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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ɸʃʊʕʂ ï ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ AlïCuïMn, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʧʝʨʩʦʠʜʦʚ Al20Cu2Mn3 ʠ 

ʥʝ ʪʨʝʙʫʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʟʘʢʘʣʢʠ   

ɼʊʆ ï ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʈʉɸ ï ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ  

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʋʕʉ ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʋʕʇ ï ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʉʊʇ ï ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʆʊʇ ï ʦʙʨʘʙʦʪʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ɿʊɺ ï ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʆʄ ï ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ 

ɿʊʄɺ ï ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ɿʇ ï ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʣʸʛʢʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʝʭʥʠʢʠ 

ʧʦʜʪʘʣʢʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʢ ʨʝʚʦʣʶʮʠʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ʊʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ, ʪʘʢʠʝ ʢʘʢ ʞʝʣʝʟʦ ʠ ʤʝʜʴ, ʧʦʩʪʝʧʝʥʥʦ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʘʣʶʤʠʥʠʶ, ʯʴʷ ʥʠʟʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ ʜʝʣʘʶʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʣʸʛʢʠʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ ʤʘʰʠʥ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ. ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʪʘʣʘ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʘʣʶʤʠʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 20 ʨʘʟ ʤʝʥʴʰʝ CO2 

ʯʝʤ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠʥʠʷ. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-

Cu-Mn (ɸʃʊʕʂ) ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʧʣʘʚʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ, ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪʥʳʭ ʩʚʦʡʩʪʚ). ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʘʨʦʯʥʳʝ 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʢʘʢ ʣʠʪʝʡʥʳʝ (ɻʆʉʊ 1583ï93), ʪʘʢ ʠ ʜʝʬʦʨʤʠʨʫʝʤʳʝ (ɻʆʉʊ 4784-

2019), ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʜʴ, ʤʘʛʥʠʡ, ʢʨʝʤʥʠʡ, 

ʮʠʥʢ, ʤʘʨʛʘʥʝʮ, ʨʝʞʝ ʞʝʣʝʟʦ. ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʯʘʱʝ ʷʚʣʷʝʪʩʷ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ. ʇʨʠ 

ʵʪʦʤ ʠ ʜʨʫʛʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ɻ ʣʝʤʝʥʪʳ, ʪʘʤ, ʛʜʝ ʦʥʠ ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ, ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʠ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ.  

ʇʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʪʠʧʘ 1201 (ɸɸ2219), ʚ ʢʦʪʦʨʳʭ 

ʣʝʛʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʤʝʜʴ ʠ ʤʘʨʛʘʥʝʮ. ɼʣʷ ʪʘʢʠʭ ʩʧʣʘʚʦʚ 

ʩʦʜʝʨʞʘʥʠʝ Fe, Si, Mg, Zn ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥʦ 0.1 ʤʘʩʩ.%. ʀʟ-ʟʘ ʥʠʟʢʠʭ ʜʦʧʫʩʪʠʤʳʭ 

ʧʨʝʜʝʣʦʚ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʝ ʩʧʣʘʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʦʪʦʚʷʪ ʥʘ 

ʧʝʨʚʠʯʥʦʤ ʩʳʨʴʝ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʦʣʴ ʞʝʣʝʟʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ (ʜʘʣʝʝ (Al )) ʦʯʝʥʴ ʤʘʣʘ. ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ Al 15(FeMn)3SiCu2, Al6(FeMn), Al 3Fe, Al 7Cu2Fe 

ʠ ʜʨʫʛʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʞʝʣʘʪʝʣʴʥʦʡ 

ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʬʘʟʘ Al 15(Fe,Mn)3Si2, ʧʦʩʢʦʣʴʢʫ ʝʝ ʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-Cu-

Mn (ɸʃʊʕʂ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʕʪʠ 
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ʩʚʦʡʩʪʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʜʠʩʧʝʨʩʦʠʜʦʚ ʩʦʝʜʠʥʝʥʠʷ Al20Cu2Mn3 ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 7-8 ʦʙ.%. ɺ ʦʪʣʠʯʠʠ ʦʪ ʤʘʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 2ʭʭʭ ʩʝʨʠʠ 

ʩʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ ʥʝ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʩʧʝʨʩʦʠʜʦʚ. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʜʠʬʬʫʟʠʠ Mn ʚ (Al ) ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟ-ʟʘ ʯʝʛʦ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ (ʧʨʠʤʝʨʥʦ 1.5% ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ 10-20 ʂ/ʩ) ʦʩʪʘʝʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʣʠʪʴʝ.  

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ 

ʵʚʦʣʶʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Cu-Mn ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠ ʨʘʟʜʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Mg ʠ Zn, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪʩʷ ʚʦ ʤʥʦʛʠʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ (2ʭʭʭ ʠ 7ʭʭʭ ʩʝʨʠʠ) ʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʥʫʪʴ 

ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʦ ʩʥʠʞʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 0,5 ʤʘʩ. % ʞʝʣʝʟʘ ʠ 

ʢʨʝʤʥʠʷ (ʦʩʥʦʚʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʚ ʤʘʨʦʯʥʳʭ ʩʧʣʘʚʘʭ). ʊʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ 

ʩʦʟʜʘʪʴ ʥʘʫʯʥʫʶ ʙʘʟʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. 

 

 ʎʝʣʴ ʨʘʙʦʪʳ 

 ʆʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʞʠʤʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʙʝʟ ʟʘʢʘʣʢʠ) ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ Al-Cu-Mn, ʚʳʧʣʘʚʣʷʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ 

ʩʳʨʴʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʇʨʦʚʝʩʪʠ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ 

Al-Cu-Mn-Mg-Zn-Fe-Si, ʩʦʜʝʨʞʘʱʠʭ 2%Cu ʠ 1.5%Mn, ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ;  

2. ʀʟʫʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʣʠʪʴʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʘʣʢʠ);  

3. ʀʟʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ (Al)  ʠ ʬʘʟʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʩʣʠʪʢʘʭ ʠ ʣʠʩʪʦʚʦʤ ʧʨʦʢʘʪʝ ʩʧʣʘʚʦʚ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ 

4. ʆʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʩʦʩʪʘʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚ ʦʪʦʞʞʝʥʥʳʭ ʣʠʩʪʘʭ ʚʨʝʤʝʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʦʣʝʝ 300 ʄʇʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Mg, Zn, Fe, Si ʜʦ 3 ʤʘʩʩ. % (ʚ ʩʫʤʤʝ) 

5. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʧʣʘʚʘ 

(ɸʃʊʕʂ-ɺ) ʩ ʤʘʨʦʯʥʳʤ ʩʧʣʘʚʦʤ 2ʭʭʭ ʩʝʨʠʠ;  

6. ʇʦʜʦʙʨʘʪʴ ʨʝʞʠʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ), ʩʦʭʨʘʥʷʶʱʠʡ 

ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʠʩʪʦʚʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ  ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Cu-Mn-Mg-Zn-Fe-

Si, ʩʦʜʝʨʞʘʱʠʭ 2%Cu ʠ 1.5%Mn, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʞʝʣʝʟʦ ʠ ʢʨʝʤʥʠʡ 

(ʜʦ 0,5 ʤʘʩ.%) ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʳ ʚ ʢʦʤʧʘʢʪʥʳʝ ʯʘʩʪʠʮʳ ʬʘʟ rAl (Fe, Mn) Si, ʤʘʛʥʠʡ ʠ 

ʮʠʥʢ (ʜʦ 1 ʤʘʩ.%) ʧʦʣʥʦʩʪʴʶ ʚʭʦʜʷʪ ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʘʣʶʤʠʥʠʷ, ʘ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʩʚʷʟʘʥ rʚ ʬʘʟʫ Al20Cu2Mn3, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʠʩʧʝʨʩʦʠʜʦʚ 

ʨʘʟʤʝʨʦʤ ʜʦ 100 ʥʤ. 

2. ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ1.5-2%Cu, 1.5-2%Mn, ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʘʛʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 1% ʚʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʝʪʩʷ ʚ (Al), ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʃʊʕʂ (ʥʘ 

10-15%) ʙʝʟ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ 

ʜʦ 400 Áʉ. ʃʝʛʠʨʦʚʘʥʠʝ ʮʠʥʢʦʤ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʜʦʙʘʚʣʝʥʠʝ Fe, Si, Mg ʠ Zn ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 3% ʢ 

ʩʧʣʘʚʫ Alï2%Cuï1,5%Mn ʥʝ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʦʞʞʝʥʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ʀʟ ɻ ʪʦʛʦ ʚʳʪʝʢʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣ ̫ʝʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʩʧʣʘʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

6ʭʭʭ, 2ʭʭʭ ʠ 7ʭʭʭ ʩʝʨʠʡ.  

4. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Fe-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʩʪʨʫʢʪʫʨʝ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ 

ʣʠʩʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʚʷʟʢʦʛʦ ʤʝʣʢʦʷʤʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʚ 

ʫʛʣʫʙʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ñʯʠʩʪʳʭò ʩʧʣʘʚʦʚ.  

5. ʅʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʦʚ Al-2%Cu-2%Mn(Si, Zr) ʠ Al-1,8%Cu-1,5%Mn-0,5%Mg-

1,5%Zn(Fe, Si) ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʉʊʇ, 

ʩ ʧʨʦʯʥʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ. 

 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

1. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ Al-

2%Cu-1,5%Mn-1%Mg-1%Zn ʠ Al-2%Cu-1,5%Mn-1%Mg-1%Zn-0,5%Fe-0,4%Si-0,25%Zr, 

ʚʢʣʶʯʘʶʱʘʷ ʛʦʨʷʯʫʶ ʠ ʭʦʣʦʜʥʫʶ ʧʨʦʢʘʪʢʫ, ʜʣ ̫ʧʦʣʫʯʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʨʝʤʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʳʰʝ 340 ʄʇʘ. 

2. ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

Al-2%Cu-1,5%Mn (Mg, Zn, Fe, Si), ʥʝ ʪʨʝʙʫʶʱʠʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʟʘʢʘʣʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ (ˉ2826055 

03.09.2024). 
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3. ʇʨʝʜʣʦʞʝʥ ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʝʨʘʟʨʳʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʩʪʦʚʳʭ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʟʘʛʦʪʦʚʦʢ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʠʟ 

ʩʧʣʘʚʘ Al-1,8%Cu-1,5%Mn-0,5%Mg-1,5%Zn-0,4%Fe-0,4%Si. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ (ʚʢʣʶʯʘʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ) ʚ ʩʣʠʪʢʘʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-2%Cu-1,5%Mn-Mg,-Zn-Fe-Si). 

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ (Al) ʠ ʬʘʟʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʩʣʠʪʢʘʭ ʠ ʣʠʩʪʦʚʦʤ ʧʨʦʢʘʪʝ ʩʧʣʘʚʦʚ ʫʢʘʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

3. ʕʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʣʘʚʘʭ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ Mg, 

Zn, Fe, Si (ʜʦ 3 ʤʘʩʩ. % ʚ ʩʫʤʤʝ) ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

4. ʆʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʃʊʕʂ, ʚʳʧʣʘʚʣʷʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ 

ʩʳʨʴʷ (ɸʃʊʕʂ-ɺ), ʥʝ ʪʨʝʙʫʶʱʠʭ ʟʘʢʘʣʢʠ ʠ ʦʙʣʘʜʘʶʱʠʭ ʚʨʝʤʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʙʦʣʝʝ 

300 ʄʇʘ ʚ ʦʪʦʞʞʸʥʥʳʭ ʣʠʩʪʘʭ. 

5. ʆʙʦʩʥʦʚʘʥʠʝ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʩʧʣʘʚʦʚ Al-2%Cu-2%Mn-0,4%Si-0,25%Zr ʠ Al-1,8%Cu-

1,5%Mn-0,5%Mg-1,5%Zn-0,4%Fe-0,4%Si. 

 

 ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 77-ʝ ɼʥʠ ʅʘʫʢʠ, 2022, ʄʦʩʢʚʘ, ʅʀʊʋ 

çʄʀʉʀʉè; VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çMagnitogorsk Rolling Practice 

2022è, 2022, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʄɻʊʋ ʠʤʝʥʠ ɻ.ʀ. ʅʦʩʦʚʘ; XIX  ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ-

ʢʦʥʢʫʨʩ ʩʪʫʜʝʥʪʦʚ ʠ ʄʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè, 2023 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʇʙɻʋ; VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çMagnitogorsk 

Rolling Practice 2023è, 2023, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʄɻʊʋ ʠʤʝʥʠ ɻ. ʀ. ʅʦʩʦʚʘ; V ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳè, 2023, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʉʇʙɻʄʊʋ; VIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çMagnitogorsk 

Rolling Practice 2024è, 2024, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʄɻʊʋ ʠʤʝʥʠ ɻ. ʀ. ʅʦʩʦʚʘ; XII  ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʢʦʥʛʨʝʩʩ çʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʠ ʤʠʥʝʨʘʣʳè, 2024, ʂʨʘʩʥʦʷʨʩʢ, ʄɺɼʎ çʉʠʙʠʨʴè. 23-  ̫

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠè, ʄʦʩʢʚʘ, 2024 
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 ʇʫʙʣʠʢʘʮʠʠ 

 ʇʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʨʘʙʦʪ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ 

Web of Science (Core Collection)/Scopus ʠ ʧʝʨʝʯʝʥʴ ɺɸʂ. 

 

 ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 ʆ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʦʨʦʰʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Thermo-

Calc ʠ ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ. ʆ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʭ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪʘ ʧʨʦʚʝʨʝʥ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʧʣʘʛʠʘʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ "ɸʥʪʠʧʣʘʛʠʘʪ" (http://antiplagiat.ru). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɼʠʩʩʝʨʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʯʝʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ. ɸʚʪʦʨʫ ʨʘʙʦʪʳ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʝ 

ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʩʫʞʜʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʦʙʱʠʭ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 191 ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 

178 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 109 ʨʠʩʫʥʦʢ ʠ 38 ʪʘʙʣʠʮʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʈʅʌ)  

 ̄20-19-00249 ʠ  ̄20-19-00249-ʇ. 

 

http://antiplagiat.ru/
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 ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ɼʝʬʦʨʤʠʨʫʝʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚ r 

1.1.1 ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ 2ʭʭʭ ʩʝʨʠʠ 

ʂ ʢʘʪʝʛʦʨʠʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʙʳʯʥʦ ʦʪʥʦʩʠʪʩʷ ʩʧʣʘʚʳ ʩ 

ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʧʨʝʚʳʰʘʶʱʠʤ 400 ʄʇʘ, ʩ ʮʠʥʢʦʤ, ʤʘʛʥʠʝʤ ʠ ʤʝʜʴʶ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʉʧʣʘʚʳ ʩ ʮʠʥʢʦʤ ʠ ʤʘʛʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (7ʭʭʭ ʩʝʨʠʷ) ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʯʝʤ ʩʧʣʘʚʳ ʩ ʤʝʜʴ ʁʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

(2ʭʭʭ ʩʝʨʠʷ) [1-4]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʠʬʬʫʟʠʠ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ, ʫʧʨʦʯʥʷʶʱʠʝ 

ʬʘʟʳ ʩʧʣʘʚʦʚ 7ʭʭʭ ʩʝʨʠʠ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʟʦʥʫ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʧʣʘʚʦʚ [1-4]. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʨʘʟʜʝʣ ʙʫʜʝʪ 

ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʸʥ ʩʧʣʘʚʘʤ 2ʭʭʭ ʩʝʨʠʠ.  

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ (ɺɸʉ) ʚ ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʶʪ ʩʧʣʘʚʳ 2ʭʭʭ 

ʩʝʨʠʠ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 2024 [3]. ʆʥ ʙʳʣ ʩʦʟʜʘʥ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ 1939 ʛʦʜʫ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘʭ, ʯʪʦ ʚʥʝʩʣʦ ʨʝʚʦʣʶʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʟʘʣʦʞʠʣʦ ʦʩʥʦʚʫ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɸʉ [1-4]. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ 

ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʭ ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ 

ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʘ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ; ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʩʧʣʘʚʘ ʚ ʦʩʥʦʚʥʦʤ ʚʣʠʷʶʪ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʚʳʜʝʣʝʥʠʷ [5, 6]. ʋʧʨʦʯʥʷʶʱʠʝ ʬʘʟʳ ʚ ʩʧʣʘʚʘʭ 

ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 2ʭʭʭ ʩʝʨʠʷ (Al -Cu) ï Al 2Cu; 

2ʭʭʭ ʩʝʨʠʷ (Al -Cu-Mg) ï Al 2Cu, Al2CuMg. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʩʦʢʦʧʨʦʯʥʳʤ 

ʘʣʶʤʠʥʠʝʚʳʤ ʩʧʣʘʚʘʤ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ 

ʨʘʟʚʠʪʠʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʢʫ ɺɸʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʧʦʢʦʣʝʥʠʡ: 

ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ [7]. 
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1.1.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ɺɸʉ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ ʩʠʣʦʚʳʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʘʤʦʣʝʪʦʚ, 

ʩʧʫʪʥʠʢʦʚ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ [8]. ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʘʤ. [9, 

10]. ʇʦʤʠʤʦ ʘʚʠʘʮʠʠ, ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʝ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʝʟʜʦʚ. ɺ ʦʙʣʘʩʪʠ ʦʙʦʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩʧʣʘʚʳ 2ʭʭʭ ʩʝʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʨʝʤʝʥʥʳʭ ʤʦʩʪʦʚ, ʤʦʙʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʟʘʧʫʩʢʘ ʨʘʢʝʪ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʨʩʢʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʙʘʰʥʷʭ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʜʨʫʛʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ [11, 12]. 

 

1.1.3 ʄʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʧʨʦʯʥʝʥʠʶ ʠ ʟʘʢʘʣʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʦʰʣʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [13]. ʄʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʚ 

ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʶʪ ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ (ʊʈʋ), ʜʠʩʣʦʢʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ 

(ɼʋ), ʟʝʨʥʦʛʨʘʥʠʯʥʦʝ ʫʧʨʦʯʥʝʥʠʝ (ɿɻʋ) ʠ ʫʧʨʦʯʥʝʥʠʝ ʚʪʦʨʠʯʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ (ʋɺɺ) 

[14]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʯʝʪʳʨʝʭ 

ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʨʝʰʝʥʠʷ ʧʨʠʩʫʱʠʭ ʠʤ 

ʧʨʦʙʣʝʤ. ʉʪʘʨʠʥʢ ʠ ʜʨ. [15] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʦʚ AlïZnïMg-Cu ʠ ʧʨʝʜʣʦʞʠʣʠ 

ʤʦʜʝʣʴ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʬʦʨʤʫʣʦʡ (3): 

ὣὛ „ „ „ „  (3) 

ʛʜʝ YS ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʧʣʘʚʘ, „  ʚʣʠʷʥʠʝ ɿɻʋ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, „  ʚʣʠʷʥʠʝ 

ʊʈʋ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, „ ʚʣʠʷʥʠʝ ɼʋ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ „  ʚʣʠʷʥʠʝ ʋɺɺ ʥʘ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ. 

ʄʦʜʝʣʠ ʚʣʠʷʥʠʷ ʊʈʋ, ɼʋ, ɿɻʋ ʠ ʋɺɺ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʣʝʜʫʶʱʠʝ. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʬʦʨʤʫʣʦʡ (4) [16]: 

„ ὃὅ (4) 

ʛʜʝ, ʉ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, A ʠ ɓ 

ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʥʝʧʨʝʨʳʚʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʚʢʣʘʜ ɼʋ ʚ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʬʦʨʤʫʣʦʡ (5) [17]: 
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„ ὓ‌Ὃὦ”Ⱦ (5) 

ʛʜʝ ʄ ʢʦʵʬʬʠʮʠʝʥʪ ʊʝʡʣʦʨʘ, ‌ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 0,33, 

Ὃ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʨʘʚʥʳʡ 25,4 ɻʇʘ ʠ ὦ ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ ʨʘʚʥʳʡ 0,286 ʥʤ, ” ̝̐̌̏̓̎̏̒̓ 

̗̅̉̒̌̏̋́̉̊. 

ɼʣʷ ɿɻʋ ʍʦʣʣ ʠ ʇʝʡʜʞ ʧʦʣʫʯʠʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʘʥʥʫʶ ʚ ʬʦʨʤʫʣʝ (6) [18]: 

„ „ ὯὈ Ⱦ (6) 

ʛʜʝ „ ʵʪʦ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʰʝʪʢʠ ʜʚʠʞʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʄʇʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, Ὧ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ 

ʨʘʚʥʦʡ 0,17 ʄʇʘ*ʤ^1/2 ʠ Ὠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ. 

ʋʧʨʦʯʥʝʥʠʝ ʚʪʦʨʠʯʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ (7) [19]: 

„ Ѝσ  (7) 

ʛʜʝ ‗ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚʪʦʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ:  

‗ πȢυὈ  (8) 

ʛʜʝ Ὢ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ, ʘ Ὀ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ.  

ʇʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʫʧʨʦʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

 

1.1.4 ʋʧʨʦʯʝʥʠʝ ʚʪʦʨʠʯʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ 

ʅʘʫʢʘ ʦʙ ʫʧʨʦʯʥʝʥʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʪʘʨʝʥʠʝʤ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ 1906 

ʛʦʜʫ, ʢʦʛʜʘ ɸʣʴʬʨʝʜ ɺʠʣʴʤ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʜʶʨʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ AlïCu 

(Mg, Mn) ʧʦʩʪʝʧʝʥʥʦ ʫʧʨʦʯʥʷʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʪʨʝʙʦʚʘʣʦʩʴ ʦʢʦʣʦ 30 

ʣʝʪ, ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʵʪʦ ʫʧʨʦʯʥʝʥʠʝ ʚʳʟʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʟʦʥ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʈʈ). ɺ 

1939 ʛʦʜʫ ʵʪʠ ʟʦʥʳ ʙʳʣʠ ʥʘʟʚʘʥʳ ñʟʦʥʘʤʠ ɻʠʥʴʝïʇʨʝʩʪʦʥʘ (ɻʇ)ò ʚ ʯʝʩʪʴ ʜʚʫʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʨʘʟʛʘʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʄʈʈ 

ʟʘʛʘʜʦʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʫʧʨʦʯʥʝʥʠʷ ʜʶʨʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʪʦ ʚʨʝʤʷ ʥʝʣʴʟʷ ʙʳʣʦ 

ʫʚʠʜʝʪʴ ʥʠ ʧʦʜ ʢʘʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ [20]. ʉ ʪʝʭ ʧʦʨ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʘʪʦʤʥʦ-ʟʦʥʜʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʠʣʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʫʧʨʦʯʥʝʥʥʳʭ ʩʪʘʨʝʥʠʝʤ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ. 
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ɺ 1919 ʛʦʜʫ ʄʝʨʠʢʘ ʠ ʜʨ. [21] ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʞʫʪ, ʢʘʢʠʝ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ, ʠ ʦʙʝʩʧʝʯʘʪ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʪʚʦʨʝʥʠʷ, ʪʘʢ ʠ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʘʢʪʠʚʥʦʤʫ ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ 

ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ 1959 ʛʦʜʫ ʍ. ɺ.ʃ. ʌʠʣʣʠʧʩʦʤ [22]. 

