤʠ ʟʘ ʫʯʘʩʪʶ Mo, ʘ ʩʘʤʝ (Mo,Mn)2C ʪʘ M6C (Mo0.57Fe0.29C0.14). 

 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ Mn ʫ ʩʠʩ-

ʪʝʤʽ ʧʦʥʘʜ 35 % ʫ ʩʧʣʘʚʘʭ ʙʫʜʝ ʩʪʘʙʽ-

ʣʴʥʠʤ Ŭ-Mn, ʧʦʷʚʘ ʷʢʦʛʦ ʫ ʩʪʨʫʢʪʫʨʽ ʻ 

ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʾʭ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʥʘʧʣʘʚʣʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 

Mn ~13.4 ʘʪ. %. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʩʧʣʘʚʽʚ ʩʠʩ-

ʪʝʤʠ ʣʝʛʫʚʘʥʥʷ Fe-Mn-Mo-B-C ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʧʣʘʚ ʩʢʣʘʜʫ Fe-13.7Mn-24Mo-2.7B-

0.75C (ʤʘʩ. %). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ XRD ʘʥʘʣʽʟʫ (ʨʠʩ. 33, ʘ) ʜʘʥʠʡ ʩʧʣʘʚ ʻ ʜʚʦʬʘʟʦʚʠʡ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʤʘ ʬʘʟʘʤʠ ʘʫʩʪʝʥʽʪʦʤ ~70 ʤʘʩ. % ʪʘ ʬʘʟʦʶ Mo2FeB2 (ʨʝʰʪʘ). ʋʪʦʯ-

ʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ Mo2FeB2 ʤʝʪʦʜʦʤ ʈʽʪʚʝʣʴʜʘ ʧʦʢʘʟʫʻ ʱʦ ʾʭ ʟʥʘʯʝʥʥʷ ʚʽʜʨʽʟ-

ʥʷʻʪʴʩʷ ʚʽʜ ʙʘʟʦʚʠʭ (a = 5.807 ʪʘ c = 3.142 ¡) ʪʘ ʩʪʘʥʦʚʣʷʪʴ a  =  5.783 ʪʘ c = 3.152 ¡, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ ʦʨʽʻʥʪʦʚʥʦʛʦ ʩʢʣʘʜʫ (Fe0.75Mn0.25)(Mo,B)2. ɿʘ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʘ ʬʘʟʘ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʛʨʘʥʝʥʠʭ ʩʠʤʝʪ-

ʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʪʽʚ ʩʢʣʘʜʥʦʾ ʤʦʨʬʦʣʦʛʽʾ  ʨʦʟʤʽʨʘʤʠ 10ï50 ʤʢʤ, ʘ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ʩʪʝʨʞʥʝʚʦʾ ʝʚʪʝʢʪʠʢʠ ʽʟ ʘʫʩʪʝʥʽʪʦʤ (ʨʠʩ. 33, ʙ). ɸʫʩʪʝʥʽʪ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢʦʞ ʫ 

ʚʠʛʣʷʜʽ   ʜʦʩʪʘʪʥʴʦ   ʰʠʨʦʢʠʭ   ʦʜʥʦʬʘʟʦʚʠʭ   ʦʙʣʘʩʪʝʡ,  ʱʦ  ʤʝʞʫʶʪʴ  ʷʢ  ʽʟ ʪʚʝʨʜʠʤ  

 

ʈʠʩ. 32. ʌʨʘʛʤʝʥʪ ʧʦʣʽʪʝʨʤʽʯʥʦʛʦ ʩʽ-

ʯʝʥʥʷ ʩʠʩʪʝʤʠ Fe-Mn-Mo-B-C ʜʣʷ 

ʩʧʣʘʚʽʚ ʽʟ ʚʤʽʩʪʦʤ C ï 3.35 ʘʪ. %  

 

