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ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ 

ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʪʨʝʙʫʶʪʩʷ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, ʢʘʢ 

ʧʨʠ ʣʠʪʴʝ, ʪʘʢ ʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʘ ʪʘʢʞʝ ʤʦʛʣʠ ʙʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʪʨʝʙʫʶʪʩʷ ʩʧʣʘʚʳ ʩ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʊʂʃʈ (ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ).  

ɺ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʝʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʟʘʤʝʥʝ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʚʪʝʢʪʠʯʝʩʢʠʤʠ ʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʩʠʣʫʤʠʥʘʤʠ. ʉʠʣʫʤʠʥʳ 

ʚʝʩʴʤʘ ʪʝʭʥʦʣʦʛʠʯʥʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʠʪʳʭ ʠʟʜʝʣʠʡ, ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʊʂʃʈ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʘʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Si ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʰʪʘʤʧʦʚʘʥʥʳʭ ʧʦʨʰʥʝʡ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʠ ʢʦʥʝʯʥʦʝ ʠʟʜʝʣʠʝ ʠʤʝʝʪ ʩʪʦʠʤʦʩʪʴ ʚ 2,5-3 

ʨʘʟʘ ʙʦʣʴʰʫʶ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʠʟʜʝʣʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ ʣʠʪʴʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ ʧʦʨʰʥʝʡ ʠʟ ʩʠʣʫʤʠʥʘ ɸʂ18, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʨʰʥʝʡ ɼɺʉ ʠʟ ʩʧʣʘʚʘ ɸʂ18 

ʥʝ ʧʦʜʭʦʜʷʪ ʚ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʧʣʘʚʘ. ʅʦ, ʧʨʠ ʵʪʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʚʳʩʦʢʦʦʙʦʨʦʪʠʩʪʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʤʘʣʳʤ ʭʦʜʦʤ ʧʦʨʰʥʷ ʪʨʝʙʫʶʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʰʥʝʡ ʠʤʝʥʥʦ 

ʤʝʪʦʜʘʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ 

ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʪʳʤʠ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʦʚʳʭ ʩʠʩʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ Al-

Ca. ʉʧʣʘʚʳ ʥʘ ʝʝ ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʣʠʪʴʝ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʠʤʝʶʪ 

ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʮʝʥʝ ʩ ʩʠʣʫʤʠʥʘʤʠ. ɺ 

ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ ʵʚʪʝʢʪʠʢʘ ʠʤʝʝʪ ʪʦʥʢʦʝ ʩʪʨʦʝʥʠʝ, ʧʦʜʦʙʥʦʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʡ ʵʚʪʝʢʪʠʢʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca ʧʨʠ ʚʳʧʣʘʚʢʝ. ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ Al-Ca-ʍ (ʛʜʝ 

ʍ- ʵʪʦ Mn, Ni, Ce, Fe, Si ʠ ʜʨ.) ʢʘʣʴʮʠʡ ʦʙʨʘʟʫʝʪ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ, ʠʤʝʶʱʠʝ 

ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ ʠ ʤʘʣʳʝ ʨʘʟʤʝʨʳ. ʇʦʵʪʦʤʫ ʚ ʦʙʣʘʩʪʷʭ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʘʣʴʮʠʷ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʧʣʘʚʳ ʪʠʧʘ çʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳè ʩ ʦʩʦʙʳʤʠ ʬʠʟʠʢʦ-
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ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʳʩʦʢʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʠʡ ʊʂʃʈ ʠ ʜʨ.). ʠ 

ʧʦʣʫʯʘʪʴ ʠʟ ʥʠʭ ʨʘʟʣʠʯʥʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ Al -Ca-Mn-Ni-(Fe-Si) ʠ ʝʝ ʧʦʜʩʠʩʪʝʤ  

ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ.  

2. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe-Si) ʠ ʝʝ ʧʦʜʩʠʩʪʝʤ. 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʟʘʵʚʪʝʢʪʠʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe-Si) ʠ ʝʝ ʧʦʜʩʠʩʪʝʤ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe-Si) ʠ ʝʝ ʧʦʜʩʠʩʪʝʤ. 

5. ɺʳʙʦʨ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ Zn, Mg, Cu, Sc  

ʥʘ ʫʧʨʦʯʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

7. ʇʦʣʫʯʝʥʠʝ ʦʪʣʠʚʦʢ, ʩʣʠʪʢʦʚ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʦʪʦʙʨʘʥʥʳʭ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

8. ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʣʘʚʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʣʫʤʠʥʦʤ ʪʠʧʘ ɸʂ18. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1 ʉ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ 

ʩʦʩʪʘʚʳ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʦʚ Al-8Ca-2Mn ʠ Al-8Ca-2Mn-1Ni 

(ʤʘʩʩ.%), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʨʝʙʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè: 

ʢʦʤʧʘʢʪʥʳʝ ʤʝʣʢʠʝ (ʥʝ ʙʦʣʝʝ 25-30 ʤʢʤ) ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ 

ʬʦʥʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʵʚʪʝʢʪʠʢ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʩʧʣʘʚʘʭ ʧʨʝʚʳʰʘʝʪ 40 

ʦʙ%, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʠʜʫʩ ʚʳʰʝ 600Áʉ. 

2. ʉʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩ ʩʠʩʪʝʤ Al-Ca-Mn ʠ Al-Ca-Mn-

Ni, ʚʢʣʶʯʘʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ Al10CaMn2 Al9CaNi. 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʧʝʨʚʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ) ʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʩʬʝʨʦʠʜʠʟʠʘʮʠʷ 

ʠ ʬʨʘʛʤʝʥʪʘʮʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʧʣʘʚʘ. 

4. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʳʨʴʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 
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(ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ (ʜʦ 1%) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

5. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʯʥʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Al -8Ca-2Mn-1Ni ʤʘʣʳʤʠ ʜʦʙʘʚʢʘʤʠ Sc. ʇʨʠ ʵʪʦʤ ʫʧʨʦʯʥʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʩʧʣʘʚʘʤʠ (350-

400Áʉ ʧʨʦʪʠʚ 300-350Áʉ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ (ʧʘʪʝʥʪ ˉ2795622) ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʡ ʩʧʣʘʚ Al-8Ca-2Mn-1Ni, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʩʦʥʥʳʭ ʦʪʣʠʚʦʢ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʥʠʞʝʥʥʳʤ 

ʊʂʃʈ (ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 237ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 4,7%, ʊʂʃʈ 20,15). ɿʥʘʯʝʥʠʷ ʠʟ 

ʧʘʪʝʥʪʘ! 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩʧʣʘʚ ʧʨʦʰʝʣ ʦʧʨʦʙʦʚʘʥʠʝ  

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʅʇʎ ʄʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠè ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʣʠʥʦʤʤʝʨʥʳʭ ʣʠʪʳʭ 

ʟʘʛʦʪʦʚʦʢ ʜʠʘʤʝʪʨʦʤ 13 ʤʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʚʠʣʴʥʦ-ʣʠʪʝʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ 

(ʕʄʂ) ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʫʪʢʘ (3,7 ʤʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʂʦʥʬʦʨʤ. 

3. ʀʟ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʪʣʠʚʢʘ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʚ ʀʄɽʊ ʈɸʅ ʩ ʮʝʣʴʶ ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʳʭ 

ʠʟʜʝʣʠʡ ʚ ʬʦʨʤʝ ʪʝʣ ʚʨʘʱʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʣʴʟ ʙʣʦʢʦʚ ʮʠʣʠʥʜʨʦʚ ʜʣʷ ɼɺʉ, 

ʚʪʫʣʦʢ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʬʘʩʦʥʥʳʭ ʦʪʣʠʚʦʢ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʢʘʬʝʜʨʝ ʆʄɼ ʅʀʊʋ ʄʀʉʀʉ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʛʠʩʪʨʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ: ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚè ʠ 

çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘè.  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʘʩʯʝʪ ʬʨʘʛʤʝʥʪʦʚ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Al-Ca-Mn-Ni-(Fe, Si) ʠ ʝʸ ʧʦʜʩʠʩʪʝʤ ʚ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

2. ʆʙʦʩʥʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-Fe-Si ʠ ʝʸ ʧʦʜʩʠʩʪʝʤ. 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe, Si) ʠ ʝʸ ʧʦʜʩʠʩʪʝʤ.  

4. ɺʳʙʦʨ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

5. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ Zn, Mg, Cu, Zr, Sc ʥʘ ʫʧʨʦʯʥʝʥʠʝ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

6. ʇʦʣʫʯʝʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʠʪʴʷ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ: 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷ: XIX  

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ-ʢʦʥʢʫʨʩ ʩʪʫʜʝʥʪʦʚ ʠ ʄʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè, 2023, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ, ʉʇɹɻʋ; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ (ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʫʟʥʝʯʥʦʛʦ ʬʝʩʪʠʚʘʣʷ çʉʝʢʨʝʪʳ ʩʨʝʜʥʝʚʝʢʦʚʳʭ 

ʢʫʟʥʝʮʦʚè), ʄʦʩʢʚʘ, 2023; ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʛʦʪʦʚʢʠ  

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʄʦʩʢʚʘ, 2022; Abstracts of the IV International Conference and School of Young 

Scientists. Belgorod, 2022; ɹʝʨʥʰʪʝʡʥʦʚʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʄʦʩʢʚʘ, 2022; Abstracts of the IV International Conference and School 

of Young Scientists. Belgorod, 2022; III  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 

ɹʝʣʛʦʨʦʜ, 2021; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 150-ʣʝʪʠʶ ʩʦ 

ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɸ.ɸ. ɹʘʡʢʦʚʘ. 2020; XXXI  ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ 

ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚ-2024», 12-26 ʘʧʨʝʣʷ 2024 ʛʦʜʘ; III  ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè ʄʦʩʢʚʘ 2024; LXVII  

ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʨʦʯʥʦʩʪʠè. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2024; 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʦʰʣʠ ʚ ʦʪʯʝʪʳ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʧʨʦʝʢʪʫ: ʛʨʘʥʪʫ 

ʈʅʌ ˉ20-19-00746 çʉʦʟʜʘʥʠʝ ʥʘʫʯʥʳʭ ʧʨʠʥʮʠʧʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʘʣʴʮʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ ʩ ʦʩʦʙʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠè ʠ 

ʝʛʦ ʧʨʦʜʣʝʥʠʷ ʈʅʌ ˉ20-19-00746-ʇ. 

 

ʇʫʙʣʠʢʘʮʠʠ: 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 10 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ  

ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ Web of Science ʠ/ʠʣʠ Scopus. ʇʦʣʫʯʝʥ 1 

ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʈʌ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʆ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʦʨʦʰʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Thermo-calc ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʆ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʬʠʣʴʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʢʦʨʨʝʣʷʮʠʷ ʩ ʜʨʫʛʠʤʠ ʨʘʙʦʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ Web of Science (Core Collection)/Scopus. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʦʙʱʝʥʘʫʯʥʳʤ ʤʝʪʘʣʣʦʚʝʜʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 
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ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪʘ ʧʨʦʚʝʨʝʥ ʥʘ 

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

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ: 

ɼʠʩʩʝʨʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʯʝʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ. ʆʙʩʫʞʜʝʥʠʝ  

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ 

ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ. 

 

ɺʢʣʘʜ ʩʦʘʚʪʦʨʦʚ:  

ʈʫʢʦʚʦʜʩʪʚʦ ʨʘʙʦʪʦʡ ʦʩʫʱʝʩʪʚʣʷʣʘ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɽ. ɸ. ʅʘʫʤʦʚʘ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ., ʜ.ʪ.ʥ. ʅ. ɸ. ɹʝʣʦʚʫ ʟʘ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʫʯʘʩʪʠʝ ʚ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʪʝʡ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 7 ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʥʘ 

139 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ 97 ʨʠʩʫʥʢʦʚ,  

41 ʪʘʙʣʠʮʫ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 127 ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ  

ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ 4 ʧʨʠʣʦʞʝʥʠʡ. 

  

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

1.1.ɼʝʬʦʨʤʠʨʫʝʤʳʝ ʠ ʣʠʪʝʡʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʘʣʶʤʠʥʠʝʚʳʝ ʤʘʨʦʯʥʳʝ ʩʧʣʘʚʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ 

ʛʨʫʧʧʳ: ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʠ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ [1-9]. ʂ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷʪʦ 

ʦʪʥʦʩʠʪʴ ʩʧʣʘʚʳ ʤʘʪʨʠʯʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʪʁ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʪʦʨʠʯʥʳʭ ʬʘʟ,  

ʘ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ (ʜʦ 90%) ʩʦʩʪʘʚʣʷʝʪ ʘʣʶʤʠʥʠʝʚʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʪʦʨʠʯʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʦʣʴʢʦ  

ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʪʠ ʬʘʟʳ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩ ʨʝʰʝʪʢʦʡ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ 

ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʨʝʞʠʤʫ ʊ6 (ʟʘʢʘʣʢʘ ʠ ʩʪʘʨʝʥʠʝ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [10-23], ʧʦʩʚʷʱʝʥʥʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʩʧʣʘʚʘʤ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʧʣʘʚʦʚ, ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟ-ʟʘ ʰʠʨʦʢʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʯʪʠ ʚʩʝʛʜʘ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʘʷ 

ʵʚʪʝʢʪʠʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʧʣʘʚʢʦʡ, ʠ ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʦʣʠʜʫʩʘ. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ. 

ʂ ʜʨʫʛʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʵʚʪʝʢʪʠʢʠ  

ʚ ʩʪʨʫʢʪʫʨʝ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʭʨʫʧʢʦʡ. ʀʩʭʦʜʷ  

ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʨʦʯʥʳʝ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʣʠ ʙʳ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʧʨʠ ʣʠʪʴʝ, ʪʘʢ ʠ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʫ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʝʩʪʴ ʟʘʧʨʦʩ ʥʘ ʪʘʢʠʝ 

ʩʧʣʘʚʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [23-28], ʧʦʩʚʷʱʝʥʥʳʭ 

ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʧʣʘʚʘʤ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʜʠʩʧʝʨʩʥʦʡ 

ʵʚʪʝʢʪʠʢʠ ʠ ʩʦʯʝʪʘʶʪ ʢʘʢ ʚʳʩʦʢʠʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʭʦʨʦʰʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʘʨʦʯʥʳʝ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʟʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ Al-Si, Al -Mg ʠ Al-Cu, ʥʦ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʬʘʩʦʥʥʳʭ ʦʪʣʠʚʦʢ 

ʥʘʰʣʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʡ ʵʚʪʝʢʪʠʢʠ (ʩʠʣʫʤʠʥʳ). ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʣʫʤʠʥʦʚ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʪʥʦʩʷʪʩʷ ʢ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʧʣʘʚʘʤ. 

ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 
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ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʧʦʯʪʠ ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʦʨʰʥʝʚʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ), ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʘ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Al-B ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʩʦʩʪʘʚʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʯʝʪʳʨʝʤ 

ʛʨʫʧʧʘʤ [1]. 

 

1.1.1. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

 

ɺ ʩʪʨʫʢʪʫʨʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦ 90% 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʠʟʙʳʪʦʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ʉʪʨʫʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2. ʂʘʢ ʧʨʘʚʠʣʦ ʵʪʦ: CuAl2, Mg5Al8, Si, Al 2CuMg (S), Al 2Mg3Zn3 (T), 

MgZn2 (M) ʠ Mg2Si [23].  

ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʪʨʫʢʪʫʨʝ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʣʘʩʪʠʯʥʦʡ 

ʤʘʪʨʠʮʳ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʣʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʦʙʲʝʤʫ ʩʧʣʘʚʘ. ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʪʦʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʛʨʘʥʠʮʝ ʟʝʨʝʥ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʧʣʘʚʦʚ. ʉ ʮʝʣʴʶ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʟ 

ʧʨʦʚʦʜʠʪʩʷ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʘʣʶʤʠʥʠʝʚʦʤ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʧʣʘʚʦʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɺʪʦʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ 

ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʣʠʜʫʩʘ ʩʧʣʘʚʘ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʠʩʧʨʘʚʠʤʦʤʫ 

ʙʨʘʢʫ ʚ ʩʠʣʫ ʨʘʩʧʣʘʚʣʝʥʠʷ ʟʝʨʥʦ ʛʨʘʥʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʝ ʩʣʷʙʦʚ ʧʦʜ ʧʨʦʢʘʪʢʫ ʠʣʠ 

ʠʥʳʝ ʚʠʜʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ.  
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ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Al-5% Cu ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ 

[23]. 

1.1.2. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ʣʠʪʝʡʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ  

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʣʠʪʝʡʥʳʤʠ 

ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʣʫʤʠʥʳ. ʉʠʩʪʝʤʘ Al-Si ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.3. ɼʘʥʥʳʝ 

ʩʧʣʘʚʳ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʝ, ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ.  

ʂ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʤ ʦʪʥʦʩʷʪ ʩʠʣʫʤʠʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 12% ʢʨʝʤʥʠʷ. ɺ ʠʭ ʩʪʨʫʢʪʫʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʝʥʜʨʠʪʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʵʚʪʝʢʪʠʢʘ [(Al)+(Si)].  

ʉʠʣʫʤʠʥʳ ʩ 12% ʢʨʝʤʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʧʣʘʚʘʤ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʦʣʴʢʦ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ [(Al)+(Si)] ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʠʥʠʝʚʳʭ 

ʜʝʥʜʨʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʷ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  

ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʣʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʙʦʣʝʝ 12%, ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤ 

ʩʠʣʫʤʠʥʘʤ. ɺ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ ʥʘ ʬʦʥʝ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʦʡ 

ʵʚʪʝʢʪʠʢʠ. ʇʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʦʛʨʘʥʝʥʥʫ  ʁ ʛʨʫʙʫʶ ʤʦʨʬʦʣʦʛʠʶ [1, 8, 9, 28]. 

ʌʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨ ʩʠʣʫʤʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 1.4.  

 

ʈʠʩʫʥʦʢ 1.3 - ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-Si [1]. 
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ʈʠʩʫʥʦʢ 1.4 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʣʫʤʠʥʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 200ʭ:  

ʘ ï Al -7%Si, ʙ ï Al -12%Si, ʚ ï Al -14%Si [29, 31, 32, 33] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʨʫʢʪʫʨʝ ʚʩʝʭ ʩʠʣʫʤʠʥʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʩʧʣʘʚʦʚ. ʉʥʠʟʠʪʴ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʧʫʪʝʤ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʧʣʘʚʘʭ, ʯʝʤʫ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ [29-41]. 

ʉʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʠʣʫʤʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʧʣʘʚʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʷʚʣʷʝʪʩʷ 

ʞʝʣʝʟʦ, ʯʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

 

1.1.3. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Si-Fe 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʤʝʩʴʶ ʚ ʩʠʣʫʤʠʥʘʭ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ. ʉʠʩʪʝʤʘ Al -Si-Fe ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1.5. ɾʝʣʝʟʦ ʚ ʘʣʶʤʠʥʠʠ ʧʦʯʪʠ ʥʝ ʨʘʩʪʚʦʨʠʤʦ ʠ ʜʘʞʝ ʚ ʦʩʦʙʦ ʯʠʩʪʳʭ ʩʧʣʘʚʘʭ, ʥʘʧʨʠʤʝʨ,  

ʚ ʵʚʪʝʢʪʠʯʝʩʢʦʤ ʩʠʣʫʤʠʥʝ ɸʂ12ʦʯ [1,42], ʞʝʣʝʟʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʝʛʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʘʣʶʤʠʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʝʣʝʟʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʝʪ 

ʠʟʙʳʪʦʯʥʳʝ ʬʘʟʳ ʚ ʩʧʣʘʚʝ. ɺ ʨʘʙʦʪʘʭ [1,12, 28] ʧʦʜʨʦʙʥʦ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ Al-Si-Fe ʚ ʙʦʛʘʪʦʡ ʘʣʶʤʠʥʠʝʤ ʦʙʣʘʩʪʠ. ɹʳʣʠ ʧʦʢʘʟʘʥʳ ʠʟʦʪʝʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʣʠʢʚʠʜʫʩʘ, ʩʦʣʠʜʫʩʘ, ʩʦʣʴʚʫʩʳ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʨʝʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ 

ʧʨʠʚʝʜʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʬʘʟʳ Si, 

Al 3Fe, Al 8Fe2Si, Al 5FeSi, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʨʝʘʢʮʠʷʭ.  
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ʊʘʙʣʠʮʘ 1.1 - ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ, ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʫʛʣʫ ʚ ʩʠʩʪʝʤʝ Al-Si-Fe [1]. 

ʈʝʘʢʮʠʷ ʊʦʯʢʘ ʥʘ 

ʜʠʘʛʨʘʤʤʝ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʬʘʟʘʭ, % T°C 

L (Al)  

Fe Si Fe Si 

L ­ (Al) + Al5FeSi 

+ (Si) 

E 0.7 12 0.01 1.6 576 

L + Al3Fe ­ (Al) + 

Al8Fe2Si 

P1 2 4 0.05 0.6 629 

L + Al8Fe2Si ­ 

(Al) + Al5FeSi 

P2 1.7 6.5 0.04 1.1 611 

 

  

ʘ                                                                         ʙ 

ʈʠʩʫʥʦʢ 1.5. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Al-Si-Fe ʘ ï ʣʠʢʚʠʜʫʩ, ʙ ï ʩʦʣʠʜʫʩ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʞʝʣʝʟʘ ʚ ʢʨʝʤʥʠʠ (Si) ʠ ʢʨʝʤʥʠʷ ʚ ʬʘʟʝ Al 3Fe ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʢʨʘʡʥʝ ʤʘʣʘ, 

ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ʵʣʝʤʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ [1].  

 

ʌʘʟʘ Al3Fe ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ, 

ʜʝʡʩʪʚʫʷ ʧʦʜʦʙʥʦ ʥʘʜʨʝʟʘʤ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. 

ʉʨʝʜʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʶʤʠʥʠʡ, ʞʝʣʝʟʦ ʠ ʢʨʝʤʥʠʡ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʳʝ ʬʘʟʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ Al8Fe2Si, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ Al12Fe3Si2. ʆʥʦ ʩʦʜʝʨʞʠʪ 31,6% 

ʞʝʣʝʟʘ ʠ 7,8% ʢʨʝʤʥʠʷ, ʘ ʝʛʦ ʩʦʩʪʘʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 30ï33% Fe ʠ 6ï12% Si. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʡ ʬʘʟʳ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P63/mmc, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ a = 1,23ï1,24 ʥʤ ʠ c = 2,62ï2,63 ʥʤ.  

ʇʣʦʪʥʦʩʪʴ ʬʘʟʳ Al 8Fe2Si ʩʦʩʪʘʚʣʷʝʪ 3,58 ʛ/ʩʤį, ʦʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʤʧʘʢʪʥʳʭ 

ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ. ʉʣʝʜʫʶʱʝʡ ʚʘʞʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ Al5FeSi, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

ɓ-ʬʘʟʘ. ʆʥʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʠʣʫʤʠʥʘʭ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 25,6% ʞʝʣʝʟʘ  

ʠ 12,8% ʢʨʝʤʥʠʷ, ʠ ʝʛʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 25ï30% Fe ʠ 12ï15% Si. 
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ɸl5FeSi ʠʤʝʝʪ ʤʦʥʦʢʣʠʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = b = 0,612 ʥʤ  

ʠ c = 4,148ï4,150 ʥʤ ʧʨʠ ʫʛʣʝ ɓ = 91Á. ʇʣʦʪʥʦʩʪʴ ʵʪʦʡ ʬʘʟʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3,3ï3,6 ʛ/ʩʤį, 

ʘ ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ ʩʦʩʪʘʚʣʷʝʪ 5,8 ɻʇʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʸ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʕʪʘ ʬʘʟʘ ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʆʥʘ 

ʩʥʠʞʘʝʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʥʪʝʨʝʩʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ Al4FeSi2, 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ Al3FeSi3 ʠʣʠ ŭ(AlFeSi). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʙʦʣʝʝ ʫʟʢʫʶ ʦʙʣʘʩʪʴ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ŭ ʠ ɓ ʬʘʟʘʤʠ, ʩ ʩʦʩʪʘʚʦʤ 25,4% Fe ʠ 25,5% Si.  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Al4FeSi2 ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ, ʥʘʧʦʤʠʥʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ PdGa5,  

ʩ ʧʘʨʘʤʝʪʨʘʤʠ a = 0,607ï0,63 ʥʤ ʠ c = 0,941ï0,953 ʥʤ. ʇʣʦʪʥʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

3,3ï3,36 ʛ/ʩʤį, ʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ 20ÁC ʜʦʩʪʠʛʘʝʪ 10,97 ɻʇʘ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʪʚʝʨʜʳʭ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ Al4FeSi2 ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ  

ʩ ʘʣʶʤʠʥʠʝʤ (Al), ʦʜʥʘʢʦ ʦʥʦ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʘʭ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [1].  

ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ Al-Si-Fe ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ 

ʤʥʦʛʦ ʨʘʙʦʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ. ʀʟ ʨʘʙʦʪʳ [43] ʩʣʝʜʫʝʪ, ʯʪʦ  

ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝʭ ʠ ʧʷʪʠʬʘʟʥʳʝ 

ʦʙʣʘʩʪʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʧʣʘʚʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʨʘʙʦʪʘʭ [8-9] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2%  

ʜʦ 3% ʞʝʣʝʟʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʘ Al 3Fe ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʬʘʟ Al3Fe, Al8Fe2Si ʠ Al5FeSi ʩʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ  

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ [45]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʞʝʣʝʟʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ 

ʩʧʣʘʚʦʚ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ. ɼʘʣʝʝ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ 

ʢʘʢ ʧʨʘʚʠʣʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. 

 

1.1.4. ʋʧʨʦʯʥʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʤʘʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ 

 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʷʚʣʷʶʪʩʷ Zn, Mg ʠ Cu.  

