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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʚʘʞʥʘ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ. ʕʪʠ ʦʙʣʘʩʪʠ ʪʨʝʙʫʶʪ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʥʝ ʚʩʝʛʜʘ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ Ti-Al, ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʘʨʦʩʪʦʡʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʣʘʚʦʚ Ti-Al ʥʘʯʘʣʦʩʴ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ. ʇʝʨʚʳʝ 

ʧʦʧʳʪʢʠ ʧʨʠʤʝʥʝʥʠʷ Ti3Al ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʚ 1970-ʭ ʛʦʜʘʭ ʩʪʦʣʢʥʫʣʠʩʴ 

ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ: ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, 

ʩʣʦʞʥʦʩʪʷʤʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɼʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʩʧʣʘʚʘʭ ɔ-TiAl, ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʥʠʟʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʩʪʘʚʘʣʠʩʴ ʧʨʦʙʣʝʤʘʤʠ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʦʨʳʚ 

ʧʨʦʠʟʦʰʝʣ ʚ 2000-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ TiAl ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʉʝʛʦʜʥʷ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʠ ʘʣʶʤʠʥʠʜʳ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 

ʪʨʝʪʠ ʦʪ ʤʘʩʩʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʫʩʪʫʧʘʷ ʪʦʣʴʢʦ ʥʠʢʝʣʝʚʳʤ ʩʧʣʘʚʘʤ. 

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ Ti-Al ï ʭʨʫʧʢʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʫʜʘʨʥʳʭ 

ʥʘʛʨʫʟʦʢ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Mg, Si, Mn, Ni, V ʠ Mo, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʅʘʧʨʠʤʝʨ, 

Mg ʧʦʚʳʰʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ, Si ʫʣʫʯʰʘʝʪ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ Mn ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʯʥʦʩʪʴ. ɺʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʄʦʜʠʬʠʢʘʮʠʷ Ti-Al ʢʨʝʤʥʠʝʤ Si ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʶ ʜʦ 
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950 ÁC, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʩʧʣʘʚʘʤ Ti-

Al ʣʝʛʢʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʝʪʘʣʣʘ Mg ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʠʭ 

ʧʣʦʪʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ Ti-Al-Mn ʥʘ 

ʦʩʥʦʚʝ ʬʘʟʳ ʃʘʚʝʩʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʝʛʦ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ, ʨʝʟʠʩʪʦʨʦʚ ʜʣʷ ʰʫʥʪʦʚ, 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʉɺʉ) ï 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʡ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ɽʛʦ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʩʣʝ ʠʥʠʮʠʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʤʩʷ ʨʝʞʠʤʝ, ʥʝ ʪʨʝʙʫʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ ʧʣʘʚʣʝʥʠʷ ʠ ʣʠʪʴʷ, ʉɺʉ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʰʣʘʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʯʠʩʪʦʪʫ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʜʫʢʪʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, 

ʩʚʦʡʩʪʚʘ (ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ) ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʉɺʉ ʜʣʷ 

ʣʝʛʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ (Ti-Al) ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʃʝʛʠʨʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Mn, Mg ʠʣʠ Si, ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʚʝʜʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʜʦʙʘʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚ ʚ ʠʩʭʦʜʥʫʶ ʰʠʭʪʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ ʥʘ ʟʘʛʦʪʦʚʢʠ/ʧʦʜʣʦʞʢʠ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ. 

ʇʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʛʨʘʜʠʝʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʨʦʮʝʩʩ ʉɺʉ ʚ ʩʠʩʪʝʤʝ Ti-Al-ʍ (ʛʜʝ ʍ = Mn, Mg, Si) ʚʢʣʶʯʘʝʪ 

ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʧʣʘʚʘ Ti-Al ʩ ʪʚʸʨʜʦʡ ʬʘʟʦʡ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʨʝʘʢʮʠʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ 
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ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ, ʚʢʣʶʯʘʷ ʢʠʥʝʪʠʢʫ ʨʝʘʢʮʠʡ, ʤʦʨʬʦʣʦʛʠʶ ʛʨʘʥʠʮ 

ʨʘʟʜʝʣʘ ʠ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉɺʉ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʣʘʥʘʤʠ ʅʀʈ: ɻʦʩʟʘʜʘʥʠʝ ʀʉʄɸʅ 122032900080-3 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʤʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʠʥʪʝʟʝ ʠ ʩʦʟʜʘʥʠʝ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯè, ɻʦʩʟʘʜʘʥʠʝ ɺʣɻʋ 124013000712-9 çʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡè. 

ʎʝʣʴʁ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʉɺʉ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ Ti-Al-X (ʛʜʝ X = Mg, Si, Mn), ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʘʟʦ- ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʠʩʪʝʤ Ti-Al-X (X = Mg, Si, Mn) ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʧʣʘʚʦʚ 

ʤʝʪʦʜʦʤ ʉɺʉ ʠʟ ʩʤʝʩʠ ʵʣʝʤʝʥʪʥʳʭ ʧʦʨʦʰʢʦʚ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʘʛʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʤʘʨʛʘʥʮʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʉɺʉ ʚ ʩʠʩʪʝʤʘʭ Ti-Al-X (ʛʜʝ X = Mg, Si, Mn). 

3. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ Ti-Al-X (ʛʜʝ X = Mg, Si, Mn), 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ Ti-Al-Mn ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ (80õ1200 ʂ). 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ʄʝʪʦʜʦʤ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ 

ʚʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Si, Ti-Al -Mg, Ti-Al -Mn ʧʦʣʫʯʝʥʳ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʧʣʘʚ rTi5Al 0.75Si2.25, Ti2Al18Mg3 ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ ʃʘʚʝʩʘ 

TiMn0.75Al1.25. ʀʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ (ʧʣʦʪʥʦʩʪʴ, 

ʧʦʨʠʩʪʦʩʪʴ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ). ʀʟʤʝʨʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʧʣʘʚʦʚ Ti-Al-X (ʛʜʝ X=Mg, Si, Mg) ʩ Ti-ʧʦʜʣʦʞʢʦʡ, ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʪʦʜʘ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ. 

3. ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʘʧʣʘʚʦʢ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ 

ʉɺʉ-ʧʦʨʦʰʢʘ ʦʩʢʦʣʦʯʥʦʡ ʬʦʨʤʳ ʩʦʩʪʘʚʘ Ti5Al0.75Si2.25 ʥʘ Ti-ʧʦʜʣʦʞʢʫ. 

4. ʇʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʠʩʪʝʤʝ Ti-3Al-SiO2 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʝʨʞʥʝʦʙʨʘʟʥʳʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣ r Ti5Si3 ʥʘ ʦʩʥʦʚʝ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ti(Al,Si)3 ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʡ ʩʚʷʟʢʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-X (X = Mg, Si, Mn) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʉɺʉ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-X 

(X = Mg, Si, Mn). 

2. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ti-Al-Si (ʧʘʪʝʥʪ ʈʌ 

ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2822644 ʦʪ 11.07.2024 ʛ. çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʚ ʩʠʩʪʝʤʝ 

Ti-Al -Siè). 

3. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʩʧʣʘʚʘ Ti20Al3Si9 

ʤʝʪʦʜʦʤ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʤʝʥʝʝ 3%. 

4. ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ 3D ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʠʟ ʧʦʨʦʰʢʘ Ti20Al3Si9 ʦʩʢʦʣʦʯʥʦʡ ʬʦʨʤʳ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦʤʝʪʦʜʦʤ ʉɺʉ. 
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5. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʩʣʦʝʚʳʭ ʤʝʪʘʣʣ-ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-X (X = Mg, Si, Mn) ʩ Ti-ʧʦʜʣʦʞʢʦʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʉɺʉ. 

6. ʇʦʣʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Mn, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʉɺʉ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʝʮʠʟʠʦʥʥʳʝ ʨʝʟʠʩʪʦʨʳ, ʨʝʟʠʩʪʦʨʳ 

ʜʣʷ ʰʫʥʪʦʚ, ʪʝʥʟʦʜʘʪʯʠʢʠ ʠ ʨʘʟʣʠʯʥʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʘʭ Ti-Al-Mn, Ti-Al -Si, Ti-Al -Mg ʤʝʪʦʜʦʤ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʠʟ ʵʣʝʤʝʥʪʥʳʭ 

ʧʦʨʦʰʢʦʚ Ti, Al, Mn, Si ʠ Mg. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚ 

ʩʠʩʪʝʤʘʭ Ti-Al-Mg, Ti-Al -Si ʠ Ti-Al-Mn ʥʘ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʉɺʉ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤʳ Ti-Al-Mg, Ti-Al -Si, Ti-Al -Mn ʠ Ti-ʧʦʜʣʦʞʢʦʡ.  

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ti-Al-X 

(X = Mg, Si, Mn), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. 

5. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʩʧʣʘʚʘ ʚ ʩʠʩʪʝʤʝ Ti-Al-Siʆ2, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʉɺʉ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Mn ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (80õ1200 ʂ). 

7. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʧʣʘʚʦʢ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʛʦ ʉɺʉ-

ʧʦʨʦʰʢʘ ʦʩʢʦʣʦʯʥʦʡ ʬʦʨʤʳ ʩʦʩʪʘʚʘ Ti5Al0.75Si2.25, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ 
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ʉɺʉ, ʥʘʥʝʩʸʥʥʦʛʦ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʥʘ Ti-ʧʦʜʣʦʞʢʫ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʧʦ 

ʢʦʪʦʨʦʡ ʦʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʟʘʱʠʪʝ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʃʘʟʘʨʝʚʘ ʇ.ɸ. çʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

Ti-Al -X (X = Mg, Si, Mn)è ʩʦʦʪʚʝʪʩʪʚʫʝʪ: 

- ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ: 1.3.17 ī çʍʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʛʦʨʝʥʠʝ ʠ 

ʚʟʨʳʚ, ʬʠʟʠʢʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘè:  

- ʬʦʨʤʫʣʝ ʧʘʩʧʦʨʪʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʪ.ʢ. ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʥʝʨʛʠʠ/ʪʝʧʣʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʣʠʙʦ ʚ 

ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʦʙʣʘʜʘʶʱʠʭ ʮʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

- ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʧʫʥʢʪʫ 1 çéʤʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡè; 

ʧʫʥʢʪʫ 2 çéʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭè; 

ʧʫʥʢʪʫ 7 çɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨʳ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʣʥ ʛʦʨʝʥʠʷ, ʩʚʷʟʴ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʝʱʝʩʪʚ ʠ 

ʩʠʩʪʝʤ ʩ ʠʭ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʛʦʨʝʥʠʷè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XIV ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 09.04-12.04.2024 ʄʦʩʢʚʘ; 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ - ʥʘ 

ʩʪʳʢʝ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ" 29.11-03.12.2021 ʏʝʨʥʦʛʦʣʦʚʢʘ; Advanced high 
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entropy materials: abstracts of the IV International Conference and School of Young 

Scientists 26.09-30.09.2022 ʏʝʨʥʦʛʦʣʦʚʢʘ; XIX ʨʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʌʠʟʠʢʦ-ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚè 18.10-21.10.2022 ʀʄɽʊ ʈɸʅ, ʄʦʩʢʚʘ; ʍV 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚè 04.10-04.10.2023 ʄʠʥʩʢ, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ; XVI International Symposium on Self-propagating High-

temperature Synthesis 09.09-13.09.2024 Yerevan, Armenia; XVI ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʩʠʤʧʦʟʠʫʤ ʧʦ ʛʦʨʝʥʠʶ ʠ ʚʟʨʳʚʫ, 04.09-09.09.2022 ʛ. ʉʫʟʜʘʣʴ; XVII 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʛʦʨʝʥʠʶ ʠ ʚʟʨʳʚʫ, 16.09-20.09.2024 ʛ. ʉʫʟʜʘʣʴ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 22 ʧʝʯʘʪʥʝr ʨʘʙʦʪ,r ʚ ʪʦʤ 

ʯʠʩʣʝ 14 ʩʪʘʪʝʡ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ ʠ 

ʙʘʟʳ ʜʘʥʥʳʭ Web of Science ʠ Scopus, 8 ʪʝʟʠʩʦʚ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʌ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʇʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʘʭ Ti-Al-X (X = Mg, Si, 

Mn), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʦ- ʠ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʚʳʚʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʙʣʠʢʘʮʠʷʤʠ ʠʭ ʚ ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʜʦʢʣʘʜʘʤʠ ʠ ʦʙʩʫʞʜʝʥʠʷʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ, ʧʘʪʝʥʪʦʤ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʚʚʝʜʝʥʠʝ, 5 ʛʣʘʚ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʣʦʞʝʥʠʝ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 171 

ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 97 ʨʠʩʫʥʢʦʚ, 11 ʪʘʙʣʠʮ ʠ ʙʠʙʣʠʦʛʨʘʬʠʶ ʠʟ 173 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʀʩʪʦʨʠʷ ʧʦʣʫʯʝʥʠʷ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Ti-Al 

1.1.1 ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ) ʵʪʦ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʤʝʪʘʣʣʦʚ (ʢʨʝʤʥʠʡ, ʛʝʨʤʘʥʠʡ). 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ ï ʵʪʦ ʈʠʤʩʢʘʷ ʞʝʣʪʘʷ 

ʣʘʪʫʥʴ, ʂʠʪʘʡʩʢʘʷ ʙʨʦʥʟʘ, ʤʝʣʴʭʠʦʨ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 1500 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ 200 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [1]. 

ɼʣʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʥʳʤʠ ʠ ʢʦʚʘʣʝʥʪʥʳʤʠ ʪʠʧʘʤʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʩ ʠʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʣʠ ʢʦʚʘʣʝʥʪʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2]. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤ ʦʙʦʙʱʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʦʙʟʦʨʘʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ [1-4]. ɺ 1839 ʛʦʜʫ ʂʘʨʣ ʂʘʨʩʪʝʥ (Karl Walter Claus 

Carstens) ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʣ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ CuZn (ɓ-ʣʘʪʫʥʴ). 

ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ɻ. ʊʘʤʤʘʥʦʤ (Gustav Heinrich Johann Apollon Tammann) ʚ ɻʝʨʤʘʥʠʠ ʠ ʅ.ʉ. 

ʂʫʨʥʘʢʦʚʳʤ ʚ ʈʦʩʩʠʠ ʚʥʘʯʘʣʝ XX ʩʪʦʣʝʪʠʷ. ɻ. ʊʘʤʤʘʥ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʠʭ ʩʚʦʡʩʪʚʘ. ɽʛʦ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʦʙʦʙʱʝʥʠʝ ʙʠʥʘʨʥʳʭ ʤʥʦʞʝʩʪʚ ʠ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʠʩʪʝʤ. ɺ 1914 ʛʦʜʫ ʅ.ʉ. ʂʫʨʥʘʢʦʚ, ʠʩʩʣʝʜʫʷ ʩʠʩʪʝʤʫ Cu-Au, 

ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚ 

ʥʝʡ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʨʘʟʨʫʰʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ Cu3Au ʠ CuAu [5-7]. 

ɺ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ 1900-ʭ ʛʦʜʦʚ ʫʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʬʘʟʦʚʳʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ 
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ʠʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʤʘʛʥʠʪʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʨʝʜʠ ʜʚʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 

ʂʫʨʥʘʢʦʚʘ, ʬʘʟʳ ʃʘʚʝʩʘ (Fritz Laves) ʠ ʬʘʟʳ ʖʤ-ʈʦʟʝʨʠ (William Hume-Rothery). 

ʌʘʟʳ ʃʘʚʝʩʘ ʦʙʨʘʟʫʶʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʣʘʩʩ ʙʠʥʘʨʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [8]. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʬʘʟʳ ʖʤ-ʈʦʟʝʨʠ [8] ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʦʙʲʸʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

(ʦ.ʮ.ʢ.), ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ʛ.ʮ.ʢ.), ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ (ʛ.ʧ.ʫ.). ɺ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʘʟ ʚ 

ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝʤ ʯʠʩʣʘ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʢ ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʳ ʧʝʨʝʭʦʜʥʳʭ ʛʨʫʧʧ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʝʨʝʤʝʥʥʫʶ 

ʚʘʣʝʥʪʥʦʩʪʴ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʢʨʳʪʠʝʤ d- ʠ s-ʫʨʦʚʥʝʡ [9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʠ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ 

ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ - ʬʘʟʳ ʖʤ-ʈʦʟʝʨʠ, ʬʘʟʳ ʃʘʚʝʩʘ (Cu2Mg, MgZn2, MgNi2), ʬʘʟʳ 

ʚʥʝʜʨʝʥʠʷ (ʛʠʜʨʠʜʳ, ʢʘʨʙʠʜʳ, ʥʠʪʨʠʜʳ ʤʝʪʘʣʣʦʚ), ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ d-ʤʝʪʘʣʣʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (s-ʬʘʟʳ), ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ d- ʠ f-ʤʝʪʘʣʣʦʚ ʩ ʥʝʧʝʨʝʭʦʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʜʨ. [6,8]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʚʝʩʴʤʘ ʪʚʝʨʜʳʝ ʠ 

ʭʨʫʧʢʠʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʢʦʣʦ 0,7-0,9 ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʧʣʘʚʣʝʥʠʷ (Tʧʣ.), 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʧʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ï ʚʦʟʨʘʩʪʘʥʠʝ ʜʦʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ 

[10]. ʀʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʚ ʧʨʦʰʣʦʤ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ 

ʠʩʢʣʶʯʝʥʠʝʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʟʫʙʥʳʭ ʧʨʦʪʝʟʦʚ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʚ ʚʠʜʝ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʚ 

ʦʙʳʯʥʳʭ ʩʧʣʘʚʘʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʦ ʚʨʝʤʝʥʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʪʘʣʠ 
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ʧʨʠʟʥʘʚʘʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɺ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘʯʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨ ʠ ʩʚʦʡʩʪʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ [9,10]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʭʨʫʧʢʦʩʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʫʩʪʨʘʥʷʶʪ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʠʭ ʩ ʙʦʣʝʝ 

ʤʷʛʢʠʤʠ ʬʘʟʘʤʠ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʩʧʣʘʚʦʚ. ʋʨʦʚʝʥʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʟʘ ʩʯʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʭ ʧʦʣʫʯʝʥʠʷ [11]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʦʪʝʥʮʠʘʣʦʤ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ (ɸʊ) [12]. ʀʥʪʝʨʝʩ ʢ ɸʊ, ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤʫ çʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʳʨʘʱʠʚʘʥʠʶè ʠʟʜʝʣʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʚʦʟʥʠʢ ʠʤʝʥʥʦ ʚ ʘʚʠʘʮʠʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʠ 

ʥɻʝʨʛʝʪʠʯʝʩʢʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [13]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ 

ʘʣʶʤʠʥʠʜʘʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʣʦʧʘʪʦʢ ʛʘʟʦʚʳʭ 

ʪʫʨʙʠʥ. ʅʦʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʧʣʘʚʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʯʥʳʝ, ʣʝʛʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʆʜʥʘʢʦ ʥʦʚʳʝ 

ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʜʝʪʘʣʷʤʠ ʜʚʠʛʘʪʝʣʷ ʧʦ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʪʝʧʣʦʚʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [14]. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʦʢʘʟʘʥʳ ʪʠʧʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ 

ʖʥʛʘ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ [14]. 
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ʈʠʩʫʥʦʢ 1.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʖʥʛʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ (ʘ) ʧʣʦʪʥʦʩʪʠ ʠ (ʙ) ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ [14] 

 

ʅʝʢʦʪʦʨʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʜʘʞʝ ʧʨʦʷʚʣʷʶʪ ʢʦʤʙʠʥʘʮʠʶ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʙʳʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʩʧʣʘʚʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʢʝʨʘʤʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʧʣʘʚʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʛʜʝ ʦʪ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [15]. 

1.1.2 ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʠʩʪʝʤʳ Ti-Al 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʚʝʨʜʦ-ʨʘʩʪʚʦʨʥʦʤ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʫʧʨʦʯʥʝʥʠʠ, ʫʞʝ ʥʝ ʤʦʛʫʪ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʠʟʜʝʣʠʷʤ 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʣʦʧʘʪʢʘʤ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʈʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ [16]. 
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ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʪʠʪʘʥʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ: 

ʤʝʜʠʮʠʥʝ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʝʥʪʦʚ, ʵʥʜʦʧʨʦʪʝʟʦʚ, ʠʥʧʣʘʥʪʘʪʦʚ), ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ, 

ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʠʭ ʠ ʪʫʨʙʦ-ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ, ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ, ʙʨʦʥʝʪʝʭʥʠʢʝ, ʭʠʤʠʯʝʩʢʦʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ. ʀʟ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʘʣʶʤʠʥʠʜʳ, ʩʠʣʠʮʠʜʳ, ʙʦʨʠʜʳ ʠ ʥʠʢʝʣʠʜʳ [17]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ɔ-TiAl ʧʦʢʘ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 730 Áʉ. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ TiAl3 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʣʘʩʩʦʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [10]. 

1.1.3 ɹʠʥʘʨʥʘʷ ʩʠʩʪʝʤʘ ʊi-Al 

ɺ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Ti-Al (ʨʠʩʫʥʦʢ 1.2) ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʫʩʪʦʡʯʠʚʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷ. Ti3Al ʦʙʣʘʜʘʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

Ni Sn (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63/mmc) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ, 

ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ Ŭ-Ti. TiAl ʠʤʝʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ AuCu 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mmm). TiAl2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʲʝʤʥʦ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (ʆʎʊ) ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ HfGa2 (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 141/d). TiAl3 ʦʙʣʘʜʘʝʪ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʫʥʠʢʘʣʴʥʦʛʦ ʪʠʧʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P4/mmm). ʇʦʤʠʤʦ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ. ʊʠʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ 

ʤʥʦʛʠʝ ʤʘʨʢʠ ʩʪʘʣʠ, ʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʦ 500 ÁC (ʘ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ - ʜʦ 

650 ÁC) [18]. 
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ʈʠʩʫʥʦʢ 1.2 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Ti-Al [18] 

 

ɸʣʶʤʠʥʠʡ, ʧʣʘʚʷʱʠʡʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (658 ÁC) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʣʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʣʶʤʠʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (2,7 ʛ/ʩʤį) ʠ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʢʦʨʨʦʟʠʠ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ 

(Al 2O3). ɺʚʝʜʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʚʝʩ ʢʦʥʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [16]. 

ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʪʠʪʘʥʘ (Ŭ-Ti, ɻʇʋ ʨʝʰʝʪʢʘ), ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʤ Ti3Al (Ŭ2-ʬʘʟʘ), ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʞʠʜʢʦʡ 

ʬʘʟʳ ʧʨʠ 1490-1500 ÁC. Ti3Al (Ŭ2-ʬʘʟʘ) ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ Ŭ-ʬʘʟʳ, ʦʙʣʘʜʘʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1125 ÁC ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ (ɓ-Ti) Ÿ Ti3Al 

[19]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ TiAl3 ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1395 ÁC ʠ ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʫʟʢʦʡ ʦʙʣʘʩʪʴʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ [19,20]. ʌʘʟʘ ɔ-TiAl ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 1415 ÁC. ɺ ʦʪʣʠʯʠʝ ʦʪ TiAl3, ʦʥʘ 

ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʛʦʤʦʛʝʥʥʦʩʪʠ (ʜʦ 66%) ʠ ʩʦʭʨʘʥʷʝʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 



19 

ʩʪʨʫʢʪʫʨʫ ʚʧʣʦʪʴ ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ. ɽʱʝ ʦʜʥʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ, TiAl2, 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 1216 ÁC ʚ ʭʦʜʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ [21]. 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʘʣʶʤʠʥʠʜʘʭ ʪʠʪʘʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʠ 

ʪʠʪʘʥʘ ʚ (002) ʩʣʦʷʭ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ L10 (TiAl). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [22] ʠʟʫʯʘʣʠʩʴ ʩʧʣʘʚʳ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʶʤʠʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Ti-

Al [ 18,22] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʟʘʠʤʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʝʢʘʝʪ ʙʝʟ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʩʳʱʝʥʠʷ. 

ʉʠʩʪʝʤʘ Ti-Al ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ʋʞʝ ʜʦʩʪʠʛʥʫʪʳ ʫʩʧʝʭʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʪʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʣʝʛʯʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʣʦʧʘʪʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ [23]. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

600ï900 ÁC ʩʯʠʪʘʶʪʩʷ ʣʝʛʢʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ (ɔ-TiAl + Ŭ2-

Ti3Al). ʂʨʦʤʝ ʪʦʛʦ, ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ti3Al ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʧʣʦʪʥʝʥʠʡ ʩʦʧʝʣ ʬʦʨʩʘʞʥʳʭ ʢʘʤʝʨ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʦʪʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ [24,25]. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al. 

ɿʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʣʘʚʘ TiAl ʟʘʢʣʶʯʘʶʪʩʷ ʚ (1) ʨʘʟʨʘʙʦʪʢʝ ʩʧʣʘʚʘ ʩ 

ʫʣʫʯʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ, (2) ʨʘʟʨʘʙʦʪʢʝ ʩʧʣʘʚʘ ʩ ʫʣʫʯʰʝʥʥʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, (3) 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʣʘʚʘ ʩ ʫʣʫʯʰʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʣʟʫʯʝʩʪʠ ʠ ʩʚʦʡʩʪʚʦʤ 

ʩʪʦʡʢʦʩʪʠ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʧʣʘʚʘ ʜʦʩʪʫʧʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ, 

ʦʜʥʘʢʦ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʦʛʦ ʩʧʣʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ 
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ʠʟʫʯʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1.1 ï ʉʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al [ 22] 

 

 

ʅʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʣʠʛʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, Mg, Si, 

Mn, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

1.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʉʧʝʢʘʥʠʝ. ʄʝʪʦʜ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʣʦʪʥʝʥʠʷ ʠ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʚʷʟʳʚʘʥʠʶ ʧʦʨʦʰʢʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʦʛʦ ʠ 

ʦʜʥʦʨʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ [26,27]. 

ʉʧʣʘʚʣʝʥʠʝ. ʄʝʪʦʜ ʩʧʣʘʚʣʝʥʠʷ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʧʣʘʚʣʝʥʠʝ ʠʣʠ ʣʠʪʴʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʛʨʝʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠʣʠ ʤʝʪʘʣʣʦʚ ʜʦ 

Al Ti(a-ʬʘʟʘ)Ti3Al(a2-ʬʘʟʘ)TiAl(ɔ-ʬʘʟʘ)TiAl 3

ʉʦʜʝʨʞʘʥʠʝ Al, ʘʪ. %0 0 25 50 75

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ
ɻʎʂ

ɸ3 ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ 
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ʩ=0,4070

ʘ=0,5436 

ʩ=0,8596

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3 2,7 4,5 4,1-4,7 3,874 2,74

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ, 
660 1668 1180 1460 1355

ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʠʧʝʥʠʷ, 
2500 3210 - - -

ʕʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ

 æH, ʢɼʞ/ʤʦʣʴ
4,565 0 -100,5 -73,3 -142,4

ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ, ʄʇʘ191 1420 - 2800 5020

ʋʜʝʣʴʥʦʝ 

ʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʤʢʆʤ*ʩʤ

26 55 - 27 15

ʉʚʦʡʩʪʚʘ
ʌʘʟʳ
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ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ [27,28]. 

ɸʣʶʤʦʪʝʨʤʠʷ. ʄʝʪʦʜ ʘʣʶʤʠʥʦʪʝʨʤʠʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ 

ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʦʨʦʰʢʘ. ʊʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʤ ʠ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [29]. 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʄʝʪʦʜʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚʢʣʶʯʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʠʣʠ 

ʦʙʲʝʤʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʵʪʦʤʫ ʤʝʪʦʜʫ 

ʦʪʥʦʩʠʪʩʷ ʢʦʚʢʘ, ʧʨʦʢʘʪʢʘ ʠʣʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [30-32]. 

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʣʘʚʣʝʥʠʝ (SLM/ʉʃʉ) - ʵʪʦ ʧʨʦʮʝʩʩ 3D-ʧʝʯʘʪʠ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʣʘʟʝʨ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʛʦ 3D-ʦʙʲʝʢʪʘ. SLM ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ 

3D-ʧʝʯʘʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʪʦʪʠʧʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʝʪʘʣʠ ʠ ʜʘʞʝ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ 

[33]. 

ʕʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʩʧʝʢʘʥʠʝ (SPS), ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʠʩʢʨʦʚʦʝ 

ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ (ʀʇʉ). ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʫʘʥʩʦʥʳ 

ʠ ʧʨʝʩʩ-ʬʦʨʤʫ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʥʘ ʦʙʨʘʟʝʮ [34]. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʝ ʢʘ ʟʦʣʴ-ʛʝʣʴ (sol-gel) [35], ʛʦʨʝʥʠʝ ʠʟ ʨʘʩʪʚʦʨʦʚ (solution 

combustion) [36]. 

1.3 ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʉɺʉ) 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ). 

ʄʝʪʦʜ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʦʨʝʥʠʝʤ (combustion synthesis), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ. ʆʥ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʤʝʩʠ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʪʝʧʣʦ- ʠ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʉɺʉ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ [37]: 

- ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʨʝʘʛʝʥʪʦʚ, ʤʢʤ     0,1 ï 100 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʠʭʪʳ     ʥʘʩʳʧʥʘʷ ï 0,6 

- ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʛʘʟʘ, ʘʪʤ    1 ï 100 

- ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʂ     900 ï 1500 

- ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʩʝʢ     0,5 ï 3 

- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ, ʩʤ/ʩʝʢ   0,1 ï 10 

- ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, Áʉ      1200 ï 3300 

- ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʚʝʱʝʩʪʚʘ ʚ ʚʦʣʥʝ, Áʉ/ʩʝʢ   103ï 106. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʉɺʉ-ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦʩʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ, ʟʘ ʩʯʝʪ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʪʝʧʣʘ [38]: 

Ti + C Ÿ TiC + Q; 

2V + N2 Ÿ 2VN + Q; 

Ni + Al Ÿ NiAl + Q 

ʄʝʪʦʜ ʉɺʉ ʙʳʣ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʚ 1960-ʭ ʛʦʜʘʭ ʠ ʩ ʪʝʭ ʧʦʨ ʩʪʘʣ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʝʨʘʤʠʢʠ ʠ ʜʨʫʛʠʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʉɺʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ [37,38]. 

ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʉɺʉ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʬʦʨʤʘʤʠ ʠ 
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ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʝʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʉɺʉ ʧʨʦʮʝʩʩ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪ.ʜ. [39]. ɺ ʮʝʣʦʤ, ʤʝʪʦʜ ʉɺʉ ʩʪʘʣ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʜʨʫʛʠʭ ʧʝʨʝʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʩʰʠʨʷʪʴʩʷ ʧʦ ʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʘ [40]. 

ʂ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʉɺʉ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʉɺʉ-ʩʧʝʢʘʥʠʝ. ʕʪʦ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʨʫʛʠʭ ʧʝʨʝʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʠʥʮʠʧʳ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ) ʠ ʩʧʝʢʘʥʠʷ. ɺ 

ʵʪʦʤ ʩʧʦʩʦʙʝ ʚ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʠʥʠʮʠʠʨʫʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʪʝʧʣʦ ʠ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ [41,42]. 

ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʠʥʪʝʟʦʤ (ʉɺʉ), ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʪʝʨʤʠʪʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʠʜʦʚ ʮʝʣʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʩʤʝʩʝʡ ʩ ʯʠʩʪʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [43,44]. 

ʉɺʉ-ʟʦʣʴ-ʛʝʣɹ. ʄʝʪʦʜ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʘ ʟʦʣʴ-ʛʝʣʴ (ʉɺʉ-ʟʦʣʴ-ʛʝʣʴ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʝʣʴ-ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʟʘʪʝʤ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [45-48]. 

ʉɺʉ-ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʝʡ. ʄʝʪʦʜ ʉɺʉ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʵʪʦʤ 

ʩʧʦʩʦʙʝ ʩʤʝʩʴ ʨʝʘʛʝʥʪʦʚ ʧʦʜʚʝʨʛʘʶʪ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ. ɿʘʪʝʤ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʷʪ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʉɺʉ [49-51]. ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ 



24 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

ʙʳʩʪʨʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʩʠʣʦʚʦʛʦ ʉɺʉ-ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʜʚʫʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ: ʩʠʥʪʝʟʘ ʪʫʛʦʧʣʘʚʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʧʦʣʥʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [52]. 

ʉɺʉ-ʵʢʩʪʨʫʟʠʷ. ʕʢʩʪʨʫʟʠʦʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʬʦʨʤ 

ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʲʝʜʠʥʷʷ ʜʚʘ ʧʨʦʮʝʩʩʘ: 

ʩʛʦʨʘʥʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʠʭʪʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʛʦʨʷʯʠʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʯʝʨʝʟ ʬʦʨʤʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ [53]. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʉɺʉ-ʵʢʩʪʨʫʟʠʠ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʩʠʥʪʝʟ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʩʜʚʠʛʘ [54]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʦʬʠʣʴʥʳʝ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʵʣʝʢʪʨʦʜʳ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʨʦʢʘʪʥʳʝ ʚʘʣʢʠ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʤʥʷ) 

ʠʟ ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

1.4 ʊʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ Ti-Al-Si 

1.4.1 ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ Ti-Al-Si 

ʉʧʣʘʚʳ, ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩ ʜʨʫʛʠʤʠ ʣʝʛʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʘʣʶʤʠʥʠʡ, ʢʨʝʤʥʠʡ) 

ʠʤʝʶʪ ʚʝʩʦʤʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 800 Áʉ, ʦʯʝʥʴ 

ʭʦʨʦʰʝʡ ʩʪʦʡʢʦʩʪʠ ʢ ʧʦʣʟʫʯʝʩʪʠ ʠ ʚʳʛʦʜʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʧʣʦʪʥʦʩʪʠ ʦʥʠ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʠʢʝʣʝʚʳʝ ʠʣʠ ʞʝʣʝʟʥʳʝ ʩʧʣʘʚʳ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [10,55]. 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Ti-Al-Si ï ʵʪʦ ʥʦʚʳʡ ʪʠʧ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʠʭ ʧʦʪʝʥʮʠʘʣʘ 

ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʠ ʵʥʝʨʛʝʪʠʢʘ. ʕʪʠ ʩʧʣʘʚʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʬʘʟʝ ʪʠʪʘʥʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʡ ʠ ʧʨʦʯʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʡ 
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ʬʘʟʦʡ. ʋʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ Ti-Al-Si, 

ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʦʩʪʘʚʘ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

[56,57]. 

1.4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ti -Al -Si 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1200 Áʉ. ʂʨʝʤʥʠʡ Si ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʨʤʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Ti5Si3 ʚ ʢʦʤʧʦʟʠʪʝ ʥʘ ʦʩʥʦʚʝ TiAl [58,59]. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʬʘʟʘ Ti5Si3 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪ ʭʦʨʦʰʫʶ ʭʠʤʠʯʝʩʢʫʶ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʘʪʨʠʮʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ ʙʣʘʛʦʜʘʨʷ ʙʣʠʟʦʩʪʠ ʝʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ TiAl. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʝʤʥʠʡ Si 

ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ (2,34 ʛ/ʩʤ3), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ 

ʩʥʠʞʝʥʠʠ ʦʙʱʝʛʦ ʚʝʩʘ ʩʧʣʘʚʘ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʝʛʦ. ɼʣʷ ʩʠʩʪʝʤʳ Ti-Al ʢʨʝʤʥʠʡ Si 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʳʰʘʶʱʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ ʬʘʟʳ Ti5Si3, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʧʨʦʯʥʷʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [60]. 

ɺ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Ti-Al-Si ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: 

Ti2AlSi3 (Ű2), Ti6AlSi3, Ti4AlSi7, Ti7Al 5Si12 (Ű1) ʠ Ti5Al 12Si3 [61,62]. ɺ ʙʦʛʘʪʦʤ 

ʘʣʶʤʠʥʠʝʤ ʫʛʣʫ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ Al-Si-Ti ʩʦʛʣʘʩʥʦ [63] ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ: 

1. ʌʘʟʘ ʊiɸl3. ɼʦ 15 ʘʪ. % Al ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ Si ʚ ʨʝʰʝʪʢʝ ʊiɸl3.ʆʙʳʯʥʦ 

ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ Ti(AlSi)3. 

2. ʌʘʟʘ Ű1: Ti7A15Si12. ʕʪʘ ʬʘʟʘ ʩʪʘʙʠʣʴʥʘ ʥʠʞʝ 900 ÁC ʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʪ 17 

ʜʦ 42 ʘʪ. % Si. 

3. ʌʘʟʘ Ű2: Ti(AlSi)2. ʕʪʘ ʬʘʟʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ, 

ʢʦʪʦʨʦʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 38 ʜʦ 46 ʘʪ. %. 
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ʈʠʩʫʥʦʢ 1.3 ï ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ Ti-Al-Si, 1200  [56] 

 

ʇʨʝʜʝʣ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Ti ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,1 ʘʪ. % ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʧʣʘʚʘʭ 

AlïSi ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Si ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4,5 ʜʦ 9,5 ʘʪ. %. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ Ti ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ AlïSiïTi ʥʠʞʝ, ʯʝʤ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Alï

Ti, ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 0,12 ʠ 0,15 ʘʪ. % [64]. ʂʦʛʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Ti ʚ ʨʘʩʧʣʘʚʝ, ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ TiAlSi ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʩʪʚʦʨʷʶʪʩʷ, ʠ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʟʝʨʥʘ ʠʩʯʝʟʘʝʪ. 

1.4.3 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝ Ti-Al-Si 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ Ti-Al-Si: ʧʣʘʚʣʝʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʨʝʘʢʮʠʦʥʥʦʝ ʩʧʝʢʘʥʠʝ 

[58-69]. ʇʦʣʫʯʝʥʠʝ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Si, ʩʦʜʝʨʞʘʱʠʭ TiAl, ʤʝʪʦʜʦʤ ʤʝʪʘʣʣʫʨʛʠʠ 

ʦʛʨʘʥʠʯʝʥʦ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʠ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ a2-Ti3Al, 

ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʩʧʣʘʚʳ ʯʨʝʟʚʳʯʘʡʥʦ ʭʨʫʧʢʠ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʩʠʣʠʮʠʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ [64-68]. 
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ʀʥʪʝʥʩʠʚʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠʣʠ ʠʟʤʝʣʴʯʝʥʠʝʤ ʟʝʨʝʥ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦʛʦ ʩʧʝʢʘʥʠʷ, ʪ.ʝ. 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʰʘʨʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʩʧʝʢʘʥʠʷ. ɺ ʨʘʙʦʪʝ [67] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʨʦʰʢʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ TiïAlïSi 

ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʘʟʦʚʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʫʪʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʨʝʤʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʠ ʩʦʩʪʘʚʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʪʨʦʡʥʳʭ ʩʧʣʘʚʘʭ TiïAlïSi ʩʦʩʪʦʷʣʠ ʠʟ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ ʠ 

ʩʠʣʠʮʠʜʦʚ ʪʠʪʘʥʘ ʠ ʜʘʞʝ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ t1-ʬʘʟʳ. ɺʳʷʚʣʝʥʥʳʝ 

ʜʝʬʝʢʪʳ ʩʢʨʫʯʠʚʘʥʠʷ ʠʣʠ ʫʢʣʘʜʢʠ, ʚʳʟʚʘʥʥʳʝ ʩʠʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʬʘʟ TiAl3 (fcc) ʠʣʠ Ti5Si3 

(hcp), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʝʥ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ TiAl ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʄɸ) ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʷʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʩʠʩʪʝʤʳ Ti/Al/Si, ʪ.ʝ. 

Ti65Al 17Si18, Ti65Al 21Si14, Ti72Al 14Si14, Ti65Al14Si21 ʠ Ti58Al 21Si21. ʇʨʠ ʄɸ ʫʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʝʜʝʣʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚʘʭ [59]. 

ʇʝʨʝʥʘʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ti(Al,Si) ʧʦʣʫʯʘʣʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʠʟʤʝʣʴʯʝʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʄɸ ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʛʮʢ-ʬʘʟʳ ʠʣʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Al ʠ Si, ʥʘʧʨʠʤʝʨ, ʚ ʩʤʝʩʠ Ti58Al21Si21, ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʣʦʩʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʯʫʪʴ ʥʠʞʝ 600 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʚ ʦʩʥʦʚʥʦʤ TiAl3 ʠ TiSi2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʬʘʟʳ Ti5(Al,Si)3, (Ti,Si)Al ʠ (Ti,Si)3Al ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʚʳʰʝ 750 Áʉ. 

ɺ [68] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʧʦʨʦʰʢʘ Ti50Al 45Si5 ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʘʤʦʨʬʠʟʘʮʠʠ ʠʣʠ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ 5 ʯʘʩʦʚ ʧʦʨʦʰʦʢ 

Ti50Al 45Si5 ʦʩʪʘʚʘʣʩʷ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʦʯʠʱʝʥʥʦʡ ʦʜʠʥʦʯʥʦʡ ʬʘʟʳ ʢʨʠʩʪʘʣʣʠʪʘ, ʠ 

ʥʠʢʘʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʌʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ 15 

ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʠ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ/ʘʤʦʨʬʥʦʡ ʩʤʝʩʠ ʬʘʟ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʝʥ ʠ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ 25 ʯʘʩʘʭ 

ʠʟʤʝʣʴʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠ ʣʝʛʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʠʟʠʨʦʚʘʣʩʷ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Ti3Al ʩ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʝʩʴʤʘ ʞʝʣʘʪʝʣʴʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ [69] ʨʘʟʨʘʙʦʪʘʣʠ ʠ 

ʠʟʛʦʪʦʚʠʣʠ ʥʦʚʳʡ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ Ti5Si3/TiAl, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʩʣʦʝʚ Ti5Si3-ʦʙʝʜʥʝʥʥʦʛʦ ʩ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ Ti3Al ʠ ʩʣʦʝʚ Ti5Si3-ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ Ti3Al. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ 

ʧʘʢʝʪʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʧʣʝʥʦʢ Ti ʠ Al-6Si ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʚʫʭʵʪʘʧʥʳʤ 

ʨʝʘʢʮʠʦʥʥʳʤ ʦʪʞʠʛʦʤ.  

ɺʦ ʚʩʝʭ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʘʭ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʫʪʝʤ ʪʱʘʪʝʣʴʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ 

ʦʙʨʘʙʦʪʢʠ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʧʣʘʚʦʚ Ti-Al-Si ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʚ ʮʝʣʦʤ, ʵʪʠ ʩʧʣʘʚʳ ʠʟʚʝʩʪʥʳ 

ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ. 

1.5 ʊʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ Ti-Al-Mn 

1.5.1 ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ Ti-Al-Mn 

ʉʧʣʘʚʳ Ti-Al -Mn ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ, ʠʤʝʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ. 

ʉʧʣʘʚʳ Ti-Al -Mn ʩʯʠʪʘʶʪʩʷ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ 

ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ 
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ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʠʭ ʩʧʣʘʚʦʚ ʜʝʣʘʶʪ ʠʭ 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [70]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ Ti-Al-Mn ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʩʪʘʚ, ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ 

ʧʦʥʷʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ Ti-Al-Mn. 