ʇʦʩʣʝ ʥʦʚʘʪʦʨʩʢʦʡ ʨʘʙʦʪʳ ʃʘʨʨʠ ʂʘʫʬʤʘʥʘ ʚ ʢʦʥʮʝ 1960-ʭ [23] ʠ ʩ ʨʘʟʚʠʪʠʝʤ ʜʦʩʪʫʧʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʦʚ ʠʟʤʝʨʝʥʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʠ ʩʦʟʜʘʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ (ʧʦʜʭʦʜ CALPHAD). ɼʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʧʦʜʭʦʜ ʦʯʝʥʴ 

ʧʦʣʝʟʝʥ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʦʩʪʘʚʘ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʳʰʝ 300-350Á C 

ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ). 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʫʧʨʦʯʥʷʶʱʠʭʩʷ ʩʪʘʨʝʥʠʝʤ 

ʩʧʣʘʚʦʚ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ, ʥʦ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ.  

 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʘʜʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʠ ʩʪʘʨʝʥʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʨʝʘʢʮʠʠ ʚʪʦʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʠʟ ʧʝʨʝʩʳʱʝʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʝ ʩʧʣʘʚʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ çʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚʪʦʨʠʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷè. ʇʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʝʯʥʫʶ ʪʦʯʢʫ 

ʨʝʘʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ ɻ ʪʘ ʩʪʘʙʠʣʴʥʘʷ ʬʘʟʘ ʦʙʳʯʥʦ ʥʝʢʦʛʝʨʝʥʪʥʘʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʝʝ ʟʘʨʦʜʳʰʝʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʟʘʪʨʘʪʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟʳ ʩ ʤʘʪʨʠʮʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʩʥʘʯʘʣʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʠ ʙʦʣʝʝ ʥʠʟʢʠʡ ʙʘʨʴʝʨ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩ ʤʘʪʨʠʮʝʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʧʦʪʝʨʝʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʪʦʨʠʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷè. ɺ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ 

ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ / ʩʝʤʝʡʩʪʚʘ 

ʩʧʣʘʚʦʚ. 

ʆʜʥʘʢʦ ʪʝʧʝʨʴ ʷʩʥʦ, ʯʪʦ ʩʣʦʚʦ çʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè ʚʚʦʜʠʪ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʦʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ. ɺʝʨʦʷʪʥʦ, 

ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʝ ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʚʳʙʠʨʘʝʪ 

çʪʨʘʝʢʪʦʨʠʶ ʚʪʦʨʠʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ: ʩʦʩʪʘʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
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ʨʝʞʠʤʘ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪ. ʜ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʝʨʥʦ ʜʣʷ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ, ʛʜʝ ʪʨʘʝʢʪʦʨʠʠ ʤʦʛʫʪ ʩʦʢʨʘʱʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʠʣʠ, ʢʘʟʘʣʦʩʴ ʙʳ, ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʢ 

ʜʨʫʛʦʡ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʠʣʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʩʠʩʪʝʤʳ Al-Cuï(Mg), ʧʨʠʤʝʨʘ ʧʨʦʪʦʪʠʧʘ ʩʧʣʘʚʘ ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʩʪʘʨʝʥʠʝʤ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ:  

ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Ÿ ɻʇ ʟʦʥʳ ŸɗǌŸɗǋŸɗ(Al2Cu) 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ɻʇ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʢʠ ʚ ʧʣʦʩʢʦʩʪʷʭ {100},  ɗǌ ʦʩʘʜʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʛʝʨʝʥʪʥʳʝ ʧʣʘʩʪʠʥʳ ʚ ʧʣʦʩʢʦʩʪʷʭ {100},  ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɗǋ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʢʦʛʝʨʝʥʪʥʦʡ, ʘ ɗ ʥʝʢʦʛʝʨʝʥʪʝʥʘ ʩ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʘʣʶʤʠʥʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʩʧʣʘʚʦʚ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʝʤʝʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 2xxx ʩʝʨʠʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʝʜʴ, 

ʤʘʛʥʠʡ ʠ, ʚʦʟʤʦʞʥʦ, ʣʠʪʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ, ʢʦʛʜʘ ʤʝʜʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʣʝʛʠʨʫʶʱʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Mg (ʥʘʧʨʠʤʝʨ, ʚ ʩʧʣʘʚʝ 2024) ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ 

ʜʨʫʛʠʝ ʬʘʟʳ (ɻʇ ʟʦʥʳ, ʧʦʣʫʢʦʛʝʨʝʥʪʥʳʝ Sǋ ʬʘʟʳ Al 2CuMg ʠ ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʚʪʦʨʠʯʥʳʝ S 

ʬʘʟʳ Al 2CuMg).  

ɺʣʠʷʥʠʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʠʯʠʥ. ʆʥʠ ʤʦʛʫʪ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʵʪʦʡ ʬʘʟʳ, ʥʘʧʨʠʤʝʨ, ʩʥʠʞʘʷ ʵʥʝʨʛʠʶ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʦʜʳʰʝʡ ʬʘʟʳ. ʆʥʠ ʤʦʛʫʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʬʘʟʫ ʧʫʪʝʤ 

ʩʝʛʨʝʛʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. [24].  

 

 ʉʚʷʟʴ ʦʩʘʞʜʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʇʨʦʮʝʩʩʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʠʟʤʝʥʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʜʝʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. ʍʦʪʷ ʚʩʝ ʪʠʧʳ ʜʝʬʝʢʪʦʚ 

(ʚʘʢʘʥʩʠʠ, ʜʠʩʣʦʢʘʮʠʠ, ʛʨʘʥʠʮʳ ʟʝʨʝʥ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʪʦʨʠʯʥʳʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ, ʩʣʫʯʘʡ ʜʠʩʣʦʢʘʮʠʡ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʠ ʩʣʦʞʝʥ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʟ-ʟʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʠʩʣʦʢʘʮʠʠ ʧʦʜʚʠʞʥʳ, ʘ 

ʠʤʝʥʥʦ, ʢʦʛʜʘ ʨʘʩʧʘʜ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤ  rʤʦʞʝʤ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ: 

ï ʨʘʟʣʦʞʝʥʠʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʩʣʝ ʟʘʢʘʣʢʠ [25]  
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ï ʆʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʚʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʷʯʝʛʦ ʬʦʨʤʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ 

ʥʠʟʢʠʤ ʦʩʪʘʪʦʯʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ [26], [27], 

ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʧʣʘʚʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʫʩʪʘʣʦʩʪʠ) [28], 

ï ʵʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʝʜʠʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) [29, 30], 

ï ʵʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʀʇɼ) [31]. 

 

1.1.5 ʇʨʦʙʣʝʤʘ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ Al-Cu, 

ʦʩʦʙʝʥʥʦ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ, ʷʚʣʷʝʪʩʷ ʠʭ ʧʣʦʭʘʷ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʙʳʩʪʨʳʤ ʩʥʠʞʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ Ḑ250 

Á C [32]. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʬʘʟʘ ɗǋ ʚ ʠʪʦʛʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʘʙʠʣʴʥʫ  ʁɗ ï ʬʘʟʫ, ʢʦʪʦʨʘ ̫ʧʦʣʥʦʩʪʴʶ ʥʝʢʦʛʝʨʝʥʪʥʘ ʩ ʠʩʭʦʜʥʦʡ Ŭ-Al  

ʤʘʪʨʠʮʝʡ. ɼʘʣʴʥʝʡʰʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʳʜʝʣʝʥʠʡ 

ɗ ï ʬʘʟʳ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʤʝʣʢʠʭ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʳʜʝʣʝʥʠʷʤʠ, ʪʘʢ ʯʪʦ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ɗ ï ʬʘʟʳ ʙʦʣʴʰʝ ʥʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʤʘʪʨʠʮʳ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ [33].  

 

1.2 ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) 

1.2.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʦʮʝʩʩʫ ʬʦʨʤʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʪʝʭʥʦʣʦʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʪʘʢʞʝ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ) ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʝʥ ʠ ʧʦʣʫʯʠʪʴ ʥʘʥʦʟʝʨʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [34]. ɺ 

ʧʨʦʮʝʩʩʝ ʀʇɼ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʝʥ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʨʦʠʩʭʦʜʷʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʦʞʠʣʠ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʀʇɼ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʚʢʣʶʯʘʷ ʨʘʚʥʦ ʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ (ʈʂʋʇ) [35, 36], ʢʨʫʯʝʥʠʝ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) [37, 38], ʦʙʨʘʙʦʪʢʫ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʆʊʇ) [39] ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʪʨʝʭ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.1.  
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ʈʠʩ. 1.1. ʉʭʝʤʘ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: (ʘ) ʈʂʋʇ [35], (ʙ) ʂɺɼ 

[37], (ʚ) ʆʊʇ [39] 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʈʂʋʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʧʨʝʩʩʦʚʳʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚ ʬʦʨʤʫ ʩ ʜʚʫʤʷ 

ʨʘʚʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʝʯʝʥʠʷʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʦʙʨʘʟʝʮ ʜʦʩʪʠʛʘʝʪ ʙʦʣʴʰʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ 

ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ [40].  

ʄʝʪʦʜ ʂɺɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʪʝʣʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʪʨʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʚʣʝʥʠʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʳʩʦʪʳ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ [41]. ɺ ʧʨʦʮʝʩʩʝ ʂɺɼ ʚ ʩʧʣʘʚ ʚʥʝʜʨʷʶʪʩʷ ʜʠʩʣʦʢʘʮʠʠ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʕʪʠ ʜʠʩʣʦʢʘʮʠʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, 

ʦʙʨʘʟʫʷ ʛʨʘʥʠʮʫ. ʆʙʣʘʩʪʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʨʘʟʜʝʣʷʶʪʩʷ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʷʯʝʝʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ 

ʦʨʠʝʥʪʘʮʠʠ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ, ʦʙʨʘʟʫʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʟʝʨʥʘ [42]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʂɺɼ ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʧʨʦʯʥʝʥʠʠ ʩʧʣʘʚʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʦʙʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʂɺɼ, ʠʤʝʶʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʟʝʨʥʘ, ʯʝʤ ʦʙʨʘʟʮʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʈʂʋʇ [43].  

ʆʊʇ ï ɻ ʪʦ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʧʣʘʚʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʦʩʥʳʭ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ [44]. ʕʪʦ ʮʝʥʥʳʡ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ 
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ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʨʝʰʠʪʴ ʪʨʘʜʠʮʠʦʥʥʫʶ 

ʧʨʦʙʣʝʤʫ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ.  

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʀʇɼ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʩʪʴ ʩʧʦʩʦʙ 

ʩʦʝʜʠʥʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʡ ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʦʝʜʠʥʷʪʴ ʟʘʛʦʪʦʚʢʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʷʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʀʇɼ, 

ʚʦʟʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʨʝʞʠʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʚʘʨʢʠ ʪʨʝʥʠʷ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ) 

ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ 

[45-50]. ʆʩʦʙʝʥʥʦ ɻ ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʣʘʚʘʤ ʩʠʩʪʝʤʳ AlïCu (2ʭʭʭ ʩʝʨʠʠ). 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʦ-ʤʝʜʥʳʝ ʩʧʣʘʚʳ (ʪʠʧʘ ɼ16) 

ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʨʠ ʩʚʘʨʢʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ), ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦʝ ʧʣʘʚʣʝʥʠʝ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ [45, 

51, 52]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʰʚʦʚ ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʢʚʘʮʠʡ [53-55]. ʉʊʇ ʦʯʝʥʴ 

ʛʠʙʢʠʡ ʤʝʪʦʜ ʩʚʘʨʢʠ, ʩʧʦʩʦʙʥʳʡ ʩʦʝʜʠʥʷʪʴ ʜʚʘ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʭ ʢʘʢ ʩʧʣʘʚʳ 

ʤʝʜʠ, ʮʠʥʢʘ, ʤʘʛʥʠʷ, ʪʠʪʘʥʘ, ʥʠʢʝʣʷ ʠ ʪ.ʜ. [56-60]. 

ʇʨʦʮʝʩʩ ʉʊʇ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʥʘʢʦʥʝʯʥʠʢʘ ʠ ʟʘʧʣʝʯʥʠʢʘ. ɺʨʘʱʝʥʠʝ ʟʘʧʣʝʯʥʠʢʘ ʩʦʟʜʘʝʪ 

ʪʨʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʟʘʛʦʪʦʚʢʠ ʠ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʛʝʥʝʨʠʨʫʷ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʨʘʟʤʷʛʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʪʳʢʝ. ʅʘʢʦʥʝʯʥʠʢ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʘʝʪʩʷ ʚ 

ʩʦʝʜʠʥʷʝʤʳʝ ʟʘʛʦʪʦʚʢʠ, ʧʨʠ ʵʪʦʤ ʢʦʥʪʘʢʪ ʟʘʧʣʝʯʥʠʢʘ ʩ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʫʩʪʦʡʯʠʚʦ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʦʡ ʠʟ ʬʫʥʢʮʠʡ ʟʘʧʣʝʯʥʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ̫ ʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʳʙʨʦʩʘ 

ʤʝʪʘʣʣʘ ʠʟ ʟʦʥʳ ʩʚʘʨʢʠ [51]. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ʠʥʩʪʨʫʤʝʥʪ 

ʧʝʨʝʤʝʱʘʶʪ ʚʜʦʣʴ ʣʠʥʠʠ ʩʪʳʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.2, ʨʘʟʤʷʛʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʠ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʥʘʢʦʥʝʯʥʠʢʘ [46]. 

ʇʝʨʝʤʝʱʘʷʩʴ ʧʦ ʣʠʥʠʠ ʩʚʘʨʢʠ, ʚʨʘʱʘʶʱʠʡʩʷ ʠʥʩʪʨʫʤʝʥʪ ʚʳʜʘʚʣʠʚʘʝʪ ʧʣʘʩʪʠʯʥʳʡ ʤʝʪʘʣʣ 

ʠ ʩʦʝʜʠʥʷʝʪ ʟʘʛʦʪʦʚʢʠ ʚʤʝʩʪʝ, ʦʙʨʘʟʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʝʨʤʝʪʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʍʦʪʷ 

ʟʘʛʦʪʦʚʢʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʢʦʛʜʘ ʥʝ ʜʦʩʪʠʛʘʶʪ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʪʦʨʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ, ʪʘʢʠʝ ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʦʭʨʫʧʯʠʚʘʥʠʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʉʊʇ 

 

ɺ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʙʨʘʟʫʝʪʩʷ ʦʯʝʥʴ ʤʝʣʢʘʷ ʨʘʚʥʦʦʩʥʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ 

ʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʣʘʜʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʩʫʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤ 

ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʰʚʘ. ʉʊʇ ʩʯʠʪʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʚʘʨʥʳʝ ʰʚ rʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʘ ʠʤʝʥʥʦ ʚʩʪʳʢ, ʚʥʘʭʣʝʩʪʢʫ, 

ʪʘʚʨʦʚʳʝ ʠ ʫʛʣʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʤ. ʨʠʩʫʥʦʢ 1.3 [51]. 
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ʘ - ʩʪʳʢʦʚʦʝ, ʙ - ʥʘʭʣʝʩʪʥʦ-ʩʪʳʢʦʚʦʝ, ʚ - ʥʘʭʣʝʩʪʥʦʝ, ʛ - ʤʥʦʛʦʩʣʦʡʥʦʝ ʥʘʭʣʝʩʪʥʦʝ, ʜ - 

ʜʚʫʭʧʨʦʭʦʜʥʦʝ ʪʘʚʨʦʚʦʝ, e - ʪʘʚʨʦʚʦʝ ʧʨʦʨʝʟʥʦʝ, ʞ,ʟ -  ʫʛʣʦʚʦʝ 

ʈʠʩʫʥʦʢ 1.3 ï ʊʠʧʳ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

ʅʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʚʘʨʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʥʝʛʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʷ ʜʳʤʘ, ʚʩʧʳʰʢʠ ʜʫʛʠ, ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʠ 

ʟʘʛʨʷʟʥʝʥʠʷ [51]. ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʝʜʠʥʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʭʦʜʦʚ ʚʦ ʚʨʝʤʷ ʉʊʇ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʯʘʩʪʠʮ 

ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʠʭ ʠ 

ʩʚʦʡʩʪʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ [61]. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʉʊʇ, ʢʘʢ ʧʨʘʚʠʣʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʝʢʪʳ [47]. 

 

1.2.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʩʚʘʨʢʠ ʧʨʠ ʉʊʇ 

ʅʘʛʨʝʚ ʦʪ ʪʨʝʥʠʷ ʠ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʚʳʟʚʘʥʥʘʷ ʚʨʘʱʝʥʠʝʤ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ, ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʟʦʥʳ, ʥʘʟʳʚʘʝʤʳʝ ʦʩʥʦʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ (ʆM), ʟʦʥʦʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ), ʟʦʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ɿʊʄɺ) ʠ ʟʦʥʦʡ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ɿʇ). ʂʘʞʜʘʷ ʟʦʥʘ ʩʚʘʨʢʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʠ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.4, ɿʊʄɺ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ɿʊɺ ʠ ɿʇ; ʟʝʨʥʘ ɿʊʄɺ 

ʩʦʭʨʘʥʠʣʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʚʳʪʷʥʫʪʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [51]. 
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ʘ - ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ, ʙ - ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʚ - ʟʦʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, 

ʛ - ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʈʠʩʫʥʦʢ 1.4 ï ɿʦʥʳ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʟʦʥʦʡ 

ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʨʝʜʠ 

ʦʩʪʘʣʴʥʳʭ ʟʦʥ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʚʥʦʦʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʝʨʝʥ [45]. ɺʦ ʚʨʝʤʷ ʉʊʇ 

ʠʟ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 430 ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061, ɿʇ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʯʘʩʪʠʮʘʤʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ [62]. 

ɿʊɺ ʠʟʚʝʩʪʥʘ ʢʘʢ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʘʷ ʦʙʣʘʩʪʴ, ʪʘʢ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʚ ʵʪʦʡ ʟʦʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʚʘʨʢʘ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʳ [63]. ʊʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʦ ʚʨʝʤʷ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061-ʊ6 ʩ ʯʠʩʪʦʡ ʤʝʜʴʶ [64]. ʊʘʢʞʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 2219-ʊ6 ʧʦʜ ʚʦʜʦʡ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʦʛʦ h ʚʘ ʨʘʚʥʳʡ 360 ʄʇʘ, ʯʪʦ ʥʘ 

10 % ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʚʘʨʢʝ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [65]. 

ʄʘʪʝʨʠʘʣʳ ʚ ɿʊʄɺ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪʦʛʜʘ ʢʘʢ ʚ ɿʊɺ ʤʘʪʝʨʠʘʣʳ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʧʣʘʩʪʠʯʝʩʢʠ 

ʜʝʬʦʨʤʘʮʠʠ. ɺ ɿʊʄɺ ʥʘʙʣʶʜʘʣʦʩʴ ʫʜʣʠʥʝʥʠʝ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʠʥʠʮʠʠʨʦʚʘʥʠʝ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 
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[66]. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʥʝʨʞʘʚʝʶʱʝʡ 316L ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 5083, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʚʝʨʜʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ɿʊʄɺ [67]. 

 

1.2.3 ʇʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʉʊʇ 

ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʦʩʝʚʘʷ ʩʠʣʘ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʧʦʧʝʨʝʯʥʘʷ ʩʢʦʨʦʩʪʴ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʊʘʢʞʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʩʯʠʪʘʶʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʩʚʘʨʢʠ [68]. ʅʘʠʚʳʩʰʘʷ ʧʨʦʯʥʦʩʪʴ ʣʘʪʫʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ [69]. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʜʝʬʝʢʪʦʚ ʪʘʚʨʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ɸɸ6082-ʊ6 ʠ ɸɸ5083-ʅ111 

ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʰʝ 16, ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʪʦʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [47]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʢʦʥʘʣʴʥʦ ʧʦʥʠʤʘʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ.  

 

 ʆʩʝʚʘʷ ʩʠʣʘ 

ʆʩʝʚʦʝ ʫʩʠʣʠʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ ʟʦʥʝ ʰʚʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʰʚʘ. ɺʳʩʦʢʘʷ ʦʩʝʚʘʷ ʩʠʣʘ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʦʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʥʠʟʢʘʷ ʦʩʝʚʘʷ ʩʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʪʝʧʣʘ ʠ 

ʜʘʚʣʝʥʠʷ [46]. ʇʨʠ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠʣʦʞʝʥʠʝ 

ʦʩʝʚʦʡ ʩʠʣʳ 5 ʢʅ ʧʦʢʘʟʘʣʦ ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʪʚʝʨʜʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [70]. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʙʳʣʘ ʫʣʫʯʰʝʥʘ, ʚʳʪʷʥʫʪʘʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 7020-T6, ʜʦ ʤʝʣʢʠʭ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ. ʇʦʚʳʰʝʥʥʘʷ ʦʩʝʚʘʷ 

ʥʘʛʨʫʟʢʘ ʪʘʢʞʝ ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʙʝʟʜʝʬʝʢʪʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʨʦʯʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 84 % ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [71]. 

