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ɸʅʆʊɸʎɯʗ 

ʌʽʣʦʥʝʥʢʦ ʅ.ʖ. ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦ ʚʧʣʠʚ 

ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ 

ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʪʘ ʟʘʣʽʟʘ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.01 «ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ» (13 ï ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ). ï 

ɯʥʩʪʠʪʫʪ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽʤ. ɿ. ɯ. ʅʝʢʨʘʩʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʅʅɯ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè, ɼʥʽʧʨʦ, 2025. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ, ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʩʣʫʞʙʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʨʠʛʽʥʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʣʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʦʟʧʣʘʚʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦ ʷʢʦʾ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʥʘʛʨʽʚ ʩʪʘʣʝʡ ʪʘ 

ʩʧʣʘʚʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ, 

ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙôʻʜʥʘʥʥʽ ʪʝʦʨʽʾ ˆiʙʙʩʘ, ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʥʘʜʘʥʥʷ ʦʧʠʩʫ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ (Robert B. Griffiths) ʪʘ, 

ʜʦʜʘʪʢʦʚʦ, ʥʘ ʚʨʘʭʫʚʘʥʥʽ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʥʝʨʛʽʾ (ʬʣʫʢʪʫʘʮʽʡ ï 

ʩʧʦʥʪʘʥʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʦʤʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʘʟ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʟʘ ʨʽʚʥʦʚʘʞʥʠʭ 

ʫʤʦʚ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʣʫʢʪʫʘʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ 

ʚ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚʥʝʩʦʢ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʬʣʫʢʪʫʘʮʽʷʤʠ ï ʥʘʙʣʠʞʝʥʥʷ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʨʦʜʢʽʚ ʬʘʟ 

ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ ʨʦʟʧʣʘʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ 200 Áʉ, ʱʦ ʩʧʨʠʷʪʠʤʝ 
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ʟʙʽʣʴʰʝʥʥʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ 

ʩʪʘʣʝʡ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʤʦʜʝʣʴʥʽ ʙʽʥʘʨʥʽ ʩʠʩʪʝʤʠ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ (FeïB, Alïʉu ʪʘ PbïSb). ɯʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʥʝʩʢʫ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ 

Feïɺ ʪʘ AlïCu ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʦʟʧʣʘʚʫ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʘʥʘʣʽʪʠʯʥʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʱʦʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʬʘʟ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘʛʨʽʚ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʥʘ 50 ÁC, 100 °C, 150 ÁC ʪʘ 200 °C ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ Feï

ɺ, AlïCu ʪʘ PbïSb. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚʠ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ ʚʢʘʟʘʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʣʠʚʘʣʠ ʚ ʢʣʠʥʦʧʦʜʽʙʥʽ ʣʠʚʘʨʥʽ ʬʦʨʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 10ï104 ÁC/ʩ. ʊʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨʠ ʪʘ ʟʘ ʛʝʦʤʝʪʨʽʻʶ ʢʣʠʥʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʟʨʦʙʣʝʥʦ ʫʪʦʯʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʤʽʩʪʫ ʙʦʨʫ ʝʚʪʝʢʪʠʢʠ ʚ ʩʧʣʘʚʽ ʩʠʩʪʝʤʠ Feï

ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʦʟʚʦʣʠʣʦ ʘʥʘʣʽʪʠʯʥʦ ʦʪʨʠʤʘʪʠ ʧʨʘʚʫ ʪʘ ʣʽʚʫ ʛʽʣʢʠ ʜʽʘʛʨʘʤʠ Feïɺ, ʜʝ ʪʦʯʢʘ 

ʧʝʨʝʪʠʥʫ ʮʠʭ ʛʽʣʦʢ ï ʪʦʯʢʘ ʝʚʪʝʢʪʠʢʠ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ: ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ, 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ Feïɺ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 

1159 °C. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 150 ÁC ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 103ï104 ÁC/ʩ ʩʧʨʠʷʻ 

ʟʥʘʯʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʬʘʟ: ʚ ʩʠʩʪʝʤʽ FeïB ï Ŭ-Fe ʚ 

ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ ʪʘ, ʯʘʩʪʢʦʚʦ, ʙʦʨʠʜʫ Fe2B ï ʚ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ; ʜʣʷ 

ʩʧʣʘʚʽʚ AlïCu ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-

Al ʚ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ ʪʘ ʬʘʟʠ Al2Cu ʚ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ. ʅʘʛʨʽʚ 
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ʩʧʣʘʚʽʚ ʥʘ 100ï150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 103ï104 ÁC/ʩ ʜʣʷ ʩʧʣʘʚʽʚ Feïɺ ʪʘ AlïCu ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ 

ʢʦʨʦʟʽʾ ʥʘ 20ï35 % ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʚʽʜʥʦʩʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʦ 45 %, ʘ 

ʤʽʢʨʦʢʨʠʭʢʽʩʪʴ ʩʧʣʘʚʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 30 % ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ ʙʝʟ ʥʘʛʨʽʚʫ 

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʜʦ 200 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 103ï104 ÁC/ʩ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʪʠʤ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʠʩʧʝʨʩʥʽʩʪʴ ʝʚʪʝʢʪʠʢʠ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦʚʞʠʥʘ 

ʛʨʘʥʠʮʽ ʧʝʨʚʠʥʥʠʭ ʬʘʟ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150ï170  ʙʫʜʝ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʝʨʚʠʥʥʽ ʬʘʟʠ, ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ ʜʠʩʧʝʨʩʥʦʩʪʽ ʬʘʟ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ 

ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 7ï10 ʭʚ. ʊʘʢʠʡ ʥʘʛʨʽʚ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʨʠʷʶʪʴ 

ʟʤʝʥʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʜʦ 35 % ʪʘ ʤʽʢʨʦʢʨʠʭʢʦʩʪʽ ʜʦ 30 %, ʧʦʣʽʧʰʝʥʥʶ 

ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 45 %) ʩʧʣʘʚʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ ʙʝʟ ʪʘʢʦʛʦ ʚʠʩʦʢʦʛʦ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. 

ʋ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ PbïSb, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ 

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ, ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʚʤʽʩʪʫ ʩʫʨʤʠ ʚ 

ʩʧʣʘʚʘʭ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ. ɼʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ 

ʨʦʟʧʣʘʚʫ PbïSb ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ 200 ÁC ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʝʚʪʝʢʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʩʚʠʥʮʶ ʪʘ ʩʫʨʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ, ʷʢʽ ʤʘʣʠ ʤʝʥʰʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ.  

ɺʧʝʨʰʝ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ ʚ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʪʘ ʚʽʣʴʥʽʡ ʝʥʝʨʛʽʾ 

ʨʦʟʧʣʘʚʫ FeïBïʉ ʦʪʨʠʤʘʥʦ ʦʙôʻʤʥʫ ʧʦʚʝʨʭʥʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʚʠʱʝ 

ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʧʝʨʚʠʥʥʠʭ ʬʘʟ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʤʽʩʪʫ ʙʦʨʫ ʽ ʚʫʛʣʝʮʶ ʚ ʩʧʣʘʚʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïBïC, ʷʢʠʡ ʤʘʡʞʝ ʥʝ ʤʽʩʪʠʪʴ ʤʽʢʨʦʥʝʦʜʥʦʨʽʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʜʽʣʷʥʦʢ ʟ ʙʣʠʞʥʽʤ ʧʦʨʷʜʢʦʤ, ʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ ʥʘ 150ï200 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ.  
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʧʦʚʝʨʭʥʶ 

ʣʽʢʚʽʜʫʩʫ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïBïC ʽʩʥʫʻ 

ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʤʦʥʦʚʘʨʽʘʥʪʥʠʭ ʝʚʪʝʢʪʠʢ ʪʘ ʧʝʨʠʪʝʢʪʠʢʠ ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 

2,9 % ʤʘʩ. ʪʘ ʚʫʛʣʝʮʶ 1,3 % ʤʘʩ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1102Áʉ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʧʣʘʚʽʚ, ʟʘ ʷʢʦ ʾʙʫʜʝ ʽʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʭ 

ʟʘʨʦʜʢʽʚ ʧʝʨʚʠʥʥʠʭ ʬʘʟ, ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʣʝʡ. 

ɿ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʚ ʬʘʟʘʭ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïCïMnï

Si, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʚ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʣʷʭ, ʷʢʽ ʙʫʜʫʪʴ ʤʘʪʠ ʧʽʜʚʠʱʝʥʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,35ï0,5 % ʤʘʩ. ʚ ʫʤʦʚʘʭ ʄɿ 

çɼʥʽʧʨʦʩʪʘʣʴè. ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʥʘ ʫʪʚʦʨʝʥʥʷ ŭ-

ʬʝʨʠʪʫ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ɹʃɿ ʧʨʠ ʚʤʽʩʪʽ ʤʘʨʛʘʥʮʶ Ó0,75 % ʤʘʩ. ʪʘ ʢʨʝʤʥʽʶ 

Ó0,45 % ʤʘʩ. ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʛʥʽʯʝʥʥʷ ŭ-ʬʝʨʠʪʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟ ʨʦʟʧʣʘʚʫ 

ʜʝʥʜʨʠʪʽʚ ɔ-ʟʘʣʽʟʘ. ɺ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ (ɹɿʃ) ʩʧʦʩʪʝʨʽʛʘʣʠ ʫʪʚʦʨʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʬʝʨʠʪʫ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʪʘ ʦʢʨʝʤʠʭ ʚʢʣʶʯʝʥʴ ʚ ʟʝʨʥʽ. ʂʨʽʤ ʪʦʛʦ, 

ʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʡʥʽ ʟʦʥʠ, ʟʙʘʛʘʯʝʥʽ ʤʘʨʛʘʥʮʝʤ ʪʘ 

ʢʨʝʤʥʽʻʤ. ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʛʨʽʚ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,35ï

0,5 % ʤʘʩ. ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1650 Áʉ (ʥʘ 150 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ), ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 10ï102 Áʉ/ʭʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʚ 2ï2,5 ʨʘʟʠ. 

ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʤʝʥʰʝʥʥʷ ʨʽʟʥʦʟʝʨʥʠʩʪʦʩʪʽ, ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨʣʽʪʫ ʪʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʚʢʣʶʯʝʥʥʷ ʨʦʟʤʽʨʦʤ Ò 2,5 ʤʢʤ. 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103 Áʉ/ʭʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʦʢʨʝʤʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʬʘʟ ʨʦʟʤʽʨʦʤ < 2,0 ʤʢʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʟʝʨʥʽ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʚʝʨʜʦʨʦʟʯʠʥʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 
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ʩʪʘʣʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʜʘʥʽʡ ʦʙʨʦʙʮʽ ʩʪʘʣʝʡ ʦʙôʻʤʥʘ 

ʯʘʩʪʢʘ ʜʽʣʷʥʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʣʽʢʚʘʮʽʶ ʝʣʝʤʝʥʪʽʚ (ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ), 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ ʧʽʩʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʧʫʩʢʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʩʪʘʣʽ ʂ, ʤʽʢʨʦʣʝʛʦʚʘʥʦʾ: ʘʣʶʤʽʥʽʻʤ, ʪʠʪʘʥʦʤ ʪʘ ʘʟʦʪʦʤ 

(ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ1); ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ2). ʇʽʩʣʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʦʙôʻʤʥʦʶ ʯʘʩʪʢʦʶ ʧʝʨʣʽʪʫ ʪʘ ʟʤʝʥʰʝʥʦʶ ʦʙô̒ ʤʥʦʶ 

ʯʘʩʪʢʦʶ ʬʝʨʠʪʫ ʧʨʦʪʠ ʩʪʘʣʝʡ ʤʘʨʦʢ ʂ, 2 ʪʘ ʊ. ɺ ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ ʂ1 ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʚʢʣʶʯʝʥʴ, ʚ ʮʝʥʪʨʽ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ 

ʦʢʩʠʜ (Al, Ti)2(O, N)3, ʦʪʦʯʝʥʠʡ ʢʘʨʙʦʥʽʪʨʠʜʦʤ (Ti0,3 Fe0,2)(N0,3 ʉ0,2). ʇʨʠ ʧʦʜʘʣʴʰʽʡ 

ʦʙʨʦʙʮʽ (ʜʝʬʦʨʤʘʮʽʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1260 Áʉ ʟʽ ʩʪʫʧʝʥʝʤ 50 %, ʥʦʨʤʘʣʽʟʘʮʽʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 850 Áʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 11,0 Áʉ/ʩ ʪʘ ʚʠʪʨʠʤʢʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 550 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ) ʟʤʽʥʶʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʚʢʣʶʯʝʥʴ ï ʟʘʣʠʰʘʶʪʴʩʷ ʥʽʪʨʠʜʠ ʪʘ ʢʘʨʙʦʥʽʪʨʽʜʠ ʪʠʪʘʥʫ, ʷʢʽ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʤʝʞʘʭ ʟʝʨʝʥ ʪʘ ʚ ʦʙôʻʤʽ ʟʝʨʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʣʝʡ ʘʣʶʤʽʥʽʻʤ, ʪʠʪʘʥʦʤ ʪʘ ʘʟʦʪʦʤ, ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ 

ʟʙʽʣʴʰʫʻ ʧʦʢʘʟʥʠʢʠ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʚʫʛʣʝʮʝʚʦʶ 

ʩʪʘʣʣʶ ʤʘʨʢʠ ʊ, 2 ʪʘ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʶ ʤʘʨʢʦʶ ʩʪʘʣʽ ʂ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʨʽʟʥʦʟʝʨʥʠʩʪʦʩʪʽ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʢʣʶʯʝʥʴ.  

ɺ ʩʪʘʣʽ ʂ2 ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʚʠʱʽ ʥʘ 15ï20 % ʧʨʦʪʠ 

ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʩʪʘʣʽ ʂ1. ʂʨʽʤ ʮʴʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʥʽ ʩʪʘʣʽ ʂ1 ʪʘ ʂ2 ʤʘʶʪʴ 

ʥʘ 20ï30 % ʤʝʥʰʫ ʟʦʥʫ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʷʤʠ ʤʘʨʢʠ 2 (ɼʉʊʋ 

ɻʆʉʊ 10791:2016) ʽ ʂ (ʊʋ ʋ 30.2-23365425-713:2020), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʤʘʨʦʢ ʂ, ʂ1 ʪʘ ʂ2, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʾ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʩʪʘʣʝʡ ʂ1 ʪʘ ʂ2 ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150 Üʉ, ʟ ʧʦʜʘʣʴʰʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 102ï104  Üʉ/ʩ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʩʪʘʣʝʡ ʂ1 ʪʘ ʂ2 ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 
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ʣʽʢʚʽʜʫʩʫ ʜʦ 150 Üʉ ʪʘ ʙʝʟ ʥʴʦʛʦ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ, ʨʽʟʥʦʟʝʨʥʠʩʪʦʩʪʽ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʦʢʨʘʱʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ (ʂ2) ʪʘ (ʂ1): ʤʽʮʥʽʩʪʴ ʪʘ ʚôʷʟʢʽʩʪʴ 

ʷʢʠʭ ʟʙʽʣʴʰʠʣʘʩʴ ʜʦ 42 %, ʧʣʠʥʥʽʩʪʴ ʜʦ 20 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʘʣʽ 

ʙʝʟ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ, ʘʣʝ 

ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʝʡ 

ʜʦʨʦʛʦʚʘʨʪʽʩʪʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʪʘʢʪʥʦʾ ʧʘʨʠ ʤʦʞʣʠʚʝ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʥʝʩʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʘ ʧʽʜʭʦʜʠ ï ʪʝʦʨʝʪʠʯʥʠʡ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʢʘʨʙʽʜʫ ʙʦʨʫ ʚ ʥʘʩʠʯʫʶʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʝʦʨʝʪʠʯʥʦ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 

ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ: Ŭ-ʬʝʨʠʪʽ, ʘʫʩʪʝʥʽʪʽ ʪʘ 

ʙʦʨʠʜʽ ʟʘʣʽʟʘ Fe2B. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʙʯʠʩʣʠʪʠ ʥʝʦʙʭʽʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʦʨʫ ʪʘ 

ʚʫʛʣʝʮʶ ʚ ʥʘʩʠʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʟ ʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʙʦʨʠʜʽʚ ʪʘ ʟʙʽʣʴʰʝʥʦʶ 

ʦʙôʻʤʥʦʶ ʯʘʩʪʢʦʶ ʧʝʨʣʽʪʫ. ʂʨʽʤ ʮʴʦʛʦ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʢʘʨʙʽʜʫ ʙʦʨʫ ʚ ʥʘʩʠʯʫʶʯʽʡ ʩʫʤʽʰʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ɺʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ, 

ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʙʦʨʦʚʘʥʠʡ ʰʘʨ, ʚʤʽʩʪ ʢʘʨʙʽʜʫ ʙʦʨʫ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 4 %.  

ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ ʧʦʚʝʨʭʥʽ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦ ʾʩʪʘʣʽ 20 ʪʘ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʧʝʨʝʜʥʻ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʥʩʠʬʽʢʫʻ ʜʠʬʫʟʽʶ 

ʚʫʛʣʝʮʶ ʪʘ ʙʦʨʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʝʞʠʤ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʽ ʨʦʟʤʽʨʠ 

ʬʘʟ, ʱʦ ʤʽʩʪʷʪʴ ʙʦʨ, ʫ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʦʤʫ ʰʘʨʽ: ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ 

ʙʦʨʠʜʫ Fe2B, ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʙʦʨʦʮʝʤʝʥʪʠʪʫ 

Fe3(CB). ʆʪʨʠʤʘʥʽ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʽ ʰʘʨʠ ʤʘʣʠ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʫ ʛʣʠʙʠʥʫ, 

ʪʚʝʨʜʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ï ʜʦ 30ï40 % ʙʽʣʴʰʫ, ʘ ʤʽʢʨʦʢʨʠʭʢʽʩʪʴ 

ʟʤʝʥʰʠʣʘʩʴ ʜʦ 20ï30 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʝʤʝʥʪʦʚʘʥʠʤʠ ʟʨʘʟʢʘʤʠ. 

ʉʫʢʫʧʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʫ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʢʝʨʫʚʘʥʥʷ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ, 
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ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʨʦʟʨʦʙʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʧʘʨʘʤʝʪʨʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, 

ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ, ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʫʛʣʝʮʝʚʽ ʪʘ ʤʽʢʨʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ 

ʩʪʽʡʢʽʩʪʴ ʬʘʟ, ʨʦʟʯʠʥʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʬʘʟʘʭ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ. 

SUMMARY  

Filonenko N. Yu. Development of scientific and technical positions on the 

influence of thermokinetic factors on the structure and mechanical properties of 

aluminum- and iron-based alloys. ï Qualifying research paper as manuscript. 

Thesis for the Academic Degree of a Doctor of Technical Sciences in the 

specialty 05.02.01  «Materials science» (13 ï Mechanical Engineering). ï Iron and 

Steel Institute of Z. I. Nekrasov of National Academy of Sciences of Ukraine, 

Ukrainian State University of Science and Technologies, SEI «Prydniprovska State 

Academy of Civil Engineering and Architecture», Dnipro, 2025. 

The dissertation is devoted to the study of the effect of thermokinetic factors, 

chemical composition of alloys and steels, deformation and heat treatment on obtaining 

alloys with predicted mechanical, operational and service properties. The paper 

presents the original results of theoretical studies of the thermodynamic stability line 

of melts. To determine the temperature, the heating to which will lead to suppression 

of the primary phases and an increase in the dispersion of the phases, theoretical 

calculations are performed using a thermodynamic approach. The thermodynamic 

approach proposed in this work is based on the combination of Gibbs theory, a general 

approach for describing phase transitions in multicomponent systems 

(Robert B. Griffiths), and, additionally, on considering the configurational component 

of energy (fluctuations, which are spontaneous deviations of a physical property from 

the average value). It should be noted that known thermodynamic methods for 
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computing thermodynamic functions and phase stability can be used only under 

equilibrium conditions and do not take fluctuations into account. To determine 

thermodynamic functions of phases, in the Gibbs energy the contribution associated 

with fluctuations is considered ï the contribution of the first-degree approximation of 

high-temperature expansion of the thermodynamic potential. The results of the 

calculations show that to reduce the nuclei of the primary phases, it is necessary to heat 

the melt above the liquidus line up to 200 °C, which will contribute to increase in the 

dispersion of the structural components of alloys and steels. To obtain the regularities 

of the influence of the heating temperature above the liquidus line and the cooling rate 

on the phase composition of alloys during solidification, model binary systems of the 

eutectic type (FeïB, AlïCu and PbïSb) with different mutual solubility of components 

are studied. Considering the contribution of the first degree of approximation of the 

high-temperature expansion of the thermodynamic potential to the Gibbs energy, the 

temperature dependences of the thermodynamic stability of the melt are obtained for 

the FeïB and AlïCu model systems. To experimentally verify the analytically obtained 

results regarding the influence of the heating temperature above the liquidus line on 

the formation of primary phases and the dispersion of structural components, heating 

above the liquidus line by 50 °C, 100 °C, 150 °C and 200 °C was performed for the 

FeïB, AlïCu and PbïSb model binary systems.  

To study the effect of cooling temperatures on structure formation, melts after 

heating above the liquidus line to the specified temperatures were poured into wedge-

shaped casting molds. This made it possible to obtain cooling rates of 10ï104 °C/s. The 

temperatures and cooling rate were determined using a thermocouple and by the 

geometry of the wedge. In this work, the temperature and boron content of the eutectic 

in the FeïB system alloy is clarified. The application of the quasi-chemical method, 

considering fluctuation processes, makes it possible to analytically obtain the right and 

left branches of the FeïB diagram, where the intersection point of these branches is the 

eutectic point. In addition, experimental studies of alloys of the FeïB system were 

carried out: metallographic, differential thermal analysis. Thus, as a result of the 
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experimental and analytical studies carried out in this work, the eutectic transformation 

temperature in the FeïB system is obtained, which occurs to be 1159 °C. 

It is shown that an increase in the heating temperature of the melt above the 

liquidus line by 150 °C and subsequent cooling at a rate of 103ï104 °C/s contributes to 

a significant decrease in the number of primary phases: in the FeïB system ï Ŭ-Fe in 

hypoeutectic alloys and partially Fe2B boride in hypereutectic alloys; for AlïCu alloys 

it leads to a significant reduction of primary crystals of the Ŭ-Al phase in hypoeutectic 

alloys and the Al2Cu phase in hypereutectic alloys. Heating of FeïB and AlïCu alloys 

to 100ï150 °C above the liquidus line and further cooling at a rate of 103ï104 °C/s 

contributes to a reduction in the corrosion rate by 20ï35 % and an increase in relative 

wear resistance to 45 %, and the microbrittleness of alloys decreases to 30 % compared 

to samples without heating above the liquidus line. The obtained result regarding the 

improvement of the physical and chemical, and operational properties of the FeïB 

alloys after heating above the liquidus line to 200 °C and cooling at rates of 103ï

104 °C/s can be explained by the fact that the dispersion of the eutectic significantly 

increases and the length of the boundary of the primary phases decreases. 

It has been revealed that heating above the liquidus line to 150ï170  will 

suppress the formation of primary phases and contribute to an increase in the dispersion 

of phases, regardless of the chemical composition of the alloy, when holding for 7ï

10 min. Such heating and cooling rate contribute to a reduction in corrosion rate by up 

to 35 % and micro-brittleness by up to 30 %, and to an improvement in tribotechnical 

properties (wear resistance increases by up to 45 %) of alloys compared to samples 

without such high heating above the liquidus line. In PbïSb alloys, regardless of the 

temperature of heating the melt above the liquidus line, the rate of further cooling, and 

the content of antimony in the alloys, there is no significant change in the phase 

composition. Additional heating of the PbïSb melt above the liquidus line to 200 °C 

leads to the formation of a fine-crystalline eutectic structure and significantly reduces 

the number of primary lead and antimony crystals compared to samples that had a 

lower heating temperature above the liquidus line. For the first time, considering the 

fluctuations in the Gibbs energy and in the free energy of the FeïBïC melt, a volume 
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surface of thermodynamic stability is obtained, above which there is a significant 

decrease in the stable microcomplexes of the primary phases depending on the 

temperature and the content of boron and carbon in the alloy. It is shown that in order 

to obtain a homogeneous melt of the FeïBïC system, which does not contain a micro-

inhomogeneous structure in the form of stable microareas with short-range order, it is 

necessary to heat it to 150ï200 °C above the liquidus line. 

Based on the results of experimental studies, a liquidus surface is constructed 

and it is shown that on the liquidus surface in the FeïBïC alloys there is a point of 

intersection of two monovariant eutectics and peritectics at the boron content of 

2.9 wt. % and carbon of 1.3 wt. % at the temperature of 1102 °C. 

The proposed thermodynamic approach to determining the melt temperature, at 

which there will be a significant decrease in the number of thermodynamically stable 

nuclei of primary phases, is used for industrial, and research and industrial steels. Using 

a quasi-chemical method, the maximum solubility of carbon, manganese, and silicon 

in ŭ- and Ŭ-ferrite, austenite, and cementite of the FeïCïMnïSi alloy is obtained, which 

makes it possible to determine the rational content of elements in research and 

industrial steels that will have an improved complex of mechanical properties. 

Studies of the effect of carbon, manganese and silicon content on the formation 

of primary phases during continuous casting of laboratory and industrial steels with a 

carbon content of 0.35ï0.5 wt. % was carried out in the conditions of the ñDniprostalò 

Metallurgical Plant. It is shown that in as-cast billets with a content of manganese of 

Ó0.75 wt. %. and silicon of Ó0.45 wt. % ŭ-ferrite is suppressed and ɔ-iron dendrites are 

formed from the melt. In the structure of steel (as-cast billets), the formation of excess 

ferrite along grain boundaries and separate inclusions in grains is observed. In addition, 

microsegregation zones enriched in manganese and silicon are observed in the 

microstructure. The work shows that heating experimental steels with a carbon content 

of 0.35ï0.5 wt. % and increased content of manganese and silicon up to a temperature 

of 1650 °C (150 °C above the liquidus line), cooling at a rate of 10ï102 °C/min leads 

to a decrease in grain size by 2ï2.5 times. At the same time, a decrease in grain size, 

the formation of finely dispersed pearlite, and finely dispersed inclusions with a size 
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of Ò 2.5 ɛm are observed. An increase in the cooling rate to 103 Áʉ/min suppresses 

ferrite along the grain boundaries, contributes to the formation of a more uniform 

pattern with individual inclusions of phases < 2 ɛm in size, which are located in the 

grain, that simultaneously leads to solid-soluble and dispersion hardening of steel and 

improvement of its mechanical properties. With this treatment of steels, the volume 

fraction of areas containing liquation of elements (manganese and silicon) decreases, 

compared to specimens after continuous casting. 

The effect of heating temperature and cooling rate, duration of tempering on the 

formation of microstructure and mechanical properties of research and industrial steel 

K, microalloyed with aluminum, titanium and nitrogen (key K1), aluminum and 

nitrogen (key K2) is studied. After crystallization of microalloyed K1 and K2 steels, 

the formation of a fine-grained structure with increased volume fraction of pearlite and 

reduced volume fraction of ferrite occurs, compared to K, 2 and T steel. In the structure 

of K1 steel, the formation of multilayer inclusions is observed, with metastable oxide 

(Al, Ti) 2(O, N)3 in the center surrounded by carbonitride (Ti0.3 Fe0.2)(N0.3 ʉ0.2). During 

further processing (deformation at a temperature of 1260±10 °C with a degree of 50 %, 

normalizing at the temperature of ~850 °C and exposure at the temperature of ~550 °C 

for 2 hours), the volume fraction and chemical composition of the inclusions change ï 

nitrides and carbonitrides of titanium, which were located on the grain boundaries and 

in the grain volume, remain. 

It is established that additional microalloying of research and industrial steels 

with aluminum, titanium and nitrogen, aluminum and nitrogen increases the indexes of 

impact toughness and plasticity compared to carbon T, 2 steel and research and 

industrial K steel, due to the reduction of grain sizes, dispersion of inclusions. In K2 

steel, indexes of strength, hardness and viscosity are higher by 15ï20 % compared to 

indicators for K1 steel. In addition, it is established that experimental K1 and K2 steels 

have a 20ï30 % smaller zone of structural changes compared to steels of grade 2 

(DSTU GOST 10791:2016) and K (TU U 30.2-23365425-713:2020), which indicates 

about greater resistance to the formation of defects of thermal origin. It is shown for 

the first time that to increase the homogeneous dispersed structure of K, K1 and K2 
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steel, to improve its mechanical properties, additional heating of K1 and K2 steels 

above the liquidus line to 150 Üʉ, with further cooling at rates of 102ï104 Üʉ/s is 

necessary. A comparative analysis of the grain sizes of K1 and K2 steels after heating 

above the liquidus line to 150 Üʉ and without it shows that use of heating contributes 

to a decrease in grain sizes, dispersion of the structure and improvement of the 

mechanical properties of steels (K2) and (K1): strength and viscosity increases to 42 %; 

fluidity ï up to 20 % compared to the parameters of steel without heating above the 

liquidus line. To improve the wear of metal products, the chemical composition, and 

modes of heat treatment of steels can be determined, but quite often, it is necessary to 

use microalloying of steels with expensive chemical elements. To increase the 

operational properties of the contact pair, it is possible to strengthen the surface by 

coating. In this work, two approaches ï theoretical and experimental ï are used to 

determine the boron carbide content in the saturating medium.  

Using a quasi-chemical method, the solubility of boron and carbon in the phases 

(Ŭ-ferrite, austenite, and iron boride Fe2B) is determined theoretically. This enables to 

find the necessary concentration of boron and carbon in the saturating medium during 

boron cementation, which results in the formation of a surface layer with a limited 

amount of borides and increased volume fraction of pearlite. Besides, experimental 

studies of the influence of the content of boron carbide in the saturating mixture are 

carried out. It is shown that to obtain boron-cemented layers, which do not contain a 

boronized layer, the content of boron carbide should not exceed 4 %. 

The method of boron cementation of the surface of low-carbon steel 20 is 

developed and it is shown that prior plastic deformation intensifies the diffusion of 

carbon and boron. The proposed regime affects the volume fraction and sizes of boron-

containing phases in the boron-cemented layer: the volume fraction of Fe2B boride 

decreases, the volume fraction and dispersion of Fe3(CB) boron cementite increases. 

The resulting boron-cemented layers have about twice the depth, hardness, and relative 

wear resistance of up to 30ï40 % above, and microfragility decreased to 20ï30 % 

compared to cemented specimens. The totality of experimental and theoretical results 

obtained in the work as for controlling the chemical composition, due to the 
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development of theoretical, methodological and technological bases for the 

development of chemical composition and crystallization parameters, and heat 

treatment to increase the homogeneity of the structure, to improve the mechanical and 

operational properties of alloys and steels is the ground for further development of a 

promising scientific and practical direction in materials science.  

Keywords: carbon and microalloyed steels, thermodynamic stability of phases, 

solubility of chemical elements in phases, mechanical properties, heat treatment. 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

1. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɺʧʣʠʚ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʨʦʟʧʣʘʚʽʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ: 

ʄʦʥʦʛʨʘʬʽʷ. ɼʥʽʧʨʦ: çɾʫʨʬʦʥʜè, 2023. 288 ʩ. ISBN 973-966-934-415-1. 

2. Filonenko N. Yu., Babachenko O. I., Kononenko G. A. Influence of 

overheating and cooling rate on the structures and properties of alloys of the FeïB 

system. Materials Science. 2019. Vol. 55, No. 3. ʈ. 440ï446. 

https://doi.org/10.1007/s11003-019-00323-x. (Scopus, Web of Science) 

3. Filonenko N. Yu. The Physical and Thermodynamic Functions of Borides. 

Physics and Chemistry of Solid State. 2017. Vol. 18, ˉ 1. P. 58ï63. 

https://doi.org/10.15330/pcss.18.1.58-63. (Web of Science) 

4. Filonenko N. Yu., Galdina O. M., Kochenov A. V. Thermodynamic 

Functions of Fe3B Borides. Physics and Chemistry of Solid State. 2019. Vol. 20, ˉ 2. 

P. 139ï143. https://doi.org/10.15330/pcss.20.2.139-143. (Scopus, Web of Science) 

5. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ʉʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ 

ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʦʧʽʚ ʩʠʩʪʝʤʠ Alïʉu. ʄʝʪʘʣʦʬʽʟʠʢʘ ʪʘ ʥʦʚʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 2020. Vol. 42, No. 5. ʉ. 611ï620. 

https://doi.org/10.15407/mfint.42.05.0611. (Scopus) 

6. Filonenko N. Yu., Galdina A. N., Babachenko ɸ. I., Kononenko G. A. 

Structural State and Thermodynamic Stability of FeïBïC Alloys. Physics and 

Chemistry of Solid State. 2019. Vol. 20, ˉ 4. ʈ. 437ï444. 

https://doi.org/10.15330/pcss.20.4.437-444. (Scopus, Web of Science) 

https://doi.org/10.1007/s11003-019-00323-x
https://doi.org/10.15330/pcss.18.1.58-63
https://doi.org/10.15330/pcss.20.2.139-143
https://doi.org/10.15407/mfint.42.05.0611


15 

 

7. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɺʧʣʠʚ ʚʤʽʩʪʫ 

ʂʘʨʙʦʥʫ, ʄʘʥˇʘʥʫ ʪʘ ʉʠʣʽʮʽʶ ʥʘ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʢʨʠʮʴ. ʄʝʪʘʣʦʬʽʟʠʢʘ ʪʘ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2023. ʊ. 45, ˉ 7. 

ʉ. 873ï882. https://doi.org/10.15407/mfint.45.07.0873. (Scopus, Web of Science) 

8. Filonenko N. Yu., Babachenko O. I., Kononenko G. A., Domina ɽ. ɸ. Solubility 

of Carbon, Manganese and Silicon in ɔ-Iron of FeïMnïSiïC alloys. Physics and Chemistry 

of Solid State. 2020. Vol. 21, ˉ 3. ʈ. 525ï529. https://doi.org/10.15330/pcss.21.3.525-529. 

(Scopus, Web of Science) 

9. Filonenko N. Yu., Babachenko O. I., Kononenko H. A., Safronova O. A. 

Influence of the contents of chemical elements and the procedure of deformation and 

heat treatment on the formation of phase composition of wheel steel. Materials Science. 

2022. Vol. 58, ˉ 2. P. 190ï195. https://doi.org/10.1007/s11003-022-00648-0. 

(Scopus, Web of Science) 

10. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ., ɻʘʣʜʽʥʘ ʆ. ʄ. ɺʧʣʠʚ 

ʤʽʢʨʦʣʝˇʫʚʘʥʥʷ ʊʠʪʘʥʦʤ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʮʴ. 

ʄʝʪʘʣʦʬʽʟʠʢʘ ʪʘ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. 2024. ʊ. 46, ɺʠʧ. 11. ʉ. 1085ï

1093. https://doi.org/10.15407/mfint.46.11.1085. (Scopus, Web of Science) 

11. Filonenko N. Yu., Bereza O. Yu., Pilyaeva S. B. Effect of Plastic Prestraining 

of 25 Steel on the Diffusion Saturation of its Surface with Boron and Carbon. Materials 

Science. 2015. Vol. 51, ˉ 2. ʈ. 172ï179. https://doi.org/10.1007/s11003-015-9825-9. 

(Scopus, Web of Science) 

12. Filonenko N., Babachenko O., Bartashevska L., Kononenko G., Ivanov N. 

Influence of ʦverheating and ʩooling rate on the structure and physicochemical properties 

of AlïCu Alloys. Solid State Phenomena. 2019. Vol. 291. ʈ. 42ï51. 

https://doi.org/10.4028/www.scientific.net/SSP.291.42. (Scopus) 

13. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʫ FeïCïMnïSiïTiïAlï

N. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 2021. ˉ 2(45). ʉ. 103ï113. 

https://doi.org/10.31319/2519-8106.2(45)2021.246965. 

https://doi.org/10.15407/mfint.45.07.0873
https://doi.org/10.1007/s11003-022-00648-0
https://doi.org/10.15407/mfint.46.11.1085
https://doi.org/10.31319/2519-8106.2(45)2021.246965


16 

 

14. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʩʢʝʚʠʯ ʆ. ʉ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʤʝʪʘʣʽʚ 

X (Cr, Mn, Co, Ni, Cu) ʫ ʬʝʨʠʪʽ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 2017. ˉ 2(37). 

ʉ. 35ï37.  

15. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɻʘʣʜʽʥʘ ʆ. ʄ. ɺʧʣʠʚ ʢʘʨʙʦʥʫ ʥʘ ʬʽʟʠʯʥʽ ʪʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʠʜʫ Fe2B. Physics and Chemistry of Solid State. 2016. 

ʊ. 17, ˉ 2. ʉ. 251ï255. https://doi.org/10.15330/pcss.17.2.251-255. 

16. ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ., ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ʍʫʣʽʥ ɸ. ʄ. 

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʧʝʨʝʪʠʥʦʤ 

ʟʘʣʽʟʥʠʯʥʦʾ ʨʝʡʢʠ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɹʫʜʽʚʥʠʮʪʚʦ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʪʘʨʦʜʫʙʦʚʩʴʢʽ ʯʠʪʘʥʥʷ. 2018. ˉ 104. C. 31ï35. 

http://srd.pgasa.dp.ua:8080/xmlui/handle/123456789/2929. 

17. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʩʪʘʣʽ. ʋʢʨʘʾʥʩʴʢʠʡ 

ʞʫʨʥʘʣ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ. 2021. ˉ6 (006). ʉ. 75ï82. 

https://doi.org/10.30838/J.BPSACEA.2312.281221.75.817.  

18. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʩʢʝʚʠʯ ʆ. ʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʦʙʨʦʙʢʠ. ɹʫʜʽʚʥʠʮʪʚʦ, 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʪʘʨʦʜʫʙʦʚʩʴʢʽ ʯʠʪʘʥʥʷ. 2016. ɺʠʧ. 89. 

ʉ 184ï188. 

19. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ ʤʘʨʢʠ ʊ ʪʘ ʂ+Al+N+Ti ʧʽʩʣʷ ʣʠʪʪʷ 

ʪʘ ʛʘʨʷʯʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (ɻʇɼ). ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 2021. ˉ 2. ʉ. 11ï16. 

https://doi.org/10.15588/1607-6885-2021-3-02. 

20. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɺʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʫ ʩʪʘʣʷʭ. ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʪʝʨʤiʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣiʚ. 2022. 

ˉ1(96). ʉ. 44ï49. https://doi.org/10.30838/J.PMHTM.2413.240422.44.842. 

http://srd.pgasa.dp.ua/


17 

 

21. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ʉʘʬʨʦʥʦʚʘ ʆ. ɸ. 

ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʧʝʨʝʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ çʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ 

ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚè. 2022. ʊ. 28, ˉ 2. ʉ. 3ï10. 

https://doi.org/10.15407/mom2022.02.003. 

22. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʾ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʚʢʣʶʯʝʥʴ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïCïMnïSiïTiïAlïN. 

ʄʝʪʘʣ ʽ ʣʠʪʪʷ ʋʢʨʘʾʥʠ. 2022. Vol. 30, No. 3(330). ʉ. 64ï70.  

23. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ., ɺʦʣʯʫʢ ɺ. ʄ. 

ɺʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ, ʪʠʪʘʥʦʤ ʪʘ ʘʟʦʪʦʤ ʥʘ 

ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ʊʝʦʨʽʷ ʽ 

ʧʨʘʢʪʠʢʘ ʤʝʪʘʣʫʨʛʽʾ. 2022. ˉ2 (133). ʉ. 53ï58. 

24. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ., ɺʦʣʯʫʢ ɺ. ʄ. 

ɺʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʝʡ. ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʪʝʨʤiʯʥʘ 

ʦʙʨʦʙʢʘ ʤʝʪʘʣiʚ. 2023. ˉ 1(100). ʉ. 52ï60. 

https://doi.org/10.30838/J.PMHTM.2413.280323.52.945. 

25. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ., ɺʦʣʯʫʢ ɺ. ʄ. 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʝʡ ʧʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʽ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ ʤʝʪʘʣʫʨʛʽʾ. 

2023. ˉ2(139). ʉ. 10ï15. 

26. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɹʘʙʘʯʝʥʢʦ ʆ. ɯ., ʂʦʥʦʥʝʥʢʦ ɻ. ɸ. ɺʧʣʠʚ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʠʪʘʥʦʤ, ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ 

ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ. 2023. ɺʠʧ. 37. ʉ. 522ï534. https://doi.org/10.52150/2522-9117-

2023-37-522-533. 

27. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ʇʽʣʷʝʚʘ ʉ. ɹ. ʉʧʦʩʽʙ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ 

ʙʦʨʦʤ ʪʘ ʚʫʛʣʝʮʝʤ. ʇʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ, ʋʢʨʘʾʥʘ ˉ ʘ 110304, ʉ23ʉ, 8/06, ʚʽʜ 

10.12.2015, ɹʶʣ. ˉ 23. 

https://doi.org/10.15407/mom2022.02.003


18 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

28. Filonenko N., Babachenko O. I., Kononenko G. A., Baskevich A. S. 

Investigation of Carbon, Manganese and Silicon Solubility in Ŭ-Iron of FeïMnïSiïC 

Alloys. IEEE International Conference on ñNanomaterials: Applications & Propertiesò 

(NAP-2020), Zatoka, Ukraine, 9-13 Nov. 2020. P. 01NSSA01(4 p.). 

https://doi.org/10.1109/NAP51477.2020.9309708. (Scopus, Web of Science) 

29. Filonenko N., Bartashevska L., Haldina O. Improvement of mechanical and 

operational steel characteristics by strengthening the surface. E3S Web of 

Conferences. 8th International Conference ñPhysical & Chemical Geotechnologiesò 

2024, 09 September 2024. Vol. 567. 01023 (13 p.). 

https://doi.org/10.1051/e3sconf/202456701023. (Scopus) 

30. Filonenko N. Yu., Pilyaeva S. B. Estimation of carbon solubility in iron 

boride Fe2B. Physics of Liquid Matter: Modern Problems: Book of Abstracts. The 7th 

International Conference Physics of Liquid Matter. May 27ï30, 2016, Kyiv, Ukraine: 

Kyiv, 2016. ʈ. 52.  

31. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɻʘʣʜʽʥʘ ʆ. ʄ., ɯʚʘʥʦʚ ʄ. ɸ. ʌʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ AlïCu. ʌʽʟʠʯʥʽ ʷʚʠʱʘ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ: ʄʘʪʝʨʽʘʣʠ XIII 

ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʍʘʨʢʽʚ. 5ï8 ʛʨʫʜʥʷ 2017 ʨ. ʍʘʨʢʽʚ. C. 29. 

32. Filonenko N. Yu., Galdina A. N. Fe3B borides formation mechanism in Feï

B alloys. ʄʂʌʊʊʇʅ-XVɯ (ʧʨʠʩʚʷʯʝʥʘ ʧʘʤô̫ ʪʽ ʧʨʦʬʝʩʦʨʘ ɼʤʠʪʨʘ ʌʨʝʾʢʘ): XVɯ 

ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ̔  ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ̔  ʥʘʥʦʩʠʩʪʝʤ. ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ. 15ï20 ʪʨʘʚʥʷ, 2017. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ. C. 277. 

33. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ. ɹʘʩʢʝʚʠʯ ʆ. ʉ. ɺʧʣʠʚ ʢʘʨʙʦʥʫ ʥʘ ʬʽʟʠʯʥʽ ʪʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʘʟ Fe2B ʪʘ FeB. ʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: 77 ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ. 

ɼʥʽʧʨʦ. 11ï12 ʢʚʽʪʥʷ 2017 ʨ. ɼʥʽʧʨʦ. ʉ. 308ï310. 

34. Filonenko N. Yu., Galdina A. N. Investigation for the phase thansformations 

and phase composition of FeïBïC system alloys. International Meeting on Materials 

for Electronic Applications (IMMEA -2015), September 09ï12, 2015. Marrakech, 

Morocco. ʈ. 98.  

https://doi.org/10.1109/NAP51477.2020.9309708
https://doi.org/10.1051/e3sconf/202456701023


19 

 

35. Filonenko N. Yu., Galdina A. N. Study of the effect of overheat temperature 

on a state of PbïSb alloys. Physics of Liquid Matter: Modern Problems (PLMMP-

2018): Conference DVD, Book of Abstracts 8th International Conference. Kyiv. May 

18ï22, 2018. Kyiv. P. 166. 

36. Filonenko N. Yu., Bartashevska L. I., Ivanov N. A. Influence of overheating 

and cooling rate on the structure and physicochemical properties of AlïCu alloys. 

Physical&Chemical Geotechnologies: Materials of the International Scientific & 

Practical conference. ɼʥʽʧʨʦ, 10ï11 ʞʦʚʪʥʷ 2018. C. 134-135. 

37. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɻʘʣʜʽʥʘ ʆ. ʄ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʨʦʟʧʣʘʚʽʚ FeïBïC. ʌʽʟʠʯʥʽ ʷʚʠʱʘ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ: ʄʘʪʝʨʽʘʣʠ XIV ʄʽʞʥʘʨʦʜʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ, ʍʘʨʢʽʚ, 3ï5 ʛʨʫʜʥʷ 2019 ʨ. ʍʘʨʢʽʚ, C. 31. 

38. Filonenko N., Babachenko ɸ. I., Kononenko G. A., Bartashevska L. The 

influence of the heating temperature above the liquidus line and the cooling rate on the 

structural state and mechanical properties of steels. Development and Design of 

Modern Materials and Products: 1st International Scientific and Practical Conference, 

Dnipro, October 25ï27, 2022. ʉ. 68. 

39. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ. ʈʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ Ŭ-Fe. ʇʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: ʊʝʟʠ 80 ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ɼʥʽʧʨʦ, 23-24 ʢʚʽʪʥʷ 2020 ʨ. ɼʥʽʧʨʦ. ʉ. 242-243. 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

40. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ., ɻʘʣʜiʥʘ ʆ. ʄ. ɼʦʩʣiʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤiʯʥʦʾ 

ʩʪiʡʢʦʩʪi ʩʧʣʘʚiʚ ʩʠʩʪʝʤʠ FeïB. ɾʫʨʥʘʣ ʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 2020. ʊ. 24, ˉ 1. 

ʉ. 1601-1ï1601-7. https://doi.org/10.30970/jps.24.1601. (Scopus, Web of Science) 

41. Filonenko N. Yu. Structural state and thermodynamic stability of AlïCu 

alloys. International Journal of Modern Physics B. 2020. Vol. 34, No. 8. 2050057 

(11 pages). https://doi.org/10.1142/S0217979220500575 (Scopus, Web of Science). 

42. Filonenko N. Yu., Galdina A. N. Effect of the overheat temperature and 

cooling rate on a structure of AlïCu system alloys. ɺʽʩʥʠʢ ʍʅʋ, ʩʝʨʽʷ çʌʽʟʠʢʘè. 

2017. ɺʠʧ. 27. ʉ. 11ï15.  

https://doi.org/10.30970/jps.24.1601


20 

 

43. Filonenko N. Yu., Galdina A. N. Solubility of boron and carbon in ɔ-iron of 

Feïɺïʉ alloys. Journal of Physics and Electronics. 2019. Vol. 27, ˉ 1. ʈ. 31ï36. 

https://doi.org/10.15421/331905. 

44. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ. ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ Feï

B. East European Journal of Physics. 2018. ˉ 4. ʈ. 87ï92. 

https://doi.org/10.26565/2312-4334-2018-4-10. (Web of Science) 

45. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʤʦʥʦʙʦʨʠʜʽʚ ʍɺ (ʍ=Ti, 

Mn, Fe, Co). East European Journal of Physics. 2016. Vol. 3, No. 4. ʉ. 72ï77. 

https://doi.org/10.26565/2312-4334-2016-4-08. (Web of Science) 

46. ʌʽʣʦʥʝʥʢʦ ʅ. ʖ. ʊʝʨʤʦʜʠʥʘʤʽʢʘ ʪʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ 

PbïSb. East European Journal of Physics. 2018. Vol. 5, No. 1. ʉ. 55ï60. 

https://doi.org/10.26565/2312-4334-2018-1-06 (Web of Science). 

47. Filonenko N. Yu., Galdina O. M. Liquidus surface and spinodal of FeïBïC 

alloys. East European Journal of Physics. 2020. ˉ 1. ʈ. 75ï82. 

https://doi.org/10.26565/2312-4334-2020-1-06. (Scopus and Web of Science) 

48. Filonenko N. Yu., Galdina A. N. Effect of carbon on physical and structural 

properties of FʝB iron monoboride. East European Journal of Physics. 2016. No. 2. 