 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʩʧʣʘʚʘʤ ʦʪʥʦʩʷʪʩʷ ʤʘʪʨʠʯʥʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al -Zn-Mg-Cu (7ʭʭʭ ʩʝʨʠʷ). ɺʟʘʠʤʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ  
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ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ Zn, Mg, Cu ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʘʥʥʳʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ 

ʬʘʟʳ: Al 2Mg3Zn3(ʊ), Al 6CuMg4(ʊ); MgZn2(ʄ), AlCuMg(ʄ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʠ ʬʘʟʳ ʩʧʦʩʦʙʥʳ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʪʚʝʨʜʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝʥʠʷ) ʧʦ ʨʝʞʠʤʫ ʊ6. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʠ ʜʦʩʪʠʛʘʪʴ 700 ʄʇʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ  

ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦ ʨʝʞʠʤʫ ʊ6 ʫ ʩʧʣʘʚʘ ɺ96ʎ3 [23]. ʍʦʪʷ ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 600 ʄʧʘ [23]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu ʦʙʣʘʜʘʶʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʝʨʠʷʤʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʇʨʠ ʵʪʦʤ, ʫ ʩʧʣʘʚʦʚ 

7ʭʭʭ ʩʝʨʠʠ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ, ʥʠʟʢʘʷ 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʠʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʣʦʭʘʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ [23]. ʕʪʠ ʩʧʣʘʚʳ  

ʥʝ ʤʦʛʫʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʟ-ʟʘ ʠʭ ʩʢʣʦʥʥʦʩʪʠ ʢ ʢʦʨʨʦʟʠʦʥʥʦʤʫ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʦʠʜʦʚ ʩʧʣʦʰʥʦʡ ʩʝʪʢʦʡ  

ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Cu-Mg-Zn [23]. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʤʷʛʯʘʶʱʠʝ ʨʝʞʠʤʳ ʩʪʘʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʪʁ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʦ ʩʥʠʞʘʪʁ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʥʘ 10-15% [23].  

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʣʠʪʝʡʥʳʝ ʩʧʣʘʚʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ 

ʢ ʣʠʪʝʡʥʳʤ ʩʧʣʘʚʘʤ, ʭʦʪʷ ʠ ʠʤʝʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ [23]. ʊʘʢʠʤ ʩʧʣʘʚʦʤ 

ʷʚʣʷʝʪʩʷ ɺɸʃ12. ɼʘʥʥʳʡ ʩʧʣʘʚ ʠʤʝʝʪ ʩʭʦʞʠʡ ʩʦʩʪʘʚ ʩʦ ʩʧʣʘʚʦʤ ɺ95. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʣʠʚʢʘʭ (ʙʦʣʝʝ 500 ʄʇʘ), ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʣʠʪʴʝ ʤʝʪʦʜʦʤ 

ʞʠʜʢʦʡ ʰʪʘʤʧʦʚʢʠ [23].  

ɺ ʨʘʙʦʪʝ [46] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʣʘʚʘ Al-4,91%Zn-1,99%Mg-1,5%Cu-0,42%Fe-

0,19%Si ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ʊ5 (ʟʘʢʘʣʢʘ ʠ 

ʥʝʧʦʣʥʦʝ ʩʪʘʨʝʥʠʝ ʧʨʠ 105ęʉ, 2 ʯ) ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ: ůʚ=444 ʄʇʘ 

ů0,2=305 ʄʇʘ, ŭ=9,2% [23]. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʘʭ [23, 46] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʳʜʝʨʞʢʘ ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʙʦʣʝʝ ʯʝʤ  

ʚ ʜʚʘ ʨʘʟʘ.  

ʇʨʠ ʵʪʦʤ ʫ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʩʢʣʦʥʥʦʩʪʴ  

ʢ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ  

ʠ ʮʠʥʢʘ. 
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ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʢʘʣʠʥʳ 

ʉʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʨʠ 

ʣʠʪʴʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʂ ʪʘʢʠʤ ʩʧʣʘʚʘʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʢʘʣʠʥʳ. ʕʪʦ 

ʩʧʣʘʚʳ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu-Ni. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʢʝʣʴ, ʥʘʨʷʜʫ ʩ ʢʨʝʤʥʠʝʤ, ʷʚʣʷʝʪʩʷ 

ʵʚʪʝʢʪʠʢʦʦʙʨʘʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʘ ʟʥʘʯʠʪ ʩʧʦʩʦʙʝʥ ʧʦʚʳʰʘʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʠ ʣʠʪʴʝ.  

ɺ ʨʘʙʦʪʝ [47] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ ʠ ʞʠʜʢʦʪʝʢʫʯʝʩʪʠ ʩʧʣʘʚʘ Alï7Znï3Mgï

1Cuï3Niï3Si. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʘ Al-10Si, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʦʣʝʝ ʩʣʦʞʥʳ. ʉʧʣʘʚʳ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʯʝʥʴ ʤʘʣʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʚʪʝʢʪʠʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʥʠʢʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ  

ʚ ʩʧʣʘʚʘʭ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Al-Ni-Zn-Mg-Cu ʫʧʨʦʯʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʞʝ ʬʘʟʳ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʠʢʘʣʠʥʳ ʵʪʦʡ ʩʝʨʠʠ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ʊ6.  

ɺ ʪʝʨʤʦʫʧʨʦʯʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʮʠʢʣʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ 

ʚʳʰʝ, ʯʝʤ ʫ ɺɸʃ 12 ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [48]. ʅʦ, ʧʨʠ ʩʚʦʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ, 

ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʢʘʣʠʥʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʠʟʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ  

ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ,  

ʘ ʪʘʢʞʝ ʚʳʩʦʢʘ ̫ʩʪʦʠʤʦʩʪʴ ʥʠʢʝʣʷ.  

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʥʠʢʘʣʠʥʳ ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʩʳʨʴʷ.  

ɺ ʤʦʥʦʛʨʘʬʠʠ [46] ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʠʟʚʝʜʝʥʳ ʧʦʩʪʨʦʝʥʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʇʆ Thermo-calc (ʨʠʩʫʥʦʢ 1.6) ʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ: 

½ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ Al-Zn-Mg, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʦʛʠʯʥʦ ʠʭ ʩʦʜʝʨʞʘʥʠʶ ʚ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʧʣʘʚʘʭ: 6-8% Zn, 2-4% Mg; 

½ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ Al9FeNi 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʩʦʛʣʘʩʥʦ [49], ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ Al 3Fe ʠ Al 3Ni, ʩʦʦʪʥʦʰʝʥʠʝ cʩʦʜʝʨʞʘʥʠʡ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ (Ni/Fe) ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʫʨʦʚʥʝ >1,1; 

½ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,3%, ʪʘʢ ʢʘʢ ʧʨʠ  

ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʣʦʞʥʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʫʞʘʝʪʩʷ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟʳ 

Al 9FeNi. 
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ʈʠʩʫʥʦʢ 1.6 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ Thermo-Calc: ʘ ï ʧʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʠʢʚʠʜʫʩ ʚ ʩʠʩʪʝʤʝ Al-Zn-Mg-Ni-Fe ʧʨʠ 8%Zn ʠ 4% Mg; ʙ ï ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʠ 8%Zn, 

4% Mg, 1% Ni [23, 46] 

 

ʅʘ ʧʨʠʥʮʠʧʘʭ ʣʝʛʠʨʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʣʘʚʳ ɸʎ7ʅɾ  

ʠ AZ6NF (ɸʎ6ʅ0,5ɾ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʢʣʶʯʝʥ rʚ ʥʦʚʫʶ ʚʝʨʩʠʶ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ4784-2019 

çɸʣʶʤʠʥʠʡ ʠ ʩʧʣʘʚʳ ʘʣʶʤʠʥʠʝʚʳʝ ʜʝʬʦʨʤʠʨʫʝʤʳʝ. ʄʘʨʢʠè. ɺ ʦʙʦʠʭ ʩʧʣʘʚʘʭ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ ʠ ʤʘʛʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ. 

ʇʦʩʣʝʜʥʠʡ ʩʧʣʘʚ ʜʦʧʫʩʢʘʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ, ʚʧʣʦʪʴ ʜʦ 0,7%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ 

ʩʧʣʘʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʩ ʧʦʟʠʮʠʠ ʵʢʦʥʦʤʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʩʧʣʘʚ AZ6NF 

ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʨʘʚʥʦʚʝʩʥʳʤ ʩʦʣʠʜʫʩʦʤ: 582ęʉ. ʆʙʘ ʩʧʣʘʚʘ ɸʎ7ʅɾ ʠ AZ6NF 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʣʠʪʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʊ6 - ʦʢʦʣʦ 500 ʄʧʘ [46].  

ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʥʠʢʘʣʠʥʦʚ ʜʦʚʦʣʴʥʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʬʝʨʦʠʜʠʟʘʮʠʶ ʚʦ ʚʨʝʤʷ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʚʝʨʛʘʪʴ ʩʧʣʘʚʳ 

ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ AZ6NF ʚ ʣʠʪʦʤ ʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. 
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ʈʠʩʫʥʦʢ 1.7 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ AZ6NF: ʘ ï ʧʦʩʣʝ ʣʠʪʴʷ; ʙ ï ʧʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʦʥʥʦʛʦ 

ʦʪʞʠʛʘ [132] 

 

ʋʧʨʦʯʥʝʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʮʠʨʢʦʥʠʝʤ ʠ ʩʢʘʥʜʠʝʤ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʨʢʦʥʠʡ ʠ ʩʢʘʥʜʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʠʤʳ ʚ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʧʝʨʝʩʳʱʝʥʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʚʦʣʴʥʦ 

ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʚ ʩʧʣʘʚʘʭ, ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʮʠʨʢʦʥʠʝʤ ʠ ʩʢʘʥʜʠʝʤ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 0,3% ʤʘʩʩ., ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʚʦ ʚʨʝʤʷ ʣʠʪʴʷ. ɼʘʣʴʥʝʡʰʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300-

400ęʉ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʯʘʩʪʠʮʘʤ Al 3Zr ʠ Al 3Sc (ʪʠʧʘ L12) ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʪʚʝʨʜʝʥʠ ʁʩʧʣʘʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ Zr ʠ Sc ʧʦʟʚʦʣʷʶʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʟʘʢʘʣʢʠ ʥʘ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʠ ʩʨʘʟʫ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʞʠʛ (ʩʪʘʨʝʥʠʝ) ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ [48]. 

 

1.2. ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʠʣʫʤʠʥʳ 

 

ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʠʣʫʤʠʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʙʦʣʝʝ 17% ʦʙʣʘʜʘʶʪ ʦʩʦʙʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠ ʠʭ ʦʪ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʠ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʝʚʦ-

ʢʨʝʤʥʠʝʚʦʡ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 2,6-2,7 

ʛ/ʩʤ3, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 190-320 ʄʇʘ; ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 155-260 ʄʇʘ; ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 75-80 ɻʇʘ. ɺ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 6%, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ 9%. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʣʫʤʠʥʳ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʜʦ -70ęʉ [45].  
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ɼʣʷ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ, ʭʦʨʦʰʘʷ 

ʩʚʘʨʠʚʘʝʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʥʠʟʢʠʡ ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ). 

 

1.2.1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ  

 

ʂ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʠʣʫʤʠʥʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʨʰʥʝʚʳʝ ʩʧʣʘʚʳ ʂʉ740, ɸʂ18, ʂʉ741 

ʩʦʛʣʘʩʥʦ [50]. ʉʦʩʪʘʚ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 1.2 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ [50] 

ʄʘʨʢʘ 

ʩʧʣʘʚʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ % 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

Si Cu Mg Mn Ni Al  

ʂʉ740 16-18 1,8-2,4 0,7-1,2 0,6-1 1,1-1,7 ʆʩʥʦʚʘ 

ʂʉ741 19-22 1,8-2,4 0,7-1,2 0,6-1 1,1-1,7 

ɸʂ18 17-19 0,8-1,5 0,8-1,3 - 0,8-1,3 

ʄʘʨʢʘ 

ʩʧʣʘʚʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ % 

ʇʨʠʤʝʩʠ 

 Fe Ti Zn Mn Pb Sn 

ʂʉ740 0.5 - - - - - 

ʂʉ741 0.5 - - - - - 

ɸʂ18 0.5 0.2 0.2 0.2 0.05 0.01 

 

 ɺ ɻʪʠʭ ʩʧʣʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʧʝʨʚʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʚ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ 

ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ, ʪʝʤ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʙʫʜʫʪ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʨʠʩʫʥʦʢ 2). ʆʥʠ 

ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʦʡ ʦʛʨʘʥʝʥʥʦʡ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ ʠʣʠ ʙʦʣʝʝ 100 ʤʢʤ ʠ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʥʥʦ ʧʦ ʥʠʤ ʥʘʯʠʥʘʝʪʩʷ 

ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʪʘʢ ʢʘʢ ʢʨʝʤʥʠʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ ʟʘʧʘʩʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ.  

ɺ ʪʘʙʣʠʮʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʠʣʫʤʠʥʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟ ʜʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʩʠʣʫʤʠʥʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʘʷ ʜʦʣʷ ʠ ʜʨʫʛʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʵʚʪʝʢʪʠʢʠ ʠ ʥʝ ʬʦʨʤʠʨʫʶʪ ʢʨʫʧʥʳʭ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ, 

ʜʘʞʝ ʚʚʝʜʝʥʠʝ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʘʣʶʤʠʥʠʝʚʦ-ʢʨʝʤʥʠʝʚʳʝ ʩʧʣʘʚʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʚʪʝʢʪʠʢʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʩʠʣʫʤʠʥʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʣʴʶ 
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ʝʝ ʠʟʤʝʣʴʯʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ [51-63] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. 

 

ʊʘʙʣʠʮʘ 1.3 ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ 

ʉʧʣʘʚ ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

 Al 3Ni Al 5Cu2Mg8Si6#1 Al 7Cu4Ni#1 (AlSiMnCu) Si Al  

ʂʉ 740 2.83 3.21 2.65 2.68 15.88 72.73 

ʂʉ 741 2,83 3,21 2,65 2,68 18,88 69,73 

ɸʂ18 2,18 3,21 0,68  17,13 76,78 

  

1.2.2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʘʣʳʤʠ ʜʦʙʘʚʢʘʤʠ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʧʫʪʝʤ ʚʚʦʜʘ  

ʚ ʨʘʩʧʣʘʚ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʠʟʤʝʣʴʯʘʶʪ ʠ ʠʟʤʝʥʷʶʪ ʤʦʨʬʦʣʦʛʠʶ ʤʠʢʨʦʟʝʨʥʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʘ [24,30,31]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʨʫʙʦʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʵʚʪʝʢʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʣʦʚʠʷʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʦʩʪ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʢʦʣʦʥʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʝʤʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʦʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʵʚʪʝʢʪʠʢʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʦʙʚʦʣʘʢʠʚʘʝʪ ʢʨʝʤʥʠʝʚʫʶ ʠʛʣʫ ʠ ʥʝ ʜʘʝʪ ʨʘʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʬʘʟʝ  

ʚ ʰʠʨʠʥʫ [25,26]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʠʣʫʤʠʥʘʭ ʧʦʷʚʣʷʝʪʩʷ ʛʨʫʙʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ. ʉʠʣʫʤʠʥʳ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʣʘʜʘʶʪ 

ʥʠʟʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʴʶ. ʀʤʝʥʥʦ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʩʠʣʫʤʠʥʳ ʧʦʜʚʝʨʛʘʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ [24,29]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʠʣʫʤʠʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ. ɼʣʷ 

ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʦʣʷʤʠ 

[24,30,32,33,34]. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʦʡʥʳʤ ʠʣʠ ʪʨʦʡʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ, ʠʣʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʬʣʶʩʦʤ [24,26,33]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʩʠʣʫʤʠʥʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʩʬʦʨʦʤ [33], ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʚ ʨʘʩʧʣʘʚ ʚ ʚʠʜʝ 

ʣʠʛʘʪʫʨʳ Cu-P. ʊʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʝʨʨʦʬʦʩʬʦʨ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʥʘʰʝʣ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʘʭ. ɸʣʶʤʠʥʠʡ ʩ ʬʦʩʬʦʨʦʤ ʦʙʨʘʟʫʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ  

ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʩʬʦʨʘ  

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʩʠʣʫʤʠʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʧʣʘʚʝ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʚʠʯʥʦʛʦ ʢʨʝʤʥʠʷ, ʥʘʣʠʯʠʝ ʬʦʩʬʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʫʙʦʡ ʭʨʫʧʢʦʡ 

ʵʚʪʝʢʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʜʣʷ ʟʘʚɻʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʩ 20, 

30 ʠ 40% ʢʨʝʤʥʠʷ, ʷʚʣʷʝʪʩ ̫ʩʤʝʩʴ ʠʟ ʬʦʩʬʦʨʠʩʪʦʡ ʤʝʜʠ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ  
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ʠ ʥʠʢʝʣʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,4 ï 2,0 %, 0,1 ï 0,15%, 0,2 ï 2,0% ʠ 0,2 ï 2,0 % ʦʪ ʤʘʩʩʳ ʨʘʩʧʣʘʚʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [35,36]. ɺ ʨʘʙʦʪʝ [35] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʩʧʣʘʚʘ Al ï 20% Si: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ ʩ 160 ʄʇʘ ʜʦ 169 ʄʇʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ.  

ʅʦ ʧʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʛʘʪʫʨ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʧʨʦʮʝʩʩʘ ʚʳʧʣʘʚʢʠ ʩʠʣʫʤʠʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, 

ʘ ʪʘʢʞʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʧʣʘʚ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʩʤʳʩʣ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʥʦʚʳʝ ʩʧʣʘʚʳ, ʠʟʙʝʛʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʚʳʧʣʘʚʢʝ. 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ 

ɺ ʨʘʙʦʪʝ [64] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʣʠʪʴʝ ʩʧʣʘʚʘ ɸʂ18. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ Fe-P, ʩʦʜʝʨʞʘʱʠʤ 25% 

ʬʦʩʬʦʨʘ ʧʦʟʚʦʣʷʝʪ ʚ ʩʣʠʪʢʘʭ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʧʦʣʫʯʘʪʴ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ 

ʨʘʟʤʝʨʦʤ ʜʦ 15-20 ʤʢʤ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [64] ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʣʠʪʢʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʛʦʨʷʯʫʶ ʜʝʬʦʨʤʘʮʠʶ. ɼʘʣʝʝ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

[137] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʜʠʘʣʴʥʦ-ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ ʧʦʩʣʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʦʣʞʘʶʪ ʜʨʦʙʠʪʴʩʷ  

ʠ ʠʟʤʝʣʴʯʘʶʪʩʷ ʜʦ 10 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʵʚʪʝʢʪʠʢʘ ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʫʶ 

ʜʠʩʧʝʨʩʥʦʩʪʴ. 

 

ʎʝʥʪʨʦʙʝʞʥʦʝ ʣʠʪʴʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [65] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Si-Cu ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʝʣʝʟʘ ʦʪ 0,7 ʜʦ 1,1% ʠ ʤʘʨʛʘʥʮʘ ʦʢʦʣʦ 0,3%. ʀʟ ʥʠʭ ʚʳʧʣʘʚʣʷʣʠ ʪʨʫʙʳ ʩ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 

320 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 60 ʤʤ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 300 

ʦʙ/ʤʠʥ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʣʠʚʦʢ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʠʵʜʨʠʯʝʩʢʠʝ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ ʩ ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʙʦʜʢʦʤ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

[65].  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʥʢʘʷ ʵʚʪʝʢʪʠʢʘ ʠʤʝʝʪ ʩʦʩʪʘʚ [(Al)+(Si)], ʘ ʛʨʫʙʦʠʛʦʣʴʯʘʪʘʷ 

[(Al )+(Si)+(Fe,Mn)3Si2Al 15. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʦʜʦʢ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ 

ʩʨʘʩʪʘʥʠʷ ʠ ʫʪʦʣʱʝʥʠʷ ʚʝʪʚʝʡ ʜʝʥʜʨʠʪʦʚ ʢʨʝʤʥʠʷ ʧʨʠ ʟʘʤʝʜʣʝʥʠʠ ʨʦʩʪʘ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʧʦ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʝʥʪʨʦʙʝʞʥʦʝ ʣʠʪʴʝ 
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ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʦʡ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʞʝʣʝʟʦ ʦʙʨʘʟʫʝʪ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ. 

 

ɺʣʠʷʥʠʝ ʙʳʩʪʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʩʣʠʪʢʘ [66]. ɺ ʨʘʙʦʪʝ [66] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʨʝʜʥʠʭ (102 ʂ/ʩ)  

ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ (105ʂ/ʩ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʠʣʫʤʠʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ  

16 ʘʪ. % ʢʨʝʤʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ  

ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʷ ʚ ʚʝʪʚʷʭ ʜʝʥʜʨʠʪʦʚ ʘʣʶʤʠʥʠʷ ʩʚʝʨʭ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʥʝ ʫʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʝʤʥʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

ʠ ʜʝʣʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʨʝʤʥʠʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ  

ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʘʣʶʤʠʥʠʝʤ [66]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʚʦʟʤʦʞʥʦ ʧʦʜʘʚʠʪʴ ʨʦʩʪ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʩʪʦʥʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʠʣʫʤʠʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 

ɺ ʨʘʙʦʪʝ [29] ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʣʠʥʝʡʥʫʶ 

ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʘ ʛʨʘʥʠʮʝ ʜʝʥʜʨʠʪʦʚ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʠʤʝʩʠ ʠ ʧʦʨʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʤʝʥʴʰʘʝʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʝʥʜʨʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ [29]. ʉʫʪʴ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʝ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠʭ ʨʦʩʪʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʩʧʣʘʚʘ.  

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ ʈɿʄ 

ɺ ʨʘʙʦʪʘʭ [29] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʮʝʨʠʷ ʠ ʠʪʪʨʠʷ  

ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʠʟʤʝʣʴʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʪʚʝʨʜʦʩʪʴ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʘʢ ʫ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʠ ʫ ʢʨʠʩʪʘʣʣʦʚ 

ʢʨʝʤʥʠʷ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [29] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʮʝʨʠʷ  

ʠ ʣʘʥʪʘʥ-ʮʝʨʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʧʝʨʚʠʯʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʵʚʪʝʢʪʠʢʘ 

ʠʟʤʝʣʴʯʘʶʪʩʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʩʧʣʘʚʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ.  

ɽʩʪʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ Yb (ʠʪʪʝʨʙʠʷ) ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʠʣʫʤʠʥʦʚ. ʗʧʦʥʩʢʠʝ 

ʫʯʝʥʳʝ ʚ ʨʘʙʦʪʘʭ [67-68] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʪʪʝʨʙʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʣʴʯʝʥʠʶ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ. ʅʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʠʪʪʝʨʙʠʷ ʚ ʜʠʘʧʘʟʦʥʝ  

0,15%-0,3%.  
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ɺ ʨʘʙʦʪʘʭ [69-71] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʵʬʬʝʢʪ ʙʳʣ ʧʦʣʫʯʝʥ. ɼʦʙʘʚʣʝʥʠʝ 0,05%-0,07% ʩʝʨʳ ʦʪ ʤʘʩʩʳ ʩʧʣʘʚʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʣʴʯʠʪʴ ʧʝʨʚʠʯʥʳʡ ʢʨʝʤʥʠʡ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʵʚʪʝʢʪʠʢʫ ʚ ʩʧʣʘʚʝ.  

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʠʣʫʤʠʥʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʦʧʳʪʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʠʣʫʤʠʥʦʚ ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ [29] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʵʪʠ ʯʘʩʪʠʮʳ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʨʘʟʤʝʨ 

ʟʝʨʥʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʠʜʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ. ʇʨʠ ʵʪʦʤ, ʘʚʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ  

ʚ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʛʨʷʟʥʝʥʠʝ ʨʘʩʧʣʘʚʘ ʦʢʩʠʜʘʤʠ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʚ ʩʣʠʪʢʘʭ ʠ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʜʦʚʦʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʠ ʩʣʦʞʥʳʡ ʚʚʠʜʫ ʝʛʦ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʠ.  

 

1.2.3. ʇʨʠʤʝʥʝʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʠʣʫʤʠʥʳ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʩʠʣʫ ʠʭ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʠʣʫʤʠʥʳ ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʣʠʪʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ, ʢ ʠʭ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟ ʩʠʣʫʤʠʥʘ ɸʂ18, ʩʦʜʝʨʞʘʱʝʛʦ 18%Si, ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʣʠʪʳʝ ʠ çʢʦʚʘʥʥʳʝ ʧʦʨʰʥʠè. 

ʂʦʚʘʥʥʳʤʠ ʧʦʨʰʥʷʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʠʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʦʡ. 

ɻʦʨʷʯʘ ̫ ʠʟʦʪʝʨʤʠʯʝʩʢʘ ̫ ʰʪʘʤʧʦʚʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ ʵʪʦʤ 

ʵʢʦʥʦʤʠʪʩ ̫ʤʝʪʘʣʣ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ [51]. ɼʣʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʰʪʘʤʧʘ ʠ ʟʘʛʦʪʦʚʢʠ ʜʦ ʦʜʠʥʘʢʦʚʦʡ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʥʠʞʝ ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʥʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ [51-52].  

ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ ʧʦ ʬʦʨʤʝ  

ʢ ʢʦʥʝʯʥʦʤʫ ʠʟʜʝʣʠʶ [51]. ʉ ʩʝʨʝʜʠʥʳ 20 ʚʝʢʘ ʛʦʨʷʯʫʶ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʰʪʘʤʧʦʚʢʫ ʧʨʠʤʝʥʷʶʪ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʜʝʪʘʣʝʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʪʨʦʠʣʘʩʴ ʠ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [51-55].  