 

 ʉʢʦʨʦʩʪʠ ʩʚʘʨʢʠ 

ʉʢʦʨʦʩʪʴ ʩʚʘʨʢʠ, ʠʥʦʛʜʘ ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʘʷ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʣʠʥʠʠ ʩʪʳʢʘ, ʦʧʨʝʜʝʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʘʨʢʠ, ʢʦʪʦʨʳʝ, ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʰʚʘ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʦ-
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ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʛʦ ʩʣʦʷ ʞʠʜʢʦʡ ʬʘʟʳ. ʇʦʷʚʣʝʥʠʝ 

ʞʠʜʢʦʩʪʠ, ʚʳʟʚʘʣʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʥʠʞʝʥʠʝ ʥʘʛʨʝʚʘ ʦʪ ʪʨʝʥʠʷ, ʯʪʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʬʝʢʪʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ 

ʭʨʫʧʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʀʉ), ʪʘʢʠʭ ʢʘʢ Al 3Mg2 ʠ Al 12Mg17, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ [72]. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ ʧʣʘʩʪʠʥ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 7050-ʊ7451 ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ 

ɿʊʄɺ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʩ ʟʝʨʥʘʤʠ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʚʳʩʠʣʘʩʴ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [73]. 

 

 ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʆʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʉʊʇ ʟʘʚʠʩʠʪ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʚ 

ʟʦʥʝ ʩʚʘʨʢʠ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ[46, 47 , 51].ʇʨʠ 

ʧʦʣʫʯʝʥʠʠ ʊ-ʦʙʨʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʉʊʇ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AA6063-T6 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 1000 ʦʙ/ʤʠʥ - 1800 ʦʙ/ʤʠʥ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ [74]. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʣʠʩʪʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 5052-ʆ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʙʳʣʠ 

ʩʚʘʨʝʥʳ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 800 

ʦʙ/ʤʠʥ ï 3000 ʦʙ/ʤʠʥ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ 120 ʤʤ/ʤʠʥ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 1000 ʦʙ/ʤʠʥ, ʧʦʢʘʟʘʣʦ ʥʘʠʙʦʣʴʰʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʨʘʚʥʫʶ 74 % ʦʪ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [75]. 

 

 ɻʝʦʤʝʪʨʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʀʥʩʪʨʫʤʝʥʪ ʉʊʇ ʩʦʩʪʦʠʪ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʟʘʧʣʝʯʥʠʢʘ ʩ 

ʨʝʟʴʙʦʚʳʤ ʰʪʠʬʪʦʤ, ʥʘʟʳʚʘʝʤʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. ʌʫʥʢʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʪʝʧʣʘ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ, 

ʩʦʟʜʘʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʚʘʨʦʯʥʦʛʦ ʦʙʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʫʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʨʳ, ʫʪʦʥʝʥʠʝ ʣʠʩʪʘ ʠʣʠ ʜʝʬʝʢʪʳ 

ʟʘʮʝʧʣʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʩʚʘʨʢʠ ʠ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ð ʜʚʘ ʚʘʞʥʳʭ ʘʩʧʝʢʪʘ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ 

ʠʤʝʥʥʦ ʧʨʦʯʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʪʚʝʨʜʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʘ [76].  
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ɻʝʦʤʝʪʨʠʷ ʟʘʧʣʝʯʥʠʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʉʊʇ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʣʠʷʝʪ ʥʘ ʧʦʜʚʦʜʠʤʫʶ ɻ ʥʝʨʛʠʶ, 

ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʠ, ʦʩʝʚʫʶ ʩʠʣʫ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʛʝʦʤʝʪʨʠʷ ʟʘʧʣʝʯʥʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʩʚʘʨʢʠ. ʂʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘʧʣʝʯʥʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʛʝʥʝʨʠʨʫʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʧʣʘ ʠ, ʥʘʭʦʜʷʩʴ ʚ ʪʝʩʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʟʘʛʦʪʦʚʢʘʤʠ, ʨʝʛʫʣʠʨʫʝʪ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʂʨʠʪʝʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʧʣʝʯʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ 

ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ [77]. ɹʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ ʦʩʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 

[78]. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʝʦʤʝʪʨʠʠ ʟʘʧʣʝʯʠʢʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
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ʊʘʙʣʠʮʘ 1.1 - ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʫʨʪʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʊʇ [66] 

ʊʠʧʳ 

ʟʘʧʣʝʯʥʠʢʦʚ 

ʠʥʩʪʨʫʤʝʥʪʘ 

ʉʊʇ 

ʇʣʦʩʢʠʡ ɺʦʛʥʫʪʳʡ ɺʳʧʫʢʣʳʡ ʂʦʥʠʯʝʩʢʠʡ 

ɻʝʦʤʝʪʨʠʷ 

ʟʘʧʣʝʯʥʠʢʘ 

    
ʇʨʝʠʤʫʱʝʩʪʚʘ ʊʨʝʙʫʝʪʩʷ 

ʥʠʟʢʠʡ 

ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ 

ʰʧʠʥʜʝʣʷ 

ɹʣʘʛʦʧʨʠʷʪʥʳʡ 

ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʚʳʰʝʥʥʘʷ 

ʮʝʣʦʩʪʥʦʩʪʴ 

ʟʦʥʳ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʇʦʟʚʦʣʷʝʪ 

ʩʚʘʨʠʚʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʩʦ 

ʩʣʦʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʣʠʩʪʦʚ 

ʪʦʣʱʠʥʦʡ 

ʤʝʥʝʝ 1 ʤʤ. 

ʆʪʣʠʯʥʳʡ 

ʚʥʝʰʥʠʡ ʚʠʜ 

ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʅʝʜʦʩʪʘʪʢʠ ʄʘʪʝʨʠʘʣ 

ʤʦʞʝʪ 

ʚʳʜʘʚʠʪʴʩʷ ʠʟ 

ʟʦʥʳ ʩʚʘʨʢʠ 

ʀʥʦʛʜʘ 

ʪʨʝʙʫʝʪʩʷ 

ʥʘʢʣʦʥ 

ʠʥʩʪʨʫʤʝʥʪʘ 

ʅʠʟʢʦʝ 

ʢʘʯʝʩʪʚʦ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ 

ʮʝʣʦʩʪʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ 

ʋʤʝʥʴʰʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʚʘʨʥʦʛʦ ʰʚʘ 

 

ɻʝʦʤʝʪʨʠʷ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʉʊʇ, ʧʦʩʢʦʣʴʢʫ ʦʥ ̫ ʚʣʷʝʪʩʷ ɻ ʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʣʦʢʘʣʠʟʫʝʪ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʠ ʨʝʛʫʣʠʨʫʝʪ 

ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʅʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʡ ʰʪʠʬʪʦʚ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.5.  
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ʈʠʩʫʥʦʢ 1.5 ï ɻʝʦʤʝʪʨʠʷ ʰʪʠʬʪʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʉʊʇ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʠʯʝʩʢʦʛʦ ʰʪʠʬʪʘ ʩ ʨʝʟʴʙʦʡ ʜʣʷ ʩʪʳʢʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸɸ6061, ʙʳʣ ʧʦʣʫʯʝʥ ʙʝʟʜʝʬʝʢʪʥʳʡ ʩʚʘʨʥʦʡ h ʦʚ ʩ ʪʚʝʨʜʦʩʪʴʶ 90 % 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ [79]. ɼʣʷ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AA2198-T4 

ʚʥʘʭʣʝʩʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʡ 

ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʂʦʥʠʯʝʩʢʠʝ ʰʪʠʬʪʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʷ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ [64]. ʀʥʩʪʨʫʤʝʥʪ ʩ 

ʪʨʝʫʛʦʣʴʥʳʤ ʰʪʠʬʪʦʤ ʵʬʬʝʢʪʠʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʰʪʠʬʪʘʤʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [80, 81].  

 

1.2.4 ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʉʊʇ 

ʅʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ 

ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʠʞʝ ʦʧʠʩʘʥʳ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʝʜʘʚʥʠʭ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʉʊʇ ʢʘʩʘʶʱʠʝʩʷ ʫʣʫʯʰʝʥʠʷ 

ʩʚʦʡʩʪʚ ʩʚʘʨʥʦʛʦ ʰʚʘ. 

 ɼʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AA2519-T87 ʦʙʳʯʥʦ ʥʝ ʧʨʠʤʝʥʷʶʪ ʩʚʘʨʢʫ ʧʣʘʚʣʝʥʠʝʤ 

ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʷʯʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʣʠʢʚʘʮʠʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʦʮʝʩʩ ʧʦʜʚʦʜʥʦʡ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, 

ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ ʚ ʚʦʜʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.6 [82].  
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ʈʠʩʫʥʦʢ 1.6 ï ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʧʦʜ ʚʦʜʦʡ 

 

ɸʣʶʤʠʥʠʝʚʳʝ ʣʠʩʪʳ ʩʧʣʘʚʘ ɸɸ2014 ʙʳʣʠ ʩʚʘʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʘ ʙʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ʟʦʥʳ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʦʙʣʘʩʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʪʚʝʨʜʦʩʪʠ ʙʳʣʘ ʩʤʝʱʝʥʘ ʢ ʮʝʥʪʨʫ ʩʚʘʨʥʦʛʦ 

ʰʚʘ. ʊʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. [83].  
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ʈʠʩʫʥʦʢ 1.7 ï ʉʊʇ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 

 

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʝʚʦʛʦ ʣʠʩʪʘ ʩʧʣʘʚʘ AZ31 ʩ 

ʣʠʩʪʦʤ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 5083 ʤʝʪʦʜʦʤ ʉʊʇ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʙʳʣʦ ʩʥʠʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʭʨʫʧʢʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ, ʪʘʢʞʝ ʵʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʘ, ʦʙʘ ʵʪʠʭ ʬʘʢʪʦʨʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. [84]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʉʊʇ, ʥʘʟʳʚʘʝʤʳʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ɺʉʊʇ), ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʣʠʩʪʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

5052. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʩʚʦʡʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ɺʉʊʇ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.8, ʧʨʦʠʩʭʦʜʠʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʩʪʨʷʭʠʚʘʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʚʨʘʱʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʧʝʨʝʢ ʣʠʥʠʠ ʩʚʘʨʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʟʦʥʳ ʩʚʘʨʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ. [85].  
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ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ɺʉʊʇ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʦʝʜʠʥʷʝʤʳʝ ʣʠʩʪʳ ʧʝʨʝʜ 

ʚʨʘʱʘʶʱʠʤʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʦ ʚʨʝʤʷ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʩʥʠʞʘʶʪ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʧʦʧʝʨʝʯʥʦʝ ʠ ʦʩʝʚʦʝ ʫʩʠʣʠʝ. ʊʘʢʞʝ ʫʣʴʪʨʘʟʚʫʢ ʩʦʟʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʟʦʥʝ ʩʚʘʨʢʠ, ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9. 

ʇʨʠʤʝʥʠʚ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʩʚʘʨʢʠ ʣʠʩʪʦʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061-ʊ6 ʩ ʣʠʩʪʘʤʠ ʩʧʣʘʚʘ 

2024-ʊ3, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʫʣʫʯʰʘʶʪ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʣʠʥʠʠ ʩʪʳʢʘ ʠ ʩʥʠʞʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʰʚʦʚ 

[86]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʉʊʇ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʢʦʛʝʨʝʥʪʥʳʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ [87].  
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ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʉʊʇ ʩ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ 

 

ʉʊʇ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ (6061-ʊ6) ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʟʦʥʝ. ʃʫʯʰʘʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩ ʫʩʠʣʝʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʠʙʨʘʮʠʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʥʘ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʮʝʥʪʨʘ ʩʚʘʨʥʦʛʦ ʰʚʘ [88]. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʉʊʇ) ʩʦʢʨʘʱʘʝʪ ʰʠʨʠʥʫ ɿʊɺ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʙʩʦʣʶʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1.10. ɺʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʝʤ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʢʦʥʝʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ [89].  
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ʈʠʩʫʥʦʢ 1.10 ï ʉʭʝʤʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

ʉʦʝʜʠʥʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ ʚʥʘʭʣʝʩʪʢʫ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʉʊʇ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʬʝʢʪʦʤ ʟʘʮʝʧʣʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʀʄʉ) ʚʦʢʨʫʛ ʬʨʘʛʤʝʥʪʦʚ ʤʝʜʠ. ʉʉʊʇ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʤʝʥʴʰʝʤʫ ʚʳʜʝʣʝʥʠʶ ʪʝʧʣʘ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ [90].  

 

1.2.5 ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʉʊʇ ʪʝʨʤʠʯʝʩʢʠ ʫʧʨʦʯʥʷʝʤʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʉʊʇ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʦʙʳʯʥʦ ʩʯʠʪʘʶʪʩʷ ʥʝʩʚʘʨʠʚʘʝʤʳʤʠ, ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 2ʍʍʍ (ʪʠʧʘ ɼ16) ʠ 

7ʍʍʍ ʩʝʨʠʡ (ʪʠʧʘ ɺ95). 

 ɼʠʩʧʝʨʩʠʦʥʥʦ ʫʧʨʦʯʥʷʝʤʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 2024 ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ Al2CuMg ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʪʘʨʝʥʠʠ. 

ɺ ʜʠʩʧʝʨʩʠʦʥʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʩʧʣʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠʟ-ʟʘ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʨʦʩʪʘ ʫʧʨʦʯʥʷʶʱʠʭ ʚʳʜʝʣʝʥʠʡ ʚʦ ʚʨʝʤʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [46, 51]. ʍʦʪʷ ʩʦʝʜʠʥʝʥʠʷ ʉʊʇ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʚʘʨʢʠ ʧʣʘʚʣʝʥʠʝʤ, ʨʘʟʨʳʚ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʤʝʪʘʣʣʘ ʰʚʘ ʚʝʣʠʢ [91]. ʉʊʇ ʚʳʟʳʚʘʝʪ ʨʘʟʤʷʛʯʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʏʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʪʝʨʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʦʥʝ ʩʚʘʨʢʠ, ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʟʘʢʘʣʢʘ [51]. 
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ʋʧʨʦʯʥʷʝʤʳʝ ʩʪʘʨʝʥʠʝʤ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 2024 ʚ ʩʦʩʪʦʷʥʠʠ ʦʪʧʫʩʢʘ ʊ4 ʩʦʜʝʨʞʘʪ 

ʤʝʣʢʠʝ ʫʧʨʦʯʥʷʶʱʠʝ ʚʳʜʝʣʝʥʠʷ. ʕʪʠ ʚʳʜʝʣʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʢʨʫʧʥʳʤʠ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ h ʚʘ 

ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʉʊʇ, ʯʪʦ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʩʚʘʨʥʦʛʦ h ʚʘ, ɻ ʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ 

ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʠʢʨʦʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.11 [91].  

 

 
ʈʠʩʫʥʦʢ 1.11 ï ʉʪʨʫʢʪʫʨʘ ʟʦʥʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʩʣʝ ʟʘʢʘʣʢʠ 

 

 ʕʪʦʪ ʚʠʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʘʥʦʤʘʣʴʥʳʡ 

ʨʦʩʪ ʟʝʨʝʥ. ʈʦʩʪ ʟʝʨʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ [92]. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʥʦʤʘʣʴʥʦʤʫ ʨʦʩʪʫ ʟʝʨʝʥ ʚ ʟʦʥʝ ʩʚʘʨʢʠ 

ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʩʚʷʟʘʥʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʕʪʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ [93].  

ɺʦ ʚʨʝʤʷ ʉʊʇ, ʩʧʣʘʚʦʚ ʩʝʨʠʠ 7ʭʭʭ, ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʝʨʝʜ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ʟʦʥʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [94]. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʚ ʛʨʫʙʦʤ ʚʠʜʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʝʨʝʥ ʚ ɿʇ ʠʤʝʶʪ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʛʨʘʥʠʮ ʩ ʚʳʩʦʢʠʤ ʫʛʣʦʤ, 

ʪ.ʝ. ʙʦʣʝʝ 15Á [51]. ʅʫʢʣʝʘʮʠʷ ʠ ʦʛʨʫʙʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʥʠʞʝ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʩ 

ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ɿʇ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ [51]. ʇʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʥʳ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʜʠʬʬʫʟʠʠ ʵʣʝʤʝʥʪʦʚ [94]. ɺʦ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʝ ʬʘʟʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʦʥʝ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʦʩʪ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ 7050 [95]. 

ʇʦʧʳʪʢʘ ʦʛʨʘʥʠʯʠʪʴ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʉʊʇ ʩʧʣʘʚʦʚ 7ʭʭʭ ʩʝʨʠʠ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʘ, ʚʳʜʝʣʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʉʊʇ. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʠ 

ʨʘʟʤʷʛʯʝʥʠʷ [94]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʚʘʨʥʦʛʦ h ʚʘ ʧʦʩʣʝ ʉʊʇ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʧʦʨʷʜʢʘ 75 % ʦʪ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [94]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʩʝ ʝʱʸ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʩʪʦʷʥʠʝʤ ʊ6. 

ʗʚʣʝʥʠʝ ʚʪʦʨʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʘʥʦʤʘʣʴʥʳʤ ʨʦʩʪʦʤ ʟʝʨʝʥ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʚʘʨʥʦʛʦ ʰʚʘ. ɺʪʦʨʠʯʥʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ [51]. ʕʢʩʪʨʫʟʠʷ ʩʦʟʜʘʝʪ ʢʦʤʧʦʟʠʪʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩ 

ʤʝʣʢʠʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʟʝʨʝʥ, ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʟʝʨʥʘʤʠ. ʕʢʩʪʨʫʜʠʨʦʚʘʥʥʳʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʛʨʫʙʣʝʥʠʶ ʚʦ ʚʨʝʤʷ ʟʘʢʘʣʢʠ. ʆʙʳʯʥʦ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ [95]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 5 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʢʘʣʢʠ ʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ 7050 ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʧʫʩʢʘ 

ʘʥʦʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʟʝʨʝʥ [95]. 

 

1.3 ɾʘʨʦʧʨʦʯʥʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚ r 

1.3.1 ʇʦʚʳʰʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ 

ʆʙʦʩʥʦʚʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʡ ʪʝʤʳ ʚʥʝʩ ɸ.ɸ. ɹʦʯʚʘʨ [96]. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʨʤʠʯʝʩʢʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [97]. ɼʘʞʝ ʩʧʣʘʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʥʘʧʨʠʤʝʨ, ʚ ʘʚʠʘʮʠʠ), ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ ʠʣʠ ʪʝʧʣʘ ʦʪ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 

ʩʚʦʡʩʪʚ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ [98]. ʇʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʘʙʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ [99]. 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ï ʢʣʶʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 
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ʦʪʨʘʩʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʩʫʜʦʩʪʨʦʝʥʠʝ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʛʜʝ ʘʣʶʤʠʥʠʡ ʮʝʥʠʪʩʷ ʟʘ ʥʝʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ. ʆʜʥʘʢʦ ʧʦʪʝʥʮʠʘʣ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʫʣʫʯʰʝʥʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʝʥ: ʦʥʠ 

ʤʦʛʫʪ ʩʪʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʙʦʣʝʝ ʜʦʨʦʛʠʤ ʪʠʪʘʥʦʚʳʤ ʠ ʥʠʢʝʣʝʚʳʤ 

ʩʧʣʘʚʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʩʪʫʱʝʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʣʝʛʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ 

ʘʣʶʤʠʥʠʷ, ʧʨʠʦʙʨʝʪʘʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Mo, Zr, Ni, Cr, Mn ʠ 

ʜʨ.) ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, ʩʥʠʞʝʥʠʷ ʩʘʤʦʜʠʬʬʫʟʠʠ ʘʣʶʤʠʥʠʷ, 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʦʥ ɻʠʥʴʝ-ʇʨʝʩʪʦʥʘ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ 

ʨʦʩʪʘ ʠ ʢʦʘʛʫʣʷʮʠʠ ʩʪʘʙʠʣʴʥʳʭ ʬʘʟ. ɺʩʝ ɻ ʪʠ ʬʘʢʪʦʨʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʚʠʞʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ, 

ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ. ʉʠʣʫ ʤʝʞʘʪʦʤʥʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. [96, 100] 

ɼʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ Sc, Zr, Er ʠ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʣʠ 

ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʘʣʶʤʠʥʠʝʚʦʤʫ ʩʧʣʘʚʫ ʜʣʷ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ L12 Al 3X (X - ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ Sc, Zr ʠ ʜʨʫʛʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʠʣʠ ʧʝʨʝʭʦʜʥʳʝ ɻ ʣʝʤʝʥʪʳ), ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʤʘʪʨʠʮʝ Ŭ-Al  [110, 111]. ʆʩʘʞʜʝʥʥʘʷ ʬʘʟʘ ɻ ʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʝʪ ʢʦʛʝʨʝʥʪʥʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɻ ʬʬʝʢʪ ʟʘʢʨʝʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚʥʫʪʨʠ ʟʝʨʝʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ 

ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʵʪʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ / ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʘʷ, ʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ɻ ʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Cu ʠ Mg, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʬʘʟʳ Al 3X ʧʦ-ʧʨʝʞʥʝʤʫ ʦʙʣʘʜʘʝʪ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ 300 . 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ AlïScïZr ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ 

ʬʘʟʳ ʯʘʩʪʠʮ Al 3Zr ʠ Al 3(Sc, Zr) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [101, 102].ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʘʞʜʝʥʥʫʶ ʯʘʩʪʠʮʫ Al 3Sc, ʦʙʝʨʥʫʪʫʶ ʩʣʦʝʤ ʬʘʟʳ Al 3Zr, ʦʙʨʘʟʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʫ "ʷʜʨʦïʦʙʦʣʦʯʢʘ" ʠʟ ʦʙʦʛʘʱʝʥʥʦʡ Sc ʩʝʨʜʮʝʚʠʥʳ ʠ Zr-ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʛʨʫʙʣʝʥʠʝ ʢʘʢ ʩʘʤʦʡ ʧʦ ʩʝʙʝ, ʪʘʢ ʠ ʟʝʨʝʥ ʤʘʪʨʠʮʳ ʩʧʣʘʚʘ.  

ɼʨʫʛʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤʳ Al-Cu ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʧʨʦʯʥʷʶʱʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ɗǋ ʚʳʜʝʣʝʥʠʡ. ʅʘʧʨʠʤʝʨ, 

0,18%-ʥʘʷ ʜʦʙʘʚʢʘ Sc ʦʙʨʘʟʫʝʪ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʡ ʦʩʘʜʦʢ Al 3Sc, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ Sc 

ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʚʳʜʝʣʷʪʴʩʷ ʚ ʤʘʪʨʠʮʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ Ŭ-Al/ɗǋ [103]. ʊʘʢʘʷ ʩʦʚʤʝʩʪʥʘʷ 
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ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʳʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ Al-Cu ʩ ʜʦʙʘʚʣʝʥʠʝʤ Sc [104]. ʄʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ 

Zr ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ, ʯʪʦ ʠ Sc. Zr ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʳʝ ʦʩʘʜʢʠ Al 3Zr ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ L12, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʮʝʥʪʨʘ ʟʘʨʦʞʜʝʥʠʷ ʜʣʷ 

ɗǋǋ ʚʳʜʝʣʝʥʠʡ, ʩʦʟʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ 

Al-Cu-Zr [105]. ʇʦʣʫʯʝʥʥʳʡ ʩʧʣʘʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʜʦ 250-

300 ÁC. ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ Al -Cu-Mg 0,09ï0,13 ʤʘʩ.% Mg ʫʩʢʦʨʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ɗǋ 

ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ, ʠ ʧʦʣʫʯʝʥʥʳʡ ʩʧʣʘʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 300 ÁC ʚ ʪʝʯʝʥʠʝ 1000 ʯʘʩʦʚ [106]. 

ɺ ʮʝʣʦʤ, ʚ ʧʨʦʰʣʦʤ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʚ ʦʩʥʦʚʥʦʤ ʧʫʪʝʤ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʧʦʧʳʪʦʢ ʧʦʢʘʟʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ. ʈʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʥʝʣʴʟʷ ʙʳʣʦ ʧʦʚʳʩʠʪʴ ʚʳʰʝ 300 ÁC 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ.  

 

1.3.2 ʊʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʩʧʣʘʚ rʪʠʧʘ ɸʃʊʕʂ 

ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ Al-Cu-Mn, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. 

ʉʧʣʘʚʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ Cu ʠ Mn ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 1,5-2% ʥʘʟʳʚʘʶʪʩʷ ɸʃʊʕʂ [107-116].  

ʉʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ ʥʝ ʧʦʜʭʦʜʷʪ ʧʦʜ ʩʦʚʨʝʤʝʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʝʨʤʠʯʝʩʢʠ 

ʫʧʨʦʯʥʷʝʤʳʭ ʠʣʠ ʥʝ ʫʧʨʦʯʥʷʝʤʳʭ ʩʧʣʘʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʘʢ-ʪʘʢʦʚʘʷ ʦʧʝʨʘʮʠʷ çʟʘʢʘʣʢʘè 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ. ʅʦ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʠ ʪʨʝʙʫʝʪʩʷ ʦʪʞʠʛ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʪʘʨʝʥʠʝ. 

 ɺ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Al-Cu-Mn ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʧʦʨʷʜʢʘ 1,5-2% ʚʦ 

ʚʨʝʤʷ ʦʪʞʠʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʫʶʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʚʪʦʨʠʯʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʬʘʟ Al6Mn ʠ Al20Cu2Mn3, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʜʝʨʞʠʚʘʥʠʶ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʝ ʚʪʦʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ 

ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ I-ʬʘʟʳ Al 6Mn ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 300 Üʉ, 

ʥʦ ʧʦʩʢʦʣʴʢʫ ʜʠʬʬʫʟʠʷ ʤʘʨʛʘʥʮʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ ʩʣʠʰʢʦʤ ʥʠʟʢʘʷ, ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʦʠʜʦʚ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 100 ʯʘʩʦʚ [117]. ɺʦ ʚʨʝʤʷ 
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ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ ʜʦʩʪʘʪʦʯʥʦ 8 ʯʘʩʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ I-ʬʘʟʳ, ʝʝ ʨʘʟʤʝʨ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 30 ʜʦ 50 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʦ 400 Üʉ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʊ-ʬʘʟʘ 

Al 20Cu2Mn3, ʝʝ ʨʘʟʤʝʨ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʥʤ, ʵʪʘ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ 

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ 1,5-2% ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʧʝʨʩʦʠʜʦʚ ʊ-

ʬʘʟʳ ʜʦʩʪʠʛʘʝʪ 7-8%, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʧʣʘʚʦʚ ʜʘʥʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 400 Üʉ [111].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʧʣʘʚʦʚ ɸʃʊʕʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Thermo-calc ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʩʜʚʠʛʘʝʪ ʛʨʘʥʠʮʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ Mn-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʨʛʘʥʮʘ [118]. 

ʆʛʨʘʥʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʥʘ ʫʨʦʚʥʝ 2% ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʝʝ ʝ yʢʦʣʠʯʝʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʩʥʠʞʝʥʠʶ [119]. 

ɺ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ [107] ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʠʩʪʦʚ ʩʧʣʘʚʘ Al-1,5%Cu-1,5%Mn-0,2%Zr-0,1%Sc ʠ ʣʠʩʪʦʚ ʤʘʨʦʯʥʦʛʦ ʩʧʣʘʚʘ 2219-ʊ6 ʜʦ ʠ 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 Üʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʩʣʝ 

ʦʪʞʠʛʘ, ʚʳʰʝ, ʯʝʤ ʫ ʣʠʩʪʦʚ ʤʘʨʦʯʥʦʛʦ ʩʧʣʘʚʘ, ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-1,5%Cu-1,5%Mn-0,2%Zr-0,1%Sc.  

ɺ ʨʘʙʦʪʝ [120] ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʩʪʦʚ ʩʧʣʘʚʘ Al-2%Cu-

2%Mn-0,4%Si-0,2%Zi ʠ ʣʠʩʪʦʚ ʤʘʨʦʯʥʦʛʦ ʩʧʣʘʚʘ 2219-ʊ6 ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ. ʂʘʢ ʠ ʚ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʘ ʪʠʧʘ ɸʃʊʕʂ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʨʦʯʥʦʛʦ ʩʧʣʘʚʘ 2219 ʧʦʩʣʝ ʦʪʞʠʛʘ. ɹʦʣʝʝ 

ʪʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ Al-2%Cu-2%Mn-0,4%Si-0,2%Zr ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, 

ʯʝʤ ʫ ʩʧʣʘʚʘ ʩ ʜʦʙʘʚʢʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʩʢʘʥʜʠʷ.  

ʊʘʢʞʝ ʜʣʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Cu-Mn ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Si ʠ Fe, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 0,4% ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʏʘʩʪʴ ʢʨʝʤʥʠʷ ʠ ʚʩʝ ʞʝʣʝʟʦ ʠʜʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ 

Al15(Fe, Mn)3Si2, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʢʝʣʝʪʦʦʙʨʘʟʥʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʩʨʝʜʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʬʘʟ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʤʘʨʛʘʥʮʘ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʥʠʞʘʝʪʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 1,5% 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʜʦ 0,4% [108]. 
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1.4 ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

1.4.1 ɺʚʝʜʝʥʠʝ 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʶʤʠʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ~3% ʚʩʝʭ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (~15% ʚʩʝʭ ʚʳʙʨʦʩʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ), ʧʨʠ ʵʪʦʤ ʵʢʚʠʚʘʣʝʥʪ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,1 ɻʪ ʚ ʛʦʜ [121-123]. ɸʣʶʤʠʥʠʡ ʧʨʠ ʧʝʨʚʠʯʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʝʥʝʨʠʨʫʝʪ ʦʢʦʣʦ 12ï16,5 ʪ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ ʪʦʥʥʫ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ [121, 124ï127]. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʚʳʙʨʦʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ~50% 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʘ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ 

[121, 125]. ʉʠʥʪʝʟ ʘʣʶʤʠʥʠʷ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʨʝʜʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʜʦʙʳʯʝ ʠ ʵʣʝʢʪʨʦʣʠʟʝ [124]. ʕʪʦ ʚʣʠʷʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʘʣʶʤʠʥʠʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ 

ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʘ, ʫʨʙʘʥʠʟʘʮʠʠ, ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɸʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ [128-131]: ʩʝʛʦʜʥʷ 

ʦʢʦʣʦ 75% ʚʩʝʛʦ ʘʣʶʤʠʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʠʩʪʦʨʠʠ, ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ [132, 133]. 

ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʝʧʣʘʚʢʫ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʚʩʝʛʦ ~5% 

ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ [134]: ʧʝʨʚʠʯʥʳʡ ʩʠʥʪʝʟ 

ʘʣʶʤʠʥʠʷ ʠʟ ʨʫʜ ʨʘʩʭʦʜʫʝʪ 45 ʢɺʪẗʯ/ʢʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʧʣʘʚʢʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʣʦʤʘ 

ʨʘʩʭʦʜʫʝʪ ʚʩʝʛʦ 2,8 ʢɺʪ*ʯ/ʢʛ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (660 Áʉ) [135, 136].  

ʆʛʨʦʤʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʝʣʘʶʪ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ, ʚʘʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ [137 ï 139]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʘʣʶʤʠʥʠʷ. ʃʦʤ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʧʦ ʤʘʨʢʘʤ, ʧʦʵʪʦʤʫ 

ʯʘʩʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʪʦʨʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʩʤʝʩʠ ʩʧʣʘʚʦʚ ʩ ʨʘʟʥʳʤʠ 

ʣʝʛʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [140]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʜʝʬʦʨʤʠʨʫʝʤʳʝ, ʪʘʢ ʠ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ. 

ʃʠʪʝʡʥʳʝ ʩʧʣʘʚʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʝʤ ʜʝʬʦʨʤʠʨʫʝʤʳʝ [141].  

ɼʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʚ ʚʠʜʝ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠ 

ʧʨʦʢʘʪʥʳʭ ʩʣʠʪʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʯʠʩʪʦʛʦ ʠ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʣʦʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʩʧʣʘʚʦʚ. [142]. 

ʉʚʦʡʩʪʚʦ ʘʣʶʤʠʥʠʷ ʧʦʛʣʦʱʘʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʦʝ 

ʦʙʳʯʥʦ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʠʥʦʛʜʘ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ. 

ʋʜʘʣʷʪʴ ʟʘʛʨʷʟʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʚʘʥʥʳ ʩ ʨʘʩʧʣʘʚʦʤ ʥʝʧʨʘʢʪʠʯʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʷ: ʧʦʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʨʘʟʙʘʚʣʝʥʠʝ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʡ ʣʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʣʦʤ 

ʨʘʟʙʘʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʘʣʶʤʠʥʠʝʤ ʠʣʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʤ ʣʦʤʦʤ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʥʠʞʝ ʧʨʝʜʝʣʴʥʳʭ ʫʨʦʚʥʝʡ. 

ʕʪʠ ʩʪʨʘʪʝʛʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʝʜʫʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʣʠʰʢʦʚ ʣʦʤʘ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ, ʝʩʣʠ ʥʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ [143]. ɸʣʴʪʝʨʥʘʪʠʚʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʧʨʝʜʝʣʘʤʠ ʜʦʧʫʩʪʠʤʳʭ ʧʨʠʤʝʩʝʡ. [144]. 

ʈʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʘʣʶʤʠʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʝ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩ ʧʣʘʚʢʠ, ʘ ʪʘʢʞʝ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʙʨʘʙʦʪʦʢ ʣʦʤʘ, ʪʘʢʠʭ ʢʘʢ ʩʦʨʪʠʨʦʚʢʘ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ɺʩʝ ɻ ʪʠ ɻ ʪʘʧʳ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʥʠ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʣʦʤʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ. 

 

1.4.2 ɺʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʪʝʡʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʫʟʢʠʝ 

ʜʠʘʧʘʟʦʥʳ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʥʝ ʪʘʢ ʣʝʛʢʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʩʤʝʰʘʥʥʦʛʦ ʣʦʤʘ ʠ 

ʧʝʨʚʠʯʥʳʡ ʘʣʶʤʠʥʠʡ ʦʩʪʘʝʪʩʷ ʜʣʷ ʥʠʭ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ [145-147]. 

ʀʩʭʦʜʷ ʠʟ ʜʦʧʫʩʪʠʤʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩʦʩʪʘʚʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʪʴ ʧʝʨʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʣʝʛʢʦ ʣʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʩʝʨʠʷ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ʠ ʜʦʧʫʩʢʘʝʪ ʣʠ ʦʥʘ ʧʨʠʤʝʩʠ. ʉʝʨʠʠ 1ʭʭʭ, 

7ʭʭʭ ʠ 8ʭʭʭ ʩʯʠʪʘʶʪʩʷ çʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠè (ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʣʦʤʘ) ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʩʦʩʪʘʚʫ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʉʝʨʠʠ 2xxx ʠ 6xxx ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʢʘʢ çʩʣʦʞʥʳʝè. ʀ ʪʦʣʴʢʦ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ 3ʭʭʭ ʠ 4ʭʭʭ ʩʝʨʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

çʫʤʝʨʝʥʥʳʝè ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʣʦʤʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʦʮʝʥʢʝ, ʷʚʣʷʶʪʩʷ Fe, Si ʠ Cu [148]. 

ʇʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʧʨʦʙʣʝʤʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʥʝʪ. ʆʜʥʘʢʦ, ʩʧʣʘʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʧʦʜʚʝʨʞʝʥʳ ʞʝʩʪʢʠʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ 

ʢʦʥʪʝʢʩʪʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʝ ʩʧʣʘʚʳ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʫʯʝʥʳʤʠ-ʤʘʪʝʨʠʘʣʦʚʝʜʘʤʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʣʘʚʦʚ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʂ ʩʝʨʠʷʤ ʩʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ, 

ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʘʚʠʘʮʠʠ [149]. ʉʦʜʝʨʞʘʥʠʝ Fe ʠ Si 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʨʦʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ 7ʭʭʭ ʩʝʨʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʧʣʘʚʘʭ 2ʭʭʭ 

ʩʝʨʠʠ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [150]. ʅʝʢʦʪʦʨʳʝ ʩʝʨʠʠ 

ʩʧʣʘʚʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʩʪʦʨʦʥʥʠʤ ʵʣʝʤʝʥʪʘʤ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʧʣʘʚʳ 3xxx ʩʝʨʠʠ, ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʘʥʢʘʭ ʜʣʷ ʥʘʧʠʪʢʦʚ [150,151]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʜʨʫʛʠʝ ʩʧʣʘʚʳ 

ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʩʧʣʘʚʳ 5xxx ʩʝʨʠʠ, ʠʤʝʶʪ ʞʝʩʪʢʠʝ ʧʨʝʜʝʣʳ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʠʷ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʞʝʩʪʢʠʝ ʧʨʝʜʝʣʳ ʧʦ ʤʝʜʠ. ʕʪʠ ʩʧʣʘʚʳ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʥʝʣʝʡ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʜʣʷ 

ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʜʝʪʘʣʝʡ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʩʦʩʫʜʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ 

ʢʦʨʧʫʩʦʚ ʣʦʜʦʢ [152ï154]. ʉʧʣʘʚʳ 6ʭʭʭ ʩʝʨʠʠ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ çʩʣʦʞʥʳʝè, ʚ ʢʦʥʪʝʢʩʪʝ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ ʧʦ 

ʧʨʠʤʝʩʷʤ ʧʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ. ʂʨʝʤʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʣʝʛʠʨʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ ʚ ʩʧʣʘʚʘʭ 6ʭʭʭ ʩʝʨʠʠ, ʧʦʵʪʦʤʫ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʦʪʦʨʳʝ ʩʧʣʘʚʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʨʦʛʠʝ 

ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ ʧʦ Fe, ʘ ʜʨʫʛʠʝ - ʩʪʨʦʛʠʝ ʜʦʧʫʩʢʠ ʧʦ Mn. ʕʪʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʪʩʷ ʜʣʷ 6xxx ʩʝʨʠʠ ʠ 

ʦʭʚʘʪʳʚʘʶʪ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ [150,155]. 

ɼʣ ̫ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ʥʝʦʙʭʦʜʠʤʳ ʨʘʜʠʢʘʣʴʥʳʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʦʨʪʠʨʦʚʢʠ. ʇʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʧʣʘʚʦʚ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʰʨʝʜʝʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʠʟʜʝʣʠʡ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʩʦʝʜʠʥʝʥʠʡ [156]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʥʠ ʧʨʠʤʝʩʝʡ ʙʫʜʫʪ ʨʘʩʪʠ ʚʤʝʩʪʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʨʘʟʣʠʯʥʳʝ ʣʝʛʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ [145]. ʈʘʩʪʫʱʝʝ ʯʠʩʣʦ ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭ, ʧʨʠʚʝʜʝʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʨʝʜʩʪʚ ʩʦʝʜʠʥʝʥʠʷ, 

ʪʘʢʠʭ ʢʘʢ ʚʠʥʪʳ ʠ ʟʘʢʣʝʧʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʤʝʥʴʰʠʪʩʷ 

[157]. ʊʝʥʜʝʥʮʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʳʭ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ʩʥʠʟʠʪ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʚʝʣʠʯʠʪ ʜʦʣʶ ʤʘʪʝʨʠʘʣʘ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ [157-159]. 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʀʉ), ʩʦʜʝʨʞʘʱʠʝ ʞʝʣʝʟʦ, ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ ʭʨʫʧʢʠʭ ʠʛʣ ʠʣʠ ʧʣʘʩʪʠʥ ʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 
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ʚʳʟʳʚʘʶʪ ʧʘʛʫʙʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ [159,160], ʩʥʠʞʝʥʠʝ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ [161], ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ [150] ʠ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ [162]. ʆʜʥʘʢʦ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʞʝʣʝʟʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʨʝʜʥʳʤ. ɺ ʩʧʣʘʚʘʭ 1ʭʭʭ ʠ 8ʭʭʭ ʩʝʨʠʡ ʩʠʪʫʘʮʠʷ ʦʙʨʘʪʥʘʷ: ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʩʚʦʡʩʪʚ ʬʦʣʴʛʠ ʪʨʝʙʫʶʪʩʷ Fe-ʩʦʜʝʨʞʘʱʠʝ ʀʉ [163]. 

ʂʨʝʤʥʠʡ (Si) ð ʦʜʠʥ ʠʟ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʣʝʛʠʨʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ 

ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʘʭ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʧʣʘʚʘʭ ʩʝʨʠʠ 6xxx, ʚ ʩʧʣʘʚʘʭ ʩʝʨʠʡ 5xxx ʠ 7xxx 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Si ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ, ʭʨʫʧʢʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʀʉ), ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʢ, ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʘʛʥʠʷ (Mg) ʫʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Si ʦʙʨʘʟʫʝʪʩʷ 

ʧʝʨʚʠʯʥʘʷ ʬʘʟʘ Mg Si [149], ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʡ ʠʥʠʮʠʠʨʫʶʪ ʨʘʟʨʫʰʝʥʠʝ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ [164]. 

ʄʝʜʴ (Cu) ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ. ɺ 

ʩʧʣʘʚʘʭ ʩʝʨʠʠ 2xxx ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʫʧʨʦʯʥʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʩʧʣʘʚʦʚ ʩʝʨʠʡ 6xxx ʠ 7xxx. ʆʜʥʘʢʦ, Cu ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

[150], ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʣʘʚʳ 

ʩʝʨʠʡ 5xxx ʠ 6xxx. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʥʦʛʠʝ ʩʧʣʘʚʳ 6xxx ʩʝʨʠʠ ʩʦʜʝʨʞʘʪ Cu, ʠ ʜʘʞʝ ʜʣʷ 

ʩʧʣʘʚʦʚ 5xxx ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ Cu ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʦʢʨʘʩʢʝ [165]. ʍʦʪʷ ʜʦʙʘʚʣʝʥʠʝ Cu ʤʦʞʝʪ ʫʭʫʜʰʘʪʴ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʵʪʦ ʫʭʫʜʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ, ʘ ʚ ʜʨʫʛʠʭ ï Cu ʜʘʞʝ ʫʣʫʯʰʘʝʪ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʢʦʨʨʦʟʠʠ [166]. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʧʣʘʚʘʭ 7xxx ʩʝʨʠʠ, ʛʜʝ Cu ʩʤʷʛʯʘʝʪ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ [167]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʠʝ ʩʪʘʥʜʘʨʪʳ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʩʪʨʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ Cu. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʥʝʪ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʩʯʠʪʘʣʠʩʴ ʙ  rçʚʨʝʜʥʳʤʠè. ɺʩʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ 

ʧʨʠʤʝʩʠ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʩʦʩʪʘʚʘ. ʅʘʧʨʠʤʝʨ, ʞʝʣʝʟʦ (Fe), ʢʦʪʦʨʦʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʨʠʤʝʩʴʶ, ʦʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚ ʩʧʣʘʚʘʭ 8xxx ʩʝʨʠʠ. ʇʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʥʝ ʠʟ-ʟʘ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʠʟ-ʟʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ. 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ 

ʵʬʬʝʢʪʳ ʥʝʠʟʙʝʞʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 
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1.4.3 ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʩʤʝʰʘʥʥʦʛʦ ʣʦʤʘ 

ɸʩʩʦʮʠʘʮʠʷ ʫʪʠʣʠʟʘʮʠʠ ʧʘʨʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʦʜʥʘʞʜʳ ʧʨʝʜʩʢʘʟʘʣʘ, ʯʪʦ ʢ 2023 

ʛʦʜʫ ʙʫʜʝʪ ʩʧʠʩʘʥʦ 12 000 ʩʘʤʦʣʝʪʦʚ ʠ ʜʦʩʪʠʛʥʝʪ ʧʠʢʘ ʚ 1000 ʩʘʤʦʣʝʪʦʚ, ʫʪʠʣʠʟʠʨʫʝʤʳʭ 

ʝʞʝʛʦʜʥʦ [168]. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʧʠʩʘʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʚʦʟʥʠʢʥʫʪ ʩʝʨʴʝʟʥʳʝ 

ʧʨʦʙʣʝʤʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʩʘʤʦʣʝʪʦʚ 

ʭʨʘʥʷʪʩʷ ʥʘ ñʢʣʘʜʙʠʱʘʭ ʩʘʤʦʣʝʪʦʚò, ʟʘʥʠʤʘʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʠ ʠ ʚʳʟʳʚʘʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʪʠʣʠʟʘʮʠʝʡ ʩʘʤʦʣʝʪʦʚ ʩ ʠʩʪʝʢʰʠʤ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ Airbus ʟʘʧʫʩʪʠʣ ʧʨʦʝʢʪ çPAMELAè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷʤ ʜʝʤʦʥʪʘʞʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʣʝʢʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[169].  

