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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʘʚʠʘʮʠʦʥʥʘʷ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ, ʧʦʣʫʯʘʶʪ ʘʜʜʠʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ (ɸʊ) ʚʚʠʜʫ ʨʷʜʘ ʩʚʦʠʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʣʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʦʪ ʩʦʟʜʘʥʠʷ ʜʦ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ [1-5].  

ʍʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʍɻʅ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʥʳʭ 

ʠʟʜʝʣʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʟʘʜʘʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʙʝʟ ʦʢʠʩʣʝʥʠʷ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʪʘʢʠʭ ʢʘʢ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ɻʀʇ), ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʩʚʦʡʩʪʚ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ 

[6-12]. ʊʘʢʞʝ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʍɻʅ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʷʪʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʥʘʩʣʝʜʫʝʪʩʷ ʦʪ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ [13-15].  

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʝʤʦʥʪʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, ʣʠʪʴʝʤ) ʠʟ-ʟʘ ʨʷʜʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ 

ʤʝʪʦʜʳ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ ʩʥʠʟʠʪʴ ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʪʠʧʘ Ti-6Al -4V (ʘʥʘʣʦʛ ɺʊ6), ʘʣʶʤʠʥʠʝʚʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ 

ʩʧʣʘʚʳ (5ʭʭʭ ʠ 7ʭʭʭ ʩʝʨʠʡ), ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʤʘʣʦʡ ʫʜʝʣʴʥʦʡ ʤʘʩʩʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ [16-20]. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʟʜʝʣʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʘʛʨʫʟʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʚʝʨʜʦʬʘʟʥʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʩʚʦʡʩʪʚ, ʪʘʢʠʝ ʢʘʢ 

ʍɻʅ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʡ ʚ ʬʘʟʦʚʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ [21-25].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʍɻʅ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʠʪʘʥʦʚʳʭ ʠ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʍɻʅ) ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʷʚʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʍɻʅ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

(ʪʝʨʤʠʯʝʩʢʦʡ ʠ ɻʀʇ). 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʪʠʪʘʥʦʚʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʍɻʅ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ɻʀʇ ʢ ʩʧʣʘʚʘʤ ʪʠʧʘ ɺʊ6, 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍɻʅ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʘʛʫʣʷʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʤʝʞʟʝʨʝʥʥʦʤʫ ʨʦʩʪʫ Ŭ ʠ ɓ-ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝʨʞʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʪʝʨʠʘʣʝ. 

2.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʧʝʨʘʮʠʠ ɻʀʇ ʢ 

ʤʘʪʝʨʠʘʣʘʤ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, 
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ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʢʦʛʝʨʝʥʪʥʳʭ ʤʘʪʨʠʮʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʬʘʟ Al 3(Sc,Zr) ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ.  

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ SiC ʚ ʩʧʣʘʚʘʭ ʪʠʧʘ ɸɸ7075, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, 

ʫʩʢʦʨʷʝʪ ʨʘʩʧʘʜ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʫʙʳʭ 

ʟʝʨʥʦʛʨʘʥʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ  

ʬʘʟ ʊ(Al 2Mg3Zn3), Ẽ(MgZn2). ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ 

ʧʝʨʝʭʦʜʘ ʦʪ ʤʝʞʟʝʨʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢ ʚʥʫʪʨʠʟʝʨʝʥʥʦʤʫ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

1. ʆʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʍɻʅ ʠ ʨʝʞʠʤʳ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚ  

30-100 ʤʢʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

2. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʪʠʧʘ 

ɺʊ6  

ʚ ʘʪʤʦʩʬʝʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʙʝʟ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

ʛʘʟʘ 600 Áʉ ʤʝʪʦʜʦʤ ʍɻʅ. 

3. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣ ʩ ʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ 

ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ 

ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʍɻʅ. 

4. ʇʦʣʫʯʝʥ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ɸɸ7075 ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC (ʜʦ 20-25 % ʦʙ.) ʤʝʪʦʜʦʤ 

ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʍɻʅ. 

2. ɺʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʧʦʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
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ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʬʦʨʤʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. 10th EEIGM International Conference on Advanced Materials Research, 

Moscow, NUST MISiS, 2019 ʛ.; 

2. ʈʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʮʠʬʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʄʝʪʘʣʣʳ, ʩʧʣʘʚʳ, 

ʢʦʤʧʦʟʠʪʳè, ʄʦʩʢʚʘ, ʅʀʊʋ çʄʀʉʠʉè, ʦʢʪʷʙʨʴ 2019 ʛ.; 

3. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʫʢʘ. 

ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè, ʅɻʊʋ, ʅʦʚʦʩʠʙʠʨʩʢ, 30 ʥʦʷʙʨʷ ï 4 ʜʝʢʘʙʨʷ 2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʚ 4-ʭ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ, 3 ʠʟ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ Scopus ʠ Web of Science (Core Collection). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ: ʜʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʚʳʚʦʜʦʚ, ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ ʠʟ 145 ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 114 

ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 70 ʨʠʩʫʥʢʦʚ ʠ 14 ʪʘʙʣʠʮ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʂ2-2019-009 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʛʠʙʨʠʜʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, 

ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʠè, ʘ ʪʘʢʞʝ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ  

ˉ 19-38-90176\19. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪ ʧʨʦʚʝʨʝʥ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʛʠʘʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çɸʥʪʠʧʣʘʛʠʘʪè (https://antiplagiat.ru). 
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ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (Additive manufacturing, ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʭʤʝʨʥʦʡ 

ʧʝʯʘʪʠ, ʜʘʣʝʝ ï ɸʊ) - ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʧʦ ʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

(ʠʣʠ CAD-ʤʦʜʝʣʠ) ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ (add, ʘʥʛʣ. - ʜʦʙʘʚʣʷʪʴ) 

ʤʘʪʝʨʠʘʣʘ [26]. ɺ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʥʘʧʨʠʤʝʨ, ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ, ʧʦʨʦʰʢʦʚʳʝ, ʧʦʣʠʤʝʨʥʳʝ ʣʠʩʪʳ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʨʦʚʦʣʦʢʘ, ʨʘʩʧʣʘʚʣʷʝʤʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʨʘʱʠʚʘʥʠʝʤ ʩʣʦʷ ʠʟʜʝʣʠʷ 

[27].  

ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ [27]. ʇʦʟʞʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʝʨʚʳʝ ʣʘʟʝʨʥʳʝ ʤʘʰʠʥʳ 

(ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ SLA-ʤʘʰʠʥʳ), ʟʘʪʝʤ ï ʧʦʨʦʰʢʦʚʳʝ (SLS-ʤʘʰʠʥʳ), 

ʦʜʥʘʢʦ, ʚ ʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʊ ʙʳʣʦ ʚʝʩʴʤʘ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʘ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʭʚʘʪʳʚʘʶʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʪʨʘʩʣʴʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [28]. ʇʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠ ʩʦʢʨʘʱʘʪʴ ʵʪʘʧʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ [29].  

ʊʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʦʩʥʦʚʥʦʤ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʩʧʦʩʦʙʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʧʨʷʤʦʝ ʥʘʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ (ʘʥʛʣ. çdirect 

depositionè) ʠ ʯʘʩʪʠʯʥʳʡ ʩʠʥʪʝʟ (ʘʥʛʣ. çbed depositionè) [30]. 

ʂ ʤʝʪʦʜʘʤ ʯʘʩʪʠʯʥʦʛʦ ʩʠʥʪʝʟʘ ʦʪʥʦʩʷʪʩʷ çʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟè ʠʣʠ 

çʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝè (SLS ï Selective Laser Sintering), ʚ ʢʦʪʦʨʦʤ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʚʳʩʪʫʧʘʝʪ ʧʫʯʦʢ ʣʘʟʝʨʘ. ʂʨʦʤʝ SLS-ʪʝʭʥʦʣʦʛʠʡ, ʢ 

ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ: 

1. ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (SLM ï Selective Laser Melting, ʜʘʣʝʝ - 

ʉʃʇ); 
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2. ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (DMLS ï Direct Metal Laser Sintering); 

3. ʣɻʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ (EBM ï Electron Beam Melting); 

4. ʧʦʩʣʦʡʥʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (Laser Cusing); 

5. ʧʦʩʣʦʡʥʦʝ ʩʢʣʝʠʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʦʨʦʰʢʘ ʩʚʷʟʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ  

(Ink-Jet ʠʣʠ Binder Jetting). 

ʇʨʷʤʦʝ ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʫʛʫʶ ʢʘʪʝʛʦʨʠʶ 

ʤʝʪʦʜʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʦʪ 

ʧʝʨʚʦʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ (ʩʧʣʘʚʘ) ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ, ʘ 

ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ [31].  

ɺ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

1. ʇʨʷʤʘʷ ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ (DMD ï Direct Metal Deposition); 

2. ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ (DM ï Direct Manufacturing, ʬʠʨʤʝʥʥʦʝ ʥʘʟʚʘʥʠʝ 

ʢʦʤʧʘʥʠʠ Sciaky, ʉʐɸ). 

ɺ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʡ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠ ̫

ʯʘʩʪʠʮ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʦʷ ʠʟʜʝʣʠʷ ʠʣʠ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʥʘʢʦʧʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʟʜʝʣʠʷʭ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʷʚʠʣʠʩʴ ʜʨʫʛʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʝ ʤʝʪʦʜʳ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʦʙʲʝʤʥʳʭ 

ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʤʥʦʛʦ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʭʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʜʘʣʝʝ ï ʍɻʅ) [32].  

1.2 ʄʝʪʦʜ ʍɻʅ 

ɻʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʍɻʅ ʦʪ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʠ ʧʦʢʨʳʪʠʡ (ʧʣʘʟʤʝʥʥʦʛʦ, 

ʛʘʟʦʧʣʘʤʝʥʥʦʛʦ, ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʧʳʣʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʜʚʠʞʫʱʠʭʩʷ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ [33]. 

ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ (ʊ0=0,4-0,7*ʊʧʣ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩʦʟʜʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʫʩʢʦʨʷʶʱʠʤ ʛʘʟʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʦʢʠʩʣʝʥʠʝ, 

ʠʩʧʘʨʝʥʠʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʠ ʪ.ʧ.) ʠʣʠ ʧʦʣʥʦʛʦ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ʊʘʢʞʝ, 

ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʚʦʟʥʳʭ ʧʦʨ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʩʪʨʘʥʷʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʢʦʨʦʙʣʝʥʠʶ ʠʟʜʝʣʠʷ [34]. 

ʍʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ 

ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʦʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʦʨʷʜʢʘ 300-1200 ʤ/ʩ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʞʘʪʦʛʦ ʛʘʟʘ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʠ 

ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʨʝʛʨʘʜʦʡ (ʧʦʜʣʦʞʢʦʡ) ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʛʝʟʠʦʥʥʦ-ʢʦʛʝʟʠʦʥʥʳʭ 

ʩʚʷʟʝʡ [1].  

ɺ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʷʚʣʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʤʝʪʦʜʦʤ ʍɻʅ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ʀʊʇʄ ʉʆ ʈɸʅ) ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʪʝʢʘʥʠʷ ʟʘʪʫʧʣʝʥʥʳʭ ʪʝʣ ʩʚʝʨʭʟʚʫʢʦʚʳʤ 

ʜʚʫʭʬʘʟʥʳʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʪʦʢʦʤ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʪʦʨʤʦʞʝʥʠʷ ʦʢʦʣʦ 0ï20 ÁC). 

ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʧʨʦʮʝʩʩʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʨʘʟʜʝʣʴʥʦ, ʪʘʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ: 

1) ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʟʘ ʩʯʝʪ ʯʘʩʪʠʮ, ʦʪʨʘʟʠʚʰʠʭʩʷ ʦʪ 

ʣʦʙʦʚʦʡ ʯʘʩʪʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ; 

2) ʵʨʦʟʠʷ ï ʨʘʟʨʫʰʝʥʠʝ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ; 

3) ʨʝʞʠʤ ʍɻʅ ï ʥʘʧʳʣʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʥʘ ʣʦʙʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ [2]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ [35]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʘʷ ʩʚʦʷ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʧʦʜʣʦʞʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʝʝ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ 

ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʚʳʩʦʢʦʝ ʣʦʢʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʪʝʩʥʦʤʫ 

ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʣʦʚ ʯʝʨʝʟ ʨʘʩʧʘʜ ʠ ʵʢʩʪʨʫʟʠʶ ʪʦʥʢʠʭ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʥʘ ʯʘʩʪʠʮʝ 
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ʠ ʧʦʜʣʦʞʢʝ, ʦʙʨʘʟʫʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʩʚʷʟʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʘʞʜʝʥʠʶ ʧʦʨʦʰʢʘ 

(ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩ ʧʨʝʛʨʘʜʦʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ.  