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʰʝʦʧʠʩʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ: 1) ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʥʝ ʧʦʜʜʘʶʪʩʷ ʠʥʳʤ ʚʠʜʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ; 2) ʜʣʷ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʚ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʳ ʤʘʣʦʡ ʪʦʣʱʠʥʳ; 3) ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ 

ʢ ʢʦʥʝʯʥʦʤʫ ʠʟʜʝʣʠʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʘʶʪ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʰʪʘʤʧʦʚʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 550Áʉ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [51-52] [56-62].  

ʅʦ ʝʩʪʴ ʨʷʜ ʥʶʘʥʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ɻ ʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʲʝʤʥʦʡ ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʦʡ ʚ ʦʪʢʨʳʪʳʭ 

ʰʪʘʤʧʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ, ʢʦʥʝʯʥʦʝ ʠʟʜʝʣʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʤʝʪʦʜʦʤ 

ʦʙʲʝʤʥʦʡ ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʠ, ʙʫʜʝʪ ʜʝʰʝʚʣʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʦʨʰʥʠ ɼɺʉ  

ʠʟ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ18 (FM180). 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʰʥʝʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʛʦʪʦʚʢʫ ʧʦʣʫʯʘʶʪ ʠʟ ʧʨʫʪʢʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʫʪʝʤ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ [63]. ɼʘʣʝʝ ʩʥʠʤʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʤʝʪʘʣʣʘ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʦʯʥʝʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʠʚʰʠʡʩʷ ʧʨʫʪ ʤʝʪʘʣʣʘ ʫʢʣʘʜʳʚʘʶʪ  

ʚ ʤʘʪʨʠʮʫ, ʨʘʟʦʛʨʝʚʘʶʪ ʜʦ 485Áʉ ʠ ʩʜʘʚʣʠʚʘʶʪ ʛʠʜʨʦʧʨʝʩʩʦʤ ʩ ʫʩʠʣʠʝʤ 250 ʪʦʥʥ, ʚʳʜʘʚʣʠʚʘʷ 

ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ ʧʦʨʰʥʷ. ʇʦʩʣʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʧʦʨʰʥʷ 

ʫʧʨʦʯʥʷʝʪʩʷ, ʯʪʦ ʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʚ ʩʧʣʘʚʝ. 

ɿʝʨʥʘ ʠ ʜʝʥʜʨʠʪʳ ʚʳʪʷʛʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʯʥʷʷ ʤʘʪʝʨʠʘʣ  

ʠ ʧʦʚʳʰʘʷ ʝʛʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ [63].  

ʂʦʚʘʥʥʳʝ ʧʦʨʰʥʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʞʝ ʣʠʪʳʭ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʧʝʨʚʳʭ. ʍʦʪʷ ʢʦʚʘʥʥʳʡ ʧʦʨʰʝʥʴ ʚʳʜʝʨʞʠʚʘʝʪ ʫʩʠʣʠʝ ʥʘ ʨʘʟʨʳʚ ʥʘ 40% ʙʦʣʴʰʝ, ʫʩʠʣʠʝ ʥʘ ʠʟʛʠʙ 

ʥʘ 30% ʙʦʣʴʰʝ, ʘ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʚ 5 ʨʘʟ [63]. 

 

1.3. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca 

 

ʉʠʩʪʝʤʘ Al-Ca ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ [82-103]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʂʘʣʴʮʠʡ 

ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʘʣʶʤʠʥʠʠ ʠ ʚ ʩʧʣʘʚʘʭ ʦʙʨʘʟʫʝʪ ɻ ʚʪʝʢʪʠʢʫ [(Al)+Al 4Ca]. 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 617ęʉ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʘʣʴʮʠʷ 7,6% 

(ʘʪʦʤʘʨʥʳʭ) [90]. ʇʣʦʪʥʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʥʠʞʘʝʪʩʷ ʣʠʥʝʡʥʦ  

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ. 

ɺ ʨʘʙʦʪʝ [90] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʀʇɼ) ʥʘ ʬʘʟʫ Al 4Ca. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʀʇɼ ʚʳʩʪʫʧʘʣʦ ʢʨʫʯʝʥʠʝ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) 

ʥʘ ʥʘʢʦʚʘʣʴʥʝ ɹʨʠʜʞʤʝʥʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ Al -18%Ca (ʨʠʩʫʥʦʢ 6). ɺ ʜʘʥʥʦʤ ʩʧʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʝʝ 66% ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ Al4Ca. ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ  

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [90] ʧʦʣʫʯʠʣʠ 
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ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ ʠ ʩ ʤʝʥʴʰʝʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʯʝʤ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʦʩʣʝ ʂɺɼ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʨʘʟʜʨʦʙʠʣʠʩʴ ʠ ʧʨʠʦʙʨʝʣʠ ʨʘʟʤʝʨʳ ʥʝ ʙʦʣʝʝ 50 ʥʤ. ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ ʦʙʲʝʤʫ ʩʧʣʘʚʘ (ʨʠʩʫʥʦʢ 1.8). 

   

 

   

ʈʠʩʫʥʦʢ 1.8 - ʉʪʨʫʢʪʫʨʘ ʠ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ Al -18Ca 

ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [90]. 

  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʙʘʟʝ Al-Ca ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʩʧʣʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʘʟʝ ʪʨʦʡʥʳʭ ʠ ʙʦʣʝʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ 

ʣʝʛʠʨʦʚʘʥʠʷ [91-103]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Al 4Ca ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʀʇɼ, ʩʦʜʝʨʞʘʱʠʝ ʝʛʦ ʩʧʣʘʚʳ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. ʇʨʠ ʵʪʦʤ ʢʘʣʴʮʠʡ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʚʪʝʢʪʠʢʠ.  

ɺ ʢʦʥʪʝʢʩʪʝ ʜʠʩʩʝʨʪʘʮʠʠ ʢʘʣʴʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 

ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʩ ʚʳʩʦʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʠ ʣʠʪʴʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʘʙʦʪʝ [89] ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʫ ʩʧʣʘʚʘ Al-18%Ca ʪʝʨʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ) ʩʦʩʪʘʚʠʣ 13,8ʭ10-6 ʛʨʘʜ-1 ʧʨʠ (ȹT 20-100ęC). ʊʘʢʠʝ 
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ʧʦʢʘʟʘʪʝʣʠ ʊʂʃʈ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳ ʠ ʩʪʦʷʪ ʚʥʠʤʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʧʣʘʚʦʚ.  

ɺ ʯʘʩʪʥʦʩʪʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʠ ʤʘʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʘʤʳʡ ʥʠʟʢʠʡ ʊʂʃʈ ʠʤʝʥʥʦ  

ʫ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʣʫʤʠʥʦʚ. 

ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʘʭ [103-108] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Al-Si ʧʦʜʦʙʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʊʂʃʈ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ 35-36%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʘʣʴʮʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʵʚʪʝʢʪʠʯʝʢʠʭ ʩʧʣʘʚʦʚ ʪʠʧʘ «ʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʟʠʪ» [90-108]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ Al-Ca-ʍ (ʛʜʝ ʍ ï ʵʪʦ Cu, Mg, Zn, Mn, Ni ʠ ʜʨ.) [109] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ Al-Ca-Mn. ɺ ʩʧʣʘʚʘʭ ʥʘ ʝʝ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʵʚʪʝʢʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʦʡʥʦʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ AlCaMn, ʠʤʝʶʱʠʡ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ  

ʠ ʤʘʣʳʝ ʨʘʟʤʝʨʳ (ʥʝ ʙʦʣʝʝ 30 ʤʢʤ). ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ 

ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

1.4. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-(Fe) 

 

ɺ ʨʘʙʦʪʝ [109] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn. ɸʚʪʦʨʳ ʠʟʫʯʘʣʠ 

ʚʣʠʷʥʠʝ ʤʘʨʛʘʥʮʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʦʚ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢ ʩʧʣʘʚʳ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʡ,  

ʪʘʢ ʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʨʛʘʥʝʮ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʵʚʪʝʢʪʠʢʫ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʣʘʚʘʤʠ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Al-Ca. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Al-10Ca-1Mn 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʚʠʜʘ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʠ ʢʨʠʩʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʝ Al 6Mn, ʘ ʜʨʫʛʠʝ ʬʘʟʝ 

Al 10CaMn2, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [12]. ɺ ʨʘʙʦʪʝ [109] ʙʳʣ ʩʜʝʣʘʥ ʫʧʦʨ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Al-4Ca-1Mn ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʧʣʘʚʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʵʚʪʝʢʪʠʢʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ ʩʢʣʦʥʥr  ʢ ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ęʉ ʠ ʧʦʩʣʝ 

ʵʪʦʛʦ ʵʚʪʝʢʪʠʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʚʦʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʧʨʦʭʦʞʜʝʥʠʶ, ʢʘʢ ʛʦʨʷʯʝʡ, ʪʘʢ ʠ ʭʦʣʦʜʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʝ.[109]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʘʙʦʪʝ 

[109] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʤ ʩʧʣʘʚʝ Al-10Ca-1Mn ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ 

ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɸ ʚ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʤ ʩʧʣʘʚʝ Al-4Ca-1Mn ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʵʚʪʝʢʪʠʢʠ. 

ʇʦʩʣʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʍʇ ʣʠʩʪʳ ʠʩʧʳʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ Al-4Ca-1Mn ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʘʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ɸʄʮ, ɸʄʛ2 ʠ ɸʄʛ3 [109].  
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ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʣʠʪʝʡʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ Al-7Ca-1Mn ʠ Aʂ7 

ʤʝʪʦʜʘʤʠ ʣʠʪʴʷ ʚ ʧʨʦʙʫ çʘʨʬʘè ʠ U ʦʙʨʘʟʥʫʶ ʧʨʦʙʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʩʧʣʘʚʘ 

Al-7Ca-1Mn ʚʳʰʝ, ʯʝʤ ʫ ʩʠʣʫʤʠʥʘ, ʘ ʛʦʨʷʯʝʣʦʤʢʦʩʪʴ ʦʙʦʠʭ ʩʧʣʘʚʦʚ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʠ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ [109].  

 
ɸ 

 
ɹ 

 
ʚ 

ʈʠʩʫʥʦʢ 1.9 - ʘ ï ʇʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ Al-Ca-Mn; ʙ ï 

ʩʪʨʫʢʪʫʨʘ ʣʠʪʦʛʦ ʩʧʣʘʚʘ Al-4Ca ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ 1000ʭ, ʚ ï ʩʪʨʫʢʪʫʨʘ ʣʠʪʦʛʦ ʩʧʣʘʚʘ 

Al-4Ca-1Mn ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ 1000ʭ [111] 

 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 1.10 - ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ: Al-4Ca-1Mn; Al -4Ca-3Mn; Al -

10Ca-1Mn [111] 

 

 
ʘ 

 
ɹ 

 
ʚ 

ʈʠʩʫʥʦʢ 1.11 - ʃʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ: ʘ ï U- ʦʙʨʘʟʥʘʷ ʧʨʦʙʘ ʩʧʣʘʚʘ Al-7Ca-1Mn; ʙ ï U- ʦʙʨʘʟʥʘʷ 

ʧʨʦʙʘ ʩʧʣʘʚʘ Al-7Si; ʚ ï ʧʨʦʙʘ çʘʨʬʘè ʥʘ ʛʦʨʷʯʝʣʦʤʢʦʩʪʴ ʦʙʦʠʭ ʩʧʣʘʚʦʚ ʚʳʛʣʷʜʠʪ ʦʜʠʥʘʢʦʚʘʷ 

[111] 
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ʊʘʢʞʝ ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʧʣʘʚʘʤ ʩʠʩʪʝʤʳ Al-Ca-Mn-(Fe), ʛʜʝ ʞʝʣʝʟʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʚʨʝʜʥʘʷ ʧʨʠʤʝʩʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ [104] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʞʝʣʝʟʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʬʘʟʝ 

Al 6Mn ʠ ʥʝ ʦʙʨʘʟʦʚʳʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʫ Al-Ca-Mn ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, ʢʘʢ ʩ ʧʦʟʠʮʠʠ 

ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ, 

ʪʘʢ ʢʘʢ ʘʣʶʤʠʥʠʝʚʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩʧʦʩʦʙʥʳ ʨʘʩʪʚʦʨʷʪʴ ʚ ʩʝʙʝ ʞʝʣʝʟʦ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʫʙʳʭ ʞʝʣʝʟʠʩʪʳʭ ʬʘʟ ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

 

1.5. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ni 

 

ʉʧʣʘʚʳ AlïNi ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʭʦʨʦʰʠʤ ʣʠʪʝʡʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦ- ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [1, 2].  

ʇʦʩʢʦʣʴʢʫ ʬʘʟʘ Al3Ni ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʩʧʣʘʚʘʭ 

AlïNi, ʘ ʝʝ ʤʦʨʬʦʣʦʛʠʷ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʪʝʡʥʳʭ ʠʟʜʝʣʠʡ [3, 4], ʧʝʨʚʠʯʥʘʷ ʬʘʟʘ Al3Ni ʚ ʩʧʣʘʚʘʭ AlïNi ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ 

ʠʟʫʯʝʥʘ.  

ʇʨʠ ʵʪʦʤ ʚ ʩʠʩʪʝʤʝ Al -Ni ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʬʘʟʳ. ʇʦʤʠʤʦ ʬʘʟʳ Al 3Ni ʚ ʩʧʣʘʚʘʭ 

ʩʠʩʪʝʤʳ Al-Ni ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ: Al3Ni2, AlNi ( ), AlNi 3 ( ), Al3Ni5.  

ʀʟ ʥʠʭ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ Al3Ni ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ, ʦʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ [1,12,110]. ɺ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ 

ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ Al3Ni,  ʠʤʝʶʱʝʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ.  

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Al-Ni ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.12. 

 

ʈʠʩʫʥʦʢ 1.12 - ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Al-Ni [1]. 
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ʉʦ ʩʪʦʨʦʥʳ Al ʥʘʙʣʶʜʘʝʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ Lӛ Al + Al 3Ni ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

640Áʉ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 6%(ʤʘʩ.) ʥʠʢʝʣʷ [37, 111]. ʇʨʝʜʝʣʴʥʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʠʢʝʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,006% ʧʨʠ 527Áʉ [1].  

 ʀʤʝʝʪʩʷ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Al3Ni2 (59,2 % ʥʠʢʝʣʷ), ʨʘʩʧʦʣʦʞʝʥʥʘʷ  

ʚ ʠʥʪʝʨʚʘʣʝ 55ï60 % ʥʠʢʝʣʷ. ʈʝʰʝʪʢʘ ʬʘʟʳ Al3Ni2 ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʈ3ml) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘ = 0,4036 ʥʤ, ʩ = 0,490 ʥʤ [1, 12, 110, 112ï115]. ʇʣʦʪʥʦʩʪʴ ʬʘʟʳ ʨʘʩʪʝʪ 

ʣʠʥʝʡʥʦ ʜʦ ʟʥʘʯʝʥʠʷ 2,710 ʛ/ʩʤ3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 0,58 % ʥʠʢʝʣʷ [1]. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ. ʇʨʠ 20 % ʥʠʢʝʣʷ  

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 27ï127ęʉ ʦʥ ʨʘʚʝʥ 18Ŀ10ï6 ʂï1, ʘ ʚ ʠʥʪʝʨʚʘʣʝ 27ï327ęʉ ð 9,5·10ï6 ʂï1. 

ʋʩʘʜʢʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʣʠʥʝʡʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 15 % ʥʠʢʝʣʷ ʦʥʘ 

ʧʘʜʘʝʪ ʜʦ ~1% [1].  

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʅʠʢʝʣʴ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʦʱʫʪʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʘʣʶʤʠʥʠʷ. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʧʣʘʚʦʚ 

ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʧʨʠʤʝʨʥʦ ʜʦ 2,74Ŀ10ï8 ʆʤĿʤ, ʦʪʚʝʯʘʷ ʧʨʝʜʝʣʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (0,04 % ʥʠʢʝʣʷ), 

ʟʘʪʝʤ ʪʝʤʧ ʨʦʩʪʘ ʥʘʤʥʦʛʦ ʟʘʤʝʜʣʷʝʪʩʷ ʠ  = 3·10ï8 ʆʤĿʤ ʧʨʠ 1 % ʥʠʢʝʣʷ [1].  

ʄʘʢʩʠʤʫʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʪʝʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʧʣʘʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ 

ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ. ɼʣʷ ʩʧʣʘʚʘ ʩ 6 % ʥʠʢʝʣʷ ʫ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʚ ʪʚʝʨʜʦʤ 

ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 18Ŀ10ï8 ʠ 30Ŀ10ï8 ʆʤĿʤ. ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ 

ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʘʣʶʤʠʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʚ ʦʩʥʦʚʥʦʤ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʟʝʨʝʥ, ʯʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʟʘʨʦʞʜʝʥʠʶ; ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʬʘʟʝ Al3 Ni ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ  

ʥʘ 5ï10 o ʉ [1]. 

ʂʨʦʤʝ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʥʠʢʝʣʴ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʞʝʣʝʟʦ 

ʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʫʶ ʬʘʟʫ Al 9FeNi, ʪʝʤ ʩʘʤʳʤ ʥʠʚʝʣʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʭʨʫʧʢʦʡ ʬʘʟʳ ʠʛʦʣʴʯʘʪʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʩʦʩʪʘʚʘ Al 3Fe [1,115]. ɺ ʩʠʩʪʝʤʝ Al-Fe-Ni ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʪʨʠ ʬʘʟʳ Al 3Fe, Al 3Ni ʠ Al 9FeNi. ʌʘʟʘ Al 9FeNi ʦʙʨʘʟʫʝʪʩʷ  

ʧʦ ʧʝʨʝʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ L+Al 3Fe+Al 3Ni ­Al 9FeNi (ʊ = 649ï650,2 ʦ C; 1,7 % Fe, 1,7 % Ni)  

ʠ L ­ (Al) + Al 3Ni + Al9FeNi (ʊ = 638ï640 ʦ C; 0,2ï0,3 % Fe, 6,5 % Ni). [1] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʠʝ ʩʧʣʘʚʦʚ ʪʠʧʘ çʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʟʠʪè ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʝʚʦ-ʥʠʢʝʣʝʚʦʡ ʵʚʪʝʢʪʠʢʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ [116-120]. 

ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʢʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ Al-Ca-Ni. ɺ ʨʘʙʦʪʝ [121] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Ni ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Al 9NiCa, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʧʝʨʝʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ L+Al 3NiŸ Al9NiCa ʚ ʚʠʜʝ ʧʝʨʚʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ 
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[(Al )+Al 4Ca+Al 9NiCa]. ʇʝʨʚʠʯʥʘʷ ʬʘʟʘ Al 9NiCa ʠʤʝʝʪ ʦʛʨʘʥʝʥʥʫʶ, ʧʨʠʙʣʠʞʝʥʥʫʶ  

ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʫ, ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʤʝʥʝʝ 100 ʤʢʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʳʩʦʢʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʦʚ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ ʬʘʟ.  

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [121] ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʚʪʝʢʪʠʢʘ ʩʧʣʘʚʦʚ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ Al-Ca-Ni 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʠʩʫʥʢʝ 1.13. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʳʩʦʢʠʡ ʟʘʧʘʩ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ.  

 

 

ʈʠʩʫʥʦʢ 1.13 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-4Ca-8Ni (ʩʚʝʪʣʳʝ ʢʨʠʩʪʘʣʣʳ ï ʬʘʟʘ Al 9NiCa) [121] 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ɺ ʭʦʜʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɿʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Si ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʤʘʪʨʠʯʥʳʭ ʩʧʣʘʚʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʧʦʥʠʞʝʥʥʳʤ ʊʂʃʈ, ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ.  

ʅʦ ʠʟʤʝʣʴʯʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ: ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʨʘʩʧʣʘʚʘ, ʧʨʠʤʝʥʝʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʘ, ʥʘʣʦʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʜʨ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʣʘʚʳ ʩʠʩʪʝʤ Al-Ca ʠ Al-Ni ʠʤʝʶʪ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʣʠʪʴʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. 

2. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ, 

ʠʤʝʶʱʠʝ ʤʘʣʳʝ ʨʘʟʤʝʨʳ (ʥʝ ʙʦʣʝʝ 30-40 ʤʢʤ), ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʬʦʥʝ ʪʦʥʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʵʚʪʝʢʪʠʢ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʜʠʩʧʝʨʩʥʦʩʪʠ 

[122]. 
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3. ʀʩʭʦʜʷ ʠʟ ʦʙʟʦʨʘ ʩʪʘʪʝʡ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʶʤʠʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ 

ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʳʭ ʠ ʯʝʪʚʝʨʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʝ Mn, Ni, Fe ʠ ʜʨ. ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ çʝʩʪʝʩʪʚʝʥʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠè. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ ʩ ʘʣʶʤʠʥʠʝʤ  

ʠ ʢʘʣʴʮʠʝʤ ʪʨʦʡʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʳ ʠ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ  

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʚʳʩʦʢʠʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʦʙʞʘʪʠʷ. 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʥʛʘ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ. ʕʪʦ ʩʚʷʟʘʥʦ  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʠʩʪʝʤʘʭ Al-Ca-Fe ʠ Al-Ca-Si ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Al 10CaFe2 ʠ Al2CaSi2 

ʢʦʤʧʘʢʪʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʵʚʪʝʢʪʠʢ. 

5. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʧʨʦʯʥʠʪʝʣʠ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʳ (Zn, Mg, Cu), ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʪʚʝʨʜʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ Zr ʠ Sc, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʦʯʥʝʥʠʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʘʣʢʠ. 
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ɻʣʘʚʘ 2.  ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

2.1. ʈʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ 

 

ɺ ʨʘʙʦʪʝ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʆ 

Thermo-Calc. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ, 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʦʚ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ Sheil-Guliver. ɺʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʇʆ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʚʪʝʢʪʠʢ ʚ ʩʧʣʘʚʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ. [105] 

2.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ. 

 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʠʩʪʝʤʳ ʩʧʣʘʚʦʚ Al-Ca-Mn, Al -Ca-Ni ʠ Al-Ca-Mn-

Ni ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʦʪʦʙʨʘʥʥʳʭ ʩʧʣʘʚʦʚ Fe ʠ Si 

ʩ ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʙʘʟʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ɻ ʣʝʤʝʥʪʘʤʠ: Zn,Mg,Cu,Sc ʩ ʮʝʣʴʶ 

ʫʧʨʦʯʥʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʘʭ.  

2.3. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɺ ʪʘʙʣʠʮʘʭ 2.1ï2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʣʘʚʳ  

 

ʊʘʙʣʠʮʘ 2.1 - ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn 

 ̄ Ca, 

ʤʘʩʩ.% 

Mn, 

ʤʘʩʩ.% 

Al  

ʤʘʩʩ.% 

1 3 2 ʆʩʥʦʚʘ 

2 4 4 ʆʩʥʦʚʘ 

3 8 0,5 ʆʩʥʦʚʘ 

4 8 1 ʆʩʥʦʚʘ 

5 8 1,5 ʆʩʥʦʚʘ 

6 8 2 ʆʩʥʦʚʘ 

7 8 2,5 ʆʩʥʦʚʘ 

8 8 3 ʆʩʥʦʚʘ 

9 8 4 ʆʩʥʦʚʘ 

10 10 0 ʆʩʥʦʚʘ 

11 10 1,5 ʆʩʥʦʚʘ 

12 10 2,5 ʆʩʥʦʚʘ 

13 10 4 ʆʩʥʦʚʘ 
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ʊʘʙʣʠʮʘ 2.2 ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-(Fe,Si) 

 ̄ Ca, 

ʤʘʩʩ.% 

Mn, 

ʤʘʩʩ.% 

Fe, 

ʤʘʩʩ.% 

Si, 

ʤʘʩʩ.% 

Al , 

ʤʘʩʩ.% 

1 8 2 1,0 - ʆʩʥʦʚʘ 

2 8 2 0,5 - ʆʩʥʦʚʘ 

3 8 2 0,3 - ʆʩʥʦʚʘ 

4 8 2 - 0,5 ʆʩʥʦʚʘ 

5 8 2 - 0,3 ʆʩʥʦʚʘ 

6 8 2 - - ʆʩʥʦʚʘ 

 

ʊʘʙʣʠʮʘ 2.3 - ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni 

 ̄ Ca, ʤʘʩʩ.% Mn, ʤʘʩʩ.% Ni, ʤʘʩʩ.% Al, ʤʘʩʩ.% 

1 8 2 0,5 ʆʩʥʦʚʘ 

2 8 2 1,0 ʆʩʥʦʚʘ 

3 8 2 2,0 ʆʩʥʦʚʘ 

4 8 2 3,0 ʆʩʥʦʚʘ 

5 8 2 4,0 ʆʩʥʦʚʘ 

 

 

ʊʘʙʣʠʮʘ 2.4 - ʉʧʣʘʚʳ ʩʠʩʪʝʤ Al -Ca-Mn-Ni-(Cu, Zn, Mg, Sc) 

 ̄ Ca, 

ʤʘʩʩ.% 

Mn, 

ʤʘʩʩ.% 

Ni, 

ʤʘʩʩ.% 

Cu, 

ʤʘʩʩ.% 

Zn, 

ʤʘʩʩ.% 

Mg, 

ʤʘʩʩ.% 

Sc, 

ʤʘʩʩ.% 

Al, ʤʘʩʩ.% 

         

1 8 2 1 4 - - - ʆʩʥʦʚʘ 

2 8 2 1 - 4 - - ʆʩʥʦʚʘ 

3 8 2 1 - - 1 - ʆʩʥʦʚʘ 

4 8 2 1 2 - - - ʆʩʥʦʚʘ 

5 8 2 1 - 2 - - ʆʩʥʦʚʘ 

6 8 2 1 - - 0,5 - ʆʩʥʦʚʘ 

7 8 2 1 3 - 1 - ʆʩʥʦʚʘ 

8 8 2 1 - 4 1 - ʆʩʥʦʚʘ 

9 8 2 1 - - - 0.3 ʆʩʥʦʚʘ 

 



35 
 

ʊʘʙʣʠʮʘ 2.5 ï ʉʧʣʘʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-Fe-Zr 

 ̄ Ca Mn Ni Fe Zr Al  

1 8 2 1 0.3 0.3 ʦʩʥʦʚʘ 

 

2.2. ʇʣʘʚʢʘ ʠ ʣʠʪʴʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ.  