C. ʄʘʩʢʣ ʠ ʜʨ. ʧʦʜʨʘʟʜʝʣʷʶʪ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʩʘʤʦʣʝʪʘ ʥʘ ʯʝʪʳʨʝ ʦʪʜʝʣʴʥʳʭ 

ʵʪʘʧʘ: ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ; ʨʘʟʙʦʨʢʘ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʜʝʪʘʣʝʡ; ʜʝʤʦʥʪʘʞ ʦʩʪʘʚʰʝʛʦʩʷ ʢʘʨʢʘʩʘ, ʠʟʚʣʝʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ; 

ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠ / ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʩʚʘʣʢʝ [170]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʶʟʝʣʷʞʝʡ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 70% ʦʙʱʝʛʦ ʚʝʩʘ ʩʘʤʦʣʝʪʘ [171]. ʀʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʙʦʨʢʠ, ʩʦʨʪʠʨʦʚʢʠ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʙʠʨʘʪʴ ʩʘʤʦʣʝʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʏʘʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʝʟʘʪʴ ʠʣʠ ʠʟʤʝʣʴʯʠʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʨʘʟʥʳʭ ʤʘʨʦʢ [172]. 

ʉʤʝʩɹ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʜʨʫʛʠʭ ʩʝʨʠʡ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʚ ʩʧʣʘʚʘʭ 7ʭʭʭ ʩʝʨʠʠ 

ʠ ʤʝʜʠ ʚ ʩʧʣʘʚʘʭ 2ʭʭʭ ʩʝʨʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ 

ʧʨʦʙʣʝʤʦʡ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʩʴ ʣʦʤʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʪʝʡʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʧʨʦʩ ʥʘ ʣʠʪʝʡʥʳʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚ r

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʚʠʘʮʠʦʥʥʳʭ 

ʦʪʭʦʜʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʦʤʘ ʘʚʠʘʮʠʦʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ, ʚʢʣʶʯʘʷ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʙʦʨʢʠ ʠ ʩʦʨʪʠʨʦʚʢʠ [173]. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʘʚʠʘʮʠʦʥʥʳʤ ʘʣʶʤʠʥʠʝʚʳʤ 

ʩʧʣʘʚʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʘʚʠʘʮʠʦʥʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʦʤʥʠʪʝʣʴʥʦ, ʤʦʞʝʪ ʣʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ 
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ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ ʘʚʠʘʮʠʦʥʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [174]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʦʙʨʘʥʥʳʭ ʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʘʯʝʩʪʚʘ, ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠ ʁʥʦʚʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʣʝʛʠʨʫʶʱʠʝ ɻ ʣʝʤʝʥʪʳ ʩʧʣʘʚʦʚ 2ʭʭʭ ʠ 7ʭʭʭ 

ʩʝʨʠʠ, ʪʘʢʠʝ ʢʘʢ Cu, Zn ʠ Mg ʚ ʧʨʦʧʦʨʮʠʷʭ ʙʣʠʟʢʠʭ ʢ ʩʦʩʪʘʚʫ ʩʤʝʰʘʥʥʦʛʦ ʣʦʤʘ 

ʘʚʠʘʮʠʦʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 2:2:1 ʜʣʷ ʤʝʜʠ, ʮʠʥʢʘ 

ʠ ʤʘʛʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [175].  

 

 

1.5 ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

1 . 5 . 1  ʉʠʩʪʝʤʘ AlïCuïMn 

ʉ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ AlïCuïMn ʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʃʊʕʂ. ʇʦʩʢʦʣʴʢʫ ʚʣʠʷʥʠʝ ʤʘʨʛʘʥʮʘ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʜʚʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ AlïCu ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ 

ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʩʠʩʪʝʤʳ AlïCuïMn (ʨʠʩ. 1.12) ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʬʘʟʳ Al 2Cu, Al6Mn ʠ ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ T (Al 20Cu2Mn3 ʠʣʠ 

Al 12CuMn2) [110, 176, 177]. ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʦʡ 

ʘʣʶʤʠʥʠʝʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.2.  

 

ʘ      ʙ 

 
 

ʈʠʩ. 1.12. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ AlïCuïMn[110]: 

ʘ ï ʣʠʢʚʠʜʫʩ; ʙ ï ʩʦʣʠʜʫʩ 
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ʊʘʙʣʠʮʘ 1.2 ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʪʨʦʡʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïMn [110] 

ʈʝʘʢʮʠʷ ʊʦʯʢʘ ʥʘ ʨʠʩ. 1.13, ʘ T, Áʉ ʉʦʩʪʘʚ 

ʞʠʜʢʦʩʪʠ, % 

Cu Mn 

L + Al 4Mn -> Al 6Mn + Al 12CuMn2 P1 625 15,6 2,1 

L + Al 6Mn -> (Al)  + Al 12CuMn2 P2 616 14,8 0,9 

L -> (Al)  + Al 2Cu + Al 12CuMn2 E 547,5 32,5 0,6 

 

ʊʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʝʛʦ ʠʥʦʛʜʘ ʦʙʦʟʥʘʯʘʶʪ T ) ʠʤʝʝʪ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ 12,8...19 

% Cu ʠ 19,8...24 % Mn. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳ ʜʚʝ ʬʦʨʤʫʣʳ: Al 20Cu2Mn3 (15,3 

% Cu, 19,8 % Mn) ʠ Al 12CuMn2 (12,8 % Cu, 22,1 % Mn). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 2,411 ʥʤ, b = 1,251 ʥʤ, c = 7,71 ʥʤ [110, 

182], ʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3,59 ʛ/ʩʤ3. 

ɺ ʬʘʟʝ Al 2Cu ʨʘʩʪʚʦʨʷʝʪʩʷ ʜʦ 0,1 % Mn, ʘ ʚ ʩʦʝʜʠʥʝʥʠʠ Al6Mn ï ʦʢʦʣʦ 0,2 % Cu. 

ɿʥʘʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʚ (Al)  ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.3. 

 

ʊʘʙʣʠʮʘ 1.3 ʉʦʚʤʝʩʪʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ ʚ ʪʚʝʨʜʦʤ ʘʣʶʤʠʥʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [110] 

T, Áʉ (Al)  + Al 6Mn + Al20Cu2Mn3 (Al)  + Al2Cu + Al20Cu2Mn3 

Cu, % Mn, % Cu, % Mn, % 

623,5 1,4 1,17 ï ï 

616 1,3 1,0 ï ï 

610 1,3 1,0 ï ï 

600 1,1 0,9 ï ï 

550 0,85 0,6 ï ï 

547,5 ï ï 5,5 0,2 

525 0,95 0,44 4,95 0,2 

500 0,65 0,4 4,05 0,2 

450 0,5 0,2 2,55 0,15 

400 0,4 0,1 1,5 0,1 

 

1 . 5 . 2  ʉʠʩʪʝʤʘ AlïCuïMgïMn 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʫʨʘʣʶʤʠʥʦʚ, ʦʥʘ ʤʘʣʦ ʠʟʫʯʝʥʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ [110, 176, 177] ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʦʝʢʮʠʷ ʣʠʢʚʠʜʫʩʘ (ʨʠʩ. 1.13, ʘ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 1.13, ʙ), 

ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʪʘʙʣ. 1.4 ʠ 1.5) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʦʩʷʪ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʘ      ʙ 

 
ʈʠʩ. 1.13. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ AlïCuïMgïMn [110]: 

ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; ʙ ï ʧʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ 

 

ʉʦʛʣʘʩʥʦ ʨʠʩ. 1.13, ʙ, ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʫʨʘʣʶʤʠʥʘʭ ʜʦʙʘʚʢʘ ʤʘʨʛʘʥʮʘ ʜʦʣʞʥʘ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ Al20Cu2Mn3, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʬʘʟʘʤʠ Al 2Cu ʠ Al 2CuMg. ɺ ʩʧʣʘʚʘʭ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ 

ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʜʠ ʚ ʬʘʟʫ S, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʷʚʣʝʥʠʝ ʬʘʟʳ Al 6Mn. 

ɺ ʨʝʘʣʴʥʦʩʪʠ (ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʘʚʥʦʚʝʩʥʦʩʪʠ) ʘʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ 

ʵʪʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ AlïCuïMg, ʯʪʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʜʠʬʬʫʟʠʝʡ ʤʘʨʛʘʥʮʘ ʚ (Al). 

 

ʊʘʙʣʠʮʘ 1.4 ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʩʠʩʪʝʤʳ AlïCuïMgïMn 

[110] 

ʈʝʘʢʮʠʠ ʊʦʯʢʘ ʥʘ 

ʨʠʩ. 1.14, ʙ 

ʉʦʩʪʘʚ ʞʠʜʢʦʩʪʠ, %  

T, Áʉ 
Cu Mg Si 

L -> (Al)  + Al 2Cu + Al 2CuMg + Al20Cu2Mn3 E1 ~32 ~6 ~0,5 ~503 

L + Al 6Mn -> (Al)  + Al 2CuMg + Al20Cu2Mn3 P1 ï ï ï ï 

L + AlCu2Mg -> (Al)  + Al 6CuMg4 + Al 6Mn P2 ~10 ~25 ~0,3 ~467 

L -> (Al)  + Al 6CuMg4 + Al 10(Mg, Mn)3+ Al8Mg5 E2 ~2,5 ~30 ~0,2 ~447 

L + Al 6Mn -> (Al)  + Al 6CuMg4 + Al 10(Mg, Mn)3 P3 <2,5 <32 <0,2 ï 
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ʊʘʙʣʠʮʘ 1.5 ʄʦʥʦ- ʠ ʙʠʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʩʠʩʪʝʤʳ AlïCuïMgïMn ʩ 

ʫʯʘʩʪʠʝʤ (Al)  [110] 

ɹʠʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ  

ʆʙʣʘʩʪʴ ʥʘ ʨʠʩ. 1.14, ʙ 

 

ʄʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ 

ʃʠʥʠʷ ʥʘ 

ʨʠʩ. 1.14, 

ʙ 

L -> (Al)  + Al2Cu Al 2Cu ïe1ïE1ïe4 L -> (Al)  + Al2Cu + Al2CuMg e1ïE1 

L -> (Al)  + Al2CuMg e1ïp1ïP2ïP1ïE1 L -> (Al)  + Al2Cu + Al20Cu2Mn3 e4ïE1 

L -> Al20Cu2Mn3 e4ïE1ïP1ïp3 L -> (Al)  + Al2CuMg + Al 20Cu2Mn3 P1ïE1 

L -> (Al)  + Al6Mn Al 6Mnïp3ïP1ïP2ïP3ïp2 L -> (Al)  + Al6CuMg4+ Al 10(Mg, Mn)3 P3ïE2 

L -> (Al)  + Al6CuMg4 p1ïe2ïE2ïP3ïP2 L -> (Al)  + Al10(Mg, Mn)3 + Al8Mg5 e3ïE2 

L -> (Al)  + Al10(Mg, 

Mn)3 

p2ïP3ïE2ïe3 L -> (Al)  + Al6CuMg4 + Al8Mg5 e2ïE2 

L -> (Al)  + Al8Mg5 Al8Mg5ïe3ïE2ïe2 L -> (Al)  + Al2CuMg + Al 6Mn P1ïP2 

  L -> (Al)  + Al6CuMg4 + Al 6Mn P2ïP3 

  L + Al 6Mn -> (Al)  + Al20Cu2Mn3 p3ïP1 

  L + Al 6Mn -> (Al)  + Al 10(Mg, Mn)3 p2ïP3 

  L + AlCu2Mg -> (Al)  + Al 6CuMg4 p1ïP2 

 

1.5.3 ʉʠʩʪʝʤʘ AlïCuïFeïMn 

ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ 

ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʄ5 ʠ 1201 ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʤʝʩʠ ʢʨʝʤʥʠʷ. ɹʝʟ 

ʘʥʘʣʠʟʘ ʵʪʦʡ ʯʝʪʚʝʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʤʘʨʛʘʥʮʘ. 

ɺ ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʩʠʩʪʝʤʳ AlïFeïCuïMn ʠʩʪʠʥʥʳʝ ʯʝʪʚʝʨʥʳʝ ʬʘʟʳ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ, ʦʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʠʟʦʤʦʨʬʥʦʩʪʠ ʬʘʟ Al6 ʠ Al(FeCu), ʤʝʞʜʫ ʥʠʤʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ (AlCu)(FeCuMn) 

[110, 176, 177]. ʉʪʨʦʝʥʠʝ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.14. 

ʘ      ʙ 

 
ʈʠʩ. 1.14. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ AlïCuïFeïMn [110]: 

ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; ʙ ï ʧʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ 
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ʂʨʦʤʝ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʚ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ ʠʜʫʪ ʜʚʝ ʥʦʥʚʘʨʠʘʥʪʥʳʝ 

ʧʷʪʠʬʘʟʥʳʝ ʨʝʘʢʮʠʠ (ʪʘʙʣ. 1.6ï1.8). ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʦʚʘʨʠʘʥʪʥʘʷ 

ʣʠʥʠʷ e3ïp3 (ʨʠʩ. 1.14, ʙ) ʤʝʥʷʝʪ ʩʚʦʡ ʭʘʨʘʢʪʝʨ ʦʪ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʚ ʪʦʯʢʝ e3 (L -> (Al)  + 

Al 3Fe + Al 6Mn) ʜʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʛʦ ʚ ʪʦʯʢʝ p3 (L + Al 3Fe -> (Al)  + Al 6(Fe, Cu)) 

 

ʊʘʙʣʠʮʘ 1.6 ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïFeïMn [110] 

 

ʈʝʘʢʮʠʷ 

ʊʦʯʢʘ ʥʘ 

ʨʠʩ. 1.15, ʙ 

ʉʦʩʪʘʚ ʞʠʜʢʦʩʪʠ, %  

T, Áʉ 
Cu Mn Fe 

L -> (Al)  + Al 2Cu + Al 7Cu2Fe + Al20Cu2Mn3 E 31...33 <0,5 <0,5 >537 

L + (AlCu)6(CuFeMn) -> (Al) + Al 7Cu2Fe + 

Al20Cu2Mn3 

P 15...20 <1 <1 <587 

 

ʊʘʙʣʠʮʘ 1.7 ʄʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïFeïMn 

[110] 

ʈʝʘʢʮʠʷ ʃʠʥʠʷ ʥʘ ʨʠʩ. 1.15, ʙ T, Áʉ 

L -> (Al)  + Al 2Cu + Al 7Cu2Fe e2ïE  545...537 

L -> (Al)  + Al 2Cu + Al20Cu2Mn3 e1ïE 547...537 

L -> (Al)  + Al 7Cu2Fe + Al20Cu2Mn3 PïE 587...537 

L + Al 6Mn1 -> ((Al)  + Al 20Cu2Mn3 p1ïP 616...587 

L + Al 6Mn1 -> ((Al)  + Al7Cu2Fe p2ïP 590...587 

L -> ((Al)  + Al 3Fe + Al 6Mn1 e3ïp3 654...620 
1 (AlCu)6(CuFeMn) 

 

ʊʘʙʣʠʮʘ 1.8 ɹʠʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Alï CuïFeïMn [110] 

ʈʝʘʢʮʠʷ ʆʙʣʘʩʪʴ ʥʘ ʨʠʩ. 1.15, ʙ T, Áʉ 

L -> ((Al)  + Al2Cu Al2Cuïe2ïE ïe1 548...537 

L -> ((Al)  + Al20Cu2Mn3 e1ïEïPïp1 616...537 

L -> ((Al)  + Al7FeCu2 e2ïp2ïPïE 590...537 

L -> ((Al)  + Al6Mn Al6Mnïp1ïPïp2ïp3ïe3 658...587 

L -> ((Al)  + Al3Fe Al3Feïe3ïp3 655...620 
1 (AlCu)6(CuFeMn) 

 

ʂʨʠʩʪʘʣʣʳ (AlCu) (FeCuMn), ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 7,76% Cu, 0,75% 

Mn ʠ 1,5% Fe, ʠʤʝʶʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 0,7473 ʥʤ, b = 0,6452 

ʥʤ, c = 0,8794 ʥʤ [110, 176]. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʙʣʠʟʢʠ ʢ ʧʘʨʘʤʝʪʨʘʤ ʬʘʟ Al Mn ʠ Al (Fe, Cu). 

ɼʦʙʘʚʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʩʧʣʘʚʳ ʪʠʧʘ ɸʄ5 ((Al)  + Al Cu + Al Cu Mn ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʘʟʳ Al FeCu (ʨʠʩ. 1.14ʘ). ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʞʝʣʝʟʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʬʘʟʘ 
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(AlCu) (CuFeMn) (ʨʠʩ. 1.14ʙ). ʍʦʪʷ ʵʪʘ ʬʘʟʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ Al Cu, ʝ y

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʧʦʣʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ (ʪʘʙʣ. 1.6 ʠ 1.7). 

1.5.4 ʉʠʩʪʝʤʘ AlïCuïMnïSi 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʢʨʝʤʥʠʷ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʃʊʕʂ ʧʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʞʝʣʝʟʘ ʥʝʦʙʭʦʜʠʤʘ ʯʝʪʚʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Al-Cu-Fe-Si [110]. ʕʪʘ 

ʜʠʘʛʨʘʤʤʘ ʪʘʢʞʝ ʚʘʞʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ Al -Cu-Fe-Mn-Si. ɺ 

ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʵʪʦʡ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʦʚʳʭ ʬʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʦʡʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ Al-Si-Cu ʠ Al -Si-Mn ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 1.15ʘ) ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ. 1.15ʙ) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʩ ʨʝʘʢʮʠʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʘʭ 1.9, 1.10 ʠ 1.11 

[110].  

ɺ ʨʘʚʥʦʚʝʩʠʠ ʩ (Al)  ʠ Al 2Cu, ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʪʠʧʘ ɸʄ5 ʠ 1201, ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʬʘʟʳ Al  ʠ (Si) (ʩʤ. ʨʠʩ. 1.15, ʘ). ʂʨʝʤʥʠʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʥʠʞʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʘʨʛʘʥʮʘ ʚ (Al)  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʦʡ AlïCuïMn (ʩʤ. ʪʘʙʣ. 1.2). 

 

ʘ        ʙ 

 
ʈʠʩ. 1.15. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ AlïCuïMnïSi [110]: 

ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; ʙ ï ʧʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ 
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ʊʘʙʣʠʮʘ 1.9 ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïMnïSi [110] 

 

ʈʝʘʢʮʠʷ 

ʊʦʯʢʘ ʥʘ 

ʨʠʩ. 6.7, 

ʙ 

ʉʦʩʪʘʚ ʞʠʜʢʦʩʪʠ, %  

T, Áʉ 
Cu Mn Si 

L -> (Al)  + Al 2Cu + (Si) + Al 15Mn3Si2 E ~25 ~1 ~5 ~517 

L + Al20Cu2Mn3 -> (Al)  + Al 2Cu + Al 15Mn3Si2 P2 ~20 ~1 ~3 ~547 

L + Al6Mn -> (Al)  + Al20Cu2Mn3 + Al 15Mn3Si2 P1 ~15 ~1.5 ~4 ~597 

 

ʊʘʙʣʠʮʘ 1.10 ʄʦʥʦʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïMnïSi [110] 

ʈʝʘʢʮʠʷ ʃʠʥʠʷ ʥʘ ʨʠʩ. 6.7, ʙ T, Áʉ 

L -> (Al)  + Al 2Cu + (Si) e3ïE 525...517 

L -> (Al)  + Al 2Cu + Al 15Mn3Si2 P2ïE 547...517 

L -> (Al)  + (Si) + Al 15Mn3Si2 e2ïE 574...517 

L -> (Al)  + Al20Cu2Mn3 + Al 15Mn3Si2 P1ïP2 597...547 

L -> (Al)  + Al 2Cu + Al20Cu2Mn3 e1ïP2 447,5...547 

L + Al6Mn -> (Al)  + Al20Cu2Mn3 p1ïP1 616...597 

L + Al6Mn -> (Al)  + Al 15Mn3Si2 p2ïP1 648...497 

 

ʊʘʙʣʠʮʘ 1.11 ɹʠʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ AlïCuïMnïSi [110] 

ʈʝʘʢʮʠʷ ʆʙʣʘʩʪʴ ʥʘ ʨʠʩ. 6.7, ʙ T, Áʉ 

L -> (Al)  + Al2Cu Al 2Cu ïe1ïEïe2 548...517 

L -> (Al)  + (Si) (Si)ïe3ïEïe2 577...517 

L -> (Al)  + Al 15Mn3Si2 p2ïP1ïP2ïEïe2 649...517 

L -> (Al)  + Al6Mn Al6Mn ïp2ïP1ïp1 658...597 

L -> (Al)  + Al20Cu2Mn3 p1ïP1ïP2ïe1 616...547 

 

1.6  ɺʳʚʦʜʳ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ, 

ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠ ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ 

ʩʠʣʦʚʳʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʘʤʦʣʝʪʦʚ, ʩʧʫʪʥʠʢʦʚ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ. ʆʜʥʘʢʦ ʵʪʠ ʩʧʣʘʚʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴʩʷ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 Üʉ.  

2. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʊʇ ï ʦʪʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʝʜʠʥʷʪʴ 

ʟʘʛʦʪʦʚʢʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʝʩʪʴ ʙʝʟ ʣʦʢʘʣʴʥʦʛʦ ʦʧʣʘʚʣʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʦʙʠʣʴʥʫʶ, ʘʚʠʘʮʠʦʥʥʫʶ, ʢʦʩʤʠʯʝʩʢʫʶ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ.  

3. ʇʨʠʤʝʥʝʥʠʝ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʤʝʩʪʦ ʘʨʛʦʥʥʦ-ʜʫʛʦʚʦʡ ʠʣʠ 

ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʞʠʜʢʦʡ 
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ʬʘʟʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

4. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʊʇ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʧʨʦʯʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʧʣʘʚʦʚ ʧʦʜʚʝʨʛʘʝʤʳʭ ʉʊʇ.  

5. ʄʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʯʥʦʩʪʠ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʙʦʨʘ ʨʝʞʠʤʘ ʩʚʘʨʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʤʝʪʨʠʡ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʦʮʝʩʩʘ ʉʊʇ ʠ ʪ.ʜ. 

6. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʠʟ ʪʝʨʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʧʦʤʦʱʴʶ ʉʊʇ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘʠʤʝʥʴʰʝʝ 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʉʊʇ ʢ ʪʘʢʠʤ ʩʧʣʘʚʘʤ ʨʘʥʝʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ, ʪʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

7. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʧʦʣʫʯʝʥʠʷ 

ʞʘʨʦʧʨʦʯʥʳʭ, ʪʝʨʤʦʩʪʦʡʢʠʭ, ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʩʪʝʤʝ Al-Cu, ʦʜʥʘʢʦ ɻ ʪʠ ʩʧʣʘʚʳ ʧʦʩʣʝ 

ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 300 Üʉ ʥʝʠʟʙʝʞʥʦ ʪʝʨʷʣʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʫʧʨʦʯʥʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʟʘʢʘʣʢʝ ʠ ʩʪʘʨʝʥʠʠ.  

8. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʤʦʨʩʢʦʡ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʘʣʶʤʠʥʠʡ ʠʟ-ʟʘ ʝʛʦ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. 

9. ɸʣʶʤʠʥʠʡ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʝʛʦʜʥʷ ʦʢʦʣʦ 

75% ʚʩʝʛʦ ʘʣʶʤʠʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ ʠʩʪʦʨʠʠ, ʚʩʝ ʝʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɺʪʦʨʠʯʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʝʧʣʘʚʢʫ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʚʩʝʛʦ ~5% ʵʥʝʨʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ. ʆʛʨʦʤʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʝʨʚʠʯʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʝʣʘʶʪ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʚʘʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

10. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʪʝʡʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ 

ʫʟʢʠʝ ʜʠʘʧʘʟʦʥʳ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʥʝ ʪʘʢ ʣʝʛʢʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʩʤʝʰʘʥʥʦʛʦ ʣʦʤʘ ʠ 

ʧʝʨʚʠʯʥʳʡ ʘʣʶʤʠʥʠʡ ʦʩʪʘʝʪʩʷ ʜʣʷ ʥʠʭ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ. ʂ ʩʝʨʠʷʤ ʩʧʣʘʚʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ, ʯʘʩʪʦ 
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ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʘʚʠʘʮʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʦʚ 2ʭʭʭ ʩʝʨʠʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ 

ʧʨʠʤʝʩʝʡ ʢʘʢ Fe ʠ Si. 

11. ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-Cu-Mn ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʧʨʝʜʝʣʘʭ 1,5-2% (ɸʃʊʕʂ) ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʞʝ 

ʧʦʩʣʝ ʦʪʞʠʛʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 Üʉ, ʧʨʠ ɻ ʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʩʧʣʘʚʦʚ 

ʜʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ ʢʘʢ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʠ ʟʘʢʘʣʢʘ 

ʩ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʘʨʝʥʠʝʤ. ʊʘʢʞʝ ʪʘʢʠʝ ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʢ Fe ʠ Si, ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʩʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʠʤʦ ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, 

ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʘʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʨʫʛʠʝ ʣʝʛʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ, ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʢʦʪʦʨʳʭ: ʤʘʛʥʠʡ ʠ ʮʠʥʢ. ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʩʧʣʘʚʦʚ 

ʪʠʧʘ ɸʃʊʕʂ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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 ɻʣʘʚʘ 2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʩʧʣʘʚʳ ʩʠʩʪʝʤ Al-Cu-Mn-(Mg, Zn, Fe, Si, Zr). ɿʘ 

ʦʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʙʳʣʠ ʚʟʷʪʳ ʩʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʩʪʝʤʝ Al-Cu-Mn ʠ ʩʦʜʝʨʞʘʪ 1,5-2% ʤʝʜʠ ʠ ʤʘʨʛʘʥʮʘ [107-116]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʘʟʦʚʳʝ ʩʧʣʘʚʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʉʦʩʪʘʚʳ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʧʣʘʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1.  

 

ʊʘʙʣʠʮʘ 2.1. ʉʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

 ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʘʩʩ.%, ʨʘʩʯʝʪ (ʬʘʢʪ) 

 ̄ Cu Mn Mg Zn Fe Si Zr 

ɹʘʟʦʚʳʝ ʩʧʣʘʚʳ 

1B 2(1,92) 2(1,95) <0,1(0,03) <0,1(0,02) <0,15 (0,11) <0,15 (0,08) - 

2B 2(1,96) 2(1,91) <0,1(0,02) <0,1(0,02) <0,15 (0,03) 0,4 (0,36) 0,2(0,17) 

ʆʩʥʦʚʥʳʝ ʩʧʣʘʚʳ (1-ʘ ̫ʩʝʨʠʷ) 

B 2 (2,06) 1,5 (1,66) <0,1(0,03) <0,1(0,03) <0,15 (0,11) <0,05 (0,08) - 

BM 2 (2,1) 1,5 (1,65) 1(1,09) <0,1(0,002) <0,15 (0,12) <0,05 (0,08) - 

B2M 2 (1,98) 1,5 (1,64) 2(2,09) <0,1(0,008) <0,15 (0,11) <0,05 (0,07) - 

BZ 2 (2) 1,5 (1,72) <0,1(0,02) 1 (1,1) <0,15 (0,12) <0,05 (0,07) - 

B2Z 2 (1,89) 1,5 (1,63) <0,1(0,01) 2 (2,12) <0,15 (0,12) <0,05 (0,07) - 

BMZ 2 (2,07) 1,5 (1,6) 1 (1,02) 1 (1,11) <0,15 (0,13) <0,05 (0,08) - 

BF 2 (2,24) 1,5 (1,67) <0,1(0,02) <0,1(0,03) 0,4 (0,49) 0,4 (0,43) - 

BFM 2 (2,21) 1,5 (1,54) 1 (1,25) <0,1(0,02) 0,4 (0,48) 0,4 (0,37) - 

BF2M 2 (2,25) 1,5 (1,45) 2 (2,37) <0,1(0,01) 0,4 (0,46) 0,4 (0,3) - 

BFZ 2 (2,1) 1,5 (1,58) <0,1(0,03) 1 (0,98) 0,4 (0,5) 0,4 (0,4) - 

BF2Z 2 (2,23) 1,5 (1,53) <0,1(0,07) 2 (2,05) 0,4 (0,53) 0,4 (0,4) - 

BFMZ 2 (2,25) 1,5 (1,47) 1 (1,22) 1 (1,06) 0,4 (0,52) 0,4 (0,39) - 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʧʣʘʚʳ (2-ʘ ̫ʩʝʨʠʷ) 

6S 2(2,07) 1,5(1,63) 1(1,1) 1(1,15) 0,5(0,49) 0,5(0,35) 0,25(0,26) 

1D 2(2,08) 1,4(1,66) 0,8(0,92) 0,8(0,85) <0,1(0,06) <0,1(0,07) - 

2D 2(2,09) 1,4(1,45) 0,8(0,95) 0,8(0,84) <0,1(0,06) <0,1(0,07) - 

0Mg 1,5(1,41) 1,5(1,51) 0(0,01) 1(0,57) <0,1(0,03) <0,1(0,04) - 

0,5Mg 1,5(1,31) 1,5(1,42) 0,5(0,49) 1(1,31) <0,1(0,03) <0,1(0,04) - 

1Mg 1,5(1,28) 1,5(1,37) 1(1,05) 1(0,99) <0,1(0,03) <0,1(0,04) - 

AMS 1,8(1,79) 1,5(1,45) 0,5(0,54) 1,5(1,6) 0,4(0,36) 0,4(0,36) - 

2219 6,3(6,27) 0,3(0,3) <0,1(0,03) <0,1(0,02) <0,1(0,05) <0,01 0,15(0,2) 
 

 

2.2 ʇʣʘʚʢʘ ʠ ʣʠʪʴʝ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ʇʣʘʚʢʫ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʘ 750-

800 Üʉ (ʜʣʷ ʩʧʣʘʚʦʚ ʙʝʟ Zr) ʠ 850 Üʉ (ʜʣʷ ʩʧʣʘʚʘ 6S). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʣʶʤʠʥʠʡ ʤʘʨʢʠ ɸ85 (ʜʣʷ ʩʧʣʘʚʦʚ B ï BFMZ, 0Mg, 0.5Mg, 1Mg), ɸ99(ʜʣʷ ʩʧʣʘʚʦʚ 1D, 2D) 

(ɻʆʉʊ 11069-2001), ʠ ʧʝʨʝʧʣʘʚʣʝʥʥʳʡ ʙʘʥʦʯʥʳʡ ʣʦʤ ʤʘʨʢʠ NM-1(ʜʣʷ ʩʧʣʘʚʘ 6S). ɺ 
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ʢʘʯʝʩʪʚʝ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʜʴ ʤʘʨʢʠ ʄ1 (ɻʆʉʊ 859-2001) 

ʤʘʨʛʘʥʮʝʚʫʶ ʣʠʛʘʪʫʨʫ Alï20% Mn (ɻʆʉʊ 53777-2010), ʣʠʛʘʪʫʨʫ ʩ ʞʝʣʝʟʦʤ Al-9%Fe, 

ʤʘʛʥʠʡ ʤʘʨʢʠ Mg99, ʢʨʝʤʥʠʡ ʤʘʨʢʠ KP0 ʠ ʮʠʥʢ Zn99. ʇʣʦʩʢʠʝ ʩʣʠʪʢʠ ʩ ʨʘʟʤʝʨʘʤʠ 

10ʭ40ʭ180 ʤʤ (ʩʦʩʪʦʷʥʠʝ 10F ʨʠʩʫʥʦʢ. (ʘ)) (ʩʧʣʘʚʳ B ï BFMZ), 20ʭ140ʭ180 ʤʤ (ʩʦʩʪʦʷʥʠʝ 

20F ʨʠʩʫʥʦʢ. (ʙ)) (ʩʧʣʘʚʳ 6S, 0Mg, 0.5Mg, 1Mg, AMS), 40ʭ140ʭ180 ʤʤ (ʩʦʩʪʦʷʥʠʝ 40F 

ʨʠʩʫʥʦʢ. (ʚ)) (ʩʧʣʘʚʳ 1D, 2D, 1B, 2B) ʧʦʣʫʯʘʣʠ ʣʠʪʴʝʤ ʚ ʛʨʘʬʠʪʦʚʳʝ ʠʟʣʦʞʥʠʮʳ. ʈʘʟʤʝʨʳ 

ʩʣʠʪʢʦʚ ʚʩʝʭ ʩʧʣʘʚʦʚ ʠ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2.  

 

ʊʘʙʣʠʮʘ 2.2. ʉʣʠʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʠ ʦʙʦʟʥʘʯʝʥʠʷ 

 

ʌʘʢʪʠʯʝʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʦʢ ʢ 

ʨʘʩʯʝʪʥʦʤʫ, ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʪʘʙʣ. 2.1). 

ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʘ ɻ ʪʘʧʘ: ʨʝʟʢʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʜʦʟʠʨʦʚʘʥʠʝ ʥʘʚʝʩʦʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʣʷ ʨʝʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʩʦʣʴʥʳʡ ʣʝʥʪʦʯʥʦʧʠʣʴʥʳʡ ʩʪʘʥʦʢ V 225GH (ʨʠʩ. 2.1ʘ) ʠ 

ʥʘʩʪʦʣʴʥʳʡ ʣʝʥʪʦʯʥʦʧʠʣʴʥʳʡ ʩʪʘʥʦʢ WAY TRAIN 4ôô PORTABLE BAND SAW (ʨʠʩ. 2.1ʙ), 

ʠʤʝʶʱʠʝʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʅʀʊʋ ʄʀʉʀʉ. 

ʉʧʣʘʚ ʆʧʠʩʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

1B ʉʣʠʪʦʢ 40ʭ140 ʤʤ  1B40F 

2B ʉʣʠʪʦʢ 40ʭ140 ʤʤ  2B40F 

B ʉʣʠʪʦʢ 10ʭ40 ʤʤ  B10F 

BM ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BM10F 

B2M ʉʣʠʪʦʢ 10ʭ40 ʤʤ  B2M10F 

BZ ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BZ10F 

B2Z ʉʣʠʪʦʢ 10ʭ40 ʤʤ  B2Z10F 

BMZ ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BMZ10F 

BF ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BF10F 

BFM ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BFM10F 

BF2M ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BF2M10F 

BFZ ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BFZ10F 

BF2Z ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BF2Z10F 

BFMZ ʉʣʠʪʦʢ 10ʭ40 ʤʤ  BFMZ10F 

6S ʩʣʠʪʦʢ 20ʭ140 ʤʤ  6S20F 

1D ʩʣʠʪʦʢ 40ʭ140 ʤʤ  1D40F 

2D ʩʣʠʪʦʢ 40ʭ140 ʤʤ  2D40F 

0Mg ʩʣʠʪʦʢ 20ʭ140 ʤʤ  0Mg20F 

0,5Mg ʩʣʠʪʦʢ 20ʭ140 ʤʤ  0,5Mg20F 

1Mg ʩʣʠʪʦʢ 20ʭ140 ʤʤ  1Mg20F 

AMS ʩʣʠʪʦʢ 20ʭ140 ʤʤ  AMS20F 
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ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.1 ï ʢʦʥʩʦʣʴʥʳʡ ʣʝʥʪʦʯʥʦʧʠʣʴʥʳʡ ʩʪʘʥʦʢ V 225GH (ʘ); ʥʘʩʪʦʣʴʥʳʡ ʣʝʥʪʦʯʥʦ-

ʧʠʣʴʥʳʡ ʩʪʘʥʦʢ WAY TRAIN 4ôô PORTABLE BAND SAW (ʙ) 

 

ɼʦʟʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʝʩʦʚ: çɺɽʉʊɸ 

ɺʄ2202è (Ñ0,5 ʛ) (ʨʠʩ. 2.2) 

 

  
ʈʠʩʫʥʦʢ 2.2 ï ʚʝʩʳ çɺɽʉʊɸ ɺʄ2202 

 

ʈʘʩʧʣʘʚ ʜʣʷ ʣʠʪʴʷ ʦʙʨʘʟʮʦʚ ʛʦʪʦʚʠʣʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʝʯʴ 

GRAPHICARBO (ʨʠʩ. 2.3ʘ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʩʣʠʪʢʦʚ 10ʭ40ʭ180 

ʤʤ (ʨʠʩ. 2.4ʘ) ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ [107-111]. 

ʇʝʯʴ Plavka.Pro (ʨʠʩ. 2.3ʙ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʣʠʪʢʦʚ 

ʨʘʟʤʝʨʦʤ 20ʭ140ʭ180 ʤʤ (ʨʠʩ.2.4ʙ) ʠ 40ʭ140ʭ180 ʤʤ (ʨʠʩ.2.4ʚ) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʩʣʠʪʢʘʤ, 

ʧʦʣʫʯʘʝʤʳʤ ʥʘ ʟʘʚʦʜʝ, ʠʤʠʪʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʣʘʚʦʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ.  
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ʘ        ʙ 

ʈʠʩʫʥʦʢ 2.3 ï ʧʣʘʚʠʣʴʥʘʷ ʧʝʯʴ GRAPHICARBO (ʘ); ʧʣʘʚʠʣʴʥʘʷ ʧʝʯʴ Plavka.Pro (ʙ). 
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ʚ 

ʈʠʩ.2.4. ɺʥʝʰʥʠʡ ʚʠʜ ʩʣʠʪʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 10ʭ40ʭ180ʤʤ(ʘ), 

20ʭ140ʭ180ʤʤ(ʙ), 40ʭ140ʭ180(ʚ) 

 

ʇʨʦʮʝʩʩ ʧʣʘʚʢʠ ʠ ʣʠʪʴʷ ʚʩʝʭ ʩʧʣʘʚʦʚ ʚʢʣʶʯʘʣ ʦʯʠʩʪʢʫ ʠ ʧʦʜʛʦʪʦʚʢʫ ʪʠʛʣʷ, ʧʣʘʚʢʫ 

ʧʝʨʚʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 750ï800 ÁC, ʫʜʘʣʝʥʠʝ ʰʣʘʢʘ, ʚʳʜʝʨʞʢʫ ʨʘʩʧʣʘʚʘ ʚ ʪʝʯʝʥʠʝ 5ï15 ʤʠʥʫʪ ʠ 

ʨʘʟʣʠʚʢʫ ʚ ʛʨʘʬʠʪʦʚʳʝ ʠʟʣʦʞʥʠʮʳ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʨʠʩ. 2.5) [107-111]. ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʧʨʠʙʦʨʦʤ (ʨʠʩ. 

2.6). 
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ʈʠʩ. 2.5 ʀʟʣʦʞʥʠʮʳ 

 

 
ʈʠʩ. 2.6 ʊʝʨʤʦʧʘʨʘ ʩ ʨʝʛʠʩʪʨʠʨʫʶʱʝʤ ʧʨʠʙʦʨʦʤ 
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2.3 ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 

2.3.1 ʇʨʦʜʦʣʴʥʘʷ ʧʨʦʢʘʪʢʘ 

ʇʣʦʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʥʘ ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ 

ɼʋʆ210 ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʚʘʣʴʮʘʭ LM120 (ʨʠʩ. 2.7) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [107-111]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʦʩʢʠʝ ʩʣʠʪʢʠ 

ʩʝʯʝʥʠʝʤ 10ʭ40 ʤʤ, 20ʭ140 ʤʤ ʠ 40ʭ140 ʤʤ. ɻʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 400ï450 ÁC ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʥʘʛʨʝʚʘʤʠ, ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʷ ʪʦʣʱʠʥʫ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ ʩʣʠʪʢʘ. 

 

ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.7 ï ʩʪʘʥ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ɼʋʆ210 (ʘ); ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʚʘʣʴʮʳ LM12 (ʙ) 

 

ɻʦʨʷʯʝʢʘʪʘʥʳʝ ʣʠʩʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.8. ʈʝʞʠʤʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

 
ʈʠʩʫʥʦʢ 2.8 ɻʦʨʷʯʝʢʘʪʘʥʳʝ ʣʠʩʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʣʠʪʢʦʚ 10ʭ40ʤʤ(ʘ), ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʩʣʠʪʢʦʚ 20ʭ140ʭ180 ʠ 40ʭ140ʭ180ʤʤ(ʙ) 

 

ʊʘʙʣʠʮʘ 2.3. ʈʝʞʠʤʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ (ɻʇ) 

ʉʧʣʘʚ ʆʧʠʩʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

1B 40F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 350 Áʉ ʜʦ 4 ʤʤ  1BHR4 

2B 40F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 350 Áʉ ʜʦ 4 ʤʤ 2BHR4 

B 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ  BHR2 
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ʇʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʣʠʩʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ ʙʝʟ ʥʘʛʨʝʚʘ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʷ ʪʦʣʱʠʥʫ ʜʦ 1 ʠʣʠ 0,5 ʤʤ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩ ʨʝʞʠʤʘʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ.  

 

ʊʘʙʣʠʮʘ 2.4. ʈʝʞʠʤʳ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ (ʍʇ) 

 

BM 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BMHR2 

B2M 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ B2MHR2 

BZ 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BZHR2 

B2Z 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ B2ZHR2 

BMZ 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BMZHR2 

BF 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BFHR2 

BFM 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BFMHR2 

BF2M 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BF2MHR2 

BFZ 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BFZHR2 

BF2Z 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BF2ZHR2 

BFMZ 10F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 400 Áʉ ʜʦ 2 ʤʤ BFMZHR2 

6S 20F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 2 ʤʤ 6SHR2 

1D 40F ï ʦʪʞʠʛ 580 Áʉ 3 ʯʘʩʘ ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 5 ʤʤ  1DHR5 

2D 40F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 5 ʤʤ 2DHR5 

0Mg 20F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 4 ʤʤ 0MgHR4 

0,5Mg 20F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 4 ʤʤ 0,5MgHR4 

1Mg 20F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 4 ʤʤ 1MgHR4 

AMS 20F ï ʛʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ 450 Áʉ ʜʦ 4 ʤʤ AMSHR4 

ʉʧʣʘʚ ʆʧʠʩʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

B HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BCR0,5 

BM HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BMCR0,5 

B2M HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  B2MCR0,5 

BZ HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BZCR0,5 

B2Z HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  B2ZCR0,5 

BMZ HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BMZCR0,5 

BF HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BFCR0,5 

BFM HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BFMCR0,5 

BF2M HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BF2MCR0,5 

BFZ HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BFZCR0,5 

BF2Z HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BF2ZCR0,5 

BFMZ HR2 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 0,5 ʤʤ  BFMZCR0,5 

6S HR2 ï ʆʪʞʠʛ 450 Áʉ 1 ʯʘʩ ï ʍʇ ʜʦ 0,5 ʤʤ 6SCR0,5 

1D HR5 ï ʍʇ ʜʦ 1 ʤʤ 1DCR1 

2D HR5 ï ʦʪʞʠʛ 450 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 1 ʤʤ 2DCR1-1 

2D HR5 ï ʍʇ ʜʦ 1 ʤʤ 2DCR1-2 

0Mg HR4 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 1 ʤʤ 0MgCR1 

0,5Mg HR4 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 1 ʤʤ 0,5MgCR1 

1Mg HR4 ï ʆʪʞʠʛ 350 Áʉ 3 ʯʘʩʘ ï ʍʇ ʜʦ 1 ʤʤ 1MgCR1 
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2.3.2 ʉʚʘʨʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʀʟ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʠ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʦʚ ʥʝʢʦʪʦʨʳʭ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʢʘʨʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ çAccuStir 1004 ʬʠʨʤʳ 

GTCè ʤʝʪʦʜʦʤ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʉʊʇ ʠ ʦʙʨʘʙʦʪʘʥʳ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʆʊʇ, ʩʧʣʘʚʳ ʠ 

ʧʨʠʤʝʥʝʥʥʳʝ ʢ ʥʠʤ ʨʝʞʠʤʳ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.5(ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ï ʉʇ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ï ʉɺʀ). ʅʘ ʨʠʩʫʥʢʝ 2.9 ʠʟʦʙʨʘʞʝʥʳ 

ʣʠʩʪʳ ʧʦʩʣʝ ʉʊʇ  

 

ʊʘʙʣʠʮʘ 2.5 ʈʝʞʠʤʳ ʩʚʘʨʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

 

 
ʈʠʩʫʥʦʢ 2.9 ï ʃʠʩʪʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʩʚʘʨʢʦʡ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

 

ɼʣʷ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ ʩ ʜʠʘʤʝʪʨʦʤ ʧʣʝʯʠʢʦʚ 12,5 ʤʤ, ʜʠʘʤʝʪʨʦʤ 

ʧʠʥʘ 5 ʤʤ ʩ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʦʡ ʄ5 ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʛʦʣ ʥʘʢʣʦʥʘ (ʘʪʘʢʠ) 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣ 2,5Ü (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʩʚʘʨʢʠ). ʇʦʩʢʦʣʴʢʫ ʚ 

ʉʧʣʘʚ ʆʧʠʩʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

1B HR4 ï ʆʊʇ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʇ:300 ʤʤ/ʤʠʥ, ʉɺʀ:550 ʦʙ/ʤʠʥ 1B-W 

2B HR4 ï ʉʊʇ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʇ:300 ʤʤ/ʤʠʥ, ʉɺʀ:800 ʦʙ/ʤʠʥ 2B-W1 

2B HR4 ï ʉʊʇ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʇ:125 ʤʤ/ʤʠʥ, ʉɺʀ:800 ʦʙ/ʤʠʥ 2B-W2 

0,5Mg HR400 ï ʆʊʇ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʇ:115 ʤʤ/ʤʠʥ, ʉɺʀ:800 ʦʙ/ʤʠʥ 0,5Mg-W 

AMS(ɸʄʃ2) HR400 ï ʆʊʇ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʇ:115 ʤʤ/ʤʠʥ, ʉɺʀ:800 ʦʙ/ʤʠʥ AMS-W 
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ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʨʠʤʝʥʝʥʠʝ ʉʊʇ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʧʣʘʚʫ, ʪʦ 

ʧʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʦʚ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʘʨʦʯʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʥʘ ʪʦʤ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

 

2.3.3 ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʣʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʞʠʛ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʳʭ ʩʧʣʘʚʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʤʫʬʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʘʭ SNOL 8,2/1100 (ʨʠʩ. 2.10) ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ [107-111]. ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ3 ÁC. 

ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300ï500 ÁC ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʢ ʛʦʨʷʯʝʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʇʦʜʨʦʙʥʳʝ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.6. 

 

ʈʠʩʫʥʦʢ 2.10 ï ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʯʠ ï SNOL 8,2/1100 
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ʊʘʙʣʠʮʘ 2.6 ʈʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ: ʣʠʪʳʭ (F) 

ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚ (HR) ʠ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʦʚ (CR) [107-111] 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʨʝʞʠʤʘ 

ʦʪʞʠʛʘ 

ʩʣʠʪʢʦʚ 

ʈʝʞʠʤ 

ʦʪʞʠʛʘ 

ʜʣʷ 

ʩʣʠʪʢʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʨʝʞʠʤʘ 

ʦʪʞʠʛʘ 

ʛʦʨʷʯʝʢʘʪʘʥʳʭ 

ʣʠʩʪʦʚ 

ʈʝʞʠʤ ʦʪʞʠʛʘ 

ʛʦʨʷʯʝʢʘʪʘʥʳʭ 

ʣʠʩʪʦʚ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʨʝʞʠʤʘ ʦʪʞʠʛʘ 

ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ 

ʣʠʩʪʦʚ 

ʈʝʞʠʤ ʦʪʞʠʛʘ 

ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ 

ʣʠʩʪʦʚ 

F300 
F300 

C̄, 3ʯ 
HR300 HR300 C̄, 3ʯ CR300 CR300 C̄, 3ʯ 

F350 

F300 + 

350 C̄, 

3ʯ 

HR350 
HR300 + 350 

C̄, 3ʯ 
CR350 

CR300 + 350 C̄, 

3ʯ 

F400 

F350 + 

400 C̄, 

3ʯ 

HR400 
HR350 + 400 

C̄, 3ʯ 
CR400 

CR350 + 400 C̄, 

3ʯ 

F450 

F400 + 

450 C̄, 

3ʯ 

HR450 
HR400 + 450 

C̄, 3ʯ 
CR450 

CR400 + 450 C̄, 

3ʯ 

F500 

F450 + 

500 C̄, 

3ʯ 

HR500 
HR450 + 500 

C̄, 3ʯ 
CR500 

CR450 + 500 C̄, 

3ʯ 

 

2.4 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʣʘʚʦʚ 

2.4.1 ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ: ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʰʣʠʬʦʚʘʣʴʥʘʷ ʣʝʥʪʦʯʥʘʷ ʤʘʰʠʥʘ ATM Jade700 (ʨʠʩ. 

2.11ʘ); ʠ ʫʩʪʘʥʦʚʢʘ ATM Saphir 360 (ʨʠʩ. 2.11ʙ) ʩʦ ʰʣʠʬʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʟʝʨʥʠʩʪʦʩʪʴʶ. ʇʦʣʠʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʩʫʢʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʤʘʟʥʦʡ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʫʩʧʝʥʟʠʠ 1 ʤʢʤ [107-111]. 

 

ʘ     ʙ  

ʈʠʩʫʥʦʢ 2.11 ï ʰʣʠʬʦʚʘʣʴʥʘʷ ʣʝʥʪʦʯʥʘʷ ʤʘʰʠʥʘ ATM Jade 700 (ʘ); ʰʣʠʬʦʚʘʣʴʥʦ- 

ʧʦʣʠʨʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ Saphir 360 (ʙ) 

 

2.4.2 ʆʧʪʠʯʝʩʢʘʷ ʩʚʝʪʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʩʦʩʪʘʚʫ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axio Observer D1m Carl Zeiss (ʨʠʩ. 2.12), ʥʘ ʢʦʪʦʨʦʤ 

ʧʦʣʫʯʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 200ʭ, 500ʭ ʠ 1000ʭ. 
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ʈʠʩʫʥʦʢ 2.12 ï ʉʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧ Axio Observer D1m Carl Zeiss 

 

2.4.3 ʈʘʩʪʨʦʚʘʷ ɻ ʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʝʪʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ, ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) TESCAN VEGA 3 

SBH (ʨʠʩ. 2.13ʘ), ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ INCA Energy 15013 X-act 

(Oxford Instruments) ʩ ʜʝʪʝʢʪʦʨʦʤ X-act ADD (10 ʤʤĮ) ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ INCA 

Energy (ʨʠʩ. 2.13ʙ) [107-111]. 

ɸʥʘʣʠʟ ʠʟʣʦʤʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

(SE), ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʠʢʨʦʘʥʘʣʠʟ, ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʝʡ 

ʩʦʩʪʘʚʘ ʠ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (BSE), ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ. ʈʘʟʨʝʰʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ ʚ ʨʝʞʠʤʝ 

ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ ʜʣʷ BSE ʩʦʩʪʘʚʣʷʝʪ 3,5 ʥʤ ʧʨʠ 30 ʢɺ. 

 

ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.13 ï ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ TESCAN VEGA 3 SBH (ʘ) ʠ 

ʧʨʠʩʪʘʚʢʘ-ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ INCA Energy 15013 X-act (ʙ) 
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2.4.4 ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ɻ ʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɸʥʘʣʠʟ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ɻ ʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

(ʇʕʄ) JEM-2100 (ʨʠʩ. 2.14ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ-ʬʦʣɹʛ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʠʦʥʥʦʡ ʧʦʣʠʨʦʚʢʠ ʥʘ ʫʩʪʘʥʦʚʢʝ JEOL Ion Slicer IS-9100 (ʨʠʩ. 2.14ʙ). 

 

ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.14 ï ʇʨʦʩʚʝʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JEM2100 (ʘ) ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ JEOL Ion Slicer IS 9100 (ʙ) 

 

2.5 ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

2.5.1 ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʣʠʪʳʭ ʦʙʨʘʟʮʦʚ ʠ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 

2 ʤʤ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʪʞʠʛʘ ʦʮʝʥʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʚʠʭʨʝʪʦʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʘ ɺʕ-26ʅʇ (ʨʠʩ. 2.15) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 27333-87. ʕʪʦʪ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʠʟʤʝʥʝʥʠʡ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ [107-111]. 
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ʈʠʩʫʥʦʢ 2.15 ï ɺʠʭʨʝʪʦʢʦʚʳʡ ʩʪʨʫʢʪʫʨʦʩʢʦʧ ɺʕ-26ʅʇ 

 

2.5.2 ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 2999-75 [179] ʥʘ ʧʨʠʙʦʨʝ 

METKON DUROLINE MH-6 (ʨʠʩ. 2.16) ʧʨʠ ʥʘʛʨʫʟʢʝ 1 ʢʛʩ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 5 ʩ. 

ʇʨʦʚʦʜʠʣʘʩʴ ʩʝʨʠʷ 5-10 ʠʟʤʝʨʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [107-111]. 

 

ʈʠʩʫʥʦʢ 2.16 ï ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʦʚ DUROLINE MH-6 

 

2.5.3 ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʪʘʙʣʠʮʘ. 2.7, 2.8). ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.17ʘ.  

 

ʊʘʙʣʠʮʘ 2.7 ʈʝʞʠʤʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ 

ʉʧʣʘʚ  ʉʦʩʪʦʷʥʠʝ 

2B HR4, W1,W2  

B CR, CR350, CR400 
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ʊʘʙʣʠʮʘ 2.8 ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ  

ʇʨʦʮʝʩʩ ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʆʙʦʟʥʘʯʝʥʠʝ 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʧʨʠ 400 

0C (3 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ 

ʧʝʯʠ 

ʆʪʦʞʞʝʥʥʳʝ ʭʦʣʦʜʥʦʢʘʪʘʥʳʝ 

ʣʠʩʪʳ  CR400A 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʧʨʠ 450 

0C (3 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ 

ʧʝʯʠ 

CR450A 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʧʨʠ 500 

0C (3 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ 

ʧʝʯʠ 

CR500A 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʧʨʠ 400 

0C (3 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ 

ʚʦʟʜʫʭʝ (ʚʥʝ ʧʝʯʠ) 

CR400B 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʧʨʠ 450 

0C (3 ʯ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ 

ʚʦʟʜʫʭʝ (ʚʥʝ ʧʝʯʠ) 

 

CR450B 

ʆʪʞʠʛ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ 500 ʉ (3ʯ) 

+ ʦʪʞʠʛ 250 ʉ (3ʯ) 

 
CR500-ʇ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʝ Z250 Zwick/Roell ʩ ʫʩʠʣʠʝʤ ʦʪ 

500 H ʜʦ 6000 ʢʅ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.18ʙ. 

 

BM CR, CR350, CR400 

B2M CR, CR350, CR400 

BZ CR, CR350, CR400 

B2Z CR, CR350, CR400 

BMZ CR, CR350, CR400 

BF CR, CR350, CR400 

BFM CR, CR350, CR400 

BF2M CR, CR350, CR400 

BFZ CR, CR350, CR400 

BF2Z CR, CR350, CR400 

BFMZ CR, CR350, CR400 

6S CR400, CR450, CR500, HR400, HR450, HR500 

BM40 CR400, CR450, CR500 

1D CR400, CR450, CR500 

2D CR400, CR450, CR500 

0Mg CR400, CR450, CR500 

0,5Mg CR400, CR450, CR500, W 

1Mg CR400, CR450, CR500 

AMS HR400, W 
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ʘ      ʙ 

ʈʠʩʫʥʦʢ 2.17 ï ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʳʚʥʦʛʦ ʦʙʨʘʟʮʘ (ʘ); ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ Zwick/Roell 

Z250(ʙ) 
 

2.6 ʈʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ 

ʕʪʘ ʨʘʙʦʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʘʩʯʸʪ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʩʦʩʪʘʚʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Thermo-Calc, 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ TTAL5, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

Thermo-Calc ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ 

ʨʘʚʥʦʚʝʩʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʤʝʪʦʜ CALPHAD), 

ʦʧʨʝʜʝʣʷʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʛʨʘʥʠʮʳ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ 

ʤʦʜʝʣʠʨʫʶʪ ʨʘʚʥʦʚʝʩʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʧʦʢʘʟʳʚʘʷ ʵʚʦʣʶʮʠʶ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʘʢʞʝ, Thermo-Calc ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ (Single point equilibrium). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʬʘʟ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ. ʕʪʦʪ ʨʘʩʯʝʪ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ (ʪ. ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʚ ʤʘʪʝʨʠʘʣʝ) ʠ 

ʦʙʲʝʤʥʫʶ ʜʦʣʶ ʢʘʞʜʦʡ ʬʘʟʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʨʘʩʯʸʪʳ ʚ Thermo-Calc ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʨʘʚʥʦʚʝʩʠʠ, ʪʦ ʝʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʥʝʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʫʯʸʪʘ ʵʪʦʛʦ 

ʬʘʢʪʦʨʘ ʚ Thermo-Calc ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʐʝʡʣʘ-ɻʫʣʣʠʚʝʨʘ (Scheil-

Gulliver simulation). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠ 

ʧʦʣʫʯʘʪʴ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ h ʠʨʠʥʫ 

ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʠʪʦʛʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʙʦʩʥʦʚʘʪʴ ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ ʠ ʨʝʞʠʤʳ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ. 
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 ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ 

AlïCuïMnï(Mg, Zn, Fe, Si) 

3.1 ɺʚʝʜʝʥʠʝ 

ʉʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Cu-Mn, ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʝʨʘʮʠʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʟʘʢʘʣʢʠ. ʃʠʪʝʨʘʪʫʨʥʳʝ 

ʩʚʝʜʝʥʠʷ ʧʦ ʩʧʣʘʚʘʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʝʥʳ ʙʘʟʦʚʳʤ ʩʦʩʪʘʚʘʤ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʭʦʞʜʝʥʠʷ, ʦʜʥʘʢʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʪʠʧʘ ɸʃʊʕʂ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʩʚʦʡʩʪʚ.  

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ Al-Cu-Mn ʩ ʜʦʙʘʚʢʘʤʠ Mg, Zn, Fe ʠ Si. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ: 1) ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Thermo-Calc) 

ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ (ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ, ʨʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ); 

2) ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ; 3) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʠ ʢʦʨʨʝʣʷʮʠʶ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ. 

 

3.2 ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Thermo-Calc ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ 

ʩʝʯʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʳ Al-Cu-Mn-Mg-Zn ʧʨʠ 

ʧʦʩʪʦʷʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʜʠ (2%) ʠ ʤʘʨʛʘʥʮʘ (1,5%). ɼʘʥʥʳʝ ʩʝʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ 

ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʝʡ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ. ʀʟ ʧʝʨʚʦʛʦ ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ (ʨʠʩ.3.1ʘ) ʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʦʢʘʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʦʡ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʠʟ ʨʘʩʧʣʘʚʘ, ʬʘʟʦʡ 

ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʘʣʶʤʠʥʠʷ (Al ), ʦʜʥʘʢʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʙʦʣʴʰʝ 1,2% 

ʧʝʨʚʠʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Al 6Mn. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ. ʆʩʥʦʚʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʥʠʞʝ ʩʦʣʠʜʫʩʘ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʚʝ ʬʘʟʳ, ʘ ʠʤʝʥʥʦ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʠ Al20Cu2Mn3, ʠ ʣʠʰʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʙʦʣʴʰʝ 1,15% ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 450ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ S-ʬʘʟʳ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 3.1ʙ, ʮʠʥʢ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2% ʚ ʜʘʥʥʦʡ 
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ʩʠʩʪʝʤʝ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʯʪʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ ï ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ.  

 

ʈʠʩ. 3.1. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʳ Al -Cu-Mn-Mg-Zn ʧʨʠ 2%Cu ʠ 1,5%Mn: ʘ) ʧʨʠ 

1%Zn ʙ) ʧʨʠ 1%Mg 
 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʳ AlïCuïMnïFeïSiïMgïZn 

ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʜʠ (2%) ʠ ʤʘʨʛʘʥʮʘ (1.5%) (ʨʠʩ. 3.2). ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʜʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʟ ʨʠʩ.3.2ʘ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ, ʤʘʛʥʠʡ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʥʘ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ Al 2Cu ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʚʳʰʝ 0,4% ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ Mg2Si ʠ S ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʘʛʥʠʷ 

ʦʪ 0,4% ʠ 1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʣʠʷʥʠʝ ʤʘʛʥʠ ̫ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ(TS) 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʷ ʩ ʩʝʯʝʥʠʝʤ ʙʝʟ Fe ʠ Si. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʮʠʥʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ TS ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 2% ʢʘʢ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ (ʨʠʩ.3.2ʙ).  

 

ʘ

 

ʙ

 

1 L 5 L, (Al), Al 20 1 L 4 L, (Al), Al 6, Al 20 

2 L, (Al)  6 (Al), Al 6, Al 20 2 L, (Al)  5 L, (Al), Al 20 

3 L, Al 6 7 (Al), Al 20 3 L, (Al), Al 6 6 (Al), Al 20 

4 L, (Al), Al 6 8 (Al), Al 20, S     

ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʟ: 

Al6ðAl6(Mn,Fe), Al20  ï Al20Cu2Mn3, SðAl2CuMg,  
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ʈʠʩ. 3.2. ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ AlïCuïMnïFeïSiïMgïZn ʧʨʠ 2%Cu, 1,5%Mn, 

0,4%Fe ʠ 0,4%Si: ʘ) ʧʨʠ 1%Zn ʙ ) ʧʨʠ 1%Mg 
 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ (ʨʠʩ. 3.3) 

ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʘʟʦʚʳʝ ʩʧʣʘʚʳ. ɾʝʣʝʟʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ 

(ʨʠʩ.3.3ʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ ʚʳʰʝ 0,4% ʟʥʘʯʝʥʠʝ TS 

ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ.3.3ʙ), ʦʩʪʘʚʘʷʩʴ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ (ʦʢʦʣʦ 

550 0ʉ ʧʨʠ 1%Si). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʞʝʣʝʟʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ 

Al 6Mn ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ, ʙʦʣʝʝ ʪʦʛʦ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ Ts ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʤʝʥʝʝ 0,4% ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʬʘʟʘ Al 15 ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʯʝʤ ʬʘʟʘ Al 6. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʝʤʥʦʛʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩʘ. ʊʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ ʙʦʣʝʝ 

0,3% ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ Al15 ʚʤʝʩʪʦ Al 6 ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ.  

 

ʘ

 

ʙ

 

1 L 7 (Al), Al 15, Al 20 1 L 5 L, (Al), Al 6, Al 15, Al20 

2 L, Al 6 8 (Al), Al 15, Al 20, Mg2 2 L, Al 6 6 L, (Al), Al 15, Al 20 

3 L, (Al), Al 6 9 (Al), Al 15, Al 20, Mg2, 

S 

3 L, (Al), Al 6 7 (Al), Al 15, Al 20 

4 L, (Al), Al 6, Al 15 10 (Al), Al 15, Al 20, Mg2, 

S, Al 6 

4 L, (Al), Al 6, Al 15 8 (Al), Al 15 Al 20, Mg2 

5 L, (Al), Al 6, Al 15, 

Al 20 

11 (Al), Al 20, Al 2, Al15 ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʟ: 

Al6ðAl6(Mn,Fe), Al15ðAl15(Mn,Fe)3Si2, Al2 ï 

Al2Cu, Al20  ï Al20Cu2Mn3, SðAl2CuMg, Mg2 ï 
Mg2Si  

6 L, (Al), Al 15, Al 20   
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ʘ 

 

ʙ 

 

1 L 9 (Al), Al 6, Al 15, Al20 1 L 12 (Al), Al 15, Mg2 

2 L, Al 6 10 (Al), Al 15, Al 20 2 L, Al 6 13 (Al), Al 15, Mg2, Al2 

3 L, (Al), Al 6 11 (Al), Al 6, Al 15, 

Al 20, Al7 

3 L, (Al), Al 6, Al 15 14 (Al), Al 15, Mg2, Al2, 

Al 20 

4 L, (Al), Al 6, Al 15 12 (Al), Al 15, Al 20, Al7 4 L, (Al), Al 15 15 (Al), Al 15, Mg2, Al20 

5 L, (Al), Al 6, 

Al 15,Al20 

13 (Al), Al 15, Al 20, 

Al 7, S 

5 L, (Al), Al 15, 

Al 20 

16 (Al), Al 15, Mg2, Al20, 

S 

6 L, (Al), Al 15, Al 20 14 (Al), Al 15, Al 20, S 6 L, (Al), Al 15, 

Al 20, Al6 

17 (Al), Al 15, Al 20, S 

7 L, (Al), Al 15 15 (Al), Al 15, Al 20, S, 

Mg2 

7 (Al), Al 15, Al 6 18 (Al), Al 15, Al 20, Al7 

8 (Al), Al 6, Al 15 16 (Al), Al 15, Al 20, 

Mg2 

8 (Al), Al 6, 19 (Al), Al 15, Al 20, S, 

Al 7 

ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʟ: 

Al6ðAl6(Mn,Fe), Al15ðAl15(Mn,Fe)3Si2, Al2 ï Al2Cu,  

Al20  ï Al20Cu2Mn3, SðAl2CuMg, Mg2 ï Mg2Si 

9 (Al), Al 20, Al 6 20 (Al), Al 15, Al 20,Al7, 

Al 6 

10 (Al), Al 20, Al 15 21 (Al), Al 20, Al 7, Al6 

11 (Al), Al 15,   

ʈʠʩ. 3.3.  ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ AlïCuïMnïFeïSiïMgïZn ʧʨʠ 2%Cu, 

1,5%Mn, 1%Mg ʠ 1%Zn: ʘ) ʧʨʠ 0,4%Si, ʙ) ʧʨʠ 0,4%F 

 

 

3.3 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʥʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ 

ʤʦʞʝʪ ʟʘʚʝʨʰʘʪʴʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ TS, ʯʪʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʧʦ ʤʦʜʝʣʠ Sheil-Gulliver. ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 3.4ï3.9. ʀʟ ʨʠʩ. 3.4ʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʧʣʘʚʝ B ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʦʣʞʥʘ ʦʢʦʥʯʠʪʴʩʷ ʧʨʠ 

547 0ʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʳ Al 2Cu. ɺ ʩʧʣʘʚʝ BF ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʩʦʣʠʜʫʩ (TNS) ʥʝʩʢʦʣʴʢʦ 
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ʥʠʞʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʢʨʝʤʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʵʚʪʝʢʪʠʢʠ (Al )+Al 2Cu+Si (ʨʠʩ. 3.4ʙ).  