ʌʘʟʘ ʃʘʚʝʩʘ Mn2TiAl ʦʙʣʘʜʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠ ʦʪʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʧʣʘʚ Ti-Al-Mn (OT4-1), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʟʘʤʝʥʳ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʩʧʣʘʚʘ Ti-6A1-4V, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʧʫʪʝʤ ʬʦʨʤʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, 

ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ, ʪʨʫʜʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [71]. 

1.5.2 ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ Ti -Al -Mn 

ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ AlïTiï

Mn ʧʨʠ 1000 Áʉ. ɸʥʘʣʠʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ɓ-ʪʠʪʘʥʘ ʠʟ-ʟʘ 

ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ Mn ʠ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ Al3(Ti, Mn). ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʥʫʪʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩʦ ʩʪʦʨʦʥʘʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʆʙʣʘʩʪʠ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ Al3(Ti, Mn) ʚ ʩʠʩʪʝʤʝ AlïTiïMn ʦʯʝʥʴ ʤʘʣʳ, ʪʦ ʝʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʨʦʞʜʝʥʳ [72]. 

ɺ ʨʘʙʦʪʝ [72] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ Al 3(Ti, Mn) ʚ 

ʩʠʩʪʝʤʝ AlïTiïMn ʦʯʝʥʴ ʤʘʣʘ, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʨʦʞʜʝʥʘ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ɓ-ʪʠʪʘʥʘ ʚ ʨʷʜʫ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

MoŸNbŸVŸCrŸMnŸCu ʠ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ Al3(Ti, Me). 
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ʈʠʩʫʥʦʢ 1.4 ï ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ Ti-Al-Mn, T=1000 Áʉ [72] 

 

ʆʪʤʝʯʘʝʪʩʷ [83], ʯʪʦ ʚʚʝʜʝʥʠʝ Mn ʚ g-TiAl ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ~2 ʘʪ. %. ʇʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚ g-TiAl ʙʦʣʝʝ 5 ʘʪ. % Mn, ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʘʜʘʝʪ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʳ Ti3Al 3Mn2 [74]. 

ʕʪʘ ʬʘʟʘ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ MgZn2 (ʧʨ.ʛʨ. P63/mmc), ʘʥʘʣʦʛʠʯʥʳʡ ʬʘʟʝ 

TiAlMn [ 75] ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʝ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʬʠʮʠʪʘ Mn [76]. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Al ʚ TiMn2 ʩʦʩʪʘʚʣʷʝʪ 30 ʘʪ. % ʧʨʠ 1000 ÁC ʠ 

ʜʦʩʪʠʛʘʝʪ 42 ʘʪ. % ʧʨʠ 1200 ÁC [77]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʠʝ Ti(AlMn)2 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʨʦʡʥʦʡ ʬʘʟʦʡ, ʘ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ Al ʚ TiMn2. 

ɺ [77,78] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Mn ʚ A13Ti ʜʦ 14 ʘʪ. % 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʘ Ti25Mn14Al61 ʧʨʠ ʠʟʛʠʙʝ ʜʦ 0,4% ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʃʘʚʝʩʘ Ti(Mn1-xAl x)2 ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʦ [79] ʧʨʠ xAl = 0,01õ0,67 ʧʨʠ 900 Áʉ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ 

ʜʣʷ Ti(Mn1-xAl x)2 (0 Ò xAl Ò 0,60) ʜʣʷ xAl = 0,2 ʚʳʷʚʠʣʦ ʬʘʟʫ ʃʘʚʝʩʘ ʪʠʧʘ C14-MgZn2. 

ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʚʷʪʠ ʪʨʦʡʥʳʭ 
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ʢʦʤʧʦʟʠʮʠʡ Ti(Mn1-xAl x)2 (xAl = 0, 0,125, 0,25, 0,375, 0,500, 0,625, 0,750, 0,875, 

1,00). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ 

ʟʘʧʦʣʥʝʥʠʷ ʘʪʦʤʦʚ Al, ʟʘʤʝʱʘʶʱʠʭ ʘʪʦʤʳ Mn ʥʘ ʧʦʟʠʮʠʷʭ 2a (xAl< 0,375) ʠ 6h 

(0,375 <xAl< 0,625). ʀ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʘʪʦʤʳ Al ʥʘ ʧʦʟʠʮʠʠ 6h ʧʨʦʷʚʣʷʶʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨ. ɺ ʨʘʙʦʪʝ [80] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Al ʚ ʬʘʟʘ 

ʃʘʚʝʩʘ Ti(AlMn) 2 ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 32 ʠ 35 ʘʪ.% ʧʨʠ 

800 ÁC ʠ 1000 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʙʦʪʝ [81] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʧʣʘʚʦʚ ʚ 

ʩʠʩʪʝʤʝ TiïAlïMn. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Ti:Al ʨʘʚʥʳʤ 

1,14 ʠ ʩʦʜʝʨʞʘʥʠʝʤ 5, 10, 20 ʠ 30 ʘʪ. % Mn ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʟʳg-TiAl, Ŭ2-Ti3Al, b-

Ti ʠ Ti(Mn,Al)2. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Al ʠ Mn ʚ ʬʘʟʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʦʪʞʠʛʘ, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ Ti ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʘ ʦʪʥʦʰʝʥʠʝ (Al + Mn) ʢ Ti 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2, ʦʯʝʥʴ ʪʨʫʜʥʦ ʥʝ ʜʫʤʘʪʴ, ʯʪʦ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʃʘʚʝʩʘ. ʇʦʵʪʦʤʫ 

ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʙʦʛʘʪʘʷ Mn ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʨʦʡʥʦʡ ʬʘʟʦʡ, ʘ ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ ʙʠʥʘʨʥʦʡ ʬʘʟʳ ʃʘʚʝʩʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʬʘʟʘ ʃʘʚʝʩʘ TiMn, ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʣʷ Al ʟʘ ʩʯʝʪ Mn, ʠ ʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

Ti(AlMn). ʈʘʩʪʚʦʨʠʤʦʩʪʴ Al ʚ ʬʘʟʝ Ti(AlMn), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 32 ʘʪ. % ʧʨʠ 800 ÁC ʠ ʦʢʦʣʦ 35 ʘʪ. % ʧʨʠ 1000 Áʉ, ʯʪʦ ʥʘ 5 ʘʪ. % 

ʚʳʝh, ʯʝʤ ʙʳʣʦ ʦʮʝʥʝʥʦ ʨʘʥʝʝ ʚ [75]. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ [74], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Al ʚ TiMn ʧʨʠ 1200 ÁC ʝʱʝ 

ʚʳʰʝ: 42 ʘʪ. %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦ, ʯʪʦ ʬʘʟʘ ʃʘʚʝʩʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʧʣʘʚʘʭ ɔ-TiAl, 

ʩʦʜʝʨʞʘʱʠʭ 5 ʘʪ. % Mn ʠʣʠ ʙʦʣʝʝ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟʳ ʃʘʚʝʩʘ ʥʝ ʦʩʦʙʝʥʥʦ 

ʚʳʩʦʢʘ, ʠ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʫʜʘʣʝʥʘ ʦʪʞʠʛʦʤ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʜʘʞʝ ʜʣʷ ʩʧʣʘʚʘ Ti-42Al-10Mn ʪʝʤʧʝʨʘʪʫʨʘ 1200 ÁC ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘ ʜʣʷ ʝʝ ʫʜʘʣʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʘʣʶʤʠʥʠʜʘ ɔ-TiAl, ʩʦʜʝʨʞʘʱʝʛʦ 5 ʘʪ. % Mn 

ʠʣʠ ʙʦʣʝʝ, ʚʝʨʦʷʪʥʦ, ʯʪʦ ʬʘʟʘ ʃʘʚʝʩʘ ʙʫʜʝʪ ʩʪʘʙʠʣʴʥʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 700 ÁC [82]. 
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1.5.3 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝ Ti-Al-Mn 

ʉʧʣʘʚʳ TiAl ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ Ti-47Al-2Nb-2Cr-(0, 1, 3, 5)Mn ʚ 

ʨʘʙʦʪʝ [83] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʭʦʣʦʜʥʦʛʦ ʪʠʛʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ Mn ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʪʦʤʳ Mn ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʩʧʣʘʚʝ TiAl, ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 

Mn ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɼʦʙʘʚʣʝʥʠʝ Mn ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʦ ʦʙʲʝʤʥʫʶ ʜʦʣʶ b ʬʘʟʳ. 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʧʣʘʚʘ TiAl ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʣ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʘʪʦʤʦʚ Mn. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʦʚ TiAl, 

ʩʦʜʝʨʞʘʱʠʭ 1 ʘʪ. %, 3 ʘʪ. % ʠ 5 ʘʪ. % Mn, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʘʣʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʤʠʢʨʦʪʨʝʱʠʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ b-ʬʘʟʝ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʚʘʥʦʛʦ ʩʧʣʘʚʘ Tiï42Alï5Mn (ʤʘʩ. %) ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ [84]. ʂʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʥʠʞʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʫʚʝʣʠʯʝʥʥʘʷ ʜʦʣʠ ʬʘʟ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ (ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʷʯʝʡ ʢʦʚʢʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ), ʠ ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ, 

ʫʤʝʥʴʰʝʥʥʘʷ ʜʦʣʷ ɓ-ʬʘʟʳ ʠ ʫʚʝʣʠʯʝʥʥʘʷ ʜʦʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺ ʨʘʙʦʪʝ [85] ʠʩʩʣʝʜʦʚʘʣʠ ʬʘʟʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

Ti-Al -Mn ʦʪ 973 ʜʦ 1373 ʂ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʴ ɓ-(Ti) ʬʘʟʳ 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Al ʩ 9,0 

ʘʪ. % ʧʨʠ 973 ʂ ʜʦ 34,7 ʘʪ. % ʧʨʠ 1373 ʂ. TiAl ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʩʦʩʪʘʚʘ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Mn ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʨʦʡʥʦʡ ʬʘʟʳ ɓ1 ɻʝʡʩʣʝʨʘ (Ti2AlMn) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 1110,5Ñ12,5 ʂ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [84] b-ʬʘʟʘ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1098-1123 ʂ ʠ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʦʙʦʛʘʱʝʥʥʳʤ Al ɓ-(Ti), 

ʦʙʨʘʟʫʷ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʚʦʣʶʮʠʝʡ 

ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʚʝ ʧʝʨʠʪʝʢʪʦʠʜʥʳʝ ʨʝʘʢʮʠʠ B2 + TiAl 
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Ÿ Ti3Al + TiMn2 (1160,5Ñ12,5 ʂ) ʠ TiMn1-x + TiMn2 Ÿ Ti3Al +TiMn 1+x (973~1023 

ʂ). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ TiMn1-x ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳʤ ʜʦ 1373 ʂ. 

ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩʧʣʘʚʘ Ti-42Al-5Mn, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʠ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʧʝʨʝʧʣʘʚʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʢʦʚʢʠ [86]. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 1300 ÁC 

ʧʨʦʠʩʭʦʜʠʪ ʰʝʩʪʴ ʚʠʜʦʚ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 0,1 

ÁC/ʩ, ʜʦ 200 ÁC/ʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣʠ ʙʳ 

ʧʦʜʘʚʣʝʥʳ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʞʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. 

ʉʚʦʡʩʪʚʘ ʢʦʚʘʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ L12 A167Ti25Mn8 ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 3,34Ā10-5 ʩ-1ʜʦ 6,68Ā10-4 ʩ-1 ʧʨʠ 

1173 ʂ ʚ [77]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʩʧʣʘʚʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 6,68Ā10-4ʩ ʜʦ 

3,34Ā10-5 ʩ-1, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 2,8% ʜʦ 21,0%. ʈʘʟʨʫʰʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʞʟʝʨʝʥʥʳʤʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʨʘʥʠʮʳ ʟʝʨʝʥ L12 A167Ti25Mn8 ʷʚʣʷʶʪʩʷ 

ʩʣʘʙʳʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠ/ʠʣʠ ʧʝʨʝʜʘʯʘ ʩʢʦʣʴʞʝʥʠʷ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʟʝʨʝʥ 

ʟʘʪʨʫʜʥʝʥʘ. 

1.6 ʊʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ Ti-Al -Mg 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ ʚ ʨʘʟʜʝʣʝ 1.1.3 ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ Mg, Si ʠ 

Mn ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʧʣʘʚʳ Ti-Al ʤʦʞʝʪ ʧʨʠʚʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʩʧʣʘʚʘ ʪʘʢʠʝ ʢʘʢ: ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʞʸʩʪʢʦʩʪʠ 

ʩʧʣʘʚʘ, ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ. 
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1.6.1 ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳTi-Al-Mg 

ʉʧʣʘʚʳ Ti-Al-Mg ʦʪʥʦʩʷʪʩʷ ʢ ʣʝʛʢʠʤ ʩʧʣʘʚʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ, ʛʜʝ ʚʘʞʥʘ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʠʝ ʤʘʛʥʠʷMg ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ [87]. ʊʠʪʘʥ 

ʦʙʳʯʥʦ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ 

ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [88,89]. 

ʉʧʣʘʚʳ Ti-Al-Mg ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʛʢʠʭ, ʧʨʦʯʥʳʭ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ ʜʝʪʘʣʝʡ 

ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʥʦʤʠʠ 

ʪʦʧʣʠʚʘ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʥʦ 

ʠ ʜʣʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʷʜʝʨʥʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʩʧʣʘʚʳ 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ [90,91]. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʛʢʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ Ti-Al -Mg [92]. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʷMg 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʣʝʛʢʠʭ (< 3 ʛ/ʩʤ3), ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʘʞʥʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʙʦʣʴʰʠʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʟʘʱʠʪʦʡ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʀʭ ʦʪʥʦʩʷʪ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 

XXI  ʚʝʢʘ [93]. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʭʦʨʦʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ɺ ʙʫʜʫʱʝʤ ʪʘʢʠʝ ʩʧʣʘʚʳ ʩʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʩʪʘʣʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ [94-99]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʥʘ 10% ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 

3õ7% [100-103]. 
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1.6.2 ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚʩʠʩʪʝʤʝTi-Al -Mg 

ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Ti-Al ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʩʪʘʚʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʨʝʤʝʥʝʤ ʧʨʦʮʝʩʩʘ. ʉʠʩʪʝʤʘ Ti-Al ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʥʘʨʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ti-Al ʠ ʪʨʦʡʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Ti-Al -X (X ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʦʡ ʵʣʝʤʝʥʪ, ʢʘʢ Mg, Si ʠ ʪ.ʜ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-

Al -Mg [104ï106]. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʧʨʦʢʘʪʢʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ Ti ʠ Mg ʚ ʚʠʜʫ ʤʘʣʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ [18], 

ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʘ [107]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al -Mg, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ 

ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

427 Áʉ [108]. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʢ Mg ʚ ʘʣʶʤʠʥʠʜʘʭTi, ʪʘʢ ʠ Ti ʚ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʘʭ Al-Mg ʦʯʝʥʴ ʤʘʣʘ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Ti ʚ ʞʠʜʢʦʤ Mg, ʩʦʩʪʘʚʣʷʶʱʘʷ ~ 0,04 

ʤʘʩ. % Ti ʧʨʠ 750 ÁC, ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Al, ʜʦʙʘʚʢʠ Al ʢ ʩʧʣʘʚʘʤ 

Mg-Ti ʩʥʠʞʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Ti ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ 720 ÁC 

ʩ 0,028 ʜʦ 0,003 ʥʘ 0,5 ʤʘʩ. % Al, ʧʨʠ 800 ÁC ʩ 0,042 ʜʦ 0,004 ʥʘ 1 ʤʘʩ.% Al ʠ ʧʨʠ 

900 ÁC ʩ 0,08 ʜʦ 0,08 ʤʘʩ.% Al. ʜʦ 0,02 ʥʘ 2 ʤʘʩ.% Al [109,110]. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Ti ʚ 

ʩʧʣʘʚʘʭ Al-Mg ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Mg ʧʨʠ 750 ÁC ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʠʩʯʝʟʘʶʱʝ ʤʘʣʦʡ ʧʨʠ ~ 90 ʤʘʩ.% Mg. ʇʨʠ 12,5 ʤʘʩ. % Mg 

ʜʘʝʪʨʘʩʪʚʦʨʠʤʦʩʪʴ Ti ʢʘʢ 0,122 ʤʘʩ. % ʧʨʠ 750 ÁC [111,112]. 
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ʈʠʩʫʥʦʢ 1.5 ï ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ Ti-Al -Mg, ʊ=427 Áʉ [108] 

 

1.6.3 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝTi-Al -Mg 

ʉʠʥʪʝʟ ʪʨʝʭʬʘʟʥʦʛʦ ʩʧʣʘʚʘ Ti-Al-Mg ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʷ ʧʨʦʢʘʪʢʫ, ʣʠʪʴʝ, ʧʦʨʦʰʢʦʚʫʶ ʤʝʪʘʣʣʫʨʛʠʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ[112-119]. 

ʇʦʣʫʯʝʥʠʝ ʪʨʦʡʥʦʡ ʬʘʟʳ Ti2Al 18Mg3 ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʝʝ 

ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʘʛʥʠʷ ʚ 

ʘʣʶʤʠʥʠʜʘʭ ʪʠʪʘʥʘ [18]. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʯʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ 

ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ 

ʪʚʝʨʜʦʬʘʟʥʦʝ ʩʧʝʢʘʥʠʝ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʪʨʫʜʥʦʩʪʠ, ʬʘʟʘ Ti2Al18Mg3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʫʥʠʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ [104]. 

ʈʝʘʢʮʠʠ ʤʝʞʜʫ ʩʧʣʘʚʘʤʠ Ti ʠ Al-Mg ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʫʪʝʤ 

ʥʘʛʨʝʚʘʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ ʩʧʣʘʚʦʚ Ti/Al-Mg ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

Mg ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5,09 ʜʦ 40,36 ʤʘʩ. % ʧʨʠ 660 ÁC [108]. ʕʣʝʤʝʥʪ Mg ʚ ʩʧʣʘʚʘʭ 

Al-Mg ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʨʘʟʨʫʰʝʥʠʶ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʨʦʰʢʦʚ 

ʩʧʣʘʚʦʚ Ti ʠ Al-Mg, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʡ. ɺ ʦʙʨʘʟʮʘʭ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Mg, ʚʘʨʴʠʨʫʶʱʠʤʩʷ ʦʪ 5,09 ʤʘʩ. % ʜʦ 25,93 ʤʘʩ. %, ʧʝʨʚʳʤ 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʙʳʣ Ti2Al 18Mg3, ʘ ʟʘʪʝʤ TiAl3, 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ Ti2Al 18Mg3/Ti. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʥʠʮʘ ʚ ʦʙʲʝʤʝ 

ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ Ti2Al 18Mg3 ʠ ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʤ Ti ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ TiAl3 ʠ Ti, ʠ Ti2Al 18Mg3 ʦʙʣʘʜʘʝʪ ʭʫʜʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʝʤ 

TiAl 3, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ Ti2Al 18Mg3 ʣʝʛʯʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ 

ʩʞʘʪʠʠ, ʦʙʨʘʟʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʫ ʧʦʭʦʞʫʶ ʥʘ ʣʝʧʝʩʪʦʢ, ʥʦ ʧʨʦʜʫʢʪ 

TiAl 3 ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʄʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 ÁC ʠ ʦʪʞʠʛʦʤ ʧʨʠ 200 ÁC ʠ 

300 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʧʦʣʫʯʝʥʳ ʣʘʤʠʥʘʪʳTi/Al/Mg [112]. ɻʨʘʥʠʮʳ ʨʘʟʜʝʣʘ Mg/Alʠ 

Ti/Al ʭʦʨʦʰʦ ʩʦʝʜʠʥʝʥʳ, ʙʝʟ ʪʨʝʱʠʥ ʠʣʠ ʧʦʨ. ʇʨʦʢʘʪʘʥʥʳʡ ʣʘʤʠʥʘʪ 

ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʦʩʭʦʜʥʳʡ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 580 ʄʇʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 38%, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʝʨʝʥ Mg ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ Mg/Al ʠ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʚʜʘʣʠ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ Mg/Al. 

ɺ ʨʘʙʦʪʝ [113] ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʩʠʩʪʝʤʳ MgïAlïTi ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʦʤʧʦʟʠʪ ʠʟ ʪʨʠʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ (TiAl 3), ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʮʘʤʠ 

ʤʘʛʥʠʝʚʦʡ ʤʘʪʨʠʮʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʯʘʩʪʠʮʳ TiAl 3 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʞʠʜʢʦʛʦ Al ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ Ti ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ Ti. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʠʩʭʦʜʥʳʭ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ Ti. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʧʝʢʘʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʯʘʩʪʠʮʳ TiAl 3 ʜʠʩʧʝʨʛʠʨʫʶʪ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʚ 

ʤʘʪʨʠʮʝ Mg. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ MgïAlïTi ʧʨʘʢʪʠʯʝʩʢʠ 
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ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʩʠʩʪʝʤʝ AlïTi. Mg ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʘʛʝʥʪ ʠ 

ʨʘʟʙʘʚʠʪʝʣʴ ʚ ʨʝʘʢʮʠʷʭ ʠ ʩʜʚʠʛʘʝʪ ʨʝʘʢʮʠʠ Al ʠ Ti ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ AlMg9/Ti, ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʘʨʘʤʠ 

çʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʪʝʣʦè [114]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

AlMg 9/Ti ʦʙʨʘʟʫʝʪʩʷʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʘ ʨʦʩʪ ʬʘʟʳ Al12Mg17 ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʛʨʫʙʳʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ (Mg) ʠ 

ʪʠʪʘʥʘ (Ti) ʥʘ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ (Al). ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝʩʧʣʘʚʦʚ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ɓ-ʬʘʟʘ (Al 3Mg2), Ŭ-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʯʘʩʪʠʮʳ Ti2Mg3Al 18 ʠ TiAl 3 

[115]. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (170 ʄʇʘ) ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩ 

ʜʦʙʘʚʢʘʤʠ 8 ʤʘʩ. % Mg ʠ 1 ʤʘʩ. % Ti, ʥʦʥʘʠʚʳʩʰʝʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ (125 

HBN) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʜʦʙʘʚʢʘʤʠ 14 ʤʘʩ. % Mg ʠ 3 ʤʘʩ. % Ti. ɼʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʪʠʤʘʣʴʥʳʝʩʦʦʪʥʦʰʝʥʠʷ ʤʘʛʥʠʷ ʠ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʧʣʘʚʘʭ Al, 

ʩʦʩʪʘʚʣʷʣʠ 8 ʤʘʩ. % ʠ 1 ʤʘʩ. %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʪʠʪʘʥʘ (Ti) ʠ ʤʘʛʥʠʷ (Mg) ʥʘ ʘʣʶʤʠʥʠʝʚʳʝ 

(Al) ʩʧʣʘʚʳ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠʩʚʦʡʩʪʚʘʤʠ ʥʦʚʳʭ 

ʩʧʣʘʚʦʚ. ʉʧʣʘʚʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʪʠʟ ʩʧʣʘʚʦʚ Alï2Mgï1Ti, Alï2Mgï3Ti, Alï4Mgï2Ti ʠ Alï6Mgï2Ti, ʘ ʪʘʢʞʝ 

ʬʘʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ŭ ʠ t ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ [116]. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʣʩʷ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚʢʣʶʯʝʥʠʡ Ti ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʩʦʩʪʘʚʠʣ 90 ʤʢʤ ʜʣʷ ʩʧʣʘʚʘ Alï6Mgï3Ti. 