2.2.1. ʃʠʪʴʝ ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ 

ʇʣʘʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʪʳʡ ʘʣʶʤʠʥʠʡ ɸ99, ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʘʣʴʮʠʡ, ʯʠʩʪʳʝ ʮʠʥʢ, ʢʨʝʤʥʠʡ ʠ ʤʘʛʥʠʡ. ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚʚʦʜʠʣʠ ʚ ʚʠʜʝ ʣʠʛʘʪʫʨ  

Al -20%Mn, Al -20%Ni, Al -2%Sc, Al -15%Zr. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 830Áʉ ʚʚʦʜʠʣʠ ʣʠʛʘʪʫʨʳ ʠ ʯʠʩʪʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʘʩʧʣʘʚ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʳʜʝʨʞʢʘ 10 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʠʤʘʣʩʷ ʰʣʘʢ  

ʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʣʠʚʢʘ. ʃʠʪʴʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʠʟʣʦʞʥʠʮʳ ʨʘʟʤʝʨʥʦʩʪʴʶ 10ʭ20ʭ180 ʤʤ3  

ʠ 15ʭ30ʭ200 ʤʤ3 [123]. 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 2.1 - ʘ ï ʀʥʜʫʢʮʠʦʥʥʘʷ ʧʝʯʴ Graficarbo; ʙ ï ʛʨʘʬʠʪʦʚʘʷ ʠʟʣʦʞʥʠʮʘ 15ʭ30ʭ200 ʤʤ. 

 

 

2.2.2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʪʣʠʚʦʢ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʡ ʤʝʪʦʜ ʣʠʪʴʷ ʢʦʣʴʮʝʚʳʭ ʦʪʣʠʚʦʢ 

ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʥʘ ʙʘʟʝ ʀʄɽʊ ʈɸʅ. ʉʫʪʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, 

ʯʪʦ ʩʧʣʘʚ ʥʘʛʨʝʪʳʡ ʜʦ 760-780ęʉ, ʯʝʨʝʟ ʧʦʜʦʛʨʝʪʫʶ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʧʦʧʘʜʘʝʪ  

ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʠʟʣʦʞʥʠʮʫ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 500 ʦʙ/ʤʠʥ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʨʘʩʧʣʘʚ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʚʥʝʰʥʝʡ ʩʪʝʥʢʝ ʠ ʧʦʩʣʦʡʥʦ ʥʘʨʘʱʠʚʘʝʪʩʷ, 

ʫʚʝʣʠʯʠʚʘʷ ʪʦʣʱʠʥʫ ʟʘʛʦʪʦʚʢʠ [106]. ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.2.  

 

ʈʠʩʫʥʦʢ 2.2 - ʋʩʪʘʥʦʚʢʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ [106] 

 

 

 

2.2.3. ʄʝʪʦʜʠʢʘ ʣʠʪʴʷ ʚ ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʣʠʚʢʫ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʩʧʣʘʚʘ Al-8Ca-2Mn-

1Ni-0.3Fe-0.3Zr. ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʣʠʪʴʷ ʤʝʪʘʣʣ ʧʦʜʘʝʪʩʷ  

ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʠʥʜʫʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʨʘʩʪʝʢʘʥʠʶ ʨʘʩʧʣʘʚʘ. ɼʘʣʝʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʧʨʷʤʳʤ 

ʜʝʡʩʪʚʠʝʤ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ (ʜʦ 1000-

10000 ʂ/ʩ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʢʘʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ [107]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʕʄʂ ʧʨʫʪʢʠ ʜʠʘʤʝʪʨʦʤ 13ʤʤ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʘʭ 2.3 -2.4 
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ʈʠʩʫʥʦʢ 2.3 - ʉʭʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 

 

 

ɸ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 2.4 - ʘ ï ʆʙʱʠʡ ʚʠʜʝ ʣʠʪʝʡʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʤ;  

ʙ ï ʠʥʜʫʢʪʦʨ; ʚ ï ʩʦʛʣʘʩʫʶʱʠʡ ʢʦʥʪʫʨ [108] 

 

2.3. ʄʝʪʦʜʠʢʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

 

ʀʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʩ ʄʈʉɸ ʧʨʠʩʪʘʚʢʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʰʣʠʬʳ. ʉʫʪʴ 

ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝʙʦʣʴʰʦʡ ʦʪʧʠʣ ʩʣʠʪʢʘ ʦʪʧʦʣʠʨʦʚʘʪʴ ʜʦ ʟʝʨʢʘʣʴʥʦʛʦ 

ʙʣʝʩʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʝʥʪʦʯʥʘʷ ʧʠʣʘ ʠ ʰʣʠʬʦʚʘʣʴʥʘʷ ʤʘʰʠʥʘ saphir 360 (ʨʠʩʫʥʦʢ 

2.5). ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʙʨʘʟʠʚʳ ʩ ʛʨʠʪʥʦʩʪʴʶ: 320, 600, 1200, 2500 ʠ ʧʦʣʠʨʦʚʘʣʴʥʳʡ 

ʚʝʪʦʰʥʳʡ ʢʨʫʛ ʩ ʩʫʩʧʝʥʟʠʝʡ ʠ ʤʳʣʦʤ [123]. 
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ʘ 
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ʈʠʩʫʥʦʢ 2.5 ï ʘ - ʣʝʥʪʦʯʥʘʷ ʧʠʣʘ; ʙ - ʰʣʠʬʦʚʘʣʴʥʘʷ ʤʘʰʠʥʘ saphir 360 

 

2.4. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʘ ʋʕʇ (ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʠʭʨʝʪʦʢʦʚʳʡ ʩʪʨʫʢʪʫʨʦʩʢʦʧ ɺʕ-26ʅʇ (ʨʠʩʫʥʦʢ 2.6) 

 

ʈʠʩʫʥʦʢ 2.6 - ɺʠʭʨʝʪʦʢʦʚʳʡ ʩʪʨʫʢʪʫʨʦʩʢʦʧ ɺʕ - 26ʅʇ 

ʉʪʨʫʢʪʫʨʦʩʢʦʧ ɺʕ-26ʅʇ ʪʨʝʙʫʝʪ ʚʳʜʝʨʞʢʠ ʠ ʧʨʦʛʨʝʚʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʦʙʨʘʟʮʳ ʩ ʧʨʠʙʦʨʦʤ ʥʘʭʦʜʠʣʠʩʴ  

ʚ ʦʜʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʪʨʝʙʫʝʪʩʷ ʧʦʨʷʜʢʘ 15 ʤʠʥʫʪ ʜʣʷ ʧʨʦʛʨʝʚʘ 

ʩʪʨʫʢʪʫʨʦʩʢʦʧʘ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʙʦʪʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʜʷ ʢʘʣʠʙʨʦʚʢʫ 

ʧʨʠʙʦʨʘ. ɿʘʤʝʨ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʩʣʠʪʢʘ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʷʣʦʩʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟ ʧʷʪʠ ʟʘʤʝʨʦʚ [123].  

2.5. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ 
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʟʘʤʝʨʦʚ ʪʚʝʨʜʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʪʚʝʨʜʦʤʝʨ Metkon Duroline MH-6 (ʨʠʩʫʥʦʢ 2.7). 

ʅʘʛʨʫʟʢʘ ʚʳʩʪʘʚʣʷʣʘʩʴ ʨʘʚʥʦʡ (P=10H ʠʣʠ 1ʂʛʩ) ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 5 ʩʝʢʫʥʜ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʩ ʬʠʥʠʰʝʤ ʥʘ 2500 ʛʨʠʪ ʧʦʜʚʝʨʛʘʣʩʷ 5 ʟʘʤʝʨʘʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 5 ʠʟʤʝʨʝʥʠʡ 

ʚʳʯʠʩʣʷʣʦʩʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ [123]. 

 

ʈʠʩʫʥʦʢ 2.7 - ʊʚʝʨʜʦʤʝʨ Metkon Duroline MH-6 

 

2.6. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ɻʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʩʪʘʥʘʭ ɼʋʆ 210 ʠ ɼʋʆ 260. ʇʨʦʢʘʪʢʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʦʙʞʘʪʠʷʤʠ ʧʦ 10% ʜʦ ʚʳʩʦʪʳ 2 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ. ɿʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ. ʉʪʘʥ rʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 2.8 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 2.8 - ʉʪʘʥʳ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ: ʘ ï ɼʋʆ 210; ʙ ï ɼʋʆ 260 
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2.7. ʄʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʩʩʦʚʘʥʠʝ ʩʣʠʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʚ ʧʨʝʩʩʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ. ʉʣʠʪʦʢ ʧʨʝʩʩʦʚʘʣʩʷ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʠʣʠʝʤ 450 ʪʦʥʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʧʨʝʩʩʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʣʷʣʘ 450ęʉ. ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʝʜʩʪʘʚʣʝʥ ʚʥʝʰʥʠʡ ʚʠʜ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ [123]. 

 

ʈʠʩʫʥʦʢ 2.9 - ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʠʣʠʝʤ 450 ʪʦʥʥ 

 

2.8. ʄʝʪʦʜʠʢʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʭʝʤʝ CONFORM 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʕʄʂ ʧʨʫʪʢʠ ʜʠʘʤʝʪʨʦʤ 13ʤʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʶ ʤʝʪʦʜʦʤ 

CONFORM ʚ ʧʨʦʚʦʣʦʢʫ ʜʠʘʤʝʪʨʦʤ 3,75ʤʤ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

CONFORM ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʢʦʨʦʩʪʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʩ ʩʦʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʩʠʣ ʪʨʝʥʠʷ ʠ ʨʘʚʥʦʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ [109-113]. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʇʨʫʪʢʦʚʘʷ ʟʘʛʦʪʦʚʢʘ 

ʦʪʢʨʳʪʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʙʘʰʤʘʢʦʤ ʠ ʢʦʣʝʩʦʤ. ɼʘʣʝʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʨʝʥʠʷ ʟʘʛʦʪʦʚʢʘ 

ʧʨʦʪʘʣʢʠʚʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʫʧʠʨʘʝʪʩʷ ʚ ʫʧʦʨ ʠ ʤʘʪʨʠʮʫ [109]. ʇʝʨʝʜ ʤʘʪʨʠʮʝʡ 

ʟʘʛʦʪʦʚʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦ ʤʝʨʝ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩʘ 

ʫʩʠʣʠʷ, ʧʨʠʣʘʛʘʝʤʳʝ ʢ ʟʘʛʦʪʦʚʢʝ, ʫʚʝʣʠʯʠʚʘʪʁʩʷ ʠ ʜʦʩʪʠʛʘʪʁ ʜʦʩʪʘʪʦʯʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʯʝʨʝʟ ʤʘʪʨʠʮʫ. ʆʩʦʙʝʥʥʦʩʪʴʶ CONFORM ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʟʘʛʦʪʦʚʢʠ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ 
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ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʩʘʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘʥʠʷ [109-114]. ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ ʩʭʝʤ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ CONFORM. 

 

ʈʠʩʫʥʦʢ 2.10 ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ CONFORM [115] 

 

2.9. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʪʝʨʤʦʘʥʘʣʠʟ 

2.9.1. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʤʫʬʝʣʴʥʳʭ ʧʝʯʘʭ Snol 8,2/1100, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.11. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʠʡ ʦʪʞʠʛ  

ʧʦ ʨʝʞʠʤʫ: (550ęʉ 3 ʯʘʩʘ), ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʪʫʧʝʥʯʘʪʳʝ ʦʪʞʠʛʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-

0.3Sc ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ 

[123]. 

 

ʈʠʩʫʥʦʢ 2.11 - ʄʫʬʝʣʴʥʘʷ ʧʝʯʴ SNOL 8,2/1100 
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2.9.2. ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠ ʜʚʘ ʤʝʪʦʜʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʝʨʚʳʡ ʠ ʩʘʤʳʡ ʧʨʦʩʪʦʡ-

ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʪʝʨʤʦʘʥʘʣʠʟʘ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʧʣʘʚ ʨʘʩʧʣʘʚʣʷʶʪ  

ʚ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ, ʚʚʦʜʷʪ ʪʝʨʤʦʧʘʨʫ ʚ ʨʘʩʧʣʘʚ ʠ ʩ ʧʦʤʦʱʴʶ ʧʠʰʫʱʝʛʦ ʪʝʨʤʦʤʝʪʨʘ ʩʥʠʤʘʶʪ 

ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʩ ʧʝʯʴʶ ʩʦ ʩʢʦʨʦʩʪʴʶ 4ʂ/ʩ ʠ ʢʨʠʚʫʶ ʥʘʛʨʝʚʘ 

ʩʥʠʤʘʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ ʚ ʧʝʯʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʨʤʦʤʝʪʨ 

ɸʂʊɸʂʆʄ ɸʊʊ-2006 ʩ ʪʝʨʤʦʧʘʨʦʡ (ʨʠʩʫʥʦʢ 2.12 ʘ).  

ʊʘʢʞʝ ʧʨʠʤʝʥʷʣʘʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ)  

ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Setaram Labsys DSC 1600 (ʨʠʩʫʥʦʢ 2.12 ʙ). ʎʝʣʴʶ ʪʝʨʤʦʘʥʘʣʠʟʘ ʷʚʣʷʣʦʩʴ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʠ ʧʝʨʝʪʝʢʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʩʠʩʪʝʤʝ. 

 

ɸ 

 

ɹ 

ʈʠʩʫʥʦʢ 2.12 ʘ ï ʊʝʨʤʦʤʝʪʨ ɸʂʊɸʂʆʄ ɸʊʊ-2006, ʙ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʢʘʣʦʨʠʤʝʪʨ 

Setaram Labsys DSC 1600 

 

 

2.10. ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega 8, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʠʢʨʦʨʝʥʪʛʝʥʦʚʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʄʈʉɸ). ʇʦʤʠʤʦ ʵʪʦʛʦ,  

ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ Olympus GX51. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʬʘʟ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

[123]. 
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ʈʠʩʫʥʦʢ 2.13 - ʘ ï ʆʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ Olympus GX51; ʙ ï ʉʕʄ Tescan Vega 8; 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-4 

 

2.11. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 1497-84. ʉ ʮʝʣʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʛʦʩʪʦʚʩʢʠʝ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʧʨʦʢʘʪʘ. ɹʳʣʠ 

ʫʜʘʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ, ʧʦʷʚʠʚʰʠʝʩʷ ʧʨʠ ʨʝʟʢʝ ʤʝʪʘʣʣʘ ʠ ʜʘʣʝʝ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ. 

ʀʩʧrʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ Zwick/Roell Z250 (ʨʠʩʫʥʦʢ 2.14). 

 

ʈʠʩʫʥʦʢ 2.14 - ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ Zwick/Roell Z250 

2.12. ʆʧʨʝʜʝʣʝʥʠʝ ʣʠʪʝʡʥʳʭ ʩʚʦʡʩʪʚ 

2.12.1. ʀʩʧʳʪʘʥʠʷ ʥʘ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ 

 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ - ʥʝʦʙʭʦʜʠʤʳʡ ʚʠʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʷʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʣʘʚʘ ʟʘʧʦʣʥʷʪʴ ʣʠʪʝʡʥʳʝ ʬʦʨʤʳ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʧʣʘʚʦʚ ɸʂ18 ʠ Al-8Ca-2Mn-1Ni ʧʨʦʚʦʜʠʣʠ ʜʘʥʥʦʝ ʠʩʧʳʪʘʥʠʝ 

ʤʝʪʦʜʦʤ ʟʘʣʠʚʢʠ ʨʘʩʧʣʘʚʘ ʚ U-ʦʙʨʘʟʥʫʶ ʧʨʦʙʫ (ʨʠʩʫʥʦʢ 2.15). 

 

ʈʠʩʫʥʦʢ 2.15 - U-ʦʙʨʘʟʥʘʷ ʧʨʦʙʘ 

 

2.12.2. ʀʩʧʳʪʘʥʠʷ ʥʘ ʛʦʨʷʯʝʣʦʤʢʦʩʪʴ 

 

ʉ ʧʦʤʦʱʴʶ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʦʨʷʯʝʣʦʤʢʦʩʪʴ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʩʧʣʘʚʘ  

ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. ʉʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʚʢʝ ʨʘʩʧʣʘʚʘ ʚ ʢʘʨʘʥʜʘʰʥʳʝ 

ʧʨʦʙʳ, ʛʜʝ ʢʘʨʘʥʜʘʰʠ ʠʤʝʶʪ ʨʘʟʥʳʡ ʜʠʘʤʝʪʨ. ɺ ʯʘʩʪʥʦʩʪʠ ʩʧʣʘʚʳ ɸʂ18 ʠ Al-8Ca-2Mn-1Ni 

ʟʘʣʠʚʘʣʠ ʚ ʢʘʨʘʥʜʘʰʥʳʝ ʧʨʦʙʳ ʜʠʘʤʝʪʨʦʤ 3, 4, 6, 8 ʤʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʚ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ 

ʢʘʨʘʥʜʘʰʘ ʩʧʣʘʚ ʟʘʣʠʣʩʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʩʪʦʡʢʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʨʷʯʠʭ 

ʪʨʝʱʠʥ. ʅʘ ʨʠʩʫʥʢʝ 16 ʧʦʢʘʟʘʥʘ ʢʘʨʘʥʜʘʰʥʘʷ ʧʨʦʙʘ. 

 

ʈʠʩʫʥʦʢ 2.16 - ʂʘʨʘʥʜʘʰʥʘʷ ʧʨʦʙʘ ʩ ʜʠʘʤʝʪʨʘʤʠ: 8, 6, 4, 3 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

2.13. ʄʝʪʦʜʠʢʘ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) 

ʃʠʩʪʦʚʳʝ ʦʙʨʘʟʮʳ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʩʚʘʨʠʚʘʣʠ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ  

ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ çAccustir 1004 GTC». ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʩʚʘʨʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʞʠʤʫ, ʧʦʜʭʦʜʷʱʝʤʫ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ: 
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ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 25 ʤʤ/ʤʠʥ., ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 1800 ʦʙ./ʤʠʥ., ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ʦʙʣʘʩʪʠ ʰʚʘ ʦʢʦʣʦ 350Áʉ. ʅʘ ʨʠʩʫʥʢʝ 2.17 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ. 
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ʈʠʩ 2.17 ï ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ (ʉʊʇ) ɻʇ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni 
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ɻʣʘʚʘ 3. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ  

Al -Ca-Mn ʠ Al-Ca-Mn-Ni 

ʀʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʣʘʚʳ ʜʚʫʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ 

Al-Ca-Mn ʠ Al-Ca-Ni ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʵʚʪʝʢʪʠʢ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʣʘʚʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʣʠʪʝʡʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʦʙʞʘʪʠʷ ʧʨʠ ʛʦʨʷʯʝʡ 

ʧʨʦʢʘʪʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʦʤʧʘʢʪʥʳʝ ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ AlCaMn ʠ AlCaNi, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʠʩʪʝʤʳ Al-Ca-Mn ʠ Al-Ca-Mn-Ni. 

 

3.1. ʈʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ Al-Ca-

Mn ʠ Al-Ca-Mn-Ni 

3.1.1. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn 

ʉ ʧʦʤʦʱʴʶ ʇʆ Thermo-calc (ʘʣʶʤʠʥʠʝʚʳʝ ʙʘʟʳ TCAL4 ʠ TTAL5) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʧʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʩʠʩʪʝʤ r Al -Ca-Mn. ʊʘʢʞʝ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ 

Gulliver-Sheil. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʝʢʮʠ ̫ʣʠʢʚʠʜʫʩ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤ r Al -Ca-Mn,  

ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʫʛʣʘ ʧʨʦʪʝʢʘʝʪ ʪʨʦʡʥʘʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʩ ʫʯʘʩʪʠʝʤ ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Al 4Ca ʠ Al6Mn. ʉʧʣʘʚʳ 

ʚʳʙʠʨʘʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʧʦʧʘʜʘʣʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Al 4Ca ʠ Al 6Mn (ʈʠʩ.3.1, ʪʘʙʣ.2.1).  ʉʦʛʣʘʩʥʦ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʨʝʟʘʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ  

ʚ ʦʙʣʘʩʪʠ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ [(Al)+Al 4Ca+Al 12Mn]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʣʘʚʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʷʚʣʝʥʠʷ ʬʘʟʳ Al 6Mn (ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ), ʪʘʢ ʢʘʢ ʬʘʟʘ 

Al 4Mn ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ (10 /ʩ) ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ. ɺ ʪʘʙʣʠʮʝ 3.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn. ʅʝʢʦʪʦʨʳʝ ʩʧʣʘʚʳ, ʠʤʝʶʱʠʝ  

ʚ ʩʦʩʪʘʚʝ ʦʪ 30 ʜʦ 40% ʚ ʩʫʤʤʝ ʧʝʨʚʠʯʥʳʭ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (Al-6Ca-1.5Mn, Al -

6Ca-2Mn, Al -6Ca-3Mn) ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʦʪ 54 ʜʦ 110Áʉ), ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʦʨʦʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʠʪʴʝ. 
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ʈʠʩʫʥʦʢ 3.1 - ʘ ï ʇʨʦʝʢʮʠʷ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʩʠʩʪʝʤʳ Al -Ca-Mn; ʙ ï ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ 

ʨʘʟʨʝʟ ʩʠʩʪʝʤʳ Al-Ca-Mn ʧʨʠ 6% Ca; ʚ ï ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʠʩʪʝʤʳ Al-Ca-Mn ʧʨʠ 

8%Ca; ʛ ï ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʠʩʪʝʤʳ Al-Ca-Mn ʧʨʠ 4%Mn 
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ʊʘʙʣʠʮʘ 3.1 - ʂʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni 

ʉʧʣʘʚ ʊL, Áʉ ʊS, Áʉ ȹʊ, Áʉ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (Q), ʤʘʩʩ. % 

(Al)  Al 4Ca Al 12Mn 

Al -6Ca-1.5Mn 665 611 54 67.5 22.2 10.3 

Al -6Ca-2Mn 686 611 75 64,0 22.2 13.8 

Al -6Ca-3Mn 721 611 110 57.2 22.2 20.6 

Al -8Ca-1.5Mn 677 276 401 60.1 29.6 10.3 

Al -8Ca-2.5Mn 719 276 443 53.2 29.6 17.2 

Al -8Ca-2Mn 700 276 424 56.7 29.5 13.8 

Al -8Ca-0.5Mn 622 611 11 67,0 29.5 3.5 

Al -8Ca-1Mn 649 276 373 63.6 29.5 6.9 

Al -8Ca-3Mn 735 276 459 49.8 29.5 20.7 

Al -8Ca-4Mn 761 276 485 42.9 29.5 27.6 

Al -3Ca-2Mn 667 611 56 75.1 11.1 13.8 

Al -4Ca-4Mn 733 611 122 57.6 14.8 27.6 

Al -10Ca 655 276 379 63.1 36.9 - 

Al -10Ca-1.5Mn 689 275 414 52.7 36.9 10.3 

Al -10Ca-2.5Mn 730 275 455 45.8 37,0 17.2 

Al -10Ca-4Mn 771 275 496 35.5 36.9 27.6 

 

3.1.2. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni 

 

ʉʠʩʪʝʤʘ Al-Ca-Mn-Ni ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʣʠʯʠʝ 

ʪʦʥʢʦʡ ʵʚʪʝʢʪʠʢʠ ʠ ʜʚʫʭ ʚʠʜʦʚ ʢʦʤʧʘʢʪʥʳʭ ʪʨʦʡʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ AlCaMn ʠ AlCaNi, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ [1]. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3.  
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ɺʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʙʘʟʝ ʨʘʩʯʝʪʘ ʚ ʇʆ Thermo-calc ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ, 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʢʨʠʚʳʭ Gulliver-Sheil ʠ ʠʥʳʭ ʥʘʜʩʪʨʦʝʢ ʜʘʥʥʦʛʦ ʇʆ. ɺ ʪʘʙʣʠʮʝ 3.2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-

Mn-Ni. ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʘʭ 3.2 ʠ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ. 

 

ʊʘʙʣʠʮʘ 3.2 - ʂʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni 

ʉʧʣʘʚ ʊL ʊS ȹʊ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (Q) ʤʘʩʩ. % 

(Al)  Al 4Ca Al 12Mn Al 3Ni_D011#1 
Al 31Mn6Ni2#1 

Al -8Ca-

2Mn-0.5Ni 
699 592 107 60.9 29.5 4.1 

- 5.5 

Al -8Ca-

2Mn-1Ni 
699 592 107 62 29.5 - 

0.7 7.8 

Al -8Ca-

2Mn-2Ni 
699 607 92 59.6 29.5 - 

3.1 7.8 

Al -8Ca-

2Mn-3Ni 
700 607 93 57.23 29.54 - 

5.44 7.79 

Al -8Ca-

2Mn-4Ni 
700 607 93 54.86 29.54 - 

7.82 7.78 
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ʈʠʩʫʥʦʢ 3.2 ï ʈʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ 

ʬʘʟ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-0.5Ni 

 

 
ʈʠʩʫʥʦʢ 3.3 ï ʈʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ 

ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni 

 

 
ʈʠʩʫʥʦʢ 3.4 ï ʈʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ 

ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-2Ni 
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ʈʠʩʫʥʦʢ 3.5 ï ʈʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ 

ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-3Ni 

 

 
ʈʠʩʫʥʦʢ 3.6 ï ʈʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʬʘʟ 

ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-4Ni 
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1) Al4Mn_U+L;  

2) Al4Mn_R+L; 

3) Al6Mn+L; 

4) Al4Ca+Al6Mn+L;  

5) Al31Mn6Ni+Al4Ca+Al6Mn+L;  

6) Al31Mn6Ni+Al 4Ca+L;  

7) Al31Mn6Ni+Al 3Ni+Al4Ca+L;  

8) Al31Mn6Ni+L;  

9) Al31Mn6Ni+Al 4Mn_U+L;  

10) Al31Mn6Ni+Al 4Mn_R+L 

1) Liquid 

2) Al3Ni+L; 

3) Al4Mn_U+L; 

4) Al31Mn6Ni+L; 

5) Al31Mn6Ni+Al 3Ni+L; 

6) Al 4Mn_R+L; 

7) Al6Mn+L; 

8) Al4Ca+Al6Mn+L; 

9) Al31Mn6Ni+Al 4Ca+Al6Mn+L; 

10) Al31Mn6Ni+Al 4Ca+L; 

11) Al31Mn6Ni+Al 3Ni+Al4Ca+L; 

12) Al31Mn6Ni+Al 4Ca+Al6Mn+(Al) 

13) Al31Mn6Ni+Al 3Ni+Al4Ca+(Al) 

ʈʠʩʫʥʦʢ 3.7 - ʇʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni: ʘ-ʧʨʠ 8Ca, 2Mn (ʬʨʘʛʤʝʥʪ ʜʦ 

2,5Ni); ʙ - ʧʨʠ 8Ca, 2Mn (ʬʨʘʛʤʝʥʪ ʜʦ 8Ni). 