 

  

ʘ ʙ 

ʈʠʩ. 3.4 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) B ʙ) BF 
 

ʀʟ ʨʠʩ. 3.5ʘ ʠ 3.6ʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ TNS ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʦʜʥʘʢʦ ʚ ʩʧʣʘʚʘʭ BMF ʠ B2MF ʤʘʛʥʠʡ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ 

ʥʘ ɻ ʪʦʪ ʧʘʨʘʤʝʪʨ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʬʘʟʘ Mg2Si, ʢʦʪʦʨʘʷ ʟʘʙʠʨʘʝʪ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʤʘʛʥʠʷ ʧʦʜʘʚʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʛʢʦʧʣʘʚʢʦʡ S ï ʬʘʟʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʝ ʩ 2% Mg ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʞʝʣʝʟʘ ʧʝʨʚʠʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Al 6Mn, ʚʝʨʦʷʪʥʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ Mn ʚ (Al ) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ  
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ʘ ʙ 

ʈʠʩ. 3.5 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) BM ʙ) BFM 
 

  
ʘ ʙ 

ʈʠʩ. 3.6 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) B2M ʙ) BF2M 
 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 3.7 ʠ 3.8, ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʦʱʫʪʠʤʦʛʦ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ, ʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʧʨʠʤʝʨʥʦ ʥʘ 20 ϲʉ ʟʘ 1%,   
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ʘ ʙ 

ʈʠʩ. 3.7 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) BZ ʙ) BFZ 
 

  

ʘ ʙ 

ʈʠʩ. 3.8 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) B2Z ʙ) BF2Z 
 

ʅʘʣʠʯʠʝ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ ʚ ʩʧʣʘʚʝ BMZ ʦʢʘʟʳʚʘʝʪ ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʠ ʩʠʣʴʥʦ 

ʩʥʠʞʘʝʪ TNS. ɺ ʩʧʣʘʚʝ BFMZ (ʢʘʢ ʠ ʚ BFM ʠ BF2M), ʩʦʜʝʨʞʘʱʠʤ ʦʙʘ ʵʣʝʤʝʥʪʘ (Mg ʠ Si) 

ʚʤʝʩʪʦ S-ʬʘʟʳ, ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Mg2Si, ʘ ʧʦʩʣʝʜʥʝʡ ʬʘʟʘ Al 2Cu (ʨʠʩ. 3.9ʙ), ʚʝʨʦʷʪʥʦ, ʚ 

ʩʦʩʪʘʚʝ ʤʥʦʛʦʬʘʟʥʦʡ ʵʚʪʝʢʪʠʢʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ Fe-ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʘʭ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟʳ Al 6(Fe, Mn) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ 

Al15(Mn, Fe)3Si2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 
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ʘ ʙ 

ʈʠʩ. 3.9 ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ (Q) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ: ʘ) BMZ ʙ) BFMZ 
 

 

3.4 ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 400 Üʉ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʙʣʠʟʢʦʛʦ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 3.10, 3.11). ʀʟ ʨʠʩ. 3.10ʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ (ʧʦ 1%) ʚ ʙʘʟʦʚʳʡ ʩʧʣʘʚ ʥʝ ʤʝʥʷʝʪ ʝʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʚ 

ʢʦʪʦʨʦʤ ʢʨʦʤʝ (Al ) ʜʦʣʞʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʠʟʙʳʪʦʯʥʘʷ ʬʘʟʘ Al 20Cu2Mn3. ʀʟ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ B, BM, BZ, B2Z, BMZ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʝʥʳ ʚ (Al ). ʀʟ ʨʠʩ. 3.10ʘ ʪʘʢʞʝ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʙʦʣʝʝ 1,2%(ʚ ʩʧʣʘʚʝ B2M) ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ S-ʬʘʟʳ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ BF ʩʣʦʞʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʬʘʟʳ Al15, 

ʩʦʜʝʨʞʘʱʝʡ Fe, Mn ʠ Si, ʘ ʪʘʢʞʝ Al 2Cu (ʨʠʩ. 3.10ʙ), ʪʘʢʦʡ ʞʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚ ʩʧʣʘʚʘʭ BFZ 

ʠ BF2Z, ʯʪʦ ʝʱʸ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʮʠʥʢʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2% ʥʘ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ BFMZ ʚʳʪʝʢʘʝʪ ʠʟ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 3.11ʘ,ʙ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚ ʥʝʤ ʜʦʣʞʥʳ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʬʘʟʳ Al 20, Mg2Si, S ʠ Al15. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʝ BFMZ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʚʧʣʦʪʴ ʜʦ 0,1% ʥʝ ʧʦʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʜʦ 0,5%. 
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ʈʠʩ. 3.10. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤ AlïCuïMnïMgïZn (ʘ) AlïCuïMnïFeïSi (ʙ) ʧʨʠ 

2%Cu, 1,5%Mn ʠ 400 Üʉ 
 

ʘ 

 

ʙ 

 

ʅʦʤʝʨ ʘ ʙ 

1 (Al), Al20 (Al), Al2, Al15 

2 (Al), Al20, S (Al), Al2, Al20, Al15 

3  (Al), Al2, Al20, Al15, Al7 

4  (Al), Al20, Al15 

5  (Al), Al20, Al6, Al7 

6  (Al), Al20, Al15, Al7 

7  (Al), Al20, Al15, Al6, Al7 

8  (Al), Al20, Al7 

ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʟ: 

Al6ðAl6(Mn,Fe), Al15ïAl15(Mn,Fe)3Si2, Al2 ï Al2Cu,  

Al20  ï Al20Cu2Mn3, SðAl2CuMg, Al7- Al7Cu2Fe 
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ʈʠʩ. 3.11. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤ rAlïCuïMnïFeïSiïMgïZn ʧʨʠ 2%Cu, 1,5%Mn 

ʠ 400 0ʉ: ʘ) ʧʨʠ 0.4%Fe ʠ 0.4%Si; ʙ) ʧʨʠ 1%Mg ʠ 1%Zn 
 

3.5 ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350, 400 

ʠ 450 Üʉ. ɺ ʪʘʙʣʠʮʝ 3.1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ ʚ ʩʧʣʘʚʘʭ ʙʝʟ ʞʝʣʝʟʘ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʟʳ Al20Cu2Mn3 ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʧʣʘʚ ʩ 2% 

ʤʘʛʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ S-ʬʘʟʳ, 

ʟʘʙʠʨʘʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʤʝʜʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟʳ Al20Cu2Mn3, 

ʤʘʨʛʘʥʝʮ ʚ ʩʚʦ ʁʦʯʝʨʝʜʴ ʠʜʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ rAl6Mn.  

ʘ 

 

ʙ 

 

ʅʦʤʝ

ʨ 

ʘ ʙ 

1 (Al), Al 20, Al 2, Al15 (Al), Al 20, Mg2, Al15 

2 (Al), Al 20, Al 15 (Al), Al 20, Mg2, S, Al 15 

3 (Al), Al 20, Mg2, Al2, Al15 (Al), Al 20, S, Al15 

4 (Al), Al 20, Mg2, S, Al 15 (Al), Al 20, Al 7, S, Al 15 

5 (Al), Al 20, Mg2, Al6, S, Al 15 (Al), Al 20, Al 6, Al7, Al15 

6  (Al), Al 20, Mg2 

7 ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʟ: 

Al6ðAl6(Mn,Fe), Al15ïAl15(Mn,Fe)3Si2, 

Al2 ï Al2Cu,  

Al20  ï Al20Cu2Mn3, SðAl2CuMg, Mg2 ï 
Mg2Si, Al7- Al7Cu2Fe 

(Al), Al 20 

8 (Al), Al 20, Al 15 

9 (Al), Al 20, Al 6, Al15 

10 (Al), Al 20, Al 6 

11 (Al), Al 20, Al 7, Al15 

12 (Al), Al 20, Al 6, Al7 
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ʊʘʙʣʠʮʘ 3.1. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ 350 
0ʉ 

ʉʧʣʘʚ
1 

ɼʦʣʷ ʬʘʟ2, ʤʘʩʩ.% ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ (Al) , ʤʘʩʩ.% 

(Al)  Al 2 S Al 20 Al 15 Mg2Si Al 6 Cu Mg Zn Mn Fe Si 

B 92,4 0,12 - 7,46 - - - 0,87 - - 0,02 <0.01 <0.01 

BM 91,6 - 0,98 7,42 - - - 0,47 0,91 - 0,03 <0.01 <0.01 

B2M 90,4 - 3,81 <0.01 - - 5,8 0,32 1,48 - 0,04 <0.01 <0.01 

BZ 92,5 0,07 - 7,45 - - - 0,89 0 1,08 0,02 <0.01 <0.01 

B2Z 92,5 0,03 - 7,46 - - - 0,91 0 2,16 0,06 <0.01 <0.01 

BMZ 

91,6 - 0,95 7,42 

- - - 

0,48 

0,91

3 1,09 0,03 

<0.01 <0.01 

BF 91,3 1,53 0 2,3 4,86 - - 0,87 - - 0,02 <0.01 0,013 

BFM 90,4 - 1,37 4,52 3,29 0,44 - 0,76 0,54 - 0,03 <0.01 <0.01 

BF2M 88,2 - 3,37 0,26 0,23 1,05 6,95 0,11 0,85 - 0,03 <0.01 <0.01 

BFZ 91,4 1,49 - 2,3 4,86 - - 0,89 - 1,09 0,02 <0.01 0,013 

BF2Z 91,4 1,46 - 2,29 4,86 - - 0,91 - 2,18 0,02 <0.01 0,012 

BFMZ 90,4 - 1,34 4,52 3,29 0,44 - 0,78 0,55 1,1 0,03 <0.01 <0.01 
1ʩʦʩʪʘʚ ʩʤ. ʚ ʪʘʙʣ. 2.1, 2ʦʙʦʟʥʘʯʝʥʠʝ ʬʘʟ ʩʤ. ʥʘ ʨʠʩ. 3.1, 3.2, 3.3 
 

ʀʟ ʪʘʙʣ. 3.2 ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 Üʉ ʚ ʩʧʣʘʚʘʭ ʩ ʞʝʣʝʟʦʤ ʜʦʣʷ ʬʘʟʳ 

Al 20Cu2Mn3 ʚ 2-3 ʨʘʟ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʚʘʤʠ ʙʝʟ ʞʝʣʝʟʘ ʧʨʠ ʵʪʦʤ ʚ ʩʧʣʘʚʘʭ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ, ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʡ ʬʘʟʳ ʚʳʰʝ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʘʛʥʠʡ ʯʘʩʪʠʯʥʦ ʟʘʙʠʨʘʝʪ ʥʘ ʩʝʙʷ ʢʨʝʤʥʠʡ ʦʙʨʘʟʫʷ ʬʘʟʫ Mg2Si, 

ʫʤʝʥʴʰʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʣʴʶ ʬʘʟʳ Al 15(Mn, Fe)3Si2, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʟʘʙʠʨʘʝʪ ʯʘʩʪʴ ʤʘʨʛʘʥʮʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʧʝʨʩʦʠʜʦʚ 

Al20Cu2Mn3.  

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ (Al ) ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʥʝʤ Mg ʠ Zn (ʚʦ ʚʩʝʭ ʩʧʣʘʚʘʭ 

ʢʨʦʤʝ B2M ʠ BF2M), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn, Fe ʠ Si ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʜʠ ʚ (Al) ʚ ʩʧʣʘʚʘʭ BF, BFM, BFZ, BF2Z, BFMZ. ʕʪʦ 

ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟʳ Al20Cu2Mn3. 
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ʊʘʙʣʠʮʘ 3.2. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ 400 
0ʉ 

ʉʧʣʘʚ
1 

ɼʦʣʷ ʬʘʟ2, ʤʘʩʩ.% ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ (Al) , ʤʘʩʩ.% 

(Al)  Al 2 S Al 20 Al 15 Mg2Si Al 6 Cu Mg Zn Mn Fe Si 

B 92.7 - - 7.28 - - - 0.96 - - 0.06 - - 

BM 92.7 - - 7.3 - - - 0.95 1.08 - 0.06 - - 

B2M 92.1 - 0.7 7.25 - - - 0.63 2.04 - 0.07 - - 

BZ 92.7 - - 7.28 - - - 0.96 - 1.08 0.06 - - 

B2Z 92.7 - - 7.27 - - - 0.96 - 2.16 0.06 - - 

BMZ 92.7 - - 7.3 - - - 0.95 1.08 1.08 0.06 - - 

BF 92.4 0.38 - 2.53 4.67 - - 1.47 - - 0.05 <0.01 <0.01 

BFM 91.8 - 0.12 4.29 3.4 0.38 - 1.39 0.81 - 0.05 <0.01 0.01 

BF2M 89.9 - 1.67 3.09 1.66 0.77 2.94 0.85 1.36 - 0.06 <0.01 <0.01 

BFZ 92.5 0.31 - 2.52 4.68 - - 1.51 - 1.08 0.05 <0.01 0.03 

BF2Z 92.6 0.24 - 2.51 4.69 - - 1.55 - 2.16 0.05 <0.01 0.03 

BFMZ 91.9 - 0.06 4.29 3.4 0.38  1.42 0.81 1.09 0.05 <0.01 0.01 
1ʩʦʩʪʘʚ ʩʤ. ʚ ʪʘʙʣ. 2.1, 2ʦʙʦʟʥʘʯʝʥʠʝ ʬʘʟ ʩʤ. ʥʘ ʨʠʩ. 3.1, 3.2, 3.3 
 

ɺ ʪʘʙʣʠʮʝ 3.3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Üʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ 

ʬʘʟʳ Al 2Cu ʠ S-ʬʘʟʳ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʛʥʠʷ ʚ (Al ) ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʩʧʣʘʚʘʭ.  

 

ʊʘʙʣʠʮʘ 3.3. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ 450 
0ʉ 

ʉʧʣʘʚ
1 

ɼʦʣʷ ʬʘʟ2, ʤʘʩʩ.% ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ (Al) , ʤʘʩʩ.% 

(Al)  Al 2 S Al 20 Al 15 Mg2Si Al 6 Cu Mg Zn Mn - - 

B 93,1 - - 6,92 - - - 1,01 - - 0,14 - - 

BM 93,1 - - 6,95 - - - 1,01 1,08 - 0,13 - - 

B2M 93 - - 6,99 - - - 1 2,15 - 0,12 - - 

BZ 93,1 - - 6,9 - - - 1,02 - 1,07 0,14 - - 

B2Z 93,1 - - 6,9 - - - 1,02 2,15 - 0,14 - - 

BMZ 

93,1 

- - 

6,94 

- - - 

1,01 1,08 

1,07

5 0,13 

- - 

BF 93 - - 2,44 4,55 - - 1,7 - - 0,1 <0.01 0,047 

BFM 92,9 - - 2,72 4,33 0,09 - 1,67 1,02 - 0,1 <0.01 0,036 

BF2M 92,1 - - 4,26 3,23 0,44 - 1,45 1,87 - 0,1 <0.01 0,011 

BFZ 93 - - 2,4 4,56 - - 1,7 - 1,07 0,1 <0.01 0,045 

BF2Z 93,1 - - 2,36 4,58 - - 1,71 - 2,15 0,11 <0.01 0,044 

BFMZ 92,9 - - 2,65 4,37 0,08 - 1,68 1,02 1,08 0,1 <0.01 0,036 
1ʩʦʩʪʘʚ ʩʤ. ʚ ʪʘʙʣ. 2.1, 2ʦʙʦʟʥʘʯʝʥʠʝ ʬʘʟ ʩʤ. ʥʘ ʨʠʩ. 3.1, 3.2, 3.3 
 

ʇʦ ʨʘʩʯʸʪʘʤ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʙʝʟ ʞʝʣʝʟʘ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Al20Cu2Mn3 ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 2% ʤʘʛʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ. ɺ ʩʧʣʘʚʘʭ ʩ ʞʝʣʝʟʦʤ ʢʘʨʪʠʥʘ ʥʝʩʢʦʣʴʢʦ 
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ʤʝʥʷʝʪʩʷ, ʠ ʜʦʣʷ ʬʘʟʳ Al 20 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʚʘʤʠ ʙʝʟ ʞʝʣʝʟʘ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350 ʠ 400 Üʉ ʩʧʣʘʚʳ ʩ 1% ʤʘʛʥʠʷ ʩʦʜʝʨʞʘʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Al20Cu2Mn3. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʜʠʩʧʝʨʩʦʠʜʘʤʠ. ʎʠʥʢ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦ 

ʚʩʝʭ ʩʧʣʘʚʘʭ ʠ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 3.4 ʦʪʦʙʨʘʞʝʥʳ ʪʝʤʧʝʨʘʪʫʨ rʨʘʚʥʦʚʝʩʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʦʣʠʜʫʩʦʚ 

(TS ï ʨʘʚʥʦʚʝʩʥʳʡ ʠ TNS ï ʥʝʨʘʚʥʦʚʝʩʥʳʡ), ʣʠʢʚʠʜʫʩʦʚ (TL ï ʨʘʚʥʦʚʝʩʥʳʡ ʠ TNL ï 

ʥʝʨʘʚʥʦʚʝʩʥʳʡ) ʠ ʠʥʪʝʨʚʘʣʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʩʝʭ ʩʧʣʘʚʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Thermocalc. ɺʠʜʥʦ, ʯʪʦ TL ʠ TNL ʜʣʷ ʚʩʝʭ 

ʩʧʣʘʚʦʚ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TS ʠ TNS ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʠʥʪʝʨʚʘʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 

ʨʘʚʥʦʚʝʩʥʳʭ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 100 Üʉ).  

 

ʊʘʙʣʠʮʘ 3.4. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʉʧʣʘʚ TS TNS TL TNL TL ï TS TNL ï TNS 

B 619 548 654 654 35 106 

BM 600 507 649 649 49 142 

B2M 580 481 648 648 68 167 

BZ 615 523 652 652 37 129 

B2Z 612 501 650 650 38 149 

BMZ 596 479 647 647 51 168 

BF 603 524 655 655 52 131 

BFM 581 506 658 658 77 152 

BF2M 558 502 661 661 103 159 

BFZ 600 504 655 655 55 151 

BF2Z 596 486 655 655 59 169 

BFMZ 576 480 658 658 82 178 

 

3.6 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʷ, ʮʠʥʢʘ, ʞʝʣʝʟʘ ʠ 

ʢʨʝʤʥʠʷ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ Alï2%Cuï1.5%Mn.  

1. ʈʘʩʯʝʪ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩʠʩʪʝʤʳ AlïCuïMnïFeïSiïMgïZn ʧʨʠ 2%Cu ʠ 

1,5%Mn ʧʦʢʘʟʳʚʘʝʪ ʫʩʣʦʞʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʛʥʠʷ ʢ ʙʘʟʦʚʦʤʫ 

ʩʧʣʘʚʫ ʦʙʨʘʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ S-ʬʘʟʫ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʤʘʛʥʠʡ ʦʢʘʟʳʚʘʝʪ 

ʝʱʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʦʙʨʘʟʫʷ ʬʘʟʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʘʟʫ ʩ ʢʨʝʤʥʠʝʤ Mg2Si. ʎʠʥʢ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʢʘʢ ʧʨʠ ʥʘʣʠʯʠʠ, ʪʘʢ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 
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ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ. ʇʦʤʠʤʦ ʬʘʟ Al 2Cu ʠ Al20Cu2Mn3 ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ: 

Al6(Mn, Fe), Al15(Mn,Fe)3Si2, S (Al2CuMg) ʠ Mg2Si. 

2. ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʪʚʝʨʜʳʭ ʬʘʟ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ, ʚʤʝʩʪʦ 

ʬʘʟ rAl2Cu, ʦʙʨʘʟʫʝʪʩʷ S-ʬʘʟʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʧʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʘʟ rAl2Cu ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ 2% ʤʘʛʥʠʷ, ɻʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟ r

Mg2Si. ʊʘʢʞʝ ʢʘʞʜʳʡ 1% ʤʘʛʥʠʷ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ~ʥʘ 30 Üʉ. 

ʎʠʥʢ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʥʘ 20 ϲʉ ʟʘ 1%. 

3. ʈʘʩʯʝʪ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 ʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ (ʧʦ 1%) ʚ ʙʘʟʦʚʳʡ ʩʧʣʘʚ ʥʝ ʤʝʥʷʝʪ ʝʛʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʪʘʢʞʝ 

ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʙʦʣʝʝ 1,2%(ʚ ʩʧʣʘʚʝ B2M) ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ S-ʬʘʟʳ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ ʠ ʚ ʩʧʣʘʚʝ BFMZ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʬʘʟʳ Al 20, Mg2Si, S ʠ Al15. 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ ʚʧʣʦʪʴ ʜʦ 0,1% ʥʝ ʧʦʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ ʜʦ 0,5%. 

4. ʈʘʩʯʝʪʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350, 400 ʠ 450 0ʉ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ ʚ ʩʧʣʘʚʘʭ ʙʝʟ ʞʝʣʝʟʘ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Al20Cu2Mn3 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʧʣʘʚ ʩ 2% ʤʘʛʥʠʷ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 400 Üʉ ʚ ʩʧʣʘʚʘʭ ʩ ʞʝʣʝʟʦʤ ʜʦʣʷ ʬʘʟʳ Al 20Cu2Mn3 ʚ 2-3 ʨʘʟ ʤʝʥʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʚʘʤʠ ʙʝʟ ʞʝʣʝʟʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 0ʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʬʘʟʳ Al 2Cu ʠ S-ʬʘʟʳ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʛʥʠʷ ʚ (Al ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʧʣʘʚʘʭ.  

5. ʇʦ ʨʘʩʯʸʪʘʤ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʙʝʟ ʞʝʣʝʟʘ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Al20Cu2Mn3 ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ. ɺ ʩʧʣʘʚʘʭ ʩ ʞʝʣʝʟʦʤ ʢʘʨʪʠʥʘ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʷʝʪʩʷ, ʠ ʜʦʣʷ ʬʘʟʳ Al 20 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʚʘʤʠ ʙʝʟ ʞʝʣʝʟʘ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350 ʠ 400 Üʉ ʩʧʣʘʚʳ ʩ 1% ʤʘʛʥʠʷ ʩʦʜʝʨʞʘʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟʳ Al20Cu2Mn3. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʜʠʩʧʝʨʩʦʠʜʘʤʠ. ʎʠʥʢ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦ 

ʚʩʝʭ ʩʧʣʘʚʘʭ ʠ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ. 
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 ɻʣʘʚʘ 4. ɺʣʠʷʥʠʝ Mg, Zn, Fe, Si ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ Alï2%Cuï1,5%Mn 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ, ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʝʛʠʨʫʶʱʠʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠ 

ʨʘʟʜʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʧʣʘʚʳ ʪʠʧʘ ɸʃʊʕʂ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʧʣʘʚʘ Al -2Cu-1.5Mn (ɸʃʊʕʂ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Mg ʠ Zn, ʣʝʛʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʧʨʦʯʥʷʶʱʠʤʠ ʚ 2ʭʭʭ ʠ 7ʭʭʭ ʩʝʨʠʷʭ ʩʧʣʘʚʦʚ. ɸ ʪʘʢʞʝ Fe 

ʠ Si, ʢʘʢ ʧʨʠʤʝʩʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʘʨʦʯʥʳʭ 

ʩʧʣʘʚʘʭ.  

 

4.1 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʠʪʢʦʚ (10F) ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʤʦʨʬʦʣʦʛʠʠ 

ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ, ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʪʘʙʣʠʮʘ 4.1) ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʘʣʶʤʠʥʠʷ (ʪʘʙʣʠʮʘ 4.2). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨ ʩʣʠʪʢʦʚ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʯʘʩʪʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩʣʠʪʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ TïQ (ʨʠʩ. 3.4-3.9). ɽʜʠʥʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ BF, BFM, BF2M, BFZ, BF2Z, BFMZ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ Al 6(Fe,Mn).  
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ʈʠʩ. 4.1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʉʕʄ: 

ʘ) B, ʙ) BF 
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ʈʠʩ. 4.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʉʕʄ: 

ʘ) BM, ʙ) BFM 
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ʈʠʩ. 4.3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʉʕʄ: 

ʘ) B2M, ʙ) BF2M 
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ʈʠʩ. 4.4. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʉʕʄ: 

ʘ) BZ, ʙ) BFZ 

 