 

 

1 ð ʩʞʘʪʳʡ ʛʘʟ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʸʪʩʷ ʚ ʥʘʛʨʝʚʘʪʝʣʴ; 

2 ð ʛʘʟ ʧʦʩʪʫʧʘʝʪ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʩʦʧʣʦ; 

3 ð ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʸʪʩʷ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʟʘ 

ʢʨʠʪʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ ʩʦʧʣʘ, ʚ ʪʫ ʝʛʦ ʯʘʩʪʴ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʚ ʧʦʪʦʢʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ; 

4 ð ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪʩʷ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʜʦ ʩʢʦʨʦʩʪʠ 300ð1200 ʤ/ʩ; 

5 ð ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʝʛʨʘʜʳ, ʬʦʨʤʠʨʫʷ ʥʘ ʥʝʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ. 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʍɻʅ 

[36] 
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ɺ ʧʨʦʮʝʩʩʝ ʍɻʅ ʩʞʘʪʳʡ ʛʘʟ ʦʯʠʱʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʠʣʴʪʨʘʤʠ, ʜʘʣʝʝ ʝʛʦ 

ʧʦʜʘʶʪ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʫ ʦʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʡ ʝʛʦ 

ʨʘʟʦʛʨʝʚʘʶʪ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʜʘʶʪ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʩʦʧʣʦ, ʘ 

ʥʘʧʳʣʷʝʤʳʡ ʧʦʨʦʰʦʢ ʠʟ ʧʠʪʘʪʝʣʷ ʧʦʜʘʶʪ ʚ ʟʦʥʫ ʩʦʧʣʘ. ʇʦʨʦʰʦʢ ʟʘʭʚʘʪʳʚʘʝʪʩʷ 

ʧʨʦʭʦʜʷʱʠʤ ʛʘʟʦʤ ʠ ʥʘ ʚʳʭʦʜʝ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʩʦʧʣʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʩʪʨʫʷ ʩʤʝʩʠ ʛʦʨʷʯʝʡ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ [37].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʷ (ʠʟʜʝʣʠʷ) ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ, ʜʘʚʣʝʥʠʝ 

ʧʦʜʘʚʘʝʤʦʛʦ ʛʘʟʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ [38-40]. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

ɹʦʣʝʝ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [41, 42] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʠʝ ʪʚʝʨʜʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʦʪ 400 ʜʦ 1200 ʤ/ʩ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ ʍɻʅ 

ʧʨʦʚʦʜʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʣʠʷ ʠʣʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʚʦʟʜʫʭ ï ʛʝʣʠʡ) ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ʉʢʦʨʦʩʪʴ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʯʠʤ 

ʛʘʟʦʤ. ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 700 ʤ/ʩ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʣʠʷ ï 1200 ʤ/ʩ. ʆʜʥʘʢʦ 

ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʛʝʣʠʷ ʯʘʱʝ ʚʩʝʛʦ ʚ ʤʝʪʦʜʝ ʍɻʅ ʠʩʧʦʣʴʟʫʶʪ ʘʟʦʪ [43]. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʘʢ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚ ʛʘʟʦʚʦʡ ʩʪʨʫʝ, 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʥʘʧʳʣʷʝʤʳʭ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʣʠʩʴ. 

ʊʘʢʞʝ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʥʘ 

ʯʠʩʣʝ ʟʘʢʨʝʧʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʨʝʛʨʘʜʦʡ. ɸʚʪʦʨʳ 

[44] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʧʳʣʝʥʠʷ ʜʦ 780 ʤ/ʩ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʢʨʘʪʝʨʦʚ ʦʪ ʦʪʩʢʦʯʠʚʰʠʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʥʦ ʠ 

ʟʘʢʨʝʧʣʝʥʠʶ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ , ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠ 

ʜʦ 850 ʤ/ʩ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʪʦʛʦ ʛʝʣʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʟʘʢʨʝʧʠʚʰʠʭʩʷ ʯʘʩʪʠ ʜʦ 0,5. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʧʳʣʝʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʤʝʪʘʣʣʘ 
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ʧʦ ʧʝʨʠʬʝʨʠʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʥʦ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʥʘʧʳʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ (ʨʠʩ. 3) [45].  

 

ʘ) ʙ) ʚ)  

ʘ) u=625 ʤ/ʩ; 

ʙ) u=730 ʤ/ʩ; 

ʚ) u=850 ʤ/ʩ 

ʈʠʩʫʥʦʢ 3 ï ʀʟʦʙʨʘʞʝʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʥʘʧʳʣʝʥʠʷ ʍɻʅ, ʉʄ [45] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ 

ʦʪ ʠʭ ʩʢʦʨʦʩʪʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʨʝʛʨʘʜʦʡ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮʳ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ rʯvʯ
2
/Hʯ, ʛʜʝ rʯ, vʯ, Hʯ ï ʧʣʦʪʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʍɻʅ 

ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ (e) ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʤʝʥʴʰʝ, ʯʝʤ ʢʨʫʧʥʳʭ, ʪ. ʝ. ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʪʚʝʨʜʦʩʪʴ ʚʳʰʝ (ʨʠʩ. 4) [46]. 
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ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʩʬʝʨʠʯʝʩʢʠʭ ʘʣʶʤʠʥʠʝʚʳʭ ʯʘʩʪʠʮ 

ʦʪ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ [46]  

 

ʇʨʠ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʍɻʅ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʩʧʣʘʚʘ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʷ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʧʨʝʛʨʘʜʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʢʨʳʪʠʷ. ʇʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ 

ʧʦʯʪʠ ʠʟ ʣʶʙʦʛʦ ʤʝʪʘʣʣʘ ʠʣʠ ʩʧʣʘʚʘ, ʝʩʣʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʣʦʞʢʠ ʩʦʠʟʤʝʨʠʤʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʛʝʣʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʳʰʝ  

1200 ʤ/ʩ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʦʜʦʛʨʝʚʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʧʦʢʨʳʪʠʷ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʳʣʝʥʠʷ 

ʤʝʪʦʜʦʤ ʍɻʅ, ʪʦ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʠ 

ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʣʦʞʢʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʘʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʧʣʵʪʦʚʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ [47]. ɸʚʪʦʨʳ [48] ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʍɻʅ. ʊʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʍɻʅ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5 ï ʊʠʧʠʯʥʘʷ ʩʧʣʵʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ [48] 

 

ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ  

ʨʠʩʫʥʢʘʭ 6, 7. 

 

 

ʈʠʩʫʥʦʢ 6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʍɻʅ [49] 
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ʈʠʩʫʥʦʢ 7 ï ʇʨʠʤʝʨ ʠʟʜʝʣʠʷ ʠʟ ʪʠʪʘʥʘ ʠ ʤʝʜʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʍɻʅ [50] 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ. ʊʘʢ, ʩʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ [99] ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦʜʣʦʞʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʝʛʦ 

ʘʜʛʝʟʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʝʝ ʩʮʝʧʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʦʡ, ʥʝʞʝʣʠ ʩ ʘʣʶʤʠʥʠʝʚʦʡ (ɸɸ7075) ʠʣʠ ʤʘʛʥʠʝʚʦʡ (AZ31).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʍɻʅ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʣʶʤʠʥʠʶ, ʤʝʜʠ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʚʘʥʘʜʠʷ, 

ʩʪʘʣʠ ʠ ʜʨʫʛʠʭ, ʘ ʪʘʢʞʝ ʩʤʝʩʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʧʦʨʦʰʢʘʤʠ ʪʚʝʨʜʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ (ʥʠʪʨʠʜʳ, ʢʘʨʙʠʜʳ, ʦʢʩʠʜʳ ʠ ʜʨ.) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʤʝʪʘʣʣʦʚ [51,52].  

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʍɻʅ ʷʚʣʷʶʪʩʷ:  

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ; 
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- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ; 

- ʫʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ; 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʜʣʦʞʢʠ  

(ʥʘʛʨʝʚ ʥʝ ʙʦʣʝʝ 150 Áʉ);  

- ʩʦʭʨʘʥʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ; 

- ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʧʦʢʨʳʪʠʡ (ʜʦ 120 ʄʇʘ);  

- ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʦʛʨʝʚʘ ʧʦʜʣʦʞʢʠ;  

- ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʦʰʢʘ; 

- ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ; 

- ʦʜʥʦʚʨʝʤʝʥʥʘ ̫ʧʦʜʘʯʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

1.3 ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʪʦʜʝ ʍɻʅ  

 ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʨʦʰʢʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ.  

ʇʦʜ ʧʦʨʦʰʢʘʤʠ ʧʦʥʠʤʘʶʪ ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʜʦ 1 ʤʤ. ʇʦʨʦʰʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ (ʧʦ ʫʩʣʦʚʥʦʤʫ 

ʜʠʘʤʝʪʨʫ d). ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʨʦʰʦʢ, ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʘ d50 ï çʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮè. ʅʘʧʨʠʤʝʨ, d50 = 40 ʤʢʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫ 

50% ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ 40 ʤʢʤ.  

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʨʦʰʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ 

ɻʨʫʧʧʘ d, ʤʢʤ 

ʅʘʥʦʜʠʩʧʝʨʩʥʳʝ <0,001 

ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ 0,01-0,1 
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ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ 0,1ï10 

ʄʝʣʢʠʝ 10ï40 

ʉʨʝʜʥʠʝ 40ï250 

ʂʨʫʧʥʳʝ 250ï1000 

 

ʆʙʱʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʧʦʨʦʰʢʘʤ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʯʘʩʪʠʮ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-

ʧʝʨʚʳʭ, ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʦʙʲʝʤ. ʀ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ çʪʝʢʫʯʝʩʪʴè ʧʦʨʦʰʢʦʚʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʯʪʦ 

ʢʘʢ ʨʘʟ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʯʘʩʪʠʮ [53]. 

ʆʜʥʘʢʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʬʦʨʤʘ ʯʘʩʪʠʮ ʠʤʝʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɹʦʣʝʝ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʘʩʪʠʮ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʦʨʤʳ 1-2 [54] (ʨʠʩ. 8).   

 

 

ʈʠʩʫʥʦʢ 8 ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 304L 

[54] 

 



19 
 

 

 

ʈʠʩʫʥʦʢ 9 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 304L, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʍɻʅ [54] 

 

ɺ ʨʘʙʦʪʝ ʂʣʠʥʢʦʚʘ, ʂʦʩʳʨʝʚʘ [55] ʪʘʢʞʝ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʦʡ (ʥʝ ʩʬʝʨʠʯʥʦʡ ʠ ʥʝ 

ʦʢʨʫʛʣʦʡ) ʬʦʨʤʳ ʤʝʪʦʜʦʤ ʍɻʅ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʧʦʨʦʰʢʠ ʠʟ ʙʨʦʥʟʳ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

ʘ) ʙ)  

ʈʠʩʫʥʦʢ 10 ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠʟ ʙʨʦʥʟʳ (ʘ) ʠ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ (ʙ) [55] 

 

1.4 ɼʝʬʝʢʪ rʚ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ, ʠ ʤʝʪʦʜʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ 

 

ʆʩʥʦʚʥʳʤ ʜʝʬʝʢʪʦʤ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʜʝʣʠʷʭ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʘʤʠ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ. ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʝʝ ʫʩʪʨʘʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʦʥʥʫʶ 



20 
 

 

ʦʙʨʘʙʦʪʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʜʘʣʝʝ ï ɻʀʇ) 

[56 - 59]. 

ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʜʘʣʝʝ ï ʊ/ʆ) ʢ 

ʠʟʜʝʣʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʊ/ʆ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʧʦʚʳʰʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʚ ʨʘʙʦʪʝ [60] ʧʨʠ ʘʥʘʣʠʟʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʤʘʛʥʠʝʚʳʡ ʩʧʣʘʚ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʧʦʢʨʳʪʠʷʭ Cu38Ni, ʘ ʠʤʝʥʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 60 ʄʇʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʤʘʪʝʨʠʘʣʘ [61]. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʞʝ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʦʢʨʳʪʠ ̫ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ɸ380 

[62]. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʣʦʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: ʧʨʦʠʟʦʰʝʣ 

ʧʝʨʝʭʦʜ  ʦʪ ʭʨʫʧʢʦʛʦ ʢ ʙʦʣʝʝ ʚʷʟʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʄʦʨʢʩ, ɿʘʭʠʨʠ ʠ ʜʨ. ʚ ʨʘʙʦʪʝ [63] ʧʨʦʚʝʣʠ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʍɻʅ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ  

(ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʝ) ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʜʦ 900 Áʉ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ɺʠʢʢʝʨʩʫ (ʜʦ 214 HV). ʇʦʩʣʝʜʫʶʱʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʪʞʠʛʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 800 Áʉ ʜʦ 1000 Áʉ ʧʨʠʚʝʣʦ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʨʘʩʪʚʦʨʝʥʠʶ ʛʨʘʥʠʮ ʩʧʣʵʪʦʚ ʟʘ ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ. 

ʉʦʚʤʝʩʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʜʦ 2 % ʦʙ. ʀ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦ 4,5 ʂʣ/ʤį. 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩ 800 Áʉ ʜʦ  

1000 Áʉ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʩ 13 ʜʦ 25 ʤʢʤ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ ʠ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʘʤʠ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʃʇ ʠ ʇʃɺ, ʦʩʪʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ 
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ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʥʝʛʘʪʠʚʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘʛʨʝʚʘ ʣʘʟʝʨʦʤ) [64, 65]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʍɻʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʝʨʤʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʣʦʞʢʠ ʠ ʧʦʢʨʳʪʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʥʝʝ, ʚʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʦʢʨʳʪʠʷʭ, ʥʘʥʦʩʠʤʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ/ʧʦʢʨʳʪʠʷ, ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʧʳʣʷʝʤʦʛʦ ʛʘʟʘ [66-70]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʜʘʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʯʝʥʴ ʚʘʞʥʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʘʜʛʝʟʠʶ ʧʦʢʨʳʪʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ [71, 72]. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʢʘʢ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʢʨʳʪʠʷʭ ʠ ʠʟʜʝʣʠʷʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ. ɸʚʪʦʨʳ [73] ʥʘ ʧʨʠʤʝʨʝ ʧʦʢʨʳʪʠʡ ʠʟ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʘ Ti-6Al-4V ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ, ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʨʘʚʥʦʚʝʩʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʞʠʛʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʦ 747 ʄʇʘ.  

ɼʨʫʛʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ ʷʚʣʷʝʪʩʷ 

ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʠʤʝʥʝʥʠʝ ɻʀʇ ʧʦʟʚʦʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ [74-77].  

ɺ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ 

ʩʞʘʪʦʛʦ ʛʦʨʷʯʝʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʦʢʨʫʛ ʜʝʪʘʣʠ ʚʥʫʪʨʠ ʢʘʤʝʨʳ, ʚʳʟʳʚʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʚʦʢʨʫʛ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʧʦʨʳ, ʪʝʤ ʩʘʤʳʤ ʠʥʠʮʠʠʨʫʷ ʫʩʘʜʢʫ ʧʦʨ ʠ 

ʫʩʢʦʨʷʷ ʜʠʬʬʫʟʠʶ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ɻʀʇ: ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʢʘʧʩʫʣ ʠ ʙʝʟ [78, 79].  
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 11 [79]. 

 

 

ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ɻʀʇ ʩ ʢʘʧʩʫʣʦʡ ʠ ʙʝʟ [79] 

 

ɻʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʙʝʟ ʢʘʧʩʫʣʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʡ ʩ ʟʘʢʨʳʪʳʤʠ, ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʧʦʨʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʝʪʘʣʴ ʧʦʤʝʱʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʤʝʨʫ ʠʟʦʩʪʘʪʘ, 

ʩʞʘʪʳʡ ʛʦʨʷʯʠʡ ʛʘʟ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʳʟʳʚʘʝʪ ʘʙʩʦʨʙʮʠʶ ʛʘʟʘ ʩ ʧʦʨʘʤʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʫʩʘʜʢʝ.  

ɽʩʣʠ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ɻʀʇ ʩ ʢʘʧʩʫʣʦʡ: ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʪʘʣʴ ʧʦʤʝʱʘʝʪʩʷ ʚ 

ʟʘʢʨʳʪʫʶ ʜʝʬʦʨʤʠʨʫʝʤʫʶ ʢʘʧʩʫʣʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʛʘʟ ʫʜʘʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ ʜʦ ʧʦʤʝʱʝʥʠʷ ʢʘʧʩʫʣʳ ʚ ʠʟʦʩʪʘʪ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʡ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚʳʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʠ ʩʪʝʥʢʠ 

ʢʘʧʩʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʨʘʥʝʥʠ ʁʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [80] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ɻʀʇ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʯʠʩʪʳʡ ʪʠʪʘʥ, ʩʧʣʘʚ Ti-6Al-4V, ʩʪʘʣ ɹ 316L ʠ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʩʠʩʪʝʤʳ Al-Mg ʩ ʜʦʙʘʚʢʘʤʠ ʩʢʘʥʜʠʷ ʠ ʮʠʨʢʦʥʠʷ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ɻʀʇ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʷ ʚ ʯʠʩʪʦʤ ʪʠʪʘʥʝ ʠ ʩʪʘʣʠ ʤʘʨʢʠ 316L. ɺ ʪʠʪʘʥʦʚʦʤ ʩʧʣʘʚʝ  

Ti-6Al-4V ʫʧʣʦʪʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʚʳʨʘʞʝʥʦ ʥʝ ʪʘʢ ʷʨʢʦ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦʩʣʝ ɻʀʇ ʫʚʝʣʠʯʠʣʠʩʴ 
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ʧʨʠʤʝʨʥʦ ʥʘ 25 %, ʪʘʢ ʢʘʢ ʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʰʣʠ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʘʭ.  

ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ɻʀʇ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʍɻʅ, ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʥʠʞʝʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʚ ʧʦʢʨʳʪʠʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [81]. ɸʥʘʣʠʟ 

ʬʨʘʢʪʦʛʨʘʤʤ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʍɻʅ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʦʨʷʯʝʛʦ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ ʠ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʣʦʤʘ ʩ ʭʨʫʧʢʦʛʦ ʥʘ ʚʷʟʢʠʡ (ʨʠʩ. 12). 

 

 

ʈʠʩʫʥʦʢ 12 ï ʌʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʍɻʅ (ʘ) ʠ ʍɻʅ+ɻʀʇ (ʙ), ʉʕʄ [81] 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʊ/ʆ ʠ ɻʀʇ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, 

ʦʧʪʠʤʠʟʘʮʠ ̫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʍɻʅ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʥʘʧʨʠʤʝʨ, 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʘʭ) ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʙʦʣʝʝ 1 % ʦʙ.), ʘ ʫʨʦʚʝʥʴ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ.  

1.5 ʊʠʪʘʥʦʚʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ, ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ ʍɻʅ 

ʊʠʪʘʥʦʚʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʚʠʘʩʪʨʦʝʥʠʝ (ʚʠʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʩʘʤʦʣʝʪʦʚ), 
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ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ, ʭʠʤʠʯʝʩʢʘ ̫ʧʨʦʤʳʰʣʝʥʥʦʩʪ,ɹ ʩʫʜʦʩʪʨʦʝʥʠʝ (ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʦʚ, 

ʛʨʝʙʥʳʝ ʚʠʥʪʳ, ʜʚʠʛʘʪʝʣʠ ʠ ʜʨ.), ʢʦʤʧʴʶʪʝʨʥʘ ̫ ʪʝʭʥʠʢʘ, ʘ ʪʘʢʞʝ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ [82 - 84]. ʉʧʣʘʚʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʤʝʶʪʩʷ 

ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʟʜʫʭʘ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʞʝ, 

ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ [85]. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʛʨʫʧʧʫ ʩʧʣʘʚʦʚ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ.  

ʅʘʧʨʠʤʝʨ, ʪʠʪʘʥʦʚʳʝ ʩʣʘʚʳ ʪʠʧʘ ɺʊ6 ʧʨʝʚʦʩʭʦʜʷʪ ʜʝʬʦʨʤʠʨʫʝʤʳʝ 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʦʜʥʘʢʦ ʫʩʪʫʧʘʶʪ ʠʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ [86]. ʂʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʠʟ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʘʤʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʪʝʭʥʦʣʦʛʠʷ ʍɻʅ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʚʠʜʫ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʠʝ ʧʦʢʨʳʪʠʡ ʠ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʍɻʅ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ [87]. ɺ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [88-98] ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti64.  

ʅʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪ [100,101] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʡ ʠʟ ʩʧʣʘʚʘ Ti64 

ʧʦʩʣʝ ʍɻʅ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=750Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʣʘʩʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʠ ʫʚʝʣʠʯʠʣʘʩʴ ʧʦʨʠʩʪʦʩʪʴ (ʨʠʩ. 13). 
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ʈʠʩʫʥʦʢ 13 ï ɺʝʣʠʯʠʥʘ ʧʦʨʠʩʪʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʧʦʢʨʳʪʠʠ 

ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti64 ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ [101] 

 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [102] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʢʨʳʪʠʝ ʠʟ ʪʠʪʘʥʘ ʪʦʣʱʠʥʦʡ 

1,4 ʤʤ, ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʨʠʩʪʦʩʪʠ 4,2+1,4 ʦʙ. %. ʅʘʧʨʠʤʝʨ, ʚʝʣʠʯʠʥʘ ʪʘʢʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʠʝʤʣʝʤʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʠʦʤʝʜʠʮʠʥʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʠʷ 

ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠ ̫ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ 

(ʨʠʩ. 14). 

 

 

ʈʠʩʫʥʦʢ 14 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ Ti64 ʜʦ ʠ ʧʦʩʣʝ ʍɻʅ [102] 
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ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʶ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ ʩ 19 ʄʇʘ ʜʦ 50 ʄʇʘ [102]. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʝ ʟʥʘʯʝʥʠʷ ʫ ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʍɻʅ 

ʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ [103].  

ʆʜʥʘʢʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʧʦʣʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʝ 

ʫʚʝʣʠʯʝʥʠʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʝʥʠʝ ʦʪʞʠʛʘ ʢ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ ʪʠʧʘ Ti64 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʢ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʨʦʭʦʞʜʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ ʧʝʨʝʭʦʜʫ ʦʪ 

ʤʝʞʟʝʨʝʥʥʦʛʦ ʢ ʚʥʫʪʨʝʟʝʨʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʬʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʦʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 15). 

 

 

ʈʠʩʫʥʦʢ 15 ï ʌʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʦʚ ʦʙʨʘʟʦʚ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ  

Ti64 ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [103] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʙʱʠʡ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ ʩ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʪʠʪʘʥʦʚʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʍɻʅ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

1.6 ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚ,r ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ ʍɻʅ 

ɼʝʬʦʨʤʠʨʫʝʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 
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ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ [104]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ɸʊ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ 

ʩʠʣʫʤʠʥʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʷʯʝʠʩʪʦ-ʜʝʥʜʨʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ 

ʪʘʢʞʝ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʚʳʩʦʢʦʡ ʣʘʟʝʨʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʨʘʢʝʪ ʠ 

ʩʧʫʪʥʠʢʦʚ [105-108]. 

ʊʘʢ, ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-Mg ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʢʘʥʜʠʷ ʪʠʧʘ 1545ʂ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ, ʧʦʣʫʯʠʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʚʠʜʫ ʩʚʦʠʭ 

ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ [109]. ʉʧʣʘʚʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ 

ʦʪʥʦʩʷʪʩʷ ʢ 5ʭʭʭ ʩʝʨʠʠ, ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ, ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ [110].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Al-Mg-Sc ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʷʜʢʘ 10
5
-10

6
 ʂ/ʩ ʧʦʜʘʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʛʨʫʙʳʭ 

ʚʳʜʝʣʝʥʠʡ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩʧʣʘʚʦʚ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʬʘʟ ʪʠʧʘ Al 3(Sc). 

ɼʘʥʥʳʝ ʬʘʟʳ ʢʦʛʝʨʝʥʪʥʳ ʤʘʪʨʠʮʝ ʠ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʥʦʝ ʩ ʥʝʡ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʁ  ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʩʧʘʜʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 2-10 ʥʤ. [111, 112]. ʊʘʢʞʝ, ʩ ʮʝʣʴʶ 

ʟʘʤʝʜʣʝʥʠʷ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʢʘʥʜʠʷ ʚ ʘʣʶʤʠʥʠʠ ʠ ʩʥʠʞʝʥʠʷ 

ʢʦʘʛʫʣʷʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ, ʚ ʩʧʣʘʚʳ ʚʚʦʜʷʪ ʜʨʫʛʦʡ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ï 

ʮʠʨʢʦʥʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ ʜʦ 35 % ʩʢʘʥʜʠʷ ʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ ʠ ʦʙʨʘʟʫʷ 

ʚʳʜʝʣʝʥʠʷ ʪʠʧʘ Al3(Sc,Zr). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠ,̫ ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ) ʙʳʣ ʩʦʟʜʘʥ ʩʧʣʘʚ Scalmalloy [113] ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ:  

Al-4,6%Mg-0,66%Sc-0,42%Zr-0,49%Mn. ɺ ʧʨʦʮʝʩʩʝ ʉʃʇ ʚ ʜʘʥʥʦʤ ʩʧʣʘʚʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʩʧʝʨʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘ ʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ 
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ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʥʜʠʷ ʠ ʮʠʨʢʦʥʠʷ ʚ ʩʧʣʘʚʝ, ʢʦʪʦʨʳʝ ʩʜʝʨʞʠʚʘʶʪ ʧʨʦʮʝʩʩ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [114, 115].  

ɺ ʨʘʙʦʪʝ [14] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʝʪʦʜʝ 

ʉʃʇ ʧʦ ʩʦʩʪʘʚʫ, ʩʭʦʞʝʤʫ ʩʦ ʩʧʣʘʚʦʤ Scalmalloy. ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 

ʦʪʞʠʛʘ ʢ ʦʙʨʘʟʮʘʤ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʃʇ, ʧʦ ʨʝʞʠʤʫ 300 ÁC/3 ʯ.+360 ÁC/4 ʯ. 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʜʦ 

ů0,2=424ï438 Mʇa, ůʚ=465ï480 Mʇa ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʬʘʟ, 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ.  

ʆʜʥʘʢʦ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʩʢʘʥʜʠʷ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  

[116, 117] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ  ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ Al-Mg-Zr ʤʝʪʦʜʦʤ ʉʃʇ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʢʦʨʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʡ ʠ ʪʦʣʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʨʝʤʦʥʪ 

ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ 

ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʦ ʧʦʢʨʳʪʠʷʭ ʠ ʠʟʜʝʣʠʷʭ ʥʘ 

ʦʩʥʦʚʝ ʩʧʣʘʚʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ.  

ɼʨʫʛʠʤʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ ʚ ʘʜʜʠʪʠʚʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʤʝʪʦʜʝ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, 

ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʪʠʧʘ ɸɸ7075 ʩʠʩʪʝʤʳ Al-Cu-Zn, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʍɻʅ ʢ 

ʩʧʣʘʚʘʤ ʪʠʧʘ ɸɸ7075 ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʦʢʨʳʪʠʷʭ 

[118-123].  

ʊʘʢ, ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [124] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʢʨʳʪʠʷʭ ʠʟ ʩʧʣʘʚʦʚ ʪʠʧʘ 

ɸɸ7075, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʙʟʝʨʝʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʘ 

ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩ. 16). ʊʘʢʞʝ, 
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ʧʨʦʭʦʞʜʝʥʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʜʝʣʝʥʠʶ 

ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ ʦ ʧʦʜʣʦʞʢʫ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʳʡ ʥʘʛʨʝʚ. 

 

 

ʈʠʩʫʥʦʢ 16 ï ʀʟʦʙʨʘʞʝʥʠʝ ʩʫʙʩʪʨʫʢʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʩʧʣʘʚʘ ɸɸ7075, ʇʕʄ [124] 

 

ɺ ʨʘʙʦʪʘʭ [125, 126] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʛʘʟʦʚʦʡ ʘʪʦʤʠʟʘʮʠʠ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ɸɸ7075 ʧʨʠʩʫʪʩʪʚʫʶʪ ʊ-ʬʘʟʘ ʠ ʬʘʟʳ 

Al 7Cu2Fe, Mg2Si, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Al-Cu-Zn ʚ 

ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢ ʩʧʣʘʚʫ ɸɸ7075 ʧʨʠ ʊ=465 ÁC  

ʠ ʊ=480 ÁC ʧʨʠʚʝʣʦ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʊ-ʬʘʟʳ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʨʦʩʪʘ 

S-ʬʘʟʳ, ʘ ʪʘʢʞʝ ʫʢʨʫʧʥʝʥʠʷ ʬʘʟʳ Al7Cu2Fe, ʢʦʪʦʨʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʶʪʩʷ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʧʣʘʚʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ [127]. ʆʜʥʘʢʦ ʨʝʞʠʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢ ʩʧʣʘʚʘʤ ʪʠʧʘ ɸɸ7075 ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ 

ʚʳʙʨʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʷ ʙʳʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʊ-ʬʘʟʳ. 

ʊʘʢʞʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢ ʩʧʣʘʚʘʤ 

ʩʠʩʪʝʤʳ Al-Cu-Zn, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʄʘʣʦʫʛʣʦʚʳʝ 

ʛʨʘʥʠʮʳ 

ɻʨʘʥʠʮʘ 

ʟʝʨʝʥ 
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ʥʘʧʳʣʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ [128]. 

ʊʘʢ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʝɦ ʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠ̫ ʚ ʦʙʣʘʩʪʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʠ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ 

ʠ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʦʤʧʣʝʢʩ ʠʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʧʦʚʳʩʠʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʨʘʩʰʠʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [129]. 

ʊʘʢ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʪʘʢʠʭ 

ʢʘʢ 6061, 7075 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʣʫʯʰʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʚʳʩʦʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʚʚʠʜʫ ʥʘʣʠʯʠʷ 

ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ) ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʘʚʪʦʤʦʙʠʣʴʥʘʷ, 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ [130-133]. ʊʨʫʜʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʤʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ, ʦʢʠʩʣʝʥʠʝ) ɺʚʠʜʫ ʵʪʦʛʦ, ʤʝʪʦʜ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 ʊʘʢ, ʚ ʨʘʙʦʪʝ [134] ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 6061-TiC 

ʧʦʢʘʟʘʣ, ʯʪʦ ʘʨʤʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ 60 %, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʝʬʦʨʤʘʮʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ 
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ʪʠʪʘʥʘ. ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʩʪʠʮ rʢʘʨʙʠʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʤʝʩʪʝ ʩʪʳʢʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ. 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

1. ʊʝʭʥʦʣʦʛʠʷ ʍɻʅ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ ʠ ʠʟʜʝʣʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʠʟ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʧʣʘʚʣʝʥʠʝʤ.  

2. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʍɻʅ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ̫ʣʷʶʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ, ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʠ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʢʨʳʪʠʷ ʠ ʠʟʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʥʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

3. ɺ ʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʘʷ 

(ʩʧʣʵʪʦʚʘʷ) ʩʪʨʫʢʪʫʨʘ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʣʦʞʢʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ, ʚ ʯʘʩʪʥʦʩʪʠ ɻʀʇ. 

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʛʦʨʷʯʝʛʦ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʨʦʭʦʞʜʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʧʦʢʨʳʪʠʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʨʠʩʪʦʩʪʠ, ʫʩʪʨʘʥʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ.  

5. ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʉʃʇ, ʇʃɺ), ʷʚʣʷʶʪʩʷ 

ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʪʠʧʘ ɺʊ6, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Mg ʩ 

ʜʦʙʘʚʢʘʤʠ ʩʢʘʥʜʠʷ ʠ ʮʠʨʢʦʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚ rʪʠʧʘ ɸɸ7075. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʟʜʝʣʠʡ 
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ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʍɻʅ ̫ʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

6. ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʨʤʠʨʫʶʱʠʭ 

ʯʘʩʪʠʮ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ 

ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʘʪʝʨʠʘʣʘ.  ʊʝʭʥʦʣʦʛʠʷ ʍɻʅ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʤʝʪʦʜʦʚ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɻʣʘʚʘ 2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.1 ʄʘʪʝʨʠʘʣʳ - ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʩʣʝʜʫʶʱʠʭ ʩʧʣʘʚʦʚ: 

1. ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ6; 

2. ɸʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr; 

3. ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ ɸɸ7075 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC (ɸɸ7075-SiC). 

ʇʦʨʦʰʢʠ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠʟ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ ʋʎʈʊ-6 ʥʘ ʟʘʚʦʜʝ-

ʠʟʛʦʪʦʚʠʪʝʣʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ 

ʧʦʨʦʰʦʢ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʘʪʦʤʠʟʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ɺʦʣʛʦʛʨʘʜʩʢʦʤ ʘʣʶʤʠʥʠʝʚʦʤ ʟʘʚʦʜʝ 

(ʆʂ ʈʋʉɸʃ, ʈʦʩʩʠʷ).  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʣʘʚʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ 

 

2.2 ʍʦʣʦʜʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ʍɻʅ) 

ʇʨʦʮʝʩʩ ʚʳʨʘʱʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʍɻʅ) ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Impact Spray System 5/11  

(Impact innovation GMBH, ɻʝʨʤʘʥʠʷ), ʠʤʝʶʱʘʷ ʣʘʟʝʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʦʛʨʝʚ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʥʘʷ ʨʦʙʦʪʦʤ c ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

KUKA  KR- 22 1610 (KUKA Robotics, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʟʦʪ. ʄʘʪʝʨʠʘʣʘʤʠ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʨʘʟʣʠʯʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʳ ʩʧʣʘʚʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʍɻʅ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ:  

- ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ (ʤʤ);  

- ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ (□ ʉ);  

- ʜʘʚʣʝʥʠʝ ʛʘʟʘ (ʄʇʘ);  

- ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ (ɺʪ);  

- ʨʘʩʭʦʜ ʛʘʟʘ (ʤʤ
3
/ʩ). 

ʉʧʣʘʚ ɺʊ6 

ʤʘʩʩ. % 
Al V Ti 

6,21 5,04 ʦʩʪ. 

ʉʧʣʘʚ Al-Mg-Sc-Zr 

ʤʘʩʩ. % 
Mg Sc Zr Al 

4,50 0,32 0,66 ʦʩʪ. 

ʉʧʣʘʚ ɸɸ7075 

ʤʘʩʩ. % 
Mg Cu Zn Al 

2,1 1,60 5,20 ʦʩʪ. 
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2.3 ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ ʦʙʨʘʟʮʦʚ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʠ 

Nabertherm N60/85HA. ʆʪʞʠʛ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʝ. 

ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʯʠ: Ñ 2 ʉ̄.  

2.4 ɻʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ɻʀʇ) 

ɻʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʍɻʅ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʛʘʟʦʩʪʘʪʝ HIRP 70/150-200-1300 ʬʠʨʤʳ ABRAAG. 

2.5 ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ 

ʊʝʢʫʯʝʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʩʧʣʘʚʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 20899-98, 

ɻʆʉʊ 19440-94 [135, 136] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ ʍʦʣʣʘ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʪʚʝʨʩʪʠʷ 2,5 ʤʤ ʧʦ ʧʦʨʦʰʢʦʚʦʡ ʥʘʩʳʧʢʝ ʚʝʩʦʤ 50 Ñ 0,1 ʛ, ʨʘʩʩʯʠʪʳʚʘʷ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦ 5 ʦʪʚʝʨʩʪʠʷʤ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʯʘʩʪʠʮ SALD-7500 nano (Shimadzu, ʗʧʦʥʠʷ) ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʘʥʘʣʠʟʘʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ WingSALD II. ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʥʘʚʝʩʢʫ ʧʦʨʦʰʢʘ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ ʩʧʠʨʪʝ ʦʙʲʝʤʦʤ 7 ʤʣ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʚʚʦʜʠʣʠ ʚ ʘʥʘʣʠʟʘʪʦʨ ʯʘʩʪʠʮ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʧʨʝʣʦʤʣʝʥʠʷ ʯʘʩʪʠʮ. 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʣʫʯʝʥʠʷ ʠʭ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ. ʀʟ-ʟʘ 

ʨʘʩʩʝʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʘʜʠ ʧʨʦʙʳ ʚʦʟʥʠʢʘʝʪ ʭʘʨʘʢʪʝʨʥʦʝ, 

ʢʦʣʴʮʝʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪʩʷ ʜʝʪʝʢʪʦʨʦʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ. ʇʦ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ  

(ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʛʣʫ ʨʘʩʩʝʷʥʠʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ: ʢʨʫʧʥʳʝ 

(ʙʦʣʴʰʠʝ) ʯʘʩʪʠʮʳ ʩʦʟʜʘʶʪ ʪʝʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢʦʣʴʮʘ (ʤʘʣʳʝ ʫʛʣʳ ʨʘʩʩʝʷʥʠʷ), 

ʤʘʣʝʥʴʢʠʝ ʯʘʩʪʠʮʳ ï ʢʦʣʴʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʰʠʨʝ (ʙʦʣʴʰʠʝ ʫʛʣʳ ʨʘʩʩʝʷʥʠʷ). 
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2.6 ʄʝʪʦʜʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʮʝʥʢʠ ʧʦʨʠʩʪʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʰʣʠʬʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ Struers Labopol-5 

(Struers, ʐʚʝʡʮʘʨʠʷ). 

ʆʙʨʘʟʮʳ ʚʳʨʝʟʘʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʘ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʟʘʧʨʝʩʩʦʚʘʥʳ ʚ ʧʦʣʠʩʪʠʨʦʣʦʚʳʡ ʧʦʣʠʤʝʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʰʣʠʬʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʝ ʩ ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ (220, 

320, 600, 800, 1200, 2000, 4000). ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʧʦʣʠʨʦʚʘʥʠʝ ʥʘ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʦʡ ʩʫʩʧʝʥʟʠʠ SiO2. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʝʨʝʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟ ʚ 

ʠʟʜʝʣʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʭʠʤʠʯʝʩʢʦʤʫ 

ʪʨʘʚʣʝʥʠʶ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʪʨʘʚʣʝʥʠʷ: 3% HF, 3% HNO3, ʦʩʪʘʣʴʥʦʝ ʚʦʜʘ ï 

ʜʣʷ ʩʧʣʘʚʘ ɺʊ6; ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ï 1 % HF ʚ ʚʦʜʝ. 

ʇʦʨʠʩʪʦʩʪʴ ʚʳʨʘʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss Axiovert 200 MMAT  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Axio Vision Ver.4.6. ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Fiji  ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ 15-ʪʠ ʧʦʣʝʡ ʥʘ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ. 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ/ʩʧʣʵʪʦʚ ʠʟʤʝʨʷʣʠ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʡ ʭʦʨʜʳ, ʢʦʪʦʨʫʶ 

ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʳʭ ʩʝʢʫʱʠʭ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʥʝ ʤʝʥʝʝ 300 

ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çSizerè. 

2.6.1 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN VEGA LMH. ɼʘʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ ʠʤʝʝʪ ʢʘʪʦʜ LaB6 ʠ ʩʠʩʪʝʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ Oxford Instruments Advanced AZtecEne. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʘʭ ʚʪʦʨʠʯʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  
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ʉ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʈʉɸ) 

ʦʧʨʝʜʝʣʷʣʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʮʦʚ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʩʧʣʘʚʦʚ. ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʚʥʘ 0,1 % ʚʝʩ. 