 

 

3.2. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Al-Ca-Mn ʠ Al-Ca-Mn-Ni ʚ ʣʠʪʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

3.2.1. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn ʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʣʘʚ Al-8Ca-1Mn ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ  

ʢ ʪʦʯʢʝ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʦʥʠʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ ʩ ʤʘʣʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʥʜʨʠʪʦʚ (Al) ʠ ʦʪʜʝʣʴʥʳʭ ʤʝʣʢʠʭ ʚʢʣʶʯʝʥʠʡ ʬʘʟʳ Al 11CaMn2, ʨʘʟʤʝʨʘʤʠ  

ʥʝ ʙʦʣʝʝ 5-10 ʤʢʤ (ʨʠʩʫʥʦʢ 3.8). 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ, ʩ ʧʦʤʦʱʴʶ ʄʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʨʠʩʪʘʣʣʳ ʪʨʦʡʥʦʡ 

ʬʘʟʳ Al 11CaMn2 ʚ ʩʧʣʘʚʘʭ ʩ 8-10% ʢʘʣʴʮʠʷ. ʂʨʠʩʪʘʣʣʳ ʜʘʥʥʦʡ ʬʘʟʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʣʘʚʘʭ ʩ 8-10% Ca ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʢʨʠʩʪʘʣʣʳ ʭʣʦʧʴʝʚʠʜʥʦʡ, 

ʛʨʘʥʝʥʦʡ ʠ ʢʦʤʧʘʢʪʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʩʧʣʘʚʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ 6% ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʬʘʟʫ Al6Mn c ʨʘʩʪʚʦʨʝʥʥʳʤ ʢʘʣʴʮʠʝʤ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʬʦʨʤʦʡ ʚʳʪʷʥʫʪʦʛʦ 

ʤʥʦʛʦʛʨʘʥʥʠʢʘ. ʍʦʪʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʜʦ 3% ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 
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ʪʨʦʡʥʦʡ ʬʘʟʳ Al11CaMn2 [125]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʣʘʚ Al-6Ca-2Mn ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤ 

ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʣʘʩʪʷʤʠ: Al 6Mn ʠ Al11CaMn2[125]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʝ Al-Ca-Mn, ʘ ʠʤʝʥʥʦ ʚ ʩʧʣʘʚʝ Al-4Ca-4Mn ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʳ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, L+Al 6(Mn,Ca)Ÿ (Al )+AlCaMn (ʨʠʩʫʥʦʢ 3.9ʚ). 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʧʣʘʚ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

 
ɸ 

 
ɹ 

 

ɺ 

ʈʠʩʫʥʦʢ 3.8 ï ʘ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al -8Ca-1Mn ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ, ʭ500; ʙ ï 

ʧʦʵʣʝʤʝʥʪʥʘʷ ʢʘʨʪʘ ʩʧʣʘʚʘ Al-8Ca-1Mn ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʄʈʉɸ 

 

  

 

ɸ 

 
ʙ 
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ɺ 

ʈʠʩʫʥʦʢ 3.9 -  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: ʘ -  ʩʧʣʘʚ Al-10Ca-4Mn, ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʛʨʘʬʠʪʦʚʦʡ ʬʦʨʤʝ; ʙ - ʩʧʣʘʚ Al-4Ca-4Mn, ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʝʯʴʶ (ʄʆ), 

ʩʧʝʢʪʨʳ; ʚ - ʩʧʣʘʚ Al-10Ca-4Mn, ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʝʯʴʶ (ʄʆ), ʩʧʝʢʪʨʳ 

 

 

ɺʩʝ ʩʧʣʘʚʳ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʪʴʝʤ ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ  

ʠ ʤʝʪʦʜʦʤ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʪʦʣʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʠʪʝ ʧʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʩʣʠʪʢʘ.  

ʉʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ, ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚ ʛʨʘʬʠʪʝ ʠ ʥʘ ʤʘʩʩʠʚʥʦʡ ʧʣʠʪʝ ʠʜʝʥʪʠʯʥʳ, 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʦʢʘʟʘʣʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ (ʨʠʩʫʥʦʢ 3.10 ʚ, 

ʝ). ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè ʩ ʦʩʦʙʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ Al-6Ca-3Mn (63-Mn ) ʠ Al-8Ca-2Mn (82-Mn),  

ʚ ʢʦʪʦʨʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʝʨʚʠʯʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʜʦ 20 ʤʢʤ ʠ ʜʦ 10 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 3.10). ɺ ʪʘʙʣʠʮʝ 3.3 ʇʨʠʚʝʜʝʥʳ 

ʩʚʦʡʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ. 

 

ɸ 

 

ɹ 

 

ɺ 
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ɻ 

 

ɼ 

 

ɽ 

ʈʠʩʫʥʦʢ 3.10 ï ʉʧʣʘʚʳ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ - Al-6Ca-3Mn (ʘ,ʙ,ʚ); Al-8Ca-2Mn (ʛ,ʜ,ʝ); ʄʆ (ʘ,ʛ); 

ʛʨʘʬʠʪʦʚʘʷ ʬʦʨʤʘ (ʙ,ʜ); ʥʘ ʤʘʩʩʠʚʥʦʡ ʧʦʜʣʦʞʢʝ (ʚ,ʝ). 

 

 

ʊʘʙʣʠʮʘ 3.3 ï ʊʚʝʨʜʦʩʪʴ ʠ ʋʕʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʧʣʘʚ HV 

ʛʨʘʬʠʪ 

HV 

ʙʳʩʪʨʦʝ 

ʦʭʣʘʞʜʝ

ʥʠʝ 

ɋ,  

MCʤ/ʤ 

ʉʧʣʘʚ HV 

ʛʨʘʬʠʪ 

HV 

ʙʳʩʪʨʦʝ 

ʦʭʣʘʞʜʝ

ʥʠʝ 

ɋ, MCʤ/ʤ 

Al -6Ca-1,5Mn 70±2 87 10,64±0,01 Al -8Ca-3.2Mn 114±10 110 10.34±0,09 

Al -6Ca-2Mn 77±3 78 9,45±0,02 Al -7Ca-2.8Mn 118±8 108 6,27±0,03 

Al -6Ca-3Mn 72±4 75 10,98±0,01 Al -10Ca-1.5Mn 93±3 83 6,72±0,12 

Al -8Ca-0,5Mn 63±3 63 13,46±0,01 Al -10Ca-2.5Mn 114±10 104 8,37±0,02 

Al -8Ca-1Mn 78±4 68 10,34±0,02 Al -4Ca-4Mn 92±2,5 102 9,03±0,11 

Al -8Ca-1,5Mn 74±5 75 10,29±0,02 Al -6Ca-4Mn 75±3 71 11,14±0,07 

Al -8Ca-2Mn 82±2 73 9,43±0,03 Al -8Ca-3Mn 78±4 74 9,60±0,01 

Al -8Ca-2,5Mn 83±4 85 10,25±0,02 Al -8Ca-4Mn 108±14 94 7,65±0,10 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʣʘʚʳ ʧʦʜʚʝʨʛʘʣʠ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʤʫ ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

500 ʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʊʚʝʨʜʦʩʪʴ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ  

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, ʟʘ ʩʯʝʪ 

ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʬʘʟ (ʊʘʙʣʠʮʘ 3.4). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʝʪʩʷ 

ʬʘʟʘ Al 6Mn, ʧʦʩʢʦʣʴʢʫ ʤʘʨʛʘʥʝʮ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʢʦʣʦ 1% ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ  

ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʊʘʙʣʠʮʘ 3.4 ï ʊʚʝʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn ʧʦʩʣʝ ʦʪʞʠʛʘ 500Áʉ, 3ʯ. 

ʉʧʣʘʚ HV ʛʨʘʬʠʪ ʉʧʣʘʚ HV ʛʨʘʬʠʪ 

Al-6Ca-1,5Mn 59±2 Al -8Ca-3.2Mn 98±3 

Al -6Ca-2Mn 61±1 Al -7Ca-2.8Mn 90±1 

Al -6Ca-3Mn 62±1 Al -10Ca-1.5Mn 71±1 

Al -8Ca-0,5Mn 55±3 Al -10Ca-2.5Mn 86±2 

Al -8Ca-1Mn 63±1 Al -4Ca-4Mn 83±2 

Al -8Ca-1,5Mn 64±2 Al -6Ca-4Mn 68±2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.4 

Al -8Ca-2Mn 73±3 Al -8Ca-3Mn 65±3 

Al -8Ca-2,5Mn 71±3 Al -8Ca-4Mn 94±2 

 

ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Al-Ca-Mn ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.12ʛ. ɺ 

ʩʠʩʪʝʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʨʝʘʢʮʠʡ: ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

L+Al 6(Mn,Ca)­(Al )+Al 11Mn2Ca (ʪʦʯʢʘ P) ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ L­(Al )+Al 4Ca+ Al 11Mn2Ca (ʪʦʯʢʘ ɽ) 

(ʬʘʟʘ Al 11Mn2Ca ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʄʈʉɸ). 

ɼʣʷ ʚʩʝʭ ʩʧʣʘʚʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʪʚʝʨʜʳʭ ʬʘʟ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (Thermo-Calc), ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʠ ʢʨʠʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʦʜʘʤʠ ʧʨʷʤʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ɼʉʂ (ʚʳʙʦʨʦʯʥʦ). ɺʩʝ ʜʘʥʥʳʝ,  

ʢʘʢ ʨʘʩʯʝʪʥʳʝ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʢʠ 3.11-3.12).  

ʋ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʠʜʫʩ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʣʠʜʫʩ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʩʠʣʫʤʠʥʘ ɸʂ18 (ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-Si). ʕʪʦʪ ʩʧʣʘʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚʳʙʨʘʣʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʩʪʨʫʢʪʫʨʘ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʩʣʝʜʫʝʤʳʤ ʩʧʣʘʚʘʤ. ʅʦ ʥʝʦʩʧʦʨʠʤʳʤ ʧʣʶʩʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ 

ʣʝʛʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʠʜʫʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ (611-614 ʉ 

ʧʨʦʪʠʚ 535 ʉ ʫ ɸʂ18). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʢʚʠʜʫʩ ʩʧʣʘʚʦʚ Al-6Ca-3Mn ʠ Al-8Ca-2Mn ʥʠʞʝ, ʯʝʤ 

ʣʠʢʚʠʜʫʩ ɸʂ18, ʯʪʦ ʚʳʛʦʜʥʦ ʧʨʠ ʚʳʧʣʘʚʢʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦ ʨʷʜʫ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ) 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ  

ʩ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʠʣʫʤʠʥʘʤʠ ʪʠʧʘ ɸʂ18. ʅʦ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 82-Mn ʙʦʣʝʝ 

ʜʠʩʧʝʨʩʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʧʣʘʚʘ 63-Mn, ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ.3.10; ʪʘʙʣ.3.3 ʠ 3.4). ʇʦʵʪʦʤʫ 

ʦʥ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʈʠʩʫʥʦʢ 3.11 ï ʘ - ʨʘʩʯʝʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ 

ʬʘʟ ʧʨʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-6Ca-3Mn (Sheil Curves); ʙ ï ɼʉʂ  ʢʨʠʚʳʝ 

ʩʧʣʘʚʘ Al-6Ca-3Mn; ʚ,ʛ ï ʢʨʠʚʳʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ Al-6Ca-3Mn (ʧʨʷʤʦʡ ʊɸ) 
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ʈʠʩʫʥʦʢ 3.12 ï ʘ - Sheil Curves ʩʧʣʘʚʘ Al-8Ca-2Mn; ʙ,ʚ - ʢʨʠʚʳʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ 

Al-8Ca-2Mn (ʧʨʷʤʦʡ ʊɸ), ʛ ï ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʩʪʨʦʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Al-Ca-Mn 

(ʧʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʘ) 

 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄʈʉɸ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʦʩʴ ʢʘʢ Al 11Mn2Ca. 

ʀʩʩʣʝʜʦʚʘʣʠ ʢʨʠʩʪʘʣʣʳ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʤ ʩ ʧʝʯʴʶ ʩʧʣʘʚʝ Al-6Ca-

3Mn (ʈʠʩʫʥʦʢ 3.13). ʉʚʝʪʣʳʝ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠ ʢ ʩʦʝʜʠʥʝʥʠʶ Al 11Mn2Ca 

(ʜʘʥʥʳʝ ʄʈʉɸ). ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ CaMn2Al 10 (ʈʠʩʫʥʦʢ 3.13). ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʵʪʦ 
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ʩʦʝʜʠʥʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʦʥʦ ʠʟʚʝʩʪʥʦ ʜʣʷ ʨʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ CaCr2Al 10 ʠ YMn2Al10. ʈʝʰʝʪʢʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ tP52/2, ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʘ=1,2829ʥʤ, ʩ= 0,5135ʥʤ, 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʧʣʘʚʝ Al-6Ca-3Mn ʩʦʩʪʘʚʣʷʝʪ 5,5%. 

 

 

ʈʠʩ.3.13-ɼʘʥʥʳʝ ʈʌɸ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ CaMn2Al 10 

 

3.2.2. ʉʧʣʘʚʳ ʩʠʩʪʝʤ Al -Ca-Mn-Ni 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚʳʧʣʘʚʢʘ ʦʪʦʙʨʘʥʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni  

ʠ ʜʘʣʝʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʣʠʪʦʤ 

ʩʦʩʪʦʷʥʠʠ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni ʤʝʪʦʜʘʤʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʦʤʧʘʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʝʨʦʛʦ ʠ ʙʝʣʦʛʦ ʮʚʝʪʘ.  
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʈʉɸ ʩʝʨʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʝ Al 10(Mn,Ni)2Ca, ʘ 

ʙʝʣʳʝ ï Al 9Ca(Ni,Mn). ɺ ʩʪʨʫʢʪʫʨʝ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʩʧʣʘʚʘ Al-8Ca-2Mn-0.5Ni (ʨʠʩ.3.15ʘ) 

ʚʠʜʥʳ ʢʨʠʩʪʘʣʣʳ ʬʘʟʳ Al 10(Mn,Ni)2Ca, ʜʚʦʡʥʘʷ ʵʚʪʝʢʪʠʢʘ [(Al)+Al 4Ca], ʪʨʦʡʥʘʷ ʠ ʯʝʪʚʝʨʥʘʷ 

ʵʚʪʝʢʪʠʢʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʯʝʪʚʝʨʥʦʡ ʵʚʪʝʢʪʠʢʝ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʦʡʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

Al 31Mn6Ni2, ʬʘʟʳ Al3Ni, Al 4Ca ʠ (Al). ʅʦ, ʩʦʛʣʘʩʥʦ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʚ ʯʝʪʚʝʨʥʦʡ ʵʚʪʝʢʪʠʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʳ: [(Al )+Al 4Ca+Al 9Ca(Ni,Mn)+Al 10(Mn,Ni)2Ca]. 

ʅʘ ʬʦʥʝ ʵʚʪʝʢʪʠʢ ʩ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʦʩʥʳʝ 

ʢʨʠʩʪʘʣʣʳ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʘ, ʜʦ 45% ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʠʢʝʣʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʘʭ (ʨʠʩʫʥʦʢ 3.15; ʪʘʙʣ.3.2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʧʣʘʚʳ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ çʝʩʪʝʩʪʚʝʥʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠè. 
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ʈʠʩʫʥʦʢ 3.15 - ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al -Ca-Mn-Ni ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: ʘ- Al -8Ca-2Mn-

0.5Ni_MO; ʙ- Al -8Ca-2Mn-1Ni_MO; ʚ- Al -8Ca-2Mn-1Ni; ʛ- Al -8Ca-2Mn-3Ni_F; ʜ- ʉʧʣʘʚ Al -

8Ca-2Mn-4Ni, 500ʭ ; ʝ- ʉʧʣʘʚ Al -8Ca-2Mn-4Ni, 2000ʭ [124]. 

 

 

ʅʘ ʙʘʟʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʩʪʨʦʝʥʠʝ 

ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʶʤʠʥʠʝʚʦʤʫ ʫʛʣʫ (ʨʠʩ 21ʘ, ʙ). 
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ʈʠʩ. 3.16 ï ʘ - ʧʨʦʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni ʧʨʠ 8%Ni; ʙ ï 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʚ ʩʠʩʪʝʤʝ Al-Ca-Mn-Ni [124] 

 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʣʝʛʠʨʦʚʘʥʠʷ ʚ ʥʝʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʷʪʴ ʦʙʣʘʩʪʝʡ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: Al4Ca+L; Al 3Ni+L; Al 6Mn+L; 

Al 10CaMn2+L; Al 8CaNi2+L. ʉʦʝʜʠʥʝʥʠʝ ʊ (Al 16Mn3Ni) ʠʤʝʝʪʩʷ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Al-Mn-Ni 

ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ [125].  

ɺ ʩʠʩʪʝʤʝ Al-Ca-Mn-Ni ʨʝʘʣʠʟʫʶʪʩʷ ʪʨʠ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ. ʀʟ ʥʠʭ ʜʚʝ 

ʧʝʨʝʪʝʢʪʠʯʝʩʢʠʝ L+Al 3Ni­(Al )+Al 6Mn+Al 8CaNi2 (P1); L+ Al 6Mn ­(Al )+Al 10Mn2Ca+Al 8CaNi2 

(P2) ʠ ʦʜʥʘ ʵʚʪʝʢʪʠʯʝʩʢʘʷ L­(Al )+Al 4Ca+Al 10Mn2Ca+Al 8CaNi2 (E) [125]. 

ʇʨʠ ʵʪʦʤ, ʠʩʭʦʜʷ ʠʟ ʤʦʨʬʦʣʦʛʠʠ ʬʘʟ Al10Mn2Ca ʠ Al 8CaNi2, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʩʧʣʘʚʳ ʯʝʪʚʝʨʥʳʭ ʩʠʩʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ  

ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʬʘʟʳ ʜʦʩʪʘʪʦʯʥʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ  

ʠ ʦʙʣʘʜʘʶʪ ʦʢʨʫʛʣʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʯʪʦ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ 

ʪʠʧʘ çʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʟʠʪè. ɺ ʪʘʙʣʠʮʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʚʝʨʜʦʩʪʴ ʠ ʫʜʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ (500ęʉ 3 ʯʘʩʘ). ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮʳ 3.5 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʩʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʵʪʦʤ 

ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ ʚ ʩʧʣʘʚʝ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʪʚʝʨʜʦʩʪʴʶ ʩʧʣʘʚʦʚ, ʧʨʠ ʵʪʦʤ ʩʧʣʘʚʳ 

ʚ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʣʘʜʘʶʪ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦʡ ʪʚʝʨʜʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ  

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʠʢʝʣʷ ʚ ʩʧʣʘʚʝ. ʇʨʠ ʵʪʦʤ, ʫ ʚʩʝʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ ʦʪʞʠʛʘ ʫʚʝʣʠʯʠʣʘʩʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʥʦ ʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʢʝʣʷ ʠ ʋʕʇ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʅʦ ʧʨʠ ʵʪʦʤ, ʫ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʋʕʇ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ, 
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ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʦʣʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ ʵʪʠʭ ʩʧʣʘʚʦʚ 

ʙʦʣʝʝ ʥʠʟʢʠʡ ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ [125]. 

ʊʘʙʣʠʮʘ 3.5 ï ʊʚʝʨʜʦʩʪʴ ʠ ʋʕʇ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni ʚ ʣʠʪʦʤ  

ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [125]. 

ʉʧʣʘʚ HVcʨ. *ɋ, MCʤ/ʤ ʉʧʣʘʚ HVcʨ. ɋ, 

MCʤ/ʤ 

ʃʠʪʳʝ  500Áʉ,3ʯ. 

Al-8Ca-2Mn-0,5Ni 91±3 8,30 Al -8Ca-2Mn-0,5Ni 74±2 12,79 

Al -8Ca-2Mn-1Ni 97±3 9,51 Al -8Ca-2Mn-1Ni 72±2 13,22 

Al -8Ca-2Mn-2Ni 96±3 9,18 Al -8Ca-2Mn-2Ni 73±2 10,5 

Al -8Ca-2Mn-3Ni 100±3 9,12 Al -8Ca-2Mn-3Ni 78,3±2 11,9 

Al -8Ca-2Mn-4Ni 103±3 7,00 Al -8Ca-2Mn-4Ni 77±2 10,1 

*ʋʕʇ ɸ99=37,8 

 

3.3. ʊʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʣʘʚʦʚ Al-8Ca-2Mn ʠ Al-8Ca-2Mn-1Ni ʠ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

3.3.1. ɻʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ Al-8Ca-2Mn ʠ ɸʂ18 

 

ʉ ʧʦʤʦʱʴʶ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʦʤ ʧʨʦʜʦʣʴʥʦʡ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʧʣʘʚʦʚ Al-8Ca-2Mn ʠ ɸʂ18 ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ. ʇʨʦʢʘʪʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʦʡ ʩʭʝʤʦʡ 

ʥʘʛʨʫʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ [126].  

ɻʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ (ɻʇ) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʘʥʝ 260 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 480ʉ. 

ɼʣʷ ʚʩʝʭ ʩʧʣʘʚʦʚ ʧʝʨʝʜ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʪʞʠʛ ʧʨʠ 500ʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. 

ʅʘʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʠʪʢʦʚ ʩʦʩʪʘʚʣʷʣʘ 15 ʤʤ. ʇʨʦʢʘʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 10% ʜʝʬʦʨʤʘʮʠʠ  

ʥʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ. ɿʘ 11 ʧʨʦʭʦʜʦʚ ʦʙʨʘʟʮʳ ʩʧʣʘʚʘ Al -8Ca-2Mn ʜʦʩʪʠʛʣʠ ʪʦʣʱʠʥʳ 2,0-2,20 ʤʤ, 

(ʨʠʩʫʥʦʢ 3.17ʘ). ʇʦ ʢʨʦʤʢʘʤ ʣʠʩʪʦʚ ʚ ʧʨʠʥʮʠʧʝ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʝʱʠʥʳ ʠ ʜʨʫʛʠʝ ʜʝʬʝʢʪʳ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʧʣʘʚ ɸʂ18 ʙʳʣ ʧʨʦʢʘʪʘʥ ʜʦ ʪʦʣʱʠʥʳ 3,3 ʤʤ ʟʘ 10 ʧʨʦʭʦʜʦʚ ʠ ʩʣʦʤʘʣʩʷ ʥʘ 11-ʤ 

ʧʨʦʭʦʜʝ (ʨʠʩʫʥʦʢ 3.17ʙ) [126]. 

 

ɸʂ18 
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ɸ 

 
ɹ 

ʈʠʩʫʥʦʢ 3.17 - ʘ ï Al -8Ca-2Mn; ʙ ï ʦʙʨʘʟʝʮ ʩʧʣʘʚʘ ɸʂ18 ʧʦʩʣʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ. 

 

 

ʇʦʩʣʝ ɻʇ ʚ ʩʧʣʘʚʝ ɸʂ18 ʙʦʣʝʝ 80% ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʩʦʩʪʘʚʠʣʠ ʦʪ 20 ʜʦ 70 

ʤʢʤ (ʨʠʩ. 3.18ʘ), ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn ʨʘʟʤʝʨʳ ʙʦʣʝʝ ʯʝʤ 80% ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʦʪ 5 

ʜʦ 15 ʤʢʤ (ʨʠʩʫʥʦʢ 3.18ʙ). ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɻʇ ʣʠʩʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.6ï3.7. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʣʫʤʠʥʦʤ. ɼʘʣʝʝ ʩʧʣʘʚʳ Al -8Ca-

2Mn ʠ ɸʂ18 ʧʨʦʢʘʪʘʣʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ. ʍʇ ʣʠʩʪʳ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʜʦ ʫʨʦʚʥʷ ʩʠʣʫʤʠʥʘ ɸʂ18, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɻʇ 

ʩʦʩʪʦʷʥʠʝʤ ʠ ʩʠʣʫʤʠʥʦʤ ʚ ʍʇ ʩʦʩʪʦʷʥʠʠ [125]. 

 

 
ɸ 

 
ɹ 

ʈʠʩʫʥʦʢ 3.18 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɻʇ ʣʠʩʪʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʘ - ɸʂ18; ʙ- Al -8Ca-

2Mn 
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ʊʘʙʣʠʮʘ3.6 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚ ʠʟ ɸʂ18. 

ɸʂ18 

ʃʠʩʪʳ ɻʇ480 ʃʠʩʪʳ ʍʇ: ɻʇ480 - 450,1 ʚʦʟʜ. ï ʍʇ 

HV ɋ, MCʤ/ʤ HV 
ɋ, 

MCʤ/ʤ ůʚ, ʄʇʘ 

ů0,2, 

ʄʇʘ 

ŭ, 

% 

111,3 18,3 129 9.77 326 - 0,1 

109,0 17,9 138 9.50 329 - 0,1 

107,3 18,3 133 11.91 324 - 0,1 

115,6 18,1 127 9.78 333 - 0,1 

112,9 18,3 130 12.11 - - - 

111 18,2 132 10,61 328 - 0,1 

 

ʊʘʙʣʠʮʘ 3.7 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn 

Al -8Ca-2Mn 

ʃʠʩʪʳ ɻʇ480 ʃʠʩʪʳ ʍʇ: ɻʇ480 - 450,1 ʚʦʟʜ. ï ʍʇ 

HV ɋ, MCʤ/ʤ HV ɋ, MCʤ/ʤ ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ, % 

82 17.1 66 14,99 170 - 0,2 

79 17,1 71 14,99 169 167 0,3 

81 17.1 72 15 159 - 0,2 

82 17.1 73 15 166 164 0,3 

84 17.1 70 15 - - - 

82 17.1 71 15 166 - 0,25 
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ʊʘʙʣʠʮʘ 3.8 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚ. 