ɺ ʨʘʙʦʪʝ [117] ʣʝʛʢʠʡ ʩʧʣʘʚ Tiï10Alï5Mg (ʤʘʩ. %) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʠ 

ʩʧʝʢʘʥʠʝʤ. ʇʦʩʣʝ 5-ʯʘʩʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ hcpŬ-Ti(Al ,Mg). ʉʪʨʫʢʪʫʨʘ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ 900 ʠ 1100 ÁC 

ʩʦʩʪʦʠʪ ʠʟ ʤʘʪʨʠʮʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ŭ-Ti(Al) ʩ ʚʳʜʝʣʝʥʠʷʤʠ Ŭ2-Ti3Al ʠ 

MgO.ɿʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʷ ʖʥʛʘ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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1100 ÁC ʩʦʩʪʘʚʠʣʠ 11 ʠ 188 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ti. 

ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʪ Mg-Ti-Al  ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (MA) [118]. ʇʦʣʫʯʝʥʳ ʩʧʣʘʚʳ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Al ʠTi ʦʪ 0 ʜʦ 10,3 ʤʘʩ. % ʠ Mg-5 ʤʘʩ.%. ʈʘʟʤʝʨ ʟʝʨʝʥ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦ ʜʠʘʧʘʟʦʥʘ 

ʧʨʠʤʝʨʥʦ 15-27 ʥʤ ʧʦʩʣʝ 20 ʯʘʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʧʝʢʘʥʠʷ ʠ ʵʢʩʪʨʫʟʠʠ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʟʝʨʝʥ, ʨʘʟʤʝʨ ʟʝʨʝʥ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʩʪʘʚʘʣʩʷ ʥʘʥʦʤʝʪʨʦʚʳʤ ʠ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 100 ʥʤ. 

ʄʥʦʛʦʩʣʦʡʥʳʡ ʪʨʝʭʤʝʪʘʣʣʠʯʝʩʢʠʡʢʦʤʧʦʟʠʪ Al/Ti/Mg ʙʳʣ ʦʙʨʘʙʦʪʘʥ 

ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʩʢʣʝʠʚʘʥʠʷ ʚ ʨʫʣʦʥʘʭ. ʇʦʣʦʩʳ Al, Ti ʠ Mg ʫʢʣʘʜʳʚʘʣʠ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʠ ʧʨʦʢʘʪʳʚʘʣʠʩ ɹʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC ʜʦ 5 ʧʨʦʭʦʜʦʚ 

[119]. ʇʦʩʣʝ ʧʷʪʠʮʠʢʣʦʚʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʩʢʣʝʠʚʘʥʠʷ ʨʫʣʦʥʦʚ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

ʪʨʝʭʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ Al/Ti/Mg ʩ ʦʜʥʦʨʦʜʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʣʦʸʚ. ʊʚʝʨʜʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʣʘʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʫʤʝʥʴʰʘʣʦʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʮʠʢʣʦʚ 

ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʩʢʣʝʠʚʘʥʠʷ ʨʫʣʦʥʦʚ. 

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 1 

ʇʨʦʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ɻʣʘʚʝ 1, 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʩʨʝʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʫʯʝʥʠʝ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Ti-Al-Me (Me=Mg,Si,Mn) ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

2. ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Me 

(Me=Mg,Si,Mn). ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʧʣʘʚʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʘ 

ʠ ʩʚʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʧʣʘʚʳ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Me (Me=Mg,Si,Mn) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 
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ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

3. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ Ti-Al-Mg ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʥʘ 10 % ʩʧʦʩʦʙʥʦ ʫʤʝʥʴʰʠʪ 

ʫʜʝʣʴʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʥʘ 3-7 %, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʟʠʪ ʚʳʙʨʦʩʳ ʚ 

ʘʪʤʦʩʬʝʨʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

4. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ), 

ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʧʨʦʩʪʦʪʝ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-Al-Me (Me=Mg, Si, Mn) ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʫʯʝʥʦ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʠʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ/ʩʣʦʝʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʠʪʘʥʦʚʳʭ ʠʟʜʝʣʠʡ.  
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ɻʃɸɺɸ 2. ʄɽʊʆɼʓ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ʀ ɸʅɸʃʀɿɸ 

ʉɺʉ-ʇʈʆɼʋʂʊʆɺ 

ɼʣʷ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 

ʕʣʝʤʝʥʪ ʄʘʨʢʘ ɼʠʩʧʝʨʩʥʦʩʪʴ, ʤʢʤ ʏʠʩʪʦʪʘ ʤʘʩ. % 

Ti ʇʊʄ ~100 99 

Al  ɸʉɼ-4 ~10 99,2 

Mg ʄʇʌ-3 ~170 98 

Si ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʦʣʥʝʯʥʳʡ ~100 99 

Mn Mn997 ~50 99,7 

SiO2 ʂʨʝʤʥʠʷ ʜʚʫʦʢʠʩʴ ~36 98 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉɺʉ ʠʟ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʟʘʤʝʰʠʚʘʣʠʩʴ ʠ ʧʨʝʩʩʦʚʘʣʠʩʴ 

ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2 ï ʉʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ 

ʉʠʩʪʝʤʘ ʉʦʩʪʘʚʳ, ʤʦʣʴ 
ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʪ. % 

Ti Al  Mg Si Mn 

Ti-Al -Mn 

Ti + Al + 0.67Mn) 37,5 37,5 - - 25,0 

(Ti + 0.86Al + 0.98Mn) 35,1 30,4 - - 34,5 

(Ti + Al + 0.5Mn) 40,0 40,0 - - 20,0 

(Ti + 1.3Al + 0.58Mn) 34,8 45,2 - - 20,0 

Ti-Al -Si 

(5Ti+12Al+3Si) 25,0 60,0 - 15,0 - 

(7Ti + 5Al + 12Si) 30,0 20,0 - 50,0 - 

(20Ti+3Al+9Si) 62,5 9,5 - 28,0 - 

Ti-Al -Mg 

(1.27Ti+1.26Al+0.21Mg) 46,5 46,0 7,5 - - 

(Ti+10Al+5Mg) 6,25 62,5 31,25 - - 

(Ti+3Al+Mg) 8,7 78,3 13,0 - - 

(Ti+5Al+Mg) 20,0 60,0 20,0 - - 

(Ti+9Al) +3Mg 14,3 71,4 14,3 - - 
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2.1 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʛʝʪʝʨʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ çThermoè [120] ʠ ɸʉʊ 

[121], ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ (ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ) ʠ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʵʥʪʨʦʧʠʠ, ʵʥʪʘʣʴʧʠʠ ʩʠʩʪʝʤʳ. ɺ ʩʦʩʪʘʚ 

ʧʨʦʛʨʘʤʤ ʚʭʦʜʠʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ. ʈʘʩʯʸʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʚʥʦʚʝʩʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʯʠʪʳʚʘʝʪ ʚʢʣʘʜʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ ʩ 

ʫʯʸʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

2.2 ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ çʄʠʢʨʦʩʘʡʟʝʨ - 201Cè, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ɸʥʘʣʠʟʘʪʦʨʘ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ çʄʠʢʨʦʩʘʡʟʝʨ - 201Cè 

 

2.3 ʅʘʛʨʝʚʘʪʝʣʴʥʘʷ ʪʨʫʙʯʘʪʘʷ ʧʝʯʴ 

ʇʦʩʣʝ ʟʘʤʝʰʠʚʘʥʠʷ ʠ ʧʨʝʩʩʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʫʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʚʝʜʸʥʥʳʭ 

ʚ ʪʘʙʣʠʮʝ 2.2 ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʜʦ 800  

ʪʨʫʙʯʘʪʦʡ ʪʨʝʭʟʦʥʥʦʡ ʧʝʯʠ Instron 3112 (ʨʠʩʫʥʦʢ 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉɺʉ-ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʥʘʛʨʝʚʦʤ 

 

ɺ ʧʝʯʴ ʧʦʤʝʱʘʣʘʩʴ ʪʝʨʤʦʧʘʨʘ WRe5/WRe20 ʧʦʜʢʣʶʯʸʥʥʘʷ ʢ ʚʦʣʴʪʤʝʪʨʫ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʯʠ ʠ ʦʙʨʘʟʮʘ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʜʘʥʥʦʡ ʧʝʯʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʧʨʦʪʦʢʝ ʘʨʛʦʥʘ. 

2.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ɺʋʇ 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ ʧʝʯʴ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 15 ʤʤ, ʚʳʩʦʪʦʡ 70 ʤʤ ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ 

ʧʦʩʪʘ (ɺʋʇ), ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʚʘʢʫʫʤʝ (13,3Ā10-3 ʇʘ), ʩʨʝʜʝ ʘʨʛʦʥʘ Ar (P=105 ʇʘ) ʠ ʥʘ ʚʦʟʜʫʭʝ.  

ɼʣʷ ʪʦʯʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʨʘʟʮʝ ʜʝʣʘʣʦʩʴ ʦʪʚʝʨʩʪʠʝ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʝ ʚʚʦʜʠʣʩʷ ʩʧʘʡ ʪʝʨʤʦʧʘʨʳ WRe5/WRe20. ʋʩʪʘʥʦʚʢʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʘʢʫʫʤʠʨʦʚʘʣʘʩʴ, ʘ ʟʘʪʝʤ ʟʘʧʦʣʥʷʣʘʩʴ 

ʘʨʛʦʥʦʤ Ar ʜʦ ʜʘʚʣʝʥʠʷ ʚ 1 ʘʪʤ. ʆʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʧʝʯʠ ʜʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʉɺʉ-ʨʝʘʢʮʠʠ, ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʦʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʝʯʠ ʦʪʢʣʶʯʘʣʦʩʴ. 

ʆʙʨʘʟʮʳ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʝʯʠ ʜʦ ʧʦʣʥʦʛʦ ʝʸ ʦʩʪʳʚʘʥʠʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʦʡ 

(ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ). 
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ʈʠʩʫʥʦʢ 2.3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉɺʉ-ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʚʘʢʫʫʤʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʩʪʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʝʯʴ 

(ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ) 

 

2.5 ʊʝʨʤʦʧʘʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʴʬʨʘʤ-

ʨʝʥʠʝʚʳʭ ʪʝʨʤʦʧʘʨ WRe5/WRe20 ʠʟ 40 ʤʠʢʨʦʥʥʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʧʨʦʢʘʪʘʥʥʳʤ ʜʦ 

20 ʤʢʤ ʩʧʘʝʤ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʫ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʮʘ (ʢʦʥʝʮ ʪʝʨʤʦʧʘʨʳ 

ʫʛʣʫʙʣʷʣʠ ʥʘ ~ 3 ʤʤ ʚ ʦʙʨʘʟʝʮ). ʇʦʢʘʟʘʥʠʷ ʠʟʤʝʨʝʥʠʡ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ɸʎʇ L780ʄ, ʠʤʝʶʱʝʛʦ 16 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʘʟʨʷʜʥʦʩʪʴʶ 14 ʙʠʪ, 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʜʦ 400 ʢɻʮ. ɼʠʘʧʘʟʦʥʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Ñ 5,0 ɺ, Ñ 1,25 

ɺ, Ñ 0,3 ɺ, Ñ 0,08 ɺ. ʏʘʩʪʦʪʘ ʟʘʧʠʩʠ - 1ʢɻʮ. 

2.6 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3ʄ ʥʘ Cu-K 

ʠ Fe ʠʟʣʫʯʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʙʘʟʦʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ICDD PDF2 ʚ ʢʦʪʦʨʦʡ 

ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʟʘʥʝʩʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʲʸʤʢʠ ʠ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ [122]. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʈʌɸ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ[123]. ɼʣʷ ʈʌɸ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʧʦʨʦʰʦʢ, ʪʘʢ 

ʠ ʧʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʠʣʠ ʰʣʠʬʳ. 
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ʈʠʩʫʥʦʢ 2.4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3ʄ 

 

2.7 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Zeiss Ultra plus ʥʘ ʙʘʟʝ Ultra 55 (ʨʠʩʫʥʦʢ 2.5), 

ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350 XT Oxford Instruments 

ʦʙʣʘʜʘʶʱʝʡ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ 60 ʜʦ 2.600.000. 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʌʦʪʦʛʨʘʬʠʷ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss Ultra plus ʥʘ ʙʘʟʝ Ultra 55 

 

ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʦʜʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʈʘʟʨʝʰʝʥʠʝ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 129 ʵɺ, ʘ ʧʨʠ 5,9 

ʢʵɺ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ ʦʪ B ʜʦ Pu. ʇʨʠ ʫʩʢʦʨʝʥʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʜʦ 15 ʂɺ ʨʘʟʨʝʰʝʥʠʝ, ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʣʘʜʘʝʪ 1 

ʥʘʥʦʤʝʪʨʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ 

ʰʣʠʬʦʚʘʣʩʷ ʠ ʧʦʣʠʨʦʚʘʣʩʷ ʥʘ ʥʘʞʜʘʯʥʳʭ ʢʨʫʛʘʭ ʦʪ 60 ʜʦ 2500 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʣʦʤʘ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʩʧʣʘʚʘ 

ʧʝʨʝʜʝʣʷʣʘʩʴ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

2.8 ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʠ ʥʘʛʣʷʜʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʲʝʤʢʫ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Axiovert 200 

MAT/M ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ Axiovert 200 

MAT/M  

 

2.9 ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ HÕ, ʧʨʠ 

ʚʜʘʚʣʠʚʘʥʠʠ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʫʛʣʦʚ ʧʨʠ ʚʝʨʰʠʥʝ 136Á ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ, ʩ ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ 5 ʜʦ 100 ʛʨʘʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʦʡ 



47 

ʪʚʸʨʜʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʠʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʢ ʧʣʦʱʘʜʠ 

ʦʪʧʝʯʘʪʢʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ ʰʣʠʬʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʥʘʛʨʫʟʢʦʡ 50 ʠ 100 ʛʨʘʤʤ ʠ 

ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ 10 ʩʝʢʫʥʜ ʧʦ ɻʆʉʊ 9450-76 [124] ʥʘ ʧʨʠʙʦʨʘʭ ʇʄʊ-3 ʠ 

ʤʠʢʨʦ-ʢʦʤʙʠ ʪʝʩʪʝʨ CSM ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.7. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʰʣʠʬʦʚ ʦʙʨʘʟʮʦʚ ʠʭ ʟʘʣʠʚʘʣʠ ʩʧʣʘʚʦʤ ɺʫʜʘ ʚ ʘʣʶʤʠʥʠʝʚʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʦʙʦʡʤʳ ʠ ʰʣʠʬʦʚʘʣʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ, ʟʘʪʝʤ 

ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʩʫʢʥʝ ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʡ ʧʘʩʪʳ. ɼʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʩʪʘʚ (NH4F + HNO3 + H2Oʜʠʩʪ.). 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 2.7 ï ʇʨʠʙʦʨʳ (ʘ) ʇʊʄ-3, (ʙ) ʤʠʢʨʦ-ʢʦʤʙʠ ʪʝʩʪʝʨ CSM 

 

2.10 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ ʫʩʪʘʥʦʚʢʝ INSTRON-1195 (ʨʠʩʫʥʦʢ 2.8) ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. ɼʠʘʛʨʘʤʤʘ ʥʘʛʨʫʞʝʥʠʷ P(t) ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʯʝʨʝʟ ʤʦʜʫʣʴ L-Card. 
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ʈʠʩʫʥʦʢ 2.8 ï ʅʘʧʦʣʴʥʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ INSTRON-1195 ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ 

 

2.11 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ 

ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʦʡ ɺʠʢʢʝʨʩʘ HV (ʨʠʩʫʥʦʢ 2.9) ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʜʦ 

30 ʢʛ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʠʥʜʝʥʪʦʨ 100 ʛʨʘʤʤ ʧʦ ʬʦʨʤʫʣʝ 

(1) K1c. 

ὑρὧ πȢππςψzЍὌὠz Ѝ  (1) 

ʛʜʝ P ï ʥʘʛʨʫʟʢʘ ʥʘ ʚʜʘʚʣʠʚʘʥʠʝ, c ï ʦʙʱʘʷ ʜʣʠʥʘ ʪʨʝʱʠʥʳ (ʤʤ) ʦʪ ʠʥʜʝʥʪʦʨʘ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʄʝʪʦʜ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʦʡ ɺʠʢʢʝʨʩʘ HV 
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2.12 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʚʝʰʠʚʘʥʠʝʤ 

ʇʣʦʪʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʧʦ ɻʆʉʊ 25281-82 ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ 

ʪʦʯʥʦʩʪʴʶ 10ī4 ʛʨʘʤʤ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

ɽʩʣʠ ʦʙʨʘʟʝʮ ʠʤʝʣ ʦʪʢʨʳʪʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʪʦ ʧʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʞʠʜʢʦʩʪʴ 

ʦʥ ʟʘʣʠʚʘʣʩʷ ʧʘʨʘʬʠʥʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣ ʨʘʩʯʝʪ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʧʣʘʚʘ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

2.13 ʄʝʪʦʜʠʢʘ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʛʦ ʙʝʩʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ, ʛʜʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʄʇʘ, ʘ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ï 100 ʄʇʘ, 

ʦʧʠʩʘʥʥʳʡ ʚ [125]. 

 

 

(ʘ)      (ʙ)    (ʚ) 

ʈʠʩʫʥʦʢ 2.10 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʘ) ʧʦ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʶ: 

1 ï ʚʝʨʭʥʠʡ ʧʫʘʥʩʦʥ; 2 ï ʪʝʧʣʦʠʟʦʣʷʪʦʨ SiO2; 3 ï ʧʦʜʞʠʛʘʶʱʘʷ ʪʘʙʣʝʪʢʘ Ti/B; 4 ï 

W ʧʦʜʞʠʛʘʶʱʘʷ ʩʧʠʨʘʣʴ; 5 ï ʦʙʨʘʟʝʮ Ti-Al -Me; 6 -  ʧʨʝʩʩ-ʬʦʨʤʘ, (ʙ)-ʧʨʝʩʩ-ʬʦʨʤʘ 

ʚ ʩʙʦʨʝ, (ʚ) - ʦʙʱʠʡ ʚʠʜ ʧʨʝʩʩʘ 

 

ɺʳʙʦʨ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʨʝʞʠʤʘ ʧʨʝʩʩʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʚʣʠʷʥʠʝʤ 

ʧʨʠʤʝʩʥʦʛʦ ʛʘʟʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʘʚʣʝʥʠʝ ʩʞʘʪʠʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ 
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ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʫʜʘʣʝʥʠʝ ʧʨʠʤʝʩʥʦʛʦ ʛʘʟʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʭʦʜʝ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʢʦʥʩʦʣʠʜʘʮʠʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

ʠʩʭʦʜʥʫʶ ʰʠʭʪʦʚʫʶ ʟʘʛʦʪʦʚʢʫ ʧʦʤʝʱʘʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʭʠʤʠʯʝʩʢʦʡ ʧʝʯʢʠ (ʨʠʩʫʥʦʢ 2.10), ʜʘʶʱʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ çʭʠʤʠʯʝʩʢʦʡ ʧʝʯʢʠè ʠ ʠʩʭʦʜʥʦʡ ʰʠʭʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ, ʩʣʦʠ 

ʨʘʟʜʝʣʷʣʠʩʴ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʦʡ ʧʝʯʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʪʘʙʣʝʪʢʠ, ʩʧʨʝʩʩʦʚʘʥʥʳʝ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʪʠʪʘʥʘ ʠ ʙʦʨʘ, 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʝʯʢʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʭʝʤʝ:  

Ti + 2B Ÿ TiB2. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʰʠʭʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʠ çʭʠʤʠʯʝʩʢʦʡ ʧʝʯʢʠè 

ʩʦʩʪʘʚʣʷʣʦ 1:2. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʧʨʝʩʩ-ʬʦʨʤʘ ʨʘʟʛʨʫʞʘʣʘʩʴ, ʠ ʧʨʦʜʫʢʪʳ 

ʩʠʥʪʝʟʘ ʦʭʣʘʞʜʘʣʠʩʴ ʚ ʟʘʩʳʧʢʝ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʥʘ ʚʦʟʜʫʭʝ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʨʘʟʨʝʟʘʣʠʩʴ ʠ ʰʣʠʬʦʚʘʣʠʩʴ ʥʘ ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

2.14 ɼʠʥʘʤʠʯʝʩʢʘʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ 

 

 

(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 2.11 ï (ʘ)-ʦʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʨʝʤʷ ʨʘʟʨʝʰʘʶʱʝʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (TRXRD), (ʙ)-ʚʥʫʪʨʝʥʥʠʡ ʚʠʜ ʧʝʯʠ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʚʨʝʤʷ ʨʘʟʨʝʰʘʶʱʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (TRXRD), ʧʦʟʚʦʣʷʶʱʠʡ ʚ 
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ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ [126]. ʋʩʪʘʥʦʚʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʟʣʫʯʝʥʠʠ Cu Ka, ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʭʨʦʤʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 1 ʩʝʢ. 