2.6.2 ʄʝʪʦʜ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD) 

ʊʘʢʞʝ, ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD) ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʪʘʚʢʠ 

EBSD NordLysMax2 Oxford Instruments ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ AZtec 

version 3.5. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʘʟ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ: ʙʘʟʘ ʜʘʥʥʳʭ ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ Oxford 

Instruments, ʙʘʟʘ ʜʘʥʥʳʭ ʬʘʟ ʠ ʵʣʝʤʝʥʪʦʚ NIST. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʰʘʛʦʤ 0,1 ʤʢʤ. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʦʙʨʘʟʝʮ, ʥʘʢʣʦʥʝʥʥʳʡ ʧʦʜ 

ʫʛʣʦʤ ʚ 70Á, ʧʦʤʝʱʘʶʪ ʚ ʢʘʤʝʨʫ ʤʠʢʨʦʩʢʦʧʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ, ʬʦʢʫʩʠʨʫʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʪʦʤʘʤʠ ʦʙʨʘʟʮʘ. ʋʛʦʣ ʚ 70Á 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʪ.ʢ. ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʩ ʦʙʨʘʟʮʦʤ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʙʣʠʞʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʣʝʪʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʙʨʘʟʮʘ. 

ɼʝʪʝʢʪʦʨ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫʣʘʚʣʠʚʘʝʪ ʵʪʠ ʵʣʝʢʪʨʦʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʏʘʩʪʴ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʜʠʬʨʘʛʠʨʫʶʪ ʦʪ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʢʨʠʩʪʘʣʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɺʫʣʴʬʘ-

ɹʨʵʛʛʘ ʠ ʬʦʨʤʠʨʫʶʪ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ (ʂʠʢʫʯʠ-ʣʠʥʠʠ) ʥʘ ʬʦʩʬʦʨʠʯʝʩʢʦʤ 

ʵʢʨʘʥʝ.  

ʇʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʜʝʢʩʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʨʝʜʥʝʝ ʋʛʣʦʚʦʝ 

ʆʪʢʣʦʥʝʥʠʝ (ʉʋʆ (MAD) ï ʵʪʦ ʢʘʯʝʩʪʚʦ ʩʦʚʧʘʜʝʥʠʷ ʨʝʰʝʥʠʷ. ʏʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ, 

ʪʝʤ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʂʠʢʫʯʠ ʠ ʠʤʠʪʘʮʠʝʡ 

ʣʠʥʠʡ ʬʘʟʳ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʧʨʘʚʠʣʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟ ʟʥʘʯʝʥʠʝ ʉʋʆ 
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ʤʝʥʴʰʝ 1 ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʤ ʩʦʚʧʘʜʝʥʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʉʋʆ~0,35. 

2.6.3 ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) JEOL JEM 

2100 ʩ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 200 ʢɺ. ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʕɼʉ). ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 200 ʢɺ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʬʦʣʴʛʠ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʧʣʘʩʪʠʥʳ ʧʣʦʱʘʜʴʶ 1 ʩʤ
2
 ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʰʣʠʬʦʚʘʥʠʝʤ ʫʪʦʥʷʣʠ ʜʦ ʪʦʣʱʠʥʳ 0,25Ñ0,02 ʤʤ, ʘ ʟʘʪʝʤ ʚʳʨʫʙʘʣʠ ʢʨʫʛʣʳʝ 

ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤʫ 

ʪʨʘʚʣʝʥʠʶ ʚ ʨʘʩʪʚʦʨʝ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 20 % HClO4 ʠ 80% C2H5OH ʥʘ 

ʫʩʪʘʥʦʚʢʝ Struers TenuPol-5 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 20 ɺ ʠ ʪʝʤʧʝʨʘʪʫʨʝ (0Ñ2) ÁC.  

2.7 ʈʝʥʪʛʝʥʦʚʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) 

 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker X8 CuKŬ - ʠʟʣʫʯʝʥʠʝ. 

2.8 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʇʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ  

ThermoCalc v.2020 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʍɻʅ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

2.9 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ  

ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [137] ʥʘ ʩʞʘʪʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ, ʚʳʩʦʪʦʡ 15 ʤʤ ʧʦ 
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ɻʆʉʊ 25.503-97 [138]. ʆʜʥʦʦʩʥʦʝ ʫʩʠʣʠʝ ʢ ʦʙʨʘʟʮʘʤ ʙʳʣʦ ʧʨʠʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʫʧʨʫʛʦʡ ʟʦʥʳ. 

2.10 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʧʦ ɻʆʉʊ 1497-84 [139] 

ʥʘ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʘʭ ʪʠʧʘ I. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick/Roell Z250 ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʧʠʩʴʶ ʢʨʠʚʦʡ 

ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʢʨʠʚʳʤ ʜʝʬʦʨʤʘʮʠʠ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ. 

2.11 ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ 

ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

(ʰʣʠʬʘʭ) ʧʦ ɻʆʉʊ 2999-75 [140]. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʜʘʚʣʠʚʘʥʠʠ ʚ 

ʠʩʧʳʪʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʨʘʚʠʣʴʥʦʡ ʯʝʪʳʨʸʭʛʨʘʥʥʦʡ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʫʛʣʦʤ 

136Á ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʛʨʘʥʷʤʠ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʪʚʝʨʜʦʤʝʨʝ 930N ʬʠʨʤʳ Wolpert.  
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ɻʣʘʚʘ 3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ 

3. 1 ɸʥʘʣʠʟ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ɺʊ6 

ʄʦʨʬʦʣʦʛʠʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ɺʊ6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 17, 18 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʘ ʯʘʩʪʠʮ 

ʦʢʨʫʛʣʘʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʨʘʚʝʥ 1, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʠʣ 

~ 30-100 ʤʢʤ. ɺʥʫʪʨʠ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʩʧʣʘʚ ɺʊ6 ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ 

ʣʘʤʠʣʣʷʨʥʘʷ (Ŭ+ɓ) ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. 

 

ʘ) ʙ)   

ʚ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 500 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ; 

ʚ) ʫʚʝʣʠʯʝʥʠʝ 2000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 17 ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ɺʊ6 ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 
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ʈʠʩʫʥʦʢ 18 ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮʳ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʉʕʄ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ 

ʨʠʩʫʥʢʝ 19, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (Al ʠ V), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ 

ɺʊ6, ʉʕʄ 
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3.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʘʥʘʣʠʟʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʍɻʅ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʠʩʫʥʢʝ 20.  

 

ʘ)  ʙ)  

ʚ)  

ʘ) ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʠ ʊ=400 □ʉ; 

ʙ) ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʠ 800 □ʉ; 

ʚ) ʢʨʠʚʘʷ ʐʘʡʣʷ  

ʈʠʩʫʥʦʢ 20 ï ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʩʧʣʘʚʘ ɺʊ6, ThermoCalc. 
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ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ 

ʧʨʠ ʊ=800 Áʉ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ (ʨʠʩ. 21). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʇʘʨʘʤʝʪʨʳ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3, 

ʘ ʚʠʜ ʦʜʥʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʪʨʝʢʘ) ʥʠʞʝ. 

 

 

ʈʠʩʫʥʦʢ 21 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʍɻʅ, ʧʨʠ ʊ=800 Áʉ, ʉʕʄ 

 

ʊʘʙʣʠʮʘ 3 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʳʣʝʥʠʷ ʜʣʷ ʩʧʣʘʚʘ ɺʊ6 

ʈʝʞʠʤ ʈʛʘʟʘ, 

ʄʇʘ 

ʊʛʘʟʘ, 

Áʉ 

ʈʘʩʩʪʦʷʥʠʝ 

ʜʦ 

ʧʦʜʣʦʞʢʠ, 

ʤʤ 

Vʧʝʨ.ʩʦʧʣʘ, 

ʤʤ/ʩ 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

ʧʨʦʭʦʜʦʤ 

ʩʦʧʣʘ, ʤʤ 

ʈʘʩʭʦʜ ʛʘʟʘ, 

ʤʤ
3
/ʩ 

1 4 400 40 50 3 0,35 

2 4 400 40 50 3 0,45 

3 5 450 40 50 3 0,40 

4 5 450 40 50 3 0,50 

5 5 500 40 50 3 0,60 

6 4 550 40 50 3 0,65 

7 5 600 40 50 3 0,35 
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8 5 600 40 50 3 0,85 

9 4 650 40 50 3 0,65 

10 5 650 40 50 3 0,50 

11 5 700 40 50 3 0,50 

12 5 750 40 50 3 0,85 

13 4 800 40 50 3 0,85 

14 5 800 40 50 3 1 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʨʘʩʭʦʜ ʛʘʟʘ ʚ 

ʫʩʪʘʥʦʚʢʝ ʍɻʅ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ. ʀʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʜʣʷ ʣʫʯʰʝʡ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ ʩ ʧʨʝʛʨʘʜʦʡ, ʧʦʜʣʦʞʢʘ ʙʳʣʘ ʠʟ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ. ʈʘʩʩʪʦʷʥʠʝ ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ ʙʳʣʦ ʨʘʚʥʳʤ 40 

ʤʤ ʠ ʥʝ ʤʝʥʷʣʦʩʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʘ) ʙ)  

ʈʠʩʫʥʦʢ 22 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʚʳʨʘʱʠʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʍɻʅ ʥʘ ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʝ 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʘʚʣʝʥʠ ̫ ʧʦʜʘʚʘʝʤʦʛʦ ʛʘʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʠʟʜʝʣʠʷ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ 

ʛʘʟʘ ʜʦ 0,85 ʤʤ
3
/ʩ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʊʘʢʞʝ, ʩʦʚʤʝʩʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚʳʰʝ 500 □ ʉ ʠ ʨʘʩʭʦʜʘ ʛʘʟʘ 

ʩʚʳʰʝ 50 ʤ
3
/ʯ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʠʩʣʘ ʧʦʨ ʚ ʦʙʨʘʟʮʝ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʜʝʣʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʷʚʣʷʝʪʩʷ:  

ʊʛʘʟʘ= 600 □ʉ, ʨʘʩʭʦʜ ʛʘʟʘ ï 0,35 ʤʤ
3
/ʩ. ɿʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚʳʰʝ 1 ʦʙ. % ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (~ 2,5Ñ0,15 ʦʙ. %) ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠ ʤʘʣʦʡ ʜʠʬʬʫʟʠʝʡ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʨʝʛʨʘʜʦʡ. 

ʊʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɺʊ6 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʨʠʩ. 23). 

 

ʘ) ʙ)   

ʚ) ʛ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 100 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 500 ʢʨʘʪ; 

ʚ) ʫʚʝʣʠʯʝʥʠʝ 2000 ʢʨʘʪ; 

ʛ) ʫʚʝʣʠʯʝʥʠʝ 5000 ʢʨʘʪ 

ʇʦʨ r

Ŭ+ɓ 

ɻʨʘʥʠʮʘ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ 
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ʈʠʩʫʥʦʢ 23 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ 

ʤʝʪʦʜʦʤ ʍɻʅ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 

 

ʇʦʨʳ ʚ ʦʙʨʘʟʮʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʛʨʘʥʠʮʘʤ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ (ʩʧʣʵʪʘʤ), ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʚʠʜʥʳ ʧʨʠ ʙʦʣʴʰʠʭ 

ʫʚʝʣʠʯʝʥʠʷʭ (ʨʠʩ. 23ʚ,ʛ). ʊʘʢʞʝ, ʧʨʠ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʚʫʭʬʘʟʥʘʷ ʜʠʩʧʝʨʩʥʘʷ (Ŭ+ɓ) ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ 

ʪʠʧʘ ɺʊ6 ʧʨʠ ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʙʲʝʤʫ 

ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʍɻʅ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ. 

 

 

 

ʈʠʩʫʥʦʢ 24 ï EDS-ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʤʝ 

ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʍɻʅ, ʄʈʉɸ, ʉʕʄ 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʝʛʝʥʦʬʘʟʦʚʦʛʦ (ʈʌɸ) ʘʥʘʣʠʟʘ  

(ʨʠʩ. 25) ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚr ʜʝʣʝʥʠʝ ʥʦʚʳʭ ʬʘʟ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʍʦʨʦʰʦ ʚʠʜʥʳ ʧʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ Ŭ-

ʬʘʟʳ, ɓ-ʬʘʟʘ ʚʳʨʘʞʝʥʘ ʥʝ ʪʘʢ ʷʚʥʦ.  

 

 

ʈʠʩʫʥʦʢ 25 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʍɻʅ, ʈʌɸ 

 

3.3 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʊ/ʆ 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʩʧʣʘʚʘ 

ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʪʞʠʛ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ ʠ 900 Áʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 

ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʨʠʩ. 26).   
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ʘ) ʙ)  

ʘ) ʊ=800 Áʉ; 

ʙ) ʊ=900 Áʉ 

ʈʠʩʫʥʦʢ 26 ï ʀʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ  

ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʧʦʩʣʝ  

ʦʪʞʠʛʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʊ, ʉʕʄ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʧʦʢʨʳʪʠʠ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ (>2 % ʦʙ.). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢ ʦʙʨʘʟʮʘʤ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6, 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍɻʅ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ï ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ. 

3.4 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ɻʀʇ 

ɺ ʨʘʙʦʪʝ ʢ ʦʙʨʘʟʮʘʤ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ (ɻʀʇ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʩʫʣʳ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ, ʚʨʝʤʝʥʝʤ 

ʚʳʜʝʨʞʢʠ ï 2 ʯʘʩʘ, ʧʨʠ ʜʘʚʣʝʥʠʠ 110 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ.  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɻʀʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 27. 