 ʉʧʣʘʚ ʉʢʦʨʦʩʪʴ ʥʘ 

ʰʘʛʝ 1 

[mm/min] 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ (0,2 

%) 

[MPa] 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

[MPa] 

ʋʜʣʠʥʝʥʠʝ, 

% 

1 Al -8Ca-2Mn-1 5,00000 138 264 3,3 

2 Al -8Ca-2Mn-2 5,00000 133 256 3,3 

3 Al -8Ca-2Mn-3 5,00000 162 260 3,3 

4 ɸʂ18-1 5,00000 264 315 0,7 

5 ɸʂ18-2 5,00000 239 317 0,3 

6 ɸʂ18-3 5,00000 249 310 0,7 

 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʠʜʥʦ, ʯʪʦ ʩʧʣʘʚ Al-8Ca-2Mn ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ çʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚè, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ  

ʚʳʰʝ, ʯʝʤ ʫ ɸʂ 18. ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʫʝʤʳʝ ʩʧʣʘʚʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʚʘʞʥʘ ʪʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʢ ʊʂʃʈ 

(ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ). ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʊʂʃʈ ʩʧʣʘʚʘ Al-8Ca-2Mn ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤ ʩ ʪʘʢʦʚʳʤ ʫ ɸʂ18 ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʦʣʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ.  

 

3.3.2.1. ɻʦʨʷʯʘʷ ʧʨʦʢʘʪʢʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʢʘʪʘʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ęʉ ʦʪʦʞʞʸʥʥʳʝ ʧʦ 

ʨʝʞʠʤʫ 500ę3 ʯʘʩʘ ʩʣʠʪʢʠ (ʨʘʟʤʝʨʦʤ 15ʭ30ʭ160 ʤʤ) ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ: Al-8Ca-2Mn-(1-4Ni). 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ ʧʨʦʢʘʪʘʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʩʧʣʘʚ ʩʦʩʪʘʚʘ Al-8Ca-2Mn-1Ni. 

ɺʥʝʰʥʠʡ ʚʠʜ ɻʇ ʦʙʨʘʟʮʘ ʠ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.19. 
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ʈʠʩʫʥʦʢ 3.19 - ɺʥʝʰʥʠʡ ʚʠʜ ɻʇ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʣʦʤʦʚ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  

ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʧʨʠʚʦʜʠʪ ʬʘʟʘ Al 8CaNi2, 

ʪʘʢ ʢʘʢ ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn-1Ni ʜʘʥʥʘʷ ʬʘʟʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜ Al10CaMn2.  

ʌʨʘʢʪʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.20, ʚ ʪʦʤ ʯʠʩʣʝ ʬʨʘʢʪʦʛʨʘʤʤʘ ʩʧʣʘʚʘ ɸʂ18. 

ʊʘʢʞʝ ʚ ʪʘʙʣʠʮʝ 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni 

ʠ ɸʂ18, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʩʚʦʡʩʪʚʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʣʘʚ ʧʨʝʚʦʩʭʦʜʠʪ ʩʠʣʫʤʠʥ, 

ʢʘʢ ʧʦ ʧʨʝʜʝʣʘʤ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ, ʪʘʢ ʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ, ʢʨʠʩʪʘʣʣʳ Al 8CaNi2 ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ, ʧʦ ʥʠʤ ʧʨʦʭʦʜʷʪ ʪʨʝʱʠʥʳ ʪʘʢʞʝ, ʢʘʢ ʠ ʧʦ 

ʢʨʠʩʪʘʣʣʘʤ ʢʨʝʤʥʠʷ (ʨʠʩ. 3.20 ʙ,ʚ). ɸ ʬʘʟʘ Al 10CaMn2 ʥʝ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ 

ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ (ʨʠʩ. 3.20 ʘ). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ ʪʚʝʨʜʦʩʪʠ ʧʝʨʚʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʚʝʣʠʢʘ, ʪʦ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 

ʤʝʩʪʘʤʠ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ. ʊʚʝʨʜʦʩʪʴ ʬʘʟʳ Al10CaMn2 ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʚʝʨʜʦʩʪʴʶ 

ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʧʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 3.20 - ʌʨʘʢʪʦʛʨʘʤʤʳ ɻʇ ʣʠʩʪʦʚ: ʘ ï Al -8Ca-2Mn-1Ni; ʙ ï Al -8Ca-2Mn-2Ni; ʚ ï ɸʂ18 

 

ʊʘʙʣʠʮʘ 3.9 - ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʚ ɻʇ ʩʦʩʪʦʷʥʠʠ 

ʉʧʣʘʚ ů0,2, ʄʇʘ ůʚ, ʄʇʘ ʝ, % HV ɋ, MCʤ/ʤ 

Al -8Ca-2Mn-

1Ni 

321 428 3,2 98 15,75 

ɸʂ18 251 314 0,56 111 18,2 

 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ɻʇ ʣʠʩʪʦʚ ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʩʣʠʪʢʠ ʨʘʟʤʝʨʦʤ 40ʭ140ʭ200ʤʤ ʠʟ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni  

ʠ ɸʂ18. ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʣʠʪʢʦʚ. 
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ʈʠʩʫʥʦʢ 3.21 - ʉʣʠʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ 

 

ɺ ʩʧʣʘʚʝ Al-8Ca-2Mn-1Ni ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

Al 4Ca ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.22. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ, 

ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʩʧʣʘʚ Al-8Ca-2Mn-1Ni ʧʨʦʢʘʪʘʝʪʩʷ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ 

ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʢʘʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʣʝʛʢʦ ʜʨʦʙʠʪʩʷ ʠ ʩʬʝʨʦʠʜʠʟʠʨʫʝʪʩʷ ʧʨʠ 

ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 3.22 ʙ). 
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ʈʠʩʫʥʦʢ 3.22 - ʘ ï Al -8Ca-2Mn-1Ni (ʣʠʪʦʝ ʩʦʩʪʦʷʥʠʝ ʩʣʠʪʦʢ 40 ʤʤ); ʙ ï ʩʧʣʘʚ Al-8Ca-2Mn-

1Ni (ʦʪʞʠʛ 550Áʉ, 6 ʯ.); ʚ ï ɸʂ18 (ʣʠʪʦʝ ʩʦʩʪʦʷʥʠʝ ʩʣʠʪʦʢ 40 ʤʤ) [124] 

 

ʇʨʦʜʦʣʴʥʫʶ ʧʨʦʢʘʪʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʘʥʝ ɼʋʆ 260. ʇʣʦʩʢʠʝ ʩʣʠʪʢʠ ʠʟ 

ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʧʨʦʢʘʪʳʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ, ʘ ʩʣʠʪʢʠ ʠʟ ʩʧʣʘʚʘ ɸʂ18 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ. ʉʣʠʪʦʢ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʙʳʣ ʧʨʦʢʘʪʘʥ ʟʘ 20 ʧʨʦʭʦʜʦʚ ʩ ʚʳʩʦʪʳ 40 

ʤʤ ʜʦ 4,2 ʤʤ, ʦʙʱʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 90%. ʉʣʠʪʦʢ ʠʟ ʩʧʣʘʚʘ ɸʂ18 ʙʳʣ 

ʧʨʦʢʘʪʘʥ ʟʘ 13 ʧʨʦʭʦʜʦʚ ʩ 40 ʜʦ 6,6 ʤʤ ʩ ʦʙʱʝʡ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ ʦʢʦʣʦ 84%. ɺ ʢʦʥʮʝ 

ʧʨʦʢʘʪʢʠ ʩʠʣʫʤʠʥʘ ʚ ʣʠʩʪʝ ʧʦʷʚʠʣʠʩʴ ʪʨʝʱʠʥʳ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʦʢʘʪʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-

1Ni ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.23. 
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ʈʠʩʫʥʦʢ 3.23 ï ʉʧʣʘʚ Al-8Ca-2Mn-1Ni ʚ ɻʇ ʩʦʩʪʦʷʥʠʠ: ʘ - ʃʠʩʪ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni; 

ʙ - ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ɻʇ ʣʠʩʪʘ (ʉʕʄ). 

 

ɺ ʦʙʨʘʟʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʬʘʟʳ ʨʘʟʜʨʦʙʠʣʠʩʴ  

ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ ʦʙʲʝʤʫ. ɺ ʯʘʩʪʥʦʩʪʠ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Al 4Ca 

ʨʘʟʜʨʦʙʠʣʠʩʴ ʥʘ ʚʳʪʷʥʫʪʳʝ ʬʨʘʛʤʝʥʪʳ ʩ ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʢʨʘʷʤʠ ʜʣʠʥʥʦʡ ʥʝ ʙʦʣʝʝ 50 ʤʢʤ  

ʠ ʩʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʢʘʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. 

 

3.3.2.2. ʇʦʣʫʯʝʥʠʝ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʦʚ ɸʂ18 ʠ Al-8Ca-2Mn-1Ni 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ  

ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʤʘʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ɸʂ18 

 ʩʦ ʩʧʣʘʚʦʤ Al -8Ca-2Mn-1Ni. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʩʣʠʪʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, 

ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʣʠʪʴʝʤ ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ. ʅʘ ʨʠʩʫʥʢʝ 3.24 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʠʪʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ. 
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ʈʠʩʫʥʦʢ 3.24 - ʉʣʠʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ: ʘ ï Al -

8Ca-2Mn-1Ni; ʙ ï ɸʂ18 
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ʇʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʜʘʥʥʳʭ ʩʣʠʪʢʦʚ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʚʠʚʘʝʤʳʤ ʫʩʠʣʠʝʤ 450 ʪʦʥʥ ʚ ʤʘʪʨʠʮʫ ʜʠʘʤʝʪʨʦʤ 

40ʤʤ.  

ʇʨʝʩʩʦʚʘʥʠʝ ʧʨʫʪʢʘ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ,  

ʘ ʠʟ ɸʂ18 ʧʨʠ 450Áʉ. ʇʝʨʝʜ ʧʨʝʩʩʦʚʘʥʠʝʤ ʩʣʠʪʢʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʝʡʥʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 450Áʉ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʚʩʝʭ ʩʧʣʘʚʦʚ. ɺʦ ʚʨʝʤʷ 

ʧʨʝʩʩʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ ʥʘʛʨʫʟʢʘ ʙʳʣʘ ʤʝʥʴʰʝ ʥʘ 10%, ʯʝʤ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ɸʂ18. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʝʩʩʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.25. 

 ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʚʠʜʘ 

ʢʨʠʩʪʘʣʣʦʚ: ʢʦʨʦʪʢʠʝ ʧʣʘʩʪʠʥʳ ʬʘʟʳ Al6(Mn,Ca,Ni) ʜʣʠʥʥʦʡ ʥʝ ʙʦʣʝʝ 50 ʤʢʤ, ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʜʨʦʙʣʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ Al10Ca(Mn,Ni)2 ʠ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ Al4Ca ʩʠʣʴʥʦ 

ʠʟʤʝʣʴʯʝʥʥʳʝ ʠ ʩʪʘʚʰʠʝ ʧʦʯʪʠ ʨʘʚʥʦʦʩʥʳʤʠ ʠ ʩʤʝʰʘʥʥʳʤʠ ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʘʢʞʝ 

ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʥʘ ʬʦʥʝ ʵʚʪʝʢʪʠʢʠ ʩ ʯʘʩʪʠʮʘʤʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʦʙʨʘʟʮʝ ʠʟ ɸʂ18 ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ ʨʘʩʢʦʣʦʣʠʩʴ 

ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʤʠ ʪʨʝʱʠʥʘʤʠ (ʨʠʩʫʥʦʢ 3.25ʚ). 

 
ɸ 

 
ɹ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.25 ï ʉʧʣʘʚʳ ɸʂ18 ʠ Al-8Ca-2Mn-1Ni ʧʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ; ʙ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ Al-

8Ca-2Mn-1Ni; ʚ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʩʧʣʘʚʘ ɸʂ18. 

 

3.3.2.3. ʇʦʣʫʯʝʥʠʝ ʢʘʪʘʥʥʳʭ ʧʨʫʪʢʦʚ ʠʟ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni ʠ ɸʂ18 ʤʝʪʦʜʦʤ ʈʉʇ. 

 

ʇʦʩʣʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʫʪʢʦʚ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʠʟ ʩʧʣʘʚʘ Al -8Ca-2Mn-1Ni ʧʨʦʚʦʜʠʣʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʝʪʦʜʦʤ ʨʘʜʠʘʣʴʥʦ-ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʜʘʣʝʝ (ʈʉʇ). ʇʨʦʢʘʪʢʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʜʚʫʭ ʩʪʘʥʘʭ ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʈʉʇ 20-40 ʠ ʈʉʇ 10-30. ʉʧʣʘʚ  

Al -8Ca-2Mn-1Ni ʧʦʜʚʝʨʛʘʣʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550ÁC, ʘ ʩʧʣʘʚ ɸʂ18 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 490Áʉ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʚʳʜʝʨʞʢʦʡ 3 ʯʘʩʘ.  

ʅʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɸʂ18 ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʠʜʫʩ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʫʪʦʢ ʠʟ ɸʂ18 ʙʳʣ ʧʨʦʢʘʪʘʥ ʟʘ 12 ʧʨʦʭʦʜʦʚ ʩ ʦʙʱʝʡ 

ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ ʦʢʦʣʦ 70%. ʀʟ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʧʨʫʪʢʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʧʦʣʫʯʠʣʠ 

ʢʘʪʘʥʥʳʡ ʦʙʨʘʟʝʮ ʟʘ 9 ʧʨʦʭʦʜʦʚ ʩ ʦʙʱʝʡ ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ ʪʘʢʞʝ ʦʢʦʣʦ 70%.  

ʇʨʫʪʢʠ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʨʠʩʪʫʶ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ  

ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʏʘʩʪʠʮʳ Al 4Ca ʚ ʜʣʠʥʫ ʥʝ ʙʦʣʝʝ 25 ʤʢʤ 

(ʈʠʩʫʥʦʢ 3.26ʙ). ɸ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ ɸʂ18 ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʪʨʝʱʠʥʳ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʦʩʪʨʳʤʠ ʢʨʘʷʤʠ 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ (ʈʠʩʫʥʦʢ 3.26ʚ). ɺʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʢʘʪʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʤʝʩʪʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʛʨʘʥʠʮ, ʧʦʩʢʦʣʴʢʫ ʩʣʠʰʢʦʤ ʤʘʣ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʟʘʟʦʨ 

ʜʦ ʩʦʣʠʜʫʩʘ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʯʝʪʚʝʨʥʦʛʦ ʩʧʣʘʚʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ  

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

 
ɸ 

 
ɹ 

 
ɺ 

ʈʠʩʫʥʦʢ 3.26 ï ʉʧʣʘʚ Al-8Ca-2Mn-1Ni ʧʦʩʣʝ ʈʉʇ: ʘ ï ʧʨʫʪʢʠ ʠʟ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni; ʙ ï 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʫʪʢʘ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni; ʚ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʫʪʢʘ ʠʟ ʩʧʣʘʚʘ ɸʂ18 

 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Thermo-calc ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʬʘʟʦʚʳʝ 

ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ Al -Ca-Mn ʠ Al-Ca-Mn-Ni ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʩʩʯʠʪʘʥʳ 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʪʝʨʚʘʣʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʦʚ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʢʚʠʜʫʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. 

2. ɹʳʣʦ ʧʦʟʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ Al-Ca-Mn ʧʨʦʪʝʢʘʶʪ ʜʚʝ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ: 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʠ ʵʚʪʝʢʪʠʯʝʩʢʘʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʠʩʪʝʤʝ ʝʩʪʴ ʦʙʣʘʩʪʴ ʧʝʨʚʠʯʥʦʡ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʨʦʡʥʦʡ ʬʘʟʳ ʩʦʩʪʘʚʘ Al 10CaMn2. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ Al-Ca-Mn-Ni ʨʝʘʣʠʟʫʶʪʩʷ ʪʨʠ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʨʝʘʢʮʠʠ. ʀʟ ʥʠʭ ʜʚʝ 

ʧʝʨʝʪʝʢʪʠʯʝʩʢʠʝ L+Al 3Ni­(Al )+Al 6Mn+Al 8CaNi2 (P1); L+ Al 6Mn 

­(Al )+Al 10Mn2Ca+Al 8CaNi2 (P2) ʠ ʦʜʥʘ ʵʚʪʝʢʪʠʯʝʩʢʘʷ 

L­(Al )+Al 4Ca+Al 10Mn2Ca+Al 8CaNi2 (E). ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʨʘʩʯʝʪʘ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ Thermo-Calc ʙʳʣʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʦ ʩʪʨʦʝʥʠʝ 

ʪʨʦʡʥʦʡ ʠ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʫʛʣʘ. 

3. ʄʝʪʦʜʦʤ ʈʌɸ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʬʘʟʘ c ʨʝʰʝʪʢʦʡ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʪʠʧʫ tP52/2 ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘ=1,2829ʥʤ, ʩ= 0,5135ʥʤ ʠ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ CaMn2Al 10 

4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʦʜ ʟʘʜʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ çʝʩʪʝʩʪʚʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚè ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ: ʦʢʦʣʦ 10 ʦʙ.% ʧʝʨʚʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʥʝ ʙʦʣʝʝ 15-20 ʤʢʤ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ  

ʚ ʦʙʲʝʤʝ ʩʧʣʘʚʘ, ʤʘʪʨʠʮʫ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʵʚʪʝʢʪʠʢʠ 

ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʜʠʩʧʝʨʩʥʦʩʪʠ. ɺʳʙʨʘʥʥʳʝ ʩʧʣʘʚʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʥʘʜʣʝʞʘʪ 

ʢ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Al-Ca-Mn (Al -8Ca-2Mn) ʠ ʢ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʝ  

Al -Ca-Mn-Ni (Al -8Ca-2Mn-1Ni).  

5. ʉ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ 

ʠ ʩʦʣʠʜʫʩʘ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʣʘʚʦʚ 

ʵʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɼʉʂ. ɺʩʝ ʨʘʩʯʝʪʥʳʝ  

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʣʠʢʚʠʜʫʩ ʩʧʣʘʚʦʚ Al-6Ca-3Mn ʠ Al-8Ca-2Mn ʥʠʞʝ, ʯʝʤ ʣʠʢʚʠʜʫʩ ɸʂ18 (633-635 ʉ 

ʧʨʦʪʠʚ 689 ʉ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʡ ʠʭ ʚʳʧʣʘʚʢʠ,  

ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ ʚʳʰʝ, ʯʝʤ ʫ ɸʂ18 (611-617 ʉ ʧʨʦʪʠʚ 535 ʉ), ʯʪʦ ʛʦʚʦʨʠʪ  

ʦ ʚʦʟʤʦʞʥʦʤ ʧʦʚʳʰʝʥʠʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

6. ʀʟ ʩʧʣʘʚʘ Al-8Ca-2Mn ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʦʨʷʯʝʢʘʪʘʥʳʝ (ʩʪʝʧʝʥʴ ʦʙʞʘʪʠʷ ʙʦʣʝʝ 80%)  

ʠ ʭʦʣʦʜʥʦʢʘʪʘʥʳʝ (ʩʪʝʧʝʥʴ ʦʙʞʘʪʠʷ ʙʦʣʝʝ 70%) ʣʠʩʪʳ. ʇʦ ʪʝʤ ʞʝ ʨʝʞʠʤʘʤ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʣʠʩʪʳ ʠʟ ʩʧʣʘʚʘ ɸʂ18, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʤʝʥʴʰʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ  

ʥʘ ʧʦʩʣʝʜʥʠʭ ʧʨʦʭʦʜʘʭ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʨʝʩʢʘʣʩʷ. ɺ ʛʦʨʷʯʝʢʘʪʘʥʦʤ 

ʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn ʩʦʭʨʘʥʷʝʪʩʷ ʜʠʩʧʝʨʩʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʬʘʟʘʤʠ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 15 ʤʢʤ. ʆʮʝʥʢʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʩʧʣʘʚʘ Al-8Ca-2Mn ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 250-260ʄʇʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ  

3-4%, ʚ ʭʦʣʦʜʥʦʢʘʪʘʥʳʭ ʣʠʩʪʘʭ ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 160ʄʇʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʫʜʣʠʥʝʥʠʠ 0,2%.  



73 
 

7. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʦʨʷʯʝʢʘʪʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʩʣʠʪʢʦʚ ʩʧʣʘʚʘ Al-

8Ca-2Mn-1Ni. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʢʘʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 550Áʉ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ůʚ=207ʄʇʘ, ů0,2=170 ʄʇʘ, Ů=0,6%. ʉʪʨʫʢʪʫʨʘ ʧʨʦʢʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè, ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʝʝ 

ʜʠʩʧʝʨʩʥʦʩʪʠ 

8. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʩʩʦʚʘʥʥʳʝ ʧʨʫʪʢʠ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʩʧʣʘʚʦʚ Al-8Ca-

2Mn-1Ni ʠ ɸʂ18 ʠʟ ʩʣʠʪʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ. ɼʘʣʝʝ 

ʧʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʜʠʘʣʴʥʦ-ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʝ ʈʉʇ ʜʦ ʜʠʘʤʝʪʨʘ 

13,5 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-8Ca-

2Mn-1Ni ʩʪʘʣʘ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ 

ɸʂ18 ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʨʝʱʠʥʳ ʧʦ ʛʨʘʥʠʮʘʤ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʣʘʚ AL-8Ca-2Mn-1Ni 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʨʷʯʝʡ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʠʣʫʤʠʥʦʤ. ʇʨʠ ʵʪʦʤ, ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʣʘʚʘ, ʦʥ ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʣʫʤʠʥʦʤ. 

 

9. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʦʟʠʮʠʠ Al8Ca2Mn ʠ Al8ʉa2Mn1Ni 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʤ ʩʠʣʫʤʠʥʘʤ. 
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ɻʣʘʚʘ 4. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ  

Al -Ca-Mn-Fe-Si ʠ Al-Ca-Mn-Ni-Fe-Si 

 

4.1. ʈʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ  

Al -Ca-Mn-Fe-Si ʠ Al-Ca-Mn-Ni-Fe-Si. 

 

4.1.1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ Al-Ca-Mn-Fe-Si 

ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʧʣʘʚʘ (ʵʢʦʥʦʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ) ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʚʪʦʨʠʯʥʦʤ ʩʳʨʴʝ, ʘ ʠʤʝʥʥʦ ʩʧʣʘʚʘ Al-8Ca-2Mn (82-Mn). 

ɺʪʦʨʠʯʥʳʡ ʘʣʶʤʠʥʠʡ ʠʣʠ ʘʣʶʤʠʥʠʝʚʳʡ ʣʦʤ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ ʞʝʣʝʟʘ 

ʠ ʢʨʝʤʥʠʷ. ɾʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩ ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. ʈʘʥʝʝ ʙʳʣ ʚʳʙʨʘʥ ʪʨʦʡʥʦʡ ʩʧʣʘʚ Al-8Ca-2Mn (82-

Mn), ʠʤʝʥʥʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʩʦʩʪʘʚʳ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʦʚ (ʪʘʙʣʠʮʘ 4.1). 

ʂʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʦʡ ʬʘʟʳ ʚ ʵʚʪʝʢʪʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 50% (ʪʘʙʣʠʮʘ 4.2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

 

 

 

ɸ 

 

ʙ 

 

ɺ 

ʈʠʩʫʥʦʢ 4.1 - ʇʨʦʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ Al-Ca-Mn-X(Fe,Si): ʘ- ʧʨʠ 1%Fe; ʙ) 

ʧʨʠ 8%Ca; ʚ) ʧʨʠ 2%Mn 
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ɸ 

 

ɹ 

ʈʠʩʫʥʦʢ 4.2. ʂʨʠʚʳʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ Sheil-Gulliver: ʘ) Al-8Ca-2Mn-0.3Fe; ʙ) 

Al -8Ca-2Mn-0.3Si 

 

ʊʘʙʣʠʮʘ 4.1 - ʉʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Al-Ca-Mn-ʍ (ʛʜʝ ʍ- ʵʪʦ Fe, Si)  

(ʧʦ ʰʠʭʪʝ) 

 ̄ Ca,  

ʤʘʩʩ. % 

Mn, 

ʤʘʩʩ. % 

Fe, 

ʤʘʩʩ. % 

Si,  

ʤʘʩʩ. % 

 ̄ Ca, 

ʤʘʩʩ. % 

Mn, 

ʤʘʩʩ. % 

Fe, 

ʤʘʩʩ. % 

Si, 

ʤʘʩʩ. % 

1 8 2 1,0 - 4 8 2 - 0,5 

2 8 2 0,5 - 5 8 2 - 0,3 

3 8 2 0,3 - 6 8 2 - - 

 

4.1.2. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni-(Fe) 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni  

ʥʘ ʚʪʦʨʠʯʥʦʤ ʩʳʨʴʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʪʦʨʠʯʥʳʡ ʘʣʶʤʠʥʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ Fe 

ʠ Si. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʫʶ ʬʘʟʫ ʦʙʨʘʟʦʚʳʚʘʝʪ ʞʝʣʝʟʦ  

ʠ ʢʘʢʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʦʥʠ ʦʙʣʘʜʘʶʪ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʣʘʚʳ ʩʦʩʪʘʚʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʊʘʙʣʠʮʘ 4.2 - ʉʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe,Si) [124] 

 ̄ Ca, ʤʘʩʩ. % Mn, ʤʘʩʩ. % Ni 

ʤʘʩʩ. % 

Fe, 

ʤʘʩʩ. % 

Si, ʤʘʩʩ. % 

1 8 2 1 0,5 - 

2 8 2 1  0,5 

3 8 2 1 0,5 0,5 

4 8 2 1 1,0 0,5 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʘʟʦʚʳʭ ʩʧʣʘʚʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ 0,5 Fe ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʣʘʚ Al-8Ca-2Mn-1Ni-0,5Fe ʟʘʢʘʥʯʠʚʘʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʯʝʪʳʨʝʭʬʘʟʥʦʡ 

ʦʙʣʘʩʪʠ [Al3Ni+Al4Ca+Al6Mn+(Al )] (ʨʠʩʫʥʦʢ 4.3). ʇʨʠ ʵʪʦʤ ʧʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʘʟʘ al31Mn6Ni2 (ʪʘʙʣʠʮʘ 4.3). ʀʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 102,5Áʉ ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʤʝʥʴʰʝ 39% ʤʘʩʩ. ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ.. 

