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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʈʦʩʩʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʝʤʦʥʪʘʞʝ 

ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʝʥʦʚʘʮʠʠ ʜʦʨʦʞʥʳʭ ʧʦʣʦʪʝʥ ʠ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʉʣʦʞʥʦʩʪʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʜʘʥʥʳʭ ʨʘʙʦʪ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʰʠʨʦʢʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʘʙʨʘʟʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ: ʙʝʪʦʥ, ʞʝʣʝʟʦʙʝʪʦʥ, ʩʪʘʣʴ, ʯʫʛʫʥ, ʧʨʠʨʦʜʥʳʡ ʢʘʤʝʥʴ ʠ ʜʨ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʩʦʙʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ, ʪʘʢʞʝ ʧʨʝʜʲʷʚʣʷʶʪ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʣʤʘʟʥʦʤʫ 

ʠʥʩʪʨʫʤʝʥʪʫ ʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʩʚʷʟʢʝ. ʉʚʷʟʢʘ ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʢʮʠʡ ʚ ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ: ʫʜʝʨʞʠʚʘʝʪ ʘʣʤʘʟ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʝʧʝʥʥʳʡ 

ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʪʚʦʜʠʪ ʪʝʧʣʦ ʠʟ ʟʦʥʳ ʨʝʟʘʥʠʷ.  

ʈʦʩʪ ʯʠʩʣʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʠʟʦʰʝʣ ʚ 1990-ʝ ʛʦʜʳ ʠ ʙʳʣ ʚʳʟʚʘʥ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʢʦʙʘʣʴʪ ï ʦʩʥʦʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʭʦʨʦʰʠʤ ʩʤʘʯʠʚʘʥʠʝʤ ʘʣʤʘʟʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩʚʷʟʦʢ ʚʥʝʩʣʠ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʅ. 

ɸʥʮʠʬʝʨʦʚʘ, ʉ.ɸ. ʆʛʣʝʟʥʝʚʦʡ, ʇ.ɸ. ɺʠʪʷʟʷ, ɸ.ɺ. ʅʦʞʢʠʥʦʡ, ɽ.ɸ. ʃʝʚʘʰʦʚʘ, ɽ.ɻ. ʉʦʢʦʣʦʚʘ, ɺ.ʀ. 

ʃʘʚʨʠʥʝʥʢʦ, ɺ.ʇ. ʋʤʘʥʩʢʦʛʦ, ʇ.ʇ. ʐʘʨʠʥʘ, W. Tillmann, J. Konstanty, M. Filgueira ʠ ʜʨ. ʀʤʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʤʝʜʠ, 

ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʘʜʘʧʪʘʮʠʷ ʪʚʝʨʜʦʩʪʠ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʚʷʟʢʠ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʢʦʨʨʝʣʠʨʫʶʱʝʡ ʩ ʧʨʦʯʥʦʩʪʴʶ 

ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʠ ʢ ʘʣʤʘʟʫ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʛʤʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚʦʟʤʦʞʥʘ, ʙʣʘʛʦʜʘʨʷ 

ʜʦʩʪʠʞʝʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ: ʩʦʟʜʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʳ ʦʪ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʜʦ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ; ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʥʘʥʦʤʦʜʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠ ʥʘʜʝʞʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʘʣʤʘʟʘ; ʣʝʛʠʨʦʚʘʥʠʝ 
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ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʣʠʛʘʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ; 

ʚʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʤʘʪʨʠʮʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʣʫʯʝʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʨʦʰʢʦʚ ʨʘʟʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʄʃ) ʠʣʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ɺʕʄʆ) ʧʦʨʦʰʢʦʚ ʚ ʩʤʝʩʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠʣʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʜʫʢʪʫ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʄʃ ʩʚʷʟʦʢ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʟʘʤʝʥʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠʤʧʦʨʪʥʦʛʦ ʩʳʨʴʷ ʠʟ-ʟʘ ʫʭʦʜʘ ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʤʧʘʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʦʚʳʡ ʠʤʧʫʣʴʩ ʚ ʩʦʟʜʘʥʠʠ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʚʳʩʦʢʠʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʪʁ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʘʤʠ in situ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʮʝʣʳʡ 

ʢʦʤʧʣʝʢʩ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʪʠʪʴ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ 

ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, in situ ʇʕʄ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʚʳʷʚʠʪʴ ʚʢʣʘʜ ʚ ʜʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʢʠ, ʫʩʪʘʥʦʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʝ ʢʘʢ ʚ ʩʚʷʟʢʝ, ʪʘʢ ʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè. 

ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ 

ʟʘ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2024 ʛʦʜ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʝʝ ʚ ʨʘʤʢʘʭ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʝʢʪʦʚ: 

1. ʇʨʦʝʢʪ ʈʅʌ 22-79-10144 çʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʚʷʟʦʢ ʜʣʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʜʠʩʧʝʨʩʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷè ʧʦ ʤʝʨʦʧʨʠʷʪʠʶ çʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭè ʇʨʝʟʠʜʝʥʪʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ 

(2022-2025 ʛʛ.). 
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2. ʇʨʦʝʢʪ ʈʅʌ 17-79-20384 çʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʛʠʙʨʠʜʥʦʡ ʠ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡè ʧʦ ʤʝʨʦʧʨʠʷʪʠʶ çʇʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭè ʇʨʝʟʠʜʝʥʪʩʢʦʡ 

ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ (2017-2022 ʛʛ.) 

3. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 16-08-01180 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʷʟʦʢ ʠʟ ʧʦʨʦʰʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘè (2016-2018 ʛʛ.) 

4. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 15-38-70019 çʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘè 

(2015-2016 ʛʛ.). 

5. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 14-08-00842 çʈʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʵʬʬʝʢʪʦʤ ʜʚʦʡʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ 

ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ ʧʨʠ ʨʘʩʩʣʦʝʥʠʠ ʧʝʨʝʩʳʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮè (2014-2015 ʛʛ.). 

6. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 16.513.11.3106 ʦʪ 10 ʦʢʪʷʙʨʷ 2011 ʛ. çʈʘʟʨʘʙʦʪʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚè ʚ ʨʘʤʢʘʭ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 

ʛʦʜʳè (2011-2012 ʛʛ.). 

7. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 14.513.11.0045 ʦʪ 20 ʤʘʨʪʘ 2013 ʛ. çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡè ʚ ʨʘʤʢʘʭ ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 

ʛʦʜʳè (2013 ʛ.). 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʟʢʠ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1) ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʣʝʛʠʨʦʚʘʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ; 

2) ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ, ʚʢʣʶʯʘʷ ʚʚʝʜʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʘ;  

3) ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʜʣʷ ʠʭ ʘʜʘʧʪʘʮʠʠ 

ʢ ʨʘʙʦʪʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʦʡ ʘʙʨʘʟʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʜʛʝʟʠʠ ʢ ʘʣʤʘʟʫ; 

4) ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

çʤʝʪʘʣʣ-ʘʣʤʘʟè ʚ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʘʭ ʩʦ ʩʚʷʟʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ; 

5) ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʧʫʪʝʤ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʚ ʢʦʣʦʥʥʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ); 

6) ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

çʤʝʪʘʣʣ-ʘʣʤʘʟè, ʪʘʢʠʭ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʣʘʢʠʨʦʚʘʥʠʝ 

ʘʣʤʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ; 

7) ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʦʪʨʝʟʥʳʭ ʩʝʛʤʝʥʪʥʳʭ 

ʢʨʫʛʦʚ ʠ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ) ʩ ʥʦʚʳʤʠ ʪʠʧʘʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʜʝʬʠʮʠʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʥʝʜʨʠʪʴ ʣʫʯʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ʄʝʪʦʜʦʤ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʚ 

ʢʦʣʦʥʥʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʚʷʟʢʠ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ. ʉʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʩ ʘʣʤʘʟʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ů=50-110 ʄʇʘ, ʧʦʚʳʰʝʥʠʝ ů ʜʦ 200 ʄʇʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʣʘʢʠʨʦʚʘʥʠʝʤ ʘʣʤʘʟʘ ʢʘʨʙʠʜʦʤ ʚʦʣʴʬʨʘʤʘ, ʘ ʜʦ ů = 460 ʄʇʘ ï ʣʝʛʠʨʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʡ ʩʚʷʟʢʠ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʭʨʦʤʦʤ ʠ ʪʠʪʘʥʦʤ).  
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2. ʅʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʣʤʘʟʘ ʠ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ (cBN), ʨʘʚʥʦʝ 

3:1, ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʥʘ 15 %. ʇʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʚʳʰʘʝʪʩʷ 

ʩʦʭʨʘʥʥʦʩʪʴ ʟʝʨʝʥ ʩʚʝʨʭʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʧʨʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʠʟʥʦʩʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʣʘʛʦʜʘʨʷ ʫʜʝʨʞʠʚʘʥʠʶ cBN ʚ ʩʚʷʟʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʨʳʭ ʛʨʘʥʝʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ɺʕʄʆ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ Fe-Co-Ni, Fe-Co-Ni-

Cr, Fe-Co-Ni-Ti, Fe-Ni-Mo, Co-Cr-Fe-Ni ʠ Co-Cr-Cu-Fe-Ni ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʚʷʟʦʢ, ʘ ʪʘʢʞʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʜʝʣʝʥʠʷʤʠ ʫʧʨʦʯʥʷʶʱʠʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ɼʣʷ ʩʚʷʟʦʢ Fe-Co-Ni ʚ 

ʨʝʟʫʣʴʪʘʪʝ ɺʕʄʆ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 35 % (ʜʦ 1980 ʄʇʘ), ʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ - ʚ 3,2 ʨʘʟʘ.  

4. ʆʙʥʘʨʫʞʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʣʝʛʠʨʦʚʘʥʠʷ ʩʚʷʟʦʢ Fe-Co-Ni ʪʠʪʘʥʦʤ ʠ ʭʨʦʤʦʤ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʦʩʪʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʩ 1980 ʄʇʘ ʜʦ 2920 ʄʇʘ ʠ 3220 ʄʇʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʘʨʙʠʜʥʳʭ 

ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ TiC ʠ Cr3C2. ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚʚʝʜʝʥʠʷ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ɺʕʄʆ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʩ ʜʦʙʘʚʢʦʡ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ TiH2.  

5. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʚ Fe-Co-

Ni ʠ Fe-Ni-Mo ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʜʦʙʘʚʦʢ (ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʠ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʜʠʩʧʝʨʩʥʦʤ 

ʫʧʨʦʯʥʝʥʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʆʨʦʚʘʥʘ.   

6. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʝʜʠ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ CoCrCuxFeNi, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʚʫʭʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ɻʎʂ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚʳʰʝ 9 ʘʪ. %, ʘ ʪʘʢʞʝ ʧʦʜʘʚʣʝʥʠʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʩ 1,07 ʜʦ 

0,07 ʤʢʤ, ʠ ʩʥʠʞʝʥʠʠ ʩʢʣʦʥʥʦʩʪʠ ʩʧʣʘʚʘ ʢ ʜʝʬʦʨʤʘʮʠʠ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ. ʄʝʪʦʜʦʤ in situ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʟʝʨʥʘʭ 

ʚʪʦʨʠʯʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. 

7. ʋʩʪʘʥʦʚʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʚʝʜʝʥʠʷ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʧʦʣʳʝ 

ʢʦʨʫʥʜʦʚʳʝ ʤʠʢʨʦʩʬʝʨʳ, ʛʨʘʬʠʪʦʚʳʝ ʛʨʘʥʫʣʳ) ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʷʟʢʠ 

ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ ʧʨʠ ʩʫʭʦʡ ʦʙʨʘʙʦʪʢʝ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʚʝʨʣʝʥʠʷ ʥʘ 50 ï 120 % (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʠ ʠ 
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ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʘʚʢʠ), ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʠ ʣʦʢʘʣʴʥʦʤʫ 

ʚʳʢʨʘʰʠʚʘʥʠʶ ʤʠʢʨʦʦʙʲʝʤʦʚ ʩʚʷʟʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʫʩʷ ʵʢʩʧʦʟʠʮʠʝʡ ʥʦʚʳʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʠʥʩʪʨʫʤʝʥʪʘ.   

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʨʠʮ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ in situ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʢʦʣʦʥʥʝ 

ʇʕʄ ʤʠʢʨʦʦʙʨʘʟʮʦʚ-ʣʘʤʝʣʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè.  

2. ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʨʭʪʚʝʨʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʦʤʙʠʥʘʮʠʶ ʘʣʤʘʟʘ ʠ cBN, ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʪʨʝʟʥʳʭ ʩʝʛʤʝʥʪʥʳʭ ʢʨʫʛʦʚ 

ʠ ʢʘʥʘʪʥʳʭ ʧʠʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʟʢʠ ʤʘʩʩʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʯʫʛʫʥʘ (ʧʘʪʝʥʪ ʈʌ 

2595000 ʦʪ 20.08.2016). ʀʩʧʳʪʘʥʠʷ ʢʘʥʘʪʥʳʭ ʧʠʣ ʧʦ ʨʝʟʢʝ ʩʪʘʣʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʆʆʆ çʊɼ 

ʂʝʨʤʝʪè (ʛ. ʄʦʩʢʚʘ), ʧʦʢʘʟʘʣʠ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʟʘʥʠʷ ʥʘ 15 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʪʦʣʴʢʦ ʘʣʤʘʟ, ʠ ʥʘ 60-100 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʥʘʪʥʦʡ ʧʠʣʦʡ 

çCedimaè (ɸʚʩʪʨʠʷ). 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ (ʊʀ 01-02066500-2024) ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʛʤʝʥʪʦʚ ʩʦ ʩʚʷʟʢʘʤʠ Fe-Ni-Mo ʠ Fe-Co-Ni, ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʠ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʘʣʤʘʟʥʳʭ ʦʪʨʝʟʥʳʭ ʩʝʛʤʝʥʪʥʳʭ ʢʨʫʛʦʚ ʠ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʨʝʟʘʥʠʷ ʠ ʩʚʝʨʣʝʥʠʷ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʴʮʝʚʳʝ ʘʣʤʘʟʥʳʝ ʩʚʝʨʣʘ ʩʦ 

ʩʚʷʟʢʘʤʠ Fe-Ni-Mo ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʧʨʠ ʨʝʟʢʝ 

ʞʝʣʝʟʦʙʝʪʦʥʘ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʂʦʤʧʣʝʢʩʥʦʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʥʠʟʠʣʦ ʠʟʥʦʩ 

ʩʝʛʤʝʥʪʦʚ ʥʘ 41 % ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʝʨʣʝʥʠʷ. ɸʣʤʘʟʥʳʝ ʦʪʨʝʟʥʳʝ 

ʩʝʛʤʝʥʪʥʳʝ ʢʨʫʛʠ ʩʦ ʩʚʷʟʢʘʤʠ Fe-Co-Ni ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ, 

ʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʚʷʟʦʢ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 84 %. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ (ʊʀ 02-02066500-2024) ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʛʤʝʥʪʦʚ ʩʦ ʩʚʷʟʢʦʡ ʠʟ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ CoCrCuFeNi, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʳʤʠ ʢʦʨʫʥʜʦʚʳʤʠ ʤʠʢʨʦʩʬʝʨʘʤʠ, ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʚʝʨʣʝʥʠ ̫ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ ʙʝʟ ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʨʝʞʠʤʝ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʢʦʣʴʮʝʚʳʭ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ ʚ ʆʆʆ çʊɼ ʂʝʨʤʝʪè (ʛ. ʄʦʩʢʚʘ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʚʷʟʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ.   

5. ɸʣʤʘʟʥʳʝ ʦʪʨʝʟʥʳʝ ʩʝʛʤʝʥʪʥʳʝ ʢʨʫʛʠ ʩʦ ʩʚʷʟʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ 

ʩʧʣʘʚʘ CoCrCuFeNi, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʨʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʦʡ ʚ ʚʠʜʝ ʧʦʣʳʭ ʢʦʨʫʥʜʦʚʳʭ 

ʤʠʢʨʦʩʬʝʨ, ʧʨʦʰʣʠ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʨʝʟʢʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʨʫʙ ʠʟ ʭʨʦʤʦʩʦʜʝʨʞʘʱʝʡ 
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ʩʪʘʣʠ ʪʠʧʘ 13Cr ʚ ɸʆ çʊʘʛʘʥʨʦʛʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜè. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʢʦʡ 

ʤʘʷʪʥʠʢʦʚʦʡ ʧʠʣʦʡ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣʦ ʥʘ 25 % ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 

ʨʝʟʘʥʠʷ, ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʘʣʣʘ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʠ ʚʥʝʜʨʝʥʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʆʆʆ çʊɼ ʂʝʨʤʝʪè. ʇʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ 

ʠʤʧʦʨʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʠʟ ʧʨʝʜʩʧʣʘʚʦʚ Next100, Keen20 (Umicore, ʌʨʘʥʮʠʷ) ʥʘ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʚʷʟʢʠ ʠʟ ʧʦʨʦʰʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʚʷʟʢʠ CoCrCuFeNi ʩ ʜʦʙʘʚʢʘʤʠ ʛʨʘʬʠʪʘ ʠ ʧʦʣʳʭ 

ʢʦʨʫʥʜʦʚʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʠʥʩʪʨʫʤʝʥʪʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʘʨʤʠʨʦʚʘʥʥʦʛʦ 

ʞʝʣʝʟʦʙʝʪʦʥʘ ʙʝʟ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʧʦʣʥʝʥ 

ʦʧʝʨʘʮʠʝʡ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʦʡ ʰʠʭʪʳ ʚ ʧʣʘʥʝʪʘʨʥʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʝʣʴʥʠʮʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʠ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ɺʕʄʆ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʚ 

ʩʠʩʪʝʤʘʭ Cu-Fe-Co-Ni, Fe-Ni-Mo, Fe-Co-Ni, Fe-Co-Ni-Cr, Fe-Co-Ni-Ti, Co-Cr-Cu-Fe-Ni, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ ʜʠʩʧʝʨʩʥʳʭ ʫʧʨʦʯʥʷʶʱʠʭ ʚʪʦʨʠʯʥʳʭ 

ʬʘʟ.  

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʦʢ Fe-Co-Ni, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.  

3. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʦʢ Cu-Fe-Co-Ni, Fe-Ni-Mo, Fe-Co-Ni. 

4. ɺʟʘʠʤʦʩʚʷʟʴ ʩʦʩʪʘʚʘ ʩʚʷʟʦʢ, ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʨʫʢʪʫʨʳ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʚʢʣʘʜ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʘʣʤʘʟʘ ʩʦ ʩʚʷʟʢʦʡ.  

5. ɺʟʘʠʤʦʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʧʦʣʳʝ ʢʦʨʫʥʜʦʚʳʝ ʤʠʢʨʦʩʬʝʨʳ 

ʠ ʛʨʘʬʠʪʦʚʳʝ ʛʨʘʥʫʣʳ), ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʚʷʟʦʢ ʠ ʩʣʫʞʝʙʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ.  
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6. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ (ʨʝʟʢʘ, ʩʚʝʨʣʝʥʠʝ), ʚʠʜʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʙʝʪʦʥ, ʞʝʣʝʟʦʙʝʪʦʥ, ʯʫʛʫʥ) ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ (ʧʨʠ ʧʦʜʘʯʝ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʙʝʟ ʥʝʝ). 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʪʪʝʩʪʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ, ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʦʢ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ ʠ ʨʘʩʪʷʞʝʥʠʠ. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩ ɹ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʀʃʌʇ) 

ʅʘʫʯʥʦ-ʫʯʝʙʥʦʛʦ ʮʝʥʪʨʘ ʉɺʉ ʄʀʉʠʉ-ʀʉʄɸʅ (ʅʋʎ ʉɺʉ) ʅʀʊʋ ʄʀʉʀʉ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çʌʠʟʠʯʝʩʢʘʷ 

ʤʝʟʦʤʝʭʘʥʠʢʘ. ʄʘʪʝʨʠʘʣʳ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ, 2024 ʛ., çɸʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʧʨʦʯʥʦʩʪʠè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, 2024 ʛ., ʅɸʅʆ-2023, ʛ ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2023 ʛ., 

çʇʨʦʯʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨè - ʇʈʆʉʊè ʛ ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2023 ʛ., çʇʦʨʦʰʢʦʚʘʷ 

ʤʝʪʘʣʣʫʨʛʠʷ: ʠʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦʚʳʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʉʚʘʨʢʘè, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 2023 ʛ., VI International Conference çFundamental Bases of 

Mechanochemical Technologiesè FBMT, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2022 ʛ., çʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʊʝʭʥʦʣʦʛʠʠ ʚ ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʄʘʰʠʥʦʩʪʨʦʝʥʠʠè ʀʊʄʄ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ, 2022 ʛ., çʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʱʠʪʥʳʝ 

ʧʦʢʨʳʪʠʷ, ʩʚʘʨʢʘ: ʅʆʄɸʊɽʍè, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 2022 ʛ., çIV ɹʘʡʢʘʣʴʩʢʠʡ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ ʬʦʨʫʤè, ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ, 2022 ʛ., çʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʝʨʝʜʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʉʄʇʇʊ-2021è, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2021 ʛ., 

çXXVIII ʈʦʩʩʠʡʩʢʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʈʂʕʄ-2020è, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ, 2020 ʛ., çʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 

ʄʀʉʉʌʄ-2020, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020 ʛ., çVII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʅʘʥʦʤʘʪʝʨʠʘʣʘʤ ʅɸʅʆ-2020è ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2020 ʛ., 8-ʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɼʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2019 ʛ., çThe 7th 

Annual Conference of ANALYTIX-2019è, ʛ. ɹʝʨʣʠʥ, ɻʝʨʤʘʥʠʷ, 2019 ʛ., çXV International Symposium 

on Self-Propagating High-Temperature Synthesisè ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2019 ʛ., ç19th International 

Metallurgy and Materials Congressè, ʛ. ʉʪʘʤʙʫʣ, ʊʫʨʮʠʷ, 2018 ʛ., VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʝʞʠ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ 

ʚʝʱʝʩʪʚʘè, ʛ. ʉʫʟʜʘʣʴ, ʈʦʩʩʠʷ, 2018 ʛ., V International Conference çFundamental Bases of 

Mechanochemical Technologiesè FBMT, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2018 ʛ., ç24th International 

Symposium on Metastable, Amorphous and Nanostructured Materials (ISMANAM 2017)è, ʛ. ʉʘʥ-

ʉʝʙʘʩʪʴʷʥ, ʀʩʧʘʥʠʷ, 2017 ʛ., çXV International Conference on Intergranular and Interphase 

Boundaries in Materialsè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2016 ʛ., çVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ 

çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 2015 ʛ., çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʅʌʄô2014), ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2014 ʛ., III ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʸʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘè ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2012 ʛ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʣʠʯʥʦ ʘʚʪʦʨʦʤ 

ʠ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʣʣʝʛʘʤʠ ʟʘ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2024 ʛʛ. ɺʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʙʦʨʝ ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʚʳʚʦʜʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʦʚ ʧʦ 

ʟʘʱʠʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ in situ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʝ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʚʪʦʨ 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʠʩʧʳʪʘʥʠʷʭ ʙʦʣʝʝ 30 ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ.  

ʈʘʙʦʪʘ ʃʦʛʠʥʦʚʘ ʇ.ɸ. ʧʦ ʪʝʤʝ: çʈʘʟʨʘʙʦʪʢʘ ʨʝʞʫʱʝʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʩ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʚʷʟʢʦʡ ʠ ʛʠʙʨʠʜʥʳʤ ʨʘʙʦʯʠʤ ʩʣʦʝʤè ʚ 2017 ʛʦʜʫ ʙʳʣʘ 

ʫʜʦʩʪʦʝʥʘ ʇʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

çʇʝʨʝʜʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʢʦʣʣʝʛʘʤ ʠʟ ʅʀʊʋ ʄʀʉʀʉ, ʩʦʘʚʪʦʨʘʤ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ, ʟʘʚʝʜʫʶʱʝʤʫ ʢʘʬʝʜʨʦʡ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʨʳʪʠʡ (ʇʄʠʌʇ), ʜʠʨʝʢʪʦʨʫ ʅʋʎ ʉɺʉ, ʜ.ʪ.ʥ., ʧʨʦʬ. ɽ.ɸ. ʃʝʚʘʰʦʚʫ, ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ 

ʇʄʠʌʇ, ʅʋʎ ʉɺʉ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳè, ʘ ʪʘʢʞʝ ʢʦʣʣʝʛʘʤ ʠʟ ʢʦʤʧʘʥʠʠ ʆʆʆ çʊɼ ʂʝʨʤʝʪè, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ 

ʬʦʪʦʥʠʢʘè ʈɸʅ, ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 30 ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 8 - ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ ɺɸʂ ʈʌ, 5 ï ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʫ RSCI, 22 - ʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ Scopus 

ʠ Web of Science. ʇʦʣʫʯʝʥʦ 3 ʧʘʪʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 1 ʥʦʫ-ʭʘʫ.  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ: 

ʉʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ (ʠʟ ʥʠʭ 5 ʚʭʦʜʷʪ ʚ RSCI): 

1. ʌʝʜʦʪʦʚ, ɸ.ɼ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ 

CoCrCuxFeNi2 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ / ɸ.ɼ. ʌʝʜʦʪʦʚ, ʉ.ʂ. ʄʫʢʘʥʦʚ, ɹ.ʖ. ʈʦʤʘʥʝʥʢʦ, 

ʇ.ɸ. ʃʦʛʠʥʦʚ, ʄ.ʗ. ɹʳʯʢʦʚʘ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. ï 2024. ï ʊʦʤ 30. ï ˉ 1. ï 

ʉ. 55ï69.  

2. ɹʳʯʢʦʚʘ, ʄ.ʗ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ FeïNiïCu ʩ ʧʦʣʳʤʠ ʢʦʨʫʥʜʦʚʳʤʠ ʤʠʢʨʦʩʬʝʨʘʤʠ / ʄ.ʗ. ɹʳʯʢʦʚʘ, 

ʆ.ʉ. ʄʘʥʘʢʦʚʘ, ɸ.ʉ. ɸʭʤʝʪʦʚ, ɸ. ʂʘʡʩʠʥʦʚ, ɽ.ʅ. ɸʚʜʝʝʥʢʦ, ʇ.ɸ. ʃʦʛʠʥʦʚ, ʉ. ɺʦʨʦʪʳʣʦ // 

ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2022. ï ʊ. 16. ï ˉ 1. ï 

ʉ. 66ï75.  

3. ʃʦʛʠʥʦʚ, ʇ.ɸ. ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʭʨʦʤʘ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʩʚʦʡʩʪʚʘ ʠ ʘʜʛʝʟʠʶ ʤʝʜʥʦʡ ʩʚʷʟʢʠ 

ʢ ʘʣʤʘʟʫ / ʇ.ɸ. ʃʦʛʠʥʦʚ, ɻ.ʄ. ʄʘʨʢʦʚ, ʉ.ʀ. ʈʫʧʘʩʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2022. ï ʊ. 16. ï ˉ 1. ï ʉ. 43ï48. 

4. Loginov, P.A. Structure and properties of powder alloys Feï(45-15)%Niï(10-5)%Cu, 

obtained via mechanical alloying / P.A. Loginov, E.N. Avdeenko, A.A. Zaitsev, E.A. Levashov // CIS 

Iron and Steel Review. ï 2021. ï Vol. 22. ï P. 82ï87. 

5. ʃʦʛʠʥʦʚ, ʇ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʚʷʟʢʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ / ʇ.ɸ. ʃʦʛʠʥʦʚ, 

ɼ.ɸ. ʉʠʜʦʨʝʥʢʦ, ɽ.ɸ. ʃʝʚʘʰʦʚ, ɺ.ɸ. ɸʥʜʨʝʝʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2017. ï ˉ 1. ï C. 64ï75. 

6. ʉʠʜʦʨʝʥʢʦ, ɼ.ɸ. ʆ ʤʝʭʘʥʠʟʤʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʣʘʢʠʨʦʚʘʥʠʷ ʘʣʤʘʟʘ ʢʘʨʙʠʜʦʤ 

ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ 

ʉuïFeïCoïNi / ɼ.ɸ. ʉʠʜʦʨʝʥʢʦ, ɽ.ɸ. ʃʝʚʘʰʦʚ, ʇ.ɸ. ʃʦʛʠʥʦʚ, ʅ.ɺ. ʐʚʳʥʜʠʥʘ, ɽ.ɸ. ʉʢʨʳʣʝʚʘ, 

ʀ.ɽ. ʋʩʢʦʚʘ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. ï 2015. ï ˉ 5. ï ʉ. 53ï63.  

7. ʃʦʛʠʥʦʚ, ʇ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʚʷʟʢʠ Cu-Fe-

Co-Ni ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / ʇ.ɸ. ʃʦʛʠʥʦʚ, ɺ.ɺ. ʂʫʨʙʘʪʢʠʥʘ, ɽ.ɸ. ʃʝʚʘʰʦʚ, ɺ.ʖ. 

ʃʦʧʘʪʠʥ, ɸ.ɸ. ɿʘʡʮʝʚ, ɼ.ɸ. ʉʠʜʦʨʝʥʢʦ, ʉ.ʀ. ʈʫʧʘʩʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2014. ï ˉ 2. ï ʉ. 23ï31. 
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8. ɸʥʜʨʝʝʚ, ɺ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 

ʥʘ ʩʚʦʡʩʪʚʘ ʩʚʷʟʢʠ FeïMo ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / ɺ.ɸ. ɸʥʜʨʝʝʚ, ɸ.ʀ. ɻʫʨʝʝʚ, ʇ.ʀ. 

ʉʝʚʘʩʪʴʷʥʦʚ, ɺ.ʀ. ʃʦʛʠʥʦʚ, ɽ.ɸ. ʃʝʚʘʰʦʚ, ʇ.ɸ. ʃʦʛʠʥʦʚ, ʉ.ʀ. ʈʫʧʘʩʦʚ, ɺ.ɺ. ʂʫʨʙʘʪʢʠʥʘ // 

ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2013. ï ˉ 3. ï ʉ. 82ï

86. 

 

ʉʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʙʘʟ Scopus ʠ Web of Science: 

1. Mukanov, S. The Effect of Copper on the Microstructure, Wear and Corrosion Resistance of 

CoCrCuFeNi High-Entropy Alloys Manufactured by Powder Metallurgy / S. Mukanov, P. Loginov, A. 

Fedotov, M. Bychkova, M. Antonyuk, E. Levashov // Materials. ï 2023. ï Vol. 16. ï #. 1178. 

2. Loginov, P.A. Manufacturing of MetalïDiamond Composites with High-Strength 

CoCrCuxFeNi High-Entropy Alloy Used as a Binder / P.A. Loginov, A.D. Fedotov, S.K. Mukanov, O.S. 
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ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʜʝʧʦʟʠʪʘʨʠʠ ʥʦʫ-ʭʘʫ ʅʀʊʋ ʄʀʉʀʉ ˉ 09-732-
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 275 

ʠʩʪʦʯʥʠʢʦʚ ʠ 7 ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 305 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 157 

ʨʠʩʫʥʢʦʚ ʠ 57 ʪʘʙʣʠʮ.  
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʉʆʉʊɸɺʆɺ ʉɺʗɿʆʂ ɸʃʄɸɿʅʆɻʆ ɸɹʈɸɿʀɺʅʆɻʆ 

ʀʅʉʊʈʋʄɽʅʊɸ ʀ ʆɹʃɸʉʊɽʁ ʀʍ ʇʈʀʄɽʅɽʅʀʗ 

1.1. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʜʣʷ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ, ʙʝʪʦʥ, ʞʝʣʝʟʦʙʝʪʦʥ, 

ʘʩʬʘʣʴʪ, ʧʝʩʯʘʥʠʢ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ.  

ʉʚʷʟʢʘ ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʚ ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ. ʆʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʜʝʨʞʘʥʠʝ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ. ʉʠʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʜʝʨʞʘʥʠʝ 

ʘʣʤʘʟʘ, ʤʦʛʫʪ ʙʳʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ. ɼʝʡʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʦʢʨʫʞʝʥʘ 

ʩʚʷʟʢʦʡ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʚʷʟʢʠ ʠ ʘʣʤʘʟʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ, ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʭʠʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣ, 

ʫʜʝʨʞʠʚʘʶʱʠʭ ʘʣʤʘʟ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʠ ʘʣʤʘʟʦʤ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ, ʪʦ ʝʩʪʴ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʣʘʙʦʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ.  

ʉʚʷʟʢʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ, 

ʪʦ ʝʩʪʴ ʧʦ ʤʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʥʦʩʘ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʦʥʘ 

ʜʦʣʞʥʘ ʠʟʥʘʰʠʚʘʪʴʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʞʘʷ ʥʠʞʝʣʝʞʘʱʠʝ ʘʣʤʘʟʳ, ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʜʦ 

ʵʪʦʛʦ ʚ ʨʘʙʦʪʝ. ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʩʚʷʟʢʠ ʧʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʘʙʨʘʟʠʚʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ (ʩʢʦʨʦʩʪʴ, ʥʘʣʠʯʠʝ ʞʠʜʢʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʨʝʟʘʥʠʷ). ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʯʨʝʟʤʝʨʥʦ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʧʨʠʚʝʜʝʪ ʢ 

ʜʦʣʛʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʠʟʥʦʩʫ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʠʰʢʦʤ ʤʷʛʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ: ʩʚʷʟʢʘ ʙʫʜʝʪ ʠʟʥʘʰʠʚʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʘʣʤʘʟ, 

ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʛʦ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʢʨʘʰʠʚʘʥʠʶ ʠʟ ʨʘʙʦʯʝʛʦ ʩʣʦʷ, ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʘʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʩʚʷʟʢʠ ʠ ʧʨʦʯʥʦʩʪʴʶ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ. 

ʉʚʷʟʢʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʩʝʛʤʝʥʪʦʚ ʪʨʝʙʫʝʤʦʡ ʛʝʦʤʝʪʨʠʠ. ʉ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʘʣʣʳ ʠʣʠ ʩʧʣʘʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʘʣʤʘʟʘ). 
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ʊʘʢʞʝ ʩʚʷʟʢʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʘʣʤʘʟʘ ʦʪ ʚʦʟʤʦʞʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠ ʠʟʙʝʞʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʷ 

ʩʚʷʟʢʠ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʠʤʝʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʙʣʠʟʢʠʡ ʢ ʘʣʤʘʟʫ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʢʦʙʘʣʴʪ [1,2]. 

ɸʣʤʘʟʦʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʤʦʞʥʦ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʪʴ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 800-850 Áʉ, ʜʘʚʣʝʥʠʠ 35 ʄʇʘ ʠ ʚʳʜʝʨʞʢʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 15 ʤʠʥʫʪ 

[3ï5]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʙʘʣʴʪʘ ʥʝ ʧʨʠʚʦʜʠʪ ʥʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʘʣʤʘʟʦʚ, ʥʠ ʢ ʠʟʥʦʩʫ ʦʩʥʘʩʪʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʝʩʩ-ʬʦʨʤ ʜʣʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʂʦʙʘʣʴʪ ʚ 

ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʣʘʜʘʝʪ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [6] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ ʢʦʙʘʣʴʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʦʨʦʰʢʦʚ 

ʤʘʨʢʠ Extrafine ʢʦʤʧʘʥʠʠ Umicore (ɹʝʣʴʛʠʷ), ʦʜʥʦʛʦ ʠʟ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ï 566-678 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ï 881-

913 ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ï 6,3-10,8 %, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ï 41-81 ɼʞ/ʩʤ2.  

ʂʦʙʘʣʴʪ ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴ  ʁʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, 

ʦʪʚʝʯʘʶʱʝʤʫ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʘʣʤʘʟʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ [2]. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʦʙʘʣʴʪʦʚʳʭ ʩʧʣʘʚʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʨʘʟʥʳʤ ʚʠʜʘʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ 

ʣʝʛʠʨʦʚʘʥʠʷ ʤʷʛʢʠʤʠ (ʤʝʜʴ, ʙʨʦʥʟʘ [7]) ʠʣʠ ʪʚʝʨʜʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʭʨʦʤ, ʚʦʣʴʬʨʘʤ [8,9]).  

ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 1990-ʭ ʛʦʜʦʚ, ʫʩʠʣʠʷ ʫʯʝʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʚʷʟʦʢ, ʩʧʦʩʦʙʥʳʭ ʟʘʤʝʥʠʪʴ ʢʦʙʘʣʴʪ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʤʝʥʝʥʠʡ [10]. ɺ ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʥʦʛʠʝ ʩʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʩʠʩʪʝʤʘʭ CuïSn, CuïZnïAl ʠ CuïTi. ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ 

ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʩʚʷʟʢʦʡ ʠ ʘʣʤʘʟʦʤ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ. 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʥʦʚʳʤ ʪʨʝʥʜʦʤ ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʧʦʨʦʰʢʦʚ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʞʝʣʝʟʘ [11]. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʦʨʦʰʢʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʢʦʤʧʘʥʠʷʤʠ Eurotungstene 

(ʌʨʘʥʮʠʷ) ʠ Umicore (ɹʝʣʴʛʠʷ) ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʠʭ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. ʉ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʧʨʦʜʘʚʘʝʤʳʝ 

ʧʦʜ ʪʦʨʛʦʚʳʤʠ ʤʘʨʢʘʤʠ Cobalite (Umicore), Next ʠ Keen (Eurotungstene), ʜʦʧʦʣʥʷʣʠ ʢʦʙʘʣʴʪʦʚʳʝ 

ʧʦʨʦʰʢʠ ʠ ʧʨʦʜʦʣʞʘʣʠ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʨʳʥʢʘ, ʢʦʪʦʨʘʷ ʢ 2005 ʛʦʜʫ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 

25% [11]. ʂʦʙʘʣʴʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʘʭ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʜʥʘʢʦ ʦʯʝʚʠʜʥʘ 
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ʪʝʥʜʝʥʮʠʷ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʜʦʨʦʛʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʘʥʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. 

1.2. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʦʩʪʘʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʚ 

ʘʣʤʘʟʥʦʤ ʘʙʨʘʟʠʚʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ 

ʂ ʦʩʥʦʚʥʳʤ ʩʧʣʘʚʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʚ ʘʣʤʘʟʥʦʤ 

ʨʝʞʫʱʝʤ ʠʥʩʪʨʫʤʝʥʪʝ ʦʪʥʦʩʷʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʞʝʣʝʟʘ, ʥʠʢʝʣʷ, ʪʠʪʘʥʘ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ. ɼʘʥʥʳʝ ʤʝʪʘʣʣʳ 

ʠ ʩʧʣʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʤ ʥʘʜʝʞʥʦ ʫʜʝʨʞʠʚʘʪʴ ʘʣʤʘʟʳ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ, 

ʠʟʥʘʰʠʚʘʪʴʩʷ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦʙʳ ʟʝʨʥʘ ʘʣʤʘʟʘ ʚʳʩʪʫʧʘʣʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʠ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ. ɺʳʙʦʨ ʩʚʷʟʢʠ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʪʠʧʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʩʣʦʚʠʡ ʨʝʟʢʠ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[12]. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩʚʷʟʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʝʛʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 

ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ: ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʣʤʘʟʦʤ (Fe, Co, Ni, Mn ʠʣʠ ʠʭ 

ʩʦʯʝʪʘʥʠʝ) ʠʣʠ ʧʣʘʩʪʠʯʥʳʤʠ, ʟʘʧʦʣʥʷʶʱʠʤʠ ʧʦʨʳ ʧʨʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ ʩʝʛʤʝʥʪʦʚ (ʙʨʦʥʟʘ) 

[13]. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ʩʚʷʟʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʫʶʪ 

ʝʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʪʚʝʨʜʦʩʪ,ɹ ʤʦʜʫʣʴ ʖʥʛʘ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʫʜʘʨʥʫ  ʁʚʷʟʢʦʩʪʴ. 

ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʢʦʨʨʝʣʠʨʫʶʱʠʤʠ ʩ ʧʨʦʯʥʦʩʪʴʶ 

ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʷ [14]. 

ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʷʟʦʢ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

1.2.1. ʉʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ʇʦʚʳʰʝʥʠʝ ʤʠʨʦʚʳʭ ʮʝʥ ʥʘ ʢʦʙʘʣʴʪ, ʘ ʪʘʢʞʝ ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ 

ʦ ʝʛʦ ʪʦʢʩʠʯʥʦʩʪʠ [15] ʟʘʩʪʘʚʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʦʟʤʦʞʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ. ʉʘʤʳʤ ʦʯʝʚʠʜʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʟʘʤʝʥʫ ʢʦʙʘʣʴʪʫ ʚ ʩʚʷʟʢʘʭ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ ï ʤʝʪʘʣʣ ʩʦ ʩʭʦʞʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʩ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ.  

ʌʣʘʛʤʘʥʘʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ ʩʪʘʣʠ ʢʨʫʧʥʳʝ ʬʠʨʤʳ Umicore (ɹʝʣʴʛʠʷ) ʠ Eurotungstene (ʌʨʘʥʮʠʷ) [2]. ʅʘ 

ʨʫʙʝʞʝ 1990-2000-ʭ ʛʛ. ʠʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʚʷʟʢʠ ʤʘʨʦʢ Cobalite [16,17] 

ʠ Next [18]. ʉʚʷʟʢʠ Cobalite ʩʦʜʝʨʞʘʣʠ 65-70 % ʞʝʣʝʟʘ, ʠ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʜʦ 30 % ʢʦʙʘʣʴʪʘ, 

ʤʝʜʠ, ʦʣʦʚʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʷʟʦʢ Next ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɺ ʥʠʭ ʩʦʜʝʨʞʘʣʦʩʴ 72-80 % ʞʝʣʝʟʘ (Next300 ʠ Next900) ʠʣʠ 15-26 % ʞʝʣʝʟʘ (Next100 

ʠ Next200) [2]. ɺ ʩʚ̫ʟʢʘʭ Next100 ʠ Next200 ʦʩʥʦʚʦʡ ʷʚʣʷʣʝʪʩʷ ʤʝʜʴ. ɸ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʥʝ 
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ʧʨʝʚʳʰʘʣʦ 20-25 %. ʇʦ ʵʪʦʤʫ ʞʝ ʧʫʪʠ ʧʦʰʣʠ ʠ ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: Dr. Fritsch (ʩʚʷʟʢʠ V15, V18 ʠ V21), Sagwell (SFN, SCF) ʠ ʜʨʫʛʠʝ.   

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʝʛʦ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʞʝʣʝʟʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʳʥʢʝ ʚ ʚʠʜʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʰʢʦʚ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʩʘʞʜʝʥʠʝʤ ʢʘʨʙʦʥʠʣʘ Fe(CO)5. ʊʘʢʠʝ ʧʦʨʦʰʢʠ 

ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 1 ʜʦ 10 ʤʢʤ [19]. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʢʨʫʧʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʙʘʣʴʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨ rʢʦʥʩʦʣʠʜʘʮʠʠ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʩʝʛʤʝʥʪʦʚ ʜʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʞʝʣʝʟʦ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʥʩʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʣʤʘʟʦʤ ʠ ʛʨʘʬʠʪʠʟʠʨʫʝʪ ʝʛʦ ʧʨʠ ʪʠʧʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʦʥʩʦʣʠʜʘʮʠʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʘʣʤʘʟ-ʛʨʘʬʠʪ ʠ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʷʝʪ ʫʛʣʝʨʦʜ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ [20]. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʭʦʜʷʪ ʚ ʣʝʛʠʨʦʚʘʥʠʠ ʞʝʣʝʟʥʳʭ ʩʚʷʟʦʢ ʤʝʜʴʶ ʠʣʠ ʙʨʦʥʟʦʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʝʜʴ, ʷʚʣʷʷʩʴ 

ʣʝʛʢʦʧʣʘʚʢʠʤ ʠ ʧʣʘʩʪʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʘʜʢʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʠ ʩʧʝʢʘʥʠʠ ʠʣʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʝʜʴ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ, ʥʝ ʨʘʩʪʚʦʨʷʝʪ ʫʛʣʝʨʦʜ ʠ ʥʝ ʦʙʨʘʟʫʝʪ ʩ ʥʠʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʚʷʟʦʢ ʤʝʜʠ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 

ʘʣʤʘʟʘ ʦʪ ʜʝʛʨʘʜʘʮʠʠ. ʅʘ ʣʝʛʠʨʦʚʘʥʠʠ ʤʝʜʴʶ ʦʩʥʦʚʘʥ ʧʨʠʥʮʠʧ ʚʳʙʦʨʘ ʩʦʩʪʘʚʦʚ ʩʚʷʟʦʢ Cobalite 

ʠ Next. ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ. ɺ ʪʦʤ 

ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʚʣʠʷʥʠʝ ʤʝʜʠ ʥʘ ʩʚʦʡʩʪʚʘ ʞʝʣʝʟʥʳʭ ʠʣʠ Fe-Co ʩʚʷʟʦʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [21ï29]. 

ɺ ʨʘʙʦʪʘʭ [30ï33] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʘʚʘ 

Fe-Cu-Sn-Ni ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʜʘʥʥʳʭ ʩʚʷʟʦʢ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 800 ʜʦ 1000 Áʉ, ʦʙʣʘʜʘʣʠ 

ʩʣʦʞʥʦʡ ʤʥʦʛʦʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʚ ʜʠʘʧʘʟʦʥʝ 610-650 ʄʇʘ 

[34].  

ɼʨʫʛʦʡ ʩʪʨʘʪʝʛʠʝʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʞʝʣʝʟʥʳʭ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʠʭ ʣʝʛʠʨʦʚʘʥʠʝ ʥʠʢʝʣʝʤ, ʢʦʙʘʣʴʪʦʤ, ʭʨʦʤʦʤ, ʪʠʪʘʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʠ ʯʘʩʪʠʮʘʤʠ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ B. Liu ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʘʙʦʪ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʚʷʟʦʢ ʚ ʩʠʩʪʝʤʝ Fe-Ni-WC, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʠʭ ʦʩʥʦʚʝ [35ï38]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ (800 Áʉ) ʩʚʷʟʢʠ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʘʜʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʢʦʣʦ 98 % ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ 2110 

ʄʇʘ. ʇʣʘʢʠʨʦʚʘʥʠʝ ʘʣʤʘʟʘ ʧʦʢʨʳʪʠʷʤʠ Mo2C ʠ B4C ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʶ 

ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʠ ʟʘʱʠʪʠʪʴ ʘʣʤʘʟ ʦʪ ʛʨʘʬʠʪʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʤʘʟʥʳʝ ʩʚʝʨʣʘ ʩ ʜʘʥʥʳʤʠ ʩʚʷʟʢʘʤʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʩʚʝʨʣʝʥʠʷ 

ʛʨʘʥʠʪʘ: ʩʢʦʨʦʩʪʴ ʩʚʝʨʣʝʥʠʷ ʜʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʩʪʘʚʠʣʘ 2,294 ʤ/ʯ [38]. 
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ʆʜʥʠʤ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʦʯʥʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʷʚʣʷʝʪʩʷ 

ʜʠʩʧʝʨʩʥʦʝ ʠʣʠ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʤʘʪʨʠʮʫ ʚʚʦʜʷʪ ʥʘʥʦʯʘʩʪʠʮʳ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

ʢʦʥʩʦʣʠʜʘʮʠʠ. ɺ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʵʪʦʪ ʧʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ CeO2 [39] VN [27], CaF2, h-BN [40], NbC [41], 

FeAl2O4 [42]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʚʷʟʢʠ, ʧʨʦʯʥʦʩʪʴ 

ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʆʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ 

[43,44]. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʝʛʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʯʘʩʪʠʮʘʤʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ 

ʩʧʣʘʚʦʚ (ɺʕʉ) ʚ ʩʠʩʪʝʤʘʭ Al-Co-Cr-Fe-Ni-Ti. ʆʜʥʦ ʠʟ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ɺʕʉ ï ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ɺʕʉ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʚʷʟʢʠ, ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʛʜʝ ʦʙʣʘʩʪʠ ɺʕʉ ʩ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʫʜʫʪ ʦʢʨʫʞʝʥʳ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʞʝʣʝʟʦʤ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ 

ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʪʘʢʪʘ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʣʤʘʟʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ. 

1.2.2. ʉʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ ʠ ʛʦʨʯ̫ʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʠ ʠ ʝʝ ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʪʨʝʙʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʜʴ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʛʣʝʨʦʜʦʤ. ɺ ʩʠʩʪʝʤʝ Cu-C ʦʪʩʫʪʩʪʚʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʤʘʢʩʠʤʫʤ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʫʛʣʝʨʦʜʘ ʚ ʤʝʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 1100 ÁC ʩʦʩʪʘʚʣʷʝʪ 0,04 ʘʪ. % [45]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʜʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʨʠʚʝʜʝʪ ʢ ʧʣʦʭʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʘʣʤʘʟʘ ʠ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʩ ʘʣʤʘʟʦʤ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʜʴ ʣʝʛʠʨʫʶʪ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʨʦʜʩʪʚʦ ʢ 

ʫʛʣʝʨʦʜʫ.  

ʉ 1970-ʭ ʛʛ. ʠʜʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʨʦʥʟʦʚʳʭ ʩʚʷʟʦʢ ʤʘʨʦʢ ʄ1 ʠ ʄ3 [46]. ʀʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʦ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʷʟʦʢ ʩʠʩʪʝʤʳ Cu-Sn-Ti [47], ʚ ʢʦʪʦʨʳʭ ʪʠʪʘʥ ʦʙʝʩʧʝʯʠʚʘʣ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʣʤʘʟʦʤ ʠ ʫʧʨʦʯʥʝʥʠʝ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʧʣʘʚʳ Cu-Sn-Ti ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [48ï52] ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ 
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ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ: ʘʢʪʠʚʥʦʡ ʧʘʡʢʝ, ʠʥʬʠʣʴʪʨʘʮʠʠ, ʘʜʜʠʪʠʚʥʳʤ 

ʤʝʪʦʜʘʤ, ʛʦʨʷʯʝʤʫ ʧʨʝʩʩʦʚʘʥʠʶ. 

ʇʦʠʩʢʠ ʘʣʴʪʝʨʥʘʪʠʚ ʢʦʙʘʣʴʪʫ ʚʝʜʫʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ 

ʟʘʚʝʨʰʠʣʠʩ ɹʨʘʟʨʘʙʦʪʢʦʡ ʩʧʣʘʚʦʚ Cu-Fe-Co ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 50% ʠ ʙʦʣʝʝ (ʤʘʨʢʠ Next100 ʠ 

Next200, Eurotungstene, Umicore) [53]. ɼʘʥʥʳʝ ʩʚʷʟʢʠ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ ʠ ʥʠʟʢʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [7]. 

ʇʦʤʠʤʦ ʙʨʦʥʟʦʚʳʭ ʩʚʷʟʦʢ ʠ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ Cu-Fe-Co ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʜʥʳʤ ʩʚʷʟʢʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʚʦʣʴʬʨʘʤ [54,55], 

ʩʚʷʟʢʘʤ ʚ ʩʠʩʪʝʤʝ Cu-Al -Ti-Sn-C-O [56] ʠ ʧʨ. 

1.2.3. ʉʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʢʘ 

ʥʘʥʦʩʠʪʩʷ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  

ɻʘʣʴʚʘʥʠʟʠʨʦʚʘʥʥʳʝ ʘʣʤʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʩʣʦʡ ʘʣʤʘʟʦʚ, 

ʫʜʝʨʞʠʚʘʝʤʳʭ ʧʦʢʨʳʪʠʝʤ ʠʟ ʥʠʢʝʣʷ ʠʣʠ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ. ʅʠʢʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʘʣʤʘʟʘ ʠʟ-ʟʘ ʝʛʦ ʧʨʝʚʦʩʭʦʜʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʠ ʧʨʦʩʪʦʪʳ ʥʘʥʝʩʝʥʠʷ ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʷ [57]. ɻʘʣʴʚʘʥʠʟʠʨʦʚʘʥʥʳʝ ʘʣʤʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦ ʩʧʝʯʝʥʥʳʤʠ ʠʣʠ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʛʝʦʤʝʪʨʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʝʛʦ ʠʟʥʦʩʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʨʦʪʨʫʟʠʠ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʪʘʢ ʢʘʢ ʩʝʛʤʝʥʪʳ 

ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʦʜʠʥ ʩʣʦʡ ʘʣʤʘʟʦʚ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʘʣʤʘʟʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʥʠʢʝʣʝʚʳʤʠ ʩʚʷʟʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ: ʣʝʛʠʨʦʚʘʥʠʝ 

ʥʠʢʝʣʝʚʦʡ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʜʠʩʧʝʨʩʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʨʠʮʳ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʤʘʟ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʥʠʢʝʣʝʚʳʭ ʩʚʷʟʦʢ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʦʨ 

[58,59], ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; ʚʦʣʴʬʨʘʤ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ [60], ʢʦʙʘʣʴʪ ʜʣʷ ʣʫʯʰʝʛʦ ʩʤʘʯʠʚʘʥʠʷ 

ʘʣʤʘʟʘ [61]. 

ʇʦʚʳʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʢʝʣʝʚʦʡ ʩʚʷʟʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʥʠʭ ʤʝʭʘʥʠʟʤʘ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ [62], ʛʨʘʬʝʥʘ 

[63,64] ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ [65].  
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ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʣʦʡʥʳʤ, 

ʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʦʜʝʨʞʘʥʠʶ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʦʚʦʜʷʪ 

ʧʣʘʢʠʨʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ [66], ʭʨʦʤʘ [67], ʥʠʢʝʣʷ ʠ ʤʝʜʠ [68]. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠ ʁ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʢʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʝʤ ʘʣʤʘʟʘʤʠ.  

1.2.4. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʷʟʢʠ 

ʄʦʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ Ni-Cr-Si-Fe-B-C ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʘʥʠʝʡ Hºganªs (ʐʚʝʮʠʷ) ʚ 1980-ʝ ʛʦʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [2]. ɼʘʥʥʘʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʚʷʟʢʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʨʘʩʧʳʣʝʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠ ʦʙʣʘʜʘʣʘ 

ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʅʘ ʪʦʪ ʤʦʤʝʥʪ ʜʘʥʥʳʝ ʩʚʷʟʢʠ ʩʪʘʣʠ ʙʦʣʝʝ ʜʝʰʝʚʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʘʨʙʠʜʫ ʚʦʣʴʬʨʘʤʘ, ʢʦʪʦʨʳʡ ʚʚʦʜʠʣʠ ʚ ʩʚʷʟʢʫ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʇʦʤʠʤʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʚʷʟʢʠ Ni-Cr-Si-Fe-B-C ʦʙʣʘʜʘʣʠ ʤʝʥʴʰʝʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʧʝʢʘʥʠʷ ʠ ʚʳʦʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʭʨʦʤʘ ʙʣʠʟʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʴʮʝʚʳʭ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʝʩʯʘʥʠʢʘ [69]. ɺʚʝʜʝʥʠʝ 10 % ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʣʘʚʣʝʥʥʦʛʦ ʧʦʨʦʰʢʘ NiïCrïMoïSiïB ʚ ʩʚʷʟʢʫ 

FeïCuïCoïSn ʧʦʟʚʦʣʠʣʦ ʥʘ 29 % ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʩʚʷʟʢʠ ʠ ʥʘ 45% ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 

ʩʚʝʨʣʝʥʠʷ.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ni-Cr ʧʦʣʫʯʠʣʠ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ ʘʢʪʠʚʥʦʡ ʧʘʡʢʠ, ʚ ʢʦʪʦʨʳʭ ʘʣʤʘʟ ʟʘʢʨʝʧʣʷʣʩʷ ʥʘ ʩʪʘʣʴʥʳʭ ʠʣʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ 

ʩʤʘʯʠʚʘʥʠʝ ʤʝʞʜʫ ʧʦʜʣʦʞʢʦʡ ʠ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ.  

ʈʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʚʝʨʜʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʠ ʟʥʘʯʝʥʠʶ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢ ʘʣʤʘʟʫ: Ni-Cr-Si-B-Fe [70], Ni-Cr-P-Fe [71], Ni-Cr-B-Si 

[72], Ni-Cr-Fe-Si-B-C [73], Ni-Cr-Si-Cu-Sn-(Zr) [74], Ni-Cr-B-Si-Fe-Y [75].  

ʅʦ ʚʩʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Ni-Cr, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʘʢʪʠʚʥʦʡ ʧʘʡʢʝ, 

ʦʙʲʝʜʠʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï ʜʦ 1000-1050 Áʉ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʣʤʘʟ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʠʩʭʦʠʪ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ 

ʚʩʣʝʜʩʪʚʠʝ ʛʨʘʬʠʪʠʟʘʮʠʠ.  
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1.3. ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʷʚʣʷʶʪʩʷ ʩʧʝʢʘʥʠʝ, ʛʦʨʷʯʝʝ 

ʧʨʝʩʩʦʚʘʥʠʝ, ʞʠʜʢʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ, ʘʢʪʠʚʥʘʷ ʧʘʡʢʘ, ʘʜʜʠʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ 

ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʘʢʪʥʳʭ 

ʠʟʜʝʣʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-ʛʨʘʬʠʪè, ʠʭ ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʘʣʤʘʟʘ ʚ ʩʚʷʟʢʝ.  

1.3.1. ʉʧʝʢʘʥʠʝ 

ʉʧʝʢʘʥʠʝ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2,46]. ʂ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʚ ʤʘʪʨʠʮʝ, ʠʭ ʧʨʦʯʥʦʝ ʫʜʝʨʞʘʥʠʝ ʚ 

ʦʙʲʝʤʝ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʣʦʷ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ. ʉʧʝʢʘʥʠʝ 

ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʭʦʣʦʜʥʳʤ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʠʣʠ ʧʨʦʢʘʪʢʦʡ ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʙʨʠʢʝʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʛʦʨʷʯʝʡ ʜʦʧʨʝʩʩʦʚʢʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʢʘʥʠʝ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʝʜʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [76]. ɹʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ (ʦʪ 30 ʤʠʥʫʪ ʜʦ 2 ʯʘʩʦʚ) 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɹʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʙʨʠʢʝʪʦʚ ʚ ʛʦʨʷʯʝʡ ʟʦʥʝ ʧʝʯʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʦʚ, ʫʩʢʦʨʝʥʠʶ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʪʨʠʮʝ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʨʘʟʫʧʨʦʯʥʝʥʠʶ, ʘ ʪʘʢʞʝ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʟʘʱʠʱʘʶʱʠʭ ʠʟʜʝʣʠʷ ʦʪ 

ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ [2]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʨʘʚʥʦʧʣʦʪʥʦʩʪʴ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʙʨʠʢʝʪʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ ʠʭ ʢʦʨʦʙʣʝʥʠʷ ʧʨʠ ʩʧʝʢʘʥʠʠ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʘʥʜʘʨʪʥʘʷ ʧʦʨʦʰʢʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʧʨʝʩʩʦʚʘʥʠʠ ʠ 

ʩʧʝʢʘʥʠʠ, ʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [77ï80] ʘʚʪʦʨʘʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʲʝʤʥʦʛʦ, ʪʘʢ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʥʘʛʨʝʚʘ ʠʟʜʝʣʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦʤ ʘʚʪʦʨʦʚ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʥʝʪʝʧʣʦʚʳʝè ʵʬʬʝʢʪʳ. ʆʥʠ ʚʳʟʚʘʥ r ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ 

ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ [81,82] ʠʣʠ ʧʦʚʳʰʝʥʠʶ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʷʚʣʷʷʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʥʦʩʫ ʚʘʢʘʥʩʠʡ ʢ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ ʠ ʘʢʪʠʚʘʮʠʠ ʩʧʝʢʘʥʠʷ [83]. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʩʧʝʢʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 
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ʩʧʝʢʘʥʠʷ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ. 

ɺ ʨʘʙʦʪʝ [77] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʜʣʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʘʪʨʠʮʝʡ ʠʟ ʩʧʣʘʚʘ FeCuCo ʧʦʟʚʦʣʷʝʪ ʚ ʜʚʘ ʨʘʟʘ ʩʦʢʨʘʪʠʪʴ ʦʙʱʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʠ ʧʦʣʫʯʠʪʴ ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 95 % ʠ ʪʚʝʨʜʦʩʪʴʶ 

98,5 HRB (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʘʥʠʷ 850 Áʉ). ɺʚʝʜʝʥʠʝ ʚ ʜʘʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʙʨʦʥʟʳ, ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʠ Ti3AlC2 ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʜʦ 98,8%, ʪʚʝʨʜʦʩʪʴ ʜʦ 101,5 

HRB ʠ ʩʦʟʜʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ Al 4C3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ 

ʟʝʨʝʥ [23,78,79]. 

ɺ ʨʘʙʦʪʘʭ [84,85] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ ʜʣʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 95 % (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ ʥʠʞʝ 900 Áʉ). ʀʥʪʝʥʩʠʚʥʘʷ ʫʩʘʜʢʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ: ʩ ʵʪʦʡ ʮʝʣʴʶ ʚ ʩʦʩʪʘʚ ʩʚʷʟʢʠ ʚʚʦʜʷʪ 0,5 ï 0,7 % ʬʦʩʬʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʙʝʩʧʦʨʠʩʪʦʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʪʝʤʧʝʨʘʪʫʨ ʚ ʠʥʪʝʨʚʘʣʝ 850-925 

Áʉ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 30 ʤʠʥʫʪ. ʉʪʘʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʨʘ, 

ʩʧʝʢʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʠʞʝ 1125 Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʩʚʷʟʢʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (200 HV, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 1000 ʄʇʘ). ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ (ʩʧʝʢʘʥʠʝ ʩ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʜʦ ʢʦʥʮʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ) 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʣʦʷ ʥʘ ʩʪʘʣʴʥʳʝ ʧʦʜʣʦʞʢʠ ʟʘ 

ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ.  

1.3.2. ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ 

ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ 

ʢ ʢʦʥʩʦʣʠʜʠʨʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʙʝʩʧʦʨʠʩʪʳʭ ʠʟʜʝʣʠʡ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʚʳʜʝʨʞʢʘʭ (ʦʙʳʯʥʦ 2-15 ʤʠʥʫʪ) ʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʧʨʠ 

ʩʧʝʢʘʥʠʠ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʣʤʘʟ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʚ ʢʦʤʧʘʢʪʥʳʭ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʦʨʠʩʪʦʩʪʴ [2,76].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤʘʭ. ɻʨʘʬʠʪʦʚʳʝ 

ʬʦʨʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʛʤʝʥʪʦʚ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ CO. ʂ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤʘʭ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠʭ ʥʝʚʳʩʦʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ 
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ʚ ʥʝʝ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʠ ʠʟʤʝʥʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ.  

ʉʪʘʣʴʥʳʝ ʧʨʝʩʩ-ʬʦʨʤʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʦ ʦʥʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ ʘʣʤʘʟʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʣʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ [76].  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʘ 

ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʩʧʝʢʘʥʠʷ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʤʝʪʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʠʩʪʝʤʝ Co-ʘʣʤʘʟ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [5], ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʝʩʧʦʨʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʪʨʝʙʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ 700-800 Áʉ, ʜʘʚʣʝʥʠʝ 35 ʄʇʘ ʠ 

ʚʳʜʝʨʞʢʠ 5-10 ʤʠʥʫʪ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʛʨʘʬʠʪʠʟʘʮʠʷ ʘʣʤʘʟʦʚ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʤʦʛʣʘ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʝʥʘ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʚʷʟʢʫ ʦʣʦʚʘ. 

1.3.3. ɾʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʲʝʜʠʥʝʥʳ ʤʝʪʦʜʳ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʢʦʥʩʦʣʠʜʘʮʠʶ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʜʢʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ [86]. ɺ ʩʠʩʪʝʤʝ Cu-Ni-P ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʦʩʪʘʚʳ, ʠʤʝʶʱʠʝ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (900-1000 Áʉ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ 

ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʢʦʡ CuNiP-(WC) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʦʡ 

ʬʘʟʳ, ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʧʣʘʚ ʧʨʦʥʠʢʘʝʪ ʚ 

ʧʦʨʳ ʙʨʠʢʝʪʘ ʠ ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʝʪ ʘʣʤʘʟʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʥʘʜʝʞʥʦʤʫ 

ʟʘʢʨʝʧʣʝʥʠʶ ʚ ʩʚʷʟʢʝ. ɿʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʞʠʜʢʘʷ ʬʘʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʘʜʢʝ ʧʨʠ 

ʩʧʝʢʘʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʳ ʛʨʘʬʠʪʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ 

ʫʩʪʨʘʥʠʪʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʤʘʟʦʚ, ʧʣʘʢʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʤ ʪʠʪʘʥʘ. ʄʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʧʝʢʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʚʷʟʢʦʡ Sn-Cu-Co 

[87]. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʷʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 820 Áʉ. ɺ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 820-900 Áʉ ʘʣʤʘʟʳ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʘʬʠʪʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʙʘʣʴʪʘ ʥʘ ʘʣʤʘʟ ʠ ʙʳʣʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ.  