ʀʟ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʜʠʩʧʝʨʩʥʫʶ (a+b) 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʪʠʪʘʥʦʚʳʤ ʩʧʣʘʚʘʤ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɺʠʜʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʦʙʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

ʇʦʨʳ 
ʇʦʨʘ 

ʇʦʜʣʦʞʢʘ 

ʇʦʜʣʦʞʢʘ 
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ʘ) ʙ)  

ʚ) ʛ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 500 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ; 

ʚ) ʫʚʝʣʠʯʝʥʠʝ 2000 ʢʨʘʪ; 

ʛ) ʫʚʝʣʠʯʝʥʠʝ 5000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 27 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ɻʀʇ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʝʬʦʨʤʦʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ɻʀʇ) ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʛʠʨʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ɺʊ6 ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʦʩʣʝ ʍɻʅ ʠ ʧʦʩʣʝ ɻʀʇ. ʅʘ ʨʠʩʫʥʢʝ 28 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʘʥʘʜʠʷ ʠ ʘʣʶʤʠʥʠ ̫ ʧʦ ʦʙʲʝʤʫ ʩʧʣʵʪʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʝʨʥʘ ʨʘʟʣʠʯʥʦ.  
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ʘ)  ʙ)  

  

  

  

ʘ) ʧʦʩʣʝ ʍɻʅ; 

ʙ) ʧʦʩʣʝ ʍɻʅ+ɻʀʇ 

ʈʠʩʫʥʦʢ 28 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʉʕʄ 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʚʘʥʘʜʠʡ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʩʧʣʵʪʦʚ ʠ ʚ ʧʨʦʮʝʩʩʝ ɻʀʇ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ b-ʬʘʟʳ (ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ), ʢʦʪʦʨʘʷ ʦʙʦʛʘʱʝʥʘ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ. 

ɽʩʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʳʨʘʞʝʥʦ ʥʝ 

ʪʘʢ ʷʚʥʦ (ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʦ 3 ʯʘʩʪʠʮʘʤ ʧʦʩʣʝ ʚʳʨʘʱʠʚʘʥʠʷ), ʪʦ ʧʦʩʣʝ ɻʀʇ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʧʦ ʦʙʨʘʟʮʫ, ʯʪʦ ʠ ʚʠʜʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 28,ʙ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʍɻʅ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠ ʯʘʩʪʠʯʥʦ ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɺ ʧʨʦʮʝʩʩʝ ɻʀʇ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʙʦʣʴʰʝʡ ʥʘʢʦʧʣʝʥʥʦʡ 

ʵʥʝʨʛʠʠ (ʥʘʢʣʝʧʘ) ʚʳʨʘʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʠʭʦʜʠʪ ʜʠʬʬʫʟʠʷ ʵʣʝʤʝʥʪʦʚ ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʦʩʪʘʚʘ ʧʦ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ. ʅʝʤʣʦ ʚʘʞʥʦ, ʯʪʦ ʚʘʥʘʜʠʡ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʦʜʝʬʦʨʤʘʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʪʩʚʝʥʥʳʤ ʤʝʩʪʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ b-ʬʘʟʳ (ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ), ʢʦʪʦʨʘʷ ʦʙʦʛʘʱʝʥʘ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ EBSD ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 29. ʇʨʦʚʝʩʪʠ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʩʣʝ ʍɻʅ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʙʳʣʦ ʚʦʟʤʦʞʥʳʤ ʚ ʚʠʜʫ ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ.  
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ʘ) ʙ)  

ʚ)  

ʛ)  

ʘ), ʙ) ʟʝʨʝʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ; 

ʚ) ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʳʩʦʢʦ- ʠ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ; 

ʛ) ʧʨʷʤʘʷ ʧʦʣʶʩʥʘʷ ʬʠʛʫʨʘ 

ʈʠʩʫʥʦʢ 29 ï ʈʝʟʫʣʴʪʘʪʳ EBSD ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ɻʀʇ, 

ʉʕʄ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʝʨʝʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʥʘʩʣʝʜʫʝʪʩʷ ʠʟ ʚʳʨʘʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʝʨʘʮʠʷ ɻʀʇ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʘʛʫʣʷʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʦʩʪʫ ʟʝʨʝʥ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʢʘʢ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʚʳʨʘʱʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ b-

ʬʘʟʳ (ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʨʘʚʝʥ 35Ñ5 ʤʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʤʝʨʫ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ.  

3.4 ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʍɻʅ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʊʘʙʣʠʮʘ 4 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʍɻʅ, ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʊʢʦʤʥ. 

ʉʦʩʪʦʷʥʠʝ ů0,2, ʄʇʘ ůʚ, ʄʇʘ ŭ, % 

ʀʩʭʦʜʥʦʝ  70Ñ5 - - 

ʇʦʩʣʝ ɻʀʇ 920Ñ5 955Ñ5 15Ñ1 

ɻʆʉʊ 22178-76 [141] - 890 8 

 

ʊʘʙʣʠʮʘ 5 - ʊʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʉʦʩʪʦʷʥʠʝ HV 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʍɻʅ) 242 ° 4 

ʇʦʩʣʝ ɻʀʇ 220 ° 4 

 

 ʂʨʘʡʥʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 

ɺʊ6 ʧʦʩʣʝ ʍɻʅ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʨ (~ 2,5 ʦʙ. %). ʀʟ 
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ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ 

ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, ʫʧʣʦʪʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6 ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ɻʀʇ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʜʘʥʥʦʤʫ ʩʧʣʘʚʫ ʚ 

ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [141].  

ʌʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʦʚ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʡ ʬʘʢʪ (ʨʠʩ. 30). ɺ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʭʨʫʧʢʠʡ ʠʟʣʦʤ, ʪʘʢ ʢʘʢ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ. ʇʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ɻʀʇ ʭʘʨʘʢʪʝʨ ʠʟʣʦʤʘ ʠʟʤʝʥʠʣʩʷ ʠ ʩʪʘʣ ʚʷʟʢʠʤ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʝʛʦ ʤʠʢʨʦʷʤʦʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦʨʠʩʪʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʘ) ʙ)  

ʚ) ʛ)  

ʘ) ʙ) ʧʦʩʣʝ ʍɻʅ; 

ʚ) ʛ) ʧʦʩʣʝ ʍɻʅ+ɻʀʇ 

ʈʠʩʫʥʦʢ 30 ï ʌʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʍɻʅ, ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʉʕʄ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ɻʀʇ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʝʬʝʢʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, ʫʧʣʦʪʥʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʂʨʘʡʥʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʨ (~ 2,5 ʦʙ. %).  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʘʥʘʜʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʦʩʣʝ ɻʀʇ, ʯʪʦ 

ʩʣʫʞʠʪ ʤʝʩʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ɓ ï ʬʘʟʳ, ʢʦʪʦʨʘʷ ʦʙʦʛʘʱʝʥʘ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ. 

 

2. ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ EBSD ʘʥʘʣʠʟʫ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɻʀʇ 

ʥʘʩʣʝʜʫʝʪʩʷ ʠʟ ʚʳʨʘʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʝʨʘʮʠʷ ɻʀʇ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʢʦʘʛʫʣʷʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʦʩʪʫ ʟʝʨʝʥ.  

 

3. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɻʀʇ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʩʣʝ ʍɻʅ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, ʫʧʣʦʪʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 
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ɻʣʘʚʘ 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al -Mg-Sc-Zr, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ 

4.1 ɸʥʘʣʠʟ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʄʦʨʬʦʣʦʛʠʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 31, 32 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʮ r ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʦʨʦʰʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (Al) ʠ ɓ ʬʘʟʳ 

(Al 3Mg2). ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʠʣ 30-100 ʤʢʤ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ ʯʘʩʪʠʮ ʨʘʚʝʥ ~1-2. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ. 

 

ʘ) ʙ)  

ʚ)                                                                                     

ʘ) ʫʚʝʣʠʯʝʥʠʝ 200 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 500 ʢʨʘʪ;  

ʚ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 31 ï ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 
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ʘ) ʙ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 5000 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 20000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 32 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 

 

 

ʈʠʩʫʥʦʢ 33 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ  

ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 
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4.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʧʦʩʣʝ 

ʍɻʅ 

ɺʥʝʰʥʠʡ ʚʠʜ ʦʜʥʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ ʦʙʨʘʟʮʘ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 34. ʅʘʧʳʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʘʣʶʤʠʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʡ ʘʜʛʝʟʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʩ 

ʧʨʝʛʨʘʜʦʡ. 

 

 

ʈʠʩʫʥʦʢ 34 ï ɺʥʝʰʥʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ 

Al-Mg-Sc-Zr ʧʦʩʣʝ ʍɻʅ, ʉʕʄ 

 

ɼʣʷ ʚʳʙʦʨʘ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʨʠʩ. 35). 

 

ʇʦʢʨʳʪʠʝ 

ʇʦʜʣʦʞʢʘ 
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ʈʠʩʫʥʦʢ 35 ï ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʜʣʷ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-5%Mg-Zr, 

ThermoCalc 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, 

ʚʳʨʘʱʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 300 Áʉ ʜʦ 400 Áʉ, 

ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʤʝʥʷʣʦʩʴ ʦʪ 3 ʜʦ 4 ʄʇʘ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ ʙʳʣʦ 

ʧʦʩʪʦʷʥʥʳʤ ï 40 ʤʤ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʧʣʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ/ʩ. ʊʠʧʠʯʥʘʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʍɻʅ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʪʘʙʣʠʮʘ 6), ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 
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ʊʘʙʣʠʮʘ 6 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʳʣʝʥʠʷ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr 

ʈʝʞʠʤ ʈʛʘʟʘ, 

ʄʇʘ 

ʊʛʘʟʘ, 

Áʉ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ 

ʧʦʜʣʦʞʢʠ, ʤʤ 

Vʧʝʨ.ʩʦʧ

ʣʘ, ʤʤ/ʩ 

ʈʘʩ-ʝ ʤʝʞʜʫ 

ʧʨʦʭʦʜʦʤ 

ʩʦʧʣʘ, ʤʤ 

ʂʦʣ-ʚʦ 

ʩʣʦʝʚ 

Vʥʘʧʳʣʝʥʠʷ, 

ʤ
3
/ʯ 

1 4 350 40 50 3 10 100 

2 4 400 40 50 3 10 120 

3 4 350 40 50 3 10 100 

4 4 300 40 50 3 10 100 

 

ʘ) ʙ)  

ʚ) ʛ)  

ʘ) ʨʝʞʠʤ ˉ1; 

ʙ) ʨʝʞʠʤ ˉ2; 

ʚ) ʨʝʞʠʤ ˉ3; 

ʛ) ʨʝʞʠʤ ˉ4 

ʈʠʩʫʥʦʢ 36 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʍɻʅ, ʉʕʄ 
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ʊʘʙʣʠʮʘ 7 ï ʇʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʍɻʅ 

ʈʝʞʠʤ ʉʦʜʝʨʞʘʥʠʝ ʧʦʨ, ʦʙ. % 

1 1,1Ñ0,1 

2 0,9Ñ0,1 

3 0,3Ñ0,1 

4 0,6Ñ0,1 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʠ ʚʝʣʠʯʠʥʳ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʍɻʅ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʝʞʠʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʧʦʨ ʷʚʣʷʝʪʩʷ 

ʨʝʞʠʤ ˉ3. ʊʘʢʞʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʥʝ ʚʳʷʚʠʣʦ ʪʨʝʱʠʥ ʠʣʠ ʜʨʫʛʠʭ 

ʜʝʬʝʢʪʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 37 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ.  

 

ʘ) ʙ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 40000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 37 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ  
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʍɻʅ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʪʚʝʨʜʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ɓ-ʬʘʟʳ 

(ʧʦʜʪʚʝʨʞʜʝʥʦ ʈʌɸ). 

 

 

ʈʠʩʫʥʦʢ 38 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʧʦʩʣʝ ʍɻʅ, ʈʌɸ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ.37) ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʥʝʦʜʥʦʨʦʜʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʯʘʩʪʠʮ 

ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʣʦʞʢʦʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʦʙʣʘʩʪʝʡ. ɼʝʬʝʢʪʳ (ʧʦʨʳ) ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʘ ʩʪʳʢʝ ʪʨʝʭ ʩʧʣʵʪʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʳʪʷʥʫʪʳʝ ʧʦʨ.r ʅʘʣʠʯʠʝ ʧʦʨ ʥʘ ʛʨʘʥʠʮʘʭ ʩʧʣʵʪʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʨʠ ʫʜʘʨʝ. ʇʦʨʠʩʪʦʩʪʴ 

ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʨʘʙʦʯʝʛʦ ʛʘʟʘ (ʘʟʦʪʘ) ʥʘ ʛʝʣʠʡ ʠ/ʠʣʠ ʥʘʛʨʝʚʘ ʛʘʟʘ ʜʦ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʣʠʷ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʍɻʅ, ʯʪʦ ʩʥʠʟʠʪ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʪʘʢʞʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʚʠʜʫ 

ʧʝʨʝʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʠ ʙʳʩʪʨʦʛʦ ʟʘʩʦʨʝʥʠʷ ʩʦʧʣʘ ʚʦ ʚʨʝʤʷ ʍɻʅ.  
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ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʩʧʣʵʪʦʚʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ 

ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʨʘʤʠ ʥʘ ʛʨʘʥʠʮʝ ʩʧʣʵʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʭʨʫʧʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʜʠʬʬʫʟʠʠ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʛʨʘʥʠʮʳ 

ʩʧʣʵʪʦʚ ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ 

ʟʝʨʝʥ ʥʘ ʛʨʘʥʠʮʘʭ ʩʧʣʵʪʦʚ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʟʝʨʝʥ ʥʘ 

ʠʭ ʛʨʘʥʠʮʘʭ.  