 

 

ɸ                                                                                    ʙ  

ʈʠʩʫʥʦʢ 4.3 - ʘ)ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0.5Fe, ʙ) ʇʦʣʠʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ 

Al-8Ca-2Mn-1Ni-xFe 

 

ʊʘʙʣʠʮʘ 4.3 - ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe (TCAL4) 

 ̄ ʉʧʣʘʚ 
TL, 

Áʉ 

TS, 

Áʉ 

ȹT, 

Áʉ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʬʘʟ %ʤʘʩʩ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, % ʤʘʩʩ., 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 Áʉ 

 

1 

Al -8Ca-

2Mn-1Ni-

0.5Fe 

709,5 607 102,5 

39,2% Al13Fe(Mn,Ni)=1,92%; 

Al31Mn6Ni2=6,82%; 

Al3Ni(Fe;Mn)=0,89%; 

Al4Ca=29,5%; 

(Al)=60,81% 

 

 

4.1.3 ʉʧʣʘʚ ʩʠʩʪʝʤʳ Al -Ca-Mn-Ni-Si  

ʇʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 0,5%Si (ʪʘʙʣʠʮʘ 4.4). 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ, ʩʧʣʘʚ Al-8Ca-2Mn-1Ni-0,5Si ʟʘʢʘʥʯʠʚʘʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʧʷʪʠʬʘʟʥʦʡ 

ʦʙʣʘʩʪʠ [(Al)+Al 3Ni+Al 4Ca+Al xMnySiz+(ʍ)ʬʘʟʘ] (ʨʠʩʫʥʦʢ 4.4ʙ, ʪʘʙʣʠʮʘ 4.4).  
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ʀʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Si ʩʦʩʪʘʚʣʷʝʪ 193,7Áʉ.  

ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʧʝʨʚʠʯʥʦʛʦ ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʚʥʦ 

37,5% ʤʘʩʩ.  

 

ʈʠʩʫʥʦʢ 4.4. ï ʂʨʠʚʘʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʣʘʚʘ Al -8Ca-2Mn-1Ni-0,5Si 

 

 

ʊʘʙʣʠʮʘ 4.4 - ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-0.5Si 

 ̄ ʉʧʣʘʚ TL, Áʉ TS, Áʉ ȹT, Áʉ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳ

ʭ ʬʘʟ %ʤʘʩʩ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, % ʤʘʩʩ., 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ 

 

2 
Al -8Ca-2Mn-1Ni-

0.5Si 
695,7 502 193,7 

37,5 Al31Mn6Ni2=7,78%; 

Al3Ni_D011(Mn)=0,68%; 

Al4Ca=28,22%; 

 CaSi2=0,86%; 

(Al)=62,45% 

 

 

4.1.4. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al -Ca-Mn-Ni-Fe-Si 

ʀʩʩʣʝʜʦʚʘʣʠ ʙʘʟʦʚʳʝ ʩʧʣʘʚʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 0,5Fe ʠ 0.5Si, ʘ ʪʘʢʞʝ 1Fe-0.5Si 

(ʪʘʙʣʠʮʘ 25). ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ, ʩʧʣʘʚʳ Al-8Ca-2Mn-1Ni-0,5Fe-0,5Si ʠ Al-8Ca-2Mn-1Ni-1Fe-0,5Si 

ʟʘʢʘʥʯʠʚʘʶʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʰʝʩʪʠʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ: 
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[(Al )+Al 9Fe2Si2+Ca3Si4+Al 3Ni+Al 4Ca+Al xSiyCaz]; [(Al )+Al 9Fe2Si2+ 

Al 31Mn6Ni2+Al 3Ni+Al 4Ca+Al xSiyCaz], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʩʧʣʘʚʘʭ 

ʦʜʠʥʘʢʦʚ, ʥʦ ʚ ʩʧʣʘʚʝ ʩ 1 %Fe ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 50ʉ֪[124]. 

 

 
 ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 4.5 ï ʂʨʠʚʳʝ ʐʝʡʣ ɻʫʣʣʠʚʝʨ ʩʧʣʘʚʦʚ: ʘ) Al-8Ca-2Mn-1Ni-0.5Fe-0,5Si ʙ) Al-8Ca-2Mn-

1Ni-0.5Si-1Fe  

 

ʊʘʙʣʠʮʘ 4.5 ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʦʚ 

ˉ  ̄ ʉʧʣʘʚ 
TL, 

Áʉ 
TS, Áʉ 

ȹT, 

Áʉ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ 

ʬʘʟ %ʤʘʩʩ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, % ʤʘʩʩ., ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 Áʉ 

3 

Al -8Ca-

2Mn-1Ni-

0,5Fe-

0.5Si 

705,8 580,7 125,1 

39,6 
Al31Mn6Ni2=7,78%; 

Al3Ni_D011(Mn)=0,68%; Al4Ca=28,22%; 

Al9Fe2Si2=1,85%; CaSi2=0,57%; 

(Al)=60,44% 

4 

Al -8Ca-

2Mn-1Ni-

1Fe-0.5Si 

748 581 167 

41,6 Al31Mn6Ni=7,78%;  

Al -3Ni(Mn;Fe)=0,68%;  

Al4Ca=29,09%;  

Al -9Fe2Si=3,7%; 

CaSi2=0,29%;  

(Al)=58,43% 
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4.2. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ rAl -8Ca-2Mn-(Fe-Si) ʠ Al-8Ca-2Mn- 

Ni-(Fe-Si) ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ 

4.2.1. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-(Fe, Si) 

ɺ ʩʠʩʪʝʤʝ Al-Ca-Mn-Fe ʚ ʩʪʨʫʢʪʫʨʝ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʩʦʜʝʨʞʘʪʩʷ 

ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn-0.5Fe ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ Al 6(Mn,Fe,Ca) ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʧʣʘʚʘ Al-8Ca-

2Mn-1Fe, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʬʘʟʳ ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 4.6 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ɸ 

 

ɹ 

ʈʠʩʫʥʦʢ 4.6 - ʃʠʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al -Ca-Mn-Fe, ʉʕʄ: ʘ-Al -8Ca-2Mn-0.5Fe; 

ʙ-Al -8Ca-2Mn-1Fe 

 

ʉʪʨʫʢʪʫʨʘ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Fe (ʨʠʩʫʥʦʢ 4.7) ʩʦʜʝʨʞʠʪ ʩʣʝʜʳ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʠʟ ʬʘʟʳ Al 3(Fe,Mn) ʠ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ 

Al 6(Mn,Fe). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʞʝʣʝʟʦ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5Fe ʠ ʚʳʰʝ 

ʦʢʘʟʳʚʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʟʘʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Al-8Ca-2Mn. 

 

ʈʠʩʫʥʦʢ 4.7 - ʉʧʣʘʚ Al-8Ca-2Mn-1Fe ʧʦʣʫʯʝʥʥʳʡ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʩ ʧʝʯʴʶ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭ ʩʧʣʘʚʦʚ 1,2,3 (Al -8Ca-2Mn-(1; 0,5; 0,3) Fe ʧʦʢʘʟʘʣʦ: cʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 

1 ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʶ çʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʟʠʪè, ʚ ʥʝʤ ʤʥʦʛʦ ʧʣʘʩʪʠʥʯʘʪʳʭ 

(ʠʛʣʦʦʙʨʘʟʥʳʭ) ʢʨʠʩʪʘʣʣʦʚ Al 6(Mn,Fe) ʠ Al 4Ca, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ 

Al 10CaMn2 (ʈʠʩʫʥʦʢ 4.8 ʘ). ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ 2, ʦʭʣʘʞʜʝʥʥʦʛʦ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ (ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʨʥʦ 20Áʉ/ʩ) ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ Al 6(Mn,Fe) ʥʘ 

ʬʦʥʝ ʪʦʥʢʦʡ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ (ʈʠʩʫʥʦʢ 4.8ʙ). ɸ ʩʪʨʫʢʪʫʨʘ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʩ ʧʝʯʴʶ 

ʩʧʣʘʚʘ 2 (ʈʠʩʫʥʦʢ 4.8ʚ) ʩʦʜʝʨʞʠʪ ʢʨʠʩʪʘʣʣʳ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Al 10CaMn2 ʥʘ ʬʦʥʝ ʜʚʦʡʥʦʡ 

ʵʚʪʝʢʪʠʢʠ [(Al)+Al 4Ca]. ɺʦʟʤʦʞʥʦ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʛʨʘʬʠʪ  

ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʭʦʜʠʪʴ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ L+Al 6Mn­(Al )+Al 10Mn2Ca ʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʳ ʭʨʫʧʢʦʡ ʬʘʟʳ Al 6(Mn,Fe). ʇʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʙʳʣʦ 

ʩʥʠʞʝʥʦ ʜʦ 0,3% (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚʦ ʚʪʦʨʠʯʥʳʭ ʩʧʣʘʚʘʭ). ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ 4 

(Al -8Ca-2Mn-0,3Fe) (ʈʠʩʫʥʦʢ 4.8ʛ) ʧʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʧʦʭʦʞʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʨʦʡʥʦʛʦ ʩʧʣʘʚʘ Al-

8Ca-2Mn. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʄʈʉɸ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ Al-

8Ca-2Mn ʠ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʦʢʦʣʦ 0,3%Fe. ɿʘʪʝʤ ʪʨʦʡʥʦʡ ʩʧʣʘʚ Al-8Ca-2Mn ʙʳʣ 

ʚʳʧʣʘʚʣʝʥ ʥʘ ʯʠʩʪʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʥʦʚʦʤ ʪʠʛʣʝ (ʩʧʣʘʚ 8 ʪʘʙʣ.1).  ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʦʢʘʟʘʣʦʩʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Al 4Ca. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 20 ʤʢʤ, ʥʦ ʚ ʜʣʠʥʫ ʦʥʠ ʧʦʧʘʜʘʣʠʩʴ ʨʘʟʤʝʨʘʤʠ ʜʦ 250 ʤʢʤ. ʅʦ ʧʦ ʜʘʥʥʳʤ 

ʄʈʉɸ, ʚ ʥʝʤ ʧʨʝʚʳʰʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʠ ʤʘʨʛʘʥʮʘ (8,3% ʠ 2,7%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè 

ʦʙʣʘʜʘʝʪ ʩʦʩʪʘʚ Al-8Ca-2Mn-0,3Fe. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʠ ʜʘʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ.  
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ʈʠʩʫʥʦʢ 4.8 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: ʘ-Al -8Ca-2Mn-1Fe; ʙ- Al -8Ca-

2Mn-0.5Fe; ʚ- Al -8Ca-2Mn-0.5Fe (ʄʆ); ʛ- Al -8Ca-2Mn-0.3Fe 
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ Si ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ Al-8Ca-2Mn. ɹr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ 0,3% ʠ 0,5% ʚ ʩʦʩʪʘʚʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 

Al 4Ca ʠ Al 6(Mn,Ca) ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʠʢʨʦʥ ʠ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʘʢʪʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʬʘʟʳ Al 10CaMn2 (ʨʠʩʫʥʦʢ 4.9). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʦʙʘʚʢʘ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚʝ  

Al -8Ca-2Mn ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

 

ɸ 

 

ɹ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.9 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʉʕʄ: ʘ-Al -8Ca-2Mn-0.5Si; ʙ- 

Al -8Ca-2Mn-0.3Si ʫʚʝʣʠʯʝʥʠʝ 1000x; ʚ- Al -8Ca-2Mn-0.3Si ʫʚʝʣʠʯʝʥʠʝ 500x 

 

4.2.2. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-(Fe, Si) 

ɺ ʩʧʣʘʚʝ Al-8Ca-2Mn-1Ni-0.5Fe ʤʘʪʨʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʵʚʪʝʢʪʠʢ (ʪʝʤʥʦʡ ʠ 

ʩʚʝʪʣʦʡ). ʉʦʚʤʝʩʪʥʦ ʪʝʤʥʘʷ ʠ ʩʚʝʪʣʘʷ ʵʚʪʝʢʪʠʢʠ ʠʤʝʶʪ ʩʦʩʪʘʚ Al6,6Ca0,5Mn2Ni0,5Fe (ʚʝʩʦʚʳʝ 

ʧʨʦʮʝʥʪʳ) (ʨʠʩʫʥʦʢ 4.10, ʪʘʙʣʠʮʘ 4.6) [124]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ 

ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ʅʘ ʨʠʩʫʥʢʝ 4.10 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʛʣʦʦʙʨʘʟʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩʝʨʦʛʦ ʮʚʝʪʘ ʠ ʩʦʩʪʘʚʘ (Al 6(Mn, Fe, Ni), ʘ ʪʘʢʞʝ ʩʚʝʪʣʳʝ ʭʣʦʧʴʝʚʠʜʥʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Al 10Ca(Mn, Fe, Ni)2, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʄʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʷ [124] 
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ʈʠʩʫʥʦʢ 4.10 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe 
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ʊʘʙʣʠʮʘ 4.6 - ɼʘʥʥʳʝ ʄʈʉɸ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe 

ʕʣʝʤʝʥʪ ʉʪʨʫʢʪʫʨʘ 

ʕʚʪʝʢʪʠʢʘ(ʪʝʤʥʳʝ

+ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ) 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʠʛʦʣʴʯʘʪʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʩʬʝʨʠʯʝʩʢʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ʕʚʪʝʢʪʠʢʘ 

(ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ) 

ɸʪʦʤ. 

% 

ɺʝʩ. % ɸʪʦʤ. % ɺʝʩ. % ɸʪʦʤ. 

% 

ɺʝʩ. % ɸʪʦʤ. 

% 

ɺʝʩ. % 

Al  93,76 90,16 87,14 77,14 78,96 66,9 95,5 93,2 

Ca 4,64 6,63 0,94 1,25 7,485 9,42 3,97 5,75 

Mn 0,28 0,55 7,44 13,40 8,2 14,17 0,23 0,45 

Ni 0,99 2,09 0,27 0,53 1,67 3,09 0,23 0,48 

Fe 0,26 0,53 4,2 7,68 3,67 6,42 0,03 0,08 

Si 0,06 0,05 0,01 0,003 0,01 0,01 0,003 0,03 

ʉʫʤʤʘ 100 100 100 100 100 100 100 100 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʝʝ 

80% ʠʛʦʣʦʢ Al6(Mn, Fe, Ni) ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ 3 ʜʦ 6 ʤʢʤ, ʧʨʠʯʝʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʨʘʟʤʝʨ ʦʢʦʣʦ 5 ʤʢʤ (ʈʠʩʫʥʦʢ 4.11ʘ). ɹʦʣʝʝ 75% ʩʚʝʪʣʳʭ ʢʦʤʧʘʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Al 10Ca(Mn, Fe, 

Ni)2 ʠʤʝʶʪ ʨʘʟʤʝʨʳ 2,7-5,5 ʤʢʤ (ʈʠʩʫʥʦʢ 4.11ʙ). 
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ʈʠʩʫʥʦʢ 4.11 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn-

1Ni-0,5Fe: ʘ- ʠʛʦʣʴʯʘʪʘʷ ʤʦʨʬʦʣʦʛʠʷ; ʙ-ʩʬʝʨʠʯʝʩʢʘʷ ʤʦʨʬʦʣʦʛʠʷ. 

 

ʉʧʣʘʚ ʩʠʩʪʝʤʳ Al-Ca-Mn-Ni-Si 

ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0.5Si ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʚʠʜʘ ʵʚʪʝʢʪʠʢ. ʊʝʤʥʘʷ 

ʵʚʪʝʢʪʠʢʘ ʠʤʝʝʪ ʩʦʩʪʘʚ Al5Ca1Mn0,1Ni0,4Si (ʚʝʩ. %), ʩʚʝʪʣʘʷ ʵʚʪʝʢʪʠʢʘ ʠʤʝʝʪ ʩʦʩʪʘʚ 

Al5,8Ca1,3Mn6Ni0,3Si0,2Fe (ʚʝʩ.%) (ʨʠʩʫʥʦʢ 4.12., ʪʘʙʣʠʮʘ 4.7). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʚʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ Alʭ(Mn, Si, Ni)1,5Ca ʠʛʦʣʴʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ 

Al 10Ca(Mn, Si, Ni)2 ʭʣʦʧʴʝʚʠʜʥʦʡ ʬʦʨʤʳ ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʄʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʝʤʥʠʷ ʚ 

ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝ ʙʦʣʝʝ 0,7ʘʪ. %, ʚʝʩʴ ʢʨʝʤʥʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʵʚʪʝʢʪʠʢ [124] 
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ʈʠʩʫʥʦʢ 4.12 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Si 

 

  

 

ʊʘʙʣʠʮʘ 4.7 - ɼʘʥʥʳʝ ʄʈʉɸ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Si 

ʕʣʝʤʝʥʪ ʉʪʨʫʢʪʫʨʘ 

ʕʚʪʝʢʪʠʢʘ 

ʪʸʤʥʦʛʦ ʮʚʝʪʘ 

ʉʝʨʳʝ ʢʨʠʩʪʘʣʣʳ 

ʠʛʦʣʴʯʘʪʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ʉʚʝʪʣʳʝ 

ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʘʢʪʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ʕʚʪʝʢʪʠʢʘ 

ʩʚʝʪʣʦʛʦ ʮʚʝʪʘ 

ɸʪʦʤ. 

% 

ɺʝʩ. % ɸʪʦʤ. 

% 

ɺʝʩ. % ɸʪʦʤ. 

% 

ɺʝʩ. % ɸʪʦʤ. 

% 

ɺʝʩ. % 

Al  95,61 93.50 83.23 72.98 79.81 67.58 91,90 86.53 

Ca 3,46 5.02 5,95 7.75 5,31 6.68 4,13 5.77 

Mn 0,48 0.96 10,55 18.84 13,39 23.09 0,65 1.25 

Ni 0,05 0.11 0,09 0.17 1.10 2.03 2,90 5.95 

Fe 0.00 0.00 0,11 0.20 0,39 0,70 0,09 0.18 

Si 0,40 0.41 0.06 0.06 0,07 0.06 0.32 0.32 

ʉʫʤʤʘ 100 100 100 100 100 100 100 100 
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ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Si ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʨʳʝ ʠʛʣʳ 

Alʭ(Mn, Si, Ni)1,5Ca ʠʤʝʶʪ ʰʠʨʠʥʫ ʥʝ ʙʦʣʝʝ 10 ʤʢʤ, ʘ ʜʣʠʥʫ ʚ ʧʨʝʜʝʣʘʭ 100 ʤʢʤ, ʘ 80% ʩʚʝʪʣʳʭ 

ʢʦʤʧʘʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Al 10Ca(Mn, Si, Ni)2 ʠʤʝʶʪ ʨʘʟʤʝʨʳ 18-41 ʤʢʤ (ʈʠʩʫʥʦʢ 4.12). 

 

ʈʠʩʫʥʦʢ 4.12 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʩʧʣʘʚʝ  

Al -8Ca-2Mn-1Ni-0,5Si. 

 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al -Ca-Mn-Ni-Fe-Si 

ɺ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0.5Si-0,5Fe ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʚʠʜʘ ʵʚʪʝʢʪʠʢ. ʆʙʱʠʡ 

ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢ Al5CA0.3Mn0.5Ni0.4Si0.2Fe (ʚʝʩ.%) (ʨʠʩʫʥʦʢ 4.13, ʪʘʙʣʠʮʘ 4.8). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ Al 6(Mn, Fe) ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ 

Al 10Ca(Mn, Fe, Ni,Si)2 ʭʣʦʧʴʝʚʠʜʥʦʡ ʬʦʨʤʳ ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʄʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʝʤʥʠʷ 

ʚ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝ ʙʦʣʝʝ 0,2ʘʪ. %, ʚʝʩʴ ʢʨʝʤʥʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʵʚʪʝʢʪʠʢ [124] 

 

 

 

ʈʠʩʫʥʦʢ 4.13 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe-0.5Si 
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ʊʘʙʣʠʮʘ 4.8 - ɼʘʥʥʳʝ ʄʈʉɸ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe-0.5Si. 

ʕʣʝʤʝʥʪ 

ʉʪʨʫʢʪʫʨʘ 

ʕʚʪʝʢʪʠʢʘ 

ʉʚʝʪʣʦ-ʩʝʨʳʝ 

ʢʨʠʩʪʘʣʣʳ 

ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ʉʚʝʪʣʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʩʬʝʨʠʯʝʩʢʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ɸʪʦʤ. % ɺʝʩ. % ɸʪʦʤ. % ɺʝʩ. % ɸʪʦʤ. % ɺʝʩ. % 

Al  93,86 90,79 86,6 76,0 78,8 66,9 

Ca 4,8 6,89 0,18 0,2 7,38 9,3 

Mn 0,25 0,5 8,34 14,90 8,34 14,20 

Ni 0,51 1,07 - - 1,5 2,7 

Fe 0,17 0,34 4,9 8,89 3,8 6,80 

Si 0,41 0,41 0,010 0,010 0,160 0,140 

ʉʫʤʤʘ 100 100 100 100 100 100 

 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-1Fe-0.5Si  (ʣʠʪʴʝ ʚ ʛʨʘʬʠʪ) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʛʦʣʢʠ Al 6(Mn, Fe) ʠʤʝʶʪ ʰʠʨʠʥʫ 1,5-2 ʤʢʤ (ʈʠʩʫʥʦʢ 4.14ʘ), ʘ ʜʣʠʥʫ ʥʝ ʙʦʣʝʝ 5 

ʤʢʤ (ʈʠʩ. 26ʘ), ʩʚʝʪʣʳʝ ʢʦʤʧʘʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ Al xCaMn1,5  ʠʤʝʶʪ ʨʘʟʤʝʨʳ 4-6 ʤʢʤ, ʥʦ ʠʭ ʧʨʠ 

ʵʪʦʤ ʩʧʦʩʦʙʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʦʯʝʥʴ ʤʘʣʦ (ʈʠʩ. 4.14ʙ). ʂʨʠʩʪʘʣʣʳ Al 10Ca(Mn,Fe,Ni,Si)2 

ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʛʦ ʩʧʣʘʚʘ ʠʤʝʶʪ ʨʘʟʤʝʨʳ 50-150 ʤʢʤ (ʈʠʩʫʥʦʢ 4.15 ʙ), ʘ ʚ ʩʧʣʘʚʝ, ʦʪʣʠʪʦʤ 

ʠ ʦʪʦʞʞʝʥʥʦʤ - 5-15 ʤʢʤ (ʈʠʩʫʥʦʢ 4.15ʚ). ʉʘʤʳʝ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʬʘʟʳ Al 10Ca(Mn,Fe,Ni,Si)2 ʧʦʩʣʝ 

ʣʠʪʴʷ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ ï 3-8 ʤʢʤ (ʈʠʩʫʥʦʢ 4.15ʛ). 
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ʈʠʩʫʥʦʢ 4.14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʣʠʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-0,5Fe-0,5Si: ʘ ï ʠʛʦʣʴʯʘʪʳʝ ʬʘʟʳ; ʙ ï ʩʬʝʨʠʯʝʩʢʠʝ 

ʬʘʟʳ 

 

ɺ ʩʧʣʘʚʝ Al-8Ca-2Mn-1Ni-1Fe-0.5Si ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ʣʠʪʴʷ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ ʩʦʜʝʨʞʠʪ, 

ʚ ʦʩʥʦʚʥʦʤ, ʩʪʨʦʯʝʯʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʯʘʩʪʠʮʳ Al 6(Mn, Fe) ʠ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʣʳʭ 

ʢʨʠʩʪʘʣʣʦʚ Al xCaMn1,5 (ʨʠʩʫʥʦʢ 4.15ʘ).  ɺ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʝʥʥʦʤ ʩʧʣʘʚʝ ʚʩʝ ʩʚʝʪʣʳʝ ʧʝʨʚʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʠ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʄʈʉɸ, ʢʘʢ 

Al 10Ca(Mn,Fe,Ni,Si)2 (ʨʠʩʫʥʦʢ 4.15ʙ). ɺ ʩʧʣʘʚʝ, ʦʪʦʞʞʝʥʥʦʤ ʧʦʩʣʝ ʣʠʪʴʷ ʚ ʛʨʘʬʠʪ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ ï ʩʝʨʳʝ ʧʣʘʩʪʠʥʳ Al 4Ca (ʠʭ ʤʘʣʦ) ʠ ʢʦʤʧʘʢʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

Al 10Ca(Mn,Fe,Ni,Si)2 (ʨʠʩʫʥʦʢ 4.15 ʚ). ɺ ʩʧʣʘʚʝ, ʦʪʣʠʪʦʤ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʬʦʨʤʫ, ʧʣʘʩʪʠʥʳ 

Al 4Ca ʦʪʩʫʪʩʪʚʫʶʪ. ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʠʯʥʳʭ ʢʦʤʧʘʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

Al 10Ca(Mn,Fe,Ni,Si)2 ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʵʚʪʝʢʪʠʢʠ (ʨʠʩʫʥʦʢ 4.15ʛ). 
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ʘ                                                   ʙ  

  

ʚ                                                 ʛ 

ʈʠʩ 4.15 - ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-1Fe-0.5Si: ʘ) ʃʠʪʦʡ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ 

(Vʦʭʣ.  10ʂ/ʩ); ʙ) ʄʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ (ʩ ʧʝʯʴʶ); ʚ) ʆʪʞʠʛ ʧʦʩʣʝ ʣʠʪʴʷ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ 

(520Áʉ, 3ʯ); ʛ) ʃʠʪʴʸ ʚ ʧʦʜʦʛʨʝʪʫʶ ʜʦ 200Áʉ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ. 