ɺ 1990-ʭ ʛʦʜʘʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠ ʁ

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʢʪʠʚʥʦʡ ʧʘʡʢʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʘʣʤʘʟʦʤ, ʧʨʠʧʦʝʤ ʠ ʧʦʜʣʦʞʢʦʡ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʠʥʩʪʨʫʤʝʥʪ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴ ʁʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʘʙʨʘʟʠʚʦʤ ʠ ʧʦʜʣʦʞʢʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʘʙʨʘʟʠʚʘ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʧʨʠʧʦʝʚ ʜʣʷ ʧʘʡʢʠ ʘʣʤʘʟʘ 
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ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [88,89]. ɸʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʥʘʪʥʳʤʠ ʧʠʣʘʤʠ, 

ʩʚʝʨʣʘʤʠ, ʣʫʯʢʦʚʳʤʠ ʧʠʣʘʤʠ. ʂ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʤʘʟʦʚ, ʚʳʩʦʢʫ  ʁʧʨʦʯʥʦʩʪʴ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ, ʙʦʣʴʰʫ  ʁʚʳʩʦʪʫ 

ʚʳʩʪʫʧʘʥʠʷ ʘʤʣʘʟʘ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫ  ʁʩʪʦʠʤʦʩʪʴ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʧʘʡʢʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʘʣʣʳ-ʧʨʠʧʦʠ ʥʘ ʦʩʥʦʚʝ Cu, Ni ʠ 

Ag, ʩ ʜʦʙʘʚʢʘʤʠ Ti, Cr, V, Zr, Mo ʠ W [90ï92]. ɺ ʧʨʦʮʝʩʩʝ ʧʘʡʢʠ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʘʛʠʨʫʶʪ 

ʩ ʘʣʤʘʟʦʤ, ʦʙʨʘʟʫʷ ʢʘʨʙʠʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʤʘʯʠʚʘʥʠʝ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʘʣʤʘʟʘ. ʇʨʝʜʣʦʞʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʘʡʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʘʢʫʫʤʥʘʷ ʧʘʡʢʘ, ʧʘʡʢʘ ʚ ʠʥʝʨʪʥʦʤ ʛʘʟʝ, ʠʥʜʫʢʮʠʦʥʥʘʷ ʧʘʡʢʘ 

ʠ ʣʘʟʝʨʥʘʷ ʧʘʡʢʘ [70,88,93ï96]. ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʠ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩʚʷʟʦʢ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ni-Cr (Ni-Cr-B-Si-

Fe, Ni-Cr-Co-B), Cu-Sn (Cu-Sn-Ti, Cu-Zn-Ti, Cu-Sn-Ti-Zr) ʠ Ag-Cu (Ag-Cu-Sn, Ag-Cu-Zn). ɺ 

ʩʠʩʪʝʤʝ Ni-Cr ʟʘʢʨʝʧʣʝʥʠʝ ʘʣʤʘʟʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ 

ʧʦʜʣʦʞʢʦʡ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ Cr23C6, Cr7C3, Cr3C2, ʚ ʩʠʩʪʝʤʝ Cu-Sn-Me ï ʟʘ ʩʯʝʪ TiC, ZrC. ɺ 

ʢʦʤʧʦʟʠʪʘʭ ʩʦ ʩʚʷʟʢʘʤʠ ʥʘ ʦʩʥʦʚʝ Ag-Cu-Me ï ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [88]. 

1.3.4. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʩʪʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʥʘʩʪʢʠ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʟʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ.  

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʠʤʝʨ, ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʧʣʘʚʣʝʥʠʝ (ʉʃʉ), ʧʦʩʣʦʡʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ ʤʘʪʝʨʠʘʣʘ ʠ ʜʨʫʛʠʝ, ʠʤʝʶʪ ʪʘʢʠʝ 

ʚʘʞʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ, 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʧʨʦʯʥʷʶʱʠʤʠ ʬʘʟʘʤʠ ʠ ʩʦʜʝʨʞʘʱʠʭ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʘʣʤʘʟ) ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʙʳʣʦ ʥʝʦʩʫʱʝʩʪʚʠʤʦ ʘʜʜʠʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʘʢʦ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʞʫʱʝʛʦ ʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʜʜʠʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʧʨʝʜʲʷʚʣʷʶʪ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʨʘʟʤʝʨʫ ʠ ʤʦʨʬʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʣʢʠʝ 

ʬʨʘʢʮʠʠ ʘʣʤʘʟʦʚ: ʦʪ 20 ʤʢʤ [97] ʜʦ 90 ʤʢʤ [98], ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦ 145 ʤʢʤ [99].   

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪʠʟʘʮʠʷ ʘʣʤʘʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʟʝʨʥʦʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʟʘ ʩʯʝʪ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

ʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʘʣʤʘʟ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ [100]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʠ ʜʝʛʨʘʜʘʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʠʪʴ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʣʤʘʟ ʤʦʞʥʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ [98] ʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ. ʆʜʥʘʢʦ, 

ʢʘʢ ʟʘʤʝʯʘʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʛʨʘʬʠʪʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʘʣʤʘʟʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʛʨʘʬʠʪʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʘʢʨʝʧʣʝʥʠʝ ʘʣʤʘʟʥʳʭ 

ʟʝʨʝʥ ʠ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ [98,99]. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʘʣʤʘʟʦʚ ʦʪ 

ʛʨʘʬʠʪʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʘʪʨʠʮʳ ʩ ʘʣʤʘʟʦʤ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ 

ʧʦʢʨʳʪʠʡ. ɺ ʨʘʙʦʪʝ [101] ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʣʘʢʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʤʦʣʠʙʜʝʥʦʤ ʥʘ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ 4,45 ʨʘʟʘ.  

ʈʘʟʨʘʙʦʪʢʘ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʢʘʩʘʝʪʩʷ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʦʩʦʙʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʫʙʩʪʨʫʢʪʫʨʦʡ [102]. ɺ ʨʘʙʦʪʘʭ [103,104] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʘʪʨʠʮʝʡ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AlSi10Mg. ʆʩʪʘʪʦʯʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʧʨʠ ʵʪʦʤ ʩʣʫʞʠʪ ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʰʣʘʤʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʢʠ. ʍʦʪʷ ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʝʪ 

ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ.  

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʙʨʦʥʟ, ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ  ʯʘʱʝ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [97ï100]. ʕʪʦ ʚʳʟʚʘʥʦ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ, ʩʣʘʙʳʤ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʘʣʤʘʟ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʜʛʝʟʠʠ.  

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʥʝʪʠʧʠʯʥʦʡ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʪʨʠʮʝʡ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ NiTi  [105]. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʉʃʉ, ʠʤʝʣʠ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʣʦʢʘʣʴʥʳʤ 

ʧʝʨʝʛʨʝʚʦʤ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ, ʦʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʤʝʪʦʜʦʤ ʩʢʨʘʪʯ-

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʢʘʨʙʠʜʫ ʚʦʣʴʬʨʘʤʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʜʝʞʥʦʝ ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʝ ʠ 

ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʚ ʨʘʙʦʯʝʤ 

ʩʣʦʝ. ʆʙʨʘʟʮʳ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʢʘʭ ʩʦ ʩʧʠʨʘʣʴʥʳʤ, ʢʦʣʴʮʝʚʳʤ ʠ ʣʠʥʝʡʥʳʤ 

ʪʠʧʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [106]. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʣʠʬʦʚʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʙʨʘʟʠʚʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʴʰʠʤ ʨʝʩʫʨʩʦʤ ʠ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʯʝʤ ʘʥʘʣʦʛʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʙʨʘʟʠʚʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ.  

ʆʙʦʙʱʘʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʜʜʠʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ 

ʠ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ. 

ɺʳʩʦʢʠʝ ʣʦʢʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʘʣʤʘʟʦʚ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʝʨʘʮʠʡ ʠ ʙʝʟ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʤʘʟ. ʕʪʠ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʆʥʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʧʘʨʪʠʡ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [102].  

1.3.5. ɻʘʣʴʚʘʥʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʜʥʦʩʣʦʡʥʳʡ ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚ ʪʘʢʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʢʝʣʴ, ʦʩʘʞʜʘʶʱʠʡʩʷ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʢʦʨʧʫʩʝ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʘʣʤʘʟʥʳʤʠ ʟʝʨʥʘʤʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʣʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ [60,62,66,107ï109]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʣʤʘʟʦʚ ʚ 

ʨʘʙʦʯʝʤ ʩʣʦʝ, ʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʨʦʪʨʫʟʠʠ ʘʣʤʘʟʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪ ʤʝʪʦʜʘ 

ʘʢʪʠʚʥʦʡ ʧʘʡʢʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʚʷʟʢʦʡ ʠ ʘʣʤʘʟʦʤ. ɸʣʤʘʟ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʚʷʟʢʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠ [110,111]. ʇʦʵʪʦʤʫ ʠʟʥʦʩ ʠ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʚʷʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʢʨʘʰʠʚʘʥʠʶ ʘʙʨʘʟʠʚʘ ʠ ʙʝʟʚʦʟʚʨʘʪʥʦʡ ʧʦʪʝʨʝ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ 

ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʦʢ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʝʜʝʥʦ 

ʣʝʛʠʨʦʚʘʥʠʝ ʩʚʷʟʢʠ ʪʠʪʘʥʦʤ [112], ʙʦʨʦʤ [113,114], ʚʦʣʴʬʨʘʤʦʤ [60]. ʃʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ 

ʥʘʥʦʩʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ [113]. ʅʘ ʢʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʥʦʩʠʪʩʷ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʜʣʷ 

ʣʫʯʰʝʡ ʘʜʛʝʟʠʠ ʩʚʷʟʢʠ. ɿʘʪʝʤ ʥʘ ʢʦʨʧʫʩʝ ʟʘʢʨʝʧʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʬʠʥʘ ʘʣʤʘʟʥʳʝ ʟʝʨʥʘ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʯʠʩʪʦʪʝ (ʯʝʤ ʙʦʣʴʰʝ ʧʨʠʤʝʩʝʡ ʚ ʘʣʤʘʟʝ, ʪʝʤ 

ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ). ʂʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʧʫʩʢʘʝʪʩʷ ʚ ʚʘʥʥʫ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʦʚ ʥʠʢʝʣʷ ʠ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 30 ʤʢʤ ʦʩʘʞʜʘʝʪʩʷ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 1,2 ɸ/ʜʤ2 ʠ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 30 ʤʠʥ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʣʫʯʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ ʦʪʞʠʛʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 400 Áʉ ʜʦ 500 Áʉ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥʫʪ [115]. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ ʉʊʄ ʧʨʠʤʝʥʷʶʪ ʜʚʘ ʤʝʪʦʜʘ ï ʛʘʣʴʚʘʥʦʩʪʝʛʠʶ ʠ 

ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʫ. ʇʨʠ ʛʘʣʴʚʘʥʦʩʪʝʛʠʠ ʪʦʥʢʠʝ ʧʦʢʨʳʪʠʷ ʧʨʦʯʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʢʦʨʧʫʩʦʤ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ [2].  

ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʢʫ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʧʠʨʦʚʘʥʠʠ ʬʦʨʤʳ ʠʟʜʝʣʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʨʧʫʩʘ, 

ʧʦʜʛʦʪʦʚʢʫ ʢʦʨʧʫʩʘ ʢ ʧʦʢʨʳʪʠʶ, ʦʯʠʩʪʢʫ ʘʣʤʘʟʦʚ ʦʪ ʧʨʠʤʝʩʝʡ, ʥʘʥʝʩʝʥʠʝ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʣʦʷ, 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. 

ʈʘʙʦʯʠʡ ʩʣʦʡ ʥʘʥʦʩʷʪ ʥʘ ʢʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʚʝ ʩʪʘʜʠʠ. ɺʥʘʯʘʣʝ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʯʘʩʪʠʮʳ ʉʊʄ, ʦʩʘʞʜʘʝʪʩʷ ʩʣʦʡ 

ʤʝʪʘʣʣʘ, ʧʨʦʠʟʚʦʜʷʪ ʧʨʠʢʨʝʧʣʝʥʠʷ ʟʝʨʝʥ, ʘ ʟʘʪʝʤ ʚ ʜʨʫʛʦʡ ʚʘʥʥʝ ʠʭ ʟʘʢʨʝʧʣʷʶʪ, ʥʘʥʦʩʷ ʝʱʝ ʦʜʠʥ 

ʩʣʦʡ ʤʝʪʘʣʣʘ. ʇʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʪʦʣʱʠʥʘ ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 1/5, ʘ ʧʨʠ ʟʘʨʘʱʠʚʘʥʠʠ ï 

ʥʝ ʤʝʥʝʝ 2/3 ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʠ ʧʦʨʦʰʢʘ ʉʊʄ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʜʣʷ ʟʘʪʦʯʢʠ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʙʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. 

1.4. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ɼʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʨʘʚʠʣʘ: ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʩʚʷʟʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʥʘʭʦʜʷʪʩʷ [12]. 

ʉʠʥʭʨʦʥʥʦʩʪʴ ʠʟʥʦʩʘ ʘʙʨʘʟʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʩʚʷʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʤʝʩʪʦ ʠʟʥʦʰʝʥʥʳʭ 

ʘʣʤʘʟʦʚ, ʠʤʝʶʱʠʭ cʛʣʘʞʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʦʙʣʘʩʪʴ ʨʝʟʘʥʠʷ ʵʢʩʧʦʥʠʨʫʶʪʩʷ ʥʦʚʳʝ ʘʣʤʘʟʥʳʝ 

ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʥʠʭ 

ʦʩʪʨʳʭ ʛʨʘʥʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʥʦʩ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʧʝʨʝʩʤʦʪʨʘ ʧʦʜʭʦʜʦʚ ʢ ʚʳʙʦʨʫ ʩʦʩʪʘʚʘ ʩʚʷʟʦʢ, ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʘʣʤʘʟʦʚ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ ʠ ʪ. ʧ.  

ʉʫʱʝʩʪʚʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʘʣʤʘʟʥʳʭ ʧʦʨʦʰʢʦʚ ʠʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʜʣʷ ʣʫʯʰʝʡ ʩʧʝʢʘʝʤʦʩʪʠ ʠ 
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ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ɼʘʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʚʠʜʦʚ ʠʥʩʪʨʫʤʝʥʪʘ. 

1.4.1. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʷʟʢʝ (ʩʦʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ; ʄʃ; ʨʘʩʧʳʣʝʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ) 

ʇʦʩʣʝ ʦʪʢʘʟʘ ʦʪ ʢʦʙʘʣʴʪʘ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ, 

ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʉʦʟʜʘʥʠʝ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʵʣʝʤʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʚʷʟʢʘʤ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʦ ʢʨʫʧʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʦʪ 1 ʤʢʤ ʜʦ 250 ʤʢʤ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʣʦʢʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʷʟʦʢ ʧʦ ʩʦʩʪʘʚʫ ʠ ʧʣʦʭʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ. ʊʘʢʞʝ ʪʘʢʠʝ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʠʤʝʶʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʝʛʨʝʛʘʮʠʠ ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʩʦʦʩʘʞʜʝʥʠʝ 

ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʨʘʩʧʳʣʝʥʠʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʧʣʘʚʦʚ.  

ʆʩʥʦʚʥʳʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ, ʢʦʤʧʘʥʠʠ 

Umicore ʠ Eurotungstene, ʠʩʧʦʣʴʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [11]. ʊʝʨʤʠʥ 

ʩʦʦʩʘʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʮʝʩʩʫ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʢʘʪʠʦʥʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʰʧʠʥʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʠ ʙʦʣʝʝ ʪʠʧʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʩʦʦʩʘʞʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʤʘʩʰʪʘʙʦʤ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʘʩʪʚʦʨʝ. ɺ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʭʣʦʨʠʜʳ, ʥʠʪʨʘʪʳ ʠʣʠ ʩʫʣʴʬʠʜʳ Fe, Ni, Co 

ʠ ʪ. ʜ. ʈʘʩʪʚʦʨ ʧʨʝʢʫʨʩʦʨʦʚ ʛʦʪʦʚʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ, ʥʘʧʨʠʤʝʨ, NaOH. ʇʦʣʫʯʝʥʥʳʡ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʩʘʜʦʢ ʬʠʣʴʪʨʫʝʪʩʷ, ʧʨʦʤʳʚʘʝʪʩʷ ʠ ʩʫʰʠʪʩʷ ʧʝʨʝʜ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʦʡ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʩʦʝʜʠʥʝʥʠʡ (ʛʠʜʨʦʢʩʠʜʦʚ), ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʢʘʣʠʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ [116]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʥʦʛʦʪʦʥʥʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂ 

ʝʛʦ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʦʨʦʛʦʚʠʟʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ pH 

ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ. 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʣʫʯʝʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʛʦʤʦʛʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

(ʄʃ) ʠʣʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ [117ï119]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʭʠʤʠʯʝʩʢʦʤ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʘʢʪʠʚʠʨʫʝʤʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʄʃ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʘʧʧʘʨʘʪʘʭ 

ʪʠʧʘ ʧʣʘʥʝʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʝʣʴʥʠʮ (ʇʎʄ), ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʣʴʥʠʮ, ʘʪʪʨʠʪʦʨʦʚ ʠ ʪ.ʜ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʧʨʠ ʄʃ ʥʦʩʠʪ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ [119], ʠ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʤʝʨʥʳʝ ʬʘʢʪʦʨʳ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ 

ʣʠʤʠʪʠʨʫʶʱʠʤʠ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ [119]. 

ʆʪʣʠʯʘʶʪ ʪʨʠ ʪʠʧʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʄʃ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ: çʧʣʘʩʪʠʯʥʳʡ ï ʧʣʘʩʪʠʯʥʳʡè, çʧʣʘʩʪʠʯʥʳʡ ï 

ʭʨʫʧʢʠʡè ʠ çʭʨʫʧʢʠʡ ï ʭʨʫʧʢʠʡè [117]. ɼʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ 

ʧʝʨʚʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺʧʝʨʚʳʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʦ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [120]. 

ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ ʠʣʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʠ ʠ ʭʦʣʦʜʥʦʡ ʩʚʘʨʢʠ ʤʝʞʜʫ ʧʦʨʦʰʢʦʚʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʄʃ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʠ ʫʜʘʨʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ. ɿʘʪʝʤ ʦʥʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʧʨʦʯʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʄʃ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʨʘʥʫʣ 

ʤʝʥʷʝʪʩʷ ʦʪ ʩʣʦʠʩʪʦʡ ʢ çʟʘʢʨʫʯʝʥʥʦʡè, ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʦʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘʨʷʜʫ ʩ ʧʣʘʩʪʠʯʝʩʢʠʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʄʃ 

ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ) ʠʣʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ ʠʣʠ 

ʚʥʝʜʨʝʥʠʷ. ʇʨʠʯʝʤ ʙʣʘʛʦʜʘʨʷ ʠʤʧʫʣʴʩʥʦʤʫ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ [121ï123]. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʄʃ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʥʠʟʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʧʣʘʥʝʪʘʨʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ 

ʤʝʣʴʥʠʮʳ ʩ ʚʳʩʦʢʠʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʬʘʢʪʦʨʦʤ (ʙʦʣʝʝ 100 g), ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ 3000 ʢʛ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʚ ʤʝʩʷʮ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʤʘʪʝʨʠʘʣʦʤ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʠ ʩʪʝʥʦʢ ʙʘʨʘʙʘʥʦʚ [119]. ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʪʘʣʠ, ʘ ʚʦ ʤʥʦʛʠʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʞʝʣʝʟʦ, ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ.  

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ ʤʝʪʦʜʦʤ ʄʃ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʨʫʙʝʞʝ 1990-2000-ʭ ʛʛ [124]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʄʃ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʙʨʦʥʟ. ʋʜʦʙʩʪʚʦ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʨʷʜʘ 

ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʦʢ ʚ ʩʠʩʪʝʤʘʭ Cu-Al -C-O 

[125], Fe-Ni-Cu-Sn-C [126], Cu-Al-ʉ-O-Zn [127], Cu-Sn-Ti, Fe-Ti [128], ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ ʩ 

ʜʦʙʘʚʢʘʤʠ ʙʨʦʥʟ [129]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʄʃ, ʫʞʝ 



35 

ʠʤʝʣʠ ʪʨʝʙʫʝʤʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʠʣʠ ʠʤʝʣʠ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, 

ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʄʃ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʚʷʟʦʢ.   

ʇʦʨʦʰʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ 

ʨʘʩʧʣʘʚʦʚ ʚʦʜʦʡ ʠʣʠ ʚʦʟʜʫʭʦʤ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʋʥʠʢʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ 

ʨʘʩʧʳʣʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʜʝʣʘʝʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʘʜʜʠʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʢʦʥʢʫʨʠʨʫʝʪ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʜʣʘʛʘʷ 

ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʚʷʟʦʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ [130,131]. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʠʟ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳʭ ʠʣʠ 

ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʜʨʫʛ ʚ ʜʨʫʛʝ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʧʳʣʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʦʩʪʘʚʦʚ 

ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʵʣʝʤʝʥʪʦʚ: Fe-Cu-Sn-Zn-Ni [132], Fe-Co-Cu-Sn-Ni [130], Cu-Fe-Co-Sn-Zn-(Cr-Ti) [131]. 

1.4.2. ʇʣʘʢʠʨʦʚʘʥʠʝ ʘʣʤʘʟʦʚ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʩʚʷʟʦʢ ʚ ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʫʜʝʨʞʠʚʘʥʠʝ 

ʘʣʤʘʟʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʚʷʟʦʢ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ ʠʣʠ ʙʨʦʥʟ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ [133ï135]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʦʚʦʜʷʪ 

ʧʣʘʢʠʨʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʠʣʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ (ʢʘʨʙʠʜʦʚ). ʄʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʡ ʜʦʣʞʝʥ ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʪʴ ʢʘʢ ʘʣʤʘʟ, ʪʘʢ 

ʠ ʤʘʪʝʨʠʘʣ ʤʘʪʨʠʮʳ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʨʦʯʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʫ ʧʦʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʙʣʠʟʢʦʝ ʢ ʘʣʤʘʟʫ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʤʘʟ 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʩ ʩʘʤʳʤ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ): 

Ŭ = 1,06 Ĭ 10ī6 1/K [136]. ʂʊʈ ʤʝʜʠ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ï 17 Ĭ 10ī6 1/K [137]. ʂʊʈ 

ʞʝʣʝʟʘ, ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʦʩʪʘʚʝ ʩʚʷʟʦʢ, ï 11,7 Ĭ 10ī6 1/K [138]. ʆʪʣʠʯʠʷ ʧʦ 

ʟʥʘʯʝʥʠʶ ʂʊʈ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʩʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè, ʩʧʦʩʦʙʥʳʭ ʨʘʟʚʠʪʴʩʷ ʜʦ ʜʝʬʝʢʪʦʚ ʠ ʤʠʢʨʦʪʨʝʱʠʥ.  

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʘʣʤʘʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʦʚ-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʛʨʘʬʠʪ (ʥʠʢʝʣʷ, ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ) 

ʤʦʞʝʪ ʛʨʘʬʠʪʠʟʠʨʦʚʘʪʴʩʷ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʟʘʱʠʪʥʘʷ ʬʫʥʢʮʠʷ ʧʦʢʨʳʪʠʡ. ʆʥʠ 
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ʜʦʣʞʥʳ ʧʨʝʜʦʭʨʘʥʷʪʴ ʘʣʤʘʟ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʤʝʪʘʣʣʘʤʠ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʝʩʣʠ 

ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ [37,139].  

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ 

ʥʘ ʘʣʤʘʟʝ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʚʷʟʢʘ ʠʩʧʳʪʳʚʘʝʪ ʩʠʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʘʣʤʘʟʘ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʩʚʷʟʢʦʡ ʠ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʘʣʤʘʟʦʤ ʠ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʝʪʘʣʣʦʚ ʢʨʘʡʥʝ ʥʠʟʢʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,1-0,15. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʘʣʤʘʟ ʤʦʞʝʪ ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʦ ʩʚʷʟʢʦʡ ʠ ʚʳʧʘʜʘʪʴ ʠʟ ʨʘʙʦʯʝʛʦ 

ʩʣʦʷ. ʀʥʦʡ ʤʝʭʘʥʠʟʤ ʟʘʢʨʝʧʣʝʥʠʷ ʙʫʜʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʢʨʳʪʠʷ ʥʘ ʘʣʤʘʟʝ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʩʠʣʳ 

ʪʨʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʚʷʟʢʠ, 

ʠ ʫʤʝʥʴʰʘʪ ʧʦʜʚʠʞʥʦʩʪʴ ʘʣʤʘʟʦʚ [140]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʨʳʪʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʥʦʡ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʤʝʭʘʥʠʟʤ ʫʜʝʨʞʘʥʠʷ ʘʣʤʘʟʘ ʚ ʨʘʙʦʯʝʤ ʩʣʦʝ 

ʢʦʤʧʦʟʠʪʘ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʘʣʤʘʟ ʥʘʥʦʩʷʪ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʤʝʪʘʣʣʦʚ: 

ʪʠʪʘʥʘ [141ï145], ʤʦʣʠʙʜʝʥʘ [38,101], ʚʦʣʴʬʨʘʤʘ [146ï148], ʭʨʦʤʘ [149]. ɹʦʨ ʠ ʢʨʝʤʥʠʡ ʪʘʢʞʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʦʥʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʘʣʤʘʟʦʤ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ B4C [37] ʠ SiC [150]. ɸʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʠʢʝʣʷ ʠ ʤʝʜʠ [151,152]. ɿʘ ʩʯʝʪ ʥʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʘʣʤʘʟ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʟʘʜʘʯ: ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʦʤ, ʩʦʟʜʘʪʴ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪ ʩʦ ʩʚʷʟʢʦʡ ʟʘ 

ʩʯʝʪ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʟʘʱʠʪʠʪʴ ʘʣʤʘʟ ʦʪ 

ʦʢʠʩʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʪʚʝʜʝʥʠʝ ʪʝʧʣʘ ʠ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘ ʘʣʤʘʟʳ 

ʤʦʛʫʪ ʥʘʥʦʩʠʪʴ ʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ Al 2O3 [153] ʠʣʠ CeO2 [154].  

ʄʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: 1) ʙʝʟ ʧʨʦʪʝʢʘʥʠʷ ʤʝʞʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ 

(ʭʠʤʠʯʝʩʢʦʝ ʩʦʦʩʘʞʜʝʥʠʝ, ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ), 2) ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ (ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʚ ʩʦʣʝʚʦʡ ʚʘʥʥʝ, ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʘʢʫʫʤʥʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ + ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʚʘʢʫʫʤʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠ ʢʦʥʜʝʥʩʘʮʠʷ) [155].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʢ ʜʚʦʡʥʳʤ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʤ [156]. ɼʚʫʭʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʘʣʤʘʟʦʤ ʠ ʤʝʪʘʣʣʦʤ. ɺʵʡ ʠ ʜʨ. [157] ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʩʦʣʷʥʦʡ ʚʘʥʥʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ, ʯʪʦʙʳ ʩʥʘʯʘʣʘ 

ʧʦʢʨʳʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʥʳʭ ʯʘʩʪʠʮ ʩʣʦʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ, ʘ ʟʘʪʝʤ ʦʩʘʜʠʪʴ ʥʘ 

ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʧʦʜʩʣʦʷ ʤʝʜɹ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʢʦʤʧʦʟʠʪʘ 
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ʩ ʧʦʢʨʳʪʠʝʤ ʜʦʩʪʠʛʣʘ 630 ʄʇʘ, ʯʪʦ ʥʘ 93,3 % ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʦʤ ʙʝʟ ʧʦʢʨʳʪʠʷ. 

ɺ ʨʘʙʦʪʝ [158] ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʜʚʫʭʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ Cu-Ti ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝʡ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ ʥʘʥʦʩʠʣʩʷ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʜʛʝʟʠʠ ʢ ʘʣʤʘʟʫ, ʟʘʪʝʤ ʩʣʦʡ ʤʝʜʠ ʥʘʥʦʩʠʣʩʷ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʂʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʣʘʢʠʨʦʚʘʥʥʳʭ ʘʣʤʘʟʦʚ ʩ ʤʝʜʥʦʡ ʤʘʪʨʠʮʝʡ ʠʤʝʣʠ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, 

ʪʚʝʨʜʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ: 153 ʄʇʘ, 149 HV ʠ 258.04 ɺʪ/ʤĿʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʜʨʫʛʠʭ ʥʦʚʳʭ ʤʝʪʦʜʘʭ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʤʘʟʝ. ɺ ʨʘʙʦʪʘʭ [159,160] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ 

ʭʨʦʤʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʘʣʤʘʟʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʢʨʫʧʥʦʩʪʴʶ 315/250 ʠ 250/200 ʤʢʤ ʩʤʝʰʠʚʘʣʠ ʩ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ʭʨʦʤʘ (ʦʢʦʣʦ 1 ʤʢʤ) ʠ ʧʨʦʚʦʜʠʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʦʪʞʠʛ: ʧʨʠ 

600 Áʉ ʚ ʪʝʯʝʥʠʝ 30-45 ʤʠʥʫʪ ʠ ʧʨʠ 1100 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ɺ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʣʤʘʟʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʘʨʙʠʜʳ ʭʨʦʤʘ Cr3C2, Cr7C3 ʠ Cr23C6, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʤʘʪʨʠʮʝʡ ʩʦʩʪʘʚʘ WCï6%CoïCu. ʄʝʪʘʣʣʠʟʘʮʠʷ ʘʣʤʘʟʘ ʪʘʢʠʤ ʤʝʪʦʜʦʤ 

ʫʚʝʣʠʯʠʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ 39 %.  

ɺ ʨʘʙʦʪʝ [161] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʥʘ ʘʣʤʘʟʘʭ 

ʤʝʪʦʜʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʧʝʢʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʤʝʩʠ ʠʟ ʧʦʨʦʰʢʦʚ ʘʣʤʘʟʘ ʠ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ TiH2. ʀʭ ʩʧʝʢʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

660-860 Áʉ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʠʪʘʥ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʜʚʫʭʬʘʟʥʳʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ TiC ʠ Ti. 

ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʫʛʣʝʨʦʜʘ ʚ TiC ʥʠʞʝ, ʯʝʤ ʪʠʪʘʥʘ ʚ TiC. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʪʠʪʘʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʘʣʤʘʟʫ ʚʳʰʝ, ʯʝʤ ʫʛʣʝʨʦʜʘ ʚʦ ʚʩʪʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʵʪʦ ʩʦʟʜʘʝʪ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʚ ʧʦʢʨʳʪʠʠ.  

ʇʦʢʨʳʪʠʝ ʥʘ ʘʣʤʘʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [162], ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ W(CO)6, ʥʠʢʝʣʦʮʝʥʘ Ni(C5H5)2. ʅʘʣʠʯʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʶ ʧʨʠ ʩʧʝʢʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 97 %). 

1.4.3. ɺʚʝʜʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʩʚʷʟʢʠ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʢʦʙʘʣʴʪ. ʂʦʙʘʣʴʪʦʚʳʝ ʩʚʷʟʢʠ ʦʪʣʠʯʘʣʠʩʴ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ, 

ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ, ʩʧʝʢʘʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʨʦʜʩʪʚʦʤ ʢ ʘʣʤʘʟʫ [163]. ʉʣʦʞʠʚʰʠʡʩʷ ʢ 1990-

ʤ ʛʦʜʘʤ ʜʝʬʠʮʠʪ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʢʦʙʘʣʴʪʘ ʧʦʜʪʦʣʢʥʫʣ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʠ ʤʝʜʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʙʦʣʴʰʝʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʨʦʥʟʦʚʳʭ ʩʚʷʟʦʢ ʠ ʩʦʟʜʘʥʠʶ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Cu-Fe-Co. ʂ ʥʠʤ ʤʦʞʥʦ 
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ʦʪʥʝʩʪʠ ʩʚʷʟʢʠ NEXT (Eurotungstene, ʌʨʘʥʮʠʷ) ʠ Diabase-V21 (Dr. Fritsch, ɻʝʨʤʘʥʠʷ) [18,163]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʩʧʣʘʚʦʚ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʧʦʨʦʰʢʦʚʳʭ ʩʚʷʟʦʢ 

ʦʙʫʩʣʘʚʣʠʚʘʣʘʩʴ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʨʘʙʦʪʝ [164] 

ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Cu, Co ʠ Fe, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʘʣʤʘʟʥʦʤ 

ʠʥʩʪʨʫʤʝʥʪʝ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɾʝʣʝʟʦ ʠ ʢʦʙʘʣʴʪ ʥʝ ʦʙʨʘʟʫʶʪ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʠʣʴʥʳʤʠ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ ʤʝʜʴ ʥʝ ʨʘʩʪʚʦʨʷʝʪ ʚ ʩʝʙʝ ʫʛʣʝʨʦʜ. ʇʦʵʪʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʩʚʷʟʦʢ ʩ ʘʣʤʘʟʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʘʩʪʠʯʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʛʨʘʬʠʪʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʯʪʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [20]. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ Cu, Co ʠ Fe ʩ ʘʣʤʘʟʦʤ (ʚʟʷʪʦ ʠʟ 

ʨʘʙʦʪʳ [164]) 

ʄʝʪʘʣʣ ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ, ʛʨʘʜ 
ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, 

ɼʞ/ʤ2 

Co 1500 48 3,20 

Cu 1100 145 0,23 

Fe 1550 37 3,34 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪʨʳʚʘ ʘʣʤʘʟʘ ʦʪ ʩʚʷʟʢʠ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʘ ʙʳʣʦ ʦʪʢʨʳʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ 

ʣʝʛʠʨʦʚʘʥʠʶ ʩʚʷʟʦʢ ʘʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʳʤʠ 

ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ: Ti, Cr, Mo, W, Zr ʠ ʜʨ.  

ʆʪʣʠʯʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʘʣʤʘʟ 

ʧʦʢʘʟʘʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʛʜʝ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʇʕʄɺʈ) ʠʟʫʯʘʣʦʩʴ ʩʪʨʦʝʥʠʝ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʚʷʟʢʘʤʠ ʠʟ Ni, Ni-Cr 

ʠ Cr, ʩʧʝʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [165ï168]. ɺ ʨʘʙʦʪʝ [165] ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ni. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʨʘʬʠʪʠʟʘʮʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʚʫʤʷ ʤʝʭʘʥʠʟʤʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʥʠ ʘʣʤʘʟʘ. ɺʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʪʘʜʠʡʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çCr-ʘʣʤʘʟè ʧʦʣʫʯʝʥʳ ʚ ʦʙʨʘʟʮʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ [166] ʠ ʤʘʛʥʝʪʨʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ [167]. ɺ 

ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʭʨʦʤ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʝʨʝʭʦʜ ʘʣʤʘʟʘ ʚ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʠʣʠ ʘʤʦʨʬʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ, ʘ ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʛʣʝʨʦʜʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ Cr7C3 ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʩʳʱʝʥʠʝʤ ʜʦ C3C2. ɺ ʨʘʙʦʪʝ [168] ʧʦʢʘʟʘʥʳ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ï ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ Ni-Cr, ʛʜʝ 

ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʤʝʪʘʣʣʦʤ-ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-

ʛʨʘʬʠʪè, ʘ ʚʪʦʨʦʡ ï ʩʠʣʴʥʳʤ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤ ʤʝʪʘʣʣʦʤ. ɸʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʥʠʢʝʣʴ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʮʝʩʩ ʛʨʘʬʠʪʠʟʘʮʠʠ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʛʨʘʬʠʪ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ. ʆʪʣʠʯʠʷ ʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʧʨʠ ʥʘʣʠʯʠʠ 

ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʝʟ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʳ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʨʦʙʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʛʝʟʠʠ ʩʚʷʟʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʣʫ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ ʠʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. 

ɸʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʚʷʟʢʘʭ ʢʘʢ ʥʘ ʦʩʥʦʚʝ 

ʤʝʜʠ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ.  

ɺʚʝʜʝʥʠʝ ʚ ʤʝʜʥʫʶ ʩʚʷʟʢʫ ʚʩʝʛʦ 11 % ʦʣʦʚʘ ʠ 0,7 % ʪʠʪʘʥʘ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʣʤʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʩ 145 ʜʦ 7 ʛʨʘʜʫʩʦʚ 

[164]. ʉʧʣʘʚʳ Cu-Sn-Ti ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʟʥʳʤʠ 

ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʘʣʤʘʟʥʦʡ ʧʨʦʚʦʣʦʢʠ [49,169].  

ʊʠʪʘʥ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʝʛʦ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʘʙʦʪʝ [170] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʷʟʦʢ ʩʦʩʪʘʚʘ Ti87Ni13 ʚ ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʠʩʪʝʤʝ Ti-Ni ʵʚʪʝʢʪʠʢʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 943 Áʉ ʜʘʥʥʳʝ ʩʚʷʟʢʠ ʩʧʝʢʘʶʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(930 Áʉ), ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʘʣʤʘʟʘ. ʉʚʷʟʢʠ Ti-Ni 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʚʳʩʪʫʧʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʚʷʟʢʠ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʝʝ ʩʦʯʝʪʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ.  

1.4.4. ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʣʤʘʟʦʚ 

ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʢʦʤʧʘʥʠʷ Shinhan (ʖʞʥʘʷ ʂʦʨʝʷ) ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʯʝʥʥʳʭ ʘʣʤʘʟʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʣʤʘʟʦʚ (Arix ). 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʘʣʤʘʟʥʳʝ ʟʝʨʥʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʊʄ [171,172]. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ çʘʜʩʦʨʙʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷè. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʝʛʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ, ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʤʧʨʝʩʩʦʨʘ, ʠʤʧʫʣʴʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʯʠ ʧʦʨʦʰʢʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʠ ʚʳʙʠʨʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʩʚʷʟʦʢ ʩ ʘʣʤʘʟʦʤ. ɺʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʛʨʘʥʫʣ, ʙʣʠʟʢʘʷ ʢ ʩʬʝʨʠʯʝʩʢʦʡ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 
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ʫʢʣʘʜʢʫ ʛʨʘʥʫʣ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ. ʉʥʘʯʘʣʘ ʧʦʨʦʰʦʢ 

ʤʘʪʨʠʮʳ ʧʨʝʩʩʫʝʪʩʷ ʚ ʧʣʦʩʢʫ  ʁ ʪʦʥʢʫ  ʁ ʧʣʘʩʪʠʥʫ. ɺʝʨʭʥʠʡ ʧʫʘʥʩʦʥ, ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʷʪ 

ʧʦʜʧʨʝʩʩʦʚʳʚʘʥʠʝ, ʠʤʝʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʚʳʩʪʫʧʳ, ʚʜʘʚʣʠʚʘʶʱʠʝ ʘʣʤʘʟʥʳʝ ʟʝʨʥʘ ʚ ʥʠʞʝʣʝʞʘʱʠʡ 

ʩʣʦʡ ʧʦʨʦʰʢʘ. ɿʘʪʝʤ ʦʧʝʨʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʧʫʘʥʩʦʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʫʢʣʘʜʢʫ ʘʣʤʘʟʦʚ ʪʨʝʙʫʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʇʦʣʫʯʝʥʥʘʷ ʟʘʛʦʪʦʚʢʘ 

ʢʦʥʩʦʣʠʜʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ ʩ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʦʡ 3 ʤʠʥʫʪʳ. ɸʚʪʦʨʘʤʠ [171] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʟʢʠ ʠʣʠ ʩʚʝʨʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʣʤʘʟʦʚ ʦʙʣʘʜʘʝʪ ʥʘ 13,1 % 

ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʘ 11,5 % ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ. ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʉʊʄ ʥʘ 5 %. 

1.5. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʘʣʤʘʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʷʟʢʠ, ʨʘʟʤʝʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʨʘʟʠʚʘ ʚ ʦʪʨʝʟʥʳʭ 

ʩʝʛʤʝʥʪʥʳʭ ʜʠʩʢʘʭ, ʢʦʣʴʮʝʚʳʭ ʩʚʝʨʣʘʭ, ʢʘʥʘʪʥʳʭ ʧʠʣʘʭ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʥʠʝ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʨʝʟʢʠ ʠ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [12].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʟʣʠʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʙʦʪʢʠ.  

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ ʷʚʣʷʝʪʩʷ 

ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ (specific cutting energy SEcut). ʆʙʳʯʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʨʦʜʳ. ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʠʩʴ ʠ ʨʘʟʚʠʚʘʣʠʩʴ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʦʛʨʘʥʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʢʘʤʥʷ, ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʚʷʟʢʠ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [173]. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ ʧʦʨʦʜʳ, ʥʘʧʨʠʤʝʨ, ʛʨʘʥʠʪ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ, ʨʘʟʤʝʨʫ ʟʝʨʥʘ ʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʨʝʟʘʥʠʷ ʠʣʠ ʩʚʝʨʣʝʥʠʷ.  

ɼʣʷ ʫʧʨʦʱʝʥʥʦʡ ʦʮʝʥʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʨʝʟʘʥʠʝʤ ʘʣʤʘʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ [174]. ʊʚʝʨʜʦʩʪʴ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʠʟʥʦʩ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ 
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ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤ ʨʝʟʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʨʦʜ.   

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ [175]: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ, çɹʨʘʟʠʣʴʩʢʠʡè 

ʪʝʩʪ, ʠʥʜʝʢʩ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʦʯʝʯʥʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʪʚʝʨʜʦʩʪʴ ʧʦ 

ʐʦʨʫ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʝʪʦʜʦʤ ʄʦʣʦʪʦʢ ʐʤʠʜʪʘ, ʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, 

ʚʦʜʦʧʦʛʣʦʱʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ.  

ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʢʦʨʨʝʣʷʮʠʶ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʨʝʟʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [175]. 

ʋʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ï ɻ ʪʦ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʤʘʪʝʨʠʘʣʘ ʨʝʟʘʥʠʝʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʋʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ 

ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʨʦʜʳ [176]. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ (1): 

 

ὛὉ   , (1) 

ʛʜʝ SEcut ï ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ, ɼʞ/ʤʤ3;  

Et ï ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ɼʞ; 

Q ï ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʨʝʟʘʥʠʝʤ, ʤʤ3. 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʟʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʝʟʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʬʦʨʤʫʣʝ (2): 

ὛὉ   , (2) 

ʛʜʝ P ï ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ɺʪ; 

t ï ʚʨʝʤʷ ʨʝʟʘʥʠʷ, ʩ; 

Vf ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʤ/ʤʠʥ; 

d ï ʛʣʫʙʠʥʘ ʨʝʟʘ, ʤʤ; 

w ï ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʨʝʟʘ, ʤʤ. 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʚʝʨʜʳʝ, ʧʣʦʪʥʳʝ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʰʣʠʬʦʚʘʪʴ ʪʨʫʜʥʝʝ, ʯʝʤ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʠʣʠ ʧʦʨʠʩʪʫʶ ʢʝʨʘʤʠʢʫ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʘʚʘʪʴ ʦʙʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʫʩʣʦʚʠʡ ʰʣʠʬʦʚʘʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʟʘʛʦʪʦʚʢʠ, ʝʝ ʬʦʨʤʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ 
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ʥʝ ʪʦʣʴʢʦ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʪʘʢʞʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʞʝʩʪʢʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ. 

ʤʘʰʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ, ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʣʦʪʥʦʩʪʴ, ʪʠʧ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʙʘʚʦʢ ʠ ʦʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʦʩʪʘʚʘ 

ʘʣʤʘʟʥʦʛʦ ʢʨʫʛʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ [2]. 

1.5.1. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʟʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʄʨʘʤʦʨ 

ʄʨʘʤʦʨ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʤ ʠ ʧʣʦʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦʩʪʦʷʱʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʩʣʶʜʳ, ʢʚʘʨʮʘ, ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʛʨʘʬʠʪʘ 

[177]. ɽʛʦ ʩʚʦʡʩʪʚʘ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ 63,4 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ 17 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 4,8 ʄʇʘ, ʪʚʝʨʜʦʩʪʴ ʧʦ ʂʥʫʧʫ 156, ʧʦʨʠʩʪʦʩʪʴ 

0,2 % [178]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [179], ʚʩʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʩʚʷʟʢʠ 

ʢʦʤʧʘʥʠʠ Umicore, ʦʪ ʢʦʙʘʣʴʪʦʚʳʭ ʠ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Co-Fe-Cu ʜʦ ʤʷʛʢʠʭ ʥʘ ʦʩʥʦʚʝ ʙʨʦʥʟ, ʧʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʦʠʟʤʝʨʠʤʳ ʩ ʤʨʘʤʦʨʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʰʣʘʤ ʩ ʥʠʟʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʙʦʥʦʩʪʴʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʨʘʤʦʨʘ ʜʦʣʞʝʥ ʦʩʥʘʱʘʪʴʩʷ ʩʚʷʟʢʘʤʠ ʩ ʥʠʟʢʦʡ ʪʚʝʨʜʦʩʪʴʶ 

ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ [178] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʙʨʦʥʟ Cu-Sn-Co-Fe ʥʘ ʩʣʫʞʝʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ɸʆʉʂ ʧʨʠ ʨʝʟʢʝ ʤʨʘʤʦʨʘ. ɸʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʣʘʚʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʣʤʘʟʘ ʠ ʠʭ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʝʟʘʥʠʷ. ʉʘʤʦʝ 

ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ SEcut ʙʳʣʦ ʫ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʚʷʟʢʦʡ ʩʦʩʪʘʚʘ 67,87%Cu ï 15,13 % Fe 

ï 14,11 % Co ï 4,31 % Sn. ɼʘʥʥʳʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʨʝʠʟʦʚʘʣʩʷ ʩʘʤʦʡ ʥʠʟʢʦʡ ʪʚʝʨʜʦʩʪʴʶ (185 HV) 

ʩʨʝʜʠ ʰʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ, 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʰʫʤʘ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [180] ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʜʣʷ ʩʝʛʤʝʥʪʦʚ ʆʉɼ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʣʘʪʫʥʠ ʠ ʙʨʦʥʟʳ ʩ ʜʦʙʘʚʢʦʡ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʙʘʣʴʪʘ. ɼʘʥʥʳʝ ʩʚʷʟʢʠ ʦʙʣʘʜʘʣʠ ʥʠʟʢʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʚʝʨʜʦʩʪʴʶ (79 HRB). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʨʝʟʢʝ ʤʨʘʤʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʨʫʧʥʦʩʪʠ ʉʊʄ, ʫʤʝʥʴʰʝʥʠʠ 

ʜʦʣʠ ʢʦʙʘʣʴʪʘ ʚ ʩʦʩʪʘʚʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʠ ʪʚʝʨʜʦʩʪʠ. ʀʟʥʦʩ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʣʘʪʫʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʤʝʭʘʥʠʟʤʘʤ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʠʪ 

ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʟʘ ʩʯʝʪ ʠʩʪʠʨʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʷʟʢʠ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʰʣʘʤʘ, 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʨʠ ʮʘʨʘʧʘʥʠʠ ʤʨʘʤʦʨʘ ʟʝʨʥʘʤʠ ʉʊʄ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʩʪʘʣʦʩʪʥʳʡ 

ʠʟʥʦʩ ʚʩʣʝʜʩʪʚʠʝ ʜʣʠʪʝʣʴʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʘʣʤʘʟʥʳʝ ʟʝʨʥʘ, 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʦʙʣʘʩʪʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʉʊʄ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʮʘʨʘʧʠʥ ʙʝʟ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʩʚʷʟʢʠ.  

ɺ ʨʘʙʦʪʝ [177] ʦʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʨʝʟʢʠ ʤʨʘʤʦʨʘ ʪʚʝʨʜʳʭ ʩʚʷʟʦʢ, 

ʥʦ ʣʝʛʢʦ ʠʟʥʘʰʠʚʘʝʤʳʭ ʚʩʣʝʜʩʪʚʠʝ ʘʙʨʘʟʠʚʥʦʛʦ, ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʠ ʠʟʥʦʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʝ [181]. ɺ ʥʝʡ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʚʷʟʢʠ ʙʨʦʥʟʫ (90 Cu-10 Sn) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʝʝ ʪʚʝʨʜʳʤʠ ʠ ʭʨʫʧʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ B4C ʠ SiC. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʛʤʝʥʪʳ ʩʦ ʩʣʦʠʩʪʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʳʭ ʩʣʦʠ 

ʙʨʦʥʟʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʚʝʨʜʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʯʝʨʝʜʦʚʘʣʠʩʴ ʩʦ ʩʣʦʷʤʠ ʯʠʩʪʦʡ ʙʨʦʥʟʳ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʠʪʴ ʩʝʛʤʝʥʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʠʯʴ ʥʠʟʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ 

ʚʳʢʨʘʰʠʚʘʥʠʶ ʤʠʢʨʦʦʙʲʝʤʦʚ ʩʚʷʟʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʘʜʘʧʪʘʮʠʠ ʩʚʷʟʦʢ ʢ ʨʝʟʢʝ ʤʘʣʦʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ 

ʢʦʙʘʣʴʪʘ ʢʘʢ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʥʘ ʞʝʣʝʟʦ. ʉʚʷʟʢʠ Cu-Sn-Ni-X%Fe, ʛʜʝ (X = 30, 50, 80) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʥʘʪʥʳʭ ʧʠʣʘʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʤʨʘʤʦʨʘ. ɿʘʤʝʥʘ ʢʦʙʘʣʴʪʘ ʥʘ ʞʝʣʝʟʦ ʧʦʟʚʦʣʠʣʘ ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ 

ʫʚʝʣʠʯʠʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʚʷʟʦʢ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʘʣʤʘʟʦʚ (ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ 

ʭʨʫʧʢʦ ʨʘʟʨʫʰʝʥʥʳʭ ʟʝʨʝʥ ʠ ʟʝʨʝʥ ʩ ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʛʨʘʥʷʤʠ) ʠ ʦʙʝʩʧʝʯʠʣʦ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ 

ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ.  

 

ɻʨʘʥʠʪ 

ɻʨʘʥʠʪ ʷʚʣʷʝʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (60-65%), 20-

30% ʢʚʘʨʮʘ ʠ 5-10% ʩʣʶʜʳ. ɻʨʘʥʠʪ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʛʨʘʥʠʪʘ ʘʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʟʥʘʰʠʚʘʝʪʩʷ ʧʦ ʯʝʪʳʨʝʤ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ: (1) ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʟʘ ʩʯʝʪ ʤʠʢʨʦʮʘʨʘʧʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʪʚʝʨʜʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʢʚʘʨʮʘ, ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʦʨʪʦʢʣʘʟʘ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʛʨʘʥʠʪʘ; (2) ʫʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ 

ï ʧʨʠʩʫʱ ʘʣʤʘʟʘʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʛʜʘ ʚ ʥʝʤ ʧʦʩʪʝʧʝʥʥʦ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʝʬʝʢʪʳ ʠ ʩʛʣʘʞʠʚʘʶʪʩʷ ʦʩʪʨʳʝ ʛʨʘʥʠ; (3) ʫʜʘʨʥʳʡ ʠʟʥʦʩ ï ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ; 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ʚʳʢʨʘʰʠʚʘʥʠʝ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ; (4) ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ï ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʘʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʟʢʠ [182,183]. ʇʨʠ ʚʳʙʦʨʝ ʩʚʷʟʢʠ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʛʨʘʥʠʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʠʷ ʛʨʘʥʠʪʦʚ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ [179]. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 
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ʪʚʝʨʜʦʩʪʠ ʛʨʘʥʠʪʘ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʷʟʦʢ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʭ ʢʦʙʘʣʴʪ ʠ ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ [184].  

ʇʦʨʦʰʢʠ ʠ ʩʧʣʘʚʳ ʢʦʙʘʣʴʪʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʩʚʷʟʦʢ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʢʠ ʛʨʘʥʠʪʘ [182]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʢʦʙʘʣʴʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʝʛʦ ʟʘʤʝʥʷʶʪ ʥʘ ʙʣʠʟʢʠʝ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʦʙʘʚʢʦʡ 

ʚ ʩʚʷʟʢʘʭ ʷʚʣʷʝʪʩʷ ʙʨʦʥʟʘ, ʦʥʘ ʚʚʦʜʠʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠ ʞʠʜʢʦʬʘʟʥʦʤ ʩʧʝʢʘʥʠʠ. ɺʦʣʴʬʨʘʤ 

(W) ʠ ʜʨʫʛʠʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʦʩʪʘ ʟʝʨʝʥ ʠ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʦʣʴʬʨʘʤ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʠ ʩʚʷʟʢʦʡ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʠ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʫ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʭ ʧʣʘʢʠʨʦʚʘʥʠʠ Ti, Cr, Si, V ʠ W. 

ɺ ʨʘʙʦʪʝ [179] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʨʝʟʢʝ ʛʨʘʥʠʪʘ ʘʣʤʘʟʥʳʤʠ 

ʩʝʛʤʝʥʪʘʤʠ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʦʢ ʚ ʩʠʩʪʝʤʝ Co-Cu-Fe-Sn, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʩʧʝʢʘʥʠʝʤ ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʩʝʛʤʝʥʪʦʚ ʧʨʠ ʨʝʟʘʥʠʠ ʛʨʘʥʠʪʦʚ ʧʷʪʠ ʚʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʃʫʯʰʠʤ ʩʦʯʝʪʘʥʠʝʤ ʩʢʦʨʦcʪʠ ʨʝʟʘʥʠʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʣʘʜʘʣʠ ʩʝʛʤʝʥʪʳ ʩʦ ʩʚʷʟʢʦʡ Co-Cu-

Fe. ɼʘʥʥʘʷ ʩʚʷʟʢʘ ʠʤʝʣʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ 833-989 ʄʇʘ, ʪʚʝʨʜʦʩʪʴ 2533-2796 HV.  

ɼʣʷ ʩʚʝʨʣʝʥʠʷ ʛʨʘʥʠʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʩʚʷʟʢʠ Fe-Ni-WC [38]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʚʝʨʣʘ ʩ ʩʝʛʤʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʢʠ Fe-Ni-WC ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʤʘʟʦʚ 20 ʦʙ. % ʨʘʙʦʪʘʣʠ ʚ 

ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʧʦʢʨʳʪʠʷ Mo2C ʥʘ ʘʣʤʘʟʘʭ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʘʜʛʝʟʠʶ ʩʚʷʟʢʠ ʢ 

ʘʣʤʘʟʫ ʠ ʫʚʝʣʠʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʚʳʩʪʫʧʘʥʠʷ ʘʣʤʘʟʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʝʛʤʝʥʪʘ.  

ɺ ʨʘʙʦʪʝ [185] ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʣʘʚʳ Cu-Sn-Fe ʩ ʪʚʝʨʜʦʩʪʴʶ 70-90 HRC 

ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ 2-10 ɼʞ/ʤʤ2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʨʝʟʢʝ ʛʨʘʥʠʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʘʙʨʘʟʠʚʥʦʩʪʴ ʛʨʘʥʠʪʘ ʧʦ ʰʢʘʣʝ CAI, ʪʝʤ ʚʳʰʝ 

ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʩʯʝʪ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʩʚʷʟʢʠ, ʘ ʪʘʢʞʝ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ.  

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʨʘʥʠʪʘ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ. ɺ ʨʘʙʦʪʝ [186] ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʩʪʘʚ 

ʤʘʨʢʠ LM156 ï 50 % Co ï 50 % ʙʨʦʥʟʳ (90Cu-10Sn). ɺ ʜʘʥʥʳʡ ʩʧʣʘʚ ʚʚʦʜʠʣʠ ʛʨʘʬʠʪʦʚʳʡ 

ʧʦʨʦʰʦʢ ʨʘʟʤʝʨʦʤ 40 ʤʢʤ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 2,5 ʜʦ 5 ʤʘʩʩ. %. ɼʦʙʘʚʢʠ ʛʨʘʬʠʪʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʫʚʝʣʠʯʠʚʘʶʪ ʨʘʩʭʦʜ ʠʥʩʪʨʫʤʝʥʪʘ (ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʧʨʠ 

ʤʝʥʴʰʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ.  

 



45 

ʇʝʩʯʘʥʠʢ 

ʇʝʩʯʘʥʠʢ ʷʚʣʷʝʪʩʷ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʩʦʩʪʦʷʱʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʯʘʩʪʠʮ ʢʚʘʨʮʘ 

ʨʘʟʤʝʨʦʤ ʦʪ 0,05 ʤʢʤ ʜʦ 2 ʤʤ, ʩʦʝʜʠʥʝʥʥʳʭ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ. ʆʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʤ ʠʩʢʫʩʩʪʚʝ. ʀʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʚʘʨʮʘ 

ʧʝʩʯʘʥʠʢ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʘʙʨʘʟʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʚʷʟʢʫ ʜʣʷ ʥʝʛʦ ʜʝʣʘʶʪ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ [187] ʧʦʢʘʟʘʥʦ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ 

ʩʧʣʘʚʘ Cu35Ni25Co25Cr15 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ. ɼʘʥʥʘʷ ʩʚʷʟʢʘ ʦʙʣʘʜʘʣʘ ʪʚʝʨʜʦʩʪʴʶ 

235 HV ʠ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ 1022 ʄʇʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʚʷʟʢʠ 663Cu-Co-WC (122 HV ʠ 774 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʥʩʪʨʫʤʝʥʪ ʩʦ ʩʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʝ ɺʕʉ ʢʘʢ ʧʦ ʟʥʘʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʝʟʘʥʠʷ (1,03 ɼʞ/ʤʤ3), 

ʪʘʢ ʠ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʣ ʘʥʘʣʦʛʠ.  

ɺ ʨʘʙʦʪʝ [188] ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʨʝʟʢʝ ʧʝʩʯʘʥʠʢʘ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʩʧʫʩʢʘʝʤʘʷ ʩʚʷʟʢʘ Next100 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʪʘʢʫʶ ʞʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʘʢ ʠ 

ʢʦʙʘʣʴʪʦʚʘʷ ʩʚʷʟʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʢʘ Cu-Fe-Co ʩ ʦʜʥʦʨʦʜʥʳʤ ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʩʪʨʦʝʥʠʝʤ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʢʦʙʘʣʴʪʦʚʳʝ ʩʚʷʟʢʠ ʧʨʠ ʨʝʟʢʝ ʚʳʩʦʢʦʘʙʨʘʟʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

 

ɹʝʪʦʥ 

ɹʝʪʦʥ ï ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ ʧʝʩʦʢ, 

ʱʝʙʝʥʴ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʚʷʟʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. ʆʙʨʘʙʦʪʢʘ ʙʝʪʦʥʘ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʠʤ ʠʟʥʦʩʦʤ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʙʨʘʟʠʚʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʩʚʷʟʢʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ, 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ.  

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʠʭ ʢʘʨʙʠʜʦʚ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʦʢ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ WC ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ [2,189]. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʫʜʝʪ ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʩʪʦʠʤʦʩʪʴ 

ʩʚʷʟʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʚʷʟʢʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. 

ɺ ʨʘʙʦʪʝ [190] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʣʘʚʳ Fe-Mn-Cu-Sn ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʢʦʙʘʣʴʪʦʚʳʤ ʩʚʷʟʢʘʤ ʠ ʢʦʤʧʦʟʠʪʘʤ ʩʦʩʪʘʚʘ Co-20%WC. ʆʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʄʃ ʠʟ 

ʧʦʨʦʰʢʦʚ ʞʝʣʝʟʘ, ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʠ ʙʨʦʥʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʚʥʦʤʝʨʥʦʛʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʫʩʪʝʥʠʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʚʷʟʢʠ Fe-Mn-Cu-Sn ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ SiC, 

Al 2O3, and ZrO2 [191]. ɼʘʥʥʳʝ ʜʦʙʘʚʢʠ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ ʥʘ 16-50 % (ʜʦ 350-450 

HV) ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʙʝʪʦʥʘ ʚ ʜʚʘ ʨʘʟʘ.  

ɹʣʠʟʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʢ ʩʧʣʘʚʘʤ Co-WC ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʣʘʚʳ ʚ 

ʩʠʩʪʝʤʘʭ Cr-Fe ʠ Cr-Ni-Fe ʩ ʜʦʙʘʚʢʘʤʠ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ ʠ ʥʠʢʝʣʷ [25]. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʭʨʦʤʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ (38 HV) ʠ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʠʟʛʠʙʝ (900 ʄʇʘ). ɼʘʥʥʳʝ ʩʚʷʟʢʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʢ ʘʣʤʘʟʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʣʫ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ. ʂʦʣʴʮʝʚʳʝ ʩʚʝʨʣʘ, ʦʩʥʘʱʝʥʥʳʝ ʩʚʷʟʢʘʤʠ ʥʘ ʦʩʥʦʚʝ Cr-Fe ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʙʝʪʦʥʘ.   

 

ʏʫʛʫʥ 

ʏʫʛʫʥ ʠ ʜʨʫʛʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʙ, ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʜʝʞʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ɸʣʤʘʟʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʨʝʟʢʠ ʣʠʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʨʝʟʢʠ ʪʨʫʙ ʠ ʧʨʠ ʚʳʧʦʣʥʝʠʠ ʜʨʫʛʠʭ 

ʦʧʝʨʘʮʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʨʝʟʢʠ ʯʫʛʫʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʢʘʭ ʠʣʠ 

ʩʦ ʩʚʷʟʢʘʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʦʜʥʦʩʣʦʡʥʳʝ). ʆʙʘ ʪʠʧʘ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 

[192].  

ʂ ʧʨʦʙʣʝʤʘʤ, ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʘʣʤʘʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʘʣʤʘʟʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʘʣʤʘʟ 

ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʙʠʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ (ʛʨʘʬʠʪ), ʠʟʥʘʰʠʚʘʪʴʩʷ ʠ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ [193]. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʥʦʩʫ ʘʣʤʘʟʘ, ʪʘʢ ʢʘʢ 

ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-ʛʨʘʬʠʪè. ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ ʞʝʣʝʟʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʛʨʘʬʠʪʠʟʘʮʠʠ ʘʣʤʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʩ 1000 Áʉ ʜʦ 700 Áʉ [194].  

ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʨʝʞʫʱʠʭ ʩʚʦʡʩʪʚ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʉʊʄ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʳʩʦʢʦʤʫ ʠʟʥʦʩʫ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩʦ 

ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʊʘʢʠʤ ʉʊʄ 

ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʠʡ ʥʠʪʨʠʜ ʙʦʨʘ (cBN) ï ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩ ʪʝʤ ʞʝ ʪʠʧʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢʘʢ ʫ ʘʣʤʘʟʘ, ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ (50-58 ɻʇʘ [195]), ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ 

(ʜʦ 1500 Áʉ) ʠ ʤʘʣʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʞʝʣʝʟʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, cBN ʫʩʪʫʧʘʝʪ ʘʣʤʘʟʫ ʧʦ 

ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʨʝʜʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪʝ, ʨʘʙʦʪʘʶʱʠʤ ʧʨʠ ʙʦʣʴʰʠʭ 
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ʥʘʛʨʫʟʢʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, cBN ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʝʛʤʝʥʪʦʚ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ ʠ ʯʫʛʫʥʦʚ [196]. ʉʚʷʟʢʘ ʚ ʵʪʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʩʧʣʘʚʘ CuïSnï

Ti, ʦʙʣʘʜʘʶʱʝʡ ʥʠʟʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʦʝ ʫʜʝʨʞʘʥʠʝ ʉʊʄ ʚ 

ʨʘʙʦʯʝʤ ʩʣʦʝ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʠʪʘʥʦʤ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ TiB2 ʠ TiN). 

ʇʨʠ ʨʝʟʢʝ ʩʪʘʣʝʡ ʠ ʯʫʛʫʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʤʘʣʦ ʘʙʨʘʟʠʚʥʦʛʦ ʰʣʘʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʚʣʝʯʝʥ ʚ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʩʣʦʡʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ï ʩʦ ʩʚʷʟʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʣʠ ʤʝʪʦʜʦʤ ʘʢʪʠʚʥʦʡ ʧʘʡʢʠ. ɺ ʨʘʙʦʪʝ [193] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʝ 

ʩʧʣʘʚʘ Ni-Cr, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʘʢʪʠʚʥʦʡ ʧʘʡʢʠ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ 2,7 ʨʘʟʘ 

ʙʦʣʴʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʢʘʭ.   