 
ʈʠʩ. 33.  ʈʝʟʫʣʴʪʘʪʠ XRD ʘʥʘʣʽʟʫ (ʘ) ʪʘ 

ʤ̔ ʢʨʦʩʪʨʫʢʪʫʨʘ (ʙ) ʩʧʣʘʚʫ ʜʣʷ 
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ʨʦʟʯʠʥʦʤ (Fe0.75Mn0.25)(Mo,B)2  

ʪʘʢ ʽ ʟ ʝʚʪʝʢʪʠʯʥʠʤʠ ʢʦʣʦʥʽ-

ʷʤʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʝ-

ʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʟʘ 

TWIP ʤʝʭʘʥʽʟʤʦʤ ʟʘ ʚʤʽʩʪʫ ~1 

ʤʘʩ. % C ʫ ʩʪʘʣʽ ʦʧʪʠʤʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Mn ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʤʝʞʘʭ 15ï20 ʤʘʩ. %, ʪʦ ʚʠ-

ʢʦʥʘʥʥʷ ʜʘʥʦʾ ʫʤʦʚʠ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚʤʽʩʪʫ 

Mn ʫ ʩʠʩʪʝʤʽ (ʩʧʣʘʚʘʭ Fe-Mn-

24Mo-2.7B-0.75C) ʫ ʜʽʘʧʘʟʦʥʽ 

12ï14.5 ʘʪ. % (12.3ï14.8 ʤʘʩ. 

%) (ʨʠʩ. 34). ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧ-

ʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ  ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʚʝʜʝʥʦʤʫ ʫ ʪʘʙ-

ʣʠʮʽ 2 ʪʘ ʤʘʨʢʫʚʘʥʥʶ 

70ʄ24ɻ13ʈ3. ɽʣʝʤʝʥʪʥʽ EDS 

çʢʘʨʪʠè ʜʣʷ ʩʧʣʘʚʫ ʦʧʪʠʤʽʟʦ-

ʚʘʥʦʛʦ ʩʢʣʘʜʫ 70ʄ24ɻ13ʈ3 

(ʨʠʩ. 35) ʧʦʢʘʟʫʶʪʴ, ʱʦ Mo ʪʘ B ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʙʣʘʩʪʷʭ, ʷʢʽ ʚʽʜ-

ʧʦʚʽʜʘʶʪʴ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ Mo2(Fe0.75Mn0.25)B2, ʫ ʪʦʡ ʯʘʩ ʷʢ Fe ʤʽʩʪʠʪʴʩʷ ʫ ʤʽʞʟʝʨ-

ʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʚʪʝʢʪʠʮʽ. ʈʦʟʧʦʜʽʣ Mn ʻ ʨʽʚʥʦʤʽʨʥʠʤ ʤʽʞ ʝʚʪʝʢʪʠ-

ʢʦʶ, ʘʫʩʪʝʥʽʪʥʦʶ ʪʘ ʙʦʨʠʜʥʦʶ ʬʘʟʘʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʡʦʛʦ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʢʝʨʘʤʽʯ-

ʥʽʡ ʬʘʟʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʦʢʘʣʴʥʦʛʦ EDS ʘʥʘʣʽʟʫ ʫ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ʙʦʨʠʜʽʚ 

ʚʤʽʩʪ Mn ʩʪʘʥʦʚʠʪʴ ~3ï5 ʤʘʩ. %. ʇʝʨʝʚʘʞʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʚʫʛʣʝʮʶ ʚʽʜʧʦʚʽʜʘʻ ʧʦʨʘʤ ʪʘ 

ʽʥʰʠʤ ʥʝʟʥʘʯʥʠʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʤ ʜʝʬʝʢʪʘʤ. 