P.  49ï53. (Web of Science) 

49. Filonenko N. Yu., Babachenko ɸ. I., Kononenko G. A., Baskevich A. S. 

Solubility of carbon, manganese and silicon in Ŭ-iron of FeïMnïSiïC alloys. East 

European Journal of Physics. 2020. ̄  4. ʉ. 90ï94. https://doi.org/10.26565/2312-

4334-2020-4-12. (Scopus and Web of Science) 

50. Filonenko N. Yu., Babachenko O. I., Kononenko H. A., Baskevich A. S. 

Investigation of the structural composition of FeïMnïSiïTiïAlïNïC alloys and the 

solubility of elements in Ŭ-iron. East European Journal of Physics. 2021. ̄  4. ʉ. 120ï

123. https://doi.org/10.26565/2312-4334-2021-4-14. (Scopus ʪʘ Web of Science) 

51. Filonenko N. Yu. Solubility of boron and carbon in ferrite of the FeïBïC 

system alloys. East European Journal of Physics. 2019. ˉ 2. ʈ. 52ï57. 

https://doi.org/10.26565/2312-4334-2019-2-08. (Scopus and Web of Science) 

https://doi.org/10.26565/2312-4334-2016-4-08
https://doi.org/10.26565/2312-4334-2020-1-06
https://doi.org/10.26565/2312-4334-2019-2-08


21 

 

ɿʄɯʉʊ                                                          ɿʄɯʉʊ 

ɸʅʆʊɸʎɯʗ .................................................................................................................. 2 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ ʊɸ ʉʂʆʈʆʏɽʅʔ ............... 25 

ɺʉʊʋʇ ........................................................................................................................ 27 

ʈʆɿɼɯʃ 1. ɺʇʃʀɺ ɿʆɺʅɯʐʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ ʌɸɿʆɺʀʁ ʉʂʃɸɼ ʊɸ 

ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʉʇʃɸɺɯɺ .................................................... 40 

1.1. ɺʧʣʠʚ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ ʪʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ ................................................................................... 41 

1.2. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ .............................................................. 49 

1.3. ɺʧʣʠʚ ʜʦʜʘʪʢʦʚʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʠʪʘʥ, ʘʣʶʤʽʥʽʡ ʪʘ ʘʟʦʪ) ʥʘ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ .................................................................... 53 

1.4. ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ .................................................................................................. 57 

1.4.1. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ AlïCu ............. 58 

1.4.2. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ PbïSb ............. 65 

1.4.3. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïB ............... 69 

1.5. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïBïC ............. 73 

1.6. ɺʧʣʠʚ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʜʠʬʫʟʽʶ ʚʫʛʣʝʮʶ ʪʘ ʙʦʨʫ ʧʨʠ 

ʥʘʩʠʯʝʥʥʽ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ .......................................................................................... 80 

1.7. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ....................................................................... 82 

1.8. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 1 ........................................................ 83 

ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ ....................................... 84 

2.1. ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ........................................................................................ 84 

2.2. ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ............................................ 93 

2.3. ʄʦʜʝʣʴʥʽ ʩʧʣʘʚʠ ................................................................................................. 93 

2.3.1. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ Fʝïɺ ...................................................................................... 94 

2.3.2. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ AlïCu .................................................................................... 96 

2.3.3. Cʧʣʘʚʠ ʩʠʩʪʝʤʠ ʈbïSb .................................................................................... 97 

2.4. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ Fʝïɺïʉ .................................................................................... 98 



22 

 

2.5. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ .................................. 98 

2.6. ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʫ ʢʠʩʣʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ......................... 99 

2.7. ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ................................................................ 99 

2.8. ʄʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ............................................................... 101 

2.9. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ............................................................... 101 

2.10. ʄʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ .................................................... 103 

2.11. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʥʦʩ ʩʧʣʘʚʽʚ ........................................................................ 104 

2.12 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 .................................................................................... 104 

2.13 ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 2 ..................................................... 104 

ʈʆɿɼɯʃ 3. ʉʊʈʋʂʊʋʈʅʀʁ ʉʊɸʅ, ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ɹɯʅɸʈʅʀʍ ʉʇʃɸɺɯɺ ɽɺʊɽʂʊʀʏʅʆɻʆ ʊʀʇʋ ʊɸ ʊɽʈʄʆɼʀʅɸʄɯʏʅɸ 

ʉʊɯʁʂɯʉʊʔ ʈʆɿʇʃɸɺɯɺ ....................................................................................... 105 

3.1. ɺʧʣʠʚ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ.............................................................. 105 

3.1.1. ʈʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ Feïɺ ............. 106 

3.1.2. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʦ 200 Áʉ ʨʦʟʧʣʘʚʫ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ FeïB ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ (10ï104 Áʉ/ʩ) ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ................... 111 

3.1.2.1. ʈʦʟʨʘʭʫʥʦʢ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ....................................................................................... 111 

3.1.2.2. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʙʦʨʠʜʫ Fe2ɺ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ 

ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ...................................................................................................... 114 

3.1.2.3. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɔ-ʟʘʣʽʟʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ 

ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ...................................................................................................... 116 

3.1.2.4. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʧʣʘʚʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ 

ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ...................................................................................................... 118 

3.1.2.5. ʈʦʟʨʘʭʫʥʦʢ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʩʠʩʪʝʤʠ FeïB ......................................... 118 



23 

 

3.1.3. ɺʧʣʠʚ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB .......................................... 119 

3.2. ɺʧʣʠʚ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu ............................................. 137 

3.3. ɺʧʣʠʚ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ 

ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ PbïSb ............................................................................................ 162 

3.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 ...................................................................................... 173 

3.5. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 3 ...................................................... 174 

ʈʆɿɼɯʃ 4. ɼʆʉʃɯɼɾɽʅʅʗ ʌɸɿʆɺʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʊɸ 

ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʍ ʌʋʅʂʎɯʁ ʌɸɿ ʋ ʉʇʃɸɺɸʍ ʉʀʉʊɽʄʀ FʝïBïC . 175 

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC ............................. 175 

4.2. ʇʦʚʝʨʭʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïBïC ............... 187 

4.2.1. ʈʦʟʨʘʭʫʥʦʢ ʩʧʽʥʦʜʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïBïC ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ................................................................................. 187 

4.2.2. ʈʦʟʨʘʭʫʥʦʢ ʩʧʽʥʦʜʘʣʽ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïBïC ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʨʦʟʧʣʘʚʫ ....................................................................................................... 192 

4.3. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 ..................................................................................... 195 

4.4. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 4 ...................................................... 196 

ʈʆɿɼɯʃ 5. ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʐɺʀɼʂʆʉʊɯ ʆʍʆʃʆɼɾɽʅʅʗ ʊɸ 

ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ʅɸ ʌʆʈʄʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ʇʈʀ 

ɹɽɿʇɽʈɽʈɺʅʆʄʋ ʃʀʊʊɯ ʉʊɸʃɽʁ ................................................................... 197 

5.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʩʪʘʣʝʡ ................... 197 

5.2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ ..................................................................... 212 

5.3. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʽʫ 5 .................................................................................... 227 

5.4. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 5 ...................................................... 229 

ʈʆɿɼɯʃ 6. ʈʆɿʈʆɹʂɸ ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ 

ʇɸʈɸʄɽʊʈɯɺ ʊɽʈʄɯʏʅʆɻʆ ɿʄɯʎʅɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ 

ʉʊɸʃɽʁ ................................................................................................................... 230 



24 

 

6.1. ʈʦʟʨʦʙʢʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʟ ʧʽʜʚʠʱʝʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ................................................... 230 

6.2. ʈʦʟʨʦʙʢʘ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʡ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ .......................................................... 266 

6.3. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 ..................................................................................... 280 

6.4. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 6 ...................................................... 282 

ʈʆɿɼɯʃ 7. ɼʀʌʋɿɯʁʅɽ ʅɸʉʀʏɽʅʅʗ ʇʆɺɽʈʍʅɯ ʉʊɸʃɯ 20 ɹʆʈʆʄ ʊɸ 

ɺʋɻʃɽʎɽʄ ............................................................................................................. 283 

7.1. ʈʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ ʬʝʨʠʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC ................ 283 

7.2. ʈʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ ʘʫʩʪʝʥʽʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC ............ 291 

7.3. ʈʦʟʯʠʥʥʽʩʪʴ ʚʫʛʣʝʮʶ ʚ ʙʦʨʠʜʽ ʟʘʣʽʟʘ Fe2ɺ ..................................................... 297 

7.4. ɺʧʣʠʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʽ 20 ʥʘ ʜʠʬʫʟʽʡʥʝ 

ʥʘʩʠʯʝʥʥʷ ʾʾ ʧʦʚʝʨʭʥʽ ʙʦʨʦʤ ʪʘ ʚʫʛʣʝʮʝʤ ............................................................. 302 

7.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 7 ..................................................................................... 315 

7.6. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 7 ...................................................... 317 

ɺʀʉʅʆɺʂʀ ............................................................................................................. 318 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ............................................................... 322 

ɼʦʜʘʪʦʢ ɸ. ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ 

ɼʀʉɽʈʊɸʎɯɰ ........................................................................................................... 346 

ɼʦʜʘʪʦʢ ɹ. ɸʂʊʀ ɺʇʈʆɺɸɼɾɽʅʅʗ .................................................................. 353 



25 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ ʊɸ ʉʂʆʈʆʏɽʅʔ 

 

ʆʎʂ - ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʘ ʢʫʙʽʯʥʘ ʨʝʰʽʪʢʘ 

ɻʎʂ - ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʢʫʙʽʯʥʘ ʨʝʰʽʪʢʘ 

n ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ ʩʠʩʪʝʤʽ  

ʅ ï ʝʥʪʘʣʴʧʽʷ 

U ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 

ɛ - ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʭ - ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʦʣʫʮʽ 

ʉʨ ï ʪʝʧʣʦʻʤʥʽʩʪʴ 

S ï ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ 

ʈ ï ʪʠʩʢ 

ʫ̔ ï ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ 

Z ï ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ 

0Gi ï ʝʥʝʨʛʽʷ ˆiʙʙʩʘ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ  

ȹG ï ʨʽʟʥʠʮʷ ʚʽʣʴʥʠʭ ʝʥʝʨʛʽʡ ˆiʙʙʩʘ 

dG ï ʧʦʚʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ 

TL ï ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩʫ 

D  - ʜʝʪʝʨʤʽʥʘʥʪ ʩʪʽʡʢʦʩʪʽ 

L ij - ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (8,31 ɼʞ/(ʤʦʣʴĿʂ)) 

k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ  

ʅm ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

Hc - ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ  

F - ʝʥʝʨʛʽʷ ɻʝʣʴʤʛʦʣʴʮʘ 

D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ 

ʇɼ - ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ 
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ɻʇɼ 

L 

ï ʛʘʨʷʯʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ï ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ, ¡ 

ɝ ï ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ, % 

c0 ï ʧʦʯʘʪʢʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʘ ʚ ʩʧʦʣʫʮʽ 

t ï ʯʘʩ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ 

a ï ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ 

ʇ ï ʧʝʨʣʽʪ 

ʌ ï ʬʝʨʠʪ 

ʊʆ ï ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 
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ɺʉʊʋʇ 

ʉʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘʥʦʤ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʪʘ ʘʣʶʤʽʥʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, 

ʢʦʨʝʛʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʪʝʦʨʽʾ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚ ʬʘʟʘʭ ʪʘ ʚʧʣʠʚʫ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʥʘ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ˇʨʫʥʪʫʶʪʴʩʷ 

ʥʘ ʦʪʨʠʤʘʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ ʽ 

ʩʪʘʣʝʡ ʧʽʜ ʜʽʻʶ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʨʝʞʠʤʽʚ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ, ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ ʪʘ ʨʦʟʯʠʥʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʫ ʩʧʣʘʚʘʭ ʪʘ ʩʪʘʣʷʭ, ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʬʫʟʽʾ. ʇʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʭʘʥʽʟʤʽʚ ʪʝʨʤʦʢʽʥʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʣʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʽʢʠ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʪʘ ʘʣʶʤʽʥʽʶ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʦʤʫ ʧʦʰʫʢ 

ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷʤ ʱʝ ʥʘ ʝʪʘʧʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ.  

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʝʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ, ʾʭ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʶ. ʗʢ ʚʽʜʦʤʦ, ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʘ ʧʝʨʣʽʪʫ ï 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʚ ʧʝʨʣʽʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ. ʂʨʽʤ ʮʴʦʛʦ, ʜʠʩʧʝʨʩʥʽʩʪʴ, ʨʦʟʤʽʨʠ, ʤʦʨʬʦʣʦʛʽʷ, ʦʙôʻʤʥʘ 

ʯʘʩʪʢʘ ʪʘ ʨʦʟʧʦʜʽʣ ʦʢʨʝʤʠʭ ʚʢʣʶʯʝʥʴ ʪʝʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʩʪʘʣʽ. 

ɯʩʥʫʻ ʥʠʟʢʘ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʤʝʭʘʥʽʯʥʽ, ʩʣʫʞʙʦʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʣʝʡ ʧʝʨʣʽʪʥʦʛʦ ʢʣʘʩʫ. ʆʜʥʠʤʠ ʟ ʤʝʪʦʜʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʙʘʟʦʚʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʪʘʣʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʢ̔ʨʦʣʝʛʫʚʘʥʥʷ ʪʘ ʽʥʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʩʪʘʣʝʡ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝʦʙʭʽʜʥʝ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʣʝʛʫʶʯʠʭ ʪʘ ʤʽʢʨʦʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʞʠʤʽʚ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. 

ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (ɯ. ʉ. ʄʽʨʦʰʥʽʯʝʥʢʦ, ɸ. ɸ. ɹʦʯʚʘʨ, ʈ. ʋ. ʂʘʥ ʪʘ 

ʽʥʰʽ) ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥ ̔ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʜʦ 104ï106 Üʉ/ʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ, ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʪʘ ʧʨʠʛʥʽʯʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ ʬʘʟ, ʫʪʚʦʨʝʥʥʷ ʢʚʘʟʽʝʚʪʝʢʪʠʢʠ, ʚʧʣʠʚ ʥʘ ʜʝʥʜʨʠʪʥʫ ʣʽʢʚʘʮʽʶ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʉʪʘʣʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ 

ʚʽʜʧʦʚʽʜʥʽ ʨʝʞʠʤʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʪʘʣʝʡ ʤʘʻ ʧʝʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʪʨʫʜʥʦʱʽ. ɸʣʝ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʡ, ʷʢʽ ʟʤʽʮʥʝʥʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ, 

ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʷʢ ʟ 

ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʥʘʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʪʝʨʤʦʢʽʥʝʪʠʯʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʨʦʟʧʣʘʚ. 

ʅʘʨʘʟʽ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (ʗ. ɯ. ʌʨʝʥʢʝʣʴ, ɺ. ɯ. ɼʘʥʽʣʦʚ, ɻ. ʉʪʶʘʨʪ, 

ɽ. ʉ. ʌʽʣʽʧʦʚ ʪʘ ʽʥʰʽ) ʚʽʜʦʤʦ, ʱʦ ʚ ʨʦʟʧʣʘʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ (ʘʙʦ ʢʣʘʩʪʝʨʽʚ, ʩʠʙʦʪʘʢʩʽʚ), ʚ ʤʝʞʘʭ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʙʣʠʞʥʽʡ 

ʧʦʨʷʜʦʢ ʘʪʦʤʽʚ. ɺʽʜʦʤʦ, ʱʦ ʨʦʟʧʣʘʚʠ ʝʚʪʝʢʪʠʯʥʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʚʠʷʚʣʷʶʪʴ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʠʧʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ (ʚôʷʟʢʦʩʪʽ, ʛʫʩʪʠʥʠ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʦʱʦ) ʚʽʜ 
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ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦʩʣʽʜʥʠʢʠ ʮʝ ʧʦʚôʷʟʫʶʪʴ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ. ʆʪʞʝ, ʽʩʥʫʻ ʪʝʤʧʝʨʘʪʫʨʘ (ʣʽʥʽʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ), ʚʠʱʝ ʷʢʦʾ ʚʽʜʙʫʜʝʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʽʡʢʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʠʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦʾ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʢʣʘʜʥʦʱʽʚ, ʘ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʻ ʦʜʥʦʟʥʘʯʥʠʤʠ.  

ɯʩʥʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ (ɹ. ɸ. ɹʘʫʤʘʥ, ɹ. ɸ. ʍʘʩʽʥʘ ʪʘ ʽʥʰʽ) ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʝʡ ʥʘ 

ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʱʦʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦʾ ʧʦʯʥʝʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʷ ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʩʪʘʣʝʡ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ, ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʩʪʘʥʦʚʠʪʠ ʫʟʘʛʘʣʴʥʶʶʯʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ. ɸʣʝ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʬʘʟ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʟʘ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʬʣʫʢʪʫʘʮʽʡʥʽ ʧʨʦʮʝʩʠ (ʚʠʧʘʜʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ 

ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ), ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʫʨʘʭʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ ʫ ʝʥʝʨʛʽʾ ˆʽʙʙʩʘ ʬʘʟ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʽʩʥʫʚʘʥʥʷ ʬʘʟ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʜʽʣʷʥʮʽ. ɺ ʧʨʦʮʝʩʘʭ ʫʪʚʦʨʝʥʥʷ ʬʘʟ ʚ ʩʪʘʣʷʭ ʪʘ 

ʩʧʣʘʚʘʭ ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʨʦʟʯʠʥʥʽʩʪʴ ʣʝʛʫʶʯʠʭ ʪʘ ʤʽʢʨʦʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚ ʬʘʟʘʭ. ɼʘʥʽ ʧʨʦ ʨʦʟʯʠʥʥʽʩʪʴ ʮʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʜʦʟʚʦʣʷʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʗʢ ʚʽʜʦʤʦ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʚʠʨʦʙʽʚ ʟʽ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʨʽʚʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʚʝʨʜʦʩʪʽ, ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ, ʧʣʘʩʪʠʯʥʠʭ ʽ ʚ'ʷʟʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʽʥʰʠʭ), ʘʣʝ ʡ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʢʦʥʪʘʢʪʥʦ-

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʽʥʰʠʭ). ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ 

ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʽʟʥʠʭ 

ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʛʨʘʥʪʘʤʠ. 

ʇʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʫ ʚʽʜʜʽʣʽ ʧʨʦʙʣʝʤ ʜʝʬʦʨʤʘʮʽʡʥʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ ɯʥʩʪʠʪʫʪʫ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ 

ʽʤ. ɿ. ɯ. ʅʝʢʨʘʩʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ɯʏʄ ʅɸʅʋ).  

ɿʜʦʙʫʚʘʯʢʘ ʙʨʘʣʘ ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʝʤ çʈʦʟʚʠʪʦʢ 

ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ ʽ ʫʧʨʘʚʣʽʥʥʷ ʾʭ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠè ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʟʘʣʫʯʘʣʘʩʷ ʚ ʷʢʦʩʪʽ ʚʠʢʦʥʘʚʮʷ 

(çɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚ ʚʫʛʣʝʮʝʚʠʭ 

ʩʪʘʣʷʭ (ʉ=0,4ï0,6 % ʤʘʩ.) ʽ ʾʾ ʩʧʘʜʢʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (  ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0120U101186 (2020ï2022 ʨʨ.)); çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʥʠʯʥʠʭ ʨʝʡʦʢ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠè (ˉ ɼʈ 0117U004145 (2017ï

2019 ʨʨ.)) ʪʘ ʟʘ ʮʽʣʴʦʚʦʶ ʧʨʦʛʨʘʤʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ 

çʇʝʨʩʧʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʩʥʦʚʠ ʾʭ ʦʜʝʨʞʘʥʥʷ, ʟôʻʜʥʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠè: 

çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʬʘʩʦʥʥʦʛʦ ʧʨʦʢʘʪʫ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭè (ˉ ɼʈ 0117U004153 (2017ï2021 ʨʨ.)). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʨʽʰʝʥʥʽ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ ï ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʩʣʫʞʙʦʚʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʪʘ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,35ï

0,65 % ʤʘʩ. ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʨʽʟʥʦʟʝʨʥʠʩʪʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ, ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʯʠʥʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʬʘʟʘʭ, ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ, ʚʠʟʥʘʯʝʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʽʾ 

ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʽ ʩʪʘʣʝʡ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʜʠʬʫʟʽʾ ʟʘ ʚʜʦʩʢʦʥʘʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʟʘʚʜʘʥʥʷ:  

1. ʊʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʪʠ ʣʽʥʽʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʙʽʥʘʨʥʠʭ 

ʤʦʜʝʣʴʥʠʭ ʩʧʣʘʚʘʭ ʟ ʨʽʟʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï0,65 % ʤʘʩ. ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʡ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

3. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï0,65 % ʤʘʩ. ʪʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ ʪʘ 

ʤʘʨʛʘʥʮʶ. 

4. ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï

0,65 % ʤʘʩ. ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʤʝʭʘʥʽʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

5. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʚʤʽʩʪ 

ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ ʫ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,35ï0,60 % ʤʘʩ. ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ. 

6. ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ɔ-FeïFe2BïFe3C, ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʧʦʚʝʨʭʥʶ 

ʣʽʢʚʽʜʫʩʫ ʩʠʩʪʝʤʠ FeïBïʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ 

ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʤʽʩʪ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ) ʜʣʷ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ. 

7. ɺʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʝʞʠʤʽʚ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʥʘ ʛʣʠʙʠʥʫ, 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ. 
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ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʙʦʨʦʤ ʪʘ ʚʫʛʣʝʮʝʤ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʙʦʨʦʚʘʥʠʡ ʰʘʨ, ʟ 

ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʮʝʤʝʥʪʦʚʘʥʠʤʠ ʰʘʨʘʤʠ. 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥ ̫- ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ, 

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥ ̫- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ, 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʬʘʟʘʭ ʥʘ 

ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʬʫʟʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ 

ʥʘʩʠʯʝʥʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥ.̫ ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ: 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʬʘʟʦʚʠʡ, ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ, ʭʽʤʽʯʥʠʡ, ʜʠʬʝʨʝʥʮʽʡʥʠʡ 

ʪʝʨʤʽʯʥʠʡ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʧʦʰʘʨʦʚʠʡ, ʣʦʢʘʣʴʥʠʡ ʤʽʢʨʦʩʧʝʢʪʨʘʣʴʥʠʡ, 

ʤʽʢʨʦʜʶʨʦʤʝʪʨʠʯʥʠʡ, ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ. ʆʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʘʢʝʪʫ Maple. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʨʦʟʯʠʥʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʤʝʪʦʜʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʨʦʟʯʠʥʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ ʬʘʟʘʭ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʬʫʟʽʾ ʥʘ 

ʧʦʣʽʧʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ, ʘ ʩʘʤʝ: 

1. ɺʧʝʨʰʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ ʪʝʦʨʝʪʠʯʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ 

ʝʥʝʨʛʽʾ ˆʽʙʙʩʘ ʦʪʨʠʤʘʥʦ ʣʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ (ʩʧʽʥʦʜʘʣʴ) ʤʦʜʝʣʴʥʠʭ 

ʩʧʣʘʚʽʚ FeïB, Alïʉu, PbïSb, FeïBïC ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 
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0,35ï0,65 % ʤʘʩ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʪʝʦʨʝʪʠʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʬʘʟʦʚʠʡ ʩʢʣʘʜ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʫʪʚʦʨʝʥʥʷ ʬʘʟ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʪʠʤ, ʱʦ ʫ ʥʴʦʤʫ 

ʚʨʘʭʦʚʘʥʦ ʬʣʫʢʪʫʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʨʽʜʢʦʤʫ ʩʪʘʥʫ ʩʧʣʘʚʽʚ.  

2. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚʫ ʩʧʣʘʚʽʚ FeïB, Alïʉu, PbïSb ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʥʘ 150ï170  ʪʘ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 7ï10 ʭʚ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʥʘʯʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ, ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʜʦ 35 % ʪʘ ʤʽʢʨʦʢʨʠʭʢʦʩʪʽ 

ʜʦ 30 %, ʟʙʽʣʴʰʝʥʥʶ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʦ 45 % ʩʧʣʘʚʽʚ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʧʣʘʚʘʤʠ 

ʙʝʟ ʪʘʢʦʛʦ ʚʠʩʦʢʦʛʦ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ.  

3. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʤʽʩʪʦʤ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ 

ʥʘʩʠʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʦʶ, ʛʣʠʙʠʥʦʶ, ʪʘ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ 

ʢʘʨʙʽʜʫ ʙʦʨʫ 4,0ï4,5 % ʚ ʥʘʩʠʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʜʝʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʦʛʦ ʰʘʨʫ ʛʣʠʙʠʥʦʶ ʜʦ 2,2 ʤʤ ʟ ʙʽʣʴʰʦʶ ʪʚʝʨʜʽʩʪʶ ʥʘ 15ï20 % 

ʪʘ ʚʽʜʥʦʩʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʥʘ 20ï35 %, ʪʘ ʤʝʥʰʦʶ ʢʨʠʭʢʽʩʪʶ ʥʘ 20ï30 %, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʨʘʟʢʘʤʠ ʟ ʮʝʤʝʥʪʦʚʘʥʠʤ ʰʘʨʦʤ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʪʠʭ ʞʝ ʩʘʤʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ ʟ ʧʦʣʽʧʰʝʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚ ʜʦʩʣʽʜʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (ʟ ʚʤʽʩʪʦʤ 

ʉ=0,50ï0,65 % ʤʘʩ., ʤʘʨʛʘʥʮʶ 0,70ï0,90 % ʤʘʩ. ʪʘ ʢʨʝʤʥʽʶ 0,83ï0,90 % ʤʘʩ.), 

ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʩʠʩʪʝʤʘʤʠ ʘʣʶʤʽʥʽʡïʘʟʦʪ ʪʘ ʪʠʪʘʥïʘʣʶʤʽʥʽʡïʘʟʦʪ, ʥʘ 150ï

170 Áʉ ʚʠʱʝ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 1,5 Áʉ/ʩ 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʪʘ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ ʥʘ 40ï42 %, ʘ ʛʨʘʥʠʮʽ 

ʧʣʠʥʥʦʩʪʽ ï ʥʘ 20ï24 %, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʠʭ ʞʝ 

ʩʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʘ ʪʝʨʤʦʢʽʥʝʪʠʯʥʘ 

ʜʽʷ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʘ 

ʡ ʜʦ ʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ. ɼʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʟʛʽʜʥʦ ʽʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ, ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʢʦʨʝʛʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  
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5. ɺʧʝʨʰʝ ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʦ ʧʦʚʝʨʭʥʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ FeïBïC ʚ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ɔ-FeïFe2BïFe3C ʪʘ 

ʟʨʦʙʣʝʥʦ ʫʪʦʯʥʝʥʥʷ ʱʦʜʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ ʩʧʣʘʚʘʭ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ 

ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ, ʷʢʠʡ ʟʘʭʠʱʝʥʠʡ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ. 

6. ʋʜʦʩʢʦʥʘʣʝʥʦ ʢʚʘʟʽʭʽʤʽʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʩʪʘʣʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʪʠ 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚ̔ ʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʠʤ, ʱʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʩʠʤʧʪʦʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʘ ʮʝ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ.  

7. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ 

ʬʘʟ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʘʟʘ (Al, Ti)2(O, N)3 ʻ ʤʝʪʘʩʪʘʙʽʣʴʥʦʶ ʪʘ ʚʪʨʘʯʘʻ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1150 . ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ 

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (ʉ=0,50ï

0,65 % ʤʘʩ., Mn=0,70ï0,90 % ʤʘʩ., Si=0,83ï0,90 % ʤʘʩ.), ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ 

ʩʠʩʪʝʤʦʶ ʪʠʪʘʥïʘʣʶʤʽʥʽʡïʘʟʦʪ) ʥʝ ʬʽʢʩʫʚʘʣʠ ʬʘʟʫ (Al, Ti)2(O, N)3, ʘ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʦʢʨʝʤʽ ʚʢʣʶʯʝʥʥʷ ʣʝʛʦʚʘʥʦʛʦ ʮʝʤʝʥʪʠʪʫ, ʥʽʪʨʠʜʽʚ ʪʘ 

ʢʘʨʙʦʥʽʪʨʠʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʪʘʣʽ. 

ʆʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʚ, ʱʦ ʜʝʬʦʨʤʘʮʽʡʥʝ ʪʘ ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʩʪʘʣʽ 

ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ ʟʘ 1150 . 

8. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʠʪʘʥʫ ʚ ʩʠʩʪʝʤʽ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʠʪʘʥïʘʣʶʤʽʥʽʡïʘʟʦʪ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (ʉ=0,50ï0,65 % ʤʘʩ., 

Mn=0,70ï0,90 % ʤʘʩ., Si=0,83ï0,90 % ʤʘʩ.) ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ ʬʦʨʤʫʶʪʴʩʷ ʜʚʦʬʘʟʥʽ ʚʢʣʶʯʝʥʥʷ 

(ʨʦʟʤʽʨʦʤ 2ï5 ʤʢʤ), ʚ ʮʝʥʪʨʽ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʘ ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʬʘʟʘ 

(Al, Ti)2(O, N)3, ʦʪʦʯʝʥʘ ʢʘʨʙʦʥʽʪʨʠʜʦʤ (Ti0,3, Fe0,2)(N0,3, ʉ0,2), ʦʢʨʝʤʽ ʚʢʣʶʯʝʥʥʷ 

ʥʽʪʨʠʜʽʚ ʪʘ ʢʘʨʙʦʥʽʪʨʠʜʽʚ ʪʠʪʘʥʫ, ʢʘʨʙʽʜʽʚ.  

9. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ 

ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʫʛʣʝʮʝʚʘ ʩʪʘʣʴ 

(ʉ=0,50ï0,65 % ʤʘʩ., Mn=0,70ï0,90 % ʤʘʩ., Si=0,83ï0,90 % ʤʘʩ.), ʷʢʘ ʜʦʜʘʪʢʦʚʦ 
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ʤʽʢʨʦʣʝʛʦʚʘʥʘ ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ, ʤʘʻ ʥʘ 10ï15 % ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ, ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʣʶ, 

ʤʽʢʨʦʣʝʛʦʚʘʥʦʶ ʢʦʤʧʣʝʢʩʦʤ ʘʣʶʤʽʥʽʡ, ʪʠʪʘʥ ʪʘ ʘʟʦʪ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʨʽʟʥʦʟʝʨʥʠʩʪʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʢʣʶʯʝʥʴ. ɺʢʘʟʘʥʘ ʚʫʛʣʝʮʝʚʘ ʩʪʘʣʴ 

ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ, ʱʦ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟʘʙʝʟʧʝʯʠʣʦ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ ʂ1 (ʤʘʩ.%: ʉ=0,55ï0,60; Si=0,80ï0,90; 

Mn=0,77ï0,90; Al=0,013ï0,030; N=0,015ï0,020; PÒ0,010; SÒ0,015; VÒ0,05; ʉrÒ0,3; 

NiÒ0,25; TiÒ0,005; CuÒ0,25). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ 

ʤʘʨʢʠ K ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ ʧʽʜʚʠʱʫʻ ʫʜʘʨʥʫ ʚô̫ ʟʢʽʩʪʴ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʝʨʥʘ ʥʘ 15ï17 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʣʷʤʠ 

ʤʘʨʦʢ 2, ʊ ʪʘ K ʙʝʟ ʪʘʢʦʛʦ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ. ʎʝʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʘʨʘʤʝʪʨ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʩ, ʘ ʩʘʤʝ, ʚô̫ ʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʪʘ ʧʽʜʚʠʱʫʻ ʚ ʮʽʣʦʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ ʮʠʭ ʚʠʨʦʙʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ: ʩʪʘʣʴ ʂ1 ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʩ ʚ ʫʤʦʚʘʭ çɯʅʊɽʈʇɸʁʇ ʅʊɿè, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʛʨʽʚ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (ʤʘʩ.%: ʉ=0,55ï0,60; Si=0,80ï

0,90; Mn=0,77ï0,90; PÒ0,010; SÒ0,015; VÒ0,05; ʉrÒ0,3; NiÒ0,25; CuÒ0,25), 

ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʦʤ ʘʣʶʤʽʥʽʡïʪʠʪʘʥïʘʟʦʪ, ʘʣʶʤʽʥʽʡïʘʟʦʪ, ʥʘ 150 Áʉ ʚʽʜ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʝʥʰʝʥʥʶ ʣʽʢʚʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʜʦ 150Áʉ ʪʘ ʩʪʘʣʝʡ ʙʝʟ ʪʘʢʦʛʦ ʚʠʩʦʢʦʛʦ ʥʘʛʨʽʚʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʚʽʜʙʫʣʦʩʴ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʩʚʽʜʦʮʪʚʦʤ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ ʪʚʽʨ ˉ 126998 ʚʽʜ 03.06.2024;  
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- ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ (ˉ ʘ 110304, ʉ23ʉ, 

8/06, ʚʽʜ 10.12.2015, ɹʶʣ. ˉ 23) ʩʧʦʩʽʙ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʙʦʨʦʤ ʪʘ 

ʚʫʛʣʝʮʝʤ, ʱʦ ʥʘʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʽ ʰʘʨʠ 

ʪʦʚʱʠʥʦʶ ʜʦ 2,2ï2,4 ʤʤ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʙʦʨʦʚʘʥʠʡ ʰʘʨ ʪʘ ʟʤʽʮʥʝʥʽ ʬʘʟʘʤʠ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʙʦʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʪʚʝʨʜʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʪʠ ʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʪʠʭ ʞʝ 

ʫʤʦʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʪʠʤ, ʱʦ ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʟʘ 

ʟʘʷʚʣʝʥʠʤ ʩʧʦʩʦʙʦʤ ʥʝ ʤʽʩʪʠʪʴ ʢʘʨʙʽʜʥʦʾ ʩʽʪʢʠ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ. ʉʧʦʩʽʙ ʚʢʣʶʯʘʻ ʧʦʧʝʨʝʜʥʻ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʽ ʩʪʫʧʝʥʝʤ 

ʜʝʬʦʨʤʘʮʽʾ 25ï28 %, ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʟʨʘʟʢʽʚ, ʷʢʝ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʜʚʽ ʩʪʘʜʽʾ: 

ʚʠʪʨʠʤʢʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 780ï800 Áʉ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʛʨʽʚʦʤ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 950ï970 Áʉ ʪʘ ʚʠʪʨʠʤʢʦʶ ʧʨʦʪʷʛʦʤ 4 ʛʦʜʠʥ. ʂʦʥʪʝʡʥʝʨ ʚʠʡʤʘʶʪʴ 

ʽʟ ʧʝʯʽ ʪʘ ʦʭʦʣʦʜʞʫʶʪʴ ʥʘ ʧʦʚʽʪʨʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʩʪʘʣʽ ʙʫʜʝ ʩʧʨʠʷʪʠ ʫʪʚʦʨʝʥʥʶ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʙʦʨʚʤʽʩʥʠʭ ʬʘʟ. ʎʝʡ ʩʧʦʩʽʙ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ ʟʘʟʥʘʶʪʴ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʧʦʩʽʙ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʡ ʰʣʷʭʦʤ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʇɸʊ çɸʨʩʝʣʦʨʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʷʢ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʽ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚ 

ʮʽʣʦʤʫ ʜʣʷ ʟʥʠʞʝʥʥʷ ʾʭ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʪʘʣʷʤʠ ʽʟ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ, 

ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ; 

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʘʟ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ ʬʘʟ ʫ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ 150ï170 Áʉ 

ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʬʫʟʽʾ ʙʦʨʫ 

ʪʘ ʚʫʛʣʝʮʶ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʡ  ̔ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪ ̔ ʥʘʫʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭ ʽ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 
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ʧʨʦʙʣʝʤʘʤʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʚʧʣʠʚʫ ʥʘ ʤʝʪʘʣʝʚʽ 

ʩʧʣʘʚʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʽ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʙʨʦʙʢʘ ʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʽ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʢʦʶ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʢʠ [1] ʧʦʣʷʛʘʚ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʝʪʠ, ʧʦʩʪʘʥʦʚʮʽ 

ʟʘʜʘʯʽ, ʚ ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥ,̫ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʙʛʦʚʦʨʝʥʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʙʦʨʽ ʤʦʜʝʣʝʡ 

ʪʘ ʧʽʜʭʦʜʽʚ, ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʦʮʽʥʮ ̔ʾʭ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ɸʚʪʦʨʢʦʶ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʫ ʩʧʣʘʚʽʚ ʪʘ 

ʩʪʘʣʝʡ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʤʝʭʘʥʽʯʥʠʭ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ, 

ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʢʦʶ ʦʩʦʙʠʩʪʦ. ʈʦʙʦʪʠ [3, 41, 44ï46, 51] ʥʘʜʨʫʢʦʚʘʥʽ ʙʝʟ 

ʩʧʽʚʘʚʪʦʨʽʚ. ɺ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʜʠʩʝʨʪʘʥʪʢʠ ʧʦʣʷʛʘʻ ʚ: ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʥʝʩʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʬʣʫʢʪʫʘʮʽʷʤʠ ï ʚʥʝʩʦʢ ʥʘʙʣʠʞʝʥʥʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʙʽʥʘʨʥʠʭ 

ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ [1, 3, 4, 6, 

8, 9, 11ï14, 40, 41, 44ï51]; ʚʠʢʦʥʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʬʫʥʢʮʽʡ ʬʘʟ, ʚʠʟʥʘʯʝʥʥ ̔ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ 

ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʨʥʘʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʩʪʘʣʝʡ, ʨʦʟʯʠʥʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚ ʬʘʟʘʭ, ʚʠʟʥʘʯʝʥʥ ̔ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʪʘʣʷʭ, 

ʚʟʘʻʤʦʜʠʬʫʟʽʾ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʧʨʠ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ, ʘʥʘʣʽʟ ̔ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥ ̔

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [1, 3, 4, 6, 8, 9, 11, 13ï15, 40, 41, 43ï51]; ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʙʛʦʚʦʨʝʥʥʽ ʟ ʥʘʫʢʦʚʠʤ 

ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ ʡ ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ [2, 5, 7ï9, 16, 17, 19ï

26]; ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʫ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʘʣʶʤʽʥʽʡïʘʟʦʪ, ʪʠʪʘʥïʘʣʶʤʽʥʽʡï
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ʘʟʦʪ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ (ʉ=0,50ï0,70 % ʤʘʩ.) ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʪʘ 

ʢʨʝʤʥʽʶ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʽʩʣʷ ʣʠʪʪʷ ʪʘ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʡ ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ï ʥʘ ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ [1, 9, 17, 19, 22, 26]; 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ, ʤʝʭʘʥʽʯʥʽ, ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʪʘ ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʜʝʣʴʥʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ (FeïB, Alïʉu ʪʘ PbïSb), ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (ʉ=0,50ï

0,65 % ʤʘʩ.) [1ï5, 40ï42, 44ï46]; ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʚʧʣʠʚʫ ʪʠʪʘʥʫ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ, ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʤ ʪʘ 

ʘʟʦʪʦʤ, ʪʠʪʘʥʦʤ, ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï0,65 % ʤʘʩ. ʪʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ 

ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ [1, 10, 22, 23, 26]; ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʡ ʩʪʽʡʢʦʩʪʽ ʬʘʟ (Al, Ti)2(O, N)3 ʪʘ Al2O3 ʽ ʜʦʚʝʜʝʥʥʽ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʡʥʝ ʪʘ ʪʝʨʤʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ 

ʥʠʞʯʝ 1150  [13, 22]; ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,30ï0,65 % 

ʤʘʩ. [1, 7, 24ï26]; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ, ʪʘ ʧʦʙʫʜʦʚʽ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ɔ-FeïFe2BïFe3C; ʪʝʦʨʝʪʠʯʥʽʡ ʧʦʙʫʜʦʚ̔ ʧʦʚʝʨʭʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC [6, 47, 51]; 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʦʛʦ 

ʰʘʨʫ [11, 18]; ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ ʩʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ, ʷʢʠʡ ʟʘʭʠʱʝʥʦ 

ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ [27].  

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ 

ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: XVɯ ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʟ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ ʥʘʥʦʩʠʩʪʝʤ (ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2017 ʨ.); 

XIII, XIV ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʌʽʟʠʯʥʽ ʷʚʠʱʘ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭè (ʍʘʨʢʽʚ, 

2017 ʨ., 2019 ʨ.); IV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʢʠ 

ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʩʪʘʥʫè (ʂʠʾʚ, 2017 ʨ.); 77, 80 ʄʽʞʥʘʨʦʜʥʘ ʧʨʘʢʪʠʯʥʘ 
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(ɼʥʽʧʨʦ, 2017 ʨ., 2020 ʨ.); ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʪʘʨʦʜʫʙʦʚʩʴʢʽ ʯʠʪʘʥʥʷ: 

ɹʫʜʽʚʥʠʮʪʚʦ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè (ɼʥʽʧʨʦ, 2016 ʨ.); 

International Conference «Physics of Liquid Matter: Modern Problems» (PLMMP) 

(Kyiv, Ukraine, 2016 ʨ., 2018 ʨ.); IEEE International Conference on Nanomaterials: 

Application and Properties (NAP-2020) (Zatoka, Ukraine, 2020 ʨ.); International 

Meeting on Materials for Electronic Applications (IMMEA-2015, Marrakech, 

Morocco, 2015); E3S Web of Conferences: 8th International Conference «Physical & 

Chemical Geotechnologies» (PCG-2024), ɯnternational Scientific and Practical 

ʉonference çPhysical and Chemical Geotechnologies» (Dnipro, 2018 ʨ.); 1st 

International Scientific and Practical Conference «Development and Design of Modern 

Materials and Products» (Dnipro, 2022 ʨ.).  

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚʽʜʦʙʨʘʞʝʥʦ ʚ 51 ʥʘʫʢʦʚʽʡ ʧʫʙʣʽʢʘʮʽʾ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

27 ʧʨʘʮʴ, ʟ ʷʢʠʭ 25 ʩʪʘʪʝʡ (21 ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ (8 ʚʢʣʶʯʝʥʽ 

ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʪʘ/ ʘʙʦ Web of Science) ʪʘ 4 ʩʪʘʪʪʽ ʫ 

ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʪʘ/ ʘʙʦ Web of Science), ʦʜʥʘ ʤʦʥʦʛʨʘʬʽʷ, ʦʜʠʥ ʧʘʪʝʥʪ 

ʥʘ ʚʠʥʘʭʽʜ ʋʢʨʘʾʥʠ; ʘʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʚ 12 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟ ʷʢʠʭ 1 ʚʢʣʶʯʝʥʘ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus ʪʘ 1 ʜʦ Scopus ʪʘ 

Web of Science; 12 ʧʨʘʮʴ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ ʩʝʨʝʜ ʷʢʠʭ: 4 ʧʫʙʣʽʢʘʮʽʾ ʚʢʣʶʯʝʥʽ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Web of Science 

ʪʘ 6 ʜʦ Scopus ʪʘ Web of Science. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʘʥʦʪʘʮʽʾ, 

ʚʩʪʫʧʫ, 7 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ 2 ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ 

ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 356 ʩʪʦʨʽʥʦʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 292 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 

155 ʨʠʩʫʥʢʽʚ, 29 ʪʘʙʣʠʮʴ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 258 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 24 

ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ɺʇʃʀɺ ɿʆɺʅɯʐʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ ʌɸɿʆɺʀʁ ʉʂʃɸɼ ʊɸ ʌɯɿʀʂʆ-

ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʉʇʃɸɺɯɺ 

(ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ) 

ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʻ 

ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ, ʩʣʫʞʙʦʚʠʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ 

ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ ʬʘʟʦʚʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʪʘʣʷʭ ʪʘ 

ʩʧʣʘʚʘʭ. ʈʦʟʨʦʙʢʘ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ ʽʟ ʟʘʜʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ, ʬʽʟʠʯʥʠʤʠ ʪʘ 

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʽʥʰʽ) 

ʻ ʚʘʞʣʠʚʦʶ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ, ʪʘʢ ʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʨʽʚʥʦʚʘʞʥʠʭ ʪʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ. 

ʅʘʨʘʟʽ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʢʦʧʠʯʝʥʦ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʷʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʙʽʥʘʨʥʠʭ, ʪʝʨʥʘʨʥʠʭ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ: ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʣʘʚʽʚ, 

ʥʘ ʧʦʜʘʣʴʰʝ ʫʪʚʦʨʝʥʥʷ ʬʘʟ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ [1ï6], 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [7ï8], ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ ʟʘ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ [9ï10], ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʩʧʣʘʚʽʚ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ [11ï13]. ʎʽ 

ʧʠʪʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʪʘ 

ʧʦʜʘʣʴʰʽ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʟʘʪʚʝʨʜʽʥʥʽ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪ̔ ʧʝʨʣʽʪʫ ʪʘ ʦʢʨʝʤʠʭ ʚʢʣʶʯʝʥʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ 

ʢʦʤʧʣʝʢʩ ̔ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ. ʅʘʨʘʟʽ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʪʘʣʝʡ, ʷʢʽ ʜʦʩʷʛʘʶʪʴʩʷ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʙʦʨʦʤ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʨʝʛʫʣʶʚʘʥʥʷʤ ʜʠʩʧʝʨʩʥʽʩʪʶ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ, ʻ ʘʢʪʫʘʣʴʥʠʤʠ. ɺʽʜʦʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʣʽ ʧʽʜʜʘʶʪʴʩʷ 

ʚʧʣʠʚʫ ʩʪʘʪʠʯʥʠʭ, ʜʠʥʘʤʽʯʥʠʭ ʽ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʮʠʢʣʽʯʥʠʤ ʚʧʣʠʚʘʤ 
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ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʧʨʫʞʝʥʴ. ʅʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʢʦʥʪʘʢʪʽ 

ʩʪʘʣʝʡ, ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʩʽʭ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ, ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ, ʪʝʧʣʦʚʠʭ ʷʚʠʱ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ [14ï15]. 

ʊʦʤʫ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ 

ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ 

ʧʦʣʦʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ ʽ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ.  

1.1. ɺʧʣʠʚ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ 

ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ 

ʇʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ, 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʜʝʬʝʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʩʪʘʣʽ 

Fe ï C ï Mn ï Si. ʊʦʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʢʣʘʜʫ ʩʪʘʣʽ ʻ 

ʚʘʞʣʠʚʦʶ ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟʘʧʦʙʽʛʪʠ ʫʪʚʦʨʝʥʥʶ 

ʜʝʬʝʢʪʽʚ ʣʠʪʪʷ ʽ ʧʨʦʢʘʪʢʠ ʚʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ. 

ʉʠʩʪʝʤʘ FeïCïSiïMn ʻ ʦʜʥʽʻʶ ʟ ʙʘʟʦʚʠʭ ʩʠʩʪʝʤ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʧʨʦʤʠʩʣʦʚʦ ʚʘʞʣʠʚʽ ʚʠʩʦʢʦʤʽʮʥʽ ʪʘ ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʽ ʩʪʘʣʽ, ʱʦ 

ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ, ʚ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ. 

ʇʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ ʩʪʘʣʽ ʻ ʚʘʞʣʠʚʠʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʣʘʚʫ Feï

C ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʚʽʜ 0,10 % ʜʦ 0,53 % ʤʘʩ. ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʟʘʪʚʝʨʜʽʥʥʷ 

[16ï17]. ʇʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʩʪʘʣʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʝʨʚʠʥʥʠʡ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ŭ-ʬʝʨʠʪ ʨʝʘʛʫʻ ʽʟ ʟʘʣʠʰʢʦʚʠʤ ʨʦʟʧʣʘʚʦʤ ʩʪʘʣʽ L ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʘʫʩʪʝʥʽʪʫ (ɔ-ʬʘʟʘ). ɺ ʧʨʦʮʝʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʨʽʟʥʠʮʷ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʤʽʞ ŭ-ʬʘʟʦʶ (ʩʪʨʫʢʪʫʨʘ BCC) ʽ ɔ-ʬʘʟʦʶ (ʩʪʨʫʢʪʫʨʘ FCC) ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʥʦʛʦ ʩʪʠʩʥʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʦʙʦʣʦʥʢʠ ʫ ʣʠʚʘʨʥʽʡ ʬʦʨʤʽ, ʫʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʙʦʣʦʥʢʠ ʟ 

ʨʽʟʥʦʶ ʪʦʚʱʠʥʦʶ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ [18]. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ 

ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʤʝʭʘʥʽʟʤʦʤ: ʢʝʨʦʚʘʥʦʾ ʜʠʬʫʟʽʾ, 

ʢʝʨʦʚʘʥʦʾ ʜʠʬʫʟʽʾ ʟ ʢʣʽʪʠʥʥʦʶ/ʜʝʥʜʨʠʪʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʤʘʩʠʚʥʦʶ 
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ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ [18]. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʤʘʩʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʦʥʦ ʨʝʛʫʣʶʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ 

ʢʝʨʦʚʘʥʦʾ ʜʠʬʫʟʽʾ. ʇʨʠ ʧʝʨʠʪʝʢʪʠʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚ ʩʪʘʣʽ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʣʠʪʪʽ ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 6 % ʩʫʧʨʦʚʦʜʞʫʻ ʧʨʦʛʨʝʩʫʚʘʥʥʷ 

ʥʝʢʦʛʝʨʝʥʪʥʦʾ ʛʨʘʥʠʮʽ ʬʘʟ ŭ/ɔ ʪʘ ʜʦ 4 % ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʘʟ ŭ ʽ ɔ. ʂʨʽʤ ʮʴʦʛʦ, ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʚʥʘʩʣʽʜʦʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʨʦʟʧʣʘʚʫ, ʚʟʘʻʤʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʘ ʫʩʘʜʢʠ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʟʘʟʦʨʫ, ʢʦʥʫʩʥʽʩʪʴ 

ʩʪʽʥʢʠ ʬʦʨʤʠ ʪʘ ʪʝʨʤʽʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʬʦʨʤʠ. ʎʽ ʟʤʽʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʦʙʦʣʦʥʢʠ, ʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ [18].  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʤʽʥʘ ʟʦʥʠ ʧʝʨʠʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʟʤʽʥʠʪʴ ʚʤʽʩʪ ŭ-ʬʝʨʠʪʫ ʚ 

ʢʽʥʮʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ 

ʜʝʬʦʨʤʘʮʽʶ ʩʪʠʩʢʫ ʤʘʩʠʚʥʦʛʦ ʪʠʧʫ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʩʪʘʣʝʡ ʤʦʞʝ ʙʫʪʠ ʟʘʚʝʨʰʝʥʦ ʟʘ ʤʠʪʴ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ [18].  

ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʘ ʧʩʝʚʜʦʙʽʥʘʨʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ FeïC ʟ ʚʤʽʩʪʦʤ 0,45 % 

Si, 1,5 % Mn, 0,010 % S, 0,008 % P ʽ 0,02 % Al (ʤʘʩ.), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʧʨʠ ʚʤʽʩʪʽ 

ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʧʦʥʘʜ 0,53 % ʤʘʩ. ʧʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʘ ʧʨʠ 

ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,4 % ʤʘʩ. ʜʦ 0,53 % ʤʘʩ. ʧʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚ ʜʫʞʝ ʚʫʟʴʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ [18]. ʂʨʽʤ ʮʴʦʛʦ, 

ʧʦʢʘʟʘʥʦ [18], ʱʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʩʪʘʣʝʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ ʩʧʣʘʚʫ ʪʘ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʚʽʚʘʣʝʥʪʠ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ.  

ʈʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ ʩʪʘʣʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʣʝʛʢʦ, ʷʢʱʦ 

ʩʢʣʘʜ ʩʪʘʣʽ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʪʦʯʢʠ ʧʝʨʠʪʝʢʪʠʢʠ. ʇʦʚʝʨʭʥʝʚʝ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʧʦʟʜʦʚʞʥʻ ʧʦʚʝʨʭʥʝʚʝ, ʧʦʧʝʨʝʯʥʝ ʪʘ ʟʽʨʯʘʩʪʝ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ [19]. ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʩʪʘʣʽ ʻ ʧʽʜʙʽʨ 
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ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʩʦʢʦʤʫ 

ʚʤʽʩʪʽ Mn, Al ʘʙʦ Si ʚ ʩʪʘʣʽ, ʟʦʥʘ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʬʘʟ L+ŭ+ɔ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʠʩ. 1.1) 

[18]. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʇʩʝʚʜʦʙʽʥʘʨʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ FeïC ʟ ʚʤʽʩʪʦʤ 0,45 % Si, 

1,5 % Mn, 0,010 % S, 0,008 % P ʽ 0,02 % Al [18] 

 

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ŭ-ʬʝʨʠʪʫ ʚ ʘʫʩʪʝʥʽʪ ʚʽʜʙʫʚʘʣʦʩʷ 

ʰʣʷʭʦʤ ʤʘʩʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʠʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ [19ï

20]. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ FeïC ʢʨʝʤʥʽʻʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʚʧʣʠʚʘʻ ʥʘ 

ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʽ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feï0,3Cï2,5Mnï1,5Si % ʤʘʩ. ʘʚʪʦʨʘʤʠ 

ʨʦʙʦʪʠ [21] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 900 Üʉ 

ʜʦ 370 Üʉ ʚʽʜʙʫʣʦʩʴ ʫʪʚʦʨʝʥʥʷ ʤʘʨʪʝʥʩʠʪʫ ʪʘ ʥʘ ʛʨʘʥʠʮʷʭ ʨʝʡʦʢ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʜʦ 20 % ʘʪ. ʇʽʩʣʷ ʚʽʜʧʫʩʢʫ ʤʘʨʪʝʥʩʠʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300ï

200 Üʉ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʤʘʨʪʝʥʩʠʪʫ ʧʝʨʝʪʚʦʨʠʣʘʩʴ ʚ ʢʘʨʙʽʜʠ (ɗ, Ů ʽ ɖ) ʪʘ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʘʨʙʽʜʠ [21]. ɺʩʪʘʥʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ Ŭ ź Ŭ' ʜʚʦʬʘʟʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʚ ʜʽʣʷʥʮʽ ʜʽʘʛʨʘʤʠ ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʚʽʜ 0,24 ʜʦ 0,57 ʤʘʩ. %, ʪʘ Ŭ', ʜʝ 

ʤʘʨʪʝʥʩʠʪ ʙʫʜʝ ʙʽʣʴʰ ʟʙʘʛʘʯʝʥʠʡ ʚʫʛʣʝʮʝʤ (ʚʽʜ 0,57 ʜʦ 1,58 ʤʘʩ. % C) ʪʘ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʧʨʠʛʥʽʯʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʽʚ [21]. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ FeïC ʟʘ ʫʤʦʚ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʜʦ 105 Üʉ/ʩ ʪʘ ʚʽʜʧʫʩʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʻ Ŭ ź Ŭ' ʜʚʦʬʘʟʥʘ ʨʽʚʥʦʚʘʛʘ 
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ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʚʽʜ 0,24 ʜʦ 0,57 % ʤʘʩ. ʪʘ Ŭ'-ʤʘʨʪʝʥʩʠʪ, ʟʙʘʛʘʯʝʥʠʡ ʚʫʛʣʝʮʝʤ 

(ʚʽʜ 0,57 ʜʦ 1,58 % ʤʘʩ.) [22]. 

ʅʘ ʨʠʩ. 1.2 ʟʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʬʘʟʦʚʫ ʜʽʘʛʨʘʤʫ Fe ï C 

[23]. ɺ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,1 % ʤʘʩ. ʜʦ 0,6 % ʤʘʩ. ʚʫʛʣʝʮʶ ʥʘ ʨʠʩ. 1.1 ʚʽʜʦʙʨʘʞʝʥʠʡ 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ L+ŭ Ÿ L+ɔ Ÿ ɔ [20, 23]. ɸʚʪʦʨʠ ʩʪʘʪʪʽ [20] ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʣʝʛʫʚʘʥʥʽ ʩʪʘʣʽ ʤʘʨʛʘʥʮʝʤ ʪʘ ʢʨʝʤʥʽʻʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʩʫʚ ʥʘ ʜʽʘʛʨʘʤʽ ʪʦʯʢʠ 

ʧʝʨʠʪʝʢʪʠʢʠ ʚʣʽʚʦ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ. ʂʨʽʤ ʮʴʦʛʦ, ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʩʧʣʘʚʫ ʤʦʞʣʠʚʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʬʘʟ ï L, ŭ ʪʘ ɔ-ʟʘʣʽʟʘ (ʨʠʩ. 1.2). 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʄʝʪʘʩʪʘʙʽʣʴʥʘ ʜʽʘʛʨʘʤʘ ʩʠʩʪʝʤʠ FeïC [20] 

 

ɺ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Feï0,2%Cï0,5%Siï2%Mnï0,8%Al ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʡ ʚ ʤʝʞʜʝʥʜʨʠʪʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ~1%C, ~1-2%Si, ~4ï6%Mn, ~0,6%Al [24]. ɺ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 751 Áʉ ʚ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʤʫ ʩʧʣʘʚʽ FeïCïMnïSi ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʫ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ, ʷʢʽ ʙʫʣʠ ʟʙʘʛʘʯʝʥʽ Mn (ʽ, ʡʤʦʚʽʨʥʦ, Si) [25]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïCïSi 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʷ ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ. ʇʨʠ 

ʩʫʤʽʩʥʦʤʫ ʣʝʛʫʚʘʥʥʽ ʩʧʣʘʚʽʚ ʤʘʨʛʘʥʮʝʤ ʪʘ ʢʨʝʤʥʽʻʤ, ʬʽʢʩʫʚʘʣʠ ʙʽʣʴʰ ʘʢʪʠʚʥʝ 

ʥʘʩʠʯʝʥʥʷ ʛʨʘʥʠʮʴ ʟʝʨʝʥ ʢʨʝʤʥʽʻʤ, ʩʧʦʩʪʝʨʽʛʘʣʠ ʢʦʥʢʫʨʝʥʮʽʶ ʤʽʞ ʘʪʦʤʘʤʠ 

ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ ʪʘ ʚʫʛʣʝʮʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [25].   
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʝʬʝʢʪʽʚ Si ʽ Mn ʤʦʞʝ ʙʫʪʠ ʱʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤ, ʯʝʨʝʟ ʾʭ ʩʧʽʣʴʥʫ ʩʝʛʨʝʛʘʮʽʶ ʥʝ ʪʽʣʴʢʠ ʚ ʧʝʨʣʽʪʽ, ʘʣʝ ʪʘʢʦʞ ʧʦ 

ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ [26]. 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʘʪʦʤʘʤʠ Si ʽ Mn ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʦʙʪʦ ʜʦ ʝʬʝʢʪʫ ʛʘʣʴʤʫʚʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ [26]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʯʘʪʢʫ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʷʚʠʣʠ, 

ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ Ts ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʥʘʛʨʽʚʫ ʩʪʘʣʝʡ. ʈʽʟʥʠʮʷ ʚ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʯʘʪʢʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʞ ʩʧʣʘʚʘʤʠ ʟ 

0,1% ʤʘʩ. ʽ 2 ʤʘʩ.% Mn ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 50 ÁC, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʥʘʛʨʽʚʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʚ ʩʪʘʣʽ. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ [26] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʽʩʣʷ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʡ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʤʫʛʘʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʤʘʨʛʘʥʮʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ ʪʘ 

ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʚʠʷʚʠʣʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚ ŭ-ʬʝʨʠʪʽ ʘʪʦʤʽʚ ʤʘʨʛʘʥʮʶ 

ʟʥʘʯʥʦ ʚʠʱʽʡ, ʥʽʞ ʫ ʘʪʦʤʽʚ ʢʨʝʤʥʽʶ ʪʘ ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʻ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʬʫʟʽʾ 

ʚʫʛʣʝʮʶ, ʘʣʝ ʚ ʘʫʩʪʝʥʽʪʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ [27]. 