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʟʘʧʦʣʠʨʦʚʳʚʘʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʨʝʟʢʝ ʯʫʛʫʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʦʢ ʭʨʫʧʢʠʭ, ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ [197] ʧʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʚʷʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʦʙʨʘʟʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʝʟʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʧʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʰʣʘʤʘ ʠ ʩʪʨʫʞʢʠ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʭʣʘʞʜʝʥʠʶ ʩʝʛʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʮʠʨʢʫʣʷʮʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ 

[198], ʯʪʦ ʧʨʠʤʝʥʠʝ ʧʦʨʠʩʪʳʭ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʝ 

ʨʝʟʘʥʠʷ ʚ 1,5ï2,1 ʨʘʟʘ ʜʦ 300ï500 Áʉ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʦʨʦʛʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʘʣʤʘʟʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʜʦʩʪʠʛʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʘʚʢʠ, ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʧʝʨʝʞʦʛʦʚ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʩʣʦʷ, ʩʥʠʞʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʤʝʨʦʤ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʦʟʠʮʠʷ Na2OïB2O3ïSiO2 [198].  

ʇʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʩʚʷʟʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʘʜʜʠʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [199]. ʉʝʛʤʝʥʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ (ʉʃʉ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 

AlSi10Mg, ʘʣʤʘʟʥʳʡ ʧʦʨʦʰʦʢ ʠʤʝʣ ʨʘʟʤʝʨʳ 62-75 ʤʢʤ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ, ʦʙʣʘʜʘʣ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʨ ʠ ʧʦʨʠʩʪʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʦʯʥʦ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɸʆʉʂ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʉʃʉ, ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɸʆʉʂ ʩʦ ʩʚʷʟʢʘʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʛʣʫʙʠʥʳ ʧʦʜʘʯʠ. 
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1.5.2. ʉʫʭʦʝ ʠʣʠ ʤʦʢʨʦʝ ʨʝʟʘʥʠʝ 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʟʢʫ ʠʣʠ ʩʚʝʨʣʝʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ 

çʩʫʭʠʭè ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʙʝʟ ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ ʠʣʠ ʧʨʦʝʤʦʚ ʚ 

ʞʝʣʝʟʦʙʝʪʦʥʝ ʚ ʨʷʜʝ ʟʘʜʘʯ: ʥʘ ʦʙʲʝʢʪʘʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʦʝ ʠʣʠ ʨʘʜʠʘʮʠʦʥʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ; ʚʥʫʪʨʠ ʟʜʘʥʠʡ, ʛʜʝ ʟʘʢʦʥʯʝʥʳ ʠʥʪʝʨʴʝʨʥʳʝ ʨʘʙʦʪʳ; ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚ ʟʜʘʥʠʷʭ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɸʣʤʘʟʥʳʝ ʩʝʛʤʝʥʪʳ ʧʨʠ çʩʫʭʦʤè ʢʦʥʪʘʢʪʝ ʩʦ ʩʪʘʣʴʥʦʡ 

ʘʨʤʘʪʫʨʦʡ ʩʨʘʟʫ ʪʝʨʷʶʪ ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʘʣʤʘʟʦʚ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʛʨʘʬʠʪʠʟʘʮʠʝʡ ʘʣʤʘʟʦʚ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʞʝʣʝʟʦʤ (ʤʝʪʘʣʣʦʤ-ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʝʨʝʭʦʜʘ ʘʣʤʘʟʘ ʚ ʛʨʘʬʠʪ), ʚʦ-ʚʪʦʨʳʭ, 

ʦʢʠʩʣʝʥʠʝʤ ʠ ʛʨʘʬʠʪʠʟʘʮʠʝʡ ʘʣʤʘʟʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʨʠ ʩʫʭʦʤ ʨʝʟʘʥʠʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʚ-ʪʨʝʪʴʠʭ, ʟʘʧʦʣʠʨʦʚʳʚʘʥʠʝʤ ʨʘʙʦʯʝʛʦ ʩʣʦʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʘʙʨʘʟʠʚʥʦʛʦ ʰʣʘʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʨʠʘʣ ʩʚʷʟʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʫʭʦʡ ʨʝʟʢʠ ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʢʠ ʩʝʛʤʝʥʪʦʚ ï ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ 

ʟʘʢʨʝʧʣʝʥʠʝ ʥʘ ʢʦʨʧʫʩʝ (ʣʘʟʝʨʥʘʷ ʩʚʘʨʢʘ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʧʘʡʢʦʡ).  

ʈʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʫʭʦʡ ʨʝʟʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʩʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʝʛʤʝʥʪʦʚ ʠʣʠ ʜʠʟʘʡʥʘ ʠʥʩʪʨʫʤʝʥʪʘ [200]. ɼʣʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʚʷʟʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʫʭʦʡ ʨʝʟʢʠ. ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʟʥʦʩʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ 

ʥʘʣʠʧʘʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʨʘʙʦʯʝʛʦ 

ʩʣʦʷ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʥʘʛʨʫʟʢʘ ʥʘ ʘʣʤʘʟʥʦʝ ʟʝʨʥʦ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʚʷʟʢʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʥʝ ʚʳʟʚʘʪʴ ʟʘʛʣʫʙʣʝʥʠʝ 

ʉʊʄ. ʀʥʬʦʨʤʘʮʠʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦ ʨʘʙʦʪʘʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʩʚʷʟʦʢ, 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʩʫʭʦʡ ʨʝʟʢʠ, ʦʛʨʘʥʠʯʝʥʘ. ɺ ʨʘʙʦʪʝ [201] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʚʷʟʦʢ Fe-Cu-Sn-Ni-Mo ʠ Fe-Cu-Sn-Cr-Mo ʩ ʜʦʙʘʚʢʘʤʠ 0,5-0,8 % ʛʨʘʬʠʪʘ. 

ʅʝʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʧʦʚʳʰʘʣʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʩʚʷʟʦʢ. ɻʨʘʬʠʪ 

ʚʳʧʦʣʥʷʣ ʜʚʝ ʬʫʥʢʮʠʠ: ʩʪʘʙʠʣʠʟʠʨʦʚʘʣ ʤʘʨʪʝʥʩʠʪ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʦʪʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʩʚʷʟʢʠ.  

1.6. ɺʳʚʦʜʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ, 

ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ 
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ʩʚʷʟʦʢ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʚʷʟʢʘʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʝʟʢʘ 

ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʚ çʩʫʭʠʭè ʫʩʣʦʚʠʷʭ, ʨʝʟʢʘ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ) ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʚʷʟʦʢ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʭ ʘʜʛʝʟʠʠ ʢ 

ʘʣʤʘʟʫ, ʪʘʢ ʢʘʢ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʤʝʪʘʣʣʦʘʣʤʘʟʥʦʤ ʢʦʤʧʦʟʠʪʝ 

ʟʘʚʠʩʷʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩʚʷʟʦʢ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʥʦʤʫ 

ʤʦʥʦʢʨʠʩʪʘʣʣʫ.  

ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, 

ʪʘʢʠʝ ʢʘʢ ɺʕʄʆ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʷʟʦʢ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʟʢʠ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʣʝʛʠʨʦʚʘʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ; 

2) ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ, ʚʢʣʶʯʘʷ ʚʚʝʜʝʥʠʝ ʘʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʘ;  

3) ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʜʣʷ ʠʭ ʘʜʘʧʪʘʮʠʠ 

ʢ ʨʘʙʦʪʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʦʡ ʘʙʨʘʟʠʚʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʜʛʝʟʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʤʘʟʫ; 

4) ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

çʤʝʪʘʣʣ-ʘʣʤʘʟè ʚ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʘʭ ʩʦ ʩʚʷʟʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʢʠ ʢ ʘʣʤʘʟʦʫʜʝʨʞʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ; 

5) ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʚʷʟʦʢ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʧʫʪʝʤ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʚ ʢʦʣʦʥʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ); 

6) ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

çʤʝʪʘʣʣ-ʘʣʤʘʟè, ʪʘʢʠʭ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʣʘʢʠʨʦʚʘʥʠʝ 
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ʘʣʤʘʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ; 

7) ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʦʪʨʝʟʥʳʭ ʩʝʛʤʝʥʪʥʳʭ 

ʢʨʫʛʦʚ ʠ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ) ʩ ʥʦʚʳʤʠ ʪʠʧʘʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʜʝʬʠʮʠʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʥʝʜʨʠʪʴ ʣʫʯʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʵʢʩʧʦʨʪʦʧʨʠʛʦʜʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ɻʃɸɺɸ 2. ʀʉʍʆɼʅʓɽ ʄɸʊɽʈʀɸʃʓ, ʆɹʆʈʋɼʆɺɸʅʀɽ, ʄɽʊʆɼʓ 

ʇʆʃʋʏɽʅʀʗ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉɺʗɿʆʂ ɸʃʄɸɿʅʆɻʆ 

ʀʅʉʊʈʋʄɽʅʊɸ 

2.1. ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʮ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʦʨʦʰʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʦʢ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʉʦʩʪʘʚ 

ʇʦʨʦʰʦʢ ʥʠʢʝʣʷ ʤʘʨʢʠ 

ʇʅʂ-ʋʊ-3 

ʆɸʆ ''ʂʦʣʴʩʢʘʷ ɻʄʂ'' 

(ɻʆʉʊ 9722-79) 
Ni ʥʝ ʤʝʥʝʝ 99,90  ʤʘʩʩ. % 

ʇʦʨʦʰʦʢ ʞʝʣʝʟʘ ʤʘʨʢʠ ɺʂ-3 ʆʆʆ çʉʠʥʪʝʟ-ʇʂɾè Fe ʥʝ ʤʝʥʝʝ 99,65 ʤʘʩʩ. % 

ʇʦʨʦʰʦʢ ʢʦʙʘʣʴʪʘ ʤʘʨʢʠ ʇʂ-

1ʫ 
ʅʇʆ çʈʫʩʨʝʜʤʝʪè ʥʝ ʤʝʥʝʝ 99,35% 

ʇʦʨʦʰʦʢ ʤʦʣʠʙʜʝʥʘ ʤʘʨʢʠ 

ʇʄ99,95 
ɻʂ çʉʄʄè ʥʝ ʤʝʥʝʝ 99,77% 

ʇʦʨʦʰʦʢ ʤʝʜʥʳʡ ʤʘʨʢʠ ʇʄʉ-

1 
ɸʆ çʋʨʘʣʵʣʝʢʪʨʦʤʝʜʴè ʥʝ ʤʝʥʝʝ 99,88% 

ʇʦʨʦʰʦʢ ʭʨʦʤʘ ʇʍ1ʩ ɸʆ çʇʦʣʝʤʘè ʥʝ ʤʝʥʝʝ 99,9% 

ʇʦʨʦʰʦʢ ʪʠʪʘʥʘ ʤʘʨʢʠ ʇʊʆʄ ɸʆ çʇʦʣʝʤʘè ʥʝ ʤʝʥʝʝ 99,9% 

ʇʦʨʦʰʦʢ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ ɸʆ çʇʣʘʟʤʦʪʝʨʤè ʥʝ ʤʝʥʝʝ 99,9% 

ʇʦʨʦʰʦʢ ʩʚʷʟʢʠ NEXT100 Eurotungstene / Umicore 50%Cu+25%Co+25%Fe 

 

ʅʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ d, ʥʤ 
Sʫʜ, 

ʤ2/ʛ 

ɟʥʘʩ, 

ʛ/ʩʤ3 

ʇʨʠʤʝʩʠ, 

% ʤʘʩʩ. 

ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʂʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ WC 20-100 6-9 2,4 ʜʦ 5 % 
ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ 

(ʀʄɽʊ ʈɸʅ) 

ʆʢʩʠʜ ʮʠʨʢʦʥʠʷ ZrO2 10-40 10-14 0,5 0,01-0,05 
ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ 

(ʌɻʋʇ ʉʂʍ) 

http://www.google.ru/url?sa=t&rct=j&q=%D0%BE%D0%B0%D0%BE%20%D0%BA%D0%BE%D0%BB%D1%8C%D1%81%D0%BA%D0%B0%D1%8F%20%D0%B3%D0%BC%D0%BA&source=web&cd=1&sqi=2&ved=0CBsQFjAA&url=http%3A%2F%2Fwww.kolagmk.ru%2F&ei=FXy3TtakGvPT4QTCt5z3Aw&usg=AFQjCNEEK15yPR1z2k-eMuXUVxohuWM0cA&cad=rja
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ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ Al 2O3 40 10 0,8 0,1 
ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠ

ʡ 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 

ɻʝʢʩʘʛʦʥʘʣʴʥʳʡ ʥʠʪʨʠʜ 

ʙʦʨʘ h-BN 
20 12 0,3 1 ʆʆʆ çʄʝʪʩʠʥʪʝʟè 

ʇʦʣʠʪʠʪʘʥʘʪ ʢʘʣʠʷ 

(K2O*nTi2O7) 
50 8 0,3 1 

ʆʆʆ 

çʅʘʥʦʢʦʤʧʦʟʠʪè 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

(ʋʅʊ) 
60 7 0,2 0,5 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʧʠʨʦʣʠʟ (ɺʣɻʋ) 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʩ ʮʝʣʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ. ɼʘʥʥʳʝ ʜʦʙʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ 

ʅʘʠʤʝʥʦʚʘʥʠʝ d, ʤʢʤ ɟʥʘʩ, ʛ/ʩʤ
3 ʇʨʠʤʝʩʠ, % ʤʘʩʩ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʇʦʣʳʝ ʢʦʨʫʥʜʦʚʳʝ 

ʤʠʢʨʦʩʬʝʨʳ ʇʂʄ 
40-500 1,2 ʜʦ 0,4 % 

ʆʆʆ "ʂʠʪ-ʉʪʨʦʡ 

ʉʇʙ" 

ɻʨʘʬʠʪ ʤʘʨʢʠ ɻʃ-1 40-500 0,8 ʜʦ 1 % ɸʆ çɸʄʂ-ɻʨʫʧʧè 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʝʛʤʝʥʪʦʚ 

ʘʣʤʘʟʥʳʭ ʦʪʨʝʟʥʳʭ ʩʝʛʤʝʥʪʥʳʭ ʢʨʫʛʦʚ, ʢʦʣʴʮʝʚʳʭ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ ʠ ʧʝʨʣʠʥ ʢʘʥʘʪʥʳʭ ʧʠʣ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ ʉʊʄ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 5.  

 

ʊʘʙʣʠʮʘ 5 ς ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʰʢʦʚ ʉʊʄ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨ ʯʘʩʪʠʮ, mesh ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ɸʣʤʘʟʥʳʡ ʧʦʨʦʰʦʢ EX990 40/50 Exin Diamonds 

ɸʣʤʘʟʥʳʡ ʧʦʨʦʰʦʢ SDB1100 40/50 Element Six 

ʇʦʨʦʰʦʢ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ cBN ʤʘʨʢʠ 

ABN 605 
40/50 Element Six 
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2.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ 

ʇʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ: ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʤʝʣʴʥʠʮ (ʇʎʄ). 

ʉ ʮʝʣʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʙʝʟ ʧʨʦʪʝʢʘʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʣʴʥʠʮʘ ʰʘʨʦʚʘʷ ʩ 

ʧʨʠʚʦʜʦʤ ʦʪ ʚʘʣʢʦʚ ʄɺʌ-1 (ʆʆʆ çʊʝʭʥʦ-ʮʝʥʪʨè) ʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʩʤʝʩʠʪʝʣʴ 

çTurbula 2.0è (ʆʆʆ çɺʠʙʨʦʪʝʭʥʠʢè) ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʦʪ 60 ʜʦ 90 ʦʙ/ʤʠʥ.  

ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʧʝʢʘʥʠʷ, ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʎʄ. 

ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʇʎʄ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 6.  

 

ʊʘʙʣʠʮʘ 6 ï ʇʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʇʎʄ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʅʘʟʚʘʥʠʝ ʇʨʦʠʟʚʦʜʠʪʝʣʴ 
ʎʝʥʪʨʦʙʝʞʥʳʡ 

ʬʘʢʪʦʨ, g 

ʆʙʲʝʤ ʙʘʨʘʙʘʥʘ, 

ʤʣ 

ʈʘʟʤʦʣʴʥʳʝ 

ʪʝʣʘ 
ʉʨʝʜʘ 

ʄʇʇ-1 
ʆʆʆ 

çɺʠʙʨʦʪʝʭʥʠʢè 
30 250 ʐʘʨʳ ʠʟ 

ʩʪʘʣʠ 

ʤʘʨʢʠ 

ʐʍ15, 

ʜʠʘʤʝʪʨʦʤ 

6, 8, 10 ʤʤ 

ɺʦʟʜʫʭ 

Pulverisette 5 çFritschè 22 250, 500 ɺʦʟʜʫʭ 

ɸʢʪʠʚʘʪʦʨ-2S ʆʆʆ çɿʘʚʦʜ 

ʍʠʤʠʯʝʩʢʦʛʦ 

ʄʘʰʠʥʦʩʪʨʦʝʥ

ʠʷè 

90-120 250 ɸʨʛʦʥ 

ɸʢʪʠʚʘʪʦʨ-4M 90-120 1000 ɸʨʛʦʥ 

ɸʢʪʠʚʘʪʦʨ-4L 90-120 2000 ɸʨʛʦʥ 

 

2.3. ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ 

ʉʝʛʤʝʥʪʳ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʰʠʭʪʳ (ʩʚʷʟʢʠ), ʚʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚ 

ʩʚʝʨʭʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ, ʭʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, 

ʛʘʣʪʦʚʢʘ, ʧʘʡʢʘ ʠʣʠ ʩʚʘʨʢʘ ʢ ʢʦʨʧʫʩʫ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʰʠʭʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʦʜʥʦʤ ʠʟ ʩʤʝʩʠʪʝʣʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʨʘʟʜʝʣʝ 2.2. 

ɺʚʝʜʝʥʠʝ ʧʦʨʦʰʢʦʚ ʉʊʄ (ʘʣʤʘʟ, cBN) ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʩʝʨʘ çKM800è 

(Kenwood, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɼʣʷ ʵʪʦʛʦ ʥʘʚʝʩʢʠ ʧʦʨʦʰʢʦʚ ʩʚʷʟʢʠ ʠ ʩʚʝʨʭʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʩ ʜʦʙʘʚʢʦʡ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɻʨʘʥʫʣʠʨʦʚʘʥʠʝ ʩʤʝʩʠ 
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ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ GA-260 (Dr. Fritsch, ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ER9 10 

13 (Exin Diamonds, ʂʠʪʘʡ).  

ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ) ʩʝʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʤʥʦʛʦ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʘ KPV 218 (Dr. Fritsch, ɻʝʨʤʘʥʠʷ) ʩ ʚʝʩʦʚʳʤ ʜʦʟʠʨʦʚʘʥʠʝʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,05 ʛ. 

ɺ ʧʨʝʩʩʝ ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʚʘʣʘʩʴ ʥʘʚʝʩʢʘ ʠ ʜʘʚʣʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʟ ʨʘʩʯʝʪʘ ʈ=2 ʪ/ʩʤ2. 

ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʨʠʢʝʪʠʨʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʦʨʷʯʝʤ 

ʧʨʝʩʩʝ DSP-475 (çDr. Fritschè, ɸʚʩʪʨʠʷ). ʇʨʝʩʩ-ʬʦʨʤʘ ʜʣʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʥʘʙʦʨʘ ʛʨʘʬʠʪʦʚʳʭ ʧʫʘʥʩʦʥʦʚ ʠ ʧʨʦʢʣʘʜʦʢ, ʟʘʜʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʛʦʪʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʇʝʨʝʜ 

ʩʙʦʨʢʦʡ ʛʨʘʬʠʪʦʚʳʝ ʧʫʘʥʩʦʥʳ ʧʦʢʨʳʚʘʶʪ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʘ ʥʘ ʥʘʛʨʝʚ ʨʘʤʳ ʧʨʝʩʩ-ʬʦʨʤʘ ʠʟʦʣʠʨʫʝʪʩʷ ʦʪ ʩʠʣʫʤʠʥʦʚʦʡ 

ʨʘʤʳ ʠʟʦʣʠʨʫʶʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʈʘʤʘ ʩ ʧʨʝʩʩ-ʬʦʨʤʦʡ ʟʘʪʷʛʠʚʘʝʪʩʷ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʤ 

ʢʣʶʯʦʤ ʩ ʫʩʠʣʠʝʤ 4 ʢʛ/ʩʤ2 ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʦʨʷʯʠʡ ʧʨʝʩʩ DSP-475 (Dr 

Fritsch). ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 850 Áʉ ʜʦ 1000 Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ ʩʚʷʟʢʠ ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ 35 ʄʇʘ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʝʛʤʝʥʪʦʚ 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ, ʢʦʤʧʘʢʪʥʳʝ ʦʙʨʘʟʮʳ ʩʚʷʟʦʢ ʠ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦʜʚʝʨʛʘʣʠ ʦʪʞʠʛʫ ʚ ʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ɺʕ-3-16 (ʆʆʆ ʌʠʨʤʘ çɺʘʢ ʕʊʆè, 

ʈʦʩʩʠʷ).  

ɻʘʣʪʦʚʢʘ ʩ ʮʝʣʴʶ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʯʝʥʥʳʭ ʧʝʨʣʠʥ ʠ ʩʝʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʛʘʣʪʦʚʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʘ ʤʘʨʢʠ FT/4VT ʬʠʨʤʳ Dr Fritsch. 
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ʉʦʝʜʠʥʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʩʦ ʩʪʘʣʴʥʳʤ ʢʦʨʧʫʩʦʤ ʆʉʂ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ 

CBM-200 ʬʠʨʤʳ Dr.Fritsch. 

2.4. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʚʷʟʦʢ 

ʇʦʨʠʩʪʦʩʪʴ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʧʦ ɻʆʉʊ 25281-82 [202]. ɺʟʚʝʰʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʬʠʨʤʳ A&D (ʗʧʦʥʠʷ).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʚʝʩʘʭ, ʟʘʪʝʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʚʘʣʠ 

ʚʘʟʝʣʠʥʦʤ ʠ ʧʦʚʪʦʨʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚʟʚʝʰʠʚʘʥʠʝ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʪʦʯʥʦʩʪʴʶ 10-4 ʛ.  

ʈʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3): 

 

32

1

mm

m ʚʦʜʳ

-

Ö
=

g
g  , (3) 

ʛʜʝ m1 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ, ʛ; 

m2 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʚ ʚʘʟʝʣʠʥʝ, ʛ; 

m3 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʩ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʦʡ ʚʘʟʝʣʠʥʘ ʚ ʚʦʜʝ, ʛ; 

ɔʚʦʜʳ ï  ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʨʝʥʠʷ, ʛ/ʩʤ3. 

 

ʇʦʨʠʩʪʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (4): 

 

ʇ = (1 ï ɟ/ɟʢ)Ā100, (4) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʧʝʯʸʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʤʝʨʝʥʥʘʷ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ; 

ɟʢ ï ʘʜʜʠʪʠʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʘʢʪʥʦʛʦ (ʙʝʩʧʦʨʠʩʪʦʛʦ) ʤʘʪʝʨʠʘʣʘ. 

 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʈʦʢʚʝʣʣʫ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʦʢ ʠʟʤʝʨʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

20017-74 [203] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʤʝʨʘ Wolpert Rockwell Hardness Tester Wolpert 600 MRD 

(ɻʝʨʤʘʥʠʷ) ʧʦ ʰʢʘʣʝ B. 

ʀʩʧʳʪʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʦʢ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʝʨʚʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʝ LF-100 (Walter + bai, ʐʚʝʡʮʘʨʠʷ) ʩ ʚʥʝʰʥʠʤ 

ʮʠʬʨʦʚʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ EDC. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ (ʧʨʦʛʨʘʤʤʘ çDIONProè). 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5): 

 

22

3

hb

lF
ʠʟʛ

ÖÖ

ÖÖ
=s

 , 
(5) 

ʛʜʝ ůʠʟʛ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ, ʥ/ʤʤ
2; 

F ï ʥʘʛʨʫʟʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʟʛʠʙʘ ʠ ʠʟʤʝʨʝʥʥʘʷ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ, ʅ; 

l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʧʦʨ, ʤʤ; 

b ï ʰʠʨʠʥʘ ʦʙʨʘʟʮʘ, ʤʤ; 

h ï ʚʳʩʦʪʘ (ʪʦʣʱʠʥʘ) ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʶ 

ʥʘʛʨʫʟʢʠ, ʤʤ. 

 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 1497-84 [204] ʩ 

ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Instron 5966 (Instron, ʉʐɸ). ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Bluehill. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʟʝʨʝʥ ʉʊʄ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ Diatest-S 

(Vollstªdt-Diamant GMBH, ɻʝʨʤʘʥʠʷ). ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʢʦʥʪʨʦʣʶ ʠʟ ʧʨʦʙʳ ʚʝʩʦʤ 2 ʢʘʨʘʪʘ 

ʤʝʪʦʜʦʤ ʢʚʘʨʪʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9206-80 [205] ʦʪʜʝʣʷʶʪ ʯʝʪʚʝʨʪʴ ʥʘʚʝʩʢʠ ʠ ʠʟ ʵʪʦʡ ʥʘʚʝʩʢʠ 

ʧʦʜʨʷʜ ʦʪʙʠʨʘʶʪ 60 ʟʝʨʝʥ. ʆʪʦʙʨʘʥʥʳʝ ʟʝʨʥʘ ʩ ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʧʦʤʝʱʘʶʪ ʥʘ ʣʠʧʢʫʶ ʣʝʥʪʫ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʟʝʨʥʘʤʠ 5 ʤʤ. ʅʘʯʘʣʦ ʣʝʥʪʳ ʧʦʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʧʫʘʥʩʦʥʘʤʠ ʫʩʪʘʥʦʚʢʠ Diatest-S. ɿʘʪʝʤ ʚʢʣʶʯʘʶʪ ʥʘʛʨʫʞʝʥʠʝ ʠ, ʧʦʩʣʝ ʨʘʟʜʘʚʣʠʚʘʥʠʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʟʝʨʥʘ, ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʝʛʦ ʩʪʘʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʅʴʶʪʦʥʘʭ. ʅʘ ʫʩʪʘʥʦʚʢʝ Diatest-S ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫ  ʁʧʦʜʘʯʫ ʩʣʝʜʫʶʱʝʛʦ ʟʝʨʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (H) ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (E) ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʦʢ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. ʀʥʜʝʥʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʰʘʛʦʤ 20 

ʤʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ X ʠ 15 ʤʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Y. ʊʘʢʦʡ ʰʘʛ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʚʳʙʨʘʣʠ, 

ʯʪʦʙʳ ʦʪʧʝʯʘʪʢʠ ʧʦʧʘʜʘʣʠ ʥʘ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʣʘʚʦʚ. ɺʩʝʛʦ ʤʘʪʨʠʮʘ 

ʩʦʜʝʨʞʘʣʘ 100 ʦʪʧʝʯʘʪʢʦʚ. ɿʥʘʯʝʥʠʷ H ʠ E ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠʙʦʨʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʤʝʪʦʜʫ 

ʆʣʠʚʝʨʘ-ʌʘʨʨʘ ʧʦ ʬʦʨʤʫʣʘʤ (6) ʠ (7) [206]: 

 

(  , (6) 
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%  
Ѝ

Ѝ
Ó , (7) 

ʛʜʝ P ï ʥʘʛʨʫʟʢʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʠʥʜʝʥʪʦʨʫ; 

A ï ʧʣʦʱʘʜʴ ʦʪʧʝʯʘʪʢʘ;  

s ï ʞʝʩʪʢʦʩʪʴ ʢʦʥʪʘʢʪʘ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʭ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʧʨʝʮʠʟʠʦʥʥʦʛʦ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ çNano-Hardness Testerè ʢʦʤʧʘʥʠʠ 

çCSM Instrumentsè (ʐʚʝʡʮʘʨʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʤʘʟʥʘʷ ʪʨʝʭʛʨʘʥʥʘʷ 

ʧʠʨʘʤʠʜʘ (ʠʥʜʝʥʪʦʨ ɹʝʨʢʦʚʠʯʘ). ʅʘʛʨʫʟʢʘ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʅ, ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʫʞʝʥʠʷ ï 0,36 ʤʅ/ʩʝʢ, ʚʳʜʝʨʞʢʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ï 5 ʩʝʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʛʣʫʙʠʥʳ ʚʜʘʚʣʠʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ. 

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʝ ʪʨʝʥʠʷ (ʪʨʠʙʦʤʝʪʨʝ) TRIBOMETER (CSM Instruments, 

ʐʚʝʡʮʘʨʠʷ), ˉ 44739-10 ʚ ɻʈʉʀ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 

ʩʭʝʤʝ ñʩʪʝʨʞʝʥʴ-ʧʣʘʩʪʠʥʘò ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʄʝʪʦʜʠʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ f ʠ ʠʟʥʦʩʘ I ʥʘ ʪʨʠʙʦʤʝʪʨʝ ñTribometerò ʬʠʨʤʳ CSM (ʐʚʝʡʮʘʨʠʷ). 

2.5. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʚʷʟʦʢ ʠ 

ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʟʥʘʯʝʥʠʷ 

ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʰʢʦʚʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩʥʠʤʘʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 (ɸʆ çʀʥʥʦʚʘʮʠʦʥʥʳʡ ʎʝʥʪʨ çɹʫʨʝʚʝʩʪʥʠʢè) ʠ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 Phaser (Bruker, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʝʤ Co-KŬ-ʠʟʣʫʯʝʥʠʷ ʠ Cu-KŬ-ʠʟʣʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʘʟʫ ʜʘʥʥʳʭ PDF-3 ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʅʀʊʋ ʄʀʉʀʉ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʨʘʚʥʝʥʠʝʤ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ d/n ʩʦ ʰʪʨʠʭ-ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤʠ ʭʨʘʥʷʱʠʭʩʷ ʚ ʙʘʥʢʝ ʜʘʥʥʳʭ ʬʘʟ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʷʟʢʠ ʩ ʟʝʨʥʘʤʠ ʉʊʄ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʩ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʨʠʩʪʘʚʢʦʡ ʥʘ ʙʘʟʝ ʩʧʝʢʪʨʦʤʝʪʨʘ TRIAX 552 (Jobin Yvon, ʌʨʘʥʮʠʷ) ʠ 

ʜʝʪʝʢʪʦʨʘ CCD Spec-10, 2KBUV (2048x512) (Princeton Instruments, ʉʐɸ), c ʥʦʪʯ-ʬʠʣʴʪʨʘʤʠ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʚʦʟʙʫʞʜʘʶʱʠʭ ʣʘʟʝʨʥʳʭ ʣʠʥʠʡ. 

ʉʪʨʫʢʪʫʨʫ ʧʦʨʦʰʢʦʚʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ, 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ).  
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ çNeophot-32è ʩ ʩʠʩʪʝʤʦʡ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ çɺʠʜʝʦ ʪʝʩʪè. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʠ 

ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʢʠ, ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʨʝʥ ʉʊʄ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʦ ʩʚʷʟʢʦʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʉʕʄ ʥʘ ʤʠʢʨʦʩʢʦʧʝ S-3400N 

(Hitachi, ʗʧʦʥʠʷ), ʦʩʥʘʱʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

çNORANè. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʇʕʄ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ɺʈ) ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ JEM 2100 (Jeol, ʗʧʦʥʠʷ) ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʝʤ ʜʝʨʞʘʪʝʣʝʡ Dual-tilt  beryllium 

holder (Jeol, ʗʧʦʥʠʷ). In situ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʜʝʨʞʘʪʝʣʷ 652 Heating Holder (Gatan, ʉʐɸ). In situ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʚ ʜʝʨʞʘʪʝʣʝ PI 95 TEM Picoindenter (Bruker, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ Push-to-pull 

(Bruker, ʉʐɸ). 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʇʕʄ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʠʦʥʥʦʡ 

ʧʦʣʠʨʦʚʢʦʡ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʚ ʫʩʪʘʥʦʚʢʝ PIPS II  (Gatan, ʉʐɸ) ʠʣʠ ʤʝʪʦʜʦʤ 

ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ (ʌʀʇ) ʥʘ ʫʩʪʘʥʦʚʢʝ Scios Dualbeam SEM (FEI Company, ʉʐɸ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ in situ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʢʦʣʦʥʥʝ ʇʕʄ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʢʦʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ ʠ ʣʘʤʝʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʣʘʤʝʣʠ ʠ ʝʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ Push-to-pull ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʜʚʫʭʣʫʯʝʚʦʡ ʵʣʝʢʪʨʦʥʥʦ-

ʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʤʠʢʨʦʩʢʦʧ Scios (FEI, USA)). ɺʥʫʪʨʠ ʤʠʢʨʦʩʢʦʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʦʚʦʜʠʣʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʦʙʨʘʟʮʘ ʠʟ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʣʘʤʝʣʠ (ʠʦʥʥʳʡ 

ʧʫʯʢʦʤ ʚʳʨʝʟʘʝʪʩʷ ʦʙʣʘʩʪʴ ʚ ʦʙʨʘʟʮʝ ʨʘʟʤʝʨʦʤ 5 ʥʘ 2 ʤʢʤ) ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʯʠʧ. ʇʦʩʢʦʣʴʢʫ 

ʦʙʨʘʟʝʮ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʦʙʣʫʯʝʥʠʶ ʠʦʥʘʤʠ, ʪʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʬʠʢʩʘʮʠʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʘʤʠ. ʇʦʩʣʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʦʙʨʘʟʮʘ, ʤʝʪʦʜʦʤ ʪʨʘʚʣʝʥʠʷ ʠʦʥʘʤʠ ʛʘʣʣʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʴʥʦ ʟʘʛʦʪʦʚʣʝʥʥʦʡ ʤʘʩʢʠ ʧʨʦʠʟʚʦʜʠʣʠ ʚʳʨʝʟʘʥʠʝ çʛʘʥʪʝʣʠè ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʷʞʝʥʠʷ. ɺ ʠʪʦʛʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʜʝʣʷʣʘʩʴ ʦʙʣʘʩʪʴ ʨʘʟʤʝʨʦʤ 1 ʤʢʤ ʥʘ 0.5 ʤʢʤ, ʚ ʢʦʪʦʨʦʡ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʦʙʨʘʟʮʘ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʩʚʝʪʣʦʧʦʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʜʠʬʨʘʢʮʠʡ ʚʳʜʝʣʝʥʥʦʡ 

ʦʙʣʘʩʪʠ SAED (selected area electron diffraction) ʠ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʭʦʜʷʱʝʤʩʷ ʧʫʯʢʝ 

CBED (convergent beam electron diffraction) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Jeol JEM 2100 (Jeol, ʗʧʦʥʠʷ).  
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ʉʲʝʤʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʠʜʝʦʟʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ CCD ʢʘʤʝʨʫ Olympus Quemesa 

(ɻʝʨʤʘʥʠʷ) ʩ ʯʘʩʪʦʪʦʡ 4 ʢʘʜʨʘ ʚ ʩʝʢʫʥʜʫ.  