ʊʘʢʞʝ, ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʍɻʅ 

(ʨʠʩ. 39) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ, ʙʦʛʘʪʳʭ Mg ʠ Al, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉʢʘʥʜʠʡ ʠ ʮʠʨʢʦʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ.  

 

 

ʈʠʩʫʥʦʢ 39 ï ʈʝʟʫʣʴʪʘʪʳ EDS ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ʍɻʅ, ʉʕʄ 
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4.3 ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʧʦʩʣʝ ʍɻʅ 

  ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʧʣʘʚʘʤ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʩʚʦʡʩʪʚʝʥʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʪʚʝʨʜʝʥʠʝ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ ʦʙʨʘʟʮʘʤ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦ ʨʝʞʠʤʘʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 8. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʨʠʩ. 40). 

 

ʊʘʙʣʠʮʘ 8 ï ʈʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ Al-Mg-Sc-Zr [14] 

ʈʝʞʠʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

1 300 Áʉ /3ʯ+360 Áʉ /4ʯ 

2 300 Áʉ /3ʯ+360 Áʉ /4ʯ+450 Áʉ /1ʯ 

3 300 Áʉ /3ʯ+360 Áʉ /4ʯ+450 Áʉ /2ʯ 

 

ʉʦʛʣʘʩʥʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭ ʩʪʫʧʝʥʝʡ ʦʪʞʠʛʘ 

ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʍɻʅ. ɼʦʙʘʚʣʝʥʠʝ ʪʨʝʪʝʡ 

ʩʪʫʧʝʥʠ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʜʦ ʜʚʫʭ 

ʯʘʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʛʨʘʥʠʮ ʩʧʣʵʪʘ. ʉʥʠʞʝʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʯʘʩʪʠʮ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʪʠʧʘ Al3Sc(Zr) ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʦʪʞʠʛ:  

300Áʉ/3ʯ+360 Áʉ/4ʯ. ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʧʦʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ  

ʩʦʩʪʘʚʠʣʘ ~ 0,3Ñ0,1 ʦʙ. %. 
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ʘ) ʙ)  

ʚ)  

ʘ) ʨʝʞʠʤ ˉ1;  

ʙ) ʨʝʞʠʤ ˉ2;  

ʚ) ʨʝʞʠʤ ˉ3 

ʈʠʩʫʥʦʢ 40 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʧʦʩʣʝ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ, ʉʕʄ 

  

ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟʳ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 
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ʊʘʙʣʠʮʘ 9 ï ʈʝʟʫʣʴʪʘʪʳ ʄʈʉɸ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʉʦʩʪʦʷʥʠʝ Mg, ʚʝʩ. % Sc, ʚʝʩ. % Zr, ʚʝʩ. % Al, ʚʝʩ. % ɺʩʝʛʦ,  

ʚʝʩ. % 

ʍɻʅ 5,71 0,39 0,61 ʦʩʪ. 100 

ʍɻʅ+ʊ/ʆ 5,68 0,41 0,63 ʦʩʪ. 100 

 

 

ʈʠʩʫʥʦʢ 41 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʧʦʩʣʝ ʍɻʅ+ʊʆ, ʈʌɸ 

4.5 ɻʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ɼʣ̫ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 

ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʙʝʟ ʢʘʧʩʫʣʳ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ: ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 300 Áʉ (ʚ ʪʝʯʝʥʠʝ 3 ʯ) ʠ 360 Áʉ (ʚ ʪʝʯʝʥʠʝ 4 ʯ) ʠ ʜʘʚʣʝʥʠʠ ʜʦ  

160 ʄʇʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ɻʀʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 42. ʇʦʨʠʩʪʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ~ 0,2Ñ0,1 ʦʙ. %. 
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ʘ) ʙ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 5000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 42 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr  

ʧʦʩʣʝ ɻʀʇ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʝʨʘʮʠʷ ɻʀʇ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʪʚʦʨʝʥʠʶ ʛʨʘʥʠʮ ʩʧʣʵʪʦʚ, ʦʜʥʘʢʦ ʯʘʩʪʠʯʥʘʷ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʦʩʪʘʝʪʩʷ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʷ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʙʝʟ 

ʢʘʧʩʫʣʳ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʩʨʘʚʥʠʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 40,ʘ) ʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ɻʀʇ (ʨʠʩ. 42,ʘ), 

ʪʦ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʤʝʥʴʰʝ ʦʙʣʘʩʪʝʡ ʩ ʚʳʪʷʥʫʪʳʤʠ ʧʫʩʪʦʪʘʤʠ ʠ ʜʝʬʝʢʪʘʤʠ 

ʥʘ ʩʪʳʢʝ ʪʨʝʭ ʛʨʘʥʠʮ ʩʧʣʵʪʦʚ ʧʦʩʣʝ ɻʀʇ. ɻʨʘʥʠʮʳ ʩʧʣʵʪʦʚ (ʨʠʩ.42,ʙ) ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʳ ʠʟ-ʟʘ ʫʩʠʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʘ 

ʧʦʣʥʳʤ ʠʭ ʨʘʩʪʚʦʨʝʥʠʝʤ ʩʣʝʜʫʝʪ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʳʭ ʟʝʨʝʥ.  ɺ ʮʝʣʦʤ, ʜʘʥʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ˉ3 

(ʪʘʙʣʠʮʘ 8), ʛʜʝ ʧʨʦʚʦʜʠʣʘʩʴ ʪʨʝʪʴʷ ʩʪʫʧʝʥʴ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 Áʉ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʛʦ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʤʘʪʝʨʠʘʣʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʛʨʘʥʠʮ ʩʧʣʵʪʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʥʝʞʝʣʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 
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ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʞʠʤʫ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 43.  

 

 

ʈʠʩʫʥʦʢ 43 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʧʦʩʣʝ ʍɻʅ+ɻʀʇ, ʈʌɸ 

 

ʇʨʦʚʝʜʝʥʥʳʡ EBSD ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ʨʠʩ. 44) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ɻʀʇ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʨʝʞʠʤʫ, ʚ ʦʙʨʘʟʮʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʯʘʩʪʠʯʥʦ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 44,ʙ), ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ 

ʟʝʨʝʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [001] (ʨʠʩ. 44,ʚ, 44,ʛ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʧʦʨʦʰʠʥʦʢ 

ʧʨʠ ʥʘʧʳʣʝʥʠʠ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʨʘʚʝʥ 35Ñ5 ʤʢʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʳ (ʨʠʩ. 44,ʛ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʨʘʱʠʚʘʥʠʷ. 
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ʘ)  ʙ)  

ʚ)  

ʛ)  

ʘ) ʟʝʨʝʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ; 

ʙ) ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʳʩʦʢʦ- ʠ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ; 

ʚ) ʧʨʷʤʘʷ ʧʦʣʶʩʥʘʷ ʬʠʛʫʨʘ 

ʛ) ʦʙʨʘʪʥʘʷ ʧʦʣʶʩʥʘʷ ʬʠʛʫʨʘ; 

ʈʠʩʫʥʦʢ 44 ï ʈʝʟʫʣʴʪʘʪʳ EBSD ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ɻʀʇ, ʉʕʄ 
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4.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr 

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʬʘʟ-

ʜʠʩʧʝʨʩʦʠʜʦʚ ʪʠʧʘ Al3(Sc,Zr), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ 

ʤʘʪʝʨʠʘʣʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʍɻʅ, ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɸʥʘʣʠʟ ʩʫʙʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʢʦʛʝʨʝʥʪʥʳʭ 

ʤʘʪʨʠʮʝ ʯʘʩʪʠʮ ʬʘʟʳ Al 3(Zr,Sc). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ-

ʜʠʩʧʝʨʩʦʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʍɻʅ ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʨʠʩ. 45). 

 

 

ʈʠʩʫʥʦʢ 45 ï ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʮʟʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ʍɻʅ, ʇʕʄ 

 

ʀʟʦʙʨʘʞʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 
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ʘ) ʙ)  

ʘ) ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ;  

ʙ) ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ  

ʈʠʩʫʥʦʢ 46 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʮʟʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, 

ʇʕʄ 

 

ʅʘ ʨʠʩʫʥʢʝ 46ʘ ʩʦʛʣʘʩʥʦ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʝ (ʦʩʴ ʟʦʥʳ [001]) ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʜʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʬʣʝʢʩʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʬʘʟʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ L12, ʢʦʛʝʨʝʥʪʥʳʝ ʤʘʪʨʠʮʝ. ʅʘ 

ʪʝʤʥʦʧʦʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ (ʨʠʩ. 46,ʙ), ʧʦʣʫʯʝʥʥʦʤ ʚ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʨʘʞʝʥʠʠ (100), ʚʠʜʥʳ ʯʘʩʪʠʮʳ ʬʘʟʳ Al3(Zr,Sc) ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ. ʉʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʦʩʪʘʚʠʣ 7,6Ñ1,2 ʥʤ. 

ʇʨʠ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ (ʨʠʩ. 47) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʙʟʝʨʝʥ 

ʥʘ ʩʪʝʥʢʘʭ ʜʠʩʣʦʢʘʮʠʡ ʚʥʫʪʨʠ ʟʝʨʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ, ʘ 

ʪʘʢʞʝ ʟʦʥʳ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʚʳʜʝʣʝʥʠʡ. ɼʘʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ.  
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1 ï ʩʪʝʥʢʠ ʜʠʩʣʦʢʘʮʠʡ;  

2 ï ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ  

ʈʠʩʫʥʦʢ 47 ï ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ʍɻʅ+ʊ/ʆ, ʇʕʄ  

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ (ʨʠʩ. 48,ʘ, ʦʩʴ ʟʦʥʳ[001]), ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʮʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ (ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ) ʚʳʜʝʣʝʥʠʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʬʘʟʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ L12, ʢʦʛʝʨʝʥʪʥʳʝ ʤʘʪʨʠʮʝ. ʅʘ 

ʪʝʤʥʦʧʦʣʴʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ (ʨʠʩ. 48,ʙ), ʧʦʣʫʯʝʥʥʦʤ ʚ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʨʘʞʝʥʠʠ (100), ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʬʘʟʳ Al 3(Zr,Sc) ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 3,1Ñ1,1 ʥʤ.  

 

1 2 



73 
 

 

ʘ) ʙ)  

 

ʚ)  

ʘ) ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ;  

 ʙ) ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ;  

ʚ) ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʫʢʘʟʘʥʠʝʤ ʯʘʩʪʠʮ Al 3(Zr,Sc) 

ʈʠʩʫʥʦʢ 48 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ɻʀʇ, ʇʕʄ 

 

ʅʘ ʨʠʩʫʥʢʝ 48,ʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮʳ ʬʘʟʳ 

Al 3(Zr,Sc) ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʚʝʣʠʯʝʥʠʠ, ʘ ʥʘ ʨʠʩʫʥʢʝ 48,ʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʥʘʣʠʯʠʝ ʟʝʨʝʥ ʩ ʤʘʣʦʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ - ʩʫʙʟʝʨʝʥ (ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ).  

ʊʘʢʞʝ, ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʙʟʝʨʝʥ (ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ) ʚʥʫʪʨʠ 

ʟʝʨʥʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ɻʀʇ (ʨʠʩ. 49). 

 

Al 3(Sc,Zr)  
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ʈʠʩʫʥʦʢ 49 ï ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʝʥʦʢ ʜʠʩʣʦʢʘʮʠʡ (1,2) ʚʥʫʪʨʠ ʟʝʨʥʘ ʦʙʨʘʟʮʘ ʠʟ 

ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʧʦʩʣʝ ɻʀʇ, ʇʕʄ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʧʦʩʣʝ ɻʀʇ ʩʭʦʞʘ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ: ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʳʜʝʣʝʥʠʷ ʬʘʟʳ Al 3(Zr,Sc), ʚʠʜʥʳ ʩʪʝʥʢʠ ʜʠʩʣʦʢʘʮʠʡ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʫʙʟʝʨʥʘ ʠ ʠʤʝʶʪʩʷ ʟʦʥʳ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʚʳʜʝʣʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ɻʀʇ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʦʟʚʨʘʪʘ (ʧʦʣʠʛʦʥʠʟʘʮʠʷ). ʇʨʦʮʝʩʩ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ 

ʚʨʝʤʷ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜʘʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ  

ʬʘʟ-ʜʠʩʧʝʨʩʦʠʜʦʚ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [104, 111].  

4.7 ɸʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

 ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʍɻʅ, ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10.  