ʊʘʙʣʠʮʷ 2.  ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʫ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ çʚʠʩʦ-

ʢʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ ï ʧʦʪʨʽʡʥʠʡ ʙʦʨʠʜè 

ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʧʣʘʚʽ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 70ʄ24ɻ13ʈ3, ʤʘʩ. % 

Fe Mn Mo B C 

59.1 13.5 24 2.7 0.7 

ɿʦʥʘ ʩʧʣʘʚʣʝʥʥʷ ʩʧʣʘʚʫ 70ʄ24ɻ13ʈ3 (ʨʠʩ. 36) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʯʽʪʢʦʾ ʛʨʘ-

ʥʠʮʽ  ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ, ʟʥʘʯʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʜʦʝʚʪʝʢʪʦʾʜʥʦʾ ʩʪʨʫ-

ʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜʩʫʪʥʽʩʪʶ ʩʪʨʫʢʪʫʨ ʛʘʨʪʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʣʠʢʘʪʠ ʢʨʠʭʢʝ ʨʦʟʰʘʨʫʚʘʥʥʷ ʚʟʜʦʚʞ ʟʦʥʠ ʩʧʣʘʚʣʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ EDS ʘʥʘ-

ʣʽʟʫ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʩʥʦʚʠ ʜʦ ʧʦʢʨʠʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (Mo ʪʘ Mn) ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʚʤʽ-

ʩʪʫ Fe. ʈʦʟʧʦʜʽʣ B ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʧʽʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ, ʛʦʣʦ-

ʚʥʠʤ ʯʠʥʦʤ, ʚ ʦʙʣʘʩʪʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʧʣʘʚʣʝʥʦʤʫ ʰʘʨʫ.  

ʐʦʩʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʚʠʟʥʘʯʝʥʥʶ ʩʢʣʝʨʦʤʝʪʨʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦ-

ʪʨʠʚʢʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʟʘ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʟʥʦʰʫʚʘʥʥʷ. 

ʉʢʣʝʨʦʤʝʪʨʠʯʥʘ ʪʚʝʨʜʽʩʪʴ ʰʘʨʫ (ʨʠʩ. 37, ʘ), ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 70ʄ24ɻ13ʈ3 ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʨʽʟʢʠʤ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʜʦ ʥʘʧʣʘʚʣʝʥʦʛʦ 

 

ʈʠʩ. 34. ʈʦʟʨʘʭʦʚʘʥʘ çʢʘʨʪʘè ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ Mn ʫ ʩʧʣʘʚʘʭ Fe-Mn-

24Mo-2.7B-0.75C   
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ʰʘʨʫ, ʷʢʘ ʻ ʚʠʱʦʶ ʧʨʘʢʪʠʯʥʦ ʫ 4 ʨʘʟʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʽʟ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ (ʨʠʩ. 37, ʙ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ ʩʝʨʝʜʥʷ ʤʽʢʨʦʪʚʝʨ-

ʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʩʪʘʥʦʚʠʪʴ ~14 ɻʇʘ. 

 
ʈʠʩ. 35. ɽʣʝʤʝʥʪʥʘ EDS çʢʘʨʪʘè ʩʧʣʘʚʫ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 70ʄ24ɻ13ʈ3 

 
ʈʠʩ. 36. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ EDS ʘʥʘʣʽʟʫ ʟʦʥʠ ʩʧʣʘʚʣʝʥʥʷ ʧʦʢ-

ʨʠʪʪʷ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 70ʄ24ɻ13ʈ3 (ʤʘʩ. %) 

 
 

ʈʠʩ. 37. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʝʨʦʤʝʪʨʠʯʥʦʾ (ʘ) ʪʘ ʤʽʢʨʦ- (ʙ) ʪʚʝʨʜʦʩʪʽ 

 ʙ  ʘ 



33 

ʈʝʟʫʣʴʪʘʪʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʠʧʨʦʙʦ-

ʚʫʚʘʥʴ ʟʘ ʫʤʦʚ ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫ-

ʚʘʥʥʷ (ʘʝʨʦʘʙʨʘʟʠʚʥʦʾ ʝʨʦʟʽʾ) (ʨʠʩ. 38) ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʧʨʠʩʢʦʨʶ-

ʚʘʯʘ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʣʘʚ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʪ-