In situ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʝʨʞʘʪʝʣʷ Hysitron PI 95 

Picoindenter, ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʟʘʢʨʝʧʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ Push-to-pull (PTP) ʩ ʣʘʤʝʣʴʶ. ʅʘʞʘʪʠʝ ʥʘ 

ʧʫʘʥʩʦʥ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʛʦ ʠʥʜʝʥʪʦʨʘ TI-0261, ʠʤʝʶʱʝʛʦ ʬʦʨʤʫ 

ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʩ ʧʣʦʱʘʜʢʦʡ ʜʠʘʤʝʪʨʦʤ 20 ʤʢʤ. ʍʦʜ ʠʩʧʳʪʘʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ 

ʧʨʦʛʨʘʤʤʦʡ Hysitron Triboscan (Bruker, ʉʐɸ). ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠʥʜʝʥʪʦʨʘ 1 ʥʤ/ʩ ʜʦ ʨʘʟʨʳʚʘ ʦʙʨʘʟʮʘ. ʇʝʨʝʜ ʢʘʞʜʳʤ ʠʩʧʳʪʘʥʠʝʤ ʧʨʦʚʦʜʠʣʠ 

ʢʘʣʠʙʨʦʚʢʫ ʠʥʜʝʥʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʰʫʤʘ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʥʝ 

ʧʨʝʚʳʰʘʣʦ 1 ʤʢʅ. 

ɿʥʘʯʝʥʠʝ ʫʩʠʣʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʘʣʤʘʟʥʳʤ ʠʥʜʝʥʪʦʨʦʤ ʥʘ ʫʩʪʨʦʡʩʪʚʦ PTP ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʠʩʧʳʪʳʚʘʝʤʳʡ ʦʙʨʘʟʝʮ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ Hysitron Triboscan ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʫʩʠʣʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʜʝʨʞʘʪʝʣʝ Hysitron PI 95 PicoIndenter ʙʣʘʛʦʜʘʨʷ ʝʤʢʦʩʪʥʦʤʫ ʜʘʪʯʠʢʫ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʛʨʫʟʢʠ ʜʦ 3 ʥʅ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʜʦ 0,02 ʥʤ. 

2.6. ʄʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʣʤʘʟʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʚʷʟʦʢ ʙʳʣʠ ʠʭʛʦʪʦʚʣʝʥʳ ʘʣʤʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ: ʢʘʥʘʪʥʳʝ ʧʠʣʳ, ʘʣʤʘʟʥʳʝ ʦʪʨʝʟʥʳʝ ʩʝʛʤʝʥʪʥʳʝ ʢʨʫʛʠ (ɸʆʉʂ) ʠ ʢʦʣʴʮʝʚʳʝ ʘʣʤʘʟʥʳʝ 

ʩʚʝʨʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʢʘʥʘʪʥʳʭ ʧʠʣ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʢʘʥʘʪʥʦʡ ʨʝʟʢʠ 

Hydrostress BR-4 (ɸʚʩʪʨʠʷ) ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʘʥʘʪʥʦʡ ʩʠʩʪʝʤʦʡ SK-B. ʂʘʥʘʪʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʠʤʝʣʠ ʜʣʠʥʫ ʦʪ 5 ʜʦ 10 ʤʝʪʨʦʚ ʠ 40 ʧʝʨʣʠʥ ʥʘ ʧʦʛʦʥʥʳʡ ʤʝʪʨ. ʈʝʟʢʘ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ï 10 ʣ/ʤʠʥ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʥʘʪʘ 15 ʤ/ʩʝʢ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʷ ʠʟʤʝʨʷʣʩʷ 

ʜʠʘʤʝʪʨ ʧʝʨʣʠʥ ʠ ʧʣʦʱʘʜʴ ʨʝʟʘ, ʧʨʦʜʝʣʘʥʥʦʛʦ ʢʘʥʘʪʥʦʡ ʧʠʣʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ɸʆʉʂ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ ʤʦʩʪʦʚʦʤ ʦʪʨʝʟʥʦʤ ʩʪʘʥʢʝ çɸʣʤʘʟ-

3è (ʈʦʩʩʠʷ). ɸʆʉʂ ʠʤʝʣʠ ʜʠʘʤʝʪʨ 400 ʠ 500 ʤʤ ʠ ʨʘʟʤʝʨʳ ʩʝʛʤʝʥʪʦʚ 40ʭ4,2ʭ9 ʤʤ. ʋʩʪʘʥʦʚʢʘ 

ʠʤʝʝʪ ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ 10 ʣ/ʤʠʥ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʆʉʂ 

ʩʦʩʪʘʚʣʷʣʘ 1500 ʦʙ/ʤʠʥ. ɻʣʫʙʠʥʘ ʧʦʜʘʯʠ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ï 5 ʤʤ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʷ 

ʠʟʤʝʨʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʩʝʛʤʝʥʪʦʚ ʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʨʝʟʘ, ʧʨʦʜʝʣʘʥʥʦʛʦ 

ɸʆʉʂ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʣʠʚʢʠ ʠʟ ʯʫʛʫʥʘ ʤʘʨʢʠ ʉʏ20, 

ʧʣʠʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʨʤʠʨʦʚʘʥʥʳʝ, ʠʟ ʙʝʪʦʥʘ ʤʘʨʦʢ ʄ300 ʠ ʄ350.  
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ʀʩʧʳʪʘʥʠʷ ʢʦʣʴʮʝʚʳʭ ʘʣʤʘʟʥʳʭ ʩʚʝʨʣ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ DR400A (Eurodima, 

ɻʝʨʤʘʥʠʷ) ʤʦʱʥʦʩʪʴʶ 2,5 ʢɺʪ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʚʝʨʣʘ ʩʦʩʪʘʚʣʷʣʘ 700 ʦʙ/ʤʠʥ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʦʥʫ ʩʚʝʨʣʝʥʠʷ ʤʦʛʣʦ ʧʦʜʘʚʘʪʴʩʷ ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʨʘʩʭʦʜʦʤ 

ʚʦʜʳ 2 ʣ/ʤʠʥ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʩʝʛʤʝʥʪʦʚ ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʫʤʤʘʨʥʘʷ ʛʣʫʙʠʥʘ ʩʚʝʨʣʝʥʠʷ.  
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ɻʃɸɺɸ 3. ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʂʆʃʀʏɽʉʊɺɽʅʅʆɻʆ 

ʆʇʈɽɼɽʃɽʅʀʗ ʇʈʆʏʅʆʉʊʀ ʉʎɽʇʃɽʅʀʗ ʄɽʊɸʃʃʀʏɽʉʂʆʁ 

ʉɺʗɿʂʀ ʉ ɸʃʄɸɿʅʓʄ ʄʆʅʆʂʈʀʉʊɸʃʃʆʄ 

3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ in situ ʇʕʄ ʤʝʪʦʜʦʤ 

ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ (ʩʚʷʟʢʦʡ) ʠ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʢʘʟʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʥʘ ʦʩʥʦʚʥʳʝ 

ʩʣʫʞʝʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʪ ʚʝʣʠʯʠʥʳ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʟʘʚʠʩʷʪ 

ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʠ ʢʨʠʪʠʯʝʩʢʘʷ 

ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ [46]. ʆʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʜʣʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ: ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʘʣʤʘʟʘ ʩʚʷʟʢʘ ʩ ʙʦʣʴʰʝʡ ʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʟʝʨʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [46]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ 

ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʅʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʩʚʷʟʦʢ ʩ ʥʠʟʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʘʣʤʘʟʫ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ) ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʠʢʨʦʜʝʬʝʢʪʳ, ʪʨʝʱʠʥʳ ʠ ʧʫʩʪʦʪʳ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʘʣʤʘʟʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʧʨʷʤʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʘʣʤʘʟʘ ʩʦ ʩʚʷʟʢʦʡ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʣʠʙʦ ʢʦʩʚʝʥʥʳʝ 

ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʟʥʘʢʘʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʨʷʤʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ 

ʘʣʤʘʟʦʤ ʠ ʩʚʷʟʢʦʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, 

ʦʩʥʘʱʝʥʥʦʛʦ ʜʝʨʞʘʪʝʣʝʤ Hysitron PI 95 TEM Picoindenter (Bruker, ʉʐɸ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʦʚ [207]. 

ʀʩʧʳʪʘʥʠʷ ʣʘʤʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ Push-to-Pull (PTP) (Bruker, ʉʐɸ). ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʝʤʥʠʝʚʫʶ ʧʨʫʞʠʥʫ ʩ ʧʨʦʨʝʟʴʶ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ ʠ ʧʣʦʱʘʜʢʦʡ 

(ʨʠʩʫʥʦʢ 2 ʘ), ʥʘ ʢʦʪʦʨʫʶ ʜʘʚʠʪ ʘʣʤʘʟʥʳʡ ʠʥʜʝʥʪʦʨ (ʨʠʩʫʥʦʢ 2 ʙ). ɼʠʟʘʡʥ ʫʩʪʨʦʡʩʪʚ PTP 

ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʭʝʤʫ ʠʩʧʳʪʘʥʠʡ ʠʟ ʩʞʘʪʠʷ ʚ ʨʘʩʪʷʞʝʥʠʝ. ɺʦ ʚʨʝʤʷ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʦʜʚʠʞʥʘʷ ʦʧʦʨʘ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʘ ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʦʙʨʘʟʮʘ, ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ, 

ʪʝʤ ʩʘʤʳʤ ʧʝʨʝʜʘʚʘʷ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʨʘʟʝʮ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʦ ʨʘʟʨʳʚʘ 

ʦʙʨʘʟʮʘ [208ï213].  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ Push-to-pull (ʘ) ʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʝʨʞʘʪʝʣʷ Hysitron PI 95 

TEM Picoindenter (ʙ) 

 

ʃʘʤʝʣʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʩ 

ʩʝʯʝʥʠʝʤ ʛʘʥʪʝʣʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʙʣʠʟʢʠʝ ʧʦ ʛʝʦʤʝʪʨʠʠ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʮʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ.  

ʃʘʤʝʣʴ ʚʳʨʝʟʘʣʠ ʤʝʪʦʜʦʤ ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʠʟ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʘʣʤʘʟʥʦʡ 

ʛʨʘʥʠ (100) ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ (ʨʠʩʫʥʦʢ 3 ʘ,ʙ). ʇʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʦʩʪʘʥʘʚʣʠʚʘʣʠ, ʢʦʛʜʘ ʛʣʫʙʠʥʘ ʚʳʪʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 8-10 ʤʢʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʣʘʤʝʣʴ 

ʠʟʚʣʝʢʘʣʠ ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʤʝʜʥʫ  ʁʧʦʣʫʩʝʪʢʫ, ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʪʦʥʷʣʠ ʜʦ ʪʦʣʱʠʥʳ 200-300 ʥʤ. ʊʘʢʘʷ ʪʦʣʱʠʥʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʣʘʤʝʣʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩ ʧʦʣʫʩʝʪʢʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

PTP, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʤʠʥʠʤʫʤ ʧʦʣʦʚʠʥʘ ʣʘʤʝʣʠ (ʩʦ ʩʪʦʨʦʥʳ ʘʣʤʘʟʘ) ʙʫʜʝʪ ʧʨʦʟʨʘʯʥʦʡ 

ʜʣʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʇʕʄ, ʨʘʙʦʪʘʶʱʝʤ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 200 ʢɺ (ʨʠʩʫʥʦʢ 3 ʚ). 

ʃʘʤʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʪʦʥʷʣʠ ʧʦʩʣʝ ʨʘʟʚʦʨʦʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʠʩʪʦʯʥʠʢʫ ʠʦʥʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʋʪʦʥʝʥʥʫʶ ʣʘʤʝʣʴ ʧʝʨʝʥʦʩʠʣʠ ʢ ʫʩʪʨʦʡʩʪʚʫ PTP ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʥʘʭʦʜʠʣʘʩʴ ʥʘʜ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 3 ʛ). ɿʘʪʝʤ ʥʘ 

ʢʨʘʷ ʣʘʤʝʣʠ ʥʘʜ ʢʦʨʧʫʩʦʤ ʫʩʪʨʦʡʩʪʚʘ PTP ʥʘʧʳʣʷʣʠ ʩʣʦʡ Pt ʜʣʷ ʝʝ ʥʘʜʝʞʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ 

(ʨʠʩʫʥʦʢ 3 ʜ). 
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ʛ ʜ 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè (ʘ) ʠ 

ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʤʝʣʠ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ: 

ʥʘʥʝʩʝʥʠʝ Pt ʤʘʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʦʙʣʘʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʙ); ʠʟʚʣʝʯʝʥʠʝ ʣʘʤʝʣʠ 

ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʤ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʥʘ ʤʝʜʥʦʡ ʧʦʣʫʩʝʪʢʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʫʪʦʥʝʥʠʷ (ʚ); ʟʘʢʨʝʧʣʝʥʠʝ ʣʘʤʝʣʠ ʥʘ ʫʩʪʨʦʡʩʪʚʝ PTP (ʥʘʢʣʦʥ ʥʘ 10Ü) (ʛ); ʧʨʠʜʘʥʠʝ ʣʘʤʝʣʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʬʦʨʤʳ (ʜ) 
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ ʚ ʤʦʤʝʥʪ ʝʛʦ ʨʘʟʨʳʚʘ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ PTP ʠʤʝʶʪ ʩʚʦʶ ʞʝʩʪʢʦʩʪʴ. ʊʦ ʝʩʪʴ ʠʟ ʧʦʣʫʯʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè ʩʣʝʜʫʝʪ ʚʳʯʝʩʪʴ ʚʢʣʘʜ, ʢʦʪʦʨʳʡ ʚʥʦʩʠʪ 

ʞʝʩʪʢʦʩʪʴ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʜ ʦʩʥʦʚʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʲʝʤʢʘ 

çʥʫʣʝʚʦʡè ʢʨʠʚʦʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʤʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 4 ʘ). çʅʫʣʝʚʘʷè ʢʨʠʚʘʷ ʠʤʝʣʘ 

ʚʠʜ, ʙʣʠʟʢʠʡ ʢ ʣʠʥʝʡʥʦʤʫ (ʨʠʩʫʥʦʢ 4 ʙ). ɽʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ y = 0,027x ʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʯʝʩʪʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʥʘʛʨʫʞʝʥʠʷ.  

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ PTP ʙʝʟ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʜʚʝʜʝʥʥʳʤ 

ʠʥʜʝʥʪʦʨʦʤ (ʘ) ʠ çʥʫʣʝʚʘʷè ʢʨʠʚʘʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʞʝʩʪʢʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ PTP (ʙ) 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʣʘʤʝʣʝʡ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ F = f(d) ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʦʙʨʘʟʮʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʦ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʣʘʤʝʣʠ. 

ɽʩʣʠ ʠʟʤʝʨʝʥʠʝ ʰʠʨʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʥʠʤʢʘʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʇʕʄ, ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʪʦ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʨʘʩʯʝʪʥʳʤ ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ) [207].  

ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʦʪ ʩʭʦʜʷʱʠʭʩʷ ʧʫʯʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ (CBED). ɼʘʥʥʳʡ ʤʝʪʦʜ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ Kelly et al. [214], Allen [215] ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʙʳʣ ʨʘʟʚʠʪ ʚ ʨʘʙʦʪʝ D. Delille et al [216].  

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʠʩʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʲʝʤʢʝ ʚ ʨʝʞʠʤʝ CBED, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʣʠʥʠʡ ʂʦʩʩʝʣʷ-ʄʦʣʣʝʥʰʪʝʜʪʘ (ʣʠʥʠʡ ʂ-ʄ) ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ 

ʧʨʝʚʳʰʘʝʪ ʵʢʩʪʠʥʢʮʠʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ɕg (ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʂʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʲʝʤʢʘ 

ʜʠʬʨʘʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʤʘʣʳʭ ʦʙʣʘʩʪʝʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʠʘʤʝʪʨ ʩʭʦʜʷʱʝʛʦʩʷ ʧʫʯʢʘ 

ʩʦʩʪʘʚʣʷʣ 25 ʥʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʣʘʤʝʣʠ ʥʘ ʫʯʘʩʪʢʝ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè [207]. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʘ ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʠʩʢʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʦʣʦʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʞʠʤʝ CBED ʜʣʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʦʡ ʣʘʤʝʣʠ. ʇʨʠ ʩʲʝʤʢʝ ʜʠʬʨʘʢʮʠʠ 

ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʣʩʷ ʚ ʜʚʫʭʣʫʯʝʚʦʤ ʧʦʣʦʞʝʥʠʠ (ʙʳʣ ʧʦʚʝʨʥʫʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ ʟʦʥʳ [001]) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʠʡ ʂ-ʄ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʣʠʥʠʷʤʠ ʂ-ʄ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʬʠʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʨʝʬʣʝʢʩʘ (220) (ʨʠʩʫʥʦʢ 5 ʙ). 

ʊʦʣʱʠʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ t ʩʚʷʟʘʥʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ɕg ʠ si (ʦʪʢʣʦʥʝʥʠʝ i-ʦʛʦ ʤʠʥʠʤʫʤʘ 

ʦʪ ʛʣʘʚʥʦʛʦ ɹʨʵʛʛʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ) ʫʨʘʚʥʝʥʠʝʤ (8):  

 

(si
2 + 1/ ɕg

2) * t2 = ni
2 , (8) 

ʛʜʝ ni ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʦʣʦʩʳ ʂ-ʄ. 
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ʈʘʩʯʝʪ si ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (9): 

 

si = ɚ*ȹɗi / (2ɗb * d
2)  , (9) 

ʛʜʝ ɗi ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʂ-ʄ; 

ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʥʦʚ; 

ɗb ï ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ ʦʪ ʧʣʦʩʢʦʩʪʠ hkl; 

d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ hkl. 

 

ʊʦʣʱʠʥʘ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [207]. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (si/ni)
2 ʦʪ (1/n)2 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʦʩʴ (si/ni)
2 ʚ ʪʦʯʢʝ 1/t2.  

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʣʘʤʝʣʠ ʧʦ ʝʝ ʘʣʤʘʟʥʦʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

 

 

ʘ 

  

ʙ ʚ 

ʈʠʩʫʥʦʢ 5 ï CBED-ʜʠʬʨʘʢʮʠʷ ʘʣʤʘʟʘ ʩ ʦʙʣʘʩʪʠ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-

ʘʣʤʘʟè (ʘ), ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʜʠʩʢʘ (220) ʩ ʦʙʣʘʩʪʠ, ʚʳʜʝʣʝʥʥʦʡ 

ʩʪʨʝʣʢʦʡ (ʙ), ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (si/ni)
2 ʦʪ (1/n)2 ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ t (ʚ) 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʪʦʣʱʠʥʳ 

ʣʘʤʝʣʠ ʧʦ ʩʥʠʤʢʘʤ, ʩʜʝʣʘʥʥʳʤ ʤʝʪʦʜʦʤ ʉʕʄ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʛʣʝ ʥʘʢʣʦʥʘ ʣʘʤʝʣʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʤʠʢʨʦʩʢʦʧʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʇʆ SEM Data Manager (Hitachi, ʗʧʦʥʠʷ) ʠʣʠ ʇʆ Fei System Control 

(FEI Company, ʉʐɸ). 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥ ʩʥʠʤʦʢ ʣʘʤʝʣʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʫʛʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʤʠʢʨʦʩʢʦʧʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʇʆ ʤʠʢʨʦʩʢʦʧʘ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʦʣʱʠʥʳ ʣʘʤʝʣʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʦʢʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʠʞʝ, ʯʝʤ ʫ ʨʘʩʯʝʪʥʦʛʦ, ʪʘʢ 

ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʢʨʘʶ ʣʘʤʝʣʠ. ʊʘʢʞʝ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʩʪʠ.  

 

 

ʈʠʩʫʥʦʢ 6 ï ʇʨʠʤʝʨ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʦʘʣʤʘʟʥʦʡ ʣʘʤʝʣʠ 

 

ʆʙʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʪʨʝʭ ʣʘʤʝʣʝʡ ʩʦ ʩʚʷʟʢʦʡ 75% Fe ï 15 % Co ï 10 % Ni (ʚʝʩ. %). 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʘʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʦʪʣʠʯʘʶʪʩʷ ʥʘ 6-17 %. 

 

ʊʘʙʣʠʮʘ 7 ï ɿʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʣʘʤʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʆʙʨʘʟʝʮ 
ʊʦʣʱʠʥʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʩʯʝʪʥʳʤ 

ʤʝʪʦʜʦʤ, ʥʤ 

ʊʦʣʱʠʥʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʥʤ 

ʃʘʤʝʣʴ 1 328 282 

ʃʘʤʝʣʴ 2 324 270 

ʃʘʤʝʣʴ 3 280 263 
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʣʘʤʝʣʝʡ 

ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʦʢ ʩ 

ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ [207]. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʣʘʢʠʨʦʚʘʥʠʷ ʘʣʤʘʟʘ ʧʦʢʨʳʪʠʝʤ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʝʪʘʣʣʘ (W), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʚʷʟʢʠ 

ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (Cr, Ti). 

3.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʚʷʟʢʠ Fe-Co-Ni ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ in situ ʇʕʄ ʤʝʪʦʜʦʤ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʚʷʟʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʚ ʢʦʤʧʦʟʠʪʝ ʙʳʣ ʚʳʙʨʘʥ ʩʧʣʘʚ 75% Fe ï 15 % Co ï 10 % Ni (ʚʝʩ. %) [217]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʤ ʩʠʣʴʥʳʭ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɼʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʘʣʤʘʟ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʯʘʩʪʠʯʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʝʡ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʣʘʤʝʣʠ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʢʦʤʧʘʢʪʥʳʡ 

ʦʙʨʘʟʝʮ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʩʦʩʪʘʚʘ 75% Fe ï 15 % Co ï 10 % Ni (ʚʝʩ. %) ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʝʰʘʥʥʳʭ ʚ ʥʝʝ ʟʝʨʝʥ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʢʨʫʧʥʦʩʪʴʶ 40/45 ʤʝ.h 

ʉʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950 Áʉ, ʜʘʚʣʝʥʠʠ 35 ʄʇʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʧʦʨʦʰʢʦʚʘʷ ʩʚʷʟʢʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʦʜʥʦʬʘʟʥʳʡ ʩʧʣʘʚ (ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ Ŭ-Fe) ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʙʲʝʤʫ ʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [217]. ʆʙʨʘʟʝʮ ʠʟ ʩʧʝʯʝʥʥʦʛʦ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʭʘʥʠʯʝʩʢʠ 

ʰʣʠʬʦʚʘʣʠ ʠ ʧʦʣʠʨʦʚʘʣʠ ʜʦ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʠʩʧʳʪʘʥʠʷ ʣʘʤʝʣʝʡ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè [207]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʙʦʟʥʘʯʠʤ ʠʭ ʃʘʤʝʣʴ 1 (ʨʠʩʫʥʦʢ 7 a), ʃʘʤʝʣʴ 

2 (ʨʠʩʫʥʦʢ 7 ʚ) ʠ ʃʘʤʝʣʴ 3 (ʨʠʩʫʥʦʢ 7 ʜ). ɼʘʥʥʳʝ ʣʘʤʝʣʠ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʪʦʣʱʠʥʝ ʠ 

ʩʧʣʦʰʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʛʨʘʬʠʪʦʛʦ ʧʦʜʩʣʦʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʡ 

ʛʨʘʬʠʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʧʦʜʩʣʦʡ 

ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʥʘʙʣʶʜʘʣʩʷ ʫ ʃʘʤʝʣʠ 3), ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-

ʘʣʤʘʟè (ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè ʃʘʤʝʣʝʡ 1 ʠ 3 ʙʳʣʘ ʧʦʯʪʠ ʧʣʦʩʢʦʡ, ʘ ʫ 

ʃʘʤʝʣʠ 2 ʠʤʝʣʘ ʩʣʦʞʥʳʡ ʧʨʦʬʠʣʴ). ʅʝʩʤʦʪʨʷ ʥʘ ʜʘʥʥʳʝ ʦʪʣʠʯʠʷ, ʚʳʷʚʣʝʥʳ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ ʃʘʤʝʣʝʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ (ʨʠʩʫʥʦʢ 7 ʙ, ʛ, ʝ). ʈʘʟʨʫʰʝʥʠʝ ʣʘʤʝʣʝʡ 

ʧʨʦʠʟʦʰʣʦ ʥʘ ʫʯʘʩʪʢʝ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʤʝʶʪ ʚʠʜ, ʙʣʠʟʢʠʡ ʢ ʣʠʥʝʡʥʦʤʫ. ʅʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʃʘʤʝʣʝʡ 2 ʠ 3, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʳ ʩ ʤʠʢʨʦʦʪʨʳʚʘʤʠ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʩʧʳʪʘʥʠʷ 

ʧʨʦʭʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ï 1 ʥʤ/ʩ). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʪʨʝʱʠʥʘ ʚ ʃʘʤʝʣʷʭ ʧʨʦʭʦʜʠʣʘ ʙʣʠʟʢʦ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.  
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʃʘʤʝʣʝʡ 1-3 (ʨʠʩʫʥʦʢ 7) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 98,80 ʤʢʅ, 55,54 ʤʢʅ ʠ 14,13 ʤʢʅ (ʪʘʙʣʠʮʘ 8). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʃʘʤʝʣʝʡ 1-3 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʘʣʤʘʟʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʩʦʩʪʘʚʣʷʣʠ 111,07 ʄʇʘ, 90,7 ʄʇʘ ʠ 49,47 

ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [207]. ɺʝʨʦʷʪʥʦ, ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʃʘʤʝʣʠ 3, ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʰʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʩʘʤʦʡ ʃʘʤʝʣʠ (ʥʘ ʨʠʩʫʥʢʝ 7 ʜ ʚʠʜʥʦ, ʯʪʦ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʃʘʤʝʣʠ ʝʩʪʴ ʥʝʩʢʚʦʟʥʘʷ ʪʨʝʱʠʥʘ). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʪʦʣʱʠʥʘ ʃʘʤʝʣʠ 3 ʙʳʣʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠʟ ʤʝʪʘʣʣʦ-

ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ PTP. 

 

ʊʘʙʣʠʮʘ 8 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ, ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʣʘʤʝʣʝʡ ʠ ʧʨʦʯʥʦʩʪʠ (ů) 

ʆʙʨʘʟʝʮ Fmax, ʤʢʅ 
ʊʦʣʱʠʥʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ 

ʘʥʘʣʠʟʫ ʜʠʬʨʘʢʮʠʠ CBED, ʥʤ 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ S, ʤ2 
ů, ʄʇʘ 

ʃʘʤʝʣʴ 1 98,80 328 0,882*10-12 111,07 

ʃʘʤʝʣʴ 2 55,54 324 0,612*10-12 90,70 

ʃʘʤʝʣʴ 3 14,13 280 0,286*10-12 49,47 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [218]. 

ɺ ʥʝʡ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʘ 

ʥʘʧʣʘʚʣʷʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʤʝʪʘʣʣ (ʩʧʣʘʚ) ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʨʤʝ (ʨʠʩʫʥʦʢ 8). ɿʘʪʝʤ 

ʛʨʘʬʠʪ ʫʜʘʣʷʣʠ, ʘ ʘʣʤʘʟ ʩ ʟʘʪʚʝʨʜʝʚʰʠʤ ʥʘʧʘʷʥʥʳʤ ʤʝʪʘʣʣʦʤ ʧʦʤʝʱʘʣʠ ʚ ʤʠʢʨʦʟʘʭʚʘʪʳ 

ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ʠ ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʩ ʬʠʢʩʘʮʠʝʡ ʫʩʠʣʠʷ ʦʪʨʳʚʘ. ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʘʣʤʘʟʘ ʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ WC-Co ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʭʨʦʤʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝ ʧʦʟʚʦʣʠʣʘ ʠʟʤʝʨʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ 

WC-Co ʩ ʘʣʤʘʟʦʤ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʧʘʡʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʊʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʣʴʥʦʛʦ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (Cr) ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠ 

ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 50-180 ʄʇʘ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ, 

ʦʩʥʦʚʳʚʘʶʱʝʡʩʷ ʥʘ in situ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʇʕʄ, ̫ ʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʩʣʦʝʚ ʢʘʨʙʠʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʘʣʤʘʟ, ʪ.ʝ. ʚ ʩʣʫʯʘʷʭ, 
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ʢʦʛʜʘ ʚ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʥʝʪ ʩʠʣʴʥʳʭ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

Cr, Mo, W, V, Ti) [207].  

ʇʨʦʮʝʩʩ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ in situ ʠʩʧʳʪʘʥʠʡ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʘʢʢʫʨʘʪʥʦʩʪʠ, ʠ 

ʢʦʤʧʣʝʢʩʘ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʜʨʫʛʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʧʳʪʘʥʠʷʭ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [218] ʪʨʝʙʫʶʪʩʷ 

ʘʣʤʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʨʫʧʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 1,5 ʤʤ. ʂʨʠʩʪʘʣʣʳ ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʥʘʭʦʜʷʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ [218] ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ in situ ʠʩʧʳʪʘʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʥʘ ʬʨʘʛʤʝʥʪʝ 

ʨʝʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [207]. 

ʂ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ in situ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʣʘʤʝʣʷʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ (ʙʦʣʝʝ 100 ʥʤ). 

ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʛʜʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʠʣʠ ʘʣʤʘʟʝ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ [207]. ʇʦʵʪʦʤʫ 

ʪʦʣʱʠʥʘ ʣʘʤʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʘʣʤʘʟʘ (ʥʝ 

ʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʜʠʬʨʘʢʮʠʠ CBED) ʠ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʤ. 