ʆʙʨʘʟʝʮ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʨʘʟʤʝʨʦʤ 13 Ĭ 15 Ĭ 5 

ʤʤ, ʧʦʤʝʱʘʣʩʷ ʚ ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʦʢʥʘʤʠ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʩʤʦʥʪʠʨʦʚʘʥʥʫʶ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ. ʇʝʨʚʠʯʥʳʡ ʧʫʯʦʢ 

ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜ ʫʛʣʦʤ ~ 20Á ʠ 

ʦʩʚʝʱʘʣ ʧʣʦʱʘʜʢʫ ʩʝʯʝʥʠʝʤ 2 Ĭ 10 ʤʤ2. ʋʛʣʦʚʦʡ ʠʥʪʝʨʚʘʣ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʣ 

35 ï 78Á ʚ ʰʢʘʣʝ 2ɗ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʨʠʡ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʘ 64 ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘ ʵʚʦʣʶʮʠʶ 

ʤʘʪʝʨʠʘʣʘ ʚ ʪʝʯʝʥʠʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʝʚʦʡ 

WRe5/WRe20 ʪʝʨʤʦʧʘʨʦʡ ʪʠʧʘ A1, ʩʧʘʡ ʢʦʪʦʨʦʡ ʢʘʩʘʣʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ 

ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʩ 

ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 0,2 ʘʪʤ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 80 - 100 K/ʤʠʥ. 

ʇʦʩʣʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘʛʨʝʚ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʪʢʣʶʯʘʣʩʷ. 

2.15 ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (TOF-SIMS) 

ʍʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ 

ʪʘʢʞʝ ʠʦʥʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʚʪʦʨʠʯʥʦ-ʠʦʥʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ TOF-SIMS.5-100P, 206147 

(ɻʝʨʤʘʥʠʷ, ION-TOF Gmbh) (ʨʠʩʫʥʦʢ 2.12). ʄʘʩʩʦʚʳʡ ʜʠʘʧʘʟʦʥ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ 1 - 10000 ʘ.ʤ., ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 150 ï 600 Üʉ, ʨʘʟʨʝʰʝʥʠʝ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ 60 ʥʤ, ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ 3 ʥʤ. ʉʧʝʢʪʨʦʤʝʪʨ ʨʘʙʦʪʘʣ ʩ ʜʚʫʤʷ 

ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ï ʠʤʧʫʣʴʩʥʳʡ ʧʫʯʦʢ ʠʦʥʦʚ Bi+ ʩ ʵʥʝʨʛʠʝʡ 25 ʢʵɺ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ, ʘ ʧʦʩʣʦʡʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʦʥʘʤʠ 

O 2+ ʩ ʵʥʝʨʛʠʝʡ 2 ʢʵɺ. ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʩ. ʊʦʢ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ ʙʳʣ ʧʦʨʷʜʢʘ 120 ʥɸ, ʧʫʯʦʢ ʨʘʟʚʦʨʘʯʠʚʘʣʩʷ ʚ ʨʘʩʪʨ ʧʦ ʧʣʦʱʘʜʠ 150 Ĭ 

150 ʤʢʤ ʠ 49,8 Ĭ 49,8 ʤʢʤ (50 Ĭ 50 ʤʢʤ). ʀʟʤʝʨʷʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 
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ʘʪʦʤʘʨʥʳʭ ʠ ʢʣʘʩʪʝʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʚʳʙʠʨʘʣʠ ʚʪʦʨʠʯʥʳʝ ʘʪʦʤʘʨʥʳʝ ʠʦʥʳ Ti+, Si+, Al+. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʪʦʨʠʯʥʳʭ 

ʠʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʙʝʩʧʦʨʠʩʪʦʡ ʦʙʣʘʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʆʙʱʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʨʝʤʷ ʧʨʦʣʸʪʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (TOF-SIMS) 

 

2.16 ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ M4500 (EG&G PARC, ʉʐɸ) ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 

0.8 MA/ʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩʪʨʦʠʣʠ ʢʨʠʚʫʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ï 

ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ. 

2.17 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ) 

ʈʝʛʠʩʪʨʘʮʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 2.13) ʬʠʨʤʳ PERKIN (ʊɻ/ɼʊɸ 

STA 8000). 
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ʈʠʩʫʥʦʢ 2.13 ï ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ DTA PT 1600 

 

ʉʠʩʪʝʤʘ STA 8000 ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ + 15 ÁC ʜʦ + 1600 ÁC ʠ ʤʘʩʩʦʡ ʦʙʨʘʟʮʦʚ ʜʦ 1500 ʤʛ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʉʧʨʝʩʩʦʚʘʥʥʳʝ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʘʙʣʝʪʢʠ ʨʘʟʤʝʨʘʤʠ d = 3,0 ʤʤ, h = 1,5 - 2,0 ʤʤ ʧʦʤʝʱʘʶʪʩʷ 

ʚʥʫʪʨʴ ʪʠʛʣʷ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ: 5 - 25 ʂ/ʤʠʥ; ʤʘʪʝʨʠʘʣ ʪʠʛʣʷ: 

ʢʦʨʫʥʜ, ʧʣʘʪʠʥʘ; ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ: ʪʝʤʧʝʨʘʪʫʨʳ: 0,8 Áʉ, ʤʘʩʩʳ: - 0,2 %, 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ: 0,5 %. 

2.18 ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʤʦʜʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ SLM (Selective laser melting ï ʚʳʙʦʨʦʯʥʦʡ ʣʘʟʝʨʥʦʡ 

ʧʣʘʚʢʠ), ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 3D ʧʨʠʥʪʝʨʘ Concept Laser M2cusing 

(ʨʠʩʫʥʦʢ 2.14): ʥʝʧʨʝʨʳʚʥʳʡ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1070 ʥʥ 

(ʠʥʬʨʘʢʨʘʩʥʳʡ), ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʣʘʟʝʨʘ - 100 ʤʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ - 400 

ɺʪ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ - 7000 ʤʤ/ʩ. 

 

 

ʈʠʩʫʥʦʢ 2.14 ï 3D ʧʨʠʥʪʝʨʘ Concept Laser M2cusing 
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ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ ʘʟʦʪʘ. ʇʝʯʘʪʴ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ 

5 ʨʝʞʠʤʘʭ, ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ (v). ʆʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ: ʄʦʱʥʦʩʪʴ (P) = 300 ɺʪ, ʪʦʣʱʠʥʘ ʩʣʦʷ 

 (t) = 50 ʤʢʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ (h) = 150 ʤʢʤ. 

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 2 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʨʝʥʠʶ ʥʘʫʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʧʦʣʫʯʝʥʥʳʤ ʚʳʚʦʜʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʫʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʘʫʯʥʳʭ ʮʝʣʝʡ ʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  
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ɻʃɸɺɸ 3. ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʆʃʋʏɽʅʀɽ ʉʇʃɸɺɸ ɺ ʉʀʉʊɽʄɽ Ti-Al-Mn 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʦʡʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʩʠʩʪʝʤʳ Ti-Al -Mn ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ ʃʘʚʝʩʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʭʦʨʦʰʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʩʠʥʪʝʟʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝ Ti-Al -Mn ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ 

ʩʚʦʡʩʪʚ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [70, 127-130]. 

3.1 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʧʦ ʧʨʦʛʨʘʤʤʝ Thermo, 

ʨʘʟʜʝʣ 2.1) ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+Al+Mn) ʚʳʧʦʣʥʝʥʥʳʡ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ T0 = 300 ʂ ʠ 700 ʂ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Mn ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

ʦʪ 1520 ʂ ʜʦ 50 ʂ. ʉʨʝʜʥʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ DH 

ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʩʦʩʪʘʚʣʷʝʪ 0,13 ʢɼʞ/ʤʦʣ, ʦʜʥʘʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

15 ʘʪ. % Mn ʚ ʩʤʝʩʠ (Ti+1.3Al+15 ʘʪ. % Mn) ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʚʳʰʘʝʪʩʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 11,0 ʢɼʞ/ʤʦʣ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ʂ ʟʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

DH ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 31,0 ʜʦ 32,0 ʢɼʞ/ʤʦʣ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʯʪʦ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ ʉɺʉ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. 

3.2 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (Ti+0.86Al+0.98Mn) 

ʇʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʧʦʣʫʯʘʣʠ ʩʫʭʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʙʘʨʘʙʘʥʥʦʡ 

ʤʝʣʴʥʠʮʝ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʰʘʨʦʚ 

ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʢ ʤʘʩʩʝ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʘ 2,5:1, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʳʭ ʬʘʟ ʠ ʘʛʣʦʤʝʨʘʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

(ʈʘʟʜʝʣ 2.2) ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ Ti-Al -Mn ʧʦ ʨʘʟʤʝʨʘʤ ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʄɸ ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʛʣʦʤʝʨʘʪʳ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 46 ʤʢʤ. ʀʟ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 



56 

ʧʨʝʩʩʘ ʧʨʝʩʩʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʝʩʦʤ 3 ʛʨʘʤʤʘ ʜʠʘʤʝʪʨʦʤ 

12 ʤʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,55 õ 0,6. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ Ti-Al -Mn ʧʦ ʨʘʟʤʝʨʘʤ, 

ʤʢʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʚ ʨʝʞʠʤʝ ʉɺʉ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.1. ʉɺʉ ʚ ʩʠʩʪʝʤʝ 

(Ti+0.86Al+0.98Mn) ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʞʠʤʝ ʬʨʦʥʪʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ. 

 

  

(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 3.2 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ (ʙ) 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ (Ti+0.86Al+0.98Mn) ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 
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ʉʦʛʣʘʩʪʥʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʤʤʳ ʠʟ ʨʠʩʫʥʢʘ 3.2, ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 725 ÁC ʩ ʪʝʤʧʦʤ ʥʘʛʨʝʚʘ 3 ÁC/ʩ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʠʣʘ 825 ÁC. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʛʨʝʚʘ, ʧʨʠʚʦʜʠʪ ʢ ʨʝʞʠʤʫ ʟʘʞʠʛʘʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ʀʟ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʪʦʨʮʝʚʦʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ. ʇʦʩʣʝ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʬʨʦʥʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʜʦʣʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, 

ʯʪʦ ʛʦʨʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʦʛʨʝʪʦʤʫ ʩʦʩʪʘʚʫ. ʋʩʣʦʚʠʷ 

ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʧʣʦʚʦʛʦ ʩʘʤʦʫʩʢʦʨʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʨʘʟʦʛʨʝʚʘ ʜʣʷ ʙʝʟʛʘʟʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʚ ʠʥʜʫʢʮʠʦʥʥʦʤ ʠ ʧʦʩʪʠʥʜʫʢʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥʦ 

[131]. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ ʜʣʷ ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn) 

ʩʦʩʪʘʚʠʣʘ 3,3 ʤʤ/ʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ ʟʥʘʯʝʥʠʝ 

27Ā10-6 ʤ2/ʩ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ (ʨʠʩʫʥʦʢ 3.2 (ʙ)) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʙʠʥʘʨʥʘʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ Mn3Al2 ʠ ʬʘʟʘ 

ʃʘʚʝʩʘ Ti(Mn0.865Al 1.135) ʛʝʢʩʘʛʦʥʘʣʴʥʳʤ ʪʠʧʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ (PDF 

010-76-6380). ɺ ʩʧʣʘʚʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ 

ʯʘʩʪʠʮʳ ɓ-Mn. 

 

  

(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ ʦʙʨʘʟʮʘ 
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ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ Ti ʠ Mn (ʜʦ 100 ʤʢʤ), 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ Mn ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʉɺʉ-ʨʝʘʢʮʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʩʪʘʜʠʷʤʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.3 (ʘ), ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʥʘʛʨʝʚʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 450 ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 0,8 ÁC/ʩ, ʟʘʪʝʤ (ʚʪʦʨʘʷ ʩʪʘʜʠʷ) ʪʝʤʧ ʥʘʛʨʝʚʘ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʜʦ ʩʢʦʨʦʩʪʠ 4,25 ÁC/ʩ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ 

ʨʝʘʢʮʠʠ 715 ÁC. ʀʟ ʪʝʨʤʦʧʘʨʥʳʭ ʧʦʢʘʟʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʚ 2,97 ʤʤ/ʩ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 925 ÁC, ʯʪʦ ʚʳʰʝ ʥʘ 100 ÁC, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʝʚʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn) 

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ ʩʦʩʪʘʚʠʣ 26Ā10-6 ʤ2/ʩ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʣʘʚʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ ʠʟ ʩʤʝʩʠ 

ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn) (ʨʠʩʫʥʦʢ 3.3 (ʙ)) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ 

ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʢ 

ʜʚʦʡʥʳʝ, ʪʘʢ ʠ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ. 

 

 

 

 ̄ O Al  Ti Mn 

1 38,34 8,37 23,84 29,45 

2 24,45 23,13 33,91 18,51 

3 62,34 19,23 16,78 1,65 

4 19,5 22,13 45,6 12,77 

5 24,3 19,83 2,37 53,5 

6 15,76 17,25 3,07 63,92 

ʈʠʩʫʥʦʢ 3.4 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn), 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ ʚ ʨʝʞʠʤʝ ʩʪʘʜʠʡʥʦʛʦ ʥʘʛʨʝʚʘ, ʜʘʥʥʳʝ ʕɼɸ, ʘʪ. % 
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ɺ ʧʨʦʜʫʢʪʘʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʤʘʨʛʘʥʝʮ ʠ 

ʦʙʨʘʟʫʝʪʩʷ ʜʚʦʡʥʘʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʘʷ ʬʘʟʘ Mn3Al 2. ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʧʨʦʛʨʝʚʝ ʦʙʨʘʟʮʘ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʨʦʛʨʝʚʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʦʡʥʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ Ti(Mn0,9Al 0,1)3 ʠ ʬʘʟʳ ʃʘʚʝʩʘ Ti(Mn0,865Al1,135). 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʟʣʦʤʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ (ʨʠʩʫʥʦʢ 3.4) ʥʝ 

ʦʜʥʦʨʦʜʥʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʦʚʘʣʴʥʳʭ ʟʝʨʝʥ ʬʘʟʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ TixAl yMnz ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 25ʤʢʤ ʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʟʝʨʝʥ ʦʩʢʦʣʦʯʥʦʡ ʬʦʨʤʳ ʬʘʟʳ Mn3Al 2 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʤʢʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 3.5), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʥʘʣʠʯʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʧʦʣʥʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʬʘʟʳ ʃʘʚʝʩʘ Ti(Mn0,865Al1,135) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ Mn. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʕɼɸ, ʩʣʝʜʫʝʪ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʧʣʘʚʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʦʢʩʠʜʥʦʡ ʢʦʨʢʠ ʥʘ 

ʯʘʩʪʠʮʘʭ Mn (ʪʦʯʢʠ 1, 2, 4, 6). 

 

 

 ̄ C O Al  Ti Mn 

1 7,42 9,88 36,14 37,03 9,53 

2 13,53 36,82 22,97 22,52 4,16 

3 3,74 0,00 29,94 62,22 4,10 

4 3,89 5,01 24,01 64,25 2,84 

5 5,06 0,00 34,00 51,24 9,71 

6 8,29 12,75 29,12 42,08 7,74 

7 2,56 0,00 15,68 76,85 4,92 

8 6,88 0,00 13,62 76,14 3,35 

9 6,70 0,00 14,91 76,80 1,59 
 

ʈʠʩʫʥʦʢ 3.5 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+0.86Al+0.98Mn) ʠ ʜʘʥʥʳʝ 

ʕɼɸ ʚ ʪʦʯʢʘʭ, ʘʪ. % 
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ʉʧʣʘʚ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʜʚʦʡʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʪʸʤʥʦ-

ʩʝʨʳʭ ʟʸʨʝʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʙʦʣʴʰʠʤ ʚʥʝʜʨʝʥʠʝʤ Al ʠ ʩʚʝʪʣʦ-

ʩʝʨʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ Ti ʙʦʣʝʝ 70 ʘʪ. %, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʣʘʚʘ ʚ ʚʠʜʫ ʙʦʣʴʰʠʭ ʪʝʧʣʦʧʦʪʝʨʴ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

(Ti+0.86Al+0.98Mn) ʥʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʜʫʢʪ, 

ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʟʤʝʥʠʪʴ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʩʦʩʪʘʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ (Ti+Al+0,5Mn). 

3.3 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (Ti+Al+0,5Mn) 

ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ (Ti+0.86Al+0.98Mn) 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ Mn (ʦ ʯʝʤ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ 3.2) ʚ ʨʝʘʢʮʠʦʥʥʦʤ 

ʩʦʩʪʘʚʝ (Ti+Al+0,5Mn) ʫʤʝʥʴʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Mn. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʉɺʉ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

(Ti+Al+0,5Mn), ʧʦʣʫʯʝʥʳ ʪʝʨʤʦʛʨʘʤʤʳ ʩʠʥʪʝʟʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ 

ʧʨʦʮʝʩʩʘ ʉɺ-ʩʠʥʪʝʟʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 2,9 ÁC/ʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʝʥʠʝ 

710 ÁC ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʝʥʠʷ 1100 ÁC (ʨʠʩʫʥʦʢ 3.6 (ʘ)). ʉʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʩʦʩʪʘʚʠʣʘ 2 ʤʤ/ʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

22Ā10-6 ʤ2/ʩ. 

 

  

(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 3.6 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti+Al+0,5Mn) ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 
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ʅʘ ʨʠʩʫʥʢʝ 3.6 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʠʟ ʩʤʝʩʠ ʩʦʩʪʘʚʘ (Ti+Al+0,5Mn) ʧʨʠ ʧʨʷʤʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʥʪʝʟʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ ʃʘʚʝʩʘ Ti(Mn0,865Al1,135) 

ʪʠʧʘ Ti[Mn1-xAl x]2 ʩ ʩʦʜʝʨʞʘʥʠʝʤ Al ʚ ʜʠʘʧʘʟʦʥʝ 0.375 < xAl < 0.625 ʠ ʙʦʛʘʪʘʷ 

ʘʣʶʤʠʥʠʝʤ Ű-ʬʘʟʘ Ti(Mn0,32Al 2,68) ʪʠʧʘ Ti[MnAl y]3 (PDF card 00-051-1117) ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pm3m, ʪʘʢʞʝ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʙʠʥʘʨʥʘʷ ʬʘʟʘ Mn3Al 2 ʠ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʯʘʩʪʠʮʳ Ti. 

 

 

 

 ̄ Al  Ti Mn 

1 36,91 37,06 26,03 

2 35,94 53,23 10,83 

ʈʠʩʫʥʦʢ 3.7 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+Al+0,5Mn) ʠ ʜʘʥʥʳʝ ʕɼɸ, 

ʘʪ. % 

 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʕɼɸ ʩʧʣʘʚʘ 

(Ti+Al+0,5Mn), ʛʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʫʧʣʝʢʩʥʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɺ ʤʝʞʧʦʨʦʚʳʭ ʧʨʦʩʣʦʡʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ (ʣʘʤʝʣʷʤʠ) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ ʚʚʠʜʫ ʠʭ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʧʦʜʦʙʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ g-TiAl. ʆʙʣʘʩʪʴ ʘʥʘʣʠʟʘ 2 (ʨʠʩʫʥʦʢ 3.7) 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Ti (ʜʦ 53,0 ʘʪ. %) ʠ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Mn 
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(ʜʦ 10 ʘʪ. %) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʴʶ 1. ʉʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ (36õ37 ʘʪ. %). 

ɺʚʠʜʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʥʘʣʠʯʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʛʦ ʩʧʣʘʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʜʠʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʦʙʨʘʟʮʘ (ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 2,0 ÁC/ʩ). 

ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.8 (ʘ). 

 

  

(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ 

ʦʙʨʘʟʮʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+Al+0,5Mn) 

 

ɼʠʘʛʨʘʤʤʘ ʥʘʛʨʝʚʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʩʠʥʪʝʟʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

(Ti+Al+0,5Mn), ʬʠʢʩʠʨʫʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ ʬʨʦʥʪʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ 

ʩʦ ʩʢʦʨʦʩʴʶ ʬʨʦʥʪʘ 2,3 ʤʤ/ʩ. ʅʘ ʪʝʨʤʦʛʨʘʤʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.8 (ʘ), 

ʚʠʜʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʜʦ 450 ÁC ʧʨʦʚʦʜʠʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,2 ÁC/ʩ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 3,7 ÁC/ʩ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 740 ÁC. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʜʘʥʥʦʡ ʩʤʝʩʠ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʝ ʚ 1075 ÁC. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 30Ā10-6 ʤ2/ʩ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʨʠʩʫʥʦʢ 3.8 (ʙ)) ʩʧʣʘʚʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʝʡ ʧʦʜʦʛʨʝʚʘ, ʧʦʢʘʟʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʦʡʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ Ti(Mn0,865Al1,135) Ti(Mn0,32Al2,68). ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʥʝ 
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ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʪʠʪʘʥ Ti. ʇʨʠ ʵʪʦʤ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʝ ʃʘʚʝʩʘ Ti(Mn0,865Al1,135) ʩʪʘʣʠ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤʠ. ʉʪʘʜʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʧʣʘʚʘ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

  

  

(ʘ) (ʙ) 

 ̄ Al Ti Mn 

1 34,23 15,08 50,69 
 

ʈʠʩʫʥʦʢ 3.9 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+Al+0,5Mn) 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ ʚ: (ʘ) ʨʝʞʠʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʚʘ ʠ (ʙ) 

ʨʝʞʠʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʚʘ ʠ ʜʘʥʥʳʝ ʕɼɸ, ʘʪ. % 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʨʠʩʫʥʦʢ 3.9) ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʩʦʭʨʘʥʠʣʘ 

ʜʫʧʣʝʢʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʜʠʠ ʧʨʦʛʨʝʚʘ. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʣʘʤʝʣʴʥʳʭ ʩʣʦʸʚ ʥʘ ʦʩʥʦʚʝ 

a2=Ti3Al ʠ g=TiAl (Ò51 ʘʪ. % Al) ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʦʩʪʘʚʠʣʘ 114,5 ʥʤ ʠ 99,0 ʥʤ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʲʝʤʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ ʤʘʨʛʘʥʮʘ ʠ ʪʠʪʘʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ɼʣʷ ʧʦʣʥʦʪʳ ʧʨʦʪʝʢʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʩʪʘʜʠʶ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ (Ti+Al+0.5Mn) ʪʘʢʞʝ ʥʝ 

ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ ʦʜʥʦʬʘʟʥʳʡ ʧʨʦʜʫʢʪ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʠʟʤʝʥʠʪʴ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʦʩʪʘʚ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ (Ti+Al+0,67Mn). 