ɺ ʨʦʙʦʪʽ [28] ʚʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʤʘʻ Si.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [28] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʤʝʥʪʽʚ ʚ ʩʧʣʘʚʽ FeïCï0,32Siï1,6Mnï0,01Pï0,015S ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʜʽʣʷʥʢʠ ʧʝʨʠʪʝʢʪʠʢʠ (ʨʠʩ. 1.3). ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ [20, 23], 

ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʽ FeïCï0,32Siï1,6Mnï0,01Pï0,015S 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʜʦ 0,43 % ʤʘʩ [28].  

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [28] ʧʦʢʘʟʘʣʠ, ʱʦ ʷʢʱʦ ʧʝʨʠʪʝʢʪʠʯʥʝ ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʢʨʠʭʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʪʦʙʪʦ ZDT < TB < LIT), 

ʥʘʧʨʫʞʝʥʥʷ ʫʩʘʜʢʠ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʩʪʘʣʽ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦ ʮʝ 

ʣʝʛʢʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʟʜʦʚʞʥʽʭ ʪʨʽʱʠʥ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʟʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ 

ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʚʫʛʣʝʮʶ 0,1ï0,16 % 

ʤʘʩ., ʤʘʨʛʘʥʮʶ 0,77 % ʤʘʩ. ʪʘ ʢʨʝʤʥʽʶ 0,15 % ʤʘʩ. ʩʧʦʩʪʝʨʽʛʘʣʠ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ 0,1 % ʤʘʩ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʶʪʴ ʪʠʤ, ʱʦ 
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ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ ʟʘʣʠʰʦʢ ʨʦʟʧʣʘʚʫ ʥʝ ʚʩʪʠʛʘʻ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʩʪʠʩʢʘʥʥʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʷ 

ʤʘʨʛʘʥʮʶ [29]. ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ ʟ ʚʤʽʩʪʦʤ 0,1%C, 0,45% Si, 1,2% 

Mn, 0,008% S, 0,01% P ʪʘ 0,02% Al ʤʘʩ. ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ 10 Üʉ/ʩ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʪʘʢʽʡ ʩʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

0,05 ʩ, ʪʦʙʪʦ ʤʘʡʞʝ ʤʠʪʪʻʚʦ [29]. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʅʝʨʽʚʥʦʚʘʞʥʘ 

ʧʩʝʚʜʦʙʽʥʘʨʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ FeïC [28] 

 

ʅʘ ɔ-ʢʨʠʩʪʘʣʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ çʜʝʬʦʨʤʘʮʽʡʥʽ ʩʤʫʛʠè, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʽ, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤ ʩʪʠʩʥʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [18]. ɼʣʷ ʧʝʨʠʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʣʠʪʪʽ ʧʦʤʽʯʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚʝʣʠʯʠʥʘ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʩʪʫʧʽʥʴ ʫʩʘʜʢʠ ʧʨʠ ŭ Ÿ ɔ-ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ [30].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʟʚʦʨʦʪʥʠʭ ʜʠʬʫʟʽʡ, ʥʘʜʘʣʽ ʟʙʽʣʴʰʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʚ ʟʘʣʠʰʢʦʚʦʤʫ 

ʨʦʟʧʣʘʚʽ, ʱʦ ʧʦʷʩʥʶʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ (ʨʠʩ. 1.3) 

[27]. ʄʘʨʛʘʥʝʮʴ ʟʙʘʛʘʯʫʻ ʤʽʞʜʝʥʜʨʠʪʥʽ ʟʦʥʠ ʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʘʡʚʠʱʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ, ʘ ʘʣʶʤʽʥʽʡ ʟʙʘʛʘʯʫʻ ʜʝʥʜʨʠʪʠ (ʨʠʩ. 1.4). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʤʽʨʷʥʽ ʤʽʞʜʝʥʜʨʠʪʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʨʛʘʥʮʶ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 3,4 % 
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ʜʦ 4,0% ʤʘʩ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʘʣʶʤʽʥʽʡ ʜʝʤʦʥʩʪʨʫʻ ʥʝʛʘʪʠʚʥʫ ʩʝʛʨʝʛʘʮʽʶ ʽ ʜʦʩʷʛʘʻ 

ʥʘʡʥʠʞʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʤʽʞʜʝʥʜʨʠʪʥʠʭ ʟʦʥʘʭ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʣʶʤʽʥʽʶ ʚ 

ʤʽʞʜʝʥʜʨʠʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,65 % ʜʦ 0,75 % ʤʘʩ. [27]. 

 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.4 ï ʈʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʘ) ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ (ʙ) ʣʽʥʽʡʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ [27] 

 

ɺʽʜʦʤʦ, ʱʦ ʤʘʨʛʘʥʝʮʴ ʩʪʘʙʽʣʽʟʫʻ ʘʫʩʪʝʥʽʪ [31], ʟʤʝʥʰʫʻ ʜʠʬʫʟʽʡʥʫ 

ʨʫʭʣʠʚʽʩʪʴ ʚʫʛʣʝʮʶ ʚ ʘʫʩʪʝʥʽʪʽ ʪʘ ʩʭʠʣʴʥʠʡ ʜʦ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ [32]. ʃʝʛʫʚʘʥʥʷ 

ʢʨʝʤʥʽʻʤ ʩʪʘʣʽ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʚʜʷʢʠ 

ʫʪʚʦʨʝʥʥʶ ʬʘʟ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʨʝʤʥʽʡ, ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ [33]. ɸʥʘʣʦʛʽʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [24], ʚ ʷʢʽʡ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ 

ʬʝʨʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʛʨʝʛʘʮʽʷ ʷʢ ʘʪʦʤʽʚ ʤʘʨʛʘʥʮʶ, ʪʘʢ ʽ ʢʨʝʤʥʽʶ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʫ. ɸ ʪʘʢʦʞ ʚ ʩʪʘʪʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ 

ʤʘʨʛʘʥʮʶ ʚ ʬʝʨʠʪʽ ʩʪʘʥʦʚʠʪʴ ʜʦ 2,9 % ʤʘʩ. 

ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,32 % ʤʘʩ., ʤʘʨʛʘʥʮʶ 

1,2 % ʤʘʩ. ʢʨʝʤʥʽʶ ʪʘ ʩʪʘʣʽ ʟ ʚʤʽʩʪʦʤ 0,57 % ʤʘʩ. ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ 1,03 % ʤʘʩ., 

ʪʠʪʘʥʫ 0,005 % ʤʘʩ. [34], ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ TɔŸɔ+ŭ, T ɔ+ŭŸŭ, TSolid 

ʪʘ TLiquid ʩʢʣʘʣʠ: 1402, 1452,9, 1483 ʽ 1523,5 ÁC ʜʣʷ ʩʪʘʣʽ ʟ ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ 

ʤʘʨʛʘʥʮʶ ʪʘ 1412, 1464,2, 1479 ʽ 1520 ÁC ʜʣʷ ʩʪʘʣʽ ʟ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ. 

ʇʦʨʽʚʥʶʶʯʠ ʜʘʥʽ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Mn ʛʨʘʥʠʮʷ ʨʦʟʧʣʘʚʫ ʽ ɔ-ʬʘʟʠ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʥʠʞʯʦʾ (ɔŸŭ) ʪʘ ʚʠʱʦʾ 

(ŭŸL) ʪʝʤʧʝʨʘʪʫʨʠ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [34] ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ 



48 

 

ʤʘʨʛʘʥʮʶ ʚ ʩʪʘʣʽ, ʜʽʣʷʥʢʘ ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠ 

ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʙʽʣʴʰ ʥʽʞ 0,43 % ʤʘʩ. ʪʘ ʤʘʨʛʘʥʮʶ ï 0,9 % ʤʘʩ. ʧʝʨʠʪʝʢʪʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʩʫʪʥʻ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [35] ʧʦʢʘʟʘʣʠ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ Feï0,2Cï1,5Mnï1,3Si ʭʨʦʤʦʤ ʪʘ ʥʽʢʝʣʝʤ ʩʧʦʚʽʣʴʥʶʻ ʢʽʥʝʪʠʢʫ ʨʦʟʧʘʜʫ 

ʘʫʩʪʝʥʽʪʫ. ɼʘʥʽ ʧʨʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʩʘʤʦʜʠʬʫʟʽʶ ʪʘ ʝʥʝʨʛʽʶ 

ʘʢʪʠʚʘʮʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʣʝʛʫʚʘʥʥʷ Mn, Mo, Nb, Ti ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ 

ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʚ ʘʫʩʪʝʥʽʪʽ, ʘ ʣʝʛʫʚʘʥʥʷ V, ʥʘʚʧʘʢʠ, ʟʤʝʥʰʫʻ ʾʾ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʣʝʛʫʚʘʥʥʽ Mn, Mo ʽ Nb ʟʤʝʥʰʫʻʪʴʩʷ ʩʝʨʝʜʥʷ ʘʤʧʣʽʪʫʜʘ 

ʪʝʧʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʆʩʪʘʥʥʻ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʽʞʘʪʦʤʥʠʭ ʟʘʚôʷʟʢʽʚ ʚ ʘʫʩʪʝʥʽʪʽ. ɿʙʽʣʴʰʝʥʥʷ 

ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʩʘʤʦʜʠʬʫʟʽʾ ʟʘ ʨʘʭʫʥʦʢ ʣʝʛʫʚʘʥʥʷ Mn ʤʘʻ ʤʝʞʫ ʥʘʩʠʯʝʥʥʷ ï 

ʚʦʥʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʤʘʨʛʘʥʮʶ ʚʠʱʝ 1,5ï2,0 ʘʪ. %. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʫ ʭʦʣʦʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʶ (0,016é0,16 % ʤʘʩ.), ʢʨʝʤʥʽʶ (0,03é0,24 % ʤʘʩ.) ʤʘʨʛʘʥʮʶ 

(0,003é0,45 % ʤʘʩ.) ʪʘ ʩʪʘʣʽ ʤʘʨʢʠ S15ʉʂ ʜʘʣʠ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʫ 

ʟʝʨʥʘ ʬʝʨʠʪʫ ʥʘ ʜʠʩʣʦʢʘʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʟ ʨʽʟʥʠʤ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ ʬʝʨʠʪʫ ï ʚʽʜ 

40 ʤʢʤ ʜʦ 100 ʤʢʤ. ʋ ʟʨʘʟʢʘʭ ʽʟ ʥʝʟʥʘʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʛʫʩʪʠʥʘ ʜʠʩʣʦʢʘʮʽʡ 

ʟʙʣ̔ʴʰʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʬʝʨʠʪʫ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʾʭ ʥʘ 

ʨʦʟʪʷʛ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʍʦʣʣʘ ï 

ʇʝʪʯʘ ʜʣʷ ʚʽʜʧʘʣʝʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ɹʝʡʣʽ ï ʍʽʨʰʘ ʜʣʷ 

ʭʦʣʦʜʥʦʢʘʪʘʥʠʭ ʟʨʘʟʢʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʛʫʩʪʠʥʠ 

ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ 

ʜʠʩʣʦʢʘʮʽʡ ʩʧʨʠʷʣʦ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʬʝʨʠʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ [36]. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ [36] 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʛʨʝʛʘʮʽʷ ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ ʧʦ 

ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ, ʤʽʞ ʷʢʠʤʠ ʤʦʞʣʠʚʘ ʢʦʥʢʫʨʝʥʮʽʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ Fe2MnxSi ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ Si, ʚʽʜʧʘʣʝʥʠʭ ʫ ʛʘʟʦʚʽʡ 

ʩʫʤʽʰʽ H2/H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 700 ÁC ʧʨʦʪʷʛʦʤ 2 ʛʦʜ, ʧʦʢʘʟʘʣʠ, ʱʦ ʦʢʠʩʣʝʥʥʷ 

ʩʧʣʘʚʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ MnO ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ. ɿʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʚ ʩʧʣʘʚʘʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʬʘʟʠ 



49 

 

MnO ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʟʘʣʽʟʘ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ [37]. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ [37] ʩʚʽʜʯʘʪʴ ʧʨʦ ʙʽʣʴʰʫ ʩʭʠʣʴʥʽʩʪʴ ʤʘʨʛʘʥʮʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ, 

ʥʽʞ ʟʘʣʽʟʘ ʪʘ ʢʨʝʤʥʽʶ. ʆʢʨʽʤ ʮʴʦʛʦ, ʷʢ ʚʚʘʞʘʶʪʴ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [37], ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʨʝʰʽʪʢʠ ʪʘ ʚʠʰʪʦʚʭʫʻ ʘʪʦʤʠ ʟʘʣʽʟʘ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟʝʨʝʥ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [38] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʘʣʶʤʽʥʽʶ ʜʦ 

0,9 % ʤʘʩ. ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïSiïMnïAl ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʫʪʚʦʨʝʥʥʷ ŭ-ʬʝʨʠʪʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 

1537,8 Áʉ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʚ ʩʧʣʘʚʽ ʜʽʣʷʥʢʘ ŭ-ʟʘʣʽʟʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ 

ʟʘʪʚʝʨʜʽʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ ʩʪʘʣʽ ʤʘʨʢʠ EA1N (~ 0,4 % ʤʘʩ. ʉ) ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [14-

15]. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʟʘʪʚʝʨʜʽʥʥʽ ɹʃɿ Ï 470 ʤʤ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʨʝʤʥʽʶ ʽ ʤʘʨʛʘʥʮʶ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ, ʘ ʡ 

ʤʘʨʛʘʥʮʶ ʪʘ ʢʨʝʤʥʽʶ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ 

ʜʽʣʷʥʢʫ ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ ʫʪʚʦʨʝʥʥʷ 

ŭ - ʬʝʨʠʪʫ. ʎʽ ʯʠʥʥʠʢʠ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ï ʦʪʨʠʤʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʱʦ ʙʫʜʝ ʤʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ, ʪʚʝʨʜʽʩʪʴ, ʚôʷʟʢʽʩʪʴ ʪʘ ʽʥʰʽ). 

1.2. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ  

ɺ̔ ʜʦʤʦ, ʱʦ ʥʘ ʷʢʽʩʪʴ ʽ ʢʽʥʮʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ 

ʤʘʶʪʴ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʝʡ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ 

ʟʘʪʚʝʨʜʽʚʘʥʥʽ ʩʪʘʣʝʡ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʢʦʨʠʩʥʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʞʘʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ʗʢ ʚʽʜʦʤʦ, ʜʝʥʜʨʠʪʥʠʡ ʪʠʧ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ï ʦʜʠʥ ʟ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʚʠʜʽʚ ʪʚʝʨʜʥʝʥʥʷ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. ɸʚʪʦʨʠ ʨʦʙʽʪ 

[39ï40] ʥʘʚʦʜʷʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʮʽʚ ʱʦʜʦ ʫʪʚʦʨʝʥʥʷ, ʨʦʩʪʫ 

ʜʝʥʜʨʠʪʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ XVIII  ʩʪʦʣʽʪʪʷ ʧʦ 2018 ʨʽʢ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ 
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ʩʢʣʘʜʫ ʩʪʘʣʽ, ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʚʝʨʜʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ: 

ʜʝʥʜʨʠʪʽʚ, ʚʫʟʣʽʚ, ʧʦʜʦʚʞʝʥʠʭ ʚʫʟʣʽʚ, ʜʚʦʨʦʟʤʽʨʥʠʭ ʢʦʤʽʨʦʢ, ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ 

ʢʦʤʽʨʦʢ, ʥʝʨʝʛʫʣʷʨʥʠʭ ʢʦʤʽʨʦʢ [39ï42].  

ʗʢ ʚʽʜʦʤʦ, ʟʣʠʪʦʢ ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʽʣʷʥʦʢ: 1) ʜʽʣʷʥʢʠ çʟʘʤʦʨʦʞʝʥʠʭè ʢʨʠʩʪʘʣʽʚ, ʧʦʷʚʫ ʷʢʠʭ 

ʧʦʚôʷʟʫʶʪʴ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʝʨʤʽʯʥʠʭ ʧʝʨʝʦʭʦʣʦʜʞʝʥʴ; 2) ʜʽʣʷʥʢʘ ʩʪʦʚʧʯʘʩʪʠʭ 

ʢʨʠʩʪʘʣʽʚ; 3) ʜʽʣʷʥʢʘ ʨʽʚʥʦʚʽʩʥʠʭ ʢʨʠʩʪʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ [42] ʜʽʣʷʥʢʠ ʜʨʽʙʥʠʭ 

ʥʝʦʨʽʻʥʪʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ çʟʘʤʦʨʦʞʝʥʦʾè ʜʽʣʷʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʥʝ 

ʧʦʚôʷʟʘʥʝ ʟ ʪʝʨʤʽʯʥʠʤ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ. ʇʨʠʯʠʥʦʶ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ʪʘ ʨʫʡʥʘʮʽʷ ʢʽʨʢʠ ʩʪʨʫʤʝʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ʂʨʽʤ ʮʴʦʛʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʩʪʦʚʧʯʘʩʪʠʭ ʢʨʠʩʪʘʣʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ ʛʽʣʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [42]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʠʩʣʦ ʟʝʨʝʥ 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʡ ʚʽʜ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [42]. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʟ ʧʣʦʩʢʦʶ ʦʛʨʘʥʢʦʶ (ɯ. ʉ. ʄʽʨʦʰʥʠʯʝʥʢʦ, ɸ. ɸ. ɹʦʯʚʘʨ, 

ʈ. ʋ. ʂʘʥ ʪʘ ʽʥʰʽ) [42]. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʬʨʦʥʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʽʨʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʧʦʪʽʤ ï ʜʝʥʜʨʠʪʥʦʾ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104ï106 Üʉ/ʩ ʫ ʜʝʥʜʨʠʪʘʭ ʟʥʠʢʘʶʪʴ ʛʽʣʢʠ 

ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [43ï44] ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 0,19 ÁC/ʩ ʜʦ 6,25 ÁC/ʩ ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʽʣʢʘʤʠ ʚʪʦʨʠʥʥʦʛʦ ʜʝʥʜʨʠʪʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ 68 ʤʢʤ ʜʦ 20 ʤʢʤ, ʘ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʧʝʨʚʠʥʥʦʛʦ ʜʝʥʜʨʠʪʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 5 %. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʪʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʚʢʣʶʯʝʥʴ [43ï44]. 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʨʠʷʻ ʧʦʜʨʽʙʥʝʥʥʶ ʟʝʨʥʘ, ʫʪʚʦʨʝʥʥʶ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʪʘ ʧʨʠʛʥʽʯʝʥʥʶ ʧʝʨʚʠʥʥʠʭ ʬʘʟ, ʫʪʚʦʨʝʥʥʶ ʢʚʘʟʽʝʚʪʝʢʪʠʢʠ, ʚʧʣʠʚʘʻ 

ʥʘ ʜʝʥʜʨʠʪʥʫ ʣʽʢʚʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʪʘ ʽʥʰʝ [45]. ɸʚʪʦʨ ʨʦʙʦʪʠ [42] ʧʨʠ ʘʥʘʣʽʟʽ 

ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʣʽʢʚʽʜʫʩʫ ʪʘ ʩʦʣʽʜʫʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʚ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ:  

1. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʣʽʥʽʾ ʥʘ ʜʽʘʛʨʘʤʽ ʤʘʶʪʴ ʟʩʫʚ ʚ 

ʜʽʣʷʥʢʫ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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2. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ çʩʧʨʷʤʣʝʥʥʷè ʣʽʥʽʾ 

ʢʽʥʝʪʠʯʥʦʛʦ ʣʽʢʚʽʜʫʩʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʽ ʩʧʣʘʚʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

3. ʂʽʥʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ ʤʦʞʫʪʴ ʟʘʭʦʜʠʪʠ ʚ ʜʽʣʷʥʢʫ ʩʧʽʥʦʾʜʘʣʴʥʦʛʦ ʨʦʟʧʘʜʫ ʪʘ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʘʨʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʢʚʘʟʽʝʚʪʝʢʪʠʢ [42]. ɰʭ ʫʪʚʦʨʝʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʘʨʦʜʞʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʬʘʟ; ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ ʝʚʪʝʢʪʠʢʠ, ʩʫʤʽʩʥʦʛʦ ʨʦʩʪʫ ʬʘʟ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu (ʟʘʣʠʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ 

ʢʣʠʥʦʚʠʜʥʫ ʣʠʚʘʨʥʫ ʬʦʨʤʫ) ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʟʽʝʚʪʝʢʪʠʢ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʢʚʘʟʽʝʪʝʢʪʠʢʘ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ ʚʽʜ 26 % ʜʦ 38 % [42]. ʅʘ ʜʽʘʛʨʘʤʽ 

(ʨʠʩ. 1.5) ʧʦʢʘʟʘʥʦ ʜʽʣʷʥʢʫ ʫʪʚʦʨʝʥʥʷ ʢʚʘʟʽʝʚʪʝʢʪʠʢʠ ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu. 

ʋʪʚʦʨʝʥʥʷ ʢʚʘʟʽʝʚʪʝʢʪʠʢ ʚʠʷʚʣʝʥʦ ʚ ʩʧʣʘʚʘʭ FeïC, AlïMg ʪʘ ʽʥʰʠʭ. 

ʅʘʨʘʟʽ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʚ ʨʦʟʧʣʘʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʢʣʘʩʪʝʨʽʚ, ʚ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʙʣʠʞʥʽʡ ʧʦʨʷʜʦʢ ʘʪʦʤʽʚ [46ï

47]. ɺ ʨʦʙʦʪʘʭ ɺ. ɯ. ʄʘʟʫʨʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʦʟʧʣʘʚʽʚ ʟ ʚʠʩʦʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ʩʬʝʨʠʯʥʽ ʢʨʠʩʪʘʣʠ ʝʚʪʝʢʪʠʯʥʠʭ ʬʘʟ ʫʩʧʘʜʢʦʚʫʶʪʴ ʨʦʟʤʽʨʠ ʪʘ 

ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʥʦʢ ʚ ʨʦʟʧʣʘʚʽ [191]. ɺʽʜʦʤʦ, ʱʦ ʧʝʨʝʜ ʨʦʟʣʠʚʦʤ ʩʪʘʣʽ ʚʠʢʦʥʫʶʪʴ 

ʥʘʛʨʽʚ ʥʘʜ ʨʽʚʥʦʚʘʞʥʠʤ ʣʽʢʚʽʜʫʩʦʤ ʥʘ 30ï50 Áʉ ʟʘ ʧʨʦʤʠʩʣʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [48]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʽʢʚʽʜʫʩʫ ʥʘ 30ï50 Áʉ ʧʝʨʝʜ ʟʘʣʠʚʘʥʥʷʤ ʚ ʣʠʚʘʨʥʽ ʬʦʨʤʠ ʧʦʚôʷʟʫʶʪʴ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʩʧʘʜʢʦʚʦʩʪʽ ʩʪʘʣʽ, ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʯʠʥʥʦʩʪʽ ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ 

ʪʘ ʽʥʰʝ, ʘʣʝ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʨʫʙʦʢʨʠʩʪʘʣʽʯʥʦʾ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʭʽʤʽʯʥʦʾ ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʽ ʦʢʨʠʭʯʝʥʥʷ ʣʠʪʠʭ 

ʚʠʨʦʙʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʣʽʢʚʽʜʫʩʫ, ʽʩʥʫʶʪʴ ʤʽʢʨʦʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʤʠ [48ï51]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 
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ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ ʥʘ 50ï60 Áʉ, ʢʽʣʴʢʽʩʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʟʨʦʩʪʘʻ [48ï51]. ʂʨʽʤ ʮʴʦʛʦ, ʘʚʪʦʨ ʨʦʙʦʪʠ [43] ʚʢʘʟʫʻ ʥʘ 

ʪʨʠʩʪʘʜʽʡʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʩʧʣʘʚʫ ʯʠ ʩʪʘʣʽ. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʊʝʤʧʝʨʘʪʫʨʥʦ-ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʜʽʣʷʥʢʘ 

ʫʪʚʦʨʝʥʥʷ ʢʚʘʟʽʝʚʪʝʢʪʠʢ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu [42] 

 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [53] ʚʢʘʟʫʶʪʴ, ʱʦ ʝʣʝʤʝʥʪʦʤ ʨʦʟʧʣʘʚʽʚ ʻ ʥʝ ʘʪʦʤ, ʘ 

ʥʘʥʦʢʨʠʩʪʘʣ, ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʣʽʢʚʽʜʫʩʫ, ʘ ʧʦʪʽʤ 

ʨʦʟʧʘʜʘʻʪʴʩʷ. 

ʅʘʨʘʟʽ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʨʦʟʧʣʘʚʽʚ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʩʪʘʣʽ: ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ [54ï56]. ɺʽʜʦʤʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ 

ʜʠʩʧʝʨʩʥʦʾ ʦʜʥʦʨʽʜʥʦʾ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʟʥʘʯʥʠʭ ʧʝʨʝʛʨʽʚʽʚ ʨʦʟʧʣʘʚʫ (150 Áʉ 

ʥʘʜ ʣʽʢʚʽʜʫʩʦʤ) ʤʦʞʣʠʚʝ ʣʠʰʝ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (Vʦʭ ʧʦʥʘʜ 

130 Áʉ/ʩ), ʟʫʤʦʚʣʝʥʝ ʟʙʽʣʴʰʝʥʥʷʤ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʝʨʝʛʨʽʪʦʛʦ ʨʦʟʧʣʘʚʫ ʽ ʟʥʘʯʥʠʤ 

ʛʨʘʜʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨ ʚ ʽʥʪʝʨʚʘʣʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [57]. ʂʨʽʤ ʪʦʛʦ, ʱʝ ʚ ʨʦʙʦʪʘʭ 

ɺ. ɯ. ɼʘʥʠʣʦʚʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘʛʨʽʚʦʤ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʠʤ ʚʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʘ [54]. 
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ɸʚʪʦʨʠ ʨʦʙʦʪʠ [57] ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʛʨʽʚ ʜʦ 400 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 103 Áʉ/ʩ ʧʽʜʚʠʱʫʻ ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʪʘ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʜʦ 15 %, ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʪʘ ʫʜʘʨʥʫ 

ʚôʷʟʢʽʩʪʴ ʜʦ 30 %. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [58] ʧʨʠ ʥʘʛʨʽʚʽ ʩʪʘʣʝʡ 25ʃ, 45ʃ, 25ʍɻʉʊʌʃ 

ʪʘ 45ʍɻʉʊʌʃ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʥʘ 50ï200 Áʉ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ 5 Áʉ/ʩ, 45 Áʉ/ʩ, 350 Áʉ/ʩ ʪʘ 650 Áʉ/ʩ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʧʨʠ 

ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ 5 Áʉ/ʩ ʧʨʠ ʚʩʽʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 350 Áʉ/ʩ ʩʧʨʠʷʻ ʧʦʜʨʽʙʥʝʥʥʶ ʟʝʨʥʘ, ʱʦ ʘʚʪʦʨʠ ʨʦʙʽʪ ʧʦʷʩʥʶʶʪʴ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ [58ï59]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʪʦʥʢʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ ʩʪʘʣʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʝʤʥʽʡ ʮʽʣʢʦʤ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ 

ʤʘʪʨʠʮʽ, ʘ ʪʠʪʘʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ 

ʩʪʘʣʝʡ. ʂʨʽʤ ʮʴʦʛʦ, ʘʚʪʦʨʠ ʩʪʘʪʪʽ [58ï59] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʜʣʷ ʩʪʘʣʽ 20ʍɻʉʊʌʃ 

ʥʘʛʨʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 350 Áʉ/ʩ 

ʧʨʠʟʚʦʜʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʦʛʫ ʤʽʮʥʦʩʪʽ, ʧʦʨʦʛʫ ʧʣʠʥʥʦʩʪʽ ʪʘ ʪʚʝʨʜʦʩʪʽ ʥʘ 30, 60 

ʪʘ 30 %, ʘ ʜʣʷ ʩʪʘʣʽ 45ʍɻʉʊʌʃ ʥʘ 20, 25 ʪʘ 65 %, ʚʽʜʧʦʚʽʜʥʦ. ɸʚʪʦʨʠ ʨʦʙʽʪ [60ï

62] ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʩʪʘʣʝʡ 25ʃ, 45ʃ, 25ʍɻʉʊʌʃ ʪʘ 45ʍɻʉʊʌʃ ʚʠʱʝ ʣʽʢʚʽʜʫʩʫ ʪʘ ʚʠʪʨʠʤʢʠ 10ï

15 ʭʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʩʧʣʘʚʽʚ 

ʪʘ ʩʪʘʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʚʫʛʣʝʮʴ, ʢʨʝʤʥʽʡ ʪʘ ʤʘʨʛʘʥʝʮʴ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ 

ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ, ʧʨʠ ʷʢʽʡ 

ʚʽʜʙʫʜʝʪʴʩʷ ʽʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ, ʚʧʣʠʚʫ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ.  

1.3. ɺʧʣʠʚ ʜʦʜʘʪʢʦʚʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʠʪʘʥ, ʘʣʶʤʽʥʽʡ ʪʘ ʘʟʦʪ) 

ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ 

ɺʽʜʦʤʦ, ʱʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʪʘʣʝʡ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʤʦʨʬʦʣʦʛʽʷ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʩʢʣʘʜʦʚʠʭ 
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ʬʘʟ. ɿʘʛʘʣʦʤ ʤʽʮʥʽʩʪʴ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʪʘʣʝʡ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ 

ʯʘʩʪʢʠ ʪʚʝʨʜʠʭ ʬʘʟ, ʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ï ʟʽ ʟʤʽʥʦʶ ʾʭ ʤʦʨʬʦʣʦʛʽʾ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʠʭ ʬʘʟ ʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʧʣʘʚʘʭ ʪʘ ʩʪʘʣʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʟ ʜʽʘʛʨʘʤ ʩʪʘʥʽʚ ʙʽʥʘʨʥʠʭ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ. 

ʅʘʨʘʟʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʷʢ ʙʽʥʘʨʥʠʭ 

ʩʧʣʘʚʽʚ AlïFe, FeïSi, FeïTi, FeïO ʪʘ ʽʥʰʠʭ, ʪʘʢ ʽ ʪʝʨʥʘʨʥʠʭ ʩʠʩʪʝʤ AlïFeïSi, Alï

FeïTi, FeïSiïTi [38, 62]. ɼʦʩʠʪʴ ʙʘʛʘʪʦ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʪʘʣʝʡ, ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [62ï71]. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʧʽʚʽʩʥʫʶʯʠʭ ʦʢʩʠʜʽʚ ʽ ʥʽʪʨʠʜʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʘʣʶʤʽʥʽʡ ʪʘ ʪʠʪʘʥ, ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʜʽʘʛʨʘʤʠ TiïAlïNïO, TiïSiïNïO, Alï

SiïNïO, TiïAlïSiïN, AlïFeïOïSi ʪʘ TiïAlïSiïO [63]. 

ʗʢ ʚʽʜʦʤʦ, ʢʨʝʤʥʽʡ ʪʘ ʘʣʶʤʽʥʽʡ ʤʘʶʪʴ ʚʠʱʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʢʠʩʥʶ, ʥʽʞ 

Cr ʽ Mn, ʪʦʤʫ ʚʦʥʠ ʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʚ ʩʧʣʘʚʘʭ [31]. ʂʨʽʤ 

ʪʦʛʦ, ʤʘʨʛʘʥʝʮʴ ʤʘʻ ʥʠʟʴʢʫ ʜʠʬʫʟʽʡʥʫ ʨʫʭʣʠʚʽʩʪʴ ʚ ʮʝʤʝʥʪʠʪʽ ʪʘ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ 

ʧʦ ʛʨʘʥʠʮʷʭ ʬʘʟ [65]. 

ɺʽʜʦʤʦ, ʱʦ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʯʠʥʷʪʴ ʚʧʣʠʚ ʥʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʬʘʟ ʚ ʩʪʘʣʷʭ. ʃʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʫʤʦʚʥʦ 

ʧʦʜʽʣʠʪʠ ʥʘ (ʜʝ)ʩʪʘʙʽʣʽʟʫʶʯʽ ʢʘʨʙʽʜʠ ʪʘ ʬʝʨʠʪ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʣʽʪʫ [32]. ɼʦ 

ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ Mn, ʊʽ, V, Cr ʪʘ Mo [65], ʪʦʜʽ ʷʢ 

ʥʝ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ Si, Al, Ni ʪʘ Co [31ï32, 64ï66], ʤʘʶʪʴ 

ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʬʘʟʽ Ŭ-Fe. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʝʡ ʟ ʤʘʣʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ï 0,01 % ʤʘʩ., ʤʘʨʛʘʥʮʶ ï 

1,4 % ʤʘʩ., ʢʨʝʤʥʽʶ ï 0,6 % ʤʘʩ., ʘʣʶʤʽʥʽʶ ï 0,02ï0,16 % ʤʘʩ., ʘʟʦʪʫ ï 0,005 % 

ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʪʘ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200ÁC ʧʦʢʘʟʘʣʠ, ʱʦ ʣʝʛʫʚʘʥʥʷ 

ʘʣʶʤʽʥʽʻʤ ʧʨʠʟʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʬʝʨʠʪʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʫʜʘʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚʢʣʶʯʝʥʥʷ MnS ʪʘ AlN [66]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ 

[67] ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ Mn ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʜʘʚʘʥʥʷʤ Si ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ Feï(1,5ï2,5)% Mnï0,6% Sï̔

0,8 % C. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʩʪʘʣʽ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ɺʽʜʦʤʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʢʨʝʤʥʽʶ ʚ ʩʪʘʣʴ ʤʦʞʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʤʽʮʥʽʩʪʴ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ ʩʪʘʣʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʬʘʟ, ʱʦ 

ʤʽʩʪʷʪʴ ʢʨʝʤʥʽʡ, ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ Mn ʤʽʮʥʽʩʪʴ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʦ [33]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʶʤʽʥʽʶ ʚ ʩʪʘʣʽ ʘʙʦ ʩʧʣʘʚʽ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ 

ʘʣʶʤʽʥʽʶ [31ï32]. ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʩʠʩʪʝʤʽ Al2O3ïMnOïSiO2 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʦʚʪʦʨʶʚʘʣʠʩʴ ʟ 1943 ʨ. [68], ʘʣʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʨʦʟʙʽʞʥʦʩʪʽ. ɸʚʪʦʨʠ ʨʦʙʽʪ [69ï70], ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʥʘʢʦʚʫ 

ʤʝʪʦʜʠʢʫ, ʦʪʨʠʤʘʣʠ ʜʚʘ ʚʘʨʽʘʥʪʠ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ ʜʣʷ ʩʠʩʪʝʤʠ 

Al 2O3 ï MnO ï SiO2, ʘʣʝ ʥʝ ʥʘʜʘʣʠ ʧʦʷʩʥʝʥʴ. 

ɺ ʥʠʟʮʽ ʨʦʙʽʪ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ Al2O3ïMnOïSiO2ïCaO ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʬʘʟʫ MnSiN2 ʟ ʦʙôʻʤʥʦʶ ʯʘʩʪʢʦʶ 

ʜʦ 4 % ʤʘʩ. ɸʟʦʪ ʤʦʞʝ ʨʦʟʯʠʥʷʪʠʩʴ ʫ ʨʦʟʧʣʘʚʽ ʜʦ 0,16 % ʤʘʩ. ʪʘ ʤʦʞʝ ʙʫʪʠ ʫ 

ʧʽʯʥʠʭ ʰʣʘʢʘʭ, ʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʰʣʘʢʫ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʤʝʪʘʣʫ [59]. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʘʭ [69ï71] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʽʢʚʽʜʫʩʫ ʚ ʩʧʣʘʚʘʭ Al2O3ïMnOïSiO2 ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Al2O3 

ʪʘ ʘʟʦʪʫ ʚ ʨʦʟʧʣʘʚʽ. ɺ ʨʦʙʦʪʽ [71] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʟʦʪ ʟ ʘʪʤʦʩʬʝʨʠ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʘʢʮʽʷʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeOïFe2O3ïSiO2 ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʤʘʻ 

ʦʜʥʦʟʥʘʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ. ɸʚʪʦʨʠ ʩʪʘʪʪʽ 

[58] ʚʢʘʟʫʶʪʴ, ʱʦ ʾʾ ʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1469 ÁC, ʘ ʚ ʩʪʘʪʪʽ 

[74] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1475 ÁC. ʂʨʽʤ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʠʩʢʫ ʜʦ 1 ʘʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ 

1420 ÁC [74] ʪʘ 1412 ÁC [75]. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [73], ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʧʣʘʚʽ 

Al 2O3 ï Ti2O3ïTiO2 ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʦʢʩʠʜʫ ʟʘʣʽʟʘ, ʘ ʡ ʬʘʟʠ Al2TiO5, 

ʘ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [73] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ AlïFeïO ʤʦʞʣʠʚʝ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʣʶʤʽʥʽʶ FeAl2O4 ʪʘ FeAlO3. ʇʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ Feï0,2Cï

1,44Siï1,32Mn ʟʽ ʩʪʫʧʝʥʝʤ 52 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1150 ÜC ʪʘ ʧʦʝʪʘʧʥʠʤ 
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ʦʭʦʣʦʜʞʝʥʥʷʤ ʽ ʚʠʪʨʠʤʢʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 820 ºC,  C ʪʘ 380 Áʉ ʟʘʛʘʣʴʥʝ 

ʚʠʜʦʚʞʝʥʥʷ ʟʨʘʟʢʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 41 %, ʛʨʘʥʠʯʥʘ ʤʽʮʥʽʩʪʴ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

677 ʄʇʘ [74]. ʆʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʟʘʣʠʰʢʦʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʫ ʟʨʘʟʢʘʭ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

3,5 %, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʮʶ ʚ ʟʘʣʠʰʢʦʚʦʤʫ ʘʫʩʪʝʥʽʪʽ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʧʨʠʙʣʠʟʥʦ 1,15 % ʤʘʩ. [74]. 

ɻʘʨʷʯʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʘʣʽ Feï0,2Cï2Siï1Mnï1,2Cuï1Ni ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1100, 1000, 900, 800 ÁC ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200 ÁC ʟʽ 

ʩʪʫʧʝʥʝʤ 30% ʪʘ ʥʘʩʪʫʧʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 30ï50 ÁC/ʩ ʧʨʠʟʚʝʣʘ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʙʽʣʴʰʝ 1100 ʄʇʘ ʪʘ ʚʽʜʥʦʩʥʦʛʦ 

ʚʠʜʦʚʞʝʥʥʷ ʟʨʘʟʢʽʚ ʜʦ 25 % [75]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [76] ʜʦʩʣʽʜʠʣʠ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ Feï0,2Cï0,21Siï1,1Mnï0,35ʉrï0,026Tiï0,0038N ʪʘ ʟʨʦʙʠʣʠ 

ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʣʠʥʥʽʩʪʴ ʩʪʘʣʽ. ʉʪʘʣʴ ʤʘʣʘ ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ 

585,6 ʄʇʘ, ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ï 670,0 ʄʇʘ ʪʘ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʜʦ 30 %. ɺ 

ʩʪʘʣʽ Feï0,2Cï0,21Siï1,1Mnï0,35ʉrï0,026Tiï0,0038N ʫʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ 

ʚʢʣʶʯʝʥʴ ʬʘʟ ʧʽʜʚʠʱʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦ 24 % ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʶ ʩʪʘʣʣʶ [76].  

ɺʽʜʦʤʽ ʥʘʨʘʟʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʦʙʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʽʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʡ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʙ 

ʟʘʙʝʟʧʝʯʠʣʠ ʥʝʦʙʭʽʜʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʦʚʠʨʦʙʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ çʩʢʣʘʜ ï ʚʣʘʩʪʠʚʽʩʪʴè [13ï16].  

ʅʘʨʘʟʽ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʡ ʤʘʨʢʠ 

2 ʽ ʊ. ɺ ʩʪʘʣʽ ʤʘʨʢʠ ʊ ʧʝʨʝʜʙʘʯʝʥʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʜʦ 0,7 % ʤʘʩ., ʘʣʝ ʪʘʢʠʡ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʜʝʬʝʢʪʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʦʯʝʥʥʷ. ɿʘʣʽʟʥʠʯʥʽ ʢʦʣʝʩʘ, ʟʨʦʙʣʝʥʽ ʟ ʩʪʘʣʽ ʤʘʨʢʠ 2, ʟʥʘʯʥʦ 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʨʽʚʥʝʤ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ ʤʘʨʢʠ ʊ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʉʪʘʣʽ ʤʘʨʢʠ ʊ ʪʘ ʂ, ʣʝʛʦʚʘʥʽ ʪʠʪʘʥʦʤ ʪʘ 

ʘʣʶʤʽʥʽʻʤ, ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʧʝʨʝʚʠʱʫʶʪʴ ʩʪʘʣʽ ʤʘʨʢʠ 2, ʘ 

ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʦʧʦʨʫ ʫʪʚʦʨʝʥʥʶ ʜʝʬʝʢʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʪʘ ʚôʷʟʢʦʩʪʽ ï ʩʪʘʣʽ ʤʘʨʢʠ ʊ [13ï16]. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʛʫʣʶʶʯʠ ʚʤʽʩʪ ʤʘʨʛʘʥʮʶ, 

ʢʨʝʤʥʽʶ, ʪʠʪʘʥʫ, ʘʣʶʤʽʥʽʶ ʪʘ ʘʟʦʪʫ ʚ ʩʪʘʣʽ, ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʨʦʟʤʽʨʠ ʟʝʨʝʥ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ 

ʜʠʩʧʝʨʩʥʽʩʪʴ ʬʘʟ. ʅʘʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʧʣʠʚʫ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʶʤʽʥʽʡïʪʠʪʘʥïʘʟʦʪ ʪʘ ʘʣʶʤʽʥʽʡïʘʟʦʪ ʥʘ 

ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ. 

1.4. ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ  

ɯʥʪʝʨʝʩ ʜʦ ʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʟʫʤʦʚʣʝʥʠʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʃʝʛʫʚʘʥʥʷ ʝʚʪʝʢʪʠʯʥʠʭ 

ʩʧʣʘʚʽʚ ʘʙʦ ʪʝʧʣʦʚʘ ʜʽʷ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ [63]. ʂʨʽʤ ʮʴʦʛʦ, ʝʚʪʝʢʪʠʯʥʽ ʩʧʣʘʚʠ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʤʘʪʨʠʮʶ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [77ï79]. 

ɺʽʜʦʤʦ, ʱʦ ʨʦʟʧʣʘʚʠ ʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʚʠʷʚʣʷʶʪʴ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʠʧʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʚôʷʟʢʽʩʪʴ, ʛʫʩʪʠʥʘ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʦʱʦ) [80]. ɺ ʨʦʟʧʣʘʚʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʢʣʘʩʪʝʨʽʚ. ʇʘʨʘʤʝʪʨʠ ʢʣʘʩʪʝʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʭʦʜʫ ʨʝʯʦʚʠʥʠ ʚʽʜ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʜʦ ʪʚʝʨʜʦʛʦ. ɯʩʥʫʚʘʥʥʷ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʝʚʪʝʢʪʠʯʥʠʭ ʪʘ ʧʝʨʠʪʝʢʪʠʯʥʠʭ ʨʦʟʧʣʘʚʘʭ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʮʝʚʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʱʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʣʠʪʪʷ, ʧʘʡʢʠ, ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʝʚʪʝʢʪʠʯʥʦʾ ʤʘʪʨʠʮʽ. ɺʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ 

ʚ ʨʦʟʧʣʘʚʽ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʷʢ 

ʢʨʠʩʪʘʣʽʯʥʠʭ, ʪʘʢ ʽ ʘʤʦʨʬʥʠʭ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʝʚʪʝʢʪʠʢʠ, ʜʣʷ ʩʧʣʘʚʽʚ ʭʘʨʘʢʪʝʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ [66]. ɼʣʷ ʩʧʣʘʚʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʥʦ ʚʠʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʘʥʦʤʘʣʴʥʫ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ [81]. ʊʘʢʽ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʣʘʚʽʚ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ [77, 81]. ʅʘʨʘʟʽ ʚʩʷ 

ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʚʪʝʢʪʠʯʥʠʭ ʨʦʟʧʣʘʚʘʭ, ʻ 
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ʥʝʜʦʩʪʘʪʥʴʦʶ, ʱʦʙ ʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤ 

ʩʪʘʥʦʤ ʩʧʣʘʚʽʚ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʟʧʣʘʚʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʬʣʫʢʪʫʘʮʽʡ.  

1.4.1. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ AlïCu 

ʉʠʩʪʝʤʘ Alïʉu ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʠʭ ʩʧʣʘʚʽʚ ʚ ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɼʘʥʘ ʩʠʩʪʝʤʘ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʧʣʘʚʽʚ Alïʉu ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʄʶʨʨʝʻʤ ʚ 1985 ʨʦʮʽ [2]. ʄʶʨʨʝʡ ʧʨʝʜʩʪʘʚʠʚ ʜʽʘʛʨʘʤʫ 

ʩʠʩʪʝʤʠ Alïʉu ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʪʘ ʥʘʚʽʚ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʤʝʪʘʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʬʘʟ, ʷʢʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [2], ʨʽʚʥʦʚʘʞʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ ʤʽʩʪʠʪʴ 5 ʽʥʪʝʨʤʝʪʘʣʝʚʠʭ ʬʘʟ, ʱʦ 

ʩʪʘʙʽʣʴʥʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʘ 7 ʜʦʜʘʪʢʦʚʠʭ ʬʘʟ, ʷʢʽ ʩʪʘʙʽʣʴʥʽ ʧʨʠ 

ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʨʠʩ. 1.6). ɼʽʘʛʨʘʤʘ ʩʠʩʪʝʤʠ Al ï ʉu ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ [82], ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʭʣʠʚʦʩʪʽ ʘʪʦʤʽʚ [83] ʪʘ 

ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Alïʉu, ʦʪʨʠʤʘʥʦ  ʁʚ ʨʦʙʦʪʽ [2].  

ɺ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Alïʉu ʧʨʠ ʟʥʘʯʥʦʤʫ ʚʤʽʩʪʽ ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ Al2Cu. ʉʪʨʫʢʪʫʨʘ ɗ-ʬʘʟʠ (Al2Cu), ʷʢʘ ʤʘʻ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʙʫʜʦʚʫ, 

ʙʫʣʘ ʩʧʦʯʘʪʢʫ ʙʫʣʘ ʚʠʷʚʣʝʥʘ Friauf [84]. ɿʛʽʜʥʦ ʄʶʨʨʝʶ [2] ʬʘʟʘ ɗ-ʬʘʟʠ (Al2Cu) 

ʩʪʽʡʢʘ ʜʦ 591 Áʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ 31ï37,5 ʘʪ.% Cu ʧʦʢʘʟʘʣʠ, ʱʦ 

ʝʚʪʝʢʪʠʢʘ Al+Al2Cu ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ 32,4 ʘʪ.% Cu ʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

592 Áʉ [85], ʘ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [63] ʚʢʘʟʫʶʪʴ, ʱʦ ʝʚʪʝʢʪʠʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ 

32,05 ʘʪ.% Cu ʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 549 Áʉ, ʤʘʻ ʜʽʣʷʥʢʫ ʛʦʤʦʛʝʥʥʦʩʪʽ ʜʦ 0,55 ʘʪ.% 

Cu. ɯʩʥʫʚʘʥʥʷ ʬʘʟʠ Al2Cu ʚ ʜʚʦʭ ʤʦʜʠʬʽʢʘʮʽʷʭ (Al2Cuïʪʠʧʫ) ʪʘ (CaFïʪʠʧʫ) ʧʦʢʘʟʘʥʦ 

ʚ ʨʦʙʦʪʘʭ [84ï86] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ. ʗʢ ʚʽʜʦʤʦ, ʚ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ AlïCu ʧʨʠ ʤʘʣʦʤʫ ʚʤʽʩʪʽ ʤʽʜʽ ʪʘ ʩʪʘʨʽʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Ÿ GPI Ÿ GPII Ÿɗ Ÿ ɗ'. GPI ʷʚʣʷʻ ʩʦʙʦʶ ʤʦʥʦʰʘʨ 

ʘʪʦʤʽʚ ʤʽʜʽ ʥʘ ʧʣʦʱʠʥʘʭ {100} ʢʫʙʽʯʥʦʾ (ɻʎʂ), ʪʦʜʽ ʷʢ GPII ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ 

ʙʽʣʴʰʝ ʰʘʨʽʚ ʘʪʦʤʽʚ ʤʽʜʽ, ʨʦʟʜʽʣʝʥʠʭ ʪʨʴʦʤʘ ʰʘʨʘʤʠ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ. ʌʘʟʘ ɗ' 
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(Al 2Cu) ʤʘʻ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʨʝʰʽʪʢʫ (C1), ʪʦʜʽ ʷʢ ɗ-ʬʘʟʘ ʤʘʻ ʩʪʨʫʢʪʫʨʫ C16. 

ʈʦʟʨʘʭʫʥʢʠ ʟ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʣʠʚʘʣʴʥʘ ʝʥʪʨʦʧʽʷ ʩʪʘʙʽʣʽʟʫʻ 

ʬʘʟʫ ɗ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ T =  150ï200 Áʉ. 

ʌʘʟʘ ɗ' ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʘ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʬʘʟʘ ɗ' (Al2Cu) ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʚʠʥʥʠʭ ʬʘʟ, ʷʢʽ ʟʤʽʮʥʶʶʪʴ 

ʩʧʣʘʚʠ AlïCu [86]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʝʥʦ ʯʦʪʠʨʠ ʚʽʜʧʦʚʽʜʥʽ ʬʘʟʠ ʩʠʩʪʝʤʠ 

AlïCu: ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʙʘʟʽ ʘʣʶʤʽʥʽʶ, ʚ ʷʢʦʤʫ ʨʦʟʯʠʥʝʥʘ ʤʽʜʴ, ʩʪʘʙʽʣʴʥʘ 

ʽʥʪʝʨʤʝʪʘʣʝʚʘ ʬʘʟʘ Al2Cuïɗ (ʉ16), ʘ ʪʘʢʦʞ ʜʚʽ ʤʝʪʘʩʪʘʙʽʣʴʥʽ ʬʘʟʠ Al2Cuï ɗ' (ʪʠʧʫ 

CaF2), ʪʘ Al3Cuï ɗ'', ʷʢʫ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ GPïII [87ï88]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʮʠʭ ʬʘʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300 Áʉ ʩʪʘʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʤʠ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [2] 

(ʨʠʩ. 1.6). 

 

ʈʠʩʫʥʦʢ 1.6 ï ɼʽʘʛʨʘʤʘ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu [2] 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʠʚʘʣʦʛʦ ʩʪʘʨʽʥʥʷ ʚʠʷʚʠʣʦ, 

ʱʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 190 Áʉ ʽʩʥʫʻ ʬʘʟʘ (Al2Cu-ʪʠʧʫ), ʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ɗ' ï (CaF-ʪʠʧʫ) [89].  