 

 

ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘ ʥʘʧʣʘʚʢʠ ʤʝʪʘʣʣʘ-ʧʨʠʧʦʷ ʥʘ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʘʣʤʘʟ: 1 ï ʛʨʘʬʠʪ, 2 ï ʤʝʪʘʣʣ, 3 ï ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ (ʚʟʷʪʦ ʠʟ ʨʘʙʦʪʳ 

[218]) 
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3.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʧʣʘʢʠʨʦʚʘʥʥʳʤ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ in situ ʇʕʄ ʤʝʪʦʜʦʤ  

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ ʧʣʘʢʠʨʦʚʘʥʠʝ ʘʣʤʘʟʘ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʝʪʘʣʣʦʚ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʞʫʱʝʛʦ ʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦ ʩʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʝ 

ʞʝʣʝʟʘ ʠʣʠ ʢʦʙʘʣʴʪʘ ʧʨʠʤʝʥʷʶʪ ʘʣʤʘʟʳ, ʧʣʘʢʠʨʦʚʘʥʥʳʝ WC, W, Ti, Cr, Ni ʠ V [182,219,220].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩ ʘʣʤʘʟʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʨʳʪʠʝ ʥʘ ʘʣʤʘʟʝ 

ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʦ ʩʚʷʟʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʘʥʦʯʘʩʪʠʮʳ WC. ʇʦʜʨʦʙʥʦ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [221ï223]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʙʳʣ ʚʳʙʨʘʥ ʪʦʪ ʞʝ ʩʧʣʘʚ 75% Fe ï 15% Co ï 10% Ni, ʚ ʢʦʪʦʨʳʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠ ʥʘʥʦʯʘʩʪʠʮ r WC ʚ ʢʦʣʠʯʝʩʪʚʝ 1% [224]. ɺ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʤʘʟʘ ʩ ʦʢʩʠʜʦʤ WO3, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʩʦʩʪʘʚʝ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʥʦʧʦʨʦʰʢʘ WC ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800-900 Áʉ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʜʚʘ ʧʨʦʮʝʩʩʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʯʠʥʘʝʪʩʷ 

ʛʨʘʬʠʪʠʟʘʮʠʷ ʘʣʤʘʟʘ ʚ ʤʝʩʪʘʭ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʞʝʣʝʟʦʤ, ʥʠʢʝʣʝʤ ʠ ʢʦʙʘʣʴʪʦʤ ï ʤʝʪʘʣʣʘʤʠ-

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-ʛʨʘʬʠʪè (ʨʠʩʫʥʦʢ 9). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʥʩʠʚʥʘʷ ʩʫʙʣʠʤʘʮʠʷ ʠ ʧʝʨʝʥʦʩ ʛʘʟʦʦʙʨʘʟʥʦʛʦ WO3 ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʭʝʤʦʩʦʨʙʮʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʬʠʪʦʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ (10):  

 

WO3(g) + 2,5C(s) Ÿ WC(s) + 1,5CO2(g), (10) 

ȹG ~ ï 400 ʢɼʞ/ʤʦʣʴ [222]. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʝʥʢʘ WC, ʪʦʣʱʠʥʘ ʠ ʩʧʣʦʰʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ W-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʩʧʝʢʘʥʠʷ [222].  
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ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ WC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʠ ʩʧʝʢʘʥʠʠ 

ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦ ʩʚʷʟʢʦʡ Fe-Co-Ni ʠ ʜʦʙʘʚʢʦʡ ʥʘʥʦʧʦʨʦʰʢʘ WC 

 

ɼʦʙʘʚʢʘ ʥʘʥʦʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʣʘ ʫʧʨʦʯʥʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʆʨʦʚʘʥʘ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʣʝʪʫʯʝʛʦ 

ʦʢʩʠʜʘ WO3 (~1 ʤʘʩʩ. %), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʦʩʪʘ ʧʣʝʥʢʠ WC ʥʘ ʘʣʤʘʟʥʳʭ ʟʝʨʥʘʭ.   

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʘʣʤʘʟʘ ʥʘ ʠʟʣʦʤʝ ʤʝʪʘʣʣʦʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦ 

ʩʚʷʟʢʦʡ Fe-Co-Ni-WCʥʘʥʦ. ʉʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʠ 

ʦʩʪʘʣʦʩʴ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʭʦʨʦʰʝʡ 

ʘʜʛʝʟʠʠ ʧʣʝʥʢʠ ʢ ʘʣʤʘʟʫ. ʆʪʩʣʦʝʥʠʝ ʧʦʢʨʳʪʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʣ 10 ʤʢʤ.  
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ʈʠʩʫʥʦʢ 10 ï ʉʥʠʤʦʢ ʠʟʣʦʤʘ ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦ ʩʚʷʟʢʦʡ Fe-Co-Ni ʠ ʜʦʙʘʚʢʦʡ 

ʥʘʥʦʧʦʨʦʰʢʘ WC 

 

ʆʙʨʘʟʝʮ ʜʣʷ in situ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʇʕʄ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚ ʜʚʘ ʵʪʘʧʘ ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.1. ʇʝʨʝʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʪʨʦʡʩʪʚʝ 

Push-to-pull ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʩʚʷʟʢʘ-ʧʦʢʨʳʪʠʝ-ʘʣʤʘʟè, ʤʝʪʦʜʘʤʠ ʉʇʕʄ ʠ ʕɼʉ (ʨʠʩʫʥʦʢ 11). ʇʦʢʨʳʪʠʝ WC 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʚʳʩʦʢʦʡ ʩʧʣʦʰʥʦʩʪʴʶ ʠ ʠʤʝʣʦ ʪʦʣʱʠʥʫ ʦʢʦʣʦ 50 ʥʤ. ʆʥʦ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʣʦ 

ʢʘʢ ʢ ʘʣʤʘʟʫ, ʪʘʢ ʠ ʢ ʩʚʷʟʢʝ Fe-Co-Ni. ʇʨʠ ʕɼʉ-ʢʘʨʪʠʨʦʚʘʥʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦ ʩʪʦʨʦʥʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʧʣʝʥʢʘ WC ʥʝ ʠʤʝʝʪ ʯʝʪʢʦʡ ʛʨʘʥʠʮʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [224]. ɺʦʣʴʬʨʘʤ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʝʥ ʚ ʩʚʷʟʢʝ ʠ ʦʙʨʘʟʫʝʪ ʛʨʘʜʠʝʥʪʥʳʡ 

ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 200 ʥʤ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʚʝʨʜʦʬʘʟʥʦʡ ʜʠʬʬʫʟʠʠ ʩʣʦʷ WC ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʚʷʟʢʫ Fe-Ni-Co. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 950 Áʉ ʨʘʩʪʚʦʨʠʤʦʩʪʴ WC ʚ ʞʝʣʝʟʝ, 

ʢʦʙʘʣʴʪʝ ʠ ʥʠʢʝʣʝ ʩʦʩʪʘʚʣʷʝʪ 5-15 % [225], ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ ʥʘʥʦʧʦʨʦʰʢʘ Wʉ 

(ʦʢʦʣʦ 1 %). ʅʘʣʠʯʠʝ ʥʘ ʘʣʤʘʟʥʦʤ ʟʝʨʥʝ ʧʣʝʥʢʠ WC ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʧʣʝʥʢʠ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʩʚʷʟʢʝ. 

 

Ғ мл ˃Ƴ 
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ʈʠʩʫʥʦʢ 11 ï ʀʟʦʙʨʘʞʝʥʠʝ ʣʘʤʝʣʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʙʣʘʩʪʠ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʩʚʷʟʢʘ-ʧʣʝʥʢʘ WC-

ʘʣʤʘʟè 

 

ʃʘʤʝʣʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʚʳʨʝʟʘʥʘ ʠʟ ʟʘʛʦʪʦʚʢʠ ʠ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ Push-to-pull ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʦʥʘ ʧʨʠʣʝʛʘʣʘ ʢ 

ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ, ʜʨʫʛʦʡ ï ʢ ʥʝʧʦʜʚʠʞʥʦʡ, ʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʩʚʷʟʢʘ-ʧʣʝʥʢʘ WC-ʘʣʤʘʟè ʙʳʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 12 ʘ,ʙ). ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʧʦ ʤʝʪʦʜʠʢʝ [207] ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ Push-to-

Pull, ʨʘʚʥʦʡ 1 ʥʤ/ʩ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠʢʘʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʥʘʛʨʫʟʢʝ 106 ʤʢʅ. ʍʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ (ʠ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ) ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 12 ʚ) ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ, 

ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʩʚʷʟʢʘ-ʧʣʝʥʢʘ WC- ʘʣʤʘʟè. ʐʠʨʠʥʘ ʣʘʤʝʣʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʧʨʷʤʳʤ ʠʟʤʝʨʝʥʠʝʤ ʧʦ ʩʥʠʤʢʫ, ʩʜʝʣʘʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʇʕʄ. ʊʦʣʱʠʥʫ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʘʥʘʣʠʟʝ 



76 

ʜʠʬʨʘʢʮʠʠ ʩʭʦʜʷʱʝʛʦʩʷ ʧʫʯʢʘ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʣʘʤʝʣʠ çʩʚʷʟʢʘ-ʧʣʝʥʢʘ WC-

ʘʣʤʘʟè ʩʦʩʪʘʚʠʣ 207 ʄʇʘ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12 ʙ, ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʪʨʝʱʠʥʘ ʧʨʦʰʣʘ ʥʝ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

çʘʣʤʘʟ-ʧʣʝʥʢʘ WCè ʠʣʠ çʧʣʝʥʢʘ WC-ʩʚʷʟʢʘè, ʘ ʩʢʚʦʟʴ ʟʝʨʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ Fe-Co-Ni, ʪʦ 

ʝʩʪʴ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʧʦ ʢʦʛʝʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [224]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʯʥʦʩʪʴ 

ʩʮʝʧʣʝʥʠʷ ʘʣʤʘʟʘ ʩ ʧʣʝʥʢʦʡ WC ʢ ʩʚʷʟʢʝ Fe-Co-Ni ʠʤʝʣʘ ʟʥʘʯʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ 207 ʄʇʘ. 

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 12 ï ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʣʘʤʝʣʠ ʜʦ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʡ (ʘ), ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ (ʙ) ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʩʧʣʘʚʘ Fe-Co-Ni, ʣʘʤʝʣʠ çʩʧʣʘʚ Fe-Co-Ni ï ʧʦʢʨʳʪʠʝ WC ï ʘʣʤʘʟè ʠ 

ʣʘʤʝʣʠ çʩʧʣʘʚ Fe-Co-Ni ï ʘʣʤʘʟè  

 

ɺ ʠʟʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʣʘʤʝʣʠ çʩʚʷʟʢʘ-ʧʣʝʥʢʘ WC-ʘʣʤʘʟè ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ 

ʩʪʨʫʢʪʫʨʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʣʱʠʥʦʡ L, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʨʫʰʝʥʠʝ: (1) ʛʨʘʥʠʮʘ 

ʨʘʟʜʝʣʘ çʘʣʤʘʟ ï ʧʣʝʥʢʘ WCè, LDiamond-WC å5 nm; (2) ʧʣʝʥʢʘ WC, LWC å50 nm; (3) ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ 

çʧʣʝʥʢʘ WC ï ʩʚʷʟʢʘè, LWC-Binder å 5 nm; (4) ʛʨʘʜʠʝʥʪʥʳʡ ʩʣʦʡ ʩʚʷʟʢʠ Fe-Co-Ni ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʪʦʤʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʫʛʣʝʨʦʜʘ, LGradient binderå 200 nm; (5) ʩʚʷʟʢʘ, 

LBinder>1 ɛm. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʘʤʝʣʴ ʠʤʝʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʣʦʷʤʠ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʠ ̫ ʥʘʛʨʫʟʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʙʘʟʦʚʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʨʝʱʠʥʘ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʢʦʤʧʦʟʠʪʘʭ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚʥʫʪʨʠ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʩʣʦʷ. ɺ 

ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʯʥʦʩʪʠ ʩʣʦʝʚ ʩʦʧʦʩʪʘʚʠʤʳ, ʪʨʝʱʠʥʘ ʙʫʜʝʪ ʧʝʨʝʩʝʢʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ. ɼʣʷ 

ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʣʦʤʘ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʦʚʠʥʘ ʣʘʤʝʣʠ ʩʦ ʩʪʦʨʦʥʳ ʘʣʤʘʟʘ ʙʳʣʘ 

ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʤʝʜʥʫʶ ʧʦʣʫʩʝʪʢʫ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʪʦʥʝʥʘ ʠʦʥʥʳʤ ʧʫʯʢʦʤ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʩʥʠʤʢʦʚ ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʇʕʄ. ʅʘ ʨʠʩʫʥʢʝ 

13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʧʣʝʥʢʘ WC ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʣʦʪʥʦ 

ʧʨʠʣʝʛʘʝʪ ʢ ʘʣʤʘʟʫ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. ʅʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ 

ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ ʠ ʢʘʢʠʝ-ʣʠʙʦ ʢʨʫʧʥʳʝ ʜʝʬʝʢʪʳ. ʄʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ çʘʣʤʘʟ ï ʧʣʝʥʢʘ WCè 

ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʘʣʤʘʟʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʩʣʦʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʠʣʴʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ C-C ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʠʜʘ 

ʠ ʘʣʤʘʟʘ. ɿʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ WC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʦʪʩʫʪʩʪʚʫʝʪ ʩʣʦʡ ʛʨʘʬʠʪʘ, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʩʧʝʢʘʥʠʠ ʘʣʤʘʟʘ ʩ ʤʝʪʘʣʣʘʤʠ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʝʨʝʭʦʜʘ 

[226]. 

ʅʘʣʠʯʠʝ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʞʜʫ WC ʠ ʵʣʝʤʝʥʪʘʤʠ ʩʚʷʟʢʠ ʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ çʧʣʝʥʢʘ WC ï ʩʚʷʟʢʘè. 

ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʣʘʤʝʣʠ: ʘʜʛʝʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʵʪʦʡ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ WC-(Co,Ni,Fe) ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ 

ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ WC-Co [227], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʩʦ 

ʩʚʷʟʫʶʱʝʡ ʬʘʟʦʡ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ Fe-Ni-Co [228]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ 

WC-(Fe-Co-Ni) ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʝ çWC-ʩʚʷʟʢʘ Fe-Co-Niè, ʘ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʟʝʨʝʥ WC ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʣʘʚʘʭ ʩ ʩʫʙʤʠʢʨʦʥʥʳʤ ʨʘʟʤʝʨʦʤ 

ʟʝʨʥʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʠʟʫʯʝʥʥʦʡ ʣʘʤʝʣʠ ʩ ʪʚʝʨʜʳʤʠ ʩʧʣʘʚʘʤʠ WC-(Fe-Co-Ni) ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʚʷʟʫʶʱʘʷ ʬʘʟʘ ʚ ʪʚʝʨʜʳʭ ʩʧʣʘʚʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʩ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʪʦʤʦʚ W ʠ ʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʣʘʤʝʣʠ ʨʘʚʥʦʚʝʩʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚʙʣʠʟʠ (ʦʮʝʥʦʯʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ å10-25 ʥʤ) ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ 

çWC ï ʩʚʷʟʢʘè. ɼʠʬʬʫʟʠʷ ʘʪʦʤʦʚ W ʠ ʉ ʚ ʩʚʷʟʢʫ Fe-Co-Ni ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩʚʷʟʢʠ ʩʦ ʩʣʦʝʤ WC [224]. 
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ʈʠʩʫʥʦʢ 13 ï ʀʟʦʙʨʘʞʝʥʠʝ ʠʟʣʦʤʘ ʣʘʤʝʣʠ çʩʚʷʟʢʘ Fe-Co-Ni-ʧʣʝʥʢʘ WC-ʘʣʤʘʟè ʧʦʩʣʝ in situ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 13, ʨʘʟʨʳʚ ʦʙʨʘʟʮʘ ʧʨʦʠʟʦʰʝʣ ʧʦ ʟʝʨʥʘʤ ʩʚʷʟʢʠ Fe-Co-Ni ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 25-50 ʥʤ ʦʪ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ çʧʣʝʥʢʘ WC ï ʩʚʷʟʢʘè, ʪʦ ʝʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʦʡ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʛʨʘʜʠʝʥʪʥʳʡ ʩʣʦʡ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ W ʠ C ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʠʩʭʦʜʥʦʡ 

ʩʚʷʟʢʦʡ Fe-Co-Ni. ɸʪʦʤʳ W ʠ C, ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʤʘʪʨʠʮʝ ʠ ʧʦ ʪʠʧʫ ʟʘʤʝʱʝʥʠʷ, ʠ ʧʦ ʪʠʧʫ 

ʚʥʝʜʨʝʥʠʷ, ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʩʦʟʜʘʚʘʷ ʧʨʝʧʷʪʩʪʚʠʷ 

ʜʣʷ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʠ ʧʨʠʚʦʜʷ ʢ ʠʭ ʩʢʦʧʣʝʥʠʶ ʥʘ ʢʨʘʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ. ʈʝʣʘʢʩʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʜʠʩʣʦʢʘʮʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ 

ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʝʥ ʩʚʷʟʢʠ ʜʦ 2-3 ʥʤ (ʨʠʩʫʥʦʢ 13), ʪʦ ʝʩʪʴ ʜʦ ʨʘʟʤʝʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʭ ʯʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʍʦʣʣʘ-ʇʝʪʯʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʟʫʯʝʥʘ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʣʤʘʟʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ Fe-Co-Ni ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʧʣʝʥʢʠ WC. ɿʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ in 

situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʇʕʄ ʠ ʩʦʩʪʘʚʠʣʦ 207 ʄʇʘ. ʈʘʟʨʫʰʝʥʠʝ ʪʨʝʭʩʣʦʡʥʦʡ 

ʣʘʤʝʣʠ çʩʚʷʟʢʘ ï ʧʣʝʥʢʘ WC ï ʘʣʤʘʟè ʠʤʝʝʪ ʢʦʛʝʟʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʪʨʝʱʠʥʘ 

ʧʨʦʭʦʜʠʪ ʧʦ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʤʝʞʜʫ ʩʚʷʟʢʦʡ ʠ ʛʨʘʜʠʝʥʪʥʳʤ ʩʣʦʝʤ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʪʦʤʦʚ W ʠ C. 

3.4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʩ ʘʜʛʝʟʠʦʥʥʦ-

ʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ in situ ʇʕʄ ʤʝʪʦʜʦʤ 

ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʠʣʴʥʳʭ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʢ ʘʣʤʘʟʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʣʫ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʥʝʵʥʪʨʦʧʠʡʥʳʡ ʩʧʣʘʚ (ʉʕʉ) CoCrFeNi ʠ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʩʧʣʘʚʳ (ɺʕʉ) CoCrCuFeNi ʠ CoCrFeNiTi. ʉʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʧʣʘʚʘʭ ʷʚʣʷʝʪʩʷ ʵʢʚʠʘʪʦʤʥʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʦʘʣʤʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ 

ʩʦʯʝʪʘʥʠ ʁ ʚ ʥʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ [229ï232]. ʀʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ï ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʘʨʙʠʜʥʳʝ ʩʣʦʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʘʣʤʘʟʦʤ, 

ʯʪʦ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʘʣʤʘʟ-ʩʚʷʟʢʘè ʚ ʢʦʤʧʦʟʠʪʘʭ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ in situ ʤʝʪʦʜʦʤ ʇʕʄ.  

ʃʘʤʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʨʘʟʜʝʣʝ 3.1. ʅʘ ʨʠʩʫʥʢʝ 14 ʧʨʠʚʝʜʝʥʳ ʩʥʠʤʢʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʘʤʝʣʝʡ. ʉʥʘʯʘʣʘ ʠʟ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʘʣʤʘʟ-ʩʚʷʟʢʘè, 

ʚʳʨʝʟʘʣʠ ʣʘʤʝʣʴ-ʟʘʛʦʪʦʚʢʫ (ʨʠʩʫʥʦʢ 14 ʘ), ʧʝʨʝʥʦʩʠʣʠ ʝʝ ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʦʤ ʥʘ ʤʝʜʥʫʶ 

ʧʦʣʫʩʝʪʢʫ (ʨʠʩʫʥʦʢ 14 ʙ). ɿʘʪʝʤ ʠʟ ʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚʳʨʝʟʘʣʠ ʦʙʨʘʟʝʮ ʨʘʟʤʝʨʦʤ 3*0,5 ʤʢʤ, 

ʩʦʜʝʨʞʘʱʝʡ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 

14 ʚ), ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ Push-to-Pull (ʨʠʩʫʥʦʢ 14 ʛ) ʠ ʜʝʣʘʣʠ ʫʛʣʝʨʦʜʥʦʝ ʥʘʧʳʣʝʥʠʝ ʚ 

ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ. 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 14 ï ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʤʝʣʝʡ ʜʣʷ ʠʩʧʳʪʘʥʠʡ: ʚʳʪʨʘʚʣʠʚʘʥʠʝ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʘʣʤʘʟè (ʘ); ʧʝʨʝʥʦʩ ʤʝʪʘʣʣʦʘʣʤʘʟʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʘ ʧʦʣʫʩʝʪʢʫ (ʙ); 

ʚʳʪʨʘʚʣʠʚʘʥʠʝ ʠʦʥʥʳʤ ʧʫʯʢʦʤ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʚ); ʧʝʨʝʥʦʩ ʦʙʨʘʟʮʘ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʨʦʡʩʪʚʦ Push-to-pull ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʘʥʠʧʫʣʷʪʦʨʘ (ʛ) 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʘʣʤʘʟïCoCrFeNi (ʨʠʩʫʥʦʢ 15) ʙʳʣʦ ʚʳʷʚʣʝʥʦ 5 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ: ʩʘʤ ʘʣʤʘʟ (ʦʙʦʟʥʘʯʝʥ I ʥʘ ʨʠʩʫʥʢʝ 15), ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 

100-300 ʥʤ (II), ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʘʣʤʘʟʫ, ʥʝʧʨʝʨʳʚʥʳʡ ʩʣʦʡ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ 

ʪʫʨʙʦʩʪʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʦʣʱʠʥʦʡ 200-1000 ʥʤ (III ), ʩʣʦʡ ʢʘʨʙʠʜʘ ʭʨʦʤʘ (IV) ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʯʘʩʪʠʮʳ ʛʨʘʬʠʪʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ 1-2 ʤʢʤ, ʠ ʩʣʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʠʢʝʣʷ ʚ ʩʦʩʪʘʚʝ (V). ɺ ʮʝʣʦʤ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 5-7 ʤʢʤ. 

ɸʣʤʘʟʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʥʝʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʚʳʟʚʘʥʦ ʝʛʦ 

ʛʨʘʬʠʪʠʟʘʮʠʝʡ ʚʩʣʝʜʩʪʚʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ Ni, Fe, Co ʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ɻʇ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʠʤʳʢʘʶʪ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʕɼʉ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (FFT) ʧʦʢʘʟʘʣʦ 
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ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʥʠʭ ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ ʢʦʙʘʣʴʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʨʦʤʘ 

ʚ ʜʘʥʥʳʭ ʟʝʨʥʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʩʧʣʘʚʝ, ʯʪʦ ʚʳʟʚʘʥʦ ʝʛʦ ʨʘʩʭʦʜʦʤ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ. ʊʘʢʞʝ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʫʛʣʝʨʦʜ, ʥʦ ʪʦʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʦʜʦʤ ʕɼʉ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʘʣʤʘʟʘ ʠ ʩʦʩʝʜʥʝʡ 

ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʡ ʬʘʟʳ. ɿʝʨʥʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʥʠʢʝʣʝʤ, ʩʠʣʴʥʤr ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-

ʛʨʘʬʠʪè, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʨʘʬʠʪʠʟʘʮʠʠ ʥʘ ʘʣʤʘʟʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 15, ʤʝʞʜʫ ʘʣʤʘʟʦʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 400-600 ʥʤ, ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʫʛʣʝʨʦʜʘ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʇʕʄɺʈ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʘʥʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʥʝʫʧʦʨʷʜʦʯʝʥʥʫʶ ʪʫʨʙʦʩʪʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʙʣʠʟʢʫʶ ʢ ʛʨʘʬʠʪʫ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʥʘʣʠʯʠʶ ʨʝʬʣʝʢʩʦʚ ʦʪ ʝʛʦ ʧʣʦʩʢʦʩʪʝʡ (111). ʅʘ ʢʘʨʪʘʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʠʩʫʥʢʝ 15 ʚʠʜʥʦ, ʯʪʦ ʥʠʞʝʣʝʞʘʱʠʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 1,5-4,0 ʤʢʤ 

ʦʙʦʛʘʱʝʥ ʭʨʦʤʦʤ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʥʝʦʜʥʦʨʦʜʥʘ, ʠ ʦʥ ʩʦʜʝʨʞʠʪ ʦʪʜʝʣʴʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʥʷʪʦʡ ʩ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʪʠʧʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʬʘʟʘ ʙʣʠʟʢʘ ʢ ʢʘʨʙʠʜʫ ʭʨʦʤʘ Cr23C6. 

ʆʜʥʘʢʦ ʕɼʉ-ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ a ʵʪʦʡ ʬʘʟʝ Fe ʠ Co, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʢʘʨʙʠʜʘ (Cr,Fe,Co)23C6.  

ʈʘʩʭʦʜʦʚʘʥʠʝ Cr, Fe ʠ Co ʠʟ ʤʘʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ɻʎʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʦʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ (Cr,Fe,Co)23C6 ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʢʘʨʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʥʳ ʦʙʣʘʩʪʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʥʠʢʝʣʷ. ɼʘʥʥʳʝ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ FCC* (ʨʠʩʫʥʦʢ 15, ʜʠʬʨʘʢʮʠʷ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʬʘʟʳ FCC* ʢ ʠʩʭʦʜʥʦʡ ʬʘʟʝ FCC ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩ ʘʣʤʘʟʦʤ ʥʝ ʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʥʳʤ. ɼʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ ʩʢʚʦʟʴ ʩʣʦʡ ʬʘʟʳ FCC* 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʢʘʨʙʠʜʥʳʭ ʯʘʩʪʠʮ. 
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ʈʠʩʫʥʦʢ 15 ï ʉʥʠʤʢʠ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʇʕʄ ʠ ʇʕʄɺʈ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʜʠʬʨʘʢʮʠʠ, ʩʥʷʪʳʝ ʩ ʟʝʨʝʥ ʬʘʟ ɻʎʂ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʢʘʨʙʠʜʘ (Cr,Fe,Co)23C6 

 

ʀʟʫʯʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʘʣʤʘʟïCoCrCuFeNi ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʠ ʘʣʤʘʟʦʤ ʥʝʪ (ʨʠʩʫʥʦʢ 16). ʄʝʞʜʫ ʥʠʤʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʠʟ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʪʫʨʙʦʩʪʨʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʪʦʣʱʠʥʦʡ 100-200 ʥʤ. 

ɺʥʫʪʨʠ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʩʣʦʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʥʠʢʝʣʷ ʚ ʩʦʩʪʘʚʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʧʣʘʚʘ CoCrFeNi, ʥʠʢʝʣʝʚʳʝ ʢʣʘʩʪʝʨʳ, ʥʘʭʦʜʷʩʴ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʘʣʤʘʟʦʤ, ʢʘʪʘʣʠʟʠʨʫʶʪ ʝʛʦ ʧʝʨʝʭʦʜ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕɼʉ-

ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʤʘʪʨʠʮʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʘʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʠ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʤʫ ʩʣʦʶ, ʦʙʦʛʘʱʝʥʘ ʤʝʜʴʶ (ʨʠʩʫʥʦʢ 16, ʵʣʝʤʝʥʪʥʳʝ 

ʢʘʨʪʳ). ɽʝ ʩʦʜʝʨʞʘʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 77 % ʫ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʜʦ 25 % ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʢʤ 

ʦʪ ʥʝʝ. ʂʘʨʙʠʜ (Cr,Fe,Co)23C6 ʥʝ ʬʦʨʤʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʣʦʡ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 1 ʤʢʤ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 2-4 ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʥʘʭʦʜʠʪʩʷ ʬʘʟʘ FCC* ʩ ʠʟʤʝʥʝʥʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ ɺʕʉ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦ ʫʩʨʝʜʥʝʥʥʳʤ ʜʘʥʥʳʤ ʕɼʉ ʩʦʩʪʘʚ 

ʬʘʟʳ FCC*: 27% Ni, 22 % Cu, 22% Fe, 22% Co, 6% C, 1 % Cr (ʘʪ. %). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʜʠ ʚ ʜʘʥʥʦʡ ʬʘʟʝ, ʭʦʪʷ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [233] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʝʣ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʜʠ ʚ ʵʢʚʠʘʪʦʤʥʦʤ ʩʧʣʘʚʝ CoCrFeNi ʩʦʩʪʘʚʣʷʝʪ 9 ʘʪ. %. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʚʝʨʜʦʤ 



83 

ʨʘʩʪʚʦʨʝ ʭʨʦʤʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʟʨʘʩʭʦʜʦʚʘʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʠʜʥʳʭ 

ʟʝʨʝʥ (Cr,Fe,Co)23C6.  

ʅʝʩʧʣʦʰʥʦʩʪʴ ʩʣʦʷ ʠʟ ʢʘʨʙʠʜʘ (Cr,Fe,Co)23C6 ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʪʨʫʜʥʝʥʦ ʜʨʫʛʠʤʠ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʦʯʝʨʝʜʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʠʩʭʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ FCC ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [233], ʨʘʩʧʘʜ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ FCC ʚ ʵʢʚʠʘʪʦʤʥʦʤ ʩʧʣʘʚʝ 

CoCrCuFeNi ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 600-800 Áʉ, ʘ ʠʟʙʳʪʦʯʥʘʷ ʬʘʟʘ ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʤʝʞʟʝʨʝʥʥʳʤ ʛʨʘʥʠʮʘʤ. ʊʦʛʜʘ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʥʘ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʩ ʘʣʤʘʟʦʤ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʣʦʚʝʨʦʷʪʥʦ ʠʣʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʚʳʜʝʨʞʝʢ (ʜʦ 4 ʯʘʩʦʚ ʩʦʛʣʘʩʥʦ [234]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʴʰʝ, ʯʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʘʷ ʬʘʟʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ ʧʨʝʜʦʭʨʘʥʷʝʪ ʝʛʦ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʤʝʪʘʣʣʘʤʠ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ 

ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-ʛʨʘʬʠʪè ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʫʛʣʝʨʦʜʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʘʣʤʘʟʦʚ ʚ ʤʘʪʨʠʮʝ ʠʟ ʩʧʣʘʚʘ CoCrCuFeNi ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ 

(Cr,Fe,Co)23C6.  

 

 

ʈʠʩʫʥʦʢ 16 ï ʉʥʠʤʢʠ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʘʣʤʘʟ-CoCrCuFeNiè, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ 

ʇʕʄ ʠ ʇʕʄɺʈ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʠʬʨʘʢʮʠʠ, ʩʥʷʪʳʝ ʩ ʟʝʨʝʥ ʢʘʨʙʠʜʘ (Cr,Fe,Co)23C6, ʬʘʟr ɻʎʂ ʠ 

ʚʪʦʨʠʯʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 
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ɺ ʩʠʩʪʝʤʝ çʘʣʤʘʟ-CoCrFeNiTiè ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʕʉ 

ʩ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʤ ʫʛʣʝʨʦʜʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʠʟ ʢʘʨʙʠʜʘ ʭʨʦʤʘ Cr23C6 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʢʤ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʨʫʧʥʳʭ ʟʝʨʝʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʦʥʢʠʤʠ çʢʘʥʘʣʘʤʠè, ʧʦ 

ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʘʷ ʜʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ ʚʛʣʫʙʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʢʘʨʙʠʜʘ Cr23C6 ʧʨʦʠʩʭʦʜʠʣʦ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɺʕʉ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʦʙʣʘʩʪʷʭ. ʇʦʣʫʯʠʚʰʘʷʩʷ ʬʘʟʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʦʙʦʛʘʱʝʥʥʘʷ ʥʠʢʝʣʝʤ ʠ ʪʠʪʘʥʦʤ, ʧʦʣʫʯʠʣʘ ʥʘ ʨʠʩʫʥʢʝ 17 ʦʙʦʟʥʘʯʝʥʠʝ FCC*. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʬʘʟʳ FCC* ʩ ʫʛʣʝʨʦʜʦʤ, ʜʠʬʬʫʥʜʠʨʫʶʱʠʤ ʠʟ ʘʤʦʨʬʥʦʡ ʧʨʦʩʣʦʡʢʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʦ-ʭʨʦʤʦʚʦʛʦ ʢʘʨʙʠʜʘ (Ti,Cr)C. 

ɼʘʥʥʳʡ ʩʣʦʡ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʪʦʣʱʠʥʫ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 100 ʥʤ ʜʦ 1 ʤʢʤ. ɿʝʨʥʘ (Ti,Cr)C 

ʨʘʟʤʝʨʦʤ 40 ʥʤ ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʟʝʨʥʘʤʠ Cr23C6 ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ FCC*. 

ʇʨʠʯʠʥʦʡ ʪʘʢʠʭ ʦʪʣʠʯʠʡ ʧʦ ʜʠʩʧʝʨʩʥʦʩʪʠ ʟʝʨʝʥ ʬʘʟ Cr23C6 ʠ TiC ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʠʮʘ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʧʝʢʘʥʠʠ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ 

ʧʣʘʚʣʝʥʠʷ (1576 Áʉ ʠ 3100 Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʛʣʝʨʦʜʥʘʷ ʧʨʦʩʣʦʡʢʘ, 

ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ, ʠʤʝʝʪ ʥʝ ʪʫʨʙʦʩʪʨʘʪʥʦʝ, ʘ ʘʤʦʨʬʥʦʝ ʩʪʨʦʝʥʠʝ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʠ ʜʠʬʬʫʟʥʦʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʛʘʣʦ.  