 

ʊʚʝʨʜʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ  

ɺ ʮʝʣʦʤ, ʪʚʝʨʜʦʩʪʴ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʡ ʜʦʣʠ ʚ ʥʠʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʏʝʤ ʠʭ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʪʚʝʨʜʦʩʪʴ. ɼʘʥʥʳʝ ʜʣʷ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-

1Fe-0.5Si ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʦʪʞʠʛ 520Áʉ, 3ʯ.) (ʪʘʙʣʠʮʘ 4.10). ʇʨʠ ʵʪʦʤ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʊʚʝʨʜʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʥʠʟʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʣʠʪʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʩʬʝʨʦʠʜʠʟʘʮʠʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʬʘʟ.  
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ʊʘʙʣʠʮʘ 4.9 - ɼʘʥʥʳʝ ʄʈʉɸ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni-1Fe-0.5Si (ʣʠʪʦʡ, ʦʪʞʠʛ 3ʯ, ʨʠʩ.4.15ʚ). 

ʕʣʝʤʝʥʪ 

ʉʪʨʫʢʪʫʨʘ 

ʉʝʨʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʉʚʝʪʣʳʝ ʯʘʩʪʠʮʳ ʩʬʝʨʠʯʝʩʢʦʡ 

ʤʦʨʬʦʣʦʛʠʠ 

ɸʪʦʤ. % ɺʝʩ. % ɸʪʦʤ. % ɺʝʩ. % 

Al  79,10 72,03 78,33 65,87 

Ca 18,97 25,66 7,31 9,14 

Mn 0,03 0,06 9,97 17,07 

Fe 0,02 0,03 2,95 5,13 

ʉe 0,09 0,43 0,19 0,84 

Ni 0,09 0,17 0,90 1,65 

Si 1,71 1,62 0,34 0,30 

ʉʫʤʤʘ   100 100 

 

ʊʘʙʣʠʮʘ 4.10 - ʊʚʝʨʜʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʊʆ 

ʉʧʣʘʚ HV ɋ, MCʤ/ʤ 

Al -8Ca-2Mn-1Ni-0.5Fe 77 9,92 

Al -8Ca-2Mn-1Ni-0.5Si 99 6,28 

Al -8Ca-2Mn-1Ni-0,5Fe-0.5Si 101 8,78 

Al -8Ca-2Mn-1Ni-1Fe-0.5Si 

ʊʆ (520Áʉ, 3ʯ.) 
91 14,57 

 

4.3. ʊʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-Fe-Si ʠ Al-8Ca-2Mn-1Ni-Fe-Si  

ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʧʣʘʚʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʠʪʢʠ ʩʦʩʪʘʚʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4.11. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʠ 

ʛʦʨʷʯʫʶ ʧʨʦʢʘʪʢʫ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʘ ʪʦʣʱʠʥʦʡ 1,9 ʤʤ. ʆʙʱʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 80%. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4.17.  
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ɹ 
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ʛ 
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ʈʠʩʫʥʦʢ 4.16. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʦʙʨʘʟʮʦʚ, ʉʕʄ, 500ʭ: ʘ) Al-8Ca-2Mn-0.5Fe; ʙ) 

Al -8Ca-2Mn-1Ni-0.5Fe; ʚ) Al-8Ca-2Mn-1Ni-1Fe-0.5Si; ʛ) Al-8Ca-2Mn-1Ni-0.5Fe-0.5Si;  

ʜ) Al-8Ca-2Mn-0.3Fe 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.17. 

ʇʝʨʚʠʯʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʨʘʟʜʨʦʙʠʣʠʩʴ ʠ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʚ ʤʘʪʨʠʮʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. ʕʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʘʙʣʠʮʝ 4.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʢʘʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʅʘʠʣʫʯʰʠʤ ʩʦʯʝʪʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ) ʦʙʣʘʜʘʝʪ ʩʧʣʘʚ Al-

8Ca-2Mn-0.3Fe. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʨʘʚʝʥ 262 ʄʇɸ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ 1,7%.  
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ʊʘʙʣʠʮʘ 4.11 - ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɻʇ ʦʙʨʘʟʮʦʚ  

ʉʧʣʘʚ ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ɻʇ 

ʩʦʩʪʦʷʥʠʠ 

ʆʪʞʠʛ 520 ʉ֪ 

ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ, % 3 ʯʘʩʘ 6 ʯʘʩʦʚ 

HV 

ʩʨʝʜʥʝʝ 

ɋ, 

MCʤ/ʤ 

ʩʨʝʜʥʝʝ 

HV 

ʩʨʝʜʥʝʝ 

ɋ, 

MCʤ/ʤ 

ʩʨʝʜʥʝʝ 

Al -8Ca-

2Mn-1Ni-

0.5Fe 

198 157 0,4 88 14,9 - - 

Al -8Ca-

2Mn-1Ni-

0,5Fe-0.5Si 

209 187 0,4 90 14,1 - - 

Al -8Ca-

2Mn-1Ni-

1Fe-0.5Si 

194 177 0,3 92 14,6 - - 

Al -8Ca-

2Mn-0.3Fe 

262 157 1,7 - - 86,1 15,2 

Al -8Ca-

2Mn-0.5Fe 

232 162 1,1 - - 78,8 15,3 

 

 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

1. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ Al-8Ca-2Mn ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʧʣʘʚʘ Al-8Ca-2Mn ʜʦʧʫʩʪʠʤʦ ʥʝ 

ʙʦʣʝʝ 0,3Fe ʠ 0,3Si. ɺʳʚʦʜʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʥʘ ʙʘʟʝ ʨʘʥʝʝ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʣʘʚʦʚ ʪʠʧʘ çʝʩʪʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʟʠʪè. 

2. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚʝ Al-8Ca-2Mn-1Ni ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʫʙʣʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ. ɾʝʣʝʟʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʠʡ ʵʬʬʝʢʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟ ʛʨʫʙʦʡ 

ʤʦʨʬʦʣʦʛʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʩʧʣʘʚʦʚ ʥʘ ʙʘʟʝ ʢʦʤʧʦʟʠʮʠʠ Al-8Ca-2Mn-1Ni ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘè ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʞʝʣʝʟʘ. 

ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʣʠʯʘʝʪʩʷ ʢʦʤʧʦʟʠʮʠʷ Al-8Ca-2Mn-1Ni-1Fe-0.5Si, 

ʦʪʣʠʪʘʷ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 200Áʉ ʛʨʘʬʠʪʦʚʫʶ ʬʦʨʤʫ. ɽʸ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ, ʢʘʢ 

ʩʧʣʘʚ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

3. ʇʨʦʚʦʜʠʣʘʩʴ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 520Áʉ ʩ ʦʙʱʝʡ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ 80%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʨʦʢʘʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʅʘʠʣʫʯʰʝʝ ʩʦʯʝʪʘʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʫ ʩʧʣʘʚʘ Al-8Ca-2Mn-0.3Fe. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 262ʄʇʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 1,7%. 
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ɻʣʘʚʘ 5. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Al -8Ca-2Mn-1Ni. 

5.1. ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʉʧʣʘʚʳ ʪʠʧʘ çʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʛʠʙʨʠʜʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʜʝʪʘʣʷʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʊʂʃʈ.  ʉʚʘʨʢʘ ʪʨʝʥʠʝʤ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢ ʣʠʩʪʦʚʳʤ 

ʦʙʨʘʟʮʘʤ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni. ʀʟ ʣʠʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʪʦʣʱʠʥʦʡ 4,2 ʤʤ ʚʳʨʝʟʘʣʠ ʢʘʨʪʦʯʢʠ 

ʩ ʨʘʟʤʝʨʘʤʠ 60ʭ60ʤʤ ʠ ʧʦʜʚʝʨʛʘʣʠ ʠʭ ʩʚʘʨʢʝ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʷ ʨʝʞʠʤ, 

ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ: ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 25 ʤʤ/ʤʠʥ., ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 1800 ʦʙ./ʤʠʥ., ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʣʘʩʪʠ ʰʚʘ ʦʢʦʣʦ 350Áʉ.  

ʈʘʟʨʳʚʥʳʝ ʦʙʨʘʟʮʳ ʚʳʨʝʟʘʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʚʘʨʥʦʤʫ ʰʚʫ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʦʢʘʟʘʣʩʷ ʚ ʩʝʨʝʜʠʥʝ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. ʈʘʟʨʳʚʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.1 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥ ʰʚʘ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.1ʚ-ʜ. ɺ ʟʦʥʝ ʰʚʘ 

ʧʝʨʚʠʯʥʳʝ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʟʘʤʝʪʥʦ ʠʟʤʝʣʴʯʠʣʠʩʴ. ʇʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟʤʝʣʴʯʘʶʪʩʷ ʚ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠʤʝʨʥʦ ʚ 

2-3 ʨʘʟʘ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʚʘʨʥʦʤʫ ʰʚʫ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʩʪʠ ʰʚʘ.  

 
ɸ 

 
ɹ 

  
ɺ 

ʈʠʩʫʥʦʢ 5.1 ï ʘ - ʈʘʟʨʳʚʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʧʦʩʣʝ ʉʊʇ; ʙ - ʩʪʨʫʢʪʫʨʘ ʚ 

ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 500ʭ; ʚ - ʩʪʨʫʢʪʫʨʘ ʚ ʦʙʣʘʩʪʠ ʰʚʘ 500ʭ 
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ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni ʩʦʩʪʘʚʣʷʝʪ 140 ʄʇʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ - 4,7%. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʪʷʥʫʪʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ (ʨʠʩʫʥʦʢ 5.1). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʟʦʥʳ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʉʊʇ ʜʣʷ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. 

 

5.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʘ ʪʨʦʡʥʦʡ ʠ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ 

(Al -8Ca-2Mn ʠ Al-8Ca-2Mn-1Ni), ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʨʰʥʝʚʦʡ ʩʠʣʫʤʠʥ ɸʂ18 ʚ ʢʘʯʝʩʪʚʝ 

ʩʧʣʘʚʘ ʩʨʘʚʥʝʥʠʷ. ʉʧʣʘʚʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʚ 3% 

ʨʘʩʪʚʦʨʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ NACl ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 366 ʯʘʩʦʚ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʤʘʩʩʦʚʳʝ  

ʠ ʛʣʫʙʠʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʨʦʟʠʠ. 

ʄʘʩʩʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʨʨʦʟʠʠ (ʂm, ʛ/ʤ2Āʯ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʤʝʪʘʣʣʘ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ, ʦʪʥʝʩʝʥʥʦʝ ʢ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ (s) ʦʙʨʘʟʮʘ ʠ ʢ ʝʜʠʥʠʮʝ ʚʨʝʤʝʥʠ. 

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʳʯʥʦ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʤʘʩʩʦʡ ʦʙʨʘʟʮʘ  

ʜʦ ʠʩʧʳʪʘʥʠʷ (mʦ) ʠ ʝʛʦ ʤʘʩʩʦʡ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ (m1) ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ (Ű) cʦ ʩʥʷʪʠʝʤ ʧʨʦʜʫʢʪʦʚ 

ʢʦʨʨʦʟʠʠ (ʫʙʳʣʴ ʤʘʩʩʳ ʤʝʪʘʣʣʘ).  

 

                                  + Í Í ȾÓ Ͻ ʐ Ȣ 

 

 

ɻʣʫʙʠʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʨʨʦʟʠʠ (ʇ, ʤʤ/ʛʦʜ) ʫʯʠʪʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʤʝʪʘʣʣʘ 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦʟʠʠ ʟʘ ʛʦʜ. ʇʝʨʝʭʦʜ ʦʪ ʤʘʩʩʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ ʛʣʫʙʠʥʥʦʤʫ ʚ ʩʣʫʯʘʝ 

ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʨʨʦʟʠʠ, ʧʦ ʬʦʨʤʫʣʝ: 

 

                                ̃ + Ͻ ψȟχφ Ⱦɟ 

ʛʜʝ ɟ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ. 

 

ʇʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ɟ=m/V 

 

ʄʘʩʩʫ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ 0,001 ʛʨʘʤʤ. ʆʙʲʝʤ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ ʧʨʠ ʊ = 25Áʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʝ 5.1 

ʊʘʙʣʠʮʘ 5.1 - ʇʦʢʘʟʘʪʝʣʠ ʢʦʨʨʦʟʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ 
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ʉʦʩʪʘʚ ʩʧʣʘʚʘ m, ʛ ȹm, ʛ 

 

S, ʩʤĮ 

 

ɟ, ʛ/ʩʤį 

 

Km, 

ʛ/ʤĮ*ʯʘʩ 

 

ʇ, ʤʤ/ʛʦʜ 

 

Al -8Ca-2Mn 3,76 0,01 4,5 2,35 0,06 0,223 

Al -8Ca-2Mn-1Ni 2,38 0,05 4,9 2,65 0,28 0,925 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʣʠʪʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʩʥʷʪʠʷ ʘʥʦʜʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʚ ʨʘʩʪʚʦʨʘʭ 0.5 ʄ (3%) NaCl. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʥʘ ʨʠʩʫʥʢʝ 5.2. 

 

ʈʠʩʫʥʦʢ 5.2 - ʉʪʝʢʣʷʥʥʘʷ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʷʯʝʡʢʘ 

ɼʚʫʭʵʣʝʢʪʨʦʜʥʳʝ ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʥʘʥʠʝ ʪʦʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʥʮʠʘʣʘ 

ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʷʯʝʡʢʫ,  

ʘ ʥʝ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʠ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ, ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʣʫʞʠʣʘ ʧʣʘʪʠʥʦʚʘʷ ʧʣʘʩʪʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (ʭ.ʩ.ʵ.). ɺʩʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ.ʩ.ʵ. ʇʦʪʝʥʮʠʘʣ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

KCl ʨʘʚʝʥ 0,20ɺ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʩʪʘʪʘ-

ʛʘʣʴʚʘʥʦʩʪʘʪʘ Elins P-20x. ʂʨʠʚʳʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʥʠʤʘʣʠ ʚ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 1 ʤɺ/ʩ. 

ʈʘʙʦʯʠʝ ʵʣʝʢʪʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʣʘʩʪʠʥʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʪʣʠʚʦʢ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʨʘʟʣʠʯʠʠ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʦʙʲʝʤʥʳʭ ʩʣʦʝʚ ʦʪʣʠʚʢʠ. ɺʳʨʝʟʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʰʣʠʬʦʚʘʣʠ 

ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ ʜʦ ʈ240. ʆʪʰʣʠʬʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʦʪʤʳʚʘʣʠ  

ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʦʡʢʝ ʚ ʩʧʠʨʪʝ ʠ ʪʨʘʚʠʣʠ ʚ 5% HCl. ʇʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʥʝʧʦʜʣʝʞʘʱʘʷ 

ʘʥʘʣʠʟʫ ʠʟʦʣʠʨʦʚʘʣʘʩʴ ʧʘʨʘʬʠʥʦʤ. 

ʇʦʩʣʝ ʠʟʦʣʷʮʠʠ ʧʘʨʘʬʠʥʦʤ ʧʝʨʝʜ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʨʘʙʦʯʠʝ ʵʣʝʢʪʨʦʜʳ ʚʥʦʚʴ ʧʨʦʤʳʚʘʣʠ 

ʩʧʠʨʪʦʤ, ʘ ʟʘʪʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʀʪʦʛʦʚʳʝ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ:  

çʯʠʩʪʳʡè Al  (AK 18) - S=9x13 ʤʤ2=1.17 ʩʤ2;  
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Al-8Ca-2Mn-1Ni-S=16x11 ʤʤ2=1.76 ʩʤ2;  

Al -6Ca-3Mn-2Ce (ʙʝʟ T) - S=10x13 ʤʤ2=1.3 ʩʤ2;  

Al -6Ca-3Mn-2Ce-T-550 C°- S=10x11 ʤʤ2=1.1 ʩʤ2. 

ʅʘ ʨʠʩʫʥʢʝ 6.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʦʜʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʠʩʧʳʪʘʥʥʳʭ ʣʠʪʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ɺ ʮʝʣʦʤ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫ ʩʧʣʘʚʦʚ ʩʭʦʞʝʝ. 

ɺʠʜʥʦ, ʯʪʦ ʥʘ ʘʥʦʜʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʚʩʝʭ ʩʧʣʘʚʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʘʷ-ʣʠʙʦ ʦʙʣʘʩʪʴ 

ʘʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. ɺʩʝ ʚʠʜʳ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʧʘʩʩʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ ʧʘʩʩʠʚʥʘʷ ʦʙʣʘʩʪʴ ʩʧʣʘʚʘ ɸʂ18 ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʯʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 550 ʤɺ (ʦʪ -

1100 ʤɺ ʜʦ -550 ʤɺ). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʧʘʩʩʠʚʥʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

ʪʝ ʞʝ 550 ʤɺ ʦʪ -1250 ʤɺ ʜʦ -700 ʤɺ. ʇʣʦʪʥʦʩʪʠ ʪʦʢʦʚ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ ʥʫʣʶ (ʧʨʠʤ.-0.04 ʤɸ/ʩʤ2).  

ʃʝʛʠʨʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʜʦʙʘʚʢʘʤʠ ʢʘʣʴʮʠʷ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ ʠ ʮʝʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘʯʘʣʘ ʧʘʩʩʠʚʘʮʠʠ, ʪʘʢ ʠ ʧʝʨʝʧʘʩʩʠʚʘʮʠʠ ʚ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ. ʇʦʩʢʦʣʴʢʫ 

ʜʘʥʥʳʝ ʩʧʣʘʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʣʘʚʳ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʪʦ ʵʪʦ ʷʚʣʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʦ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʬʘʟ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ 

ʠ ʮʝʨʠʡ ʩʦʜʝʨʞʘʱʠʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʘ ɸʂ18 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʪʥʦʡ ʧʘʩʩʠʚʥʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʦʢʠʩʣʦʚ. 

ʅʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʶʤʠʥʠʝʤ: ɽ(̄ Ni2+/ Ni) = -0,25 

B. ɺ ʢʦʥʪʘʢʪʝ ʩ ʘʣʶʤʠʥʠʝʤ ʥʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʦʤ ʠ ʥʘ ʥʝʤ ʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʠʣʠ ʢʠʩʣʦʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ. ʅʘ ʘʥʦʜʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ 

(ʨʠʩʫʥʦʢ 5.3) ʚʠʜʥʦ, ʯʪʦ ʢʦʨʨʦʟʠʷ ʩʧʣʘʚʘ ʩ ʥʠʢʝʣʝʤ ʠʜʝʪ ʧʨʠ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ, 

-750ʤɺ. ɹʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʢʦʨʨʦʟʠʶ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʥʠʢʝʣʝʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʦʚʦʛʦ ʠ ʛʣʫʙʠʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʄʘʩʩʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʧʣʘʚʘ ʩ ʥʠʢʝʣʝʤ ʩʦʩʪʘʚʣʷʝʪ 0,28 

ʛ/ʤ2 .ʯʘʩ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 5 ʨʘʟ ʚʳʰʝ ʜʣʷ ʩʧʣʘʚʘ Al  - Ca ï Mn (0,06 ʛ/ʤ2 .ʯʘʩ). 

ʆʙʨʘʟʝʮ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʮʝʨʠʝʤ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʣʩʷ ʢʦʨʨʦʟʠʠ. ʎʝʨʠʡ 

ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʘʩʩʠʚʘʮʠʶ ʤʝʪʘʣʣʘ. ʎʝʨʠʡ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʶʤʠʥʠʝʤ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʠʭ ʢʦʥʪʘʢʪʝ ʢʦʨʨʦʟʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʨʘʚʥʘ 0.  

ʅʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʢʦʨʨʦʟʠʷ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ -700 ʤɺ. 

ʂʦʨʨʦʟʠʷ ʜʣʷ ʩʠʣʫʤʠʥʘ ɸʂ18, ʙʦʣʝʝ ʩʪʦʡʢʦʛʦ ʢ ʢʦʨʨʦʟʠʠ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -500ʤɺ.  
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ʙ 

ʈʠʩʫʥʦʢ 5.3 - ʂʨʠʚʳʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ: AK18-ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ; Al-

8Ca-2Mn-1Ni- ʩʠʥʷʷ ʢʨʠʚʘʷ; Al-6Ca-3Mn-2Ce (ʙʝʟ T)- ʯʝʨʥʘʷ ʢʨʠʚʘʷ; Al-6Ca-3Mn-2Ce-T-550 

C°) ʚ 0.5 ʄ NaCl; ʙ ) ʫʚʝʣʠʯʝʥʥʳʡ ʤʘʩʰʪʘʙ ʦʙʣʘʩʪʠ ʧʨʠ ɽ<-1000 ʤɺ 

 

5.3. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʋ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʪʚʝʨʜʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʩʣʝ ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʝʛʦ 

ʦʪʞʠʛʘ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʠʜʠʤʦ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦʯʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʭʦʪʷ ʬʦʨʤʘ ʠʭ 

ʩʪʘʥʦʚʠʪʩʷ ʦʢʨʫʛʣʦʡ. ɺ ʧʨʫʪʢʘʭ ʈʉʇ ʪʚʝʨʜʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚʩʝʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ.  ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚ ʠʟ ʯʝʪʚʝʨʥʳʭ ʩʧʣʘʚʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʡʩʪʚʘʤ ʙʝʟʤʝʜʠʩʪʳʭ ʩʠʣʫʤʠʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʣʶʤʠʥʠʝʚʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʝ 

ʩʦʜʝʨʞʠʪ ʫʧʨʦʯʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʊʘʙʣʠʮʘ 5.2).  
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ʊʘʙʣʠʮʘ 5.2 - ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʣʠʪʢʦʚ ʠ ʧʨʫʪʢʦʚ ʠʟ ɸʂ18 ʠ Al-8Ca-2Mn-1Ni. 

 

ʉʧʣʘʚ 

ʉʣʠʪʢʠ ʉʣʠʪʢʠ ʊʆ ʃʠʩʪʳ ʇʨʝʩʩʦʚʘʥʳʝ ʧʨʫʪʢʠ ʇʨʫʪʢʠ 

ʧʦʩʣʝ 

ʈʉʇ 

HV ɋ, MCʤ/ʤ HV ɋ, MCʤ/ʤ HV ɋ, MCʤ/ʤ HV ɋ, MCʤ/ʤ HV 

 

Al -8Ca-2Mn-1Ni 

 

65±2 

 

14,1±0.3 

 

61±2 

 

 

11,5±0.1 

 

71.7±2 

 

 

 

15.5±0.4 

 

 

 

65±3 

 

14.14±0,7 

 

 

51.9±2 

 

 

ɸʂ18 

 

66±2 

 

16,3±0.4 

 

78±2 

 

14,4±0.2 

- -  

66±3 

 

16.3±0,4 

 

60.9±2 

Al-8Ca-2Mn-1Ni 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ɻʇ ʣʠʩʪʦʚ 

ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ, % 

207 168 0,6 

204 171 0,5 

210 171 0,6 

207 170 0,57 

179 129 1,6 

172 128 1,2 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 
178 128 1,6 

 

ʇʦʨʰʥʝʚʳʝ ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʧʦʥʠʞʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʂʃʈ ʩʧʣʘʚʦʚ ɸʂ 18 ʠ Al-8Ca-

Mn-1Ni ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25Áʉ ʜʦ 500Áʉ.  

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30-200Áʉ ʊʂʃʈ ʩʧʣʘʚʘ ɸʂ18, ʦʪʣʠʪʦʛʦ ʚ ʢʦʢʠʣʴ, ʩ ʨʘʟʤʝʨʦʤ 

ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʚʠʯʥʦʛʦ ʢʨʝʤʥʠʷ 40-50 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ 21,32ʭ10-6 1/Áʉ.  

ʊʂʃʈ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-100Áʉ ʥʝ ʦʪʣʠʯʘʝʪʩʷ  

ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (ɸʂ12ʄ2, ɸʄ5ʂ) (ʪʘʙʣʠʮʘ 3.11). ʅʦ ʚ ʩʧʣʘʚʘʭ Al-8Ca-

2Mn ʠ Al-8Ca-2Mn-1Ni ʧʦʩʣʝ 400Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʊʂʃʈ ʜʦ (19-20) ʭ10-6 

1/Áʉ.  
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ʊʘʙʣʠʮʘ 5.3. - ɿʥʘʯʝʥʠʷ ʊʂʃʈ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

 

 

 

 

 

 

 

 

 

5.4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʡʥʳʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni ʠ ʩʠʣʫʤʠʥʘ ɸʂ18. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʨʰʥʝʚʳʭ ʩʧʣʘʚʦʚ ʚʘʞʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʠʪʴʝ, 

ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʧʣʘʚʦʚ Al-8Ca-2Mn-1Ni ʠ ɸʂ18  

ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ ʠ ʞʠʜʢʦʪʝʢʫʯʝʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘ ʣʠʪʝʡʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚʣʠʷʝʪ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ. 

ʅʘʠʤʝʥʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʣʘʜʘʶʪ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ 

ʚ ʪʦʯʢʝ ʵʚʪʝʢʪʠʢʠ, ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʨʠʚʳʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʚʫʭ ʩʧʣʘʚʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ 

ʇʆ Thermo-calc Gulliver-Sheil (ʨʠʩʫʥʦʢ 8.1). 

 

 

ɸ 
 

ʙ 

ʈʠʩʫʥʦʢ 5.4 ʘ - ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ Al-8Ca-2Mn-1Ni; ʙ - ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ 

ʩʠʣʫʤʠʥʘ ɸʂ18 (FM180) 

ʉʧʣʘʚ 

ʊʂʃʈ, 10-6 1/Áʉ 

ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, Áʉ 

25-100 25-200 25-300 25-400 25-500 

Al -8Ca-2Mn 21,58 21,7 21,57 19,12 19,35 

Al-8Ca-2Mn-1Ni 21,24 21,48 21,3 20,29 18,19 

Al-8Ca-2Mn-4Ni 20,44 21,01 21,61 21,98 22,19 

ɸʂ18 20,48 21,32 23,90 23,60 22,95 




















