 

2 

1 
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ʊʘʙʣʠʮʘ 10 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʉʦʩʪʦʷʥʠʝ ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ, 

ʄʇʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ, ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʞʘʪʠʝ, % 

HV5 

ʍɻʅ 385 ° 15 550 ° 20 20 ° 2 125 ° 5 

ʍɻʅ+ʊ/ʆ 1 435 ° 15 675 ° 10 28 ° 2 135 ° 5 

ʍɻʅ+ʊ/ʆ 2 422 ° 10 660 ° 10 26 ° 2 130 ° 5 

ʍɻʅ+ʊ/ʆ 3 410 ° 10 645 ° 10 24 ° 2 125 ° 5 

ʍɻʅ+ɻʀʇ 510  ° 10 750 ° 10 30 ° 2 140 ° 5 

 

ɿʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ  

Al-Mg-Sc-Zr ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʣʠʟʢʘ ʢ ʟʥʘʯʝʥʠʷʤ ʪʚʝʨʜʦʩʪʠ ʚʳʨʘʱʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr ʪʝʭʥʦʣʦʛʠʝʡ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ [140]. ʊʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ˉ1 ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ.  

ʊʘʢʞʝ, ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʘʚʥʠʤʳ ʩ ʪʚʝʨʜʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ 

ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʦ ʨʝʞʠʤʫ ˉ1 [14]. ʋʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ˉ1 ʠ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʬʘʟ-ʜʠʩʧʝʨʩʦʠʜʦʚ Al3(Zr,Sc), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʫ ʠ ʧʦʜʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʘʤ ˉ 2-3 ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ʚ ʦʙʨʘʟʮʘʭ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʘ ʬʘʟʳ Al3(Zr,Sc). 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘ ʩʞʘʪʠʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʪʢʠ ʧʦ ʨʝʞʠʤʫ ˉ1 ʠ ʦʧʝʨʘʮʠʠ ɻʀʇ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʛʨʘʥʠʮ ʩʧʣʵʪʦʚ ʠ ʚʳʜʝʣʝʥʠʷ 

ʫʧʨʦʯʥʷʶʶʱʠʭ ʬʘʟ-ʜʠʩʧʝʨʩʦʠʜʦʚ.  

 

ɺr ʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

1. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʍɻʅ ʜʣʷ ʩʧʣʘʚʘ 

ʩʠʩʪʝʤʳ Al-Mg-Sc-Zr, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʧʦʨʠʩʪʦʩʪʴ ʁ ʜʦ  

0,3 % ʦʙ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʧʝʨʘʮʠʠ ɻʀʇ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ ʢʦʛʝʨʝʥʪʥʳʭ ʤʘʪʨʠʮʝ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ-ʜʠʩʧʝʨʩʦʠʜʦʚ 

Al 3(Zr,Sc), ʧʦʜʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ɻʀʇ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ Al3(Zr,Sc) (ʜʦ 3,1 ʥʤ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ  

(ʜʦ 7,6 ʥʤ) ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʚ ʤʘʪʝʨʠʘʣʝ.  
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ɻʣʘʚʘ 5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʚʘ 

ɸɸ7075 ʩ ʜʦʙʘʚʣʝʥʠʝʤ SiC, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʍɻʅ 

5.1 ɸʥʘʣʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʩʧʣʘʚʘ ɸɸ7075 ʠ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

SiC 

ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ɸɸ7075 ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 50. ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʯʘʩʪʠʮ SiC ʙʦʣʴʰʝ 2, ʯʘʩʪʠʮ 

ʩʧʣʘʚʘ ɸɸ7075: 1-2. ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʠʣ ʜʣʷ ʩʧʣʘʚʘ 

ɸɸ7075 - 32 Ñ 2 ʤʢʤ, ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ - 30 Ñ 2 ʤʢʤ. 

 

ʘ) ʙ)  

ʈʠʩʫʥʦʢ 50 ï ʄʦʨʬʦʣʦʛʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ɸɸ7075 (ʘ) ʠ  

ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ʙ), ʉʕʄ  

 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʧʦʨʦʰʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʬʦʨʤʠʨʦʚʘʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ SiCʚ 

ʧʨʦʮʝʩʩʝ ʍɻʅ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʤʝʩʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 30 ʚʝʩ. %, 40 ʚʝʩ. %,  

50 ʚʝʩ. % ʠ 60 ʚʝʩ. %. ɺʳʨʘʱʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ 

ʪʦʣʱʠʥʦʡ 2 ʤʤ. ʈʘʟʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʪʨʝʢʦʚ) ʩʦʩʪʘʚʠʣʠ: ʜʣʠʥʘ 

ï 50ʤʤ, ʰʠʨʠʥʘ ï 60 ʤʤ, ʪʦʣʱʠʥʘ ï 10 ʤʤ. 
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ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ SiC ʚ ʤʘʪʝʨʠʘʣʝ ʩʦʩʪʘʚʠʣʦ 

~20-25 %. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʩʤʝʩʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

50 ʚʝʩ. % ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʥʝ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʚʠʜʫ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʍɻʅ [142, 144]. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ, ʜʚʠʛʘʷʩʴ ʩ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʧʦʪʦʢʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʘʟʦʪʘ), ʩʦʫʜʘʨʷʷʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʜʣʦʞʢʠ, ʨʘʟʨʫʰʘʶʪ ʝʝ ʦʢʩʠʜʥʳʡ ʩʣʦʡ. ʇʨʠ ʵʪʦʤ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʠʟ-ʟʘ 

ʩʚʦʝʡ ʭʨʫʧʢʦʩʪʠ ʠ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʟʘʢʨʝʧʠʪʴʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʟʘ ʩʯʝʪ 

ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʣ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʦʛʨʫʙʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʢʠ, 

ʧʦʟʚʦʣʷʷ ʣʫʯʰʝ ʟʘʢʨʝʧʠʪʴʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʯʘʩʪʠʮʘʤ ʧʦʨʦʰʢʘ, ʢʨʦʰʘʪʩʷ ʠ 

ʦʪʣʝʪʘʶʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʳʭ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʳʭ ʩʣʦʝʚ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʥʘ 

ʧʦʜʣʦʞʢʝ ʚʦ ʚʨʝʤʷ ʫʜʘʨʘ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʘʩʪʠʮʳ ʧʨʠ ʫʜʘʨʝ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʨʘʩʪʝʢʘʶʪʩʷ. ɺ ʤʝʩʪʘʭ 

ʩʪʳʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʙʨʘʟʫʶʪʩʷ ʧʦʨʳ, ʥʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ ʙʝʟ ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, ʣʝʪʷʱʠʝ ʩʣʝʜʦʤ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 

ʧʨʦʜʘʚʣʠʚʘʶʪ ʪʘʢʠʝ ʤʝʩʪʘ, ʪʝʤ ʩʘʤʳʤ ʟʘʢʨʳʚʘʷ ʧʫʩʪʦʪʳ ʠ ʟʘʢʨʝʧʣʷʷʩʴ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʝʨʘʤʠʯʝʩʢʘʷ ʯʘʩʪʠʮʘ (ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ) ʤʦʞʝʪ ʟʘʢʨʝʧʠʪʴʩʷ 

ʥʘ ʧʦʜʣʦʞʢʝ ʪʦʣʴʢʦ ʚ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ. ɺ ʩʣʫʯʘʝ 

ʩʦʫʜʘʨʝʥʠʷ ʩ ʨʘʥʝʝ ʩʮʝʧʣʝʥʥʳʤʠ ʚ ʧʦʢʨʳʪʠʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ 

ʧʨʦʠʟʦʡʜʝʪ ʦʪʩʢʦʢ ʥʦʚʳʭ ʯʘʩʪʠʮ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʚ 

ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʨʘʥʝʝ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʧʦʜʣʦʞʢʝ ʯʘʩʪʠʮʘʤʠ SiC. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ SiC ʚ ʤʘʪʝʨʠʘʣʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʘ, ʟʘʥʷʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʜʝʨʞʠʚʘʪʴ ʘʨʤʠʨʫʶʱʠʝ ʯʘʩʪʠʮʳ.  
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5.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɸɸ7075-SiC 

ʧʦʩʣʝ ʍɻʅ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʥʘʧʳʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʪʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʍɻʅ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʳʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʨʝʞʠʤʦʚ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 51). 

 

 

ʈʠʩʫʥʦʢ 51 ï ʂʨʠʚʘʷ ʐʘʡʣʷ ʜʣʷ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Al-Cu-Zn, ThermoCalc 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʍɻʅ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 11. 

 

ʊʘʙʣʠʮʘ 11 ï ʇʘʨʘʤʝʪʨʳ ʍɻʅ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɸɸ7075-SiC 

ʈʝʞʠʤ ʈ
ʛʘʟʘ
, 

ʄʇʘ 

ʊ
ʛʘʟʘ
, 

Áʉ 

ʈʘʩʩʪʦʷʥʠʝ 

ʜʦ ʧʦʜʣʦʞʢʠ, 

ʤʤ 

V
ʧʝʨ. ʨʦʙʦʪʘ, 

ʤʤ/ʩ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʨʦʭʦʜʦʤ ʨʦʙʦʪʘ, 

ʤʤ 

1 3,5 550 40 50 3 
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2 4 550 40 50 3 

3 4 600 40 55 3 

4 4 600 40 55 3 

5 4,5 600 40 60 3 

6 4,5 650 40 60 3 

7 5 650 40 65 3 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥ ʨʝʞʠʤ ʍɻʅ - ˉ 1 ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʦ  

0,4°0,1 % ʦʙ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ AA7075-SiC 

ʧʦʩʣʝ ʍɻʅ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 52. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʧʣʵʪʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ, ʘʨʤʠʨʫʶʱʠʝ ʯʘʩʪʠʮʳ SiC ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʘʣʶʤʠʥʠʝʚʦʡ 

ʤʘʪʨʠʮʝ (ʨʠʩ. 52,ʘ). 

 

ʘ)

SiC

AA7075

ʙ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 500 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 5000 ʢʨʘʪ 

ʈʠʩʫʥʦʢ 52 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɸɸ7075-SiC ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 
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ɸʣʶʤʠʥʠʝʚʘʷ ʤʘʪʨʠʮʘ ʩʧʣʘʚʘ ɸɸ7075 ʩʦʩʪʦʠʪ ʠʟ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (Al) ʠ ʩʝʪʢʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʬʘʟ ʧʦ ʠʭ ʛʨʘʥʠʮʘʤ (ʨʠʩ. 51,ʙ). 

ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʚʦʡ ʐʘʡʣʷ ʜʣʷ ʩʧʣʘʚʘ 

ɸɸ7075, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ, ʚ ʩʦʩʪʘʚ ʩʝʪʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʵʚʪʝʢʪʠʢʠ 

ʚʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: Al3Mg2, Mg2Si, Al 2CuMg, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʯʘʩʪʠʮʘʭ 

ʧʦʨʦʰʢʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ. 53).  

 

 

ʈʠʩʫʥʦʢ 53 ï ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʢʦʤʧʦʟʠʪʘ ɸɸ7075-SiC ʧʦʩʣʝ ʍɻʅ 

 

ʊʘʢʞʝ, ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʢʦʧʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ SiC, ʨʘʟʨʫʰʝʥʥʳʭ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ (ʨʠʩ. 54). 

 

 

ʈʠʩʫʥʦʢ 54 ï ʀʟʦʙʨʘʞʝʥʠʝ ʘʛʣʦʤʝʪʘʨʪʦʚ SiC ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ 

ɸɸ7075, ʉʕʄ 
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ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʤʘʪʨʠʮʝ 

ʚ ʤʝʩʪʘʭ ʩʪʳʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʜʣʦʞʢʦʡ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʢʨʦʰʠʪʴʩʷ ʠ ʦʩʝʜʘʪʴ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʘʛʣʦʤʝʨʘʮʠʝʡ ʠʟ ʙʦʣʝʝ ʤʝʣʢʠʭ ʨʘʟʨʫʰʝʥʥʳʭ 

ʘʨʤʠʨʫʶʱʠʭ ʯʘʩʪʠʮ.  

ʊʘʢʞʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʜʝʬʝʢʪʳ, 

ʢʘʢ ʚʳʪʷʥʫʪʳʝ ʧʫʩʪʦʪʳ, ʧʦʨʳ ʥʘ ʤʝʩʪʘʭ ʩʪʳʢʘ ʩʧʣʵʪʦʚ (ʨʠʩ. 55,ʘ) ʠ ʩʘʤʘ 

ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʨʘʚʥʦʤʝʨʥʘ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʯʘʩʪʠʮ ʧʨʠ ʫʜʘʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʍɻʅ.  

 

ʘ)

2

2
1

1

ʙ)  

ʘ) ʫʚʝʣʠʯʝʥʠʝ 1000 ʢʨʘʪ; 

ʙ) ʫʚʝʣʠʯʝʥʠʝ 2000 ʢʨʘʪ 

 1 ï ʚʳʪʷʥʫʪʳʝ ʧʦʨʳ; 

2 ï ʧʫʩʪʦʪʳ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ; 

3 ï ʩʣʘʙʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ; 

4 ï ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ 

ʈʠʩʫʥʦʢ 55 ï ɼʝʬʝʢʪʳ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʘ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ɸɸ7075+SiC ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ, ʉʕʄ 

 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʍɻʅ ʧʦ ʜʘʥʥʳʤ 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 56. 


































