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʠ ɗ' ʚ ʬʘʟʫ ɗ ʤʝʪʦʜʦʤ ʩʪʘʨʽʥʥʷ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 190 Áʉ [74], ʘ ʚ ʨʦʙʦʪʘʭ [74ï75] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 300 Áʉ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʦʤʽ ʥʘʨʘʟʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ 

ʩʪʦʩʦʚʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʠ ɗ' ʚ ʬʘʟʫ ɗ ʻ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ. ɺʧʣʠʚ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʽʚ Alïʉu ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ (ʜʦ 
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33% ʘʪ. Cu) ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʤʽʨʠ 

ʜʝʥʜʨʠʪʽʚ ʬʘʟʠ Al2Cu ʟʤʝʥʰʫʶʪʴʩʷ [1]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʩʧʣʘʚʽʚ AlïCu, ʷʢʽ ʤʽʩʪʠʣʠ ʚʽʜ 1 ʜʦ 4 % Cu, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʝʥʜʨʠʪʘʤʠ ʽ ʨʦʟʤʽʨ ʟʝʨʥʘ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ ʚ ʩʧʣʘʚʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʝʚʪʝʢʪʠʢʠ, ʦʙôʻʤʥʘ 

ʯʘʩʪʢʘ ̫ ʢʦʾ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ. 

ʂʽʣʴʢʽʩʪʴ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʚʪʝʢʪʠʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 0ï1 Áʉ/ʩ, ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 1ï10 Áʉ /ʩ [3]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ 

ʧʦʷʩʥʶʶʪʴ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʠʤ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ ʙʽʣʴʰʠʭ ʟʘ 

ʨʦʟʤʽʨʦʤ. ʋʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ ʧʦʷʩʥʶʶʪʴ ʙʽʣʴʰʠʤ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ ʜʦ ʧʦʯʘʪʢʫ ʝʚʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʪʘ ʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʜʠʬʫʟʽʻʶ 

ʘʪʦʤʽʚ ʤʽʜʽ [3]. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 3 % ʤʘʩ., 

5 % ʤʘʩ. ʪʘ 8 % ʤʘʩ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ ʪʘ 

ʚʪʦʨʠʥʥʠʤ ʛʽʣʢʘʤʠ ʜʝʥʜʨʠʪʽʚ Ŭ-Al [90]. 

ʗʢ ʚʽʜʦʤʦ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʽ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʟʠ Al2Cu, ʷʢʘ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʩʢʣʘʜʽ 

ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʝʚʪʝʢʪʠʢʠ, ʘʣʝ ʚ ʨʦʙʦʪʽ [91] ʥʝ ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʧʝʨʝʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʬʘʟ.  

ɼʣʷ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ (ʚʤʽʩʪ ʤʽʜʽ 32,7 % ʤʘʩ.) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʣʘʟʝʨʥʽʡ ʦʙʨʦʙʮʽ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʤʦʨʬʦʣʦʛʽʷ ʝʚʪʝʢʪʠʢʠ, ʘ ʡ 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ: ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 0,2 Áʉ/ʩ ʝʚʪʝʢʪʠʢʘ ʤʘʣʘ ʧʣʘʩʪʠʥʯʘʩʪʫ 

ʨʝʛʫʣʷʨʥʫ ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʘʤʠ Ŭ ï Al+Al 2Cu, ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ 0,2ï0,5 Áʉ/ʩ ʝʚʪʝʢʪʠʢʘ ʤʘʣʘ ʭʚʠʣʷʩʪʫ ʤʦʨʬʦʣʦʛʽʶ, ʩʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ 

ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʟʙʽʣʴʰʠʚʩʷ, ʪʘ ʥʘʩʪʫʧʥʠʡ ʩʢʣʘʜ: Ŭ-A1, ʬʘʟʘ ɗ-AI2Cu, ʬʘʟʠ ɗ' ʪʘ ɗ". 

ʌʘʟʘ ɗ' ʟôʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʘʤʝʣʝʡ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʜʦʤʽʥʫʶʪʴ ʥʘʜ ʬʘʟʦʶ ɗ. 
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ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʱʝ ʥʽʞ 0,5 Áʉ/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʣʘʩʪʠʥʯʘʪʦʾ ʝʚʪʝʢʪʠʢʠ, ʚʢʣʶʯʝʥʴ ʬʘʟ ɗ', ɗ" ʪʘ ʧʝʨʝʩʠʯʝʥʦʛʦ ʘʣʶʤʽʥʽʻʤ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ Ŭ-A1 [83, 93]. ɺôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ AlïCu ʻ ʦʜʥʽʻʶ ʟ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʉʝʨʝʜ ʣʠʪʠʭ ʩʧʣʘʚʽʚ, ʙʽʥʘʨʥʘ ʩʠʩʪʝʤʘ AlïCu ʟʥʘʡʰʣʘ ʙʘʛʘʪʦ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʽ ʧʦʚʽʪʨʦʧʣʘʚʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [94] ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜ ʰʚʠʜʢʦʩʪʽ ʧʽʜʡʦʤʫ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ 

ʚ ʚʽʩʢʦʟʠʤʝʪʨʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ ʛʫʩʪʠʥʠ ʤʝʪʘʣʝʚʠʭ 

ʨʦʟʧʣʘʚʽʚ. ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ ɸlïCu ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ ʚʽʜ 12,23 ʜʦ 

58,5 % ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 687ï1192 Áʉ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [94] ʧʦʢʘʟʘʣʠ, 

ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʩʧʣʘʚʽʚ ʚôʷʟʢʽʩʪʴ ʪʘ ʛʫʩʪʠʥʘ ʨʦʟʧʣʘʚʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʘʪʦʤʽʚ ʤʽʜʽ ʤʘʻ ʝʢʩʪʨʝʤʫʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʝʚʪʝʢʪʠʯʥʦʤʫ ʚʤʽʩʪʫ ʤʽʜʽ 30,2 % ʤʘʩ. ʚ ʩʧʣʘʚʽ. 

ɺ ʨʦʙʦʪʽ [95] ʜʦʩʣʽʜʠʣʠ ʚôʷʟʢʽʩʪʴ, ʛʫʩʪʠʥʫ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʧʣʘʚʽʚ ʟ 

ʚʤʽʩʪʦʤ ʤʽʜʽ 4 % ʤʘʩ., 20 % ʤʘʩ. ʪʘ 30 % ʤʘʩ. ʤʝʪʦʜʦʤ ʧʘʜʘʶʯʦʾ ʢʨʘʧʣʠʥʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʚ ʨʦʙʦʪʽ [96]. ʈʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [95], ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʛʫʩʪʠʥʠ ʪʘ 

ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ɸlïCu ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʜʦʙʘʚʢʘʭ ʤʽʜʽ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʤʽʜʽ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝʡ ʬʘʢʪ ʘʚʪʦʨʠ ʨʦʙʦʪʠ ʧʦʷʩʥʶʶʪʴ sïd ʛʽʙʨʠʜʠʟʘʮʽʻʶ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʚʘʣʝʥʪʥʦʛʦ ʝʣʝʢʪʨʦʥʫ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʧʣʘʚʫ ʤʽʜʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʌʝʨʤʽ ʪʘ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʧʣʘʚʫ [97]. 

ɿʨʦʩʪʘʥʥʷ ʚôʷʟʢʦʩʪʽ ʽ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ ʧʦʙʣʠʟʫ 50 ʘʪ.% Cu 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʩʠʣʝʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʘʪʦʤʽʚ ʨʦʟʧʣʘʚʫ [98]. ɸʚʪʦʨʠ 

ʨʦʙʦʪʠ [96] ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʤʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʚôʷʟʢʦʩʪʽ, 

ʙʣʠʟʴʢʽ ʜʦ ʩʪʝʭʽʦʤʝʪʨʽʾ ʬʘʟ Al3Cu ʽ Al2Cu, ʚʽʜʧʦʚʽʜʥʦ. ʇʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ 
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ʝʢʩʪʨʝʤʫʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚôʷʟʢʦʩʪʽ. 

ɺʠʷʚʣʝʥʦ ʨʦʟʛʘʣʫʞʝʥʥʷ ʥʘ ʢʨʠʚʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʛʽʩʪʝʨʝʟʠʩ ʚôʷʟʢʦʩʪʽ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʤʽʜʽ: 10 ʽ 17,1 % ʘʪ. Cu ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ; 25 ʽ 40 % ʘʪ. Cu ʧʨʠ 1050 ʦʉ; 32,2 % ʘʪ. Cu ʧʨʠ 850 Áʉ. ɼʣʷ 

ʟʨʘʟʢʽʚ ʟ 10 ʽ 17,1 % ʘʪ. Cu ʢʨʠʚʘ ʦʭʦʣʦʜʞʝʥʥʷ çʧʦʚʝʨʪʘʻè ʜʦ ʢʨʠʚʦʾ ʥʘʛʨʽʚʫ 

ʙʣʠʟʴʢʦ 600 ʦʉ. ɸʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʬʽʢʩʫʚʘʣʠ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʚʠʤʽʨʘʭ ʜʝʢʨʝʤʝʥʪʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 50 % ʘʪ. Cu, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 1000 Áʉ. ʇʽʜ ʯʘʩ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʝʬʝʢʪ ʟʥʠʢʘʻ. ɼʣʷ 

ʨʦʟʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 10 ʽ 17,1 % ʘʪ., ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ çʧʦʚʝʨʥʝʥʥʷè ʢʨʠʚʦʾ 

v(T), ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ ʧʦʙʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨʠ 

600 ʦʉ. ʅʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʧʝʨʝʙʫʜʦʚʦʶ ʙʣʠʞʥʴʦʛʦ 

ʧʦʨʷʜʢʫ ʚ ʨʦʟʧʣʘʚʽ [100]. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [99] ʪʝʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʞ ʢʨʠʚʠʤʠ 

ʛʫʩʪʠʥʠ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ. 

ʉʧʦʩʪʝʨʽʛʘʣʠ ʛʽʩʪʝʨʝʟʠʩ ʥʘ ʢʨʠʚʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 750 ʦʉ ʜʣʷ 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 17 % ʘʪ. ʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ 750 ʦʉ 

ʜʣʷ ʨʦʟʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ 23 % ʘʪ. ʤʽʜʽ. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʛʽʩʪʝʨʝʟʠʩʫ ʧʦʩʪʫʧʦʚʦ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ 1300 ʦʉ ʜʦ 950ï970 ʦʉ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ ʚ ʩʧʣʘʚʽ AlïCu. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʢʨʠʚʘ 

ʥʘʛʨʽʚʫ ʤʘʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʪʦʜʽ ʷʢ ʢʨʠʚʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʣʠʟʴʢʘ ʜʦ ʬʦʨʤʠ, 

ʷʢʽʡ ʤʦʞʥʘ ʥʘʜʘʪʠ ʦʧʠʩ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ.  

ɼʣʷ ʨʦʟʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ ʪʘ ʩʧʣʘʚʽʚ, ʣʝʛʦʚʘʥʠʭ ʤʽʜʜʶ, ʱʦ ʤʽʩʪʷʪʴ 90 ʪʘ 

82,9 % ʘʪ. ʘʣʶʤʽʥʽʶ, ʛʽʩʪʝʨʝʟʠʩ ʚôʷʟʢʦʩʪʽ ʤʘʻ ʩʚʦʻʨʽʜʥʫ ʬʦʨʤʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʥʘ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ ʧʦʙʣʠʟʫ 

ʪʝʤʧʝʨʘʪʫʨʠ 952 Áʉ, ʦʜʥʘʢ, ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʧʽʩʣʷ ʨʦʟʛʘʣʫʞʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʝ ʦʜʠʥ ʛʽʩʪʝʨʝʟʠʩ ʥʘ ʧʦʣʽʪʝʨʤʘʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 600 ʦʉ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚôʷʟʢʽʩʪʴ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʨʠʚʦʾ ʥʘʛʨʽʚʫ (ʙʣʠʟʴʢʠʡ ʛʽʩʪʝʨʝʟʠʩ). ʅʘ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʣʘʜʢʠʡ ʤʘʢʩʠʤʫʤ ʜʣʷ ʨʦʟʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 
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ʨʽʟʢʠʡ ʜʣʷ ʩʪʝʨʝʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ CuAl3. ʂʨʽʤ ʮʴʦʛʦ, ʥʘ ʢʨʠʚʠʭ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʧʣʘʪʦ 

ʧʝʨʝʜ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 70ï100 ʦʉ ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ [99]. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [83] ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜ ʧʨʦʥʠʢʘʶʯʦʛʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʟʥʘʡʰʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʜʣʷ ʩʧʣʘʚʽʚ CuïAl, ʷʢʽ ʤʽʩʪʷʪʴ ʚʽʜ 0 

ʜʦ 100 % ʘʪ. ʤʽʜʽ, ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʢʽʤʥʘʪʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ 1300ï

1400 ʦʉ, ʪʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900 ʦʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʛʫʩʪʠʥʠ 

ʨʦʟʧʣʘʚʫ. 

ɺ ʨʦʙʦʪʽ [100] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨʽʚ [86] ʩʣʽʜ 

ʟʚʘʞʘʪʠ ʥʘ ʧʦʭʠʙʢʫ ʫ ʚʞʝ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʩʧʣʘʚʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʚʝʜʝʥʠʭ ʚ 

ʨʦʙʦʪʽ [79], ʷʢʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʦ 20 %. ʂʨʽʤ ʮʴʦʛʦ, ʜʣʷ 

ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu ʘʚʪʦʨʠ ʨʦʙʦʪʠ [8] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨʽʚ [92] 

ʦʪʨʠʤʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʩʧʣʘʚʽ, ʷʢʘ ʤʘʻ ʽʥʰʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʥʽʞ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ [89]. ɿʤʽʥʫ 

ʚʷʟʢʦʩʪʽ, ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʠɦʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ, 

ʘʚʪʦʨʠ ʨʦʙʽʪ [79ï100] ʧʦʚʷʟʫʶʪʴ ʟ̔ ʟʥʘʯʥʦʶ ʟʤʽʥʦʶ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ 

ʚ ʨʦʟʧʣʘʚʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʘʯʥʫ ʟʤʽʥʫ 

ʧʘʨʘʤʝʪʨʽʚ ʚʷʟʢʦʩʪʽ, ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʫ, ʤʘʶʪʴ ʨʦʟʙʽʞʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ AlïCu ʤʝʪʦʜʦʤ ʢʦʣʠʚʘʥʴ ʚʽʩʢʦʟʠʤʝʪʨʘ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 1500 ÁC 

ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ 

ɸʨʨʝʥʽʫʩʘ. ʄʘʢʩʠʤʫʤ ʚôʷʟʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ ʤʽʜʽ ʤʽʞ 0,6ï0,8 % ʘʪ., ʱʦ 

ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ ʚ ʨʦʟʧʣʘʚʽ [102]. ɽʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ ʩʧʣʘʚʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʚʤʽʩʪʫ ʤʽʜʽ 0,0ï40,0 % ʘʪ. ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

13,203 ʢɼʞ/ʤʦʣʴ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ 0,2 % ʘʪ., ʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ ʚ ʽʥʪʝʨʚʘʣʽ 

0,1ï0,3 % ʘʪ. ʤʘʻ ʤʘʢʩʠʤʫʤ. ɺ ʨʦʟʧʣʘʚʘʭ AlïCu ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʧʦʣʽʪʝʪʨʘʝʜʨʠʯʥʽ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʠ ʽʢʦʩʘʝʜʨʠʯʥʦʛʦ ʪʠʧʫ ʪʘ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʽʩʥʫʻ 

ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʥʠʭ ʨʘʜʽʫʩʽʚ ʢʦʤʧʦʥʝʥʪʽʚ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʤʝʪʘʣʝʚʠʭ ʨʦʟʧʣʘʚʘʭ AlïCu 

[102]. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʽʜ 
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ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʩʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ 

(Al 83Cu17) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 850ï952 ʦʉ, 

ʘ ʜʣʷ ʩʧʣʘʚʫ Al66,7Cu33,3 ï 850ï940 ʦʉ [103]. 

ʌʫʥʢʮʽʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʪʘ 

ʽʥʪʝʨʤʝʪʘʣʝʚʦʾ ʩʧʦʣʫʢʠ (Al66,7Cu33,3) ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʘʣʝ ʥʘʷʚʥʽʩʪʴ ʛʦʩʪʨʦʛʦ ʧʽʢʫ 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʧʦʨʷʜʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʨʦʟʧʣʘʚʘʭ AlïCu ʟʙʝʨʽʛʘʻʪʴʩʷ ʭʽʤʽʯʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ [103]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʨʝʬʨʘʢʪʦʤʝʪʨʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʦʟʧʣʘʚʘʭ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪ ʤʽʜʽ 

ʘʙʦ ʘʣʶʤʽʥʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʢʦʨʦʪʢʦʪʝʨʤʽʥʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʘʣʝ 

ʡ ʩʝʨʝʜʥʴʦʪʝʨʤʽʥʦʚʠʭ [103]. ʋ ʢʦʞʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʢʪʦʨʽ S(Q) ʽʩʥʫʻ 

ʧʦʧʝʨʝʜʥʽʡ ʧʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʪʝʨʤʽʥʦʚʽʡ ʩʪʨʫʢʪʫʨʽ. ʉʝʨʝʜʥʴʦʪʝʨʤʽʥʦʚʽ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʚ ʨʦʟʧʣʘʚʽ ɸlïCu ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʻ ʟʘʨʦʜʢʘʤʠ 

ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. ɼʣʷ ʩʧʣʘʚʫ AlïCu ʟ ʚʤʽʩʪʦʤ 2 % ʤʘʩ. ʘʣʶʤʽʥʽʶ ʪʘʢʠʡ ʧʽʢ ʽʩʥʫʻ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1250 ʦʉ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʢ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʛʫʩʪʠʥʘ, 

ʝʥʪʘʣʴʧʽʷ ʬʘʟ ʩʧʣʘʚʽʚ AlïCu, ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [104]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʤʘʻ 

ʩʧʣʘʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 0,63 % ʘʪ. [105ï106]. 

ɼʣʷ ʩʧʣʘʚʽʚ AlïCu ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʘʨʮʽʘʣʴʥʽ 

ʪʘ ʽʥʪʝʛʨʘʣʴʥʽ ʝʥʪʘʣʴʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1317Ñ5 Áʉ ʪʘ 1327Ñ5 ʦʉ 

[91]. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʤʘʻ ʩʧʣʘʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 0,7 % ʘʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ Alï4% Cu ʥʘ ʤʽʞʢʨʠʩʪʘʣʽʯʥʫ ʢʦʨʦʟʽʶ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ: ʩʧʣʘʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʦʥʫ, ʟʙʽʜʥʝʥʫ ʘʪʦʤʘʤʠ 

ʘʣʶʤʽʥʽʶ ʚʟʜʦʚʞ ʛʨʘʥʠʮʴ ʟʝʨʝʥ, ʢʦʨʦʟʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʚʠʥʥʝ ʤʽʩʪʠʪʠ ʘʥʽʦʥʠ, 

ʟʜʘʪʥʽ ʨʦʟʱʝʧʣʶʚʘʪʠ ʧʘʩʠʚʥʠʡ Al, ʧʦʪʝʥʮʽʘʣ ʢʦʨʦʟʽʾ ʩʧʣʘʚʫ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʧʨʦʙʦʶ ʟʙʽʜʥʝʥʦʾ ʟʦʥʠ [92]. ʆʢʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ 
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ʧʦʢʘʟʘʥʦ, ʱʦ ʤʽʞʢʨʠʩʪʘʣʽʯʥʘ ʢʦʨʦʟʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʚ ʥʘʪʨʽʻʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ [92]. ʉʧʣʘʚʠ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 1ï5 % ʤʘʩ. ʦʙʨʦʙʣʷʣʠ ʨʦʟʯʠʥʦʤ NaCl 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʧʨʠ 530 Áʉ. ʉʧʣʘʚ Alï3,5 Cu ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 513 ÁC ʧʨʦʪʷʛʦʤ 5, 

10, 15, 30, 45, 72, 120, 144 ʭʚ ʽ 24 ʛʦʜ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʨʽʥʥʶ ʩʧʣʘʚʫ. ɼʨʫʛʘ 

ʛʨʫʧʘ ʟʨʘʟʢʽʚ ʙʫʣʘ ʚʠʪʨʠʤʘʥʘ ʧʨʦʪʷʛʦʤ 16 ʛʦʜ ʧʨʠ 110 ʦʉ. ʊʨʝʪʶ ʛʨʫʧʫ ʟʨʘʟʢʽʚ 

ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ ʧʨʠ 180 ÁC, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʞʥʦ ʬʘʟʫ ɗ". 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʯʠʥʫ NaCl ʥʘ ʢʦʨʦʟʽʶ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 1ï5 % ʤʘʩ. 

ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʧʦʪʝʥʮʽʘʣ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʽʪʪʽʥʛʘ ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʶ ʤʽʜʽ ʚ 

ʘʣʶʤʽʥʽʾ. ʋʪʚʦʨʝʥʥʷ ʬʘʟʠ ɗ" ʬʘʟʠ ʚ ʩʧʣʘʚʽ ɸ1ï3,5 Cu ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʧʽʪʪʽʥʛʘ ʥʘ 30 ʤɺ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʫʪʚʦʨʝʥʥʷ ɗ' ʧʨʠʟʚʝʣʦ ʟʥʠʞʝʥʥʷ ʜʦ 

ʨʽʚʥʷ ~ 100 ʤɺ [107]. ɿʘ ʜʫʤʢʦʶ ʘʚʪʦʨʽʚ ʥʘʚʝʜʝʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʤʦʞʥʘ 

ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʱʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ [79ï105]. ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʥʘʛʨʽʚʽ ʩʧʣʘʚʽʚ AlïCu ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʣʽʢʚʽʜʫʩʫ, ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʩʧʣʘʚʫ, ʱʦ ʤʘʻ ʽʥʰʠʡ ʨʦʟʧʦʜʽʣ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [79ï105]. ɸʣʝ, ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʱʝ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪ ̔

ʩʪʽʡʢʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʘʭ AlïCu, ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʚʤʽʩʪʽ ʘʣʶʤʽʥʽʶ ʪʘ 

ʤʽʜʽ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʜʫʞʝ ʨʽʟʥʷʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʜʝʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʨʦʟʧʣʘʚʫ AlïCu (ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ), ʷʢʝ ʚʧʣʠʥʝ 

ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ, ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

1.4.2. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ PbïSb 

ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ PbïSb ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʽʘʛʨʘʤ ʧʝʨʰʦʛʦ ʪʠʧʫ (ʬʘʟʦʚʘ 

ʜʽʘʛʨʘʤʘ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ) [99]. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [108ï109] ʦʪʨʠʤʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ 

ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 251,7 ʦʉ ʪʘ ʚʤʽʩʪʽ ʩʫʨʤʠ 
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17,5 % ʘʪ., ʘ ʚ ʨʦʙʦʪʽ [109] ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʝʚʪʝʢʪʠʢʠ, ʩʢʣʘʣʘ 251,2  ʦʉ ʪʘ ʧʨʠ ʚʤʽʩʪʽ ʩʫʨʤʠ 11,2 % ʤʘʩ., ʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

[109] ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 251,7 Áʉ ʪʘ ʚʤʽʩʪʽ ʩʫʨʤʠ 11,1 % ʤʘʩ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ PbïSb 

[109] 

 

ʆʢʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ [109] ʚʠʷʚʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʞʘ ʨʦʟʯʠʥʥʦʩʪʽ ʩʫʨʤʠ 

(3,5 % ʤʘʩ. ʚ ʩʚʠʥʮʽ ʧʨʠ ʝʚʪʝʢʪʠʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 251 Áʉ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʩʫʨʤʠ ʯʘʩ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 1.7). ɸʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʮʝ ʪʠʤ, 

ʱʦ ʽʩʥʫʻ ʤʝʥʰʘ ʯʘʩʪʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʷʜʝʨ, ʷʢʽ ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ, ʷʢ ʮʝʥʪʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ [110]. 

ʇʨʠ ʟʘʜʘʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [110]. ʏʠʤ 

ʙʽʣʴʰʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ (t), ʪʠʤ ʙʽʣʴʰʦʶ ʙʫʜʝ ʧʨʦʧʦʨʮʽʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʨʦʜʢʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʮʝʥʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʏʘʩʪʠʥʘ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʙʫʜʝ ʚʽʜʪʠʩʥʫʪʘ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʽ ʥʘʜʘʣʽ ʟʘʣʠʰʘʪʴʩʷ ʧʦ ʛʨʘʥʠʮʷʭ 

ʟʝʨʝʥ [111]. ʄʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 

ʩʫʨʤʠ 4ï13 % ʤʘʩ. ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [112]. 

ɽʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ PbïSb ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

253 Áʉ, ʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʧʣʘʚʫ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 254 Áʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 561 °C 

ʩʧʣʘʚ ʤʽʩʪʠʪʴ 50 % ʨʦʟʧʣʘʚʫ [112]. ɺ ʩʠʩʪʝʤʽ PbïSb ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ 

ʩʫʨʤʠ ʜʦ 17,2 % ʘʪ. ʚ ʩʧʣʘʚʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ Ŭ-Pb(+Sb), ʷʢʝ ʤʘʻ ʢʫʙʽʯʥʫ 
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ʨʝʰʽʪʢʫ ʪʠʧʫ CuïAl ʪʘ ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ 4,90 ¡ [113]. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ PbïSb ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 190 Áʉ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʥʦʚʽ ʬʘʟʠ, ʷʢʽ ʚʢʣʶʯʘʣʠ ʚ 

ʩʝʙʝ ʆʎʂ (Wïɸ2-ʪʠʧʫ ʟ ʧʝʨʽʦʜʦʤ ʨʝʰʽʪʢʠ 3,892 ¡) ʬʘʟʠ PbïSb ʧʨʠ ʚʤʽʩʪʽ ʩʫʨʤʠ 

34ï38 % ʘʪ. ʪʘ ʧʨʠʤʽʪʠʚʥʫ ʢʫʙʽʯʥʫ ʬʘʟʫ (ʡʤʦʚʽʨʥʦ, ʪʠʧʫ NaClïB1) ʧʨʠ ʚʤʽʩʪʽ 

ʩʫʨʤʠ ʧʨʠʙʣʠʟʥʦ 60 % ʘʪ. [113]. ʂʨʽʤ ʪʦʛʦ, ʦʪʨʠʤʘʥʘ ʦʜʥʦʬʘʟʥʘ ʩʪʨʫʢʪʫʨʘ 

ʟʘʤʽʩʪʴ ʜʚʦʬʘʟʥʦʾ. ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ [113] ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʯʠʥʥʽʩʪʴ ʩʫʨʤʠ ʫ ʩʚʠʥʮʽ 

ʥʝ ʙʽʣʴʰʘ, ʥʽʞ 5,8 % ʘʪ. ɺ ʨʦʙʦʪʽ [114] ʜʦʩʣʽʜʞʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʽʚ 

ʟ ʚʤʽʩʪʦʤ ʩʫʨʤʠ 2,2 % ʤʘʩ. ʪʘ 5,8 % ʤʘʩ. ʟʽ ʰʚʠʜʢʽʩʪʶ 3,0ï156,5 ʤʢʤĿʩʤï1. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʩʫʨʤʠ 2,2 % ʤʘʩ. ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʣʘʩʴ, ʘ ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʩʫʨʤʠ 5,8 % ʤʘʩ. ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʣʘʩʴ [114]. 

ʉʧʣʘʚʠ ʟ ʚʤʽʩʪʦʤ 2,2 ʪʘ 5,8 % ʤʘʩ. ʩʫʨʤʠ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʥʘʧʨʘʚʣʝʥʽʡ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʛʨʘʜʽʻʥʪʦʤ ʰʚʠʜʢʦʩʪʽ 140  ʂĿ(ʩĿʤ)ï1 ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʨʦʩʪʫ ʚʽʜ 0,8 

ʜʦ 30 ʤʢʤĿʩï1, ʟ ʧʦʜʘʣʴʰʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʤʦʨʬʦʣʦʛʽʶ ʩʧʣʘʚʫ. 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʟʘ ʜʦʚʞʠʥʦ  ʁʥʘʧʨʘʚʣʝʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʨʘʟʢʘʭ 

ʚʠʷʚʠʚ ʚʝʣʠʢʫ ʧʦʟʜʦʚʞʥʶ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʶ ʧʦʧʝʨʝʜʫ ʜʝʥʜʨʠʪʥʦʛʦ ʤʘʩʠʚʫ. 

ɼʝʥʜʨʠʪʠ, ʱʦ ʨʦʩʣʠ ʧʨʠ ʤʝʥʰʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʩʪʫ, ʤʘʶʪʴ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʥʜʨʠʪʘʤʠ, ʱʦ ʬʦʨʤʫʚʘʣʠʩʴ ʟ ʙʽʣʴʰʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ [115]. ɺ ʨʦʙʦʪʽ [116] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʫ ʣʠʪʦʤʫ PbïSb ʩʧʣʘʚʽ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʩʫʨʤʠ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʧʦʚʟʫʯʦʩʪʽ. ʇʨʠ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ ʢʨʘʧʣʠʥ ʨʦʟʧʣʘʚʫ 

ʨʦʟʤʽʨʦʤ 10ï20 ʤʢʤ ʟ ʚʤʽʩʪʦʤ ʩʫʨʤʠ 14,4  % ʘʪ. ʥʘ 14 Áʉ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʥʜʨʠʪʽʚ Ŭ-Pb ʪʘ ʨʝʛʫʣʷʨʥʦʾ ʝʚʪʝʢʪʠʢʠ [117] (ʨʠʩ. 1.8). ʇʨʠ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ ʥʘ 111 ÁC ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʽʣʷʥʢʘʤʠ 

ʧʝʨʚʠʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʧʝʨʝʩʠʯʝʥʠʡ ʩʫʨʤʦʶ, ʪʘ ʤʘʣʦʨʦʟʤʽʨʥʦʶ 

ʜʚʦʬʘʟʥʦʶ ʩʫʤʽʰʰʶ. ɿʙʽʣʴʰʝʥʥʷ ʧʝʨʝʭʦʣʦʜʞʝʥʥʷ ʜʦ 162 ʦʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʜʽʣʝʥʥʷ ʤʽʢʨʦʜʠʩʧʝʨʩʥʠʭ ʚʢʣʶʯʝʥʴ ʩʫʨʤʠ ʚ ʩʚʠʥʮʽ ʪʘ ʦʜʥʦʬʘʟʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ [117]. ɺʧʣʠʚ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʩʧʣʘʚʠ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [118], ʚ 

ʷʢʽʡ, ʟʦʢʨʝʤʘ, ʟʘʟʥʘʯʝʥʦ, ʱʦ ʷʢʱʦ ʨʦʟʧʣʘʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʨʽʙʥʠʤʠ ʢʨʘʧʝʣʴʢʘʤʠ, 

ʪʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʽʟʦʣʷʮʽʾ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 0,3ï0,4ʊʢ 
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ʜʦ ʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʨʠʩ. 1.8). ʇʨʠ ʟʥʘʯʥʦʤʫ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ ʤʦʞʣʠʚʝ 

ʟʘʨʦʜʞʝʥʥʷ ʬʘʟʠ ʨʽʚʥʦʚʘʛʠ ʪʘ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʥʝʚʝʣʠʢʦʤʫ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ (ʥʘ 14 ʦʉ) ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʙʠʤʠ Ŭ-ʜʝʥʜʨʠʪʘʤʠ  

ʟʽ ʩʢʣʘʜʥʦʶ ʨʝʛʫʣʷʨʥʦʶ ʝʚʪʝʢʪʠʢʦʶ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ.  

ʇʨʠ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ ʥʘ 111 °C 

ʟôʷʚʣʷʶʪʴʩʷ ʧʝʨʝʩʠʯʝʥʽ ʧʝʨʚʠʥʥʽ 

ʢʨʠʩʪʘʣʠ ʪʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ 

ʜʚʦʬʘʟʥʘ ʩʫʤʽʰ. ʇʨʠ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʽ ʥʘ 162 ʦʉ 

ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʩʠʯʝʥʘ ʧʝʨʚʠʥʥʘ Ŭ-

ʬʘʟʘ [119]. ʆʢʨʽʤ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ 

[120], ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʝʨʝʭʦʣʦʜʞʝʥʥʷ 

ʩʫʨʤʠ ʜʦʩʷʛʘʻ æʊ=135 Áʉ, ʘ ʩʚʠʥʮʶ 

æʊ=80 Áʉ, ʘ ʚ ʨʦʙʦʪʽ [106] ʚʢʘʟʘʥʦ, ʱʦ 

ʜʣʷ ʩʫʨʤʠ ʚʽʜʥʦʩʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ 

æʊ=6 Áʉ, ʘ ʩʚʠʥʮʶ æʊ>201 Áʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʩʧʣʘʚʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʩʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʥʘ 

ʤʘʻ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ï 0,015(5) ʢɼʞĀʤʦʣʴï1, ʘ ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠ ʚʤʽʩʪʽ ʩʫʨʤʠ 

50 % ʪʘ ʩʚʠʥʮʶ 50 % ʩʪʘʥʦʚʠʪʴ ï 0,07(5) ʢɼʞĀʤʦʣʴï1 [120]. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʧʣʘʚʘʭ PbïSb ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 350 Áʉ ʚôʷʟʢʽʩʪʴ ʩʧʣʘʚʽʚ PbïSb ʟ ʚʤʽʩʪʦʤ 

ʩʫʨʤʠ 10,8 % ʤʘʩ. ʩʢʣʘʣʘ 1,7 ʇʘĿʩ [119], ʘ ʟʘ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ [104] ï 2,5 ʇʘĀʩ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 550 Áʉ ʚôʷʟʢʽʩʪʴ ʩʧʣʘʚʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 1,0 ʇʘĀʩ 

[113, 116], ʱʦ ʧʦʚôʷʟʫʶʪʴ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʨʦʟʧʣʘʚʽ ʟʘʨʦʜʢʽʚ ʧʝʨʚʠʥʥʠʭ ʬʘʟ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [120] ʚʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʩʫʨʤʠ 28 % ʤʘʩ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 292 Áʉ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʢʘʟʘʥʠʤʠ ʚ ʨʦʙʦʪʽ [114], ʚ ʷʢʽʡ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ. ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ 

ʥʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʚʤʽʩʪʫ ʩʫʨʤʠ ʚ 

 

ʈʠʩʫʥʦʢ 1.8 ï ɼʽʘʛʨʘʤʘ ʩʧʣʘʚʫ PbïSb 

[118] 
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ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ PbïSb, ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʜʝʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ  ʩʪʘʙʽʣʴʥʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ. ʊʝʧʣʦʚʘ ʜʽʷ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʟ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤ ʜʦ ʢʽʥʮʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟ ʫ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ 

PbïSb.  

1.4.3. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïB 

ɹʦʨʠʜʠ ʪʘ ʩʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪʴ ʙʦʨ, ʤʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʟʘʚʜʷʢʠ ʩʧʝʮʽʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ï ʪʫʛʦʧʣʘʚʢʦʩʪʽ, ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ, ʭʽʤʽʯʥʽʡ 

ʩʪʽʡʢʦʩʪʽ ʚ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʦʱʦ [120].  

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʙʦʨʠʜʠ ʪʘ ʩʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪʴ ʙʦʨ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʘʪʦʤʥʽʡ 

ʝʥʝʨʛʝʪʠʮʽ ʯʝʨʝʟ ʾʭ ʩʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [121]. ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïB ʪʘ 

FeïC ʜʦʩʣʽʜʞʝʥʘ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʦ [108ï

110] (ʨʠʩ. 1.9). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ Feïɺ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʢʽʣʴʢʘ 

ʜʝʩʷʪʠʣʽʪʴ, ʥʘʨʘʟʽ ʥʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʱʦʜʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1650 Áʉ ʟ ʨʦʟʧʣʘʚʫ ʫʪʚʦʨʶʻʪʴʩʷ ʤʦʥʦʙʦʨʠʜ 

ʟʘʣʽʟʘ Feɺ [122ï126]. ʋʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ ʟʘʣʽʟʘ Fe2B ʟ ʚʤʽʩʪʦʤ 8,86 % ʤʘʩ. ʙʦʨʫ ʫ 

ʩʧʣʘʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1416 Áʉ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ [122ï126]. ɹʦʨʠʜ ʟʘʣʽʟʘ Fe2B ʤʘʻ ʪʝʪʨʘʛʦʥʘʣʴʥʫ 

ʦʙôʻʤʥʦʮʝʥʪʨʦʚʘʥʫ ʨʝʰʽʪʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʘ=5,109 Å, ʩ=4,249 ¡ ʪʘ ʩ/ʘ=0,832, 

ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʠʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ ʪʘ 

ʤʦʥʦʙʦʨʠʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1390 Áʉ.  

ɽʚʪʝʢʪʠʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 3,8 % ʤʘʩ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1074 Áʉ. 

ʄʘʛʥʽʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʩʧʣʘʚʽʚ ʥʘ ʜʽʣʷʥʮʽ ʜʽʘʛʨʘʤʠ Ŭ-Fe+Fe2B ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 769 Áʉ [123ï126]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʜʫʤʢʘ ʱʦʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ɔïFe+Fe2B ʪʘ ʚʤʽʩʪʫ ʙʦʨʫ ʧʨʠ ʮʴʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ [123ï126]. ɺʽʜʦʤʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ Feïɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 
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ʝʚʪʝʢʪʠʢʠ ɔ-Fe+Fe2B, ʘʣʝ ʨʽʟʥʽ ʘʚʪʦʨʠ ʥʘʚʦʜʷʪʴ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Feïɺ 

ʨʽʟʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200 Áʉ ʪʘ ʚʤʽʩʪʽ 

ʙʦʨʫ 17,0 % ʘʪ. [122, 125], ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1195  Áʉ ʪʘ ʚʤʽʩʪʽ ʙʦʨʫ 16,4 % ʘʪ. 

[126], ʧʨʠ 1179 Áʉ [127], 1177 Áʉ [108], 1174 Áʉ [124] ʪʘ ʚʤʽʩʪʽ ʙʦʨʫ 17,0 % ʘʪ. ɺ 

ʨʦʙʦʪʽ [11] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʥʦʚʠʣʘ 

1148 Áʉ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʪʘ CoïB ʧʦʢʘʟʘʣʠ ʚʝʣʠʢʽ 

ʥʝʛʘʪʠʚʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʢʦʥʫ ʈʘʫʣʷ [128]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚ ʩʧʣʘʚʘʭ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ ʚ ʽʥʪʝʨʚʘʣʽ 0,11ï0,29 % ʘʪ. 

ʧʦʢʘʟʘʣʠ, ʱʦ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ɔ-Fe+Fe2B ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

1158 Áʉ [128]. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʟʥʽ ʘʚʪʦʨʠ ʚʢʘʟʫʶʪʴ ʨʽʟʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫʪʚʦʨʝʥʥʷ 

ʝʚʪʝʢʪʠʢʠ ɔ-Fe+Fe2B. 

ɯʩʥʫʚʘʥʥʷ ʬʘʟʠ Fe3B ʚʠʷʚʣʝʥʦ ʚ ʘʤʦʨʬʥʠʭ ʧʣʽʚʢʘʭ Fe64Co30Si3B3 ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ [129]. ɺ ʨʦʙʦʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ 

ʤʝʩʩʙʘʫʝʨʽʚʩʴʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʧʣʽʚʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʘʟ: FeB, Fe2B, Fe3B ʽ Ŭ-Fe. ɺ 

ʨʦʙʦʪʽ [129] ʩʧʦʩʪʝʨʽʛʘʣʠ ʝʚʦʣʶʮʽʶ ʩʪʨʫʢʪʫʨʠ ʚʽʜ ʘʤʦʨʬʥʦʛʦ ʜʦ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜ ʜʽʻʶ ʽʥʪʝʥʩʠʚʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.9 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ: ʘ) FeïB [108], ʙ) Feïʉ 

[113] 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʢʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ, 

ʪʦʜʽ ʷʢ ʫ ʨʘʟʽ ʚʠʱʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ (ʜʦ 24,9 ʘʪ.%) ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʩʪʘʜʽʡʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʽʜ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʤʽʞʥʘ 

ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ Fe3B, ʷʢʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ Ŭ-Fe+Fe2B ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʧʦʣʫʢʠ Fe3B ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʙʣʠʟʴʢʦ 20 % ʘʪ. [130].  

ɻʫʩʪʠʥʘ, ʚ'ʷʟʢʽʩʪʴ ʪʘ ʜʠʬʫʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʽʯʥʠʭ ʨʦʟʧʣʘʚʽʚ ʻ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿʤʽʥʘ ʛʫʩʪʠʥʠ ʤʝʪʘʣʽʚ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ʽ 

ʥʘʩʪʫʧʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʨʦʟʧʣʘʚʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʨʦʟʧʣʘʚʫ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ ʜʦʩʣʽʜʠʣʠ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʽʚ FeïB ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ, 

ʧʨʠ ʡʦʛʦ ʟʤʽʥʽ ʚ ʽʥʪʝʨʚʘʣʽ 0ï10,6 % ʘʪ. [131]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʮʠʭ 

ʨʦʟʧʣʘʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʣʦʤʣʝʥʥʷ ʢʨʠʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʨʦʟʧʣʘʚʽ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʠʙʢʘ 

ʛʫʩʪʠʥʠ ʟʨʦʩʪʘʻ (ʨʠʩ. 1.10, ʘ), ʷʢʠʡ ʘʚʪʦʨʠ ʨʦʙʦʪʠ ʧʦʚʷʟʫʶʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [132] ʩʧʣʘʚʽʚ 

FeïB ʚʠʷʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʤʽʩʪʷʪʴ ʤʽʢʨʦʜʽʣʷʥʢʠ ʟ ʤʘʣʠʤ ʪʘ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ Fe85B15 ʧʦʢʘʟʘʣʦ ʥʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ 

ʧʦʣʽʪʝʨʤʘʭ ʚôʷʟʢʦʩʪʽ [131ï132]. ɼʣʷ ʩʧʣʘʚʽʚ Fe85B15 ʜʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʦʟʧʣʘʚʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʽʩʥʫʻ ʛʽʩʪʝʨʝʟʠʩ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1347 Áʉ [133]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ FeïB ʤʝʪʦʜʦʤ ʟʘʪʫʭʘʶʯʠʭ ʢʨʫʪʠʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʪʠʛʣʷ ʟ ʨʦʟʧʣʘʚʦʤ, ʷʢʠʡ ʥʘʛʨʽʚʘʣʠ ʜʦ 1500 ʦʉ, ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ 

4ï14 % ʘʪ. ʙʦʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ [133] (ʨʠʩ. 1.10, ʙ). ɼʣʷ 

ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 14 % ʘʪ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʽʩʪʝʨʝʟʠʩ ʤʽʞ ʧʦʣʽʪʝʨʤʘʤʠ 

ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1327 Áʉ, ʷʢʠʡ ʘʚʪʦʨʠ ʨʦʙʦʪʠ 

ʧʦʚʷʟʫʶʪʴ ʟʽ ʟʤʽʥʦʶ ʤʽʢʨʦʢʦʩʧʣʝʢʩʽʚ ʚ ʨʽʜʠʥʽ.  

ɼʣʷ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 15ï22 % ʘʪ. ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʞ 

ʧʦʣʽʪʝʨʤʘʤʠ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʙʽʣʴʰʠʣʘʩʴ ʜʦ 1427 Áʉ. ʇʨʠ ʚʤʽʩʪʽ 23 % ʘʪ. 

ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʣʘ 1547 Áʉ [133]. ʊʦʙʪʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʩʪʝʨʝʟʠʩʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɸʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʛʽʩʪʝʨʝʟʠʩ ʥʘ ʢʨʠʚʠʭ 
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ʚôʷʟʢʦʩʪʽ ʥʝʟʚʦʨʦʪʥʠʤʠ ʟʤʽʥʘʤʠ ʨʦʟʧʣʘʚʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʽʢʚʽʜʫʩʫ, ʘ ʩʘʤʝ, ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ [128ï133]. 

ʅʘʷʚʥʽʩʪʴ ʤʘʢʩʠʤʫʤʽʚ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 20 % ʘʪ. ʪʘ 32 % 

ʤʘʩ. ʜʦʟʚʦʣʠʣʘ ʘʚʪʦʨʘʤ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚ ʨʦʟʧʣʘʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʙʣʠʟʴʢʠʤ ʜʦ ʬʘʟ Fe2B ʪʘ Fe4B 

[131ï133]. 

 

ʆʢʨʽʤ ʮʴʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʪʝʨʤ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ ʧʦʢʘʟʘʣʠ 

ʥʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1590 Áʉ ʪʘ 1645 Áʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʚ ʨʦʟʧʣʘʚʽ ʟʘʣʽʟʘ [132]. ɺ ʨʦʙʦʪʽ [132] ʚʠʷʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1573ï1693 °C 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʽʪʝʨʤ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʯʠʩʪʦʛʦ 

ʟʘʣʽʟʘ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1590 Áʉ ʪʘ 1645 Áʉ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʚ ʨʦʟʧʣʘʚʽ ʟʘʣʽʟʘ [132]. ɺ ʨʦʙʦʪʽ [132] 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1573ï

1693 ÁC ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʫ. ɼʘʥʠʡ ʝʬʝʢʪ ʜʫʞʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʧʦʣʽʪʝʨʤʘʭ 

ʚ'ʷʟʢʦʩʪʽ ʟʨʘʟʢʽʚ ʚ ʨʝʞʠʤʽ ʥʘʛʨʽʚʫ. ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʦʨʫ 17,5ï

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.10 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: ʘ) ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʫ [117],  

ʙ) ʚôʷʟʢʦʩʪʽ [131] 
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27,0 % ʘʪ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1520 Áʉ, ʯʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʙʦʨʫ. ʅʘ ʽʟʦʪʝʨʤʘʭ ʚ'ʷʟʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ʚ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ ʩʧʣʘʚʽʚ ʟ 

ʚʤʽʩʪʦʤ ʙʦʨʫ 16 % ʘʪ., ʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ï ʢʽʣʴʢʘ ʧʽʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ï ʜʦ 18 % ʘʪ. ʙʦʨʫ [132]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʥʘʚʝʜʝʥʠʤʠ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [133], ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʧʝʨʝʛʨʽʚʘʭ ʨʦʟʧʣʘʚʫ 

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ (ʜʦ 50Áʉ) ʯʘʩ ʞʠʪʪʷ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʩʪʘʥʦʚʠʪʴ ~10 ʩ, ʘ ʧʨʠ 

ʙʽʣʴʰʠʭ ʧʝʨʝʛʨʽʚʘʭ (ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 1300ï1420 Áʉ) ï 10ï13ï10ï14 ʩ. ɸʚʪʦʨʠ 

ʨʦʙʦʪʠ [133] ʚʢʘʟʫʶʪʴ, ʱʦ ʤʽʢʨʦʢʦʤʧʣʝʢʩʠ ʚ ʨʦʟʧʣʘʚʘʭ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ 10ï7ï

10ï9 ʩ. ɺ ʥʘʚʝʜʝʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [131ï133] ʜʣʷ ʩʧʣʘʚʽʚ ʟ ʦʜʥʘʢʦʚʠʤ 

ʚʤʽʩʪʦʤ ʙʦʨʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʥʦʤʘʣʽʷ ʚôʷʟʢʦʩʪʽ 

ʨʦʟʧʣʘʚʽʚ (ʥʘʷʚʥʽʩʪʴ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ ʧʦʣʽʪʝʨʤʘʭ ʚôʷʟʢʦʩʪʽ), ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, 

ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ʚʝʜʫʪʴʩʷ ʚʞʝ ʢʽʣʴʢʘ 

ʜʝʩʷʪʠʣʽʪʴ, ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʫ (ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦ ʾ

ʚʽʜʙʫʜʝʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ), 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʪʘ ʥʘ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

1.5. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïBïC 

ʗʢ ʚʽʜʦʤʦ, ʙʦʨ ʟʤʝʥʰʫʻ ʪʚʝʨʜʽʩʪʴ ʬʝʨʠʪʫ ʽ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ 

ʬʝʨʠʪʥʠʭ ʟʝʨʝʥ [134]. ʄʘʣʽ ʜʦʙʘʚʢʠ ʙʦʨʫ ʧʽʜʚʠʱʫʶʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ 

ʛʨʘʥʠʮʽ ʩʪʘʨʦʾ ʪʘ ʥʦʚʦʾ ʬʘʟʠ, ʟʙʽʣʴʰʫʶʯʠ ʨʦʙʦʪʫ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʽʡʢʦʛʦ ʤʽʢʨʦʢʦʤʧʣʝʢʩʫ, ʟʜʘʪʥʦʛʦ ʜʦ ʟʨʦʩʪʘʥʥʷ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʥʠʞʫʶʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [134]. ɺʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʙʦʨʦʤ ʧʦʷʩʥʶʶʪʴ ʪʠʤ, ʱʦ ʙʦʨ ʤʘʻ ʤʝʥʰʠʡ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ ʽ 

ʜʫʞʝ ʥʠʟʴʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʚ ʟʘʣʽʟʽ, ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʘʫʩʪʝʥʽʪʫ, ʥʘ 

ʷʢʠʭ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʨʽʟʥʽ ʜʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ [135]. ɸʪʦʤʠ ʙʦʨʫ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʚ ʮʠʭ ʜʝʬʝʢʪʥʠʭ ʜʽʣʷʥʢʘʭ, ʟʥʠʞʫʶʪʴ ʝʥʝʨʛʽʶ ʛʨʘʥʠʮʴ ʟʝʨʝʥ, ʟʤʝʥʰʫʶʯʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [136]. ɸʚʪʦʨʠ ʨʦʙʽʪ [137ï138] 
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ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʨʦʟʧʣʘʚʫ, ʘʫʩʪʝʥʽʪʫ, ʬʝʨʠʪʫ, 

ʙʦʨʠʜʽʚ Fe2B ʽ FeB, ʮʝʤʝʥʪʠʪʫ Fe3ʉ ʜʣʷ ʩʠʩʪʝʤʠ FeïBïC, ʘʣʝ ʚ ʜʘʥʠʭ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʘʭ ʥʝ ʚʨʘʭʦʚʘʥʽ ʬʣʫʢʪʫʘʮʽʾ. ɺ ʨʦʙʦʪʘʭ [137ï138] ʥʘʚʝʜʝʥʽ 

ʽʟʦʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤʠ FeïBïC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 427ï1000 Áʉ. ɺ ʨʦʙʦʪʽ 

[138] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʽʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʛʨʘʥʠʮʷʭ 

ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʫʙʽʯʥʠʡ ʙʦʨʦʢʘʨʙʽʜ Fe23(CB)6, ʷʢʠʡ ʤʦʞʝ 

ʽʩʥʫʚʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 1243 ÁC ʽ ʥʠʞʯʝ 600 Áʉ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ [138] 

ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ, ʱʦ ʤʽʩʪʷʪʴ ʙʦʨ, ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʬʣʫʢʪʫʘʮʽʷʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʅʘʨʘʟʽ ʚʽʜʦʤʦ, ʱʦ ʙʦʨ ʪʘ ʚʫʛʣʝʮʴ ʤʘʶʪʴ ʤʘʣʫ ʨʦʟʯʠʥʥʽʩʪʴ ʚ ʨʝʰʽʪʮʽ ʆʎʂ 

ʪʘ ɻʎʂ ʟʘʣʽʟʘ [137ï138], ʘʣʝ ʤʝʞʘ ʨʦʟʯʠʥʥʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʚ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïBïC ʥʝ ʚʠʟʥʘʯʝʥʘ. ʗʢ ʚʽʜʦʤʦ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʟ 

ʚʤʽʩʪʦʤ ʙʦʨʫ 1,0ï2,5 % ʤʘʩ. ʪʘ 0,5 % ʤʘʩ. ʚʫʛʣʝʮʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʥʜʨʠʪʥʦʛʦ 

ʬʝʨʠʪʫ, ʧʝʨʣʽʪʫ ʽ ʙʦʨʠʜʥʦʾ ʝʚʪʝʢʪʠʢʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʦʙôʻʤʽ ʟʝʨʥʘ ʪʘ ʧʦ 

ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ [130]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [139] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʤʦʨʬʦʣʦʛʽʷ ʧʝʨʣʽʪʫ 

ʚ ʩʧʣʘʚʘʭ ʥʝʨʝʛʫʣʷʨʥʘ. ɹʦʨʦʢʘʨʙʽʜʠ ʄ2(ɺ, ʉ) ʤʘʶʪʴ ʯʦʪʠʨʠ ʪʠʧʠ ʤʦʨʬʦʣʦʛʽʾ: 

ʢʣʘʩʪʝʨʥʫ, ʜʝʥʜʨʠʪʥʫ, ʦʙ'ʻʤʥʫ ʪʘ ʪʦʥʢʫ ʨʝʪʠʢʫʣʷʨʥʫ. ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʦʙôʻʤʥʫ 

ʯʘʩʪʢʫ ʙʦʨʦʢʘʨʙʽʜʽʚ ʫ ʩʧʣʘʚʘʭ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʙʦʨʫ, ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʜʝʥʜʨʠʪʽʚ ʪʘ ʦʢʨʝʤʠʭ ʚʢʣʶʯʝʥʴ 

ʙʦʨʠʜʽʚ M2(B, C) ʟʨʦʩʪʘʻ. ʇʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïBïC ʟ ʤʘʣʠʤ 

ʚʤʽʩʪʦʤ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʧʝʨʚʠʥʥʦʶ ʬʘʟʦʶ ʻ ʘʫʩʪʝʥʽʪ. ɿʘ ʨʝʘʢʮʽʻʶ 

LŸɔ+ʄ2(ɺ, ʉ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʙʦʨʫ ʚ 

ʩʧʣʘʚʽ ʪʝʤʧʝʨʘʪʫʨʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʣʽʪʫ ʪʘ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʟʤʽʥʶʶʪʴʩʷ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1400 Áʉ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 40 Áʉ/ʩ, 15 Áʉ/ʩ 

ʪʘ 6 Áʉ/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʙʦʨʦʢʘʨʙʽʜʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʽ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʽʚ [139]. 