3.4 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (Ti+Al+0.67Mn) 

ɸʥʘʣʠʟ ʪʝʨʤʦʛʨʘʤʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʩʦʩʪʘʚʘ (Ti+Al+0,67Mn), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 4,7 ʤʤ/ʩ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ ʨʝʘʢʮʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 3,6 ÁC/ʩ 

ʩʦʩʪʘʚʣʷʝʪ 715 ÁC. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 

1050 ÁC, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.10 (ʘ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 28Ā10-6 ʤ2/ʩ. 

ʅʘ ʨʠʩʫʥʢʝ 3.10 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʈʌɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟʳ: Ti(Mn0.755Al1.124) 

(PDF card 01-076-6381) ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʦʡ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ P63/mmc [20] ʠ TiMn0.32Al2.68 (PDF card 00-051-1117) ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ὒ12, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pm3m, ʘ ʪʘʢʞʝ 

ʙʠʥʘʨʥʫʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʫʶ ʬʘʟʫ Mn3Al2. ʇʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʝ TiMn0.32Al2.68 ʩʤʝʱʝʥʦ ʚʣʝʚʦ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʦʙʝʠʭ ʬʘʟ Ti(Mn0.755Al1.124) ʠ TiMn0.32Al 2.68 ʩʦʚʧʘʜʘʶʪ.  

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʨʠʩʫʥʦʢ 3.10 (ʙ)) ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʟʘʤʝʪʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʬʦʥ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʦʙʨʘʟʮʝ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʠ ʧʦʚʳʰʝʥʥʦʡ ʜʝʬʝʢʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʩʤʝʰʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʝ. 
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(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 3.10 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti+Al+0.67Mn) ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ 

ʥʘʛʨʝʚʘ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʩ 

ʨʘʟʤʝʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʧʦʨ ʜʦ 300õ400 ʤʢʤ (ʨʠʩʫʥʦʢ 3.11). ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʇʦʪʢʨ. = 41.1%, ʘ ʟʘʢʨʳʪʘʷ ï ʇʟʘʢʨ. = 4.2%. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʠʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 38 õ 45 ʄʇʘ. ʇʦʨʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʤʝʩʪʘʭ ʨʘʩʪʚʦʨʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʂʠʨʢʝʥʜʘʣʣʘ [23]. ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ. 

ʉʧʣʘʚ ʚ ʤʝʞʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʡ ʠ ʥʠʟʢʦʧʦʨʠʩʪʳʡ. 

ʇʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʤʦʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʝʨʥʘ ʩʚʝʪʣʦʛʦ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʘʨʛʘʥʮʘ ʜʦ 31,6 ʤʘʩ. %, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʠʥʘʨʥʦʡ ʬʘʟʝ Mn3Al 2. 

ɹʦʣʝʝ ʪʝʤʥʳʝ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʦʡʥʳʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʬʘʟʘʤ 

Ti(Mn0.755Al 1.124) ʠ TiMn0.32Al2.68. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ Mn ʚ ʧʨʦʜʫʢʪʝ 

ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 13õ14 ʤʘʩ. %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (32,8 ʤʘʩ. %). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʪʝʨʠ ʤʘʨʛʘʥʮʘ Mn ʚ 
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ʩʧʣʘʚʝ ʧʨʠ ʩʠʥʪʝʟʝ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʝʛʦ ʠʩʧʘʨʝʥʠʷ ʜʘʞʝ ʧʨʠ 

ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [127]. 

 

 

 

 ̄ Ti Al  Mn 

1 56,45 30,06 13,49 

2 55,95 30,79 13,27 

3 57,81 28,18 14,01 
 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.11 ï ʉʕʄ (ʘ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʘʥʥʳʝ ʕɼɸ, ʤʘʩ. % ʠ (ʙ) 

ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (Ti+Al+0,67Mn), ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʉɺʉ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʂʨʠʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ 

ʩʦʩʪʘʚʘ (Ti+Al+0,67Mn) 
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ɼʘʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ) ʜʣʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʩʦʩʪʘʚʘ Ti ï 42,9 ʤʘʩ. % Al, 24,3 ʤʘʩ. % Mn ʠ 32,8 ʤʘʩ. % ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.12. 

ʅʘ ʢʨʠʚʦʡ ɼʊɸ (ʨʠʩʫʥʦʢ 3.12) ʚʠʜʝʥ ʨʷʜ ʬʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ - 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʥʜʦ- ʠ ʵʢʟʦ-ʧʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 653, 696, ʠ 1265 ÁC. ʕʢʟʦ-ʧʠʢ 

ʧʨʠ 653 ÁC ʦʪʚʝʯʘʝʪ ʥʘʯʘʣʫ ʉɺʉ-ʨʝʘʢʮʠʠ ʠ ʧʨʠ ʵʪʦʤ ʦʥ ʧʦʛʣʦʱʘʝʪ ʵʥʜʦ-ʧʠʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʘʣʶʤʠʥʠʷ. ʉʣʝʜʫʶʱʠʡ, ʠʥʪʝʥʩʠʚʥʳʡ 

ʵʢʟʦʧʠʢ ʧʨʠ 696 ÁC ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʢʮʠʠ Mn c Al ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ MnAlx. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʚʥʦʚʝʩʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʷ Mn-Al  [132], ʧʨʠ 695 

Áʉ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ï ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ Al6Mn, ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʙʳʣ ʙʳʣ 

ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [133]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʪʠʪʘʥʘ ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (TiMn)Al6. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʩʳʱʝʥʠʠ ʪʠʪʘʥʦʤ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʦʡʥʘʷ ʬʘʟʘ TiMn0.32Al 2.68. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʊɸ ʧʣʘʚʣʝʥʠʝ ʩʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1265 ÁC. 

ʇʣʘʚʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʘʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʚʧʘʜʠʥʘ, 

ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʚʳʰʝ 1350 ÁC. ʉʧʣʘʚ ʥʘʯʠʥʘʝʪ ʧʣʘʚʠʪʴʩʷ ʧʨʠʤʝʨʥʦ ʧʨʠ 

1230 ÁC, ʯʪʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʘʨʛʘʥʮʘ (1246 ÁC). ɺ ʵʥʜʦʪʝʨʤʝ ʷʚʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʦʡʥʦʡ ʧʠʢ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ɼʊɸ-ʢʨʠʚʦʡ ʜʣʷ 

ʩʧʣʘʚʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʙʣʶʜʘʣʠ ʠ ʚ ʨʘʙʦʪʝ[134]. 

3.5 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,6 

ʅʘ ʨʠʩʫʥʢʝ 3.13 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʚ ʨʝʞʠʤʝ 

ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ 0,6. ɻʦʨʝʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʪʝʢʘʣʦ ʚʦ ʬʨʦʥʪʘʣʴʥʦʤ ʨʝʞʠʤʝ 

(ʨʠʩʫʥʦʢ 3.14) ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ 4,0 ʤʤ/ʩ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ 2,7 ÁC/ʩ, ʩʦʩʪʘʚʣʷʝʪ 690 ÁC, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ - 1195 ÁC. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʚʝʥ 
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33,6Ā10-6 ʤ2/ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʘʣʶʤʠʥʠʷ (655 ÁC), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʯʘʣʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ 

ʨʘʩʪʝʢʘʥʠʝʤ ʠ ʩʤʘʯʠʚʘʥʠʝʤ Al ʯʘʩʪʠʮ Ti ʠ Mn. 

 

  

(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 3.13 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ 0,60 ʚ 

ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.13 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʁ 0,60 ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʈʌɸ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʘʟʳ: 

Ti(Mn0.755Al 1.124) (PDF card 01-076-6381) ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʦʡ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ P63/mmc ʠ TiMn0.32Al2.68 (PDF card 00-051-1117) ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ὒ12, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pm3m. ʇʦʣʦʞʝʥʠʝ 

ʧʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʝ TiMn0.32Al 2.68 ʩʤʝʱʝʥʦ ʚʣʝʚʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʧʠʢʦʚ ʦʙʝʠʭ ʬʘʟ Ti(Mn0.755Al1.124) ʠ 

TiMn0.32Al2.68 ʩʦʚʧʘʜʘʶʪ. 

ʅʘ ʨʠʩʫʥʢʝ 3.15 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʛʦʨʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 450 ÁC 
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ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 1,7 ÁC/ʩ. ʉʠʥʪʝʟ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʞʠʤʝ ʬʨʦʥʪʝʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ 

(ʨʠʩʫʥʦʢ 3.14) ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ 3,2 ʤʤ/ʩ. 

 

 

0 ʩ 1 ʩ 2 ʩ 3 ʩ 4 ʩ 5 ʩ 6 ʩ 7 ʩ 

ʈʠʩʫʥʦʢ 3.14 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʚʠʜʝʦʟʘʧʠʩʠ ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ ʁ0,60 ʚ 

ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

  

(ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 3.15 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ ʦʙʨʘʟʮʘ ʠ ʚʳʜʝʨʞʢʦʡ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ ʚ ʦʙʨʘʟʮʝ (Ti+1.3Al+0.58Mn) 

ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ 3,4 ÁC/ʩ, ʩʦʩʪʘʚʣʷʝʪ 780 ÁC, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ - 1135 ÁC. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 34Ā10-6 ʤ2/ʩ. 
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ʀʟ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ ʫʩʪʘʥʦʚʣʝʥʥʦ (ʨʠʩʫʥʦʢ 3.15 (ʙ)), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʘʟʳ: TiMn0.755Al 1.246 (PDF card 01-

076-6381) ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʦʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ 

P63/mmc [18] Al 0.67Mn0.08Ti0.25 (PDF card 00-043-1310) ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ ὒ12, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ Pm3m. ʇʦʣʦʞʝʥʠʝ ʧʠʢʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʝ Al0.67Mn0.08Ti0.25 ʩʤʝʱʝʥʦ ʚʧʨʘʚʦ. 

ʅʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠʟʣʦʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.16 ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʣʘʤʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʠʭ ʪʦʣʱʠʥʘ ʚʳʨʦʩʣʘ ʠ 

ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 220 ʥʤ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʘʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ 

ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

 

 

(ʘ)        (ʙ) 

ʈʠʩʫʥʦʢ 3.16 ï ʉʕʄ (ʘ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʠ ʜʘʥʥʳʝ ʕɼɸ (ʘʪ. 

%) ʠ (ʙ) ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʚʦʤ ʦʙʨʘʟʮʘ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʩ 28,7 % 

ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ 3,3 ʛ/ʩʤ3, ʯʪʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 4,1 ʛ/ʩʤ3. 

ˉ Al Ti Mn

1 38,14 36,53 25,33

2 39,03 35,33 25,64

3 49,62 33,57 16,81
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ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ ůʩʞ ~ 87Ñ9 ʄʇʘ. 

ʆʙʨʘʟʮʳ ʨʘʟʨʫʰʘʣʠʩʴ ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʚʥʫʪʨʠʟʝʨʝʥʥʦʛʦ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʠʣʘ 7.96Ñ0.8 ɻʇʘ. ʅʘʣʠʯʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʤʝʩʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʠ ʠʩʧʘʨʝʥʠʝʤ Mn, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʛʦʨʝʥʠʠ/ʧʣʘʚʣʝʥʠʠ ʩʠʩʪʝʤ Ti-Al-Mn [135,136] ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʂʠʨʢʝʥʜʘʣʣʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʚʨʝʤʷ-ʨʘʟʨʝʰʘʶʱʝʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʈʘʟʜʝʣ 2.14) ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʘ ʚ ʩʨʝʜʝ ʛʝʣʠʷ (1 ʘʪʤ.) 

ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ 

ʨʝʬʣʝʢʩʳ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ Ti, Al ʠ Mn (ʨʠʩʫʥʦʢ 3.17). 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɺʨʝʤʷ-ʨʘʟʨʝʰʘʶʱʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʦʙʨʘʟʮʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ 0,6 ʚ ʨʝʞʠʤʝ 

ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʠʥʠʮʠʠʨʫʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʠʟʢʦʡ ʢ ʧʣʘʚʣʝʥʠʶ Al (655 ʦʉ), ʨʝʬʣʝʢʩʳ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 

ʠʩʯʝʟʘʶʪ ʟʘ ʚʨʝʤʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 1 ʩ. ʇʦʩʣʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʨʝʬʣʝʢʩʦʚ 
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ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʦʣʝ ʯʝʨʝʟ 1 ʩ ʚʦʟʥʠʢʘʶʪ ʨʝʬʣʝʢʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ t-ʬʘʟʝ TiAl2.68Mn0.32 ʠ ʬʘʟʝ ʃʘʚʝʩʘ Ti(Mn0.865Al1.135). 

3.6 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

0,70 

ʅʘ ʨʠʩʫʥʢʝ 3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,70 ʜʦ ʠ 

ʧʦʩʣʝ ʉɺʉ. ʆʙʨʘʟʝʮ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. 

ʇʣʦʪʥʦʩʪʴ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 2,74 ʛ/ʩʤ3, ʧʦʨʠʩʪʦʩʪʴ ï 45,0 %. 

 

     

(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 3.18 ï ʌʦʪʦ ʦʙʨʘʟʮʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) 

(ʘ) ʜʦ ʩʠʥʪʝʟʘ (ʙ) ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

 

        

0 ʩ 1 ʩ 2 ʩ 3 ʩ 4 ʩ 5 ʩ 6 ʩ 7 ʩ 

ʈʠʩʫʥʦʢ 3.19 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʚʠʜʝʦʟʘʧʠʩʠ ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ 0,7 ʚ ʨʝʞʠʤʝ 

ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

ɺʦʣʥʘ ʛʦʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʦʙʨʘʟʮʘ ʚʦ 

ʬʨʦʥʪʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 4,4 ʤʤ/ʩ (ʨʠʩʫʥʦʢ 3.19). ʀʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʬʠʣʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,70 (ʨʠʩʫʥʦʢ 

3.20 (ʘ)) ʩʣʝʜʫʝʪ, ʯʪʦ, ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 3,2 ʛʨʘʜ/ʩ ʜʦ 710 ÁC 
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ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʉɺʉ ʨʝʘʢʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 1115 ÁC. ʈʘʩʩʯʠʪʘʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʚʝʥ 

23Ā10-6 ʤ2/ʩ. 

ʈʌɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,70 ʧʦʢʘʟʘʣ 

(ʨʠʩʫʥʦʢ 3.20 (ʙ)), ʯʪʦ ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ ʪʨʦʡʥʫʶ ʬʘʟʫ ʃʘʚʝʩʘ Ti(Mn0.75Al 1.25) (PDF 

2 #76-6381, ʧʨ.ʛʨ. P63/mmc) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a= 5.033 ¡, 

c=8.212 ¡ ʠ ʧʨʠʤʝʩʥʫʶ ʬʘʟʫ Al2O3 (~2 ʤʘʩ. %). ʅʘʣʠʯʠʝ Al 2O3, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʠ ʯʠʩʪʦʪʦʡ Ar. 

 

  

ʈʠʩʫʥʦʢ 3.20 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ ʁ0,7 ʚ 

ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

 

ʉʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʪʘʢ ʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʨʘʟʤʝʨʦʤ ʜʦ 100 ʤʢʤ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʕɼɸ) ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ (ʨʠʩʫʥʦʢ 3.22 (ʘ)) ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʦʡʥʦʡ ʬʘʟʝ Ti(Mn0.755Al 1.246) 

ï ʫʯʘʩʪʢʠ ʩʚʝʪʣʦʛʦ ʩʝʨʦʛʦ ʮʚʝʪʘ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ (ʪʝʤʥʦ-ʩʝʨʳʝ), ʦʙʝʜʥʝʥʥʳʝ 

ʤʘʨʛʘʥʮʝʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʦʨʠʩʪʦʩʪʴ, ʤʝʞʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʪʥʳʡ ʙʝʩʧʦʨʠʩʪʳʡ 

ʩʧʣʘʚ. ʅʘ ʨʠʩʫʥʢʝ 3.21 (ʙ) ʧʦʢʘʟʘʥʳ ʫʯʘʩʪʢʠ ʣʘʤʠʥʘʪʥʦʡ ʥʘʥʦʨʘʟʤʝʨʥʦʡ 
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ʩʪʨʫʢʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ ɔ-TiAl. ʇʣʘʩʪʠʥʯʘʪʳʝ ʟʝʨʥʘ 

(ʣʘʤʝʣʠ) ʪʦʣʱʠʥʦʡ ʩʣʦʝʚ ʦʢʦʣʦ 117 ʥʤ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʧʦ 

ʩʚʦʝʡ ʤʦʨʬʦʣʦʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʟʝʨʥʘʤ g-ʬʘʟʳ, 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʤʘʨʛʘʥʮʝʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦ ʜʘʥʥʳʤ ʕɼɸ ʩʦʩʪʘʚʣʷʝʪ (ʜʦ 10 

ʘʪ. % ʄn). ɸʥʘʣʦʛʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʩʧʣʘʚʝ ʥʘ ʦʩʥʦʚʝ 

(Ti,Mn)Al/Al 2O3 ʚ ʨʘʙʦʪʝ [135]. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ 

ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʜʦ 25,0 ʘʪ. 

%) ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʜʦ 15,0 ʘʪ. %) ʚʢʣʶʯʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʉɺʉ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Al ʚ ʬʘʟʝ ʃʘʚʝʩʘ TiMn2 ʜʦʩʪʠʛʘʝʪ ~42,0 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 1150 ÁC, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ [137]. 

 

  

(ʘ) (ʙ) 

 

 ̄ O Al  Ti Mn 

1 3,75 46,26 29,92 20,06 

2 0 40,44 34,71 24,86 

3 6,93 45,72 29,62 17,73 

4 0 41,66 34,37 23,97 

5 1,89 43,5 31,75 22,85 
 

ʈʠʩʫʥʦʢ 3.21 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ (Ti+1.3Al+0.58Mn) 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,70 ʤʝʪʦʜʦʤ ʉɺʉ ʚ ʨʝʞʠʤʝ 

ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ: (ʘ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ (ʙ) ʫʚʝʣʠʯʝʥʥʳʡ 

ʬʨʘʛʤʝʥʪ, ʜʘʥʥʳʝ ʕɼɸ, ʘʪ. % 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʫʥʢʪʝ 3.6, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʜʘʚʣʝʥʠʷʭ ʧʨʝʩʩʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʣʫʯʘʝʪʩʷ ʤʥʦʛʦʬʘʟʥʳʤ ʠ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʬʘʟ: Ti(Mn0.32Al 2.68), TiMn0.755Al 1.246. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʧʣʦʪʥʝʥʠʶ 

(ʧʨʝʩʩʦʚʘʥʠʶ) ʦʙʨʘʟʮʘ ʧʝʨʝʜ ʉɺʉ ʥʘ ʧʨʝʩʩʝ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 80 ʄʇʘ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʴʰʝʤʫ ʫʧʣʦʪʥʝʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʧʦʪʝʨʴ ʠʟ 

ʟʦʥʳ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʨʝʘʢʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

3.7 ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʝ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʧʨʦʛʨʘʤʤʝ Thermo [119] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-C ʠ ʠʤʝʝʪ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 2617 ÁC ʠ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 176 

ʢɼʞ/ʤʦʣʴ. ʇʨʠ ʛʦʨʝʥʠʠ ʩʣʦʷ Ti-C ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʠ (ʊʧʣ.=1670 ÁC) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ Ti/TiC.  

ɸʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ Ti-C ʥʘʤʥʦʛʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʩʣʦʷ Ti-Al -Mn [137] ʜʦʩʪʠʛʘʶʱʝʡ 908 ÁC, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 

ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ TiC/Ti-Al-Mn ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʝ ʤʝʞʬʘʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ Ti-ʧʦʜʣʦʞʢʦʡ ʠ ʢʘʨʙʠʜʥʳʤ 

ʩʣʦʝʤ TiC. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʉɺʉ-ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʤ ʚ ʨʘʟʜʝʣʝ 2.13, ʧʦʢʘʟʘʣ (ʨʠʩʫʥʦʢ 3.22 (ʘ)) 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ Ti(Mn0.755Al1.246) ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʠ 

Ti0.25Al0.67Mn0.08 ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʰʸʪʢʠ. ʅʘʣʠʯʠʝ ʬʦʥʘ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ Mn. 