ʪʻʚʦ ʚʠʱʦʶ ʟʥʦʩʦʩʪʨʠʚʢʽʩʪʶ ʟʘ ʫʩʽʭ ʢʫʪʽʚ 

ʘʪʘʢʠ ʧʦʨʽʚʥʷʥʦ ʷʢ ̔ʟ ʜʦʝʚʪʝʢʪʦʾʜʥʦʶ 

ʩʪʘʣʣʶ ʪʘʢ ʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʰʘʨʘʤʠ ʥʘʧʣʘʚʣʝ-

ʥʠʤʠ ʩʝʨʽʡʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʊ-590, ʱʦ ʟʘ-

ʙʝʟʧʝʯʫʶʪʴ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʠʩʦʢʦ-

ʭʨʦʤʠʩʪʠʡ ʩʧʣʘʚ ʽʟ ʪʚʝʨʜʽʩʪʶ 58ï62 HRC. 

ɸʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʾ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʥʘʧʣʘʚʣʝʥʠʭ ʩʧʣʘʚʦʤ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʢʫʪʽʚ ʘʪʘʢʠ 30Ü (ʨʠʩ. 39, ʘ) ʪʘ 60Ü (ʨʠʩ. 39, ʙ) ʥʘ ʟʥʦ-

ʰʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʠʩʢʠ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʽ-

ʢʨʦʨʽʟʘʥʥʷ. ɼʣʷ ʚʠʧʘʜʢʫ ʢʫʪʘ ʘʪʘʢʠ 90Ü (ʨʠʩ. 39, ʚ) ʨʠʩʢʠ ʥʘ ʟʥʦʰʝʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʘʢ-

ʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʢʘʨʙʽʜʥ ̔ʬʘʟʠ, ʟʘʢʨʽʧʣʝʥ ̔ʚ ʘʫʩ-

ʪʝʥʽʪʥʽʡ ʤʘʪʨʠʮʽ. 

   
ʈʠʩ. 39. ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʦʥʴ ʩʧʣʘʚʫ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘ ʛʘʟʦʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʢʫʪʽʚ ʘʪʘʢʠ: ʘ ï 30Ü; ʙ ï 60Ü; ʚ ï90Ü 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ 

ʫʤʦʚ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʠʙʨʘʥʠʭ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

(ʨʠʩ. 40), ʚʠʜʥʦ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʫ ʟʘ-

ʣʝʞʥ̔ʩʪɹ ʤʽʞ ʪʚʝʨʜʽʩʪʶ ʪʘ ʟʥʦʩʦʪʨʠʚʢʽ-

ʩʪʶ ʜʣʷ ʫʩʽʭ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʣʘʚʫ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ. ɿʥʦʩʦʪʨʠʚʢʽʩʪʴ 

ʰʘʨʫ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʻ ʧʨʘʢʪʠʯʥʦ ʨʽʚ-

ʥʦʶ ʜʦ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ, ʥʝ ʟʚʘ-

ʞʘʶʯʠ ʥʘ ʟʥʘʯʥʦ ʤʝʥʰʫ ʪʚʝʨʜʽʩʪʴ (ʥʘ 6 

HRC). ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʥʠʭ 

ʢʘʨʙʽʜʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 20 ʦʙ. % ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦ-

 

ʈʠʩ. 38. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʦʚʫʚʘʥʴ 

ʥʘ ʛʘʟʦʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ  

 

ʈʠʩ. 40. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ  
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ʪʨʠʚʢʦʩʪ̔ ʤʘʡʞʝ ʚʪʨʠʯʽ ʚʠʱʫ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʝʨʽʡʥʠʤ ʧʦʢʨʠʪʪʷʤ ʤʘʨʢʠ OK13MN, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʽʩʪʶ ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʫ ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʦʥʴ ʟʥʦʰʫʚʘʥʥʷ 

ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʨʽʟʥʽ ʜʦʤʽʥʫʶʯʽ ʤʝʭʘ-

ʥʽʟʤʠ ʟʥʦʩʫ. ɿʦʢʨʝʤʘ, ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʩʧʣʘʚʦʤ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