ɸʚʪʦʨʠ ʨʦʙʽʪ [11ï13] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ FeïBïC ʟ ʚʤʽʩʪʦʤ 

ʙʦʨʫ 1,5 %ï4,5 % ʤʘʩ. ʪʘ ʚʫʛʣʝʮʶ 0,4ï1,5 % ʤʘʩ. ʤʘʶʪʴ ʧʦʢʨʘʱʝʥʽ ʤʝʭʘʥʽʯʥʽ 
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ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ: ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ. 

ʉʧʣʘʚ Feï2,1B ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʤʝʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ (ʧʝʨʣʽʪ ʽ ʤʘʨʪʝʥʩʠʪ), 

ʬʘʟ M2B ʪʘ M23(B, C)6. ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʬʘʟ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ [140] ʟ ʚʤʽʩʪʦʤ ʉ=0,35 % ʤʘʩ., B=2,10 % ʤʘʩ., 

Mn=1,87  % ʤʘʩ., Cr=4,23 % ʤʘʩ., ʨʝʰʪʘ ï ʟʘʣʽʟʦ, ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

1000 Áʉ ʪʘ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ, ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ 0,1, 0,2, 0,3, 0,5, 1, 5, ʪʘ 30 Áʉ/ʩ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʝʨʣʽʪ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 0,1 Áʉ/ʩ, ʧʝʨʣʽʪ ʽ ʤʘʨʪʝʥʩʠʪ ʫʪʚʦʨʶʪʁʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʩʪʝʡ ʦʭʦʣʦʜʞʝʥʥʷ 0,2ï0,5 Áʉ/ʩ. ʂʨʽʤ ʪʦʛʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʫʩʪʠʥʘ ʜʠʩʣʦʢʘʮʽʡ ʚ ʤʘʪʨʠʮʽ, ʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʤʘʪʨʠʮʽ ʟʤʝʥʰʫʻʪʴʩʷ [140]. ʊʘʢʦʞ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʬʘʟʠ M23(B, C)6. ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʟʨʘʟʢʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 0,5 Áʉ/ʩ ʽ 30 Áʉ/ʩ, ʧʨʠʙʣʠʟʥʦ 

ʥʘ 18 % ʽ 36 % ʙʽʣʴʰʝ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ, ʦʭʦʣʦʜʞʝʥʠʤʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 

0,1 Áʉ/ʩ. ɺ ʨʦʙʦʪʽ [140] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʣʘʚ Feï2,1B, ʦʭʦʣʦʜʞʝʥʠʡ ʟʽ ʰʚʠʜʢʽʩʪʶ 

0,5 Áʉ/ʩ, ʤʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɺ ʨʦʙʦʪʽ [11] ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʠ ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʣʠʪʦʛʦ FeïBïC 

ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ 2,0 % ʤʘʩ. ʙʦʨʫ ʽ ʚʫʛʣʝʮʶ ʤʝʥʰ, ʥʽʞ 0,2 % ʤʘʩ., ʘ 

ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʫ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʣʠʪʦʛʦ ʩʧʣʘʚʫ FeïBïC ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʦʨʠʜʫ (Fe2B), ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ. ʊʚʝʨʜʽʩʪʴ ʣʠʪʦʛʦ 

FeïBïC ʩʧʣʘʚʫ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 60 HRC, ʡʦʛʦ ʫʜʘʨʥʘ ʚ'ʷʟʢʽʩʪʴ ʽ ʜʠʥʘʤʽʯʥʘ 

ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰ ʥʽʞ 10 ɼʞ/ʩʤ2 ʪʘ 30 Mʇa, ʚʽʜʧʦʚʽʜʥʦ. ʋ 

ʩʪʘʥʽ ʩʫʭʦʛʦ ʟʥʦʩʫ ʣʠʪʠʡ FeïBïC ʩʧʣʘʚ ʤʘʻ ʧʦʢʨʘʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ. 

ʁʦʛʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ ʙʽʣʦʛʦ ʯʘʚʫʥʫ, ʪʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 

ʚʠʩʦʢʦʭʨʦʤʽʩʪʦʛʦ ʙʽʣʦʛʦ ʯʘʚʫʥʫ. ɺʽʜʦʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʩʧʣʘʚʽ 

FeïBïC, ʱʦ ʤʽʩʪʠʪʴ ʜʦ 80 % ʤʘʩ. ʟʘʣʽʟʘ, ʟʥʠʞʫʻ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ, ʧʽʜʚʠʱʫʻ ʥʘ 

ʜʝʢʽʣʴʢʘ ʛʨʘʜʫʩʽʚ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʽ ʽ ʟʤʝʥʰʫʻ ʥʘʭʠʣ ʢʨʠʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

[141]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [141] ʚʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ 

ʚ ʩʧʣʘʚʽ ʟʨʦʩʪʘʻ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ. ʂʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʜʣʷ 
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ʩʧʣʘʚʽʚ FeïBïC ʟʘʚʞʜʠ ʚʠʱʝ, ʥʽʞ ʜʣʷ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ FeïB. ɼʣʷ ʩʧʣʘʚʽʚ ʟ 

ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʙʽʣʴʰ ʥʽʞ 82 % ʘʪ. ʧʨʠ ʟʘʤʽʥʽ ʚʫʛʣʝʮʝʤ ʘʪʦʤʽʚ ʙʦʨʫ ʚ ʩʧʣʘʚʽ 

ʟʥʠʞʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʧʦʯʘʪʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ 

ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ ʩʧʣʘʚʽʚ FeïBïʉ ʜʝʤʦʥʩʪʨʫʻ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʚʤʽʩʪʽ ʟʘʣʽʟʘ ʚʠʱʝ 

84 % ʘʪ. ɸʚʪʦʨʠ [142ï143] ʧʦʷʩʥʶʶʪʴ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʠʤ, ʱʦ ʧʨʠ 

ʤʝʥʰʦʤʫ ʚʤʽʩʪʽ ʟʘʣʽʟʘ ʚ ʩʧʣʘʚʽ ʚʫʛʣʝʮʴ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʟʘʤʽʱʫʻ ʙʦʨ. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [142] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʟʘʚʞʜʠ ʻ ʚʠʱʦʶ 

ʜʣʷ ʧʦʪʨʽʡʥʠʭ ʩʧʣʘʚʽʚ FeïBïC, ʥʽʞ ʜʣʷ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ FeïB. ʆʪʨʠʤʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʶʪʴ ʪʠʤ, ʱʦ ʢʦʝʨʮʠʪʠʚʥʘ ʩʠʣʘ ʩʧʦʯʘʪʢʫ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʘʪʦʤʠ ʙʦʨʫ 

ʟʘʤʽʱʫʶʪʴʩʷ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ.  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [142] ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʣʠʪʽ ʩʧʣʘʚʠ FeïBïC ʟ ʚʤʽʩʪʦʤ 1,0 % ʤʘʩ. ʙʦʨʫ ʪʘ 0,2 % ʤʘʩ. ʚʫʛʣʝʮʶ ʤʘʶʪʴ ʙʦʨʠʜ 

Fe2B, ʷʢʠʡ ʥʝ ʨʦʟʯʠʥʠʚʩʷ ʧʦʚʥʽʩʪʶ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 1050 Áʉ. ʈʦʟʯʠʥʝʥʥʷ 

ʙʦʨʠʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʽ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʦʯʘʩʥʦ ʟ 

ʨʦʟʯʠʥʝʥʥʷʤ ʙʦʨʠʜʫ ʧʨʠ ʥʘʛʨʽʚʘʭ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʤʽʥʶʻʪʴʩʷ ʡʦʛʦ 

ʤʦʨʬʦʣʦʛʽʷ, ʚʽʜ ʢʦʣʦʥʽʡ ʙʦʨʠʜʽʚ ʜʦ ʨʦʟʜʨʦʙʣʝʥʦʾ ʢʦʣʦʥʽʾ ʪʘ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʂʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 1050 Áʉ, ʙʦʨʠʜ ʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʠʚʩʷ 

ʚ ʦʢʨʝʤʽ ʢʨʠʩʪʘʣʠ [5]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [143] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʩʧʣʘʚ Fe0,68B0,16C0,16 

ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 Áʉ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʤʽʩʪʠʪʴ ʢʫʙʽʯʥʠʡ ʙʦʨʦʢʘʨʙʽʜ Fe23(B, C)6. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʣʽʥʽʾ ʽʥʰʠʭ 

ʬʘʟ ʥʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ. ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,3 % ʤʘʩ. ʪʘ ʙʦʨʫ 

1,0%, 1,5%, 2,0%, 2,5% ʽ 3,0 % ʤʘʩ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʘʤʠ ʬʝʨʠʪʫ ʪʘ ʧʝʨʣʽʪʫ, ʘ ʧʦ 

ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʦʨʦʮʝʤʝʥʪʠʪʥʦʾ ʝʚʪʝʢʪʠʢʠ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʙʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʥʦʾ ʝʚʪʝʢʪʠʢʠ [144].  

ʇʨʠ ʚʤʽʩʪʽ ʙʦʨʫ ʜʦ 3,8 % ʤʘʩ. ʚ ʨʦʟʧʣʘʚʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʥʘʩʣʽʜʦʢ 

ʝʚʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ Fe2B. ʇʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʝʨʠʪʫ, ʧʝʨʣʽʪʫ, ʝʚʪʝʢʪʠʯʥʦʛʦ 

ʙʦʨʠʜʫ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʙʦʨʦʢʘʨʙʽʜʫ [135].  
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ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ [145ï146] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʨʦʟʯʠʥʽ 0,1 % 

H2SO4 ʪʘ 3 % NaCl ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʩʧʣʘʚʽʚ FeïBïC ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʩʧʣʘʚʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʨʝʤʥʽʡ, ʙʦʨ, ʚʫʛʣʝʮʴ ʪʘ ʬʦʩʬʦʨ.  

ɺ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʠ (ʧʦʧʝʨʝʜʥʽʡ ʚʽʜʧʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

897 Áʉ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ) ʩʧʣʘʚʽʚ FeïBïC ʙʫʣʠ ʥʘʛʨʽʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 30 ʦʉ 

ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ, ʘ ʧʦʪʽʤ ʦʭʦʣʦʜʞʝʥʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 10ï100 Áʉ/ʩ [147ï148]. ɺ ʩʪʨʫʢʪʫʨʽ ʪʘʢʠʭ ʩʧʣʘʚʽʚ ʚʠʷʚʠʣʠ ʧʝʨʚʠʥʥʽ 

ʙʦʨʠʜʠ Fe2B, ʬʘʟʫ Fe23(CB)6 ʪʘ ʜʠʩʧʝʨʩʥʫ ʟʽ ʩʪʨʠʞʥʝʚʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʝʚʪʝʢʪʠʢʫ 

Ŭ-Fe+Fe23(CB)6.  

ʇʦʨʽʚʥʷʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ FeïB ʽ FeïC ʧʨʠ 1600 Áʉ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ'ʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ FeïB ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ. ɺôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ FeïC ʥʝʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʮʶ [149]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [135] ʧʦʷʩʥʶʶʪʴ 

ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʨʽʟʥʠʮʝʶ ʫ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ ʽʟ 

ʟʘʣʽʟʦʤ ʚ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʘʭ. ɺʫʛʣʝʮʴ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʧʨʦʥʠʢʥʝʥʥʷ (ɔ-

ʬʘʟʘ, ʨʦʟʯʠʥʥʽʩʪʴ ʚʫʛʣʝʮʶ ʧʨʠ 1127 Áʉ ʩʪʘʥʦʚʠʪʴ 8 % ʘʪ.) [149]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ (ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʧʨʠ 1400 ÁC 

ʩʪʘʥʦʚʠʪʴ 0,02 % ʘʪ.) [149]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʦʨ ʤʘʡʞʝ ʥʝ ʫʪʚʦʨʶʻ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʽʟ ʟʘʣʽʟʦʤ. ʎʝʤʝʥʪʠʪ (Fe3C), ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʧʘʜʽ Fe(ɔ), ʻ 

ʤʝʪʘʩʪʘʙʽʣʴʥʦʶ ʬʘʟʦʶ, ʘʣʝ ʙʦʨʠʜ Fe2B ʪʘ ʤʦʥʦʙʦʨʠʜ FeB ï ʩʪʘʙʽʣʴʥʽ 

ʽʥʪʝʨʤʝʪʘʣʝʚʽ ʩʧʦʣʫʢʠ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʩʠʩʪʝʤʽ FeïB. ɺ ʨʦʙʦʪʽ [135] ʚʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʤʽʞ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʪʘ ʚ'ʷʟʢʽʩʪʶ ʪʝʦʨʝʪʠʯʥʦ ʥʝ ʚʠʟʥʘʯʝʥʠʡ. 

ɺʽʣʴʥʘ ʝʥʝʨʛʽʷ ˆʽʙʙʩʘ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ Fe2B (ï 69,5 ʢɼʞĿʤʦʣʴï1 ʧʨʠ 25 Áʉ) ʪʘ 

ʤʦʥʦʙʦʨʠʜʫ FeB (ï70,0 ʢɼʞ ʤʦʣʴï1 ʧʨʠ 21 Áʉ) ʟʥʘʯʥʦ ʥʠʞʯʘ, ʥʽʞ ʮʝʤʝʥʪʠʪʫ Fe3C 

(20,0 ʢɼʞ Ŀʤʦʣʴï1 ʧʨʠ 21 ʦʉ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʚôʷʟʦʢ ʤʽʞ ʟʘʣʽʟʦʤ ʽ ʙʦʨʦʤ 

ʟʥʘʯʥʦ ʤʽʮʥʽʰʠʡ, ʥʽʞ ʟʚôʷʟʦʢ ʤʽʞ ʟʘʣʽʟʦʤ ʪʘ ʚʫʛʣʝʮʝʤ. ʆʪʞʝ, ʚ'ʷʟʢʽʩʪʴ ʩʠʩʪʝʤʠ 

FeïB ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʦʶ ʯʝʨʝʟ ʙʽʣʴʰʫ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʤʽʞ ʟʘʣʽʟʦʤ ʽ ʙʦʨʦʤ, ʥʽʞ 

ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʪʘ ʟʘʣʽʟʘ [150]. ʆʢʨʽʤ ʮʴʦʛʦ, ʘʚʪʦʨʠ [150] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ FeïB ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʾʭ ʥʘʛʨʽʚ ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ. ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ [149] ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ 
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ʤʽʞ ʘʪʦʤʦʤ ʙʦʨʫ ʪʘ ʟʘʣʽʟʘ, ʚʫʛʣʝʮʶ ʪʘ ʟʘʣʽʟʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [150ï153], ʜʝ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʘʪʦʤʘʤ ʙʦʨʫ ʙʽʣʴʰ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʦ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʩʝʨʝʜ ʘʪʦʤʽʚ ʟʘʣʽʟʘ, ʥʽʞ ʘʪʦʤʘʤ ʚʫʛʣʝʮʶ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʩʠʩʪʝʤʠ FeïBïC ʙʫʚ ɻ. ʊʘʤʤʘʥ, ʷʢʠʡ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʫʚʘʚ 

ʽʟʦʪʝʨʤʽʯʥʽ ʪʘ ʧʦʣʽʝʜʨʠʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤʠ FeïBïC [151].  

ɿʘ ʊʘʤʤʘʥʦʤ, ʥʘ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʧʨʠ ʚʤʽʩʪʽ 

ʙʦʨʫ 2,9 % ʤʘʩ. ʪʘ ʚʫʛʣʝʮʶ 1,5 % ʤʘʩ. ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 1110 Áʉ. ʊʦʯʢʘ ʧʦʪʨʽʡʥʦʾ 

ʝʚʪʝʢʪʠʢʠ ʟʘ ʊʘʤʤʘʥʦʤ ʻ ʤʽʩʮʝʤ ʧʝʨʝʪʠʥʫ ʣʽʥʽʡ ʜʚʦʭ ʤʦʥʦʚʘʨʽʘʥʪʥʠʭ ʧʦʜʚʽʡʥʠʭ 

ʝʚʪʝʢʪʠʢ. ʊʦʯʢʘ ʝʚʪʝʢʪʦʾʜʘ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ 0,8 % ʤʘʩ. ʜʦ 0,2 % ʤʘʩ. 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ ʚʽʜ 0 % ʜʦ 0,01 % ʤʘʩ. (ʨʠʩ. 1.11, ʘ) ʅʘ 

ʨʠʩ. 1.11, ʙ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʧʝʨʠʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ 1113 ÁC 

ʜʦ ʝʚʪʝʢʪʦʾʜʥʦʛʦ ʧʨʠ 727 Áʉ [151].  

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʧʝʨʣʽʪʫ ʽ ʤʽʩʪʠʪʴ 

ʬʝʨʠʪ, ʙʦʨʦʮʝʤʝʥʪʠʪ ʪʘ ʙʦʨʠʜ. ɺ ʨʦʙʦʪʘʭ ʊʘʤʤʘʥʘ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʧʨʦ ʽʩʥʫʚʘʥʥʷ 

ʢʚʘʟʽʙʽʥʘʨʥʦʛʦ ʧʝʨʝʨʽʟʫ [152ï153]. ɺ ʨʦʙʦʪʽ [154ï155] ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʨʭʥʷ 

ʣʽʢʚʽʜʫʩʫ, ʥʘ ʷʢʽʡ ʚʠʟʥʘʯʝʥʦ ʽʥʪʝʨʚʘʣ ʽʩʥʫʚʘʥʥʷ ʬʘʟʠ Fe23(B,C)6 ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺ ʨʦʙʦʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʠ ʧʦʜʚʽʡʥʽ 

ʝʚʪʝʢʪʠʯʥʽ ʨʝʘʢʮʽʾ (FeïFe2B, FeïFe3C, Fe2BïFe3C) ʪʘ ʪʨʠ ʧʦʪʨʽʡʥʽ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ Fe23(B,C)6 ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʝʥʦ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [150] 

(ʨʠʩ. 1.11). ʅʘ ʧʦʚʝʨʭʥʽ ʣʽʢʚʽʜʫʩʫ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʪʦʯʢʘ ʧʦʪʨʽʡʥʦʾ ʝʚʪʝʢʪʠʢʠ ʧʨʠ 

ʚʤʽʩʪʽ ʙʦʨʫ 2,9 % ʤʘʩ. ʪʘ ʚʫʛʣʝʮʶ 1,3 % ʤʘʩ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [155] ʧʨʠʚʦʜʷʪʴ 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʟʦʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ FeïBïC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʽʥʪʝʨʚʘʣʽ 600ï1000 °ʉ [144, 150] (ʨʠʩ. 1.11). 

ɺ ʨʦʙʦʪʽ [156] ʥʘʚʝʜʝʥʘ ʥʘ ʧʣʦʱʠʥʽ ʧʦʚʝʨʭʥʷ ʣʽʢʚʽʜʫʩʫ, ʥʘ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʘ 

ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʝʚʪʝʢʪʠʢ ʪʘ ʧʝʨʠʪʝʢʪʠʢʠ. ɺʦʥʘ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 

2,6 % ʤʘʩ. ʪʘ ʚʫʛʣʝʮʶ 1,5 % ʤʘʩ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1066 Áʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïCï

B, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [10, 145, 150ï153]. ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʧʣʘʚʘʭ 

ʩʠʩʪʝʤʠ FeïCïB ʽʩʥʫʻ ʢʚʘʟʽʙʽʥʘʨʥʠʡ ʧʝʨʝʨʽʟ, ʥʘ ʷʢʦʤʫ ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 3,5 % ʤʘʩ. 
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ʪʘ ʚʫʛʣʝʮʶ 4,5 % ʤʘʩ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1180 Áʉ ʽʩʥʫʻ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʚʦʭ 

ʤʦʥʦʚʘʨʽʘʥʪʥʠʭ ʝʚʪʝʢʪʠʢ ʪʘ ʧʝʨʠʪʝʢʪʠʢʠ (ʨʠʩ. 1.11). 

 

 

ʆʪʞʝ, ʚ ʥʘʚʝʜʝʥʠʭ ʨʦʙʦʪʘʭ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʚʝʨʭʥʶ ʣʽʢʚʽʜʫʩʫ ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ɔ-FeïFe2BïFe3C. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʽ ʚ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʚʠʥʥʠʤʠ ʬʘʟʘʤʠ 

ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïBïʉ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ɔ-ʟʘʣʽʟʦ, ʙʦʨʦʮʝʤʝʥʪʠʪ 

Fe3(B,C) ʪʘ ʙʦʨʠʜ Fe2B, ʘʣʝ ʜʽʣʷʥʢʠ ʾʭ ʽʩʥʫʚʘʥʥʷ ʥʘ ʜʽʘʛʨʘʤʽ ʥʝ ʚʠʟʥʘʯʝʥʦ. ʂʨʽʤ 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 1.11 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïBïC: 

ʘ) ʊʘʤʤʘʥ [152], ʙ) [147], ʚ) [149] 
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ʮʴʦʛʦ, ʥʝ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʫʛʣʝʮʶ ʪʘ ʙʦʨʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ FeïBïʉ, ʟʘ ʷʢʦʾ ʚʽʜʙʫʜʝʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ. 

1.6. ɺʧʣʠʚ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʜʠʬʫʟʽʶ ʚʫʛʣʝʮʶ ʪʘ ʙʦʨʫ 

ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ 

ʇʦʧʝʨʝʜʥʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʜʠʬʫʟʽʡʥʦʛʦ 

ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ [153ï154]. ʇʨʠ ʭʦʣʦʜʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʩʧʣʘʚʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ: ʛʨʘʥʠʮʷ 

ʧʣʠʥʥʦʩʪʽ, ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʪʚʝʨʜʽʩʪʴ. ʄʽʮʥʽʩʪʴ ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʻ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʜʝʬʦʨʤʘʮʽʾ (ʜʦ 20ï30%), ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 

ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʭʦʣʦʜʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ ʩʧʣʘʚʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʽʞʟʝʨʝʥʥʽ ʪʘ ʚʥʫʪʨʽʰʥʴʦʟʝʨʝʥʥʽ ʨʫʡʥʫʚʘʥʥʷ, 

ʟ'ʷʚʣʷʶʪʴʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʪʨʽʱʠʥʠ, ʷʢʽ ʟ ʨʦʩʪʦʤ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ 

ʟʙʽʣʴʰʫʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʝʪʘʣʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʭʦʣʦʜʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʚ ʬʝʨʠʪʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʣʦʢʘʮʽʡʥʘ ʢʦʤʽʨʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ [155]. ʄʘʣʠʤ ʩʪʫʧʝʥʷʤ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʦʜʠʥʦʢʠʭ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʟʘ ʢʽʣʴʢʦʤʘ 

ʩʠʩʪʝʤʘʤʠ ʢʦʚʟʘʥʥʷ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʜʠʩʣʦʢʘʮʽʷʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʛʠʥʽʚ ʨʽʟʥʦʾ ʘʤʧʣʽʪʫʜʠ ʽ ʢʨʠʚʠʟʥʠ ʥʘ ʜʠʩʣʦʢʘʮʽʡʥʽʡ ʣʽʥʽʾ [155]. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʧʨʫʞʝʥʴ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ [156]. 

ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ 

ʛʫʩʪʠʥʠ ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ: 

ʟʤʽʥʦʶ ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʦʧʝʨʝʜʥʷ ʜʝʬʦʨʤʘʮʽʷ ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʫ [157ï158]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʮʝʤʝʥʪʠʪ ï 

ʢʘʨʙʽʜ ʟʘʣʽʟʘ Fe3C, ʷʢʠʡ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ, ʚʠʟʥʘʯʘʻ ʾʭ ʤʽʮʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʨʦʙʦʪʽ 

[158] ʧʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 
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ʜʨʦʙʣʝʥʥʷ ʮʝʤʝʥʪʠʪʥʠʭ ʧʣʘʩʪʠʥ ʚ ʦʙôʻʤʽ ʟʝʨʥʘ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʾʭ 

ʪʦʚʱʠʥʠ. ʗʢ ʚʽʜʦʤʦ, ʚʧʣʠʚ ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʥʘ ʜʠʬʫʟʽʶ ʚʫʛʣʝʮʶ ʥʝʦʜʥʦʟʥʘʯʥʠʡ. ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʮʝʤʝʥʪʘʮʽʾ ʩʪʘʣʝʡ ʟ ʤʘʣʠʤ ʪʘ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʽ ʩʪʫʧʝʥʝʤ 0ï50 % ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ [159ï160]. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʧʝʨʝʜʥʷ ʭʦʣʦʜʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʝ ʩʧʨʠʷʻ 

ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ. ɯʥʰʫ ʜʫʤʢʫ ʚʠʩʣʦʚʠʣʠ ʘʚʪʦʨʠ ʨʦʙʽʪ [161], ʷʢʽ ʟʘʟʥʘʯʠʣʠ, ʱʦ 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ ʤʘʻ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ: ʽʩʥʫʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ (25 %), ʷʢʠʡ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʥʘʡʙʽʣʴʰʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ 

ʰʘʨʫ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʶʪʴ ʪʠʤ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʴʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʽ ʩʪʫʧʝʥʝʤ 25 % ʤʦʞʣʠʚʝ ʟʙʝʨʝʞʝʥʥʷ ʧʦʣʽʛʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  ʊʘʢ, ʚ ʨʦʙʦʪʽ [162] ʘʚʪʦʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʥʘʩʠʯʝʥʥʽ ʙʦʨʦʤ ʽ ʚʫʛʣʝʮʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʟʘʣʝʞʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʦʙʦʭ ʝʣʝʤʝʥʪʽʚ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [162] ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʘʪʦʤʠ ʙʦʨʫ ʟʘ ʙʽʣʴʰ 

ʢʦʨʦʪʢʠʡ ʯʘʩ, ʥʽʞ ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʫʪʚʦʨʶʶʪʴ ʘʪʤʦʩʬʝʨʠ ʂʦʪʪʨʝʣʣʘ ʥʘʚʢʦʣʦ 

ʦʜʠʥʦʯʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʫ ʩʫʙʛʨʘʥʠʮʴ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʙʦʨʫʚʘʥʥʷ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʧʝʨʚʠʥʥʦʶ ʬʘʟʦʶ ʻ 

ʙʦʨʠʜ Fe2ɺ, ʷʢʠʡ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʚ ʙʦʨʠʜ Feɺ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʦʚʥʝʥʥʷ 

ʚʘʢʘʥʩʽʷʤʠ ʙʦʨʠʜʥʠʭ ʧʣʦʱʠʥ [163]. ʇʨʦʮʝʩʫ ʥʘʩʠʯʝʥʥʷ ʙʦʨʦʤ ʧʦʚʝʨʭʥʽ ʩʧʣʘʚʽʚ 

ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʦʙʽʪ [162ï164].  

ɼʣʷ ʮʴʦʛʦ ʘʚʪʦʨʠ ʨʦʙʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ ɺ4ʉ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʫ ʮʽʡ ʩʫʤʽʰʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫʪʚʦʨʝʥʥʷ 

ʙʦʨʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʧʽʜʰʘʨʦʤ. ʆʪʨʠʤʘʥʽ ʙʦʨʦʚʘʥʽ ʰʘʨʠ ʤʘʣʠ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʤʘʣʫ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʢʨʠʭʢʽʩʪʴ. ʋ ʟʚ'ʷʟʢʫ ʟʽ 

ʩʧʽʨʥʽʩʪʶ ʪʘ ʤʘʣʦʶ ʚʠʚʯʝʥʽʩʪʶ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʧʦʧʝʨʝʜʥʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʬʘʟ ʚ 

ʜʠʬʫʟʽʡʥʦʤʫ ʰʘʨʽ ʚ ʧʨʦʮʝʩʽ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʧʣʘʚʽʚ ʙʦʨʦʤ ʪʘ ʚʫʛʣʝʮʝʤ, 
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ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʧʝʨʝʜʥʴʦʾ 

ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʦʜʥʦʯʘʩʥʫ ʜʠʬʫʟʽʶ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ. 

1.7. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ 

ʈʦʟʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʧʠʪʘʥʴ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʩʪʨʫʢʪʫʨʥʠʡ 

ʩʪʘʥ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʨʽʚʥʦʚʘʞʥʦʛʦ ʪʘ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʽʚ, ʷʢʽ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʥʝ ʚʠʨʽʰʝʥʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦ ʾʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦ ʾʧʨʦʙʣʝʤʠ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  

1) ʊʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʪʠ ʣʽʥʽʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʽʚ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʙʽʥʘʨʥʠʭ 

ʤʦʜʝʣʴʥʠʭ ʩʧʣʘʚʘʭ ʟ ʨʽʟʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

2) ɺʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʤʽʩʪ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï0,65 % ʤʘʩ. ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʣʝʡ ʟ 

ʧʦʣʽʧʰʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

3) ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ 

ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï0,65 % ʤʘʩ. ʪʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʢʨʝʤʥʽʶ ʪʘ 

ʤʘʨʛʘʥʮʶ. 

4) ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,50ï

0,65 % ʤʘʩ. ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʤʝʭʘʥʽʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

5) ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʘʢʦʛʦ ʬʘʢʪʦʨʫ, ʷʢ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʚʤʽʩʪ 

ʢʨʝʤʥʽʶ ʪʘ ʤʘʨʛʘʥʮʶ ʫ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ ʟ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ 0,35ï0,60 % ʤʘʩ. ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ. 

6) ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ɔ-FeïFe2BïFe3C, ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ 
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ʧʦʚʝʨʭʥʶ ʣʽʢʚʽʜʫʩʫ ʩʠʩʪʝʤʠ FeïBïʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʩʢʣʘʜ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʤʽʩʪ ʙʦʨʫ ʪʘ ʚʫʛʣʝʮʶ) ʜʣʷ ʙʦʨʦʮʝʤʝʥʪʘʮʽʾ. 

7) ɺʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʝʞʠʤʽʚ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʥʘ ʛʣʠʙʠʥʫ, 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʣʫʞʙʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ. 

ʈʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʙʦʨʦʤ ʪʘ 

ʚʫʛʣʝʮʝʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʦʨʦʮʝʤʝʥʪʦʚʘʥʠʭ ʰʘʨʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʙʦʨʦʚʘʥʠʡ ʰʘʨ, 

ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʮʝʤʝʥʪʦʚʘʥʠʤʠ ʰʘʨʘʤʠ. 

1.8. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 1 

ʋ ʨʦʟʜʽʣʽ 1 ʚʠʢʦʨʠʩʪʘʥʽ ʜʞʝʨʝʣʘ [1ï164]. ɰʭ ʥʘʡʤʝʥʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

2.1. ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ 

ʄʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʦʟʜʽʣʽ 4 ʙʫʣʠ ʧʨʦʤʠʩʣʦʚʽ ʧʣʘʚʢʠ ʧʦʪʦʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ ʤʘʨʦʢ 2, ʊ (ʙʘʟʦʚʽ), ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʩʪʘʣʽ ʂ ʪʘ ʩʪʘʣʽ 

ʜʦʩʣʽʜʥʦʛʦ ʩʢʣʘʜʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɺʠʧʣʘʚʢʫ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʽʚ, 

ʜʝʬʦʨʤʘʮʽʡʥʫ ʽ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʜʦʩʣʽʜʥʠʭ ʟʣʠʪʢʽʚ ʟʘ ʨʝʞʠʤʘʤʠ, ʱʦ 

ʤʦʜʝʣʶʶʪʴ ʟʘʚʦʜʩʴʢʫ ʪʝʭʥʦʣʦʛʽʶ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʨʫʢʪʫʨʠ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʦʾ ʩʪʘʣʽ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ. 

ʃʘʙʦʨʘʪʦʨʥʫ ʧʣʘʚʢʫ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʫʩʪʘʥʦʚʮʽ, ɦ ʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ɯʊʇɽ-0,01 ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ ɺʊɻ-20-22, ʱʦ ʤʘʻ ʩʪʘʥʮʽʶ ʘʚʪʦʥʦʤʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ. 2.1).  

 

 

 

 

 

 

 

 

ɺʠʧʣʘʚʢʫ ʜʦʩʣʽʜʥʠʭ ʧʣʘʚʦʢ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʝʨʝʧʣʘʚʣʝʥʥʷ 8,5ï9,0 ʢʛ 

ʤʝʪʘʣʝʚʦʾ ʰʠʭʪʠ ʥʘ ʙʘʟʽ ʩʪʘʣʽ ʜʣʷ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʩ, ʧʦʪʽʤ ʨʦʟʽʛʨʽʚʘʣʠ ʚ ʧʝʯʽ 

ʧʨʦʪʷʛʦʤ 40 ʭʚʠʣʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʯʢʠ ʂʶʨʽ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜʠʥ 

ʤʝʪʘʣ ʥʘʛʨʽʚʘʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚʫ (ʨʠʩ. 2.2). ʇʽʩʣʷ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 30 ʭʚ 

ʚʠʢʦʥʫʚʘʣʠ ʨʦʟʣʠʚ ʨʦʟʧʣʘʚʫ ʚ ʛʨʘʬʽʪʦʚʠʡ ʪʠʛʝʣʴ (ʨʠʩ. 2.2, ʙ). 

 

ʈʠʩʫʥʦʢ 2.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʽʥʜʫʢʮʽʡʥʫ ʧʣʘʚʠʣʴʥʫ ʧʽʯ ɯʊʇɽ-0,01 ʽ ʛʝʥʝʨʘʪʦʨ ɺʊɻ-20-22 
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ʈʠʩʫʥʦʢ 2.2 ï ʈʦʟʣʠʚʘʥʥʷ ʩʪʘʣʽ ʟ ʧʣʘʚʠʣʴʥʦʛʦ ʤʦʜʫʣʷ (ʘ), ʛʨʘʬʽʪʦʚʠʡ ʪʠʛʝʣʴ 

ʜʣʷ ʨʦʟʣʠʚʢʠ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ (ʙ) 

 

ɼʣʷ ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ: ʬʝʨʦʩʠʣʽʮʽʡ (ʌʉ65); 

ʬʝʨʦʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ (ʄʥʉ17); ʬʝʨʦʭʨʦʤ (ʌʍ850 ʽ ʌʍ025); ʬʝʨʦʚʘʥʘʜʽʡ 80 

(ʌɺɼ80); ʥʽʢʝʣʴ; ʤʦʣʽʙʜʝʥ; ʚʫʛʣʝʮʝʚʤʽʩʥʠʡ ʤʘʪʝʨʽʘʣ (ʉ ʥʝ ʤʝʥʰʝ 85 %); 

ʘʟʦʪʦʚʘʥʠʡ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ. 

ɺʽʜ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʥʠʭ ʟʣʠʪʢʽʚ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʚʠʩʦʪʦʶ 

110 ʤʤ. ʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʛʘʨʷʯʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʜʦʩʣʽʜʥʠʭ ʟʣʠʪʢʽʚ ʥʘ ʚʝʣʠʯʠʥʫ 50 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1260 ʦʉ ʥʘ ʛʽʜʨʘʚʣʽʯʥʽʡ 

ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʎɼ-40.  

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʙ ʧʽʜ ʛʘʨʷʯʫ ʜʝʬʦʨʤʘʮʽʶ ʜʦʩʷʛʘʣʘ 1260 ʦʉ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ ʢʦʣʽʩʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʫ 

ʢʽʣʴʮʝʚʽʡ ʧʝʯʽ ʚ ʣʘʙʦʨʦʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʘ ʫʤʦʚʘʭ ʇɸʊ çɯʅʊɽʈʇɸʁʇ ʅʊɿè. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʟʣʠʪʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʧʽʨʦʤʝʪʨʦʤ (çʇʨʦʤʽʥʴè). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʣʘʚʦʢ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ (ʨʦʟʜʽʣ 4) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 2.1. ʉʪʘʣʝʚʽ ʟʘʛʦʪʦʚʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ 

ʟʘʛʦʪʦʚʢʠ Ø 450 ʤʤ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʄɿ çɼʥʽʧʨʦʩʪʘʣʴè, ʷʢʠʡ ʚʢʣʶʯʘʚ ʜʚʘ 

ʝʪʘʧʠ ʦʭʦʣʦʜʞʝʥʥʷ: 1 ï ʟʦʥʘ ʧʝʨʚʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʤʫ 

ʚʦʜʦʶ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ, ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʣʘ ʚʽʜ 104 /ʩ ʜʦ 

1 Üʉ/ʩ; 2 ï ʟʦʥʘ ʚʪʦʨʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ, ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʝʪʘʣʫ ʟʘʛʦʪʦʚʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 29 ʜʦ 1 /ʩ. ɿʘʪʚʝʨʜʽʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 
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ʧʨʦʪʷʛʦʤ 10ï20 ʭʚʠʣʠʥ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. 

ʊʘʙʣʠʮʷ 2.1 ï ɺʤʽʩʪ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʷʭ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʉʧʦʩʽʙ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʆʩʥʦʚʥʽ 

ʣʝʛʫʶʯʽ 

ʝʣʝʤʝʥʪʠ 

ɼʦʜʘʪʢʦʚʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ 

C Si Mn P S Cr Ni Mo Al  Cu V Ti 

1 ʧʨʦʤʠʩʣʦʚʠʡ 0,56 0,20 0,70 0,009 0,004 - - - 0,010 - 0,011 0,009 

5 

ʃ
ʘ
ʙ
ʦ
ʨ

ʘ
ʪ
ʦ
ʨ

-

ʥ
ʠ
ʡ 0,50 0,45 0,75 0,014 0,0056 0,056 0,085 0,0098 0,051 0,136 0,0028 0,0018 

7 0,57 0,18 0,61 0,0130 0,0044 0,053 0,084 0,0076 0,043 0,138 0,0038 0,0011 

12 0,55 0,16 0,63 0,0210 0,0290 0,027 0,026 0,003 0,0016 0,026 0,0011 0,0005 

15 

ʇ
ʨ
ʦ
ʤ
ʠ
ʩ
ʣ
ʦ
ʚ

ʠ
ʡ
,
 
ɹ
ʃ
ɿ

 0,48 0,29 0,73 0,008 0,005 0,197 0,103 0,011 0,004 0,153 0,032 - 

16 0,47 0,34 0,65 0,007 0,002 0,20 0,08 0,008 0,009 0,16 0,032 - 

17 0,46 0,32 0,65 0,007 0,002 0,19 0,10 0,009 0,011 0,15 0,032 - 

10 0,36 0,21 0,54 0,014 0,004 0,12 0,10 0,011 - 0,15 
Ò 

0,005 
- 

 

ʅʘʚʝʜʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʙʝʟʧʝʨʝʨʚʥʦʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ, ʷʢʠʡ ʙʫʚ 

ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʢʽʚʰʝʚʦʶ ʧʨʦʙʦʶ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʊʆɺ çʄɿ çɼʅɯʇʈʆʉʊɸʃʔè. 

ʇʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʨʘʟʢʽʚ ʩʪʘʣʝʡ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʤʝʪʘʣʫ ʟ ʧʦʚʝʨʭʥʝʶ 

ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ 200 ʉ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ 10ï104 ʉ/ʩ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʷʭ.  

ɺʠʧʣʘʚʢʫ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ɯʊʇɽ-0,01 ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʽ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ɺʊɻ-20-22, ʱʦ ʤʘʻ ʚʙʫʜʦʚʘʥʫ ʩʪʘʥʮʽʶ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. ʎʷ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʚʠʧʣʘʚʣʷʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʜʦʩʣʽʜʥʽ ʩʪʘʣʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʧʝʮʽʘʣʴʥʦ ʣʝʛʦʚʘʥʽ ʤʘʨʛʘʥʮʝʤ, ʢʨʝʤʥʽʻʤ, 

ʭʨʦʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ ʪʘ ʽʥ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʜʘʥʠʭ ʤʝʞ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʥʦʚʠʭ ʨʦʟʨʦʙʣʝʥʠʭ ʩʢʣʘʜʽʚ ʩʪʘʣʽ ʙʫʚ ʦʙʨʘʥʠʡ 

ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʡ ʚʘʨʽʘʥʪ ʰʠʭʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʚʝʜʝʥʥʷ 

ʜʦ ʧʦʪʨʽʙʥʠʭ ʤʝʞ ʟʘ ʚʤʽʩʪʦʤ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʘʨʽʘʥʪʘʭ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ 
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ʧʨʠʩʫʪʥʽʭ ʚ ʨʷʜʦʚʦʤʫ ʙʨʫʭʪʽ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʙʨʘʣʠ ʤʝʪʘʣ ʢʦʣʽʩʥʦʾ 

ʤʘʨʢʠ 2 ʟ ʛʦʪʦʚʦʛʦ ʢʦʣʝʩʘ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.2. ʇʣʘʚʢʫ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʧʘʣʶʚʘʥʥʷ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʦʢʠʩʣʝʥʥʷ ʜʦʤʽʰʦʢ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʤʘʣʠʡ ʦʙʩʷʛ ʧʝʯʽ ʽ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʽʘʤʝʪʨ ʪʠʛʣʷ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ ʙʣʠʟʴʢʦ 

100 ʤʤ, ʰʠʭʪʫ ʧʦʜʨʽʙʥʶʚʘʣʠ ʜʦ ʨʦʟʤʽʨʽʚ 20Ĭ30Ĭ10 ʤʤ, ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʧʫʩʪʠʚʰʠ 

ʤʝʪʘʣ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ. ɺʠʧʣʘʚʢʘ ʜʦʩʣʽʜʥʠʭ ʧʣʘʚʦʢ ʧʨʦʚʦʜʠʣʘʩʷ ʰʣʷʭʦʤ 

ʧʝʨʝʧʣʘʚʣʝʥʥʷ 8,5ï9,0 ʢʛ ʤʝʪʘʣʝʚʦʾ ʰʠʭʪʠ ʥʘ ʙʘʟʽ ʩʪʘʣʽ ʜʣʷ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʩ. 

ʊʘʙʣʠʮʷ 2.2 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪʠ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪʦʚʦʾ ʟʘʛʦʚʢʠ, % ʤʘʩ. 

ʉ Si Mn S P Cr Ni V ʉu Ti Mʦ Al  

0,58 0,29 0,71 0,002 0,011 0,13 0,11 0,005 0,14 0,005 0,023 0,005 

 

ʄʝʪʘʣʝʚʫ ʰʠʭʪʫ ʨʦʟʽʛʨʽʚʘʣʠ ʚ ʧʝʯʽ ʧʨʦʪʷʛʦʤ 40 ʭʚʠʣʠʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʦʯʢʠ ʂʶʨʽ (ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʝʯʽ ʚ ʮʝʡ ʧʝʨʽʦʜ ʙʫʚ ʤʘʢʩʠʤʘʣʴʥʠʡ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʬʽʟʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʝʪʘʣʝʚʽʡ ʰʠʭʪʽ), ʧʽʩʣʷ ʯʦʛʦ 

ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜʠʥ ʤʝʪʘʣ ʥʘʛʨʽʚʘʣʠ ʜʦ ʡʦʛʦ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ. ʈʦʟʽʛʨʽʚ 

ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟʜʽʡʩʥʶʚʘʣʠ ʱʝ ʧʨʦʪʷʛʦʤ 30 ʭʚ, ʧʽʩʣʷ ʯʦʛʦ ʡʦʛʦ ʚʠʣʠʚʘʣʠ 

ʚ ʩʪʘʣʝʚʫ ʢʣʠʥʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʫ ʚʘʧʥʦʤ (ʨʠʩ. 2.3), ʘ 

ʟʘʣʠʰʦʢ ʤʝʪʘʣʫ ʚʠʣʠʚʘʣʠ ʚ ʛʨʘʬʽʪʦʚʠʡ ʪʠʛʝʣʴ, ʷʢʠʡ ʙʫʚ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʩʫʰʝʥʠʡ 

ʪʘ ʧʽʜʽʛʨʽʪʠʡ (ʨʠʩ. 2.5). ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʨʦʤ-ʘʣʶʤʝʣʝʚʦʾ ʪʝʨʤʦʧʘʨʠ, ʷʢʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʫʣʘ ʟʘʥʫʨʝʥʘ ʚ ʨʦʟʧʣʘʚ, ʪʘ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ɺʈʊ-3. ʇʝʨʝʜ 

ʚʠʣʠʚʘʥʥʷʤ ʤʝʪʘʣʫ ʚ ʢʣʠʥʦʧʦʜʽʙʥʫ ʣʠʚʘʨʥʫ ʬʦʨʤʫ, ʪʝʨʤʦʧʘʨʫ ʧʦʢʨʠʚʘʣʠ 

ʧʨʦʪʠʧʨʠʛʘʨʥʠʤ ʧʦʢʨʠʪʪʷʤ. ɼʣʷ ʣʝʛʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ: ʬʝʨʦʩʠʣʽʮʽʡ (ʌʉ65); ʬʝʨʦʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ (ʄʥʉ17); ʬʝʨʦʭʨʦʤ 

(ʌʍ850 ʽ ʌʍ025); ʬʝʨʦʚʘʥʘʜʽʡ 80 (ʌɺɼ80); ʥʽʢʝʣʴ; ʤʦʣʽʙʜʝʥ; ʚʫʛʣʝʮʝʚʤʽʩʥʠʡ 

ʤʘʪʝʨʽʘʣ (ʉ ʥʝ ʤʝʥʰʝ 85 %). ʄʝʪʦʜ ʧʨʠʩʘʜʢʠ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʟʘʭʠʩʥʦʤʫ 

ʤʝʪʘʣʝʚʦʤʫ ʢʦʨʦʙʽ ʟ ʧʨʠʤʫʩʦʚʠʤ ʟʘʥʫʨʝʥʥʷʤ ʚ ʨʦʟʧʣʘʚ ʜʦʟʚʦʣʠʚ ʜʦʩʷʛʪʠ 

ʥʦʨʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʟʘʩʚʦʻʥʥʷ ʝʣʝʤʝʥʪʽʚ. 
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ʈʠʩʫʥʦʢ 2.3 ï ɽʩʢʽʟ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ 

 
 

ɼʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʽ ʘʟʦʪʦʤ ʧʨʠ ʧʣʘʚʣʝʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʙʫʚʘʪʠ ʚ ʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 1530ï1700 Áʉ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʥʠʭ ʧʣʘʚʦʢ ʚʠʙʨʘʣʠ ʽʥʪʝʨʚʘʣ 1620ï1650 Áʉ, ʱʦʙ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʝ ʟʘʩʚʦʻʥʥʷ ʘʟʦʪʫ ʽ ʚʠʢʣʶʯʠʪʠ ʧʽʜʚʠʱʝʥʠʡ ʫʛʘʨ ʣʝʛʫʶʯʠʭ 

ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʧʝʨʝʛʨʽʚʘʥʥʽ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʩʚʦʻʥʥʷ ʘʟʦʪʫ ʚ ʩʪʘʣʽ, ʻ ʚʤʽʩʪ 

ʢʠʩʥʶ ʚ ʤʝʪʘʣʽ. ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʤʝʪʘʣʽ ʚʽʜ 0,067 ʜʦ 

0,144 % ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʜ ʘʟʦʪʥʠʤ ʣʝʛʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʛʣʠʙʦʢʝ 

ʨʦʟʢʠʩʣʝʥʥʷ ʩʪʘʣʽ. 

ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʷʢ ʤʘʨʛʘʥʝʮʴ, ʭʨʦʤ, ʤʦʣʽʙʜʝʥ, ʚʘʥʘʜʽʡ ʪʘ ʽʥ., ʨʦʟʯʠʥʝʥʽ ʚ 

ʟʘʣʽʟʽ, ʧʽʜʚʠʱʫʶʪʴ ʚ ʥʴʦʤʫ ʨʦʟʯʠʥʥʽʩʪʴ ʘʟʦʪʫ. ʊʦʤʫ ʾʭ ʚʤʽʩʪ ʧʝʨʝʜ ʘʟʦʪʥʠʤ 

ʣʝʛʫʚʘʥʥʷʤ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚ ʤʝʞʘʭ ʤʘʨʦʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ. ɺʠʭʦʜʷʯʠ ʟ 

ʮʴʦʛʦ, ʘʟʦʪʦʚʘʥʠʡ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ ʚʟʷʣʠ ʟʘ ʜʦʮʽʣʴʥʝ ʚʚʦʜʠʪʠ ʚ ʧʽʯ ʚ ʟʘʢʣʶʯʥʠʡ 

ʧʝʨʽʦʜ ʧʣʘʚʢʠ, ʧʽʩʣʷ ʛʣʠʙʦʢʦʛʦ ʨʦʟʢʠʩʣʝʥʥʷ ʽ ʚʚʝʜʝʥʥʷ ʣʝʛʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʨʦʟʯʠʥʥʽʩʪʴ ʘʟʦʪʫ. 

ʆʪʞʝ, ʪʝʭʥʦʣʦʛʽʷ ʚʠʧʣʘʚʢʠ ʘʟʦʪʦʚʤʽʩʥʠʭ ʤʘʨʦʢ ʩʪʘʣʽ ʚ ʫʤʦʚʘʭ ɯʏʄ 

ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ.  

ʇʣʘʚʢʫ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʧʣʘʚʢʠ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʦʢʠʩʣʝʥʥʷ 

ʜʦʤʽʰʦʢ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ ɯʊʇɽ-0,01. ɺʘʛʘ ʰʠʭʪʠ ʩʪʘʥʦʚʠʣʘ 9 ʢʛ. ʇʽʩʣʷ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʰʠʭʪʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʚʦʜʠʣʠ 
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ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʦʢ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʢʠʩʣʶʚʘʯʽʚ, ʚʠʭʦʜʷʯʠ ʟ 

ʜʦʩʚʽʜʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʚʝʜʽʥʢʠ ʽ ʚʠʛʦʨʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʬʝʨʦʤʘʨʛʘʥʮʶ ʽ ʩʠʣʽʢʦʤʘʨʛʘʥʮʶ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʚʦʜʠʣʠ ʚ ʤʝʪʘʣ ʟʘ 15 ʭʚ ʜʦ ʚʠʧʫʩʢʫ, ʧʦʪʽʤ ʜʦʜʘʚʘʣʠ 

ʬʝʨʦʩʠʣʽʮʽʡ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʧ'ʷʪʠ ʭʚʠʣʠʥ ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ 

ʚʚʦʜʠʣʠ ʚʫʛʣʝʮʝʚʤʽʩʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʜʦʜʘʪʢʦʚʦ ʚʠʪʨʠʤʫʚʘʣʠ ʤʝʪʘʣ ʱʝ ʧʨʦʪʷʛʦʤ 

ʧ'ʷʪʠ ʭʚʠʣʠʥ. ʇʝʨʝʜ ʧʨʠʩʘʜʢʦʶ ʬʝʨʦʩʧʣʘʚʽʚ ʧʨʦʚʦʜʠʣʠ ʧʦʧʝʨʝʜʥʻ ʨʦʟʢʠʩʣʝʥʥʷ 

ʘʣʶʤʽʥʽʻʤ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 ʢʛ/ʪ. 

ʇʽʩʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʠʭʦʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʙʠʣʠ ʩʢʘʯʫʚʘʥʥʷ ʰʣʘʢʫ ʽ ʜʦʜʘʪʢʦʚʦ ʣʝʛʫʚʘʣʠ ʨʦʟʧʣʘʚ ʘʣʶʤʽʥʽʻʤ ʪʘ/ʘʙʦ ʪʠʪʘʥʦʤ 

ʟ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʚʦʻʥʥʷ 50 % ʢʦʞʥʦʛʦ. ʇʽʩʣʷ ʯʦʛʦ ʥʝʛʘʡʥʦ ʚʚʦʜʠʣʠ ʘʟʦʪʦʚʤʽʩʥʠʡ 

ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ ʟ ʚʤʽʩʪʦʤ ʘʟʦʪʫ 7ï8 % ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 3ï4 ʭʚʠʣʠʥ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʚʘʨʽʘʥʪʘʭ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ ʧʨʠʩʫʪʥʽʭ ʚ ʨʷʜʦʚʦʤʫ ʙʨʫʭʪʽ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚʠʙʨʘʣʠ ʤʝʪʘʣ ʢʦʣʽʩʥʦʾ ʤʘʨʢʠ 2 ʟ ʛʦʪʦʚʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʢʦʣʝʩʘ. ʇʽʩʣʷ 

ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 145ï155 Áʉ (1620ï1630 Áʉ) 

ʚʚʦʜʠʣʠ ʚ ʤʝʪʘʣ ʬʝʨʦʤʘʨʛʘʥʝʮʴ ʽ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 6ï15 ʭʚ ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ 

ʨʦʟʧʣʘʚʫ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʧʦʪʽʤ ʜʦʜʘʚʘʣʠ ʬʝʨʦʩʠʣʽʮʽʡ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 6ï12 ʭʚ ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ 

ʚʚʦʜʠʣʠ ʚʫʛʣʝʮʝʚʤʽʩʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʜʦʜʘʪʢʦʚʦ ʚʠʪʨʠʤʫʚʘʣʠ ʤʝʪʘʣ ʱʝ ʧʨʦʪʷʛʦʤ 

6ï15 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1620ï1630 Áʉ, ʷʢʘ ʚʠʱʘ ʥʘ 145ï155 Áʉ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʟʘʜʘʥʦʾ ʤʘʨʢʠ ʩʪʘʣʽ.  

ʇʽʩʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʠʭʦʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʙʠʣʠ ʩʢʘʯʫʚʘʥʥʷ ʰʣʘʢʫ ʽ ʜʦʜʘʪʢʦʚʦ ʣʝʛʫʚʘʣʠ ʨʦʟʧʣʘʚ ʘʣʶʤʽʥʽʻʤ ʽ/ʘʙʦ ʪʠʪʘʥʦʤ 

ʟ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʚʦʻʥʥʷ 50 % ʢʦʞʥʦʛʦ ʟ ʟʘʟʥʘʯʝʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʽʩʣʷ ʯʦʛʦ 

ʦʜʨʘʟʫ ʚʚʦʜʠʣʠ ʘʟʦʪʦʚʤʽʩʥʠʡ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ ʟ ʚʤʽʩʪʦʤ ʘʟʦʪʫ 7ï8 % ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʤʝʪʘʣ ʧʨʦʪʷʛʦʤ 6ï12 ʭʚ. ʇʦʪʽʤ ʨʦʟʣʠʚʘʣʠ ʧʣʘʚʢʫ ʚ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʨʦʛʨʽʪʫ ʚʠʣʠʚʥʠʮʶ. 
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ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʥʠʭ ʧʣʘʚʦʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʚʚʦʜʠʪʠ ʘʟʦʪʦʚʘʥʠʡ ʩʠʣʽʢʦʤʘʨʛʘʥʝʮʴ, ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʤʝʪʘʣʝʚʽʡ 

ʰʪʘʥʟʽ ʟ ʧʨʠʤʫʩʦʚʠʤ ʽʥʪʝʥʩʠʚʥʠʤ ʟʘʥʫʨʝʥʥʷʤ ʚ ʨʦʟʧʣʘʚ, ʟʘ 6ï15 ʭʚ. ʜʦ ʚʠʧʫʩʢʫ 

ʤʝʪʘʣʫ. 

ɺʠʪʨʠʤʢʘ ʨʦʟʧʣʘʚʫ ʚ ʧʝʯʽ ʙʽʣʴʰʝ 6ï15 ʭʚ. ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ 

ʧʝʨʝʦʢʠʩʣʝʥʥʷ, ʘ ʤʝʥʰʝ 5 ʭʚʠʣʠʥ ï ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʘʟʦʪʦʚʤʽʩʥʦʛʦ ʩʧʣʘʚʫ. ʇʨʠ ʪʘʢʽʡ ʤʝʪʦʜʠʮʽ ʟʘʩʚʦʻʥʥʷ ʘʟʦʪʫ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʣʘʚʢʘʭ 

ʩʢʣʘʣʦ ʙʣʠʟʴʢʦ 50 %. 

ʇʦʪʽʤ ʨʦʟʣʠʚʘʣʠ ʧʣʘʚʢʫ ʚ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʦʛʨʽʪʫ ʛʨʘʬʽʪʦʚʫ ʚʠʣʠʚʥʠʮʶ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʜʘʣʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʧʝʨʝʜ ʨʦʟʣʠʚʘʥʥʷʤ ʪʘ 

ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʰʣʘʢʫ ʚ ʟʣʠʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʘʛʫʣʷʪʦʨ 

ʰʣʘʢʫ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʤʘʣʠʡ ʦʙʩʷʛ ʤʝʪʘʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʟʘʩʪʠʛʘʥʥʷ 

ʟʣʠʪʢʘ, ʡʦʛʦ ʜʦʜʘʪʢʦʚʦ ʫʪʝʧʣʶʚʘʣʠ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʩʫʤʽʰʰʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʫʩʘʜʦʯʥʦʾ ʨʘʢʦʚʠʥʠ ʽ ʦʩʴʦʚʦʾ ʣʽʢʚʘʮʽʾ ʚ ʜʦʩʣʽʜʥʦʤʫ ʟʣʠʪʢʫ (ʨʠʩ. 2.5).  

ʊʘʙʣʠʮʷ 2.3 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ ʤʘʨʢʠ 2 

ʄʘʨʢʫʚʘʥʥʷ 

ʧʨʦʙ 
C Si Mn P S Al  Ti V N 

2.5, 2.6 
0,57ï

0,60 

0,27ï

2,9 

0,66ï

0,70 
0,009 0,010 0,016 0,0012 Ó0,003 0,003 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʟʣʠʪʢʠ ʙʝʟ ʟʘʙʨʫʜʥʝʥʴ 

ʰʣʘʢʦʚʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʽ ʦʪʨʠʤʘʪʠ ʱʽʣʴʥʠʡ, ʩʬʦʨʤʦʚʘʥʠʡ ʟʣʠʪʦʢ ʜʦʩʣʽʜʥʠʭ 

ʩʪʘʣʝʡ ʙʝʟ ʟʥʘʯʥʦʾ ʫʩʘʜʢʠ ʽ ʙʨʘʢʫ ʟʘ ʧʫʭʢʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʚ ʡʦʛʦ ʚʝʨʭʥʽʭ ʰʘʨʘʭ. 

ɺʠʜ ʧʦʚʝʨʭʥʽ ʟʣʠʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.5.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʥʘ 50Ñ10  Áʉ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 10ï103 Áʉ/ʩ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʣʴ ʤʘʨʢʠ 2. ɿʨʘʟʢʠ ʜʦʩʣʽʜʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 2, ʱʦ ʙʫʣʠ ʥʘʛʨʽʪʽ 

ʥʘ ~50 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʽ ʰʚʠʜʢʽʩʪʶ ~10ï

103 Áʉ/ʩ, ʫʤʦʚʥʦ ʧʦʟʥʘʯʠʤʦ  2.5, ʘ ʥʘʛʨʽʪʽ ʥʘ ~150 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ~10ï103 Áʉ/ʩ ʫʤʦʚʥʦ ʧʦʟʥʘʯʠʤʦ 2.6.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 2.5 ï ʋʪʝʧʣʝʥʥʷ ʟʣʠʪʢʘ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʩʫʤʽʰʰʶ (ʘ), ʚʠʜ 

ʧʦʚʝʨʭʥʽ ʟʣʠʪʢʘ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ (ʙ) 

 

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʟʜʽʣʽ 5, ʙʫʣʠ 

ʟʨʘʟʢʠ ʩʪʘʣʝʡ: ʤʘʨʢʠ 2, ʊ, ʂ (ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʘ ʩʪʘʣʴ) ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʫʤʦʚʘʭ ʄɿ çɼʥʽʧʨʦʩʪʘʣʴè. ʉʪʘʣʴ ʤʘʨʢʠ ʂ, ʜʦʜʘʪʢʦʚʦ 

ʤʽʢʨʦʣʝʛʦʚʘʥʘ ʘʣʶʤʽʥʽʻʤ, ʪʠʪʘʥʦʤ ʪʘ ʘʟʦʪʦʤ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ1), ʪʘ ʩʪʘʣʴ 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.4 ï  ʂʦʘʛʫʣʷʪʦʨ ʰʣʘʢʫ ʜʣʷ ʽʥʜʫʢʮʽʡʥʦʾ ʧʝʯʽ (ʘ); 

ʝʢʟʦʪʝʨʤʽʯʥʘ ʩʫʤʽʰ ʜʣʷ ʦʙʽʛʨʽʚʫ ʧʨʠʙʫʪʢʽʚ ʽ ʚʠʣʠʚʢʽʚ (ʙ) 
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ʤʘʨʢʠ ʂ, ʤʽʢʨʦʣʝʛʦʚʘʥʘ ʘʣʶʤʽʥʽʻʤ ʪʘ ʘʟʦʪʦʤ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ2) ʦʪʨʠʤʘʥʽ ʚ 

ʧʨʦʤʠʩʣʦʚʠʡ ʫʤʦʚʘʭ ʫ ʢʽʣʴʮʝʚʽʡ ʧʝʯʽ ʚ ʣʘʙʦʨʦʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʘ ʫʤʦʚʘʭ 

ʇɸʊ çɯʅʊɽʈʇɸʁʇ ʅʊɿè (ʪʘʙʣ. 2.4).  
 

ʊʘʙʣʠʮʷ 2.4 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ 

ʋʤʦʚʥʝ 

ʧʦʟʥʘʯʝʥ

ʥʷ ʪʘ 

ʤʘʨʢʘ 

ʩʪʘʣʽ  

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʝʣʝʤʝʥʪʽʚ, % ʤʘʩ. 

C Si Mn 

 

Ti Al  N P 

 

S Ni V 

6 (ʤʘʨʢʘ 

2) 

0,55

-

0,63 

0,22

-

0,45 

0,50

-

0,90 

- - - Ò0,03

0 

Ò0,02

5 

Ò0,3

0 

Ò0,10 

8 (ʤʘʨʢʘ 

ʊ) 

0,62

-

0,70 

0,22

-

0,65 

0,50

-

1,00 

- - - Ò0,03

0 

0,005 Ò0,3

0 

Ò0,15 

11 (ʤʘʨʢʘ 

ʂ) 

0,57

-

0,60 

0,85

-

1,05 

0,70

-

0,85 

0,012 
0,002

5 

0,01

5 
0,021 0,130 

0,00

4 

Ò0,00

5 

12 (ʂ1) 0,55

-

0,60 

0,83

-

0,90 

0,70

-

0,90 

0,013 
0,002

5 

0,01

5 
0,026 

Ò0,00

5 

0,01

8 

Ò0,00

5 

16 (ʂ2) 0,55

-

0,60 

0,85

-

0,90 

0,70

-

0,90 

Ò0,00

5 

0,023 
0,01

7 
0,12 

Ò0,00

5 

0,01

8 

Ò0,00

5 

 

ɺʠʧʣʘʚʢʫ ʩʪʘʣʝʡ ʟ ʫʤʦʚʥʠʤ ʧʦʟʥʘʯʝʥʥʷʤ ï ʂ550 (ʂ1) ʪʘ ʂ650 (ʂ2) ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʚʠʨʦʙʥʠʯʠʭ. ɺ ʪʘʙʣ. 2.5 

ʥʘʚʝʜʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʡ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 50Ñ10 Üʉ ʪʘ 150ï170 Üʉ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ 10ï104 Üʉ/ʩ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʚ ʩʪʘʣʷʭ: ʂ (ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʘ ʩʪʘʣʴ), ʩʪʘʣʴ ʤʘʨʢʠ ʂ, ʜʦʜʘʪʢʦʚʦ ʤʽʢʨʦʣʝʛʦʚʘʥʘ ʘʣʶʤʽʥʽʻʤ, ʪʠʪʘʥʦʤ 
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ʪʘ ʘʟʦʪʦʤ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ1), ʪʘ ʩʪʘʣʴ ʤʘʨʢʠ ʂ, ʤʽʢʨʦʣʝʛʦʚʘʥʘ ʘʣʶʤʽʥʽʻʤ ʪʘ 

ʘʟʦʪʦʤ (ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʂ2) (ʪʘʙʣ. 2.5) ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ. 
 

 

ʊʘʙʣʠʮʷ 2.5 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, % ʤʘʩ. 

ʄʘʨʢʫʚʘʥʥ

ʷ ʧʨʦʙ 

C Si Mn P S Mo Al  Cu Ti V (N) 

ʂ550 (ʂ1) 0,5

6 

0,8

8 

0,8

9 

0,01

9 

0,008

7 

0,01

1 

0,02

3 

0,08

4 

0,022 Ò0,00

5 

0,01

7 

ʂ650 

(ʂ2) 

0,5

7 

0,8

6 

0,9

8 

0,01

9 

0,007

9 

0,01

1 

0,02

1 

0,08

4 

Ò0,00

5 

Ò0,00

5 

0,01

8 

 

2.2. ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʄʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʟʛʽʜʥʦ ɻʆʉʊ 1497-84 ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʤʘʰʠʥʽ 

ʬʽʨʤʠ çɯʥʩʪʨʦʥè.  

ɺʠʟʥʘʯʝʥʥʷ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʷʪʥʠʢʦʚʦʛʦ 

ʢʦʧʨʘ PSW-30. ʊʚʝʨʜʽʩʪʴ ʟʘ ʈʦʢʚʝʣʣʦʤ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʚʝʨʜʦʤʽʨʘ ʊʂ-

2ʄ. ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ 

ʇʄʊ-3 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 0,490 ʅ (50 ʛʩ).  

2.3. ʄʦʜʝʣʴʥʽ ʩʧʣʘʚʠ 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʩʧʣʘʚʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʧʣʘʚʠ ï FeïB, Alïʉu, PbïSb 

ʪʘ ʪʝʨʥʘʨʥʠʡ ʩʧʣʘʚ FeïBïʉ. ɺʽʜʦʤʦ, ʱʦ ʩʧʣʘʚʠ FeïB ʪʘ Alïʉu ʤʘʶʪʴ ʨʽʟʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʩʧʣʘʚ FeïB ʤʘʻ ʥʘʙʘʛʘʪʦ ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ), ʘʣʝ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʬʘʟ (Fe2B ʪʘ Al2Cu), 

ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ.  

ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ PbïSb ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʽʘʛʨʘʤ ʧʝʨʰʦʛʦ ʪʠʧʫ, ʚ ʷʢʠʭ 

ʦʙʤʝʞʝʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʪʘ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ ʩʫʤʽʩʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ.  

ʄʦʜʝʣʴʥʽ ʩʧʣʘʚʠ (FeïB, Alïʉu, PbïSb) ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʧʦʧʝʨʝʜʥʴʦ ʨʝʪʝʣʴʥʦ 

ʧʝʨʝʤʽʰʘʥʠʭ ʽ ʩʧʨʝʩʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʰʠʭʪʠ. ɺʠʧʣʘʚʢʫ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʽ ʊʘʤʤʘʥʘ ʟ ʛʨʘʬʽʪʦʚʠʤ ʥʘʛʨʽʚʘʯʝʤ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. ʇʣʘʚʢʠ 

ʚʠʢʦʥʫʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚ ʘʣʫʥʜʦʚʽ ʪʠʛʣʷʭ, ʷʢʽ ʦʧʫʩʢʘʣʠ ʚ ʛʨʘʬʽʪʥʽ 
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ʦʙʦʣʦʥʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʧʨʠʩʫʪʥʽʩʪʴ ʟʘʭʠʩʥʠʭ 

ʛʘʟʽʚ ʚ ʧʦʚʽʪʨʷʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʝʯʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʽ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʟʘʭʠʩʥʦʾ ʘʪʤʦʩʬʝʨʠ ʪʠʛʝʣʴ ʟʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʟʜʽʡʩʥʶʚʘʣʠ ʘʣʫʥʜʦʚʠʤ ʩʪʨʠʞʥʝʤ ʚ ʧʨʦʮʝʩʽ 

ʧʣʘʚʢʠ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʨʘʟʽʚ: ʧʽʩʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ 10ï15 ʭʚʠʣʠʥʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 50ï250 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ 

ʨʦʟʣʠʚʘʥʥʷʤ. ʇʦʪʽʤ ʨʦʟʧʣʘʚʠ ʚʠʣʠʚʘʣʠ ʫ ʤʽʜʥʫ ʢʣʠʥʦʧʦʜʽʙʥʫ ʣʠʚʘʨʥʫ ʬʦʨʤʫ. 

ʇʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʚʠʣʠʚʢʠ ʤʘʣʠ ʬʦʨʤʫ ʢʣʠʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. ɺ çʰʠʨʦʢʽʡè ʯʘʩʪʠʥʽ ʢʣʠʥʫ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʢʣʘʜʘʣʘ ~ 10 Áʉ/ʩ, ʚ çʩʝʨʝʜʥʽʡè ~ 102ï103 Áʉ/ʩ, ʘ ʚ çʚʫʟʴʢʽʡè ~ 

104 Áʉ/ʩ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʠʥʦïʧʣʘʪʽʥʦʽʨʽʜʽʻʚʦʾ 

ʪʝʨʤʦʧʘʨʠ, ʷʢʫ ʦʧʫʩʢʘʣʠ ʚ ʨʦʟʧʣʘʚ ʚ ʟʘʭʠʩʥʽʡ ʢʚʘʨʮʦʚʽʡ ʦʙʦʣʦʥʮʽ. ɿʘʧʠʩ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʙʠʣʠ ʥʘ ʧʦʪʝʥʮʽʦʤʝʪʨʽ ʂʉʇï4. 

2.3.1. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ Fʝïɺ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ ʽʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,0ï6,0 % ʤʘʩ., ʨʝʰʪʘ 

ʟʘʣʽʟʦ (ʪʘʙʣ. 2.5).  

 

ʉʢʣʘʜ ʰʠʭʪʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Fʝïɺ 

ʉʢʣʘʜ ʰʠʭʪʠ 

ɹʦʨ, % ʘʪ. ɿʘʣʽʟʦ, % ʘʪ. 

13,4 ʈʝʰʪʘ 

14,5 ʈʝʰʪʘ 

15,0 ʈʝʰʪʘ 

16,8 ʈʝʰʪʘ 

17,0 ʈʝʰʪʘ 

 

ʉʧʣʘʚʠ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʧʦʧʝʨʝʜʥʴʦ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʥʠʭ ʽ ʩʧʨʝʩʦʚʘʥʠʭ 

ʧʦʨʦʰʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʰʠʭʪʠ.  

ɺʠʧʣʘʚʢʫ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʽ ʊʘʤʤʘʥʘ ʟ ʛʨʘʬʽʪʦʚʠʤ ʥʘʛʨʽʚʘʯʝʤ. ʇʣʘʚʢʠ 

ʚʠʢʦʥʫʚʘʣʠ ʚ ʘʣʫʥʜʦʚʠʭ ʪʠʛʣʷʭ, ʷʢʽ ʦʧʫʩʢʘʣʠ ʚ ʛʨʘʬʽʪʥʽ ʦʙʦʣʦʥʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʘʬʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʧʨʠʩʫʪʥʽʩʪʴ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʚ ʧʦʚʽʪʨʷʥʽʡ 
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ʘʪʤʦʩʬʝʨʽ ʧʝʯʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʽ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ 

ʟʘʭʠʩʥʦʾ ʘʪʤʦʩʬʝʨʠ ʪʠʛʝʣʴ ʟʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʠʥʦïʧʣʘʪʽʥʦʽʨʽʜʽʻʚʦʾ 

ʪʝʨʤʦʧʘʨʠ, ʷʢʫ ʦʧʫʩʢʘʣʠ ʚ ʨʦʟʧʣʘʚ ʚ ʟʘʭʠʩʥʽʡ ʢʚʘʨʮʦʚʽʡ ʦʙʦʣʦʥʮʽ. ɿʘʧʠʩ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʠʣʠ ʥʘ ʧʦʪʝʥʮʽʦʤʝʪʨʽ ʂʉʇï4. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʟʜʽʡʩʥʶʚʘʣʠ ʘʣʫʥʜʦʚʠʤ ʩʪʨʠʞʥʝʤ ʚ ʧʨʦʮʝʩʽ ʧʣʘʚʢʠ 

ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʨʘʟʽʚ: ʧʽʩʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ 5ï15 ʭʚʠʣʠʥʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘ 50ï250 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʨʦʟʣʠʚʘʥʥʷʤ. 

ʇʦʪʽʤ ʨʦʟʧʣʘʚ Fʝïɺ ʚʠʣʠʚʘʣʠ ʫ ʤʽʜʥʫ ʢʣʠʥʦʚʠʜʥʫ ʣʠʚʘʨʥʫ ʬʦʨʤʫ, ʯʠʤ 

ʜʦʩʷʛʘʣʠ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʚʽʜ 10 ʜʦ 104 Áʉ/ʩ). 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʠʥʦ-

ʧʣʘʪʠʥʦʨʦʜʽʻʚʦʾ ʪʝʨʤʦʧʘʨʠ, ʷʢʫ ʦʧʫʩʢʘʣʠ ʚ ʨʦʟʧʣʘʚ ʚ ʟʘʭʠʩʥʽʡ ʢʚʘʨʮʦʚʽʡ ʦʙʦʣʦʥʮʽ ʪʘ 

ʟʘ ʬʦʨʤʦ  ʁʢʣʠʥʫ. ʇʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʚʠʣʠʚʢʠ ʤʘʣʠ ʬʦʨʤʫ ʢʣʠʥʽʚ. ʐʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨʠ ʪʘ ʟʘ ʬʦʨʤʦʶ ʢʣʠʥʽʚ. 
 

ʊʘʙʣʠʮʷ 2.6 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʨʘʚʥʠʢʘ ʽ ʯʘʩ ʪʨʘʚʣʝʥʥʷ 

 ̄ ʍʽʤʽʯʥʠʡ ʪʨʘʚʥʠʢ, ʤʣ ʏʘʩ 

ʪʨʘʚʣʝʥʥʷ, c 

1 5ʛ CuCl2 + 40 ʤʣ HCl + 30 ʤʣ H2O + 25 ʤʣ C2H5OH 20 

2 10 ʤʣ CuCl2 5ï15 

3 30 ʤʣ ʢʨʠʞʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʜʦʤʽʰʢʦʶ 20 ʛ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ + 15 ʤʣ ʧʨʦʧʘʥʦʚʦʛʦ ʢʠʩʣʦʪʠ + 6 ʤʣ 

ʤʦʣʦʯʥʦʾ ʢʠʩʣʦʪʠ + 1 ʤʣ H3PO4 + 0,25 ʤʣ HCl 60 

60 

4 ɸʟʦʪʥʘ ʢʠʩʣʦʪʘ, ʤʣ 3ï5. ɽʪʠʣʦʚʠʡ ʩʧʠʨʪ, ʤʣ 100 60 

 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʤʘʟʥʠʭ ʧʘʩʪ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, 

ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʙʦʨʦʤ, ʚʠʷʚʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʚ ʨʝʘʢʪʠʚʽ 

(ʪʘʙʣ. 2.6). ʉʢʣʘʜ ʚʠʧʣʘʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʭʽʤʽʯʥʠʤ, ʩʧʝʢʪʨʘʣʴʥʠʤ ʽ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʘʤʠ.  
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ʊʦʯʥʽʩʪʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʦʚʠʣʘ Ñ (0,05ï0,1) %. ɼʣʷ 

ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 4 % ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ 

ʢʠʩʣʦʪʠ ʫ ʩʧʠʨʪʽ. ʂʽʣʴʢʽʩʥʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʘʥʘʣʽʟʘʪʦʨʽ çEpiquantè. ʊʦʯʥʽʩʪʴ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʦʙ'ʻʢʪʽʚ ʩʪʘʥʦʚʠʣʘ Ñ2 %, ʘ 

ʦʙ'ʻʤʥʦʛʦ ʟʤʽʩʪʫ ʬʘʟ Ñ3 %. 

2.3.2. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ AlïCu 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ ʟ 

ʚʤʽʩʪʦʤ 60,0ï73,0  % ʤʘʩ. ʘʣʶʤʽʥʽʶ (ʪʘʙʣ. 2.7). ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʣʽʢʚʘʮʽʾ ʩʧʣʘʚʠ 

ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʥʠʭ ʽ ʩʧʨʝʩʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʰʠʭʪʠ. ɺʠʧʣʘʚʢʫ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʽ ʊʘʤʤʘʥʘ ʟ ʛʨʘʬʽʪʦʚʠʤ 

ʥʘʛʨʽʚʘʯʝʤ ʚ ʘʣʫʥʜʦʚʠʭ ʪʠʛʣʷʭ.  

ʊʘʙʣʠʮʷ 2.7 ï ʉʢʣʘʜ ʰʠʭʪʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu 

ʉʢʣʘʜ ʰʠʭʪʠ 

ɸʣʶʤʽʥʽʡ, % ʤʘʩ. ʄʽʜʴ, % ʤʘʩ. 

71,0 ʈʝʰʪʘ 

69,0 ʈʝʰʪʘ 

67,0 ʈʝʰʪʘ 

65,0 ʈʝʰʪʘ 

63,0 ʈʝʰʪʘ 

 

 

ʇʽʩʣʷ ʧʣʘʚʣʝʥʥʷ ʪʘ 5ï15 ʭʚʠʣʠʥʥʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 50ï

250 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʨʦʟʣʠʚʘʥʥʷʤ.  

ʇʦʪʽʤ ʨʦʟʧʣʘʚ ʚʠʣʠʚʘʣʠ ʫ ʤʽʜʥʫ ʢʣʠʥʦʚʠʜʥʫ ʣʠʚʘʨʥʫ ʬʦʨʤʫ. ʐʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʢʣʘʜʘʣʘ ʚʽʜ 10 ʜʦ 104 Áʉ/ʩ. ʇʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ 

ʚʠʣʠʚʢʠ ʤʘʣʠ ʬʦʨʤʫ ʢʣʠʥʽʚ. ʉʢʣʘʜ ʚʠʧʣʘʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʭʽʤʽʯʥʠʤ, 

ʩʧʝʢʪʨʘʣʴʥʠʤ ʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʘʤʠ (ʪʘʙʣ. 2.7).  

ʊʦʯʥʽʩʪʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʦʚʠʣʘ Ñ (0,05ï0,1) %. 

ʉʪʨʫʢʪʫʨʫ ʩʧʣʘʚʫ ɸlïɸl2ʉu ʚʠʷʚʣʷʣʠ ʨʝʘʢʪʠʚʦʤ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ɹʝʢʢʝʨʪʦʤ ʪʘ 

ʂʝʣʣʝʨʦʤ [155] ï 1,0 ʤʣ. HF; 26 ʤʣ. HNOʟ; 1,6ʤʣ. ʅʉl. 
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2.3.3. Cʧʣʘʚʠ ʩʠʩʪʝʤʠ ʈbïSb 

ʋ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ ʈbïSb ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʚʠʥʝʮʴ ʯʠʩʪʦʪʦʶ ʙʽʣʴʰʝ 99,9 %. ʉʫʨʤʘ ʤʘʣʘ ʯʠʩʪʦʪʫ ʙʽʣʴʰʝ 99,9 %. ʉʢʣʘʜʠ 

ʰʠʭʪʠ ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2.8.  

ʊʘʙʣʠʮʷ 2.8 ï ʉʢʣʘʜ ʰʠʭʪʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ ʈbïSb 

ʉʢʣʘʜ ʰʠʭʪʠ 

ʉʫʨʤʘ, % ʤʘʩ. ʉʚʠʥʝʮʴ, % ʤʘʩ. 

10,0 90,0 

11,2 88,8 

12,0 88,0 

13,0 87,0 

15,0 85,0 

 

ʇʽʩʣʷ ʚʠʧʣʘʚʢʠ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʷʣʠ ʤʽʢʨʦʰʣʽʬʠ. ʈʦʟʯʠʥʠ ʜʣʷ ʪʨʘʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.9.   

ʊʘʙʣʠʮʷ 2.9 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʯʘʩ ʪʨʘʚʣʝʥʥʷ 

 ̄ ʍʽʤʽʯʥʠʡ ʪʨʘʚʥʠʢ, ʤʣ ʏʘʩ ʪʨʘʚʣʝʥʥʷ, c 

1 10 ʤʣ ʅ2ʆ2 + 30 ʤʣ ʢʨʠʞʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ 5 ʛ  20 

2 30 ʤʣ ʅ202 + 10 ʤʣ ʢʨʠʞʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ. ɿʨʘʟʢʠ 

ʪʨʘʚʠʣʠ ʫ ʨʦʟʯʠʥʽ 1 10ï15ʩ, ʘ ʧʦʪʽʤ ʧʨʦʤʠʚʘʣʠ ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʫ 2 ʟʤʠʚʘʣʠ  ʯʦʨʥʠʡ ʦʩʘʜ. 

15 

3 10 ʛ Fʝʉɯʟ + 30 ʤʣ ʅʉl + 100 ʤʣ ʅ2O. ɿʨʘʟʢʠ ʪʨʘʚʠʣʠ 

ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʘ ʧʦʪʽʤ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ 

60 

4 ʉʧʠʨʪʦʚʠʡ ʨʦʟʯʠʥ ʅʉl (ʩʦʣʷʥʘ ʢʠʩʣʦʪʘ ʨʦʟʙʘʚʣʝʥʘ 

ʩʧʠʨʪʦʤ). ɿʨʘʟʢʠ ʪʨʘʚʠʣʠ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʘ ʧʦʪʽʤ 

ʧʨʦʪʠʨʘʣʠ ʩʧʠʨʪʦʤ. 

60 

 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʫʶʚʘʥʥʷ 

ʪʝʨʤʦʧʘʨʠ, ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʨʝʧʝʨʥʠʭ ʪʦʯʦʢ ʧʣʘʚʣʝʥʥʷ ʩʚʠʥʮʶ ʪʘ ʦʣʦʚʘ. 

ɿʨʘʟʢʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ ʈbïSb ʚʠʧʣʘʚʣʷʣʠ ʚ ʝʣʝʢʪʨʦʧʝʯʽ ʊʘʤʤʘʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 300ï600 Áʉ ʚ ʛʨʘʬʽʪʦʚʠʭ ʪʠʛʣʷʭ. ʉʧʦʯʘʪʢʫ ʧʣʘʚʠʣʠ ʩʚʠʥʝʮʴ, ʘ ʧʦʪʽʤ 

ʜʦʙʘʚʣʷʣʠ ʫ ʥʴʦʛʦ ʧʦʜʨʽʙʥʝʥʫ ʩʫʨʤʫ. ʇʦʪʽʤ ʨʦʟʧʣʘʚ ʚʠʣʠʚʘʣʠ ʫ ʤʽʜʥʫ ʢʣʠʥʦʚʠʜʥʫ 
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ʣʠʚʘʨʥʫ ʬʦʨʤʫ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʧʝʯʽ ʧʽʜôʻʜʥʘʣʠ ʭʨʦʤʝʣʴïʘʣʶʤʝʣʝʚʫ 

ʪʝʨʤʦʧʘʨʫ (ʪʦʚʱʠʥʘ ʜʨʦʪʫ ï 0,5 ʤʤ) ʪʘ ʧʦʪʝʥʮʽʦʤʝʪʨ ʂʉʇï4.  

2.4. ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ Fʝïɺïʉ 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ʽʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 0,005ï7,0 % ʤʘʩ. ʪʘ 

ʚʫʛʣʝʮʶ 0,4ï5,5 % ʤʘʩ., ʽʥʰʝ ï ʟʘʣʽʟʦ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ FeïBïʉ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʩʢʣʘʜʦʚʽ: ʟʘʣʽʟʦ ʢʘʨʙʦʥʽʣʴʥʝ (ʟ ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ 

99,95 % ʤʘʩ.), ʘʤʦʨʬʥʠʡ ʙʦʨ (ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 97,5,0 % ʤʘʩ.), ʛʨʘʬʽʪ (ʟ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʶ 99,96 % ʤʘʩ.).  

ɺʠʧʣʘʚʢʫ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʧʝʯʽ ʊʘʤʤʘʥʘ ʚ ʘʣʫʥʜʦʚʠʭ ʪʠʛʣʷʭ ʚ 

ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʩʪʘʥʦʚʠʣʘ 20  C/ʭʚ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ FeïBïʉ ʧʨʦʚʝʣʠ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 52 ʟʨʘʟʢʽʚ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ (ʨʦʟʜʽʣ 6, ʪʘʙʣ. 6.2). 

2.5. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʨʽʟʥʠʭ ʬʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʽ ʇʄʊï

3 (ɼʉʊ 9460ï76). ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʘʣʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ (Hm): 

2

1854

d

P
H

Ö
= ,          (2.1) 

ʜʝ P ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʛ; d ï ʜʦʚʞʠʥʘ ʜʽʘʛʦʥʘʣʽ ʚʽʜʙʠʪʢʫ, ʤʢʤ; D ï ʨʦʟʤʽʨ ʜʽʣʷʥʢʠ 

ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʤʢʤ.  

ʄʽʢʨʦʢʨʠʭʢʽʩʪʴ (g) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣ [156]: 

2

22

d

dD -
=g .     (2.2) 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ d ʜʦʨʽʚʥʶʚʘʣʘ ° (3ï4) %. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʽʚ 

ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʥʘʭʦʜʠʣʠ ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʠ 

ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ 0,95. ɿʘʛʘʣʴʥʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʧʣʘʚʽʚ 

ʚʠʟʥʘʯʘʣʠ, ʚʠʭʦʜʷʯʠ ʟ ʭʘʨʘʢʪʝʨʫ ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʠʪʠʚʥʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʧʣʘʚʫ.  

ʗʢ ʝʪʘʣʦʥ ʧʨʠ ʥʘʩʪʨʦʶʚʘʥʥʽ ʇʄʊï3 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʠʩʪʘʣ ʧʦʚʘʨʝʥʦʾ ʩʦʣʽ. 
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2.6. ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʫ ʢʠʩʣʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʧʣʘʚʽʚ ʫ ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʜʽʡʩʥʶʚʘʣʠ 

ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ʂʦʨʦʟʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʟʯʠʥʽ 1 ʥ 

NaOH, 1 ʥ H2SO4 ʪʘ 1 ʥ HNO3. ʈʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʢʠʩʣʦʪ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʾ ʢʦʨʦʟʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʣʠ ʷʢ ʨʽʟʥʠʮʶ ʤʘʩʠ ʟʨʘʟʢʽʚ (Dm) ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ (S). 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (295Ñ5) ÁC ʧʨʦʪʷʛʦʤ 1 ʪʘ 3 

ʛʦʜʠʥ. ɿʨʘʟʢʠ ʟʘʯʠʱʘʣʠ ʥʘʞʜʘʯʥʠʤ ʧʘʧʝʨʦʤ, ʧʨʦʤʠʚʘʣʠ ʙʽʜʠʩʪʠʣʷʪʦʨʦʤ, 

ʟʥʝʞʠʨʶʚʘʣʠ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʽ ʟʚʘʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ ʟ ʪʦʯʥʽʩʪʶ 

ʜʦ 0,1 ʤʛ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʚ ʟʨʘʟʢʘʭ ʪʘ ʬʘʟʘʭ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ 

ʧʦʰʘʨʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ 

(ɼʉʊʋ 2841ï94) ʪʘ ʟʘ ʤʝʪʦʜʠʢʦʶ [167]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʽʚ ʦʙʯʠʩʣʶʚʘʣʠ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʥʘʭʦʜʠʣʠ ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʠ ʜʦʚʽʨʯʽʡ 

ʽʤʦʚʽʨʥʦʩʪʽ 0,95. 

2.7. ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʡ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ 

ɺʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʢʦʥʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʰʣʷʭʦʤ ʟʡʦʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʥʘ ʫʩʪʘʥʦʚʮʽ 

ɼʈʆʅï3 ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʦʤʫ ʉuïʂŬ ʪʘ FeïʂŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ (ɚ=1,7902 ¡) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʨʛʘʥʮʝʚʦʛʦ ʽ ʥʽʢʝʣʝʚʦʛʦ ʬʽʣʴʪʨʽʚ ʧʨʠ ʥʘʧʨʫʟʽ U = 28 ʢɺ ʽ 

ʘʥʦʜʥʦʤʫ ʩʪʨʫʤʽ I = 32 ɸ. ʈʝʟʫʣʴʪʘʪʠ ʬʽʢʩʫʚʘʣʠ ʥʘ ʜʽʘʛʨʘʤʥʽʡ ʩʪʨʽʯʮʽ 

ʧʦʪʝʥʮʽʦʤʝʪʨʘ. ɺʽʜʦʤʦ [167], ʱʦ ʙʫʜʦʚʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʚʠʟʥʘʯʘʻ 

ʜʠʩʢʨʝʪʥʠʡ ʥʘʙʽʨ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʨʝʛʽʚʩʴʢʠʭ ʢʫʪʽʚ ɗ ʧʨʠ 

ʜʠʬʨʘʢʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ 

ɺʫʣʴʬʘ ï ɹʨʝʛʛʘ, ʚʝʣʠʯʠʥʫ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʦʤʫ 

ʜʠʬʨʘʢʮʽʡʥʦʤʫ ʨʝʬʣʝʢʩʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʚʠʨʘʟʦʤ: 
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ʜʝ l - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟʘʭ 

ʟʥʘʭʦʜʠʣʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [167]: .ctgqqD=
D

d

d
 ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ hkld : ʜʣʷ ʢʫʪʽʚ ʜʠʬʨʘʢʮʽʾ 02 120q<  ʩʢʣʘʜʘʣʘ 001,0°  ʥʤ; ʜʣʷ ʢʫʪʽʚ 

02 120q> - ʥʝ ʧʝʨʝʚʠʱʫʻ 0001,0°  ʥʤ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʩʧʦʣʫʢ (ʬʘʟ) ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ (d, Å) ʽ ʚʽʜʥʦʩʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (IotnïI/I0) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʟ 

ʜʘʥʠʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʦʪʝʢʠ PCPDFWIN ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʙʘʟ ʜʘʥʠʭ ʪʠʧʫ ASTM 

(ɸmerican Society for Testing and Materials). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ: ʢʨʦʢ ʟʘ ʢʫʪʦʤ ï 0,01 ʛʨʘʜ, ï ʽ 

ʚʝʣʠʢʠʤʠ ʚʠʪʨʠʤʢʘʤʠ ʟʘ ʯʘʩʦʤ. ɿʘʤʽʩʪʴ ʝʪʘʣʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʣʘʚ 

ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ.  

ʇʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʥʘ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʣʽʥʽʡ (220) ʟʥʘʭʦʜʠʣʠ ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʦʤ 

ʧʝʨʚʠʥʥʦʛʦ ʧʫʯʢʘ ʽ ʣʽʯʠʣʴʥʠʢʦʤ, ʷʢʠʡ ʩʪʘʥʦʚʠʚ 128 Á ʽ 130 Á. ʇʦʪʽʤ ʟʥʘʭʦʜʠʣʠ ʮʝʥʪʨ 

ʚʘʛʠ ʧʣʦʱʽ, ʦʙʤʝʞʝʥʦʾ ʢʨʠʚʦʶ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʬʦʥʦʤ. ʇʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ 

ʘ ʚʠʟʥʘʯʘʣʠ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷʤ (220) ʚ ʘʥʛʩʪʨʝʤʘʭ ʟʘ ʬʦʨʤʫʣʦʶ: 

  

222 lkhda hkl ++= .     (2.4) 

ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ (L ) ʚʠʟʥʘʯʘʣʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟʘ ʬʦʨʤʫʣʦʶ 

ʉʝʣʷʢʦʚʘ ï ʐʝʨʨʝʨʘ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ (110) ʽ (220):  
 

)2/2cos(qb

lK
Lhkl = ,           (2.5) 

ʜʝ K ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ (0,94), ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (1,7902 Å), 

ɓ ï ʥʘʧʽʚʰʠʨʠʥʘ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʽʢʫ; ʤʝʪʦʜʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ 

ʨʦʟʰʠʨʝʥʥʷ ʣʽʥʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʤʽʢʨʦʚʠʢʨʠʚʣʝʥʴ (M ) ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ (ʤʽʢʨʦʥʘʧʨʫʛʠ) [167]. 



101 

 

ɻʫʩʪʠʥʫ ʜʠʩʣʦʢʘʮʽʡ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

kD Ö= 2b ,     (2.6) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʣʦʢʘʮʽʡ (ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ). 

ɼʣʷ ʤʝʪʘʣʽʚ ʟ ʢʫʙʽʯʥʦʶ ʨʝʰʽʪʢʦʶ ʢʦʝʬʽʮʽʻʥʪ ʂ ʜʦʨʽʚʥʶʻ ï 2·1010 ʩʤï2. ʇʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʰʽʪʢʠ ʬʘʟ ʟʡʦʤʢʫ ʚʝʣʠ ʟ ʢʨʦʢʦʤ 

002,02 =QD . ʇʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʚʘʛʠ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ Microsoft Excel. ʉʠʩʪʝʤʘʪʠʯʥʽ ʧʦʤʠʣʢʠ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʡʦʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟ ʝʪʘʣʦʥʘ (ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʝ ʟʘʣʽʟʦ). ʈʦʟʨʘʭʫʥʦʢ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [167]. 

2.8. ʄʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʚʘʣʠ ʥʘ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʢʘʥʫʶʯʦʤʫ ʤʽʢʨʦʩʢʦʧʽ JSMï6490LV. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʠʪʘʥʴ: 

-  ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʚ ʢʦʞʥʦʤʫ ʟʨʘʟʢʫ; 

-  ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʚ ʬʘʟʘʭ; 

-  ʧʦʜʽʣʫ ʬʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʟ ʤʘʣʠʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʩʢʣʘʜʦʚʠʭ; 

- ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʬʘʟ, ʷʢʽ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʚ ʟʨʘʟʢʘʭ ʧʨʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʽʟʽ, ʘʣʝ ʥʝ ʚʠʷʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ. 

ɿʨʘʟʢʠ ʟʘʣʠʚʘʣʠ ʚ ʦʜʥʫ ʦʙʦʡʤʫ. ʐʣʽʬʠ ʛʦʪʫʚʘʣʠ ʟʘ ʟʚʠʯʘʡʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ɺʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʥʘ SDD ʧʨʠ ʧʨʠʩʢʦʨʶʚʘʣʴʥʠʭ ʥʘʧʨʫʛʘʭ 

10ï20 ʢɺ, ʩʪʨʫʤʽ 2 ʤɸ ʧʨʦʪʷʛʦʤ 1 ʭʚ ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʉuïʂŬ ʪʘ Fe ï ʂŬ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʬʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦ 

10000 ʨʘʟ. ʆʙ'ʻʤʥʫ ʯʘʩʪʠʥʫ ʬʘʟ ʪʘ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʦʮʽʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, 

ʦʧʠʩʘʥʦʶ ʚ ʨʦʙʦʪʽ [166]. 

2.9. ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʊʝʨʤʽʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʻ ʜʫʞʝ ʟʨʫʯʥʠʤ ʽ ʚʠʩʦʢʦʯʫʪʣʠʚʠʤ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʟʫʤʦʚʣʶʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 
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ʆʩʥʦʚʥʽ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʧʦʣʷʛʘʶʪʴ ʚ ʧʨʦʩʪʦʪʽ, ʚʽʜʥʦʩʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʛʨʽʚʫ ʪʘ ʭʦʣʦʜʞʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʛʘʨʥʽʡ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʊʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʧʣʘʚʘʭ, ʚʠʟʥʘʯʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʽ 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 5ï10 Áʉ/ʭʚ (ʨʠʩ. 2.6). ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʟʦʣʴʦʚʘʥʽ ʢʝʨʘʤʽʯʥʠʤʠ ʪʨʫʙʢʘʤʠ ʧʣʘʪʠʥʦï

ʧʣʘʪʠʥʦʨʦʜʽʻʚʽ ʪʝʨʤʦʧʘʨʠ ʪʦʚʱʠʥʦʶ 0,5 ʤʤ ʟ ʜʽʘʤʝʪʨʦʤ ʩʧʘʶ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ 

1,1ï1,2 ʤʤ. ɹʣʦʢ ʟʽ ʟʨʘʟʢʦʤ ʽ ʝʪʘʣʦʥʦʤ ʟʘʥʫʨʶʚʘʣʠ ʚ ʚʝʨʪʠʢʘʣʴʥʫ ʪʨʫʙʯʘʩʪʫ ʧʽʯ 

ʟ ʚʦʣʴʬʨʘʤʦʚʠʤ ʥʘʛʨʽʚʘʯʝʤ, ʨʦʟʪʘʰʦʚʘʥʫ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʫʩʪʘʥʦʚʢʠ 5ʉï65. 

 

 

ʂʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʜʽʘʛʨʘʤʥʽʡ ʩʪʨʽʯʮʽ 

ʧʨʠʣʘʜʫ ʂʉʇï4. ʉʭʝʤʘ ʙʣʦʢʫ ʟʽ ʟʨʘʟʢʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.6.  

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ (1) ʽ ʝʪʘʣʦʥ (2) ʧʦʤʽʱʘʣʠ ʚ ʘʣʫʥʜʦʚʠʡ ʪʠʛʝʣʴ (3), 

ʷʢʠʡ ʤʘʚ ʦʪʚʽʨ ʜʣʷ ʪʝʨʤʦʧʘʨ (4). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʩʧʣʘʚʽʚ ʧʨʦʚʝʣʠ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʥʘ 

ʜʝʨʠʚʘʪʦʛʨʘʬʽ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʨʘʭʦʚʫʚʘʣʠ 

ʧʦʧʨʘʚʢʫ, ʦʪʨʠʤʘʥʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʯʠʩʪʦʾ ʤʽʜʽ ʘʙʦ 

ʥʽʢʝʣʶ. ʊʦʯʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʨʽʚʥʶʻ Ñ4 ʦʉ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʙʣʦʢʫ ʟʽ ʟʨʘʟʢʦʤ ʽ ʝʪʘʣʦʥʦʤ ʜʣʷ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ:  

1 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʩʧʣʘʚʫ; 2 ï ʝʪʘʣʦʥ; 3 ï ʚʘʣʫʥʦʚʠʡ ʪʠʛʝʣʴ;  

4 ï ʧʣʘʪʠʥʦïʧʣʘʪʠʥʦʨʦʜʽʻʚʘ ʪʝʨʤʦʧʘʨʘ; 5 ï ʢʝʨʘʤʽʯʥʘ ʢʨʠʰʢʘ 
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2.10. ʄʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 20 ʨʦʟʤʽʨʦʤ 30Ĭ30 ʤʤ, ʷʢʽ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʜʘʚʘʣʠ ʚʽʜʧʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 850 Áʉ ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ, ʘ ʧʦʪʽʤ 

ʜʝʬʦʨʤʫʚʘʣʠ ʟʘ ʫʤʦʚ ʢʚʘʟʽʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʘʰʠʥʽ ʇɻï

100 ʟʽ ʰʚʠʜʢʽʩʪʶ (10ï3 ʩï1) ʜʦ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 10, 25 ʽ 40 %.  

ʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʜʽʾ 

ʟʜʽʡʩʥʶʚʘʣʠ ʧʦʨʦʰʢʦʚʠʤ ʤʝʪʦʜʦʤ ʫ ʢʦʥʪʝʡʥʝʨʽ ʟ ʧʣʘʚʢʠʤ ʟʘʪʚʦʨʦʤ ʧʨʦʪʷʛʦʤ 

ʰʝʩʪʠ ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ:  

Á ʙʦʨʦʮʝʤʝʥʪʘʮʽʶ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʣʘ: ʘʢʪʠʚʘʪʦʨ ʬʪʦʨʠʜ 

ʥʘʪʨʽʶ (3 % NaF), ʢʘʨʙʽʜ ʙʦʨʫ ï 2ï4 %, ʜʝʨʝʚʥʦʚʫʛʽʣʴʥʠʡ ʢʘʨʙʶʨʠʟʘʪʦʨ, ʽʥʰʝ; 

Á ʮʝʤʝʥʪʘʮʽʶ ï ʫ ʜʝʨʝʚʥʦʚʫʛʽʣʴʥʦʤʫ ʢʘʨʙʶʨʠʟʘʪʦʨʽ (ɻʆʉʊ 2407ï83).  

ɹʦʨʦʮʝʤʝʥʪʘʮʽʶ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʪʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʟ 

ʜʦʙʨʝ ʧʽʜʽʛʥʘʥʦʶ ʢʨʠʰʢʦʶ ʢʦʥʪʝʡʥʝʨʘ ʪʘ ʜʚʦʰʘʨʦʚʠʤ ʟʘʪʚʦʨʦʤ ʟ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʰʘʨʽʚ ʚʦʛʥʝʪʨʠʚʢʦʾ ʛʣʠʥʠ ʡ ʪʦʚʯʝʥʦʛʦ ʩʢʣʘ. 

ɻʘʨʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʣʠ ʧʨʠ ʥʘʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 820 Áʉ ʪʘ 

ʧʦʜʘʣʴʰʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 100 Áʉ/ʩ ʪʘ ʚʽʜʧʫʩʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

170ï180 Áʉ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ. ʊʚʝʨʜʽʩʪʴ ʰʘʨʽʚ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʣʘʩʴ ʥʘ ʪʚʝʨʜʦʤʽʨʽ Tʂï2M.  

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʤʘʟʥʠʭ ʧʘʩʪ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 4 % ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʫ ʩʧʠʨʪʽ.  

ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʥʘ ʤʽʢʨʦʩʢʦʧʽ JSM ï 6490, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ 

çʅʝʦʬʦʪï21è. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

ɼʈʆʅï3 ʚ ʤʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʦʤʫ FeïʂŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ 

ʚʤʽʩʪʠ ʙʦʨʫ ʽ ʚʫʛʣʝʮʶ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ 

ʧʦʰʘʨʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ 

(ɼʉʊʋ 2841ï94) ʪʘ ʟʘ ʤʝʪʦʜʠʢʦʶ [167]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 
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ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʥʘʭʦʜʠʣʠ ʚʝʣʠʯʠʥʫ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʠ 

ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ 0,95. 

2.11. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʥʦʩ ʩʧʣʘʚʽʚ 

ɿʥʦʩ ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʜʣʷ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʚʘʣʢʦʚʠʭ ʽ 

ʰʪʘʤʧʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʫʩʠʣʣʷʤʠ ʧʨʠʪʠʩʢʫ ʢʦʣʦʜʢʠ 200 ʢɻ ʽ ʰʚʠʜʢʽʩʪʶ 

ʦʙʝʨʪʘʥʥʷ 140ï150 ʦʙ/ʭʚ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ ʧʦʣʷʛʘʶʪʴ ʚ ʦʮʽʥʮʽ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʨʘʟʢʫ ʧʨʠ ʩʪʠʨʘʥʥʽ ʰʣʽʬʫʚʘʣʴʥʦʶ ʰʢʫʨʢʦʶ ʥʘ 90 ʤ ʰʣʷʭʫ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ 20°5 Áʉ ʪʘ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 

65°5%. ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ ʥʘ ʚʘʛʘʭ ɺʃɸ ï 200ʄ ʩʢʣʘʜʘʣʘ 0,0002 ʛ.  

ʂʨʽʤ ʪʦʛʦ, ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ ʚʠʟʥʘʯʘʣʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʩʪʘʥʦʚʢʠ 

çʄʝʪʘʧʦʣʘʥè ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʫ ʨʦʙʦʪʽ [168], ʧʨʠ ʪʠʩʢʫ 2Ŀ104 ʇʘ ʪʘ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 1,5 ʭʚï1, ʥʘ ʘʙʨʘʟʠʚʥʽʡ ʰʢʫʨʮʽ ʊʋ 2ï036/3ʋ2/51ʉ 

25ʇ, ʯʘʩ ʮʠʢʣʫ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʣʘʜʘʚ 30 ʭʚ.  

ɺʽʜʥʦʩʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ e=Dmst/Dmsp, ʜʝ Dmst, Dmsp 

ï ʚʪʨʘʪʠ ʤʘʩʠ ʝʪʘʣʦʥʥʦʛʦ ʪʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʟʨʘʟʢʽʚ. ʗʢ ʝʪʘʣʦʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʩʪʘʣʽ ʤʘʨʢʠ 20. 

2.12. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʙʨʝ ʘʧʨʦʙʦʚʘʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʾ, ʩʚʽʪʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ, ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʨʪʠʬʽʢʦʚʘʥʦʛʦ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

2.13. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 2 

ʋ ʨʦʟʜʽʣʽ 2 ʚʠʢʦʨʠʩʪʘʥʽ ʜʞʝʨʝʣʘ [155ï156, 165ï168]. ɰʭ ʥʘʡʤʝʥʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ   
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ʈʆɿɼɯʃ 3 

ʉʊʈʋʂʊʋʈʅʀʁ ʉʊɸʅ, ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɹɯʅɸʈʅʀʍ 

ʉʇʃɸɺɯɺ ɽɺʊɽʂʊʀʏʅʆɻʆ ʊʀʇʋ ʊɸ ʊɽʈʄʆɼʀʅɸʄɯʏʅɸ 

ʉʊɯʁʂɯʉʊʔ ʈʆɿʇʃɸɺɯɺ 

3.1. ɺʧʣʠʚ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ 

ʅʘʨʘʟʽ ʚʽʜʦʤʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʠʩʢʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥ.) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʚ ʩʠʩʪʝʤʽ.  

ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ 

(ʛʘʨʪʫʚʘʥʥʷ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ, ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ ʪʘ ʽʥ.), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʦʚʠʭ 

ʝʬʝʢʪʽʚ ʫ ʬʘʟʦʚʦʤʫ ʩʢʣʘʜʽ ʩʧʣʘʚʽʚ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʚʠʥʠʢʘʶʪʴ ʤʝʪʘʩʪʘʙʽʣʴʥʽ ʬʘʟʠ, ʷʢʽ 

ʻ ʥʝʩʪʽʡʢʠʤʠ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʂʨʽʤ 

ʮʴʦʛʦ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʚ ʨʦʟʧʣʘʚʘʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʽ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʠ (ʟʘʨʦʜʢʠ ʧʝʨʚʠʥʥʠʭ ʬʘʟ) [20ï25]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʨʦʟʧʣʘʚʽʚ ʤʝʪʘʣʝʚʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʚ'ʷʟʢʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ, ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ) [20ï25, 76ï77, 

188ï198]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʦʟʧʣʘʚʽ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

(ʟʣʘʤʽʚ, ʧʝʨʝʛʠʥʽʚ, ʩʪʨʠʙʢʽʚ) [70ï81, 98, 169ï171], ʷʢʽ ʧʦʷʩʥʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʘʭ. 

ʅʘʨʘʟʽ ʚʩʷ ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʩʧʣʘʚʘʭ ʪʘ ʩʪʘʣʷʭ 

ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʫʟʘʛʘʣʴʥʶʶʯʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʚʠʱʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʽ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ 

ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ, ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ ʩʠʩʪʝʤ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ [170]. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ 
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ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦʾ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ 

(ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʨʦʟʧʣʘʚʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ, ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʯʠʥʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ) ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʽ, ʜʠʩʧʝʨʩʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʴʥʠʭ 

ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ ï FeïB, Alïʉu, PbïSb.  

3.1.1. ʈʦʟʨʘʭʫʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʩʠʩʪʝʤʠ Feïɺ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʣʽʥʽʾ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ FeïB, Alïʉu, PbïSb ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ï ʷʢʠʤ ʯʠʥʦʤ ʥʘ ʣʽʥʽʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ (ʩʧʽʥʦʜʘʣʴ) ʚʧʣʠʚʘʶʪʴ: ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ, 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʘ ʝʥʝʨʛʽʷ.  

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʩʧʣʘʚʽʚ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦʾ ʚʽʜʙʫʜʝʪʴʩʷ 

ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥ.ɹ  

ɺʠʢʦʨʠʩʪʘʥʠʡ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙôʻʜʥʘʥʥʽ ʪʝʦʨʽʾ ˆiʙʙʩʘ [197], ʟʘʛʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʥʘʜʘʥʥʷ ʦʧʠʩʫ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ 

(Robert B. Griffiths) [195] ʪʘ, ʜʦʜʘʪʢʦʚʦ, ʢʦʥʬʽʛʫʨʘʮʽʡʥʦ ʾʝʥʝʨʛʽ ʾ(ʚʨʘʭʫʚʘʥʥʷ 

ʬʣʫʢʪʫʘʮʽʡ), ʷʢʽ ʜʦʜʘʶʪʴ ʚʥʝʩʦʢ ʚ ʝʥʝʨʛʽʶ ˆʽʙʙʩʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʨʘʭʫʚʘʥʥʷ ʬʣʫʢʪʫʘʮʽʡ ʫ ʚʠʨʘʟʽ ʜʣʷ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʬʘʟ, ʙʫʣʦ ʘʧʨʦʙʦʚʘʥʦ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʙʦʨʠʜʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ (W2B, Mn2B, Fe2B, Co2B, Ni2B, Mo2B ʪʘ Cr2B), ʤʦʥʦʙʦʨʠʜʽʚ 

(FeB, WB, MnB, CoB, NiB, MoB, CrB) (ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʬʫʥʢʮʽʡ ʬʘʟ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [3ï4, 45, 47] ʟ ̔ʩʧʠʩʢʫ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ). 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʝʨʝʚʽʨʢʠ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ ʪʘ 

ʤʦʥʦʙʦʨʠʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʫʞʝ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʨʦʟʧʣʘʚʫ ʪʘ ʚʨʘʭʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʧʨʠʪʘʤʘʥʥʽ 

ʜʣʷ ʨʽʜʠʥʠ.  

ɽʥʝʨʛʽʷ ˆiʙʙʩʘ ʬʘʟʠ, ʷʢ ʚʽʜʦʤʦ, ʻ ʬʫʥʢʮʽʷ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ i),,( xTpGG= , 

ʜʝ ʨ ï ʪʠʩʢ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʭi ï ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʦʣʫʮʽ, =̔1, 2 (ʭ1=ʭFe, 

x2=xB). ɿʘ ʫʤʦʚ, ʱʦ ʚʽʜʩʫʪʥʷ ʟʦʚʥʽʰʥʷ ʩʠʣʘ ʪʘ ʪʠʩʢ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (const=p ), 

ʧʦʚʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʤʘʻ ʚʠʜ [180, 194ï197]: 

( ) ä
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iidxSdTpVdTSddUdG m  ʜʝ U ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ. 

ɺʽʜʧʦʚʽʜʥʦ, ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 
21xʭT

G
S ö

÷

õ
æ
ç

å

µ

µ
-= , ʘ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʊi

i
x

G
öö
÷

õ
ææ
ç

å

µ

µ
=m . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʘʟʠ ʟʥʘʡʜʝʤʦ ʚʘʨʽʘʮʽʶ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ:  

G
x

x
x

x
T

T
!n

G

n

n
ù
ú

ø
é
ê

è

µ

µ
d+

µ

µ
d+

µ

µ
dä=d

¤

=
2

2

1

1
1

1
.    (3.1) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ ʚʠʢʦʨʠʩʪʘʣʠ 

ʟʘʛʘʣʴʥʫ ʫʤʦʚʫ ʩʪʽʡʢʦʩʪʽ ʬʘʟʠ ʟʘ ˆiʙʙʩʦʤ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦʚʽʣʴʥʽ ʚʘʨʽʘʮʽʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʥʝ ʧʦʚʠʥʥʽ ʚʠʢʣʠʢʘʪʠ ʚ 

ʩʠʩʪʝʤʽ ʷʢ ʟʚʦʨʦʪʥʽ, ʪʘʢ ʽ ʥʝʟʚʦʨʦʪʥʽ ʧʨʦʮʝʩʠ (ʱʦʙ ʩʠʩʪʝʤʘ ʥʝ ʚʠʡʰʣʘ ʟ 

ʨʽʚʥʦʚʘʛʠ), ʪʦʤʫ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ: 

0,>
1,2=

ii

i

xVpSTU dmddd ä-+-       (3.2) 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʪʘ ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʶ 

ˆiʙʙʩʘ pVTSGU -+= , ʪʘ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ 
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ɺʘʨʽʘʮʽʶ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʨʦʟʚʠʥʝʤʦ ʚ ʨʷʜ ʟʘ ʤʘʣʠʤʠ Td , 1xd  ʪʘ 2xd . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʜʝʪʝʨʤʽʥʘʥʪ ʩʪʽʡʢʦʩʪʽ (3.3).  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʩʪʘʥʽ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ, ʧʦʪʨʽʙʥʦ, ʱʦʙ 

D (3.3), ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ ʪʘ ʚʩʽ ʛʦʣʦʚʥʽ ʤʽʥʦʨʠ ʙʫʣʠ ʧʦʟʠʪʠʚʥʽ. 
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ɺʠʧʘʜʦʢ, ʢʦʣʠ D=0, ʙʫʚ ʚʧʝʨʰʝ ʟʘʟʥʘʯʝʥʠʡ ˆiʙʙʩʦʤ ʷʢ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʨʝʯʦʚʠʥʠ 

[197]. ʇʨʠ ʟʘʢʨʠʪʠʯʥʠʭ ʧʝʨʝʭʦʜʘʭ ʜʝʪʝʨʤʽʥʘʥʪ i ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʩʢʽʥʯʝʥʥʽ ʤʽʥʽʤʫʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʚʠʪʢʫ ʬʣʫʢʪʫʘʮʽʡ. 
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ɻʝʦʤʝʪʨʠʯʥʠʤ ʤʽʩʮʝʤ ʮʠʭ ʤʽʥʽʤʫʤʽʚ ʻ ʣʽʥʽʷ ʟʥʠʞʝʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ. ɻʨʘʥʠʯʥʠʤ ʚʠʧʘʜʢʦʤ ʟʘʢʨʠʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʢʦʣʠ ʬʣʫʢʪʫʘʮʽʾ ʚ 

ʩʠʩʪʝʤʽ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʜʝʪʝʨʤʽʥʘʥʪ ʩʪʽʡʢʦʩʪʽ i ʢʦʝʬʽʮʽʻʥʪʠ 

ʩʪʽʡʢʦʩʪʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʽʥʽʤʫʤʠ, ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʻ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ. 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʫʤʦʚʫ dD=0. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʨʦʟʧʣʘʚʫ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʣʘʩʪʽ 

ʚʨʘʭʦʚʫʚʘʣʠ ʚʥʝʩʦʢ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʫ ʚʠʛʣʷʜʽ 

ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʨʷʜʫ ʟʘ ʩʪʝʧʝʥʷʤʠ 1/ʊ [183, 195].  

ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ L12 ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ 

TcTbTaL ln=12 ++ , ʜʝ a, b, c ï ʝʤʧʽʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʘʥʽ ʜʣʷ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪ 

0

1G , 0

2G  ʚʠʢʦʨʠʩʪʘʣʠ ʟ ʨʦʙʽʪ [198ï199], ʘ ʜʘʥʽ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚ ʬʘʟʽ (ʝʤʧʽʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ a, b, c) ï ʟ ʨʦʙʽʪ [200ï203]. ɺ ʨʦʙʦʪʽ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ: 

TTTL ln46302,29183,1083812 -+-= . ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ 

ʝʥʝʨʛʽʾ ˆiʙʙʩʘ ʨʦʟʧʣʘʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ɼʝʪʝʨʤʽʥʘʥʪ (3.3) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.4) ʤʘʻ ʚʠʛʣʷʜ: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʘ 0=dD . 
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ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.5) ʙʫʣʘ ʨʦʟʚôʷʟʘʥʘ ʯʠʩʝʣʴʥʦ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ Maple. 
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ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʛʤʝʥʪ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïB ʟ ʚʤʽʩʪʦʤ 

ʙʦʨʫ ʚ ʽʥʪʝʨʚʘʣʽ 0ï24 % ʘʪ. [114ï116]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʙʦʨʫ 0ï24 % ʘʪ. ʦʪʨʠʤʘʥʦ ʣʽʥʽʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ FeïB. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʫʻ, ʱʦ 

ʨʦʟʧʣʘʚ FeïB ʥʝ ʤʽʩʪʠʪʠʤʝ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʽ ʤʽʢʨʦʢʦʤʧʣʝʢʩʠ, ʷʢʱʦ 

ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ: ʜʣʷ ʜʦʝʚʪʝʢʪʠʯʥʠʭ (ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 0ï16 % ʘʪ.) ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʠʭ 

(17,2ï24 % ʘʪ.) ʩʧʣʘʚʽʚ ʥʘ 100ï150 Áʉ, ʘ ʜʣʷ ʩʧʣʘʚʽʚ ʝʚʪʝʢʪʠʯʥʦʛʦ ʪʘ ʙʣʠʟʴʢʦʛʦ 

ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ (ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 17 % ʘʪ.) ï ʙʽʣʴʰ ʥʽʞ ʥʘ 150 Áʉ (ʨʠʩ. 3.1).  

 

 

 

 

ʆʪʨʠʤʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ FeïB 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ [182]: ʜʣʷ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 15ï

22 % ʘʪ. ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʞ ʧʦʣʽʪʝʨʤʘʤʠ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʙʽʣʴʰʠʣʘʩʴ ʜʦ 1427 °C. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦʾ 

ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʟʨʦʩʪʘʻ: ʪʘʢ, ʧʨʠ ʚʤʽʩʪʽ 23 % ʘʪ. ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʘʥʦʚʠʪʴ 1547 °C. ɸʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʛʽʩʪʝʨʝʟʠʩ ʥʘ ʢʨʠʚʠʭ ʚ'ʷʟʢʦʩʪʽ 

ʥʝʟʚʦʨʦʪʥʠʤʠ ʟʤʽʥʘʤʠ ʨʦʟʧʣʘʚʫ ʧʨʠ ʥʘʛʨʽʚʽ ʚʠʱʝ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ï 

ʥʘʷʚʥʽʩʪʶ ʩʪʽʡʢʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ [192, 133]. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʃʽʥʽʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

FeïB 
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ʆʪʞʝ, ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʦ ʣʽʥʽʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʽʚ, ʘ 

ʩʘʤʝ, ʣʽʥʽʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʘʥʦʤʘʣʽʾ ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ 

ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ ʜʦ 200 °C. 

3.1.2. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʦ 200 Áʉ ʨʦʟʧʣʘʚʫ ʤʦʜʝʣʴʥʦʾ 

ʩʠʩʪʝʤʠ FeïB ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ (10ï104 Áʉ/ʩ) ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ 

3.1.2.1. ʈʦʟʨʘʭʫʥʦʢ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʝʚʪʝʢʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3.1.1 ʧʦʢʘʟʘʣʠ, ʱʦ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʣʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ 

ʜʦ 200  ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. ʇʝʨʰ ʥʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʦʪʨʠʤʘʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʥʘʛʨʽʚ ʜʦ 200  ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʚʧʣʠʚʘʻ 

ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ, ʙʫʣʦ ʟʨʦʙʣʝʥʝ ʫʪʦʯʥʝʥʥʷ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʤʽʩʪʫ ʙʦʨʫ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚ ʩʧʣʘʚʘʭ 

ʩʠʩʪʝʤʠ Feïɺ. 

ʉʧʣʘʚʠ ʩʠʩʪʝʤʠ Feïɺ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʞʝ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ, ʘʣʝ ʥʘʨʘʟʽ 

ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʜʫʤʢʘ ʱʦʜʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ɺʽʜʦʤʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ Feïɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ɔ-Fe+Fe2B, ʘʣʝ ʨʽʟʥʽ 

ʘʚʪʦʨʠ ʥʘʚʦʜʷʪʴ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Feïɺ ʨʽʟʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʮʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ ʨʦʙʽʪ [125, 127, 173ï179] ʚʢʘʟʫʶʪʴ, ʱʦ ʝʚʪʝʢʪʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ɔ-Fe+Fe2B ʚ ʩʠʩʪʝʤʽ Feïɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1473 ÁC ʪʘ 

ʚʤʽʩʪʽ ʙʦʨʫ 17,0 % ʘʪ., ʘʚʪʦʨʠ ʨʦʙʦʪʠ [175] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1468 ÁC ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 16,4 % ʘʪ. ɯʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ï 1139 °C ï 

ʚʢʘʟʫʶʪʴ ʘʚʪʦʨʠ ʨʦʙʦʪʠ ʚ [127], ʚ ʨʦʙʦʪʽ [105] ʥʘʚʦʜʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ï 

1177 °C, ʘ ʚ [176]  1174 °C ʪʘ ʚʤʽʩʪ ʙʦʨʫ 17,0 % ʘʪ. ɺ ʨʦʙʦʪʽ [188] ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʟʘʛʘʣʽ ʩʢʣʘʣʘ 1148 °C. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [128] ʥʘ ʧʽʜʩʪʘʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Feï
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ɺ ʥʘʚʦʜʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ï 1159 °C, ʘ ʚ ʨʦʙʦʪʽ [178] ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ï 1177 °C. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʞʝʨʝʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʴ ʚʽʜ 1149 Áʉ ʜʦ 1200 Áʉ. 

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.2 ï Cʧʣʘʚ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 13,4 % ʘʪ.: ʘ) ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, Ĭ500,  

ʙ) ʢʨʠʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʥʘʛʨʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 Áʉ/ʩ), 

ʚ) ʟʽ ʰʚʠʜʢʽʩʪʶ 2 Áʉ/ʩ 

 

ʗʢ ʚʽʜʦʤʦ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ʤʽʩʪʠʪʴ 

ʜʝʥʜʨʠʪʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʪʘ ʝʚʪʝʢʪʠʢʫ ɔ-Fe+Fe2ɺ [105, 125, 127, 

174ï177].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 

ʙʦʨʫ 11,6 % ʘʪ. ʧʨʠ ʥʘʛʨʽʚʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ÁC/ʩ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ɔ-ʟʘʣʽʟʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1256 °C, ʘ ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1156 °C; ʧʨʠ ʚʤʽʩʪʽ 



113 

 

ʙʦʨʫ 13,4 % ʘʪ. ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ɔ-ʟʘʣʽʟʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

1216 °C, ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1159 ÁC (ʨʠʩ. 3.2, ʙ). ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʣʘʚʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ 1500 ÁC ʩʧʦʩʪʝʨʽʛʘʣʠ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ 

ʚʽʜʙʫʚʘʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1256 ÁC, ʘ ʝʚʪʝʢʪʠʢʠ ï 1154 ÁC (ʨʠʩ. 3.2, ʚ). 

ɼʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 16,1 % ʘʪ. ʚʽʜʧʦʚʽʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʣʠ 1215 °C 

ʪʘ 1153 °C. ɺ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Feïɺ ʧʝʨʚʠʥʥʽ ʙʦʨʠʜʠ Fe2ɺ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʝʚʪʝʢʪʠʮʽ ɔ-Fe+Fe2ɺ (ʨʠʩ. 3.3, ʘ).  

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.3 ï Cʧʣʘʚ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 18,0 % ʘʪ.: ʘ) ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, Ĭ500,  

ʙ) ʢʨʠʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʥʘʛʨʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 Áʉ/ʩ), 

ʚ) ʟʽ ʰʚʠʜʢʽʩʪʶ 2 Áʉ/ʩ 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ. ɺ ʩʧʣʘʚʽ 

ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 18,0 % ʘʪ. ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1235 °C, ʘ ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1154 °C (ʨʠʩ. 3.3, ʙ). 
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ʇʨʠ ʥʘʛʨʽʚʽ ʜʘʥʦʛʦ ʩʧʣʘʚʫ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1235 °C, ʘ ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1158 °C. ʇʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 18,7 % ʘʪ. 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʚʠʥʠʢʘʻ ʧʨʠ 1238 ʦʉ, ʘ ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1157 °C. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʪʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʽʚ ʟʨʘʟʢʽʚ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ) ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ 

ʫʪʦʯʥʝʥʥʷ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʝʚʪʝʢʪʠʢʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʣʘʚʘʭ ʩʢʣʘʣʘ 1177 °C. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʘʚʪʦʨʘʤʠ [136, 126].  

ʗʢ ʚʽʜʦʤʦ, ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʥʷ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʝʦʙʭʽʜʥʝ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ jïʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʽʜʢʦʤʫ ʪʘ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʘʭ i jm m=  [179ï180]. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʘʫʩʪʝʥʽʪʫ ʪʘ ʨʦʟʧʣʘʚʫ (ʣʽʚʘ ʛʽʣʢʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ Feïɺ), 

ʙʦʨʠʜʫ Fe2ɺ ʪʘ ʨʦʟʧʣʘʚʫ (ʧʨʘʚʘ ʛʽʣʢʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ Feïɺ), ʚʽʜʧʦʚʽʜʥʦ. 

ʆʪʨʠʤʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʬʘʟ ʜʘʶʪʴ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʬʽʟʠʯʥʽ ʪʘ 

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʟʘ ʟʤʽʥʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ 

ʪʦʱʦ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ ʩʧʣʘʚʽʚ ʜʦʩʣʽʜʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʩʠʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ: ʤʦʜʝʣʴ ʍʽʣʣʝʨʪʘ ï ʉʪʝʬʬʘʥʩʦʥʘ, ʧʦʣʽʥʦʤ 

ʈʝʜʣʽʭʘ ï ʂʽʩʪʝʨʘ, ʧʨʦʛʨʘʤʠ ï ThermoCalc, CALculation of PHAse Diagrams 

(CALPHAD) ʪʘ ʽʥ. ʅʘʨʘʟʽ ʚʩʽ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʣʫʢʪʫʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʘ ʤʘʶʪʴ ʧʦʭʠʙʢʫ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

3.1.2.2. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʙʦʨʠʜʫ Fe2ɺ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ 

ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʙʦʨʠʜʫ Fe2ɺ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʢʚʘʟʽʭʽʤʽʯʥʠʡ 

ʤʝʪʦʜ [181]. ʗʢ ʚʽʜʦʤʦ, ʬʘʟʘ Fe2ɺ ʤʽʩʪʠʪʴ 32,5 % ʘʪ. ʙʦʨʫ [183]. ʈʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ 

ʙʦʨʫ ʚ ʨʝʰʽʪʮʽ ʙʦʨʠʜʫ Fe2ɺ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʧʽʜʨʝʰʽʪʢʠ. ʇʝʨʰʘ 
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ʧʽʜʨʝʰʽʪʢʘ ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʙʦʨʫ, ʷʢʽ ʤʘʶʪʴ ʚʽʩʽʤ ʥʘʡʙʣʠʞʯʠʭ ʘʪʦʤʽʚ 

ʟʘʣʽʟʘ ʥʘ ʚʽʜʩʪʘʥʽ 2,17 ¡. ɼʨʫʛʫ ʧʽʜʨʝʰʽʪʢʫ ʪʘʢʦʞ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʣʠ ʥʘ ʜʚʽ. ɺ 

ʧʝʨʰʽʡ ʜʚʘ ʘʪʦʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 2,12 ¡, ʘ ʚ ʜʨʫʛʽʡ ʯʦʪʠʨʠ ʘʪʦʤʠ ï ʥʘ 

ʚʽʜʩʪʘʥʽ 3,61 ¡ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ.  

ɺʽʣʴʥʫ ʝʥʝʨʛʽʶ ʙʦʨʠʜʫ Fe2ɺ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

WkTEF ln-= , 

ʜʝ ɽ ï ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʬʘʟʠ Fe2ɺ, ɼʞ, W ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʙʦʨʠʜʫ, k = 1,38·10ï23 ɼʞ/ʂ ï 

ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ.  

ɺʟʘʻʤʦʜʽʶ ʘʪʦʤʽʚ FeïB ʪʘ BïB ʤʦʞʥʘ ʚʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʝʥʝʨʛʽʾ 

ʚʟʘʻʤʦʜʽʾ ʧʘʨ ʘʪʦʤʽʚ FeBv  ʪʘ BBv  ʜʣʷ ʧʝʨʰʦʾ ʧʽʜʨʝʰʽʪʢʠ ʪʘ ʜʣʷ ʜʨʫʛʦʾ ï 
BB

v .  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʬʘʟ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʦʙʣʘʩʪʽ ʚʨʘʭʦʚʫʚʘʣʠ ʚʥʝʩʦʢ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʫ ʚʠʛʣʷʜʽ ʥʝʩʢʽʥʯʝʥʥʦʛʦ 

ʨʷʜʫ ʟʘ ʩʪʫʧʝʥʷʤʠ 1/ʊ [183ï184].  

ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 
FeBv  ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ FeïB ʪʘ BïB 

ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ TcTbTav lnFeB ++=  ʪʘ TTcTbav ln111ɺB ++= , ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʜʘʥʽ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʬʘʟʽ ʟ ʨʦʙʦʪʠ 

[185ï186], ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʙʦʨʠʜʫ Fe2ɺ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ: 
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ʜʝ Z ï ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ, ʷʢʝ ʜʣʷ ʙʦʨʠʜʫ ʩʪʘʥʦʚʠʪʴ Z = 12 [184], 1BFe =+NN  , 

FeN  ï ʯʘʩʪʢʘ ʘʪʦʤʽʚ ʟʘʣʽʟʘ, BN  ï ʯʘʩʪʢʘ ʘʪʦʤʽʚ ʙʦʨʫ, ʚʽʜʧʦʚʽʜʥʦ.  

ʇʦʟʥʘʯʠʤʦ ʚ ʨʽʚʥʷʥʥʽ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ (3.1) ʚʤʽʩʪ ʟʘʣʽʟʘ ʯʝʨʝʟ FeN .  

ʊʦʜʽ ʚʤʽʩʪ ʙʦʨʫ ʚ ʙʦʨʠʜʽ: 1ïNFe. ɺʽʣʴʥʫ ʝʥʝʨʛʽʶ ʜʣʷ ʙʦʨʠʜʫ ʟʘʧʠʰʝʤʦ ʷʢ: 
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ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʽʟʘ ʚ ʬʘʟʽ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ [156]: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʫ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʘʣʽʟʘ (3.8). 

3.1.2.3. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɔ-ʟʘʣʽʟʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ 

ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ 

ɿʘ ʜʘʥʠʤʠ [177] ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ ɔ-ʟʘʣʽʟʽ ʚ ʙʽʥʘʨʥʽʡ ʩʠʩʪʝʤʽ FeïB ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1150 °C ʩʪʘʥʦʚʠʣʘ 0,0001 % ʤʘʩ., ʘ ʚ ʨʦʙʦʪʽ [143] ʚʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1150 °C ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʩʢʣʘʣʘ 0,000045ï0,00005 % ʤʘʩ., ʘ ʧʨʠ 910 °C 

ï 0,000015 % ʤʘʩ., ʘ ʟʛʽʜʥʦ [109] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1174 °C  0,15 % ʤʘʩ. ɸʚʪʦʨʠ 

ʨʦʙʦʪʠ [124] ʥʘʚʦʜʷʪʴ ʜʘʥʽ, ʱʦ ʚ ɔ-ʟʘʣʽʟʽ ʩʠʩʪʝʤʠ FeïB ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1183 ÁC 

ʪʘ 1423 ÁC ʨʦʟʯʠʥʷʻʪʴʩʷ 0,008 % ʘʪ. ʪʘ 0,025 % ʘʪ. ʙʦʨʫ, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʫ ʨʽʟʥʠʮʶ 

ʚ ʟʥʘʯʝʥʥʷʭ ʨʦʟʯʠʥʥʦʩʪʽ ʙʦʨʫ ʚ ɔ-ʟʘʣʽʟʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʜʦʤʽʰʦʢ ʫ 

ʟʨʘʟʢʘʭ [126]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʨʘʟʽ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ 

ʨʦʟʯʠʥʥʦʩʪʽ ʙʦʨʫ ʚ ʘʫʩʪʝʥʽʪʽ. ʂʨʠʩʪʘʣʽʯʥʘ ʨʝʰʽʪʢʘ ɻʎʂ ʤʘʻ ʦʢʪʘʝʜʨʠʯʥʽ ʪʘ 

ʪʝʪʨʘʝʜʨʠʯʥʽ ʧʦʨʠ. ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʜʣʷ ɻʎʂ ʨʝʰʽʪʢʠ ʩʪʘʥʦʚʠʪʴ 12. ʅʘ 

ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ɻʎʂ ʨʝʰʽʪʢʠ ʧʨʠʧʘʜʘʻ 4 ʘʪʦʤʠ.  
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ɺ ʦʢʪʘʝʜʨʠʯʥʫ ʧʦʨʫ ʤʦʞʥʘ ʚʧʠʩʘʪʠ ʩʬʝʨʫ ʨʘʜʽʫʩʦʤ 0,41 r. ɸʪʦʤ ʙʦʨʫ, ʷʢʠʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʦʢʪʘʝʜʨʠʯʥʽʡ ʧʦʨʽ ʤʘʻ 6 ʩʫʩʽʜʥʽʭ ʘʪʦʤʽʚ ʟʘʣʽʟʘ. ɸʪʦʤʠ ʟʘʣʽʟʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʘ/2 ʚʽʜ ʘʪʦʤʫ ʙʦʨʫ, ʜʝ ʘ ï ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ ɔ-ʟʘʣʽʟʘ. ʋ 

ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʧʦʨʽ ʘʪʦʤ ʙʦʨʫ ʤʘʻ 4 ʥʘʡʙʣʠʞʯʠʭ ʘʪʦʤʠ ʟʘʣʽʟʘ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʘ ʚʽʜʩʪʘʥʽ 
4

3a . ʊʝʪʨʘʛʦʥʘʣʴʥʘ ʧʦʨʘ ʚ ɔ-ʟʘʣʽʟʽ ʤʘʻ ʨʘʜʽʫʩ 0,22 r, ʱʦ ʟʘʤʘʣʦ ʜʣʷ 

ʟʘʥʫʨʝʥʥʷ ʘʪʦʤʫ ʙʦʨʫ.  

ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʙʦʨʫ ʚ ʦʢʪʘʝʜʨʠʯʥʽʡ ʧʦʨʽ ʷʢ NB, ʘ ʚ 

ʪʝʪʨʘʝʜʨʠʯʥʽʡ ï NB
ô, ʘ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʤʽʞ ʮʠʤʠ ʘʪʦʤʘʤʠ ʪʘ ʟʘʣʽʟʦʤ ï ɜɺ ʪʘ ɜɺ

ô, 

ʚʽʜʧʦʚʽʜʥʦ. ʂʽʣʴʢʽʩʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʠʭ ʧʦʨ ʚ ɻʎʂ ʨʝʰʽʪʮʽ ʩʪʘʥʦʚʠʪʴ 2N, ʘ ʚ 

ʦʢʪʘʝʜʨʽʯʥʽʡ ʨʝʰʽʪʮʽ  N. ɺʽʣʴʥʘ ʝʥʝʨʛʽʷ ʬʘʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʯʠʥʥʽʩʪʴ ʙʦʨʫ ʚ ɔ-ʟʘʣʽʟʽ, ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɔ-ʟʘʣʽʟʘ (3.4):  

0
B

=
µ

µ

N

F
 ʪʘ 0

B

=
µ

µ
'N

F
.               (3.10) 

ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.5) ʪʨʘʥʩʮʝʥʜʝʥʪʥʘ. ɿʘʟʚʠʯʘʡ ʨʦʟʚôʷʟʦʢ ʪʘʢʠʭ 

ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʯʥʦ ʘʙʦ ʯʠʩʝʣʴʥʦ. ɸʣʝ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʟʘʜʘʯʽ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ. ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ 
FeBv  ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ TcTbTav lnFeB ++=  ʪʘ 

TTcTbav ln111ɺB ++= , ʚʽʜʧʦʚʽʜʥʦ. 

ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʽʟʘ ʚ ʘʫʩʪʝʥʽʪʽ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʫ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʘʣʽʟʘ (3.11). 

3.1.2.4. ʈʦʟʨʘʭʫʥʦʢ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʧʣʘʚʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ 

ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ 

ɺ ʨʦʟʧʣʘʚʽ ʥʘ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʧʨʠʧʘʜʘʻ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 11 ʘʪʦʤʽʚ [63]. 

ɺʽʣʴʥʫ ʝʥʝʨʛʽʶ ʨʦʟʧʣʘʚʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʚʘʟʽʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʠʤʦ ʷʢ: 
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ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʚ ʨʦʟʧʣʘʚʽ: 
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3.1.2.5. ʈʦʟʨʘʭʫʥʦʢ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʩʠʩʪʝʤʠ FeïB 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ (3.8) ʪʘ (3.11) ʪʘ (3.13) ʚ 

ʯʠʩʝʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.4.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʘ ʝʚʪʝʢʪʠʢʠ 

ʩʪʘʥʦʚʠʪʴ 1179 °C ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 16,8 % ʘʪ., ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ ʘʚʪʦʨʽʚ [97, 158ï161] 

ʪʘ ʜʝʱʦ ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʜʘʥʠʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [112, 161]. ʈʦʟʙʽʞʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʨʽʚ [126, 175] ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʚʧʣʠʚʦʤ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʰʠʭʪʽ ʩʧʣʘʚʽʚ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ ʬʘʟ. 
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ʈʠʩʫʥʦʢ. 3.4 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Feïɺ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʢʚʘʟʽʭʽʤʽʯʥʠʡ ʤʝʪʦʜ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʣʫʢʪʫʘʮʽʡ, ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʫʪʦʯʥʝʥʥʷ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ɔ-Fe+Fe2ɺ. ɺʦʥʘ ʩʪʘʥʦʚʠʪʴ 1179 °C ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 16,8 %.  

3.1.3. ɺʧʣʠʚ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘʛʨʽʚʫ ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 50, 100, 150 ʪʘ 200 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟ 

ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ (102ï104 Áʉ/ʩ) ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʋ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ ï 

Feɔ-  ʪʘ ʝʚʪʝʢʪʠʢʘ, ʘ ʟʘʝʚʪʝʢʪʠʯʥʠʤʠ ï Fe2B ʪʘ ʝʚʪʝʢʪʠʢʘ. ʋʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ 

Fe3B ʬʽʢʩʫʚʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʫ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ [186ï187]. ɹʦʨʠʜ Fe3B 

ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1150 °C ʜʦ 1250 °C ʪʘ ʚ ʜʚʦʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ, Fe3B (h) ʚʠʩʦʢʦ- ʪʘ Fe3B (ʦ) ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ [189ï190]. ɼʚʘ 

ʤʘʢʩʠʤʫʤʠ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ FeïB ʩʧʦʩʪʝʨʽʛʘʪʁʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ 20 ʪʘ 32 ʘʪ. %. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʜʦ ʊL+500 ÁC ʚʠʩʦʪʘ ʧʽʢʫ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʪʨʠ ʨʘʟʠ. 

ʋʪʚʦʨʝʥʥʷ ʧʽʢʽʚ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʧʦʚôʷʟʫʶʪʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ 
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ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ [131]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʧʣʘʚʫ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʧʣʚ̔ʢʘ ʦʢʩʠʜʫ ʙʦʨʫ B2O3. ʇʨʠ ʾʾ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʘʥʦʤʘʣʽʾ, ʷʢʽ ʙʫʣʠ ʥʘʚʝʜʝʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [132].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʧʨʠ ʚʤʽʩʪʽ ʙʦʨʫ 15 % ʘʪ. 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʥʦʤʘʣʽʾ ʚôʷʟʢʦʩʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1227 °C, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʽʢʚʽʜʫʩʫ ʧʨʠ ʜʘʥʦʤʫ ʚʤʽʩʪʽ ʙʦʨʫ ʩʪʘʥʦʚʠʣʘ 1202 °C [131]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ 

ʚʽʜʦʤʠʭ ʜʽʘʛʨʘʤʘʭ ʩʪʘʥʽʚ ʙʽʥʘʨʥʠʭ ʩʧʣʘʚʽʚ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ ʨʦʟʧʣʘʚʫ 

ʥʝ ʚʽʜʦʙʨʘʞʝʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦ-

ʯʫʪʣʠʚʠʭ ʤʝʪʦʜʽʚ ʥʝ ʦʜʥʦʟʥʘʯʥʽ, ʽ ʥʝ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʾʩʪʽʡʢʦʩʪ̔ ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,0ï

3,6 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ~50 °C ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

~102 °C/ʩ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ ï ʬʘʟʫ Ŭ-Fe (ʦʙôʻʤʥʘ ʯʘʩʪʢʘ 30 % ʪʘ 

ʨʦʟʤʽʨʠ ʜʝʥʜʨʠʪʽʚ 20ï25 ʤʢʤ) ʪʘ ʝʚʪʝʢʪʠʢʫ Ŭ-Fe+Fe2B ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʶ ʙʫʜʦʚʦʶ 

(ʨʠʩ. 3.5, ʘ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103 °C/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (ʜʦ 25 %) ʪʘ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ (ʜʦ 12ï

15 ʤʢʤ) ʪʘ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʝʚʪʝʢʪʠʯʥʠʭ ʢʦʣʦʥʽʡ, ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʣʠʪʠʤ ʩʪʘʥʦʤ ʙʝʟ ʪʘʢʦʛʦ ʥʘʛʨʽʚʫ (ʨʠʩ. 3.5, ʙ). 

ʎʝʡ ʬʘʢʪ ʚʢʘʟʫʻ ʥʘ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʝʚʪʝʢʪʠʢʠ ʚʧʨʘʚʦ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ FeïB. ɿʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 104 °C/ʩ ʨʦʟʤʽʨʠ ʜʝʥʜʨʠʪʽʚ ʬʘʟʠ a-Fe ʪʘ 

ʾʭ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ 3ï5 ʤʢʤ ʪʘ 7ï10 %, ʚʽʜʧʦʚʽʜʥʦ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʥʯʘʪʦʾ ʝʚʪʝʢʪʠʢʠ ʟ ʪʦʥʢʠʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [178] (ʨʠʩ. 3.5, ʚ).  

ʇʝʨʚʠʥʥʽ ʜʝʥʜʨʠʪʠ Ŭ-Fe ʬʘʟʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 

104 °C/ʩ ʤʘʶʪʴ ʛʽʣʢʠ ʥʝ ʪʽʣʴʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʘ ʽʥʢʦʣʠ ʽ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʘʣʝ 

ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʤʽʞ ʛʽʣʢʘʤʠ ʜʝʥʜʨʠʪʫ ʥʝ ʟʤʽʥʶʚʘʚʩʷ ʪʘ ʟʘʣʠʰʘʚʩʷ ʨʽʚʥʠʤ 90Á. 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʤʽʱʝʥʥʷ ʝʚʪʝʢʪʠʯʥʦʾ ʪʦʯʢʠ ʚʣʽʚʦ ʥʘ ʜʽʘʛʨʘʤʽ 

ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïB.  

 

  
ʘ ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.5 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʥʘ 50 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ500 

 

ɿʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʜʦ 100 °C (1397 °C) ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʨʽʟʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʣʠ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʽʯʥʫ ʟ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ: ʧʝʨʚʠʥʥʽ 

ʢʨʠʩʪʘʣʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʙʦʨʫ ʚ ʟʘʣʽʟʽ ʪʘ ʝʚʪʝʢʪʠʢʘ (ʨʠʩ. 3.6, ʘ).  

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 102 °C/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ 

ʯʘʩʪʢʠ ʪʘ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ (ʦʙôʻʤʥʘ ʯʘʩʪʢʘ 23 % ʪʘ ʨʦʟʤʽʨʠ 

ʜʝʥʜʨʠʪʽʚ 12ï18 ʤʢʤ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʛʨʽʚʦʤ ʟʨʘʟʢʽʚ ʥʘ 50 °C ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʱʝ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʦʾ ʝʚʪʝʢʪʠʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʟʨʘʟʢʘʤʠ, ʱʦ ʤʘʣʠ ʧʦʧʝʨʝʜʥʽʡ ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʥʘ 50 °C ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ 
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(ʨʠʩ. 3.6, ʙ). ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 103 °C/ʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʜʘʣʴʰʠʤ 

ʧʨʠʛʥʽʯʝʥʥʷʤ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ (ʦʙôʻʤʥʘ ʯʘʩʪʢʘ 15ï

18 % ʪʘ ʨʦʟʤʽʨʠ ʜʝʥʜʨʠʪʽʚ 11ï15 ʤʢʤ) ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦʝʚʪʝʢʪʠʯʥʠʭ 

ʩʧʣʘʚʽʚ (ʨʠʩ. 3.6, ʚ) 

 

 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 104 °C/ʩ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ 

ʝʚʪʝʢʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʛʥʽʯʝʥʥʶ ʫʪʚʦʨʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ, ʱʦ ʤʘʣʠ ʧʦʧʝʨʝʜʥʽʡ 

ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚʥʘ 50 °C ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ (ʨʠʩ. 3.6, ʛ). ʇʨʠ ʥʘʛʨʽʚʽ ʩʧʣʘʚʫ ʟ 

ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ~150 °C (1453 °C) ʪʘ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʣʠʚʽ ʚ ʤʽʜʥʫ ʢʣʠʥʦʚʠʜʥʫ ʬʦʨʤʫ ʜʣʷ ʪʦʚʩʪʦʛʦ ʢʽʥʮʷ ʢʣʠʥʫ, ʜʝ ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʧʦʨʷʜʢʫ 10 °C/ʩ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ, ʩʢʣʘʜʦʚʠʤʠ 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩʫʥʦʢ 3.6 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʥʘ 100 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ:  

ʘ) 10  C/ʩ,  ʙ)102 °C/ʩ, ʚ) 103°C/ʩ, ʛ) 104 °C/ʩ, Ĭ500 
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ʷʢʦʾ ʻ ʬʘʟʘ Ŭ-Fe ʪʘ ʝʚʪʝʢʪʠʢʘ Ŭ - Fe+Fe2B ʟ ʯʘʩʪʢʦʚʦ ʧʣʘʩʪʠʥʯʘʩʪʦʶ ʙʫʜʦʚʦʶ ʪʘ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 3.7, ʘ). 

 

 

 
 

ʘ 

 
 

ʙ 

 
 

ʚ 

ʈʠʩ. 3.7 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % 

ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1453 ÁC ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ: ʘ) 102°C/ʩ; ʙ) 103°C/ʩ; ʚ) 104°C/ʩ, Ĭ1000 
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ʇʨʠ ʥʘʛʨʽʚʽ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150 °C 

ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 °C/ʩ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ŭ-ʟʘʣʽʟʘ ʪʘ ʝʚʪʝʢʪʠʢʠ Ŭ-Fe+Fe2B ʟ ʯʘʩʪʢʦʚʦ 

ʧʣʘʩʪʠʥʯʘʩʪʦʶ ʙʫʜʦʚʦʶ ʪʘ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʝʚʪʝʢʪʠʢʠ 

(ʨʠʩ. 3.7, ʙ). ɼʣʷ ʮʠʭ ʟʨʘʟʢʽʚ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʦʙʨʦʙʢʘʤʠ ʟʨʘʟʢʽʚ. 

ʇʝʨʚʠʥʥʽ ʜʝʥʜʨʠʪʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʣʽʟʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʶʪʴ ʛʽʣʢʠ ʪʽʣʴʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʢʫʪ ʤʽʞ ʛʽʣʢʘʤʠ 

ʜʝʥʜʨʠʪʫ ʥʝ ʟʤʽʥʶʚʘʚʩʷ ʪʘ ʟʘʣʠʰʘʚʩʷ ʨʽʚʥʠʤ 90Á.  

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 103 °C/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ 

ʯʘʩʪʢʠ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʝʚʪʝʢʪʠʢʠ. ʋ ʪʦʥʢʽʡ ʯʘʩʪʠʥʽ ʢʣʠʥʫ, ʜʝ ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ʩʢʣʘʜʘʣʘ 104 °C/ʩ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʢʨʽʤ ʝʚʪʝʢʪʠʢʠ Ŭ-Fe+Fe2B ʱʝ 

ʦʜʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʢʣʘʜʦʚʘ, ʷʢʘ ʤʘʻ ʽʥʰʫ ʙʫʜʦʚʫ ʪʘ ʢʦʣʽʨ ʟʘʙʘʨʚʣʝʥʥʷ, ʘ ʩʘʤʝ, 

ʤʽʰʘʥʫ ʛʣʦʙʫʣʷʨʥʦ-ʧʣʘʩʪʠʥʯʘʩʪʫ ʤʦʨʬʦʣʦʛʽʶ (ʨʠʩ. 3.7, ʘ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʢʣʠʥʫ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʧʨʠʩʫʪʥʽʩʪʴ 

ʙʦʨʠʜʫ Fe3B (ʨʠʩ. 3.7, ʙ). ʅʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ ʽʩʥʫʚʘʥʥʷ ʬʘʟʠ Fe3B ʥʘ ʬʘʟʦʚʽʡ 

ʜʽʘʛʨʘʤʽ ʩʧʣʘʚʽʚ Feïɺ ʥʘʚʝʜʝʥʘ ʚ ʩʪʘʪʪʽ ʈ. ʋ. ʂʘʥʘ [188ï189] ʪʘ ʜʦʚʽʜʥʠʢʫ 

ʖ. ɹ. ʂʫʟʴʤʠ [175], ʘʣʝ ʚʽʜʩʫʪʥʷ ʚ ʽʥʰʠʭ ʜʞʝʨʝʣʘʭ [132, 109]. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʬʘʟʘ Fe3B ʚʠʷʚʣʝʥʘ ʣʠʰʝ ʧʨʠ ʚʽʜʧʘʣʽ ʘʤʦʨʬʥʠʭ 

ʧʣʽʚʦʢ ʘʙʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʠʥʪʝʟʽ [190] ʪʘ ʥʝ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʚ ʣʠʪʦʤʫ 

ʩʪʘʥʽ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʚʜʷʢʠ 

ʥʘʛʨʽʚʫ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ FeïB ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ ʜʦ 3,6 % ʤʘʩ. ʥʘ 150 ÁC ʚʠʱʝ 

ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʟʽ ʰʚʠʜʢʽʩʪʶ 104 °C/ʩ ʚ ʣʠʪʦʤʫ 

ʩʪʘʥʽ ʚ ʝʚʪʝʢʪʠʯʥʽʡ ʢʦʣʦʥʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʙʦʨʠʜ Fe3B. 

ʆʪʨʠʤʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʯʝʥʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʙʦʨʠʜʫ Fe3B ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʝʥʝʨʛʽʶ ˆ̔ ʙʙʩʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʽʚ Fe3B ʪʘ Fe2B. ɽʥʝʨʛʽʷ ˆiʙʙʩʘ ʬʘʟʠ, ʷʢ ʚʽʜʦʤʦ, ʻ ʬʫʥʢʮʽʻʶ 
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ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ )y,T,p(GG= , ʜʝ p  ï ʪʠʩʢ, T  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʫ ï ʤʘʩʦʚʠʡ ʚʤʽʩʪ 

ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʤʦʣʴʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʩʧʦʣʫʮʽ ʯʠ ʩʧʣʘʚʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ, ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʜʦʨʽʚʥʶʻ 1. 

ɿʘ ʤʝʪʦʜʦʤ ʂʽʨʢʚʫʜʘ [195] ʧʝʨʰʠʡ ʩʪʫʧʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʽʥʘʨʥʦʛʦ ʩʧʣʘʚʫ ʤʘʻ ʚʠʛʣʷʜ: 

ZRT

yyL
E

2

2

B

2

Fe

2

BFe;
-=D , 

ʜʝ Z ï ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ, ʷʢʝ ʜʣʷ ʙʦʨʠʜʫ Fe3B ʜʦʨʽʚʥʶʻ Z=9 [256]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʝʨʛʽʶ ˆiʙʙʩʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ 

ʜʣʷ ʙʦʨʠʜʫ ʟʘʣʽʟʘ Fe3B ʚʠʟʥʘʯʠʤʦ ʷʢ  
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ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ Fe3B ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʭʽʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʙʦʨʫ ʪʘ ʟʘʣʽʟʘ ʚ ʬʘʟʽ.  

ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʙʦʨʫ ʚ ʙʦʨʠʜʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ (3.14) ʪʘ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʙʦʨʫ ʚ ʙʦʨʠʜʽ Fe3B ʤʘʻ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ: 

14

B 1021,427834 -Ö++-= TTm . 

ɼʣʷ ʬʘʟʠ Fe2B ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʘʻ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ:  

14

B 106,223156 -++-= TTm  

ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʽʟʘ ʚ ʙʦʨʠʜʽ Fe3B ʨʦʟʨʘʭʫʚʘʣʠ ʟ ʨʽʚʥʷʥʥʷ (3.14) ʪʘ 

ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

16

Fe 1064,221563 -Ö++-= TTm . 

ɼʣʷ ʬʘʟʠ Fe2B: 
16

Fe 104,222563 -++-= TTm  
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ʗʢ ʚʽʜʦʤʦ ʟ ʨʦʙʦʪʠ [180], ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ Fe3B 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ:  

0=
µ

mµ

y
. 

ʍʽʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʙʦʨʫ ʪʘ ʟʘʣʽʟʘ ʚ ʙʦʨʠʜʽ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʫ ʮʽʻʾ ʬʘʟʠ: 
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ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.15) ʜʦʟʚʦʣʠʚ ʟʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʫʪʚʦʨʝʥʥʷ 

ʙʦʨʠʜʫ Fe3B ï ʊ=1195,6 , ʘ ʬʘʟʠ Fe2B ï 1177,5 , ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʨʦʙʦʪʘʭ [189ï190]. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʠ ʻ ʝʥʪʨʦʧʽʷ. 

ɽʥʪʨʦʧʽʶ ʬʘʟ Fe3B ʪʘ Fe2B ʚʠʟʥʘʯʠʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ɺʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʫ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʚʠʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʦ ʝʥʝʨʛʽʾ ˆʽʙʙʩʘ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ 

ʝʥʪʘʣʴʧʽʶ ʙʦʨʠʜʫ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʬʘʟ ʚʠʢʦʨʠʩʪʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

[180]: STGH D+D=D . 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʘʣʴʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʘʥʦʾ ʬʘʟʠ ʤʘʻ ʚʠʛʣʷʜ: 

 

15BFe
105,0325273 -++-= TTH . 

15BFe
106,0321522 -++-= TTH  
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʬʫʥʢʮʽʡ ʙʦʨʠʜʽʚ Fe2B ʪʘ Fe3B 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïB ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1185ï

1195 ÁC ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʷʢ ʙʦʨʠʜʫ Fe2B, ʪʘʢ ʽ ʙʦʨʠʜʫ Fe3B. 

 

 

ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʦ 200±10 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 10ï104 ÁC/ʩ ʤʘʡʞʝ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨʠ ʪʘ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʨʠʩ. 3.8), ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʛʨʽʚʦʤ ʜʦʩʣʽʜʥʠʭ ʩʧʣʘʚʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150ï170 °C. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚ ʨʦʟʯʠʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ 

ʨʦʟʧʣʘʚʽ FeïB ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʪʠ ʥʘʛʨʽʚ ʥʘ 150ï170 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ.  

ʅʘʛʨʽʚ ʩʧʣʘʚʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʙʨʝ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ (ʨʠʩ. 3.9). ɿ ʨʠʩ. 3.9 

ʚʠʜʥʦ, ʱʦ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ŭ-ʟʘʣʽʟʘ ʪʘ 

ʝʚʪʝʢʪʠʢʠ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʦ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʥʠʢʽʚ ʩʧʣʘʚʽʚ, 

ʷʢ Ŭ-ʟʘʣʽʟʘ, ʪʘʢ ʽ ʝʚʪʝʢʪʠʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.8 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 

2,8 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1500 ÁC ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ: ʘ) 102 °C/ʩ; ʙ) 104 °C/ʩ, Ĭ1000 
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ʪʝʤʧʝʨʘʪʨʠ ʥʘʛʨʽʚʫ ʪʘ  ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʥʘʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʥʘʛʨʽʚʫ 5 ÁC/ʭʚ (ʨʠʩ. 3.10). 

 

 

ʅʘ ʪʝʨʤʦʛʨʘʤʽ ʚ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʫ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1453 °C ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʝʨʰʝ ï ʜʽʣʷʥʢʘ ʥʘ ʢʨʠʚʽʡ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1172 °C ʚʽʜʧʦʚʽʜʘʻ ʫʪʚʦʨʝʥʥʶ ʝʚʪʝʢʪʠʢʠ, ʘ ʚ ʽʥʪʝʨʚʘʣʽ 

1287 °C ï ʫʪʚʦʨʝʥʥʶ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ ɔ-ʟʘʣʽʟʘ (ʨʠʩ. 3.10), ʘ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 777ï785 °C, ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʽʤʦʨʬʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ɔŸŬ (ʨʠʩ. 3.10). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʜʘʥʦʛʦ ʩʧʣʘʚʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʘʥʠʤʠ, ʚʽʜʦʙʨʘʞʝʥʠʤʠ ʥʘ 

ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB [94, 109ï111].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïB, ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1297 Áʉ, ʘ ʝʚʪʝʢʪʠʢʠ ï 1195 °C, ʘ ʧʦʣʽʤʦʨʬʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ  912 °C, ʚʽʜʧʦʚʽʜʥʦ [108, 123ï131]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʷʢʱʦ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ 

ʣʽʢʚʽʜʫʩʫ ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 2,8 % ʤʘʩ. ʙʦʨʫ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʟʘ 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.9 ï ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʫ FeïB ʟ 

ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ:  

ʘ) Ŭ-ʟʘʣʽʟʘ, ʙ) ʝʚʪʝʢʪʠʢʠ 
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ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ FeïB, ʪʦ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ Ŭ-Fe ʤʘʡʞʝ ʥʝʤʘʻ, 

ʘ ʜʣʷ ʝʚʪʝʢʪʠʢʠ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʜʦ 20 °C, ʜʣʷ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ï 

ʤʘʡʞʝ 80 °C. 

 

 

ʈʠʩʫʥʦʢ. 3.10 ï ʊʝʨʤʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 2,8 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1357 °C ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 102°C/ʩ 

 

ʆʪʞʝ, ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïB ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʜʦ 150 °C 

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ 

ʫʪʚʦʨʝʥʥʷ ʙʦʨʠʜʫ Fe3B. 