ʅʘ ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.22 (ʙ), ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʘʢʪʘ ʥʘ ʦʩʥʦʚʝ Ti-Al-Mn. ʇʦ ʤʝʨʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʧʦʣʥʫʶ ʜʠʬʬʫʟʠʶ ʯʘʩʪʠʮ Ti 
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ʩ ʨʘʩʧʣʘʚʦʤ Al ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʣʴʮʝʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

TixAl yMnz ʚʦʢʨʫʛ Ti, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʢʨʳʪʘ ʨʘʩʧʣʘʚʦʤ Ti3Al (ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ), ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʤʘʪʨʠʮʝ ʩ ʩʦʩʪʘʚʦʤ 

ʙʣʠʟʢʠʤ ʢ ʬʘʟʝ Ti0.25Al0.67Mn0.08 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʦʙʤʝʥʦʤ ʩ Ti-ʧʦʜʣʦʞʢʦʡ ʠ SiO2 ʜʠʬʬʫʟʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Mn ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʶʱʠʤʩʷ ʨʘʩʧʣʘʚʦʤ ʥʘ ʦʩʥʦʚʝ Ti-Al ʥʝ 

ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ. 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.22 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ (ʘ) ʠ ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ (ʙ) 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʉɺʉ-ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

(Ti+1.3Al+0.58Mn) 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʦʤʫ ʘʥʘʣʠʟʫ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ 

(Ti+1.3Al+0.58Mn) ʢ Ti- ʧʦʜʣʦʞʢʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

Ti-ʧʦʜʣʦʞʢʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Ti ʢʦʪʦʨʘʷ ʧʦʚʳʰʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.23 ʭʦʨʦʰʦ ʚʠʜʥʳ ʯʝʪʳʨʝ ʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʠʤʳʝ ʧʨʦʬʠʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ti ʵʣʝʤʝʥʪʳ 

Al, Mn ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʢ ʪʠʪʘʥʫ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 
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ʥʝʧʦʣʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦ ʩʦʩʪʘʚʫ. ɿʝʨʥʘ ʤʘʨʛʘʥʮʘ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝ ʫʩʧʝʚʘʶʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʣʘʚʠʪʴʩʷ, ʨʘʩʪʝʯʴʩʷ ʠ 

ʧʨʦʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ Ti-Al ʦʙʨʘʟʫʷ ʪʨʦʡʥʫʶ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʫʶ ʬʘʟʫ. 

ʊʘʢʞʝ ʠʟ ʧʨʦʬʠʣʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ 

ʩʧʣʘʚʦʤ ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʠ Ti ʧʦʜʣʦʞʢʠ ʩʦʩʪʦʠʪ ʠʟ ʩʦʝʜʠʥʝʥʠʷ TixAl 

ʨʘʟʤʝʨʦʤ 1-2 ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 3.23 ï ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ Ti, Al, Mn ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 3,8 ʛ/ʩʤ3, ʢʦʪʦʨʘʷ ʥʠʞʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ 5,04 ʛ/ʩʤ3, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

ʦʙʨʘʟʮʘ, ʨʘʚʥʦʡ 3,0 % ʠ 22,0 %. 
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ʆʪʧʝʯʘʪʢʠ ʠʥʜʝʥʪʦʨʘ (ʨʠʩʫʥʦʢ 3.24) ʠʤʝʶʪ ʟʘʤʝʪʥʦ ʚʪʷʥʫʪʳʝ ʚʥʫʪʨʴ 

ʙʦʢʦʚʳʝ ʩʪʦʨʦʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʠ ʧʨʠʚʝʣʠ ʢ ʪʘʢʦʡ ʬʦʨʤʝ ʦʪʧʝʯʘʪʢʦʚ ʧʦʩʣʝ ʩʥʷʪʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʜʝʥʪʦʨ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ HÕ ʦʙʣʘʩʪʠ ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 1070 õ 1210 ʄʇʘ, ʩʝʨʦʛʦ 10180 õ 10270 ʄʇʘ. 

 

ʈʠʩʫʥʦʢ 3.24 ï ʌʦʪʦʛʨʘʬʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʠʥʜʝʥʪʦʨʘ 

ɺʠʢʢʝʨʩʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

3.8 ʆʪʞʠʛ ʦʙʨʘʟʮʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

(Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ ʁ0,6 

ʉ ʮʝʣʴʶ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʜʚʫʭʬʘʟʥʦʛʦ ʩʧʣʘʚʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʧʨʠ 1000 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʚ Ar ʧʨʠ 3 ʘʪʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʞʠʛʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ (ʨʠʩʫʥʦʢ 3.25 (ʘ)) ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʪʦʣʴʢʦ ʬʘʟʫ ʃʘʚʝʩʘ TiMn0,75Al1,25. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʞʠʛʘ ʧʨʦʠʟʦʰʣʦ ʥʘʩʳʱʝʥʠʝ t-ʬʘʟʳ TiMn0.32Al2.68 ʤʘʨʛʘʥʮʝʤ ʜʦ ʩʦʩʪʘʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʦʡʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʝ ʃʘʚʝʩʘ TiMn0,75Al 1,25. 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʦʪʦʞʞʸʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 3,3 ʛ/ʩʤ3, ʘ 

ʧʦʨʠʩʪʦʩʪʴ 29,0 %. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ 

ʦʙʨʘʟʮʘ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʩʠʥʪʝʟʘ ʫʚʝʣʠʯʠʣʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʧʦʣʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ. 
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(ʘ) (ʙ) 

Ti Al  Mn 

44,35 35,80 19,85 
 

ʈʠʩʫʥʦʢ 3.25 ï (ʘ) ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ, (ʙ) ʉʕʄ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti+1.3Al+0.58Mn) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴ ʁ0,6 ʧʦʩʣʝ ʦʪʞʠʛʘ ʚ 

ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʠ ʜʘʥʥʳʝ ʕɼɸ, ʘʪ. % 

 

3.9 ʄʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ 

ʦʧʠʩʳʚʘʣʘʩʴ ʚ ʨʘʟʜʝʣʝ 2.16. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʘʭ ʥʘ ʩʫʤʤʘʨʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʝʪʦʤʝʪʨʝ ʙʳʣʠ ʩʥʷʪʳ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʘʢ ʚʠʜʥʦʠʟ ʪʘʙʣʠʮʳ 3.1. ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦʨʦʰʢʦʚ 

ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1 ʵʤʫ/ʛ, ʧʦʵʪʦʤʫ ʠʭ ʚʢʣʘʜʦʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʅʘʠʙʦʣʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʦʨʦʰʦʢ Mn. 
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ʊʘʙʣʠʮʘ 3.1 ï ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ůs ʩʧʣʘʚʦʚ. 

ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʦ ʜʘʥʥʳʤ ʈʌɸ 
ůs, ɻ ʤʫ/ʛ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʚ ʦʙʨʘʟʮʘ 4 ʤʠʥ. ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ Mn ~ 18 ʤʢʤ, 

ʆʪʞʠʛ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

10 ʤʠʥ ʧʨʠ 1100 Áʉ 

Ti(Mn0.755Al1.246) 

Ti0.25Al0.67Mn0.08 
0.628 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʚ ʦʙʨʘʟʮʘ 4 ʤʠʥ. ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ Mn ~ 46 ʤʢʤ, 

ʆʪʞʠʛ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

10 ʤʠʥ ʧʨʠ 1100 Áʉ 

Ti(Mn0.755Al1.246) 

TiAl 2,68Mn0,32 
0.287 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʨʠ ʜʘʚʣʝʥʠʠ P= 

100 ʄʇʘ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʚ ʦʙʨʘʟʮʘ 4 ʤʠʥ. ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ Mn ~ 18 ʤʢʤ, 

ʆʪʞʠʛ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

10 ʤʠʥ ʧʨʠ 1100 Áʉ 

Ti(Mn0.755Al1.296), 

Al 2O3 
0.410 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ůs (ʪʘʙʣʠʮʘ 3.1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʥʘʠʙʦʣʴʰʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 0.63 ʵʤʫ/ʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʜʫʢʪʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʘʟʫ Ti0.25Al0.67Mn0.08, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʟʘʤʝʱʝʥʠʷ Al ʚ TiMn2. ʕʪʦʪ ʩʧʣʘʚ ʙʳʣ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʦʞʞʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ʊʘʢʞʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚ ʧʦʨʦʰʦʢ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ 

(ʨʠʩʫʥʦʢ 3.26 (ʘ)). ɺʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʚ ʨʘʙʦʪʘʭ [138,139]. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ) (ʨʠʩʫʥʦʢ 3.26 (ʙ)), 

ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʢʘʟʘʣ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʬʘʟʦʚʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ï ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 375 - 

600 ʂ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʆʙʨʘʙʦʪʢʘ ʢʨʠʚʦʡ ɼʊɸ ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʥʝʷʚʥʳʡ 

ʵʥʜʦʧʠʢ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 410 ï 460 ʂ ʩ ʵʢʩʪʨʝʤʫʤʦʤ ʚ ʨʘʡʦʥʝ ~ 430 ʂ. 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.26 ï (ʘ) ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

(ʧʦʨʦʰʢʘ) ʧʨʦʜʫʢʪʘ ʠ (ʙ) ʢʨʠʚʘʷ ɼʊɸ ʦʙʨʘʟʮʘ Ti-Al -Mn ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 

ʂ/ʤʠʥ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 370 ʜʦ 650 ʂ 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʠʢ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʧʣʘʚʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, 

ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚ ʧʦʨʘʭ. 

ʀʟʤʝʨʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 3.27 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʘ 80-1100 ʂ.  

 

 

ʈʠʩʫʥʦʢ 3.27 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʣʘʚʘ 

Ti(Mn0.755Al 1.246) 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʦʚ 

çʥʘʛʨʝʚ/ʦʭʣʘʞʜʝʥʠʝè ʚʠʜ ʢʨʠʚʦʡ ʠ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʶʪʩʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʥʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʥʘʯʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʪʝʤ ʚ ʨʘʡʦʥʝ ~ 400 ʂ ʢʨʠʚʘʷ ʤʝʥʷʝʪ ʥʘʢʣʦʥ ʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʩʳʱʝʥʠʶ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʊʂʉ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʚʝʨʦʷʪʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʝʥʳ ʥʘ 

ʢʨʠʚʦʡ ɼʊɸ (ʨʠʩʫʥʦʢ 3.26 (ʙ)). 

ɿʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʠʣʦ 6,9 

ɛɋĀm. ʆʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʦ ~ 5 %, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʯʝʥʴ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʘʢʠʭ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʩʧʣʘʚʦʚ ʢʘʢ ʢʦʥʩʪʘʥʪʘʥ (ʦʢʦʣʦ 59 % Cu; 

39 ï 41 % Ni ʠ 1õ2 % Mn) ʠ ʤʘʥʛʘʥʠʥ (ʦʢʦʣʦ 85 % Cu; 11,5õ13,5 % Mn ʠ 2,5õ3,5 % 

Ni).  

 

ʊʘʙʣʠʮʘ 3.2 ï ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟ ʠ ʊʂʉ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʧʣʘʚʦʚ 

ʉʧʣʘʚ ɟ, (ʆʤĀʤ) ʊʂʉ, ʂ-1 ʀʩʪʦʯʥʠʢ 

TiMn0.755Al1.246 69,0 Ĭ 10-7 
0,236Ā10-4 

(400õ1100 ʂ) 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

TiMn0.755Al1.246 69,0 Ĭ 10-7 
1,150Ā10-4 

(80õ400 ʂ) 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʅʠʭʨʦʤ 10,0 Ĭ 10-7 4,0Ā10-4 [140] 

ʂʦʥʩʪʘʥʪʘʥ 4,90 Ĭ 10-7 0,08Ā10-4 [140] 

ʄʘʥʛʘʥʠʥ 4,82 Ĭ 10-7 0,02Ā10-4 [140] 

 

ʊʘʢʠʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʊʂʉ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 400-1000 ʂ. ɺ ʪʘʙʣʠʮʝ 3.2 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʊʂʉ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʣʘʚʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʊʂʉ ʠʟʚʝʩʪʥʳʭ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʩʧʣʘʚʦʚ. 
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ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 3 

1. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʉɺʉ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ ʃʘʚʝʩʘ 

Ti(Mn0.755Al 1.246) (PDF 2 #76-6381, ʧʨ.ʛʨ. P63/mmc) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ a= 5.033 ¡, c=8.212 ¡. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʬʘʟʥʳʡ ʩʧʣʘʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʘʟʳ ʃʘʚʝʩʘ Ti(Mn0.755Al1.246) 98,0 ʤʘʩ. % ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʩʦʚʘʥʠʷ 0.7 ʚʦ ʬʨʦʥʪʘʣʴʥʦʤ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʦʣʥʳ 

4,4 ʤʤ/ʩ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

ʩʦʩʪʘʚʠʣ 23Ā10-6 ʤ2/ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 710 ÁC ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʝʥʠʷ 1115 ÁC. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ 0,6 ʜʦ 0,7 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ ʃʘʚʝʩʘ 

Ti(Mn0.755Al 1.246). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Ti(Mn0.755Al 1.246) ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʩʦʩʪʘʚʣʷʝʪ 98 ʤʘʩ.%. ʆʩʥʦʚʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʬʘʟʘʤʠ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚ ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʣʦʡʢʘʭ, ʷʚʣʷʶʪʩʷ ʦʢʩʠʜ Al 2O3. 

3. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʠʬʬʫʟʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ti-Al -Mn ʩ Ti-ʧʦʜʣʦʞʢʦʡ. ʊʝʧʣʘ, 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʨʝʘʢʮʠʠ ʉɺʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ 1100 ÁC), ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ (Ti-Al-

Mn)/Ti-ʧʦʜʣʦʞʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ. 

4. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪ ʟʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0,68 ʵʤʫ/ʛ. 

5. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪ ʟʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0,68 ʵʤʫ/ʛ. 

6. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʯʥʦʩʪ ɹ ʥʘ ʩʞʘʪʠʝ ůʩʞʘʪʠʷ ʩʧʣʘʚʘ 

Ti+1.3Al+0.58Mn, ʩʦʩʪʘʚʠʣʘ 87Ñ9 ʄʇʘ. ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 7,96Ñ0,8 ɻʇʘ. 
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7. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʠʟʤʝʣʴʯʝʥʠʝ) ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ.  



85 

ɻʃɸɺɸ 4. ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʆʃʋʏɽʅʀɽ ʉʇʃɸɺɸ ɺ ʉʀʉʊɽʄɽ Ti-Al-Si 

ʕʪʦʪ ʨʘʟʜʝʣ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʦʡʥʦʡ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʩʠʩʪʝʤʳ Ti-Al-Si ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ Ű-ʬʘʟʳ. 

ʂʨʝʤʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʥʠʢʠ ʠʣʠ ʦʪʣʠʚʦʢ ʠʟ AlïSi ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ), ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ TiïAlïSi ʜʣʷ ʟʘʤʝʥʳ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦʜʝʨʞʘʱʠʭ Co, W, Cr ʠ Nb ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ñCRM-ʢʨʠʪʠʯʝʩʢʠʝ 

ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳò ʠʟ-ʟʘ ʠʭ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ [141]. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ Ű-ʬʘʟʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʠ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʞʝʣʘʝʤʳʭ ʩʚʦʡʩʪʚ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝ Ti-Al -Si ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʚʦʡʩʪʚ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [142-146]. 

4.1 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʝʤʥʠʷ Si ʚ ʪʚʝʨʜʦʤ ʘʣʶʤʠʥʠʠ ɸl 

ʩʦʩʪʘʚʣʷʝʪ 1,5Ñ0,1 % (ʘʪ.) ʧʨʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 577 Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʘʣʶʤʠʥʠʷ ɸl ʚ ʢʨʝʤʥʠʠ Si ʥʦʩʠʪ ʨʝʪʨʦʛʨʘʜʥʳʡ ʭʘʨʘʢʪʝʨ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʝʝ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 0,016Ñ0,003 % (ʘʪ.) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1190 Áʉ [147]. ʇʨʦʚʝʜʸʥʥʳʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ 

ʪʠʪʘʥʘ, ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ TiAl  

(Tʘʜ=1518 ÁC), Ti3Al  (Tʘʜ=936 ÁC) ʠ TiSi (1843 ÁC) ʠ Ti5Si3 (2402 ÁC). ɺʚʝʜʝʥʠʝ 

ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ Ti-Al  ʜʦ 30 ʘʪ. % ʧʦʚʳʰʘʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʧʨʦʛʨʘʤʤʝ Thermo [119] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Ti-C ʠ ʠʤʝʝʪ 

ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 2617 ÁC ʠ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 176 

ʢɼʞ/ʤʦʣʴ. ʇʨʠ ʛʦʨʝʥʠʠ ʩʣʦʷ Ti-C ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ 



86 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʠ (ʊTi
ʧʣ.=1670 ÁC) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ Ti/TiC. ɸʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ Ti-C ʥʘʤʥʦʛʦ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʩʣʦʷ Ti-Al -Si ʜʦʩʪʠʛʘʶʱʝʡ 1259 ÁC, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ 

ʥʘ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ TiC/Ti-Al -Si 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʝ ʤʝʞʬʘʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ Ti-ʧʦʜʣʦʞʢʦʡ ʠ 

ʢʘʨʙʠʜʥʳʤ ʩʣʦʝʤ TiC. 

4.2 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (5Ti+12Al+3Si) 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Si ʚ 

ʩʠʩʪʝʤʝ Ti-Al -Si ʢ ʝʛʦ ʧʣʦʪʥʦʩʪʠ. ɼʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.1. 

ʇʦ ʜʘʥʥʳʤ ʜʠʘʛʨʘʤʤʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʘʪʦʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Si ʚ 

ʩʠʩʪʝʤʝ Ti-Al -Si ʪʝʤ ʤʝʥʴʰʝ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʀʟʤʝʥʝʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Si ʚ ʩʠʩʪʝʤʝ Ti-Al -Si 

 

ʇʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ ʧʦʣʫʯʘʣʠ ʩʫʭʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʙʘʨʘʙʘʥʥʦʡ 

ʤʝʣʴʥʠʮʝ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʰʘʨʦʚ 

ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʢ ʤʘʩʩʝ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʘ 2,5:1, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʳʭ ʬʘʟ ʠ ʘʛʣʦʤʝʨʘʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 4.2 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

(5Ti+12Al+3Si). ʉʦʛʣʘʩʪʥʦ ʘʥʘʣʠʟʫ ʪʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩʠʥʪʝʟ ʧʨʦʪʝʢʘʝʪ ʚ 

ʨʝʞʠʤʝ çʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘè. ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ ʧʨʠ 
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ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ 2,7 ÁC/ʩ, ʩʦʩʪʘʚʣʷʝʪ 780 ÁC, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʦʨʝʥʠʷ - 1385 ÁC. 

 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 4.2 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (5Ti+12Al+3Si) 

 

 

 ̄ O Al  Si Ti 

1 0,01 62,26 12,01 25,72 

2 - 62,61 11,92 25,47 

3 - 17,61 48,95 33,44 

4 - 17,03 49,67 33,30 

5 - 17,34 48,44 34,22 

6 1,07 1,02 43,74 54,17 

7 1,27 1,14 43,27 54,32 

8 1,32 1,35 43,36 53,97 

9 71,64 5,83 1,68 2,36 

10 60,56 38,71 0,40 0,33 
 

ʈʠʩʫʥʦʢ 4.3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʕɼɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti ï 50 ʤʘʩ. %, Al ï 37 ʤʘʩ. %, Si ï 13 ʤʘʩ. %) 
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ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʘ Ti - 37 ʤʘʩ. %, Al  ï 50 ʤʘʩ. %, Si ï 

13 ʤʘʩ. % ʧʦʢʘʟʘʣ (ʨʠʩʫʥʦʢ 4.2 (ʙ)), ʯʪʦ ʚ ʧʨʦʜʫʢʪʘʭ ʉɺʉ-ʨʝʘʢʮʠʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ Ti(Al 2.4Si0.6), (PDF-01-071-4039) Ti2AlSi3, ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ 

Ti5Si3, ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ Al. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʬʘʟʳ Ti(Al2.4Si0.6) 

ʠʤʝʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ=3,80034(85) ¡, ʩ=8,56866(238) ¡. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʚʳʩʦʢʦʡ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʩʥʳʤ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʵʬʬʝʢʪʘ ʂʠʨʢʝʥʜʘʣʣʘ ʩʚʷʟʘʥʥʦʛʦ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʦʙʲʝʤ Ti, Si, ʠ Al, ʠ ʠʟʤʝʥʝʥʠʝʤ ʤʦʣʷʨʥʦʛʦ ʦʙʲʝʤʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, ʯʪʦ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ [23]. 

ʋʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʷ/ʫʧʣʦʪʥʝʥʠʷ ʛʦʨʷʯʝʛʦ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ [22]. ʕʥʝʨʛʦ-

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ Ti ï 50 ʤʘʩ. %, Al  ï 37 

ʤʘʩ. %, Si ï 13 ʤʘʩ. % (ʨʠʩʫʥʦʢ 4.3) ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʦʤʝ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʬʘʟ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʪʦʨʠʯʥʳʝ ʬʘʟʳ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al 2O3 (ʨʠʩʫʥʦʢ 4.5 (ʪʦʯʢʠ 10,11)) ʠ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ Ti5Si4 

(ʨʠʩʫʥʦʢ 4.5 *ʪʦʯʢʠ 6, 7, 8)), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ Ti2AlSi3, ʟʝʨʥʘ ʢʦʪʦʨʦʡ 

ʠʤʝʶʪ ʧʣʘʩʪʠʥʯʘʪʫʶ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 4.5 (ʪʦʯʢʠ 3, 4, 5)) ʠʤʝʶʱʠʝ ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ 

17,1 ʘʪ. % Al, 49,6 ʘʪ. % Si ʠ 33,3 ʘʪ. % Ti.  

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʩʦʩʪʘʚʠʣʘ 3,1 ʛ/ʩʤ3. 

ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʧʣʘʚʳ ʚʝʩʴʤʘ ʭʨʫʧʢʠʝ ʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ. ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ (5Ti+12Al+3Si), ʠʤʝʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 20,4 

ʄʇʘ. ʄʠʢʨʦʪʚʸʪʜʦʩʪʴ HVm ʩʧʣʘʚʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 2070õ6970 ʄʇʘ. ɹʦʣʴʰʠʝ 

ʚʘʨʠʘʮʠʠ ʪʚʝʨʜʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʟʘʤʝʱʝʥʠʝʤ ʢʨʝʤʥʠʷ ʚ ʘʣʶʤʠʥʠʜʝ 

ʪʠʪʘʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩʠʣʠʮʠʜʦʚ ʪʠʪʘʥʘ ʚ ʤʘʪʨʠʮʝ Ti-Al [148]. 
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4.3 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (7Ti+5Al+12Si) 

ɺ ʚʠʜʫ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ 

(5Ti+12Al+3Si) (ʧʫʥʢʪ 4.2) ʥʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ Al ʠ ʥʘʣʠʯʠʝ Ű-ʬʘʟʳ 

Ti2AlSi3, ʙʳʣ ʚʳʙʨʘʥ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (7Ti+5Al+12Si) ʚ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ti2AlSi3. 

ʅʘ ʨʠʩʫʥʢʝ 4.4 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

(7Ti+5Al+12Si). ʉʠʥʪʝʟ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʞʠʤʝ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʛʦʨʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʛʦʨʝʥʠʷ 4,2 ʤʤ/ʩ ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-

ʨʝʘʢʮʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ 3,2 ÁC/ʩ, ʩʦʩʪʘʚʣʷʝʪ 710 ÁC, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ - 1340 ÁC, ʯʪʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ Si (1414 ÁC). 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 37Ā10-6 ʤ2/ʩ. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 4.4 ï (ʘ) ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʠ (ʙ) ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (7Ti+5Al+12Si) 

 

ʇʦʥʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ (ʨʘʟʜʝʣ 4.1), ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (5Ti+12Al+3Si) ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Si ʤʝʥʝʝ 30 ʘʪ. %, ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʘ (7Ti+5Al+12Si), ʩ ʩʦʜʝʨʞʘʥʠʝʤ Si 50 ʘʪ. %. 

ʉʧʣʘʚ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʩʤʝʩʠ ʩʦʩʪʘʚʘ Ti ï 41,53 ʤʘʩ. %, Al  ï 16,71 ʤʘʩ. %, Si 

ï 41,76 ʤʘʩ. % ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ (ʨʠʩʫʥʦʢ 4.4 (ʙ)) ʦʩʥʦʚʥʫʶ ʪʨʦʡʥʫʶ ʬʘʟʫ 

Ti2AlSi3 (PDF-00-056-1144), ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ TiSi ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ Si ʠ Al , 
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ʧʨʠʯʠʥʦʡ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʢ ʢʨʝʤʥʠʷ Si ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ [149]. ʌʘʟʘ Ti2AlSi3 

ʦʙʣʘʜʘʝʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʫ ʨʝʰʸʪʢʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ=3,600(1) ¡, 

b=13,521(2) ¡, c=3,599(1) ¡ [152]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (7Ti+5Al+12Si) ʠʤʝʝʪ 

ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. ʕʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʟʝʨʥʘ Ti2AlSi3 (ʨʠʩʫʥʦʢ 4.5 (ʪʦʯʢʠ 6,7,8)) ʠʤʝʶʪ ʚʢʣʶʯʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʠʣʠʮʠʜʘ ʢʨʝʤʥʠʷ TiSi ʠ TiSi2 (ʨʠʩʫʥʦʢ 4.5 (ʪʦʯʢʠ 9,10,11)). ʄʝʞʜʫ 

ʟʝʨʥʘʤʠ Ti2AlSi3 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC ʠ ʯʘʩʪʠʮʳ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʢʨʝʤʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʟʝʨʥʘ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC. ʅʘʣʠʯʠʝ ʫʛʣʝʨʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʧʣʘʚʦʤ ɺʫʜʘ. 

 

 

 ̄ C O Al  Si Ti 

1 16,85 2,03 1,15 78,53 1,44 

2 13,90 40,55 41,89 3,16 0,49 

3 21,90 22,42 41,97 12,59 1,12 

4 51,91 1,96 2,17 40,17 3,79 

5 56,20 0,76 0,11 42,82 0,11 

6 7,83 0,18 9,94 51,21 30,84 

7 31,29 - 7,75 37,59 23,37 

8 7,07 1,64 9,47 51,30 30,53 

9 6,47 0,07 0,48 46,54 46,45 

10 5,99 - 0,97 43,28 49,76 
 

ʈʠʩʫʥʦʢ 4.5 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʕɼɸ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʘ (Ti ï 41.5 ʤʘʩ. %, Al  ï 16.7 ʤʘʩ. %, Si ï 41.7 ʤʘʩ. %) 

 

ʉʧʣʘʚ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (7Ti+5Al+12Si) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʳʤ ʚʝʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ Ti ʠ Si (ʪʘʙʣʠʮʘ 2.2) ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 2,4 

ʛ/ʩʤ3 ʠ ʧʦʨʠʩʪʦʩʪʴ 42,7%. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʩʦʩʪʘʚʣʷʝʪ 20,7 ʄʇʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʠʟʤʝʨʠʪʴ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ ʥʝ ʫʜʘʣʦʩʴ. 
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4.4 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (20Ti+3Al+9Si) 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ (5Ti+12Al+3Si) (ʇʫʥʢʪ 

4.2) ʠ (7Ti+5Al+12Si) (ʇʫʥʢʪ 4.3) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʧʣʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʩʥʦʚʥʦʡ ʬʘʟʳ Ű1-Ti2AlSi3. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ ʠʟ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ (5Ti+12Al+3Si) ʠ (7Ti+5Al+12Si) ʩ ʩʦʜʝʨʞʘʥʠʝʤ Al ʙʦʣʝʝ 

15 ʘʪ. % ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʬʘʟʥʳʝ ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʢʦʡ ʦʩʪʘʪʦʯʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ (ʇʫʥʢʪ 1.5.2) ʚ ʩʠʩʪʝʤʝ Ti-Al -Si ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ Ű2-Ti5Si3-xAl x ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Al ʤʝʥʝʝ 15 ʘʪ. %. 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʚʠʜʝʦʟʘʧʠʩʠ ʬʨʦʥʪʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) 

 

ʅʘ ʨʠʩʫʥʢʝ 4.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʚʠʜʝʦʟʘʧʠʩʠ 

ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si). ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ 3,16 ÁC/ʩ, ʩʦʩʪʘʚʣʷʝʪ 

770 ÁC, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ - 1770 ÁC, ʯʪʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ Si (1414 ÁC) (ʨʠʩʫʥʦʢ 4.7). ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʛʨʘʤʤ ʩʠʥʪʝʟ 

ʧʨʠʚʝʜʸʥʥʦʛʦ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʞʠʤʝ çʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘè. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʤʝʥʷʝʪʩʷ ʚʨʝʤʷ ʥʘʛʨʝʚʘ 

ʦʙʨʘʟʮʘ ʜʦ ʤʦʤʝʥʪʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʉɺʉ-ʨʝʘʢʮʠʠ. ɼʣʷ ʩʦʩʪʘʚʘ 37 Ti - 50 Al  - 13 Si 

(ʤʘʩ. %) ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ t1=280 ʩʝʢ, ʜʣʷ ʩʦʩʪʘʚʘ 74,1 Ti - 6,3 Al  - 19,6 Si 

(ʤʘʩ. %) t2=196 ʩʝʢ, ʘ ʜʣʷ ʩʦʩʪʘʚʘ 41,53 Ti - 16,71 Al  - 41,76 Si (ʤʘʩ. %) t3= 193 ʩʝʢ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʪʘʙʣʠʮʘ 4.1), ʤʦʨʬʦʣʦʛʠʝʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʛʨʝʚʘ ʠʭ 
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ʜʦ ʤʦʤʝʥʪʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʊʝʨʤʦʛʨʘʤʤʘ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) 

 

ʊʘʙʣʠʮʘ 4.1 ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ. 

ʕʣʝʤʝʥʪ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 227 ʦʉ 427 ʦʉ 627 ʦʉ ʉʩʳʣʢʘ 

Ti 
Cp, ɼʞ/ʢʛ ʂ 576 637 647 

[149] 
l, ɺʪ/ʤ ʂ 19,7 19,8 19,8 

Al  
Cp, ɼʞ/ʢʛ ʂ 991 1091 1228 

[150] 
l, ɺʪ/ʤ ʂ 235 224 217 

Si 
Cp, ɼʞ/ʢʛ ʂ 837 885 914 

[151] 
l, ɺʪ/ʤ ʂ 76,2 50,8 35,9 

 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʧʨʝʩʩʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʦʙʠʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʘʢʪʥʦʡ ʪʝʦʨʠʠ 

ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʉɺʉ-ʩʠʩʪʝʤ ʚ [150]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ ʩʦʩʪʘʚʘ Ti ï 74,1 ʤʘʩ. %, Al  ï 6,3 ʤʘʩ. %, Si - 19.6 

ʤʘʩ. % ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ (ʨʠʩʫʥʦʢ 4.8) ʷʚʣʷʝʪʩʷ ʦʜʥʦʬʘʟʥʳʤ, ʦʩʥʦʚʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʬʘʟʘ Ti20Al 3Si9, (PDF-01-079-2701) ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ 
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ʦʧʠʩʘʥʘ ʚ [153] ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʩʠʩʪʝʤʳ Ti20Al 3Si9 ʠʤʝʝʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʘ=7,493 ¡, c=5,175 ¡, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʚ [154]. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʦʩʪʘʪʦʯʥʫʶ 

ʧʦʨʠʩʪʦʩʪʴ ʩ ʨʘʟʤʝʨʘʤʠ ʤʘʢʨʦʧʦʨ ʠ ʧʦʣʦʩʪʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʦʪ 200 ʜʦ 1500 

ʤʢʤ. ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʧʣʘʚʘ 

(20Ti+3Al+9Si) ʩʦʩʪʘʚʘ (Ti - 74.1 ʤʘʩ. %, Al  - 6.3 ʤʘʩ. %, Si - 19.6 ʤʘʩ. %). 

ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʨʫʧʢʦʤʫ ʚʥʫʪʨʠʟʝʨʝʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ 

ʨʘʟʨʫʰʝʥʠʷ ʩ ʦʜʥʦʨʦʜʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʧʣʦʩʢʠʝ ʠ ʛʣʘʜʢʠʝ. ʅʘʙʣʶʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʳʝ 

ʫʯʘʩʪʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʦʥʥʦ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʦʩʢʦʩʪʷʤʠ ʩʢʦʣʘ. ʅʘʨʷʜʫ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʝʪ ʧʨʠʟʥʘʢʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 
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(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 4.9 ï ʌʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʘ) ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʠ (ʙ) 

ʫʚʝʣʠʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʢʦʣʘ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ 

ʘʨʛʦʥʝ 1 ʘʪʤ 

 

ʕʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʮʘ (Ti ï 74,1 ʤʘʩ. %, 

Al  ï 6,3 ʤʘʩ. %, Si ï 19,6 ʤʘʩ. %), ʩʦʜʝʨʞʘʱʠʡ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ Ti ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ ʷʚʣʷʶʪʩʷ ʛʣʦʙʫʣʷʨʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 8-10 

ʤʢʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ Ti5Al0,75Si2,25 ʦʢʨʫʞʝʥʥʳʝ ʤʘʪʨʠʮʝʡ ʥʘ 

ʦʩʥʦʚʝ TiAlʭ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 4.10 (ʪʦʯʢʠ 3)). 

 

 

 

 ̄ Al  Si Ti 

1 8,03 29,73 62,24 

2 7,43 30,44 62,13 

ʈʠʩʫʥʦʢ 4.10 ï ɼʘʥʥʳʝ ʕɼɸ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʉɺʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 1 ʘʪʤ 
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ʀʥʪʝʨʤʝʪʘʣʣʠʜʥʳʡ ʩʧʣʘʚ Ti20Al3Si9 ʠʤʝʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 19,0 ʄʇʘ ʠ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ HVm 10690 ʄʇʘ. ɺ ʨʘʙʦʪʝ [148] ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʣ ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ ʚ ʪʨʦʡʥʦʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʝ TiAl20Si20. 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 2,3 ʛ/ʩʤ3, ʯʪʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 3,68 ʛ/ʩʤ3 ʚʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ - 41,5%. 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʧʣʘʚ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ ʢʨʝʤʥʠʷ Si ʚ ʪʠʪʘʥ 

Ti. ʉʦʛʣʘʩʥʦ ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʧʨʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ Si ʚ Ti 

ʧʝʨʚʦʡ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Ti3Si, ʟʘʪʝʤ ʩʣʝʜʫʶʪ ʬʘʟʳ Ti5Si3 ʠ TiSi2. ʆʜʥʘʢʦ, ʬʘʟʘ 

Ti3Si ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1170 ÁC, ʪʘʢ ʦʥʘ ʨʘʩʧʘʜʘʝʪʩʷ 

ʥʘ ɓ-Ti ʠ Ti5Si3. ʇʦʵʪʦʤʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʉɺʉ-ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʘʷ ʬʘʟʘ ʘʣʶʤʠʥʠʷ Al, ʢʦʪʦʨʳʡ 

ʧʣʘʚʠʪʴʩʷ ʠ ʩʤʘʯʠʚʘʝʪ ʯʘʩʪʠʮʳ ʪʠʪʘʥʘ Ti ʠ Si. ʊʠʪʘʥ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʨʘʩʧʣʘʚʝ Al, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ TiAl 3. ʊʠʪʘʥ Ti ʪʘʢʞʝ ʩ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʝʘʛʠʨʫʝʪ ʩ Si ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ Tiï

Si. ɺ ʜʚʦʡʥʦʤ ʩʦʝʜʠʥʝʥʠʠ TiAl 3 ʚʧʣʦʪʴ ʜʦ 15 ʘʪ. % ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

ʘʣʶʤʠʥʠʷ Al ʢʨʝʤʥʠʝʤ Si ʚ ʨʝʰʸʪʢʝ TiAl 3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʦʡʥʦʛʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Ti(AlSi)3. ʇʨʠ ʥʘʩʳʱʝʥʠʠ TiAl 3 ʘʪʦʤʘʤʠ Si ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

Ti(Al ,Si)3 ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ Si, Ti ʠ ʨʘʩʧʣʘʚʘ Al, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ű2-ʬʘʟʳ Ti(Al xSi1-x)2. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʙʦʛʘʪʦʤ 

ʪʠʪʘʥʦʚʦʤ ʫʛʣʫ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʘ 74,1Ti-

6,3Al-19,6Si (ʤʘʩ. %) [142] ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ Ti5Al0.75Si2.25, ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʣʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʪʦʤʦʚ Si ʚ ʩʦʝʜʠʥʝʥʠʠ TiAl 3 [155]. 

4.5 ʉɺʉ-ʧʨʝʩʩʦʚʘʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 4.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ Ti, Al, Si ʠ C ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ. ʀʤʝʝʪ ʤʝʩʪʦ 

ʧʨʦʯʥʳʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ (ʧʦʨ, ʪʨʝʱʠʥ). 
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ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ, 1-ʩʣʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʣʘʚʫ ʥʘ ʦʩʥʦʚʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ Ti5Al0.75Si2.25 (PDF-01-079-2701) ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʪʦʨʠʯʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʬʘʟʘ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ D019 Ti3Al (PDF 52-859), 

ʦʙʣʘʜʘʶʱʝʡ ɻʇʋ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

P63/mmc). ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ (ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ) 

Ti5Al0.75Si2.25 ʩʦʩʪʘʚʠʣʦ 87 ʤʘʩ. %, ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ Ti3Al - 13 ʤʘʩ. %. 2-ʩʣʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʙʠʜ ʪʠʪʘʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʪʘʚʫ TiC0,66 (ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ Fm3m). 3-ʩʣʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʣʦʞʢʝ ʠʟ Ti ʪʠʪʘʥʦʚʦʡ ʬʦʣʴʛʠ. 

ʇʝʨʝʭʦʜʥʳʝ ʟʦʥʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʦʯʝʥʴ ʫʟʢʠʝ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 10-15 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʌʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ Ti, Al , Si ʠ C ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ 

 

ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ 

(ʨʠʩʫʥʦʢ 4.12) ʟʘʤʝʪʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʶʤʠʥʠʷ ʚ 

ʧʨʠʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʩʣʦʷʤʠ Ti/TiC, ʯʪʦ ʚʳʟʚʘʥʦ ʧʣʘʚʣʝʥʠʝʤ ʪʠʪʘʥʦʚʦʡ 

ʬʦʣʴʛʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʚ ʩʣʦʝ Ti-C. 

ʅʘʙʣʶʜʘʝʪʩʷ ʜʠʬʬʫʟʠʷ Al ʚ ʪʠʪʘʥʦʚʫʶ ʧʦʜʣʦʞʢʫ ʯʝʨʝʟ ʩʣʦʡ Ti-C. ʇʨʠ ʵʪʦʤ 

ʛʣʫʙʠʥʘ ʜʠʬʬʫʟʠʠ Al ʚ Ti-ʧʦʜʣʦʞʢʫ ʥʝʚʝʣʠʢʘ ~ 30 ʤʢʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʷ 
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ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʣʦʷ Ti-Al-Si ʚ Ti-C ʨʝʟʢʦ ʧʘʜʘʝʪ ʠ ʦʩʪʘʝʪʩʷ ʥʘ ʥʫʣʝʚʳʭ 

ʟʥʘʯʝʥʠʷʭ ʠ ʚ ʩʣʦʝ ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʠ 

ʩʦʝʜʠʥʝʥʠʷ (ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ) ʨʝʘʢʮʠʦʥʥʦʡ ʪʘʙʣʝʪʢʠ ʩ ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʦʡ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ Ti, Al  ʠ Si. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ Ti-ʧʦʜʣʦʞʢʠ ʠ ʩʣʦʷ Ti-Al -Si, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʧʝʨʝʭʦʜʥʘʷ 

ʟʦʥʘ) ʪʦʣʱʠʥʦʡ 1-2 ʤʢʤ. ʊʝʧʣʦ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʘʢʮʠʦʥʥʳʝ ʪʘʙʣʝʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʉɺʉ-ʩʠʥʪʝʟʘ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚ Ti ï ʧʦʜʣʦʞʢʝ ʠ 

ʩʣʦʷ Ti-Al -Si. 

 

 

 ̄ C Al  Si Ti ʌʘʟʘ 

1 3,92 8,08 26,22 61,78 Ti5Al 0.75Si2.25 

2 39,23 1,99 0,46 58,32 TiC0,66 

3 6,14 2,99 0,27 90,6 Ti(ʧʦʜʣʦʞʢʘ) 

ʈʠʩʫʥʦʢ 4.12 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 

ʩʣʦʷʤʠ ʠ ʜʘʥʥʳʝ ʕɼɸ, ʘʪ. % 
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ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ti ʠ Al ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʥʦʡ 

ʟʦʥʳ ʠʤʝʶʪ ʧʣʘʚʥʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʞʝ 

Si ʟʘʤʝʪʥʦ ʧʘʜʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʣʦʷ Ti-Al -Si ʚ Ti-ʧʦʜʣʦʞʢʫ, ʯʪʦ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʩʠʣʠʮʠʜʝ ʪʠʪʘʥʘ. 

 

 

 

ʈʠʩʫʥʦʢ 4.13 ï ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ Ti, Al , Si ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʩʧʣʘʚʝ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Si ʚ Ti ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,7 ʘʪ. % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ, 3,35 ʘʪ. % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ ʠ 5,0 ʘʪ. % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʉɺʉ-

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ Si ʚ Ti. ʉʦʛʣʘʩʥʦ ʨʘʚʥʦʚʝʩʥʦʡ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʧʨʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ Si ʚ Ti ʧʝʨʚʦʡ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ 
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Ti3Si, ʟʘʪʝʤ ʩʣʝʜʫʶʪ ʬʘʟʳ Ti5Si3 ʠ TiSi2. ʌʘʟʘ Ti3Si ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1170 ÁC ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ɓ-Ti ʠ Ti5Si3. ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʉɺʉ-

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ Al, ʢʦʪʦʨʘʷ 

ʩʤʘʯʠʚʘʝʪ ʯʘʩʪʠʮʳ ʪʠʪʘʥʘ Ti ʠ Si. ʈʘʩʪʚʦʨʝʥʠʝ ɓ-Ti ʚ ʨʘʩʧʣʘʚʝ Al, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ Ti3Al. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʬʘʟʳ ʚʦʟʤʦʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʝ Ti3Al ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1125 Áʉ ʧʦ ʨʝʘʢʮʠʠ (ɓ-

ɇi)źTi3Al, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ [147]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ Ti5Al 0,75Si2,25 ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ Ti5Si3 c ʟʘʤʝʱʝʥʠʝʤ 

ʢʨʝʤʥʠʷ ʘʣʶʤʠʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ (TiSi)Al. ʇʨʠʩʫʪʩʪʚʠʝ ʞʝ ʬʘʟʳ Ti3Al 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʙʳʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʠʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʳʡ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʥʝʜʦʨʝʘʛʠʨʦʚʘʚʰʠʤ ʪʠʪʘʥʦʤ (ʨʠʩʫʥʦʢ 4.14). 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ ʢʨʝʤʥʠʷ 

Si ʚ ʪʠʪʘʥ Ti. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʦʡʥʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʬʘʟʳ Ti5Si3 c 

ʟʘʤʝʱʝʥʠʝʤ ʢʨʝʤʥʠʷ ʘʣʶʤʠʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ (TiSi)Al. 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ɺʨʝʤʷ-ʨʘʟʨʝʰʘʶʱʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʦʙʨʘʟʮʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ (20Ti+3Al+9Si) 

 