 

 

ʈʠʩʫʥʦʢ 17 ï ʉʥʠʤʢʠ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ çʘʣʤʘʟ-CoCrFeNiTiè, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ 

ʇʕʄ ʠ ʇʕʄɺʈ, ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʠʬʨʘʢʮʠʠ, ʩʥʷʪʳʝ ʩ ʟʝʨʝʥ 

ʢʘʨʙʠʜʘ (Cr,Fe,Co)23C6 ʠ (Ti,Cr)C 
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ʆʙʦʙʱʘʷ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʡʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ ʤʝʞʜʫ ʘʣʤʘʟʦʤ ʠ ɺʕʉ CoCrFeNi, CoCrCuFeNi ʠ 

CoCrFeNiTi: (1) ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʘʣʤʘʟʘ ʚ ʪʫʨʙʦʩʪʨʘʪʥʳʡ/ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʜʩʣʦʷ ʩ ʪʦʣʱʠʥʘʤʠ ʦʪ 0,1 ʜʦ 1,0 ʤʢʤ; (2) ʫʛʣʝʨʦʜʥʳʡ ʧʦʜʩʣʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Ti ʠ Cr), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʘʨʙʠʜʥʳʭ ʧʦʜʩʣʦʝʚ ʪʦʣʱʠʥʘʤʠ 1-4 ʤʢʤ. ʇʦʩʢʦʣʴʢʫ Cr ʠ Ti ʨʘʩʭʦʜʫʶʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʦʚ, ʪʦ ɻʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʝʜʥʝʥʥʦʛʦ ʠʤʠ ʧʦʜʩʣʦʷ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ 

ʢʘʨʙʠʜʥʦʤʫ ʩʣʦʶ; (3) ʜʣʷ ɺʕʉ CoCrCuFeNi, ʧʦʤʠʤʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʜʝʣʝʥʠʝ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ çɺʕʉ-ʘʣʤʘʟè ʚʪʦʨʠʯʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʢʦʪʦʨʘʷ 

çʟʘʱʠʱʘʝʪè ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʤʘʟʥʳʭ ʟʝʨʝʥ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ çʘʣʤʘʟ-ʛʨʘʬʠʪè, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʣʦʰʥʦʛʦ ʢʘʨʙʠʜʥʦʛʦ 

ʧʦʜʩʣʦʷ.  

ʅʘ ʨʠʩʫʥʢʝ 18 ʧʨʠʚʝʜʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ in situ ʠʩʧʳʪʘʥʠʷʭ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ çʘʣʤʘʟ-CoCrFeNiè, çʘʣʤʘʟ-CoCrCuFeNiè ʠ çʘʣʤʘʟ-CoCrFeNiTiè. ʂʨʠʚʳʝ 

ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʘʤʝʣʝʡ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ CoCrFeNi ʠ CoCrFeNiTi ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ 

ʚʠʜ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʨʫʰʝʥʠʠ ʥʘ ʫʧʨʫʛʦʤ ʫʯʘʩʪʢʝ ʜʝʬʦʨʤʘʮʠʠ. ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʜʣʷ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiè ʩʦʩʪʘʚʠʣʦ 468 ʄʇʘ, ʘ ʜʣʷ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiTiè 

- 406 ʄʇʘ. ʆʪʩʫʪʩʪʚʠʝ ʷʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʦʞʠʜʘʝʤʦ, ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiè ʙʳʣʠ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʝ ʘʣʤʘʟ 

ʠ ʢʘʨʙʠʜʳ Cr23C6 , (Ti,Cr)C.  

ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrCuFeNiè, 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʠ ʥʝʣʠʥʝʡʥʫʶ ʯʘʩʪʴ, ʪʦ ʝʩʪʴ ʨʘʟʨʫʰʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʘʤʝʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʜʣʷ ʜʘʥʥʦʡ 

ʣʘʤʝʣʠ ʩʦʩʪʘʚʠʣʦ 456 ʄʇʘ.  
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ʈʠʩʫʥʦʢ 18 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ in situ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʣʘʤʝʣʝʡ çʘʣʤʘʟ-CoCrFeNiè, çʘʣʤʘʟ-CoCrCuFeNiè ʠ çʘʣʤʘʟ-CoCrFeNiTiè 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiè ʥʠʢʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʨʠʩʫʥʦʢ 19 ʘ). ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʟʦʰʣʦ ʧʦ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝ. ʇʨʠʯʝʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ ʢ ʨʠʩʫʥʢʫ 19 ʙ, ʧʫʪʴ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʧʨʦʭʦʜʠʣ 

ʧʦ ʧʨʦʩʣʦʡʢʝ ʪʫʨʙʦʩʪʨʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʦ ʩʪʦʨʦʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʙʣʠʞʝ ʢ ʟʝʨʥʫ Cr23C6.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 19 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiè ʜʦ (ʘ) ʠ ʧʦʩʣʝ in situ ʠʩʧʳʪʘʥʠʡ (ʙ) 

 

ʃʘʤʝʣʴ çʘʣʤʘʟ-CoCrCuFeNiè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 

ʠʤʝʣʘ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʘʣʤʘʟʦʤ ʠ ʟʝʨʥʦʤ ʬʘʟʳ FCC 

ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʪʦʥʢʘʷ ʧʨʦʩʣʦʡʢʘ ʪʫʨʙʦʩʪʨʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʟʝʨʥʦ ʢʘʨʙʠʜʘ Cr23C6 ʠ ʟʝʨʥʦ ʬʘʟʳ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ (ʨʠʩʫʥʦʢ 20). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʣʘʤʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʟʠʪʘ çʘʣʤʘʟ-CoCrCuFeNiè. 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 20 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrCuFeNiè ʜʦ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʡ (ʘ), ʘ ʪʘʢʞʝ ʚ 

ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʙ), ʚ ʤʦʤʝʥʪ ʧʝʨʝʜ ʨʘʟʨʫʰʝʥʠʝʤ (ʚ) ʠ ʧʦʩʣʝ 

ʨʘʟʨʫʰʝʥʠʷ (ʛ) 

 

ʅʘ ʩʪʘʜʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʚ ʣʘʤʝʣʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʷʚʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (ʨʠʩʫʥʦʢ 20 ʘ). ʇʨʠ ʚʳʭʦʜʝ ʥʘ 

ʫʯʘʩʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ, ʚ ʟʝʨʥʝ Cu-

ʬʘʟʳ ʥʘʙʣʶʜʘʣʠʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ (ʨʠʩʫʥʦʢ 20 ʙ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʥʘʯʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʘʥʥʦʡ ʬʘʟʝ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʝʡʢʠ (ʨʠʩʫʥʦʢ 20 ʚ). ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʠʤʝʣʦ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ï ʪʨʝʱʠʥʘ ʧʨʦʰʣʘ ʧʦ ʪʝʣʫ ʟʝʨʥʘ ʤʝʜʥʦʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 20 ʛ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ çʘʣʤʘʟ-CoCrCuFeNiè ʚʪʦʨʠʯʥʘʷ ʬʘʟʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʷʚʣʷʝʪʩʷ 

çʩʣʘʙʳʤ ʟʚʝʥʦʤè ʠ ʣʦʢʘʣʠʟʫʝʪ ʚ ʩʝʙʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ, ʩʚʷʟʘʥʦ ʩ ʝʝ ʥʠʟʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ (ʥʠʞʝ, ʯʝʤ ʫ ʤʘʪʨʠʯʥʦʛʦ ɻʎʂ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʫ ʢʘʨʙʠʜʘ Cr23C6). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʨʦʯʥʘʷ ʘʜʛʝʟʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʜʥʦʡ ʬʘʟʳ ʩ ʢʘʨʙʠʜʦʤ Cr23C6 ʠ 

ʫʛʣʝʨʦʜʥʦʡ ʧʨʦʩʣʦʡʢʦʡ. ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʣʘʤʝʣʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʫʶ 
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ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʬʘʟʘʤʠ, ʯʪʦ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʯʠʩʪʦʡ ʤʝʜʠ 

(ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʩ ʫʛʣʝʨʦʜʦʤ, ʪʘʢ ʠ ʩ Cr23C6). ɺʝʨʦʷʪʥʦ, ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ Ni ʠ Fe (ʜʦ 9 % ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [233]) 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ.  

ʃʘʤʝʣʴ çʘʣʤʘʟ-CoCrFeNiTiè ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘʣʤʘʟ, 

ʧʨʦʩʣʦʡʢʘ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʝʨʝʜʫʶʱʠʝʩʷ ʟʝʨʥʘ ʢʘʨʙʠʜʦʚ (Ti,Cr)C ʠ Cr23C6 (ʨʠʩʫʥʦʢ 21 ʘ). 

ʈʘʟʨʫʰʝʥʠʝ ʜʘʥʥʦʡ ʣʘʤʝʣʠ ʧʨʦʠʟʦʰʣʦ ʙʝʟ ʚʠʜʠʤʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʫʪʴ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʧʨʦʭʦʜʠʣ ʧʦ ʫʛʣʝʨʦʜʥʦʡ ʧʨʦʩʣʦʡʢʝ (ʨʠʩʫʥʦʢ 21 ʙ). ʆʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ 

ʚ ʢʘʨʙʠʜʥʳʭ ʩʣʦʷʭ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 21 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʤʝʣʠ çʘʣʤʘʟ-CoCrFeNiTiè ʜʦ (ʘ) ʠ ʧʦʩʣʝ in situ ʠʩʧʳʪʘʥʠʡ (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ in situ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʣʘʤʝʣʝʡ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ 

çʘʣʤʘʟ-ɺʕʉè ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ. ʆʥʠ ʥʘʭʦʜʠʣʠʩʴ 

ʚ ʜʠʘʧʘʟʦʥʝ 406-468 ʄʇʘ. ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ɺʕʉ CoCrCuFeNi ʦʙʣʘʜʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʨʝʘʣʠʟʫʝʤʘʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʧʣʘʩʪʠʯʥʦʡ ʤʝʜʥʦʡ ʬʘʟʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʘʣʤʘʟʦʤ, ʜʝʣʘʝʪ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʘʣʤʘʟʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʩʦ ʩʚʷʟʢʦʡ CoCrCuFeNi ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʘʣʤʘʟʥʳʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ.  

3.5. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʨʠʮ ʩ ʘʣʤʘʟʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ in situ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʢʦʣʦʥʥʝ 

ʇʕʄ ʤʠʢʨʦʦʙʨʘʟʮʦʚ-ʣʘʤʝʣʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʤʝʪʘʣʣ-ʘʣʤʘʟè.  

2. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʚʷʟʢʠ ʥʘ ʘʜʛʝʟʠ ʁʢ ʘʣʤʘʟʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʣʫ. ʉʚʷʟʢʠ ʥʘ 

ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʢ ʘʣʤʘʟʫ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ů=50-110 ʄʇʘ, 

ʧʦʚʳʰʝʥʠʝ ů ʜʦ 200 ʄʇʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʣʘʢʠʨʦʚʘʥʠʝʤ ʘʣʤʘʟʘ ʢʘʨʙʠʜʦʤ ʚʦʣʴʬʨʘʤʘ, ʘ ʜʦ ů = 460 
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ʄʇʘ ï ʣʝʛʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʡ ʩʚʷʟʢʠ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʭʨʦʤʦʤ ʠ 

ʪʠʪʘʥʦʤ).  
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ɻʃɸɺɸ 4. ʈɸɿʈɸɹʆʊʂɸ ɼʀʉʇɽʈʉʅʆ-ʋʇʈʆʏʅɽʅʅʓʍ ʉɺʗɿʆʂ 

ɸʃʄɸɿʅʆɻʆ ɸɹʈɸɿʀɺʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ, ʇʈɽɼʅɸɿʅɸʏɽʅʅʆɻʆ 

ɼʃʗ ʈɽɿʂʀ ʉʊɸʃʀ ʀ ʏʋɻʋʅɸ 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʩʚʷʟʦʢ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ï ʵʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʤʘʨʦʢ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʢ ʘʣʤʘʟʫ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʦʡ ʩʚʷʟʢʠ ʤʘʨʢʠ Next100 (Eurotungstene, 

ʌʨʘʥʮʠʷ) ʩʦʩʪʘʚʘ 50% Cu ï 26% Co ï 24 % Fe (ʤʘʩʩ. %), ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʣʝʛʠʨʦʚʘʥʠʠ 

ʧʣʘʩʪʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ Ni, ʘ ʪʘʢʞʝ ʚ ʜʠʩʧʝʨʩʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʪʫʛʦʧʣʘʚʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʩʚʷʟʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

1. ʐʣʘʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʝʟʢʝ ʞʝʣʝʟʘ, ʩʪʘʣʠ, ʯʫʛʫʥʘ ʦʙʣʘʜʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʰʣʘʤʦʤ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊ.ʝ ʩʚʷʟʢʘ ʥʝ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʨʘʟʤʝʨʥʳʡ ʠʟʥʦʩ ʟʝʨʝʥ ʩʚʝʨʭʪʚʝʨʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʉʊʄ) ʠ ʩʚʷʟʢʠ ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʝʞʠʤʝ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ. 

2. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʁ ʩʚʷʟʢʘ ʜʦʣʞʥʘ 

ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʪʴ ʟʝʨʥʘ ʉʊʄ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʪʚʝʨʜʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʘʜʛʝʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʉʊʄ. 

4.1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʠʤʳʭ ʩʚʷʟʦʢ Next100  

4.1.1. ʃʝʛʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʥʠʢʝʣʝʤ 

ʅʘ ʨʠʩʫʥʢʝ 22 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ Next100 

ʠ Ni, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɼʘʥʥʳʝ ʧʦʨʦʰʢʠ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʬʨʘʢʮʠʦʥʥʳʤʠ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʵʪʠʭ ʧʦʨʦʰʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1-40 ʤʢʤ, ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʚ ʨʘʡʦʥʝ 10 ʤʢʤ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 22 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ Next100 (ʘ) ʠ Ni (ʙ) 

 

ʇʦʨʦʰʦʢ Next100 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʨʪʠʨʦʚʘʥʠʷ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ ʕɼʉ 

(ʨʠʩʫʥʦʢ 23). ʆʜʥʦʨʦʜʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ Next100 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ 

ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩʫʥʦʢ 23 ï ʀʟʦʙʨʘʞʝʥʠʝ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʯʘʩʪʠʮ Next100 (ʘ) ʠ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʥʷʪʳʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʤʝʜʠ (ʙ), ʞʝʣʝʟʘ (ʚ) ʠ 

ʥʠʢʝʣʷ (ʛ) 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ Next100 + X% Ni ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʩʝʨʠʷ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 9. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ (ʩ 

96 HRB ʜʦ 75 HRB) ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ (c 1170 ʄʇʘ ʜʦ 850 ʄʇʘ). ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʧʦʯʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʨʠʩʪʦʩʪʴ 

ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʠʢʝʣʷ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ.   

10 ʤʢʤ

Next100

10 ʤʢʤ

Cu

10 ʤʢʤ

Fe

10 ʤʢʤ

Co
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ʊʘʙʣʠʮʘ 9 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ Next100 

+X%Ni [235,236] 

ʉʦʩʪʘʚ, ʤʘʩʩ. % 
Tɻʇ, 

ʉÜ 

ɟ, ʛ/ʩʤ3 

 

ʇ, % 

 

ʊʚʸʨʜʦʩʪʴ, 

HRB 
ůʠʟʛ , ʄʇʘ 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, 

ɼʞ/ʤʤ2 

Next100 850 8,36 1,6 97Ñ1 1220Ñ20 2,0Ñ0,3 

Next100 +15%Ni 850 8,33 1,6 96Ñ1 1170Ñ30 3,6Ñ0,3 

Next100 +25%Ni 850 8,46 1,7 93Ñ1 1120Ñ40 4,5Ñ0,5 

Next100 +30%Ni 850 8,44 1,7 93Ñ1 1100Ñ30 5,0Ñ0,4 

Next100 +35%Ni 850 8,41 1,7 91Ñ1 1090Ñ20 5,6Ñ0,3 

Next100 +45%Ni 850 8,49 1,7 89Ñ1 1030Ñ30 7,2Ñ0,4 

Next100 +55%Ni 850 8,54 1,8 84Ñ1 950Ñ40 8,8Ñ0,7 

Next100 +65%Ni 850 8,53 1,8 81Ñ1 910Ñ20 10,4Ñ0,8 

Next100 +75%Ni 850 8,40 1,9 75Ñ4 850Ñ20 12,5Ñ1,7 

 

ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʚʰʠʭ 25 ʠ ʙʦʣʝʝ % ʥʠʢʝʣʷ, ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʤʝʭʘʥʠʟʤʫ, 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ 

ʜʝʬʦʨʤʘʮʠʷ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʠʩʳʚʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʨʝʣʦʡ ʧʨʦʛʠʙʘ (ʙʦʣʝʝ 4 ʤʤ) (ʨʠʩʫʥʦʢ 

24).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʙʳʣ ʚʳʙʨʘʥ ʩʧʣʘʚ Next100 +30%Ni, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʠ ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʩʚʷʟʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʘʣʤʘʟʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʣʦʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʢʦʣʦ 1000 ʄʇʘ ʠ 90 HRB 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [236]. ɼʘʣʝʝ ʜʘʥʥʳʡ ʩʦʩʪʘʚ ʩʚʷʟʢʠ ʙʫʜʝʪ ʦʙʦʟʥʘʯʝʥ ʢʘʢ çNè. 
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ʈʠʩʫʥʦʢ 24 ï ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ Next100 +X%Ni 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʢʠ N ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʘʭ ʤʝʪʦʜʦʤ ʉʕʄ (ʨʠʩʫʥʦʢ 25). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʩʧʣʘʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʟʝʨʥʘ ʬʘʟʳ Ni, ʤʘʪʨʠʮʘ, ʦʙʨʘʟʦʚʘʥʥʘ ̫ʩʧʣʘʚʦʤ 

Cu-Fe-Co, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʛʨʘʥʠʮʝ ʚ ʚʠʜʝ ʦʙʦʜʢʦʚ ʚʦʢʨʫʛ ʟʝʨʝʥ Ni - ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʡ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ Cu-Ni. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ Cu ʚ Fe ʠ Co ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Üʉ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʇʨʠ ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʝ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʥʠʢʝʣʷ ʩ ʤʝʜʴʶ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. ʅʘ ʩʥʠʤʢʘʭ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʤʝʜʠ (ʨʠʩʫʥʦʢ 25 ʚ) ʚʠʜʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ 

ʢʨʫʧʥʳʭ ʥʠʢʝʣʝʚʳʭ ʟʝʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʤʝʜʠ (ʦʙʣʘʩʪʠ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ). ʊʘʢʞʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ N ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦʨʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʤʝʜʥʦ-ʞʝʣʝʟʦ-ʢʦʙʘʣʴʪʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɼʘʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʠʤʝʝʪ ʜʠʬʬʫʟʠʦʥʥʫʶ ʧʨʠʨʦʜʫ [236]. 
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ʙ ʚ 

ʘ ï ʩʥʠʤʦʢ, ʩʜʝʣʘʥʥʳʡ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ; 

ʙ ï ʩʥʠʤʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʥʠʢʝʣʷ; 

ʚ ï ʩʥʠʤʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʤʝʜʠ. 

ʈʠʩʫʥʦʢ 25 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʚʷʟʢʠ N 

 

4.1.2. ʋʧʨʦʯʥʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʋʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ ʉʊʄ.  

ʏʘʩʪʠʮʳ ZrO2 ʠ h-BN ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʤʘʪʨʠʮʳ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ 
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ʩʝʛʤʝʥʪʦʚ ʠ ʧʝʨʣʠʥ. WC ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʝʜʴʶ, ʥʦ ʤʦʞʝʪ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʢʦʙʘʣʴʪʝ, ʞʝʣʝʟʝ ʠ ʥʠʢʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850 Üʉ [237].  

ɺʳʙʨʘʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʶ. 

ʇʦʨʦʰʢʠ WC ʠ ZrO2 ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʀʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 26. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʦʨʦʰʦʢ WC ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʫʟʢʦʡ ʬʨʘʢʮʠʝʡ 20-30 ʥʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʯʘʩʪʠʮ ZrO2 ʧʦ 

ʢʨʫʧʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 100-200 ʥʤ [235]. 

 

 

ʈʠʩʫʥʦʢ 26 ï ʏʘʩʪʦʪʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ 

 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ h-BN ʧʨʝʚʳʰʘʝʪ 1 ʤʢʤ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ 

ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʚʦʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʞʝʪ ʠʟʤʝʣʴʯʘʪʴʩʷ ʜʦ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʉʠʣʘ ʩʚʷʟʝʡ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʦʣʴʮʘʭ ʚ ʨʝʰʝʪʢʝ h-BN ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʫʣʦʞʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

(a = 0,2504 ʥʤ ʠ c = 0,66612 ʥʤ) ʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʚʠʜʝ ʩʚʷʟʝʡ (ʫ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʩʠʣʴʥʳʝ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤ ʢʦʣʴʮʝ ʠ ʦʜʥʘ ʩʣʘʙʘʷ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ ï 

ʩ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ). ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʦʰʢʘ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩʚʷʟʢʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʯʘʩʪʠʮ 

h-BN ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 27. ɼʘʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʬʦʨʤʫ ʯʝʰʫʝʢ ʩ ʪʦʣʱʠʥʦʡ 1-3 ʤʢʤ ʠ 

ʰʠʨʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʢʤ [235]. 
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ʈʠʩʫʥʦʢ 27 ï ʏʘʩʪʠʮʘ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ h-BN 

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʚ ʦʙʲʝʤʝ ʩʤʝʩʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʚʚʝʜʝʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʤʝʰʠʚʘʥʠʝʤ ʩ ʧʦʨʦʰʢʦʤ ʤʘʪʨʠʮʳ ʚ ʇʎʄ. ɺ 

ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ 

ʢʘʢ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʨʘʟʤʦʣʴʥʳʭ ʪʝʣ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʩʤʝʰʠʚʘʥʠʝ, ʩʦʩʪʘʚʣʷʣʦ 3 ʤʠʥʫʪʳ. ʅʘ 

ʨʠʩʫʥʢʝ 28 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʉʕʄ ʠ ʕɼʉ, ʠʟʦʙʨʘʞʘʶʱʠʝ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ WC ʚ ʰʣʠʬʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʧʦʩʣʝ ʪʘʢʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ WC, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʠ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʳʝ ʯʘʩʪʠʮʳ 

ʥʝ ʥʘʭʦʜʷʪʩʷ [235].  
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ʘ ʙ 

ʘ ï ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ (ʢʨʘʩʥʳʡ ï Ni, ʟʝʣʝʥʳʡ ï Cu, ʩʠʥʠʡ W) 

ʙ ï ʩʥʠʤʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ W 

ʈʠʩʫʥʦʢ 28 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ WC ʚ ʧʦʨʦʰʢʝ ʤʘʪʨʠʮʳ ʧʦʩʣʝ 3 ʤʠʥʫʪ ʩʤʝʰʠʚʘʥʠʷ ʚ ʇʎʄ 

 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʜʦ 6 ʤʠʥʫʪ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʢʘʯʝʩʪʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʨʦʰʢʝ. ʆʜʥʘʢʦ ʈʉɸ ʜʘʥʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ FeO ʠ NiFe2O4, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʨʦʰʢʘ ʦʪ ʦʢʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʝʡ ʩ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ WC ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ 3 ʤʠʥʫʪʳ. ʇʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʞʠʤʫ ʛʦʪʦʚʠʣʠʩʴ ʩʤʝʩʠ 

ʩ ʜʦʙʘʚʢʦʡ ZrO2.  

ʃʝʛʠʨʦʚʘʥʠʝ ʩʚʷʟʢʠ N ʯʘʩʪʠʮʘʤʠ h-BN ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʪʦʤ ʞʝ ʨʝʞʠʤʝ. ʏʘʩʪʠʮ h-BN, 

ʩʦʨʘʟʤʝʨʥʳʭ ʩ ʠʩʭʦʜʥʳʤʠ, ʚ ʧʦʣʫʯʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ h-BN ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʇʎʄ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ Next100 ʠ Ni ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʰʫʡʯʘʪʦʡ ʬʦʨʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʭ ʨʘʟʤʝʨ ʥʝ ʧʨʝʚʳʰʘʣ 100 ʥʤ (ʨʠʩʫʥʦʢ 29). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʙʦʨʘ ʠ ʘʟʦʪʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ, ʷʚʣʷʶʱʝʤʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʜʣʷ h-BN [235]. 
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ʈʠʩʫʥʦʢ 29 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ h-BN ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ N ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʇʎʄ 

 

ʊʘʢ ʢʘʢ ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ N ʩ ʜʦʙʘʚʢʦʡ h-BN, ʧʨʦʰʝʜʰʝʡ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʚ 

ʇʎʄ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʤʦʜʠʬʠʢʘʪʦʨʘ, ʜʘʥʥʳʡ 

ʨʝʞʠʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʷʟʦʢ N ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʫʧʨʦʯʥʷʶʱʠʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʩ ʣʫʯʰʠʤ ʩʦʯʝʪʘʥʠʝʤ 

ʪʚʝʨʜʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʛʤʝʥʪʦʚ/ʧʝʨʣʠʥ, 

ʩʦʜʝʨʞʘʱʠʭ ʉʊʄ, ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʜʘʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩʚʷʟʢʠ. 

ɸʥʘʣʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʚʷʟʢʠ N ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʩʚʷʟʦʢ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʦʩʴ: 1,7 ï 6,8 ʤʘʩʩ. % WC (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ï 4 ʦʙ. %); 0,32 

ï 0,64 % ZrO2 (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,5 ï 4 ʦʙ. %). ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʚʝʜʝʥʠʷ h-BN ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 0,01 ʜʦ 1 ʤʘʩʩ. % [236]. 
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ʊʘʙʣʠʮʘ 10 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʩʚʷʟʦʢ N 

ʉʦʩʪʘʚ (ʤʘʩʩ.%) 
ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, ʤʠʥ 

ʇʦʨʠʩʪʦʩʪʴ, 

% 
ʊʚʝʨʜʦʩʪʴ, HRB 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʠʟʛʠʙʝ, ʄʇʘ 

N 0 2,4 95 1080Ñ30 

N ñ0ò 3 5,4 96 1100Ñ10 

Nï1,7%WC 3 4,5 98 1080Ñ60 

Nï3,4%WC 3 4,9 99 1120Ñ20 

Nï5,1%WC  3 5,0 99 1180Ñ20 

Nï6,8%WC 3 5,4 99 1100Ñ50 

Nï0,32%ZrO2 3 3,8 100 1150Ñ40 

Nï0,64%ZrO2 3 3,6 102 1160Ñ50 

Nï1,28%ZrO2 3 4,3 102 1110Ñ30 

Nï2,56%ZrO2 3 4,2 103 960Ñ140 

Nï0,01%h-BN 3 3,1 102 1160Ñ30 

Nï0,1%h-BN 3 3,0 102 1260Ñ10 

Nï0,5%h-BN 3 3,6 100 1140Ñ30 

Nï1%h-BN 3 4,0 98 1040Ñ30 

 

ʊʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʦʡ ʩʚʷʟʢʠ N ʩʦʩʪʘʚʠʣʘ 95 HRB, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ï 1080 ʄʇʘ. 

ʇʦʨʠʩʪʦʩʪʴ ʛʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʰʠʭʪʳ, 

ʧʨʠʤʝʨʥʦ ʥʘ 3 % ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʡ ʩʚʷʟʢʠ. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʨʦʰʢʘ ʚ ʇʎʄ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ ʜʝʬʝʢʪʦʚ, ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʯʘʩʪʠʮʘʭ ʧʦʨʦʰʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʧʝʢʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʦʨʦʰʢʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʇʎʄ, ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʤʦʜʠʬʠʢʘʪʦʨʦʚ WC ʠ ZrO2 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ. 

ʀʭ ʥʘʣʠʯʠʝ ʚ ʧʦʨʦʰʢʝ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʫʧʣʦʪʥʝʥʠʶ 

ʩʚʷʟʦʢ ʜʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʘʥʥʳʝ ʜʦʙʘʚʢʠ ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ, ʦʩʪʘʶʱʠʭʩʷ ʧʦʩʣʝ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ ʧʦʨʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʨʦʩʪ ʧʦʨʠʩʪʦʩʪʠ, ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʩʚʷʟʢʦʡ. 

ʊʚʝʨʜʦʩʪʴ ʫʧʨʦʯʥʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʚʷʟʦʢ ʚʳʰʝ ʥʘ 4-7 HRB, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ï 

ʥʘ 100 ʄʇʘ [236].  
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ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʙʳʣ ʚʳʷʚʣʝʥ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʙʘʟʦʚʫʶ ʩʚʷʟʢʫ ʯʘʩʪʠʮ h-

BN. ʇʦ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʳ ʩʚʷʟʦʢ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ h-BN ʥʝ ʫʩʪʫʧʘʣʠ ʩʚʷʟʢʘʤ, 

ʫʧʨʦʯʥʝʥʥʳʤ WC ʠ ZrO2, ʘ ʧʦ ʟʥʘʯʝʥʠʶ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʧʨʝʚʦʩʭʦʜʠʣʠ ʠʭ ʝʱʝ ʥʘ 

100 ʄʇʘ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʷʟʢʠ N ʧʨʠ ʚʚʝʜʝʥʠʠ ʯʘʩʪʠʮ h-BN 

ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʝʝ ʟʝʨʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʚ ʇʎʄ ʯʘʩʪʠʮʳ h-BN ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʯʝʰʫʡʯʘʪʫʶ ʬʦʨʤʫ ʩ ʜʣʠʥʦʡ ʯʝʰʫʝʢ ʤʝʥʝʝ 100 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 

ʦʢʦʣʦ 10 ʥʤ. ʏʘʩʪʠʮʳ h-BN ʙʣʦʢʠʨʫʪʁ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ Next100 ʠ Ni, ʘ ʪʘʢʞʝ 

ʧʨʝʧʷʪʩʪʚʫʪʁ ʜʚʠʞʝʥʠʶ ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʨʠ ʛʦʨʷʯʝʤ ʧʨʝʩʩʦʚʘʥʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʪʁ 

ʤʝʞʟʝʨʝʥʥʦʤʫ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʶ [236].  

4.2. ʇʦʣʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʩʚʷʟʦʢ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʷʟʢʝ N 

ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʇʎʄ çɸʢʪʠʚʘʪʦʨ-2sè ʚ ʨʝʞʠʤʘʭ ʩ ʚʳʩʦʢʠʤ ʮʝʥʪʨʦʙʝʞʥʳʤ 

ʬʘʢʪʦʨʦʤ (ʦʢʦʣʦ 90 g). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 3-20 ʤʠʥʫʪ. 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚʳʙʠʨʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ [235,238]. ʇʨʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʣʦʩʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ.  

ʅʘ ʨʠʩʫʥʢʝ 30 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ 

ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ (ʐʄ), ʘ ʪʘʢʞʝ ʧʦʨʦʰʢʦʚ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʄʃ).  

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʐʄ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʬʘʟʳ Ni, ʠ ʬʘʟ, 

ʙʣʠʟʢʠʭ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ, ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ) ʢ Cu ʠ Ŭ-Fe (ʨʠʩʫʥʦʢ 30ʘ). 

ʇʦʩʣʝʜʥʠʝ ʜʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʩʭʦʜʥʦʤ ʧʦʨʦʰʢʝ ʩʧʣʘʚʘ Next100. ʇʝʨʠʦʜ ʨʝʰʝʪʢʠ ʬʘʟʳ Ŭ-Fe 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʬʝʨʨʠʪʘ (a = 0,2866 ʥʤ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʥʝʤ Co 

(ʪʘʙʣʠʮʘ 11). ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ Co-Fe.  

ʇʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤ ʞʝ ʬʘʟʘʤ, ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ ʧʦʨʦʰʢʘ (ʨʠʩʫʥʦʢ 30 ʙ), ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʬʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ. ɺ 

ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʜʠ ʠ ʥʠʢʝʣʷ, ʠʤʝʶʱʠʭ 

ɻʎʂ-ʨʝʰʝʪʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ Cu ʪʘʢʦʛʦ ʞʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ [235,238]. ʇʝʨʠʦʜ ʨʝʰʝʪʢʠ ʜʘʥʥʦʡ ʬʘʟʳ a = 0,3581 ʥʤ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʜʠ a = 

0,3615 ʥʤ, ʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʥʠʢʝʣʷ a = 0,3524 ʥʤ (ʪʘʙʣʠʮʘ 11). 
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