ɼʣʷ ʩʧʣʘʚʽʚ ʟʘʝʚʪʝʢʪʠʯʥʦʛʦ ʪʠʧʫ (ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 3,6ï5,7 % ʤʘʩ.) ʧʨʠ 

ʥʘʛʨʽʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1347 ÁC ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 C/ʩ 

ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʠʥʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʙʦʨʠʜʫ ʟʘʣʽʟʘ Fe2B ʪʘ 

ʝʚʪʝʢʪʠʢʦʶ (Ŭ-Fe ʪʘ ʬʘʟʘ Fe2B) ʟ ʩʝʢʪʦʨʘʣʴʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ. ɽʚʪʝʢʪʠʢʘ 

ʫʩʧʘʜʢʦʚʫʻ ʬʦʨʤʫ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ Fe2B. ʆʙôʻʤʥʘ ʯʘʩʪʢʘ ʙʦʨʠʜʽʚ ʩʪʘʥʦʚʠʣʘ 

25 % (ʨʠʩ. 3.11, ʘ). 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ ʝʚʪʝʢʪʠʢʠ ʩʧʣʘʚʽʚ ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ 104 °C/ʩ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʜʘʣʴʰʠʤ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ 

(10ï12 ʤʢʤ) ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (15ï17 %) ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Fe2B. ʂʨʽʤ 

ʮʴʦʛʦ, ʧʝʨʚʠʥʥʽ ʢʨʠʩʪʘʣʠ ʤʘʶʪʴ ʚʠʜʦʚʞʝʥʫ ʬʦʨʤʫ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʪʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ ʨʦʟʛʘʣʫʞʝʥʥʷ (ʨʠʩ. 3.11).  

ʊ, ϲʉ 

 

æʊ, Áʉ 
 

 

781 ϲʉ 

1172  ϲʉ 

 

1287  ϲʉ 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʝʚʪʝʢʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ FeïB ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 

4,2 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1347 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 

102 °C/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʙʦʨʠʜʽʚ Fe2B. 
 

ʅʘ ʧʦʚʝʨʭʥʽ ʧʝʨʚʠʥʥʠʭ ʙʦʨʠʜʽʚ Fe2B ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ gï

Fe+Fe2B, ʷʢʘ ʤʘʻ ʩʪʨʠʞʥʝʚʫ, ʧʣʘʩʪʠʥʯʘʩʪʫ ʪʘ ʩʪʽʣʴʥʠʢʦʚʫ ʙʫʜʦʚʫ (ʨʠʩ. 3.11). 

ʌʦʨʤʫʚʘʥʥʷ ʧʣʘʩʪʠʥʯʘʪʦʾ ʝʚʪʝʢʪʠʢʠ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʙʽʯʥʠʭ 

ʛʨʘʥʷʭ ʙʦʨʠʜʫ (100), (010) ʪʘ (100), ʩʪʽʣʴʥʠʢʦʚʘ ï (010), ʘ ʥʘ ʪʦʨʮʷʭ ʙʦʨʠʜʫ (001) 

ʪʘ (001) ï ʩʪʨʠʞʥʝʚʘ (ʨʠʩ. 3.11) [168]. 

ʗʢ ʚʽʜʦʤʦ, ʝʚʪʝʢʪʠʢʘ ʫʩʧʘʜʢʦʚʫʻ ʬʦʨʤʫ ʨʦʩʪʫ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ Fe2B [168]. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʨʦʟʤʽʨ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ, ʘ ʩʘʤʝ, ʥʘʡʙʽʣʴʰʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʤʘʻ ʩʪʽʣʴʥʠʢʦʚʘ ʝʚʪʝʢʪʠʢʘ. ɼʣʷ 

  
ʘ ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.11 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ FeïB ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1347 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ: ʘ) 102 °C/ʩ; ʙ) 103 °C/ʩ; 

ʚ) 104 °C/ʩ, Ĭ500 
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ʧʣʘʩʪʠʥʯʘʩʪʦʾ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʝʚʪʝʢʪʠʢʠ ʚʠʟʥʘʯʘʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ, ʘ 

ʜʣʷ ʩʪʨʠʞʥʝʚʦʾ ʪʘ ʩʪʽʣʴʥʠʢʦʚʦʾ ʨʘʜʽʫʩ ʩʪʨʠʞʥʽʚ (ʨʠʩ. 3.12). ʂʨʽʤ ʮʴʦʛʦ, 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ 

ʯʘʩʪʢʠ ʧʣʘʩʪʠʥʯʘʩʪʦʾ ʪʘ ʩʪʨʠʞʥʝʚʦʾ ʝʚʪʝʢʪʠʢʠ, ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʩʪʽʣʴʥʠʢʦʚʦʾ, ʘ ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʙʦʨʠʜʽʚ (ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʚʠʪʷʛʥʫʪʦʾ ʬʦʨʤʠ). 

 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʣʘʩʪʠʥʯʘʩʪʘ ʝʚʪʝʢʪʠʢʘ ʤʘʻ ʙʽʣʴʰʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

(5,8 ɻʇʘ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʨʠʞʥʝʚʦʶ (4,53 ɻʇʘ). ʇʨʠ ʥʘʛʨʽʚʽ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ FeïB ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ ʥʘ 100 ÁC ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 102 °C/ʩ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʙʦʨʠʜʫ Fe2B 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ, ʧʝʨʝʛʨʽʪʠʤʠ ʥʘ 50 °C, ʪʘ ʟʤʽʥʶʻʪʴʩʷ 

ʤʦʨʬʦʣʦʛʽʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Fe2B (ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʚʠʜʦʚʞʝʥʦʾ ʬʦʨʤʠ) 

(ʨʠʩ. 3.12). ʅʘ ʨʠʩ. 3.13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ 

ʝʚʪʝʢʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ. 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ (10ï15 ʤʢʤ) ʪʘ 

ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ ʙʦʨʠʜʫ Fe2B (ʜʦ 18ï20 %), ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʾʾ 

ʘʥʽʟʦʪʨʦʧʽʾ (ʨʠʩ. 3.14, ʙ, ʚ). ʆʩʢʽʣʴʢʠ ʙʦʨʠʜʥʘ ʝʚʪʝʢʪʠʢʘ ʫʩʧʘʜʢʦʚʫʻ ʬʦʨʤʫ ʨʦʩʪʫ 

 

ʈʠʩʫʥʦʢ 3.12 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ  

ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1347 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 °C/ʩ, Ĭ1200 
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ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ, ʪʦ ʟʤʽʥʶʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʤʦʨʬʦʣʦʛʽʷ ʝʚʪʝʢʪʠʢʠ: 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʝʚʪʝʢʪʠʢʠ ʟʽ ʩʪʨʠʞʥʝʚʦʶ 

ʤʦʨʬʦʣʦʛʽʻʶ, ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʝʚʪʝʢʪʠʢʠ ʟ ʧʣʘʩʪʠʥʯʘʪʦʶ ʪʘ 

ʩʪʨʠʞʥʝʚʦʶ ʤʦʨʬʦʣʦʛʽʻʶ (ʨʠʩ. 3.14, ʚ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104 °C/ʩ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʙʦʨʠʜʽʚ (ʜʦ 2 %) (ʨʠʩ. 3.15). 
 

 

 

ʈʠʫʥʦʢ 3.13 ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʙʦʨʠʜʥʦʾ 

ʝʚʪʝʢʪʠʢʠ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

1347 °C ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

 

ɽʚʪʝʢʪʠʢʘ ʤʘʻ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʫ ʙʫʜʦʚʫ, ʘ ʩʘʤʝ, ʩʪʨʠʞʥʝʚʫ ʪʘ ʯʘʩʪʢʦʚʦ 

ʧʣʘʩʪʠʥʯʘʩʪʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʛʨʽʚʫ ʥʘ 150 °C (ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1447 °C) ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 102 °C/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ (ʜʦ 10ï15 %) ʪʘ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ (ʜʦ 8ï12 ʤʢʤ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʟʨʘʟʢʘʤʠ ʟ ʤʝʥʰʠʤ ʥʘʛʨʽʚʦʤ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ (ʨʠʩ. 3.15, ʘ). ʅʘʛʨʽʚ 

ʟʘʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1397 °C ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 

103 °C/ʩ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʙʦʨʠʜʽʚ (ʜʦ 5ï7 ʤʢʤ) ʪʘ ʾʭ 

ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (ʜʦ 5ï7 %) ʪʘ ʫʪʚʦʨʝʥʥʶ ʝʚʪʝʢʪʠʢʠ ʩʪʨʠʞʥʝʚʦʾ ʪʘ ʩʪʽʣʴʥʠʢʦʚʦʾ 

ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ (ʨʠʩ. 3.15, ʙ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʨʠʩ. 3.16). ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ, 

ʟʙʽʣʴʰʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʽʚ FeïB ʜʦʩʪʘʪʥʴʦ 

ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 150ï170 Áʉ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʧʨʦʪʷʛʦʤ 7ï10 ʭʚ. 
 

  
ʘ ʙ  

 
ʚ 

ʈʠʩʫʥʦʢ 3.14 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. 

ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1397 °C ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ:  

ʘ) 102 °C/ʩ, ʙ) 103 °C/ʩ, ʚ) 104 °C/ʩ, Ĭ500 

 

ɼʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʤʘʣʠ ʥʘʛʨʽʚ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʦʩʪʷʤʠ 10ï104 °C/ʩ, ʧʨʦʚʝʜʝʥʦ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʚʠʷʚʠʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʪʘʢʘ ʦʙʨʦʙʢʘ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ (ʨʠʩ. 3.17). 

ʅʘ ʪʝʨʤʦʛʨʘʤʽ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 1700 ÁC ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 °C/ʩ 
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ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1500ï

1227 °C ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʚʠʥʥʽ ʢʨʠʩʪʘʣʠ ʙʦʨʠʜʽʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1450 °C ï 

ʝʚʪʝʢʪʠʢʘ. ɿʘ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ FeïB [124ï128] ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1280 °C, ʝʚʪʝʢʪʠʢʠ ï ʧʨʠ 1195 °C, ʘ 

ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 912 °C.  

 

  
 ʘ ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.15 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1447 °C  ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ: 

ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ500 
 

ʇʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 809 °C 

(ʨʠʩ. 3.17). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨ ʣʽʢʚʽʜʫʩʫ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [124ï128] ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 

4,2 % ʤʘʩ. ʙʦʨʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʙʦʨʠʜʽʚ ʪʘ ʝʚʪʝʢʪʠʢʠ ʤʘʡʞʝ ʥʝ 

ʚʠʷʚʣʝʥʦ, ʘ ʜʣʷ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ɔŸŬ ʚʦʥʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 100 °C. 

ɺʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 
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ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 10ï104 °C/ʩ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʻ 

ʤʽʢʨʦʢʨʠʭʢʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ (ʪʘʙʣ. 3.1). 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ʊʝʨʤʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1447 °C ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 104 °C/ʩ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʟʥʘʯʠʤʦ, ʥʘʛʨʽʚ ʜʦ- ʽ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ FeïB 

ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150 °C ʩʧʨʠʷʻ ʥʝ ʪʽʣʴʢʠ ʬʦʨʤʫʚʘʥʥʶ ʦʜʥʦʨʽʜʥʦʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʫ, ʘ ʡ ʧʦʣʽʧʰʝʥʥʶ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʫ 1,2ï1,45 ʨʘʟʠ). ɸ ʤʽʢʨʦʢʨʠʭʢʽʩʪʴ ʩʧʣʘʚʽʚ ʟʤʝʥʰʠʣʘʩʴ ʫ 1,2ï1,3 ʨʘʟʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʨʘʟʢʘʤʠ, ʷʢʽ ʥʝ ʤʘʣʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. ɺʽʜʦʤʽ 

ʥʝʦʜʥʦʟʥʘʯʥʽ ʜʘʥʽ ʧʨʦ ʢʦʨʦʟʽʡʥʫ ʪʨʠʚʢʽʩʪʴ ʩʧʣʘʚʽʚ ʪʘ ʩʪʘʣʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʙʦʨ, ʪʘ 

ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ [125, 190ï193]. ɺʠʷʚʠʣʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʟʨʘʟʢʽʚ ʜʦ- ʪʘ 

ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 100ï150 °C ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.16 ï ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʝʚʪʝʢʪʠʯʥʦʛʦ 

ʩʧʣʘʚʫ FeïB ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ 4,2 % ʤʘʩ. ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ: ʘ) ʙʦʨʠʜʫ Fe2B, ʙ) ʝʚʪʝʢʪʠʢʠ 

ʊ,  

æʊ 

809ϲʉ 

 

1167 ϲʉ 

 

1277 ϲʉ 
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ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʢʠʩʣʦʪʥʠʭ ʪʘ ʣʫʞʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʟʨʘʟʢʽʚ 

ʙʝʟ ʥʘʛʨʽʚʫ (ʪʘʙʣ. 3.2). 
 

ʊʘʙʣʠʮʷ 3.1 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʢʨʦʢʨʠʭʢʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

(ʢʦʝʬʽʮʽʻʥʪʘ e, %) ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

ɺ
ʤ
ʽ
ʩ
ʪ
 
ʙ
ʦ
ʨ
ʫ
 
ʚ
 
ʩ
ʧ
ʣ
ʘ
ʚ
ʽ
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ʘ
ʩ
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ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʥ
ʘ
ʛ
ʨ
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ʚ
ʫ
 

ʩ
ʧ
ʣ
ʘ
ʚ
ʫ
,
 

°C
 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, °C /ʩ 

102 103 104 

ʄʽʢʨʦï

ʢʨʠʭʢʽʩʪʴ 

ʝʚʪʝʢʪʠʢʠ 

ɺʽʜʥʦʩʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩ

ʪ ɹ

ȹmʝʪ/ȹmʟʨ% 

ʄʽʢʨʦï

ʢʨʠʭʢʽʩʪʴ 

ʝʚʪʝʢʪʠʢʠ 

ɺʽʜʥʦʩʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩ

ʪ ɹ

ȹmʝʪ/ȹmʟʨ % 

ʄʽʢʨʦï

ʢʨʠʭʢʽʩʪʴ 

ʝʚʪʝʢʪʠʢʠ 

ɺʽʜʥʦʩʥʘ 

ʟʥʦʩʦï

ʩʪʽʡʢʽʩʪʴ 

ȹmʝʪ/ȹmʟʨ% 

2,8 

1298 3,84 1,1     

1347 3,65 1,2 3,42 1,42 2,97 1,62 

1397 3,35 1,67 3,14 1,73 2,74 1,79 

1453 3,21 1,87 2,97 1,98 2,58 2,26 

4,2 

ɹʇʆ 3,56 1,24     

1347 3,45 1,38 3,31 1,51 2,87 1,63 

1397 3,21 1,64 3,07 1,89 2,62 2,14 

1447 3,05 2,03 2,86 2,25 2,35 2,46 

 

 

ʋ ʨʦʟʯʠʥʽ ʢʠʩʣʦʪʠ HNO3 ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʠʭ 

ʩʧʣʘʚʽʚ ʥʠʞʯʘ, ʥʽʞ ʚ ʨʦʟʯʠʥʘʭ NaOH ʪʘ H2SO4, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʜʣʷ ʙʦʨʦʚʘʥʠʭ ʰʘʨʽʚ [125, 190, 193]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʥʘ 100ï150 °C ʩʧʣʘʚʽʚ ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʜʦ 20ï35 % ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʫ (ʪʘʙʣ. 3.2).  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʧʨʠʛʥʽʯʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ, 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʬʘʟ, ʧʽʜʚʠʱʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʨʦʟʧʣʘʚʽʚ ʥʘ 150 ÁC ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ.  
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ʊʘʙʣʠʮʷ 3.2 ï ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ (Dm/S (ʛ/ʤ2)) ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ 

ʪʘ ʟʘʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Feïɺ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

ɺ
ʤ
ʽ
ʩ
ʪ
 
ʙ
ʦ
ʨ
ʫ
 
ʚ
 
ʩ
ʧ
ʣ
ʘ
ʚ
ʽ
,

 

 %
 
ʤ
ʘ
ʩ
.

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 
ʥ
ʘ
ʛ
ʨ
ʽ
ʚ
ʫ
 

ʩ
ʧ
ʣ
ʘ
ʚ
ʫ
,
 

°C
 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, °C /ʩ  

102 103 104 

1 ʥ 

NaOH 
(ʛ/ʤ2Ŀʯ) 

1 ʥ 

H2SO4 

(ʛ/ʤ2Ŀʯ) 

1 ʥ 

HNO3 
(ʛ/ʤ2Ŀʯ) 

1 ʥ 

NaO

H 

(ʛ/ʤ2 

Ŀʯ) 

1 ʥ 

H2SO4 

(ʛ/ʤ2Ŀʯ) 

1 ʥ 

HNO3 

(ʛ/ʤ2Ŀʯ) 

1 ʥ 

NaO

H 

(ʛ/ʤ2

Ŀʯ) 

1 ʥ 

H2SO4 

(ʛ/ʤ2Ŀʯ) 

1 ʥ 

HNO3 

(ʛ/ʤ2 

Ŀʯ) 

2,8 

1298 9,25 103,8 227,12 ï ï ï ï ï ï 

1347 8,37 105,14 215,23 8,02 105,14 201,02 7,69 102,12 198,23 

1397 7,56 97,15 197,35 7,35 87,15 183,01 6,32 83,75 181,42 

1453 6,71 83,03 183,98 6,67 83,03 175,45 5,54 79,86 173,13 

4,2 

ɹʇʆ 10,53 129,13 229,35 10,53 123,25 224,35 9,75 120,26 223,04 

1347 9,36 125,08 225,85 9,13 118,75 219,78 8,62 116,76 217,26 

1397 8,89 118,11 216,22 8,61 116,11 212,14 7,71 115,02 210,34 

1447 7,76 109,24 208,95 7,41 107,64 208,95 7,52 106,43 205,89 

 

3.2. ɺʧʣʠʚ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu 

ɺʽʜʦʤʦ, ʱʦ ʩʧʣʘʚʠ FeïB ʪʘ Alïʉu ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʧʣʘʚʽʚ ʝʚʪʝʢʪʠʯʥʦʛʦ 

ʪʠʧʫ ʪʘ ʤʘʶʪʴ ʨʽʟʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʩʧʣʘʚ FeïB ʤʘʻ ʥʘʙʘʛʘʪʦ ʚʠʱʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʥʽʞ ʩʧʣʘʚ Alïʉu), ʘʣʝ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʬʘʟ (Fe2B ʪʘ Al 2Cu), ʱʦ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Alïʉu ʧʦʰʠʨʝʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʣʷ ʩʧʣʘʚʽʚ ʥʘ 

ʦʩʥʦʚʽ Alïʉu ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʤʝʭʘʥʽʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʢʦʨʦʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ ʮʽ ʧʘʨʘʤʝʪʨʠ. ʅʘʨʘʟʽ ʚʽʜʦʤʽ ʜʘʥʽ ʱʦʜʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ 

Alïʉu [2]. ʇʨʠ ʚʤʽʩʪʽ ʤʽʜʽ 33 % ʤʘʩ. ʪʘ ʘʣʶʤʽʥʽʶ 67 % ʤʘʩ. ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ: Ŭ-ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʤʽʜʽ ʚ ʘʣʶʤʽʥʽʾ ʪʘ 

ʽʥʪʝʨʤʝʪʘʣʽʯʥʦʶ ʩʧʦʣʫʢʦʶ Al2ʉu [2].   
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ʗʢ ʚʽʜʦʤʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʘʙʦ ʙʣʠʞʥʴʦʛʦ 

ʧʦʨʷʜʢʫ ʚ ʨʽʜʠʥʽ ʩʧʣʘʚʽʚ Alïʉu ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʽ ʤʝʪʦʜʠ, 

ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʟʤʽʥʘ ʚôʷʟʢʦʩʪʽ ʨʦʟʧʣʘʚʫ [95ï100, 208 ]. ʅʘ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ 

ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʣʘʚʽʚ Alïʉu ʦʪʨʠʤʘʥʽ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʞ ʢʨʠʚʠʤʠ 

ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʽ ʧʦʚôʷʟʫʶʪʴ ʟ ʧʝʨʝʙʫʜʦʚʦʶ ʢʦʤʧʣʝʢʩʽʚ ʚ ʨʽʜʠʥʽ 

ʩʧʣʘʚʽʚ [97]. ɼʣʷ ʩʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ (ʚʤʽʩʪ ʤʽʜʽ 17,0 % ʘʪ.) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʪʠʥ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1223 ÁC [211], 

ʘ ʚ ʨʦʙʦʪʽ [97] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʛʘʣʫʞʝʥʥʷ ʜʣʷ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ 

ʩʪʘʥʦʚʠʪʴ 900 °C, 950 °C ʜʣʷ ʩʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ 10 ʽ 17,1  % ʘʪ. ʤʽʜʽ, 1050 °C ʧʨʠ 

25 ʽ 40  % ʘʪ. ʤʽʜʽ ʽ 850 °C ʧʨʠ 32,2 % ʘʪ. Cu. ɯʥʰʫ ʜʫʤʢʫ ʤʘʶʪʴ ʘʚʪʦʨʠ [96], ʷʢʽ 

ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʥʘ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʨʦʟʧʣʘʚʽ ʽʩʥʫʻ ʛʽʩʪʝʨʝʟʠʩ ʜʣʷ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ 17 % (ʘʪ.) Cu ʥʠʞʯʝ 750 °C ʪʘ 

ʜʣʷ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 23 % ʘʪ. ï ʥʠʞʯʝ 800 °C. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 30 % ʘʪ. ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 700ï950 °C ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʛʨʽʚʘʪʠ 

ʩʧʣʘʚʠ ʚʠʱʝ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʫ ʚʢʘʟʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʞʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ ʚ ʨʦʟʧʣʘʚʽ [210]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʧʨʦʥʠʢʘʶʯʦʛʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʨʦʟʧʣʘʚʘʭ Alïʉu ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 0ï100 % ʤʘʩ. ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 1300ï1400 °C ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʨʦʟʧʣʘʚʫ ʚʽʜ 

ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʚ ʩʧʣʘʚʽ ʤʘʻ ʥʝʤʦʥʦʪʦʥʥʠʡ ʚʠʜ ʟ ʝʢʩʪʨʝʤʫʤʘʤʠ ʧʦʙʣʠʟʫ 

ʨʦʟʧʣʘʚʽʚ ʟʽ ʩʢʣʘʜʦʤ Cu3Al, Cu2Al, CuAl ʽ CuAl2. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʘʪʦʤʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʚ ʫʩʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʪʘ ʜʣʷ ʨʝʘʣʴʥʠʭ ʩʧʣʘʚʽʚ ʘʧʨʦʢʩʠʤʘʮʽʷ ʥʝ 

ʙʫʜʝ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ [101]. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [94] ʜʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ 

ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ 10Ñ5 % ʘʪ. 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ, ʘ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ ʙʽʣʴʰʝ ʥʽʞ 

40 % ʘʪ. ï ʤʘʢʩʠʤʘʣʴʥʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʩʧʣʘʚʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 973 ÁC 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʤʽʜʽ ʤʝʥʰ ʥʽʞ 20 % ʘʪ. ʥʘ ʢʨʠʚʠʭ ʚôʷʟʢʦʩʪʽ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ çʧʣʝʯʝè, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ï ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʚʤʽʩʪʦʤ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚôʷʟʢʦʩʪʽ [94]. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [2] ʚʢʘʟʘʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʻ ʜʝʷʢʫ ʩʪʽʡʢʽʩʪʴ ʘʪʦʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 562ï662 °C. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚʽʜ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʩʧʣʘʚʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ (Al83Cu17) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 750ï980 °C, ʘ ʥʘʷʚʥʽʩʪʴ ʛʦʩʪʨʦʛʦ 

ʧʽʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ [210ï211]. ɯʥʰʦʾ ʜʫʤʢʠ ʘʚʪʦʨʠ 

[212ï213], ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 773°C ʢʽʣʴʢʽʩʪʴ 

ʽʢʦʩʘʝʜʨʠʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚ ʨʦʟʧʣʘʚʽ Al80Cu20 ʨʽʟʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʟʤʽʥʘ ʚôʷʟʢʦʩʪʽ 

ʨʦʟʧʣʘʚʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽʣʶʩʪʨʫʻ ʘʥʦʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʜʠʥʘʤʽʢʫ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʢʣʘʩʪʝʨʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʷ ʜʦʩʪʫʧʥʘ ʟ ʣʽʪʝʨʘʪʫʨʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʩʧʣʘʚʽʚ AlïCu ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʬʘʟ ʻ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʪʘ ʩʫʧʝʨʝʯʣʠʚʦʶ. 

ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ AlïCu ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ ʚ ʩʧʣʘʚʽ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 3.1.1.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ L12=46800 ï 90,8T +10T ln(T) [217]. ɽʥʝʨʛʽʶ ˆiʙʙʩʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ AlïCu ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(3.4). ɼʘʥʽ ʝʥʝʨʛʽʡ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪ Al

0G , Cu

0G  ʚʠʢʦʨʠʩʪʘʣʠ ʟ ʜʞʝʨʝʣ [198ï199]. 

ʃʽʥʽʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ AlïCu ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʨʦʟʚôʷʟʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.5) ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ Maple. ʈʝʟʫʣʴʪʘʪ 

ʨʦʟʚôʷʟʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.18. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʣʽʥʽʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu, ʚʠʱʝ ʷʢʦʾ 
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ʚʽʜʙʫʜʝʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʭ 

ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰ ʥʽʞ ʥʘ 150ï200 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ. 

 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ʃʽʥʽʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

AlïCu 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ Alïʉu ʟʨʘʟʢʠ ʙʫʣʠ ʥʘʛʨʽʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 50 ÁC, 100 °C ʪʘ 150 °C ʚʠʱʝ 

ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʽ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 10ï104 Áʉ/ʩ (ʨʠʩ. 3.19).  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu ʟ 

ʚʤʽʩʪʦʤ ʤʽʜʽ 20,0ï32,0 % ʤʘʩ. ʧʽʩʣʷ ʣʠʪʪʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 10 °C/ʩ 

ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ: ʧʝʨʚʠʥʥʽ ʜʝʥʜʨʠʪʠ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ŭ-Al ʪʘ ʨʝʛʫʣʷʨʥʫ ʝʚʪʝʢʪʠʢʫ Ŭ-Al+Al 2ʉu, ʷʢʘ ʧʽʩʣʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʦʚʦʤʫ ʩʢʣʘʜʫ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ [2]. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu, ʷʢʽ ʧʽʩʣʷ ʥʘʛʨʽʚʫ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ~873 °C ʙʫʣʠ ʟʘʣʠʪʽ ʚ ʢʣʠʥʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʪʘ ʦʭʦʣʦʜʞʝʥʽ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ~102 °C/ʩ, ʩʢʣʘʜʘʣʘʩʷ ʟ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ, ʷʢʽ ʙʫʣʠ 

ʦʜʥʦʨʽʜʥʽ ʟʘ ʨʦʟʤʽʨʦʤ (ʜʦ 30ï40 ʤʢʤ) ʪʘ ʤʘʣʠ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ 15ï20 % 

(ʨʠʩ. 3.19, ʘ). ɽʚʪʝʢʪʠʢʘ ʤʘʣʘ ʤʝʥʰ ʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦ ʛʨʘʥʠʮʷʭ 

ʝʚʪʝʢʪʠʯʥʠʭ ʟʝʨʝʥ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ~103 °C/ʩ ʦʙôʻʤʥʘ 

ʯʘʩʪʢʘ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ ʟʤʝʥʰʫʻʪʴʩʷ (ʜʦ 10ï15 %), ʨʦʟʤʽʨʠ (ʜʦ 

20ï25 ʤʢʤ), ʘ ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʝʚʪʝʢʪʠʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ~104 °C/ʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ (ʜʦ 7ï15 ʤʢʤ), 

ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (ʜʦ 7ï10 %) ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʙʽʣʴʰ 

ʥʝʦʜʥʦʨʽʜʥʦʾ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʝʚʪʝʢʪʠʢʠ, ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʷʢʦʾ ʟʙʽʣʴʰʫʻʪʴʩʷ 

(ʨʠʩ. 3.19).  

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.19 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ Alïʉu ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 50 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ1000 

 

ʅʘ ʨʠʩ. 3.20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʥʘ 100±10  

ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ.  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ Alïʉu, ʷʢʽ 

ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʜʦ 100Ñ10 ÁC ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʠʭ ʟʽ ʰʚʠʜʢʽʩʪʶ 

~102 ÁC/ʩ ʩʢʣʘʜʘʣʘʩʷ ʟ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ Ŭ-ʘʣʶʤʽʥʽʶ ʪʘ ʝʚʪʝʢʪʠʢʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʥʘ 100±10  ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ 
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ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104 °C/ʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (ʜʦ 8ï12 %) ʪʘ ʨʦʟʤʽʨʽʚ 

(ʜʦ 2ï4 ʤʢʤ) ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al (ʨʠʩ. 3.20, ʚ). 

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.20 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ Alïʉu ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 100 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ1000 

 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʢʨʠʩʪʘʣʽʚ Ŭ-ʘʣʶʤʽʥʽʶ (ʜʦ 15ï

18 %) ʽ ʨʦʟʤʽʨʽʚ (ʜʦ 20 ʤʢʤ) ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʝʚʪʝʢʪʠʢʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʦʙʨʦʙʢʦʶ (ʨʠʩ. 3.20, ʚ). ʅʘʛʨʽʚ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʽʟ ʰʚʠʜʢʽʩʪʶ 
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102 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ (ʜʦ 

15ï20 ʤʢʤ) ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ (ʜʦ 10ï15 %) ʚ ʯʘʩʪʠʥʽ ʢʣʠʥʫ, ʷʢʘ ʙʫʣʘ ʦʭʦʣʦʜʞʝʥʘ 

ʽʟ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʩʧʣʘʚʽʚ ʟ ʤʝʥʰʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ (ʨʠʩ. 3.21, ʘ). 

 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.21 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ Alïʉu ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % 

ʤʘʩ. ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ: ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ1000 
 

 

ɽʚʪʝʢʪʠʢʘ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ 

ʦʙʨʦʙʢʦʶ ʟʨʘʟʢʽʚ. ʇʦ ʢʨʘʷʭ ʟʝʨʝʥ ʝʚʪʝʢʪʠʢʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʙʽʣʴʰ ʛʣʦʙʫʣʷʨʥʫ 

ʝʚʪʝʢʪʠʢʫ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʝʚʪʝʢʪʠʢʠ, ʷʢʘ ʤʘʣʘ ʱʝ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ ʚ ʩʝʨʝʜʠʥʽ 
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ʝʚʪʝʢʪʠʯʥʠʭ ʟʝʨʝʥ ʪʘ ʤʝʥʰ ʜʠʩʧʝʨʩʥʫ ʧʦ ʛʨʘʥʠʮʷʭ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʘʤʠ, ʷʢʽ 

ʙʫʣʠ ʦʭʦʣʦʜʞʝʥʽ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʤʘʣʠ ʤʝʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ. ʂʨʽʤ ʮʴʦʛʦ, ʜʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʨʦʟʧʣʘʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ 

ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʽʟ ʰʚʠʜʢʽʩʪʶ ʜʦ 103 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʛʦ 

ʧʨʠʛʥʽʯʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʘʣʶʤʽʥʽʶ (ʨʠʩ. 3.21, ʙ). 

ɿʤʽʥʘ ʤʦʨʬʦʣʦʛʽʾ ʝʚʪʝʢʪʠʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʽʣʷʥʮʽ ʢʣʠʥʫ, ʦʭʦʣʦʜʞʝʥʦʾ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 104 ÁC/ʩ. ɺ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʢʣʠʥʫ ʚʦʥʘ ʙʫʣʘ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʘ ʟʘ 

ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʚ ʥʽʡ ʚʽʜʩʫʪʥʽ ʚʠʜʽʣʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al 

(ʨʠʩ. 3.21, ʚ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʥʘ 200Ñ10 °C ʟ ʧʦʜʘʣʴʰʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʽ ʰʚʠʜʢʦʩʪʷʤʠ 10ï104 ÁC/ʩ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨʠ ʪʘ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʥʘʛʨʽʚʦʤ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150 ÁC (ʨʠʩ. 3.22).  

 

 

ɼʣʷ ʯʘʩʪʠʥʠ ʢʣʠʥʫ, ʷʢʘ ʙʫʣʘ ʥʘʛʨʽʪʘ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ 

ʘʥʘʣʽʟ (ʨʠʩ. 3.23). ʇʨʠ ʥʘʛʨʽʚʽ ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ 

ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʥʘ 

ʪʝʨʤʦʛʨʘʤʽ ʧʨʠʩʫʪʥʽ ʪʨʠ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʠ. ʇʝʨʰʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ, ʤʦʞʣʠʚʦ, 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.22 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ Alïʉu ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʥʘ 200 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ: ʘ) 102ÁC/ʩ, ʙ) 104 ÁC/ʩ, Ĭ1000 
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ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 380Ñ10 ÁC ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [9]. ɸ ʜʨʫʛʠʡ ï 

ʧʣʘʚʣʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ʪʘ ʧʝʨʚʠʥʥʠʭ ʜʝʥʜʨʠʪʽʚ ʘʣʶʤʽʥʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 545 °C; 

ʪʘ ʪʨʝʪʽʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ï ʨʦʟʯʠʥʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 553 °C. 

 

 

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.23 ïʊʝʨʤʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ.: ʘ) ʥʘʛʨʽʚ 

ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ, ʙ) ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ÁC/ʩ 

ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʩʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 727 ÁC 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʙʫʣʘ 

ʦʪʨʠʤʘʥʘ ʪʝʨʤʦʛʨʘʤʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ Alïʉu [2]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 563 ÁC ʚʽʜʙʫʜʝʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 544 ÁC ï ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 3.23, ʙ). 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʩʧʣʘʚʽ (ʨʠʩ. 3.24).  

ʅʘ ʪʝʨʤʦʛʨʘʤʽ ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʥʘ 150 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 

104 ÁC/ʩ ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʠ ʥʘʛʨʽʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 164 °C, ʷʢʝ, 

ʤʦʞʣʠʚʦ, ʧʦʷʩʥʶʻ ʨʦʟʯʠʥʝʥʥʷ ʬʘʟʠ Alʉu, ʚʠʷʚʣʝʥʦʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.25, ʙ). ʇʣʘʚʣʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 511 °C.  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.24 ï ʊʝʨʤʦʛʨʘʤʘ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ.:  

ʘ) ʥʘʛʨʽʚ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 104 ÁC/ʩ, ʙ) ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 2 ÁC/ʩ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʩʧʣʘʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 727 ÁC 

 

ʇʨʠ ʮʴʦʤʫ, ʥʘ ʪʝʨʤʦʛʨʘʤʽ ʩʧʣʘʚʫ ʚʽʜʩʫʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ ʙ ʚʽʜʧʦʚʽʜʘʣʦ 

ʫʪʚʦʨʝʥʥʶ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʥʦʛʦ ʩʧʣʘʚʫ 

ʧʨʠʟʚʝʣʦ ʜʦ ʬʽʢʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʨʤʦʛʨʘʤʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Alïʉu. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 568 ÁC ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 544 ÁC ï ʫʪʚʦʨʝʥʥʷ 

ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 3.25). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʩʧʣʘʚʽʚ 

ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʠʩʪʝʤʠ Alïʉu ʟ ʧʝʨʝʛʨʽʚʦʤ ʥʘ 150 ÁC ʪʘ ʧʦʜʘʣʴʰʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʚ ʽʥʪʝʨʚʘʣʽ 102ï104 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʴ ʣʽʥʽʡ ʟ ʥʝʟʥʘʯʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʘʟʽ AlCu, ʪʘ 

ʥʝʟʥʘʯʥʠʡ ʟʩʫʚ ʣʽʥʽʡ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘʣʶʤʽʥʽʶ ʪʘ ʬʘʟʠ Al2Cu. ʋʪʚʦʨʝʥʥʷ ʬʘʟʠ 

AlCu, ʷʢ ʩʢʣʘʜʦʚʦʾ ʝʚʪʝʢʪʠʢʠ AlCu+Al2Cu ʚ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Alïʉu, ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʘʚʪʦʨʠ ʨʦʙʦʪʠ [215]. ʅʝʟʥʘʯʥʠʡ ʟʩʫʚ ʣʽʥʽʡ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʘʣʶʤʽʥʽʶ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʴ ʤʽʜʽ ʚ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ Ŭ-Al (ʨʠʩ. 3.25). ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ 

[210, 214]. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ 
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ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. ʜʣʷ ʘʣʶʤʽʥʽʶ ʪʘ ʬʘʟʠ 

Al2Cu ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʽʪʢʠ ʘʣʶʤʽʥʽʶ (ʪʘʙʣ. 3.3). ʗʢ ʚʽʜʦʤʦ, ʧʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ 

ʘʣʶʤʽʥʽʶ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʫ ʜʦʨʽʚʥʶʻ 4,049 ¡, ʘ ʬʘʟʠ Al2Cu ʘ=6,0666 Å, 

ʩ=4,87 Å [109]. 

 

 

ʈʠʩʫʥʦʢ 3.25 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ 

ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʥʫ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʘ ʨʝʰʽʪʢʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʪʨʠʤʘʥʠʤ ʚ ʨʦʙʦʪʽ [216ï220]. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ ʧʦʷʩʥʶʶʪʴ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʨʝʰʽʪʢʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104 ÁC/ʩ ʫʪʚʦʨʝʥʥʷʤ ʧʝʨʝʩʠʯʝʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ Al(Cu) [215]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ ï ʘʣʶʤʽʥʽʶ (ʨʠʩ. 3.26, ʘ).  

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʜʦʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʚʧʣʠʚʘʻ ʥʘ 
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ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ (ʨʠʩ. 3.26, ʙ). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʪʢʦʚʠʡ 

ʥʘʛʨʽʚ ʜʦʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʥʘ 150 ÁC ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʝʚʪʝʢʪʠʢʠ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʪʦʨʽʚ 

[94]. ɼʦʜʘʪʢʦʚʠʡ ʥʘʛʨʽʚ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʽʚ AlïCu ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 25,0ï32,0 % ʤʘʩ. 

ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʜʦ 150 ÁC ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʝʚʪʝʢʪʠʢʠ.  

ʊʘʙʣʠʮʷ 3.3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʫ ʨʝʰʽʪʢʠ ʘʣʶʤʽʥʽʶ ʪʘ ʬʘʟʠ Al2Cu ʟ 

ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ, ÁC 
ʌʘʟʘ 

ʇʘʨʘʤʝʪʨ ʨʝʰʽʪʢʠ, ¡ 

ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ÁC/ʩ 

  102 104 

50 ŬïAl ʘ=4,0462±0,0021 ʘ=4,0464±0,0011 

 
Al 2Cu 

ʘ=6,0648±0,0011 ʘ=6,0650±0,0014 

ʩ=4,8765±0,0009 ʩ=4,8768±0,001 

150 ŬïAl ʘ=4,0476±0,0012 ʘ=4,077±0,0013 

 
Al 2Cu 

ʘ=6,0677±0,0014 ʘ=6,0679±0,001 

ʩ=4,8775±0,001 ʩ=4,8776±0,0011 

 

ɸʥʘʣʦʛʽʯʥʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʜʦ 

10 % ʘʪ. ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 1200 ÁC ʟʽ ʰʚʠʜʢʽʩʪʶ 105ï106 ÁC/ʩ: 

ʫʪʚʦʨʝʥʥʷ Ŭ-Al-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʝʚʪʝʢʪʠʢʠ (Ŭ-Al+Al 2Cu), ʷʢʘ ʙʫʣʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ Ŭ-ʬʘʟʠ. ʗʢ ʟʘʟʥʘʯʘʶʪʴ ʘʚʪʦʨʠ [2], ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʩʧʣʘʚʽʚ ʚʽʜʙʫʚʘʣʘʩʴ ʟʘ ʤʝʪʘʩʪʘʙʽʣʴʥʦʶ ʜʽʘʛʨʘʤʦʶ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ 

ʜʽʣʷʥʢʠ Ŭ-Al-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. 

ʆʪʨʠʤʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 103ï104 ÁC/ʩ ʪʘ ʧʝʨʝʛʨʽʚʽ ʥʘ 150Ñ10 ÁC ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Ŭ-Al ʚʟʘʛʘʣʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʎʝ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʪʘʙʽʣʴʥʠʭ ʤʽʢʨʦʢʦʤʧʣʝʢʩʽʚ 

ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ ʚ ʨʦʟʧʣʘʚʽ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [96ï98, 208]. ɽʚʪʝʢʪʠʯʥʽ 

ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ AlïCu ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 33 % ʤʘʩ., ʷʢʽ ʧʽʜʜʘʚʘʣʠʩʴ ʥʘʛʨʽʚʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨ 600ï750 ÁC ʪʘ ʙʫʣʠ ʦʭʦʣʦʜʞʝʥʽ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʤʘʣʠ 

ʝʚʪʝʢʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʙʝʟ ʧʝʨʚʠʥʥʠʭ ʬʘʟ. 

 

 

ɼʣʷ ʮʠʭ ʩʧʣʘʚʽʚ, ʧʝʨʝʛʨʽʪʠʭ ʥʘ 50 ÁC ʪʘ ʦʭʦʣʦʜʞʝʥʠʭ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, 

ʚʽʜʙʫʣʘʩʴ ʟʤʽʥʘ ʤʦʨʬʦʣʦʛʽʾ ʝʚʪʝʢʪʠʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʠʪʠʤ ʩʪʘʥʦʤ (ʨʠʩ. 3.26, 3.27). 

ʗʢʱʦ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ 

ʨʦʟʧʣʘʚʫ ʭʘʨʘʢʪʝʨʥʘ ʧʣʘʩʪʠʥʯʘʩʪʘ ʝʚʪʝʢʪʠʢʘ, ʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʜʦ 103ï

104 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʧʦʨʫʰʝʥʥʷ ʨʝʛʫʣʷʨʥʦʩʪʽ 

ʝʚʪʝʢʪʠʢʠ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʥʘ 100Ñ10 ÁC ʚʠʱʝ ʚʽʜ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103ï104 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʝʚʪʝʢʪʠʢʠ. ʅʘʛʨʽʚ ʨʦʟʧʣʘʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʽʢʚʽʜʫʩʫ ʪʘ ʧʦʜʘʣʴʰʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʥʝʨʝʛʫʣʷʨʥʦʾ ʝʚʪʝʢʪʠʢʠ ï ʯʘʩʪʢʦʚʦ ʜʠʩʧʝʨʩʥʦʾ ʟ ʜʽʣʷʥʢʘʤʠ ʨʝʛʫʣʷʨʥʦʾ 

(ʨʠʩ. 3.27, ʘ).  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103 ÁC/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 3.27, ʙ). ʇʨʠ ʰʚʠʜʢʦʩʪʽ 104 ÁC/ʩ ʧʦʜʘʣʴʰʦʛʦ 

  

ʘ ʙ 
 

ʈʠʩʫʥʦʢ 3.26 ï ɿʘʣʝʞʥʽʩʪʴ: ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ Ŭ-Al (ʘ); 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ (ʙ) ʚ ʜʦʝʚʪʝʢʪʠʯʥʦʤʫ ʩʧʣʘʚʽ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 71,0 % ʤʘʩ. 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ 
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ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʯʥʠʭ ʟʝʨʝʥ ʟ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʚʩʝʨʝʜʠʥʽ ʪʘ ʯʘʩʪʢʦʚʦ ʧʣʘʩʪʠʥʯʘʪʦʶ ʧʦ 

ʛʨʘʥʠʮʷʭ (ʨʠʩ. 3.27, ʚ). ʅʘ ʨʠʩ. 3.28 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʣʘʚʫ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 33,0 % ʤʘʩ. 

 

 

ʅʘ ʢʨʠʚʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʣʽʟʫ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 33,0 % 

ʤʘʩ. ʧʨʠ ʥʘʛʨʽʚʽ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʪʘ 104 ÁC/ʩ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.27 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʣʠʥʫ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ 

ʩʧʣʘʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 67,0 % ʤʘʩ., 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ800 
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ʦʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 543 °C, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʣʘʚʣʝʥʥʶ ʝʚʪʝʢʪʠʢʠ 

(ʨʠʩ. 3.28, ʘ), ʘ ʧʽʩʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ÁC/ʩ ʥʘ ʢʨʠʚʽʡ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʣʽʟʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʝ ʦʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 818Ñ10 ÁC (ʨʠʩ. 3.28, ʙ). 

 

 

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 3.28 ï ʂʨʠʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʧʣʘʚʫ ʟ 

ʚʤʽʩʪʦʤ ʤʽʜʽ 33,0 % ʤʘʩ. ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʥʘ 150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 104 ÁC/ʩ ï ʥʘʛʨʽʚʫ (ʘ), ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ÁC/ʩ (ʙ) 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [74ï79], ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 550 ÁC. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ 

ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʪʘ ʨʝʟʫʣʴʪʘʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ [82ï83], ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʙʝʟ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʗʢ ʚʽʜʦʤʦ, ʧʽʩʣʷ ʨʽʚʥʦʚʘʞʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ AlïCu ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 34,0ï40,0 % ʤʘʩ. 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʻ ʝʚʪʝʢʪʠʢʘ Al+Al2Cu ʪʘ ʧʝʨʚʠʥʥʽ ʢʨʠʩʪʘʣʠ ʬʘʟʠ 

Al 2Cu [82ï83]. ɼʣʷ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʟ ʚʤʽʩʪʦʤ ʤʽʜʽ 34,0ï40,0 % ʤʘʩ. ʥʘʛʨʽʚ 

ʥʘ 50 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ Al2Cu ʪʘ ʝʚʪʝʢʪʠʢʠ Al+Al 2Cu, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ AlïCu [82ï83]. ʇʝʨʚʠʥʥʽ ʢʨʠʩʪʘʣʠ ʬʘʟʠ Al2Cu ʧʨʠ ʜʘʥʽʡ 

ʦʙʨʦʙʮʽ ʤʘʣʠ ʨʦʟʤʽʨʠ ʜʦ 20ï35 ʤʢʤ ʪʘ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʜʦ 25ï30 %. ɽʚʪʝʢʪʠʢʘ 

ʤʘʣʘ ʜʨʽʙʥʦʧʣʘʩʪʠʥʯʘʩʪʫ ʥʝʨʝʛʫʣʷʨʥʫ ʙʫʜʦʚʫ (ʨʠʩ. 3.29).  
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ɹʽʣʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʣʠʥʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ, ʷʢʘ ʥʝ ʤʽʩʪʠʪʴ ʧʝʨʚʠʥʥʽ 

ʢʨʠʩʪʘʣʠ Al2Cu (ʨʠʩ. 3.29, ʘ). ʅʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʢʣʠʥʫ ʚ ʮʽʡ ʜʽʣʷʥʮʽ 

ʟʤʝʥʰʫʶʪʴʩʷ ʨʦʟʤʽʨʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʮʝʥʪʨʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʢʣʠʥʫ.  

  
ʘ ʙ 

  
ʚ ʛ 

  
ʜ ʝ 

ʈʠʩʫʥʦʢ 3.29 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʣʠʥʫ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ ʥʘ 

50 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 63,0 % ʤʘʩ., ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ 

ʰʚʠʜʢʽʩʪʶ: 102 ÁC/ʩ (ʘ ï ʪʦʚʩʪʘ ʯʘʩʪʠʥʘ ʢʣʠʥʫ, Ĭ1000,  

ʙ ï ʢʨʘʡ ʪʦʚʩʪʦʾ ʯʘʩʪʠʥʠ ʢʣʠʥʫ, Ĭ500), 103 ÁC/ʩ (ʚ ï ʩʝʨʝʜʠʥʘ, ʛ ï ʢʨʘʡ), 

104 ÁC/ʩ (ʜ ï ʩʝʨʝʜʠʥʘ ʪʦʥʢʦʾ ʯʘʩʪʠʥʠ ʢʣʠʥʫ, ʝ ï ʢʨʘʡ ʪʦʥʢʦʾ ʯʘʩʪʠʥʠ ʢʣʠʥʫ) 
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ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu ʟ ʨʽʟʥʠʤ 

ʨʦʟʤʽʨʦʤ: ʚʽʜ 3ï16 ʤʢʤ ʜʦ 15ï20 ʤʢʤ (ʨʠʩ. 3.29, ʙ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 103 ÁC/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu (5ï15 ʤʢʤ) ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʝʚʪʝʢʪʠʢʠ ʜʦ 20ï

25 %. ɽʚʪʝʢʪʠʢʘ ʤʘʻ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʫ ʙʫʜʦʚʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ. 3.29, ʚ). ʅʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʣʠʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʦʥʠ, ʷʢʘ ʤʘʣʘ ʙʽʣʴʰ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʩʪʨʫʢʪʫʨʫ 

(ʨʠʩ. 3.29, ʛ). ɿʘ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 104 ÁC/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʘʟʠ Al2Cu (5ï10 ʤʢʤ) ʪʘ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ 

ʯʘʩʪʢʠ (15ï20 %) (ʨʠʩ. 3.29, ʜ).  

ʅʘ ʢʨʘʶ ʢʣʠʥʫ, ʷʢʠʡ ʤʘʚ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ 104 ÁC/ʩ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʝʚʪʝʢʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟ ʜʝʥʜʨʠʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu 

(ʨʠʩ. 3.29, ʝ). ɽʚʪʝʢʪʠʢʘ ʤʘʻ ʧʣʘʩʪʠʥʯʘʩʪʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʫ ʙʫʜʦʚʫ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʩʣʷ 

ʥʘʛʨʽʚʫ ʩʧʣʘʚʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 100 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ: ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʦʾ ʬʘʟʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʝʚʪʝʢʪʠʢʠ (ʨʠʩ. 3.30). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ ʤʘʣʘ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʪʘ ʤʘʣʘ, ʦʢʨʽʤ ʧʣʘʩʪʠʥʯʘʩʪʦʾ 

ʤʦʨʬʦʣʦʛʽʾ ʝʚʪʝʢʪʠʢʠ, ʱʝ ʡ ʩʪʨʠʞʥʝʚʫ (ʨʠʩ. 3.30, ʘ, ʙ). ʇʨʠ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ 102 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ (ʜʦ 20 ʤʢʤ) ʪʘ 

ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu (ʜʦ 20 %) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʦʙʨʦʙʢʦʶ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʧʣʘʚʫ ʦʙôʻʤʥʘ 

ʯʘʩʪʢʘ ʝʚʪʝʢʪʠʢʠ ʟʽ ʩʪʨʠʞʥʝʚʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʟʙʽʣʴʰʫʚʘʣʘʩʴ, ʘ ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʶ 

ï ʟʤʝʥʰʫʚʘʣʘʩʴ (ʨʠʩ. 3.30, ʚ, ʛ). ʂʨʽʤ ʮʴʦʛʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ (ʜʦ 10ï12 ʤʢʤ) ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ Al2Cu (ʜʦ 10ï12 %) 

(ʨʠʩ. 3.30, ʚ).  

ʅʘ ʢʨʘʶ ʢʣʠʥʫ, ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʽʚ 

ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ Al2Cu ʚ ʝʚʪʝʢʪʠʮʽ ʟ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ 

(ʨʠʩ. 3.30, ʛ).  
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ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʝʚʪʝʢʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ 104 ÁC/ʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʝʚʪʝʢʪʠʢʠ ʟ ʙʽʣʴʰʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ ʪʘ ʤʘʡʞʝ ʧʦʚʥʝ 

ʧʨʠʛʥʽʯʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ Al2Cu (ʨʠʩ. 3.30, ʝ). 

 

  
ʘ ʙ 

  
ʚ ʛ 

 
ʝ 

ʈʠʩʫʥʦʢ 3.30 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʣʠʥʫ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ 

ʥʘ 100 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 63,0 % ʤʘʩ., 

ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ ʰʚʠʜʢʽʩʪʶ: 102 ÁC/ʩ (ʘ ï ʪʦʚʩʪʘ ʯʘʩʪʠʥʘ ʢʣʠʥʫ, Ĭ1000,  

ʙ ï ʢʨʘʡ ʪʦʚʩʪʦʾ ʯʘʩʪʠʥʠ ʢʣʠʥʫ, Ĭ500), 103 ÁC/ʩ (ʚ ï ʩʝʨʝʜʠʥʘ, ʛ ï ʢʨʘʡ), 

104 ÁC/ʩ (ʝ ï ʢʨʘʡ ʢʣʠʥʫ), Ĭ800 

50 ʤʢʤ 50 ʤʢʤ 
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ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʽʚ ʜʦ 150 ÁC ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 102 ÁC/ʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ (10ï12 ʤʢʤ) ʪʘ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ (ʜʦ 10ï15 %) 

(ʨʠʩ. 3.31, ʘ). 

 

 

ɽʚʪʝʢʪʠʢʘ ʤʘʻ ʥʝʨʝʛʫʣʷʨʥʫ ʙʫʜʦʚʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʦ 102 ÁC/ʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ (ʜʦ 5ï7 %) ʪʘ ʧʦʨʫʰʝʥʥʷ ʜʝʥʜʨʠʪʥʦʾ ʙʫʜʦʚʠ.  

ɼʣʷ ʜʘʥʠʭ ʩʧʣʘʚʽʚ ʚʞʝ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 103 ÁC/ʩ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʥʝ ʧʨʠʛʥʽʯʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʬʘʟʠ Al2Cu (ʨʠʩ. 3.30, ʙ). 

  
ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.31 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʣʠʥʫ ʩʧʣʘʚʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʩʧʣʘʚʫ ʥʘ 

150 ÁC ʚʠʱʝ ʣʽʥʽʾ ʣʽʢʚʽʜʫʩʫ ʟ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ 63,0 % ʤʘʩ., ʦʭʦʣʦʜʞʝʥʦʛʦ ʟʽ 

ʰʚʠʜʢʽʩʪʶ: ʘ) 102 ÁC/ʩ, ʙ) 103 ÁC/ʩ, ʚ) 104 ÁC/ʩ, Ĭ800 














































































































































































































































































































































































