(ʨʠʩ.  41,  ʘ) ʚʢʨʠʪʘ ʪʨʝʢʘʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʤʽʢʨʦʧʨʦʦʨʶʚʘʥʥʷ ʘʙʨʘʟʠ-

ʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʢʘʨʙʽʜʥʽ ʬʘʟʠ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʢʨʽʧʣʝʥʠʤʠ ʚ ʘʫʩʪʝʥʽʪʥʽʡ ʤʘʪʨʠʮʽ, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʧʨʦʭʦʜʞʝʥʥʶ ʧʨʦʮʝʩʫ ʤʽʢʨʦʨʽʟʘʥʥʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ. ʅʘ ʟʥʦʰʝʥʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘ-

ʟʢʘ, ʥʘʧʣʘʚʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʘʤʠ OK13MN, ʙʽʣʴʰʽʩʪʴ ʜʝʬʝʢʪʽʚ ʩʧʨʠʯʠʥʝʥʽ ʨʦʟʰʘʨʫʚʘʥ-

ʥʷʤ ʜʝʬʦʨʤʦʚʘʥʠʭ ʰʘʨʽʚ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʠʭ ʢʨʘʪʝʨʽʚ 

(ʨʠʩ. 41, ʙ). ɿʥʦʰʝʥʘ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʽʟ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ (ʨʠʩ. 41, ʚ) ʤʘʻ ʩʣʽʜʠ 

ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʽʢʨʦʪʨʽʱʠʥʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʣʦʢʘʣʴʥʽ ʩʽʪʢʠ, 

ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  

   
ʈʠʩ. 41. ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʦʥʴ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫ-

ʚʘʥʥʷ: ʘ ï ʩʧʣʘʚ OK13MN; ʙ ï ʰʚʠʜʦʨʽʟʘʣʴʥʘ ʩʪʘʣʴ; ʚ ïʩʧʣʘʚ 

360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʜʶʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʥʘʧʣʘʚʣʝʥʠʭ ʩʧʣʘʚʦʤ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʧʽʩʣʷ ʪʝʨʪʷ ʧʦ ʩʪʘʣʝʚʦʤʫ ʢʦʥʪʨʪʽʣʫ ʫ 

ʧʣʦʱʠʥʽ ʧʝʨʧʝʜʠʢʫʣʷʨʥʽʡ ʜʦ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʧʦʤʽʪʥʠʡ ʛʨʘʜʽʻʥʪ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ɿʦʢʨʝʤʘ, ʥʘ ʚʽʜʩʪʘʥʽ  ʜʦ ~75 ʤʢʤ ʚʽʜ ʟʦʥʠ ʢʦʥʪʘʢʪʫ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 7ï8 ɻʇʘ, ʪʦʜʽ ʷʢ ʥʘ ʚʽʜʩʪʘʥʽ ~75ï200 ʤʢʤ ʾʾ 

ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 6ï7 ɻʇʘ. ʅʘ ʚʽʜʩʪʘʥʽ ʧʦʥʘʜ ~200 ʤʢʤ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 4.5ï5.5 ɻʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʚʝʨʜʦʩʪʽ ʧʽʩʣʷ 

ʥʘʧʣʘʚʣʝʥʥʷ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʤʘʪʨʠʯʥʦʾ ʩʪʘʣʝʚʦʾ ʬʘʟʠ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ TWIP ʩʪʘʣʝʡ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʥʦʩʫ ʟʘ ʫʤʦʚ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʧʦ ʚʽʣʴʥʦʤʫ 

ʘʙʨʘʟʠʚʫ (ʨʠʩ. 42) ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʰʘʨʠ ʥʘʧʣʘʚʣʝʥʽ ʤʘʪʝʨʽʘʣʦʤ EnDOtec DO*611x ʩʠʩʪʝʤʠ WC-Ni, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʣʘʚʫ 70ʄ24ɻ13ʈ3 ʽʟ ʙʦʨʠʜʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʝʥʴ 

ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʣʠʰʝ ʥʘ ~12 % ʥʠʞʯʠʤ ʥʽʞ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʻ 

ʥʘʡʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʙʝʟʚʦʣʴʬʨʘʤʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʨʷʜ ʽʟ 

ʮʠʤ, ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʣʘʚʫ 360ɻ15ʄ6ɹ6ʊ3ʉ3ʌ ʻ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʩʝʨʽʡʥʠʤ ʚʠʩʦʢʦʭʨʦʤʠʩʪʠʤ ʩʧʣʘʚʦʤ EnDOtec DO*332 ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʚʠʩʦʤʘʨʛʘʥʮʝʚʠʤʠ ʩʧʣʘʚʘʤʠ 70ʊ16P24ɻ7ʉ3 ʪʘ 300ʍ10ɻ10ʊ4. 
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ɸʥʘʣʽʟ ʤʦʨʬʦʣʦ-

ʛʽʾ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʥʘʧʣʘʚʣʝʥʠʭ ʜʦʩʣʽʜʥʠʤ 

ʩʧʣʘʚʦʤ 70ʄ24ɻ13ʈ3 

(ʨʠʩ. 43, ʘ) ʪʘ ʚʦʣʴʬʨʘ-

ʤʦʚʠʤ ʩʧʣʘʚʦʤ 

EnDOtec  DO*611x (ʨʠʩ. 

43, ʙ) ʧʦʢʘʟʫʻ, ʱʦ ʚʠ-

ʩʦʢʘ ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʚ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘ-

ʩʠʚʥʠʭ (ʨʦʟʤʽʨʘʤʠ ʧʦ-

ʥʘʜ 50 ʤʢʤ) ʚʢʣʶʯʝʥʴ 

ʪʚʝʨʜʠʭ ʘʨʤʽʚʥʠʭ ʬʘʟ 

Mo2(Fe0.75Mn0.25)B2  ʪʘ 

WC, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʤʽ-

ʮʥʦ ʟʘʢʨʽʧʣʝʥʽ ʫ ʤʝʪʘʣʝ-

ʚʽʡ ʤʘʪʨʠʮʽ ʪʘ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʫʪʚʦʨʶʶʪʴ 

ʬʨʘʛʤʝʥʪʠ ʽʟ ʢʘʨʢʘʩʥʦʶ 

ʙʫʜʦʚʦʶ. ʅʝ ʟʚʘʞʘʶʯʠ 

ʥʘ ʟʘʛʘʣʴʥʫ ʩʭʦʞʽʩʪʴ 

ʤʝʭʘʥʽʟʤʽʚ ʟʥʦʰʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʫ ʭʘʨʘʢʪʝʨʽ ʨʫʡʥʫʚʘʥʥʷ ʩʘʤʠʭ 

ʪʚʝʨʜʠʭ ʬʘʟ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʧʣʘʚʫ 70ʄ24ɻ13ʈ3 ʙʦʨʠʜʥʽ ʚʢʣʶʯʝʥʥʷ ʨʫʡʥʫʶʪʴʩʷ ʟʘ ʚʪʦ-

ʤʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʪʦʜʽ ʷʢ ʜʣʷ ʯʘʩʪʠʥʢʠ WC ʤʘʻ ʤʽʩʮʝ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ ʬʘʩʝʪʦʢ ʩʢʦʣʶʚʘʥʥʷ ʫ ʪʽʣʽ ʢʘʨʙʽʜʽʚ. 

  
ʈʠʩ. 43. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʦʥʴ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʧʽʩʣʷ 

ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ : ʘ ï70ʄ24ɻ13ʈ3; ʙ ï EnDOtec DO*611x 

 

ʈʠʩ. 42. ʈʝʟʫʣʴʪʘʪʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʠʧʨʦʙʫ-

ʚʘʥʴ ʟʘ ʫʤʦʚ ʪʝʨʪʷ ʧʦ ʚʽʣʴʥʦʤʫ ʘʙʨʘʟʠʚʫ 
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